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Hoceswaemcs
Buradumupy Iemposuuy Muioszoposy

Mpegucnosue

OO6yueHne BHICOKOKBAIU(DUIMPOBAHHBIX CHEINATICTOB B 06J1aCTH KOH-
CTPYKTOPCKOH M TEXHOJOTHYECKOH MOJTOTOBKH MAaIIMHOCTPOUTEIHHOTO MPO-
U3BOJICTBA HEBO3MOKHO €3 OCBOEHUST OCHOB MOJIYIIPOBOHUKOBON aHAIOTOBOI
¥ MdPOBOI cXeMOTEXHUKU. B cOBpeMEHHOM MalIMHOCTPOUTEIBHOM MPOU3-
BOJICTBE IMUPOKO MPUMEHSIIOTCSI CaMble PAasHOOOPa3Hble TEXHUYECKHUE CPEll-
cTBa, 6A3UPYIONIHECST HA AJEKTPOHUKE. ITO YHUBEPCATbHBIE METAILIIOPEKYIIINE
ctanku U ctanku ¢ YITY, mpoMbllieHHBIE KOHTPOJLIEPDI, POGOTHI-MaHUITY-
JISTOPBI, THOKUE MPOU3BOJACTBEHHBIE MOAYJIM U CHUCTEMbI, aBTOMATUYECKUE
TPAHCIIOPTHBIE U CKJIAJICKUE CUCTeMbl. HakoHell, COBpeMeHHOe MTPOU3BOICTBO
HEMBICTTUMO (€3 TTOBCEMECTHOTO MCIIOJNb30BAHUSI COBPEMEHHON KOMITBIOTED-
Hol TexHrKH. DYHIAMEHTOM JIJIST U3YYEHUS BCETO MHOTO0OPa3Ust TEXHUYECKIX
CPEJICTB, UCIIOJIb3YEMBIX B COBPEMEHHOM aBTOMATH3UPOBAHHOM MAIIUHOCTPOU-
TeJILHOM TIPOM3BO/ICTBE, SBISACTCS MUCIUILINHA « DIEKTPOHUKA.

Jlucuurinia «JIeKTPOHUKAy BXOJAUT B 6A30BYIO 4acTh MPOGECCHOHATH-
HOTO I[MKJIa MOATOTOBKY CTYAEHTOB 00PA30BaTEIbHBIX YUPEKACHUN CPETHETO
mpodecCHOHaTbHOTO 00PA30BAHNUS MO CIENUATBHOCTH «KOHCTPYKTOPCKO-TEX-
HOJIOTHYeCKOe obeciiedeHre MallMHOCTPOUTEIBHOTO TPOU3BOJACTBa». B coor-
BerctBun ¢ DepepaibHbIM TOCYIaPCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM
cpexnero mpodeccuonanpioro obpazosarus (OTOC CIIO) B pesyJbrare usy-
YeHUsT TUCIUTLTMHBI «DJIEKTPOHUKA»> CTYJEHT JOJIKEH OCBOUTD!

mpyodosvte deticmeus

* BJajZeHHEe HaBbIKaMU PabOTHI C JEKTPOTEXHUUECKON armmapaTypoi
U 3JIEKTPOHHBIMH YCTPONCTBAMUY;

Heo0x00umvle ymenus

* pa3pabaTbiBaTh NPUHIUITUATBLHBIE AJIEKTPUIECKUE CXEMBI;

* TIPOEKTHPOBATH THUIOBbIE IEKTPIUYECKIE U 3IeKTPOHHBIE YCTPOHCTBY;

Heo6x00uMmbLe 3HaANUA

* OCHOBHBIE THIIBI ¥ 00JIACTH TPUMEHEHUS SIEKTPOHHBIX TIPUOOPOB M yCT-
POJICTB;

* TIapaMeTpPbl COBPEMEHHBIX MTOJTYITPOBOHUKOBBIX YCTPONCTB (YCUIUTEIEN,
reHepaTopoB, BTOPUYHBIX UCTOYHUKOB IIUTaHUS, IU(PPOBHIX IIpeobpasoBaTeliei,
MUKDPOTIPOIIECCOPHBIX YITPABJISIONINX U U3MEPUTETBHBIX KOMIIJIEKCOB).

BasoBble 3HaHUS, TOJYYEHHBIE TIPU U3YYECHUH TUCIIATIIMHBI « DJIEKTPOHUKAY,
0CcobeHHO ee pasmerna « MUKpOTIPOIecCOpHast TEXHUKA», HEOOXOIUMBI IJIST OCBO€-



HUS TaKUX TUCIUTIINH, Kak <Y IpaBJeHne CUCTeMaMy U MpolleccaMuy, «Anma-
paTHBIe W TPOTPAMMHBIE CPEJICTBA CHCTEM YIIPaBJIEHUS», «ABTOMATU3AIIN
MPOM3BOJICTBEHHBIX MPOIECCOB». Marepuas, U3J0KEeHHBII B y4eOHUKE, COOT-
BeTcTBYeT TpeGoBanusM DenepanbHOTO TOCYIAPCTBEHHOTO 06Pa30BaTEIBHOTO
CTaHAPTA ¥ OXBATHIBAET BCE OCHOBHBIE HAIPABJIEHUS] COBPEMEHHON MOJIYTIPO-
BOJIHMKOBOI CXEMOTEXHUKH, BKJTIOUast OCHOBBI TIOJYTIPOBOIHUKOBBIX MTPUGOPOB,
AHAJIOTOBYIO U MUGPOBYIO cxeMOoTexHUKY. Ocoboe BHUMAHUE YAETSIETCS OCHO-
BaM MUKPOTIPOIECCOPHON TEXHUKHU, 63 KOTOPOH HEBO3MOKHO MPEACTABUTD
COBPEMEHHOE AaBTOMATU3MPOBAHHOE MAITITHOCTPOUTETHHOE TIPOU3BOJICTBO.

VznoseHne Marepuasia IOCTPOEHO TaKUM 00pasoM, 4ToObl PaHee U3JI0KEH-
HBIIT MaTepuaJ CTAHOBUJICSI OCHOBOM JIT pacCMOTpeHus nocienyiornero. CHa-
yasia gaercst obiee mpepcTaBieHne 0 GU3NIECKUX OCHOBAX MOJYIIPOBOAHU-
KOBOIl 2JIEKTPOHUKHU U PACCMATPUBAIOTCS AVCKPETHBIE MMOJTYIPOBOJIHUKOBBIC
mpubopbl. 3aTeM M3yJaroTCst 6a30Bble TPAH3UCTOPHDIE KACKAIDI, SBISTIONIAECST
OCHOBOW /IJISI CAMBIX CJIOJKHBIX aHAJOTOBBIX U IIU(PPOBBIX ycTpoiicTs. [lanee
uzsaraetcst GoJiee CIOKHBIN MAaTEpPUAT — aHAJIOTOBast U MU(BPOBasT TTOIYIIPOBO-
JHIKOBAsI CXEMOTEXHUKA U, B 3AKJIIOYEHIE, OMUCBIBAETCST YCTPOICTBO MUKPO-
IIPOIIECCOPOB ¥ MPOrPAMMUPYEMBIX JIOTHYECKUX WHTETPATBHBIX CXEM.

Marepuan yye6HUKA pas3/ieieH Ha TSITh TaB. lepBast riiaBa MOCBSIIIEHA
OCHOBaM TIOJIYIIPOBOJHMKOBOI cXeMOTeXHUKHU. B Hell paccMoTpeHa pabora
JVOIOB, OUIIOJSIPHBIX ¥ MOJEBBIX TPAH3UCTOPOB, THPUCTOPOB, OCHOBHbIE
CXeMBI BKJIIOUEHIST TPAH3UCTOPOB, a TaKXKe M3JI0KEHBI OCHOBBI MUKPOAJIEKTPO-
k. Bropas riasa ocsemaer 0COOEHHOCTH aHAJIOTOBOM CXEMOTEXHUKU. 3/1eCh
JIAaHO OTMCaHUe PA3TMYHBIX YCUIUTEIbHBIX KaCKa0B, aHAJOTOBBIX YCTPOWUCTB
HA OCHOBE OTIEPAI[MOHHBIX YCUJIUTENEH, rbpPoaHasIoroBbX U aHAIOTO-Iud-
POBBIX YCTPOICTB, a TAKKE CXEMOTEXHUKHU CUJIOBBIX YCTPOICTB M BTOPUYHBIX
MCTOYHUKOB 3JIEKTPOIHUTAHNS. TPeThs TilaBa HAUNHACTCS C M3JI0KEHUS OCHOB
ubpoOBOIl CXEMOTEXHUKU — J[BOUYHON apubMeTuku u GyieBoii airedpbr —
TMOCJIE YETO PACCMATPUBAIOTCST OCHOBHBIE JIOTHYECKUE DJIEMEHTBI, KOMOUHAIMOH-
HbIe U TOCJIE0BATENLHOCTHBIE YCTpoicTBa. UeTBepTast, camMast HoJIbIast mo 00b-
€My, I71aBa MOCBSIIIEHA BOIPOCAM CXEMOTEXHUKH TPOTPAMMUPYEMbIX 1TUMPOBBIX
YCTPOICTB, peub UET O MOJTYIPOBOJHUKOBBIX 3alIOMUHAIOMNX YCTPOHCTBAX,
MUKPOIPOTIECCOPaX U UX MPOTPAMMUPOBAHUY, MHTEPGENCHBIX YCTPONCTBAX.
B xoHIle yeTBepTOIi TJIaBBI PACCMOTPEHBI PA3JIMYHBIE HAIIPABJIEHUS IIPOTPaM-
MHUpyeMO# MaTPUYHON JIOTHKH, BKJOYas NMPOTPAMMUPYeEMBbIe JIOTUYECKUe
UHTErpajbHbIe CXEMBbI, & TAKKE CPEJCTBA AaBTOMATU3MPOBAHHOTO IIPOEKTUPOBA-
HUS 3JIEKTPOHHBIX YCTPOUCTB. B TATON T71aBe paccMaTpuBaeTCs apXUTEKTypa
COBPEMEHHBIX MUKPOIIPOIIECCOPOB. ITOT MaTepuas BaskeH /I MPaBUIHHOTO
MOHUMAaHUSI IPUHITUIOB PabOThl COBPEMEHHBIX CHCTEM, OCHOBAHHBIX HA MUKPO-
IIPOTIECCOPAX.

B kori1ie Kak101i TIaBbl UMEIOTCST KOHTPOJIbHBIE BOITPOCHI U 33/[aHMUSI, KOTO-
pBI€e TIOMOTYT CTY/IEHTaM IIPOBEPUTH YCBOCHUE MaTepuaa.

B npunoxkenusix 1, 2, 3 mpuBeieHbI HAYATbHBIE CBEEHHST 00 2JIEKTPUYECKUX
NPUHIUIHMATIBHBIX CXeMaX, B TOM YUCJIe YCJAOBHbIE 0003HAYEHUS AUCKPETHBIX
U WHTETPAJIbHBIX 3JIEMEHTOB, MPABUJIa 0O03HAYEHUST COENHEHNH 2JIEMEHTOB,
CBEJICHUS 0 HOMIHAJIBHBIX 3HAYCHUAX U JOMYCTUMBIX OTKJIOHEHIISAX PE3NCTOPOB
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U KOHJIEHCATOPOB. ITOT Marepuas GyJIeT TOIe3eH TeM, KTO M0 POy CBOeH jiesi-
TeJLHOCTHU JOJKEH YMETh «UUTaTh» TMPUHIIUITHAIbHBIE 2JIEKTPUIECKHE CXEMBI,
pasbuparbest B paboTe 3IeKTPOHHBIX YCTPOICTB Ha YPOBHE €r0 CXEMB.

B yue6GHUKe TPUBE/IEH TPEIMETHBII yKA3aTeb.

IIpu usinoxkeHun Martepuajia 6O0JbIIOe BHUMAaHUE YIEJIEHO OIMCAHUIO
(hUBUKY TPOMCXOAIINX TIPOIECCOB, XOTST ObI U B yIiepd (hOpMyIbHOMY OIHCa-
HUIO paboTel ycTpoiicTB. IIpuBeseHbl IPOCThie IPAKTUYECKKE IIPUMEPDI, [I03BO-
Jisionye Tay6xke BHUKHYTh B U3y4aeMblil BOIIPOC.



naBa 1
NnonynrPoBOJAHWKOBBIE JJIEMEHTbDI
W OCHOBbl MUKPOJJIEKTPOHUKW

B pesynbrarte nsyuenus raaBsl 1 CTy/IeHT L0JDKEH:

3namo

* (DUBHKY IIPOIECCOB, TPONCXOAINNX B MOJTYIPOBOIHIKOBBIX MaTepHasIax;

* OCHOBHBIE 3JIEMEHTBI IOJIYIIPOBOAHNUKOBON JI€KTPOHUKH U UX XaPAaKTEePUCTUKI;

* OCHOBHBIE CXEMbI BKJIIOUEHNUST TPAH3UCTOPOB;

* OCHOBBI TEXHOJIOTUH U3TOTOBJIEHHSI MUKPOCXEM;

ymemo

* pasbuparbest B paboTe OCHOBHBIX MOJTYTPOBOHUKOBBIX TPHOOPOB;

* BBIOUPATH CXEMY BKJIIOYEHNUS TPAH3UCTOPA B 3aBUCHMOCTH OT TPeGOBAHMUIT K AJIEK-
TPUUECKOI CXeME;

eademo

* METO/MKOII pacyeTa cXeM BKIIOUEHHUs TPAaH3UCTOPOB.

1.1. ®u3nyeckue 0CHOBbLI NONYNPOBOHUKOBOIW INEKTPOHUKU

1.1.1. Buipl 31eKTPOHHBIX TPHOOPOB

IJIEKTPOHHBIMU HA3BIBAIOT TIPUOOPHI, B KOTOPBIX TOK CO3/IAETCS IBUKEHUEM
3JIEKTPOHOB B BaKyyMe, Ta3e WJIH MOJIYTIPOBOTHUKE.

B cBoeM pasBuTHU 3IEKTPOHUKA MPOIILIA HECKOJIBKO 3TaroB. [lepsbie aek-
TPOHHBIE YCTPONUCTBA BHIMOJHSINCH HA JTEKTPOBAKYYMHBIX Mprbopax (Tak
Ha3bIBAEMBIX KATOJHBIX MJIH 3JIEKTPOHHBIX jlamiax). C cepeaunbl XX B. MIAPO-
KO€ MPUMEHEHWE HAIIIIU MOy IIPOBOIHUKOBbBIE TIPUOOPEI (TPAH3UCTOPBI, JIUOJIBL,
THPHUCTOPBI), U3TOTOBJIEMbIC KaK OT/EJIbHBIE, CAMOCTOSITETbHBIE HJTEMEHTHI,
U3 KOTOPBIX COOMpAMCh 3JICKTPOHHBIC yCTpoiicTBa. B mocaeaneil yersepTu
XX B. OCHOBOH MHOTHX 3JIEKTPOHHBIX YCTPOICTB CTAJIN MHTETPATBbHBIC MUKPO-
CXEMBI, MTPEJICTABJIAIONINE COOOI MIACTHHKY MOJYITPOBOIHUKA C PA3MEIIEHHBIM
Ha Hell MHOJKECTBOM TPAH3UCTOPOB U IPYTUX 3JIEMEHTOB JIEKTPHUYECKIX I[ETIeN.
Co Bpemenn ux uzobperenust (CIIA, 1959 r.) wHTErpasbHBIE MUKPOCXEMBI
MOCTOSTHHO COBEPUIEHCTBYIOTCS U YCJIOKHSIOTCS. B cOBpeMeHHbBIX ¢BEPXO0Jib-
MUX WHTETPATHHBIX CXeMaX CUeT WJeT yke Ha AeCATKN M COTHHW MUJITHOHOB
TPAH3UCTOPOB U JIPYTUX 3JICMCHTOB.

B Hacrosiiiee Bpemst iisl PeIieHUsT TeX WM WHBIX 3afad (mpeobpasoBa-
HUe BW/Ia HEPTHH, YCUJIEHUEe CUTHAJIOB, TeHePHPOBAHNE MOITHBIX M3JIyde-
HUM, yIpaBJeHre 2JeKTPoABUTaTe MU, 00paboTKa dPOoBOi HHGOPMAIH
U ee 0TOOpaKEHME U T.I.) MCIOTb3YIOTCS BCE BUJIBI ATEKTPOHHBIX MPUGOPOB,
HO SIBHOE TIPEUMYIIECTBO COXPAHSIETCS 3a TTOMYITPOBOTHUKOBBIMU MTPUOOPaMIU
U MHUKPOCXEMaMH.
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1.1.2. dnexrpodusnueckue cBoiicTBa
MOJIyIIPOBO/THUKOB

Bce BerecTBa 06pa30BaHbl AaTOMaMH, COCTOSIITME 13 TOJOKUTETBHO 3apsi-
SKEHHBIX s1/lep U BPAlaIoIMUXCsl BOKPYT HUX OTPUIATE]bHO 3apsIKEHHBIX 9JIeK-
TPOHOB. S/IPO BKJIIOUAET 2JIEKTPUUYECKU HEWTPAJIbHbIE YACTUIII — HEHTPOHBI
U TOJIOKUTETHHO 3apsKeHHbIe TTPOTOHBI. KolMmuecTBO MPOTOHOB OIpesiesisgeT
3apan aapa. OTpHUIaTe bHBIN 3apsl 2JIEKTPOHA 110 BeJINYNHE PAaBEH MOJIOKU-
TEJIBHOMY 3apsi/ly IPOTOHA. B HOPMaIbHOM COCTOSTHUY YKCJIO SJIEKTPOHOB, 0Opa-
3YIOIUX 9JIEKTPOHHYIO 000I0UKY aTOMa, PABHO YMCJTY IPOTOHOB B SIIPE, M ATOM
AMEKTPUUECKN HeHTpaTeH. DIEKTPOHBI BPAIIAIOTCST BOKPYT spa O opOuTaM,
CTPYTITMPOBAHHBIM B cJIoU. KasKioMy CJIOI0 COOTBETCTBYET CTPOTO OTIpeieieH-
Has aHeprusd ajekTpoHa W (Tak Ha3bIBaeMbIH pa3pelleHHblil SHEPreTUYeCKU it
ypoBeHb). KosnmuecTBO 27€KTPOHOB B CJIOSIX CTPOTO OIIPE/IETICHO: B IIEPBOM,
GamKafIIeM K SIIPY CI0€ MOKET HaXOAUTHCS He GoJiee MBYX 2JEKTPOHOB,
BO BTOPOM — He GoJiee BOCbMU U T.JI. DJIEKTPOHBI IIEJNKOM 3aII0JHEHHBIX CJIOEB
YCTOIYMBBI K BHEIIHUM BO3eiicTBUsIM. «He ymecTuBInecsi» Bo BHyTPEHHUX
CJIOSIX AJIEKTPOHBI 00PA3yIOT HE3AMOJHEHHBIA BHEITHWI CJION, KOTOPBII JIETKO
OT/IaeT W TIPUHUMAET JEKTPOHBL. JTU AJIEKTPOHBI ONPEIENIIOT BaJIeHTHOCTD
3JIEMEHTA IIPU XUMUYECKUX peaklusax. Uem jajbline oT s1/ipa paclioioskeHa
opbuTa 3IeKTpoHa, TeM OoJblieil sneprueil on obaagaer. I[lox BosgeiicTBueM
HHEPrUU TEMJIOTHI, CBETA, PAAUAIINN U KaKUX-JTUO0 JPYrUX BHEMTHUX (haKTO-
POB BJIEKTPOH U3 BAJIEHTHOI 30HbI MOKET MEPEHTH Ha HOBYIO, GoJiee yIaeHHYI0
ot siipa opouty. Takoii sJIeKTPOH Ha3bIBaeTCsT BO3OYKIEHHBIM, a TP JabHel-
[IEM YBEJUYEHUN SHEPIHUU, HA3bIBaeMOil pabOTOI BBIXO/IA, AJIEKTPOH MOKU/IAET
TTOBEPXHOCTH BETIECTBA.

B kpucrasnie mpoucxoauT B3auMOENCTBUE MEX/IY COCEJIHUMU aTOMaMH,
3aKJII0YAloIeecsl B TOM, UTO Ha 9JIEKTPOHBI aTOMa BO3EHCTBYIOT sl/[pa COCel-
HUX aTOMOB. B pe3yibTaTe paspelnieHHble dHEPreTUUECKNEe YPOBHU 3IEKTPO-
HOB CMEIIAIOTCS W PACHICTIAIOTCS Ha HECKOJIBKO — II0 YHCJIY COCEHUX aTo-
MOB B KPUCTQJUIMYECKOW pelleTke. T YPOBHU CO3/AI0OT dHEPreTUYecKue
30HbI. COBOKYITHOCTb 9HEPTETHUUECKUX YPOBHEH, COOTBETCTBYIONINX BHEITHEMY
CJIOI0 BJIEKTPOHOB, 00PA3yeT galenmuyio 30Hy. Pa3pelieHHbie YPOBHU SHEPTHH,
KOTOpPBIE OCTAIOTCST HE3aHSATHIMHU, COCTABISIOT 30HY NPOBOOUMOCIL, TaK KaK ee
YPOBHM MOTYT 3aHUMaTh BO30Y KIAEHHBIE 3JIEKTPOHBI, 06ECIIEUMBAIOIINE DJICK-
TPOITPOBO/IHOCTD BelllecTBa. Mesky BaJIeHTHON 30HON 1 30HOH MPOBOANMOCTH
MOXKET PaCHOJIaTaThCs 3anpeeHnas 30Ha.

30HHAs CTPYKTYPa JIGXKUT B OCHOBE Pa3/leJICHNs BEIIEeCTB Ha MTPOBOIHUK,
MOJIyIPOBOHUKY U auaJsiekTpuki. Ha puc. 1.1 nmokasano pacrosoxeHnue sHep-
TeTUYEeCKUX 30H [IJIs1 9TUX TPYIIT BElecTB. Y MPOBOJHNUKOB (METAJIOB) BaJIEHT-
Hag 3oHa 1 ¥ 30HA TPOBOAMMOCTH 2 TIepeKPBIBAIOT ApPyT apyra (puc. 1.1, a)
U BaJIEHTHbBIE JIEKTPOHBI JIETKO MEPEXO/SAT B 30HY MPOBOAUMOCTHU. Y M-
nexktpukos (puc. 1.1, 6) mupuna sanpeniennoii 3ounl Besnka (6onee 6 5B
(2JIEKTPOH-BOJIBT) ), U [IJIS TIEPEX0/Ia BAJIEHTHBIX 9JIEKTPOHOB B 30HY MPOBOIN-
MOCTH HAJI0 COOOIIUTH 3HAUUTENbHYIO SHEPTHIO (TaKOW IPOIECC MPOUCXOANUT
pu mpoboe uzosanun). Y moaynpoBogaukos (puc. 1.1, ¢) sanpemieHnas 30Ha
OoTHOCUTENbHO MaJa u kKosebsercsa ot 0,1 1o 3,0 3B.
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Puc. 1.1. IuepreTnyeckue 30HbI IPOBOJHUKA (a), qudIeKTpUKa (0)
U OJIyIIPOBOTHUKA (8):
1 — BajienTHAasI 30Ha; 2 — 30mHa TIPOBOJNIMOCTH;
3— 3alipelnientasd 30Ha

B kpucraninyeckoil penieTke 4eThpexBaJeHTHOTO MOJIyIPOBOAHNKA (Ha-
npuMep, KPEMHNsI) KaxKAblil aTOM CBSI3aH C YETHIPbMS COCEIHUMH aTOMaMH
C MOMOIIBIO ABYX BaJEHTHBIX DJIEKTPOHOB — IO OJHOMY OT Ka’/JO0TrO aTOMa.
Takast cBI3b Ha3bIBaeTCS Kosanenmiuoi. IIpu ee 06pasoBaHUM 9JIEKTPOH IIPU-
HaJITEKNUT yKe He OJHOMY, a 000MM CBSI3aHHBIM MeKIy coOOI aTomawm, T.e.
SIBJISIETCS 71T HUX 00IMM. B pesysbTate BOKPYTr Kax/a0ro siapa obpasyercs
BOCHMHUBJIEKTPOHHAsA 000JI09Ka, yCTONUMBas K BHENIHUM Bo3aedcTBusaM. Tak
Kak BCE BAJEHTHbBIE HIEKTPOHBI OKA3bIBAIOTCSI MPOYHO CBSIBAHHBIMU MEKLY
co60ii, CBOOOAHBIX HIEKTPOHOB, CIIOCOOHBIX OGECIIEYUTD AIEKTPOIPOBOAHOCTD,
HeT. Takyio CTPYyKTYPy MMEIOT XUMUYECKH YUCThIE MOTYTIPOBOHUKHI TIPH TEM-
neparype abcomoTHbIN Hyib (puc. 1.2, a).

CBoboHbIIT
JEKTPOH

Puc. 1.2. Kpucrannuyeckasi CTpPYKTypa YHCTOTO MOJTYIPOBOIHUKA (a),
MOJYNPOBOJAHUKA C JOHOPHOM (6) U aKIenTopHO (6) MPUMECHIO

[Ton BosneticTBreM BHENTHUX (haKTOPOB (HATIPUMED, TIPU TTOBLITIEHUN TEM-
HepaTypbl) OT/EJbHBIE HIEKTPOHBI ATOMOB KPUCTAIJIMIECKO PEIIETKU TIPHO6-
PETAIoT SHEPTUIO, TOCTATOUHYIO JIIST OCBOOOKAEHUST OT KOBATEHTHBIX CBSI3€Ei,
U CTAHOBSITCSI CBOOOIHBIMU.

[Tpr 0cBOGOKIEHVH 3JIEKTPOHA OT KOBAJEHTHOI CBSI3U B KPUCTAJINUECKON
peleTke BO3HUKAET Kak Obl CBOOOIHOE MECTO, 0OJIAAIONIEE TOJIOKUTETHHBIM
3apstioM. Takoe MecTo Ha3bIBaeTCsl ObPKOiL, & IPOIECC 0OPAZOBAHMS TTAPbI «CBO-
GOJIHBIN BIEKTPOH — JIBIPKa» — TeHepanuel. B IbIPKY MOKET «IepecKOUNTh
BAJIEHTHBIH 3JIEKTPOH M3 KOBAJEHTHOM CBA3M COCEAHETO aTroMma. B pesysbraTte
KOBaJIEHTHAs! CBsI3b B OJIHOM aTOMe BOCCTAHOBUTCS (3TOT IIPOIlECC Ha3blBACTCS
pekoMOMHAIMEl), a B COCEZIHEM Pas3pyIIuTcs, 06pa3yst HOByIO ABIPKY. Takoe
nepeMelieHue IbIPKU 10 KPUCTAIIITY PABHOCUIIBHO TIepEMEIeHITO TI0JI0KUTEeTh-
HOTO 3aps/a.
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[Ipm oTCyTCTBUHM BHENTHETO 3JIEKTPUYECKOTO OIS IBIPKH MTEPEMEIAloTCs
XaoTu4decKu. Eci e TPIIOKUTD K KPUCTAIIIY PA3HOCTD TOTEHI[HANIOB, TO TTO]
JieiCTBUEM CO3/IaHHOTO 3JICKTPUYECKOTO T10JIs IBUXKEHUE ABIPOK U 3JICKTPOHOB
CTaHOBUTCS YIOPSTOYCHHBIM, U B KPHUCTAJJIe BO3HUKACT 3JIEKTPHUECKUI TOK.
Takum 06pasoM, MPOBOAMMOCTD HOJLYIIPOBOAHUKA OOYCIIOBJIEHA TIePEMEleHUEM
KaK OTPUIATEJbHO 3aPSIKEHHBIX 2JIeKTPOHOB, TaK U TIOJ0XKHUTENbHO 3apasKeH-
HBIX ABIPOK. COOTBETCTBEHHO PA3INYAIOT BA TUIIA TPOBOAMMOCTH — 3IEKMPOH-
HYI0, WA NPOBOOUMOCTIL N-MUNA, U ObIPOUHYIO, WITH NPOBOOUMOCTIL P-MUNA.

Jl7151 co3manus MOTyIPOBOHIKOBBIX 3JIEMEHTOB IHUPOKO MPUMEHSIOT NpU-
Mmecnvle noaynposoonuky. C deThIPEXBANECHTHBIM TePMAaHUEM W KPEMHIEM
HCHOJIBL3YIOT NMATUBATIEHTHDbIe (MBILIbAK, CypbMy, (hocdop) U TpeXBaleHTHBIC
mpumecn (60p, AMOMIUHIH, WHANT, TaJUIHiT).

B ciryuae nsituBanientHoit ipumecu (puc. 1.2, 6) deTbipe BaJIEHTHBIX DJIEK-
TPOHA ITPUMECHOT0 aTOMa COBMECTHO C YeTBIPbMS JIEKTPOHAMH COCEAHUX aTO-
MOB OCHOBHOTO BeMIeCTBA 00Pa3yioT KOBATEHTHbIE CBSI3M, & MSTHIN BATEHTHBIHN
9JIEKTPOH OKa3bIBAETCS «JIUITHUM»>. B pesysbTare faske mpy KOMHATHOM TeMIIe-
paType «JIUITHIE> IEKTPOHBI JTETKO 0CBOOOKIAIOTCS OT CBOMX aTOMOB, Tepe-
X0/ B 30HYy HPOBOAMMOCTH. B TaKNX MOTyIPOBOAHNKAX 3JIEKTPOIIPOBOIHOCTD
obecrieunBaeTcst rJIaBHBIM 06pa3oM M30BITKOM CBOOOAHBIX 2JIEKTPOHOB. VX
Ha3bIBAIOT TIOJYIPOBOAHUKAMI 71-TUTIA, & TPUMECH — OOHOPHLIMU.

3a cueT TEMIOBOW 9HEPTUU B MOJIYIPOBOIHUKE N-THIIA MOTYT 0OPa30BbI-
BaThCS M OT/EJbHbBIE JABIPKU NP TeHEPAIMK Map «CBOOOIHBIN 3IE€KTPOH —
nApIpkas. [1oaToMy 271€KTPOHBI B MOIYIPOBOAHUKE N-TUIA HA3LIBAIOT OCHOB-
HBIMU, & ILIPKA — HEOCHOBHBIMU HOCUTEJISIMU 3aPSIZIOB.

IIpu BBemeHUM TpexBajeHTHON mpuMmecH (puc. 1.2, 8) B oxHOI 13 KOBa-
JIGHTHBIX CBfA3ell MPUMECHOTO aToMa M aTOMa OCHOBHOTO MOJIyIPOBOAHMKA
OTCYTCTBYET 3JIEKTPOH, T.€. 00pasyeTcst AblpKa. PaspeleHHble sHepreTnyecKie
YPOBHHU BAJICHTHBIX 30H IIPUMECH W OCHOBHOTO MOJIYIIPOBOJHUKA HAXOAATCS
PAAOM. DIEKTPOH BaJCHTHON 30HBI aTOMa OCHOBHOTO TOTYIPOBOJHUKA JICTKO
3aXBaThIBACTCS TPEXBAJCHTHBIM aTOMOM NPUMECH, B PE3YJIbTAaTE YETO IBIPKa
obpasyeTcst y:ke B aTOMe OCHOBHOTO TOTYTTPOBOJIHUKA U, TAKIM 00Pa3oM, mepe-
MellfaeTcs Mo KpUcTaaandeckoil pemeTke. JIbIpK B TaKUX MOJIYIIPOBOAHUKAX
CTAHOBSITCSI OCHOBHBIMH HOCHUTEJIIMHE 32PsIIOB, cO371aBast 3 dEKT ImepeMenicHIsS
MOJIOKUTENIBHBIX 3apAN0B. TpexBaleHTHBIC TPUMeCH HA3bIBAIOT aKuenmop -
HbIMU, & TIOJTYITPOBOJHUKU C TaKOW IIPUMEChI0 — MOJYIIPOBOAHUKAMU p-THIIA.
HeocHOBHBIMU HOCUTEISIMU B 9TOM CJIyYae BBICTYIIAET HEGOIBITOE KOTHIECTBO
CBOOOHBIX BJIEKTPOHOB, 06PA30BABIINXCSI B PE3YJIbTATE TEIIIOBON TeHepaIun
map «CBOGOIHBIN 3IEKTPOH — JIBIPKa».

1.1.3. P-n-nepexo/ 1 ero CBOMCTBa

ToHKHUI cI0# TTOMYIPOBOAHUKA MEK/IY ABYMs 00JACTSIMH, OJ[HA M3 KOTO-
PBIX MPEICTABJISAET MOJIYTPOBOIHUK p-THUTIA, & APYTas N-THUIIA, HA3BIBAIOT p-71-
nepexogoM. KoHIeHTpalum 0CHOBHBIX HOCHTENE 3apsiia B p- U n-06J1acTsaX
MOTYT OBITH PaBHBI WJIN CYIIECTBEHHO pa3invarbes. B mepBom ciydae p-n-
nepexo/l Ha3blBalOT CUMMETPUUYHBIM, BO BTOPDOM — HecUMMeTpuyHbIM. Yarie
MCIOJIB3YIOT HECUMMETPUYHBIE TT€PEXOJIBI.

15



[TycTh KOHIEHTPAINS AKIIETITOPHOT TIPUMeCH B p-00J1acTh GOJIBIIIE, YeM KOH-
LeHTpanus JOHOPHOH mpuMecu B n-o6aactu (puc. 1.3, a). COOTBETCTBEHHO, KOH-
IIEHTPAITHST ABIPOK (CBETIIBIE KPY/KKHN) B p-00macTu 6yaeT 60IbIie, 4eM KOHIEH-
TPAIHsl 9JIEKTPOHOB (YepHbIe KPYKKHU) B 7-00JIaCTH.
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Puc. 1.3. P-n-cTpyKTypa:
a — B PAaBHOBECHOM COCTOSIHUM; 6 — NP MPSIMOM BHELIHEM HAIPSKCHUN;
6 — 1pu 0OpaTHOM BHENIHEM HATNPSKEeHUH; [ — IprHa p-n-1epexoja

3a cuer quddysun AbIPKU U3 P-00JACTH 1 FJEKTPOHBI U3 1-00JaCTH CTpe-
MSITCSI PABHOMEPHO PACTIPENETUTHCS IO BeceMy 06beMy. Eciit 651 97eKTpOHbI
U JIBIPKY OBLIN HEHTPAIbHBIMHE, TO UM OY3UsT B KOHEYHOM UTOTE TIPUBETA Obl
K TIOJTHOMY BBIPaBHUBAHUIO UX KOHIEHTPAIUN 1O BceMy 00beMy KPHCTaJLIa.
OzHaKO TOTO HE TPOUCXOAUT. [[BIPKH, TIepexoist U3 p-06JacTh B 7-00J1aCTh,
PEKOMOMHUPYIOT € YaCThIO HTEKTPOHOB, MPUHAIEKAITIX aTOMaM JTOHOPHOT
npuMecu. B pesysbrare octasiinecs: 6e3 sJeKTPOHOB TIOJOKUTENHO 3apsisKeH-
HBIE WOHBI JIOHOPHOI TIprMecu 00pa3yioT MPUTPAHUYHBIN CJIOH ¢ MOJOKUTE -
HBIM 3apsIIOM. B TO Jke BpeMsi yXO/I 9TUX JIBIPOK U3 P-00JacTH IPUBOAUT K TOMY,
YTO aTOMBI AKIENTOPHON TIPUMECH, 3aXBATUBIINNE COCEAHUI HIEKTPOH, 06pa-
3YI0T HECKOMITEHCUPOBAHHBIN OTPUIIATEJbHBIN 3aPsi/l MOHOB B MPUTPAHUYHOM
obmacTu. AHAIOTHYHO TTPOUCXOAUT AU (HY3HOHHOE TTepeMEITEHNE ITEKTPOHOB
u3 n-0b61acTu B p-00J1acTh, IpUBOAALICE K TOMY ke adderty. B pesyabrare
Ha TPaHuIle, pasessioneil 7-06JacTb U p-001acTh, 06pa3yeTcst Y3Kuil, B 10K
MUKDPOHA, TPUTPAHWYHBII CJIOH, OJHA CTOPOHA KOTOPOTO 3apsiKeHa OTpHIla-
TesbHO (P-06J1acTh), a APyTras — MOJIOKUTETBHO (7-00J1aCTh).

PasHocTh NOTEHIINANOB, 00Pa30BaHHYIO TIPUTPAHUYHBIMU 3aPsIIaMy, Ha3bi-
BAIOT KOHMAKMHOU pasnocmuio nomenyuanos U, (cMm. puc. 1.3, a), nin nomen-
yuanvibim 6apvepom, PEo0IeTh KOTOPbI HOCUTENHN He B COCTOSTHUU. JIbIpKH,
TOJIOTIEIITIE K TPAHUIIE CO CTOPOHBI P-00JACTH, OTTATKMBAIOTCS HAa3al MOJIO-
JKUTETLHBIM 3aPSIOM, & AJIEKTPOHBI, MOIOTIEAIINE U3 7-00IaCTH, — OTPHUIATEb-
HBIM 3apsiioM. TakuM 06pasom, 06pasyeTcst p-n-mepexo, MPeCTaBISIONIH
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€o00ii €101 MOJYNPOBOJHUKA € TIOHMKEHHBIM COJEP/KAaHUEM HOCUTEIEH — Tak
HasbIBaeMblil 00€IHEHHBII CJIOM, KOTOPBI UMEeT OTHOCUTEIBHO BHICOKOE DJIEK-
TPUYECKOE COTIPOTHBIIEHHE.

CBoiicTBa p-n-CTPYKTYPbI M3MEHSIOTCS, €CJIM K Hell MPUJIOKUTh BHEITHee
nanpspkenve. Ecv BHelnee HampsikeHne MPOTUBOTIONOKHO 1O 3HAKY KOHTAKT-
HOI1 pasHocTy noreHiuanos (puc. 1.3, 6), To AbIpKH p-00JaCTH, OTTAIKUBASICh
OT MPUJIOKEHHOTO TIOJIOKUTENBHOTO MOTEHITNAA BHENTHETO NCTOYHUKA, TIPH-
GIVEKAIOTCST K TPaHUIe MekK/Ly 00JacTsIMU, KOMIIEHCUPYIOT 3apsijl YaCTH OTPHU-
[ATeJbHBIX MOHOB U CYKAIOT IUPUHY p-N-TIePexojia co CTOPOHBI P-00JacTH.
AHAJIOTUYHO 9TOMY, 9JIEKTPOHBI 7-00JIACTH, OTTAIKUBASICH OT OTPHIIATEb-
HOTO TIOTEHIIMAJa BHENIHETO UCTOYHUKA, KOMITEHCUPYIOT 3apsji YaCTU T0JIO-
JKUTENbHBIX HOHOB U CYKAIOT IIMPUHY p-n-TIepexoa co CTOPOHbI 7-00J1aCTH.
[MorennuabHblil Gapbep CysKaeTcst, Yepe3 Hero HauMHAIOT MPOHUKATH JBIPKU
U3 p-00JIaACTU U AIEKTPOHDI U3 N-00JIACTH U Yepe3 p-7-Tepexo/] HAYMHAET TeUb
TOK.

C yBesiueHMeM BHEITHETO HANPSIKEHUs TOK BO3pacTaeT HeOTPAaHWYEHHO,
TaK KaK CO3/1aeTCs OCHOBHBIMU HOCUTEJSIMU, KOHIIEHTPAIUS KOTOPBIX MOCTO-
SIHHO BOCIIOJIHSIETCSI UICTOYHUKOM BHEIITHETO HAIIPSIKEHUS.

[TonsipHOCTh BHENTHETO HATIPSIKEHUS, TPUBOASIIAST K CHUKEHUIO TTOTEHIN-
aJIbHOTO Oapbepa, Ha3hbIBAETC MPAMOM, MM OTKPBIBAIOIIEH, a CO3MaHHbBIN €10
TOK — TpsAMBIM. [Ipu mos1aue TaKOTO HANIPSTKEHUST p-1-TIEPEXO]] OTKPBIT.

Ecau x p-n-cTpyKType NPUIOKUTH HANPSKEHUE 0OpaTHOM MOJSIPHOCTH
(puc. 1.3, 8), T0 apdexT Gyaer TPOTUBOMOMOKHBIM. [0/ HeficTBUeM 2JIeKTPH-
YECKOTO MOJIST MCTOUHUKA JIBIPKU P-06JACTH CMEIIAIOTCS K OTPUIATETbHOMY
MOTEHIMAMy BHEITHETO HAMPSKEHUs], a SJIEKTPOHBI 72-00JIaCTH — K MOJIOKH-
TeJbHOMY moTeHnuany. TakuM o6pasoM, OCHOBHbIE HOCUTEJH 3apsiioB OTO-
JIBUTAIOTCS BHEIITHUM TI0JIEM OT TPAHWIIBI, YBEJUINBAS IMUPUHY P-N-TIEPEX0/Ia,
KOTOPBIIl OKA3bIBAETCS MOYTH CBOGOIHBIM OT HOCHUTEJIEH 3apsiia. DIeKTpuye-
CKO€ COTIPOTHUBJIEHNE p-n-TIepexoia TIPU 9TOM Bo3pacTaeT. Takast MOoJISpPHOCTh
BHEITHErO HaNpPsIKEHUsT HasblBaeTCss 0OpaTHOM, 3anupatomieil. Ilpu nomaue
TaKOTO HATIPSIKEHUS pP-n-TIePeXo]] 3aKPbIT.

Tem He MeHee MpU OOPATHOM HANPSKEHWM HaOJIIOLAeTCs MPOTEKaHe
1e0O0TTBIIONO TOKA /g, ITOT TOK, B OTJIMYHE OT NPSAMOTO, ONPEEAeTCs] HoChTe-
JISIMU He TIPUMECHOH, a COOCTBEHHON MPOBOANMOCTH, 0OPa3yIONIeHcs B pe3yJib-
Tare reHeparum map «CBOOOHBIN 3JIEKTPOH—/IBIPKa» MO/l BO3AEHCTBIEM TeMITe-
parypbl. It HOCUTE M 0003HAYEHBI HA PUC. 1.3, 6 €AMHCTBEHHBIM DJIEKTPOHOM
B p-00JIaCTH U €IMHCTBEHHO IBIPKON B 7-006/acTi. 3HaueHne 06paTHOTO TOKa
MPAKTUYECKU HE 3aBUCHUT OT BHEIITHETO HATIPSIKEHUS. ITO 00BSCHIETCS TEM, 4TO
B €[IMHUILY BPEMEHU KOJMYECTBO TE€HEPUPYEMBIX Map «CBOOOIHBIX SJEKTPOH—
ABIPKa» IPY HEM3MEHHOIL TeMIIEPAaTyPe OCTAeTCst OCTOSIHHbIM, 1 Aaxke npu Uy,
B JIOJI BOJIbTA BCE HOCUTEJIM YYACTBYIOT B CO3/[AHUU OOPATHOTO TOKA.

[Tpu moraye 06PaTHOTO HATIPSKEHUS P-N-TIEPEXO]T YIIOA00IsIeTCsl KOH IeH a-
TOPY, MJIACTUHAME KOTOPOTO SIBJISIFOTCS p- U 1-00JIaCTH, PasjieIeHHbIE MAJIEK-
TPUKOM. POJIb iUa/IeKTPUKA BBITIOJIHSIET IPUTPAHIYHAsT 00JIaCTh, TIOYTH CBOOOI-
Has OT HocHTeJNel 3apsaaa. Ty eMKOCTh p-n-Tepexoia Ha3bIBAOT 6aApbepHoil.
Omna tem 6oJibliie, Y4eM MEHbBIIE MIUPUHA P-N-TIePexXojia U ueM OOJIbIIe ero IIo-
1a/1b.
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1.1.4. OcHOBHBIE TEXHOJIOTHYECKHE NPOIIECCHI
H3TOTOBJICHHS P-N-TIePEX00B

Mertoz crtaBiaeHusi. DTOT TEXHOJIOTMYCCKHUI MIPOTIECC 3aKII0YAETCS B TOM,
YTO B IJIACTUHKY TOJYTIPOBOIHIKA OHOTO THIIA MPOBOAUMOCTH BILIABJISIIOT
MPUMECH, HeOOXOIUMYTO JIUIsT 0OPa30BaHMUsI TIOJIYIIPOBOIHUKA APYTOTO THIIA TIPO-
BojMMOCTH. Harpumep, Ha TUIACTHHKY TePMaHUS #7-TUIIA OMEMAIOT TabJIeTKy
WH/IMS 1 HarpeBaloT ee JI0 TeMIlepaTypsl miasiaeHus. [Ipu aTom npumecs pac-
[JIABJISIETCS, M B HEW YACTUYHO PACTBOPSIETCS] MAaTEPUAJ OJIYIIPOBOIHIKA,
co3/laBast B IPUTPAHUYHON 30HE CJIOI MPOBOAUMOCTH p-Tuna. CrraBHble p-n-
epexo/ibl UMEIOT BBICOKYIO HaleKHOCTh, PAGOTOCIIOCOOHBI IPU GOJBIINX
06paTHBIX HATIPSUKEHUSAX W 00JIa 0T MaJIBIM COOCTBEHHBIM COMPOTHUBIECHUEM,
obecreunBamIMM MaJIoe TIPSIMOe MaeHIe HATIPSUKEHNs Ha HUX.

Meron auddysun. B 5ToM TEXHOTOTHUECKOM TMPOTIECCe p- U n-001acTh
MOJIyYaIOT B TIOJYIPOBOJHUKE ITyT€M MPOHUKHOBEHUS aKI[ENTOPHBIX WU
JIOHOPHBIX IIPUMeceii, cofiep:Raluxcs B aTMocdepe mapos, Ky/1a MOMENIaoT
HATPETYIO /[0 BBICOKOI TeMIIEPATyPhl IJIACTUHKY TTOJYIPOBOAHIKA. TaKk Kak
aTOMBI TIprMecH UG QGYHAUPYIOT BHY TP MJIACTUHBI ¢ HOBEPXHOCTH, HANOOJIb-
masi KOHIIEHTPAIUsA MPUMecH HabJ01aeTcs B IPUIIOBEPXHOCTHON 061acTH
1 yOBIBAET C YBETNYEHHUEM PACCTOSTHYSI B TIyOb MOTYTTPOBOIHUKA.

MerTox anuTakCHAILHOTO HapamMBaHus. [Iporiecc KPUCTANIU3AIUY OTHOTO
BEIeCTBA HA KPUCTAJIE-TIO/JIOKKE JIPYTOr0 HA3BIBACTCS INUMAKCUATLHIM
Hapawusanuem. 1Ipu aTOM KpuCTaJINYeCcKasi pelieTka MOJIOKKN OIpeje-
JIIeT CTPYKTYPY PENIeTKH, B KOTOPOH KPUCTAJIIU3YeTCsl HapalluBaeMblil CIIO.
[TosrypOBOAHUKOBBIE ATUTAKCHATIBHBIE CJIOU (TIEHKH ) MOTYT OBITh TIOJTyYeHbI
Pa3IUIHBIME CTTIOCOOAMI: TEPMETHIECKUM HCTIAPEHNEM B BaKyyMe; KPHCTAJ-
Jm3anyeil B pacIyiaBJIeHHOM BeIeCTBe, COJEPIKAIEeM TIPUMECh; OCAKACHNIEM
u3 mapoobpasHoii hopMbl. VI3MEHsIsT THTT TIPUMECH U YCJIOBUST HapalMBaHs,
MOJKHO B IIUPOKHX IpefesiaX MEHSATDh 3JIeKTPUYCCKIE CBONCTBA SITMTAKCHAIb-
HOM TIJIeHKH.

Honnoe xeruposBanue. [Ipotecc 3akmouaercst B GoMGapanpoBKe HOHAMHT
IPUMECH HArpeToil MOJIYIPOBOIHIKOBON TIIACTHHBI, HAXO/SIIENCS B BAKyyMe.
Woms! mpeaBapuTeIbHO Pa3TOHSIOTCS /10 OIPEICTICHHON CKOPOCTH 1, BHEPSACH
B IJIACTHHY MTOJIYTIPOBOTHUKA, UTPAIOT POJIb IOHOPHBIX MJIN AKIENITOPHBIX TTPHU-
Mecel.

OxcuHOEe MaCKHPOBAHUE. JTOT MPOIECC UCTIOAB3YIOT JJIst TOTO, 4TOOBI 06e-
CTIEYUTh TPOHNKHOBEHNE TPUMECH TOJBKO B OIpe/ieIeHHbIE YIACTKU TIITACTUHBI,
3aIUTUB OT HUX OCTAJIBHYIO €€ MMOBEPXHOCTh. B MOJIYNIPOBOJHUKOBBIX CTPYK-
Typax Ha OCHOBE KPEMHUSI B KAYECTBE MACKU HCIOJIb3YETCST TUOKCU KPEMHUS
Si0,, KOTOPBIi SBIASETCST XOPOIIUM HU30JSITOPOM U 0OJIATAET MO CPABHEHHIO
C YMCTBIM KPEMHHUEM 3HAYUTETHHO MEHBIIEH CKOpocThio AudGy3n B HETO
npuMeceit. /I moydenus TIeHKN OKCH/Ia KPEMHUEBYIO TIJIACTHHY HATPEBAIOT
10 900—1200 °C B armocdepe kucaoposa. llocae oxmaxkaeHus te yyacTku
MOJIYITPOBOITHUKA, KOTOPBIE [OJIKHBI MTO/[BEPTATHCST BO3AEHCTBUIO PUMECEIT,
OCBOOOKIAIOT OT TIEHKH OKHCJIA TPABJIEHUEM.

Dotomurorpacdus. ITO IPOIECC MOTYIEHNS Ha TOBEPXHOCTH ILIEHKU OKCHIA
HEeOOXOMMOTO PUCYHKA PACON0KeHMsT OKOH. OKCHIHYIO TUIEHKY TIOKPBIBAIOT
(oropesncTom (CBETOUYBCTBUTENBHBIM CIOEM) 1 9KCITOHUPYIOT (3aCBEYNBAIOT)
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VAbTPAGUOJETOBBIMI JIy9aMH 4epe3 MacKy, Ha KOTOPOU BBITIOJIHEH PUCYHOK
B BUJIe TIPO3PAYHBIX U HEIPO3PAYHBIX YUACTKOB. YYacTKH (DOTOPE3UCTa, moj-
BEPrHYBIIMEC OCBEIEHUI0, OKa3bIBAIOTCS 3a1yOJIeHHBIMU (HEPaCTBOPUMbBIMU),
a C HEOCBEIIEHHbIX YIaCTKOB (hOTOPE3UCT yIASIIOT PACTBOPUTEIEM.

TpapyeHue MICHKN ANOKCH/IA KDEMHHUS C YIaCTKOB, He 3aIUIIECHHBIX 321y~
GsieHHBIM (HOTOPE3UCTOM, TIPOU3BOJST MJIABUKOBOU KUCJIOTON, B Pe3yJIbTaTe
B OKCHIHO¥ MJIEHKe 00pa3yIoTcst OKHa, Yepe3 KOTOpbie POU3BOANTCs auddy-
31, AIUTAKCUATBHOE HAPAIUBAHUE MJIM NOHHOE JIETUPOBAHHE.

1.2. MonynpoBogHMKOBbLIE AUOAbI

[TosyIPOBOAHUKOBBIM JHOOM Ha3bIBAIOT MOJYIIPOBOAHUKOBBIN TIPUOOP
¢ IByMsI BBIBOZIaMU (TIPUCTABKA «JIM-» O3HAYAET /[BA) U OJIHUM P-1-TIEPEXOIOM.

ITo hyHKIMOHATBHOMY HA3HAYECHUIO, IPUHIIUITY 0OPa30BaHMUsT P-N-TIePexo/a
U MCITOJTh30BAHUIO TE€X MM WHBIX €TO CBOWCTB AMOJDI AETISATCS HA BBITPSIMIU-
TeJIbHbIE, CTAOUIUTPOHBI, UMIYJIbCHbIE, AroAbl [IoTTKH, doToanoAbl, cCBE-
tToauobl 1 T.11. OfMH U3 BapUaHTOB KOHCTPYKI[MU W yCJOBHOE 0603HaUYeHMe
IMofa IIpuBefeHsl Ha puc. 1.4, a, 6. BoiBozg oT p-001acTi Ha3bIBAIOT AHOOOM,
a OT 1-00J1aCTN — KaAmoooM.
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ad — BapUaHT KOHCTPYKIUH; 6 — YycJI0BHO€E 0603HaquMe;
6 — BOJIbT-aMIICPpHasA XapaKTEePUCTHUKA

BoubT-amiiepHast XapakTepUCTUKA [TOJIYTTPOBOIHUKOBOTO [IMO/IA, T.€. 3aBUCH -
MOCTb IIPOTEKAIOIIETO Y€PE3 AMOJ TOKA OT MPUJIOKEHHOTO K HEMY HATIPSIKEHUS,
OTIPEZIeNISIETCST BOJIbT-aMIEPHON XapaKTePUCTUKOM p-n-niepexona (puc. 1.4, g).
[Tpu mogave K IOy TIPSIMOTO HATIPSIPKEHUST IUO OTKPBIT ¥ TIPOITYCKAET TIPSIMON
TOK, IIPY 9TOM TIaJIeHUe HAMPSIKEHUsI Ha TUOJIE COCTABJISIET [IECSIThIE IOJU BOJIBT.
[Tpu nogaue 06paTHOTO HAMIPSKEHUS JUO]T 3ATIEPT, U CJIM OHO He JIOCTUTAET 3Ha-
yernns U, TO Y€pe3 N0 TIPOTEKAET TIPEHEOPEKUTETHHO MBI OGPATHBIT
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tok Iy (I, u I g, na puc. 1.4, ¢ nokasansl B pasubix Macirabax). IIpu nogave
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06paTHOTO HaNpPsIKEeHHs, IPeBbimaomero sHadeHue Uys, i, HACTYTIaeT poboii
Pp-n-Tiepexoia, Mpu KOTOPOM 0OPATHBIN TOK PE3KO BO3PACTAET.

Pazsmuaror 1Ba Buzia Ipobost: 2JIeKTpUYecKuii (00paTiMblii) 1 TeIIoBoii (Heob-
PaTUMBbII, BBIBOJSIIUI ITOJIYITPOBOTHUKOBBIN /11071 U3 cTpos). [Tox Bo3znelicTBuemM
CHUJTBHOTO 3JIEKTPIUYECKOTO TMOJIST SJIEKTPOHBI OCBOGOKIAIOTCST OT KOBATEHTHBIX
CBsI3€ll M TTOJIy9aIoT SHEPTHIO, TOCTATOYHYIO JIUIS TIPEOI0JICHNS BBICOKOTO MOTEH-
[AJTIHOTO Gapbepa. J[BUTasich ¢ GOJIBIIOI CKOPOCTBIO B P-H-TIEPEXO/IE, JIEKTPOHDI
CTAJTKMBAIOTCS ¢ HEUTPAIbHBIMU aTOMAMU I MIOHU3UPYIOT UX, B PE3YJIbTATE YETO
HOSIBJIIIOTCS HOBBIE CBOOOIHBIE HJIEKTPOHBI U JBIPKU. ITOT JIABUHOOOPA3HbII MPO-
IeCC TIPUBOIUT K PE3KOMY YBEJIMUYEHUIO 0OPATHOTO TOKA, T.€. K AJIEKTPUUECKOMY
npo6oto p-n-nepexona. Ecau o6paTHBII TOK OrpaHUYMBATH, TO TIOCTE CHSATHSI
BBICOKOTO 0OPATHOTO HATIPSIKEHUST P-n-TIePEX0]l BOCCTaHaBIMBaeTcst. Ecin ke
00paTHbIil TOK HE OrPAaHUYUBATD, TO DJEKTPUYECKUI TIPOOON Tiepeiier B Teruio-
BOM, TIPM KOTOPOM 3a CYeT pa3orpeBa p-n-Mepexosia MPOMCXOANT dHePTUIHAST
TeHePAIs map «CBOOOIHBII SJIEKTPOH—IBIPKAy, TPHBOMSIIAS K PE3KOMY YBEJN-
YeHUI0 0OPATHOTO TOKA. Y BeJIMYEHIE TOKA IPUBOJIHT K e1ile GOJIbIIEMY PA30TPeBy
p-n-Tiepexojia U, 3HAYUT, K JajbHelei renepaiinu Hocutesieil. [Iporecc Hapac-
TaeT JaBUHOOOPA3HO W NIPUBOANUT K BBIBOJY JIMOJA U3 CTPOSL.

1.2.1. BeimpsiMmureJibHbIE OB

ITU MOl IPeHa3HaYeHbl s IpeoOpasoBaHus (BITPAMIIEHUS) Mepe-
MEHHOTO TOKa B TOCTOSTHHBINA. K X GBICTPOAEHCTBUIO, EMKOCTH p-n-TIepexo/a
U CTAaOUJIBHOCTU MapaMeTPOB BBICOKMX TpeGOBaHWEI He TpeabsaBasior. Vx
BBITIOJIHSIIOT HA CIIJIABHBIX U [UMDOY3MOHHBIX HECUMMETPUYHBIX p-7-TIePeX0/ax.
BeiripsiMmutesibHble 1UO/bI XaPAKTEPUIYIOTCSI MAJIBIM COIIPOTHBIIEHUEM B TIPsi-
MOM HaTPaBJEHUHU U TTO3BOJISAIOT MPOIYCKATh GOJIbIIE TOKU ([0 TeCATKOB
U COTEH aMIiep) MpU JOMYCTUMBIX 00paTHbIX Hanpskenusx g0 1000 B. i
HTOTO TLIOMIAIH P-N-TIEPEXOIA BBITIOTHSIETCST OTHOCUTENHHO OOMBINOH U, C1eno-
BaTeJIbHO, EMKOCTD p-N-TIePEX0/ia JOCTATOYHO BeJUKa (AecITKN THKodapam).
[ToaTomy TIepexosiHBIE TPOIECCH B 3TUX AMOAAX MPOTEKAIOT OTHOCUTEIBHO
noaro. (Ilox anurebHOCTHIO TIEPEXOHOTO MPOIECCA TOHUMAIOT BPEMs Iepe-
XO0/Ia U3 OTKPBITOTO COCTOSIHMSI IMOJIa B 3aIIEPTOE U HAOOOPOT TIPU TIEPEMEHE
MOJISIPHOCTY MTPUJIOKEHHOTO HATIPSIYKEHUSL. )

OCHOBHBIMU TTaPAMETPAMHU BBITIPSIMUTETTHHBIX TUOJIOB SBJISTIOTCS:

* nonycrumoe obpatnoe Hanpsikenue Uy, KOTOPOE MO/l MOKET Bbl/Iep-
JKaTh B T€UEHNE JTUTETHHOTO BPEMEHN 6e3 HapyIieHust paboTOCTTOCOOHOCTH;

* cpenHuii npsamoii Tok Iy, o, — HauGoJIbIIee OMYCTHUMOE 3HAYEHHE MTOCTO-
STHHOTO TOKa, TIPOTEKAIOIICTO JJTUTEIBHO B IIPSIMOM HATIPABJICHUN;

*  MaKCHMaJbHO JOMYCTUMBIN UMITYJIbCHBIE IPSIMOM TOK ;) IPH yKa3aHHO
B T1acropre HanbGoJIbIIell ATUTETBHOCTH UMITYJIbCA;

 cpexHmii 06paTHLII TOK I — cpezHee 3a Iepuoj 3HaueHne 00paTHOIo

ob6p.cp
TOKa;
* cpejnee npsamoe Hanpsikenne Uy ., — Ta/ieHne HaIIPSKEHUs Ha OTKPbI-
TOM JIMOJIE;
¢ Cpe/HAA paccernBaeMasd MOIIHOCTb Pcp'” — CpeZlHsAA 3a NEpUoJ MOITHOCTD,

BbIZIEJIAIONTIAsACA B ANO/I€ ITPU BBIIIPAMJIEHUN TIEPEMEHHOI'O TOKA;

* muddepennmanboe CONPOTUBIEHUE Ty, = AU,y o / Al oo
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1.2.2. CraOuIMTpOHBI

CrabUANTPOHBI — 9TO AMOAbI, UCIOJb3YIONUE YUYACTOK BOJbT-aMIIEPHO
XapaKTEPUCTUKK P-N-TIePEX0/ia, COOTBETCTBYIONMI 06PATHOMY dJIEKTpUYe-
ckomy tipo6oto (puc. 1.5, a). CTabuauTpoHy, Kak MOKa3biBaeT caMo Ha3BaHHUE,
CBOUCTBEHHA CTAOWIBHOCTD, T.C. HEU3MEHHOCTD TAJICHUST HATIPSIKEHUST Ha HEM
TP M3MEHEHNSX B HECKOJIBKO Pa3 TOKa, IIPOTeKalomniero yepes Hero. brarogaps
HTOMY CBOUCTBY, CTAaGUIIUTPOHBI IUPOKO IPUMEHSIOTCS B KAYeCTBE HCTOYHUKOB
OTIOPHOTO HAMPSKEHUS, KOTOPOE JOJKHO OCTABATHCS HEM3MEHHBIM TTPH KaKUX-
60 NU3MEHEHUSIX IPYTUX APAMETPOB CXeMbl. [IpUMEHSIOTCS OHY 1 Kak cTabu-
JIU3ATOPBI HAMPSIKEHUsT TPU HEOOIBIINX MOIHOCTSX HATPY3KH.

AU,
BX Inp
- IO6P UHX UC'I‘
+ -
—ﬁ'_ Uo(’)p A\I‘CthO Ictmin Ull])
a B
R, A 1., AL,
to—"1—
—
1.
Uy o DU, c
I cT.max
- A UcT
6 8 Io()p

Puc. 1.5. CrabuauTpoH:
a — yCJIOBHOE OéOSIIa‘leIH/Ie; 6 — CXeMa BKJIIOYEeHHA;
6 — BOJIbT-aMIl€epHadA XapaKTEPUCTUKA

Bo m3bexanne TemmoBoTo MPoOOsT TOCTEAOBATETBHO CO CTAGUIUTPOHOM
BKJIOUAOT peauctop R, (puc. 1.5, 6), orpannuuBaomuii Tok I.,, KOTOPbIii
SIBJISIETCST OGPATHBIM TOKOM JIJIST P-71-CTPYKTYPbI cTabuautpona. [Ipu nsmene-
HUSIX BXOZIHOTO Hamnpsikenns AUy, (puc. 1.5, 8) MensiioTcst Tok Al n n1ajienne
HAMPSDKEHMS OT 3TOTO TOKa Ha R 3Hadenus Toka [, 1 ero M3MeHEeHHIT ompe-
nensgioTes ToukamMn A, B u C niepecedeHns BOJIBT-aMIIEPHON XapaKTePUCTHKN
p-n-Tepexo/ia ¥ MPSMBbIX, IIPOBEEHHBIX 11071 yIJioM arctgR, n3 touek U, u ero
U3MEeHEeHUH, 0TM0KeHHbIX Ha ocu Uy, Touka A onpezenser snauenne U,
mpu cpeaneM 3nadennn Uy, a Toukn B u C — uamenenns AU, Ipu u3Mene-
Husax AU,,.

JluddepernnanbHoe CONPOTUBICHKE CTaOUINTPOHA Ha yyacTKe BC paBHO

rﬂmb = AUCT / AICT‘ (11)

Ecan nanpsikenue Uy, MOXKET U3MEHSTHCSI B 00€ CTOPOHBI OT CBOETO CPEJl-
HEro 3HaYEHUsI, TO TOYKY A BRIOMPAIOT Ha CepeirHe JUHEHHOTO YIacTKa BOJIbT-
aMIIePHON XapaKTePUCTUKK CTaOUIUTPOHA, IPUYEM

- - I.‘.R . 1.2
LBX L(‘,[ CT 0
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[Tepeiing ot (1.2) k mpuUpanieHUSIM, 3aTTUIIEM:
AU =AU, + Al - Ry,
a mozctasuB Al u3 (1.1), momyamm:

AUBX = AU(‘,T + AUCT : RO / r]md)’

OTKy/Zla
AU, = AU :

1+ L

7, T

[Ipu Ry >> 7,4, nosyuum, uto AU, << AU, 1 cTabuiusaius Tem Jyuire,
ueM 6oIIbIle OTHOMIEHNE Ry / 7,4,

OCHOBHBIMH [TApaMETPAMU CTAOMIMTPOHOB SIBJISIOTCST:

» manpsukenve crabunmsanun U,

*  MUHUMAJIBHBII TOK CTaOMIN3AMu Iy i,
YUBBII DJIEKTPUUYECKUIT IPOOOIL p-n-11epexoa;

*  MaKCHMaJIbHBII TOK cTabmiusarmu I, . . TPU KOTOPOM MOIIHOCTD, Pac-
cenBaeMas Ha CTAOMIMTPOHE, He HPEBBIIIAET JOMYCTHMOTO 3HAYEHNST;

¢ auddepeHnuantbHOe CONPOTUBIEHUE 7y, )3

* MakcHMaJbHasl MOIIHOCTb paccesHus P,
ITaeT TEeIIoBoil IIpoGoil p-n-1epexosa;

* TeMIeparypHslil KoaunneHT cTabuINsanun o, — OTHOILIEHHE OTHOCU-
TEJIBHOTO N3MEHEHNUS HAIPSKEHUST CTaOMIINBAINE K a0COTIOTHOMY U3MEHEHHIO

TEMIIEPATYPBI OKPYIKAIONIE Cpeibl (BBIPAKAETCS B % /TPajL):

Oy =AU, / (U, - AT).

IIPY KOTOPOM HACTYIIAeT YCTO¥-

1IpU KOTOPOH elle He HACTy-

Bolnyckaiorcess KpeMHIEBbIe CTaOUIMTPOHBI Ha HAIIPSKEHUE CTa0MIN3aliim
ot 5 10 400 B 1 na momtaocts ot 250 MBT 710 50 Br.

1.2.3. Tuoapt IloTTku

B ocHoBe BBIIPAMIIAIONIETO 110/1a MOKET UCII0JIb30BAThCSI HE TOJBKO Iepe-
XOJT MEKTY TTOJYTMPOBOAHUKAMU P- U N-TUMA, HO U MEXKIY TOJTYTPOBOJHUKOM
u MetasioM. Takue auozbl HasbiBaloTCst duodamu [Hlommuu.

PaccMOTpUM CTPYKTYPY MeTala—IoJynpoOBOAHUK n-Tuna. Ecan pabora
BBIXOJIa 9JIEKTPOHOB y METaJLJIa BBIIIE, YeM Y TTOJYIIPOBOAHIKA, TO MPeodiaia-
o1UM OyJIeT mepeMerieHre 3JeKTPOHOB U3 MOJYIPOBOAHUKA B MeTaJll (CBO-
GOJIHBIM 2JIEKTPOHAM METAJIJIa TPY/IHEE TPUOOPECTH SHEPTHUIO, PaBHYO paboTe
BBIXO/I, UM 2JIEKTPOHAM TOJIYIPOBOIHNKA). B pe3ysibTaTe MeTasL 3apskaercs
OTPUIIATEJIbHO, & OCTABIIIUECS B TOJIYIIPOBOJHUKE NOHBI JOHOPHOU TTPUMeECH
CO3/IAIOT B €0 MPUTPAHUYHOM CJIO€ TTOJIOKUTEIbHBIH noTertuan (puc. 1.6, a).
Takoe pacripejiesienyie 3ap4/10B CO3/[aeT KOHTAKTHYIO Pa3HOCTD IMOTeHIaI0B U,
(TMOTEHIUANBHBIH Oapbep), MPensITCTBYIONUI JaTbHEeHIIeMy MepeMeleHIo
9JIeKTPOHOB. [Ipu 9TOM TOHKHI MPUTPAHUYHDIN CJIOH MOJYPOBOIHIKA 00e-
aHsercst Hocureaamu. Takum o6pa3oM, B MecTe KOHTAaKTa MeTajijia U TOJIy-
IIPOBOJ/IHUKA BO3HUKAET I1epexo/l, aHaJIOTUUHbIN p-n-1iepexony. Ecin k Takomy
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MepexoIy TPIJIOKUTH 0OpaTHOE HATIPSKEHME, coBlafaIiee ¢ Uy, To mupuHa
00eIHeHHOI 06JIACTH YBEJUYUTCSI, a COMPOTUBJIEHUE TEPEX0/a BO3PACTET.
Ecv IpusoskuTh IpsiMoe HampsKeHHe, TO OHO OyeT mpotuBoeiictBoBars U,
[IPU 9TOM TIEPEXOJ] CY’KACTCS, MOTCHIUATIBHDIA Gapbep YMEHDIIAETCs U Yepe3
repexo/l HAaYMHAeT TeYb TOK. BobT-aMIepHble XapaKTepUCTUKKU TaKOTO Tepe-
X0/la U p-n-Tepexojia OKa3blBaIOTCS aHAJIOTUYHBIMU.

- U, + I A
Mertanmt | Mo . ! ?
- Omuueckui
+ epexoz 1,0
+ | n ’—
++ 0,5
y—w——l
[Tepexon L
[lorTK® —pF— 0 0204 06 Uy, B
a 6 6

Puc. 1.6. MetamnonoxynpoBoauukossii auoa otk
a — CTPYKTypa I1oj1a; 6 — YCJIOBHOE 0O03HAUECHIE; 6 — BOJIbT-aMIIEPHAS XAPAKTEPUCTHKA;
1 — nepexon [lortku; 2 — p-n-nepexon

OCHOBHOH OTJIMYUTEIBHON 0COOCHHOCTDIO XapaKTepucTuk auoaa IlorTkn
ABJISETCS 3HAUYNUTEIBHO MEHBITee MpsIMoe TTajieHne HAPsKEHUS 110 CPaBHEHHIO
¢ IMoJaMK Ha OCHOBe p-n-nepexoga (puc. 1.6, 8). D10 0ObsICHIETCS TEM, YTO
B auoze IIIoTTKN 0/THO M3 BelecTB Mepexoa — MeTalll, U CJIe/0BATEILHO, €T
AJIEKTPUUECKOE COMPOTHBICHME (M COOTBETCTBYIOIIEE MajleHue HAIPSIKeHMs
Ha HeM) 3HAYUTENTBHO MeHbIIe, YeM Y MOTYITPOBOIHUKA.

Jlpyrast ocobernocTs auopa [IIOTTKM — OTCYTCTBYE MTPOHUKHOBEHUST HEOC-
HOBHBIX HOCUTEJIEN 3apsi/ia U3 METAJLIA B TIOJIYIPOBOAHUK (B PACCMATPUBAEMOM
calydae — JBIPOK, KOTOPBIE /IS 71-00JIACTH SIBJSIIOTCS HEOCHOBHBIMU ). ITO 3Ha-
YUTEJHHO MOBbIIaeT GuicTpoieiictsue anonos IIloTTku 110 cpaBHEHUIO ¢ 00bIY-
HBIMU JIMOJIaMU, TaK KaK OTIajaeT HeOOXOAMMOCTh B PAaCccachiBAHUKM TAKUX
HOCHUTEJICH TIPU CMEHE MOJISIPHOCTU BHEITHETO HATIPSIKCHMUS.

Jlwoapr IIToTTKY, Y KOTOPBIX BHIIPSMIISIONIAN TIEPEX0/l IpeicTaBiseT coboii
TOHKYIO TJIEHKY MOJIOIEHA NN aTIOMUHIST, HAHECEHHYTO Ha TIJIACTHHKY KPeM-
HUST METOJIOM BaKyyMHOTO HarbLIeHWs], 06Jaal0T eMKOCTBIO, He MPEBbIIIaio-
mteit 0,01 m®D. Ito obecrieynBaeT YPE3BbIUANHO MAJIOE BPEMsT UX MEepPeKIove-
HuUst (IO HAHOCEKYH/IbI) U TIPEIETbHO BBICOKYIO 4acTOTy paboThl ([ecATKY
rurarepir). MoIHbIe MO/l TO3BOJISIIOT MIPOIYCKATh TOKU B JIECSITKU aMmIiep
pu o6paTHbIX Hanpskenuax 10 500 B. Baarogapst MeHbILIeMyY IPSIMOMY HAIIPS-
sxennio (0,3 B Bmecro 0,7 B y anogos p-n-tuna) onu obecriednsaior 6Gosee
Boeicokuii KIT/I. YcemoBHoe 0603HaUeHE METAIIONOIYTPOBOTHUKOBOTO IO/
[MorTkM npuBeeHo Ha puc. 1.6, 6.

1.2.4. Bapukamnbl

Harmomuum, uTo mpu mojade o6paTHOTO HATIPSIKEHUS P-1-CTPYKTYpa yIIo-
NOGJIETCST KOHAEHCATOPY, MIACTHHAMU KOTOPOTO SIBJISIIOTCS P- U 1-00J1aCTH,
pas/esieHHbIE TUAJIEKTPUKOM (IIEPEX0/I0M, TIOUTH CBOOOIHBIM OT HOCHUTEJEH
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sapsna). OOpasyolasics npu 9ToM GapbepHast eMKOCTb MOKET ObITh MCTIOJIb-
30BaHa B KAUeCTBE KOHIEHCATOPa B 9JIEKTPOHHON anmapatype. Bapukanv — s1o
HOJIYIPOBOJHUKOBBIE [MO/Ibl, Pab0Ta KOTOPbIX OCHOBAHA Ha sABJEHUU Gapbep-
HOI eMKOCTH 3alepToro p-n-tnepexona. I10cKoabKy pasmepbl o6jacT p-n-
HEPEexo/ia 3aBUCAT OT 3HAYECHMS IPUI0KEHHOTO K HeMy 0OpaTHOTO HAIPSIKEHMS,
TO U BeIurHa GapbepHON eMKOCTU U3MEHSIETCS BMECTE C 9TUM HATIPSKEHUEM.

Buemnnee o6patHoe HampsiKeHue, BTATMBasl 9J1eKTPOHbI BIIIYOb 7-001aCTH,
a JILIPKU — BIU1yOb p-00J1aCTH, PACIIUPSET P-N-1IEPEXOL U U3MeHsieT GapbepHyIo
eMKkocTb., OCHOBHOM XapaKTepUCTUKON BapuKara ABJISETCS 3aBUCMMOCTD €ro
€MKOCTH OT 3HadeHMsI 0OPATHOTO HANPSKEHUSA — BOJbT-(hapanHas XapaKTepu-
cruka. OCHOBHBIME [TAPAMETPAMU BAPUKAIIOB SABJISAIOTCS HOMUHAILHASA EMKOCTh
U IMAIIa30H e¢ N3MEHEHUS, a TAKKe TOIMYCTUMbIE 00paTHOe HAIIPSKEHUE U MOIIL-
HOCTb. BapuKaribl IPUMEHSIIOTCS JUIsE 9JIEKTPUYECKON HACTPOUKH KosiebaTelb-
HBIX KOHTYPOB B pajMoarniaparype.

1.2.5. CeeToauoapl

Ha ocHoBe s1BJIeHMI, TPOUCXOASIINX B p-n-Iiepexo/ie IPU IIPOTeKaHUH yepes
HEro TIPSIMOTO TOKA, MOJKHO MOJIyYaTh MOJYIPOBOHUKOBBIE TPUOOPBI, CIIOCOO-
HbIe TEHEPUPOBATH ONMTHUYECKOE U3aydeHne. Takumu mpubOpaMul sIBISIIOTCS
NOAYNPOBOOHUKOBDLE C8eMOOU00bL. PaboTa CBETONMOIOB OCHOBAHA HA UHNCCKUU-
OHHOUL 21IeKMPOSIOMUHECUEHYUU, T.€. TeHePaLluU OIITUYeCKOr0 U3JIyYeHUsI B p-n-
nepexo/ie, Haxo/s1eMcs 110/l IPSIMbIM BHeITHUM HanpsikeHueM. [lox Boszeii-
CTBHMEM BHEIIHEH 9HEPTUU HJIEKTPOHBI B aTOMaX MEPEXOsAT B BO3OYKIEHHOE
cocTostHme ¢ 6oJiee BBICOKUM YpOBHEM aHeprun W,, Ha3bIBaeMbIM MeTacTa-
OUIIbHBIM YPOBHEM Bo30YskAeHUs. [Ipr BO3BpaAIEHNH 9TUX 3JIEKTPOHOB C METa-
ctabuabHoro ypoBHst W, Ha MCXOAHBIN W) TIPOMCXOANT HCTycKanne GOTOHOB
C JUINHO¥ BOJIHBL, OIIPe/iesIsieMOi COOTHOIIEHUEM:

A=1,23 (W, — W,).

K mpenmytecTBaM mMoJryTpOBOHITKOBBIX CBETOMOIOB OTHOCSTCST BHICOKHUI
1o cpaBHenuio ¢ jamnamu HakaguBauus KII/I, otHocuTesbHO y3KUil clieKTp
M3JTyYEeHVsI U XOPOTITast [HarpaMMa HallpaBJIeHHOCTH, BBICOKOe OBICTPOIeHiCTBIE
U MaJsioe HampspkeHue nutanus. Bee a1o obecrieunBaer yao6CTBO COTIacoBa-
HUS C UHTETPAIbHBIMI MUKPOCXEMaMU, BBICOKYIO HA/IEXKHOCTD, TOJITOBETHOCTH
1 TEeXHOJIOTHYHOCTD. CIIEKTP M3TydeHUs, a CIe0BATETIBHO 1 €TO IIBET, 3aBUCUT
OT MCIIOJIb3YEMOTO MOJYITPOBOIHUKOBOTO MaTepuasa. CBeTONO/bl U3TOTABIIM-
BAIOT He HA OCHOBE KPEMHUST WJTH TEPMAHNST, KaK GOJIBIIMHCTBO TOTYTTPOBOIHNI-
KOBBIX MPUGOPOB, a Ha OCHOBE apcenuaa-Gochuna rammst. SIpKoCTb cBeUeHUs
MIPOMOPITMOHAbHA TIPSMOMY TOKY CBeTO/In0/1a. ToKa B HECKOJIBKO MUJLIAAMITED
y>Ke JIOCTATOYHO /7T OTYETINBOH MHANKAINH. CBETOIMOIBI M3TOTABINBAIOT KaK
B BU/Ie OT/IEJIbHBIX MHANKATOPOB, TaK 1 B BUJIE CEMUCEITMEHTHBIX MJIN TOUEYHBIX
MaTputl. CeMuCerMeHTHBIE MATPUIIBI COCTOAT M3 CEMH CBETAIINXCS TOJIOCOK —
CErMEHTOB, 13 KOTOPBIX MOXKHO CHHTE3MPOBATh H300paskeHue JTo60H 1udpbl
ot 0 10 9 (Takue MATPUIIBI UCTIOJIB3YIOTCS, HAIIPUMED, B 9JIEKTPOHHBIX Yacax
¢ mudpoBoil nHaANKaIMel). B ToueuHbIX MaTpuiiax nzobpakeHue hopMupy-
eTcsl U3 cBeTsmuxcs Touek. Ha ocHoBe TOYeUHBIX MaTPHI MOKHO CUHTE3UPO-
BaTh N300paKEHNe yKe He TOMBKO MUGBPHI, HO 1 JT060TO WHANIIHPYEMOTO 3HaKa
(6GYKBBI, CIIENMATBEHOTO CUMBOJIA 1 T.JL.).
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1.2.6. @oTomuoabt

[Tpocreiimmit pomoouod pencTasisier cob0it OOBIUHDIN TOTYTPOBOTHUKO-
Bblii qroa (ecM. puc. 1.4, a), B KOTOpOM o0ecIiedrBaeTcst BOSMOKHOCTD BO3/IEH-
CTBUSI OTITUYECKOTO M3JyYeHUs] Ha p-n-Tiepexo/l. B paBHOBECHOM COCTOSIHUU,
KOT/[a MOTOK M3JIy4eHUsl MOJHOCTBIO OTCYTCTBYET, KOHIIEHTPAIINST HOCUTEIeH,
pacrpesiesieHrie TTOTEHIIMAMA M 9HEepreTHYecKas 30HHasA AruarpaMma GoToamoaa
IOJTHOCTHIO COOTBETCTBYIOT OOBIUHOI P-71-CTPYKTYPE.

[Tpu Bo3zelicTBIY U3JIydeHUsI B HATIPABJIEHUH, TIEPIIEHANKY/ISIPHOM ILJIOCKO-
CTH p-n-Tiepexojia, B pe3yJibraTe MorIoeHus (GOTOHOB ¢ aHeprueii, GoJbIieit,
YeM IUPUHA 3aMPENIEHHON 30HbI, B 72-00JIaCTH BO3HUKAIOT 3I€KTPOHHO-IHIPOY-
HbI€ TTapbl. DTU 2JIEKTPOHBI U JIBIPKY Ha3bIBatoT poroHocuTeassmMu. [Ipu aud-
(hysum GoroHocHuTENEN BryOb 7-061aCTH OCHOBHAS J10JISI BIEKTPOHOB 1 IBIPOK
He ycreBaeT peKOMOMHUPOBATD M TOXONT JI0 TPAHUIIBI P-n-TIepexosa. 31ech
(oroHOCHTETN Pa3/ENAAIOTCA JIEKTPUUCCKUM TOJIEM pP-N-TIEePeX0a, IPIIeM
JIBIPKU TIEPEXOAT B P-00JIaCTh, & AJIEKTPOHBI HE MOTYT TIPEOOJIETh MOJIe Tiepe-
XO/Ia U CKAIJIMBAIOTCST y TPAHUIIBI P-N-TIEPEX0JIa U N-00JIaCTH.

TaxkuMm 06pa3oM, TOK depes p-n-mepexosr 06yCIOBIEH APeihoM HEOCHOBHDIX
HocuTtesiell — NbIpoK. /IpelidoBbiii TOK hoToHOCHTENEH HA3BIBAETCST (homomo-
kom Iy, DoTOHOCUTENN — JIBIPKK — 3apSIKAIOT P-001aCTh MONOKUTETHHO OTHO-
CUTEJIBHO 7-0671acTH, @ GOTOHOCUTEN — HJIEKTPOHBI — 3aPsIKAIOT 71-00JacTh
OTPHUIATEIHHO TI0 OTHOIIEHUIO K p-06JacTi. Bo3HUKAOIas PA3HOCTD TTOTEHIN-
anos nasbisaetcst potoI/IC — Ey,. Tenepupyembiit Tok B poroguone — obpar-
HBIT, OH HaIpaBJIeH OT KaTojia K aHoxy. [Ipiyem ero BeJmanHa TeM GOJIbIIIe, YeM
6O0JIBIIE OCBENEHHOCTb.

DoToaroabI MOTYT UCIIOIB30BATHCS [IJIS TOJTYUEHIS AJIEKTPUIECKON JHep-
run. Tak, coHeuHble 6atapen N3rOTaBIMBAIOT Ha OCHOBE (HDOTOANOMOB € HOID-
IO¥ TIOIIA/IBIO P-N-TIEPEXO/Ia.

DoToaroms! ABISIIOTCS OCHOBOM COBpeMeHHBIX (OTO- 1 Bupeokamep. Boc-
npusitie chOKYCHPOBAHHOTO 0OBEKTUBOM H300PAKEHUS OCYIIECTBISIETCS
MaTpuiieii poToanos0B B MUKpoucnoaHeHnn. Kaxnomy dhoToanomy cooTBert-
CTBYET OJIMH 3JIEMEHTAPHBIN cyOmmKcesb. [[Jst iprueMa 1[BETHOTO U300pakKe-
Hust Hag (GOTOAMOAAMEU PA3MEIIECHBI MUKPOJUH3BI U CBETOMIIBTPHI KPACHOTO,
CUHETO WJIH 3eJIEHOTO TiBeTa, Oaromapst 4eMy (hOTOMMOM Pearnpyer TOJBKO
HA U3JIyYeHUe ONpeIeJIEHHOTO TiBeTa. TakuM 06pa3oM OCYIIECTBISETCST Pasiio-
JKeHMe 11BeTHOro nsobpaxenust Ha RGB (aHrii. red — KpacHblii, green — 3eJie-
HbIil u blue — cununit) cocrapisiomnue. Marpuia (poTOAUOL0B BBIIIOJHIETCS
o Textojioruu [13C — npuGopoB ¢ 3apsiioBOil CBA3BIO.

1.2.7. OnTpoHst

CaeTono/ibl 1 (POTOMMO/IBI YACTO UCIOJAB3YIOTCS B 1ape. [lpu atom onm
MOMEMIAIOTCST B OJIMH KOPIIYC TaKUM 00pa3oM, 4TOOBI CBETOUYBCTBUTEIbHAS
mIommazKa hoToanoaa pacoaraiach HAPOTUB U3JIydaloleil TIIOMAaKu CBe-
toanona. I1osynpoBOAHUKOBBIE TPUOOPBI, UCTIOIB3YIOIINE MAPhl «CBETOANON—
oroamon», naseiBaloTcsa ontponamu (puc. 1.7). OHn MUPOKO UCIOAB3YIOTCA
B AJIEKTPOHHOU aIiaparype JiJIsl TaJibBAHUYECKOI PA3BsI3KU BXOHBIX U BBIXOJI-
HBIX IIeTIei.
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Puc. 1.7. Ontpomn:

1 — cBeroauon; 2 — doTtomanon

BxojtHbre 1 BBIXOJIHBIE I[EMU B TAKUX TPUOOPAX OKAZBIBAIOTCS DIEKTPUUECKI
HUKAaK He CBI3aHHBIMU, TIOCKOJIBKY TIepesiada CUTHAJa OCYIeCTBISETCS dYepes3
OTITHYECKOE U3TydeHNe.

Wcnosnb3oBanue OMTPOHOB B 3JIEKTPOHHO-BBIYUCIUTETHHBIX YCTPONCTBAX
SBJIICTCS OJJHUM M3 OCHOBHBIX METOJIOB ITOBBIIICHUS TTOMEXO0YCTONUYMBOCTU
aIaparypal.

OCHOBHOIT HOCHUTEJIb ITOMeX B PAIMO3TIEKTPOHHON alapaType — KOpITycC.
Koprityc ucrosib3yercst Kak OfIUH U3 MOJIOCOB JIEKTPOIIUTAHIS, TI09TOMY O/ -
KJIIOYeHre K HEMY PAa3HbIX CUJIOBBIX YCTPOMCTB MPUBOIUT K HABEAEHWIO Kpa-
TKOBPEMEHHBIX UMITYJIbCHBIX TOMEX MPU KOMMYTAIUAIX CUJIbHOTOUHBIX TIETTEel.
B T0 ke BpeMms 1 nepepaun WHGOPMAIUT YUCTO IJEKTPUIECKUM IMyTEM
MEKIIy YCTPOWCTBAMHM — MCTOYHIKOM M TIPUEMHUKOM MHGOPMAINN — MOJKHA
OBITH BJIEKTPHUECKAs CBSA3b MO KOPIYCY. ECaM K aTOMY JKe KOPITyCy TOIKJII0-
YEeHBI CUJIOBBIE TI€TIH, TO TOMEXH, BbI3BAHHbIE KOMMYTAIUSIMK B 3TUX I[ETISX,
NPUBOAAT K ¢60sIM B paboTe APYTUX YCTPOKCTB, MOAKIIOUEHHBIX K KOPITYCY.

[Tepenava nndopmauu ¢ MOMOIIHIO OITPOHOB TTO3BOJISIET PA3BSI3ATH JJIEK-
TpUUyecKue IMenu MUTAHWS UCTOYHUKA U TTPUeMHUKA WH(GOPMAIUN, TaK KaK
HOCHTeJIeM MHMDOPMAINK SABJISETCS 3IEKTPUYECKN HeHTpaTbHOE OMTHYECKOEe
usnaydenvie. TakuM 06pasoM, yCTpOWCTBa MOTYT UMETh pasHble KOPIyca, T.e.
OKa3bIBAIOTCS TaJIbBAHMYECKU PA3BSI3aHHBIMU M HE MOJ[BEP’KEHHBIMU BO3/I€EH-
CTBUIO ITOMEX.

Kpome 3ammuThi OT BO3/1€CTBUSI TIOMEX, raJibBAHIYECKAsT Pa3Bsi3Ka HA OCHOBE
OTITPOHOB TO3BOJISIET PENIUTH €Il OJHY 3ajadyy — COBMECTHYIO paboTy
YCTPOHCTB, HAXOAATIUXCS IO/ PA3HBIMU MoTeHmanamu. Jliobast, maxe He6Ob-
Imasi, pa3HoOCTb MOTEHIINAJIOB He TO3BOJISAET YHCTO 3JIEKTPUYECKN COCAMHATD
pasHbIe YCTPOHCTBA, TIOCKOIBKY 3TO TPUBEIET K BBIXOAY MX U3 cTpod. Ilepe-
Jlaya CUTHAJA B ONITPOHE BO3MOXKHA, JasKe CCJIH TI€MTH CBETO/MO/a U (hOTONOIA
HAXOJSATCS IO/ Pa3HbIMK (B HEKOTOPBIX onTpoHax 70 500 B) nanpsukeHusmu.
Taxkum 06pasom, yeTpoicTBa, MHPOPMAIMOHHO CBSI3aHHbBIE C TOMOIIBIO ONITPO-
HOB, MOTYT HAXO/UTBCS MO/l PA3HBIMU TTOTEHITUAIAMMU.

1.3. bunonsipHble TpaH3UCTOPDI

Burosisiprblii TpPAaH3UCTOP — HTO MOJYIPOBOIHUKOBBIN TTPUOOP, COCTOSIIIIT
U3 TPex YepeAyIonuxcst obracteil morynpoBOHUKA ¢ PA3JTMIHBIM THUIIOM TIPO-
BOJIMMOCTH (p-n-p WIH N-p-1) ¢ BHIBOJOM OT KaXKI0H 00JIacTu.

Ha puc. 1.8, a nokaszan n-p-n-tpansucrop, a Ha puc. 1.9, a — p-n-p-
tpansuctop. O61acTy U BBIBOJBI OT HUX HA3BIBAIOTCS: dSMUTTEP O (AHTIL. emit —
HCIIyCKaTh, M3Beprarh), 6asa b u kosiexTop K (anri. collect — cobupartn).
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Puc. 1.8. BunoaspHelii TpPaH3UCTOP N-pP-N-THIA:
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Puc. 1.9. BunoaspHelii TpaH3UCTOP p-N-p-THIA:
a — TIPUHIAI JIEUCTBUS; 6 — YCJIOBHOE 0OO3HAYEHE

Pacemorpum paboty Tpansuctopa n-p-n-tuiia. Yepeayiorue o0acTu
obpasyioT aBa p-n-tnepexoga Gasa—amurrep (BbIJ) n 6azsa—xkosnexrop (BK).
K nmepexonxy B9 mpuknageiBaior npsmoe Hanpsbkenue Egy, a k mepexoay BK —
ob6parnoe. Ilox neiictBuem mpsiMoro Hanpsikenus: Egs aJeKTPOHBI 7-06J1acTH
HMUTTEPA YCTPEMJSIOTCs B Oasy, cosfaBasi TOK aMutTepa. KoHieHTpauio
npuMeceil B 9MUTTEpe JIEIAl0T BO MHOTO pa3 GoJiblile, ueM B 6ase, a camy 6asy
0 BO3MOKHOCTU TOHbINe. [Toatomy suinb HesHauntesbuast yactb (1—5%)
UCITYIIEHHBIX HMUTTEPOM DJIEKTPOHOB PEKOMOMHUPYET C JbIpKaMu 6a3bl. DJieK-
TPOHBI, MOMABIIHE B 6a3y, CTAHOBATCS [IJisI Hee YiKe HEOCHOBHBIMU HOCUTEISIMU
1 cBOOOHO TIPOXOAST Yepe3 3anepThiil 6aza-KOJIEKTOPHBIN p-n-Mepexol.
[MoaTomy 6GAJbIast 4aCTh 2JEKTPOHOB, MUHOBAB Y3KYIO (JOJU MUKPOHA)
obJracth 6a3bl, «cOOUPAETCS> KOJUIEKTOPHDBIM HalpsiKeHneM Ey 1, yCTpeMIIsisich
K TTIOCY BHETTHETO MCTOYHMKA Ey, CO3/1aeT KOJIEKTOPHBIN TOK, TPOTEKAIOIIIIT
1o Harpyske R,,.

IIEKTPOHBI, PEKOMOUHIUPOBABITHE C IBIPKAMI Ha3bl, COCTABIISIOT TOK 6a3br [,
ToK KOJLZIEKTOPa, TAKUM 06PasoM, OIPE/eISIeTCsl TOKOM dMUTTEPA 32 BBIUETOM
TOKa Oasbl:

IK=[3 7IB=(X13,

rie o = 0,95+0,98 — xoappuyuenm nepedavu moxa smummepa.
AHajilorndHo paboTaeTr TPaH3UCTOP P-7-P-THIIA, OTIINYASACH NI TEM, YTO €0
HMUTTEP UCIYCKAET B Gasy HE DJIEKTPOHBI, & ABIPKH, OITOMY MOJISIPHOCTH TIPU-
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KJIA/[BIBAEMBIX K HEMY TIPSIMOTO Usp 1 00paTHOTO Eje HATIPSIKEHHH J0KHBI OBITH
MTPOTUBOTIONIOKHBI TPAH3UCTOPY n-p-n-Tutia (cpasaute puc. 1.8, a u puc. 1.9, a).
Ha ycioBHOM 0003HAUEHUH TPAH3UCTOPOB CTPEJIKA CTABUTCS Ha SMUTTEPE
U HampasjeHa Bcerga oT p-obmactu k n-obmactu. Ha puc. 1.8, 6 npuseneno
ycJoBHOE 0603HaYeHne TpaHaucTopa n-p-n, a Ha puc. 1.9, 6 — p-n-p. Kpyxox
BOKPYT TPAH3MCTOPA O3HAYAET, YTO TPAH3UCTOP N3TOTOBJIEH B CAMOCTOSTETbHOM
KOPITyCe, a OTCYTCTBUE KPY;KKA — YTO TPAH3UCTOP BBHITIOJIHEH 320/THO C IPYTUMU
aJIeMeHTaMU Ha TJIACTUHKE MOJYITPOBOIHUKA UHTETPATHHON MUKPOCXEMBI.

Crpenky sMutTepa yao6HO paccMaTpUBaTh KaK yKasaTellb MOJAPHOCTH
NPSMOTO HATIPSAKEHUS, TIPUIIOKEHHOTO MekK/Ly 6a30i 1 OMUTTEPOM, KOTOPOE
«OTKpbIBAaeT» (M000HO BHIMTPAMUTEILHOMY IHO/Y) TPAH3UCTOP.

[Tpu ncnopb30BaHNYM TPAH3UCTOPA B 9JIEKTPOHHBIX YCTPONCTBAX HYKHBI /[BA
BBIBOJIA JIJTST BXOJIHOTO CUTHAJNA W JIBA — JJIST BBIXOAHOTO. Tak Kak y TpaHsu-
CTOPa BCETO JIMIIb TPU BBIBOJIA, OJIMH U3 HUX JOJIKEH ObITh OOIIUM, MPUHAJ-
JIeKallMM OJIHOBPEMEHHO U K BXOJIHOM, M K BBIXOJHOU 11eru. Bo3aMOXKHbBI Tpu
BapWaHTa CXeM BKJIIOUEHMUST TPAH3UCTOPOB — € 00I1el 6a3ol, 06IUM SMUTTEPOM
U ¢ OOIIMM KOJITIEKTOPOM.

1.3.1. CxeMa c o0mieii 6a3o0i

Cxema BKJIIOYEHUs TpaHsucTopa ¢ odmieit 6asoii (OB) nokasana na puc. 1.10.
Bxomubim curnanom st cxembl ¢ OB gBiisieTcst HanpsikeHue, TIoJJaHHOE MEKITY
amutTepoM u 6azoit Uy, = Uyp; BBIXOAHBIM — HAIPSIKEHUE, BHIIEJIsSIEMOE
na narpyske U, . = IxR,; BXOZHBIM TOKOM — TOK amuTTepa I, = I5; BBIXOJ-
HBIM TOKOM — TOK KoJunekropa I, . = Ix. Bxognoe nanpstxenue Ugy sIBiIsieTCS
VIIPABJISTIONIAM [JIs1 TPAH3KMCTOPA, [I0ITOMY HEGOJIBIIIOE €ro n3MeHeHue (Ha J10J1
BOJIBT) TIPUBO/IUT K M3MEHEHHUIO TOKA HMUTTEPA B OYEHb IMHUPOKUX [PEJIeax —
MPAaKTHYECKH OT HYJIS 10 MAKCUMAJIbHOTO. MaKCUMaTBbHBIH TOK OTPe/esIsieTCs
HazHAaYeHUEM TPaH3UCTOpa (MAJTOMOIIHBIC, CPEAHE MOUIHOCTH M OOJIBbINOM
MOIITHOCTH) W COOTBETCTBYIomIell KoucTpykimeit. Tak xak Hanpsorenne Uygpy
SIBJISIETCsT OOPATHBIM, BEJIMUMHA HATIPSKEHMsI BHEITHEro ncTouHnka Ey Mosker
B JIECSITKH Pa3 MPEBBIIIATh 3HaueHne Hanpstkenus: Usg. [lagenne nanpsikenus,
BBIZIEJISIEMOTO Ha HAarpyske, OyeT TeM 60JbIie, 4eM HOJbIe TOK KOIJIEKTOPa,
[IPK TOM Ha CaMOM TPaH3KUCTOPe OyIeT Majarh JHIIb HeGOJIbIIOe HAIPSIKEHUE
Ugp, KOTOpOE OyZIeT TeM MEeHbITE, YeM HOJIBIIE TOK KOJITEKTOPA:

UKB = EK - UBI)IX = EK - IK : RH'
C) K
+ — —
13 IK
b

&
o
o
-
~
ol
P
]
:>u

Puc. 1.10. Cxema BKJIIOUEHHS TPaH3UCTOPa ¢ 001Ieit 6a3oi
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Taknm 06pazom, H3MeHeHNe Ha JOJIH BOJBT BXOJHOTO HAMPSIKEHHsT IPHBO-
IUT K U3MEHEHWIO HAIPSUKEHMST Ha HarPy3Ke, 9yTh MEHBIIETo, YeM Hallpsixe-
Hue Ey. DTO NOJIOKEHNE ONpe/iesisieT YCUINTebHbIe CBOMCTBA TPAH3UCTOPA.

Jlust onieHK# paboThl TPAH3UCTOPA M €10 YCUIIUTEIbHBIX CBOICTB B PA3JIMYHbIX
cXeMax BKJIIOUEHHS PAaCCMATPHUBAIOT NIPUPANICHNS BXOIHBIX M BbI3BAHHbBIC MM
MIpPUpAIeHNs BBIXOAHBIX BeJMUNH. PaccMaTpuBas TPaH3UCTOP KaK YCUIIUTEID,
IIPUHSITO XapaKTepH30BaTh €ro CBONCTBA K0apuuyuenmamu ycurenus v 3nade-
HIEM 6X001020 conpomusienus. Pazmmdaior Tpy Bua Koah(GUIIMEHTOB YCUICHNUST:

e koaddumment ycumenus mo toky K;= Al / Al

e K0a(DPUIHEHT ycuaeHus mo Hanpsprennio Ky = AU,/ AU,

* koaddunment ycunenns 1o momuoctu Kp = K - K.

BesimunHa BXOJHOTO CONPOTUBJICHUS OIIPE/IeJISIeTCs KaK OTHOIIEHHE U3Me-
HEeHUSI BXO/THOTO HAIIPSIKEHUST K U3MEHEeHMIo BXOHOTo Toka: Ry, = AU,/ Al ..
BxojHoe conpoTHBIIeHrE JTI000T0 YCHIUTEST TPUBOANT K NCKAKEHNUIO BXOJ-
Horo curHama. JIoboi peasbHblil HCTOUHWK cUTHAMA 06Ta/1aeT HEKOTOPBIM BHY-
TPEHHUM COIPOTUBJICHUEM, U [IPH HOAKIIOYEHUH €r0 K YCUIIUTEII0 00pasyercst
JIeJITeJIb HAPSIKEHUST, COCTOSIIMI U3 BHYTPEHHETO COIIPOTUBIICHHS MCTOUHIKA
1 BXO/[HOTO COIIPOTHBJIEHUS ycuantess. [loaTomy dem Bblle BXO[HOE COIIPO-
TUBJICHIE YCUIUTEIST, TEM OOJIBIIAST YaCTh CUTHATA OY/IET BBIIEASTHCS HA 9TOM
COIMPOTUBJIEHUU U YCUJIUBATHCS ¥ TEM MEHBIIIAs €r0 4acTh OyAeT NafaTh Ha BHY-
TPEHHEM COIPOTUBJIEHUN CAMOTO NCTOYHUKA.

Tak kax xoauImenT nepesayn Toka IMUTTEpPa OIpesesieTcs Kak o =
= Iy / I, To c yueToM TOTO, uTO /1711 cXeMbl ¢ OB Tok amMuTTepa ABIgeTCS BXOA-
HBIM TOKOM, & TOK KOJIJIEKTOPA — BBIXOJIHBIM, KOI(D(DHUIIMEHT yCUIEHUS 110 TOKY
Oyzer paBeH:

KIBZA /AIBX:AIK/AISZ(X:O,QS..0,99.

(Uuneke «b» B obo3nauennu K 110KasbiBaet, 4To K0ahhUIUEHT XapakTe-
pusyer pabory cxembl ¢ OB.)

Tak Kaxk BXOJHBIM HaIPsKEHNEM SBJISETCS TPSMOeE /IS SMUTTEPHOTO Tiepe-
xozia Hanpsbkenue Usp, @ BXOAHBIM TOKOM — TOK SMUTTEpa, TO BXOHOE COTIPO-
TUBJIEHUE OMPEIETUTCS KaK

R

U COCTABJISIET OOBIYHO €UHUIBI—AeCATKH oM. OUeBUIHO, YTO YeM MOIIHEEe
TPAH3UCTOP, TeM 00JIbllle OY/IET TOK HMUTTEPA U T€M MEHbIIIE €r0 BXOIHOE CO-
MTPOTUBJIEHHE.

KoadhdutmenT ycunenns mo nanpstkenuio B cxeme ¢ Ob paser:

AUBbe AIBI)IX i R‘l[ RII R

KUB: = =0 ~—

A UBX AIBX : R‘BXB RBXB RBXB

IBI)IX

= AUBX / A[BX = AUSE / A]Q

Bxb

T.€. OTIPe/IeTIACTCSl COOTHOIIEHNEM COMPOTHBIICHNS HATPY3KH U BXOAHOTO CO-
npotusyienus. Eciu R, — kusmoomsl, koaddunnent Ky moxet gocturats 1000.

Koaddurment ycnaenns mo MOITHOCTH OTIpe/iesIsAeTCs KaK MPOM3BecHIe
K02(hPUIMEHTOB YCUJIEHUS TI0 TOKY U HATIPSIXKEHUIO:

R
— — v2 H H
Kpp =K -Kyg =0 R
Bxb Bxb
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Takum 06pazom, Kpg TOKE OTIPEIETSAETCS COOTHOTIIEHIEM COTPOTHBICHUIL.
Tak kax xoadunment ycunennsa cxeMmsl ¢ OB mo Toky K okassiBaeTcs
MEHbIIIE e[MHUIIBI, OHA IIPUMEHEHUST HEe HAIILIA.

1.3.2. Cxema ¢ 0GIIIM 3MHTTEPOM

Cxema ¢ obum amutrepoM (OI) npexacrasiena Ha puc. 1.11. Tpansucrop
n-p-n B 3TON cxeme paboTaeT Tak ke, Kak 1 B cxeme ¢ OB. 3amerum JuIib, 4To
O0IIeTPUHATOE HapaBJeHe TOKOB (0T +Ex — MCTOUHWKA HATIPSTKEHUST ), 000~
3HavenHoe Ha puc. 1.11, @, IPOTUBOMONIOKHO HANIPABJIEHUIO BWKEHUS DJIEK-
TPOHOB. XapaKTEePHBIM ITPU3HAKOM cXeMbl ¢ O SIBJISIETCS TO, YTO HArpy3Ka pac-
HoJIaraeTcs B KoJuleKTopHoi menu (puc. 1.11, 6).

M
+

+ Orceyka |
i1 pesku

AKTUBHBI

Puc. 1.11. Cxema BKJIIOUEHHUsS TPAH3UCTOPA
¢ o01uM 3MHUTTEPOM (a); THIOBOE H300paskenue B cxemax (6)

Tax xe xak n g1 cxembl ¢ OB, BXOZHBIM CUTHAJIOM B 3TOH CXeMe SIBJISI-
eTcs HanpsiKeHne Mexy 0a30il U 9MUTTEPOM, a BBHIXOAHBIMU BEJTMYMHAMU —
KOJIIEKTOPHBIN TOK [y 1 Hampsikenue Ha Harpyske U, . = Iy - R,. Tpansucrop
B cxeMe ¢ O xapakrepusyercst KoahUIMEeHTOM TTepeiadn ToKa

B =Aly /Ay,

uMetormuM 3HadeHust f = 10...100, koTopbiii cBst3aH ¢ KO3DGUITUEHTOM O
g exembl ¢ OB cooTtHotenuem:

o

1o

p

OnennM sHaYeHIS KOdDPHUIMEHTOB yeuaeHus cxembl ¢ O (ux 0603HAYa0T
WHIEKCOM «I»).

BeixomgabiM TOKOM, Kak 1 B cxeme ¢ OB, saBisercs Tok [, MpoTeKaroniit
0 HAarpy3Ke, a BXOJAHBIM TOKOM (B oTimune oT cxembl ¢ OB) — Tox 6aser Ig;
K09 GUIUEHT YCUIEHUS TT0 TOKY cxeMbl ¢ O paBeH

_ ALy Al

BbIX __

Koo = =
PTUALL T AL

BX

B.

[Tpn a = 0,98 K;5 = 0,98/(1 — 0,98) = 50, T.e. HECKOJIBKUM JIECSITKAM, YTO
MHOTOKPATHO TIPEBOCXO/IUT aHAJIOTUYHBIN KoadduimenT y cxempr ¢ Ob.

Bxommoe compoTtusienne B cxeme ¢ O Takke 3HAUUTENHHO BBIIIE, YEM
B cxeme ¢ OB, tak kak B cxeme ¢ O BXOIHBIM TOKOM SIBJISIETCH TOK Oasbl,
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a B cxeme ¢ OB — Bo MHOTO pas 6obIHil TOK sMuTTepa (a iMenHo B 1/(1 — o) =
= B pas):
RBX3 = AUBX / AIBX = AUES / AIB

Besnmunna BXOAHOTO conpoTuBieHus B cxeme ¢ OD GoJibliie, UeM B cxeMe
¢ OB B = P pa3 u cocTaBJisieT COTHU OM.
Koaddunuent ycunenus no vanpsixenuto B cxeme ¢ O cou3aMepuM ¢ TaKuM
ke KoaddurmenTom y cxemsr ¢ Ob:
AU Al R, R

BBIX _ :B o
AUBX Al B’ RBXS RBXB

ITo xoaddutmenTy ycumenus mo Momuoctu cxema ¢ O 3a cueT 3HAUU-
TeJIbHO 00JIbIIero KoahGUIMeHTa yCUIeH s 110 TOKY TaKKe MHOTOKPATHO Mpe-
Bocxoaut cxemy ¢ Ob:

Kyy =

Kpy =Kpy-Kyy = BzRﬁ
BXD
U 3aBUCHUT OT KoadduimenTa mepegadyu ToKa § U OTHOUIEHWS] COMPOTUBJIEHUS
Harpy3Ku K BXOJHOMY COTIPOTUBJIEHHUIO.
baaropapst ormedennbiM cBoiicTBaM, cxema ¢ O Halia O4eHb HMIMPOKOE
NpUMeHeHMe.

1.3.3. BxoaHble U BBIXO/IHBIE XapPaKTE€PUCTUKHU
CXEMBI € O0IIUM SMUTTEPOM

Pabotry cxeMbl OOBIYHO OMUCBIBAIOT € MOMOIIBIO BXOJHBIX U BBIXOJHBIX
XapaKTepPHCTUK TPAH3MCTOPA B TOW WJIM WHON cXeMe BKJIoYeHUs. [y cxembl
¢ O3 BXozHAsA XapaKTEPUCTHKA — 3TO 3aBUCHUMOCTD BXOJHOTO TOKA OT HAMpH-
JKeHust Ha BXoge cxembl, T.e. Iy = f(Ugy) npu GUKCHUPOBAHHBIX 3HAYCHUSIX
HanpsKeHUs KoJeKTop — aMutTep (Uyg = const).

BoixoiHbie XapakTePUCTUKI — 3TO 3aBUCHMOCTHU BBIXOJHOTO TOKA, T.€. TOKa
KOJIIEKTOPA, OT TTJIEHUST HAMIPSIKEHUST MEXK/Ty KOJIJIEKTOPOM U AMUTTEPOM TPaH-
sucropa I = f(Ugy) mpu Toke 6a3bl Iy = const.

Bxomnast xapakTepucTHKa MO CYNIECTBY MOBTOPSIET BUJ XaPAKTEPUCTUKU
JMozia IIpK T1ogaue npsMoro Hanpstkenus (puc. 1.12, 6). C poctom Hampsixke-
1nst Uy, BXOJHAST XapaKTEPUCTHKA OY/IeT HE3HAUNTETHHO CMEIATHCST BIIPABO.

Bupz Boixognbix xapakrepuctuk (puc. 1.12, a) pesko pasiuden B 001acTH
Maibix (yaacrok 0A) m orHocutensHo Goubiinx suadennii Uy, Hamomunwm,
4YTO /Il HOPMaJIbHOII paboThl TPAH3UCTOPA HEOOXOAKMMO, YTOOBI Ha IEPEXO/
6aza—sMUTTEpP MOAABAIOCH MIPSIMOE HATIPSIKEHNUE, a Ha Mepexoi Ha3a—KOoJLIeK-
Top — ob6partnoe. [loaTomy, moka |Uys| < Uyg, HanpsiKeHne Ha KOJIEKTOPHOM
[epexojie OKasblBAETCs TIPSIMBIM, UTO Pe3Ko yMenbiaeT Tok I [pu [Uks| > Ugy
Hanpspkenue Ha KojuiektopaoM repexoje Ugy = Uy — Ugy cranoButest obpar-
HBIM U, CJI€ZI0BATEIBHO, MAJIO BJAUSACT HA BETIYNHY KOJIJIEKTOPHOTO TOKA, KOTO-
DBII OIpejiesisieTcsi B OCHOBHOM TOKOM aMUTTepa. I1pu TakoM HampsiKeHUH Bee
HOCUTENTH, HHKEKTHPOBaHHBIE SMUTTEPOM B 6a3y U TPOIIEAIHe Yepe3 061acTb
6a3bl, yCTPEMIISIIOTCST K BHEITHEMY MCTOYHUKY. [Ipu mampsukennn Ugy < 0
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SMUTTEP HOCUTENEH He WHKEKTUPYET U TOK 6a3bl I = 0, OHAKO B KOJIEKTOP-
HOM IIeNHN IPOTEKAET TOK [y (caMast HIKHASA BBIXOHAS XaPaKTePUCTUKA). DTOT
TOK COOTBETCTBYET 00paTHOMY TOKY Iy 0GBIYHOTO p-n-1Iepexo/ia.

Iy, MA I, MA
Eyx/R, Iy =2 MA
<
200 F N\ 2t
p Iy=1MA
<
100 | | ——
B I;=0 A
o~ U i
0 ' : 0 :
10 20 Ex|  Ugo B 01 Ug B
UKB IKRH ¢ K9 5
a 6

Puc. 1.12. Boixozaubie (a) v BxoaHast (0) XapaKTePUCTUKH TPAH3UCTOPA
B CX€Me € O0LIMM dMUTTEPOM

[Ipu paboTe TpaH3NCTOPAa U3MEHSETCST €T0 peskiM. J[eficTBUTENbHO, YeM
GOJTBIIIE TOK, TIPOTEKATONIIIT Yepe3 TPAH3UCTOP, TeM OOJBIITe TTa/IeHNe HaTpsTKe-
HUsI HA HArPy3Ke, a CJIe[[oBaTeJIbHO, TeM MeHbIllee HalpsikeHue GyIeT najgarh
Ha CaMOM TpaH3UCTOpe. XapaKTePUCTUKH, peAcTaBaeHHble Ha puc. 1.12, a, 6,
OTVICHIBAIOT JIUIITh CIMAMUECKUU pexcuMm PAOOTDHI cxeMbI. [LJIst OTIeHKY TMHAMIKI
U BJIMSIHVSI HATPY3KU HA paboTy CXeMbl HCIHOJIb3YIOT rpadoaHaiuTidecKuii
METOJI pacyeTa Ha OCHOBE BXOTHBIX W BBIXOHBIX XapaKTepUCTHK. PaccMoTpuM
ATOT METO/L Ha IIPUMepPEe BXOJHBIX U BBIXO/J[HBIX XapaKTepPUCTUK cxeMbl ¢ O3.

Jlna cxempr Ha puc. 1.11, a cipaBeyBO ypaBHEHME

Ex =Ug, +Ugp =IxR, +Ugs,
OTKYy/Ia TOK KOJIJIEKTOPA MOKHO ITPECTaBUTh KaK
Ex —Ugy

I'padpuaecknm pelreHreM 9TOTO YpaBHEHUS SABJSAETCS TpsAMasi, Ha3bIBae-
Masi Hazpy304HOll, KOTOPYIO MOKHO TIOCTPOUTH IO BYM TOYKaM, COOTBETCTBY-
IOIMKUM JIBYM KpaiiHuUM ciydasMm. IlepBast Touka CTPOMTCS M3 MPEANOTIOXKe-
HUSA, 9TO TPAH3UCTOP KOPOTKO 3aMKHYT, Uy = 0, 1 uepe3 HArpy3Ky Te4eT TOK
Ix=Ey / R,. Otnoxum touky Ey / R, Ha ocu opaunat. Bropas Touka cooTBeT-
CTBYET JIPYTOMYy KpailHEeMy cJIydaio — I[ellb PAa30OMKHYTa, TOK Yepe3 HarpysKy
paBeH HyJI0, a Hanpsukenne Uy paBrao Ey. Otnoxum Touky Ey #a ocu aberice.
Touka p epecedeHIs HATPY30YHOI TIPSIMOIT CO CTATHYECKON BBIXOIHOM Xapak-
TEPUCTUKOMN, COOTBETCTBYIONIEH BXOAHOMY TOKY g, OTIpenesuT pabounii peskum
CXeMbl, T.e. TOK B Harpyske [y, najenue Hanpsokenus Ha neit U, = Iy - R, n naze-
nue nanpsuxenus Uy Ha camoMm Tpansuctope. Ha puc. 1.12, a Touka p coor-

IKz
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BETCTBYET Tojiaue B TpaHanucTop Toka 6asel Iy = 1 MA. HeTpynHo BuzmeTs, 4o
nonada Toka 6asbl [; = 2 MA IPUBOAUT K CMEIIEHUIO paboyeil TOUKHU B TOYKY A
U TIepepaciipeiesIeHuI0 HAPSKEHUH MeK/Ty Harpy3Koil v TPAaH3UCTOPOM.

IIpumep 1.1

Paccuntars cxemy ¢ O9 n R, = 110 Om npu Bxoanom nanpsokernnn Ugy = +0,1 B,
Hanpspkennn nuTanus Eg = +25 B, ncnonb3ys XapaKTepHCTUKI TPaH3HCTOPA.

Pewenue. Haitnem otxomenne Ey /R, = 25/110 = 228 MA u, OTJIOKNB HafiIeHHYIO
TOuKy Ha ocu [ 1 3navenue Ey = +25 B na ocnt Uy, MpoBe/ieM HArpy30uHyIo IIPSIMYIO.

ITo BxoaHOIT XapakTepucTuKe st Hanpsukenus Uy, = 0,1 B onpesesnm BXoHO# TOK
Iy =1MA.

Touka nepeceuenust p npsIMOii ¢ XapaKTepUCTUKOIL, coorBeTcTByIomeit [ = 1 MA, ompe-
nenut Tok I = 150 MA.

Hamnpsixenne Ha Harpyske paBHO

U,=Ix R,=015-110=165 B.

HaHpﬂ}I{eHI/Ie MEK/Yy KOJUIEKTOPOM U 9OMUTTEPOM TPAH3UCTOPaA

Uxy=Ex — Iy R, =25 - 16,5=8,5 B.

B 3akmrouenme oTMeTHM, UTO PEsKUM, COOTBETCTBYIOIINIA TOUKe A, HA3bIBAIOT
pesrcumom nacviwenus (IIpN 3aaHHBIX 3HAUeHUSAX R, u Eyx Tok Iy B Touke A
JOCTUTAeT HanGOJIBIIEr0 BO3ZMOKHOTO 3HAUEHMST ). PEKUM, COOTBETCTBYIOMINI
Touke B (BXOIHOI CUTHAJT PaBeH HYJIO0), a Takke Touke C (BXOIHOW CUTHAJ
OTpUIIATEJIEH U 3alUPAET TPAH3UCTOP ), HA3bIBAIOT pexcumMom omceuku. Bee mpo-
MEKYTOUHBIE COCTOSHUS TPAH3UCTOPA C HATPY3KOI MEKIy TOUKaMu A 1 B OTHO-
CATCST K AKMUBHOMY PEACUMY €TO PAOOTHI.

1.3.4. Cxema ¢ 00LIMM KOJLIEKTOPOM

B cxeme ¢ obmmm kosrektopom (OK) marpyska R, BKIOUEHA He B I€Nh
KOJIJIEKTOPA, a B TI€Mlb aMUTTepa. BXOIHBIM B 3TOI cXeMe SIBJISIeTCs HalpsiKe-
Hue Mesky 6a30il U KOPITYCOM, a BBIXOJHBIM — MEK/Y OMUTTEPOM U KOPITYCOM
(puc. 1.13).

0+ Eyg
IB
— E
Usy
A
U,

BX

BBIX

O

Puc. 1.13. Cxema BKJIIOYEHUS TPAH3UCTOPA
¢ 00IIUM KOJLIEKTOPOM
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B orsmmume ot cxem ¢ OB u O3, B KOTOPBIX MOTEHITHAT SMUTTEPA ObLI TTPH-
Bs3aH K Kopirycy, B cxeMe ¢ OK noTenHIian aMuTTepa NpUBA3aH K HANIPSIKEHUIO
Ha Harpyske. YToObI TPaH3UCTOP MOT paboTaTh B AaKTUBHOM PEKIME, HEOOXO-
AUMO, 4TOOBI BXOJHOE HAIIPSIKEHUE B 9TOI cXeMe ObLIO BbIIIE HANPSIKEHSI
Ha Harpyske Ha BeJIM4uHy Hanpsokenns Ha Ugy:

UBX = UBblx + UB3'

B cBa3u ¢ atum 3Hauenust BXoAHbIX Hanpspkenuit B cxeme ¢ OK okasbiBa-
10TCS B COTHU pa3 GoJibliiie, ueM B cxemax ¢ OB u O3.

Ilpyroii ocobertoctbio cxembr ¢ OK siBiisieTcst oTCyTCTBUE YCHIEHHS TT0 Ha-
npskenuto. Kak BusHo us cxemsl, Uy, otinvaercs ot Uy, Ha najieHre HaIpsi-
skenust Uy, KOTOPOE NP OTKPBITOM TPAH3UCTOPE COCTABJISIET JI0JIN BOJIBT. Ecan
BXOJIHOE HATIPSKEHNE YBETUINTCS HA HeGOBINYI0 BeamanHy AU, TO B TTePBHIil
MOMEHT IIPOM30M/IET YBeJIMYEHNE YIIPABJISIONero Hanpskenus Upy, 4To puBe-
JIeT K YBEJIMUEHIIO TOKA, TeKyIero yepe3 Tpansuctop. Ho ¢ pocrom Toka yBesu-
YUTCSI M HANIPSDKEHUE HA HATPY3Ke, a 9TO MPUBEIET K YMEHBIIECHUIO YITPABIISIIO-
utero Hanpstxenust Uy = Uy, — Uy, . I3Menenue Bxognoro Hanpsokenust AU,
Gy/IET CKOMITEHCHPOBAHO aHAJIOTHYHBIM H3MEHEHUEM BBIXOHOTO HATIPSIKEHUSI.
[Tosryuaercst, 4TO BHIXOAHOE HANPsIKEHME OYIET B TOUHOCTH OTCJIEKUBATDH BCE
uaMmenenust Bxozanoro. [losaromy cxema ¢ OK mosryunia Ha3Banue «d9MUTTEPHBII
MOBTOPHUTETh>. KoaddummenT ycnnenns mo Hanpsokennio cxeMsl ¢ OK Ky = 1.

O1neHuM yCUINTEIbHBIE CBOHCTBA CXEMbI. BXO/IHBIM TOKOM TIO-TIPEXKHEMY
sBaisieTcst ToK 6asbl [ TToaTomMy K0ahPUIMEHT YCUIEHNS IO TOKY C YYETOM
Toro, 4to f = Al / Alg, paBen

Aly Al +Aly Ak
VA VA VAR
B B B
T.e. IPUMEPHO TaKOH ke, Kak 1 B cxeme ¢ O3.

OneHnM BeJWYNHY BXOJAHOTO compotuBieHns cxembl ¢ OK. Bxoanoe
HAIPSPKEHWE JIJIs CXEMbI CKJIAJIbIBACTCST M3 HEOOJIBINOTO MaeHMsT HATIPSIKEHNST
Ha 6a3a—3dMUTTEPHOM TIEPEXO/ie U TaJeHNsT HATTPSKEHUST Ha HarPy3Ke, a BXOJI-
HBIM TOKOM SIBJIsieTCst TOK 6asbl. [ToaTomy

R, - AU, _AUpy+AlH R, .
Al Al

BX

[Tockonbky nanpsikenne Ha Ugs 3HAYUTETHHO MEHBIIE HAIIPSKEHUS Ha Ha-
TPy3Ke, UM MOXKHO mpeHe6peunb. Tor/ma, yIuThiBast B3aUMOCBSI3b MEKIY TOKOM
IMUTTEPA U TOKOM 0asbl I = Bl, BeJMunHa BXOJIHOTO CONPOTUBJIEHUS 3AIIU-
LIeTCS KaK

_B-AL R,
RBX~ AIBB BRII‘

Taxum O6p330M, BXO/HOE COIIPOTUBJIEHNE CXEMBI C OK MHOTOKPAaTHO IPEBOC-
XOIUT BXOJAHOE COITPOTUBJIEHHE CXEM C 03 u Ob u cocraBiisieT 1eCSITKI KIJIOOM.
BJIaI‘OI[apH OTMEYEHHBIM CBOfICTBaM, BMI/ITTeprlf/'I TIOBTOPUTEJIb NCITOJIb3YIOT
B Ka4eCTBE BbIXO/HOI'O KaCKa/la yCTpOﬁCTB [ YCUJIEHUA CUTHaAJIa 110 MOIIL-
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HOCTH, KOTJIa YCUJIEHUE €ro TI0 HANPSKEHWIO YKe TOCTUTHYTO MPEIbIYIIIIMI
kackasamu. Cxema ¢ OK obecrieunBaetr ycuienue mo MONHOCTH

Kpg =K Ky =(B+D1=8,

T.€. B ICCATKH pa3.

IIpumep 1.2

PaccunTtath mapamMeTphl CXeMbl SMUTTEPHOTO TIOBTOPHUTENSI M BBIOPATH TPAH3UCTOP
st conporusienust narpysku R, = 100 Om npu nanpspkennu nuranust +E = 15 B.
Jlnamason yactor curHajga — 5 KI'1L.

Pewenue. Jlns obecredennss MaKCHMAJIbHOTO [Ialla30Ha M3MEHEHUS] BBIXOIHOTO
HAPSDKEHIST HEOOXO/IMO B CTATHIECKOM PEKUME 0OECTIeYNTh HAMPSDKEHNE Ha OMUATTEPE
Uy = 0,5Eg. Ilpu U= 17,5 B uepes R, Oyzer teus Tox I, = Uy / R,=7,5 / 100 = 75 MA.
Crarnyeckuii TOK SMUTTEPa TPAH3UCTOPA, TAKUM 00pasoM, pasen 75 MA = 0,075 A. Tok
KOJIJIEKTOPa Gy/leT MeHbIe SMUTTEPHOTO TOKA HA BEJIMUNHY TOKA 6a3bl, [I0ITOMY /ISl pac-
4eTa ero MOJKHO IPHHATD PaBHbIM 75 MA. IIpy aTOM TPaH3HCTOP AOJIKEH PACCEHBAThH MOIIL-
HocTh P = (Ex — Uy) I, =7,5- 0,075 = 0,56 Br.

Jliist paboThI B TAKOM PeKUME MOKHO UCIIOJIb30BATH TPAH3UCTOPDI CPEAHEN MOIITHO-
cTH, Harpumep repmanuesbie Tpansuctopbl I'T402-TT405, npeanaznadyerbie st paboTbl
B KQ4eCcTBEe BBIXO/HbIX KACKAJOB YCUIUTEEN HU3KON YACTOTHI, MAKCUMAJIbHAS PACCen-
BaeMast MOIITHOCTb KOTOPBIX 6e3 TermmoorBoza cocrasisier 0,6 BT, a ¢ TemmoorBogom —
10 4 Br.

1.3.5. TexHOJIOTUS M3TOTOBJIEHHS
OUIOJISIPHBIX TPAH3UCTOPOB

[Tpu M3TOTOBIEHNN OUTOMSPHBIX TPAH3UCTOPOB MCMOIB3YIOT PA3IUUHBIE
TEXHOJOIMH BBITIOJHEHWS P-N-TIepexo10B. BoT Kak, HanpuMep, MoKeT ObITh
U3TOTOBJIEH TPaH3ucTop mMemodom enaasienus (puc. 1.14, a). Basoii Tpan-
3UCTOPA CJAYXKUT IJIACTUHKA repManus (MU KPEMHUS) N-TUIA, HA KOTOPYIO
C IBYX CTOPOH HATJIABJSAIOT KA/ aKIeNTOPHON TPUMeCH, HalpuMep WH/HA.
B npuUrpaHIYHBIX CIOSX MEK/IY TepMaHUeM U WHANEM 00pasyioTcs: p-00J1acTu,
TIPEICTABJIAIONINE SMUTTEP M KOJJIEKTOP, PACCTOSHNIE MEXK/IY KOTOPBIMHU (TOJ-
muHa 6a3bl) ZOKHO OBITh OYEHD MaJeHbKUM (He OOJIbIIe HECKOIbKIX MUKPO-
MeTpoB). KpoMe TOro, KOHIIEHTPATINST AaTOMOB TTPUMeCH B 061acTH 6a3bl TOJIKHA
OBITH BO MHOTO Pa3 HUXKE, YeM B 00JIaCTH OMUTTEPA. ITO YCIOBHE OUEHb BAKHO
1Tt pabOTHI TPAH3KUCTOPA.

BoJiee coBepiieHHBIM SBJIsIETCs QUdDy3uonnvlil Memood N3roTOBJIEHUS TPaH-
3WCTOPOB, IPU KOTOPOM B TTACTHHKe KpeMHust n-Tuma (puc. 1.14, 6) ¢ momo-
mpio GoTosmTorpaduu BEITPABJAMBAIOT OKHA U MOABEPraloT ee BO3/EHCTBUIO
6opHoOil kuca0TH. Bop auddyHanpyer B KpeMHuUll Ha TIyOMHY HECKOTBKUX
MUKPOMETPOB, CO3/IaBasi B OKHE CJIOH p-Tuiia — 6asy Oyaylieil TpaH3UCTOPHOI
CTPYKTYPBL. 3aTeM MOAOGHBIM ke 06pa3oM ¢ TIOMOIIBIO TSITHOKICH (hochopa
npousBoaAT Auddysuo JOHOPHON TpuMecH, 06pasyst BO BHYTPEHHEH YacTu
OKHA AMUTTEPHYIO 06JIACTH MPOBOMMOCTH 7+ -THITA C TIOBBINIEHHON KOHIIEHTPa-
el MpUMecCH.

KouiekTopoM B Takoii 72-p-n-CTPYKTYPE CIIYKUT NCXOHAS TIITACTHHKA KPeM-
HUST 1-TUTIA, a ee HUXKHUI CJI0H ¢ MOBBINIEHHOI KOHIIeHTpalrei 1o0HopoB (nh)
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obecTieunBaeT TOHMKEHHOE 3JEKTPUIECKOE COTIPOTUBIIEHUE KOJIEKTOPA, UTO
BaKHO JIJISI CHUJKEHUST HATPEBA TPAH3UCTOPA IIPOTEKAIONIUM YePe3 HEro TOKOM,
0COBEHHO Y MOTITHBIX TPAH3UCTOPOB.

S) b
p_n'
n
n*
|K
a 0

Puc. 1.14. YcTpoiCTBO GUIIOISPHOTO TPAH3UCTOPA:
a — CIIaBHOTO; 6 — rtaHapHO-A(dHY3MOHHOTO

TpaHsucTop sBJASETCS OCHOBHBIM 3IEMEHTOM B MHTETPAJbHBIX MHKPOCXE-
Max. Jlaxe AUO/bl, €CJIM OHU HY/KHbI B COOTBETCTBUU C DJIEKTPUUYECKON CXEMO,
BBIIIOJIHAIOT HAa OCHOBE TPAH3HCTOPOB (MCHOMB3YIOT MO0 Ha3a—sMHUTTEPHbII
nepexo, 6o 6aza—KoJIEKTOPHBIN, n60 0ba mepexoaa BMecte). OcobeHHo-
CTH TEXHOJIOTMU BBIIOJHEHHS TPAH3UCTOPOB B MHTEIPAIbHON CXEMOTEXHUKE
OyayT paccMOTpeHbl B pasfene «OCHOBbI MUKPOIIEKTPOHUKU ».

1.4. Monesble TPaH3UCTOPDI

IToseBO# TPAH3UCTOP — 510 NOAYNPOBOOHUKOBLLIL NPUOOP, UMECTOULUT MPU
anexkmpoda: ucmox, cmox u 3ameop. MexIy MCTOKOM M CTOKOM B KPUCTAJLIE
MOJIYIIPOBOTHUKA, N3 KOTOPOTO BBITTOJHEH TIOJEBOI TPAH3UCTOP, PACTIONOKEH
Kanas, yepe3 KOTOPbII TeueT TOK TpaH3ucTopa. KaHas BBIIOJIHAETCS U3 10JLY-
MTPOBOTHUKA OTHOTO TUTIA — 7 UJIU p. Y IPABJIeHNE TOKOM, TEKYTIIUM Yepe3 KaHaJl,
OCYIIECTBJISIETCS IIyTeM U3MEHEHUs [IPOBOJUMOCTH KaHasa, KOTOpasl 3aBUCUT
OT HATIPSIKEHUST MESK/LY 3aTBOPOM M KCTOKOM. B oTJimdrie 0T GUIOMISIPHBIX TPaH-
3UCTOPOB, B KOTOPBIX TOK TPAH3UCTOPA OT 3MUTTEPA K KOJLJIEKTOPY TedeT 110cJ1e-
JI0BATEJILHO Uepe3 /[Ba P-n-Tiepexo/ia, B TOJEBbIX TPAH3UCTOPAX TOK TeUeT uepe3
KaHaJI, KOTOPBIil 00pa3yeTcst B MOTYTPOBOIHIKE OJJHOTO THUIIA MTPOBOIMMOCTH,
1 yepe3 p-n-mepexofbl He TeveT. Tak Kak HAlpaBJIeHWe TOKA B MTOJIEBOM TpaH-
3UCTOPe — OT UCTOKa — Yepe3 KaHasl — K CTOKY, a YIIpaBJieHue TOKOM OCYIIeCT-
BJISIETCST HANPSIKEHUEM MESK/Y 3aTBOPOM M MCTOKOM, TO MCTOK COOTBETCTBYET
SMUTTEPY OUIIOJISIPHOTO TPAH3WCTOPA: CTOK — KOJUIEKTOPY, a 3aTBOp — Hase.

WN3menenne nMpoBOAUMOCTH KaHaIa MOXKET OCYIIECTBJSTHCS ABYMS CIIOCO-
6amu. B 3aBHCHMOCTH OT 3TOTO MOJIEBBIE TPAH3UCTOPBI JEJSATCS HA [BA OCHOB-
HBIX BUJIA: TPAH3UCTOPBI € YNPAGIAIOUUM P-N-NePexo0OM W TPAHZUCTOPDI € U30-
JUPOBAHHBIM 3AMEOPOM.
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1.4.1. IloneBbIe TPAaH3UCTOPBI
C YIPABJISIONNM p-n-TepexoaoM

B mosieBBIX TpaH3UCTOPaX € YIPABISAIONINM p-1-TIEPEX0OJO0M yIIpaBjeHue
TOKOM TPAaH3UCTOPA JAOCTUTAETCS [TyTeM U3MEHEHUSI CEeYeHUsT KaHajaa 3a CYeT
U3MEHEHUsT 06JIaCTH, 3aHUMAeMON 3TUM MEPEeX0J0oM. YPaBIISOMUNA p-n-
mepexoj 06pasyercst Mexy KaHAJIOM W 3aTBOPOM, KOTOPBIE BBITOJIHSIOTCS
13 TOJYIIPOBOJHUKOB MPOTUBOIOJIOKHBIX TUIIOB MPOBOAMMOCTH. Tak, eciu
KaHas 06pa3oBaH MoJynpoBoHUKOM n-tuna (puc. 1.15, a), To 3aTBOp — MOJIY-
MPOBOJIHUKOM p-THma. HampsskeHne Mexay 3aTBOPOM ¥ MCTOKOM BceTr/a
nojiaeTcst 0OPaTHOI TOJSIPHOCTH, T.€. 3amuparolieil p-n-mepexoja. Hamomuum,
YTO MPU MOjiaue HAMPsUKEHMsT 06paTHON TMOMSAPHOCTH 06JacTh, 3aHUMaeMast
p-n-1mepexoyioM, pacuiupsiercst. Ipu aTom pacuupsiercst 1 06J1acTh, 00e/HeH-
Hast HOCUTEJISIMU 3apsifia, a 3HAUUT, Cy/KaeTcst 00/IacTh KaHaa, uepe3 KOTOPYIo
MOXKeT Teyb TOK. [Ipruem, yeM GoJIbIlie 3HAUEHIE 3aMUPAIONIEr0 HATIPSIKEHS,
TeM Imupe 067aCTh, 3aHNMAaeEMast P-1-TIEPEXOIOM, U TEM MEHbIIIE CEUeHNE U TIPO-
BOJIMMOCTD KaHaJa. Y cJIoOBHbIe 0O03HAYEHUST TPAHZUCTOPOB ¢ PA3HBIMU KaHa-
JlaMH TIoKasaHbl Ha puc. 1.15, 6, 6.

< Crox
~pn_-
= Kanar/-tumna
é Ucmm R,
—\ Ec j
Y+ c

Uz, B

Puc. 1.15. IloneBbie TPaH3UCTOPBI C YIPABJISIOIUM p-n-niepexoaoM (a);
yCJIOBHOE 0G03HaYE€HHE TPAH3UCTOPOB € N-KaHAIOM (6) M p-KaHAJIOM
(8); BBIXO/IHbIE XapaKTEPHCTUKH (2); CTOKO3aTBOPHbIE (MepeIaTOUHbIE )
xapakTepuctuxu (0)
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Tax ke, Kak U JJIs1 OGUIONSPHBIX TPAH3UCTOPOB, [JIsI OMUCAHUST PabOTHI
[OJIEBBIX TPAH3UCTOPOB HCIIOJIB3YIOT BBIXOAHbBIE XaPAKTEPUCTUKN. BhIxomnast
XapaKTepHUCTUKA M0JIEBOTO TPAH3UCTOPA — 3TO 3aBUCHMOCTb TOKa CTOKa [
OT HAIPSDKEHUST MEKIY CTOKOM U MCTOKOM TIPU (DUKCHPOBAHHOM HATIPSIKEHIH
MEK/y 3aTBOPOM U FICTOKOM. BBIXO/IHBIE XapaKTEePUCTHUKH MT0JIEBOTO TPAaH3M-
CTOpPA C YIPABJSIONIUM p-A-TIePeXooM rmokazanbl Ha puc. 1.15, 2. Kak Buzmto,
OHU OY€HD TIOXOKU Ha BBIXOJHBIE XapPaKTEPUCTHKHU OGUIIOISIPHOTO TPAH3UCTOPA.

B orsimumne ot GUIonsipHoro, pabora MoJeBOro TPAH3UCTOPA MOKET TaKKe
OTTMCBIBATHCS HETTOCPE/ICTBEHHON 3aBICHMOCTBIO BBIXO/THOTO TapaMeTpa — TOKa
CTOKa OT BXO/IHOTO — YIPABJISIIONIET0 HAPSIKEHUST MEK/IY 3aTBOPOM U UCTO-
KOM. DTH XapaKTEePUCTUKU HA3BIBAIOTCS NEPe0amoutbiMu, WIH CMOKO3AMEop-
nomu (puc. 1.15, 0). B 3aBUCHMOCTH OT TeMIEPATyphl, 3TH XapaKTePUCTUKH
HEecKoIbKOo u3MeHsttorcst. Hampsokenue Usy, TP KOTOPOM KaHaJl TIOJTHOCTBIO
nepexpbiBaercst (I = 0), naspiBaetcst HapspkenueM omceuku U, Y1pasisio-
1ee JIefCcTBIE 3aTBOPA XapaKTEPU3YIOT KPYTH3HOM, KOTOPast MOKET OBIT OTpe-
JIeJIeHa 0 BBIXOJHBIM Xapakrepuctukam (cm. puc. 1.15, 2):

npu Uqy = const.

Tax kax ynpasigiomuil p-n-nepexoj Beerja 3aiepT, y 110JeBbIX TPaH31-
CTOPOB IIPAKTUYECKH OTCYTCTBYeT BXO/HOI TOK. Biarogaps atomy onu umeior
OY€Hb BBICOKOE BXOJHOE€ CONPOTUBJIEHHE M HPAKTHYECKH He MOTPebJISTIoT
MOIIIHOCTH OT UCTOYHUKA YIIPABJSAIONIEIO CUIHAA. ITO CBOHCTBO OTHOCUTCS
He TOJIbKO K TPaH3MCTOPaM C YIPaBJIAIONMM p-7-11ePeX0o/loM, HO M KO BCeM
OJIEBBIM TPAH3UCTOPAM, YTO BBITOJHO OTJIMYAET UX OT OUIIOJISIPHBIX.

1.4.2. llosieBble TPAaH3UCTOPHI C U30JTMPOBAHHBIM 3aTBOPOM

Ecnu B moseBBIX TpaH3UCTOPaX ¢ YIPABJSIONNM P-1-TI€PEXOIOM 3aTBOD
MMeeT 2JIEKTPUUECKUI KOHTAKT C KaHAJIOM, TO B IOJIEBBIX TPAH3UCTOPAX C U30-
JINPOBAHHBIM 3aTBOPOM TaKO¥ KOHTAKT OTCYTCTBYET. B aTHX TpaH3UCTOpax
(puc. 1.16, a, 6) 3aTBOp MpeACTaBIASET COOOI TOHKYIO MIEHKY METAJIA, U30JIH-
POBAHHOTO OT MOJIYTIPOBOHUKA. B 3aBUCUMOCTH OT BU/Ia U30JSAIINN PA3THYAIOT
M/IIT u MOII-rpansucropsl. AGOpeBuatypa «M/III» pacmmndposbiBaeTcs Kak
«METaJJT — JIM3JIEKTPUK — IOJYHPOBOAHUK», a «MOIl» — kak «metamm —
OKCHJ] — TIOJTYTIPOBOTHUK>. B mociefHeM ciydae MO «OKCHIOM»> TOHUMAETCS
OKCHJI KPEMHUS, KOTOPBI SBJISETCS BBICOKOKAUYECTBEHHBIM JIUIJIEKTPIKOM.

WcTok 1 cTok GOpMUPYIOT B BUAE CUJIbHO JIETMPOBAHHBIX 00JacTell moJry-
MPOBOJHKKA. 3a CYET HTOTO OBJIACTH MCTOKA U CTOKA MMEIOT BBICOKYIO KOH-
IEHTPAINIO HOCUTEJIEN, YTO OTMeUeHO Ha PUCYHKe 3HakoMm «+». Kak M/III-,
tak 1 MOII-Tpan3ucTopsl MOTYT OBITh BBITIOJHEHBI ¢ KAHAJIOM p- U N-TUIIOB.
Kamas B 970 rpymie TpaH3UCTOPOB MOKET ObITh 6cmpoenibim (T.€. CO3LAHHBIM
MPU M3TOTOBJIEHUN) U UHOYUuposanivim (T.e. HABOMSIIMNMCS IO/ BIUSTHUEM
HATIPSKEHMS, TPUJIOKEHHOTO K 3aTBOPY).

IToneBoii TpaH3MCTOP ¢ BCTPOEHHbIM KaHaaoM. Ha puc. 1.16, a usoGpaxen
M/III-TpamsnucTop ¢ BCTPOECHHBIM KaHAJOM A-THMA (TOHKHUM CJIOEM IOJIYTIPO-
BOJIHUKA N-THIIA), COEUHSAIONUM UCTOK U CTOK (n-obmactin). tu obracTu
00pa3oBaHbl B HOMJIOKKe — I10J1ynpoBoanuke p-tuia. Crporo rosops, B M/III-
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n MOII-Tpansucropax He TPH, a YETHIPE 3JEKTPOAA, BKJIOYAS TOITOXKKY.
OHAaKO YaCTO MOMJIOKKY JEKTPUUECKU COEIUHSIOT ¢ MCTOKOM (MJIU CTOKOM ),
o0pasyst TpH BBIBOJIA.

3arBop
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Puc. 1.16. IloseBoii TPAaH3UCTOP € M30JIUPOBAHHBIM 3aTBOPOM
U BCTPOEHHBIM KaHaJoM (a); ero ycjioeHoe oGosnauenue (6);
nepezaTounas (6) U BbIXO/HbIE (2) XapaKTepPUCTHKH

B 3aBucHMOCTH OT TOJISIPHOCTH HarpsipkeHnst Usyy, IPUIIOKEHHOTO K 3aTBOPY
OTHOCHTEJILHO MCTOKA, B KaHaTe MOKET M3MEHSTHCS KOHIIEHTPAIIIS OCHOBHBIX
HocuTesel (B paccMaTpUBaeMOM ciydae — 3JeKTpoHoB). [Ipu orpunaresbHnom
HAMpsKeHNH Ha 3aTBOpe Usyy 97IEKTPOHBI BRITATKMBAIOTCS 3 00JaCTH KaHaIa
B obuactu n*, KaHas oGeHsIeTCsl HOCUTeNsIME U TOK [ cHiskaercs. [lososxku-
TeJbHOE HATIPSKEHNE Ha 3aTBOPE BTSITHBAET 3JIEKTPOHBI U3 obacTeli n* B KaHa
1 TOK /- uepe3 KaHas BozpacraeT. Takum 06pasoM, B OTJIMYNE OT MOJEBOTO TPAH-
37ICTOpaA C p-N-TIEPEXOIOM B 3TOM ITOJIEBOM TPAH3NCTOPE YIIPaBJIAIoliee HATIPSI-
JKeHHe MOKeT ObITh KaK OTPHIATETbHBIM, TAK U MOJOKUTETBHBIM, 4TO OTPAKEHO
Ha ero nepenatounoii (puc. 1.16, 8) u Berxomaubix (puc. 1.16, 2) xapakTepucTuKax.

IToseBoii TpaH3UCTOP C MHAYIUPOBAHHBIM KaHAJIOM. JTOT BUJI TPAH3UCTOPA
OTJINYAETCST OT MPEBIYIIEr0 TeM, YTO PU OTCYTCTBUM HATIPSIKEHUS Ha 3aTBOPE
kanan orcyrersyer (puc. 1.17, @), Tak kak 7-06JacTH UCTOKA U CTOKA 00Pa3yioT
¢ p-TIO/ITIOKKOM IBA p-n-TIePeXo/ia, BKIIOUCHHBIC HAaBCTPeUy APYT APYTY, 1, 3HA-
quT, mpu 060l mossiprocTH Hanpsukenust Ugy OJMH U3 IEePEXOI0B 3alepT.

Ecan e Ha 3aTBOP 10AaTh Hanpsikenue Goubiie 1oporoBoro Usy > Uz
TO CO3[AHHOE MM DJIEKTPUUECKOE T0JI€ BHITATMBACT SJIEKTPOHbBI U3 7t-00aacTel
(1 B KaKoii-To Mepe U3 MOJIOKKK), 00pasyst TOHKHUII CJIOH n-TUIA B IIPHUIIO-
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BEPXHOCTHON 06acTy p-noanokku (puc. 1.17, 6). DToT cJI0i coeAMHAET UCTOK
U CTOK, SIBJISISICh KaHayioM n-Tura. OT MOJJIOKKN KaHaJ U30JUPOBAH BO3HUK-
UM 0OETHEHHBIM CJIOEM.

3arBop
Ucrox Crok 3arBop
Uctok +pn = Crox
1 C
! |¥H
3 u
ITomnoxkka
a 6 6
Ic, MA
Uiy > Usy
6 -
3 -
Usy = O~--U3Hm>p
0 USVInop U3Vl’ B UCV]v B

z 0

Puc. 1.17. IloneBoii TpaH3UCTOP C MHAYIMPOBAHHBIM KAaHAJIOM B HCXOTHOM
cocrosinuy (@) ¥ IPH NPWIOKEHHOM HANPSKEHUH Ha 3aTBOpe (6); ero ycioBHOe
oGo3nayenue (6); nepemarouynas (2) v BbIXo/HbIe (0) XapaKTePUCTHKH

Takum 06pasom, MoJIEBble TPAH3UCTOPBI ¢ MHAYIUPOBAHHBIM 72-KaHAJIOM
(n-MOII-Tpan3ucTopsl), B OTJIMYME OT PACCMOTPEHHBIX PaHee MOJIEBbIX TPaH-
3H1CTOPOB, YIIPABJISIOTCS TOIBKO MOJOKNATENbHBIM curHastoM Usy (puc. 1.17, 2).
3HaueHue MoporoBoro Hanpskenus y uux 0,2+0,1 B.

3HaunTenbHO GOJIbIIE OPOroBoe Hanpsikenue y p-MOII-Tpansucropa, MpuH-
1un paboThl KoToporo anasorndeH n-MOTI-rpansucropy. Ho B ¢Bs3u ¢ TeM, 4TO
HOCHTENISIMU B HEM CJIYJKAT JILIPKH, & He 3JIEKTPOHBI, OJISIPHOCTD BCEX HATIPSLKEHUT
y 9TOTO TpaHaucTopa mpotuBonookta n-MOII-Tpansucropy. 3nauenne oporo-
BOTO HAIPSKEHKST 9TOTO THIA TPAH3UCTOPOB cocTasser 2+4 B (puc. 1.17, 0).

Kak u Gunossipabie, MOJEBbIe TPAH3UCTOPBI MOKHO BKJIIOYATH MO CXEME
¢ o6mmm 3atsopom (O3) (puc. 1.18, a), obuum rctokom (ON) (puc. 1.18, 6)
u o6umm crorom (OC) (puc. 1.18, 6). Kak npasuiio, ucnosbsyor cxemy ¢ OU,
Tak Kak oHa, mog00Ho cxeme ¢ O GUIONSIPHBIX TPAH3UCTOPOB, MO3BOJISET
[OJIyYUTh 3HAUUTEIbHBIE KOAMDUIIMEHTH YCUICHUS 110 TOKY, HAIPSIKEHUIO
1 MOTITHOCTHU OJTHOBPEMEHHO.

Pacuer pexkuMoB paboThI TI0JEBBIX TPAHZUCTOPOB BO MHOTOM CXOK C aHa-
JIOTUYHBIMK PacyeTaMu JJs OUMOJSPHBIX TPAH3MCTOPOB, OJAHAKO HUMeEeT
U OTJIMY U, 3aKJTIOYAIONIHECST B TOM, 4TO PElleHHe MOKET OBbITh TOJIy4eHO KaK
Ha OCHOBE CTOKO3aTBOPHOI XapaKTEPUCTUKH, TAaK U HA OCHOBE BBIXO/IHBIX CTO-
KOBBIX XapaKTePUCTHUK.
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Puc. 1.18. CxeMpl BKJIIOUEHHUSI TI0JIEBBIX TPAHUCTOPOB € 00IMM 3aTBOpOM (&),
00IIHUM HCTOKOM (0) ¥ 06ImHM CTOKOM (8)

IIportecc BBITIOJIHEHUST PAacYeTOB HAa OCHOBE BBIXOHOUM XapaKTePUCTUKU
CBOJIUTCST K TIOCTPOEHUIO HATPY30UHON TPSIMOH, ONUChIBaOIIeH rpaduiyeckoe
pelenye ypaBHeHWs

Ilepecevennie Harpy304HOI PSIMON CO CTATUYECKON BBIXO/HOUM XapaKTepu-
CTHKOM, CHATOH IIPU COOTBETCTBYION[EM HAMpsukeHUN Usyy, OIpefessaeT TOUKY p,
XapaKTepU3YIOILyI0 HCXOHOE COCTOSTHIE CXEMBbI.

IIpumep 1.3

Paccuntarp cxemy ¢ O u R, = 2,5 kOm 1pu Bxoanom nanpspkenunt Usy = —1 B,
Hanpsprennu nmutanus E- = +20 B, ncnosssys xapakrepuctuku Tpansucropa (puc. 1.19).

Pewenue 1. Haiinem E./ R, =20/2500 = 8 MA. Orsoxxum Ha ocut I~ HaliZleHHYIO TOUKY,
Ha ocut Ugyy — Touky E = +20 B u nnpoBezieM Harpy3souHyIo IPsIMYIO.

Touka nepeceuenust p Harpy304HOII IIPSIMOIL € BBIXO/{HOI XapaKTEPUCTUKOMN, COOTBET-
crByfomeit Hanpsikenuio Uy = —1 B, onpenennt pesknm paboTsl cxeMsl: TOK I = 3,3 MA.

Hamnpsikenne Ha Harpyske paBHO

U, =I.R,=0,0033 - 2500 = 8,25 B.
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Puc. 1.19. K pacuery cxemsl ¢ Ol Ha 0CHOBe XapaKTepHCTUK TPAH3HCTOPA

Hanpfm{emfre MEXAYy CTOKOM U NCTOKOM TPAaH3UCTOPa
Uey = Ec—IcR,=20-825=11,75 B.

Pewenue 2. I1o cTok03aTBOPHOIT XapaKTePUCTHUKE OMPe/IeIMM 3HaueHne Toka I, CooT-
BeTcTBYIOlero Hanpsokenuio Uy = -1 B: I = 3,3 MA.

JlanmpHeluil X0/ peleHns: aHaJIoTu4eH penrenuio 1.

Kak BumuM, anaius paboThl CXEMbI Ha MOJIEBOM TPAaH3UCTOPE MOKHO BBIIOJIHATH
KaK Ha OCHOBE CTOKO3aTBOPHOIL, TAK M HA OCHOBE BBIXO/HBIX CTOKOBBIX XapaKTEPHUCTHK.
HeoOXoanMbIM YCJIOBUEM SIBJISIETCS] HAJTMYUE XaPAKTEPUCTHK, CHSATBIX TIPH COOTBETCTBYIO-
mmx HanpsoreHusaAx Uy u Usy.

IIpenmyniecTBa mMojieBbIX TPAH3UCTOPOB:

1) BBICOKOE BXO/IHOE cotpoTuBiieHue B cxeme ¢ OU;

2) MaJjblii ypoBeHb COOCTBEHHBIX LIIYMOB, TaK KaK IIEPEHOC TOKA OCYIIECT-
BJISIIOT TOJIBKO OCHOBHBIE ISl KAHAJIA HOCUTEJIH |, CJIE[IOBATEIBHO, HET PEKOM-
OUHAIIMOHHOTO IIyMa;

3) BBICOKAST YCTOWYUBOCTD TIPOTHB TEMIIEPATYPHBIX U PAJMOAKTUBHBIX BO3-
JIeTICTBUI,

4) BBICOKAS TIIIOTHOCTD PACTIONIOKEHUST 9IIEMEHTOB TTPH N3TOTOBJIEHWH UHTeE-
IPAJIbHBIX CXEM.

OTMeTUM TaKKe MHTEPECHYI0 O0COGEHHOCTH ITTOJIEBBIX TPAH3MCTOPOB:
B IIPUHITUIIE CTOK U CTOK B TPAH3UCTOPAX PABHOIIPABHBI, T.€. B 3aBUCUMOCTH
OT TIPUJIOKEHHO TOJISPHOCTH HANPSKEHUS] UCTOK M CTOK MOTYT MEHSITBCS
Mectamu. Ha aToM cBoIiCcTBE OCHOBAHO MCITOJIb30BAHUE MOJEBBIX TPAH3UCTO-
POB B KauyecTBe 2JIEKTPOHHBIX KJIIOUEH BMECTO OOBIYHBIX KOHTAKTHBIX Mepe-
KJIo4aTesei.

[ToneBbIe TPAH3UCTOPBI MTUPOKO UCIOTB3YIOTCS B YCUJIUTENSIX, TeHEPATO-
pax, HCTOYHUKAX BTOPUYHOTO AJEKTPOIUTAHUS U [PYTOH PAIUOIIEKTPOHHON
armaparype, BbITECHsISI MOIIHbIE OUIOJISIPHBIE TPAH3UCTOPBI U3 OOJBITMHCTBA
obmacteii cunoBoil amekTponuku, a MOII-TpaH3UCTOPBI ABJISIOTCS OCHOBOM
JUIs1 pa3paboOTKK BCEX COBPEMEHHBIX CPEICTB BBIUMCIUTEIBHON TEXHUKH, BKJIIO-
Yasi MHUKPOTIPOIIECCOPBI, MUKPOKOHTPOJIJICPHI, TOJIYTIPOBOJHUKOBYIO TTAMSITD.
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CpasHuBasg ycJaoBHbIe 0003HaYeHUs TpaHsucTopos (cm. puc. 1.8, 6; 1.9, 6;
1.15, 6, 6; 1.16, 6; 1.17, ¢), mogYepKHEM, YTO CTPEJIKA B HUX 6¢e20d HANPAGIeHA
om p-obracmu ¥ n-061acmu, 9To MO3BOJISIET JIETKO YCTAaHOBUTD, HAIPHME], THUII
KaHasa MmoJieBOro TPAH3UCTOPA.

1.5. Tupuctopb!

Tupucmopvt — 9mo noaynpPoBooHUKosvie NPUOOPLL ¢ Mpemst uiu 601ee p-n-
nepexooamiL, Komopvle UMerom 06a YycmouuUsHIX COCTNOSAHUSL U NPUMEHSIOMCSL KAK
MOUHBLE INEKMPOHHBLE KIIOULL.

Jluoonvie mupucmopuvt (OuHucmopvL) UMEIOT IBa BHIBOJA OT KPANHUX Yepery-
fomuxcst p- u n-obmuacreit (puc. 1.20, a).

+ Hl HZ HB - = £ D
0 o I
Anop —I> Karon I, C
Isi= Iy yo ,B
= 0 |
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Puc. 1.20. Tupucrop JUOIHBIN U €r0 YCI0BHOE 0003Hauenue (a),
JKBHMBaJIeHTHas cxema (0) ¥ BOJIbT-aMIlepHasi XapaKTepucTHKa (6)

BoiBOj1, COeMHEHHbII ¢ KpallHell p-001acThio, Ha3bIBAETCS AHOOOM, & C Kpaii-
Hell n-objacTbio — Kamodom. BHemHee HanpsikeHue U sBISETCS NPSIMbIM
M0 OTHOIIEHNUIO K Trepexonam 1, u I1; w obpatHbiM st Tiepexoa 11y, ToaTomy
niepexompl [1; v I1; OTKPBITHI (TO0GHO OTKPHITHIM ANOAM), & Tiepexor I1, 3amepT.
B pesyubrare HanpsikeHue U TOYTH 1eJIMKOM IIPUJIOXKEHO K 1, 1 uepe3 TUPUCTOp
MPOTEKAET HeGOBINO TOK, SIBISIONINIICS 0OpaTHBIM TOKOM I, p-n-Tiepexoa.

C yBesqnmdyeHneM HANPSKEHUS TOK Yepe3 TUPUCTOP HECKOJIBKO BO3pacTaeT
(yuactok 0B xapakrtepuctuxku Ha puc. 1.20, 6), a Ipu AOCTHUKEHUN HATIPSIKe-
HUeM, IPUJIOKEHHBIM MEXAY aHOJOM M KaToJoM, sHadenus U, ,, TaBUHOO-
O6pasHoO yBEJNYUBAETCS, OTPAHUYUBASICH TOJBKO COTPOTUBJIEHUEM HATPY3KU.
[Tosicaum aToT 1porecc.

TupucTop MOXKHO TIPEICTABUTH KaK JBa OUITOJSPHBIX TpaHsuctopa VTl
u VT2 (puc. 1.20, 6). Hebombimoe mpupaiienue Toka Al = Al Bbi3biBaeT (Kak
B OOBITHOM TPAH3UCTOPE) TPUPAIEHNE TOKa KOJLmeKTopa Al , KOTOPBIH, TOCTY-
mast B 6a3y Tpansucropa V712, BbI3bIBAET TPUPAIIEHUE €T0 KOJIEKTOPHOTO TOKA:

Alyy = AlgoBy = Al By,

rze B, — xoaddunuent neperaun Toxa V12, Ho Tok KoJieKTOpa BTOPOro TPaH-
3UCTOPA, KaK MOKA3aHO 110 CXEME, SIBJISIETCST Ha30BBIM JIJIsT TIEPBOTO TPAH3UCTOPA
(Al = Al1), 03TOMY TOK I4, B CBOIO O4EPE/lb, YBEIUUMBACTCA:

Al = Al = Alyy By = Al By Bymr.o
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ITOT MpoIiecc COOTBETCTBYET yuacTKy BC BOIBT-aMITepHOI XapaKTEePUCTHKU
C OTPUIIATEILHBIM COTIPOTUBIICHNEM U TIEPEBOIUT THPUCTOP B OTKPBITOE COCTOS -
HIT€e, KOT/IA OH BeJeT ceOst KaK ANOJ B MPSIMOM HAMTPABICHUN.

Yro6sl 3amtepers (IIOracuTh) THPUCTOP, HEOOXOAMMO KaKMM-I160 06pasoM
YMEHBITUTH TOK [, TPOTEKAIOINI Yyepe3 Hero, 0 3HAYCHU, MEHBIIE YAePIKU-
Baotero [,,. Ecim nanpsikenne U, MUTalollee CXeMy, [EPEMEHHOE, TO TUPH-
CTOP 3alMpaeTcsi B OTPUIATEIbHBIN TOIYIIEPUO, KOT/Ia TOK [ JOCTHUTAeT HYJIs,
€CJIH K€ OHO [TOCTOSTHHOE, TO JIJIsI 3alPaHNsT TUPUCTOPA IIPUMEHSIOT TaK Ha3bl-
BAEMbIE CXeMbL ZAUICHU.

[TepeBon THpHICTOpPA M3 3aMIEPTOTO COCTOSTHUSA B OTKPBITOE MOKHO BBI3BATh
He TOJIBKO HOBBIIIEHNEM aHO/IHOTO HAIPSIKEHUs], HO N KPATKOBPEMEHHBIM YBe-
JYeHneM ToKa 6asbl B OJHOM M3 TPAH3UCTOPOB €r0 HKBUBAJECHTHON CXEMBI.
[l aTOro or oAHON M3 6a3 AeNAT BHIBOA ynpasisiouwutl srexkmpod (Y I)
(puc. 1.21, ). ITonasas nmiyJise TOKa yupasaenust Iy, MOKHO BbI3BATD JIABHHO-
ob6pasnoe ysenmuenue toka upu U < U, (puc. 1.21, ). Takue Tupucropst
Ha3bIBAIOT TPHOAHBIMU (YIIPABJSIEMbIMU ) TUPUCTOPAMIL.

A K
Yupasssionmit
AJIEKTPOJL Yo
a 6 6

Puc. 1.21. Tpuoaustii (ynpaBiasieMblii) THPUCTOP:
a — CTPYKTYpa; 06— ycjaoBHOEe 060311aquH/Ie; 6 — BOJIbT-aMII€pHbIC XapPaKTEePUCTUKN

Eme ogHOI pa3HOBUAHOCTBIO TUPUCTOPOB SABJSIOTCA cumucmopwvl. CrMuc-
TOP — 3TO CUMMETPUYHBIN TPUOIHBII TUPUCTOP, KOTOPHIH MOKET MPOITYCKATh
TOK KaK B OJ[HOM HaIIPaBJIEHUHU, TaK U B TPOTUBOTON0KHOM (puc. 1.22). Ilep-
Bblil cuMucTop ObL1 usobperer u samaredrosad B CCCP B 1962 r. Kak BugHo
u3 CTPYKTYpsI cumuctopa (puc. 1.22, 6), B HeM TIPH PacCMOTPEHWH CIIpaBa
HAJIeBO M CJIEBA HAIPABO MOXKHO BBIJIEJUTDH J[BE THPUCTOPHBIE CTPYKTYPHI,
COCTOSIIINE U3 MOCJAE0BATENBHO YePEYIONNXCS p-, n-, p-, n-obaacreii. Ilep-
BBIN TUPUCTOP: aHOA 1 — TpaBas BepxHsst p-06Jacth — n — p — n — Karof 1;
BTOPOI TUPUCTOP, BKIIOYEHHLIH BCTPEYHO TIEPBOMY: aHOJ 2 — JieBas HIDKHASL
p-obmactb — n — p — n — karox 2. CUIOBbIE 3JIEKTPOJIBI Y THPUCTOPOB 00IIIHE,
OHM B OJIHOM CJlydae BBICTYIIAIOT KaK aHO/l, a B [PYTOM cJIy4yae — KaK KaTo/l.
YpaBsioniuii 3JI€KTPOJL Y THPUCTOPOB TakKe oOtuil. [[Jist BKIIOYEHUS mep-
BOTO THPHUCTOPA HA HETO MOAETCS MOJIOKUTEIbHOE HATIPSIKEHIE OTHOCUTETHHO
[IPaBOTO CUJIOBOTO 3JIEKTPOJIA, & /ISl BKJIIOYEHUsI BTOPOTO TUPUCTOPA — OTHO-
CUTEJIBHO JIEBOTO.

OcHoBHbIE TAPAMETPBI THPUCTOPOB:

e HauboJIbIINI TPAMOI TOK — 110 2000 A;

* jomycrumoe obparHoe Hamnpsizkenue — ot 100 go 2400 B;

e somycTuMast gactora nepexaodeHuii — a0 2000 I
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Puc. 1.22. Cumucrop:

a — CTPYKTYpa; 6 — ycJIOBHOE 0603HAUEHIE; ¢ — BOJIbT-aMIIEPHAS XapaKTePUCTUKA

TupucTopsl HAIILIA CBOE TPUMEHEHNE B CUJIOBON 3JIEKTPOHUKE U 3TEKTPO-
TEXHUKe — TaM, rjie TpeGyeTcst HOpMUPOBAHNE MOIITHBIX TUTAIONINX HATIPSIKe-
HUH TOCTOSTHHOTO MJIN MEPEMEHHOTO TOKa, MUTAIOMUX HAIPSIKEHUH ¢ peryJIn-
pyeMoii 4acTOTOH, cliennaabHoi (popMbL. B acTHOCTH, HAa OCHOBE THPUCTOPOB
Pa3pabaThIBAIOTCS YCTPOICTBA PEryJIUPOBAHNS YACTOTOH BPAIIEHHS DJIEKTPO-
JBUraTesIell, B TOM 4ucJe B IPUBOJIAX CTAaHKOB.

1.6. OCHOBbI MUKPO3JIEKTPOHUKM

Muxpoanexkmponuka — 3mo nanpasienue INeKMPOHUKU, NO3BOLSIOU e
C NOMOUWLIO KOMNAEKCA MEXHOI02ULEeCKUX, KOHCPYKMUBHBIX U CXeMOMeXHUYe-
CKUX cpedcme co30asamov Manoeabapummuie, 6blCOKOHAEHHBLE U IKOHOMUYHDLE
NeKmMpPonHble Yycmpolicmed.

MuKpoaJieKTPOHNKA OCHOBAHA HA MIPUMEHEHUU UHMEZPALLHIX MUKPOCXEM
(MIMC), B KOTOPBIX 3JIEMEHTBI HEPA3/IETbHO CBSI3aHbI MEKLY COOOI U IIpe/IcTaB-
agroT eannoe neoe. IMC n3roTaBanBaioT Ha OCHOBE KPHICTAJLIA MOJYTTPOBO-
JTHUKA, B KauecTBe KOTOPOTO Yale BCero MCI0JAb3YIOT KpeMHUIA. B kpucrasite
KPEMHUSI CO3/IAI0TCSI P-N-TIEePEX0/Ibl, 00PA3YIONIHe KaK aKTUBHbIE, TAK U TTACCUB-
HbIE JIEMEHTBHI HJIEKTPUUECKON CXEMBI. DJIEMEHTBI MUKPOCXEMBI CBSI3BIBAIOTCST
MEXKIY COOOI ATEKTPUUECKU C TIOMOIIHI0 TOHKIX METATTMIECKUX TTEPEMBIUEK.
Takoii KpucTaNI HasbIBAIOT YKl (aHIJI. chip — Kpuctajn). XapakTepucTUKOI
cnoxuoctu UMC siBiisieTcs ypoBeHb UHTETPAITUH, OIEeHUBAEMBIIl YNCIIOM TPaH-
3WCTOPOB, KOTOPBIE MOTYT GBITH PEATI30BANBI HA KPUCTAILITE.

B 3aBucmmocTn ot yposus nHTerpanuu IMC nendt Ha HeCKOJIBKO KaTeropuii:

e Mmasbie UMC — o 10 anemenToB (MUC);

e cpeaane UMC — ot 10 g0 100 anementoB (CUC);

e 6ompinne UMC — ot 100 g0 105 samemenros (BUC);

* cBepx6oubiiine UMC — 105 u 6ousee anementos (CBUC).

B kauecTBe 3IeMEHTOB B MUKPOCXEMax Yallle BCETO BLICTYNAIOT TPaH3U-
CTOPBI, UTO B 0CcOOGeHHOCTH KacaeTcst udpoBbix MukpocxeMm. CoBpeMeHHbIE
CBUC comepskat HECKOJIBKO COTEH MUJLIMOHOB TPAH3UCTOPOB, IIPUYEM CTEIIEHb
WHTETPAIINE TTOCTOSTHHO TOBBITTaeTcst. He0OX0MMMO OTMETHTD, UTO YE€TKOI rpa-
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Hutbl Mexay BUIC u CBUC He cymiecTByer, 1 4acTo UX 00bEAUHSIOT B OJMH
knacc BUUC/CBUC. Ha ceropusinmii eHb MPaKTUYECKOE UCIOJb30BaHUE
HaxozaT Bce kateropuu IMC.

Kpowme crenenn nnrerpaiiuun UMC moryT kiraccuduimpoBarbes B 3aBUCH-
MOCTH OT UX (hYHKI[MOHAJIBHOTO HasHAYEHUs Ha ABa OOJIBIINX Kjacca: Iudpo-
Bble 1 anasorosble. [{udpossie UM C oniepupyioT ¢ BXOIHBIMU HATIPSKEHUSIMHU,
JMCKPETHO MEHSIOIMME CBOE 3HaYeHHe, KOTOPoe COOTBETCTBYeT Jnbo «1»,
60 «0». Ananorossie UMC ucIonb3yioTes ajisi npeobpasoBaHust Helpe-
PBIBHO U3MEHSIONNUXCS BO BPEMEHU CUTHAJIOB.

[Hudpossie UMC B 3aBUCUMOCTH OT CTETIEHW WHTETPAIIMU MOTYT BBITIOJI-
HATH MpocTeiiiime Jorndeckue npeodpasoanus (MU C), o6pa3oBbIBaThH IieJIbIe
Y3716l TU(POBBIX YCTPONCTB, TAKUX KaK MAJTOPA3PSIHBIE PETUCTPHI, CYETUNKH,
nermndparopsl, cymmaropsl u T.11. (CUC). Hudpossie BC/CBUC cnocobmbt
BBITIOJIHATH (DYHKITH YKe He OT/IeTBHOTO Y3714, a 1eJiol cuctembl. K HUM oTHO-
csaTcst Bce mukpotnpoiieccopabie UM C, mukpocxems nmamsit, UM C niporpam-
mupyemoii soruku, UMC, peanusyromniue crpateruto «CucremMa B KpUCTAILIES.

Amnanorossie UMC BBITIOHSIOT pazHOOOpasHbie (DYHKIIMU: YCUTECHIE CUT-
HAJIOB TIEPEMEHHOTO M TIOCTOSTHHOTO TOKOB, TEHEPUPOBaHUE KOJeOaHwii pasiny-
HOU (popmbl, obectiedenue Apyrux UMC cTabuan3upoBaHHbIM HAIPSIKEHIEM
nuTaHus, U POAHATOrOBOe U aHANOTO-IIM(POBOE MPEOOPA3OBAHNST CUTHAJIOB,
(bunbpTpauio cUrHaIoB, X MOJYJISIIUIO U IEMOYJISIIIAIO U T.IL.

1.6.1. Texnomnorus noaynpooaaukoBbrx TMC

Nsrorosaenne moaynpoBogHnkoBeIX UMC ocymecTBAAIOT, NCIOTb3YS
JIBA OCHOBHBIX TEXHOJOTUYECKUX IpoIecca: ou@ysuio npumecetl, co3uaio-
IUX B MOJYTIPOBOIHUKE 06JTACTH ¢ THIIOM MPOBOIMMOCTH, TIPOTHBOIOIOKHBIM
UCXOHOMY, U 3NUMAKCUALLHOE HAPAUUBAHUE CITOST KPEMHUS HA KPEMHUEBYIO
MOJIJIOKKY, UMEIOILYTO ITPOTHBOIOJIOKHBIN THUIT TPOBOANMOCTH.

Bce anmeMenTsI cxeMbl GOPMUPYIOTCST B TaK HA3BIBAEMBIX 0CMPOGKAX, 0Opa-
30BaHHBIX B KPUCTAJJIE W U30JMPOBAHHBIX MekKay coboil. Merajinueckue
MOJIOCKH, HEOOXOIMMBIE JIJIsT COEJINMHEHS JIEMEHTOB B 3JIEKTPHUYECKYIO CXEMY,
HATBLISIIOT HA MOBEPXHOCTH IIACTUHBI-KPUCTAILTA. J[JIST 9TOTO 5/1€KTPOIBI BCEX
9JIEMEHTOB BBIBOJSITCSI HA TIOBEPXHOCTDH IIJIACTUHBI M PA3MEIIAI0TCs B OIHOM
IIJTOCKOCTH, B OJTHOM niare. 1109ToMy TeXHOOTHS N3TOTOBJICHHUS CXeM C TIOMO-
bI0 g hy3un Ha3bIBACTCS NAAHAPHO-0UPDPYIUOHHOL, & C TIOMOIIIBIO IMTUTAK-
CUJIBHOTO HAPAIMBAHUS — INUMAKCUATLHO-NILAHAPHOI.

WcexopnsiM MaTepuanoM 7a usrotosaenns MMC mo mianapro-aud-
(hy3UOHHOI TEXHONOTMU ABJAETCS cab0 JErMPOBAHHAS TJACTUHA KPEMHUS
p-THUIIA, HA KOTOPYIO METOZOM (DOTOIMTOrpacduy HAHOCAT 3aIUTHBIN cJtoit Si0,
(puc. 1.23). Uepe3 okHa B 3AIMUTHOM CJIO€e TTPOU3BOAUTCS A Py3usT TpUMecH
n-TWUIIA, B PE3yJbTaTe Yero 06pasyrTest OCTPOBKHU, TPAHUIIBI KOTOPBIX yIIHpa-
I0TCSI CHU3Y B 3alTUTHBIN CJIOH, YTO PE3KO CHUKAeT BO3MOKHOCTH TIPOTEKa-
HUST TOKOB YTEUKHU 110 MOBEPXHOCTU. MeKy OCTPOBKAMU U TIOJIOKKON 00pa-
3YeTCsl p-n-mepexojl, K KOTOPOMY MOAKJII0UYAI0T HANPSIKEHHE TAKUM 06pasoM,
9TOGBI ATOT TIEPEXO/T OBLT 3armepT (T.e. MIHYCOM Ha p-TOJIIOKKeE). B pesymbrare
OCTPOBKHU CTAHOBSITCSI M30JIMPOBAHHBIMU JPYT OT IPYyTa.
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Wsonupyommii
P-n-TIepexot
Puc. 1.23. I3roToBieHHE OCTPOBKOB
1o raHapHo-Audy3HOHHON TEXHOJIOTHH

WcxonupiM MaTepuajoM MPHW 3MUTAKCUATBHO-TITAHAPHON TEXHOJOTUU
CJIY’KMT IIJIACTUHA KpeMHus n-tuna co ciaoem SiO, (puc. 1.24, a), B KoTOpOIi
BBITPABJIUBAIOT TIPOIOJbHBIE 1 TTonepeunbie kanaBku (puc. 1.24, 6). Tlonyyen-
HyI0 (UTYPHYIO MOBEPXHOCTH (B BH/E MIAXMATHOW JIOCKM) CHOBA OKHCJISIOT,
co3maBas M30TANNOHHEIN cJI0H Anokcuaa kpemnns (puc. 1.24, ¢). Ha ator
CJION ATIUTAKCUATBHO HAPAIIUBAIOT CJIOH KPEMHUsI COOCTBEHHON MPOBOMMOCTH
(puc. 1.24, 2), a Bepxuuii cioil KpeMHUS n-Tuta conumdoBbiBaioT. [Tomyuentbre
TakuM 00pazoM ocTpoBKU (puc. 1.24, d) HageKHO U30JIUPOBAHBI APYT OT APyTra
(UTYPHBIM CJI0€M UATEKTPUKA U EMKOCTb MEKIY HUMH CyTIECTBEHHO MEHBIIIE,
yeM B npenbiayiem ciaydyae. Oxnako takas texuosorus UMC cioxhee u cTo-
MMOCTb UX U3TOTOBJIEHUS BBIIIIE.

6 0

Puc. 1.24. I3roToBiieHne OCTPOBKOB
M0 SMUTAKCUATBHO-IUIAHAPHOM T€XHOJIOTUH

B 110J1y4eHHBIX TeM W HHBIM CITIOCOG0M OCTPOBKAX (hOPMUPYIOT KaK aKTUB-
Hble, TaK U [1aCCUBHbBIE 3JIeMEHTBI MeTOIoM UM IY3MOHHON TEXHOJIOTUU NN
ANMUTAKCUAIBHBIM HapallMBaHUEM.
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1.6.2. Komnonents: UMC

Tpauaucropst UMC nosyuaior nocjenoBateibHON nuddysueit 1oH0p-
HBIX U aKIEeNTOPHBIX TPUMeceil B OCTPOBKH, CO3ZIAHHBIE TeM WJIM WHBIM CIIOCO-
6om (puc. 1.25, a). XapakTepHbIM JIJISI HUX SBJISETCSA PACIOJIOKEHIE BHIBOJOB
B OJIHOI ILZIOCKOCTH.

K b 2 b 91 92353 K
PIIIY. IS WIS SIS, WIS, I WY, VAN P VY.
- B Ln])n )
2192393 K
N-OCTPOBOK
HO[LJIO)KKa p-Tuiia HOI[]IO)KKa p-TUlla B
a 6 6

Puc. 1.25. TpaH3uCTOPBI HHTETPATIBHBIX CXEM:
a — OWIONISIPHBII TPAH3UCTOP; 6 — MHOTOIMHUTTEPHBII TPAHSUCTOP; 6 — YCJIOBHOE
0003HaYCHIE MHOTOOMUTTEPHOTO TPAHSHCTOPA

[l ocytecTBIeHNS JOTUIECKUX OINEPAINii CO3[aHbI MHOZ0IMUMMEPHLE
mpanzucmoput (puc. 1.25, 6, 8), IprMeHeHNe KOTOPBIX OCHOBAHO HAa UX CBOWCTBE
0CTaBaThCsT OTKPHITBIMU, €CJIN XOTsSI ObI K OJIHOMY M3 OMUTTEPOB MPUTIOKEHO
OTHOCHUTEJILHO Oa3bl MPSIMOE HAMPsiKeHMe. 3alpanue TPAH3UCTOPOB TIPOUCXO-
JIAT TOT/IA, KOT/Ia Ha BCE HMUTTEPDI MOJAAHbI 0OpaTHbIE HATIPSIKEHMS.

Hapsiay ¢ 6unonstpusivu 8 UMC mupoko npumensiior nosiesbie M/TT-
TpaHsucTopbl, ocobeHHo MOTI-TpaH3uCTOPDI ¢ WHAYIIMPOBAHHBIM KaHAJIOM.
B ocHOBe WX M3TOTOBJIEHUS, TaK K€ KaK ¥ OUIIOJSAPHBIX, JEKUT MJIaHAPHAS
TexHoJsiorHs. Tak, Tpu U3TOTOBJIEHUN OCTPOBKOB TI0 TJIaHAPHO-AU(M(HY3U0H-
HOW TEXHOJIOTUM TIOJY4YAeTCs MpaKTUYecKu rotosas 3arotoBka mas MOTI-
Tpan3ucropa. Kakaprii u3 n1Byx coceiHuX ocTpoBKOB (cM. puc. 1.23) moxker
OBbITH CTOKOM MJI HCTOKOM 9TOTO TpaHaucTopa. [10aToMy it X H3roTOBJICHUS
TpebyeTrcst MeHbIIee TI0 CPABHEHUIO C ATTUTAKCHATbHO-TIIAHAPHON TEXHOJIOTHE
KOJTMYECTBO OTIePaIinil.

Huoapt UMC crernuajibHO He M3rOTAaBJIMBAIOT, & B KAYECTBE UX UCIOJb-
3YIOT TPAH3UCTOPBI, BKIIOYaeMble 110 0/HOH 13 cxeM (puc. 1.26) B 3aBUCUMOCTH
oT TpeGOBAHUT, TIPEBSBIAEMbIX K JTHOLY.

2 0
Puc. 1.26. BapuaHTbl BbINOJTHEHUS TMO/I0B HA OCHOBE TPAaH3UCTOPA
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Tax, na puc. 1.26, a, 6 B KauecTBe AUO/a UCIIOAB3YETCS p-n-Tiepexo] baza—
aMuTTep. Mo OTKPHIT IPU YKa3aHHON Ha PUCYHKE TOJSIPHOCTHU TIPUJIOKEH-
HOTO HAINPSKEHUS W 3aKPBIBAETCS TP MTPOTUBOTIOIOKHON MOIIpHOCTU. MO7I5I,
BBITIOJTHEHHBIE B COOTBETCTBUY ¢ prc. 1.26, a, 6, 06ecnednBaioT BEICOKOE ObICTPO-
JIefiCTBYE, HO MaJIbIil TOK. J[MO/IbI, BBITIOJTHEHHbBIE B COOTBETCTBUY ¢ puc. 1.26, 6,
UCTIONB3YIOT JIBa Mapajiie/IbHbIX pP-n-TePexoja U, COOTBETCTBEHHO, OOMBIIUIT
TOK, HO MeHbliee OpicTpozeiictsue. Juonpl, B coorsercTBun ¢ puc. 1.26, 2, 0,
UMEIOT HauboJIbllee JOMyCTUMOe 06paTHOe HaNPsIKeHKe, TT0A00H0 TOMY, KakK
B GUIOJISIPHBIX TPAH3UCTOPAX HAMOOJIbINEE HATPSIKEHIE MOKET OBITh MPUJIO-
JKEHO K repexoiy 6aza—KoJIeKTOop.

Pesucropst UMC nonyuaiot nuddysueit mpuMeceii B OTBeIeHHbBIE [T HUX
OCTPOBKH OJIHOBPEMEHHO C CO3/[aHUeM IMUTTEPHBIX 1 Ga30BbIX 06JIacTEl TpaH-
3UCTOPOB. B 1potiecce amutrepHoit [uddysnn co3aroTcs pe3sucTopbl ¢ OTHOCH-
TEJBHO HUBKUM CONPOTHUBJIEHHEM (TaK Kak B OMUTTEPHOIN 00J1acTH KOHIIEHTpa-
s HOCHUTEJIeH BeJnKa), a B mpoitecce 6a30Boit 1udGysut — ¢ OTHOCUTETIHHO
BBICOKUM COIIPOTHBJIEHUEM, TIOTOMY 4TO B Ga30BOIl 06JacTH KOHIIEHTPALIUSI
HOCHUTEJIell 3HAUUTEJbHO MeHbIle. 3JHaueHus AU(@y3nOHHBIX PE3UCTOPOB
ot 10 Om 1o 50 kOm.

Ha puc. 1.27 uzobpasxen pe3uctop, c(hOpMUPOBAHHBIN B mpoiiecce 6azoBoii
nuddysun.

Koungencaropst UMC, Tax ske Kak 1 IMO/Ibl, CIIENINATIBHO HE U3TOTABJINUBAIOT.
Jlotst ux (hopMHUpOBaHUS, TaK Ke KakK 1 B BapUKAIaX, UCIOJAb3yeTCst GapbepHast
€MKOCTb p-n-TIepeX0/I0B, KOTOPbie (POPMUPYIOTCS B OCTPOBKAX OJJHOBPEMEHHO
¢ ¢hbopMHUpPOBaHNEM TPaH3UCTOPOB. Bo3MokHBI TP BapuanTa (opMUpOBaHUS
KoHeHcaTopoB. HaubobIinyio yaeabHyio eMKOCTh KOHIEHCATOpa 06eCienBaeT
UCTIOJIb30BaHMe Tepexoaa aMuTrep—06asza (mopsaka 1500 nd /mMm?), ogHAKO
ATOT P-n-Tepexo]] 00IaaeT HAMMEHBIITUM CPEIH BCeX MPOOUBHBIM HAIIPSIKe-
HIeM (eZINHUITBI BOTBT). Vcmomb30BaHme Tepexofia KOJTeKTop—06asa mo3BoJIsIeT
MOJIYYUTh KOHIEHCATOP, y/IeJbHast eMKOCTh KOTOPOTO B 5—6 pa3 MeHblIile, YeM
y KOHJIeHcaTopa Ha OCHOBE Hepexoia 6aza—aMUTTEP, a TPOOUBHOE HATIPSIKEHUE
MIPUMEPHO BO CTOJIBKO ke pa3 boJibiie. [Tocieanuii BapruaHT BBITOJHEHUS KOH-
JICHCATOPa 3aKJII0YAeTCA B UCIIOJIb30BaHUU GapbepHON eMKOCTH, 06pasyeMoil
MEK/Ly MO/IJIOKKON KPUCTAJIa U KOJIJIEKTOPOM TPaH3UCTOPA.

Nn-0CTPOBOK

P-1OIJIOKKaA

Puc. 1.27. Peaucrop IMC
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[TockombKy GapbepHasi eMKOCTh 06pa3yercst TOJIBKO Y 3amepToro p-n-
mepexo/a, HATPSUKeHe, TPUIOKEHHOe K 0OKIaKaM KOHIEHCATOPa, TOJIKHO
OBITh 3AMMPAIOIINM, T.€. OOPATHBIM IS P-N-TIEPEX0/Ia, EMKOCTBIO KOTOPOTO OH
obpaszoBaH.

Kopnyca mukpocxem. /[y 3amIUTHI OT BO3/EHCTBUS BHENTHUX (PAaKTOPOB
U MEXaHUYECKUX MOBPEKAECHII BCe MUKPOCXEMBI ITOMEIIAIOT B 3aIIUTHBIN KOP-
myc. UM C pa3zmernaioTcs, Kak TPpaBuIio, B MOHOJUTHBIX Kopirycax ¢ 14 um 16 BbI-
Bozamu. IIpocTeiimmii 1 caMblil JieleBblil KOPITyC — riactMaccoBbiit. OHaKko
BBU/Iy HEIOCTATOYHOTO TEIIOOTBO/A B HEM MOKHO PA3MEIIATh JIUIIb CXEMbI
HEBBICOKOII CTelleH! MHTerpaluy ¢ paccenBaeMoii MOIHOCTbIO 10 200 MBT.

MuKpocxeMbl €O CpeJHell 1 BBICOKOU CTENeHbIO MHTerpaluu u3-3a 00Jib-
IIOTO YMCJIA AKTUBHBIX JIEMEHTOB PACCEMBAIOT OOJIBINYI0 MOITHOCTD. JlJist 1x
pasMeIieHust HeoOXOAUMBI KOPITyca, 00eCIeYrBaOIne XOPOIUIHA TEILIIO0TBO/
U 3alUIIaIoNIie X oT rmeperpena. [loaToMy a1t MUKPOCXeM CpeHell U BBICO-
KO CTelleH! MHTErPalliy NCIIOIb3YIOT KePaMUYeCKUH 1 MeTaJlJIOKepaMUYecKnii
kopryca. Eciu Heo6xoamumo 6oJiee MHTEHCUBHOE OXJIAKAECHUE, MOTYT MCIIOJb-
30BaThCs paauaropsl. [lmata ¢ pasMeleHHbIMI Ha HEll KOPITyCaMi MIUKPOCXeM
MOJKeT Takske 00/yBaThCsl BEHTUJIATOPOM, PACIIONOKEHHBIM BHYTPHU KOPITyca
9JIEKTPOHHOTO YCTPOIiCTBa.

IMockoabky BUC/CBUC 3naunrenpuo caoxuee MUC u CUC, mng ux
PaboThI TPEOYIOTCST rOPaso GOJIBIIEE YMCIIO BBIBOAOB 1 00JIEE CIOKHBIE KOPITyCa.
Taxk, 16-paspsanbiii Mukpornporeccop Intel 8086 pasmerascs B 40-KOHTaKTHOM
KOpITyce, a YMCJI0 KOHTAKTOB y MUKpoIipolieccopa Pentium 4 cocrtaBiisiyio yke
480. Iy BBIBOMIA DJIEKTPUYECKUX CUTHATIOB B Kopmycax coBpeMeHHBIXx CBIIC
HCIIOJIB3YIOT CIelUaJbHbIe MAPUKOBbIE BHIBOIBI, PACIIOJOKEHHbIE TIO TIepUMe-
TPY KOpIlyca B HECKOJIbKO PsiioB. KomuecTBO KOHTAKTOB B TAaKUX KOPILyCax
HAXOJIUTCS B MpeJiesiaX OT HECKOJbKUX COT JI0 JABYX Thicstu u Gosiee. [lpuuem
HOBbIE MOAN(DUKAINN TIPOIECCOPOB Pa3pabaThIBAIOTCS O/ CEPUITHO BBIIY-
ckaembie Kopiyca. C pOCTOM BbIUUCTUTENBbHONU MOIIHOCTU IIPOIIECCOPOB BO3-
HUKaeT HeOOXOAMMOCTh B Pa3padOTKe HOBBIX KOPIIYCOB U COKETOB ¢ BCe GOJIb-
UM KOJINYECTBOM KOHTAKTOB. Tak, HAPUMep, [IJIsi CEPBEPHBIX MPOIECCOPOB
Ha ocHOBe MuUKpoapxutekTypbl Skylake ¢ 28 mporeccopubiMu siipamu pazpabo-
tan coket PO ¢ 3467 xontakramu.

Cospemennnie CBHC paccenBaioT HaCTOABKO GOMBIIYIO MOIHOCTH, 4TO
JUTST X OXJIAKIIEHWST UCIIOJIB3YIOTCSI CIIEIINATbHbIE OXJIAXKIAIONNE CHCTEMBI —
KYJIEPBI, COJlePKAIle BEHTHUIISTOP, PAJANATOP C TETJIOHOCUTENIEM U CUCTEMY
PeryJIupoBaHus.

KoHTponbHbIe BONPOCHI U 3afjaHus

1. Yro Takoe aJleKTPOHHAS U ABIPOYHAS TIPOBOANMOCTB?

2. Kakum 06pa3oM T0JIydaioT MOJTyTTPOBOJHUKN p- U N-THIIOB?

3. 3acuer yero B p-n-nepexoie 06pasyeTcs MOTeHINATbHBII 6apbep?

4. YTO MIPOMCXONT B p-N-MEPEXO/IE PH MPHUIOKEHIN K HEMY TIPSIMOTO 1 0OPaTHOTO
HaTIpsKeHUI?

5. Kakne nocuresnn o6pasyioT mpsiMoit TOK Yepes MO U Kakie o6patHbiii? O6bsic-
HUTE, TIOUEeMY.
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TTosicHUTE PA3HUILY MEK/LY SJEKTPHUECKUM TIPOOOEM 1 TETLTTOBBIM.
OGbsicHUTE TPUHIKT PAOOTHI CTAOMIHTPOHA.
KoHrakT kaknux Matepuaios obpasyer auos [lortkn?
Kaxune nocuresnn popMupyior Tok B TpaH3UCTOPE p-n-p-TUTA U KAKKUE B TPAH3U-
crope n-p-n-tuna? OObsicHUTE, TOUEMY.

10. Yro yeusmsaer cxema ¢ 061eit 6a30ii: Tok i Hanpsikenne? OObsICHITE, TOYEMY.

11. O6bsichuTe, MOYEMy cxeMa ¢ O0IINM AMUTTEPOM YCUIIUBAET ¥ TOK, 1 HATIPSIKEHNUE.

12. B kaKkoM cjiydyae B cxeMe ¢ OOIIMM HMUTTEPOM HACTYIIAET PEXKUM HACHIIIEHNSI,
U B KAKOM — OTCEYKH?

13. TTouemy cxemy ¢ OOIIUM KOJIEKTOPOM HA3bIBAIOT SMUTTEPHBIM TOBTOPUTEIEM?

14. Tlouemy y 1OJIEBBIX TPAH3UCTOPOB BBICOKOE BXOIHOE COITPOTUBJICHUE?

15. Tlouemy y TpaH3uCTOpa € MHYIIMPOBAHHBIM KAHAJIOM YIIPABJISTIONIEE HATIPSIKEHNE
OITHOTIOJISIPHOE, & C BCTPOCHHBIM KaHAJIOM — KaK MOJI0KUTEJbHOE, TAK M OTPUIIATETbHOE?

16. HazoBuTe 1 yCTAHOBUTE COOTBETCTBHE MEKLY CXEMAMU BKJIIOYEHMST GUTTOJISIPHBIX
tpanzuctopoB OB, O3 1 OK u cxemamy BKJIIIOYEHUS MTOJIEBBIX TPAH3UCTOPOB.

17. B ueM 3aK/1104a10TCst 0COOEHHOCTH PacyeTa PeKUMOB PabOThI MOJIEBBIX TPAH3UCTO-
POB 110 CPABHEHWIO ¢ OUITOJISIPHBIMU?

18. YeM 00bSICHUTD JIAaBUHOOOPa3HOE HapacTaHKe TOKA Yepe3 TUPUCTOP?

19. YeMm AUHUCTOP OTIAMYAETCS OT TUPUCTOPA?

20. B ueM cocTouT 0COGEHHOCTH CUMUCTOPA?

21. Kakoii BUJi TPAaH3UCTOPOB UCIOJIB3YETCsI B OUITOJISIPHBIX HHTErPAIbHBIX MUKPO-
CXeMax ISl PeasTu3aliu JOTHKU ?

22. Kakue 13 10JI€BbIX TPAH3UCTOPOB INUPE BCETO MPUMEHSIOTCS B MHTEIPATbHBIX
MHUKpOCXeMax?

23. Kak B uHTeTrpasbHbIX MUKPOCXEMaX MOJTYYatoT ANOJIbI, PESUCTOPbI M KOHJIEHCATOPHI?
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naBa 2
AHAJIOIOBAAl CXEMOTEXHUKA

B pesysibTaTe M3y4eHus rIaBbl 2 CTYICHT JOJIKEH:

3Hamo

* OCHOBHbBIE BUIbl yCUJIUTe el 1 (hyHKIMOHAIBHBIX 1peobpasoBaTeeil;

* OCHOBHBIE CXEMbI BKJIFOUCHUSI ONIEPALIMOHHBIX YCHIIUTEIEH;

* HasHAYeHHUE YCHJIUTENbHO-TIPE0OPA30BATENbHBIX YCTPOICTB B 3JIEKTPOHHOI TEXHHKE;

* OCHOBHbIE TUITBI BTOPUYHBIX HCTOYHUKOB ITUTAHUS;

ymems

* BBIGUPATH HEOOXOAMMYIO CXEMY YCUIMTENBHOTO KACKA/IA B 3aBUCUMOCTHU OT TpeGo-
BaHUii K IPUHIMIUATHOMN SJIEKTPHYECKON CXEME;

* CHHTE3MPOBATh CXEMbl BKJIOUEHHsI ONEPAIlMOHHBIX YCUIUTEIeH B 3aBUCHMOCTI
ot TpeGOBaHmii K yCTPOICTBY;

enademv

* METOAMKON pacuera yCHJIUTENIbHO-IPe0bPa3oBaTeNbHbIX YCTPOUCTB HA OCHOBE
OIIEPAIOHHbIX yeuIuTenelt;

* METOJMKON Pacuera BBIPSIMUTENbHbIX YCTPOHCTB.

2.1. Yeunutenu

2.1.1. YcuimTtesu U HX MECTO B 3JIEKTPOHHBIX YCTPOICTBax

[ToJryIpOBOIHUKOBBIEC 2JEKTPOHHBIE YCTPOUCTBA JIEJATCS HA JBa OOJIBIINX
KJlacca: aHaJoToBBIE M U(POBLIe (IUCKpPeTHBIE). B ocHOBe Kiaccudukanmm
JIESKUT BO3MOKHOCTh U3MEHEHMSI B YCTPOUCTBE 3JIEKTPUUECKOTO CUTHAJIA, HECY-
mero nHdopmanuio. Ecin nHGOpMaIMOHHBIN CUTHAT U3MEHSIETCS HETIPEPLIBHO
U MOKET IPUHUMATH TPOM3BOJIbHBIE 3HAYEHIS B IITUPOKOM [UAIIa30HE, YCTPOL-
CTBO SBJISICTCS AHAJIOTOBBIM, €CJIN K€ CUTHAJ U3MEHSIETCS TUCKPETHO U MOKET
MPUHUMATH TOJBKO ABa (PUKCUPOBAHHBIX 3HAYEHUS], COOTBETCTBYIOIINE [BYM
1nudpaM IBOUYHON CUCTEMbI CIYUCTEHUS — HYJIO W €/IMHUIIE, TO YCTPOUCTBO
OTHOCHUTCSI K 1U(DPOBBIM, UJIN JUCKPETHBIM. B aHaIOrOBhIX yCTPOICTBAaX cam
AJIEKTPHYECKUI CUTHAT U €T0 apaMeTphl — YPOBEHb, yacToTa 1 (asa aJeKTpu-
4ecKoro Kosiebanust — HecyT uH(hopMaIuio o huzudeckoi sesmynne. B iudpo-
BBIX YCTPOHCTBaX WH(MOPMAIUS O BeJIMYUHE 3aKOIUPOBaHA IU(PPOBBIM KOIOM,
COCTOSIIIIUM U3 MHOKECTBA JIBOMYHBIX PA3PSIIOB, KAK/IBINH M3 KOTOPBIX MOKET
MPUHUMATD TOJBKO OJHO M3 IBYX (PUKCUPOBAHHBIX 3HAUEHUIT, KOTOPBIM COOT-
BETCTBYIOT /[Ba YPOBHS HANPSKEHUsT (OOBIYHO OHU 00ECIIEYNBAIOTCS OTKPBITHIM
760 3aKPBITHIM COCTOSTHHEM TPAH3MCTOPA, PAOOTAIOIIETO B KIIOUEBOM PEKIIME).

Nudopmainio o pa3anuHbiX GU3NIECKUX BeTUUMHAX U KOHTPOJIMPYEMBIX
IpoTleccax TMOIyYaloT ¢ TOMOIIBIO TATYMKOB, HA3bIBAEMBIX TaK:Ke M3MEPUTENb-
HBIMU [TPe0GpasoBaTesIMU. ITH YCTPORCTBA OCYIECTBISIOT TpeoOpasoBaHue
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n3MepsAeMOll BeJMYUHBI B MPOMOPIUOHAIBHBIN €l 3JIeKTPUYECKUI CUTHAJL.
OueHb 4acTO HTU CUTHAJBI HEOOIbINNE, U3MEPSIEMbIE THICSTYHBIMU JOJISIMU
BoJibT. [Tocse mepenauun 1Mo 2JIeKTPUYECKUM, PAJMOYACTOTHBIM WJIU ONTUYE-
CKHM KaHajlaM CBSI3M CUTHAJIbI IPUXOJAT CUIILHO OCJAA0ICHHBIME, U s HOP-
MaJIbHOI paboThl IPUEMHUKOB MH(MOPMAIIUU ¢ 9TUMU CUTHATAMK TpeOyeTcs X
npeaBapuTesbHoe yeuienne. Takske HEBEJUK YPOBEHD 9JIEKTPUYECKUX CUTHA-
JIOB, CYUTBIBAEMBIX ¢ HOCHUTeNe NH(MOPMAIUY BO BCEBO3MOKHBIX MAarHUTHBIX
U ONITUYECKUX 3aIIOMUHAIOIINX yeTpoiicTBax. Takum 06pasoM, A/ HOPMaJIbHON
PabOoThl Pa3IMYHbIX DJIEKTPOHHBIX YCTPOMCTB U CUCTEM HEOOXOANMO YCHIeHne
cabbIX CUTHAJIOB. ITO OTHOCUTCS He TOJHKO K YMCTO aHAJIOTOBBIM YCTPOii-
CTBaM, HO U K 1U(POBBIM, TaK KaK IMePBUYHBIM UH(MOPMAIIMOHHBIM CUTHAJIOM
BCE PABHO OCTAETCS MAaJIOMOIIHBIN 3JIEKTPUYECKUN CUTHAJ, KOTOPBIH /T0JKEH
6bITh yensieH. [10aToMy yeuauTe i SBJISOTCS OJJHUMU U3 OCHOBHBIX Y3JI0B Pa3-
JIMYHOM ammmapaTypbl B YCTPONCTBAX aBTOMATUKH, BBIYUCIAUTENBHON U UHGOP-
MaIMOHHO-U3MEPUTEIbHON TEXHUKH.

Yceunurens — 5T0 yCTPOINCTBO, yBEJANYNBaAIOllee MHTEHCUBHOCTD BXOJHOTO
CUTHAJIA, UCTIOJIb3Y$ HEPrUio0 UCTOYHMKA MUTAaHK. B 3aBUcHUMOCTHA OT Ha3Ha-
YeHUs PA3INIAIOT YCUIUTETN HAPSIKEHUS U MOIITHOCTH, YCUIUTETN CUTHAJA
TIePEeMEeHHOTO W MOCTOSTHHOTO TOKA, YCUJIUTENH, TIpe/IHa3HAuYeHHbIe [IJIs1 yCuJie-
HUS CUTHAJIOB B PA3HbIX /[MANa30HaX 4acToT.

B aHaJI0roBBIX 9JEKTPOHHBIX YCTPOMCTBAX YCUIIMTEIM He TOJIbKO obectie-
YUBAIOT MPOCTOE YCUJIEHWE BXOMHOTO cuTHajMa. Ha MX 0OCHOBe BBITOTHSAIOTCS
caMble pazHooOpasHble yCTPOoHcTBA (HYHKIIMOHATBHONW 06pabOTKM CUTHAJIOB,
a TakyKe Pa3JnyHble reHePaToOPhl AJIEKTPUIECKUX CUTHATIOB.

2.1.2. OcHOBHbI€e TapaMeTpPbl YCHIUTEeei

OCHOBHBIMU TTapaMeTpaMU YCUJIUTETeH SIBIAAI0TCS KOA(D(DUITMEHTHI yCHTe-
Hud 1o Hanpsxkennio Ky, no Toky Kj, o momnoct Kp, a TaksKe ero BX0OJHOe
U BBIXOJIHOE COTPOTUBJIEHM. J[JIsT OIEHKN BJWSHUSA BXOIHOTO W BBIXOIHOTO
COMPOTUBJIEHUN YCUIUTENSI PACCMOTPUM KBUBAJIEHTHYIO CXEMY YCHJIUTEJIS,
K BXOJHOM 1€MW KOTOPOTO TOAKII0OYEH UCTOUYHNK CUTHAJA, a K BHIXOJAHONH —
narpyska (puc. 2.1).

Wcrounnk curnana Beipabarsisaet I/[C E,, 1 nMeeT BHyTPEHHEE COMTPOTHB-
serne R, [lockombky yenanTesab nMeeT BXOAHOE COTPOTUBIeHNE R, , BO BXOA-
HOM IIeIIN TeYeT TOK

E

BX

I, =—%2—
BX ’

RBH + RBX

KOTOPBIH CO3/1aeT Ha BXOJIe YCUJIUTEJIS CUTHAI

RBX

UBX = IBXRBX = EBX ﬁ

OTcrofa BUIHO, YTO YeM GOJIbIIE BXOAHOE COMPOTHBJICHUE YCUIUTENS, TEM
6smke snavenrie JJIC uCTOUHMKA CUTHAIA K HANIPSKEHUIO, (haKTUIeCKH pu-
JIO)KEHHOMY K BXoaly ycuuutess. Ilo aToii mpuunHe BXOJHOE COIIPOTUBIIEHUE
YCUIUTETST CTAPAIOTCST CIETATH 10 BOBMOKHOCTH OOJIBITIM, JIJIST 9€TO BO BXOJI-
HBIX KacKa/laX yCUJInTes el 4acTo IIPUMEHSIIOT 110JIeBble TPAH3UCTOPBI.
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Puc. 2.1. DxBuBajleHTHAsI cCXeMa yCHJINTEs

Ha Bpixoze ycumurens cosnaer curnan By = U, Ky, noctynaomunii B Ha-
rpysKy. IloCKOJIbKY yCHINTENIb UMEET BBIXOJHOE COIPOTHBJIECHHUE, TO TOK

B HArpy3Ke paBeH

E

I - BBIX
"R tR,
BBIX
Takum 06pa3oM, (haKTHUECKOe BBIXOAHOE HATPSLIKEHUE Ha HArpy3Ke Oyzer
OTJINYATHCS OT BBIXOIHOTO HATIPSIKEHUST YCUJIUTENST U COCTABUT

R

H

BbIX *
RBI)IX + ]{H

YeM MeHbIIE BBIXO[HOE COMPOTHUBIIEHIE YCUIUTEsA, TeM Goubiie ero KIT/T
U MOIIHOCTB, OTAaBaeMas Harpyske. [loaToMy Ha BBIXO/E yCUIUTENEH cTpe-
MSITCSI ICTIOJIB30BATh KACKA/bl, 00eCIIeYnBaIONIe MUHIMATBHO BO3MOXKHOE
BBIXOJIHOE COMPOTHBJICHIIE.

ITpumep 2.1

Paccunrars koabdunnenTsr ocabieHnst BXOJHOTO U BBIXOAHOTO CHUTHAJIOB YCHJIN-
TeJis, ecIM BHyTpeHHee CONPOTHBIIEHIEe ncToynnka curHana Ry, = 100 Owm, conpoTusie-
Hue Harpy3ku R, = 8 Owm, BxogHOe conpoTuienne ycumurens R, = 10 kOw, BoIxogHOE
comporusienne R, =1 Owm.

Pewenue. Koabdurment ocabemnist BXOAHOTO CUTHAIA OLPEJIENISIETCsT KaK PA3HOCTD
mexay E, n paktnaeckum curnanom U, oTHecenHas K E,

U,=I,R,=E

E,.-u, mEng RBXR R 100
Ky =5 — CREL P E 100% =0,99%.
E,. E,. R,,+R,, 100+10000
Anasornaso onpezessiercs: KoahuimeHT ocaabIeHust BBIXOHOTO CHIHAJIA:
KOB]]X = EBB[X - U][ = RBb]X = 1 100% = 1 1%.
’ EBBIX RBE[X + RH 1 + 8

YacToTHbBIE CBOWCTBA YCUIUTEEH OTIPENENSET UX AMNIUMYIHO-UACTHOTHASL
Xapaxkmepucmuxa, T.e. 3aBUCUMOCTb KOa(hbUIneHTa yCUIeHus: OT YaCTOThI CUT-
HaJa.

[To pmamaszoHy 4acTOT yCHUJIMBAEMbBIX CUTHAJIOB PA3JIHYAIOT CJELYIONINe
KJIACCBhI YCHUJTUTEICH:
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*  YCUJIMTENN HU3KON YaCTOTBI — OT JIECSITKOB TePIL 10 JAECSITKOB KUJIOTEPII,

*  YCUJIUTEIU MOCTOSIHHOTO TOKAa, KOTOPBIE 110 CYIIECTBY SIBJISIIOTCS YCU-
JINTENISIMA MEJIJICHHO MEHSIOIUXCS] CUTHAJIOB C IMANA30HOM OT HYJISI /IO COTEH
KHJIOTEPIT;

* uzbuparesbHble, UK MOJOCOBbIE, YCUAUTENN, KOTOPbIE YCUIMBAIOT CHUT-
HaJl B OYEHb Y3KOM J[MAIla30He YacTOT;

* [IMPOKOIIOJIOCHBIE (MMITYJIbCHBIE) YCUIUTENH C IMANA30HOM OT HECKOJTb-
KHX KUJIOTEPIL JI0 HECKOJIbKUX Merarepil.

[l yBenudenust koadduimenta ycuaeHus UCIoJab3yI0T MHOTOKACKA/[HbIE
CX€EMbI, B KOTOPBIX BBIXOHOW CUTHAJ MIPEIBIAYIIETO KACKAA CIYKUT BXOIHBIM
CHUTHAJIOM ISt Tioceytorero. O6muii KoahGUIMEHT YCUIEHUST MHOTOKACKa/I-
HOTO YCUJIUTEJISI PABEH MPOU3BeeHNI0 KOI(DDUIIMEHTOB YCUIEHHS BCEX €ro
KaCKaJIoB.

AMIUTITYTHO-9ACTOTHYIO XapaKTEePUCTHKY YCHJIUTEJS PACCMOTPHUM Ha MPH-
Mepe YCUJIUTeNsT HU3KOH 4acToTel (puc. 2.2). VgeanbHas XapaKTepUCTHKA
JIOJIKHA MMETh OJIMHAKOBBIN KO2((MUIMEHT yCUJIEHUSI BO BCEM JiMaria3oHe
pabounx yacToT. PeabHast ke XapaKTEPUCTHKA UMEET «3aBajibl» Ha YacTOTaX,
6JIMBKUX K TPAHUIAM HAlla30Ha PabOYUX YaCTOT, U «BCIIECKU» B CEPEAUHe
JIaITa3oHa.

K A Upeanpuas xapakTepucTuka

i L

Puc. 2.2. AMIIMTY IHO-4aCTOTHASI XapaKTePHCTHKA yCHINTEJS

Cumxkenne K Ha HU3MINX 9aCTOTaX OODBICHSIETCS BO3PACTAHUEM €MKOCT-
HOTO COIPOTHUBJIEHUS pasfeJnuTeNbHbIX Konjgencatopos X, =1 / oC no mepe
CHIDKEHNS YacTOTHI CHUTHATA W, CIeI0BATEILHO, BO3PACTAHIEM ITOTEPH HATIPSI-
JKeHUs Ha HUX.

Cumkenne K, Ha BBICIIUX YaCTOTaX OODBSICHSIETCS BIAUSHUEM MapasuTHBIX
eMKoCTell KoJieKTop—6asa, KOJJIEKTOP—IMUTTEP U Haza—aMUTTED, a TaKKe
Mapa3uTHBIX eMKOCTeH, KOTOpble BO3HMKAIOT NPH MOHTa)XKe. JTH eMKOCTH
Ha BBICOKMX YaCTOTAaX IIPUBOJISIT K 3aKOPAYMBAHUIO TPAH3UCTOPOB U CHUIKEHUIO
yCUIIeHns curHata. Bemmeckn koadduiimenTa yCuIenns BEI3BaHbI Pe30HAHC-
HBIMU SIBJICHUSIMU B YCUJIUTEIE.

Huskwedt f,- n BepxHell f,-TPaHUYHBIMU YACTOTAMMU, OTPEAESTIONUMN
[I0JIOCY YACTOT YCUJIUTEJIs, CAUTAIOT YACTOTHI, IIPU KOTOPBIX KOADMUIIMEHT yCu-
Jierns cHmkaetcs o 0,7 ero sHaYeHNS Ha CPEAHNX JaCTOTaX.

BaskHBIM TIOKa3aTeieM KauecTBa YCUJIUTENS SBJSIETCS €r0 CIOCOOHOCTh
COXpaHATh GOPMY KPUBOI YCHINBAEMOTO CUTHAJA, N3MEHSIEMYIO 32 CUET Helu-
HeuHvlx uckaxcenuti. Ha puc. 2.3 B KauecTBe IpuMepa 1MOKa3aHo, KaK MCKaKa-
etcst hopma Toka 6asbl I, T.e. BXOAHOTO TOKA TPAH3MCTOPA, B cxemax ¢ O
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10 CPaBHEHWIO C CHHYCOMIATBbHOM popMoil Hanpskenus U, 3a cueT HeJTmHeH-
HOI BXOJHOHM XapaKTepUCTUKU TpaH3ucTOpa. MakcuMaibHOe 3HaUYEeHHUE TOKA
B TIOJIOKUTEIbHBII mostynepuoa I7,,. GoJblie, 4eM B OTPUIATEIBHBIN MOJIY-
nepuox I, . B pesyibTare HelnHEHHBIX NCKaXEHUI BBIXOJHOE HAIIPSKEHUE
CONIEP’KUT, KPOME OCHOBHOM, ellle W BBICIINE TAPMOHUYECKUE COCTABJISIONIUE.
CTelneHb MCKaKEHWS CUTHANIA YCHJIMTEJEM OIleHUBaeTCsl K0ahD UIIIEeHTOM
HEJMHENHBIX NCKaKeHNH. [IJIsT YMEHBIEHNsT MCKaKEHIH BayKHO, YTOOBI yCH-
JTesb paboTan Ha JIMHEHHOM yJ4acTKe BXOAHOM XapaKTEPUCTUKK U OCTABAJICS

Ha TOPU3OHTAJIbHBIX YYaCTKaX BbIXO/IHbBIX XapPaKTEPUCTUK TPAH3UCTOPOB.

Iy Is A

max

1"
/

O T e S

o
]
~Y

BX

t

Puc. 2.3. Bo3HukHOBeHHE HeJIHHEHHbIX HCKaKeHHit

2.2. Kackapabl ycunuteneit HU3Koil 4acToTbl

2.2.1. Kackaipl Ha OMIOJISIPHBIX TPAH3UCTOPAX

B ycunutensax Ha GUIOISIPHBIX TPAH3UCTOPAX MCIOIB3YIOT, KaK MPABHUIIO,
CXeMy BKJIIOYEHUS ¢ OOIUM HMHUTTEPOM, 06ECIeYrBaIONLYIO YCUIEHe KaK
0 HATIPSTKEHUIO, TaK U 110 TOKY (puc. 2.4). B cxeme pesuctops! Rj 1 Rf, BKJTIO-
YeHHbIE MEJKILY KOPILYCOM U TOUKOH +Ey, 00pasyIoT HeJUTelib s HAIIPSIKEHUST
MUTaHWSI, KOTOPoe (DUKCUPYET PERUM pabOThl TPAH3UCTOPA — €T0 PaboUyio
Touky p’ (puc. 2.5). Tox I, Texyumii uepes Rf, oJ:KeH co3aBath IaeHue
HATIPSTKEHUsI, COOTBETCTBYIONIEE HATPSIKEHNIO MEXIY 6a30i U IMUTTEPOM

tpansucropa Ugg,, M09TOMY

UBBp
I ’

I

R/l -

’”

rae I, — Tok nenurens, 00pa3oBaHHOTO pe3nuctopamu Rf; i RE.
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Puc. 2.4. Y cunutenbHbIil KacKaj ¢ 0OUMM SMATTEPOM

Yepes conporusienue Rf Teuer Tok Iy, paBHblii cymMe ToKa I, U TOKa, TEKy-
1ero B 6asy TPAH3UCTOPA, TOATOMY

,=EK_U53p
P L+,

Tox pemurens soibupaior I, = (2..5)I,. Yem Gonbie I, Tem crabusbiee
paboraer Kackaj, TaKk Kak M3MEeHEHHs TOKOB KoJuiekTopa [ u amurrepa I,
a 3HauuT, U TOKa 6asbl Iy = I — I He NPUBEIYT K 3HAYUTEIBHOMY U3MEHECHHIO
HaIpsKeHNs Ha Ry

Upy =+ I5)Rg.

Takum ob6pasom, nanpsikenue Ugy, U3MEHUTCS HezHauuTe b0, B TO xKe
BpeMsl He cJie[lyeT BBIOMPATh TOK JEJUTENsI CJAUIIKOM GOJIBIINM, TIOTOMY YTO
ato camkaeT KII/I kackama n3-3a moTepb SHEPTUH B JICIUTEIE.

Honycrum cnavana, uto Uy, = 0. Ilon neiictBuem Hanpsikerus Ugy, yepes
OTKDBITBIiT p-n-Tiepexo/i sMUTTep—6aza NPOTEKAET MOCTOAHHDIH TOK 6asbl [,
Paspenurenphpiii koHneHcarop C He IaeT BO3MOKHOCTH IOCTOSTHHOMY TOKY
MPOTEKATDh Yepe3 NCTOYHNK BXOHOTO CHUTHAJA.

TpaH3uCcTOp OTKPHIT U HAXOAUTCS B aKTHBHOU ob6iactu. Ero cocrosnue
OIIpeJle/IUT TOUKA p llepecedyenrs] Harpy304HON IPSIMOM, IIPOBeAEeHHON yepe3
touku Ex u Ex / Ry, oTcexaembie Ha OcsX (CM. puc. 2.5), ¢ XapaKTepUCTUKOi,
COOTBETCTBYIOLElT TOKY [, IIOCTOSTHHBII KOJIEKTOPHBIH TOK [g,,, COOTBETCTBY-
IO TOUKe p, ONIPeIeIUT UCXOHOe HAPSKeHNEe MEXKYy SMUTTEPOM U KOJI-
JekTopoM Uy, Tak kak uepes pasieantesnbublii Kougencatop Cpy HOCTOSAHHOE
HalpsiKeHMe He MIPOXOJUT, BbIxoHoe Hanpsikenue Uy, = 0. PaccMoTpenHoe
COCTOSTHVIE CXEMBI HA3BIBAIOT PEHCUMOM PAOOMbL 110 NOCMOSIHHOMY TOKY.

ITyctn Temepnb Ha BXOZ CXeMBI TIOCTyIaeT CUTHAT B BUJIe CHHYCOUAAIBLHOTO
HANPSKEHUS ¢ aMIuATy 08 Uy, . DTOT CUTHAJ y3Ke MPOHeT Yyepes pas/ienn-
TeJbHBIN KOH/IEHCATOP ¥ BBI30BET U3MeHEeHHe yIpaBJsioniero Hanpskenus Upy.
[Tox ero meficTBHEM TIPOM3OI/IET H3MEHEH e TOKOB (Ga3bl, SMUTTEPA W KOJIIEK-
topa. V3amenenue Toka 6a3bl OIeHUM TI0 BXOAHON Xapakrepuctuke g = f(Ugs)
U OTIPEZIETTUM aMILTUTY/THbIE 3HAYEHUS TOKA +1g . U~y ECTU OB BXOJ-
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Has XapaKTepucThKa Obla JHHEHHOH, To M3MeHeHHsT ToKa 6a3bl Kak B GOJIb-
IIYIO, TAK U B MEHBIIYIO CTOPOHY ObLiin Obl OIMHAKOBBI, HO U3-3a HeJUHEHHOCTH
XapaKTEePUCTUKY aMIIUTYa +1g, . Goubiire, uem — I, ... [T0CKOJIbKY BBIXOIHBIE
xapakrepucTuku Iy = f(Uys) CTPOSIT 7T Pa3HBIX TOKOB 0a3bl, IO HUM MOKHO
OTIPEICTUTH TOKU KOJIIEKTOPA, COOTBETCTBYIOIIHE ToKaM +1g, . 11 — 15, ... VI3me-
HEHUSI TOKA KOJIIEKTOPA OTHOCUTENBHO cpeirero nadenust I, o (I, + Iimay)
10 (Igy = Igmax) MPUBEAYT K KOJIe0aHMSIM HAIPSDKEHHST HA COIPOTUBJIEHUH Ry
H, CITEeIOBATENHHO, HA KOJLTEKTOPE TPAHIMCTOPA. ITH KOTEOAHUS JIETKO OTIEHNUTh
C TOMOIIBI0 HATPY30YHON mpsmoii. JleficTBuTebHO, pabouass Touka p OyaeT
[epeMelaThbes 10 HArpy304HOH 1IPSAMON MEXK/ly TOUKAMU IIepecedyeHmsl aTOn
MPSIMON ¢ BBIXOAHBIMH XapaKTePUCTHKAMHU, COOTBETCTBYIONIMMHU TOKaM (asbl
(Isp * Tgmax) 1 (Ig, — Ipmay)- Taxkum o6pazom, kosebanus BXOJHOTO CUTHAA
NPUBEJTH K MTPOTIOPIIHOHAIBHBIM KOJTEGAHNSM HATIPSKEHHST KOJJIEKTOP—3MHUT-
tep Ugy ¢ aMmmntyoit Ugynax = Timax Rk Hepes konpencarop Cpy a1 KOJIE-
GaHUs MOCTYIAIOT HA BBIXOJ YCUJINUTEsI. BBIXOAHOI CUTHAT, TaKUM 00pasoM,
paBen

U, = UKSmax = IKmaxRK'

BbIX —

I, MA I, MA
Ex/R
/ +1 Bmax K/ K
IBp +IBmax +IKmax
0,5 B p , 10 I bp
IEp P IBp 7IBmax \/
02Ff 5 -
I Kmax
0 1 -1 Bmax 0 Y
Uo,1 203 Uro, B 5 10 15 Ey  Ugy B
bap \l
k)( U U, K9p UKamax = UBLIxmaX
BX.Max /
t t

Pyc. 2.5. Bausinue noJozkenusi paboueii TOUKU p HA paOOTy YCHIUTEISt

ITOT PEKUM HA3BIBAIOT PEKIMOM PabOTBI 110 NEPEMEHHOMY TOKY.

W3 mpuBeIeHHBIX Ha XapaKTEePUCTUKAX MOCTPOeHUH BUAHO, 9TO Uy oo =
= 0,1 B, Uy max = 5 B 1, 3HaUUT, K09bOUIMEHT YCHIEHUS 110 HAIPSIKEHUIO
TaKOTO KacKazia

k=1,

BbIX.Mmax

/ st.max = 5/0a1 =50.

Caenyer oOpaTuTh BHUMAHUE, YTO MOJOKUTEILHOMY TIOJTYTIEPHOLY BXOJI-
HOro HanpsukeHust (Korza Ugg,t Upy mayx) COOTBETCTBYET OTPHUIATE/IbHBLI MTOJTY-
11€PHOJL BBIXOAHOTO HANPsiKeHUst (T.e. Uy, — Upyy may)- VIHAUE TOBOPSL, MeKLY
BXOJIHBIM W BBIXOJIHBIM HAIPSIKEHUSMU CYIIECTBYeT cBUT (a3, paBubrii 180°.
Jlst nostyueHust HauMEeHbIIMX UCKAKEHNH yCHIMBAEMOT0 CUTHaIa pabouyro
TOYKY p CJIeTyeT pacioiaraTh Ha CepeIiHe JNHEITHOTO y9acTKa BXOIHOW Xapak-

TEPUCTUKHU.
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2.2.2. OTrpunarejibHas 00paTHas CBSA3b B YCUIUTEIAX

Tpansucropsl, Gyayun MOJYNPOBOJHUKOBBIMU MPUOOPAMU, UMEIOT JiBa
cyliecTBeHHBIX HepocTaTka. [lepBoiil cBg3aH ¢ yKe OTMEUeHHON TMPUHITUITH-
AJIbHO HEJIMHENHOH 3aBUCUMOCTBIO TOKA KOJIJIEKTOPA OT YIIPABJISIONIETO HAIIPS -
skeHust. BTopoil HelocTaToOK 3aKJII04aeTcst B TOM, YTO XapaKTEPUCTUKKI TPAH3H-
CTOpa CUJIBHO 3aBUCAT OT TeMIePaTypbl. B 4acTHOCTH, C POCTOM TeMIIepaTyphl
BO3pacTaeT HEYNPaBJIsAeMblil TOK KOJIJIEKTOPA [y, CBSA3aHHbIH ¢ reneparieii map
«dJIEKTPOH—/IBIPKa» (OH YBEJTUYMBAETCS B /[BA Pa3a TIPU MOBBINIEHIH TeMITEPa-
Typsl Ha Kaskpie 10°C). B 3aBucuMocT OT TemMrepaTypbl n3MeHsieTcst Koaddu-
IIUEHT TIepe/Iaui TOKa TPAH3UCTOpa B. ITO IPUBOAKT K YXOAY paboueil TOUKM p
OT CBOETO TEPBOHAYATHLHOTO TIOJIOKEHMSI, U3MEHEHUIO Ko duImenTa ycue-
HUS ¥ OIIAThH JKe K HEJIMHEHHBIM NCKAKEHUSIM BBIXOJHOTO HATIPSIKEHUS.

CyliecTBeHHOE CHUKEHNEe HEeJIMHEIHBIX MCKaKeHUiT 0becieyrBaeT UCIoJIb-
30BaHMe B YCUJIUTENSAX OMPUUAMENvHOl 00pamuoi c6ssu. IIpu aTOM 4acTh
BBIXOJIHOTO CUTHAJIA TIOJIAETCS OOPATHO HA BXOJI, C TEM Y4TOOBI TPOTHBOACHCTBO-
BaTh BXOMHOMY CUTHAIY. BeiiesicTBe 9TOro, eCTeCTBEHHO, YMEHBITAeTCs YCH-
serne. OHAKO ¢ TIOMOIIBIO OTPHUIATETHHON 0OPATHO CBA3M MOKHO JIOOUTHCS,
4TOOBI YCHJIEHUE TIPAKTHYECKH HE 3aBHCENIO OT HEJMHEHHOW MepenaTouHoil
XapaKTEePUCTUKU TPAH3UCTOPA U B OCHOBHOM OTIPE/ETSIOCH COOTHOIIEHNEM
OMUYECKUX COMPOTUBJIEHUIA.

Cxewma, TpuBejieHHast Ha prc. 2.6, UCTIONb3yeT OTPUIATENbHYIO 00PaTHYIO
cBs13b 10 TOKy. OHa obecrieunBaeT KOMIIEHCAIMIO HEJTMHEHHBIX UCKAKEHWIT
" TepMocTabuIn3aInio paboueil TOUKH. IJIEMEHTOM, 00ECIIeUnBAIONIM 9Ty
CBS3D, ABJFETCS PE3NCTOP B AMUTTEPHOH 1lenn R4. IlycTh yBesmueHme Koiek-
TOPHOTO TOKA BBI3BAHO yBeJndeHNeM HanpsokeHus Upy. ITo IpUBe/eT K yBen-
YEeHUIO TaJleHns HanpsikeHns Ha Ry. [TockosbKy aTO HalpssKeHHre MPUI0KEHO
K O9MUTTEPY TPAH3UCTOPA, €T0 POCT MPUBOIUT K YMEHBITEHUIO HATIPSIKEHUS
Mesky 6a30ii U AMUTTEPOM TPAH3UCTOPA U MPOTUBOIENUCTBYET, TAKMM 0Opa-
3oM, yenstenuio. CireioBaTesibHO, BBeJieHne pesnuctopa Ry obeciiednBaer oTpu-
narenpiyio o6patayio cBsizb (OOC). IlockonbKy OHa BbI3BAHA MPOTEKAHUEM
AMUTTEPHOTO TOKA, ee Ha3bIBaloT 1ocJesoBatesibHoil OOC 110 TOKy.

¢ O+ Ey

”
Rg

Puc. 2.6. CxeMa ¢ oTpUIIaTEIbHON 0OPATHOI CBA3BIO M0 TOKY
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[Tpr6smkeHHO MOXKHO CYUTAT, YTO TIPUpAIIEHNe HAPSDKEHNS Ha RY paBHO
HPUPAIIEHUIO HATIPSIKEHUsT Ha Ry (¢M. paboTy SMUTTEPHOrO OBTOPUTEJIS ):

AURg = AURa'

B cBssu ¢ TE€M, YTO Ye€epe3 RK IIPOTEKAET IPpaKTHU4YE€CKU TOT K€ TOK, 4TO
nygepes RS? TO 1 U3MEHEHNE MaJeHUA HAIPAKEHUA AURK Ha COITPOTHUBJICHUN RK

Gynet GoJIbliie, YeM COOTBETCTBYIOIIEE u3Menenre AU R, Ha CONPOTHBIIEHNN Ry
B Ry / Ry pas. CienoBaresbHO, KO3(DPUIMEHT yCHIIEHUS 110 HAIIPSIKEHUIO
cxempl ¢ OOC npubMIIKEHHO ONPEeLEeNsaeTCs KaKk
- AURK Ry

Ky = :
VAU Ry

Kaxk Bumnm, koabduiinenT ycuaenus yxe He 3aBUCUT OT TapaMeTPOB TPaH-
3HCTOPA, a OTIPe/esIIeTCs TOABKO COOTHOIIEHIEM OMIYECKNX COMPOTHBIEHNH
Ry u R,

[TosoxMM Terepb, 4TO yBeIMYeHNE TOKA KOJIJIEKTOPA BBI3BAHO MOBBITICHIEM
Temieparypbl. [I0CKOJIbKY MOTeHIMaN Ha 6a3e TPAH3MCTOPA IPU HTOM He n3Me-
Hsercs, npupanienye AUp  TIPHBELET K YMEHBIICHHIO YIPABJIAIONIETO HATIPSi-
skernst Ugy U CHIDKEHHIO TOKA GA3BI, & CJIeI0BATETbHO, U TOKA KoJmeKTopa. Tok
KOJITIEKTOPA, TAKUM 00Pa3oM, CTaGUIH3HPYETCSI.

Jlns oTBOZIA OT pe3ucTopa Ry mepeMeHHOl cOCTaBIAIONe TOKa IMUTTEPA
I, BRJIIOYAIOT HIYHTHPYIONHH KoHAeHcaTOp Co I0CTATOYHO OOJIBIION eMKOCTH
(mecsitku Mukpodapai), conporusienue Kotoporo X = 1/2nfCy nnst nepemer-
HOTO TOKa COCTABJISIET HEOOJBIITYO BETHMINHY.

ITpumep 2.2

Paccumtath Kackaj ¢ OGIIIM SMUTTEPOM € OTPHUIIATETHFHON 0GPATHOI CBSI3BIO TIO TOKY
JUISL TPAH3UCTOPA, XapPaKTEPUCTUKU KOTOPOTO TIpejiCTaBiIenbl Ha puc. 2.5. Hampsikenue
Eyx =20 B, pesxiM paboThI 10 MOCTOSTHHOMY TOKY oTipefiesier Toukoil p. Koaddurment
nepepaun 6a30Boro Toka tpansucropa 3 = 50.

Pewenue. B cOOTBETCTBUY € TIOJIOKEHNEM PabOYMil TOUKH p TaJeHIe HAPSIKEHUS
Ha tpansucrope Uyy,= 10 B, Tok I, = 10 MA. IIpumem koadpunment ycnnenns no vanpsi-
sKeHuo cxeMbl k = 10.

Onpezie/iMM BeJIMYUHDL COIPOTUBJICHIN Pe3ucTopoB Ry 1 Ry. CyMMapHOe COIIPOTHB-
JIeHUE Pe3UCcTOPoB Ry + Ry = (Ex — Uxy)) / Ix,= (20 - 10) / 0,01 = 1000 Om. [{ns1 obecrie-
aenust koaddunuenra k = 10 ornomenue Ry / Ry = 10. Pemus cucremy AByX ypaBHeHuil

Ry + Ry =1000
LT
R:‘)

nosyduM Ry =909 Om, Ry =91 Owm. C yuetoMm psijia IPEANOUTHTEIbHBIX HOMUHATIOB Pe3H-
cropoB E24 (cM. mpuiioskenne 3) HOMUHAIbBL Pe3UCTOPOB Ry 1 Ry coctaBat Ry =910 Owm,
Ry=910m.

Omnpenenum Hanpspkenust Us u Ug. [lajgenne nanpsixkenust Ha R, cocTaBuT

Uy=1Ix, Ry=0,01-91=091B.
TTo BXOIHOIT XapaKTEPUCTHUKE OIPEIesIsieM HAlpsizKeHne B paboueil Touke p:

Ugsp=0.2 B.



Torpa nanpsixenne Ug = Uy + Upy, = 091 +0,2=1,11 B.

Omnpezenum BeJIMYNHBI CONPOTUBIEHUIT nenuTens Ry, RE ncxons us koadduimenta
nepenaun 6azosoro Toka. Tak kak 3 = 50, Tok I, = I, /= 0,01 /50 =0,0002 A. [Tpumem
ToK emurens 1, = 51 Bp= 5-0,0002 =0,001 A. Yrobsr obecreunts Hanpsikerne Ug=1,11 B,

U _ 111 =1110Om.

BEJINUMHA CONPOTUBJIEHUS Rf =—2=
I, 0,001

B coorsetctBun ¢ pagom E24 nomunan Rg = 1,1 kKOM 1 nazienne HalpsixkeHUs: Ha HeM
cocrasut 1,1 B. Ilpu nanpsokenun nntanus E= 20 B na pesucrope Rf; 10/5KHO T1aaTh
nanpsokere Up, = Ex —Upy =20-1,1=18,9B.

Tok uepes pesucrop R IRi; =1, +15=0,001+0,0002=0,0012 A. Taxum 0b6pasom,
UR,’; 189
Ip, 0,0012

BeJIMUMHA CONPOTUBJIeHUs Ry coctaBut R = =15750 Om. B coorBercTBHI

¢ psazom E24 nomunan Rf = 16 kOm.

2.2.3. Y cunutebHbIE KaCKa/bl Ha MOJIEBBIX TPAH3UCTOPAX

W3 Tpex BO3BMOXKHBIX CXEM BKJIIOUEHHUSI TIOJEBBIX TPAH3UCTOPOB (€ 06MIMM
3aTBOPOM, OOIIMM MCTOKOM M OOIIMM CTOKOM) HanboJiee pactpoCTPaHeHbl yCu-
JIUTETHHBIE KACKAbl ¢ OOTUMM MCTOKOM (prc. 2.7), KOTOPBIE SBJSIOTCS aHa-
JIOTOM KacCKaJ0B € OOIUM dMUTTEPOM. Pe3ucTop R Urpaet poJib Harpy3Ku
TPaH3MCTOPA, pas/ie/nTeNbHble KOHAeHCATOPbl Cpy 1 Cpy BBINOMHAIOT (hyHKIMH,
He OTJIMYalonecs ot UX (GyHKIMIT B Kackagax Ha OUIIONSPHBIX TPAH3UCTOPAX.

+ EC ) ¢ O +EC
RC
C
c T "
pl ° )
|
TR/
Ui

Puc. 2.7. Cxembl YCUWINTEJIbHBIX KaCKaJl0B Ha IOJIEBBIX TPAH3UCTOPaAX:
a — Ha TPaH3UCTOpE C p-1n-3aTBOPOM; 6 — Ha TpaH3UCTOPE C UHAYHMUPOBAHHBIM KaHAJIOM

BxoaHoe HanpsskeHue B yCHINTEIbHBIX KacKaJaxX Ha I0JIeBbIX TPAH3UCTO-
pax ¢ p-n-3aTBOPOM (CM. puc. 2.7, @) MPUKIATBIBAETCS MEKIY 3aTBOPOM U UCTO-
KOM, @ Ha TPaH3UCTOPaX € U30JMPOBAHHBIM 3aTBOPOM (CM. puc. 2.7, 6) — MEKLY
3aTBOPOM U TIOJITIOJKKOIT, KOTOPast 0OBIYHO COEIMHSIETCSI ¢ UCTOKOM (HJIH CO CTO-
KOM). BXO/iHOI TOK [171sT TPAaH3UCTOPOB € P-n-3aTBOPOM He peBbitaer 10-8 A
a I TPAH3WCTOPOB C M30JMPOBAHHBIM 3aTBOPOM HA HECKOJBKO MOPSIIKOB
MeHblIe. Y KacKa/[0B Ha TPAH3UCTOPaX C p-n-3aTBOPOM BXO/IHOE COIPOTUBIIE-
HME Ha HU3KUX YaCcTOTaX COCTABJIAET JECATKU MeraoM, a y Kackajnos Ha M/[II-
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(MOII-) rpansucropax gocturaer 1012..1015 Om. OxHako ¢ MOBBINIEHEEM
YaCTOTBHI BXOJHOE COMPOTUBJIEHUE CYIIECTBEHHO YMEHbIIAETCS U3-3a IPOTEKA-
HUS TOKOB TT€Pe3apsIKN TapasuTHBIX eMKOCTel 3aTBOP—WCTOK U 3aTBOP—CTOK.

[Mogavya cunyconasIbHOrO BXOJHOTO CUTHAJIA U3MEHSIET T10 TADMOHUYECKOMY
3aKOHY 3HAUY€HHe TOKa CTOKA I COIVIACHO CTOKO3aTBOPHBIM XapaKTePUCTUKAM
Tpan3ucTopos (cMm. puc. 1.15, 0 u 1.17, 2) oTHOCUTEIBHO UCXOAHON TOUKK (110100~
HOII TouKkaMm p” u p Ha puc. 2.5). lI3aMeHeHus Na/IleHus HAIPSDKEHUs OT ToKa I
Ha pe3ucrope Ri BO MHOTO pas npeBocxomst Harnpsiukenust U, Ilepemennas
COCTABJIAIONIAs HTOTO Na/IeHNst HALPSUKEHMs! Yepes KoHeHcatop Cpy MoCcTyrnaer
HA BBIXOJ[ KACKa/a, KaK M B KacKaJie Ha OGUIIOJISIPHBIX TPAH3UCTOPAX.

YTo ke KacaeTcsl CMEMIEHHUsT, OTIPEAEIISIONIEr0 MOJOKEHNE UCXOAHOM pabo-
4ell TOUKHM, TO B KACKA/aX HA MOJEBBIX TPAH3UCTOPAX MMEIOTCS CBOM OCOOEHHO-
CTH B OTJIMYHE OT GUIIOMSIPHBIX. Y TPAH3UCTOPOB C P-N-3aTBOPOM U C BCTPOEH-
HBIM KaHAJIOM CMEIIEHIEe MOKET ObITh 0GECTIeUeHO 3a CUET MaJeHNs HAPSAKEHNST
Ha COIIPOTUBJIEHUN B 1IN NCTOKA Ry; OT HAYAJIBLHOTO TOKA I (), IPOTEKAIOIIET0
nase ripu Ugy = 0. st nofiaum noteHnmaia cMeriennsi, OTMEYeHHOTO 3HAKOM
«MHUHYC» y peaucropa Ry, K 3aTBOpPY Z0CTATOYHO MOJKJIOYUTH Pe3UCcTOp Ry
(cMm. puc. 2.7, a). Tak Kak TOK 3aTBOpa Yy MOJEBBIX TPAH3UCTOPOB HUUTOKHO
MaJl, T1a/ieHIe HAIPSDKeHUsT OT 3TOTO TOKA Ha Pe3ncTope R; IMPakTUYeCKN PaBHO
HYJIIO (JIasKe eCJIU ero COIMPOTUBJIEHUE COCTABIISIET AECSTKA METAOM ), U MOYKHO
CUUTaTh, 4TO cMenienue Usy = IRy

Y HOJIEBBIX TPAH3UCTOPOB € UHYIUPOBAHHBIM KAHATIOM OOECIEYUTh CMeTIe-
HIE PACCMOTPEHHBIM CIIOCOOOM HeJb3sl, ToToMY 4TO 1pH Usy = 0 OHU 3a11epTsl.
[Toaromy B Kackamax Ha MOJIEBBIX TPAH3UCTOPAX C WHAYITUPOBAHHBIMU KaHA-
JIAaMU HAIIPSKEHUE CMEIICHUS HA 3aTBOP IO/IACTCS C [ICTUTEIS HANPSIKCHIS
Ha pesucTopax Rj u R, mogo6HO TOMY, KaK 9TO BBIIOIHIIOT B KACKaax ¢ OuIo-
JISPHBIMU TPAH3UCTOPAMH.

Temmeparypbie n3MEHEHUsT TOKA CTOKA (2 3HAYUT, ¥ CMEIIEHNST) B TIOJIEBBIX
TPAH3MCTOPAX BO MHOTO Pa3 MEHbIIE H3MEHEHUH KOJUIEKTOPHOTO TOKA Yy GHIIO-
JIIPHBIX TPaH3UCTOPOB. [ToaTOMy 0bectieuerue Tpebyemoii TemMiepaTypHOi cTa-
OGUIILHOCTH He BBI3BIBAET TPYIHOCTEIL.

2.2.4. MuddepennuanbHblii Kacka

B 2/1eKTPOHHOI TeXHUKE 4acTO TPEOYIOTCS YCUIUTENN CUTHAJIOB, CKOPOCTh
M3MeHEeHHUsT KOTOPhIX OYeHb HU3Ka, HAPUMEP € JATYNKOB MEJJIEHHO U3MEHs-
IOMIMXCS CUTHAJIOB, TAKMX KakK TepMonapa. Takue ycuianTeau Ha3blBalOT yCU-
JIUTEJIIMU TIOCTOSTHHOTO ToKa. Hanbosiee pactpocTparenHoil cxemoii, Ha Gase
KOTOPOIl OHM CO3/AI0TCsI, SIBJISIETCS dupdepenyuanvioiil kackao (puc. 2.8, a).

B nuddepennuanpioil cxeme aBa BXOJa, /Ba BBIXOJA U JBA UCTOYHUKA
nutanus. [Ipeanonoxum, yTo mapaMeTpsl JeBOrO U IIPABOTO T1JIeY CXeMbl O/I1-
HaKOBHI. [10I0KUTEABHDIH TTOTEHI[NAM UCTOYHNKA Tanus E ., moctymnaio-
Uit yepes KOPIyC W e BXOAHBIX CUTHATIOB Ha Gasbl 000MX TPaH3UCTOPOB,
OTKpPbIBAET UX B PaBHOI cTenenu. PaGoure Touku p Ha puc. 2.8, 6 TpaH3UCTOPOB
VT1 u VT2 coBnanaiot. [loaToMy 11pu OTCYTCTBUU BXOJTHBIX CUTHAJIOB IO, /1€~
CTBHEM MCTOUHMKA TUTaHus Ey 110 pe3uctopaM Ry u R, IPOTEKAOT 0lNHAKOBBIE
KoJutekTopHble Toku Iy = Iy = Iy, Tak kak Ry = Ry, TO 9TH TOKH CO3JAI0T Ha HUX
OJIMHAKOBBIE IMajleHUsI HAIIPSKEHNUs], a 3HAUNUT, OTEHIMAJbI TOYeK a u b oau-
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HaKoBBlL. Ecii Harpy304HOE CONPOTUBIICHUE BKIIOUUTD MEXKIY TOYKAMU a 1 b,
TO BBIXO/[HOE HAIPSDKEHIE Ha HEM PaBHO HyJI0. Tak MOKHO BBIIOJIHUTH TPeGo-
BaHM yCUJIUTEJNEH TOCTOSTHHOTO TOKa O paBeHCTBe Hyso Uy, TIPH OTCYTCTBUH
curnana U,,. Takoe cocTosiHue cXeMbl Ha3bIBAIOT PENCUMOM NOKOS.

Ly Iy

Ii‘ ¢12 i

If------- /
2,/

IK,; i
~ i

<1I !
Li---Yf |t

6

Puc. 2.8. Inddepennuanbublii ycuimTeapHblil kKackaza (a)
U lepe/IaTOYHAs IUHAMUYECKAS XapPaKTEPUCTHKA TPAH3UCTOPOB ()

Ecsm perie6pedn 6a30BBIMU TOKAMH, TO TIO PE3UCTOPY R5 MpOTEKaeT cymma
TokoB I; + I,, co3paromtas Ha HeM Tajienne Hanpsbkenus. Hampsoxenne, 3aaro-
nee UCXoHble pabouyre TOYKU TPAH3UCTOPOB, OYIET OIPEeAEIATLCS PasHO-
cTblo E., 1 Hanpsikenus Ha Ry

CM
UBSp =E

CM

= (I, + I))Rs.

Takoe BrIIOUeHUE Ry CO3MAET TIOCAEIOBATENBHYIO OTPUIIATENBHYIO 0OpAT-
HYIO CBSI3b 110 TOKY, CTaOUIM3UPYsT MCXOAHbIE PaboUure TOYKH TPAH3UCTOPOB.
Jlio6bie 0OMHOBPEMEHHbIC U3MEHEHNs, HAIIPUMED, yBeindenue ToKoB [ u I,
BO3HUKAIOIIKE TI0/] [eiCTBUEM N3MEHEHUI HATPSIKEHUsT HICTOUHUKA TTUTAHUS,
TeMIeparypbl U T.JI., BI30BYT yBeJIUYEHHe [a/IeHUs HAlIPSKEHUs Ha Rs u, cite-
JIOBATEJbHO, Takoe yMeHblieHue Uyy, KOTOPOE CTPEMUTCS! BePHYTh (CHU3UTD)
KOJITTEKTOPHBIE TOKH K HICXOAHOMY 3HAUEHUTO, T.€. CTaOMIM3MPOBATh UX CyMMap-
HOe 3HaUeHHeE!

I, + I, = const.

Takum xe obpasom auddepeHIuanbHblil KacKa pearupyer Ha cungasivle
CuzHan U nomexy, T.e. BXOAHbIE CUTHAJIBI, KOTOPBIE OMHOBPeMeHHO (6e3 caBura
daz) u ogunakoBo (U, = U,yy) HelicTBYIOT Ha 062 BXOJIa, CTPEMSICh OTHOBpe-
MeHHO nsMeHUTh I; u [,. O6paTHast CBS3b T€M BBIIE, YeM OGOJIbIIEe Rs.

CogepIrreHHO TO-NHOMY pearupyet auddepeHnnaabHbIi KacKaj, ecIu CHT-
HaJbl Ha BXOZAX KacKama npomusogasuvie (naupumep, Uy = +U,, a Uy =
= —U,,). B arom cayuae (cMm. puc. 2.8, 6) Tox I; Bozpactet Ha Al, a I, ymenn-
muTes Ha Al, HO UX cyMMa OCTaHeTCsI Hen3MEeHHO.
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[TosTomy obpaTHast CBSI3b HE CTPEMUTCSI YMEHBITUTH U3MEHEHUS] TOKOB
U KakK[oe miedo Begetr cebs Kak oObranas cxema O, T.e. MOTEHIUAN TOYKH d
u Uy, noHusstes, a norennuali Touku b u Uy, noBbicsTes. Kackan pearu-
pyeT TOJbKO Ha pasHocms BXOAHBIX CUTHAJIOB, MOYeMy U Ha3biBacTcs aubde-
PEHIINATHHBIM.

Paccmotpum eme oguH ciydait, kKoraa Hamnpstkenue U, fefiCTBYeT TOIBKO
Ha OWH 13 BX0710B, Hanpumep U, > 0, a U,y = 0. B niepBbrit MoMeHT TOK [
BO3pacTaeT, TOMyCcTuM, Ha +Al a I, ocTaeTcs HeM3MEHHBIM, IIPH 9TOM BO3Pac-
TeT u cymma TokoB ([; + Al) + [,, HO BCTyNMUBIIast B JelicTBIE 06GpaTHAs CBSI3b
IIPUBEZIET K TOMY, UTO TOK IIEPBOTO TPAH3UCTOPA CTaHeT PaBHLIM [; + Al /2, a Tox
Broporo: I, — Al/2. V1 B 3TOM ciiy4ae TOTEHIINA TOYKU @ TTOHU3UTCS, & TOYKH b
MOBBICUTCS, HO naMenenust Uy, OYIyT B 2 paza MeHbIIE, YeM B MPEIBIYIIIEM
ciydae.

OOGBIYHO YCUIUTETN TOCTOSTHHOTO TOKA MMEIOT HECKOIBKO KACKAOB, IPITIEM
mddepeHInaTbHbI KacKal SBJSETCS MEPBBIM U Y HETO NCIOTIb3YETCs TOIBKO
OJINH BLIXOA. EcaM IpUHATH, 4YTO UCTIOIB3YeTCS BBIXOA 2, TO MoAavYa MOIO0XKH-
TEJBHOTO CHTHAJTA Ha BXO/ 1 MPUBOAUT K YBEJNYCHHUIO BBIXOJHOTO CUTHAJA,
a Toffaya TMOJIOXUTEIBHOTO CUTHAIA HA BXOA 2 — K yMeHbIIenumo. [loatomy
BXO/ 1 Ha3bIBAIOT MPSMBIM, WU HEUHBEPMUPYIOUUM, & BXOI 2 — OOPATHBIM,
UITH UHBEPMUPYIOULUM.

2.3. BbixofHble Kackafbl ycunurenen

2.3.1. Pesxnmpl paGOThI BBIXOHBIX KACKAI0OB yCHINTENEH

BoixopHoil kackaj npeaHazHauyeH JJIS OTAa4d 3aJ[aHHOW MOIIHOCTHU
B HArpy3Ky, COIPOTUBJIEHNE KOTOPOI TOXKe 3a/1aH0. Tak KaKk MOITHOCTH TIOCTY-
MaeT OT MCTOYHUKA TTUTAaHUs YCUJIUTEJST Yepe3 BBIXOAHOM Kackaj, ero KIT/I xos-
sKeH ObITb BBICOKUM, MHAYE YCTPOHUCTBO OyAeT HEOKOHOMUYHBIM, a TabapUTHbIE
pasmepsl (TIOBEPXHOCTDh OXJIAKIEHYSI) PA3LyTHIMU [IJIsI OTBO/A BBIIEJISIONIEINCST
B KackKajie TeTIoThl. Ecin y BXOAHBIX KACKa0B HETUHENHOCTh TPAH3UCTOPA
He OKa3bIBaeT BJUSHUS BBHUY MAJOCTU YCUJTUBAEMBIX CUTHAJIOB, TO Y BBIXOJI-
HBIX KaCKa/J 0B AMANa30H U3MEHEHUS CUrHajJa OOJbIIONH, U HeJUHeHHOCTD
TpaH3UuCcTOpa HEOOXOAUMO YUUTHIBATE, C 9TOHU IEJBI0 CTPOSAT TAK HA3BIBAEMYIO
HepeaTouHyIo XapakTepucTuKy. Ilepedamounas xapaxmepucmuka — amo 3a6u-
CUMOCTND 8bIX00H020 MOKA KacKada (MoKa KOJAEKMOPA Ul IMUMMEPA) om 6x00-
H020 Hanpscenus. B Hell yIUTHIBAIOTCS HEJMHEHHOCTDh BXOJHOW U BBIXOTHOM
XapaKTEPUCTUK TPAH3UCTOPA U U3MEHEHUs HATIPSKEHUSI, TTaJ[al0IIero Ha CaMOM
TPAH3UCTOPE B 3aBUCIMOCTH OT BBIXOJTHOTO TOKA.

Ha cemeiicTBe cTaTMYECKUX BBIXOAHBIX XaPAaKTEPUCTUK TPAH3MCTOPA
(puc. 2.9, a) mo toukam Ey u Ey/R,, OTJI0KEHHBIM Ha OCSX KOOPAMUHAT, IPO-
BOJISIT HATPY30YHYIO MPSIMYIO. TOUKU Mepecedenust aTOi MPSIMOiL ¢ XapaKTepu-
CTHKAMH, COOTBETCTBYIOIINMI Pa3HBIM TOKaM 06a3bt Iy, ..., I ..., I, OTIPEIEISIT
psJl 3HaUeHUI KOJJIEKTOPHOTO ToKa Iy, ..., Iy ..., Ik, Ha BXoanoii xapakrepu-
cruke Tpansucropa (puc. 2.9, 6) HaxomsT psx 3HaveHuit Hanpsukenust Ugsy, ...,
Ugsis -+ Ugsyy KOTOPbIE HEOOXOAMMO HOIATD [JISA OJIYYeHUs] COOTBETCTBYIOIIUX
6asoBbIx ToKOB. Hakomern, mo mapam snasennit Iy; n Ugy; CTPOST IepegaTod-
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HYIO XapaKTEPUCTUKY KaCKa/la, KOTOPpas CBA3bIBa€T BBIXOJTHOM IapaMeTp — TOK
Ha BbIXOJ€ KaCKaJda — C BXOJZHBIM — HaIIPAKECHHUEM CHUTI'HaJIa Ha BXO/E.

[KV (IBhIX)
__________ n
| ) n
i L I "z. 5
! /b
| hap--—2 1
Usan Uss 0 Usyy Ugs
Usi UBan(UBX)
a 6 8

Puc. 2.9. IlocTpoeHue nepeaToyHON XapaKkTePUCTHKH (6)
10 BBIXOHOIH (@) U BXOHOI () XapaKTepuCTUKAM

Bo3MOKHbBI pasiuyHble BAPUAHTHI BBIGOpA pabodyero ydacTka aTod Xapakre-
pucTrkyn. PaccMoTpum ux mogpobHee.

Pescum A — 5TO pexyM, IPU KOTOPOM HcxonHas pabodas Touka p (Korma
BXOJIHOI CUTHAJI paBeH HYJIIO) paciiojaraeTcs IPUMEpHO Ha cepe/iHe JUHel-
HOTO y4yacTka Xapaktepuctuku (puc. 2.10). B aToM pexxume B COCTOSTHUN TTOKOST
yepes TPAH3UCTOP TeYET CPABHUTETLHO GOJIBIION TTOCTOSHHBII TOK I, a ammuy-
Ty/Ja HepPeMEHHOH cocTaBsAoniell Toxa [y, MEHBIIE NN PaBHA 3TOMY TOKY.
IIpu aTOM (hopMa BBIXOHOTO CUTHAJNIA TIOBTOPSIET (POPMY BXOIHOTO U HEJTMHENH-
sble nckakenuss muauMmababl. Ho KITJ] kackaza cocrasister b 20—30%,
MTOTOMY YTO TOJIE3HAST MOTITHOCTD OTIPEIEIIeTCS TOJMBKO MePeMEeHHON COCTaBJIs-
fomIell BBIXOJHOTO TOKa, a oTpebJisteMast KacKaZioM MOIIHOCTh — CyMMOH repe-
MEHHOI [y, ¥ TIOCTOSIHHOM [, COCTABJISIONINX BBIXO/[HOTO TOKA.

I ix

P

6‘ UBx.max

ot

Uss ot

Puc. 2.10. Pesxum A paGoThl yCHIMTEIBHOTO KacKaaa
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Pesicum B — 3T0 pexRkuM, TIPH KOTOPOM MCXOHAs pabouast TOUKa COBIaIaeT
€ HAYaJIOM KOOPJUHAT, T.€. B COCTOSTHUU MOKOSI BBIXOJHON TOK PaBeH HYJIIO
(puc. 2.11, a).

i
E I Kmax/ \
p i ¢ I
E Usgs wt
UBX.TI]'AX
wt
a
Ik Ik
[~==1"""""7 7
: il
: | hN
A
| \
I / : ydl 5. i
—>i UBC—) wt
o

3

Puc. 2.11. Pesxumbl paGoThI yCHINTEIBHOTO KacKaza:
a — pexxum B; 6 — pexxum AB

ITpu mogade Ha BXOZ CHHYCOM/IATTHHOTO CUTHAJIA TOK B BBIXOHOI IIETIH TTPO-
TEKaeT JIUNIb B TeYeHue MOJOBUHBI 1epruojia 1 umeeT popmy umiyabcon. KIT/]
Kackajia B 3ToM pexknme gocturaetr 60—70%, Tak Kak MOCTOSIHHAST COCTABIIS-
1omas Iy KOJIEKTOPHOTO ToKa (orpejessgeMast 0 3allITPUXOBAHHON IIIOMIAAN
KaK cpejiHee 32 TepPHo/l 3HAUeHNE TOKA) 3HAYNTEILHO MEHBIIE, 9eM B PekiMe A.
Opnnako ¢hopma yCuMBaeMOro CUTHaJA CJIMIITKOM MCKasKeHa.

Pesxcum AB (puc. 2.11, 6) 3anuMaeT TpoMeRyTOUHOE ToM0KeHHe. Takoit
PEKUM I03BOJISIET YMEHbBIIUTh HEJUHEWHbIE UCKAKEHUS IPY TPUMEHEHUU
JIBYXTAKTHBIX BBIXOJIHBIX KaCKaJIOB.
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2.3.2. OmHOTaKTHBIE U IByXTAKTHbIE BBIXO/THbIE KaCKa bl

BbIxo/1HbIe KACKa [l BBITIOJHAIOT OJHOTAKTHBIMU ¥ JIBYXTaKTHBIMU. B 0dno-
MAaKmMHbIX KaCKaAaxX TOJIbKO OJMH MOIIHBINA YCUJIUTEIbHbIH TPAH3UCTOP, KOTO-
PBIif paboTaeT Kak B MOJTOKUTETBHBIN TOTYTIEPUO CHHYCOMNIDI, TAK U B OTPHU-
nareJabHbIN. B deyxmaxmivix kackagax — 1Ba MOIIHBIX TPAH3UCTOPA, KOTOPBIE
paboTaoT 1o 0Yepe/.

OpnoTtakTHBIH Kackaa. CxeMa OHOTAKTHOTO BBIXOJHOTO KacKaja aHaJo-
IMYHa cxXxeMe, n300pakeHHON Ha puc. 2.4. Harpyska BKJIIOYaeTcss BMECTO PE3u-
cropa Ry, a pasaenurensuslit kongencarop Cy orcyrersyer. OQHOTaKTHBIN
Kackajl, paboraonuii B pexkuMe A, obecrieqnBaeT HauMeHbIITe HeJTUHEHHbIE
HCKaKeHUs, Ho 00mafaeT pagoM HeaocTatkos: nuskuMm KII/I; neBo3MoKHO-
CTBIO IPUMEHEHUs B peskiMax B u AB n3-3a 00JIbIINX HEJIMHEHHBIX MCKaKEeHUiT
B 3TUX peskuMax. V3-3a aTUX HEZOCTATKOB OJHOTAKTHbBIC KACKA/(bl TIPUMEHSIOT
TOJIBKO TIPH OTHOCUTEIEHO HEGOJIBIITIX MOIIHOCTSIX HATPY3KH.

JByxTakTHbii kKackaa. OH M03BOJsieT U36aBUTHCS OT HEOCTATKOB, TIPH-
CYIIMX OJHOTAKTHOMY Kackajy. Takue KacKaibl BHIIOJIHSIIOT HA TPAH3UCTOPAX,
BKJIFOUEHHBIX TT0 CXEMaM € OOTITIM SMUTTEPOM HJIH OGIINM KOJITEKTOPOM.

OGBIYHO B TIPEBAPUTEIBHBIX KACKaAaX YCUIUTENEH obectieunBaeTcst Heob-
XOIUMO€E YCHUJIEHUE BXOHOTO CUTHAJIA TI0 HAMPSIKEHMIO, & B BBIXOAHOM KaCKaje
MPOUCXOAUT YCUIIEHHUE IO TOKY, MOITHOCTH U 0OECTIEUNBAETCS] HU3KOE BBIXOIHOE
corpoTuBiieHre. B 9TOM ciydae yacTo B KauecTBE BBIXOJHOTO KACKaJa UCIIOJb-
3YIOT BYXTaKTHBIH dMUTTEPHBIN MOBTOpUTENH (prc. 2.12). Bxoanoi curnasn
IIPOXO/IUT YePe3 Paszie/IMTebHbIE KOHAEHCATOPBI U TIOCTYTAET Ha 6asbl TPaH3U-
cropoB VIl u VI2. 9tu TpaH3UCTOPBI Pa3HBIX TUTIOB TIPOBOAUMOCTH, T.€. VIl —
tuna p-n-p, a VI2 — tuna n-p-n. Tpanzuctop V11 ynpaisercs MOJOKUTETh-
HBIM HampsikeHueM, a V12 — orputiaresabHbiM. [10J0KUTeTBHBIN TOTYTIEPUO]T
CHHYCOUIBI BXOJHOTO CUTHAJIA ycuianBaeTcs Tpansuctopom V711, B ato Bpemsa
TpanaucTop V12 3aKpBIT ¥ TOK B HATPY3KY TEUET TI0 I[eNN «KOPITyC — R, — aIMHUT-
tep VI'1 — xomnexrop VIl — —Ey». B oTpunaTesbHblii MOIyHepros] TPAaH3UCTOPLI
MEHSIIOTCST poJisiMu 1 paboTaet Tpausuctop V12, a VT 3akpoit. Tok B Harpyske
TeveT 1o 1enu «+Ey — xosnexrop VI2 — amutrep VI2 — R, — Kopiyc.
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_T_ 2 + By

Puc. 2.12. [IByXTaKTHBII SMUTTEPHBIII IOBTOPHUTEIH

YT0o6bI 06€CIeunTh MOJOKEH e paboUyell TOYKH TPAH3UCTOPOB, HEOOXO-
JIIMO YCTAHOBHUTD B COCTOSIHUU MOKOSI HAMPSI)KEHMsI CMETeHUsT Ha 0a3ax TpaH-
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3UCTOPOB. /IJIT 3TOTO MCTOIB3YIOTCS TEMOYKHU «pe3nuctop Ry, — auon VD1s
nmsa tpansucropa VIl u «pesuctop Rpy — nuox VD2» nma tpansuctopa VI2.
[Tporekaroruii B HUX TOK 06eceunBaeT HEOOXOINMOE HAMIPSIKEHHE CMEIEHNUST
Ha 6a3a—3IMUTTEPHBIX MEPEXOAX TPAH3UCTOPOB.

Kak BUHO, cXeMy IBYXTAaKTHOTO dMUTTEPHOTO TTOBTOPUTEJS MOKHO Pas-
JIeJIUTh HA JIB€ CUMMETPHUYHbBIE YaCTH — BEPXHIOI0 M HUKHIOW, KOTOPHIE
Ha3BIBAIOTCS TIJIEUYaM¥ KacKajia. TpaH3uCTOPhl B TaHHOM Kackame paboTaioT
B peskimMe AB. X0Tst Kajkjioe 11eqo jaet O0JIbIIoe HCKaKeHre CHHYCOUIATbHOTO
curHasa (TOJIBKO B OJHOM MOJIYTIEPHO/Ie), BMEcTe OHU (POPMUPYIOT Pe3yIbTH-
pyIouuil TOK, UMEONIH CUHYCcOnIaabHyio dopmy. Pexkxm AB B IByXTaKTHOM
HMUTTEPHOM TOBTOPUTENE 0OECeunBaeT HU3KNE HEJUHEHHbIE NCKAKEHUS
u Boicokuii KIT/[ — oxosio 70%. HemocTatkom ABYXTaKTHBIX KACKaOB SIBJISI-
€TCs TO, UTO TTapaMETPhI MOIIHBIX TPAH3MCTOPOB, NCIIOIb3YEMBIX B PAa3HBIX ILJIe-
Yax, 0JUKHBI UMETh OJIM3KHE XapaKTEPUCTUKH.

2.4. OnepawuMoHHbIE YCUUTENN

[To npunuIly geiicTBUs omepauuoHubiil yeuauteab (OVY) cxomgen ¢ 00bIu-
HbeIM. Kak 1 0ObIYHbIil yCHanTe b, OH MPEJHAZHAYCH [T YCUJICHUST HAIPsKe-
HUST WA MOIITHOCTH BXOAHOTO curHasma. OHAKO CBONCTBA M MapaMeTpbl 00bIU-
HOTO YCHUJIUTEJISI IOJTHOCTBIO OTIPE/IEeIEHBI €T0 CXEMOI, B TO BPeMs KaK CBOICTBa
u mapameTpbl OY OTmpeiesiTioTest TPENMYTIIECTBEHHO TTapaMeTPpaMH T oopar-
HOI1 CBSI3M.

OtepannoHHBIN yCUINTENh 06ECTEYNBAET YCUTEHIE KaK MEIEHHO, Tak
1 GBICTPO MEHSIIOIUXCS CUTHAJIOB, CIIEKTP 4aCTOT KOTOPBIX MOYKET OBITH OT HYJISI
JI0 HECKOJIbKUX Merarepil. OH uMeeT OYeHb BBICOKHIT KOIMMUIIUEHT YCUICHHS
10 HATIPSIKEHWTO, BBICOKOE BXO/IHOE M HU3KOE BBIXO/IHOE COTIPOTUBIIEHMS, OUeHb
HU3KWI BXOIHON TOK — A0/ MUKpoamIiep 1 gaske Hanoamep (10—9 A). Panee
Mo06HbBIE BBICOKOKAYECTBEHHBIE YCHIIUTENU MCTIOMb30BAIUCH UCKIIOUNTENTHHO
B QHAJIOTOBBIX BBIYMCIUTETHHBIX YCTPONCTBAX /IJIST BBITIOJHEHUS TAKUX MaTeMa-
TUYECKUX OTlepalliii, Kak CyMMHUpPOBaHue u uHrerpuposanue. OTcioga u mpo-
M30IIJIO UX HA3BaHWe — ONePAIIMOHHbIE YCUIUTETH.

OrnepaliiOHHBIE YCUTUTEN BBITTOTHSIOT B BU/IE€ MOHOJTUTHBIX WHTETPAJIb-
HBIX MUKPOCXEM, U [0 CBOMM pa3MepaM M IleHE OHM IOYTU HE OTJINYAIOTCS
OT OT/IEJIBHO B3SITOTO TPAaH3NCTOPa. barogaps mpakTiHyecKu naearbHBIM Xapak-
TEPUCTUKAM OIEPAIMOHHBIX YCUIUTEE peasn3ausi CXeM Ha UX OCHOBE OKa-
3BIBAETCST 3HAUUTEITHHO MPOIIIE, YEM HA OT/IETBHBIX TPAH3UCTOPAX.

2.4.1. CpoiicTBa onepaiuoOHHBIX yCHIUTEeH

O6osnauenne OY Ha IPUHIUIKMAIBHBIX 9JIEKTPUIECKUX CXEMaX B COOTBET-
cteun ¢ [OCT npusezeno na puc. 2.13, a. /115 mosicHenns npuHIMIa 1eficTBUA
OIIEPAIMOHHOI0 YCUJINTESI U CXeM Ha ero OCHOBE BOCIIOJIb3YEMCsI yCJIOBHBIM
obosHayennem OV, npumensieMbiM patee (puc. 2.13, 6).

Ero BxozHOI Kackaj BbITIOTHSIETCS B BUjIE AU GEPEHITMATBHOTO YCUIUTES,
TaK YTO OTIEPATIMOHHBIN YCUINTEh IMEET 1Ba BXoaa. Bxos, 0603HaueHHbIiT 3Ha-
KOM <IIJIIOC»>, HA3bIBACTCSI HEMHBEPTUPYIOIIMM, & BXOJI, 0003HAYCHHbIH 3HAKOM



«MUHYC», — WHBEPTUPYIONNM. BXoaupiM curnasoMm s OY gBisercs pas-
HOCTb My HalIPSPKEHUAMM Ha BXOJaxX:

AUBX = UBX+ -0

BX—.

L +U Ui B
Museprupytonuii

ui

/
73 !
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Puc. 2.13. Ycaornoe o6o3nauenue OY B coorBercreuu ¢ TOCT (a);
o6oznauenne OY Ha GYHKIMOHAIBHBIX cxeMaX (6); 3aBUCUMOCTb BBIXO/IHOTO
HanpsikeHusi ot auddepeHIaIbHOro BX0IHOro curHasia (6)

Yro6b 06ecrednTh BO3MOKHOCTH paboThl OY Kak ¢ MONOKUTETbHBIMHU, TAK
U C OTPUIATEJBHBIMI BXOIHBIMU CUTHAJAMH, UCTIOJb3YETCS IBYXMOISIPHOE
nuraoiiee Hanpsprenue (Ha puc. 2.13, 6 ato +U,,, u —U,,,). Kak mpaswio, cran-
JIapTHBIE OllepallMOHHbIE YCUIUTENU Pab0TaIOT ¢ HaNpsikeHreM utanus £15 B.

B nefictBuTesnbHOCTH, pagymeeTcs, He cymiecTByeT uaeanbubx OY. g Toro
4TOOBI MOKHO OBLJIO OLEHUTH, HACKOJIBKO TOT wian uHoi OV O6JM30K K upeany,
MIPUBOJATCS TEXHUYECKNE XaPAKTEPUCTUKN YCUITUTETEH.

Hudppepenvyuanvroiii koapuyuenm ycunenus oMepanmoHHOTO YCUIUTES
oTIpe/IesiIeTcsl KaK:

KD = AUBI"X /AUBX = AUm,lx / A(UBX+ _UBX—) =
AUBLIX /AUBer 1pu UBX_ = const,
AUBI)IX / AUBX* pu UBX+ =const.

OH uMeeT KOHEYHY10 BeJIMYnHY, Kotopas cocrasisieT oT 104 no 106, u HasbI-
BAETCS TaKKe coOCmEenHviM Koapduuyuenmom ycurenus OY, T.e. ycuneHus
[IPY OTCYTCTBUY 0OPATHON CBSI3M.

Ha puc. 2.13, ¢ nokazana TUIIOBasT 3aBUCUMOCTb BBIXOJTHOTO HAIPSKEHUS
YCUJIUTENS OT BXO/IHOTO cuTHaIA. B quanasone ot —12 B 0 +12 B oHo 3aBucut
or AU, moutn suneitHo. HemmreliHOCTD HAOIIOAAETCST TOTBKO IIPU IIPUOIIIKe-
HUU K TPaHMIaM Mana3oHa. DTOT AMAla30H BBIXOJHOTO HAIPSI)KEHUsT HA3bIBa-
ercst obracmuio ycunenus. B obnacmu nacviyenus ¢ pocrom AU, yBeTndeHust
BBIXOJIHOTO HATIPSIKEHUST HE TPOUCXOINT. [ paHuIlbl 06JACTH YCUITIEHUST OTCTOSIT
TpuGAN3UTENBHO Ha 3 B OT COOTBETCTBYIONMX MOJTOKUTENBHOTO M OTPUIIA-
TeJbHOrO HanpsiKeHuil nurtanusd. [Ipu padore OY ¢ HanpsKeHueM MUTAHUS
+15 B TumnoBoii auamazon 06JacTH YCHJIECHUS MO BBIXOAHOMY HAMPSIKEHUIO
cocrasJiisierT +12 B.
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Wneanpusiit OY npu HyseBoM BXogHOM curHase AU, = 0 710JKeH UMETb
HyJleBO€ 3HaueHMe BBbIXO/JHOIO HAIPSIKEHUS. Y peajlbHOrO YCUJUTEJNsT 3TO
He Tak. Ero XapakrepucTuka mokasaHa IyHKTUPHOU JuHuell Ha puc. 2.13, s,
M TIPY HYJIEBOM BXOJIHOM CHUTHAJe Ha €TO BBIXOJle NPUCYTCTBYET HEHYJIeBOE
BBIXOJ[HOE HatpsikeHue. /[yt Toro 4To0bI ¢/eJIaTh BBIXOHOE HAIIPSIKEHUE PaB-
HBIM HYJTI0, HeobxoanMo Ha Bxon OY momath HEKOTOPOe HAMPsLKEHNe, Ha3bl-
BaeMoe Hanpsceruem cmewenus wyas Uy OHO cocTaBisieT 0OBITHO HECKOTBKO
MUJTHBOJIBT.

[Tockospky OV BbIIIONIHAETCS HAa OCHOBE [TOJIYIIPOBO/IHUKOB, €r0 XapaKkTepu-
CTUKHU 3aBUCAT OT TeMIlepaTypbl. Tak, ¢ yMeHbIIIeHHeM TeMIlepaTypbl Pe3KO CHU-
skaeTcst KoabduiineHT ycuaeHus. VisMeHeHne teMeparypbl BIUseT Ha BeJu-
YUHY HATIPSKEHUST CMENeHNs HyJ ISl M BXOJTHON TOK YCUJTUTEJId, 2 9TO OKa3bIBAeT
BJIMSTHIE HAa TOYHOCTH PaboThI cxeM Ha ocHoBe OY.

Brmranne Temmepatypsl OIeHNBACTCS TAKIMH XapaKTePUCTUKAMU PealbHOTO
YCUJINTEJs, KaK TeMIepaTypHBIi apelid HaNpssKeHWs CMENeHNs Hy I U TeM-
nepaTypHbIi Apeiid BXOAHOIO TOKa. Y JIYUIIUX ONEPalMOHHBIX YCUIUTeeil
TeMIlepaTypHBIil ipeiid HalpsKeHUsl CMelleHNs HyJIs COCTaBJIsIeT eINHUIIbI —
JI0JI1 MUKPOBOJIBT Ha OJIMH TPA/yC, a Apeiid BXOAHOTO TOKA COCTABJISET 0N
Hanoamiiep — eauHuIpl koamiep (10712 A) na oxun rpajyc.

Kpowme Temriepatypsl etiie ogHUM (haKTOpOM, M3MEHSIONM rapameTpsl OY),
stBaIsTeTCsT BpeMst paboThl. C TeyeHeM BPEMEHHU TIPOMCXOINT /petich Hampsike-
HUS CMEIIeHNs Hy s 1 BXoHoro Toka OY. OxHako aTH mapaMeTpsl YCHINTENs
OYEHDb TPYTHO HOPMUPOBATh.

2.4.2. OcHOBHbBIE CX€MbI BKJIIOYEHHUS ONePAIMOHHBIX yCUIIUTEeH

Jlnst ananmsza paGoTsl cxeM Ha ocHoBe OY mpuMeM J1Ba JOIyIECHHs.

1. Tockoabky OY mMeeT 04eHb BLICOKHI COOCTBEHHDIH KOabdOUIIEHT
yeunenust Ky, (opsizika 10%), a ero BBIXOIHOE HAIIPSIKEHUE MOKET U3MEHSIThCS
ot —12 B 1o +12 B, To ero Bxoguoii curnan AU, = AU, / Kj ne npesbinaer
J0J1ei MUJLTHBOJIBT. [loaToMy /i1t aHAIM3a CXeM MOKHO MPUHSTH, YTO TIOTECH-
I[a/Tbl Ha NHBEPTUPYIONIEM W HEMHBEPTUPYIOMIEM BXOIAaX MPAKTUIECKN PABHEL

2. IlockosbKy BXOIHO¥ TOK PEaJIbHOTO YCUITUTENSI COCTABIISIET IO MUKPO-
amIIep, MOKHO CIUTATh, YTO OH MPAKTUIECKN PaBeH HYJIIO.

Pacemorpum cxemy Ha puc. 2.14, a. Tak xak 0/inH U3 BXO/IOB COC/IMHEH C KOP-
ITyCOM, TIOTEHITHAJ KOTOPOTO IPUHAT 32 HYyJIb, HOTEHIINAT TOUKH A (110 TepBOMy
JIOTYIIEHUIO) TOKE OJMB0K K HYJIIO, 2 3HAUUT, TOK Yepe3 pesnuctop R, paBeH

Ilz(UBxi UA)/Riz(UBxio) /R1z UBX/Rl' (21)

B rouke A tox I pasnensiercs Ha I, u I,. IIpu aTOM corsiiacHO BTOPOMY JI0ILY-
HIEHUTO TOKOM [, MOJKHO TTpeHeGPedb, MOITOMY:

L=I,-1,~I,. (2.2)

Hanpsixenne Uy, IOTKHO yCTAHOBUTBHCST TAKUM, 4TOObI 06eCiednTh TOK [y,
IpoTeKaronii uepe3 R, Moz AefictBueM pasHocT notennuanos (U, — Uy,,,),
T.e. (¢ yuetoMm Toro, uto U, = 0):

IQ = (UA - UBI)IX) / RZ = 7UBbIX / RQ' (23)
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[Toncrasus (2.1) u (2.2) B (2.3), moaydmm

BBIX _UBX & = _KUUBX’
R1

U

T.e. KO3 PUIUEHT YCUIEHUS CXEMBI OIIPEJIENSIETCS TOJTbKO OTHOIIIEHUEM COTIPO-
TUBJIEHUI W HE 3aBUCHUT OT COOCTBEHHOTO KOA((DUIIMEHTA YCUIEHUS YCUTHTE-
Jid. 3HAK «MUHYC» MTOKa3bIBAET, UYTO TO/[aua CUTHAA Ha WHBEPTUPYIOMINIA BXOT
YCUJIUTEJIST TIPUBOJUT K TOMY, UTO TIOJIIPHOCTH BBIXO/IHOTO CHTHAJIA TTPOTUBO-
TTOJIO’KHA TIOJISIPHOCTU BXOHOTO, T.€. TIPOUCXOUT ee unBepcus. [IpuBenenibrit
AQHAJIM3 CIPABE/IJINB TOJBKO TIPU YCJIOBUM, UTO BXOJHOUM CUTHAJ HE MpEBbIIIA-
€T TaKUX 3HAYCHWI, TPU KOTOPBIX Hampstkenne Uy, HAXOAUTCS Ha JIUHEHHOM
yUacTKe XapaKTePUCTUKHU YCUIUTEIIS.

Ha puc. 2.14, 6 npuBeseHa cxema, B KoTopoit U, TOaeTcst Ha HEMHBEPTH-
pytomuit Bxos OY. Ee ananus Takske JIeTKO TIPOBECTH C TIOMOTIBIO YKa3aHHBIX
JTOTYTIEHU .

a

Puc. 2.14. OcHOBHbI€ cXeMbI BKJIIOYEHUS ONEePANMOHHOTO YCHIHTEIS:
a — UHBepTUpYIolee; 6 — HEMHBEPTUPYIOIIee

IIpu nogaue U,, ykaszaHHOI NOJSIPHOCTU Hanpsikenue U, . HauHeT Bo3pac-
TaTh /10 TEX TIOP, IOKA He IOCTUTHET 3HAYEeHNs, TPU KOTOPOM TTajieHIe HaTpsiKe-
HUSA Ha R; OT MOSBUBIIETOCS TOKA [ HE CO3/IaCT MOTEHITHAJ TOUKH A, TIPUMEPHO
paBHblil Uy, (110 IepBOMY JIOIYIIIEHUIO).

ITpu U, = U,, oKa)yTCs BHIIOJHEHHBIMU 00a jotyiieHus: (Tounee, oba
YCJIOBHS, COOTBETCTBYOIINE YCTAHOBUBIIEMYCS PEKUMY PabOThI OTIE€PAIMOH-
HOTO YCUJINTEJIS):

UBX = UA = IR1 = UBbIXR1 / (Ri + RZ)
Orciona koahbUIUEHT YCUIEeHUS CXEMBI
U= UBI)IX/ UBX:(R1 +R2)/Rl: 1 +R2/R1'

B o6enx cxemax BratoueHus OV UCIOAb3yeTCst OTpUIlaTebHAass 0OpaTHas
¢B43b. JleficTBUTENBbHO, B IEPBOI cXeMe BbIXO/[HOE HAIIPSIKEHUE Yepe3 Pe3ucTop
R, mosaeTcs Ha BXOJ ONEPAIMOHHOTO YCUJINUTENS U BEIYUTACTCS M3 BXOTHOTO
CHUTHaJIa, TO/IaBaeMOT0 Ha BXOJ 4epe3 pe3ncTop R;. Tak Kak Ha NHBEPTUPYIOIIEM
BXO7I€ OCYIIECTBJIAECTCS CPABHEHIIE ATHX /[BYX CUTHAJIOB, 3Ta TOUKA HA3bIBAETCS
cymmupyioiieil. ConpoTusienue R; HaX0AUTCS B IPSIMOI IIETH, a COTPOTHBIIE-
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Hue R, — B 1enmu o6paTHOil cBsi3u. TakuMm 06pasoM, Ko GUIIMEHT YCUTEHTST
CXEMBI, OIpeeAomuiics cooTHomenueM Ry/R, 3aBUCUT KaK OT apaMeTPOB
Terny 06paTHON CBSI3U, TaK U OT MapaMeTpoB MPsIMON 1ienu. [IpuHIm neficTBrst
OTPUIATENILHOI 0OPATHOIT CBSI3U B CXEMe MOXKHO C(HOPMYIHPOBATD CIIEYIOIIUM
o6paszoMm: 3a cuet 3T0# cBstau OY BBIHYKIEH 06€CTIeUNBATH TAKYIO BETMIMHY
BBIXOJIHOTO HAIPSIKEHNUST, YTOOBI HANIPsIKEHNE Ha €r0 MHBEPTUPYIOIIEM BXOJE
PaBHAJIOCH HYJIO.

Bo BTOpO# cxeme oTpuiaresnbHas obpaTHas CBA3b (HOPMUPYETCS 34 CUET
TOTO, YTO YACTh BBIXOHOTO HATIPSKEHUS C JIETUTENS TOIaeTCs Ha MHBEPTHUPY-
fonuii BXoa. Bxoganoe nanpssxenne AU, = Uy, — U, 1pu 9TOM yMeHbIIaeTcsl.
Ecan nipecraButh kKoadduimment o6paTHoii cBsizn K, Kak OTHOIIEHNE HAIIPSI-
JKEHUS, TIOJIaBAEMOr0 Yepe3 0OPATHYIO CBSI3b K BBIXOIHOMY, TO:

vy,  U,R = R

K = — BBIX — )
” UBI)IX (R’l + R2 )UBbIX R’l + RZ

Koadduiment ycusenuss BTOpoil cXeMbl, TAKUM 00Pa3oM, [EJUKOM OTIpe/ie-
JseTcst Koo GuimenToM o6paTHOIl CBS3ML.

BaskHBIM 0COGBIM CITyUaeM HEMHBEPTUPYIOMIETO YCUIUTEST SIBJISIETCST CITY-
yaii, korza xoadduimenT ycuaenus cxemol K pasen epunuie. s sToro
BbIX0/L OY HENoCpesCTBEHHO COeMHSETCS C MHBEPTUPYIONUM BXO/IOM, T.€.
R, =0, a cBsI3b ¢ KOPIyCcOM uepe3 R, MckmodaeTcs, T.e. Ry = oo. [TomobHast cxema
BrJtoueHuss OY HaszbIBaeTcs cesiieil. DTy cXeMy MCIOJIb3YIOT, KOT/la UCTOY-
HUK CUTHAJIA IMeeT BBICOKOE BHYTPEHHee CONPoTHBIeHNe. Biarogapst oMy, 4To
OYwumeer HU3KOE BBIXOJ[HOE COMPOTUBJICHIE, CXeMa 0OecrednBaeT mpeodpaso-
BaHue coNpoTuByeHNi. PagHuiia Mesx/ly BXOIHBIM M BBIXOJHBIM HaIPsiKeHUEeM
B CXEMe COCTaBJIAET HECKOIBLKO MIJITTIBOJIBT.

Bce oTknonenus peanbroro OYoT upeanbHOT0, HECMOTPST HA UX MaJIYIO
BEJIMUIHY, OKa3bIBAIOT BJIMSHUE Ha PabOTY CXeM, BBITTOJHEHHBIX Ha €T0 OCHOBE.
Oco6eHHO BpeIHO 9TO BJIUSHWE CKA3bIBACTCS B U3MEPUTEIHHBIX CXEMax,
OT KOTOPBIX TPeGYETCsT BHICOKAsI TOYHOCTh U CTaOMIBHOCTD PabOThl B T€UCHUE
JIOCTATOYHO JIOJITOTO BpeMeHHU. BXoiHbIe TOKH, HAPssKeHNEe CMETeH s HyJIsd
1 X TeMIIepaTypHbIi Apeiidh ncKakaioT BRIXOAHOH curHaa. Hanpumep, B cxeme
HEMHBEPTUPYIONIEro yeuuresst (eM. puc. 2.14, 6) HanpsikeHne cMeIeHus Hy st
SKBUBAJIEHTHO BXOJHOMY CHUTHATY M YCHIMBAETCS TOYHO C TAKUM ke K0a(hu-
IUEHTOM YCHUJIeHUs. AHQJIOTUYHO JeCTBYET HaIpsKeHue CMelleHUsT HyJIs
U B CXCM€ MHBEPTHUPYIONIETO YCHIUTEIIS.

JleficTBIE BXOAHOTO TOKA yI00HO PACCMOTPETH € TIOMOIIBIO CXEMBI UHBEP-
TUpYIolero yeusnuresis. [leficTBuTesnbHO, IPU OTCYTCTBUM BXOJHOTO TOKA TOK
Temy 0OPaTHOI CBSI3N OTIPENENSIETCST TOMBKO BXOAHBIM curHamoM. Ho BXoaHO#
TOK YCHJIUTEJIST T00ABISETCS K 9TOMY TOKY U, CJIEJIOBATEIBHO, NCKAKACT BBIXO/I-
HOM cUTHaJI Ha BEJIMYUHY

AU;=i R,

HpI/I HaCTpOI‘/JIKe cxeM Ha octoBe OY HCKaKeHusI BbIXO/IHOT'O CUT'HaJIa, UM€EIO-
ire MoCTOAHHYIO BEJIMYMHY U HE U3MEHAIOIHUECA T10/] I[GI?ICTBHCM TeMIIepaTypbl
" C TeYeHNEM BPEMEHU, KaK TIPpaBUJIO, MOKHO YCTPaHUTDH C IIOMOIIBIO PEryJimn-
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poBok. Ho nckaskenust, cBsizanuble ¢ JipeiioM, yaecThb Py HACTPOHKeE He e
CTaBJISETCST BO3MOKHBIM, TOATOMY TakK BaskHO, uToObl OV obsazanyu Maabim
npeithom.

2.5. BbluucnutenbHble CXeMbl
Ha OCHOBE OnepaLuoHHbIX yeunuTenei

CoBpeMeHHbIe KOMIIBIOTEPHI TI03BOJISIOT C BBICOKOH TOUHOCTBIO BBIIOJIHSTH
J0ObIe MaTEMaTHYeCKUE oreparyy ¢ yrcaamu. OHAKO Ha PAKTUKE YacTO TIPH-
XOJ/IUTCS OTIEPUPOBATD C BETMYNHAMH, TIPE/ICTABICHHBIMHU B BH/IC HANPSIKCHUS
nsm ToKa. Tak, GOBITUHCTBO aTYNKOB PA3IUYHBIX (PU3UUECKUX BEJTUUIH J[AI0T
nrbopMmaIo 06 U3MePSEMOM TTapaMeTpe MMEHHO B TaKOM Buje. B atux ciy-
YastX, 4TOOBI MCIOIBb30BATh KOMITBIOTED, TIPUXOAUTCS TPUMEHSITH AaHAJIOTO-TIH(D-
poBbIe 1 1dpoaHaoroBbie peobpaszoBaTesin. KoneuHo, Takue CUCTEeMBbI 0CTa-
TOYHO CJIOKHBIE W IOPOTOCTOSIINE, YTO HE BCETIA AKOHOMUYIECKH OMPABIAHO.

AmnasoroBas cxeMoTeXHHKa Ha ocHoBe QY M03BOJISAET CO3/IaBaTh CaMble Pa3-
JIMYHbIE BBIYUCJIUTETbHBIE CXeMbI BecbMa 1pocTo u addektuBHo. Ha ocHore
OY MoryT ObITh peajiM30BaHbl YeThIPE OCHOBHBIX JeHCTBHS apu(pMETHKH, Olle-
paru auddepeHIpoBaHus 1 MHTETPUPOBAHNS, TPAHCIIEHCHTHbIE (QYHKITUH.
HenmoctaTkoM 9TUX BBIYMCIUTENBHBIX CXEM SIBJISIETCS HEBBICOKAS TOUYHOCTD
Boruuciaenuii — ue 6osee 0,1%. OMHAKO 9TON TOYHOCTH B HETOM Psijie CIyIaeB
ObIBaET BIIOJIHE JOCTATOYHO.

2.5.1. Cxema cyMMHPOBaHHS

J171s cyMMUPOBaHUST HECKOJIBKUX HATPSIKEHUI MOKHO TiprMeHnTb OY B MHBEp-
tupyiormieM BrodeHnn (puc. 2.15, a). Bxommbie HanpsKeHUsT Yepe3 pe3ucTopbl
Ry, ..., R, momatoTcsa Ha MHBEPTUPYIONINI BXOJ ycuanuTess (Todka A), KOTOPBIi
B 9TOI CXeMe SIBJISIETCsS CyMMUpYIoliell Toukoii. [TocKobKy aTa TouKa sSIBIIsIeTCst
BUPTYaJIbHBIM HyJieM (HEMHBepPTUPYIONHii BXoA 3a3emiueH, AU, = 0, a BXogHOI
TOK OIEPAIMOHHOIO YCHIUTE/S TIPEHeOPEKUTENBHO MaJl), TO TOKH, CO3/laBaeMbie
BXOJIHBIMU HATPSUKEHISIMI, OYIyT CYMMIPOBATHCS U T€UD YePe3 PE3UCTOP R,:

v, U, U, U,

— =4 =
R R R, R

0ocC

Eciu Bce PE3UCTOPDI B3ATH OAMHAKOBbBIMU, TO

BBIX

Uy ==2U;.
i=1

Ecau pesuctopbl OygyT pasHbIMU, TO KakJ0e U3 BXOJHBIX HAMPSKEHM
6yIeT CcyMMUpOBAThest ¢ KoadduiimenTom mpomopimonaisHoct K;= R, / R;:

n
UB])IX = _z KzUz
i=1

CyMMUpPOBaHUE BXOJHBIX HATPSKEHUIT MOKHO TaKsKe TTPOBOIAUTD C JIIOOBIM
MOCTOSTHHBIM cMeliieHueM. /IJis1 9TOTo Ha OJIMH U3 BXOOB MOJIAETCS TIOCTOSTHHOE
HanpspKeHue cMmertenust (puc. 2.13, ).
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Puc. 2.15. Cxembl cymmupoBauusi (a), Borautanus (6)
U CyMMaTOopa TpeX HalpsLKeHHil co cMenieHneM (8)

ITpumep 2.3

Paccunrarh cxeMy cymMmaropa HalpspKeHH Ha Tpu BXoza ¢ Koadduipentamn
npornopionanibHocti Ky = 2 s nepsoro, Ky = 3 s Broporo u Ky = 4 st TpeTbero
Bxojia n cmetennem U, =1 B, ecin UCTOYHNKN CUTHAJIOB UMEIOT BHYTPEHHEE COIPOTUB-
aenue 100 Om, a K09 HUIMEHT HCKasKEHU € He JoJKeH ObITh Bbiire 1%.

Pewenue. TIpumeM B KadecTBe 6a30BOI CXeMY CyMMUPOBAHHUST HATIPSIKEHIH CO CMeTITe-
nueM (puc. 2.15, 6). MuHUMaIbHOE COMPOTHBIECHUE PE3UCTOPA B TIPSAMOIT 1enu, obectie-
yuBaromiee Koa(puimenT nckaxenns 1%, MOKHO pacCunTaTh, UCXOISA U3 BHYTPEHHETO
COIIPOTHBJIEHNS UCTOUYHNKA CUTHANIA, KOTOPOE C CONPOTHUBIICHNEM R;. 00pasyeT 1eIuTeb,
YMEHbBIIAIOIINIT HAIIPSPKEHUe Ha BXoJie cXxeMbl (cM. puc. 2.1):

U, Uy R/ (R, T RY).

BX (pakt —

Koaddurnment nuckaskeHus 1Mo CyImecTBy SKBUBaJeHTEH KOA(hOUIMEHTY ocTabeH s,
paccMoTpeHHOMY B Tipumepe 2.1:
e=Ry,/ (Ry, + R)).
Borpakas sHaueHue R; yepes 3HaueHus R, u €, HOIy4nm
Ri=R,,(1-¢)/e=100(1-0,01) /0,01 =9900 Om = 10 kOm.

MuHUMaIbHOE COMPOTHUBIIEHNE TOJUKEH NMETh PE3HCTOP, 0OECTIeYMBAIONTNI MAKCH-
MaJIbHBII K0a(hPUIMEHT TPONOPIMOHAIBHOCTH. B HateM cirydae aTo pesuctop Rs.

Tax xak K3=R,./ Rs, 10 R,.= R3K3=10 - 4 = 40 kOm.

CorrporuBJieHIe Pe3UCTOPOB Ry 1 R, olpeziesisieM Ha OCHOBE COOTBETCTBYIONIHMX KO-
(pu1MeHToB MPONOPIMOHAILHOCTH:

Ry=R,./K =40 /2 =20 xOm; Ry= R,/ K,=40 /3 =133 xOwm.
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B cootBeTcTBUM € Ps/IOM NPEANOYTUTENbHBIX HOMUHANOB E24 (cM. mpuitokenue 3)
HOMMHAJIBI PE3UCTOPOB OTIPEEIIATCS KaK

R;=20xOm; R,=13xOm; R3=10kOm; R, =39 kOm.

Homunan pe3ncropa R, onpeessiercs: B 3aBUCHMOCTH OT UCTOYHHKA, 06eCTeunBaio-
IIIEro0 MO/Iavy HAMPSIKEHUS CMeIeHrst. EC/in HCTOUHNK HATIPSKEHHsT cMelieHust (hopMupyer
Harnpspkenne, pasioe 1 B, To Homunan pesucropa Ry = R, = 39 kOwm. Ecan ke st aToro
MCIIOJIB30BATD HATIPSKEHNE MUTAHIS OMEPAHOHHOTO YCHINTESI, paBHoe 15 B, To pesn-
crop R losken o6ectiednTh yMeHbIIeHNe OJAHHOTO Ha Hero Hanpsokenus B 15 pas: K=
=1/ 15. Torna pacyerHoe compotuBienne pesnucropa R, = R, K;=39 - 15 = 585 xOm,
a ero HOMUHAJ B COOTBETCTBUU ¢ psiztoM E24 cocraBut Ry = 560 kOm.

OxonuatesbHO K0I(DMHUIHEHTD! TIPOIIOPIIMOHAIBHOCTH COCTABAT BEJTMINHBL:

Ki{=39/20=195 K,=39,/133=293; K;3=39/10=39.

2.5.2. CxeMa BbIYMTAHUA

Ha puc. 2.15, 6 uso6paxena cxema, o6ecrednBaioniasi BolYUTAHUE [BYX
HaIPSDKeHMI:

U,

BBIX

U2 - U1.

Ecmm Bce conporuBienus caenatbh OAMHAKOBBIMU, TO TIPU OTCYTCTBUU BTO-
poro Hanpsikenust, T.e. U, = 0, ocTaercst cxema ¢ MHBEPTUPYIOIUM BKIIOYEHIEM
yewmrens (em. puc. 2.14, a), 11 KOToporo

= _iU = _£U1 = _U1.

BbIX
R, R
[Tpu orcyrcTBUM HepBoro Harpspkenus, T.e. Uy = 0, ycnimresb JOIKeH co3-
JIaTh HA BBIXOJle TaKoe Hanpspkenue Uy, ., 4TOOBI IIOTEHIIHATIBI HA HHBEPTUPYIO-

IeM U HEMHBEPTUPYIONIEM BX0/ax Ol Obl paBHbL [ToTeHIINAN HA HEMHBEPTH-
pylolleM BXO/le paBeH:

U

— U2R2 — UZR _U2

" R+R, R+R 2

[Morentuan na uHBepTUPYIONEeM Bxoje (cM. puc. 2.14, 6) paBeH:

— BbeRl _ UBbeR _ UBI)IX
" R +R, R+R 2

Taxum o6pasom, Uy, = U,. Eciit ke Ha 000MX BXOAX TPUCYTCTBYIOT CHT-
nansl, 10 U, = Uy — U;. I3Menss cooTHolenne CONPOTUBICHUN B IEINTENIAX
TakuM 06pazom, uTo0bl R, = R,./0t, Ry = Ry/0, a R, = R,, onepaiuio BbluuTa-

H1A MOJXHO BBIIIOJIHATD C KOE)CI_)(I)I/H_[I/IGHTOM (o

BBIX

HaKOHEH, €CJIN BO BXOJAHDBIX HENAX MHBEPTUPYIOMIETO U HEMHBEPTUPYIO-
Iero BXO0/10B BKJIIOUHUTDH CXEMbI, HOHO6HI)I€ BXOJHOH cXxeme CYMMUDYIOUIETO
YCUJINTEJIA N 4e€pe3 PE3UCTOPDI HOAKIIOYNUTD ITapaJsjieJibHO HECKOJIBKO BXO/I-
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HbIX HaHp}DKeHHfI, MOJKHO ITOJIYYUTDH CXEMY CJIOKEHMA 1 BbIYUTaHUA 6OJIBLHOFO
YHcJia CUTHAJIOB!:

BbIX az U BZ

rie U; — curHasbl B 1ienu HemHBeprupyiouiero sxoaa; U; — B uenu nuseprupy-
IOIIEro BXOJIA.

IIpumep 2.4

Paccunrarh cxemy BbIYMTAHUS JBYX HANPsUKeHUI ¢ KOA(DGhUIIMEHTOM TTPOMOPIINO-
HajgbHOCTH K = 2, ec/ ICTOYHIKY CUTHAJIOB NMEIOT BHyTpenHee conpotusiierre 200 Ow,
a Koa(UIMEHT UCKAKEHUSI € He J0JIKEH ObITh BbIle 2%.

Pewenue. TipumeM B kauecTBe 6a30BON CXeMY BbIUMTaHUS HAPsiKeHui (puc. 2.15, 6).
TTo aHasoryu ¢ pac4eToM CyMMaTOpa pacCuuTaeM MIUHUMAJIbHOE COIIPOTUBJIEHIE PE3UCTOPA
B IPSAMOIL 1ienu R, obecriednBaioniee 3alaliHbiil KOAMQMUIMEHT UCKAsKEH S

p
R,,= R, (1-¢) /£=200(1-0,02) /0,02 =9800 Om = 10 kOm.
OrmpeziesIM CONPOTHBIIEHUE pe3nuctopa R
Ry.=R,,K=10-2=20xOm.
CorporuBiieHnst pesuctopos Ry 1 R, onpeiesisitest Kak
Ri=R,,=10xOm; Ry=R, =20xOm.

Paccunrannbie HOMUHAJIBI PE3UCTOPOB B TOUHOCTHU COOTBETCTBYIOT DALY HPEAIIOUTU-
TeJIbHBIX HOMUHAI0B E24 1 BBITIOJIHATD TiepecyeT He HYy KHO.

2.5.3. Cxemsbl unrerpupoBanus u auddepenupoanus

CxeMma MHTErpaTopa MOKET CTPOUTLCS KaK Ha OCHOBE NHBEPTHPYIONIETO, TaK
U Ha OCHOBE HeMHBepTupyolero ycunutess. Ha puc. 2.16, a nokaszana cxema
MHTETpaTopa Ha OCHOBE NHBEPTUPYIONIETO YCUIUTE.

B 1tenu 06paTHOii CBSI3M BMECTO PE3UCTOPA BKJIOUAETCS KOoHAeHcaTop. Kak
U3BECTHO, KOHIEHCATOP 3aPSIKAETCS] TOKOM, KOTOPBIN HA OCHOBAHUU JIBYX JIOILY-
meHui (eM. puc. 2.14, a) pasen:

U
Io=1= %

Kak m3BeCTHO M3 OCHOB 3JIEKTPOTEXHUKH, TOK, 3apPsKAIONINIT KOHIEHCATOP,

ONPE/IETISIETCsT MPOU3BOAHOI OT PA3HOCTU HANPSIKEHUI Ha €ro 0OKJIajiKax, T.c.:

C d(UA B UBLIX)

I. = ,
¢ dt
a yuutbiBas nepsoe jonyiienue (U, = 0):
c4Wy)
I = — __ N BbIX/
¢ dt
[TpupaBHsiB 06a BeIpaXKeHNUs U151 TOKA I, TOIYIHM:
d(UB])IX) U WIn d(UBbIX) _LUBX.
dt R dt RC
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Puc. 2.16. Cxemb1 unterpupoBanus (a), aupdepennuposanus (6)
4 (popMa BBIXOHOTO HANPSISKEHUS IPU U3MEHEHHH BXOTHOTO HANPSIKEHHS
CKayKoM OT HYJI4 (8)

WuTterpupys aTo BBIpakeHue, TOIYINM:
1 t
UBLIX = _ﬁgUBxdt'

TakuMm 06pa3oM, BBIXOHOE HATPSIKEHUE CXEMbI MTPOMOPIIUOHATIBHO HHTE-
rpajly OT BXOJHOTO HAIPSKCHUS. 3HAUCHWS CONMPOTUBJICHNUS U eMKOCTH OIIpe-
JeJISIOT MTOCTOSHHBIA KO3 QUIMEHT CXeMbl MHTErPUPOBAHMSL, YTO MOKHO 00b-
SICHUTD U ¢ UHCTO (QU3mdIecKux coobpaskenuit. Yem 60sbite R u C, TeM MeHbITe
TOK, 3apsKAMOIINE KOHAEHCATOP, U TeM OOJIbIle BEJMYNHA €r0 eMKOCTH, T103-
TOMY 3apsiji KOHAEHCATOPA, a CIEA0BATEIbHO U BBIXOAHOE HATIPSKEHUE, OyIyT
HapacTath Meientee. [Ipy mozaue Ha BXOJ MHTErpaTopa CKauka HANPSKEHNS
Ha BbIXOJIe Oy/eT HabII0AaThCs MEJJEHHBIH POCT BBIXOIHOTO HATIPSAXKEHUSI,
HaKJIOH IPAMOH rpaduka onpesessercs IMOCTOSHHON BpeMeH! MHTETPHpPOBa-
Hus T, = RC (puc. 2.16, g).

Yro6bl UMETH CXEMY, OOECTIEUMBAIONLYIO BBIYMCIEHNE HHTETPasa ¢ BBICOKOI
CTETIeHBI0 TOYHOCTH, UCIIOIB3YIOT YCUIUTEIN C MaJBIMA BXOJHBIMUA TOKaMHU
U peiioM HaIPsKEHMs] CMEIEeHUsT HyJIsl, BBICOKOTOYHbIE PE3MCTOPLI U KOH-
JICHCATOPBI ¢ MAJIBIMI TOKAaMHU YTEUKU.

IIpumep 2.5

PaccunTarh cxeMy HHTErpaTopa ¢ oCTOsSIHHOI BpeMmenn unterpuposanus T, = 10 mc,
ecJIi UCTOYHUK CUTHAJIA MeeT BHyTpeHHee conporusienne 150 Om, a koaddurmentT ncka-
JKEHUs € He J0JKeH ObiTh Bbiie 1%. IorpenHocTh MHTErpUPOBaHUsT HE TOJLKHA ObITh
Boiie 5%.
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Pewenue. Tlpumem B KauecTBe 6a30B0il cxemy unrerparopa (puc. 2.16, a). [lnsa obe-
CIIeYEeHUS BBICOKOI TOYHOCTH MHTErPUPOBAHUs Oy/IeM UCII0JIb30BaTh PEIU3UOHHBII O11e-
parmonnsIil yenmmrenb K574Y /13 ¢ moIeBBIME TPAH3MCTOPAMI BO BXOJHBIX KACKAJIaX,
VMEIOINI Majioe HarpsikeHne cMmernienne vy st (5 MB), auskuit BxozgHoit tok (0,5 HA)
v Masbiil [peiid Hanpssrenust ementenust vy (5 MxB/K). [l komnencanun Hampske-
HUISI CMEIeHVsT HyJIsl IPUMEHUM CTaHAAPTHYI0 CXeMy OaJlaHCHPOBKH, 3aKJIOYAIONLYIOCS
B IIO/IKJIIOYEHIH K BBIBOZIAM Ga/IaHCHPOBKH OIEPAIMOHHOTO YCHIIUTEIIS [IEPEMEHHOTO Pe3U-
cropa HomuHaIoM 3...5 MOM, cpeianii BEIBOJ KOTOPOro nojk/mouaercs Kk +U,,.. B kade-
CTBe TTACCUBHBIX 9JIEMEHTOB MPUMEHNM Ipelusnonnbie pesuctop P1-2P u xonzpencatop
K10-68 ¢ norpermrtoctsio Homunazna 1%.

MuHrMaIbHOE COIPOTUBIIEHNE Pe3rcTopa R, 3a/1alolero ToK 3apsizia KOH/eHcaTopa,
COCTABUT C y4eToM Koa(huIlneHTa NCKaKeHUs:

R=R,,(1-¢€) /&=150(1 — 0,01) /0,01 = 14 850 Owm.

EMxocTb KonzieHcaTopa ompeesiM UCX0/s 3 3aIaHHOI MOCTOSTHHON BpeMeH! HHTe-
TPUPOBAHUS:

C=T,/R=10-10-3/14850= 0,673 mxD.

PaccuntaHHast BeJIMYMHA eMKOCTH KOH/IEHCATOpa OKasbiaeTcst Gosee ueM B 15 pas Bbiie
MaKCHMaTbHOTO HoMIHAMA KoHzeHcatopa K10-68 (0,0442 mx®D), B cBsi3u ¢ yeM BO3HU-
KaeT HeOOXOANMOCTD B YBEJMUYEHUH BEJIMYUHbBI COTPOTUBIIEHUS PE3UCTOPA U ITPOIIOPIIHO-
HAJIbHOM YMEHBIIEHNH eMKOCTH KOH/IeHcaTopa. Bo3aMoskHOe yBeinueHne BeJIMIuHbI COMPO-
TUBJICHUS OLEHMM Ha OCHOBE aHAJIM3a BEJUYMHBI BXOJHOTO TOKA OINEPAIOHHOTO YCH-
surens. OUEBUIHO, YTO BXOJHOII TOK YCUJIUTEJS JOJIKEH OBbITh CYIECTBEHHO MEHbIIE
pabouero Toka sapsiaa KOHIEeHCaTopa.

PaccuntaeM HOMUHAJ Pe3UCTOPa, 06ECIeUNBAOIIII 3aIaHHYI0 TIOCTOSTHHYIO BPeMeH!
WHTErpupoBaHus ¢ KoHpercatopom HomuHaioM 0,0442 mx@:

R=T,/C=10-10-3/0,0442 - 10-6 =226 244 Om.

B coorBercTBUM € PsiIOM NPEANIOYTHUTENIbHBIX HOMHUHAMOB E96, ncnosib3yemoro
JUIST TIPEIU3HOHHBIX PE3UCTOPOB M KOHJIEHCATOPOB € IOTPENIHOCTBIO HoMUHAA 1%, pesu-
crop Gymer umers Homuuan 226 kKOm. Tak Kak 3alaHHas TOTPENTHOCTh WHTETPUPOBA-
HIIsE 5%, GYJIEM CUUTATh, YTO MOTPENTHOCTH OT BXOIHOTO TOKA OMEPAIOHHOTO YCUTUTES
JI0JKHA OBITH Ha TOPsZIoK Menble, T.e. 0,5%. Onpeennm Auana3os BXOAHBIX HAIpsiKe-
HUH, JUIsT KOTOPBIX OY/IET BBITTOJIHITHCS TTOCTABICHHOE YCTIOBHE.

I, oy=00051 ,=0005U, /R, U, =1, oyR/0,005=

pab

=0,5-10-9-226-103/0,005=0,0226 B.

TaxuM 06pa3oM, TOTPENIHOCTb, BHOCUMAS BXOAHBIM TOKOM OTEPAIMOHHOTO YCHUJIU-
Tesist, ISk BXOAHOTO Hanpsukennst 22,6 MB coctasut 0,5%. [liist Gosiee BHICOKUX BXOIHBIX
HarpsKeHUit oHa Oy/eT HIKe.

[TomenssB MectamMu COIIPOTHUBJIEHNE N KOHZEHCATOP B MHTErpaTOpe (CM.

puc. 2.16, a), noayuum cxemy auddepernuposanus (puc. 2.16, 6). Tox KoH-
nencaropa (¢ yuetom, yto Uy = 0):

IC zcd(UBx _UA) zcd(UBx),

dt dt
a TOK B 11enu o6paTHON cBsA3n 110 3akony Oma:
I = UA - UB])IX ~ UBI)IX
oc R R
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CortacHo BTOPOMY AOITYHIEHUIO 9T TOKN MOJKHO CUUTATb paBHbIMU, T.€.:

_UBI)IX _ d(UBX)
R dt’
OTKYy/Jla:
UBI)IX =-RC d(UBX)’
dt

Taxum 06pa3oM, BEIXOHOE HATIPSIKEHUE B CXeMe MPOITOPIIUOHATBEHO EPBOI
ITPOU3BOTHON OT BXOHOTO HAIPSI)KEHUSI.

MHorue 3a1au1 ONMUCHIBAIOTCS MTPOCTBIMU A depeHITnaIbHBIMU YPAaBHEHN-
amu. Taxue 3a71a91 MOKHO PEIINTD, PeaTn3ys UCXoHoe auddepeHnaIbHoe
YPaBHEHUE C [TOMOIIbIO AHAJIOTOBBIX HHTEIPUPYIONINX CXeM U U3Mepsisi yCTaHO-
BUBITIEeCs BHIXOAHOE HanpsikeHue. OObraHoe [uddepeHnuanibHoe ypaBHeHe —
9TO 3aBUCUMOCTD (DYHKIIMH i U ee MPOU3BOJIHBIX OT TiepeMeHHoi x. Harpumep,
JmHelinoe nuddepernmanibHoe ypaBHEHIE BTOPOTO MOPSI/IKA BBITJISIUT CIEy-
01UM 06pa3oM:

Y’ +hy +kyy = [ (x).
[l71s1 pettienust ypaBHEHUST TIPOU3BOASIT 3aMEHY [IePEMEHHOIT X Ha BpeMsi £, T.e.
2
x =t/1. Torna nepBasi u BTopasi IpOU3BOIHbIE Y’ = d%x ny”= d %xz PaBHBbI:
2
’_ 1 dy le u ” _ 22 d y

Cx'()dtdt V="

[TyTtem Takux nipeobpasoBanuii anddepeHIaIbHOe ypaBHEHHE TPUBOIAUTCS
K BUJLY, KOTOPOE MOKET OBITh PEATTM30BAHO HA OCHOBE CXEM WHTETPUPOBAHUS:

,d%y
T W-Fk TE'FkOy f(t/r)

N

LYy

Ttk dt—_*[koy Iav]

Wurerpupys seByio u IpaByIo YaCTU yPaBHEHUS, HOTYIUM:

d 1
zd%my:—; [[koy— f(t]v)]de.

BoipaskeHue, cTosiiiee ClipaBa, PeajnsyeTcs ¢ MoMoIbio narerparopa. O60-
3HAYMM €TO BBIXOIHON CUTHAJ TTepEMEHOT z, TOT/Ia:

z=—% [Tk -t/ v)]d.

C 1cmoJb3oBaHueM HepeMeHHOfI Z ypaBHeHue Hpeo6pa3yeTc5{ K BUY

di d 1
‘cd—€+k1y =z, WIH _a%z —;I:z—lqy].
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HpOI/IHTerI/IpOBaB 066 YaCTH YpaBHEHUA, ITOJTYINM!

—y= —1I[z —kyy ]dt.

T

[TpaBast yacTh 3TOTO ypaBHEHUs, TaK ke KaK U B TPEABIYIIEM CIydae, pea-
JIN3yeTcsi ¢ MOMOIIbIO MHTerpaTtopa. Ero BBIXOIHON CHTHAJ COOTBETCTBYET
dynkiun —y. CUrHasm z MOCTYIAET ¢ BBIXO/A TPEIBIIYIIEr0 HHTErPATOPa, a CUT-
HaJ —k,y — depe3 0OpaTHYIO CBsI3b ¢ COOCTBEHHOTO BBIXOJIA.

Takum o6pasoM, s peanusanuu AuddepeHInaibHOro ypaBHeHUsT BTO-
poro Topsiika TpedyeTcst IBa MHTErpaTopa U OJUH HHBEPTUPYIONIUN YCUTITUTEh
(puc. 2.17). VIuBepTupyOmMMil YCUIUTENb HYKCH /IJIS U3BMCHEHUS 3HAKA CHUT-
HaJIa CO BTOPOTO MHTErpaTopa, hopMupyioiiero —y. BeixoaHoii curuas ¢ atoro
YCUIUTES ¢ KOI(DMDUITEHTOM k() TOAAETCST HA BXOJ TIEPBOTO HWHTETPATOPA.

C C R
— —
R R R

o—1
-

~f(t/7) y(t/7)

i R/k, i

R

Puc. 2.17. AnanoroBas cxema penreHus 1uddepeHuaibHOrO ypaBHEHUS

2.5.4. DyHKIHOHAIBHBIE IPE0GPa30BaTEIN

Ha ocrose OY M0oXHO ()OpMUPOBATH CUTHAJBI, PEATU3YIONINE PA3JINIHbBIC
MaTemMaTuueckue HyHKIUU — jorapudM, SKCIIOHEHTY, CUHYC U Kocunyc. [l
HTOTO MUCMOJB3YIOTCST NGO HETMHEWHOCTD XapaKTEPUCTUK TTOMYITPOBOIHIKO-
BBIX MPUOGOPOB — TPAH3UCTOPOB MU ANOAOB, JINOO OCYNIECTBIISETCS alpOK-
cuMannst GYHKINY TOJTIMHOMOM VI CTETICHHBIM PSI/IOM.

Jlorapudm. /{51 hopMuUpOBaHUST BBIXO[HOTO CUTHAJIA YCUJIUTEIS, TPOIOP-
IMOHAJIBHOTO JIOTapU(GMY BXOJHOTO, MOKHO MCIIOJIb30BATh XapaKTEePUCTUKY
Anoja B cxeme Ha puc. 2.18, a. B3aauMocBsi3b Mexky NPsIMBIM TOKOM Auoja I,

" maJlaioluM Ha HEM HallPAKEHUEM Ul‘Ip nMeer cneﬂyronmﬁ BU/IL:

U
Inp = oép(exp m[H]PT _1)7
raie I, — 00patHbIii TOK, 06pa3oBaHHbIi HEOCHOBHBIMU HOCHTEJISIMM; 1 — KOP-
pekTupyiomuit Muoxutesb, Uy = kT/e, — TepMIdecKuii moTeHma; k — mocro-
smuas Bosbipvana; T — TeMilepaTypa; €, — 3apsii 91eKTPoHa.
B paboueii obractu, rae I, >> Iy, MOKHO CUNTATD, UTO

U
Ly =I5, exp——"-

mU;’
Orciozia cienyer, 4To
Upp=mUrIn (1, / 1ogp,)-
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VD R,
P
R ﬁg
A —o A —o
UBX Uﬂ bIX UBX UB]}IX
a 6

Puc. 2.18. DyHKuHOHAIbHBIE IPEOGPA30OBATEIH:
a — norapudMUYECKUil YCUTUTENb; 6 — HKCIOHEHITUANbHBIIT TeHEPATOP

Hanpsskenne Ha auoze, 1o CyIecTBY, paBHO BBIXOJHOMY HallpsIsKEHHIO,
TO/IbKO ¢ 06patbiM 3uakom Uy, = —U,,. Tok B npamoii nenu, cosnasaembiii
BXOJIHBIM Hanpsikennem I, = Uy, / R, paBen TOKy B 1ienn 06paTHO CBA3H, T.€.
IPAMOMY TOKY IMO/Ia, I09TOMY B3aUMOCBS3b BbIXOJHOTO HallPsKEHUs C BXOJ-

HBIM UMEET cneuy}omﬂﬁ BU/:

U,

BBIX —

_mUT In (UBX / Rloﬁp)'

Tak kax 3Hauenus m, Uy, R u Io6p ITOCTOSTHHBI, BBIXO/IHOE HAIPSKEHUE CTa-
HOBUTCST (DYHKI[HEN TOJIBKO BXOAHOTO HAMPSIKEHUS U TPOTIOPIIMOHATIBHO €r0
Jsiorapudmy.

BMmecto amona B cxemax JiorapuGMUYeCKOTO YCUTUTENST TTPUMEHSIOTCS
Takyke TPAH3WCTOPBI, Y KOTOPHIX 3aBUCUMOCTD KOJJIEKTOPHOTO TOKA OT HATIPSI-
skenus Ugy Takoke nMeeT JorapudMuyecKuii BUJ.

Ikcnonenta. Ha puc. 2.18, 6 mokaszana cxema (HyHKIMOHATIBHOTO TIPEO6-
paszoBaresisi, peaJn3yIonero sKCIOHEHINANbHYI0 QYHKINIO. HemmHeliHbIM
HJIEMEHTOM, HAa OCHOBE KOTOPOTO PEAM3YeTCst TAKOE IPeoOpasoBaHKe, SIBJISETCsI
TPAH3UCTOP, BKIIOUEHHBIN B Ipsamyio 1ienib OY. TIpu oTpuiiaTelbHOM BXOJIHOM
HAIPSIKEHUN Yepe3 TPaH3UCTOP Oy/IeT Teub TOK:

Usy
Uy’

Brixosnoe Hanpskenue olpezessercs IajleHueM HalpsbKenusa Ha Ry,
KOTOpOE 3aBHUCUT OT TOKa B Ienu obpatHoii csizu Uy, = I,.Ry. Tak xax Tok
Kosekropa I pasen Toky I ., a nanpskenue Upy COOTBETCTBYET BXOJHOMY
HAIPSPKEHUIO, TOJIBKO CO 3HAKOM «MHHYC», TO B3aMMOCBSI3b MKy BXOIHBIM

M BBIXO/HBIM HAIIPSUKEHUSAMK Oy/I€T UMETh CJAEAYIONH B

I = Ixg exp

UBI)IX = ]KRi = IKOR’l €Xp UBX .
Ur
Ha ocnoge siorapumuyeckux 1 9KCIIOHEHIIMATbHBIX YCUJIUTEIEH BbITIOJHS -
TOTCST CXeMBI JIJIS PeTlieHusT CTeleHHbIX ypaBHeHuii. Jlorapugmudeckne ycuam-
TeJIM TakKe SBJISIOTCS. OCHOBOH /IS CXeM aHAJIOTOBOTO YMHOKEHMUSL.
DyHKIMU CUHYC U KOCUHYC. UTOObI peain30BaTh CHHYCOUIANBHYIO 3aBU-
CHUMOCTD BBIXOJIHOTO HATIPSKEHUS OT BXOIHOTO, UCTIOJIB3YETCS METOJI KICOUHO-
JUNETHOU AnNPOKCUMAUUU.
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I'paduk dynkmunm (puc. 2.19) B nuamazone ot —90° 1o +90° anmporcumMu-
pyeTcs JoMaHoi guHuein. Kask/plil TUHETHbI y9acTOK MOKHO Pean30BaTh
C TIOMOIIBIO YCHUJIUTENS C COOTBETCTBYIOMNM K03hMUIMEHTOM Tepenayu.
Ha nepom yuactke ot Touku 0 10 TOUKU a KO9GOUIMEHT 1epeaun BXOHOTO
HaTIPSKEHMS caMbIil BeIcoKnit. Korzia BXoHOe HANpsizKeHNe JOCTUTHET BTOPOTO
yuacTtka (Mex/Iy TouKamMu a u b), KoahdUIEeHT nepeiadr YCUIITest yMEeHbIIa-
eTcs W BBIXO/THOE HANpsUKeHNe pacTeT MejteHHee. Ha TpeTheM ydacTke MesKay
TOYKaMu b U ¢ — elle MeJIJIeHHee, TOKa BXOAHOE HAIPsIKEHUE He JTOCTUTHET
TOYKH, COOTBeTCTBYIoMIeH +90°.

sin@

-90 0

+90 [0}

Puc. 2.19. Anmpoxkcumanus ¢pyHKIUH Sin

Tak kax xoaddUIMMEHT Hepegadn yCUANTEIA 3aBUCUT OT COOTHOIIECHNS
COIPOTUBJIEHUIA B IIPSIMOI LIeIIM ¥ Lel 0OPaTHOU CBSI3U, TO UBMEHATH KOa(hu-
IUEHT TIepe/ladyd MOKHO MyTeM JIMHAMUYECKOTO YMEHbBIIIEHUS COMPOTHBICHUS
B OJHON W3 TIeTell ¢ POCTOM BXOJIHOTO HANPsLKeHUS. /[y 3TOro Mcmonb3yoT
JINOJIBI, KOTOPBbIE TIPU JTOCTUKEHUW OTIPe/IeJIEHHOTO 3HAUYEHWST HATPSKEHUST
OTKPBIBAIOTCS] U MOJIKJIIOYAIOT MMAPAJLTIETbHO OCHOBHOMY COIPOTHBIIEHUIO TIEITN
JIOTIOJTHUTEJTbHbBIE COMTPOTUBJICHIS.

2.6. l'eHepaTopbl HAa OCHOBE ONEPaLNOHHLIX YCUUTENEIH

JJEKTPOHHBIM T€HEPATOPOM HA3bIBAIOT YCTPOMCTBO s (GOpMUPOBa-
HUST HE3aTYXAIONIUX SJEKTPUIECKUX KOJMEOAHUN PasJudHOil (hOPMBI, 4aCTOTHI
u MomHoCTH. OYeHDb YacTo TeHEePaTOPHI BRITTOJMHAIOT Ha ocHOBe OVY.

2.6.1. MyabTUBHOpaATOP

Mynvmusubpamopom Ha3bIBAIOT TEHEPATOP HANPsSIKeHUsT ¢ (HOPMOH, Ou3-
KO IPSIMOYTOJIbHOM. ET0 HazBaHue oTpaxkaeT TOT (pakKT, YTO TaKOe HaIPsKEeHUe
npu passoxenun B psiyi Dypbe MpecTaBisieTcst PSIOM, COEPKAIIM MHOTO
BBICHINX TAPMOHUK (MY/1bMiy — MHOTO).

ITo xapakrepuctrike OY (cM. puc. 2.13, 6) BIIHO, YTO BBIXOIHOE HAIIPsIKe-
HUe YCUIUTEJS TUHEHHO 3aBUCUT OT BXOAHOTO TOJBKO B OYEHD Y3KOM JHaria-
30HE — COTHSIX MUKPOBOJIBT. Eciii BXOIHOE HATIPsKEHME BBIXOUT 32 MTPEIeIbl
ATOTO INATIA30HA, TO BBIXOAHON CUTHAT MOXKET MPUHUMAThH TOJBKO /[Ba 3HAYe-
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HUS, COOTBETCTBYIONIME COCTOAHUIO HACBIIEHNS OIEPAIMOHHOTO yCUINTEIA:
+U,x (= 12 B) u —U,,,, (= =12 B). Ha 310it 0cobeHHOCTH OII€PAlNOHHOTO
YCUJINTE]ISl OCHOBAH IPUHIIUII GOPMUPOBaHUS IIPAMOYTOJILHOIO HAIIPSAKEHHs
mysbTuBUGpaTopa (puc. 2.20, a).

UBB]X‘
Ry _
t
7UBI)IX ““““ | H
C| \ ; .
I Ue _Uo vd i\ T !
R BBIX e+~ 5
! +Uub1x“ ————— 4‘-—;—--—"‘
PR e st
Ry /'E\ ! >
[ N[
A SN (..
N e >
a 6

Puc. 2.20. MyabrusuGparop (a) u rpadpuku,
nosicHAIoNIMe ero padory (6)

[IpexnrmonokuM, 4T0O B MOMEHT BKJIIOYEHUS MEXKIY BXOJAMU YCUJIUTEJIS
HeGosbInast (JOCTATOUHO eMHKII MUJJIUBOJBT) OTPHUIATENbHAS PasHOCTD
moTennuanos. IIpm atom Ha BBIXO#Ee chopmupyercsa nampsurenue +Ug .,
a Ha HEWHBEPTUPYIONIHIET BXOJ ¢ iesuTenst Ry, Ry Oy/ieT moiaH moI0KUTETbHBII
norennuan +Up. Kongencatop nauner sapskarbes no nenu «Uy, —R;—C—
KOPITYC», CTPEMSICh JIoCcTHYb noTeHImana +U,, . [Torennnan na naBepTUpyio-
IIeM BXO7ie HAuHeT PacTH /[0 TeX Iop, TOKa He TPEBBICUT MOTeHIINAT Ha HENH-
BepTupyiomeM Bxoje +Up. B 3TOoT MOMeHT ycunTesrb cchopMupyeT Ha BBIXO/E
oTpulaTeIbHOE HanpsikeHue —U, . 1 CO3/1aCT HA HEMHBEPTUPYIOIIEM BXOj€e
oTpunaTenbHblil notennuan —Up. Temepsb kongeHcaTop HauHeT Iepe3apsi-
JKATbCS, CTPEMACE TOCTHYD ToTeHImana — Uy, . OaHako Kak TOIbKO MOTEHITHAI
Ha WHBEPTUPYIOIIEM BXO/le CTaHeT HIDKE ITOTeHIINAMa Ha HEMHBEPTHUPYIOIIEM
Bxozie —Up, yeunuresnb chopMUPYET Ha BBIXOJIE MOJIOKUTEIbHOE HAIPSIKEHUE
+U,,x Takoil ckauko0OpasHblil MPOIEeCce M3MEHEH NS BBIXOAHOTO HATPSIKEHUST
¢ +U,, 10 —U,,, 1 00paTHO GyIeT MOBTOPSTHCS A0 TEX TIOP, TIOKA C omepa-
IHOHHOTO YCUJUTENsT He OyaeT CHATO TMHTaioliee HampsukeHue. [padukn,
JIEMOHCTPHUPYIOTIKE OMMCAHHbBIE MTPOIECCHI, TIOKazaHbl Ha puc. 2.20, 6. [Tepuon
T-xonebaHuii onpeaensieTcss MOCTOSTHHON BPEMEHH 3apsiia KOHIeHcaTopa T =
R;C, a Takske TeM, HACKOJIBKO TOTEHINAJ, (DOPMUPYeMbIil gesnteneM Ry, R,

MeHblle Hanpskenus Uy

T=2R,Cln ZRﬁH .

1
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IIpumep 2.6

Paccunrarh cxeMy MyJIbTHBUOPATOPA C YACTOTOI MPSAMOYTOIBHBIX UMITYJIbCOB f = 5 KT
n HanpspkenueM cpabarsiBanust Up = 0,6 U, .. [TorpemHocTs 4acToTsl He J0JKHA ObITH
sotute 5%. Koadduient narpysku 1o Toxy onepaunontoro ycmmuresas Ky, = 0,2.

Pewenue. [lnst obecriedernst popMbl HMITYJILCOB, OJIM3KOIT K PSIMOYTOJIbHO, BbIOEpeM
GoicTpozeiicTByIONMIT oneparonHblil yeunresas K544V (1. B kauecTBe nacCUBHBIX Jie-
MEHTOB BbIGepeM Tper3nonubie pesuctopbl P1-2P u konpencaropst K10-68 ¢ norper-
HOCTBIO 1%. HOMIHAIIBI IPEIN3HOHHBIX [TACCHBHBIX 9JIEMEHTOB COOTBETCTBYIOT psity E94
(cm. ipuitokenue 3).

Harpyskoit onepanuoHHOro YCUIUTEIS SBJSIOTCS MAPAJJIebHO BKIIOYEHHBIE JIeJIH-
Teab Ry, Ry 1 BpeMs3ajaonas 1erb 3apsizia Konjgencatopa Ry — C. MUHMMaJIbHO 71011y
cTUMOe corrporuBienne Harpysku yeuaurenst K544Y {1 cocrapisier 2 kOm. Yrobor 0be-
crieunts K, = 0,2, ob1iiee conpoTuBieHne Harpy3Ku A0JKHO cocTasysith 2 / 0,2 = 10 kOwm.
ITyctb Harpysku genuresst Ry, Ry n Bpemsizagaonieii enu Ry — C OynyT pasubivu. Toraa
Ry + Ry= Ry=20 xOm.

Ompezienm 3navenns conporusienuii Ry, Ry, ncxons ns ycaosusa Up=0,6U,,..

—y B
BbIX R1 +R2

Up =0,6U,

wx = Ry =0,6R +0,6R, = R, =1,5R,.

Tak kak R + Ry = 20 kOm, T0o R = 8 kO™M; Ry = 12 kOM. B coorBercTBUM € psizioM
E96 R = 8,06 kOM; R, = 12,1 kOwm; Ry = 20 kOm.

EmKocTh KOHJIEHCATOPA ONPEeesNM, HCXOAA U3 3a[aHHON 4aCTOTBI HPSAMOYTOIBHBIX
umiybcos f = 5kl

T 1 1

C= = =
2R31n[2Rﬁ+1] 2fR31n(%+1j 2-5-10%-20-10 ‘m(
1 1

=3605 nx®.

2‘12,1-103_'_1
8,06-10°

B coorsercrsuu ¢ psgom E96 C = 3570 nk®.

2.6.2. TenepaTop nuI0006pa3HOro HANPSKEHUS

Hanpsixkenne Ha KOH/IeHCATOPe MTPSIMOJIMHEHO BO3PACTAET, €CJIN €ro 3apsi-
JKaTh TIOCTOSTHHBIM TOKOM, He 3aBUCSIINM OT HATIPSDKEHUS Ha HeM, 1 TIPeI0TBpa-
THUTb BJIMSIHIE HA 3TOT TOK COIPOTUBIIEHNSI HATPY3KH, T.€. JIOJIZKHO BBIIOJIHSATHCS
ycaosue R, >>R. Vluterpupys 110 BpeMeHU BblpaskeHue

I.=c%2¢,
¢ de

TIOJTy9nM:

[dU, =I—det, wim U, =I—Ct.
Cc Cc

Ycnoue I = const B cxeme TeHepaTopa miumoobpasnoro vanpsikennst (ITTH)

Ha ocHoBe OV (puc. 2.21, a) obecrieunBaeTcst MOCTOSTHHBIM HampsokeHuem U,
[Toxa TpansucTop 3ameprt, B TeueHNE BPEMEHH ¢, TPOUCXOIUT 3apAIKa KOH/ICH-
caTopa U HalpsiKeHMe Ha HeM HapacTaerT 110 MIPSIMOIL. Y cuinTeb, CTpeMsICh clie-
JIATh PA3HOCTH MOTEHIMAJIOB HA €r0 BXOJ[aX, BJIU3KOM K HyJIi0, (hOPMUPYET BBIXO/-
HOe HalpsiKeHue, IIoBTopsiolllee HAllpsikeHre Ha KoHJeHcarope. 1Ipu noxave
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NMITyJIbCa UpaBp TPAH3UCTOP OTKPBIBAETCA, U KOHAEHCATOP 6BICTp0 paspAKaeTCA
uepes3 HEro 3a BPEMsI £y, 110CJIe YEro Pollecce 3apsi/iku nosTopsiercs. Boixoanoe
HaIPsKEHKEe CXeMbl TprodpeTaeT MuiroodpasHyio (hopMy, KOTopast COXPaHSIeTcs
A0 TeX TI0P, IMMOKa 3HaY€HUE HAIIPAKEHUS pacliojiaraeTcsa BHYTPU Analla30Ha
oT _UBLIX 1o +UBLIX'

pasp

a 6

Puc. 2.21. Tenepartop nmunoo6pasHoro Hanpsikenus (a),
¢opma BbIxoaHOTrO HanpsKenus (6)

JlmTenbHOCTD ¢, onpe/iessieTcst eMKOCTbIo C M TOKOM 3apsiiky, 3aBUCSIIIM
o1 Uy, 1 conpoTuBieHns pe3uctopoB R. Vamenss Hanpsikenue Ej, MOKHO cMe-
MAaTh TpApIK HATIPSIKEHNS TT0 BePTHKAJIM.

2.7. Komnapatopbl, LuthpoaHanorosbie
U aHanoro-yugposbie npeobpasoBaTenu

Kax ormeuasnocs B maparpade 2.1, 2s1eKTpoHHBIE YCTPOICTBA EATCS HA aHA-
JioroBbie 1 1U(ppoBbie. B COBPEMEHHBIX CUCTEMAX YIPABIEHUS PA3JIUYHBIMU
MIPOI[ECCAMHU, B TOM YHCJIe ¥ TEXHOJOTMYECKUMU, TPUCYTCTBYIOT YCTPOHCTBA
0001X TUITOB. AHAJIOTOBBIE YCTPOICTBA OOBIYHO 00ECTIEUNBAIOT CHEM MIEPBUYHOI
uOPMAIIH C JATYNKOB CHCTEMbI YIIPABIEHUS IPUBOJAMU UCIIOTHUTEIHHBIX
YCTPONCTB U MEXaHU3MOB, yIIPaBJIEHUE K€ CAMUM IIPOIECCOM B COOTBETCTBUU
C 33/IaHHON aJTOPUTMOM IPOTPAMMOIl BBITIOJHAIOT ITUMPOBBIE YCTPONCTBA.
BszaumoeiicTBre MeXK/y aHaJIOTOBON YacThI0 CHCTEMBI U G POBOil (Tpeobpa-
3oBaHue WHGOPMAIIUU U3 aHAJIOTOBON (GopMbl B niudpoByio u 06paTHO) 0be-
cneunBatot nudpoanasorossie (ITAIT) u aHasoro-1dpoBbie MpeodbpasoBaTen
(AILLT).

W3 GOJIBINOTO YKC/Ia M3BECTHBIX METOIOB TIOCTPOEHUST TaKUX MpeobpasoBa-
Tesieit paccMOTPUM HarboJiee TUITHYHBIE, UCIIOJIb3YEMbIe B BBITYCKaeMbIX TIPO-
MbleHHocTbio BUC.

Ouenb BaXKHYIO POJIb TIPH AHATIOTO-1TU(POBOM MPE0OPA3OBAHNHT UTPAIOT KOM-
napartopsl. Kounapamopom Ha3bIBAIOT YCTPOUCTBO, IPEIHAZHAYCHHOE [IJIs CPAB-
HEHUS U3MEHSIONIETOCS aHATIOTOBOTO BXOIHOTO CUTHAJA C OTIOPHBIM HaIpsKe-
nueM. [Ipu 9TOM B 3aBUCHUMOCTH OT TOTO, OOJIbIIIE BXOHOI CUTHAJ OMIOPHOTO
I MeHblie (Ha 0T MAJIJTUBOJIBT ), Ha BBIXO/IE KOMIIAPaToOpa JA0JKHO YCTAaHO-
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BUTHCS HATIPSKEHUE «JIOTUYECKUH HYJIb» (JI0T. 0) MM «JIOTHYecKast eTuHUIA>
(nor. 1). Tak Kax BBIXOZHOM CUTHAJI KOMIIapaTopa IOAAETCS OOBIYHO Ha JIOTH-
YeCcKHe CXeMbl, eT0 BBIXO/IHOE HAIPSIKEHIE COTJIacyeTcs ¢ MUMPOBBIMU JIOTHYE-
CKUMU CXEMaMIL.

DyHKIMIO CPaBHEHUST JIBYX HAPsKEHWIT MOKeT BBITOJHUTD U OV, ecom
Ha OJINH U3 ero BXOJIOB TI0/IaTh OMOPHOE HANPSKEHNUE, a Ha IPYTON — BXOIHOM
curnai. OIHaKO CIIENUATM3UPOBAHHbBIE YCTPOHCTBA — KOMITAPATOPHI — UMEIOT
NPEUMYIIECTBO B OBICTPOAEHCTBIM, KOTOPOE TOJNYYAIOT, TIPEAOTBPAIIAsT PEKUM
HACBIIIEHUST €T0 TPAH3UCTOPOB, & CJEI0BATENHHO, W JITTUTETHbHOE PACCAChIBA-
HIe HEOCHOBHBIX HocHuTesel. CxeMbl KOMIIAapaTOPOB TOX0kKHK Ha cxeMbl OV,
HO MeHee cJIokHble. KoMITapaTtopbl BBITYCKAIOTCS B WHTETPATLHOM HCITOJTHE-
HUM, & TAaK)Ke SBJISIOTCS COCTAaBHON YacThio Mukpocxem ATIIT.

2.7.1. ITudpoanasorosbie npeodpasoBaTe

IIAII obecrieunBatoT TIprUeM OT UGPPOBOTO YCTPOHCTBA ABOUTHOTO KOJA
U TipeobpasoBaHie ero B HAMPSLKEHHE MOCTOSTHHOTO TOKA, TPOMOPITMOHATIBHOE
TOMY KOy, /IS TIOCTEYIONIell Tepe/ladyl ero aHAJIOTOBBIM YCTPOHCTBAM.

Ha puc. 2.22 noscHen nNpuHIUI HUGPOAHATOrOBOTO MpeodpaszoBaHus
¢ nomortibio cymmupyiomtero OY. BesegctBue GOBITOTO BXOAHOTO COTPO-
TUBJIEHUST BXOAHON TOK OV IpeHedpeskiMo MaJjl, M03TOMY CyMMa TOKOB .1,
MPUTEKAIOMNX K TOuKe A, paBHA TOKY [ ., BBITEKAIOMIEMY U3 3TOH Toyku. Pas-
HOCTb TIOTEHI[NAJIOB MKy MHBEPTUPYIONIUM 1 HEMHBEPTUPYIOIIUM BXOJaMU
BCJlefIcTBIE HOMBINOTO Koadduimenta ycunenus cobetento OY (mpu yeio-
BUH, UTO OH HAXOJUTCSI HA JMHEHHOM y4acTKe XapaKTePUCTUKHN) TaKKe Ipe-
HeOPEKNMO Masa, TI03TOMY TIOTEHITHAT TOUKHN A OKa3biBaeTcst GIM3KIM K HyJTe-
BOMY TTOTeHIInary Kopiryca. C yueToM aTUX JOIYIIeHNI BBIXOIHOE HAlPsIKeHe
(cm. puc. 2.15, a) paBHO:

UBbIX = ZIiRoc~
—P'—O)— ROC
|
Kfl1 O— —

21 o (1.
Kz, O

Ay
41 le;

o
U,

BBIX

1

Puc. 2.22. IIpunuun padors ITAII Ha ocHose OY

[IpeAnosoKuM, 9To ¢ TTOMOIIBIO Kiroveil K7; K Touke A MOTYT OBITH TTIOaHbI
TOKH, 3HAYEHUsT KOTOPBIX IIPOMOPIIMOHAIBHBI BECY Pa3pPsiZIOB IBOUMYHOTO KO/
(ecsiu MuaziIIIeMy paspsifly COOTBETCTBYET TOK [, TO TOK Ka’K/[OTO CJIEYIOIIETo
paspsiaa B 2 pasa 6osbiiie, T.e. 21, 41, 81 v T.1. 10 2711 1uist crapiuero paspsiia n).
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Ecnm npu 3HaveHuw i-ro paspsna, paBHoM 1, xmou Kz; 3amMkHyT, a ipu 0 —
Pa3OMKHYT, TO CyMMa TOKOB X.[;, a 3HauuT, n Uy, . OKaKyTCS TPOMOPITTOHATBHDI
3HAYEHUIO 71-Pa3PsIHOTO IBONYHOTO YHCJIA, KO KOTOPOTO YIIPABJISAET KIIOYaMH.

[list co3panusi TOKOB, MPOIMOPIIMOHAIBHBIX BECY JABOUYHBIX Pa3psiioOB,
WCIIOTh3YETCS TaK HasdbiBaeMast MaTpuiia R—2R (puc. 2.23, a), KOTOPYIO MO/ -
KJII0YAIOT K UCTOYHUKY cTabuibroro Hanpsorenust U, Herpyano y6emursest,
YTO JIJIsI KKJIOTO Y3JIa MATPUIIBI COMPOTUBIIEHNE BCEH €M, PACIIONI0KEHHON
mpaBee y371a, Bceria paBHO 2R. [ToaToMy TOK, BTEKAIOMNIT B y3€JI, pasfesisieTcs
MTOPOBHY MeXKTy pesucTopoM 2R (BHU3) M NapaJiieIbHON eMy 11e1bio (BIIPaBo).
B caenytoniem y3ie onaTh TPOUCXOIUT JAeJCHIE BTEKAIOIIETO TOKA MOIMOJIaM,
HO TMOCKOJIbKY OH B /IBa Pa3a MEHbIIE, YeM TOK, BTEKAIOINN B TIPEIBIILY M
y3elI, To U uepe3 pe3uctop 2R Oyer Teyb B ABa pasa MEHbIIHI TOK. Takum
06pas3oM, TOKHU, TEKYIITHE Yepe3 pe3ucTopbl 2R, 6YAyT TPOTOPIIMOHATBHET BECY
JBOMYHBIX PA3psIoB @;. [lJisi KOMMYyTaIUu TOKOB NCTIOIb3YeTCsT cXeMa, n3o0pa-
JKeHHast Ha puc. 2.23, 6. PoJib KJIio4eil BBIMTOJIHSIET Mapa MOJIEBbIX TPAH3UCTOPOB,
ripu atom VTl HarnpaBJisieT TOK B TOUKy A oneparimonHoro ycuaurens, a V12 —
Ha xopryc. Ha 3atBop VTl mocTymaet HelmoCpeACTBEHHO HAIPSKEHNEe IBONY-
HOTO paspsia a; a Ha 3aTBop VI2 — HampsskeHne ¢ wHBepropa. Ecam coor-
BETCTBYIOINI pa3psiji IBOMYHOTO KOJIA @; paBeH enHulIle, To Tpansucrop V711
oTkpbiBaercs, a V12 3akpeiBaercst. [Ipu 9ToM TOK COOTBETCTBYIOIIETO [BOWY-
HOTo paspsiaa OyaeT MpUHUMATh yyacTre B (DOPMUPOBAHMU BBIXOAHOTO HATPS-
skenust. Ecau ske a; = 0, o 3akpbiThiM Gyjier tpausucrtop VI, a OTKPBITHIM —
VT2, 1 cOOTBETCTBYIONINIT TOK 3aMBIKAeTCS Ha KOPITYC.

v AL g 2L p L oop
o—

o11

M{Jor *HJor ¥]2r

a

Puc. 2.23. Marpuna R—2R (a), cxemMa KOMMYTAIUi TOKOB (0)

2.7.2. Ananoro-uudposbie IpeodpasoBaTeu

Ecau nepementbie wHbOPMAIMOHHbIE BEJTMYUHBI IPEACTABICHBI B aHa-
JIOTOBOH (hopMe B BUjie UBMEHSIONIETOCS HANPSIKEHUST TTOCTOSTHHOTO TOKA, UX
HerocpeacTBeHHast 06padoTKa MUGPOBBIME YCTPOUCTBAMU HEBO3MOYKHA 6e3
MIPEBAPUTEILHOTO TIPE/ICTABICHNS B BUJIEC N-PA3PsITHOTO KOZA. JTY OTIEPAIINI0
ocymectsistior AL

CymtectByeT psiji cloco60B TaKOTo MpeobpasoBaHust, 06IAMAININX CBOUMNI
MIPEUMYIIIECTBAMU U HEJOCTATKAMU; PACCMOTPUM HX.

B criocobe nocredosamenviozo npubnuscenus cxema GopMUpyeT TpoOHbBIE
xozbl, moctymnatomue Ha [{AIl, BBIXOZHON cUTHANI KOTOPOTO CpaBHUBAETCS
C TIOMOITIBIO KOMITapPaTOpa € BXOHBIM aHAJIOTOBBIM CUTHAJIOM (pHcC. 2.24).

BoixomHoit ABOUYHBIN KO/ (GOPMUPYETCS B PETUCTPE, YIIPABJISEMOM YCTPOIi-
ctBoM yripaBienus (YY). Peructp csasan ¢ ITAIT, koTopsrit popmMupyet Hampsi-

87



JKeHUe, TPOTIOPINOHATBHOE KOy, ToJlaBacMoe Ha OAWH M3 BXOJOB KOMIIapa-
Topa. Ha npyroit Bxog kommapaTopa nojgaercs Hanpspkenue Uy, moaiexaiiee
peobPasoBaHIIo B KO/ B MCXOMHOM COCTOSTHUN YCTPOICTBO YIIPABJIEHNMs yCTa-
HaBJIMBaeT Bce pa3psi/ipl peructpa B «0». 3aTeM B cTapiiuil pa3psiji 3aHOCUTCS
«1». Ecm ipn atom Uy, > Upyap, TO yCTPOHCTBO yIpaBJeHus: ocTaB/sgeT «1»
B cTapmieM n-M paspsane, eciu xe Uy < Ujap, TO B CTapImil paspsaji 3aHOCUTCS
«0». 3arem ycTpoiicTBO ynpaBJieHUs 3aHOCHUT «1» B caexytommii (n — 1)-ii pas-
PSIT M BHOBD B 3aBUCHMOCTH OT Pe3yJIbTaTa CPAaBHEHUS yCTPOICTBO yIIPaBICHU
6o ocrasisieT «1» B aTOM paspsie, mubo samucsiBaet «0». Takum o6pazom,
YCTPOHNCTBO yTIpaBIEHUs 3aHOCUT BO Bee Pa3psanl peructpa «1» mmn «0», naun-
Hast OT CaMOTO CTApIIETo 1 KOHYas caMbiM Mutaammm. PaGorta AIIIT cuuxpornsu-
pyetcst renepaTopoM TakToBbIX nMITyabcoB (I'TI). [Tocse n TakTOB cpaBHEHUS
U,x ¢ Uy na eixoge AT nosyvaercs n-pa3psanblii JBOMYHBIA KO/, 9KBU-
BAJIEHTHBIN BXOJHOMY aHAIOTOBOMY curHany. Takme mpeoOpa3oBaTesn MMeioT
OTHOCHUTENLHO BBICOKYIO TOUHOCTb, OJIHAKO JIJIST 7-PA3PSIIHOTO TPe0OpasoBaHmst
Tpebyior 7 TakToB. [Ipu 9TOM, eciiu 3a BpeMs peodpasoBaHusl BXOAHOU CUTHAI
U3MEHSIETCsI, BO3HUKAET OIMHOKa, 0COOEHHO 3aMeTHast TP KOPOTKUX BBIGPOCAX
BXO/[HOTO CUTHAJIA.

Kommnaparop

UBX
+
Yy I'Tn
TTAIT Perucrp
T
Boixoxnoit

1 poBoit Koz

Puc. 2.24. AIIII nociea0BaTeIbHOrO NPHOIMKEHUS

B AIIII, ucnosp3yionero crnocob nuioobpasiozo wanpsjcerus, net mud-
poanasiorosoro npeotpasosanusg (puc. 2.25). IIpuHnun ero paboTbl OCHOBaH
Ha U3MEPEHNN UHTEPBAJIA BPEMEHHU, B TeueHe KOTOPOTO JIMHEITHO HapacTalo-
1ee HanpskeHne gocturetr yposus U,,. [To komanne «Hauamno npeobpasosa-
HUS» ofiHOBpeMeHHo 3anyckaercs I'TIH u B3BoguTces tpurrep, paspenaoniuii
IIPOXOK/IeHNe TAaKTOBBIX MMIIYJIbCOB Ha BXOJ| cueTynka. JImHeiiHO HapacTa-
fomee Hanpsoxkenne Uy, dopmupyemoe 'TTH, moctynaeT nHa oguH u3 BX010B
KOMIIapaTopa, Ha JIPyroil BX0J KOTOpOTo Iojaercs: Hanpsikenue U, 1oje-
JKaree TpeodpPazoBaHmio B Ko/ B MoMeHT, Korfa Hampspkenue U, cpaBHsIeTCs
¢ U,y, KOMIIapaTop BBIIACT KOMAH/IY, COPACHIBAIOINIYIO TPUTTEP ¥ 3alpelia-
IIY10 TIPOXOKIEHNE TAKTOBBIX UMITYJILCOB Ha BXOJ[ cueTdnka. TakuM oOpasomM,
KO/l Ha BBIXOJIE€ CUETUMKA OY/AET TPSMO TIPOMOPIIMOHATIEH OTPE3KY BPEMEHH,
B Te4eHNe KOToporo Hampstkenue U, nocturier yposusa U,,, T.e. caMoli Besu-
yune U,,.
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Puc. 2.25. AIII n111000pa3HOro HANPSIKEHUS

Kak caenyer uz npuniumna paborsr gannoro AL, on numeer HeBbICOKOE
6picTposeticTBre. TOUHOCTH MPeoOPA30BAHMS OTPEIETSIETCS CTaOMILHOCTDHIO
['TIH, xoTopast B OCHOBHOM 3aBUCHUT OT T€MIICPATyPHON HeCTabUIbHOCTH IIapa-
MeTPOB BpeMs3aaonieii RC-1em.

CaMbIM OBICTPOAEHCTBYIONIMM ¥ B TO JKE€ BPEMSI CAMBIM CJIOKHBIM SIBJISIETCSI
AL, ucnobdyionuil crocob napaiiensiozo xoduposanus (puc. 2.26). Bxon-
Hoe Hanpswrenne U, mogaeTcsl OJHOBPEMEHHO Ha BEPXHIE BXO/LI BCEX KOMIIA-
patopoB. Ha HIDKHME BXO/IbI KOMIIAPATOPOB TI0/IAETCS HAIIPSIKEHUe C JeJInTes,
COCTOSIIIETO U3 PE3UCTOPOB 0AHOTO HoMUHAMA R. Takum 00pa3om, HampsiKe-
HUe, C KOTOPBIM OCYIIECTBIISAETCS CPAaBHEHME BXOIHOTO CUTHANA Y JABYX COCEJI-
HUX KOMIIAPaTOPOB, OTJINYAETCS Ha BEJNYMHY, COOTBETCTBYIONIYIO TIeHE CaMOT0
Miazmero paspsaa. [lpuopurernenii mudpaTtop hopMupyeT BLIXOAHOIH I po-
BOW KOJI, COOTBETCTBYIOIIUI caMOMy cTapiiemMy U3 cpaboTaBIIMX KOMITApaTo-
pos. I[lo emuHUYHOMY CUTHATTY «3amch» n-Pa3psAHbIT Ko/ ¢ mudpaTopa yepes
KOHBIOHKTOPBI TOCTYMAeT B MapaJIeTbHBINH PETHCTP.
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Puc. 2.26. AIIII napannenbHOro KOJUPOBAHUSA

Boicokoe 6pictpoaeiictsue ALLLL, peannsyiomero aToT crnocob, Z0CTUTAETCS
3a CYET 3HAYUTEJIBHBIX AllapaTyPHBIX 3aTPaT U GOJIBIION MOTPebIIeMOl MOTIT-



Hoctu. Hampumep, st Bocsmupaspsiaaoro AL tpebyetest 255 KoMmapaTtopos
1 0k0J10 3 - 104 aKTHBHBIX 9JIEMEHTOB, IOTPEOJIIONIMX IIPUMEPHO 2,5 BT.

2.8. IcTOYHNKM BTOPUYHOIO 3NEKTPONUTAHUSA

2.8.1. CTpyKTYypBI HCTOYHHKOB 3JI€KTPOMUTAHUS

Jltst 106010 2JEKTPOHHOIO YCTPOICTBa HEOOXOAMM UCTOYHWK MUTAHWS,
KOTOPBII IOJIKEH IaBaTh OZIHO WU HECKOJBKO 3HAUEHUI MOCTOSTHHOTO HAIIps-
skeHust. KoHeuHo, B KauecTBe MCTOUHMKA MTUTAHUS MOXKHO MCIIOJIb30BaTh IaJib-
BaHnyeckue Garaper, HO TPpK OOJIBIIOM HOTPEOJIEHIH MOIIHOCTH 3TO HEDKOHO-
MUYHO. B 9TOM ciiydae mpUMEHSIOT CleluaJbHble 3JIeKTPOHHBIE YCTPOICTBA,
obecnieunpatone GopMUPOBaHUE TPEOYEMbIX TUTAIONIMX HATIPSIKEHUH M Ha3bl-
BaeMble HCTOYHUKAMU 3JIEKTPOIIUTAHMSI.

VCTOYHUKY 3JIEKTPUYECKON DHEPIHH, HeOOXOAUMOM I TIMTaHUsA 100601
AJIEKTPOHHON araparTypbl, IPUHATO MEJTUTh HA NCTOUHUKH TIEPBUYHOTO U BTO-
PUYHOTO 2JIEKTPOITUTAHUS.

K nepsuunvin ucmounuxam snexmponumanus oTHOCAT TpexdasHyio (UIu
0HO(a3HYI0) ceTh MPOMBIILTeHHON YacToThl 50 [ (JIUIs1 cTanroHapHO arma-
paTypbl) U TeHepaToOPbl MOCTOSHHOTO WA MTEPEMEHHOTO HAMPSKEHUS TTOBBI-
mennoi yactotel 400—500 1. XumMnueckue raabBaHUyeCKUe 3JIEMEHTBL U COJI-
HeuHble GaTaper MCIOIb3yITCs TOJABKO JIJIsl MUTaHks GOPTOBOI almapaTypsl,
yCTaHaBJIMBAEMOI Ha MOJABUKHBIX 0OBEKTAX U TPEOYIOIINX aBTOHOMHOTO 3JIEK-
TPOTTUTAHUS.

Hcmounuxu emopuunozo anexkmponumanus (IBI1I) Beimonnsgior dbyHKImm
npeobpa3oBaHust BUia Toka (MEPEMEHHBIH — TOCTOSTHHBII), CTaOUIN3aIIK
U PETYJIMPOBKU HATIPSIKEHUS NN TOKA, (DUJIBTPAIIMK PA3THYHBIX TOMEX, BO3HM-
KaIOTIWX TIPY TIEPEKIIOYECHIH, CTAOUIN3AIINN 1 PETYIUPOBKE HATPSIKEHUST 1 T. 1.
[TpeoGpazoBatme MEPEMEHHOTO TOKA B MOCTOSTHHBIA OCYIIECTBIISETCS Gbinpsi-
mumensimu, a o6paTHoe TIpeodpazoBaHKe MOCTOTHHOTO TOKA B MEPEMEHHOE —
ungepmopamuy (He IyTaTh C UHBEPTOPaMU — 3JIeKTPoHHbIMU cxemamu «HE»).

[Momassiomnas 9acTh yCTpoicTB MHGOPMAITTHIOHHO-BBIYNCIUTENbHBIX CUCTEM
HOTPeOIIsIeT AIEKTPUIECKYIO SHEPIHIO B BUJIE TOCTOSTHHOTO TOKa. Eciii epBud-
HBIM MCTOYHUKOM CJIYKHUT ceTb IepeMeHHOro Toka U_, To UB3II vame Bcero
MMeeT CTPYKTYPY, IPUBeIeHHYI0 Ha puc. 2.27, a.

~U
— T HBH®D®HC HH

— BIlHDPIH UM TMHB2HHMR®P2MH Cr

6
Puc. 2.27. Crpykrypubie cxembl UBIII

Mormrusrii Tpancgopmatop T, kak TPaBUIO, TOHWIKAET HANIPSKEHUE, 3aTEM
OHO TIpeoOpasyeTcst BBIMPSIMUTENIEM B B MOCTOSIHHOE HANPSLKEHUE, MTYJIbCAIIN
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KOTOPOTO criaskuBaiorest hpunbTpom @D, u mpu HeoOGXOAMMOCTH YPOBEHD HTOTO
HATIPSDKEHUsI ¢ TIOMOTIbI0 ctabum3aTopa CT MOIEepKUBAETCS HEU3MEHHBIM,
He 3aBUCAIIIM OT U3MEHEHWH HANPSKeHNs CeTH, TeMITepaTyphbl, Toka Harpysku H
U JIPYTUX JeCTAOMIU3UPYIONNX (DaKTOPOB.

VB3I gBASIOTCS HEOTHEMIEMON YacThI0 TI000# 3JIEKTPOHHOI anmapaTypbl
U B 3HAYUTEJBHOI CTEICHU ONPEENSIOT ee TeXHUKO-IKOHOMHUYECKUE MOKa-
3aresin. Ha 10110 MCTOYHUKOB MUTAHUST HEPEIKO mpuxoautces 10 40% obieit
Macchl 1 00beMa armapaTypbl, TOITOMY OHOI U3 3aj1a4, CTOSIIUX TIEPEJ MPO-
€KTUPOBIIUKAMU, SIBJISIETCS UX KOMILIEKCHASI MUHUATIOPU3AIIUSL.

W13 Beex yanos MBIII naubosiee TpoMo3/Kie, Kak TPaBUJIO, — Y3JIbI, BBITIOJI-
HEHHbIE HA MAaTHUTOIIPOBO/IAX U3 (HEPPOMATHUTHBIX MaTepUAIOB (TpaHchopma-
TOPBI U JIpoccesin (pUIbTPOB).

CrpemiieHHE YMEHBITUTH MacCy W rabapuTHBIE pPazMepbl UCTOYHUKOB
AJIEKTPOTIUTAHUST TIPUBEJIO K CTPYKTYPHOU cxeme, HasbiBaemoil «IBIII ¢ Gec-
TparchopMaTOpHBIM BXomoM»> (puc. 2.27, 6). B 9T0il CTPYKType mepeMeHHoe
HaNpPsKeHNe EPBUYHON ceTu cHavasa Buimpsmisiercss B1 u dunbrpyercst D1,
a 3aTeM uHBepTUpyeTcs: B unBeprope U B mepemerntoe, 1o ¢ gactoroit 20—50
kI, Ha aToit yactore HanpskeHue Tpanchopmupyercs T 10 Hy:KHOTO YPOBHS,
BHOBb BbIIpamisiercs B2, dunbrpyercsa D2 u mpu HeoOXOAUMOCTH CTaOUIN3NU-
pyercst Ct. Macca u raGapuThl MArHUTOTIPOBO/A TpaHchopMaTopa (Ipoccesst)
06paTHO MPOMOPIIMOHAIBHBI YACTOTE IEPEMEHHOTO TOKa. [109TOMY Ha BBICOKOI
4acToTe MPOUCXOIUT PE3KOE YMEHbINEHIe Pa3MepoB Tpanchopmaropa u husb-
tpa M2. 3a cyer aTOTO, HECMOTPST Ha HOJIbINEE, IO CPABHEHHIO CO CTPYKTYPOIi
puc. 2.27, 4icII0 Y3JI0B U ABOIHOE IIpeoOpasoBaHue BH/Ia TOKA, UCTOYHUK HOJIY-
YaeTCsT 3HAUNTETHHO MEHBIITE TI0 Macce U TaOapUTHBIM pa3MepaM.

2.8.2. BeimpsamurebHbIE YCTPOICTBA

Boimpsamutesnn cay:KaT 17st TIpeoOpPa3oBaHus TEPEMEHHOTO (CHHYCOUIATD-
HOTO) HaNPSDKEHMS B HAPSKEHE MTOCTOSHHOTO TOKA € TIOMOIIIBIO TIOJIYITPOBO-
JTHIKOBBIX BBITIPSIMUTEIBHBIX JIUOJOB.

B cxeme ogHOMOMynepuosHoro BeimpsaAMuTenrs (puc. 2.28, a) Tox I, depes
JIVIOJT TTPOXO/INT B HATPY3KY R, TOJIBKO B [TOJIOKUTEJIbHbIE [TOJIYIEPHO/Ibl HAIIPSI-
xkenust Uy, Tak Kak B OTPHUIIATEJIbHbIE TTOJTYIIEPHO/IBI OHO 3arupaetr nuoi. Tok
B Harpyske (3alITPUXOBAaH) UMEET MPEPBIBUCTBIN XapaKTep, a ero MOoCTOsTHHAS
cocrapistionast I, mpezctaBisier coboil cpeziHee 3HAYECHHE TOKA, TPOTEKAIOIIETO
3a MEPUOJI, ¥ CO3/IAeT HA HArPY3Ke TTOCTOSTHHYIO COCTABJISIONLYIO HAIPSKEH NS,
paBHyio (coryacHo passoxenuio ¢pyukimn B psa Dypoe):

U \/E U
21nax 2max
Up=1IyR, R, = =2

- =0,45U,,
rie Uy 1 Uy — aMImnTyiHOE 1 IefiCTBYIOIIee 3HAYeHUsT CUHYCONIAJIbHOTO
HATPSTKEH ST BTOPUYHOI 00MOTKY Tparnchopmaropa. [To 3agamnomy U MOKHO
Haiitu U, v onpenesnTh HeoOXoamuMblil KoaddunmenT tparchopmaiu U, / U,
TP U3BECTHOM HampsbkeHnn Uy THTAIONIEH ceTH MepeMEeHHOTO TOKA.

B orpuiaTesbHbIi TOTYTEPHO/ K 3alIePTOMY MO/ MPHJIOKEHO 0O6paTHOe
HaIpsoKeHne

Uo6p U2max TEUO,
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MOTOMY JMOJ BHIOMPAIOT Tak, YTOOBI €T0 AOTYCTHMOE 06paTHOE HAMPSIKEHUE
YAOBJIETBOPSLIO yCA0BUIO Uy o 2 MU, @ AOIYCTUMBILI Yepe3 An0/L NPSIMOii

TOK — yCnoBUIO I o 2 1y

U2 UZmax
U

I, - -
A T

I2max \ +I() /I ot
\N_7
Uy

NN

A ‘]0 wt

Puc. 2.28. BoiipsimuteibHble YCTPOiicTBa U rpadUKH, NOSCHSIONIME HX PadoTy:
a — OI[IIOHOJIyHepHOHIII)II;i BBITIPAMUTEIb,
6 — JBYXIOJIYTIEPUOIHBINA BBITIPSIMUTEIb

Cxema IBYXNOJYTIEPUOTHOTO BBINPSMUTENSI COCTOUT U3 YETHIPEX UOOB,
BKJIIOUEHHBIX 110 TaK Ha3bIBAEMON MOCTOBOU cxeme (puc. 2.28, 6).

Hanpsizxenue U, B MOJOKUTENbHBIN MOJIYIIEPUO OTKPBIBaeT auojabl VD1
n VD3 u ot toukn A k Touke B mo menn «VD1— R,—VD3» mpoTekaeT TOK
narpysku I, = Iy 5 Ilpu sarom auonnt VD2 u VD4 saneproL

B orpunarenpsbiii nonxynepuos Hanpsikenue U, oTkpbiBaeT auojipl VD2
u VD4 n ok I = I, 4 Teder oT Touku B x Touke A no uenn «VD2—R, —VD4»,
MIPOXO/Isi TI0 HATPY3Ke B OJIHOM ¥ TOM K€ HAIIPABJIEHUU.

B aT0il cxeme nmocroguuble cocraiAonue Toka Iy u nanpsskenua U, B 1Ba
pasa BblIIlle, YeM B OIHOIOJIYTIEPUOIHON CXEME:

9 9 22

I,==—1I Uy=—U =—U,=0,9U,.
0 - 2max Y 0 - 2max - 2 2

OrenuM o6paTHOe HANPSTKEHUe, TPUIOKEHHOE, HAITPUMEp, K auoxy VD2
B MOJIOXKUTETBHBIH TTOTyTIepHO/l HAPsKeHN Us.

[Tpu otkpbiToM Anoze VD1 noreniman Touku A’ 6IM30K K MOJTOKUTENBHOMY
HOTEHIALY TOYKK A 0OMOTKH TpaHchOpMaTopa, a ee OTPUIlaTebHbI TOTeH-
1A TOYKW B mpusioskeH K ipyromy BoiBoay auona VD2, 3naunt, k quony VD2
TPUIOKEHO 06paTHOE HAMIPSKEH e BTOPUYHOI 06MOTKM TpaHchopmaropa U,
= Uypao T-€. TAKOE K€, KAK ¥ B OJIHOTIOJNYTIEPHO/IHON CXeMe.

Tok, mpoTekamuil yepe3 KaxKAblil 13 AUO/OB, Icp =1,/ 2, r.e. B 1Ba pasza
MEHbIIIe, YeM B OJTHOTIOJIYIIEPUOIHOM BbIIPSIMUTEIIE.

6p
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IIpumep 2.7

Haiitn mapamerpnl auonoB u  koadduiment Ttpanchopmanuu TpaHchopmaropa
JUISI MOCTOBOIT CXeMbI BBITIPsiMuTE st (CM. puc. 2.28, 6), ecit HeOOXOMMO MOIYYHTh MOIITHOCTD
B Harpyske P, =600 Bt u nanpsokenne Uy = 115 B npu nanpsokennu cetnt 220 B (narpyska
YHCTO aKTHUBHAS).

Pewenue. HanipsikeHne BTOPUYHOI 06MOTKE TpaHChHOPMATOPa JOJIKHO ObITH

Uy=U,/09=115 /0,9 =127 B.

CurieroBaresibHO, HeOOXOMM MOHMKAIONHI TpaHchopMaTop ¢ KoadduimenToM Tpamc-
dopmanun K =220 /127 =1,73.
[TocTostHubIil TOK B HArpy3Ke

Iy="Py/ Uy=600 / 115=52 A.

CuieqroBatesibHo, HEOOGXOMMMbL IMO/IbI, IONYCTUMBIH TOK KOTOPBIX Iy, 1o 2
>5,2 /2=26 A, a gonycrumoe o6paTHoe HAIPsKEHUe

Unﬁp.non2 Usax = \/E -Uy= \/5 127 =180 B.

Tpexdasubie BHIIPAMATEN IPUMEHSTIOT TPU GOMBIINX MOITHOCTSIX, TAK KaK
OHH PAaBHOMEPHO HArpy;KaioT Tpex(hasHylo CeTb.

Bropuunast o6MoTKa TpaHchopMaTopa, COeAnHEeHHast 3BE3I0I C HYJIEBbIM
TIPOBOJIOM, TIOJIKTIOYEHA K HATpy3Ke R, depe3 Tpu anoxna (puc. 2.29, a). Tok uepes
KasKZBIN 1o/l ipoTekaeT B Tedyenue 1/3 nepuoza T, Korja HanpsoKeHue GhasHoii
0OMOTKH, € KOTOPOW COEAIMHEH IO/, BBIIIE HAMPSIKEHMsST OOMOTOK JIBYX JIPYTHX
das. Ha puc. 2.29, ¢ 3arrrpuxoBana (hopMa HalpsiKEH U, TIOIaBAEMOT0 K HAaTPY3Ke,
1 MMerolas 3HaUNTeJIbHO MEHbIIIHE ITyJIbcallii, YeM B cXeMax puc. 2.28.

A B C A B C
T ? 9 U U2max
Pt D UMUMU.
Uy
N N
| = 1"}
_ N NI
| =) (")
RIIUO _ UO +
V V YV + —
R, T
a 6 6

Puc. 2.29. Tpexda3subie BbIIPSIMHUTEIN:
a — tpancdopMatopHsiil; 6 — GecTpanchopMaTOPHBIIL;
6 — rpauK, HOACHSIONMI PaBOTY BBITIPAMUTEIISI

B TpeX(baSHOM BBIIIPAMUTEIIE COOTHOLIEHUSA JIA YUCTO aKTUBHOI Harpys3ku

TAaKOBBI:
U, =—32 3 Upmax = 0,827U 0 = 117U ;5 U, =V3-Uspyax = 2,090,
T

rae Uy, 1 Uy — aMniutygnoe n geiicTByioliee 3HadeHus (Gasnoro Hampsoke-
HUSL, @ Cpe/iHuii Tok uepes auoa I, =1y / 3.
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B 6ecmpancgopmamoprom mpexgasnom svimpsamumene (puc. 2.29, 6) coor-
HOIIEHUST JIJIsI YUCTO AKTUBHOU HATPY3KU PABHBL:

32

U, =22
"7

U=1,35U; Uy, =U,

max ~ 1’05U0’
rae Uy 1 U — amnumrygHoe u JeficTByioliee 3HaueHuA JUHEHHOro HanpssKe-
HUS CETH, & CPEJHUN TOK Yepe3 KasK/IbIi U3 IeCTH IN0/I0B ICD =1,/ 3.

IIpumep 2.8

YeMy paBHO BBINPSMIEHHOE HANpsbKeHue OectpaHchopMaTtopHoro tpexdasHoro
BuIpsMuUTeist (eM. puc. 2.29, 6), HOAKIIOYEHHOTO K CETH ¢ JIMHEHHBIM HATIPSKEHHEM
U =380 B, u na kakoe oOpatHoe HalpsiKEHKe JO0JKHbI ObITh PACCUNTAHDI IUObI?

Pewenue. Ilocrosnnoe nanpsxenue pasuo Uy = 1,35 - 380 = 513 B w anozbt 10/KHBL
ObITh paccunTanbl Ha o6parioe Hanpsukenue Uy, =Upy, = J2.U=+2.380=537 B.

2.8.3. CriaskuBaomue GpuibTppl

Jl1s mUTanus aJeKTPOHHON ammapaTyphl TOTYCKaeTCs My IbCallisd HaIpsi-
SKEHMs, He MIPEBBINIAIONIAst 0JIeil MPOIIEHTA, O/IHAKO HA BBIXO/E BBIIIPSIMUTEEH
MyJIbCAIUY 3HAYUTENBHO GoJtbine. [[JIsT UX yMEHbIIEHUsT TIPUMEHSTIOT CIIIasK-
Barotue GUWIHTPHI, KOTOPBIE TOKHBI MAKCUMATBhHO YMEHBIUTH (TTOABUTH)
HepeMeHHbIe COCTABJISIONINE U C BO3MOKHO MEHBIITUMHU TTIOTEPSIMU TIPOITYCTUTh
MIOCTOSTHHYIO COCTAaBJISAIONIYTO BBITIPSMIICHHOTO HAMTPSIKCHUS.

[TpocTefimum GUABTPOM CIYKUT KOHIEHCATOP, BKIIOYEHHBIN HA BBIXOJE
BbITIpAMUTES B nmapasienbuo Harpyske (puc. 2.30, a), KoTopbiil 3amnacaer
9HEPTHIo, 3apsKasgch BO BPEeMs BO3PACTAHWSA HANPSIKEHWSA BLITIPIMUTEA,
U OTZIAeT ee, Pa3psiKasiCh Ha COMPOTUBJIEHUE HATPY3KHU, KOT/IA OHO CHIYKAETCSI.
Ha puc. 2.30, 6 nokasana dopma Hanpsikenusi Ha kougencarope Uy (a 3Ha-
YUT, ¥ Ha MapajieJbHO BKIIOUYEHHOM R,) IPH ABYXMOJYIEPUOAHOM BBITIPS-
MUTeE.

Puc. 2.30. CrnasxkuBaiomye (pUIbTPbL:
a — RC-bunbtp; 6 — rpaduk, nosicHstionumii paboTy GuabTpa;
6 — LC-puibtp; 2 — T1-06pasubiii RC-buabtp
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JLJ1s1 mastbHEHIIIEro CHIKEHUsT My Tbcaruii mpuMerstioT [-06pastbie LC-(hribTph
(puc. 2.30, 6). Mupykrusroe conporusienne X; = wLg, crpeMsrtest caenarh 3Ha-
YUTEBHO OOJIbITE R, IJIst TOTO, YTOOBI EPEMEHHBIE COCTABJISIONIME BBITPSIMIICH-
HOTO HANPSLKEHUS € YaCTOTAMHU ITYJILCAITAN OT OCHOBHOI (0 W BBITIIE «3a/IePsKUBa-
JIChy> OBl (GUIBTPOM B BUJIE TIA/ICHUST HATIPSDKEHUS Ha X, He IOCTUTAst HATPY3KHL.
EmrocrHoe ke conporusietne Xo =1 / oCy, BBIIOTHAIOT 3HAYNTEIHHO MEHbIIIE,
geM R,, JUIST TOTO, YTOOBI TIEPEMEHHBIE COCTABJISIONIIE BBITIPSIMIECHHOTO TOKA
3aMbIKasnch uepes X, munys R,. [Tpu aToMm mocrosnnas cocTasisionias Toka,
1t kotopoit X; = 0, X = oo, He co3/iaeT NajieHns HalpsDKeHUsT Ha L(b ¥ He 3aMbl-
Kkaercst yepe3 Cy, LETMKOM HOCTYIIast B HATPY3KY.

Henocratkom LC-bGUAbTPOB SBJISETCS TPOMO3JKOCTb U TPYAHOCTb M3rO-
TOBJIEHUST WHAYKTUBHOCTU B MUKPOIJEKTPOHHOM HcHojaHeHuu. [loaTomy
B MHTErPAJbHBIX MUKPOCXEMaX MPHU TOKAX HATPY3KU B HECKOJIBKO MUJLIHAM-
nep ucnosb3yior [I-o6pasubie RC-buiabTpsl (puc. 2.30, 2), HecMOTPs Ha MX
HECKOJIbKO XY/IIINe cTAaKuBatoniue cBotictsa n Mmerbinue KIT/I.

2.8.4. JIuneiinple CTaOMIM3aTOPHI HANPSKEHUS

Cmaburuzamopom Hanpsajicenuss Ha3biBaeTCsl YCTPONCTBO, aBTOMATHYECKH
MOJIIEPKUBAIOIIEe HANPSIKEHIE HAa HATPY3Ke TIPY U3MEHEHUH B ONPeIeTeHHbIX
mpejiesiaX TakuX JAecTabuIn3upyomux Gakropos, KAk HAMPSIKEHUE HEPBUYHOTO
HUCTOYHUKA, COTPOTUBJIEHIE HATPY3KH, TEMIIEPATYPa OKPYIKAIOIIEH CPeJIbl.

CymecTByeT /1Ba Bia CTaOMIN3aTOPOB — TTapaMeTPUYECKUe U KOMITeH a-
[UOHHBIE.

Ilapamempuueckuii cmaburu3amop NCToIb3yeT 3JIEMEHTBI, B KOTOPBIX HAIIPSI-
JKEHUEe OCTAeTCs] HEU3MEHHBIM TIPU U3MEHEHUH TIPOTEKAIONIEr0 YePe3 HUX TOKA.
TakuMu sJeMEeHTaMU SIBJISIIOTCS CTAOMIUTPOHBI, B KOTOPHIX MPU U3MEHEHUH
TOKa B OUE€Hb IMTUPOKKUX IPeJlesiax MajleH1e HATPSIKeHNsT N3MeHsIeTCs Ha JI0JTH
npouenta (cM. maparpad 1.2). [lapamerpuyeckue cTaOMIN3aTOPDI IIPUMEHSI-
10TCsT, KaK MIPABUJIO, B KAYECTBE HCTOYHUKOB OMOPHOTO (3TATIOHHOTO0) HATIPsiKe-
HUS B MOIIHBIX KOMIIEHCAIIMOHHBIX cTabusmsaropax (puc. 2.31).

L
UBbIX p
+

01 03 Uy B

8

Puc. 2.31. CTpyKTypa KOMIEHCAIIMOHHOTO CTA0UIM3aTOPa HanpsKeHus (a),
ero npocreimas peamsanusa (6) u rpaduK, NOACHAIOUMIA BHIOOD
pabGoueii Touku (8)

HpI/IHLII/IH pa6OTbI KOMNEeHCaAuuUoOnnozo cma6wzu3am0pa OCHOBaH Ha CpaBHE-
HUM (I)aKTI/I‘-IeCKOFO HallpAXKeHWA Ha Harpy3Ke € 9TaJIOHHBIM U YBEJIMYECHUUN UJIN
YMEHDbIIEHNHN B 3aBUCUMOCTU OT 3TOI'O OTKJIOHEHUA BBIXO/HOI'O HAIIPSAKEHUA.
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ITaJOHHOE HANPsKeHUE (HOPMUPYETCS NCTOYHUKOM OTIOPHOTO HAIPSKEHUS
(MOH). B cpaBuuBaioiem asemente (CI) NPOUCXOAUT CPaBHEHME HAIIPsIKe-
HYISI Ha HarPy3Ke ¢ STATOHHBIM U BEIPAGOTKA YIIPABJISAIONIETO CUTHAA PACCOTJIA-
COBaHUs. JTOT CUTHAJ yCUIUBaeTcs ycunurenaeM (Y) U 1ojaeTcst Ha peryJin-
pytomuwii aement (PJ), KoTopbiii obecriednBaeT Takoe U3MeHEHHE BBIXOHOTO
HAIPSIKEH ST, KOTOPOE TIPUBOANT K MPHONMKEHUTO (PaKTUUECKOTO HANPSIKEHMST
Ha HarpysKke K 3TaJJOHHOMY 3HA4eHUIO.

OCHOBHBIM ITAPaMETPOM CTa0MIN3AaTOpPA ABISETC K0d(duyuenm cmabu-
Ju3ayuu — OTHOIIEHWE OTHOCUTETHHOTO M3MEHEHUs HAIPSKEHWS Ha BXOJE
K OTHOCUTEJIbHOMY M3MEHEHUIO HATIPSIKEHUS Ha BBIXOJIE:

AUI%

UBX

KCT = AUi
%BBIX

B mpocTeiiniemM KOMITEHCATTHOHHOM CTaGHIN3aTOPe OTIOPHBIM HATIPSIKEHHEM
stBasteTCst Hanpstkenne U, ctabumurpona VD, a cpaBHUBAIONINM 3JEMEHTOM,
YCUJIUTEJIEM 1 OJTHOBPEMEHHO PETYJHUPYIOIUM 3JIEMEHTOM — TPAH3UCTOP
(cm. puc. 2.31, 6).

Boixomnoe nanpsikenue (Kak 9TO BUIHO 110 3HAKAM <«+» M «—» Ha CXeMe)
U, = Uy — Usg. Tok uepes pesuctop Ry 00pasyeTcsi CJI0KEHUEM [BYX TOKOB:
Toka crabusurpona I,  Toka 6asbl Iy, Pexkxum paboThl TPaH3MCTOPA BBIOHPAIOT
TaKuM 00pa3oM, 4TOOBI NCXOMHAST Pabodast TOUKA p PACIOIaTalach Ha CEPEITHE
JINHENHOTO yYacTKa ero BXOJHON Xapaktepuctuku (cMm. puc. 2.31, ¢). Hampstxe-
uue Uyg ipu aTOM coctasisieT 0,—0,3 B. Tak kak HampsokeHne CTabUINTPOHA
o6brano okoso 8 B, to Uy, = U,,.

[IpearooKiM, 9TO M0 KaKUM-I160 IIPUINHAM HAIPSDKEHNEe Ha HATPYy3Ke
YMEHBIINIOCh. JTO TPUBE/IET K YBEJIMUEHNIO MaZeHUA HaNpsKeHUA Usp =
= U, — U,y UTO, B CBOIO OY€PE/Ib, YBEJIUUUT CTENEHb OTKPBITHSI TPAH3UCTOPA.
B pesysibTate nazieHne HanpspkeHus Ha TpaHauctope Uy, YMEHBIINTCS, a 3Ha-
YUT, yBeJIMYUTCA Hanpskenne Ha narpyske Uy, = U, — Uy, U B UTOTE HATIPS-
JKeHUe Ha Harpy3Ke BOCCTAHOBUTCS. AHAJIOTHYHOE BOCCTAHOBJIEHIE BBIXOJHOTO
HATIPSKEHTIS TPOM30H/IET U MPH ero yBeJNYeHUH. TOJbKO B 3TOM cJydae Mmpo-
U300/IeT yMEHbIIEHe CTEeNeH OTKPbITUs TPAH3UCTOPA M COOTBETCTBYIOIIEE
yBeJMUYeHNe a/[afoliero Ha Hem HanpspreHns Uys.

TpaHsucTop BKIIOYEH 110 CXEM€ SMUTTEPHOrO IIOBTOPUTEJISI, BXOJTHBIM
HanpspkenueM koroporo asiagercd U,,. Tak kak [; << I, cxema I103BOJIseT
OT/IaBaTh B HATPY3Ky 3HAYMTEIBHYIO MOITHOCTD. Koadduiment crabmmmsanmm
takoii cxembl cocrasisiet K, = 150—300. B paccmoTpenHoii cxeme curaa pac-
corylacoBanusi GOPMHUPYETCS] HA CAMOM PeryJInpyloleM TpaHaucrtope. bosee
BBICOKYTO CTETIeHb CTabMIM3aun 00eCeInBaioT CXeMbI, B KOTOPBIX Ha 6a3y
PEryJINPYIOIIEro TPAH3UCTOPA MMOCTYTIAET MTPEBAPUTEIBHO YCUICHHBIN CUTHAI
PaccorIacoBaHusl.

B paccMoTpeHHBIX cTabUIN3aTOpaX HANPSIKEHUST PETYIUPYIONHH TPaH3U-
CTOD BCeT/[a OTKPBIT, & CAMOPETYJINPOBAHNE OCYIIECTBIISETCS MyTeM N3MEHCHUS
CTETIEHN €T0 OTKPBITHS, T.€. TuHeitHo. [ToaToMy Takne cTabMI3aTOPh Ha3biBa-
I0TCST IUHETIHBIMU.
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2.8.5. IMnyibcHbIE CTAOUIM3ATOPbI HATPSKEHUS

B otaidme ot paHee pacCMOTPEHHBIX JTMHENHBIX CTAOMIN3ATOPOB, B UMNYAbC-
HOLX CIABUIUZAMOPAX HANPSANCEHUS TPAHIUCTOP, YEPE3 KOTOPbIil TEYET TOK
B HArPY3KY, TEPUOANIECKN OTKPBIBAETCS W 3aKPHIBAETCS, T.€. pabOTaeT B KO-
4yeBOM pexkuMe. IIpudeM peryampoBanue OCyIECTBIACTCS IIyTeM U3MEHEHUSA
mayspl, B TedeHue KOTOPOIl yepes KJIOUEBOH TPAH3UCTOP TedeT TOK Harpy3Ku
OT MCTOYHWMKA MOCTOSTHHOTO BXOIHOTO HampsKeHus. TakuM o6pasoM, TpaH3u-
cTOp paboTaeT He B INHEWHOM, & B MIMITYJILCHOM PEXRUME: OH JIMOO0 MOTHOCTHIO
OTKPBIT, JIWGO MOJTHOCTHIO 3aKPBIT. B Takux crabuinsatopax cpejHee 3HaueHue
nanpspkenns na narpyske Uy, = Ut/ T, tne T — mepuoz ciieo0Banus UMILYJIb-
COB; { — MPOJOJKUTEIBHOCTD 3AMKHYTOTO COCTOSTHUS KJIIOYa.

WMy sbcrble ctabuimszatopbl obectieunBaior 6osiee Boicokuit KIT/I, Tak kax
B MOJTHOCTHIO OTKPBITOM COCTOSIHUY HA TPAH3UCTOPE TMAMAET OYeHb HEOOTBIIOE
HaIpsKeHne, a cJIeloBaTeJbHO, MOIHOCTD, paccenBaeMasl Ha TPAH3UCTOPeE,
ropasao MeHbIIE TOW MOI[HOCTH, KOTOPAsk PACCEUBAETCS B JIMHEIHBIX CTaOM/IN-
3aropax.

ITockosbKy peryampoBaHue OCYUIECTBISCTCS MTyTeM M3MEHEHUS ITHPUHBI
UMILYJILCOB f, TOT IPUHIUI PAOOTHI TIOJYYUJI HA3ZBAHKE HIUPOTHO-MMILYJIbC-
Hoit moxyssauuu (IIMM). Nmirysbcable ctabuausatopbl (puc. 2.32), Tak ke
KaK 1 JIMHEIHbIE, ABJIAIOTCA KoMIeHcanoHHbIMI. Curhas paccoryacosanus Uy,
06pa3oBaHHbIi cpaBHUBAONTIM 31eMenToM CI 1 ycmnenusiit yenmureneM (Y),
mpeobpas3yercsi B UMITYJIBCEI, CIEYIONTIE ¢ OANHAKOBON YaCTOTOM, MJIUTEND-
HOCTb KOTOPBIX Z,,, U3MEHSETCS MOJ AeHCTBIEM CUTHAJIA PACCOTTIACOBAHUA. ITH
VIMITYJTbCBI OTKPBIBAIOT 1 3aKPBIBAIOT KJIIOUEBOH TpaHaucTop V1, KOTOpbIil BMecTe
¢ nuomom VD u LC-bunbTpoMm 06pasyeT MMITYJIbCHBIN PETYTUPYIONIHI SIeMEHT.

Uy 4av, AU,
y !
VT Y Y\ e o O p
lap
t T t
U == B
wakt, © Ry [ Unnd
[IIH lLL_IH/IM €9 I t
T v MOH s :
U, U, ~ v
a
t b oty ty ty s t
0

Puc. 2.32. UMy abcHbliA cTa0uim3aTop HanpsokeHus (a)
M IIPOUCXOASIIME B HEM Iporecchl (6)

[oka nanpskenne nuaoobpasuoro nanpsbkenus U, < U, (yuacTok ¢, — ¢
Ha puc. 2.32, 6), Tpansucrop 3aiepr. B redenne Bpemenu | — ts, korga U, > U,
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TPAH3UCTOP OTKPBLIT, U HanpsikeHue Uy, npuioxkeHo k xppoccedto. ITox neii-
creueM Uy, quox VD samupaercs, a TOK Yepes3 APOCCeb iy, YBeJINIHBAETCs,
3aracasi 9HEePruio B MHAYKTUBHOCTH. /[0 TeX 1Op, II0Ka TOK APOCCEist He JOCTUT-
HET 3HAUEHU TIOCTOSTHHOTO TOKa Harpy3ku I, (y4actok ¢ — t,), Kongencatop C
paspsKaeTcsl Ha HAarpys3ky ¥ HanpsibkeHue Ha HeM Uy cHibkaercst. C MOMeHTa
BPEMEHHU 9, KOT/IA iy, > [, KOH/ICHCATOP HAYHET MO/BaPSIKATLCS PABHOCTDIO
TOKOB 1, — [,. B MomenT {3 3anupanus tpansucropa 3/1C camonnpyxumnn
ZIpOCcesist OTKPBIBAET IO U TOK JPOCCEJIs, 3aMBIKAsICh Yepe3 U0/, TPOTeKaeT
10 HAarpy3Ke 1 0 MOMEHTa ; TPO/I0JIKAET 3apsKaTh KOHJICHCATOD, OTAaBast eMy
3amacennyio apocceseM anepruio. Ha yuacTke ¢, — ¢5 TOK Ipoccesiss MeHBIIe
TOKA HATPY3KU M HArpy3Ka MOAMUTBIBAETCS TOKOM PA3PSIKU KOHIEHCATOPA.
C MOMEHTA £5 11POIIeCC TOBTOPSIETCSI.

[TycTh BBIXOHOE HANIPSI’KEHUE CTAHET MEHBIIIE 33IAHHOTO 3HAUCHWS U HATIPSI-
KeHne paccornacopanust U, ymenbmnres Ha seananny —AU,. Toraa moment
BpeMeHH, Korja muioobpastoe Hanpskenue, ¢popmupyemoe ITIH, cramer
paBHbBIM Hanpskenuio Uy, HACTYIUT paHblile, & BpeMsl OTKPBITOTO COCTOSHUS
TpaHsucropa t,,,, Gopmupyemoro IIINM, yBenuuurcsa. ITo npusejeT K BO3-
pacTaHWIio BBIXOJHOTO HampskeHWs Uy, U BOCCTAHOBJICHUIO €TI0 33JaHHOTO
3Hadenusd. Ecim jke BBIXO/HOE HAMpPsUKeHWe YBEJTUIUTCS, HANIPsKeHne pac-
COTJIACOBAHUS TAK)KE YBeJIUYUTCS Ha Beanunny +AU,. DTo npuBeneT K Tomy,
YTO MOMEHT OTKPBITHS TpaHsucropa, hopmupyembiii [IINM, HacTynuT mosxe,
a BpeMs OTKPBITOTO COCTOSTHUS TPAH3UCTOpA I, YMEHBITUTCS. B pesynbrare
BBIXO/IHOE HATIPSKEHUE YMEHBIINUTCS M €T0 33JJaHHOE 3HAUCHIIE BOCCTAHOBUTCS.

2.9. CunoBble yCTPOMCTBA HA OCHOBE THPUCTOPOB
M MOLUHbIX TPAH3UCTOPOB

2.9.1. Ynpapisiembie BbIIPSIMUTETU

K cunoBwIM ycTpoiicTBaM OTHOCAT TaKue 3JIEKTPOHHbIE YCTPOICTBA, KOTO-
pblie obecreunBanT MPeodpasoBaHie SHEPTUN B SJIEKTPUUECKUX TETSX, TOKH
B KOTOPBIX U3MEPSIOTCS IECATKAMU, COTHAMU W JIasKe THICTIaAMK aMIIeD, a BEJIH-
YUHBI HATPSUKEHUST — COTHSME W ThICSTYaMU BOJIBT. Takue ycTpoicTBa vatie
BCETO BBIMOJIHSIIOTCS] HA OCHOBE TUPUCTOPOB, KOTOPBIE, TI0 CYIIECTBY, SIBJSIOTCS
MOIIIHBIMU YIIPABJISIEMBIMU KJIF0YaMU. B oT/iune oT Kirioueil Ha 1MoJIeBbIX TPaH-
3UCTOPAX, TUPUCTOPHBIN KJIOY MPOITYCKAeT TOK TOJbKO B TIPSIMOM HaIpaBJie-
HUH, KaK ¥ OOBIYHBII BBITIPSAMUTEIBHBIN O/, HO JIJISI 9TOTO OH JOJKEeH ObITh
OTKPBIT NOJIaYell UMITYJIbCA HAMIPSIKEHUSI HA YIIPABJISIIONIII 3JIEKTPO/I.

TUPUCTOPBI UCIONB3YIOTCSA KaK JJIsi MpeoOpasoBaHUs TEPEMEHHOTO
HAIIPSKEHUS B MOCTOSIHHOE, Tak ¥ HAao60poT. K mepBbIM OTHOCAT yipaBJisie-
MbIe BBITIPSIMHUTENH, KO BTOPBIM — UHBEPTOPBI. Y IPaBJsieMble BBITIPSIMUTENN
HA OCHOBE THPHUCTOPOB IO3BOJISIIOT U3MEHSITh MOCTOSIHHYIO COCTABJISIIOINLYTO
HanpspkeHust Uy oT HyJIst 10 MAKCHMaJIbHOTO 3HAUEH NS, olpe/iesisieMoro (hopmy-
JIAMH JIJISE IMO/IHBIX BBIIPSIMUTEIEH, TPU HeM3MEHHOM HAIPSKEHUN CeTH TIepe-
MeHHOTO ToKa. /[yt aToro B cxemax puc. 2.28 u 2.29 BBIIPSAMUTETbHBIE TUOJIBI
3aMeHsioT Tupucropamu (cM. maparpad 1.5).

PaccMoTpuM mpuHIUT pabOThl TAKUX CXEM Ha IIPUMEPE OJHOMOIYTIEPUO/-
HOTO BBIIpAMUTENS (cM. puc. 2.28, a).
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K cunycompanpuomy Hanpstkenuio cetu Ug ¢ ammiautynoit U, monu-
kJtoueHsl Harpyska R u tupuctop VS (puc. 2.33, a). Tupuctop oTkpbIiBaeTcs
B MOMEHT BPeMeHH, OINpe/esaeMblil TTo/laueil Ha YIPaBJIAIONUN 2JTeKTPOJ
UMITYJTbCA HANPSIKEHUST OT CXeMbI yIpaBienus: (ecjau MOJayIepuo] COOTBET-
CTBYET T, TO 9TOT MOMEHT BPEMEHM COOTBETCTBYeT yriy o). B pesysbrare
B TeyeHUe MHTepBaja O(—T K HArPy3Ke MOABOIUTCS HAIPSIKEHHE, 3aIlTPUX0-
BaHHOe Ha puc. 2.33, 6, U 110 Heil MpoTeKaeT TOK.

Ud U l]()ll U7
Vs / />
Uy I
Ue o b 2m ot
R Umax U(JC
0 o n\ ot | L | L | (lnt
6 U(DI/IJ
“ A i f
U ot
Yol rn|Se] ey ve ¢ Un
/] U/

ShES
2
<

U, U, U U
= cc s oy —»q)H_,SIZ -~

Puc. 2.33. OnHonoaynepuoAHbIii THPUCTOPHBIH BBINIPSIMUTEJIb:
a — cxeMma MOJKJIIOYEeHNs; 6 — TPUHII paboThI,
6 — CTPYKTypHAasl CXeMa; 2 — rpa)uKH, MOSCHAIONIE PabOTy BBIIPIMUTESA

B MoMeHT BpeMeHU Of = T TOK YMEHbBINAETCS 10 HYJISI ¥ TUPUCTOP 3allu-
paeTcs. ITOT MPOIIECC TMOBTOPSETCS KaXK/BIH TOJOKUTEIbHBIH TTOTYTIepHo]
(B oTpHIIaTeTbHBIE TTOJYTIEPUO/IBI TUPUCTOP 3ATIEPT HATIPSKEHNEM CETH ).

CTpyKTypHasi cXeMa YIPaBJIEHUS] OJHOIOJYIEPHOIHOTO TUPUCTOPHOTO
BBIIIPSIMUTEJISI TIOKa3zaHa Ha puc. 2.33, 6, a rpaduku, nosicusomue padbory
BBITIPSIMUTEJIS, — Ha puc. 2.33, 2. Hanpsikenue ceTu moctymnaer Ha CHHXPOHU-
supyioiee yerpocTBo (CY), KoTopoe B MOMEHTHI ITepexo/1a HalpsiKeHUs yepes
HyJIb ocyuiecTsiisger sanyck ITTH. Takum o6pasom, B Hayajie KasKIoro IOJIy-
nepuoja nanpskenus cetu U T'TH dopmupyer nmneiino napacraolee orop-
Hoe HampsukeHne U, ,. ITo HANPsIKEHNE MOCTYTAeT Ha OAWH M3 BXOJOB CXEMBI
cpasuenns CC, BeITOMHAEMON Ha 0ocHOBe KomTaparopa. Ha npyroii Bxog CC
IOCTYIAET yrpasistioniee Hanpspkenne Uy ocTossHHOrO Toka. B Teuenne Bpe-
MeHH, TToKa Hanpspkenue Uy, Menpine Hanpsbkenns U, na Beixone CC nuskuit
ypoBetb Hanpskenus Uqc, KOT/Ia ke Hanpsikenye U, 60bIIe HAPSKEHIs! U,
na Boeixozie CC Bpicoknit yposenb Hanpsuxkenust Ucqc. Ilo nepeanemy dponty
nmnynsca Uqe dopmuposarens nmnyuascos (DPIU) dhopMupyer uMyabesl
HanpspkeHus: Ugypp, KOTOPBIE MOAi0TCes Ha Y D TUPHCTOPA M OTKPBIBAIOT €To.

Usmensist U, obecrieunBaioT U3MeHeHUe yria o, T.e. MOMEHTa OTKPBITHSI

yY
TUPUCTOPA, U, TAKNUM O6p8_30M, N3MeHeHne BpEMEHH, B TEHEHHNE KOTOPOT'O Yepe3



Harpy3Ky TedeT TOK. B pe3ysbTare M3MeHsSeTCs W TOCTOSIHHAS COCTABJISAIONIAs
Hanpsukenns Uy, paBHasi cpe/iHeMY 3a [1€PUOJL HATIPSIKEHIO HA HArpys3Ke:

max (1+cosau).

T
U, = %;[Umax sin(ot)dot = iU

Hanpsoxenne Uy yBesmunBaeTcst BABOE I1PU UCIOIb30BAHUH JABYXIIOJIyTIEPU-
oztHoro (CM. puc. 2.28, 6) yrpas/sieMoro BIIpaMuTest. Tak Kak TOK Harpy3Ku
B OJIMH TIOJyTIepHOJ TIpoTekaeT yepe3 auoael VD1, VD3, a B apyroit — depes
VD2, VD4, nyist ynipaBieHusl TOKOM B KQJKIIOM TIOJTyTIEPHOJIE TI0CTATOYHO OTHOTO
tupuctopa. TakuM 06pa3oM, yIIpaBasgeMblil BBIIPSIMUTEIb MOMKHO IOCTPO-
WUTh Ha OCHOBE MOCTOBOH CX€MbI, 3aMEHUB JiBa Anoja, Hanpumep VD1 u VD2,
Ha TUPUCTOPBL.

AHAIOTUYHO TIOYYaloT U TpexdasHble yIpaBJisieMble BbITTPSIMUTENH, 3aMe-
Hss B cxeMax (cM. puc. 2.29, a v 8) 1MO/IbI HA TUPUCTOPBI.

Taxwue yrpasJisieMbie BBIIPSIMUTENH UCTIOJIB3YIOT 7S PETYINPOBAHUS YACTOTHI
BpaIleHs ABUTATEIeN TIOCTOSHHOTO TOKA B 3JIEKTPONPUBOAX METAIIOPEKYTINX
CTaHKOB U TPAHCIIOPTHBIX CPEJICTB.

2.9.2. uBepTOPSBI M MPEOOPa30BATENN YACTOTHI

HuBepTOpbI cayKaT JJis PeodpasoBaHust SHEPTUU MOCTOSHHOIO TOKa
B 9HEPTHIO MEPEMEHHOTO TOKA TPeOYEMOI YacTOTHI.

B kauecTBe mepexsodaonux mpubopoB B CHIILHOTOYHBIX HHBEPTOPAX MPHU-
MEHSTIOT TUPUCTOPBIL. B IEnsx ¢ OTHOCUTENHHO HEGOBITMMU 3HAYCHUSIMU TIPO-
TEKAIONIMX TOKOB MOTI'YT MCIOJIb30BaThCs MOIIHbIE MOJIEBbIE MU GUIIOJISIPHbIE
TPaH3UCTOPBL.

Ha puc. 2.34, a npuBejieHa CTPyKTYpHAsT cxeMa 1peodpa3oBaTesi 4acTOThI
C MCTIOJBb30BAaHNEM UHBEPTOPA JIJIsT MATAHUS TpexX(asHoil Harpy3Ku, CoOeTNHeH-
HOU 3Be3/I0i1, TIepeMeHHbBIM TPeX(ha3HbIM HATPSIKEHUEM C PETYJIUPOBKON €To
sHavueHuss U n yactorsl f. B KauecTBe CUIOBBIX TEPEKIIOUAIIUX TTPUOOPOB
MPUMEHEHBI MOIIHBIE OUITOJISIPHBIE TPAH3UCTOPBI.

Hampsoxenne ¢ yacToToit mpombitiieHHoi cetn Uy ipeobpasyeTcst cHavaa
yrpasisiembiM BoipsimutesieM (B) ¢ dunprpom (D) B HanpspKeHHE MOCTO-
STHHOTO TOKa U_ TpebyeMoro 3HaueHusi. 3aTeM 3TO HaIpsUKEHHe MOCTyTaeT
Ha unseprop (1) (puc. 2.34, 6), cocrosuuii us mectu Tpansuctopos VI'1—VT6,
MIPOHYMEPOBAHHBIX B TIOPSI/IKE TTOCTIENOBATENIbHOCTH UX BKIIOYEHUS, TOKA3aH-
HO¥ Ha puc. 2.34, 6. KaxpIii TpaH3UCTOP OTKPBHIBAETCS HAa BPEMSI T, PAaBHOE JIJTH-
TEJILHOCTU OAHOTO noJrytepuoga T/2 TpebyeMoro nepeMeHHOro HalpsIsKEeHUs.

Ha puc. 2.34, 2 npuBezieHo crynienyaroe HarnpsikeHue, popmupyemoe Ha aze A
HArpy3KH, a Ha puc. 2.35 TOSICHEH POIece ero (hOPMUPOBAHIISL.

Ha cxemax puc. 2.35 B Bijie 3aMKHYTBIX KJIIOYeH M306pakeHbl JUIIb OTKPbI-
Thle TPAaH3UCTOPBI JIJIs1 HIECTHU I0CJIe/0BATENbHBIX COCTOSIHUI HHBEPTOPA, COOT-
BETCTBYIOIIUX BPEMEHHBIM Auarpammam puc. 2.34, 6. V13 aHanusa aTux cxem
OuYeBUJIHO, 4TO, KoT/Ia (haza A BKiIOUeHa napasenbHo B unu C, Ha Hell Bbi/e-
JIeTcs OfiHA TPeTh HanpspkeHus U_, a kKorza dasa A oka3siBaeTCs BKIIOYEHHOMN
MOCJIEIOBATENBHO € MAPAJIETHHO coeinneHubiMu hazamu B u C, Ha Heil Bbije-
Jigercs Be TpeTu HanpsikeHus: U_.
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Puc. 2.34. TIpeoGpasoBareb 4acTOThI Ha Oa3e HHBEPTOpPA:
@ — CTPYKTYpHast cXeMa; 6 — cXeMa MHBEPTOPa; 6 — BPEMEHHAs INarpamMmma;
2 — rpauK BBIXOJHOTO HAIPSIKEHUS

+ +0 +0 +0 +0
VTt vis vi Vit VI3 VI VI3 V15
A C A A B B B C
U
B C B c c A A
VI6 VT2 V16 V2 VT2 VT4 VT4
- -0 - O e, O

Puc. 2.35. TIpouecc (popMUPOBAHHS BHIXOHOIO HAIPSIXKEHUS
npeoOpa3oBaTess YaCTOTbhI

ITpu 5TOM B TIEPBBIX TPEX COCTOSTHUSX HATIPsiKeHne Ha (hase A COOTBETCTByET
MOJIOKUTETIBHOMY, & B TIOCJIEHUX JIBYX — OTPUIATEIBHOMY TOIYIEPUOLY TIPH-
JIOKEHHOTO K Hell HANPsKEHUs TePEMEHHOTO TOKa CTYIIEHIaTOH (hOPMBI.

Paccy:xnas 110g00HbIM 00pasoM, MOKHO yOeauThest, 4To K ¢asam B u C Oyner
NPUJIOKEHO TAKOE e, Kak K (ase A, HanpsKeHne, HO CAIBUHYTOE COOTBETCTBEHHO
Ha OJIHY TPETH U JiBe TPeTH neprosa T, 06pasyst TpexhasHyo CHCTEMY HAIPSIKEHM.

V3MeHss ¢ MOMOMIBIO CXEMBI YIIPABJIEHUST JJTUTEIBHOCTD ) OTKPBITOTO
COCTOSTHUSI TPAH3KMCTOPA, MOKHO B IIIMPOKUX TIPEIETaX PETYIUPOBATH YACTOTY
(opmupyemMoro TpexhasHOro HaINpPsKEHNsT, OATOMY TaKne WHBEPTOPHI MPHU-
MEHSIOT JIJIsl [IJJABHOTO PErYJIMPOBaHUS 4aCTOTHI BpalleHus TpexdaszHbIX acHH-
XPOHHBIX /[BUTATEJEN.

2.9.3. TupucropHoe ynpaBiieHHEe ABHraTeJIeM MOCTOSIHHOTO TOKa

B IIpHBO/IaX TJIaBHOTO ABUKEHUSA 1 ITOJa9N MHCTPYMEHTA METAJIJIOPEKRYITNX
CTaHKOB IIMPOKO MCIHOJIb3YIOTCA ABUTIaTEJIN ITOCTOAHHOTO TOKa C HE3aBUCUMbBIM
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BO30OYKIEHUEM, KOTOPbIE CITOCOOHBI 06ECTIeUNBATh PETYINPOBAHUE CKOPOCTH
BpallleHusl B MUPOKUX Tpejenax. Takoil asuraresib (puc. 2.36, a) cocTout
W3 cTaTopa, Ha TOJI0CaX KOTOPOTO HaMOTaHbl 0OMOTKH Bo36yskaeHus (OB),
U POTOPA, HAZBIBAEMOTO SIKOPEM.

A.HOM

11

HOM

a 0

Puc. 2.36. Cxema NOIKTIOYEHUS IBUraTeJIsl HOCTOSIHHOTO TOKa (a)
¥ rpaduK, NOSCHSIONIMIA IPUHIMIIBI YIIPABIEHUS
CKOPOCTDBIO BpaleHus asurarens (6)

Tox Bo3Gysxaenust I,, mpoxozst o OB nox neiicteuem Hanpstrenus U, co3-
naer marauTHbii 10TOK D. K sKOpPIo uepe3 mieTKu MoIBOAUTCS HAIPSIKEHUE
stkopst Uy, cospaiotiiee Tok stkopst [, TIpotekast o BUTKaM OOGMOTKH SIKOPS,
Tok I, B3aumoieiicTByst ¢ norokoM D, cozaer Bpamaomii MOMEHT MBp

M,, =K®I,

rne K — xoadduiinent, 3aBUCANINN OT KOHCTPYKIIMH BUTATENsS (Pa3MepOB,
YUCJIa BUTKOB OOMOTOK U T.IL.).

[Ipu Bpamenun gsuraresst B 06MoTke sikopst Hapogurest D/1C E,, nampas-
JIEHHAasI COTJIacHO NpaBmiTy JIeHTa BcTpeuyHo MPUIoKeHHOMY HampspkeHuio U,
U TIPOTMIOPIHOHAIIBHAST YUCTy 000POTOB Bajia JABUTATEIS 1

E,=cn®,

r7e ¢ — K0a(PUITHEHT, 3aBUCATINI OT KOHCTPYKITHH TBUTATEIS.
Jl71st 1ieny SIKopst TP PaBHOMEPHOM BPAIEHUH BaJia 10 BTOPOMY 3aKOHY
Kupxroda MoxKHO 3amcaTh paBeHCTBO:
U}[ = E}I + R I

A5

rie R, — akTHBHOE CONPOTHBJIEHIE OOMOTKHU SIKOPsI, BKJIIOYas COIPOTUBJIEHITE
KOHTAKTa IETKH — KOJIIEKTOP (B JBUTATEJISAX KOJUIEKTOPOM HA3bIBAIOT HAOOP
KOHTAKTHBIX TIOIMAOK, YepPe3 KOTOPBIE € IETOK MOJAETCS HAMPSLKEHNE B 00-
MOTKY BPaIaIoIIerocs ssKopsi).

[ToxgcTaBuB B 9TO paBEHCTBO BhIpakeHNe E, 11 3HaUeHIe TOKA [, MOTy4eHHOe
13 BBIPAKEHNUS 7T BPAIIAIOIIETO0 MOMEHTA, MOJIYIHM:

RH
U,| = qu)+ﬁMBp’
OTKY/la Y1UCJIO O6OPOTOB JABUTATEJIA PaBHO:

U R

a A

LTI Vi
" cDd cKP2 %

102



W3 mosryueHHON (hOPMYJIbI OUeBUIHBI [IBa criocoba (JIBe 30HBI) YIIPaBICHHUS
CKOPOCTBIO Bpamienus apurarens (puc. 2.36, 6). B sone I cKOPOCTb M3MEHSIOT
oT 0 10 HOMUHAIBHOTO 3HAYEHUS 7,,,,, YBEJININBas Hanpsokenue U, pu HewWs-
MEHHOM 3HAa4eHUU MarHuTHOro noroka @, a 3HAUNUT, U HEM3MEHHOM HaIps-
sxeHnn Bo3Oyskaenust U, Tlpu poctuskeHnn HanpsikeHreM U, HOMUHAJIBHOTO
3HAaYeHNS TaJbHEHIIee ero yBeJndenne HeBO3MOXKHO, TaK KaK MOJKET TPIBECTH
K Mpoboto U30Jsun. B TO ske BpeMst JIUist 6BICTPOTO MepeMeIeH st, HalpuMep,
MHCTPYMEHTA HA XOJOCTOM XO/Y WA YCKOPEHHOTO BPAIIEHUS IITHHAES He00-
XO/IMMO YBEJIMYUTH CKOPOCTH BPALCHHS IBUrATeIs B 3—5 pa3 Bblle 7, . Jljis
9TOTO HUCIOIB3YIOT 30HY /I, B KOTOPOi mpH Hem3dMeHHOM Hampsuxenun U, .
YMEHbIIAIOT 3HaYeHNne MATHUTHOTO TTOTOKa (D ¢ MOMOIIBIO COOTBETCTBYIOIIETO
norkenust Uy, a 3HAYUT, 1 TOKA BO30Y:KIeHust [, 3aMeTIM, OJTHAKO, UTO B 30He
II TpuXoANTCS MUPHUTHCS C COOTBETCTBYIONIMM MOHMKEHUEM U BPAIIAfoIero
MOMEHTA J[BUTATEJIS, T.e. HATPY»KaTh ABUTATETb MEHBIIMM MOMEHTOM COMIPO-
TUBJICHUS, KOTOPBIH OH JIOJKEH TIPEO0I0IeBaTh CBOMM BPATIAIONIIIM MOMEHTOM.
[leficTBUTENBHO, KaK 9TO cjenyeT U3 (hOPMYJIbl s MBP, TP YMEHbIITEHUH
nortoka @ Bpamaomuii MOMEHT CHUKAETCS], & CKOMIICHCHPOBATD €ro yBeJIJe-
HUeM TOKa [, Hesb3d, Tak KaK 9TO IPUBEAET K MeperpeBy ABUTATEIA.

B BBIIIyCKaeMBIX IPOMBIIIEHHOCTHIO THPUCTOPHBIX MPeobpasoBaTesisix
peryanpoBaHie CKOPOCTH BpalleHNs B 30HEe [ OCYIIECTBIACTCA TPUMEHEHIEM
JIBYX YTIPABJISIEMbIX MOIITHBIX (710 HECKOJIBKUX JIECSTKOB KUJIOBATT) TPeX(hasHbIX
BeIIpsiMuTesielt (a puc. 2.37 OHM 0OBEIEHbBI TYHKTUPOM).

+1 )

Ao
Bo

1
i OB
1
1
C o=
:
1
1
1

Puc. 2.37. CxeMa THPHUCTOPHOTO PEryJIsATOPa CKOPOCTH BPAIEHUS JABUIaTeNs

Opun 13 TpexhasHbIX BBHIPSMUTENEH 00eCTIeunBAET TIPABOE HATPaBJIEHIE
BpaIlleHNs JBUTATEJIS, a IPYTOi — JieBOe, U3MEHsIs MOJISIPHOCTD U, Ha IPOTUBO-
HOJIOKHY0. ECTECTBEHHO, UTO 9TH BBIIPSAMUTEH JI0JUKHBI pab0TaTh Pas/ieibHO
BO M36EKaHIE KOPOTKOTO 3aMbIKAHUST MEK/LY HUMU, 4TO 1 00€ecrednBaeT cxeMa
YIIPABJIEHUS] BBIIPSIMUTEISIMU, Pa3peliasi BKIIOYEHEe OHOrO U3 HUX JIUIIh
yepe3 HECKOJIbKO MUJITHCEKYH]] TIOCJIE OTKIIIOUeHMs APYroro. CXeMbl yIpasJie-
HUS TUPUCTOPAMU BBITIOJTHEHBI TTO0 TPUHITUITY, PACCMOTPEHHOMY B Tlaparpade 2.9
n Ha puc. 2.33.

Jl71s1 yipaBiIeHUst CKOPOCTBIO BpallleHust B 30He [ ncnosb3yeTcs oHoba3Has
MOCTOBast CXeMa THUPHCTOPHOTO BBIIPsIMUTEsI, oOectieunBatomiast nutanue OB.
CxeMa 103BOJISIET JIUIIIb YMEHBIIATH 3HAY€HUE TOKa BO30YsKAeHMsT [, COXpaHsist
ero moJsipaocts. Cxema ympaBjieHusi TUPUCTOPAMU MOCTOBOU CXEMBbI TaKKe
BBITIOJIHEHA TI0 TPUHIIAITY, pacCCMOTpeHHOMY B Tlaparpade 2.9 n na puc. 2.33.
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2.10. InekTpoMarHuTHas cOBMECTUMOCTb
3/IeKTPOHHBIX YCTPONCTB

Pabora cHTOBBIX 3JEKTPOHHBIX YCTPOMCTB, KaK TPABUJIO, COTPSIKEHA
C PE3KUMU CKauKaMU IIPOTEKaIoLIero 10 IelsM 3JIeKTPUYecKoro Toka. Takue
CKQUKHM MOTYT TIPOUCXO/IUTD MPU KOMMYTAITUSIX IIeMell MUTAaHUs JIEKTPOHHBIX
YCTPONCTB, BKJIIOYEHUSIX MUCIOJHUTENbHBIX YCTPOUCTB — ABUTaTeseH, mycka-
TeJiell; TPU PE3KUX M3MEHEHMSIX TOKa Harpy3ku. VIMIysabchl TOka TPUBOAST
K CKayKaM HAIPSKEHUS B IETSIX MUTAHUS, a TaKKe K MOSBIECHUIO 3JIeKTPO-
MArHUTHBIX TTOMEX, PACIPOCTPAHsIEeMbIX yepe3 a(hup. T TOMEXH OKa3bIBAIOT
oTpuIaTeIbHOE BIMsHIE Ha PaboTy APYTUX 2JEKTPOHHBIX YCTPOHCTB. Y aHaso-
TOBBIX YCTPOIMCTB — YCHIUTENEH, TpeobpasoBaTesieil — CHIKAETCS TOUHOCTD MX
paboThl. B UMy IbcHBIX 1 IUGPOBBIX YCTPOUCTBAX TAKKE UMITYJIbCHbBIE TIOMEXHU
BOCTIPUHMMAIOTCST KaK JIOKHBIE CUTHAJIbI, KOTOPbIE IPUBOJAAT K c60siM B paboTe.

2.10.1. ITomexu B HensaX NUTAHUS

Hawubosnee cumbioe BaustHme Ha PabOTY 3TEKTPOHHBIX YCTPOHCTB OKA3bIBAIOT
MOMEXH, TPOXOJISIIIKE Mo 1etisiM nuTanus. Kak Ob11o mokasato B maparpade 2.8,
CYIIIECTBYET JIB€ OCHOBHBIE CTPYKTYPBI ICTOYHUKOB 3JIEKTPOITUTAHUS — JIHEH-
uwoie UBIII (cm. puc. 2.27, a), nogkioyaeMble K IEPBUYHOMY ITUTAHUIO Yyepes
tpancdopmarop, u UBIII ¢ 6ectpancdopmaTopibiM BXxogoM (eM. puc. 2.27, 6).
B smneiiapix UBIII peryaupytonuii sseMeHT paboTaer B JINHEHHOM PeKUME,
YBEJUUYUBAs UJIM YMEHbIIIAst TOK, MOCTY ANl B Harpy3ky. Camu 1o cebe atu
NBIII we cozmaioT MOmHBIX ToMeX. OMHAKO CKAYKKM TOKA B HATPY3Ke U CO3-
JaBaeMble UMW TTOMeXHU OYayT TepemaBathest depe3 VIBOII B mepBuUHYIO CETh,
yepe3 KOTOPYI0 MOTYT BO3/IeiiCTBOBATh Ha PabOTy APYTUX ycTpoiicTs. Bemmumna
3THX TIOMEX, O/IHAKO, He BEJIMKA, TaK KaK BXOHON Pa3BsA3bIBAIONINIT TpaHCchOp-
MaTop cyIiecTBeHHo ux ocaabisier. Kpome Toro, passsisbiBatoniuii Tpanchop-
MaTOP MOJKET JIOTIOJHATHCS CIeMaJIbHBIMUA €MKOCTHOM U KOMIIEHCAITMOHHOMN
00MOTKaMu, KOTOpPbIE JIOMOJHUTENbHO CHUKAIOT Kak BAUsSTHUE (BIyKTyarui
BXOJ[HOTO TIEPBUYHOTO HApspKenus Ha pabory MBI, tak u BEIOPOCOB U 11po-
BaJIOB BLIXOAHOTO Hanpstkenns VIBIII na mepBuyHyIo ceTb.

[To-uromy obeTout nesio ¢ ucnosb3zoBanueM MBIII ¢ GectpancdopmaTop-
HbIM BXo/ioM. IIpumenenne atux VIBIII upesswryaitno ahhekTUBHO BBHUIY
3HaunTeIbHO Gosee Bhicokoro KIIJ[ v cyiecTBeHHO MEHBIMX Macchl U raba-
puTHBIX apameTpoB. OHAKO ypoBeHb 1oMeX, co3znaBaeMbix aTumMu MBIII,
Tpebyer crenuanbHbix Mep samuthl. Museprop MBI, paboraoumii B Kio-
YEBOM PEKUME, OCYIIECTBIISIET TPe0OPA30BAHIE BITPSIMICHHOTO MOCTOSIHHOTO
HAMPSUKEHNS B MEPEeMEHHOE C YaCTOTOH MPSAMOYTOJLHBIX NMIYJIbcOB OT 20
710 100 xI't. Custa ToKa NMITYTBCOB OMPEAETAETCS MOTITHOCTBIO, KOTOPAst T0JIKHA
oraaBatbest UBIII B Harpysky. EcrecTBEHHO, UTO TaKne NUMITYILCHI HEM3OEKHO
CO3/1a10T MOIIIHbIE TOMEXH, PACIIPOCTPAHAIONIMECS 110 LellsIM IIepBUYHOrO IIUTa-
HUS ¥ B BU/Ie 2JIEKTPOMArHUTHOTO U3JIy4YeHUsT uepes3 aup.

JI71s 3amuTH TEepBUYHOTO MUTAHUS OT ITOMEX, CO3/[aBAeMBIX MHBEPTOPOM,
BO BXOJIHBIX IEIsIX NpuMeHsiorest crenuanbubie LC-bunaptpsl (puc. 2.38),
MOXOXTIe Ha CTJIAKUBAIONTe (GUILTPLI, pacCMOTpeHHble B maparpade 2.8 (cM.
puc. 2.30, 6).
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K BoImpsimuTesnio
NBIII

Kopiyec UB3II

Puc. 2.38. @uiabTp, IPpUMEHSIEMbIii 1JIs1 3aIMUTHI IEPBUYHOTO MUTAHUS OT MOMEX,
cosnasaembix UBIII ¢ 6ecTpancdhopMaTopHbIM BXOIOM

ITH GUIBTPBI PACCUUTBIBAIOTCSI HA YACTOTBI CBBIIIE JIECSTKOB KUJIOTEPIL.
WupyKTHBHOE CONPOTHBIIEHNE Apoccest Ly, ¥, = 0L Ha 4acToTe IepBIYHOI ceTH
OuYeHb HEBEJINKO U He BJIUIET Ha Tiepeilady SHepruy U3 mepBudHoii cetn ~220 B
B VUB3II. Ha yacToTe moMexu sTo COIPOTUBJIEHNE CTAHOBUTCS BeChbMa OOJIbIINM
1 TIPENsITCTBYET PACHPOCTPAHEHUIO [TIOMeX B IIepBUYHYIO ceTb. KoHeHcaTopsl,
HaIMPOTHB, HA YacTOTe MEPBUYHON CETH MMEIOT BBICOKOE €MKOCTHOE COTIPO-
TuBIeHNE X = 1/0C, m03TOMYy TOTEpD TepeAadll SHEPTUN 13 TIEPBUYHON ceTn
B VIBOII #e BeI3pIBatoT. 151 UMITYTHCOB TIOMEXHU UX €MKOCTHOE COITPOTUBJIEHUE
CTAHOBUTCS HU3KUM, U Yepe3 9TO CONPOTUBJIEHUE TPOUCXOANUT IITYHTUPOBaHUE
curHasIa moMexu. Kpome Toro, Bo BXOIHBIX IETISAX MPUMEHSIOTCS CIIeIHaTbHbIe
MPOXO/THBIE KOHAEHCATOPDI C,. DTH KOHIEHCATOPBI MPEACTABISIOT COOOM TTPo-
BOJIHWK, OKPYKEHHBIN 1aitboil. Mesky mraithoii u mpoBOAHUKOM — CJIO¥ 13-
JIEKTPHUKA, TaK 9TO MPOBOAHUK U maiiba oOpasyior KongeHcartop. 1laiiba Bran-
Baerca B kopiyc VIBIII, koropblii 06buHO 3a3eMiisieTcs. B pesynbrare Mexmy
MTPOBOJIHUKOM U 3a3€MJIEHHBIM KOPITYCOM 00pa3yeTcst eMKOCTHAsT CBsi3b. epes
ATy eMKOCTb Ha BBICOKOI YACTOTE MOMEXH TTPOUCXOIUT €€ 3aMbIKaHNE Ha 3EMJTIO.

Jlpyroii Buz nomex, cBsisaHHblil ¢ paboroit UB3II, sakitouaercst B KpaTKO-
BPEMEHHBIX CKauyKaX BBIXOJHOTO HANPSKEHUS MPU PE3KUX M3MEHEHMSAX TOKa
Harpysku. CkaukooOpa3Hoe yBeJHUeHNE WU YMEHbIIEHHE MOTPebIsTeMOoro
TOKa MOKET IIPUBECTH K BBIOPOCAM BBIXOAHOTO Hampsukennsa VBOII, gecrabu-
JIMBUPYIONUM PaboTy TUTAEMbBIX UM YCTPOUCTB. B 9THX cirydasix IPUMEHSIOT
KOMOWHUPOBAHHBII METOJI CTAOMIN3AINY, 3aKII0YAIONIHIICS B TPUMEHEHIH
Hapsny ¢ UBIII ¢ My IbCHBIM cTaGUIN3aTOPOM CIIEHATHFHOTO YCTPOHCTBA
nopasaenus (YII).

B 3aBucumoctu ot BhinosiHAeMbIX QYHKINI cymecTByoT Y1l nposanos
u YII Bei6pocos. B YII npoBaioB coAepKUTCs AOMOJHUTEIbHBIN HCTOYHUK
MUTAHA, KOTOPLIH TOAKIIOYAETCS TOJMBKO B MTEPEXOAHDIX PeKMMAax MPH CKad-
KOOOPa3HOM yBeJMYEeHNU TOKa Harpysku. CUTHAJ yIIPaBAEHUS TIPU TTOSIBJICHUH
TaKUX CKayKOB IpUBOAUT B JeficTBue YII nmpoBasioB n Kk Harpyske mocrymnaet
JIOTIOJTHUTEIBHBIH TOK, TIO/IZIEP’KUBAIOIINI BBIXOTHOE HANIPSKEHUE Ha OMYCTH-
MoM yposHe. ITo 1ocTIKennn BEIXOAHBIM HATIPSKEHNEM YCTaHOBUBIIIETOCS 3Ha-
YeHus TOK, poTekaoiuii yepe3 ¥ 1 nmpoBasios, mpekpaiaercs.

VTI BBIGPOCOB MPETOTBPAIIAET BCIIIECKH BHIXOHOTO HATPSLKEHHSI, KOTOPHIE
MOTYT BO3HHMKATh MPU CKAYKOOOPa3HOM yMEHbBIIEHUN TOKa Harpysku. [IpuH-
IUTI TTOJIaBJIEHUsST BEIOPOCOB 3aKJII0YAETCS B TOM, UYTO B T€UEHHUE TTEPEXOITHOTO
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mpollecca CUTHAM yipaBieHus BraodaerT Y1 BBIGPOCOB, KOTOPBIH ITYHTHPYET
Boixog VIBIII u ns6piTok BorxogHoro toka MBOII saMblkaeTcs 4epes Hero.

2.10.2. dkpaHupoBaHHe IJIEKTPOHHBIX YCTPOICTB

Onnum u3 9pGEeKTUBHBIX cI0C060B OOPBHODI ¢ MOMEXaMM, PACIIPOCTPAHSI-
IOMUMECS 110 9UpY, SBISETCS 9KPAHUPOBAHKE. DIEKTPOHHOE YCTPOUCTBO
MTOMENIAIOT B TITYXOH MPOBOISTINI KOPITYC, KOTOPBI CIY;KUT 9KPAHOM, TTPETIST-
CTBYIOUIMM PACIPOCTPAHEHUIO DJIEKTPOMATHUTHBIX oMeX. OOBIYHO HKpaHAMU
OKPY’KaIOT YCTPOMCTBA — MCTOYHUKU HJTEKTPOMArHUTHBIX TOoMeX (HarmpuMmep,
unseprop MBIII ¢ GectpanchopMaTOPHBIM BXOIOM N BCA KOHCTPYKI[US
takoro MBAII), a Takke 0c060 4yBCTBUTEIbHBIE K I€KTPOMATHUTHBIM IIOME-
XaM 9JIEKTPOHHBIE YCTPOICTBA, yallle BCEro M3MEepPUTETbHO-TIpeoOpasoBa-
TeJIbHbIE YCTPOUCTBA, BHICOKOUYBCTBUTE/IbHbBIE YCUauTe U, B epBom ciydae
obecrieunBaeTcst OJOKUPOBAHIE JIECKTPOMATHUTHBIX MOMEX BHYTPHU CaMOTO
HMCTOYHUKA, BO BTOPOM — 3all[UTa YCTPOMCTBA OT BIMSIHUS BHENTHUX JIEKTPO-
MATrHUTHBIX TIOMEX.

Peasiblble KOHCTPYKITUY 9KPAHOB BCET/[a HETEPMETUYHBI, UMEIOT I0CTATOTHO
IIUPOKHUE I, Majible U GOJIbINe 0TBepCTUst (OKHA IS TEIIOO0TBO/IA, Pajiia-
TOPBI), CTHIKK 1 1IBBL. [l0aTOMY TIpHU Oll€eHKE TPOHMKHOBEHUS 9JIEKTPOMATHHT-
HBIX TIOMEX Yepe3 dKPAHUPYIOIIUe METAIIOKOHCTPYKIIUU TIPOBOSITCS PACUETHI
0JIeH, MPOHUKAIONINX YePe3 TEeJIN U OTBEPCTHUS.

MakcuManrbHOe TPOHUKHOBEHWE 9JIEKTPOMATHUTHOM MOMEXU HabJI0aeTCst
B TeX CJlydasiX, KOr/la BEKTOP HAIPSKEHHOCTH MAarHUTHOTO ITOJisI HATIPABJIEH
M0 KacaTeJIbHOH K TIIIOCKOCTH OTBEPCTHS, & 3JIEKTPUYECKOTO MOJIT — TIO TIep-
HeHAuKYIsIpy. [Ipu 5TOM B HEMOCPEACTBEHHOU GJIM30CTU OT OTBEPCTHSI TIOMeXa
OKa3bIBAaeT MaKCUMaJbHO BpeaHoe Bo3zelicTBue. C ynajJeHneM OT OTBEPCTHS
HAIPSKEHHOCTH 1M0JIs yObIBAeT 0GPATHO MPOMOPIMOHATBHO KyOy pacCToOstHus,
a ¢ yIaJIeHUEM OT MIein — 0OpaTHO MPOMOPIIMOHAILHO eT0 KBazipary. [loatomy
npu pa3paboTKe KOHCTPYKIMU JEKTPOHHOTO YCTPOICTBA €ro 0COOEHHO UyB-
CTBUTEJIHHbBIE 2JIEMEHTBI CTAPAIOTCS PA3MECTUTD BJIAJIM OT TeJIell U OTBEPCTHUT.

CyliecTBEHHO CHUKAIOT 9KPAHUPYIOIIE CBOWCTBA KOPIIYCOB YCTPOWCTB
TaK¥e MyTH TPOHUKHOBEHNUS TOMEX, KaK BBOJIBI TPOBOIHUKOB 1 KabeJeii, KoTo-
pbie 0OBIYHO BBITIOJHSAIOT B BUJIE Pa3beMHbIX coerHenuit. [Ipu aTom BausHue
noMexu OyzeT TeM GoJiblire, 4eM GOJIbIITe KOHTAKTHOE COMPOTHBJIEHUE Pa3heM-
HOro coefrnenst. CHIKEHNE BIMSTHUSI TOMEXH 00€CTIeYnBAETCS TyTeM YMeHb-
IIEHUST 9TOTO CONMPOTHUBJIEHUS, [IJIST YeT0 KOHTAKThI COeMHEHUIT MOKPHIBAIOT
30JI0TOM WJIU €T0 CILIABAMMU.

2.10.3. Ucnonp3oBaHue raJbBaHHYECKOIl Pa3BA3KU

OnHuM U3 OCHOBHBIX UCTOYHUKOB MTOMEX B PAJAMOIJIEKTPOHHON ammapa-
TYp€ SIBJISIETCS TaK Ha3bIBaeMbIil 0OIIMI TIPOBOJI, B KAUECTBE KOTOPOTO MOKET
HCTI0JIb30BAThCst KOpIyc. OOBIUHO OH CITYJKUT OJHUM W3 TIOJIOCOB DJIEKTPOIHI-
TaHUs, II03TOMY [TO/IKJIIOYeHNe K HeMY Pa3HbIX 3JIEKTPOHHBIX YCTPONCTB, B OCO-
GEHHOCTHU CHJIOBBIX, IPUBOIUT K TOMY, YTO TIPU KOMMYTAIMSIX CUIbHOTOYHBIX
Heneil Ha HeM <HaBOJSATCS» KpaTKOBPeMEHHbIe UMILYJIbCHbIe oMexu. B To e
BpeMs Ui Tepeadynd WHOOPMAIUT YUCTO ITEKTPUUECKUM ITYyTeM MEXKIY
yCTPOCTBAMU — MCTOYHUKOM ¥ IIPUEMHUKOM WH(MOPMaIUK — JHOJIKEH ObITh
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OJIMH 00T MOTEHIIMaJ, B Ka4eCTBE KOTOPOTO ¥ BBICTYIAET OOMIMIi TIPOBO.
B pesysibraTe momexu, BOSHUKAIOIINE TIPH KOMMYTAIUSIX CUJIbHOTOYHBIX IIETei
U PacIpOCTPAHSIONINECS YePe3 KOPIYC, HeM36eKHO OYIyT BBI3BIBATH COOM
B paboTe JEKTPOHHBIX YCTPOUCTB.

A dexTUBHBIM METOZIOM GOPHOBI ¢ TAKOTO POJA MOMEXAMU SIBJISIETCS Talb-
BaHUYECKasl Pa3Bsi3ka UCTOYHUKOB TIOMEX U YCTPOKCTB, Ha PabOTY KOTOPBIX
MTOMEXHU OKa3bIBAIOT BpefHOE BiamgHUe. /(15 3TOTO OCYIIECTBIAIOT Pa3fiesib-
HOE€ MUTAHUE CUJIOBBIX M CJAAGOTOUHBIX YCTPOHCTB, YCTPOUCTB BHIPAOGOTKM
VIPaBJSIONNX CUTHATIOB W MCIOJHUTENBHBIX. B MeasbHOM ciiydae Kaskroe
U3 YCTPOUCTB JOJKHO MMeTh cobcTBeHHbI VBT

[Tomumo 6OpHOBI € TTOMEXaMHU, TaTbBAaHUYECKAsT Pa3BsI3Ka 00ecreunBaeT
peleHue eme oHOM mpobaeMbl — COBMECTHON PaboThl yCTPOWCTB, HAXOM-
IIUXCS 0] Pa3HBIMHU TTOTEHITHATAMH, TaK KaK IPOCTOE JIEKTPUIECKOe COe/n-
HEHMe IIereil TAKUX YCTPOUCTB MPUBE/IET K UX BHITOPAHUIO.

OzHaKo TIPU 9TOM BO3HHUKAET MpobieMa Tepefadn nHMOPMAIMOHHBIX CUT-
HAJIOB MEX/y PasHbIMU ycTpoiicTBamu. [lJisi ee paspelieHus IPUMEHSIIOT Pas-
JINYHBIE CTIOCOOBI TAIbBAHUYECKON Pa3BA3KN WH(MOPMAIIMOHHBIX TIETIeH.

Wcnonp3oBanrie onTPOHHOI pa3BA3KH 1103BoJsieT 3((GEKTUBHO pelarh
mpobiemy mepenaun 1 posoit nHbopmaini. Kak 1o 6110 IOKa3aHO B mapa-
rpacde 1.2, OITPOH COAEPIKUT Iapy «CBETOAUON — (OTOAUOI», KOTOpas obe-
cHeymBaeT Mepesiady CUTHATA Yepes3 oNTHuecKoe nanmydenne. [lockompky omrn-
4ecKoe M3JIydeHHe JeKTPUUECKU HEHTPAIbHO, OHO He TI0/IBEPIKEHO BIUSHUIO
2JIEKTPOMATHUTHBIX TTOMeX. BX0/IHbIe U BBIXOHbBIE TIETTH TIPU 9TOM dJIeKTpUYe-
CKM HUKaK He CBA3aHBbl, T.C. FaJlbBAaHWYECKU pa3Bs3anbl (puc. 2.39).

1 2
YI&
Loux
(e, O

Puc. 2.39. Cxema rajibBaHHY€CKOW Pa3BA3KH
uH(POPMAIMOHHBIX IIeTeil:
1 — cBeronuon; 2 — dhoToanosn

OuTpoHHYIO Pa3BsI3Ky MCIOJB3YIOT TJIABHBIM 00pPa3oM TIpu epegave 1udb-
posoit nndopmarun. [lepenade 1Byx nudpoBLIX yPOBHEN (€IMHUILI T HYJIA)
COOTBETCTBYET JIMOO0 BKIIOYEHHOE, JINO0 OTKIIOYEHHOE COCTOSIHUE CBETOAMO/IA.
B 3aremuennoM cocTosHUM TOK 4Yepe3 (POTOAMO] MPAKTUUECKN OTCYTCTBYET.
[Ipu 06uyuennn HoToAMOAA CBETOAMOLOM POMCXOAUT rerepaiusi hoToToKa,
KOTOPBIil B OTJIHUIE OT OOBITHOTO TIPSIMOTO TOKA THO/IOB SIBJISIETCST OOPATHBIM
U HarpasJeH OT Karoza K aHoxy. Tok doroanona npeobpasyercs B 1udposbie
YPOBHU 00BIUHO € TTOMOTIIIO Tpanauctopa. [Ipu oTcyTeTBuum GOTOTOKA, a 3Ha-
quT, 1 6a30BOTO TOKA, TPAH3UCTOP 3aKpbIT. ITosiBIenne hOTOTOKA BBI3BIBAET TOK
6a3bl TPAH3UCTOPA, TOCTATOUHBIN JIJIST TOTO, YTOOBI BBECTH TPAH3UCTOP B HACHI-
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menne. TakuMm 06pazoM, TpaH3UCTOP PaboTAET B KIOUEBOM pekuMe (CM. TTapa-
rpad 3.3) u obecrieunBaet hopmMupoBatue MU(GPOBLIX YPOBHEIL.

Kpome map «cBetoamnon — GoToAno» B ONTPOHAX MCIOJIB3YIOTCS TaKKe
Mapbl «CBETOANO — (POTOTPAH3UCTOPY> U «CBETOAMOA — (DOTOTHPUCTODP>. i1
OIITPOHHOI Pa3BSI3KK BBIITYCKAIOT TAKXKe TOTOBbIE MUKPOCXEMBbI, CO/IEPIKAIIINE
Ty WJIH WHYIO ONTPOHHYIO TTapy, a TakKe TPAH3UCTOPHBIE KaCKa/lbl, 0bectieun-
BaloIye He TOJAbKO (GOPMUpOBaHNE ABYX IU(MPOBLIX YPOBHEH HAMPSKEHUA,
HO ¥ HeOOXOJMMYO Harpy30UHYIO CITIOCOOHOCT.

Ha ocHoBe onTpoHHO# Pa3BI3Ku BBITIOJHAIOT Niepeaavdy udpoBoii mHbOP-
MAIMU MKy TaJbBAHUYECKU PAa3BSI3aHHBIMU JIEKTPOHHBIMU YCTPOUCTBAMMU
B CJIOXKHBIX cructeMax o6paborku wHGopmanun. OueHb BakHas (GYHKIUS
ONTPOHHOI Pa3BI3KU — obecieueHNe B3aUMOCBSI3U MEK/LY JaTUMKAME 1 UCTIOJ-
HUTEJbHBIMU YCTPOICTBAMY TEXHOJIOTHYECKON CUCTEMBI U alllapaTypoi yIpas-
JIEHNS TeXHOJIOTMYECKUMH TIPOIleCCaMH, B OCHOBE KOTOPOI, KaK MPaBMJIO,
HCIOJIB3YeTCsI MUKPOTIPOIIECCOPHOE BBIYMCIUTENIBHOE YCTPOHCTBO (CM. TTapa-
rpad 4.4). Uepes onTpOHHYIO pa3BiA3Ky OCYIIECTBJSETCS MPUEM BXOJHOW
uHGbOPMAINH € JATINKOB PEEHHOro Tuiia (MMEOIINX /[Ba YCTOUIMBBIX COCTO-
SHUS) U BBOJ ee B II(POBOE YCTPOICTBO yIPABICHUS — MPOTPAMMHUPYEMBIT
JIOTHYECKWH KOHTPOJITIEP, a TaK:Ke BbIJIaya YIPABJISAIONIX KOMaH/l Ha NCTIOTHU-
TeJIbHbIe MeXaHU3MbI. [Ipu 3TOM pa3HOCTh MOTEHIIUATIOB, 110/l KOTOPBIMU HAXO-
JISITCST KOHTPOJIJIEP U TEXHOJIOTUYECKast cucremMa, MokeT pocturatsb 500 B.

Peneiinas pa3Bs3ka NIMPOKO MPUMEHSETCS PU KOMMYTAIMU CUJIbHOTOY-
HBIX [eTlell yIpaBJIeHusT UCIOJIHUTENbHBIMU MexanusMamu. Haubosee yacto
UCIIOJIb3YETCsI 110/lada CUJIOBOr0 MUTAHUSI HA UCIOJTHUTEIHHOE YCTPOHCTBO

(puc. 2.40).

U, .. i
84 T ,I/ Ucnonnurenbublii
MeXaHU3M
Komanga
«BxmounTb»

OT KOHTpOJLJIEpa

Puc. 2.40. Cxema peneiinoit pa3Bs3ku

Ecau gonyctumbplil TOK, IPOTEKAIONINI Yepe3 3aMKHYTbIe KOHTAKTbI peJie,
HEJ0CTATOUYEH /ISt 0OECIIEUeHUsI TOKA HATPY3KH, TIPUMEHSIOT [IBYXTAKTHYIO
pesielinyio pasBga3Ky, B KOTOPOH KOHTAKTBbI IEPBOTO peJie 3aMbIKAIOT IeIb
0OMOTKM BTOPOTO CHUJIBHOTOYHOTO peJie. IlocieHee MOKET UMETh MUTaHUE
oT ceTu iepeMeHHOro Toka 220 B 1 koMMyTHpOBaTh Tpexdasznoe HalpsLKeHue.
Takue MOIIHBIE 3JIEKTPOMArHUTHBIE peJie, Ha3bIBaeMble TycKaTeJIsIMu, obectie-
YUBAIOT KOMMYTAIIMIO 3JIEKTPO/IBUTATENEH U JIPYTUX CUIBHOTOYHBIX UCIOJTHU-
TeJIbHBIX yCTPOicTB. [IpoMbliyieHHbIE KOHTPOJLJIEPHI, KaK IIPAaBUJIO, COepKaT
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HaGOp CrelUaTbHBIX MOLYJIEH, BHIIIOJHEHHBIX HA OCHOBE 2JIEKTPOMarHUTHBIX
pesie n obecneyrBaoNInX rabBaHIIECKYIO Pa3BsA3Ky KOHTPOJIEpA U CUIbHO-
TOUYHBIX YIIPABJIAIONINX TIETIE.

TpancdopmaropHasi pa3BsidKa [IPUMEHSIETCS] IPU Tlepeiade aHaJIOrOBbIX
curnasoB. Kak n3BecTHoO, yepes TpaHchopMaTop MOKHO TepeiaBaTh MMITYJIbC-
HBle CUTHAJBI, TO9TOMY cXxeMa TpaHchopmaTopHOil pa3Basku (puc. 2.41)
JOJKHA COIePKaTh yCTPOlicTBa MPpeobpa3oBaHust MEITEHHO M3MEHSIONIXCST
CUTHAJIOB B UMITYJIbCHBIH 1 06paTHO. ATy (DYHKIMIO BBITIOJHIIOT MOLYJIATOP,
CTOSIIUI BO BXOJIHOU IIENU, W JEMOYJISATOD, YCTAHABINBAEMBIN B BBIXOIHOM
nenu. Moaysstop obecrieunBaer nmpeoOpasoBaHue BXOIHOTO HAIPSIKEHUS
B TIOCJIEIOBATETBHOCTD UMITYJIHCOB, OTHOAIOIAST KOTOPBIX MOBTOPSIET (hOpMY
Me/IJIEHHO N3MEHSIONIErocst BXOJHOrO Hanpsikenus: Uy,

L

Uy Mognyasitop [emonysarop Upix
o— | o

Puc. 2.41. Cxema TpanchopMaToOpHOii TaibBAHHYECKOIl pa3BI3KH

VIMITyIbCHBIN CUTHAT Tiepe/aeTcsl yepe3 PasBs3bIBAIONIUN MMITYJIbCHBII
TparcdopmMaTop, mocsie Yero CTAaHOBUTCS TaIbBAHNYECKH PA3BSI3aHHBIM C IETTHIO
BXOJHOTO curHaja. JleMoayasatop obecneunBaer ob6paTHoe mpeobpasoBaHue

HUMITYJIbCHOTO CUT'HAJIa B MEIVIEHHO I/I3M€H${I()H.[I/Iﬁ(l${ BbIXO,/IH()ﬁ CHUTHaJI UBHX.

2.10.4. KoHCTPYKTHBHDBIE METOIbI OOPHOBI ¢ MOMEXaMU

Brusiaue momex Ha paboTy 2JIEKTPOHHBIX YCTPOUCTB MOKHO CHU3HUTD, ECIIH
pa3MelieHne 2JeMEHTOB U YCTPONCTB, UX 9JEKTPUUECKUE CBSI3U BBITOJTHATH
C YYETOM BO3MOKHOTO BO3/IEHCTBIUS TIOMeX. VICXo/is1 U3 3Toro, pu paspaboTke
KOHCTPYKIIUM 3JIEKTPOHHON amlmaparypbl TPUAEPKUBAIOTCS CIeYIONNX Mpa-
BUJI:

* UyBCTBUTEJBHBIE CXEMbI PACTIOJNATAIOT TIOOJMBOCTH OT HCTOUHUKOB T10JI€3-
HBIX CUTHAJIOB;

*  MOIIHBIE CXEMbI, ABJISIONIMECST NCTOYHIKAMU MTOMEX, PACIONAraloT BOJIN3N
Harpysox;

*  MaJIOMOIIHBIC U MOIIIHBIE CXEMbl PACIIOJIAraloT Kak MOJKHO JlaJibllie JIpyT
OT JIpyra;

*  CTpeMsITCS 00eCTIeunTh Kak MOKHO 00Jiee KOPOTKUE JIMHUU CBSI3H U KOH-
TYPBI TOKA.

YerpoiicTBa, BXoAIIME B allliapaTypy, IPYIIUPYIOT B MOACUCTEMBI B COOT-
BETCTBUU C TeM, SABJISIIOTCS JIM OHU UCTOYHUKAMU IIOMeX, UM HACKOJIbKO BeJIMKa
UX UYBCTBUTEJIBHOCTD K ITOMeXaM. B cOOTBETCTBUM C 9TUM B CIIOKHON 3JIeKTPOH-
HOI cHCTeMe BBIIEMSIOT HECKOIBKO MOACUCTEM. B GOJBITMHCTBE CHCTEM BbIfe-
JISTIOT aHAJIOTOBbIE MOJACUCTEMbI, KaK HanboJiee YyBCTBUTEJNbHbBIE K TIOMEXaM;
G pOBbIe MOICUCTEMBI, UMEIOTIE YMEPEHHYIO UyBCTBUTENBHOCTD K TIOMEXaM;
a TaKyKe UCTOYHUKHU [UTAHUSA U IIOJICUCTEMBI, COo/leprKalllfe 2JIeKTPOMAarHUTHBIC
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npubOpbl U MepekIoYaTen. BpicOKOYacTOTHbIE U HU3KOYACTOTHBIE CXEMBbI
TaKIKe BBIJIEJSAIOT B pasHble mojcucTeMbl. Kaskias mojcucreMa g0KHA ObITh
KaK MOKHO (GoJiee KOMIIAKTHOI 1 cHabkeHa COOCTBEHHBIMU CPECTBAMU MOIa41
MUTaHUA U 3a3eMJIeHust. [[POBOAHUKM B TTIOJCUCTEMAX TOJKHBI ObITh KAK MOMKHO
6oJiee KOPOTKUMU U UMETh HU3KUI UMITEIAHC, a KOHTYPBI TPOXOKIECHI TOKA —
MUHUMAJTbHBIMU.

[Tpu MmoHTaXKe TpaHChHOPMATOPOB, COJIEHOUIOB U IPYTUX DJIEKTPOMATHUTHDBIX
YCTPOHUCTB 06ECIIeYnBAIOT B3AUMHYIO MEPIEHANKYJISPHOCTD HATPABICHUN WX
MarHUTHBIX MOJIEH.

I'pynnupoBanme ycTpoiicTB, BBITOTHEHHBIX Ha Iudpossix UMC, nmeer
HEKOTOpPbIe 0COGEHHOCTH. B 1udpoBBIX yCTPOHCTBAX HEM30EKHO BO3HU-
KaloT CKAuKU TOKAa B IEIsIX NUTAHUS, TaK Kak B COCTOSTHUU JIOTUYECKOTIO HYJIS
U JIOTHYECKOI eANHUIBI TOTPeOIeHIe JIOTHYECKUX 9JIEMEHTOB MOKET Pe3KO
OTJINYATHCA. B ¢BSA3M ¢ 3TUM OHOBPEMEHHOE N3MEHEHUEe COCTOSHUS MHOXKe-
CTBa JIOTUYECKUX DJIEMEHTOB NMPUBOAUT K TIOSIBJIEHUIO TAKUX CKAYKOB B TIETIAX
MTUTAHUS.

[Ipu xoHCTpYyMpOBaHUU 1TU(PPOBBIX YCTPOMCTB, PACCMOTPEHHBIX B IJI. 3, 4,
MIPUIEPSKUBAIOTCS CJIEAYIONINX PEKOMEH IAINT.

1. Tenu, norpebstioniue GOMBIION TOK, MUTAIOT OT OTAENBHOTO HCTOUYHHKA.
B aToM ciryuyae nepeMeHHble COCTaBJISIIONINE TOKA IIUTAHUS HE IIPOHUKAIOT
B IITUHBI, TIOIBOISITINE MTUTAHUE K MAJIOMOTITHBIM JIOTHUYECKUM CXEMaM.

2. Ocoboe BHUMAHUE yIEJIAIOT PACIOJIOKEHUIO U JUIMHE TIEYATHBIX MTPOBO-
JTHUKOB. DTO CBI3aHO C TEM, YTO CKAUYKHM TOKA B OJIHOM TMEYAaTHOM TTPOBOTHUKE
yepe3 TMapa3uTHbIE WHIYKTUBHbIE W €MKOCTHBIE CBSI3W HABOIAT BCILJIECKH
HaIPSKeHMsT Ha IPYTUX yyacTKax cxeMbl. [loaTomy 11pu ncnosib3oBaHny MHOTO-
CTIOMHBIX TIeYaTHBIX TIJTAT HATIPABJIEHUS TPACCUPOBKU TTPOBOIHUKOB B COCETHUX
CJIOSIX JIEJIAIOT B3AaUMHO TI€PIIEH/IUKYISPHBIMU.

3. CsobopHble, HENCTOIb30BaHHbIE Jornueckue Bxoibl UM C moakouanoT
K YPOBHIO TGO JIOTHYECKON eIMHUIBI, JTHOO JIOTHYECKOTO HyJist. B IpoTUBHOM
cjlyyae OHM MOTYT BbI3BaTh JIOKHBIE CPabaThiBaHUs BCJIEACTBUE BCILIECKOB
HANPSIKEHWS B METSIX TUTAHS.

4. B nensx muranus udposeix UMC 06s3aTeIbHO yCTAHABINBAIOTCS
dbuabTpyonme KOHAEHCATOPL. [Ipu 3TOM It OTAETBHBIX 0060 BasKHBIX
NMC, nanpumep mukportportieccopabix bBUC,/CBUC, ycTanaBimBaioT WHINBU-
JyasibHble (hUIbTPYIONTNe KOHAEHCATOPHI, a ISl IPOYUX — OJMH KOHEHCATOD
Ha Heckosibko UMC.

Emte oganM BOKHBIM KOHCTPYKTUBHBIM MPUEMOM IOBBIIEHWS TTOMEXOY-
CTONYMBOCTH 2JIEKTPOHHOI allliapaTyphl sIBJISIeTCS TPABUIIbHAST PAa3BO/IKA IIIMHbI
«3eMJIsT» U THHBI <001t (kopiyc). [IpoBOAHUK «0OMHiT» — 3TO CHIOBas
11eTTh, COOTBETCTBYIONIAST OHOMY 13 TIOJIOCOB UCTOYHUKA MUTaHusd. Uepes aToT
IIPOBOJIHUK Ha IOJIIOC MCTOYHUKA IUTAHUS 3aMBbIKAeTCs BeCh TOK HAarpy3KH.
[TwHa «3emJIst» TOKHA UCTTOTb30BAThCS He JIJIS TTepPeiadyd MOTIIHOCTH, & TOJBKO
JU7IST 3a3eMJieHus. B aJIeKTpOHHOI anmapaType aTH el J0JKHBI MMETh coe-
JIMHEHKE TOJBKO B OAHON Touke cucteMbl. CoeiuHeHre ele XoTs Obl B OHOI
TOYKE TIPUBOUT K 0OPAa30BAHUIO 3aAMKHYTOTO KOHTYPA, SIBJISTIOIIETOCS] HCTOYHU-
KOM TIOMEX JIJIs paboThl PA3INYHBIX YCTPOUCTB U CUCTEMBI B 1IEJIOM.
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KoHTponbHbie BONPOCHI U 3afjaHus

1. Tlouemy juisi yCUIIUTEsE BAsKHO OOJIBIIOE BXOJHOE COIPOTUBJIEHIE U MAJiOe BbI-
XOHOe?

2. B ueM npuunHa BOSHIKHOBEHWS HEJTMHEIHBIX NCKasKeHUH Y yCUINTess?

3. Ilowyemy KoJI€6aHMS BBIXOIHOTO HATIPSKEHISI B YCUIUTETLHOM KacKajie ¢ 0OIIIM
HMUTTEPOM CABHHYTHI IO (haze OTHOCHTENBHO KOTeOaHT BXOAHOTO?

4. B 4eMm 3aKTI09A€TCS OTpUIATETbHAS 0OpaTHAS CBI3D?

5. BormosauTe pacuer koahhuIeHToB 0c1abIeHNs BXOIHOTO 1 BBIXOJHOTO CHTHAJIOB
yemutens (em. npumep 2.1), ecain R, = 200 Om, conpotuBienne Harpysku R, = 10 Owm,
BXO/[HOE COIIPOTHBIIeHNE yeunnTess R, =5 kOM, Beixo/Hoe corporusienne R, =1 Om.

6. Boimosnure pacder cxembt O (cM. mpuMep 2.2), IpunaB K03 UIHEHT Iepefadn
6a3oBoro Toka Tpansucropa ff = 50, a KoahhUIHEHT YCUTEHUS 110 HATPSIKEHIIO CXEMbI
k=15.

7. Kak nuddepennnaibiblii Kackaj pearupyer Ha cuHdasHblil 1 1poTUBOGhA3HbII
CHUTHAJIBI ¥ TI0YeMy ?

8. B uem mpenmyInecTsa u HeIOCTATKH PEKUMOB PAOOThI BHIXOJHBIX Kackajos A, B
nAB?

9. Yo Takoe co6CTBEHHDIN K0dDOHUIIMEHT YCUIEHNS OMEPAITMOHHOTO YCUITUTEIST?

10. Yro mpoms0iizeT, ecai Ha BXOJ OMEPAIIIOHHOTO YCUIUTEIS He OYIeT MOIaBaThCst
HarpspKeHne CMeTeHNs HyJIsT?

11. Yem onpenensercs koahGUIMEHT yCHIeHNs HHBEPTUPYIOIIe CXeMbI BKIIOYEHHS
OTIEPAI[IOHHOTO YCHJINTE/IS ¥ TIOUEMY OH OTPHUIIATEIbHBIIN ?

12. HazoBuTe OCHOBHBIE JIOIYIIEHHSI [IPY aHATN3€e PAOOTHI OMEPAIOHHBIX YCUITHTETE.

13. Onpenenure K0a(hHUIMEHT yCUIEHUS HENHBEPTUPYIONIEH CXeMbl BKJIIOUEHUS
OIIEPAI[IOHHOTO YCUINTEJIS.

14. Kakue BbIYNCIMTEIbHbIE CXEMbI MOJKHO CHHTE3MPOBATH HA OCHOBE OIIEPAIIMOHHBIX
ycuauTesnei?

15. BblosiHUTE pacyeT cXeMbl CyMMHUPOBAHUS TPeX Hanpspkenuil (em. npumep 2.3)
npu K; =6, Ky=2, K3=4, R,,=200 Om, € < 1%.

16. BeimostHuTe pacyeT nHTErpaTopa (cM. mpuMep 2.5) ¢ TOCTOSIHHOM BpeMeH! HHTe-
rpupoBanus T, = 20 mc. OcranbHble mapaMeTpsl Kak B IPUMepe.

17. BeimosauTe pacuer mysabtusrOpatopa (em. npumep 2.6) aust f= 10 kT u Up=

18. Kakue mporiecchl 3a/1al0T 4acToTy paboThl MyJIbTHBHOPATOPA U HAKJIOH <ITHJIBI»
B reHeparope Muia000pasHOTO HATPSIKEH ST ?

19. Yro obecrieunsaer matpuiia R—2R?

20. B uem cynHoCTh Cocoba moc/ie[0BaTeIbHOTO PUOIIMIKEHNST B AHAIOTO-TIH(DPOBBIX
peobpaszoBaTesisix?

21. 3a cYer 4ero yMeHbIIaoTCsA TabapuThl HCTOYHUKA BTOPUUHOTO DJIEKTPOIMTAHUST
¢ GecTpanchopMaTOPHBIM BXOAOM?

22. Yem MOCTOBasI cXeMa BBIITPSIMUTEJIS JIyUIlle, YeM CXeMa € OTHUM JIMOJI0M ?

23. Boinosinute pacueT MOCTOBOI cxeMbl BbiIpsAMuTess (cM. npumep 2.7) npu U, =
=140 B.

24. Jlnst 4ero UCnoab3yoTcs TpexXhas3Hbie BBITIPSIMUTEN ?

25. BoicTpoiiTe GUIbTPBI B TOPSI/IKE YTy UIIEHIS XaPAKTEPUCTHK CTIIasKIBAHISI 1Ty JTb-
carmii: CRC, CLC, C. 3a cueT 4ero PONCXOANT yrydlleHne?

26. Yo ABJISIETCS PETYIUPYIOIIIM 3JIEMEHTOM B KOMITEHCAIIMOHHOM CTabHIn3aTope?

27. Kak npoucXoinuT u3MeHeHUe CTEeeHr OTKPBITUS TPAH3UCTOPA B JIMHEHHOM cTabu-
Jm3aTope?

28. B yeM cyI1HoCTb HUPOTHO-UMITYJIbCHOM MOJIYJISIIIHN?

29. 3a cyeT 4ero MpPOMCXOAUT U3MEHEHHE BBIXOHOTO HAIPSUKEHUSA B THPUCTOPHOM
BbIIIpsIMUTENIC?

11



30. Yro Takoe MHBEPTOP B CUJIOBOI 3JIEKTPOHIKE?

3 1 . KaKI/]e (bl/U'[prI)] 1 N3 KaKNX 3JIEMEHTOB IIPUMEHATOT JIJIA 3allIUTBI OT TIOMEX, CO3/1a~
BaeMbIX UCTOYHUKAMU BTOPUYHOTO IJEKTPOIIUTAHUA C 6€CTpaHC(1)OpMaT0pH])IM BXOI[OM?

32. Jlnist uero npuMeHsIioT 9KpaHupoBanue?

33. Kaxue BBl rabBaHUYeCKON Pa3BA3KU IIPUMEHSIOTCS B 3JIEKTPOHHBIX YCTPOii-
cTBax?

34. Hazosure c1iocoObl KOHCTPYKTUBHOMN 3AIUTHI OT TTOMEX.



naBa 3
OCHOBbI CXEMOTEXHUKW
LIUdPOBLIX YCTPOWCTB

B pesynbTaTe M3y4eHNs TIaBbI 3 CTYACHT JA0JKEH:

3namo

* apudmMeTnyecKue 1 JOTHYeCKUe OCHOBBI IOCTPOCHHS II(POBOI HOIYIIPOBOLHN-
KOBOII 2JIEKTPOHUKY;

* OCHOBHbIE BU/[bl KOMOMHAI[OHHBIX IIU(POBBIX YCTPOHCTB;

* OCHOBHBIE BUJIBI IIOCIEA0BATETBHOCTHBIX UG POBBIX YCTPOICTB;

ymemo

* paspabarbiBaTh IPUHIMITHATBHbIE AJIEKTPUYECKUE CXEMBI TIPOCTENTINX IIH(BPOBBIX
YCTPOIICTB;

*  BBIIOJIHSTH aHAIN3 PAOOTHI IIPOCTERIINX IIM(DPOBBIX YCTPOHCTB, CHHTE3UPOBAHHBIX
13 37IEMEHTAPHBIX JIOTHYECKIX 27IEMEHTOB;

eaademo

* MEeTOJIaMH CHHTe3a II(DPOBBIX BJIEKTPOHHBIX YCTPONCTB C MCTIOIb30BaHNEM OYII€BOI
azire6psl 1 Kapt KapHo.

3.1. 1sonyHas cuctema CYUCNEHUS

B orsiune ot aHATIOrOBBIX YCTPOICTB, B KOTOPBIX WH(POPMAIIMOHHBIN CUT-
HaJl MOKET MPUHUMATH JTI0ObIe 3HAYEHKS B HEKOTOPOM JIHalia3oHe, B IIM(PPOBHIX
yCTpOlicTBaX HOCUTeNeM MHMOPMAIUU IBJseTcss MMPOBOI ABOMYHBIN KOJI.
ITOT KOJI COCTOUT M3 MHOKECTBA TBOUYHBIX PA3PSIOB, KaXKIBI N3 KOTOPBIX
MIPUHUMAET TOJIbKO /Ba (DUKCUPOBAHHBIX 3HaYeHusT — «0» wmm «1». /IBym nBo-
WYHBIM T(PaM COOTBETCTBYIOT JIBa COCTOSHUS 9JIEKTPOHHOM cxeMbl. QOObIUHO
9TO iBa (PUKCUPOBAHHBIX YPOBHSI HAIPSIKEHUST, KOTOPbIE MOKET IIPUHUMATD
CUTHAJ Ha BBIXOJIe cXeMbl. [103TOMY BCe pasHOOOpasie MaTeMaTHIeCKIX Orle-
parii, BBITOJTHIEMbIX ITMGPOBBIMHU YCTPOICTBAMHU, OCHOBBIBAETCS HA IBOMYHOM
cucTeMe CUNCIIEeHU.

Hamomuum cyTh 3anucu 4ucjia, 03HAYAIOIIEro, HAIPUMED, KOJIHMYEeCTBO
«TBICSYA TPUCTA BOCEMb» B JIECSITUUHON CUCTEME CUMCIEHUST:

1308 > 1-103+3-102+0- 101 + 8- 109
1-1000+3-100+0-10+8-1;
1000 + 300 + 0 + 8 = 1308.

ITo cyrtu, Habop 1UdpP «OAUH—TPU—HYJIb—BOCEMb> TPEACTABISIET OGO
KO/, T.e. repeyeHb K03 UIMeHToB (MHOKUTECH ), CTOSIINUX MepPel YNCIOM
necsaTh (OCHOBAHUEM CHUCTEMBI CUYMCIIEHNS) B cTeleHU (CIpaBa HANIEBO): HYJIb,
OJIMH, JIBa, TPU U T.J1. «Bec» xaxkmoro koapunmenta (1udpbl) onpenensercs
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pa3psaoM — IO3UIlMel, KOTOPYIO OH 3aHUMaeT B Koje (eIUHUIIbI, TECATKHU,
COTHH, ThICSTYU U T.1.). [loaToMy Takasi cucteMa CUUCIEHUs HA3BIBAETCS 103U -
UUOHHOU.

B nmo3uiimoHHo ABOUYHON CUCTEMe CUUCIECHUS OCHOBAHUEM CIIYKUT YUCIIO
J1Ba, a KO3 dUIMEHTaMI MOTYT OBITH TOJBKO JiBe Tdpbl — Hy1b (0) U euHIIA
(1), moaTomy, HarIpuMep, KOJAMIECTBO «TPUHAAIIATE> 3anuiieTcs: kogom 1101:

1101 - 1-23+1-22+0-21+1- 20,
1-8+1-4+0-2+1-1;
8+4+0+1=13.

Apudmernyeckue feiiCTBUS B JIBOUYHON CHCTEME BBITIOJIHSIOT aHAJIOTHYHO
JIECATUYHOI.

PaccMoTpuM CYIIHOCTD BBITIOJIHEHMS [ICCTBUS CJIOKEHUS, HAIPUMED, YNCEeJT
45 n 87 B mecsatuuHoii cucteMe. CHavasa CKiaabiBaeM UQPbI MIIAIIIETO pas-
psiia — HyJsieBoro, coorBerctBytomiero 100 — exuaumam: 5 + 7 = 12. B uuncie
12 yxe aBe mupeI, TpryeM 1 pa MIAJIIETO pa3psia CyMMbl — 2, a miudpa 1
TIPUHATEKUT GoJTee cTapiieMy pa3psiiy — mepBoMy, cooTBeTcTByotero 101 —
necsitkam. [loaromy 2 3anuceiBaeM, 1 — 3arioMuHaeM, T.e. B MJIAJIIIEM Pa3psijie
CYMMBI, COOTBETCTBYIOIIEM eMHuUIIaM, OyaeT 2, a 1, cooTBeTCTBYOILYIO Gosee
crapiieMy paspsifly — AecsaTKam, OyJIeM yYUThIBaTh IIPH CIOKEHUH Iudp mnep-
Boro paspsza. [lanee ckiaanpiBaeM nudpbl IepBOro paspsaa 4 + 8 u npubasisem
K HUM 1, KoTOpyto 3anoMmumnsy; ostydaeM 13. Teneps nndpa, cooTBeTCTBYIONIAS
MEPBOMY paspsijly cyMMbl — 3, a 1 TlepeHOCUTCs B CTApUINil pa3psifi, COOTBET-
CTBYIOIIUI BTOPOMY paspsiay cymmbl — 102, T.e. cOTHsIM.

AHAJIOTUYHO BBITOTHSAETCS CJIOKeHWe B IBOMYHON CHUCTeMe, HATIPUMeD,
YHCEJT «IIeCTh» U «ceMby (Tabut. 3.1). Hucsia mecTsb U ceMb B IBOUYHON CHCTEME
MMEIOT BUI

6—>110(1-22+1-2140-20=4+2+0=0);
7To111(1-22+1-2141-20=4+2+1=7).

Tabauya 3.1
CroxeHnne Boruuranue
IeCITUYHAS | ABOMYHAS | AeCSITHYHAs JIBOMYHAST
1% 1% . .o 1w
+45 +110(6) 132 1101(13) +1101(13)
87 111D | 87 110 00 1 (o6paTHbILit
132 1101 (13) 45 (6) +1110 KOI)
111(7)
o,
111(7)

IIpumevanue: 1% — 1epeHoc 13 MJIAJIIIET0 pa3psijla B CTapIInii; y- [IePeHOC U3 CTAPIIEro
paspsa B MIAJIIINI; * — 3aeM M3 CTapIIero pas3psa.

CJiio)keHre HaYMHAEM ¢ HYJIEBOTO pa3psijia, COOTBETCTBYoIIEro 20:
0+ 1 =1 (muammas mudpa cymmbl pasia 1).
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[Tepexonum K cyioxkenuio nudp MepBOTo pas3psija, cootsercTByiomero 21 : 1 +
+ 1 =2. JIng sanucyu uncsia 2 B ABOUUHOI cucteme Tpedyercs ko 10 (1 - 21 +
+ 0 - 20 =2), r.e. uucpa nepsoro paspsia cymmbr pasua 0, a 1 neperocum
B crapimuii paspsa (HyJab 3aluchbiBaeM, OJMH 3aroMuHaeM). TakuM o6pasom,
eca cymma 1udp GOJIbIIE eIMHIIBI, TPOUCXOMUT TIEPEHOC B CTaPIIMN Pas3psi.

Janee cxmanpiBaem 1 + 1 u npubasiisiem 1, KOTOPYIO 3alIOMHUJIH, TTOJIyYaeM
3. Yucso 3 B 1BOMYHON cucTeMe 3aruchiBaeM kogoMm 11 (1-21+1-20=23) te.
nudpa BTOPOTO pa3psizia cyMMbl paBHa 1, a ctapiiast 1 mepeHoCuTesT B CaIeyio-
i (TpeTuit) pasps.

Taxum obpasom, cymma uucen 110 u 111 pasna 1101. Herpyano ybeantses,
4TO 3TO JABOMYHOE ynciao — 13 (1-23+1-22+0-21+1-20=13).

Paccmotpum Teneps cynHocTb AeficTBIUS BbIYUTAHUS B IECATUYHON cUCTeMe
Ha mpumepe: 132 — 87:

° CHAyYaJa BhIYUTAEM IU(PbI HYJIEBOTO PA3psijia, HO TAaK KAK M3 [BYX HEJb3sI
BBIYECTh CeMb, 3aHnMaeM 1 (OJUH JeCATOK — OCHOBaHWE CUCTEMbBI CUHUCIIE-
HUS) B CTapiieM paspsje, YTO OTMeYaeM TOYKOil Haj nudpoit 3; moaydaem
10+2=12;12-7=5;

* [pU BBIYUTAHUY (P MEPBOTO paspsijia HEOOXOMMMO 3aHITh 1 B ciieayto-
IIleM CTapIieM paspsiie W, YYUTBIBAs, YTO B IEPBOM pa3psijie ocTtajgach mudpa 2,
nosydaem 10 +2 — 8 =4.

Ananornyno BwinosHsseM Beruntanue u3 quciaa 1101 (13) yucaa 110 (6)
B JIBOMYHOU CUCTEME:

o HyseBoit (20) paspsi: 1 — 0=1;

o mepBsbiit (21) paspsig: U3 HyJIsI HeJb3sT BBIUECTh €IUHUILY, TIO9TOMY 3aHU-
MaeM 1 (T.e. OZIHO OCHOBaHUE CHCTEMbI CUMCJIEHUS, PABHOE JIBYM) U TOJyYaeM
2-1=1;

e BTOpOI (22) paspsii: U3 HyJIsl, OCTABIIErOCs TTOCIe 3AHUMAHUST €JIMHUIIBI
B 9TOM paspsijie, HEJIb3sT BBIYECTD €UHUILY, TT09TOMY 3anuMaeMm 1 (ocHOBaHue,
paBHoe aByM) B TpeTheM (23) paspsige: 2 — 1 = 1. [Toayuum 111, T.e. xBOMUYHOE
YUCTIO «CEMb>.

[TokaskeM, 4TO oOTepaIMio BBHIYMTAHWUS MOKHO 3aMEHUTH CJOKEHUEM,
HO Ji7ist 9T0oro yMenbiraemoe (T.e. 1101) Hago cKIagpBaTh ¢ 0OPATHBIM KOIOM
BBIYMTAEMOI0, KOTOPBI IoJIydaeM, 3aMeHuB 1udpbl Ha obpartHbie (T.e. 1 Ha 0,
a 0 ma 1). [Ipoussens croxenue, mepeHocuM 1 U3 crapiiero pa3psmga B MIa-
MU, KaK MOKa3aHO CTPEJIKOM, U ToJryyaeM ABOMYHbIN Ko 111, cooTBeTCTBY!IO-
LU YUCILY «CEMb».

JleficTBYSI yMHOKEHUS M JIeIeHNsT (2 KaK JIOKa3aHO B MaTeMaTHKe, 1 JIoOble
JIPyTHE OMEPAINN) MOKHO CBECTHU K CJIOKEHWIO W BBIYUTAHUIO KOJIOB, CIIBUHY-
TBIX BJIEBO WJIM BIIPABO HA TO WJIM WHOE YUCJO Pa3psinoB. CIBHUT YUCTa BJIEBO
Ha OJIH Pa3psili COOTBETCTBYET YMHOKEHUIO €r0 Ha 2, a BIPABO — JEJEHUIO
Ha 2. JlefictBuTesibHO, Kaxkaast udpa Yrcia Ipy ero CABUTe BIeBO OyIeT UMeTh
BeC y’Ke He i-T0 paspsiaa, T.e. 21, a (i + 1)-ro, t.e. 2i*1, Ilpu caBure BripaBo Bec
Kaxk100 1udpbl OyIeT yMEHBIIATLCS B 2 pasa, T.e. COCTaBUT He 2i, a 2i-1,

IToxkakeM, Kak ¢ MTOMOIIBIO OTEPAIII CIOXKEHNUS W CIBUTA MOXKHO BBITIOJI-
HUTHh YMHOKEHUE JIBOMYHBIX YKcel. BprarcieHne npousBeieHusi OCYIIECTBIISIOT
OT CTapIINX Pa3psIOB MHOKUTENS K MJIQ/IMTNM 110 TiaraM. Ha xaskom mare ana-
JIN3UPYIOT ouepepinyio mudpy MHOKUTeNsA. Ecimn oHa paBHa 1, To K IpoMesKy-
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TOYHOMY PE3YJIbTATY BBIUUCJIEHIH TPUOABISIOT MHOKIMOE, eciiit 0, TO pe3yJib-
TaT ocTaBasaoT Ge3 mamenenuit. [Ipu mepexose Kk Gosee MIAIIEMY Pa3PSILY
IPOMEXKYTOUHBII Pe3ysIbTaT CABUTAIOT BIEBO HA OJMH Paspsifl, T.e. YMHOXKAIOT
Ha 2. [lociegaeMy miary BBIYMCJIEHUN COOTBETCTBYET HYJIEBOU Pa3psiji MHOKH-
tesist. O603HaUNM Yepe3 A MHOKIMOE, dyepe3 B — MHOKuUTEND, a Yepes b; — i-it
paspsit MHOXKHTENS. Torna B peaysibraTe BbIYUCJIEHUIA 110 OIMMCAHHOMY BBIIIIE
asroput™y Gyzer nosrydeno yucio I1:

= (o ((A-b)2+A-b, )2+ ..+A-b)2+A-by=
:A'bn'2n+A'bn71'2n71+...+A'b1'2+A'bO:
=A(bn'2n+bn71'2n71+...+b1'2+b0).

Boipakerue B MocieHIX CKOOKaX eCTh He 4TO WHOe, KaK YuCcyIo B, a uncio
IT — npoussenenvie A u B.

[ToCKOJMIBKY BBIYUTAHME CBOANTCS K CIOKEHUIO 0OPATHOTO KO/Ia, CTAHOBUTCS
MOHSATHBIM, TIOYeMY JIF0Oble MATEMAaTHYECKUE OMEPAIIUU MOKHO OCYIIECTBUTH
C TTIOMOIIIBIO TIPOCTEMTITUX OTePaIuil CI0KEHUS U CABUTA, UYTO U MCIIOTb3YETCS
B mporteccopax IBM.

TakuM 06pasoM, eCiii B JIECATUYHON CHCTEME IS 3allUCH KOAOB MCIOJIb-
3yercst necathb udp (ot 0 10 9), To B ABOMUHON cucteme — Jutib 18e (0 u 1),
KOTOpBIE Ha3bIBAIOT GUTaMU (JIBOUYHBIMU 1IH(pPaMu).

B m11060ii crcTeMe KOIMPOBAHUSI LOJIKHO BBIIOJIHATHCS HepaBeHCeTBO N < 57,
rie N — KOJIMYeCTBO KOJMPYEMbIX 0OBEKTOB; § — OCHOBaHuUe Kojia (OCHOBaHUE
CUCTEMBI CYUCJICHNS ); # — JUINHA KOJIa (KOJMYECTBO PA3PsZIOB B KOJE-YHCIE).

Hanpumep, 17151 KOAUPOBaHUs KOJWYECTBA «TPUHAANATH> B JECATUUHON
CHCTEMe CYUCIIEHUS TOCTATOIHO ABYXPaspsiaHoro kozaa 13 < 102, a B 1BoudHOI
HeoOX0AUM YeThipexpaspsiAnbiil kog 13 < 24 = 16, kak nokasaxo B a0 3.1.

[l xpanenns u 06paboTKy MHMGOPMALUHT B BUAE TEKCTOB, (DOPMYJI U YKCe
HEOOXOMMO € MTOMOIIBIO GUT 3aKOAUPOBATH OKOJIO 150 pasiMyHbIX CMMBOJIOB
(3aryiaBHbIE U CTPOYHBIE OYKBBI IATHHCKOTO M PYCCKOTO ai(DaBUTOB, 3HAKH TIPe-
MUHAHUS, MATEMAaTHIeCKIe 3HAKH, AeCATh ndp u T.11.), T.e. N = 150. /{151 aT0TO
HeoOX0oAMMbI BochMupaspsabie Koapl (150 < 28 = 256). BocbMupaspsiiHblii Koj
HasbiBaioT OaiitoMm. EMkocTs namatu 9BM onenusaior B kuiobaiitax (Kobaiit),
merabaiitax (Mb6aiit) u rurabatitax (I'6afi).

B Tabu1. 3.2 npuBeseHbl IPUMEPbI IBOUYHOTO KOJAUPOBAHUS 3HAKOB, JIATUH-
CKuX OYKB U J€CATUIHBIX 1IUGP.

Tabauua 3.2

CuMBoI Koz CumBoa Koz Cumsoa Koz
A 11000001 0 11110000 7 11110111
a 10000001 1 11110001 8 11111000
B 11000010 2 11110010 9 11111001
B 10000010 3 11110011 Touka 01001011
C 11000011 4 11110100 [Limoc 01001110
c 10000011 5 11110101 Mumyc 01101101
D 11000100 6 11110110
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B komax Tabs. 3.2, Hanpumep, Besnunia —6.285 OyzeT 3akoAupoBaHa TaK:

11110110 01001011

(mecTn)

01101101
(Munyc)

IIpumep 3.1

(Touka)

11110010

(nBa)

11111000 11110101.

(11s1ThH)

(BOCeMb)

[TepeBecTr B 1BOMUHYIO cUcTeMY 4rc0 789.
Pewenue. CoctaBuM psii 4rices — BECOB JABOMYHBIX paspsiios (Tabur. 3.3):

Tabnuya 3.3
910 29 28 97 26 95 94 93 92 91 20
1024 | 512 256 128 64 32 16 8 4 2 1

Taxk kak 1024 > 789 > 512, 9-it paspsii ABOMYHOTO 9KBUBasieHTa unciaa 789 pasen 1.
Boruncsmm octatok: 789 — 512 = 277.
Taxk kak 512 > 277 > 256, 8-ii pa3psi/i IBOUYHOTO dKBUBaJIeHTa yncaa 789 pasen 1.

Boruncimm ocratok: 277 — 256 = 21.
Tak xak 32 > 21 > 16, 4-i1 pa3psi1 ABONYHOTO SKBUBaIeHTa yncyia 789 pasen 1.

Boruncanm ocratok: 21 — 16 = 5.
Tax kak 8 > 5 > 4, 2-ii pa3psi/i ABONYHOTO dKBUBaJICHTA yncia 789 pasen 1.
Borunciim ocratok: 5 — 4 = 1, uro coorBercrByeT 0-My PaspsiLy IBOMYHOTO YHCIIA.
Taxum 06pa3oM, ABOMUHBINA sKBUBajIeHT yrciaa 789: 1100010101,

IIpumep 3.2

Caoxurs gBongnsie uncaa 1001011011 n 1111010111,
Pewenue. Bynem BBINOJHATD 1OPA3PSIIHOE CIOKEHUE JBOMYHBIX YHCEJ, HAYMHAS
€ HYJIEBOTO, HOMHSL, 4TO «1» + «0» = «1», «1» + «1» = «10», T.e. «0» B TexymeM paspsije
u 1epeHoc B ctapiinil, «1» + «1» + «1» = «11», T.e. «1» B TekyIeM 1 1epeHoc B CTapimii
pasps. B Tabi1. 3.4 npeacTaBieH X0/ pelieHus.

Tabauya 3.4
Paspstabt 10 8 6 5 1 0
ITepenoc I I 1w 1V 1 1w 1w 1w 1+
1 cinaraemoe 1 0 1 0 1 1 1
2 cnaraemoe 1 1 1 0 1 1 1
Cymma 1 1 0 0 1 1 1 0

Kommenmapuu x mabnuye:

0-i1 paspsim:
1-i1 paspsim:
2-11 paspsiz:
3-it paspsiz:
4-11 pasps:
5-it paspsit:
6-it paspsiz:
7-i1 pa3psi:
8-it paspsi:
9-it pasps:

«1» + «1» = «10» — «0» + mepenoc B 1-if paspsz;

«1» + «1» + «1» (mepenoc) = «11» — «1» + mepenoc B 2-it paspszy;
«0» + «1» + «1» (mepenoc) = «10» — «0» + mepenoc B 3-ii pa3psz;
«I» + «0» + «1» (1mepenoc) = «10» — «0» + nepenoc B 4-it paspsiz;

«1» + «1» + «1»(mepenoc) = «11» — «1» + mepeHoc B 5-i1 paspszy;

«0» + «0» + «1» (1mepeHoc) = «1»;
«1» + «1» =<«10» — «0» + nepenoc B 7-it paspsy;
«0» + «1» + «1» (nepenoc) = «10» — «0» + nepenoc B 8-it paspsiz;
«0» + «1» + «1» (mepenoc) = «10» — «0» + nepenoc B 9-it paspsiz;
«1» + «1» + «1» (mepenoc) = «11» — «1» + nepenoc B 10-it pasps.
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IIpumep 3.3

Boryects uncio 1010111100 us uncaa 1111000100.
Pewenue. TToyurm 0OpaTHBIN KO BBIYUTAEMOTO ITyTEM HHBEPTUPOBAHIS €0 PaspsioB:

1010111100 — 0101000011.

CJI05KUM yMEHbIIaeMoe ¢ 0GPATHBIM KOIOM BBIYUTAEMOTO:
1111000100
+
0101000011
10100000111
IlepeneceM crapuiyio eMHUILY B MJIQIINN Pas3psii U CJIOKUM C Heil IOJyYeHHBIH
pesyJibTaT:
0100000111
" 1

0100001000

DKBUBAJIEHT JIBOMYHOTO YMCIa pe3yabrata — 256 + 8 = 264.
BbITosIHUM TIPOBEPKY B JI€CATHYHOI CHCTEME.

Vumenbimaemoe 1111000100 = 512 + 256 + 128 + 64 + 4 = 964.
Boranraemoe 1010111100 =512 + 128 + 32 + 16 + 8 + 4 = 700.
Pasnocts 964 — 700 = 264.

ITpumep 3.4

Ymuoxkum MHokuMoe 10111 na muoskuress 11001, ucionb3ys oneparuy Ca0KeHus
U C/[BUTA.

Pewenue. AnropuT™ BBITIOJHEHNS OTE€PAlMU YMHOXKeHUs cieayiomuil. Ha kaskiom
Hiare CHayaJIa BBIIOJIHSIETCS C/IBUT YaCTUYHOTO [TPOU3BE/IeHNs BieBO Ha 1 paspsiz, 3ateMm,
eCJI 0Yepe/IHoil pa3psiyi MHOXKUTEIST PaBeH 1, BBITIOJIHSIETCS CI0KeHNe YaCTHYHOTO MPo-
M3BEJIEHUST ¢ MHOKUMBIM, €CJIN HET, CJI0XkKeH1e He Binossercst. [lycts crapimmii pa3psin
nMeeT HoMmep 4, a mumammuit — 0.

[Har 1. YeTBepThlil pa3psii MHOKHUTEJIST PaBeH «1», Tak Kak YaCTHYHOE POU3Be/IeHIe
MOKa PABHO HYJIIO, €T0 CIBUT HU K Y€MY He TIPUBOJIUT, BBITIOJHUM €0 CJIOXKEHHE C MHO-
SKUMBIM:

+00000
10111
10111

IITar 2. Tperuii pa3psiji MHOKUTEJS PABEH «1», BBITIOJHUM CABUT YACTUYHOTO TIPOU3-
BEJIEHUS U CJIOKHIM €r0 ¢ MHOKHMBIM:

10111—>+101110
10111
1000101

[Har 3. Bropoii paspsi MHOKUTeJIS paBeH <0, BBIIIOJHUM C/[BUT YACTUYHOTO [TPOU3-
Be/ICHISE 0€3 CJIOKEHNUST ¢ MHOYKIMBIM:

1000101 — 10001010.

[ar 4. [Tepssiit paspsi MHOKUTENsE paBeH «0», BBIITOJIHUM C/[BUT YACTHYHOTO TIPOU3-
Bejlenyst 6e3 CII0KEeHMsT ¢ MHOKUMBIM:

10001010 — 100010100.
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[lar 5. HyneBoil pa3psii MHOXKUTEIIS PaBeH «1», BBIIOJIHUM CABUT YACTUYHOTO IIPO-
U3BEJIEHUS U CJIOXKUM €0 ¢ MHOMKUMBIM:
100010100 — 1000101000
10111

1000111111

Jlecsruunbiii sxBuBasient pesysibrara 1000111111 = 575.
BbITIOJIHUM TTPOBEPKY B JECATUYHOI CHCTEME.
Mmuosxumoe 10111 =23

Muosxkunreas 11001 = 25

[Tpoussenenne 23 - 25 = 575.

3.2. Anre6pa noruku

Ha nepBbiit B3risin nudpoBbie yCTPONCTBA KAXKYTCSI OTHOCUTEIHHO CJIOK-
HpiMU. OTHAKO OHM OCHOBAHBI HA TPUHIIAIIC MHOTOKPATHOTO TOBTOPEHUS OTHO-
CUTEJIBHO MPOCTHIX 0A30BbIX JOTHYECKUX cxeM. CBSI3U MEK/y aTUMU CXEMaMU
CTPOSATCS HA OCHOBE YMCTO (POPMAJBHBIX METOMOB. VIHCTPYMEHTOM TaKoTo
MOCTPOEHUS CAYKUT OysieBa anreOpa, HasBaHHAsA 10 UMEHU OJIHOTO M3 ee Pas-
paboTurKoB — aHraHiickoro Matematnka J[skopmka Bysst. [IpuMeHHTETHHO
K nudpoBOi TEXHMKE OHA HA3BIBACTCS TaKkKe anre6poil morumku. B oramune
OT TIePEMEHHON B OOBIYHOIT anrebpe JIoTHYecKast epeMEHHAsT UMEET TOJIHKO /[Ba
3HAYEHUs, KOTOPbIe OOBIYHO HA3bIBAIOTCS JIOTMYECKUM HYJIEM ¥ JIOTUYECKOM
eaunuieil. B kauectBe obosnayenuit ucnosubsyercsa «0» u «1» win npocto 0
u 1. B pasnpHeiiem 1mo tekcty yuebHHMKaA, YTOOBI OTIMYUTH UX OT OObIYHBIX
u 1, 6yzem ucnosb3oBaTh obo3Hadenus Jjor. 0 u jor. 1, «0» u «1», a B JaHHOM
naparpage — mpocto 0 u 1.

Cy1iecTBYIOT TPH OCHOBHBIE OTIEPAITIH MEKIY JOTHYECKIMHU TIepeMeHHBIMIL
xonovtonkyus (nornyeckoe M), dussronxyus (nornyeckoe NMJIN) u uneepcus
(normveckoe HE). B anre6pe JOTHKE HCTTOMB3YIOTCS CAEAYIONTIE 0003HATEHIST
oneparuii:

e xoupoHKIUI: F=AAB=A-B=AB;

e u3bloHKIMA: F=Av B=A + B;

* wunBepcus: F= A.

Tabnuya 3.5
Ta6auIa MCTHHHOCTH JIJIst IOTHYeCKUX (hyHKIIi
U:F=AAB WIN: F=AvV B HE: F=A
A B F A B F A F
0 0 0 0 0 0 0 1
0 1 0 0 1 1 1 0
1 0 0 1 0 1
1 1 1 1 1 1

Kaxk ciemyer us Tabu. 3.5, 11 KOHBIOHKIMKA — J0orudeckoro VI — F TonbKo
Torya pasHa 1, xkoraa ee aprymenTsl A u B pasubl 1. [Ipn ausbionkimm (J0ru-
yeckom WJIN) F paBHa 1 Torzaa, korna A unu B pasubl 1. OTciona u cienyor
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HaszBaHust 9TuX GyHKINi. O6e 3T (HYHKIMH MOKHO PACTIPOCTPAHUTD HA CKOJIb
YTOAHO GOJIBIIOE YHCJIO0 TepeMeHHbIX. MHBepcus — jorudeckast (hyHKIUsI
TOJIBKO OJTHOI TTepeMeHHOM.

3.2.1. OcHOBHbIE TEOPEMBDI U NOJIOKEHHS aAreGphl JOTUKU

IIpuHnun ABOWCTBEHHOCTH. 3aruieM TpaBUJa BBIITOJHEHUS Olepanui
NJIN u U, pactionoxkus ctpouku 1 B 06paTHOM (CHI3Y BBEPX) MOPSIIKE:

nJan n
O0v0=0 1Aal=1
Ovi=1 1A0=0
1vo=1 0Al1=0
1vi=1 0A0=0

Cpasnum noctpouno omneparun UJIWM u V. Hetpyano BuieTh, 9TO ecan
3aMmeHuTh B cTpokax UJIM u 1 Bce 0 Ha 1, Bce 1 Ha 0 1 3HAKN JAU3BIOHKIUU
Ha 3HAKW KOHBIOHKITNH, TO TIPaBUJIa MeHsAI0Tcs Mectamu: ctpoka MJIU npespa-
maercs B cTpoky M u Hao60por.

B 9TOM COCTOUT MPUHIUII JBOWCTBEHHOCTH, KOTOPBII B 001IleM BHUjIE 3alli-
CBIBAETCS TaK:

AvB=A-B.

Jlnst mpeobpazoBanmst HOpMYJT anreOphI TOTHKHU € TEMBI0 X MUHIMI3ATII
HCTIOIb3YIOTCSI, KaK U B OOBIYHON anrebpe, CKOOKH, a eCii UX HET, TO CHavYasia
BBITIOJTHAETCS OTpHIlanue (MHBEPCH) HAJl OTAETbHBIMU MePEMEHHBIMU, 3aTEM
JIOTUYeCKoe YMHOKeHUe (KOHBIOHKI[MS) M HAKOHEI[ JIOTUYeCKoe CJIOKEHUe
(nmusblonknust). OpHako ecyn yepTa (3HAK MHBEPCUN) CTOUT HaJl COBOKYITHO-
CTBIO OYKB U 3HAKOB, TO OHA BBITTOJHSIETCS B MTOCIEAHIO OY€PE/ib.

B mporiecce nipeobpaszoBanust (HhOPMYIT UCIIONB3YIOTCS TAKIKE TEOPEMBI aJire-
OPBI JIOTUKH.

Teopembl 1151 0/THOIT IEpeMEHHO (JTeTKO MPOBepsieMbIe MOJICTAHOBKOM A = 1
nA=0):

1. Av0=A4; 4AVA=1; 7.A-A=A;
2. Avi=1; 5A-0=0; 8.é-171=0;
3. AvA=A 6.A-1=A; 9. A=A

3aMeTuM, UTO 9THU TeopeMbl (KaK W TOCJEeAYIONINe) OCTAIOTCS CIIpaBejl-
JINBBIMU U JIJIS CJTydast, ecJau ToJ A MOHUMATh He TOJbKO OJHY TePeMeHHYIO,
HO U TIeJI0€ BhIpaXKeHHe.

TeopeMmbl 151 IBYX U GoJjiee ePEMEHHBIX:

10a. Av B=B v A; 106. AB = BA — nepemecmumenviwlii 3axKoi;

Ma.AvBvC=Av(Bv(C)=(AvB)vC(

116. ABC = A (BC) = (AB) C — couemamenviulil 3aKoi;

12a. A(Bv C)=AB v AC; 126.Av BC= (A v B) - (A v C) — pacnpedenu-
MmenvHblil 3aKOH.

Ecau teopemst 10, 11 oueBUAHBI U COBIAZAIOT C PABUIAMK OOBIYHON are-
OpbI, TO 04EBUAHOCTH TeopeMbl 126 (Kak 1 psa CIEAYIONINX TEOPEM) CeLyeT
M3 MPUHIIUATIA IBONCTBEHHOCTH.
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B camom siesre, 3amMeHuM B JIEBOI M TIPaBOI yacTsAX TeopeMbl 12a Bce mepe-
MEHHbBIE UX OTPUIAHUSME U [TOMEHsIeM 3HAKM KOHBIOHKIINYM U TU3bIOHKIIII
npyr Ha apyra, nomyunm: Av BC = (Av B) - (A v C). Beesiem HOBbie 0603HaUe-
mus: A=D; B=EuC =G. llonryasum D v EG=(D v E) - (D v G),a3T0 1 ecTbh
Teopema 126;

13a. A v AB = A; 136. A (A v B) = A — 3akon noziowenus (4uraercs
«A nornoniaet B»).

[loxazarenbcTBo Teopembl 13a: AvAB=A (1 v B)=A"-1=A (ucnosnb3ys
TeopeMbl 2 1 6); JoKaszaTeabCTBO TeopeMbl 130 cieayeT U3 MpUHIUIA ABOI-
CTBEHHOCTH; o

14a. (Av B) B=AB; 14.6 ABvB= AvB.

JlokazarenbcTBO Teopembl 14a:

(AvB)B=ABvBB=ABv0=AB (ucnosb3ys TeopeMbl 8 u 1), mokasaTeib-
CTBO TeopeMbl 146 ciie/lyeT u3 NpUHIMIA TBONCTBEHHOCTH,

15a. ABv AB=B; 156. (Av B)-(A v B)= B— sakxon cxnreusanus (4uraercs
«CKJIenBaHue 1Mo A»). _ .

JlokasaresbcTBo Teopembl 15a: ABv AB=B(Av A)=B- 1 = B (ucnojib3ys
TeopeMbl 4 1 6); 0Ka3aTEAbCTBO TeopeMbl 150 cieayeT u3 MpUHIUIA ABO-
CTBEHHOCTH. o -

16a. AvBvCv..=A-B-C-..; 166. A-B-C..=AvBvCv.. — meopema oe
Mopeana, ipepicraBisiionias Hanbosee 61y GOPMYIUPOBKY TIPUHITUTIA TBOT-
CTBEHHOCTH.

3.2.2. Bynessl pyHKIMA

3uauenne 6yneBoit pyHKIMKN F, KaK Pe3yJabTaT BHIMOJHEHUS TOTHIECKUX
onepairyii HaJl IBOMYHBIMU TIepeMeHHbIMU — aprymenTamu A, B, C, ..., 3aBucut
OT 3HAYEHUST apTYMEHTOB. 3adamy Oyresy QyHKyuo — 3HAYNT yKa3aTh 3HaUE-
HUS, KOTOpbIe IpuHuMaeT GyHkuus (1.e. 0 wan 1) mpu Beex BO3MOMKHDIX KOMOU-
HAIUSAX 3HAYEHUHT apryMeHToB. TabiuIa, B KOTOPOH TOCTPOUHO YKA3BIBAIOTCS
BCE BO3MOJKHBIE COUETAHUS aPTYMEHTOB M 3HAYEHMUsT, KOTOPbIe OyJieBa (OyHKITHsI
MPUHUMAET TIPH KaKIOM COUETaHUH, Ha3biBaeTCst mabauyetl ucmunnocmu. Tax,
nanpumep, bynkiun UJIN u Y umeror TosibKo gBa aprymenTa A u B, noaromy
UMeeTCs YeThipe BO3MOKHBIE KOMOMHAIIMN WX 3HAYEHWIT, KOTOPbIE MPeICTaB-
JIeHBI B X Tabuie uctuHHocTu (M. tabr. 3.5).

Kakmyio KOHKpEeTHYI0 KOMOMHAIINIO apTyMEHTOB Ha3bIBAIOT Habopom. JList
KPaTKoCcTH HaGop 3allMChIBAIOT B BU/E ABOMYHOTO YHUCJIA, IUPPaMHI KOTOPOTO
SIBJISTIOTCST 3HAYEHUST apryMeHTOB. [[J1sT 7 aprymMenToB cytiectByeT N = 27 HabopoB.

Ecnu HewsBecTHO, Kakue 3HAYEHUsST MPUHUMaeT (GYHKIUSA Ha Bcex Habo-
pax apryMeHTOB, TO OHA HA3BIBAETCST HedoonpedeieHHol, NI He TOJHOCTHIO
(4acTUYHO) ONpe/eJIeHHON, a KOMOMHAIMY aPTYMEHTOB, JIJIsST KOTOPBIX (hYHKITUS
He OTpeJIeeHa, — 3anpeueHHbIMU Hadbopamil.

3HaueHust GYHKIMU HA 3alPENIEHHBIX HAOOpax MOXKHO 3a/1aTh 110 CBOEMY
yemorpernto (doonpedeaums GyHKINIO). ITOT MPUEM HCTIOIB3YETCSI TIPH MUHU-
MU3aIu GYHKIH.

[Tocsie Toro Kak TabINIa HCTHHHOCTH COCTABIEHA, HAXOIST alreGpanyecKyo
dbopmy aToit ornveckoit dhyukiuu. Ha ciemyiomniem arare GhyHKIMIO n1peod-
pasyioT B MPOCTEHIIyIO (OPMY, KOTOPYIO TOTOM PEaJN3yIOT C TIOMOIILIO COOT-
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BETCTBYIOINX 3JEKTPUUCCKUX cXeM. JIoTndeckne QYHKITMH 3aMCBIBAIOT, KaK
[PABUJIO, B AN3BIOHKTUBHOW HOpMabHOU dopme. [Ipu aToM mocTymaioT cie-
JYIOIIUM 06PasoM.

1. B tabauiie MICTUHHOCTH BBIZECISIOT CTPOKH, B KOTOPBIX GyJieBa (QyHKIMS
nMeeT 3HaueHue 1.

2. lnsg Kaxkgmoil TaKol CTPOKWM COCTaBJISIOT KOHBIOHKITUIO BCEX BXOIHBIX
MepeMEHHBIX, TIPHUYEM 3AMUCHIBAIOT COMHOKHUTENb Oe3 WHBEPCUH, €CJIU Mepe-
MeHHas IpuHuMaeT 3HadeHne 1 (Harpumep, A), B IPOTUBHOM CJIydyae 3alliChl-
BAIOT COMHOKUTEND ¢ MHBepcueil (mampumep, A). Takum 06pazoM cOCTaBAAIOT
CTOJIFKO KOHBIOHKITHIT BCEX apTyMEHTOB, CKOJIBKO UMEETCsI CTPOK B TabmIle
UCTUHHOCTH, B KOTOPBIX yHKIMS paBHa 1. Kaxkmas takas KOHBIOHKIIUS HA3bI-
BaeTCst KOHCTUTYEHTON eIMHUIIBI.

Koncmumyenma edunuuypt — 910 (HYHKIUS 7 apTyMEHTOB, KOTOpas MpH-
HUMaeT 3HaueHNe, paBHOE eINHMUIE, TOJTHKO Ha OJHOM Habope apryMeHTOB.
Ha Bcex ocraibHbIX Habopax OHa paBHA HYJIIO.

3. Haxkoner, 3anucpiBasi IOTHUECKYIO CYMMY — JM3BIOHKIINIO BCEX Hali/IeH-
HBIX KOHCTUTYEHT eIMHUIIBI, TOTYIA0T UCKOMYIO (DYHKITHIO.

PaccmMoTpum 3TOT €11oco6 Ha mpuMepe TabInIbl UCTUHHOCTU st (DYHKITUI
Fu F’ (1abu. 3.6).

Tabauya 3.6
Ha6op A B C F F” F
0 0 0 0 0 1 0
1 0 0 1 0 1 0
2 0 1 0 1 1 1
3 0 1 1 0 0 0
4 1 0 0 1 1 1
5 1 0 1 0 1 0
6 1 1 0 1 0 1
7 1 1 1 - 0 0

Oyukuus F’ siiisiercst Heloonpeie/ieHHoi. B cTpoke 7 (1ipaBujibHee CKa-
3aTh — Ha ceJibMOM Habope) 3uaueHue GyHKIKN Heonpeaenertoe. Jloomnpee-
JIM 3Ty (QYHKIMIO TaKuM 00pa3oM, 4To6bl OHA Ha aToM Habope Gbia pasHa
(pynxius F).

Ha na6opax 2, 4, 6 dyukims pasha equnutte. [Ipesxie Bcero cienyeT cocra-
BUTH KOHBIOHKIUU (KOHCTUTYEHTBI €[MHUI[BI) JIJIST 9TUX HAOOPOB.

Hab6op 2: K,=ABC.

Habop 4: K, =ABC.

Ha6op 6: Kz =ABC.

Wckomast hyHKIINST 3alIUCHIBAETCST B BUJIE JIOTUYECKON CYMMbBI — TU3BIOHK-
[[UH TI0JTYYEHHBIX KOHCTUTYEHT €/[MHUIIBI:

F=K,vK;vKg
F=ABCv ABCv ABC.
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ITa 3aMuch Ha3bIBAETCS COBEPIIEHHON JAM3BIOHKTHBHOW HOPMAJIbHON (hop-
moii (Cos/I[H®) paccmaTpuBaemoii J1ornuecKoit hyHKIUH.

3.2.3. Munumusanus OyJieBbixX PpyHKIMiA

[Tocaie osyuenust anreGpandeckoii (hoPMbI 3aCH JOTMYECKOH (DYHKIUH riepe-
XOIAT K €e YIPOTIEHNIO WTH, KaK TOBOPSIT B OyJIeBO#t arebpe, K MITHUMH3ATIIH.

Munnmusanust 6yJ1eBbix GYHKINIT TIPOU3BOIUTCS C TIOMOIIBIO TEOPEM aJIre-
6por orukn. Hanbosee achheKTHBHBIME TPHEMaMi MUHUMI3AIUH SIBJISTIOTCST
BBIHECEHE 32 CKOOKY OOIINX YJIEHOB, IIPUMEHEHE JIBOWHOTO OTPUIAHIS, TEO-
pembl jie MopraHa, 3aKOHOB TIOTJIONIEeHUsT U ckiaenBanust. [Ipu aTom Hapsny
C TIOJTHBIM CKJIEMBAHUEM YacTO TPUMEHSIOT HEellOTHOe CKJIeNBaHue, P KOTO-
poM 00a ujieHa, y4acTBOBABIIME B CKJIEUBAHUM, MM OJAUH U3 HUX OCTAIOTCS
1 MOTYT CKJEMBATbCS C APYTUMHU KOHCTUTYeHTamu. HerosHoe ckienBaHue
MOJKHO PacCMATPHBATh KaK coyeTanue Teopemsl 15 ¢ TeopemMoii 3.

Pacemorpum niporiecc MunnMusaium Ha npumepe gyukiuu F. CHauasa ompe-
JIETNM, KaKie KOHCTUTYEHTHI UMEIOT OOIITIe WIeHbl. ITO KOHCTUTYeHTh Ky 11 K,
a rakxke K; u Kg. Tak kak koncruryentst Ky 1 Kg umeror obume diensl BC, onu
MOTYT OBITh BBIHECEHBI 32 CKOOK:

K,v Kg=ABCv ABC = BC (Av A).

Ocrasiueecst B ckoOkax Boipaskenue (Av A)=1. Takum o6pazoM, KOHCTUTY-
entel K, n Kg ckenBaiotcst no A:

K,vKg=BC.

Opnako koHcruryenra Kg MOXKeT MOHaZ0OUThCST 151 ONEPAIMH CKIEHBAHMST
xoHcturyeHT K, u Kg, 1109TOMY IIpoBe/ieM HeIlloJIHOe CKJIeUBaHue ¢ coxXpaue-
HUEM KOHCTUTYeHTHI K, T.e.:

K,v Kg=BCv Ky
Taxkum o6pazom,
F=KyvK,vKs=(K,vKg)vK;=BCvKgvK,
Temeps MO’kHO ITPOBecTH cKIenBanue 1o B koncrutyent K, u Kg:
K,vKz=ABCvABC=AC(Bv B)=AC.
B pesyabrate nmeem 6oJiee mpocToe BbIpakenue st F
F=BCv AC.
Buinecem 3a ckoGku C 1 TIOMY UM KOHEUHBIH PE3yIbTaT MAHIMHI3AI[II:

F=C(Bv A).

IIpumep 3.5

Cocrasurs CoB/IH® dyukimm F” v BHITOJIHUTD €€ MUHIMU3AIIIO.
Pewenue. CoctaBum criucok HaOOPOB, Ha KOTOPBIX (pyHKIMs F” paBHa equauie. ITo
nabopsi 0, 1, 2, 4, 5.

123



3arnuiem A Kaka0ro Habopa KOHCTUTYeHTY eAuauiibl (tabir. 3.7).
Tabnuya 3.7

Ha6op 0 1 2 4 5

Koncruryenra | K,=ABC | K,=ABC | K,=ABC | K,=ABC | K,=ABC
CIMHUIIBI

CocraBuM JUSBIOHKIUIO BCEX KOHCTUTYCHT:
F”"=K,vK,vK,vK,vKs=ABCvABCvABCv ABCv ABC.

ByieM BBIIOJIHATH OIEPAIHIO CKJICUBAHIS KOHCTUTYEHT, TIOMHS, 4TO JUIst OO0 KOH-
CTHTYEHTBI MOKHO BBITIOJTHATH OIEPAINIO HEMOJHOTO CKJIeNBAHNUS, T.€. HCIOJIb30BaTh ee
JIBASK/IBI JUIST CKJIEMBAHNS € PA3HBIMH KOHCTHTYEHTaMIL.

Koncruryentst K, u K, ckrensatorcsi io C: Ky v K; = ABC v ABC = AB(Cv C)= AB.

Koncruryentst K, u K; cxnensaiorest o C: K, v Ks = ABCv ABC = AB(C v C)= AB.

PesyubraTsl ckinensanus koncturyent Ky, Ky u Ky, K5 B ¢BOIO ouepe/b CKIEUBAIOTCS
1o A:

ABv AB=B(Av A)=B.
Takum o6pasom, ausbionkiwst koucruryent K, Kj, K, K5 pasBna B.
Koncruryentot K, nt K, cxnensaiores no B: Ky v Ky=ABCv ABC = AC(Bv B)=AC.
Oyukius F” B pesy/brate yipoiienns oyuet umets su: F” =Bv AC.

B npuBeneHHOM IIpuMepe KOHCTHTYeHTa K|y MCIIOIb30Balach IBAKADL /I CKJICHBA-
Husd ¢ koncruryenrtamu Ky n K.

3.2.4. Munumusanust 6yaeBbix GyHKImit
¢ nomonipio kapt Kapuo

BaskHel M BCIIOMOTaTeIbHBIM CPEICTBOM JIJIS OIIPe/Ie/IeHUsT HanhoJiee po-
CTOII JIorn9ecKkoil GyHKITNH ABJIgeTcs KapTa KapHo. ITo He 4TO MHOE, KaK n3Me-
HEHHasl 3aliCh TabJIUI[BI UICTUHHOCTU. B 9TOM ciryyae 3HAUEHUS apryMEHTOB
He TIPOCTO 3AIMCHIBAIOTCS PSIIOM IPYT C IPYTOM, & PA3MEIAIOTCsI 10 TOPU30H-
TaJIM ¥ BEPTUKAIH TaGJIUTIBL, IEIsT ee, Haro00e MaXMaTHON TOCKH, Ha OT/Ieb-
Hble KBaApatel. [Ipm ueTHOM KosmdyecTBe apryMEHTOB TOJIOBUHY W3 HUX 3aITH-
CBIBAIOT 110 TOPU30HTAJIH, a TIOJIOBUHY — 10 BepTuKasiu. [Ipu HedyeTHOM umciie
apTyMEHTOB 110 TOPU3OHTAJIM PA3MEIAETCsT HA OJUH apryMeHT OOJIbIle, YeM
10 BEPTUKAJI.

[Topsiiok pasMenieHusT pas3JNYHBIX KOMOUHAIWMIT 3HAYEHWH apTyMEHTOB
cileflyeT BbIOMPATh TAKUM, YTOODI IIPH IIEPEXO/ie OT OAHOM SYEHKH K COCEAHelt
U3MEHSIJICS JIUIITh OIUH apryMenT. B aTH siueliku 3aHOCST Te 3HAYEHIIST JIOTHYe-
CKOH (DYHKITNH, KOTOPBIE COOTBETCTBYIOT 3HAYCHUSAM apryMeHTOB. B kadecTBe
npumepa (puc. 3.1) npusenena tabjnia UCTUHHOCTH U COOTBETCTBYIOIIAS ei
kapra Kapno s dynkimmm U (KOHBIOHKITUN).

Kapra Kapro siBiistercst yrporieHHOW (GopMoil 3anucu TaGJUIbl UCTUH-
HOCTH, IO3TOMY Ha ee ocHoBe MOKHO cocTaBuTh CoB/[H® nckomoii noruye-
CKOIT (DyHKIINU, TIOJIB3YSICh OTIMCAHHBIM BBIIIIE METOZOM. [IpenMyInecTBOM KapT
Kapno siBisiercst ipoctota 00HapysKeHUst BO3MOKHBIX YIIPOIIEHUH JTOTHYeCKON
¢ynkiun. PaccMoTpuM aT0 Ha TpuMepe, MPEACTaBICHHOM Ha puc. 3.2.
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Puc. 3.2. Tabauua uctuHHOCTH (@) U COOTBETCTBYIOMAS €Ml
kapra Kapuo (6) nns pyukuuu F

B niepByto ouepens 1ipu cocrapienun Cos[JH®D ciemyer, Kak yKasblBaaoCh
BBIIIIE, COCTABUTb KOHBIOHKIIUU BCEX APIYMEHTOB [IJIsl KAJKIONH KOHCTUTYEHTHI
€/IMHUIBI, T.€. /I KaK/I0W d49eiKu, B KOTOPOW cTouT eanHuta. nsa syeiiky,
PACIIOJIOKEHHOIT B JIEBOM BEPXHEM YTJIY, [IOJydaeM:

Korga 6yer cocraBiieHa IU3bIOHKIIMS BCEX KOHCTUTYEHT eIHUIIBI, TOMUMO
JIPYTUX B HEH BCTPETUTCS U TaKOH (hparMeHT:

K’vK”=ABCDvABCD.
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OH yrporaercs cJaeayIonmuM o6pasoM:
K’vK”=ACD(BvB)=ACD.

Ortciona ciemxyer oblee TPABUIO YIPOIIEHUs JTOTUYECKUX (DYHKITUI
1t kKapt Kapmo: ecaim B IBYX, YeThIpEX, BOCBMU U T.JI. sSTYEIKAX, OTPAHMYEHHBIX
PSIMOYTOJIbHBIM MJIN KBA[PATHBIM KOHTYPOM, CTOSIT TOJIBKO €JAUHUIIBI, MOKHO
3aITMChIBATh HEIOCPE/ICTBEHHO KOHBIOHKITUIO JIJIST BCEH 3TOM IPYIIIbI, TPUYEM
B Hee JIOJDKHBI BXOJIUTD JIUITH T€ apTYMEHTBI, KOTOPbIE OCTAIOTCS HEM3MEHHBIMU
IS BCEX SUeeK JTAHHOM TPYTIILL

Takum 06pa3oM, B 9TOM IIpUMepe KOHBIOHKITUS JJIst TPYIIIb [1, cocTosiiieit
U3 JIBYX siueeK, PaBHA

K, =ACD,

YTO COOTBETCTBYET paHee MOJydeHHONH DYHKITMH. B 0IHy IpyTIITy CBS3bIBAIOTCS
Tak’Ke Te sSTYeiK1, KOTOPbIe HAXOSATCS Ha JIEBOM U TIPABOM KPasX OJHON CTPOKHT
WJIN B BEPXHEH M HUKHEH 4acTsaX OHOTO CTONIONA.

g rpynmbt I, cocTosiieit n3 yeTblpex siueek, MOKHO 3aITicaTh:

K;=AB.

st rpymmst 111, umetotiieit KBapaTHytio (hopMy U COCTOSIIEN TaKKe U3 YeThI-
pex stueex, MOJyYUM CJIelyIONyI0 KOHbIOHKIIUIO:

K, =AC.

Eure oama eaunuia ocrajach B mpaBoM BepxHeM yriry. OHa MOXKET OBITh
CBsA3aHa, HAPUMED, ¢ eUHKIEH B HIKHEH 4acTH paccMaTpPUBAEMOro CTOJIOIA
B IPYIINY U3 ABYX st4eeK. J[pyrast BOBMOKHOCTb COCTOUT B OOBEUHEHUY €/IH-
HUII, HAXO/ISIIMXCS Ha JIEBOM M MPABOM KpasiX 1epBoi cTpoku. OnHaKo ecau
MPUHSATH BO BHUMAHUE, YTO B KXKJOM yIiy KapThl KapHo HaxoauTcs eamHuIa,
TO MOKHO HAWTH TpocTeiiiiee pemienvie. CBA3bIBas 9T €JMHUIIBI B OJIHY YeThI-
PEXaJIEMEHTHYIO TPYTILY, HOJTYYIM:

K, =BD.

Taxum 06pa3oM, ¢ MOMOIILIO KapThl KapHo MOKHO HalTH HaUIPOCTEHRIINI
BapuaHT JIoTn4yeckoil pynkimu F:

F=K,vK;vK;;;vKy=ABvACDvACvBD.

IIpumep 3.6

Haiitu maumnpocteiinryio opmy sorudeckoit pynkimu F, mpecTaBientoii Ha puc 3.3,
¢ TIOMOIITbI0 KapTel KapHo.

Pewenue. Cocrapum 1o tabjuie MCTUHHOCTH KapTy Kapho sornueckoil pyHKInn
(puc. 3.3). Haunpocreiimas ¢opma sornyeckoit GyHKINN JJOJKHA UMETh HaMEHbIlee
KOJIMYeCTBO KOHbOHKIUN B cBoeil [ITHM, npu sToM KOHBIOHKIIMU JOJIKHBI COJEPKATh
HAUMEHBIIIEE TI0 BO3MOKHOCTH KOJMYECTBO apryMeHTOB. Mlcxo/s 13 9Tux cooOpaskeHui,
o603HaunM Ha kapre KapHo KOHTypa, 00bEANHSIONINE CAUHUIIBL.
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Puc. 3.3. Tabanua UCTHHHOCTH (@) U COOTBETCTBYIOMIAS €if
kapra Kapuo (0) nusa dyuxumun F

OueBUIHBIMU SABJSIOTCS KOHTYPa, 0003HaueHHbIe Kak [ u II. OHU MMEIOT KBajapar-
Hyio Gopmy 1 Jierko oGHapyskuBaioTcs Ha Kapre. OHI OXBATBIBAIOT 7 ¢IMHUIL U HEOXBa-
YEHHBIMU OCTAIOTCST [IBE BEPXHUE eIMHUIBI M OJIHA €IMHUIA B KPAllHEM JIEBOM CTOJIOIE.
JlBe BepXHNE eNHUIBI MOTYT OBITh OOBEIIMHEHBI C ABYMS HIDKHUMH €[IHIIAMI, PACIIO-
JIOKEHHBIMK CUMMeTpUYHO. B pesyabrare Gyner chopmuposan koutyp 11 Tlocennsst
HeOXBavYeHHAsI eINHHUIA MOXKET ObITh 0OBeNHEHa TOJIBKO C eANHUIEH, PACTIONOKEHHON
B KpaifHeM IpaBoM CTOJIOIE U TOH JKe CTPOKe. DTH JIBE eMHUIIBI cHOPMUPYIOT KOHTYP V.

Ob6pariM BHUMaHHUE Ha TO, YTO, Ka3aJI0Ch Obl, OYEBIIHBIIT KOHTYP, COCTOSIIII U3 €/I1-
HutL Tpertbero cronbia (AB = 11), He nossoJsier ¢hopMUPOBATH HAMITPOCTEHIIMN B
yHKIMH, TaK KaK [JIsT OXBAaTa OCTaBIINXCS €MHUI] KOHTYPaMI BCe PABHO MOTpeOyeTcst
YyeTbIpe KOHTYPA.

Chopmupyem Jorndeckyio (hyHKIINIO, BHOCSI B KOHBIOHKIHIO, OIICBIBAIOILYI0 KOH-
TYP, TOJILKO T€ aPTyMEHTBI, KOTOPbIE HEe MEHSIOT CBOETO 3HAUEHUS JIJIsT BCEX eIMHUIL JIaH-
HOTO KOHTYpa. Tak, HarpuMep, /Ui eHAI] KOHTYpa [ ToJabKO aprymenTsl A n D Bcerzna
PaBHbI €IMHUIIE, B TO BpeMsi Kak B u C MOTyT ObITh KaK HyJIEM, TAK U €IHUIIEH, TOITOMY
K; =AD. B pesyibrare 1nojyuuM Boipaskenue st Gynkuun F:

F=K,vK;vK;;vKy =ADvBCvBDvBCD.

3.2.5. Anre6pa soruku u UG POBbIE DIEKTPOHHBIE CXEMBI
BosHukaeT BOIPOC: KAK MOKHO HPEACTABUTD JIOrHYecKre (HYHKIMK C HOMO-

IIbIO IJIEKTPUYECKUX cxeMm? Tak kak Jiormdeckue IepeMeHHble MOTYT UMETH
TOJIBKO /IBa JUCKPETHbIX 3Ha4YCHUA, CIACAYyET O6paTI/ITI) BHUMaHHEC Ha CXEMbI,
KOTOPpbI€ MOT'YT HAXOAUTHCA B ABYX JIETKO PA3JIMYMMBbIX COCTOAHUAX. Taknmn
CXeMaMU ABJIAIOTCA 9JEKTPHUYCCKHE IMEPEKAI0YAIONINe CXEeMbI, BBIIIOJTHIEMbIC
Ha OCHOBE€ TPaH3UMCTOPHDBIX KJIIOYel. ,HJIH IpejacTaBJeHuA JIOTUYECKUX IIepe-
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MEHHBIX B (D POBOIT CXeMOTEXHUKE FICIIONB3YIOT 3JIEKTPIUYCCKOE HANIPSIKEHTE,
UMeIoIee JIBa Pa3IMYHBIX YPOBHSL: BBICOKWIT, OJU3KUN 0 YPOBHIO K HAIIPsi-
JKEHUIO MUTaHust (TPAH3UCTOP 3aKPbIT), W HUSKUH, GAU3KUIA K MOTEHIIHATY
Kopmyca (TPaH3UCTOP OTKPHIT). DTUM YPOBHSIM MOKHO MOCTABUTH B COOTBET-
CTBHE COCTOSTHUS JIOTU4YecKUX «1» 1 «0». Ecin BBICOKMIT ypOBEHDb HANIPSKEHUS
COOTBETCTBYET JIOTHYECKON «1», a Huskmii — «0», Takast cucrema 0603HAYECHMIT
Ha3bIBACTCS N03UMUBHOU J02ukoil. B mpoTuBHOM ciryyae (BbICOKMiT — «0», HI3-
Knit — «1») cucTeMa Ha3BIBACTCS HE2AMUBHOU JO2UKOUL.

B cooTBeTcTBUM € TPEMsI OTIEpaUsIME alreOpPbl JIOTHKK B CXeMe THMPOBBIX
YCTPOMCTB NCHOJB3YIOT CJIEYTOTHeE JIOTHUYECKIE 9JIEMEHTBHI, BXOJHbIE TTepeMeH-
HbIE KOTOPBIX YaCTO 0003HAYAIOT YEPE3 X;, & BHIXOIHBIE YEPE3 ¥:

1) amement 1 — cxema JIOTHYECKOTO YMHOXKEHNSA, KOHBIOHKTOP (pHC. 3.4, a);

2) anement MJIN — cxema JIOTUYECKOTO CIIOKEHNS, AU3BIOHKTOD (puc. 3.4, 6);

3) anement HE — cxema jormaeckoro otputianus, uHBepTop (puc. 3.4, 6).

Puc. 3.4. YcaoBHble 0003HAYEHHS DJIEMEHTOB IM(PPOBOI JTOTHKH:
a— U; 6 — NJIN; 6 — HE; 2 — I-HE; 0 — NJIN-HE

I1oT HabOP HIEMEHTOB Ha3bIBAIOT OCHOBHBIM (Ga3MCOM WM OCHOBHOMN
bynkimonasbHo nOJIHON cucTeMoil anemeHToB. llocaennee o3navaet, 4TO
C TIOMOIIILIO ATUX 3JIEMEHTOB MOJKHO CO3/IaTh CXEMY, OCYIIECTBIISIIONLYIO JT0OYI0
CKOJIb YTO/IHO CTIOXKHYTO JIOTHYECKYIO OTIePaIinio.

[ToMrMO 3THX 37IEMEHTOB B MHTETPAJIBHON CXEMOTEXHUKE YacTO MpUMe-
HAIOTCS JIOTUYecKue cxembl, BoiosHsomue onepanun VI-HE (puc. 3.4, 2)
u UJIN-HE (puc. 3.4, 0).

Nudopmanust, moctymaomnias B ugpoBoe yCTPOMCTBO, TPEACTABIISIET JIHC-
KPeTHBIN (T.e. cOCTOAMMHI U3 HyJel u equuuil) curran (kox). Ha mepepauy
CHUTHAJIA OTBOAUTCS KOHEUHBIN OTPE30K BPEMEHU, HA3bIBAEMBIN TAKTOM PabOThI
ycrpoiictBa. Ecoin 3a ofiH TakT B yCTPOHCTBO TTepefaeTcs OJH U3 Pa3PsiIoB 1BO-
HUYHOTO YHUCJIA, TO YCTPOUCTBO PabOTAET ¢ MOCIE0BATEILHBIM KOJIOM, ECIIH JKE
32 OJIMH TaKT MePelaeTcsl BCe IBOMUYHOE YUCJIO OJHOBPEMEHHO, TO YCTPONCTBO
paboTaeT ¢ mapaiesbHbIM KOIOM.

B ob6miem ciryuae Ha BXOZ IHGPOBOTO YCTPOMCTBA MOCTYTAET MHOKECTBO
JABOMYHBIX TTepeMeHHBIX X (X4, Xy, ..., X,), & C BBIXO/Ia CHIIMAETCS MHOKECTBO
JBONYHBIX HepeMeHHBIX Y (Yy, Yy, ..., Y,). IIpn 3TOM yCTPOHCTBO OCYIIECTBISIET
(peasiyeT) onpesiesieHHYIO CB3b (J0TmuecKyio (hyHKIINIO) MEKIY BXOTHBIMU
1 BBIXO/IHBIMU II€PEMEHHbIMMU.

[rchpoBbie YCTPOICTBA IETAT HA KOMOUHAUUOHHDIC U NOCAEA08AMENLHOCTIHDLE.

B kombGunanuouubix ycrpoiictBax (puc. 3.5, a) 3HaueHusi Y B TedeHue
KaKIOTO TaKTa OMPEAESIOTCS 3HAa4YeHNIMHI X TOJIBKO B 9TOT Ke TakT. Taxme
YCTPOMCTBA COCTOST M3 JIOTUYECKUX 2JIEMEHTOB. B 1mocienoBaTelbHOCTHBIX
ycTpoiicTax (puc. 3.5, 6) sHaueHusT Y OMpefessiorest 3HaueHnsiMu X Kak B Tede-
HUe pacCMaTPUBAEMOrO TaKTa, TaK M CYIIECTBOBABIIUMU B Psijie TIPEbIIYINX
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TakToB. [[J11 3TOTO B MOCTEIOBATEILHOCTHBIX YCTPOWCTBAX KPOME JIOTHUCCKUX
JIOJIKHBI OBITH €I U 3alTOMUHAIONIIE JIeMeHTHI. [Ipr 3TOM TaMsITh YCTPoiicTBa
MOJKET OXBATHIBATh He GECKOHEUHO (GOJBINOE, a KOHEYHOE YnCyIo TakToB. [To-
aToMy TT(hpoBBIE (MCKPETHDBIE) YCTPONCTBA C TTAMSITHIO HA3BIBAIOT KOHEUHbIMU
asmomamamu, KOTOPBIMA SBIAIOTCS Bce IBM.

X1 = Y1 — [ 1= Y ) 2
—] KomGunainontoe — = — KouG — g
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Puc. 3.5. CtpykTypa KOMOUHAHOHHOTO (a)
U TOCJIEI0BATENBHOCTHOTO (6) HU(pPOBHIX YCTPOHCTB

[To06HO BXOAHBIM ¥ BBIXOJHBIM IIePEMEHHBIM, TIepeMeHHbIE, COXPaHseMble
B [AMSITH YCTPOICTBA, TOXKE [[BOUYHbIE U 3ABUCST OT 3HAYEHUN BXOJHBIX TI€pe-
MEHHBIX B TIPEBIYIINX TaKTaX.

JIro6oe AMCKPETHOE YCTPOUCTBO U COCTABJISIOIIIE €70 JIEMEHTBI U Y3JIbl OCY-
[IECTBJISIOT TY WX UHYIO OyJieBy (DYHKI[UIO HAJ[ IBOUIHBIMU BXOJHBIMU TI€pe-
MEHHBIMU.

W3BecTHO, 4TO OyJIeBy (DYHKIMIO MOKHO 3a/aTh TPeMsl criocobaMu: codep-
acamenvro (MyTEM CIOBECHOTO OMMCAHNUS ), MaAbIuyHo U aneeOpauuecku. Hanbo-
Jiee YacTo JIJISt OTIMCAHUS PabOThI IMCKPETHBIX YCTPOICTB MOIB3YIOTCS TabIiy-
HOH (hopMOIii.

TabuIpl, MOKa3bIBAIOIIUE CBSI3b MEK/LY BXOAHBIMU 1 BBIXOJHBIMU [IepeMeH-
HBIMU KOMOMHAIIMOHHBIX YCTPONCTB, TaK jKe KaK U B airebpe JOTMKY, Ha3bIBAIOT
mabauyamu ucmurHocmu, a anrebpandeckasi GopMa ITHX CBsI3eH TTPEACTABISIET
cucTeMy ajirebpandeckux (pyHKIHi:

Y1 = Y1 (Xy, Xy, ooy Xy,

Ys = Ys(Xy, Xy oy 1)

B mociiezi0BaTeIbHOCTHBIX YCTPOMCTBAX BLIXOJIHbIE IIePEMEHHBIE ¥; 3aBU-
CAT He TOJBKO OT BXO/IHBIX CUTHAJIOB X}, HO M OT CHTHAJIOB 3JIEMEHTOB MaMSTH,
MOCTYMATONTIX B 3TOT JKe TaKT. [Ipn ananmse u cuHTe3e MOCTIEA0BATEIBHOCTHEIC
YCTPOICTBA IEJIAT Ha KOMOMHAIIMOHHYO YacTh M 9JIeMeHTbI amsiTu (puc. 3.5, 6).

OG6o3HAUNM JIBa CJEAYIOIUX APYT 3a APYrOM TaKTa paboThl aBTOMATa Kak ¢
u (¢ + 1). Cocrosinue 2j1eMeHTOB MaMsTH B (¢ + 1)-if TaKT onpesiesisieTcst MHOKe-
CTBaMU KaK BXO/IHBIX CUTHAJIOB, TAK W CUTHAJIOB HA BBIXO/IAX 2JIEMEHTOB ITAMSITH
B IIPEAbIAYINI TaKT ¢, T.e. z{™ = @; (xq, Xy, ..., X, 11, Iy, ..., [,)'. DTO BBIpAKEHUE
Ha3bIBAIOT (QYHKUUCI NEPexo0os.

DyHKIMY [IEPEXO/I0B U BBIXOJIOB MOCJIE0BATEIBHOCTHBIX YCTPOUCTB MOTYT
BBIPAKATHCST MAOIUUAMU NEePex0008 U 6bix0008. II0CKOIBKY 9TH TabIUIIBI OTIH-
CBIBAIOT PaboTy 1IOCJIE0BATEIbHOCTHOTO YCTPOMCTBA, T.€. TPOIECC ero nepe-
KJIFOUCHUST, OHU HA3BIBAIOTCS TAKIKE MAOIUUAMU NePEKIIOUCHUL.
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Peasibible a/ieKTpUYeCKre CXeMbI BCET/Ia MHEPITUOHHBI, U MEXK/y MOMEHTOM
M3MeHeHUs CUTHAJIOB Ha BXOJIe CXeMbI 1 MOMEHTOM TIOSTBJIEHUST COOTBETCTBYIO-
IIEr0 CUTHAJIA Ha BBIXO/IE BCET/Ia MIPOXOANT IIyCTh M HEOOIbIOe (HAHOCEKYHIbI ),
HO KOHeuHoe BpeMsi. Tabiuibl U anredbpardyeckie GyHKIMH OMUCHIBAOT JIUIITh
YCTAaHOBUBIIUHNCS PEKUM, T.€. B CTaTHKe. B IITHAMIYECKOH ke YacTH TaKTa CBIA3b
MEXKIY TTePEMEHHBIMU MOXKET OTJIMYAThCS OT PEXUMA CTATHKU. JTO SBJIEHUE
Ha3bIBAIOT TTEPEXOIHBIM COCTOSTHIEM (TOHKaMM B aBToMarax). Ecim ero ne yun-
TBIBATh, TO CIIPOEKTUPOBAHHOE YCTPOICTBO MOKeT paboTath ¢ onrbkamu. Jlyis
GOpBOBI ¢ TOHKAMU B aBTOMATaX MCIOJIb3YIOT CHHXPOHU3AINIO PabOThI JTeK-
TPOHHBIX CXeM. B cooTBeTCTBUM ¢ ATUM TU(DPOBBIE YCTPOICTBA PA3IETAIOTCS
HAa ACUHXPOHHbBIE U CHHXPOHHbBIE. B aCHHXPOHHbBIX U3MEHEHUE BXO[HBIX CUTHA-
JIOB Cpasy BJIedyeT 3a COO0I COOTBETCTBYIOIEE M3MEHEHUE BBIXOJHBIX CUTHAJIOB
(KOHEYHO, ITocsie OKOHYAHNS TIePEXO/IHBIX TIPOIIECCOB B AJIEKTPOHHBIX CXEMax).
B cUHXpPOHHBIX M3MeHEHWE BBIXO[HBIX CUTHAJIOB TPOUCXOIUT TOJHKO TOCTEe
MO/Ia4U CHHXPOHU3UPYIONUX (TAKTOBBIX) UMITYJIbCOB, YIIPABJISIONUX PaboOTON
aBTOMaTa.

KomOuHannoHHple 4acT aBTOMATOB SIBJISAIOTCS aCHHXPOHHBIMU. 3HAYMWT,
HA UX BBIXOJI€ MOTYT MOSIBJISITHCSI TOHKH, KOTOPBIE IPUBOIAAT K cO0siM (01Tu6-
KaM), eCJIU 9JIEMEHTBI TAMATH aBTOMata OY/AyT YIIPABJIAThCS HETIOCPENCTBEHHO
BBIXOJIHBIMM CUTHAJIaMU KOMOMHAIIMOHHON yacTu. Takue aBTOMAThl Ha3bIBAIOT
ACUHXPOHHBIMHU, ¥ B HUX CYHIECTBYET OIIaCHOCTH COOEB.

B cMHXPOHHBIX aBTOMATaX 2JIEMEHTHI TTAMSITA U3MEHSIOT CBOE COCTOSHUE
TOJIBKO C MIPUXOJIOM BHEIITHETO TAKTOBOTO UMITYJIbCA, T.€. KOT/A BCE TIePEeX0/IHbIe
MPOIECCH B KOMOMHAIIMOHHON 4aCTH 3aKOHYATCS ¥ HA €€ BBIXOaX YCTAHOBSITCS
CHUTHAJIBI, COOTBETCTBYIONINE BXOAHBIM. [I0aTOMY OmacHOCTH ¢H0€EB 1M3-3a TOHOK
B TaKWX aBTOMAaTax HeT.

3.3. KntoyeBble cxembl

TpansucTopHble KJII04eBble CXeMbI ABJIIIOTCS OCHOBOI BCEl TIOJIYITPOBO/IHU-
koBOIl L@ poBoil cxeMoTexHUKHU. KirtoyeBasi cxema Ipe/iHazHaueHa /151 KOMMY-
Tanuu (MepeKIIoUenns) TOKa B Harpy3Ke U COAEPKUT NCTOYHUK HATIPSIKEHUS
nuTaHus, Harpysky (pesuctop R) m kimou (Kz). [losynpoBOHUKOBBIN KIIOY
mos00eH MeXaHn4ecKoMy BbIkouaTesio (puc. 3.6, @). Eciu ko ujaease, T.e.
€T0 COTPOTUBJIEHNE B PA30MKHYTOM COCTOSTHUN GECKOHEYHO BEJUKO, a B 3aM-
KHYTOM PaBHO HYJIO, TO TOK B II€TTU IPU Pa3OMKHYTOM Kiitoue [ = 0, a pu 3am-
kuytoM [ = E / R. Ilyctb 3a BbixoiHOe Hanpsikenue Uy, , NTPUHATO HAIPsSIKEHMe
MexkIy Koprmycom n Toukoit K. Torma mpm pa3oMKHYTOM KJTioue, KOT/Ia TTaJieHie
HANPSKEHMS HA COMPOTUBJIEHUU R OTCYTCTBYeET, MOTEHIMan Touku K 6yzuer
paBeH NOTeHInary ucrounnka E u, cnenosareasno, Uy, = E.

Korza ke K104 3aMKHYT, TO Ia/leHMe HalpsKeHUsl Ha COIPOTUBJIECHUU
OT TIPOTEKATOTIETO IO HEMY TOKA MOJHOCTHIO YPABHOBEIINBAET HATIPSKEHME
ncroyHuka IR = E, notennuan toukn K paBeH MOTEHIMAIY KOPITyca, IPUHS-
TOMY 3a HyJIeBOI yPOBeHb, 1, cIefoBaTesnbHo, Uy, = 0.

[Toctpous B koopaunarax I—U 1o toukam E u E/R Harpy304Hy10 npamMyto
(puc. 3.6, 6) u paccmatpuBast 0Ch abCIUCC KAK BOJbT-aMIIEPHYIO XapaKTepu-

CTUKY KJIIO4Ya B Pa30OMKHYTOM COCTOAHNH, a OCb Op/IMHAT — B 3aMKHYTOM, IIpH-
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JIeM K BBIBOJLY, YTO TOUKa A OTpesiesiieT COCTOSTHUE CXEMBI TIPU 3aMKHYTOM,
a Touyka B — nipu pazoMKHyTOM Kifode. [[71s1 njieasbHOTO Kioua Koah uImeHT
ucnoJsb3oBanus Hanpsokenus nutanus K, = (Ug — Uy)/E = 1.

+E
R
K
k; UB]:IX
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1 1A
E/ReA E/R
/ A
arctg R
B
B N
0 E U 0 AU E U
Ul;mx; g Umﬂx1
6 8

Puc. 3.6. KmoueBasi cxema (a); ee uaeanbHast (0)
U peasbHas (8) XapaKTePUCTUKH

Ecan ke KJt04 Hew/eaJbHbIi, TO B 3aMKHYTOM COCTOSTHUM OH 06Jajaer
XOTb HeOOTBIINM, HO BHYTPEHHUM COTIPOTHUBJIEHUEM Ry, a B PA3OMKHYTOM
COCTOSTHUU — He GECKOHEYHO OOJBIINM, a KOHEYHBIM COMPOTUBICHIEM H30JIs-
muu R, (puc. 3.6, 8). Toukn A n B iepecedeHmst HATPY304HOI MPSIMOIT C BOTBT-
aAMIIEPHBIMU XaPAKTEPUCTUKAMK PEATbHOTO KJI0Ya CMECTSTCS 110 CPABHEHUIO
C WJICAJIBHBIM KJIIOYOM, JIMATIA30H M3MEHEHUsT BBIXOJIHOTO HAIPSIKEHMST YMEHb-
mmrest 10 3uadenust AU u, 3Ha4uT, K03(OPUIMEHT UCIOIB30BAHUST HATPSIKEHIIST
K, =AU/ E<A1.

3.3.1. KmoueBas cxema Ha GUIIOJISIPHOM TPAH3UCTOPE

B 1101y IpoBOIHIKOBOM KJTIOUEBOI CXeMe POJIb KJI0Ya BBITTOIHSAET GUITOJISIP-
HBIH TPAH3UCTOP, BKIIOYEHHBII 10 cXeMe ¢ OOIIUM dMUTTEPOM, UJIH TIOJIEBON —
0 CXeMe € OOIIMM MCTOKOM.

Pacemorpum Kmod Ha 6unoszapaom tpansuctope (puc. 3.7, a).

Ympasrenume TakuM KJa049oM ocymiecTBaser curnan Uy Ilpn Uy, = 0
TOK 6a3bl I TOKE PAaBEH HYJIO U COCTOSTHIE CXEMbI OMPEAENIETCs] TOUKOi B
(puc. 3.7, 6) nepecedeHns HATPy30YHON MPSAMON ¢ BBHIXOIHOM XapaKTEPUCTH-
Kol Tpansucropa npu I = 0. Tpanzuctop HaXOAUTCA B COCTOSHUU OTCEYKH, YTO
PaBHOCHJIBHO Pa30MKHYTOMY KJIIOUY, M BBIXO/THOE HATIPSKCHUE, OTIPE/IesIsieMoe

norenuanom Toukn K, paBHO Uyy gy, T.€. HECKOJIBKO MeHblIre, yeM Ey. Ilpu Uy,
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JOCTATOYHOM TSI CO3/[aHusi 6a30BOr0 TOKA [ a0, EPEBOJSIIETO TPAHIUCTOP
B PEKUM HACBIMIEHNUSA, HanpspKeHne Uy, coCTaBiACT 10U BOJBT. B aToMm ciy-
Yae COCTOSTHUE CXeMbI OIIPEZIEsIsAeTCsT TOUKOi A, 4YTO PaBHOCHJIBHO 3aMKHYTOMY
KJIIOUY, I BBIXOJHOE Hatnpsikenue paBHO Uyy e T-€. HECKOTIBKO BBIIIE HYJIEBOTO
YPOBHSL.

]K
A IB Hac
IK Hac A’
I
| arctg R,
1
1
1 B ;=0
Igoff1-== BU
— ) B9 o6p o
> UKB Hac EK UK9
- UKE) oTC
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Puc. 3.7. KmoueBas cxeMa Ha GUIIOJISIPHOM TpaH3ucTope (a),
€€ BbIXO/[HbIE BOJIbT-aMIIEPHbIE XapaKTePUCTUKH (0)

Takum 06pa3oM, TPAH3UCTOP BeleT cebst Kak Heuoeanrviviil Koy u Koagpdu-
[[EHT

KH = (UKS orc UKS Hac)/EK <1l

Ha 1o1o6HbIX KJIIOYEBBIX CXeMaX PeaiM3yIoTCsl pa3indtbie (hyHKIUU ajire-
GpbI JIOTUKU. BBISICHUM, KaKy0 JOrHYECKYI0 QYHKIIMIO pealnsyer KioueBast
cxema Ha puc. 3.7, a. Ecm Ha BXo/ie KIfo9a BEICOKUI TOTEHITUAJ, TO TPAH3UCTOP
OTKPBIT, TOK KOJJIEKTOPA CO3/laeT Ha COIPOTUBJIEHUM HArpysku R, majneHue
HaIPSKEHUS, TaK YTO MOTEHIIMAJ KOJJIEKTOpa — HU3KUI, COOTBETCTBYIONINN
touke A. HanpoTus, xorza Ha BXojie KJI0ua HU3KUH MOTEHIMal, TPAaH3UCTOP
3aKPBIT, @ HAa €r0 KOJIJIEKTOPE BBICOKUH ITOTEHI[MAJI, COOTBETCTBYIONNI TOUKe B.
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TakumM 06pazoM, KiIo4eBast CXeMa UHBePIUPYem Yposeib 6X001H020 CUZHALA
He3ABUCUMO O MO20, KAKUM YPOBHEM 3AKOOUPOBAHBL HYIb U eOUNULA.

CiieioBatesibHO, TIPOCTeiiiast KJIoyeBas cxema Ha TPaH3UCTOpe ¢ Harpy3Koi
B LEIIM KOJLIEKTOPA, ¢ KOTOPOIO CHUMAETCS BLIXOAHOE HAIPSKEHNE, ABIICTCS
uneepmopom, pearusyiowum Gynxuuio HE xax 6 nosumuenoi, max u ¢ nezamug-
HOUL JI02UKE.

[TepexiioyeHne TPaH3UCTOPA U3 OJHOIO COCTOSHUS B APYTOe MPOUCXOAUT
He MICHOBEHHO, [IJIs 9TOTO TPebyeTcs: mycTh HeGObINoe, HO KOHEYHOE BPEeMSI.
VIMeHHO 3TO BpeMsi olpejieisieT ObICTPoAecTBIE BeeX IU(MPOBLIX YCTPOUCTB.

[Ipu mpoTekaHny TOKa 4epes OGUIIOIAPHBII TPAaH3UCTOP B Gase IPOUCXOAUT
HaKOIJIEHIE HEOCHOBHBIX HOocuTe e, IIprueM yem GoJibliie KOJUIEKTOPHBII TOK,
TeM GOJIbIITE HOCUTENEH K 9TOMY MOMEHTY JIOJIKHO ObITh HAKOILIIEHO B Oase, T.e.
B 6aze cosmaercs 3apsiy gg. [locae Toro kax yrpasistioiee Hanpsorerne Ugy
CTAHOBUTCS 3alUPAIOIIMM, KOJJIEKTOPHBIA TOK [y MPOIOJIKAET elle HEKOTO-
poe BpeMsl 0CTaBaThCs HEM3MEHHBIM 3a cueT U30bITKa HocuTesel B 6aze. DTOT
OTPE30K BPEMEHH ¢, HA3LIBAIOT 6PEMEHEM PACCACLI6ANUS HEOCHOBHBIX HOCH-
Teseil 3 obaactu é)aBLI. Jluurb niocsie BpeMeny £, IPOUCXO/UT MEPEeXol TPaH-
3UCTOPA U3 COCTOSHUS HACBIIICHUS B COCTOSIHUE OTCEYKU U TOK [y CHUIKaeTest
110 YPOBHSI [j¢), COOTBETCTBYIOIIETO 3AIEPTOMY COCTOSIHUIO KJIIOYEBOI CXEMBbI
(Touka B Ha BOJTbT-aMIIEPHBIX XapaKTEPUCTUKAX ).

Iran paccachblBaHUS MOXKHO YCTPAHUTD, €CJIM TPAH3UCTOPY TOCJE OTIH-
paHust co3/aTh PEKKUM, KOTIa OH HAXOAUTCS Ha IPAHUIIE MEXKIY COCTOSTHUEM
HACBIIIEHKS U aKTUBHBIM PEKUMOM PaboThI. JIJIs 9TOro B MHTErpaibHbIX CXeMax
ucnobayercs guox HIoTTky, BKIIOYeHHBIH TapaiIeIbHo 6a3a-KONIEKTOPHOMY
nepexojy TpaHsucropa. Takas CTPyKTypa HasbiBaeTcs mpansucmopom Llom-
mxu (puc. 3.8, a, 0).
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Puc. 3.8. Tpanaucrop llorTku:
NpPUHIMIKAIbHAS cxeMa (a), yciaoBHoe 0Go3Hauenue (6)

HamomuuM, 9TO B aKTHUBHOM PeXMMe Mepexofi 6a3a—KOIIEKTOP TPaH3u-
cTopa cMellleH B ob6parHoM Harpasieruu (cMm. maparpad 1.3, puc. 1.8, @), T.e.
MOTeHHA 6a3bl, TOAKIIOYEHHON K Uy, MHOTO HIKe TOTEHITHATA KOJLIEKTOPA.
C yBesiMyeHneM TOKa TPAH3MCTOPA TIOTEHINAJ KOJIIIEKTOPA MOHUKAETCS U, TIPHU-
GJIMIKASICH K HACBITIIEHUIO, CTAHOBUTCS HUYKe TIoTeH mnata 6asbr. [Ipu aToM B Gase
HAYMHAIOT HAKATJIMBATHCS N30BITOUHBIE HEOCHOBHbBIE HOCUTEIU, YBEJININBAsT
3apsii gy U TIOBBIIAST CTEMEHb HACKHIMIEHUST Tpau3ucrtopa. Ecau 6B B cxeMme
Ha puc. 3.8, @ 0OTCyTCTBOBAJ N0, TO C yBEJTMYEHUEM TOKA TTOTEHIUAT TOYKH b
MOHUBUJICS OB HACTOJBKO, YTO HACTYMUJIO HACHIIEHIE TPAH3UCTOPA. ITOTO
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B CXeMe He MPOMCXOJIUT, TaK Kak npu HeanauurteabHoMm (menee 0,1 B) monu-
JKEHUH MOTEHI[HAIA TOYKH b OTHOCUTEJILHO TOYKH a otiiupaercst quo [lorTku
1 U3OBITOUHBIN 3apsi]l ¢ yaassieTcst u3 o6aacTu 6a3bl B KOJJIEKTOP.

Juox IIIOTTKM B MHTErPaabHOM UCIOJHEHUH IIPEACTABISCT CO00I KOHTAKT
MeTaJIIa ¢ KOJTEKTOPHON 00IACTHIO TPAH3MCTOPA M COCTABJISIET €IMHYIO CTPYK-
Typy. B Hacrosiee Bpemst Tpausucrop IIoTTku siBisieTcst OCHOBOM /st GuTIo-
JIpHBbIX 1UdPOBBIX MHTerpasbHbIX cxeMm (MC).

3.3.2. KmoueBas cxeMa Ha KOMILUIEMEHTAPHBIX TPAH3UCTOPAX

[ToneBbie TPaH3UCTOPBI OUEHD MUPOKO UCIOJB3YIOTCSA B D poBbix NC.
Tak ke Kak U OWIOJISAPHBIN, MONEBOI TPAH3MCTOP MOKET OBITH MOJOKEH
B OCHOBY TPaH3MCTOPHOTO KJioua, peanusyiomiero ¢yukimio HE, T.e. nunsep-
topa. OHAKO ecr KoY Ha GUITONSTPHOM TPAH3UCTOPE TOUTH He MOTPeOIsIeT
MOIIHOCTH TOJIBKO B 3aKPBITOM COCTOSIHUH, TO HA TIOJIEBBIX TPAH3UCTOPAX MOKHO
peasn30Bath K04, MPAKTUYECKH He MOTPEGIISIONIMA MOITHOCTH OT UCTOYHIKA
MMUTAHUS KaK B 3aKPBITOM, TaK U B OTKPBITOM COCTOSTHUU.

Cosgatp na MOII-TpansucTopax HHBEPTOP, He MOTPEOIAIONINI MOIIHOCTH
TpH TI0O0M CUTHATE Ha BBIXOJIE, TIO3BOISIOT TaK HA3BIBAEMBIE KOMNICMEHMAD-
Hole (B3anmmojtonoansonme) Tpanducropsl (KMOID), npeacrasasioniue nsa
MOII-tpansucropa VIl u VI2 ¢ kananramu npomugononoicuozo muna, 3aTBOPbI
U CTOKU KOTOPBIX COeMHEHBI Mapayiensto (puc. 3.9). Cxema cuMMeTpHYHA!
KOT/Ia OJITH U3 TPAH3UCTOPOB OTKPBIT U BBHIMOJHSIET POJIb 3AMKHYTOTO KJII0Ya,
JIPYTOH 3aKPBIT U CJIYKAT HATPY30UHBIM COMPOTUBJIEHUEM.

Puc. 3.9. Unseptop Ha KMOII-Tpan3ucropax

Pacemorpum pabory KMOII-TpaH3ucTOpPOB IIPU O3UTUBHOM JIOTHUKE
U TIOJIOKUTETbHON TOJAPHOCTH HANPSKEHUS MUTAHUS U CUTHATOB. VcTok
U TIo/I0KKa Tpanzuctopa VIl moaKIIoueHbl K HyJIeBOMY MOTEHIIUATY KOPITyCa,
a UCTOK W TO/JIOKKA TpansucTtopa V12 — k moTennuany +E NCTOUYHNKA TTHATA-
Hus. [loaTomy 1pu nozmave Ha BXOJ cxeMbl jiorudeckoro HyJs (U, = 0) pas-
HOCTH TTIOTEHITIAIOB MEX/Y 3aTBOPOM 1 NCTOKOM TIepBOTO Tpauaucropa Usyyy =
=U,, — 0=0wu VI1 3anepr. Hanpskenne mexxry 3aTBOPOM M ICTOKOM BTOPOTO
tpansucropa Uzyy = Uy, — E = 0 — E = —E, n tpansucrop VI2 oxasbpiBaeTcs
B COCTOSIHUU TJIyGOKOTO HachIleHus. Yepes Hero, Kak yepe3 3aMKHYThIH KJItoY,

norernman +E mozpan Ha Beixox (U, = +E), peaTnsys TeM caMBIM Ha BBIXO/IE
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JIOTHYEeCKyYIo equHuIry. IIpu aToM o6mmit 71t 060MX TPaHsuCTOpoB TOK I OJ1u-
30K K HYJIIO, TaK KaK COTPOTUBJIEHME 3anepToro Tpanaducropa VIl goctatouno
BEJTHIKO.

Ecnu ke ma Bxox mozpana normdeckas eaunnna (t.e. Uy, = +E), o Uzyyy =
=U,, — 0=+E - 0= +E u tpanaucrop VTl okaxkeTcs OTKPBITBIM, & TPAH3UC-
top VT2 — 3axpouiThiM, Tak Kak Uszyy = U, — E = +E — E = 0. 3naunr, uepes
3aMKHYTBIN K04 VT Ha BbIXOJ OyzeT mojaH HyJEBOW MOTEHIMAN KOpIyca
U, = 0, peanusysi Ha BBIXO/IE JIOTHYeCKUiT Hyib. [1pu aTom 06mmit Tok I octa-
HeTcst GIM3KUM K HYJIIO, TOTOMY 4TO GY/eT I0CTaTOUHO GOJIBIITMM COMPOTHUBIIE-
HUe 3arepToro Tpansucropa V12,

Takum 06pa3oM, B JT060M CTATHYECKOM COCTOSTHUU CXeMa MPaKTHYeCKU
He TTOTPeBIIsIET MOITHOCTH OT MCTOYHMKA TMTaHust. TOK uepes 00a TpaH3ucTopa
GyIeT TIPOTEKATh TOJBKO BO BPEMsI MEPEKIIOUEHS, KOT/Ia OJNH U3 TPAH3UCTO-
POB ellle He 3aKpoeTcs, a APYToil — yske TPUOTKPOETCSI.

Kiouesast cxema Ha KMOII-TpansucTopax 6Jn3Ka K MIeaTbHOMY K04y,
1 K0d(PHUIMEHT MCITOTB30BAHNS HANPSKEHUS UCTOYHUKA MMUTAHUS B TAKOM
nuseprope K, =U,,,./ E = 1.

PaboTocriocoOHOCTh TAKOTO MHBEPTOPA HE 3aBUCHT OT HATIPSIKEHUS THTAHS
1P YCJIOBUH, YTO OHO He MeHbllle YIBOEHHOTIO 3HAUeHUs [I0POTOBOr0 HallpsiKe-
tus TpansucTopa (E= 2Ugy ), IO9TOMY CXeMa MOKET paboTaTh pu OOJIbIIIX
pasbpocax HATPSIKEHUS TIHTAHVS.

baaromaps BeicokoMy 3HaueHUIO K09 (DUITMEHTA UCTTONIb30BAHNS HATIPSIKE-
HUS TUTAHKsT, MAJIOH OTPe6ISIEMON MOIITHOCTH U BBICOKOMY OBICTPOIEHCTBUIO
koueBbie cxembl Ha KMOII-Tpan3uctopax HalM MUPOKOe TPUMEHEHNE
B MHTETPATBHON CXeMOTEXHUKE.

3.4. llornyeckue aNeMeHTbl MHTErpanbHbIX MUKPOCXEM

3.4.1. TpaH3ucTopHO-TPaH3UCTOPHBIE JJOTHYECKUE DIIEMEHTbI

OcnoBoit ansg 6unonapubx nudpossix VMC aBagercs MHOTOIMUTTEPHDIA
TPaH3UCTOP, 06ECIIeYNBAIONINI peau3aliio Jornueckux oneparuii M u MJIN.
OH UCITOJIB3YeTCsT BO BXOHBIX I[EISAX MUKPOCXEM, 8 BMECTE ¢ OOBIYHBIM TPAH3H-
CTOPOM— MHBEPTOPOM 06pasyer 6a3oByio jorndeckyio cxemy. Lludppossie 1C,
B KOTOPBIX /uid jorndeckux oneparuii I u MJIN ucnonb3yorcess MHOTOIMUT-
TepHbIE TPAH3UCTOPHI, a /715t ontepartii HE — TpansucTopHslit ”HBEPTOP, MOJTY-
YUJIM Ha3BaHUe MPAH3UCMOPHO-MPAn3UCmMopHol Joeuxky uin cokpatienHo TTJL.

Ha puc. 3.10 nokazana npocreifimmas cxema TTJI. Ecoim na Bce BXObl TpaH-
auctopa VTl nojan BbBICOKUI MOTEHIIMAJ, TO BCE €r0 9MUTTEPHI 3alePThI
U SMUTTEPHbIE TOKK OTCYTCTBYIOT. 3aMETUM, 4TO MOJISIPHOCTh UCTOYHUKA TTUTA-
uust U, — mpsimast iist p-n-tmiepexosa 6aza—kosmektop Tpansucropa VT,
U 9TOT TIEPEX0/] 0cTaeTcst OTKPbIThIM. [Toatomy no nenu «U, —R,—6aza VI1—
kosutektop VI1—6aza VI2—amurrep VI2—xopiryc» Teder TOK I ., KOTOPBII
OTKPBIBAET M BBOJIUT B HACBINIeHWE TpaH3uctop V712.

Taxk kaxk VT2 u R, npeacTaBasiorT HHBepTOp (CM. pHc. 3.7, @), TP HACHIIICH-
oM VT2 Ha Beixozie cxembl obpasyercst curtad ), moromy uto noreHmman U

BBIX
OKaxKeTcs OIM3KUM K HHU3KOMY ITOTEHIIMaJJy KOpPIIyCa. COHpOTI/IBJIeHI/Ie pe3n-
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cropa R| momo6paHo Tak, 4ToObI 3a cUeT MaJeHNs HATPSKEHUST Ha HEM OT TOKa
Iy e TPaH3UCTOPA VT2 10TCHIMAN ToukU a (6asbl TpanzucTopa VI'1) Gbli Gbi
Huske, ueM +U._, u amutrepbl VI octaBaauch Obl 3a1IePTHIMU.

BX?
O+ U

um

Puc. 3.10. Ilpocreiimmii anement TTJL

[Tpu mogaue Huskoro norernuana O Xors 6bl Ha OJMH M3 BXOLOB OTKPbIBA-
€TCsl p-n-11epexo/] 9TOro IMUTTEPA, [OSIBJIAeTCs 3HAUUTEIbHbIN TOK [5, KOTOPDLl
cosjlaeT Ha Ry magenue Hanpskenusd IoRy, HOYTH 1eJNKOM yPaBHOBEIINBAIO-
mee U,,. TToTeHnmam Toukn a npubarKaeTcs K HyJIeBOMY TIOTEHIMATY KOP-
myca, B pe3yJibTare 4ero Pa3HoCTh MOTEHIMAIOB MEKAY 0a30i ¥ HMHUTTEPOM
tpansucTopa V12 cranoButcst 6JIM3KON K HyI0, TOK [ Tpausuctopa V12 mpe-
KpalllaeTcs U OH IepPeKJIIoUaeTcs B PeKUM OTCEYKHU. B pesysbraTe mMoTeHIINAT
U« = U, Takum 06pa3om, B OSUTUBHOK JIOTHKE, KOT/IA 32 JIOTHYECKYIO ¢/lU-
HUITY TPUHST BBICOKUH YPOBEHb HANPSIKEHWST, MHOTOAMUTTEPHBII TPAH3UCTOD
VT1 semonnset onepanuio U, a tpansuctop V12 ¢ peaucropom R, — omepa-
o HE, peanusyst takum ob6pasom 6asuc V-HE. B HeraTuBHOII JI0THKe, KOT/IA
3a JIOTUYECKYIO eJIMHUILY TPUHUMAETCS HU3KUI YPOBEHDb HAIPSIKEHUSI, cXeMa
peanusyet Gasnc UJIM-HE, uto 1 0603Ha4a10T B CKOOKAX Ha BBIXOJIE CXEMBI ¥f.

B npocreiimeii cxeme TTJI Tpan3ucTOpbl BXOAAT B HACBIIIEHHUE, A 9TO BeeT
K YBEJMYEHHUIO BPEeMeHU IePeKJIIOUeHUsI CXeMbl, II09TOMY B UHTerpajbHOMI
CXEMOTEXHMKE 9Ta CXeMa B YMCTOM BUJe He UcIomib3yeTcs. s ycTpanenus
peskrMa HACBITIEHNsT TPAH3UCTOPOB B HacTostee Bpems B VIC ncmomb3yioTes
tpausuctopsl HIOTTKM, OTYer0 B Ha3BaHUM JIOTUKH MOsIBUIACh OykBa «II1» —
TTJII.

bBazoswrit amement TTJIII nipencrasien wa puc. 3.11. Bmecto nnBepropa,
cocrosiero u3 Tpausucropa V12 u peaucropa R, B cxeme puc. 3.10 mpume-
HSIIOT CJIOKHBIH WHBEPTUPYIONIHMIT KacKa/l, KOTOPbIil 00eciednBaeT BhICOKMIT
TOK HATPY3KH ¥ 3HAYUTETHHO MEHBINYIO TTOTPebIsieMy0 MOIHOCTh. CpaBHUM
3TU CXEMBI.

[Tpu crHTE3€ Pa3INYHBIX IU(PPOBIX YCTPOHCTB OHOTO JIOTHYECKOTO ATEMEHTA,
KOHEYHO, HezlocTaTouHo. [ToaToMy HArpy3Koil /1151 IOTHUECKOTO dJIeMeHTa SIBJIS-
I0TCSI BXO/IbI aHATIOTUYHBIX JIOTHYECKUX 3JIEMEHTOB — MHUTTEPBI MHOTOIMUTTEPHBIX
TpaH3ucTopoB. I1ycTh Ha BBIXO/E CXeMbI OOBIYHOTO MHBEPTOPA JIOTHIECKUI HYJIb.
I[Ipu 5TOM TOK B HArpy3Ky He TEUeT, 3aT0 Yepes Pe3CcTop R, GyeT Tedub SHAUNTE b
HBII KOJITIEKTOPHBII TOK HACBIIEHNST, KOTOPBI TIPOCTO HarpesaeT cxemy. Korma
Ha BBIXOJIE CXEMBI JIOTHYecKast eHuUI, Tpanauctop V12 3akpsiT. Tok B HarpysKy
GyzieT TeUb OT MCTOYHNKA MUTAHUST Yepe3 Pe3rcTop Ry. Uem Gobiie TOK HATPY3KH,
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TeM GoJIbIIe 6y11eT TaZIcHE HaIIPAKEHUA Ha PE3UCTOPE. HpI/I 9TOM MOIIHOCTD, pac-
CenBacMasd Ha pe3nCTOPE, BO3PACTAECT, 4 BbIXO/ITHOE HAIIPAKEHINE, COOTBETCTBYIOIIEE
JIOTUYECKOI €AMHUILE, ITaJa€T 1 MOJKET CTaTb HEAOIYCTUMO HU3KHUM.

O+UHH
R
[ iz
[] R, VI3
. VIt 12 Lo 4
Xy
v R, Ro VT4
VD1
16 LI%s

Puc. 3.11. Basosbrii 91ement TTJIIIT

B cxeMme c10:XKHOTO MHBEPTOPA B BBIXOJHOM KacKaje IPUMEHEH COCTaBHOI
SMUTTEPHBIN TOBTOPUTEJb, COCTOSIINI u3 TpansuctopoB VI3 u VI5. Temnepn
TOK HArpy3ku coszpaercs Tpausuctopom VI5. Tok amurrepa tpansucropa V13
SIBJISIETCST TOKOM 0a3bl u1st Tpansucropa V15, moaToMy OH MOXKeT ObITh B 5 pas
MeHblIIe TOKa Harpy3ku (Bs — xoadduiment nepegadn toka rpansucropa VIs).
Tok uepes pe3uctop R, Temepb SIBIsIETCST TOKOM 6a3bl [ist Tpansuctopa V13
7 MOXKeT OBITH MEHBINE €T0 AMUTTEPHOTO TOKA B 5 pa3 (B — xoadbdurment
nepezaun Toka tpansucropa VI3). Takum o6pasoM, TOK 4epe3 pe3ucTop R,
MOJKeT GbITh MeHbIle TOKa Harpysku B B - B5 pas. Tok OTKpBITOrO TpaHsu-
cropa VT2 B cxeMe CIIOKHOTO WHBEPTOPA, TaK K€ Kak U B cXeMe 0OBIYHOTO
UHBEPTOPA, 00ECIIEUYNBACT YPOBEHD JIOTHYECKOTO HyJist. Ho Termeph oH MOKeT
6bITH TOpaso Menbiine. OH JOJKeH JIHITh 0OECTIeYnBATD OTKPBITOE COCTOSTHIE
Tpausucropa VT4, KOTOpbIil 06ecriednBaeT Ha BBIXO/E CXEMbI OTEHITHAI, OJIN3-
KUH K moTeHnnasy kopmyca. Kackazn, cocrosmiuii n3 tpansucropa VI6 u pesu-
CTOPOB R,, Ry, HEOOXOAMM [JIsT YCKOPEHHOTO BKJIIOYEHHs Tpansucropa VT4.
B MOMEHT TepeKIioue s CXEeMbI 3 COCTOSIHUS JIOTUYECKO eJINHUIIBI B COCTO-
SHUE JOoTUYecKoro HyJs Tpansuctopbl V12, VT4 n VT6 3akpbIThl U TIEpeXo/]
6asa—smMuTTep Tpausuctopa V16 nmeer Boicokoe comporusienue. CompoTus-
Jerrie Tpanauctopa V716, BEICOKOe B Hadase MePeXoHOTO MPOIecca, CKIaAbIBa-
€TCsT C COMPOTHBIIEHUEM R, M OMUTTEPHDIH TOK Tpan3uctopa V12 Ha nx obiiem
COTIPOTUBJIEHUH CO3/IAET YBEIMUEHHOE MaJICHIE HAIPSIKEHsT, KOTOPOe GbicTpee
OTKpbIBaeT TpaH3uctop VI4. B MOMEHT BBIKJIIOUEHUST TPAH3UCTOPOB IPH TIepe-
XO0JI€ U3 JIOTHYCCKOTO HYJIA K JIOTHUECKOH einHuIle Tpan3uctop V16 OTKPHIT, 4TO
03BoJIsteT TpaHzuctopy V12 GbicTpee MepeiTy B 3allePTOE COCTOSTHUE.
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J17151 IOBBITIIEHUST TOMEXOYCTOMYNBOCTU IMUTTEPBI VTl coemHeHbI ¢ KOP-
mycom 4epes sinozbl VD1, VD2, 3amiepTbie /17151 BXOAHBIX CUTHAJIOB TIOJIOKNATETh-
HO# mossipHOCTH. OHU OTKPBIBAIOTCS TOJIBKO TIPU OTPUTIATETHHON MOJISIPHOCTH
HAMPSDKEHM HA BXOZIAX, YTO HABJIOMAETCS TIPU EPEXO/HBIX TPOIECCax, KOr/a
13-3a Mapa3uTHBIX MHAYKTHBHOCTEH U €MKOCTEN B IEMsIX, MOJKIIOYEHHBIX
K BXoj1aM 0a30BOro aJieMeHTa, BOSHUKAIOT 3aTyXatoliue Kojebanus. x sHauu-
TeJibHAsl HauaJlbHasl aMILIUTY/Ia MOJKET BbI3BATH JIOKHOE cpabaThiBaHUE BXOJI-
Ho#t oruku. [Ipu BKIIOUEHUN IUOI0B 9TOTO He TIPOUCXO/IUT, TAK KaK TIepBas e
OTpHIIATEe/IbHAS TIOJTYBOJHA TOMEXU OTKPBIBAET INO U 3AMBIKACTCS Yepe3 Hero.
[Tpu sTOM Ha COOTBETCTBYIOIIEM SMUTTEPE CO3AAETCS HAIPSIKEHHE, PABHOE
D/1C ornmpanust arosa, He TIPeBbITIaloliee joJeil BosabT. Ciemyioniye 3aTyxa-
IoI[Ue KaK OTPUIIATE/IbHBIE, TAK U TOJOKUTEIbHbIE TIOJIYBOJIHBI IOMEXU UMEIOT
e1le MEHBITYIO aMIITUTY/TY, He TTPEBBINIAIONTYIO CUTHAJIA JIOTUIECKON e/THHUTIDI
U, 3HAYUT, HE BBI3BIBAIOIINE JIOKHOTO CPAbAThIBAHUS SJIEMEHTA.

ITepBoHauaabHO Ha ocHoBe vemenToB TTJII paspabarbiBaich GbICTPO-
nelicTByiomre Mu(GpPOBble BBIYUCAUTEIbHBIE YCTPOWCTBA U, B YAaCTHOCTH,
IBM. Onnako B nanbHeiieM cosepiieHcTBoBanue texuosornu KMOII npu-
BeJsio K BbiTecHenuio ayementos TTJII, mockonbky anementst KMOII o6ua-
JIAl0T TOPA3I0 MEHbINEH MoTpebasieMoil MOIHOCThI0. TeM He MeHee 9JIeMeHThI
TTJILI B nacrosiee BpeMs IIPOAOJKAIOT UCIOAb30BATHCS IJIABHBIM 06PasoM
BO BXO/HBIX U BBIXOJHBIX IEMSIX BHIYUCAUTEIBHBIX YCTPOICTB, ITO 00bICHS-
€TCsl MX BBICOKOHN TIOMEXOYCTONUYMBOCTBIO, CIOCOOHOCTBIO PaboTaTh HA EMKOCT-
HYTO HArPy3KY, KOTOpas BCETAA MTPUCYTCTBYET TaM, T/l€ BBIXOIHBIE JUHUN CBI3U
UMEIOT MPOTSKEHHOCTDh GoJiee HECKOJIbKIX IeI[UMETPOB.

3.4.2. Jlornyeckue 3saemenTsl Ha KMOII-Tpan3ucropax

Kak 6b1710 mokasano Ha IpuMepe MHBEPTOpa, BbinoaHernoro na KMOITI-
TPAH3UCTOPAX, OTINYUTENHON 0COOeHHOCTHIO Takux MOTI-cTpyKTyp sBsIeTCsI
UX CBOWCTBO He MOTPEOIATh MOIIHOCTH B CTATUYECKOM peskume. [1pu o6om
couetannu curHasoB orkpeiBanre MOII-TpaH3ucTopa 0/lHOTO THIIA CONTPOBO-
skmaercs 3anupanreM MOIT-Tpan3ucTopa mpoTUBOMOJIOKHOTO THTIA.

O611ast 3aKOHOMEPHOCTD MOCTPOECHUS TAKUX CTPYKTYP COCTOUT B TOM, 4TO
MapaJiiesibHOe CoeIMHEHIe OJTHOTO TUTIA TPAH3UCTOPOB COMPOBOKIAETCS MOCJIe-
JIOBATEJbHBIM COEMHEHNEM TPAH3UCTOPOB MTPOTUBOMOJIOKHOTO TuTa. [Ipon-
JIFOCTPUPYEM ITO MOJIOKEHUE Ha HA30BBIX JIEMEHTAX, Peau3yoNux GyHKIUI
NJIN-HE u N-HE.

B cxemax (puc. 3.12) mapsr tpansucropos V11, VI3 u VT2, VT4 o6pasyror
KOMILJIEeMEeHTapHbIe CTPYKTYPBI: KOT/Ia OJMH U3 HUX 3a1epT, TO APYTOH OTKPHIT.
[Iycts B cxeme Ha puc. 3.12, a Ha 06a BXOa X U Xy TTOJAH JOTHIECKUIT HYIIb.
Torna Tpansucropsl n-tuna VI'lu V12 3aneprsl, Tak Kak Pa3HOCTb [IOTEHI[MATIOB
MESK/Ly VX 3aTBOPAMHU U UCTOKaMu Osim3ka K HyJio. Tpansuctopst p-tumna VI3
u VT4 OTKPBITHI, TOTOMY YTO HYJIEBOU MOTEHIIMAJ, TI0/IBEIEHHBIN K 3aTBOpaM
OTHOCHUTEJIbHO MX IOJIJIOXKEK, CO3/IACT OTPHUIIATEIbHYI0 PA3HOCTh TOTEHINAJIOB,
HEOOXOAUMYIO JUIST HHAYIIMPOBaHUS B HUX p-kanasa. Ho Tak kak uepes sTu
KaHaJIbl TIPOTEKAIOT JIUIID TPEHEOPEKUTENHHO MAJIble TOKH 3aMepPThIX TPAH3U-
cropoB VTl u VT2, nagenusa Hanpsukenns Ha Tpansuctopax VI3 u VT4 nesna-
YUTEJbHBI W, 3HAYNT, BBIXOJHOE HANpsKEeHUe, MOoYTH paBHoe +U, , COOTBET-
CTBYET JIOTHUECKOH e/MHUIIE.
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Puc. 3.12. Ba3oBbie 2;eMeHThI Ha KoMIuieMeHTapHbIX MOII-Tpan3ucropax:
a — WJIN-HE; 6 — N-HE; ¢ — KMOII-cTpykTypa

Ecmu X0Tst 6B1 Ha OZIWH U3 BXOJIOB, HATTPUMEP X, TTOAATH JOTHYECKYIO €ITH-
HUILY, T.e. TToTeHnnam, 6;usknit kK +U,,,, TO COOTBETCTBYIOMINHN p-TPAH3UCTOP
(B marHOM caydae VT3) 3akpoetcs, oTkiaiodas +U,, OT BBIX0/a, HA KOTOPOM
yepe3 OTKPBIBUIMICS TPaH3UCTOP n-TUlla (B paccMaTpuBaeMoM lpumepe VI'1)
MOJIaH HYJIEBON MOTEHIMAT KOPIIyCa, T.e. JJOTHUeCKUil HyJib. Takum obpasom,
cxema peanusyet pyuknuio UJIM-HE. Kak u B caryuae uaBepropa, B paccMo-
TPEHHOII CXeMe TIePEera/l BBIXO[HBIX HATPSKEHU I OJIM30K K HAIIPSDKEHUIO [TUTa-
Hus (Ko3(hPUIUEHT KCIOIb30BAHUS HALPSIKEHMIT KII0UeBOil CXeMbl OJIM30K
k equnniie). [ToaTomy momexoycroitumBocTh gormdeckux UMC na KMOITI-
CTPYKTYpax BBICOKA.

AHAJOTHYHO MOKHO Pa3obpaTh paboTy CXEMBbI, peau3yoleil HyHKIIIO
N-HE (puc. 3.12, 6). Kak u B soruxe TTJIII, B paccMaTpuBaeMbIXx 6a30BbIX
aJIeMEHTaX Pean3yeTcsl IPUHIIUIL IBOMICTBEHHOCTH, T.€. IIPU CMEHe MTO3UTUBHOM
JIOTUKW Ha OTPUIATETBHYIO OJTHA U Ta JKe cXeMa MOJKeT BBITIOJIHATHh (DYHKITUN
kax MJINM-HE, tak u -HE.

K mpenmmytiectam asmementoB Ha KMOII-ctpykrypax (puc. 3.12, 8) otHo-
CHTCST CTOCOOHOCTD PaboTaTh 6e3 c60eB MPH OOTBITIX PasdpOcax HAMPSKEHST
TTUTAHUS.

Baarogapsi CBOMM YHUKAJIbHBIM ITapaMeTpaM — MaJioi oTpebsieMoii Mor-
HOCTH, BBICOKOW TOMEXOYCTOWYNBOCTH, MIIPOKUM JOMYCKaM Ha BEJTHYNHY
MUTAOINX HATPSAKEHUH, BBICOKOM OBICTPOAEHCTBIN IPU HEGOJIBIIUX eMKOCT-
HbIX Harpyskax — KMOII-aseMeHTbI MoTyYnan MHUPOKoe PacpocTpaHeHue
B MHTETPAJbHON CXEeMOTEXHUKE. DTH JIEMEHTHI SIBISIOTCS TOMUHUPYIOIIIMEI
B Mukpornporneccopabix BNC/CBUC, moaynpoBOAHUKOBBIX 3aTOMITHAIOIIX
yerpoiictBax 1 CBUC mporpammupyemoii soruku. B coBpemennsix bUC/
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CBUC ua ocHoBe KMOII-cTpyKTYp BBIOJTHAIOTCS BHYTPEHHME 06JACTH
MHUKpocxeM, B To BpeMst kak Ha TTJIII-cTpykTypax — obaacts nepudepuii-
HBIX CXEM, I7le TPeOYeTCs Tepeiada CUTHAIOB TI0 BHENTHUM (110 OTHOIIEHUIO
K MHUKPOCXEME) IEIISIM, UCIIBIThIBAIOIINM 3HAYUTEJIbHYIO EMKOCTHYIO HArpy3Ky.

3.5. Jewmnchpatopsl u wucpartopbl

Kaxk ormeuasiocs B maparpacde 3.2, iudpoBbie yeTpoiicTBa IessTest Ha KoMOu-
HAIMOHHBIE ¥ TTOC/Ie0BaTeIbHOCTHBIE, K KOMOMHAIIMOHHBIM OTHOCSTCS TaKHe
1U(POBbIE YCTPOMCTBA, BBIXOAHBIE CUTHAJIBI KOTOPBIX 3aBUCSIT TOJIBKO OT TEKY-
IIer0 3HAYEeHUs BXO/IHBIX CUTHAJIOB. DTH YCTPOICTBA, B OTJIMYKE OT MOCJIEI0BA-
TEeJILHOCTHBIX, He 00J1aal0T ITaMAThio. I1oc/ie 3aBepuieHs Nepexo HbIX IPOLec-
COB B 9TUX YCTPOUCTBAX HA UX BBIXO/IAX YCTAHABINBAIOTCSI BHIXO/IHBIE BEJIMYMHBI,
Ha KOTOPbBIE XapaKTep MePEXOHBIX MPOIECCOB BJINSHIS HE OKa3bIBAET.

Jlioboe cioxktoe g poBoe yeTPORCTBO MOKET OBITH Pa3/ieieHO Ha KOMOM-
HAIMOHHYTO YaCTh, BHITIOTHSIONIYIO JIOTHYECKIE OTIEPAIINH, U SJIEMEHTHI TTAMSITH.
B nipuHimne KoMOMHAIIMOHHAS YaCTh MOKET OBbITh BBIIIOJIHEHA Ha JIOTHYECKUX
3JIEMEHTaX, OJTHAKO ATO CJAUIIKOM CJIOXKHO U oporo. ['opas/o mporiie /st 9Toro
UCIIOJIb30BaTh FOTOBbIe KOMOMHAIMOHHBIE yeTpolicTBa. K ocHOBHBIM KOMOM-
HAIlMOHHBIM YCTPOMCTBAM OTHOCAT JIeNMPaTopbl, NIMMPATOPbI, MyJIbTUILIEK-
copbl (PaCHpeneTuTeNH ), IeEMYJIbTHILIEKCOPBI 1 CyMMATOPBDI.

3.5.1. Hemmdparopsi

Jewugpamop (decoder) — smo kombunayuonHoe ycmpoicmeo, no3601s10-
wee PacnosHasamy Yucid, nPeocmasientvle NOSUUUOHHOIM N-PASPAOHBIM KOOOM.
Ecom na Bxoze memmdpaTopa 7-pas3psIHbIil ABOUIHBIN KO/, TO HA €T0 BBIXOJE
Kozt «1 u3 N>. B Ko10BOIT KOMOMHAIINK 3TOTO KOZIA TOJBKO OJIHA TO3UIHs 3aHSITA
eIMHUTIEH, a Bce ocTanbHble — HyJeBble. Hampumep, kox «1 u3 N», comepska-
it 4 KOJIOBbIe KOMOMHAIINH, OY/IET MIPEACTABJIEH CIAEAYIONMM 0OPa3oM:

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

Taxkoii Koyt Ha3BIBAIOT YHUMAPHBIM, TTOITOMY e PaTOp SABJISETCS Ipe-
obpaszoBaTesieM MO3UIMOHHOTO IBOMYHOTO KOJA B YHUTApHbIH. Tak Kak BO3-
MO’KHO€ KOJIMYECTBO YKCeJl, 3aKOIPOBAHHBIX 71-Pa3Ps/IHBIM IBOUYHBIM KOJIOM,
PaBHO KOJMUECTBY HabopoB u3 n aprymentos (N = 27), To memudpaTop, nme-
IOIUIA 7 BXOJIOB, JIOJKEH UMETh 2" BBIXOA0B. Takoil gemundpaTop Ha3bIBAOT
noJiHbIM. Eciti yacTh BXOAHBIX HAOOPOB HE MCIIOJIb3YeTCs, TO AeludpaTop
HA3bIBAIOT HEMOJIHBIM, M Y HETO YUCJIO BBIXOJ0B MeHbIne 27, Takum ob6pazom,
B 3aBUCUMOCTHU OT BXOJHOTO JIBOMYHOTO KOJIa Ha BBIXOJE JleNppaTopa BO3-
Oy KIAeTCs TOJMBKO OJIHA M3 BBIXOJHBIX TIETIEH, 0 HOMEPY KOTOPOI MOKHO pac-
MO3HATDH BXOJTHOE YHCJIO.

[lemudpaTopbl TPUMEHSIOT JIJIsT PAcCIIM(POBKH a/[PECOB sSYeeK 3alIOMUHA-
IOIUX YCTPOICTB, BhICBeUNBaHUA OYKB U 1U(pP Ha MOHUTOPAX, HHANKATOPAX
u ApyTux ycrpoiicrBax. Yare Bcero onn gpistiorcst BerpoenubsiMu B BUC, kaxk,
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HaIpUMeD, B MOJYTIPOBOTHUKOBLIX 3aITOMIHAIONINX YCTPOHCTBAX, OTHAKO OHU
BbITyckaiotcest u B Buzie VIC cpezinero ypoBHsi HHTETPAILIUU.
[TponmiocTpupyemM peanusanuio AemudpaTopoB Ha IpUMepe MOJHOTO
pemudpaTopa TpexpaspsaaHbIX yrcea. Tabanua UCTUHHOCTU Aemudparopa
mpezcTaBieHa B Tabr. 3.8.
Tabnuya 3.8
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Kak BumHO, KaKAblil BBIXO/ ¥; PABEH €IMHUIIE TOJbKO HAa OAHOM Habope,
moaTomy paboTa senudpaTopa OTUCHIBAETCS BOCEMBIO QYHKIIUSIMU — 110 YHUCTY
BBIXO/IOB JIeMIM(PATOPA, KaXkK1ash U3 KOTOPBIX SBJISETCS KOHBIOHKIIUEN (Jioruye-
ckuM 1) Tpex apryMeHTOB:

Yo =X3 X9 X1 Y1 =X3 XoXy; Yy =X3XyXy;

Y3 =X3 X9 Xy; Yy =X3X9 Xy; Ys5=X3 X9 Xy,

Yo =X3 Xy Xy; Y7 =X3X9Xy.

CxeMa TpexpaspsAHOTo MOJHOTO Aemudparopa mokazaHa #a puc. 3.13.
[l peanusanun oHON (DYHKIMU Y; HYKEH OJIMH TPEXBXO/OBbIH KOHBIOH-
kTOp. Tak Kak Ha BXOaX KOHBIOHKTOPOB MPUCYTCTBYIOT KAK TIPSIMbIE 3HAYCHIIS
apryMeHTOB, TaK ¥ MHBEPCHBIE, B cXeMe Jendparopa HeoOXOIMMBI TPU HHBEP-
Topa (cM. puc. 3.13, a).

Yacro gemudpaTopsl BBITIOJHSAIOT € YHOPaBJIsSeMOil CHHXPOHU3AIHEH,
pu KOTOPOH sletiparust Koga GyJIeT MpousBeieHa BO BPeMs MOJAul CHHXPO-
HU3WPYIOIIEro UMITYJIbCa, MOCTYIUBINETO Ha BX0 C, JTUIIDb NIPU YCJIOBHUH, YTO
Ha Bxo/ EN nojiaH paspemaoniuii e fuandnbiid curdan (em. puc. 3.13, 6). s
PEeTI3AIIY TAKOTO YCIOBHS HEOOXOANMbI KOHBIOHKTOPBI C YETHIPHMST BXOIAMH,
HA YE€TBEPTHIN BXO/[ KOTOPBIX [TOCTYIAET CUTHAJ Pa3peIieHsi. ITOT cUraai (hop-
MUPYETCs IByXBXOJIOBBIM KOHBIOHKTOPOM IpU coBIajiennu curuanos C u EN.

Hucsio KOHTAKTOB Y CTaHAAPTHOTO Kopityca HecnoxuHoi C orpanmueno
(14, 16 nmm 24), noatomy nenrmdpaTopsl, Bbiryckaemble B Buge VIC, nmeioT
HEOOJIBINYIO Pa3psZIHOCTD BXOIHOTO KoAa (TpH, peske detbipe). Tak, Hampumep,
B 16-KOHTaKTHOM KOPITyce MOKET OBITH MOMETIEH JIUIITh TPEXPA3PSIAHBII MTOTHBIH
nemmndparop. Ecau tpebyercs cozpars gemmndparop Gosbliell paspsmaHOCTH,
HCTIOTB3YIOT KACKaIHOE COEMMHEHNE IEMTU(BPATOPOB HEGOIBINOM PAa3PSIHOCTH.
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Puc. 3.13. JIuneiinbiii nemmdpaTop Ha TP BX0Ja:
a — JIorn4yeckKasd cxema, 6 — YCJIOBHOE O603Ha‘{eHI/Ie [[eLHI/I(prTOpa
C BXO/laM!1 CUHXPOHU3AIUN U Pa3pelreHmnss

IIpumep 3.7

ITycTh HA OCHOBE TPEXPa3psAHBIX AemuPATOPOB HEOOXOAUMO CO3/IATh MATUPA3PSII-
Hblil (puc. 3.14).
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Puc. 3.14. Cxema HapauBaHusi pa3MePHOCTH emudparopa
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Pewenue. Tlarupaspsauplii genmdparop K0JKeH nmeth 25 = 32 BoIX0A0B. Pasnemim
IIATD Pa3PsIOB HA MJIAJIIINE Xy, Xy, Xy U CTAPIINE Xy, X3 TOrZA MIIAAIINE MOXKHO IIOJATDh
Ha BXOJbl YeTBIPEX 3-paspsiIHbIX JelmudparopoB BTOPOro Kackaga u chopMUpOBaTH
8 - 4 = 32 Boixoga. Vcnosbays Bxobl pasperienns EN, MOKHO BBIOUPATh OJUH U3 YeTbi-
pex mermudparopoB BTOPOTO KACKaJIa, Ha KOTOPOM J0JIKeH c(hOPMUPOBATHCSI €[HHITIHbII
curHai. [lyist atoro crapiime [[Ba paspsiia MOAAJANM Ha BXO/IbI YIIPABJISIONIETO Aerndpa-
TOpa MEPBOTO KACKa/Ia, & €r0 BBIXO/IbI MOJKIIOYNM K BXozaM pasperrenust EN mermmdpa-
TOPOB TIEPBOTO KACKA/A.

ITycrp, Hanpumep, BxozaHOI Koz paBen 11011 = 27,,. Tak kax crapuiue pas-
psiabl — «11», To ynpasstionuii gemudparop paspennt pabory 4-ro genrd-
paropa BToporo Kackaja. IIpn aToM Ha BBIXOIAxX MEPBBLIX TPEX JeNndpaTopoB
Gy/LyT HyJIH, a Ha BbIXOJE «3» yeTBepToro gemmudparopa, T.e. Fy;, Gyuer joru-
yeckas eIMHUIIA.

[lemudpaTopsl MUPOKO MPUMEHSIIOTCS B CUCTEMaX yIIPABJIEHUS TEXHO-
JIOTHYECKUMU TIpolleccaMi. MHOTHe MCIOJHUTETbHBIE YCTPOICTBA, TaKue,
KaK 9JIEKTPOJ[BUTATE/Ib, UCIIOJTHUTE/IbHDIII MEXaHU3M HA OCHOBE 3JIEKTPOMAr-
HITA, MOTYT YIIPABJIATHCS BCETO IBYMS KOMaH/IAMU: «BKJIIOYNTH> M <«BBIKJIIO-
unTh». [Ipu 9TOM KOMaHie «BKJIIOUYNTh> YIOOHO COMOCTABUTH JOTHUECKYIO «1»,
a KOMaH/Ie «BBIKJIIOUNTD> — JIornmdecKuit «0». [y ynpaBiaeHns TAKIMA YCTPOT-
CTBaMHU UCIIOJIb3YIOT YHUTAPHBIE KOJIbI, B KOTOPBIX KaXK/IbIi PA3PSI/] KECTKO CBSI-
3aH ¢ KOHKPETHBIM YCTPoHcTBOM. KommdecTBO yIIpaBIsseMbIX YCTPOICTB MOXKET
COCTABJISITh HECKOJIBKO JIECSITKOB, U JIeNndpaTop M0JKEH UMETh COOTBETCTBY-
I0IIiee YFICJIO BBIXOIOB.

Ha puc. 3.15 mokasaHa cxeMa ylpaBJeHUs BOCEMbIO MCIIOJIHUTENbHbBIMU
ycTpolicTBaMu Ha ocHOBe femmudpaTopa. Cxema comepsKUT BOCeMDb aHATOTHYHBIX
1erei, 06ecneynBaroINX BKIIOUEHUE /OTKIIOUEHUE UCTIOJTHUTEIBHOTO YCTPOii-
ctBa. CocTogHNE NCTIOJHUTEABHOTO YCTPOHCTBA (DUKCUPYETCSA 3TEMEHTOM
MaMsTH, B KauecTBe KOTOPOTO Yallle BCEro MCIIOIb3yeTCst TPUrrep (CM. mapa-
rpad 3.9). Bepxuuii Bxoj obecriednBaet BKJIIOUEHUE JIEMEHTa, a HIKHUNT —
BbIKJIIOYeHUe. CUTHAJI, ONPEAEISIONINIT BKIIOUECHHOE UJIH BBIKITIOYEHHOE COCTO-
sIHUE, TIOCTYTAeT Ha COOTBETCTBYIONINE cXeMbl U (BepxHue nin HIKHUE) BCEX
2JIEMEHTOB TAMSITH, HO BOCHIPUHUMAETCS 9TOT CUTHAJ TOJBKO TEM 3JIEMEHTOM,
KOTOPBIN BbiOUpaercs pemudparopom. J[Jist 5Toro Ha cXeMy yrnpaBJieHUs BMe-
cre ¢ curtaimamu BKJI/BbBIKJI oqnoBpeMenHO nojaeTcst Kojl, MOCTYNAONIAI
Ha gemudpaTop U OMPEAEeAONNN HOMED HCIOJHUTENIHHOTO YCTPOICTBA.

B —<H B
Bouen DJIeMeHT
] DC & aMsTu

Kon;{ -

K ucnonnuresns-
HBIM YCTPOHCTBAM

- SH o o
DJieMeHT
HaMsITH

Puc. 3.15. Cxema ynpaBjieHUsI HCTIOJTHUTEJIbHBIMU yCTPOHCTBAMHU
TEXHOJIOTHYECKOI cHCTeMbI Ha OCHOBe Aenmdparopa
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CurHas ¢ BBIXO/Ia 3JICMEHTa MaMATH YCUJINBACTCS U MOCTYTACT B I[ETb BKJIIO-
YeHUsI UCIIOJHUTENBHOTO YCTPOICTBA. 3/1€Ch BO3MOKHA YCTAHOBKA ONTPOHHON
raJbBaHMYECKOl pa3BsA3ku (cM. maparpad 2.10), aTeKTpOMarHUTHOTO peJie,
00€eCIeYrBaIOIIero Mo/Iauy BBICOKOTO BKJIIOUYAIOIIETO HAMPSIKEHUST, HATIPUMED
=220 B, a71eKTPOMarHUTHOTO ITyCKATeJs, MOAI0IIeTo TpexdaszHoe HATPsKEHTe
HAa 9JIEKTPO/IBUTATEJIb.

3.5.2. llludparopst

HIugpamop (coder) — 3mo KOMOUHAUUOHHOE YCMPOTICME0, BUINOIHAIOUEE
pynxyuu, obpammnvie dewugpamopy. [lpu nmojave curHaia Ha OJMH U3 €10 BXO-
J0B (YHUTapHBII KOJ) Ha BBIXO/E J0JKEH 00pa3oBaThCst COOTBETCTBYIONIUI
JIBOMYHBIH KO/I.

Ecmm uncno BxomoB mudpaTopa paBHO 2%, TO YUCJIO BBIXOJOB, OYEBUIHO,
JIOJIKHO OBITh PABHBIM 72, T.€. YHCJTY PaspsAA0B ABOUYHOTO KOJA, KOTOPBIM MOJKHO
3aKO/INPOBATH 2" CUTYAIIHH.

[TponsutrocTpupyeM cuHTe3 cxeMbl midparopa upu 7 = 3. Tabiaua ucTuH-
HOCTH MMeET BUJI, MPUBEIeHHDIN B Tab. 3.9.

Tabauya 3.9
Bxoxbt x Brixoabt Bxoxbt x Boixoabt
Y3 Y Y Y3 Y2 Y1
0 0 0 0 4 1 0 0
1 0 0 1 5 1 0 1
2 0 1 0 6 1 1 0
3 0 1 1 7 1 1 1

Pabora mudparopa onucsBaercs TpeMst GYHKIUIMHI Y3, Yy, Yy, KOKAAS
13 KOTOPBIX PaBHa eMHIIle Ha YeTbipex Habopax (Homep HaGopa COOTBETCTBYET
Homepy Bxoza). CoB/J[H® ¢yuximii Beixona paBHsi:

Y =X VXV A5V Xy Yy =Xy VA3V gV Xy, Ys =X; VX5V Xg VX7

Tpu pynximu peanusyiorcst TpeMs ausbionkTopamu (puc. 3.16), Ha BbIXO-
JIaX KOTOPBIX (POPMUPYETCST TPEXPA3PSIAHBIN ABOMTHBIN KOJI.

[Ipu aTOM aprymMeHT X, He BXOJMT HU B OJIHY U3 JIOTHYeCKNX (DYHKIINIT 1 TITMHA X,
OCTaeTcsl He3azlelicTBOBaHHOMN. JlefiCTBUTEIbHO, BXOAHOMY CUTHAILY X, J0JDKEH
cootBetcTBOBaTh KO «000%, KOTOPBIN BCe paBHO OyzieT Ha BBIXO/E Tdparopa,
€CJIN BCe OCTAJIbHBIE aPIYMEHTHI PABHBI HYJIIO.

Kpome 06brHBIX MIH(MPATOPOB CYNIECTBYIOT TAKIKE NPUOPUMEmHbLe Wdpa-
moput. Takne mmdpaTopsl BEITOMHSAIOT GoJiee CIOKHYT0 omepartiio. [Ipu pabore
IBM u apyrux ycTpoHCTB 4acTo pelraercs 3ajiada OmpeieseHus IIPUOPUTET-
HOTO TIpeTeHzieHTa Ha obemyskuBaHne. HecKOTbKO KOHKYPEHTOB BBICTABISIOT
CBOM 3aIPOChl Ha 00CHyKMBaHUE, KOTOPbIE HE MOTYT OBITh YIOBJIETBOPEHBI
omHOBpeMeHHO. HykHO BBHIOPATh, KOMY MPEIOCTABISIETCS MPABO MEPBOOUE-
peanoro obciykuBanus. IIpocreiinmii BApuaHT 3a7aun — NPUCBOEHUE KakK-
JIOMY UCTOYHUKY 3aTPOCOB (PUKCUPOBAHHOTO TTpuopuTeta. Hampumep, rpymma
U3 BOCbMHU 3aIPOCOB R, ..., Ry (R — oT anru. request — 3arpoc) popMupyercs
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TakK, 4TO BBICHIMI IIPUOPUTET UMeeT UCTOYHUK HOMED CeMb, a jlajiee IPUOPUTET
yYMEeHBIIaeTcs 0T HoMepa K HoMmepy. CaMblil MIamunii IPHOPUTET y HYJIEBOTO
UCTOYHUKA — OH OyZeT 06CHYKUBATHCS TOJIBKO TPH OTCYTCTBUM BCEX IPYTUX
3ampocoB. Ecimit IMeIoTest 0IHOBPEMEHHO HECKOJBKO 3aIIPOCOB, 0OCTYKUBAETCST
3a11poc ¢ HanGOJTBITIM HOMEPOM.

01234567

1_

— Y1
1|
1_

—Y>
|
1_

— Y3
|

Puc. 3.16. llludppatop Ha Tpu BbIXOAA

[TpuopurerHbiil mudpatop BbhIpabaThiBaeT Ha BBIXOJE JBOUYHBIN HOMED
crapiero sarpoca. [1pu Hamauu Beero oiHOTo Bo30Y KAEHHOTO BXO/Ia TPUOPHU-
TeTHBIN mudparop paboTaeT Tak e, Kak U ABonuHblii. [Toatomy B cepusix MC
JIBOUYHBIN THU(PPATOP KaK CAMOCTOSITENBHBIN 9JIEMEHT MOKET OTCYTCTBOBATb.
PesxuM ero paboThl — 4aCTHBIN caydail paGoThl IIPHOPUTETHOTO I paTopa.

3.6. PacnpegenuTeny U MyibTUNJIEKCOPbI

3.6.1. Pacnpenenurenu

Pacnpederumens — amo ycmpoiicmeo, nepedarouiee UMNYIvc, NOCMYNUGUIULL
Ha €20 6x00 X, HA 00UH U3 6HIX0008 6 3ABUCUMOCTIUL OM YNPABLAIOUEC20 CUZHAILA,
3a0ani020 OBOUUHBIM KOOOM.

Pacnpenenurenn BbimosHsieTcss Ha ocHoBe Aemudparopa (puc. 3.17).
Yupapsstomuii curdan YC B Bujie nmapajijieJibHOTO IBOUYHOTO KOJIA TTOAETCST
Ha BXOJIbI JIeU(MPATOPa, BHIXOIBI KOTOPOTO COEIMHEHBI CO CPETHUMU BXOIAMMU
KOHBIOHKTOPOB, COCTABJISIONINX BBIXOAHYIO yacTh cxembl. Ha Bxomax C u EN
TO/I/IEPKUBAETCS JIoTHUecKast efuHuIa. Ha BepxXHue BXOIbI KOHBIOHKTOPOB
MOCTYTIAeT BXOJHOM UMITYJIbC, KOTOPBIH IIPO/IET JIUIIb Yepe3 TOT KOHBIOHKTOP,
Ha KOTOPBIN OT AemudpaTopa MOJAeTCsT Pa3peniaionuii eTMHUIHBII CUTHAJ.
IlycTh, HarTpuMep, eIMHUYHBIN CUTHAJ TOJIep;KIuBaeTcs Ha Boixoze 0 menmud-
patopa. Torga UMITYJIbChI IMHUU X OY/IyT MEepPefaBaThCst Yepes BEPXHUI KOHb-
IOHKTOP Ha BBIXOJ 4. Ecan yrpaBasroniii Kox N3MEHNUTCS, U eINHUYHBIN CUT-
HaJ [IOSIBUTCS, HAIIPUMeEP, Ha BbIXo/le 7 AeutndpaTopa, TO BXOHble UMILYJIbChI X
OyLyT TepelaBaThCs Yepe3 HUKHUET KOHBIOHKTOP Ha BBIXOJ 8 PACTIPEICTUTEIS.

Taxkoii pacnpezneuTes b MOKET ObITh BBIIIOJTHEH CUHXPOHHBIM. [IJis a9TOrO
MOTYT OBITh MCTIOAb30BaHbl 60 BXoAbl C u EN pemmdparopa, 1mbo Tperbu
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(na puc. 3.18 — HUKHUE) BXOIBI KOHBIOHKTOPOB, HA KOTOPbHIE MOIAIOTCST CUT-
HaJibl cuaxponusaruun CH.
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Puc. 3.18. MyabTumiexcop:

a — (i)yHKI_[I/IOHaJH)HaH cxXema, 6— yciaoBHoe obo3Hauenne

3.6.2. My IbTHIITIEKCOPBI

Mynvmunaexcop — amo ycmpoiicmeo, noOKaoUaowee eounHcmeeHHblil 6blx00-
HOU KAHAL K 00HOMY U3 6X0008 8 3AGUCUMOCTU OM YNPAGLIIOU,e20 CUZHAIA,
3adannozo deouurvim kodom. TakuM 06pasoM, MyJIbTHUILIIEKCOP PEITAET 3a/1a4y,
o6paTHyI0 pactipeaennTenio. IHBIMU CJI0BaAMU, MyJIbTUIIIIEKCOP MO3BOJISIET TIPO-
U3BOJUTDH TIPUEM CUTHAJIOB C PA3JIMYHBIX HAIIPABJIEHUIA.

PaspsiinocTh 7 yIpaBJISIONero CUrHaia OpeiesisieT KOJTUIeCTBO BXOI0B 27,
C KOTOPBIX MYJIBTUILIEKCOP TT03BOJISIET OCYIIECTBIATH MPHEM MH(MOPMAIIUH.

Ha puc. 3.18, a npuBenena ¢pyHKIMOHATbHAS CXeMa MYJbTHUILJIEKCOPA
Ha 4eTBIPE BXOJIA X—X3, YIIPABJIsIEMast IBYXPA3PSIIHBIM KOJOM dyd; — a/[PecoM
BbIOMPAEMOro BXOZA.

Y1papsgionuii curHas, pacro3HaBaeMblii enudpaTopom, GopMUpyeT en-
HUYHBIN CUTHAJ HA OJTHOM M3 €T0 BBIXO/IOB, KOTOPBIEL, MOCTYTIAst Ha HIZKHII BXO
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onHoI u3 cxeM U, porryckaeT Ha BbIXOA ¥ (depe3 aAusbionkTop VJIN) nmiynbes
¢ TOH BXOAHOH JIMHUH, KOTOPasI MOAKIIOUEHA K BePXHEMY BXOJY JAHHOH CXEeMBI
. MyabTHTLIEKCOP MOKET ObITh CHHXPOHM3MPOBAH Mo/ladeil Ha KOHBIOHKTOPDI
CUHXPOUMMITYJIbCOB, KaK MMOKa3aHo IyHKTUPOM Ha puc. 3.18, a. YcaosHoe 060-
3HaUYeHVEe MYJIbTUILIEKCOPA Ha BOCEMb BXO/IOB MPpUBEIEHO Ha puc. 3.18, 6.

3.6.3. Peamu3saius Joruyeckux (pyHKIHMIf HA OCHOBE MYJIbTHILIEKCOPOB

Ha ocHOBe MyJIBTHUILIEKCOPOB MOKET OBITh peajn3oBaHa Jodast Jorude-
ckas (pyHKIMsI, 6arogapss 4eMy BCTPOEHHBIE B MUKPOCXEMY MYJIbTUILIEKCOPBI
nmpoko npumensitorcs B8 CbUC nporpamMmMupyemoii JIOTUKH.

ITokaskem, Kak Ha OCHOBe MYJbTUILIEKCOPA MOKHO PEaTNU30BaTh JIOTHYE-
CKYI0 (DYHKITUIO «CYMMA TI0 MOJLYJIIO 2%, IPEJICTABIEHHYIO TabIuieil HCTHHHO-
¢y, upuBeseHHoi B Tabu. 3.10.

Tabauya 3.10

Howmepa nabopa X X F
0 0 0 0
1 0 1 1
2 1 0 1
3 1 1 0

Tak Kak MyJbTUIIEKCOP MOKET MPOMYCTUTh HA BBIXOJA CUTHAJ C JII060TO0
BX0/1a, aJIpec KOTOPOTO YCTAaHOBJIEH HA COOTBETCTBYIONINX AJPECHBIX BXOAX,
nograaum Ha BXozbl 0—3 curnassl «0» u «1» B coorBetcTBUU ¢ F. Homep Bxoma
pu 3TOM Oy/IeT COOTBeTCTBOBaTh HoMepy HaGopa (puc. 3.19). Teneps eciu
Ha a/I[pecHble BXO/bI MYJIbTUILIIEKCOPA @d, NOJAaBaTh apryMeHTbl (QYHKIINU
XX, 3HAUeHUsT hyHKIUM F 6yyT hOpMUPOBATLCS HA BBIXO/IE MYJIBTUILIEKCOPA
B COOTBETCTBUU C TaO/IMIleil UCTUHHOCTU.

MUX
0 Fo) | MU
— FD

L F(2)

K3)

A
Xo— 0
Xy 1

Puc. 3.19. Peasmsauusi pyHKIHU «CyMMa 10 MOJYJIIO /IBay

Taxum 06pazoM, 4T0OBI MYIbTHILIEKCOP BBITOIHSLI JIOTHYECKYIO (DYHKITUIO,
Ha ero MHMOPMAIMOHHBIE BXO/IbI HEOOGXOAMMO MOAATh JoTrndeckue «1» umm «0»
B COOTBETCTBUU ¢ TabJMIleil MCTUHHOCTH, a Ha a/[PECHBIC BXOJBI — apryMEHThHI
dyHKIMN.

Pucynoxk 3.20 unmoctpupyeT BO3MOKHOCTb BOCITPOU3BEEHNS € TTOMOIIBIO
MyJIbTHILIEKCOPA 060N (DYHKIMU 72 apryMeHTOB. /[eficTBUTEIbHO, KaKIOMY
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HabOPy apryMEHTOB COOTBETCTBYET TIE€pe/iada Ha BBIXOJ OJHOTO M3 CUTHAJIOB
HacTpoiiku. Eciu aT0T curHan ecth 3HaueHue (GYHKIMU Ha AaHHOM Habope
apryMeHTOB, TO 3ajlaya pelieHa. PasHbiM QYHKIUAM OYAYT COOTBETCTBOBATH
pasuble Konbl HacTpoiiku. Mubopmaimontbie BXOIbl CTAHOBSTCS BXOJAMU
HACTPOUKK GyJIeBOI (QYHKIUM, a aJpecHble — BXOJAMH apI'yMEHTOB.

- FO)— x | mux
= F1) — x 21
§ F2) — x

o

R :

F2 1) —] a0 | F

2 Yo = aq

3 Y1—

= :

= .

@* Xpt = a, 4

Puc. 3.20. Peanusanus 1060 JOruueckoii GyHKIUH 7 apryMEHTOB

B mpumepe ¢ peanmsariiell QyHKINN «CyMMa IT0 MOZYJIIO 2» MCTIONb3YyeTCs
MYJILTUILZIEKCOP € ABYMS aJPECHBIMU BXOJAMM, YICJIO KOTOPBIX PABHO YUCIY
aprymMenToB ¢yHKIII. OHAKO BO3MOKHBI CUTYAITHH, KOT/[a C TOMOIIBIO TAKOTO
MYJIBTHILIEKCOPA MOJKHO PEan30BatTh 1 GoJiee CJAOKHbIE (HYHKIIUH.

I[Tycth, Hapumep, OyeBa (DYHKIHS TPEX apTyMEHTOB UMEET BUIL:

F=xxyx5vxy x5.

ApryMenT x| BXOAUT B GYHKINIO TOIBKO OAWH Pa3 (B KOHBIOHKITIIO XyX9X3),
B TO BPeMsI KakK X, U X3 — [Ba pa3a. ITO 3HAYUT, UTO €CJIH Xy U X3 PAaBHBI e/[1-
HUIle, TO 3HaYeHNe PYHKINH F 0HO3HAYHO OTpesessieTCs 3Ha4eHneM Xy. ITO
JIaeT BO3MOKHOCTD TI€PEX0Ia K COKPaIleHHOU Tabimile MCTUHHOCTH (GyHKInK F,
KOTOpasi B 9TOM CJlydae Ha3bIBaeTcst octarounoii (tabsr. 3.11).

Tabruya 3.11

X3 X Foer
0 0 1
0 1 0
1 0 0
1 1 Xy

Takum obpaszom, Ha BxoAbl HacTpoiiku F(0), F(1), F(2) MyJabTUILIEKCOPA,
cootBeTcTBYyIONmNe HabopaMm xsx, = 00, 01 u 10, mogatorcs normdeckue «1» mwn
«0» B coorBercTBuu ¢ F, . Ha Bxox F(3) nomaercs apryment xy. Cxema BKJIIO-
YeHUsT MyJIbTUILIEKCOPa, peasudyioriero Gyukimio F, usobpaxkena Ha puc. 3.21.
[TepemenHas x| B 9TOM cirydyae epeBOIUTCS U3 APTYMCHTOB Ha BXO/IbI HACTPOIKU.

Ecnu ucmosp30BaTh AOMOJHUTEIbHBIE DJIEMEHTAPHBIE JIOTUYECKUE CXEMBI,
TO Ha OCHOBE MYJIBTUIIEKCOPA MOKHO PEan30BaTh (GYyHKIUK Hosiee ueM Tpex
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aprymenToB. [Tpu aToM ziBa apryMenTa OyayT MoJaBaThCsl Ha a[PECHbIE BXOJIBI,
a OCTaJIbHBIE /[BA — HA BXOJ[bI HACTPOIKHU MOCJIE COOTBETCTBYIONIEN JIOTHUECKOI
00paboTKU.

1 —— KOy | MUX
O_E F(1) -
F(2)
xy F(3) E
A
Xy 0
X3 1

Puc. 3.21. Peanm3anus GyHKIUN TPEX apryMeHTOB
Ha MYJBTHILUIEKCOPE C IBYMSI a/IpeCHbIMH BXOJJaMU

IIpumep 3.8

IIycTb HA OCHOBE MYJIBTHILIEKCOPA C IBYMS a[[PECHBIMI BXOJAMU HEOOXOAMMO pea-
JM30BaTh (QYHKINIO

F=xxyv 3%,

Pewenue. Jlannas (yHKImsa paBHa eaunuile, Korjga xoxy = 11 nmm x5 = 01, Ecom

Ha ajjpecHble BXOABI MOJATh apTYMEHTBI Xy W Xy, TO Ha BXOJ HacTpoiikn F(3), cooTBeT-

crByIommii Habopy xyxy = 11, B coorBereTBuY ¢ Tabnuieil neruunoctu F,. Heo6xoaumo
noxath eaunuity (tadur. 3.12).

Tabnuya 3.12

o) 1 Foer
0 0 X3 E
0 1 X3 xj
1 0 X3 Z
1 1 1

JL71s1 Beex OCTAIILHBIX COYETAHNHN Xy ¥ Xy PE3YJIHTAT KOHBIOHKINH X X'y PABEH HYJIIO 1 (DYHK-
st F GyzieT 0iHO3HAUHO OIPEIEsIThCST KOHBIOHKIHEN X5 X, . [T09TOMY Ha OCTAIIbHbIE BXOJIbI
HACTPONKH HY/KHO TIO/[ATh ATOT CHTHAJ, ChOPMIPOBAHHBIN € TIOMOIIIBIO JIOTHIECKIX CXEM.

Ecii ke B KauecTBe aipeCHBIX B3SITh apryMEHTBI X3 U X4, TO €MHUILY HY5KHO OyaeT
HojaBaTh Ha BXOJ HacTpoiiku F(1), coorsercrByoumii Habopy x5 = 01 (tabu. 3.13).
Ha Bce ocrasibHbIe BXOJIbI HACTPOIKU HYKHO OyeT MOIaBaTh Pe3yIbTaT KOHBIOHKIIIU XXy
(puc. 3.22).

Tabnuya 3.13

Xy X3 Fo
0 0 X1y
0 1 1
1 0 X1y
1 1 X4Xy
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— F(0) MUX

4—1
1 (1)
— F(2) XXy V X374
X1 =7 & F(3)
Xo =
A

Xz ==t 0
Yp=— 1

Puc. 3.22. Peaiuzauus 3anansoil pyskiyu F

O71HAKO /T Pean3aIiii KOHbIOHKITMN XXy HY’KHA BCero ojiHa cxema M Ha 1Ba BXoz1a,
B TO BPeMsl KaK JIUIsl KOHBIOHKIINU X5X, Tpebyercs ele ot nuseprop. [loatoMmy B kade-
CTBE @/[PECHBIX BHIOUPAEM APTYMEHTBI X 1 Xy.

Eirte 6ostee ciroskmbie jorndeckue (HyHKIIMNT MOKHO PEAN30BaTh Ha OCHOBE
HECKOJIBKUX MYJIbTHILIEKCOPOB. VIMEHHO OHU SBJISIOTCS OCHOBOI /IJIST BBITIOJ-
Henwust jorundeckux ¢ynknuit B CBUC nporpammupyemoit joruku. Habopsr
MYJIbTUILIEKCOPOB U BCIIOMOTaTeIbHBIX Jorndeckux cxem B Takux CBUC 06b-
eIMHSIIOTCS] B YHUBEPCAJIbHbBIE JIOTHYECKIE OJIOKH.

3.7. Cymmaropbl

3.7.1. CuHTe3 0JHOPA3PATHOTO CyMMaTopa

Kak usBecTHO, Bce MHOr00OOpasie MaTeMaTUIeCKUX OTepariiii MOKHO CBe-
CTU K €IMHCTBEHHOM OMEpanny CJIOKEHUST IPSIMBIX U 0OPATHBIX KOIOB YHCEJ,
CABUHYTHIX BJIEBO WJIM BIIPABO HA TO WJU WHOe YMCIO pa3psaaoB. [Toatomy
OJTHUM U3 OCHOBHBIX y3JIOB BBIYUCJIUTEIBHBIX YCTPOUCTB SBJSIETCS CYMMAaTOP
(SM). JTio6bie cyMMaTOPbl MHOTOPA3PSIAHBIX YUCET MOTYT OBITH TIOCTPOEHBI
Ha OCHOBE OJIHOPA3PSIIHOTO CYMMAaTOPa, KOTOPBI BBITTOJIHSET CJIOXKEHIE TPeX
OIHOPA3PSITHBIX [BOUYHBIX YHCE] — [IBYX CJATAEMBIX @ U b ¢ y4eTOM mepeHoca
u3 GoJiee MITAJIINIETO Paspsiia CyMMBbL. Pe3yibTatoM ero paboThl sIBJISIETCS OJUH
paspsiji CyMMBbI U CUTHAJI TiepeHoca B boJiee crapiiuii paspsit. B tabu. 3.14 npu-
BeJIEHbI BCE BO3MOKHbIE BAPUAHTBI 3HAYEHUH i-I'0 Paspsijia CyMMBI S; U [lepeHoca
B CTapIIHit Paspsizi p;, {, BOSHUKAIOIINE TIPU CTOKEHUN CTATAEMBIX @, b; C yaeTOM
nepeHoca p;.

Tabnuya 3.14

Ilepenoc mpeabiaymero Cuiaraemoe Cymma s; Ilepenoc B crapummii
paspsija p; a; b, Paspan Pi+q
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
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Oxonuanue maon. 3.14

[Tepenoc npepiayero Cilaraemoe Cymma s; [Tepenoc B crapimii
paspsza p; a b. Paspaa Pi+q
1 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Cocrasnennas Cop/IH® ms currama mepeHoca nMeeT BUIT:
Pis1=P;a;b;v piaib;v p;a;biv p;a;b;

ITpousBesns onepannn HEMOTHOTO CKICUBAHUSA N1EPBOI KOHBIOHKIIUNU C YeT-
BepTOii, BTOPOIL ¢ 4eTBEPTOI U TpeTbell ¢ YeTBepTOil, II0JLyunM:

Pis1 =a; ;v pib; v p; a;. 3.1

[lns nosnydenust 6ysieBoii GyHKIUKM CUTHATA CYMMBI S; MOKHO BOCIIOJIb30-
BaThCst 0OBIYHBIM criocoboM Ha ocHoBe CoB/ITH®D, oxHako B MHTErpabHOM cXe-
MOTEXHUKE JIJIsI 3TOTO UCIOJIB3YIOT JIPYroil B (OYHKIUK S;, UCIIOJIb3Y IO
MOJTyYeHHOE BIPasKEHE IJIs CUTHAJA P; 4. Haso o6patuTh BHUMaHHE Ha TO, 4TO
BO BCEX CTPOKAX TAGJIHIIBI HCTUHHOCTH, KPOME TIEPBOI W MOCTEHEH, S; = Dy
Yr0o6BI UCIIOIB30BATD CUTHAT Pj, {, HEOOXOANMO IIOJYYHUTh U3 HETO BBIPAsKEHNE,
VIOBJIETBOPSIIONIEe TEPBOIl M MOCTeaHed cTpoKaM. Beipaskemnue a; v, v p;
PaBHO HYJIIO TOJBKO B MEPBON CTPOKE TabJIUIIBI, @ BO BCEX OCTATBHBIX PABHO
enuHATe. 3HAYNT, KOHBIOHKINS P;,, C BBIPAKEHUEM @; Vb, V p; COXPAHUT BCe
eMHIYHbIE 3HAYEHUST D;,( , KPOMe HePBO cTPOKU. UT0OBI 10OABUTD eANHUILY
B MocJenHell cTpoke, BeImosHNM omneparuio NJIW nmomydyeHHOTO BBIpaKeHUs
C KOHBIOHKITNEN @; b; p;. Takum 06pasoM, BBIpaKEHWE [/ CUTHAIA CYMMBI
MIPUMET OKOHYATEHHbBII BUI;:

8;=Di(@; v v p)vabp,

R s TR
pi LE — — 5,
— &
— P Pivif—
[ & 1
’_E Si ’
e o—
&

Puc. 3.23. Cymmarop:

a — (pyHKHHOHaJII)H'dH cxXema, 06— ycaoBHOE o0bo3HaUYEH1Ee
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[TocKOJMIbKY B MHTErPATBHON CXEMOTEXHUKE Ha30BbIN 3JIeMEHT OOBIYHO 0be-
CTIeYNBAET WHBEPTUPOBAHUE, TO CXEMa CYMMATOPa MMeeT BUJI, TPUBEICHHBII
Ha puc. 3.23, a. UTo6bI TTOMYINTH TIPSIMbIE 3HAYEHFSI CUTHAJIOB S; U P; 4, HEOOXO-
JIMMBI €ITle [Ba UHBEPTOPA. Y CJIOBHOE 0O03HAYEHUE OTHOPA3PSIAHOTO CyMMATOPa
npuBeaeHo Ha puc. 3.23, 6.

3.7.2. IllocnenoBareIbHbI MHOTOPA3PSIIHbIII CyMMaTOP

Wcronb3yst 0fHOPA3PsIIHBIN CyMMAaTOP, MOKHO [TOCTPOUTH CYMMUPYIOIee
YCTPOMCTBO TSI CTOXKEHUS MHOTOPA3PSAAHBIX IBOMYHBIX dnces. PasiamdaoT
MHOTOPa3PsiIHbIE MTOCIe0BATEIbHBIC U MTAPAJLIeTbHbIE CYMMATOPBIL.

Ilocaedosamenvrolil cymmamop COCTOUT U3 OTHOPA3PSIAHOTO CYMMAaTOPA,
Ha BXOJIbI KOTOPOTO M3 CABUTAIONUX PETUCTPOB, XPAHSIINX ciaaraeMbie A u B,
MOAAIOTCS TI0 TAaKTaM Pa3psjl 3a Pa3psAAOM KOJLI 9TUX YHCesI, HAUWHAs ¢ MJaj-
mero pazpszaa (puc. 3.24). Ecau Bpemsi ajieMeHTa 3a/IePKKU PABHO OJIHOMY
TakTy (HampuMep, UCTOJAb30BaH D-TPUTTEpP), TO CUTHAJ TepeHoca OT TPe/ibl-
ZYIIero paspsizia, chopMUPOBAHHBIN B TIPEABIAYIIIEM TAKTe, MOCTYIIUT HA HUXK-
HUIT BXOJ[ CyMMaTOpa TOJIbKO B CJIE/LYIONIEM TaKTe, KOT/la Ha BXO/bI a u b OyayT
MO/IAHBI 3HAYCHUSI CJICYIONICTO Pa3psijia ciaraeMbIX. B pe3ysbraTe Ha BBIXO/IC S
paspsia 3a paspsiioM Oyjer (hOPMUPOBATHCS TBOUYHOE YUCTIO, PABHOE CyMME
uuces A u B, KOTOpoe 6yIeT BOCIPUHUMATHCS CABUTAIONIMM PETHCTPOM CYMMBI.

Casuraromnuii a |SM| Casuraronuii
peructp uncaa A ! PETuCTp CyMMBI

N b;
Casuraomuit _l—

peructp ymncia B Di D

DJIeMeHT
3/1€PIKKHI

Puc. 3.24. IlocineroBaTeIbHbI MHOTOPA3PsIIHBIH CyMMaTOP

3.7.3. IlapannenbHbIe CyMMaTOPBI

HenocraTtkoM mocire1oBaTeIbHOTO CYMMAaToOpa SBJSETCS TO, YTO BBIMOJI-
HEHUE OINEePAINy CJOKEHUS] PACTITUBAETCS HA MHOKECTBO TaKTOB, KOTOPOE
TeM 60JTbIIe, YeM OOJBINE Pa3PSIHOCTD YHCET. SHAUYNTENHFHO MEHBIITEE BPEMSI
BBITIOJTHEHUSI OTIEPAIINY UMEET NapalielvHbill cymmamop. B aTom ycrpoiicTse
oTIeparysl CJ0KEeHNs MTPON3BOINTCS OTHOBPEMEHHO BO BCEX paspsax dncel
A u B, nocTynaoiux B napajieibHoM koje. [y 9Toro cxemy cocTaBlIsiioT
13 N OJHOPA3PSIHBIX CYMMAaTOPOB, COEAMHSS BBIXOJ TIepeHoca i-To paspsia
€O BXOJIOM TiepeHoca cocezinero (i + 1)-ro paspsiza (puc. 3.25). Takoii cymma-
TOp HA3BIBAIOT CYMMAaTOPOM C TIOCJIe/I0BATEIbHBIM TTepeHocoM. Iloce Toro Kak
cchopMupyeTcsi pe3yIbTaT Ha BBIXOJAX BCEX OJHOPA3PSIIHBIX CYMMAaTOPOB, OH
3aIIOMHWHAETCS B TAPaJITIeTbHOM PETHCTpe.

Jltst Toro 4TOOBI HA BBIXOJAX OJHOPA3PSIAHBIX CYMMaTOPOB C(hHOPMUPO-
BAJICST PE3YJIbTAT, HEOOXOANMO, YTOOBI Ha BXO/IAX TPHCYTCTBOBAJIH BCE TPU CHUT-
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Haia — a;, b; u p;. Ho curnan nepexoca us paspsijia B paspsii (hopMupyercst
MPEIBIAYIIUMU OHOPA3PSITHBIMU CYMMATOPAMU, TIPUYEM KasK/bII MOCIEIyI0-
Wi CYMMAaTOP BBIHY/K/IEH «XKIaTh», TIOKa He CDOPMUPYETCST Pe3yJIbTaT BO BCEX
npeabiaynux. B kpaiiiem ciaydyae BO3MOKHA CUTYAIUST, KOT/IA CUTHAJ TIepeHoca
OyZeT TTOCTEe0BATENHLHO MEPEIABATHCS Y€PE3 BCIO METOYKY OT CAMOTO MJIaj-
EeTo paspsijia JI0 CaMOro CTapiiero, HarpuMep, pu cjaokernu yncen A =11...11
u B=00..01. [Toaromy BpeMst (hopMUPOBAHUS Pe3yJIbTaTa B HAMXY/IIIEM CJIydae
BKJIIOYaeT B cebsi BpeMEHHbIe 3a/[€PIKKU, BHOCUMbIE BCEMU OHOPA3PSIHBIMU
CYMMAaTOPaMH.

S S Si S

ay qalSM| s -Ja1—aSM s —Ia,-—aSM s —la,,—aSM s —l
by b b—b b;—b b,—b

n

0 4p Dirt p Dis1|-—4p Pitt|=-=p Piv1f—

Puc. 3.25. IlapannenbHblii CyMMaTOp € MOCJI€I0BAaTEJIbHBIM IEPEHOCOM

W ckmoYnTs IIUTENbHOCTD PACIIPOCTPAHEHUS TIEPEHOCA TO3BOJISIET CYMMA-
mop ¢ napaiiesvivim nepenocom. Vijest 3akiouaercss B TOM, YTOObI CUTHAJIbI
epeHoca IJIst Beex paspsiaoB OPMUPOBAIUCH YUCTO JIOTHIECKH HA OCHOBE CJIa-
raembix A u B. PaccMoTpuM, Kak 3TO MOKHO C/IeJ1aTh.

Curnai ieperoca B 1-it paspsin py = ayb,. Curnain mepeHoca B0 BTOpOil pas-
PSL MOKHO onpesiesinTh 1o (popmyie (3.1):

py=aibyvaipvbipy=a by v pi(agv b)) =aby v aghy(ay v by).

Kak BUIHO, CHTHAT TIEpeHOCca Py MOKET OBITH TIOJMYUEH 110 3HAUEHUSIM TIpe-
IBIIYTIAX paspsifios unces A i B 6e3 curnana mepenoca py, GopMupyeMoro cym-
MmatopoM. IlozacraBsas B popmyary (3.1) BeIpaskeHUe /71 CUTHAJIA IEPEHOCA Py,
MO’KHO TOJIYUYUTb JIOTUYECKOE BBIPAKEHUE [IJIsl CUTHAJIA MTEPEHOCA TPEThero
paspsjia, B KOTOPOM TaksKe OyayT 3HaYeHUs TOJbKO MPEABIIYIINX PaspsIoB
upcen A u B, u 1.4, Takum 06pasoM, CUTHAIBI IEPEHOCA I JTI000TO paspsia
MOTYT OBITh C(HOPMUPOBAHBI YHCTO JIOTHYECKUM TTyTEM 110 3HAUYEHUSIM cJiarae-
MbIX. 3HAUNUT, HET HEOOXOAUMOCTH OKH/IATh, TIOKa OyAyT chOpMUPOBAHBI CUT-
HaJIBI TIePeH0Cca OHOPA3PSAHBIMU cyMMaTopamMu. O4eBU/IHO, OHAKO, U JPYTOE.
Yem Gosibliie PaspsagHOCTD YICE, TEM BBIIIE CAOKHOCTh OYJIeBbIX (YHKIMIL
CUTHAJIOB TIEPEHOCA, OCOOEHHO JIJIsI CAMOTO CTapIero paspsiza. [losToMy cym-
MATOPbI ¢ MapajJIeJbHBIM TIEPEHOCOM JEJIAIOT I YUCe] HeGObIIOH paspsi-
HOCTH — He GoJiee BOChMU.

CTpyKTypa cyMMaTOpa ¢ apajiyieJIbHbIM ITEPEHOCOM TpUBe/ieHa Ha puc. 3.26.
Curnasnbl meperoca GOPMUPYIOTCS CIETUAIbHBIMA JIOTHYECKUMU CXeMaMU
yckopeHHoro nepeHoca CR (aHTJI. carry — NepeHoc), BBIUUCASIONIMMEU COOTBET-
cTByIOMIMeE OYJIeBbI (DYHKIMN.

Jlaist ancest GOMBIION PaspAMHOCTH MPUMEHSTIOT CYMMAMOPbL C ZPYNNOGHIM
nepenocom (puc. 3.27). Cxema Takoro cymmaropa pasbuBaercst Ha [ TpyImmn
Pa3psITHOCTH M: HAPUMED, YeThIPe IPYIIIILI TI0 BOCEMb Pa3PsIIOB JIJIsI CJIOKe-
nus 32-paspsansix uncen. (ObosHauenme m  9KBUBAJICHTHO N300 PAKEHIIO

153



TPYIIIBI U3 M TPOBOIHIKOB ¥ MCIIOJIB3YETCS I YKa3aHW Pa3pAIHOCTH T ]-
POBBIX YCTPONCTB W JIMHUH CBSI3U MexXy HUMHU.) Kaskmas rpymnmna npeactaBisieT
co60ii mapaJIebHBIH CyMMaTOp, TTO00HbBIH n306paskeHHOMY Ha puc. 3.26.
Ha BX0zt pg, TTOCTYIIAET CUTHAJ TIEPEHOCA OT CTAPIIEro pa3psijia MpeblLy et
IPYIIBI K MJIQIIIEMY Paspsily TMOCAeAYIONIel rpynnbl. DTOT CUrHAT GOPMHU-
pyercst 6JIOKOM MepeHoca, AHAJTU3UPYIONUM M Pa3psifioB cjiaraeMbix A u B
«CBOEIT» TPYIIIbI, «HE JTOKUAASICH», KOTJA B Hell TPOU30IIET CIOXKeHNE BCeX
paspsanoB. bioku nepenoca (BII) paszabIx TPYIIT BKIOUYEHBI TOCAEI0BATEIBHO
1 00pa3yIoT TPAKT Mepeaun mepeHoca.

Pex @y b() Pux G b0611 bi Pux 4o b() aq b1 an72bn72
L 11 11111 I |
CR, | [ cr ] - CR, 4
Py I— P2 I_ an‘
Prx =M, SM, SM, SM, 4
ay — a; — a9y — a, | —
by by, by by
50 51 52 cee Sn71

Puc. 3.26. Cymmarop ¢ napaJjuieIbHbIM IIepeHOCOM

S
S
5 (3
Am Aym A
B1m-tfpynna1 & Bzﬁl‘pynnaZ Ui B, @prnnal A
CBX T Cl
1
ih
2---Jb1
Am
1 1

Puc. 3.27. TpynnoBoii cymMMaTop € IeNHbIM IEPEHOCOM

ITa CTPYKTypa CyMMAaTopa ¢ IPYIIIOBBIM I1€PEHOCOM aHAJIOTUYHA CTPYKTYpe
CyMMaTopa ¢ MoCcJIeI0oBaTeIbHBIM ITEPEHOCOM, T7Ie BMECTO OJTHOPA3PSTHBIX CyM-
MaTOPOB BKJIIOYAIOTCA rPpyIIoBble. Takas cTpyKTypa 1oJIyun/ia Ha3BaHue Irpyil-
MTOBOTO CyMMATOpPa C IEMHBIM TTEPEHOCOM.

Kpome cTpyKTypbl IPyIIIOBOIO CyMMAaTOPA € IIeIHbIM I1€PEHOCOM BO3MOKHA
CTPYKTYyPa € TapajiIeJbHBIMA MEXTPYIIIOBBIMU TlepeHocaMu. CTPYKTypa 9TOTO
cyMMaTopa aHaJIOIMYHa CTPYKTYpe CyMMaTopa ¢ IapaJljieJbHbIM [1€PEHOCOM,
B KOTOPOM POJIb OJTHOPA3PSITHBIX CYMMATOPOB MTPAIOT TPYMIIBI. ATapaTHast
CJIOKHOCTH CYMMATOPOB C TapaJJieJIbHBIMA MEKIPYIIOBBIMU TIEPEHOCAMU
BBIIIE, YeM CJOKHOCTH TPEABILYIIEr0 BapUaHTa, HO TIPU OOJIBITHX Pa3psAHO-
CTSX OHM JIAI0T PEMMYIIECTBA 110 OBICTPOAEHCTBUIO.
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3.8. Apu(hMeTHKO-NOrM4ecKne YyCTPoOMNCTBa U MaTPUYHDBIE YMHOXUTENHU

Apudmerturo-noruyeckue ycrpoiicrea (AJIY) Beimosnusiior apudmernye-
CKWe U JIOTUYeCKIe oTepaIiuy Hajl aByms ornepangamu. OcnoBoit AJIY ciay:RuT
CyMMaTop, cxema KOTOPOTo JIONOJIHEHA JIOTUKOH, pacuupsiolnieil GyHKINO-
HasibHble BO3MOKHOCTH AJIY 1 06eciieunBaionieii mepecTpoiKy ¢ OfHO orre-
paiuu Ha apyryio. O6braro AJIY YeThbipexpaspsiiHbl U i HapallluBaHusl pas-
PAZHOCTH OODEIUHSIIOTCSL.

Paccemotpum TrmoBoe AJIY (puc. 3.28). B IC umetorcst Bxomsl uncen A u B,
BXOJIbI BBIGOPa otiepanuii S, Bxoj neperoca Ci U3 MJIAJIIIETO paspsiia u BXoa M,
CUTHAJ KOTOPOTO 33JIa€T THUII BBITTOJTHSIEMBIX oTlepaiuii: jormdeckue (M = 1)
nim apudmernko-norndeckre (M = 0). Pesysbrar onepanuu BoipabaThiBaeTCS
Ha Bbixozax F. Beixonsl G n H MCTIONB3YIOTCA 171 OPTaHU3AIMH T1apajiiesib-
HBIX [IEPEHOCOB MPU HapalUBaHUU paspsaaHocTu obpabarbiBaeMbix c¢jioB. Cur-
Has Co — BBIXO/IHOU MEPEHOC B CTApIIMi pa3psil, a BbIXoJ «A = By — BbIXO[,
paBHbIiT «1» Tipu ycsoBun A = B.

—0 C; Cy O—
ALU =2

_ao G_.
— ay

— dy

e g
— bo Jo
— & f‘_F
— b, fo
— by fﬁ—
1 So A=Bf—
—151

— s,

— 3

—_ M

Puc. 3.28. YcaosHoe o60o3nauenue AJIY

Ilepeuens BoinosHsiembix AJIY onepanunii gan B Tabu. 3.15. [t KpaTKoCTH
JTBOMUHBIE UNCJIA S3S9S1Sy TPEACTABIEHDI UX TECITUIHBIMU 9KBUBATEHTaMI. Bee
JIOTHYECKHE OTIEPAINHN BBITIOJHSIOTCS OPA3PSIIHO, T.e. MEXK/Y OJ[HOMMEHHBIMU
(i-mm) paspsgamu grcen A u B. Mexpaspsiinble epeHOCH BO3HIKAIOT TOJIBKO
B apudmMeTudecKknx oreparusx. B apudmernko-gornueckux onepanusix cHa-
YaJia BBITIOTHAIOTCS JJOTHYECKUe OTIEePAIiH, a 3aTeM MTOTyYeHHbIEe KOBI CKJIA/IbI-
BaioTcst apudmernyecki. 3Hak @ 0003HAYAET JIOTUIECKYIO OMEPAIHIO «CyMMa
IO MOJIYJTIO JTBa».

Tabauya 3.15

S Jlornueckue dynknuu (M = 1) | Apudmernko-norundeckue dpyuxiuu (M = 0)
0 A A+C;

1 AvB Av B+,

2 AB AvVB+C;
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Oxonuanue mabn. 3.15

S Jlornueckue dynkunn (M =1) | Apudmeruxo-sorndeckue dpynkunu (M =0)
0 1+¢;

4 AB A+AB+C,
5 B AvB+AB+C,
6 A®B A+B+C,

7 AB AB+1+C;
8 AvB A+AB+C;
9 A®B A+B+C;
10 B AvB+AB+C,
11 AB AB+1+C;
12 1 A+A+C;
13 AvB AvB+A+C;
14 AvB AvB+A+C;
15 A A+1+C;

IIpu onepanusax Haz cioBamu 00Jbinoil pazpagHocTu AJIY coenuHSI0TCS
JIPYT C JIPYTOM C OpraHu3aIliell TTOCaeI0OBATEbHBIX U MapaJlie]bHbIX TePEeHO-
coB. Coennnenne mukpocxeM AJIY B 1epBoM ciydae aHAJTOTMYHO COETMHEHUTO
CYMMaTOPOB B CXeMe C TTOCJIeZI0BATETHHBIM TIepeHOCOM: BBIXO Co TIPebIIyIIeit
MHUKpOCXeMbl coeinHsieTcst ¢ BxojoM C; nocieaymomieil. Ecan ucnonbsyercs
OpraHm3aIus ¢ MapajIeJbHbBIMHA TepeHocaMu, To coBMecTHO ¢ AJIY mpumens-
I0TCS CTIeIMaJIbHble MUKPOCXeMbI — OJIOKH YCKOPEHHOTO TTEePeHOCa.

OzuH 6JI0K YCKOPEHHOTO TlepeHoca 06eceunBaeT aHaau3 CleagbHbIX
BCTIOMOTaTeNbHBIX cUTHATOB G u H, (hopMUpyeMBbIX BCEMU MUKPOCXeMaMU
AJTY, n popmupoBanue /iyt HUX curHaaoB nepeHoca C;. CuUTHaJIbI iepeHoca
B crapmuii pa3psa Co Ipu 9TOM He UCITOIb3YIOTCS.

MarpuyHble YMHOKHTEIH BBITIOJHIIOT OMEPAINIO0 YMHOKEHUS TBOMYHBIX
YyuceJ He TPAJAUIIMOHHBIM IIYTeM T0CJIe/[0OBATENbHBIX CABUTOB U CJOKEHUI,
a mapayuienbno. CxeMa BBITIOJIHEHUST OMEPAIUA YMHOKEHUST COOTBETCTBYET
OOBITHOMY «YMHOKEHUIO CTONOHKOM». HO OCKOJIBKY B OTEpAINU UCITOIB3YIOT
JIBOMYHBIE YUCJIA, TO apudMeTrniecKkoe YMHOKeHIE ITUMPbI MHOKUMOTO HA OTHY
u3 G p MHOKHUTENIS 3aMeHsIeTCs KOHBIOHKIINe. /It Tpexpa3psinbix uncen A
n B cxema yMHOXKEHUS UMeET CJIe/LyIOTIUi BU/L:
ay aq 0
by by b

asby  aiby  aghy
tahy aby agh
ashy aiby  aghy

X
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Bce KoHDBIOHKINU a; b; BHIpabaThIBAIOTCS TapasjieqbHo cxemamu U,
a JUIs olleparuil CJI0KEHUs HMCIOJIb3YIOTCS OJHOPA3PSIAHbIE CYMMaTOPbI.
MaTpudHbie YMHOKUTETH MOTYT OBITH TIPOCTO MHOKUTETbHBIMU GJIOKaMH JT60
MHOKUTENbHO-cyMMupyiomumMu. [locienune obecriednBaoT yao0cTBO Hapaliy-
BaHUS Pa3psAHOCTH TIEPEMHOKAEMBIX [BONYHBIX YHCEJI.

B Bume UC cpemneii cTeneHn MHTETPAIMU PEATU3YIOTCS YMHOXKUTENN
MaJIot paspsiiHOCTH — He Gosiee 4 X 4. YMHOKUTENN OOMBINEN PaspsiHOCTH —
1o 16 x 16 BemosHsoTCs yke B Bujge bUC.

3.9. Tpurrepb!

Tpurreps! SBIASIOTCS MPOCTEHIINMU, 3JIeMEHTAPHBIMU KOHEUHBIMU (T1H (-
POBBIMHI) aBTOMATaM¥, OOJAJAIONIUMU aMAThI0. B GoJiee CIOKHBIX [uC-
KPETHBIX YCTPOHCTBAX OHM CJIYKAT JIJIsT XPAHEHUS OJIHOTO Paspsi/ia TBOUYHbBIX
yuces (ogH0T0 GuTa nHbopMarmn). IIpakTiHyecKn Bee MOCAEI0BATEIbHOCTHBIE
YCTPOICTBA BBITIOJIHSIOTCS Ha OCHOBE TPUTTEPOB.

Tpurrep, Kak KOHEYHbIII aBTOMAT, XaPaKTEPU3YETCs CIEAYIONUMHU CBO¥i-
CTBaMU:

1) BO3MOKHOE UnCI0 BHYTPEHHUX COCTOSTHUN — /iBa (eIMHUIA NN HYJh),
4TO COOTBETCTBYET OAHON BHYTPEHHEH HepeMeHHOil, 0603HaYaeMOii I TpUT-
repoB 06bIYHO OYKBOH Q;

2) 9HUCJIO BBIXOJHBIX MTEPEMEHHBIX I — OJIHO; 3HAUeHNe ITepeMeHHOI i COBIa-
naer ¢ sHadenuem Q, r.e. y'*tt = Qi+,

3) YMCII0 BXOJHBIX MEPEMEHHBIX X 3aBUCUT OT THUIIA TPUTTEPA.

Hapsiny ¢ Boixomom Q, Ha3bIBAEMbBIM 1PSMbIM, TPUTTEDP UMEET UHBEPCHDBIN
BbIxoz1 Q. CocTosiHue TpUrrepa orpe/esisieTcsl 3HaYeHNeM MPsIMOro Beixoza Q.
ToBopsT, 4TO TpUTTEP HAXOAUTCS B €IMHUYHOM COCTOSHUH, ecan Q = 1,
u B HyJneBoM, ecau Q = 0. VI3mMeHeHNe COCTOSHUS TPUTTEPOB MO/ 1eliCTBUEM
BXO/JHBIX CUTHAJIOB IIPOUCXOIUT CKAYKO0OPa3HO.

CaMo Ha3BaHWe «TPUTTEP» MTPOUCXOMUT OT AHTITMICKOTO CJI0BA trigger — CIy-
CKOBOI KPIOYOK (KYPOK) OFHECTPEJIbHOTO OPY KU, [I09TOMY K TPUTTEPAM 4acTo
MIPUMEHSIOT BbIpaKeHUEe <«B3BOJIUTH», T.e. YCTAHABJIUBATH €T0 B €IMHUYHOE
COCTOSTHUE, W «CITyCKaTh, COPACKIBATH» MIPHU MEPEBOJIE €T0 B HYJIEBOE COCTOSTHUE.

PaszpaboTano 60JbIIOE YKCAO TUIIOB TPUTTEPOB, KOTOPBIE 110 (BYHKIINO-
HAJLHOMY TIPU3HAKY MOKHO Pa3ZiesInTh HA YeThIPE OCHOBHBIX THTIA:

* TPUITEPHI C ABYMSI YCTAHOBOUHBIMU BXogaMu — RS-tpurrepsl. Bxox R
cOpacbiBaeT TPUTTEP B HyJieBoe cocTostHue (resel — cOpachiBaTh), a BXOL S —
YCTAHABJIUBAET B eIMHUILY (Sef — YyCTAaHABIUBATH);

* TPUITEPLI 3aJEPKKU ¢ OMHUM BXoJ0M — D-tpurrepsl (delay — sapepxka);

* TPUITEPHI C OHUM CYETHBIM BXOJIOM — T-TPUTTEPBI;

* YHUBEPCAJIbHBIE TPUTTEPHI C HECKOJIBKUMU BXOAMU.

Kak u 1106l KOHEUHBIE aBTOMATbI, TPUTTEPHI MOTYT OBITH ACHHXPOHHBIMU
U CHHXPOHHBIMU (TaKTUPYEMBIMN ). B acunxponnvix isMenenne COCTOSTHUS MPO-
HUCXOMIUT HEMOCPEICTBEHHO C MPUXOJOM BXOIHOTO CUTHAJA, & B CUHXPOHHDIX —
JIWTITH TIPY TIOJIaYe CHHXPOHUBUPYIOINIETO (TAKTOBOTO) CUTHAA B COOTBETCTBUH
€O 3HAYEHUSIMU CUTHAJIOB HA BXOaX.
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[Tpu aTOM Pas3INYAIOT TPUTTEPHI CO CTATHUECKUMU U IMHAMITYECKIMU BXO/IAMI.
Bxonpl, yripaBisiemble ToTeHITMaIaMu (YPOBHSIMU HAIIPSIKEHNUS ), HA3bIBAIOT CMa-
muueckumy (BKIIOYas U CUTHAJ CHHXPOHU3AINI ), a YIIPaBJIgeMble TTepenaiaMn
HoTeHIUAIOB ((PPOHTAMU MUMITYJILCOB HANPSKEHUS) — OUHAMUYCCKUMU.

3.9.1. Tpurrep ¢ ycranoBouHbiME BXogamu (RS-Tpurrep)

AcunxpoHHslii RS-tpurrep. AcuuHxpoHHBIN RS-Tpurrep — ato cambiif
aJIEMEHTAPHBIN aBTOMAT ¢ aMdThio. Eciin Ha Tpurrep He 1oj1aBaTh HUKAKUX
BHEITHUX YIIPABJISIONIUX CUTHAJIOB, OH 0OECTIEYNBAECT XPAHEHIE CBOETO COCTO-
auust Q, paBHOTO eIMHUIIE MJIM HYJIIO, CKOJIb YTO/IHO JIoJiToe BpeMs. Tpurrep
ctpoutcst Ha ocHoBe ABYX aseMmenToB WJIM-HE ¢ nBymsa BXomamu Kaskabiii
(puc. 3.29, a, 6).

R
Q
l. —s{T|e R|T[Q
0 —R| |Q N
a 0 8 2

Puc. 3.29. RS-tpurrep na anemenrax UJIN-HE (a)
U €10 ycJaoBHOe 00o3Havyenue (0); RS-tpurrep Ha anemenrax M-HE
C MHBEPCHBIMH BX0/IaMHi (8) U €r0 yCJIoBHOe 00o3Havenne (2)

Cxema nMeeT JiBa BXO/Ia U /IBA BBIX0/1a. BXOHBIMMU /17151 CXEMBbI SIBJISTIOTCST CUT-
HAJIBI YCTAHOBKU TPUTTEPA B eIMHUILY — S U cOpoca Tpurrepa B HyJib — R. Bbixo-
JTAMW CXEMBI SABJISIOTCS MPSAMON BBIXOJ COCTOSHUSA Tpurrepa Q M WHBEPCHBIN
BbIX0/ Q. BXO/MHbBIE CUTHATBI TTOAAIOTCSA Ha OnH U3 BXonoB cxeMm MJIV-HE.
Ha npyrue BXoJbI cXeM MOMAI0TCS CUTHAJBI C BBIXOA0B Q 1 (. 3aroMUHaIONIIe
CBOIiCTBA TpUTTEpa 0OECIICUNBAET TIEPEKPECTHOE COEANHEHE BBIX0M0B Q 1 Q
u co BropbiMu Bxozamu anemenToB UJIN-HE. [Tpeamnonoxnm, uto Ha BXomax R
u S Tpurrepa mojIep;KUBAINCh CUTHAIBI JIOT. () 1 B HEKOTOPBIIE MOMEHT Ha BXO/1
S tpurrepa 6bita mojana sior. 1. Toraa wa Beixoze Huskuero sxementa MJIM-HE,
COOTBETCTBYIONIETO BHIXOAY Q, 6yzet sior. 0, KOTOPBIN IO TePEKPECTHON CBSI3M
OyJer mogan Ha BTopoii Bxo/ BepxHero anementa MJIM-HE. Tak kak Ha 0601x
Bxozax Bepxuero anementa MJIV-HE Gyayt gor. 0, na ero Beixozne Q ycra-
HOBUTCS JIOT. 1 1 TpUrrep ycTaHOBUTCS B e[IMHUILY. JTa Jior. 1 110 rnepexpect-
HOH cBsA3M OyzeT 1ojJaHa Ha BTOPOM Bxox HuskHell cxembl MJIV-HE, moatomy
Jaxke ecau Ha Bxoe S Oyzer sior. 0, oHa IPUHYANTETBHO OYAeT MOAAEPKIUBATH
Ha BBIXOJIe HUJKHETO djieMenTa Jior. ), a TOT, B CBOIO Ouepe/b, Jior. 1 Ha BeIXO/Ie
BepXHETo ajieMeHTa. TakuM 06pa3oM, TPUTTEP «3AMOMHUTS €IUHIYHOE COCTO-
aune. Ecan teneps Ha BXox R mojaTh jor. 1, BepxHMI a1eMeHT cchopMupyet
Ha cBoeM BbIXoie Jor. (), KOTOPBIi YCTAHOBUT Ha BBIXOJI€ HIDKHETO 3JIeMEHTa
sor. 1. Temepb BBIXOABI BepXHETO U HUKHero snementos NJIV-HE 6yayT B3a-
UMHO TtoAepkuBath Jjior. 0 Ha Beixoze Q u jior. 1 Ha Boixoze Q. Takum o6pasoM,
TPUTTEP «3aTIOMHUT»> HyJIeBoe coctostHue. Ecam Ha BXozb! R 1 .S 0/1HOBpeMeHHO
HOZIATh JIOT. 1, coCTOsIHUE Ha BBIXOJIE TPUTTEPa OYIET HEOIPEIeTEHHBIM, TIOITOMY
9Ta KOMOUHAIUS SIBJISIETCS JIUIST ACHHXPOHHOTO RS-Tpurrepa 3amnperieHHoun.
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AHajlorMyHas cxeMa acMHXPOHHOro RS-Tpurrepa MoKeT ObITh CHUHTE3U-
poBsana Ha asementax V-HE (puc. 3.29, 6). Oco6eHHOCThIO CXEMBbI SIBJISIOTCS
WHBePCHBIE BXOBI S U R. ITO 03HAYAET, UTO JIJIsI TIepeBo/Ia TPUTTEPa, HAITpuMep,
B €[IMHIMYHOE COCTOSTHUE HY’KHO Ha BXOJ S ITOJaTh HE eJUHUYHBI, a HYJIeBO
CUTHAJI, a B COCTOSTHUU TIOKOs1 Ha BXojax S u R sor. 1. B ocrambrom pabora
cXeMbl aHaJOTHYHA TPeAblayleil. YcnoBHoe usobpaxkenue RS-Tpurrepa
C UHBEPCHBIMU BXOJIaMM TIOKa3aHo Ha puc. 3.29, 2.

AcuHXpoHHBIH RS-Tpurrep siBisiercst 0a30BbIM 2JIEMEHTOM MaMSTH,
Ha OCHOBE KOTOPOTO B MHTErPATBHOI CXEMOTEXHUKE CTPOSITCS MHOTOYHCJICH-
upie IC TPUTTEPHBIX ¥ IPYTUX YCTPOUCTB, 00/aIaI0MKX MaMsAThio. [Ipu aToM
4acTO BXO/bI R 11 .S BBIBOATCST HA KOHTAKTBI MUKPOCXEMbI HAPSITy ¢ OCHOBHBIMU
YHPaBJLIONMMU BXo/aMu. B aTOM ciryuae BXOzbl S 1 R Ha3bIBAIOTCS BXOJAMU
ACUHXPOHHON YCTAHOBKU B €IMHUILY U B HYJIb.

Cunxponnslit RS-tpurrep. Kak ykasbiBasioch B maparpade 3.2, n3-3a 3a/1epsKKu
[IEPEKIIOUEHUST JIOTUYECKUX DIEMEHTOB B HU(MPOBBIX aBTOMATAX BO3MOIKHbBI
PEKUMBI cocmazanuil, B pe3yabTaTe KOTOPBIX BBIXO/HOW CUTHAJ Ha HEKOTOPOe
BpeMsT IPUHUMAET JIOJKHbIE 3HAUEHUSI, Y CTPAHUTD TAKUe OMUOKK MO3BOJISIET CII0-
€06 BpPeMEHHOTO cTPOOUPOBaHUs. BbipabaThiBaeMbIil yCTPONCTBOM CUTHAJ B 9TOM
cyJae TepefiaeTcsl Ha MOCJeIyolre YCTPOCTBA He HEelPEPhIBHO, & TOJIBKO
B TaKOU OTPE30K BPEMEHU, KOT/IA NCKAKEHUEe MTPABUIIbHBIX 3HAYCHUN BBIXOIHOTO
CHUTHAJIa 32 CYET COCTA3AHMIT 3aBE/IOMO MCKIIOYEHO.

Bpemennde crpobupoBanue 00eCednBaeTcsl CHHXPOHU3UPYIONIMU UMITYJIb-
caMu, O3TOMY CHHXPOHHBII RS-Tpurrep, Kpome HH(HOPMATHOHHBIX BXOAOB R 11 S,
uMeeT Bxojl C, Ha KOTOPBIH Tof1aeTcss cuHxponusupyioniuii curuan (puc. 3.30).

Puc. 3.30. Cunxponnsiii RS-tpurrep Ha asnementax I-HE

CUHXPOHU3ANNSA OCYIIECTBIISIETCS BKIIOUEHHEM Ha KasK/IOM BXOJle acUH-
XPOHHOTO RS-Tpurrepa gonoaHuTeabHoro sneMmenta M-HE. Teneps curnasisr S
1 R cMOTyT NTPONTH HA BXOBI TPUTTEPA TOJBKO TIPU HAIUYUU CUHXPOHUBUDY-
forero curHasa C. 3aMeTuM, 4To 32 CYeT JIOMOJHUTENbHOTO MHBEPTUPOBAHUS
BO BXoHbIX asieMenTax M-HE curnaner R u § cTaHoBATCS He MHBEPCHBIME, KaK
9T0 ObLIO B ACUHXPOHHOM TPUITEPE, a IIPSIMbIMU.

3.9.2. Tpurrep 3aaep:xku (D-tpurrep)

Tpurrep 3asep:KKu UMeeT eJMHCTBEHHbBIN BXOAHOU CUrHAJ, 0003HAYEeHHBII
O6ykBoii D. 3nayenue curnaja Ha Bbixoge ( Takoro Tpurrepa B TakT (¢ + 1)
PaBHO 3HAYEHMIO CUTHA/IA Ha BXoje D B npebiayiieM Takre . TakuM o6pasoM,
BXO/IHOU CUTHAJ TIePEeaeTCsT HA BBIXOJI C 33I€P/KKOI Ha OJINH TakT, T.e. Q1 = DX,

ACUHXPOHHBIN D-TpuUrrep He NMPUMEHSETCS, TaK KaK €ro BBIXO/[ IIPOCTO
TTOBTOPSIET BXOHON CUTHAJ MOCJIe OKOHYAHUS peskuMa cocTszannii. CHHXPOH-
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HBIT ske D-Tpurrep GyHKIHOHUPYET B COOTBETCTBUH ¢ TabJ. 3.16, u3 KoTopoii
BUJIHO, UTO TIPU OTCYTCTBUM CUHXPOUMITYJibcOB (C = 0) cocTosinme Tpurrepa
ocraeTcs HemaMmeHHbIM. [Ipu yemoBun C = 1 Tpurrep mepesaeT Ha BHIXO] CUTHA,
MOCTYNUBIINN HA €r0 BXOJ B MIPEbIAYIIEM TaKTe.

[lng cuntesa cMHXPOHHOTO D-TpUTrTepa BOCIOJIbB3YEMCS aCUHXPOHHBIM
RS-tpurrepom. Kak Buano us Tabamubl, CUTHAI Ha BXoxe D NOJKeH BO3aeli-
CTBOBATh HA TPUTTED TOJBKO B TOM CJydae, KOr/la UMEeeTCsl eIMHUYHbBIN YPO-
BeHb curHasa C. CiefioBaresibHO, Kak U B cjlydae CHHXPOHHOTO RS-Tpurrepa,
Ha BXojie D-Tpurrepa J0JKHbBI ObITh IBYXBXOI0BbIE 3JIeMeHThI U, mpomyckaio-
mue curtai ¢ sxoxa D, ecoim C = 1.

Ta6ruya 3.16

Takr ¢ Qrt Taxkr ¢ Qi
ct Dt Q ct Dt Q
0 0 0 0 1 0 0 0
0 0 1 1 1 0 1 0
0 1 0 0 1 1 0 1
0 1 1 1 1 1 1 1

Terepsb 06paTUMCsT K MpaBoii YacTu TabmuIn!. [lepexos Tpurrepa B COCTOSTHIE
eIMHUIIBI IOJKEH MTPOMCXOUTD, KOT/IA Ha BXO/aX BO3AEHCTBYIOT currasbl C = 1
u D = 1. 3HaunT, TP TaKOM COYETAHUU CHTHAJTIOB Ha BXO/e S aCMHXPOHHOTO
RS-tpurrepa gossken ObITh HyJIb, T.e. S =CD. Ilepexoa Tpurrepa B COCTOSIHUE
HYJIST IOJKEH MTPOUCXOINTD, KOT/Ia Ha BXo/Iax mMeercst kombumarst C=1, D =0.
3HauuT, Ha BXo/le R aCMHXPOHHOTO RS-TpUTTrepa 1pu TaKOM COYeTaHWU CUTHAJIOB

TaKKe JOJUKeH GbITh Hysb, T.e. R=CD. TTockonbKy curHam Ha Bxome S hopmu-
pyercst B MOMeHT, Korzia C = 1, U cOOTBETCTBYET MHBEPCHOMY 3HaueHuto D, ero

MOJKHO WCTIOJIb30BaTh st (hopmupoBanus curnaia R, T.e. R=CS. 910 ke pac-
CYsK/IEHIE MOKHO MOJTYYUTh U YUCTO (POPMATBHO € OMOIIBIO aIreOpbl JTOTHKH:

R=CS=CCD=C(CvD)=CCvCD=CD.

CrenoBareibHo, D-TpuUrrep MoKeT ObITh CUHTE3MPOBAH Ha OCHOBE ACHH-
xpounoro RS-tpurrepa (puc. 3.31, a, 6). IllyHktupom o0Be/eHa cXxeMa achuH-
xXpoHHoOro RS-Tpurrepa, Bepxusst cxema VI-HE dopmupyer curnan na Bxoze S
ACUHXPOHHOTO RS-TpUTTEPa, a HUXKHAS — Ha BXoje R.

————

D

|
)
Ql
)
_T©

—_————

0 6

Puc. 3.31. Cunxpounsiii D-tpurrep (a), ero ycioBHoe o0o3naueHue (0)
U €ro UCHoJib30BaHue B KauecTse T-Tpurrepa (8)

Q
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3.9.3. T-Tpurrep

Bynesy ¢dyukimo, orpaxkamoiyio pabory T-Tpurrepa, copepskaTeabHO
MOJKHO TIPE/ICTABUTD TaK: TPUTTEP MHBEPTUPYET CBOE MPEIbIAYIIEe COCTOSTHUE
pu nozade 1o ero Bxon T equnmyHoro curuana, T.e. Q1 = Qf npu T'= 1. Coor-
BETCTBYIOTIAst TabINIa Tepekmouenuit T-rpurrepa mpeacrasieHa B Tabm. 3.17.
Bxog T HasbiBatoT cuemmwvim 6xodom Tpurrepa. Ilpu mogaue Ha TpUITep mepPBOTO
eJIMHIYHOTO CUTHAJIA OH YCTAaHABIMBAETCS B €IMHUILY, TIPU TIOZ[ade BTOPOTO —
cOpachIBaeTCs B HYJIb, TPETHETO — OTISATh B €AMHUILY U T.1. Takum o6pasoM,
M3MeHeHre BBIXOHOTO CUTHAJA TTPOUCXOUT C YACTOTOW BIBOE MEHBIIEH, yeM
BXOJ[HOTO. JTO [03BOJISIET UCIIOJIb30BATh T-TPUTTED /IJIsi CHHTE3a JBOMYHBIX CUET-
YUKOB, B KOTOPBIX KQKBII TPUTTEP COOTBETCTBYET OTHOMY [BOMYHOMY Pa3PsILy.

Tabauya 3.17

Takr ¢ Qut

t

—~|lo|l~r|lo |

Q
0
0
1
1

S |- |-

T-Tpurrep MoskeT ObITH CHHTE3UPOBAH Ha Jlordyeckux anemenTax U-HE nm
NJIN-HE, onnako yartiie BCero /ijig 3TOTO UCIOJIb3YIOT UMEIONNIICS B COCTaBe
cepuil MHTerpajbHbIX MuUKpocxem D-tpurrep. IlpeBpamenune D-Tpurrepa
B T-TpUTTEp OCYIIECTBISAETCS C TTOMOIIBIO COOTBETCTBYIOMIETO COCTNHEHUS
BBIBOJIOB MUKPOCXEMBI.

Tak, ectn B cunxponromM D-tpurrepe BXoa D COeMHUTH ¢ UHBEPCHBIM
BBIXO/IOM Q, TO OH TIpeBpainaercs B T-tpurrep. /lelicTBUTENbHO, €CJIU TIPOCMO-
TpeTh B TabJHIle NMepeKTioueHnii D-TpUrrepa CTpOKH, B KOTOPBIX COCTOSTHUE
Tpurrepa Q MeHseTcs Ha MPOTUBOTIONIOXHOE (CM. CTPOKH 2 1 3 MpaBoif 4acTu
tabu. 3.16), yBuaUM, 4TO 3HAUEHME CUTHAIA Ha BXoze D IIPOTUBOIIOIOKHO 3HA-
yenuio Q. [Tockonbky curHan Ha Beixojie Q BceT/ia TPOTUBOIOJIOKEH COCTOS-
nuio Q, To, TojIaBasl CYeTHbIe CUTHAJBI T BMECTO CHHXPOUMITYJIbCOB Ha BXO7 C
u3 D-tpurrepa nosydaem T-tpurrep (puc. 3.31, 8).

3.9.4. JK-tpurrep

JK-tpurrep umeer nBa Bxosa J u K. Ero pabora onuceiBaercst tabuureit
nepexodenuii (Tabu. 3.18), U3 KOTOPOil BUAHO, YTO MPH KOMOUHALMU CUIHA-
0B J=1wu K=1 (Tperuil u ce[bMOil HAOOPBI) TPUTTEP UHBEPTUPYET CBOE TIPE-
IbIIYIIlee COCTOsIHUE, T.e. Tpu KoHbioukiuu JK = 1 Q! = Q. B ocraibpubIx
caydasx JK-tpurrep anasornmdern RS-tpurrepy. [Ipn aToMm Bxo/ J sKBUBaJIEHTEH
Bxomy S, a Bxozx K — Bxoay R.

B unTerpaspHoil cxeMoTeXHUKe PACIIPOCTPAHEHbl CHHXPOHHBIE JK-TpUTTEPhI
¢ IMHAMWYECKNM BXOJIOM CHHXpouMIlyabcoB C (puc. 3.32, a). ITu TPUTTEPHI
ITyTeM HECJIOKHON KOMMYTAINH (COC/TMHEHNS) BHEIITHUX BBIBOZIOB MOKHO TTIpe-
BPaTUTh B CXeMbl, BbiNoJiHsAONMEe GyHKIMKU RS-, D- u T-tpurrepa. [lockomnbky
T-Tpurrep MEHSET CBOE COCTOSTHIE Ha TIPOTHBOTIOIOKHOE TIPU TToade KaskKa0To
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eJIMHIYHOTO CUTHAJIA HAa CYETHBIN BX0J T, MCIIOIb3yeM aHAJIOTUYHOE CBOMICTBO
JK-Tpurrepa MHBEPTUPOBATH CBOE COCTOSIHUE MPU OTHOBPEMEHHOU Iojaue
eJIMHUYHBIX CUTHAIOB Ha BXoAbl J u K. Takum o6pasom, JJIs TpeBpalieHust
JK-tpurrepa B T-Tpurrep IOCTaTOYHO COEAMHUTH BXoAbl J 1 K u momaBaTh
Ha HUX cuyetHbie curnaianl 1" (puc. 3.32, 8).

Tabruya 3.18

Takr ¢ Qi Taxr ¢ Qi
Homepa K| Jt Q Homepa K| J Q
HaboOPOB HaboOpPOB
0 0 0 0 0 4 0 0 1 1
1 0 1 0 1 5 0 1 1 1
2 1 0 0 0 6 1 0 1 0
3 1 1 0 1 7 1 1 1 0
T 2 17 2 T 2 S oTr 12
1 o olpTd o T b o] b
a 6 8 2

Puc. 3.32. YcnoBHoe 0603HaYe€HHE TMHAMUAYECKOTO
JK-tpurrepa (a) u ero ucnoinb3osanue B kauectse D-tpurrepa (6),
T-tpurrepa (6) u RS-tpurrepa (2)

Yrob6wr n3 JK-Tpurrepa moJayduth D-TpUrTep, I0CTATOUHO Ha BXOJ J TOIaBaTh
npsiMoe 3Hadenue curuana D, a va Bxox K — WHBEpPCHOE, T.e. HEOOXOUM JIUIITh
onuH uHBEpTOP. IIpM 5TOM enMHWYHOE 3HaYeHHe curHama D Gyner B3BOAUTDH
TpuUrrep yepes BXoa J, a Hysesoe — cOpachiBath uepes Bxoa K (puc. 3.32, 6).

Haxowuer, ecsim Ha BxoJ J mojaBath CUTHAJBL S, a Ha BXo1 K — curHaibr R,
to JK-Tpurrep Gyzer BuinonHaTh GyHkimnu RS-tpurrepa (puc. 3.32, 2).

PaccMoTpeHHbIe CHHXPOHHBIC TPUTTEPDI ABJIAIOTCS OIHOCTYIICHYATBIMH, T.C.
CoJlepsKAT OJIMH BJIEMEHT TaMATH. B nx 0603HaueHN UCHOJIB3YeTCs O/IHA OyKBa
T (cwm. puc. 3.32). YcroitunBas paboTa TaKUX TPUTTEPOB B CXEMax ¢ Tepeaaveit
nHGOpMAIUK MKy TPUTTEPAMU BO3MOKHA TOJIBKO MIPU YCJIOBUH, UTO Iepe-
BOJI TPUTTEPa B HOBOE COCTOSHIE OCYIIECTBJISAETCS TIOCJE 3aBEepIIeHNUS mepe-
Jaun THOOPMAIIMH O TIPEXKHEM er0 COCTOSTHUU B CJIeYIONIUI 32 HUM TPUTTED.
BoimosiHeH e 3TOTO YCIOBUST 00ECTIEUNBAETCST B 08YXCMYNEHUAMbIX TPUTTEPAX,
COCTOSIIIUX U3 JBYX OJHOCTYIEeHUYaThiX Tpurrepon. CHavyajsa uHGopMaIus
3aIICHIBAETCS B TIEPBLIN TpHTTep (0OBIUHO 10 TepenHeMy GpouTty curaana C),
a 3aTeM IepernuchiBaeTcss BO BTopoi (1o 3agnemy ¢pouty). Takoil npunIiui
MOCTPOEHMsSI TPUTTEPOB WHOTA Has3biBaloT MS-mnpunnunom (master-slave —
x03s1MH-pab). Bee paccMOTpeHHbBIE TUITBI TPUTTEPOB MOTYT OBITH MOCTPOEHDI
o MS-nipuniumy (Ha cxemax nx obosuadaror I7).

Tpurreps Boioannsiores B Bune MC cpeaueii crenenu unrerpanun. OObIYHO
OHU MIMEIOT JOTIONHUTETHHYIO JOTUKY BO BXOIHBIX TETSX, OJaromapst yeMy
OOBIYHBII TPUTTEP MOKET UMETh y3Ke HE OJINH, a HECKOJIbKO BXO/I0B. YacTh aTHx
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BXOJIOB MOJKET MCIIOJIb30BATHCS KaK MH(POPMAIIMOHHBIE,  YaCTh — KaK YIIPaBJis-
1orre (paspenraoie UK 3anpeniaioniie 3anuch). C TpurrepoB MOTyT IMeTh
BXO/Ibl ACUHXPOHHOHN YCTAHOBKM R, S, KOTOpBIe BO3/IEHICTBYIOT Ha 2JIEMEHT
NaMsITH TPUTTEpPA HETIOCPEJCTBEHHO, MUHYST BXOJIHbIE TI€TIH, W SIBJISIIOTCS JIOMH-
HUPYIONTUMU O OTHOTIEHWIO K IPYrUM BxoxaM. B oxrom kopmyce VIC pasme-
TAETCST 10 YETHIPEX TPUTTEPOB, YNCIO KOTOPHIX OTPAHMYUBAETCS KOJUIECTBOM
BBIBOJIOB MUKPOCXEMBI.

Ha ocrose IC TpurrepoB 1 JIOTHYECKUX CXEM CUHTE3UPYIOTCSI TIPOCTEMIIINE
YCTPOHCTBA aBTOMATHKH.

IIpumep 3.9

CHHTE3MpPOBaTh YCTPOICTBO CUTHAJIM3AIMY aBAPUITHOI CUTYAIIH, KOHTPOJINPYEMOIt
JIATYNKAMU: Xy — TEMIIEPATypa BbIIIE HOPMBI; Xy — JABJICHUE THAPABIMYECKON CUCTEMBI
B HOPME; 3 — IBUTATEJTb BKITIOYEH; X; — TOK, HOTPeOISIEMbIH [BUTATENEM, TPEBBIIIAET 0Ty -
CTHUMBIIT TIOPOT; X5 — 3arpakeHie 3aKphITO. ABapust GUKCHPYeTCs B JTI0O0M U3 BbIIIIETe-
PEUNCIeHHBIX CIIy4Yaes:

1) Temmepatypa Bblllle HOPMBI;

2) jaBJIeHNe TIIPaBINYeCcKOi CUCTEMbI HIJKE HOPMBI;

3) TOK, mOTpebIsAeMBbIil IBUTATEIEM, TIPEBBINIAET A0y CTUMBIN OPOT;

4) 3arpaskjieHrie OTKPBITO TIPH BKJIIOYEHHOM JIBUTATEJIe.

Pewenue. Curyannn 1 u 3 oHO3HAUHO OIpPeIeNTIoTCs curHamaMu Xy = 1 m ;= 1.

Curyanyu 2 cOOTBETCTBYET CUTHAI Xy = ().

B curyannu 4 sarpaskenue JOJUKHO ObITh OTKPBITO, T.e. X5 = 0, IPK 9TOM JBUTaTeb
JI0JIKEH OBITh BKIIOYEH, T.e. X3= 1, TaknuM 00pa3oM, CUTYaI[Hsl OIUCBHIBAETCS JIOTHYECKOIT
dbynkuueit y = x5x;.

Jlormyeckas pyHKII curHata «ABapys» ONUIIETCS BhIPAKeHHEM

Y=X VXV Xy V X3X5.

[l pukcupoBanust aBapuiHOI CUTYAIlNN BOCTIOIb3yeMcsl JK-TPUTTepOM, BKITIOYEH-
HBIM 10 cxeMe RS-Tpurrepa (puc. 3.32, 2). Cxema ycTpolicTBa moka3ana na puc. 3.33.

Xy
N T
«ABapus»
X4 JI|T P
< C
«Cucrema
B HOpME»

«Cucrema
B HOpME»

Puc. 3.33. Cxema duxcanuu aBapuitHOil cuTyauuu

3.10. CyeT4yuku

Cuemuuxom Ha3bIBAETCSI yaeJg1 AJ1d moacyeTa Yrucya BXOAHbIX CUTHaJ/JIOB U XPa-
HeHuA IBOMYHOTI'O KO/la YucCJja IIOACYUTAaHHbIX CUTHAJIOB.

CyeTurKi — 3TO KOHEYHbIE aBTOMaThbl, BHYTpeHHEE COCTOAHNE KOTOPbIX
onpenesasaeTrcsa ToOJIbKO KOJINYECTBOM CHUTHAJIOB <<1>>y npumeammnx Ha BbIXO.
Curnajbl «0» He U3MEHSIOT UX BHYTPEHHEI0 COCTOAHUMA.
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CUeTYNKM AeTATCI HA CYyMMUpyrowue, evluumaioujue, peeepcusiole, T.e.
MO3BOJISIONME KaK TPUOABKTH, TAK M BBIYECTh OUEPEHYO MPUIIEAITYIO Ha BXO]I
eIMHUTLY.

Modynem cuema (wmu koabdunnentom nepecyera) K., Ha3bIBAIOT KOJINYe-
CTBO TIOCTYTHMBIINX HA BXOJ[ €[UHIII, KOTOPOE BO3BPAIIAET CYETINK B HCXOLHOE
COCTOSTHUE.

JJIeMEHTaPHBIMI KOHEYHBIMU aBTOMATAMU B CUETYMKAX SIBJISIOTCS TPUT-
repel. KosmmaecTBo TPUTTEPOB, HEOOXOAUMOE JIJIST PEATH3ANNUN CUETUNKA TN
MepecyeTHO! CXeMBbl, PABHO:

m= 10g2ch ’

re m — OKaiitee GOIbINee TMeT0e TUCIIO.

Kak u Besikyie IMCKPETHbIE aBTOMATbI, CYETYUKI MOTYT ObITh ACHHXPOHHBIMU
U CHHXPOHHBIMHU (TaKTHPYEMBIMH).

Pacemorpum paboty cymmupyiorero cuerdanka ¢ K., = 8. [lias cunresa
neo6xoaumbl m = log,K,, =log,8 = 3 Tpurrepa, coorBercTByIONINE TPEM pPas-
psLIaM IBOMYHOTO BhIXoAHOTO yrcaa. Oboznaunm Qs — crapiumii, a Q — Muaji-
MW pa3psabl. BEIXOMHBIE CHTHAIBI KOJUPYIOTCS MPEIeabHO TPOCTO: Yy = (Qs,
Yy = Qy n yy = Q. BxomHoit curnan MoxeT ObITh paBeH TONBKO «1», Tak Kak
HYJIb HE M3MEHSIET COCTOSIHUS CUETUNKA, TI09TOMY TabJIuia mepekTioueH it

(tabu. 3.19) comepKuUT TOMBKO X = 1.
Tabauya 3.19

xf Q4 Q5 Qf Q4! Q! Q!

1 0 0 0 0 0 1

1 0 0 1 0 1 0

1 0 1 0 0 1 1

1 0 1 1 1 0 0

1 1 0 0 1 0 1

1 1 0 1 1 1 0

1 1 1 0 1 1 1

1 1 1 1 0 0 0 — ucxopHoe

cocrostHue

W3 tabma. 3.19 BUAHO, YTO TPUITEP MIAAIIETO Pa3pAfa IEPeKII04aeTcs
OT Ka’KJI0TO BXOAHOTO curHaita x* = 1 (Hyau u equunnsl B cronbue QFH uepe-
JYIOTCS OIMH 32 ApyruM). B cTosbue caemayromero paspsiaa Qﬁ“ HYJW U en-
HUI[bI YepeyIoTes apami, 3ateM (paspsiza Q4t!) — uersepkamu u T.1. (ecan
yBesanyuBarh K., u 4ucao paspsaos). Takum 06pa3oM, 4acToTa epekiodeHuin
Ka’K/IOTO CJICYIOMIETO TPUTTEPa YMEHBINACTCS BABOE [0 CPABHEHUIO C YaCTOTOM
nepexyodeHus npeabiaymero. CiaenoBaTesibHO, CYETYNK MOKHO TTOCTPOUTD KaK
IIETIOYKY TT0CJIe/I0BATENbHO BKIIOUEHHBIX CUETHBIX TPUTTEPOB (cM. T-Tpurrep).

Ha puc. 3.34, a npuBenena cxema CyMMUPYIOTIETO CYETUNKA, CAHTE3NPOBAH-
Hasl Ha ABYXCTyNeH4yaTbix JK-Tpurrepax, paboTaionux B cueTHoM peskume. TToj-
CUMTBIBAEMbIE €IMHUIIBI TOCTYTIAIOT Ha BX0J C 1epBOro TPUTTEpa, a Ha BBIXOJI-
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HBIX MIMHAaX (GOPMUPYETCS ABOMYHBIN KOJ Y3YyY YNCJIA COCIUTAHHBIX €/[MHMUIL.
Tpurrepsl coemHeHb! TaK, YTO CUTHAT C TIPSIMOTO BbIXO/IA TIPEIBIAYIIErO TPUT-
repa mocrtymaeT Ha Bxoj C mocieyiomiero. Tak kak Ha BXozbl J n K Bcex Tpurre-
POB TIOCTOSTHHO TIO/IAHBI €IMHUIIBI, KaXK/IbII TPUTTEP MEPEKII0IAeTCs B TIPOTUBO-
MTOJIO’KHOE COCTOSHYE B MOMEHT CIajla UMITYJIbca, MOJJaHHOro Ha ero Bxon C,
HO T10CJI€ 3a[AEPAKKHU L, ;, OIPEAENAIOnIelicss BpeMeneM IIePeX0HbIX IIPOLECCOB

B Tpurrepe (puc. 3.34, 6).
1 2 3 4 5 6

Y1 Yo Y3 Qi_i,l_:“l_l_:’l_l‘
1 T ts;l:‘], E

1 H

ié‘ T Q JC T Q2~{3 T Q3 % - ::It i

4 4 Ux Q i Hi—
R
—»m‘—’

a 6

Puc. 3.34. ACHHXPOHHBI! CUETYHK C MOCJIEI0BATETbHBIM NIEpeHoCcoM (a)
U BpEMEHHas AuarpamMma ero pa6orol (0)

IIpesncraBienne cueTynka 11eIOYKOM CUETHBIX TPUITEPOB CIPaBEeJINBO KaK
JIJIST CyMMUPYIOTIETO, TaK W [ BBIYUTAIONIET0 BADUAHTOB, TIOCKOJbKY 3aKO0-
HOMEPHOCTD 10 OTHOIIEHWIO YaCTOT TEPEKITI0YEHUST Pa3ps/I0B COXpPaHSIeTCs
[IpU IPOCMOTPE TabJIUIIBI KaK CBepXy BHU3 (MPSIMOI cUeT), TaK U CHU3Y BBEPX
(oOpatHbiii cyer). Pasnudus Ipu 9TOM COCTOAT B HAIIPABJICHUH HEPEKII0OUEHUS
TIPENBILYTIETO Pa3ps/ia, BhI3BIBAIOIIETO MepeKTioueHne caeayioero. [Ipu mps-
MOM cyeTe CJeAYIOMMI Pas3psjl MepeKgoYaeTcsd TPy 1epexo/ie MpeblLyIero
B Hanpasjaern 1—0, a npu obparnom — npu nepexsoyennn 0—1. Cienosa-
TEJIbHO, pa3jnyue Mek/1y BapUaHTaMU 3aKJI0YaeTCd B Pa3HOM TOJKII0YEHUN
BXO/IOB TPUTTEPOB K BBIXO/aM TpebAynuX. [l peannsanun BBIYUTAIONIETO
cyeTynKa Ha BXo/Abl C MOCIEAYIONUX TPUITEPOB HEOOXOAMMO MOaBaTh CHT-
HAJIbl ¢ UHBEPCHBIX BBIXO/IOB TIPEIBIAYIIUX TPUTTEPOB.

CxeMa peBepCHBHOIO cYeTYrKa JI0JKHA padoTaTh B ABYX PEsKUMax — CyM-
MUPYIONIEM ¥ BbluMTatomeM. YToObl cie1aTh CYETYNK PEBEPCUBHBIM, HEOOXO-
JIMMO 00ECIIeunTh MoJIaYy Ha BXOJBI TPUTTEPOB UMILYJILCOB JUOO C MPSIMOro,
b0 ¢ MHBEPCHOTO BBIXO/A MPEABIAYIIETO TPUITEPA B 3aBUCUMOCTH OT YIIPaB-
JISTIONIETO CUTHAJA. JTO JIETKO MOXKHO C/IeJIaTh ¢ MOMOIIbio cxeMbl V-UJIN
(puc. 3.35).

Cuerunku, paccMOTpeHHbIe Ha puc. 3.34 u 3.35, HA3BIBAIOT CYETUNKAMU
C TMOCJIeIoBaTeIbHBIM ITepeHoCcOM. [lepexsoueHne Kaskaoro MocJjeyIonero
TPUTTEPA MPOMCXOAUT C HEKOTOPOIl 3aepKKON &, TOJNBKO II0C/E TOro, Kak
MePeKIIOYNTCA TIPeAbIAYINiA. B pedyabraTe 3aiep:KKka HAKAIJIMBAETCS U TPUT-
rep caMoro CTapllero paspsja m nepexkaioyaeTcst CuycTs Bpems ¢ = mt,;. Takum
00pa3oM, BpeMst YCTaHOBJIEHUST KOJla Ha BBIXOJIE CUETUMKA TIPSIMO MTPOTIOPITHO-
HAJIbHO €T0 Pa3ps/IHOCTHU.

Jlotst ioBbITIeHUsT OBICTPOMEHCTBUST CUCTUUKH BBITIOJTHSIOT CUHXPOHHBIMU
¢ mapaJjsieJbHbIM (CKBO3HBIM) mepeHocoM. OCOOEHHOCThIO TAKUX CUETUH-
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KOB $SIBJISIETCSI TO, YTO BBIXOJIbI BCEX IIPE/IIeCTBYIONUX Pa3psIioB M10JAI0TCs
Ha BXO/IbI TPUTTEPA TIOCJIEAYIONIETO (CTAPIIero) pa3psija, MO3ITOMY JJINTEb-
HOCTb I1ePeX0/IHOrO I1poliecca (BpeMsl YCTaHOBKU KO/la) OIIpe/lesisieTCs AJINTe b=
HOCTBIO T1€PEeX0/IHOTO IIPollecca OHOTO pa3psijia U He 3aBUCUT OT KOJIM4ecTBa m
TPUTTEPOB.

IIpsimoii cuer

]—&1 1

1 -]

=T ST
...ch _— C B

—K & Mk

OG6parHblii cuer I_

Puc. 3.35. Peanusanusi peBepCHBHOTO CYETYHKA C UCMOJIb30BaHUEM CXeM
N-NJIN nna mesxkpa3psiAHbIX CBs3ei

Jltst cunTe3a cYeTYrKA ¢ HapasiebHBIM IEePEHOCOM 0OpaTHM BHUMAHUE
Ha TaKyl0 3aKOHOMEPHOCTb JIBOWYHBIX YHCEJ: M3MEHEHIE CTapIiero paspsia
Ha MPOTUBOMOJIOXKHOE TTPOUCXOUT TOT/A, KOT/Aa BCe TPEABIAYIINE PA3PSIIbI
epexomsaAT u3 coctoduus «1» B coctosune «0». Hampumep, 4ncio «cemb»
B nBounynoMm koje — 0111, a uymciao «Bocemb» — 1000, uncio «TpuanaThH
omun» — 011111, a yucno «rpunnath gsa» — 100000. Takum 06pasoM, 4TOOLI
copMupoBaTh MapaJeNbHbIil TepPeHoc, T0CTATOYHO Ha WH(MOPMAITMOHHbIE
BXOJIBI TPUTTEPOB T0/IaBATh KOHBIOHKIINIO CUTHAJIOB C BBIXOIOB BCEX TIPEIBITY-
IIUX TPUTTEPOB (eCJn UCT0JAb30BaTh JK-TpUTTEpHI, TO OTHOBPEMEHHO Ha JiBa
Bxoza J 1 K), a Ha CHHXPOHU3UPYIOIINE BXO/bI BCEX TPUTTEPOB — UMITYJIbCHI
cuHxpoHnsanui, T.e. Q; = QyQ;...Q,; 4. Cxema CHHXPOHHOTO YeTbIpexpaspsi/-
HOTO CYMMUPYIOIIETO CUETYNKA C TAPAJIeTbHbIM ITePEHOCOM TIPe/ICTaBIeHa
Ha puc. 3.36. IMITyIbChl CHHXPOHU3AIUN B 9TOM CUETUYNKE CTAHOBSTCS CUET-
HbIMK uMITyJibcamu. Ha Bxozbl J/ u K 1iepBOro Tpurrepa, COOTBETCTBYIOIIETO
MJTJIIIIEMy paspsifty, momaetcs «1».

PaccMmoTpenHble cueTYUKH OBLTH IBOMYHBIMU, T.€. UMM MOJYJb CUeTa,
kparubiii 2. Tak, HampuMep, Bce TPUTTEPHI cueTInKa Ha puc. 3.36 mepeiayT
B MCXOJHOE HYJIEBOE COCTOSIHUE TIOCJe TPUX0/a MECTHAAIATOTO UMITYJIbCa.
3HauuT, MOIYJIb cyeta atoro cuerynka K., = 16 = 24, Y 1BOUYHBIX cueTYH-
KOB cOpPOC BCEX TPUTTEPOB IPOUCXOAUT € MPUXOJOM OUEPEIHOIO CUETHOTO
UMITYJIbCA TIOCTIE TOTO, KaK TPUTTEPHI YCTAHOBITCS B «1». O4eBUAHO, UTO MOTYT
OBITH TIOCTPOEHBI CUETUNKHU C JIOOBIM MOyJIeM cueTa. Jljist 9Toro HeoOX0AMMO
obecrieunTh cOHPOC BCEX TPUITEPOB B «0» T10CTIE TOCTUKEHMST MAKCUMAIBHO BO3-
MOJKHOTO YHUCJIA. DTO BO3MOKHO OCYIIECTBUTH IBYMs MmyTsiMu. [1epBbiii cBs3an
C TPAMIIHOHHBIM CHHTE30M CYETYUKA HA OCHOBE €ro TaGJIUIbI EePEKTIOUeHUI,
BTOPO# — ¢ (POPMUPOBAHUEM CUTHAJIA YIIPABJASIEMOTO COPOCA BCEX TPUTTEPOB
B 3aBUCHUMOCTU OT MOJYJsl cueta. B nepeom ciyuae cxema cueTynka Oyjaer
OPUTHUHAJIBHON JIJIsI KasKJOTO MOJYJIST CUeTa, 80 6MOPOM — THUIOBOI, TIOCTPO-
€HHOIT Ha OCHOBE OOBIYHBIX JBOMYHBIX CUETYHKOB. [[Jis1 yripasisiemoro copoca
MOJKET OBITh MCIOJIb30BaH, HAPUMEP, BXOA R aCHHXPOHHOW yCTaHOBKU TPHT-
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repa B HyJib. CHTHAJ yIIPaBJIsieMOro chpoca JIeTKo chopMHUPOBATH ¢ TOMOTIIHIO
cxembl U. /17151 aTOTO Ha ee BXOJbI TOAAIOTCSI CUTHAJIBI C TIPSIMBIX UJIU UHBEPC-
HBIX BBIXOJIOB TPUTTEPOB B 3aBUCIMOCTH OT TOTO, KAKOB MOJIYJIb CUETa.

&

&

= A~
= QS
=~ A~
=~ QS

0% 9 1y 27 37

Bx.

Q Q 9, Q4

Puc. 3.36. CyeTynk ¢ mapaureJbHbIM NEPEHOCOM

IIpumep 3.10

CHHTE3UpOBATh CYETUHK ¢ MOLyJIeM cueta K, = 12 Ha OCHOBE UeTBIPEXPa3PSLAHOIO
JIBOMYHOTO CYETUNKA.

Pewenue. Ha puc. 3.37, a ipesictaBiien 4eThIpeXpa3psIHbIi IBOMYHBIN CUETUNK, BBITION-
nennbiil B Buge UMC. Cuerunk nmeer 4 Bxoaa HavasbHoil ycranosku DO, D1, D2, D3, o6e-
CIIEYMBAIONIMX BBOJL HAYAJIBHOTO YHCJIA TI0 paspeniaiorieMy curtaiy C; BXOJbI IPSIMOTO «+»
1 peBEPCUBHOTO cueTa «—»; BBIxoaer Q0, Q1, Q2, Q3, curHasel mepeHoca ¢r B CTapIInii pa3-
psan n 3aema br. Hac nHTepecyeT Hammume Bxozia cOpoca BCeX TPUITEPOB CUETYNKA B HOJIb R,
Ha OCHOBE KOTOPOTO MOKHO 00€CTIeYnTh OOHYJIEHIE CYETUMKA, KOT/Ia COAEPKAIIMIIC B HEM
KO/ JIOCTUTAET MAaKCUMAJIbHOTO 3HAUEHUS U B HETO ITPUXOJINT OUePEHOI CYETHBII NMITYJIbC.

C npuxozoM 12-10 UMITyJIbCca BCE TPUTTEPDI JOJIKHBI ObITH YCTAHOBJIEHDI B «0», 3HAYNT,
MaKCHMAJIbHOE YHCJIO0, XPAHSIIEEeCs: B CUeTYNKe, Ha eJIMHUIly MeHbiie, T.e. 11. /[Bondnbiit
9KBUBAJIEHT uncia «11» — 1011, dtomy 4mcly COOTBETCTBYIOT COCTOSIHMSI BBIXOJO0B
030,0,Q,. CooTBeTcTByOIINE BBIXOJbI CYETUMKA IOJAIOTCS HA YETHIPE BXOJA CXEMBI
V1. BbIXOI CXEMBI JIOJIKEH 06eCIeYnBaTh paspelieHne TPOXOKIEHNUST OUEPEHOrO CUeT-
HOTO MMITYJIbCA HA BXOJ R cueTuynKa u 3arpeT MPOXOK/IeHIs NMITYJIbCa Ha CYETHBIN BXOJ
«+». Takum 06pas3oM, Uit CHHTE3a cyeTyrka KpoMe TiioBoil M C yeTbipexpaspsaHoro
JIBOMYHOTO CYETIMKA HEOOXOMMMBI OJINH YETHIPEXBXOIOBOIH, /1BA IBYXBXOMOBBIX KOHBIOH-
KTopa u 1Ba nuBepropa. Cxema cuerunka ¢ K, = 12 mokasamna wa pc. 3.37, 6.

— +|CTR4 % CTR4|Q

- 1

_Ipol 2 2

%DO 4 4
D1 3 3

—1D2

D3|

14 cr cr

—R br br?

a

Puc. 3.37. Cxema cueryuka ¢ K, = 12 na ocnose UMC
YeThIPEXPA3PSAHOIO JBOUYHOIO CYETYHKA:
@ — JeTbIPexpaspsHbLIL JIBONYHBLI cueTynK; 6 — cxema cuerynka ¢ K, = 12
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Ha ocHoBe cueTYnKOB B crCTeMaX yIPaBJIEHUS TEXHOJIOTUIECKUMU TIPOTIeC-
caMu GOPMUPYIOT TeHEePATOPHI TMHENHO M3MEHIONTIXCS HAPSUKEHNH, a TaKKe
reHepaTopbl MUJI000PasHBIX HANIPSKEHUI. JleHCTBUTENbHO, CYeTINK 0beceun-
BaeT CyMMHUPOBAHME YNCJIA TIOCTYIUBIINX HA €70 BXOJ UMITYJIbCOB — B PEXKUME
[PSIMOTO CYeTa, MU BblYMTaHWE — B PesKuMe obpaTHOro cueta. Ecim Ha BXoa
CYETUYMKA UMITYJIBCHI OYAYT TTOCTYIIATh PABHOMEPHO C ONMPEIETIEHHOI YacTOTOM,
3HAUNMT Ha BbIXozEe OyaeT GOPMHUPOBATHCS JIMHEHHO HapacTatomas Jubo crnana-
I0II[as1 TI0CJIe/IOBATEIbHOCTD KOZIOB. B MOMeHT niepexozia cyetunka ot xkoma 11...1
10 00...0 (B pexxume tpsimoro cyera) uin ot 00..0 1o 11..1 (B pexume oGpar-
HOTO cyeTa) Ha BbIXojie OyaeT (hopMUPOBATHCS MTHOBEHHBIN cKadoK. CoeInHIB
BBIXO/[bI CUETUYHKA C U(DPOAHATOTOBBIM ITpeoOpa3oBaTesieM, TTOJydrM reHepa-
TOP CTYIIEHYATO U3MEHSIIONIErOCs HANIPSI)KEH ST, BEJIMYNHA CTYIIEHbKH KOTOPOTO
GyJIeT COOTBETCTBOBATH IeHe JesieHus Muairero paspsiza [LATL Y coBpemen-
upix [[AIl mena meseHns MJIAAIIeTro pa3psia MOKET COCTABIATh HECKOIBKO
MUJIJIUBOJIBT, TaKkast (hOpMa HAIIPSIKEHUsI ¢ BBICOKOI CTEMEHBIO MPUOINKEHUsT
COOTBETCTBYET JIMHEHO M3MeHSIoIeMycst HanpsizkeHnto (puc. 3.38).

UBle
Bgepx
[ — N ——
Teneparop Cuerunk AT Komanga Komanjga
HMILYJIbCOB + «BBepx»  «Buns»
V]
~f

Brusz

Puc. 3.38. Cxema reneparopa JHUHEHHO HU3MEHSIIONErocs
U NI000PA3HOIO HANPSIKEHUS HA OCHOBE
peBepcuBHOro cuerynka u [TAIL

KpyTusna BBIXOJHOTO HATIPSIKEHUST OINPEesISIeTCS 9acTOTON TreHepaTopa
UMIyJabcoB. Eciu McCnonb3oBaTh reHepaTop € peryjaupyemMoil nepeMeHHon
4acToTOl, cxeMa OyjieT crocobHa (HOPMUPOBATH KBA3UIMHEITHOE HAMPSIKEHIE,
CKOPOCTh HapacTaHUsI KOTOPOTO MOXKET U3MEHATHCI B CAMBIX ITUPOKUX Tpe/ie-
sax. HakoHerr, 3a cueT UCIoJIb30BaHUS PEBEPCUBHOTO CUETUYNKA MOSKHO (hOpMU-
poBaTh KaKk HapacTarolllee, Tak U crajaioliee HanpsikeHus. Komanga «Bsepx»
obecrieynBaeT TMPOXOKIECHIE UMITYIbCOB HA CYMMUPYOIIHE BXOJ, U HATIPsIKe-
Hute Oy/IeT JIMHEHO HapacTalonnM, a KoMaH/Ia «BHIU3» — Ha BBIYMTAOIINIT BXOJ,
(opmupys nucnazsaoriee BHIXogaHOe HanpsikeHue. CKauky HaNpsuKeHus: $hop-
MUPYIOTCSI B MOMEHTBI, COOTBETCTBYIONINE TIEPENOJTHEHNIO U COPOCY CUETUMKA.
Ecnu Takue ckauky HY)KHO HCKJIIOUNTD, C IOMOII[BIO JIOTUKU (POPMUPYIOT 3aIPeT
Ha IIPOXOsKAeHUEe UMILYJIbCOB IIPU JJOCTHXKEHUN KPUTUYECKOIO 3HaueHUsT KOZa.

3.11. Peructpol

Pezucmpom nasvieaiom ycmpoiicmeo, oCYuecmeisiouee npuem, Xpamenue
U 6vI0aUY OBOUUHBIX UUCEL 8 ONpedenenom Kode. B oTimdre oT 3alOMUHAIONIX
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YCTPOMCTB B perucTpax WHMOPMAIIUST XPAHUTCS He 60Jiee HECKOJIbKUX TaKTOB.
3aroMUHAIONUMU 2JIEMEHTAMU B PETUCTPaX CIIY:KAT TPUTTEPHI, YICJIO KOTOPHIX
PaBHO YHMCJTY Pa3ps/IOB XPaHUMBIX unces. CXeMbI PETHCTPOB CIYKAT JAJIs BBO/IA
M BBIBOZIA XPAHUMBIX YHCEJI, IIPe0OpasoBaHmst UX KOJOB, CIBUTA KOIOB Ha TO MJIH
MHOE YHCJIO Pa3psiioB. PeTUCTPBI MTOIPa3/IesAoT Ha MapajiieabHble (PernCcTphl
MaMsiTH), TocJeoBaTe/buble (PErUCTPBI CABUTA) U MapaJljieJIbHO-TTOCIeI0Ba-
TeJbHBIe (HApuMep, BBOJ — B MapasyieIbHOM KoJie, a BBIBOJ — B TIOCTIEI0BA-
TEJILHOM, U Ha000pOT).

B permcrpax maMsATH umcsa BBOASAT M BBIBOAAT B MapajljieTbHOM KOJe,
B PETUCTPaxX CIBUTA — B MOCTENOBATETbHOM (Pa3psl 3a pa3psioM), TIOITOMY
B PETUCTPaX MaMSATH YMCJIO BBOAUTCS (BBIBOAUTCS) 32 OJIMH TaKT, a B PETUCTPax
CIBUTA — 3a 71 TAKTOB, I/le 7 — Pa3PSZAHOCTD YUCEJL.

ITo cioco6Gy BBOIa—BBIBO/IA PA3INYAIOT PETHCTPHI OHOGMAZHOTO 1 mapadas-
Horo tuna. B osHodasubix BBOJ (M BBIBO/) BO3MOKEH TOJIBKO B MPSIMOM WJIN
06paTHOM Kojie, B TTapathasHbiX — KaK B TIPSIMOM, Tak 1 B 00paTHOM KojiaX. Bun
OCYIIECTBJISIEMOTO BBOJIA (BBIBO/IA) OTIPE/IEISIeTCsl CUTHAJIAMY YIIPABJICHUSI.

McxonnbIM cocTOSTHIEM PETHUCTpa aBisAeTcs HysesBoe. [loce BBoga 1BOMY-
HOTO uncyaa X, TPUTTEPHI IEPEXOAT B COCTOSHU, COOTBETCTBYIONINE 3HAUE-
HUSM pas3psioB uncjaa Xy, KOTOpoe XpaHUTCs 10 MOMEHTa Iiepe/iaul ero Jpy-
TOMY yCTPOHCTBY Ju60 10 BBOA B PETHCTP APYTOro uucaa Xo.

B mociie1oBaTeIbHBIX PETMCTPAx TIPH KasKAOM CABHUTraoIieM (0ObIYHO CHH-
XPOHU3UPYIONIEM ) UMIYJIbCE TIPOUCXOUT CIBUT KO/IA XPAHUMOTO YHCJIA BJIEBO
WA BIIPABO Ha OJMH paspsi. IIpu aToM uKcsio BBIBOAUTCS B 110CJIE[0BATENb-
HOM KOJIe pa3psi/l 3a Pa3psjioM, HAauMHas ¢ MJaaIiero (Ipyu ¢/IBUTE BITPABO) WK
crapiero (TP CABHTE BJIeBO). B MHGOPMAIIMOHHOIT TeXHIKE PETUCTPHI CIBUTA
MIPUMEHSIIOT JIJisl TPe0OPa30BaHUs MOCTIEA0BATEIBHOTO KO/IA B MAPAJLIeIbHbIIA
(11 06paTHO), 7St YMHOKEHVSI U [IEJIEHIUST MHOTOPA3PSIIHBIX YHUCE, TOCTPOEHMUST
pacrpe/esuTesieil UMITyJIbCOB, TpeobpazoBaresieil KOJoB U T.J1.

B mapasiielbHbIX PErMCTPax CXEMbI PaspsiioB He 0OMEHUBAIOTCS TAHHBIMU
MexIy co00it. OBIME 7151 Pa3PsAL0B OOBIYHO SBASIOTCS e CUHXPOHU3AIINK
(TaktupoBanus), c6poca (YCTAHOBKN), PaspelieHuns BbIXo/a (BbIIAYN JAHHBIX)
WJIN TIPUEMA, T.e. TIeTN YIIPABIeHNS.

[l coBpeMeHHOI CXeMOTeXHUKU XapaKTePHO TOCTPOEHHE PEeTHCTPOB
MMEHHO Ha D-Tpurrepax, NpeuMyIeCTBEHHO ¢ IMHAMUYECKUM YIIPaBJICHUEM.
MHoTHe PerucTpbl UMEIOT BBIXOJBI C TPETHUM COCTOSTHUEM, a HEKOTOpble —
MOIIIHbIE BBIXO/HBIE KACKA/BI M OTHOCATCS K unciy Oydeprbix. Takue peru-
CTPBI CTOCOGHBI PaboTaTh HA GOJIBIITYI0 EMKOCTHYIO FJIH HU3KOOMHYIO aKTHB-
HYIO0 Harpysky. IT1o obecrieunBaeT ux paboTy HEIOCPEICTBEHHO Ha MarkuCTpaib.

3.11.1. PerucrposBbie daiibi

W3 mapaJuieibHbIX PErHCTPOB COCTABIIAIOT OJOKU PErUCTPOBOIL HaMIATH —
peructposbie daiiabl. Takue 610KU 06eCedrnBaIOT XPaHEeHNe HECKOJIBKHUX CJIOB
€ BO3MOJKHOCTDIO HE3aBUCUMO M OHOBPEMEHHOM 3aMICH OJHOTO CI0Ba U UTe-
HUS APYToro. YIpaBJdionie BXOAbl 00eCIeYynBaOT BHIOOD TOrO MM UHOIO
PETHCTPa ¥ Pa3peniaioT 3aMich B HETO CJI0BA JaHHLIX (HATIOMHUM, YTO B JINTE-
paType, TIOCBSIEHHOI 1TU(POBOI CXEMOTEXHUKE, MO/l «CJOBOM»> TTOHUMAETCS
JIBOMYHOE YHUCJIO).
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PasMepHOCTh PEeTHCTPOBON MaMATH MOKHO HapamuBaTh, COCTaBJIAS
u3 neckoabkux VM C 610k mamaru. Ilpy mapammBannm 4mcia XpaHUMbIX CJIOB
BBIXO/IBI OT/IeNbHBIX VIC ¢ TpeMst COCTOSTHUSIMU COEIMHSIOTCS B OJHON TOYKE.
[Tpm HapamumBaHWU Pa3psiTHOCTH CJIOBA BXOJ/BI pa3pelieHus U ajipecaruu
Heckombkux MC coenuusioT napauienbHo, Torna Beixoasl VIC B cOBOKYTTHOCTH
JIAI0T eITHOe NH(OPMAIMOHHOE CJIOBO.

3.11.2. Peructpsl casura

[TocieroBarebHbIE (CABUTAOIIIE) PETUCTPBI TIPEACTABISIOT COOOIT TIETTOUKY
TPUTTEPOB, CBI3aHHBIX IETISIMU TIePEeHOCA.

B ofHOTaKTHBIX PETUCTPAX CO CABUTOM Ha OJINH paspsi Bpaso (puc. 3.39, a)
CJIOBO C/IBUTAETCS IPU MOCTYIJIEHUM CHHXPOHU3UpYIoliero curHasia. [Ipu kax-
JIOM UMITYJIbCE C/IBUTA TTPOUCXOIUT TEPE3AICH COAEPKUMOTO MPEIBIAYIIETO
Tpurrepa B IOCJHEAYIOUUN U 3allUCh OYePeJHOro paspsijia B KpailHUil JieBblil
Tpurrep. B pesysibrate 3a 4eTbipe TakTa B PErucTp OYIET 3aHECEHO YEeThIpeX-
paspsimHoe coBo. [Ipnuem mepBbIit (10 BpeMeH! TOCTYILIEHNST) pa3psin OymeT
3aHECEH B KPalHUI MPaBbIii PETUCTP.

Bxopn D D D D Brixos
C b C C C
Casur r . r & r ‘. r .
a
Buixon [ I — Bxox
Lo t Lo Lo Up
C C C FC
Coupur [ [ [ [
6 Bxop
B (J1eBbBIiT)
JIEBO g s
gL
Bxon — D U D :
(mpasblii) | & c & —c &
Bnpaso l_
Casur M .
Brixon

8

Puc. 3.39. Cxembl perucTpoB casura Bupaso (a), Biaeso (0) u peBepcuBHOro (8)

B perucrpe co casurom Baeso (puc. 3.39, 6) 3ano/HeHne ero JaHHbIMU IIPO-
UCXOUT clipaBa HasieBo. B peBepcuBHOM peructpe (puc. 3.39, 8) UMEIOTCS CBSI3U
TPUTTEPOB ¢ 06orMU coceHUMEU paspsgamu. C MOMOIIBI0 KOMAH/[ «BJIEBO»
U «BIIPABO» PA3PEIaeTcst MPOXOKAEHNE CUTHAIA Ha BXOJ TPUTTEpa JTHG0 uepes
oztnH, 160 Uepes APpyroit KOHBIOHKTOP. Yepes HIKHUN KOHBIOHKTOP TPOXOIUT
CUTHAJI C BBIXO/IA JIEBOTO TPUTTEPA, a Yepe3 BEPXHUI — € BBIXOIA TPABOTO TPUT-
repa (Ha puCyHKe He TI0Ka3aH ). EcTecTBEHHO, UTO KOMaH/IbI «BJIEBO» U «BIIPABO»
OJTHOBPEMEHHO TI0/IaBaTbCSI HE MOTYT.
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3.11.3. YHuBepcaibHbIe PErHCTPHI

B cepusix UC u 6ubmmorekax BUIC/CBUC mporpaMMupyeMoit JOTHKN
MMeeTCss MHOTO BapuaHToB perncTpoB. Cpean HUX eCTh MHOTOPEXKUMHBIE
(MHOTOMDYHKIIMOHATIBHBIE) WM YHUBEPCATbHbBIE, CTIOCOOHBIE BBITIOIHSITH HAGOP
MuKpootiepaiuii. Tak, HanpuMep, YHUBEPCATIbHBINA PETHCTP MOKET obectedn-
BaTh MapaJIeJbHbIN TPUeM U BBIJIAUY JAHHBIX, CABUT MapaJIeabHO 3aTcaH-
HOTO CJIOBA BJIEBO WJIM BIIPABO, 1IOPa3psi/IHbII BBOJ CJIOBA, KAK 3TO OCYIIECT-
BJISIETCS B PETUCTPAX CIBUTA, M BBIZIAYY ATOTO CJIOBA HA BBIXO/[ B TIAPAJIIETbHOM
Kojie, cOpoc Beedt 3amucantoil nHbopmarun. MHOTOPEKUMHOCTD JOCTUTAETCSE
KOMIIO3UIMEN B OJIHOI ¥ TOH jKe cXxeme 4yacTeil, HeOOXOMMbIX JIJIsI BBIOJIHE-
HUS PA3JUYHBIX Ollepaluii. YIpaBJsiionie CUTHAbI, 3ajaioliie BU/| BbIIIOJI-
HSIEMOM OMepaIuy, aKTUBU3UPYIOT HEOOXOAMMBIE JIJIsl 9TOTO YaCTH CXEMBbI.
Ha puc. 3.40 mokasano yciaoBHOe 0603HAUEHIE THIIOBOTO YHHBEPCAIHHOTO
peructpa. Bxomsl D cay:kar 175 mapajuieIbHON| 3alTUCH BOCBMHUPA3PTHOTO
CJI0BA JTAHHBIX, a BBIXO/bI ) — /IS ero Bbllaun. Bo3dMoskHa 1ocseioBaTebHast
opa3psiHas 3arpysKa cjioBa CO CABUTOM BCEX PA3psiIOB BIEBO WJIN BIIPABO.
UYepes Bxoa DSR ocyiecTBIsAeTCS TOPa3psIHAs 3aTpy3Ka cI0Ba 4epe3 HyJIeBOi
paspsi/i Co CIBUTOM BCETO 3allCbIBAEMOr0 CJI0BA B CTOPOHY CTapUIMX Pa3psi/ioB.
Bxox DSL obGecnieunBaeT 3arpysKy CJ0Ba 4epe3 CebMOU paspsiJi CO CABUTOM
B CTOPOHY MJIAJIMINX Pa3psAnoB. Bxoxer S, n S — ymnpasisionie. Bxog S, pas-
PEIaeT CIBUT BIEBO, a BXOM S — BIpaBo. Bxox R obecreunBaeT aCHHXPOHHBII
cOpoc BCeX PaspsiioB PETHCTPA, T.€. eT0 «0OHyIeHe», BXon C — CHHXPOHU3U-
pytomuit. Besoset U, 1 GND city»kart iu1sl MOAKJIIOUeHNsT K MUKPOCXeMe Harlpsi-
SKEHUS TUTAHUS.

RG

JI111111
AlVNoous wro—~o

N A W e, o

P

1
i

GND[—

Puc. 3.40. YuuBepcajibHbIil perucTp

Peructpbl, UMeIOTHe PasHOTUITHBIE BXOJL 1 BBIXO/, CJIY/KAT OCHOBHBIME GJ10-
KaMu ipeobdpasoBaTesieil mapaiebHbIX KOJOB B IOC/II0BaTEIbHbIE H 0OPATHO.
Tak, HarpuMep, Yepes napajijiejbHble BXOAbl B PEIUCTP MOKET ObITh 3aHECEHO
¢J10BO JlaHHbIX. [loaBasg B peructp UMITyJIbChl C/IBUTA, HA €r0 T0CJe/0BaTeb-
HOM BBIXO/IE€ MOKHO IIOJIYYUTD T10CJIE/J0OBATEIbHOCTD Pa3ps/i0B 3arpysKEHHOro
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cyioBa. Ecyi peructp umeeT mocsie[oBaTe/IbHbI BXO/ U MapaJiieIbHbI BBIXO/I,
TO B HETO B MTOCJIEI0BATEIBHOM KOJIE Pa3ps/l 32 Pa3psIIOM MOXKHO 3aHECTH CIOBO
JIAHHBIX, a Yepes3 MapaJuleJIbHbIA BBIXOJ €ro HeJUKOM mpodnTath. [Ipeobpaso-
BaHUe MapaJiJieIbHOTO KOJIa B TIOCTIE/IOBATEIbHBINT — OUYeHb aKTyaTbHas 33/1a4a,
TaK Kak repeayda mupoBoit HGOPMAITUHU B CETSIX OCYIIECTBISETCS B TIOCTEN0-
BaTeJIbHOM KOJI€, a 00paboTKa ee B POIECCOPaX BbIYNCIUTETBHBIX YCTPOWCTB —
B TTapaJIJIEJIbHOM.

KoHTponbHbie BONPOCHI U 3afjaHus

1. KaxoBo mpeacrasieHue B JBONYHOI cucTeme yncen 145 u 119?

2. BpimosnuTe cioxkenue u BpiunTanue yncea 145 u 119 B gBonyHoM Koze.

3. BemmosnnTe ymuOKeHMe qBonuHbIX unces 10110 va 01011 u mpoBepky pesysbrara
MyTEeM TIePEBO/IA MX U YMHOKEHHS B ICCATUIHOI CUCTEME.

4. OnumuTe CyTh Onepannii KOHbIOHKINH, TM3BIOHKIINN 1 HHBEPCUH.

5. Bammmre CoB/IH® mst byrkmnmnm F’, momyuaemoii u3 yHKIw F’, Kak THBEPCHST
ee 3HaueHNi Ha Beex Habopax (cm. Tabur. 3.6).

6. CocraBbTe jorndeckyio (pyHKIHIO ¢ noMomibio kapT Kapro (eM. puc. 3.2), ecin
ona pasta 1 na Bcex nabopax ABCD =0101; 0111; 1101; 1111 (exuHuIpl B ieHTPaIbLHOM
KBajipate). o

7. Yemy paBHO 3HaueHue jorndeckoii pyukiwn F=aabac, ecima=1,b=0,c=0?

8. UYrto uamenurcs, ec b =1? _

9. VYupocrure sorudeckyio byukimio F=aA(bvb)acad.

10. BoinmosiHuTe MUHUMU3ALMIO JIOTMYECKON (DYHKIUU, SBJLIONIENCs nHBepcueit
dyHkImu B ipuMepe 3.6, ¢ UCTIOIb30BaHUEM TIPABHII aIreOPhI JTOTUKH 1 KapT KapHo.

11. Kakyto jiornueckyio (hyHKIIMIO BBIITOJIHSET KJI0UeBast cxema?

12. JTuist yero B KJIIOYEBOU cxeMe Ha GUIOJISIPHOM TPAH3UCTOPE IPUMEHSIOT U0
[MoTTKN?

13. 3a cuer yero KIOUEBasi CXeMa Ha KOMILJIEMEHTaPHbBIX TPAH3UCTOPAX 00eCIeunBaeT
HU3KYIO HOTPebIISIeMYI0 MOIITHOCTH?

14. Kaxyio iorudeckyio GpyHkiuio peayusyer 6azosbiii aiement TTJIIII B io3uTuBHOI
Jloruke? B HeratnsHoil Jloruke?

15. Omnpesiesnute, B KAKOM COCTOSTHUH OY/IyT TPAH3MCTOPbI Ha cxeMe puc. 3.12, 1 kakoii
GyJIeT CUTHAJI Ha BBIXOJIE CXEMBI, €CJIHM Ha BXOJ[ X 1mojiaH Jior. 0.

16. CKOJIbKO BBIXOA0B OyAeT uMeTh deTbipexpaspsianbiil gemudparop? CKOIbKO
JUISL €T0 Peajinsanuy noTpeGyeTcst TpexpaspsiHbIX gemmbparopoB?

17. Crombro cxeM «JIV» moHagmo6uTest iuis peayinsaruy mudparopa Ha 25 BXOJAHBIX
CUTHAJIOB (YHUTApPHBIH KOZT)?

18. Kaxoii genmdpatop HeoOX0uM JJist peasinsaiini 16-BX010BOro MyJIbTHILIEKCOPa
(cm. puc. 3.18)?

19. ITouemy B cymMMaTOpe C napasiieTbHBIM EPEHOCOM YeM CTapIIIe Pa3psiil, TEM CJIOK-
Hee cxeMa YCKOPEHHOTO IepeHoca?

20. B yem me0cTaTOK MHOTOPA3PSIIHOTO CyMMATOPA, BBITIOJTHEHHOTO Iy TEM MOCJIE/I0-
BATEJIbHOTO COEIITHEHNST OTHOPA3PSI/THDBIX ?

21. Kakue onepaiiuyi MOKeT BBITIOJHATD apU(DMETHKO-JIOTHYECKOEe YCTPOHCTBO?

22. Kaxkoii u3 TpurrepoB camblii ipoctoii? [louemy?

23. 3a cyer yero RS-Tpurrep coxpaHseT CBOE COCTOSHUE TOCJIe KPATKOBPEMEHHOM
TO/IAYM CUTHAJIOB HA €r0 BXO/BI R min S?

24. Buem cocrout npuHIpn paborel D-tpurrepa? [ToyeMy Ha €ro 0CHOBE MOXKHO JIETKO
noJyduTh T-Tpurrep?

25. Kak ¢ momoripio JK-tpurrepa noyduts RS-, D- u T-Tpurrepbi?
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26. Cunresupyiite yCTPOHCTBO curHamusanuu (cM. mpumep 3.9), KOppeKTupys aBa-
puiinbie curyarn 1 u 2 caeayonmm o6pasom: 1 — TeMreparypa Bbiiiie HOPMBI TPU yC-
JIOBHH, YTO JBUTATEJNDb BKJIOYCH; 2 — JaBJIEHNE THPABIMYCCKOI CHCTEMBI HIKEe HOPMBI
TIPH YCJIOBHH, UTO 3aTPAXK/ICHNE 3aKPLITO.

27. Kakoe MUHUMAJIbHOE YNCJIO UMITYJIbCOB MOJKET <ITOJICYUTATh» CUETYMK HA PUC. 3.347?
KakuM craner cueT4K, eciu K BBIXOJY [OCJIEAHET0 TPUITepa HOAKIIOYUTD ellle OUH?

28. Kaxoii HeocTaTOK CYeTYMKOB € IIOCIE0BATEIbHBIM [I€PEHOCOM yCTPAHAETCS
B CYETYMKAX C TTAPAJJIETBHBIM IIEPEHOCOM ?

29. Mo:xHO Jin Ha OCHOBe T-TPUTTEPOB IIOCTPOUTDH PeBepcuBHbIil cueTynK? [Touemy?

30. Cunresupyiire cueruux ¢ K, = 14.

31. Yewm or/iryaeTcst PUHIIKT 3aITMCH B PETUCTPOBDIH (haiisi 1o cpaBHEHUIO C PETUCTPOM
caBUra?

32. KakoBbl BOBMOKHOCTH 110 3aIIMICH JAHHBIX Y YHIBEPCATBHOTO PETHCTPa?



nasa 4
CXEMOTEXHUKA nPOFPAMMMPVEMb[X
LW®POBbLIX BbIMUCITUTENIbHbIX YCTPOUCTB

B pesysbTarte usyuenus riaBbl 4 CTY/IEHT JOJDKEH:

3namo

* OCHOBBI TIOCTPOEHUST 3AITOMHIHAIOINX YCTPOICTB;

* CTPYKTYPY MHKPOIPOIIECCOPHBIX CHCTEM 1 PEKIMbI 0OMEHa;

* paboTy OCHOBHBIX Y3JI0B MHKPOTIPOIIECCOPA;

¢ paboTy OCHOBHBIX HHTEP(HENCHBIX YCTPOHCTB;

® BHU/IbI IPOTPAMMUPYEMBIX JIOTUYECKUX MHTETPAJTbHBIX CXEM;

o TpUHIUIBL GYHKIIMOHUPOBAHUSI MUKPOIPOI[ECCOPOB KAK MPOTPAMMHUPYEMBIX
YCTPOICTB;

¢ I[OKOJIEHUSI MUKPOIPOLECCOPOB U UX OTJINYUA;

ymemo

* JICHOJIb30BATh TTOJYIPOBOHNKOBBIE 3AIIOMUHAIOIIIE YCTPONCTBA PA3JIIMYHOTO Ha-
3HAUCHNST;

* BBINOJTHATH CONOCTABUTEIBHBII aHAII3 MIKPOIIPOI[ECCOPOB Pa3JIMIHBIX TOKOJIEHNII;

enaodemv

* mpueMamu pa3paboTKY MTPOCTERIINX acceMOJIEPHBIX TIPOTPAMM.

4.1. 3anomuHalowwme yCcTPoHCTBa

Pa6oTa nmporpaMMHO-yIPaBJIsieMbIX TIU(POBBIX BHIYUCIUTENbHbIX YCTPOICTB
U CHCTEM 3aKJTI0YaeTCs B TIOCIEI0BATEIHHOM BBITTOJHEHUY KOMaH/T IPOTPAMMBI.
B mportecce paboThl MPOUCXOAUT oOpallleHre 3a JAaHHBIMU, TIPU HTOM PE3yJib-
TaThl PaBGOTHI OJHUX YCTPOMCTB YACTO SIBJISIOTCS MCXOAHON WHbOpMalueii
JUtst paboThl Apyrux. [locTosHHO MpOUCXoAUT 0O6MeH WH(pOpMaInell MexK1Ty
OT/IEJTBHBIMU YacTAMU cucTeMbl. TakuM o6pasoM, st (pyHKIIMOHUPOBAHUS
G POBHIX cUCTEM 06pabOTKM MHMOPMAITMHU HEOOGXOIMMBI YCTPOUCTBA, KOTO-
poie obecrieynBa ObI XpaHEHUE MPOrpaMMbl pabOThI, XPaHEHUE MCXOIHBIX
JAHHBIX U PE3yJIbTaTOB 00paboTku, oOMeH nudpoBoil nHGoOpMaIeil MeKILy
OT/IETBHBIMH YaCTSIMU CUCTEMBI. ITU (DYHKITMH BBITTIOJTHIAIOT TIOJYTIPOBOIHITKO-
BbIe 3aroMuHaiome yerpoiictsa (3Y). MUKpPOCXeMbl TaMsITH B 00IeM 00beMe
Boinycka MC 3anumaior okosio 40% u UrpaioT BaKHEHIITYIO0 POJIb BO MHOTHX
CUCTEMAX PA3TNIHOrO HazHayeHuss. MUKPOCXeMbI U CUCTEMBI TTAMSITU TIOCTO-
STHHO COBepIIeHCTBYIOTCs. [loBbimaercs GpicTpojeiictBue Mukpocxem 3V,
pacTyT 06beMbl HHGOPMAIH, KOTOPbIE MOI'YT XPAHUTBCS B OJJHOI MUKPOCXEME,
coBepiieHcTBYeTcs apxuTekTypa VIC. B macrtosinee BpeMst CO3/IaHbI U MCTIOTTh-
3YIOTCS JIECSTKU PA3JIMYHbBIX TUTIOB 3Y.
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4.1.1. Baxwueiimue napamerpsi 3Y

Hnpopmavyuonnas emxocmy — MaKCUMAIBHO BO3MOKHBIN 00bEM XpaHUMOIT
nndopmari. Beipaskaercst B 6utax uim cjaoBax (B 4acTHOCTH, B OaiiTax). bur
XPAHUTCS 3aTIOMUHAIONINM d7ieMeHTOM (33), a CJT0BO — 3aTlOMUHAIONIEH sTueii-
KO, T.€. TpyMoii 33, K KOTOPBIM BO3MOKHO JIMIITb OJJHOBPEMEHHOE OOpallleHIE.
Jlobasyienvie Kk euHuIe U3MepeHust MHOKUTEsE «K» (KI10) o3HadaeT yMHOsKe-
nue Ha 210 = 1024, a muOkuTesst «M» (Mera) — ymHokeHue Ha 220 = 1 048 576.

Opzanuzayust 3Y onpejnenseT, CKOJbKO CJI0B U KaKOW pa3psjHOCTU Xpa-
HUT 3aITOMUHAIOTIEe YCTPOICTBO. 3Y OAMHAKOBOW eMKOCTH MOTYT UMeTh Pa3-
Hyto opranusaiuio. Harpumep, 3V, xpansinee 64 8-pa3psiHbIX CJI0Ba, UMEET
emkoctb 512 6ut. Ty ke emrocTh umeer 3Y, xpansiiee 128 4-pa3psiiHbIX CJIOB.

Boicmpodeticmeue (npoussodumenvrocmsv) 3Y ONEHUBAIOT BPEMEHEM Y-
TBIBAHUS, 3AIMCH U JJINTEIHHOCTHIO IUKJIOB UYTEHUS/3aUCU. BpeMsi CUnThI-
BaHUSI — WHTEPBAJ MEXKIY MOMEHTAMU TOSIBJEHWUS CUTHATIA YTEHUS] U CJIOBa
Ha BbIxozie 3Y. Bpems 3amucu — nHTEpBaJI 1OCJIe TIOSBJIEHUS CUTHAJIA 3aITHUCH,
JIOCTATOYHBIN /IJIS yCTAHOBJIEHNS 3aIIOMUHAIONIEN STYeiTKU B COCTOSTHIE, 3a/1aBa-
eMOoe BXO/IHBIM CJIOBOM. MUHUMAJIBHO JIOMYCTUMBIH WHTEPBAT MEKTY TTOCJIEI0-
BaTEIbHBIMU YTEHUSIMU WU 3AMUCSAMEI 00pasyeT COOTBETCTBYIOIIUE ITHKJI.

Il 1:060it udpPOBON BHIYMCIUTENBHON CUCTEMbI XapaKTepHa WUHHAS
cmpyxmypa (noapobuee cm. naparpad 4.4). UToObl MpoIeccop MOT OAHO-
3HAYHO BBIOPATH HYKHYIO KOMaH/Ly WJIM JIAHHBIE, OH OOPAIIAeTCs K OTpeIeseH-
HOTI stuetike 3Y, KOTOpast IMEET CBOW HOMep. TOT HOMED HA3BIBAETCST A0PECOM.
Anpec stueiikm nepeziaercsi 1o muHe ajgpeca A. O4eBUIHO, YTO YUCIIO PA3ITHY-
HBIX aJ[PECOB, KOTOPbIE MOTYT OBITH MEPEAHDI [0 IHHE, CO/ePKaIieil 7 TPOBO-
JTHUKOB, PAaBHO

N=2n

IIpu sToM camblii MyTAIIMH aipec STYEHKU COCTOUT M3 OJHUX HYyJeil A =
=00...0, a camprii crapimii — u3 ogaux equHui A = 11...1 = 27-1, Tloatomy Hyme-
paIys Jueek HAUMHAETCST ¢ HYJIS.

Tunuynblii HAOOP CUTHAJIOB TOXYITPOBOAHKKOBOrO 3Y (puc. 4.1) BKIOYaer
cJieyTone CUTHAIBL:

* A — azpec, paspsAHOCTh KOTOPOTO 71 OTIPEIESETCS MAKCIMAJIBLHO BO3-
MOSKHBIM YHMCJIOM XPaHUMBIX B 3Y cjioB. /7151 TOTyTTPOBOAHUKOBBIX 3Y UHCJIO
sueek, pasMenaeMbix B ogHoH M C, M0/MKHO GBITH KPATHO €O CTETeHN
yucsa 2, Hanpumep: 29 = 512; 210 = 1 Koaiit = 1024; 220 = 1 M6aiit = 1 048 576.
PaspsiziHOCTD ajipeca 7 cBsizaHa ¢ 4KcIoM siueek N cooTHoreHueM n = log,N.
Hampuwmep, 3Y ¢ urdopmarmontoii emxoctbio 64 Koaiit ¢ GaiitHoil opranusa-
nueii nmeetr 16-paspsanbie agpeca, BoipaskaeMble cinoBaMu A = Ay5A,A443...Ay;

e DI (Data Input) u DO (Data Output) — mMHUHBI BXOAHBIX U BEIXOAHBIX
JIAHHBIX, PAa3PSTHOCTh KOTOPBIX M OIIpefiesisieTcs opranusaimeit 3Y (paspsiiHo-
CTBIO €ro s9eek). B HekoTopsix 3Y 17151 BXOAHBIX U BBIXOIHBIX JAHHBIX UCTIOJb-
3yercsa ofiHa U Ta e IuHa, obosHavaemas kak DIO,

* R/W (Read/Write) — 3amaer BbIOJIHSAEMYIO Onepaiuio (TIpu eAnHY-
HOM 3HAYCHWH — YTCHUE, IPU HYJICBOM — 3aINCh);

e CS (Chip Select) wnu CE (Chip Enable) — paspemaer uiu 3amnpernaer
paboTy MaHHOW MUKpocXeMbl. [lJist OpraHu3anuu maMsTH BbIYHCIUTETBHOTO
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yeTpoiicTBa 0JHONH MUKpOcXeMbl 3Y 00bIYHO HemocTaTouHO. B aToM ciryuae
¢ oMorpio curtana CS obecrieunBaercst obpaleHne K Hy:KHOM MUKPOCXEME,
Ha OCTAJIbHbBIE K& MUKPOCXEMBI IIPU HTOM I0/IaeTCs 3aMpeNaonuii ypoBeHb
curdana CS;

e OE (Output Enable) — ocymectsisier ynpasienue BHIXOAHBIME Oydep-
HeiME Kackagamu. Yto6sr VIC He HArpyskasia BEIXOHBIE JIMHUH, €€ BBIXO/HbBIE
KacKa/(bl KPOMe OOBIYHbBIX COCTOSAHMIA JIoT. 1 1 J1oT. () UMEIOT ellle TPeThe COCTO-
sIHE€ BBICOKOTO BBIXOZHOTO COTIPOTHUBJICHUSI, 9KBUBAJTEHTHOTO OTKJIIOUEHHIO
NC or mmmnbt ganisix. Bxoa OF obecriednBaeT mMepeBojl BHIXOAHBIX Oy(hepHbIX
KaCcKa/loB B TPETHE COCTOSTHIE.

"dA M

"M DI Do "
R/W
cs
OE

Puc. 4.1. Tunuunbie curnaias 3Y

OyepeHOCTD TTOCTYIIEHUS] PACCMOTPEHHBIX BBIIIIE CHUTHAJIOB CJIEYIOMIasl.
[Tpeske Beero, moaeTcest apec, YTOObI MOCAEAYIONIIE OEPAII HE KOCHYJIUCH
KaKoii-1bo pyroii ssueiiku, kpome BoiOpantoil. 3atem curuaiom CS (CE) pas-
perraercst paboTa MUKPOCXEMBI, TIOCJIE Yero TOAAETCs CUTHAI YTEHUS /3aMuCh
R/W. Ecan 3amana, HanpuMmep, oriepanus YTeHus, TO Mocje Mojilaun mepednc-
JIEHHBIX CUTHAJIOB 3Y TOTOBUT JaHHBIE JJIsI YTEHUS, YTO TPeOYeT OIPeaeIeHHOTO
BpPEMEHH, CIIycTst KoTopoe Ha Beixoziax DO mosiBaistorest fanubie. [1o 3aqnemy
¢ponty curnama R/W npousBojuTCS CUMThIBaHUE JAaHHBIX. Ecim ske 3amaHa
ofiepaiysi 3anucy, TO JaHHbIe, TOJIeKAIIe 3aMUCH, TOJAI0TCs HA BXOMbl DI
u 10 3a/iHeMy (GpoHTy curHaia R/W MpOUCXOAUT 3aNUCh TaHHBIX B 3Y.

[lng momynpoBOoAHUKOBBIX 3Y XapakTepHa crenuuieckas XapaKTepu-
CTUKA — CBOLUCMBO IHEPZOHE3ABUCUMOCTU — CTIOCOGHOCTD 3Y COXPAHSTD JaH-
Hble TIPU OTKJIIOYEHUU HanpsxkeHus nutanus. Ecau 39 06sazaior CBOWCTBOM
HHEPTOHE3aBUCUMOCTH, TO TIAMSITh, IOCTPOEHHAs HA X OCHOBE, Oy/eT XpPaHUTh
nHGOPMAIUIO TIPU OTKJIIOUYEHHOM MUTAHUU HEOIPAHUYEHHO /I0JITOE BPEMSI.
Ecnn ke 39 atum cBoiicTBOM He 001aai0T, a nHGOPMAIUIO HEOOXOIMMO
COXPAHSITh, B MAMSITh BBOJSIT PE3E€PBHbBIE MCTOYHUKU MTUTAHUS, ABTOMATHIECKU
MOJIKJTIOYaeMble TTPU CHSATUU OCHOBHOTO MTUTAHUS.

4.1.2. Knaccudukanus noaynpoBoJHUKOBBIX 3Y

Baskneiinmmm npusnakoM 3Y gBJsgercs crocob HoCTyla K TaHHBIM, B COOT-
BETCTBUU C KOTOPBIM UX KJIACCUDUIUPYIOT HA TPU THIIA:

e ajnpecubie 3Y;

* 3Y c mocsenoBaTebHbIM JOCTYTIOM,;

e 3V ¢ acconmaTuBHLIM JOCTYTIOM.

[TepBbiME ObLIN CO34AHBI IOIYIIPOBOAHUKOBbIE aapecHbie 3Y. UTob6bl 06pa-
TUTHCS K stueiike ajipecHoro 3Y Jist YTeHUs WU 3aiCH UH(GOPMAIii, HeoOX0-
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JIIMO YKa3aTh aJ[pec 3Tol S9eiikn. ITu 3V JekaT B OCHOBE MOCTOSHHO U OTe-
paTuBHOI maMaTu BceX IBM 1 BBIUNCAUTENBHBIX YCTPONCTB, TTOCTPOEHHBIX
Ha 6a3e MUKPOIIPOIIECCOPOB, B YaCTHOCTH, YCTPOICTB YHCIOBOTO TIPOTPAMMHOTO
yrpasJsienus crankos (YUIIY).

3Y ¢ mocie1oBaTeIbHBIM IOCTYIIOM HCTIOTB3YIOTCS TaM, TJe MOCTYTaoIne
JIaHHbBIe MOTYT OBITh BBICTPOEHBI B ouepeb. Quepenb MOKeT 00CTyKUBATHCS
b0 O TIPUHITUITY «TIE€PBLIN TpuIesa — mepsoiii yuens — FIFO (first in first
out), mubo «roceanuil npuiena — mepsbiit yiens — LIFO (last in first out),
T.€. 3aTMCH JaHHBIX OCYIIECTBISETCS He TI0 KaKOMY-THO0 afpecy, a B KOHEI
ouepenn, a yrenue — aubO U3 KOHIA, InO0 U3 Hadajaa odepenu. 3Y ¢ mocie-
JIOBATEJIBHBIM JIOCTYTIOM MOTYT MCIOJb30BaThCS, HAIIPIMED, B BUICOTIAMAITH,
obecrieunBarolieil XpaHeHne TaHHbIX O TIBETE M IPKOCTU KaKJ0il TOUKM 9KpaHa
MOHHUTOPA.

B 3V ¢ acconmaTuBHBIM 10CTYIIOM TTOMCK UHGMOPMAIUKU OCYHIECTBIISETCS
He TI0 ajipecy S4YeHKN W He M0 MECTY B OUEPEAIH, a TT0 HeKOTOPOMY TTPU3HAKY.
Otcioa B MX Ha3BaHMU IIPUCYTCTBYET CJIOBO «accolmanus». Hanbosee BaxkHOI
00/1aCTHI0 MCTOJIB30BAHMS aCCOMMATUBHBIX 3Y SBJSIETCST KAMI-maMsiTh IBM
(oapobHee cMm. maparpad 4.7).

Anpecusie 3Y. Itu 3Y naubosee pa3paboTaHbl, U APYTUE BUALI TTAMSITH
YaCTO CTPOSIT HA OCHOBE aJIPECHOI C COOTBETCTBYIOIMIUMU MOAUDUKAIISMU.

Anpecusie 3Y nenarcsa na asa tTnna: RAM n ROM.

RAM (Random Access Memory) — pycckue cunornumbl O3Y (omnepa-
tusabie 3Y) win 3YIIB (3Y ¢ mpoussBoabHOil BeIGOPKOIT). OmepaTuBHbIE
3Y xpaHsT JaHHbIE, yYaCTBYIOIINE B OOMEHE TP UCIIOJHEHUU TeKyIIei mpo-
rPaMMbI, KOTOPbIE MOTYT ObITh U3MEHEHBI B IIPOU3BOJIBHBIN MOMEHT BPEMEHH,
60 KOJIbI caMOM ITporpamMMbl. JIJist aTOTO MporpamMmMa IpeaBapuTeIbHO J0KHA
OBITH 3aTPy:KeHa B OTEPATUBHYIO MaMSITh. 3amoMuHatotie sremenTsl O3Y, Kak
[PaBUIIO, He 0OJIAIAI0T SHEPTOHE3ABUCHMOCTBIO.

ROM (Read Only Memory) — pycckuii axBuBajgent — [13Y (mocrosiabie
3¥). B nporecce paboThl BHIUHUCIUTEIBHOTO YCTPOiicTBa cogepskumoe 113V
He uamengercs. [Iporeccop BbIYMCANTENBHOTO YCTPOHCTBA U3 ITOU HaMATH
MOZKET JIUIIb IPOYUTATD JAHHBIC UJIN OUepPe/HbIe KOMaH/IbI IporpaMMsbl. OTciozia
OYKBAJBHBIN TEPEBOJ aHTJIMUCKOTO Ha3BaHUs 3TOTO BUAa 3Y — <«IIaMsTh
TOJIBKO [I71s1 uTeHusi». Ha ocHoBe atoro Buza 3Y M3TOTaBIMBAETCS TTOCTOSTHHAS
MaMsTh BBIYUCJIUTENBHBIX yeTpoiicTB. MHbopmanmsa B Mukpocxemy 3¥ 3aHo-
curest b0 B MPOIECCE ee TIPOU3BOJICTRA, JIMOO0 TOJIB30BATENEM B CIIEIHATHHOM
PEKUME ITPOrPAMMUPOBAHSI.

O3V penstcs Ha cTaTHUecKue W AuHammdeckue. B cmamuueckux 3Y 3ano-
MUHAIOMIMME 9JIEMEHTAMU SIBJISIIOTCSI TPUTTEPDI, COCTOSIIINE M3 HECKOJIbKIX
TpaH3uCcTOpoB. B dunamuueckux 3Y wHbOpPMAIS XPAHUTCS B BUIIE 3apsIOB
KOHJICHCATOPOB, 00pa3yembix aseMerTamu MOTI-TpaH3ucTOpoB, U JIST OJJHOTO
33 [10CTaTOYHO OMHOTO TpaH3ucrTopa. [loaToMy eMKOCTh TUHAMUYECKUX 3Y
B HECKOJIBKO pa3 IMpeBbIIIaeT eMKOCTh cTaTudecknx. Cratnueckre 3Y Ha3biBa-
forca SRAM (Static RAM), a mmramudeckne — DRAM (Dynamic RAM).

Craruyeckue O3Y MOKHO pa3zieJuTh HA ACUHXPOHHbBIE, TAKTUPYeMble (CUH-
XPOHHBIE) W KOHBeliepHble. B acunxponnvix CUTHAIBI YIIPABJICHIST MOTYT 3a71a-
BaThCs KAaK UMITyJIbCAMU, TaK ¥ ypoBHsIMU. Hampumep, curnan pasperrenus
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paboTsl CS MOKET 0OCTaBaThCSI HEM3MEHHBIM U PAa3PEIIAONTM Ha TPOTSKEHUH
MHOTUX IIUKJIOB 00palienns K namsat. B maxmupyemvix 3Y curHan pasperie-
HUST paboThl CS B KaKIOM IMKJIE 0OpaIeHys K TTaMsITH JOJUKEH TEPEXOUTD
13 TTACCMBHOTO COCTOSHUS B aKTUBHOE, T.€. MOJKeH (GOPMUPOBATHCS (PPOHT
3TOTO CHTHAJA B KKIOM IMKJIE. DTOT THIT 3Y HAa3LIBAIOT TaKKe CHHXPOHHBIM.
B kouseiiepnoix 3Y TpaxT mepenayu JaHHBIX PEATU30BaH IO KOHBEHEPHOMY
npunnuny. Konseiiep paboTaer ¢ TaKTOBOI 4acTOTOH Tporeccopa. To M03BO-
JISIET TIOBBICUTH TEMTI TTePe/iaull TAHHBIX B HECKOJIBKO pas.

Tax kax guHamMudeckue 3Y XapaKTepu3yioTcst HanboibIneit nHhOpMaInoH-
HOIl eMKOCTBIO, IMEHHO OHU MCIOJIB3YIOTCS KaK OCHOBHAs mamsaTh DBM. Pas-
paboTaHbl MHOTOYKCIEHHbBIE CXEMBI TIOBBIIIEHHOTO OBICTPOIEHCTBUSL.

Cratuueckrie 3Y B 4—5 pas Joposke IMHAMUYECKUX M BO CTOJIBKO JKe pa3
MeHbIIe Mo WHHOPMANOHHON eMKocTH. VIX TOCTOMHCTBOM sIBJIsieTCst GoJiee
BBICOKOE OBICTPOJIEHCTBYE, & TUITUYHONW 00JIACTHIO MCIIOJNb30BAHMS — CXEMBbI
K9II-TIAMSTH.

[Moctogunasg mamare tunma ROM (M) mporpaMMupyeTcst Tpu U3TOTOBJIE-
HUM METO/IaMU WHTETPAIbHON TEXHOJOTUU € TIOMOIIBIO OJIHON U3 MCIIOJIb3Y-
eMBIX TIpH 3ToM Macok. [loatomy B pycckoil TepMuHosornn atu 3Y HasbIBa-
iorcst MmacounbiMu 113V, [l oTpebuTesist 970 B MOJHOM CMBICJIE TOCTOSTHHAST
[aMsITh, TAaK KaK M3MEHUTD ee COJ/lepPsKaHue OH He MOXKeT.

B crenyronmx tpex pasHoBuaHOCTSIX ROM B 0003HAYEHUSIX TTPUCYTCTBYET
6yksa P (ot programmable). 1o nporpaMMupyemast 1I0JIb30BaTENeM T1aMITh
(B pycckoii tepmunosioruu 11113Y — nporpammupyempie 113Y). [lns 3anucu
nuadopmanun B 39 MOAAOTCSA CIENUAIbHBIC 3JIEKTPUYECKIC CUTHATBEL. B 3Y
tuna PROM naHHbIe MOTYT OBITh 3aHECEHBI OJIMH Pa3 MyTeM TIPOKUTaHsI T1JIaB-
KUX TIEPEMBIUEK WU, HA0OOPOT, 32 CUET CO3MAHISI TIEPEMBIUEK TTYTEM SJIEKTPHU-
gyeckoro 1mpo6ost. B TI3Y tuma EPROM u EEPROM wumeercst BO3MOKHOCTD
CTUPaHus cTapoil HHGOPMAIMU U 3alIUCA HOBOH, IOATOMY UX Ha3bIBAIOT PEIpo-
rpammupyeMbivi [I3Y. B EPROM crupanue BLITOTHSIETCS TyTeM 00Ty IeH st
kpuctasia yaprpabuoneropbivu gydamu, a B EEPROM — anextpuyecknmu
currasamu. IIporpammuposanue sTux pasHosugnocTeii ROM 00bIYHO TPOU3-
BOJIUTCST TTOJTH30BATEIIEM C TIOMOIIBIO CTIETMATBHBIX TIPHOOPOB — TPOTPAMMATO-
pPOB — B 1aBOPATOPHBIX YCIOBUSIX.

[TamMsaTh GIsMI-THNA TT0 3AMOMITHAIOIIEMY JIEMEHTY MOT00HA TTAMSTH THIIA
EEPROM, ortnuume MeXIy HUMU — B CKOPOCTU CTUPAHUS UHGOPMAIUH.
Yro6w1 creperh undopmarmio us I13Y tuma EEPROM, neobxoaumo obpa-
TUTHCS K KaKION 3amOMUHATOIIEH siueiike, 94T0 TpeGyeT CPaBHUTENHLHO GOJh-
moro Bpemenn. B I13Y usin-Tuna Bes nabopMaliust MoKeT ObITh cTepTa Hoza-
vell ofiHOTO cuTHaa, T.e. MrHOBeHHO (flash — Bembika). B HekoTophix 113Y
(bia1I-THTIAa BeCh 06BEM 3aAMTOMUHAIONIIX STYEEK AETUTCS Ha OJOKY U CTHPAHUE
uHMOPMAIMU OCYIIECTBISETCS TTOOJOUHO.

3V¥ c nocienoBaTe bHBIM JocTymoM. B 3Y aToro Ki1acca 3ammchiBaeMble
JaHubie 00pasyioT ouepe/ib. CUUThIBAHNE TIPOUCXOIUT U3 OUYEPE/IU CJIOBO 3a CJIO-
BOM JII00 B MOPSIJIKE 3aIUCH, 160 B 06paTHOM Topsiike. Mozenbio Takoro 3Y
ABJISETCS MOCIEe/I0BATEIbHAS IETTOYKa 3aTIOMIHATONIIX 3JIEMEHTOB, B KOTOPOIt
JTAaHHBIE TIEPEIAIOTCST MEXKYy COCETHUMU 2JIeMEHTAMU.
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[Ipsamoii mopsAoK cunMThIBaHUsS UMeeT Mecto B Oydepax FIFO, a takske
B (hailIOBBIX W IUKJIUYECKUX 3Y.

Pazauna mexnay nmamarsio FIFO u daitmoBeiM 3Y cocTouT B TOM, 4TO
B FIFO sanuch B mycroit Oydep cpasy e CTAaHOBUTCS AOCTYITHOM U1l YTEHNSI,
T.e. IOCTYTIAeT B KOHETT 1leouKH. B (aiiyioBbx 3Y manuble MOCTYMAIOT B HAYAJIO
HEMOYKN ¥ MOSIBJISIOTCS Ha BBIXOJIE TIOCJIE HEKOTOPOTO YMC/Ia 0OpallleHuii, paBs-
HOTO YHCJY 3JTE€MEHTOB B IEMOYKe. 3aMuchiBaeMble JaHHble 00beANHIIOTCS
B 6J10KH, OOpaMIIsIeMble CIeNUANbHBIMU CUMBOJIAMI KOHIA ¥ Hadasa ((aiiivt).
ITpueM maHHBIX U3 Qailiosozo 3Y HAUMHAETCS MOCTE OOHAPYKEHS TIPUEMHH-
KOM CHMBOJIA Hayasia OJIoKa.

B mukimaecknx 3Y cyioBa OCTYIHBI O/THO 32 IPYTUM C TTOCTOSTHHBIM TIEpH-
0J10M, OTIpeieJIIeMbIM eMKOCTBIO MaMATH. K TakoMy THILy cpesin MOJIYyIIPOBO-
MHUKOBBIX 3Y otHocutcs BupeonmaMmaTh (VRAM).

CuuTbiBaHue B 0OpaTHOM IOPSIIKE CBOMCTBEHHO cmekosbim 3Y, st KOTO-
PBIX pean3yeTcs IPUHITHIT <ITOCJIeTHUI TIPHUIIesT — MepBbIil ymemrs. Takne 3Y
nasbiBaior Oydepamu LIFO.

3V¥ ¢ acconMaTUBHBIM OCTYNOM. 3Y 3TOTO THUIIA PeaTu3yeT MONCK HHMOP-
MaIlluy 110 HEKOTOPOMY ITPU3HAKY, a He 110 ee PACIIOJIOKEeHHIO B aMsTh (arpecy
WM MECTY B ouepenn). B Hanbosee mOMHOM BepcHT BCe XPAHNMBIE B TTAMSITH
CJIOBA OJIHOBPEMEHHO IIPOBEPSIIOTCSI HA COOTBETCTBUE MPU3HAKY, HALIPUMEDP
Ha COBIAJICHIE OIpe/IeIEHHBIX MoJell CTIOB — mez0g (aHTJ. — tag) ¢ MpU3Ha-
KOM, 3alaBaeéMbIM BXOIHBIM CJIOBOM (mezosvim adpecom). TakuM IPU3HAKOM
MOKeT OBITh MOJHBIN apec sTYeiiKu OmepaTUBHON TaMsTh. (3aMeTuM, 9To
€MKOCTb OIIePaTUBHOMN ITaMITH COBPEMEHHBIX KOMIIBIOTEPOB COCTABJISIET I'UTa-
6aifiThl, B TO BpeMsT KaK €eMKOCTb acCOMMATUBHOTO 3Y U3MEPSIETCS] COTHSIMMU
KuobailT — epmHuIaMu MerabaiiT.) Ha BBIXO/I BBIIAIOTCST CII0BA, YA0BJIETBOPSI-
1omre Tpu3HaKy. [IpuHINT BBIAYN CTIOB, €CIN TETY YAOBIETBOPSIOT HECKOTBKO
CJIOB, a TAKJKe TIPUHITKI 3aIIMCH HOBBIX JAHHBIX MOTYT ObITh pasHbiMu. OCHOB-
Hast 06JIaCTh MPUMEHEHST ACCOTTMATHBHON MAMSITH COBpeMeHHbIXx DBM — kar-
HaMsITh JaHHbIX.

4.1.3. Ctpykrypa aapecHbix 3Y

B nonynpoBonHukoBeix 3Y apecHOTO THUIIA MOKHO BBIIETUTH /IBE OCHOB-
Hble (DYHKIIMOHAIBHBIE YaCTH: MATPUILY 3aIIOMUHAIOIINX 9JIEMEHTOB, 0OecTieun-
BAOILYIO XPaHEHUE JAHHBIX, U CXeMY BBIOOPKH, 00€CIeunBaILyI0 3aIiCh WK
cunThiBaHue WHGOPMaIMK B BBIOPaHHOU stueiike mamstu (puc. 4.2). Marpuiia
39 — npsAMoyroJbHad U B paHHUX oOpasuax 3Y umena pasMepHoctb M =k - m,
rae M — uHdopMannoHHas eMKOCTb TTaMsITH B OUTaX; B — YHMCIIO XPaHUMBbIX
CJIOB; m — WX paspsiiHocTb. Cxema BBIOOPKU COCTOUT U3 Jiemnparopa ajpec-
Horo kofa DC u ycunTesiell 3alicu/CaInThIBAHUS.

Kaxnas ctpoka matpuilbl 39 COOTBETCTBYET sUeliKe TaMsSTH M XPAaHUT
OJTHO CJIOBO JAHHBIX, 2 HOMEpa CTPOK COOTBETCTBYIOT ajpecaM sdeek. Ampec
BBIOPAHHOI STUEHKY 110 HMIMHE ajipeca MOCTYNAeT Ha BCe MUKPOCXEMBI TIAMSITH,
HO BOCIIPUHUMAETCST TOJIBKO TOW MUKPOCXEMOH, Ha KOTOPYIO TIPUTIIEN pa3peria-
touuii curnan CS (Chip Select — Boi6op xpuctaina). C npuxonom curaaia CS
nermudpaTop aIpecHoOro KoJa aKTUBU3UPYET OHY U3 BBIXOJHBIX JTUHUHN, pas-
peliiast OIHOBPEMEHHDIHT I0CTYTI KO BCEM dJieMeHTaM BeIGpaHHoi cTpoku. OHO-

179



MMEHHBIE Pa3psi/ibl BCEX siueeK 06pa3yioT CTOJOIBI MATPUILBI, COEUHsIEMbIE
BEPTUKAJIBbHBIMU JIMHUSIMI — BHYTPEHHUMU JIMHUSMU JlaHHBIX. Ecam ocyect-
BJISIETCST OTIEPAIUS] YTEHNUS, TO COCTOSTHIST 39 BHIOPAHHON CTPOKU TPAHCIUPY-
I0TCSI 110 9TUM JIMHUSM, YCUJIMBAIOTCS M BBIJIAIOTCS] HA BHEIIHIOI MINHY JlaH-
HBIX. EC/i ke BBITIOJHSETCS oTlepanus 3alicH, TO YCHJINTEIN yCTaHABINBAIOT
Ha JIMHUSIX YPOBHU HAIPSIKEHUS] B COOTBETCTBUY C 3AIMCHIBAEMBIMU JIAHHBIMU,
n 3D Tepexo/iAT B COOTBETCTBYIONNE COCTOSTHUS «HYJIST» NIN <eJUHUIIBI>.
[Mogobuast crpykrypa 3Y moJydnia HazBanue cTpykrypsi 2D.

b
AL
1
i k=
I
cs ; i :
1
.
W = —|. _ — | Marprua
o [ 1 3allOMHHAIONX
Yemmiren 5JIeMEHTOB
R/W 3aIMCH/CINTBIBAHIS
o
Jlannbie

Puc. 4.2. Crpykrypa 3¥ tina 2D

Crpykrypa 2D mMoxer ObITh UCIOJB30BaHA TOJBKO B 3Y Masoil uudop-
MaroHHol eMKocTH. C POCTOM €MKOCTH BO3PACTaeT CJIOKHOCTH Jenndpa-
TOPA, TOCKOJIbKY YKUCJIO er0 BBIXOAHBIX JIMHUN PABHO YHMCJIY XPAHUMbIX CJIOB.
[t 3Y 6ompimoit mHMOOPMAITMOHHOT eMKOCTH CTPYKTYpa ObLIa yCOBEPIIEH-
CTBOBaHa, OHA TOJIy4nJia Ha3BaHue cTpyktypol 2DM. Ha puc. 4.3 nokazana
Takas cTpykrypa ans 3Y tunma ROM. B Heit Bo3OyskaeHHBINH BIXOA Aemmud-
paropa DC, mo-mipeskHeMY BBIOMpAET TeTyo cTPOKy MaTtpuisl 39. OxHaxko,
B OTJINYKE OT HPEAbIAYIICH CTPYKTYPbI, IJIMHA CTPOKU HE PaBHA PA3PSIHOCTH
XPAaHUMBbIX CJIOB, & MHOTOKPATHO €€ TIPeBbINIaeT. Y1cao CTPOK MaTPUILBL, a 3HA-
YT, U YUCJIO BBIXOJOB Jlemudparopa Termepb MEHbIIE KOJTMYECTBA XPAHUMBIX
caoB. J{iis BBIOOpaA OJIHON M3 CTPOK CJIYsKAT HE BCe Paspsiibl aIPECHOTO KOJIa,
a ux 9acts A, 4, .., A;. Ocrampable pas3psansr aapeca (ot A, ; 10 A,) ncnoan-
3YIOTCS JIJISI TOTO, YTOOBI BBIGPATh HEOOXOAMMOE CJIOBO U3 MHOKECTBA CJIOB,
COZIEPIKAIIUXCST B ATON CTPOKE. ITO BBHIMOJHSIETCS € TIOMOIIBIO MYJIbTHILIEKCO-
POB, Ha aJ[PECHBIE BXO/bI KOTOPBIX MOJAIOTCS KOABL Aj_y, ..., Ay. limHa cTpokn
paBHa m2k, Te m — Pa3pALHOCTb XPaHUMbIX CJI0B. KaskAblii 0TPe30K CTPOKU
JUIMHO¥ 2k XpaHuT Bee opHOMMeHHbIe (HYJIEBbIE, IEPBDIE, ..., 71-€) Pa3PALbl BCEX
2k cyioB 9TOM CTPOKHU. M3 KAKIOr0 TAKOTO OTPE3Ka MYJbTUILIEKCOP BIOUpaeT
oanH 6ut. KommuecTBo MyJIbTUILIEKCOPOB COOTBETCTBYET KOJMYECTBY Paspsi-
noB B cioBe. TakuM 06pa3oM, Ha BBIXO/AX MYJIBTUILIIEKCOPOB (GOPMHUPYETCSI
BBIXO/IHOE cJi0BO. [lo paspenienuto curnasna CS, nocrynatoniero Ha Bxojabl OF
YTPaBIsEMBIX GY(HEPOB ¢ TPEMST COCTOSTHUSIMU, BBIXOJHOE CJIOBO MEPETAETCSI
Ha BHEIIHIOI TITUHY.
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Puc. 4.3. Crpykrypa 3¥ tuna 2DM

Crpyxkrypa 2DM ucnosnbayetcs He ToabKo 171 3Y tuna ROM, vHo n g 3Y
tuna RAM c oneparisiMu 9TeHus u 3anucy. B atux 3Y BMecTo MyJIbTUTIIIEKCO-
POB HCITOJIB3YIOTCS YIIpaBJisieMble Oydepbl JaHHBIX, BBITOJIHSIOINIE HE TOJIbKO
(pyHKINM MyJIBTUIIIEKCHPOBAHNA U BbIJAYN AaHHLIX B mmHy DO, HO U (yHK-
IIUU TTpFieMa JIaHHBIX 110 mHe DI u popMUpOBaHMs CUTHAIOB 3aIIUCH IS COOT-
BeTcTBYOMMX 39. HampasisieHue mepeaun 1aHHBIX OTPEIESIeTCs] CATHAJIOM
R/W, a ymipaBnenne Gydepamn JaHHBIX OCYIIECTBISETCS TEMTHPPATOPOM.

4.2. 3anoM1HaloLME YCTPOIACTBA
ANA XpaHeHs NOCTOSAHHOW MHhopMaLnK

3anomuHalonme ycrpoiictsa tnma ROM xpansat mHdopmainmio, KoTopas
60 BooO1te He nsMensiercst (B 3Y tuma ROM (M) 1 PROM), n6o nsmens-
eTCs PeKo U He BO BpeMsl paboThl BBIYMCIUTENILHOIO yeTpoiictsa (B 3V Tuma
EPROM u EEPROM).

B macounsie 3Y tuna ROM (M) nHdopmanuio 3anuchiBaOT P U3TO-
TOBJICHUW HA TIPOMBIINIJICHHBIX TPEANPUATUSIX € TOMOIIBIO MraboHa (MacKu)
Ha 3aBEPIIAIOIIEM 3Tarle TeXHOJIOTHIECKOTo TIpoIiecca.

3¥ tuna PROM nporpaMmMupyoT nocJjie U3roToBJIEHUST UX TMPEeANPUSTHEM
AIEKTPOHHON TIPOMBITIIZIEHHOCTH B TAO0OPATOPHSIX TIOTpebuTeneit 6e3 MCmomb3o-
BaHUS CJIOKHBIX TEXHOJOTMIECKUX TIPOIleccoB. [[JIs1 3TOTO MCIOIB3YIOT HECTOK-
HbIE YCTPOMCTBA — IIPOTrPAMMATOPBIL.

3Y tuma ROM umeroT MHOTOPa3psIIHYIO0 Opranu3aIuio (Jaie Bcero 8- min
4-paspsaanyio, s HekoTopbix VC 16-paspsamanyio) u 0ObIYHO BBIIOJIHAIOTCS
Mo CcTpykType 2DM.

4.2.1. Macounsie 3y

B kavecTBe 3amOMUHAIONINX JIEMEHTOB B MACOYHBIX 3Y MOTYT BBICTYIATh
oAb, GumosapHble TpansucTopsl, MOII-TpaH3uCTOpPSL U T.1.
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B marpurne nuognoro ROM (M) (puc. 4.4, a) TOPU3OHTATbHbIE JUHUU
(CTPOKM) SBASIOTCS JUHUAMM BBIOGOPKU CJIOB, 8 BEPTUKAJIbHbIE — JUHUSAME
cunThiBaHmA. CUNTBIBAEMOE CJIOBO OIpeE/esIeTCs] PACHOJIOKEHIEM JHOO0B
B y3J1aX KOOPAMHATHOH ceTKuU. /{51 CAMTBIBAHUS HY>KHOTO CJIOBA B COOTBETCTBY-
IOILYIO CTPOKY IOJIaeTcs UMILYJIbC Hanpsikenus. [Ipu Hanmuuum 1uona BbICOKUIMA
MOTEHITUAT TIepe/IaeTcsl Ha COOTBETCTBYIONIYIO BEPTUKAJIBHYIO JIMHUIO, U B JIaH-
HOM paspsjie CJI0Ba IOSIBJSIeTCSl CUTHAJ Jlornyeckoil equnuiiel. [Ipu orcyt-
CTBUM [MO/a TIOTEHIIMA OJIM30K K HYJEBOMY, TaK KaK BEPTUKAJbHAS JMHUS
yepes pe3ncTop CBsI3aHa ¢ KOPIyCcoM. B m300paskeHHON MaTpuIle MpU Mojiaue
MMITyJIbca B IMHUIO BbIGopKu JI1 cuntbiBaercs cioso 11010001 (310 cioBo xpa-
HuTCS B gueiike Homep 1). IIpu mogade nmmysibca B muHUIO JI2 cunThIBaeTcs
cnoBo 10101011 (ono xpanutces B aueiike nomep 2). JIMHUN BEIOOPKU SBJISIOTCS
BBIXOJIaMU Jletparopa azpeca, Kaskaas afpecHass KOMOMHAIUsT (hOpMUpyeT
eJIMHUILY TOJIBKO Ha CBOEM BBIXO/le JielndpaTopa, UTO MPUBOAUT K CUMTHIBA-
HUIO CJIOBA TOJIBKO U3 aJIpecyeMoil siueiiku.

I T
PR [N
gﬁz z&s P s&s : .:

Puc. 4.4. MaTpuipl 3aliOMUHAIONINX 3JIEMEHTOB Maco4yHoro 3Y:
a — puopnast; 6 — MOTI-Tpansucropnast

OO6bIYHO TIPH TIPOUBBOACTBE MACOYHBIX 3Y BBITYCKACTCS LeJlas HOMEHKJIa-
Typa OJHOTUIIHBIX MUKPOCXEM, OTIHYAIONIUXCST PA3TUYHON «3aIIUTOI> B HUX
urdopmanmeit. [ yaeneBaeHus Ipou3BOACTBA CTPEMSITCST C/IEJTATh TaK, YTOObI
MIPOITECC MBTOTOBIEHUS PA3JIUIHBIX MUKPOCXEM OTJINIAIICST MUHUMYMOM TE€XHO-
Jlorndecknx oreparuii. Hampumep, eciim B kagectBe 39 ucnomb3yiores MOTI-
TpaH3ucTOps! (Ha puc. 4.4, 6 MOKazaHa OJIHA W3 CTPOK MATPUILHI), TO HA JTAlle
M3TOTOBJICHUS 3aTBOPOB B TPAH3UCTOPAX, COOTBETCTBYIOIINX XPAHEHUIO JIOTHYE-
CKOTO HYJISI, YBEJTMUUBAIOT TOJIIIUHY MTO[3aTBOPHOTO OKUCTA. JTO BEJIET K yBe-
JITYEHUIO TOPOTOBOTO HAMPSIKEHUST STUX TPAH3UCTOPOB, U TIPU MOAa4€e OOBIYHOTO
pabovero ypoBHs OHM OCTAIOTCS 3aKPBITHIMU. TakuM 00pasoM, IPU TPOU3BO/-
CTBE BCEU HOMEHKJIATYPBI MUKPOCXEM BCE TEXHOJOTHMYECKUE OIEPAIII, KPOME
OJTHON — HATIbIJIEHVE TIO3aTBOPHOTO OKUCJA, OYYT OMMHAKOBBIMI. [T 3TOTO
TpeGyIOTCST TOJMBKO Pa3indHbIe TMAOJIOHBI — MACKH, Yepe3 KOTOPbIe OCYIIecT-
BJISIETCS TIPOIIECC HATIBLIIEHUS.

3¥Y ¢ MacOYHBIM MPOTPAMMUPOBAHUEM OTJIUYAIOTCS KOMIIAKTHOCTbIO 3O
U, CJIeIOBaTeJIbHO, BLICOKMM ypoBHeM uHTerpanuu. O6gacTb npuMeHeHus
MacoYHbIX 3Y — XpaHeHUe CTaHAAPTHOU MH(MOPMAIIUK, UMeIOIIel MUPOKuii
KpyT motpebuteseil. B uactHoCcTH, MacouHbie 3Y UCIONB3YIOTCS st XPAHEHST
KO/IOB OYKB PYCCKOTO U JIATHHCKOTO aJi(haBUTOB, TAOJIHI] TUITOBBIX (hyHKI[HIT
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(cuHyca, KBaApaTHIHOM (DYHKIIUKE U JP.), CTAHAAPTHOTO MPOTPAMMHOTO 06e-
creYeHus U T.IL

4.2.2. 3Y tuma PROM

B 3Y tuma PROM mukpocxeMbl TPOrpaMMUPYIOT YCTPAHEHUEM WJTH CO3-
JlaHueM ClelalbHbIX epeMbiyek. [IoaTtomy aToT Buji 3Y 1103BOJISIET 3aHECTH
nHOOPMAIIIO TOIBKO OUH Pa3. B ncxoaHoIt 3aroToBKe NMEIOTCA (MM OTCYT-
CTBYIOT) Bce nepeMbluku. Ilocie nporpammupoBanust octaiorcs (MM BO3HU-
KaloT) TOJBKO HEOOXOMNMBIE.

YacTp nepeMblueKk yCTPaHSIOT IIPU IPOrpaMMUPOBAHUM 3Y € IJIABKUMU
nepeMbraKaMu. [Ipr 9TOM B MCXOTHOM COCTOSHUU 3Y MMeeT BCe MePEMBIUKY,
a IpU HPOTPAaMMHUPOBAHMU YACThb UX JMKBUIUPYIOT IIyTEM pacllJiaBiIeHUsI
UMITYJIBCAMU TOKA JIOCTATOYHO GOJIBIION aMIIUTY/IBI U JUTUTETbHOCTH. B 1exo/1-
HOM COCTOSIHUM 39D XPAHUT JIOTUYECKYIO eIMHUILY, /U1l 3allUCH JIOTUYeCKOTo
HYJISI TIEPEMBIUKY HEOOXOIMMO PACILIABUTD.

Cosnanne yacty 1nepemMblyek COOTBETCTBYeT cxeMaM 3Y, KOTOpble B UCXO/I-
HOM COCTOSTHUM MUMEIOT HETPOBOJSIINE MTePEMbIUKU B BUJE MAPbl BCTPEYHO
BKJIIOUEHHBIX JUOOB WM TOHKUX AMIJEKTPUUECKUX CJIOEB, MPOOMBAEMBIX
[Ipy IporpaMmMupoBanuu. B McXoaHOM cocToSAHNHU 1[enn BCeX 3allOMUHAIONINX
3JIEMEHTOB XPAHST JIOTMYeCKuil HyJib. [Ipu mporpaMmmMupoBaHuy Ha 3alIOMIHAIO-
U BIIEMEHT TIO/[AeTCsI HATIPSIKEHIE, TPOOUBAIOIIEe BCTPEUHBIH N0 WIIN I3~
JIEKTpUYeCcKYIo IlepeMbluKy. B pesysbTaTe cosaeTcs IpoBojsias nepeMbluka
1 3AIIMCBIBAETCS JIOTMYECKas e/[MHUTIA.

3arnoMrHaIOIIe 3JIEMEHTHI C TIJIABKUMU TIePEMbIYKaMU U TIapaMu JIMOJIOB
MTOKA3aHbl HA PUC. 4.5, @, 8 B MICXOHOM COCTOSIHUY U TIOCJI€ TPOrPAMMUPOBAHILS

Ha puc. 4.5, 6, 2.
8 2

a 6

Puc. 4.5. 3anomMuHalonyie 3J1eMeHThI ¢ IUIABKUMH IePeMbIYKaMI
U IHO/THBIMH NIAPaAMMU:
a, 6 — JI0 IPOrPaMMUPOBaHHst; 0, 2 — MOCJIEe TPOrPAMMUPOBAHMS

4.2.3. 3Y tunmos EPROM u EEPROM

B penporpammupyembrx 3Y tunos EPROM n EEPROM Bo3moskHO cTH-
panue ctapoii mHdOpPMAIUN U 3aMeHa ee HOBOH B pe3yJbTaTe CHEeIUaJIbHOTO
mporiecca. B 3Y tuma EPROM crapas nndopMmaris cTiupaercs ImyTeM 3acBed-
BaHUsI KPUCTAJLIA Y€Pe3 MIPO3PAYHOE OKHO MOIIHBIM YJIbTPAbUOIETOBBIM U3JY-
yennem. B 3Y tuna EEPROM cTupanue ocyIecTBIsieTCs Moaueil crenmnaib-
HBIX JIEKTPUIECKUX UMITYJIBCOB.

3alOMIHAOIINMHI 3JIEMEHTAMH COBPEMEHHBIX PEeIpPorpaMMHUPYEMbIX 3V
aBysores TpansucTopsl Thios JIM3MOII (nobasrenne JIM3 k 0603HaYCHIIO
MOIT npoucxomut ot cioB Jlapuauas Umkeknus 3apsaga) u MHOITL. MHOITI-
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TpaH3uCcTOp oTimyaerTcst oT 06braHoro MOII-TpaHsucTOpa ABYXCAONHBIM TIO/-
3aTBOPHBIM JIMaJieKTpUKoM. Ha moBepXxHOCTH KpUCTaia pAacIioosKeH TOHKUI
caoit puokcuaa kpemuust SiO,, najnee 6oJee TOJNCTHIH CIOH HUTPUAA KPEM-
nus SigN, (orciona 6yksa «H» B ab6pesuarype MHOII) u 3atem yike 3aTBOP
(puc. 4.6, a).

Wcrok 3arBop  Crok Wcrok  3arBop  Crok
O @ O Q @ QO

[InaBatomuii 3arBop

a 6

Puc. 4.6. Ctpykrypa MHOII-Tpansucropa (a)
u JIN3MOII-tpansucropa (0)

[Tpu cozmannu aeKTPUUECKOTO TIOJIS IOCTATOUHO BBICOKOI HAMTPSIKEHHOCTH
HOCHUTEJIN 3apsi/la MOTYT IIPOXO/IUTD Yepe3 TOHKYIO IIJIEHKY OKCH/a TOJIIUHOM
He GoJiee 5 HM ¥ CKAIJIMBATHCsI HA TPAHUIlE pas/esia cioeB. [locie cHTHsT aJieK-
TPUUECKOTO T10JIS1 3aPsijl OCTAeTCsl 3aXBaYC€HHBIM IIPUTPAHUYHBIM CJI0eM HUTPUIA
KPEMHUS U y:Ke He PACCACBIBAETCS. JTOT 3apsi/l U SIBJISIETCS HOCUTeneM nHMOp-
marm, xpaanmoit MHOIT-Tpansuctopom. B 3aBucuMocTi oT HalipaBJIeHHOCTH
9JIEKTPUYECKOrO IIOJISI MOKHO CO3/1aBaTh 3apsij ao6oro suaka. Jas MHOII-
TPAH3UCTOPA C 7-KAHAJIOM OTPUIIATEIBHBIN 3aps/l Ha TPAHUIlE pasjesia CJI0eB
MOBBITITAET TIOPOTOBOE HAMPsKEHNE (KOMIIEHCUPYET BO3/IENCTBIE TIOJIOKUTETh-
HOTO HAMpPsKEHWs Ha 3aTBOPE, OTIHPAIOIIETO TPAH3UCTOP). B pesyibrare pabo-
Yyue HANPSKEHUS Ha 3aTBOPE TPAH3UCTOPA HE B COCTOSHUH €T0 OTKPBITh.

[Tpu mporpaMmMupoBanuy 3Y MCHOIB3YIOT OTHOCUTEIHHO BBICOKHE HAIPSI-
skerust, okosio 20 B. Ilocne cHATUS HaPsKEHUS TTPOXOKAEHUE HOCUTEel
3apsaa yepe3 ANAIeKTPUK TIPEKpalaeTcs U 3ajaHHoe TPAH3UCTOPY OPOTOBOe
HanpsiKeHue octaetcss HeudMeHHbIM. 3Y Ha ocHoBe MHOII-Tpansucropos
MOKET XPaHUTH 3AMUCAHHYIO WH(MOPMAIHIO JecsTKaMu JieT. IToObl cTepeTh
3aMCaHHy 0 MHGOPMALINIO, HEOOXOINMO YAAJINTh HOCUTEH 3apsiia U3 TIPUrpa-
HIYHON 06s1acTi. J[J1s1 3TOTO TIOaeTCst HATPSTKEHNE, CO3AIONIEE STEKTPHUECKOE
0JIe TIPOTUBOIIOJIOKHON HAIPABIEHHOCTH, U HOCUTENN 3apsija uepes cioit Si0O,
BO3BPAIIAIOTCS B TIOJIYTTPOBOJHUK.

Tpausucropsr tuma JIM3MOII (puc. 4.6, 6) Bcerna UMEIOT Tak Ha3bIBae-
MbIii MJTaBAOIIUIT 3aTBOP, KOTOPBIA MOKET OBITh €IMHCTBEHHBIM MJIM BTOPHIM,
JOTIOMHUTETBHBIM K OOBIYHOMY YIPABISIONIEMY 3aTBOPY. 3/I€Ch Tak JKe, Kak
u B MHOII-Tpansucrope, B 06JacTh 3aTBOpa MOKHO BBOAMUTD 3apsil. TOIBKO
006J1acTh BBe/IEHUs 3apsijia IPEJICTABIIsIeT co0O0il He TPAHUILy Pas/iesia CJIOeB JAua-
JIEKTPUKA, & OKPY/KEHHYIO CO BCEX CTOPOH JIUAJIEKTPHUKOM ITPOBOJISIIY 0 06JIACTh,
HAa3bIBAEMYIO TIJIABAIONINM 3aTBOPOM. BBeIeHHBIN B Hee, Kak B JIOBYIIKY, 3aps/I
TakKe MOXKeT COXPaHATbCS B TedeHue ovyeHb JoJroro speMmenu. IIpu noxaue
Ha YTPaBJISAIONINH 3aTBOP, UICTOK U CTOK MMITYJIbCA TMOJOKUTENTbHOTO HATIPSIKe-
HUSA OTHOCUTEIBHO GOJBIION aMIuTyabl 20+25 B B 06paTHO CMEIIEHHBIX p-7-
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nepexojiaX BO3HUKAET JABMHHBIN 3JIeKTPUYECKU TpoOoil. YacTh 2JIeKTPOHOB,
UMEIOIUX HHEPTHUIO, JOCTATOYHYIO JIJIsT TIPEOJIOJICHUST TUAJIEKTPUYECKON 00J1a-
CTH, TPOHUKAET — UHICEKMUpYyemcs — B TIaBAIONTIH 3aTBOp. CHATHE BEICOKOTO
MIPOTPAMMUPYIOIIETO HATIPSIKEH ST BOCCTAHABJINBAET 0OBIYHOE COCTOSTHIE 00JTa-
cTell TPAH3WCTOPA U 3aITMPAET JEKTPOHDI B MJIABATOIIEM 3aTBOPE.

«3apspKeHHbIily Tparsuctop nogodro MHOII-Tpansucropy ocraercst Beerja
3anepthiM. [Ipy OTCYTCTBUY Ha TIJIABAMOIIEM 3aTBOPE 3apsijia TPaH3UCTOp pabo-
TaeT B OOBIYHOM KJIIOYEBOM peskiMe. TakuM 06pa3oM, B HCXOTHOM COCTOSTHUM
Bce 33, BoinosiHerHbie Ha ocHoBe JIM3MOII-rpansucropos, xpansr Jor. 1,
a TIPY TPOTPAMMUPOBAHNN B HUX 3aIlUCBIBAIOTCS JioT. (.

WudopMmatiust MOKET CTUPATBCS IBYMsI CTOCO0aMU — YIbTPa(UOIeTOBBIM
06JIyueHNEeM WJIH 9JIEKTPUYECKUMK CUTHAIAMM.

B nmepBom cayuae kopnyc MC umeer crennasbHoe TPO3pavHOe OKOITKO
IS OOJTydeHrsl KPUCTAMLIa. ITH JyYHd BBI3BIBAIOT B 00JACTSIX TPAH3UCTOPA
(HOTOTOKM M TemJaoBbie TOKH, UTO jejaeT obaacTu nmpubopa MpoBOASAIIUME
7 TI03BOJIAET 3apsAAy MOKHHYTD TIaBalomuil 3aTBop. Omeparus cTUpaHus
uHGOPMAIUHT TUM CIIOCOOOM 3aHUMAET JIECSITKE MUHYT, HH(MOPMAIUS CTHPa-
eTcs cpa3y BO BCEM KpHCTaJLIe.

BosnetictBue ydeii npuBOAUT K MOCTENIEHHOMY U3MEHEHUIO CBOMCTB TOJIY-
[TPOBO/IHUKOBBIX MATEPUAJIOB, IO3TOMY YHCJIO IUKJIOB I1€PEIPOrPAMMHUPOBAHNS
orpanmueno g0 10+100.

DJIeKTPUYECKOe CTUPaHKe MHPOPMAITNH OCYIIECTBISETCS MOJaueii Ha yIIpaB-
JISIONIME 3aTBOPbI HU3KOTO, @ HAa CTOKM — BBICOKOro HanpsikeHus. [Ipu atom
MOXKHO CTHPaTh WHGOPMAINIO HE CO BCETO KPHCTaaa, a Boibopouno. [liu-
TeJIbHOCTD TIPOTlecca CTUPAHUS 3HAUUTEbHO MEHbIIle, TI03TOMY IIUKJIOB Iepe-
MPOTPaMMUPOBAHIST MOKET OBITH Topasno 6ombime — 104+106. B To ke Bpemst
CXEMBI C HJIEKTPUIECKUM CTHPAHNEM 3aHIMAIOT GOJIBIIE MECTa Ha KPUCTAJLIE,
B CBSI3M C YeM YPOBEHb UX MUHTErpaIlii MeHbllle, & CTOUMOCTD BBIIIIE.

Crpykrypa Matpuiisl 39 Ha ocuoBe JIM3MOII-Tpan3ucTopoB aHajsornaHa
CTPYKTYpe, n300paskeHHON Ha puc. 4.4, 6. BbIGOpKa CTPOKKM MaTPUIIbI OCYIIECT-
BJISIETCSI TIOJIaueil UMITYJIbCOB B JIMHUU BBIOGOPKH, TIPH ITOM <«3apsiKEHHbBIE»
TPaH3MCTOPBI OCTAHYTCS 3aIE€PTHIMU, YTO COOTBETCTBYET JIoT. (), a «He3apsiKeH-
HbIe» — OTKPOIOTCS, YTO COOTBETCTBYET JIOT. 1.

4.2.4. DipLI-naMaTh

PaspaboTka (JaiI-iaMsATH SBUJIACh HAUBBICIIUM JOCTUKEHUEM Pa3BUTHUS
CXEeMOTEeXHUKH MOJYNPOBOAHUKOBBIX Tporpammupyembix 3¥. Ilo tuny 39
asur-namsaTh nogo6Ha mamaT tuira EEPROM ¢ a/leKTprYecKuM CTUpaHUEM,
HO WMeeT TeJBIH psifi ocobennocTell. B cxemax Guiami-maMsT He MpexycMo-
TPEHO CTUPAHUE OTAEJbHBIX CJOB, CTUPAaHUE WHMOOPMAIUK OCYIIECTBISIETCS
60 IS BCel TaMsSITH OJIHOBPEMEHHO, JIHOO JIJIS TOCTATOUHO OOIBIMTIX BIOKOB.

OnHoBpeMeHHoOe cTrpanue Beell nupopmaiun 3Y peaiusyercst Hanbosee
POCTO, HO MUMEET OJMH HemocTaTok. [Ipu 3aMeHe Jajke OJHOTO CJIOBa HEOb-
XOJIFIMO Tepe3anuceiBaTh Bcio wHbopManuio. [loaTtomy Hapsamy co cxemamu
C OJIHOBPEMEHHBIM CTUPaHUEM Beeil MHMOPMAIIUN UMEIOTCST CXeMbI ¢ OI0UHOI
CTPYKTYPOIi ¢ pasmepom 6yioka ot 256 Gaiit go 128 Kbaiir.
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JIByMs OCHOBHBIMH HaTIpaBIeHUAMU 3(HOEKTUBHOTO UCITOIb30BAH (JISIII-
HAMSITU SIBJSIIOTCST XPaHeHUe PEIKO U3MEHSIEMBIX [AHHBIX M 3aMEeHA MaMSITH
Ha MAarHUTHBIX AucKax. /1 mepBOTO HANpPaBJIEHUS WCIOJb3yeTcs @Padul-
namsims ¢ adpectHvbim 00Cmynom, a JIjist BTOporo — (ailiosas namsmo.

D3u-IaMATh € aZAPECHBIM JOCTYNIOM. MUKPOCXEMbI 3TOTO THITA MOTYT OCY-
[IECTBJISITH OZIHOBPEMEHHOE CTHPAHKE KaK BCell UHMOPMAIINH, TAK U OTAEIbHBIX
6JIOKOB. 3ammich U cTHpaHie WHMOPMAIIH OCYIIECTBISET HE TIPOTPAMMATOP,
a caM IPOIECCOP BBIYUCINUTETBHOTO YCTPOWCTBA B OOBIYHOM PabouyeM pexkume.
[l aTOTO (DIIAII-TTAMATH NMEET AOTIOHUTEIbHOE YIIPaBJIeHIe CI0BAMU-KOMAaH-
JIaMH, 3aIMCHIBAEMBIMU MIPOIECCOPOM B CIIEIUATIBHBINA PETUCTP MUKPOCXEMBI.
[Tpu mojave CIEMATHHOTO HAMPSIKEHUST TIPOTPAMMUPOBAHNUST cXeMa obecte-
YMBAET 3alUCh ¥ CTUPaHKe HHMOPMAIHH, & TIPU €r0 OTCYTCTBUU PabOTAET KaK
obbranast Mukpocxema [13Y. Tlepea mporpaMMupoBaHueM TPOTIECCOP CUUTHI-
BaeT U3 MUKPOCXEMbI KOJI — UAEHTU(PUKATOP, copepKaIIil Ko/l (GPUPMbI-U3TO-
TOBUTEJS W MIKPOCXEMBI. DT CBEJICHIIS MTO3BOJISIOT COTJIACOBATD aJTOPUTMBI
CTHPAHMS U 3AIVCH, YTO TIPOU3BOAUTCS ABTOMATUYECKU.

B pesknme mporpaMMupoBaHust paboTa MUKPOCXEMBI OCYIIECTBIISIETCST TIO]T
yIIpaBJeHueM BHYTPEHHEIO aBTOMATa, KOTOPBIil YIIPABJISIET CXeMaMU CTHPAHMS
U TIPOTPAMMUPOBAHNS MAMITH B COOTBETCTBHUH € KOJIOM KoMaH/EL. [To Komane
CTUPaHMsI CTUPAIOTCS BCe GaliThl MAMSTH MM BBIOGPAHHOTO GJIOKA, TTOCIIE Y€Tr0
BCE OHU JIOJKHBI OBITH TIPOBepeHbl. Eciin He Bce GalThI CTEPTHI, BBITIOTHSIIIOTCS
MOBTOPHOE CTHPaHue U nposepka. [IporpaMMupoBaHue aMsITH BeAeTCs OalT
3a Gaiitom. [Ipn aTOM TIpoBepsieTcst 3amncannas nHbopmarus. [Iporeccop cuu-
ThiBaeT n3 3Y 3anucaHHbIil GaliT U CPAaBHUBAET €10 C UCXOHBIM.

B cxemax ¢ 6;09HBIM cTHpanueM pasmep 6JI0K0B pasubiil. OauH 13 610KOB
NpeIHasHaueH [JIst XpaHEHUs TPOrPaMMHOTO obectieueHust 6a30BO CHCTEMBbI
BBOJIa,/BBIBO/Ia MUKPOTIpoiieccopHoii cucrembl BIOS, Heobxoanmoit st mpa-
BUJIBHOM 3KCILTyaTallMy CUCTEMbI, U alllapaTHO 3al[UIleH OT CIYy4allHOro
crupanust. B 3Y ectp Takike GJOKH TTapaMeTpOB ¥ TJIaBHbIE OJIOKH, He 3allii-
IEHHBIE OT CIy4ailHOTO cTUpaHus. [aBHble GJOKU XPaHSAT OCHOBHBIE YIIPaB-
JISIOIIUE TPOTPAMMBI, a OJIOKU APaAMETPOB — OTHOCUTEJBHO YaCTO MEHSIEMbIe
apamMeTpbl CUCTCMBL.

MDaiinoBas pudum-naMars. B TeueHe MHOTHX JieT XpaHeHue 00Jbimx 00b-
€MOB JIaHHBIX BO3JIATAJIOCHh B KOMITHIOTEPAX Ha XOPOIIO OTPabOTAHHBIE U CPaB-
HUTETHHO HeJOPOTHe BHemmHre 3Y Ha MarHUTHBIX AucKax. [Ipu aTom cuctema
NaMATH KOMITbIOTEpA OPTAaHM30BaHA KaK COYETAHUE KECTKOTO MarHUTHOTO
JicKa (BUHYECTEpa), XPaHsIIEro Bce MporpaMMHoe obectiedeHue, ¢ IuHaMude-
CKUM TIOJTynpoBOAHIKOBEIM O3Y, B KOTOpOE Te MJIN MHBIE TPOTPAMMEBI TIepe-
MUCHIBAIOTCS IO MEPE UX UCIIOJIb30BaHusl. Bundectep, Kak ajieKTpoMexXaHmye-
CKOE YCTPOMCTBO, UYBCTBUTENIEH K yAapaM, BUOPAIHSIM, IMEET OrpaHUYeHHOE
OBICTPOJIENCTBIE, CBA3AHHOE C HEOOXOAMMOCTBIO TepeMeleHns OI10Ka MarHuT-
HBIX TOJIOBOK, M 3HAUUTETbHOE TTOTPEOIEHNE MOIITHOCTH JIJISt BPAIEHUST IMCKOB.

QDaiinoBast GsMI-MaMITh TPUMEHSIETCS JIJIsI 3aMEHbBI JKECTKUX JTUCKOB,
a TakXe B ChEMHBIX (DIIalI-HaKoMUTe AX («IsmKkaxs ), (aan-kaprax coTo-
BBIX TesiechoHOB U M(pPOoBbIX oToamnmnapatoB. [lo cpaBHEHUIO ¢ BUHUECTEPOM
(aiimoBast (hIaII-TaMSITh B COTHU pa3 COKPAIIAET MOTPEGIISIEMYI0 MOIHOCTD,
MOBBIIIAET HAJEKHOCTb, YMEHbBIIAET Pa3Mepsl U Bec 3Y, HA HECKOJIBKO TTOPSI/I-
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KOB IOBBIIIAET ObICTPOJAEHCTBIE TIPU YTEHUN HaHHBIX. J[eficTBUTeNbHO, TTHTa-
HUe /IS TIOJYIIPOBOIHUKOBOM MaMsITH MOXKHO MOJABATh JIUIIb TOT/A, KOT/a
K Heil uaeT obpaienue, a A J0CTyna K 6JIOKY JaHHBIX JOCTATOYHO BBIUMC-
nuth agpec. TBepporenbubie aucku — SSD dusm-nakomureau (Solid-State
Drive) — cosgaiorcst Ha 6aze ynIoB (GJIsII-MaMATH, eMKOCTb KOTOPBIX K 2010 T.
nocrurana yxe 128 Tout B ogom unie. SSD (uiani-HaKOIHUTE b, COOPAHHBIT
13 MHOKECTBA YKIIOB, MOKET MMETh eMKOCTb B COTHM IMTabaiit.

BMmecte ¢ yMeHbIIeHIEM TEXHOJIOTMYECKONH HOPMBI PacTeT U eMKOCTh SSD
nakonureseir. K 2016 r. mogsunauch SSD nakonuresun ¢ eMKOCTHIO CBBIIIE
10 T6aiiT, HO M UX CTOMMOCTD YPE3BBIYANHO BEJIUKA, U OPUEHTUPOBAHBI OHH
He Ha PSAZ0BOTO MOTPeOUTe s, a Ha IPUMEHEHKEe B MOIIHBIX CepBepax.

IIpumep 4.1

Pazpabotars cxemy 13V ist xpanenist 8-GUTHBIX KOHCTAHT ¥ KOAOB ahaBUTHO-T(D-
poBbIX cMB0JIOB Ha ocHoBe UMC K155PE3, emkocts I[13Y — 128 x 8.

Pewenue. UMC K155PE3 — snekrprdecku niporpammupyemoe [13Y emkoctpio 256 6ut
n opraumzarmeii 32 x 8. {yst II3Y nonanoburces uerbipe UMC. Cxema UMC nipencrasieHa
Ha puc. 4.7, a. JIna soi6opku 8-6utHoro cosa ganubix u3 TMC HeoOXOAMMO IIATh apecHbIX
paspsinoB — Ay...Ay. Paspsizpl Ag, A5 0becrednBaiot ajipecariuio oHoi u3 etsipex IMC. s
unertudurarnu UM C reobxonnm aByxpaspsiabiil gemmdparop. [pu noxave aapeca Oyer
BBIOMPATBCS COMEPIKIMOE OIHON sTueiiku cpasdy Bo Beex yerbipex IMC. BbIxojibl KOHKpeT-
Hoit UMC nozkmoyatorest B mmHe Janubix D;...Dy naBepcHbiM curianoM OF (HU3KHil ypo-
BEHb), BbIPAGOTKA KOTOPOTO OYET OCYIECTBIATHC 110 cUrHaly R B uerbipex cxemax M-HE.
Cxema I13Y npezcrasiena na puc.4.7, 6.

R A4-A0 D7-D0
A |ROM| D
5 0 0
1 1 8
2 2
3 3
4 4
5
A |ROM|D g
— O
19 9 . Q0E
—2 2
— 4
DC |0
g A57 1 1 |-
5 A6 2 2 A |ROM| D
“[0E 3 5 10 0
1 1 8
2 2
a 3 3
4 4
5
z 6
el |
6

Puc. 4.7. Cxema UMC K155PE3 (a) u II3¥Y 256 x 8
Ha 6aze UMC K155PE3 (6)
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4.3. 3anoMuHaloLUMe YCTPOICTBA ANA XpPaHEHUA
onepaTMBHOI MHChopMaLuK

4.3.1. Cratnueckne 3Y

O6sacTh TPUMEHEHUsT OTHOCUTEBHO TOPOTOCTOSAIINX CTATHYECKUX 3V
B cucTeMax 06paboTKu HHGOPMAIINU OMPEIEISAETCS UX BBICOKUM OBICTPO/IEH-
cTBUEM. B 9acTHOCTH, OHU TMUPOKO MPUMEHSIOTCS B KITI-MAMITH, KOTOPas
[IPU CPABHUTEJHHO MAJIOI eMKOCTHU JI0JIKHA MMETh MaKCUMAJIbHOE ObICTPOIEN-
CTBUE.

Crarnyeckue O3V, Kak 1mpaBuiio, uMeloT cTpykrypy 2DM. B kauectse 39
B HUX HCIOJIb3YIOTCS] TPUTTEPBI € TEMSIMU YCTAaHOBKH 1 cOGpoca (puc. 4.8).

1PO |:=|_||_V_7'"1 VYE—L-'H T LH|P1
I J oA

V5 I:;I_VTZ VT4 _|;<_—1 :
.

Jlvaust
BBIGOPKU

Puc. 4.8. Cxema TPUITEPHOTO 3aIlIOMHHAIOIIETO JIEMEHTa CTaTHYecKux 3Y

Takoii Tpurrep 8 KMOII-texHosioruu cogepkut 6 Tpansuctopos. Ha yeTsi-
pex BBIIOJIHETCA caM 39, a [Ba CJYsKaT [ BBIOOPKKU 3D M YTEHUS /3alUCH.
Kommnemenrapusie mapst Tpausuctopos VT, VI2 u VI3, VT4 pabortaioT mpoTu-
BO(hA3HO: eyl OTKPBIT OIMH TPAH3UCTOP, APYroii — 3aKpbiT. OHU COCTABISIOT
TIJIeYV TPUTTEPA, KOTOPbIE Takke paboTaioT mpotuBodasHo. [lycTs, HamprmMep,
B jieBoM Iiede Tpausuctop VI1 otkpsiT. Toraa Boicoknit moreHnuait ot +Uqc
yepes VTl nonaercst Ha 3aTBOpBI TpausuctopoB VI3 u VT4. Ilpu atom Tpan-
suctop V13 3ammpaercs, a VI4 — otkpwiBaercs. HUskuii moTeHmas Kopiryca
yepes oTKpbIThI VT4 nogaercst Ha 3arBopbl TpansuctopoB V11 u VI2 u noj-
nep;kuBaeT oTkpbiToe coctogHue VIl u 3akpoitoe VI2. Ecin ske TpaH3uCTOP
VT3 Gymer oTKpBIT, TO OYAyT 3aKpbIThl Tpausuctopbl VI u VT4, a Tpansucrop
VT2 — OTKpBHIT, IOJIEP;KUBAst OTKPbITOE cocTossHUe Tpan3ucropa V13. Takum
06paszoM, 39 MOKET HAXOUTHCS TOJTBKO B IBYX YCTOMUMBBIX COCTOSTHUSIX. Eciti
OoTKpHIT Tpausuctop VT1, To 3D xpanut Jor. 1, ecan ske OTKPBIT TPAH3UCTOP
VT3 — to sor. 0. Tpausucrtopsr VI5 u VI6 cBoOMME 3aTBOPaMK HMOIKJIOYEHBI
K JINHUN BBIOOPKU U OTKPBIBAIOTCS TIPH TIOJIa¥€e B Hee BHICOKOTO MOTEHIIMATA.
[Tpu orkpeiTin TpansuctopoB VIS u V6 noTenimaiei ¢ miedeii 33 MOCTYNAIOT
Ha paspsanbie muHbl [IIP1 u [TPO.

Jliist Toro uToGe! iepeBectr 339 B MPOTUBOIOJIOKHOE COCTOSTHUE, HA THHY
IIP1 uam [ITPO nopaercs norenmua Jor. <0», a B JIMHUIO BHIOOPKKA — BbICOKUI
noreHIual, orkpeiBaonuii Tpansucropsl V1o u VI6. [lycrs, nanpumep, 39
xpauut «1», T.e. VI'1 u VT4 — otkpsiTsl, a VI2 u VI3 — sakpsiTsl. [logaya sor. 0
ot mmabl [ITPO gepes otkperTeiii VIS Ha 3atBOpbl Tpansuctopos VI3 u VT4
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TMPUBOIUT K 3anupanuio Tpausucropa V14 n ornupanuio VI3. B pesynbrate
BBICOKMH ypoBeHb Hanpsukenus +Uqq, noctynusmuii yepe3 VI3 Ha 3aTBOPHI
VT1 u VT2, sakpeizaer VTl u ornmpaer VI2. Takum o6pasoM, TpUrrep nepexo-
JIUT B TPOTHBOIIOJIOXKHOE COCTOSHIE, COOTBETCTBYIONIECE XpaHeHuo Jior. (.

Crartnueckne O3Y sHeprosaBUCUMbI — TIPU CHATHU MUTAHUST UHPOPMa-
1usl B TpUrTepHbIX 39 Tepsiercd. MoKHO pujiaTh UM 3HEPrOHEe3aBUCUMOCTD
C TIOMOTIIBIO PE3EPBHOTO NCTOUYHIMKA TIUTAHMSL. ITO Hanbosee TPUTOTHO st 3Y
na KMOII-seMenTax, Tak Kak OHU B PEKMME XPaHEHM II0TPeOISIOT YPE3BhI-
yalfHO MaJIyl0 MOIIHOCTb.

Kaxk ussectno, C, seimonnennsie o KMOII-texnonoru, He crocoOHbI
paGoTaTh Ha €MKOCTHYIO Harpysky (cM. maparpad 3.4), mM09TOMY OILHUM
13 HampaBJIeHWH pa3BUTHA cTatndeckux 3V apisgerca coBmenienne KMOII
n OunossApHON TexHooruil B ogHoil MIC. B takux Mukpocxemax mMarpuia 39
BormosHsiercst 10 KMOTI-TexHOIOrnH, a BBIXOIHBIE KAaCKa/Ibl — MO GUITOISPHOI
TEXHOJIOTHH, 00eCTIEUNBAIOIIEN GoJiee BRICOKOE OBICTPONEHCTBIIE MUKPOCXEMbI
n s pexrTrBHYIO paboTy Ha eMKOCTHYIO HarpysKy.

4.3.2. Innamuueckue 3Y

B munammdeckux 3Y mannble XpaHATCS B BHUJe 3apAnoB emkocteit MOTI-
CTPYKTYP, U OCHOBOI 33 SIBJISIETCS MPOCTO KOHAEHCATOP HEGOMBIIOH eMKOCTH.
Taxkoii 39 3HauuTENBHO MPOIIE TPUTTEPHOTO, COjlepsKalero 6 TpaH3UuCTOPOB,
YTO TIO3BOJISIET PA3MECTUTD Ha KpUCTaLTe HaMHOTO 6obiite 39, B To ske Bpemst
KOHJIEHCATOP CO BpeMeHeM Her30esKHO TepsieT CBOM 3apsijl, U XpaHeHue JaHHbIX
TpebyeT WX TEPUOANIECKON pereHeparui (HeCKOJbKO MUJIITHCEKYHI).

DJIeKTpUYecKass cxeMa OJHOTPAH3UCTOPHOTO 3 TOKa3aHa Ha puc. 4.9, a.
3anomuHaonmii Kouzercarop C, o6pasyercsi MEKIY CTOKOM TPAaH3UCTOPA,
He MMeTOIIero BHEIIHETo BBIBO/IA, M TTO/TOXKKOH, T.e. KopirycoM. JIoT. 1 cooTBeT-
CTBYeT 3apsKEHHON eMKOCTH, a Jor. 0 — pa3psizkeHHON. TpaH3ucTop oTkIoYaer
3aMIOMUHAIONINI KOHIEHCATOP OT JiMHuM 3arucu/cunteiBanus (JISC) wmm moa-
KJTIOYaeT ero K Hetl.

w, [EH

c b e
Cs Cr[ :

I—H  HARTTTTEn e A o
a0 ap, , [ HE 2
: JIB o0md e e

3ammch «1»| 3amncs «0»

a 0—3/—0—3/—| 8

Ueer :7
“ UBI)IX yC
6

Puc. 4.9. lunamuyeckoe 3Y:
3aroMuHAoIK 21eMenT (a); hparment cxemsl (6);
rpaduK, MOSCHSIONNIT ITPOIecC CUNTHIBAaHUS (8)

JI3

Yrenne 0
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39 06pasyioT MaTpuIly, OAUH CTOJAGEI KOTOPOil mokasaH Ha puc. 4.9, 6.
KirroueBbie TpaH3UCTOPBI CBOMMH 3aTBOPAMU TIOIKIOYEHBI K JIHHUSIM BEIOOPKU
(JIB), KoTOpbie 06pasyoT cTpoKH MaTpuilsl 39. VICTOKM TPaH3MCTOPOB, KOTO-
pbie 00pasyIoT cToNGIBI MaTpullbl, ToakIoueHbl kK JI3C. Takum obpaszom, 39
BKJTIOUAIOTCST HA TIEPECEUEHUN CTPOK U CTOJIOIOB.

B pexmMe xpaHeHUs KJI04eBOii TpanaucTop 3anept. [Ipu 3amcn Ha 3aTBOP
TpaH3ucTopa BHIOPAHHOTO 39D IMOJAETCsT OTIHPAIOIIee HAIPSIKEHIe, TPaH-
3MCTOP OTKPBIBAETCS, M Yepe3 OJIMH U3 3alUChIBAOINX KJoueil eMmkocTh C,
mbo 3apskaetcst 1o manpspkenust Upe (dor. 1), mubo paspsikaercst Ha KOp-
myc (Jor. 0). IIpy 9TeHNN TPaH3UCTOP OTKPLIBACTCS U €MKOCTD TOAKIIOYACTCS
k JI3C. [Ipn aToM B 3aBHCHMOCTH OT TOTO, 3apsKeHa MM Pa3psKeHa eMKOCTD,
norenimasn JI3C nsmensgercs mo-pasnomy. JI3C cama mMeeT HEKOTOPYIO EMKOCTD
C,, KoTOpas 1epezl MOAKII0YeHNeM K Heil 39 3apsiKaeTcs /10 OTEHIINAIa, PaB-
HOTO I0JIOBUHE YPOBHS TUTAaOero Hanpsikenus (puc. 4.9, 8). Ecau emkoctb
39 6bura sapskena (Jor. 1), To yacTb 3apsaga neperexaer B JI3C u ee morenmuan
nosbimaercs. Ecim sxe 39 0b11 paspsizxken (sor. 0), To yacts 3apsaa ¢ JI3C mepe-
TeKaeT B eMKOCTh 33 1 moTennuas JISC nonmkaeTcs. Y CUINTENTh CAUTHIBAHUS
Y C Bocnipunnmaet notennuai JISC u opmMupyeTr BBIXOHON CUTHAIL.

Kak BHUIHO M3 ONMMCAHHBIX MPOIECCOB, 3apsa 3D MPU YTCHUH M3MEHSETC,
MO9TOMY MMOCJIE€ UTEHUsT €r0 HEOOXOANMO BOCCTAHOBUTD. JIJIsT 3TOTO B MUKPO-
CXeMe UMEOTCs CIelUalbHbIe YCUITUTEH-PEereHepaTopbl, KOTOPbIe aBTOMATHYe-
CKHU [0 OCTATOYHOMY 3apsifty C, ONPELEISAIOT, KaKoB OblT 3apsijt 3D 10 4TeHuUsI.
Ecan 39 xpammn jor. 1, o na JI3C ycranasmamBaeTcs: BLICOKUI yposeHb, u C,
JI03apsIKAeTCs /10 eIMHUYHOTO TIOTeHIInaa, eciu ke 39 xpanu Jior. 0, na JI3C
yCTaHaBIWBAETCA HYJIeBOH ypoBeHDb 1 C, TIOTHOCTLHIO pa3psiKaeTcs.

Yceunurenn-pereHepatopbl 00€CMednBaOT BOCCTAHOBJEHUE JaHHBIX
He TOJIBKO ITOCJIe OTIePAINY YTEHH, HO U B PeKMe MTePUOITYeCKOH pereHeparim
JaHHbIX Beex 39. B kakmoM cronbie MaTpuilbl 39 €CTh CBOIl yCUJIMTENb-pere-
HEepaTop, M0ATOMY pereHepalust OCYIIEeCTBISCTCS IIOCTPOYHO U OJTHOBPEMEHHO
17151 BeceX 39 OHOHM CTPOKH. PesknM cTpOUHOH pereHepaiiny OCyIecTBISEeTCs
C TIOMOIIBIO ITUKJIOB YTEHUS 10 BceM cTpokaM MaTpuiibl 3. IIpu atom mportece
HE COMPOBOK/IAETCS BbIIaueil JAaHHBIX HA BBIXOAHbBIE OY(hEpD, a MEeJTUKOM TIPO-
xonut BHYTpH 3Y. VCmomb3yioTCs TOMBKO aapeca CTPOK, a agpeca CTOIOIOB
He TpeGyIoTCs.

Monynp mamMsTH Ha OCHOBE AMHAMUYECKUX 3Y COCTaBJIEH M3 OXHOPA3-
PSMHBIX MUKPOCXEM, YMCJIO KOTOPBIX PABHO Pa3psIHOCTH XPAHUMBIX CJIOB.
OTHOCUTEJIBHO BXOJIHBIX CHTHAJIOB BCE MUKPOCXEMbI BKJIIOYEHBI TTAPAJJIeIbHO.
B paGouem peskume MOYJIEM YIIPABJSIET TPOIECCOP, @ B PEKUME pereHepa-
[N — CTEeNNAIbHBIN KOHTPOJIIEP. B HEKOTOPBIX 3Y cXeMBbI pereHepanuu 1aH-
HBIX PeaJN30BaHbBl HA CAMOM KPUCTAJJIe TTAMATH U KOHTPOJIIEp pereHepariii
He Hy’keH. Takne 3Y Ha3bIBAIOT K8AUCMAMUUECKUMU.

CoBpeMeHHBbIe MUKPOTIPOIIECCOPBI XapaKTEPU3YIOTCSI BBICOKUM ObICTPOEi-
crBreM. DTo Tpebyer yBenrudeHust ckopoctu pabotsl O3Y, 0OMEHUBAIOIIIXCST
undopmaiueil ¢ npoueccopamu. Oco6eHHO OCTPO dTa 3ajadya CTOUT IHEPE]
paspaborunkamu auHamudecknx O3V, koTopbie Gaarogapst MaKCHMAaTbHOM
NHGOPMAIIMOHHON €MKOCTH ¥ HU3KOM CTOMMOCTHM 3aHMUMAIOT Beaylee MecTo
B COCTaBe MaMSATH KOMIIBIOTEPOB. B mocienmee BpeMs MpeIoKeH P BapH-
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auToB auHamMudeckux O3Y MoBbIIIEHHOTO GbICTPOAEiiCTBIA. MeTOIbl, UCIIOJb-
3oBaHHble B 3TX O3Y, OCHOBaHbBI Ha MPEAONOKEHUNI O KYUHOCMU A0pPecos
npu obpamtenusax k O3Y. [leficTBUTENBHO, KOMaH/IbI IIPOrPaMMbI OOBIYHO pac-
nonaraioress B O3Y KOMIAKTHO, KOMaH/a 32 KoMaH/10i. TOUuHO Tak ke pacrio-
JIaraloTCs U MACCUBBI JTAHHBIX.

ApXuUTeKTypa, TeXHOJOTUSI U CXEMOTEXHUKA IMOJYITPOBOJHUKOBLIX 3Y
MOCTOSHHO pasBuBaioTcs. ITokosenns auHaMudeckux 3Y CMeHsoTCs npudJIn-
3UTEJNBHO Kaskable 1aTh jieT. B 1990 r. gomunuposaiu 3Y emkocrbio 1 Mourt,
B Hayaje 3TOTO BeKa B OCHOBHOM HCITOJIb30BAJINCH MUKPOCXeMbI 3Y € eMKO-
crbio 64 u 128 M6ut. K 2010 r. Beaymue GupMbI-POU3BOAUTETNH MUKPOCXEM
MaMATH OCBOWJIM BBIIIYCK YHUIIOB €MKOCTBIO B 4 T'6ura. Yucjo TpaH3ucTopos
B HUX CTAJIO COCTABJISITH yiKe Oosiee 4 MIIp/l. DTO TIO3BOJIIIIO CO3/IaBATh MOJLYJIH
ornepaTUBHON MaMsTH eMKOCTBIO B 4 ['GaliT iU ycTaHOBKE YKMITOB Ha OJHOI CTO-
poxe Moy maMaTh U 8 ['6aiiT — 1Ipu ABYXCTOPOHHEIA.

K 2016 r. mosiBusMch MOy TN TaMsTH eMKocThio 128 T6aiit, opreHTHpOBaH-
Hble Ha MCI0JIb30BaHMe B cepBepax. JTa MaMsATh COOTBETCTBYET HOBOMY CTaH-
napry DDR4, orsmuaiotniemycst 60jiee HU3KUM HANPSKEHUEM TIHTaHust U OoJiee
BBICOKOI TAKTOBOW 4acTOTOH. DTO O3HAYAEeT MOBbIIIEHUE OBICTPOAEHCTBUS
BBIYKCTUTEBHBIX CUCTEM € OJIHOBPEMEHHBIM CHIKEHUEM 9HEPronoTpedIeHusl.

4.4. Mukponpoueccopbl

Tepmun «Mukpornpoieccops mogpuicst B Hadase 70-x rr. XX B. u crat
HACTOJIBKO TOITYJISPHBIM, YTO CETOHS TPY/IHO BCTPETHUTH YETOBEKA, KOTOPBII
€ HUM He 3HaKOM. MUKPOTIPOTIECCOPHI SIBJISIOTCS OCHOBOI JII060TO KOMITBIOTEPA,
Ha HUX OCHOBaHa paboTa pazHooOpasHbIX cucTeM 06paboTKM MHMOpMANun,
CUCTEM YTIPABJICHUS TEXHUYCCKUMU CPEJCTBAMHU, TCXHOJOTHMYCCKUME MPOIIeC-
caMu. MOJKHO CKa3aTh, 4YTO UMEHHO MUKPOTIPOIIECCOPBI 00ECTIEYIIN TPOHUKHO-
BEHUE BBIYNCIUTENHHON TEXHUKU B CAMble PasHOOGpasHbie chephbl JKUSHI.

Muxponpoyeccop (MII) — nporpaMMHO-yTpaBjsieMoe yCTPONWCTBO, OCY-
IECTBIISIONIEE TIPOTIECC 00PAbOTKY 1M POBOIT MHMOPMATIUH U YIIPABIECHUE UM,
rocTpoeHHoe Ha ofHoit niau Heckoabkux bUC/CBUC.

Ocnosnoe otsimune MII ot Bcex panee paccMOTPEHHBIX ITUMPOBBIX YCTPOHCTB
3aKIovaeTcst B crocobe 06paboTku mHbopMaun. B o6baHBIX 1HGPOBHIX
YCTPOICTBAX — IIOC/AEL0BATEIBLHOCTHBIX MU KOMOMHAIMOHHBIX — 00paboTKa
BXOJHBIX CUTHAJIOB OCYIIECTBJSACTCS aNllapaTHO, U Pe3yJbTaT OMpeaessIeTCs
CXeMOI COeIMHEHNS PA3INYHBIX 3JIEMEHTAPHBIX Y3JI0B — KOHBIOHKTOPOB, JAN3b-
IOHKTOPOB, TPUTITEpOB 1 T.4. B MII nportecc 06paboTkn mHGOPMALIUKT OCYTIIECT-
BJISICTCS NPOZPAMMHO, T.€. TTyTEM TI0CJIeI0BATETHHOTO BLITIOTHEHIS dIeMeHTap-
HBIX ACHCTBUN — Komano npozpammol, 1 pe3yabTaT 00pabOTKHU ONPEAEIACTCS
9TOI TporpaMmoii. Pertaemast 3aiaua, TakuM 00pa3oM, 3aaeTcsi IPOTrPaAMMOI,
a caMW armmapaTHble cpecTBa (MUKPOIPOIECCOP W HAGOP JOTONHUTETbHBIX
NC) ocratorcss HeM3MEHHBIMH. JTO OTIpeieiIeT YHUBEPCAIbHOCTh YCTPONCTB
u cucrteM Ha ocHoBe MII.

MII nosiBusnch, KOrfa ypoBeHb Pa3BUTHSI MUKDPOJIEKTPOHUKHU TTO3BOJINI
B onHoil MIC pa3MecTHTDh BCe y3JbI, HEOOXOAMMbIE st PAGOTHI YCTPOHCTB
MPOTPAMMHOI peasiu3aliuu aaropuTMoB. Takue ycTpolicTBa Ha3bIBAJIKUCH MPO-
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neccopamu. I[Iporeccopsr 9BM, BvIoHeHHbIE HA TPAH3UCTOPAX, a 3aTEM
U Ha 9JIeMEHTaX MaJiol U CPeAHEeN CTeleHy MHTerpalii, IPeACTaBIsIn coboii
nesble mKadel, HaunHenuble miatramu. bV C, BeimosHsoONMe Bce GYHKIUN
mpoiieccopa, MycTh U HAJL CJI0BAMU MAJION Pa3psiTHOCTHU, MOJIYIUIN Ha3BaHUe
<«MUKPOIPOTIECCOPBI», a 3JIEKTPOHHbBIE CUCTEMBI, TJIABHBIM BBIUUCIUTETHHO-
YIPABJISIONUM Y3JI0M KOTOPBIX siBisieTcst MII, ctanu HaspiBaThCst MUkponpo-
UCCCOPHBIMU CUCTNEMAMU.

B coctaBe MUKpPOTIPOIIECCOPHOI CHCTEMBI BCET/Ia MOKHO BBIJIETUTD MUKPO-
IBM u nabop ycmpoiicme 6600a,/6vi600a nHGopMaiu (IIOCKOJIbKY OHU HaX0-
JSATCs 3a ripejiesiaMu MUKpoD BM ux HasbIBatoT snewnumu ycmpoticmeamu (BY)).
Kpome mukporpoiieccopa B MUKpoIBM BXOAT Takke maMsaTh U yCTPOMCTBA,
HEMOCPEJICTBEHHO B3anMOEHCTBYIONME ¢ BHEIHUMHU yeTpoiictBamu. Habop
MUKPOCXeM, TIPUTOHBIX JIJISI COBMECTHOTO MTPUMEHEHUS B cOcTaBe MUKPODBM,
HazbIBaloT MUKporpoiieccopibiM komiiektom bBUC/CBUC (MIIK). Muxkpo-
cxembl, Bxozsiue B MITK, MOTYT GbITh BBITTOJHEHBI IO Pa3JIUYHBIM TEXHO-
JIOTUSIM, HO OHMU JIOJIKHBI OBITH COBMECTUMBI 110 aPXUTEKTYPE, AIEKTPUUECKUM
mapaMeTpaM, KOHCTPYKTUBHBIM MMPU3HAKAM.

[TpuBeneHHOE BBINIE KIACCUUYECKOE OIPeIeJeHne MUKPOIpoIieccopa ObLIo
c(OpMYINPOBAHO, KOTZIA MUKPOTIPOI[eCCOPHAs TeXHUKA TOJIBKO HaulHAJA pas-
BuBaThbcs. [Ipu aTom cpasy Hamerusinch jABa HanpasyieHus. Ilepsoe — paspa-
60TKa OfHOKpUCTATbHBIX MII, BTOpOoe — MHOTOKpUCTANbHBIX. B 0lHOKpHCTAIb-
Hbix MII Bce asemenThl mpoiieccopa pasmerasiuck B ognoit BUC, npu atom
pa3psaHOCTh 06pabaThIBAEMBIX CJIOB cocTaBisima 1 Gafit, a cucreMa KOMaH[
Oblia pas u HaBcerga safannoit. dtu MII Bomonssucs mo MOII-rexHonoruu,
KOTOpasi B TO BpeMsI He MOrJia 00ecednTh BBICOKOTO ObicTpoeiicTus. Bosee
6pictpozeiictByiomumu Obin C #a ocrose TTJIII-TeXHOIOTHM, HO YPOBEHD
WHTETPAINU B TO BpeMsI He T03BoJIsT B 01HOH VIC cOBMeCTUTH BCe y3JIbI TIPO-
nieccopa. Torza cxema mpoieccopa Oblia pasjeJieHa Ha 4acTi — CEKITU HeGOIb-
moi (2 6uTta) paspsIHOCTH, OCYIIECTBIAIONIE Gosee deMeHTapHbie (deM
KOMaH/1bl) JIeCTBUS — MUKPOKOMaH/Ibl. Kask/asi ceKiimst BBIIOJIHSIACh B BUJIE
orzesnbioil BUC. Tlyrem mocsieioBaTeIbHOTO UX COEIUHEHS] 0OECeunBaIOCh
HapaluBaHue pPaspsiIHOCTH 06pabaThiBaeMbIX CJIOB. [/t BHIPAOOTKYI KOMAH/I,
CKJIAJIBIBAIOTIIUXCS U3 MOCTIEI0BATEILHOCTH MUKPOKOMAH/], pa3padaThbIBaINCh
apyrue BUIC — 610Kk MUKDPOIIPOrpaMMHOTO yiipaBjieHus. Takum oOpasom,
4T0o0BI COGpATh cXeMy Mpoiteccopa, TpedboBanoch Heckoabko BUC. Takue MII
Ha3bIBAJIMCh MHOTOKPUCTA/IbHBIMHU.

B nacrosee Bpems yposenb pazsutust KM OII-TexHosornu cTam HacTOJbKO
BBICOK, YTO OIHOKpHUCTabHble MII TpakTHYeCKN BHITECHUIN MHOTOKPUCTAITh-
Hble 13 OOMbITMHCTBA 00JaCTell NPUMEHEHNsT, OCTABMB 32 HUMU Y3KYyI0 00J1acTh
CTEIMATTU3UPOBAHHON BBIYUCIUTETHHON TEXHUKH.

4.4.1. CTpyKTypa ¥ NPUHIUIBI pabOThI
MHKPOIIPOIIECCOPHOIi CHCTEMBI
CrpykTypa J11060ii MUKPOIIPOLIECCOPHOI CHCTEMBI SBJISIETCI MAZUCTRPATDHO-
MOOYAbHOT. DTO O3HAYAET, YTO B HEW MOKHO BBIIETUTH HAOOP MOAYJIEH —
YCTPOICTB, TOAKIOUYEHHBIX K OOIIMM MarucTpaJisiM, HazblBaeMbIX mnHamu. [Tz
WUHOU TIOHUMAIOT HAOOP JIMHWUH CBSI3U, TIO KOTOPBIM TIePeaaeTcst HHMOPMATTHsT
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OTPE/IEIEHHOTO TUTIA, OCYIIECTBISIETCS OOMEH HHPOPMAIIHEH MEKITY Pasind-
HBIMU MOJIYJISIMH CUCTEMBIL.

O6061eHHasT CTPYKTYpa MUKPOTIPOIIECCOPHOI CHCTEMBI TIPECTaBIEHA
Ha puc. 4.10.
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Puc. 4.10. CTpykTypa MHKPONPOLECCOPHOI CHCTEMBI

JI106y10 MUKPOTIPOIECCOPHYIO CUCTEMY MOKHO TPEJACTaBUTh KaK MUKPO-
IBM wu Habop BY. Ilox BY nmoHuMaoT ycTpoiicTBa IBYX THTIOB:

yCTpoiicTBa BBO/A,/BHIBOA WH(MOPMAIINH, 0GECTETNBAIOIINE BHIYUCTUTEb-
HBIII TIPOIECC U CBSI3b € OEePaTopoM (MOHUTOP, KJIABUATYPA, BHEIIHUE 3aI10-
MUHAIOIIME YCTPOUCTBA U T.IL.);

ycTpoiicTBa, obecreunBaone ypaBieHne TEXHUIECKUMHU CPEACTBAMU
TEXHOJOTUIECKOTO 000PYIOBAHSI, CTAHKAMH 1 T.1I.

Kpome MII, koTopbiii Tak:ke HA3bIBAIOT YEHMPALbHHIM NPOUECCCOPHLIM
anemenmonm, B cocra MUKpoIBM Bxozar 113V, O3V u a0k unmepdgpeiica. 113y
obecrieunBaeT XpaHeHHe HEM3MEHIEMbBIX TTPOrpaMM paboThl cucteMbl. Ecin 310
YHUBEpcaJbHas CHCTeMa THIA MePCOHAILHOTO KOMIbIoTepa, To B II3Y xpa-
HUTCS porpaMma 6a3o0Boil cuCTeMbI BBOJIA/BbIBOAA, 0OecTieunBaomast hyHK-
IIMOHMPOBAHNE U HAYAJIbHYIO 3arPy3Ky CUCTEMbl — MHUIMaM3anuio. Eciu ato
CHEIaTN3UPOBAHHAS CHCTEMa, THUIIA YCTPONCTBA YHCJIOBOTO IIPOTPAMMHOIO
ympasienust, To B [13Y 3aHocuTCs Bce MpoTrpaMMHOE 0GecTiedeHne CHCTEMBL.
O3V mnpennazHaueHo JJs XpaHeHusi nHGOPMAIIUK, KOTOPast MOKET M3Me-
HSATHCSI B TIPOTiecce paboThl CUCTEMBI. DTO MOTYT OBITh JAaHHBIE, TPOMEKYTOU-
Hble Pe3YJIbTAThl BBIYMCJIEHUI U TTPOTPAMMBI, MCTIOTHSIEMbIE B TEKYTIIUI MOMEHT
BpeMeHH. B mPOCTHIX crcTeMax 3TO TOJIBLKO BXOAHAS HH(MOPMAIINS U TPOMEXKY-
TOYHbIE PE3YJIbTATBL.

Becnh o6men undopmanuein MIT ¢ BY ocymiecrsasiercs yepes 610K MHTED-
(eiica. BY nepenator nannbie u3 BHemrHed cpeasr B MIT nian O3V nian nomy-
yaioT ux u3 MukpoIBM. [lnsg noakiaiouenuss BY k MuxpormpoiieccopHoit
CHCTEME €r0 CUTHAJIBI, CKOPOCTh Tepeaadn nadopmainu, Gopmar cioB Heob-
XOJIIMO TIPUBECTU K CTAHIAPTHOMY BHJLY, ¢ KOTopbiM pabotaer MII. Bee atu
Mpeobpa3oBaHNs TAHHBIX BBITOJTHSIIOTCS B nHTEPGeiicHoM 60ke. DakTmyueckm
610k nHTEpdeEiica T0 HAGOP PABIUUHBIX Y3JI0B — A0ANMePos 1 KOHMPOLIEPOS.
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Croxuble BY, Tuma MoHUTOpA MJIM HAKOTIWTENEN HA MAarHUTHBIX JMCKAX MOJI-
KJTIOYAIOTCST Yepe3 KOHTpoJsiepbl BY, KoTopbie 06ecneunBaroT He TOJIbKO Mpeod-
pasoBaHne MaHHBIX, HO 1 yIpasieHne camumu BY. OH1 Ha CTPYKTYpPHOIT cxeme
He TIOKa3aHBbl.

BsaumoeiicTre y3108 MUKpoDBM Mesky cob0i 0CYIIeCTBISETCS ¢ TOMO-
mbIo Tpex muH: wunvt aopeca (1TA), wunvt dannoix (I11) u wunvt ynpasrenus
(IITY). Yrobsr MII Mor oiHO3HAYHO BBIGPATH HYKHYIO SUEHKY TaMSITH WIN
peructp BY, onun umeror agpeca. Anpec siueiiku (peructpa) nepegaercst ot MI1
B aMsTh uin wHTepdeiicubiii 610k mo ITA. IITA ogHOHaMpaBIeHHas, TaK KakK
HarpaBJieHue repeiadu nHGOPMaIMK 1o Hell ToJIbKo 0100 — u3 MIIL. B otimune
ot nee I1/] aBisgeTcsa AByHANpaBIeHHOI, TaK Kak Tepeava JaHHBIX 110 Heil ocy-
mectBisgercs Kak us MII B mamars u unrepdeiic, rak u naobopor. IIA u II/]
COCTOAT M3 MapaJIJIeTbHBIX JUHNMN, Tepefada NHGOPMAINH M0 KOTOPBIM OCY-
IIECTBJISIETCS OTHOBPEMEHHO I/l BCeX JIMHUM (TI09TOMY Ha PUCYHKE 3TH IITUHBI
0603HaYeHbI IMUPOKUME cTpesikaMu ). Yuco munnii [T onpenensercs paspsii-
HocThio MII, a IITA — oObeMOM HaMSITH, T.€. PaspsAHOCThIO JBOMYHOIO KOJA,
He0OXOIMMOTO [I7TsT afpecanuy Beex staeek. [I1Y cocTonT 13 OTaenbHbIX JTUHHI,
110 KOTOPBIM Ie€pe/laloTCs Te NI MHble YIIPaBJIsIone CUrHaabl. EctecTBeHHO,
YTO OHU MEPENATOTCST He OMHOBPEMEHHO, T0aTOMY Ha puc. 4.10 IIIY o6o3nauena
Y3KUMHU cTpesikamMu. B ocHOBHOM aT0 curHasbl, riepesiaBaembie u3 MII B ocTasb-
HbIe Y3JIbI, HO HEKOTOPBIE MMEIOT 06paTHYI0 HarpaBieHHoCTs — B MII. ITpnme-
POM IIE€PBBIX MOTYT CJIY>KUTb CUTHAJIbI UTEHUS U 3aIIUCH, YKA3bIBAIOIINE, KAKYIO
MMEHHO CJIe/TyeT BHITIOTHATD OMEePAINIo ¢ S4eiKoi, apec KOTOPOH BLICTABICH
Ha [ITA. Ko BTOpBIM OTHOCST OCBEIOMUTEIbHBIE CUTHAJIBI 3aITpoca 06CTysKIBa-
Hug, Toctynaorue ot BY, a Takske curnan copoca MI1 B HauasibHoe (HyJieBoe)
COCTOSTHUE.

Bremriie ycTpoiicTBa B 3aBUCHMOCTH OT crtocoba mepefadn nHbopMamun
pasIessIIoTCs Ha [iBe GOJIbIINE TPYIIBI: YyCTPOHCTBA, 0OMEHUBAIOIIMECS TTapal-
JIETBHBIMU CJIOBAaMU TaHHBIX (HA puc. 4.10 OHU MOAKIIOUEHBI K TTapasieabHON
IIUHE), U YCTPOlicTBa, o6MeHUBatoOecst MHGOPMAIMEH B TTOCTIEA0BATEIbHOM
KOJI€, T.e. TIOCJIeI0BATEIbHO, OUT 32 OGUTOM (MOIKJIIOUEHBI K OJHOIPOBOIHON
muHe, 0003HAYEHHON Y3KOii CTPEJIKOii).

OcnosubiMu y3namu MIT asistiorest yempoiicmso ynpasnenus (YY), pezucmp
rxomano (PK), dewugpamop xomanod (LK), apudpmemuxo-rozuueckoe ycmpoii-
cmeo (AJLY), pezucmp ¢aanckos (PD), nabop suympennux pezucmpos, pasje-
JIieMbIX Ha adpectvie pezucmpot (PA) u pezucmput dannvix (P1), npozpammiwiii
cuemuux (I11C), ycmpoticmeo ynpasarenus wunamu (Y YIII).

Koopmaunanust paboThl BCeX Y3JI0B B COOTBETCTBHU C BBITIOJTHIEMOM KOMaH-
noit ocymectsisiercs: Tpemst yanamu: Y'Y, PK u JIIIK. PK obecnieunsaer xpa-
HeHVe KOMaH/Ibl B TeUYeHHUe Bcero Iukia ee ucnonuenus, a JIIK Bomonaser
pacudpoBKy Kojia 9TON KoMaH/bl. Y'Y BbIpabaThiBaeT CEPUIO UMITYJIHCOB,
obeceynBaoIMX MOCTIEI0BATENBHOE U CIakeHHOe cpabarbiBanue y3iaos MII
B COOTBETCTBUM C BBINOJHAEMONW KOMaHI0#. [/ BBIPaOOTKY YIIPaBJISAIONINX
UMITYJTBCOB Ha BXOJ Y Y TOCTYMAIOT UMITYJIbChI CHHXPOHU3AIUU OT BHEITHETO
rereparopa. Takoii reHepaTop MokeT ObITh Takske BcTpoeH B YY. Kpome ympas-
JIeHWsS BHYTPEHHUMU y3jamu, Y'Y obecliednBaeT MPUEM U BbIayy BHELNIHUX
YIPABJISIONINX CUTHAJIOB.
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AJIY obecrieunBaeT BBIIIOJHEHHE BCEX OTEPaIHii, ¢ TOMOIIBIO KOTOPHIX 0CY-
HmIecTBIgeTCS mepepaboTka faHHbIX B MII. OHO MOKET BBIIOJHATD HECTIOKHBIE
apudMeTHyecKe, IOrnIecKe 1 CABUroBbie onepaii. Kosnuectso onepandos,
T.e. JIBOMYHBIX YKCeJI, HaJl KOTOPBIMU BBITIOJIHAIOTCS feficTBust B AJIY, Mmoxker
KoJ1ebaThest 0T OJHOTO A0 ABYX. Hanpumep, npu nHBepTupoBaHuu (Jormde-
ckoe HE) AJIY noctaToqHO OZIHOTO OTIepaH/ia, a JIJIsl OTlePAIH CJIOKEHUS JABYX
qrces HeoOXOAMMO JIBa omepanzia. [lepedeHn omepariuii, BoIogHsIeMbIX AJTY,
sagucut ot Tuna MIL. [lns GoabumuacTBa MIT B8 AJTY BBINOJHAIOTCS Caey-
fole onepauu: cjaokeHue, Bpruntanue, gorudeckue U, MJIW, HE, uckio-
yatoree MJIN (cymma o MozyJiio 2), cABUT BIIPaBO, CABUT BJIEBO, CJIOKEHIE
¢ exuHUIEH (MHKPEMEHT), BBIYUTaHUE eUHUIBI (JileKpeMeHT). CIosKkHbIe apud-
MeTHUYeCKHe ollepaliy, Takue Kak yMHoKeHue u ieserne, AJIY He BbIOJIHSIET.
B saBucumoctn ot pesynbrata oneparuu AJIY dhopMupyeT PU3HAKN PE3YTh-
Tara, Ha3blBaeMble @uaxckamu. ITU IPUSHAKKU MCIOJIb3YIOTCS HE B TEKYIIEH,
a B TIOCJIETYTONTUX KOMaH/aX, MoITOMY il uX Xpanenus B MII ncnosib3yercs
PO.

Peructpsl — cocraBHas n oueHb BakHasd yacts MII. Kaxaorit pernctp MIT
MOKHO MCITOJTb30BATh JIJIsi BDEMEHHOTO XPaHEHUsI OJTHOTO CJIoBa JlaHHbIX. Heko-
TOPbIE PETUCTPBI UMEIOT CIIEIUANbHOEe Ha3HAUEHWe, IPYTHe — MHOTOIIeIeBOE.
Buyrpennue PA u P/l sBasiorcs BuyTpenneit namsatbio MII. PA ucnosnbsy-
I0TCST JIJIT BDEMEHHOTO XPaHeHUs JBOWYHBIX YHCeJI, ¢ TOMOIIBI0 KOTOPhIX MII
BBIYKMCJISIET aJpeca siueek MaMsTH, K KOTOPbIM OH o0palaercsi B Ipoliecce
paboThl. PJI UCTIOMB3YIOTCS KaK Ui HEMOCPEACTBEHHOTO XPAHEHHS OTIEPAH/IOB,
Tak U /I BeruucjaeHus ajapecos stueek O3Y, xpansdimmx onepanibl. Yepes P/I
TakKe ocylecTBisieTcss oOMen unpopmanueii Meskay MIT u BY. Tlporpamm-
HBII CUETUUK CJYKUT JIJII XpaHEHUs ajipeca STYeliKu aMsaTH, B KOTOPOH Xpa-
HUTCSI OUepe/iHasi UCIIOJTHsIeMasi KOMaH/[a TPOTrPAMMBbI.

Boinosnss nporpammy, MIT o6pabaTbiBaeT KOMaHAy 32 KOMAaHIOI, KOTOPbIE
00BIYHO PACTIONATAIOTCS B sTYEHKaX MaMSITH [MOCIEA0BATENbHO OfiHA 34 JPYTOM.
Komanza 3a/1aeT BBINIOJTHIEMYIO OIEPAINI0 U COMEPKUT CBEJIEHUS, T/le HaXo-
JIATCS OTlepaH/ibl. BhimosiHeHne KOMaH/ bl MOKHO pa3OuTh Ha jiBe (a3bl: (pasy
BBIOOPKK KOMaHAbl U (asy ee ucionnenus. Ilepsag dasa HauMHAETCA € TOTO,
yro MII BeictaBisier na IIA comep:xkumoe IIC, xpansiiero ajgpec sidaeiku
naMsT ¢ ouepesiHoil komanoi. Cojepskumoe stueiikn BeictaBisgercs Ha [11/],
MII cuntsiBaet undopmanuio ¢ IIIJ] n momentaer komanay B PK.

Bropas ¢asa sakiodaercsa B cOOCTBEHHO BBIIOJIHEHUN KoMaHbL. IIpu aTom
cuavara MII mosxen moarotoButh onepanibl. OnepaHbl MOTYT XPAaHUTHCS
kak B camoM MII, Tak u 8 O3Y. B nepBom ciryyae OHM XpaHATCS B PErHCTPax
nauHbX, 1 MII MokeT mepexonuTh K HEMOCPEICTBEHHOMY NCIOJHEHUIO MaTe-
MaTUYECKOW MJIM JIOTUYECKOHN OTlepaliui B COOTBETCTBUM C KOJIOM KOMAH/IbI.
Bo Bropom cayyae MII nosken crnagama BeraucanTh aapec sueiiku O3Y, xpa-
HSIIEN OTepaH/I, TOTOM BBICTaBUTE ATOT ajipec Ha IITA u cuuraTh copepkrmoe
ykazauHoi suyeitku O3Y, ¥ TOIBKO 3aTeM BBITIOJTHUTH ONepaInio. BeimosHenne
omnepaiuu ocyiectsisercsa B AJIY, mociie 4ero pesysibrar J0JKeH ObITh TIoMe-
IIIeH Ha MECTO TepBOro onepanzia. Ecjiu 9To 0JlUH U3 BHYTPEHHUX PETUCTPOB
MII, pe3yabTar cpasy ke NePenuchiBaeTCsS B 3TOT PETUCTP, €CTH ITO sSUeifka
03Y, tpebyercs ere OUH UK 0OparieHust K mamsitu. TakuM o6pasoM Bpemst

195



HCTIOJTHEHUST KOMAH/IbI 3aBUCHUT OT KOJHMUYECTBA IIMKJIOB 0OpAIEHUsT K TTaMSITH,
U CaMBIMU KOPOTKUMU SIBJISIOTCST T€ KOMaH/Ibl, B KOTOPBIX OTIePaH/Ibl XPAHSITCS
HenocpencTBeHHO B MII.

Bo BpeMs BbIIIOJIHEHNUS KOMaH/AbI IIPU KaxaoM oOpatteHun MII k mamsaTu
nporpamm cozepxknmoe IIC aBTOMaTHMUecKn yBeIWYMBAeTCS HA €IUHUILY.
Komanzibl MOTYT 3aHMMAaTh He TOJIBKO OJIHY STYEHKY TaMsITH, a /IBe U Jlake TPH,
MPU 3TOM, 4TOOBI CUUTaTh BClo KoMauay, MII mo/keH HECKOTbKO pa3 obpa-
TUTHCS K MAMSTU MTporpaMM. B pesysibrare B KOHIlE BBIITOJTHEHUST KOMAHIIbI
B IIC yxxe xpanuTtcs ajgpec cieayiomnieii, 1 MII ToToB K BBITIOTHEHUTO OY€PEAHOM
koMaHibl. OTCI0Ia ¥ Ha3BaHUE TOTO PETUCTPA — «IIPOTPAMMHBIN CHETUIK.

Peructp IIC xpanut ajapec ciexyionieil BLITTOTHAEMON KOMaH/ABI TOJIBKO
B CJIyyae eCTeCTBEHHOTO TOPSIZIKA CIe/JOBAaHUST KOMaH/I IIPOTPAMMbI — KOMaH/Ia
3a KOMaH/0H. B ciydyae pasBeTBIeHNS aArOpUTMa B 3aBUCHMOCTH OT BBITIOJN-
HEHUsI MJIM HEBBITIOJHEHUS 3a[aHHOTO YCJI0BUsT HEOOXOANMO UATH MO OHOI
13 /IByX BeTBel mporpaMMbl. Takue pa3BeTBICHHUSA BBHITOJHSAIOTCS C TIOMOIIBIO
KOMaH/l yCJIOBHOTO Tiepexozia. [ljist aToro B KoMaH/ie yCJI0BHOTO Tiepexo/ia 3ajia-
eTcs TpoBepseMoe YCIOBHMe M YKa3bIBaeTCA aapec KOMAH/bI, ToJIesKaneit
WCIIOJTHEHUIO B cjlydae BBIITOTHEHUsT ycaoBus. [Ipu HeBbIloJHEHUN yCI0BUS
COXpaHseTCs eCTeCTBEHHBIH MOPSAOK CJIe0OBAHNUSI KOMAHJ, T.e. BBITTOTHA-
eTcsl cyIenyrolas 1o mopsiky KoManaa. Tak Kak azpecarus OCylecTBISeTCs
Yepe3 MPOrPAMMHBIN CUETUUK, TO MPHU BBITIOJHEHUN 3a[aHHOTO ycaoBus B [1C
3arpyskaeTcsl aJipec, YKa3aHHbIII B KOMaH/Ie, €CJIU Ke YCJIOBUE He BBbIIIOJIHS-
eTcs, TO ajpec cieayloniell KOMaHBI OKAa3bIBAETCSA yKe C(HOPMUPOBAHHBIM
B IIC. IIpoBepka Tex iy MHBIX ycaoBuil B MII 06bIuHO 3aK/II09aeTCs B aHa-
JI3e TIPU3HAKOB PE3yJIbTara, KOTOPbie OB C(hOPMIPOBAHBI TIPH UCTIOTHEHUH
IIpe/IbIIYIIell KOMaH/Ibl U COXPaHEeHbl B perucTpe (uaskkos.

B mportecce paborsr MII nocrosinio obparaercs k 1ITA u I/, Tlepexaua
nudopmanun BHyTpu MII ocyuiecTBisiercst 10 BHyTPEHHUM HIMHAM, KOTOPbIe
HETOCPEeICTBEHHO He CBJ3aHbI ¢ BHENTHUMY IMTMHAMU. J[J1s1 TTepeaun afpecoB
u ganubpix u3 MII Bo BHemHue muHbl U pueMa ganupix ¢ I/ 8 MIT Heo6-
xoaumo Gydeproe yerpoiictBo, Kotopsim cayskut Y YII. B mpocreiitiem ciry-
yae — 970 HabOp OY(DEPHBIX PErUCTPOB, yipasasieMbix Y Y. BydepHblii peructp
ajipeca IPUHUMAET JJaHHBIE C BHYTPEHHEH IIMTHBI 1 XPAHUT €70 B TeUeHUe 1TUKI
obpaliieHust K mamsaTi uian BY, mpu aToM ajpec uepes BBHIXOJHbBIE KACKA/IbI
peructpa BbicTaBsieTcs Ha [ITA. Bydepuslii peructp JaHHBIX — JABYHAIIPaB-
JIEHHBIH 1 MO’KeT Kak Ilepe/laBaTh JJaHHble ¢ BHYTPEHHell IINHbI BO BHEIIHIOW,
Tak 1 TpuHUMATh uX ¢ BHentHeil [11/] u mepesaBath BO BHYTPEHHIO. DTH PeTH-
CTPBI UMEIOT TPEThE COCTOSTHIE U MepeBoisATcs B Hero, korna MIT ¢ IITA w 1T/
He pabGotaer. B Gosee croxubix MII B cocras Y VIII, momumo GydhepHbIX, BXO-
JMT HAOOP BHYTPEHHUX PETUCTPOB, HEKOTOPBIE aJPECHDIE PETUCTPHI U KOMOMHA-
nuonHbie cxembl. Takoe YYIII paboTaer caMmocTosITe/IbHO, 0OecedynBast B3au-
mozierictue MII ¢ BHeNTHUMU IITUHAMM.

4.4.2. PexxuMbl 00MeHa B MUKPOIIPOLIECCOPHOM CHCTEME

B nporiecce paboTbl B MUKPOIIPOIIECCOPHOIT CHCTEME MTOCTOSIHHO TIPOUCXOAUT
obmen mHbopmanueit mexxay MII u BHemHuME yeTpoiicTBamu. [Ipu aToM BO3-
MOJKHBI TPU peKrMa 0OMeHa:
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* [IPOTPAMMHO-YIIPaBJIsIeMbIi 0OMEH;

* oOmen o nnunuatuse BY ¢ npepoiBanueM pa6otsr MIT;

o 06MeH Meskay BY U maMsATbhio B pesKuMe TIPSIMOTO JIOCTYTIA K TTaMSITH.

Haubostee npoctoit — npozpammio-ynpasisemvlii oomen. B aToM pexnme
B3anmozieticteue MII ¢ BY ocymectsasgercs no nnnnuaruse MII B mpotecce
BBIIIOJIHEHUS] OCHOBHOII 1TporpaMmbl. Mmetorest BY iByxX THIIOB: Beerjia roTOBbIe
K 0GMEHY U He BCeT/ia TOTOBBIE K 00MeHy. B mepBoM ciryuae 0OMeH OCyIIecTBIIsI-
ercsa 6es 3agepxkku. Bo BTopoM — MII BbIHYKIEH 0KUIAaTh TOTOBHOCTH YCTPOIi-
cTBa K oOMeny. [Ipu aToM mporpamma He BoinosHstercss, MIT xaet nosiBieHust
curHasa rorosHocT BY k 00MeHy, 1 TOJIBKO MOCJIE €r0 MOSBJIECHUS BBIIOTHSIET
onepaiio obMena. Tak kak MII B 9T0 BpeMst He BBITIOJIHSIET MOJIE3HOI PabOTHI,
a ero GpIcTposeiicTBUE TOpas3fo BhIle ObICTpomelicTBUS BY, Takoit pesxnm
0oOMeHa CONPSIKEH ¢ HEITPOU3BOANTEIbHBIMU TTIOTEPSIMU BPEMEHHU.

O6Men 110 unnnmaTse BY ¢ npepvieanuem padomor MII Goiee nmpoussonu-
TeJIbHBIN, Tak Kak BpeMd oxxkuganusa MII uckmouaercs. [Ipu cBoeit roroBHOCTI
K oOMeny BY coobmaer 06 stom MII crienuaibHbIM CUZHAIOM 3aNpOca npe-
poisanus. TIporieccop 3aBepiiaeT BHIMTOJTHEHNE TEKYIIENH KOMAHIbI TPOrPaMMBbI,
BBIJIACT CUZHAL NOOMBEPIHCOEHIUS NPEPHIBAUSL U TIEPEXOANUT K BBITTOJHEHUIO TIO/I-
nporpamMMbl obMera ¢ BY. Drta noanporpaMMa HOCUT HazBaHUe 1n0ONPOZPAMMbL
obcayrcusanus npepvieanust. YTo6b HAYATH BBITIOTHEHIE TIOTPOTPAMMBI I0CTa-
TOYHO ajipec ee TepBoi komauel 3arpy3uth B IIC. Ho B pedysbrare BbInONHE-
HUS MPOrPaMMBbI COIEPKUMOE BCeX BHYTpeHHUX peructpoB MII yike He Oymer
COOTBETCTBOBATH TOMY, 4TO OBLIO B MOMEHT TipepbiBanust. [[0aTOMy BO3HUKAET
HEOOXOANMOCTh COXpaHeHus: cocTosiHust MIT Ha MOMEHT MpepbIBaHUS B OTIe-
PaTUBHOM MaMATH, YTOObI MOXKHO OBLIO BEPHYTHCS K MPEPBAHHOIN OCHOBHOI
nporpamme. /11 9TOro B MUKPOIIPOIIECCOPHBIX CUCTEMAX MCIIOJb3YeTCsT TaK
HaszbIBaeMast cmexogas namsmo. CTek — 910 06JacTh TAMSITH, 3alUCh B KOTO-
PYIO M CYUUTBIBAHWE OCYIIECTBIISETCS IO PUHIIAITY «ITOCJEHITH TTPUTIIEN — Tep-
BbIN yures». IIporece GyHKIMOHUPOBAHUST CTEKa HAIIOMUHAET paboTy ¢ Tau-
KOI JIOKYMEHTOB, KOT/Ia KaK/[bIil HOBBII IOKYMEHT KJIAJIETCS CBEPXY MAuKH, T.€.
CaMBbIii TIEPBBIiT TI0 BpeMEHH OCTYIIJICHIS JOKYMEHT OKA3bIBAETCS B CAMOM HU3Y
[AYKU U €ro PACCMOTPEeHUe ITPOUCXOJUT B MOCJIEHIO o4Yepe/lb, B TO BpeMs
KaK MOCTEHNN TOKYMEHT PacCMaTpUBaeTCs B MEPBYIO ouepesib. TouHo Tak ke
B CTEKOBYIO TTAMSITh OCYIIECTBJISIETCS 3arpy3ka JaHHbIX. [Ipu epexoe oT Teky-
Imeit IPOTpaMMBbl K porpaMme 00CTyKIUBaHUs TIPEPhIBAHS COIEPKIMOE HEKO-
TOPBIX aJipecHbIX perrncTpoB MII 3aHOCUTCS B CTEKOBYIO MaMsATh aBTOMATHYe-
CKU. 3aIUCh COJEPKUMOTO OCTATBHBIX PETHCTPOB JIOJBKHA OBITH MPELYyCMOTPEHA
B HayaJjie MPOrpaMMbl 00CIYKUBAHUS IPEPHIBAHKS C TIOMOIIBIO CHEIHATbHBIX
KOMaH/[ paboThl cO cTeKoM. [Ipu 9TOM B KOHIIE MPOrPAMMBI JOJIKHBI CTOSITH
KOMaH/Ibl, 00€eCcIednBaole BOCCTAHOBIEHNE COCTOsIHUST pernctpos MII.
[TopsAmox, B KOTOPOM OCYIIECTBJISETCS N3BJICUCHHE COEPKUMOTO PETUCTPOB
U3 CTEKOBOW MaMSITU U 3allUCh €r0 00PATHO B PETUCTPBI, COOTBETCTBYET MPUH-
IIUTY <ITOCJCTHW TPUIIES — TEPBBIH YIIes.

[list paboThl co cTekoBoil namsAThio B MII ecThb clienuaibHblil PerucTp —
yxasamenv cmexa (Y C). ITOT PErucTp BCEr/la COAEPKHUT aJPec «BepXHeii»
(110 aHATIOTHE CO CTOTIKOM IOKYMEHTOB) 3arpy KeHHON SUYeiKH CTeKa, Ha3bIBae-
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Mol BepimmHOif cTeka. Ha puc. 4.11 mokasaHbl mpoIieccs 3ancy U M3BJICYCHUS
JTAHHBIX M3 CTEKA.

[Tpu BKJIIOUEHWH CJIOBA IAHHBIX B CTEK MTPOMCXOANT aBTOMAaTHYECKOE YMEHb-
menue cojepxkumoro YC Ha euHUIly, a IPU U3BJICUEHUN — yBeIUYCHUE
Ha exuauIly. Takum o6pasom, mpu paboTe co cTeKoBOH maMsaThio MIT He HYKHO
BBIYUCJISATH a/[pec STYEHKU TaMsITH, TaK Kak OH Bcerna nmeercs B Y C.

l Hal’[p'dB]IeHVIe BO3pacCTaHuA

B caenyiomeit onepargim a/[PeCcoB MaMSITH
BKJIIOUEHUS JITAHHBIE

MMOMEIAIOTCS CIoJ[a —»

PR Ilocnennmit o
Bepumna creka —- | M5 HeMIéHT ~<— B caenyroreii oneparmi

U3BJIEYEeHHbIe [aHHbIe
GepyTcst oTciona

DJIEMEHTBI BKJIFOUAIOTCS
B CTEK

N DJIEMEHTbI U3BJIEKAIOTCS
13 CTeKa

Wcxonnoe cocrosiHne —=
yC

Puc. 4.11. Hpoueccm 3allUCH JaHHBbIX B CTEK U U3BJICYEHUA U3 CTEKA

[TpuunHOI MpepbIBaHKUS B MUKPOIPOIECCOPHBIX CHCTEMAX MOKET OBITH
HE TOJIbKO TOTOBHOCTDH MeJJIeHHO jieficTBytomero BY k o6meny. IIpepoiBatiue
MOKET OBITh BBI3BAHO AECHCTBUSIMMU OlEpaTopa, KOraa BO3HUKAET HeOOXOau-
MOCTH BMEIIIAThCS B XO7 YIIPABISIEMOTO TIpoliecca. B pexxnme npepbIBaHMs OCy-
mecTBIsieTcs Takke pabora MII ¢ pasnuYHBIMU TEXHOJOTUYECKUMHU YCTPOT-
CTBAMU M CHCTEMaMU B CJIy4yae BOSHUKHOBEHMS aBAPUITHBIX CUTYAIINH.

Pesxim o6MeHa BHETITHETO YCTPOUCTBA C TAMSITBIO 6 PENCUME NPSIMO20 00CMYyna
x namsmu (IJI11) umcnonb3yercs mpu nepepavde 60bimx 06beMoB nHMOP-
maruu. Hanpumep, B pexxume I1/[I1 ocymectBisgercs nepepaua nngopmaiuu
mexkay O3Y u BrentHelt maMaTbio. Ecn 661 Takoi 0OMeH OCYTIeCTBISIICS O]
ynpasserneM MII, To Kak10€e CJI0BO JaHHBIX CHaYa a HeoOX0AMMO OBLIO MPO-
yuTaTh U3 MamM4aTu 1 nomectuth ero B MII, u Tospko 3atem u3 MII nepenarn
npueMuuky — peructpy BY. Takoii o6Men oTpe6oBat Gbl CIUIITKOM GOJIBITIX
HEINPOU3BOIMTENbHBIX 3aTpat BpeMeHu. B pexxume [1/[I1 npoucxoaut nepenaua
JIAHHBIX MesKY namMsaThio u BY 6e3 yuactus npoieccopa. Ipu atom MIT orkiro-
YaeTcst OT IIUH ajipeca W JaHHBIX 1 BECh MPOIecC 0OMEHa OCYIIECTRISIETCS TT0]]
yipasJjenueM crenuaibHoro kontposuepa II/III. TIpoucxoaur BpemeHHbI
3axeam cucmemmulx wur co croponsl BY, namsaru u kourpoJiepa 1111 Pesxxum
[TJII naumnaercs ¢ Toro, uto BY curnammsupyer 1mpoieccopy o CBoeM < Kesa-
HUW»> HAYaTh OOMEH C MaMsATHIO BbIIAYEH cuznara sanpoca 3axeama wun. Ecin
POIIECCOP pa3pelnaer Takol 0OMEH, OH BBIJACT CUZHAL PASPEUCHUS 3AX6amd,
OTKJIIOUAEeTCs OT CUCTEMHBIX HIMH U TlepesiaeT yipaBieHue koutposepy IIIL
B pesxume II/I11 Boitava gannubix Ha /] ncrouynmkom u cunteiBanme nx ¢ /]
MIPUEMHUKOM TTPOMCXOJUT B OJTHOM IIUKJIE 3aIIUCH/YTeHUsA. 32 cUeT yCcTpaHe-
HUS OJ{HOTO JIMIIHETO [UKJIA 3a1I1CH/YTeHNS 3HAUNTEeIbHO YBEJIUYNBALTCS TeMII
nepeaun JaHHbIX.
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4.5. OgHokpucTanbHblit Mmukponpoueccop Intel 8086
(K1810 BM86)

B macroamee Bpemsa ogHokpucranbasie MII ¢ ¢pukcnposannoil cuctemoit
KOMaH[l U (DMKCUPOBAHHOM PAa3PSTHOCTHIO CaMble PACTIPOCTPAHEHHbIE B CPEJI-
CTBax BBIYMCJIUTENbHON TEXHUKU. B cCBOeM pa3BUTUU OHU TIPETEPIIENN TIeJIbIi
PSIL CXEMOTEXHUYECKUX M aPXUTEKTYPHBIX YCOBEPIIIEHCTBOBAHUIA, OJIHAKO 6Ga30-
Basi CTPYKTYPa M OCHOBOIIOJIATAMOIINE IPUHITMITBI UX PaGOThl OCTAIKCH TPEIK-
HuMu. V3y4arh MUKPOIPOIECCOPBI JIydIlle BCETO Ha KOHKPETHOM OOpasiie.
B kauectBe Takoro o6pasia 661 BeiOpan MII Intel 8086 u ero poccuiickuii
aranor K1810 BM86. dtor MII 6s11 paspabdoran B Korte 1970-x rr. Mmenno
C €ro TOSBJEHUEM Hadaliach WHTEHCUBHAsE KOMIIbIOTEpU3AIns Bcex obacteit
JIeSITeIbHOCTH, BKJII0Yast HayKy, IPOU3BOJCTBO, MEIMIIUHY, 0Opa3oBaHUeE 1 IIPO-
CTO OBIT.

MII Intel 8086 6bL1 co3man I MCIOAL30BAHKMS B KauecTBE IIpoLeccopa
B TIEPCOHATIBHBIX KOMITbIOTEpax. ITOT MII — 16-pa3psaHbiii, 109TOMY €ro BbIUUC-
JINTEJIbHBIE BO3MOKHOCTU CTAJIU COBMECTUMBI C BO3MOXKHOCTSIME TIPOIECCOPOB
6ombiiux IBM. B Hacrostiiiee BpeMst B KOMITbIOTEPAX UCMOJIB3YIOTCS TOPA3IO0
6omee momtuabie MIT, a chepoit ucnosbzosanust atoro MII ocraiorest cpecTsa
aBTOMATU3AIUU TIPOU3BOJICTBEHHBIX TIpoIieccoB. ONHAKO UeH, 3aT0KEeHHbIE
B HEM, TPOJIOJIKAIN Pa3BUBaThes B rocsaenytomux turnax MIT — 80186, 80286,
80386, 80486 (obparute BHMMaHKE Ha ABe mocaeanue nudpsl kaxmgoro MII).
MII Pentium tak:ke MOKHO cuuTaTh AaynbHeium pazsutrem MIIT 8086, u nep-
BOHAYAJILHO OH A0JKeH Obl uMeTh mmdp 80586. B HEKOTOPHIX JMTepaTypHBIX
ncrouHnkax Bece cemeiictBo MII Pentium takske nipoxoaut roj Homepamu S0...86.

4.5.1. Crpyxrypa MII Intel 8086

Kak m3BectHO, niepest TeM kak MII HaymHaeT BBITOMHATD KOMAHIY, OH JI0JI-
JKEH ee CYMTaTh U3 naMmsatu nporpamm. B repsbix MII niporiecest utenust oue-
penHoi KOMaH/IBI M ee BBITOJHEHNS TMPOW3BOANINCEH TOCTIEI0BATEABHO PYT
3a apyrom. B MII Intel 8086 Brepsbie 6bLT MIPUMEHEH MPUHIIUI COBMENIECHST
BO BPEMEHU BBITIOTHEHHUST OUEPETHON KOMAH/IBI ¢ BLIOOPKOH CIIenyioneit. ITOT
MPUHIIAT TTIOJYYNJT Ha3BaHUE KOHGEUepH020 U ObLI TIOJOKEH B OCHOBY PaboThI
Bcex nocyenyfonux tunos MII. [/las atoro MII (puc. 4.12) pasnesen Ha aBa
CPaBHUTEJIbHO HE3aBUCUMBIX YCTPOHCTBA: onepauuonnoe ycmpoticmeo (OY)
u wunnvid unmepgetic (111).

OV ocymiectBiisieT BBINIOJHEHWE Ollepanuii (MaTeMaTU4ecKuX, Jornde-
CKUX U T.JI.), 3aJlaHHbIX KoMaunoit. [IIunnbit nuTepdetic BbIOMpaeT KOMaHIbI
13 NaMsITH [IPOrPaMM, CUUTBIBAET ONEPAH/bI U3 NaMsITH uian BY, 3anuceiBaer
pesyabrarel. Oba ycTpoiicTBa paboTaioT mapauirensHo, i moka OY BHITOTHSIET
omnepanuio, [I1V noproraBiuBaeT K BBITOJHEHUIO CJIEAYIONIYIO KOMAHIY.

OV conepsxkut Ha60p 16-pa3psiAHBIX PETUCTPOB, TOCTYMHBIX TIPH TTPOTPAM-
MUPOBAHUKM MUKPOIIPOIIECCOPA, T.€. PETUCTPOB [IJIsl 3aHECEHUs] UJIM U3BJIeYe-
Husg MHGOPMAINHN 0 KOMaHaaM porpaMmbl. B coctaB OY BXOAAT perucTput
JIAHHBIX U ajipecHble perucTpsbl (puc. 4.13). Peructpor JaHHBIX MOTYT UCIOJTb-
30BaThCA /IS XPAHEHUS OTIEPAHIOB U Pe3yIbTaTOB onepariuil. Kasxabri n3 Hux
MOJKHO Pas/eJINTh U UCIOJIb30BATh KaK /[BA HE3ABUCUMBIX 8-Pa3pPsIHBIX PEru-
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ctpa. B aTOM caydae crapinas TOJOBMHA perucTpa ob6osHavaeTcst 6ykBoit H
(high), a mnamgmast — L (low).

K BHemnHeill muHe agpeca/manHbIx

Anpec/ Brernmme
ec/nantple ABJIATIOIINE
_____________________ e M sl | it
i AN - !
'| Habop [ Cxema |; ! Cymmarop Yerpoiictso | 1
| perucTposn yIIpaBJIeHN]] { YHpaBJICHUA |
| I IIHON I
! I 1|CermentHble |
i I t i 1| peructpsr — !
i i ! 12 i
i | AJTY |—| IIpusnaxku ‘ : TIC Vs i
i :(} : IO'{epeab !
1
1

1
'OreparoHHoe YCTPOHCTBO | . .
| PATOnOe YOO/ & \ Uit mrrepdpetic !
Yupassstonme curnaabsl - Komanjibt

Puc. 4.12. Crpykrypa mukponpoueccopa Intel 8086

Peructper manHbIX Perunctpsr azpeca
AX | AH [ AL | [ SI |
BX | BH | BL | [ DI |
CX | CH [ CL | [ BP |
px[__bH__ | DL | | SP |

16-pas3psinblii perucTp

L T T T T T8I T T T T TTo]

— A /
~ ~

Crapime paspsajasl - Muagiie paspsibl

Puc. 4.13. BHyTpeHHue perucTpbl MHKPOIIPOIieccopa

Kasxaplit ©3 perucTpoB JlaHHBIX KpoMe apudMeTnyeckux (pyHKIU nMmeeT
Tak’kKe U ClelnajbHoe Ha3HaueHne B HeKOTOPhIX KOMaHaX. Tak, uepe3 perucTp
AX (accumulator — akKyMyJISITOP) OCYIIECTBIISIETCS TIEpeiava U IIPHEM JTaHHbIX
MeKIY MUKPOIIPOIIECCOPOM M BHENTHUMH YCTPOHCTBAMM B KOMaH/AaX BBO/A/
BoiBoja. Peructp BX (base — Gaza) MOKET HCIIOJIb30BATHCS Ik XpaHeHUs 6a30-
BOTO IBONYHOTO YNCJIA, UCTIOJIBb3YEMOTO TP BBIYUCIEHIIX aipecoB sueek O3Y.
Peructp CX (counter — cyeTunk) B HEKOTOPBIX KOMaH/IaX MCIOJIb3YETCH KaK
cueruuk. Peructp DX (data — nanubie) B HEKOTOPBIX KOMAH/IaX BBOJIa/BbIBOIA
COZIEPKUT aJ[PeC PErucTpa BHEIIHETO YCTPOICTBA — MOPTA BBO/IA,/BLIBO/IA.

AJzipecHble PETUCTPhI MOTYT UCHOJIb30BATHCS TOJBKO I XpaneHus 16-pas-
PSAMHBIX ABOWYHBIX YMCEJ, UCIIOJIB3YEMBIX NTPU BBIUUCICHUU AJPECOB sSTUCEK
0O3Y. Peructpot SI u DI naswiBaior undexcuvimu (index), a BP u SP — yxa-
samenvrvimu (pointer — ykasaresb). Peructpsl SI, DI u BP ucnoib3yioTcs
BO MHOTUX KOMaHIaxX st agpecaruu staeek O3Y u sBISIOTCS yHUBEPCAIb-
HBIMH aJ[peCHbIMU peructpamu. Peructp SP — crienuaibHbIil PErucTp, mpeaHa-
3HAYEHHBII 111 PabOThI CO CTEKOM (Sstack pointer — yKaszaTelb CTeKa).
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B coctaB OY Taxske Bxoaat AJIY, 6ydepHble PErUCTPbI, PETUCTP COCTOSHUS
mportteccopa u cxema yrpasienus. AJIY, kak u 8o maorux MII, obecrieurBaeTt
BBITTOJTHEHIE apU(PMETHUECKUX, IOTHYECKUX U C/IBUTOBBIX OTepaIiii, hopMupysi
TIPU 9TOM TIPU3HAKHU pe3yJibTaTa. BydepHble peTUCTphl UCTIOTB3YIOTCS [T Bpe-
MEHHOTO XPaHEHUsI OTIEPAH/IOB U PE3YJIbTATa OIEPAIUU BO BPEMSI BbITOJIHEHIS
KOMaH/bl. ITH PETHCTPBI HEJOCTYIHBI JIJI TI0Ih30BaTesIs. PerncTp coctoguus
TIPOIIECCOPA OCYIIECTBIISET 3AINCh TPI3HAKOB Pe3yIbTaTa — (QIAKKOB, a TAKKE
xpaHeHue (GIaKKOB yCJIOBUI, OT KOTOPBIX 3aBUCUT BBIIIOJHEHUE HEKOTOPBIX
CTETUATBHBIX (PYHKITUT.

Kaxnomy mpusHaky cOOTBETCTBYeT CBOM (hiraskok. Bech HabOp pasimunbix
YCJIOBUI B KOMaH/IaX YCJIOBHOTO Tiepexona (popMUpyeTcs Ha OCHOBE aHAJHM3a
COZIEP’KMMOTO Pa3ps/ioB CJI0BA COCTOSIHUS Tpolieccopa — @aadxckos. Takmx
(ba1aKKoB BCero mectb. ATo (AaKOK 3HAKA, COOTBETCTBYIONIErO CTapiuieMy GUTy
pesyabrata (1 — oTputiatesnbubiii, 0 — MOJOKUTENbHBIN ); (DIAKOK HYJIS — €CJIu
pes3yJIbTaT paBeH HYJI0; (GIaKOK TMapuTeTa — eCId B MJIAJIIIMX OUTaX YeTHOe
YUCJIO eINHNUIL, (DJIaKOK MepeHoca — ecyii BO3HUKAET IepeHoc (3aeM) U3 cTap-
mero 6uTa; GIakoK BCIOMOTATENHLHOTO TIEPEHOCA — €CJIM BO3HUKAET MEPEHOC
(3aeM) U3 TpeThero OWTa MPY BBIMOJHEHUN OTEPAIil B [BOMYHO-IAECATUY-
HOIT apudmeTtnke; Grazkok MepenoJHEeHNs] — eCJIU Pe3yJIbTaT He [TOMEIIAeTCs
B YCTAHOBJICHHOM JHMaIla30He.

CxeMma ympaBjieHUs OCYIIeCTBIsIET Aemn@poBKYy KOMaHIbl 1 (hOpMUPYeET
HeoOXoUMble yIpaBJsionue curiaibl. OY U30JUPOBAHO OT BHEIIHEH HIMHBI,
moaToMy o6MeH JaHubIMEU 1 agpecamu Mexay OY u HIN ocymecTsisieTcst
110 BHYTPEHHEH IIHe.

[ BeITIOIHSET BCe omepaiui oOMeHa JaHHbIMU ¢ TaMAThio U BY 110 Tpe-
6oannio OY. 1Y comepKuT ycTpORCTBO yIIpaBJIeHUs IMUHON, HAbOP aapec-
HBIX PErucTpoB, BrItovas I1C u crienmasbHble ceemMenmmble pezucmpbl, CyMMa-
TOP U HabOP PETUCTPOB, HA3LIBACMBIX 0UEPEObIO KOMAHO.

YerpoiictBo yrnpasieHust muHamu obeciiednBaet B3aumojeiicrsue MII
¢ BHemuumu muHaMu. Korma OY 3aHATO BBIIOJTHEHWEM KOMaH W He Tpe-
Gyer BbIOOpKHU omepanoB u3 maMstu uian BY, IIIU camocTosTebHO BBIOU-
paeT M3 MaMsATH [POTrPAMM OYepPEHbIe KOMAaH/Abl. JTU KOMAaH/bl XPAHITCS
BO BHyTpeHHe# pernctpooil mamaru I — ouepenn komans (cm. puc. 4.12).
Jnuna ouepeau — 6 GaiitT. I1o Mepe BBITOJHEHUS KOMAH OYepPeb ABIKETCS
U B Hell mosaBigercsa csoboxnoe Mecto. Ilpu arom IV obpaiaercs K naMsaTu
U CYUTHIBAET OUEPENHYIO KOMaHIy. Takoil MopsoK paboThl IeHCTBYET TOIHKO
[IPU OTCYTCTBUY KOMaH/[ YCJIOBHOTO Ui Ge3yCcaoBHOrO nepexona. Ecau Heob-
XOJMMO TepeiiTH K HOBOMY y4acTKY IIPOrpaMMbl, ouepesb cOpachiBaercs, B [1C
3aHOCUTCS COOTBETCTBYIOMNN aapec, [TV BeiGupaet aTy KOMaHIy U HepeaaeT
ee B OVY. Iloka OV Bwimosiasier komany, 11U 3anonnsger ouepenp cienyro-
TITAMY KOMaH/IaMH.

4.5.2. MyapTHILIEKCHPOBaHHe HH(POPMAIIMOHHBIX JTUHUIN

C NOBBINIEHIEM PAa3PSIHOCTH 06PabaTHIBAEMBIX CJIOB U PACIIUPEHUEM 06b-
eMa TaMsATH MUKPOTPOIieccopy Tpebyercst Bee GoJIbIie JTMHWI JIJIS TIepeadn
JIaHHBIX U azipecoB. Ecin g Kak10d JIMHUK BbIIEJISITh BBIBOJL MUKPOCXEMBI,
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notpebyercst Upe3BbIYailHO GOJIBINOE YUCJIO BBIBOAOB, KOTOPOE YaCTO MPOCTO
HEBO3MOXKHO cieqiaTh B Kopiryce VIC. JIJist Toro 4to6br 06X0MUTHCS MEHBITUM
KOJIMYECTBOM BBIBOJIOB, B MII cTasm mpuMeHsITh Myabmuniekcuposanue JINHUI
BBOJIa,/BBIBOIa nHdopMarun. Oarum n3 mepbix MII, nConb3yIOMUX MYyJTh-
Tuiiekcuposanue junuii, craa MII Intel 8086. Tak, aus nepegaun agpecos
U TAHHBIX B HEM HCITOJIb3YeTCs OJHA U Ta ke 16-paspsijHas MyJIbTUILIEKCHAS
MITHA a/ipeca,/TaHHbIX. B epBbIii MOMEHT BpeMeH! TI0 TIUHE TIepelaeTcs apec,
a B CAEeyIONMI — JaHHble. AZpec 3aHOCUTCS BO BHEIIHUI OydepHbI peructp
U XpaHWTCS TaM B TedeHue Bcero Iukiaa paborer MII ¢ mamsareio wiun BY.
[Tpu arom BeIXOMBI OydhepHOro peructpa cBsizaibl ¢ [ITA MukpoIBM u 0be-
CrIeurBaloOT paboTy STOM TTUHBI.

B MII Intel 8086 mpuMeneHo My TbTUTIEKCHPOBAHIE U [T HEKOTOPBIX IPY-
rux BbiBoIoB MIC. HacTh BIBO/IOB UMEET JIBOITHOE HazHaueHue. B ojHUX pesku-
MaX OHU HCIIOJIB3YIOTCS /IS TIepeiadl OJHON MHMOPMAITNH, a B IPYTUX Te Ke
BBIBOJIBI HECYT APYTYI0 MH(MOPMAITHIO.

4.5.3. CerMeHTAIUS TAMATH

[IpousBoauTebHOCTE MUKPOIBM 1 MUKPOITPOIIECCOPHOI CUCTEMBI B 11€JI0M
BO MHOTOM otipeziesisietTcst eMkocThio O3Y. IIpu atom MII nomken nMeTh BO3-
MOKHOCTH ajpecanuu Bcero obbema O3Y, T.e. BBIYKMCIEHUS aAPECOB SUY€EK
namsatu u repegaun ux no [IA B O3Y. Tak, nanpumep, ais agapecartun O3Y
emMrocTbio 1 M6aiit (220 Gaiit) Tpebyercst Boruncaenue 20-pa3psiIHbIX TBOUY-
HbIX yncen — agapecos ssueek O3Y u nepepava ux 8 O3Y 1o muHe ajgpeca.

B 1o sxe Bpemsa apxutektypa MII u pa3psiHOCTh €T0 PETMCTPOB ONPeNENsi-
eTCsl JUIMHOI 00pabaThIBaeéMbIX CJIOB U OOBIYHO OHA COCTABJISIET YUCIIO, KPATHOE
Bocbmu — 1 Gaiity. Tax, MII Intel 8086, tak ke kak u MHOTHe Apyrue, obe-
crieurBaeT 06paboTKy 16-paspsiiHbIX CIOB U BCE €r0 PErvCTPhl, B TOM YHCIIe
u azpecHsbie, 16-paspsaanbie. /s pacumpenust agpecHoro npoctpanctsa MII
NPUMEHSIOT MEXaHU3M cezmenmavuu namsmu. MIT paccmMarpuBaeT Bech 06beM
MaMsATH KakK Habop cerMeHToB mamsatu (puc. 4.14).

CermMeHT — 9TO YacTh MAMSITH TAKOTO 00beMa, ajipecalisi KOTOpOro BO3-
MOKHA ¢ TIOMOTIBIO oziHoro peructpa MIT. Takum 06pa3oM, pa3psiiHOCTb Peru-
ctpoB MII onpesesisier pagmep cerMeHTOB maMaTH. Tak, Harpumep, 1715 16-pas-
pazntbix MIT ato 64 Ko6aii, T.e. 216 Gaiit. Boigesenue cerMenTa OCyIeCTBIsSIeTCsI
oTpeiesIeHeM eT0 HAYaIbHOTO ajipeca, win 6asnl cermenta. B MII Intel 8086
JUTsI BBIJIEJIEHUS] CETMEHTOB UMEETCsI YEThIPE CIIEIUATBHBIX CeZMEHMHbIX Peau-
cmpa — CS, DS, SS, ES. Peructp CS cofiepKUT HAUaJIbHbBII a/[pec CerMeHTa 1mpo-
rpamMmbl, DS — cermeHTa JaHHbIX, S§ — cermMenTa creka, a ES — JOMOJTHUTE -
HOTO CerMeHTa. JTH PETrUCTPhI, TaK XKe KaK 1 Bce octaibHble peructpbl MII,
16-paspsmble, ¥ B HUX HEJb3s 3aITUCATh BCE Pa3psIbl HAYaIbHOTO ajipeca. [10a-
TOMY B HUX 3arpysaiorcsi 16 crapuimx pa3psiioB HA4aJbHOTO aJpeca CerMenTa.
OcraBiimecst MIa/IIMe paspsizibl afpeca cCauTaoTes paBHbivMu Hy 0. MIT Intel
8086 mmeet azipecHOe POCTPAHCTBO, paBHoe 1 MOaiiTy, U paBHBIMU HYJIIO CUH-
TAIOTCS YeThIpe MJIAAIINX paspsia agpeca cermerta. Becero MII Intel 8086 oxHo-
BPEMEHHO PabOTaeT ¢ YEThIPhbMsI CerMEHTaMU, KOTOPBIE MOTYT OBITh KaK CMesK-
HBIMU, TaK U HEPEKPbIBAIOIIMMUCS. B mocseanem ciydae oJfHI U Te JKe STYelKu
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MaMsITH MOTYT ObITh a[PECOBaHbl KaK B OJHOM, TaK U B JPYIOM cerMeHTax (CM.
puc. 4.14). MecTonosioskenne ssuefiki TaMsITH BHYTPU CEIMEHTA OTIpe/iesisieTcst
16-paspsagHbIM 6Hympucezmenmuovin aopecom. Ilomubril dusmdeckuit aapec
SIYEHKY TTaMSATH 00PA3yeTCst CIOKEHNEM aJIpeca CETMEHTA ¢ BHY TPHCETMEHTHBIM
aJIpecoM, KOTOPOe BBITIOTHSAET CYMMAaTOp MIMHHOTO nntepdeiica. Ecam aTo agapec
KOMAH/IbI, TO CKJIA/IBIBAIOTCST CO/IEPIKIUMbIE CETMEHTHOTO PErrcTpa MPOrpaMMbl
U TIPOTPAMMHOTO CYETUNKA, €CJIN ITO AJIPeC OTlePania, TO BHYTPUCETMEHTHBII
ajipec MOCTyMaeT U3 ONEePAIMOHHOTO YCTPOMCTBA M CKIAIBIBACTCS C COIEPIKU-
MBIM CErMEHTHOTO PerucTpa JaHHbIX. Muaie 16 pa3psoB BEIUUCIEHHOTO
ajipeca OCTYTAIOT HA BHENTHIOWO MNHY ajipeca/nanubixX. /17151 mepenaun yeTbipex
CTapIIUX Pa3pPsiIOB MCHOJb3YIOTCS ellle YeThipe JIMHUK, KOTOPbIe Takke pabo-
TAIOT B MYJIbTUIIJIEKCHOM PesKUMe.
— OmneparuBHas —_

— maMATh —

Hauasbibie
CermeHT 64 Koaiit ajpeca CermeHT
cermenToB (0asa)

Ilommbrii agpec cermenTa Cervenr

Cerment

(ay9ayg...a5a;0000)
%/——/

Conepsxnmoe
CEerMeHTHOI o p(:‘I‘l/[CTpa

CMesKHBIE CErMEHTBI l'[cpcr(pbmaronmcc;{
CerMeHTbI

Puc. 4.14. Cermentanust namsitu B MII Intel 8086

4.5.4. Yupasnsionue curtanast MIT Intel 8086

B MuKpoTIpoIieccope MMEETCst 1eJiblid Habop YIPABJISIONIMX CUTHAJIOB, 00¢-
crieyrBaoIux pabory MukpodBM u ee Bzaumoeiictere ¢ BY. Beero Takux
curHasioB 17; B 3aBUCMOCTH OT BBITIOJNHSAEMON (DYHKIIMU UX MOXKHO Pa3OUTh
Ha YeThIPe TPYIIIIBL.

1. BbIXo[HbIe CHUTHAJBI, 0OecredynBaloniie yrupaBjieHne yCTpoucTBaMu
pu uX paboTe ¢ BHENTHEH MyJIbTHIIIIEKCHON ITHHON ajipeca,/TaHHbIX. ITO TaKue
CUTHAJIBI, KaK «3anuchy> U «4renues» (B MUKpoIBM 11eHTpasbHBIM Y3JI0M CUH-
taetcsa MII, moatomy mos «3anuceios moHUMaeTcs 3anuch nagopmarmm uz MI1
B O3Y wm BY, a mox «Yrenuem» — urenne gaunubix u3 O3Y umn BY 8 MID);
CUTHAJIBI, MAEHTHUGUIMPYIOLIIE TUIT YCTPOIiCTBa, ¢ KOoTopbiM paGoraer MII, —
namMaTh uian BY; crpobupyionie cUrHaibl, yKasblBaloOIe YCTPONCTBAM, 4TO
VMEHHO TIepe/laeTcs B IAHHBII MOMEHT MO MYJIbTUIIIIEKCHO TITIHE, — a/ipec Ui
JAaHHbIE.

2. Curnaubl, obecriednsaromiue pabory MII B peskume tipepbiBanus. K Hum
OTHOCSIT CUTHAJI 3aripoca npepbiBanust (BxoaHoi st MIT) u curnan nmoarsep:x-
JIEHUST TTPEPhIBAHUS (BBIXOTHOI ).

3. Curnarsl, obecrieunBatoniye paboty MukpoIBM B peskime TT/ITT. K atim
CHUTHaJIaM OTHOCAT CUTHAJI 3allpoca 3axBaTa HIMH U CUTHAJ I1OJTBEPKACHUS
3axBara.
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4. Curnaiel, ynpasisionue pa6otoil MII, — curHaibl CHHXPOHU3AIWH,
cOpoca, a TakKe CUTHAJbBI, 06ECIEYNBAOIIIE MHOTOTIPOIIECCOPHBINA PEKIM
pabotsr. C curnana copoca Haunnaercs pabora MII. ITpunas ator curnan, MII
00HYJIIeT BCe CBOU PETUCTPBI, MOCIIE 4ero OH (hopMUpPYeT HyJIEeBOU ajgpec Tep-
BOU KOMAH/[BI TIPOTPAMMBI, CYUTBIBAET €€ 1 HAYMHAeT PaboTy.

MII Intel 8086 mMoskeT paboTaTh B pesKIUMe MUHUMALDHOU KOHDULYPALUL, T.€.
korga MII oguH 1 Bce ynpaBgioniue CUTHAIBI OH TEHEPUPYET CaM, U B PEKIMe
Makcumanrvnol Kongueypayuu. B aToM pesxxnme B OJHY CUCTEMY OODBEIUHSI-
etcs Heckosbko MII, KoTOpbIe B3auMO/IEHICTBYIOT TIO OJTHOM CUCTEMHOM IITHHE.
Yupassienue cucTeMHOM UHOM B 9TOM cJrydae ocyiectsisget ne MII, a crieniu-
QJIbHBIHM KOHTPOJLJIEP HIMHBL. B MHOTOIIPOIIECCOPHOM peKUMe 4acTh CUTHAJIOB
YIPaBJIEHUS CHCTEMHON IITUHONW W YeThIpe MYJbTUIIJIEKCHBIX JIMHIH, TI0 KOTO-
PBIM TIepe/IaloTCsT YeThIpe CTApIINX paspsifia aipeca, UCIONb3YIOTCS /IS WHIH-
kaiuu cocrosiiusg MII. O6beaunenne Heckoabkux MIT s ysesnuenus mmpo-
U3BOJIUTETBHOCTH MIUKPOITPOIIECCOPHOI CUCTEMBI HCIIOIb3Y€ETCST OUE€HDb YacTo.

4.5.5. Crpykrypa komanast MII Intel 8086

Komanzpl, Beimonassembie MII, 3ammcanpl B maMsITU — IOCTOSTHHOM WJIN
otmepaTuBHOM. [TockoMbKY NH(OPMATTMOHHON eTMHUTIEH [T aiPecHON MaMsTH
SIBJISIETCS OJIMH GaliT, TO AJIMHA KOMaH bl 0OBIYHO KpaTHa ofHoMy Gaiity. B MIT
Intel 8086 anuna koMaHbl MOXKeT U3MeHATHeA oT 1 10 6 Gaiitos. Komanzma
COJIEP/KUT CBEJIEHUST O BBITIOJIHSIEMOI OIlepaliuy B BUJIE ee KOJIa, a TAaKKe CBe/le-
Hug 06 onepangax (puc. 4.15).

Kox oneparuu [Toste onepanpga 1 [Toste onepana 2

Puc. 4.15. O606meHHbIit popMaT KOMaH/BI

Cucrema xomana MII nacyutbiBaeT OoJsiee cTa KOMaH, MOITOMY II0OJIE
KOJIa OTepaliil B GOJIBITMHCTBE KOMAH/[ COCTABJISIET OAUH GANT U MOMEIaeTcst
B HepBoM OaiiTe KOMaHAbL B HeM MOMUMO CBeeHUi 00 omepainun coaepKaTcs
HEKOTOPbIE CBEeJIeHUs 00 onepaH/ax U, B YaCTHOCTH, 06 UX paspsaHocTh. YToob!
COKPATHUTb JUINHY KOMAH/[BI, YUCJIO OTEPAHI0B OOBIYHO OTPAHUYUBAIOT OJ[HUM-
aByMst. Ecaii omepanioB 1Ba, TO OJIMH M3 HUX 00513aTEIbHO JOJKEH XPAHUTHCS
B OJTHOM M3 BHYTpeHHUX peructpoB MII, moaTomy /it yKa3aHus MecTa ero pac-
MOJIOKEHMUST IOCTATOUHO HECKOJIBKIX Pa3psiioB, Pa3MelaeMbIX BO BTOPOM Oaiite
KoMaH/ibl. /[pyroii onepanji MOKeT MPUCYTCTBOBATH B CAMO KOMaHJe B BUJIE
JIBOMYHOTO YUCJIA, HO TOPA3J0 Yallle B KOMaH/le YKa3aHbl JaHHBIE, TI0 KOTO-
pbim MII onpeziesisier HerocpejcTBEHHOE MecToHaxXoXxaeHue orepanaa. Orre-
PaH MOKET XPaHUTHCS BO BHYTPEHHEM PETUCTPE MPOIleccopa Win B suelike
(HeckompKux sueiikax) O3Y. B nmociemrem ciaydae mpoieccop J0JKEH BbIYUC-
JIITH aJIpec 9TON stueiku. Pesybrar oneparun 06bIYHO PasMeIaeTcst Ha MecTe
nepBoro ornepanzia. [Ipu 5ToM cam TIepBbIil OMIepaH]l TEPSIETCs], HO OOBIYHO 9TO
He urpaet posu. Eciin ero Heo6X0AUMO COXPAHUTD JIJIS TATbHEHTITIX BBIUUC-
JIEHWH, MOKHO TIPEJIBAPUTENBHO, 10 BHITIOJHEHUS KOMAH/Ibl, 3aTIOMHUTDL €T0
B KakKoii-ym6o apyroii stueiike O3Y.
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4.6. Pexxumbl agpecauun u CUCTEMA KOMaHL
mukponpoueccopa Intel 8086

4.6.1. Pesxumbl agpecanuu

Cnoco6 onpedenenius Mecmonaxoncoenus: onepanoa Ha3vleaemcs PeHUMOM
adpecayuu. Pazmmyaior ceMb OCHOBHBIX PEKUMOB a/[PECAIUU JIAHHBIX, KOTO-
pble MOKHO Pas[esiuTh Ha ABe rpymibl. K mepBoil OTHOCAT PEKUMBI, B KOTO-
PBIX MECTO, B KOTOPOM HAXOJUTCS OTIepaH/l, YKa3bIBaeTCS HEIOCPEACTBEHHO
B KOMaHjle. DTO — HEMOCPEJCTBEHHBIN, PETUCTPOBBIN W MPAMON PEKUMBI
azpecaru. B nenocpedcmeeniom pesxxiMe ajipecaniuyt oTepaH]i pactoiaraeTcst
B caMOU KOMaHjie B BUjie JiBOMYHOro uncyaa (puc. 4.16, a). B npsamom pexume
B KOMaHJIe 1ocJjie KOjia OTlepalliy PacrojiaraeTcsi BHYTPUCETMEHTHBIN ajipec
aueiiku O3V, B koTopoil xpanurcs onepann (puc. 4.16, 6). Hakonen, B pezu-
CMposoM PEKUME B KOMaH/Ie YKa3aH OJUH U3 PETMCTPOB MAHHBIX WU aIPeca,
B KOTOPOM Xpanutcs omnepan (puc. 4.16, g).

Ko BTOpOII TpyIIIIE pEKNMOB apecaIiiiil OTHOCST PEXKIMEL, B KOTOPBIX COJep-
JKaTCs TAHHBIC [T BBIYMCIEHUS BHYTPUCEIMEHTHOTO ajipeca sueiikn O3V, xpa-
HSIIIEH orepaHl. ITO — YETBIPE KOCBEHHbIX PEKUMA: PETHCTPOBBIN KOCBCHHBI,
PEruCTPOBBII OTHOCUTEIbHBI, Ga30BbIH MHACKCHBIA U OTHOCUTEAbHBIN Ga30-
BBIN nHAeKCHBIN. [Ipu hopmupoBannm azipeca B aTUX peskUMax UCHOJb3YeTCS
CONIEPKUMOE YHUBEPCATIBHBIX a[[PECHBIX PETMCTPOB, [OMOJIHUTEIBHO K KOTO-
PBIM BBIZIETISIETCST PETUCTP MaHHBIX BX.

CaMBbIM TIPOCTBIM SBJISIETCS Pe2ucmposviil Koceennvlll pesxknm (puc. 4.16, 2),
B KOTOPOM ajIpec olepaH/ia XPaHUTCS B OJHOM U3 WH/CKCHBIX PETUCTPOB, WJIH
B peructpe BX, a B kKoMaH e YKa3bIBAaeTCs KO 3TOTO PerucTpa. bosee cokHbBIMU
SABJIIOTCS peeucmposviii omuocumenvivii (puc. 4.16, 0) u 6asosoiil undexcuolil
(puc. 4.16, ) pexumbl aapecaiiui. B nepBoM azpec 0Opasyercs myTeM CJIoxKe-
HUSI COJIEPKUMOTO OJTHOTO U3 YKA3aHHBIX PETUCTPOB U CMEUEHUs: — JIBOUUHOTO
4YHCIa, XPAHSIIErocsi B KOMamjie B 1MoJie onepania. Bo Bropom pexume aapec
MOTYIAEeTCsT TIyTEM CTOKEHUST COMEPIKUMOTO OTHOTO 13 6a30BBIX perrcTpoB (BP,
BX) ¢ comep:knMBIM OTHOTO M3 WHAEKCHBIX peructpos (SI, DI).

CaMBIM CJIOJKHBIM KOCBEHHBIM PEKUMOM aJIPECAIH SIBJISETCS 0MHOCUMENb-
Holtl 6asoeoiil undexcroui peskum (puc. 4.16, ac). 3nech agpec onepanga odpa-
3yeTcst IyTeM CJIOKEHUSI TPEX YMCET: COAEPKMMOrO OJTHOTO U3 GA30BBIX peru-
CTPOB, OJIHOTO U3 UHIEKCHBIX PETUCTPOB U CMEIIEHUSI.

[Tpsimoii 1 Bce KOCBEHHbIE PEKIMBbI A[PECAIIH AHHBIX OPEIEJISIIOT TOJIbKO
BHYTPHUCETMEHTHLIH azpec. [l BounciaeHns GU3NIECKOTO ajipeca SIeHKu
O3Y kpoMe BHYTPUCETMEHTHOTO HEOOXOIMM HAaUaIbHBIN aapec cermenTa. Ko
CErMEHTHOTO PETHCTPA, XPAHSIIETO ATOT aPEC, COAEPKUTCS BO BTOPOM baiite
KOMAaH/IBI.

Kocsentbie pesxuUMBI ajipecaruii 06ecnednBaioT rMOKOCTh CO3/[aBaeMBbIX
mporpaMM. Kak m3BecTHO, OUeHb YaCTO TPOTPAMMBI COEPIKAT IUKIIYECKUE
YYaCTKHU, KOTJla O/IHA W Ta jKe TPYIIIa KOMAaH HCIIOJHSIETCS] MHOTOKPATHO,
HO C Pa3HBIMM AaHHBIMU. Ecsii B IporpaMMe MCII0JIb30BaTh KOMAH/IBI C TIPsi-
MBIM PEKUMOM aJ[PECaIlid, TO Mpoiteccop OyAeT MOCTOSHHO 0OpaIlaThCs
K OHWM ¥ TeM >Ke JaHHBIM. [Ipu McmoIp30BaHNM KOCBEHHBIX PEKUMOB ajpe-
camyy B MPOIIECCE UCTIONHEHIST KOMAH/ MOXKHO MOAU(MDUIINPOBATH COIAEPIKUMOE
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aJIPECHOTO PETHCTPa, HAIIPUMED, YBEJIMUNBAs B KKJOM IIUKJIe HA €JIMHUILY €TO
coziepskumoe. B aTom ciryyae B ouepeiHoM IUKJIE BBIYUCIEHHBIN a/ipec sTYeiKu
O3V oyaer Ha egunauIly GoJIbIIE, 4YeM B peAbLAyIieM. Takum oOpa3oM, OfHU
U Te 5Ke KOMaH/Ibl IIPOrpaMMbl OyyT 06palarhest yke K pasHbiM stueiikam O3Y.
ITO 1aeT BO3BMOKHOCTD HEGOJIBIIM UKIMYECKUM YIaCTKOM TIPOrpaMMbl 06pa-
6oTath HOMBINOI MACCUB JAHHBIX.

[KOII | Oneparz | [KOTI] Anpec O3Y b Onepanz|  [KOTI] Peructpl Onepariz|
a 0 8

[KoI1[ Perncrp Anpec O3Y | Onepan|

4

|KOH l PeH/ICTpl CMeLueHMe| Anpec O3Y H OnepaH;II

Copepxnmoe

0

Conepsknmoe (MHIEKC)

[Kon| BX wm BP| SIwm DI |
Comeprximoe

Anpec O3Y P Onepariz |

(GazoBbIii azpec)
e

Coneprxnmoe (MHIEKC)

|
|KOHIBX i BP I ST DI lCMeIueHI/Ie ->| Anpec O3Y |->| OnepaHz[|
| Conepskivoe

(6azoBbiii aﬂpec)m

Puc. 4.16. Henocpeacreennsiii (a), npsamoii (6), peructposbiii (6),
PETHCTPOBBIN KOCBEHHDIIT (2), perucTPOBbI OTHOCHTEIbHDII (0),
6a30Bblii HHAEKCHBIN (€) U OTHOCHTENbHBIA Oa30BbIi HHAEKCHDIIH (J1C)
PeKHMBI aJipecanyu

Pa6oty ¢ MaccuBaM¥ MOKHO OPraHM30BaTh ciaeayomuM obpaszoM. [Tome-
ctuM B 6a30BbIi peructp (BX uiu BP) HadaibHBIN ajipec MACCUBa, a B MHIEKC-
uoiit peructp (DI wim ST) — Homep anemenTa MmaccuBa. Homep asleMenTa MOKHO
B KQK/ZIOM TIMKJIE YBEJTMUNBATh HA equHUILY (Harpumep, ST: = ST+ 1). B pesyib-
Tare B KaXk/JIOM HOBOM ITMKJe ajapec s49eiiku O3Y, BBIYMCIECHHBIH B PEKUMe
6a30BON WHEKCHOI aapecariu, OyZeT COOTBETCTBOBATH HOBOMY 3JIEMEHTY
MaccuBa.

C 1moMOIIBIO pekuMa OTHOCUTEIbHON 0a30BOM MHAEKCHON ajapecamuu
MOJKHO OTIEPUPOBATH HE TOJBKO C OJJHOMEPHBIMH, HO U C JIByXMEPHBIMU MaCCH-
BaMu. [[JIs1 9TOTO B KauecTBe CMeneH st He0OXOAMMO yKa3aTh HaualbHbIN ajipec
MaccuBa. B 6a30BoM pernctpe GOPMUPYIOT aapec TEPBOTO TEMEHTA CTPOKH
OTHOCHUTEJIbHO HAUAJILHOTO aJ[peca MacCuBa, a B UHIEKCHOM PErucTpe — ajipec
aJIeMEeHTa MacCHBa B CBOEH CTPOKE OTHOCHTENBLHO HAYaTIbHOTO a/[peca CTPOKH.

Kpome pesknMoB ajipecariiii, UCII0JIb3yEeMBIX JIJIsI OTIPe/IeJIEHUST MeCTOHAXO0K-
nenust onepanios, B MIT Intel 8086 umeeTcst HECKOIBKO PEKUMOB JIJIsI OIIpe-
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JIeJIeHNs ajipeca cJeyIoniell BBITOJHICMON KOMaH/IBI B CJIyYasX IIePeXo/0B.
[Tepexosipl BO3MOKHBI KaK BHYTPU CETMEHTA UCIOJHSIEMON ITPOTPAMMBbI, TaK
" B IpyTHe cerMeHThl. JlJisi 1IepexoioB BHYTPU CErMEHTa MCIIOJHSEMON 1po-
IPaMMbI UCTIOJIb3YIOTCST BHYMPUCEZMEHMHBLLL NPSMOTU U 8HYMPUCEZMEHMHBLL KOC-
8enHbvIll PESKUMBI ajipecalini. B mpsaMoM pekmMe azpec ciaeryomeil KOMaHIbl
hopMupyercst myTeM CJI0KEeHUsT COAEPKUMOTO IIPOrPAMMHOTO CYETUYNKA CO CMe-
menneM (TOJOKUTEIBHBIM WJIM OTPUIIATEIBHBIM), CO/IEP/KANTUMCS B CaMoil
KoManje. B KOCBEHHOM pekiMe ajipec cJaenyiolell KOMaH/Ibl 3arpy:KaeTcst
Ha MECTO TEKYyTero HeIloCPe/ICTBEHHO B TIPOTPAMMHBIH CYETYHK. Apec MOXKeT
ObITD B3T JIMOO U3 perucTpa, 6o us sueiiku O3Y. UTobbl yKasaTh aTy sT4eiiKy
O3Y, ncronbayioTest Bce BO3MOKHBIC PEKIIMBI aIPeCcaIinil TaHHBIX.

[l1s1 iepexojia U3 OIHOTO CerMeHTa TaMsITH B IPYToil HEIOCTATOUHO M3Me-
HUTD TOJBKO COEP:KIIMOE TTPOTPAMMHOTO cUeTdnKa. [[Jig aToro Hy)KHO 3aHe-
CTU HOBBIM HavyaJbHbIN ajgpec cerMenTa B peructp CS. /It 9TOro UCoib3yoT
MIPSIMOIT M KOCBEHHBII MeXKCErMeHTHbIE PeXKIMBI ajipecaliui. B nepBom u3 Hux
B KOMaHJI€ COJIEPIKITCSI /1BA a/[peca — HOBBIE aJIpeC CErMEHTa ¥ BHYTPUCETMEHT-
ubIit. Bo Bropom — 06a ajipeca xpaHsitest B coceaux stueiikax O3Y.

4.6.2. Cucrema KomaHz,

IMonsite 06 Accembaepe. Komanipl, BITIOIHIEMbIE MUKPOIIPOIECCOPOM,
MPEJCTABIISAIOTCS KOMOMHAIMSAMU efinHuIl 1 HyJell. Takoe mpejpcraBieHme
KOMaH/I Ha3bIBAIOT MAWUHHbIMU KoManoamu. YToObI TPeACTaBUTh MallUH-
Hble KOMaH/bl 60JIee TTOHSITHBIMU /TSl YeJOBEKA, NCIOMb3YIOT X CUMBOJIbHBIE
(MHEeMoOHHMYecKre) obo3HaveHus. B aToM ciryuae Kaskioil MallMHHON KOMaHe
COOTBETCTBYET KOMAH/IHBIH OIEpPaTOp Ha CIENHAILHOM s13bike — Accembnepe
M MalllMHHAs porpaMMa IpeicTaBjieHa B BuAe acceMOJIepHON POTrpaMMBbi.
[TporpamMma Ha s3bike AcceMOiep sIBJASIETCs MPOCTEiiiel, Tak Kak B TOUHO-
CTH OIMCBIBAET MTOCJE/I0BATEIBHOCTD JIecTBUIT MUKportpolieccopa. /g nepe-
BOJIa acceMOJIEPHO TTPOrpaMMbl Ha MATIUHHBIN SI3BIK €[UHUI] U HYJIE MOKHO,
KOHEYHO, BOCIIOJIB30BAThCI TaOIMIIAMK TI€PEBOJIA, HO MPAKTUYECKU JIJIsl 9TOTO
MMEIOTCsI CrielnanbHble acceMbmpyonue nmporpammsl. [Iporece nmpeo6pasosa-
HUS TIPOrPaMMBI ¢ s3bika AcceMbJiep B MalllUHHbBIE KOJIbI HA3bIBACTCS MPAHC-
asgueti. TporpaMma, HanmcaHHast Ha s3bike AcceMOJyiep, KPOMe OIlepatopoB
COZIEPIKUT TaKKe OUPeKmuesl, T.e. CTEIMATbHbIE YKa3aHUs acceMOMMpyoIeit
mnporpamme. OHU He TPAHCIUPYIOTCS B MAITMHHBIE KOMAH/IbI, HO WH(MOPMAIIUs,
3aJI0KEeHHas B HUX, UCIIOJB3YETCs IS TpeoOdpa3oBaHus KOMaHIHBIX OT€PaTo-
POB B MalllUHHbIE KOMAH/IBI.

O6mmmii hopmaT acceMOIEPHON KOMAH/IbI UMEET CJIEAYIONINI BUI;

Mertka: Muemonnka Onepanzi, Onepana; Kommenrapwmii.

Memxa — ato unentudukraTop, mprcBanBaembiii komane. C TOMOITHIO METOK
B IIPOrpaMMe MOKHO YKa3bIBaTh KOMAH/IbI, KOTOPBIM CJIEyeT IePeiaTh YIpaBJie-
HUE B CJIydae YCJIOBHBIX WK 0e3YCJOBHBIX MEPexXopoB. Muemonuka — KpaTkoe
obo3HaYeHne KOMaH/bl, 0OBIYHO COCTOSIIEE U3 TPEX-YEThIPEX JATUHCKUX OYKB,
TIPE/ICTABJIIONINX COKPAIeHre OT aHTJINHCKOTO Ha3BaHus KoMauasl: ADD —
addition (cnoxenue); MOV — move (nepeciarb) u T.4. Onepand, Onepand —
TIOJIsI IEPBOTO U BTOPOTO OTepanioB. [lepBbIil omepan/l SBJSETCS TIPUEMHUKOM
pesyJsibTaTa OTepallii. 3arsTas CAYKUT TIPU3HAKOM Pas/le/IcHUs TI0JIeil ore-

207



parzoB. OUH U3 OTIePaH/IOB — COJCPKMMOE PETHCTPA, BTOPOH 3a/1acTCsl BCCMU
BO3MOKHBIMU PEsKMMaMu aipecarni. Kommenmapuii — HeobszaTesbHas COCTAB-
agionas oneparopa. OH UTHOPUPYETCS NMPHU TPAHCISINU U CIYKUAT TOJBKO
LTS TIOSICHEHUH TIPOTPAMMBI, €€ OT/IeTTbHBIX (DPAarMeHTOB UJIH OIIepaTOPOB.

JL71s1 3anmcH oTiepaHioB MCTOB3YIOTCS CIEAYIONINE TPaBIIIa.

1. Ecau B perucrpe ComepsKUTCsI caM omepan/i, ero 06o3HaueHne JaeTcst
6e3 CKOOOK, €CITU B PETUCTPE COAEPKUTCS COCTABIIAIONAS aapeca ssueiikn O3Y
NPU KOCBEHHOI ajpecaliiu, To AaeTcsi 0003HaYeHNe PErucTpa B KBaPaTHbIX
cko6kax. Hanpumep, sanucs ADD AX, [ BX] o3Hauaet, 4To B ONepaiiuu CJIoxKe-
HUS TIEPBBIN onepanj HaxoauTces B peructpe AX, a Bropoit — B sueiike O3V,
anmpec Kotopoit comepskutes B peructpe BX. Tlo sammcn oneparopa accembn-
pylolas mporpaMma aBTOMaTHYECKU OTIPEJIe/IsIeT PesKUM aJipecaliii.

2. Omepan MOKeET GBITH 3ajlaH UAECHTH(HUKATOPOM — KaKUM-JTHG0 coueTa-
HueM OYKB, He COBIAJAIONIMM C HAaMMEHOBAHUEM PErucTpoB, Hanpumep ADD
AX, BETA. B atoMm cay4ae niaentudukaropy (B HameMm ciaydae Metke BETA)
coorBercTByeT sueiika O3Y, koTtopas mo/KHA OBITH 3ape3epBUPOBAHA 32 HUM
B Hauaje MPOTPAMMBI CHENUATHHBIM OTIePaTopoM. AcceMOTMPYIONas mpo-
rpaMMa IIpU TPAHCJISIIIUKM BBIUUCIUT CMellleHre 2TON SUeiiKi OTHOCUTETbHO
Hayaia CETMEHTa, U COOTBETCTBYIONIUI omepans OyAeT 3a/laH B MAITHHHO
KOMaH/ie B pesKuMe MPsIMOi aJipecaliuu B BUJIEe ajipeca.

3. 3Hak «+» B 3amHCH OllepaHaa MCIHOJb3YeTCS AJd 3a/a4il CMEI[eHns.
Hanpuwmep, sanmnce ADD AX, [SI] +8 onpenesisieT BTOPO oriepan/i B pexKumMe
PeTHCTPOBOI OTHOCUTENBHOM afpecaru. Aznpec sdeiikn O3V, copepkarieit
BTOPOIi OllepaH/l, Ollpe/ieJInTCA Kak cymMma cojiepskumoro peructpa SI u cme-
meHus «8». 3HaK «+» MOXKHO MCIOIb30BATDh TAKKE I 331a49H JIOTTOJHUTEID-
Horo cMernenus. Hanpumep, onepany, sagannpiii kak BETA+2, Gyner ykasbi-
BaTh Ha stueiiky O3Y, agpec kotopoii 6obiie aapeca siueiiku BETA wa «2».
[Tpu saTOM acceMGIUPYIONIast TIPOTPAMMa BBIYUCIUT COOTBETCTBYIOIINI aapec
U TIOMECTUT €TO B MANIMHHYIO KOMAHy B PEeKUMe TIPSMON a/ipecaliim.

4. Omnepany MOXKeT ObITh 3ajIaH HEMOCPEACTBEHHO urcaoM. [Ipu sToM Heob-
XOJIMMO YKA3aTh, B KAKON CUCTEME CUNCIEHNS OHO 3aMTCaHO. TOT MMPU3HAK TTPO-
CTaBJISIETCS CPa3y MOCJIE Yncaa. AcCeMOIUPYIONIas TPOrpaMMa caMOCTOSITEIbHO
nepeBezieT 3TO YMCI0 B IBOUYHYTIO (hOpMYy M 3aHECET B MAITUHHYIO KOMAHIY.
J/IBomuHbIe uncaa conpoBoxaaoTcs npusHakoMm B (#anpumep, 101001108);
JIECSITHYHBIE COTIPOBOIKIAIOTCS TIPU3HAKOM D wiin coBceM 6e3 MpU3HaKa; 1ect-
HajllaTepuyHble — npusHakoMm H. B mrectHajmatepaHbIx uncaax st 0603Ha-
yenus nudp 10, 11, 12, 13, 14 u 15 ucnonnsyiorest 6yksst A, B, C, D, E u F. Tak,
Harpumep, 3amuch S3AFH ob603HauaeT miecTHaaarepuaHoe uncyio 53AF, Koto-
poe TocJie TPAHCISAIIHY 3AMUIIeTCs] B MAITUHHON KOMaH/ie B BUIE ABOMYHOTO

5 3 10(A) 15(F)

Komanzpl nepesay gauubix. Bo Bcex KOMIbIOTEPaX HEOOXOAUMbI KOMAH/IbI,
IpeZiHa3HaYeHHBIe TIPOCTO /IS NTEPECHIITOK TaHHBIX, a/[PeCOB 1 HETIOCPE/ICTBEH-
HBIX OII€PAaHJI0OB B perucTpbl win sueiiku mamsatu. B MII Intel 8086 umeercs
sITh Ga30BBIX KOMAH/I I/IsT BHITIOJTHEHWST TAKUX J€HCTBUI:

MOV — niepeciaTh;

LEA — sarpysuts (load) adhexTuBHBII (BHYTPUCETMEHTHDII) aIpec;
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LDS w LES — 3arpysuth ajgpec B ceTMeHTHbIe peructpel DS n ES cooTseT-
CTBEHHO;

XCHG — obmensith (exchange).

MOV — nauboJiee yHuBepcaabHast KOMaH/a, TIPeHa3HaYeHHast sl epe-
CBIITKN nHDOpMan Mexx Iy perrctpamu MII, perncrpamu n suefikaMu maMsTH,
3arpy3Ky HEMOCPEACTBEHHOTO ONEPaH/ia B PETUCTP WM styeiiky namsiti. [Lis
KPaTKOTO CHMBOJIMYECKOTO ONMHMCAHWA CYTH BBIITOJHAEMBIX KoMaugamu MII
JIEUCTBUI BBEJIEM CJIe/IyIolIe 0O03HAUCHUS:

(...) — coliepsKMMOe perucTpa uin SYeriKku mamsaTy;

<— — 3aMEHHTb CTAPOE COJEPIKUMOE HOBBIM.

[TpuBenem HeckombKO pMepoB KoMaH/ sl MOV ¢ HCIoIb30BaHNEM PAa3HbBIX
PERMMOB a/[PECAIUH:

* MOV AX, SI (AX) « (SI)
B peructp AX 3anocurcs copep;kumoe perucrpa S,
e MOV ALPHA, CL (ALPHA) «+ (CL)

B siueiiky ALPHA 3anocutcst conep:xxumoe peructpa CL, ipu 9ToM cama
gueiika J0JKHa ObITh 00bsIBIICHA KaK OJHOOAN THAS;

* MOV BETA+5, 9835H (BETA+5) < 9835H

B IBYXOGATHYIO sTueiiky, oTcTosmyio ot sueiikn BETA Ha 5 6aiiToB, 3aHO-
cuTes mectHagnarepuyroe yrcao 9833, r.e. 1001100000110101;

e MOV DX, [BP] [SI]+30 (DX) < (|BP] [S11+30)

B peructp DX 3aHocuTcst cojepkuMoe ABYXOaliTHONW sSiYeKU, BHYTPHU-
CEeTMEHTHBIHN aZipec KOTOPOIT BEIYUCIISIETCS CIIOKEHIEM COAEPKIMOTO PETHCTPOB
BP, ST u cmemnenus 30.

Komanubt LEA, LDS u LES obeciiednBaioT 3arpy3Ky ajfpecoB U3 TaMSsITH.
Komanzma LEA 3arpyskaeT BHYTPUCEIMEHTHBII azpec B j1000i peructp MII,
ATOT ajipec B acceMbiiepe HasbiBaeTCst a(h(HEKTUBHBIM. Apec sTUeHKU MaMsATH
MOJKET GBITh YKa3aH BCEMM KOCBEHHBIMU CIIOCOOAMU a/[PECAIIUH, TPUYEM ECITU
B koMaugax MOV, LDS, LES tipu atom OyzieT BBIOPAHO COMEPKUMOE TUEHKH,
TO B 9TOI KoMaHze OyaeT 3arpysken umento aapec. Komanast LDS u LES ana-
JIOTHYHBI, HO TIepBast 3arpyskaet us mamsatu peructp DS, a sropas — ES. O6e
KOMaH/Ibl KDOME CeTMEHTHBIX PErMCTPOB 3arpysKaloT TaKyKe JOIOJHUTEJIbHO
erte onuH BHyTpeHHnii peructp MII (HecerMeHTHBIN ), yKa3aHHbIN B KayecTBe
olepaH/ia B KoMaH/ie. TUIIMYHBII BU KOMaH/L:

LEA SI, COL |BX] (SI) < COL |BX]

LDS DI, TABLE | BX] (DI) < (TABLE [ BX])

(DS) < (TABLE | BX]+2).

Komanga XCHG ocyuiecTBiisieT 00MEH COAEPKUMBIM JBYX ONEPaH/IOB, T.€.
TIEPBBIIT OMIEPAH/T] TOMENIAETCST Ha MECTO BTOPOTO, & BTOPOI — HA MECTO TIePBOTO:

XCHG BX, [BP] [SI]+68 (BX) < (|BP] [S1]+68).

Apudmernyeckue KoMaHabl. K aprmMeTnaecKum omeparnsimM, BBITIOTHSIE-
mbiM MIT Intel 8086, otHocsiTcs ciloxkeHne, BBlUUTaHUE, YMHOKEHIE U JeJie-
nue. Onnako Habop apudmerndeckux komana MII ropaszo Goabme. Tak kax
paspsinHocThb peructpoB MII cocraBiser 16, muamaszon drces, IpeaCcTaBJIeHHBIX
TaKUM YUCJIOM JIBOMUHBIX Pa3psi/IoB, OTPAHUYEH U cocTaBJiseT Bcero +32768.
Jlig pacupeHust JuanasoHa MpeacTaBIseMbIX Ynces AByXOalTHbIe CJI0Ba
MOTYT CIEIJISIThCST B ueThipexbaiiTHble, mectnbaiitabie u T.1. [loaToMy Hapsmy
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¢ KOMaHzaMu, 00eCedrnBaONIMMU CI0KEHIe W BhlYuTaHue 0ObIYHbIX 16-pas-
psanbix yuces, B MII ectb KOMaH/IbI 1711 BBITIOJIHEHUST apU(DMETUIECKUX OTIe-
panuii ¢ y4eToM IepeHoca I 3aeMa, 00pa3oBaBIIerocst mpu 06paboTKe Mpeibl-
JYIIETo ABYXOANTHOTO CI0BA TIETIOYKH.

Komanpl cjio)KeHrs U BBIYUTaHUs Oe3 yueta U ¢ ydeToM TepeHoca (3aema)
UMEIOT CJIeLYIONINI BUI:

ADD op1, op2 — cioxenue 6e3 yuera mepeHoca;

SUB op1, op2 — sbiunranue Ge3 yuera 3aeMa;

ADC op1, op2 — cnoxeHue ¢ y9eToM IepeHoca;

SBB op1, op2 — BbIluNTaHUE C YUETOM 3aeMa.

[Ton «op1» m «op2» MOHMMAIOT TIEPBBIN U BTOPOIi OTIEPAH/IbI, OJTUH U3 KOTO-
PBIX — COMEPKUMOE PETUCTPA, & APYTON MOKET ObITh 3ajlaH BCEMHU BO3MOKHBIMHU
PEKIMAMU aIPECATTH TAHHBIX.

Kpome komarj1, peasnsyionux o0bldHbIe OMEePAINT CIOKEHUST U BBIYUTAHUST
nByx onepanzoB B MII, kak 1 BO MHOTUX JAPYTUX, UMEIOTCST KOMAHIBI CJIOKEH TS
(MHKpeMeHT) U BblYMTaHus (JeKkpeMeHT) ornepanjaa ¢ eaunuiieit: INC opl —
unkpeMenT; DEC op1l — nexpeMent.

B atux komaH[ax TOJBKO OAMH orepaHj (APYyroi ompejesieH orepaimen,
ATO — eIMHUIIA), a Pe3yJIbTAT OTepaIlnU TTOMEIIAETCS Ha TMpesKHee MeCTo ore-
panja. B kauecTBe onepanjia MOKeT BBICTYIATh cojiepskumoe peructpa MIT
saetiku O3Y:

INC AX (AX) « (AX)+1

DEC |BX] [DI]+45 ([BX] [DI]+45) «

([BX] [DI]+45) — 1.

Ouerb YacTo BO3HUKAET 3a/1a4a CPABHEHNU IBYX orepanios. [Tpu atom Heo6xo-
JIUMO OTIPE/IEIUTh, KAKOI 13 OTIePaH/IOB GOJIBIIIE VI MEHbIIE, HO CAMY OTIEPAH/IbI
HYKHO cOXpaHuTh. /It aToro B MII ecTh kOMaH/ia CpaBHEHUS JIBYX OTIEPAHIIOB
CMP. CpaBHeHMe OIIepaH/I0B OCYIIECTBIISIETCS IIyTeM BBIYMTAHUSI BTOPOTO OIle-
panma u3 repsoro. [Ipu aToM hopMHUpYIOTCS BCe TPU3HAKK PE3yIbTaTa OTIePAIN,
HO caM pe3yJIbTaT HUT/E He COXpaHsdeTcs. JTa KoMaHa cxoxa ¢ komanzon SUB,
HO OTJIMYAETCS OT Hee TeM, UTO Pe3yJIbTaT Ollepaliui He 3allOMUHAETCSI.

B aBouunoii apudmernke, Kak 1 B 060N APYroi, paspsaHOCTb IPOU3BE-
JeHust OOJIbIIIe Pa3PSAAHOCTU COMHOKUTeNel. Eci B KauecTBe COMHOMKUTEIEN
BBICTYTIAIOT OJHOOAUTHBIE OTIEPAH/IBI, TO MPOU3BEIeHNE OYAeT IBYXOaHTHBIM,
ecJiu orepaH/Ibl ABYXOalTHBIE, TO MIPOU3Be/eHe — YeThipexbaiiTioe. B kaue-
CTBE OJIHOTO M3 OTIEPAH/IOB BCET/[a BBICTYIAET cojiepskuMoe peructpa AX, nim
ero Mutaeit monoButsl AL, 1 B kKoMaH/ie OH He 0003HadaeTcst. [[pyroit onepan
MOJKET OBITh COMEPKUMBIM peructpa uin stueiiku O3Y. Ecin B KomaHjie yKka-
3aH OZIHOGANTHBIN Oepan/, TO OH YMHOKAETCST Ha cofepskumMoe peructpa AL,
a aByxOaiiTHOe npousseenune pasMennaercs B peructpe AX. Eciu e onepans
JABYXOaWTHBIN, TO OH YMHOKAETCST Ha COIEPIKUMOE Beero pernctpa AX, ais pas-
MelleHust pousBeienus Tpedyercs emle ogun peructp. Crapiias nmojoBuHa
npousBesienus nomernaercs B peructp DX, a mnanmas — B AX.

Onepanus nejeHus aBiasgeTcsa oOpaTHON YMHOKEHUIO. 3/ech TakKe yKa-
3BIBAETCS TOJIBKO OJIMH OTIepaH/l — JIEeJTUTEb, a JIeJIMMOe BCET/la Pa3MeIaeTcs
6o B perucrpax DX, AX, mibo toabko B peructpe AX. HactHoe Beerjga nome-
maetcs B peructp AX (AL).
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Jlpyrast 0CO6EHHOCTD IBOMYHON apiu(pMETHKN — B pabOTe ¢ IBOMIHBIME UHC-
JIaM¥ €O 3HaKOM U 0e3 3Haka. Ecim 4nciio co 3HakoM, ero (hyHKIIUIO BbIITOJI-
HSeT CTapIInii pa3ps, Ipu aToM «0» COOTBETCTBYET MOTOKUTETBHOMY YUCIY,
a «1» — orpuraresnpuomy. [ToaTomy onepanuu yMHOKEHUS 1 A€TIEHUST C YIETOM
3HaKa 4uces 1 6e3 yyera 3HaKa TaKyKe OTIMYAIOTCS PYT OT APYTa, ¥ KOMAHIbI
MII, BBINOJIHSAIONIME OIEPAINK € yUeTOM 1 6e3 yueTa 3HaKa ONepaH/i0B, PasHbIe.
ITpuBemeM KOMaH/IbBI YMHOKEHUS U JeJIeHNsT GE33HAKOBBIX YNCE C KPATKIM
CUMBOJIMYECKUM MTOSICHEHUEM:

MUL GAMMA (DX) (AX) < (AX)X(GAMMA)

(ipu yesioBun, uto GAMMA — nByxGaiitHast siueiika);

DIV CH (AL) « (AX):(CH)

DIV [SI] (AX) « (DX, AX):([S1])

(TIpu yCIOBUH, UTO sTUeiika, afpec KOTOpoil comepxutcs B SI, — mByxGaiiTHast).

BessHakoBble KOMaH/Ibl YMHOKEHUsI W J€JI€HNs UCTIONb3YIOTCS TIPU 06pa-
6OTKe YMCesN ¢ pa3psIHOCTIO, KPaTHOM ABYM OafiTaM, COCTABIEHHBIX U3 TET0-
yek. MHeMOHMKA KOMaH I, 00eCcIIednBaomnx 00paboTKy YMCes ¢ yYeTOM 3HaKa,
ormuaetcst HammareM GYKBoI «I» B obo3nauenn: IMUL opi w IDIV opi.

Haxkomel, eme ogHoii ocobennocTbio apudmerrkn MII aBiseTcss BO3MOXK-
HOCTD TIPEJICTABJIECHUS JIBOUYHO-ECITUYHBIX Yyncesl. B Taknx ymciax yerbipe
JIBOMYHBIX pa3psijia OObEIUHSIIOTCS B TETPaLy U COOTBETCTBYIOT OJHON JIecsi-
TiaHON 1dpe. JByx6aifiTHOE TBOMYHOE YHCTIO MOKET COOTBETCTBOBATD YETHI-
pexpaspsiHOMY JIeCATHYHOMY uyuciay. Takas dopma IpeacTaBIeHUs YNCeT
1 Ha3bIBAETCS IBOMYHO-/lecsiTuuHOI. Tak, Harpumep, necsitnanoe yncao 9580,
3amumnieTcs B [BoMYHO-AecaTmaHoM BHje kak 1001010110000000. Oneparin
HaJl IBOUYHO-/IECATHYHBIMI YHMCJIAMU BBIMOJHSIOTCS B /Ba arana. CHavyama
OCYIIECTBJISIETCS ONePAIUsT HAJl OTlePAH/IAMH, KaK OOBIYHBIMU J[BONYHBIME YHC-
JIaMT, a 3aTeM OCYTIECTBIACTCS KOPPEKINS Pe3yIbTaTa ¢ MOMOIIBIO CHeINaTh-
HBIX KOMaH/T KOPPEKIIHH.

Jlornueckue KoMaH/bI M KoMaHbI caBura. B MIT MoryT BBIOTHATBCS BCe
6a30BbIe JIOTHYECKKE OTIEPAIINH, a TAKJKE HEKOTOPbIE Apyrue. VX MHeMOHMKA
MPAKTHYECKH COBIIAIAET C HA3BAHUEM OTI€PAINii:

AND op1, op2 — (noruueckoe 1);

OR op1, op2 — (noruueckoe NJIN);

NOT op1 — (normueckoe HE);

XOR op1, op2 — (uckmovaroriee VJIV nm cymma mo MOyJTio iBa).

Kaskmplii pa3psii IBOMYHOTO YMCJIA B JIOTHYECKUX KOMaHIaX paccMaTpu-
BaeTCsl Kak Jiorndeckas rnepemennast — «1» i «0» u BbIlIOTHEHUE JIOTHYE-
CKUX oTepanuii ocymiecTBasgercs mopaspsaano. Komanna AND ucnonbayercs
JLIST TOTO, YTOOBI cOPOCUTD B «0» OT/IETbHBIE Pa3psI/Ibl OTIEpPaH/a, He 3aTPOHYB
ocrasibHble. J{Jist aTOTO OTepalys Joruueckoro M BBIOTHIETCS MEKLy OTlepaH-
JIOM 1 «MACKOW» — JIBOMYHBIM YUCJIOM, BCE PA3Psijibl KOTOPOTO PABHbBI €IIHHUIIE,
a Te, KOTOPbIE ¥ OTepaH/Ia MOKHBI GBITh YCTAHOBIEHDBI B «0», — PaBHbBI HYJIIO.
Hampuwmep, mg yctaHoBKH 3-Tro paspsiia y HEKOTOporo omnepanjaa A B HyTb
JIOCTATOYHO BBITIOJHUTD OMEPAIUIO JJOTHYeCKOTO «» ¢ Mackoii, B KOTOpoii Bce
paspsijibl, KpOMe TpeThero, paBubl «1», T.e. 11110111:

a7a4a50,03a,a,a) A 11110111 = a,aq4asa,0 a,a,ay,.

211



Jl711 yCTAaHOBKY B €IMHUILY OTAEIBHBIX Pa3psIOB OTepaH/a, He 3aTparuBas
Ipyrux, ucrnoib3yercd koManaa OR (norndeckoe UJIN). [lns aToro B kauecTBe
MAaCK! BBIOMPAETCST UNCJIO, B KOTOPOM BCE Pa3psIbl PaBHBI HYJIO, KPOME TeX,
KOTOpBIE B OTEPaH/ie JO0JKHBI ObITh YCTAHOBJICHBI B €IUHHUILY:

a7A4050,40309a1a v 00100001 = a,ag1a,aa-a41.

B mannom nipumepe ¢ momotirpio oneparuu Jorudeckoro MJIN nsateiil u vyJe-
BOI pa3psbl onepanga A yctaHaBamBaioTes B «1», e 3aTparnBast OCTAIbHBIX.

Komanma XOR wucriosib3yeTcs /ISt TOJydeHs UHBEPCUU BCEX MJIN OTIEJIb-
HBIX Pa3psijioB orepania A uiv OOHyJIeHUsS BCeX ero pa3psiioB. B mepsom ciry-
yae HeoOXOMMa MacKa, B KOTOPOI paspsi/ibl, MOJIEKAIINE HHBEPTUPOBAHUIO,
paBHBI «1», BO BTOPOM I0CTaTOYHO BBITIOJTHUTH KOMAH/Y, UCIIOJIb3YS B KAUuecTBe
OIIEPAH/IOB OJIHO U TO K€ CJIOBO:

a;04050,050,0,0 D a,agasa,asa,a,a, = 00000000.

Jlornueckoit KOMaH10#, TO3BOJISIONIEH OCYIIECTBIISATD IPOBEPKY OT/AEIbHBIX
paspsioB orepaH/a 6e3 M3aMeHeHus ero, siBastercst komanna TEST. 9ta koMmaHaa
BBITIOJIHSIET oreparuio Jormdeckoro M onepansa ¢ mackoit. [Ipu atom ycranas-
JINBAIOTCS BCE TIPU3HAKHU PE3YJIbTATa,  CaM Pe3yJIbTaT He COXPAHSETCS U OIe-
paHj TakuM 06pPa3OM HE U3MEHSIETCSI.

JLJ1s1 BBITIOJTHEHNUST OTIepalliii ¢IBUTa GUTOB OTIEPaH/Ia Ha OTIPEIEJIEHHOE YHCII0
paspszos Biaeso uau Brupaso B MII Intel 8086 umeercst Bocemb komanz. Casuru
MOIPA3E/IAIOTCS Ha IPOCTBIE U IUKJINYECKUe, apU(dMeTHYeCKIe U JOTHYECKHe,
casuru ¢ yuetom O6ura neperoca CF nim 6e3 yuera (puc. 4.17).

0 A [cA o
a

- ~{CTH (o -
0

' m-ICF|  [CFl=rt i
B T L 7

8

Puc. 4.17. Jlornueckuii casur (a); UMKJINYECKUI cABUT Yepes nepeHoc (0);
NUKJIHYeCKuil cBur (8)

B komanzax siormuecknx c/IBUTOB BJIeBO W BiipaBo (puc. 4.17, a) c npo-
THUBOMOJIOKHON CTOPOHBI ONIEPaH/Ia «BABUTAIOTCST> HYJIU, & BbIBUTaeMble GUTHI
TePAIOTCs, KpOMe TIOC/IeHero, KOTopbiii coxpansercs B oute nepernoca CF.
ApudmeTndeckuii CIBUT BIEBO aHAJOTHYEH JIOTUIECKOMY, a CABUT BIIPABO
(Ha pUCYHKe He TI0Ka3aH) OTJIMYAETCS OT JIOTUYECKOTO TeM, 4YTO BMECTO HYyJIei
Ha MECTO BbIJIBUIaeMbIX OMTOB AyOJUPYETCs] CaMblii CTapUIMA 3HAKOBBIA OWT.
KomaHapl MUKJINYECKOTO CABUTA OTJIUYAIOTCS TEM, YTO OTIEPAH]l CUUTAETCS
«KOJIBLIOM», B KOTOPOM BBIBUTAa€Mbl€ C OJHOU CTOPOHBI OUTHI BABUTAIOTCS
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¢ apyroi (em. puc. 4.17, 6, ). IIuKINUECKU CABUT MOKET OCYHIECTBIATHCS
¢ yueroM OuTa meperoca win 6e3 ydera. Eciu ¢IBUT OCYIIECTBISETCS C yIETOM
6uTa eperoca (cM. puc. 4.17, 6), To 3TOT GUT BKITIOYAETCST B KOJIBIIO.

Komamnza ciBura uMeeT cieayonuii 06001eH bl BUJL:

Muemonnka Onepana, Yncino casuros.

MHeMOHMKa KOMaH/I C/IBUTA COCTOUT U3 TPeX CUMBOJIOB. I1epBblii 0603HaYaeT
Ut capura: mpocroit S (shift), win rukanveckwit, HaspIBaeMbIil poranueii R
(rotation). BTopoli cMBOJI KOHKPETU3UPYET TU c/iBUTa: apudmernueckuii H,
gorndeckuii L, mpocToit nukmueckuii O, MUKJINYecKuii ¢ yaetom meperoca C.
Tpernit cumBosI 0603HaYaeT HalpaBIeHue casura: Baeso L u supaso R. Hanpu-
Mep, komanaa RCL cooTBETCTBYET IUKJIMYECKOMY C/IBUTY C YUETOM IIepeHoca
BJieBO. B KkauecTBe ormepaHjia MOKET BBICTYIATh COMEPKUMOE PETUCTPA WU
gueiikr O3Y. Y0 CABUTOB MOKET OBITh YKA3aHO YMCIOBOI KOHCTAHTOM JI1O0
KOCBEHHO, IyTeM yKazanus peructpa CL. B nociennem ciydae B 3TOT PErUCTp
MIPEBAPUTENHHO OIKHA OBITH 3aHECEeHa KOHCTAHTA, COOTBETCTBYIONIAST TUCTY
cnBuroB. [IpuBesem npuMepsl KOMaH/L CIBUTOB:

SLR [SI]+50, 1

JIOTMYECKUI CABUT BIPaBO coaepskumoro stueiiku O3Y ¢ agpecom [SI] +50
Ha OINH Pa3pAL;

ROL SIGMA, CL

MUKJINYECKU CABUT BJIeBO cofiepxkumMoro gueitku O3Y SIGMA. Konnye-
CTBO C/IBUTAEMbIX Pa3psi/ioB cojiepskutcst B peructpe CL.

KomaHn/ip! yca0BHBIX U 6€3yCIOBHBIX mepexo0B. Hapyiienne ectecTBeH-
HOTO TOPsI/IKa CJIeJIOBAHUS KOMaH/I, KOT/Ja aJpec CJIeAYIONiell BIIOIHIeMO
KOMaH/IbI aBTOMAaTHYECKH BLIYUCIACTCS TPOTPAMMHBIM CIETINKOM, OCYTIECT-
BJISIETCST IIyTEM 3arpy3KH B TPOTPAMMHBIN CYETYHK U, PU HEOOXOAMMOCTH,
B CerMeHTHBIH peructp CS HOBBIX aJpecoB. DTU AEHCTBUS BBITTOJHITOTCS
[IPY MOMOTIM KOMaHJI YCIOBHBIX U 6€3yCJIOBHBIX MEPEX0/0B. MHEMOHUKA ITHX
KOMaHJI HaunHaeTcs ¢ cuMBosa J (jump).

Komanzabl 6e3yCJI0BHOIO Mepexoia UMEIOT OAHY U Ty e MHeMOHUKY JMP
U JIOTIOJIHATEIBHYIO YTOUHSIONIYIO HHMDOPMAIUIO, OIPEAEISIONIYIO JaJbHOCTh
nepexozia. B komanax 6e3yCIOBHOIO Mepexo/ia ajpec HOBOW KOMaHIbl MOXKET
hopmuposatbest AByMst criocobamu. B epBom criocobe B caMoil KoMaHjie yKa-
3BIBAETCST CMEIIEHNE OTHOCUTENLHO TEKYIIeH KOMaH/Ibl, KOTOPOE MOXKET OBITh
KaK MOJIOXKUTETHHBIM, TAK U OTPULIATEIbHBIM. AJZIpec, 3arpysKaeMblil B 1IPO-
IPaMMHBII CYETUNK, 0OPA3YETCST TIYTEM CJIOKEHUST ¢ €r0 TEKYIIUM COMEPIKHU-
MBIM 3TOTO CMEIIEHUsT, WU ero BeiuutaHus. CMelieHne MOKeT ObITh 3a/[aHO
Kak OJIHOOAWTHBIM YHCJIOM, TaK M ABYXGAHTHBIM. B mepBoM cirydae mepexof
HasbiBaetcst KOpotkum (SHORT), otcTosmmM OT TEKyIIEro aapeca He Gosee,
vyem Ha 127, Bo Bropom cayuae — 6uskuM (NEAR), T.e. HAXOISIITMCS B OJTHOM
CerMeHTe ¢ TEKYIIUM aJPeCOM, HATIOMHUM, YTO OOBEM OJHOTO CEerMEeHTa —
216 = 64 Koaiir.

Bo BTOpoM cnocobe agpec HOBOH HCIOJHSAEMON KOMAHIbI HEIMOCPE.I-
CTBEHHO 3aTPY’KAETCsT B TIPOTPAMMHBIH cueTynK. [Ipu 9TOM OH MOXKeT OBITH
B3IT U3 KOMaH/IbI B BU/IE ABYXOAWTHOrO YKCIIa, WM U3 SYEHKU TTaMSITH, ajipec
KOTOpOH yKa3aH B KOMaHJe BCeMU BO3MOKHBIMU peKMMaMu ajipecarinu. Bro-
poii criocob obecrieunBaeT Mepexojl He TOJIbKO BHYTPU TEKYIIEr0 CErMEHTa MPo-
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IpaMMbl, HO U B JII0G0M APYToii. J{JIst 5TOTO HOBBIN azipec 3arpyskaeTcs He TOIbKO
B IIPOrPAaMMHBII CYUETYUK, HO U B cerMeHTHbII peructp CS. OH MOXKeT ObITh
3aaH Jn60 BTOPHIM JBYXOAMTHBIM CIOBOM, COAEPKAIIUMCS B KOMaHe, Ju60
COZIePKUMBIM NIBYX stueek O3Y, HAXOIANUXCS CJIEIOM 32 SuelikaMy ¢ BHYTPH-
CETMEHTHBIM a/[PECOM JIJIsT TPOTPAMMHOTO cueTunKa. Takoi 1mepexo/] Ha3bIBaIOT
nanexkum (FAR).

[Tpu TpaHCMPOBAHUK KOMAH/ ¢ g3bika AcceMbJiep B MallMHHBIE KOJIbI aJlb-
HOCTD TI€PEX0/Ia ¥ TUII OIIPEAESIOTCS JIHOO TOMOHUTEBHOM HHpopMatmeil —
SHORT, NEAR unu FAR, mu6o pasmepoMm aapeca (0QHO-, ABYX-, YeThIpeX6Gaiit-
ubrit). OueHb 4acTo B KauecTBe ajipeca B KOMaH/IE JIA€TCs CChIITKA HAa METKY,
KOTOPOIT TOMeueHa KOMaH/Ia, K KOTOPOH OCYIIEeCTBIISIETCS TIePeXo/l:

JMP SHORT NEXT.

[To aroil kKomaHze aapec cieayiolleil MCTOTHSIAEMON KOMaHbI OInpeje-
JIUTCST KaK CyMMa TEKYIIEero ¢ 0AHOGaiiTHBIM cMelieHneM. Pacuer cmerneHus
BBITOJIHSAET acceMOJIUPYIONIast MPOrpaMMa Mo OTCTOSHUIO TeKYIeil KOMaH/IbI
OT KoMaH/Ibl, moMeueHHoi MeTkoii NEXT:

JMP FAR [DI]+100.

ITa KOMaHJIa OMpeiessieT MesKCETMEHTHBIN Tepexol. A/lpeca, 3arpysKaemMbie
B IIPOTPAMMHBIH cueTunK 1 peructp CS, cojiepKaTcs B YeThIPeX COCeTHUX sTUeii-
kax O3Y. Axpec 11epBoii 3 HUX ompeesdeTcs: Kak cojiep:kumoe peructpa DI
wrioc cMmettenue 100.

KoMaH/[pl yCJIOBHBIX MEPEXO0B UMEIOT TOJBKO OJIUH CIIOCOO OTIpe/IeJIeH st
ajipeca nepexoja — Kak cMellenue, He 6osiee yem +127 OTHOCUTENbHO TEKY-
1Iero azipeca. B aTX KOMaHIaX OCYIIECTBIIIETCS TPOBEPKA PA3IUIHBIX YCIOBUIT
BbINoJIHeHUsT niepexoja. [lopsigox peiictsust MII npu BbIOJIHEHUM KOMaH/Ibl
YCJIOBHOTO TI€PeX0jia CJeYIONTUI: eCTN YCI0BHe, 3aJlaHHOe B KOMAH/Ie, BBITIOJ-
HSETCS, TO CJAeAYIONUN aJipec BBIYUCISAETCS TyTeM CJIOKEeHUs (BBIYUTAHUS )
TEKYIIero CoJep:>kKMMOT0 IPOrPAMMHOIO CUETUMKA CO CMeI[eHUeM; eCJIU Ke
YCJIOBUE He BBITTOTHIETCS, TO aBTOMATHIECKH C(HOPMUPOBAHHBIH a/ipec U eCTh
azpec caepyiomeil kKomanapl. Takum 06paszoM, COXpPAHAETCS €CTECTBEHHBIN
MOPSIIOK CJIEIOBAHUST KOMAH/I U CJIeIYIONIast KOMaH/[a CTOUT HEITOCPEICTBEHHO
32 KOMAH/IOM YCJIOBHOTO TTE€PEXOa.

MHeMoHMKa KOMaH][ YCJIOBHOTO Tlepexo/la HaYnHaeTcsl ¢ cuMBoJia J. 3ateM
UyT CUMBOJIBI, OTIPeeISTIONIe MpoBepsieMoe ycaoBue. [IpoBepka ycmoBuii
OCYIIECTBJISIETCS Ty TEM aHAIN3a PA3INUHbBIX (PJIaKKOB — OUTOB perucTpa cjaosa
COCTOSTHUST TIPOTIECCOPA, XPAHSIIUX MPU3HAKU Pe3yJibTaTa TPebIyIIell ornepa-
run. Takum 06pa3oM, HETIOCPEACTBEHHO TIepel KOMaH/IOH YCJIOBHOTO Mepexo/ia
0013aTeJIbHO JI0JIKHA CTOSTh KOMaH/a, ¢ TIOMOTIbI0 KOTOPOit (hopMupyoTes
MIPU3HAKY Pe3yJIbTaTa. ¥ OJHON YaCTH KOMAHJ OCYIIECTBIISETCS aHAIN3 TOJTHKO
OJTHOTO TPU3HAKA Pe3yJsbTaTa — OJHOr0 OuTa peructpa (JIaskKoB, y APyTon
JIBYX WJIH TPeX GUTOB.

[TpuBegeM MHEMOHUKH HEKOTOPBIX KOMaH/[ C MX HAWMEHOBAHUSMU U HEOO-
XOAMMBIMU TOSICHEHUSIMU.

JZ — «Ilepeiitu, ecau HOJIb> — TIEPEXOJl OCYIIECTBJSETCS, €CJIU PE3yJIbTaT
TIPEIBIIYIIei onepaliuy paBeH HyJIio.

JNZ — <«Ilepeiitu, eciv He HOJIb» — KOMaH/Ia IIPOTHUBOITOJIOKHA KoMaH/1e JZ.
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JS — «Ilepeiitn, eciu 3HAKOBBIN OUT paBeH 1» — TMeEPEXO/ BHIMOJHIETCS,
€CJIM Pe3yJabTaT BBIUUTAHUS IBYX OTIEPAH/IOB OTPUIIATEJICH.

JNS — «Ilepeiitn, ecau 3HAKOBbIH 6UT paBeH 0» — TTEPEXO/ BHITIOTHSIETCS,
€CJTM Pe3yJabTaT BBIUMTAHUS TOJOKUTETEH.

B cieayomux 4eTsIpex KOMaH/aX OCYNIECTBISETCS MPOBEpPKa yCJIOBUIA,
COOTBETCTBYIONMUX MaTeMaTHUECKUM oTllepaTopaM OTHOIIEHNH <, >, >, <. ITH
KOMaH/IBI MPeAHa3HAYEHBI /I NCITOIh30BAHNS MOCJIe KOMAH/Bl CPaBHEHUS
CMP, B KOTOPOIi BTOPOI1 OTlepaH/] BBIYUTAETCS U3 MEPBOTO, & PE3YJIbTAT Onepa-
1IN He COXPaHICTCH.

JL — <«Ilepeiitu, ecom MeHbIIIE.

JNL — «Ilepeiitn, eci GoJIbITES.

JLE — <«IlepeiiTu, ecii MEHbIIIE WU PABHO».

JNLE — «Ilepeiitn, ect GOJIbIIE UM PABHOY.

Komampl yeJI0BHOTO epexozia 0ObIYHO UMEIOT CISIYIOIII 0000MIEeHHbII BUL

Muemonuka Metka, nanpumep JLE NEXT.

B nannom npumepe NEXT — 5T0 MeTKa KOMaH/Ibl, KOTOPYIO CJIELYET BBITIOJ-
HUTD B CIy4ae BBIMOJMHEHNS yciaoBus. OHa 0/DKHA HAXOAUTHCSA He Jlaee 4eM
Ha =127 oTHOCHUTEJNBHO KOMaH/IbI YCJIOBHOTO Tepexozaa. Ilpu tpanciasiium
acceMOIMPYIOTIAst TIPOTPAMMA BBIUMCIAT COOTBETCTBYIOTIEE CMETIEHTE U TTOME-
CTUT €ro B MaIIMHHYIO KOMaHAy. Eciin KoMaH/1a, KOTOPOI cjenyeT rnepeiarhb
yIpaBJeHre, HaXOUTCS JTATbIIe NN B IPYTOM CETMEHTE, TO UCHOIb3YIOT KOH-
CTPYKIIMIO U3 IBYX KOMaH/: YCJIOBHOTO M Ge3ycJaoBHOro nepexoga. CHayana
TpoBepsIeTCs YCAOBHE C MOMOIIBI0O KOMAH/BI YCJIOBHOTO TIEPEeXo/a, KOTopas
JIaeT CCBIIKY Ha KOMaHy Ge3yCIOBHOTO TEPEX0Ia, HaXOISIIYycs: BOIU3N ee.
3atem 10 KOMare He3yCAOBHOTO TEPEXO/Ia OCYIECTBISETCS TTEPEXO K HYK-
HOMY y4acTKy IPOrPaMMBbI B JIIOOYIO TOUKY MaMSITH.

Komanza 7yt opranusaryy MuKJIndeckux mporpamm LOOP.

Irta KoMaHAa 00eCIeYrBaeT MOBTOPEHIE 3a/[AHHOTO YYacTKa TPOrPAMMBbI
HYKHOE KOJIMYeCTBO pa3. [Ipu 9TOM 4MCI0 TOBTOPEHWIA OJKHO OBITh 3apaHee
3aHeceHo B peructp CX. Ilocse Kax/10ro HOBTOPEHUST aBTOMATHUECKU COLEPIKU-
Moe peructpa CX yMEHbIIAETCs Ha eINHUILY U [IPU €r0 OGHYJIEHUH TIPOUCXOIUT
BBIXO/l U3 IIMKJIA U BBIIIOJHEHUE CJIe/lyIolleil 110 IOPSJAKY KOMaH/bl.

Komanga LOOP wmeer cieayionuii 0000IEHHBIN BUL;

Muemonuka Metka, Haripumep LOOP NEXT.

3necb NEXT — 5T0 MeTKa KOMaH/[bl, C KOTOPOI HAUMHAETCS ITUKJ U KOTOpast
OyJeT UCTIOMHATBCS cieayiolleii 3a koMangoi LOOP, 1i0Ka coIep:KuMoe peru-
ctpa CX He cTaHeT PaBHBIM HYJIIO.

Komannp! BBosa-BeiBota. Bee BHelrHME ycTpoiicTBa paccMaTpuUBaIOTCs
MUKPOIIPOTIECCOPOM KaK BHEITHWE PETUCTPBI WJIN TIOPTHI BBOJA-BhIBOMA. [l
nepepayn gaHupix Mexay MII m BY umetorcs ase xomaunas: IN — BBOJ
u OUT — BoBoz. Bech mpouece o6mena segerca uepes peructp AX mam ero
oT/IeJIbHbIE TIOTOBUHBL OH SIBJISIETCS KaK OBl «[TOUTOBBIM SIITUKOM»>. Uepes Hero
OCYIIECTBIISIOTCS Tiepechlyiku fanubiX 13 MII B BY u B Hero ke pannbie npu-
HUMaoTCst. OBOBIIEHHDIN BUI KOMaH MOKHO MIPEJCTABUTD B CIIELYIONIEM BUJIE:

Muemonuka Ilpuemunk, McTouHuk.

B xomanzne IN B kadecTBe IPUEMHUKA MOKET BLICTYNaTh peructp AX (AH,
AL). B xauecTBe MCTOUHMKA JIOJKEH BBICTYIIATh ajipec peructpa BY, KoTopsrii
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MoKeT ObITh 3ajaH b0 ogHOGaliTHOI KoHcTanTol (0T 0 K0 255), b0 Koc-
BEHHO, ITyTeM ykazaHus peructpa DX. B aToMm ciryyae B 9TOT peructp J0KeH
6BITh 3aHeceH ABYXOalTHBIN anpec peructpa BY. B komanne OUT pernctp AX
Terepb BBICTYTAET y’Ke B KadecTBe MCTOUYHMKA, a azapec peructpa BY moi-
JKeH OBITh TOMeETIeH Ha MecTo mpueMHrKa. OH MOKeT OBITh 3aIaH TakK Ke, KakK
u B koManze IN.

B xomanne IN AX, 40 npuemankom sBsieTcst AX, a UCTOYHUKOM — PETUCTP
¢ agpecom 40.

B xomanne OUT DX, AL npueMHUKOM SIBJISIETCST PETUCTP € aJI[PECOM, COJIEP-
sxamumes B DX, a nctounnkom — peructp AL.

Kpome pacemorpennpix komang 8 MII Intel 8086 mmeiorcs KomMaHabl
1t paboThl CO CTEKOM — B3ANUCH B CTEK U M3BJICUYCHUS M3 CTEKA; KOMAHIbI
JUIsT yCTAaHOBKHM U cOpOCa OT/AEJIbHBIX IPU3HAKOB pe3ysbTara — (HIraskKoB;
KOMaH 1bl, 06eCTIeYnBaroIe yIpaBJeHrne MUKPOTIPOLECCOPOM.

PaccMoTpuM mpuMepsl peanmusariuy MPOCTEHITNX TPOTPAMM Ha S3bIKe
Accembiep.

IIpumep 4.2

CocTaBUTh TOCJIE[0BATEIBHOCTD KOMAaHJI, BBITONHSIONINX CJIOXKEHUe IBYX YHCEl,
HaXOJSINXCsT B ABYXOaiiTHbIX stueiikax namstu ALPHA n BETA. PesyibTaT IOMeCTHTD
B stueiiky GAMMA.

Pewenue. 1151 iepechbUIKN JIAHHBIX MEXKJLY TAMSTBIO U MUKPOIIPOIIECCOPOM BOCIIOJIb-
3yemcs yHuBepcanboit komangoiit MOV. TlockombKy azpeca sueek 3aJaHbl HETIOCPe/l-
CTBEHHO, Gy/ieM HCIIOJIb30BaTh MPSIMOii pekuM ajapecarn. [Uisi C0KEHUsT BOCIIOJIb3Y-
emcsa koMmaugoit ADD.

MOV AX, ALPHA (AX) < (ALPHA)
ADD AX, BETA (AX) < (AX) + (BETA)
MOV GAMMA, AX (GAMMA) « (AX)

ITpumep 4.3

CocTaBUTh MOCJIE/IOBATEIBHOCTD KOMAH/I, BBIIOJIHSIONINX BbIYMTAHIE JBYX UYHCEJ,
HAXOISAIINXCS B IBYXOANUTHBIX sSTueiikax maMsTi. AIpec YMEHBITAEMOTO XPAHUTCS B PETH-
crpe ST, azpec BBIYMTAEMOTO 33/[aH CMEIEHHEM OTHOCHUTEIBHO aIpeca yMEHBIIAEMOTO,
xpamsmumcst B peructpe BX. Pesysibrar moMecTuTb 110 MeCTy XpaHeH s yMEHbIIAeMOTo.

Pewenue. Jlst anpecaiin He0OXOMMO BOCIIOJIb30BATHCS KOCBEHHBIMU PEKUMAMU aJIpe-
canuu. Ajipecaniyl yMEHbIIIAeMOr0 COOTBETCTBYET PErUCTPOBBIIl KOCBEHHBII peskuM (CM.
puc. 4.16, 2), a ajpecaryiv BBIMUTAEMOT0 — 0a30BbIi HHIEKCHDI (CM. puc. 4.16, e).

MOV AX, S]] (AX) < ([S1])
SUB AX, [BX][SI] (AX) « (AX) - ([BX] + [S1])
MoV [S1], AX ([$1]) « (AX)

IIpumep 4.4

Conepxumoe siueek ¢ ajpecamu 1500, 1501, 1502, ...1509 ckonupoBaTh U HOMECTHTH
B stueiikn ¢ agpecamu 1600, 1601, 1602, 1609 3a MUHUMATILHO BO3MOKHOE BpeMs (e3
KCIIOJIb30BAaHUS [UKJIA.

Pewenue. Haubosee sapGekTHBHO MUKPOIPOIECCOP BBIIOJHAET TIPOTPAMMBbI, €CJIU
KOJIMYECTBO OOpalleH il K TaMATH MUHUMAJIbHO, a JIaHHbIe /I pabOTHI XPAHATCS BO BHY-
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TpeHHUX perucrpax. [loaromy st GOPMUPOBAHUST AIPECOB AUEEK TAMSTH He OYIeM Kaxk-
IbIii pa3 yKa3biBaTh B KoMane MOV HerocpecTBeHHbII a/IPec STYEKH, 2 BOCIIOIb3yeMCsT
PErucTpoBbIM KOCBEHHBIM PEXXUMOM ajpecarini. OTBeeM JUIsl XpAaHeHHsI aipecoB siueek
peructpst SI u DI. ]Iy TOATOTOBKY aIpecoB Bocmorb3yeMcst komannoii INC.

MOV SI, 1500H (SI) — 1500H

MOV DI, 1600H (SI) < 1600H

MOV AL, [SI] (AL) < ([S1])

MOV [DI], AL ([D1]) « (AL) [ToBTOPUTDH rpyIIITY
INC ST (S « (SD) +1 komanz 10 pas
INC DI (DI) « (DI) +1

Ipumep 4.5

BreimosmuTe 3aganne npumepa 4.4 ¢ opranusaryeil inkjia Ha OCHOBE KOMaH/[bl yCJIOB-
HOTO TIePexoa.

Pewenue. Opranusyem IMKJI HA OCHOBE aHAIN3a OYepeIHOTO ajipeca sS4eiiku, moje-
JKaieil KormupoBauuio. Azpec siueek GyzeM hopMUPOBaTh ¢ OMOIIBIO 6a30BOI MH/EKC-
HOiT azpecaruu (eM. puc. 4.16, €), ipu 5ToM 6a30BbIil aKpec KOMMPYEMON TPYIITIbI 3aHECEM
B perrctp BX, a rpyIiibl siueek, Ky/ia JanHble JI0JUKHBI ObITh CKOITMPOBAHbI, — B peructp BP.
Texymumii agpec sueiiky BHyTpH TpyIbl (nHeKc) 3aneceM B peructp SI. [Tpu npessiie-
HIn cofepskumMoro peructpa SI umcia 9 BBIMOIIIM BBIXO 13 1ikaa. OOHyenne peri-
crpa ST BeImoIHNUM ¢ TToMoIbio Komanasl XOR.

MOV BX, 1500H (BX) <« 1500H
MOV BP, 1600H (BP) < 1600H
XOR SI, ST (SI) « (SI) @ (SI)
MOV [DX], 9 ([DX]) <9
NEXT MOV AL, | BX] [SI] (AL) < ([BX] + [ST1)
MOV [BP] [SI], AL ([BP] + [SI) < (AL)
INC SI (SI) « (ST) +1
CMP SI, DX copmupoBats npusHaku pesyiabsrata (SI) — (DX)
JNZ NEXT nepeiitu Ha komanay NEXT,

€CJIM pe3yJIbTaT He paBeH HYJII0

IIpumep 4.6

BoImosiHuTh 3a1aHue mpuMepa 4.5 ¢ opranusaiiei rukia Ha ocioe Komanisl LOOP.
Pewenue. Bo dparmenre nmporpaMMbl TiprMepa 4.5 BBEIEM KOJUYECTBO KOMUPYEMbIX
staeek B perrictp CX Bmecto peructpa DX. Komanasr CMP u JNZ 3ameHnM oIHON KOMAH/IOI.

MOV BX, 1500H (BX) « 1500H
MOV BP, 1600H (BP) < 1600H
XOR SI, SI (SI) < (SI) ® (ST)
MOV [CX], 9 ([CX]) <9
NEXT MOV AL, [BX] [SI] (AL) < ([BX] + [SI1)
MOV [BP] [SI], AL ([BP] + [SI]) < (AL)
INC ST (SI) < (SI) +1
LOOP NEXT nepeiitn Ha komauay NEXT, noka (CX) > 0

IIpumep 4.7

Beraucoute cymmy cozepskumoro maccusa u3 10 stueex. Anapec 1epBoil siueiiku mMac-
cuBa — ADR. Bce saueiiku oqHoGalTHbIE.
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Pewenue. OueBUIHO, YTO JAHHAS TIPOrPAMMa JI0JIKHA OBITH IIUKJIMYECKOI, B KOTOPO
BBIGOPKY COIEPKUMOIO STUEEK TAMSATH MOKHO BBITIOJIHATD ¢ OMOIIbIO KOCBEHHOI ajpe-
calyy ¢ THKPEMEHTOM Ha Kask/IOM II1are COIEPKUMOTo ajipecHoro peructpa. Ho aist atoro
HysKeH a(hhexTUBHBII ajpec 1epBoil siueitkn, a He ee Metka. [lust 3arpysku adexTns-
HOro ajipeca B peructp SI Ha OCHOBaHUM METKH sSYEHKN BOCHOJIb3yeMcst komanioit LEA.
TTOCKOIBbKY s4€eiiku OHOOANTHBIE, a CyMMa COAEPKUMOro 10 sueek MOKET OKa3aThCst
GOJIBIIEN Pa3PAMHOCTH, HEOOXOANMO M3 COAEPKUMOTO OAHOOANTHON stueiiku (hopMupo-
BaTh IByXOaliTHbIE IaHHBIE, YTOOBI OTIEPAH/IBI B KOMAH/IE CJIOKEHUS ObLIN IBYXOA i THBIMU.
Bynem dopmuposars atn sannbie B peructpe BX, o0myJisist ero crapumii 6aiT, siBJisiio-
muiicss perucrpom BH, ¢ momonpio komansl XOR, a B Miaaammil 6ailT, siBISTONAICS
peructpom BL, — 3anocs cofep:kumMoe stueiiku mamsatu komanaoit MOV. HakanmBaemyio
cymmy Oyzem dopmuposath B peructpe AX. Tukiamdeckyio mporpamMmy chopMupyeM
¢ omotipio koMauisl LOOP, omectns B perrictp CX KOJTMUECTBO sTYeeK.

XOR AX, AX oOunyenue peructpa AX

MOV CX, 10 (CX) <10

LEA SI, ADR (SI) < apdexrusnbiii aapec siueiiku ADR
NEXT XOR BH, BH oGuyaenue peructpa BH

MOV BL, [ST] (BL) < ([S])

ADD AX, BX (AX) « (AX) + (BX)

INC ST (SI) « (SI) +1

LOOP NEXT nepeiitn Ha komauay NEXT, noka (CX) > 0

IIpumep 4.8

Haiitu MmakcumambHoe umcsio, Xpausiieecst B Maccuse stueek ¢ aapecamu 1000...10FE.
Bce aueiiku nByxOaiiTHbIe.

Pewenue. Byniem BBITOJIHITD MOCJIEI0BATEIbHOE TIOMIAPHOE CPABHEHUE COAEPIKUMOTO
sTYeeK ¢ MOMOIIBI0 KoMaH bl CMP, BBISIBJISISL B KaJK/IOM CPaBHEHU GOJIbIIIEE YKCJIO U COXPa-
Hsst ero B perucrpe AX. Eciin ouepesias siueiika cofepsKuT 4rciio, Goibliiee 4eM cojep-
skumoe perrctpa AX, samensiem cozepskumoe peructpa AX Ha ato yucso. Ecin ouepen-
HOE YMCJIO MEHBIIIE UJIN PABHO cojJiepskuMoMy peructpa AX, BBIIOTHSIEM IIepexo/l K KOHILY
ruksia — komanze LOOP. Tak kax ajpec nepBoii aByx6aiitHoit stueiiku — 1000H, a mocren-
Heit — 10FEH, To ob1iee KonmnuecTBo AByXOalTHBIX stueek coctasut 100H /2 =256 /2 =
= 128. TIpu 9TOM YHMCIIO TONAPHLIX cpaBHernii Gyzer Ha 1 Menbie, T.e. 127. 1o yncio
sanuiiem B peructp CX. B peructp BX 3aHeceM 1mar, ¢ KOTOPbIM UJIET ajipecariysi JIByX-
OGalTHBIX sTaeek — 2, 4T0ObI MOANGDHUIINPOBATE aApec ofHON KoManoil ADD. (Mnave npu-
LT0Ch GBI IBaKABI TOBTOPUTH KoManmy INC.)

MOV CX, 127 (CX) « 127
MOV SI, 1000H (SI) < 1000H
MOV BX, 2 (BX) « 2
MOV AX, [S1] (AX) « ([SI])
NEXT ADD SI, BX (SI) < (SI)+(BX)
CMP AX, [SI] copmupoBars npusHaku pesyibrata (AX) — ([SI])
JNL BETA nepeiitn Ha komauxy BETA, ecau Gosbine
MOV AX, [S1] (AX) « ([SI])
BETA LOOP NEXT nepeiitn Ha komauay NEXT, noka (CX) > 0

ITpumep 4.9

218

OG6uynuTh B stueiikax mamsiti ¢ aapecamu 1000...1007 cremyiormue paspsiapt (tabu. 4.1).



Tabnuya 4.1

Anpec sueitkn | 1000 | 1001 1002 | 1003 | 1004 | 1005 | 1006 | 1007

Ob6nynsemprii | 0 pas- | 1 pas- | 2 pas- | 3 pas- | 4 pas- | 5 pas- | 6 pas- | 7 pas-
paspsin psin psiz psin psiL psia psiz psiz psin

Pewenue. O6nyseHre PaspsaoB OyAeM BBITIOJHIAT € MOMOIIBIO KoMaHabl AND
€ MacKoM, B KOTOPOii Bce paspsiibl, Kpome 00HyIsieMoro, paubl 1. Ha kaxioM 1mare Macka
(hopMEpYyeTCs IyTeM MUKINYECKOTO CIBUTA BJIeBO Oe3 yueTa nepeHoca ROL. Tukit opra-
HusyeM ¢ nomoibio komanbl LOOP, 3anecs B peructp CX KOJIMYECTBO I1IATOB, PaBHOE
KOJIMYECTBY paspsimioB — 8. [LJist BBIGOPKY stueek U3 maMsaTu GyIeM UCIOIb30BaTh PETH-
CTPOBYIO KOCBEHHYIO ajpecaiuio uepes peructp SI.

MOV CX, 8 (CX) <8
MOV SI, 1000H (SI) < 1000H
MOV DH, 11111110B (DH) « 11111110B
NEXT MOV AH, [SI] (AH) < ([Sn)
AND AH, DH (AH) < (AH) A (DH)
MOV [SI], AH (IS1) < (AH)
INC ST (SI) « (SI) +1
ROL DH, 1 casur (DH) na 1 pa3spsj BieBo
BETA LOOP NEXT nepeiitn Ha komauny NEXT, noka (CX) > 0

IIpumep 4.10

YCTaHOBUTDH B €UHUILY Pa3psi/bl BHEIIHUX PETUCTPOB CO CIEAYIONMME apecaMi
(tabu. 4.2).

Tabauya 4.2

Anpec peructpa FO F1 F2 F3 F4 F5 F6 F7

Paspsiz, ycranas- | 7 pas- | 6 pas- | 5 pas- | 4 pa3- | 3 pa3- | 2 pas- | 1 pas- | 0 pas-
JmBaeMblii B 1 pan pan pAan pAan pAn psn pan pan

Pewenue. 17151 uTeHNs BHEITHUX PETUCTPOB UCIIONb3yeTcst komana IN, a uis 3ammcu —
OUT. Anpecanus BoimosmsieTcs yepes peructp DX. /I yctaHOBKY onpeie/IeHHOTO pas-
psiia B emHuUIly OyJIeM UCIosib3oBaTh KoManay OR ¢ Mackoil, B KOTOPOW Bce paspsijibl,
KpPOMe yCTaHABJIMBAEMOrO B €MHUILY, PaBHbI HyJ0. Ha KakzoMm mare mMacka c/Bura-
eTcst BIPaBo Ha 1 paspsij, VIS 4ero MOXKHO MCIIOJIb30BATh KOMAH/LY JIOTMYECKOTO CABHUTA
BrpaBo SLR (cneBa «BaBuraoTcs» Hysu). [lukia mporpaMmsl opraHnszyeM aHaJOrH4HO

npumepy 4.9.
MOV DX, FOH (DX) « FOH
MOV BH, 100000008 (BH) < 100000008
MOV (X, 8 (CX) <8
NEXT IN AH, DX (AH) < (IDX])
OR AH, BH (AH) < (AH) v (BH)
OUT DX, AH ([DX]) < (AH)
INC DX (DX) « (DX) +1
SLR BH, 1 cnsur (BH) na 1 pa3spsii BipaBo
LOOP NEXT nepeiitn Ha komauay NEXT, noka (CX) > 0

IIpumep 4.11

ITpounTarh BHEIHUN peructp ¢ agpecoM 60, u ecm ero 4-it paspsi paser 1, 00Hy-
uTh paspsast 0, 1 n 2 BHenTHero peructpa ¢ agpecom 61.
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Pewenue. OGHyneHre pas3psiioB OyeM BBIIONHATH € MOMOIbIO KoMaHabl AND
¢ Mackoii «11111000». IIpoBepky paspsiza Ha ero paBeHCTBO €IMHUIIE BLITIOJTHUM ITyTEM
o6HyJternst koMaunoit AND Bcex OCTaTbHBIX Pa3psIIOB, B PE3YJIbTaTe Yero IPU3HAK PE3yib-
Tara — (QIAKOK Hysst GyIeT OHO3HAYHO YKa3bIBATh HA COCTOSTHUE MPOBEPSIEMOTO OGUTA.
C MOMOIIBIO KOMAH/IBI YCIOBHOTO miepexosa JZ Gynem 06X0ANTD BBITIOIHEH e (hparMenTa,
OOHYJISTIONIETO PA3PSIIbI B PETHCTPE ¢ anpecom 61.

MOV DX, 60H (DX) <« 60H
MOV BH, 00010000B  (BH) < 000100008
MOV BL, 11111000B  (BL) < 11111000B

IN AH, DX (AH) < ([DX])

AND AH, BH (AH) < (AH) A (BH)

JZ NEXT nepeiitn Ha komauny NEXT, ecim 0
INC DX (DX) « (DX) +1

IN AH, DX (AH) <« (|DX])

AND AH, BL (AH) < (AH) A (BL)

OUT DX, AH ([DX]) < (AH)

NEXT cnenyioniasi KOMaH/a IPOTPaMMbI

ITpumep 4.12

YMHOXUTD 371eMeHTBI MaccuBa A Ha a/ieMeHTbI MaccuBa B. PesybTaT momecTnTh B Mac-
cuB C. Havampubiii agpec maccuBa A — 1000, maccuBa B — 2000, maccuBa C — 3000.
KosmuecTso amemenToB MaccuBos — 50H. dmemenTsr MaccuBoB A 1 B — ogrobaiiTHbIe.

Pewenue. TIpn yMHOKEHUN OAHOOANTHBIX YMCEJ TOJTYYAOTCS ABYXOAWTHBIE TPO-
U3BEJIEHNs], IOITOMY dieMeHThl MaccuBa C — AByXOaiiTHbIE M WX aJpecanus BbIIOJIHS-
ercs ¢ marom 2. [l BIOOPKY OMEPAH/IOB U 3arpy3KK PE3yJbTaTa B MAMATh BOCIIOJIb3Y-
eMcsl pericTpoBOil KocBeHHOIT azipecanueil yepes peructpet ST, DI n BP. I1o ymosyanuio
[IPU YMHOKEHUY OJIHOOANTHBIX YUCEJI TIEPBbIil OIEPaH/l JOJIKEH HAXOAUTHCS B PETUCTPE
AL, xyna GyneMm nomemarh sneMeHT MaccuBa A. [IUKII OpraHu3yeM ¢ TOMOIIbI0 KOMaH/[bI
LOOP, a B peructp CX 3aHeceM KOJMUYECTBO YMHOKEHHI — 3JIEMEHTOB MAaCCUBOB, T.e. 50H.

MOV CX, 50H (CX) « 50H
MOV SI, 1000H (SI) < 1000H
MOV DI, 2000H (DI) < 2000H
MOV BP, 3000H (BP) < 3000H
MOV DX, 2 (DX) « 2
NEXT MOV AL, [SI] (AL) < (ISD)
MUL [DI] (AX) — (AL)  ([DI])
MOV [BP], AX ([BP]) « AX
INC ST (SI) < (SI) +1
INC DI (DI) < (DI) +1
ADD BP, DX (BP) < (BP) +2
LOOP NEXT nepeiitn Ha komaHay NEXT, noka (CX) > 0

IIpumep 4.13

ITycTh MUKPOTIPOIECCOP YIPABISET TEXHOJOTHIECKUM TPOIECCOM TEPMOOGPAOOTKI
B YeThIPeX Ieyax. Y IpaBjeHne 3aKI04aeTcsl B MOEPKUBAHUN B [IeUaX 3a/[aHHON TeM-
Mepartypbl MyTeM BKJIOUEHNST WM OTKJIIOUEHNST HATPeBa: eCJM TeMIIEPATYPa OIyCKAeTCsT
HMsKe 3HAUEHUs £ — AL, HarpeB BKIIOYAETCs, €CIIH JKe TeMIIepaTypa HPEeBLIIIaeT 3Ha-
uenue ., + At Harpes OTKJIOYAeTCs. Y IpaB/ieH1e OCYIIECTBIAeTCA ¢ IIOMOMIbIO BHENI-
HUX perucTpoB. B uerbipex aByxOailTHIX perncrpax ¢ aapecamu 10, 12, 14 u 16 xpansres

3HAYEHUS TEKYIIel TeMIIepaTypbl B Mevax f,.,; ¢ HoMepamu i = 1, 2, 3 n 4 cOOTBeTCTBEHHO.
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OG6HOBJIEHUE JIAHHBIX B 9THX PETHCTPAX IIPOUCXOIUT ABTOMATHIECKHU Ge3 yUacThst MUKDPO-
poleccopa.

OpHoballTHEIN perucTp ¢ aapecom 20 — perucTp yrpaBieHus BKIOYEHUEM /OTKII0Ye-
HIEM HarpeBaTeJIbHbIX 9JIeMEHTOB Ievyeil. Exnnuile cooTBeTCTBYeT BKIIOYEHIE HArPEBa,
HyJII0 — OTKJIoueHne. KaxgaoMy paspsijty COOTBETCTBYET HATPeBATEbHBII JIEMEHT OIIpe-
JieJieHHoi eun (tabar. 4.3).

Tabnuya 4.3
Howmep neun 1 2 3 4
Yupasasionuii pa3psiz 0 paspsiz 1 paspsin 2 paspsiz 3 paspsin

I/IIId)OpMaHHSI 06 YHPaBJIAEMbIX TapaMeTpax — HOMUHAJIbHOW TeMIIEpaType B IeYn tunMi

U JIOTTY CTHMOM OTKJIOHEHUHN AL, — XPaHUTCS B UeiikaX maMaTH ¢ afgpecamut (Tabir. 4.4).

Tabnuya 4.4
Howmep neun 1 2 3 4
[Tapametp
HomunanbHas Temieparypa 1000 1002 1004 1006
JlonycTuMoe OTKJIOHEHUE 1100 1102 1104 1106

[Tporpamma /10/KHA PEATM30BATh AJITOPUTM YIIPABJIEHI, TPE/ICTABIEHHbIH Ha puc. 4.18.

Pewenue. O6paiiieHue K BHEITHUM PErucTpam GyjIeM BBIIOIHSTH € TIOMOIIBI0 KOMAH]T
IN u OUT. Peructp DX GyjieM HCTIONIb30BATh JIJIsT 3/[PECAIINN BHEITHUX PETHCTPOB, PETHCTD
SI — st ajpecaniu si9eex TMaMsiTH. 3aHeceHne eJINHUIIbI B Pa3psijl, COOTBETCTBYIOIIEH
BKJIIOYEHUIO, BBITTOJIHUM KoMaHioil OR ¢ Mackoil, 3aHecenne HyJist, COOTBETCTBYIOIIETO
oTKIIoYenuio, — koMaumoil AND. Macku 3anecem B peructpsl BL u BH. Anpecaiuio
S4eCK, COACPIKAILIX 3HAYCHHUS L, BBIIIOJHUM PETUCTPOBOII KOCBEHHOIT agpecanueil yepes
peructp SI. Tak xak ajpeca sueek, COACPKAIMUX 3HAYCHUA AL, CMEIECHBI OTHOCUTEILHO
COOTBETCTBYIOIINX STUCEK f,,; HA 0JHO 1 Toxke cMemnenre 100H, pusa ux agpecannm Boc-
MOJIb3YEMCST PETHCTPOBON OTHOCUTEIBHON azipecartueii (cm. puc. 4.16, d).

Amann3 TeKyIieil TeMITepaTyphbl BHITOTHUM CIeAyomum o6pazom. IlepBoe BerumTamie
komau10it SUB 110 IpU3HaKy pe3yibTara MO3BOJIUT OMPEAETUTD, GOJIBIIE tyq; YEM L, TN
net. Ec/n pesy/ibTar MoJI0kKuTeNIeH, U3 Hero Bblautaerca snadenne Aty Teneps noso-
SKUTEJIbHBIN Pe3yJIbTaT OyAeT CBUAETETLCTBOBATD O TOM, YTO TEMIIEPATyPa B IEYU BbIILIA
3a JIOMYCTHMBbIE TIPEEJIbl 1 HeOOXOAMMO OTKJIIOUEHNE HarpeBa. B ciyuae oTpuiaTenbHoro
WJIM HYJIEBOTO pe3yJibTaTa Harpes Ipojiosukaercs. Eciim jke pe3ysibTaT 11epBOro BbIYUTA-
HU £y U3 Ly, ; OTPULIATE/ICH, BBIOIHACTCS CIIOKEHHE II0JIy4eHHOT0 pesysibraTa ¢ Aty
Ecim oyepesiioii pe3ysibTaT OCTajucs OTPULATENIbHBIM, 3HAUUT 1eYb OCThLIA HUXKE JIOIy-
CTUMOI TPAHUIBI U HEOOXOAMMO BKJIOUMTH HATPEB. B IPOTHBHOM CJlydae HarpeB ocTa-
eTCst OTKJIIOUEHHBIM.

Bce Bbleonucannbie 1eiiCTBNS BBIIOIHSIEM IIMKJIMYECKH VIS Kaskoi meun. Ilukir
opranusyeMm ¢ moMorpio Komanasl LOOP, 3anecs B peructp CX umciio meveii.

MOV CX, 4 (CX) « 4
MOV SI, 1000H (SI) + 1000H
MOV DX, 10H (DX) <« 10H
MOV BL, 00000001B (BL) < 00000001B
MOV BH, 11111110B (BH) < 11111110B
CYCLE IN AX, DX (AX) « (I[DX)])
SUB AX, [S1] (4X) « (AX) - ([S1])
JL ALPHA nepexoy Ha komauny ALPHA, eciu MeHblie
SUB AX, [SI] + 100H (AX) <« (AX) — ([S1] + 100H)
JL NEXT nepexox Ha komauay NEXT, eciau MeHble
IN AL, 20H (AL) < (20H)
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AND AL, BH (AL) « (AL) A (BH)

OUT 20H, AL (20H) « (AL)
NEXT ADD DX, 2 (DX) « (DX) +2
ROL BL, 1 casur BieBo (BL) Ha 1 pa3psin
ROL BH, 1 casur Bieso (BH) na 1 paspsin
LOOP CYCLE nepeiitn Ha komauxy CYCLE, noka (CX) >0
ENDP KOHeII NPOIleTyPbI
ALPHA ADD AX, [SI] + 100H (AX) < (AX) + ([SI] + 100H)
JNL NEXT nepexo/ Ha kKomauay NEXT, ecau Goabine
IN AL, 20H (AL) < (20H)
OR AL, BL (AL) < (AL) v (BL)
OUT 20H, AL (20H) « (AL)
JMP NEXT 6eaycaoBHbIi nepexoa Ha NEXT
i=1
>
g
BBOH t’reui
v
At= t‘relci - tH()Mi

et (At <0) na (At > 0)

Bruounts Harpes Boixsounts Harpes

i=i+1

Ja

1<4
HET

Puc. 4.18. Anroputm ynpaBiieHusI He4yaMu

222



4.7. TeHgeHUUn pasBUTUS OQHOKPUCTaANbHbIX MUKPONPOLECCOpPOB
M CUCTEM Ha MX OCHOBE

Co BpeMeHN TOSIBJIEHNST TEPBBIX MUKPOIPOIIECCOPOB MPOoILio Gogee 40 JeT.
3a 3T0 BpeMs IPOM3O0IIIe/ TUTAHTCKUN CKAYOK B TEXHOJIOTUYU U TIPOU3BOUTEIb-
HOCTH MUKPOTIPOI[ECCOPOB.

Y:ke B caMOM Havajie UCTOPUU PA3BUTHS OJHOKPUCTATBHBIX MUKPOIPOITEC-
COPOB HAMETHUJTMICh OCHOBHbBIE TEHIEHIIUH UX PA3BUTUS W MOBBIIIIEHUS TIPOU3BO-
JIUTEJBHOCTU MUKPOIIPOIIECCOPHBIX CUCTEM.

1. IloBbimenue crenenu uHTerpanuu. CrerneHb MHTErPAIUU HETIOCPE]-
CTBEHHO OTpefiesisIeT, CKOJIbKO TPAH3WCTOPOB MOXKET ITOMECTHTBCS Ha KpH-
crajute. OHa XapaKTePU3yeTCs TEXHOJOTUYECKON HOPMOIT — MUHUMAJILHO BO3-
MOKHBIMU Pa3MepaMK HAIBLISIEMOTO 9JIEMEHTa, T.e. 06JIaCTH TTOMYTPOBOJAHIKA
C 3aJIaHHBIM THIIOM ITPOBOAMMOCTHU (HE IYyTaTh C TPAH3UCTOPOM, KOTOPBII
COCTOUT M3 HECKOJBbKUX Takux amemenToB). Cambrii mepsbrit MII Intel 4004,
nosgsuBInuiica B 1971 r., 6bu1 BoinosHEH 110 10 MKM TE€XHOJIOTUU U COIEPIKall
tosibko 2300 Tpansucropos. MII Pentium Boimossics yxe mo 0,8 MKM TeXHO-
Jorum u copep:xkan yxe 3,1 muaa tpansuctopon. B 2012 . mosBuich mepsbie
[IPOLIECCOPDI, BBITIOJIHEHHBIE TI0 TeXHOJIOTMU 22 HM, KOTOPBIE coiepsKaau bojee
MUJIHAP/A TPAH3UCTOPOB. CHEIUAICThI CYUTATOT, YTO €CJIU PA3BUTHE TEXHIKU
OyIeT TPOIOJIKATHCS TAKUMU TeMItamit, To K 2022 r. iporieccopsl OyayT comep-
JKaTh B OTHOM KPUCTAJIE ECATKA W COTHU CIOKHEHTITNX YCTPOUCTB € YUCIOM
TPAH3UCTOPOB JI0 CTA MUJLINAP/IOB.

2. IloBblieHHE TAKTOBOM YACTOTHI MUKPOMNpPOILEeccopa. JTO CaMblil 1TPO-
cToit 1 HanboJiee MOHATHBIN CIIOCOO MOBBIMIEHUS TIPOU3BOUTETLHOCTH MUKPO-
mporeccopa. Ecam B mepBbix MII TakTOBas gactoTa cocTaBisIa COTHN KUJIO-
repir, To B coBpeMeHHBIX MII aT0 y’Ke coTHM Merarepil — HeCKOJIbKO TUTarepil.

3. ¥YBesuueHue pas3psaaHOCTH MUKpomnpoieccopoB. Y nepsbix MII pas-
pAAHOCTb 06pabaThIBAEMbIX CJIOB COCTaBJsIa 8 OUT. 3aTeM BMeECTe ¢ Pa3Bu-
THEM WHTErPajbHOI TEXHOJOTUHU MOBBICHIACH cTenenb nnrerparuu bUC, uro
03BOJIIIO co3aaBaTh 16-paspaanbie MII. Hauunas ¢ nossiaenns MII Intel
80386, paspsaanocTsh 06pabaTbiBacéMBbIX CJIOB cocTaBuiaa 32 6uta. J[nsa 6oapumm-
ctBa cep mpumenenns MII, B Tom uncie B IepCOHATBHBIX KOMITBIOTEPAX, 9TOM
PaspAIHOCTH ¥ Ha CErOAHSANIHUN JeHb BIIOJIHE J0CTaTOYHO. PaspaboTanHbie
B HocJie/IHee BpeMst 64-paspsiiHble OHOKPUCTAIbHBIE MUKPOTIPOIIECCOPbI 00e-
CIe4nBaIoT erie 6oJiee BHICOKYIO MPOU3BOAUTEILHOCTD.

Kpome paspsimHocTn 06pabaThiBaeMbIX CJIOB, IS MUKPOMPOIECCOPHOI
CUCTEMBI OYEeHb BakKHA PaspsHOCTDb aAPECOB, ¢ KOTOPHIMKI MOKET paboTaTh
MII. 3o onpegessier 00beM aapecyeMoil aMsITH CUCTEMbI, a 3HAUYUT, U BO3-
MOKHOCTB paboThI ¢ GOABIINM 00BEMOM IIPOrPaMM U 00pabaThiBaeMbIX JaHHBIX,
6oJiee coBepIIEHHBIM TTPOTPAMMHBIM obecriedenneM, Gojiee TTPOU3BOIUTEb-
HBIMU U YIOOHBIMHU JIJISI TTOJIb30BATESI OMEPAIIMOHHBIMU CUCTEMAMHU.

4. PacnapaienuBanue mpoiecca o0paGoTKH JaHHbIX. B caMbIx mepBhIx
MUKPOITPOIIECCOPAX, MCITOJb30BAHHBIX B KAUeCTBE MIPOIIECCOPOB ITEPCOHATBHBIX
kommbioTepoB — Intel 8080, — mpotiece BBITOIHEHMST KOMAH/IBI PACTSTUBAJICS
BO BpeMeHU Ha 60JIbIoe 4ncsio TakToB. Kajk/ast KoMaH/1a cHaYaa CYrThiBaIach
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13 TIPOTPAMMHOM MaMSITH, TTPUYEM CaM MHKPOITPOIIECCOP B ATO BPEMS MTPOCTAN-
BaJI, ¥ TOJIBKO TIOCJIE HTOTO KOMaH/[a UCIOJHsIACK. Y ke B caeaytortem MIT Intel
8086 mportecchl CYNTHIBAHUS KOMAH/IBI U €€ MCTIOJHEHUST BO3JIATAJINCh HA Pa3-
ueie ycrpotictBa MII — I u OY. 910 103B0OJINII0 pacapajiieIuTh ITPOTIECCH
BBITTOJIHEHUS KOMaHIbl U ee BhIOOPKU. B masbHeiineM apxXuTeKkTypa MUKDPO-
IPOIECCOPOB ere GoJiee COBEPIIEHCTBOBAIACH, U MIPUHIIMIT MOBBIIEHUST TIPO-
U3BOJUTENBHOCTH 32 CUET PACTIapaJIJIETUBAHIS TTPOIECCA BBITIOTHEHS KOMaH/I
orobGpasuiicst B KOHBeliepHoit ctpykrype MII. IIporece nCnoHeHns KOMaH bl
pU 9TOM paszbUBaeTCs Ha HECKOJIbKO CTYIEeHell, a KajkIoil CTylleHn COOTBET-
cTBYeT cBOI Momysb B cTpykType MIIL. C ouepenHbIM TaKTOBBIM UMITYJIbCOM
KOMAaH/Ibl MPOJIBUTAIOTCS Ha CJEAYIONIYIO CTyIleHb. BbIlosHeHHAS KOMaHIa
MOKUAeT KOHBelep, a HoBas MOCTyTaeT B Hero. Takum 06pasoM, Mporeccop
OTHOBPEMEHHO OCYTIECTBISIET 06PAOOTKY HECKOTBKUX KOMaHI, XOTsI KaKIast
KOMaH 12, B3sITast B OTJAEJIbHOCTH, TIPOXOUT HECKOJIBKO CTYIIEHEH 00paboTKH.

[Tpoteccopsl, UMeIONTIe HECKOIBKO CTYIEHEH, TIOJNyInJIn Ha3BaHwe cynep-
cKansipuvie, a UMeIole HeCKOJIbKO KOHBEHEepOB — cynepkonseiepubvie.

5. HUcnosib30BaHne CONPOIECCOPOB /IS BHIMOJTHEHHSI MaTEMATHYECKHUX
u Apyrux onepanuii. MII MoxKeT BBITOTHATH MHOXKECTBO PA3JIMUYHBIX KOMaH/I,
KOTOPBIE SBJSAIOTCS TOCTATOYHO 3JEeMEeHTAPHBIMU JeiicTBUSIMU. Bojee coxk-
Hble [IeHCTBUS, HAIPUMED Ollepalui YMHOXKEHUS U JleJIeHUs, BBIITOJTHSIOTCS
nporpamMmuo. Ho, kak usBecTHO, JI060€ CIOKHOE BBIYUCJIEHIE MOXKET ObITh
BBIIIOJIHEHO YUCTO allllapaTHBIM IIyTeM 3a Topa3zio MeHbliiee BpeMsd. [ToaTomy
MOJKHO JIOOUTBCS CYIIECTBEHHOTO TMOBBIMIEHIS TPOU3BOAUTEILHOCTH MUKPO-
MPOIECCOPHOI CUCTEMBI, €CJIN TIAPAJIENBHO ¢ OCHOBHBIM ITPOIECCOPOM OYIeT
paboTaTh MaTeMaTUYeCKuil corporieccop. Takue cOMpoIeccopbl KMEIOT CIIeIn-
AJIbHYIO CUCTEMY KOMaH/l, ODUEHTUPOBAHHYIO Ha BBIIIOJIHEHNE MaTeMaTHYeCKUX
oTieparuii — yMHOXeHUe, JieleHne, BEIYUCTeHe TPAHCIIeHIeHTHBIX (DYHKITHH,
ollepaliy ¢ BelleCTBeHHbIMU YUcaaMi (YHCIaMU ¢ IJIaBaoleil Toukoit) u T.1.
Cormporieccopbl He OCYIIECTBIISIIOT BHIOOPKY KOMAaH — 9Ty (QDYHKIIUIO BBITOJI-
HsieT ocHOBHOI niporieccop. Ho npu nosiBjieHnu crieruaabHbIX KOMaH/I, [Ipe/{Ha-
3HAYEHHBIX [IJIs COTPOIECCOPA, OH aKTUBU3UPYETCS U BBIIOJHSIET TPEOYEeMYIo
onepaluio. Koman/ipl 1 laHHble OH 1osryyaet 1o cucreMuoil IIIJ1, a pesysbrar
orieparuu MoKeT ObITh Tiepelal B OCHOBHOIT mpoiieccop Jubo B maMsATh. B mpo-
1iecce paboTBI OCHOBHOIA MIPOIECCOP U COIPOIECCOP OOMEHUBAIOTCS YIIPABJISTIO-
UMY CUTHAJIAMHE, B COOTBETCTBUY C KOTOPBIME COITPOIIECCOP MTPUHUMAET TPedy-
eMble KOMaH/Ibl, @ TaKsKe OlloBellaeT OCHOBHOI ITPOIECCOP O CBOEM COCTOSTHUU.

[TepBoHavanbHO COMPOIIECCOPHI BBHIMOJHAANCH Kak oTheabHbie BUC,
HO B JIaJIbHENIIIEM OCHOBHOI ITPOIECCOP U COMPOIECCOP CTAJTU COBMEIATh
B oxHoM Kpuctasie BUC.

ITO HaIpaBJieHde Pa3BUTUS MPOIECCOPHON TEXHUKU TIPUBEJIO K TIOSIBJIE-
HUT0 MHOTOSIZIEPHBIX MPOIIECCOPOB, Y KOTOPBIX B OJTHOM KOPITyce W HA OTHOM
KPHUCTAJLTE Pa3MeIaeTcsl HeCKOJIBKO TTPOIECCOPHBIX S/1eP, KaXK/I0€ U3 KOTOPBIX
SIBJISIETCST CAMOCTOSITEBbHBIM TIOJIHOIIEHHBIM TTPOIIECCOPOM, BBITOJTHSIIONINM
HOJIHBINA HaOOP MPOIECCOPHBIX 3a/a4.

6. Hcnoab3oBanue ObicTpoeiicTBYIONEH Kom-namsatd. OCHOBHON IpUUM-
HOW CHUKEHUST TIPOU3BOIUTETHHOCTH MUKPOIIPOIIECCOPHOM CUCTEMBI SIBJISIOTCS
3aTpaThl BPEMEHH, CBsI3aHHbIe ¢ oOpalleHreM K maMsaTi. JuHamudeckue 3V,
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Ha OCHOBE KOTOPBIX OCYIIECTBJSETCS MOCTPOCHUE OTEPATHUBHON MaMATH
B OOJIBIITMHCTBE MUKPOTIPOIIECCOPHBIX CUCTEM, UMEIOT CYNIECTBEHHO MEHbIIICE
6picTpoeiicTBIE, YeM TIporieccopbl. [[0aTOMY [17Is COKpallleHUsT BPEMEHHBIX
3aTpar, CBSI3AHHBIX C OOPATEHISIMU K OTIEPATHBHON MAMSITH, CTIOIb3YIOT Goee
OBICTPOAEHCTBYIONIYIO Kol-MaMsITh, Kan-naMsath peanusyercs Ha ObicTpoeii-
CTBYIOIIUX TPUTTEPHBIX 3jieMeHTax (crtatnyeckue 3Y). Kaur-namMars cojep:kut
KOTIUU TaHHbIX, Xpausuuxcst B O3Y, KoTopbie OBIIN CIUTAHBI TTPOTIECCOPOM
paHee U MapaJiieJbHO 3aHeCeHbl B Katil. [[09TOMY eci K JIaHHBIM yiKe ObLIO
obpartenne, To UX KOIHsI, OTMEYEHHAsT COOTBETCTBYOIINM apecoM, GyIeT Xpa-
HUTBHCS B KAMI-TTAMSITH.

IIpu yrennu nanubix MII BoI1aeT azipec, kortopsiit noctymnaer B O3V u kaii-
mamATh (puc. 4.19). Ecan aTn mamasle mMeoTcs B Katne, GOPMUPYETCS CHUT-
nan Hit — nonazanue, 1 JaHHbIE U3 KIIIIA BBIJAIOTCS HA IIUHY JAHHBIX, BbIaua
npannbix 13 O3Y 1pu aToM 6i10Kkupyercs curnasom Hit. Eciu sxe konuu gaH-
HBIX B K3IE HET, TO OCYIIECTBISETCS] OOBIYHbIN UK uTerust u3 O3Y, manibie
MOCTYIAIOT HA IIMHY JAHHBIX U TAPaJJIeIbHO 3aHOCSTCS B KIII-TTAMSITh.

[Huna agpeca Anpec or MII

|| b {L [ Ter | Unyexc |
0
MII Ko 03y Jannbie (oxua sueiika O3Y)
FeN Hit L\ /j e
[lannbre /AI 1
[Inna manHbIx . CTpOKHU KANI-TIAMSTH
a 6

Puc. 4.19. CTpyKkTypa MUKPONPOLECCOPHON CUCTEMBI C KIUI-NAMATHIO (a),
CTPYKTypa ajpeca (6) v opraHu3aius K3m-namsaru (6)

IADDHEKTUBHOCTD UCITONB30BAHMST KAMI-TIAMSITH O0YCJIOBJIEHA TEM, UTO MPO-
IPaMMBI, KCIOJIHSIEMbIE TTPOIIECCOPOM, KaK MTPABIIIO, SIBJISIIOTCST ITUKINYECKUM,
[09TOMY MPOUCXOAUT MHOIOKpaTHOE oOpallleHre K OJHUM 1 TeM Ke JaHHbIM
MM KOMaH/aM TIPOrpaMMbl. ECTECTBEHHO, YTO CTEIEHb MOBBIIIEHIS TPOU3BO-
JIUTETLHOCTU MUKPOTIPOIIECCOPHOI CHUCTEMBI ITPU 9TOM 3aBUCHUT OT XapakTepa
[IPOTPAMMBI, €€ TIUKJIMIHOCTH.

Kaur-naMsath MeeT HeGOIBIION 00beM, 1 JIF060€e CI0BO, 3aHOCUMOE B KIII,
JIOJIZKHO COMPOBOKIATHCST OTIOJHUTEIbHBIMI JAHHBIMU, OTIPEAEISIIONIUMH,
KOMuel Kakoil STYelKN MaMATH OHO gBiseTcsa. CTPYKTypa KaII-aMsATH MTOKa-
3ana Ha puc. 4.19, 6. 3anoMuHaIOIE SYEHKN KoIua Pa3OUTHI Ha CTPOKH, IIPU-
YeM O/[Ha CTPOKA COOTBETCTBYET HeCKONBbKIM cTpanuiiam O3Y. Anpec sdeiikn
MaMsITH, TTOCTYMAIONUI OT Tpolleccopa, pazbuBaercst Ha JBa moJst. Crapiiue
paspsibl azpeca 06pasyioT mez — MUGPOBYI0 METKY, KOTOPast UAEHTUDUITH-
pPYeT OJIHY CTPOKY Kallla. DTa CTPOKA UMEET MoJie apeca, Kyla U 3aHOCUTCS
Ter. Muaziiie paspsijibl apeca COOTBETCTBYIOT UHOEKCY, KOTOPBIN OTIpesiessieT
MECTOTIOJIOKEeHNEe KOHKPETHON STYeifKi CTPOKM Kala (Ha PUCYHKe 3Ta suelika
samtpuxoBana). Mudopmarmst n3 O3Y B Kalll 3aHOCUTCST He OT/IETbHBIMU Oaii-
TaMU, a 1eJIbIMU CTPAHUIIAMHU, T.€. TIOCTPOYHO. 3/1eCh HEOOXOAUMO OTMETHUTb,
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94TO GJIOUHBIE TIEPECHIIKN JAHHBIX B COBPEMEHHDBIX CHCTEMAX BBITIOJHSIOTCS
JIOCTATOYHO OBICTPO MO YIIPABJIEHUEM KOHTPOJLIIEPA KATI-TTAMSITH.

[Tpu mocTyIuieHry B Kaul agpeca Tpedyemoii sueiiku O3Y ocyuiecTBisercs
CpaBHEHHE CTapIINX Pa3psioB (Tera) ¢ TETOBBIMU aJpecaMu BcexX cTpok. Ecan
UMeeTCsT COBIIaJIeHne, TO BbIpabaTbiBaeTcst curHas Hit i cUUTHIBAETCST TieJiast
CTPOKa, 3 KOTOPOIT TI0 3HAYCHNUSM MJIAJIINX Pa3ps/ioB (MHAEKCY ) OCYIIECTBISA-
eTcst BRIGOPKA Hy:KHOM stueiikn. B mpotuBiom ciaydae n3 O3Y B cTPOKy Katma
3aHOCUTCSI HECKOJIBKO CTPAHMUIL, CTAPIINE PA3Psi/Ibl a[PeCOB KOTOPBIX COBIIA-
JIAIOT C TeTOM. JTa CTPOKA 3aMMCHIBACTCS Ha MECTO CTPOKH, K KOTOPOH «IaBHO»
He ObLI10 0OpaLIECHMIA.

PaccMoTpeHHas CTPYKTYpa XapaKTepHA JJIs BHEIIHEH K3UI-TIAMSTH, MOJ-
KJII0YaeMOH K BHEIITHUM IIMHAM aJjpeca 1 AaHHBIX. B cOBPeMEHHBIX MUKPOIIPO-
[[eccopax MMeeTcsi TAKyKe BHYTPEHHsISI KIIlI-TIAMsITh, PACIIOJIOKEHHAsT BHYTPU
KpHUCTaJJa IpoIieccopa. BHyTpeHHSS KalI-aMsATh pasjiesieHa Ha KTl TaHHbBIX
U K311 KoMaH/l. B mporiecce paboThl TAKOTO TIPOIECCOPA CHAYAIA OCYIIECTBIIsA-
ercst obpallleHne K BHYTPEHHEH KaTI-MaMsTh, eciu TpeGyeMoil nHbopMaimu
Het (curHan Hit He yCTAHOBUIICS ), BBITIOMHSIETCST OGpaleHie K BHENTHEH KITI-
MAMSITH, U TOJILKO €CJIN B 9TOM cJiydae Tpebyemast nH(OPMAIUs B KIIIIe OTCYT-
crByer, BoimosHsiercst obparenne K O3Y. I[IponsBoanuTebHOCTh COBPEMEHHBIX
MUKPOIPOIIECCOPOB BO MHOTOM OIPEIENAETCST 00bEMaMU KAIII-TIAMSITH,

4.7.1. OcHOBHBIE dTANbI PAa3BUTHS
OTHOKPHCTAJIBHBIX MUKPOIPOLIECCOPOB

B ucropuu pasBuTHS MUKPOIIPOIIECCOPHON TEXHUKU BBIAEJSIOT OIMHHAL-
IaTh MTOKOJIEHNH MUKPOIPOIIECCOPOB.

IIpoieccopsl nepBoOro u BTOporo mokojeHusi. K sTum mpoieccopam OTHO-
carca MII ¢upmpr Intel 8080, 8086,/8088 u 80286. Ilepsbim MII, Ha ocnose
KOTOPOTO CTaJli Co3/aBaTh MepcoHaibibie KoMibiotepbl, 6611 MIT 8080. On
ObLT 8-paspsiIHBIM, UMEN TAKTOBYIO yactoTy 2 MTIn u cogepskasn 6 Thic. TpaH3u-
ctopoB. [IpON3BOANTENHHOCTD TAKOTO KOMITBIOTEPA ObLiIa HEBBICOKOI, OTHAKO €e
OKa3aJI0Ch IOCTATOYHO /IS YCIENTHOTO TIPUMEeHeHNs B KadecTBe KOHTPOJIepa
Pa3IMYHBIX TIPUOOPOB, YCTPOICTB U CHCTEM aBTOMATHKU. B HacTosiIee Bpemst
atotr MII He Mcmonb3yeTCs, HO BMECTO HETo NMPOKO TMPUMeHseTcs 8-pasps-
ueiiit MIT 8085, oryimyaromimiicss 3HAYUTENbHO MeHblIeil ToTpedIsieMOi MOIIL-
HOCTBIO.

3arem upmoii 611 paspaboran MIT 80186, He momyunBImii pacpocTpame-
Hus, a B 1982 r. — MII 80286, crasiuii ocioBoii komnbiorepa PC AT, nosiBus-
mrerocst Ha porHKe B 1984 r. Ecotm MIT 8086 comepskasn 29 Thic. TpaH3UCTOPOB,
o MIT 80286 y:xe 134 Thic. Itor MIT umes Ty e paspsiHOCTD, HO HoJiee BBICO-
KI€ TAaKTOBYIO Y4acTOTy U 00beM azpecyemoil mamsatu (1o 16 Moaiit). Kpome
toro, MII mo3Bosisir paboTaTh ¢ Tak Ha3bIBAEMOI BUPTYATbHO TAMSITHIO U TTOJI-
JEPKUBAT MYJIbTU3AMauHbIN peskuM. Ecu pusndeckast maMsTh OKa3bIBaiach
MOJITHOCTBIO 3arpy’KEHHOM, TO JTaHHbIE, HE TIOMECTHUBINNECS B MAaMsITh, PACIoJia-
TaNCh Ha BUHUYECTEPE, T.€. MPOIECCOP PAbOTAT yKe He ¢ PEATHHBIMH, a C BHP-
TyaJbHBIMHU aJ[pecaMiu, KOTOPbie (POPMUPOBAIUCEH C MOMOIIBIO CHEIHATbHBIX
TabJINIL, XPAHSIIIXCST BO BHYTPEHHEH perrcTpoBoii mamsiti MIT.
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B MmynbTH3aauHOM peKUMeE TIPOIECCOP BBITTOTHA PA3JTUIHbIE TIPOTPAMMBI
B OTBe/IEHHBIE OTPE3KU BPEMEHU, IIPU ITOM II0JIb30BATENIO KA3aJI0Ch, YTO OHU
BBITIOJTHSIIOTCST OTHOBpeMeHHO. B 11e10M ipoussoautensaocts MIT 80286 Gouree
yeM B 6 pas npesbiiiasa mpoussoautesbaocts MIT 8086.

IIpoueccopsl TpeTbero mokosenus. B 1985 r. 6bu1 npecrasien 32-paspsji-
ubiit MIT Intel 80386, koTopsiii ¢ yuetoM GoJiee COBEPIIEHHBIX MOIU(UKAIIIIT
6asosoro MII Boimyckancsa 1o 1992 r. ror MII coxgepsxan 275 Thic. TpaH3u-
cropos. IIporeccop paboras ¢ 6oJiee BBICOKOH TAKTOBOI 4acToTO# (TI0CeHne
Moaubukauu — 10 33 MI'). YasoeHue paspsajgHOCTU afpecoB 06ecieunBajio
azipecannio Gpusndeckoil namat 10 4 I'Gailt, a BuprTyanbHoin — g0 64 I'Gaiir.
[Mossimenwe mpousBoauteabuoct MIT morpeboBasio u 6osree GBICTPOAEHCTBY-
fomteit mamsiti, u'y MIT 80386 Briepsbie 6bl1a 0bGectiedeHa paboTa ¢ BHENTHE
K9II-[IAMATHIO, BBIIIOJHEHHONW Ha OCHOBE OBICTPOAEHCTBYIONIMX CTATUYECKUX
3Y. Jljist 9T0r0 HA MATEPUHCKOW IIJIaTe KOMITBIOTEPa KPOME OOBIYHBIX J[HHAMI-
yeckux 3Y pazMeraarch MUKPOCXEMbI KAII-NAMSITH U KATI-KOHTPOJLIEP.

Boimyckom MII 80386 sanumasiach He Toabko upma Intel, Ho 1 MHOTHE ee
KOHKYpeHTbl — (hupmbl Chips & Technologies, Texas Instruments, Cyrix. A hbupma
AMD paspaborana u Beinyctuiaa 8 1991 r. MII, paboTaioniuii ¢ TaKTOBON 4acTo-
Toit 40 M.

IIpoueccopsl yerBeproro mokoaenusi. MII Intel 80486, nogsupmuiics
B 1989 1., comepskasn yke 1,2 MJIH TPAaH3UCTOPOB U B T€UYEHUE JIOJTOTO BPEMEHH
SIBJISIIICST CTAHAAPTOM JIJISI BBICOKOKJIACCHBIX KOMITBIOTEPOB.

Paznuuus mexay nporeccopom 80386 u 80486 3nauurenbubl. [Ipenmyiie-
CTBO B MpoU3BoAUTENbHOCTH HOBOTO MII Tiepes mpeiiecTBEeHHIKOM OTIpe/ie-
JISLIOCH HE CTOJIBKO O0Jiee BBICOKOI TAKTOBOI Y4acTOTOM, CKOJIBKO YCOBEPIIECH-
cTBOBaHUSAMU B apxutekType. MII 80486 nmen paciinpeHHblii HAbOp U3 MeCTH
komanz. B mukpocxemy MII 6bia BcTpoeHa BHYTPEHHSIST KATI-TTAMSITD JI7TsT TaH-
HBIX U KOMaH], ypasJjsieMas BHyTpeHHUM KoHTpoJuiepoM. MII 80486 nmen
BCTPOEHHDIII B MUKPOCXEMY MaTeMaTHUECKIii COMpOoIieccop, obecednBaBImii
s PeKTUBHbIE BBIYIC/IEHUS ¢ BellecTBeHHbIMU ynciaMu. Hakoner, 8 MI1 Gbuia
peannsoBaHa KOHBeliepU3alnst BBIYUCICHU, TIPU KOTOPOI Kax/1ast ocIeyio-
mas KOMaH/[a HauMHaTa BBITTOJHATHCS CPa3y ke Tocye TPOXOKACHNS TepBOit
CTyTIeHU KOHBeliepa mpeablIyneil KOMaH 0.

®Dupwma Intel mocienoBaTebHO coBepiieHcTBOBaMa 9T0T MII, BBITYyCTHB
HECKOTbKO MopuduKanuii, B KoTopbix pabora camoro MII ocymiecTBisimach
C BJIBOE, a 3aT€M ¥ BUETBEPO OOJIbIIEN YaCTOTOI, 4eM 4acToTa paboThl B MaTe-
PUHCKOIT T1aTe (9Ty BO3MOKHOCTH 00ecIiedrBaeT HaJm4nue BHYTPEHHEH Kalil-
namsaTn). Hekotopoe Bpemst on naske koHKypuposan ¢ MII Pentium.

IIpoueccopnl nsaToro nokoaenus. Ilepsoiii MII aToro nokosenns ObL1 BbIITY-
men B 1993 . On paspabaTbIBaicst O/ KOZOBBIM HOMEPOM P5 1 MOJKeH GBI
HasbiBaTbea 80586, HO BIIOCIEACTBUY €ro cTaan HasbBaTh Pentium. MII nmeer
3,1 Mot Tpansuctopos. [loeimienue npousoauTeabHoctu MII msgToro mokose-
HUS CBSI3AHO CO CIEMYIONTUMHU apXUTEKTYPHBIMU YCOBEPIEHCTBOBAHUSIMU:

° [oJIyuyuJia jJlajibHeliliee pa3BUTHE KOHBeWepusanus BbIYMCJICHUH;
KOJIIYECTBO KOHBEHEPOB YBEIMYUIOCH /10 IBYX, & YMUCJIO CTYIEHEH 0IHOTO KOH-
Beliepa — 710 TISATH;
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e MII obecnieunBaeT XpaHeHHe aAPecOB MOCIEAHUX 256 YCIOBHBIX 1 Ge3-
YCJIOBHBIX EPEXO/IOB, YTO TTO3BOJISIET OBICTPO C(HOPMHUPOBATE AJIPEC CJACYIONICH
BBIIIOJIHSIEMOH KOMaH/Ibl (TaK Ha3blBaeMasl TeXHOJIOTHS IIPe/ICKa3bIBaHUS Tiepe-
XO/I0B);

 xau-mamath y MIT Pentium pasjiesibtast J17ist KOMaH/L U IaHHbIX, 110 8 Koaiit
Juist Kakzon (y MIT 80486 xani-iamars — obmiast);

e MII umeer GoJjiee COBEPIIEHHBIN MaTeMaTUYECKHUIT compoiieccop, obecrie-
YUBAIOIUHN 3—4-KPaTHBIN BBIUTPHIII 10 CKOPOCTU BBITIOJHEHUS OTIEPAIINii;

*  MII umeet 64-6utHyio muHy gaHHBIX (v 80486—32-6utHast). Bour pas-
paboran psig Mmopudukarmit MIT Pentium, y KOTOPBIX BHYTPEHHSISI TAKTOBasI
yacrora B 1,5; 2; 2,5 u 3 pasa GoJibliie, 4eM TaKTOBas 4acToTa PabOThI MaTe-
putickoii aatel. [locTOSHHO COBEPITEHCTBOBAIACH TEXHOJIOTHUS: €CJIU TTEPBhII
MII 6b1t u3roTOBIMEH 110 0,8 MKM TE€XHOJOTHH, MOCJAEAYIONIe MOANDUKAIUT —
110 0,35 MKM TE€XHOJIOTUH, TO HocaeaHne Moaean — 1o 0,25 MKM TeXHOJIOTHH.

Hawussicim gocruxenueM Gupmol Intel B pazpaborke MII msitoro moxote-
Hust ssuics MII Pentium MMX, soinymiennsiit B 1997 1. 9tor MII opuenTu-
POBaH Ha pelleHre 3a1a4 MyJbTHUMena, TPeOYIOIUX HHTEHCUBHBIX OTepaliuii
¢ resibiMu yrcsamu. [1o06HbIe 3a/1a4 PEIIAIOT UTPOBBIE, KOMMYHUKAIIMOHHbIE,
obyuJaroliie mporpaMmbl, KOTOPbIE UCIIOJNB3YIOT TPpaduKy, ayaro, TPEXMEPHOE
n306pakeHye, My IbTHILIAKAINIO U T.10. [1o cpaBrenuio ¢ mepssivu MII misiToro
MTOKOJIEHUST OH OTJINYAETCS CIEYIONMMI M3MEHEHUSIMU aPXUTEKTYPbI:

* BABOE GOJIBIIMM Pa3MEPOM BHYTPEHHEH KAUI-MaMATH KOMAH ¥ JaHHbIX
(1o 16 Koaiit);

* yBEJWYEHHOI Ha OJIMH IIaT JJIMHOI KoHBeliepa (6 cTyneneil);

* HOBBIM 6JI0KOM (POPMUPOBAHUS AJ[PECOB MIEPEXOJIOB;

* BABOE GOJBITMM KOJAMUYECTBOM Oy(hepoB 3anucu gaHubix. [Ipoussonn-
tesieM MII nstoro mokosenus Gblia He Toabko Gupma Intel. Dupmbr AMD,
Cyrix, SGS, Thomson w jxp. paspaboranu csou cobersernbie MII, B ToM uncie
u 1o trexuonorun MMX.

ITpoueccops mecroro nokoaenusd. B 1995 r. pupmoii Intel 6bi1 paspabotan
MIT 80686, momyuusmuii HazBanue Pentium Pro. B atom MII, comepxariem
5,5 MJIH TPaH3UCTOPOB, HAPS/LY CO CTAPbIMK OBLIU TIPUMEHEHBI HOBBIC TIPHEMBbI
MOBBITIIEHUST TTPOUBBOUTENBHOCTH.

Hosorit MII nmeet He 1sATh, 2 YeTBIPHA/IIATH CTYIIEHEH KOHBeepa, 91cio ke
caMUX KOHBellepoB Bo3pacTaeT ¢ JBYX /10 TpeX, IIPUMeHeHbl HOBble IIPUEeMbl
3a0J1arOBPEMEHHOTO OTpeieieHUst afipecoB mepexonoB. MII obramaer aByx-
YPOBHEBOH KalI-TIaMsThi0. Kalll-maMaTh BTOPOTO YPOBHS, pPaHee pa3MeliaBiiia-
sICsI Ha MaTePUHCKOI T11aTe, Terepb BerpoeHa B MIT 1 moskeT paGorarhb ¢ TaKTO-
Boi1 wactoToit MII, B HECKO/IBKO pa3 GoJIbIIell TAKTOBOI YaCTOThI MAaT€PUHCKOI
maTel. Kali-naMsTh BTOPOro ypOBHS 3HAUUTEJbHO YBEJIUUMBAET TPOU3BO/IN-
tesbocTh MIT Ipu peassaiui MHOTO3a/IauHoOro pesxkiMa pabotsl. Ho cambiM
CYIIIECTBEHHBIM HOBOBBE/IEHUEM CTAJIO NCIIOJb30BaHNE TEXHOJIOTUH BHEOUEPE]T-
HOTO MCITOJIHEHUST KOMaH/ (CM. TJL. 5).

[anwpueitee cosepuienctBoBanne MII mectoro mokojgeHUs TPUBEJO
K nosteiernio MIIT Pentium IT (1997 r.), KoTopbiii coueraer B cebe mpenmyliie-
ctBa Texnosornu Pentium Pro u MMX. boin Beimyten tessiit psig MII cepun
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Pentium II, oTsimuaBImixcst IpyT OT APyTa Bee Hosee BHICOKON TaKTOBOI 4acTo-
Toit (ot 233 mo 450 MTI'm).

Kpome Toro, Besch paboThl MO TMOBBIMIEHIIO TAKTOBON 4aCTOTHI MaTe-
puHckoil miaatTel. Ecan y mepBbix 06pasios Bcero cemeiictBa MIT Pentium
ona coctaBisana 60—66 MIt, To y mocaegnux moandurannit MII cepun
Pentium II — 100 MTw.

B 1999 r. na cmeny MIT Pentium II mpumresr MIT Pentium I1I. Ero ocHoBHOE
OTJIMYKE OT MPEJBIIYIIEr0 3aKII0YANI0CH B CYIIECTBEHHOM PaCIIUpeHrn Habopa
CTIEIUANBHBIX KOMAH/[ JIIsT 06PabOTKHU TIETOUNCIEHHBIX TaHHBIX, HEOOXOU-
MbIX 1151 00paboTku uzobpaskenuii. CoBEPIIEHCTBOBAHNE TEXHOJIOTUHI TPUBEJIO
k niepexony ot 0,25 MM texnosiornu k 0,18 MKkM u 1nosiBienuio psizia Mmoaubu-
Kaluii ¢ 6oJiee BBICOKMMU TAKTOBBIMU YaCTOTaMH, MOCJAEHENH 13 KOTOPBIX Oblia
733 MI'L.

Bospmux ycrexos B paspaborke MII nrecroro nmokosenus godunach pupma
AMD. Hexoropbrie ee mporieccopst cemeiictBa K-6 Athlon He Tonmko coorset-
crBoBasin MII cemeiictBa Pentium 111 o mponsBoguTeIbHOCTH, HO M TIPEBOC-
XO/INJIH UX.

Dupmamu Intel 1 AMD Benuch paspaborkn 6osee pemesbix MII mecrtoro
moKosieHnst. YmpotuienubiM anamoroMm MIT Pentium cran mporeccop Celeron,
a MII Athlon — Duron. MII aTux cemeiicTB IpegHasHAYEHbI AJIS UCIIOIb30-
BaHMUsT B OOBIYHBIX TOMAITHIX KOMITBIOTEPAX, TIOITOMY OHU BCE MOIEPKUBAIOT
texHosiornio MMX, HO He UMEIOT K3II-TIaMATH BTOPOTO YPOBHS, KOTOPast Jlaetr
CYNIECTBEHHBIN BBIUTPHINT B TPOU3OUTETHHOCTH JUITh B MHOTO3a/[aUHOM
PEKUMe U TIPU UCTIOIb30BAHUH TIPO(PECCUOHATBHBIX OTIEPAIIMOHHBIX CHCTEM.

IIpoueccopsr ceapmoro nokosenus. [leppoiii MII aT0or0 OKOIEHUSA OBLI
BoinymieH He pupmoii Intel, a AMD B 1999 1. 10 — 11€pPBBbIii IPOIECCOD ceMei-
crBa K-7, Bbinosinensbiii mo 0,22 MM Texaosioru. Itor MII paboraer ¢ takTo-
Boii yactoToii 500 MT'i1 1 comepsKUT 22 MJIH TPAaH3UCTOPOB. [JIaBHBIE OTINYMS
MII aToro cemelicTBa 3aKII0YAIOTCA B CJIEAYIONIEM:

* HOBag CUCTEeMHas HIMHA paboTaeT ¢ TakTOBOM yactoroii mo 400 MTiy
(y MII mecroro mokosernst — Toabko 133 MTIm);

*  pacuipeH 06beM Kall-TIaMsITH [IEPBOTO 1 BTOPOTO ypoBHeil. O6GbeM Katia
KOMaH/[ ¥ JIAaHHBIX [IEPBOTO YPOBH cocTaisieT 1o 64 Kbaiit, a BToporo ypoBHst
Bapbupyercs or 512 Koaiit 1o 8 MoaiiT;

* MPOIECCOP COAEPIKUT MO TPU KOHBEHEPHBIX OJIOKA JIJISt BHITIOJTHEHUST OTIe-
paIyii ¢ IeJIBIMU YUCTAMH U OTIEPAIMH € BEIeCTBEHHBIMU YncaaMu. Yucio
KOHBEHEPOB, TAaKUM 06Pa3oM, BO3POCJIO BIBOE;

* pacupeH HabOP WHCTPYKIHIA /71T PAOOTHI C TIETBIMU YUCTAMU U KIIII-
TTaMSTHIO.

Bce aT0 M03BOMINIIO CYIIECTBEHHO TOBBICUTH TPOMU3BOANTENBHOCTE MII
aTOTOo ceMeiicTBa 1o cpaBHenuio ¢ MII cemeiictBa Pentium II1.

MII ceapmoro mnokosieHus: kopropauuu Intel — Pentium 4 crai cepbes-
HOUM MojiepHU3aIeil apXuTeKkTypsel porieccopa Pentium PRO. Hanpasienus
ero MoJiepHU3aluu ObLIM aHAJIOTHYHBI TeM, uTo Uy MII K-7. 910 niepexo
Ha HOBYIO CHCTEMHYIO HIUHY, PACHIUPEHIe 0OOBEMOB KIIII-TIAMSITH U YUCJIA KOH-
Beiiepos. ObIee uncyio cryneneil Kouseiiepa y Pentium 4 cTaso cocTaBisTh
20 (y K-7 Tonpko 10). Kpome Toro, mpuMeHeHO yCOBEPIIEHCTBOBAHNE, TI03BO-
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JIMBIIIeE YCKOPUTD Ipoliecc BbllosiHeHns KomanA. Ecau y MIT K-7 xomanna,
COZIEPIKAIIASICST B KIII-NAMSITH, IEKOUPYETCST KAKIIBII Pa3 [IPU €€ BBIITIOJTHEHUH,
to MII Pentium 4 xpanut y:e /1eKOAMPOBaHHbIE KOMaH/bI, T.e. BHyTPEHHUE
KoMaH bl /17151 y3s108 MIT.

Poct mpousBoauTesHOCTH TTporieccopoB Pentium 4 ocyrmecTsiisics 3a c4eT
yJyUIIeHrsl TEXHOJIOTUN U mepexoja Ha 6oJjiee HU3KYI0 TeXHOJOIMYECKYIO
HOPMY, YBEJUYEHUS] TAKTOBOI 4acTOTHI paboTHI siipa mpoieccopa, 06HeMOB
KOII-MIAMSITH U TOHSITHUS] YaCTOTHI CUCTEMHOU HIUHBL.

ITepssrii mpotteccop Pentium 4 611 peanmzosan Ha sipe Willamette. Ou 6611
npegcrasien 20 nogbpsa 2000 r., usrorossen mo texuosorun 0,18 Mkm 1 coxep-
skaut 42 mMutH TparsuctopoBs. TakroBas yactora siapa cocrasisiia 1,4 T'Th, o6bem
Kami-namsaT — 265 K6aiit, yactota cuctremuoii munsl — 400 MT'm. B 2002 r.
GBI BBITIYIIIEH HOBBIH mporieccop Pentium 4, B KOTOPOM HCIIOIB30BAIOCH HOBOE
azapo Northwood. B nem 61 yBenuden o6bem kam-namsaru go 0,5 Moaiir.
Hosplit niporieccop mpoussouiicst 1o 130 HM TEXHOJIOTMU U COAEPIKAT 5O MIH
TpausucTopoB. TakToBas yacToTa y epsbix mpoueccopos Pentium 4 Northwood
cocrassiia 1,6 T, B nocaeayionux Moesnsix Obita gosenena 1o 3,4 [T, Ux
[IPOM3BOIUTEIHHOCTD TAKIKE MOBBINIAIACH 33 CUET MObEMA YACTOTHI CHCTEMHOI
mmHbl — 400, 533 1 800 MT1r.

Komnanust Intel 2 despans 2004 r. aHoHCHpPOBaJa MepBbie MPOILECCOPDI
Pentium 4, peassoBamniblie Ha HOBOM sifipe — Prescott. ITporieccopbr 611 pea-
JmsoBaHbl 110 90 HM TexHOJIOruK U cojep:kann 125 muH Tpansucropos. Ecin
B TIPEBIIYTINX OOHOBIEHNSX caMa CTPYKTypa TIPOTleccopa U3MEHsIIIach He3Ha-
YUTEJHHO, TO B HOBOM siipe Prescott B mMpoIeccopHyo apxXuTeKTypy OblIu BHe-
CeHbl BeChMa 3HAUNTENbHbIE M3MeHeHmst. TeM He mMenee hupma Intel e crama
3asIBJISITH O pazpaboTKe HOBOTO MOKOJEHUs MpoieccopoB. OCHOBHON 1ENbIO
pu paspaboTke siapa Prescott ObLT AaTbHENTTIIT POCT YACTOTEI TPU YMEHBIITEH-
HOM 3HEPronoTpebIeHuH, U st 3TOT0 KOHBelep 6b1 ¢ 20 cTyrneHell yBeanueH
110 31. YBesmueHHbII KOHBelep TpebsaBiisii GoJiee BEICOKME TPeOOBAHUS K MTpa-
BUJIBHOCTH MPEACKA3aHUN TI€PEXOJI0B, MOCKOJBKY MPH OMMUOKaX BO3HUKAJA
HEOOXOIUMOCTD B AHHYJIMPOBAHUN BCEX KOMAH/I, HAXO/AIIUXCS B KOHBelepe.
[Toaromy B siape Prescott OGbl1 ycoBepIeHCTBOBaH GJI0OK MPEACKa3aHus mepe-
XOJI0B, MO3BOJIUBIIUN 3HAYUTENLHO COKPATUTH YUCIIO TaKUX omuboK. Kpome
TOrO0, GBI 7106aBJIEH GJIOK YMHOKEHUS TIEJIBIX YUCEN, BIBOE YBEJIUUEH 0ObEM
kam-mmamsitu. [poreccopsr Pentium 4 #a sigpe Prescott paboraiu ¢ TakTOBOM
yacroroil 2,4+3,8 I'Tw, yactoroii cucreMuoii mmubl — 533 nim 800 MT 1.

[lampHeiinee ycoBepieHCTBOBaHME MpoiteccopoB Pentium 4 mpuBeso K 110-
SIBJIEHUIO Y HUX 64-pa3psiHOI HIMHBI ajipeca, I0CJIe Yero IPolecCopbl, HCXO/s
U3 KIacCuUKAINHU, CTAIN OTHOCUTHCS YK€ K BOCBMOMY MOKOJIEHUIO.

IIpoueccopst BockMoro nokosenusi. [Toka dupma Intel sanumanach yco-
BEpIICHCTBOBAHIEM CBOEro Iponeccopa Pentium 4, dupma AMD paspaborana
MPUHIUIHAIBHO HOBBIC 64-pa3psiiHbIC MPOIIECCOPHI, COBMECTUMBIC C CHCTEMOI
KOMaH/[ BCEX MPEBIAYINX mporeccopoB x86. 1o mporeccopsr K-8 Athlon
n Opteron, mogsuBmuecs B 2003 r. HoBas apxuTeKTypa MpoIeccopoB TMOJy-
yusa HazBanme x86—64.

MII, BoimosaHenusiit o 0,13 MKM T€XHOJOTUH, CTaJl IMETD JIEBATH KOHBelep-
HBIX OJIOKOB JIJIsT OTIEPAIHiT C TIEIBIMU U BEIIECTBEHHBIMU YUCJIAMM, a TAKIKE TPU
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JIeKojiepa KOMaH I, YIy4lIeHHbIH OJI0K mpeackasanus BetBaeHuii — g0 16 000
ajipecoB mepexo/ioB. [lmHa KouBeliepa 1o cpaBHenuio ¢ K-7 Gbuia yBeandeHa
¢ 10 cryneneii 1o 12. YABOEHO YMCIO PETUCTPOB 00LIEr0 HA3HAYEHMS, CTABIIIX
64-6utHbiMu. OnHa us uHHOBauuii MII — BCTPOEHHBIN KOHTPOJLIEP [aMSITH,
KOTOPBIH MO3BOJINJI CYIECTBEHHO YCKOPUTH Tipotiecchl obpaiiernss MIT k O3Y.

[Tpeumyiectsa npoteccopos K-8 crami npossisthes pu pabore ¢ 601b-
mmmu 6azamu ganubix U cucremamu CAITP (CAD-cucremsi). ITo cpaBHeHMIO
¢ 32-6urnoit agpecanueil B 4 ['6aiiT namaTu, npu 64-6MTHON azpecanuy KOM-
MBIOTEP MOJyYaeT B cBoe pacnopstkenne 16 T6aiit. Ceromust 6ompinne 6asbl
JAHHBIX yKe 3HAYMTENbHO TpeBbicuin 00beM B 4 T6aiit. IIponeccopbr MOryT
paboTaTh KaK B PEKUME COBMECTUMOCTH € 32-OUTHBIMU [TPOrPAMMHBIMHU [TPUJIO-
JKEHUSIMU, Tak ¥ ¢ 64-6uTHbiMI. OHAKO J1JIs TIOJIHOM peain3aliii IIPEMMYIECTB
MII K-8 motpeboBanach HoBast 64-6uTHast omeparmonHast crucrema Windows.

Ouenb BaxkHbIM TipeumytiectBoM MII K-8 crasa Bo3MOKHOCTH OpraHusa-
IIIY BBICOKOTIPOM3BOIUTETHHON MHOTOTIPOIIECCOPHON CTPYKTYPBI Garomapst
HOBOMY TPEXIIMHHOMY BbICOKOCKOpocTHOMY uHTepdeiicy HyperThransport,
Yepe3 KOTOPBIH MPOIECCOPBI CBSI3BIBAIOTCST MEKITY COGOT.

IIporeccopnr Athlon 64 6biIn npeaHasHAYEHDBI I UCIIOAb30BAHKS B IIEPCO-
HATBHBIX KOMIbIoTepax, a Opteron — B cepBepax. biarogaps coBmecTnMocTn
¢ cucreMoii KoMaHz X86 1poieccopbl Opteron OBICTPO 3aHSJIM CEKTOP IIPOK3-
BOJICTBA CEPBEPOB.

OrmeruM, uto panee, B Mae 2001 1., dpupma Intel comectno ¢ pupmoii
Hewlett Packard paspaborana cBoit 64-paspsinbiii mporeccop Itanium, mpes-
HA3HAUYEHHBIN JIUIST MCIIOJIb30BAHUS B CEpBEpax, HO OH ObLI HECOBMECTUM
¢ cucremoit komanz x86. Cama dupma Intel o6o3HaumIa €ro Kak IpeAcTaBu-
Tesist HoBOM apxutekTypbl 1A64 (Intel Architecture 64 bit). OHaKO 5TOT IPOEKT
OB TpU3HaH HeyaauHbiM. [IpobemMa 3aKI09aIach B TOM, 4TO OTPOMHOE UHCIIO
CaMBIX PA3JMYHBIX MTPOTPAMMHBIX KOMIIJIEKCOB U MPUJIOKEHUH OBIIIO OPHEH-
TUPOBAHO UMEHHO Ha TPAAUIMOHHYI0 cucteMy komann x86. [liasg addextus-
HOTO MCIIOJIb30BaHUs TIpotieccopa Itanium TpebGoBaach pazpaboTKa Cliernanb-
HOTO TIPOrpaMMHOT0 obecriederust. J{Jist Toro, 4ToObI MPOIECCOP MOKHO OBLIO
HCIOJIb30BaTh B cUCTEME KOMaH 1l X86, Oblik pa3spaboTaHbl IIPOTPaMMHBIE CPe/l-
ctBa azantaiuu. Xots B pexxume TA64 910 ObLT caMblil OBICTPBIN TIPOIECCOP
JUTST BBIYHMICJIEHUN € TIJIABAIONIEN TOUKOM, B I1€JIOYNCIEHHBIX BBIYNCICHUSAX OH
JINTIb HEMHOTO MTPEBOCXOJIMII TIPOIECCOPBI PABHON YACTOTHI C CUCTEMOU KOMAH/T
x86. A 1Ipy BBITIOJTHEHUN HEONTUMU3UPOBAHHOTO TIO/T ITPOIIECCOP TIPOrPAMMHOTO
Koj/1a X86 ero Mpou3BOAUTENHLHOCTD ObLIa B BOCEMb Pa3 MEHBIIE, YeM Y TPaju-
IIMOHHBIX MTPOIIECCOPOB HAa TOH Ke YacToTe. BeiesicTBIE 3TOTO MPOAAKHU TTPO-
1[eccopa OKa3ainch ropas3ao MeHee YCIEIHbIMU, YeM TIPEeII0JIaraioch.

Cgoit oTBeT B 06sacTi 64-paspsHBIX MPOIECCOPOB, COBMECTUMBIX C CHCTE-
Moii komanz x86, pupma Intel cpenana Toapko BecHoii 2004 r. — mporeccop
Pentium 4F. IIpaBo ucnosb3oBanus apxutekTypbl X86—64 dupma Intel nouy-
YuJia Ha OCHOBE KPOCCIUIEH3UOHHOTO corJiamienus ¢ pupmoit AMD, cornacHo
KoTopoMy 00e GUPMbI JIOJKHBI TlepejaBaTh APYT APYry WHHOBAIMOHHbIE
pelreHust B 061aCTH apXUTEKTYPBl U CHCTEM KOMAH/I TIPOIECCOPOB (TO OBLIO
BBITOIHO 00enM (upmMam). DTa apxUTeKTypa Mmoaydnia Haspanne EM64T —
64-paspsiiHast TEXHOJIOTUSI ¢ paciinpentoil namsatoio (Extended Memory 64
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Technology). B nanbueiinem texuonorus EM64T crana HeOTbeMJIEMOI YacThio
BCEX MOCJEYIONTUX TPOIECCOPOB, BBITYCKaeMbIX (hupmoil Intel.

IIponeccopsl neBsAToro mokojgeHud. IIpexkae yeM mepeiiTi K OMTUCAHUTO
MPOIECCOPOB JIEBSITOTO MOKOJICHUST, HEOOXOUMO CJIeJIaTh HeOOIBIIOEe OTCTYILIE-
nue. B navase 3apoxieHnst MUKPOITPOIIECCOPHON TEXHUKU TTOKOJIEHUST TTPOITEC-
COPOB TIPOCMATPUBAIHCH OCTATOUHO YETKO, IPU ITOM caMu (pUpMbI-pa3paboT-
YKKW, U B IEPBYIO ouepeab Intel, ykasbiBajin CBeleHUs O TPOIeccopax, KOTOPbIe
MO3BOJISITT OJTHO3HAYHO OTHECTU TOT WJIM WHOU TIPOIECCOP K COOTBETCTBYIO-
memy TokoJsieHuio. Eciu B3saTh npoteccopst Intel, To a1o 6b11 psizt 18086, 180286,
180386, 180486. Y dupmbr AMD coOTBETCTBYIOIINIA TTPOIIECCOPHBIH PSIJT BBITJIS-
nen caepyiornnm obpazom: Am8086, Am80286, Am80386, Am80486. B camoii
mdpe 0603HAUEHUS TIPOTIECCOPa OBLIN 3aJI0KEHBI CBEIICHUS O €r0 MOKOJEHHH.
[Tpotieccopsr MATOTO TMOKOJEHUS CTAIN MOCTETHUMH, KOTOPbIE TaKyKe OIHO-
3HAYHO MOKHO ObLIO uaeHTuGUIUpoBath. Y dGupMsl Intel 510 6bLI IIpoieccop
Pentium, kotopslii Takke obosHavascs kak 180586, y pupmbr AMD — npottec-
copbl K-5. BIIoTh /10 MATOTO BKIIOYUTETHHO TOKOJIEHUST OTJIHYAINCH YETKIM
HAbOPOM YCOBEPIIEHCTBOBAHUIA.

anee, ¢ mosgsaenunem npoueccopa Pentium Pro ¢gupma Intel ororwia ot ger-
KOl HyMeparuu, ¥ OTHECTU TOT WJIU WHOU TPOIECCOP K COOTBETCTBYIONIEMY
mokoJieHnio crayo ciaoxuee. Dupma AMD Tpoo/KIIa TPAKTUKY HYMEPaIim
MOKOJIEHU# cBoux mpoieccopoB — K-5, K-6, K-7, K-8.

K mecromy noxosenuio y ¢upmbl Intel oTHOCHINCH ¢pasy LEJIbIX TPU THUIIA
nporeccopos: Pentium Pro, Pentium II u Pentium III, tak kak, necmoTps
Ha OTJINYUS B TIPOM3BOAUTENLHOCTH, TAKTOBON YacToTe, 06heMax KaII-IaMsITH,
BCE OHU MIMEJIU OJIHY U Ty K€ BHYTPEHHIOI CTPYKTYPY ¥ JIOTUKY PabOTHL.

C cenbMbIM HOKOJIEHHEM TTpolieccopoB Intel cHauama Bee 6BLIO SICHO, TAK KAk
oHU GBLIM BBITIOJIHEHBI Ha OCHOBE MPUHITUITUATLHO HOBOW MUKPOAPXUTEKTYPhI
NetBurst (cum. maparpad 5.2). B nporiecce pasBuTust 9T0il MUKPOapXUTEKTYPbI
CO3/IaBAJINCh HOBBIE TIPOIIECCOPHBIE S/IPA, U XOTS B HUX BHOCHUJINCH HEKOTOPbIE
YCOBEPIIEHCTBOBAHNS, KOPEHHBIM 00Pa3oM MUKPOAPXUTEKTYPa He M3MEHSLIACH.

Dupma AMD 1epBoii BBIIYCTUJIA [POIECCOPHI BOCBMOTO TIOKOJIEHUS] —
64-paspsanbie nponeccopsl K-8. Cpoii orser dpupma Intel cuenana, BoiycTus
npotteccop Pentium 4F. Texuosorus, Kotopasi obecriednsia mosiBJICHIE ITOTO
nporeccopa — EM64T, BriocsiecTBrun crajia UCIOIb30BaThCS BO BCeX IIpoliec-
copax Intel, Ho cama pupma Intel He crana uaeHTU(DUIUPOBATD €€ KaK HOBOE
MOKOJIEHME TTpolieccopoB. bostee Toro, ycoBepIieHCTBOBAHHAS MUKPOAPXUTEK-
typa NetBurst B sijpax Prescott, B KOTOPO#l 4HCJIO cTyTIeHel KoHBelepa ObLIo
Z0BeZieHO 10 31, TakyKke HUKAK He JUCTAHIIMPOBATACh KaK HOBOE MOKOJICHUE.
Taxum 06pazoM, eciu 1ectoe mokoseHue Intel MpUIIIIOCh HA TIETBIX TPHU THUTIA
[POIIECCOPOB, TO B PaMKax MPoIeccopoB Pentium 4 MoKHO ObLIO OBl BBIAEIUTD
Cpasy /1Ba OKOJIEHUSI.

[Tepsbie ABYXbsiiepHbIe MPoieccopbl (GUpMbl [ntel BHINOTHANNCH KaK
HA OCHOBE MHUKPOAPXUTEKTYPbI, UCIIOJIb30BAHHON B IIPOIECCOPAX CEABMOTrO
nokoJieHust Pentium 4, Tak 1 MUKPOAPXUTEKTYPBI, CTaBIIEH OCHOBOI BCEX TIPO-
1eccopos miectoro nokosenus. Gupma AMD wncnorb3oBaia ISl CBOETO Tep-
BOTO JIBYXbSJIEPHOTO TIpolieccopa MUKpoapxutektypy K-8. Cpasy HeoO6X0auMo
OTMETHTD, YTO EPBBIE MHOTOSIZIEPHBIE MUKPOITPOTIECCOPBI 000X BELYIIUX TTPO-
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U3BOAUTE/IEH BBIIOIHSAINCH IPOCTBIM 00beANHEHNEM IBYX KPUCTAJIOB OIHO-
SIIEPHBIX TIPOIIECCOPOB B OIHOM KOPITyCe JIOO MyTeM UX COBMEIEHUST B OJTHOM
kpucramie. [ToaToMy UX ¢ GONBITUM TPYAOM MOKHO CUHUTATH MPOIECCOPAMHE
HOBOTO MTOKOJICHUSI.

K neBsitoMy mokoJsieHHI0 GYZeM OTHOCHUTH MHOTOSIEPHBIE TMPOTIECCOPHI,
JUIST KOTOPBIX Obliia pazpaboTaHa criernuaabHas MHOTOsIIEPHAst MUKPOAPXUTEK-
typa. Takumu nporieccopamu y upmst Intel crana cepust Intel Core 2, y hupmbr
AMD — cepusi Phenom, BbimosHerHas Ha 6aze Mukpoapxutextypbl K-10.

[Tepsoie mporeccopst Intel Core 2 6 ipencrasienst 27 uionst 2006 r.
Onu GbLIKM BBITIOJHEHBI 10 65 HM TE€XHOJOTHU. B OCHOBY WX apXUTEKTYPBI
ObIJIa MOJIOJKEHA APXUTEKTYPA MPOIIECCOPOB HE CEIBMOTO, & MIECTOTO MTOKOJIEHYST
(Pentium Pro). IlyTe pasBuTus 3a cueT yBeJIMUeHUs YUCIA CTYTIeHeH KOHBeli-
epa M TaKTOBOIl 4acTOTHI OBLI MPU3HAH TYMHUKOBBIM, TaK KaK 9TO BEJTO K BO3-
pacTanuio anepromnorpebaeHus 6e3 3aMeTHOTo IIPUGABICHMS B IIPOU3BOIUTE -
noct. OCHOBHBIMU HaIIPABJICHUSIMU COBEPIIIEHCTBOBAHUS B Ipoiieccopax Intel
Core 2 cranu:

* sdderTrBHAsT paboTa MCTOJHUTETBHBIX Y3JI0B 3a CUET allapaTHON pea-
JIMBAIMHN JIOTIOJTHUTELHOTO Habopa KOMaH/I;

* CHIKEHUE SHEPTONOTPeOTIeH ST,

* addekTuBHasg paboTa Koll-NaMITH;

* 64-paspsamgHoe agpecHoe TPOCTPAHCTBO;

* TEXHOJIOTHUS MOJJIEPKKU BUPTYATbHBIX MalinH (0[HOBPEMEHHOEe 00CIy-
JKUBaHUE TMPOIECCOPOM JIBYX PA3HbIX ONMEPATIMOHHBIX CHCTEM );

* ammapartHas HOJJIepPsKKa TeXHOJIOTHY 3anuThl wHhopmanuu (La Grande
Technology);

* TEXHOJIOTHSI, TIO3BOJISTIONIAsT YIAJEHHO YIIPaBJIsATh HACTPOHKaMu 1 6es-
OTIACHOCTBIO KOMIIBIOTEPA HE3aBUCUMO OT HAJINYNS TTUTAHUSA U COCTOSTHUSA OTIe-
paionHoii cucremor (Active Management Technology).

Intel Beta oTHOBpEMEHHYIO Pa3pabOTKy HECKOJBKUX BAPUAHTOB MPOIIECCO-
pos cemeiicta Intel Core 2. ITepBbIMU HOABUINCDH ABYXbAAEPHBIE TPOLECCOPDI
Conroe u Merom, umeroriue 4 Mbaiita kami-iamsatit u 291 MJTH TPAaH3UCTOPOB.
ITponeccopsl Conroe ObLIM TpegHa3HAYEHbl A5 HacTOabHbIX cucteM (ITK)
U BBIMyCKaauCh ¢ TakToBbMU yactotamu 1,86+3 I'Tt. IIporeccopsr Merom
OBLIM OPUEHTHPOBAHBI HA HCIIOJb30BaHHE B MOOMJIBHBIX cUCTeMax (HOYT-
6yK), moaTOMYy 0c000E BHUMAHUE MIPU UX Pa3paboTKe ObLIO YAETEHO TTOHUKEH-
HOMY 9HEPTONOTPEGIEHHII0, COOTBETCTBEHHO M TAKTOBBIE YACTOTHI B HUX ObLIH
ke — 1,06+24 I'Tr.

Dupwma Intel 13 nexabps 2006 r. npencTaBuIa YeThIPEXbsAAEPHbIE TIPOIEC-
copsl Kentsfield, npexcrasisisiiune coboit mo cytu asa mporeccopa Conroe
B OJTHOM Kopityce. SIpa aTux mporeccopoB 00JIaIai TEMH Ke XapaKTepUCTh-
kamu, yTo u 'y Conroe, HO cam TIPOIECCOP COMEPKAI ysKe 582 MITH TPAH3UCTOPOB.

B centsabpe 2006 r. kommanus Intel anoHCHPOBaia HOBYIO CTPATErHio pa3pa-
GOTKM IIPOILIECCOPOB «TUK-TaK» (AHIIL. tick-tock). DTa cTparerus BKIIOYACT ABE
craauu paspaboTKu mporeccopa: «tick» cOOTBETCTBYET MUKPOMIHHATIOPU3ATIH
TEXHOJIOTHYECKOTO MPOIECCa U TePeXoy Ha 6oJiee HUBKYIO TEXHOJOTHIECKYIO
Hopmy. IIpn aToM BBIMOTHATOTCS Tak:kKe HEKOTOPbBIE yCOBEPIIEHCTBOBAHUS
MUKpoapXxutekTypol. «Tock» coorBeTcTByeT KapawHa bHOU mepepaboTke
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MUKPOAPXUTEKTYPHI TIPOIIECCOPA U BBIMYCKY MPOIECCOPOB HA OCHOBE YIKe
OCBOEHHOI TeXHOJOTHYecKol HOpMBIL. Ha Kaxk/ayto cTamnuio OTBOAMICS TPHU-
MepHO oinH To/l. Ha ocHOBe 9TOl cTpaTeruu mio pa3BUTHE MTPOIECCOPHON TeX-
nuku Intel Bunors 1o 2016 r.

B pamkax npososraatientoii crpaternu B 2007 1. pupma Intel paspaborana
HOBYIO TEXHOJIOTUIO M3TOTOBJIEHUS TPAH3UCTOPOB, KOTOPast ObLJIa peasn30BaHa
B nporeccopax cemeiicta Intel Core. OHU UMeNH Ty e apXUTEKTYPY, HO yiKe
¢ 6ojiee HUBKOI TEXHOJIOTHUYECKOH HOpMOW — 45 M. Bbul yBesnuen o6bem
KaII-TIAMATH ¥ BHECEHBI HEKOTOPbIE yJIydliieHus. B yacTHOCTH, OBLT peaii30BaH
HOBBII pacimpeHHbIil Habop KoMaH 1. MoJesu IPoIeccopoB ¢ ABYMsI SPaMU
u 6 MoaiiT kau-mamatu umean 410 MJIH TPaH3UCTOPOB, a YETHIPEXbAICPHbIE
mozesn ¢ 12 M6Gaiit kam-namsiti — 820 MJIH TPaH3UCTOPOB. DTY JMHEHKY TPO-
IIECCOPOB, OTJINYATONTUXCS PA3JTUIHBIMU TaKTOBBIMU YacToTamu (2,1...3,33 T'T1r)
u yacToToii cuctemuoii munbl (800, 1066 u 1333 MI') dbupma Intel Boiyckana
B Tevenine 2007 u 2008 .

Otserom Gupmbl AMD B 06J1aCTH IIPOIECCOPOB AEBSTOTO IIOKOJIEHUST CTAIN
nporeccopsl cemeiictBa Phenom, peasmsoBatmbie Ha 6aze MUKPOAPXUTEKTYPbI
K-10. Onwu, xak u nepsbie nporeccopsl cemelictsa Intel Core, cosmaBanuch
HA OCHOBE TEXHOJIOTHYECKOI HOPMBI 65 HM U MOSIBUJINCH B TIPOJAKe B KOHILE
2007 T. ITr mpoIeCCOPbl YEThIPEXbIEPHbIE, [IPUYEM B OTJIUYHE OT BCEX CBOUX
MpeIIeCTBEHHNKOB, BCE YETBhIPE sIIpa PACTIOJNOKEHBI HA OJHOM KPHUCTAJLIE.
Kpome Toro, B HUX BHEJ[PEH LEJIbIi Psiji HOBBIX PEIeHUIT, BO MHOIOM aHAJIOT Y-
HBIX BHEJPEHHBIM B mporieccopax Intel Core:

* TEXHOJIOTUS IPSIMOTO COeJIMHEHMsI KOHTPOJIIEPA MAMSITH U KaHasia BBOa,/
BBIBOJIA C SITPOM TIPOTIECCOPA, 0GECTIEUNBAIONIAS COKPATIEHIE 3a/IeP/KEK, CBsI3aH-
HBIX ¢ O0OpaleHneM K aMsITH;

 o0mIast Uist BCex sijiep Kalll-TaMsITh TPETHEro YPoBHsE 00beMoM 2 MobaiiTa;

°  YCOBEpPIUIEHCTBOBaHHBIH 128-6uTHBIH 610K 06pabOTKY YKCE ¢ ILIaBalo-
el TOYKOIL;

* ycoBeplleHCTBOBaHHas TexHosorus HyperTransport;

* BBICOKOCKOPOCTHOW MHTETPUPOBAHHBIN KOHTPOJLIED MAMSITH;

* TEXHOJIOTHS TIO/ICPKKH BUPTYATbHBIX MAIIIHH;

* cucTeMa yIpaBJeHUsT TUTAHIEM, 0OECIeYNBAIONIAst TOHIKEHHOE HEPTO-
norpebIeHue.

MHorosiiepHbie MO/yJIbHbIE MPOIECCOPBI NEePBOro nokoienusi. Cienyio-
mee 3a cemeiictBoM Intel Core mokosieHue 10KHO GBITIO GBI CTaTh IECATHIM
o cuery mokoJieHreM tpoiteccopos Intel. I[Ipu mpoekTupoBaHuM 3TUX MPO-
1[eCCOPOB ObLI IPUMEHEH MPUHIIUIT MOLYJIbHOCTH MUKPOAPXUTEKTYPbI TPOIIeC-
COPa, 3aKITOYAIONIUNCS B TOM, YTO TIPOI[ECCOPHOE PO COOMPAETCSI U3 TUITOBBIX
Y3JI0B — MOJYJIel, MIeHTUYHBIX /IS pa3HbIxX snaep. Kpome Momyteit, us Koto-
PbIxX (hOPMUPYETCsT TPOIIECCOPHOE SIAPO, €CTh MOJLYJIU Y3JI0B OOIIET0 UCIIOJIB30-
BaHMs, TAKUX KaK 00U Ka1ll, mHTepdeiicHbIe y3JIbl, rpadUuecKuil IPoIeccop.
Jlist B3aMMOCBSI3M y3JI0B B TIPOIECCOpe TIPUMEHSIOTCs obIre muHbl. MHOTO-
SIZIEPHBIN TIPOIIECCOP CTaJl KOMIIOHOBATHCST U3 TOTOBBIX MOJyJeit. Vckiovas
U BKJIIOYAsl T€ WJIM UHbIE MOJYJIU, MOSIBUIACH BOBMOKHOCTh (DOPMUPOBAHMS
11eJI0M JINHEWKN TIPOIECCOPOB, OTIMYAIONTUXCS KOJTMYECTBOM SJIEDP, TTPOU3BO-
JMTETBHOCTBIO, dHEpronoTpebaeHneM, chepoil mpuMeHeHUusT — 0T MOOWJIb-
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HBIX crcTeM 10 cepBepoB. HoBag mMukpoapxurextypa Nehalem crana nepsoii
MOJZIyJIBHON MUKPOApXUTEKTYPOH IpoIrieccopoB. B nambHelineM ¢ mosgBIeHIeM
HOBBIX MUKPOAPXUTEKTYP TPoIleccopoB dhupma Intel ctama 0o603HAYATH TTPO-
11eCCOPBI, BBIIIOJHEHHbIE HAa OCHOBE MUKpoapxuTekTypbl Nehalem, kak nepsoe
nokosierne Intel Core. TlepBble MHOTOsIIEPHBIE TIPOIIECCOPDI, BBITTIOJTHEHHBIE
Ha 6ase 9TOH MUKPOAPXUTEKTYPhI, MOABUINCH B KOHIe 2008 1. D10 GblK 1po-
rieccopsr Intel Core i7, BbimoJiHeHHbIE Ha 6a3e TEXHOJOIMYECKON HOPMBI 45 HM
C YUCJIOM TPAH3UCTOPOB He MeHee 731 man. Heo6XoauMo OTMETHTD TakiKe,
YTO KOJMYECTBO TPAH3UCTOPOB B MPOIECCOPE TTEPECTATIO OBITH OTPEAEISIONIIM
(haxTOpoM, XapaKTepPU3YIOIINM €r0 NHHOBAI[MOHHOCTD, TAK KaK IIPOCTOE THUPA-
JKUPOBAHWE KOJIUIECTBA SIEP B TPOIIECCOPE €CTECTBEHHBIM 06PA30M MTPUBOIUT
K pocTy 001II[ero KOJIMYecTBa TPAH3UCTOPOB B KPUCTAJLIE.

Mukpoapxutektypa Nehalem crama moruaHbBIM pasBUTHEM TTPOIECCOPOB
Intel Core, B Heil 1ipu (OPMUPOBAHUU [IPOLECCOPHOTO sijipa OBLIM MCIIOJIb30-
BaHBl MHOTHE 6a30Bble MIPUHIUITBI OPraHu3al[iil BBIYUCTUTENBHBIX TPOIECCOB
Intel Core, Ho BMecTe ¢ TeM ObLIU pa3paOOTaHbl U BHEAPEHDI HOBbIE IIPUHIIAIIBI
MOCTPOEHNS 1 (PYHKITMOHNPOBAHNS MHOTOS/ICPHOTO TIPOIeCCOPa KaK BBIUNCIIN-
TeJIbHOU crucTemMbl. Kpome yike oTMEUueHHOM MOIYJIBHOCTH CTPYKTYPBI B 9TUX
mporeccopax GBI BHEIPEHB! CAEYIONTIE MHHOBAITMOHHbBIE PETTEHTIST:

* BCTPOEHHBIN KOHTPOJIJIEP NAMSITH, TIOAEPKIBAIONINI HECKOJIBKO KaHa-
JIOB JI7TA TIepe/iadyl TaHHbIX;

* HOBasi yCOBEPIIEHCTBOBAHHAST BBICOKOCKOPOCTHAS IITMHA JIJIs1 OOMEHa JlaH-
HBIMU;

e Hasmuue (y HEKOTOPBIX MoJiesiei) rpaduueckoro mpoieccopa;

*  YCOBepIIEHCTBOBAHHAS TEXHOJIOTHS YIIPABJIEHSI TUTaHIEM, 00eCTIeYBaIO-
mast a(hHEKTUBHOE IHEProcHepeKeHue;

* pacuMpeHHblii HaOOP KOMaH/[, OPUEHTUPOBAHHBIN HA MIUPOKUH KPYT
3am1ay;

* HaJM4YWeE KIII TPETHETO YPOBHST,

* BO3MOKHOCTH PEATTM3AINU [BYX JIOTUUECKHX sI/Iep HA OZIHOM (DPU3UUECKOM.

B 1iesiom, 6tarogaps mukpoapxutektype Nehalem dupma Intel BHoBb crama
3aHMMATh JUIMPYIOIIEE TTOJOKEHNE B 001acTH paspabGOTKH MPOIECCOPOB.

Cuielyomum maroM B 06JIACTH COBEPIICHCTBOBAHKS CBOUX MPOIECCOPOB
y Intel cras mepexo/1 Ha HOBYIO TEXHOJOTUYECKYIO HOPMY 32 HM. ITU MPOIIECCOPDI
TOJIy9UJIH HOBOE HasBanue Westmere ¥ BBITycKaInCh B Tedenue Bcero 2010 r.

Y ¢upmbr AMD npoiteccopamMu MepBOro MOKOJIEHUS MHOTOSIIEPHBIX TTPO-
1[eCCOPOB, aHAJIOTHYHOTO TIepBomy nokosieHuio Intel Core, crano cemeiicTBo
Phenom 11, nepBbie mpecTaBuTe M KOTOPOTO TIOSIBUIIUCEH B caMoM Hauase 2009 r.
ITO OBIIN YETHIPEXbAAEPHBIE TPOIECCOPBI, BHITTOJHEHHBIE 110 TEXHOIOTUYECKOMY
npoitecey 45 um, Phenom IT X4 (1udpa 4 ykasbiBaer Ha 4rCIO sIep).

ITponeccopbl UCMOIB3YIOT BHOBD paspaborannoe siapo Deneb (Shanghai),
KoTopoe oTHOCAT K Mukpoapxutektype K-10.5. IIpouneccop Phenom II X4
COCTOUT U3 758 MJIH TPAH3UCTOPOB M UMEET YBEJUYEHHYIO KIII-TIAMSITh Tpe-
Thero ypoBHs (2...6 Mbaiir).

3a cuer ONTUMU3AIMHU APXUTEKTYPHI U ME€PEX0/la HA TEXHOJOTUYECKYIO
HopMmy 45 HM dupme AMD ymanoch MOBBICUTH TAKTOBYIO YaCTOTY CBOUX IMPO-
neccopos 10 3 I'Tw, obecnedns npu aToM Gojiee HUBKOE SHEPTONOTpedaeHue,
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YTO TIO3BOJIAIIO MPUGIU3UTHCS K XapaKTePUCTHKaM TrpotieccopoB Intel B wactu
I[EHBI, TPOU3BOIUTETHHOCTH U 9HEPTOCOHEPEKEHUSL.

MHorosaepHble MOIYJIbHbIE MPOIECCOPBI BTOPOTo mokoJeHusa. Crenyo-
11ee IOKOJIEHHEe MHOTOSIIEPHBIX IIPOLIECCOPOB, IPOBO3IJIalIeHHbIX (hupMoii Intel
Kak Bropoe mokosietne Intel Core, peannsoBano Ha OCHOBE HOBOW MUKPOAPXH-
TexTypot Sandy Bridge.

[Tpoteccopsr ¢ MukpoapxutekTypoit Sandy Bridge 6blin aHOHCUPOBAHBI
3 auBaps 2011 r. 1 peasM30BaHbl HA OCHOBE TEXHOJOTMYECKON HOPMbI 32 HM.
YerwipexbsaepHbiii mporeccop Sandy Bridge ¢ rpaduyecknm sapom u 8-mera-
GaiTHBIM KAIIEM TPETHETO YPOBHST COAEPKUT 995 MJIH TPaH3UCTOPOB.

IdTa MUKPOAPXUTEKTypa — JajbHellliee Pa3BUTHE MUKPOAPXUTEKTYPHI
Nehalem, B koTopyio 66110 BBEIEHO GOJIBITIOE KOJMYECTBO YCOBEPIIEHCTBOBAHUIA.
KommaecTBo siiep y pasaumaHbIX MOIMMDUKAIIIIT TIPOTIECCOPOB MOKET KOTEHATHCST
ot 1 10 8. Kak u Nehalem, Sandy Bridge umeer Tput ypoBHsT K9III-IAMSTH, IPHYEM
00beM KaII-MAMSTH TPETHEr0 YPOBHSI Y PasHbIX MpPeACTaBUTEIeH MOKeT KoJie-
Gatbes ot 1—1,5 Moaiita (y npocreiimmx ogHosaepHbIx mpoieccopos Celeron)
10 20 MoGaiit (BochbMusiiepHble MpOIeccopsl st cepBepos). IIporeccopb
MMEIOT MHTErPUPOBAHHBIE YCOBEPIIEHCTBOBAHHbIE JIBYXKAHAIbHBIN KOHTPOJLIIED
HaMSATH, KOHTPOJIJIEP CUCTEMHOI ITHB! (00Pa3yioT BCTPOEHHbII B UUIT TAK HA3bI-
BaeMblii CeBEpHBII MOCT HabOpa CUCTEMHON JIOTUKK ) ¥ TPadrueCcKuil IIPOIIeccop.
Ho ecmu B mporeccopax Nehalem rpadiraeckuii mporieccop BBOAMIICS TOJBKO
IS OT/IEJIBHBIX MOJIEJIEN U BBITIOJIHSJICS. HA OT/IC/IbHOM KPUCTAJLIE, TO Telleph OH
GBI peaT30BaH KaK IOTIOTHUTETHHOE SITPO TPOTIECCOPA, PEATH3YEMOE B €TITHOM
TEXHOJIOTUYECKOM ITPOIlecce U UMelollee, KAK U BCe TIPOIECCOPHBIE SI/IPa, AOCTYIT
K K9TITy TPeThero ypoBHs. ['paduueckoe g71po OpUEeHTHPOBAHO HA allapaTHOe
JIEKOJIIPOBAaHNE U KOAUPOBAHUE BUIEO0, U B €TO COCTAB BXOIUT B 3aBUCHMOCTHU
OT MojIesu Tporieccopa 6 win 12 UCHoMHUTETbHBIX GJIOKOB.

Bce anemenTsI npoieccopa (IpoiieccopHbie sizipa U rpadiyeckoe sipo, K1t
TPEThETO YPOBHS) 00bEAUHEHBI ¢ MOMOTIBI0 256-0UTHOIT MEKKOMITOHEHTHON
KoJIbleBOi mnHbL. [1IvHa cocTonT U3 yeThipex 32-6GaiiTHBIX KOJIEIl: MINHbI JaH-
HBIX, [IMHbBI 3a[IPOCOB, MIUHBI MOHUTOPUHTA COCTOSIHUS U [IIMHBI MOATBEPIK/IE-
Hus. [TpousBOAUTEIBHOCTD KOJIBbLEBON mnHbl gocTuraet 96 I'baiit B cexyHmy
Ha coeuHeHne npu TakToBoi yactote 3 T, uTo dhakTudeckn B 4eThIpe pasa
MPEBBIITAET MMOKA3aTeIH IIPOIIECCOPOB MPEABIAYIIETo TOKOoJIeHUsA. Benenue
KOJIBIEBOI MIMHBI TTO3BOJIUJIO YMEHBIITUTh BPEMs 0OPAIIEHIS K KIIITY TPETHETO
YPOBHSI.

B mnpoieccopax peajnsoBaH HOBBIN pacIIMPEHHBIA HAOOP BEKTOPHBIX
komang AVX (Advanced Vector Extension), kotopblii obecriednsaeT 6oJiee BbICO-
Koe ObICTPOAEHCTBIE B MYJIbTUMEIMITHBIX 33/1a4ax 1 OMepaltsx ¢ IIaBaionei
TOYKON. ITH KOMaH/Ibl BBITIOJHAIOT BEKTOPHbBIE BBIYUCICHH HaJl 256-OUTHBIMU
olepaHaMu C TLIABAIOIIEN TOYKO, JIsI Y€T0 Pa3PsiIHOCTD COOTBETCTBYIOIIIX
BBIYKCJIUTE/LHBIX OJIOKOB TIPOIIECCOPHBIX sAziep yBeandeHa asoe. (B Mukpoap-
xutektype Nehalem anasornutbie BbraucauTe bHble GJOKU BBITTOJHIIN 00pa-
601Ky 128-6UTHBIX OTIEPAHIOB.)

B nporieccoproe sipo BBeieH Kl MUKPOOIIEPAIiil paHee [eKOIUPOBAHHBIX
KOMaH/I, obecTieunBaomuii xpanenne okoso 1500 Mukpoorepanuii cpenneii
JutiHBL Ecin o6GHapyKUBAeTCsl, 4TO BIOJHAEMas MUKPOOTIEPAIINs B IE€KO/IN-
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POBAaHHOM BHJIE€ IMEETCST B KaIIle, OHa GepeTcst OTTyAa. DTO MPUBOINT K OO
HUTETHHON YKOHOMUY SHEPIUU U YIIyUIIAET IPOIYCKHYIO CIIOCOOHOCTH KOMAH]I,

B mporieccope Sandy Bridge peammzosan HoBbIi peskum — Turbo Boost
(1OCTI0BHO — TypOOPA3IOH), 3aK/II0YAIONINICS B YBEIMYEHUH TAKTOBON YaCTOTBI
BBITIIE HOMUHAJIBHOM MPU YCIOBUU COXPAHEHUS OTPAHMYEHUS 10 JOMYCTUMON
MOIIIHOCTH, TeMIeparype 1 ToKy. /[J1s1 yripaBjieHns aTUM PEKUMOM BBEJICH CIie-
LUAIBHBINA OJI0K, AaBTOMATUYECKH CCAAIIMIL 3a IOTPEOIIeMON MOIIHOCTLIO IIPO-
1ieccopa 1 00eCTIednBAIOINI Pa3sTOH TaKTOBOI YaCTOTHI OJIHOTO WJTH HECKOJb-
KHX si7Iep. 32 CUeT COKOHOMJICHHOI dHEPTUU OT He3arpy>KeHHBIX siZIep TAKTOBAst
4acTOTa aKTUBHOTO S/Ipa TOBbBIIIAaeTcs: ¢ hukcupoBanubiM marom 133 Mg
OTHOCHUTENLHO 6a30BOM 4acTOThI. BO3MOKEH TaK/Ke Pa3TOH YaCTOTHI BCEX siep,
HO HA KOPOTKOE BPeMs, B Te4eHIe KOTOPOTO MPOIIECCOP HE YCIIEBAET IIEPETPETHCSI.

Poct mpousBomTenbHocTH TIpotteccopoB Sandy Bridge mo cpaBmentio ¢ nx
npenmnectsenHrkamu Nehalem Bo MHOTOM 3aBucHT OT peraeMoii 3agaun. Ecre-
CTBEHHO, YTO JIJIsI 33/1a4, CBSI3aHHBIX C PEAIN3AINEN KOMIIBIOTEPHON rpaduKi,
IPUPOCT OYIET BhIIIE, YeM J1Jis 00OBIUHBIX BBIYMCIUTEIbHBIX 3a/1a4. B 1esioM ke
B 3aBHCHUMOCTH OT 33a/[a4U POCT IPOU3BOAUTEIbHOCTU otleHuBaeTcsi B 20—40%.

Y dupmbr AMD BTOPBIM TIOKOJIEHUEM MOJYJTbHBIX MHOTOSIIEPHBIX TPO-
I[ECCOPOB CTAJI0 CEMENCTBO IPOIIECCOPOB, BHITIOJHEHHBIX HA OCHOBE MUKPO-
apxutektypsl Bulldozer. TIpotteccopsr aToro cemeiicTBa UMEIOT MOJHOCTHIO
nepepaboTaHHy0 apXUTEKTYPY O CPABHEHHIO C TIPEABILYIIIMHU TIOKOTEHUSIMI
npoiteccopoB AMD, 1o 16 szep, yBeaudeHHbIH 00beM KIII-TIaMATH TPEThEro
yposusi. Kak u mpotteccopst Sandy Bridge, onn mopep:kuBaoT Habop KOMaH/T
AVX 1 uMeoT MHTErpUPOBaHHOE B KPUCTAJLIT Tpadudeckoe spo. B nporiecco-
pax BBejieHA YJIYUIIEHHAS TEXHOJIOTUSI Iepeladu JAHHBIX HA OCHOBE Y€THIPEXKA-
HanbHOH muHbl HyperTransport 3.0. XapakTepHoil 0cOOEHHOCTBIO MUKPOAPXHU-
TEKTYPBI ITPOIIECCOPOB CTAJI BBIYMCJIUTEBHBIN TTPOIECCOPHBIN MOYJIb. MoyJib
Bulldozer paccunTan Ha 06paboTKy YeTHIpEX MUKPOOTIEPAIIHET 38 TAKT — TaKKe,
Kak u sapo Sandy Bridge. VcnonnurenbHasg 4acTb MOAYJISA COCTOUT U3 ABYX
sSIIEP: KJIACTEPOB IEJIOYMCICHHBIX UCIIOJHUTENbHBIX YCTPOICTB M OJHOTO KJIa-
crepa st MMX-onepanuii u onepaiiuii ¢ m1aBaonieil TO4Koil, y Kask/Joro KJa-
cTepa ¢Boii 610k — 1aHupoBIIKK. [Ipu 5ToM 6J10KH, 06€CIIeYNBAIONIIE BEIOOPKY
1 ¢opMHUpOBaHNe oYepesin KOMAH/, UX Aenridpaniio, Ipeackazanne mepexo-
JI0OB — 06IHe JIJIst BCEH MCIIOMHUTETBHON YacTh. [103TOMY TOBOPUTH O TOM, UTO
mozysb Bulldozer comepsxut 1Ba MOTHOIEHHBIX TIPOIECCOPHBIX s/[PA HEJIH3SI.
Wmxenepst AMD cosnatesibHO TIONIIN Ha YIPOIIEHNE MPOIIECCOPHOTO s/pa
C TIeJTBIO MTOAHSATHUS TaKTOBOM yacToThl. OCHOBHON BBIMTPHIII TAaKOW KOHPUTY-
paIiy TpoIeccopa MOSBISIETCST TPU MHOTOTIOTOYHOH 06paboTKe, KOTIa OINH
MTOTOK KOMaH/l 3aTeM pasjiesisieTcs Ha JIBa MTOTOKA JIEKOAMPOBAHHBIX MUKPOOTIE-
pariuii, BHIIOTHSIEMbIX [BYMsI HCIIOJHUTEIbHBIME SIZIPAMU.

[Tpu mMHOTOTIOTOUHOH 06paboTke oxuH Moxyab Bulldozer momken 6but mpe-
BOCXOJMTD 110 IPOU3BOAUTEIbHOCTH 01O s11po Sandy Bridge. Onnako npu pea-
JIN3AINY TIPOIECCOPA B BU/IE KPEMHIEBOTO KPUCTAILIA CYIIECTBEHHO MOIHSTH
TaKTOBYIO YacTOTY He yjanoch. [loaToMy B 11€J10M MPOU3BOIUTENBLHOCTD TTPO-
11eCCOPOB, BBIMOJHEHHBIX Ha OCHOBe MuUKpoapxuTekTypbl Bulldozer, yerymana
IPOM3BOANTENBHOCTH TTpotteccopoB Sandy Bridge.

MHorosiiepHble MOAYJIbHbIE NIPOIIECCOPBI TPEThero MoKojIeHusi. K tpernb-
eMy TokosieHnio mpotieccopos Intel Core oTHOCSTCS TIPOTIECCOPDI, PEATH30BAH-
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HBIe Ha OCHOBE MUKpoapxuTekTypbl [vy Bridge. B cooTBeTcTBUM CO cTpaTerneii
«tick-tock» aToT 9TaN pasBUTHA MPOIECCOPOB PUXOAUTCS Ha cTaauio «ticks,
T.e. Ha 3TaN Tlepexo/ia TeXHOJOTHYECKOro TIpoTiecca Ha HOBYIO HOPMY C BO3-
MOJKHBIMU YJIyUIIEHUsIMU Ga30BOU apXUTEKTYPbl. [109TOMY TJIaBHBIM B HOBOM
MOKOJIEHWHN CTasa He pa3paboTKa MPUHINITHATLHO HOBOI MUKPOAPXUTEKTYPHI,
a TEXHOJIOTHYECKOTO TIPOIECCa.

Pess nepsbix nporeccopos Ivy Bridge cocrostics 23 anpess 2012 . B ipo-
neccopax Ivy Bridge dupma Intel ocyuiecTBuaa mepexos K TEXHOJOTHYECKOT
HopMe 22 uM. [[sist 3Toii 1esn B ipotteccopax Ivy Bridge Briepsbie Obun mpu-
MEHEHBI TPAH3UCTOPHI ¢ TpexMmepHoil cTpykTypoil (Tri Gate TpansucTopsl,
T.e. TPAH3UCTOPBI C TPEXMEPHBIM 3aTBOPOM), HCCAEIOBAHUEM U Pa3pabOTKON
KOTOPBIX MHKeHepbl Intel 3aHMManuch B TeueHue J0roro BpeMenu. B Tpau-
IIMOHHBIX TTaHapHBIX MOII-TpansncTopax KaHAT MEKIY MCTOKOM U CTOKOM
obpasyercst B 06J1aCTH TTOJMYIIPOBOAHUKA, HAXOASAIIEICST HEMTOCPEICTBEHHO MO
HAITBIIEHHBIM 3aTBOPOM. TpexMepHbie TPAH3MCTOPBI, pa3paboTaHHbIE WHKEHE-
pamu Intel, umeror o6beMuyIO CTPYKTYPY (puc. 4.20).

Crox

[uanexTpux
C BBICOKOI1 €

A

Kpemuuesas
ITOIJIOKKA
Puc. 4.20 Ctpykrypa Tri Gate Tpanaucropa

O61acTh TIOMYIIPOBOTHIKA <HCTOK—KAHAI—CTOK» NMeeT 00beMHYT0 (hopMmy,
a 3aTBOP TeMePb OKPY’KAET KaHAJT C TPEX CTOPOH KPEMHMEBOTO BBICTYTIA (HA3bI-
BaeMOTO TaKXKe MJIaBHUKOM — fin, OTKyza ipyroe Ha3BaHue TPaH3nUCTopoB «Fin
FET», T.e. IaBHUKOBBII TIOJIEBOI TPAH3UCTOP). 3aTBOP U30JUPOBAH OT KaHaIa
TOHKUM CJIOEM JINAJIEKTPUKA C BBICOKOM [UATIEKTPUYECKOIT IPOHUIIAEMOCTBIO €,
B KayecTBe KOTOPOTO HMCIOJIb3yeTCsl OKCH TadHUS NN IIMPKOHUS. Takoii n3o-
JIUPYIOUNN CJI0N MMeeT JIyYlliie, YeM CJI0H OKCHa KPeMHUs, U30JAIIMOHHbIe
CBOMCTBA, MEHBIINI TOK yTeukH. B pe3ysibrare TOK B OTKPBITOM TPAaH3UCTOPE
MOJKET TeYh 110 TPeM I'PaHgaM KaHaia. JlormdecKuii aIeMeHT Ha TaKOM TpaH-
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3HUCTOpPE UMeeT GoJIbIilee COTPOTHBIEHNE B 3aKPHITOM COCTOSTHUE U MEHbIIIee
B OTKPBITOM. [lepeksioueHe JOrHIecKoro JeMeHTa TIPOUCXOAUT ObIcTpee,
MOSIBJISIETCS] BO3MOKHOCTh CHU3UTH pabouee HATPSKEHKUE MPOIECCOPa, MOBbI-
CHUTb €ro IIPOU3BOJUTENLHOCTb.

YMeHblileHrne pa3MepoB TPAH3UCTOPOB TTO3BOJIUIIO CYIIECTBEHHO YBeJIH-
YUTHh KOJMYECTBO TPAH3UCTOPOB B IIpoiieccope. UeThIpeXbsi/IepHbII TIpoTiec-
cop Ivy Bridge ¢ rpaduyeckum sapom u 8-MeraGalTHBIM KIIIEM TPETHEro
YPOBHS cOZEepKUT 1,4 MJIp TPaH3uCTOPOB. [Ipn 9TOM OCHOBHBIM apXUTEKTYP-
HBIM ycoBepiieHcTBoBanueM Ivy Bridge crana kapaunanbHas nepecTpoiika
rpaduueckoro sapa. Hosoe siipo, monyuusiiee nazsanne HD Graphics 4000,
MOJTHOCTBIO CTAI0 COOTBETCTBOBATH TPEHOBAHUSIM COBPEMEHHON CUCTEMBI MPO-
rPaMMUPOBAHUST KOMITbIOTepHOH rpadukn DirectX, uro mpubIM3muIo ero K Bo3-
MOKHOCTSIM BUzteoKapT. Takke rpadideckoe siipo CTaio MoIepKUBaTh paboTy
Tpex He3aBUCHMbBIX MOHUTOPOB. [Ip1 aTOM ypoBeHb IPOM3BOIUTEIBHOCTHU SIIPA
CYIIECTBEHHO YBEIUUMIICS G1arofapst 100aBJIEHIIO AOTMOJTHUTENbHBIX UCTIOTHU-
TEJILHBIX yCTPOiicTB: ux crano 16 Bmecto 12 y Sandy Bridge.

Kommanus AMD kak npeemuuity Mmukpoapxurektypsl Bulldozer npen-
CTaBUJIa HOBYIO MHKPOAPXUTEKTYPY MHOTOSIIEPHBIX Tpoiteccopos Piledriver.
Mukpoapxurekrypa Piledriver mosHoctbio mosropsier crpykrypy Bulldozer: nsa
JBYXbBSIIEPHBIX MOJYJISI UMEIOT OOIIMIT IEKOIep KoMaH 1. Pe3Koro yBesnueHust
YICJIa BBITIOJHSAEMBIX 32 TAKT ONepaIuii Ipu aToM He rpousonuio. Ho B HoBoit
MHUKPOAPXUTEKTYPe OBbLIM YCTPAHEHDI KJII0YeBble HEIOCTATKH MUKPOAPXHUTEK-
typsl Bulldozer. [l atoro BHeapen rubpuaHbII ABYXYPOBHEBBIN MPeCKa3a-
TeJb TePEX0/I0B, BBIOTHEHA ONTUMU3AISA PAGOThHI TAHUPOBIUKOB UCIIOJI-
HEHUST KOMaHJI, TTepepaboTaHo MCTOMTHUTENHHOE YCTPOICTBO 7SI BHITTOTHEHTIST
oTlepalnil /leIeHus], YTO YCKOPHUJIO UX BBITIOJIHEHIE, YJIYUIIEHbl aJrOPUTMBbI
peBapUTENTHLHON BEIGOPKH JIAHHBIX B KIII-MTAMSITH IEPBOTO ¥ BTOPOTO YPOBHEIL.

Kpowme Toro, 6b11a BBITIOJHEHA ONTUMHU3AINS PACTIOJIOKEHNST KOMIIOHEHTOB
IPOIECCOPA, UTO MMO3BOJIUIO CHU3UTH TOKU YTEYKU U MOBBICUTDH 9HEProdddex-
TUBHOCTH. JTO, B CBOIO 0Yepe/lb, TO3BOJINIIO TIOBBICUTH TAKTOBYIO 4acToTy. Bee
9TO MO3BOJIUJIO CYIIECTBEHHO MOBBICUTH IIPOU3BOIUTENIBHOCTH HOBBIX MTPOIEC-
copos. IIpu aTOM TEXHOJIOrHS U3TOTOBJIEHHS POIECCOPOB OCTATACH MPEXK-
Hell — ¢ 32-HaHOMeTPOBOH TEXHOJIOTTYECKON HOPMOTL.

MHorosiiepHble MOYJIbHbIE POLECCOPHI YETBEPTOTrO MOKOJIeHHs. Yer-
BEPTHIM MTOKOJIEHHUEM CTaJIU TIPOIIECCOPBI HA OCHOBE HOBON MIKPOAPXUTEKTYPBI
Haswell. TlepBbie IPOIeCCOPbI HA OCHOBE 3TOI MUKPOAPXUTEKTYPbI OBLIN aHOH-
cupoBanbl jietom 2013 r. Ha ocHOBe 2TOil MUKPOApXUTEKTYPbI POU3BOIM-
JIUCH TPOIECCOPDI KAK JIJIT MOOUJIBHBIX CUCTEM C KOJUYECTBOM sifiep 2—4,
Tak u st cepBepoB (710 8 smep). PazpaboTka 3THX MPOIECCOPOB MPUXOAUTCS
Ha ctagmio <tocks crparermu Intel, mosTomy ona mosKHa Gblia XapaKTepu-
30BaThCS KapAWHAILHON mepepaboTKoil apXuTekTypsl. OHAKO, MO OTlEHKaM
CIIEIMATICTOB, HOBask MUKPOAPXUTEKTYPa He CTaJa PEBOTIOIIMOHHBIM TPE0s-
pasoBaHueM cTapoil MUKpoapxutektypol. IIpormeccopsr Haswell Hacienosamu
BCe JIy4lliie PeleHusi MUKPOAPXUTEKTYD TIPEebIIYINX TOKoJIeHuii. bazosbie
MIPUHITUITB OPTraHU3AIUN BBIYUCIUTENbHBIX [IPOIECCOB MPOIECCOPA OCTAIUCDH
MPEKHUME. ITO KACAETCS BCEX MEXaHU3MOB BBIOOPKHU U MCIIOJHEHUST KOMAH]I,
OcHOBHbIE HAIIPABJIEHUST COBEPIIEHCTBOBAHUS [TPOIECCOPOB CBSI3AHBI C ITOBbI-
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[IeHUeM 9KOHOMUYHOCTH ¥ CHUKEHHEM aHepromnoTpebienus. B memom cucrembr
na ocnose Haswell okasbiBatorcst Ha 30% sxoHOMMUYHEl, yeM aHAJIOTUYHbIE
cucteMbl Ha ocHoBe Ivy Bridge. Ocob6eHHO BBICOKAS HSKOHOMIST HAOIIOMAETCST
B pe’KMMax 1MpocTosi (KOT/la KOMIBIOTED BKJIIOYEH, HAXOUTCS B CETH, HO B JlaH-
HBII MOMEHT He paboraer). ITO JOCTUTAETCST OIaroiapsi BDEMEHHOMY OTKJIIO-
YeHUI0 HepabOTAIONIMX KOMIIOHEHTOB OT UTaHus. [IpruueM BpeMs NIpUBEAEHI
CHCTEMBI B II0OJIHOCTDIO pabouee COCTOSIHUE COCTABJISAET JOJU CeKYH/IDL.

J17151 TOBBITIIEHNST 9KOHOMUYHOCTU CHCTEMBI B 1I€JIOM B KPUCTAJLT TIPOTIECCOPA
BBe/leHA 3HAYUTEIbHAS YaCTh CXEeMbI IIpeobpasoBaTelss MUTAHNS, a JJIS IPO-
[[ECCOPOB, UCIIOJIb3YEeMbIX B MOOMJIbHBIX CHCTEMAX, Ha TOM e MOJJIOKKe pea-
JIN30BAH BTOPOW KPUCTAJLJI — YUIT CUCTEMHOM JIOTUKHU, PaHee MMEHOBABIIHUICS
CEBEPHBIM MOCTOM.

Tewm He MeHee B HOBBIX MPOIECCOPAX BHITIOJHEH PsIJi YCOBEPIIEHCTBOBAHIH,
Kacaromuxcst paboThl TTPOIECCOPHBIX SIfEP.

JlOTIOTHUTENBHO K TECTH TOPTaM AUCIIeTYePU3AINI UCITIOJTHUTENbHBIX KJla-
CTEPOB BBEJICHBI ellie [iBa opTa. [lopT HOMEp 1ecTh obecreynBaeT UCIIoJTHEHUE
LEeJIOYNCICHHBIX KOMaH/] U KoMaHi 00paboTku BeTBieHuid. Ecim B mporpaMmmax
HJIET MOTOK BEKTOPHBIX KOMaHJ ¢ 256-OUTHBIMY OllepaHiaMu, OHI B PaMKaXx
texnosoruu Hyper Threading cranyt 610KupoBaTh HPOXOKIAEHUE APYTOrO
HapaIeIbHOrO IIOTOKA ¢ OOBIYHBIMU 1[€JI0UYMCAEHHbIMU KOMaHAaMu. YTo0bI
9TOro n3besKath BBEAEH 9TOT MOPT. [IopT HOMED ceMb — JOIMOJIHUTEbHBIN TTOPT
JUIs1 pabOTBI ¢ MAMATHIO. EC/ B IporpaMme UeT MOTOK OObIYHBIX 1[eJI0YIC/IEH-
HBIX KOMaH/I, OHU MOTYT UCITOJIHSITHCS YePe3 BCe YEThIPE TIOPTa B TOM JKe TEMIIE,
YTO U TPU TPOXOKAEHUN Yepes AemndpaTop KOMaHI.

OcHOBHOE yCOBEPIEHCTBOBAHNE MUCTIOJTHUTENBHOM YaCTH sIipa 3aKJII09AETCS
BO BBeJleHuU HOBOro Habopa komana AVX2. Cioga Bxogar 256-6urhbie SIMD-
KOMaH/IbI 71t 00pabOTKHU LEJIBbIX YUCel, Pa3PeKEeHHbIE ONepallui ¢ MaMsAThIO
1 pa3JINYHbIE TEPECTAHOBKU U CIBUTH KOMIIOHEHTOB BeKTOPOB. CaMoe BaskHOE
B HOBOM HaGope KOMaHz — NPUHIMINAIBHO HOBbIE BEIIECTBEHHOYMCIEHHDIE
FMA-komangst (Fused Multiply-Add), sxmouatomiye B cebst 0HOBPEMEHHOE
BBITIOJIHEHUE JIBYX OIEPAIuil — YMHOKEHUS U CJIOJKeHUsI. BhIoTHeHe Takux
KOMaHJ[ CTapbIMK CPEeACTBAMK IPUBEJIO Obl K IIPOCTOSIM IIPOIECCOPHOIO spa,
MOITOMY JIJIsST UX BBITIOJIHEHUST BBEJIEHBI /IBA TIOPTA ¥ COOTBETCTBYIOIIUE UCIIOJ-
HUTEebHBIE OJIOKK. B pesysbraTe 3a OJMH TaKT MPOIECCOPHOE SAPO MOKET
UCIIOJIHUT ABe Takue KoMatabl. Habop komang AVX2 opueHTUpOBaH Ha BBICO-
KONIPOM3BOANTEIbHBIE BHIUMCAEHNUS, TPEOYIOIMECS B PA3JIUUHBIX aJTOPUTMAX
B HayuyHOU cdepe, pelieHre MyJIbTUMEAUITHBIX 3a4a4 1P 00paboTKe BHUICO-
u ayanodailion, peaTn3aliio KOMIIbIOTEPHBIX UTP.

Jlng mopiepsKKu ObICTPOAEHCTBYUS BhIOIHEHUsT Komary AVX2 B TeMmIle,
obecreunBaeMoOM MCIIOMTHUTENBHOM 9acThIO SApa, IOTPeGOBAIOCH MOBBICUTD
MPOIYCKHYIO CIIOCOOHOCTD KAIIEH TIEPBOTO M BTOPOTO YPOBHEN BIBOE 10 CPaB-
HEHUIO C NMPEABIAYIUM TOKOJIEHIEM MHOTOSZIEPHBIX MPOIECCOPOB: ¢ 32 GaiiT
110 64 GaiiT 3a TaKT.

Oco6oe BHUMaHUE OBLIO yIEJEHO HOBOMY TpaduuecKoMy sIApy, KOTOPOe
B nporeccope Haswell sanumaer okoso 30% muomann kpucrania. B rpadu-
YEeCKOM sifIpe BEChMa 3HAUUTEIBHO YBEJUYMUIOCH KOJUYECTBO MCITOJHUTEIbHBIX
yerpoiictB — 1o 40. Brarogapst aToMy NMpOU3BOAUTENHHOCTH TPAhUIECKOTO
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anpa Haswell crana Basoe 6oubineii, uem y Ivy Bridge. ITo cBoum Bo3MOX-
HocTsM 110 ob6paboTke Bujeo npoueccop Haswell cranosutest comoctaBuMbiM
C BUI€OKapTaMu (GUPM, CTIENMATH3UPYIONINXCS Ha pa3spaboTKe 3TOTO KIacTepa
KOMITBIOTEPHOU TeXHUKU.

ITo cpaBHeHMIO ¢ aHATIOTHYHBIM ITpoiieccopoM Ivy Bridge kosmuectso Tpan-
sucropos y Haswell ysennuwnnock va 200 mue n cocrasuo 1,6 mapz.

Y dupmbsl AMD HOBBIM TIOKOJIEHUEM MHOTOSIZIEPHBIX MTPOIIECCOPOB CTAJIN
MPOIECCOPBI HA OCHOBE MUKPOAPXUTEKTYpPbI Steamroller. Itu mpoieccopbi
M3TOTABINBAJIICH HA OCHOBE 28-HAaHOMETPOBOTO TEXHOJOTMYECKOTO TIPOIIecca.
OcHOBHbIE U3MEHEHUsI aPXUTEKTYPbl HANIPABJEHBI HA yBEJIUYEHNE CTEIEeHU
napajien3Ma UCTOMHEHUsT KoMaH . J[JIsT 3TOTO yIBOEHO KOJUYECTBO OJI0-
KOB JIEKOJIMPOBAHMs KOMaH/[, paboTalonux mapauieabio. Ternepb y Kakaoro
HCTIOJHUTELHOTO si/[pa MOSIBUJICS CBO#T et paTop KOMaH/I. Y BelndeH 06beM
Oydepa 1peacKkazanus BeTBICHUNA. YIydlieH OJI0K BbIYUCICHHI ¢ IIaBaoIeil
3aTATOH, paciupersl Gaiiabl PETUCTPOB, MPeIHA3HAYEHHBIX JIJIST TIeJTbIX YUCeT
u ymces ¢ mwiasaioneil sanaroil. Kak u y Intel, nnrerpuposano rpaduueckoe
saapo. Bee aTn ycoBepIieHCTBOBAHMS TTO3BOJIMIIM BMECTE C TIOBBITIIEHNEM dHEp-
roa(dEKTUBHOCTH TTOBBICUTH U ITPOU3BOIUTEIBLHOCTD ITPOIIECCOPOB.

MHoros/iepHble MOAYJIbHbIE MPOIECCOPHI MATOTO MOKOJeHus. [IaTtomy
nokoJsienunio mponeccopos Intel Core coorsercTByer cragus <«ticks, T.e. mepe-
XOJI TEXHOJIOTHYECKOTO MPOIIECCA U3TOTOBIEHMS TIPOTIECCOPOB Ha HOJIeE TOHKYIO
TEXHOJIOTUYECKYI0 HOPMY. AHOHC MPOIIECCOPOB TATOTO MoKoseHust Broadwell
cocrosuncst B I kBaprane 2015 t. IIpoteccopsr Broadwell mo cytn — mukpoap-
xutekrypa Haswell, peannsosannas na Tri Gate TpaH3ucTOpax BTOPOTO TOKO-
JIeHNs, BBITTOJTHEHHBIX HAa OCHOBE 14-HaHOMETPOBOI TEXHOJIOTUN. DTU TPAH3U-
CTOPBI UIMEIOT MEHBIIYIO JINHY W IPHHY, HO 3aT0 GOJIBIITYIO BBICOTY TIJIABHUKA
TPaH3UCTOPA. 3a CYET MEHBIIell IO/, 3aHNMAeMO TPAH3UCTOPOM, TTOSTBH -
JIACh BO3MOYKHOCTD PA3MECTUTD JIOTTOJHUTEIbHBIC JIOTUYECKUE 3JIEMEHTBI, KOTO-
poie B Broadwell ncmonnsyiorest aiist yeemmuenust oobema BHYTpeHHUX 6ydhepos,
KaIIlell TIepBOTo U BTOPOTO YPOBHEN. B mpolieccope yBesmueHa oyepe/ib KOMaHI,
U3 KOTOPBIX OCYIIECTBJISIETCST BHIOOD JIJIsi BHEOUEPETHOTO UCTIONHEHUST B 3aBU-
CHIMOCTHU OT MX TOTOBHOCTH, PEATM30BaHbl GoJiee GBICTPBIE CXEMBI JJISI BBITIOJ-
HEHUSI ONePAIIil YMHOKEHUS U IeJIEHUSL.

Bosbioe BHUMaHWE paspabOTUNKK YASTUIN CHUKEHIIO SHEPromnoTpediie-
HUST TIPOIECCOPA, KOTOPOE OCTUTAETCST HE TOJBKO 32 CUET PeANTn3aiuu TPaH3U-
CTOPOB C MEHBIIIEH TEXHOJOTMYECKOI HOPMOI U COOTBETCTBYIONIM CHIKCHUEM
paboyero HANPSIKEHUs, HO M 3a CYET YCOBEPIIEHCTBOBAHHOTO KOHTPOJLIEpPA
nuTanus mpoieccopa. Uto KacaeTcs MPOU3BOAUTENBHOCTH, TO B II€JIOM OHA
OKaszajach He3HAUYMTEJIbHO Bbille npouspoaurebHoctu Haswell — Ha 7%.
He ompappanuch Takke OKUAAHUS, KACAIONIIECS BO3MOKHOCTH PaGOThI MPoO-
neccopa Ha 6oJiee BBICOKMX TAKTOBBIX YacToTax. bosee Toro, He yaanock obe-
crednTh paboTy MPOIECCOPOB Ha Tex ke yacrorax, uto 1 Haswell.

Y dupmbr AMD MHOTOSIZIEPHBIMU TIPOIIECCOPAMHU TISITOTO TTOKOJIEHUST CTATIN
MIPOTIECCOPHI HA OCHOBE MUKPOAPXUTEKTYPbI Excavator, cTaBlieil MocaeIHuM
ycoBepIneHcTBOBaHreM 6GazoBoii mukpoapxutektypsl Bulldozer. TIpoueccopsr
ATOI MUKPOAPXUTEKTYPHI PEATU30BAHBI HA OCHOBE TOTO K€ TEXHOJOTMYECKOTO
npolecca, 4To U npeabiayime npoiueccopbl Steamroller — 28 um. OcHoBHbBIE
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VIYUIIeHWsT HAIIPaBJIeHbl Ha MOBbIIeHNe 9HeProdGdEeKTUBHOCTH, YTO TI03BO-
JISIET HTUM TIPOIIeccopaM paboTaTh Ha TTOBBINIEHHBIX TAKTOBBIX YaCTOTAaX B yCJIO-
BUSIX OTPAHUYEHHOTO 3HEPronoTpebaens. B mporeccope ncmonrb3oBana Gosee
BBICOKASI TJIOTHOCTH pa3MeleHust TpaH3ucTopos — Oosiee uem Ha 20% Bbillle,
4eM y IIPOIIECCOPOB IPEAbIAYIEell MUKPOAPXUTEKTYPbI. B mpoiteccope ucrmosinb-
3yercst Hosree MOTIIHOE TpadIIecKOe sIPO M BCTPOEHBI KOMITOHEHTBI 10:KHOTO
MocTa. YBEJIUYeH pazMep Kallla epBOro YPOBHsI, HCIOJIb3YIOTCS Goiee ObICTPO-
JEeHCTBYIONIIE aJTOPUTMBI PabOThl 3TOH MamMsiTh. TakKe yBeJIWdeH pazmep
Gydepa BeTBJIEHHIT, UTO YMEHBIIAECT KOJUYECTBO HEMPABUIBHO TIPEACKAZAHHbIX
nepexo0B. Eciin ke ommbKY mpe/IcKazanust Iepexo/[0B BOSHUKAIOT, 0Oecredn-
Baetcs GoJjiee OBICTPBIT cOPOC KOHBeitepa.

VcnonnureabHas 4acTh Ipoleccopa oboraTuiach peannsamnueir AVX2-
UHCTPYKIMIT — BEKTOPHBIX 256-OUTHBIX I[EJTOUUCTEHHBIX KOMAH/I U BEKTOP-
HBIX KOMaH]I /I OIePaIUil ¢ TpeMs orepaHaaMu. B 0OCHOBHOM ke CTPYKTypa
U B3aUMOCBSI3HU Y3JI0B [IPOIECCOPA OCTAIUCH MpexanMu. Kpome Toro, B MUKPO-
APXUTEKTYPE €CTh U OTPeNeseHHbIe Tark Hazan. Tak, 06beM Kallia BTOPOro
YPOBHSI yMEHbIIEH BABOE U cocTaBua 1 Mobaiit, a Kol TpeThero ypoBHs BOOOIIE
He TIPe/IyCMOTPEH.

MHorosiepHbsie MOAYJIbHbIE MPOIECCOPHI MecToro nokouenusa. [lectoe
nokosienue mpoteccopos Intel Core cooTBeTcTBYeT MpoIieccopam, peayrn3oBaH-
HBIM Ha OCHOBE MUKPOAPXUTEKTYPhI Skylake, BLITTOTHEHHON B paMKaX CTa[ui
«tock». To ecTh HOBasi MUKPOAPXUTEKTYPa MOAPA3yMeBaeT KapAUHAIbHYIO
nepepaboTKy, a ee peain3alisl Ha KPUCTAJJIe UCTIOIb3YeT YK€ OCBOEHHBII
TeXHOJIOTUn4YecKuil mporecc. OCHOBHBIMU U3MEHEHUSIMU, BHECEHHBIMU B HOBYIO
MUKPOAPXUTEKTYPY, CTAJIH:

* TIOBBINIEHNE YeJbHON TTPOM3BOAUTETHLHOCTH Ha BATT;

* BBOJ MOIIHBIX CPE/CTB JJist 06paboTKM BUACOMHBOPMAIHN, BKIKOYAs rpa-
(brueckoe sipo M HOBBIN MPOIIECCOP BUIEOCUTHATIOB,;

* BBeleHne GoJiee TIPON3BOANUTETHHON KOJIBIEBOI MIMHBI, 00bEIMHSIONEN
SI7IPa, KAII TPETHETO YPOBHSI, KOHTPOJLIIEP MAMSITH U MOJLYJIb CHCTEMHOTO areHTa;

» yrayGieHne BHYTpeHHUX Oyhepos, yaydiieHne mpeacKa3anust BeTBIe-
HUI ¥ yBeJIMYeHne BO3MOKHOCTEI 110 BHEOUYEPEHOMY MCITOJHEHIIO KOMAH]T;

* BHEJPEHHE KOMILIEKCA DHEPrOCOEPETatoNNX TEXHOIOTHII;

* YCKOPWJIOCH BBITIOJTHEHVEC KpUNTorpadmuecknx komany cemeiictsa AES;

* BBO/ HOBBIX KOMAaH[[ /iIsI CO3/IAHUS TIOJHOCTBIO 3AMIUIIEHHOTO OT BO3-
MOXXHBIX aTaK IIPOTPAMMHOTO KO/a;

* W3MEHEHHe aJropuT™Ma paboThl K3IIEeH, COMPOBOKAAEMOE YBEINICHIEM
CKOPOCTH MX PabOThI U CKOPOCTH 0O6PabOTKU IIPOMAXOB;

* M3MeHEeHMe NPUHIIUIOB PabOThl BCTPOCHHON AMHAMUYECKOH ITaMaATH, 06e-
CIIeYMBAIONIEH BO3MOKHOCTD KAIIUPOBAHMUST JTIOOBIX JAHHBIX;

Boaee mogpo6Ho mukpoapxutertypa Skylake ommcana B . 5.

Otser ¢pupmbl AMD B yacTu cO31aHUSI MHOTOSI/IEPHBIX MOJIYJIBHBIX MPO-
I[ECCOPOB TIECTOTO MOKOJEHUS 3ajiepsKajcd Ha ofuH Toa. VM cTtamm mpo-
I[eCCOPBI, BBITIOJIHEHHbIE HA OCHOBE MUKDPOAPXUTEKTYPBI Zen, KOTOpasi cTaja
KOPEHHO TTepepaboTKO apXUTEKTYPBI MPOIECCOPOB, BBHITTOJHEHHON UHKEHe-
pamu AMD. IIpempiaymum 4eTbIpeM MOKOJIEHUSIM MUKPOAPXUTEKTYPhI KOM-
nanus AMD paBaja HasBaHUS UCXOJS U3 cTpouTesibHOI Temaruku: Bulldozer,
Piledriver (Komuép), Steamroller (Karox), Excavator u oTHocHIa UX K ceMeii-
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crBy Bulldozer. Zen — 570 penurnosno-GunocoCKuii TepMUH «[IPOCBETICHIE
(m3en-6ymauam), aTuM KoMmauuss AMD xoTesa MOIYePKHYTh HOBbIH TOAXO/
K (hOPMHUPOBAHUIO TTPOIECCOPHOI MUKPOAPXUTEKTYPHI. [TepBbie mporieccopsr
¢ MUKPOApXUTEeKTYypoii Zen nosiBuinchk B Havase 2017 r. HoBoe mporteccoproe
SIIPO BBITIOJTHSIET 3a ONH TakT Ha 40% GOMbIle BHIYUCTEHWH, YeM TIPeIbILy-
miee spo Excavator, 4To 00ycJIOBJIECHO TIOTHO# T1€pepabOTKON UCHTOTHUTE -
HoOM yactu miporieccopa. I[Iporeccoproe spo Zen nMeeT IecTh MeTOUNCIEHHBIX
UCTIOJHUTEbHBIX OJIOKOB, JIBA UCTIOJHUTENbHBIX OJIOKA JIJIsT BBIYUCJEHUT C T11a-
Balolllell TOUKOH, CIIOCOOHBIX BBIMOJIHSITH COBMEIIEHHbBIE OTIEPAIII CJIOKEHIISI-
YMHOXKEHUST Hajl TpeMs 256-OUTHBIMU OIlepaHIaMu, OJNH UCIOJTHUTENbHbII
610K JIJTs1 KOMAH[ 06pabOTKY MyJbTUMEAUUHBIX HTanHbix MMX, B TO Bpemst
Kak B IPEAbIAYIIEM TOKOJEHUH MUKPOAPXUTEKTYPBI ObLJIO YeThIPe HeJIOUNC-
JIEHHBIX GJI0KA, KJIACTeP A/ OII€PaIHii ¢ IIaBaIoIell TOYKOM ObLI TOJbKO OLUH
Ha JiBa TPOIECCOPHBIX sI/[Pa, a caM¥ GJIOKHU JIJist BEIYUCIIEHWI ¢ TIaBaoIeil Tod-
koil Obm 128-6utHbiMu. Kaxkaoe sgapo MMeeT Kall-IiaMsTh BTOPOTO YPOBHS
obbemom 512 Ko6aiit, koTopsiil ctan menbiie, yem y Excavator (2 Moaiir).
ITOTO CTAJIO BIOJIHE TOCTATOYHO, TAK KaK HOBOE SIZIPO BBHITIOJHSIET BEIUNCIEHIS
ObicTpee u Gosiee KPYIHbIA KoII OOJIbIIe He Hy:KeH. Takoil ke IMOAX0 UCIIOoNb-
30Bajics U KoMmmanueit Intel B mukpoapxurextype Haswell. O6bem ob1iero katia
TPETHETO YPOBHSI ISt siIep, OObEIMHEHHBIX B MOJLYJIb, OTIPEIEIISIETCS UCXOS
u3 2 Mo6aiit Ha aapo.

[Tporeccopbl ¢ MUKPOAPXUTEKTYPOR Zen OYAYT BBIIYCKATHCS JJIS BCEX CEK-
TOPOB POIECCOPHOI TEXHUKU — OT MPOIECCOPOB JIJIsi MOOMJIBHBIX YCTPONUCTB
¢ ypOBHEM MOTPeBIIsIeMON MOTITHOCTH 5 BT 710 cepBepoB ¢ moTpebiisieMoii MoTil-
Hoctbio 70 180 Br. [l MasorabapuTHBIX YCTPONCTB IIPOLECCOPHI ABJISAIOTCS
cHUCTEeMaMU Ha KPUCTAJie, HOAepKuBaonumMu Bce Texnonoruu Zen. Ouu
MMEIOT B CBOEM COCTaBe J[Ba sjpa Zen, HOBBIN TpahudecKuii IpoIeccop, KoH-
TPOJLIIEP MaMSITH, KOHTPOJLJIEPhI BBO/IA,/BBIBO/IA C Peain3aineil COBPeMEeHHHbBIX
BUIOB WHTEP(Elica, ayIOTPOIECCOp, MPOIeCcop st obecriedeHus nHbopMa-
IHOHHON 6E30MACHOCTH CHUCTEMBI, @ TaKKe 00ECTIeUNBAIOT TIOJIEPIKKY TEXHO-
JIOTHH TeTePOTEeHHBIX BRIYUCIEHUN, 3aKTIOYAIONINXCS B BOBMOKHOCTH COBMECT-
HOTO MCIOJIb30BAHUS JIJISl PEIIeHUsT BBIYMCAUTENbHBIX 3a/au Kak cOOCTBEHHO
MIPOIIECCOPHOTO S/IPA, TaK U TPAPUUECKOro sijipa.

JIunelika mTpoIecCOPOB s HACTOJIBHBIX KOMITBIOTEPOB HAUNHAETCS C IBYXb-
SJIEPHOTO U 3aKAHUYUBAETCST BOCOMUSIIEPHBIM TTPOIIECCOPOM.

CepBepHbI€e TPOIIECCOPHI TIPEACTABISAIOT COO0IT MHOTOYHUITOBBIE KOHCTPYKIUH
THIIa «CJIOCHbII Tpors. IIporieccopHble spa 00beANHAIOTCS B YeTBIPEXbsI/IED-
HbIE MOJIYJIU € OOIIUM KAIIEM TPETHETO YPOBHs. [[PyriMu KprCTasIaMi B KOH-
CTPYKIINH SIBJITIOTCA Tpadhudeckuii mporeccop nu MHorocaolinag mamats HBM,
coelHsIeMble Ha cllellMajJbHON nojsoxke. B nepcnexktuse kommanus AMD
[JTAHUPYET BBIYCKATh MPOIECCOPBI ¢ 10601 KoHDUTYpalneil, BKIoYaolei
JII000€ KOJIMYECTBO BHIYMCIUTEBHBIX MOJLYJIEH 1 KOMITOHEHTOB, pa3paboTaHHbIX
10/ KOHKpeTHbIN 3aka3. HBM-namars (High Bandwidth Memory — namsarhb
€ BBICOKOU MPOMYCKHON CIMOCOOHOCTHIO) — 3TO BBICOKOMPOU3BOAUTEIbHAS
JIMHAMUYECKas OIePaTUBHAS MaMSATh C TPEXMEPHOI KOMITOHOBKOH, UCITOJIb3Ye-
Masi rpadUYecKIM TIPOIeccopoM. YHUIIbl MAMSITU PACIIOJNATAIOTCS CJAOSIMUI OJIUH
HaJl IPYTUM U COeTUHSIIOTCS BEPTUKAJIbHBIMI IIMHAMHY, TTPU 3TOM MPOITYCKHAS
criocobHOCTh MHTEphEiica, CoeNHSIONEro TpahUIecKuii TPOIECCOP € TAMSITHIO
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HBM, cocrasasier okosio 500 Taiit/c. [list cBasu auep Mexay coboii u rpadu-
YeCKUM TIPOIECCOPOM UCTonb3yercst HoBbii unrepdeiic GMI (Global Memory
Interconnect), CKOPOCTH TepeIaun JAHHBIX KOTOPOTO cocTasisier 100 T'Gaiit/c.
st cBg3u ¢ BHenrHell orepatuBHON namsATbio DDR4 Takke ncnosbayercs
BBICOKOCKOPOCTHOU HHTEP(hEIic, 00padyeMblil YeThIPbMsI IIIMHAMU, 00eCIIeunBa-
omumMu ckopocth obmena 100 [Gaiit/c.

Bce mporeccopbl Ha OCHOBE MUKPOAPXUTEKTYPbI Zen BBIITYCKAIOTCS
1o 14-HaHOMETPOBOMY TEXHOJIOTHUYECKOMY Iporieccy Ha 6asze Tri Gate Tpansu-
cTopoB. KosuecTBo siiep B cepBepHBIX MPOIECCOPAX BAPbUPYETCsI OT 8 ¢ ToTpe-
6aenrem 35 Bt 10 32 ¢ morpebiennem 180 BT. Yike m3BecTHO, 9TO HHIKEHEPDI
AMD paboraior HaJ OCBOCHHEM HOBOTO 7-HAHOMETPOBOTO TEXHOJIOTUYECKOIO
mporiecca, Ipu 3TOM MaKCHUMaJbHOE KOJWYECTBO S/Iep Yy CePBEPHOTO TIpoIiec-
copa J0JIKHO cOCTaBUTh 48, a norpebdiiseMast MOIIHOCTh OCTaThCs IIPEKHENn —
180 Bt. HoBbie Momenn mpotieccopoB 6yayT Hocuth HazBanre AMD Starship
(3Be3moJieT) U X BBINMYCK 3amyiannposal Ha 2018 1.

4.8. MukpokoHTponnepbl

MUuKpOKOHTPOJLIEPBI — YCMPOUCMEa, UMeruue CmpyKkmypy MUKponpoyec-
COpHOLL cucmemvl, goinoanennvie ¢ eude BUC u npednasnauenivie ons pewenus
3a0au ynpasrenus mexnHuveckumu yempoucmeamu u cucmemamu. I10CKOIbKY
B cocTaBe Takux bV C umerorcs Bece y3ibl, ipucyimue IBM, onn HazsiBaoTCsS
TaKXKe OJJHOKPUCTATbHBIMU MUKPOIBM.

[TepBble MUKPOKOHTPOJIEPH! TosBuanch B 1976 1., korna B oxgnoit BUC
CTaJI0 BO3MOXKHBIM COBMecTUTh Tpotieccop, O3V, I3V u nopTer BBOMA/
BBIBOZIA. B oTamume ot yHUBepcaabHbIX MUKPOIBM B MHUKpPOKOHTpOJLIEpax
HeOOJIbIINE [0 PasMepaM MaMATb U IPOCTON MHTepdeiic A CBI3U ¢ BHEI-
HUMHU YCTPOHCTBAMU. DTO OOBICHAETCS TPESKAE BCETO CrelndUKOil peraeMbix
3a/1a4. MUKPOKOHTPOJIJIEPHI HEe UCTIOB3YIOTCS B YHUBEPCATHHBIX BEIYUCTUTENTh-
HBIX CHCTeMaX, a TPeHA3HAUYEHBI /IJIsT CO3/IaHUST BBICOKOA(M(hEKTUBHBIX U Jelie-
BBIX YIIPABJISIONIUX U PETYJIUPYIONUX cucTeM. MUKPOKOHTPOJIJIEPBI Peau3yoT
HECJIOJKHBIE aJITOPUTMBbI, U JJI PA3MELICHHUs TIPOrPaMM UM TPeOyeTcst eMKOCTh
MaMSTA Ha HECKOJIBKO MOPSIKOB MEHbBINAs, 4eM Yy MUKpoDBM yHuBepcasibHoTO
HazHaueHUs. BHelrHue yCcTpoiicTBa TakyKe 3HAYUTEIBHO MPOIe, a UX HaOOP
CYIIECTBEHHO yke. MUKPOKOHTPOJIJIEPD! TIPUMEHSIIOTCS B YCTPOHCTBAX yIIpaBs-
JieHust TprOOPOB, OBITOBOIL alapaTypsl, aBTOMOOUJIEH, CTAHKOB, B YaCTHOCTH,
B YCTPOMCTBAX YNCIOBOTO MPOTPAMMHOTO YIIPABJIEHUS.

[TepBbIit MUKPOKOHTPOJLIEP, BBIYIIEHHbBIH (hupmoii Intel, 611 8-pa3psiiHbIM.
B nacrosiee Bpemst Boirtyckatotes Takske 16- u 32-paspsiziabie MUKPOKOHTPOJI-
JIepbl, HO HAOOJIBIIM CIIPOCOM BCE PABHO IMOJIb3YI0TCSA 8-paspsianbie (puc. 4.21).

Emxocts O3Y MHKPOKOHTPOJIIEPA MOKET MEHATELCS OT JIECATKOB /10 COTEH
Gaiit. OHa MCIOIB3YyeTCS He sl XPaHEHHUs POTPaMM, a TOJbKO JJIsT Bpe-
MEHHOTO XpaHEHHUs JIaHHBIX U IIPOMEKYTOUHBIX Pe3yJIbTaTOB, 109TOMY 3TOM
€MKOCTH JIJIsI TPOCTBIX 33/1a4 YIIPABJIEHUS BIOJIHE TOCTATOYHO. J[JIs XpaneHust
MPOTPAMM CJYKUT (DIIDII-TIAMSITh, eMKOCTh KOTOPOil OOBIYHO HE TIPEBBIIIAeT
20 Ko6aiit. B MUKPOKOHTPOJIIIEPE MIPELYCMOTPEHA BOSMOKHOCTD PACIIUPEHHST
obbema TramMaTh 3a cuet noakaodenust sueniux BUC T13Y u O3Y.
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Puc. 4.21. TunoBas cTpyKTypa MUKPOKOHTPOJLIEPA

Yrpasienue paboToN BCEX Y3JI0B OCYMIECTBISIET MEHTPATBHBIN TPOTIECCOP-
upiii asement (I[I19). TenepaTop TaKTOBLIX MMITYJbCOB BbIpabaThIBAET TaK-
TOBBIE UMITYJIbCHI, CHHXpOHU3upyomue pabory II19. Mx gacrora 3amaetcs
KBapIleM, TIOJIKJII0YaeMbIM K BHEITHUM BbIBOIaM MUKpocxeMbl. 11119 moskeT
paboTaTh ¢ HEBBICOKOI TaKTOBOI1 yacroroii (12+24 MT).

[lng mepemaun aapecoB U AaHHBIX Mexay I[II9 m Bcemm ocTaabHBIMU
y3JlaMiI MUKPOKOHTDOJLJIepa CJIYKUT MYJIbTUILJIEKCHAS IIMHA aJipeca,/IaHHbIX.
Ee paspsiiHOCTD OnpeiesisieTcs paspsiHOCTBI0 00pabaThIBAEMBIX CJIOB B MUKPO-
KOHTPOJLIEpe.

CpenctBa BBOJIA,/BBIBOJIA MUKPOKOHTPOJIJIEPA MPEACTABICHBI YeThIPbMSI
mapaseTbHbIMU TopTamu PO+P3 1 mocsie[oBaTeIbHBIM TOPTOM BBOJIA,/ BBIBOJIA.
Yepes noptel PO+P3 ocymiectsasgerca obMer nHGOPMauel ¢ BHENTHUMU
YCTPOMCTBAMHU 110 8-Pa3psIHBIM IITHHAM, TPH 9TOM KasK/bIil TOPT 0OeCIieynBaeT
B3aMMOCBS3b C OTHUM yCTPOHCTBOM. {1 cokparieHus hpUsndecKoil MUpHUHBI
unrtepdeiica (Uncjaa BHEITHUX BBIBOJIOB MUKPOCXeMbl) GYHKIINN JTUHUH TTapal-
JIETBHBIX TTOPTOB COBMEIIEHBI, I B PA3HBIX PEKUMAX UMEIOT Pa3HOe 3HAUEHNE.
Yepes Bxon RxD ocyliecTBiiseTcs IpUeM JJaHHBIX B I10CJIe/10BaTeIbHOM KO/Jle,
a uepes BbIxoq TxD — miepesiaya TaHHBIX.

MUKDPOKOHTPOJLITEP MOKET OOCHYRKUBATH /IO TISITA 3aTPOCOB TIPEPHIBAHNIS.
ITpu aTOM /1Ba 3ampOca — COOCTBEHHO CHTHAMBI 3aITpOCca MPEPHIBAHIS OT BHETIT-
Hux ycrpoiictB INTO u INT1 n nBa nipepsiBanust GOpMUPYIOTCS TaliMepaMmu,
a elle OJJMH — II0 CUTHAJY Ha BXOJe mocJjenoBateabHoro mopra RxD. Taii-
MepbI-CYETUMKH, YNCIO KOTOPBIX /IJIsT PA3HBIX MUKPOKOHTPOJLIEPOB KOJeOMeTCst
OT OJTHOTO JIO TPEX, MPeIHA3HAYEHbI JIJIsT OTPAOOTKY MHTEPBAIOB BPEMEHH HJIN
MOJICYeTa BHENIHUX CUHXPOHU3UPYOMUX curHaioB. OHu obecrnednBaioT CuH-
XPOHUBAIMIO PabOThl MUKPOKOHTPOJIJIEPA B CUCTEME.

Cucrema KOMaHI MUKPOKOHTPOJITIEPA CHEIUAILHO OPUEHTHPOBAHA Ha pellre-
HUE 3aj1au yIIPABJIEHNUsI, TIO9TOMY Hapsily ¢ OOBIYHBIMU KOMaH/AMH, XapaKTep-
HBIMH JIJIST BCEX MUKPOTIPOIIECCOPOB, B HEl €CTh U HEKOTOPbIE crenu(uiecKue.
ITockosbky Bce pecypcbl Mukpotpoiieccopuoit cuctembl — O3V, 113V, nopTs
BBO/IA/BBIBOZIA — HAXOIATCA BHYTpU MUKpocxeMbl, To 11D mpu BbImosHEeHIN
KOMaHJI He TPeGYIOTCST TIMKIIBI 0GpaIeHrst K BHEITHUM 0 OTHOIIEHUIO K HEMY
MuKpocxemaM. [10aToMy GOJTBITMHCTBO KOMAH] — KOPOTKHE, aHAJIOTMYHbIC KOMaH-
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ZlaM MUKPOIIPOTIECCOPa, B KOTOPBIX JAaHHbIC HAXO/SATCS B PETUCTPOBON MaMSTH.
Bpemsi BbITIOJIHEHUST KOMAH/] 3aBUCUT OT TAKTOBOI YaCTOTHI U TIPU 4ACTOTE
12 MTI11 coctaBiistet 1 MKC, HEKOTOPbIE KOMAH/IBI BBITTOJHSIOTCS 32 2 MKC.

4.9. NnTepdpeitcHble ycTpoiicTBa

B mpotecce paboThl MUKPOMPOIIECCOPHOI CHCTEMBI MOCTOSTHHO MPOWC-
xoauT oOMeH uHbopMannueil MexKay PasJUYHBIMU yCTPOHCTBAMU CHCTEMBbI
C TIOMOTI[BIO TaK Ha3bIBaeMoOTO unmep@eiica. «VIntepdeiic> — odeHb MHUPOKOE
nousaTue. B saBucuMocTy 0T 061acTH 3HAHUI 10 nHTEpdEicOM MOTYT MOHK-
MaTh MPOIIECC AMATOTA YeTOBeKa ¢ KOMIBIOTEPOM, TPOTPAMMHO-ATITIapaTHBIE
CPEZICTBA /I ATOTO [UAJIOTA; PA3JIUYAIOT MOHATHUS «PY’KECTBEHHOTO MHTEP-
(eiicay, «nmmkTorpaduyeckoro nHTEpdEiicar, «CUCTEMHOTO HHTepdeiicay u T.J1.
B muxponpouyeccoprvix cucmemax noo unmepdeticom noHUMAarm co8oKynHoCMs
annapamuvlx, nPOZPAMMHHIX U KOHCMPYKMOPCKUX cPedcms, 00ecneuiéaouux
UHDOPMAUUOHHDLL 0OMEH MeNCOY YCMPOUCMEAMU CUCTEMbl. DTO OTIPeleJICHIe
BKJIIOYaeT B cebst TPU COCTABJISIONINE: aNapaTHYIo, TPOrPAMMHY0 U KOH-
cTpykTopckyio. K annapammnoii cocramusionieii nunrepdeiica OTHOCAT OTHENb-
HBIe Y3JIBI MUKPOIPOI[ECCOPHOI CHCTEMBI, Yepe3 KOTOpbIe OCYIIeCTBISACTCS
obmeH. K npozpammioil cocTaBiasionmeil OTHOCAT CTPOTHIA MOPSIIOK, aJITOPUTM
B3aUMOJIEIICTBYS YCTPOICTB, PEAIN30BAHHBIN B BU/IE CHEITMATBHBIX TPOTPAMM.
[Mopsimok caenoBannss HPOPMAIMOHHBIX U CIYKeGHBIX CUTHAIOB B MPOIECCE
obMeHa mHbopMalmeil Ha3bIBAOT MPOTOKOJOM oOMeHa. Konempyxmopckyio
COCTABJISIONLYI0 00PA3YIOT JIMHUHU CBSI3U, 00beIHHEHHbIE B IIUHBI, IO KOTOPHIM
ocytiecTBisiercst nepejada nndopmanun. Kaxias muna obecriednBaeT mepe-
Jlaqy KaKOro-JMO0 OMPEeIEHHOTO Bijla WH(MOPMAIIUU, HATIPUMED a/Ipeca, JaH-
HBIX UJTH YIIPABJIAIONINX CUTHAJIOB.

IMapasienabHbIil ¥ MOCIE0BATEIBHBIA CIIOCOOBI Mepeayn UHOOPMAIHH.
[TpueMHUKN ¥ UCTOUHWKHA WHGOPMAIIMI MOTYT HAXOJIUTHCS KAaK B HEMTOCPE]-
CTBEHHOIT 6JIM30CTH, TaK U HA 3HAYUTEILHOM yAajieHun. B saBuciMocTtu ot yia-
JIEHHOCTH MCTOYHUKA U TIPHEMHIKA HH(MOPMAIIH B MHKPOIIPOI[ECCOPHBIX CUCTE-
Max MOTYT HCTIOJIb30BaThCS MO0 napaiieiviviii crocod mepeaadn nHHOpMaInm
(napanrenvnviiic unmepgetic), mbo nocredosamenviviti (NOCIEO0BAMENLHBLIL
unmep@eiic). llpu mapajieTbHOT Mepeade MHGOPMAITUS TIepeIaeTCs o TMTHHAM
JAHHBIX (MArUCTPAJISIM), COCTOSIIIUM U3 71 TIAPAJLTIEJBHBIX TIPOBOTHITKOB.

[lepenaua undopmamnmy OCyIECTBISIETCS EIBIMU MAITMHHBIMU CJIOBAMHU,
IpUYeM BCe Pa3ps/ibl CI0Ba JAHHBIX MEePealoTcsl OlHOBpeMeHHo. Taxoii cro-
cob mepesaun MHGOPMAIIUK MOJKET UCIIOJIb30BATHCS, €CIIU JJINHA JIMHUN CBSI3H
MEJKLy TIPUEMHIKOM U KCTOYHUKOM OOBIYHO He TIPEBBIIIaeT MOJIyTOpa, a ¢ PH-
MCHEHUEM CIICITAIbHBIX MArCTPAIBHBIX TIPUEMOTIEPEAATIYMKOB — HECKOJIBKIX
METPOB. DTO CBSI3aHO C TEM, YTO HA YACTOTAX, C KOTOPBIMU OCYIIECTBJISIETCSI
nepemada WHGOPMAINH (JeCATKN Merarepir), IPOSBISIIOTCS BOJHOBBIE CBOI-
CTBA 2JIEKTPUUYECKUX CUTHAJTIOB U NPOBOJHUKOB. B pe3ysbTare cUrHasbl, iepe-
JlaBaeMble TI0 PA3HBIM MPOBOAHUKAM HITHBI, TOXOJAT 10 UCTOYHUKA HE OTHOBPE-
MEHHO, TPOMCXOUT «Pa3MbIBaHNE» CUTHATA, U TPUEMHIKH TaKoW MH(MOPMAITIH
CTAHOBSITCSI HEIIPHEMJIEMO CJIOKHBIMU U JIOPOTHMU.

[Tpu moceoBaTeTbHON Mepeaue MHPOPMAITH IepeaeTcs M0 OHOM JUHUN
CBSI3U paspsjl 3a paspsaoM. [l 9Toro HeoOGX0AMMO MpeobpasoBaHKe TaHHbIX
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13 MapaJuIeIbHOTO KOJIa B TTOCIe0BaTeIbHbIN (IIpH repeaave) u obpaTHoe mpe-
obpasoBaHue U3 M0CJIeI0BaTeIbHOIO KOJIa B apajule/ibHblil (1ipu mpueme). Pac-
CTOSIHUE, HA KOTOPOE MOJKET TIepelaBaThCss MH(POPMAIIKS TTOCIeI0BATETbHBIM
€1rocoboM, ysKke He OTPAHIMYEHO BOJTHOBBIME CBOMCTBAMU CUTHAJIOB U TIPOBOJIHU-
KkoB. OHO OTIpeJIesIIeT s JINIIh MOTITHOCTBIO TepeaTynKa. B 4acTHOCTH, BO Bcex
UHOOPMAIIMOHHBIX CETSIX TIepe/iada OCYIIECTBISIETCS B TIOCJIE[0BATEILHOM KO/IE.

IIpuem u mepenava JaHHBIX B YCTPOHCTBAX MUKPOMPOIECCOPHOM CUCTEMBI
OCYIIECTBJISIETCS Y€Pe3 CIelraabHbie OyhepHble y3JIbl, Ha3bIBAEMbIE LOPMAMU.
[TopThl MOTYT GBITH MapajIeIbHBIMU U TTOCJIE0BAaTEIbHBIMI. MUKpOIIpoiiec-
COPBI, TIPEAHA3HAYEHHBIE JI/Is1 NCIIOJIb30BAHUS B CHCTEMAX YIIPaBJIEHUS, OOBIUHO
uMeroT 0b6a THIa MOPTOB.

CUHXPOHHDII U ACMHXPOHHBIH c110c00bI 00MeHa. CylecTByeT /iBa OCHOB-
HBIX cIocoba oOMeHa: CHHXPOHHBIN 1 acHHXPOHHbIH. [Ipu curxponnom obmene
TeMII BbIZIAYU UHOOPMAIMK OIIPEeisieT UCTOYHUK, KOTOPBIA CONPOBOXKAAET
BBIIAYY UMITYJIbCAMU CUHXpoHu3aruu. [IpueMank wrdopMaIny mpu 3TOM 0J-
JKeH TIPUHUMATh JIAHHbIE B TEMIIE, 33/IaBA€MOM MCTOUYHUKOM. Eciiu mprueMHuK
He ycres MPUHATh HHPOPMAIHIO, OHA Gy/IeT OTepsiHa, TaK Kak MeK/Iy UCTOY-
HUKOM U TIPUEMHUKOM HET 00paTHoii cBsisu. [10aTOMy TemI mepegadn JaHHbIX
JIOJKEH YYUTHIBATH OBICTPOAEHCTBIE IPUEMHUKA U PACCUNTHIBAETCS HA HaW-
XY/ cIydai.

[Ipu acunxponnom cnocobe obMeHa MEKAY MCTOTHUKOM W MPHEMHIKOM
cylecTByeT obpaTHas CBA3b. B 0CHOBE 9TOro criocoba JeKUT Menoo Keumupo-
sanus. CynmHOCTh METO/Ia B TOM, UTO UCTOUHWUK MPHU KaK0M TTOChLIKE TaHHBIX
JIOJIKEH TI0JIyYaTh OT MPUEMHUKA TTOTBEPIKACHIE O TOM, YTO JaHHBIE IPHHSITHI,
T.€. CBOE0OPa3Hy10 «KBUTAHIINIO>. CUTHAIBI, 00eCIeYNBAIOIINE TAKOW THAIOT
MEKy ICTOYHUKOM U MPUEMHUKOM, Ha3bIBAIOTCS] CUTHAJIAMU KBUTHPOBAHMSI.
[Ipu mochLIKe JaHHBIX UCTOYHUK cOOOMIaeT 06 9TOM MPUEMHUKY CUTHAJIOM
«/lannble BbIIaHbI». [IpUEMHUK, [TOJIyYUB 3TOT CUTHAJ, CYUTHIBACT CJIOBO JIaH-
HBIX ¥ BBIJIAET IPUEMHUKY CUTHAT «/laHHble TPUHATHI». TOJIBKO TTOCTE TIOTyYe-
HUST 3TOTO CUTHAJIA MICTOYHUK MPHUCTYIIAET K MOCBIJIKE CJIEYIOIEero cIoBa JaH-
ueix. [Ipu Takom oOMeHe HHTepBaJl BpeMeHH TpreMa—Iepeiadul TaHHbIX OyeT
[IEPEMEHHBIM, B 3aBHCUMOCTH OT OBICTPOJAECHCTBUS HCTOYHUKA U IPUEMHUKA,
JUTAHBI TUHUHT CBSI3N.

PaananpHas u MarucTpajbHas CTPyKTypa untepdeiicoB. B nnrepdeiicax
¢ paduarvioll cmpyxmypoi Kaxpoe U3 yCTPOUCTB CHCTEMBI CBSI3AHO C I[EH-
TPATLHBIM YCTPONUCTBOM, YIPABJISIIOIINM OOMEHOM (KOHUEHMPAmMopom), yepes
UHAVNBUAYJIBHYIO TPYIINY MUH C OJUHAKOBBIM COCTABOM JIMHUH JIJIST KAKIOTO
YCTPOIACTBA, T.e. KaXkKIOMYy YCTPOICTBY BbIAE/AsETCS COOCTBEHHDBIH HaOOD MIKMH.
KoHIeHTpaTOP MOJIyYaeT 3asiBKU OT YCTPOUCTB U COEUHSIET UX MEKILY COOOiL.
Ecau 3agBKHU 1MOCTYMAI0OT OJJHOBPEMEHHO OT HECKOJIBKUX YCTPONCTB, KOHIIEH-
TPATOP OIPeesIsieT 04epesiHoCTh 0OMena. Paranbrbie nHTepheiich TIpUMeHsi-
I0TCST JIJIS CBSI3U € YIAJIEHHBIMKM BHEITHUMU YCTPONCTBAMMU.

Ecsm untepdeiic oxauM u teMm ke HabopoM 1iH obecriedrBaer paboTy MHO-
JKECTBA YCTPONCTB MUKPOITPOIIECCOPHOIN CUCTEMBI BO TJIaBe C MUKPOIPOIECCO-
POM, TO €r0 HA3bIBAIOT CUCMEMHbIM, & IUHBI — cucmemuvimu. Habop cucrem-
HBIX HIMH, obeciiednBaomux pabory unrepdeiica, Ha3bIBAIOT MAZUCTIPALDIO.
B unTepdeiicax ¢ MarncTpasbHON CTPYKTYPOIl BCe TMUHBI ABJSIOTCS TUHAMU
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KOJIJIEKTUBHOTO I10JIb30BaHUS U K HUM IIO/IKJIIOUEHBI BCE YCTPOICTBA CUCTEMBI.
B MUKPOIPOIECCOPHBIX cUCTEeMaX OOBIYHO HCIOJIb3YETCS MaruCTPaIbHBINA
unrepdeiic. s peannsanuy o6MeHa K IITITHAM OJHOBPEMEHHO MOKET MO/IKITIO-
YaThCs TOJBKO JIBA YCTPOHCTBA — TIPUEMHUK U UCTOUHUK. [lopsimok ncnosb3o-
BaHUs 00Ieil MaruCTpasn JIJIst OPTaHU3AIINN OOMEHa MEKITY MHOKECTBOM pa3-
JINYHBIX YCTPOMCTB OnpesiesisieTcss KOHTPOJJIEPOM MarucTpasiu.

4.9.1. Uurepdeiice u unrepdeiicusie BUC

Kax TOJBbKO MUKPOIIPOIIECCOPDI CTAJMN HCIOIB30BATLCSA B KadecTBe IPO-
neccopos DBM, BosHukIa 3azada paspaborkn BUC aisg peanusanum unrtep-
deticupix pyuxrmii. [lepsoie MukpoIBM 6butn 8-paspsiiHbiMu, pabOTaBIINME
C HEBBICOKOW TaKTOBOI 4acTOTOM, n uHTepdeiicsl, obecnednBaionme padboTy
MUKPOIPOIIECCOPHBIX CUCTEM, 00JIaIa/Id COOTBETCTBYIONUME TEXHIYECKIMU
XapaKkTepucTHKaMu. ITH UHTePGeichl GBI, KaK MPABUIIO, TapaieIbHbIMHM,
MaruCcTPaJbHBIMU, ACHHXPOHHBIMHU, ¢ 8-pa3pspHON MUHON NaHHbIX U 16-pa3-
PSAZHON THOM agpeca. B HekoTOphIX MHTepdeiicax 6bla MyIbTUILIEKCHAST
ITMHA ajipeca/TaHHbIX.

C pocTOM pa3psiTHOCTH ¥ OBICTPOAEHCTBUST MIKPOITPOIIECCOPOB M3MEHSIITICH
U XapakTepucTuku wHTepdeiicoB. CHaua a MCIOTb30BAINCH TITaBHBIM 00Opa-
30M TapajuiesbHbie uHTepdeiicsl. st 8- 1 16-paspsiiHbIX MPOECCOPOB GBI
paspaboran unrepdeiic (muHa) ISA, KOTOpPbINA 11 32-paspsAHbIX IPOLECCO-
pos, Haunnas ¢ 80386, 6b11 gopaboran, cras mmHoit EISA. s mporeccopos
Pentium 6b11 pazpaboTan HoBbI mapastensubiii narepdeiic PCI. Iloctenenno
napaJiiesibible MTHTEPGENCH TePeCcTaln YAOBIETBOPSIT, M M HA CMEHY TIPUTILIN
nocyenoBatebibie — PCI Express, USB, SATA.

[Tepsbie unrepdeiicubie BUC Gblin opreHTHpOBaHbL Ha PaboTy ¢ 8-paspsi-
HOM mHON ManHbIX 1 16-paspsaHoii munoit aapeca. [Ipocrefimmmmui MuUKpocxe-
MaMu ObLIM MIHHHBIE (hopMupoBaTeu u OydepHbie perucTpbl (MOPThl BBOAA/
BbIBOJA). Bosiee ciokibie omepanuu 0OCHYKUBATUCH aJalTepaMu W KOH-
Tpostepamu. Kask/ioe 13 TakuX yCTPONCTB BBIIOJHSJIOCH B BUJIE OT/EJIbHOM
BUC. Ceituac yposenb unrerparuu VC 103BOJISIET B OHOM KPUCTAJLIE 00b-
€JIMHUTD 11eJIbIH PsiJi YCTPOICTB, BBIIOJHSIONINX pa3jinuyHble nHTepdelcHble
dbynknum. OnHako B CTPYKTYPHOM IJIaHe coBpeMennbie mHTepdeticabie NC
10 cUX GasUPYIOTCS Ha «IIPOCTBIX» paHee paspaboranubix VC.

B mapxuposke mepsbix nunatepdeiicabix BUC nepsbivu 6b1mu 1iucpsr 82,
MocJie KOTOPBIX CTOSIN ele JiBe Mudpbl, 0603HAYAIONNE BUI KOHKPET-
HOM cxeMbl. [Ipu onmcannm GbyHKIIMOHATBHBIX BO3MOXKHOCTEH M CTPYKTYPBI
coBpeMeHHbIX nHTepdeiicHbix BUC 06bIYHO UET TIepevrcIeHne paHee pas-
paboranubix BUIC cemeiicta 82X X, cTPyKTYPHO BXOASIINX B COBPEMEHHYIO
BUC. Hanpumep, o coBpemernHoM tepudepuitnom koutpoJiepe 82C206 cka-
3ano: copepskut ase VIC 8259, nee MIC 8237, onny VIC 8254 u np. Boaee toro,
naxe B GubmoTekax cxeMHbIx pentenuii Hosefimmx CBVIC mporpaMmupyemoit
JIOTUKH TIPUCYTCTBYIOT CTPYKTYPHI Tpaauimontubix bIIC 82X X.

4.9.2. Illunubie popmupoBareau u 6y epHbie PETHCTPHI

Iunneie popmuposaremu. [1lunnbie popMupoBaTeN BKIIOYAIOTCS MEKITY
MCTOYHUKOM MHGOpMaluu 1 MuHON. Tak Kak K HIMHEe MOXKeT HOJKJII0YaThCs
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MHOKECTBO YCTPOMCTB, CUTHAJIbI, BbIAaBaeMble B IIUHY, JOJUKHBI OBITH 10CTa-
TOYHO GOJIBINOI MOITHOCTH, KOTOPYIO0 00biuHas BUC obecrieunTh He B COCTOS-
nun. [1lunneie hopMUpOBaTETH YCUINBAIOT CUTHAIBI ICTOYHIKA 110 MOTITHOCTH,
OTKJIIOYAIOT UCTOYHUK OT MIMHBI, KOT/[A OH HE YYacTBYeT B o6Mene, GopMUPYIOT
pu HeoOXOAMMOCTH TpebyeMble YPOBHU curHasios Jior. 1 u jor. 0. Jeynanpas-
JleHHble WUHHbLe POpMUPOsameyu TIO3BOJISIOT He TOJIBKO Mepe/laBaTh CUTHAJIBI
MCTOYHWKA B MIUHY, HO ¥ MIPUHUMATh UX C NIMHBI U MepelaBaTh TPUEMHUKY
nanubix. Pabora IC onpeaensiercst ynpasasionuMu curiasamu. Tax, st ABy-
HampasJieHHOro (popMupoBaTesisi TpebyloTes Ba CUTHasa yupasienus. [lep-
BBII — paspeaoniuii mpruem,/nepeaady JaHHBIX I OTKJIIOYAIONINAI OT ITHHBI
MyTeM TIePeBOJIa BIXOIHbBIX YCUUTENENH B TPeThe cocTosTHMe. BTopoii — yka-
3BIBAIOIIUIT HATIPABJIEHNE TIepeladr JaHHbIX: B MUHY WU ¢ MuHbL. OObIYHO
B JIBYHAIPaBJIEHHOM ITMHHOM (hOpMHUpOBATeIe 0 KakKIOMY paspsiity paboraer
nBa yeusaurtesist. OfIUH yCUIIMBAET CUTHAT UCTOYHUKA U BBIJIAET ero B IIMHY, PY-
TOIf TPUHUMAET CUTHAJ ATOTO jKe Paspsi/ia ¢ JUHUW NIMHBI U BBIJIAET YCUIIEeH-
HBII curHas npueMHUKY. [Ipy 9TOM MOIHOCTD 1IEPBOTO YCUIIUTEIs, HATPY KEeH-
HOTO Ha MIMHY, 0GBIYHO OOJIbIIIe BTOPOTO, HATPY3KOH KOTOPOTO SIBJISIETCST OJ[HA
MC. Tak kak muHa 00JIafaeT eMKOCTBIO, ¢ KOTOPOIi 9JIEMEHTDI, BBHIIIOJIHEHHDIE
no MOII-rexnomornu crpasisiorest mioxo, MC muHHBIX hopMUpoBaTesieit
BBINOJIHAIOTCA 110 Ounosapuoii Texnoaorun TTJIII.

Bydepusie perucrpsi. Dydephbie perucTpbl ciry:KaT MUt TOIKIOIEHITS
K MarucTpaJjivi BHEIIHEro yCcTpoiicTBa. B oT/imyue oT muHHBIX (hopMupoBatesiei,
KOTOPBIE TOJIbKO YCUJIUBAIOT CUTHAJIBI, OY(hepHBIE PETUCTPhI CITOCOOHBI XPAHUTH
JaHHble. biarogapst aToMy OHM MOTYT BBITOJTHSATH (DyHKIMIO 110pTOB. Bydep-
HbIE KACKaJbl C TPEMST COCTOSTHUSIMU Ha BBIXOJIaX PErUCTpa 00eCIeunBaioT mop-
TaM BO3MOKHOCTb OTKJIIOUEHUS] OT MarucTpasu Mo/ AeliCTBUEM YIIPABJISIONNX
CUTHAJIOB, a TaKKe HeoOXOANMYIO0 HATPY30UHYIO CIIOCOOHOCTD.

Yepes 1nopTsl BBOJA JJaHHBIE OT BHEIIHEIO YCTPONCTBA IIOCTYIAIOT B Maru-
CTpaJib, a Yepe3 MOPTHI BBIBO/IA IAHHBIE ¢ MATUCTPAJIH MEPENAIOTCS TOMY WJIN
uHOMY MOyJ 0. [TopThI BBOJA,/BBIBO/IA MOTYT BBITIOJIHATH 00€ yKa3aHHbIE Ole-
parum.

4.9.3. IlapamnensHsie nepudepuiinpie aganTepsl

[Munuble hopMUPOBATETN ¥ TOPTHI 06ECIIEYNBAIOT JIUIIb HEOCPEACTBEH-
HYIO Tlepefiauy JaHHBIX MEXKIy CUCTeMHON muHoi u ycrpoiictBom (MII nin
BY). Bonee cioxuble onepanuy BBITTOJHSIOT TTepUbepHitHbIe aflanTephl. ITH
YCTPOMCTBA MOTYT BBINOJHATh pasHooOpasHble (GyHKIME 0OMEHa JaHHBIMU,
IpuYeM PeRUM paboThl YCTPONCTBA 3aMa€TCsT MyTEM UX TIPOTPAMMUPOBAHIS
komangamu MII.

Jlst eBstau ¢ cucremuoit [J] BY, paboTaomux ¢ napajuieJibHbIMUA KOJaMH,
KCTIOJIB3YIOTCS KOHTPOJIJIEPHI BBO/Ia,/BBIBO/IA TTapaJlyieIbHON MH(pOPMAIUU —
napanrnenvivle nepugepuiinole adanmepol.

Taxkum agantepom asaserca BUC Intel 8255A (poccuiickuii anamor
K580 BB55A). Amanrep (puc. 4.22) moakiiodaercss K 8-pa3psiiHON CHCTEM-
noit III/I yepes xaHaa JaHHBIX. DTOT KaHAJI MMEET TPU COCTOSAHU, Oarogapst
4eMy aflaliTep MOXKeT OTKJo4athes oT cucteMuoil I/, Anantep copepkut
Tpu 8-paspsanHbix nopra A, B u C, npuueM mopt C MOKET pasjiesisiThbCs Ha /1Ba

249



4-pa3pamubix Kanaga. KakIpril mopT MMeeT TPU COCTOSTHUS, U Yepe3 HUX OCy-
niectisiercs nojakimouenue BY k cucremuoii 1I/[. Hanpasienue nepenaun
(u3 MII B BY wuu Hao6opot) mporpammupyercss MIL. Ypasierue pabotoit
BCeX Y3JI0B aJlanTepa OCyIecTBIsIeT Y Y, KOTOPOe TOIydaeT YIPaBJISIONIie CUT-
nasel o1 MII. K aum otHocsaTces curHanbr «Urenwes (RD), «3amuch» (WR),
«Boibopka kpucramia» (CS), «Copoc» (Reset), a Takxke aBa paspsga aapeca
1151 BeIOOpa mopta. [IporpaMMupoBaHiie ajlantepa 3akaiovaetcst B ToM, uto MIT
3aHOCUT B Y'Y cHernuaibHy0 KOMaHLy — YIpaBJsioliee cJ0BO, KOTOPOe oTpe-
JETISIET PEKUM paBOTHI MOPTOB, a TAKKe HAMIPaBJIeHNe Tiepeaadn HHHOPMAIIUH.

Cucremnas [1/] Buytpennsasa /]

8 Kanan 8 8 8

Tlopt A [
JIaHHBIX

4 4
~—|llopr C|=F~—

4
A [Mopt Cofe—st—

—_—l VY  |— r
Curnasnbl g
8
yIpaBJIeHNS
ot MII 4 HOpT B

Puc. 4.22. Ctpykrypa napajuieabHoro unrepgeicHoro aganrepa

Aparrrep MoKeT paboTaTh B TPEX PEKUMAX:

* CHUHXPOHHOTO 0OMeHa 1o/ yrpasieruem MIT;

* ACHHXPOHHOTO OJHOHAIPABIEHHOr0 0OMEHA, COMPOBOKAAEMOTO CUTHA-
JIaMU KBUTHUPOBAHUST,;

* ACHHXPOHHOTO JIBYHANPaBJEHHOr0 0OMeHa.

Hawubobinee urcio BY, ob6ciaykuBaeMbIX afanirepoM, 0becriednBaeT mnep-
BbIiT peskM. B aTOM peskiMe OCyIecTBIsSIeTCs TPOTPAMMHO-YTIPaBJsieMast Tiepe-
Jlaya JaHHBIX 110 YeThIPeM He3aBUCUMbIM Kanauam: iiopram A, B, C; u C,. Obmen
OCYIIECTBJISIETCST CO CKOPOCTHIO, OIIPEIEISIeMOI potieccopoM. CUTHAIBI KBUTH-
POBaHUs, HOATBEPIKAAIONIIE, YTO OOMEH MPOUCXOAUT Oe3 cO0EB, He mepeatoTCs.
Anarntep MokeT o6¢cayKuBaTh Ba BY ¢ 8-paspsaanbiM cioBoM oOMeHa U JIBa
¢ 4-pa3pamubiM cioBoM. Harmpasiienune repenadu s Kaxaoro BY ¢ukcupo-
BaHO M OTIPEIeJIIeTCS YIPABJISIONIMM CJIOBOM, 3aHOCUMBIM B a/IaliTep IMepe
Havyasom obmena. B nporecce paGorsr MII gByMs paspsizaMu azpeca BbIOupaeT
MOPT, Yepe3 KOTOPbIi OCYIIECTBISIETCS] BBOJI MJIN BBIBOJL JIAHHBIX.

Bo BTOpOM pesKrMe POMCXOUT aCMHXPOHHBIN 00MeH naHHbIMK Mesk Ly MIT
u BY. /It 91010 HEOOXOAMMBI JIMHUH JIJISI TIEPE/Iaudl CUTHAJIOB KBUTHPOBAHUS,
KOTOpbIe co3aaioTcs u3 guunii moptoB C; u Cy. B pesyibrare o6pasyiorest 18a
12-paspsaanbix Kanasa: noprtaM A u B, 4yepe3 KOTOpPbIe OCYIIECTBJSETCS Tepe-
Jlava JaHHBIX, JOTIOJTHUTEIBHO MepefaeTcs 1Mo Tpu JuHuU 1noptoB C; u C,,
4yepe3 KOTOPbIe TIPOUCXOANT OOMEH CUTHATIAMH KBUTHPOBaHus. TakuM o6pasoM,
B 9TOM pekuMe ajanTep Moxker obciaykuBaTh ABa BY. Hanpasienue ob6MmeHa,
KaK ¥ B [IEPBOM DPEXKUME, OMPeIessieTCs] YIPABISIONUM cJI0BOM. [1ocKoabKy
JUTSL OJTHOTO CUTHAJIa KBUTHPOBAHUS TPEOYETCST OMIUH Pa3psil, B 9TOM PEKUME
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BO3MOKHA MHIMBUIYATbHAS YCTaHOBKA B «0» 1 «1» KaskK/I0T0 M3 Pa3psI0B TOp-
toB Cy 1 C,.

Ananirep gBisietcs npueMoriepenaTankom Mexxy MIT u BY, moatomy curnasbt
KBUTHUPOBAHUS UCIIOJB3YIOTCA JIJIs1 OpraHu3alliy iuajiora ajanrepa kak ¢ BY,
tak u ¢ MII. Bot, nanpumep, kakue curHajabl KBUTUPOBAHUS HY)KHbBI 1IpU T1epe-
nade fanHblx U3 BY B MII. BY nocse Bbljaun c10Ba JaHHBIX BbJIAeT CUTHAJ
«Jlanuble BbigaHbl». YT00bI BY He BbIIaBajIo HOBOIO CJIOBA JAHHBIX 0 TEX II0p,
noka lanubie He 3aruirytces B MII, ananrep Boiiaer BY curnan «Bydep samnod-
HEeH» ¥ 3aIUChIBAET CJIOBO JaHHBIX B TOPT. llocie aToro aganrep Boimaer 8 MI1
curnas npepbiBanus «INT». MII, mosiyunB aTOT CUTHAJI, IEPEXOIUT K BBITIOJIHE-
HUIO MOATIPOTPAMMBI OOCTYKMBAHUST TIPEPBIBAHUS, B KOTOPOH MMEETCsT KOMaH/a
BBOJIa JAaHHBIX U3 TIopTa. [loyyuuB aTy KOMaHLy, ajlaniTep CHUMAET CUTHAJ TIpe-
PBIBAHUS, a TI0 OKOHYAHUY CUTHANA «RD>», CBUETEIBCTBYIOIETO O 3aBEPIICHUN
YTEHWS CJIOBA JAHHBIX, CHUMaeT curnai «bydep 3amomrens. [Tocie atoro BY
MOJKET MEePeXO/INTh K MOChLIKE CJEYIONIEro ¢0Ba. AHAIOTMYHBIE TPU CUTHATA
KBUTHUPOBAHUS TPEOYIOTCS W JIJIST TIEPECHLTKN MaHHbIX 13 MII B BY.

JlJtst pexkviMa JBYHANPaBJIEHHOTO ACMHXPOHHOTO 0OMeHa HeOOXOAUMBI YiKe
He TPH, a MATh CUTHAJIOB KBUTUPOBaHUsA. [l0aTOMY B 9TOM pekume ajantep
MOJKET 00CIIYKUBATh TOJNBKO 0fHO BY. [luist epenaun cjioBa JaHHBIX UCIIOJb-
3yetcst opt A. /[71s1 epeiauym cCUTHAJIOB KBUTUPOBAHUS €MY BbIIEAIOTCS TIATh
suaui opta C.

[Tapannenbnbiit nHTEpdEHCHBIN afanTep UCHOJb3YeTCs s CBSI3U MUKPO-
IPOIECCOPHON CUCTEMBI ¢ yIaJeHHbIMU He Gosiee yem Ha 15 M BY. Takas cBsasb
OOBITHO OCYIIECTBIISIETCS YePE3 PAMATbHBIN MapasiebHblit natepdetic MPIIP.
[Muna ganueix aToro unaTepdeiica Moker ObITh 8- win 16-paspsaanoit. Amma-
paTHbIe CPEJCTBA JIJIS Peau3aruu 3Toro nHTepdeiica MOTyT ObITh MOCTPOEHDI
¢ ncrnosb3oBanueM paceMorpernoit BUC nnn ee 6osiee cOBpPeMEHHBIX aHAJIOTOB.

4.9.4. IlporpamMupyeMbie CBA3HbIE aJalTePhI

IIpu yBesmuenun pacCcTOSTHUN, Ha KOTOPbIE TIEPeNAlOTCs TaHHble, TTapaJ-
JIeJTbHBIE CBSI3U YiKe He TPUMeHSIoT. [lepesady MaHHBIX OCYTIECTBISIOT B TIOCTIE-
JIOBATEJIbHOM KOJIE 110 O/IHOM CUTHAJIbHON JImHUU. [[J151 anmapaTHOii peajnsainm
3TOTO crocoba Mepeaun AaHHbIX MCIOIb3YIOT KOHTPOJIEPHI MOCAE0BATEb-
HOTO BBOJIa,/BbIBOJIA, HA3BIBAEMBIE 1POZDAMMUPYEMBIMU CEAZHOIMU A0anmepamil
(ITCA). Tpakr nepejiauul MOCIEAOBATEIBHBIX JAHHBIX B O0IIEM CJIy4ae BKJIIO-
yaeT B ce0s MCTOUHMK U preMHUK ganubix, IICA u mogembr (puc. 4.23). Agamn-
Tep, MOAKIIOUYEeHHbIH K cucTeMuoit 11IJI, ocyiiectisier mpeo6GpasoBaHue naH-
HBIX U3 TapaIeIbHON (DOPMBI B MOC/IE0BATEIbHYIO WJIH HA0OOPOT.

|Hpouccc0p l—/—' IICA; HMOACM%MOHCMH HCAzl—/—-i BY I

Puc. 4.23. CtpyKTypa nocjae10BaTeIbHOTO TPAKTa Nepejayu JaHHbIX

MomeM (MOLYIATOP-AEMOLYJIATOP) TpeobpasyeT ABOUYHbBIE UMITYJIbCHbIE
CUTHAJIBI B HEKOTOPBII aHAJOTOBBIM MOAYJMPOBAHHBIN CUTHAJ, TPUCIIOCO-
GJIEHHBIH K TIepeaave mo y3KomoaocHbiM (=3 KI'11) Tenedorubim muHusM. Eciti
10 TAKOU JIMHUU TE€PEABATh MIPOCTYIO MMOCAE0BATEIBHOCTD UMITYJIBCOB, COOT-
BETCTBYIONNX €WHUIIAM W HYJISIM, CKOPOCTH Mepefadn nHhopMauu OyaeT
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oueHb HU3KOW. C MTOMOIIBIO PA3TUIHBIX BUIOB MOLYJISAINN TTOJYYAIOT CUTHAI
¢ 6osiee BBICOKON MH(MDOPMAIMOHHON eMKOCThIO. Tak, COBpEMEHHBIE MOJIEMbI
obecrieunBaior nepegauy He mMenee 38,4 Kour/c. Ecim paccrosinue Mexiy
HUCTOYHUKOM U TIPHEMHUKOM HE HACTOJBKO BEJUKO, YTOOBI UCIIOIb30BATh TeJie-
(oumbril KaHa, TO TEpesava MOCAEIOBATENBHBIX JAHHBIX OCYIIECTBIISETCS
HETIOCPE/ICTBEHHO OT OJIHOTO a/lanTepa /10 JIPyroro.

Paznmuaior 1Ba OCHOBHBIX peKUMa MOCJTEI0BATENIbHON TTepeadn JaHHbIX:
CUHXPOHHBIN U acCMHXPOHHBII. B 060ux pesknmax pabota mpueMHUKa U mepe-
JATINKQ CHHXPOHUBUPYETCS TAaKTOBBIMU CUTHAJAMU CUHXPOHU3ANNH OJIHOM
YacTOThL. B cumnxponnom pexcume moToK mepenaBaeMbIX CHMBOJIOB HETIPEPBIB-
HbIiT. {711 TOro 4TOOBI IPUEMHUK MOT BBIAEIUTH M3 MOTOKA CUMBOJIOB TI0JIE3-
Hyto MHpopMmanuio (JlaHHbIE), MMepeflaTunK B MOTOK WH(pOpPMAIUU BBOJAUT
CIENMaIbHO 3aKO[IUPOBAHHbBIE CJI0BA — OIIPE/IEJCHHYIO MTOCJIE0BATETHHOCTh
eMHUI 1 HyJiel. Takue caoBa HA3BIBAIOT CUHXPOCUMBOAaMU. CKOPOCTH Tiepe-
Jagn THHOOPMAIIUN OTIPE/IETISIeTCST YaCTOTOM cuHXponu3aruu. Ecim mexxmy ciro-
BaMW JIAHHBIX UMEIOTCST BpEMeHHbIe TPOMEKYTKHU (JIaHHbIe JIJIST Tiepeiaun ele
He TOTOBBI), OHW 3AIMOJHAIOTCS CHHXPOCUMBOJIAME JI0 T€X IOP, TTOKAa He BO3-
OOGHOBUTCST Tepe/iava JaHHbIX. [Ipy CHHXPOHHOI Tepeiaue JaHHBIX TPHEMHUK
HAXOJIUTCSI B COCTOSTHIH aKTUBHOTO oxkujanus. OH CpaBHUBAET KaxKIo0€e MpHU-
HSATOE CJIOBO C CUMBOJIOM CUHXpOHM3anuu. Kak ToJabKo Takoe cjioBo Oyaer
BbIJIEJIEHO, IPUEMHUK TIPOJI0JIKAET CPABHEHUE TPUHUMAEMbBIX CJIOB C CHHXPO-
CUMBOJIOM, TIPU 3TOM BCE CJIOBA, OTJIUYAIONINECS] OT HETO, CUUTAIOTCS TOJIE3HON
nH(opMaImeil 1 CIUTHIBAIOTCSI.

B acunxponmnom pesjcume muopMarmOHHbIN TTOTOK JEJTUTCS HA OTIEJb-
HbIe TIOCBLIKH, COOTBETCTBYIOIIUE CJIOBAM JaHHbIX. [Ipy OTCYTCTBUM TIOCHLIIOK
Ha JIMHUY YCTAHABJIUBACTCS €IMHUYHBIN ypoBeHb. Kaxk/ast nmochlyika HaunHa-
eTCsl ¢ HYJIEBOTO cmapm-6uma, 3aTeM CIeAyoT OuThl crosa oanivix (MHGOP-
MallMOHHbIe OMThI), 32 HUMU — Oum uemnocmuy. 3akaHdusaercs mocblaka 1; 1,5
WM 2 eMHUYHBIMU cmon-6umamu (puc. 4.24).

Crapr-6ut Bur-konTposs yernocT

gl EEEEEE

~—
WHbopmarmoHHbie GuTh

Cron-6ut

Puc. 4.24. CTpykTypa NOCBIIKH B ACHHXPOHHOM PesKHMe
nepeavd JaHHBIX

B 3aBucHMMOCTH OT 4KcIIa €MHULL B TI€PejaBaeMOM CJIOBE B GUTE YeTHOCTU
nepenaior «0» win «1» TakuM 06paszoM, 4ToObI 00IIee YUCIO eIUHHUII, Tepejia-
BAEMBIX B IIOCBLIKE (HE CYMTasI CTAPT- U CTOI-OUTOB) OBLIO YETHBIM. DTO 0be-
CIIEYMBAET TIPUEMHUKY BO3MOKHOCTD TIPOBEPKH JOCTOBEPHOCTH MEPENAaBAEMbIX
JaHubiX. IIpMeMHUK 110ICYUTHIBAET KOJUYECTBO eJUHUI] B CJI0BE, U eCJIM OHO
YETHO, 3HAUMT WH(OPMAINS B TPAKTE TIEpeave He MCKa3uaach, AHaTOTHIHBIM
00pa3soM MOKET OCYHIECTBIATHCS KOHTPOJIb JOCTOBEPHOCTU U HA HEYETHOCTD
KOJIMYeCTBa eJMHUYHBIX OUTOB B MOCBHLIKE.

Boigenenne nndopManuu B MOCHLIKE OCYIIECTBIISETCS CAeAYIOMNUM 00pa-
30M. TakToBas 4acTOTa, KOTOPOH CHHXPOHU3UPYETCA paboTa MCTOUHWKA W TIPH-
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eMHUKa, B 16 pa3 Bblllle YaCTOTHI TIepPelaui JAaHHBIX, TaK YTO Ha OAUH OUT MpPU-
xoautest 16 TakTOBBIX MMITYJIbCOB. IIpU MOCTYIJIEHUN HYJIEBOTO CTapT-OuTa
MPUEMHUK 3aITyCKaeT CYCTUYNK MMITYJIBCOB U C €r0 TTOMOIIBIO ONpeessieT
MOMEHTBI, COOTBETCTBYIOIINE cepenHaM HHOOPMAUOHHBIX O6uTOB. B 3TN
MOMEHTBI OTIPEIETISIIOTCST 3HAUEHUS TiepeiaBaeMbix OUTOB. Tak Kak 4ncao GuToB
B CJIOBE JIaHHBIX M3BECTHO 3apaHee, MOCJE NMpHeMa BCexX OUTOB TPOBEPSIETCs
HAJIIYYE U JUTHTETHHOCTD EANHIIHOTO CTOT-O1Ta. 3aTeM MPUHSITOE CJIOBO 3aTli-
CBIBAETCSI B TAPAJIEBHBIN PETUCTP U MIPOBEPSIETCS] HA Y€THOCTh/HEUYETHOCTb.
ITocsie 5TOTO TAPAJIIETHHOE CIOBO JAHHBIX TOTOBO IS JaJibHeleit paboThL.

IICA Bemosnsitores B Bujsie bUC. Takas BUC ecth u B cemeiicTBe uHTEp-
deticaprx VC Intel — 8251 A (poccutiickuit anamor — K580 BB51A). ot aman-
Tep obecreunBaetr npuem oT MII 8-paspsiiHOTO MapaiesbHOTO KoJa U mpe-
obpasoBaHUe €ro B [IOCJIe0BaTEIbHbIM, a TakKe oOpaTHOe IIpeodpazoBaHue
TTOCJIEIOBATEIBHOTO TTOTOKA CHMBOJIOB B TTAPAJITICABHBIN KOTT.

Pa6ora ajanrepa HAYUMHAETCS ¢ €ro NporpaMMUpoBanus. IIpu aToM B Hero
3aHOCUTCS CJIEAYIONAast MH(POPMAIIUST:

° TpHeM WJIM Tiepejiavda IAHHBIX;

e pexkuM oOMena (CMHXPOMHBIN UM AaCUHXPOHIBIN );

* HaJIW4une KOHTPOJIS JAOCTOBEPHOCTH M ero BHUJ (YETHOCTH WM HEdeT-
HOCTD);

e JyIMHA cyioBa JaHubX (5, 6, 7 um 8 6ur);

* BUJI CHHXPOCHMBOJIA U [ITHHA CTOT-6UTa (JIJIst ACHHXPOHHOTO OOMEHa).

Ha puc. 4.25 nokazana pyHKIIMOHATbHAS CXEMA B3AUMO/JIEUCTBUS IIPU ACUH-
XPOHHO Tlepe/iaye ABYX aJ[allTePOB, OANH M3 KOTOPBIX SBJSETCS TTepeaTINKOM
MOCJIe/IOBATEIbHBIX JIAHHBIX, a JAPyroii — npuemHukomM. [lo cucremuoit 11/]
ajlanrep-nepelaTiuK IPUHUMAET CJI0BO JAHHBIX U (DOPMUPYET TOCHLIKY, MPH-
COEIMHSST CTapT-OUT, GUT YeTHOCTH U cTOM-6uT. [0TOBast K OTIPaBKe MOCHIIKA
oMenaeTcst B peructp capura. Kak ToJbKO OT NPUEMHUKA MPUXOIUT CHUT-
HaJ O €r0 TOTOBHOCTH K MPHUEMY JIaHHBIX, Y Y 3allycKaeT TeHepaTop, KOTOPGIi
<BBITAJIKUBAET> OUTHI MePeAaBaeMoTo cJIoBa B JIMHNIO Tiepegayn. [loce nepe-
Jlaun cTor-6urta Y'Y ocTaHaBIMBAeT reHepaTop.

Azanrep NCTOUHUKA Ananrep npueMHIKA
Curnabt
VIPABJIEHUS
~—
Jlanuoie I
- 111 aHHbIE
¢ I BoixozHoii Gyep —~—>

Jlunus
JIAHHBIX

Beixoztroii 6ydep I

Peructp caBura

PeFHCTp caBura

Puc. 4.25. @yukunoHaabHas cxeMa paGoThl IBYX aJalTePOB
B pe’KUMe aCHHXPOHHOH Nepejayy M0CcIe/I0BaTeIbHbIX JaHHbIX

YV apantepa-nmprueMHUKA 1O CTapT-GUTY 3aIyCKAeT FeHepaTop U HAYMHAETCST
TIpueM CJI0Ba JaHHBIX B perucTp casura. OrpezesieHne 3HAUEHUST OUePETHOTO
MIPUHUMAEMOTO GUTa OCYIIECTBIISIETCS TIO €70 cepeaune. Korma Bpems, oTBeieH-
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HOE Ha TIPHeM OJIHOrO OUTa, UCTEKAET, IIPOMCXOIUT CABUT peructpa. ITocie npu-
ema BcexX OMTOB MIPUHSATOE CIOBO MOMEIIAETCS B BBIXOAHON OY(hepHBIN peructp,
OTKY/Ia OHO MOJKeT ObITh cuntano BY mm apyrim MIT. [l aToro aganrep poJ-
JKEH COOOIIUTH MPUEMHUKY HH(DOPMAIINU O CBOEH TOTOBHOCTH K BBIJIAYe CJIOBA
NauHbIX. Tenepb afanTep-mpueMHUK MOXKET TIPUCTYTIATh K TIPUEMY CJIEYIOIIETO
CJIOBA JIAHHBIX, O YeM OH JIOJIKEH COOOIIUTD a/lallTepy-TIepepaTIuKy.

Ha puc. 4.25 nmokasaHbl YIIPOIIEHHbIE CTPYKTYPHBIE CXEMBI aarTepoB. B meii-
CTBUTEJIBHOCTU KAK/BIN a/[alITeP MMEET Pas/iesibHble JIMHUU TPUEMa U BbIIaun
TOCJIEIOBATEBHBIX TAHHDIX, TIPUIEM KaK/ast THHUST OOCTY;KHBAETCSI CBOEH cxe-
moii. Kpome Toro, st paboThl ¢ MOZieMaMu aJIaliTePbl UMEIOT COOTBETCTBYIOINE
CX€eMbI YIIPABJIEHUS U IUHUH, TI0 KOTOPBIM ME€PENAIOTCS CUTHAIBI KBUTHPOBAHI.

4.10. MporpaMmupyemMbie KOHTPONEPbI

4.10.1. IIporpammupyemMbie KOHTPOJLIEPBI IPEPbIBAHMIL

[Tpu paboTe MUKPOTIPOIIECCOPHON CHCTEMBI YACTO BO3HUKAIOT CUTYAIUHU, TPe-
Gytome HeMeTIeHHON peakiuu cucteMbl. [Ipu atom MIT npepbiBaeT BBITIONHE-
HITe OCHOBHOM TIPOTPAMMBI U TIEPEXOUT K 0bcay:kuBanuio BY, sBasomnierocst
MPUYUHON BOZHUKHOBeHUst aTol curyaruu. OOmen undopmarnueii mexay BY
n MII ocymiecTBiisieTcst IO CUTHATIAM-3AMIPOCAM TIPEPBIBAHNUS, TIOCTYTAIOIINM
or BY. [lng paborsl ¢ npepbiBanusayu y MIT ects aBa curnana: INT — curnad
3amnpoca npepbiBanug ot BY, asistonuiics Bxoaubim 111 M1, u INTA — cur-
HaJl OATBEPKACHUS TTpepbIiBanus, KOTOpbli Boiaer MII BHemnemy ycTpoii-
ctBy, ecain MII ToTOB K ero o6cyKuBannio. B MUKpPOIPOIIECCOPHOIi crucTeme
MOKET OBITh MHOKECTBO PasauuHbIX BY, Kakj0e M3 KOTOPHIX MOXeT 06pa-
MATHCS ¢ 3aMPOCcOM TipepbiBatust. /st adbekTHBHOI PaboThI ¢ MpephIBAHNU-
SIMH CO3/IAIOTCSI CHEIUATIbHbIE KOHTPOJIJIEPBI TIPEPhIBAHU, 06ecTieunBaioIue
obcyxuBarue BY. Otn ycTpoicTBa BHINOJHSIOT BCIO HEOOXOMMMYIO paboTy
JUi opranusanyu zauMoseiictsus ¢ BY. Ilpu aTom B Havase pa6orsr MIT ocy-
ECTBJISIET UX IPOTPAMMEPOBAHIE, a B poiecce paboThl HETOCPEICTBEHHO B3a-
UMOJIENICTBYET TOJIBKO ¢ KOHTpoJiepoM. Takum yctpotictBom aBisgercas BUC
Intel 8259A (poccuiickuii ananor — K1810 BH59). DToT KOHTpOJLIED MOKET
006CITyKIBATh 3alIPOCHI TIPEPbIBAHUST OT BOChbMU BY, a /IeBSITh KaCKaJHO BKJIIO-
YeHHBIX KOHTPOJITIEpoB — oT 64 BY.

[Tpu pabore MUKPOIIPOIIECCOPHOIT CUCTEMBI 3ATIPOCHI TIPEPHIBAHUS OT Pa3HBIX
BY moryT HakmazbiBaThest Apyr Ha apyra. s paspenieHust Takux KOHMIINKT-
HBIX CUTYyallUil BBOAUTCS cucTeMa mpuoputetos. IIpu aTom BY BoicTpanBsatorcs
B ITOPSI/IKEe BA)KHOCTHU: YeM BakHell BY /17151 cuctembl, TeM BbIlle ero IPUOPUTeET.
Ecii Bo BpeMst BBITIOJTHEHSI TPOTPAMMBbI 00CIYKUBAHUsI TIpEpbIBaiist oT BY
C HUBKUM TIPHOPUTETOM MOSIBJIIETCsT 3arpoc oT BY ¢ GoJiee BBICOKUM IPUOPUTE-
toMm, MII nipepbIBaeT BBIMOTHEHHE MTPOTPAMMBI U TIEPEXOIHT K 0OCTYKIMBAHIIO
6osee propuTeTHOTO BY. DTa mpotieypa MOKeET MOBTOPSITHCST HECKOJIBKO pas,
€CJIU 3arpochl IpepbiBanust GoJiee MPUOPUTETHBIX BY cirenytor oqun 3a apy-
rum. Takoe 06CTyKMBaHKUE TTPEPHIBAHUET HA3BIBACTCS GLONCCHUCM NPEPLIBAHUIL.

KouTtposnep nipepuiBanust (puc. 4.26) uepes 6ydep I/ moakmouaercs
k cucremuoii 111/[. Bece ympasisioniyue cUrHATDBI, 06€CTIETHBAIOTIIE TPOIECCH
ganucu/arenus (311/4T), moctynaior uz MII. BaanmogeiictBre KoHTpoJIEpa
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¢ BY mpoucxoaut ¢ momomsio BXomoB /R, Ha KOTOPBIE MOMAIOTCS CUTHAJIBI
3ampocos mpepsoiBanst ot BY. Curnanst INT u INTA obecrieanBaioT COGCTBEHHO
peskuM 1pepbiBatust paborsr MIT.

PaboTta KOHTpoJIIepa TPEPHIBAHIS HAUMHAETCS C €T0 WHUIIHATIM3AIIH.
KonTposziep mosydaeT koMaHibl nHunnasusdaiuu mno cucremuoit IIJ] ot MIIL.
[Tpu 3TOM BBIIOJIHAIOTCS CJIEAYIONINE e CTBUS:

* KOHTPOJLIEP YCTaHABIMBAETCS B MCXOIHOE COCTOSTHIE, B KOTOPOM BCE €TO
PETUCTPBI OGHYIEHDT;

*  YCTaHABJIMBACTCS MCXOJHBIN MOPSIOK IPUOPUTETOB, IIPU KOTOPOM Hau-
BBICHINIT TprOpUTET nMeeT BXoJ IR, a caMmblil HU3Kuil — Bxox IR

*  ONPENesSTIOTCST HAYaIbHbIe afpeca POTPaMM 00CTYKUBAHUS TIPePhIBa-
HUIl, IpUYeM MPOIECCOP 3aHOCUT aJpec IIPOrpaMMbl TOJIBKO s 3ampoca IR,
OCTAJIBHBIC aJ[peca OMPE/EeIAIOTCS aBTOMATHYEeCKH, TaK KaK PaCIOJaraioTCs
B O3Y ¢ unTepBasoM 4 min 8 6aiiTOB OTHOCUTEIHHO 3TOTO ajIpeca.

INT INTA %Cnrnaﬂm

Buyrpennsis 1] 1 L KacKaJ[upoBa-
HUS
Cucremnas I1/] CxeMa yIpaBJIeHIS
~— BEIL(IIEP HPEpPBIBAHNSIMI
Curnajiel 3 PeCmeKCTI[,)I_ Perucrp <_IR0
TIPABJICHIIST :
Y gH JUT VYpasie- BAHIA SAPOCOBl~— IR,
HUe L J
3II/4T Cxema MaCKMpOBaHMS
1 AHAJII32 3AITPOCOB

Puc. 4.26. CTpykTypHas cxema KOHTpOJIIepa NpepbIBaHUi

CHTHAJBI 3aTTPOCOB MPEPHIBAHUS TIOCTYMAIOT B KOHTPOJITIED U 3aATOMUHAIOTCS
B PErucTpe 3arpocoB PEPhIBAHUS: KAKIOMY 3a1IPOCY COOTBETCTBYET CBOII pas-
psan. Cpenyt TIOJyYeHHBIX 3aTTPOCOB BBIJIEJISIETCST CAMBIN TPUOPUTETHBII, KOTO-
phIii huKkcupyercss B peructpe o6CIyKMBAHUSI 3aIPOCOB. 3aTeM KOHTPOJLIEP
noceutaer 8 MII curnasn npepbiBanus pa6oTsl nporeccopa INT, u ecan MII
oTBeuaeT curaanoM INTA (moaTBep:kieHNe TPePhIBAHNS ), OH (HDOPMUPYET TaK
HA3bIBAEMBbIl BEKTOP TIPEPBIBAHMSI — HAYAIBHBIN a/[PeC MPOTPAMMbI OOCTYKHU-
BaeMoro rnpepbiBanus. MII cunTbiBaeT 3TOT ajipec W MPUCTYIAET K BITIOJIHE-
HUIO TPOTPAMMBI.

OnMH KOHTPOJLIED CIOCOOEH 06CayKUBATh He (0Jiee BOChMU IIPEPbIBAHMIA.
Jlist pactmpenust grcaa 00CayKUBAEMBIX 3alIPOCOB MTPUMEHSIETCST KACKAHOE
BKJIIOUEHIE KOHTPOJLIEPOB. [1pr 3TOM HCITI0IB3YIOTCSI CUTHAIIBI KACKAIUPOBAHUSL.
[Ipu TaxoM BKJITIOYEHUU MUKPOCXEMBI KOHTPOJITIEPOB PA3IEISIOTCS Ha BEAYIILYIO
u BeZoMble. Bemymass MuKpocxeMa coGMpaeT 3ampochl TIPEPHIBAHTS CO BCEX
BEZIOMBIX U B3AaMMOZIENCTBYET ¢ TIporieccopoM. Bxojibt IR Befytieli MUKPOCXEMBI
MOAKII0YA0TCST K BhixogaM INT BeZOMBIX. AJIpec TIPOTpaMMBbl 0OCTYKUBAHIST
npepbiBanust (GOPMEUPYET BeJOMast MUKPOCXEMa, a BBIOOP MUKPOCXEMBI, TIepe-
JIAOIIEH a/ipec MpoIleccopy, OCyIecTsIsieT Beayas. /s atoro ko BegoMoit
MHUKPOCXEMBI TIepe/iaeTest 0 JTMHUSAM KacKa[uPOBAHMUS.
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[Tpu paGoTe MUKPOMPOIECCOPHON CUCTEMBI BOSMOKHBI CUTYallUN, KOTIa
Kakune-To u3 BY BpeMeHHo MOTYT He 06CayKIBaThes. JIJIst TOTO 4TOOBI MCKITIO-
YUTH TIPepbiBaHKe paboThI MpoIeccopa 1o 3ampocaM takux BY, MII sanperaer
MIPOXO’K/ICHIE OT HUX CUTHAJIOB 3aIIPOCOB TIPEPLIBAHUS. JTO /IeTaeTCs ¢ TIOMO-
MIBIO CIEIUATBHBIX KOMAH MACKUPOBanus npepvisanuti. Macka mpepbiBaHnil —
3TO 8-paspsjHoe CJI0BO, Kax/blil pa3psiji KOTOPOTO COOTBETCTBYET OJHOMY
n3 curHasoB [R. Exnnuria B pa3ps/e cIoBa yKas3bIBaeT Ha TO, YTO TIPOXOKICHIE
COOTBETCTBYIOIIETO 3allPOca MPePbIBaHMsI I0JKHO ObITh 3a610KMpoBaHo. B mpo-
iecce pabotsl MII 3aHOCHT B KOHTPOJLIEP MAacKy MpepbIBaHNUi, KoTopas (huk-
CUPYETCS B PETUCTPE CXeMbl MACKMPOBAHUS U aHATN3a 3apocoB. Eciu tenepb
B KOHTPOJIJIEP MOCTYIUT 3alIPOC IIPephIBaHus, IPOXOKIEHNEe KOTOPOro 3alpe-
IEHO, OH 3a(pUKCUPYETCST B PETUCTPE 3aIPOCOB, HO B PETUCTP 0OCTYKUBAHUS
He TIONaJIeT W TIpepbiBaHus He BbI3oBeT. [loce cHATHSA 3ampeTa, KOTOpoe TakKe
OCYIIIECTBJISIETCS C IIOMOIIbIO MACKH, 3alIPOC IIPEPbIBAHMS [TOCTYIIUT B PETUCTP
06CTyKMBAHUST 1 BHI30BET MPEPBIBanme paboThI MPoIeccopa.

B mportecce paboThl BO3MOKHO TakyKe M3MEHEHUE MOPSI/IKa TIPUOPUTETOB
curHasoB /R. ITO OCYIIECTBISAETCSA C TIOMOIIBIO YCTAHOBKY JHA TTIPUOPUTET-
HOTO KoJiblia (puc. 4.27). B MCX0/HOM COCTOSTHUM CaMBbIil HU3KWI MPUOPUTET
y curtasa IR; ¥ [HO IPUOPUTETHOTO KOJIbI[A COOTBETCTBYET 9TOMY CUTHAIY.
[Tpn masHayeHWN APYroro CUTHAJA B KauyecTBE /HA MPHOPUTETHOTO KOJIBIIA,
nanpumep I/R3, Bce IPUOPUTETHI CMEIMIAIOTCS IUKINYeCKH, T.e. curnan IRy, cie-
aytomuii 3a IRs, OyeT Tereph UMeTh HAUBBICIINIL IPHOPUTET. 32 HUM [TPHOPH-
TETBI PACTIONOKATCS caenyonm obpasom: IRs, IRy, IR;, IRy, IRy, IRy, IR;.

Hampasnenue
yObIBaHUS TIPU-

OPUTETOB
a%»
qJ

N

Puc. 4.27. llppoputreTHOE KOJBIIO

[Iporteccop MOKeT TakKe HAa3HAYATH TUHAMUYECKYIO YCTAHOBKY MPUOPU-
TeToB. B 9TOM ciiyyae THOM MPUOPUTETHOTO KOJIbIIA KAXKIBIN Pa3 CTAHOBUTCS
MOCJIEAHWI 10 BpeMeHH 00CTyKuBaHust curan IR.

PaceMOTpeHHBIN peskuM paboThl KOHTPOJLIEPA HA3BIBACTCH PEKUMOM BEK-
TOPHOTO MPEPBIBAHMUs, B KOTOPOM BY sBisieTcss MHUIIMATOPOM TTPEPBHIBAHUS
pabotsi 1iporieccopa. BosamoxkHo Takike obcaykuBarue BY 1o nauimaruse mpo-
1eccopa. B atoMm ciryyae KOHTPOJLIEP OCYIIECTBIISIET TOJBKO [IPHEM CUTHAJIOB
pepbiBaus, UX (GUKCAIUIO U BbIAe/eHIe HanboJiee IPUOPUTETHOTO 3a1poca.
Best urdopMmanmst o 3armpocax XpaHUTCST B CJIOBE COCTOSTHUSI KOHTPOJLIEpA.
[Tpotteccop cam ormpanimBaeT KOHTPOJJIEDP U TI0 CJIOBY COCTOSIHUS OTIPENeIsIeT,
€CTb JIV 3aTIPOCHI TIPEePbIBaHUS 1 OT Kakux BY.
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4.10.2. KoHTpoJutepsl IpsSIMOTO IOCTYNA K AMSITH

PesxuM HerocpecTBEHHOTO 0OMeHa JJAHHBIMU MesK1y aMsaTbio 1 BY ocy-
HIEeCTBJIsIETCs 1O yipaBiaeHreM kKoHTpoJiepos ITII. TITT ocoberto ynobex
pu Tiepeiadax GJIOKOB JaHHBIX B BBICOKOM TEMIIe, HATIPUMeE]P, MEsK/Ly BHEIHEl
namsateio 1 O3Y.

[lna peanusanuy 5TOro Buma obMeHa paspaboTanbl creruanbubie BUC.
Ogunoii u3 takux BUC aisgercsa Intel 8237A (poccuiickuii anasor K580 BT57).
BsaumogeiictBue 6J0KOB MUKPOIIpoIeccopHoii cuctembl npu IIJ[II mokasamo
Ha puc. 4.28. MII MoXeT BBITTOTHATH TPOrPAMMHUPOBaHTE KOHTPOJLJIEPA, HACTpa-
MBas €ro Ha onpeeJeHHbIi pexuM paboThl, U yrenue ero cocrosuus. Ipu ITIT
KOHTPOJIIEP BBIPAOATBIBAET CUTHAJIBI YIIPABICHUS OOMEHOM JTAHHBIMU MEKLY
O3Y u BY. 310T 06MEH OCYIIECTBISIETCST HEMOCPEACTBEHHO Y€PE3 CUCTEMHbIE
ITA u I, npu aTom MII oT HEX OTKJOYaeTcst, IepeBo/st CBou OydepHbIe
PETUCTPBI B TPETHE COCTOSTHIE.

[TporpammupoBanue

Yrenue
COCTOSTHUS

JlaHnHbie

Puc. 4.28. BaaumogeiictBre 6J0KOB
MHKpornponeccopHoii cuctems! npu IT/IT1

KonTposaep comepkuT 4eThpe KaHala, K KOTOPBIM HojKa09aoTcs BY.
Kaxapiii kanan obectieanBaer pabory BY B pexxume IT/IIT mo ero sampocy.
[Ipu mocTyIuieHnn 3ampoca KoHTpoJtep obpamaercs Kk MII ¢ curnasom HOLD
(3arnpoc 3axsara muH). Ecain MII orBeuaer curnanmom HLDA (noaTBepskieHue
3axBara), KOHTPOJUIEP IPUCTYMAET K YIIPABJIEHIIO 0OMEHOM.

B nauvasne pa6orsr MII ocymiecTBsieT mporpaMMupoBaHie KOHTPOJLIEPA.
[Tpu aTOM 7151 KAXK/IOTO KAaHAJIA 3AHOCUTCS CJIC/YIOIast NHMDOPMAITHS:

* HavaJbHBII azpec 061aCTH MAMSTH, ¢ KOTOPOH HaYHeTCs 0OMEH;

* 0bIIIee YMCITIO TTEPechLIaeMbIX HaliTOB;

 manpasiaenue oomena (u3 BY B O3V umm Hao6opor).

[Tepechlika JaHHBIX OCYIIECTBIISIETCS] TOOANTHO, TPUYEM JIAHHBIE PacioJiara-
10TCS B TTaMATH TTocieioBatesibHO. [loaTomy 1711 hopMupoBaHms agpecoB sueek
MaMATH TOCTATOYHO PETUCTPA ajipeca MaMsITH U cUeTYnKa. B peructp ajapeca
MaMSTH 3aHOCUTCS] Ha4aJbHbIH aJpec, a B cCYeTYMK — 00I1ee YncsIo nepechliae-
MbIX OaiiToB. [Ipu ka0l nepenaue Gaiita comepKUMOE PErUCTPa TIaMSITH YBe-
JIMYUBAETCST WJTH YMEHbITaeTCs Ha eNHUILY (3TO OTPEeesIeTcs IPU MPorpaM-
MUPOBAHUU KaHaIa), TOITOMY K MOMEHTY OKOHYAHWS TTEPECHIITKA 09ePeTHOTO
GaiiTa yske TOTOB ajipec st caeyioiiero. Eciu 3anporpaMMUpoOBaH J€KPEMEHT
CUETUMKA, TO KaK TOJHKO CUETUUK OOHYyJIsieTcs], oOMeH 3akaHumBaetcst. Cuer-
YK KOJUYECTBA MepechliaeMbiXx 6ailTOB 16-paspsiHblil, MOITOMY MaKCHMaJlb-
HbIIT 00beM OJI0Ka JaHHBIX, IepejaBaeMbIxX 3a oguH sampoc 1111, cocrasisier
64 Koaiir.
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Tak ke Kak ¥ IpU O6CTYKUBAHUN TIPepbIBaHi, mpu obcmyskuBanuu 11711
CYTIECTBYeT CHCTeMa IIPHOPUTETOB W MACKMPOBAHUSA 3ampocoB. Bo Bpems
paboter MII MoskeT 3anpeTnTh obcayKuBaHue Kakoro-m6o BY, Bbiaas coor-
BeTCTBYMOINYt0 Macky. CHucTeMa TIPHOPUTETOB B KOHTPOJIIEPE MOKET ObITh
(urcupoBamHoil n nMuKANYecKoi. [Ipu GpuKcMpoBaHHON cUcTeMe HAUBBIC-
U IPUOPUTET Y KaHasia ¢ HoMepoM «0», a caMblil HUBKUI — C HOMEPOM <«3».
B nukamdeckoil cucteMe MPHOPUTETHI JUHAMUYECKN W3MEHSAIOTCS MO TPH-
opuTeTHOMY KoJibily. CaMblil HU3KUI IPUOPUTET IIPUCBANBAETCS T1OCTE/HEMY
00CITyKEHHOMY KaHaJIy, CJICAYIONHIA 32 HUM KaHaJI MOJIy4aeT HAUBBICIITHIT TIPH-
OPHUTET, @ OCTaBIIMECS Ba KaHama — GoJiee HU3KHeE.

4.10.3. IIporpaMmmupyeMbie HHTepPBaJIbHbIE TaliMepbl

PaGoTta MUKPOITPOIIECCOPHON CHCTEMBI TPEOYET CHHXPOHHON paboThl Beex ee
YCTPOICTB, MPK 9TOM UX OBICTPOJAEHCTBIE MOXKET KOIeGaThCsI B CaMBIX [IMPO-
Kux npegenax. s obecriedeHus Takoi paboThl IPUMEHSTIOTCS TPOrPaMMUpye-
Mble MHTEPBATbHbBIE TATMEPbL. ITH YCTPONUCTBA BBITOJIHSIOT OMEPAIINN TI0 BhIPa-
GOTKe BPEMEHHBIX 3a/IePKEK, (POPMUPOBAHUIO YaCTOT U MHTEPBAJIOB BPEMEHH.
Jltg anmapaTHON peajusaiinu TaiiMepoB paspaGoTanbl creranbubie BUC,
MOJIKJTI0YaeMble K CUCTEMHBIM IIMHAM U MPOTPAMMUPYEMbIe ITPOIECCOPOM.
Takwe BUC 06BIYHO MMEIOT HECKOTIBKO KAaHAJIOB, Pab0OTa KasKI0TO M3 KOTOPBIX
OCYIIECTBJISIETCS HE3aBUCUMO OT JIpyrux (puc. 4.29).

Buytpennsa [1/]

Je
Cucremnas I11/] Bydep Kastan 0 3arryck
JTAHHBIX Brixon

Je

3aryck
Curnasibr Kaman 1 [<=22Y
YIIPaBIEHIIST — | Boixorn

3I/4T
—]

Y 1IpaBIeHng <3L
- AIYCK
3I/4T «~»| Kanaim 2 B
BIXO/L
—

Puc. 4.29. IlporpaMMupyeMblii HHTEPBaJIbHBII TaliMep

Kaspiii kaHa umeer coGCTBEHHBIN BXO/[ YACTOThI CHHXPOHU3AIMY f, 1 BXOJL
samycka. [IpeobpazoBanue BXOAHON 4acTOTHI B CUTHAJ ¢ HEOOXOIUMBIMU Bpe-
MEHHBIMM XapaKTEePUCTUKAMU OCYTIECTBISETCS ¢ TTOMOIIbBIO cueTunka. [lepen
HavyaJoM paboThl B CUETUMK KaHasa 3arpyskaercs anucyao n. Kaxmbiii nmimyJibe,
TPOTIYTIEHHBIH Ha BXOJI KaHAJIA, YMEHBIIIAET €T0 COMepKUMOe Ha equHuiy. O6Hy-
JIEHUE CUETYNKA SIBJISIETCS] CUTHAJIOM [1J1s1 (POPMUPOBAHUSI BBIXOZHOTO UMITYJIbCA.

Bo3MOKHBI 11eCTh pesKUMOB paboThl KaHama. B pejcume mepmunanvrozo
cuema OCyIIecTBIsAETCS (GOPMUPOBAHNIE OJUHOYHOTO BBIXOHOTO MMITYJIbCA.
[lepexanuit hppoHT hopmMupyercsi cpasy mocJe MporpaMMHUPOBAHUST KaHaJa
U 3amucy B cyeTynK ynciaa. C MpuxXo/loM CUTHAJA 3aITyCKa UMITYJIbChI YACTOTHI
HAYMHAIOT MOCTYIATh B CYCTYUK, U MIPU €r0 OOHYJIeHUU (hOPMUPYETCST 3a[HIIT
(ODPOHT BBIXO/IHOTO MIMITYJIbCA.
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B peacume acoywezo mymvmusudbpamopa hopMupoBaHue nepeatero GpoHTa
BBIXO/[HOTO UMIIYJIbCA MTPOUCXOIUT TOJHKO MOCJE MPUXO/[Aa CUTHAJA 3AITyCKa,
a 3a/[HETO — TIPU OOHYJIEHUN CYeTYNKA. B OTJIIUIe OT MepBOTO pekUMa TaKoit
UMITyJIbe GyeT GOPMUPOBATHCS KasK/IBIH Pa3 ¢ MPUXOI0M CUTHAJIA 3amycKa.

B pexcume umnynvcrozo zenepamopa bopMupyercsi mocae10BaTETBHOCTD
KOPOTKUX WMIIYJbCOB, [UIMTEJBHOCTh KOTOPHIX PaBHA MEePUOAY BXOIHOM
YaCTOThl CUHXPOHU3AINHU, & YaCTOTA CJIEAOBAHUS OIPEESIETCS JeJeHUueM
BXO/THOI 9aCTOTHI Ha BBEJIEHHOE B CIETUMK UHCJIO, T.€.

fBI)[X =fC / n.

Pedicum zenepamopa meandpa aHaJIOTUIEH NPEBIIYIIEMY PEKUMY, HO OTJIN-
YaeTcs TeM, UYTO JUTUTETHHOCTH MOJOKUTENbHOTO U OTPUTIATETBHOTO MOTyTIepHr-
0JI0B BBIXOJTHOTO CUTHAJIA PABHBI 110 BEJIMYMHE.

B pescume odunounozo npozpammio-3anyckaemozo cmpoda oCymecTBIs-
eTcs (OpMIPOBaHTE KOPOTKOTO NMITYJIbCA C 33/IaHHON BPeMEHHOH 3a/1ePKKOT.
CozepkuMoe cueTurKa HAUYMHAET YMEHbIIAThCsl ¢ MPUXOJOM CUTHAJIA 3ally-
cka. B MomenT ero obmysienust (GOPMUPYETCsT BBIXOAHOM UMITYJIbC, AJIUTEIb-
HOCTH KOTOPOTO OIPEESIETCST TTEPHOIOM YacTOTHI f,. [[JIsT MOBTOPHON BbIAUM
UMITyJIbca TpeOyeTcst MporpaMMHast 3arpy3Ka CUeTUHKA.

Pedicum 00unournozo annapamuo-3anyckaemozo cmpobéa OTINYAETCST OT TIpe-
JIBLIYIIETO TeM, UTO /IJIs1 HOBTOPHON BbIJJaul MUMITYJIbCA IIPOIPAMMHON 3arpy3Ku
cueryrka He Tpebyercst. [lJist 3TOro 0CTaTOYHO MO/IATh CUTHAT 3aITyCKA.

4.11. CpegcTBa nporpaMmupyemMoi MaTPUYHOM NOTUKKU

4.11.1. IIporpaMmmupyeMble JIOTHYECKHE MAaTPUILbI

Yenexu B 06J1aCTH UHTErPAIbHONW TEXHOJOTHKM 00€CIeYnIn BO3MOKHOCTh
pasMecTuTh B 01HOH BYMIC MHorue ThicsYu 371eMEHTOB, TOBBICUTD HAJIEKHOCTD
PabOThI 9JIEKTPOHHBIX YCTPOICTB U OBICTPOAEHCTBIE, CHUSUTD IIOTPEOIIEMYIO
MOIHOCTHh ¥ TabapuThl. OHAKO MPHU ITOM BO3HHK BOTIPOC: KaK HAa CXeMax
€ TAKUM KOJINYECTBOM 9JIEMEHTOB M3TOTABINBATH YCTPOICTBA, pelaioniue pas-
JIMYHBIE 3]1aUn?

Kasaioch Obl, eCTeCTBEHHO M3rOTaBIMBaTh crielinanusupoBanibie BUC,
Tpe/iHa3HavYeHHBIC [T pelleHns KOHKpeTHOH 3amaun. Ho mpoekTupoBanue
taknx BUC — noporoit u TpynoeMKuii mpoiece, oaToMy X MU3TOTOBJIEHUE
9KOHOMMYECKH OIPABJIAHO JIUIIb IIPU MAaCCOBOM ITPOM3BOJICTBE.

Brixomom u3 co3maBiierocsi MOJOXKEHUS SIBUTUCH NPOZPAMMUPYEMbLe
cxemvL ¢ mampuunoi cmpykmypotl. Takue cXeMbl TPEICTABISAIOT cOO0N Habop
HJIEMEHTOB U Y3JI0B, HE CBA3AHHBIX MEXIY c000il. JIJIs co3/anns KOHKPETHOTO
YCTPOICTBA 3JIEMEHTHI COCIMHAIOTCS Ha 3aKTIOYNTEIHHOM 3Talle M3TOTOBJIE-
HUST — B COOTBETCTBUU C 3aKAa30M, WJIHM ITPOTPAMMUPYIOTCS CAMUM TI0JIb30Ba-
TesieM. DparMeHThl CXEMBI COEIUHSIOTCST JTMO0 CO3[aHeM, THOO YCTPaHEHEM
HepeMbIueK, MoA06GHO TOMY, KaK 3TO JIeJIaeTcst IPU TporpaMMupoBanuu 3.

[TepBBIMU U3 TAaKUX YCTPOUCTB ObLIN co3paHHble B cepeaune 1970-x Tr.
npozpammupyemoie sozuueckue mampuybl (ILJIM), obecrieyrBaionie peaansa-
W10 Pa3JIMYHBIX JoTuYeckuxX GyHKIWi. Mampuya — 910 ceTKa B3aUMHO Tep-
MEeHIUKYJISIPHBIX TPOBOAHUKOB (puc. 4.30), B MecTax TepecedeHmsi KOTOPBIX
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HaXO/IATCS TOJIYITPOBOTHUKOBBIE 3JIEMEHTBI — JIUO/IbI UJIV TPAH3UCTOPBI, BKJIIO-
YeHHbIe Uepe3 JIETKOIJIaBKIe IePeMbIUKU K TTPOBOHUKAM MaTpuilsl. [1pu mpo-
rPaMMMPOBAHNYN HEHY KHbBIE TEPEMBbIYKH TIEPEKUTAIOTCS UMITYJIbCAMU TOKA.

+E +E
R

. | .
ot

LDT .
Eiw ”

Puc. 4.30. llporpaMMupyeMble JIOTHYECKHE MATPHUIIbL:
a — marpuna U; 6 — marpuna MJIN

N

Pacemorpum, kakue dyukiuu peannsyer Matpuna M. Ecian Ha ropusoH-
TAJIbHYIO MIMHY To/IaHa JioT. 1 (BBICOKUI MOTEHIIUAT), TO U0 OY/IeT 3armepr,
u ToK uepe3 R He TeueT. [lasenne HanpskeHus Ha R OTCYTCTBYeT, U Ha Bep-
TUKAJbHON TIIMHE, COeIMHEHHON ¢ aHOJOM 3alepToTO IN0/A, OCTAETCS BBICO-
KUH TIOTEHINa, COOTBeTCTBYonuit Jjor. 1. Ecm jke Ha TOpU30HTATBHON TITHTHe
Hu3kuii orennuad (sor. 0), To mpoTekaImuil yepe3 R 1 OTKPBITHINI MO TOK
CO3/IACT TajleHue HATPsUKeHWst Ha R ¥ Ha BepTUKaNbHOU miuHe Oyner jor. 0.
[l coxpaneHusl Ha BePTUKATIBHOM IITITHE MATPUILBI M BBICOKOTO MMOTEHITHAJIA,
HEOOXOMMO, YTOOBI BCE IO/l ATOU TITMHBI OBLIN 3aIIePThI, T.. Ha BCEX BXOIaX
6bia Jior. 1. TakuM 06pa3oM, Ha BEPTUKAJIBHBIX MIHHAX PEATU3YeTCs oTepa-
1ug «M» ot aprymeHToB, IOMEUEHHBIX KpecTUKaMu, U MaTpuily M Ha3bIBaloOT
matpurieii V1. B mpuBesennom mpuMepe Ha BLIXOAAX P; peamnsyioTcs QyHKINN:

KonbtoHKINY, 06pasyoIrecst Ha BBIXOAaX MaTPUIlbl V, HazbIBAIOT mepmami.

Borsicunm, kakne hyHkiny peannsyer matpura M, (em. puc. 4.30, 6). Ecin
Ha BEPTUKAJIbHOU ITMHE BBICOKUI ToTeHInan (Jior. 1), To TpaH3UCTOP OTKPBIT
U BBICOKUI ToTeHIAN +E dyepe3 Hero moctymnaer Ha TOPU3OHTAIBHYTO TMUHY ¥/,
T.e. Ha Heit Oyzer sor 1. Ecau Tpansuctop 3akpsiT (Ha Gase morennuan Jor. 0),
TO Ha TTHHe y OyaeT moTeHNMa Kopimyca — Jor. (. OueBUIHO, UTO OTKPHITHE
J06OT0 U3 TPAH3UCTOPOB TIPUBO/KT K TIOSIBJIEHUIO HAa TOPU3OHTAIBHOI IIHHE Y
noTeHnuasa Jor. 1, moaromy Ha Hell peanmuzyercs pynakius «UJIN» ot Bxoz-
HBIX TIepEeMEHHBIX P;, MoMeueHHBIX KpecTUKaMu. Tak Kak Kak/jas U3 mepeMeH-
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HBIX P; peannsyet omneparuio «M» Ha apryMeHTaMu &, TO B UTOTE Ha BBIXO/IaX Y
peasnusyiorcst GyHKITUN:

Y1 =P VPV Py =X XyX5 VX1 X3V XXy

Yy =Py v P =xx3 VX X9Xs5.

Takum o6paszom, IIJIM ocyiecTBIsieT peajnusaluio JU3bIOHKTUBHON HOP-
MaJIbHOI (POPMBI JIOTHYeCKUX PYHKINI U FICTIONB3YIOTCS Ui allllapaTHOM pea-
smzanuu jgorndecknx Gyukuuit. OcnoBubiMu mapamerpamu [1IJIM saBisiores
YHCJIO BXOJIOB apTYMEHTOB X, YHCJO BLIXOJIOB ¥ M YNCJIO TePMOB (TTepeMeH-
HbIX P), KOTOpbIe MOTYT BXOAMTb B BBIXOJHYIO (DYHKIIUIO Y.

O6bruno Hapsiay ¢ marputiamu 1 u MIJIN B coctas mukpocxembl [IJIM Bxo-
AT OGJIOKM BXOAHBIX U BBIXOJAHBIX Oy(depHbIX KackanoB. Bxommbie 6ydepsbi,
KpOMe TIPSIMOTO M MHBEPCHOTO MTPE/ICTaBJIeHNUS 3HAUEHNIT apTyMEHTOB X, (popMHu-
PYIOT HEOGXOAUMYTO MOTITHOCTD CUTHATIOB 7SI TIMTAHST 3JIEMEHTOB MAaTPHITHI 1.
BoixozHbie 6ydepsl 06ecnedrBanT HEOOXOANMYO HATPY30UHYIO CIIOCOOHOCTD
BBIXOJIOB, pa3peniaioT uian 3anpentaioT Beixos [1JIM Ha BHelTHMe ITUHBI B 3aBU-
CHMOCTH OT COCTOSIHUS BXOJHOTO CHTHAJIa paspelieHus, aHATOTHYHOTO CHUT-
Hany CE, uctnionbzyemomy B 3Y.

[TJIM MOTyT BBITIOTHSITHCST KAK Ha OUTIOMSIPHBIX, Tak 1 Ha M OTI-TpaH3ucTopax.
B nocnennem ciayuae marpunia M, Boinodnser dynkuuio «M-HE», a marpuna
M, — dynkuuio «MJIV-HE». IIporpammuposanue IIJIM 3akiiouaercs B nepe-
JKUTAHUU TIEPEMBIUEK, COETMHSIONINX TOPU3OHTATbHbIE M BEPTUKAIbHbIE TTHHBI
MaTpHll, KOTOPOE BBIIIOJHIETCS Ha CIEeIMalbHBIX YCTPONHCTBAX — IpOrpaMMa-
Topax. B MCXOMHOM COCTOSHUM BCce TIePeMBIUKH 11ebl. Ecau B mepemennyio P
BXOJINT TIPSIMOE 3HAYEHUE apTyMEHTa X, TO TePEKUTAETCS MTePEMBIYKa, COe/U-
HAIOIAsd BePTUKAIBHYIO TMUHY P ¢ MHBEPCHOUW rOPU30HTATBHON MUHOH, ecyn
3HaYeHNe apryMeHTa NHBEPCHOe — TO C MIMHO, Tlepelaionieli mpsMoe 3HaueHre
aprymeHnTa. Eciin aprymeHT He yuyacTByeT B hOpPMUPOBAHUM IIepEMEHHOI, nepe-
skuraioTes obe nepembruku. Eci iepemennast P BXoauT B (DYHKITHIO ¥, TO TIepe-
MBIYKa COXPAHAETCS, B TPOTUBHOM CJlyyae — MepPesKUTaeTCsl.

4.11.2. lIporpaMmMmupyemasi MAaTPUYHA S JIOTHKA

OnHo n3 BaxkHbIX ipuMerennii BUC nporpammupyemoii ioruku — 3amena V1C
MaJIOTO ¥ CPETHETO YPOBHS MHTETPAIIH IIPY PEaTH3aIlII TPON3BOIBHBIX JIOTHYe-
ckuX GYHKIMA. B Takux cirydasx BOBMOKHOCTD MCIIOIB30BAHUS BBIXOIOB JIOOBIX
KOHBIOHKTOPOB (BEPTUKAIBHBIE MUHBI P) TIOOBIMI TU3BIOHKTOPaMy (TOPH30H-
TaJIbHBIE MIMHBI i) CTAHOBUTCSI U3JIUITHUM yca0kHeHneM. OTKa3 0T 9Tol BO3MOXK-
HOCTH TTPUBOJIUT K CTPYKTYPE npozpammupyemors mampuunou rozuxy (ITIMJT).

B IIMJI (puc. 4.31) Bbixo/ibl 271eMeHTOB <« » (BBIXO/IbI 1T€PBOIT MATPUIIHI)
JKECTKO pacriosioxkenbl Mexay asnementamu «MJIN» (Bxogamu matputist MJINT).
B nokasaHHOii CTPYKTYPE /ISt M BXOJOB U 7 BBIXOJ0B TPEOYETCsT M HHBEPTOPOB,
n cxeM «WJIW» n 4n anementoB «I», mockoabky Kaxaomy aneMmeHTy «JIM»
npuaeTcs 1o yeTbipe KoHbloHKTOpa. 1lo cpaBrenuio ¢ IIJIM ara cxema umeer
MEHBINYI0 (hYHKIHOHAIBHYIO THOKOCTD, Tak Kak Matpuita JIW ¢ukcuposana,
HO X U3rOTOBJIEHUE U MCIOJb30BaHue tpoiie. [Ipenmymiectsa [IMJT ocobeHHO
TIPOSIBJISIOTCS TPU TPOEKTUPOBAHUN HECTIOKHBIX YCTPOICTB.
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Puc. 4.31. BasoBas crpykrypa IIMJI

[Toaroroska 3amad k pemrenuio Ha IIMJI umeer MHOTO 06IIErO ¢ MOAXO-
oM K penienuio 3aza4d Ha [IJIM, Ho ectb u paznuuus. Jusa IIMJI norudeckyio
(DYHKIUIO HYKHO IIPEACTABUTh TAKUM 00Pa3oM, 4TOObI YHUCJIO TEPMOB ObLIO
He GOJIBIIE YHCITa BXOJOB BBIXOAHBIX 31eMeHTOB «JI».

4.11.3. Monepuusamus cxem IIJIM u ITMJI

CxeMbl ¢ MPOrpaMMHUPYEMbIM BBIXOIAHBIM Oydepom. Paccmorpenmbie
cxembl [IJIM u IIMJI sBastiorcs 6azobivu. [yt pacivpenust ux GyHKIHO-
HAJIbHBIX BO3MOXKHOCTEH MPUMEHSIOT HEKOTOPbIe CXeMHbIE YCOBEPIIEHCTBOBA-
Hus, K olHUM U3 HUX OTHOCSIT MCIIOJB30BAHUE NPOZPAMMUPYEMBIX GbIXOOHBIX
oygepos. Takue Gydepbl 06eCednBaIOT BO3ZMOKHOCTD MOJTYYEHMS BHIXOAHBIX
(yHKIMIT HEe TOJIBKO B MPSIMOM, HO I B UHBEPCHOM BH/IE.

B Taxkoii cxeme (puc. 4.32) pazpaboratubie Marputiamu byukimu F ... F, mpo-
XOJISIT Yepe3 BBIXOHOI Oydep, mMeronuii 1Ba Bxoa. Ha mepBblil BXOJ[ MOCTYMaoT
¢byukimn F, a Ha BTOPOHl — HyJieBble CUTHAJIBI OT MOTEHIIHANA KOPITyca Yepes3
maBkue riepembraku (I11T). Bydep peanusyer dhyHKIMIO «cyMMa 110 MOLYJTIO 25,
MOATOMY, €CJIM TIePEMBIUKA 11€JIa, TO CUTHAJI ¢ BEPXHETO BXOja nepepaercs 6e3
usMenenusd, T.e. F; = F, . Ecau mepeMbIuKy Iepeskedb, TO HA HIDKHEM BXOZE
GyzmeT curHau Jor. 1 OT MCTOYHUKA TUTAHUS depe3 peanuctop R. CKIambiBasich
o MoayJto 2 ¢ exunuiei, dbyuknun F unseptupyorces. CiaenoBaTebHO,
B JIMHUSX C TEJIBIMU TIepeMbIYKaMu (hYHKITH TPOXOJAT Yepe3 Oydep HensmeH-
HBIMU, & B JINHUAX C OTCYTCTBYIOIIUMU TIepeMBIYKaM — WHBepTUpyioTcs. [Ipo-
rpaMMupyeMblii 6ydep HaeT JOMONTHUTEeIbHbIe BO3MOKHOCTH JIJIst MUHUMHU3AIN
YucJla IepeMEeHHbIX B Peajn3yeMoil cucreMe JIOrMYecKuX (yHKIIMi.

Fi
Xy — 1 Brixoanoit i
Bxogibie 6ydep
KacKa/ibl
u IIJIM
P
X — 2 I Brixoanoit _i
Oydep
UCC R

111

Puc. 4.32. Cxema ILJIM ¢ nporpaMMHpyeMbIMH BbIXOAHBIMU Oydepamu
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IIpumep 4.14

[Tycrs ¢ momontpio [TJIM Hy:KHO BOCIIPOM3BECTH CUCTEMY U3 ABYX (DYHKIIUIA, TTPE-
craBiennbix kKapramu Kapno (puc. 4.33).
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Puc. 4.33. Kaptel Kapno ms npumepa Bocnpoussenenus GpyHkuyn
B IIJIM ¢ nporpaMmMupyeMbIM BBIXOAHBIM Oydepom

Pewenue. Utobbr 0xBaTHTD Bee «1» byHKIMN F| KOHTYpaMi TTOHAZ00HUTCS YETHIPE KOH-
Typa, oTMeueHHble Ha puc. 4.33, a pumckumu nudpamu 1, 11, III u IV. VM cOOTBETCTBYIOT

CJaeayonme TepMbI:

P1=X9X3; Py = XXy, P3=X1X35 Py =X X)X3.

Jlnst oxBata Beex «1» dynkrmn F, norpebyiorest koutypst V, VI u VII (puc. 4.33, 6),
KOTOPBIM COOTBETCTBYIOT JIPyTH€e TPU TePMa:

D5 =X1X3; Pg = X1X9; P7 = X)X,

Taxkum o6pasom, st peaimsain AByX (yHkiuii ¢ momorpio [IJIM monazoburcst
ceMb pa3nn4HbIX TepMoB. [Ipn nnBepTrpoBanny (GyHKINN eIMHIUILI 3aHUMAIOT B KapTe
KapHo Te mosuimn, KoTopbie ObLIH HyJIsIME, 1 Hao60poT. Kak 910 BUAHO U3 cpaBHEHMS
kapt Kapno dyukuuii F, n Fz (puc. 4.33, 6 11 6), KOJMYECTBO EAMHUIT M OXBATHIBAIOTINX UX
KOHTYPOB IIPU 9TOM He U3MeHuI0ch. Ho KOHTYpbI Ha KapTe (DYyHKIMK Telepb COBNA/IAIOT
¢ kouTypamu st hyukin Fy (em. puc. 4.33, a, 8). TakuM 06pasoM, TepMbl, [OJLyYeHHbIE
st bynkiuu Fy, MOTYT GbITh HCTOb30BaHbI 7151 peausatuu (yHkin Fy u obiiee 4ucio
TEPMOB, HEOOXOIMMBIX /Il PEATM3AIUK ABYX (DYHKIIUIT, COKPAIAETCs ¢ CEMU IO YeThl-
pex. Bosspar ot dynxiun F, k dyukiu Fy 0CyIecTBIIseTcs lepeskuraHieM repeMbluki

B JIMHUM BbIXO/A.

Cxembl ¢ maMaTbio. s nocTpoenus HudpoBOro aBToMaTa HeobXoauma
He TOJHKO KOMOMHAIIMOHHAS YaCTh, 00€CTIEYNBAIONIAsT BBIYUCIEHIE TOTHIECKIX
(GYHKITMI, HO U 9JIEMEHTBI TAMSTH JIJIsl XPAHEHUsI COCTOSHUS aBToMaTa. Pa3Bu-
trem cxeM [IJIM cTaiu cxeMbl, B KOTOPBIX KPOME CPEACTB MATPUIHON JIOTUKH
CONlep;KATCST AJIEMEHTBI TTAMSITU — TPUTTEPBI WK Iiesible peructpel. Kpome
Tpex OOBIYHBIX TTAPAMETPOB — YHCJIA BXOJOB, BBIXOJOB U TEPMOB — ITH CXEMbI

263



XapaKTepHU3yIOTCs YUCIOM TPUTTEPOB MU Pa3psaAHOCTBIO peructpa. Cxema
[TJIM ¢ nmaMsaThio COOTBETCTBYET CTPYKType II(MPOBOTO aBTOMATA C MAMSIThIO
(puc. 4.34). Peructp obecneunBaer XpaHeHue cocTosiHmit aBTomMata Q. Obimee
YUCJIO BHYTPEHHUX COCTOSTHMI aBTOMAaTa OIpPe/esIeTcsl YNCIOM PETUCTPOB.
JlanHbIii g poBoi aBTOMAT — CUHXPOHHBIH, TaK KaK CUTHAJIBI C BBIXOJIOB PETH-
ctpoB Ha Bxojibl [IJIM niofiatorest TosibKo ¢ ipuxozioM TakToBbix currasios (TC).

IIJIM ¢ namsiTbio [

Jlornueckue
| Marpuirs

1 1
1 T
1 1
1 1
1 1
' Peructp | i
i IC | i
1 1
1 1
1 1
] 1
1 1

Puc. 4.34. Crpykrypa IIJIM ¢ namsATbIO

4.11.4. Ba3oBbie MaTpUYHbIE KPUCTAILIBI

[IpoektupoBanune u usroroBiaenne bUC/CBNC — Becbma poporocros-
Uil IpoIece, MOITOMY UX IIPOU3BOJACTBO IKOHOMUYECKU OIIPABAAHO JIUIIh
npu G6OJIBIION cepuitHoCcTH. B TO JKe BpeMst BOBMOKHOCTU WHTETPATBLHON CXEMO-
TEXHUKH [MO3BOJISIOT B BU/IE OIHOI MUKPOCXEMbI BBITIOJIHUTD I[EJI0€ YCTPOICTBO.
Bazosbre MmaTpuynbsie kpuctawnsl (BMK) aBummcs Tem cpesicTBOM, Ha OCHOBE
KOTOPOTO TIPU CPABHUTEIBHO HUZKHMX 3aTPATAX CTAJIO BO3MOKHBIM BBITIOJTHEHUE
crieruaau3upoBanubix ycrpoiicts B Bujge bUC/CBUC. BMK npezacrasisior
co60i COBOKYITHOCTH PETYJISIPHO PACIHOJOKEHHBIX HA MOJYITPOBOJHUKOBOM
KPUCTaJIJIe STUeEK, KaKash M3 KOTOPHIX COAEPKIUT TUTIOBOI HabGOp IEMEHTOB —
TPaH3UCTOPOB, PE3UCTOPOB. TaKkol KpucTasI ABjIsteTcs mosy(habpuKkaToM, KOTo-
PBIiT TIPOM3BOAUTCS] B MACCOBBIX KOJTMUECTBAX O€3 OPUEHTAITNN HAa KOHKPETHOTO
norpebutess. YToObl Ha €ro OCHOBE OBIIO TTOJYYEHO KOHKPETHOE YCTPOHCTBO,
HEeOOXO/IMMO BBITIOMHUTH TPeGyeMble COEIIMHEHNST 3IEMEHTOB 1 sTueek. BoImo-
HEHUe COeIMHEHUI OCYIECTBISIETCS HA 3aKJII0OUYUTENIbHBIX ATAIaX U3TOTOBIIE-
HUSI, @ TIPOEKTUPOBAHNE YCTPOICTBA, TAKUM 006Pa3oM, CBOAUTCS K CO3aHUIO
pucyHKa MexkcoeanHeHuil. {yist yrpoienusi npoiecca mpoeKTHPOBAHUS UMe-
10TCsT GUOMMOTERN TOTOBBIX perteHnil. Kakioe roToBoe peliieHme mpeiaraet
OTIpe/IeJIEHHBIN BapUAHT MEKCOCJAMHEHUN 2JIeMEHTOB BHYTPH STYCHKH, T103BO-
nsTioTuil Ha 6a3e OHON I HECKOJIBKUX sTUeeK TTOMYIUTh TOTOBBIH (hYHKITHO-
HaJIbHBIN y3€eJl — JIOTUYECKUIi aieMeHT, Tpurrep u T.11. [IpoekTnpoBanue ycTpoii-
CTBa CBOAUTCS K BHIOOPY TOTOBBIX Y3JI0B U TPACCUPOBKE COEMHEHUN MEKTY
uumu. Takne BUUC/CBUC nasbiBaloTcs noayzaxaswvimu. EcrecTBeHHO, 4TO
IpoIiecc MPOEKTUPOBAHNS U M3TOTOBJIEHUSA TaKOW MUKPOCXEMBI 3HAUNTETHHO
JielleBJie, yeM pa3paboTKa U M3roToBJIeHUe opurnHajibaoit BIIC.

[TepBonauambuo ctpykrypa BMK mpezncrasisiza co6oit MaTpHUILy sTueex,
Ha3bIBAEMbBIX 0A306blMU, KOTOPBIE PACIIOJArajuch B IIEHTPaIbHON obsacTu
KpHCTajia 1 OBLIM U30JIMPOBAHbI APYT OT Apyra (puc. 4.35, a). Obmactu Kpu-
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CTaJIIa, He 3aHATBIC STYCHKAMU, CITYKUJIH [T BBITIOTHCHUS COCANHEHITH MEKITY
STUeHKaMU — MPaccuposku kanaios. Taxkasi CTPyKTypa Ha3bIBAETCS KAHAILHOU.
VY kanambHbix BMK 6osbinie BO3MOKHOCTH 10 CO3MaHUIO CBsI3€il, HO HU3-
Kasl IJIOTHOCTD YIAKOBKY M3-32 3HAYMTEJNbHBIX 3aTPAT ILIONAAN KPHUCTALIA
Ha 06J1aCTH MEKCOEIMHEHN . JTa CTPYyKTypa XapakTepHa /st BMK, BoimosHeH-
HBIX 110 OWIOJISIPHOI TEXHOJIOTHH, TaK KaK GUIIOJISIPHBIE 9JIEMEHTBI, B OTJIHYNE
ot KMOTI-aemMeHTOB, 061a1a10T CPaBHUTENHLHO BBICOKOH MOTITHOCTBIO PACCEen-
BaHUSI.

0ood
»(O0O0OBL, &
0ooof [F
0Oo00

| %

71
\

a 6

Puc. 4.35. Crpykrypa kanaiabHoro (a) u 6eckanaibstoro (6) BMK:

1 — GasoBble sueiiky; 2 — KaHaJbl sk TPACCHPOBKU

B oranumre or BMK ¢ xananbHoil ctpykrypoit y BMK ¢ 6eckananvnoi
CTpYKTYpOii (puc. 4.35, 6) BCst BHYTPEHHsIst 00J1aCTh KPUCTaAJIa 3al0JTHEHA
staeiikamu. B aToM kpucTasie mobast 061acTh MOKeET OBITh NCTOTb30BAHA KaK
JUISL CO3/IaHUSI JIOTUYECKOM cXeMbl, TaK M JUJIsI cO3/laHus MeskcoeqnHeHuil. bec-
xanambibie BMK xapakrepust mimsgs KMOII-cxemoTexnuku, B KOTOPO# Masias
MOIITHOCTD paccesiHust 6a30BbIX sTUeeK MO3BOJISIET TOOMBATHCST BHICOKOH TIOT-
HoCcTH yrakoBKu. beckananbubie BMK peanusyiorcst B BapuaHTax «mope gem-
muaet» n <«<mope mpansucmopos». llepBolil colepKUT MacCUB 3aKOHYEHHDBIX
JIOTUYECKHUX 3JIEeMEHTOB, BTOPOIl — MAacCUB TPAH3MCTOPOB.

Tak kak B GeckaHanbHbiXx BMK mosioskeHue TpacCUpOBOUHBIX KaHAJIOB
U sSTYeeK He SIBJISIeTCs KECTKUM, U TIPU TIPOEeKTUPoBaHUN KOHKpeTHO# B C tmro-
/(b KPUCTAJIIA MOKET PACIPENesITHCI MEKIY TPACCUPOBOUHBIMM KaHaJaM1
1 GYHKITMOHATHHBIMU SUYEHKAMU, TOTEPH TIOMIAAN KPUCTAJJIA CHUZKAIOTCS.
Hanpumep, B BMK, conepskanieM MaccuB TPpaH3MCTOPOB, B HEKOTOPBIX psijiax
peam3yIoTCs JJOTUYeCKue 3JIeMEHTBI, a IPYyTHe Pl NCIOJb3YIOTCS TIO/ TPac-
CUPOBOYHBIE KAHAJbI, B HUX TPAH3UCTOPBI OCTAIOTCS HECKOMMYTUPOBAHHBIMH
U HaJl HUMU TIPOXOJISIT TPACCHI.

BuyTtpentsist o6macTs kprctaia beckananbroro BMK okpyskena mepude-
PUIHOI 06J1aCTHIO, PACIIOJIOKEHHOMN 110 KPasiM IPSMOYToIbHOI mracTuibl BMK.
sueiiku B nepudepuitHoii 061aCTH OTINYAIOTCS OT GABOBBIX TYEEK BHYTPEHHEH
obsracti. OHU NIpeiHa3HAYeHbI I/l PEIleHrs 3a/1a4 BBOJA,/ BBIBOA CUTHAJIOB,
MOATOMY OHM COJIePKAT HAGOP CIIEIMATbHBIX 3JIEMEHTOB U KOHTAKTHBIE T1JI0-
MTAIKH, Yepe3 KOTOPbIe OCYIIECTBIIIETCS TOAKII0UeHNEe KPUCTAIA K BHENTHIM
KOHTaKTaM MUKPOCXEMBbI.

Bosmosknoctu BMK Bo MHOTOM OTpEIEsISIIOTCST YUCTIOM CJIOEB MEKCOENHE-
HUiT (B HacTostIee BpeMst 9T0 2+6). MHOrOCIOIHOCTh 06JIeTYaeT TPACCHPOBKY
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1 103BOJIsIeT U3roToBIsATh BMK Gostee BbICOKOTO ypOBHS WHTErparmi. B mpo-
cTeliieM ciydae IBYXCJIOWHON TPAaCCUPOBKU HA HUKHEM YPOBHE BBITIOJIHSIOT
COeINHEH ST BHYTPH GA30BBIX STU€EK U CBS3U TI0 BEPTUKATILHBIM KaHATIAM. DTOT
caoit geaior anbo B Buze AndGy3noHHOI 061aCTH CaMOro KpUCTasia, Jnbo
B BUJIE METAJUTMYECKUX JIOPOKeK. BTOPOIt c/10if MeTaITM3NPOBAHHBIX COEIITHE-
HUH IaeT Pa3BOJAKY TOPU3OHTAIbHBIX TPACC U OOCTYKUBAIOIIUX JUHUIA.

PocT ypoBHsa unTerpanuu BeeT K BO3MOXKXHOCTSAM PeaJn3aliyl Ha OTHOM
KpHCTaJIe Bee GoJiee CIOKHBIX YCTPOWCTB M CHCTEM. DTO TIOPOAUIO O0UHbIE
cmpyxmypo. BMK. Takue BMK cozepskar kax 6JI0KH JJOrH4ecKoil 00paboTKu
JaHHBIX, TAK W TIaMSATh WJW JAPyTUE CHenuaninsupoBanubie Omoxku. Kaxmprii
n3 TakuX GJIOKOB TIPeCTaBisieT co6oit Kak 6b1 «MuHIm»-BMK. Mexmy atnmu
6JIOKaMU PacIoJiaraloTcsi TpAacCHpOBOUHBIE KaHabl. Ha mepudepnun 6710K0B
U3TOTOBJISTIOT BHYTpeHHUe OyhepHbie KacKabl AJis1 GOPMUPOBAHMSI IOCTATOYHO
MOIIHBIX CUTHAJIOB, 00ECEUYNBAIOIINX MEepPe/lady CUTHATIOB 0 MEKOJIOUHBIM
CBSI35IM, IMEIOTITM OTHOCUTETHHO OOMBIIMYIO ATUHY.

B saBucumoctu ot Haznauenuss BMK noapasaensitores Ha mudposble, aHa-
JIOTOBBIE 1 1IM(poaHaNoroBbie. Ananozosvie n yugpoanaiozosvie bMK, nosBus-
HIHecsT Mo3/Hee MU(POBBIX, IMEIOT COCTAB 0A30BBIX SIYEEK, TIO3BOJISIONIUN MOy -
YaTh Ha UX OCHOBE TaKWe CXEMBI, KaK ONepPaIMOHHbIe YCUINTENN, aHAJIOTOBbIe
KJIFOUM ¥ KOMIApaTtopsbl U T.2. [l X peayusaliuy UCToab3yeTcst OUIoJIsIpHast
texHosorus. Lugposvie BMK soinonusior Ha 6aze KMOII-TexHomormm.

4.12. Mporpammupyembie NOrM4eckne WHTerpanbHbie CXeMbl

Cpe/ncTBa nmporpaMMupyeMoil MATPUYHOM JIOTUKY TIOJIYYHJITH CBOE PA3BUTHE
B HAIIPaBJIEHUU, HA3BIBAEMOM <NPOZPAMMUPYEMbLE JIOZULECKUE UHMEZPATLHBLE
cxemvrs (IIJINC). Tpogomxernnem [TJIM u IIMJI crtanu mukpocxembl CPLD
(Complex Programmable Logic Devices — clodcible npozpamMmupyemvle io2u-
yeckue ycmpoicmsa), a npoposskerneM BMK — mukpocxembsr FPGA (Field
Programmable Gate Arrays — npozpammupyemvie norv308amenem 6eHMULLHbLE
Mampuypt, TIE TOJI BEHTUIEM TOHUMAETCS JTI000#T IoTHuecKuit amement). Poct
YPOBHS MHTETrPAIUU /1Al BO3MOKHOCTb pa3MeNiaTh Ha KPUCTAJLIe CXeMbl, CJI0XK-
HOCTb KOTOPBIX COOTBETCTBYET IEJIBIM cHcTeMaM. DT cxeMbl IMenyioTess SOC
(System On Chip — cucmema na xkpucmaiie).

Cdepa npumenenust [IJTNC uype3BbIYaitHO MUPOKA, HA HUX MOTYT CTPOUTHCS
HE TOJIbKO KPYIHbBIE OJIOKU CXeM, HO M CHUCTEMBI B I[€JIOM, BKJIIOYAsi TTaMsITh
1 TIPOIECCOPBHI.

4.12.1. Cpencrea o6ecneuenus: nporpammupyemoctu IIJINC

[TporpaMMupyemMoCTb, T.e. BOBMOKHOCTH CO3/IaHUST KOHKPETHOTO YCTPOICTBA
Ha 6ase crangaprnoit CBUC, obecnedynBaeTcss HaIM4MeM B HEH MHOKECTBA
KJTIOUYelt, KOTOpbIe B MPOIlecce MPOTPAMMHUPOBAHIS MOTYT CTATh 3aMKHYTBIMH
60 pasoMKHyThIMH. COCTOSHMSA KIIOYeH 3a7al0T Ty WM MHYI0 KOH(Urypa-
IO CXeMBI, (hOpMUPYeMOii Ha KpucTasae. Yncao mporpaMMUPyeMbIX KIIOUeit
B [IJIMC 3aBucHUT OT ee CJI0KHOCTH U MOKET JIOXO/IUTD /10 HECKOJIbKUX MUJLJINO-
1oB. B IIJIMC ucnonb3yioTest ciaenyioniue BUIbl TPOrPAMMHUPYEMbBIX KITIOYei:
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* TEpeMBIYKY THIIA antifuse;

e JIM3MOII-TpaH3ucTOpsbI ¢ IBOMHBIM 3aTBOPOM;

* KJIIOYEBBIE TPAH3UCTOPDI, YIIPABJIsieMble TPUTTEPAMU TTaMATH KOH(pUTYpa-
nuu («TeHeBbiMy> 3Y).

[Tpo6uBaemble MPU TIPOrPAMMUPOBAHUN [UITEKTPUUECKUE MEPEMBIUKH
HCHOJIB3YIOTCA B KadecTBe 39 B OAHOKPATHO TPOrpaMMHUpPyeMbIx 3V (cM. Tma-
parpad 4.2). Ilepembruky tuna antifuse, uctosnbsyemsie B IIJIVIC, takke obe-
criednBaioT ogHokpaTHoe nporpammuposane CBVC. Ilepembruka obpasyercst
TPEXCIOMHBIM [IUIJIEKTPUKOM C YePeOBAHUEM CJIOE€B «OKCUJ — HUTPUI—
OKCHJ/I» U B UCXOJTHOM COCTOSTHUM MMeeT OueHb BBICOKOE COIPOTHUBIeHUE (IIPO-
TeKaIoMuil Yepe3 Hee TOK cocTaBisieT =10-15 A).

[TporpaMMUpPYOIIUIT MMITYJIbC HANPSIKEHUS TPOOUBAET TIEPEMbBIYKY U CO3-
JlaeT IIPOBOIANINI KaHal. BesinunHa TOKa, C03/1aBaeMOro UMITYJIbCOM I1POrPaM-
MHUPOBaHUS, BIMACT Ha [UAMETpP TIPOBOASAIIETO KaHalIa, YTO MO3BOJISET yIIPaB-
JIATHh MApaMeTPaMu POBO/ISIIEH epeMblYKU (TOK 5 MA CO3/1a€T MePeMbIUKy
¢ conporusisenrem 600 Om, a 15 MA — 100 Owm). IIJIVIC ¢ nporpammupoBa-
HUEM Ha OCHOBE TepeMbIUeK antifuse Boinyckaiorcst hupmamu Actel u Lattice
Semiconductor.

JIN3MOII-TpaH3uCTOPHI C TIABAIOIINM 3aTBOPOM, UCIOJIb3yeMble B Kade-
CTBe 3aTIOMUHAIOTINX 9JIEMEHTOB B CXeMaX PEIPOrpaMMUPYEeMOH MaMsTH, TaKKe
ucnosb3yiotes B [IJIVC. V3 asleMeHTOB co cTupanreM WHGOPMAIMK yJIbTpa-
(brosIeTOBBIM U3JTyYeHNEM BBIAETUIICS BapuaHT BooOIIe 6e3 BOZMOKHOCTH CTH-
paHus naHHbIX. B atux cxemax B kopiyce M C npo3pauHoe OKOIIKO, 4epe3 KOTOo-
PO€ MPOUCXOIUT OOTYUEHNE KPUCTAIIA, TIPOCTO OTCYTCTBYET, T.€. BOBMOKHOCTD
CTUPAHMS UCKJIIOYAETCSI.

Penporpammupyembie I[IJIMC Ha ocHose cxemorexuuku EPROM Ttpebyior
JTUTETBHOTO (OKOJIO Yaca) CTUPAHUsS CTapoil KOH(GUTYpPalnuy TMOJ BO3/eH-
CTBUEM yJIbTpaduroseToBOro usjaydeHus. V3-3a gerpagaium cBoicTB Mare-
PHUAJIOB IO/ IEWCTBUEM M3JIyYEHUs YUCIIO ITUKJIOB TTPOrPaMMUPOBAHUST OTpa-
uudeno. [Ipu atom neo6xoaumo ussiekats CBUC us ycerpoiictea. B IIJINC
Ha ocHoBe cxemoTexuuku EEPROM crupanue ocyiectsiisiercs: ajiekTpuye-
CKUMU CUTHAJIAMM, 4TO He TpeOyeT U3BJIeYeHNsI MUKPOCXEMbI U3 YCTPOICTBA.
Bpems ctupanus ctapoit ”HOOPMAIIUK 1 3aTTMCH HOBO COCTABJISIET HECKOJIBKO
MUJUIMCEKYHI, @ YUCJI0 TakuX 1ukaoB — 104+106, B mocJieiHee BpeMsi B perpo-
rpammupyemsIx [IJIVIC Bce mmmpe mcmonb3yeTcs cXeMOTeXHHKA Ha OCHOBE
HEPTOHE3aBUCUMBIX Sueek (PIaln-maMsTH.

Emre ofHUM cXeMOTeXHMYECKUM pelenreM, ucrnoybdyembiMm B [TJIVC
171t mporpamMMupoBanus konduryparuu CbUC, cramm mpansucmophole xuouu,
ynpasiasiemvie mpuzzepom namsamu konpuzypavuu (puc. 4.36).

Kirouesoii Tpansucrop V12 3aMbIKaeT WM pa3MBIKaeT y9acTok AB B 3aBU-
CUMOCTH OT COCTOSTHWST TPUTTEPA, BBIXO/L KOTOPOTO TTOAKIIOUEH K 3aTBOPY TPaH-
sucropa VI2. Ilpu nporpaMMupOBaHUN HA JIMHUIO BHIOOPKHU MOJAETCST BBICO-
Kuii morenrual, u Tpansuctop V11 Briaodaercsa. C IMHUN 3aTUCU—ITEHUST
MTO/IAeTCsI CUTHAJ, YCTAaHABIUBAIONIUI TPUTTEP B cocTostHMe Jior. 1 miu Jior. 0.
B pa6ouem pexuMe TpaH3UCTOP 3aIePT, U TPUTTEP COXPAHSIET YCTAHOBJIEHHOE
COCTOSTHUIE.,
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Puc. 4.36. Kmo4eBoii TpaH3ucrop,
yHpaBJisieMblii TPUITEPOM NaMATH KOH(Urypanuu

[TamsiT KOHGDUTYpaluu TpejicTaBsieT coboit cratndeckoe O3Y, moaromy
[IPU BBIKJIIOYEHHOM IMUTAHUU BCE TPUTTEPBI MaMsITH KoH(uryparmu copachiBa-
I0TCS, B CBS3U C YeM KaykKIbIi pas MpU BKJIIOYEHUU TPeOyeTcs: IporpaMMUupo-
Banue [IJIMC. DToT nporecc Ha3pIBaeTCs MHUIMATU3AIMEH 1 HA HETO YXOIAUT
BpeMs, COCTaBJIAONIee eCITKU U faxke cotnn Musuncekyua. IIJIVMC ¢ mpo-
rpaMMIPOBaHNEM Ha OCHOBe craTmueckoro O3Y mpomnsBoaAT Takue GUPMHI,
kak Xilinx u Altera.

Tosopst 06 obuux csoiicteax IIJIVC, caenyer oTMeTuTh, 4To Gaarogaps
PEryJISPHOI CTPYKTYPE OHU PEANU3YIOTCs ¢ YPOBHEM WHTErPAIUU, OJIU3KUM
K MaKCUMaJbHOMY. Tak Kak /it CPEICTB MPOrPAMMHUPOBAHUS MEKCOEMHEH NI
TpeOyIOTCs 3aTpaThl AOMOJHUTENbHOI Inomann kpuctajia, IJINC no ypoBHio
nHTerpanun Heckosbko yerynaioT BMK. Oxnako B otmmuue ot BMK TIJINC
He TPeOyIoT KaKUX-TO 3aBEPIIAIONIMNX TEXHOJOTHYECKUX OTlepaIiii, BbIIOJI-
HSIEMBIX CIIEIUaNbHO MO/ ONpeJeeHHoro 3akaszunka. [lorpeburens TTJINC
ocyiectsiser ¢popMupoBaHue TpebyeMoil KoH(MUrypaluK yCTPOiCTBa, caMo-
CTOATEIBHO TporpaMMupys ee. B pesyasrate aTu CBUC MoryT BhImycKaThes
GOJIBIIMMHU TUPasKaMHK, YTO Cpady CHUIKaeT uX 1eHy. CTOMMOCTb yCTPOHCTBA
Ha ocHoBe IIJIMC, takum 06pa3oM, CTAaHOBUTCS 3HAYMUTEIHHO HUKE, YeM
Ha ocose BMK. B c¢Bsi3u ¢ atum B 60s1pmmncTse npumenenuii IIJIMC npakru-
yecku BeiTecHun bMK.

4.12.2. CnosxHble NporpaMMupyeMble Jorndeckue ycrpoiicrsa (CPLD)

ApxwurektypHo Mukpocxema kinacca CPLD coctouT us renTpasbHOl KOMMY-
TAIIMOHHOI MATPUIIBI, MHOXKeCTBA (DYHKIIMOHATIBHBIX OJIOKOB, B KOTOPBIX OCY-
IECTBIISIETCST BCsT ToTUUecKast 06paboTKa CUTHAIOB, U GJIOKOB BBOJIa/BHIBOIA,
PAcCIIoIOKEHHBIX Ha Tiepudeprn KPUCTAJIA U OCYIIECTBISIONINX TIPUEM U Tiepe-
Jla9y CUTHAJOB MEXAY KPUCTAJIIOM MUKPOCXEMbI M KOHTAKTHBIMU TLJIOTIA-
kamu. OiHON U3 Bexynux GUPM 110 TPOU3BOACTBY MUKpocxeM kiacca CPLD
spistercst pupma Altera, a cemeiictBo Mukpocxem MAX a1oil pupmbl sBJisteTcst
KJIaccuueckuM npumMepoM ganHoro Hanpasiaenus [IJIVC. [Tepsas mukpocxema
9TOTO ceMeticTBa Oblia aHOHCHpoBaHa B 1995 1. 11 Gblya peay3oBaHa Ha OCHOBE
texnosiorun 0,5 MxM. B Hacrosiuee Bpemsi hupma Altera npomosKaeT BbIILy-
CKaTh MUKpOcXeMbl ceMeticTBa MAX, KOTOpoe HaCUUTBIBAET YiKe TSATh ToJIce-
meiictB. Ato MAX 7000, nosisusiieecs B 1995 r., MAX 3000 (2002 r.), MAX
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IT (2004 1.), MAX II Z (2007 t.) u MAX V (2010 r.). ITocennee moacemeii-
¢TBO 6bLIO peanu3oBaHo 1o TexHooruu 0,18 MM, PaccMoTpuM apxXuTekTypy
mukpocxem CPLD na mpuMepe apxutexTypsl MukpocxeMbl MAX 7000.

Ha puc. 4.37 npencrasnen ¢parment crpykrypst CPLD MAX 7000. Ien-
TpaJTbHas KOMMYTAIIMOHHAS MAaTPHIIA 3/1eCh NMEHYETCS NpOozpamMmupyemot
mampuyeti cessu (IIMC), byHKIIMOHATBHBIE OJOKU — J02UYECKUMU OLOKAMU
(JIB). ¥ muammero npexcrasureiss CPLD 6bu1o Toabko asa JIB. C 1moBbi-
IIeHNeM CJIOKHOCTH MUKpocxeM unciio JIb yBesnuuBamocs, npu aToM CTPyK-
Typa MUKDPOCXEMBI B I[€JIOM COCTaBJSIIaCh TOBTOPEHMEM H300paKEHHOTO
Ha ¢parmenTe sipyca, cocrosiiero us aByx JIB, 1Byx 0J0KOB BBO/a,/BBHIBOIA
(BBB) u Habopa KOHTAKTHBIX ILIOMIA0K, PACTOIOKEHHBIX CJIeBa U CIIpaBa
ot [IMC. Crapmuii npepcrasutesib CPLD MAX 7000 comepskuT mecTHaAaTh
TaKWX apycos, T.e. 32 JIB, a mocrexnne nmpeactasuren MAX V — 1700 JIb.

Konrposep

o
Y Jlornueckuii 610K

1

MC

bBBB bBB

L——~ TIporpamupyemas
marpuna «M»

Puc. 4.37. @parment crpykrypst CPLD MAX 7000

Besa kommyTarusa curnasoB BHYTpHU Kpuctasia Beimosmsgercs [IMC. Ira
MAaTpPHIIa COAEPKUT HAOOP MEPECEKATOIITNXCST BEPTHKAIBHBIX 1 TOPH30HTATBHBIX
JIMHUH CBSI3U.

Topusonrtanbubie munnn coenunensl ¢ JIb, a Takske BBB. HacTbh ropuson-
TAJTBHBIX JIMHWH SBJISIETCS BXOIHBIMU, & YACTh — BBIXOAHBIMU. CHUTHAJ € BXOJI-
HBIX JIMHUI Ha BBIXOJHbIE TIEPEAeTCs Yepe3 BEPTUKAJIbHbIE TUHUM MATPUILBI
COe/IMHEHUH, TTPU 9TOM KOMMYTAIlMsl CUTHAIA C OJ{HOM JIMHUU Ha JPYTYIO OCY-
IIeCTBJISETCS He yepe3 MporpaMMupyeMblil kiriod (B otamune oT FPGA), a uepes
JIBYXBXO/IOBYIO cxemy «M». [l71s1 3TOTO K OTHOMY W3 €€ BXO/IOB MOIKII0YaeTCS
JINHUSI-UCTOYHHUK, K BBIXO/Y — JIMHUSI-IIPUEMHUK, a KO BTOPOMY BXOJy — IIPO-
rpaMMUpyeMbIii TpaHaucTop. Jjist Toro yTo6bl CUTHAI TTPOXOMII C OLHON JMHUY
Ha JIPYTyIo, HeOOXOANMO 3aTPOTPAMMHUPOBATH TPAH3UCTOP TaKUM 06Pa3oM,
4TOOBI Uepe3 HeTo Ha BTOPOiT BXOJ cxeMbl «V» mogaBajicst pazpenmaommil ypo-
BeHb Jior. 1. CkopocTb pacnpocTpaneHust UGPOBOTO CUTHAJA € BXO/IA KOHb-
IOHKTOPA Ha BBIXOJI TOPA3/I0 BBIIIE, UeM Yepes3 KII0UeBOI TPAaH3UCTOP, TI0ITOMY
HCHOJIB30BAHNE BMECTO KJTIOYCH YIPABIAEMBIX KOHBIOHKTOPOB €T BBIUTPBIII
B ObicTponeiicTBun Mukpocxem CPLD. BepTukajabHble JTUHUHM MATPUIHI
TSIHYTCS U€PE3 BCE TOPUBOHTAIBHbIE U MOTYT OBITh MOAKJIIOUEHBI K JTI000H BXO-
HOI1 JIMHUK; TaKUM 00pasoM, JII000il BXOL MAaTPUIbl MOKET ObITh IIOAK/IIOUEH
K I000MY BBIXOTY, T.6. [IMC obecmeunBaet MoTHyI0 KOMMYTUPYEMOCTD OJIOKOB
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CPLD. B mukpocxemax nojacemeiicts MAX 7000 u MAX 3000 st mporpam-
MupoBaHus KoHdurypaiuu ucnosab3oBaiuch ssuetiku EEPROM, B MAX 11,
MAX I1 Z 1 MAX V — daaur-namsars. [loatomy, B otmmune ot IIJIVIC FPGA
dbupmpr Altera, TIJIMC CPLD xpasit ¢BOI0 3alIpOrpaMMHUPOBAHHYI0 KOHMUTY-
paInuIo M TTocJjie CHATHAS HAMPSKEHUS TUTAHNS.

Jlornueckue GJIOKHM OCYHIECTBISIOT BBIYUCICHHUE JTOTUIECKUX (DYHKITHI,
HO TaKKe MMEIOT BO3MOXKHOCTb XpaHEHUs IOJIYYeHHOrO pe3yJibTaTa B TPUT-
repax. B equnyio cxemy ycTpoiicTBa OHU 06BEIMHSIOTCS ¢ moMotsio [IMC.
JIB coctout m3 mporpammupyemoit matpuilel VI u mecTHaAIaTv Maxkpo-
sueex (macrocells) — S11+5116. B nporpamMupyemoii Matpuile U, Tak xe kak
u B [IJIM, ocymectBisercs hopmupoBanue TepMoB (cM. puc. 4.30, a@). Tepmbr
opmupytoTcs cpasy s Bcex Makposiueek, HO Ha BXOJ KasK/J[0l 13 HUX MOCTY-
MafOT CBOW TEPMbI, HEOOXOAUMBIE /IS PEANU3ANUN JTOTHIECKOH (DYHKITIH
myteM cOopku TepmoB 10 «MJIW». B makposiueiike BO3MOKHA MpsiMast BbIaua
BBIYMCJIEHHOTO 3HaYeHUs JIOTMYeCKON (QYHKIIMKU Ha BBIXOJI, YTO MCIIOJIb3YeTCs
JUIST CHHTE3a YNCTO KOMOMHAIIMOHHBIX YCTPOHCTB. [l/sT CHHTE3a mocIeIoBaTe b-
HOCTHBIX YCTPOMCTB B Makpostueiike nmeercst Tpurrep. B aTom cirydae pesyib-
TaT JIOTUYECKOI ONepaIiy 3alUChIBACTCS B TPUTTEP U €T0 BBIXO/L TTO/IKJII0YACTCS
K BBIXOY Makpostueiiku. CHHXpOHM3aInst paboThl TPUTTEPA, a TAKIKE €r0 aCUH-
XPOHHasI YCTAaHOBKA M COPOC MOTYT OCYIIECTBISTHCSI KaK KOHTPOJLIEPOM, TaK
U C TIOMOIIBIO TEPMOB, MOCTYIAIONIUX OT MPOTPAMMHPYeEMOI MaTpuIlbl. Kpome
TOTO, TPUTTEP MAKPOSUYEHKI MOKHO MCIIOJIb30BATD [IJIsT BBOJIA BHEITHUX CUTHA-
JIOB HEIOCPE/ICTBEHHO ¢ KOHTaKTHOU 1iomaiku, muuysd bBB u IIMC. Takue
T HAa3bIBAIOT TIETISIMU OBICTPOTO BBOJA.

[Tpu cuHTeE3e MOCIeI0BATEIbHOCTHBIX ITU(POBBIX YCTPOUCTB (HApUMep,
CUETYMKOB) TPUTTEPHI GOJIBITEH TaCTH MaKpOsTueek (HOPMUPYIOT TPOMEKYTOU-
HBII Pe3ysibTar, KOTOPBII UCIIOJIB3YeT s IS AaibHeliieit 06paboTku. B aTom
cayuae Beixo1 Makpostueiiku roctymnaer B [IMC. Ecimm B makposiueiike cchopmu-
POBaJICsS TOTOBBIH BBIXOIHOHN CUTHAJ CHHTE3WPYEMOTO YCTPOICTBA, TO €€ BBIXO/
noakmoyaetrcst kK bBB. Bee ommcannbie (hyHKIMN, BBITIOIHIEMble MAaKpOsTIEH-
KOH, IPOrpaMMUPYIOTCSL.

B IIJIUC tuma CPLD mmeetcst Hab0p T06ATBHBIX YITPABISIIONINX CUTHA-
JIOB, KOTOPbIE TIOCTYIAIOT OJIHOBpeMEHHO Ha Bce JIB. JTo curnasbl TakTupoBa-
Huist, cGpoca u paspernennst Bbrxoga. C UX MOMOTIBI0 06eCTIeYnBAETCsT CHHXPOH-
Hast pabora Bcero cunresupoBantoro Ha ociose CPLD ycrpoiicTsa.

4.12.3. IIporpaMmMupyeMbie OJIb30BaTEIEM
BeHTIIbHBIE MaTpuibl (FPGA)

CTpyKTypa IporpaMMHUPYEMBIX TI0JIb30BaTeIeM BeHTUIbHbIX MaTpull FPGA
noxoska Ha ctpykrypy Kananbusix BMK (cm. puc. 4.35, @). B ux Buyrpenneii
obsacTu, Tak e Kak y KaHaabHoro BMK, pasmenaercss MHOKECTBO PETyJIsipHO
PACTIOJIOKEHHBIX SIYEEK — JI02UUECKUX OII0K06, MEXKITY KOTOPBIMU ITPOXOJISIT TPac-
CHPOBOYHBIC KAHAJDI, a Ha TTepr(epun KPUCTaIIA PACHIOIO0KCHDB TICHKI /1Py -
roro Tuna — 610xu 6600a/svisoda. Copemennbie MukpocxeMbl FPGA conepsxar
U IPyTHUE Y3Jbl, HO 3HAKOMCTBO € apXUTeKTypoii atoro kiracca CBUC naunem
€ UX KJIACCUYECKOU CTPYKTYPBL.
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Puc. 4.38. IIpuMepbl JTOTHYECKUX GJIOKOB:
@ — MEJIKO3EPHUCTBIN; 6 — KPYITHO3EPHUCTHI;
6 — 0b03HAYEHIE BXOJIOB U BBIXOJOB Y MYJIbTUILIEKCOPA «2—1»

Jlornueckue 6a0ku FPGA. B kauectse JIB nCIONb3y1oTC:

° TpaH3UCTOPHbIE IIapbl, IIpocTeiimue jorudeckue cxembl «V-HE»,
«MJIN-HE» u 1.1 Takue JIB naspiBaiorca SLC (Simple Logic Cells, npoctbie
JIOTUYECKHeE TeTN );

* JIOTHYECKUE MOJIYJIM HA OCHOBE MYJIbTUILJIEKCOPOB;

e TabJuYHbIEe JIOTUYEeCKIe MOIYJIM Ha OCHOBe TporpamMmmupyeMbix 113V,
taxue JIb naspiBaior LUTSs (Look-Up Tables, Tabmuiibt moncka).

JIByMs OCHOBHBIME XapakTepuctukamu JIb aBasgioTes ux «seprucmocmo»
(Granularity) n «pynuxyuonarviocmv> (Functionality). 9T XapakTepUCTUKH
TTPOTUBOPEYMBEL: YeM HIKe cBolicTBa JIB, XapakTepusyembie OTHOM U3 HUX, TEM
BbIIIE OYIYT €r0 CBOMCTBA, XapaKTepu3yeMble APYroil. «3epHUCTOCTh» CBsI3aHa
C TeM, HaCKOJIBbKO «METKUMU» OYIYT Te TaCTH, M3 KOTOPBIX MOKHO «COOMPATH»
HY’KHBIE CXEMBbI, & «(PYHKIIMOHAJIBHOCTh> — C T€M, HACKOJIbKO BEJIUKH JIOTHYE-
ckue Bo3MoxkHocTH JIB.

[TpumepoM Hamboee MEITKO3EPHUCTOTO MOKET CAYKUTh JIB, KoTopbrii
CONEPKUT IEMOYKHM TPAH3MCTOPOB € p- U n- KaHamamu (puc. 4.38, a). Mexmy
I[eNI0OYKaMHU TPAH3UCTOPOB MMEIOTCS TPACCHPOBOYHBIE KAHAJbI, B KOTOPBIX
MOTYT OBITh PeaNn30BaHbl HEOOXOAMMbIE MEKCOCUHEHUs dmeMeHTOB. Kaxmast
napa TpaHsucTopoB (06BegeHa Ha puc. 4.38, a MyHKTUPOM) IPeACTaBIsgeT co0oii
KOMILIEMEHTAPHYIO APy, U3 KOTOPBIX MOKHO CTPOUTH IIPOCTEHIITIE JIOTHIECKITE
cxembl «-HE», <IJIN-HE» 8 KMOII-noruke. [Ipuniun noctpoeHust Takux
cxeM ObLT oAPOOHO paccMoTpet B maparpade 3.4. UToObl «pa3opBaTh» MEMOYKH
TPAH3UCTOPOB, Ha 3aTBOPHI TPAH3UCTOPOB O/IHOI U3 TAp MOAI0TCS 3alHparo-
1€ HANPSKEHUST: HATIPSKEHUE TIUTAHUST — HA BEPXHUI 1 KOPITYC — Ha HIK-
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Huil. [Ipn 3TOM TpaH3NCTOPLI, HAXOAATINECS CJIeBa U CIIPaBa OT HUX, CTAHOBATCS
U30JIMPOBAHHBIMU JIPYT OT JPyTa. 3aTeM U3 MOJYIeHHBIX 2JIEMEHTAPHBIX JIOTU-
YECKUX CXEM IYTEM BBITIONHEH ST HEOOXOMMMBIX MEKCOETUHEHNH OCYIIECTBIIS-
eTcst ocTpoerue GoJiee CIOKHBIX JJOTUIECKUX YCTPOICTB.

Menkosepuuctocts JIB BefeT Kk 60bIION THOKOCTH UX HUCTOJb30BAHUS.
B T0 ke BpeMs MEJIKO3EPHUCTOCTD YCJIOKHSET cucTeMy Meskcoenuennii FPGA
13-3a OOJIBIIIOTO YUCJIA TPOTPAMMUPYEMbBIX TOUEK CBSI3HL.

[Tpumepom GoJiee KPYITHOTO JIOTHYECKOTO GJI0Ka, ucmobayemoro B FPGA,
MO3KeT caykuTh JIB, cocTosmuii n3 Tpex MyJIbTUIIIIEKCOPOB «2—1» 11 ajieMeHTa
«MJIN» (puc. 4.38, 6). Toarmiouast k Bxogam takoro JID mepemenHbie 1 KOH-
CTaHTbI, MOKHO TTOJYYUTh KOMOUHAIIMOHHBIE (DYHKIMN JBYX TIEPEMEHHBIX, MHO-
rue (HYHKIUH YEThIPEX TePEMEHHbBIX U HEKOTOPbIe (DYHKIUU GOJBIIETO YUCIa
MepeMEeHHbBIX, BILJIOTh JI0 BOCHMU.

B FPGA c TpurrepHoii naMsaTbio KOHGUTYPAITIHU TPUMEHSIOT KPYITHO3EPHU-
croie 6ok, B Takux 610Kax peannsyiorest osee caokubie hyHKimu. [1pu atom
KOJITYECTBO HEOOXOAMMBIX [IJIsT PEATU3AINI JIOTHYECKOTO YCTPOUCTBA MEKCOE-
JIUHEHWI CYIIeCTBEHHO COKPAIIAETCs], YTO YIIPOIIAET UX MPOrPAMMUPOBAHIIE.
B TO ke BpeMs MOJHOCTHIO MCIOJIb30BATDH JIOTHYECKUE BO3MOKHOCTH TaKOTO
JIB o4eHb TPYIHO, M YACTh €T0 3JEMEHTOB IIPU pean3aluu KOHKPETHO JIOTH-
YeCKOH CXeMBI TPOCTO CTAHOBUTCS JINIITHEH.

Tabauunvie nozuveckue Mooyau TPENCTABISAIOT cO60M TPOrpaMMUpPyeMbie
[13Y. Camo IITI3Y ynopobisiercst Tabiuile MCTUHHOCTH (BYHKIUU, B KOTO-
poil Kaskaas ctpoka — sdeiika [II13Y — cooTBeTcTBYyeT KakoMy-To HaGopy
ApPTYMEHTOB, T.€. aPIyMEHTBI JIOTMYECKON (DYHKITMHU CIIyKAT apecoM P BEIOOpe
staetikn [13Y. Tlpu mporpaMMUpoOBaHUN B TAGINIY HCTHHHOCTH 3aHOCSITCS 3Ha-
yeHust PYHKIUHU, KOTOPbIE OHA J0JUKHA IPUHUMATH Ha KaskaoM Habope. Takue
TabJIMYHbIE TPe0OPA30BATEIN MOTYT PEATN30BBIBATH JIIOObIE JIOTHYeCcKie (hyHK-
NN 7 APTYMEHTOB, T/le 7 — Pa3psamaHocTh aapeca [TTI3Y.

Cawmpbie caoxubie JIB, ncnombssyembie B FPGA, MmoryT cosep:kath B cBOEM
cocTaBe HECKOJBKO TabIMIHBIX TpeobpasoBatesnei Ha ocrnose I1T13Y, Habop
MYJIBTUTLIEKCOPOB 1 Tpurrepos. Ha ocHoBe Takux JIb MOXXHO peasn30BBIBATH
JIOCTATOYHO CJIOXKHBIE JIOTHYECKIE YCTPOUCTBA ¢ OOJIBIITNM YHUCJIOM apPIyMEHTOB.

Baoku BBoma/BhiBoga FPGA. J11 6s10K1 00BIYHO COJEPIKAT JIBa KaHala —
JUISI BBOJIA CUTHAJIOB M U1t BbIBOJIA (puc. 4.39), KOTOpBIE MOAKJII0YEHbI K OJTHOM
1 TOH JKe KOHTAKTHOM IIJI0MAIKe MUKPOCXEMBI.

B kaskzioM KaHasie CUTHAJIBI MOTYT T€Pe/laBaThCs MPSMBIM ITyTEM MEXKIY
KOHTaKTHON Tonazikoit u Bxojom,/BbixogoM IIJINC. s aTOTO MCIOMB3Y-
10TCS BEPXHWE BXO/IBI MYJIBTUIIIIEKCOPOB. KpoMe Toro, cuTHATB MOTYT (UKCH-
pPOBaThCsl B TPUITEPAX, U B 3TOM CJIy4ae OHU MOCTYIAIOT Yepe3 HIKHUE BXO/IbI
MYJIbTHILIEKCOPOB.

Boixonnoit yeunurens [TJIMC MoKeT 1epeBOAUTHCS B TPEThE COCTOSTHUE,
[IPY 9TOM BBIXOJHOI KOHTAKT MHUKPOCXEMbI OKAa3bIBAETCSI PAa30OMKHYThIM. Kak
M3BECTHO, Ha Pa30OMKHYTHIX KoHTakTaX B KMOII-ycTpoiicTBax MpoMCXOIuT HaKO-
IJIEHUE 3apsijia, YTO TIPUBOIMUT K MOSIBJECHUIO JIOKHBIX CUTHATIOB. YTOOBI HTOrO
He TIPOUCXOIUIIO, B MUKPOCXEME MTPELYCMOTPEHO TIOIKII0YEHIE KOHTAKTHOM T110-
JIKK Yepe3 PE3UCTOPbI IGO0 K BBICOKOMY YPOBHIO HAMPSLKEHMUS, TGO K HyJIe-
BOIl Touke (KOPIycy). ATy (YHKIMIO BBIOJHIIOT JiBa TPAH3UCTOPHBIX KJIOUA.
Boi60p TOTO MM MHOTO KJTIOYa OCYTIECTBISIETCST TIPU TIPOTPAMMIPOBAHHUTL.
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Kamas BeiBoa
KonrakTHast

TJIOTIAKA

Kanaz BBojia
Puc. 4.39. Baok BBoaa/BoiBoga FPGA

Cucremsl Mexkcoequnenuii FPGA. Jlunuu csaseit B FPGA cocrasisiorcst
13 CPAaBHUTEJILHO KOPOTKHUX YYACTKOB, HE COJCPIKAIIIX KIOUEH — cezmenmos.
Ownu MOTyT OBITH PA3HOIH JJIMHBI, BEPTUKAJIbHBIE 1 TOPU3OHTAIbHBIE. CErMEHTBI
MESKLYy COOO0I MOTYT COEAMHSATHCSI ¢ TIOMOTIBIO KITIOUEH, 3aMbIKAEMBIX TIPHU TIPO-
rpaMMUpoOBaHnU. Majioe KOJTMYECTBO CETMEHTOB BeJIET K HEOCTATOUHO d(Phek-
TUBHOMY MCNOJIb30BaHut0 JIB, caunkom 60IbInoe — K MOABICHHUIO GOJIBIIONO
quca MporpaMMupyemMbiXx. KopoTkue ceTMeHTBI 3aTPYAHSAIOT Peayn3ainio
JUIMHHBIX CBsI3€H, a JUIMHHBIE — KOPOTKUX. [ToaToMy 1esecoobpasHa cucrema
CBsI3€il C HECKOJIbKUMU TUTIAME MEKCOEINHEHUI — KAK JAJUHHbBIX, TAK U KOPOT-
KUX — JIJIST TIepe/iad Ha Pa3Hble PACCTOSHUS.

B paspaborke FPGA ¢ oHOKpaTHBIM [IPOrpaMMUPOBAHIEM Ha OCHOBE TIepe-
MBIYEK TUTA antifuse BeAyILyio pob urpaet dpupma Actel. Jlornueckue 6J10KM
B FPGA aToit ¢pupmbl pacrosiaraiotcsi B BUjie TOPU30HTATbHBIX PSJIOB, MEXKIY
KOTOPBIMUM UMEIOTCSI TPACCUPOBOYHBIE KaHauibl (puc. 4.40).

Pt (st T ]

Kuroun csseit
TOPU3OHTAIBHBIX
CErMeHTOB

Q
bt (11

.
i+1 JIB3

\__Y_._/ — —
Beprukainbibie Beprukasbibre JlomosiHuTe bHbIE
CErMEHTBI BXOJI0B CErMEHTBI BBIXO/I0B CerMeHThbI

Puc. 4.40. Cucrema mesxcoenunenuit FPGA ¢upmsr Actel

B ropusonTasbHOM KaHase B YeThIPE CTPOKHU PACHOJIOKECHBI CETMEHTHI pas-
JIMYHOM JuHbL. VX mlepecekaloT BepTHKaJIbHble cerMeHThl. Ha rnepeceuennu
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BEPTUKATHHBIX U TOPU3OHTATHHBIX CEFTMEHTOB HAXOJSATCS MIPOTPAMMUPYeEMbIe
HEePEeMBIYKY antifuse, MO3BOJSIONINE COEUHSIITD BEPTUKAIBHbBIE U TOPU3OHTAIIb-
Hele cermMenThl. Ha puc. 4.40 oHu 0603HaUEHbI KPYsKKAMU.

Kasknprit JID nmeer ofH BBIXO/ U YeThIPe BXOJIA, JIBA U3 KOTOPHIX PacCIoJio-
sKeHbl B Bepxueil wactu JIB, a isa — B Hskneit. Kaxaprit u3 Bxogos JIB coenu-
HEH C OJIHUM U3 KOPOTKUX BEPTUKAJIBHBIX CETMEHTOB, IIPUUEM BEPXHUE BXOJIbI
JIB coemuHsIOTCS ¢ BEPTUKATHHBIMI CETMEHTAMMU, PACTIONOKEHHBIMU B BEPX-
HeM DSy, a HUJKHUE BXO/Ibl — C CeTMEHTaMH B HUIKHEM psiny. BbIxon Kak-
noro JIB coenunen ¢ cOOCTBEHHBIM BEPTUKAIBHBIM CETMEHTOM, MEPECEKAIONINM
Cpasy HECKOJIbKO TOPU30HTATIbHBIX KaHAMOB. Takum 06pasoM, [JIsi COeANHEHMST
BbIx0a oztHoro JIB ¢ ogHuM 13 BXo/108 Apyroro 6msnexaiiero JIB gocratouno
3aMKHYTb JIBE II€PEMbIUKH: TIePEMBIUKY, COe/ITUHSIONTYI0 BEPTUKAIbHBII CETMEHT
BbIxo/1a JIB ¢ TOpU30HTATBHBIM, U TIEDEMBIUKY B TOUKe TIepecedeHrsl ITOTO TOPH-
30HTAJIBHOTO CErMEHTA C COOTBETCTBYIONUM BEPTUKAJBbHBIM CETMEHTOM BXO/IA.

Ecuu JIB, BBIXO/I ¥ BXOJ KOTOPHIX HEOOXOIMMO COEIUHUTD, PACTIONOKEHDI
HE B OZIHOM CTOJI0IE, UIMEIOTCS ClIelnalbHble IIPOrPAMMUPY€EMbIe KJIIOUH, O3B0~
JISTIOTIINE COETUHATH KOHI[BI TOPU30OHTAIBHBIX CETMEHTOB JIPYT € APYTOM. Takum
00pa3oM, MOKHO YBEINYNBATD JJMHY FOPU3OHTANbHBIX JIUHII CBA3M.

KpoMe BepTHKaJbHBIX CErMEHTOB BXOJ0B W BBIX0/M0B JID B BepTUKAIb-
HBIX HaIPABJEHUSX WYT TAKKe IOTIOJHUTENbHBIE CETMEHTBI, TIepeceKaole
HECKOJIbKO psifioB JID 1 TpaccpOBOUYHBIX KaHAIOB. Kask/blil TAKON BEPTUKATH-
HBIIl CEIMEHT MOJKET COCJIMHATBCS C TOPU3OHTAJIBHBIMU, KOTOPbIE OH Tepece-
KaeT. ITU CETMEHTHI MOTYT COeTUHATHCS C BBIXOHMaMu cocernx JIb.

B ropusoHTasbHBIX KaHajaX UMEIOTCS HeNpepbIBHbIE 110 BCEH JIMHE
CETrMEHTbI, KOTOPbIE OJHUM M3 CBOMX KOHIIOB MOJKJIIOYEHbI JIMO0 K HalpsIKe-
HUIO NUTaHus, 1160 K Kopirycy. C IOMOIIbIO TaKUX cerMeHToB Ha JIB MoKHO
rmozasarh curHaisl jor. 1 u 0.

Takum 06pasoM, cucteMa KOMMYTALUU COAEP/KUT HaOOp CErMEHTOB CaMOTO
Pa3JIMYHOrO HA3HAYEHUS U CPEJCTBA UX KOMMYTAIIUHU, 4TO 00ecrednBaet 6oJib-
moe pasHooOpasue BapuanToB coeannenns JIb Mexmy coboii.

YTo6bl 3aIIPOrPaMMHUPOBATE MIEPEMBIUKY, T.€. 3AMKHYTH €€, K Heil cienyer
MIPUJIOKUTH TTOBBIIIEHHOE HaIpPsisKeHue Unp. Tak kak rmepeMbIlUKKM PacIioJio-
JKEHbI Ha TIePeCeYeHr  CTPOK U CTOJIOIOB, TO Ha OJIHY M3 9TUX JIMHIIT 110aeTcst
Hanpspkenne Uy, a ipyrast 3a3eMJIs1eTCsL. YT06bI OCTANBHbBIE TEPEMBIYKN OCTa-
JIVCh TIEJIBIMU, TIEPE]] 9TUM BCE CETMEHTHI MUKPOCXEMbI 3aPSIKAIOTCS /10 YPOBHS
Upp / 2. Takum 06pas3om, Ipu Mojaue Ha OJHY U3 JUHUN HANPSIKEHUS Upps
a "Ha pyryto — «0» TOJIBKO OjiHA TePEMbIYKA, HAXOAAIASCS HA UX TlepeceyeHunn,
nonazeT nog Hanpsokenue Uy, BCe 0OCTabHbIE TP TOM IONaJyT 10/| HATIPSIKe-

une U, / 2, He pobuBaloliee NepeMbIYKY.

4.12.4. CBUC nporpaMmMupyeMoii JIOTUKH
«cHucTeMa Ha Kpucrajuies
CoBpeMeHHBIIl YPOBEHb PA3BUTHSI TEXHOJOTMH POU3BOJICTBA MHTErPaJIb-
HBIX MUKPOCXEM TI03BOJISIET pa3MecTuTh B ogHOM kpuctaie [IJINC neckonbko
MUJLJTHOHOB dJIeMeHTapHBIX Jorndeckux cxem tuna «2M-HEs», «2NJIN-HE»,
npu atoM TakroBas yactora paborsi CBVIC moxer pocrurats 1 TTi u Gouee.
[Tpn TakMX BO3MOXKHOCTSIX B OJJHOM KPHUCTAJLJIE MOSKHO Pa3MECTHUTb IEJIYI0
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MIGPOBYIO CHCTEMY. DTO MOKET GBITH MPOIECCOP, TTAMSITH WIH WHTepdelcHoe
YCTPOICTBO.

Hecmotpst Ha 60J1b1110€ (DYHKITHOHATEHOE PasHOOGpasue B IU(MPOBBIX CHCTE-
MaX CaMOoro Pa3HOTO HAa3HAUEHWUsI, €CTh, TEM He MeHee, (DyHKIIMOHAIbHBIE Y3JIbl,
[pucyIue BceM ycrpoiicTBam. [[jist peansay 9TUX y3JI0B, KOHEYHO, MOXKHO
HCTIOJB30BaTh M 0OBIYHbBIE CPEACTBA MporpaMMupyemoii Joruku. Ho ropasmo
s dexTUBHEE UX IIOCTPOEHME Ha OCHOBE CIIelMaJIM3UPOBAHHBIX 00JacTeii,
BBIJIEJICHHBIX HAa KPUCTAJJIE 7T BBITTOJHEHUS 3apaHee OINpe/eIeHHBIX (PYHK-
uit. ITu 06JaCTH HOCAT HaszBaHue annapamiuvix sdep. CaMbIMU OUEBHTHBIMU
(hyHKIIMOHATBEHBIMU y3JTaMit, Ge3 KOTOPBIX He MOKET ObITh TIOCTPOEHO GOJIBITNH-
CTBO IIU(MPOBLIX CUCTEM, SBJISIOTCS Y3JIbI, OCYIIECTBIISIONIIE BEIYUCIUTEIBLHYIO
006paboTKy — CyMMaTOpbl 1, 0COOEHHO, YMHOKUTEIM. Peaqnsamnus cucTemMbl
1 poBoii 06padboTk uHGOPMAINN TakKe HeBo3MoskHa 6e3 O3Y. Ha nmpumepe
9TOTO y3Jia HanboJiee OUEBUIHBIMU CTAHOBSITCS IPEMMYIIIECTBA TTO/IX0/Ia K pea-
suzaruu CBUC ¢ ncnosp3oBanmeM ammmapaTHbIX sep. Tak, anmapatHoe sSpo
0O3Y emkocTbio 256—512 6uT 3aHUMaeT IJIONIA/b Ha KPUCTAJLIE, B ICCAThH Pa3
MEHBIIYT0, YeM IJIOMIA/b, KOTOPast TIOTPedOBATIACh ObI JIJIsi CHHTE3a TAKOTO K€
O3Y cpencrBamut 06BIYHON TpOrpaMMupyemoit toruku. Kpome Toro, mpu aTom
B HECKOJIbKO Pa3 HoBbimaercs ObicTpozpeiicTBue takoro O3Y. Sapa, npeana-
sHadennble st peayusanuu O3Y, BHIIOTHSIOTCS ¢ HeGOMBIION eMKOCTHIO.
XO0TsI CyIIeCTBYIOT CHCTEMBI, TpeOyIomine GOMBITNX 06HEMOB TAMSITH, JIEIATh
ammaparnbie gapa O3Y 60JIbLIoi eMKOCTH 9KOHOMUYECKH HEIEIeco00pasHo,
TaK KaK 9TO Pe3KO CHIDKAeT cTeleHb yHuBepcanbHocTH Takux CBUC u cyxaer
PBIHOK UX cObITA.

Takske B Bujie anmapaTHbix siaep 3b(HeKTUBHO Peamns3yioTcsi TAKUE CIela-
JIN3UPOBAHHBIE Y3JIBI, KaK almapaTHble YMHOKHUTEIN. Taxk, yMHOKUTENb IBYX
8-OUTHBIX CJIOB 3aHMMAaET ILIOMIAAb, paBHYIO 1/5 miaomanu, Tpedyiomeiics
JUTST PEATN3AINT TAKOTO K€ YMHOKHITEIIST ¢ TTOMOTITBIO JIOTHYecKuX 6;10k0B FPGA.
Ho cambiM 3chpeKTUBHBIM HANIPABJICHUEM YCIICITHOTO TPUMECHEHS alllapaTHBIX
si7Iep SIBJISTIOTCST MHTEPMENCHbIE Y3IIbI, KOHTPOJLJIEPHI U TIPOIIECCOPBL

Ocnogoii msa peanmusaruu CBUC «cuctema wa kpucramies (SOC — system
on chip) cramo nanpasnenne FPGA. Muorue crenuanucTbl CTajll JUCTAHIN-
poBats CBUIC ¢ anmapaTHBIMA SipaM¥ KaK HOBBIN BHJ] apXUTEKTYPBI, OHAKO
camu pupmbl — npoussoputenu [IJIVC o6o3Haumam ux Kak yCoBEepIIEHCTBO-
Bannbie CBUC c apxurekrypoit FPGA. U eciin panbiie B cOCTaB MUKPOCXEMbI
FPGA Bxoaunu, rinaBubiM o6pasom, JIB u BBB, To Teneps mosib3oBaressim
MpeJIaraeTcst U IeJiblil psifi APYTUX DYHKIIMOHAIBHBIX Y3JI0B, BbITIOJTHEHHbIX
B BHJIC ANIIAPATHBIX S7EP.

PaccmotpuM psig coBpemennbix MukpocxeM FPGA na npumvepe pssina CBUC
dupmbr Altera, xortopas wapsiny ¢ apyroit ¢hupmoit Xilinx zanumaer 1o 86%
mupoBoro poraka [IJIMC. @upma npeasaraer Tpu cemeiictsa CbNC FPGA:
Stratix, Arria u Cyclone. Ilepsoie IIJIMC cemeiicTBa Stratix GbLaIM aHOHCUPO-
Bane! B 2002 r. n Bemommsnncs o 120 aM Texromormaeckomy nporieccy. Iocte-
MEHHO BMECTE C COBEPIIEHCTBOBAHIEM TEXHOJIOTHH, TIEPEXOI0M Ha GoJiee TOH-
K¥e TEeXHOJIOTHYECKIE HOPMBI MOSIBJISIIIACH BO3MOKHOCTD B peajusaiuu Ooee
CJIOJKHBIX Y3JI0B 1 GJIOKOB, pocta ux Kosnuectsa. IIJIMC cemeiicta Stratix 10,
dakrtnueckn spisonmecss CBUC tuna SOC, peanmns3oBaHbl yKe Ha OCHOBE
14-nanomeTpoBoro texnosorndeckoro mporecca. CbMC Briouaer:
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* UETHIPEXBAMEPHBIN 64-OUTHBIH TIpoiteccop, paGoTaNIil Ha YacToTe
1o 1,5 I'T;

o Guoxu 1 poBoii obpaborku curnanos, uau DSP-6oku (digital signal
processor), ¢ IJ1aBaoleil TOYKO;

e 10 144 BBICOKOCKOPOCTHBIX OJIOKOB IIPUEMO-IIEPEAATINKOB HUDPOBBIX
CUTHAJIOB (mpancueepos), paboTalolMX ¢ PasJIUYHBIMU TPOTOKOJIAMM;

* mporpaMmupyemyio orudeckyio marpuily FPGA, Bryouaontyio /1o 5,5 MitH
HKBUBAJIEHTHBIX JIOTHYECKUX OJIOKOB.

Jlormueckast MaTpuIla U JAPYTHe 3JIEMEHTHI BBITIOJTHEHBI HA OT/EJIBbHBIX KPH-
CTajlIaX, COeIMHEHNE MEKIY KOTOPBIMU BBITIOJHEHO Yepe3 MOJI0KKY. Takas
TEXHOJIOTUS TIO3BOJISIET PEATN30BbIBATH PA3JUUHBIE BAPUAHTHI UCTOJTHEHUS
[IJIVIC, oramyalomuecss pa3ibiM COCTAaBOM BXOIAIIUX yCTPoiicTB. B Oymayiiem
MJIAHUPYETCS CYTECTBEHHO PACTTUPUTH BO3MOKHOCTH CEMENCTBA: YBETMUNUTD
ckopocTh TpaHcuBepoB (10 56 Téut/c), peanusoBaTh MOAAEPHKKY HOBBIX IIPO-
TOKOJIOB M€PEeavn JAaHHbIX, BBECTH [OMOJHUTEIBHYIO TAMSTh WJIN YCTPOHCTBA
AHATOTOBOW 06PabOTKIL.

B IIJINC peannsoBaHbl TEXHOJOTUU 3AIUTHI ITPOEKTA M, B YaCTHOCTH,
3AMIUTBI CUCTEMBI OT ¢OOEB, CBSA3aHHBIX ¢ nonaanueM B kopiyc CBUC tske-
JIBIX 3aPSIKEHHBIX YaCTHIL. ITO T103B0oJIsAeT ucionb3oath I[IJINMC B paspaboTke
CHCTEM BOCHHOTO Ha3HAYECHMUS.

TakroBas yacTora BRIUMCIUTETbHON cucteMbl coctaBiasger 1 I'Tm. Takas
apxutextypa IIJINIC obecriednBaeT BO3MOKHOCTD PaspabOTKI BICOKOIIPOU3BO-
JIUTENbHBIX 1 9HeProahGEKTUBHBIX BEIYUCTUTENBHBIX cucTeM, BKIouas CBbIC
yckopuTesieil 06paboTKK MOTOKOBBIX AAHHBIX, YCTPOICTB I PaJUOIOKAIIMOH-
HBIX CUCTEM ¥ KOMMYHUKAIMOHHBIX CETEN.

ITepsoie CBUC cemeticta Arria mosiBuinch B 2007 T. 1 pealTn30BBIBAINCE
Ha 6asze Texnomnorun 90 uMm, nocaeanue CBMC peannsoBaHbl yiKe 10 TEXHO-
giorun 20 uM. Ito cemerictBo otHocsiTes K [IJIMC cpepnero auanasona u mpej-
Ha3HAYEHbB! JIJIsT PEIIeHUsT TeJeKOMMYHUKAIIMOHHBIX 3a/1a4 C MTOBBIIIEHHBIMU
TPeOOBAHUAMH 110 CTOUMOCTH 1 9HEPrOTIOTPEONEHUTI0. ITH MUKPOCXEMbI UMEIOT
ToT ke Habop 6J0KoB, uto 1 [IJIC cemeiictBa Stratix. Kpome atoro, y mocies-
Hero nojcemeiictBa Arria 10, Beimymentnoro B 2013 r., ecTb anmapaTHblii mpo-
[[ECCOPHBIIT OJIOK, 0CHOBON KOTOPOTO SIBJISIETCS IBYX bsiiepHbIii Tiporieccop ARM
Cortex A9, u 6JIOKM TaKTUPOBAHWSL.

Jlist perienusi MUPOKOTO KPyTa 3a/1ad BbIITYCKAIOTCS HEAOPOTHEe MUKPO-
cxeMmbr cemeiictBa Cyclone, Takske oGecriednBaoIine HU3Koe sHepronorpedie-
HHE U UMEIOLIME B CBOEM cOCTaBe TOT ke Habop 6s0koB. [Tepsoie CBUC atoro
ceMelicTBa, peasnzoBannbie 1o Texuosoruu 0,18 Mxm, b1t Boimytensr B 2002 1.
Ha ceroans dupmoii Altera npepnaraercs b noacemeiicts Cyclone, mocien-
Hee u3 kotopbix Cyclone V nossusiocs B 2011 1. 1 peannszoBaHo 110 TEXHOJOTUH
28 1M, HecMOTpst Ha HUBKYIO CTOMMOCTD, MUKPOCXEMBI COZIEPKAT HEOOXOAUMBbIIT
Habop (DYHKIMOHATIBHBIX GJIOKOB JIJIs1 Peajin3allii Ha UX OCHOBE 11eJI0H 1udpo-
BOU cucteMbl. YTOObI HATJISIIHO MPE/ICTABUTE BEIYMCIUTEIBHYIO MOITHOCTD ATUX
CBUC, nepeuncaum Bech HAOOP PECYPCOB, MPEAOCTABIISAEMbBIX PazpabOTUIKY
1 poBoii cucrempr Mukpocxemoii Cyclone VSTDG6:

* 41 509 ajanTUBHBIX JIOTHYECKUX MOIYJIEN;

e 110 000 sKBUBaJEHTHBIX JIOTUYECKUX DJIEMEHTOB;

* 166 036 Tpurrepos;
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* 514 6iokoB BeTpoentoro O3Y;

 Bcrpoernoe O3Y o6bemom 5140 Kour;

* 512 maremarnuecknx 6J0OKOB 06paGOTKH MH(MPOBBIX CUTHATIOB;
e 224 ymuoxutens 18x18;

* BYXbsiIEpHBIN Tpotieccopbrit 610k ARM Cortex-A9;

* 9 TpaHCHUBEPOB CO CKOPOCTHIO Tepepaun 9 [out/c;

* KOHTPOJIJIEpP BHEIHEN MaMsTH;

e 2 xourtpoJuiepa PCI Express.

4.13. CpepcTBa aBTOMaTU3UPOBAHHOI0 NPOEKTUPOBAHUS
3/IeKTPOHHBIX YCTPOMCTB

4.13.1. ABTOMaTH3UPOBaHHOE NPOEKTHUPOBAHUE
3JIEKTPOHHBIX YCTPOICTB

Hepeako anexTpoHHOE YCTPOHCTBO, paspaboTaHHOE YHCTO TEOPETUUECKH,
Ha MPaKTUKE OKa3blBaeTCss HEPaOOTOCTOCOOHBIM. [IprunHAMEU 9TOTO MOTYT
SABJIATHCA He TOJBKO OMMUOKU B CXeMe, HO U JieficTBUe HeCTabuIM3uPYIONX
(akTOpOB, OTKJIOHEHUS PeaTbHBIX 3HAUEHUI 1TapaMeTPOB 2JIEMEHTOB OT Teope-
truyeckux. [Toaromy mpotiece paspaboTKU 9JIEKTPOHHOTO YCTPOUCTBA, KaK Tpa-
BUJIO, BKJIIOYAET B ceOst aTan MaKeTHMPOBAHUS, HA KOTOPOM MHKEHEP-TIPOEKTH-
POBIIIMK M3TOTABJINBAET MAKETHI OT/IEIBHBIX YACTEl, NN YCTPOICTBA B IEJIOM,
M3MepSIeT ero peajibHble TapaMeTphl. Vcrmomb3oBanue CHCTEM aBTOMATH3UPO-
BaHHoTO npoektupoBanus (CAIIP) nossonser ¢ momornisio [I9BM nposectn
Bech IUKJI TPOEKTUPOBAHUS IJEKTPOHHOTO YCTPOUCTBA, KOTOPHI BKJIIOYAET
B ceBs1 CIIEYIOIIIE STAIIBL:

*  pa3paboTKy CTPYKTYPBHI ¥ MIPUHIIUITHAIBLHON CXeMbI yCTPOUCTBA;

*  aHAIU3 XapaKTEPUCTUK YCTPOMUCTBA B PA3IMYHBIX PesKiMaX paboThl ¢ yde-
TOM BO3MOKHOTO Pazbpoca mapaMeTpoB 2JIEMEHTOB;

* pa3MelleHne 3JIeMEHTOB Ha MEeYaTHON IJIaTe M Pa3BOIKA MEYATHBIX MPO-
BOJIHUKOB;

* pas3paboTKy KOHCTPYKIIMM YCTPOUCTBA U BBIIYCK KOHCTPYKTOPCKOH /10-
KyMEeHTaITIH.

Cospemennbie nporpamMmbl CAITP paGoTaioT B AMANIOTOBOM PEKUME, T.€.
paspaborunk — mosbzoBaresb CAIIP — ocymiectsisier BBox B [I9BM ucxon-
HOU CXeMbl, BBOJI TTapaMeTPOB 3JIEMEHTOB HENOCPECTBEHHO Ha HKpaHe MOHU-
TOpa € TTOMOTIBIO MBIIITHU U KJIaBUATYPBI. IIp1 9TOM crcTeMa BBIBOJIUT Ha 9KpaH
MO/ICKA3KN B BUJIE MEHTO, BADUAHTHI TIPOJOJIKEHUS TUATIOTA, YKABAHUS MOJTh-
30BaTeJsIo, Kakylo HHGOPMAIMIO U KaK HY’KHO BBECTH, CIIPABOYHYIO HH(OpMa-
o u3 dainos «Help». Ilupoko npumensiercst rexHosorus «drag and drop»,
3aKJII0YATOTIASICS B TOM, YTO TI0Jb30BATEJb IETUKOM MBIIIHU 110 MUKTOTPAMMe
OCYIIECTBJISIET BBIOOP HYKHOTO U3 MPE/IITATAEMBIX CHCTEMON 2JIEMEHTOB U yCTa-
HOBKY €ro B BBIOPaHHOM MecTe yepTexka cxeMbl. Takoil uHTepdeiic Ha3bBaOT
<JIPY?KECTBEHHBIM» 110 OTHOIIIEHUIO K [10JIb30BATEJIIO.

J1Jist aBTOMATU3UPOBAHHOTO TIPOEKTUPOBAHUS CO3/IAI0TCSI GUOIUOTEKU MOJTY-
Jieii, obecrednBalonMx MaTeMaThyeckoe MoJeupoBaiue paboThl CTaHIapPT-
HBIX 3JIEMEHTOB AJIEKTPOHHBIX cXeM. Mojiesin co3/1aioTes Kax sl IUCKPETHBIX
MOJIYIIPOBOIHIKOBBIX 9JIEMEHTOB — JIHOJIOB, OUIIOJIIPHBIX ¥ MOJIEBBIX TPAH3U-
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CTOPOB, THPHUCTOPOB, TaK W JJS IEJBIX YCTpoiicTB. K cTaHZapTHBIM aHajmoro-
BBIM ycTpolicTBaM oTHOCATCsT OY, KOMITapaTopbl, yCTPOICTBA HA MATHUTHBIX
cepreunukax (apoccenu, TpaacdopmaTopsl). CITUCOK CTAaHAAPTHBIX TTU(MPOBBIX
yerpoiicTs ropaso nmpe. Cioja BXOAST pasooOpasHbie JIOTHUECKUE DJIEMEHTBI,
KOMOMHAIIMOHHBIE YCTPOWCTBA — JemudpaTopsl, miudpaTopsl, MyJIbTHILICK-
COPBI, IEMYJIBTUTIIIEKCOPDI, CYMMATOPBI, YMHOKUTENH, a TAKKe MTOCJIe/I0BATEIb-
HOCTHBIE YCTPOWCTBAa — Pa3Ho0Opa3Hble BUJBI TPUTTEPOB, CUCTIYNKH, PETHCTPHI,
nosrynipoBoinnkoBeie 3Y. Ha ocHoBe Mozieseil OTEAbHBIX 9JIEMEHTOB MOXKHO
€03/1aBaTb MaKpPOMO/IeJIH, COCTOSIIIME U3 MHOXKECTBA 2JleMeHTOB. B pe3yibraTe
MPOIECC CO3AHUST TPUHIMITHATBHON CXeMbl Pa30UBAETCST HA TPU HTAIIA.

1. BoIGop HY/KHBIX 3JIEMEHTOB U YCTPONUCTB U Pa3METIEHNE UX B TIOJIE CXEMBI.

2. YcTaHOBKa 3JIEKTPUYECKUX CBI3€i MEXK/y 2JIEeMEHTAMU € TTIOMOIIBIO TIPO-
BOJTHIKOB.

3. BBoz /151 Ka’KZI0ro KOMIIOHEHTA CXeMbl UUCJIEHHBIX IIapaMeTPOB, 103BOJISIO-
IIUX € TIOMOIIBIO UMEIOTIEHCST MATEMATHYECKON MOJIEJIN OITUCATD €ro padoTy.

PesyabTaTsl paboThl yCTPOICTBA MOKHO MOJYIUTH B BU/IE rpad kOB, Bpe-
MEHHBIX /[MarpaMM, YMCJIEHHbIX 3HAUYeHU BBIXOIHBIX ITapaMeTpoB. IIpu aTom
TOTYIUTCST OTIEHKA PAOOTHI JITIST HOMUHATBHBIX 3HAUEHHIT TAPAMETPOB JIEMEHTOB
cxeMbl. B zeficTBUTEIBHOCTH JIIOGOM 3IEMEHT 9JIEKTPOHHO CXEMbI UMEET HEKO-
TOPBIH ANATTA30H U3MEHEHUS TTapaMeTPOB, OTOBOPEHHBIN B TEXHUYECKUX YCIIO-
Buax. Tax, Hampumep, AeHCTBUTEIbHBIC 3HAYCHNS PE3VICTOPOB M KOHICHCATO-
POB MOTYT MPUHUMATH JIIOObIE 3HAUEHUS B IPEEIax AOMYCTUMbIX OTKIOHEHUT
OT HOMUHAJIA; JIIT TPAH3UCTOPOB OTOBAPUBAIOTCA IOIYCTUMBIE TIPE/ICIIBI N3Me-
Henust Koaddunmenta B, MAKCUMATbHBINA TOK KOJIJIEKTOPA U T.IL.; JI71s1 1 po-
BBIX 3JIEMEHTOB BayKHBI ITPE/IEJIbl UBMEHEHUS 3aJIEPIKKU TPOXOXKAEHNS CUTHATIA
¢ BXo/la Ha BBIXOJ. IlyTeM BBOzia KpaliHIX 3HAYEHNI, COOTBETCTBYIONINX JIOIY-
CTHMBIM TPAHUIAM U3MEHEHMsI TTapaMeTpa 3JeMeHTa, MOKHO OIeHUTh pabo-
TOCHOCOOHOCTD YCTPOICTBA € YyUYETOM BO3MOKHOTO Pa3bpoca mapaMeTpoB ero
3JIEMEHTOB TP €TI0 M3TOTOBJICHUU.

XoTs MozenupoBaHue paboThl YCTPOWCTB CYIIECTBEHHO YIPOIIAET TIPO-
Tecc TIPOEKTUPOBAHNUST, HEOOXOANMO OTMETHUTD, YTO OHO BCE PABHO HE MOJKET
abCOJIIOTHO TOYHO ONMHUCaTh PaboTy yCTPOHCTBA. ITO CBSA3AHO C YIIPOIIEHUSAMU
B MaTEMaTUYECKUX MOJIEJISIX, OMUCHIBAIONINX PabOTy IEMEHTOB, a TAKKE HAJHU-
YFeM Pa3IMYHBIX TAPAa3UTHBIX TTAPAMETPOB — €MKOCTCH, COIIPOTUBJICHUIA, CBS-
3aHHBIX C KOHCTpyKIMel yerpoiictBa. Hanbosee 10CTOBEPHBIMU MOJTyYAIOTCS
Pe3yIbTaThl MOJEINPOBAHNS NP POBLIX YCTPOIICTB.

[Tocsie pazpaboOTK MPUHIUTIUAIBHON CXEMbI OCYIECTBISETCS aBTOMATH3H-
poBanHast pa3paboOTKa MEYaTHON TJIATBI — OJHOCTOPOHHEE UJIH JIBYXCTOPOHHEE
pasMelleHyie 3JIeMEHTOB 1 TPACCUPOBKA COeIMHEHWH (Pa3Bo/Ka MPOBOIHNKOB
neyaTHoW 1iarel). Hakoner, pazpabaTbiBaeTcsi KOHCTPYKTOPCKAsT M TEXHO-
JIOTHYECKas TOKYMCHTAIN, BKJIIOUAs YIPABJAIONINE TIPOTPAMMBI JI/IST TEXHO-
JIOTHYECKOTO 060pyA0BaHus (HAPUMED, YIIPABJIAIONLYO TIPOTPAMMY [IJIsi CBEP-
JIEHUST OTBEPCTUI B MEYATHOM TLIaTe).

4.13.2. O630p COBpEMEHHBIX NAKETOB ABTOMATU3HPOBAHHOTO
MPOEKTHPOBAHKS JJIEKTPOHHOI anmaparypbl

B HacTostiiee BpeMst IMeeTCsT MUPOKHH HabOp TTaKeTOB TTPOTPAMM JIJIs aBTO-
MAaTH3UPOBAHHOTO TIPOEKTUPOBAHUS 3JIEKTPOHHBIX YCTPOUCTB. ITU CUCTEMBbI
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Hocat Haszsanue cucrembl EDA (Electronic Design Automation — asmomamu3sa-
YUsL NPOCKMUPOBAHUS SNEKMPOHHLLY NPuo0opog). OIHUM U3 TIEPBBIX U MUPOKO
pacrpocTpaHeHHbIX maketoB kiaacca EDA asumach cuctema P-CAD (Personal
Computer Aided Design — asmomamusuposannoe npoexmuposanue na nepco-
HATHOM KOMNbIOmepe), KOTOPast 10 CUX TIOP €llle TIPUMEHSIETCS] HA POCCUICKIX
npeanpusatuax. B 2008 r. Bzamen cucrembr P-CAD ¢dupma-paszpaboTunk mpes-
JIOJKUJIA CBOTO HOBYIO cuctemy Altium Designer, koTopast sBUach gajibHEHITM
passutuem cucteMbl P-CAD. Cuctema Altium Designer mo3BoJisieT BBITION-
HSATH aBTOMATHU3MPOBAHHOE MPOEKTUPOBAHUE CXEM 3JIEKTPOHHBIX YCTPOWCTB
U3 MUKPOCXEM U JMCKPETHBIX KOMIIOHEHTOB U IPOEKTUPOBAHUE YCTPOIICTB
na ocuose ITJIMC. B nociennem ciayyae ¢opMuUpyeTcst mporpaMmma. Jijist peasu-
3a1uu MeskcoeimHeHni amemMeHToB u sueek [IJIVIC. dnekTpoHHOE YCTPORCTBO
TIPOEKTUPYETCS He TOJTHKO B BUJE TIPUHITUMUAIBHON JIEKTPUYECKON CXEMBI
U TIeYaTHOM TJTAThI, HO M B 3aKOHYCHHOM KOHCTPYKTHUBHOM BH/IC, IPE/ICTABIICH-
HoM ero 3D-mozenbio. Cucrema unrerpupobana ¢ CAIIP TpexmepHoro TBepo-
TeJIbHOTO MojiesupoBanus, Takumu, Kak Solid Works, Pro/ENGINEER wu ap.,
Ky/la MOSKHO TiepesiaBath 31D-Mojiesib 2JIEKTPOHHOTO YCTPOUCTBA (3JIEKTPOHHBIN
MOJLYJib, TIaTa, GJIOK).

B otinune ot 6osee panHux cucteM knacca EDA, cucrema Altium Designer
SABJISIETCS KOMILIEKCHON M obGecriednBaeT pa3paboTKy 9JEKTPOHHOTO yCTPOi-
cTBa 6e3 UCMOJMb30BAHUS APYIHUX MPOrPAMM U CHCTeM. Bech UK MPOEKTHPO-
BaHMsI, HA3bIBAEMBII CKBO3HBIM, BKJIIOUYAET PaspabOTKy AJIEKTPHUECKON CXEMBl,
KOMITBIOTEPHOE MOJIEJTUPOBaHIe ee padOThl, Pa3pabOTKy MeYaTHOH TIaThl, Pa3-
PabOTKy KOMILIEKTa KOHCTPYKTOPCKOM JJOKYMEHTAIIUN JIJIs TIPOM3BOICTBA.

[Maker Altium Designer cocTouT U3 JByX MPOTPAMMHBIX TIPOLYKTOB:

e Altium Designer Custom Board Front-End Design — npoektupoatme
[TJINC, cxemoTexHUYECKOE TTPOEKTUPOBAHUE U MO/IEJTUPOBAHUE;

e Altium Designer Custom Board Implementation — mpoextupoBanue
nevatnbix mat u [IJINC.

Omnmcanue MpoeKTUPYEMOro yeTpoiicTsa hopMupyercsi Ha 6ase yHUBEpPCATb-
noro ssbika VHDL (Very high speed integrated circuits Hardware Description
Language) — s13bIK ONIUCAHUS AlINIAPATyPbl MHTETPATBHBIX CXEM, KOTOPBIH SBJIS -
eTcst 6Ga30BBIM JIJISI BCEX COBPEMEHHBIX CHCTEM aBTOMATH3UPOBAHHOTO MTPOEKTHU-
POBAHMS AJIEKTPOHHBIX YCTPOICTB.

DopmupoBanue yCTPOICTBA OCYIIECTBIISIETCS C TIOMOIIBIO PEAKTOPA CXEM,
06ecrneunBaoero co3anie CJIOKHBIX HePAPXUIECKUX U MHOTOKAHATbHBIX
CTPYKTYp. Pemakrop nossossier BoIOUpaTh M3 OGUOIMOTEKH TOTOBBIE Y3JIBI,
a Tak’Ke CO3/[aBaTh CBOM COOCTBEHHBIE Y3JIbl U COXPAHSATH UX B BUJE OJOKOB.
B pesysibraTe c0KHASA cXeMa ¢ OTPOMHBIM KOJIMYECTBOM 9JIEMEHTOB TIPE0s-
pasyercst B Habop npocTeiinmx nojacxeM. Beero 6ubanoreka cogepkut Gosee
90 000 roTOBBIX KOMITOHEHTOB AJIEKTPOHHBIX CXEeM, KOTOPast MOCTOSTHHO OOHOB-
ssgercst. be3ycsoBHO, OCHOBHBIM BUIOM IIPOEKTUPOBAHUS B IIOCJIEHEE BPEMsI
CTAJIO0 MPOEKTUPOBaHue MUMPOBLIX YCTPOICTB, 0JHAKO pemakTop Altium
Designer 1o3BoJisieT BBINOJHATH Pa3pabOTKy TaksKe U IU(POAHATIOTOBBIX CXEM.

[Tocse cozpanust NPUHITUITUATBHOMN AJIEKTPUIECKON CXEMbI MOXKHO BBITIOJ-
HUTH MOJEJMpOBaHue ee paboThl, sl Yero B MakeT BKJoYeHa GubanoTeKka
u3 6oxee yem 20 000 mMaTeMaTHYeCKUX MOZeJIell KOMIIOHEHTOB, CUTHAJIOB.
ITocko/MbKY MakeT OPUEHTUPOBAH Ha Pa3pabOTKy yCTPOICTB, paboTalOMIUX
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Ha OYCHD BBICOKUX YACTOTAX, MPEIYCMOTPEHA BO3MOKHOCTD TIPOBCCHIIS aHa-
JIn3a ¢ yYeTOM MMITe/IaHCa U OTPAsKEHUI CUTHAJIOB.

CJreyomnmm aTarmoM MpOEeKTHPOBAHMSI SIBJISIETCST pa3paboTKa MHOTOCTONHON
MEeYaTHON TJIATHI, OCYIIECTBIsIeMast B COOTBETCTBYIOIIEM pefaktope. Cucrema
OCHaIl[eHa TIPOTPAMMOT-TPACCHPOBITIKOM MEYATHBIX TPOBOHUKOB, TO3BOJISIO-
11eil BBOAUTD MPABUJIA TPACCUPOBKU M PACIIONOKEHNS TIPOBOHUKOB C YUETOM
MepeaBaeMbIX CUTHAJIOB, TPEOOBAHUHN K TOJIIMHAM MTPOBOIHUKOB U 3a30paM
MEXK/y HUMU. AJITOPUTMbBI TPACCUPOBKU YYUTBHIBAIOT BCE TPEOGOBAHUS, MPEIb-
SABJISIEMBIE COBPEMEHHBIMH TEXHOJIOTHSIMIL.

Jlist paszpaborku TIJIVMC cucrema mpeiaraeT yHUKAIbHYIO BO3MOKHOCTD
OTJIaIKK TOTOBOTO YCTPOICTBA ¢ TIOMOIIBIO crienua bHoil maaThl NanoBoard.
Bwmecre ¢ aroit maroir Altium Designer dhakTiudaeckn sBJIsSETCS TPOrPAMMHO-
aTmapaTHLIM KOMILIEKCOM, TIO3BOJISTIONTIM paboTaTh HE TOIBKO C BUPTYATbHBIM,
HO U C <KUBBIM» TIPOEKTOM.

Cucrema Altium Designer nHTerprpoBana ¢ MHOTHMI JIPYTUMU CHCTEMAMU
knacca EDA. Ona obecriednBaeT UMIIOPT IIPOEKTOB — CXEM, ILIaT U OUOINOTEK
us cucrem PCAD, OrCAD, PADs, DxDesigner, Allegro PCB ¢ nipeoGpasosa-
HueM ux B poekThl Altium Designer. C IOMOLIBIO 9KCIIOPTA MOKHO TI€PEJABATh
pesyJbrarhl mpoekTupoBanus 13 Altium Designer B apyrue cucrembr EDA.

st hopmMupoBaHUs KOMILIIEKTAa KOHCTPYKTOPCKOM M TEXHOJIOTHYECKON
nokymenTaru cucrema Altium Designer nmeer mmpokuit Habop pasIMIHBIX
cpenactB. OHa nojiep:KUBaeT MHOTHE BBIXO/HBIE (hOPMATBI, BOCIIPUHUMAaeMble
apyrumu cuctemamn CAIIP, MoxkeT reHeprpoBaTh CIICKU COCAMHEHNH, pas-
HOOGPa3HbIE OTYETHI, HA OCHOBE KOTOPBIX O(OPMIISIOTCS MEPEUHU 3JIEMEHTOB
u crenuduraun 1o ECK/L. B ee cocTaB BXOAUT crcTeMa TEXHOJOTUIECKOTO
aHa/IM3a ¥ TPEANPOU3BOACTBEHHON 10PaGOTKU TOMOJIOTHIA, MO3BOJSIONIAs
BBITIOJTHSITD PSIZT PA3HOOOPA3HBIX TIPOBEPOK Ha TEXHOJOTHIHOCTD MTPOEKTA C BO3-
MOKHOCTHIO aBTOMATHUYECKOTO YCTPaHEHUsT GOJIBITMHCTBA OO0k, Takxke nme-
I0TCST MOTITHBIE CPEICTBA PEIAKTHPOBAHIST (hOTONTAGIOHOB, (hailloB CBEPIOBKH
u ¢pe3epoBKH.

Kpome cucrem kmacca EDA, obecrieynBaionux mpoeKTUPOBAHNIE 1 MOJIEIU-
POBaHUeE 9JIEKTPOHHBIX YCTPOHCTB, UMEETCST 1IeJIbIE Psi/l cucTeM, 0OecredrBaro-
[IUX aBTOMATU3MPOBAHHYIO Pa3pabOTKy YepTeKel MPUHIUITUATBHBIX DJICKTPHU-
gyeckux cxeM. Cpe/i HUX eCTh KaK 3apybesKHbIe MTAKETHI, TaK U OT€YeCTBEHHBIE.
Cpenu 3apybeskibix Hanbosee ussectaa cucrema AutoCAD dupmbr Autodesk,
KOTOpasi 00eCIeunBaeT aBTOMATU3MPOBAHHY0 Pa3paboTKy YepTeskeil caMoro
MITPOKOTO CIIEKTPA — MAITUHOCTPOUTENBHBIX, CTPOUTENBHBIX, T€0/1€3MUECKIX
U MHOTHX JIDYTuX. B TOM 4mciie aTa cucreMa UMeeT B CBOEM COCTaBe MOJYJIN
JUIST pa3paboOTKK CXeM BJIEKTPOHHBIX yCTPOHCTB. PaboThI 110 TPOEKTUPOBAHUIO
YepTeskell MPUHIUIHATBHBIX 3JIEKTPUYECKUX CXEM MOKHO BBITIOTHSTDH TaKKe
B OTEUECTBEHHBIX MMAKeTaX aBTOMATU3MPOBAHHOTO MPOEKTUPOBAHMS, TAKUX KaK
KOMITAC-TPADUK (ACKOH), T-Flex (Tomn-cucrembr).

KoHTponbHbIe BONPOCHI U 3afjaHus

1. Kakwue 3allOMWHaIomme yCTpOI‘/’ICTBa MIPUMEHAIOTCA JJIA CO3/IaHU S OHepaTHBHOﬁ
TTaMATH KOMIIBIOTEPA, a KaKHe VI KOUI-TIaMATH, 1 noquy?
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2. Jlns kaxoii 1esiv MpUMeHSIOTCsI 3aTloMuHarotue yerpoiictsa Tuiia ROM u fjist ka-
Kol — tuna RAM, B ueMm ux pasinune?

3. CpaBHHTe cTaTHYeCKIe U AMHAMITYECKIE 3aIIOMUHAIONINE YCTPONCTBA, YKAKITE
WX IOCTOMHCTBA 1 HEZIOCTATK.

4. Buyem otsmune cTpykTypsl 2DM oT CTPYKTYPBI 2D?

5. B Kkakoii 13 3alIOMIHAIONIIX SJIEMEHTOB — JIHO/HDIN HJIH TPAH3UCTOPHBIIA — MOKHO
nepesanycaTh THPOPMAIHIIO, U ToYeMy ?

6. Kakumu crioco6amMu MOKHO cTeperh MH(MOPMAIMIO U3 TPAH3UCTOPHOTO 3allOMH-
HAIOIIIETO AJIEMEHTA?

7. KakoBbl OCHOBHbIE HAIIPABJICHUS TIPUMEHEHUST DJIDTI-TTAMSITH ?

8. Kakum 06pazoM B JMHAMUYECKOM 3allOMUHAIONIEM YCTPOUCTBE BbIOJIHSETCS
pereHeparis?

9. B uem npuHIUNUATBHAS PA3HUIIA MEKITY MUKPOITPOIIECCOPOM H MOCIIEI0BATEb-
HOCTHBIMH U KOMOMHAIIMOHHBIMU [IU(POBBIMU yCTPOTiCTBAMU?

10. Onumimre paboTy MUKPOIPOIIECCOPHON cucTeMbl Ha puc. 4.10.

11. Kakum 06pasoM 0CyIIeCTBIIsIeTCS BBIGOPKA KOMaH/| [IPOTPAMMbl B MUKPOIIPOTIEC-
COPHBIX CHCTEMaX?

12. KakoBo HazHaueHune Ghrakkos?

13. O6bsicHUTe B3aMMOJIEHCTBIE YCTPOICTBA yIIPABIEHUs, PErUcTpa KOMaH/ U Jie-
mmdpaTopa KOMaH/I 1Py BBIPAOGOTKE CEPUU YIPABJISIONUX UMITYJIbCOB.

14. KaxoBo Ha3Hayenue BHyTPEHHUX PETUCTPOB B MUKpOIIpolieccope?

15. B uem oTJinume mporpaMMHO-yTIPaBIseMoro 0OMeHa 0T 00MeHa ¢ TIPEePhIBAHMSIMI?

16. B yeM 3arJIio4aeTcst IPerMyIIECTBO PeKUMa 0OMEHa C TIPSIMBIM JIOCTYIIOM K [TAMSITH
U KOT/Ia OH UCITI0JIb3YeTCs?

17. KakoBO Ha3HavYeHUe CTEKOBOW ITaMsITH?

18. TMosicuute pabory Mmukporporeccopa Intel 8086 (cm. puc. 4.12).

19. Kak npoucxoaut hopMupoBanme a[pecoB Ha OCHOBE CETMEHTHBIX PETUCTPOB?

20. Kak nporcxXoauT MyJIbTUILIIEKCUPOBAHKE TITNH?

21. Kakum 06pasoM OIpe/ieisieTest MECTOHAXOK/IEHNE OTIEPaH/Ia B KOCBEHHDBIX PEKUMAX
ajzipecanuu’?

22. Yro Takoe TpaHCISIA?

23. Kakue KoMaH/Ibl iepeiaun JaHHbIX UCTIOIb3YIOTCSI B MUKPOIIpoTieccope?

24. CymecTBYIOT Ji1 apuMeTHIeCKre KOMAH/BI C OJTHIM OTIEPaH/IOM?

25. Kak cOOTHOCHTCSI pa3psiIHOCTD OTIEPAH/IOB ¥ TPOU3BEIEHIIST B IBOMYHO aprdme-
THKe?

26. Yto Takoe ABONYHO-IECATUYHOE YNUCIIO0?

27. Kak 0603HavaeTcs 3HaK IBOMYHOTO YKCIa?

28. C 1OMOIIbI0 KaKOil KOMaH/[bI MOKHO OOHYJIMTH 3a/[aHHbIE PA3PSI/Ibl IBOMYHOTO
ypcaa? YCTaHOBUTD UX B eINHUILY ?

29. Yewm otsinvaercst apupmMeTnIecKuil CABUT OT IUKJINIECKOTO?

30. Pa3ps/pr Kakoro perncTpa aHAIM3UPYIOTCSA B KOMaH/IaX YCJIOBHOTO Iepexoa?

31. Hanmre hparMeHT acceMOIEpHON TTPOrPaMMBI, BBIYUCJSIONINT CYMMY U Pa3-
HOCTb COAEPKUMOro AByxOaiTHbIX gueek namatd MU u NU u sanuch pesyabTaToB
B srueitku SUMM u RAZN.

32. Hanuure ¢ ucnosbsosanueM koMauabl LOOP ¢parment acceMOaepHOii 11po-
IPaMMBI, KOTUPYIOIIHUIT cofepskruMoe 0HOOANTHBIX stueek ¢ aapecamu 5000...5050 B stueiikm
¢ agpecamu 6000...6050.

33. Hanuure hparmeHT acceMbiepHO mporpaMmbl, GOPMUPYIOTIUI MACCHB JIBOUY-
Heix yucex 00000001, 00000010, 00000100, 00001000, 00010000, 00100000, 01000000
u 10000000, navanbHbIil agpec KoToporo 3ajgan sueiikoit ALPHA. ITporpamma mospkna
ObITh IIMKJINYECKON € MCIONb30BaHEM 0a30BON MHIEKCHON ajipecaliuu, /ist 3arpy3Ku
HAYaJIbHOTO ajipeca ucnosib3yiite komauay LEA.
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34. Hanumure dhparMedT acceMOJIepHOI MPOTPaMMBbI, OCYIIECTBIISIIOIUN TOUCK
MUHUMAaJIBHOTO 4ymcJa B MaccuBe n3 10 ajieMeHTOB, HauaJIbHBIN apec KOTOPOTO 3ajIaH
nByxOaiiTHOI stueiikoit MASSIV.

35. Harmmnre parmenT acceMbJIepHOIT TPOrpaMMBbl, yeTaHaBIMBaoIIel B «1» ¢ mo-
MOII[BIO [BONYHBIX YHCEJ — MACOK, YKA3aHHBIX B 33/IaHUU 33, COOTBETCTBYIOIINE PA3PSI/IbI
9JIEMEHTOB MaCcCHBa 13 8 0IHOOAITHBIX sTUeeK, HAYaIbHbIN a/[PEC KOTOPOTO 3a/1aH STYEHKOI
ALPHA. Macke 00000001 coorBercTByeT 11epsblil aement Maccusa, a 10000000 — mo-
CJIEIHUIA.

36. Hanmmiure (hparmMeHT acceMOIepHOIT IIPOrpaMMBbl, OOHYJISIOIIEN Pa3pPsi/ibl BHEIITHIX
OIIHOGANTHBIX PETUCTPOB, € MOMOIIBIO IBOMYHBIX YUCE — MACOK, 00pa3yeMbIX MyTeM
MHBEPCHN YUCEJ, YKa3aHHbIX B 3a7annu 33. Axpec mepBoro BHelHero peructpa — 100H,
OCTAJIbHBIE CJIE/IYIOT 32 HUM I10 TIOPSIIKY.

37. Hanmmre (parMedT acceMOJIePHON MPOrpaMMbl YMHOKEHHUST IBYX MacCHBOB
aByx6aiiTHbIX sueek. Havasbuble agpeca maccuBos — ALPHA u BETA, konnyectBo
3JIEMEHTOB MaCCUBOB — 8, Pe3yJIbTaThl pa3MecTuTh B MaccuBe GAMMA.

38. HazoBuTe OCHOBHbIE TEHAEHIIUH PA3BUTHSI MUKPOIIPOIIECCOPOB.

39. Kakum 06pa3oM Kall-aMsATh yCKOpsieT paboTy MUKPOIIpoIieccopa?

40. B ueM cocTonT 0COGEHHOCTH MUKPOKOHTPOJIJIEPOB 110 CPABHEHUIO ¢ MUKPOIPOTIEC-
copamu’?

41. B kakux cirydasx yaoOHO UCIOIb30BaTh MapalIelbHbIN nHTepdeiic n B Kakux —
I1OCJIeI0BATEIbHBII?

42. Kakoil HeloCTaTOK aCHHXPOHHOTO 0OMEHa YCTPAHSIET CHHXPOHHBIH ?

43. Kaxumu BO3MOKHOCTsIMU Oy(hepHBIX PerucTpoB He 06J1aai0T MuHHbIE GOPMUPO-
Baresu?

44. Yto Takoe CUTHAJIbI KBUTUPOBAHUST?

45. Kakum 06pa3oM MpueMHUK WH(MOPMAIMN PACIIO3HACT HAYAJIO TAHHBIX TIPH CHH-
XPOHHOM U aCHHXPOHHOM PEKUMaXx ?

46. Kakum 06pazoM OCYyIIECTBISAETCS POBEPKA IOCTOBEPHOCTH TIEPEIABAEMBIX JIaH-
HBIX?

47. 17151 1€T0 B MEKPOIIPOIIECCOPHBIX CHCTEMAX CIOJIB3YIOTCSI CUTHAIIBI TIPEPHIBAHST ?

48. Kakum 006pasoM peasusyercst 04epeHOCTb 00CAyKUBAHNS BHEHIHUX YCTPOUCTB
0 CUTHAJIAM TIPEPBIBAHSI C HOMOIIBIO IPHOPUTETHOTO KOJIIA?

49. Kax npoucxoaut nepesaya JaHHBIX B PEsKUMe IIPSIMOTO I0CTYIIA K ITaMATH ?

50. B kakux peskrMax MoskeT paboTaTh MPOrpaMMUpPYeMbIi HHTEPBAJIbHBII TaiiMep?

51. B TIJIM Ha puc. 4.30 npousoiies o6pbiB B JIEBOM BepxHeM peaucrope. Kakyio
(byHKIMIO cTaHeT peaan30BLIBATDL CXeMa?

52. B uem pazsnuue mesay IIJIM u ITIMJI? Yro o6iiero?

53. Kak pacnpezesisiiores: 6a3oBble siueiiki B KaHAJIBHOM U OeCKaHaIbHOM 0a30BbIX
MaTPUYHBIX KPUCTAJLIAX?

54. B yem 3axsovaercs nporpammuposanue [IJIMC u kakyio posb B 3TOM UTPAOT
KJTIOun?

55. 9T0 TaKkoe «3epHUCTOCTb> M «(DYHKIIMOHAIBHOCTh» MuKpocxeMbl FPGA? Kakas
MEKIYy HUMH B3aNMOCBSI3H?

56. Yro Takoe sornueckuii 6;0k B Mukpocxeme FPGA? Kakwue oH pemraer 3agaun?

57. Onmmure pabory mukpocxembl CPLD, uzobpaskentoil Ha puc. 4.37.

58. Kakosa crpykrypa CBUC «cucrema B kKprcrasies? 113 Kakux y3/70B OHa COCTOUT?

59. Kakne cucremsl /IJIs1 aBTOMATH3NPOBAHHOTO IPOEKTHPOBAHMS 9JIEKTPOHHBIX
YCTPOIICTB BBI 3HaETE?



naBa 5
MWKPOAPXUTEKTYPbI MPOLIECCOPOB

B pesysibTaTe N3yYeHU TIaBbl 5 CTYAEHT JOJKEH:

3namo

* OCHOBHBIE BUJIBI CTPYKTYP COBPEMEHHBIX MIKPOIIPOIIECCOPOB;

* NPUHIAIBI B3aUMO/EHCTBHSA Y3JI0B B COBPEMEHHBIX MUKPOIIPOIIECCOPAX;

* TEHEHINK Pa3BUTHsI COBPEMEHHDBIX MUKPOIIPOIECCOPOB;

ymemv

* BBINOJIHATD COTIOCTABUTEIBbHBIN aHan3 pabOThl y3JI0B MUKPOTIPOIECCOPA B Pa3-
JIMYHBIX MUKPOAPXUTEKTYpax;

enademo

* uHpopManueii 0 TOCIEHNX TOCTUKEHHSAX B 00JIACTH MUKPOAPXUTEKTYPhI M TEXHO-
JIOTHH TIPOILECCOPOB.

5.1. Mukpoapxutektypa P6

PazBuTie MUKPOTPOIIECCOPHON CXEMOTEXHUKN — OCTATOYHO CJOKHBIN
npottecc. Ero Henb3st onucath 0JHO3HAYHO, HATIPUMED KaK TOCTOSIHHOE Hapa-
IIMBaHNE YUCJIa BHYTPEHHUX YCTPOMCTB, POCT UX CIOXKHOCTU. Ven, koTopbie
OBLIN MOJIOKEHBI B OCHOBY MOCTPOEHU H0Jiee PaHHUX MPOIECCOPOB, Yepes TOJIbI
U JIaKe IECSTIIIETHSI MOTYT OBITh Peai30BaHbl B HOBBIX TIOKOJIEHUsX. [1oaTOMY
JUIST JIYYIIEro TTOHUMAHUS CYyTH U NPUHIIUIIOB PabOThl HAPSILY € TIOKOJIEHUSIMU
MII HeoOX0AMMO TaKsKe pACCMATPUBATD UX MUKPOAPXUMEKNYPY, T.€. TPUHIAIII
[IOCTPOEHMSI, COCTAB OCHOBHBIX BHYTPEHHUMX YCTPONCTB U UX B3aUMOJeiicTBIE
B TIPOI[ECCE BBITTOJHEHUST KOMAH/L TIPOrpaMMbl. PazpaboTunku Ha OCHOBE 00X
MPUHIIMIIOB MUKPOAPXUTEKTYPHI CO3/IAI0T KOHKPETHYIO PeaJn3aIuio mpolec-
copa JIJIsl TaHHOTO TeXHOJOTHYECKOTo Mpoiiecca. JTa KOHKPETHAs pean3arius
HasbIBaeTCd L0poM. MUKPOAPXUTEKTypa OMUCHIBAET JIUIIb OOIIAEe MTPUHITUAITHI
noctpoennss MII, a sipo npezacrasisier co6oil yKe peajbHO CYIIECTBYONMiT
KPHCTAJLT C OTIPEIeIEHHBIM COCTABOM M Pa3psIHOCTHIO BHYTPeHHNX Y3108 MII.
Ha ocHoBe 0fHOI 1 TOii ke MUKPOAPXUTEKTYPBI MOXKET ObITh peaju30BaHO
HECKOJIBKO sijiep ¥ jaxke nokoaenuit MI1.

Panee (cMm. maparpad 4.5) paccmatpuBanmach Mukpoapxutektypa MIT Intel
8086 (oHa Ha3bIBAJACh MPOCTO «CTPYKTypa», caM TEPMUH «MUKPOAPXUTEK-
Typa» ObLI BBEJICH ¢ TosiBJieHueM tporieccopa Pentium Pro). Co Bpemenu ero
MOSTBJIEHUS] B MUKPOIIPOIECCOPHON TEXHWKE MPOU3OIII0 MHOTO U3MEHEHUI,
YCOBEPIIEHCTBOBAHUIN, B TOM YKCJE ¥ B IPUHIIMIAX OPraHU3aIiuu paboThl
MPOIIECCOPOB, OJHAKO Hanbojee 3HAYNMble U3MEHEHUsT TIPOU3OIILTH, HaunHAS
¢ niporteccopa Pentium Pro.

P6 — cymepckassipHasi, cynepKoHBeliepHas apXuTekTypa, papabotanuast
koMmranueil Intel u nexxamasa B ocnoe MII mectoro nmokosienust Pentium Pro,
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Pentium II, Pentium III, Celeron u Xeon. Ha ocHoBe popabGoTaHHoil MUKPOap-
xutektypbl P6 B 2003 1. 6b11M BBIIYIIEHBI TIPOIECCOPDI ¢ MOHMKEHHBIM JHEP-
romotpebmenneM Pentium M. JTa ke apxuTeKTypa ObIIa MOTOKEHA B OCHOBY
IBYXbaAAepHbIX nporeccopos Intel Core 2 Duo, kotopbie nosiuauch B 2006 .
U TIPUIILJIN Ha CMeHy TiporieccopaM Pentium 4.

Apxutertypa MII Intel 8086 6brma peannsosana Ha npuninnax CISC
(Complex Instruction Set Computer — svruucaumenv ¢ NOIHbIM HAOOPOM KOMAHO).
[MonupIit HAGOP KOMAH ATOTO TIpoIieccopa coctasstt okoo 400. Cxema ero
yrpasyienust (cM. puc. 4.12), IpuHSAB KOMaHy, AeKOANPOBasIa ee U HOPMUPO-
BaJia TOCJIE0BATENbHOCTD YIIPABJISIIONINX UMITYJIbCOB JIJISI IPYTUX Y3JI0B IPO-
ieccopa. Takoil ke IPUHITII BBITOJTHEHNST KOMAH/T OBLT XapaKTepeH ISt TI0CTe-
ayiomux mnpoieccopos Intel, Brmors 1o Pentium. HegocraTok Takoro mogxonga
3aKJTI0YAETCS B TOM, YTO IPOTPAMMBI, COCTOSIINE U3 CITOKHBIX KOMAH/I, BBITIOJ-
HSIEMBIX 3a GOJIBIIIOE YHCJIO TAKTOB, TPYAHO PACaPaJJICJUTh, T.€. BHITIOJHITH
Pa3HBIMU IPOIECCOPHBIMU Y3JIaMU TTAPAJLIIEIBHO.

B orimune ot miporieccopoB npeabiaymux nokosgenuii ¢ CISC-saapom, mpo-
11eCCOPBI APXUTEKTYPbI PO BBITTOJIHSIOT CJIOKHBIE KOMAH/IbI TIPOIECCOPOB X86
(T.e. Bcex mpempIAyInX mporeccopos Intel, a Takke apyrux dupm, peannsyio-
X TOT jke HaGop KOMAaH/[) He HAMPSIMYIO, a IPEABAPUTEIBHO TEKOIUPYST UX
B TIpocThie BHyTpeHHne Mukpoorteparnu (MQO), HagpiBaeMble TaK:Ke NHCTPYK-
usiMi. Takwe orepariy BHIMOTHSIOTCST OBICTPO, & 3HAYWT, U MTPOIIECC BBHIUKCTIE-
HUII JIerde pacrapasijieJIMBaTh 1 BbIIOJIHSTh HECKOJIbKIUMHU Y3JIaMH [TPOIECCOPA.
Ira KOHIEIHSA TPoeKTHpoBanus mpoieccopos nMenyercst RISC (Reduced
Instruction Set Computer — 6biuucaumens ¢ COKPAUECHHbIM HAOOPOM KOMAHO).

[Tepsbim nipotieccopom apxutekTypsl P6 ctasm Pentium Pro, anoncupoBanublit
dbupmoii Intel 1 Hos6pst 1995 1. Ero paspaboTka Gbliia BBITOJHEHA O/ PYKO-
BOJICTBOM poccuiickoro yyeroro B. M. IleHTKOBCKOro — 0/iHOro U3 cosjaresiei
COBETCKOTO CYIEPKOMITBIOTEPA BOCHHOTO HazHayeHus: «IapOpyc». Ilpu paspa-
6OTKE MUKPOApXUTEKTYPbI P6 UCIOIB30BANNCH ADXUTEKTYPHBIE PEIEHVSI, Pea-
Jn30BaHHbIe B aToM TpoekTe. IIporeccoper Pentium Pro Beimyckanmncs napasi-
JIEJTBHO ¢ Tiporieccopamu apxutektypbl P5 (Pentium u Pentium MMX). Hosbrit
npoteccop Pentium IT 6611 anoHcupoBan 7 Mast 1997 r., OH peasn3oBaH 110 apXu-
TekType P6 u nipuiiest Ha cMeHy TIpoIieccopaM MpeblIyIero, IsITOT0, TOKOJIEHYSL.

5.1.1. Crpykrypa npoueccopos P6
[Tpoteccopsr apxuTekTypbl P6 cOCTOAT U3 UeThIpeX OCHOBHBIX MOJICUCTEM

(puc. 5.1):

*  YIOPSAZOYEHHON MpeBapuTebHOI 00paboTKY;

* UCIIOJIHEHUS C UBMEHEHUEM MOCTIE0BATEILHOCTH;

*  YIOPSIZIOYEHHOTO 3aBEPIIEHUST,

*  [aMsITH.

[ToacucTemMa yHnopsiIoueHHON TIpeABapUTEeNbHON 00pabOTKU BhIGUpaeT
u npeobpasyer KOMaH/bl X86 B TIOCJIE[0BATEIbHOCTH HOJIEe TTPOCTBIX MUKPO-
orepainii, a TakJKe BBIYUCISIET BO3MOXKHbBIE ajipeca TepexoioB (TeXHOTIOTHs
MPe/ICKA3aHUsT TIEPEXOJIOB).

[MogcrcTeMa UCTTOMHEHNS ¢ U3MEHEHMEM TOCJAEI0BATENBHOCTH 0OeCIedn-
BaeT ucrnosHeane MO (13 KOTOPBIX COCTOUT CJOXKHAS KOMaHaa X86) B omTH-
MaJIBHOM TMOPSIJIKE U OPTAaHU3YeT B3aUMO/IEHCTBIE UCTIOJTHUTENLHBIX YCTPONUCTB.

284



Ko

—————— ---- 2 ypoBHSI [ttt
. o | 1 5
v HCTEeMHast luna ! i
: ! Bydep :
mnHa K3II-TIaMATH ! i
' YIIOPSIOYMBAHIS '
| Brox mmanoro untepdeiica ! aMsITH ;
! ]

h
|
i
i
i
i
i
i
i
i
|
L .l l e r=-
R R [ A e ——— 1
] B i 1
i Biox i Ko | BoraucamTenn |
:I BBIOOPKH  [«—]  KOMaH][ : ajipeca ceylomen | 1
1
i KOMaHg | ! 1 yposHst ' KOMaH /bl |
i
i ] ittt Bydep mpexncka- | i
| Jlewndparop KoMatz ~-{_oaust nepexonos [
| i
! JIIT JITIT JIIIT [Tnanuposimk !
i || mpocteix || mpocTix [ cokubIx [fr={ocaeOBaTeBHOCTH| |
! KOMaH/| KOMaH/[ KOMaH/ MO !
: —T T T T :
)
:
i
]
|
L

i in-“—iS—J;(;% ----------------------------------- i E Ko rannpix i
VI | sapepmenns — o 1 ypoBHs E
i - ™| Peructposbiii (aiin vl !
. Bydep nepe- |; iy !
| ynopsazno- ! 11 S I S
E ™ qwBamms MO |'-=-========= = m e a :
! i ;
| | Craniusi-pesepByap Ii
| SIMP ;
| ALU || FPU || Spy | [ ALU ||| MIU [

BuyTrpennune munbt

Puc. 5.1. @yuknuoHaibHas cxema npoieccopos P6:
I — mozcucTeMa yrnopsiiodeHHol TpeBapuTeIbHoi 00paboTKy;
11 — moxcucTeMa MCIIOIHEHUS ¢ UBMEHEHIEM [OC/Ie[0BATEIbHOCTH;
III — mozpcucTema ynopsimouennoro 3aBepiienust; [V — noacucrema namsatu

IToscucrema ynopsiioueHHOTO 3aBepiieHust HOPMUPYET BbIZIauy pe3ysibTa-
TOB UCIOJIHEHUSI KOMAH[[ B TIOPSI/IKE, IPEYCMOTPEHHOM ITPOrPAMMOIA.

[Moxcucrema mamMsATH 0OecIiedrBaeT B3aUMO/IEIICTBIE TIPOIEccopa ¢ orepa-
TUBHOM TaMSITBIO.

5.1.2. IloacucremMa ynops04€eHHOI IPeIBapUTeIbHON 00pabOTKH

K ycrpoiicTBaM 3T0#1 110/ICUCTEMbI OTHOCSTCS CJIELYIOIINAE Y3JIbI.

HMemudparop KomMaHa. ITo yCTPoiicTBO npeobpasyer KoMaHabl X86, T.e.
CJTOJKHBIE KOMAH/IBI, PEAJIM30BaHHbBIE BO BCEX MPEABIYINNX Tporieccopax Intel,
B II0CJ/Ie0BaTeNbHOCTD Goee 1pocThix RISC-MuKpoomepanuii, HCIIOJIHIEMbIX
mporteccopoM. OHO BKJIIOYAET 7Ba Aemu@paropa MPOCTHIX KOMAH/, KOTOPbIE
MOryT ObITh BbINOJIHEHbI 32 04Hy MO, 1 oxuH gemudpaTop CAOKHBIX KOMaH]I,
JUTS pean3anii KOTOPBIX Hy:KHO HEeCKOJIBKO (710 4eTsipex) MO.
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Bsruucaurens anpeca cieayoniei koMmanapl. B panuux mporeccopax Intel
ajipec ciemyoleil KOMaHIbl BBIYUCIIAICS ¢ moMolbio peructpa — I1C. Hamowm-
HUM, 9TO OH IIPABUJIBHO YKA3BIBACT aJIpec CJeyIoNei KOMaH/IbI JIUIIh TIPH ecTe-
cTBeHHOM (6e3 YCJIOBHBIX U GE3yCTOBHBIX TIEPEXO/I0B) XO0/Ie MporpamMbl. Eciu
B IIPOTPaMMe TIOSIBJISIIOTCST YCIIOBHBIE TIEPEXO/IbI, TO aZIpec Caemyoneil KOMaH/Ibl
BBIUHCJIgeTCs 1 3arpyskaercs B peructp [IC. Jrta mporieaypa, kKak mpaBuiIo, Tpe-
GyeT BPEMEHHU, MEK/LY TEM OTIePAIlMOHHOE YCTPOMCTBO MPOIECCOpa IPOCTANBAET.
B nmporteccopax apxutexTypsl P6 poss [IC urpaet criernmanbHbIi y3e1 — BBIYUC-
JIATesb ajpeca caeytolieil komanpl. OH aHAJIM3UPYeT IIPePbIBaHUS U 3apaHee
BBIYKCJISIET aJlpec KOMaH/Ibl, KOTOPas 0JKHA OBITh 00paboTaHa CJeayomiei,
Ha OCHOBaHWHU WH(MOPMAITIH, XPAHSIIENHCs B TaOIUIAX TEPEXOIOB.

Bydep npeackasanus nepexomoB. DTO YCTPOMCTBO XPAaHUT B Tabuauie
azpeca TPEIBIAYINX mepexonoB. [IponsmiocTpupyemM MpUHINT #PedcKka3anusl
nepexodos. B moboii Gosiee MIm MeHee CJI0KHOI MporpaMMe BCET/la MMEIOTCSI
IUKJIBI, TEPEX0/l K Haualy KOTOPBIX OCYIIECTBIISIETCS Yepe3 KOMAH/IbI YCIOB-
Horo nepexoza. [lycTs, HaprMep, BETBb MPOTPAMMbI BBITTOTHAETCS TTUKIYe-
CKU JI0 TeX TI0p, TIOKa 3HaYeHUue HEKOTOPOTOo cueTynka nuaMensercst ot 1 1o 99.
ITpu poctmskennu cyetumkoM 3uadenuss 100 TPOMCXOAUT BBIXOM M3 IUKJIA
1 11epexo/l K lajibHeleMy CIOJHEeHUIO IIPOrPaMMBbI 110 YKa3aHHOMY B KOMaH/ie
ajipecy. ITO 3HAYUT, UTO MOCJIe TIEPBOTO BBITTOJHEHUS 9TOM BeTBU B 97 caydasx
u3 ocrapimxcst 98 mepexosr GyeT BHITIOMHEH K OHOMY W TOMY K€ a/Ipecy Tpo-
rpammbl. TakuM 00pa3zoM, MOKHO ¢ OOJIBIION 10JIeil BEPOATHOCTH IIPEACKA3ATh
ajipec caefyionieil KoMaH/Ibl.

Jlo1s1 ipezickasaHus MCITOMB3YIOTCA KaK INMHAMITYECKUH, TaK W CTATHYECKUI
MeTozbl. [IepBbiil, 10 CyNIEeCTBY, O3HAYAET, YTO B TAOJUIAX TIEPEXOIOB AAPEC
cJeyIonIell KOMaH/BI yKe nMeeTcs (2 3To 03Ha4aeT, UTO ATH KOMAH/IBI, CKopee
BCEro, UMEIOTCS B KAII-TIAaMSATH M UX c4uThiBaTh 13 O3V yike He HYkHO). Ecin
HTUX KOMAH/[ HeT (OHU MOTJIA OBITh 3aMEIeHbl B KAII-TTAMSATH APYTUM HabO-
POM KOMaHJI), TO TIOJCUCTEMA YIOPSIOUEHHON MPeABAPUTENbHOI 06pabOTKY
HAYMHAET BBHIOOP M3 MaMsITH C MOCTEAYOIUM JEeKOANPOBAHNEM TIPEACKa3aH-
HBIX KOMaH/L. [Iprdem aTH 1eficTBUSA BBITTOMHAIOTCS TPOIECCOPOM MapAJIIeTHHO
C WICIIOJTHEHWEM paHee BHIOPAHHBIX U JACKOAMPOBAHHBIX KOMaHI. Eciu «mpen-
CKa3aHUsI» OKAKYTCS HEBEPHBIMU, TO BECh 9TOT KYCOK TIPOTPAMMBI TIPOIIECCO-
POM TIPOCTO AaHHYJIUPYETCS.

CraTtuyeckuii MeTOJ COOTBETCTBYET CJydalo, KOT/a ajpec ciaeaytonieit
KOMAH/IbI TIPUXOUTCS BBIYUCIIATH TPAAUIIMOHHBIM CIIOCOOOM, KaK 3TO ObLIO
B TIepBBIX nmpoieccopax Intel. OH ucmosb3yercst B TOM cirydae, eciiu AnHaMuie-
CKOe TIpe/icKa3aHue HeBO3MOKHO (B TabJIHie TIePeXooB HeobXoauMast uthop-
Mallsi OTCYTCTBYET).

B0k BBIGOPKH KOMaH. Y CTPOICTBO OCYNIECTBJISAET BBIOOPKY KOMaH[
13 MaMATH IO ajpecaM, MOTOTOBJICHHBIM BBIYUCIUTEICM aJpeca CIeayoeit
KOMaH/Ibl.

[InanupoBIMK MOCae0BaTeIbHOCTE MUKpPOOIepaluii. Y CTPOCTBO Xpa-
HUT ntocsiefioBatebHocTH MO, UCTIOIB3YEMBIX TIPH JIEKOUPOBAHUN CJIOKHBIX
komany x86. [Ipu neobxoxumoctu gemndpaTop CI0KHBIX KOMaH 00pamiaeTcs
K MJIAHWPOBIIUKY U MOJIyYaeT HY)KHYI0 MocaenoBaTeabHocTs MO.

B nampueilimem pazButun cTpyKTyphl P6 B mojcucteMy yrnopsjaodyeHHON
MPeBAPUTENBHON 06pabOTKY T MOTIOMHUTETHHOTO COKPAIIEHISI BPEMEHN
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Ha cunTbiBaHue komana uz O3Y Obur BBeieH 0JI0K MpeABbIOOpKkH KoMaHa. OH
OCYIIECTBJIA TIPEABAPUTENbHYIO BIOOPKY Ha OCHOBAHWH TabJIUIIbI TIEPEXO/OB.

5.1.3. IloacucreMa UCIIOJIHEHUS
¢ M3MEHEHHEM T0CIe[0BATEIbHOCTH

ﬂaHHaﬂ nmoacucreMa O6eCHe‘-II/IBaeT OHTI/IMaJIbHyIO 33pr3Ky BBIUYUCJIN-
TEJNbHBIX Y3JI0B IIPOIECCOPa ¥ MUHUMHU3AIUIO X IIPOCTOEB. ITO AOCTUTAETCS
3a CYET M3MEHEHU A HOpH[[Ka HNCIIOJTHEHUA KOMaH/ HpOFpaMMbI, HE HpI/IBO[[H'
IIEr0 K MCKAKEHUIO Pe3yJIbTara.

PaCCMOTpI/IM BO3MOKXHOCTb UBMCHCHU A IlOpHﬂKa HNCIIOJIHECHW A KOMaH/L llpO—
rpaMMBbl Ha IpUMepe.

Ipumep 5.1

HyCTb B IIpOorpaMme 3ajlaHa cjieyromnias rmocjae10BaTeJibHOCTb KOMaH/I:

1)A=B+C:
DK=A+M
3)Z=X+7Y.

[IpearonoKmM, 9TO B TIpoIieccope UMeeTcst Ba OJI0Ka JIIst BBIOJHEHNS aprdmeTn-
YeCKUX orepaluii, KoTopble MOTYT paborarh napauieibHo. Kak BuaHo, komansr 1 u 3
COBEPIIIEHHO He 3aBUCST JPYT OT Jipyra. B komamnne 2 oxun u3 onepanioB (A) — pe3yabraT
BBITIOJIHEH ST KOMAH/IbI 1, 3HAYNT, OHA MOKET GBITH BBIMOIHEHA TOJIBKO Moce Hee. B Takoii
CUTYAIH 11e1eC000PA3HO UBMEHHTD MOPSIOK BbinosHeHrst. CHavYaa Jiydiie BbIIOJHUTD
KoMaH/bl 1 1 3 ByMsl napauieibHo paboTaomumMu 610KaM1, a 3aTeM KOMaH/y 2, Koraa
onepatz A yxe Gyzer ToToBs.

K ycrpoiicTBaM mozicicTeMbl NCTIOJNHEHUS ¢ UI3MEHEHMeM TI0CTIe0BATENLHO-
CTU OTHOCSTCS CJIeIYIOIINEe Y3JIbL.

Ta6uia Ha3HAYEHUST PETUCTPOB. Y CTPONCTBO 3a/1a€T COOTBETCTBUE MEKTY
perucTpaMu apxXuTeKTYpbl X86, KOTOPbIE, KAK M3BECTHO, YKAa3bIBAIOTCST B KOMaH/1aX
B KayeCcTBe MCTOYHMKA OTHOTO U3 OTIEPAH/IOB M MTPUEMHUKA Pe3yJIbTaTa, U BHY-
TPEHHUMH PETUCTPAMU TIPOTIECCOPA, TPUMeEHIeMbIMU TIpH ucrosHernn MO.

Bydep nepeynopsgounBanus Mukpoomnepanuii. OH siBjsieTcsl acconua-
THUBHBIM 3AIIOMUHAIONTUM YCTPONCTBOM, XPAHSIIUM MOJTOTOBJIECHHBIE K MCITOJ-
nernio MO, U3 KOTOPBIX COCTOSAT KOMAHbI MPOTPAMMBI. JTO YCTPOHCTBO
HA3bIBAIOT TaKKe nyaoM Komand (auri. pool — obuuii hom, obuwil KoTe).
Ciofia 3aHOCATCS TOATOTOBJIEHHBIE K ucnoHennio MO BMecTe ¢ onepaniam,
JUI XpaHeHWs KOTOpbIX B Oydepe ectb 40 ameMeHTOB, pasmepom 256 OuT.
Kaxkzpit u3 ajemenToB MokeT xpanutbh MO, /1Ba CBSI3aHHBIX C HEll Ollepan/ia,
Pe3yJIbTat ee BBIOJIHEHUs U HECKOJIBKO GUTOB COCTOSTHUS.

CraHuus-pesepByap. Y cTpPOHCTBO BbITIOJIHSIET (DYHKITUN JUCTIETYEPa, OTIpe-
JIEJISIONIETo TOPSI0K BbimosHeHust MO, xpauamuxcs B Oydepe mepeynopsiio-
yuBaHusl. OHO OlleHUBAaeT BO3MOKHOCTb U3MEeHeHUs 11opsiika ucroaHenuss MO
1 oGecrneynBaeT ux BBINOJHEHE B ONTUMAJIBHON C TOYKHM 3PEHUST IPON3BO-
JIUTEJIBHOCTH TIOCJIe0BATEIbHOCTH, HAIIPABJISAS UX B BHIYUCIUTENbHbBIE OJIOKI
HCIIOJIHUTEIbHOTO YCTPONCTBA.

5.1.4. Ha6op HCIOIHUTEIbHBIX OJI0KOB

JIns1 BRITIOTHEHWST PA3/IMYHBIX BBIYUCIEHUN U JEUCTBUU ¢ TaMSTHIO B TIPO-
1eccope P6 nmeercs 1ebiii HaGop UCHOJTHUTENBHBIX OJIOKOB.
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JlBa GJ10Ka /1151 BBIOJIHEHUS ollepannii Ha neabiMu ynciamu — ALU, ogun
U3 KOTOPBIX BBINOJIHAET COOCTBEHHO BHIYKMCJICHMS — apudMeTUYECKUe 1 JIOTU-
YecKue OTNepaliiy, a Ipyroil mpeHasHayeH 1 BBITIOTHEHUS OTlepalnuii yCaoB-
HOTO T1€PEX0/Ia, CBSI3AHHBIX C BBIYICIEHUEM ajipeca cJeyonieil komanbl. /[Bo-
WYHbIE YNCJIa, KOTOPBIE PACCMATPUBAJNCH B Taparpade 3.1, SBIAI0TCS 1ETbIMH.
Onmako, ecsit ObI TPOIIECCOPBI KOMIIBIOTEPOB PAOOTATN TOJIBKO C TIETBIME UHC-
JIAMH, TO HEBO3MOKHO OBLTO GBI BBIMOJIHSITH PeabHBIE MAaTEMATHYECKIE Pac-
yerpl. [loaToMy, KpoMme I1€JIbIX, B BBIYMCJINTENbHOM TEXHUKE MCIOJb3YIOTCS
TaK’Ke BellleCTBeHHble Yucila, uian yncia ¢ mwiasaouteil Toukoil (IIT). [Tpuniun
ux GOpPMUPOBAHUST pacCMOTPUM Ha Tpoctom npumepe. Yucay 20,625 B 1Bony-
HOW cucTeme cuncienus coorsercryer uncio 10100,101 =1 - 24+ 1 .22 +
+1-2-1+1-2-3 Ero MOXKHO 3a1ucaThb, BbIIE/IUB TAK HA3bIBAEMbIE MAHTUCCY —
3HAYAIIYIO YacTh U TTOPS/IOK:

10100,101 =0,10100101- 25,

rae marTrcca — yucso 0,10100101; mopsimok — wwmciio 5.

Baok apudmeruku ¢ miasaiomei toukoit — FPU (Floating Point Unit) —
BBITIOJIHSIET oriepary Hajl uncaamu ¢ 11T,

Biok apudmMeTuku ¢ maaBaloliei TOYKOW HaJl MHOKE€CTBEHHBIMH daH-
ueimu — SIMD FPU (Single Instruction — Multiple Data Floating Point Unit),
T.e. oiHa Komanaa apudmeruku ¢ 1T BbITOMHSETCS ¢ MHOKECTBOM JIAHHBIX.
ITponeccopsr Pentium I 1 Bblie UMEIOT B cBOeM cocTaBe GJIOK, MCIIOJIHSIIO-
it oneparuu ¢ [1T cpasy Hag HeCKOTBKUME YnCIaMu. JTa TEXHOJIOTUS UMEET
nazBanue SSE (Streaming SIMD Extensions — nomoxogoe SIMD-pacuwupenue
npoueccopa). Habop Taxux komanj 6bla paspaboran ¢pupmoil Intel u Brep-
BbI€ TIpe/icTaBseH B rpoieccopax cepun Pentium IIT kak oTBer Ha ananorny-
ubrit Habop 3DNow! dupmsr AMD, KOTOPBIiT ObLT TIPEACTABIEH TOIOM PaHBIIIE.
Texuosorust SSE BKIOUAET B apXUTEKTYPY mpoiieccopa BoceMb 128-6UTHBIX
PETUCTPOB, COAEPKUMOE KAKIOr0 U3 KOTOPBIX TPAKTYETCsI KAaK YeThIpe MocJie-
noBaresbHbIxX uncia ¢ [IT ogurapuoii Tounoctu (32 6ura).

[TpenmytiecTBO B MPOM3BOIUTETHLHOCTH TTPU MCTIOJb30BAHUN TEXHOJIOTUN
SSE mocTturaercst B TOM ciiydae, KOT/ia HEOOXOANMO MPOU3BECTH OJIHY U TY Ke
MOCJIEIOBATENBHOCTD JACHCTBYI HAJl PA3HBIMU TAHHBIMU.

Takast 3azaua Bo3HuKaeT, Hapumep, npu 3D-MoaesupoBanmy, KOrua Tpex-
MEepHBIE TeJia OKHBI 0TOGPAKATLCS Ha 9KpaHe MOHUTOPA C Pa3HbIX MO3UIHI
npocMoTpa. [Tpu aTom oTo6pakeHre OCyIECTBISIETCS ¢ IPUBIZKON K 6a30BOii
(MMPOBOIT) cucTeMe KOOPJMHAT, CAMO K€ TEJIO OTTUCBIBAETCS MECTHON CUCTEMON
KoopamHaT. YTo6bI 0TOOPA3UTH €T MPU MEPEMEITEHNSX 1 BPATEHSIX, HE0OXO0-
JIIMO PacCYUTaTh KOOPAMHATHI TOYeK B 6a30BoM cucteme. KoopauHaThl BepIIUH
Tesia (HarpuMep, napajuiesielume/a) Mpyu 3TOM MEePEeCUUTHIBAIOTCS C TIOMOIIBIO

BBIPUKEHUN TUTIA:
X ay a; a, as X
Y _ by by by by % Y
Z| lcgceyey | |2]
W dy dy dy dy 1
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rne X, Y, Z, W — KoOpAMHATBI HOBOTO TOJIOKEHUs TOYKHU Tejia B 6a3oBoi (MuU-
POBOIl) cHCTeMe KOOPIWHAT; dy, Ay, dy, by, by, by, ¢y, ¢4, ¢y — HATPABISIONTHE
KOCUHYCBI YTJIOB, 0OPa30BaHHBIX MECTHBIMU KOOPAMHATHBIME OCSIMU TTOBEPHY -
TOTO TeJIa OTHOCUTENBHO TI0JI0KEHNUs Ocell Ha30BOIl CUCTEMbI KOOPAUHAT; ds, s,
¢35 — koopauHatel Touky (000) MeCTHON crcTeMbI KOOPAMHAT Tesia B 6a30BOil
cucTeMe KOOPANHAT; dy, dy, dy, ds — KOOPIMHATHI BEKTOPA, OIPEEJISIIONIETO TIEp-
CIIEKTUBY; X, Y, Z — KOOP/IMHATHI TOUYKU TeJIa B MECTHOM CUCTEMe KOOPIMHAT.

[Tpu onpezeeH KOOPAMHAT JIJIsI KAKI0H TOYKU HEOOXOANMO BBITIOJHUTD
BBIUMCJIEHUS THUIIA:

X=ayx+aiy+ayz+azx1.

AHanornymele BRIPaKEHH He0OX0AUMO BhraucauThb a1 Y, Z u W. Oue-
BH/IHO, UTO JIJIS BBIYMCJIEHUS OHON KOOPAMHATBHI HEOOXOAUMO BBITIOJTHUTD
yeThipe KOMaH/bl yMHOKeHUs. C 1OMOIbI0 KOMaH/ibl YMHOXKeHus SIMD
MULTIPLY 3T detbipe olepaiiii MOKHO 3aMEHUTDH OJHOHM, KOTOpask BbIYMC-
JISIeT OJIHY M3 KOOPJMHAT pajuyca-BeKTopa TOYKHU (B JaHHOM IIpUMepe 3TO
koopauHata X). [loaToMy Takue ornepannu Takske Ha3bIBAIOTCS 6eKMOPHLIMU.

Jlutst peasiuzaiii BEKTOPHOI OTepaliuy peBapUTEIbHO HEOOX0IUMO TI0]1-
FOTOBUTD OIEpPaHAbl — B oAMH 128-0UTHBINA perucTp samucarh 4erbipe 32-6ut-
HBIX OIlepaH/a ¢ IIaBalomieil TOUKOH — da, a4, dy U as, B Apyroit — x, y, zu 1. [lna
9TOro B cocrtaBe Habopa SSE-koMaH UMEIOTCs ClleluaibHble KOMaH/bl nepe-
cmanosku (anri. shuffle — nepecrasuts, TacoBatn). Komauga SIMD MULTIPLY
Gyzer BoimoJiHeHa 3a ogny MO, T.e. 3a ogu TakT. JIJis JanbHERIINX BBIYKCTe-
HUIT TTOHAI0OMTCS KOMaH/Ia PasymakoBKU COAePKIMOro 128-61THOTO perucTpa,
xpansitero pesyibrat onepaiiuu SIMD MULTIPLY, 1o 4eTbipeM OOBIYHBIM
32-GUTHBIM pPETUCTPaAM.

Baok unrepdeiica mamsitu — MIU (Memory Interface Unit) — Boraucisier
aJipeca JAHHBIX, UCMOJIh3YEMbIX KOMaHIaMU, U (DOPMUPYET 3aMMPOCHl K KIIII-
HaMSITU JIJIs1 3arPY3KU/BbITPY3KU 9TUX JTAHHBIX.

5.1.5. IloacucremMa ynopsiiO4eHHOTO 3aBePUICHHS

Ira nojcucreMa 06eCeUnBAET BbIIauy PE3yJIbTaTOB BBIOJTHEHUST KOMaH/]|
B 3a/IaHHOM HCXOJIHOH 1porpaMmoit nopgzaxke. Ilojgcucrema coctout us cieny-
IOLIMX YCTPONCTB.

biok 3aBepuienus. Y cTpoiicTBO BbIZIAeT Pe3yJIbTAThl MCIOJHEHNS KOMaH]
B TOI1 110CJIE/IOBATEIBHOCTH, B KOTOPOI OHM TOCTYIIUJIN HA UCIIOJHEHUE, T.€.
J10 ee U3MEHEeHMUSI.

PerucrpoBbiii daiin. YcTpoiicTBO XpaHUT PE3yJIbTATHI OMEPAIUI B TOM
BHUJIe, B KOTOPOM OHU XPaHWJIMCh OBl B perucTpax mnpoieccopa cepuu Intel x86
B pe3yJbTare BBITIOJTHEHUST KOMaH/l TPOrPaMMBbl.

Bydep nepeynopsiiounBanusi naMatu. Y CTPOICTBO yIPABIISIET TOPSIAKOM
3allMCH JJAHHBIX B NaMATh JJIs1 [IPEJ0TBPAIleHNs] 3allUCH HEBEPHBIX JIaHHBIX
13-32 U3MEHEHUS TTOPSIIKA BBITIOTHEHNST KOMAaH]I.

5.1.6. IIoacucrema naMATH

[Mojicucrema TaMATH OCYIIECTBIISIET XPaHeHNe TaHHBIX U KOMaH/L B GbICTPO-
JEMCTBYIONIEN KAII-MMaMITH ¥ B3aMMOJICHCTBUE TIPOIECCOPA C OTIEPATUBHOM
mamATeio. K Hell oTHOCATCS cieayloniie yeTpoicTBa.
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Kbsm n1aHHbIX MepBOro ypoBHS. JTO TMaMATh C MAJBIM BPEMEHEM JIOCTYIIa
o6bemoM 8 (mst Pentium Pro) uam 16 KoaiiT (a1 6071e€€ HOBBIX IPOLECCOPOB ),
npeiHa3HaYeHHas IS XPaHEHUsT TAHHBIX.

Ksm komMan/ nepBoro ypoBHsi. Jta MaMsITh 110 CBOEMY OBICTPOAEHCTBUIO
1 o6beMaM TOJHOCTBIO aHATIOTMYHA KAIIl JAHHBIX TIEPBOTO YPOBHS, HO UCIIOJb-
3yeTcst [IJIsl XPAaHEHUsT KOMaH]I.

Ksm BToporo ypoBHsa. B mpormeccopax apxutektypsl P6 BIepBbie Kal-
MAMSITh BTOPOTO YPOBHsI ObLiIa PEATM30BaHa KAK OT/EIbHBII KPUCTAJLI, HO HHTE-
TPUPOBAHHBIN B KOPIYC MPOIECCOPA U COETUHEHHBIN ¢ KPUCTAJIIIOM TIeHTPATTh-
HOTO TIPOIIECCOPHOTO YCTPOMCTBA OTAENbHON He3aBUCUMOU muHoi. Takas
apXUTEKTypa CTajla Ha3bIBATHCI APXUMEKMYPOLL ¢ 080UNOU He3ABUCUMOTL WUNOT.
HarmomHuuMm, 4T0 paHee K31l BTOPOrO YPOBHSI PEAN30BbIBAJICS TOJBKO HA OCHOBE
BHEIIHUX MUKpOCcXeM HamaTh. HoBas apxurekTypa Mo3BOJMIA 06ECTIeYnTh
PaboTy KalI-MaMATH ¢ TAKTOBOM Y4acTOTON mpoueccopa (MIu BABOE MEHbILE).
[Tpu 5TOM YMCII0 TPAH3UCTOPOB Y ATOTO KPUCTAILIA Jaske GOJIBINE, Y€MY CAMOTO
nporneccopa (auas cpasaenus, kpucran LITY 6asosoro npoueccopa P6 cogep-
JKUT 5,5 MJIH TPAH3UCTOPOB, B TO BPEMsI KaK KPUCTAJLI KAII-MAMSATA BTOPOTO
ypoBHs o0beMom 256 Koéaiit — 15,5 M),

CToJ1b GOTIBIIOE YHCTO TPAH3UCTOPOB PA3HICHSIETCS CTATHYECKON TPUPO-
noii namsiti. HanmoMHuM, 4TO y cTaTUUecKO aMaTH 7151 3allOMUHAHMS OJTHOTO
6ura HeOOXOAUMO IMIECTh TPAH3UCTOPOB, B TO BPEMST KaK y AMHAMUYECKON
HaMsITU JI0CTATOYHO 0iHOr0. OJIHAKO CTAaTHYecKast HaMsITh UMeeT OoJiee BbICO-
KO€ OBICTPOIEHICTBIE, HEKETH TNHAMITIECKAsT.

Karm-namsiTe BTOPOro ypOBHS B MOCJELYIOMIUX POIIECCOPAX aPXUTEKTYPBI
P6 cocrasiana 256, 512, 1024 u 2048 Koaiir.

Baok munHOrO MHTEpdeEiica. ITo yCTPOCTBO 06eCeUYnBaeT yIpaBaeHue
CHUCTEMHOUN MIMHOI.

5.1.7. IlopsioK BINOJHEHUST KOMAH/T IPOTPAMMBI

CynepkoHBeiiepHas apxXUTeKTypa, IIpUMeHeHHast B rpoiteccopax P6, mesaut
CTYIIEHH CTaHIapPTHOTO KOHBeepa Ha Gojiee MeJIKKMe YacTh, YeM B PAaHHUX TPO-
neccopax Intel.

ITO 3HAYWT, UTO KAXKAAST OT/IEJIbHAsT CTYTIEHb Oy/IeT CO/IepPsKATh MEHbIIE CXe-
MOTEXHUYECKUX 2JIEMEHTOB, M BPEMSI MEXK/Y MOJIayeil Ha UX BXOJ YIPABJISIO-
[IMX CUTHAJIOB ¥ TIOJyYeHUeM Pe3yJibTaTa CTaHeT MeHbIe. ITO, B CBOIO OYepe/lb,
MO3BOJISIET MOBBICUTH TAKTOBYIO YaCTOTY PabOTHI TIPOIIECCOPA.

Kouseiiep coctout us 12 craauii:

1—4 — ompenenenue aspeca KOMAHIBI U €€ BHIOOPKa;

5—6 — JexkoxupoBaHue KOMaH/Ibl U IpeobpasoBanue 8 MO;

7 — nepenMeHOBaHIE PETHCTPOB;

8 — 3amuch MUKpOOIIEpaInii B CTAaHINIO-Pe3epByap;

9 — mepenava MO u3 cranmn-pe3epByapa K HCTOTHUTETLHBIM GIT0KaM;

10 — ucromnenne MO (ofMH NI HECKOJIBKO TaKTOB);

11—12 — 3aBepienrie KOMaH/IbI: 3AMMICh PE3YTHTATOB B PETUCTPHI.

Biiok BHIGOPKM KOMaH/Ibl CYUTHIBAET TIOTOK KOMaH/[ U3 K3llla KOMaH/L Tep-
BOTO YPOBHsT TopItusiMu 110 32 Gafita 3a Takt. CTPOKM BRIGUPAIOTCST Ha OCHOBA-
UM nHGopManuu 13 6ydepa mpeackasaHus nepexoaoB. B cuntanuoii cTpoke
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C TIOMOIIIBIO BBEIYUCJUTEIIS apeca CIeAYIoNIeil KOMaH/IbI OTIPe/Ie/IIeTCsT Hadyalo
KoMaHzbl. Eciin KOMaHia HaXOAUTCSI B KOHIIE CTPOKH, CUUTHIBAETCSI BTOPAsI
CTPOKa, OTKYy/Ia BBIOUPAIOTCS HeJocTalomre GaliThl 9TONH KOMaH/[bl. BopoBHEH-
Heie 16 OaiiT KoMaH/I epenanTcs Ha Tpu AemudpaTopa.

JIIIIK coctonT M3 Tpex MapajieTbHbIX AN paTopoB, ABa U3 KOTOPBIX —
rpoctbie (endpaTopbl MPOCTHIX KOMAH/T) M OJIMH — CJIOXKHBIN (z1enmdparop
CITOXKHBIX KOMaH[). 3aaua KaxkI0To fentindparopa — mpeobpasoBaHiie KOMaH]T
x86 B oy nau Heckosbko MO.

[Tpoctoie memmdpaTopsl MpeodpasyioT KOMaHAy B equnHCTBeHHYID MO.
CuoxHblii gemmudparop paboTaer ¢ KOMaHAaMU, KOTOPBIM COOTBETCTBYIOT
ot oxHON 710 weThipex MO. HekoTopbie 0cOOEHHO CIOKHBIE KOMAH/IBI TTepe-
JAI0TCST TJIAHUPOBIIMKY NocsenosareabHocT MO, KoTopbiil, o6paiasich
K TabJIHIIaM, TeHepUpyeT HeoGxoanMyto mocaenosatensHocTs MO. Crauana Bee
KOMaH/IbI TIepeAaloTes AeudpaTopaM mpocTbix KoMan/. Eciu komana okasbl-
BaeTCsI CJIOKHON, OHA TepeaeTcst AEM(pPATOPY CIOKHBIX KOMAH TG0 Tiia-
HUPOBHIMKY rtocyenoBaresbHocTn MO. Takas mepechliika cierka 3aMeziseT
nermudparnuio, Ho 3a cueT Gydepusaryu ¢ mOMOIIHIO CTAHI[IH-Pe3epByapa 9To
HE3HAUNTEJbHO CKA3bIBAETCSI HA TIPOU3BOAUTEIBHOCTH TIPOIIECCOPA.

B mpuniume mpu GecriepebOHHON W TPaBUIBHOM 3arpy3Ke KOMaHIaMU
npemn@paTtopbl CIOCOOHBI FeHepupoBaTh B 001el caokHOCTH Hiecth MO
3a TakT, HO, KaK IIPAaBUJIO, U3 BCEX TpeX AeMU(PaTOPOB 3a ONH TAaKT BBIIAIOTCS
TPU MUKPOKOMAH/IbI, COOTBETCTBYIOIINE, B CPEIHEM, JIBYM-TPeM KOMaHjiaM X386,
KOTOpbIe Trepeaiotest B Gydep mepeynopsimounBanust MO (Ty1 KOMaHi).

[TockombKy B KJIACCHMYECKOIT apXUTEKType Ipolieccopa X86 ecTb TOIBKO
BOCEMb JIOTHYECKUX PETUCTPOB OOIIEro Ha3HAYEeHUs], TO MPU HapaslIeJbHOM
BBINIOJIHEHNN HECKOJbKMX KOMaHJ BECbMa BEPOSITHA CUTYAIlWsl, KOTIA OJHU
U Te JKe PETUCTPHI OYIYT MCIOTb30BATHCS B Pas3Hbix KomaHzax. OTciona Bo3-
HUKAeT HEOOXOAMMOCTh MCIOJIb30BaTh [/ PA3HBIX KOMAHJ pasHble (usnyie-
CKWe PeTUucTphL. J[Jjig 9TOTO MpeBapuTeqbHO HYKHO TIepeHA3HAUYNTD YKA3aHHbIE
B KOMaH/IaX JIOTHYeCKNEe PETUCTPBI HA PeasibHbIe PETUCTPBI IPOIECCOPa, Pa3Hble
N1 pa3HbIX KoMaHa. CChITKM B KOMaHIAaX HA JIOTUYECKUE PETUCTPHI 3aMeHs -
IOTCSI CCHIIKAMU Ha PeasibHbIe PErUCTPbI, HAXOSIIMECS B ajeMeHTax OGydepa
nepeynopsimounBanug MO (mysa KoMana). ITa TpoIeaypa BBITOTHIETCS
B TabJIMIle Ha3HAYEHUS PETUCTPOB.

Kpowme Toro, 31ech oTcaesknBaeTcst Hopsiiok BbimosHernst MO, coOTBeTCTBY-
IOIIMX KOMaH/[aM, TAaKKUM 00Pa3oM, 4TOOBI KOMaH]IbI, HCTIOJIb3YIOIIIE B KAUeCTBE
OTIEPAHIOB PE3YJIbTATHI TIPEBIAYIIINX KOMAH/I, BBITOJHSINCH TT03Ke. B caydae
HEOOXOAMMOCTH 3allCH Pe3yJbTaTa B OJMH U TOT JKe PErUCTP JJIS JIBYX pas-
HBIX KOMaHJ/I OHM BBICTPAMBAIOTCS B o4epeab. Takum o6pasoM, Hosee mosaHsIst
KOMaHjIa He MOJKeT GbITh 06paboTaHa 10 3aBepiieHtst Hojee paHHeH KOMaH/IbL.

CraHnmsi-pesepByap BBICTyIIaeT AUCIETYEPOM W TraHupoBuinkoM MO,
JUIST 4€TO OHA HETPEPHIBHO cKaHUPyeT Oydep nepeynopsipourBanust MO (mya
KOMAaH/[) U BBIOMPAECT KOMaH/Ibl, TOTOBBIC K MCIIOJIHEHUIO, T.€. MMEIOIHE BCE
MCXO/HBIE OTePaHIbl. Pe3ysibTar BBITIOJHEHUST BO3BpaIaeTcss Hasax B 6ydep
u coxpansetcs Bmecte ¢ MO 1o BbiBoja. I1ocKoIbKY pe3yibTaThl BBITTOJIHEHUS
MO MoryT 6bITh MCXOAHBIMU OllepaHgaMu st ciaepyomux MO, oru GyayT
B3SITBI HEITOCPEJCTBEHHO U3 ITyJia KoMau/1. [lopsiziok ucroHeHust KOMaHI 0CHO-
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BBIBACTCS HE HA X TIEPBOHAYAIBHON MTOCIEIOBATEIBHOCTH, a Ha (haKTe TOTOB-
HOCTHM KOMaH/Ibl M €€ OTEPAH/I0B K MCIIOJTHEHUIO. JTa IMPOoIe/lypa Ha3bIBAETCS
out-of -order — ucnoanenue ¢ usmenenuem nocredosamenvrocmu. Takoi TOPSIOK
paboTHI Tpoiieccopa GbIJI BIIEPBbBIE PEan30BaH B COBETCKOM CYIEPKOMITbIOTEPE
«9upbpyc», a ero Beaymuil pazpaborunk B. M. [TeHTKOBCKUT, cTaBIINI TTOCTIE
pasBasa Cosetckoro Coio3a pykoBogauTesneM npoekta Pentium Pro, mcmoms-
30BaJl ATy UJICOJIOTUIO TIPU CO3JIaHUN MUKpoapxutekTypbl P6. Mcnosnenune
KOMaH/I TIPOTPAMMBI C I3MEHEHIEM MTOCTIe0BATEIbHOCTH UX BBITIOTHEHUS CTAJIO
OJIHUM M3 KPAeyrOJbHBIX KAMHEH MUKPOApPXUTEKTYPhl P6, obGecrieunBimm pes-
KHUH TObeM TPOU3BOIUTENBHOCTH MTPOIIECCOPA.

Bcero cranmus-pesepByap MoXKeT OJHOBPEMEHHO BBIIATh HA MCIOJHUTEIb-
uple 0J10KM, paboraomue mapamienbno, narb MO. OgHako Takas cUTyanus
BO3HUKAET OBOJBHO peziko. ['opaszo wamie na HuX Beimaetces Tpu MO 3a TaxT.

Paccmorpum, kak Gyzer pabortath niporieccop P6 pu BBIMOJTHEHUY CIIEyO-
1niero hparMeHTa IporpaMMbl (HOMepa PETUCTPOB — YCJIOBHbIE):

(1) « (mem [10]) (mem [10] — aueiika mamsaTu 1o ajapecy us 1))

(12) « (12) + (r1)

(r5) « (r5) +1

(16) « (16) — (13).

[Tpu BeinosHeHnn mepBoit MO cHavasma Gyzger obpainieHne K Kall-MaMsITH.
Eciiu pparMeHT namMsaT ¢ Hy KHOU S19eidKOIl B Kallle TIPUCYTCTBYET, OH OyaeT
CUUTaH, U IPOIECCOP TPOJOJIKUT BBIIIOJTHEHUE NPorpaMMbl. Ecin ke naH-
HBIX B K3IlIe HET, IPU TPATUIIMOHHOM TIOXO0/ie (B TOM YHCJEe W B TPOIECCO-
pax Pentium) 6yzer BbITOTHEHO OOpallleHre K TTaMsITH, U MOKa JaHHBIE Yepes3
unrepdeiic ne OyyT CYMTAHBI, TIPOIIECCOp OYAET MpocTanBaTh. M 910 mipu TOM,
YTO 3a 9TO BpeMs oH Mor 66l BbimosHUTb 20—30 MO, He Tpebyionux obparie-
HUS K aMSITHU.

Uneonorus mporeccopa P6 3akimodaercst B TOM, 4TOObI CBOJIUTH K MUHU-
MYMY BO3MOJKHBIE IPOCTOM ¥ BBITIOTHATh MAKCUMAJIBHO BO3MOKHBIH B KasKIOH
KOHKPETHOMN cuTyaIuu o0beM MoIe3HOo paboThL.

B paccmarprBaeMoM ciydae CTaHIMsI-pe3epByap 0OPaTUTCS K MYy KOMaH]
u BbIGeper orTyza MO, 17 KOTOPBIX BCE ONEpaH/Ibl yke UMETCs B HAJIU-
gyun. Tak Kak BRIMOTHUTE BTOPYIo MO 10 3aBepiienst TepBOi Heb3st, Oy Iy T
BBIOPAHBI TPEThST U YETBEPTAs], JJIST KOTOPBIX BCE OMEPAH/IbI yiKe roToBbl. OHM
Gy/1yT OTIIpaBJIeHbl Ha McnonHuTe bHbIE 610K 1. [Tocte BoimosHenus MO Bmecte
C pe3ybTaToM GY/IyT BO3BPAIIEHBI B TyJT KOMAH/ B CBOW 256-0UTHbII 27IEMEHT,
npu atoM 6uT coctositust MO GyzieT yeraHoBJIeH B cocTosiHre « MuUKpooriepa-
IIUST BBITTOTHEHA .

Boimoaennass MO Gyner HaXoAUTHCST B MyJie KOMaH 0 TEX MMOp, MOKa
Bee Brepean crosimue MO He OyayT MCHOJTHEHDI, T.e. PParMeHT IIPOrpaMmbl
He Oy/IeT BBIMOJHEH MOJHOCTHIO. Jlumb mocae atoro MO MOXKHO yAaauTb
13 IIyJla KOMaH/, a pe3yJbTaTbl Bcero parMeHTa IPOrpaMMbl 3alllcaThb
B UCTUHHBIE PETUCTPHI TIpoIieccopa (MU B STYEHKN KIII-TTAMITH — B 3aBUCHMO-
CTH OT YKa3aHU UCXOJHON MporpaMmbl). Takoii MOPSI0K BBITOJTHEHNS KOMaH/I
IIPOrPaMMbl HA3bIBAETCS ONEPEINCAIOUUM.

TaxkumM o6pasoM, Tporieccop P6 MCTOTHSIET KOMAH/IBI TPOTPAMMBI, TIPE0d-
pazoBaHHble BO BHyTpeHHUE MO, TOJIBKO NCXO/s1 3 UX TOTOBHOCTH K BBITIOJ-
HEHWIO, He3aBUCHMO OT FICXO/THON TOCJIeI0BATeIbHOCT KOMAH/I B TPOTpaMMe.

292



YT06bI 3aKOHUUTH (PParMeHT MPOrpaMMbl, HYKHO U3 ucHoaHeHHbIX MO
BBIOpATh Te, KOTOpbIE ysKe He OYyAyT BJAUATH Ha X0/ MPOTPAMMBI, U3BJIEYb MX
U3 TIyJla KOMaH/ U 3alicaTh pe3ysbTaThl paGoThl MPOTPaMMbI B COOTBETCTBUH
€ MCXOHOI MOCJIe0BATEIBHOCTHIO KOMaH/. DTy paboty BbinosHseT Oydep
3aBepIICHTIS.

IIporiecc 3aBepiennst 3aHuMaeT /iBa Takta. bydep 3aBepienns ckanupyer
nys komaua u orbickuBaeT MO, He BIUAIONIME HA UCTIOJHEHNE OCTABIIMXCS
B ITyJie KOMaH/l. 3aTeM OH BbICTPAUBAET UX B [IEPBOHAYAIBHYIO ITOCJIE[0BATEb-
nocth 1 BeiBonuT MO. IIpu BeIBO/Ee pedynbTar MO 3amuchiBaeTcst B peru-
CTPOBBIA (haiii, copepKaIMil BOCEMb PETHCTPOB 00IIEro Ha3HAYEHUSI U BOCEMb
PETUCTPOB JIJIsl IAHHBIX C TJIaBaloleil TOUKOH. VIMEHHO OHM COOTBETCTBYIOT
JIOTUYECKUM PerucTpam mpoiieccopa apxutekTypbl x86. Tosbko mocse sToro
MO ynpansietcst u3 mysna Komaua. Beero 6ydep 3aBepiiieHnst MOKeT BBIBOIUTD
tpu MO 3a Takr.

Mbr paccmoTpenu paboTy mpoiteccopa P JTHHEHHOM MOPSIIKE CTeOBAHMUS
KOMaH/I, OJHAKO B mporpammax, B cpemxrem, 10—20% cocTaBisiioT KOMaHbI
YCJIOBHOTO TIepexojia. B aToM cirydae 7151 yCTpaHeHUS HETIPOM3BOAUTEIHHBIX
MOTEPh BPEMEHH, CBSI3aHHBIX ¢ 0OpaIlleHneM K OCHOBHOI MaMsITH, HEOOXOINMO
BBITIOTHATH KOMAH/IBI, CJIe/IyTONINe TTOCe KOMAH/[ YCAOBHBIX TepexoioB. 3apa-
Hee HEeM3BECTHO, 110 KaKOW M3 BETBEH JIOJIKEH MOUTH BbIUMCIUTEIbHbBINA MPO-
1[ecc, T0aTOMY HeOOXOMMO OIPEeUTh Hanboiee BePOSITHBII My Th MPOJI0JI-
JKEHUSI TIPOrPAMMBI, BBIIIOJTHUTD BBIYMCJICHMS, COXPAHSISI UX PE3YJIbTAThI B I1yJe
KOMaH/I, a TOCJie TOTO Kak Gy/IeT OKOHIATETHHO OTPENETEHO, TPABIIBHO GBI
yTa/laH X0/l BBIMTOJHEHUS TPOTPAMMBI MJIU HET, 3aMUCATh MOJyYeHHbIE Pe3YJIb-
TaThl UJIN AHHYJINPOBATD UX.

Kak yze oTMeuanoch, 3a BpeMsi 06palieHust K MaMsATH MPOIECCOP MOXKET
BBITTOTHUTH 710 20—30 MUKpoortepaInii, cpefil KOTOPBIX /10 TSATH MOTYT OKa-
3aThCs YCIOBHBIMU Iepexomamu. OmnpeseseHneM BO3MOXKHBIX aJpecoB mepe-
X0/I0B 3aHuMaeTcss Oydep mpeiackasanus mmepexonos. Jlust mpepckazaHus
[IePEXO/I0B MCIOJIb3YETCs PACHIUPEHHBIN anroput™m Yeh'a, mossossomuii
¢ BepossTHOCTBIO 90% MPaBUJIBLHO OMPEAETUTH, OY/IET JI BHITIOJHEH BO3BPAT
B HAYaJI0 IUKJIA IPOrpaMMbl (KOMaH/Ibl KOTOPOI y:Ke MMCIOTCS B KAIIe) WJIH
uer. B Gydepe xpansaTes agpeca mepexojioB, BIMOJHEHHBIX paree. O4eBUIHO,
YTO €CJIM Ha PAaHHUX CTA/INSX BBIMOJHEHUS ITUKJINYECKON ITPOTPAMMBI ITEPEX0]]
OBLT BBITIOJIHEH 110 OJJHOMY ¥ TOMY K€ aJ[pecy, TO, CKOPee BCEro, OUepeHoi
nepexojt Gy/IeT BBITIOHEH TY/Ia JKe.

Ecau npegckasanue oKaxKeTcsi BEPHBIM, TO UCIIOJHEHUE TTPOIOJIKUTCS.
Ecau ke npenmosoxenne omub0uHO (UK MPOTPAMMBbI 3aKOHYUJICSH),
TO YacTuyHo BbinosHeHubie MO ypansiorcst u3 ImyJia KOMaH, KOMaHa
C MPAaBUJIBHBIM aPECOM U CJEAYIONINE 3a HEll BHIOMPAIOTCS, TEKOIUPYIOTCS
U OTHPABJSIOTCS HA UCHOJHEHUE. DTO MPUBOAUT K CYIIECTBEHHOMY CHIKE-
HUIO [IPOM3BOANUTENBHOCTH, HAIIPSIMYIO 3aBUCIIEMY OT IJIyOUHBI KOHBeepa —
JUIST apXUTEKTYPbl P6 B ciryuae ommmbOOYHOTO MPEACKA3aHus epexoaa moTepu
cocTaBsT 4—15 TakTOB.

[TpoBepka npaBMIbHOCTH paHee IPeICKAZAHHBIX IEPEXOI0B OCYIIECTBIISIETCS
crenyrormum obpasom. [Ipu gemmdpanun kK KOMaHe YCIOBHOTO MEPEXoia Mpu-
KperistioTest 06a azpeca. OUH M3 HUX — TPEJCKA3AHHBIA — TIPE/IIOIaraeTcst
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MPaBUJILHBIM, IpyToil — HeT. Kak yske 0TMevasoch, OJIUH U3 UCTIOJHUTETHHBIX
6s0k0oB ALU crienuaabHO TpeiHasHaueH JJisT BHITOJHEHUS OTepaiuil yCaoB-
Horo nepexoza. OH onpeessieT MPAaBUIBHBIN ajJipec TIepexo/ia U CPaBHUBAET
ero ¢ npezckasanibiM. Econ agpeca coBnazaior, To Bce MO 3Toil BETBU MPO-
IpaMMbI, HAXO/ISTIUECS B TIyJie KOMaH/, OTMEYAIOTCST KaK TOJIHbIe, U MCIIOJIHE-
HUe BeTBU NpojiossKaercst. Eciin jke ajzipeca He COBIIAJIAIOT, T.€. apec Iepexoia
ObLI TIpeJicKas3aH HelpaBuIbHO, TO 010k ALU usMeHsieT craTyc BceX KOMaH|
BeTBU Ha «llommexamnue yxanenuio». IIpu aToM oH nepenaer MPaBUJIbHBIIM
azpec B Oydep TpecKazanus Mepexojios, a TOT, B CBOIO OYepe/lb, — BbIYCIIH-
TeJIto ajpeca caeayoleil KomaHbl. PaboTta KoHBeliepa mpoieccopa HaunHaeTCst
€ HOBOTO aJIpeca KOMaH/IbI.

Ornepanuu 3armucy B MaMsiTh, B OTJMYNE OT OIEPAIUil C JIOTHYECKUME PEru-
CTpaMH, BBITIOJTHEHHbBIE OJIMH Pas, ysKe He MOIyT ObITh OTMeHeHbI. [[oaToMy oHE
OTKJIAJBIBAIOTCS 10 TOI IOPBI, ToKa Boi3BaBuias ux MO me Oyzer yaaieHa us myJia
komau,. [lsist atoro B P6 mpemycmorpen Oydep mepeyrnopsagouMBanus MaMsTH.
B HeM 1o komaHzaM, BbiaBaeMbiM 0J10KOM uHTepdeiica mamsitu MIU, coxpassi-
eTcs uH(OpPMAIS 0 TaHHBIX U ajipecax. bydep mepecbuiaeT fanHbie B MaMATh
TOJIBKO TI0cJie Toro, kak MO, 1pousBe/inas 3amch B MaMsTh, yIAJISETCSI.

Taxum o6pasom, porieccop P6 3a cuer parimoHaIbHOTO MOPSI/IKA UCITOTHEH S
KOMaH/[ TIPOrPaMMbl 0OECTICUMBAET CYIECTBEHHOE TIOBBIIIEHIE TTPOU3BOANUTENb-
HOCTH, TIPY 9TOM, HECMOTPST Ha M3MeHeHUe MOPSIIKA BBITOJHEHUS KOMAH/T TIPO-
IpaMMbl, Pe3yJIbTaThl paboThl POPMUPYET B TOUYHOM COOTBETCTBUY € IIPOTPAMMOIL.

5.2. Mukpoapxutektypa NetBurst

Muxkpoapxurektypa NetBurst npunia Ha cMeHy Mukpoapxutektype P6.
Ha ee ocHoBe 6bLT co3maH psj mpoiieccopoB Pentium 4, mepsbie U3 KOTOPBIX
MosIBUIINCH Ha cBeT B KoHIle 2000 .

OCHOBHBIM HpensATCTBUEM B JlajibHelllIeM HOBbIIIEHUN [TPOU3BOJUTEb-
HOCTH TIPOIECCOPOB MUKPOAPXUTEKTYPhl P6 mpu TormamnimeM ypoBHe TEXHO-
sorun B 0,18 MKM OBLIO YMCIO CXEMOTEXHUYECKUX DJIEMEHTOB B OJHON CTY-
neHn 12-crynenuatoro Kouseiiepa. OTHOCHTENbHO GOJIBINAS JTMHA CTYTIEHH
MPUBOJUIIA K TOMY, UTO MpejleJibHast 4acToTa, ¢ KOTOPOH MOr paboTaTh TaKOH
KoHBeliep, Haxoausach B paitone 1,1+1,2 I'Tu. Ilpexasuns aty curyanuio, cre-
aucThl GupMel Intel 3apaHee MPUCTYMUIN K MTPOEKTHPOBAHUIO MPOIECCOPA
C HOBOIl MUKPOAPXUTEKTYPOH, OCHOBY KOTOPOil coctaBm 20-cTymeH4aThlii
KoHBeliep. I1oCKOIbKY UnC/I0 CXeMOTEXHUUECKUX 3JIeMEHTOB B OJIHON CTYyIIeH!
KOHBeliepa CyIMeCTBEHHO YMEHBIIATIOCH, 3TO MO3BOJIANIO TTOBLICUTL TAKTOBYIO
qacToTy paboTsl mpoiteccopa. IIpu mpoekTUpoBaHIH TIPoOIeccopa TIAaHNPOBa-
JIOCh, YTO OCHOBHBIM €0 IMPUJIOKEHUEM ObLIU Obl 3a1a4i ¢ MUHUMAJIbHBIM YKC-
JIOM BETBJICHWI, CPE/I KOTOPBIX OCHOBHOE MECTO 3aHUMAJN Obl TIPUITOKEHUS,
HENoCPe/ICTBEHHO cBsI3aHHble ¢ Internet. OTcioia 1 rPOMKOe HazBaHUE MUKPO-
ApXUTEKTYPBI, KOTOPOE MOKHO MePEeBECTH KaK «CETEBOI B3PBIB».

B ocnoBy mukpoapxutexTypsl NetBurst Bomuin Bce niepcrieKTUBHBIE Hapa-
GOTKW, TIPUMEHSIBIIMECS PaHEe B apXUTEKTYPE TPOIECCOpPOB ceMelicTBa P6,
a Takske GBI Pa3pabOTaHBI M HOBBIE APXUTEKTYPHDIE PEITEHNSI.

294



NetBurst 6b11a TT0/I0KE€HAa B OCHOBY MUKPOTIPOTIECCOPOB CEIBMOTO TIOKOJIE-
Hus Pentium 4, Pentium D, Celeron u Xeon. IlepBbie 1mporeccopsl apXuTeK-
Typbl NetBurst 6simr anoncuposansl 20 Hostopst 2000 T., a 8 aBrycra 2007 T.
kommanust Intel oObsBIIA O HAYAJIE AEHCTBUS TIPOTPAMMBI 110 CHSTUIO € TIPOU3-
BOJICTBA BCEX IPOIIECCOPOB 3TON apXUTEKTYPHI. VIM Ha cMeHy MPHIIIN ABYXbsI-
nepHbie mpotieccopsbl cemerictBa Core 2 Duo.

5.2.1. Crpykrypa npoieccopos NetBurst

IIponeccopsr apxutextypnl NetBurst cocTogaT 13 4eTbIpex OCHOBHBIX IO/ -
cucreM (puc. 5.2):

*  BXOJHO;

* JICIIOJIHEHUS C U3MEHEHUEM TI0CJ/Ie/[0BATEIbHOCTH;

*  WCIIOJIHEHVS;

*  TIaMATH.

BxosHast mojicucTeMa BBITIOJTHIET MPEABAPUTEIBHYIO BHIGOPKY MaHHbIX,
npecKasaHue MepexojioB U MpeodpasoBaHme CAOKHBIX KOMaH/ X86 B TIPOCThIe
suyTpennue MO.

[MoscrcTeMa UCTIONHEHNUST ¢ U3MEHEHMEM MOCJIEI0BATEIBHOCTH 06eCIeyr-
BaeT ucnosienue MO B ONTUMAIBHOM TTOPSIIKE.

[MoscucremMa MCHMOTHEHMST COCTOUT M3 HaGopa GJOKOB, OCYIIECTBIISIIONINX
BoimosiHenne MO, U y310B, 06eCednBaONINX B3ANMOJICHCTBIAE UCTTONHUTE b-
HBIX GJIOKOB.

[Mosicucrema TaMsATH COCTOUT U3 TPYIIIBI Y3JI0B, 00eCIIeUNBAIONINX B3aUMO-
JIEMICTBUE TIPOIIECCOPA C OTIEPATUBHOM MTaMSTHIO.

5.2.2. BxoaHag nojacucreMa

K ycrpoiicTBam 3T0i1 MOACUCTEMBI OTHOCSTCS CIEAYIONINE Y3JIIbL.

Baok npeaBapurebHO BHIOOPKH KOMaH/. DTOT y3eJI BBIIOJIHSET TIpeiBa-
PUTEIBHYIO BBIOOPKY KOMaH/[ TPOrpaMMbI (B KoziaX X86) Ha OCHOBAHWMU [IAHHbIX
U3 BXOJHOTO Oydepa NMpeAcKazaHus MepexooB U MpeodpasoBaHKe TPOrpaMM-
HOTO aJipeca KOMaH/bl B (PU3MYECKUI ¢ MOMOIIBIO TaOJIUIIBI TPAHCIISIIIUK aJpe-
COB, BXOJIAIIEH B cocTaB aToro GJoKa.

Bxoanoii 6ydep npeackasanusi nepexomoB. Y3esl XpaHuT TabIuIly paHee
BBINOJHEHHBIX [Iepexo0B 06beMoM 4 Kbaiita. D10 B BoceMb pas 6oJibliie, 4eM
y 1poieccopoB P6, uTo mossoJisieT XpaHUuTh 6oJiee MoAPOOHYI0 UCTOPUIO IIpe-
neiaynEx nepexonos. Takske B NetBurst npuvenen Gosiee cOBEpIIEHHBIH airo-
PUTM IIPECKA3aHUS TIEPEXO/I0B, YTO BMECTE ¢ PACITMPEHHBIM 0OBEMOM TabIIHIbI
MePEX0/I0B 00ECIIEYUBAET BEPOSTHOCTD YAAYHOTO TIPEICKAZAHUS CIIELYIONIEro
azpeca mepexosa okoo 93—94%.

HMemudparop komana. Kak u B poreccopax P6, yses BoimosiHsieT mpeos-
pasosanue croxkHbix CISC-koMar x86 B mocsie0BaTeIbHOCTD H0Jiee IPOCTHIX
RISC-MO, ncnomHsAeMBbIX TPOIIECCOPOM.

Kom nocaenoBareabnocTeit MO. JTOT y3es He HMeeT aHAJIOTOB B apXUTeK-
type P6, B ueM 3akitoyaeTcst o/iHa U3 MHHOBanui apxutektypol NetBurst. Karr
nocsieioBatesbaocTeit MO obecriedrBaeT UCIOTHUTEIBHbBIE YCTPOICTBA TIOCTO-
SIHHBIM TIOTOKOM MUKPOOIIE€PAIHii, YTO MUHUMHU3UPYET BO3MOKHbBIE TPOCTOU.
B mero 3anocsTcst mocsie0BaTEIbHOCTH JAEKOAUPOBAHHBIX BHyTpeHHUXx MO,

295



1s.ngIdN #0doddonodir BWIXD EBHILRHOUIMHAD "7°¢ “ond

nuHargedieH g BH
BHE0dA 7
mey|

eoyoddornu
OJOHHMII MOI'q

CHUIIT

11Q 9G7 BHE0dA | XIGHHRY IIe)]
l* 1 I I I * q
LI 2 2ASS OIN O OIN BIUHILh MouIee
1r901h ‘4SS QITHOI)) arardod| arardod| O O
IOULIRE 1 XN TV ui9H aooodire aooodire
SUHALhH ‘Ndd -HOLTIIN v v doredona [ | doredonay

_ eyuIor 1 rrued nagodionIdg _Allv_

exulor 1 rued yniagodLontod NIAHHILOUKOLIY]

b I

A |

_ 400dAoad donrarouyy
— .
| qrrodon (11e9¥ 71) OIN mex By
i OW RO OJN U9LOOHAIrLRIOTSID0N MEY] goroxadon suneeexdOradn doAq
1
! [}
1
! goroxodun WOy rirenox dozedpumoyy RINOLOMII/OII BRHI/OX Y
| S : —

BEHWILOU))

eLng y9 !

VSzaooEm nondqraLudearadu Morq

I7HRNOM

gorroxador suHeeeMoradil

dapAg yonroxg

296



FOTOBBIX K MCIIOJIHEHUIO, T.€. €CJIU B apxutektype P6 Kaur KomaHj 1mepBoro
YPOBHSI HAXOAWJICS [0 JemudpaTopa, TO TEnepb OH PACIOJIOKEH MOCTIE HETO,
YTO CYHIECTBEHHO COKPAIIAET BPEMsI BBITIOJIHEHMsI KOMAH/[ X86 TpH UX MHOTO-
KPaTHOM [MOBTOPHOM HCHOJHEHUN B IIMKJIMYECKUX [IPOIPAMMAX, TOCKOJIbKY U3-
6aBJisieT 0T HeOOXOIUMOCTH BBITIOJIHATH AEIIH(DPAITIO.

MO ynopsiIounBaioTcsi B COOTBETCTBUH € HECKOJIBKUMU TIPEICKA3AHHBIMU
BETBSIMU TTPOTPAMMBI, JIJIST Y€TO UCTONB3YeTest Oydep MpecKazanust mepexonoB
s ko MO. Kamr nocsenosaresbaocteit MO nmeet oobeM 12 KoaiiT u MoskeT
XPaHUTh HECKOJIBKO JIOCTATOYHO JTMHHBIX (DPArMEHTOB IIPOrPAMMbl — TaK HA3bIBA-
embix mpacc (puc. 5.3). Ou pazout Ha 2048 6J0K0B, OPraHU30BAHHbBIX B 256 HabO-
POB 1o BoceMb 610K0B. Kaskibiii 6JI0K COCTOWT U3 MIECTH STYEEK U MOKET XPAaHHUTh
1o mectr MO (t.e. mo oxmnoii sueiike Ha MO). Econ ske xomanaa x86 mcmoss-
3y€T HEMOCPEACTBEHHbIH Cocod aApecaliu, T.e. COAEPKUT OIEPaH/I, WU ajpec,
TO cooTBeTcTBYOIad eii MO MosKeT 3aHATh OoJiee yeM OIHY STYECHKY.

T MO Ter MO Ter MO
: ] Baok 27 /
| Z broxk 2
| / ] Z Baok 3 |—
| K[ Baok 1 / K" || Baox 1” |
—_— — L

Ha6opy Hab6op J + 1 Habop J + 2

I baoxk 1 I buok 2 | biok 3 | bJok 4 |
/

| Baok1” | Baok2” | Baok3” | Baok 4” |

Puc. 5.3. Cxema popmMupoBaHHs Tpacc B KauI nocienoBareipHocreit MO

Kak npasuio, Tpacca HaunmHaetcs ¢ MO, Ha KOTOPYIO CJeyeT repe-
X0/l B KOMaH/[aX yCJIOBHOTO repexoja (Ha puc. 5.3 HAYAIO TPACCHI OTMEYEHO
teramu K). [lpu simHeiiHOM ciie/JoBaHUM KOMaHJI MCXO/HON TTPOrPaMMBbl Tpacca
€CTECTBEHHBIM 00pPa3oM MOBTOPsIET X0 mporpaMMbl. OHAKO MPU MOSBIEHIH
BETBJIEHUIT OHA He TIPeKpaIaeTcs. B cOOTBETCTBUM ¢ BEPOSTHBIM HATIPABJIEHIEM
IIPOJOJIKEHUS IPOTPaMMBI B Hee gobasistioresas MO, ciexyionye 3a KOMaHAOM
yCJIOBHOTO Tepexoja. bojee Toro, B MUKIMUECKNUX TIPOTPaMMax OJIHU M Te JKe
rpynnsel MO B Tpacce (COOTBETCTBYIONINE OJHOW W3 BETBEIT) MOTYT MHOTO-
KPaTHO MOBTOPSITHCST U CIIEIOBATH JIPYT 32 JPYTOM, T.€. Tpacca Kak Obl «pa3zBopa-
YUBaeT» MUKJINIECKYIO TIPOTPAMMY B JIHMHEHHYIO MOCTIE0BATEIbHOCTD KOMAH/.
BsanmMocBsiab Mexy OJOKaMU YyCTAHABIUBAETCS € MMOMOIIBIO TeroB. Mak-
cUMaJIbHOE YncJ0 OJOKOB B Tpacce — 64, mocse yero oHa obpbiBaetcst. Eciu
Tpacca GOpMUPYETCs HA JIUHEHOM yYaCTKe MPOrPAMMBI, TO OHA «HAPE3AETCST>
Ha KYCKU 9TOM JIJTMHBI.

Bydep npeackazanna nepexonos miug kam MO. DToT y3es, Tak ke Kak
U BXOJHOU Oydep mpejcKa3anust mepexoi0B, XPaHUT TabJHIly paHee BbINOJI-
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HEHHBIX MEePEX0JI0B, 00beM KoTopoil MenbIne — 512 Baiit. Ha ocHoBe gaHHbBIX
TabJIUIBI TIEPEXOJIOB ATOTO y3jia (POPMUPYIOTCS TPACCHL

ROM MukpokosoB. 3/1eCb XPaHSATCSI MUKPOITPOrPaMMbl UCIIOJTHEHUS CII0XK-
Heix CISC-xomang x86. Eciu CISC-komanga MokeT ObITh npeobpasoBaHa
B HabOP, COCTOAIINI OT OAHOIL 10 YeThipeX mpocthix RISC-MO, To nemundpa-
TOP KOMaH]I 3aHOCUT UX B Ka1l nocsienoaresnbrocteit MO. [l caosxkuabix CISC-
koManz B ka1t BMecto MO 3anocurtces agpec ROM MUKPOKOIOB, TTO KOTOPOMY
pacrosaraeTcss MUKpPOIporpaMMa UCTIOJTHEHUST CIIOKHON KOMaH/IbI.

Ouepeap MUKpoonepauid. DTOT y3eJ XPAHUT OUepelb MOJTHOCTHIO JTEeKO-
nupoBanubix MO (BKJOUas U CJIOKHBIE, IEKOAUPOBAHHBIE ¢ TTOMOTIEI0 ROM
MHUKPOKOJIOB), Ky/la OHU 3aHOCSITCS U3 Kalll 1tocieioBareabHocteit MO noprusiMu
10 TPY MUKPOOTIEPAIINH 32 TAKT. Y 3€JT SBISAETCS aHAJIOTOM ITyJia KOMAH/ Y TIPO-
neccopa P6, Ho o6beM ero cymiectBeHHo 6osbine — g0 126 MO. Kpowme Toro,
YCTAHOBJIEHUE CBA3el MeXK/ly JIOrnYecKUMU peructpamu X86 u ux pusnyeckumu
aHAJIOTAMHU 37IeCh ellle He BbIMogHeHo. bompmuit motok MO mpenocraBisier
npoieccopy 6oJiee IMUPOKIE BO3ZMOKHOCTH TI0 PEATTU3AIUI CTPATETHH JINHAMH-
YEeCKOTO UCTIOJIHEHUST KOMAH/] TIPOTPAMMBI C I3MEHEHUEM TTOCJIeZI0BATETHHOCTH
out-of-order.

5.2.3. IloacucremMa MCOJIHEHHS
C U3MEHEeHHEeM IT0CJIe/I0BaTeIbHOCTH

K ycrpoiicTBaMm aT0ii MOJCUCTEMbI OTHOCSTCS CJICLYIOIINE Y3JIbL.

ducneryep pecypcoB. Y3es paclipe/iesiseT BbIUUCIUTETbHbIE PECYPCh
[Tl OPraHu3aIUu apajiieibHOTO ucojinenus moroka MO, ycranaBiuBaer
COOTBETCTBUE MEXKIY JOTMYECKUMH perucTpaMu x86 M HEKOTOPBIMU (hU3H-
YeCKUMU PETUCTPAMU, BBIZIETEHHBIMU CIIENNATbHO /s BhimoangemMoit MO,
a TakKe OTCJIeKuBaer cocrosgnue scex MO, maxoxsamuxcsa B obpaborke. On
BBITIOJIHSET cCOPTUPOBKY MO, hopMupys ABe ouepean — 1no pabore ¢ HaMsaThio
u Beex ocTaibubix MO BBIYUCIUTETHHON 06PaOOTKHL.

Quepenp MO ¢ namsaThio. ITOT y3ea xpaHuT odepenb MO, cBI3aHHBIX
¢ obpaleneM K MaMsiTH — YTeHUs U 3aluCH.

Ouepenr MO naz nesnbiMu yuciaamu 1 yucaamu ¢ IIT. ItoT ysen xpanur
odepe/b BceX ocTalbHBIX MO, KOTOPbIE BBITIOTHSIOT BEIYUCICHIS HAJ TIETBIMI
U BeNIeCTBEHHBIMU YMCIaMU (C TJIABAIOIIEN TOYKOTN).

I[InanupoBuMKN MUKpoOoONepalnuii. ITH YCTPOUCTBA BBITTOJTHSIOT OCHOBHYIO
POJIb B peajiM3allii CTPaTerniu BHEOUEPEIHOTO UCIIOJIHEHUsS KOMaH out-of-
order, obectiedanBasi ONTUMAIBHYIO 3aTPY3Ky MCIOJIHUTETbHBIX GJOKOB. Beero
B apxutekType NetBurst msTh NIAHUPOBIIMKOB, KOTOPBIE CIEI[HATU3UPOBAHBI
JUTSI BBITIOJIHEHUS onpeieieHHbIX HabopoB MO. TI1aHUPOBITMKH BBITTOJHSIIOT
npocmotp ouepeneir MO u or6op MO, roTOBBIX K MCHOIHEHNIO. MUKpoonepa-
IIUsT CYUTAETCS TOTOBOIA, €CJIN €€ ONePaH/Ibl €CTh B HAJTUYUU, HE3ABUCUMO OT ee
mopsIika B Tpacce, T.e. KoMaH B mporpammMe. [Tepecbiika MO Ha ncnosHuTe h-
Hble GJIOKU BBITIOJIHSAETCS YepPes YeThIpe MOPTa, 1Ba U3 KOTOPBIX MIPeIHA3HAYEHbI
st MO ¢ maMaThio, a IpyTue 1Ba — JJIST BCeX OCTaIbHbIX. MO OTIPaBJISIOTCS
Ha MCIOJTHEHNE TaKUM 00Pa3oM, YTOOBI NCTIOJMHUTENbHBIH OJI0K 0CBOGOANICS
Kak pa3 K MOMEHTY WX TPUOBITUS, a OT€PaHIbl ObLIN JOCTYITHBIMHY, T.€. paboTa
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[JIAHUPOBIIMKOB OpraHM30BaHa TaK, YTO IIPOCTOU UCIIOJHUTENbHBIX OJIOKOB
CBEJIEHBl K MUHIMYMY.

Crernuanusaius niaaHuposimurkos MO ciemyromnias:

FAST 0 u FAST 1 — GbicTpbie ITAHUPOBIIMKH, KOTOPbIe PabOTaIOT € TPO-
CTBIMU apUMeTHIeCKUMHE 1 JioTudeckiuMr MO HaJl 1IeTBIMU YU CJIAMU, BBITIOJ-
HsiembiMu Gokamu ALU, a Takike onepanysiMu I1epechLIKM;

SLOW 0 u SLOW 1 — MmejJieHHble TJIAHUPOBIIUKH, KOTOPbie paboTaioT
co croxkubpMu apudmernaeckumu MO, BomonnsgempiMu 6aokamu ALU, FPU,
a TaK’Ke OINeparusIMu TePeChLIKH;

MEM — ianuposmuk MO 110 paboTe ¢ nmamMsThio (YTeHKe U 3aIiCh).

5.2.4. IloacucremMa UCIIOJIHEHUS

K ycrpoiicTBam 3TOil M0ACHCTEMbI OTHOCITCST UCTIONHUTENbHBIE OJIOKH, COO-
CTBEHHO BBITIOJTHAIONIIE TPe0OpasoBaHue TaHHBIX — BHIUUCICHUS U [IEPECHLIKY.

IlenouncaeHHblii perucTpoBbIi (aiin u Joruka. Yse obecreuynBaer HeIo-
CPEICTBEHHYIO TIepeady JAaHHbIX MeKIY GJoKaMu 00pabGOTKHU IIEJBIX YHCE
ALU. Perucrposbiit (haitsn copepkut HabOp PErUCTPOB JIJIst XPAHEHUsT PE3yJIbTa-
TOB OIepaIfii, KOTOPbIE, KaK MPABUJIO, SBJSIOTCS OTIEPAHIAMU /IS TIOCJIELYT0-
mx MO. OHako 3a c4eT JIOTHKA JaHHbIE MOTYT TIePeIaBaThCsT MEXKIY UCTIOJ-
HUTEIbHBIMEU OJIOKaMU TaKKe U MUHYSI PETUCTPOBBIN (haii.

TCenepaTtopsl apecoB. Y3/ibl 00eCeunBaIOT BBIYUCIEHUE /[PECOB, 110 KOTO-
PBIM TIPOBOJISITCS ONIEPAIINY YTEHWS 1 3anuc. [IpeHazHadensl 171 B3auMo/ieit-
CTBUS C K3IIIEM JIAaHHBIX IIePBOTO YPOBHS.

Baoxku ALU. Emute ogna nnnoBarust B apxutekrype NetBurst 3akiouaercs
BO BBeAeHUM ABYX ObICTpbIX 610Kk0B ALU 1 ogHOTO MemeHHoro. BoicTpbie
6soku ALU nipegHasHadeHbl il BbIMoaHeHUs: mpocThix MO, Takux Kak cJio-
JKeHue i jjorudeckue orneparuu. OHU paboTAIOT Ha YaCTOTE, BABOE GOJIBIIEH,
4eM OCHOBHASI TAKTOBAsI YaCTOTA mpoiteccopa. I10ckoibKy nMeHHO OBICTPO/IEN-
CTBUE UCIIOJHUTENBHBIX OJIOKOB BO MHOTOM OTIpe/ie/isieT ObICTPOeHCTBIE TIPO-
1eccopa, 3Ta MHHOBAIUS MTO3BOJIMJIA CYTECTBEHHO MOBBICUTh KOHKYPEHTHBIE
npenmytectsa apxutekTypbl Net Burst. Beictpoe ALU coctouT us iByx «1oJio-
BUHOK», KasK/lash U3 KOTOPBIX 0OpabaThiBaet 1o 16 pa3psaoB — MJIaIIMX Wiim
CTapuuX. JTO CEJIAHO /IS YMEHbIIIEHHS YN CJIa CXeMOTEXHUYECKUX 3JIeMEHTOB
B Kax/0i TOJIOBUHKE W TOAHSTHS 4acTOThl PabOThI. 3a BpeMs TaKTa OCHOB-
Hoit yactotel 6bicTpoe ALU BbITOIHSIET [Ba MOJyTaKTa. BblaucanTeabHast
obpabotka urcen B omoBuHkax ALU ocytiectsisiercst co ¢iBurom. B Teuenne
OJIHOTO TIOJTyTaKTa MJIaJIIast TIOJIOBUHKA OCYIIECTBISIET 06PabOTKY MJIaIIX
PaspsIoB Mocyenyollell mapbl YhcesI, a cTapiias — CTapIlIuX paspsioB Ipe-
JIBITYTIEN, TIPY 3TOM OHA MCIIOJIb3YeT pe3ysbTat (Harpumep, rneperoc), chop-
MUPOBAHHBIN MJIQ/IIIEH TOJOBUHKOI NP 00paboTKe MITAIINX Pa3psioB dTON
napel YKces Ha MpeblylieM Iare. B pesysiabTaTe, HECMOTPS HA TO, YTO OJIHA
MO, B3sTast B OTIENbHOCTH, BHITIOJIHIETCS 32 /IBA MTOJTYTAKTA, TPU BBITOJHEHUN
MOTOKA M3 71 OTIepanuii MOHA00UTCS IUIIb 72 + 1 oMy TakT. ITO JaeT 3aMeTHBII
BBIUTPBIII B OBICTPOEIHCTBIN, OCOOEHHO YUUTBIBAsL, 4TO pesyabrar MO MoxeT
HeMeTEHHO y4acTBOBaTh B cienyomeit MO, kak omepamj, 6aarogapst y3mry
«Ilenmouncaennniii perncTpoBblil Baiin u mporuka». [Jra obecnedenns pabo-
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Toit 6eIcTPhIX ALU COOTBETCTBYIOTIIE M TIAHUPOBIIUKY TakKe PaboTaioT
Ha y/IBOEHHOI 4acTore.

Mennennoe ALU obecrieunBaeT BbloJHeHNe Beex ocTaabHbix MO, T.e. Tex,
KOTOpbIE HE MOTYT BbINMOJIHUTD ObicTpbie ALU.

PeructpoBbiii ¢daiin u goruka. IToT y3en anajormden yany «llemounc-
JIEHHBII PETUCTPOBBIN (haill U JIOTUKay, TOJBKO OH TpeJiHA3HAYEeH JIJIsl XpaHe-
HUS OTIEPAH/IOB U PE3YJIbTATOB, 4 TAKKe HETIOCPECTBEHHON Mepelaun TaHHbIX
11 6JI0KOB 06pabOTKM YMCEI ¢ TLIABAIOILEH TOUKOIL.

Bioku 06paboTku yKces ¢ naBawuiei Toukoit. s soinonnenns MO Haj
yucaamu ¢ 11T B apxutexkrype NetBurst umeercst momiubiii 6710k, Takke ecTh
GJIOK 17151 BBITIOJIHEH ST OTIEPAIINii YTEHWS U 3aIUCH.

Baok BeimosHenus Beravcsaenuii ¢ yucaamu ¢ 1T MoKeT BBITIOTHATD CTeNy-
1oume Habopsr MO:

FPU — czBura, coKeHUsl 1 YMHOKEHMS YMCeJI C IJIaBaloliell TOYKOH;

MMX — 10 06paboTKe MYIbTUMEIMHHBIX TaHHBIX, 3T MO BriepBbie GbITH
BBejleHbl B nporieccope Pentium MMX;

SSE — na6op mukpooneparmit SIMD FPU apxutektypsi P6;

SSE2 — ponosuurensHbiii Habop mukpoonepanuii SIMD FPU, pacumipen-
HbIH ente Ha 144 MUKPOKOMAaH/IbI.

B mporueccopax Ha sape Prescott, kotopsie Intel npeacrasuiaa B 2004 .,
6J10K 06pabOTKY YKCeI ¢ TITaBAoIeN TOUKOH TTOMyUnIl MOANEPIKKY MHCTPYKIHI
SSE3, 8 kotopoM 6bL10 gobasieno emie 13 HoBbix MO notokoBoil 06paboTKu
JTAHHBIX.

5.2.5. Illogcucrema namMaTu

[Toncucrema nmamMsATH OCYIIECTBIISIET B3AMMOJIEHICTBUE C OIIEPATUBHON HaMsi-
Th10. K Heil 0THOCATCS Coreiyiolue y3Ibl.

Kam gauubix mepBoro ypoBHsi. I1o mamath oobemoM 8 Kobaiit (B pan-
HUX npoleccopax, Takux kak Willamette) uiau 16 K6aiit (8 6osiee mo3aHmx)
€ MaJIbIM BpeMeHeM JI0CTyTa. B paHHUX Mpolleccopax OHO COCTABJISIO 2 TaKTa,
B Gosiee mo3AHKX ¢ OOMBIIUM 06BeMOM Kol (sapo Prescott) Bpems oxuganus
COCTaBJISAJIO 5 TAKTOB OCHOBHOM YaCTOTHI.

Ksim-namMsTs BTOPOro ypoBHsi. ITO MaMsITh OOJIBIIETO, YeM Y KIIII [IEPBOTO
YPOBHs1, 06beMa, HO ¢ 6OJIBIINM BpeMeHeM foctymna. Ee o6beM y mpoiecco-
pos Ha simpax Willamette cocraister 128 Kb6aiiT (3areM oH GbII yBeSHUEH
1o 256 Kobaiir), na aapax Prescott — 6bu1 gosenen no 2048 Koéaiit. Bpemsa
JIOCTYTIa COCTABJISIET 7 TAKTOB JIJIsI IpoIieccopoB Ha sizpax Willamette u 18 Tak-
TOB — Ha sijipax Prescott. Kam-maMsTh BTOporo ypoBHsSI COSIUHSIETCS ¢ KIIIEM
JIAHHBIX IIEPBOIO YPOBHS IIUHOMN IUPUHOI 256 OuT.

HexkoTopsie mpoiieccopbl apxutekTypbl NetBurst copepskaiy Takxke Kali-
MaMSTh TPETHETO YPOBHsT 00beMoM 2, 4 ny 8 MoaiiT.

OcHoBHas 3aaua 6JI0KOB KAUI-MAMATH — obecrednTh paboToil NCIoTHN-
TeJIbHbIe y3JIbl mporieccopa. [TocKobKy mepeada JaHHbIX U3 KA OCYIIeCTBIIs-
ercst GobIMME GJOKAMU, TO JIJTIst 00eCTiedeH st BBICOKOH MPOU3BOANTETbHOCTH
UCIOJIB3YIOTCS NIMPOKHUE IIMHBI, YTO HAPSIAY € YaCTOTOI pabOThl, COOTBETCTBYIO-
el HOMMHAJbHOM TaKTOBOI 4acTOTE MPOIECcOPa, aeT BBICOKYIO CKOPOCTD
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nepepayn. Tak, Ipu HOMIHAJIBLHON TakToBoM yactote 3 I'T1 mpomyckuas cmo-
COOHOCTD MIUHBI, CBA3BIBAIOIICH K JAHHBIX TIEPBOTO YPOBHSI ¢ PETUCTPAMHU,
cocrapisier 48 I'6aiiT/c, a MUHDI, CBA3bIBAIOLIEH KON IEPBOTO M BTOPOIO
ypoBH# elrle Boitire, — 96 Taiit/c.

Baok muHHOTO MHTEpdeiica. DTOT y3ea yIpaB/seT CUCTEMHON MINHOM.
Hogas mHa, Hassisaemast Quad-Pumped Bus, uto MoKHO TTepeBecTH, Kak muHa
C YYETBEPEHHOII CKOPOCThIO Iepe/iaun, CIlocoOHa 1epegaBaTh deTbipe 64-pas-
PSITHBIX GJIOKA TAHHBIX 3a TaKT. [Ipw 9TOM M3MEHEHUsST KOCHYJIUCH HE TOTBKO
JIAHHBIX — OHa CIIOCOOHA MepeAaBaTh [Ba aapeca 3a TaKT. ITO CYHIECTBEHHO
TTO3BOJINJIO TIO/THATH CKOPOCTH Tepe/laul JAHHBIX MEX/Ty IPOIIeCCOPOM U OTIe-
PATUBHON MaMSITHIO.

5.2.6. Onucanue KoHBeiiepa

Kak ysxe oTMedasnocs, oH0I 13 MHHOBAMH apxuTeKTypsl NetBurst cramo
XpaHeHue B Kaul rocenoBateabHocTeit MO 11es1bIX KyCKOB JIEKOJIMPOBAHHbIX
KOMaH/[ B BUJIe Tpacc. ITO MO3BOJIIJIO UCKIIOYNTDL U3 KOHBElepa Mo BBITIOJTHE-
HUTO0 KOMaH/[ IPOTPAMMBbI 9TAIbl BRIOOPKH KOMaH [ U uXx jgentudparuu. Korseiiep
nacuntbiBaet 20 craguii B panaux nporeccopax (Willamette), B mocieanux pea-
JIM3AIUSIX 3TOM apxuTeKTyphl (Prescott) umcso craawmit 661710 yBemndeno mo 31.
Paccmotpum 20-cragauiinbiii KoHBeliep poiieccopoB apxuTeKTypbl NetBurst.

1—2. Ha mepBBIX IBYX CTAMAX IIPONCXONT TIOVCK B KAIII [TOCIIEI0BATEIBHO-
creii MO MuKkpoortiepaiiiu, Ha KOTOPYIO YKa3bIBaeT TOCTIEHST BBITTOTHEHHAS.
Hanomuaum, yto MO yske CKOMIJIEKTOBaHBI B TPACCHI.

3—4. B TeueHme creayoIUX ABYX CTaAUN OCYIIECTBJSETCS BbIOOPKA
u pobasienue B ouepeab MO 1o wmectu Mukpoormepauuii. Eciu nomagaercs
CJIOJKHAsI KOMaH/Ia, TO B 0Yepe/ib 3aHOCATCST KOJIbl MUKPOIIPOIPaMMBbI HCIIOJIHE-
Hus 970 koManel 13 ROM mukpoxonoB. [Ipu aToM Kat mocaeoBaTebHO-
creit MO paboTaeT Ha 4acTOTE BABOE MEHbIIEC HOMUHAILHOIL.

5. Ilaras crapus cayxut pus nepegadn MO 10 KoHBeliepy, pu 9TOM HUKa-
KWX [TPpeoOpa3oBaHuil ¢ HUMU He TPOUCXOJUT.

6—8. dtu Tpu craguu obecreunBatoT noaroropky MO k ucnosaenuso. Juc-
meTyep pecypcos BeiGupaet u3 ouepean MO mo Tpu Mukpoomnepanuu. Jlis
HUX PE3EPBUPYIOTCS BCe HEOOXOAMMBIE PECYPCHI IIPOIECCOPA: MECTO B 0Uepe-
1ax — odepenn MO ¢ naMaTbio u oyepeant BbruncanTeabHbix MO, ajeMeHTbl
perucTpoBoro daitna u 6ydepa mepeymnopsitounBamusi uHcTpykunit. [loaro-
TOBJIEHHBIE OTIepaIluy MepelaloTcsl B COOTBETCTBYIONIME oyepenn. Jlornyeckue
PETUCTPBI, YKa3aHHbIE B KOMaH/aX X86, mepenMeHOBBIBAIOTCA B (DU3NYECKUe,
ob1riee YUCJI0 KOTOPBIX OOJIbIINE, 4eM y mporeccopoB P6—128.

9. Jlesaras craaus cayskuT 175 popMupoBanus ouepegeit MO — ¢ namsi-
TBIO M BEIUNCIUTETBHBIX. [Ipn aToM mopsanok cregoBanus MO cooTBeTCTBYeT
UX TIOJIO’KEHUIO B UCXOAHON mporpamme. [locsie 4ero oHM OTIPABIISAIOTCS COOT-
BETCTBYIONUM TIJTAHUPOBIIUKAM.

10—12. OTu TpU CTAAUU BBITIOIHSAIOT TIAHUPOBIIUKHI. THUT MIKPOOTIEpAITIT
OJIHO3HAYHO OIpejiesisieT, KaKOMY IIJIaHUPOBIIUKY OHa gocTtaHercs. IlaTs na-
HUPOBHIMKOB BeIOUpaioT MO U3 ouepeieil HE3aBUCUMO JAPYT OT JAPyra, IpUYeM
or6op ocymectsasiercs no nputiuny FIFO. B manuposimmkax GopMupyrorest
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ouyepesn MO, KOTOpBIE TOCTYHAIOT B COOTBETCTBYIOIINE MTOPTHI, Ha3bIBAEMBIC
mopTaMu 3arycka. VIMEeHHO Ha 9TUX CTaugIX PeaqusdyeTcss CTpaTerus: BHeode-
penHoro ucnosHeHnst KoMana. MO BBICTPAUBAIOTCSI B OUEPEIH TOJIBKO UCXOMS
13 TIPUHIINATIA TOTOBHOCTH OTMIEPAH/IOB K BBIYNCICHUSM.

13—14. Ha s1ux asyx craausax MO s ucnosHeHnst CHabKaTest COOTBET-
CTBYIOIIMMHU omepanaaMu. /lasee oHM Yepe3 MOPTHI 3aMycKa MONWAYT HA COOT-
BETCTBYIOIINE UCIIOTHUTEAbHBIE yeTpoiicTBa. [Topasok UX ncrmorHeHns yxke
HE COOTBETCTBYET PACIIOJIOKEHUIO B MCXOHOU MPOrPaMMe, a OIIpe/esisieTCst
JIUTIB TOTOBHOCTBIO.

15—16. I1u gBe craguu 06eCIeUunBaIOT YTEHUE OIIEPAH/IOB U3 PETUCTPOBBIX
(aiinos. Peructposbie daiiibl paboTaioT Ha yABOCHHOI YacTOTe, T.€. Ha 4aCTOTE
paboTsl 6bicTpbIx Om0k0B ALU.

17. 9710 cTagma ucnonHenus. ViMeHHno Ha Hell HPOMCXOAUT IpeoOpasoBa-
Hue naHHbBIX. MO BMecTe ¢ omepaH/iaMi OTIPABJISETCS B COOTBETCTBYIONIHII
BBIYNCJIUTENBHBINA GJIOK, B KOTOPOM U TIPOUCXOANUT 00paboTka. Ouenpb BaKHYIO
PoJIb JIJIs yCKOpeHus mpoiiecca uctorHenuss MO urpaer Joruka, uMeronasicst
B pPerucTpoBBIX (ailmax. Biaarogaps eif pe3ysabTaT TOJTBKO YTO MCIOJTHEHHOM
MO MoskeT HEMeITIEeHHO y9acTBOBaTh B caeayionieiit MO yike Kak onepasj, T.e.
YCTPAHSIIOTCS 33/IEPIKKHU, KOTOPbIE MOTJIN Gbl OBITH BBI3BAHbI OTIIPABKOI PE3yib-
TaTa B YKA3aHHBIN PETUCTP, a 3aTeM — YTEHUEM €T0 OTTY/Ia.

18. Ha aToi cTamum BBIYUCASIOTCS W YCTAHABINBAIOTCS MTPU3HAKHI PE3YJIb-
Tara — (IAKKH, KOTOpbie HeOOXOIMMBI LISt HCTIOTHEHUS cireayomux MO mpo-
rpamMmbl. B wacTHOCTH, OHU SIBJISIIOTCST BXOMHBIMU JaHHBIMU JIJISI CJIEyTOTedt
CTa/[MM, HA KOTOPOH Oy/IeT MPOUCXOAUTD MIPOBEPKA MPABUILHOCTU TIPEACKA3aH-
HBIX TT€PEX0/I0B.

19. Ora craaus 3ape3epBUPOBaHa st PaGOThI MOJIYJISI IIPE/ICKA3AHUST TIepe-
XOJIOB. 3/1eCh TIPOUCXOIUT CPABHEHUE MTPECKA3AHHOTO JIJIT TOJILKO YTO BBIIIOJI-
HEHHON KOMaH/IbI aJpeca Tepexo/ia ¢ TeM, KOTOPBIN MpeCKa3bIBaJICs paHee.
Ecin npenckasanme okaszaaoch OmMOOYHBIM, aITOPUTM TIPEACKa3aHus Oyaer
cKoppekTHpoBaH. TakuM 06pazoM MOyJIb MPeICKa3aHst MEPEX00B HabpaeT
CTATUCTUKY TOYHOCTHU, KOTOPASI UCHOJb3YETCsI [IJISI KOPPEKTUPOBKU MOJETU
IPE/ICKA3AHMUS.

20. PesynbTaT IPOBEPKH, MOTYICHHDIH Ha MPEABIAYIIEH CTaANN, HAIIPaB-
gsercst B nemudparop. [locne npoxoxaenus MO Bcex crajuii KOHBeliepa oHa
JIOJIKHA OBITH yajieHa, a Pe3yabTaThl C(hOPMUPOBAHBI U 3AIMCAHBI B MAMSITh
B COOTBETCTBUHU C UCXOAHOI mporpammoii. Torpko mocie yaamerns MO Bce
pecypebl, 3ape3epBUPOBAHHBIE 32 Hell, 0CBOOOKAAIOTCS. DTOT MPOIECC Ha3bI-
BaeTcst oTcTaBkoit MO. DTa orepaiust OCyIECTBASETCT OIOKOM 3aBepIIEHNST,
AHAJIOTUYHBIM COOTBETCTBYIONEMY YCTPOUCTBY B apxutekrype P6 (ua puc. 5.3
OH He 1okasaH). OrcraBka ocyiiecTBageTcs rpynnamu o Tpu MO — Ttak xe,
KaK OHW GBI CTPYTITHPOBAHBI Ha CTausIX 6—8.

5.2.7. CucremMa NOBTOPHOTO MCIIOJHEHUSI MUKPOOTIEPALHii

B npoueccopax apxutextypsl NetBurst umeercs crenuanabHas cuctema
nosroproro ucnosnenuss MO, Koropast BKJIo4aeTcst B paboTy B TeX Cirydasx,
KorJla K MOMeHTy ucnonaHenust MO orepas/ibl OKa3blBaloTCsl He roToBbI. Takas
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CHUTYaIsI MOJKET BOSHUKHYTb, HATIPUMED, €CJIM OHA GbLTa OTIPaBJIeHA TJIAHHU-
POBIIIMKOM B KOHBeliep, UCXO0/Is U3 TIPETIOTI0KEHM, YTO OIIePaH/I IOJKEH HaXO0-
JUTHCS B K3III IAHHBIX TIEPBOTO YPOBHS, a HA CAMOM JIeJIe €T0 TaM He 0Ka3aJoCh.

Kax y»ke ormMeuanoch, OCHOBHAS 3a/jaua MJIAHUPOBITUKOB COCTOUT B MaKCH-
MaJIbHO BO3MOKHON 3arpy3Ke MCHOJTHUTEIbHBIX GJOKOB paboToii. [TocKoibKy
KOHBeliep JUTMHHBIN, He0OX0MMO (hOPMHUPOBATH OUEPEh M3 TOCTATOUHO HOID-
moro yucaa MO. [Ipu aToM OHU OTIIPABJISIIOTCS B KOHBEHEP B TAKOW OYepeIHO-
€T, YT06BI K MOMEHTY MX TIPUXO/Ia Ha NCIIOJHUTEIbHBIE OITOKU OTEPaH/IbI ObLIH
rotoBol. Ecan piurensrocTs ucrmontneHnsa MO (¢ yaeToM BpeMeHH JTOCTaBKU
OTepPaH/I0B) U3BECTHA, HUKAKKMX MPOOJIEM He BOSHUKAET.

ITycTp, Hanpumep, uznet menouyka MO, B KOTOPOIi pe3ybTaT MpeablIyTieit
SABJISIETCS OllepaHIoM JJIs Tocieyioleil. B atom cayyvae, eciu onepan] caMoit
[IEPBOM OTIepaluyl XPAaHUTCS B PETUCTPOBOM (aiiie, BCsl 1ieTouKa OyAeT BbITOJI-
HeHa ¢ MaKCHMaJbHO BO3MOXHOH cKopocThio. MHasg cuTyanus BO3HUKAET,
ecJIN OH XPAHUTCS B siYelike mamsaTu. B aToMm ciryuae miepBast oreparusi Oyaer
OTIIpPaBJIeHA MJIAHUPOBIINKOM Ha KOHBEHEp U3 TPEAI0JI0KEHUS, YTO OTEePAHT
HAXOJUTCS B KAIII JAHHBIX [IEPBOTO YPOBHST U JIJIsI €70 JOCTaBKK TPeOyeTcst orpe-
JleJIeHHOe JI7Is1 IAaHHOTO IIPOIleccopa YMCJI0 TaKTOB, T.€. 32 BPeMs MCIIOJTHEHUS
Bcex MO, crostimux mepej Heil, omepan OyIeT J0CTaBIeH B UCTTOTHUTETbHBIT
6u10k. TIpeicTaBuM, 4TO HYKHOM STUCHKHU MTAMSITU B K3IIIE He OKA3aJI0Ch, 3HAYUT,
orepa/ He Oyet socTaiieH 1 ata MO Gyer BbIoHEHa HellpaBuibHO. Bosee
TOTO, TTOCKOJIBKY MPHOCTAHOBUTH KOHBeHEp HEBO3MOJKHO, BCE MOCJIEAYIONINE
MO GyayT TakxKe BBITTOJHEHbBI HEPABUIBHO.

[lnst ucipaBieHust moJOOHBIX cuTyanuil B apxutektype NetBurst nme-
ercst cucmema nogmoprozo ucnoinenus MO (aura. replay — nepeurpatp). Ona
3aKJIIOUAETCS] B TOM, UTO T1apaJijIeJIbHO ¢ OCHOBHBIMU OU€pe/ISIMU [LJIAaHUPOBIIH-
KOB B TIPOIIECCOPE €CTh Pe3epPBHBIC OUePe/IN CHCTEMBI TOBTOPHOTO MCIIOJHECHNUS,
B TOYHOCTHU Komnupytomue ocHoBHbIe. MO ¢ BbIX0/1a MJIAHWPOBIIKA TIOMAaeT
B OCHOBHYIO ouepe/lb U pe3epBHY10. B pesepBHOIl ouepeu OHa ABUXKETCS apaJl-
sgenpHo ocHoBHOH. Ecim MO n3 ocHOBHOTO KOHBeliepa BBITOJIHEHA YCIEITHO,
ee KOIHs B Pe3epBHON ovepesid PoCTo yHUuToxKaetcst. Ecin ske kK MOMEHTY ee
UCTIOTHEHVISI OKAa3bIBAETCST, UTO OTlEPaH/l He ObLIT T0CTaBIeH, Korist MO TToBTOPHO
HaIpaBJIsieTcs B OCHOBHOI KoHBetiep. MO, moctynaionias Ha TOBTOPHOE UCTIOJI-
HeHue, umeeT 6oJiee BHICOKUN MPUOPUTET TIEPE OCTATbHBIMU 1 TIOMEIAETCSI
B KOHBellepe HEIOCPEACTBEHHO TOcje TIaHnposnKa. [Ipoiing mo memodxe
KOHBeliepa, OHa BBITIOJIHSETCS ellle pa3. Takoe MHOTOKPaTHOE TOBTOPHOE UCTIOJ -
HEHHe MOKET ITPOUCXONUTH JIECSTKU Pa3 — JI0 TeX TIOp, TTOKa oTepaH]l He GyieT
moJrydeH (HaIpuMep, KOT/[a OH JIOCTABJISETCS U3 ONEPATHBHON MaMATH).

Ecamn aTa MO okaszasiach 1mepBoil B 1eN0UKe B3aUMO3aBUCUMBIX KOMaH/I,
T0 Bee nocaenayiomue MO takke GyayT OTIIPaBIEHbI HA TTOBTOPHOE MCTIOJTHE-
HUe.

WNHuorna moBTOPHOE NCTTOTHEHUE B3aM03aBUCHMbIX MO BBI3BIBACT B3aNMO-
GJIOKMPOBKH, TPUBOJISAIINE K MHOTOKPATHOMY ITOBTOPHOMY UCIIOJHEHUIO OOJIb-
[IUX YYACTKOB TPOTPaMMBbL. JIJist MCKITIOUeH s TOMOOHBIX CUTYAIUE MPeLyCcMOo-
TpeH aBapuiHBIN BbIX0o/. [lociie BBIMTOTHEHNS HECKOJBKUX JIECATKOB ITUKJIOB
MOBTOPHOTO MCIIOJHEHSI COOTBETCTBYOMTIE HAGophl MO OTIPaBIsIOTCS B CIie-
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IMaTbHBIH 6ydep, aTo6bl 0cBOOOINTH KOHBelep. [Ipu aToM KOHBelep 3aoTHsI-
ercs IPyrMMH KOMaHIAMH, a 32 BPEMsI MX UCIIOJIHEHUS B KOII JIAHHBIX [IEPBOTO
YPOBHST JIOCTAaBJSIOTCS HEOOXOIMMBIE JIJIST OTIOKEHHOTO yYacTKa MPOrpaMMbl
onepaH/bl.

Hannuwe cucrteMbl MOBTOPHOTO WCIOJHEHUS — HeOOXOAMMasl TJiaTa
3a cTpeMJIeHne MaKCUMATbHO 3arpy3uTh PaboTOH MCIOMHUTETbHbIE OJIOKN
NPH JVIMHHOM KOHBeliepe. XOTs TIOBTOPHOE UCIIOJIHEHUE U TIPUBOANT K CHUXKE-
HUIO TIPOM3BOIUTENHLHOCTH, TeM He MEHee 9TO T03BOJIsIET n36eKaTh OCTAHOBKY
u cbpoca KoHBeilepa, KOTOpbIe BbI3BajK Obl elle 0oJjiee cepbesHble IIOTEPH IIPO-
U3BOJNTEILHOCTH MTPOIECCOPA.

5.2.8. Texunonorust Hyper Threading

B HexoTOpPBIX Mpolleccopax, peaJn30BaHHBIX HA OCHOBE MUKPOAPXUTEK-
Typbl NetBurst, 6biia BBe/ieHa BO3MOKHOCTD OJJHOBPEMEHHOTO TTAPAJLIETHHOTO
BBITIOJIHEHUS IBYX TIPOTPAMM, WJIN JIBYX PA3HBIX YYACTKOB OJIHOI TIPOTPAMMBI.
Cawmo naszsanue Hyper Threading o3nauaer «rumeproTroYHOCTb», T.€. IPOIECCOP
MOJKET OJITHOBPEMEHHO BBINOJHATH MHOTO TIOTOKOB KOMaH/I.

Onun dusmdeckuit mporeccop, MOAIEPKUBAIONNI TexHoMoTHi0 Hyper
Threading, paccmarpuBaercst omepalinoOHHON CUCTEMON KOMITBIOTEPA KK J[BA
PasHBIX JIOTMYECKUX Tipolieccopa. Kaskablii 3 HUX UMeeT ¢BOil HaGOp JIOTH-
YECKUX PETUCTPOB, BKJIIOUAS MPOTPAMMHBIN CYETYNK, KOTOPBIE (hPOPMUPYIOTCS
U3 TPYIIbl (HUBHIECKUX PETUCTPOB MPOLECCOpa, OOBEANHEHHBIX B PETUCTPO-
BoM (paiise. Tak Kak (usuueckuii nporeccop NetBurst nmeer 60J1bI110ii Habop
MCIIOJTHUTENBHBIX y3JI0B, PAOOTAIONINX TTapajlieTbHO, BKIIOUas U ABa paboTao-
X Ha yABOEHHON yactore 6bIcTPbiX 60ka ALU, MosIBJAsSIETCS BO3ZMOKHOCTD
3arpysKaTh MX KOMaHAIAMU OT IBYX Pa3HbIX (hPaArMEHTOB MTPOTPAMM.

[TockosbKy MHOTHE NCTIOJTHUTEbHBIE Y3JIbI B IIPOTIECCOPE UMEIOTCS TOJIBKO
B OJIHOM DK3EMILISAPE, TO, 6E3yCAOBHO, MEKAY ABYMS MOTOKAMK KOMaHJ BO3-
MO’KHO BO3HUKHOBEHHE KOH(MIMKTOB, KOrja 0o60UM MOTOKaM Tpebyercs
WCIIOJIb30BaTh OJIMH U TOT K€ MCIOJHUTEJbHBIN y3€eJI, O/IHAKO B I1eJIOM TaKas
pabota mo3BoJisieT Gojee HHTEHCHUBHO MX UCIOJIb30BaTh. KoHeuno, ahdekTus-
HOCTH TaKOW PabOTHI 3aBUCUT OT TOTO, U3 KAKUX KOMAH/[ COCTOSIT TOTOKH 1TPO-
rpaMM, T.e. HACKOJIBKO PEIKO B MPOIECCE MCIONHEHUS IBYX MOTOKOB OyayT
MOCTYTIaTh KOMaH/[bl, OZIHOBPEMEHHO TPEOYIOIIIE OJUH U TOT e MUCIOJTHUTEIb-
HBIH y3eJ.

Pacemorpum mpenmyiiectBa Texnosorun Hyper Threading wa mpumepe.
[TycTh mpoteccop BBITOJNHSET /IBE TTPOTPAMMBI, KOTOPBIM COOTBETCTBYIOT JIBA
IIOTOKa KOMaH/l — 1OTOK A u notok B. KomaHzibl noToka A 3arpyskaioT UCIOJ-
HUTEJIbHBIE OJIOKH TIPOIleccopa Tak, Kak MOKa3aHo Ha puc. 5.4, a, a moToka B —
Ha puc. 5.4, 6. Kak BugHO, B pasHble TaKThl 00a TIOTOKA UCIIOJAb3YIOT PasHbIe
UCIIOJTHUTEbHBIE GJIOKH TIpoleccopa. Ecimi mpotteccop He MMeeT TEXHOJIOTHH
Hyper Threading, To mpu mapaiiesbHOM BBIOJHEHUN JBYX MOTOKOB OH
OyIeT ooYepeHO BBIIOJIHATh UX KoMaHbl (puc. 5.4, ). B obmell cioxnocTn
Juist aToro norazobures 10 takTos. Ecim ke mporieccop peausyer TeXHOMIOTHIO
Hyper Threading, o aist BbinosHeHUsT 060UX TOTOKOB MTOHAZO0UTCS TOJBKO
5 taktoB (puc. 5.4, 2).
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Puc. 5.4. BoinosiHeHue ABYX MOTOKOB Ha Mpolieccope Ge3 peanrusaun
u ¢ peanusanueii rexnonorud Hyper Threading:
a — HWCIIOJTHEHMEe KOMaH/ ITIOTOKa A; 6 — ucIroaHeHue KOMaH/[ II0TOKa B;
6 — UCIOJIHEeHUe KOMaH I ABYX moTokoB 6e3 texnosorun Hyper Threading;
2 — WCTIOJMHEHWe KOMaH/[ IBYX MOTOKOB ¢ TexHosiorueit Hyper Threading

5.3. MukpoapxuTekTypa MHOrosiiepHbIX NpoLeccopoB

B navane XXI B. cTasio scHO, 4TO fasibHEIIee yBeJTMUeHNE TPOU3BOIUTEb-
HOCTH TIPOIECCOPOB, TIOCTPOEHHBIX HA OCHOBE OJHOTO s/[pa, Oy/IeT OrpaHuYu-
BaThCs PACTYIIUM dHepronorpediaenneM. B To jke BpeMs BO3MOYKHOCTH TEXHO-
JIOTUW, YMEHBIIEHHE TEXHOJOTUIECKON HOPMBI MTO3BOJISIIH PEATH30BbIBATD
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B OJTHOM KPHUCTaJIJIC IO HECKOJBKO COTECH MUJITMOHOB TPAH3UCTOPOB. B aTHX
YCJIOBUSIX BEAYIIHE Pa3pabOTINKK TPOIECCOPOB, Kak Intel, Tak u AMD, tipu-
HSLIN PElIeHNe, YTO JAaJbHellIee TOBBIIICHNE TIPOU3BOANTEIBHOCTH BO3MOKHO
3a CUET COBMEMIEHNUST B OMHOM KPUCTAJLIE IBYX 1 H0Jee TPOIECCOPHBIX sIIep.
C y4eTom TOro, uTo peskuM paboThl KOMITbIOTEPA MHOTO331auHblii, 9TO MO3BO-
JISJIO CYIIECTBEHHO MTOBBICUTD €T0 MPOM3BOIUTEIBHOCTb.

B 2005 1. mpakTUYecKu OXHOBPEMEHHO 00a BEAYIIIX TPOU3BOIUTEST TIPE]I-
CTaBWJIM CBOM JIBYXbsIIEPHBIE TIPOIECCOPBL: B MapTe dhupma Intel — nporeccop
Smithfield, B Mmae pupma AMD — mporieccop Opteron 2xx.

[TepBbie ABYXbsiIEPHBIE TPOIIECCOPBI TPOCTO OOBEIMHSIIN B OTHOM KOPITyCE
IBa S17Ipa, KOTOPBIE PaHee PEaM30BBIBANCE B BU/IE OJTHOSIZIEPHBIX ITPOIECCOPOB.
Taxk, mporteccop Smithfield mpakTuaeckn coBMenanz B OHOM KPHCTAIIE KPEM-
HUS JIBA TIPOIIECCOPHBIX SI/IPA, AHAJIOTHYHBIX Prescott, KOTopbie OBLIH MOKIIIO-
JeHbl K 0011eit cucteMHoil mmue. HamtoMunM, uTo B ipotieccope Prescott 6biia
UCIoTb30Bara Mukpoapxutektypa NetBurst. 3atem Intel BoimycTuma eie ofuH
IBYXbsAepHbII poreccop Presler ¢ Toii sxe Mukpoapxutekrypoit. O ObL1 pea-
JI30BaH MO TEXHOJOTHH 65 HM 1 CXEMOTEXHIIECKH TTPOCTO OGHEIMHSLI B OJHOM
KOpITyCe /IBa KPUCTAJIA, HA KAJKJIOM U3 KOTOPBIX PACIIOJIATAJICS OJHOSIIEPHBII
nporieccop. Ha atom apa mukpoapxutextypsl Net Burst 3akonumiach.

Bymytiee MHOTOSIIEPHBIX TIPOTIECCOPOB (hUPMBI [ntel paspaboTINKH CBSI3ATN
C pa3BUTHEM MHUKPOAPXUTEKTYPbl P6. [IepBbIM ABYXbSNIEPHBIM TTPOIECCOPOM,
sIIpa KOTOPOTO GBI Peay30BaHbl HA 3TOi 6ase, ctays Yonah, mosBuBImiics
B sauBape 2006 r. B nem yxxe Oblma obmiast st o6oux sijgep nHGPacTpyKTypa:
K91I BTOPOIO YPOBHS U KOHTpPOJIep cucTeMHol munbl. IIponeccop Yonah
MOKHO PacCMaTpUBaTh Kak TMOCJEAHUN MPEICTABUTENb 6a30BONH MUKPOAPX-
TexTypbl P6. Beaen 3a wim stetom 2006 r. upma Intel nipegcrasuia mporec-
COPBI, IOCTPOEHHBIE HA OCHOBE HOBOI MUKPOAPXUTEKTYPBI, CIIEIMAIbHO Pa3pa-
GOTaHHON /TSI PEATH3ANNT MHOTOSIIEPHBIX TTPOTIECCOPOB, KOTOPAs BO MHOTOM
onupanach Ha 6a30Byt0 cTpyKTYpy P6, HO nMesna u MHOTO HOBOBBeseHni. OHa
nosryuria wHaspauue Intel Core, B Heil cHOBa cTasl HCTIOJIB30BATHCS KOPOTKHIL
KOHBeliep, cocTodmuii u3 14 cryneneii (B mocaennux moandukammsax Pentium
4 na azape Prescott uncio cryneneil konseiiepa 6110 goBegeHo 10 30).

Haxownerr, B xoutie 2008 r. Intel mpeacTaBuIa IPOIECCOPDI, TOCTPOEHHBIE
Ha Gasze HOBOW MuKpoapxutekTypbl Nehalem, kotopast Takike, B ¢cBOIO 04e-
penb, crana passutueM Intel Core. Pazymeercs, u Intel Core, 1 Nehalem — a1o
MHUKPOAPXUTEKTYPhI HOBBIX MOKOJEHUHN ¢ GOJIBITIM 00HEMOM HOBOBBEIEHHIL.
W Bce ke OTIPaBHOUM TOYKOM /IS BCEX MHOTOSI/IEPHBIX MPOIECCOPOB (hUPMBbI
Intel, maunnas ¢ 2006 r., crama Mukpoapxurektypa P6.

5.3.1. Mukpoapxurexrypa Nehalem

Mukpoapxurekrypa Nehalem 6b11a paspaborana jiisi MHOTOSIZIEPHBIX MPO-
1eccopoB upmer Intel, OpueHTUPOBAHHBIX HA UCITOJIB30BAHUE B BBICOKOIIPOW3-
BOJIUTEJIbHBIX TIEPCOHATBHBIX KOMITBIOTEPAX U CepPBEPHBIX cucTeMax. Ha ee Gase
BBIMTYCKAJINCD JIBYX-, YeTBIPEX- U BOCBMUSIZIEPHBIE TTpoTieccopbl. OHA UCITOTh-
3yer 6a3oBble HapabOTKH, CO3/JaHHBIE MTPU TIPOEKTUPOBAHIKI MUKPOAPXUTEK-
typsl Intel Core, Ho UMeeT U 1eJIblil Psiji yCOBEPIIEHCTBOBAHMIA.
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[Tpu paspaboTke CXEMOTEXHUKH CBOMX MHOTOSIZIEPHBIX TIPOTIECCOPOB (hHUpMa
Intel crana ucmob30BaTh COBEPIICHHO HOBbIE MaTEPUAJbBI JIJIsT PeaTu3al[uu
TpaH3ucTopoB. C yMEHbIIEHUEM TEXHOJOTMYECKON HOPMBI M POCTOM YKCJIA
TPaH3UCTOPOB B KPUCTAJLTIE TTPOTIECCOPA YMEHBIIAIACH TOJMIINHA H30INPYIONIETO
CJIOST — JIMOKCHIa KPEMHUSI, TOKA He JIOCTHUTIA 3HaYeHust 1,2 HM, Wil 5 aTOMOB.
I[To Mepe yMeHBIIIEHNS TOJIIITHBI U30JIUPYIOIIETO CJI0ST POC TOK YTEUKH, & BMECTe
C HUM W PaccemBaeMasi MOIIHOCTb. JIJIsT CHIKEHUST TOKOB YT€UKU HY;KHO OBLITO
YBEJIMYUTH TOJIIUHY U30JUPYIOUIETO CJI0sI, KOTOPBIH /I COXPAHEHUs XapaK-
Tepa B3aMMOJIECTBIS 3aTBOPA M KaHaJla TPAH3UCTOPA MOJKEH GBI 06Ia1aTh
6ouiee BBICOKUM KOA(h(DUITHEHTOM AUdIeKTPpUYecKoii mporuiaemocti. B 2007 r.
uHKeHepbl hupMbl Intel paspaboTain TEXHOJOTUIO U3TOTOBIEHUST U30JUPYIO-
IIIEeTO CJI0S He W3 TUOKCHIA KPeMHNS, a 13 MaTepHaJia Ha 0CHOBe TaHuUs, KOTO-
pasi TT03BOJINJIA CHUBUTD TOK YTEUYKU B JecsaTh pa3d. OMHAKO HOBBIN MaTepua
0Ka3aJICd HECOBMECTHMBIM C 3aTBOPOM TPaH3UCTOPA. TPaH3UCTOPBI C HOBBIM
M30UPYIONIAM MaTepuaIoM paboTaan MeHee 3G GhEKTHBHO, YeM CO CTapBIM.
Torza GbIIO TIPEJIOKEHO 3AMEHNUTh ¥ MaTepuaJ 3aTBOpa: Koproparus [ntel
OTKPBIJIa YHUKATBHOE COYETaHNE METAJIIOB, COCTAaB KOTOPOTO AEPKUTCS B CTPO-
rom cekpere. HoBble TeXHOIOrUN pean3aiyy TPAH3UCTOPOB MO3BOJINIIN TI€pe-
it Ha GoJiee HU3KYIO TEXHOJIOTMYECKYI0 HOPMY — ¢ 65 Ha 45 HM, uTO obecrie-
YUJI0 YBeJWYeHNEe YNcaa TPAaH3UCTOPOB, Pa3MellaeMbIX Ha TOM Ke TIJIOMIAN.
[Ipu aTOM CHM3MJIACH MOIIHOCTD MIPOIECCOB BKIIOYEHUSI—BBIKJIIOUEHUST TPAH-
3¥ICTOPA ¥ MOBBICHJIACH CKOPOCTD TIEPEKITIOYEHUS.

CymecTBeHHBIM HegocTaTkoM mpotteccopoB Intel Core cran ux HeMOyib-
HBIN u3aiiH. /[es10 B TOM, 4TO OHM M3HAYAJIbHO TTPOEKTUPOBAJIMCH KAK JIBYXbSI-
JIepHBIe TIOJYITPOBOHNKOBBIE KPUCTAJLTBL. [10aTOMY 4eThIpex- 1 ecTusiepHbIe
MPEICTaBUTEIN MUKPOApXUTEKTYphl Core mpocTo cOOMPATNCh U3 HECKOTbKIX
NIBYXbSIIEPHBIX KPUCTAJLJIOB, & 3TO MPUBOIMIIO K 3aTPYAHEHUIO B3AUMOICHCTBUS
Mexay HuMu. O6MeH TaHHBIMU MEX/Y PAa3pO3HEHHBIMU SIIPAMI OPTAHHU30BbI-
BAJICST Yepe3 CUCTEMHYIO ITaMsiTh. KOHeYHO, Takol MOIX0/I K peau3aiiui obMeHa
BBI3BIBAJT OOJIBIINE 3a/EPKKU, 00YCTOBIECHHbIE OTPAaHUYEHHON TPOITYCKHOM
CIOCOOHOCTBIO TIPOIECCOPHON TITUHBL

B orsmmuue or npoueccopos Intel Core MUKpoapxuTeKTypa IIPOLECCOPOB
Nehalem cosmaBanmach ¢ opreHTaIeil Ha MOAYIBHLIN Au3aiin. OHa BRIOYAET
B ceOst JIUTITb HECKOJIBKO OCHOBHBIX AJIEKTPOHHBIX MOJIYJIEH, U3 KOTOPBIX HA ATAIIE
KOHEYHOTO MPOEKTUPOBAHUS U TIPONU3BOJICTBA, KaK U3 CTPOUTENHHBIX GJIOKOB,
MOJKeT OBITh COOPAH MTOTOBBIN TPOIIECCOP. ITOT HAOOP BRIIOUAET B ceOST TIPO-
1[ECCOPHOE SIIPO, KAII-TIAMSITh, KOHTPOJLIEPbI CUCTEMHOM IIIMHBI U TIAMSITU U T.JI.

Ha sTarme mpoekTHpoBaHUs TPOIECCOPa HEOOXOAMMBIE MOLYJIN COOMPAIOT
B €IMHOM MOJIYIIPOBOJHUKOBOM KpHCTajie. B 3aBUCUMOCTH OT Ha3HAUEHUS
mporeccopa B HEro BKJIIOYAIOT TO WJIM UHOE Yucyo MopayJeil. Hampuwmep, mpo-
I[eCcop /i1 TTePCOHATLHBIX KOMITBIOTEPOB MOXKET NMETD JBa IIPOIECCOPHBIX
SIIPA, OIHY KAII-TIAMSITh, & TAK)KE OJUH KOHTPOJIIEP HMaMSITU U KOHTPOJLIED
CUCTEMHOM IITUHBI.

CepBepHBbIiT TPOTIECCOP MOKET BKIIIOUATD B eI yIKe BOCEMb sI/IeP, HECKOTBKO
KOHTPOJIJIEPOB CHCTEMHOW TMUHBI [7Ist 00bEANHEHNSI B MHOTOITPOTIECCOPHBIE
CUCTEMBI, KIII-MIAMSITh 1 KOHTPOJIJIED TTAMSITH.
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B cooTtBercTBUM ¢ MOAYJIBHOI KOHIenreil B nporeccopax Nehalem Boize-
JIAIOTCS iBa yPoBHsL. Ha mepBoM paciiosiosKeHbl siipa mpoIeccopa, BTopoii 00b-
eIIHSIET YCTPONCTBA, 00Imne st Beex sizep. [Ipeskie BCero, 3T0 K3 TPETHETO
yposts (y nporeccopos Intel Core o6rmum GbLT K311 BTOPOro yposHst ). Bropoii
KOMIIOHEHT BTOPOTO YPOBHs y mporieccopoB Nehalem — kontposiep cucrem-
HOH IMMHBL, TPETHIT — 0O KOHTPOJLIEP ONEPATUBHOMN ITaMSTH.

Jlist Nehalem 6bn paspabortan HOBbII uHTEPDEIC, CBA3BIBAIOIINI TIPOIEC-
COP ¢ MUKPOCXEMaMHU MaTEPUHCKOI TIJIATEI, 0GECTICYMBAIOIIMHU €10 B3aMMOJIEH-
CTBUE C TTAMSITBHIO W BHENTHUMH YCTPOMCTBAMU (YUI-CETOM ). ITOT MHTepdeiic
OCHOBAH Ha MCIIOJIb30BAHUM HOBOW CUCTEMHOM INUHBI, TIOJTYYUBIIEH Ha3BaHUE
Intel QuickPath Interconnect (QPT). Ilura QPI siBiisietcst ABYHATIPABIEHHON
u cocrout us 20 map JMHUH, KaKaas U3 nap mepegaer ogud our — 16 ausa gan-
HBIX U 4 — juis cayxkeOubix curnanon. luma QPI moBsimaer cKopocTh mepe-
Jlaul IaHHBIX 110 CPABHEHUIO C PaHee UCIIOJIb30BaBIIE s, HAUMHAS C [TPOIECCO-
pos Pentium 4, muroit Quad-Pumped Bus B 4—8 pas. Ona ucosb3yercst Kak
JUISI CBSI3M SIJI€P TPOIECCOPA C YUII-CETOM, TaK U JIJIsl CBS3M X MEXKIY COOOIl.
[Muna QPI obecrieunBaeT HEBUAAHHYIO VIS BCeX GoJiee PAaHHUX MTPOIIECCOPOB
dbupmsr Intel ckopocTh oOMeHa JaHHBIMKE — CBbIiIe 25 [GaiiT/c.

B mekoropsre Mozesnu mporteccopo Nehalem Bo BTopom ypoBHe Takske ycTa-
HaBJMBaeTcs 001Ul rpaduYecKuii KOHTPOJLIED.

[Tpoteccopnt Nehalem mMoryT mojiepskuBaTh TEXHOJOTHIO MHOTOIIOTOYHO
obpaborku Simultaneous Multi-Threading, koropas ussectTHa 10 Ha3BaHUEM
Hyper Threading. Hamomunm, 9T0 0Ha HCTOIB30BATACE €TIT€ B HEKOTOPBIX TTPO-
neccopax Intel Pentium 4 ¢ mukpoapxurektypoii NetBurst, ogHako B mmpoiiec-
copax ¢ Mukpoapxutektypoii Intel Core oma orcyrerBoBasma. biaromapst nanu-
uuio TexHostornn Hyper Threading oneparmonnast cucreMa KoMibtorepa GyaeT
paccMaTpuBaTh ABYXbsiepHBIN 11porieccop Nehalem kak gersipe, a deTbIpexbsi-
JIepHBII — KaK BOCeMb OT/IeJIbHBIX JIOTHUECKUX IIPOIIeCCOPOB.

Ouenb BaxkHOIT 4epToit MuUKpoapxutekTypbl Nehalem crasma Boicokas acpdek-
TUBHOCTH aHepronoTpebieHns. Bee cxeMoTeXHIMUECKHE KOMIIOHEHTBI IIPOIEC-
copa pa3pabarbIBajuch UCXO/s M3 KPUTEpHUs sHeprocOepeskerus. Buenpena
MHHOBAIIMOHHAs CUCTeMa YIIPaBJIeHUsI 9JIEKTPOIIUTAaHUEM sjiep Ipolieccopa.
DaxTuyecku B HETO BCTPOEH CIEIUATHHBIN KOHTPOJLIEP MUTAHUSI, KOTOPBIN
KOHTPOJIUPYET TEMIIEPATYPY U CUITY TOKaA MOTPeOIEH S KasKI0TO SIIpa U B 3aBU-
CUMOCTH OT 9TOTO YIIPABJISIeT UX HANPSIKEHUEM MUTAHUSI U TaKTOBOH 4acTo-
Toil. B pesysbrate aHepromnorpebieHue siiep, He 3aI€fiCTBOBAHHBIX B MIPOIIECCE
BBITIOJTHEHUST TPOTPAMM, PE3KO CHUKAETCS.

DyHKIMOHATBHAS CXeMa TTpoleccopa ¢ MUKpoapxutekTypoit Nehalem moka-
3aHa Ha puUC. 5.5.

Kak yske oTmeuanoch, MUKPOApXUTEKTYPhl mpoiteccopos Intel Core
u Nehalem nmeror MmHOro 00111eT0 ¢ P6, HO B HUX TaKyKe eCTb ¥ LeJIblil Psi/| IPHH-
[UITAJbHBIX HOBOBBEAEHUI, YTO 103B0JIMI0 paspaborurkam Intel mosurmo-
HUPOBATh UX KaK MPUHITUITHATIBHO HOBBIE MOKOJIEHUS. PacCMOTPUM 9TU HOBBIE
MUKPOapXUTEKTYPHI Ha MpumMepe mporieccopos Nehalem.

vk BBITIOJTHEHUST KOMaH/[ 3/1€Ch, KaK U B Ipolieccopax P6, HaunHaercs
¢ paborer Gyhepa TmpeackasaHus mepexonoB (Ha puc. 5.5 He TMoKa3zaH). Biok
BBIGOPKM KOMaH/I Ha OCHOBE JIaHHBIX Oydepa ocylecTBasieT BbI6Op Hanbosee
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BEPOSTHOI BETBU MPOrPaMMBI U BBOJ U3 K3III BTOPOTO YPOBHS IENbIX OJIOKOB
komanza. Kak u B nmponeccopax P6, BbIOOpKa KOMAH[ U3 KAIIA BHIIOJIHIETCS
16-6aiiTHbIMI GIOKaMU, TIPIYEM BpeMst BLIGOpKH coctasiisier 1 takT. [Tockosb-
Ky 6JI0K MMeeT (PMKCHPOBAHHYIO JJIMHY, a KOMaH/[bl X86 MOTYT comepKaTh pas-
HOe 4ucIo GaiiToB, B HeM HeOOXOANMO BBIIEUTH TPAHUIIbI KoMaH (B TIpoIiec-
copax P6 BbInoJHsI0CH B Ipolieype BhipaBHuBaHus ). B mponeccopax Nehalem
aTa MpoIleypa NUMEHYeTCst npeddewudparued.

[Tocne npemgermudpaliiyt KOMaH/bI TOPIUSIMU 110 Y€THIPE TIOCTYTIAIOT B OYe-
peab KoMar (aToT 610K B Tiporieccopax P6 orcyrerBoBanr). OTciofa OHY ¢ Tak-
TOBOI YaCTOTO TEMM >Ke MOPIUSMU TOCTYTAIOT B JIeTINdpaTop.

Hemundparop npoueccopa Nehalem ouensr noxox na P6. Toibko 3xech
MpOCTHIX femudparopos He 1Ba, a Tpu. Croxuble (coctosmue 3 2—4 MO)
KOMaH/Ibl JIEKOAUPYIOTCS B nemudparope CI0XHBIX KomaHa. Haxownerr,
KOMAH/[BI, JIJIsT JIEKOIMPOBAHMSI KOTOPBIX TpebyeTcst bosbiie ueM 4 MO, mocty-
nator B ROM mukpokogoB MO (anasornunbiii ysesa B P6 HazpiBasics rianu-
POBIIMKOM TocseoBatebHocTeir MO).

N3 nemmupparopa MO mopiusiMu 1o 4eThIpe 32 TAKT MOCTYTAIOT B OUYepeb
MO. PazymeeTcst, 5T0 BO3MOKHO TOJIbKO TOT/IA, KOT/Ia YeThIpe KOMaH/bl X86
3aHuMaloT He Gojiee 16 GaiiToB.

B nporieccopax Intel Core u Nehalem BBenena mexnonozus obnapymcerus
Uuxn06 npozpamm. JIas aToro B coctaB 6J10Ka BHIOOPKK W Npeanemudpaum
KOMaH/[ BBeJleH OJIOK 00HapysKeHUsl MPOTPAaMMHBIX 1IUKJ0B. OH IpUHUMAaeT
HEIMOCPEICTBEHHOE yUacThe B TPoIeccax BHIOOPKU KOMaH/[ U3 Kallla U Cojep-
sKUT Oyep panee BIOPAHHBIX KOMaH/I IIPOrPAMMHBIX TIUKJIOB. Eciu 6710k o6Ha-
pPysKUBaeT B IIporpaMMme KOMaH/Ibl IUKJa, KOTOPbIE yike uMeloTcs B Oydepe,
OHU HEMOCPEACTBEHHO u3 Oydepa MoCcTymaT Ha ucrnogHenne. B mporeccopax
Intel Core 510 MO3BOJISIET UCKJIIOYUTD U3 KOHBelepa CTa[nio BEIOOPKU KOMAH/I.
B mporeccopax Nehalem TexHosorust o6HapysKeHUsT TPOTPAMMHBIX I[UKJIOB
Obla ycoBepiencTBoBana. bydep panee BEIOpaHHBIX KOMAH]T OBLI PACITUPEH
¢ 18 mo 28 xomana. Kpome Toro, ero pacrmoyioKuiu He JI0, a ocJie aermmudpa-
TOpa, ¥ XPAaHUTb OH CTAJI yiKe JI€KO[NPOBAHHbIE KOMaH/Ibl. MOXKHO CKa3aTh, 4TO
9Ta TEXHOJOTUS XPaHEHUs yiKe JEeKOJUPOBAHHBIX YYaCTKOB MPOrpaMM Oblia
B3siTa U3 apxutekTypbl NetBurst. 310 HOBOBBeICHNE elile GOJIbIIe COKPATIIIO
I[UKJI BBITTOJIHEHUS] KOMAH/IBL.

Emte oxroit naroBarnmeit B mporeccopax Intel Core 1 Nehalem crasa texto-
JIOTHUST TaK HA3bIBAEMbIX CJUSHUN Ha ypoBHe KoMaua 1 MO. Texnonozus cius-
nus komanod (MacroFusion) 3akiodaercst B TOM, 4TO HEKOTOPbBIE APl KOMAH]I,
cJIeyIolIre APYT 3a IPYroM, CIUBAOTCA B OJHY BHyTpeHHI0OT0 MO, KOoTOpas
3areM OyJIeT UCIOJTHITHCS UMEHHO Kak ogHa MO.

[TepBoit KoMaHOH, TTO/JIEKAIIEH CAUSHUIO, MOKET BBICTYINATh KOMaH/a
cpaBHeHust CMP. HannioMHUM, 4TO OHa BBITIOJIHSET BBIYUTAHKE JIBYX OIEPaH-
110B, (hOPMUPYST TTPU HTOM MPU3HAKK Pe3yabTaTa — (HJIAKKH, HO CaM Pe3yJbTaT
BBIUUTAHUST TPU 3TOM He coxpaHsieT. OHa BBITIOIHSIETCST TOJIBKO JIJIsT TOTO, YTOObI
[MOJIYYUTh TPU3HAKU Pe3yJIbTaTa, KOTOPbIE 3aT€M HYSKHbI JIJIsi BBIIIOJHEHUS
KOMAaH/IbI YCJIOBHOTO MEPEXO0/IA, B KAUECTBE KOTOPOIl MOXKET BBICTYTINTH KOMAH/Ia
«IepeiT, eci MeHblne» JL, «mnepeitu, eciu 6osbiies JNL, «mepeit, eciu
pesyJibTar paBeH HyJo» JZ win Jobast mogo6Hast. 11o cyiecTBy, KoMaHIa cpas-
HEHWS BCET/Ia BBITIOIHIETCS] BMECTE CO CJIeYIONeH 3a Helf KOMaH 0l yCJIOBHOTO
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nepexo/a. 3HauuT, UX ObLIO OBI 1eJIecO00PaZHO OOBEAMHUTD B OAHY. DTy 3a1a4y
u BBITIOJIHAET TexHosorng MacroFusion.

[l peanu3ariuy TakuxX «cIBOeHHbIX» MO B IIpolteccope ecTh COOTBETCTBY -
[olue UCnoJHuTeabHbie 6i0Kku. Cle10BaTeIbHO, TEMEPh 33 CUET TEXHOJIOTHH
CIIMSIHUSA TISITh CTapbhix Komau Xx86 mpeobpasyiorcest B yetbipe MO, KoTopbie
MIPOIIECCOP MOJKET TIEPeaTh Ha UCTIOJHEHIE 32 OUH TaKT.

Kpowme rexnomornn MacroFusion, B mmporeccopax Taksxe Oblia BHeIpeHa
mexnonozus causnus muxpoonepayuil (Micro-ops fusion). Ona 3akiiodaercs
B TOM, 4TO B psijie ciydaeB e MO ciuBaioTcs B OJHY, COMAEPIKANIYIO JBa
aJeMeHTapHbIX JeiicTBust. Jliobas x86-koman/a, Kak MPaBuio, pa3buBaercs
Ha Heckoabko MO. TexHosoruss Micro-ops fusion mos3BosisieT 00beIMHUTD JIBE
onuHakoBbie MO, oTHOCSIMECS K IBYM Pa3HbIM KoMaHaM X86, B O/IHY CJIH-
TyI0, KOTOpast u OyzeT obpabarsiBaThest kKak ogna MO. B pesymbrate uncio
obpabarbiBaeMbix MO CHUKAETCS, a MPOU3BOJAUTETBHOCTD TIPOIIECCOPA PACTET.
B nmanpueiitem pesysibrat takoii MO paccianBaercsi, 9T00bl BOCCTAHOBUTH
MCXOJIHBIN X0/ TPOTPaAMMBI.

[Tocne pexoaupoBanus kKomana x86 u npeobpasoBanus ux B moToku MO
HauyMHAeTCs ATAll UCTOJHEeHNA. B nucreryepe pecypcoB BBIMOJTHSIETCS MPO-
menypa 3akperieHus 3a MO, UCTIOTb3YIONUMHU B Ka4eCTBE ONEPAHIOB OJTHU
U Te JKe JIOTUYECKKe PEerucTpbl X86, peasbHbIX (hPU3NYECKUX PETUCTPOB POIEC-
copa, pasubix i pasubix MO (B cTpyKType mpoiieccopoB P6 aty poJib urpana
TabJsnIla Ha3HAUCHUS PETHCTPOB). DTa TPOoIeAypa HeoOX0[MMa JIJist OpraHn3a-
1IUY BHEOUEPEHOTO BBITIOTHEHUS KOMAH]I.

3arem 1notok MO mopuusmMu 3aHocuTcs B Oydep nepeynopsagounBaHus
MO, oTKyzia OHM [IOCTYIAIOT B CTAHIIMIO-PE3ePBYap, KOTOPAsi OCYIECTBIISIET
MTPOBEPKY WX TOTOBHOCTH (B 3aBUCUMOCTH OT HAJIUYUS ONIEPAH/IOB) W OTIPABKY
Ha ucnosHenue. Janubie as aToro 6epyres mbo us Oydepa nepeynopsaoun-
Bauwst, 100 U3 perucTpoBoro (paiina. Bydep nepeynopsipounsanist MO u 610k
3aBepIIeHUs] COBMEIEHbI B OJHOM YCTPOICTBe, HO paboTa 6JI0Ka 3aBepIleHUs
HAYMHAETCS ysKe mocsie Toro, Kak MO GyiyT BBIIOJHEHBI, T.€. KOT/Ia CTAHOBUTCSI
BO3MOKHBIM BOCCTAHOBUTD UCXOHBIN TOPSIZIOK UX CIEIOBAHUS B COOTBETCTBUH
C TIOPSIIKOM CJIeIOBaHUST KOMaH/ X86 B UCIOJTHSEMOI! TIporpaMMe.

W3 crannuu-pesepByapa depe3 CHelUaJbHbie TIOPTHI UCIETIEPUIAINN,
aHAJIOTUYHBIC TIOpTaM B MUKpoapxuTekTypax P6 u NetBurst, MO nocrymaor
k rpynmnam (kaacrepam — cluster) ncnonnureababix 6J0koB (puc. 5.6). Beero
MOPTOB IIECTh, KasK/AbIIl CBSI3aH CO CBOMMMU TPYIIIAMHU UCTIOJTHUTENBHBIX GJI0-
koB. CraHIMsi-pesepByap MOXET BBIZIABATh HA McCHoOJHeHUe 1o mectb MO
3a TaKT, T.e. Yepe3 BCe IMIEeCTh MOPTOB (Pa3yMeeTcsl, eCJU B CTAHI[UU-PE3EPBY-
ape ectb HeoOxouMbie MO U COOTBETCTBYIONIME UM HUCIIOJHUTEbHbIE GJIOKH
cBoGoznbl). [Topter 0, 1 1 5 ob6ectieunBaOT 3arpysKy TPYIIT BHIUMCIUTEAbHbIX
6JI0KOB, TIOPTHI 2, 3, 4 — GJIOKOB [/t PabOThI € TTAMSTHIO.

TaxkumM 06pasoM, BCETo OJHOBPEMEHHO MOTYT UCIIOJNHSATHCS TP BHIUNCIIH-
tesbbie MO 1 Tpu oriepanuu 1mo paboTe ¢ maMsThIO.

W cnogHuTebHOE SIPO MHOTOSIIEPHBIX TIpotteccopos Intel 6bi10 cripoex-
TUPOBAHO [IEPBOHAYAIBHO i MUKpoapxutekTypsl Intel Core. B mukpoapxu-
textype Nehalem Gbuin BBe/leHbI U3MEHEHUsT, HATIPABJIEHHBIEC HA YJIydIleHUE
paboThl UCIIOJHUTEIBHOTO SI/IPa, HO B I[EJIOM OHO Gasupyercst Ha pa3paboTkax
mukpoapxurextypsi Intel Core.
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Puc. 5.6. Tpynnbl ucHoaHUTENbHBIX 610K0B nponeccopo Nehalem u ux
B3anMO/IeliCTBHE C SIZAPOM IpoLeccopa

Wcnonaurensusle 6aoku B nponeccopax Intel Core m Nehalem npexcras-
JIeHBI TOpa3fo Oorade, 4yeM B NPEANIECTBYONIMX MUKPOAPXUTEKTYpPaAX AaKe
caMbIX nocjaenuux moaudukanuii — kak P6, tak u NetBurst. imenno onu
B KOHEYHOM UTOre 00eCIeunBaioT BBICOKYIO IIPOU3BOAUTEIBHOCTD MIPOLECCOpa,
W BCS €ro CTPYKTypa HampasjieHa Ha obGecriederue a(hGeKTUBHON 3arpys3Ku
HCIIOJHUTENbHBIX OJIOKOB.

B kaskmoil rpytirie BBIYUCAUTENbHBIX OJOKOB €CTh OJOKH st PabOTHI
C 1eJTbIMU YncsiaMu, yncyamu ¢ I1T 1 BBITIOTHEHUST TIOTOKOBBIX BEKTOPHBIX OTIe-
panuii Haji MHOKeCTBeHHbIMU fanHbiMu (SIMD).
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JJst HATJISITHOTO TIPE/ICTABJIEHST BO3MOKHOCTEH MCTIOMHUTEIBHBIX OJTOKOB
mporieccopoB Nehalem 1o BoimosiHenuio pazimaabix MO Boctosbayemest tabur. 5.1

Tabnuya 5.1
[Topt Tun Bommossiemble omeparin Yucmo
BBIYHCIICHUI TaKTOB
ITopt 0 Henmouncaennsrit Apudwmetnko-rornueckne (ALU) Omnepa- 1
IIUN CIBUTA 1
ITopt 0 Bexropnbrii SIMD — apudmernko-nornueckne (ALU) 1
SIMD — nepecranoBka 1
ITopt 0 C mrasaronieit YMmuOKEHIE 4
TOYKOI YMHOKeHUe ¢ ABOIHOI TOYHOCTbIO 5
Omnepanuu FP/SIMD/SSE (niepecbuika, 1
JIOrHYecKue)
Ornepanuu rnepecTaHoBKu 1
Omneparyu JieJieHusi 1 BbIYUCAEHIsT 4 6urta
KBaJIPpaTHOTO KOPHSI 3a TakT
ITopr 1 Henouncaennbrit Apudmernko-ormyeckre (ALU) 1
Ilepecnbuika 1
YmHoxenne 1
ITopt 1 Bekropmbrit SIMD — ymnoskenne 1
SIMD — casur 1
SIMD — Bbruncaenne abCcoTOTHON pas-
HOCTH 3
SIMD — cpaBHeHue cTpok 3
TTopr 1 C mraBaioreit Croxenne 3
TOYKOI
ITopr 2 IesouncieHHbrit Yrenue 4
ITopt 3 Henounciennstit 3anuch ajipeca 5
ITopr 4 IlemouncienHbIit 3anuch JaHHbIX —
Iopr 5 Henounciennslit Apudnmeruko-nornueckue (ALU) 1
Omnepanuu ciBura 1
Omneparuu repexoza 1
Mopt 5 Bekropubrit SIMD — apudmeruxo-nornyeckne (ALU) 1
SIMD — mepecranoBka 1
Iopt 5 C mraBaiomeit Omnepamnu FP/SIMD/SSE (mepecbuika,
TOYKO JIOTUYECKUE) 1

Kak Buano us tabu. 5.1, nogassioniee GONBIINHCTBO OIEPALNAN, BKIIOYAS
1 BEKTOPHBIE, BBITIOJIHSACTCS 32 OJUH TaKT. VICKIO9eHNe COCTABIAIOT Tpaau-
IIHOHHO CJIOKHBIE JIJIS1 TIPOIIECCOPOB OlEePalln — YMHOXKEHUS U jiesieHust. Tem
He MeHee, TaKe OTePaITisi YMHOKEHS ¢ IBOIHON TOUHOCTHIO (64 61Ta) BHITOI-
HSeTCs 3 ISATh TaKTOB.

¥V anep nporeccopos Core u Nehalem ects Tpu 6soka ALU s niestouvic-
JIEHHBIX BBIYUCJIEHWH, KaXKAbIl 13 KOTOPBIX MOKET MCIIOTHSTh OJTHOTAKTOBbIE
64-6uTHBIE TIeMOUNCIeHHbIe onmepari. [IpocTbie apudMeTHKo-JT0THIecKue
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[EJIOYMCICHHBIE OTIePaIlMi MOT'YT BBIIIOJHATL TpU 0Ji0Ka. Bee oHM crmocoOHbI
BBITIOJIHATH Onepanun Haj 64-0utHbiMu onepamgamu. [[0CKOJIBKY OHE pactio-
JIO’KEHBI Ha PA3HBIX MTOPTAX, TO TEOPETUYECKH (TTPU HAJTMIMH COOTBETCTBYIOTINX
KOMaH/[ B MCXOIHOHU IporpaMme) siapo npoueccopa Nehalem mosker 3a ogun
TaKT BBITTOJIHATH CPa3y TPU OTlepaIlui HaJl EJTbIMU 64-Pa3psiIHBIMU YUCIAMU.

Jl71s1 BBITIOJIHEHUST CJIOKHBIX OTI€PAIN HAJl I[EJBIMUA YHCIaMU 3/[€Ch, KaK
U B szpe npoieccopos P6, ectb oxun 64-paspsiamblii 6J10K.

[Tateiii mopT copepsKUT GJIOK JIJIST BHIUUCJICHUS aJPecoB TEPexXo/l0B B Olle-
panusix ycaoBHoro nepexoja (6s0k BerBiaennit). O Bmecte ¢ 6iaokom ALU
MOKeT paboTaTh MapajulelbHO HaJl BBITIOJHEHHEM KoMaH X86, 00beIMHEeHHbIX
B IIpoliecce peanusaiun texuosornu MacroFusion.

Emte onnoit ocobennoctnio mporeccopos Core u Nehalem crano nammune
CIIeIaIbHOro GJI0KA JIJIS BBIMOJHEHUS orepaluii gesenns. OH peanusyer ore-
paryy feJieHnsi KaK HaJl [eJbIMU YHCJIAME, TAK 1 HAJ[ YHCJIAMU C IJIaBaIONen
Toukoi. ITo cpaBHEHMIO cO BceMU TpeablaynmumMu mporeccopamu Intel nenosib-
3yeTcsT yCOBEPITEHCTBOBAHHBIN aJlTOPUTM JIeJIEHNST, TO3BOJISTIONIII 32 KayKIbIi
AT BBIYUCJISATE 4 OGUTA YaCTHOTO, B TO BpeMst Kak B 60Jiee pAaHHUX MPOIIECCOPAX
BBIYKCJISIIACH TOJBKO 2 Outa. Hasmmure crienmasibHoro 6soka aeieHus obecrie-
YUBAET MOBBIIICHIE MTPOU3BOJAUTEBHOCTH HAYYHDBIX BBIYMCJICHMUI, TIpeobpa-
30BaHMST TPEXMEPHON TpauKu 1 APyTruX (QYHKIUN ¢ BBICOKUM CO/IEPKAHUEM
MaTeMaTUIeCKUX BBIYMCJIEHUT.

B supax Core u Nehalem wucrnosnb3yiorest 1Ba MCIOJTHUTENBHBIX OJIOKA
JUISL BBIYUCJICHUHT ¢ TUIABAIOIEH TOYKO#, CIOCOOHBIX OCYIECTBISATH KaK OObIY-
Hble (¢ ABYMS OTepaH/laM1), TaK U BEeKTOPHBIE apudMeTHUIecKre OTepaIiy.
baox, pacnosiokennsbiiit Ha TOpTy Ne 1, BBITIOJIHSET CJIOKEHUE U JIPyTHe MPo-
CThIe onepalyy B hopMaTax: it 0OBIYHBIX ONepalliii — ¢ oAnHapHoii (32 6uT)
u [BOIHOI (64 GUT) TOYHOCTHIO; Jisl BEKTOPHBIX OMEPAIUil — ¢ OAMHAPHOI
(uist 9eThIipex OomnepaHjoB) W JIBOWHOW (JJI8 JBYX OIEPaH/IOB) TOYHOCTHIO.
Wcnosmurenbhbiii 610K Ha mopty Ne 0 0CyIecTBIsSIeT oneparu yMHOKEHUs
B 9THX XKe (hopmaTax.

Opxno u3 BakHeHuX yaydiienuii B saapax mnporeccopos Core u Nehalem —
GJIOKU MOTOKOBBIX BEKTOPHBIX OTepaIiii HajJl MHOKECTBEHHBIMU JTaHHbBIMU
(SIMD). ApxutekTypa obecrnednuBaer MoJHOLEeHHYo 128-6utHyio 06paboTKy
BO BCeX BEKTOPHbBIX Gj0Kax. B mipeapiayiiux nporeccopax Intel y SIMD-6110x08B
He ObLJIO BO3BMOKHOCTU PabOTBI ¢ TpexorepanaAHbiMu U 128-6uTHBIMEI KOMaH-
namu. V3-3a 3T0r0 OHM pasGUBAIKCH HA TIapbl KOMaH I, paboTaormx ¢ 64-6ur-
HBIMU OTIePaH/IaMU, KOTOPbIE BBITTOTHAJINCH 32 JIBa TakTa. Temnepb 3TOT Heno-
cTaToK ObLT ycTpaneH, 1 SSE-KOMaH/[bl, paHee BBITIOJTHSIBIIIECS 32 [[BA, CTAJIN
BBITIOJIHSATHCS 32 OJIUH TaKT.

SIMD-6s0xu mipotteccopoB Intel Core u Nehalem cramu nomnepxusath
HOBBII pacmupennbiii Habop komang Texuonorun SSE — SSE4. On npen-
cTaBiisieT coboil caMoe 3HAYUTENbHOe YCOBEPIIEHCTBOBaHWe Habopa KOMaH/I
JUTst MyJIbTUMeIniHBIX Tpustoskernii ¢ 2001 r. HoBbiil HaGop 03BOJIUIT CyIiie-
CTBEHHO MOBBICUTDH TIPOM3BOAUTENLHOCTD TIPOTPAMMHBIX TTPUIIOKEHUI 110 06pa-
60TKe rpa UK, TPEXMEPHBIX H300PaKeHUH, BU/IEO, CHCTEM KOJUPOBAHUS, KOM-
nploTepHbIX UTP. Kpome Toro, on addeKTHBHO NCI0Ib3yeTcsT B IPOTPAMMHBIX
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MIPUJIOKEHUSIX, CBA3AHHBIX € BBITOJHEHIEM aJlTOPUTMOB CKaTHs 3ByKa, N300pa-
JKEHUH, TAaHHBIX 1 MHOTUX IPYTUX TIPUJIOKEHUT.

[Tosmbiii HaGop komana SSE4, BBenenubiii y mpoueccopos Intel Core, nacun-
ThIBAJI 47 KoMam, y mporeccopa Nehalem gonosiHuTebHO OBIIO BBEAEHO €liie
7 xomanz. Bee onn pabortaior ¢ 128-0UTHBIMI perncTpamu.

Hosbiit nabop SSE4 comepsKUT KOMaH/bI YCKOPEHUs JJisi KOJUPOBA-
HUS U JIeKOINPOBaHUs BUIeoaiiyioB, BBIYMCIEHUS BEKTOPHBIX IIPUMUTUBOB
Ha OCHOBE IIeJIBIX YUCEeJI, BCTAaBKYU U U3BJedeHnd 8-, 16-, 32- u 64-0uTHBIX T0JIei
B 128-6uTHBIE PETUCTPHI LIS YUCEJI € TIABAIOIIEH TOYKOH, CKaJISIPHOTO YMHOKe-
HUS BEKTOPOB, CMEITUBAHUS /11T (DOPMHUPOBAHUS ONIEPAHIOB, TPOBEPKU OT/IEITh-
HBIX OUTOB U TPYII, OKPYIJICHNS.

YT06bI TIOJYYUTD MPEJACTABJIEHNEe O CIOKHOCTH HeHCTBU, BBIOTHIAEMbIX
ucnonautebHbIMU SIMD-6/10KaMu, KpOMe yske U3BECTHOTO CKAJISIPHOTO MPO-
M3BeJIeHNs BEKTOPOB, PACCMOTPUM ellle OJIHY KOMaHLy.

[Tpu koAMpoOBaHUM W CXKATHH BUIeOUH(POPMAIUU Kajpbl PazbuBaioTCs
Ha HeboJIbIIe GparMeHThl U ONPEAEISIOTCS BEKTOPa UX CMeIleHnst Ha n300pa-
JKEHUU OT Kazpa K Kajpy. 3ajada onpe/eeHnus BEKTOPOB CMEIeHHST PeaeTcst
MyTeM BBIYUCICHUS /ISl TPYIIBI COCEIHUX THKceseil (13 KOTOPBIX COCTOST
(parMeHTbI) cyMM aOCOMIOTHBIX 3HAYEHUIT PasHOCTEN OaiiTOB, KOAUPYIOUIMX
undopmanuio o muKcesdx. st mogoOHbIX BbIUUCAEHUS B HabOpe KOMaHI
SSE4 ects komanna MPSADBW. Ona BBITIOTHSET BBIYKCIECHIE BOCBMU CYMM
abCOIOTHBIX 3HaYeHniT pasHocTeil (SAD) cMeIeHHbIX 4-0ali THBIX Ge33HAKOBBIX
rpynn A u B:

Ecmu {Ay, Ay, ..., Ay5} 1 {By, By, ..., By5} — yka3aHHble B Ka4eCTBe OIEPaHJIOB
rpyIb 6aiiTOB, TO Pe3yJIbTATOM OTEPAIIMN CTaHyT BoceMb cymM {SAD,, SAD;,
SAD.,, ..., SAD;}, BBIUNCISIEMBIX TI0 TIPaBUJIAM:

SAD,=|A (s1+0) ~ B(s2+0)| +|A (s1+1) ~ B(52+1)| +|A (s1+2) ~ B(sz+2)| +
+A 5143~ B sars)ls

SAD; =|A 5101y = B 20yl + A (s149) = B (s201y | T 1A (s143) = B (s240y | +
+]A st+4) ~ B s243) b

SAD; =|A 127y = B 240y | T 1A 5108y = B (s2e1y | T 1A (s109) = B s2e9y | +
+A 51010y = B 243y b

rae s1 u s2 — cmemenus ot 0 1o 3, onpezpessioniue, i KakuX 6aiiTOB BBIIIOJI-

HSIIOTCST BHIYUCJICHIS.

Hosbsle koMan/bl, BBegeHHbIe B npoiieccopax Nehalem u gomonnusime
nabop SSE (on nosyunn nassanue SSE4.2), B otiimdne oT BeexX paHee BBEIEH-
Hpix SIMD-koMan1 61T OPUEHTHUPOBAHbI He Ha PeaJn3alinio 3a1ad MyJIbTUME-
Jlvia, a Ha pelenne 6osee y3KUX U CHelupUIecKrx 3a1ay, O1arogaps yeMy OHu
MOJIYYMJIN HA3BAHME «YCKOPHUTENU MPUKJIAAHOTO HazHAaYeHUs». [Is9Th HOBBIX
KOMaH/[ IIpeHa3HauYeHbl 111 00pabOTKY TEKCTOB U, B yacTHOCTH, X M L-(aiinos.
[ecras obecrieunBaeT mMoACYET 32-PaspsIHBIX KOHTPOJBHBIX CYMM, KOTOPBIE
MITIPOKO TPUMEHSIOTCS /IS TTPOBEPKU MPABUIBLHOCTHU TEPEAHHON 10 KaHaJIaM
csa3u nndopmaryn. CegpMast oOeciedrBaeT Mo/cyer Yic/ia eMHIYHbIX OUTOB.
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BaskHyIo poJib B TIOBBIIIEHUN TPOU3BOAUTENbHOCTH IIpoiieccopos Intel Core
u Nehalem coirpanu Gydepbr accOMaTUBHON TPAHCSIII. JTH YCTPOUCTBA
MPEACTABAAIOT co60ii Oydepbl cBepXOoNepaTUBHOM TaMsATH IPoIieccopa, KOTo-
pbl€ UCIIOIB3YIOTCS /Ui YCKOPEHUS TPAHCJISIITIE a/[peca BUPTYaJbHON MaMsITH
(ykazaHHoOTo B Iporpamme) B ajipec pusuueckoit mamsatu. OHu copep:rar Guk-
CUPOBaHHbBIN HAOOD 3aIceil, B KaKJI0H U3 KOTOPBIX HAXOAUTCSI COOTBETCTBUE
ajipeca CTPAHUIIBI BUPTYAJbHON MaMATH ajapecy dhusmdeckoit mamsartu. Eciau
ajipec B Oydepe 0TCyTCTBYET, MPOIECCOP BBIHYKIAECH BBITOJHATH BHIYUCICHUS
JUIST OTIPE/Ie/IEH ST (PU3UUECKOTO aIpeca MaMsITH, UTO 3aHIMAET TOPaszio GOJIbIle
BpPEMEH.

B mporeccopax Intel Core mcnosbzoBanuch aBa oTAeJbHBIX Oydepa —
JUIST KOMAHJI U JIJIsT TAaHHBIX, KOTOPbIe MOJKHO paccMaTpuBarh Kak Oydepsl mep-
Boro yposHs. B mporeccopax Nehalem gomnosnuresibio BBeeH yHUDUITUPOBAH-
HbI Oydep acconMaTUBHON TPAHCIANI I JAHHBIX ¥ KOMAH/, KOTOPbIi CTaJ
6ydepom Broporo yposrs. O paccuntan Ha 512 3amiceil, Kaskgas 13 KOTOPHIX
XpaHUT afpec cTpaHuipl obbemoM 4 Koaiit (Manas crpanuia). Ha mepsom
YPOBHE OCTAKCh Ba Oydepa — st KOMaH/[ ¥ s JaHHbIX. [lepBblil paccuu-
Tan Ha 128 sanmceil anpecoB MaJIbIX CTPAHUIL M CEMb 3aICeil apecoB GOJIBITIX
crpanutl, oobeMoM 2 Mbaiit/4 Mbaiit, BTopoil — Ha 64 3amucu aipecoB Majbix
cTpanuil 1 32 3anucu agpecoB OOJIBIINX CTPAHUIL

5.3.2. Muxpoapxurekrypa Skylake

Mukpoapxurexrypa Skylake cTaiia HOBbIM PEBOIOIIMOHHBIM TIIATOM B Pa3BU-
TUM MUKPOAPXUTEKTYPbI TIPOIIECCOPOB. AHOHC IIEPBBIX TPOLECCOPOB COCTOSLICS
1 centsibpst 2015 t. [Tpotteccopsl, BoinosHenHbie 110 apxutekType Skylake, pea-
JIM30BaHbl Ha OCHOBE 14-HAHOMETPOBOW TEXHOJIOIMHU, OCBOEHHON MPU BBIITYCKE
npotteccopoii suneiiku Broadwell. B HoBoii MUKpoapXUTEKType MHKEHEPDI
Intel B mostHOM 00BEME peann30Ba/IH B OJHOM KOPITYCe MOJHO(PYHKIIMOHATBHYIO
CHCTEMY B KPUCTaJLJIE, BKJIIOYAIONIYI0 B ce0sT KaKk COOCTBEHHO MHOTOSIIEPHBII
[POLIECCOp, TaK 1 HaGOP KOHTPOJJIEPOB, IIPOIIECCOPOB M CUCTEMHOIT JIOTUKH,
obecriednBaIoNieil B3auMo/IeiiCTBIE ¢ BHEITHUMHU YCTPOWCTBAMY U TTAMSITHIO.
CucreMHast JIOTMKa PpaHbIle PEaJN30BbIBANach B BHJE YMIIOB CEBEPHOTO
1 [0KHOTO MOCTOB, YCTaHABJIMBAEMbIX Ha MATEPUHCKON TIJIaTe, U B MUKPOAPXU-
tektype Sandy Bridge oqmn n3 unmmos — ceBepHbI MOCT — GBI MHTEMPUPO-
BaH B IIPOIECCOP B BUJE KOHTpoJIepa mamsatu. B mukpoapxurtekrype Skylake
JUISI TIPOLIECCOPOB MOOUJTBHBIX YCTPOICTB TEIeph MHTETPUPOBAH M YUIT I05KHOTO
MocTa.

Muxkpoapxutexrypa Skylake crana ocHOBOH Ui IPOIECCOPOB BCErO Aua-
Ma30HA BBIYMCJAUTENbHBIX YCTPONUCTB M CHCTEM: OT MOOMJIBHBIX YCTPOUCTB
10 cepBepoB. JIJIsl pa3AMYHbIX MOOMIBHBIX TIPHOOPOB, YCTPOICTB, MIAHIIETOR
paspaborana cepus Skylake-Y, 115 ¢CBepXTOHKHUX U JIETKMX HOYTOYKOB, YJIb-
tpabykoB — Skylake-U. ITpotieccopsl 5TUX cepuil SIBJISIIOTCS JIBYXbAAEPHBIMU
CHCTEMAMU B KPUCTAJLIIE CO CBEPXHU3KUM HHEPronorpebieHeM, He Tpedyo-
mumu 06ty Ba mporieccopa. st MoOUIBHBIX HOYTOYKOB, HETOYKOB paspaboTaHa
cepus Skylake-H, a 111 BLICOKOITPO3BOAUTENBHBIX HACTOJBHBIX KOMIIBIOTEPOB —
Skylake-S. JIjist ipotieccopoB aTuX cepuii HeOOXOANM €IIie OJ[UH YUIT CUCTEMHON
JIOTMIKM, HECKOJIBKO MOZM(UKAIINIT KOTOPOTO TakKe paspabortanbl Intel.
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B 3aBucuMoOCTH OT Ha3HAYEHUS TPOIIECCOPHI, BBHIMIOJHEHHBIE HA OCHOBE
MuKpoapxutekTypbl Skylake miist HecepBepHOro cermenTa, MOTYT OTJIHYATHCST
o sHepronotpebaennto B 20 pas: ot 4,5 BT 1j1st MOOUIBHBIX yCTPOICTB 10 95
BT /17151 HACTOIBHBIX KOMITBIOTEPOB. IIpu 9TOM 110 rabapuTam YHUIIbI TIPOIECCO-
POB MOTYT OTJIMYAThCS B YeThIpe pa3a. Bcero Ha ocHOBe MUKPOAPXUTEKTYPHI
Skylake Boimymero csbite 100 pasiauasbx MOAMMPUKAIH TTPOIIECCOPOB, OTJIH-
YaTOIIIXCS KOJTMYECTBOM s7iep (OT ABYX /10 YeThIPeX ), NCTIOJHEHNEeM rpacdude-
CKOTO s1/1pa, 0ObeMaMi Kalle, TToTpedIsieMOoii MOIIHOCTBIO, COCTABOM KOHTPOJI-
JIEPOB.

CamMo 1poIieccopHoe sIIPO He TOTEPIIesI0 KAPANHATIbHBIX U3MEHEHU I CTPYK-
TYPBI, HO HOBBIE YCOBEPIITEHCTBOBAHMUS N3BECTHBIX OIOKOB U Y3JI0B 00€CTIe I
MOBBINIEHUE TPOU3BOAUTEIBHOCTH M HU3KKIT YPOBEHb dHEPrONOTPEOICHMS.
HeobxoanmMo 0TMETHTD, UTO CEPHhE3HOE TTOBBITIEHNE TIPOM3BOANTENLHOCTH TIPO-
M30IIJI0 B TeX 3a/1a4aX, T/ie MPOUCXOIUTIN OCHOBHBIE YCOBEPIIEHCTBOBAHUS,
a B Skylake ato mpesxe Bcero ob6paboTka BuI€0. B 11es10M TPUPOCT TPOU3BOMIN-
TEJIbHOCTH ClielasncTaMu oreanBaercs nopsizika 10%. OcHOBHOI ke TPOPHIB
GBI TIOJTYUeH B 00TACTH 3HEPTOCOEPEKEHSI M BOSMOKHOCTH CO3/IaHIISI BBICOKO-
[IPOM3BOAUTE/bHBIX SHEProa(MHEKTUBHBIX MOOMIIBHBIX YCTPOUCTB.

[lnst ipotieccopoB cepBepHoro cermenta Intel pazpaborana nBa Bapnanta
mukpoapxutektypnl Skylake: Skylake-EP u Skylake-EX. Onn orimuaiorcs
ropaszo OOJBIIMM KOJUYECTBOM sifiep — M0 28, BO3MOKHOCTHIO MOAKIIOUE-
Hus GOJIBIIEr0 KOJMYECTBAa MOAYJIeH mamsaTu, o0beMoM kameit — g0 70 MbB
JIIST KATIA TPETHETO YPOBHS, KOJUIECTBOM JIMHWH nHTepdeiica — no 48 mmamit
PCI Express u norpeb/sieMoii MOIHOCTbIO — oT 45 10 160 Br.

CTpyKTypa BBIYHCJIHTEIbHOU CHCTEMBI HA OCHOBE MHKPOApPXUTEKTYPHI
Skylake. Ha puc. 5.7 npencrasjieHa BoIYMCIUTEIbHAs I1aTGOPMa Ha OCHOBE
MuKpoapxutekTypsl Skylake mms mactonbHoil BerancanTENbHON cricTeMbl. Ee
06pasyoT MPOIECCOP ¥ BBITIOJHEHHBIN OTAEIBHBIM YUIIOM KOHIIEHTPATOP TLIAT-
(dopMeHHBIX KOHTPOJLIEPOB. B cocTaB mporieccopa BXOAST CIeAyIONINEe Y3JIIbI
1 6JIOKH:

* IBa WJIK YETBIPE MIPOIECCOPHBIX SIIPA;

* rpacduueckoe s571po;

* K3l MOCJIEIHEr0 YPOBHs (HA3bIBAEMbBIN paHee — KIII TPETHETO YPOBHS),
obmuii [Ist Beex sizep;

*  MOJIYJib CUHCTEeMHBIX 6I0K0B « CHCTEMHBIIT areHT» B COCTaBe KOHTPOJLIEPa
MOHUTOPOB, KOHTPOJIJIEpa MaMsITH, TPOIeCCOPa BUCOCUTHAA, KOMIIJIEKCHOTO
6Ji0Ka yrpaBJIeHus1, KOHTPOJLIEPOB BBOMa-BbiBoa — PCI Express u KOHTpOJI-
siepa muHasl DMI/OPI;

* BCTPOEHHAs AMHAMHUYECKAS OMEPATUBHAS MMaMsITh, HA3BAHHAS KIIIEM
Ha CTOPOHE TTaMsTH.

Konrenrparop mnardopmentbix koutpossiepos (PCH — Platform Controller
Hub — GbIBINMIT F0KHBII MOCT) CBSI3aH ¢ OCHOBHBIM MporieccopoM ol DMIL

ITporieccopubie sizipa, rpacduveckoe sizipo, KIII MOCAeIHEr0 YPOBHS U MOJYJIb
«CHCTEeMHBIN areHT» MOAKIIOYEHBI K O6IIei KOTbIEeBOH KOMMYHUKAITMOHHOMN
IIKHE, TPOIMYCKHAst CIIOCOOHOCTh KOTOPOH MO CPABHEHMIO C MPEAbIAY M
nokosienneM Haswell yaBoena, 4To MO3BOJMIIO MPOMTOPIIHOHATIBHO YBETUIUTD
CKOPOCTh PaboThl KaIla MOCTEAHETO YPOBHSI MpU 00paboTKe HENmpPaBUIbHO
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[PEeCKa3aHHbIX YCIOBHBIX MePeXo0B. [Ipu aTOM KOJIMYECTBO TPaH3UCTOPOB,
obecrieunBaromux paboTy IMUHBI, yBETUIUIOCh Ha 50%, a aHepromnorpebiaeHune

OCTaJIOCh Ha IIPEKHEM YPOBHE.

6 nmopros USB

20 nmunuit HSIO, xondurypupyembix
B untepdeiicst PCI Express, SATA,

H 1 ii USB, Gb Ethernet

Konnenrparop
1aThOPMEHHBIX
KOHTPOJLIIEPOB
[ITura DMI/OPI
Y
Kounrposiep Konrpomrep
DMI/OPI PCI Express
KommmekcHbrit [Tpomeccop
GJIOK yTIpaBJIEHUSI BUJICOCUTHAJIOB

PCI Express

> (x16, nm 2x8,

i x8/x4,/x4)

Puc. 5.7. BeruncaurenapHas miatdopma
Ha ocHoBe Mukpoapxurektypsl Skylake

Monutop
BHYTPEHHMUIT Cucremmbrit Kaur na cropone
areHT amsITu
Moyib
Mouurop Y
p namsTu
BHEITHUI
—| Konrposnep Kountposrtep
| | MOHUTOPOB namsiTu
Monutop Mopnynb
Wireless i HaMsTH
(7 N
6 R |~ KosbrieBast mmna
Anpo1 <> <> duapo 3
Koam
€ TII0CJIeJJHETO [€ >
YPOBHSI
HHPO 2 [€—>>| (<> ﬂﬂpo 4
\S )
I'paduaeckoe saxpo

I'paduyeckoe sapo. I'padbuyeckoe sapo Kak WHTETPUPOBAHHAS YaCTh MPO-
1eccopa OblTa pealn30BaHa €ellle Y HEKOTOPBIX Mojieseit mporieccopos Nehalem.
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B mukpoapxurtektype Skylake rpaduueckoe simpo moxker sanumars 10 40%
oMM KpucTaaia. B 3aBucuMoct oT MoauduKaIium mpoieccopa rpadu-
YecKoe S/Ip0 MOKET N3MEHSThCS B IMUPOKUX IpefiesiaX, Tak Kak B OCHOBY €Tro
GopmMupoBaHUs Tak Ke MOJ0KeH MOJYJIbHBIN TPpUHIIUTL. VI3MeHsIsT KOJIN4eCTBO
MOJyJIell B cocTaBe rpauuecKoro sijipa OT OJHOTO /10 TpeX, Intel obecneunsaer
coz/laHue 1eJI0H JTMHEeWKHN rpaduiyecKux sjep, KapJAMHAJbHO OTJIUYAIONIUXCS
JIPYT OT Jpyra MO CBOeil MPOM3BOIUTENBHOCTH I/ PA3HBIX MOAMGDUKAIIUIL.
Kaxxprit MOy b BKITIOYaeT B cebst TPY CEKIUH, a CEKIUsT O0bEJANHSIET BOCEMb
HCTIOJIHUTEIbHBIX YCTPOUCTB, BBIMOJHAIONIMX OCHOBHYIO YacTh 00pabOTKHU Tpa-
uuecknx nanubix. Takxke rpaduueckoe g1po copepKUT BHEMOLYIbHYIO YacCTh,
T/l BBITIOJMHSIIOTCSI TEOMETPUYECKUE TPe06Pa30BaHNst I HEKOTOPbIE MYJIbTIMe-
muiinble pyHkmu. Beero B Mukpoapxutektype Skylake peanmuszosano mectsb
BapuaHToB Tpadudeckoro siapa. CaMblii MPOCTON BapWaHT COMAEPKUT OAMH
MOJLYJIb C YaCThIO OTKJIIOUEHHBIX UCITOJTHUTEbHBIX YCTPOUcTB. CaMblii MOIITHBII
BapuaHT rpauIecKoro spa COCTOUT 3 TPEX MOAYJIEH ¢ OGIIINM KOJTUIECTBOM
UCIIONHUTEILHBIX YCTPORCTB — 74, uto B 1,5 pasa Goublie, 4eM B IPEIIIECTBY-
1oteM Tiporieccope Broadwell.

C 1esnio sHeprocHepeskeHust BHEMOAYIbHAS 4acTh TPadUIecKoro sjpa
BBITIOJIHEHA KAK OT/IETbHBIN 9HEPTETUYECKUI IOMEH C PETYJIUPYEMOIi B 3aBUCH-
MOCTH OT BU/Ia BBIYMCJIUTETLHOTO TIPOTIECCa BUAEOOOPAOOTKY TAKTOBOW 4acTo-
TOUW ¥ BO3MOKHOCTBIO OTKJIIOYEHVS OT MMUTAHUS OTAETBHO OT UCIIOJTHUTETHbHBIX
YCTPOHCTB.

Kaxmoe ncmosuntenbHoe yerpoiictBo nMeet 128 32-6afiTOBBIX PETHCTPOB
00111ero Ha3HAYEHUS U CIIOCOOHO BBIIOIHATL 16 32-0MTHBIX onepanuil 3a TaxT,
peasn3ys OJJHOBPEMEHHO CEMb BBIUMCIUTETHHBIX TOTOKOB.

B 1iesiom rpacduueckoe stapo Skylake 1o cBouM Bo3MOKHOCTSIM 3HAUUTETTBHO
MIPEBBIIIAET CYNIECTBYIOINE MHTErPUPOBAHHbIE PEIIEHUS 0 06PabOTKe BUIEO-
uHbopMaIMN 1 TPUGIIIKAETCS K TPOU3BOAUTETHHOCTH CIIEIHATM3POBAHHbIX
YCTPOHCTB — BUIEOKAPT.

IIponeccop BHAEOCUTHAIOB. DTO YCTPOICTBO BIIEPBbIe MHTETPUPOBAHO
B ocHoBHOII mporeccop Intel. TIpormeccop obecrieunBaeT BOZMOKHOCTD TPH-
eMa CUTHAJIOB C YeThIPeX BHCOKaMep ¢ paspemieHueM 13 meramnukceseii, mpu-
4eM ¢ IBYX OJHOBpeMeHHO. /[y aToro nMeeTcst BeTpoeHHbI nnrepdeiic CSI
(Camera Sensor Interface — unrepdeiic Buneoxamepsi). Ilporeccop ocymiect-
BJISIET allllapaTHyl0 00pabOTKY CUTHaJA, BKIIOYAIONIYIO PEATU3aI[UI0 TaKUX
TEXHOJIOTHH 06paboTKu (hOTO U BUIEO, KAK MHOTOMOTOYHBIN 3aXBaT, Pacro3Ha-
BaHue 1 3allOMUHAHUE JIUT, (DOPMUPOBAHIE TTAHOPAM, ChbEMKY C PACIITUPEHHBIM
muHaMuuecknM auanasonom (HDR), cheMKy mpu ciaboM OCBEIeHNH, Ceprii-
HYIO CbEMKY U JIP.

Kourposnep namsatu. Kontposiep maMmsaTi, Kak UHTETPUPOBAHHBIN B TTPO-
1eccop OJI0K, BIIEpBbIe MosIBUIICS B MuKkpoapxutekType Nehalem. Hosbrit kKoH-
tposiep namatu Skylake nogaepskusaer paboty ¢ JMHAMUYECKON TTaMATHIO
Kak npezbiaymiero crangapta DDR3, tak n HoBoro nokosnenus DDR4. [Tamats
DDR4 pabotaer ¢ Menbinmnm pabounm HampstkenneM (1,2 B mpotus 1,5 B) n,
CJIeIOBATENIHHO, MEHee SHEProeMKa, nMeeT 6oJiee BBICOKUN THAMa30H TAKTOBBIX
yactoT. Teoperndecku ot Mozyb naMsatu DDR4 mosker xpanuth 512 T'6aiir,
B 10 Bpems Kak y DDR3 aror nokazarens — 128 T'6aiit. Eie 010 BaxkHOe 11pe-
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HMYIIECTBO HOBOI TaMATH B CIIOCOOHOCTH 00HAPY KEHUs OIUOOK U UX KOPPEK-
UK. ITO MOBBIIAET HATEKHOCTH CHCTEM, PabOTAOIINX B PeaJbHOM MaciuTabe
BpeMeHHU ¢ GOJIbIINM 00bEMOM JAaHHbIX, TAKUX KaK CIIyTHUKOBBIE, TPAHCIIOPT-
Hble CUCTeMbI 06PabOTKH BUAEOMH(BOPMATIUH.

Panee BO3MOKHOCTH pabOThI ¢ HOBBIM CTAHAAPTOM MaMATH ObLJIa TOJBKO
y cepBepHBIX TporieccopoB. Tereps ke mamsate DDR4 Moxker ncrnonb3zoBaThes
B HACTOJIbHBIX U MOOWMJIBHBIX CHCTEMaX.

MuKpoapXuTeKTypa NPOUEeCCOPHBIX siep. B 1egoM MUKPOapXUTEKTypa
MIPOIECCOPHBIX SIIEP MAJIO0 U3MEHUJIACH 110 CPABHEHUIO C MPEIbIAYIINM TTOKO-
senneM. COCTaB M KOJIMYECTBO UCTIOJHUTENBHBIX OJIOKOB OCTANOCh TIPEKHUM.
OcHOBHbIE YCOBEPIIEHCTBOBAHUST [TPOIECCOPHBIX SIIEP 3AKIIOUAIOTCS B 3HAYM-
TeJIbHOM PACHIMPEHUN TI0 CPABHEHUIO C MPEABIIYIIMMU TOKOJIEHUSIMUA BHY-
TpeHHUX OY()ePOB, MO3BOJILIONIEM YIYUIIATD BO3MOKHOCTH 10 MapaJIeIbLHOMY
HCTIOJTHEHUIO KOMAH/[, T.€. YBEJUYUTh KOJMYECTBO CUTYAIlUi, KOT/[a BO3MOXK-
HOCTH MCIIOJHUTENLHON YaCTH MPOTECCOPHOTO siApa OYAYT MCITOTB30BATHCS
o makcumymy. C aToif 11es1bto yBesmueHa eMKOCTb GJI0Ka TPe/ICKasaHusT BETBJIC-
HUIT, eMKOCTh OKHA BHeoYepeHoro ucnoarenus komanz (¢ 168 y Sandy Bridge
1o 224 y Skylake). Ysennuen o6beM cTaHIUU-Pe3epByapa, Oarogaps yemy
BO3POCJIA EMKOCTb OKHA OYepe/ PACIIpe/ieseHrs] TOTOKa KOMAH/[ JIJIsl TEXHO-
norun Hyper Threading. Ysenudennst 6ydeps a5 paboThbl ¢ JaHHBIME, YCKO-
pera 0b6paboTKa MPOMAXOB K3IIa BTOPOTO YPOBHI (cache miss — OTCyTCTBUE
B K9III€ 3alPAITNBAEMbIX JAHHDIX ). Y MEHBIIEHO BPEMsT O)KUIAHS IPU [IEPEXO/IE
OT COCTOSIHUSI TIPOCTOST K aKTUBHOMY.

C 11es1p10 TTOBBIIEHUsT 9HEPTOIhDGHEKTUBHOCTH YMEHBITEHO KOJTHYECTBO
peIBAapUTENILHO BIOMpaeMbIx KoMmamjl. Kak mokasas ombIT, mpeiBapuTeIbHast
BBIGOPKA M36BITOYHOTO YHCIa KOMaH I, TpeOys IOTIOJHUTETbHBIX SHEPro3aTpar,
He JIaeT CYIIEeCTBEHHOTO BBIUTPHIIIA B TIPOU3BOAUTETHHOCTH.

Y cOBepIIEHCTBOBAHS B MCIIOJHUTEIBHOM YacTh TIPOIIECCOPHBIX siziep obe-
CIIEYNJIN yBeJIMYEeHIe TeMITA UCIIOJHEHUS 1e10ro psiga omnepanuii ¢ 1T, ycko-
peHue BBITTOJHEHUST KpuniTorpaduyeckux KomMan/| mudpoBanust ganHbix AES
(Advanced Encryption Standard — ycoBepiiieHCTBOBaHHbBII cTaHAapT mudpo-
BaHUA).

[Tpoteccopmbie sapa Skylake st cepBepHBIX TIPOIIECCOPOB 06ECTIEUUBAIOT
UCIIOJIHEHME BEeKTOPHBIX KoMaHy AVX-512 Haja BekTOpaMu JinHONi 512 6wr,
KOTOPBIE OCTAJLHBIMU TIPOIECCOPAMU HE MOIEPIKUBAIOTCS.

Yro KacaeTcst MPOIECCOPHBIX SIJIEP OCTAIBHBIX MTPOIECCOPOB, TO 3/[€Ch B HUX
MOSIBUJICH HOBBIe KoMaH bl cemeiicTBa Intel SGX (Software Guard Extension).
Hab6op aTrx KOMaH/ IpeJHA3HAYeH /IS CO3JaHKs IPOrPaMM, 3allUIIeHHBIX
OT KaKuX-a100 TTPOTPAMMHBIX M allllapaTHBIX aTak ¥ BropsKeHuit. C IOMOIIbo
koMaHi SGX IpOorpaMMHBII KOJI TOMEIIAETCsT B CIelMalbHbIe 3al[UIleHHbIe
AHKJIABBI B TIAMSITH, alllIaPATHO 3alUIIEHHbIE OT JIOOBIX aTakK.

Jlist ipeoTBpallleHns] BO31eMCTBUS BPEJIOHOCHBIX MPOrpaMM BHEIpPEHA
ere ofHa Texnosorus 3amuThl — Intel Memory Protection Extensions. 9rta
TEXHOJIOTHSI 3allUIINAET OT MEPENOJHEeHUsT Oydepa, KOTOPOe YacTO UCTOJIb3Y-
ercst Jist arak. [lepes oOpaleHreM B TaMsATh TIPOBEPSIETCs, HE MTPOUIOIILIO JIH
[IPEBBIIIEHNE TPAHUIL BHIJEJEHHON MaMSsITH, U €CJIM 9TO (DUKCUPYETCSI, OCTYIT
GJIOKMPYETCs.
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Kbsmr Ha cTopoHe maMATH. DTOT KOMIIOHEHT MUKPOAPXUTEKTYPHI (PHU3UICCKN
peasn30BaH Ha OTAEIbHOM KPUCTAJLIE, PACIIOTIOKEHHOM PSIIOM C IIPOIECCOPOM
Skylake. Briepsbie OH TTOSIBUJICST B HEKOTOPBIX BHICOKOITPOU3BOAUTETBHBIX MPO-
neccopax ¢ Mukpoapxutektypoil Haswell n HaspiBasicst BCTpoeHHON nuHamude-
ckoil onepatusHoil mamsaThio (EDRAM — embedded DRAM). B HoBo#l MUKpO-
apxXuUTEKType OblJI M3MEHEH alrOpUTM PaboThl M Ha3BaHKWE HTOTO KOMIIOHEHTA.
Panee EDRAM B3auMo/ieiicTBOBa/Ia TOJBKO € KIIIEM TPEThErO YPOBHS ¢ 00b-
emoM 1,5 M6aiiT Ha SAPO A1 XpAaHEHUS BBITECHEHHDBIX M3 9TOrO KIIIa JaHHBIX,
CTaHOBSICD, MO CYIIECTBY, KAIIEM YeTBEPTOTO YPOBHS ¢ 0ObeMoM 128 MoaiiT.
B Skylake EDRAM Tenepb B3auMozpeicTByeT He ¢ KalIeM, ToJaydast OTTyAa
JTAaHHbIE, & ¢ KOHTPOJTepoM mamMsiTi. O6beM Kallla Ha CTOPOHE MaMsITH COCTaB-
sister 64 nau 128 Mobaiit B 3aBUCUMOCTH OT MOAM(UKAI[MH IIPOIECCopa, a Kalia
MocJIeHET0 YPoBHST — 2 MOaiiT Ha si1po. DaKTUUeCKN TPUPOCT EMKOCTH KITIA
TPETHErO YPOBHST OKA3aJICst IBOWHBIM, TaK KaK PaHbIIE OKOJIO TPETH ero oObeMa
MPUXOINIOCH Ha XpaHeHne Teros st pabots ¢ EDRAM. Temepsb kamr Ha cTo-
pOHE MaMSITH YIPABJSIETCs KOTPOJJIEPOM, BXOISIUM B COCTaB CUCTEMHOIO
areHTa, MOKET XPaHUTh JT0ObIE JaHHBIE, TIOCTYTAIONINE B CHCTEMHYIO TTAMSITh,
BKJIOYAsl JaHHBIE HE TOJIKO OT IIPOIECCOPHBIX si/iep, HO U OT UHTepdeiicHbIX
KOHTPOJITIEpPOB 1 Tpadmraeckoro sAapa. [lociennee cTamo ZOMOTHUTETBHBIM (ak-
TOPOM MOBBIIIEHUS TIPOU3BOUTENBHOCTHU TIPU 06paboTKe rpaduKu.

Kourposep mouutopos. Mukpoapxurekrypa Skylake obiamaer mor-
HBIMU cpeicTBaMU /Ui (popMupoBanus rpaduueckoil mH(popMainm, Ho /I ee
BBIBOZIA HEOOXOMUM COOTBETCTBYIONIHH KOHTPOJLIED. ITY pabOTy BBITIOTHSET
KOHTPOJIJIEp MOHUTOPOB, 00€CIEeUnBAIONINI OJHOBPEMEHHYIO PaboTy Tpex
MOHUTOPOB, Ba M3 KOTOPBIX NMEIOT BBICOKOE pasperrenne. MOHUTOPH MOTYT
OBITh KaK BCTPOEHHBIMU B CUCTEMY (MOOUIIbHBIE CUCTEMBI), TAK W BHEITHUMHU
(nacTombHbIe crcTeMBl). /L7 BeIBOA MH(GOPMAINY HA TP MOHUTOPA KOHTPOJI-
siep popMupyeT cooTBeTCTBYyIOIIME HHTEPdeiichl. [l MOHUTOPA, BCTPOEHHOTO
B CHCTeMY, KOHTpoJiiep (hopMupyet Bumeocuraai ¢ paspemntenvem 4096 x 2304
¢ yacroroii passeprku 60 It uepes opt Display. /g BeiBoga Bugeonndopma-
MU HAa BHEIIHUN MOHUTOP BO3MOKHO HCIIOJIb30BaHME TPeX Kanaaos. Kpome
BU/ICOCUTHAJA, AHAJOTUYHOTO CUTHAIY [T BCTPOCHHOTO MOHUTOPA, TaKKe
BO3MOJKHa Tiepesiada curaana B crangapre HDMI (High Definition Multimedia
Interface — mynbTuMeaUiiHbI nHTEPdEIC ¢ BBICOKUM Pas3pelieHreM), HO yiKe
¢ MeHblleil yacToToil pasBepTku — 24 I, 1nbo ¢ ToM JKe 4acToToii, HO MEHb-
mM paspenieHneM — 2560 x 1600. BoamoskHa TakKe BBICOKOKaueCTBEHHAS
nepejiaya CUTHAIA ¢ BBICOKUM pa3peliienueM u dyactotoit 60 Iy, HO 11st aToro
yoKe TpebyeTcs HONOJHUTEbHbII BHEIHUN agantep. Hakonen, KoHTpoJiep
obecreanBaeT MoALePKKy paboThl TPETHETO MOHUTOPA 10 GECTIPOBOAHON CBSAZH
¢ ucnosb3oBanneM TexHosorun Intel Wireless Display, Ho aToT Bumeocurnas
6oJiee HU3KOTO KauyeCTRa.

KoMmiekcHbIil 60K ymnpaBiaeHusl. ITO OCHOBHO# OJIOK, YIPaBJISIONIIiT
MPOIECCaMu, CBSIBaHHBIMU ¢ dHeprocOepexkerreM. B ero cocras Bxoaar 6J0K
KOHTPOJIS TeMIIepaTyphl, KOTOPBII B 3aBUCHMOCTH OT TeKyIIel 3arpysKeHHO-
CTH Y3JI0B IIPOIECCOPA U TEMIIEPATYPBHI YIIPABJISET OXJIAKAAIOINIUMU BEHTUJIS-
TOpamM, 6JI0K MIEHTU(MUKAIIMN CEPUAHOTO HampsiKeHust. KoMIeKcHbIi 610K
yIpaBJeHus paHee ObLT B COCTaBe MPEABIAYIINX apXuTekTyp, Ho B Skylake
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OH TIO/IBEPTCS 3HAUUTENLHBIM TiepepaboTkam. Temeps oH obecreunBaeT 6omee
arpeccuBHbIE AITOPUTMBbI 9HEPrOCOEPEKEH s, OCYIIECTBISIET COOP CTATUCTUKH,
BHYTPEHHEN ¥ BHEITHeN TeqeMeTpun. Dok obecreunBaeT B3anMOIeiiCTBIE
poreccopa ¢ OIepaluoOHHoN CUCTeMOI KoMIbioTepa, cuctemoin BIOS (6aso-
Basi CHCTEMa BBOJIA,/BBIBO/Ia — HAGOP MPOTPAMM, 3aMUCAHHBIX B (QJIATI-MAMSITH
U YIPABJSIIONNX PaGOTON KOMITBIOTEPA JI0 3arPY3KH OTEPAIIMOHHON CUCTEMBI ).

I[To cpaBHeHuIo0 ¢ MUKpoapxuTekTypoit Broadwell 3mech 6b11 cenan Heko-
TOPBII AT HA3a/: C 1eIbI0 YMEHbIIEHH SHEPTOnoTpeOIeHrs Yna mpoIiec-
copa M3 KOMIIJIEKCHOTO OJI0Ka yIpaBiieHnst yopaH BCTPOEHHBIH TpeobpasoBa-
TeJb MUTaHKs, KOTOPBINA ObLI BO3BpaIlleH Ha MATEPUHCKYIO TIaTy. DTo ObLIO
CBSI3aHO MPEJKIE BCETO € HEOOXOAMMOCTHIO 06eCTIedeH st HU3KOH MOTpebIsieMoit
MOII[HOCTH IIPOLECCOPOB A1 MOOMIBHBIX cucTeM (4,5 Br). Oxnaxo u ansa Gosee
MOTITHBIX TIpotteccopoB Intel He ctama Bo3Bpamarh ero B KpUCTAIL.

Kak mokasasia 1mpaxkTuKa, 3a C4eT TOKOB YTEUKH Y3JIbl MPOIECCOpA JaKe
B TTACCBHOM COCTOSTHUH TIOTPEBJISTIOT SHEPTHIO, 1 CaMbIM 3(h(HEKTHBHBIM METO-
JIOM 9HEpProcOepeskeHust ABJIAETCS MX MOJTHOE OTKJIYeHre oT mutanus. s
peanusaIu 310 aHeprocheperaonieil CTpaTerni 1 PaHbIIle UCITOTb30BATOCH
pasbueHune mporeccopa Ha OT/eIbHbIE SHEPTETHYECKIE JOMEHbI C BKIIOUEHIEM
U OTKJIIOYEHUEM UX MUTaHus B 3aBucuMocT oT paborhl. B Skylake pas6ue-
He cragio ente Gosee quddepeHIManIbHbIM, TOXOAANINUM 0 YPOBHS UCIIOJTHU-
TeJTBHBIX ycTpolicTB. Tak, Hampumep, B oTcyTcTBUE KoMaHA AVX OT MUTaHUA
OTKJIIOYAIOTCSI COOTBETCTBYIOIME YCTPOUCTBA.

Erite ofiHM HOBOBBE/IEHNEM B YAaCTH SHEPTOCOEPEKEHNUST CTATO BHEIPEHME
texrosorun Speed Shift. Ecin patbiiie Bee mepexo/sl Mpoieccopa B aHepro-
cbeperaioriue COCTOSIHIS, BKIOYAsT YMEHbITEHNE TAKTOBON YaCTOTHI, TePEBOJT
OT/ICJIBHBIX Y3JI0B B COCTOSIHUE CHA, BBITIOJHSIJINCH 110/l YIIPaBJICHUEM OIepa-
IITOHHON CHCTEMBI, TO TETEPDh MPOTIECCOP CaM 0 IHEPTOCOHEPETATONTIM aJITO-
PUTMaM OCYIIECTBJISIET yIIPaBJIeHNE aKTUBHOCTBIO CBOMX y3710B. Harpumep, on
MOJKeT 33/1aTh ONTUMAIBHYIO TAKTOBYIO YaCTOTY PabOTHI y3J1a, IEPEBECTH TOT
WJTF MHOH y3eJ1 B COCTOSIHUE CHA, YePe/IOBATh aKTUBHBIE COCTOSIHUS C BBICOKOI
TAKTOBOW YaCTOTOI M COCTOSIHUE CHA B 3aBHCUMOCTU OT BO3JIaraeMbIX HA [[aH-
HBII y3eJ1 3a/1a4.

Yro kacaeTcd BO3MOKHOCTEH 110 Pa3TOHy TAaKTOBOM 4acCTOTHI IIPOIIECCOPOB
Skylake, To 3xech Intel anmapaTio 3a610KHpoBaIa 9TH BO3MOKHOCTH fiJis1 OoJiee
JIe1IeBbIX poiteccopoB. OHU OCTAIUCH JOCTYITHBIME TOJBKO [IJIS1 IOPOTHX TIPO-
1eccopoB ¢ mHIeKcoM «Ks.

Kontpoanepst BBoga-spiBoia PCI Express u DMI/OPI. [lns cBssu mpo-
I[eccopa ¢ BHENTHUMY YCTPOICTBAMU MCIOJIB3YIOTCS /1Ba KOHTpoJsiepa. Ilep-
BbIli — koHTpOsIep PCI express ¢ 16 BBICOKOCKOPOCTHBIMU TOCJIE€IOBATEh-
HBIMHU JIBYHAIIPaBJICHHBIMU JUHUSAMU Nepenadn ganupix. OH obecnedynBaer
MO/IKJII0YeHNe TpaduiecKuX yckopuresieil (BUAEOKaPT) K BBIYUCIUTEIbHON
cucteMe Ha ocHoBe mporieccopa Skylake. KonTpostep mossossier cchopmupo-
BaTh TPU BapuaHTa nHTepderica: yepes oaunt caot (1eneBoit pazbem) PCle x16,
aBa ciora PCle x8, sm6o tpu ciora — x8/x4,/X4.

Konrpostep DMI/OPI npennasnadet i1t opranusaiy mprueMa,/nepeiaan
JAHHBIX MEKIY TIPOIECCOPOM U KOHIIEHTPATOPOM IJTaT(OPMEHHBIX KOHTPOJIIE-
poB. CBsi3b ocytiecTBIsiercst no yerbipeM gunausiM muabl DMI 3.0 (Direct Media
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Interface), sBasionerocss BbICOKOCKOPOCTHBIM TIOC/IE0BATEIbHBIM HHTEPdE-
com. Ilo cpaBHeHmIO ¢ IpeApIAyIUM TTOKoJeHneM untepdeiica DMI 2.0 ero
cKopocThb Bospocia ¢ 2 1o 4 T'6/c, uau 10 8 ruratpaHs3akiiii B CEKyHILY.

Konnenrparop miardopMeHHbIX KOHTpOJLiepoB. Kak yke ormedanocs,
3TOT BJIOK JIJIST IPOIECCOPOB MOOMIJIBHBIX CHCTEM CO CBEPXHUBKKM MOTpebIIe-
HUEeM WHTerPUPOBAH B KPUCTAJLI MPOIECCOPa, a ist 6osree MPOU3BOANTENbHBIX
BBIUUCJIUTEIbHBIX CUCTEM BBITIOJHEH B BUJIE OTAEIbHOTO YHIIA.

Bce unmibl KOHIEHTPATOPOB MIAaTGOPMEHHBIX KOHTposuiepoB Skylake ocy-
MIEeCTBJIAIOT B3aUMOJIEHCTBUE C BHENTHUME ycTpoiicTBamu uepe3 sunun HSIO
(high-speed 10 — BBICOKOCKOPOCTHOIT BBOA-BBIBOJL), HO OTIMYAIOTCS PA3HBIM
KoJmdecTBOM aTuX Juuuil. HanGosee momupiit unn Z170 umeer 26 takux
JINHUHI, KOTOPBIE MOTYT TI0-PAa3HOMY KOHMUTYPUPOBATHCS it (HOPMUPOBAHIS
nHTEepdEelicoB BHENTHUX YCTPOHCTB. TOJBKO 1IecTh JUHUI JKECTKO 3ape3epBU-
posambl 7151 iectt USB-opTOB, octanbibie 20 JUHII OCTAIOTCS TOCTYTHBIME
1t KoHGUrypuposanusi. 1o MoryT 6eith mopthl USB, moptet SATA, PCI
Express win rurabutasiii Ethernet. OcraibHble 4nibl 06ecneyrnBaloT MEHBIIIE
BO3MOKHOCTH 110 POPMUPOBAHUIO WHTEPGEicOB BHEITHUX yCTpoiicTB. O6Cty-
JKMBaHUE MapaJIebHO PAbOTAINX BHENIHUX YCTPOMCTB OCYIIECTBISETCS
C pasjiesieHeM BO BPEMEHH.

HManpHelinine nepcnekTuBbl pasButus npoimeccopos Intel. B nauane
2016 r. Intel odpunnanbHo OTKazamach OT NPOAOKeHus cTparerun «tick-tocks,
u crexyionmM 3a mokosmenneM Skylake cramo cempMoe TOKOJTEHIE TPOIECCO-
poB Ha ocHOBe MuUKpoapxutekrypol Kaby Lake. 9ta MUKPOapXUTEKTYypa cTaja
He3HAYUTEILHBIM [IArOM B PasBUTHK MUKpoapxuTekTypbl Skylake. ITporeccops,
raxke kak u Skylake, 1Byxb- u deTbIpexbsieprbie. Y rydiieHsl cpecTBa oOpa-
60TKHN TpaduyecKoil nHdOPMALUN U, TJaBHBIM 00pa3oM, rpadudeckoe Sapo.
[TpoosKeHo pasBUTHE B 4aCTH 00ECIICUEHNUsT 3alThl MHMOPMAIIMU OT BTOPIKE-
HUH, KOHTPOJLIEP TAMSITH CTasl 0GECTIeYnBaTh MOIEPIKKY TOMBKO aMsiti DDR4.

YMeHbIIeHNEe TEXHOJIOTMYECKOro mpoiecca 10 HopMmbl 10 HM oxkumaeTcs
B 2018 1., 1 9Ta HOPMa JOJUKHA CTaTh OCHOBOII Ji7tst TipotteccopoB Cannonlake.
Bce 6a3oBbie MPUHIUITHI OpraHu3aniy HHGHOPMAITHOHHO-BHIYUCIUTENbHBIX
MPOTIECCOB, MOYJILHOCTH TIPU Pean3aIiui KOHKPETHBIX MOANMUKAIUI TPo-
1[eccOpoB, pa3paboTaHHble B paMKax MUKpoapxutekTypbl Skylake, ocramyTest
u B8 Cannonlake.

KoHTponbHbIe BONPOCHI M 3afjaHus

1. Yro Takoe cynepkroHBeiiepHas CTpyKTypa mporeccopa? CynepckauspHas CTpyK-
Typa?

2. Buem pasuuna mexzay CISC-nponieccopom u RISC-niponieccopom? B uem pasuuia
MeK/Ly KOMaH/I0i 1 MUKpooneparei?

3. Kakyio 3ajauy peraer getmdpaTop KOMaH/ B MUKPOapXUTEKTYypax, HaunHas ¢ P6?

4. B ueM coCTOUT IPUHIIKIT TIPEICKA3aHUS IEPEXOI0B?

5. Kakum 06pasoM B IPOIECCOpPe PEan3yeTcsl TPOoIece UCIIONHEHNsT KOMAH/[ ¢ 13-
MEHEHHUEM MOCIeI0BATEIBHOCTHI ?

6. Kakue ycrpoiicTBa 06eciednBarOT U3MeHEHIE MOCe0BaTeNIbHOCTH BbITOJTHEHUST
MHUKpOOTepaIuii?
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7. Buem orsmune 6ioka SIMD FPU or y3/108 ¢ 00b14H0I apudMeTHKOIi ¢ I1aBaoiei
TOYKOI?

8. OmnurnnTe MOPSIIOK BBIIOTHEHNST KOMAH/IBI B ITPOIECCOPE C MUKPOAPXUTEKTYPOil
P6.

9. YTO mpOUCXOAUT, eCIH Ipe/icKa3aHHasl IIOCJAe/[0BATeIbHOCTD KOMAH/ 0Ka3aaach
HeBepHOII?

10. O6bsicuuTe nportece hopMupoBanusi Tpace B Mukpoiporeccope NetBurst (cum.
puc. 5.3).

11. Kaky1o poJib urpaeT miaHupoBIIMK KOMaH | B MuKporipoiieccope Net Burst?

12. B yem orammune mukpoapxutekTypsl Pentium Pro ot NetBurst?

13. Kak paGoraer cuctemMa IIOBTOPHOTO MCIIOJHEHUSI MUKPOOTIEPAITi B MUKPOIIPO-
meccope NetBurst?

14. O6bsicaure cyTh Texrostornn Hyper Threading.

15. Yro obuiero y mukpoapxutekrypbl Nehalem ¢ P6?

16. B uem 3aKJr0uaeTcst TEXHOIOTHST OOHAPY KEHS TINKJIOB TPOIPAMM B MIUKPOAPXH-
tekrype Nehalem?

17. B 4yeM cyTb TeXHOJIOTUI CAUSHUSI KOMAH/L 1 MUKPOOTIepaInii?

18. 3a cuer uero mporeccopbl MuKkpoapxutekTypsl Nehalem obecrieunsu cumkernne
9HEPronoTpedieHus ?

19. 3a cuer yero MHOrOypOBHEBas KAII-TIAMATH OOECIIEYnBAET MOBBIIIECHUE TIPOU3BO-
JIUTEJIbHOCTH TIpolieccopa’?

20. CpaBHUTE COCTAB UCIOJHUTEIBHBIX GI0KOB B mpotieccopax P6 u Nehalem.

21. KakoBbl epCHEeKTUBBI Pa3BUTHs poiieccopos Intel?

22. Kaxkast u3 Mukpoapxurektyp, P6 nin Netburst, o BanieMy MHEHHUIO, BHECIA HAW-
GOJIBIINIT BKJIJL B PA3BUTHE MUKPOIIPOIECCOPHOIT TexHUKn? OBGOCHYHTE OTBET.

23. Tlouemy mukpoapxutekrypa Skylake moxer orHocutbhest Kk CBUC «Cucrema
Ha KpHrcTasie»?

24. Kax yBesnuenvie 6yhepoB criocoGCTBYET YBETNUEHIIO TPOU3BOUTETBHOCTH IIPO-
eccopa’?

25. B ueM 3aKJIH04AI0TCSI TEXHOJIOTHHU 3HEProchepekerHus mporeccopos Intel?

26. TTouemy K31l Ha CTOPOHE ITaMsITH B MUKpoapxuTektype Skylake achdexriBHee, uem
EDRAM B mukpoapxutektype Haswell?

27. Kakwue cpejcra 06paboTky rpadudeckoil nHGOPMAIUN UMEIOTCS B MUKPOAPXH-
rextype Skylake?



3aknoyenue

B macTosmiee BpeMs Bo Bcex cpepax 4es10BeIeCKOi 1eATEeTbHOCTH B TOH WJIH
MHOII CTETIEHU MCIIOJIB3YIOTCS IOCTIKEHUSI TIOJTYIIPOBOIHUKOBON 3JIEKTPOHUKH.
ITo, TpesKe BCETo, MPOMBINIIIEHHOE TIPOU3BO/ICTBO, B KOTOPOM 3JIEKTPOHIKA
BBINOJIHSAET OYE€Hb BaKHbIe (DYHKIMU — YIIPABJICHUS, KOOPAUHAIIMKM PabOThI
BCEX TEXHOJIOTHYECKNX 00BeKTOB. HemocpencTBenHOe ypaBienne paboToit
CTAHKOB, POGOTOB, ABTOMATHYCCKUX TPAHCIIOPTHBIX M CKJIAJCKUX CUCTEM, TEXHO-
JIOTUYECKUX YCTAHOBOK — BCE ATO BBITIOJHIETCS COBPEMEHHBIMU CPEICTBAMU
ABTOMATHU3AIUK TEXHOJOTHUECKHUX TIPOIIECCOB, BBIOJIHEHHBIX Ha Ga3e MoJIyIpo-
BOJHUKOBBIX 2JIEKTPOHHBIX JIEMEHTOB, YCTPONCTB U TIEJIBIX CUCTEM.

B ocHoBe Bcex coBpeMeHHbBIX MHMOOPMAIMOHHBIX TEXHOJIOTHI TaK:Ke JIeKaT
JOCTIDKEHUS TTOJMYITPOBOAHIKOBON 3JIEKTPOHUKHN: KOMIBIOTEPHAS TEXHUKA,
MHGOPMAIIMOHHO-BBIYUCIUTEIbHBIC CETH, CITyTHUKOBBIE KAHAJbBI CBSI3M M MHO-
roe apyroe. B nnGopManmoHHBIX TEXHOJIOTUAX OY€Hb BAXKHYIO POJb UTPAIOT
CPEeNCTBA OTITOAJEKTPOHUKHN, PACCMOTPEHNE KOTOPBIX HE BXOJAWJIO B 3a/1a4U
aToTO0 yueOHuKa. [lepenada orpoMHbIX 06HEMOB HH(MOPMAIITE 06ECTIEUNBACTCS
Gaaroapst MPUMEHEHUIO BOJIOKOHHO-ONITHYECKUX JUHUN cBsisu. [l B3ammo-
NefCTBYST YesoBeKa U MH(POPMAIIMOHHO-BBIYUCIUTETHHON CUCTEMBI BCE IUPE
NPUMEHSIOTCS TJIOCKUE [[BETHBIC JKUIKOKPHCTAIINYCCKIEC MOHUTOPBI, TI03BOJISI -
I01I[He HEe TOJIbKO 0TOOPakaTh HH(MOPMAIIUIO, HO U BBOAUTH €€ HEMOCPEICTBEHHO
C 9KpaHa ¢ MOMOIIBIO MJICHOUYHO! KJIaBUATYPBI, PACTIONIOKEHHON Ha MOBEPXHO-
ctu 9kpara. Ha uX 0CHOBE BBITIOJHSIOTCS HOYTOYKHU, TIPOMBITIIEHHBIE KOMITHIO-
TepPbl 1 KOMITBIOTEPBI CIENINATbHOTO Ha3HAUCHMs], KOHCTPYKTUBHO MPE/ICTaBJIs-
1o11re co60i MOHOOJIOK.

OcHOBOW 3/1eMEHTHOI 6a3bl 15T pPaspabOTKU CAMBIX PA3JTMIHBIX HJIEKTPOH-
HBIX ycTpoiicTB 1 cucteM ctaHoBsTcst bBIC/CBUC MUKPOITPOIeCCOPHBIX KOM-
IJIEKTOB U iporpammupyembie VIC, cpeir KoTopbix Hanboiee neperneKTHBHBIMU
npencrassiiores [IJIMC «cucrema va kpucrasnie». CoBEpIIEHCTBYETCS TEXHO-
soruss CBUC, moBbIIaeTcst crernenb MHTErPAIUK, TAKTOBAs 4YacTOTa U MIPOU3-
sBogurenbHocth CBHC. B 061acTi MUKPOIIPOILIECCOPHBIX CPEACTB MPOLOJIKACT
JIeACTBOBATD 3aKOH, C(hOPMYIUPOBAHHBIN OJHUM U3 OCHOBaTe el pupmbl Intel
TFopaornom Mypowm emiie B 1965 1.: «MoiHocTs mpoiieccopa yaBanBaeTcst Kaxk-
JIbI€ TI0JITOPA TO/Ia TIPU COXPAHEHUU €T0 CTOMMOCTH .

Bospacraer posib aHanoro-1u@possix 1 1udpoaHaIoroBbix 1peodpasoBa-
Tesieil, 06ecTieunBaIoNIMX B3AUMO/ICHCTBIE BHIYUCIUTEIBHOM CETH ¢ 0OBEKTOM
yrupasieausi. OHU MOTYT BBIOJHATBCSA Kak B Buje otaeabHbpix bMIC/CBUC,
tak 1 BcTpoenubiMu B CBMC 1mo aHajioroBbhIM BXOJaM M BbIXoJaM. Takue
CBUC nonyunsiv Ha3BaHWE aHAJIOTOBBIX MUKPOTIPOIIECCOPOB.

InaBuBIM HaTpaBJieHWeM PAa3BUTUS CPEACTB CHJIOBOI 9JEKTPOHUKU CTa-
HOBSITCSI UMIYJILCHBIE TIPEOOPA3OBATENN MOCTOSTHHBIX HATPSIKEHUH, peasin-
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30BaHHbIe B MHTErPAJIbHOM MCHOJHEHUH, obeciieyrBalolie Ha OCHOBE CeTH
MMOCTOSHHOTO TOKa (hOPMUPOBAHNE TAThBAHMYECKU PA3BSA3AHHBIX MUTAIONTUX
HaNpPSKEHII KOHKPETHBIX yeTpoiicTs. YacToTa nmpeoObpasoBaHmst UX JOCTUTAET
500 kI, KITA — no 90%, a yaenbhast motHocTs — cBbiiiie 5000 Bt/mm3.
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lMpumepbl YCNOBHbIX 0603HAYEHUIA HEKOTOPbIX AKTUBHBIX U NACCUBHBIX

Mpunoxenus

lpunoxenne 1

3/IEMEHTOB Ha NPUHLUNUANDBHLIX INEKTPUHECKUX CXemax

Tabnuya I11

Hanmenosanue
aJIeMeHTa

YcnoBHoe
o0bo3HaueHMe

[Tpumeuanne

Bunonsapusriii Tpansu-
CTOp n-p-n-TUla

K
9

b — 6a3za,
K — kosunexrop,
I — aMurTep

bunonspubrit Tpansu-
CTOp p-n-p-THUIIA

©

ITosieBoit Tpansucrop
C YIPaBJILIOIUM pP-11-
MEPEXO/IOM C KAaHAJIOM
n-THUIIA

3 — 3aTBop,
C — cToK,
W — ucrok

IloneBoit TpanaucTop
C YHPaBJIAIONIM
P-n-TIEPEXOJIOM C KaHa-
JIOM p-THTIa

IlomeBoii Tpansuctop

€ M30JINPOBAHHBIM
3aTBOPOM U BCTPOECHHBIM
KaHAJIOM 7-THIA

II — momnoxka

ITonesoit TpansucTop

€ M30JIMPOBAHHBIM 3aTBO-
POM M MH/LYIIPOBAHHBIM
KaHaJIOM n-THIA

B @
K
b
]
C
s
C
e
C
s (B
"n
C
s (JBEn
n

Tupucrop

A K
iYS

A — anop,
K — karoz,
VO — yrpaBJisionyii 9JeKTpoj

Pesucrop

[h
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Oxonuanue maba. I11

Ne Haumenosanue Ycnosuoe IIpumeuanue
/I 3JIeMeHTa obo3HaueHne
9 | Konzencatop B 0603HaYeHUSIX STEKTPOTHITITIE-
| CKHX KOHJIEHCATOPOB OOKJIANIKA,

TMOAKJII0YaeMast K ITOJIOKUTEIbHOMY
TMOTEHINAILY, IIOMEeYaeTCs 3Ha-
KOM «+>»

10 | dpoccenn

11 | BompsaMute bHbIH 110 A A — anop,
K — karon
K

[MosstpHOCTb PaGOYEro HAPSIKEHUsE
y cTabumTpoHa obpaTHa oS PHO-
CTH BBIIPAMUTEIHLHOTO U0/

12 | Crabuaurpon

[To mampaBIeHNIO CTPEIKN B TPAH3UCTOPAX OTPe/essAeTC UX THII, TaK Kak
OHa BCeria HalpaBJieHa oT p-obaacTu K n-o6aactu. Tak, HanpuMmep, ecau B OUIo-
JISPHOM TPAH3WMCTOPE CTPEJIKA HarpasjeHa oT 6asbl K aMuTTepy (cTpoka 1),
3HaunT, 6aza — pP-THMA, a TpaH3UCTOp — n-p-n-Tuna. CTpesaka B obo3HaUe-
HUSX TIOJIEBBIX TPAH3UCTOPOB C YIPABJIAIONINM p-1-TIEPEXOIOM PACTIONOKEeHA
MEJK/Iy 3aTBOPOM U KaHAJIOM TPAH3UCTOPA, CBSI3BIBAIOIIErO UCTOK U cTOK. Ciie-
JIoBaTesIbHO, 0O03HAUEHME B CTPOKE 3 MTOKA3bIBAET, UTO 3aTBOP Y TPAH3UCTOPA —
p-Tuta, a kaHaa — n-tuna. O6o3HauYeHne B CTPOKE 4, HATIPOTHUB, COOTBETCTBYET
MOJIEBOMY TPAH3UCTOPY € KaHAJIOM p-TUTa. B 0603HaUEHUSIX TIOIEBBIX TPAH3U-
CTOPOB C M30JUPOBAHHBIM 3aTBOPOM CTPEJIKA PACIIONATAETCS MEXKIY TTO/JIOXK-
KOl 1 kaHasoM. [ToaToMy 0603HAUYEHMST B CTPOKAX 5, 6 COOTBETCTBYIOT TPAH3MU-
CTOPaM C TO/ITTOKKOH p-THTIAa U KAaHAJIOM 72-THTIA.

lMpunoxerHne 2
Mpumepsbl ycnoBHbIX 0603HA4YEHUIA HEKOTOPbIX @HANOroBbIX U LU(POBLIX
MHTErpanbHbIX 3NEMEHTOB Ha NPUHLMNNANDBHBIX NTEKTPUYECKUX CXEMAX

Tabauya 112
Ne Hanmenosanue Ycnosnoe ITpumeuanne
n/m aJIEeMEHTa o6o3HaueHne
1 Jlnon 3 auoxHoOM 3Hak «*» — npusHaK COOPKH
cbopkn 9JIEMEHTOB, BBIBO/IbI 9J1EMEHTOB
HyMEpYIOTCS B COOTBETCTBUU
€ HOMepaMH BbIBOJIOB KOPITyca
nc
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IIpodoncenue maban. 112

Ne Haumenosanue YcnosHoe [Tpumeuanue
/1 aJIeMeHTa obo3HaueHne
2 /lBa pesucropa Yucmo BEIBOZIOB MOXKET
B PE3UCTOPHON He COOTBETCTBOBATH Y/IBOEH-
cbopke HOMY YHCJIy PE3UCTOPOB, €CJIN
B cOOpKe eCThb BHYTPEHHHE
COEIMHEHNST MEXK/LY PE3UCTO-
pamu
3 Tpaunsucrop Byxsamu K u E o603navatorcs
13 TPAH3UCTOPHOI = *Tx [ KOJUIEKTOP ¥ OMHUTTEP; 3HAK
cbopKI E> |— «>» YKa3blBaeT HAIIPABJIEHIE
crpesikn 6aza—3MUTTED
4 OnepanuoHHblii ,)— ObosHauenue -§ COOTBETCTBYET
YCUJTUTED > | WHBEPTUPYIOIEMY BXO/Y;
— CUMBOJI > — YCUIUTEIBHOMY
YCTPOUCTBY
5 | Jlornueckuit
aneMeHT «2 U» &
Jlormueckuit Jl1st 0603HAYEHNST UHBEPC-
aJIeMEeHT «3 - HBIX BXO/I0B/BBIXOJIOB MOJKET
NJIN-HE» - 1 HCIIOJIb30BAThCS HE TOTBKO
— BapUaHT -¢, HO ¥ JIpyTHE,
HampiMep ¢- 1 -
6 [lemmudpaTop 0 B unrerpasbHoM nucmosHeHnN
1 bc 1 nermnpaTopbl YaCTO BBITOJ-
-2 9 HSIIOT C MHBEPCHBIMU BBIXO-
4 namu; C — BXOJI CHHXPOHM3a-
—
] 4 uuu; EN — BXOj1 paspenienust
—C 5 paGoter (enable)
6
—EN| 7
7 8-BX0/10BOIT MYyJIb- X X7 — nH(MOPMAIMOHHBIE
] 05 oo X7
Xy | MUX e
THUILJIEKCOP —x | g-1 BXO/IbI;
=X ay, ay, @, — aJipecHble BXO/DI
— x4
— X5 —
— XG
—] _X'7
—Jag
— a1
as
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IIpodonacenue maba. I12

Ne Haumenosanue YcnoBHoe IIpumeuanue
/1 JJIeMeHTa o6o3HaueHnE
8 OzHOpa3psi/IHbLI Oco6eHHOCTh CyMMaTOPOB,
CyMMarop BbITTOJIHeHHBIX B Buste CUC, —
& SM HaJIIYe JJOTHYECKOU obpa-
a, GOTKI BXOIHDBIX CUTHATIOB.
Zi K B mannom mpumepe 1tst hop-
a§ MUPOBAHUST €IMHUYHbBIX 3HA-
N s YeHUH craraeMbIX HEOOXOANMO
— HaJIMYMe eJIMHIYHBIX CUTHAJIOB
0 Co Ha Bxoziax 0, 1 1 HyJIeBbIX
by Ha Bxof1ax 2, 3. CurHas cymmbr
by dopmupyercst B psimom S
C; u nHBepcHoM S Bugax. C;
u Co — CUTHAJIBI TIEpeHOCca
(cany)

9 4-paspsiHoe apud- SCTartf Cob- ag, -, as, by, ..., by — omepanpr;
METHKO-JIOTHYecKoe | L Sos -y S§ — KOJI BBIIOTHAEMOT
YCTPOHCTBO ] Zé g - oreparumy; M — IpU3HAK ap1:1<p-

—a; L METHYECKON MJIH JIOTHYECKOI
7 7 omepanut; fo, ..., f5 — pe3yJb-
— by Jik tar onepanun; A = B — npu-
—{ by fo b 3HAK PaBEeHCTBA ollepaH/os; G
] ﬁ I3l u H — curHasbl uig opranusa-
- g(f A=B [[1Y [TAPAJJIEJIbHBIX TIEPEHOCOB
- s [IPU HAPAIMBAHUN PA3PSIIHO-
_ﬁ cru ALU

—{ M|

10 | AcHHXPOHHBI RIT R u S — BXO/bl aCHHXPOHHOI1
RS-tpurrep | YCTaHOBKU B HYJIb U €JINHUILY

S

11 | YHuBepcasbHblii s CHHXPOHM3AINS OCYIIeCTBIIS-
JIBYXTaKTHbII - | eTcst 1o nepejiieMy (hpoHTy
JK-tpurrep :'% curnasa C

— K]
L b—
=S

12 | 4-paspsublii «+», «—» — BXOJBI TIPSIMOTO
JIBOMYHBIH CUCTUNK —+ |CTR4] Q u oGparnoro cuera; DO, ...,

gy é D3 — BX0jbl HaYaJILHOIT ycTa-
—D0 i HOBKW; ¢, br — curHajbl epe-
—P1 8 Hoca 1 3aeMa (carry u borrow)
—D2

—E cr

—C br
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Oxonuanue maoa. I12

Ne Haumenosanue YcnosHoe [Tpumeuanue
/1 aJIeMeHTa obo3HaueHne
13 | YHuBepcasbHbIil D | RG Q D(0+7) — BxojbI IpremMa
8-paspsiamblit =0 | undopmanuu; DSL, DSR —
PpeBepCUBHbIiT — 1 0 CHUTHAJIBI C/IBUTA BJIEBO
peructp . % 1 1 BIIPaBO; R — CUTHAJ achH-
iy, 2 XPOHHOM yCTaHOBKU B HYJIb
— 5 3 BCEX Pa3psi/IoB PETHCTPa.
— 6 4 8¢, §1 — curHasIbl yIIpaBIeHUs:
7 5081 = 11 — 3amuchd B perucTp
-+ C 5 nndopmanun mo Bxogaam D;
—DSL 6 S8, = 01 — casur BreBo;
—IDSR 7 5081 = 10 — casur Bipaso;
= S SpS; = 00 — BxozBI peructpa
=19 HEJIOCTYIIHBI
'? R
14 | DnemenT ¢ Morir- > D — b opMaImoHHbIN BXOZ;
HBIM T1(HPOBBIM -1 7 - [> — IPU3HAK MOIIHOTO BBIXOJIA
BBIXO/IOM - EN

B o6o3HaueHudax BXOL0B U

BbIXO/IOB HMCIOJB3YIOTCA TOJBKO JJATUHCKUE

GYKBBI, COOTBETCTBYIOIIIE, KaK TIPABUJIO, TIEPBBIM OYKBaM aHTJIUHCKUX CJIOB,
nepegaoimx GyHKIMoHaIbHOe HasHayenue: D — data (nanubie); EN — enable
(paspetierue paboter); R — reset (copoc); S — set (ycTaHOBKA) U T.JI.

lMpnnoxerne 3

Pafbl npeanoYTUTENbHLIX HOMUHANOB PE3UCTOPOB U KOHAEHCATOPOB

Tabnuya 113

E24 E12 E6 E3
Jlonyck £5% Jlomnyck £10% Jlomyck £20% Jlonyck >%20%

1,0 1,0 1,0 1,0

11

1,2 1,2

1,3

1,5 1,5 1,5

1,6

1,8 1,8

2,0

2,2 2,2 2,2 2,2
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Oxonuanue maba. I13

E24 E12 E6 E3
Jlomyck £5% Homyck £10% Tomyck £20% Jomyck >£20%

2,4

2,7 2,7

3,0

33 33 33

3,6

3,9 3,9

4,3

4,7 4,7 4,7 4,7

51

5,6 5,6

6,2

6,8 6,8 6,8

7,5

8,2 8,2

9,1

TurmoBble 3HaYeHUsT HOMUHAJIOB PE3UCTOPOB U KOHIEHCATOPOB OTIPEEIs-
IOTCSI B COOTBETCTBUU C PsIZIAMKM HOMHUHAJIOB, PEKOMEHIOBaHHBIX MexmyHa-
POJIHOI 3JIEKTPOTEXHIMYECKON KoMUCcUeid. Psibl HOMWUHAIOB OTIPEIeNSIOTCs
Ha OCHOBE TeOMETPUYECKUX PSJIOB YuCel, TTOTyInBINX HanmeHnoBanust E3, E6,
E12 u E24.

bBazoBbIM psiloM NpeANnouYTUTEIbHBIX 3HAYeHUH saBJisieTcst psijy E24, cocTosi-

I M3 OKPYTJICHHBIX 3HAYEHMIl TeopeTndecknx yncen /107 | re mokasareinb
CTETIeHNU 1 — IIeJIoe MOJIOKUTENbHOE WM OTPUIATebHOE YICa0 (dHcia, TpH-
BeJleHHbIe B TabJIMIe, OJAy4aloTCes IIpy 3aMere 7 uncaoM ot 0 10 23).

Pan E12 o6pasyioT OKpyIJIeHHbIE 3HAYCHUS YUCET 1\2/W , @ TIOJIYYaIOT ero
u3 psaga E24 mytem uck/IoueHnsT YeTHBIX 4ieHOB. AHajornano, psa E6 moury-
YAIOT TIyTeM UCKJIIOUYEeHUsT YeTHBIX uieHOB psia E12, a pag E3 — nyrem nckio-
YeHWsT YeTHBIX 4yieHOB psina E6.

Psizibl IpeinioYTUTEIbHBIX 3HAYEHU OIIPEIE/ISIOT He TOJIbKO HOMUHAJIbHBIE
3HAYEHUS PE3UCTOPOB U KOHJIEHCATOPOB, HO M COOTBETCTBYIONINE UM PEKOMEH-
JlyeMble JonycKkaeMbie oTKIoHeHus. Psany E24 coorBercrByer momnyck £5%,
pany E12 — £10%, pany E6 — £20%, a pany E3 — 6osee £20%.

Jliist Iperu3nOHHBIX U3MEPUTEIbHBIX U BBIYMCIUTEIbHBIX aHAJOTOBBIX
YCTPOUCTB BBIIYCKAIOTCST 3JIEMEHTDI TIOBBIIIIEHHON TOYHOCTH: C IOTYCKOM £2%,
+1%, +0,5%, +0,25%, £0,1%. [ 0c060 TOYHBIX YCTPOIICTB MUCIIOIb3YIOTCS
anemenTsr ¢ gomyckamu +0,05%, £0,02%, £0,01% u gaxe £0,005%.
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HomuHasibl Iperu3noHHbIX PE3UCTOPOB U KOHEHCATOPOB ¢ foryckom 1%,
IITUPOKO TIPUMEHsIEMbIe Ha MTPaKTUKe, COOTBETCTBYIOT psiy E96.

Psp E96

1,001,021,051,071,101,131,151,181,21 1,24 1,27 1,30
1,331,371,401,431,471,501,54 1,58 1,62 1,651,69 1,74
1,781,821,871,911,96 2,00 2,05 2,10 2,15 2,21 2,26 2,32
2,372,432,49 2,55 2,61 2,67 2,74 2,80 2,87 2,94 3,01 3,09
3,16 3,24 3,32 3,40 3,48 3,57 3,65 3,74 3,83 3,92 4,02 4,12
4,224,324,424,534,644,754,874,995,115,235,36 5,49
5,62 5,76 5,90 6,04 6,19 6,34 6,49 6,65 6,81 6,98 7,15 7,32
7.507,68 7,87 8,06 8,25 8,45 8,66 8,87 9,09 9,31 9,53 9,76



lpeaMeTHbIA YKa3aTenb

FPU 343, 358

MMX 359
MacroFusion 372
Micro-ops fusion 373
ROM wmukporomos 355, 360, 370
SIMD 343

SIMD FPU 343

SSE 343

SSE2 359

SSE3 359

SSE4 378

SSE4.2 379

Apnanrep

— mapaJuieTbHbIN epudepuitabiii 291
— TIPOrpaMMUPYEMbIii CBA3HbBIN 293
AMIUIUTYTHO-9aCTOTHAS XapaKTepu-
cTuka 64

Anajioro-1upoBoii npeobpasoBaTe/ib
103

Anoj

— aunoja 21

— tupuctopa 50

AnmnapaTsble sipa 325
ApudmeTnro-morunieckoe yCTpOHCcTBO
(AJIY) 186, 236

ApXUTEKTypa ¢ ABOIHON HE3aBUCH-
MOU MHUHOW 345

AcuHxpoHHbIII 00MeH 288

Accembiep 253

Baza tpanaucropa 31

BazoBbie MaTpuvHble KPUCTAJLIBI
(BMK) 311

bBapbepnast emroctb p-n-niepexona 19,
28

Bur yernoctu 295

Baoxk

— ALU 342, 357, 375

338

— apuMETHKH C IJIaBAIOIIEN TOUKOH
343

— apuMETHKH C IJIaBAIOIIEN TOUKOH
HaJl MHOKEeCTBEHHBIMU JAaHHBIMH 343
— BBIGOPKHU KOoMaHz 341

— 3aBepuieHus 344

— unrepdeiica 235

— uHaTepdetica namaTu 344

— TIPeABAPUTENBHOM BBIGOPKHM KOMAH/T
352

— ycKkopeHHOTO TiepeHoca 188

— muHHOTO nHTepdeiica 346

Baokn

— BBoa,/BbiBOIa FPGA 322

— 06paboTKK YKces ¢ IIaBaronei
TouKOl 358

— IOTOKOBBIX BEKTOPHBIX OTlepaIuit
HaJl MHOYKECTBEHHBIMU JaHHbIMU 377
Bosbmras unrerpanbuas cxema (BC)
52

Bynesa

— asrebpa 141

— ynkung 144

Bydep

— TepeynopsIoYnBaius MUKPOOTIepa-
it 342

— MEPEYIOPSIIOUNBAHUS TAMSITH 345
— npezckazanus 1epexonos 340, 350
— TIpe/ICKA3aHusI TIEPEXOIOB TS KIIIT
MO 355

Beictponeiictere 3Y 211

Banentnas 3ona 14
Bapukan 28

Bexrop npepniBanus 299
Bexkropnbie oneparnun 344
Bupryampaas mamars 270
Baoskenue nipepeiBanuii 298
Buemnmane ycrpoiictBa 232



BuyrtpucermenTHbII anpec 248
BosbT-amiiepHasi XapaKTepUCTIKa
— muona Hlorrku 26

— TOJIYITPOBOIHUKOBOTO Moz 22
— tupucrtopa 50

Bpewmst paccacbiBanusi HEOCHOBHBIX
Hocureneit 157

Bxoxnag noxcucrema 352
Bxopmnas xapakTepucTHKa TpaH3M-
cropa 37—38

Bxonnoe comporusienue 34
Bxopnoii 6ydep npezckazanus mepe-
X0/I0B 354

Boimpsimurens

— aByxmnosyneproaneii 108—109
— oaHomoyneproaHbrii 108

— TUPUCTOPHBLI yIIPaBJIsieMblil
117—119

— tpexdasupii 110—111
BoixosiHast XapakTepUCTUKA TPAH3U-
cropa 37—38

Boruncamress azgpeca cienyomieit
xomanzs! 339—340

lanpBanndeckas pa3Bgska

— onrtponnast 130

— peneiinag 131

— TpancdopmaropHas 132
TeHeparop Mua006pa3HOrO HATIPSIIKE-
Husg 98—99

Tenepatopsr agpecos 357
FunepniorounocTs 364

JlBuraresb MoCcTOSTHHOTO TOKa 122
Jlexpement 237, 257

Jlenmdparop

— komanj 236

— HenoJiHbIi 167

— nosinbii 167

Juzpronkimsa 141

JluHucTop — cM. TUPUCTOP JIMO/IHBII
Huon

— BBITIPSIMUTETTHHBIN 23

— TOJTYTTPOBOIHUKOBBIT 21

— IlloTTKN (METALIOTOTYIIPOBOAHU-
KOBBIiT) 26

Jupextuser accembiepa 254

Ilucnieruep pecypcos 356
Jluddepentmanbubiii KoadhurmenT
ycusienus 82

3aKkoH

— norsionenns 143

— ckyenBanus 144

3aromuHalorue ycrpoiictsa (3Y)

— azpecHbie 214

— acunxponubre 215

— accolnuaTuBHbIE (€ ACCOTTMATUBHBIM
nocryrnom) 217

— auHaMmuyeckne 215

— KouBeitepubie 215

— Macounbre 220—221

— onepatuBnbie (O3Y, RAM, 3V ¢
[IPOM3BOJIbHOI BbIOOPKOIL) 214

— MOJIynpoBOHUKOBbIE 211

— nocrostaneie (I13Y, ROM) 214

— MOCTOSTHHBIE TIPOTPAMMEPY€EMbIE
(TIT13Y, PROM) 215, 221—222

— MOCTOSTHHBIE PEMTPOTPAMMUPY€EMbIe
(EPROM, EEPROM) 216, 222—223
— ¢ IoCJIe0BaTesIbHBIM J10cTy1IoM 216
— craruueckue 215

— crekosoie (6ydeps LIFO) 216

— TakTupyembie (CHHXPOHHBIE) 215
— ¢aiinossie 216

— s 225—226

— nukandeckue 216

3anperniennas 3o0Ha 14
3anpemnieHublii Habop 144

3aTBOp TOJIEBOTO TpaH3ucTopa 43—44
3axBaT CUCTEeMHBIX TIWH 241—242
3epuucrocthb 320

3ona nposoaumocTu 14

HuBepcus 141

WuBeprupyromuii Bxoz 82
Wuseprop 106, 157

W HKeKIMOHHAsT AJIEKTPOJIOMUHEC-
meHIus 28

Muanumanuzanug 234, 316
Wukpement 237, 257

Wnterpanpias mukpocxema (MMC)
52
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Wurepdeiic 286

— mapaJuienbHblil 287

— TmocJieioBaTeNbHbIN 287
Wndopmanuonnas emkocts 3Y 211
Ucniorenuie ¢ naMeneHueM TOCTeN0-
BareJIbHOCTH 341

Wctoxk mosteBoro Tpansucropa 43
WcTouHuKy epBUYHOTO 3JIEKTPOIIN-
tanusg 106

Kanas nonesoro tpanaucropa 43
Kapra Kapno 147

Karon

— nquoja 21

— tupuctopa 50

Ksuruposanue 288
KMOII-rpansucropsr 159
KMOII-anements 166

Komnnexrop Tpansucropa 31
Komanpt nepectanoBku 344
Komsetiep 267

Kommaparop anasnorossiit 100
KommiemeHTapHBIE TPAH3UCTOPEI —
cm. KMOII-Tpansuctopbr
Kougetiepusprit mpuatumn pabotsr MIT
267

Konnencatop mpoxosuoit 127
Koncruryenra equauibl 145
KonTakTHas pasHOCTb MOTEHIINATIOB
26—27

Kounrpomrep TT/IIT 301
Konrpostep npepoiBanmii 297
Konnentparop 288

Konbronkrop 151

Konsbionkiusg 141

Koadhduimenr

— nepenaun Toka B cxeme O 36

— TIepejiaun TOKa IMHUTTEpPa 35

— crabunuszanuu 114

— YCUJIEHUS TI0 MOIITHOCTH 34

— YCUJIeHUS TI0 HANPSUKEeHUIo 34

— YCUJICHUS TI0 TOKY 34
Kycoumo-nmneiinast anmpoKCuMars
96

Ko 268

— BTOPOTO ypOBHST 345

— JIaHHBIX [IEPBOTO YPOBHS 345

340

— KOMaH/I IIepBOro ypoBHs 345
— nocaeposarenbnocreir MO 354

Jlornyeckasa eqnnumna 141
Jlornmyeckue 610xu FPGA 320
Jlornueckuit vyab 141

Maructpanp 233—234, 288
MaructpanbHO-MOLyIbHAST CTPYKTYPa
233—234

Makposueiika 319

MacxkupoBanwue nipepeiBaauii 299
Matpuna R—2R 102

— 3AIIOMUHAIONINX 9JieMeHTOB 217
Marprunsrit ymHOXUTE s 188—189
Merka komanbl 254
MuxkpoapxutexTypa 336

— Intel Core 367

— Nehalem 367

— NetBurst 351

— P6 336

— nporeccopa 336—337
MukpokroHTpoJieps 283
Muckporportieccop (MIT) 232
Muxkponporneccopras cucrema 232
MukporporiecCopHbIit KOMIIEKT 233
MukpodBM 232
MukpoasiekTponuka 52
Munumusanus Oyaesbix GyHKIui 146
Muemonuka KoMaHsr 254
MHuorosinepHbie rpoiieccopbt 366
Mogem 294

Monyan cueta 197

MynbruBubparop 97
Myuabruniaexcop 175

Ha6op Oynesoii pyukiuu 144

Habop ucmomHUTETbHBIX 6I0KOB 342
Harpysounas npsmas 39
Hampsxenne

— obpatHoe pomycTumoe 23

— oTceyku 46

— CMeIIeHNs HyJIS OTepaiioHHOTO
yeuaurens 83

Herarusnas oruka 150
Heunpeprupylomuii BXoJ ornepamyoH-
HOTO ycuauresst 82

Henuneitabie uckaskeHus1 yeusamresst 65



OG6racTh HACBHITIEHUST OTIEPATTMOHHOTO
yeunurens 83

Ob6men o nnnnnaruse BY ¢ mpepsr-
BarueM paborsl MIT 239—241
O6moTka BO30OyskaeHust 122
OGparHblii TOK auoma 22
OHOTPAH3UCTOPHBIN 3aATOMUHAIOIITUI
ayeMeHT 229

Omnepanz 236, 254

OrnepaTrBHOE 3aTOMUHAIONIEE YCTPOIi-
crBo (O3Y) 214—215

OmnepanoHHOE yCTPOMCTBO 243
Omntpon 30

Ouepenb

— MuKpooreparmii 356

— MO naj neapMu 9YUcaIaMu U 9HC-
samu ¢ TIT 356

— MO ¢ namsTpio 356

Ilepenarounast xapakrepuctuka 76

— BBIXOJIHOTO KacKaza 76

— TI0JI€BOTO TpaH3ucTopa 46
Ilepexon

— GesycoBHbI 262—264

— ycJoBHBIH 262—264

[TnaBarormmii 3atBop 223—224
[Tnanapro-nuddysnonnas TexHo-
JoTns 54

TInaHupoBIIUK MTOC/IEI0BATENBHOCTEN
MuKpooriepaiuii 341
[LranupoBIUKE MUKpootiepanuii 356
[JINC 314

— tuma CPLD 314, 317

— tuna FPGA 314, 319

IToxcucrema

— WCMIOJTHEHUS ¢ N3MEHEHWeM MocJie-
nosatesibHocT 339, 341

— mamaTu 338—339

— YHOPSIIOYEHHOTO 3aBEPIIEHUS
338—339

— YHOPSI0OYeHHOH IIpe/iBapUTeIbHOM
obpaborku 338—339

[Tosurusnas jsoruka 150

IMosioca acror ycunuress 65
[Tonysakaszusie BUC,/CBUC 311
ITonynpoBoanuk

— n-tuna 16—17

— p-tuna 16—17

ITopr 264, 285

[TocTosnnoe 3aromunaoee ycrpoii-
creo (I13Y) 214

[Morentuanpbiii 6Gapbep 18
[Ipennemmudparus 370
[IpenckaspiBanue nepexonos 272, 340
[TpepbiBatuss — cM. OOMEH TI0 WHH-
matuse BY ¢ npepbiBanieM paboThi
MIT

[Ipumecnu

— akientopubie 17

— noHopubie 16

[TprmecusIie mosrynipoBogHUKN 16
[Ipunmun aBoiictBennoctn 142
[Tpropurernoe kombiio 300

IIpoboii p-n-nepexona 22

— TENJIoBOI 22

— 9JIEKTPUYECKUil 22

[IpoBosumocTnb

— n-tuna (saekTponnas) 16

— p-tuna (apipounas) 16
[TporpamMmmupyembie JoruyecKue MHTe-
rpasmsabre cxeMsl (IIJIMC) 314
[TporpamMmmupyembie Joruyeckue
marpuiisl 304—305
[TporpamMmupyembie cXeMbl ¢ MAaTPUY-
HOM CcTPYKTypoil 304
ITporpaMMHO-yIIpaBJisieMblii 0OMeH
239

IIporpammusiit cuetunk 236—238
[Tpouemypa out-of-order 348
IIporeccopsr

— cymepKoHBetiepHble 267

— cynepckayisipHbie 267

[Ipsvott noctyn k mamsatu 241
[Ipswmoit Tok anona 22—23

[Ty xomang 342

Pacripenemmrens 174
Peructp 203

— koManj 236

— oxHodasHbril 204

— mapaJienbubiit 204
— napadasubrii 204

— casuraonuii 205

— yHuBepcasibubiii 206
— daaxkkos 236
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Perncrposoie daiirst 204

Perucrpor 236

— azpeca 236

— bydepHbie 290

— JaHHbIX 236

— cerMeHTHbIE 245

Pesxum

— MaKCUMaJIbHOH KoHburyparnmnn 249
— MUHUMaJIbHOU KoHdurypanuu 249
— HachplmeHus 39

— otceuku 40

— paGoTbl TPAH3UCTOPA AKTUBHBII 40
— paGoTBI TPAH3KUCTOPA TI0 [TEPEMeH-
HOMY TOKY 69

— paboTBl TPAH3KUCTOPA TI0 MOCTOSH-
HOMY TOKY 68

— paboThl TPAH3KUCTOPA CTATUYECKUIT
39

Pesxumbr agpecaruu 250

— 6a30BbIi HHIECKCHBINH 250—253

— BHYTPUCEIMEHTHBIII KOCBEHHBbII1
250—253

— BHYTPHUCETMEHTHBII npsiMoii 250—
253

— MEKCerMEeHTHDBIN KOCBEHHbIH
250—253

— MEKCerMeHTHbBIN TpsiMoit 250—253
— HerocpeACcTBeHHbIN 250—253

— OTHOCHUTEJIbHBIN 0a30BbII NHICKC-
HbIil 250—253

— npsimoit 250—253

— peructpoBbiii 250—253

— perucTpoBbIil KOcBeHHBIN 250—253
— PErucTpOBBI OTHOCUTEJbHBIN
250—253

Psan npeanoururesbHbIX 3HAUCHUI
HommHAITOB 390—391

CBUC «cucrema B kpuctaiie» 325
Caepx06oiblasg MHTerpajbHasg cXxema
(CBUC) 52

Caeronnon 28

Craaxupatomue ¢uabtpbl 111—113
Cupur

— apudmernveckuii 259—261

— Jiornveckuii 259—261

— nukandeckuil (poranus) 259—261

342

CermenTarus namMatu 246—248
CeMuCErMeHTHbIE CBETOIUOHbIE
MaTpuisl 29

Cundasubiii curaan 75
CunxponHbiii o6men 287—288
CunxpocumBost 294

CucreMa TTOBTOPHOTO MCTIOJTHEHUS
Mukpoornepanuii 362—363

Cucrembr Mexxcoepunennii FPGA
323—324

CobcTBeHHBIN K02 UIMEHT yeuJie-
Hus 83

CoBepineHHast IU3bIOHKTUBHASL HOP-
masbHasg popma (Cos/IHD) 146
Comnporieccop 267—268

Crioco6

— napaJienbHoro koguposanus 105
— nuaoobpasHoro Hanpsixkenus 104
— TIOCJIEIOBATENHHOTO TTPUOIMKEHNST
103

Crabunmsatop Hampsikenns 113

— umnyJbcnpnit 115—117

— KoMITeHcarmonnbrii 113

— smueinprit 113—115

— mapametprueckuii 113
Crabumutpon 24
Crannusg-pesepByap 342

Crapr-6ut 295

Crek 240

CTtoK 1noJsieBoro TpaHsucTopa 43
Croxo3aTBopHasI XapaKTepHUCTHKa 46
Cromn-6ur 295

Crpykrypa BMK 312

— GeckanasbHast 312

— Gmounas 313

— KaHasbHas 312

Crpyxkrypa 3V tuma 2D 217—-218
Crpyktypa 3¥ tuna 2DM 218—219
Cymma 1o mozytio 2 176
Cymmarop 180

— TPYIIIOBOH C IEHBIM [TEPEHOCOM
185

— oxnopaspsanbiii 180—182

— napaJienbHbii 183

— mocaexoBaTeabHbIi 182

— C rpyIIoBbIM 1epeHocoM 185

— ¢ mapalJieTbHbIM TiepeHocoM 184



— C TIOCJIeIOBATEIbHBIM EPEHOCOM
183—184

Cxema

— Bbruntanust 89—90

— nuddepennmpoBanmsa 90—91

— unrterpupoBanus 90—91

— cymmupoBanus 88—89

CxeMma BKJIIOUEHHST TPAH3UCTOPA

— ¢ obmeit 6aszoit 33—35

— ¢ 06umM KoJsuiekropom 40—41

— ¢ obuuM amMuTTepoM 35—37
Cuetuuk 197

— peBepcuBHBIH 200

— CUHXPOHHBI € apaJIeIbHbIM
neperocom 201

— CYMMMPYIONIUI aCUHXPOHHBIN 199

Tabauma ucruaHocT! OyIeBOl HyHK-
muu 144

Tabauiia Ha3HAYEHUST PETUCTPOB 342
Taiimep nporpaMMupyeMsblii nHTEP-
BasibHbIH 302—304

Terosorit ampec 217

Temmneparypublii gpeitd HaNPsKEHUS
cMmernenus vy 83

Teopema ne Moprana 144

Tepm 306

Tepmocrabunusanus pabodeil TOUKn
70

Terpazna 259

Texnonorus

— Hyper Threading 364

— SSE 343

— OGHapysKEHUs! IUKJIOB MPOrPaMM
372

— CJUSHUS KoMaH/ 372

— CJIUSHUS MUKpootiepanuii 373
Tupucrop 50

— auomHbrii (auHICTOP) 50

— yrpasJsieMblit (TpuozHbIit) 51—52
Tpansucrop 31

— GumnossprbIit 31

— OumnonspHelil n-p-n-tuna 31—32
— GUMOJISIpHbIH p-n-p-Trna 31—32
— JIN3MOII 223

— M/II 46

— MHOTOOMUTTEpHbIN 160—161

— MHOII 223

— MOII 46

— 1osieBoit 43

— MOJIEBOH C U30JIMPOBAHHBIM 3aTBO-
pom 46

— MOJIEBOU C WHIYIIUPOBAHHBIM KaHa-
JoM 48

— TI0JIEBOH € YIIPABJISAIONIUM p-N-
epexonoM 44—45

— MOJIEBOI CO BCTPOEHHBIM KAHAJIOM
46—47

— IlorTrm 158

Tpaucsiiust 254

Tpurrep 189

— acuHXpoHHBIH 190

— aByxcTyrneHdaterii 197

— 3agep:kku (D-tpurrep) 193—194
— onHoctynenyarsiit 196—197

— ¢ auHAMUYecKuMu Bxogamu 196
— C YCTaHOBOYHBIMU BXOJaMU
(RS-tpurrep) 190—191

— cuHXpOoHHbIH 190

— co cratndeckumu Bxozamu 190

— co cueTHbIM BX0/0M (T-Tpurrep)
194—195

— yHuBepcaybHblii (JK-Tpurrep)
195—196

TpurrepHbIil 3aIIOMUHAIONNI 2JIEMEHT
228

TTJI-noruka 160

TTJIII-noruka 162

Yxaszarenb creka 240

Yuurapusiit ko 167
Y1paBagioniuii aJeKTpoJi TUPUCTOPA
a1

Yceumarenns 62

— usbupareabHbIi (11070c0BOI) 64
— gorapudmuyeckuii 94—95

— HMU3KOH 4acToTbl 64

— oneparmonubiit 81

— IIOCTOSIHHOTO TOKa 64

— MTUPOKOTOJOCHBIH 64
YeunurenbHble KaCKa/Ibl

— BBIXOZIHBIE AByXTaKTHBEIE 79—80
— BBIXOJIHbIE O/IHOTaKTHbBIE 79

— muddepenniuanbibe 74
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— HM3KHUX YaCTOT Ha OUITOJISPHBIX
TpaHaucrtopax 66—67

— HHU3KHX YaCTOT Ha ITOJIEBBIX TPpaH3U-

cropax 71—72

YcrpoiictBo

— anasiorosoe 61

— nudposoe 61—62

YCTpoicTBO 1I0AaBIeH s BBIOPOCOB
127—128

— npoBasioB 127

YetpoticTBo ynpasienus 236

YerpoiictBo ynpaieHus mmHamu 236

MaitnoBast Gaamni-mamMsath 226—227
Daxku 237

Dortoanon 29

Doronocurenu 30

Dororox 30

OynxrnuonanabHocTh 320
DyHkuus nepexonos 152

Henounciennslii perucTpoBbIil (haiin
u jjoruka 357

[leHTpasmbHBII MTPOIIECCOPHBIN
anmeMenT 284

[TudpoaHanorosslii mpeobpasoBaTeib
101

[Hudposoe ycrpoiicTBo

— acunxponnoe 153

— xombOuHanuonuoe 151—152

— mocsenoBarenabroctaoe 151—152
— cuHxpoHHoe 153

Yy 52
Yumn-cer 369

IIuna 235

— QPI 369

— azpeca 235

— JTAHHBIX 235

— ympasienus 235

[[Tunnbiit nuurepdeiic 243
[Munnupii hopmuposateasb 290
HIpOTHO-UMITYIBCHAST MOZYJISITIHST
(LLIIM) 115

[Tudparop 172

— MPUOPUTETHLIH 173

Jxpanuposanue 128
IKCIOHEHITNATBHBIN TeHepaTop 95
DJIEKTPOMArHUTHAST COBMECTHUMOCTH
125

OmMutrep Tpansucropa 31
OMUTTEPHBIN TOBTOPUTEND 41
JHeproHe3aBUCUMOCTh 3Y 213
INUTaKCcHaiIbHOe HapanBanue 20
IMUTaKCHAIbHO-TJIAaHAPHAS TEXHO-
Jlorust 54

Anpo nporeccopa 336
Axops 122



