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BeepeHue

YuebGHBIE IIJIaHBI TPOTPAMMUCTCKUX (DaKyJIbTETOB OOJIBIITUHCTBA
BY30B II0IPa3yMeBai0T, UTO CTYAEHTHI-IIEPBOKYPCHUKHU yiKe YMEIOT
mporpaMmMupoBaTb. OOHAKO TOT KypC HPOrPaMMHUPOBAHUS, KOTO-
PRI BXOAUT B IITKOJBHYIO IIPOTPaAMMYy, HeJlocTaToueH. B vacTHOCTH,
B HEM IIOUTH He yeJseTcs BHUMAaHUA TAKUM BasKHBIM BOIIpOcaM,
Kak TecTHUpOBaHWe U OTJajgkKa. IIpodeccrmoHanbl 3HAIOT, YTO 3a-
TpaThl Ha TECTUPOBAHUE U OTJANKY olleHuBaioTcs B 50—-60% Bcex
3aTpaT Ha pasdpaboTKy nporpamMmMbl. Ho AJA mOTaBIAIONIIETO GOJIB-
IMUHCTBA IMIKOJbHUKOB, Ja U MHOTUX CTYJ€HTOB «HAIMCATDL IIPO-
rpaMMmy» O3HAUaeT HAINCATh HEKUI TEKCT Ha SI3bIKEe IPOrPaMMUPO-
BaHWUSA U, B JYUIIEM cIydyae, JOOUTHCSA TOTO, UYTOOBI B HEM He OBLIO
omubok TpaHcaAnuu. O IPoBEepPKe COOTBETCTBUS HPOTPAMMEI IIO-
CTaBJIEHHOW 3ajaude, MOMCKE M HCIIPABJEHHN CMBIC/JIOBBIX OIINOOK,
KaK IpaBUJIO, PeUb Jake He 3aXOoAuT. II[puumHoii 9TOT0 B OOJIBIION
CTeIleHU ABJSAETCA OTCYTCTBUE HATJIATHON U JOXOAUUBON METOAUKU
TECTUPOBAHUA U OTJAAKU IPOTPaMM.

B manHOIl KHUTE W3J0’KeHa METOAUWKA TEeCTUPOBAHUS yUEOHBIX
mporpaMM, OCHOBAaHHAsA HA KJIACCUUYECKMX HAYUYHBIX HCCJIEeIOBAHU-
sIX U OIBbITE IPENoJaBaHUsA HAauaJbHOI'O Kypca IPOrpaMMUPOBAHUA B
CTapIMX KJaccax CcpeaHel IMIKOJbl M MJIAAIINX KypcaX YHUBEPCUTE-
Ta. ITogpo6HO paccMaTpPUBAIOTCA OTJIALOYHBIE CPEJCTBA IONYJIAPHON
cucreMmbl Typ6o ITackanb. B rimaBax 14 u 15 ommcwhIBaloTCs CTaTH-
CTUYECKUE MOJEJIU OIIEHKY KOJIMUYEeCTBA OIITNOOK B IIporpaMMe U KO-
JINYECTBA TECTOB, HEOOXOAMMBIX AJsA UX OOHapy:KeHUs. VzyueHue
9TOTO MaTepuajia TpedyeT OIpelesIeHHON MaTeMaTU4YeCKOU IT0ATOo-
TOBKU. JlaHHBIE TJIaBbI OTMEUEHBI 3BE3IOUYKOM.

Kinaccuk :xampa I'memdopa Maiiepc cBOIO JIeTeHIAPHYIO KHUTY
«/cKycCTBO TeCTHUPOBAaHUS IPOTrpPaMM» HAyaj C TOTO, UTO IIPEIJIO-
SKUJI YUTaATeaAM chOpMUPOBATHL HAGODP TECTOB [JIA MPOBEPKMU IIPOC-
TeHbKO# mporpaMmbl. [Iporpamma uurtasna 3 meabrx uuciaa (y Maii-
epca — c nepdokapT, MLl cKaskeM — u3 (pailyia; BIIpoueM, KTO He
yMeeT BBOOUTH Yyucja u3 (aiisa, MOKET BBOAUTH UX C TEPMHUHAJA),
paccMaTpuBajia UX KaK AJUHBI CTOPOH TPEYTOJIbHUKA U IledaTaja
COOOIIIeHWEe O TOM, SBJSETCS JIM BTOT TPEYTrOJbHUK Pa3HOCTOPOH-
HUM, PABHOCTOPOHHUM WJIM pPaBHOOeapeHHBIM. [lajee HAOOp TECTOB,
IPeJIOKEeHHBIN YnuTaTejieM, Hago ObLJIO CPABHUTH ¢ HAOOPOM, IIPeS-
JoKeHHBIM camuM Maitiepcom.



6 Beepenne

MsI TakKe MCIOJIb3yeM MallepCcoBYy 3ajauy, HO MOPALOK PabOThI
HECKOJIbKO M3MeHHM. UuTaTesaio IIpeaJaraeTcsi COCTaBUTL HabOOp
TECTOB IJIS 3aJaUud PO TPeyroJbHUKMU. Ho 00Ccy:KaAaTh MOJyUeHHBII
Habop HEeMeJJIEHHO MBI He OyzeM. BMecTo 3TOTO MBI eIle HeCKOJIbKO
pas BepHEMCSA K 9TOU 3aZaue MO XOAY M3YyUEHUA TeMbI C TeéM, YTOOBI
YUTaTEeJb MOT Ha IPAaKTUKE IPUMEHUTh IMoJydaeMble 3HAHUSA U OIle-
HUTH CBOH IIporpecc B 3TOH objsacTu. M TOIBKO IIOCJe 3TOT0 MbI 00-
CYAUM IOJYYEHHBIN pes3yJbTar.

WUrak, mepen gaabHEHINTNM UTeHUEM BaM IIpejiaraeTcs caMOCTOs-
TeJILHO COCTABUTH HAOOP TECTOB JJIA BBIMIEYKA3aHHONM ITPOTPAMMBI.

T'oroBo? Torma — MIPOIOJIIKIM.



Naea 1

B kakomMm cny4yae nporpamma
coaepXxuTt ownoky?

IlorATHA TECTHPOBAHUA U OTJIAAKU CBA3AHBI C IIPOIIECCOM IIOUC-
Ka W HCIpaBJieHuA omuboK B mporpamme. IlosTomy mepBBIi BO-
IpoC, HAa KOTOPBIA HAZO OTBETUTH, OYJAET 3Byd4YaTh TaK: B KaKOM
cjlydyae B IpOTpaMMe eCcTh OIuOKa?

IIporpamMma cOmep:KUT OINMMOKY, €CJM OHA BeJeT cebsa HepasyMHO
C TOYKH 3pPEHUuA II0JIb30BaTeJIdA.

ITo yTBepiKIeHUe IIOBepraeT HOBHUKOB B 3aMeEIINAaTeIhCTBO: OT-
Ky/la JKe f 3Hal0, KaKoe MoBeJleHre MPorpaMMbl II0JIb30BaTe b CO-
uyreT padymMHBIM? Ho ecau BLI He 3HaeTe, KaKoe IIOBeJeHUE IIPO-
TpaMMbI Pa3yMHO C TOUKM 3PEeHUs BaIllero 3aKa3uynKa, 3HAUUT, BEI
He TIOHMMaeTe, KaKyio 3ajauy perraeTe. Kak MOMKHO mucaThb IIPO-
rpaMmy, He IIOHMMAs, YTO OHA MOJIXKHA [IejIaThb?

Kak ompeaenuTh pasyMHOCTb MOBEAEHUS IPOTPaMMBbI?

Bo-mepBBIX, €CTECTBEHHO, IIPOrpaMMa OO0JIKHA ObITh BEpHA CHUH-
TaKCUYECKHU, T. €. IPU ee TPAHCIAINUUN He JOJKHO OBLITH OITHOOK.
TekcT, comep:;KaIuii CUHTaKCHUUYECKNe OIMUOKM, BOOOIIe He MMEeT
mpaBa Has3bIBAThCA Iporpammoii. Takasa «mporpamma» BOOOIIe HU-
KakK ceba He BeJer.

Bo-BTOpBIX, IpOrpaMMa JOJIKHA IPAaBUILHO PEIlaTh IIOCTABJICH-
HyI0 nepeq Hell 3azauy. To ecTh Ipu BBOJe B Hee KOPPEKTHBIX UC-
XOOHBIX MAHHBIX OHA JOJI’KHA BBIJABATH IIPABUJILHBIA PE3yJIbTAT.
Kakoit uMeHHO pe3yJIbTAaT CYNTATDH MPABUJILHBIM, HA0 YTOUHUTH Y
3aKasumka. Hanpumep, ecjiu BaM 3aKa3bIBAIOT IIPOrPAMMY IJIS BbI-
YHCJIEHUA KBaJpPaTHOT'O KOPHS, TO JOJIXKHA JIM OHA BBLIJAaBATh 00a
KOpPH# (TIOJOKUTEJIbHBIN 1 OTPUIATENbHBINA) I TOJBKO apudme-
tuueckuii? Kopenb us Hyna — sto +0 uiau npocto 0? Kakosa Tpe-
Oyemasa TounocThb? OHa Bcerjga JOJIKHA ObITH OJHA W Ta YK€ WJIU MO-
KeT MeHATheA? Ecam MeHATHCA, TO KaKMM 00pasoM M IO UYbel
naunuatTuse? Hamo au BeIABIATE nepuoandeckue apoou? Kak mpo-
rpaMma JOoJIXKHA pearupoBaTh Ha OTPUIATEIbHOE IMOSKOPEHHOE BhI-
paskenue? A Ha NPeNJIOKeHMe U3BJIeYb KOpPeHb u3 a’? Bbl MoskeTre
IIPEeJIOKUTh CBOM OTBETHI HA BCe 3TH BOmpPochkl. Ho B mamHOM CiIy-
yae BAsKHO He TO, UTO AYMAaeTe II0 3TOMY IIOBOAY BBI, a TO, YTO IY-
MaeT II0 ATOMY IIOBOJY Balll 3aKasurK. Balma 3agaua — BBIIBUTH U
cOPMYJIMPOBATh BCE STH BOIPOCHI, a He IPUAYMBIBATHL HAa HUX
CBOU COOCTBEHHBIE OTBEThI. [ BBIABJICHUA U (POPMYJIUPOBKU BO-
ITPOCOB TIOJIE3HO HEe XBaTaThCA 3a KJIaBHATYPY Cpasy 2Ke, KaK TOJIb-
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KO BaM AaAyT 3aJaHue Ha pa3paboTKy IIporpaMMbI, a cHauaja He-
MHOKKO TTOAyMaTh. Bce 9TH BONIPOCHI BCe PABHO BOBHUKHYT B IIPO-
mecce paspaborku nporpamMbl. Ho eciiu mX He OTOBOPUTH 3apaHee,
OTBETHI HA HUX BBI OyJeTe MPUAYMbIBATH CAMU, U HET HUKAKOI Tra-
PaHTHU, UTO OHU MOKAKYTCA 3aKA3UUKY Pa3syMHBIMHU.

B-Tperhbux, mporpaMma He OJIPKHA [OejlaThb HUYEro JIUIITHEro.
IIpu BRIUMCIEHNN KBaJpPAaTHOTO KOPHSA He HAJ0 MEHSATH HACTPOUKU
OTIepPaIMoOHHO CUCTEMBI U UCTOJHATE BaIly JIOOMMYIO MEJIOAHIO.

B-ueTBepTHIX, pe3yJbTAT AOJI’KE€H OBITHL IOJYUYEH uepe3 pasyM-
HOe BpeMs IIPU Pas3yMHBIX 3aTpaTrax APYrux pecypcoB. Ecau mpo-
rpaMMa IpU BBIYKUCJIEHUN KBAJPATHOTO KOPHSA M3 YKCJIA BBIJAET Je-
CATUCTPAHUYHYIO pacieuaTky, B Heli, HaBepHOe, UTO-TO He TakK.

W Hakowmel, B-TIATHIX, IIpOorpaMMa MOJI’KHA Pas3yMHO pearupo-
BaTh HA BBOJ HEKOPPEKTHBIX BXOIAHBIX JAHHBLIX U Ha HEIIPEIyCMOT-
peHHBIe 3apaHee cuTyanuu. Hampumep, ecii mporpaMmma BbIUNCIIA-
eT KBaJpaTHBI KOpPeHb, a II0Jb30BaTeJIh BMECTO IIOJKODPEHHOTO
BBIPA’KEHUA BBeJ CBOIO (haMUJINIO, TO IIporpaMMa MOJsKHA PacIio-
3HATh, UTO BBeJleHHAA CTPOKA — He UHCI0!, U coobIIUTL 06 3TOM
MOJB30BaTEI0 HA €ro POJHOM s3bIKe, a He 3aKaHYMBATh pPabOTy
aBapuiino. Ecau BBl paspaboTasy IporpaMMy [Jis YIPaBIeHUS adpo-
IIOPTOM, PACCUUTAHHYIO HA TO, UYTO B HeOe MOTYT OBITH OJHOBPEMEH-
HO He OoJiee 20 camMo0JIeTOB, a B KaKOII-TO MOMEHT HX OKasaJyioch 21,
Ballla ImporpaMma JOJI’KHA OTpearupoBaTh HA 9TO HEKUM DPasyMHBIM
obpasom. Hampumep, COOOITUTEL O UPE3BBIYANHON CUTYAIlUN JUCIIET-
yepy U SKUIAKy U IepemaTh 3TOT 0OPT AUCIIETUEePY AJIA PYUHOTO Be-
meuusi. BapuwauT, Korma modBieHme 21-ro camoJsieTa TpPUBEIET K
TOMY, UTO IpOrpaMMa MOTepPAeT OAWH U3 paHee BeIOMBIX CAMOJIETOB
WA IIPOCTO OTKJIIOUUTCS, COBEPIIEHHO HEIOIYCTHUM.

B mognep:kKy AAHHOTO BBIIEe YTBEP:KAEHUA 00 OITMOKAaX B IIPO-
rpamMe B [2] ymoMuHaeTcs ciaenyioinad ucrtopus. IIpu paspaboTke
CUCTEeMBI IIPOTUBOpaKeTHOU 06opoHbl CIIIA BOeHHBIE 3aKasUUKU
moTpeboBaI OT TPOTPAMMUCTOB, UTOOBI CHCTEMA IIOJaBajia CUTHAJ
TPEeBOTH, €CJ OOHAPY:KUT B Hebe BpasKAeOHBIN JeTaTeIbHbIN 00h-
exT. IIporpaMMHUCTEI COPOCUIN, KAKOW O0BEKT CUMTATh BPasKmed-
HbIM. BoeHHbIe OTBeTUJIN: JIT0O00I, KOTOPHINA He OyZeT Omo3HaH Kak
IpysKecTBeHHBI. [IporpaMMUCTEI TOOGPOCOBECTHO 3aJI0KUJIN B CHC-
TeMy IIOJIyUYeHHbIe OT BOEHHBIX IIPaBUJIa PACIIO3HABAHUS IPYIKECT-
BEHHBIX JIETATEJIbHBIX 00HeKTOB. B HOUL MCIBITAHUSA CUCTEMBI HAJ
ropusoHToM B3omuia JlyHa... Beina v B gaHHOM ciiydyae BbImaua
curHaysa K Hauany III MupoBoil BOWHBI BepPHBIM IIOBEJEHUEM IIPO-
rpaMMbl, MM B Hel Bce-TaKu ObLaa oOImubKa?

B Typ6o ITackae miisi mpeobpasoBaHUs OCIEL0BATEILHOCTH JIUTED, IIPECTaBI-
o1ei co6oit n300parKeHNe YNCIa, B YUCI0 (A IPOBEPKY [IPABUIBHOCTU 3aIUCH
Yycia) UCHO0JIb3yeTcd mpouenypa Val. [aa opranusanuu cOGCTBEHHOM AUArHoOC-
TUKY JI000€ 3HAUEHUE CIEAYeT BBOSUTH KaK CTPOKOBOE U IIPe00Pa30BBIBATH B UNC-
JIO C IOMOIIBIO IPOIEeAYPEI Val.
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MuHuManbHble TpeboBaHus
K nporpaMmme: (pyHKLMOHaNIbHOCTb
M ya00CTBO MCNOJIb30BaHUSA

Munumanbuble TpeboOBaHUSA K JI000I IIporpamMme — 3TO obec-
meueHue TpedyeMoii GQyHKIITMOHAILHOCTH (peannsanusa TpedyeMbIx
GyHKIIUI) 1 yI0OCTBO dKcIayaTanuu. VIMeHHO OHU JAOJIPKHBI OBITH
IIPOBEPEHBI B IIEPBYIO OUepenb.

ITouTu BcA ocTaBIIasgCA YacTh KHUTU OyeT MOCBAIEHA TEeCTUPO-
BAaHUIO (PYHKIIMOHAJBHOCTH. ¥I0OCTBO B3aMMOENCTBUS UeJOBEeKa
Cc TIporpaMMoO#l ocTaHeTcsd BHe HaIlero BHUMaHUSA. OTHOCUTEIbHO
HEero OrpaHuYUMCS TOJHbKO OJHUM 3aMeuanueM. JIOBYHT cOBpeMeH-
Horo uHTepdeiica: «He mosb3oBaTen b MOJKeH IIPUCIIOCAOIMBATHCS
K IporpaMme, a mporpaMMa K HOJb30oBaTesio». Jlaske camad Ipo-
cTas IporpaMMa [OOJKHa O00eCIeuuTh I0Jb30BATENI0 HEKOTOPHIH
ypoBeHb KoMdopTa. Hanpumep, COBEpIIIEHHO HEAONMYyCTUMAa CUTYa-
A, KOTAa IOCJie 3aIllycKa IPOrpaMMBbI IIepe] I0JIL30BaTeieM BO3-
HHUKAaeT IMYCTOH SKpaH C MUTAIOIIUM KYPCOPOM U OOJbIIIe HUUEro.
ITonp3oBaTesio IpeAIaraeTcsa caMoOMy AOTagaThCsA, UTO 3a IIPOTpPaM-
My OH 3aIlyCTHJ U UTO OH JOJI’KEH MejaTh Aajbliie. Kak MUHUMYM,
mporpamMMa OOJIKHa COOOIMUTHL O CBOEH (DYHKIIMOHAJIBHOCTUA U 00h-
SICHUTh CBO€ IOBeAeHUe (BBIZATh OCMBICJIEHHOE MIpHUTJallieHne K
BBOJY WJU COOOIUTH, ITOUEMY BO3SHUKJA Taysa).



FnaBa 3

NMoHaTna TecTtupoBaHus
N oTnagku

TecTupoBaHHe — 5TO BBLIMOJHEHNE IPOTPAMMEI C I[eJbI0 O0Ha-
py:KeHUA (paKkTa HAJIWUYUA B IIPOrpaMMe OIIMUOKU.

Ornagka — oImpejeeHre MecTa OIMOKY W BHECEHUe KCITpaBJie-
HUH B IIporpaMmy.

B pycckom A3BIKe CIOBOCOUETaHWE «O0HAPYIKUTH OITHUOKY» MO-
JKeT UMeThb, 110 KpaliHell Mepe, ABa CMbICIA: «00HAPYKUTDH (aKT Ha-
JUYUA OMIUOKU» M «00HAPYKUTH MECTO, T/Jle JOIyIeHa OIHuOKa».
ITox TecTupoBaHMeM IIOHMMAaeTCs OOHapysKeHNUe OIINOKU B IIePBOM
CMBICJIe, IIOJ] OTJAAKOM — BO BTOPOM.

Kax mpaBuiio, 3Tu IBa IIpoIiecca TeCHO B3amMMOCBA3AaHBI, HO MO-
ryT OBITh U pasiesienbl. Hampumep, B Ipolecce IPUEeMKU CHUCTEMBI
3aKa3unK 3aHNMAETCA TOJHBKO TECTUPOBAHUEM — IIOMCKOM HECOOT-
BETCTBUY MEXXKIY 3aJaHumeM Ha pas3paboTKy mporpamMmbl (cmerudu-
Kaluel mporpaMMbl) U paspaboTamHoil mporpammoii. Ecau ero mo-
WCKM yBEHYAIOTCA YCIeXOM, IPOTPAMMUCTY MIPUIETCA 3aHUMATHCS
oTJanKol (ompeneseHUEM MeCTa NONYIIeHHBIX OIMMOOK M HCIIPaB-
JIeHWeM ITPOrPaMMBbI).

ITens TecTmpoBaHusaA — oOHApPysKeHUEe OIMMOOK B IIpOTpaMMe.

OTMeTHM BaKHBIN IICHXOJIOTUYECKUIT MOMEHT: I[eJIb TeCTUPOBA-
HUS — He J0Kas3aTh IPABUJIBHOCTL IIPOTPAMMBbBI, a OOHAPYKUTH
B Hell ommbKu! Eciu BBI cTaBuTe cebe 3amaueil mMOKasaTh, YTO IIPO-
rpaMMa OpaBUJIbHASA U OIIIUOOK He CONePIKUT, TO (Ha II0JCO3HATEIb-
HOM YpOBHE) U TeCThl OyaeTe moaOupaTh TaKue, KOTOPbIe OIITUOOK
B IIporpaMme He OOHapy’Kar.

Orcioma cienyioliee HeOKUIAHHOE paccysKIeHue. 3agaguM BO-
IpoC: KAaKOM TecT CUMTATh yAauHbIM? Eciu 1eab TeCTUPOBAHUA —
HaAWTHU B IporpaMMe OIINOKY, TO YAAUHBLIM JO0JMKEH CUUTATLCS TeCT,
KOTOPBINT OOHAPY:KMBAeT HaJIW4Yne B Hell OIMMMOKH. JOTO MOJIOKEHUe
IIPOTHUBOPEUUT HUHTYUTHUBHOMY IIPEICTABJICHHUIO O TECTUPOBAHUU U
TpebyeT CO3HATEJIhHOT'O TCHUXOJOTHUECKOT0 HaCTPOS.
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an/IHIJ,I/IﬂbI TecTnposaHumd

1. Owubku 6 npozpamme ecmow.

Heo6xoguMo MCXOAUTH U3 TOTO, UTO OMINOKK B IIPOTPAMME €CTh.
WNuaue TecTupoBaHMe He OyJeT MMETH AJI BaC HHKAKOT'O CMbICJA,
W OTHOINleHUEe K HeMy OyAeT COOTBeTCTBEHHOe.

2. Tecm — amo cOBO0KYNHOCMb UCXO00HbLX OAHHBLX U OHCUOAEMBLY
pe3ynbmamos.

Ouend uvacras OIIMOKa 3aKJIOYAETCS B TOM, UTO Ha BXOJH IIPO-
rpaMMe IIOJATCA OaHHBbIe, OJId KOTOPBIX 3apaHee He HN3BEeCTHBI
IIpaBUJIbBHBIE PE3yJIbTaThI. 3,D;ECL B [1€JI0 OIIATH BCTYIIaeT IICUXOJIO-
rud. t‘IeJIOBe‘-IeCRaﬁ IICUXHKa YCTPOEeHa TaK, 4YTO HAIllu IJia3a O4YeHb
YacTo BUAAT He TO, YTO €CTh HA CAMOM Jejie, a TO, YTO HAM XOUeTCs
BUAeTh. Eciau 3apaHee He 3a(pMKCHPOBATH OKHUIAEMBIN Pe3yJIbTAT,
TO BCerja BO3HHKAET UCKYC O0bABUTH, UTO IIOJyUYEHHBIE Pe3yJibTa-
Tl — 5TO U €CTh TO, UTO HOJKHO OBLIO IIOJYYUTHCS.

3. Tecmosble danHble DONHCHBL OblMb 00CMANMOYHO NPOCMbL O NPO-
8epKu.

IIpamoe ciencTBue TpPEBIAYINETO IMPUHITUIA.

4. TecmuL zomossamces 3apanee, 00 6b1x00a HA MAULUHY.

ITo KacaeTcsa Kak HNCXOOHBIX MJAaHHBIX, TaK W OHUIAaeMBIX pe-
3YJIBbTaTOB. PeanpnO B IIOOABJIAIOIIEM OOJBIITMHCTBE CJIyuaeB TeCThI
IPUOAYMBIBAIOTCA Ha XOA4y, IIPHMYEM TOJBKO HMCXOJHBbIE OaHHBbIE.

5. Ilepgvie mecmul pa3padbamuvl8arOmMces nocjie NoAYyYeHus 3a0aHul
Ha paspabomky npozpammsb. 00 HANUCAHUS NPOZPAMMHO20 KOOQ.

CaMble mepBbIE TECTHI CJENYEeT IMPOAYMAaTh Cpady sKe IIOCJe IIo-
CTAaHOBKY 3aJaul [0 TOT0, KaK HayaJ IHCATh IPOTPAMMHBIN KOJI.
Pannsas paspaboTKa TECTOB IMO3BOJIAET MMPABUJILHO MOHSTH IIOCTAB-
JeHHYyI0 3amauy. [lake B caMbIX IIPOCTBIX U, Ha IEPBBIA B3TJIAL,
OUEeBHUHBIX 3aJaHUAX YACTO BCTPEUAIOTCS TOHKOCTU, KOTOPHIE Cpa-
3y He BUAHBI, HO CTAHOBATCSA 3aMETHBI, KOT/la BbI IIBITAETECH OIIPe-
IeJIUTh Pes3yJbTaT, COOTBETCTBYIOINY KOHKPETHBIM BXOMHBIM JaH-
HbIM. (IIpuMep yTOUuHEHMI, KOTOPBLIX MOTPedoBaja mporpaMmMa mJIs
U3BJIEUEeHUA KBaJPaTHOTO KOPHA, MpuBeleH B riaBe 1 «B kakom
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caydae IIporpaMMa COAep:KUT omuoKy? ».) Ilesns panHeil paspaboTKu
TeCTOB — YTOUHHUTH IIOCTAHOBKY 3ajJa4yll, BBIABUTH TOHKIME MecCTa.
Bes sToro BBl pucKyere HammcaThb IpoOrpaMMmy, KoTopas OymeT pe-
ImaTh KaKyo-TO MHYIO 3a7jady, a He Ty, KoTopas Oblia mepeja BaMu
nocraBieHa. O MeToquKe paspabOTKU TECTOB [0 HAIKWCAHUS IIPO-
TpaMMBI peub MmoimeT HuKe B Ty1aBe 6 « Kpurtepuu uepHOro AImmKas.

6. Ileped nHauanom mecmuposarus ciedyem cpopmMyruposams yeau,
KomopbuLe 00LHCHBL ObiMb JOCMUZHYMbL 8 X00e MeCMUPOBAHUSL.

B uactHOCTH, HAaGOpP TECTOB MOJIKEH OBITH IOJOH C TOUKU 3pe-
HUS BBHIOPAHHBLIX KPUTEPHEB IMOJHOTHI TecTupoBauud. O KpuUTepu-
sIX TIOJTHOTHI TECTUPOBAHUS pPedub moiifieT B riaaBe 6 « Kpurepuu uep-
HOTO AIUKa», ceabMoil ryiaBe «Kpurepuu 6ejoro Aiuka», riaiase 8
«MuHumMaabHO Tpyboe TecTupoBaHme». HesaBuCcUMO OT IIpUMeHsIe-
MBIX KPUTEPUEB pa3dpaboTKa TECTOB MOJKHA BECTHCH CHUCTeMaTHUde-
CKH, 10 OIpeAeJIeHHON MeTOIUKe.

7. B npouyecce mecmupo8arus Heo0x00umo PuKCUPOBAmb GblNOJHEH-
Hble mecmbl U PeaibHO NOJLY4eHHble Pe3yLbmanmbl.

K cokamenmuio, oObIYHON ABJIAETCA CUTyallusA, KOrma CTYIEHT,
IOJIYYMB 3aJaHUe, CPasy sKe CAAUTCS 3a KOMIILIOTED, BBOAUT HEKO-
TOPBIII TIPOTPAMMHBIN TEKCT, IIOCJe HECKOJbKHUX IIepeTPaHCIAIn
n30aBIAETCS OT CUMHTAKCHUUYECKUX OINMMUOOK, IOCJE Uero 3aIlyCcKaer
MMOJIYYEeHHYIO IIPOTpaMMy, Ha XOAy IPUAYMbBIBaeT U IIOJaeT Ha BXOJ
IporpaMMbl HEKMe MCXOIHbIe JaHHbIe, IOJyJaeT Pe3yJIbTaThl, BBO-
IUT HOBBLIE JaHHBIE, ONSTH HOJyYaeT Pe3yJbTaThl U T. 1. TecToBbIe
TaHHBIE U Pe3yJbTAThl HUTAE He QUKcUpyoTed. [[Jid J00bIX HeTPHU-
BHAJBHBIX IIPOTPAMM MOA00HOE TeCcTUpOBaHMWe MOUTU OecmoJie3Ho,
IIOCKOJIbKY He II03BOJISAET OTHEJUTH IIPOBEPEHHbIe YYACTKH OT He-
IIPOBEPEHHBIX, HE MO3BOJAET OIEHUTH KOJHUUYECTBO OIIINOOK B IIPO-
rpamMmMe, He AaeT MHPOPMAIIUU s MPUHATUS PeIeHus 00 OKoHYa-
HUU TEeCTUPOBAHUS.

8. TecmuvL dondxiHbL ObLmb 00UHAKO060 MU,AMENbHbL KAK 014 npa-
BUJLHBLX, MAK U 0]l HENPABUJbHLLX BXOOHbLX OAHHBLX.

Ha IIPaKTHUKE 4aCTO OIrPaHMYMBaAIOTCA TECTUPOBaAHUEM IIPDaBUJIb-
HBIX BXOIOHBIX OJAaHHBIX, 3abbIBast O HeIIpaBUJIbHBIX.

9. Heobxo0umo nposepums 08a MoMeHmMa: npozpamma deaaem mo,
umo 0oaxHcHaA Oenamb; nPo2pamMMa He esaem mozo, wezo 0eaamy
He 0oJHCHaA.

Oco0eHHO ATO BaKHO IJI M3MeHeHUll B riiobaibHol cpene. Eciu
mporpaMMa BbIZAeT IpaBUIbHBIE PE3YJIbTAThI, HO IPU STOM 3aTUPAET
IIOJIOBUHY BUHUECTEPA, TO e[Ba JIU ee MOYKHO IIPU3HATEL IIPABUIBHOI.
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10. Pe3yavmamut mecma Heo6x00umo u3yiams 00CKOHAJLbHO U 00%-
ACHAMb NOAHOCMBIO.

11. Hedonycmumo padu ynpouLeHus mecmuposaHus U3MeHIMb Npo-
epammy.

TecTupoBaTh IIOCJIE 9TOTO BbI OyIeTe yiKe APYTyIo IporpaMmy.

12. ITocse ucnpasieHus npozpammobt Heo0xX00UMO NOBMOPHOE mec-
muposaHrue.

s Toro 4TOoOBI MCIPABUTL OOHAPYKEHHYIO OIIUOKY, MBI BHO-
cuM mM3MeHeHUs B mporpammy. Ho KTo MOKeT rapaHTHUPOBATh, 4YTO,
KUCIPaBUB OJHY OIIMOKY, MBI He BHeceM Apyryio? YBbI, HUKTO! Be-
POATHOCTH BHECEHUA HOBOU OIMMOKY IPU MCIPABJICHUN CTAPOU OIfe-
uuBaetcsa B 20—50% . [I1s 0co60 CIO0KHBIX CUCTEM 3Ta BEPOSITHOCTH
MOJKeT OBITH 3HAUUTEJNHHO BhINIe. Tak, B 3BHAMEHUTOI B CBOE BpeMsA
OC IBM/360 koJmr4ecTBO OIMMOOK CUNTAJIOCH IIOCTOAHHBIM U OIle-
uuBajgoch npuMmepuo B 1000. Cucrema Obliia HACTOJBKO CJIOMKHA U
3allyTaHHA, YTO CUYUTAJIOCH HEBO3MOKHBIM «IIOUUHUTH» €€ B OJHOM
MecTe U IIPU HTOM HE «CJIOMAaTh» B APYIOM.

Uror: mocsie BHeceHMsA M3MEHEHUI B IpOrpaMMy HeOOXOIUMO
3aHOBO IIPOTHATH BeCh ITAKET pPaHee BBIIMOJHEHHBIX TECTOB.

13. Owubku Kyukyromecs.

Yewm GosbIlie oIIMOOK 00HAPY:KEHO B MOIYJie, TeM 0OJIbIIle Bepo-
SITHOCTD, UTO TaM ecTh eile. Tak, B ogHOI 13 Bepcuii cucteMbl 370
(mpeemuura IBM/360) 47% oOHApy:KeHHBIX OIINOOK IIPHUIIIOCH
Ha 4% wmopnynei [1].

Ha mepBbwI#i B3TJIAA 9TO YTBEPIKAEHUE IIPOTUBOPEUYUT 3APABOMY
CMBICTY. «3APaBbIii CMBICJ» HESIBHO MCXOIUT U3 IIPEAIIOJOKEHUI O
PaBHOMEPHOM pacIpeleeHUU OIIMO0K IO BCEMY TEKCTYy IPOTrpaM-
mbl. Ha uem ocHOBaHO Takoe mpexnmnosiokenue? Ha Bsriame Ha
IporpaMMy Kak Ha HEKYIO OJHOPOAHYIO CYIITHOCTDb, BCE YaCTU KOTO-
poii 061a1aI0T TPUMEPHO OAMHAKOBBIMHU CBOicTBaMu. PeaabHO mIpo-
rpaMmMa ycTpoeHa ropaszmo 6oJjiee CJI0KHO. B Hell ecTh ()parMeHTHI
mpocThble U (ParMeHThl CJIOKHBIE. ECTh QYHKIMU, KOTOPhIE OBLIN
XOpomIo cruenu(puIupoBaHbl, 1 QYHKINMN, IJIA KOTOPBIX CIEemu@u-
Kanuu ObLIu chOopMyIUPOBAHBI HEeUeTKO. ECTh MOAyJiM, KOTOpBIE
OBLIV CIPOEKTUPOBAHBI JOOPOTHO, U MOJYJN, KOTOPbIE OBLIN CIIPO-
eKTHPOBaHBI HeOpe:xkHO. EcTh yacTw, KOTOpHIe IINCAJIM OIBITHBIE
IPOTrPaMMMUCThI, M YaCTH, KOTOPhIe Mucasin HOBUUKU. EcTecTBeHHO,
yTO GOJIBINIAA YaCTh OIIUOOK OKAaYKeTCA B TeX UaCTAX, KOTOphie 0O-
Jiee CJIOKHBI, XyiKe CIenu(pUIIupPOBAHBI, XYK€ CIPOEKTUPOBAHBI,
Hanucaubl HOBUUYKaMu. C yUeToOM 3TUX YCJIOBUII KYUKOBAHUE OIIIU-
0OK y:XKe He BBITVIAJUT CTPAHHBIM.
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JaHubIl IPUHIUI UMeeT OHO HeNPUATHOe IocjaenctBue. Ecau
CJIeI0BATH €My CTPOr'0, TO KOJMUYECTBO OIINOOK B IPOrpaMMe JOJIKHO
BO3pacTaTh A0 6eCKOHEUHOCTH. Beb HaxoKIeHNe KasKI0l CIeayro-
mieil omImOKM yBEeJIWUYMBAET BEPOSATHOCTh CYII[ECTBOBAHUS IPYTUX
elre HeHAWAeHHBIX omnook. K cuactwio, 9o He Tak. ITogpobHee MBI
moroBopuM 06 sToM B riaBe 14 «OmeHka KojmuecTBa OIMINOOK B
ImporpamMmme».

14. OxoHnyameavbHOe mecmuposarnue npozpammbst 1yiuLe npogoodums
He ee agmopy, a Opyzomy Lero06ery.

TecTupoBaHUE MIPOrPaMMbl — IIPOIIECC Pa3PyUINTeNbHbIH. 1lenb
ero — BBIABJIEHUE MeeKToB B mporpaMmMe. IICMXOJOTHMUECKU JITO-
00i1 co3maTesb Bcerga CKJIOHEH B 0OOJIbIIIell MIM MeHBIIeH CTelleH!
OTOXKJECTBJATL cebsS CO CBOMM CO3JaHueM, «BKJAIbIBATH B HETO
nyiry». W uem 0oJbIlie YCUJIWHM MOTPpaueHo Ha paboTry, TeM OOJIbIIie
CTelleHb OTOKAEeCTBJEeHHuA. IIporpaMmMa HauMHAET BOCIIPUHUMATHCS
IIPOTPaMMUCTOM KaK IIPOJOJIKEHUe ero caMoro. B BocupuATUU aB-
TOopa OOHapy:KeHHe OIIMMOOK B IIporpaMMe IIpHOOpeTaeT Tparmue-
ckuil orTeHOK: «IIporpamma — 9TO mpogoJkenne MeHsA. [Iporpam-
mMa — pedexrtuHa. CiaemoBaTesnbHO, a1 nedexrten!». Ecau BBl He
CKJIOHHBI K Ma30XU3MYy, TaKasi CUTyaIlis BaM BPAL JIX IIOHPABUTCSH.
BrixomgoB us Hee aBa. JIubo mepenaTh OKOHUYATEIHLHOE TeCTUPOBaHME
BaIllel MPOrpaMMbl APYTOMY YeJOBEKY. JI1160 YeTKO OTAequTh ceds
OT IIPOrpPaMMBbI, II€epPecTaTh BOCIPUHUMATHL ee KaK JacTh cebd (He
«MOs IIpoTrpaMMa», a «IporpamMMa, HallMCaHHAA MHOM»). JTO, MO-
JKeT OBITH, IIPOIIe CAeaTh B MPOrPAMMUCTCKOM KOJIJIEKTHUBE, B KO-
TOPOM BCE€ MPOTPaMMBbI SABJISIOTCS PE3yJIbTATOM KOJIJIEKTHUBHOM pabo-
THI ¥ KOJIJIEKTUBHOI COOCTBEHHOCTRIO. HO TO JKe caMmoe HeOOXOAMMO 1
Ipu OAMHOYHOU pabore. He ormenus cebs OT cBOEro JeTuIna, Bbl He
CMOJKeTe O0BbeKTHUBHO OIeHUTH €ro JOCTOWHCTBA WM HEZOCTATKH.

EcrecTBEHHO, UTO 4YeJIOBEK, IIPOBEPAIOINIHUII BAIIy IIPOrpaMmy,
IOJI’KEeH OBITh JOCTATOYHO IOATOTOBJIEH, I'OTOB IOTPATUTL HAa 9TY
HYKHOE KOJUYECTBO BPEeMEHUW U YCUJIUM. OTO HE CMOKEeT CIejaThb
IEepPBbIA BCTPEUHBIN. ITO HEJIb3sS CAEJATH MHMOXOIOM.
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NMoHATME NONMHOTHI TecTnposaHums

ITesnnp TecTupoBaHUS — OOHADPYKUTH CUTYyaI[dio, KOTZA PesyJsbTa-
ThI Pa0OTHI IIPOTPAMMBI HE COOTBETCTBYIOT BXOMHBIM AaHHBIM. CaMblit
IIPOCTOM CIoco0 caeaTh 9T0O — IepedpaTh BCce BO3MOKHBIE BapuaH-
Thl BXOIOHBIX JAHHBIX U IIPOBEPUTH IPABUJIBHOCTH IIOJIYYAEMBIX Pe-
3yabTaToB. K COKaJIeHWI0, BOCIIOJIB30BATHCSA STHUM CIIOCOOOM ITOUTH
HUKOTZa He yhaercd. [lae [ IPOCTEUIIINX IPOrPaMM KOJIHUUECTBO
BapMaHTOB BXOJHBIX JaHHBIX OKA3LIBAETCA ACTPOHOMUUECKUM.

Hanpuwmep. Ilycts Hamia nporpamMma pemiaeT oueHb IIPOCTYIO 3a-
mauy. Ilosb3oBaTes b BBOAUT C KJAaBUATYPHI ABa IIEJBIX YKCJIA, a
mporpaMMa BBIJAET UX CYMMY. 3aJaJuM OOIOJHUTEIbHBIE OTPDAHM-
yeHusd. ByJem paccMaTpuBaTh TOJIBKO IITECTHAAIIATUONTHDIE YNCIIA.

CKOJIbKO BapMaHTOB PabOThI IPOrPpaMMbl HaM HAI0 IPOBEPUTH?
IlepBrIx ciaraeMblx y Hac Oymer 2'°. BTOpBIX — CTOJBKO JKe.
Nx xkombumamuii: 2'° - 2% = 2% TTockoaeky 2'° ~ 1000, moryuaem

2% ~4 000 000 000.

IIycTs Ha IPOBEPKY OZHOTO BapuaHTa IOTpPedyeTca OgHAa CEKYH-
na. (PeanbHO He JI0OOBIE ABa UMCJAa MOKHO BBECTH 3a OJHY CEKYH-
Iy, a TeM 0OoJiee IPOBEPUTH MOJYUEHHBIN pesdyiasrar. Ho nia
IIPOCTOTHI TyCcTh OyAeT Tak.) Torga s BHIIIOJHEHUA BCEX BapUaH-
ToB moTpedyercsa 6osee 4 000 000 000 c. = 66 666 666,(6) Mmuu. =
1111111,(1) u. = 46 296,(296) cyTox ~ 126,75 mer. TectupoBanue
BaIleil IporpaMMsl (/I CJIOKEHUA NBYX LIECTHAAIIATUPAZPATHBIX
uynces!) 3aKOHYAT TOJBKO Bammy mpaBHyKu! (Xorsd OTKyZa »Ke UM
B3ATHCA, BeAb 126 jieT moTpedyeTcsa IpPU HEIPEepPBLIBHOII paboTe o
24 yaca B CyTKIN.)

A ecnm mporpamMma OyxeT CKJIagblBaTh He IBa YKCIA, a TPU?
A Benb GOJIBIIIMHCTBO CAMBIX 9JIEMEHTAPHBIX IIPOTPAMM BBIMIOJIHSIET
ropaszno 0oJiee CJIOKHBIE BBIUUCIeHUsA. He ToBopsa y:Ke 0 TOM, UTO
HaJIMYMe [MUKJIOB while Uiau repeat mesiaeT KOJIUYECTBO BHIUKCTIE-
HU#l B IporpamMMe IOTEHIIMAJTbHO OECKOHEUHBIM.

Orciona mevaysbHBIH BBIBOJ: UCHepnblLéarou,ee mecmupoéarue
(T. e. mepeboOp BCceX BO3MOKHBIX BAPMAHTOB BBIMIOJHEHUS) IJIA JIIO-
00If HeTPUBUAJIBLHON IIPOTPAMMBI HE603MONHCHO.

Ho mpoBepATh mporpaMMbl Bce-Taku HyskHO. Kak ObiTh? Kak
IIPOBEPUTH BCE BapWaHTHI, nepebpaB He Bce? Kak pemursh, Kakue
13 BapMaHTOB IIPOBEPATH HaJ0, a Kakue HeT? VI CKOJIbKO BCEro Ba-
PUAHTOB JOJI’KHO OBITH IIPOBEPEHO?
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Hnsa yMeHBIIEHUS KOJUYECTBA IPOBEPSIEMBIX BapUAHTOB BCe
MHOXKECTBO BO3MOYKHBIX BAPUAHTOB BBHINOJHEHUS IIPOTPAMMBI fie-
JIAT Ha MOAMHOKecTBa. Bce BapMaHTHI, MOMABIINE B OAHO IIOJMHO-
JKEeCTBO, CUUTAIOTCSA B HEKOTOPOM CMBICJIe paBHO3HAUHBIMU. Cunra-
eTcd, YTO, IPOBEPUB OJVH U3 BApPMAHTOB JaHHOTO IIOJMHOKECTBA,
MBI TeM CaMbIM IIPOBEPUJIMN M BCE OCTAJIbHBIE BAaPUAHTHI JTAHHOTO
TIOJMHOXKEeCTBA.

B cucremosioruu neieHue MHOYKECTBA O0OBEKTOB Ha IIOJMHOKE-
CTBa C OJMHAKOBHIMU CBOICTBAMU Ha3bIBaeTCA KJaccupuramuei,
caMu Takue IOAMHOYKEeCTBa — KJaccaMM, IIPU3HAK, II0 KOTOPOMY
OAVH KJIaCC OTJIMUAETCS OT APYroro, — OCHOBaAHHEM KJacCHU(pUKA-
muu. Hanpumep, MHOXKeCTBO JII0fel MOYKHO IOAEJUTH HAa MYXKUUH
U JKEHIIUH II0 OCHOBAHUIO «IIOJ», HA MOJIOJABIX, 3PEJIBIX U CTapbIX
II0 OCHOBAHUIO «BO3PACT» U T. [H.

IIpu mepeBoje Ha A3BIK CUCTEMOJIOTUU: [JI YMEHBIIIEHUS KOJIU-
YyecTBa TECTOB HAM HEOOXOAMMO KJacCu(pUIIMPOBATH BCE BO3MOIK-
HBble BapUaHTHI BHIIOJHEHUA IPOTPAMMBI, Pa3OUTh MX Ha KJIACCHI,
SKBUBAJICHTHbIE C TOYKU 3PEHUS IPOBEPKU IIPABUJIHHOCTH IIPO-
rpamMbl. HaM HeOOXOAMMBI OCHOBAHUSA A KJacCU(pUKAIUU BO3-
MOYKHBIX BapHUAHTOB BBIIOJIHEHUA IIPOTPAMMBbI, HEOOXOAMMBI KPU-
Tepuu, 0 KOTOPLIM MBI OyZeM OO0BABIATH T€ UJIU WHBIE BAPUAHTHI
BBIIOJTHEHUA PABHOBHAUHBIMU APYT APyry. Ecam Takue KpuTepuu
BBIOpaHBI, ecjau KaaccuuKanusa IpoBefieHa, JOCTATOUYHO B3ATH II0
OZHOMY TeCTy M3 KaKJIOoro KJacca. EcJIu Bce OHU OKaKyTCA He-
yzauHbIMH (T. €. He CMOTYT OOHApPYKUTHb B IIpOrpaMMe OIIMOKMN),
TeCTUPOBAHUE MOYKHO 3aKaHUYUBATh.

Kpurepuu, mo KOTOPHIM IPOBOAUTCA KJacCUPUKAIUA BCEX
BOBMOYKHBIX BApPUAHTOB BBHIMOJHEHUS MPOTPAMMBI C TOUKHU 3pe-
HUA IPOBEPKU ee IPAaBUJIBHOCTH, HA3HIBAIOTCSA KPUTEPUAMU IIOJI-
HOTHI TE€CTHUPOBAHUA.

ITociie Toro Kax KpuTepuii IIOJHOTHI TECTUPOBAHUA BBIOpaH,
KasKIbIM TeCT MOJIKEH aHaJM3WPOBATHCS C JBYX TOUEK 3PEHUA:

1) Ygauen au ma"HHBIN TecT (YAAJIOCH JIU C €r0 TOMOIILI0 OOHAPY-
JKUTH OIINOKI)?

2) TocraToueH Jau HAGOpP TECTOB C TOUKMW 3PEHUS IPUMEHAEMOTO
KPUTEePUA UIU HYKHBI ellle KaKue-TOo TecThl? Ecau Hy KHBI, TO
Kakue? UTo elre cieqyer IPoOBEPUTH?

OueBUIHO, UTO AOIyIleHre 00 SKBUBAJEHTHOCTU BCEX OO0BEK-
TOB OJHOTO KJacca TpedyeT 00JBINON aKKYPaTHOCTH IIPU IIPOBee-
HUU KJjgaccuburanuu. [[ad TOBBINIEHUS HAMEKHOCTU ITPOBOAAT
HECKOJIbKO KJaccu(pUuKaIui, OeJaT MHOMKECTBO BapPHUAHTOB BBIMOJI-
HEeHUS Ha KJacchl HECKOJBKUMHU PAa3HBIMU CIIOCO0AMIU.
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CymrecTByeT aBa mogxona K (hOPMYJIMPOBAHUIO KPUTEPUEB II0JI-
HOTBI TECTHUPOBAHUA: KPUTEPUU «UYEPHOI0 AIMUKA» U KPUTEPUU
«besoro AmuKa». Kpurepun 4epHOTo ANMKA OMMCHIBAIOT TECTUPO-
BaHUeE C TOUKM 3PEHUA ITOCTABJIEHHOM 3amaun 0e3 yueTa BHyTpPeHHe-
ro ycrpoiictBa mporpaMMbl. Kpurepuu 6esioro sSmuKa yIuTHIBAIOT
CTPYKTYPY HPOTPAMMEI.

TepMUH «4YepHBIA AMNIMK» II03aMMCTBOBAH M3 KUOEPHETHUKU.
B KubGepHeTUKe MIpeCcTaBIeHNE CUCTeMbl B BUAE UePHOTO AITUKA
O03HAUaeT OMMCAHNE ee BXOJOB U BBIXOJOB U CBA3el MEXKIY BXOIHBI-
MU BO3JEWCTBUAMU U pe3yjabTaTaMu padboTwl cucTeMbl. IIpu sTom
CTPYKTypa CUCTEMBI, €e BHYTPeHHee YCTPOMCTBO HUKAK He 3aTparu-
BAIOTCA W CUMTAIOTCA HEM3BECTHBIMU. B KauecTBe mpmMepa oOImca-
HUSA CHUCTEM B BUE UYEPHBIX SAITUKOB MOTYT CJIYMKUTHL WHCTPYKIIUU
IO WCHOJIL30BAHUIO OBITOBOM TEXHUKMU.

TepMun «Oeablii AMIUK» IIOSBUJICS YKUCTO (POPMAJbHO KaK IIPO-
TuBOBec «uepHOMY». (ComepsKaTeIbHO aHTOHUMOM <«UYEPHOMY SIIIH-
Ky» IOJIXKEH ObLI ObI BBICTYIUTH «IIPO3PAUHBINA AIIUKY.)

IIpu nIpoeKTUPOBAHUU TECTOB HAUMHATH CJIEAYeT C KPUTepueB
yepHoro Ammuka. CoOOCTBEHHO, 5TO €AWHCTBEHHBIN BO3MOIKHBIMN
coocob, ecay Bbl HAUMHAETe MPUAYMBIBATH TECTHI JO TOT0, KaK
Hamucajau mporpamMmy (Kaxk OBLJIO CKas3aHO B UYETBEPTOM TIJiaBe
«IIpuanuner TectupoBaHuA»). llocie HMOATOTOBKM TeKCTa IIPO-
rpaMMbl TEeCThI, paspabOTaHHBIE HCXOIs M3 KPUTEPUEB UEPHOTO
AIUKA, IPUMePAI0TCA Ha CTPYKTYPY IporpaMMbl. Eciiu X OKasbI-
BaeTcA HELOCTATOUHO, OHU JOIOJHSAIOTCSA TeCTaMU, pa3pabOTaHHBI-
MU HUCXOJsl U3 KpPUTEepHueB 0eoro sIuka.
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Kputepun yepHoro siLumka

CylecTBYIOT CJAEIVIONNE KPUTEPUU YEPHOrO SIUKA:

1) TrecTupoBaHue QPYHKIUI;

2) TecTUpOBaHUE KJACCOB BXOIHBIX MaHHBIX;

3) TecTUpPOBaHME KJIACCOB BHIXOMHBIX TAaHHBIX;

4) TecTupoBaHMe 00JIACTH JONYCTUMBIX 3HAUEHUH (TeCTUPOBaHUE
TpaHUIL KJjacca);

5) TecTMpoBaHME AJUHBI HAOOpa MTaHHBIX;

6) TecTupoBaHUE YIOPAZOUYECHHOCTU HAOOpa MTaHHBIX.

Kpurepuii TectupoBaHua GyHKIUH aKTyaJaeH O MHOTOQYHK-
MUOHAJLHBIX IporpaMM. OH TpebyeT momoOpaTh TaKkoii HAbOp Tec-
TOB, YTOOBI OBLI BBINOJHEH XOTd ObI OOUH TECT IJaA KaKIOU n3
(GYHKIUN, peajn3yeMbIX HPOTPaMMOI.

Kpurepuii TecTUpOBaHMS KJAaCCOB BXOMTHBIX MAHHBIX TpeOyeT
KJIacCU(PUITUPOBATh BXOAHBIE JaHHBIE, PA3feJUTh UX Ha KJACChI Ta-
KuM o0pas3oM, UTOObI BCe HaHHBIE M3 OJHOTI'O KJacca ObLIM paBHO-
3HAUYHBI C TOYKU 3PEHUS IPOBEPKM IIPABUJILHOCTHA IIPOTPAMMEI.
Cumraercda, 4To ecjau mporpaMMa paboTaeT TPABUJIBHO HA OLHOM
Habope BXOMHBIX AAHHBIX M3 BTOTO KJacca, TO OHa OyJeT IpaBUJIb-
HO paboTaTh Ha JII0OOM APYroM Habope HaHHBIX M3 3TOTO JKe KJac-
ca. Kpurepuit TpebyerT BBITIOJHEHUA XOTA OBbI OJHOTO TecTa IJis
KaKJIOoTro KJlacca BXOMHBIX JaHHBIX.

Kpurepuii TecTUpOBaAaHUS KJIACCOB BBIXOIHBIX JaAHHBIX BBITJIA-
IUT aHAJOTUYHO ITPEABIAYIIEMY KPUTEPUIO, TOJHKO IPOBEPSAIOTCA
He BXOJHBIE JAaHHbIE, a BBIXOIHBIE.

Hago oTMeTuTh, YTO YACTO 9TH TPU KPUTEPUA XOPOIIIO COTJIAcy-
oTcA aApyr ¢ apyrom. [Ipy mpuMeHeHUU OZHOTO M3 HUX OCTAJbHBIE
OyIyT yAOBJIETBOPEHBI aBTOMaTHUYeCKH!. EC/JIM mporpaMmma peanmnsy-
eT HEeCKOJIbKO (DYHKIIUI, TO BIIOJHE eCTEeCTBEHHO, UTO KaKIOU u3
9TUX (PYHKIUiIT OyIeT COOTBETCTBOBATH CBOM KJIACC BXOJHBIX M CBOM
KJIacC BBIXOAHBIX JAaHHBIX. JacTO CYIeCTBYET COOTBETCTBUE MEKIY
KJlaccaM¥ BXOJHBIX U BBIXOJHBIX AaHHBIX. Hampumep, AJjgA ymoMu-
HaBIIIeHcsa paHee IPOTrPaMMbI U3BJIEUEHUSI KBAAPATHOTO KOPHSA BBI-
XOOHBIMU KJACCaMU MOYKHO CUUTATH BEIeCTBEHHbIE UMCJA, KOMII-
JIEKCHBIE UMCJa, aHAJUTUYEeCKUe BhIpaskeHusa. COOTBETCTBYIOIMMU
BXOOHBIMHU KJaccaMu OyAyT HEeOTpPUIlaTeJbHBIE UMCJIa, OTPUIIATEb-
HbIe YHCJia, aHAJUTHUYECKHe BBIPAKEHUA.
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Paccmorpum mporpaMmy [jida ydeTta KagpoB npennpudrusa. CKo-
pee Bcero, oHa OyaeT MMeTb cJenyrolue QyHKIIUN:

— IPUHATHL Ha pPaboTy,

— YBOJUTH C pabOTHI,

— TEepeBeCTH C OJHOU IOJIKHOCTH Ha JIPYTIYIO,
— BBIZATH KaJAPOBYIO CBOAKY.

Kiaccel BXOAHBIX JaHHBIX:

— IpPUKa3 o mpueme,
— mpukas o6 YBOJbLHEHUH,

— IpUKas 0 IepeBoOje,

— 3asBKa HA KaJpPOBYIO CBOIKY.

Kiacchl BBIXOOHBIX JaHHBIX:

— 3amnmch 0 Ipueme,
— sanuck 00 YBOJbLHEHUH,
— 3Banmch O IepeBoe,

— KaapoBas CBOJAKA.

9TOT NIpPUMEDP XOPOIIO0 JEeMOHCTPUPYET COOTBETCTBUE MEKIY
GYyHKIIMAMEU, KJaccaM¥ BXOJHBIX W BBIXOZHBIX NAHHBIX.

TecTupoBaHNEe 00JIACTH TONMYCTUMBIX 3HAUEHHH (TeCTHpPOBaHUE
rpaHul Kjgacca). Eciu o6sacTh DONYCTUMBIX 3HAUEHUI IIepeMeH-
HO IIpefcTaBIsAEeT cO00I IPOCTOE IepeuncaeHre (HaIpuMep, HOTHI,
IIBET, II0JI, AUATHO3 U T. II.), HAJ0 IPOBEPUTH, UTO IIPOTrpaMMa IIpa-
BIJIBHO TOHUMAET BCE OTH 3HAUEHUA U HE NMPUHUMAET BMECTO HUX
HUKaKWUX WHBIX 3HaueHui. Hampumep, Kak mporpamMma oTpearmpyer
Ha TIONBITKY BBECTU HECYII[ECTBYIOUIYIO HOTY WU IIOJ.

Ecnu ryiacc IOMyCcTMMBIX 3HAUEHUH IIPEACTABISAET COO0M YMCIIO-
BOM AuamasoH, TO IOHamobuTcsa 0ojiee cephbe3dHas IIpoBepKa. B aTom
cJiyyae BBIIEJIAIOTCS:

1) HOpMAaNBbHBIE ycyioBUA (B cepeluHe KJacca);
2) rpaHuYHBIE (9KCTPEeMAaJIbHBIE) YCIOBUA;
3) UCKJIOUMTEeIbHBIE YCIOBUS (BBIXOJ 3a TPAaHUIY KJacca).

Hanpumep, mycTh mporpaMma mpefHasHaueHa Aj1sa 06paboTKu fe-
KagaToM umH(poOpManum 00 OJHOU CTyZeHUecKol rpymnme. Hopmass-
HOe umcJjo cTyaeHToB B rpynme — 20-25. Ho Ha miamimux Kypcax
UX YacTo ObIBaeT 00JIbIIe, a Ha CTapIIiuX — HaoboporT. IlycTh Makcu-
MaJbHOE YHCJIO CTYAEeHTOB B rpymne orpanuuero 30. B aTom cayuae
MMeeT CMbBICJI IIPOBEPUTH MPABUJIBHOCTh PAOOTHI IIPOrPAMMEL C TPYII-
moit m3 20 cTyZeHTOB (HOpMaJIbHbBIE YCIOBU), ¢ Tpymmoi us 30 ueo-
BEeK ¥ C TPYNIION M3 OJHOTO UeJoBeKa (9KCTpeMaJibHbIE YCJIOBUS).
HeobxoguMo mpoBepuTh, KaK IporpaMMma OTpearupyeT Ha IIpUKa3
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0 3auyucJeHuu B rpynny 31-ro cTygeHTa U 00 OTUKUCIEHUU ITOCJIeqHe-
r'0 OCTABABIIIET'0CA B I'PYIIE CTyAeHTa (MCKIIOUNTEIbHEIE YCIOBUA).

OcobeHHO MHTEepecHa ObIBAaeT MPOBEPKA MUHUMAJIBHOTO BBIXOZA
3a rpaHuIly KJjacca. Hampumep, eciiu 3HaUeHHe HEKOTOPOI Iepe-
MEHHOU X HOJI’KHO JiexKaTh B mpome:xkyTke [0,999; 1,999], crour
IIPOBePUTh, UTO Oyzer, ecau x =0,998 mam x =1,9991.

Wuorma Tpebyercsa 6ojiee TOHKAas rpagamnus. BosMoyKHa cuUTyarus,
Korga BcsA 00JIacTh AONYCTHUMBIX 3HAUEHUI NEJUTCA Ha OTAeJbHbIe
mozobsacTy, TPeOyIoIue OT IPOrpaMMbl pasdHOU peaknumu. Hampn-
Mep, MYyCTh IMporpaMMa FOTOBUT CBOAHBIA OTYET O paboTe HEeCKOJIb-
KHuX (puanajioB HeKOTopou ¢upmbl. I3BEeCTHO, UTO KaKAbIA U3 (hu-
JUAJIOB eXKeJHEBHO IIPOJAaeT MPOAYyKIuy mpuMepHo Ha 10 Thic. pyo.
Kak mosxHa pearupoBaTh IpOrpaMMa Ha COOOIIeHUe O TOM, UTO He-
Kuii punman 3a merb moayuwma 100 py6. mau, maoboport, 1 000 000
py0.? TeopeTuuecKu MOKHO OOIYCTUTh, UTO STOT (UIMAJ cpadoTas
HACTOJILKO TLJIOXO IMJIM, HA0OOPOT, mOTpscaiolle xoporro. OgHaKo He
JIOTUYHEH JIV TIPEAIOJ0KUTh, UTO B 9TUX CJIyYaAX IIPU BBOJE JAHHBIX
BO3HUKJIN IIPO0JEeMEI ¢ KJaBuaTtypoit? B pesynbraTe Bcs 00J1aCTh J0-
MMyCTUMBIX 3HAUEHUI AeJUTCA Ha 3 MOomo0JacTu: Iomo6JiacTh HOP-
MaJbHBIX 3HAYEHUI, TOL00JIACTh IIOJ03PUTEILHO OOJIBIINX 3HAUEHU
U 10#00JIaCTh ITOAO3PUTEIbHO MajeHbKUX 3HaueHuil. HopmaiabHBIE
JaHHbIe IIPorpaMMa JOJIKHA IIPOCTO IPUHUMATL K obpaboTke. Ilomo-
3PUTEIBHO OOJIBIIINE W IOJO3PUTE]IHLHO MAJIbIE 3HAUECHUS, B IIPUHIIU-
me, monycTuMbl. OZHAKO MIPU UX MOJYYEHUUN MMEeT CMBICJ 3aTpebo-
BaThb IOATBEPIKAEHUS, NEHCTBUTEJIBHO JII OHU TaK BBITJIALAT.

Bnopouem, BmMecTo meneHus obGJacTH MOIMYCTUMBIX 3HAUEHUH Ha
moA00JaCTH MOKHO OBLIO OBI IPOCTO BBIAEJIUTEH 3 KJIacca BXOMHBIX
IaHHBIX: HOPMAaJIbHBIE, CAUIIKOM MAaJeHbKUE, CJIUIITKOM OOJIBbIIKE.

Crnenyromiye IBa KPUTEPHUSA SABJIAIOTCA YACTHBIMU CJIyYASAMU,
YTOUHAIONIMMY paHee HasBaHHbIE KpuTepuu. Ho B cUIy UX BaiK-
HOCTH ¥ YacTON NMPUMEHWMOCTH, OHU 3aCJYKUBAIOT OTAEJIHLHOTO
YIOMUHAHUA.

TecTupoBaHUe AIANHHI HA0Opa TAaHHBIX MOKHO CUMUTATH YACTHBIM
caydyaeM TeCTHPOBaHUS 00JIaCTU MONYCTHUMBIX 3HaueHUil. B mamHoM
cayJyae peub MOMAeT O AOIYCTHMOM KOJHUECTBE JI€MEHTOB B HabO-
pe. Eciu mporpamma mocjemoBATeJIbHO oOpadaThIBaeT 3JIeMEHTBI
HEKOTOPOTo Habopa JaHHBIX, UMEeT CMBICJ IIPOBEPUTDH CJIEAYIOIINe
CUTyaI[uU:

1) nmycroit Habop (He COmEeP;KUT HU OJHOTO BJIIEMEHTA);

2) eqMHUYHBIA HAO00OP (COCTOUT M3 OJHOTO-eIUHCTBEHHOTO dJIe-
MEeHTA);

3) caUITKOM KOPOTKUII HaOOp (ecsu mpeaycMOTpeHa MUHUMAJb-
HO JOITyCTUMAasA IJINHA);
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4)

o)
6)

)

8)

Ha00p MUHUMAJHLHO BO3MOKHOM AJUHEI (€CJU TaKasd IIpeay-
CMOTpPEHA);

HOPMAaJILHBIN HAaG0Op (COCTOUT M3 HECKOJIBKUX 3JIEMEHTOB);
Habop M3 HeCKOJbKUX uacTeil (ecau Takoe BO3MOKHO. Hampu-
Mep, ecJIU IIporpaMMa JYuTaeT JUTePhl U3 TeKCTOBOTO daiiia
WUJIU ITeYaTaeT TeKCT, TO KaK OHA OTHECEeTCsS K IepeXoy Ha ciie-
Iyiomryio cTpoky? Ha caemyiomyio cTpauuiy?);

HabOp MaKCUMAaJIbHO BO3MOJYKHOM AJUHEI (€CJIU TaKad Ipeny-
CMOTPEHA);

CJIMIITKOM JJIMHHBIN HA60D (¢ AIUHOI 60JIbIlle MAKCUMAJIBHO J10-
IyCTUMOI).

TecTUpoBaHNE YIOPATOUYEHHOCTH BXOMHBIX TaHHBIX BasKHO IJIA
3a7la4 COPTUPOBKU U IIOMCKAa SKCTPEMYyMOB. B sTOM ciiyuae mmeer
CMBICJI IIPOBEPUTH CJEAYIOIUEe CUTyanuu (KJIacChl BXOTHBIX TaH-

HBIX):

IaHHbIE HEYIIOPAJOUEHbI;
IaHHbIE YIIOPALOUYEHEI B IPAMOM IOPALKE;

JaHHbIE YIIOPALOUYEHEI B 00PATHOM IOPALKE;

B Ha0Ope MMEIOTCS IIOBTOPAIOIINECS 3HAUCHNS;
SKCTPEMAJIbHOE 3HAUEHME HAXOOUTCS B cepeauHe Ha0opa;
SKCTPEMAJIbHOE 3HAUYEHME HAaXOAUTCS B Hauaje Habopa;
SKCTPEMAJIbHOE 3HAUEHMEe HAaXOAUTCS B KOHIle Habopa;

B HabOpe HeCKOJIBbKO COBIIAAAOIINX SKCTPEMAIbLHBIX 3SHAUCHNUHA.

ceiuac crejaeM IIay3y U BEpHEMCA K 3aJade TeCTHUPOBaHUA

IporpaMMbl, aHAJTUBUPYIOIIeN TpeyroabHuKu. IlompobyiiTe mocMOT-
pPeTh Ha COCTABJIEHHBINI BaMU HAGOD TECTOB C TOUKU 3PEHUS KPUTe-
pUeB UepHOTO AlMuKa. [[0MOJHUTE er0o, eCau B 3TOM BO3BHUKJIA HEOO-
XOJINMOCTb.
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Kputepumn 6enoro awumka

ITepBBIii U3 KpuUTepueB 0eJI0r0 AMNKA — KPUTEPUN MOKPHITHI
omepatopoB. OH TpebyeT momoOpaTh TaKoii HabOp TECTOB, YUTOOBI
KasKIbIM OoIlepaTop B IIporpaMme ObLJI BBIIOJHEH XOTA ObI OAUH pas.
B kauecTBe mpuMepa paccMOTPUM cJenyroIiuil ¢pparMmeHT Ilackaib-
IIPOrpaMMBbI:

Ilpumep 1

a:= 0;
if x>3 then a:= 10;
b:=1/a;

Ia Toro 4To6bl YAOBJIETBOPUTHL KPUTEPUIO MOKPBITUA Olepa-
TOPOB, OOCTATOYHO OJHOT'O BBINOJHEHHsS. Taxkoro, uTobObl X OBLI
6osbire 3. OueBUIHO, YTO OIIMOKA B IpOorpaMMe 3TUM TE€CTOM 00-
Hapy:xeHa He Oymer. OHA TIPOABUTCA KaK pa3 B TOM cJaydae, KOraa
x <3. Ho Takoro Tecta KpUTEPUN IIOKPBLITHUS OIIEPATOPOB OT HAC
He TpeOyer.

WUrax, MBI mMeeM TpPOTrpaMMy, OTTECTUPOBAHHYIO C TOUKHU 3pe-
HUSA KPUTEPUs MOKPBLITUSA OMNEPATOPOB U IIPU STOM COHEPKAIIYIO
omubOKy. ITompoOGyem pasobpaThcs, B ueM Aejo. IJaa HarIaTHOCTU
nepeiifem c¢ Ilackans Ha sA3BIK OJIOK-CXEM.

1/a

Tenmeps mpuumHa BugHA cpasdy. Cienys KPUTEPUIO MOKPBITUA
OIepaTopoB, MBI IIPOBEPUJIN TOJHKO IMOJOYKUTEIbHYI0 BETBbL pas-
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BUJIKW, HO He 3aTPOHYyJIUW orpuiareabHyo. CokparmeHHada dopma
ycaoBHOTO omepaTopa B Ilackajsie sTomMy BecbMa CIOCOOCTBYET.

YT006nI M36aBUTHCA OT YKa3aHHOTO HEJOCTaTKa, BBEJEM BTODOI
Kpurepuii 6eJ0ro AINUKA — KPUTEPUH MOKPHITHUA BeTBel (mHaue
ero Ha3bIBAIOT KPUTEPHEeM HMOKPBITUS pemeHuii). OH TpedyeT moo-
O0paTh Takoii HabOp TEeCTOB, UTOOBI Ka’KAasd BETBh B IIpOorpamMMe
ObLIa BBIMOJIHEHA XOTS ObI oguH pasd. TecTupoBaHMEe C TOUYKU 3pe-
HUA 3TOTO KPUTEPUA O0HAPYKUT OINOKY B IPEABIAYIIEM IIPUMeEDE.

Paccmorpum apyroii mpumep. Ha ITackasie oH OyaeT BHITIANETH
Tak:

ITpumep 2

a:=17;
while a>x do a:= a-1;
b:=1/a;

MsI yixe 3HaeM, UTO MaCKaJIeBCKAA 3alIMCh MOKET CIYKUTH IPO-
BOKaTopoMm ommubok. IlosTomMy cpasdy cocraBuM OJIOK-CXeMY:

a:= "7
Y
HET
a>x
nal
— a:= a-1
b:= 1/a

Iast Toro 4T0o0BI YOBJIETBOPUTH KPUTEPUIO IOKPBLITUA BETBEIl, B
JTaHHOM CJIyYae HOCTATOYHO OJHOTO TecTa. Hampumep TaKoro, 4To-
ObI x ObLT paBeH 6 mam 5. Bce BeTBU mporpamMMbl OyAyT IPOHIEHBI
(mpuz x =5 oxHa M3 BeTBell — Tejgo IUKJIa — gake 2 pasa). Ho
ommubKa B IporpaMmMe oOHapy:keHa Tak u He Oymetr! OHa IposBUTCS
B OJHOM-eIWHCTBEHHOM cJjydae, Korga x =0. Ho Takoro tecra or
HAC KPUTepPUH TOKPBITHUSA BeTBell He IoTpebGoBal.

Urak, MBI MMeeM IIPOrpaMMy, OTTECTUPOBAHHYIO C TOUKHU 3pe-
HUSA KPUTEPUA IMOKPBITUSA BETBEH M IIPU 9TOM COAEPIKAIIYIO OIIUO-
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Ky. IIpyumnHa B TOM, UTO HEKOTOpPBLIEe BETBU B IIPOTpPaMMe MOTYT
OBITH IPOIIEHBI HECKOJILKO Pas, U Pe3yJabTaT BBIIIOJHEHUS 3aBUCUT
OT KOJIMYeCTBa MPOXOmO0B. /LI TOTO UTOOBI YUECTb 3TOT (haKT, BBe-
IeM TPeTU# KpuTepuii 0ejioro AMNKA — KPUTEePUll MOKPHITHI Iy-
Teit. O TpebyeT momoOpaTh TaKOM HAOOpP TECTOB, UTOOBI KaXKIbIH
IIyTh B IpOorpaMMe OBbLI BBHIIOJHEH XOTd ObI oguH pas. TecTupoBa-
HHE C TOUKHU 3PEHUs ITOTO0 KPUTePUsA OOHAPYIKUJIO ObI OIIHOKY
B mpuMepe 2. Ho u3 aTOT0 Ke mpuMepa BUAEH NPUHIIUIUAILHBIN
HEeJOCTATOK MaHHOTO Kpurepusd. CKOJBKO BCETrO IYyTeH BO3MOYKHO
B npuMepe 2? Beckoueuno muoro! IIpoBepuTs MX BCe HEBO3MOXKHO.
3HaUNUT, KaK TOJHKO B IPOTPaMMe HMOABJIAIOTCA ITUKJIBI C IPEe- NN
MMOCTYCJIOBUEM WJIU ITUKJ CO CUETUUKOM, HO C BHIUUCJISIEMBIMU T'pa-
HUIlAMU, KOJIUYECTBO IIyTell B IporpaMMe CTAHOBUTCSA IIOTEHIMAJIb-
HO 0eCKOHEUHBIM, M KPUTEPUH IMMOKPBITUSA OyTell CTAHOBUTCS He-
npuMeHUMBbIM. Heo0XoamM KaKOM-TO KOMIPOMMUCCHBIN KPUTEPUIi.
Bouee :kecTKuii, ueM NOKPBLITHE BETBeil, HO MeHee KEeCTKHUH, uem
moKpbITHe myTed. O HeM MBI IOTOBOPUM B CJIeAVIOIel TJiaBe.

Kpome mpobiieM ¢ TpOBepKOU IIUKJIOB CYIIEeCTBeHHBIE IIPO0JIeMbI
CBsA3AaHBI C TMPOBEPKOM CIOMKHBIX YCIOBUM — JIOTUUECKUX BhIpa-
KeHUI, COMep)KallluX 3HAKU AUSBIOHKINU U/UJIU KOHBIOHKIIUN.
Hanpuwmep:

if (a<b) or (c=0) then ..
while (i<=n) and (x>eps) do ..

U B TOM, 1 B APYroM oIllepaTope MOYKHO ITPOHMTH IO 00erM BeT-
BAM, U3MEHSA 3HAUEeHMWEe TOJHKO OJHOTO M3 IIPOCTBHIX YCJIOBUM.
IIycth ¢ # 0. MeHss 3HAUEHUe TIEPEMEHHBIX a U b, MOKHO IIPOUTU U
IO BETBU «TO», U II0 BETBU «HHauUe». [Ipu 5TOM cuUTyalusa, KOTAa
c =0, ocTaHeTcs HEeIPOBEPEHHOM. AHAJIOTUYHO, OYCTh 1 < n. MeHasa
3HAUEHUS TMEePEeMeHHBIX X U €PS, MOKHO YIIPABJIATH BBIMOJHEHHEM
MUKJa while, He MTPOBEPUB IOBeAeHMEe IIPOTPaAaMMbI HIpPHU i >n.

s Toro 4TOOBI yYecTh IMOJO0HBIE CUTYAIlUU, OBLIU ITPEAJIONKE-
HBI CJIEAYIOIINEe KPUTEePUM:

— KPUTEePU#l MOKPBLITUA YCJIOBUIA;
— KPUTepUH NOKPLITUA PeIIeHuil/yCJI0BU;
— KpuTepuili KOMOMHATOPHOTO IOKPBITUS YCJIOBUI.

Kpurepuii mokpeITus ycaoBuil TpedyeT mogodpaTh Takoi Habop
TECTOB, YTOOBI KasKJ0€e IIPOCTOe yCJIOBUe (cjaraeMoe B JUSBIOHKIINNI
¥ COMHOXKUTEJIb B KOH'BIOHKIIUY) IMOJYYMJIO U SHAUEHNE «HCTHUHA>»,
U 3HAUYEHUE <«JIOKb» XOTs ObI OOUH DPas.

Kpurepuii neiTaerca «B JI00» MCIPABUTDH BBINIEYKA3aHHBINA HENO-
CTaTOK B TECTHPOBAHUU CJIOKHBIX ycaoBuii. OMHAKO caM OKas3hbIBaETCS
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BecbMa cJyab. [leslo B TOM, UTO BBITIOJHEHUE KPUTEPUS ITOKPBITUA
YCJIOBUII HE TapaHTUPYeT IIOKPhITHE BeTBel. IlycTh ciiosKHOe ycoBue
TIpPeiCTaBIAET CO0OM AM3BIOHKIIUIO OBYX cjaraeMbIx. Hampumep,

if (a<b) or (c=0) then d:= 1 else d:= 1/c;

IIpu mepBOM BBINIOJIHEHUM IIEPBOE CJIaraeéMoe HCTHUHHO, BTOPOE
JIO¥KHO, BCA AUIBIOHKIINA B IIeJIOM UCTUHHA. [Ipu BTOPpOM BBITIOJIHE-
HHHN IIepBOe cJjaraemMoe JOXHO, BTOPO€ MCTHMHHO, BCA NU3BIOHKIMA
B IIeJIOM UCTHHHA. KpuTepuii MOKPHITUS YCAOBUN BHIIOJIHEH, KPU-
Tepuil MOKPBITUA BeTBeli — HeT! OmubKa B mporpaMMe He oO0HApPY-
JKeHa.

AHajornyHas CUTyallus BO3MOKHA [IJA KOHBIOHKIMHU. Ha-
npumMep,

if (a<b) and (c=0) then d:= 1/c else d:= 1;

YT00BI MCIPABUTH ATOT HENOCTATOK, KPUTEPUU IIOKPBITUSA BET-
Bell (pelreHuil) M yCJOBUHN O0BEAWHAIOT B €IUHBIA KPUTEPUN IIO-
KpBITHS pemieHuii/ycaoBuii. OH TpebyeT momobpaTh Takoii HaGop
TECTOB, UTOOBI KaJKJas BEeTBbL B IIporpaMMe OblLIa IIPOigeHA XOTs
OBI OMH pas W YTOOBI KasKJg0e IIPOCTOoe yCI0BHUe (caaraeMoe B AU3'b-
IOHKIIUY U COMHOJKUTEJHh B KOHBIOHKIINU) IOJYYUJIO M 3HAUECHUE
«HMCTUHA», U 3HAUEHHE «JIOXKb» XOTdA Obl oquH pas. Kpurepuii Ha-
Jle’kHee, 4YeM IIPOCTOe IOKPBITHE BETBEH, HO COXPAaHAET ero IIpUH-
IIUINAJIBHBIA HEJOCTATOK: IJIOXYI0 IPOBEPKY IUKJIOB. IIpmBenmen-
HBIH BBIIIE IIPUMED 2, «JIOMAIOIU» KPUTEPUN IIOKPBITHUS BETBEl,
«CJIOMaeT» W KPUTEPUH IMOKPHITUA pelreHuii/ycnaoBuii. Omubra B
IaHHOM CJIy4Yae IPOSABUTCA TOJIBKO IPU (DUKCUPOBAHHOM KOJIUUECT-
Be MMOBTOPEHUH IMUKJa (B mpuMepe 2 — CEMUKPATHOM), a KPUTEePUI
TIOKPBITUA pelleHNil/ycJoBUl He rapaHTUDPYeT, YTO IIOBTOPeHUM
OymeT MMEHHO CTOJIBKO.

CoBMeleHIe KPUTEPUEB IMOKPBITUS BETBEU U IOKPBITUA YCJO-
BUII He peIllaeT TaKiKe BCeX IIPOoOJieM, MOPOKAAEMBIX CJIOKHBIMU
ycaoBusaMu. OIIMOKM MOTYT OBITh CBA3aHBI HE CO 3HAUEHHEM TOT'O
WJIX WHOTO IPOCTOTI'0 YCJIOBUSA, a ¢ uX KoMbOuHatnuei. Hampumep, B
(pparmeHre:

Ilpumep 3

if (a=0) or (b=0) or (c=0)
then d:= 1/ (a+b)
else d:= 1;

omuOKa OyZeT BBISIBJIE€HA TOJHKO IIPU OJHOBPEMEHHOM pPaBEHCTBE
HYJI0 OBYX IepeMeHHBIX: a U b. KpuTepuil MOKpPBITUS peIleHuii/
YCJIOBUM He TapaHTUPYeT IPOBEPKU TAKON CHUTYyaIlUU.
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s pemteHuA 3TOW mMPoOJIEeMBI OBLI IPEIJIOMKEH KPUTEPUNA KOM-
OMHATOPHOIO MOKPHITHS YCJIOBHIl, KOTOPBIN TpebyeT momobpaTh Ta-
Koif HabOp TecToB, UTOOBI XOTs OBI ONUWH pa3 BBHIMOJIHAJNACEH JII00as
KOMOMHAIIUSA MPOCTHIX ycaoBuii. Kpurepuit 3HauuTeI-HO 60Jiee Ha-
JIe}KeH, 4YeM IOKPBITHE peIlleHUil/yCI0BUil, HO obJialaeT ABYyMSA CY-
IITeCTBEeHHBIMU HeJOCTaTKaMu. Bo-TIepBBIX, OH MOYKET IMOoTpeboBaTh
oueHb 0OJIBIIOrO umcJia TecToB. KosmuecTBo TeCTOB, HEOOXOAUMBIX
JJIsI IPOBEPKM KOMOMHAIIMY 71 IIPOCTBIX YCI0BUil, paBHO 2" . Kom0Ou-
HaIuA JBYX YCJOBUI MOTPeOyeT UeThIpeX TECTOB, TPEX YCIOBUHM —
BOCBMH, YETHIPEX YCJIOBUM — IIIEeCTHAAIIATA TECTOB U T. I. Bo-BTO-
PBIX, Jaske KOMOMHATOPHOE IIOKPBITHE YCJIOBUM He TrapaHTHUPYyeT
HAJEKHYI0 ITPOBEPKY ITUKJOB. TOT Ke caMblii mpuMep 2, KOTOPHIH
JIEeMOHCTPHUPOBAJ HEJOCTATKY IMOKPBLITUSA BETBEI U MOKPBITUSA pellle-
HUIi/yCIOBUH, TOKAKET ¥ HeJOCTATOK KOMOMHATOPHOTO MOKPBITUSI
YCJIOBUIA.

Kpurepuu 6esoro AmuKa TpeOyIOT 3HAHUSA TEKCTa MIPOTrPaMMBbI.
TerkcTa mporpaMmbl, aHAJWUSUPYIOINEN TPEYTroJbHUKMU, Y HAC HET.
Tem He MeHee UMTATEJIO IpeAJaraeTcs eie pas BepHYThCSI K cdop-
MUPOBAHHOMY paHee HaOOpPy TecToB. He BOSHUKHET JU JKeJaHUS
ero MoAu(UIIUPOBATE?
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MuHnmanbHO rpy6oe TecTupoBaHue

0630p KpuTepueB 6eJIoro AIMINKA, JaHHBIA B HPeAbIAYINel rja-
Be, MOABOAUT K HEOOXOAMMOCTU IIOCTPOEHUA HEKOTOPOTO KOM-
MIPOMUCCHOTO KPUTEPUsI, KOTOPHIH, C OMHON CTOPOHBI, OOecIevn-
BaJI OBl JOCTATOUHYIO HAJEKHOCTh TECTHUPOBAHUS, a C APYIrod —
UMeJ IPUEeMJIEMYIO CJI0KHOCTh. B KauecTBe TaKOro KOMIIPOMUCCA
OBLTT TIPENJIOMKEH KPUTEPUl MUHHMAJBHO TPyO0Or0 TEeCTHUPOBAHMSI
(MI'T). MI'T npeacraBiser co60i KpUTePUil IMOKPHITUA PeIleHnii/
YCJIOBUIi, YCUJIEHHBIN JOMOJHUTEILHBIMU TPEeOOBAHUAMU IIO IIPO-
BepKe IIUKJOB. IIpoBepKa IIUKJIOB OPraHU3YEeTCsS II0 CJIEAYIOINM
paBuUJIaM:

1) gya KasKaoro MuKJa ¢ IpeycIOBUEM JMOJKHA OBITH TPOBEepeHa
NPpaBUJIBHOCTD IIPU HYJbKPATHOM, OZHOKPATHOM 1 MHOTOKpPAT-
HOM IIOBTOPEHUU TeJia MuKJIa. MHOTOKPATHBIM CUMUTAETCS JIIO-
6oe moBTOpeHIe O0Jee OOHOTO pasa;

2) IS KasKIOTOo IUKJA C ITOCTYCJIOBUEM JOJIXKHA OBITH IIpOBepeHa
MPaBUJBLHOCTD IIPU OSHOKPATHOM 1 MHOTOKPATHOM IIOBTOPEHUN
TeJia ITUKJIA;

3) mpoBepKa KA CO CUETUNKOM 3aBUCUT OT TOTO, (PUKCHUPOBAHBI
JI TPAHUIbl U3MEHEHUA CUeTUNKA UJIU BBIUYUCIAOTCA. Boob1e
roBOp#A, KaK U JJIs IIUKJIA C IPeayCI0BreM, TPeOyeTcsa IpoBepKa
Ipu HYJAbKPAaTHOM, OJHO- ¥ MHOTOKPATHOM IIOBTOPEHUH Teja
MUKJIA.

OnHO M3 HNPEeMMYINeCTB KPUTEPUA MUHHMAJLHO IpyOOro TECTH-
POBaHUS COCTOUT B TOM, UTO AJIA HEro CYIeCTBYeT OUeHb yI00HOe
mpeAcTaBiIeHUe B popMe TabJUIlbI, KOTOPOe TO3BOJIAET KOHTPOJIM-
poBaTh CTeNeHb BBIIMOJHEHUS KPUTEPUs U IIPUAYMBIBATH TECThI
MPUIEJIbHO [IJ51 TPOBEPKM MMEHHO HYJKHBIX YacTel IIporpaMMbI.
Crpoutrca rabauia MI'T ciaenyroommum obpasoM.

CTtpoxku TaGJAUIIBI COOTBETCTBYIOT IIPOBEPSAEMBIM YCJIOBUAM,
rpadsl — TectaM. A KasKIOTO YCJIOBHOTO OomepaTopa B TabauIle
MI'T cosmaiorcsa 2 CTPOKHU: OJiSA BETBU «TO» M BETBU <«HHAUE».

TecTt 1 Tect 2 TecT 3 TecT 4 TecT 5

if a>b +
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st Kaskj0ro IUKJIA ¢ IPeyCA0BUeM — 3 CTPOKU: [JIsi HyJIbKPAT-
HOTI'0, OZHOKPATHOI'O M MHOT'OKPATHOTO IIOBTOPEHUS Tesia I[UKJIA.

Tect 1 TecT 2 Tect 3 TecT 4 TecT S
while a>b =0
=1
>1
Jma KaMIoro IMUKJA C IMOCTYCJAOBUEM — 2 CTPOKU: IJIS ONHO-

KPpaTHOI'O M MHOTI'OKPATHOI'O IIOBTOPEHUA TeJjia IUKJIa.

Tect 1 Tect 2 TecT 3 Tect 4 Tect 5

repeat =1
until a>b >1

I_IJH{ KaXa0ro nuKJjaa co CHeTUMKOM — 3 CTPOKM: OJd HYJbKpPAaT-
HOro, OJHOKPATHOI'O M MHOTIOKPATHOI'0O IIOBTOPEHMA TeJja IIUKJIA.

TecT 1 Tect 2 TecT 3 TecT 4 Tect 5

for k:=1 ton =0
=1
>1

Ecnm xakas-smb0 M3 STHUX CTPOK IJIs JAHHOM IIPOTPaMMBI He
UMeeT cMbIcja (HalpuMep, II0 YCJIOBUAM 3aJauM TeJO ITUKJa 00s3a-
TeJBbHO IIOBTOPAETCA XOTsA ObI OJUH Pas), COOTBETCTBYIOIAas CTPOKA
BCe PaBHO IIOMeINaeTcs B Ta0IUIly, HO B HEM 3alIMChIBAETCA IIOSCHE-
HHe, 4TO TaKad CHUTyallusd HEeBO3MOKHAa.

g xakzoro omepaTopa BhIOOpA 3aIIMCHIBAETCS CTOJIBKO CTPOK,
CKOJIBKO OH HMeeT BeTBell (BKJIIOUAs BETBb «MHAUE»):

TecT 1 Tect 2 TecT 3 TecT 4 Tect 5

case color red

green

blue

else

Ecau B ycJIOBHOM oIlepaTope, B IIUKJIE C IPeJ- WU IIOCTYCJIOBU-
€M CTOUT CJIOJKHOE YCJIOBHE, TO K CTPOKAM, COOTBETCTBYIOIIUM Ca-
MOMY OII€PaTOpPy, AOOABJISIOTCA IO 2 CTPOKHM HA KaKIOe IIPOCTOe
yCJIOBHE:
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Tect 1 Tect2 | Tect3 | Tect4 | TecT 5
if (a>b) and ar
(x=y) .
a>b ar
X=y ar
Tect 1 Tect2 | Tect3 | Tect4 | Tect 5
while (c>d) or =0
(z=f)
=1
>1
c>d
z=f +

s ynoGeTBa CCHLIOK BCE YCJIOBUA B TAOJIUIlE MOMKHO IePEHYyMe-

poOBaTh.

Kaxgas crpoka tabaurisl MI'T cooTBeTCTBYyeT OMHOM M3 CUTyA-
Ui, KOTOPYIO HAZO0 IIPOBEPUTH B IIPOIlecce TecTupoBaHusd. IIposep-
Ka MOKeT OBITh IIPOM3BeJeHa ONHUM UM HECKOJbKUMU TEeCTaMMU.
OrMeTuM B TaOJUIE T€ TECThI, KOTOPhIE IPOBEPAIOT JAHHYIO CUTYAa-
nuio. I[J1s1 9TOro mocTaBUM ILIIOC B SYEHKY, HAXOAAIIYIOCH Ha IIepe-
CeUeHUM COOTBETCTBYIOIIUX CTPOKU W CTOJIOIIA.

T1 T2 T3 T4 T5
Y1 if (a>b) and aF +
(x=y) _ + +
y2 a>b + + +
— +
Y3 x=y + + +
+
V4 while (a>b) =0
or (x=y) _ i
>1 + +
Y5 a>b + + +
= + + +
Y6 X=y ar + +
— + + +
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Takasa 3anmmch 03HAYAET, UTO IIPU BHINIOJHeHUU Tecta T1 B pas-
BuJIKe Y1 BBIIOJHAIACH BEeTBb «TO». IIpu aTOM, €eCcTeCTBEeHHO, YCJIO-
Bugd Y2 um Y3 Obliu ucTuUHHBI. Teso mukiaa Y4 ObIIO TOBTOPEHO
1 pas. YcioBue Y5 cHavasia OBIIO MCTHUHHO, 3aT€M CTaJIO JIOMKHO.
VYcnoBue Y6 OBLIO JIOKHO BCe Bpemd.

IIpu BeimonHenuu Tecta T2 B pasBuake ¥ 1 BLIDOJIHAIACH BETBb
«uHaue». IIpomsolso sToO 3a cueT TOTO, UTO YCJIOBHE Y3 CTAJO
JIOKHBIM, XOTA yCJIOBHUE ¥ 2 OCTaJOCh UCTUHHBIM. Iluka ¥4 moBTO-
pdancsa 6ojsee OMHOTO pasa. YCJOoBHe YD IIPU 9TOM BCe BpeMs OBLIO
J0KHO. YciaoBue Y6 cHauaJsa ObLJIO MCTHHHO, a 3aTeM CTAaJIO JIOXK-
HBIM.

Tect T3 mpuayMbIBaJICA yoKe IIPUIETbHO, AJIA TOTO YTOOBI «3a-
KDPBITb» CTPOKY, COOTBETCTBYIOIIYIO JIOKHOMY S3HAUEHUIO YCJIOBUS
Y2. Bo BceM oCTaJIbHOM OH IIEPEIIPOBEPAET TO, UTO yKe OBLIO IIPO-
BEPEeHO paHbIIIe.

W3 Tabauiibl BUAHO, YTO ILIIOC OTCYTCTBYET B €IUHCTBEHHOM
CTPOKE — CTPOKEe, COOTBETCTBYIOIEN HYJIbKPATHOMY HTOBTOPEHUIO
nukjga Y4. 9to Ta cuTyanusa, KOTopas ocTajlach HelpPOBEepPeHHOI.
3HAUUT, UMEHHO Ha IIPOBEPKY STOI CUTyaIlMU MOJIJKEeH OBITHL Halle-
JIeH OUYepeHOU TecT.

BosmoskHa cuTyalnus, KoTga HeKOTOpas PasBUJIKA AAHHBIM TecC-
TOM He 3aTparmBaeTcsa BoobOie. Hampumep, B ciyuae BJIOKEHHBIX
YCJIOBHBIX OIIEPATOPOB:

if a>b then .. else if c=d then ..

B cayuae BBIMOTHEHUS BHEITHETO OIlepaTopa IO BETBU <«TO»,
BJIOJKEHHBIN OIIepaToOp BBIMOJHATHCA He OymeT BooOIe. B aTom ciy-
yae B MI'T-rabiuite mIpocTo OCTAlOTCA IIyCThIe SAUYeHKH:

T1 T2 T3 T4 T5
y1 if a>b + +
— + +
y2 if e=d + +
— +

B cyuae pasbueHUss TporpaMMbl Ha IIPOIEYPHI, MOAYJIW U T. .
MI'T-Tabauiibl CTPOATCA AJIA KaKIOM HPOIeAypPbl, MOAYJISA W IIP.
CoOTBETCTBEHHO, TECTUPOBAHUE IIPOBOAUTCA HPUIIEJIBHO AJA HAH-
HOWl TPOLEAYPHI, NS JAHHOTO MOIYJIA.

Kpurepuit MI'T He umeaneH, Kak u Bce npeabigymiue. OH He ra-
PaHTHUPYeT MPOBEPKY KOMOMHAIIMU BCEX MPOCTBHIX ycaoBuii. OH He
rapaHTUPYeT HaJEKHYIO TPOBEPKY ITUKJIOB. IIpuBeIeHHBIN B IIpeabI-
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IyIield ryaBe IpUMep 3, KOTOPHIN <«JIOMaJT» KPUTEPUI pelieHmi/
ycyoBuii, «ciaomaeT» um Kpurepuii MI'T. BreimonHeHue TpeboBaHUIA
MUHUMAJIBHO I'PY0OTO TECTUPOBAHUA He TapaHTUPYET IIPOBEPKY BCEX
BOBMOKHBIX KOMOWHAITMM POCTHIX ycioBuii. OmmbKa B mpumepe 2,
BBIABJIEHNE KOTOPOM He rapaHTUPOBAJN KPUTEPUU IIOKPBITUS BET-
Beli, pelreHuii/ycaIoBUH U KOMOMHATOPHOTO MOKPHITUA YCJIOBUI, MO-
2KeT ObITh mpomyineHa n kpurepuem MI'T. Tem me MeHee KpuTepuii
MI'T npexacraBasieTcss JOCTATOUYHO PA3yMHBIM KOMIIPOMMHCCOM MEXKIY
HaJIe’KHOCTBIO M CJIOYKHOCTBIO TEeCTUPOBAHUA.

IIpumenenune kpurepus MI'T cBA3aHO ¢ BOIPOCOM, KOTOPHIA I10-
BEpraeT B y:Kac HOBUUKOB-IPOTPAMMICTOB. OTO BOIIPOC O KOJIUYe-
CTBe «IIUCAHUHBI», TpebyemMoii KpuTepueM. HeyKeau Tak y:K He-
00XOAUMO CTPOUTH U 3AIOJHATH Bce dTu Tabauibi? OTBer: 1a.
Oco0eHHO [JiA HOBHUYKOB. 3aJadya HOBUUYKA JOOUTLCA, UTOOBI COOT-
BETCTBYIOIIIIE KPUTEPUU IEPENId «B IMOAKOPKY», «Ha YPOBEHbD
TIOJCO3HAHUA», HAYaJMW HCIIOJH30BAaThCA aBTOMAaTHUUECKU. A [Jisd
3TOTO HEOOXOAMMO JOCTATOYHO MHOTO Pa3 IPUMEHUTH UX «BPYKO-
mamniHyio». baaro, mepsbie yueOHbIE IPOTPAMMBI, C KOTOPBIX HAUM-
HaeTcA Kypc IPOrpaMMUPOBAHUA, TOCTATOYHO mpocThl, 1 MI'T-Ta6-
JUYKU JJId HUX COBCEM HeBeJIuKU. Kpome TOTO, He BO3OpaHAeTcsa
ana BegeHusa MI'T-tabauil MCIOJIH30BATH KOMIIBIOTED, KOTOPBIH
CIIOCO0eH CYIIECTBEHHO YIPOCTUTH MHOTWE PYTUHHBIE OIlepaIiuu.

Kak m B ABYX IpemBIAYyINMX pasfeiax, C YUeTOM ITOJYUYeHHBIX
3HAHUU YUTATEJIO ellle pa3 IIpeAjaraeTcsa BEPHYTHCA K IIPOBEPKE
IporpaMMbl, aHAJIU3UPYyoIeii TpeyroabHuku. Bapyr MI'T HaToIK-
HeT Ha KaKWe-TO HOBBIE MBICJIU II0 BTOMY IIOBOAY.
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OwmnbKoonacHble cutyauum

Hu ogun u3 KpuUTepueB IIOJHOTHI TECTUPOBAHUS, OIMMCAHHBLIX B
MPEeIbIAYIIUX TJIaBaxX U MPUMEHNMBIX Ha MPAaKTUKE, He JAaeT CTOIIPO-
IEHTHOH TrapaHTUU OTCYTCTBUA OINMMO0K. I[09TOMY B JIOIIOJHEHHE
K KPUTEpUSAM pPEeKOMEHIYeTCs eIle OAWH CII0CO0 IIOMCKa OIIMOOK
B IIporpamMme. ITO HPOCMOTP TEKCTa MPOrPaMMBI IJiS BBIABICHUS
¥ TIPOBEPKU OIMMOKOOMACHBIX CUTyaluii. Jlajee MPUBOAUTCS CIUCOK
TaKUX CUTyaIlnii, HA KOTOPbIe CTOMUT oOpaIaTh BHUMaHUe IIPU IIPO-
cMmoTrpe mporpamMmbl. CIMCOK, K COMKAJIEHUIO, He HMCUEePIBIBAIOIIIIA.
Kaxaslii MosKeT MPOJOIKUTL €r0 caM B COOTBETCTBUIU C COOCTBEH-
HBIM OIBITOM.

9.1. O6paLweHne K JaHHbIM

1. Vcmonp3oBanue 3HAUEHUS MEPEMEHHOI.

Onacrnocmyv: HemHunuanusupoBanHaa nepemenHasi. (Ilepemen-
Hasd MCIOJb3yeTcA OO0 TOTO, KaK eil ObLIO IIPUCBOEHO 3HAYEHUE.)

Ouenb yacrasd OIMMUOKA HAUMHAIOIIUX IIPOTPaMMUCTOB. IIpusHa-
KOM ee CJIYKHUT IOABJIEHNE Yy IIePeMeHHBbIX HeOXKUIAHHBIX «MYyCOp-
HBIX» 3HAUEHUH (0UeHb OOJBIITNX UNCEJ, YNCEJ C TPOMO3AKOM AP00-
HOM YacTbhbIO, CTPOK, 3a0UTBHIX «MyCOPOM», U IIp.). K cokajieHwuro,
00HapyKUBATh 9Ty OIIMOKY aBTOMATUYECKU yMEIOT OUeHb HEeMHO-
rve BBLIYWCINTEILHBIE CUCTEMBEI.

2. ABTOoMaTHUeCcKasd MHUIMAJIU3ANUA II€PEMEHHBIX.
OnacHocmb: HeBepHasd MHUIIMATIU3AIINA.

Hexoroprie cucTeMbl MPOrpaMMUPOBAHUS ABTOMATUYECKU 3aIloJI-
HAIOT BBIZEAAEMYIO IIaMATh CTAHAAPTHBIMU 3HAUEHUSMM, Yallle BCEro
HyasaMu. Becerga nam mpu BKJIOUYEHUN COOTBETCTBYIOIIETO PEKUMA.
IIpoBepbTe, AeaeT Ju 9TO Ballla cucTeMa. VICIogIb3yeT i OHA HYK-
Hoe BaM 3HaueHue? MOKHO JIU YIPaBIATH IPOIECCOM WHUIIMATIN3A-
mun? Ecii BO3MOXKHO, OT JAHHOM YCJIYTH JydIlle OTKasaTbesa. CoaKOHO-
MUTE BbI Ha Hell Musep, 3aTO PHUCKyeTe He 3aMeTUTh CUTYAIIUI0, KOTIa
ObLIa HeoOXOoAUMa PyYHAA WHUIMAIN3AINUA, & BBl O HeHW 3a0bLIN.

Typ6o ITackanb 00HyJIgEeT MaMATH IO IIEPEMEeHHbIe, OIICAHHBIE
B TJIaBHOII mporpamme. IlepeMeHHBIe, OMMCAHHBIE B IOAIPOTPAM-
Max, He WHUIUAJUSUPYIOTCS W IOJYyYaloT M3HAYAJIBHO HEKOTOphIE
«MYCOpPHBIE» BHAUEHUS.
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3. Uupexcanusa maccusa.
Onacunocmyv: BbeIXon mMHAEKCA 3a T'PAHUIY H3MEPEHU.

Kak mpaBuiio, CyIecTByeT BO3MOKHOCTh aBTOMATHUUYECKOTO KOH-
TPOJIS BBIXOJa WHAEKca 3a TrpaHuUIly. IlpaBma, HauWHAIOIUE IIPO-
TPaMMUCTBI, YBePEeHHbIE B COOCTBEHHOU T'eHUAJTBLHOCTH, JIIOOAT STOT
KOHTPOJIb OTKJIIOUaTh. Belb 9TO ITO3BOJUT UM CIKOHOMUTH HECKOJIb-
KO MUKPOCEKYHI MPU BBITTOJHEHUW IIPOTPaMMBbI, AJSI KOTOPOH
BpeMsA BBINIOJIHEHUS BOOOIIe He UTpaeT HUKaKOIl poJii. 3aTO IMOUCK
COOTBETCTBYIOIIEll OIMMOKY IIPeBpaliaeTcsi B yBJIEKaTEJbHYIO W,
YacTo, MOCTATOUHO [IJIUTEJIBHYIO IPOIEAypY.

B Typ6o ITackajse KOHTPOJIb UHAEKCAIIUY MAaCCUBOB PEryJIupPyeT-
cA IBYMs CIIoco0amwu:

1) ¢ momombo ynpasagmux KomMmerTapues {$R+} u {$R-}.
IlepBoIit 13 HUX KOHTPOJb BKJIIOYAET, BTOPOA — BBIKJIIOYAET;

2) nepexamouenunem onnuu Komuuasaropa Options/Compiler.../
Range checking (cm. puc. 9.1).

ITo YMOJTHaHUIO KOHTPOJIb, K COMaAJIEHNIO, BBIKJIIOUEH.

=\ Turbo Pascal

Runtime errors ﬂitnx niinns
PR
[X] Local symbols :

Conditio al defines

Include local symbols in generated debug information

Puc. 9.1. Onuuu komnunatopa Typ6o Mackanb

4. VisameHeHUNe TIepeMeHHOII BHYTpPU OJIOKA.

Onacrnocmby: Ilo6ounbI 3G deKT (M3MeHeHre TJI00aJIbHOMN Iepe-
MEHHOU TPW BBLITOJHEHUU IOAIIPOTPAMMBI).

B asbikax ¢ 6J10UHOII CTPYKTYPOI 5TO HE ABJIAETCS OITUOKOM, HO
TpebyeT MOBBLIIIIEHHOTO BHUMAHUA. Beab M0 BHEITHEMY BUIY BBI3O-
Ba IIPOIEAYPHI MU (PYHKIIMM HUKAK HeJIb3A CKasaTh, KaKue TJIO-
0anbHBIE IepeMeHHble OyAyT M3MeHEeHbl IIPU €€ BBLIMOJHEHUMH.
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5. Ucnosb3oBanme 3HAUEHUsS CCHLIOYHOMN IIePEMEHHOM.
OnacHocmub: «Bucsauas ccbLika».
ITepemeHHAasI CCHLIJIOUYHOTO THUIIA YKas3bIBaeT Ha 00JaCTh MaMATH,

KOTOpasd yske Bo3BpaleHa cucreMe. OcoOeHHO HEIIPUATHO, €CJIU dTa
o6JiacTh yixe OygeT mepepacipeesieHa mof APYryIo IepeMeHHYI0.

6. CxoKkre mMeHa IepeMEeHHBIX.

Camo 1o cebe sTo He ommbka. Ho MOKeT OBITH MPUUUHOM OIUC-
Ku. CoOTBETCTBEHHO TpPedyeT MOBBIIIIEHHOTO BHUMAHUA.

7. Ucnosb3oBanme 3anncyu C BapuMaHTaAMMU.

Onacnocms: HecKOJBKO TTOJI€H 3allCH ¢ BADUAHTAMU MCIIOJIb3Y-
I0TCA AJiA oOpallleHusA K OSHOM M TOH ’Ke 00JIaCTH HaMATHU IIPU OT-
CYTCTBUU KOHTPOJIA 3a IIPABUJIBHOU TUIIM3aIVel.

Camo mo cebe sTo He ommbka. Ho MoKeT oxasaTbCA, UTO 9THU
MOJIsT MUMEIOT pasHble THUMBI. B 5TOM ciyuae BeIWunHAa, 3alncaHHas
KaK 3HAYeHHe OJHOTO TUIIA, MOXKET OBITH IIPOUYUTAHA MUJIA OTKOPPEK-
THUpPOBaHA KaK 3HaueHue Apyroro tuna. IIpumep cm. Ha puc. 9.2.

v Turbo Pascal

(-]
=[11]
ar c: record
x: real;
case d: integer of
1: ¢h: boolean; s: string?;
2: (p: real; i: integer);
end;

hi= true; c. mama muAa pamy’ 3
writelnfc.»,’ ', >

4:41 ——

—3.6889016272E-37 21472

Open

Puc. 9.2. HapylweHve TMNOBOro KOHTpoOns npu obpalleHumn
K 3anucu c BapuaHTamu

8. Vcnonp3oBanue HETUITU3UPOBAHHOTO yKas3aTessd.

Onacunocmyv: Eiie omHa BO3MOKHOCTH OOOWTH THUIIOBBIN KOHT-
posb. [ImHamMuyecKas IepeMeHHAas, Ha KOTOPYIO CChLIAaeTCs TaH-
HBIF yKasaTesb, B PA3HBIX MeCTaX IPOTpaMMBbI MOKET TPAaKTOBAaTh-
cAd Kak IlepeMeHHas PasHBIX THUIIOB.
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9. O6partenue K OAHO U TOH ke 00J1aCTH MaMATH U3 PA3HBIX
MOJIyJIEH.
Camo 1o cebe asT0 He omubKa. Ho mMeeT CMBICI ITPOBEPHUTH,
BCE JU MOAYJHY PACCMATPUBAIOT IEPEMEHHYIO B OJHOM W TOM JKe
cMBICTe.

10. Mcnosb3oBaHME CTATUUECKUX IIEPEMEHHBIX. VcIIOoIb30BaHTE
TUTIN3UPOBAHHBIX KOHCTAHT B Typ6o Ilackare.

Onacrocmy: IlyTanuma MesXIy CTATUYECKUMU W JUHAMUYECKU-
MU IIepeMEeHHBIMMU.

CraruyecKkure IepeMeHHbBIE CO3JAIOTCS B €IMHCTBEHHOM DK3EMII-
JIApe W COXPAHAIOT 3HAUEHU MEKYy BbI30BaMU Ipolenypsl. [JuHa-
MUYEeCKUe IepeMeHHbIe CO3AI0TCA IPU KaKJIOM BXOJ€e B IPOIENY-
DY ¥ YHHYTOXKAIOTCA IIPU BBIXOZE M3 Hee. [leJIo OCIOKHAETCA TeM,
uyto B Typ6o Ilackase craruuecKue nepeMeHHBIE O(PUIIMAIBLHO OT-
CYTCTBYIOT, «CIPATaHBI» IIOJ BUIAOM THUIIM3UPOBAHHBIX KOHCTAaHT.
ITpumep cm. mHa puc. 9.3.

procedure p;
const m: integer = 5;
begin
writeln{’m= *,.m);
mi=m + 1;

Open

Puc. 9.3. TunnuamMpoBaHHble KOHCTaHTbl (CTATU4ECKME MEPEMEHHbIE)
B Typ6o [Mackane

11. Ncnosnn30BaHue IIepEMEHHBIX, He NMEIOIIINX ABHOI'O OIIMCaHMA.

Psan a3nikoB He TpebyeT SABHOTO OIMMCAHUA IepeMeHHBIX. B Jio-
00If TOUKe IIPOrpaMMBbI BBl MOJKET€ BCTABUTh B TEKCT IPOTrPAMMBI
HOBOE MMsA W TE€M CaMbIM CO3[aTh HOBYIO mepeMeHHY0. Ilomob6mHoe
HesIBHOE OIMCcaHue TPeOyeT MOBBLIIIEHHOr0 BHUMAHUSA 110 TPEM IIPH-
ynHaM. Bo-TIepBBIX, OHO OIIACHO C TOUKM 3peHus onucok. HesepHO
BBeJIeHHOe MM OyIeT MPOCTO BOCIPUHATO KAK HEeABHOE OIMCAaHUe
HOBOM mepeMeHHOU. Bo-BTOPBIX, MMeEEeT CMBICJI YTOUHUTh, KaKoil
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TUI TPUNUCHIBAETCS IO YMOJYAHUIO aBTOMATHUYECKHU CO3JTaBaeMOIi
mepeMeHHOH (ecJii IIPUNNCHIBAETCA). B-TpeTbuX, CTOUT YTOUHUTD,
KakoBa o0J1acTh geficTBusA (06/1aCTh BUANMOCTH) aBTOMATHUUYECKU CO-
3MAaHHOI IIepeMeHHOM.

K cuacteio, ITackajb HeABHBIX OMNMCAHUI HEe JOIYCKAET.

9.2. BbluucneHud

1. BripaskeHwue.

Onacrnocmyv: HeBepHBINT TOPANOK BBIUNCICHUSA OMEpPaIlnii B BbI-
pasKeHuu.

Kak BBI gymaeTe, B KaKOM IOPSAAKe OyAeT BBIUMCIATHCS BbIpa-
JKeHHe m <n or i =k? MaremaTuk OyAeT OXKUIATL AUIBIOHKIIANI
nByx cpaBHenuii. A B Ilackane cHauayia OyaeT BBIDOJIHEHA IU3hb-
IOHKIIUA N Or 1, a IIOTOM ee pe3yJabTaT OyAeT CPpaBHUBATHLCS CO
3HaueHueM mepemMeHHOW m. K aToMmy Hagmo mo6aBuTh, uTo B Typ6o
ITackaie (#e B craHgapTHOM!) IU3BIOHKIUA IPUMEHNMA K I[€JIbIM
YpcaaM.

Oco0eHHO OMAcHO HEIMOHMMAHNE IOPAAKA BBLINOJHEHHUSA oIllepa-
IU¥ B COYETAHUU C OTCYTCTBHEM CTPOTOrO TUIIOBOTO KOHTPOJIS.

2. Jloruueckoe BBIpasKeHUe.

Onacrnocmy: Ilyranuiia MeKAy IOJHON 1 KPAaTKON cXeMaMU BbI-
YKUCJICHUS JIOTUUECKUX BbIPAKeHUMH.

OmHO M3 OTJWYUM JOTMUYECKUX BBIUUCJIEHUU OT apudmMeTHye-
CKHUX B TOM, UTO BO3SMOJKHBIX Pe3yJIbTATOB BCETO [IBA — <«HUCTUHA» U
«J10:Xb». II09TOMY OUeHBb YacTO Pe3yJIbTaT BBIPAKEHUS CTAHOBUTCS
siceH 0e3 BBHITIOJTHEHUA BCeX BhIUMCJeHU. Ecau mepBoe ciaraemoe B
IU3BIOHKINYA MCTUHHO WJIN MEPBBIA COMHOMKUTEJIb B KOH'BIOHKIIUHI
JIOKEH, OCTaJIbHbIe MOJKHO yiKe He BBIUYMCAATH. C TOUKH 3peHus
MaTeMaTUKU COBEPIIIEeHHO HEBAXKHO, MIPEePBEM MbI BBIUMCICHUS IIO-
cJie TIEPBOTO cjaraeMoro (COMHOMKUTENA) WU OyaeM IIPOIOJIKATh
manpiie. Ho B mporpaMMMUpPOBAaHUK 9TO MOKeT OBITH BasKHO. Ha-
IIpUMepP, €CJaU BTOPOH OIlepaH] — 9TO BBI3OB (GhYHKIMU, KOoTOopas
U3MeHAeT 3HAaUeHUA TJIOOANLHBIX IIePEeMEeHHBIX WJIMW 3alKUChIBAET
3HauveHudA B (aiia: b and f(x). Eciu BTOpOI omepans OyaeT BhIYUC-
JAThCA, TJI00aNbHAA MepeMeHHasd uau Qaia OyayT M3MeHeHbI, He
OyZeT — OCTaHyTCS IPEKHUMU.

Kparkasa cxema BBIYHUCIIEHUA JOTUUYECKUX BBIPAYKEHUI O3HAUa-
eT, YTO BBIUKCJIEHUS OYAyT IPepBaHbl, KaK TOJLKO OyIeT siCeH pe-
gyabratT. [losHas — YTO BBIpaKeHUEe BBIYMCIAETCA OO0 KOHIA, He-
3aBUCUMO OT IPOMEKYTOUHBIX pe3dyabTaToB. CxeMa BBHIUUCICHUS
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MOJKeT ObITh 3a)MKCUPOBAHA B A3bIKE, & MOYKET PeryJMpOBAThCS B
cucTteMe IPOTrPaMMUPOBAHUA.

B Typ6o ITackaje cxema BBIUMCJICHUA JIOTUYECKUX BbIPaKeHUH

peryiupyercsi AByMs CIOCO0aMuU:

1) ¢ momombio yupaBiAomux KommeHTapues {$B+} u {$B—}.
IlepBbIii 13 HUX BKJIIOYAET IIOJHYIO CX€MY BBIUKCJIEHUS JIOTH-
YeCKUX BBIPAKEHUI, BTOPO — KPATKYIO;

2) nmeperJoueHuem onnuu KomnuiaAaTopa Options/Compiler.../
Complete Boolean eval (cm. puc. 9.1).

Ilo ymMonuaHMIO ycTaHABJIMBAeTCA KpaTKas cxeMma.

K comxanenuio, mepekJOUeHNe OMIIUN KOMIIUJIATOPA HUKAK He
oTpakaeTcs B TeKcTe mmporpaMmbl. B pesyiabrate B Typ6o ITackaie
MOABJAETCA YHUKAJbHAA BO3MOYKHOCTH HUCATH IPOTPAMMBEI, IIO
BHEITHEMY BUIY KOTOPBLIX HEJNb3s CKasaTh, KAK OHU OYAYT BBIMOJI-
HATLCA. [Ipumep npuBenen Ha puc. 9.4 u 9.5. B jjoruueckom BbIpa-
kerHuu (1L =1) or £ mepBoe cJjaraemMoe BcerJa HMCTUHHO. SHAYUT,
IUSBIOHKIIUA B I1eJIOM OyIeT UCTUHHA, He3aBUCUMO OT BTOPOTO CJa-
raemoro. IIpu BeIYMUCIEHUY 110 KPATKOM CXeMe OHO BBIUMCISATHCA He
Oyzmet, pu moJyiHOM — Oymer. Ho BTopoe ciaaraeMoe — 9TO BBIBOB
JIOTUYECKO (PYHKIIUU, KOTOpas BbigaeT coobrmienue («BbI3oB QyHK-
muu f») 1 MeHseT 3HaUeHMe II00ATBHOM IIepeMeHHOol m. B peayiib-
TaTe IPU KPaTKOU cxeMe cOooOIeHWe BbIJAaHO He OymeT, IepeMeH-
Has m COXPaHUT HyJieBoe 3HaueHue. [Ipu moaHO# cxeme cooOIeHE
OyZeT BBIZAHO M M CTAHET PABHO eNUWHUIlE. BLITOJIHEeHUe ONHOI u
TOH JKe IIPOrPaMMbI JaeT pasHble Pe3yJabTaTbl, XOTA HUKAKUX W3-
MEHEeHUil B TEeKCTe MPOrpaMMbI HeET.

e kdit & R Conpile ¢

o+ Turbo Pascal
il bug Tools
—— BOOLSWIT . FAS

var m: integer;
function f: hoolean;

iteln{’'Busos oynxkuuu £');
L

f (1=1> or f then uriteln(’Betss THEN’)
else writeln{'Berses ELSE’);
dm‘:i.te In¢'m="'.m>

[nl Qutput
Berss THEN
m= 0

Puc. 9.4. BbluMcneHne NOrm4yeckoro BbIPaXEHUS MO KPaTKOM cxeme
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e Debug ools
BOOLSWIT . 'As
var m: integer;
function f: boolean;
begin
writeln€’'Busos ¢ynwumm F'2;

if 1;1) or f then writeln{’'Beves THEN')>

else writeln{’Bevss ELSE’>;
writelnd'm= ’ . md
end.

mnl Output
Busos oyuxuum f

Berss THEN

m= 1

SE! F10 Menu

Puc. 9.5. BbluncneHe NOrMYECKOro BbIPAXEHUS MO MOJIHON CXeme

3. CpaBuenua > / <.
Onacnocmy: TloTepsi TpeTHETO pe3yabTaTa ONepPaIiy CPABHEHUS.

B maremaTuke cpaBHeHHE ABYX UYKCEJ MOKET MMEThb 3 MCXOja:
0OJIbITIE, MEHBIIIE, PAaBHO. B fA3BIKAX IIPOTPAMMUPOBAHUA OIEPaIlUU
CpaBHEHUS — JIOTWYECKHe, T. €. UMeOIue TOJbKO 2 mcxoja. Tperuit
MCXOJ 3aYacTyl0 OKAas3bIBAETCSA IIOTEPAHHBIM. /IS «ITOJIHOIIEHHOIO»
cpaBHEHUs TpedyeTcs He OAWH YCJIOBHBIN OIIepaTop, a ABa BJIOKEHHBIX:

if a>b then .. else if a=b then .. else {a<b} ..

4. CpaBHenus > u >, <u <.
Onacunocmy: OmubKu Tuma «+1».

Yacrasa omubKka — IIyTaHUIIA CPAaBHEHUM Ha CTPOTOE U HEeCTPO-
roe HepaBeHCTBO: > U >, <u <. EcJu cpaBHeHUe CTOUT B 3aroJIOB-
Ke IUKJa, TO OH OyJeT IOBTOPATHCA Ha OLUH pPas OOJIbINEe WJIN
MeHbIIle TPeOyeMOoro Ipu HelPaBUJIbHOM BbIOOPE 3HAKA CPABHEHUS.
Orciona U HasBaHMWE THUIMA OIINOKU.

5. llenenue.

Onacnocmy: IeneHue Ha HYJb.

Yoenurech (IpuBeAnTEe IPABAOIIO00HEIE PACCYIKAEHUS B II0JIb3Y
TOTO0), UTO BbIpasKeHUe B 3HaAMeHaTeje He MOKeT OKasaThCsd paB-
HBIM HYJIIO.

6. V3BieueHne KBAAPATHOTO KOPHI.

Onacnocms: KopeHb u3 OTPUIATEIBHOTO YHCJIA.

Ybenurech, 4YTO apryMeHT HE MOXKET MOJYUYUTH HEJOMYyCTUMOE
3HAUYEHUE.
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7. Bzarue jorapudma.
Onacnocmy: Jlorapud™M HEIOJIOKUTEIHHOTO YKCJIA.

Yﬁelm'recs, YTO apryMeHT H€ MOMKET IIOJYyUYUTh HEeAOIIyCTHMOE
3Ha4YeHue.

8. Hcnoabp30oBanue B BBIUMCJIEHUAX JAaHHBIX «HE€ TOro» THIIA.

OnacHocmb: HeBepHoe IIpuBeeHre TUIIOB JAaHHBIX.

Hanpumep, mcoosb3oBaHNe JUTEPHBIX 3HAUEHUHN B apudMeTH-
YeCKUX oIlepalmnudax HNJIN IIEeJOUMCJIEHHBIX 3HaAUeHU — B JIoruuye-
ckux. CTporo TUnMmM3MpOBaHHBIE A3BIKM Takoe 3ampemiaior. Ho He
BCe SIBBIKM CTPOT'O THUIIM3UPOBAHBI. B ci1a60 TUNMM3WPOBAHHBIX A3BI-
Kax 9To He 00A3aTesbHO olnudKa. Ho mMeeT CMBICT YTOUHUTH, KakK
MMEHHO OYAYT BBLIIOJHATHCS omepamuu. Hanpumep, KaKkoii pe3yiib-
TaT gact cymma 1 + ‘1’? Yemy OyzeT paBHA JUTEPHAs €IUHUIA:
IeJTOUYNCICHHON efWHUIle WJIU KOOy JuTephl ‘1°?

Ob6parute BHUMaHUEe HaA TO, uTo Typbo Ilackanp (B oTaudme oT
craggapTaoro Ilackasisa) pacopocTpaHUJ JIOTHUYECKHe olleparuy Ha
meJsble unciaa. [lompo0OyiiTe yramzath, ueMy paBHO 724 or —5308.

9. IIpucBauBauue 11eJI011 IePEeMEeHHOU BeI[eCTBeHHOr0 3HAUeHU .

Onacrnocmyv: Cmocob6 mpeoOpas3oBaHUsA BEIECTBEHHOTO UHMCIa B
meJioe.

Camo 1o cebe mpucBamBaHUe IEJON MepeMeHHOI BelleCTBeHHO-
ro 3HAYEHUA MOKET A3BIKOM JOIycKaTheA. IIpu 9TOM IMIPOBOLUTCS
aBTOMAaTHUYEeCKOe Ipeobpa3oBaHIe BeIeCTBEHHOTO YMCja B I[eJIoe.
IIpoBOAUTHCA OHO MOXKET ABYMS IIYTAMU: OKPYTJIEHHEM UJIHN 00py-
6aHueM aApoOHOI yacTu. Kaxoii crmoco6 OymeT mMCIoJab30BaH B Ba-
mieM caydae? B zaBucuMocTH OT OTBeTa Ha 3TOT BOIIPOC, CIAELYIO-
muii GparMeHT JacT pPasHble Pe3yJbTAThI.

a: real;
n: integer;

a:= 0.9999;
n:= a;

B ciyuae oKkpyrieHusa n moJydyuT 3HaueHue 1, B caydae oopyda-
HUa — 0.
K cuactbio, I[lackanb Takoe IprcBauBaHme BOOOIIe 3aIperiaer.
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10. BoiuucieHus ¢ IaaBaloIieil TOUKO (BeljecTBeHHass apudMe-
TUKA).

OnacHocmb 1: IlorpemnrHocT OKPYTIJIEHUS.

MamuHHBIe BBIUMCJIEHUA HE BCETJa COBHANAIOT ¢ apudmeTHye-
cKkuMU. B mepByo ouepeab 3TO OTHOCUTCSA K BeIleCTBeHHBIM 3Haue-
HuaM. [IpuuuHe Tomy nBe. Bo-nepBhIX, B MAIMHHON MaMATH YHUCJIa
XpaHsaTCcA He B JecATUYHOM dopmare, a B ABOUYHOM. IIpeodpaso-
BaHUWE BBLINOJHSAETCS C HEKOTOPBIM OKpPYTJieHHeM. Bo-BTOPBIX,
TOYHOCTb NPEACTABJEHUS UYNCEJ B IaMATH OrpaHuuYeHa. B pe-
3yJbTaTe BellleCTBeHHAaA eIUHUIIA BIOJHE MOYKET OKa3aThCA pPaB-
Ha 0,9999999999, a moxxer — 1,0000000001 (xosMuecTBO 3HAKOB
mocJje 3alATONM 3aBHUCHUT OT TOYHOCTU IIpPeAcTaBJieHHdA). B KauecTBe
mpuMepa MpUBeAeM Hapy MIPUCBaWBAHUI:

a:=1/3;
b:= a*3;

B marematuke b 6yzer paBaHo 1. B mporpaMMupoBanuu AJIs Ha-
yajia OKayKeTcs
1 1 1 1 1 1 1 1

~+ + + + +

—+ = +
4 16 64 256 1024 4096 16384 65536

U T. I. B 3aBUCUMOCTHY OT TOYHOCTH IIPEICTABJIEHUS. ITO HE COBCEM
ofHa TpeTh. B KOHIle KOHIIOB, HabepeTca cyMMa, KoTopas ¢ 3afaH-
HOI1 TouHOoCThIO facT a = 0,3333333333. Ho Torza b =0,9999999999,
a me 1.

Eciu Takux 3HAUeHUI B BRIPAKEHUU OyIeT HECKOJbKO WU BbI-
paskeHre MHOTOKPATHO MEePEBBIUUCISIETCA B ITUKJE, OITIOKAa OKPYT-
JieHus OyJeT KOMUThCA. ABTOD 9THUX CTPOK CaM KaK-TO CTOJKHYJICH
Cc cuTyaluei, Korja cymMMa TpexX cjaraeMbIX, KasKJgoe M3 KOTOPBIX
osL10 paBHOo 0,1, oxasasack 6oJsbire 0,3! B mporpamme Ha sI3bIKe
Reduce Tesno mukia

for k:= 0 step 0.1 until 0.3 do ..

OBLIIO IIOBTOPEHO TOJIBKO 3 pasa. K cuacTbio, B OOJBIIMUHCTBE SA3bI-
KOB CUETUUK IIMKJIA He MOXKEeT OBITh BelleCTBeHHBIM. HO IMOCKOIBKY
B TaKMX KOHCTPYKIMAX €CTh OOBEeKTHBHASA HEOOXOAMMOCTBL, €ro
MIPUXOLUTCA MOAEJUPOBATH. I[09TOMY O HAKOILIEHWN IIOTI'PEIIHO-
cTell HAJ0 NOMHUTH IPH JIOOLIX BEI[ECTBEHHBLIX BBIUMCJIEHUIX.
IIpumep cm. HaA puc. 9.6.

OnacHocmb 2: TloTepsa 3HaumMOCTH (IIOJIyUyeHUE YKCEJI C OUeHb
MaJIEHbKOW MaHTHUCCOI).

CiauimkoM MaJieHbKas MaHTHCCA B MAIIMHHON apudMeTHKe MO-
JKeT TpeBpaTUThCSA B HYJb. [Ipumep cMm. Ha puc. 9.7.
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=1 to n do
iteln{a:28:14);

1 to 3*n do
1 to 10=n do
writeln{a:28:14>;
1:1
1.00000008E10

3.00000000060
7.99999999470

Puc. 9.6. HakonneHne norpewHoCT! npu BELLECTBEHHbLIX BblYUCIEHUAX

¢ Turbo Pascal _ b
5 e a

var a: real;
k: integer;
begin
a:=1;
1 to 10 do begin
a-500000;

Output ————————3
2. 0000000006
4. 0000000000
8. 0000000000
6000000006

0.0000000000E +00
0.00000000GOE+DO
0. 0000000000E+00
0. 000000000DE+D0

Puc. 9.7. lNoTteps 3Ha4MMOCTU

11. CpaBHeHMEe BeITECTBEHHBIX UMCEJI.
Onacnocmby: IlorpenrHoCcT OKPYTJIEHUA.

ITorpemrHoCT OKPYTJEHUSA UYpPeBAThl OIMMOKAMHU HE TOJBKO
B apudMeTUUECKUX omepanuax (0 ueM yKe ObLIO cKasauo). B ome-
panuax cpaBHeHMWs OHM MOTYT IIPUBECTH K TOMY, UTO «JI0OOBOe
cpaBHEHMEe» BeIeCTBEeHHBIX UMCeJ JACT HeBePHBIN pes3yabTar.
IlycTs BelecTBeHHBIE TTEpEeMEHHBIE g U r 00e paBHBI eguHUIE. HoO
B OJHOM CJIyuae BeIlleCTBeHHAas eIUWHUIIa OymeT IIpeJcTaBieHa Kak
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0,9999999999, a B gpyrom — xak 1,0000000001. B stom ciyuae
CpaBHEHUE g =r BIIOJIHE MOJKET [OaTh 3HAUEHUEe «JIOKb». Jlyuire
CPaBHHMBATh MOJYJIb PA3HOCTHU C HEKOTOPBIM £: abs(q —r) <eps.

12. ApudpmeTuyuecKre BRIUNCIEHNA (KaK BeI[eCTBeHHbBIE, TaAK U
meJsbie).

Onacnocmy 1: IlepenosnHenue (IoTyueHNE OUE€HDb OOJIBIIIUX UKCE).

Eie oxHa 0cOGEHHOCTD MAIIMHHON apru()METUKN: CIUIIKOM 0O0JIb-
mIye Ymcja el IpOTUBOIIOKAa3aHbl. B srydriieM ciaydyae MpoOU30MeT atl-
rmapaTHOe IpepbIBAHUE, HO BO3MOXKHBI 0Ojiee HEIPUATHBLIE CJIydawu,
KOrZla cyMMa ABYX OOJIBIINX MOJIOMKUTEIbHBIX IEJIbIX YKUCEJ OKAMKeT-
Cs YMCJIOM OTPHUIIATEIbHBIM WX IIOJIOKUTEJIbHBIM, HO MAaJIEHBKIM.

B Typ6o ITackaJje BeleCTBEHHOE IIEPEIOJHEeHNEe BCeria BhI3bIBa-
eT ammapaTHOe mpepbiBaHue. UTO KacaeTcs 1eJOYUCIEHHOTO Iepe-
TIOJIHEHUSI, TO KOHTPOJb 3a HUM peryjaupyercs. Jlemaercsa aTo, KaK
oobiuno B Typ6o ITackase, AByMs crmocobamm:

1) ¢ momomp0 ynpaBagomux KomMmerTapues {$Q+} u {$Q-}.
IlepBBIli U3 HUX BKJIIOUAET KOHTPOJIb II€JOYNCIEHHOTO TIepe-
MOJITHEHU S, BTOPON — OTKJIIOYAeT;

2) mepekaoueHueM onnuu KommnuaaTopa Options/Compiler.../
Overflow checking (cm. puc. 9.1).

ITo ymMosuaHWIO KOHTPOJIb I[EJIOYKMCIEHHOrO0 MEPErOJHEeHUS OT-
KJIIOUEH.

IIpumepsr mepenosiHeHuit nmpuBeneHbl Ha puc. 9.8-9.10. Ha
puc. 9.8 mpu BBIUNCIEHUU I[UKJA IPOUBOIILIO IPephIBaHMe U3-3a
BEII[eCTBEHHOT'0 IIEPEIIOIHEeHNUA.

i

| |———— PERE
Error 205: Floating point overflow.
k: integer;

bhegin
ap

for ki= 1 to 10 do begin
a:= a=1000000;
writelnC'a= ’',a.’ k= '_k>;

Output

Turbo Pascal Uersion 7. Copyright <{c» 1983.92 Borland International
a= 1. ﬂﬂ(‘lﬂﬂﬂﬂﬂﬂﬂF f =

a= - D0000000DOE +12

a= .D000000DOOE +1 B

a= - DOOH0HHEOE

a= - DDOOOOOOGD ]

a= . DENOOOONOOE+36

Runtime error 205 at DBEC:E

Puc. 9.8. BellecTBeHHOE NepernoJsiHeHNe
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var a: real;
k.n: integer;

n:=1;

1 to 10 do begin
a a=100; n:= n*100;
writeln{’a= ’, a:25:1."

-0
-0
.0
-0
0.0
-0
0.0
1}
.0
-0

Puc. 9.9. LlenouyncneHHoe nepenosiHeHve
npu OTKJIKOYEHHOM KOHTpOJE

Ha puc. 9.9 mporpaMma BBINIOJHSAETCS IIPUA OTKJIIOUEHHOM KOHT-
poJie IeJIOYMCJIEHHOTO IIeperoiHeHusa. [lepenoHeHIe TPOUCKXOIUT
IpW BBIYUCJIEHUU IIepeMeHHO#N n. BuiumciauTenbHas cuUCTeMa Ha
Hero HUKakK He pearupyeTr. Ha mpumepe XOpOIIIO BUIHO, KaK MEHS-
eTcs 3HAUEeHNe IeJIOUNCICHHON IepeMeHHOH n B pe3yJIbTaTe MHOTO-
KPaATHOTO YMHOMKEHUS:

100 -100 =10 000,

10 000 -100 =16 960,
16 960 - 100 = -7 936,
-7936-100 =-7168

u T. IO

Ha puc. 9.10 Ta ke camasa mporpamMMa BBIIOJHSETCA NOPU
BKJIIOUEHHOM KOHTpOJe. B 9ToM ciyuae 1eJouncaeHHOe TIepero-
HeHUe MIPUBOAUT K aNlapaTHOMY IIPePhIBAHUIO TaK Ke, KaK U Be-
IIeCTBEHHOE.

Hago moauepKHYTh, UTO AUaNa30H 3HAUEHUHN THIa integer
B Typb6o Ilackaise BechbMa HeBeauk: oT —32 768 mo 32 767. Ho B
Typ6o Ilackame (B orauume oT craumaptHoro Ilackais) cyimecTt-
BYeT ellle HeCKOJbKO ITeJIBbIX TUIOB, KaK 0OJBINEro, Tak U MeHb-
mero pasmepa. B wacTtHOCTHM, TMI longint OXBaThIBaeT 3HaUe-
Hus or —2 147 483648 mo 2 147 483 647.

Onacrocmy 2: IlepenosiHeHYE WU TOTEPA 3HAUNMOCTH B IIPOMeE-
HKYTOUYHBIX BBIUMCJIEHUAX.
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L[Nl
Error 215: Runtime error.
_k.n: integer;

=1 to 10 do begin
a»100;
n*100;
=*_a:25:1,." n="‘'_n);

a=
1068
Runtime error 215 at GBE

Open

Puc. 9.10. LenoyncneHHoe nepenosiHeHne
NMpu BK/IIOYEHHOM KOHTpoOe

KoneuHnblil pe3yabTaT MOYKET NUMETh HOPMAJbHBIN BUJ, HO IPO-
ME’KYTOUYHBIE MOTYT OKa3aThCS CJUIIKOM OOJIBIINMY MU CAUIIKOM
MajeHbKUMU. ECcTecTBeHHO, O MPaBUJIBHOCTH KOHEUYHOI'O Pe3yJbTa-
Ta B JaHHOM CJiydyae T'OBOPHUTH HE€ IIPDUXOAUTCHA. I[JI&I MAIIUHHON
apudMeTUKU NOPANOK BBIIOJHEHUSA ONlePalluii MOMKET OKas3aThCA
BeChMa CYI[eCTBEHHBIM. JTO B MaTeMaTHKe a*b /c=a /c*b.
B mporpammupoBanuu — He Bcerga. IIpumep cm. Ha pumc. 9.11.

Output

-3.968
50000 . 000

Puc. 9.11. lNepenonHeHne npu npoMeXyTOUHbIX BblHNCNEHUAX
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9.3. lNepepaya ynpasneHuns

1. PasBuaku.
Onacunocmy: IlpomyieHa BeTBb «HHAUE».

ITOT MOMEHT OCOOEHHO BajKeH JJIs ollepaTopa BbiGopa. UTo Oy-
IeT JejiaTh Ballla IPOTpaMMa, €CJU 3HAUeHWEe BBIPAYKEHUS II0CJe
case He COOTBETCTBYET HU OJHOMY M3 IIePeUYrCJIeHHbIX BAPUAHTOB?

2. Bio)xeHHBIE YCJIOBHBIE OIEPATOPHI.
OnacHocmob: Coueranme if-then-if-then-else.

Kak momumarthk 3ammuchk: if Cl then if C2 then S1 else S2?
BosMo:kHBI IBa BapuaHTa:

1) if C1 then (if C2 then S1 else S2)
2) if Cl1 then (if C2 then S1) else S2

WJIN B CTPYKTYPHOU 3aIlVCH:

1) if C1 then
if C2 then S1
else S2

2) if Cl1 then
if C2 then S1

else S2
B mepBoM ciryyae BHEITHUI OIEPATOP ABJIAETCSA COKPAIEHHBIM:
if Cl1 then, a BIOMEHHBIH — IOJHBIM: 1f C2 then S1
else S2.
Bo BTOpOM ciyuae BHeEIIHUII ollepaTop ABJIAETCA HOJHBIM: if
Cl then .. else S2, a BJIOMEHHBIH — COKpaIleHHbIM: if C2
then S1.

Kak Oyzer TpaKToBaTh 9Ty 3aIlliCh Balll A3LIK IIPOTPAMMUPOBA-
Husa? ITackanab TpaKTyeT ee IePBBIM CIIOCOOOM: IIPUIIMCHIBAET else
K OJumokaiiiiiemMy mpefliecTByiomeMy if.

OrMeTuM, UTO B JAHHOM CJIyUYae ILIOXYIO YCJAYTYy MOMKET OKas3aThb
HelpaBUJbHAs CTPYKTypHadA 3amuck. as Ilackans abGsaiabie OT-

CTYIbl U TPOOEJbl POJIM HE UTPAIOT, AJIS UYesloBeKa — HUTPaioT.
3amnuchk
if C1 then
if C2 then S1
else S2

y deJIOBEKa CO3JaeT BIedyaTJieHUEe, UTO BETBb €lse S2 OTHOCUTCA
K omeparopy if Cl then. Ho Ilackayib-To OTHECET ee K omepaTopy
if C2 then 51!
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JOomoTHNTEILHOTO BHUMAHUA TpPe0yeT KOPPEKTHMPOBKA IIPOTpaM-
Mbl. IlycTh M3HAUAIBLHO OBLI 3alncaH abCOJIIOTHO IIPaBUJILHBIN TEKCT:

if Cl1 then
if C2 then S1
else S3

else S2

IToTom B mpoIiecce KOPPEKTUPOBKU IPOrPpaMMbI BeTBb else S3
ObLTa MCKJIOUYeHa. [loayumiaocs:

if C1l then
if C2 then S1
else S2

IIpu srom Ilackasb aBTOMATUUECKU II€PECTABUT BeTBb else S2
u3 omepatopa if Cl then B omeparop if C2 then S1.

Yro6bl m36€:KaTh IMOJAOOHBIX HEITPUATHOCTEH, He CJIeAyeT IIocje
then mucaTh COKpPAINEeHHBIX YCJIOBHBIX OmepaTopoB. Eciu aTo HEoO-
XOIUMO, TO JIMOO TaKue OIepaTOphbl JOJIKHBI OBITH IpPeodpasoBaHBI
B IOJIHBIE, IMIPUIIUCBIBAHUEM ITYCTON YaCTU «MHAUE»:

if C1 then

if C2 then S1

else {not C2 - Huuero}
else S2

JAn00 COKPAIleHHBIN YCJIOBHBIN OIEpaTop AOJKeH OBbITh 3aKJII0UEeH
B OIepaTopHble CKOOKH begin—end:

if C1 then begin
if C2 then S1
end

else S2

3. ITukabr.
Onacrocmbv: 3alluKJINBaHUeE.

VY6enurech, uTO, B KOHIIe KOHIIOB, KaXAbIA N3 ITUKJIOB OyAeT
3aBepieH. Eciiu 9To IIUKJ ¢ Ipef- UJIN IIOCTYCJIOBHUEM, TO IIPU BbI-
MOJTHEHUU TeJja IMUKJA MOJKHA MEeHATHCA XOTA Obl OfHa 13 mepe-
MEHHBIX, BXOAAINUX B ycioBue. CobofeHne aToro TpeboBaHus He
rapauTupPyeT BBIXOJA U3 IINKJAa, HO 0e3 Hero 3alluKJUBaHNe Heus3-
0esxkHO. Eciiy 9T0O IIUKJI CO CUETUMKOM, HEe MEHANTE CUeTUNK IINKJIA
«BPYYHYIO» IIPU BLIUMCJICHUU TeJa IIUKJIA, JasKe eCJU A3BIK IIPO-
TPaMMUPOBAHUA U IIO3BOJISIET 9TO CHEJATh.
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Ob6paTtuTe BHMMaHMe Ha TO, uTo Typb6o Ilackanb mo3BoJIseT
«BPYUYHYIO» MEHSATH CUETUMK IIMKJIA B Teje I[MKJa. B pesyibrare
TIOABJSAETCA BO3MOMKHOCTD 3aIlMKJINBAHUA AJA IUKJIOB, B KOTOPBIX
TpaHUIBl 3aJaHbl KOHCTaHTaMu. Hampumep, Tak:

for k:= 1 to 5 do k:= 2;

OcTaHOBUTH 3alUKJIUBIINYIOca mporpammy B Typ6o ITackaie
MOJKHO HaskaTmeM KomOumHanum kKiaasumr Ctrl+Break.

9.4. NMognporpamMmmbl

1. BbI30B mOAIIPOTpPaMMBI.

Onacrnocmdv 1: HeBepHOe KOJIMYECTBO IIapaMeTpOB.

Yobenurech, YTO KOJIUUYECTBO (PaKTUUECKUX ITapaMeTPOB COOTBET-
CTBYeT KOJHMYECTBY (POopMasbHbIX. HenpusATHOCTH MOTYT BO3HUK-
HYTb B CJyuae pasme;bHON TPaHCIAIINN.

Onacnocmv 2: HeBepHBle TUIBI ITapaMeTPOB.

Y6enurech, UTO TUIHI (haKTUUECKUX ITaPAMETPOB COTJIACYIOTCA C
TUIIAMU COOTBETCTBYIOITUX (GOPMAaJIbLHBIX IMapaMerpoB. HempuarHo-
CTH MOTYT BOSHUKHYTH B CJydYae PasAesbHON TPaHCIAIUU.

Onacrnocmv 3: HeBepHBINI MOPALOK CIELOBAHUA IapaMeTpPOB.

ITouT; BO Bcex A3BIKAX IPOrPaMMUPOBAHUA COOTBETCTBUE MEK-
Iy haxTuyecKUMU U (DOPMAJBLHBIMU ITIapaMeTPaMU yCTaHABJINBAET-
cd Mo HOMepy Iapamerpa (IepBbIil (PaKTUUECKUII COOTBETCTBYET
nepsomMy dopMarbHOMY, BTOPOI (axTuueckuii — BTOpoMy Op-
MaJbHOMY U T. 1.). Y0eIuTech, UTO MOPAMOK CJIeJoBaHUA (haKTUUe-
CKHUX IIapaMeTpPOB COOTBETCTBYET IOPAAKY CJeloBaHUA (hopMaJib-
HBIX. [IOBBINIEHHOrO BHUMAHUA TPeOYyeT CUTyaIlus, KOTAa IOAPAL
UAYT HECKOJBbKO IMapaMeTPOB OJHOrO THUIla. B aTOM ciaydae BaM He
CMOXKET TIOMOYb TUIIOBBIN KOHTPOJIb.

2. Hcnonb3oBanue mapaMeTpPoB BHYTPHU IIOAMIPOTPAMMBI.

Onacrnocmv: HeBepHble eQUHUIILI M3MEPEHUS IIapaMeTpPOB.

Y6equrech, YTO BO BCEX MPOTPAMMHBIX MOAYJIAX IJIA OJHOTO U
TOTO JKe IIapaMeTpa MCIIOJb3yeTCs OAHA U Ta sKe eIWHUIlA U3Mepe-
HUA (YIJIbI MOTYT U3MEPATHCA B I'pafycax, a MOTYT B pauaHaX, pas-
Mephl — B CAHTHUMETPAax M AioMax u T. M.). CI0KHOCTL B TOM, UTO
IIOYTH BO BCeX SBBIKAX IPOTPAMMUPOBAHUA €IUHUIIA U3MEPEHUA He
3alllIChIBAeTCA ABHO B TEeKCTe IIPOTPaMMBbI, a IOApasyMeBaeTcs.
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3. Ucnoap3oBanme (opMaJbHOrO IIapaMeTpa BHYTPHU IIOAIPO-
rpaMMBbI AJ1s U3MEHEHUA 3SHAUEeHUS COOTBETCTBYIOIEro (haKkTu-
YeCcKOro mapamerpa.

OnacHocmb: HeBepHblii cmoco0 mepemayu IIapaMeTpOB.

B pasanuHBIX A3BIKAX MIPOTPAMMUPOBAHUSA MCIIOJIb3YEeTCA OKOJIO
JIecsATKa CcIoco0OB Iepemauu IapaMeTpoB B mporenypy. OmHaro
GOJIBLIIINHCTBO SA3BIKOB OTPAHUUYMBAETCA OTHUM-IBYMS CIIOCODaMMU.
Camble XOIOBBIe — BTO Ilepelada ITapaMeTPOB IO 3HAYEHWIO U IIO
ccolnke (B ITackasie aTO HasbIBaeTcA «IIapaMeTPBLI-KOHCTAHTBI» U
«ITapaMeTphI-IepeMeHHbIe» COOTBETCTBEHHO). PopMabHBIN ITapa-
MeTp, IIepeaaBaeMblii IO 3HAUEHUIO, IIPEACTABJISAET CO00M JTOKAJIb-
HYI0 IIepeMeHHYI0, KoTopas IMoJIyuyaeT HavajlbHOe 3HAUeHHUe U3
darTuueckoro mapamerpa. Ilocae 3TOoro BcAKaA CBA3L MEXKIY
dopmManbHBEIM U (aKTUUECKUM IapaMeTpaMu paspbiBaeTcs. PDop-
MaJbHBLIN HapaMeTp MOKeT OBITh M3MEeHeH BHYTPU IIPOIeNypPhI
(c 2TOIl TOUKY 3pEeHUA MACKAJEBCKUIN TEPMUH «ITapaMeTp-KOHCTAH-
Ta» HeyJaueH), HO 9TO M3MeHEeHNe HUKaK He MOBJIUAET Ha COOTBET-
cTBylomuil pakTmueckuii napamerp. Ecau dopmanbabIil Tapamerp
mmepesaeTcs Mo CChIIKE, COOTBETCTBYIOIINY (DaKTUUECKUN TapaMeTp
00A3aTeJIbHO MOJI’KEH OBITH IlepeMeHHOH. PopMasibHBIN mapameTp
B 9TOM cCJIyuae IIpeAcTaBJIAeT cO0O# eIe OJHO MM 9TOM IIepeMeH-
HoOMi. Bce meiicTBus, 3amaBaemMble OJis (DOPMaJIbHOrO IIapaMeTpa, Ha
caMoOM JieJie BBITIOJHSAIOTCA C COOTBETCTBYIONINM (PAKTUUYECKUM TIa-
pamerpoM. B uacTHOCTHU, BCce m3MeHEeHHA (POPMAaJIBLHOTO IIapaMeTpa
ABJAIOTCA W3MEHEHUAMU IapaMerpa (paKTHUecKOoro.

Ecim BBI XOTHTE, UTOOLI M3MEHEHUs, IIPOU3BEJeHHbIE B IIPOIle-
aype ¢ hopMaJbHBIM IapaMeTpPOM, OTPA3UJIMCh BHE IPOIEeAyPhI Ha
daKTHUEeCKOM IIapaMeTpe, TaKoil mapaMeTp HaIo IepelaBaThb IIo
ccelnke. HaoGopor, eciu maMeHeHUsT (DOPMAJBLHOTO ITapaMeTrpa He
IOJI:KHBI BBIATU HapPysKy, TAKOHM IIapaMeTp HAAO0 IlepegaBaTh IIO
3HAUEHUIO.

Eitie ogHA ommacHOCTh CBA3aHA C T€M, UTO HEKOTOPHIE A3BIKU ITPO-
rpaMMUPOBAHUSA TO3BOJIAIOT IepelaBaTh MO CChLIKE KOHCTAHTHI.
Boo611ie ToBOps, M3MeHEHHEe TaKoro (opMaJbHOTO IIapaMeTrpa
IOJI’KHO TIPUBOJUTL K M3MEHEHWIO COOTBETCTBYIOIIEH KOHCTAHTHI.
Crnenymolasd mporpamMMa JOJIXKHa HaledaTaTh 4Yucjo 8!

procedure p(var x: integer);
begin x:= x + 1; end; {p}
begin p(7); write(7) end.

K cuacrtbio, B GOJBINTUHCTBE SI3LIKOB (B ToM umcie, B Ilackae)
TaKOe 3aIlpeleHo.
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4. Ncnonn3oBaHMIe BHYTPHU IIOAIIPOTPaMMBbI (I)OpMaJII:HI:IX mapa-
METPOB, IepegaBaeMbIX IIO CCBLIKE.

OnacHocmoe: OmHa U Ta Ke IepeMeHHas MOXKeT OBITh yKasaHa
Kak (akKTUYeCKUil mapaMeTp OJHOBPEMEHHO IJIA HECKOJbKUX (Op-
MaJIbHBIX IIaPaMETPOB, IepPeIaBaeMBbIX II0 CCBHLIKE.

ITockonbKy GopMaJbHBIN IIapaMeTp, HepeaaBaeMbIil II0 CChLI-
Ke, — 9TO IPOCTO IPYroe UM [JiA IIePeMeHHOU, ABIAINeiica hak-
TUYECKUM IIapaMeTPOM, BO3SHHKAET CUTyallusd, KOTAa K OJHON M TOI
JKe IIepeMeHHOI Ipoleaypa OyzeT obparmjaTbca cpa3y IO HEeCKOJb-
KMM mMeHaM. Bce m3MeHeHUsI, BHIIOJIHAEMbIE C OMTHUM 13 (hopMab-
HBIX TTapaMeTpoOB, OYAYT peaJbHO BBIMOJHATHCSI CPa3y CO BCEMMU.

Camo 1o cebe 9TO He oIIMOKa, HO TpeOyeT MOBBLIIIEHHOTO BHU-
MaHUs.

B kauecTBe mpumMepa PacCMOTPUM CJEAVIOIYIO CHUTYyaIHUIo.
IIycTs y Hac ecth mpolleaypa mulmatr (a, b, c) ¢ TpeMs mapaMmer-
paMu-MaTpuIlaMi, KOTopasd 3aHUMAaeTCs YMHOKEHUeM CBOEro Iep-
BOTO ITapaMeTpa Ha CBOII BTOPOM mapamerp. Pes3yibTaT 3aHOCUTCS
B Tperuii mapamerp. IlycTh m3 coobpasKeHUH SKOHOMHU MecTa U
BpeMeHHU Bce TPHU ITapaMeTpa mepemaroTcs Mo cchlike. U mycTh, Ha-
KOHEIl, MbI PEIIUJIU BOCIIOJIb30BATHCA 3TOM IIPOIEAYPOIi IJid BO3BE-
IeHUA B KBagpaT HeKoTopoi marpuIibl X. CTapoe ee 3HaueHUEe HAM
0OJIbIIIe He HYIKHO, MO3TOMY HOBYIO MATPUIY 3alHChIBAEM MPAMO
moBepx crapoii. Ecim 6bI X OBLIO YKMCJIOM, MBI HalKcaJu ObI omepa-
TOp IpHCcBauBaHUA X:=X*X. B ciyuae mMaTpul] eCTeCTBEHHBIM Ka-
JKeTcs BBIBOB IIPOIEAYPHI mulmatr, B KOTOPOM BCeM TPeM mapaMerT-
paM COOTBETCTBYeT MaTpuia X:

mulmatr (X, X, X).

IIpencraBbTe cebe, KaK OyeT BBITOTHATLCA YMHOMKeHUe. CHauama
yepes IIEPBYIO CTPOKY MapaMeTpa a U IIE€PBBIHA cTOJ0eI] mapaMerpa b
OyZer mocuuTaH 3JEMEHT C,, . 3aTeM Yepe3 IIepBYIO CTPOKY IapaMer-
pa a u BTOpoi cTosbel mapamMeTpa b HaUHeTCcs MOoACUeT dJIeMeHTa C, .
Ho fgeno B ToM, 4TO 9JIEMEHT C,, ABJIAETCA B TO K€ BPeMdA U dJIeMeH-
TOM & ,,, U dJeMeHToM b, . To ecTh, UBMEHAA Pe3yJIbTUPYIOIIYIO MaT-
puny C, MBI U3BMEHUM ¥ MATPUIILI-COMHOKHUTEIU. [IOHATHO, YTO
ocTajibHbIe 9JIeMEeHTbI MaTpPUIlbl C OYAYT MOACYUTAHBI HEBEPHO.

5. Hcmonp30BaHWe BHYTPU IMOAIPOrpPaMMbl IJIO0AJbHON IIepe-
MEHHOU U ITapaMeTpa, IepeiaBaeMoro IO CChLIKE.

OnacHocmb: OmHOBPEMEHHBIN JOCTYII K OJHOI M TOH 2Ke IepeMeH-
HOU uepe3 mapaMeTp, IepefaBaeMbIil II0 CChLIKE, W Uepes3 IJoball.

IlycTh HexkOTOpas mepeMeHHaA 13 00BEMJIIOIIEr0 0JIOKA LOCTYII-
Ha BHYTPM IPOIEAYpPHl Kak riobanbHas. IlycTs oHa uM3MeHsAETCS
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T  inix
Ed i I ompile bug  Lools )
GLOBPAR. PAS

var m, n: integer;
procedure plvar x: integerd;

+ m;
* X5
+ A;
+

3

weitelnC’'m=’, m, *’

n:= 1;
writeln{'m= ', m, *

F1 Help Ti+¢ Scroll Fill Henu

Puc. 9.12. [locTyn K OOHOWM M TOW Xe NepPeMeHHOI 4epe3 napameTp,
nepenaBaemMblil MO CCbUIKE, U Kak K rnobanbHON nepemeHHOon

BHYTPHU dTOI ITpolenypsl. IIycTh v 9TOM mpoIeayphl eCTh ITapamMeTp,
mepegaBaeMblii IO ccbLIKe. IIyCcTh ITpU BBIZOBE MaHHOI MIPOIEAYPHI
B KauecTBe (haKTMUECKOTO IapaMeTrpa IJs Ilepefadyud IO CCHLIKe
yKazaHa Ta caMasd IepeMeHHad, KoTopad SABJAETCSA IJI00aJIbHOIL.
Torma BosHUKAaET CUTyallls, KOTJa K OJHOI U TOH Ke IIepeMeHHOI
MBI oOpaliaeMcsa OJHOBPEMEHHO II0 ABYM Pa3HBIM MMEHaM: II0 MMe-
HU T7100aIbHOY IepeMeHHON U 0 MMeHH’ (hopMaIbHOTO IapaMeTpa.
ITpumep cm. Ha puc. 9.12.

ITocse mepBOTO BBI3OBA MPOIEAYPHI p 00€ ImepeMeHHbIe IOJY-
yaT 3HaueHue 4. BHyTpu mpoleaypbl IlepeMeHHas m ObLIa [I0-
CTyIHa Kak rjiobaJ, a mepeMeHHasd n Kak IlapaMeTp, IepejaBae-
MBIH 110 cchlaKe. Ilocse BTOPOTo BBIBOBA IIepeMeHHAaA N COXPAaHUT
3HaueHue 1 (ee BBIZOB MPOIeAYPHI BOOOIIe HE 3aTparnBaer), mepe-
MeHHas m cTaHeT paBHa 16. BHyTpu mpomenypsl m U x — 3TO ABa
UMEHU OJHOTO U TOTO Ke o0beKTa. JIroboe nsMeHeHre m ABISETCSA
B TO JKe BpeMsd UBMEHEeHUEM X, a JII00oe N3MeHeHUe x — HU3MeHe-
HUEM m.

CaMmo mo cebe Takoe «IBYXHMEHHOe» obpallleHue K IepeMeHHO
He omubKa, HO TpedyeT MOBBLIMIEHHOTO BHUMAHUI.

9.5. dannbl

1. 3anuch/uTeHUEe MBOUYHBIX (DailyoB.
Onacnocmo: IlyrTanuiia Mexkay (daiiazaMu pasHBIX THUIOB.

ITackameBckue (aiiabl (1 Gaiabl BO MHOTHUX APYTUX SI3BIKAX)
MOTYT OBITH TEKCTOBBIE (CHeIu(pUIIMPOBAHBI CTAHJAPTHLIM THUIIOM
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TEXT) u gBomuHble (ommcaHbl Kak file of T). Kammoit daitnoBoit
IepeMeHHOM MOJI:KeH OBITh IOCTaBJIEH B COOTBETCTBHE HAOOp maH-
HBIX (daiin) Ha gucke. O0paTuTe BHUMaHUE Ha TO, YTO B (ailie Ha
IUCKe He coxXpaHseTcda MH(POPMAIKUA O TOM, KAaKOTO THUIIA JaHHbBIE B
HeM 3anucaHbl. [10sTOMY BBl MOXKeTe CHauaja IMOCTaBUTh B COOTBET-
cTBUe 3TOMY (hailny daiinoByio nepemennyio tuna file of real,
3amucaTh B HETO HECKOJBbKO BEIeCTBEHHBIX UUCEJ, 3aKPBITh, a II0-
TOM OIATH OTKPBITH, HO YK€ IIOCTaBUB €My B COOTBETCTBUE (Dailyio-
BYyIO mepeMeHHyI0 Tuma file of integer. C atum (aitaoMm MOIKHO
OymeT BBIIOJHATL JIIOOLIE OIlepallii, HO ero IIpeskHee COmepiKu-
MOe — IBOUWYHBIN KOJ HECKOJBKUX BEIEeCTBEHHBIX YUCeJ — OyIeT
paccMaTpuBaThHCA KaK KOJ IeJbIX ynceJs. IIporpamma, ZeMOHCTPHU-
pymoiaa sTor 3GGeKT, IpuBeJeHa HIKE.

var freal: file of real;
fint: file of integer;

r: real;
k, i: integer;
begin

assign(freal, 'f.dat'");

rewrite (freal);

r:= 3.1415926;

write (freal, r)

reset (freal) ;

while not eof (freal) do begin
read(freal,r);
writeln(r:12:8)

end;

close (freal);

assign(fint, 'f.dat');

reset (fint) ;

while not eof (fint) do begin
read (fint, i) ;
writeln (1)

end;

end.

PeBy.TIBTaT ee pa6OTBI 6y,ue'1‘ BBITVIAAETh CJIEeAYIOIINM 06pa30M:

3.14159260
-26750
-9624
18703
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2. Cosmanue aiyioB C JAHHBIMU C IIOMOII[LIO TEKCTOBOT'O PeakK-
Topa. IIpocmoTp GaiiyoB ¢ JTaHHBIMU C IIOMOII[BIO TEKCTOBOTO
pemakropa.

Onacrnocmy: IlyTaHuiia TeKCTOBBIX U ABOUUYHBIX (hailjoB.

®daiin, co3maBaeMblii ¢ ITOMOIIBIO TEKCTOBOTO pelaKkTopa (Hampu-
mep, B cpexe Typ6o Ilackains), Oyaer gaiiiom TekcToBeiM. B ITacka-
Jie OH COOTBETCTBYET CTaHAapTHOMY Tuny TEXT. Jlake ecau BbI 3a-
mUcaNu Tyda MOCJeJOBATEIbLHOCTDL ITEJILIX UHCEJI, OTKPBIBATH €Tro
Kak file of integer He ciengyer. B TexcroBoMm (aiine Oyner
XPAHUTHCA IOCJEIOBATEIHLHOCTD JIUTEP, C IMIOMOIIBI0 KOTOPBIX BBI
n300pasuyn Iesble uuciaa, a B file of integer HmOJMKHO Xpa-
HUTBHCA X BHYTPEHHee IIpeJCTaBJIEHNE, COOTBETCTBYIOIIIUN TBOWU-
HBIA KOZ.

W maobopor. Ecau (aiin sammucad us IporpaMMbl KaK TJBOUYHBIII,
KOPPEKTHBIA MPOCMOTP €ro ¢ MOMOIILI0 TEKCTOBOTO pemaKTopa He-
BO3MOXKeH. B sydriiem ciaydyae BbI YBUIUTE HEKOTODBIN HAOOP caMbIX
PasHbIX CUMBOJIOB (OTHIOAE He udp). B Xyxaiiem BB mam caM TeK-
CTOBBII pegaKTOp UTO-HUOYAh B HEM M3MEHHUTE, IIOCJIe Uero IIpeik-
Hee cofep:kuMoe daiijla OKaMKeTcsl MCIOPUYEHHBIM.

3. 3amnuch/uTeHre HETUIIU3UPOBAHHBIX (haiijaoB.

OnacHocmb: Eile ogHa BO3MOMKHOCTL O0OOMTH KOHTPOJIL THUIIOB.
HaHHBIE MOTYT OBIThH 3aNIMCAHBI B (halll KaK 3HaAUEHUs OJHOTO TUIIA,
a TpOUYUTaAHbI KaK 3HAUEHUSA APYTOro.

4. 3anuchk B aiii.
OnacHocmob: OTCYyTCTBHME SIBHOTO 3aKPBITUSA (PAiiIoB.

Ecau BBl He 3aKpbLIX SBHO (haiij mepeln OKOHUAHMEM PaOOTHI
[IPOrpaMMBbI, €CTh IIIAHC, UTO COAEPIKUMOE IIOCJEeTHEero 3aIlOoJHeH-
HoOro Oydepa He OyJeT BRITOMIKHYTO Ha AUCK. ITO 3HAUUT, UTO pe-
3yJIbTAaThI HOCJEIHUX OIEePAIlUIl 3allNCHA MOTYT B (DAl He IOIaCTb.

He Bo3HUKJO N y YUTaTeNs KeJaHUA ellle pa3 BepPHYThCA K 3a-
Iaue O IPOBEPKe MPOrpaMMBbl AJId aHaIM3a TpeyroJabHuKoB? C yue-
TOM IIOHMMAaHUSA TeX OIMIUOO0K, KOTOPhIE MOTYT OBITH JOIIYII€HbI IIPU
COCTaBJIEHUM 3TON IPOrpaMMBbI.
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BeamawmHHOEe TecTUpoBaHue

st OONBIIMHCTBA HAUNHAIOIIUX IIPOTPAMMUCTOB TECTUPOBAHUE
moApa3yMeBaeT HellpeMeHHbBIN ITPOTOH ITPOrPaMMbl HA KOMITBIOTEDE.
U mampacHo. Ha GOJBITMHCTBO JIIOAEeH sSKpaH TepMHUHAa OKa3bIBa-
€T TUITHOTHUYECKOe Bo3jeiicTBUe. UeJOBEeK, CUIAIININ IIEPEe] MOHU-
TOPOM, COOOpakaeT ¢ TPyAOM. A IPU TECTUPOBAHUU U OTJAIKe CO-
o0pakaThb COBEPIIIEHHO HeoO0Xoammo!

OcobeHHO BaKHO Oe3MaIllMHHOE TeCTHUPOBaHME [JIsI HOBUYKOB.
TosbKO pyYHAs MPOKPYTKA IPOrPAMMEI IIO3BOJIUT BaM IIOHATH, KaK
’Ke paboTaeT Ballla IporpaMMa.

Ho pasBe MOKHO BeCTH TeCTUpPOBaHme 6e3 IIOMOINU KOMIIbIOTe-
pa? MosxkHo. I BechMa miaomoTBopHO. KaK mokasbIBaeT OIBIT, 6e3-
MAaIlnHHOE TecTupoBaHUe obHapys:kuBaeT oT 30 1o 80% oIiuboK B
npogeccroHaJbHBIX mporpammax u 10 100% B yuebusix. Cymrecrt-
BYIOT CJIEIVIOIie BapPUAHThI 0€3MAIIMHHOIO TE€CTUPOBAHUA.

1. «Cyxas mpokpyTka».

Brr mpITaeTech BPYYHYIO CMOJEJIUPOBATHL PAabOTy MAIIWHBI IIPU
BBIIIOJTHEHUUM NpOrpaMMbl. BaM mpu 3TOM [gOocTaeTcsa POJb IIEHT-
paJILHOTO IIpolieccopa. A poJib ONEepPaTUBHON MaMsATU OyAeT Urparhb
TpacCUpPOBOUHAasA Tabsuiia. B aToii Tabauie Oyaer cBos rpada mis
KaKIOW IIlepeMeHHOU, a IOpPANOK IpUCBAaMBaHUS 3HAUEHUUN Oynaer
oToOpa’kaTbCAa BBIPABHWBAHWEM 3HAUEeHWU IO BepTmkajgm. Hampu-
Mep, OIS CJeAYIoIeil IporpaMMbl

program P;
var k, n: integer;
sum: integer;
begin
writeln ('S cumTan CcyMMy KBaIpaTOB uuces oT 1 mo 5');
n:=5;
sum:= 0;
for k:= 1 to n do
sum:= sum + k*k;
writeln ('Cymma xBampaTor umcesi or 1 mo ',n,' = ', sum)
end. {p}
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TpaccupoBouHasa Tabauiia OyaeT BBITJIAAETH TakK:

sum k

0
1

1
2

5
3

14
4

30
5

55

3ameyarnue. COABUT II0 BEPTHUKAJIH B Pa3HBIX rpadax Tpaccupo-
BOUHOM TabauIbl yAOOHEH nejaTh HA IIOJICTPOKHU.

2. «CuMBoJIMUeCKasaA MPOKPYTKA».

Ha sToT pas BamM He HAJIO IOJCTABIATHL KOHKPETHBIE 3HAUECHUA U
BECTH TPACCHUPOBKY IIepeMeHHbIX. BMecTo 3TOro Heo0X0oquMO IIar 3a
1IaroM a’HaJIU3UpPOBaTh XOJ mporpaMMbl. Ka:Kawlil pas, Korga mepe-
MeHHad MOoJTy4YaeT 3HAUEHNe, BbI JOJIKHBI YOeIUTHCA, UTO 9TO 3HAUE-
HI€ COOTBETCTBYET CMBICJIY II€PEeMeHHOH (/I 9TOr0, KaK MUHUMYM,
HAJ0 TOYHO 3HATH CMBICJ KayKIOlN MepeMeHHOIl), HaliTh Te YCJIOBUH,
IIPY KOTOPBIX BBIUMCIECHUS AanyT cOoit (cMm. riaBy 9 «OmmbKoomac-
HBIe CUTyaIluu»), YOeAUTHCA, UTO B IpOrpaMMe OTparkKeHbl BCe BO3-
MOXKHBIE 0COObIe CJIyUYawu.

3. O0paACHeHUEe KoJiliere.

Pacuer B janHOM ciiyuae gejaeTcs He Ha TO, YTO KOJLJIera MHOTO
yMHee Bac, a Ha TO, UTO O0'bsICHEHUE JPYTOMY UeJOBEKY OTJINYAET-
cA OT paccy:KaeHui mpo cedsa. B Bammux paccys:KAeHUSIX O MPOrpaM-
Me 00s13aTeJIbHO MPUCYTCTBYIOT HEKOTOPbBIE AOMYINEHUA U IIPeLIo-
JoxkeHud. Korma BBI paccykgaeTe o mporpamMMe caMu C co0Oii,
MHOTHE M3 HUX OCTAIOTCS He IIPOTOBOPEHHBIMU U SIBHO He chopMy-
JupoBaHHBIMU. Korza BBI TO Ke caMOe HauMHaeTe BCIYX 00Bsc-
HATHh TOCTOPOHHEMY YeJOBEKY, BhI BHIHYKIEHBI ABHO CHOPMYJIUPO-
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BaTh BCe AOMYyIleHudA. VI oueHb MOKeT ObITh, UTO B IpOIlecce 3TOH

(hOpPMYJIMPOBKY caMU U OOHAPYKUTe HeTOUHOCTHZ,

4. Ilepegaya mporpamMMbI KOJLJIETE JJIA CAMOCTOSTEJIbHOIO0 M3Y-
YeHHU.

B gamHOM ciayuae OIATH pacueT He Ha TO, UTO KOJJIEra MHOI'O
ymuee Bac. MbI yiKe YIIOMHUHAJINA OCOOEHHOCTH UeJIOBEUECKOH IICHU-
XUKHU, KOTOpasd 3aKJIYaeTCsS B TOM, UTO YEJOBEUECKUH I1a3 BUIUT
He TO, UTO €CTh Ha CaMOM JeJie, a TO, UTO uesioBeK xouer. CooTBeT-
CTBEHHO BO3MOJKHO, UTO IPU M3YUEHUU CBOEH IPOrpaMMbl BbI BU-
IUTEe He TO, UTO OHa JeJiaeT Ha caMOM JieJie, a TO, UTO BaM XOTeJOCh
ObI, 4TOOBI OHA Jejiaja. ECTh Haze)Ia, UTO Balll KoJLjaera II0mo0-
HBIM IIPUCTPACTUAM OyIeT He MOABEP:KeH M YBUAUT B TEKCTE IIPO-
rpaMMbl TO, YTO TaM HAa CAMOM JeJieé HAINCAaHO.

5. IIpocMoTp TekcTa MPOTrpaMMBbI ¢ AaHAJM30M OIIHOKOOMACHBIX
MecT.

06 sToM peub IJIa B MPENBLIAYINEH TJaBe.

6. HckyccTBeHHOEe BHECceHHE OIIMOOK B IPOTpaMmy.

EcTecTBeHHO, BHOCUTH OIIMOKU OJIKEH IIOCTOPOHHUN UEJOBEK
(unu mporpamMma), U MeCTO OIIMOOK JOJIXKHO Jep;KaThCsa B CeKpeTe
OT YeJIOBeKa, 3aHUMAIOIIEroca TeCTUPOBAHUEM.

OueHpb MoOIIIHBIN npueMm. IIpe:kae Bcero, ¢ IICUXOJOTUYECKOIt
TOUKU 3peHus. MbI y:Ke TOBOPUJIN, UTO MHOTHUE IIPOTPAMMUCTEI
CKJIOHHBI OTOXK/IECTBJISTEH Ce0sl CO CBOEH IIPOrpaMMOil U II0O3TOMY He
CKJIOHHBI BEIMCKUBATDL B 9TOMH mporpamMme orpexu. Ilociae BHeceHUs
B IIPOTPAMMYy MCKYCCTBEHHBIX OINMOOK 3TOT ICUXOJOTUUECKUI CTO-
mop cumMmaercsa. Ommubku-to He mou! BoJsiee Toro, HacTpoeHune me-
HseTcsd Ha MPAMO IIPOTUBOIIOJIOKHOE. ¥ MeHsA ObliIa TaKkas IpeKpac-
Has IPOrpaMMa, a 9TH 3JI0JeV €e HCIOPTUJIM CBOMMU OIIMOKamm!
Hy, 1 uM mokaKy, KaKk IOPTUTh MOU IIPOTPaMMbI!

2 BooGIe roBops, ¢ 5T0il TOUKY 3PEHIA IPHUMEPHO BCe PABHO, KOMY 0G'BACHATE IIPO-

rpaMMy: coceny 110 KOMHAaTe UJIN KOIIKe.
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Mpumep TecTpoBaHUS
HEeCJI0)XXKHOW NporpamMmmbl

IIpomnniocTpupyeM Bce BBIIIIECKA3aHHOE JOCTATOUHO ITPOCTHIM
npuMmepoM. Ilycts TpebyeTcsa HammcaTh IPOTpamMMy, KOTOpPas CUM-
TaeT cpefHee apu(PMeTHUECKOe IIOCIe[0BATeIbHOCTU IEeJIBIX YKCe,
3aKaHUYMBaIOIIEecsa HyJeM.

s Hauasma OTMETUM, Yero JeJiaTh HU B KOeM CJIyuae He CJeny-
er. He Hamo, emje He JociayllaB 3ajaHue, OpocaTbcd K MOHUTODY
KOMIBIOTEPA U OBICTPO-OBICTPO HaOWMpPaATh UTO-HUOYIHL BpOJE:

Program p;
var a, b, c: integer:

begin
repeat
read(a) ;
b:=b + 1;

c:i=c + a
until a=0;
writeln (c/b)

end.

CrHauajia Bcerjga IMOJIE€3HO MMOAYMATh.

CorsnacHo mpuHNuny 6, mepes HayaJioM TECTUPOBAHUA HALO
chopMyIMpPOBATDH €I TECTUPOBAHUSA, BBIOPATH KPUTEPUU IIOJHO-
Thl. 3apUKCUpPYyeM B KauecTBe IIeJIM: TPOBECTU TeCTUPOBAHUE, IIOJI-
HOE C TOYKU 3pPeHUA KPUTEPUEB UePHOTO AMnKa u Kpurepuda MI'T.

CorylacHO TIPUHITKUIIY 5, pas3paboTKa TeCTOB AOJI:KHA IIPEeIIIecT-
BOBATh HAIMCAHWIO MPOTPaMMbI W IIepPBOHAUAJIBHO AOJKHA OBITH
HampaBJieHA Ha ysCHEeHWeE IIOCTaBJIEHHON 3amauu. Haumem, ecrect-
BEHHO, C KPUTEPUEB UepHOro AluKa (Kpurepuu O0eJsioro AImuKa
TMOKa HEIIPUMEHWMBI 3a OTCYTCTBMEM TeKCTa IIPOTPaMMBI).

IlepsBrIit KpuTepuii — TecTupoBaHUe GYHKIIUNA — HAM B JaHHOM
ciyyae HEMHTEPECEeH, MOCKOJBbKY IIporpaMMa y Hac OJHOMYHKIIHIO-
HaJbHAA. OTY €IUHCTBEHHYIO (GPYHKIIUIO MBI 1 OyZIeM IIOCTOSHHO Te-
CTUPOBATH.

Iamee Ha ouepeaUn TECTUPOBAHIE KJIACCOB BXOMHBIX U BHIXOIHBIX
JTaHHBIX, 00JIaCTel HOTMYCTHUMBIX 3HAUEHUH, MIUHBI ITOCJIeq0BaTe b-
HOCTU, YIOPAMOUEHHOCTH Habopa HaHHBIX. BhIgejieHue KJacCOB
BXOOHBIX ¥ BBIXOMHBIX NAHHBIX B HaIllel 3amaue He oueBUAHO. OO0-
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JacTell MOMYCTUMBIX 3HAUEHUH — IIOKa TOXKE. ¥YIOPAJZOYEHHOCTDH
HaM He BajKHa. A BOT IPOBEPKAa JJINHBI II0CJIe[0BATEIbHOCTH MMEEeT
K HaM HEIOCPeACTBEHHOE OTHOIIeHUE.

Iloiimem mo mopazKy.

1. ITycToit HaGop (He COMEP’KUT HU OITHOTO 3JIEMEHTA).

Bxonunie ganubie? Crom. Bompoc Ha yTouHeHme: KaK BBECTH ITyC-
TYIO IIOCJemoBaTeJbHOCTH? BbI MoikeTe caMu HNpUAyMaTh OTBET Ha
atoT Bompoc. Ho BBI He HOJKHBI aTOro AesaTsh! Bara mess He HOLY-
MBIBaTh CAaMOMY HETIOHATHBLIE MECTa, a IIOHATH, YeTr0 XOUeT OT Bac 3a-
Kasuuk. [IoaTOMY 9TOT BOIIPOC CJIEAYeT 3a4aTh IIOCTAHOBIIINKY 3aJayl.

OTBeT: mycTas IMOCJIeI0BaTEeJIbHOCTh — 9TO IIOCJIEJ0BATEIHLHOCTD,
COCTOAINaA U3 OZHOTO HyJdA. Hysb 31eMEeHTOM IIOCJIeJOBATEILHOCTH
He sABJsieTcsA. KolnuecTBO 2JIeMEHTOB B TAKOU II0CJIEN0BATEIbHOCTH
cCUMTaeTCAd PABHBIM HY.JIIO.

C BXOOHBIMU MaHHBIMHU Temepb AcHOo: 0.

Brixogubie manubie? Omsars crom. UTo HOJIKHA BBIAABATH IIPO-
rpaMMa B OTBET Ha IIYCTYIO IOCJefoBaTeIbHOCTH? ONIATH 2Ke, BEI
MOKeTe caMU IIPUAYMATh OTBET Ha 9TOT Bompoc. Ho BbI He MOJIMKHBI
9TOr0 [mesjaTh! OTO OIATH BOMIPOC IIOCTAHOBINUKY 3agauu. OTBeT:
B CcJy4Yae IIYyCTOM IIOCJIeLOBATEJIbHOCTU PE3YyJIbTATOM IOJI’KHA OBITH
dpasa «IlociemoBaTebHOCTD IIyCTAa».

BoT Temeph MBI MOKeM C(HOPMYJIUPOBATH IIEPBBIN TECT.

Bxopg: 0.
O:xumaemblii BeIxos: Ilociie1oBaTeIbHOCTD IIyCTA.

2. Equuanuabiilt Ha60p (COCTOUT M3 OJHOI0-eJUHCTBEHHOTO dJIe-
MeHTa).

Bxon: 4, 0.

OxunaeMbIil BEIXOA: 4.
3. CiauIIKoM KOpPOTKHI HaGop.
Hna HAC TAKOrO MOHATUA HET.

4. Habop MUHUMAJIBLHO BO3MOYKHOW IJIMHBI.
Hass Hac TaKOro MOHATHUS HET.

5. HopmanbHBIN HabOp (COCTOUT M3 HECKOJLKHUX 3JE€MEHTOB).
A ompeneseHHOCTH BO3bMeM HA0OpP m3 3 3JIEMEHTOB.

Bxop: 1, 3, 4, 0.

Brixoz: Crom!

B maremaTuke 8/3 = 2,(6). OkasbiBaeTcd, cpegHee apudmeTnye-
CKOe II0CJIeNOBATEJbHOCTU IEJbIX UMCeJ MOYKEeT OBITh UMCJIOM Be-
miecTBeHHBIM. Ha BCAKUIU ciiydyall YTOUHHM y 3aKa3unKa, MOJIMKHBI
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JIV MBI BBIJJaBaTh BEIECTBEHHBIN Pe3yabTaT WMJM JOJIKHBI Ipeodpa-
30BBIBATh €ro K I1iesjoMmy. Eciiz mpeo6pasoBbIBATH, TO KaK: OKPYT-
JATHL uau o6pydaTtsb? Ecau BeliecTBEHHBIN, TO ¢ KAKOH TOUHOCTHIO?
IToBTOpPUM, UTO BBl MOJKETE CAMU MIPULYMATh OTBETHI HA BCE 9TU BO-
IIPOCHI, HO HEe NOJIKHBI AejiaTh 9To. IIycTh oTBeuaeTr 3akasuuk. Ero
OTBET: cpefHee apudMeTHMUECKOEe BBIJaeTCA KaK BeIeCTBEHHOE
YHCJIO C TOW TOUYHOCTBHIO, KOTOPYIO O0ECIIeUUT Balll KOMIILIOTEP.
Yro . OTBeT AJA Hac BechbMa yJOOoOHBIN. [[1A ompenesieHHOCTH,
mycThb OyzeT 6 3HAKOB mocjie 3amaAToi. MTak:

Bxopn: 1, 3, 4, 0.
OxxkugaeMblil BEIXO: 2.666667.

6. HabGop M3 HeCKOJBbKUX UacTell (ecju Taxkoe BO3MOIKHO).
B mamrem ciayduae 9TO HEBO3MOJYKHO.

7. HaGop MaxkcuMaabHO BO3SMOJKHOU IJIWHBI (€CJIU TaKad Ipeny-
cMOTpeHa).

He npenycmorpena.

8. CumkoM AIMHHBIA HA00D (¢ AJIMHOM 60JbIlIe MAKCUMAaJIbHO
JIOIIyCTUMOI1).

H sTo JJIsd HaC HEeBO3MOMHO.

WUrak, uro Mbl mosayuuau? Bo-miepBbIX, MBI ITIOCTPOUJIU 3 TECTA.
Bo-BTOpBIX, MBI YTOUHUJIU HECKOJBKO BaKHBIX JeTajeil (4TO Ta-
Koe IIycTas IOoCJeqOBaTeJbHOCTDh, KaK Ha Hee pearnpoBaTh, KaKo-
ro THUIIA JOJIKeH OBITH Pe3yJbTaT, ¢ KaKOM TOUHOCTHIO OH JOJIJKEH
BbIZaBaThCcs). HaIlium TecThbl MOKPBHIBAIOT KJIACCHI BBHIXOAHBLIX JTaH-
HbIX («IlociemoBaTelbHOCTH IyCTa» W YHCJIO, SIBJIAIOIIEECA CPe-
HUM apudMeTHUYeCKUM) U KJacChl BXOAHBIX (3 BHIaA IIOCJemoBa-
TeJbHOCTEeI, pasaIndyaInuxcsa AJIUHOMN).

3amuiieM 3 HAIIUX TecTa B TAOJUIly ciaemyrolnero dopmara:

Tect Bxopn OxupgaemMblii Pesynbrart | +/— Pesynbtar +/—
pe3ynbTaTt «cyxom BbIMOJIHEHUS HA
MPOKPYTKU» KOMIMbiOTEpe
T1 0 Mocneposaresb-
HOCTb NnycTa
T2 | 4,0 4
T3 | 1,3,4,0 2.666667

IToka 4TO MBI 3aIIOJTHUM B Hell TOJIBKO IIePBbIE CTPOKU U B KalK-
Ioii u3 HUX — mepBble rpadnl. CTPOKM HAM, BO3MOIKHO, IIPUIETCSI
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I00aBUTH, MCXOAA M3 KPUTEPHEB 0eIoT0 AIMKA U aHAJIU3a OIIU0-
KoomacHbIX MecT. [[Be cpenume rpadsl 3all0OJHUM II0 Pea3yJbTaTam
0e3MaIlIMHHOTO TECTUPOBAHUsA, ABE IOCJIEIHUE — II0 pe3yabTaTaM
BBITIOJTHEHUS Ha KomIbioTepe. B rpadax «+/—» GymemM oTMedyaThb COB-
majieHre WX HeCOBIAJeHNEe DPeajibHOTO DPe3yJbTaTa C OMKUIAEMBIM.

Temeps MOYKHO IIEPEXOAUTH K COCTABJIEHUIO TEKCTA IPOTPAMMBI.
Upes mpocra. CpegHee apudMeTnyecKoe — 9TO YACTHOE OT JeJie-
HUS CyMMBI 5JIEMEHTOB Ha WX KOJUYECTBO. SHAUUT HAJO BBECTHU
9JIEMEHTHI, IPOCYMMUPOBATh UX, MIOCUYUTATH UX KOJUUYECTBO, IIOCTE
yero HamevaTaThb 4yacTHoe. Hampumep, Tak:

Mporpamma Ha ncesgokoae Mpumeuanue
begin
BHIIATL HAYaJbHOE NPUBETCTBUE;
BBeCcTM 1-i smemeHT (tek); var tek: integer;

while nocyienoBaTeNbHOCTE He kOHUeHa do begin .
var sum: 1lnteger;

var kol: integer;

YBEJIMUMUTE CYMMYy (sum) ;
YBEJIMUNUTEL KoJimuecTBO (kol)
end;
BEIBECTM CpenHee apubMeTnyeckoe (sum/kol)
end.

VYrnoMsaHyTBIE B IPOEKTe (PparMeHThI PACKPOEM CJIEAYIOIUM 00-
pasom:

BrecTu 1-11 2J1eMeHT

writeln ('Beemure, noxanymncra, 1-1 sjgemMeHT') ;
read (tek) ;

I[locsienoBaTeJIbBHOCTL HE KOHUEHAa
tek<>0

YBEJIUUUTb CYMMY
sum:= sum + tek;

VYBEIUUUTL KOJIMUECTBO
kol:= kol + 1;

IlepBBIli BapUMaHT IPOrpaMMBI OyJeT BBHITVISALETH TaK:

program SrednArifm;
var tek, kol, sum: integer;
begin
writeln ('S cumTawn cpenHee apudMmeTmueckoe' +
'nocyenoBaTeJSIbHOCTM UMCeJI, KOoHuaomeMrcs HyJeM') ;



60 Taasa 11

writeln ('BBemure, noxanymncra, l1-1 sjgeMeHT') ;

read (tek) ;

while tek<>0 {mocyemoBaTesbHOCTL He kOHuUeHa} do begin
sum:= sum + tek; {yBeIMUMTL CyMMy 3JIEMEHTOB }
kol:= kol + 1; {yBeIMUMUTL KOJI-BO BJIEMEHTOBR }

end;

if kol=0 then writeln ('llocjiemoBaTeJIbHOCTL IIycTa')

else writeln ('Cpenuee apubmerrueckoe=", sum/kol)
end.

3aMeTuM, 4YTO XyA0-0€QHO, HO MBI II03a00THUJINCH HE TOJBKO O
GYHKIMOHAIBHOCTU IIPOTPAMMBI, HO 1 00 yZ0OCTBE IOJIL30BATEIA.
9ro, KoHeuHO, He windows-untepdeiic, HO, BO BCAKOM CJyuae,
MOJIL30BATEJII0 He MPUAETCSI CUIEeTh Mepel MyCThIM UePHBIM 3Kpa-
HOM W TrajaTh, UTO JKe 3a IIPOrpaMMy OH 3alyCTHUJ U UTO eMy Je-
JaTh JaJibIiie.

Kpome Toro, mepBBHIM II0Jb30BaTEJIEeM JII000i IPOTPaMMbI ABJIA-
eTcs ee paspaboTunK. SHAUUT, HAJO MT03a00TUTHCA O eTo yaoOcTBe.
3Iech CyIIecTByeT HEKOTOpoe IIpoTuBopeune. PazpaboTumuKy mpu-
XOOUTCA BBIMOJHATL C TEKCTOM IIPOrpPaMMBbI JBa HPOTHBOMIOJIONK-
HBIX JAelCTBUA: mMmcaTh M 4YmTarh. g ymo6CTBa 3alucU TEKCT
IOJI3KEH OBITh KPAaTKUM, IJId yA00CTBA UT€HUSI — IMOAPOOHBIM. UTO
BeIOpaTh? TeKcT 3amnchiBaeTCsAa TOJIBKO OOMH pPasd, a YUNTAETCSI MHO-
ro. 3HAUUT, pellleHWe HaAO0 MPUHUMATH B IOJL3y uTeHUd. s
YIPOINEHUA UTEHUS MOTYT HCIIOJb30BATHCSI OCMBICIEHHBIE MMeHa
TmepeMeHHBIX, a03allHble OTCTYIHI (3aluCh JIeCeHKOI), KOMMeHTa-
pumn.

IIpomoa:xuM cocTaBiieHre TecToB. Ha 3TOT pas3 ¢ MCIOJIbL30BaHU-
eM KpurepueB 6es0oro AnKka, KoukperaHeit — MI'T. Crpoum Tabiu-
Iy MUHAUMAJBbHO I'Py0Oro TecTUpoBaumusA. B Haleil mporpaMmme Bce-
ro IBe PasBUJKM: IIMKJ C IIPeAycJOBHEM U BeTBJieHHe. B obGomx
ciayJasX HCIOJIb3YIOTCSA IIPOCThie ycaoBuA. 3uauut, MI'T-Tabauiia
OymeT coAep:KaTh BCEro 5 CTPOK:

T1 T2 T3

\2| while tek<>0 =0

y2 if kol=0
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Mge1 yxe mMeeM 3 TecTa, IIOCTPOEHHBLIE MCXOAs M3 KPUTEPUEB
yepHOTo AmuKa. IlocMoTpuM, KaK OHHM IIOBeAyT cebsa Ha HaIIei
mporpamMmme 1 Kak oTpasdsarca B Tabaurie MI'T. [I1sa 5TOro BpyuHYIO
BBITIOJTHUM ITI€PBBIN TECT U B3aIllOJHUM TPACCUPOBOUHYIO TaOJIHUILY.
Bxox mepBoro TecTa COCTOUT M3 €IUHCTBEHHOTO uncjaa — HyJb. OHO
u OymeT BBeIEeHO KaK 3HaUeHNMe IepeMeHHOU tek. 3aHeceM ero B
TPACCUPOBOUYHYIO TAOJIUILY:

tek kol sum
0

Teso mukaa while He BBIOJHAETCA HU pasdy. Cpasy mepexo-
OIUM Ha YCJOBHBINA omepaTop. PaBHa jau mepeMeHHasd kol HYyJ0?
Mopgenbio omepaTUBHON MaMATH IJsd HAC ABJSETCA TPACCUPOBOU-
Haa Tabauna. Tam u umem orsetr. Ho... B TpaccupoBouHoii Tab-
JuIle OJIS TIIepeMeHHOM kol He yKasaHO BOOOIIe HUKAKOTO 3Haue-
Husa! MbI 301U ee MHUITUAIU3UPOBATE! kol — 9TO KOJUUECTBO
9JIeMEHTOB TOCJIeJOBATEJIbHOCTH. SHAUUT, N3HAUAJIBHO, ITOKA HU-
KaKoli IocJiefoBaTeJIbHOCTU eIlle HeT, kol MOJ:KHA OBITh paBHA
HyJi0. BcTaBUM COOTBETCTBYIOIINI OmepaTop Iepela BBOAOM IIep-
BOTO dJIeMeHTAa II0CJeA0BaTeJJbHOCTH. Teyio mporpaMMbI Ipuodpe-
TeT BU:

begin
writeln ('4d cumramw ..."');
kol:= 0;

writeln ('BBemure, noxanymnucra, l1-1 sjgeMeHT');
read (tek) ;
while tek<>0 do begin

sum:= sum + tek;

kol:= kol + 1;

end;
if kol=0 then writeln ('llociemoBaTesIbHOCTL IIycTa')
else writeln ('Cpennee apubmeTmueckoe = ', sum/kol)
end.

IToBTopuM mnepBbIii TecT. Temeph ero yzacrtcs BBIIOJIHUTH OO
KoHIa. TpaccupoBounas Tabauma OyJeT MMeTh BUI:

tek kol sum
0
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B Ta6m/1ue TECTOB OTMETUM Pe3yJIbTAT BBIIIOJIHEHUA IIEPBOIO TEeCTa:

Tect Bxopn, Oxupaembiii PesynbTtaTt +/- Pesynbtar |+/—
pesynbTar «Cyxomn BbIMOJIHEHMS Ha
NPOKPYTKU» KOMMbloTEpEe
T1 |0 Mocneposarens- | lNocneposartens- | +
HOCTb nycTa HOCTb nycTa
T2 | 4,0 4
T3 11,3,4,0 2.666667

B rtabaume MI'T oTmMeTuM IpoBepeHHBIE CTPOKMH:

T1 T2 T3
Y1 | while tek<>0 =0 +
=1
>1
y2 if kol=0 + +

Ilepetinem Ko BTOpOMY TecTy. BrImosiHAeM mporpaMMy U 3aIloJi-

HSIeM TPAaCCUPOBOUYHYIO TabJIUILY.

kol
0

tek sum

4

ITocsie BXOoma B IIUKJI CHOTHIKAEMCS Ha TOM K€, HA UeM ViKe

CHOTKHYJIUCH B MpeabIayInuii pas. [lepemenHas sum He MMeeT Ha-
JaJIbHOTO 3HaueHUs. Ee, Tak ’Ke KaK U IepeMeHHYy kol, HE00Xo-
IMMO MHUIINAJIU3UPOBATL HYJIEM IIepe] BXOAOM B ITUKJ. Iloayuaem
CJIEeOYIOINHA TEKCT Teja IIPOTPaMMBbL:

begin

writeln ('4d cumranw ...');
kol:= 0;
sum:= 0;

writeln ('BBemure, noxanymncra, 1-1 sjgeMeHT') ;
read (tek) ;
while tek<>0 do begin
sum:= sum + tek;
kol:= kol + 1;
end;
if kol=0 then writeln ('llociemoBaTejIbHOCTL IycTa')

else writeln ('Cpennee apubmeTmueckoe="', sum/kol)

end.
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Temepb BBITIOJHEHWE BTOPOTO TecTa moiimer Becesee. Ilo Kpaii-
Hell Mepe, IMOHaAUAJY.

tek kol sum

0

0

4

4
1

8
2

12
3

ViKe MOKHO OCTaHOBUTHLCA. IIOHATHO, UTO UTO-TO He TaK. UTo
umenHO0? Bocmosb3yeMcs mepeuHeM OMIMOKOOIIACHBIX CUTYAI[HHA.
Y Hac mpobaeMbI ¢ ITUKJIOM, IIPOM3OIILJI0 UMEHHO TO, O UeM Hac U
Openynpe:xgaan: 3aluKkanBanme. UToObl ero ma3bexaTb, B TeJe
MUKJa, KAK MUHUMYM, JOJYKHA MEHATHCSI XOTd ObI OfHA IIepeMeH-
Has, BXOAAINAA B YCJOBUE IIUKJA. Y HaC Takas MepeMeHHas BCero
ooHA, W OHA B Tejie IUKJa He MeHdercsal MbI 3a0bLINM BBECTH
ocTaJibHbIE 3JIEMEHTHI mocjemoBaTenbHocTu! McopaBum OMIMOKY.
Temephb TeJ0 TpOTpaMMBI IIPUOOPETET BU:

begin
writeln ('S cumran .."');
kol:= 0;
sum:= 0;

writeln ('BBemure, noxanymncra, l1-1 sjgeMeHT');
read (tek) ;
while tek<>0 do begin

sum:= sum + tek;

kol:= kol + 1;

writeln ('BBemuTe, noxasjyycra, sjgemeHT N ', kol);
read (tek) ;

end;

if kol=0 then writeln ('locsemoBaTesbLHOCTL IycTa')
else writeln ('Cpennee apubvmeruueckoe = ', sum/kol)

end.

3aMeTuM, YTO MBI OIATH B MEPY CUJ M03a00TUJINChL 00 yaoOcTBe
II0JIb30BaTeJId. BO-HepBLIX, OH IIOJIYUUT IIpUIJIallIeHNe K BBOAY OYe-
PeIHOTO dJieMeHTa, BO-BTOPBIX, ATO IPUTJIAIIIeHNE OYIeT COAepKaTh
HOMED dJIeMEeHTA.
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BrimonHseM elfe pa3 BTOPOM TECT U HAKOHEI-TO LOXOAWM IO
KOHIIA.

tek kol sum
0
0
4
4
1
0

Ilo xomy BBIMOJIHEHUS BBISACHSIEM, UTO MBI JOIIYCTHJIH €IIe OTHY
MaJeHbKyIo omubKy. IIpaBna, He B BEIUMCICHUAX, a B HHTepdetice.
IIporpamma BTOpO#t pa3 mompocusa Hac BBectu syemerT Ne 1. Ilpu-
rJIalieHre B TeJjie IMUKJA OOJMKHO BBITVISNETh TaK:

writeln ('BBenuTe, noxamnyncrta, sJjemMeHT N ', kol+1l);

Brecem B TekcT COOTBETCTBYKOIIINE M3MEHEHNA, Ha pe3yjabTaTax
BBIIIOJTHEHMA 93TO HE CKaXXeTCd.
CI[eJIaeM OTMETKY B Ta6JII/II_Ie TEeCTOB.

TecT Bxop, Oxupaembliii PesynbTaT +/— PesynbTaT +/—
pesynbTaTt «Cyxon BbIMNOJIHEHUS Ha
MPOKPYTKU» KoMMbloTepe
T1 0 Mocneposatens- | MNocnepoBatenb- | +
HOCTb MycTa HOCTb MycTa
T2 | 4,0 4 4 +
T3 | 1,3,4,0 2.666667

3amoJHUM COOTBETCTBYIOMIUIT crosber B Tabauie MIT.

T1 T2 T3
Y1 | while tek<>0 =0 +
= +
>1
y2 | if kol=0 I +
- +

C tectom 2 Bpome 06 Bce. Ho ITOCKOJIBKY MBI BHECJIU B IIPOT'PaM-
My HCIIpaBJeHUSA, He0OXOAUMO IMOBTOPUTL BCE paHee IIPOTHAHHBIE
TecTbl. HaM 5TO mpoCTO, IMMOCKOJBKY TaKOW TecT ObLI BCETrOo OJWH.
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IIpu ero moBTOpE PE3yJbTATHI IIOJYUYUM IIPEKHNE, XOTS TPACCHUPO-
BOUHAsl Ta0JMUIlAa HECKOJIBKO M3MEHUTCH:

tek kol sum
0
0
0
Ho6panuck g0 Tecta 3. CTpouM TpPacCUPOBKY.
tek kol sum
0
0
1
1
1
3
4
2
4
8
3
0
3amoausgeM Tabaunsl TectoB m MI'T.
Tect Bxopn, Oxunpaembii Pesymﬂ:a'r +/— PesynbTtar +/-
pe3ynbTaTt «cyxoun BbIMOJIHEHUA HaA
NPOKPYTKN» KoMMnbloTEpE
T |0 Mocneposarens- | [ocneposaresns- | +
HOCTb nycTa HOCTb nycTa
T2 | 4,0 4 4 +
T3 | 1,3,4,0 2.666667 2.666667 +
T1 T2 T3
Y1 | while tek<>0 0 +
1 +
>1 +
Y2 | if kol=0 4F +
+ +
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Tpetuii TecT oKasajcAd HeydaueH — HUKAKONU OIMUOKU He BBI-
ABUJI. 3aTO OKAal3aJioCh, UTO Bce cTpoKm Tabuuiel MI'T y:ke samos-
HeHbI. 3HAUUT, MbI IIOCTPOUJIUN W MPOTHAJIN HaOOP TECTOB, IOJHBIH
U C TOYKMW 3PEHUA KPUTEPUEB UEPHOTO AIMINKA, W C TOUKU 3PEHUS
MUHUMAJbHO I'PyOOro TeCTUPOBAHUA. SHAUUT, PYUHOE TECTHUPOBA-
HUe IIopa 3aKaHuYWBaTh.

Temeps MOYKHO BBIXOAUTEL Ha KOMIIBIOTED M IPOTHATH €Ile pa3 Te
JKe TeCThl yKe uepe3 Hero. HUKaKMX HEOKHUTAHHOCTEH MBI IIPU
9TOM He BCTPETHMM M CMOJKeM 3allOJIHUTh KpaiHue mpaBble Ipadbl
B TaOJIMIle TEeCTOB:

TecT Bxopn, Oxunpaembiii PesynbTaT +/- PesynbTtaT +/-
pe3ynbTart «cyxom BbIMNOJIHEHUS Ha
NMPOKPYTKU» KOMMbloTEepe
T1 0 Mocneposatene- | Mocneposatens- | + | MNocneposarens- | +
HOCTb MycTa HOCTb MycTa HOCTb NycTa
T2 14,0 4 4 + 4 +
T3 | 1,3,4,0 2.666667 2.666667 + 2.666667 +

Ilepen oxkoHuaHmeM JaHHOU TJIaBbI clesaeM 3 3aMeUaH!d:

1. TecToB, TOCTPOEHHBIX UCXOMAA U3 KPUTEPUEB UEPHOTO AINIUKA,
0KAasaJIoCh JOCTATOYHO, UTOOBI YAOBJIETBOPUTH Kpurepuio MI'T.

IIpu sToM TecTwl 3TU (IIOCTPOEHHBIE B TOT MOMEHT, KOTJa TeK-
cTa MPOTPaMMBI eIlle He CYIIIeCTBOBAJIO) OKA3aJIuCh HACTOJIBKO
XOPOIIN, UTO IMePBhIe 2 M3 HUX OOHAPYKUJIU B HAIIEH mpo-
rpamme 3 omIuOKu. Y TOJBKO MOCJETHUM TPEeTUH TeCT oKas3aJi-
csA HeyaaueH, OIIMOOK He BHISABIJI.

JIerko 3aMeTUTh, UTO BCe JOMYIIeHHbIe HAMHU OMTNOKYN YIIOMM-
HAJNCh B IIepeYHe OMNOKOOIAaCHbBIX CUTYalluil. SHAUUT, eCJAU
ObI MBI BMECTO TOT'O, YTOOBI CPasdy sKe HauWHaATh TECTOBbLIE
NPOTOHBI, CHaYajJa NMPOAHAJM3UPOBAJIU HAIIY HPOTPaMMY
C TOUKM 3PEHUS ITOTO MepeuHsd, OIMMUOKU yAAaJoch ObI 00OHA-
PY/KUTH Topasno ObICTpeill M ¢ MEHbIIUMHU YCUJIUAMU. ITO
YPOK Ha Oyayiree!

2.



Mnaea 12

Mopapok pabGoTbl HaA, NporpaMmMomn

W3 npumepa, pa3o0paHHOTO B IpeAbIAyINeil riaaBe, BUAEH MOPA-
IOK paboThl HAJA IPOTPaMMOI.

1.

10.
11.

12.
13.

Hauunnaem ¢ xpurepues uepHoro gimuka. CooTBeTCTBYIOIIIME
TECTHI COCTaBJIsIeM 00 HAIIMCAHUSA TEeKCTa ImporpamMmsbl. TecTsl
3aHOCHUM B TAaOJHIIy TECTOB, B KOTOPOII KPOME BXOAHBIX JaH-
HBIX ¥ OJKHUIAaeMbIX Pes3yJIbTaTOB IIpeaycMOoTpeHa rpada ais
peaJIbHBIX Pe3yJIbTATOB M OTMETKHU O COBITAJJeHUU UX C OXKUIae-
MBIMH.

ITuirem TeKcT mporpaMMBbI.

IIposepsem ero, MCXOMAs U3 CIIMCKA OMINOKOOIIACHBIX KOHCTPYK-
Uil 1 CUTyaInii.

Cocrasasem Tabaumy MI'T.

IIporousiemM TecTbl, COCTABJIEHHbIE UCXOAA U3 KPUTEPUEB Uep-
HOTO AIHKa. B mporecce IporoHa CTpOUM TPaCCUPOBOUHBIE
TaOJIUIIEI.

IIpu HeoOXOAUMOCTH KOPPEKTUPYEM IIporpaMmy. IIpoBepsem
MeCTa KOPPEKTUPOBOK Ha OIMIMOKOOIACHOCTb.

ITociie KOPPEKTUPOBKY IIPOTPAMMBI IIPOBOAMM IIOBTOPHOE TEC-
THPOBaHUE: IIOBTOPsSEM 3aHOBO BCe paHee IPOrHAHHBIE TECTHI.
3anosasgeM mocyiegure rpadbl TabJIUITBI TecToB U Tabauiy MI'T.

Ecau rabauma MI'T erne HemmoJsiHa, 100aBIsieM TeCTHI AJIS II0-
KPBITUSA HE3aNOJHEeHHBIX cTPoK Tabauinel MI'T. Sanocum ux
B TaOJIUITy TECTOB.

IIporousem ux uepes mporpamMmy. CTpouM TPacCUPOBKH.

IIpu HeoOXOAUMMOCTH KOPPEKTUPYEM IIporpaMmy. IIpoBepsem
MeCTa KOPPEKTUPOBOK Ha OMIMOKOOIACHOCTb.

3anosrasgeM mocyieguue rpadbl TabJIUITBI TecToB U Tadauiy MI'T.

ITociie KOPPEKTUPOBKY IIPOTPAMMBI IIPOBOAMM IIOBTOPHOE TEC-
THPOBaHUE: IIOBTOPsSIEM 3aHOBO BCe paHee IPOrHAHHBIE TECTHI.
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Hucxopsiwee TectupoBaHue

IIporpaMMupoBaHUEe METOAOM IIOIIATOBOM JeTaausaiuu (IIporpam-
MUPOBaHUE CBEPXY BHU3) IIOAPa3yMeBaeT HAIIMCAHWE IIPOrpaMMbI Ha
TICEBIOKO/Ie U ITIOCTEIIeHHbI! IIePeBOoJl ee Ha A3LIK IIPOIPaMMUPOBAHUA.
IIpu sToM mporpaMma MOYKET AOCTATOUHO JOJITO BKJIIOYATHL B cels
dparmeHTHI Ha IIceBRoKoge. C TOUKY 3pEHUSA CUCTEMBI IIPOTPAMMUPO-
BaHUs, TAKYIO IIPOIPAMMY UCIIOJIHATD HEJIb3sA. MOKHO JIU TaKyIO IIPO-
rpammy TectupoBaTh? [la, mo:xHO. IIpexxae Bcero, MOKHO (M HY$KHO)
HCIIOJIb30BATh 0Oe3MAIllMHHBIE METOIbI, 0 KOTOPBIX IIJIa PEeYb BHIIIIE.
Ho xpome TOro, MOKHO OPraHM30BATH BBIMOJHEHNE TAKOU IIpOrpaM-
MBI Ha KOMIbIOTepe. I[JIA 5TOr0 MCIOJIB3YIOTCA TaK Ha3bIBaeMbIE 3a-
eaywru®. 3aruylnka opejcTaBiseT coboii UMUTATOD ellle He paspabo-
TaHHOM dYacTu mporpaMMbl. OHAa MOKET OBITH IIOZCTABJIEHA BMECTO
IIOAIIPOIPaMMBI MJIM (DparMeHTa, HAIMCAHHOTO Ha IICEeBIOKoxe. B Ka-
YyecTBe 3arjIyIlleK MOTYT HCIIOJb30BATHCS:

— IIyCTBIE€ OIIEPaTOPHI;

— oIepaTopbl IIeYaTH;

— YIpPOIlleHHbIe BapMaHThl MMUTHUPYEMBIX uacTell (Hampumep,
BMECTO BBIIIOJIHEHUA CJIOYKHBIX BBIUMCJIEHUI 3arJIyIIKa IIPO-
meaypbl MOJKeT IMIPUCBAWBATH BBIXOAHBIM ITapaMeTpaM HeKO-
TOpbIEe CTAHIAPTHBLIE 3HAUEHUA).

ITycroit omepaTop B Ka4ecTBe 3aTJIYINIKU TPeOyeT MUHUMATIbHBIX
yCUINI, HO ¥ HOJIb3y MPUHOCUT MUHUMAJIbHYO. 3arjayIliKa B BUIE
omepaTopa IMeuaTh YCUJIUHN TpebyeT HEHAMHOTrO OOJBINHNX, a IJsd
cleXeHUs 3a paboTo# mporpaMMblI ropaszo mojesHee. B kauecTBe
rmeyaTaemMoro TeKcTa yAoOHO BBIJaBaTh Ha3BaHUE HUMUTHUPYEMOTO
dparmenta. Ecau mMuTupyercs pabora MIOAIPOTPAMMBI, ITOJIE3HO
pacmeuaraTh 3HAUeHUA ee mapaMeTpoB. Hamo mo3aboTUThCs, UTO-
OBl OmIepaTophl 3arJyIIKM II0 BHEIIHEMY BUAY OTJUYAJIUCH OT
«HOPMAJBbHBIX» OIEePaTOPOB MPOTPaMMBbI, a COOOIIeHUA, BhITaBa-
eMble 3arJIyIIKON, — OT « HOPMAJbHBIX» COOOIIEeHU IIPOrpaMMBbI.
Hampumep, omepaTopbl 3arayIlKW OyAeM MOMeUaTh CIerajb-
HBIM KOMMEHTapueM, BKJIIOYAIIUM B cebsa aBa quesa (##). Jlroboe
coo0IleHne, BhIJaBaeMoe 3arjayIliKoil, OygeM HauuHaTh CO CIIeI[HaJlb-
HOTO Mapkepa: OBYX Oue3oB (##).

3 B aHriuniicKoOM A8BIKe HCIIOIb3YeTCA TepMUH «stub» — 06py6oK.
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B kauecTBe mpuMepa WCIOJIb30BAHUA 3aTJIYIIEK IIPUBEIEM CJIe-
IVIOIUI TEKCT:

procedure Obrabotka (m, n: integer; var c: char; var x: real);

begin
{##} c:= "+'; x:=0.5; {KOHCTAHTH BMECTO BEUMCJICHN}
{##} writeln ('##Obrabotka. m="',m,"' n=',n,"' c=',¢c,"' x="',x);
end; {Obrabotka}
begin

writeln ('## Muuumanmsalumsa OaHHBX') ;

writeln ('## BBon maHHEIX') ;
Obrabotka (7, 4, s, z);
Obrabotka (14, -3, 4, v);
writeln ('## 3BaBepumeHue') ;

end.

IIpu BBIDOJIHEHHHM TaKOIl IIPOTPAMMBI KaKAbIi M3 BBIIOJHSAE-
MBIX (h)parMeHTOB COOOIIIUT O TOM, UTO OH Ipopabdoraiu. IIporeaypa
Obrabotka, KpomMe TOro, IPHUCBOUT BBIXOAHBIM IIapaMeTpaM HeKO-
TOpbIe CTAHAAPTHBIE 3HAUEHUA M paclievyaTaeT 3HAYEeHUs BXOTHBIX
¥ BBIXOAHBIX ITapaMeETPOB.

Hucxopgsaiee tectupoBanue obJamaer PALOM JTOCTOMHCTB M He-
JIIOCTATKOB.

IIOCTOI/IHCTBB. HHUCXOAAIIlero TeCTUpPOBaHMA:

1)
2)
3)

BO3MOMXHOCTH PaHHEro HavaJjia TECTUPOBAHUA;
PaHHAA IIPOBEPKAa COHpﬂ?KeHI/Iﬁ MeXOy MOAYJIAMM,
6osee TIaTeJbHaA IIPOBEPKA MO,Hy.TIefI BepXHEero ypoBHdA.

Hepocratku HHUCXOAAIIIEr0 TECTUPOBaAHUA:

1)

2)
3)

4)

TPYAHO TECTHUPOBATh MOAYJIM HUMKHEro ypoBHs. Ha BbImIosHe-
HUe TMoJaeTcA IIporpaMma IeJUKOM. BXoI/BBIXOM OJIs MOIY-
JI HUYKHET0 YPOBHS OIIOCPeJOBaH paboToi MOAYyJIeil BEpXHEro
ypoBHA. [Ipuxoaurcsa TakuM od0pasoM MOAOUPATH 3HAUEHUA
BBOAMMBIX B IIpOrpaMMy II€epeMEeHHBbIX, qTOﬁBI TecTupyemMmasa
mpoleaypa Obljia BbI3BaHa MMEHHO ¢ TeMU 3HAUYEHUSIMH Iapa-
MeTpPOB, KOTOPbIe HY KHBI IJI TeCTUPOBAHUA;

HGOGXOILI/IMO TPaATUTh CUJIbI Ha HallMCaHNe 3arJIyIlIeK;
3arJIyIiKa — 39TO BCe-TaKU UMUTATOP, YIIPOIIIeHHbIN BApUAHT.
ITosToMy TecTupoBaHUe Ha 3arJyIIKaxX OKa3bIBaeTCA HEeIoJI-
HBIM. Hocne 3aM€HBbI UX PeaJIbHBIM ITIPOT'PaMMHBIM TEKCTOM Te-
CTUPOBAHIE IPUXOAUTCS IOBTOPATD;

3arJIYIIIKKW MOMKHO IIOACTABUTH TOJIBKO BMECTO IIPOIeayp 1 OIIe-
paTopos. HeT 3arayiiek Ajs mepeMeHHbBIX U TUIIOB.
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IlepBrIii HEmOCTATOK MOYKHO IIPEOJOJIETH, €CJIU OTKABATHCA OT
CTPOTO HUCXOAAINEro mopAxka paborel. oA oTaagkm MOAyJeit
HUKHETO YPOBHSA IUIIMYT CIeUaJbHble MOAYJN BEPXHEro YPOBHH,
TaK HasbIBaeMble Opaiigepvi*. HasHaueHme sTUX MOIyJIei:

1) ycTaHOBKA HYKHOTO JJIsI TECTUPOBAHUS KOHTEKCTA;
2) sarpyska MCXOJHBIX JAHHBIX TECTAa;

3) BBI30OB TECTHUPYEMBIX IIOAIIPOTPAMM;

4) o6paboTKa pe3yJIbTaTOB TeCTUPOBAHUA.

[ A3BIKOB ¢ He3aBUCHUMOI TpaHCIAWEeW mogmporpaMM Apaii-
Bep oopMIAETCA B BUJE OTAEJBHON MPOrpaMMHON enuHUIbI. s
SIBBLIKOB C OJIOUHOM CTPYKTYPOI Aesio 06CTOUT ciaoKHee. [I1sa TecTu-
POBAHUA BIOXKEHHBIX IIOAIPOrPAMM IPUXOIUTCSA MEHATDH TEJO IJIaB-
HOM TporpaMMbl M O0BEMJIIOIIINX OJIOKOB.

4 Ceituac TePMUH «ApaiiBep» IIPOYHO aCCOIMUPYETCA C yIpaBJeHUeM BHEITHUMU

yCTpOI‘/JICTBaMI/I. Ho HUCTOPUYECKHU BIIePBbI€ OH IIOABUJICA KUMEHHO B TECTUPOBAaHNU.
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*OueHkKa KOJWI‘-IeCTBaSOLUI/IGOK
B nporpamMmme

CKOJIbKO OIUOOK B mporpamMMe? ITO BOIPOC, KOTOPHIN BOJHYET
1 Ka)XIOro IporpaMMICTa, WM KayKAoro saxkasumka. OcoO0yio axTy-
aJLHOCTD IPUAAET eMy IIPUHITUAI «KYUYKOBAHUS OIMIO0K», COTJIACHO
KOTOPOMY HAXOKJeHNe B HEKOTOPOM MOZYJIE OMINOKM YBEeJINUYNBaET
BEPOATHOCTH TOr'0, UTO B DTOM MOJYJi€ €CThb W APYTrHue OIINOKU.

TouHOTO OTBETAa Ha BOIPOC O KOJUUECTBE OMIMOOK B IIporpamMmMme
OUYeHb YacCTO JATh HEBO3MOJKHO, a BOT IIOCTPOUTH HEKOTOPYIO OI[EH-
Ky — MOKHO. [[J1g 3TOTO CYII[EeCTBYIOT HECKOJbKUX CTaTHUCTUYE-
CKUX MojeJjell, KOTOpble MBI XM PACCMOTPUM B JAaHHON TJaBe.

3aMeTuM, UTO Aaske NPubOIM3UTEIbHOEe 3HAaHWEe KOJUUYecTBa
OITOOK B IIPOTPAMMeE MOJYKET OBITH OUeHb MOJIE3HO IJIA (DOPMYIUPO-
BAHUA IeJIM TeCTUPOBAHUSA M COCTABJIEHUS ILJIAHOB TECTHPOBAHII.

14.1. Mopenb Munnca

B 1972 r. cymepmporpammuct ¢upmsl IBM Xapaan Muic
MPEAJIOMKU CIAEeAYIONINI CIIOCO0 OIeHKW KOJUUYeCTBa OIINOOK B
mporpamme.

IIycth y Hac ectb mporpamma. Ilpenmosioskum, 4To B HEM N omin-
0ox. HasoBem ux «ecrecTBeHHBIMU». BHeceM B Hee HOIIOJHUTEIbHO
M «HCKyCCTBEHHBIX» OIMMOOK. IIpoBemeM TecTupoBaHME IIPOTrpPaM-
MbI. IIycTh B X0l TECTHUPOBAHUA OBLIO OOHADPYKEHO 7 €CTECTBEH-
HBIX OINMMOOK M M HCKYCCTBEHHBLIX. IIpeamosiosXum, YTO BEPOST-
HOCTb O0HAPYKEHUA AJIA eCTECTBEHHBIX M MCKYCCTBEHHBIX OIINOOK
onuHaKoBa. Torjga BBIIOJIHAETCSA COOTHOIIEHUE:

n_m
N M’

M5l HAIIJIX OAUH U TOT K€ IPOIEHT €CTeCTBEHHBIX U UCKYC-

cTBeHHBIX Ommubok. OTcroma KOJMUYECTBO OIMHNOOK B IporpaMMe

M
N =n +— . KoauuecTBO HeOOHaAPYKEHHBIX OIIMOOK paBHO N —n.
m

T'1aBa oTMeueHa 3Be3L0UKOI. OTO 03HAYAET, UTO HEKOTOPHIE €€ YACTH MOTYT IIOKAa-
3aThCA HEJOCTATOUHO IIOATOTOBJIEHHOMY UNTATEIO CAUIIKOM CIOMHBIMU. Moke-
Te IPONYCTUTH TAKKE YaCTU (eCJIH 9TO JONyCKaeTcA Ballell yueOHOI mporpam-
Moit). UTeHne moCIeyIOMUX IJIaB He TpeGyeT 00s13aTeIbHOrO 3HAHUA MaTepruajia
IaHHOTO pasfea.
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Hampumep, mycts B mporpaMmy ObLI0 BHeceHO 20 MCKYCCTBEH-
HBIX OIINOOK, B XO/e TeCTUPOBaHU OBLIO 00HapysKeHo 12 MCKycCT-
BEHHBIX 1 7 €CTeCTBEHHBIX OINMUOOK. [loIyunM caemyIoIyio OIeHKY
KOJIMYeCTBa OIMUOOK B IpOrpaMMe:

20 70

N=T7T-—=—~=12.
12 6

KonnuecTtBo HeoOHAPY:KEHHBIX OMIMOOK paBHO N —n =12 -7 =5.

Cam Muic npejiarai mo XoAy TECTAPOBAHUS IIOCTOSHHO CTPO-
UTh rpaduK A OIEHKW KOJHMUYEeCcTBa OIIMOOK B IIporpamme.

Jlerko 3aMeTUTh, UTO B OIIMCAHHOM BBIIIIe cirocobe Muiiica ecTh
OIUH CyIIlecTBeHHbIN HemoctaToK. Ecau mbl Haiimem 100% wuckyc-
CTBEHHBIX OIITNOOK, 9TO OyIeT 03HAYaTh, UTO U €CTECTBEHHBIX OIIIH-
6ok MmbI HarIx 100% . Ho yem MeHbIIle MBI BHECEM HCKYCCTBEHHBIX
omnboK, TeM OOJIbIIIE BEepPOATHOCTHL TOTO, UTO MbI HalijjeM MUX BCe.
BHeceM eIMHCTBEHHYIO MCKYCCTBEHHYIO OMIMOKY, HalileM ee W Ha
9TOM OCHOBAaHUU O0'BbABUM, UTO HAIILJIN BCE €CTECTBEHHBIE OIIMOKI!
YT06BI IIPOTHUBOCTOATH 3TOMY HCKycy, Mmujjac moGaBuJ BTOPYIO
YacThb MOJeJIN, IpefHasHAaueHHYO0 AJIs IPOBEPKYU I'MIIOTE3bI O BeJIU-
ypge N. Briraggur oHa Tak.

IIpenmono:xkum, uTo B mporpamMe N eCTECTBEHHBIX OMINOOK.
Baecem B Hee e1ie M MCKyCCTBEHHBIX ominbok. BygeMm TecTupoBaTh
IporpaMMy IO TeX IOp, HOKAa He HaieM BCe NCKYCCTBEHHBIE OIIn0-
ku. IIycTs K 9TOMYy MOMEHTY HAWeHO 7 eCTeCTBEHHBIX ommubok. Ha
OCHOBAHUM 9TUX YKCEJ BBIUUCIUM BEJIUUYUHY

1 apu n >N,

€= M npu n < N.
M+ N +1

Benuuuna C BhIpaskaeT Mepy AOBEPUS K MOJAEIU. ITO BEePOAT-
HOCTBH TOT'0, UTO MOJEJb OyAeT IPaBUJIbLHO OTKJIOHATD JIOKHOE IIPe[-
noJyioskenue. Hampumep, OyCcTh MBI CUNTAeM, UTO €CTECTBEHHBIX
omm6ok B mporpamme HeT (N =0). BHecem B mporpamMmy 4 HCKYCCT-
BeHHbIe oIuOKU. BygeM TecTUpoBaTh IIpOrpaMMy, IIOKa He O0HapY-
JKMM BCe MCKYCCTBeHHBbIe omubKu. IIycTh mpu aTOM MBI He OOHaApY-
JKMM HM OJHOM ecTecTBeHHO# omubku. B sToMm cayuae mepa
IOBEpUs HAaIlleMy MIPEeJNoJ0KeHUI0 (00 OTCYTCTBUU OIITUOOK B IIPO-
rpamme) 6yner paBaa 80% (4 / (4 + 0 + 1)). [Ina Toro 4ToOBI JOBECTH
ee 10 90% , KOIMYECTBO MCKYCCTBEHHBIX OINMOOK IPHUIETCS IOJ-
HATH 10 9. Cinenyroriue 5% yBepPEeHHOCTH B OTCYTCTBUU €CTECTBEH-



O1ieHKa KOJINMUYeCTBA OMIMOOK B IMporpamMme 73

HBIX OHINO0K 06oiayTcsa HaMm B 10 MOIOJHUTEIbHBIX MCKYCCTBEH-
HBIX oImmboK. M mpumercsa moBecTu mo 19.

Ecau MBI IPEANIONOKUM, UTO B IporpaMme He Gojee 3 ecre-
cTBeHHBIX Ommuobok (N =3), BHeceM B Hee 6 HMCKYCCTBEHHBIX
(M =6), maiizeM Bce MCKYCCTBEHHBLIE U ONHY, ABe MJau TPU (HO
He OouibIlie!) eCTeCTBEHHBIX, TO Mepa MOBepHUA K MOIeau Oymer
60% (6 /(6 +3+1)).

Hanee B Tabmuiie 1 mpuBeneHbl 3Hauenua Gyurnuu C 1jia pas-
anuyebiX 3HayeHun N um M ot 0 mo 20 ¢ marom 1, B Tabauie 2 —
gaa N u M or 0 o 100 ¢ marom 5.

Mogens pmomyckaeT JUHAMUYECKYIO IONCTPONKY. Hampuwmep,
MIyCTh B IpeAbIAyIlleM IpuMepe Obljia HalieHa TOJIbKO OJHA ecTe-
cTBeHHasa omubka. Torga yao6uo mouusuTh N ¢ 3 1o 1. B pesyisn-
TaTe CTEIeHb NOBePUsS K Mojeau BoapacrteT mo 75% . C mpyroi
CTOPOHBI, €CJIX B IIPOIleCCe TeCTUPOBaHUS OBIIO HalgeHo 4 ecTe-
CTBEHHBIE OIMNOKHU, rumoTe3y o6 N =3 npumerca 3saMeHUTDb HA T'H-
note3y 06 N =4. A 570 cpasy Ke HOHUBUT MepPy JOBepUs K MOJe-
au ¢ 60% mo 55%.

BepxHI0OI0 CTPOKY B ompejeseHNM BeauduHBI C MOYKHO WHTED-
MIPeTUPOBATH CJAEAYIOIUM 00pasoM. Ecau MbI IPEAIIONOKUINA, UTO
B mporpaMMe He 6ojiee N OIInOOK, a OOHAPY:KUIU UX OoJsbie N, TO
¢ BeposAaTHOCTHI0 100% MBI OIIPOBEPTrHEM I'MIIOTE3Y O TOM, UTO OIIIH-
00K B mporpamme He Gojsee N.

W3 GopMysibl O BEIUMCICHUS MePhI JOBEPHUSA JIETKO HOJIYUYUTH
dopmMyJIy A BBIUMCIEHUS KOJHUYECTBA MCKYCCTBEHHBIX OIIUOOK,
KOTOpBIe HEOOXOAMMO BHECTH B IIPOTPAMMY IJIA IIOJYUEHUS HYK-
HOIl yBEPEHHOCTH B IIOJIYYEHHOI OIeHKE:

M+
1-C

Hanee B Tabauiie 3 npuBeneHbl 3HaUeHUA GyHKIUU M niad pas-
anyHbIX 3HaueHuil N or 0 mo 20 ¢ marom 1 u C ot 0 zo 99 c¢ ma-
rom 5 (C BBIpasKeHO B IpOIleHTax), B Tabaume 4 — nas N ot 0 mo
100 c marom 5 u C ot 0 10 99 ¢ marom 5. ITockoabky mmpu C = 100%
dyurnusa M HeBbIUHCIMMA, IocjenHee sHaueHue C Oepercss pas-
HEIM 99%.

OGpaiaroT Ha cebsd BHUMAaHUE pPe3Kue CKauku mpu mepexomne C
or 90% x 95% wu, ocobenno, ot 95% & 99%.

Mogenp Mumnaca gocraTouno mpocra. Ee ciaboe mecTo — mpe-
TMOJIOKEeHYEe O PABHOBEPOATHOCTH HAXO0MKIEHUA OITIO0K. UTOOBI 9TO
IIPeAIIoNIOMKEeHEe OIIPAaBAAIoCh, MIPOIeAypa BHECEHUSA WMCKYCCTBEH-
HBIX OIIUOOK AOJIMKHA 00JaJaTh OIpPEeNeeHHOUN CTEeIeHbI0 «MHTeJ-
JeKTa».
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Eiie oxmo ciaboe MmecTo — 3TO TpeboBaHMe BTOPOII YaCTH MUJLI-
COBOM MOJZEJIN OTBICKATh HEeIIPEeMEeHHO BCe MCKYCCTBEHHBIE OINOKM.
A »TOro MOKeT He MPOU30UTH AOJT0, MOXKET ObITh U Hukoraa. Cy-
IIeCTBYeT MONU(MUKAIINA MOJIEN, II03BOJISIONIAA YIECTh HAXO0MKIe-
HUEe TOJBbKO YaCTU MCKYCCTBEHHBIX OINMNO0OK. Borumcienme C Tam
IIPOBOAUTCA II0 0ojiee TPOMO3AKOI (hopMyJie, M PACCMATPUBATHL ee
3lech MBI He OyaeM.

14.2. «[lapHas» oueHka

Crenpymoinas MoJesb TpeOyeT TeCTUPOBAHUS MPOTPAMMBI IBY-
Ms HE3aBUCUMBIMU cHel[uajucrTamMu (UJu TPYyHIaMu CIenuau-
cTOB). 3aTO He TPeOyeT NCKYCCTBEHHOr0 BHECEHU S OIINOOK B IPO-
rpamMmy.

IIycTs mporpaMmy TeCTHPYIOT HE3aBHCHMO APYT OT Apyra aBe
TPYIIBI CIIeIraJucToB. IIPeAIooKuM, UTO B IIPOTpPaMMe COAEp-
skurca N ommubok. Ilycts mepBas rpynmna Hamia N, omubok, a
BTOpagd — N,. YacTs ommubok oOHapy:KeHa 00euMMH TI'DyIIIaMu.
IIycts Takux omwubox N,,. 1306pasuM COOTBETCTBYIOIIE MHOXKE-
CcTBa Ha CXeMe.

IPpPeKTUBHOCTL PabOTHI I'PYIII OLEHUM UYepes IIPOIEHT OOHApPY-
JKEHHBIX MMHU OINHOOK:

O0OHapyskeHne BceX OIIMOOK CUMTAaeM PaBHOBEPOATHBIM. Torza
BEPHO CJIeAyIollee paccyskaenne (OHO JOBOJIbHO I'POMO3IKO, M, BO3-
MOJKHO, €ro HPUAETCS, He TOPOIACH, IMEePEeUnTaTh Mapy pas).

B cuy paBHOBEPOSATHOCTH HAXOMKAEHUA JIO00M 13 OMINOOK JIIO-
0oe ciaydyaiiHBIM 00pas3oM BBIOpPAHHOE IMOAMHOKECTBO M3 N MOYKHO
paccMaTpuBaTh KaK allIpPOKCUMAIIMIO BCero MHokecTBa N. 9T0 3HAa-
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YUT, UTO eCcJU mepBas rpymnna ooHapykuia 10% Bcex omubok, oHa
IoJI:KHA oOHapy:KuTh npumepHo 10% omuboK u3 Ja00ro caydari-
HBIM 00pa3oM BBIOPAHHOTO IIOJMHOKECTBa. B KauecTBe TaKOBOTO
caydYaiiHbIM 00pasoM BLIOPAHHOTO IOJMHOKECTBA BO3bMEM MHOMKe-
CTBO OINMOOK, HalJeHHbIX BTOPOU rpymnmoii. Ioasa Bcex oOIIubOK,

HalleHHBIX IIepPBOI I'PYNNION, paBHA Wl Hona omubok, HaWIeH-

HBIX IIEPBOI I'PYIIIIONA CPEAN TeX OIIMO0K, KOTOPbIe ObIIN HAWIEeHBI

N
BTOPOH TIpymImoi, paBHa —=2. COrJacHO HAIINM PAaCCYXKIEHUAM,
2
BTH 7Be BeJWYUHBI JOJIKHBEI OBITH PABHBI:

N, _N,
N N,
N 1’ N 2
Orciofla KOJIMUYEeCTBO OIMUOOK B mporpamme: N :Ni'
12

KonnuecrBo HeHalimeHHBIX omuO0OK paBHO (N — N, — N, + N,,).

Hanpumep, nycTh mepBas I'pyIna Hamia 8 omubok, sTopad — 9.

OGevMu rpynnmamMu ObIIN HalgeHb 3 omubKu. Torga KoamuecTt-
8-9

BO OIIMOOK B HIporpaMme N:?:24. N3 Hux yxxe HalieHO

8 +9 —3) =14. Ocranocy mHaiiTu eie 10.

14.3. UcTopunyeckuin onbit

Eirie oguH crrocob OIeHUTh KOJHUUECTBO OIIMOOK B IIporpaMmMe —
WCIOJIb30BATh OMBIT MPeAbIAYIMUX mporpamMm. OmeHKa 9Ta He 0UeHb
HajJekHas, OOJHAKO, 0OJIbIlle, UyeM HUYero. B JuTepaType BcTpeua-
I0oTCA cenyolnue omeHKHu. Ilociae HammcaHUS TEKCTa IPOTPaMMBbI
B Hel comepskutca (B cpenuem) 4—8 ommubok Ha 100 omepaTopos.
ITocie oKoHUYaHUSA ABTOHOMHOI OTJIAZKYW MOJYJed B IIporpamMmme
octraercsa 1 omubka Ha 100 omepaTopos. IlocienHusasa omeHKa gaeTcs
co ccelIkoil Ha pupmy IBM. Samerum, uto B pupme IBM paGoraioT
mpodeccuoHanbl. [ HOBUYKOB TaKas OIleHKA MOJYKET OKasaTbCs
CIAUMIKOM ONTUMUCTUYHOM.

Hinsa KPYOHBIX AJUTENbHBIX MPOEKTOB HEKOTOPbIe (GUPMBI-
Pa3paboTUMKU CTPOAT CIelraJbHbie MOAEJIN, OTPaKkalolue cie-
nudUKy MMEHHO 3TOro mpoekTa. Tak, B mpoiiecce paboThl HaJ
y:ke ynomuHaBinerica OC/360 ¢pupma IBM wucmosnbs3oBana nais
OIleHKM 4YMCJa OIMUOOK B cucTeMe (GhOPMYJIy:

N=2"HUM + 23 + MUM.
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31echb

N — moJIHOe YMCJIO WCIPABJIEHWUIN M3-3a OIIUOOK,

HM — umnciio ucmpaB/IsieMbIX MOAYJIeit,

MHUM — 4uwmcjio MHOTOKPATHO WCIIPABJISEMBIX MOIYJEI.

MHOrOKpaTHO WCIPABISEMBIMU CYUTAJIUCH MOAYJU, KOTODPBIE
norpeboBasu 10 uau Gosiee ucnpasienuii. MM oleHUBaAJIOCh Kak
90% moBBIX Moaysei u 15% crapeix, MHMM — kKak 15% HOBBIX
monyaeit u 6% crapeix. [Ipu moacTaHOBKE 9TUX OIEHOK (opmyJsia
moJiy4yaeT BU]

Nucnp. =2-(0,9 - NHOB.MO/:[. + 0,15 - Nc'rap.Mo;[.) +
+ 23 * (0,15 * Nyop.mox. T 0,06 * Nerap.mog.)-

TakuMm oOpasoM, ecau B Ballieii cucteMe y:ke comep:kurcsa 140
MOJyJIEl 1 B IIpollecce OOHOBJIEHUS IIPEACTOUT N00aBUTH erle 20, To
KOJIMYECTBO OIIMOOK, KOTOpPOEe IPU ITOM OyaeT oOHApy:KeHO, Olle-
HUBaeTCsA CJEeAYIONUM o0pasoMm:

2 (0,9 * 20 + 0,15 - 140) + 23 * (0,15 * 20 + 0,06 - 140) =
=2 (18 +21)+ 23 (3 + 8,4) =
— 239+ 23 11,4 = 78 + 262,2 = 340,2.

Mosxuo oxxkuznath 340 ommb6ok. B 18 u3 20 HOBBIX MoAyIel mpu-
IeTcs BHECTH XOTA ObI OJHO HCIIPABJEHNE, B 3 MOLYJIS — HEe MeHee
necaTka. V3 crapblx MoAyJiell XoTA Obl OAUH pas IPUAETCA HCIIpa-
BUTh 21 Momynab, a 8 uau 9 moxmyneit — me memee 10 pas.

Crout cmesiaTh IBa 3aMeUYaHUA. BO-IePBBIX, OUEBUAHO, YTO OIU-
caHHAsA MOJEJb TOAUTCS TOJBKO IJIs JOCTATOYHO KPYIHBIX MPOEK-
TOB. BOo-BTOPBIX, paspabaThiBasiach OHA JJIsT KOHKPETHOM CHCTEMBI.
He daxT, 4T0 ee MOXKHO HAIIPAMYIO IPUMEHATD B JPYIUX CAyYaAIX.
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*OueHkKa KOHMHeCTBaGHGOGXOAMMbIX
TeCcTOB

B mpeabigyiieit riiaBe Mbl pacCMOTPEJIN MO, KOTOpPBIE II0-
3BOJIAIOT OIEHUTH KOJUYECTBO OIMMOOK B mporpaMMe. A CKOJBKO
TECTOB IIOHAJO0UTCS, UTOOBI OOHAPYIKUTH 9TU OIIUOKN?

B [3] nsia oTBeTa Ha 9TOT BOIPOC IIPeJaraeTcs CJAeayoInas Mo-
Iejb. YTBEPIKIAeTCS, UYTO BEPOSATHOCTh YCIEIIHOCTH OYePEeqHOTO
TecTa 3aBUCUT OT MPOIlEHTa oOcCTaBIIuXcs oinmubok. Ilocienmue
OIMUOKY O0HAPYKUTH CJOKHee. (3aMeTUM, UTO AAHHOE yTBEpKIe-
HUe BIIOJIHE COOTBETCTBYET OIIBITY.)

IIycrs T, — cpegHee KOJIUYECTBO TECTOB, HEOOXOAMMBIX AJIA 00-

HapyKeHus n omwubok, N — uucao omuboK B mporpamme. [las
oneHku T, mpejjaraeTcsa cienyiomas Qopmyia:
n-1 1
T =0y ———.
O

3nech 0. — HeKuil KoahGUIMeHT, 3HaUeHre KOTOPOT0 HaMI0 OIIpese-
JIATH 9KCIepUMeHTaabHo. Ho MBI 3aHMMATBCA STUM He OymeM, IIO-
CKOJIBKY (popMmyrna nia BeluuciaeHus T, OyJeT WHTepecoBaTh HAC He
cama 1o cebe, a JIUIIIL KaK 0as3a IJId IIOCIeLYIOININX PacCyKIeHM’IA.
MBI XOTHM OIIEHUTH KOJHUYECTBO TECTOB, KOTOPOE IOTPedyeTcs I
HaxoxAeHUs Bcex N ommbok. Ilocunrars Hanpsamyio T, MBI He MO-
JKeM, TOCKOJIbKY He 3HaeM KoadduiimenTa o. UToObI UCKJIIOUUTEL €T0
13 BBIUMCJIEHU, ImepeiileM OT aOCOJIIOTHBIX BEJIUYUH K OTHOCHUTEJIb-
HBIM. IlompobGyeM OIleHUTh, KaKyI0 YacTh OT BCEX HEOOXOAMMBIX Tec-
TOB IPUJETCA BBIIOJHUTE AJIS TOTO, YTOOBI HAWTH IIePBLIE 71 OIITUOOK.

n-1 1 n-1 1
T, aZN—k_ZN—k

Temepb OCTAIOCH IIOACTABUTEL B (hOPMYJIY A P KOHKpeTHbIEe 3Ha-
yenusa N u n. PesyjbTaTel — OYeHb MHTEPECHLIE — IIPEACTABICHLI
B Tabsumax 5 u 6. B rabaumne 5 N uzmenserca or 10 go 100, B Tad-

6 I';maBa oTmMeueHa 3Be3/J0UKOIA. aro O3Ha4YaeT, 4TO HEKOTOPhIE €e 4aCTu MOI'YyT IIOKa-

3aThCA HEJOCTATOUYHO IIOATOTOBIEHHOMY YNTATENIO CAUIIKOM CIOKHBIMU. Moske-
Te IIPOIIYCTUTH TaKUe Y4acTu (€CJIU 3TO JOMYyCKaeTCA Balllell yueGHOI mporpam-
Moit). UTeHue OCIeyIOMUX IJIaB He TpeGyeT 00s13aTeIbHOrO 3HAHUA MaTepruasia
IaHHOTO pasfea.
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auiie 6 — ot 1 go 10. ITocimenusas Tabauila MOCTPOEHA CIIEIUATBLHO
MJId HOBHYKOB, IIPOrpaMMBblI KOTOPBIX HACTOJIBKO MAaJibl IIO pPa3Me-
paM, 4TO B HUX IIPOCTO He HANAeTCs MeCTa AJIsI COTHM OIINOOK.

Tab6nuua 5. CpegHuUii NPOLEHT TECTOB,
HeoOXoauMbIX AN OOHapPY)XeHUs 3a4,aHHOro NpoLeHTa owunbdok
(B 3aBUCMMOCTM OT 0OLLEro Yyncna owmnoboK B NporpaMmme)

MpoueHTt O6wee yncno owmnb6ok B nporpamme (N)
"i‘v’:ﬂfg::'x 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
(n/N)

10 3 3| 3| 22|22 2 2 | 2
20 7 6 | 5| 5 | 5| 5|5 4 4 | 4
30 m|10]| 9| 8 | 8|8 7 7 7|7
40 16 | 14 | 13 0 13 | 11 | 11 | 10 | 10 | 10 | 10
50 22 | 19 | 17 | 16 | 15 | 15 | 14 | 14 | 14 | 13
60 20 | 24 | 22 | 21 | 20 | 19 | 19 | 18 | 18 | 18
70 37 | 32 | 29 | 27 | 26 | 25 | 25 | 24 | 23 | 23
80 49 | 42 | 39 | 36 | 35 | 34 | 33 | 32 | 31 | 31
90 66 | 58 | 54 | 51 | 49 | 48 | 46 | 45 | 44 | 44
100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

OxagniBaercs, uro npu N =10 mepBwie 22% TecTOB OOHApPYKAT
MMOJIOBUHY BceX OIMMOOK (5 1mTyk). A TOro 4uToOBI OOHAPYKUTH
[IBE CJeNVIOINe OIMINOKU, KOJUUECTBO TECTOB IIPUIETCA yBEJIUUYUTH
B 1,7 pasa — mo 37% . ITouck cienymoiux ABYX OMINOOK IMOTpedyeT
yBeJINUEeHNsI KOJMYEeCTBA TecToB eile B 1,8 pasza — mo 66% . U maxo-
HeIl, IIOMCK TocjeqHell oImnbKy moTpedyeT ocTaBiuxcsa 34% TecToB.

Yem OoJibIlle OIIMOOK B IIPOrpaMMe, TEM AOPOrKe 000MIeTCs MOMCK
nocequux omuook. IIpu N =50 s oonapy:xkenus: 50% orubor mo-
cratroudo 15% tectoB, 70% omubOK OyayT HaWAEHBI C IIOMOIILIO
26%, 90% omubox — c momoiso 49% recros. ITomck mociemHMx
10% ommmuboK OyZeT CTOUTH AOPOKe, ueM IOuCK ImepBbIx 90%!

IIpu yBennuenum koaudectBa ommOoK ¢ 10 xo 100 croumocTs 110-
ncka mocaenganx 10% ommbok Bospacraer ¢ 34% TecTtoB mo 66% .

3amMeTnM, YTO peub HAET He 00 a0COJIIOTHOM UYMCJIE TECTOB, a O
ux poie. ITockonbky mporpamma, cozepskaigass 100 ecTrecTBeHHBIX
oInboK, CKOpee BCEro, CJOYKHee IIPOrpaMMbI, B KOTODPOM OIINOO0K
ToJbKO 10, eCTh OCHOBAHWS IIOJIaraTh, YTO OOIlee UKCJIO TECTOB
Takske OymeT BospacTtaTh. To ecTh mpuaeTcsa OpaTh OOJBIINHA IIPO-
IIEHT OT OOJIBIIIETO YKCJIa TECTOB.



O1eHKa KoJIM4ecTBa HEeOOXOIMMBIX TECTOB 83

B rabaurie 6 N usmensercs ot 1 go 10. B saTom caydae roBOPUTH
0 IIPOIleHTaX HaWJeHHBIX OMMNOOK cMmbIciia HeT. IlosToMmy B 6GOKOBU-
Ke 3alllCaHbl He OTHOCHUTEJbHBIE, & a0COJMIOTHBIE 3HaueHusa. Ilo-
CKOJIBKY YKa3aHHOE KOJHUUYECTBO OIIMOOK BIOJHE PEeaJbHO IJIs
y4eOHBIX IIPOrPaMM, WHTEPECHO ObLIO CPABHUTHL MOJEJbHBIEC JaH-
HbIe, IPDUBEAEHHLIE B Ta6.TII/II_Ie, C peaJIbHBIMU JAHHBIMU M3 IIPaKTH-
Ku. Hago TOJIBKO MOMHUTH, BO-IIEPBBLIX, UTO PEeUb UIET O CPEIHUX
3HAUYEeHUAX. A BO-BTOPBIX, UTO AJaHHBIE B TaGJII/IHe IIOJITy4YeHbl U3
CTATUCTUUYECKO MOJeJr. A CTATHCTHKA JIOOUT OOJIbIINE YKCJa.

Ta6nuua 6. CpeaHMii NPOLLEHT TeCTOoB,
Heo6xoauMBbIX AN 0GHapy)XXeHUs 3a4aHHOro KoinyecTea oLno6oK
(B 3aBUCMMOCTMU OT 00OLLEro umcna ownboK B NnporpamMmme)

KonunuyecTtBo O6wee yucno ownbok B nporpamme (N)

oeexl 123 a5 6| 7| 8| 9 |10
1 100 | 33 18 12 9 7 6 5 4 3
2 — | 100 | 45 28 20 15 12 10 8 7
3 — — | 100 | 52 34 35 20 16 13 11
4 — — — | 100 | 56 39 29 23 19 16
5 — — — — 100 | 59 42 33 26 22
6 — — — — — | 100 | 61 45 35 29
7 — — — — — — 100 63 47 37
8 — — — — — — — 100 65 49
9 — — — — — — — — 100 | 66
10 — — — — — — — — — | 100

NmMmess Takue OIEHKH OTHOCHUTEJBHOT'O KOJHUYECTBA TECTOB, B
KOHKPETHOM IIPOEKTe MOKHO IepeliTH K aOCOJIOTHBIM BeJIUYNHAM.
ITockonbKYy HAM M3BECTHO, CKOJIBKO TECTOB HAM IIOHAZO0MJIOCH IJIS
HAXOMKIEeHU N OIN6GOK, JIETKO OIeHUTD, CKOJbKO ITOHAL00UTCS IJIs
HaXO0XKIEeHUI OCcTaBIINXCcA. ECiIM KOJIUYECTBO OITMO0K B IIpoTrpaMMe
orerneHo B 10 u myis oOHapy:KeHUs IIEePBBLIX HATHU MMOTPebOBaIOCH,
Hampumep, 7 TeCTOB, TO AJA MOWCKA ABYX CJIEAYIOIINX OIIMMO0K KO-
JUYECTBO TECTOB MpUAETCA AoBecTu M0 12 (5 mOTIOTHUTEIBHBIX Tec-
TOB Ha 2 OMUOKM), JJIA IOUCKA CIeAYIOMMUX AByX — no 21 (9 momoJi-
HUTEJbHBIX TecTOB Ha 2 ommuOku). Bece 10 ommboK ecTh Hame)kaa
HaiiTu 3a 32 Tecra.

ITogo6HBIE OIEHKH MOJKHO MCIOJBL30BATh AJA ILJIAHUPOBAHUSA
BpeMeHHU U PEeCypCcoB, BHIAEIAEMbIX AJIA MIPOIlecca TeCTUPOBAHUA.
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OTnagka

Brile MBI OIpefeIian OTJAaKY’ KaK IIpollece JOKAIU3aIlun Me-
cTa ommOKM M BHECEHUA M3MEHEHWH B mporpamMmy. B arToil riase
MBI 00CYyVIM HEKOTOpBIe BOIIPOCHI, CBABAHHEIE C OIIpeJleIeHIeM Me-
cTa OIIMOKU.

16.1. MecTo nposiBNEeHNs oWnOKM
M MECTO HaxOoXAEeHUs ownoKu

IIpe:xxne Bcero, HEOOXOAWMO pAa3JIUYATH MECTO HPOSIBICHUS
ONMIMOKU U MECTO HaXOKIeHus omuoxku. Bepaemcsa Kk mpumepy 1
u3 ryaaBel ( «Kpurepum Oesoro Amura:

a:= 0;
if x>3 then a:= 10;
b:=1/a;

MecTo IpOsABIEHUA OIIMOKU B JaHHOM clyduyae — TPETUH olle-
patop dparmenTa: b:= 1/a. Ho MecTo Hax0oKIeHUS OMINOKM yKa-
3aTh TAK OIIPeJeJIeHHO MBI He MOKeM. B0O3MOKHO, UTO OoIIubOKa B
TpeTheM OllepaTope, U B 3HAMeHAaTeJie JOJI’KHA CTOATH He IIepeMeH-
Has a, a KaKoe-TO WMHOe BbIpasKeHme. Bo3daMOKHO, UTO omubKa B
IIepBOM OIIepaTope, W MepeMeHHOM a AOJIKHO ObLIO OBLITH IPUCBOE-
HO MHOe HeHyJieBoe 3HaueHre. Bo3MOKHO, UTO OIINOKA BO BTOPOM
olmepaTope, 1 TaM IOTepPsAHAa BeTBb «MHAUEe», IPU BLIIIOJHEHNN KO-
TOPOI MepeMeHHAsd a JOJKHA Oblja IIOMEHSATH CBOE 3HAueHHe Ha
HeHYyJIeBoe.

B aHrImiickoM A3bIKe UCIOIb3yeTcsa TepMuH «debug», KOTOPEI ABIAeTCA OYKBaIb-
HBIM aHAJIOTOM IIPUHSTOTO B PYCCKOM sI3bIKe (HO He MMEIOIIero OTHOIIEHUS K COMm-
puter science) repMuHa «uHCEKTUKAIUA» (00phOa ¢ HaceKoMbIMU). [IpUUMHBI 110~
SABJIEHUS AHTJIOASBITHOTO TepMUHA nucToprudeckue. CoryiacHo amokpudy, Bo BpeMsa
OJHOTO U3 CeaHCOB PaboThl «JHHaKa» (MAIINHBI, KOTOPYIO IIPUHATO CUUTATDH IEP-
BOI amepuKaHcKoil OBM, X0Ts oHa 1 He ©MeJa IaMATU KOMaH/I) IPOMU30IIIe T aBa-
pUIHBIN OCTAHOB, BLI3BAHHLIN T€M, UTO IIOJ OLHY U3 KJIE€MM OJHOI'0 U3 MHOTOYNC-
JIEHHBIX YCTPOMCTB II0IIaJl MOTHLJIEK (41eCTHO rOBOPsA, He COBCEM IIOHATHO, Kak). Ha
IIOVWCK MeCTa HeHCIIPAaBHOCTU U ee YCTPaHeHUe MoTPeboBaIoch BpeMsA. BUHOBHUK
OBLI HAJeH U IPUKJIeeH B ;KyPHAJ JJiA perucrpanuu paborst 9BM. Ho B aTo Bpe-
Ms IIOCJIef0BaN Tese(OHHBIN 3BOHOK OT HAYaILCTBA C BOIIPOCOM, IIOUEMY MaIlIuHA
He paboTaeT W ueM TaM BOOOIIe 3aHNMAaeTCs 00Cay KUBAOIU mepconas. Ha uro
I'peiic Mioppeii Xomnmep — PYKOBOAUTEJb IPYIIIIBI KOZUPOBITUKOB (CJI0Ba «IIPO-
rpaMMUCT» TOTZA ellle He CYIIecTBOBAJIO) OTBeTHIA: «JIOBIM HAaCEKOMBIX » .
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ITo xakuM-TO BHENIHMM IIPU3HAKAM MBI MOKEM HAUTU TOJBKO
MEeCTO IIPOABJIEHUSA OIIHOKH. MecTo HaXOMKIeHUs OIMIMOKU MOKHO
ONPEeJeJINTh TOJBKO IIYTEM COAEPI;KAaTEeJIbHOTO aHa/IM3a TeKCTa IIPOo-
rpaMMBbI.

16.2. OTnapoyHble oneparTopbl

ITocsie oGHapy:keHUs (paKkTa HAJUUUSA B IPOrpaMMe OIINOKU
YTOUHEHME ee MecTa HAXOMKJIeHUs MOKeT ImoTpeboBaTh cbopa mo-
MOJMHUTEILHON WHGOPMAIIUU O XOJ€ BBIMOJHEHUS IIPOTPaMMBI.
BoJbInHCTBO CHCTEM IIPOrPaMMUPOBAHUSA BKJIKOYAET B ce0sA Te WiIn
UHBIE OTJIaZOoYHBIEe cpeacTBa. (B ciaenyromeil riaBe OyayT paccMoT-
PeHBI OTJIaJJOYHbBIE CPeACTBa MONyJIApHOIl cuctemMbl Typoo Ilackais.)
Kpome BCTPOEHHBIX OTJIALOYHBIX CPEICTB AJIA cOOpa MaHHBIX O pa-
60Te IMpOorpaMMbl MOJKHO HCIIOJIB30BATh CIEIHAabHbIE OTJIAJOUYHBIE
omepaTopsl, nJo0aBisieMble B €€ TEeKCT.

Tak :xe, Kak U B cJIy4yae ¢ 3arJIyIIKaMu, OTJIaJ0UHbIe OllePaTOPhI
JOJI’KHBI OTJIWYATHCA OT «HOPMAJLHBIX» OIIEPATOPOB IIPOTpPaM-
MBI, a OTJAJOYHbIE COOOIEeHNA — OT «HOPMAaJbHBIX» COOOIIIEHMIA.
B rimaBe 13 «Hucxopsinee TecTUpOBaHUE» JIs STOTO Ipenjara-
JIOCh UCIIOJIL30BATh B KauecTBe MapKepa CTPOKY W3 ABYX AME30B:
«##». Bce oTsiamounHble omepaTophbl OyIyT IIOMeUYaThCA KOMMEHTA-
preM, comeps;KaIuM 9Ty IIOMETKY, a BCe OTJIaJOUHbIe COOOIIeHn —
HAYUHATBCA C ATOM KOMOWHAIIUU.

Kax mpaBujo, OTJIaJOYHbIE OIEPaTOPhl — 9TO OIMEPATOPhI IIeva-
TH, KOTOPbIE€ BBIMOJHAIOT IMOJHYI0 WU YACTUUYHYIO TPACCUPOBKY
3HAUEHUI HYKHBIX IIepeMeHHbIX. Tpacca MOKeT BhIJAaBAThCA Ha 9K-
paH niau 3anuchiBaThbeA B (aitn. IIpu 9ToM HAAO YUUTHIBATE CJIEIYIO-
mue GarTopbl. MH(pOpMAaIua, BeIBOAMMAaA Ha SKPaH, MOMKET OUEHb
OBICTPO «ybe:kaThb» C HEro, BLITeCHEHHAas HOBBIMU JaHHBIMU. I1oaTo-
My €eCcJaM TpaccupyeMble 3HAUeHUsS BBIBOAATCSA Ha JKpPaH, MOYKET
OBITH IIOJIE3HO IIOCJEe BBIZAYM OUEPEeTHOM mopruu WH(GOPMAIINU Cle-
JaTh 1maysy. B HEKOTOPBIX S3BIKAX €CTh CIeIUMAJbHBIE OIepPATOPHI
pause. Tam, rae ux HeT, AJS TPUOCTAHOBKY BBITIOJHEHUS IPOrpaM-
MBI MOJKET HCIIOJIb30BATLCS OIEPATOpP BBOJA, KOTOPBIN KIET BBOIA
KoHIa cTpoku (T. e. HaxkaTus Kiaasuinu Enter). B Typ6o ITackaie
JLJIsT 9TOTO AOCTATOYHO BBI30BA IIPOIeAYypPHI readln 6e3 mapamMeTpOoB.

T'yaBHBIN HeJoCTaTOK BbIgauu MH(pOPMAIIMKM HA SKPAH — HEBO3-
MOYKHOCTb ee MaJibHeHIero aHanausa. Jasa coXpaHEHUs TPacCcupo-
BOYHBIX MTaHHBIX MX MOKHO 3amucaTth B (aiia. IIpu aTom mporpam-
MHUCTA JKAET APyras OmacHOCTb. Be/JIMK MCKyC HauaTh 3allKCHIBATH B
daiin «Bce MOAPAL» II0 MPUHIIUITY «aBOCH MIPUTOAUTCI». B pe3yib-
TaTe TPACCHUPOBOYHBIE (PAJbl AOCTUIAIOT COBEPIIEHHO HEBEPO-
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ATHBIX Pa3MepPOB, W Pa3obpaThCcA B UX COAEPKUMOM CTAHOBUTCA
IpaKkTUUYeCKU HeBO3MOKHO. He ciyuaiiHo momoOHBINI MeTon cOopa
UHMOPMAIINY HA3LIBAIOT METOINOM «T'PY0OM CUJIBI».

ITose3Ho, YTOOBI IO OTJAAAOYHOMY COOOIIIEHUIO MOKHO OBIIO OJ-
HO3HAYHO ONPEeIeIUTh, KaKOi MMEHHO OTJIaJOYHBIM OIlepaTop ero
BhIfaJI. [[J1s 9TOr0 B BBIZJABAaE€MBINl TEKCT BAOOABOK K OTJIAOYHON
nH(GOPMAIIMN HAJO0 BKJOUYATH YKasaHWe HA TOYKY BbIIAYU.

Y1o6HO, KOTZa B OTJAJA0OUYHOM COOOIIEHUY BBIZAIOTCA HE TOJBKO
3HAUEHUSA TPACCUPYEMBIX MePEeMeHHBIX, HO ¥ UX UMeHa. JTO CyIIe-
CTBEHHO YIIPOIIAeT aHaJIU3 TPACCUPOBKHU.

C yueToM BCero CKas3saHHOI'O OTJIaJOYHAsd IIeUaTh MOJYKET BBITJIA-
IeTh, HaIpuMep, TakK:

{(##} writeln ('"##Touka QR7: a=', a, 'b=', b):
{##} readln;

Kax ToJBKO B IporpamMMe IIOABJIAIOTCA OTJIAJOUYHBIE OIEPATOPHI,
BO3HUKAET JKeJIaHWe YIPABJIATb UMU (TOAKJIIOUATH WJINU OTKJIOYATH
IIPU OYEPEJHOM BBIIIOJHEHUM IMIPOrpaMMbl). PuUsuyecKoe yaajaeHue
OTJIQZIOYHBIX OIIEPATOPOB M3 TEKCTa IIPOrPAMMBI — peIlleHue cyaboe.
A BIpyr oHu eille MOHAZO0ATCA? YIOOHBIM HPUEMOM IJIS OTKJIIOUE-
HUS OTJIQZOYHBIX OIIEPATOPOB ABJSETCA IIPEBpAllleHre UX B KOMMEH-
Tapuii, 3aKJIOUeHNEe B «KOMMEHTATOPHBIE CKOOKH». 3aMeTUM, UTO
Typ6o ITackaap mooIIpsAeT MUCIOJIb30BAHME STOrO IIPHUEMa TeM, UTO
UMeET JIBe Iaphbl CKOOOK IS 3alrcy KOMMeHTapueB. Eciu B cTaHmapT-
HoM Ilackajsie KoMMeHTapuii 00A3aTeJIbHO 3aKJII0UAeTCA B (QUTYypPHBIE
CKOOKu: {KomMMeHTapuii}, To B Typ6o Ilackasie KOMMEHTaPUI MOXKET
OBITH 3aKJIIOUEH JIN00 B (PUTypPHBIE CKOOKM, JINOO B «3BE3UaThIE CKOO-
KI», COCTaBJIEHHBIE M3 Maphl «KPYyIJias CKOOKa — 3Be3I0YKa»: (¥KoM-
menTapuit®). IIpuuyem CKOOKM HOJKHBI OBITH 0043aTEeIbHO IMapHLIMMU!
KommeHTapnii, OTKPHITHINA (DUTYPHOI CKOOKO, 3aKPHIBAETCA TOJHKO
GurypHoil CKOOKOI. 3Be3guaThie CKOOKM BHYTPU HETr0 UTHOPHUPYIOT-
csA. AHAJIOTMYHO KOMMEHTAapuii, OTKPBITHIA 3BE3qUaToil CKOOKOIl, 3a-
KPBIBAETCSA TOJBKO 3BE3UATONM CKOOKOI. PUTypHBIE CKOOKY BHYTPU
Hero UrHOPHUPYIOTCA. OTO JaeT BO3MOYKHOCTD OTHEIUTH O0bIYHbIE KOM-
MEHTApPUU OT OTKJIIOUEHHBIX OTJIAJOYHBIX OIepaTopoB. JIJIs 9TOTO I0-
CTaTOYHO /[JIs BBIZEJIEHUS OOBIYHBIX KOMMEHTApPHEB HKCIIOJIbL30BATD
OIWH BUJ CKOOOK (Hampumep, (GUTrypHBIE), a MJIA OTKJIOUEHUS OTJja-
JOYHBIX OIIEPATOPOB — APYToi (3Besmuarhie). Torma oTKJIIOUEHME OT-
JAJIOYHBIX OIIEPATOPOB OyAeT MMeTh, HAIIPUMep, TAKOW BU/I:

a:=b;

{PpTO OmepaTop nporpamMMel C OOBIUHBIM KOMMEHTaPMUEM }

(*{##} writeln ('##Touka SD3: a= ',a);

{»TO OoTNAmoUYHas meyaThb}*)
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Emte ogun moJIe3HBIN WHCTPYMEHT OTJIAIKU — BCTPAWBAHUE B TEKCT
MIPOTrPAMMBI YTBEPKIEHUN O TOM, KaKUM OTPAHMYEHUSIM JOJKHBI YI0B-
JIETBOPATHL Te WJIM WHBIE TepeMeHHbIe. Ec/iM M3BeCTHO, YTO IIepPEeMeH-
Hasd a BCceTZa MOJIXKHA OBIThH O0JIbITIE HYJIs, a IIepeMeHHaA b B KaKOM-TO
TOYKe IIPOTPaMMbl JOJIKHA OBITh MEHbIIe TIePEMEeHHOII C, B COOTBETCT-
BYIOIIIX MECTaX IIPOTPAMMBI CTABATCA YTBEP:KAeHUA assert (a>0),
assert (b<c). MpIc/Ib ABHO (DOPMYIUPOBATH U YKA3LIBATH IIOJ00HBIE
yTBep:KIeHuA ObLia mpenimokeHa B 70-e rr. XX B. mpu paspaboTke
uney (popmMasIbHOrO JOKAa3aTelbCTBA IIPAaBUJILHOCTU IporpamMm. B He-
KOTODBIX S3BIKAX IIPOTPAMMUPOBAHUS JAKe MOSBUINCH COOTBETCTBY-
IoIe KOHCTpyKIuu. HapyleHne yKasaHHOTO B YTBEDPSKIEHUU YCJIO-
BUS JOJIXKHO OBLIO HPUBOAUTH K aBAPUUAHOMY OCTAHOBY IIPOI'DAMMEL.
Buopouem, oTCyTCTBUE CHEIMATBLHBIX KOHCTPYKIIVM B SI3bIKE HE SBJIS-
€TCsA CEPhE3HBIM IIPEIIATCTBUEM MAJIA MCIIOJH30BAHUA YTBEPIKIECHUM.
Ha nr000M s3bIKe JIeTrKO HAOKCATh IIPOIEAYpPY CJAeAYyIOIero BHUIA:

procedure Assert (cond: Boolean; message: string;
loc: string);
begin
if not cond then begin
writeln ('Hapymeno yreepxnenve',message, ' Touxke', loc) ;
halt {A MOXeT OCTAHOB U He HyxeH? [[yCTb cuMTaeT Jajble? }
end {if}
end; {Assert}

B sToM ciyuae BBI3OB THHA

Assert (p>0, 'Bec uemyoBexa > 0','Pl.gq'");

norpedyeT OT IPOrpaMMKCTa YCUJIUN HEe HAMHOTO OOJBIINX, UeM
cTaHJapTHas KOHCTPYKIIUS, a cpaboTaeT HUYYThL He XYy:Ke.

Pesko ycuuTh MOIIHOCTD OTJIAJZOYHBIX CPENCTB MOMKHO, CIejIaB
uX ycaoBHbIMU. llesaeTcsa 9TO cieayroiuMm obpasoM. B mporpamme
OMMMCHIBAIOTCS OMHA WJIW HECKOJBKO CIIeIIUAaJbHBIX IePeMeHHBIX
Uil yIIpaBJIEeHUS OTJIaAKoi. BymeM HasplBaThb WX OTJIAAOUYHBIMU
¢aaramu. IlepemMenHble 5T, KaK IPaBUJO, JOTUUYECKUE, XOTsSI MO-
ryT OBITh M APYrux TuUIoB. OTJIafoUYHBbIE OIIEPATOPHI IIOMEIIAIOTCS
BHYTPh YCJIOBHBIX OII€PATOPOB, BBIMOJHEHNE KOTOPBIX 3aBUCUT OT
OTJIamoOuYHBIX (poraroB. Hampumep, Tak:

{##} var DebugFlag: Boolean;
{##} DebugFlag:= true; {DebugFlag:= false;}

{##} if DebugFlag then writeln ('##Touka Pl:x=',x,"'y="',v);
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Temeph MOKHO BKJIIOUATHh M BBIKJIIOYATH OTJIAMOUHBIE JeHCTBUA
0e3 m3MeHeHUsI TeKcTa mporpamMMbl. I[J1s 9TOro MOCTATOUHO M3Me-
HUTH 3HAUEHMNEe OTJaJOUHBLIX (hjaroB. IIpuuem ympaBjieHHE MOIKET
OBITH TOCTATOUHO «XUTPBIM». OTJaJ0UHbIE OEePATOPHI MOTYT OBITH
BKJIIOUEHBI B OJJHOM YaCTU IPOTPaMMBbI M OTKJIIOUEHBI B ApyTroii. Mo-
TYT CYIIEeCTBOBATH HAGOPHI OTJIAJOYHBLIX OIEPATOPOB, PACIIOJIOMKEH-
HBIX B PA3HBIX YACTAX IPOTPAMMBI, HO YIPABJISIEMbIX OOHUM U T€M
JKe OTJIaJOYHBIM (PJIarOM 1, COOTBETCTBEHHO, BKJIIOUAIOIIUXCSA/BHI-
KJIIOUAIOIMNXCA OLHOBPEMEHHO. JTO MUMEET CMBICJ, eCJIN BCe OoIepa-
TOPBI TAKOT0 Ha0Opa OTCJIE}KMBAIOT, HAIPUMED, ONHY U Ty JKe Iepe-
MEeHHYIO.

MeHATL 3HAUEHUA OTJIAJOYHBIX (DIaroB (1, COOTBETCTBEHHO, BKJIIO-
YaTh/BBIKJIIOYATH OTJAJOUHBIE AEHCTBUA) MOYKHO JUHAMHUECKU IO
XONy BBITIOJHEHUS ITPOTPaMMBbI.

MosKHO BBECTU MOHATHE «YPOBEHBb OTJAAKW». MeHAA 3HAUEHUE
COOTBETCTBYIOIell yIpaBIaAIeil mepeMeHHol (0OHA HOJIXKHA OBITH
YUCJIOM), MOKHO PEeryJIupOBaTh MOAPOOHOCTh TPACCUPOBOUHOIN WMH-
(dopmaiuu.

HauasnbHoe 3HAUEHME OTJIAAOUHBIX (DJIaTOB MOJKET OBITH 3ajia-
HO B T€KCTe IPOTrpaMMbl, a MOKET 3arpyKaTrbcd u3 gaiaa. B mo-
cJiefHEM CcJydYae BKJIOYATh/BBIKJIOUATH TPACCHUPOBKU MOIKHO
OymeT, maske He MePETPAHCIUPYA TEKCT mporpaMmmbl. Hanpumep,
TaK:

{##} var debugl, debug2: integer;
{##} var DebugFile: text;

{##} assign (DebugFile, 'dbg.txt");
{##} reset (DebugFile);
{##} read(DebugFile, debugl, debug2);

{##} 1f debugl>0 then writeln ('##Touxka FDR z= ', z);

B mpuHINIE yc/JI0OBHBIE OTJIaJOYHBIE OIIEPATOPHI BOOOIIEe Heo0s-
3aTeJbHO YIAJATh U3 TeKcTa mporpaMMbl. OHM MOTYT ocTaBaTbCsA
TaM (ecTeCTBEeHHO, B OTKJIIOUEHHOM BHE) U II0 OKOHYAHUU OTJIAJKMU.
Oco6eHHO ecu B MepPCIeKTHBe BO3SMOMKHA AabHEeHUIIaa Moagu(puKa-
s ITporpamMMbl. [JocTaTOYHO BCIIOMHUTL MPUBEAEHHYIO B riiaBe 14
«Omenka KoJmyecTBa OMIUOOK B mporpamMme» IBM-oBckyio dopmy-
JIy IJIA OIleHKYW KOJUYeCTBa MCIIPAaBJIEHUN B CTaAPBIX MOAYJIAX CHUC-
TeMbl IPU NO0ABJIEHUU B CUCTEMY HOBBIX MomyJseii. I[Jisg GoJabITux
cucrteM MoauduUKaNuUa (a 3HAUUT, U OTJIAJAKA) MOTYT CTATh IPOIleC-
COM HEIPePLIBHBIM.
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IlnaToit 3a HanmuMe OTJIAJOUYHBIX OIIEPATOPOB B TEKCTE TIPO-
rpaMMbI CTaHET HEKOTOpPOe IIOBLIIIIeHWe TPeOOBAaHWII K MAaIllWH-
HBIM pecypcaMm. OTjaJouHBbIe OIEpPaTOPhl YBEJIWUYUBAIOT PasMep
WCXOJHOM IIPOTpaMMbl, BpeMA TPAHCIAAINY, pasMep KoJa, BpeMsd
BBITTOJIHEHUA. V30€:KaTh BCEro 3TOT0 MOKHO, €CJIU HUCII0Jb30BaTh
MEeXaHU3M YCJIOBHON TPAHCAAIUN, KOTOPBIA MOATEPIKUBAIOT MHO-
rme CUCTeMbI mporpaMMupoBanusi. OTaaJouHbIe OIIePATOPHI MOXK-
HO CIleJIaTh YCJIOBHO TpaHCAUPyeMbIMU. Ecau Bepcusa IporpaMMbL
IpegHAa3HAYeHA IJA OTJALKW, TPAHCIAANUA OTJAJOUYHBIX OIlepa-
TOPOB BKJIOUaeTcs, 1 oHU paboratr. Eciau oTnagka 3akoHUeHA U
Imopa TOTOBUTH CUCTEMY K JKCILJIyaTallud, HAJO IEPETPAHCIUPO-
BaTh IIPOrpaMMy, OTKJIIOUHNB TPAHCJIAINIO OTJIANOYHBLIX CPEACTB.
B pesyibTaTe B OKOHUATEJbHOII BePCUU IPOTPAMMBI UX yiKe He
OKaKeTcd.

B Typ6o ITackane ycraHoBKa/cOpOC CUMBOJIOB AJA yIIpaBJe-
HUSA YCJOBHOHM TpaHCHANMEN MPOMBBOAUTCA B OMIIUAX KOMIIMJIA-
ropa Options/Compiler.../Conditional Defines (cm. puc. 9.1 Ha
ctp. 33) ambo gupexktuBamu DEFINE m UNDEF. Yupasienue
YCJIOBHOU TpaHCHAAILMEN OCYIIeCTBIAETCA C IIOMOIILIO JUPEKTUB:
IFDEF, IFNDEF, IFOPT, ELSE, ENDIF.

Ilocienmee sameuaHue IO IMOBOAY OTJIALOUYHBIX orepaTopos. Ilo-
MHUTE, YTO NoOaBJieHMe/yoajeHue OTJIaJOUYHBIX OIIEPATOPOB — 3TO
n3MeHeHre TeKCTa IporpaMMbl. HesaBucumMo OT TOro, KaKuM odpa-
30M OHO BBITIOJIHSAJIOCH: BPYUYHYIO MJIM aBTOMATHUUECKH! C IIOMOIIIHIO
YCJIOBHOI TpaHcaanuu. M1 — Kak J000e n3MeHeHrue — OHO MOYKET
IPUBECTH K BHECEHUIO B mporpamMmy omubok. ITosTomy mocie yaa-
JIEHUA U3 MPOTPaMMBbI OTJIaJOUYHBIX OIIEPATOPOB TECTHUPOBAHUIE IIPO-
rpaMMbl HEOOXOIZUMMO IIOBTOPHUTH.

16.3. MHQYKTUBHbIN U A€O0YKTUBHbIA METOAbI
noucka ownoku. PetpoaHanus

K mowmcky ommOKH CYII[ecTBYeT ABa HOAXOMa: MHAYKTUBHBIN U
IeTyKTUBHBIN.

WHAYKTUBHBIN TOAXOJ O3HAUaeT ABUKEHMWEe OT YacTHOTO K 00-
miemy. OT TOro, Kaxkue gaHHBbIE TOBOPAT 00 OIINOKe, K TOMY, KaK UX
MOJKHO OOBACHUTE.

Hna coopa mHDOpMAaIuu o paboTe IporpaMMbl MOTYT OBITH TIO-
JIe3HBI JOMOJHUTEJIbHBIE TECTHI, CIIPOEKTUPOBAHHBIE CIEINAJIbHO
I HYXK]J oTiaagku. Takue TecThbl OTJIMYAIOTCA OT TECTOB, IIPEJ-
HasHAUEHHBIX [IJIs BBISIBJICHUS (haKTa HaJIUUYUsa OmuOKU. TecTsl
I BBIABJIEHUS (PAKTA HAJUUUSI OIMTUOKY JOIKHBI ObITH KAK MOJK-
HO 6oJiee «OXBATHBIMU». UeM GOJIBIIYIO YaCTh IPOTPAMMEI IIPOBE-
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puT Takoi Tect, TeMm Jyulne. K oTiamouHBIM TecTaM TPeOOBaHUSA
MPOTUBOIOJIOXKHBIe. OT HUX TpebyeTcsa He ITMPOTA 0XBaTa, a IPU-
1eJbHOCTh, COOP KaK MOXKHO 0oJiee TOUHOIN M MOAPOOHOI MH(MOP-
MAIlM¥ O TOM KOHKPETHOM MeCTe IIPOrpaMMbI, B KOTOPOM €CThb
OCHOBaHUA ITOJ03PEBATh OIIUOKY.

CxeMa WHAYKTUBHBIX PACCYKIEHUM:

A

C6op maHHBIX 0 paboTe IPOTrPaMMbl

v

BbI,HeJIeHI/Ie JAaHHBbIX, UMEIIINX OTHOIIIEHNE K omuoKe

v

WNzyuenmne 3aBuCUMOCTE MEXKAY STUMU JAaHHBIMU <

!

BrigBuixkenue rumoresnsl 00 OIINOKe

v

IIpoBepka runoressnt

Y

T'umoresa HeT
HOATBEPANIACE?

lna

Haxoxnenune omuodKu

A

A

HenyKTUBHBIN ITOJX0L O3HAUAET ABUKEHUE OT OOIIero K 4acTHO-
my. UTo B mpuHIUIIE MOTJIO mpoudoiTu? Vcxonsa 13 HEKOTOPHIX 00-
X coobOpakeHuu (GopMUpPyeTCsa MHOKECTBO T'HIIOTe3. 3aTeM OHO
YTOUHAETCSA: KaKKWe-TO TUIIOTe3hl OYAYT MCKJIIOUYEeHBI KaK HeCcOoOT-
BETCTBYIOIIMIE UMEIOIIIMMCS ITPU3HAKaM OIMUOKYM, KaKue-TO YTOUHe-
HBI 3a CYUET JOIOJHHUTEJIbHON HHMOPMAaIUU.

Hampumep: mporpaMMa HOPMAJbHO 3aKaHUMBAET BBLIUMCJIEHU,
HO BBIJAEeT CTPAaHHBIE Pe3yJbTaThl. Ha BBIXOME OKHUIAINCH JBA UKC-
Ja, OIU3KUX K eIUHUIIE C OOTHUM 3HAKOM mocJje 3arATroii. Ilomyunin
OJTHO YMCJIO OUeHb 0OJIBIIIOE, & BTOPOEe — CO CTPAHHOU Hellepuomnye-
CKOIl IpoOHOII uacThio. VI3BECTHO, UTO «CTPAaHHBIE» BBIXOIHBIE HaH-
HBbIe MOTYT IIOJIYUYUThCS, €CJU B BLIUMCJICHUAX yUaCTBOBAJia HEWHI-
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IMUaIu3UpPOBaHHAA TIepeMeHHasd, JJu00 Ipu BBOe U3 (haiina «He TeX»
3HaueHU (HampuMmep, ailyi rOTOBUJICA KaK TEKCTOBBIN, & UUTAJICS
Kak TUIU3UPOBAHHLIN), TNOO TP HEeBEPHOH mepenave 3sHaAUEHU TIa-
pameTpa W3 MOAIPOTPAMMEBI, OO IPY HEIPABUJIBHBIX BBIUMCJICHU-
axX (Hampumep, TPeOYIOIINX CIUIIKOM OOJBIIUX WU CAUIIKOM Ma-
JEHbKUX MIPOMEKYTOUHBIX Pe3yJIbTAaTOB). SHAUUT, HALO ITPOBEPUTH,
BCe JIM IIepeMeHHbIe, MCIIOJb30BaHHbIE IIPU BBIUMCJIEHUMN «CTPAHHO-
ro» pes3yJbTaTa, ObLIN ABHO WHUIMAJIN3UPOBaHbI. He mcIosnb3oBa-
JIUCH JIW IJIs1 BBIUMCJEHUSA 9TUX PE3yJIbTAaTOB 3HAUEHUS, BBEIEHHBIE
u3 Qaina? Ecau ga, To 4uTO 3a maHHBIE JexKaT B sToM (paitie. He
OBLIO JIW TIepeJauM mapaMeTpa u3 mogmporpaMmsbi? Eciawm ma, To Ire-
penaercs JiM STOT IapaMeTp IO cchlike? Pe3yabTaToM KaKUX WMEH-
HO BBIYUCJIEHUN SBJIAIOTCA «CTPaHHbIe» 3HaueHus? He morso ju 1mo
XOMY 9TUX BBIUYMCJIEHUN BOSHUKHYTH CJUIITKOM OOJBIITNUX WU CJIUIII-
KOM MaJIEHbKUX ITPOMEKYTOUHBIX Pe3yJIbTaToB?

Hago ormeTuTsh, UTO MMEHHO OeAYKTHUBHBIA Imoaxon (OCHOBaH-
HBIYT HA HAKOIIJIEHHOM OIIBITE) YACTO ITO3BOJIAET IIPEImoJaBaTeIaIM
OBICTPO HAWTHU OIMMOKY B mporpamMe ctynenTa. OmInOKu-TO MOBTO-
pAamoTcs!

Cxema OeIYKTUBHBIX PACCYKICHUI:

A

HepetmcneHI/Ie TUIIOTEe3

v

Wckiiouenue u YVTOUHEHHUE TUIioTe3

v

Uckmrouens:
BCe THIOTE3bI?

»| COOp OIIOJHUTENbHBIX TAaHHBIX
A

IIpoBepka BBHIOpAHHOI I'MIIOTE3BI

I

T'unoresa HET
MOATBEPAUIACH?

ma

HaxoxkaeHne ommuoKu
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PetpoaHanus

YerBepTh BeKa HaA3aJ B IIAXMATHBIX JKypHAJIax ObLIN OUYEeHBb IIOITY-
JAPHBI 3aMauyy HA TaK HA3bIBAEMBIN peTpoaHaans. BBITVIAmenn OHU
Tak. [laeTca curyainus, mpu KOTOPOI Oejble CTaBAT MAaT B OAWH XOJ U
yepHbIe CTAaBAT MaT B OAWH Xof. Bompoc: KTo Bbimrpaer? To ecTh Hamo
pasobpaTrhcs, uel ceituac xof. A IJId 9TOTO «OTKPYTUTH» UTPY Hasal U
MIOHATH, KAKMM 00pa30M CJIOXKIJIACH OIMCAHHAS B 3a7jaue CUTYaIlUA.

Kaxk peTpoaHasimus BBITJIAAUT IPUMEHUTEIbHO K oTyanke? Haxo-
auM MecTo omnbku. OmmnbKka cBsizaHa ¢ TEM, UTO HEKOTOPbIe IIepe-
MeHHbIE WMEIOT OIIpeliesieHHble 3HaueHusA. lIpocaenum Hasang IO
mporpamMme, OTKYAa 3T 3HAUEeHUA B3AAUCh. OHU OBIIU BHIUNCICHBI
yepes HEKOTOPbIe Apyrue mepeMeHHble. A OTKyAa B3SJIUCH 3HaUe-
HUS 3TUX APyrux mnepemeHHbIX? W Tak manee. Hampumep:

read(a) ;
b:=7;
c:=a + b;
d:= 1/c;

IIpu BeIuMcIieHny d BOBHUKAET JieJIeHIe Ha HYJb. SHAUYUT, Iepe-
MeHHasl C B 9TOM OIlepaTope paBHa HYJII0. BO3MOKHBI ABa BapuaH-
Ta. JIubo ommboYHO BhIpaKeHUe, 3alKUCAHHOe B 3HaMeHaTe e (3Ha-
MeHAaTeJIb AOJYKEH OBITh OTJIMYEH OT C), JIOO ImepeMeHHas C MMeeT
HeBepHoe 3HaueHue. Eciau BhIpa)keHne B 3HaAMeHATeJe ITPaBUIbHO,
3HAYUT, IepeMeHHas C mMeeT HeBepHoe 3HaueHue. OTKyma B3AJIOCH
sHauenune nepemenuoil c? Iloguumaemcs BBepx mo mporpamme. Ile-
peMeHHas c TOJyuYHJia 3HAUeHWe W3 BBIPAKEeHHUA a + b. 3HAUUT,
JAn00 B 3TOH IOBUIMHU MOJKHO CTOSATH APYTroe BhIpaskeHue, JIOO0
YTO-TO HE TaK CO 3HAUEHUSIMHU IIePeMEeHHBIX a 1 b. OTKyaa B3AJIUCH
3HAUEHUA 9TUX NMepeMeHHbIX? OmaTh HOTHUMAEMCs BBEPX IIO IIPO-
rpamme. I tak panee. He Bcerma KapTwmHa ObIBaeT TaKoOil SCHOI.
PasoupaTbca IPUXOAUTCSI U C PA3BUIKAMU, U C IIUKJIAMU, U C IIOI-
nmporpamMmmamMu. Ho mpuHIIMTIMadbHAsA cXeMa MMEHHO TaKoBa.

16.4. NMpuHUKUNbI OTNAAKN

1. Hywmaii! CpemcTBa OTJIaAKU UTPAIOT TOJBKO BCIIOMOTATEIbLHYIO
poJib. B 9TOM OTHOIIIEHUH IIPOILECC OTJIaJKU HAaIIOMUHAET pabo-
Ty nereKktuBa. Becmomuure «B aBrycre 44-ro...» B. Boromouio-
Ba. MaccoBas oTJ1aouHas Ie4aTh HallOMUHAET BOMCKOBYIO OIIe-
panuio. BHerrtne oHa, MOXKeT ObITh, 1 3(pdeKTHA. HO 1o6uThCS
C ee TIOMOIIBIO «MOMEHTA MCTUHBI» CJIOMKHO.

2. Nsberaii sxcuepuMeHTHUPOBaHUA. Pabora 1o IPUHIUIY «A He
3HA0, B UeM OI1bKa, HO cefiuac MCIPABJIIO BOT 3TO MECTO U TIO-
CMOTPIO, K Y€MY 3TO IIPUBEIET» — COBEPIIEHHO HeJOMyCTUMA!



Oraagka 93

3. Ncmnpasnasit moouepearo. OgHOBpeMeHHOE BHECEHIE B IIPOTrpaM-
My HECKOJbKUX WCIIPABJIEHUI CYIIeCTBEHHO 3aTPYIHSET aHa-
JIN3 TIOCJIECTBUM KaKI0T0 U3 HUX.

4. HeoOxoaumMo HaiTH OIINOKY, KOTOpasi 06l 00bsacusaa Bce 100%
CUMIITOMOB.

5. Tawm, rme ecTb oImuOKa, MOKET OBLITh eIlle.

6. VcnpaByieHre MOYKET BHECTU HOBYIO OIITHOKY.

16.5. AHann3 o6Hapy>XeHHOW oWnoKn

Pas y»X MBI JOIIyCTUIN OIIUOKY B IpoTrpaMMe, XOUeTcs, IO BO3-
MOYKHOCTU, O0pPaTUTh Bpel B IOJb3y U WM3BJIE€UYb W3 MOIYIIEHHOI
OIMMOKY MaKCUMyM IOJIB3bI Ha Oyxyinee. I[yia aToro Hamo mpoaHa-
JU3UPOBATH OOHAPYKEHHYIO OMIMOKY IO CJeAVIOIeMY ILIaHy:

1. Korpma Onl1a chesaHa omubOxa?

Ha xaxom stame paboThl HaJ IpPOrpaMMOM JOMyIeHa OInbKa:
Opu IIOCTAHOBKEe 3aJa4M, IIPU HPOEKTHUPOBAHUHU IIPOTPaMMBbl, IpPH
HaIllCaHUU TEeKCTa Ha dA3bIKe IIporpaMMHpOBaHUA U T. O.

2. Tlouemy ObLia caesaHa omuoka?

Yro MMEHHO OBLI0 HeIOHATHO? Bhliaa Iy OpUYMHON OIINOKY He-
TOYHOCTH B (DOPMYJIMPOBKE 3aauM, UM HeZOIOHUMAHIE KaKOMN-TO
S3BIKOBOUM KOHCTPYKIIUM, WU HEYAAUHBIN BLIOOP MMEHU IIepeMeH-
HOIT (KOTOPBIN chesasl OMMCKY OIINOKOIT), MIW YTO-JIU00 erre.

3. Kak MOKHO OBIJIO IIPEeNOTBPATUTH OIINOKY?

Ectb xopommuit MeTognuyecKuili mpuHnuil: « HuKorma He cipamin-
Baii uyejoBeKa, ueMy OH Hayumjcsa. CopamiuBaii, 4TO OH B CJIEAYIO-
muii pas OymeT AejaaTh IO-APYroMy». VIMEHHO 5TOT BOIPOC MbI Ceii-
yac m 3amaeM. UTo B CIEAYIOINUN pas HAAO AejaTh II0-APYyromy,
YTOOBI MOAOOHBIE OMIMOKM HE ITOBTOPSAINCH?

4. Tlouemy omIMOKY He OOHAPYKUJIU pPaHbIIe?

Eciu omubKy ymasoch OOHADYsKHUTH cefiuac, TO IOUYeMy ee He
ymajaoch OOHAPYKUTH paHbIlle, Ha 0ojiee paHHUX STarmax?

5. Kax MOKHO OBIIO OOHADPYKUTH pPaHbIIIE?

Kak mamuiu omubry? ITouemy MMEHHO 9TOT TECT OKa3ajcd yaad-

HbeiM? Henb3sa au TaKuM 2Ke 00pa3oM HAWTU aHAJOTUYHBIE OITUOKYU
B 9TON WM APYrux Iporpammax?

PesynbraTel anHammsa 1moJsie3HO (DUKCHUPOBATH B «ITHEBHUKE OT-
aagku» . OmubKy 1 UX KUCIIpaBleHre — IIpoliecc TBopueckuii. Coii
COOCTBEHHBIN OIBIT B 9TOU 00JIACTH 3aMEHUTH TPYAHO. A BOT cOOm-
paTh ¥ aHAJIU3WPOBATH €ro OYeHb II0JIEe3HO.
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OTnapo4yHblie cpeacTea
cuctembl Typ6o Mackanb

17.1. NepeyeHb OTNaA04YHbIX CPEACTB
Typ60 Mackanga

B manmO# riaBe ommMcaHBI OTJIAJOYHBIE CPENCTBA, IIPELOCTABJISE-
Mble cucTeMoil mporpammupoBanusa Typ6o Ilackans Bepcum 7.0.
B APYyrux BepCUuAX OHM MOI'YyT HECKOJIBKO OTJIMYATBhCA, HO OTJIMUYNA
9T HEeIIPpUHIIUIIMaJIbHBI.

Iia moucka OomnOOK B IporpaMMe, a TaKJKe JAJIsI JIyUIero MoH!-
MaHWS TOTO, KAK MMEHHO OHA paboTaeTr, MOKHO MCIIOJIL30BATH CJIe-
Iyomre Bo3Mo:KHOCTH cucteMbl Typ6o ITackauis:

1) momraroBoe MCIOJHEHNE IPOTPAMMEI C 3aX0J0M B IPOIEAYPHI
u 0e3 3axona;

2) ucmoJHEeHUE «J0 Kypcopa;

3) ycTaHOBKA KOHTPOJIBHBLIX TOUEK, B TOM UYHUCJIE YCJIOBHBIX U CO
CUETUHNKOM,

4) HabaomeHNe 3a 3BHAUCHUSAMH ITIePeMEeHHBIX;

5) BBbIUMCJIEHUE BI:Ipa?ReHI/Iﬁ U U3MeHeHUe 3HaUeHUuN IIepeMeH-
HBIX BO BpeMd IIPXMOCTaHOBA IIPOIrpaMMBI;

6) HaburofeHe 32 COCTOAHUEM CTEKA BHI3BAHHBIX IOAIIPOTPAMM;

7) IMHAMMUYeCKOe YIPaBJIeHNe OTJIAJOYHBIMU CPEACTBAMIU.

Ctr1+F9

ar p:file of integ
c:integer; ITrace into
fname:string; Go to cursor F4

begin Program reset OCtrl+F2
writeln(’ Busox Parameters...

eadln (fname’;
(p.'a.dat’>;>
{p.fname);
» t <{p>;
while not eof <{p> do
begin
read (p.cr;
writeln <c;
end;
close (pl;

“Execute next statement,. skipping over the current procedure

Puc. 17.1. BeptukanbHoe meHi0 Run
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urbo Pascal ]

Optlons Window

Breakpoints
writeln ¢’'BuBoxy 3semeHTH C Call stack Ctrl+F3

writeln (’'Beepure, noxaaydcr Register

readln (fname); _
Output

¥ liser screen Alt+FS

1;
while k>=0 do Evaluate/modify... Ctrl+F4
begin fAdd watch... Ctr1+F7
writeln ('BeeawTte. noxa Add breakpoint...
readln (k>;
if (kifilesize <f>> and ¢}
seek (F_k);
read (F,.h);
writeln (’asement ¢ nomepon '.K.' pasen ',b);
en
o else writeln ('B oaWae scero *.filesize <f).' aaemenvos ’J;
end;
close <(f);

Puc. 17.2. BeptukansHoe meHio Debug

B BepxHeM MeHIO OHU COCpPeIOTOUeHBI B MyHKTax Run u Debug
(cm. pue. 17.1, 17.2).

KomaHapl 13 BepTHUKAJBHOrO MeHIO MyHKTa Run obecmeunBaioT
yopaBJeHUe CIIOCOO0M BBITIOJHEHUS MIPOrpaMMbl, M3 IyHKTa De-
bug — ympaBieHue KOHTPOJLHBIMU TOUKAMU, HAOJIIOeHTe 3a 3Ha-
YyeHHeM IIePEeMEHHBIX W BbI30BAMMU IIOAIPOrDAMM, BBIUKCJIEHNE BbI-
pakeHuil 1 mepeMeHHBIX. Kpome Toro, yacth HamboJiee XOMOBBIX
KOMAaH[ IMPOoAyOJIMpOBaHA B JIOKAJHLHOM MEHIO OKHA peJaKTUpoBa-
HUSA TOpPOTpaMMbl. OTO MEHIO BBLIBBIBAETCA KOMOWMHAIIMEN KJIaBUIII
Alt+F10 (cm. puc. 17.3).

e+ Turbo Pascal
T Fd

Copy Cerl+ins
Faste Shift+Ins

Paste
Clear Ctrl+Del

Open file at cursor
Topic search Ctrl+F1

Toggle hreakpoint Ccrl+F8
Go to cursor F4
Evaluate/modify... Ctrl+F4
fidd watch... Ctrl+F?

Options...

Puc. 17.3. JlokanbHOEe MEHI0O B OKHE peaakTMpPOBaHWS TekCcTa MpOorpamMmmebl
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=lojx]
De b Tools p

Puc. 17.4. CoobuieHne o6 owwmbke npu OTKHOYEHHbIX OMLUUSX
cbopa oTnagoyHol nHdopmaumm

Hamo moguepKHYTh, UTO AJIs1 HOPMAJbHOI PabOThI OTJIALOUHBIX
CpeacTB HEeOOXOAMMO, YTOOBI OBIJIM BKJIIOUEHBI IBE OMIUU KOM-
nunasitopa: Options/Compiler.../Debug information u Options/
Compiler.../Local symbols (cm. puc. 9.1 Ha cTp. 33). BKaouenue
9TUX OMITUII o0ecmeunBaeT cOOP OTJIAAOUYHON MHMOPMAIUN U TTO3BO-
JIUT Jajiee BECTHU OTJIAAKY B TEPMUHAX SA3bIKA BHICOKOI'O YPOBHA (HcC-
[M0JIb30BATh MMEHA IIEePEMEHHBIX U IIPOIENYP, CChLIATHLCA HA KOHK-
PeTHBbIe CTPOKHU TeKCTa mporpaMMbl). IIpu BBIKJIIOUEHHBIX OIITUAX
BBl MOJKETEe PACCUMTBLIBATH TOJBKO Ha coolIIeHusA Tuma «Runtime
error» (cMm. puc. 17.4).

17.2. NMowarosoe BbINOJIHEHNE NMPOrpamMmMmbl

IIporpamma B Typ6o Ilackayie MOXKeT BBIIIOJHATHCA 0€30CTaHO-
BOYHO HJIX IIOIIAroBO.

BesocTaHOBOUHOE BBIIIOJIHEHUE 3allycKkaeTcsa KoMaHgoii Run B
BeprukajibHoM MeHI0 Run (ropsauas wkuaasuina Ctrl+F9). B mpo-
cTeliieM (C TOUKU 3pEHUSA OTJIQJKM) CJIydyae BBHIIOJIHEHUe HadnHa-
eTcs ¢ HadajJa IPOrpaMMbI M IIPOJOJIMKAETCA OO KOHIla. B OoJiee
CJIOKHBIX CJy4YasiX BHYTPU IIPOrPaAMMBI MOTYT OBITh YCTAHOBJIEHBI
TOUKU IIPUOCTAHOBa. B aToM ciaydae mo KoMmaHae Run BeITTosHEHUE
HUIeT OT OAHOI TOUuKHU A0 Apyroii. IlogpodoHee 06 sTom OyaeT paccka-
3aHO B CJEAYIOIIEM IIYHKTE.
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e Turbo Pascal i N

[ File Edit Gearch fun Compile Debug lools Options
1.PRAS

var
i, j. k: integer;
begin

k:
for 0 to 255 do
weite(chedid, "=’ i’ ’);
end.

T e et S
F1 Help F7 Trace F8 Step < Idit Ins Add Del Delete ALt+F10 Local menu

Puc. 17.5. lMNowaroBoe BbiNosHeHNe nporpamMmbl. CocTosiHue
[0 BbINOJIHEHNS MPUCBaANBAHUSA 3HAYEHUIA MEPEMEHHBLIM i WU j

Bropoii BO3MOKHBIN PEsKUM BBITIOJIHEHUS ITPOrPaMMBbI — BBITIOJI-
HeHMe moIraroBoe (moctpouHoe). Ilepes BBITTOJTHEHUEM OYEPEIHOTO
1ara COOTBETCTBYIOI[asi CTPOKA B IIPOrpaMMe BBIAEJISIeTCS OMPI030-
BoO#1 moJiocoii. Eciii B CTpPOKe 3amucaHbl HECKOJIBLKO OIEPaTopoB, BCE
OHU OyAyT BBINOJHEHBI 3a omuH Imar (cm. puc. 17.5, 17.6).

var

i. j. k: integer;
begin

iz= 13 jz= 2;

for i:=0 to 255 do

write{chrdid, '’ 1.’

e
T
[=1ET

F1 Help race tep +— Edit ne Del Delste t+F1 cal menu

Puc. 17.6. lNowarosoe BbiNnonHeHne nporpamMmbl. CocTosiHMe
rnocne BbIMOSIHEHNS MPUCBaMBaHUS 3HAYEHUI MEPEMEHHbBIM | U j.
MpucBanBaHne 3Ha4YeHWn 06enM MEPEMEHHBbIM BbIMOMHEHO 32 OOWH Lwiar
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JJia BBITIOJTHEHUA IIara MOTYT MCIIOJb30BaThCA (DYHKIIMOHAJIb-
uole Kaasuinu F8 uiau F7 nubo coorBercTByIONre KoMauabel Step
over uiu Trace into us BeprukanpHOro MeHio Run. Eciau BeImonHsA-
eMas mporpaMMa He MMeeT IOAIIPOorpaMM (mporeayp u GyHKIUH),
00e KOMaHABI AEHCTBYIOT COBEPIIEHHO OJUHAKOBO: II0 HAKATHUIO I'0-
paueit kaaBumu F8 mau F7 BoImomHUTCA OgHA CTPOKAa. YKasaTesldb
caenyiorero mara (0MpPr30Basd I0JI0CA) TIEPEMECTUTCA Ha COOTBET-
CTBYIOIIYIO CTPOKY TEeKCTa IIPOTPaMMBI.

PasHua Mexay KoMaHIaMU MPOSABIAETCS IIPU MOIBITKE BHITIOJN-
HUTb BBI3OB IIPOIlEAYDHI.

Komanga Step over (ropsauasa kaasuina F8, 6yKBaJIbHBIN ITepeBO,
«IITaraTe uepe3») paccMaTpUBaeT BHIBOB MOAIIPOTPAMMBI KaK OIUH
omepaTtop. ITopsOK BBIMIOJHEHUSA Teja MOANPOTPaMMbI ee He WHTe-
pecyert. Bea mogmporpamma 6yeT BbIOIHEeHa 3a oguH miar. Ilo Ha-
skatuio KiaaBuinin F8 yKaszaTesb CJIeIYIONIero BHITIOJHSIEMOTO Iara
(buprosoBasg moJjioca) TEPEMECTUTCA HA COOTBETCTBYIOIIYIO CTPOKY
TeKCTa IPOTrPaMMBI.

Komanga Trace into (ropsiuas kiaasumia F7, OykBaJbHBIN IIepe-
Bog «CieiuTh BHYTPbH») BBIMNOJHSAET 3aX0J BHYTPh Tejia BHI3LIBae-
MO TOANPOTPaMMbI M €e IIOIIaroBoe BBITIOJHEeHue. Ilo HamkaTuio
kaaBumu F7 Ha sKpad OyZeT BBIZAHO TeJO BBLI3BAHHOIN MOAIIPO-
TpaMMBI ¥ YKa3aTeJb CJIEIYIOIero BHIIOJIHAEMOro Imara (6uproso-
Basd II0JI0CA) TEePEMEeCTHUTCSA Ha ee IePBBIN OIlepaTop.

17.3. KOHTPOsbHbIE TOYKMU

ITorraroBoe BBITIOJNIHEHME JaeT MaKCHUMAaJbHO MOAPOOHYI0 MHMOP-
MAaIiio 0 Xofie BeiuucaeHuii. Ho aasa 6oabpHInX IporpaMM OHO MOXKET
OBITH CJUIIKOM MEIJIEHHO M yTOMHUTEJIbHO. JacTo Hac MHTEpecyer
moapoOHas WHMOPMAIMS O BHIINOJHEHWN HE BCEeHl IIPOrpaMMbl, a
TOJIBKO KaKUX-TO ee y4acTKoB. Ham ObI XOTeJoCch 0e30CTaHOBOYHO
IOUTHU IO MHTEPECYIOIIET0 HAC yUaCTKa IIPOrPaMMbl, TAM OCTAHOBUTH
BBINIOJIHEHNE U BaHSTLCSA WCCIefoBaHueM (IIPOCMOTPOM 3HAUYEHUH
TMepeMeHHbBIX U CTeKa MOAIIPOrPaMM, IIOIIATOBBLIM BBITIOJHEHNEM WH-
TePECHOr'0 y4acTKa M T. II.). 3aTeM OUATH OBICTPO (6€30CTaHOBOUHO)
MIPOYNTH HEMHTEPECHYIO YacTh IIPOTPAMMBbI 0 CJIEAVIOIIEero MHTEpec-
HOTO YYaCTKa, T'Zle OUATb 3aHATHCA KCCJIEJOBAHUAMU.

IIpuocTaHOB BBIIOJHEHUSA IIPOrPAMMEI C BO3MOKHOCTBIO €0 BO-
300HOBJIeHUA peanusdyercsa B Typ6o Ilackase ¢ mOMOIIbI0O KOHT-
POJBHBIX TOUEK (TOUEK IIPHMOCTAaHOBa, aHIJI. breakpoint). Ammapar
KOHTPOJBbHBIX ToueK B TypbOo Ilackame Becbma pasBuT. OHU MOTYT
OBITH YCJIOBHBIMU (T. €. BHINIOJIHEHHE IIPOTpaMMbI OyAeT WJIU He
OyZeT OCTaHABJIMBATHCA B 3aBUCUMOCTU OT 3HAYEHUA HEKOTOPOTO
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Turbo Pascal i
. = - - i :

File Fdit Searc] tions Window

De bug fools
e — 855§ T
writeln ('sppapcTEYATE.A YMEN BBOAMTL NOCAEAOBATEABHOCTD OTPHL

YMCEA M NEYATATbH G0ALLEE M MEHBUWEE YMCAA W WX Homepa');
writeln (’BEEguTE. NOMAAYHCTA, NMOCAEAOBATEABHOCTH uYucea');
read (smol);
nomsmol:=1;

nombol:=1;
tek:=smol;
nom:=1;
while tek<D do bhegin
if tek>bol then begin bol:=tek; nombol:=nom end
else (wnuuero=d;
if tek<{smol then begin smol:=tek; nomsmol:=nom end
else ("nuuero=)
nom:=nom+1i;
read (tek>
end {whilel;
writeln ¢’ BUWEE YWCAD W3 NocAenoBatessHocTH ' ,.bol 25;
writeln ('HomMep E0ABLWEro YHCAA M2 NOCAEROBATEALHOCT nomboll;
writeln ¢'menswee 4Yuwcao w3 nocaenopatTessmocTH fL.smoli5:Zd
writeln ('HoMEp MEHBWEro YMCAA W3 NOCABAOBATEABHOCTH ' .nomsmol);

Puc. 17.7. KOHTPONbHbIE TOYKN

ycaoBusi). OHEM MOTYT OBITH CBA3AHBI CO CUETUUKOM (BBIIOJIHEHUE
OyZeT ocTaHaBAMBATHCA HE Ka'KABIN pas, a TOJIbKO IIOcje 3aJaHHO-
ro yncJia npoxooB). OHM MOT'YT yCTaHABINBATHCA U CHUMATHCS IW-
HaMWUeCKU IIPAMO BO BpeMs BBITIOJHEHUs mporpamMmebl. [locie KoH-
TPOJIbHOM TOUKU BBITIOJHEHNE MOKET OBITh IPOJOJIIKEHO JaJjiee MU
HAyaTo OUATH C Hayajla IPOrPAMMBEI.

Ha sxpaHe KOHTDOJIbHBIE TOUKU M300PAKAIOTCSA KPACHOM II0JIO-
coii. IIpumMep KOHTPOJBHBIX TOueK cM. Ha puc. 17.7. IIporpamma
OymeT IPUOCTAHOBJIEHA B IEPBBIN pas mepel WHUIUAIU3AIUel IIe-
peMeHHOII nom, a 3aTeM OygeT NMPUOCTAHABJIWBATHCA KaKIbIil pas
IIOCJIie BBIMIOJTHEHUS Teja IIUKJIA.

JobaBieHre HOBOM KOHTPOJBHONM TOYKU IIPOBOAUTCA C IIOMOIIIBIO
komauabl Add breakpoint.. B BepTukanbuom men:o Debug (cyiect-
ByeT ropsuas kiaasuina Ctrl+F8, mo B BepTuKanbHOM MeHIO OHA He
ykasana). Bocmonb3oBaThbeA €i1 MOXKHO KaK IO Hauaja BBITIOJHEHUSA
IIPOTPaMMbl, TaK M BO BPeMsA BBIIOJHEHUs (IIOCJI€ BBHITIOJIHEHUA OUe-
PenHOTO ITIara Ipu IOIIIarOBOM BBITIOJHEHUN WU B MOMEHT IIPHOCTA-
HOBa B KOHTpPOJIbHOI Touke). Ha puc. 17.8 moxasamo HasHaueHUe
HOBO¥ KOHTPOJIBHOM TOYKM BO BPEMsA BBINIOJHEHUA IPOrpaMMbl (Ou-
pro30Bad IOJIOCA HA 3aroJIOBKe ITuKJIa while tek<(0 ykasbIBaeT, 4TO
UMEHHO 9Ta CTPOKa OYIEeT BBIMOJHATHCS CJIELYIOIeit).

Nma ¢atina (mose File name) u HOoMep crpoku (mose Line
number), B KOTOPO# CTaBUTCA KOHTPOJbHAA TOYKA, MOTYT OBITH
BBeJeHBbI BpyuHYyI0. Ilo ymMoIuaHuio 6epeTcsa TeKylmas CTPOKa Te-
Kymero ¢aiaa. IlosTomy mepen TeMm, Kak naTh Komauny Add
breakpoint..., y100HO moCTaBUTh KypCOp HA HYKHYIO CTPOKY.
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Turbo Pascal i
AT

e it BArC 0] e Debug 00 ls

= SEMPL1\EXTRPOSL.PAS
num.noni:ul_.nomsmu].ﬂ integer;

begin
writeln ('3 arvensHex '
Ty

writeln ('
1

nombolnomsmol w

ass count

pEEEEee—a———————
ile name

SEMPL1-EXTRPOSL.PAS
ine number

read C(tek>
end {whilel}; :
writeln (’GoAbwee YWcA0 W3 nocaeposateabnocTH 'L bol:5:23;

Puc. 17.8. HasHayeHne HOBOW KOHTPOJSIbHOW TOYKM
(YyCNnOBHOM M CO CYETYMKOM)

KoutposnbHas Touka Ha puc. 17.8 HasHavaeTca cpasy € AByMA
JIOMOJTHUTEJbLHBIMUA OTPAHUYEHUSIMU, KOTOPhIEe JOJIKHA KOHTPOJIU-
poBaTh cucteMa. Bo-mepBerx, B mose Condition ykasano ycioBue
IpHocTaHoBa. BLINOJHeHNEe B JAHHON KOHTPOJILHOII TOYKe OyIer
MIPUOCTAHOBJIEHO TOJHLKO B TOM CJyuYae, eCJM MCTUHHO 3aJaHHOE B
moJsie Condition siormueckoe Boipaskenme. Bo-BToprix, B moie Pass
count ykasam HomMep IpPOXO0/a, IPU KOTOPOM JOJI’KEH IPOUCXOIUTH
MIPUOCTAHOB. B HaHHOW KOHTPOJBHON TOUKEe BBIMIOJHEHHE Oyaer
IIPUOCTAHABINBATHCS Yepes JBa pasa Ha TPETUi.

Ecau ycioBue U cueTUMK 3aJaHbl OJHOBPEMEHHO, TO IIPHUOCTAHOB
IIPOTPaMMBbI IPOUCXOAUT TOJBKO IIPU OJHOBPEMEHHOM BBLITIOJTHEHUN
000MX OrpaHNYEHUIi: YCJI0BUE AOJIMKHO OBITH UCTUHHO, a HOMEpP IIO-
BTOpa KpaTeH yKa3aHHOMY CUETUYHKY.

Jsa OBICTPOM YCTAHOBKU/CHATUA KOHTPOJBHBIX TOUEK MOKHO
BOCIIOJIb30BaTheA ropadei kaasuiineii Ctrl+F8. Oua craBuT TOJIBKO
IPOCThbie KOHTPOJbHBIE TOUKHU (HE IO3BOJIAET 3aJaBaTh OTpaHuYe-
HUS B BUJE YCJIOBUS UJIM CUETUYMKA), 3aTO paboTaeT Kak MepPeKJIio-
yaTesib B 00€ CTOPOHBI: M CTABUT KOHTPOJBHYIO TOUKY, M CHHUMAeT
ee (mo-auriuiicku 9To HasbiBaercss Toggle breakpoint). ITpu Heo6-
XOAMMOCTH OTpaHUYeHUA (YCJAOBUE U/UJIU CUETUYNK) MOTYT OBITH
mo0aBJeHBI K OMMCAHUIO KOHTPOJBHON TOUKM, MOCTABJIEHHOUN C
nmomomnsio Ctrl+F8, mosske mpu mpocMoTpe CIMCKa YCTAHOBJIEH-
HBIX KOHTPOJIBHBIX TOUYEK.

IIpocmoTp ommcaHUii KOHTPOJBHBIX TOUEK, MX KOPPEKTUPOBKA
(mampumep, U3MEHEeHNe YCJIOBUSA WJIN CYETUNKA) U YIAJIEHNEe BBIIIOJI-
HAOTCI 1o KoMaHzae Breakpoints menio Debug. Ilo atoit kKomanzme
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tion

o 3 dit 3 i . ools
=l PL1~EXTRPOSL.PAS

writeln (’agpascTeydTe.n YyMEw BBOAHTE NOCACNOBATEALHOCTL OTPHUATEABLHHX .
‘YHCEA M NeYaTaTh GO0ALWEE M MEHLMEE YHCAA W WX HOMepa');
writeln (‘BBEAMTE NOMAAYNCTA, NMOCABAOBATEALHOCTL 4YMceEAa’);

SEMPL1\EXTRPOSL.PAS

writeln ('menbuee uKwcao M3 nocaepoBaTeAsHOCTH ‘. smol:5:2
iteln ('HOMEp MEHLEEro YHCAA W3 NOCABADBATEAbLHOCTH ‘.nomsmol);
9:] =——=—

Puc. 17.9. Cnncok KOHTPOJSbHbIX TOYEK

BBIJAeTCS CIIMCOK YCTAHOBJIEHHBIX B JAHHBIA MOMEHT KOHTPOJbHBIX
ToueK. COMCOK BBIAETCSA €IWHBIN JJIA BCEX OTKPBITBIX B MaHHBINA
momeHT (paitimoB. IIpumep cmmcka cm. Ha puc. 17.9.

C mIoMOIIIbI0 MEHI0, PACIIOJIOMKEHHOTO B HIMKHeI yacT okHa Break-
points, MOXHO yIaIUTh KaKYIO-TO OMHY KOHTPOJIBHYIO TOUKY (ITO3UIAA
Delete) nau cpasy Bce (mosuriusa Clear all). Moxxkzo mepeiitTu K mpo-
cMoTpy (haiima m TOro ero y4JacTrka, IZie PacIoJIO)KeHa yKasaHHad
KOHTpOJIbHAA TouKa (mosurus View). MoXHO 3aKPBITH OKHO (II0-
sunua Ok). HakoHell, MOXHO M3MEHUTH ONMHCAHNE KOHTPOJLHON
rouku (mosurus Edit). IIpumep KOPPEKTHPOBKM KOHTPOJIBHOMN
TOUKM mpexactraBiaeH Ha puc. 17.10. Kuonka New mo3BoJisieT co-

- Turbo Pascal

ile Edit & onp hug Tools
[l ]———————— SEMPLAANEXTRPOSL.PAS ————
writeln ¢'3ppaBcTBYlTE.A YMEW BEOAMTE NOCAENOBATEABHOCTH OTPHUATEABHMX *
'YMCEA M NEYATATL E0ALWEE M MEHBWEE YHCAA M MX HOomepa');
writeln ('BBEEAWTE.NOKAAYHACTA, NOCAEAOBATEALHOCTL UYHCEA'Dj

SEMPLASER -

ass count

ile name
SEMPL1\EXTRFOSL.PAS

wr L S ef i ] 1
writeln ('w € YHCAD W3 NocAeRoBaTeAbHOCTH ' .smol:
writeln {'m ] MEHBUEN0 YMCAA W3 NOCAEADBATEABHOCTH

]

Puc. 17.10. PepaktnpoBaHve OMMCaHUS KOHTPOJIbHOM TOYKM
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step 4

Puc. 17.11. 3auvkneHHas nporpaMma, NpuMOCTaHOBNEHHas
Cc nomoubio kombuHauum Ctri+Break

XPaHUTh Pe3yJabTaThl PEJaKTUPOBAHUS ONUCAHUA KOHTPOJBHOMN
TOUYKUW KaK HOBYIO KOHTPOJIbHYIO TOUKY, He 3aTupas crapyro. Ta-
KUM 00pasoM, yIIPOIlaeTcs CO3JaHNe HOBBIX KOHTPOJBHBIX TOUEK
Ha 0ase cTapbIX.

Ecau B MOMEHT IIOCJIe IIPHUOCTAHOBA B KOHTPOJIBHON TOUKE HAThb
kKomauay BeimosiHeHus (Run, Step over, Trace into uiu Go to cur-
sor), pabora mporpaMMbI Oy/eT MPOIOJIMKeHa TaJbIlle ¢ TOUKU IIPHU-
ocraHoBa. Eciim HaM 9TO yiKe He HY)KHO U MbI ObI XOTeJH HadyaTh
BBIIIOJIHEHNUE C Hayajla IPOrpaMMbI, CJIEAYEeT «IIePeyCTAHOBUTH»
IIporpaMmy C IIOMOIILI0 KOMaHAbl Program reset u3 BepTUKAIBHO-
ro menio Run (ropsiuas xaapuira Ctrl+F2). ITocae sToro xomamga
BBIIIOJIHEHUSA 3aIlyCTUT IIPOrpaMMy cHauaja.

BosmoixHa pasoBasg ObICTpas yCTAHOBKA OJHON KOHTPOJILHOI
TOouKu 0e3 ucmob3oBanusa Komaua Breakpoints u Add breakpoint.
Takasi KOHTPOJIbHAsA TOYKaA yKasbiBaeTcsa Kypcopom. Kypcop cra-
BUTCS HA TO MECTO IIPOTrPaMMBbI, '€ HOJIKEeH IIPOU30UTH IIPUOCTAa-
HOB. BhINlo/IHeHUE IPOrpaMMbI B 9TOM CJyuYae 3allyCKaeTcs KOMaH-
nmoit Go to cursor u3 BepTuUKaIbHOro MeHI0 Run (pyHKIIMOHAIBLHAA
kaasuia F4). Komarga Go to cursor 1mo3pojisieT O4eHb IPOCTO U
OBICTPO YKa3bIBATh CHUCTEME, B KAKOM MeCTe OHA JOJIXKHA IPHUOCTAa-
HOBUTH BBIIIOJIHEHNE IIPOrPaAMMEBI.

Emre ogHa KOHTPOJbHAsA TOYKA aBTOMATUYECKU CO3JAeTcs II0
HaskaTuio KomOummamuu Kjaasuiil Ctrl+Break Bo Bpemsa BwImosHe-
HUSA IPOrpaMMBbI. OTO I0O3BOJAET OOPOThCA C 3allUKJINBaHUAME. Ha
puc. 17.11 mokasaH mpuMep IIPUOCTAHOBA CIIEIIMAJIbHO 3aI[UKJIEH-
HOI mporpaMmbl ¢ momoirbio KomoOuuanuu Ctrl+Break.
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= SEMPL1~

var tek.bol.smol:real;
nom.nombol.nomsmol:integer;
begin
writeln (’3ppaBcTBYdTE.A YMEN BEOAHTE NOCAEAOBATEABHOCTE OTPHUATEAbHBIX
'YMCEA M NEYATaTh 60AbWEE W MEHbUEE YHCAA H WX HOMepa'd;
writeln (’'BBenuTe.noxasydcra,. NOCAENOBATEABHOCTE uHcea’'D;
read (smol);

if tek>*bol then hegin bol:=tek; nomhol:=nom end
else (~

[nl

smol: -3.0

Puc. 17.12. MNpocMOTp 3HAYEHUN NEePEeMEHHbIX
B okHe Watches

KcraTu, Ha 3TOM IIprMepe XOPOIII0 BUAHBI Pe3yJIbTaThl IIEJI0UNC-
JEHHOTO TepeloJIHeHUA. B pesyiabTarTe CIAUIIKOM IJIUTEIHLHOTO
YBEJWYEHUA TOJOKUTEIBHOTO YMCJIA MBI IIOJIYUYUM OTPUILATEIbHOE
YUCJI0, 3aTEM — ONATH MOJIOKUTEJNbHOE, 3aTeM — OIATh OTpHUIlA-
TeJIbHOE W T. .

17.4. TIpoCMOTP 1 BblYNCAEHUE 3HAYEHUN
NnepeMeHHbIX U BblpaXeHum

Has mpocMoTpa 3HaUeHWU IMepeMeHHBIX W BBhIPAsKEeHUI BO Bpe-
MsI BBITIOJIHEHUS IIPOTPAaMMbBI TIpefHA3HAUEHO CIeIllaJbHOe OKHO
Watches (cm. puc. 17.5, 17.6, 17.11, 17.12). OTKpbIBaeTCcsaA OHO
mo xomauge Watch BeprukanpHoro meurmo Debug.

B mpocreiiniem cayuae B okue Watches pasmernarores: mpocTeie
nepemenHbie. Ho 970 MoryTr ObITH M BhIpaskeHus (cm. puc. 17.13),
U CTPYKTYPHI HaHHBIX (cM. puc. 17.14).

Ha puc. 17.14 umTepecHO TPOCJEIWUTH 3a TeM, KaKue 3Haue-
HUA TOJYyYal0T HEMHUINAIU3UPOBAHHBIE TOJA 3anuch (a.x) U dje-
MeHTOB MaccuBa (b[2].d u b [3].c). Brime y:xe ymoMuHaJIOCh, YTO
Typ6o Ilackanab 0OHyJsIET MAMATH, OTBOAMMYIO IIOJ IIepeMeHHbBIe
rJIaBHOUM mporpamMMbl. HO ITOCKOJBKY B JaHHOM CJIydYae Mbl MMEEeM
JIeJI0 ¢ TMIepeMeHHBIMI Pas3HbIX TUIIOB, TO U HYJEBOe 3all0JHeHU’e
MaMaTH TPAKTYeTCsA II0-pPasHoOMY.
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Turbo Pascal 1 N

Fdit & R onpile Debug Tools O

var
i. j. k: integer;
begin
iz= 13 ds= 23

k H
while 0 do begin
+100;
Jj+200;

F1 Help F7 Trace F8 Step Edit 1Ins Add Del Delete ALlt+F10

Puc. 17.13. BuipaxeHus B okHe Watches

Hnsa mobasnenusa B okHO Watches HOBBIX 00BHEKTOB (IIepeMeH-
HBIX U BhIpasKeHui1) mpenHasHaueHa komauna Add watch... us Bep-
TuKaJbHOTO MeHIo Debug (ropauas kaasuina Ctrl+F7). Ilo komaH-
me Add watch.. oTkpniBaeTcssi OKHO IJsd BBOZA HAaOJIIJaeMOT0
BbIpakeHud (cMm. puc. 17.15). Ilo ymoruaHUIO B 9TO OKHO ITOMeIIa-
erca TOT uaeHTUGUKATOP (MJW TO 3HAUEHWE), HA KOTOPOM B [JaH-
HBII MOMEHT CTOUT Kypcop. IlosTomy mepes HakaTueM KOMOWHA-
muu Ctrl+F7 OniBaeT yao0HO yKasaTh KYPCOPOM Ty II€EpPEeMEHHYIO,
3a 3HAUEHWEM KOTOPOH BBl XOTHUTE IMOHAOJIIOIATH.

var a® record x:real; yiinteger; = ; d;
: arrayl1..3]1 of record c: char; d:{red.green.blue? end;

true;

Edit Ins Add Del Delete Alt+F10

Puc. 17.14. CtpykTypbl gaHHbIX B okHe Watches
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+ Turbo Pascal
- ol

var tek.bol.smol:real;
nom,.nomnbol . nomemol:integer;
begin
writeln ('sppascTBYATE.A YMEW BEBOAMTL NOCAEN0BATEABHOCTE OTPHUATEAbHBIX
‘YHCEA W NEYATATh G0AbHEE W MEHbUEE YHCAA W WX HOmMepa');
ur:i.:;leI!n ('BBEAMTE . NOXAAYHUCTA, NOCAENOBATEABHOCTL YHCEA’D;
read (s

»

Enter expression to a

Puc. 17.15. Jo6aBneHne nepemeHHol B okHO Watches

Ecau Bel HaxoauTech B oKHe Watches, BBl MoXxeTe MCIIOIB30BATH
[UIS YIIPaBJIEHUS CIIMCKOM HAOJIIOJaeMbIX O0BEKTOB CJIEAYIOIINEe KJIABU-
mu: Insert — go0aBKa B OKHO HAOJIIOLEHUA HOBOro 00bexTa; Delete —
ynaseHue HabaomaeMmoro oosekTa u3 okHa Watches; Enter — pyunoe
PelaKTUPOBAHNE MMEHHU MNEePEMEHHON WJIM BBIPAMKEHUS.

Kpowme Toro, B okHe Watches (Tak ke, KaKk U B OKHE C TEKCTOM
IPOTPaMMBbI) CYII[eCTBYeT CIelraJbHOe JOKaJbHOe MeHI0. Bhi3biBa-
ercsa oHo 1m0 KomOmHanuy KiaaBuin Alt+F10 miam mo 1meaury mpa-
BOIi KHomKHM MbImu (cMm. puc. 17.16). Kpome y:Ke HasBaHHBIX
KOMaHf no0aBieHUs, YIAJeHUs U PeJaKTUPOBAHUA B JIOKAJIHLHOM

=i} do begin
i+100;

ﬂn!ﬂy. . Eter

Hemove Del
Clear all

Enahle

Disable

[nl
Jj=2: {disabled>

F1 Help Insert a watch expression into the Watch window

Puc. 17.16. JlokanbHoe MeHio onsa ynpasneHus okHom Watches
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program C55;
var tek.bol.smol:real;
nom.nonbol.nonsmol:integer;
begin
writel

write 1|
read ¢
nomnsmo

Hatches —————— 911

elp | Enter expression to evaluate

Puc. 17.17. Bbluncnenune BobipaxeHns komangon Evaluate/modify

meHo Haxogutcsa komauza Clear all gia ymanenus cpasy Bcex Ha-
OsromaeMbIX BequunH U mapa komau Enable/Disable, koTopsie mo-
3BOJISIIOT BPEMEHHO OTKJIOUUTH BBIUKCIEeHUE HAO/II0maeMoro BhIpa-
kerus (Disable), He yganas ero u3 oxkHa HaOJIIOgeHHUil, a IIOTOM
noAkJIounTh ero oboparao (Enable).

3HaueHUs IePeMeHHbIX MOKHO He TOJHKO HabJomaThb, HO U U3-
MeHATL. IIpsAMO BO BpeMs BBIUNCJIEHHUS IporpaMMbl. TouHee, BO
Bpems ee mpuocrtanoBa. Ilyisa sroro cay:xut komanaa Evaluate/mo-
dify us BepTurkanabpuoro menio Debug (ropauasa kaasuma Ctrl+F4).
IIpumepsl ee MCIOJHEHUsS IMOKas3aHbI Ha puc. 17.17 m 17.18.

[Srurbopesca _inix]

ions  MWindow Help

e bug 00
EMPL1MEXTRPOSL.PAS
program G553
var tek.bol.smol:real;
nom.nombol, . nomsmol:integer;
bhegin
writel
E pression
writel _
read ¢
nonsmo esult

bol:=s

Watcheg ———2-[1 1=

Fi1 Help Enter new value for expression

Puc. 17.18. VI3ameHeHMe 3HaYeHUs NMepeMeEHHON KOMaHOoM
Evaluate/modify
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B nmosie Expression BBoguTca BeIpaskeHue. 1o HaiKaTUio KHONIKYU
Evaluate oHo BbIUMCIIeTCS, U €ro 3HaAUEHHE IIOMEII[aeTCsl B II0JIe
Result. Eciu B moie Expression crout nepemMeHHas, MOYKHO BECTHU
ee HoBoe 3Hauenne B moJyie New value. B ciyuae HaskaTusa KHOIKUI
Modify sTo smauenue OymeT mpucBoeHO mepemenHOii. Ilocae aToro
BBIIIOJITHEHIE IIPOTPAMMBI MOYKHO OYyZeT IPOJOJIKUTHL yKe C M3Me-
HEeHHOIl IepeMeHHOI.

Has yueOHBIX MTPOTpaMM BO3MOYKHOCTH ITPDOM3BOJILHO MEHATH
3HAUEHUA IIePEMEHHBIX BO BPEMs BBINOJHEHUS IPOTPDAMMBI IIPES-
craBiaderca uaaumnHeir. Ho Humuero He mojesnaernb. V3HayaaibHO
Typ6o Ilackanbs mpemHasHavaJicA JJA IIPOU3BOJCTBA IIPOTPAMM, a
He aja ooyuenus. CooTBeTCTBEHHO, BOBMOXKHOCTb M3MEHATDL 3HAUE-
HUSA TIePeMeHHBLIX B IIPMOCTAHOBJIEHHON IporpaMMe IpeaHasHaua-
Jlach AJIS YIPOINEHUs JKCIEPUMEHTOB C IPOrPaMMOI.

17.5. HabnwopeHue 3a cTeKom
BbI3BaHHbIX NoANporpaMmm

Typ6o Ilackanab mO3BOJIAET OPTaHM30BATh ITPOCMOTP CTEKAa BBI-
3BAHHBIX B HACTOAIIWI MOMEHT IoamporpamMM. [esmaercs aTo ¢ Io-
motkio komauael Call stack Beprukanbuoro menio Debug (ropsauasa
kaasumia Ctrl+F3). Ilo sToii KoMaHAe OTKPBIBAETCS CIEIUATIBHOE
okno Call stack, B KoTOpoM B CTEKOBOM MOPSAIKE BBLIJAETCS Iepe-
YeHb MCIIOJHSAEMBLIX B JAHHBIA MOMEHT IOAIPOrPAMM U 3HAYEHUS
UX IIapaMeTpoB (BepIIMHA CTeKa — BBEPXY). 3aKPBITh 9TO OKHO
MOJKHO, HaskaB Kjasuiny Enter.

Ha puc. 17.19 gemMoHCTpUpPYyeTCS MTPOCMOTP CTEKAa BBIBOBOB IIPU
BBIUMCJIEHUY (haKTopHasia CTPOTO 10 MaTeMAaTUUYECKOMY OIIpeaese-
Huto. (BeIUMCaATH ero TaKUM 00pasoM Ha IMpaKTUKe HU B KOEM CJIY-
yae He HY:XHO!) KoHTpO/JIbHAS TOUKA yCTAHOBJIEHA HAa 3aKPHIBAIO-
mier ckobOkKe end Tena (GYHKIIUKM. 3allyCK IIPOrpaMMbl KOMaHIOI
Run mpuBes K ee BLIMOJHEHUIO IO IIEPBOM BCTPEUM C KOHTPOJILHOM
TOUKO#. ITpous0IILIo 9TO IPU BBIXOAE M3 CAMOTO IIOCJIETHEr0 BbI3O-
Ba (PYHKIUH OpU BhlumcjeHuu 1!. Eciam Temnepb IPOLOJKUTH BhI-
TMOJIHEeHUWe, TO CTeK OyAeT IOCTeIleHHO OCBOOOKaaThesa. VI3 Hero Oy-
IeT BBITOJKHYTO cHauvaJjga f (1), morom f (2) u T. O.

Cpenu mapaMeTpoB IOAIPOrPAMMEBI MOT'YT OBITH W BBIXOIHBIE
mapaMeTphl, BBIUHCJISIEMbIe B Tejie MOAIporpaMmbl. [Ipu ciexe-
HUU 3a TAKMMHU ITapaMeTpaMu HaJg0 UMEeTb B BHUIY, UYTO JIOKAJb-
Hble TIepeMeHHbIe mognporpamMm Typ6o ITackasem He MHUITMATU-
BUPYIOTCS W IMPU CO3AAHUU II0JYUAIOT HEKOTOPBIE «MYCOPHBIE»
3HauveHus. Hamgo ObITH TOTOBBIM, UTO HadaJbHble 3HAUEHUS BBI-
XOOHBIX TTapaMeTpPOB OYAYT BBITJIAMETH COBEPIITEHHO HEOKUIaH-
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bo Pascal i

function fin:integerd: integer;
begin
if n<2 then f:= 1
else F:= naf{n-1)

var k: integer;

ki= 5;
writelndCk, ' t=" F{kd>

(FREI T ————— . i

Puc. 17.19. MNpocmoTp cnucka BbI3BaHHbIX B AaHHbIA MOMEHT
noanporpamMm

Ho. Ha pmc. 17.20 npuBenenHasa BbIle QYHKIIUA IJIA BBIUHCIIE-
Hus (paxkTopuasa IepegesaHa B IPOIenypy (4TO YK TOUHO He
UMeeT HUKAKOTO IPaKTUUeCKOro cMmbical). Beruucasemulii dak-
TOpHAJ BO3BpalllaeTcs uepes BuIXoAHOU mapamerp f. CocTosHue
cTeKa MOKa3aHO B MOMEHT BO3BPaTa M3 TOT'O0 PEKYPCUBHOTO BBHI30-
Ba, KOTOPLIN BhIumcaua 4!. B cTeke ele jeXaT BBI3OBHI C BXO[I-
HBIMU HmapameTpamu 5, 6 u 7. IIpu 5ToM BBEIXOIHON IIapaMeTp O

&4 Turbo Pascal

: Ue hug ools
NONAMEDL . PAS
procedure pin:integer; var f: integer);
var m: integer;
begin
if n<2Z then f:= 1
else begin
pin—1,md;
fi= n¥m
end {if>

» Fk: integer;

Go to source

Puc. 17.20. lNMpocMoTp cnmncka BbI3BaHHbLIX MOAMPOrpamMm
C BbIXOOHbIMY MapamMeTpamu



Oraanounsie cpeacrsa cucrembl Typ6o Iackans 109

BBI3OBOB b m 6 mMeeT «MycopHOe» 3HaueHue. [IpumumHa B TOM,
YTO COOTBETCTBYIOIHME ITaPAMETPHI ABJSAIOTCS JOKAJBHBIMU IIepe-
MEeHHBIMHU IIPOIeAYPHI, B OTJANYMHE OT IIapaMeTpa AJsd BbI3oBa 7,
KOTOpPHIH ONucaH B IJIaBHOH mporpammed.

17.6. JlokanbHOe MeHI0 OKHa
penakTnpoBaHuUsa nNporpamMmmbl

o cux mop MbI TOBOPUJIN O MOCTYIle K OTJIAJOYHBLIM CPEICTBAM
yepes ropsure KJIABUIIN M BePTHUKAJbHBIE MEHI0O KoMmMauHag Run u
Debug. Ho ecThb ellle oquH OyTh, KOTOPBLIA YIIOMUHAJICA B HAUaje
IaHHOM rJaBbl. B OKHe peJakTUPOBAHUSA TEKCTA IIPOrPAMMBI CyIIle-
CTByeT cOOCTBEeHHOe JIOKajJbHOe MeHIo (cM. puc. 17.3 ma ctp. 95).
BrisoB ero ocyiecrsisercss KomouHanuein Kiaapuin Alt+F10 win
IPaBO¥ KHONIKOM MBIIIK. B 3TOM MeHIO OyO0JUPYIOTCA OTJIAaJZOUYHbBIE
komauasl Toggle breakpoint (Ctrl+F8), Go to cursor, Evaluate/
modify, Add watch.

8 Eme pas IOBTOPUM: HCIOIB30BATH TOT (akT, uro TypGo Ilackans oGHyIgeT ma-

MATH TJIABHOM IPOTPaMMBbI, — 9TO IJIOXOM CTHIb paboThl. Tak ke, KaK UCIOIb-
30BaHUe JII000¥ APYroil MHUIUATUIAINU 110 YMOJTYAHUIO.
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Ewe oavH npumep
TeCTUPOBaHUSA NPOrpamMmbl

ITenp maHHOIL ryIaBbl — IOBTOPEHIE U 3aKpeIlJIeHNe U3YUeHHOTO
maTtepuasia. Huuero moBoro 3mech e 6yzaer. IloaTomy crapaTenbHO-
My UHTATEJIIO IPeAIaraeTcsa CHAuaaIa CaMOMY PEIINUTh IIOCTABICHHYIO
3agauy (IeJUKOM MW YaCTUYHO), a IIOTOM CBEPUTH CBOM pe3yIbTaT
Cc MaTepuaJioM AaHHOro pasgeina. CBepKy TOKe MOYKHO JIeJaTh IeJIH-
KOM WJIM II0 YaCTsIM.

TpebyeTcsa: HamucaTh OIporpaMMy, KOTopas BBOIUT dmciao N —
IJVHY YKMCJIOBOM IIOCJIeIOBATEILHOCTH, a 3aTeM elle N uucen. Pe-
3yJabTAT IPOTPAaMMBI — COOOII[eHNEe O TOM, UTO B IOCJIe0BATEIbHO-
CTU BCTPEYAETCS PAaHbIIe: MUHUMAJILHOE MOJOMKUTEIbHOE I MaK-
CUMaJIbHOE OTPHUIlATEJIbHOE UMCJIO.

18.1. NMocTpoeHue TecToB
DN KPUTEPUEB YEPHOro AumnKa

Ilo mpeapIAyIIieMy OLBITY MBI VK€ 3HAEM, UYTO HAUMHATH HAJ0 He
C COCTaBJIEHUS NPOTPAMMbI, a C COCTAaBJIEHUS TECTOB «UYEPHOTO
AIUKa», U YTO IepBad IeJIb 9TUX TECTOB — IIOHATH IIOCTABJIEHHYIO
dagmauy. IlepebupaeM KpUTEPUM YEPHOTO SIIUKA.

IIporpamma onHOGYHKIVOHAJNbHA. SHAUUT, KPUTEPUIl MOKPHI-
TuA (GYHKIUA OyneT BBINIOJHEH rapaHTUpPoOBaHHO. UTO Kacaercsa
OCTAJIbHBIX KPUTEPUEB — IOKPHITUSA KJIACCOB BXOJHBIX NAHHBIX,
KJIACCOB BBIXOIHBIX MaHHBIX, O0JIACTU MOMYCTHUMBIX 3HAUEHUH —
cuenuduUKa 3aJaduu IIO3BOJIAET CPa3y COCPEIOTOUUTHCS HA NBYX Ua-
CTHBIX KPUTEPUSX: TECTUPOBAHUE AJIUHBI HAGOpa NAHHBIX U TECTH-
poBaHME YIOPAZOUEHHOCTU Habopa AaHHBIX.

1. TecTupoBaHUe AJUHBI HAUHEM C IIycToro Habopa. Kak ero
3aaTh ¥ KAKOBA MOJI’KHA OBITH peaknuda nporpammbl? [id saganusa
mycroro Habopa, oueBuaHO, Hamo BBectu N =0. Tpebyemyio peax-
U0 IPOTrpaMMbl Ha TaKOi BBOJ HAAO YTOUHUTHL y 3aKas3dyuKa.
IIycTe ero orBeT OyaeT TOT Ke, UTO U B nmpuMepe riaasel 11: «Ilo-
CJIeIOBAaTeJbHOCTh mycTa». VIMeeM IIepBBIN TECT:

T1: Bxogn: 0.

Osxumaemblii BeIxo: ITocaemoBaTe IbHOCTD IIyCTA.
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2. [Masee KaHOH IpeaJjlaTaeT HaM BBECTH ENWHUYHBIA HAOOD
ITaHHBIX. 3aJaTh €ro JoCTaTouHO mpocto. N =1, a 3aTeM eIrie ogHO
yucyao. Ho KakoB [qoyikeH OBITH OTBeT mporpamMmbl? Beab Ham
HaJ0 CPABHUTH HOMEpAa ABYX JJEMEHTOB II0CJIeN0BaTEeIbHOCTH, a
asneMeHT Bcero onuH. (BooOiile roBopsA, BHIABJIAETCS eIlle OgHA
npobaema. Ham HYy:XHBI He IPOCTO ABa UYMCJa, a ABa UYUCIa Pas-
HBIX 3HAKOB. JTy Ipo0jieMy MbI cebe 3allpuMeTHuM, HO IOKa OTJO-
KuM Ha Oyapyiee. [laBaliTe cHauasia pasbepeMcs ¢ JJIMHOM IOcJe-
IoBaTeabHOCTH.) Kak OBITH B 9TOM cJiyuae, PEIInuTb MOKET TOJIbKO
sakasuuk. Cupocum y Hero. PellreHo, uTo mporpamMma AOJKHA
BBIATh OHO U3 IBYX co00IIeHu: «II00KUTEeIBHBIX YNCEJ HET»
nin «OTpUIATESTbHBIX YHWCEJ HEeT».

3amMeTuM, UTO 3aKa3UMK CaM 3aroBOPUWJI O IIpobjeMe pas3HO3Ha-
KOBOCTU YKCEJ B IIOCJIELOBATEJIbHOCTH, NIPEAJIOKUI aHAJIU3UPO-
BaTh 9Ty CUTYAI[MIO W BBIJABATh ABAa PAa3HBIX BLIXOJHBLIX COOOIIE-
HUA. 3HAUUT, y HAC OKasbIBaeTcsa 2 KJacca BBIXOTHBIX JaHHBIX.
Onasa mx moKpeITHA HOHAHOOATCA, IO KpaiiHel Mepe, 2 Tecra.

T2: Bxox: 1, 5.
Osxumaemblii BbIXoA: OTpUIlaTeIbHBIX YKUCEJ HET.
T3: Bxog: 1, —5.

OxupgaemMblit BEIXo: [10I0KUTETBHBIX YKCEJ HET.

3. Cienyromuii TeCT JOJIXKEH ITPOBEPATL PAOOTY CO CAUIITKOM KO-
POTKUM Ha00pOM HaHHBIX. MBI 3TO y:Ke chenanu. [[Jiga Hac TaKuM
HabOpPOM CTaJl eTUHUYHBINA HaOOD.

4. IIpoBepsieM HAOOP MHUHHMAJIBLHO BO3MOXKHOM MJINHBI. IT0CKOJIL-
Ky HUKAKUX OTpaHUYEeHUI Ha JJIUHY IIOCJeIOBATeJILHOCTH Yy HACc HET,
MUHUMAJIBHBIM OyIeM CUUTATh eMUHUYHBIN Habop. Ho sToT ciyuait Mbl
ysKe TIPOBEpPUJIH.

5. HopmanbHbIH Ha60p. BBOM HECKOJIBKMX UYIMCeN, CPEAU KOTOPBIX
€CTh U IIOJIOXKUTEIbHLIe, U orpurareabHsie. Crom! A, coOCTBEHHO, IIO-
yeMy MBI B 9TOM TaK yBepeHbI? KTo cKasaj, 4To B IOCJIeI0BATEILHOCTH
00513aTEJIbHO JOJKHBI OBITH U TIOJIOJKUTENbHBIE, W OTPUIlATEHHbIE
uncaa? ToabKo UTo y HAc ObLIa IIOCIENOBATEILHOCTh €QUHIYHON IJIN-
HBI, B KOTOPOIT IO TOJIOKUTENIbHBIX, JIMOO OTPUIIATEIHLHBIX YKCes He
6nL710 BoBce. ITouemMy He MOXKeT OBITH MOCJIEI0BATEILHOCTA U3 HECKOJIb-
KUX Ymces, KOTOpbIe Bce OYAYyT 100 MOJOKUTEIHHBIMU, JIMOO OTPUIIA-
TenbHBEIME? BooOIle TOBOPsI, HAIlla BXOAHAS IIOCJIEN0BATEJIHLHOCTH Je-
JIATCSA HA JBe IIOAIIOCIeJ0BATENIbHOCTHY, KasKAasd M3 KOTOPLIX HMeeT
paBo OBITH ITYCTOM.

9 OnuH yMHBIN YeJIOBEK 3aMeTUJI KaK-To: «Bce 3HaOT, uTO 3HAUUT “OyIeM II0CIe0-

BaTeJabHBI”. A UTO 3HAYUT “Oy/aeM IOAIIOCTIeI0BATeIbHEI”?» .
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BosHukaioT ciemyooIime TeCcThI:
T4: Bxoxm: 3,1, 2, 3.

OsxumaeMblii BeIXoA: OTpUIlaTeIbHBIX YKUCEJ HET.

T5: Bxom: 2, -1, —2.

Oxxkupgaemsblil BeIX0: I10I0KNTEIBHBIX YKCEJ HET.

Temeps mpoBepuM cjaydaii, Korja ecTh U Te, U APYyrue:
T6: Bxopmg: 5,-1,2,-3,4,7.

OsxumaeMblii BBIX0A: MaKcuMaabHOE OTPUIlATEILHOE CTOUT
nepes MUHUMAJbHBIM HOJIOKUATEIbHBIM.

Ho Bo3MOMKeH 1 APYyTroi UCXO0[ CpaBHEHUA (€CTh ellle OAMH KJace
BBIXOJHBIX HAaHHBIX). IlosToMy moGaBuM:

T7: Bxoxm: 4,2,-4,-1,7.

OxxumaeMbIil BRIX0A: MUHNMAJIBHOE TOJOXKUTEILHOE CTOUT
nepes MaKCUMAaJbHBIM OTPUIIATEIbHBIM.

Kasxercss, uTo TecTUpOBaHMWe NJWHBI HabOpa HAaHHBIX 3aBeplie-
Ho. Ho HaBeBaeT HEKOTOPHIE COMHEHUS (POPMYJIUPOBKA, KOTOPAd Y
HAC TOJBKO UTO IIOSIBUJIACH, KOTZA MBI PACCYIKIAJU IIPO IIOJIIOCTIE-
JIOBATEJILHOCTH IIOJIOYKUTENBHBIX U OTPUIIATENBHBIX unces. Bo-mep-
BBIX, OKa3bIBAeTCs, BXOMHbIE NHaHHBIE Y HAC OPTraHU30BaHBLI OoJiee
CJI0KHO, YeM HaM II0Kas3aJioch cHadasia. MbI peluaim, 4To Ha BXOme
y HaAc OJHA TOCJIeJOBATEIbHOCTHL UMCEJI, a OKas3bIBaeTCA, UTO TaM
IBe TOAIOoCJeqoBaTeIbHOCTH. TO, UYTO UX BJIE€MEHTHI MOTYT UATHU B
MPOMBBOJILHOM MHOPSAAKE, TOJbKO YCJIOKHSET neyo. W nnsa ramaoi
13 IIOJIOCJIeIOBATeILHOCTEH Hamo ObI TaK)Ke IIPOBEPUTH BCE, UTO
KacaeTrcs ee IJINHBI. Kak moBemeT ce0s mporpaMma, e€cju y:Ke He
BCS IIOCJIEOBATEJHLHOCTh, 4 Ta WM WHAsA IIOAIIOCJEI0BATEIbHOCTH
0ymeT WMMeTh AJWUHY HYJEBYIO, €eIUHUUYHYIO WJIU HOPMAJbHYIO?
CIHINIKOM KOPOTKME U CJHUIIKOM [JIMHHBIE MIOAIIOCJEeN0BATEIbHO-
CTU MOXKHO He ITPOBEPATH (CAUIIKOM KOPOTKHE CBOAATCA K HY.Je-
BBIM, a CBepXy JAJMHA He OrpaHMYeHa). A BOT MOAIIOCIEI0BATEIHLHO-
CTHU, COCTOSAIINE U3 HECKOJIbKUX YacCTell, IPOBEPUTDH CTOUT. [[OIKHBI
JIX BCe TIOJIOMKUTEIbHBIEe (OTPUIATEeIbHbBIE) YNCIA UATU MOAPSIL UK
MOT'YT OBITH HepeMeIIaHbI?

Bo-BTOpPBIX, MBI TOJIBKO UTO CKas3aju, UTO KaKJas U3 MOAIIOCIIe-
JIOBaTEJIbLHOCTEN MOXKET OBITh MYCTOM. A MOTYT Jiu OBITH IIYCTHI Cpa-
3y o0e mopmocaenosareabuocTu? Ilouemy mer? Beab xKpome umceln
MMOJIOYKUTEJbHBIX W OTPUIATEIBHBIX ¥ HAC €CTh HYJIb. SHAUUT, MBI
MOKeM BBECTH HENYCTYIO IIOCJIeZOBATEeIbHOCTH, COCTOSAIIYIO U3
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N mymeii. I uTo B 9TOM cjydae AOJXKHA OeJjiaTh Hallla mporpamma?
He cTrouT nmpuayMbpIBaThL OTBET caMUM. 'opasmo pasyMHell CIIPOCUTH
00 sTom saxasuuka. (He moTromy, UTO MBI HE B COCTOAHUU CAMU
IPUAYMaTh OTBET HA BTOT BOIIPOC, a IMMOTOMY, UTO MbI HE JOJKHBI
ero mpuaymbiBaTh. He Hallle MHeHHEe B JaHHOM CJIyuae BasKHO, a
MHeHUe 3aKasumka.) OTBer 3axasuuka: «PaHbIlle mporpaMmma coo0-
majaa 00 OTCYTCTBUU ITOJIOMKUTEJIbHBIX UJIU OTPUIIATEIbHBIX UHCEJ.
Temeps ImycThb COOGIIUT OO OTCYTCTBUU U T€X, U APYTUX».

Temneps OoT paccykIeHUN nepeiileM K KOHCTPYUPOBAHUIO TECTOB.
Cyns mo gjiuHe pacCcy:KIeHUl, MOTPYAUTHCA HAM IPEACTOUT U3PSI-
HOo. Ho, B3rIIAHYB Ha y:Ke MMeIuiica Habop TeCTOB, MBI 00HApPY-
JKUM, UTO JeJ0 He TaK YK maoxo. CUTyammio ¢ HyJeBOW AJUHON
oA IoceoBaTeIbHOCTe MBI yiKe ImpoBepuau tectamu T2, T3, T4,
T5. Curyanuio ¢ HeeIUHUYHOMN AauHOM — Tectramu T6, T7. Ocraer-
Ccs MPOBEPUTH TOJBKO eIUHUYHBIE IIOAIOCJIeI0BATEeIbHOCTH.

®@opmManbHO y HAC yiKe OBLIN eIMHUYHBIE IIOAI0CJIeI0BATEIHLHO-
ctu B Tectax T2 u T3. Ho cuuraTh, UTO 3T TECTHI IPOBEPSIIOT IIpa-
BUJIBHOCTDL OIpEeIeIeHUs 9KCTpeMyMa B Habope M3 OMHOI'O UKCJIA,
HeJIb3dA. VI3 UX pe3ysIbTaToB BOOOIIE HE ACHO, OBLI MIOUCK 9KCTPEMY-
Ma WU HeT. ¥ 9THX TEeCTOB Apyrad Iienb. Vcxoma u3 sTux coobpa-
JKeHuil, mobaBUM eIlle ABa TecTa:

T8: Bxon: 3, -2, 4, —3.

OsxumaeMblii BEIX0MA: MaKkcuMaabHOE OTPUIlATEILHOE CTOUT
mepes MUHUMAJbHBIM TOJIOMKUTEIbHBIM.

T9: Bxog: 4,1,7,9, 4.

OsxumaeMblil BEIX0A: MUHUMAJIBHOE MTOJOKUTEIbHOE CTOUT
nepes MaKkCUMaJIbHBIM OTPUIIATEIbHBIM.

(Mo:xkHO 65170 OBI 060UTHCH OLZHUM TeCcTOM (Hampumep: 2, 2, —2),
HO KaKOM-TO OH II0JJO3PUTEJbHBIN.)

Tecter T6 u T8 mpoBepuau «IepeMelIaHHbIe» IIOAIOCJIEeI0Ba-
TeJIBHOCTHU, TecT T7 — moAPAL UAYIYIO OTPUIATEIBHYIO IOAIIOCTe-
JI0BaTeJIbHOCTb, TecT T9 — MmOAPAA HUAYIIYIO HTOJIOKUTEIBHYIO.

Ocrajsoch TIPOBEPUTH Ciyuail, Korjga o0e IIOATIOCJIEOBATETHHOCTH
UMEIOT HyJIEBYIO [UINHY, a IIOCJIeI0OBATEILHOCTD B II€JIOM He mmycTa. [lia
9TOrO N00AaBUM e€Ille OZWH TecT. BXOJN ero oueBUEH, & BOT BBIXO[...
JoMKHBI JIU MBI MCIIOJIB30BATH ViK€ MMeroIuecsa (hpasbl MU BHIZATH
Kakymio-To HOBywo? Jlyuiie HOBYIO, Tak Oymer Toumnee. Ilosryumm:

T10: Bxox: 3,0, 0, 0.

Osxumaemblil BeIXo: IlocaemoBaTeIbHOCTh COCTOUT U3
ONHUX HYJe.
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I Toro uToObI YIOPAMOUUTH PE3YJbTATHI IPOJAEJIaHHON pabo-
ThI, CBAXXEM IIPpeqJIOKEeHHbIEe TEeCThI 1 IIPOBEePAEeMbIe CUTyallul C II0-
MOII[LIO TAOJIUIIKI:

MNpoeepsiemas cutyauus ‘T1 ‘T2 ‘T3 ‘T4 ‘T5 ‘TG ‘ 17 ‘ T8 ‘ T9 ‘T10
Xapaktepuctvkn anvHel Habopa v nogHabopos
JnviHa Bcen nocnenoBaTenbHOCTU PaBHa Hyo | +

JnvHa Bcer nocnenoBatenbHOCTM paBHa 1 + | +

JnunHa Bcen nocnemoBaTenbHOCTU 6onbLUe + |+ |+ |+ |+ |+ +
eanHULbI

JnnHa NnonoXuTensHom + +

noanocnenoBaTensHOCTY paBHa Hymtlo, a
OTpULATENBHOM — HE paBHa

JAnvHa nonoXnTenbHoOm +
noanocneaoBaTenbHOCTM paBHa 1

JAnvHa noNnoXnTenbHoOm + | + +
noanocnenoBaTesibHOCTY 60sblle eAHULbI

AnuvHa oTpuuaTenbHomn + +
noanocnenoBaTeNbHOCTM paBHA HYJIO,
a NONOXNTENbHON — HEe paBHa

[nvHa oTpruatensHomn +
noanocnenoBaTenbHOCTM paBHa 1

[nvHa oTpruatensHom + |+ | +
nognocnenoBaTesibHOCTV 60siblle eanHULbI

Cpasy 06e nognocnenoBaTesibHOCTU UMELOT +
HYNEBYIO OJINHY

QnemeHTbl NoanocneaoBaTenbHOCTen + +
nepemMeLlaHsl

MonoxuTenbHas NoANOCIea0BaTeIbHOCTb +
vaeT noapan,

OTpuuartenbHas noanocneaoBaTensHOCTb +
vaeT noapan,

Knacchbl BbIXOAHbIX AAaHHbIX

[MocnepnoBatensHOCTb NycTa +

[MonoxunTenbHbIX YACEN HET + +

OTpVILLaTeJ'IbeIX 4ymncen Het + +

MakcumanbHoe oTpuuaTenbHoe CToUT nepen, + +
MUVHVMaJIbHbIM MOJIOXUTENIbHbIM

MuH1UManbHOE NONOXUTENbHOE CTOUT Nepes, + +
MaKkCuMasibHbIM OTpuLaTeSibHbIM

MocnenoBaTenbHOCTb COCTOUT U3 OOHUX HyNen +

Temepsb mepeiiieM K CIeAYIOIEMY KPUTEPUI0 — TEeCTHUPOBAHUIO
yIrnopagoueHHOCTH Habopa JaHHBIX. COOCTBEHHO, HAC MHTEPECyeT He
MOPAJOK UHMCEJ, a 9KCTPEeMyMbl. S3HAUUT, HAM HEOoOXOIUMO HpPOBe-
PUTH cJeAyoIue CUTYyalluu:

1) skcTpeMasibHOE 3HAUEHMWEe HaAXOAUTCA B cepeanHe Habopa;

2) sKcTpeMaJibHOe 3HAaueHHe HAXOAUTCA B Hauvajge Habopa;

3) sKcTpemMasibHOEe 3HAUeHUe HAXOAUTCA B KOHIle Habopa;

4) B Habope HECKOJbKO COBHAMAIONINX dKCTPEMATbHBIX 3HAUCHU.
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9Tu cUTyanuu AOJKHBI OBITH IPOBEPEHbBI KaK IJIA MOJOKUTEb-
HOM, TaK U AJIS OTPUIATEJIbHOM IIOAIOCIeN0BaATEJIbHOCTU. Beero 1mo-
aydaerca 8 cayuaes. IlocMoTpuM, KaKkue M3 HUX 3aKPBITHI yiKe CY-
ITEeCTBYIOMIUMU TECTaMU.

Nposepsemas cuTyaLmus |T1|712| 73| 14|75 |76 | T7|T8| T | T10

XapaktepucTtuka akcTpemyma

MuHUManbHOE NONOXUTENbHOE
B cepeanHe noanocnenoBaTtesibHOCTU

MwuHVManbHOE NoNoXUTESIbHOE + |+ +
B Hayane noanocnenoBaTenbHOCTU

MuvHMManbHOe NONOXUTENBHOE
B KOHLe nognocnenoBatesibHOCTH

B nonoxwuTtensHo nognocnenosa-
TeJIbHOCTN HECKOJIbKO MUHNMYMOB

MakcumanbHoe oTpuuaTenbHoe
B cepeayvHe noanocsiefoBaTenbHOCTH

MakcumanbHoe oTpuuaTesibHoe + +
B Hayasne noanocnefoBaTeNlLHoCTU

MakcumanbHoe oTpuuaTesibHoe +
B KOHLIE MOANOCNen0BaTelbHOCTH

B oTpuuatensHor nognocnenosa-
TEJIbHOCTN HECKOJIbKO MaKCUMYMOB

MosxkHO mompo6oBaTh mepepaboTaTh HEKOTOPBLIE CTapble TeCThI
IJIS TOTO, YTOOBI 3aKPBITH 0OJIbIlIee KOJUUYECTBO CTPOK. Ho aTO II0-
TpeOyeT IMOBTOPHOIO aHAJNM3a IPEABIAYIINX KpUTepueB. UToOBI He
JejaTh STOr0, MPOIe J00ABUTH HOBBLIE TECTHI.

B mecre T1ll MuHuMMAaJIbHOE IIOJOMKUTEJIbHOE B CepeauHe IIOJ-
ToCJIeJ0BATeIbHOCTH, MaKCHUMAaJbHOE OTPUIATEIbHOE B CepeanHe
moATIocIefoBaTeIbHOCTH. KpoMe TOro, MJInHA BCell IOCaeI0BaTe b-
HocTu Oousiblle 1, miamHA KayKIOM IIOIIOCJIELOBATEJILHOCTU 00JIb-
mie 1, obe moOAIIOC/IETOBATEIHLHOCTH UIAYT HOAPSH.

T11: Bxog: 6,5,2,7, -6, -3, —8.

OsxumaeMblii BRIX0A: MUHUMAIBHOE MOJIOMKUTEIbHOE
CTOUT Tepe] MaKCUMAaJIbHBIM OTPUIIATETbHBIM.

B recte T12 MuHUMAIbHOE IIOJIOKUTEIBHOE B KOHIIE MOAIIOCTIEIO-
BaTeJbHOCTH, B OTPUIATEIHLHOM MOAIIOCTIEIOBATEILHOCTY HECKOJIBKO
MaxcuMyMoB. Kpome Toro, AjmHA BCEH IIOCTIEIOBATEILHOCTU OO0JIb-
me 1, aamHA KasKI0W IIOAIIOCJIEZOBATEILHOCTH OoJibllle 1, o0e Iog-
IIOCJIEOBATEILHOCT UAYT IIOAPSI.

T12: Bxoam: 7,-6,-3,-8,-3,5,7, 2.

OsxumaeMblil BEIX0A: MaKkcuMaabHOE OTPHUIATEIBHOE
CTOUT Mepes MUHUMAJIbHBIM ITOJIOKUTETbHBIM.
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B Tecre T13 B IOJOKHUTEJNHLHOHN IIOLIIOCJIELOBATEILHOCTH HeE-
CKOJIbKO MHUHHMYMOB, B OTPUIATEJIBHOI IIOAIIOCJIEI0BATEILHOCTI
HECKOJIbKO MaKcuMyMoB. Kpome TOro, ajnHa BCeil IOCaeN0BaTEb-
HOCTH Oojbline 1, MIMHA KakIOH IIOAIIOCJIEJOBATEIbLHOCTH OO0JIb-
me 1, sjleMeHTHI IIOAIIOCJIEI0BATEILHOCTEN IIepeMeIllatbl.

T13: Bxog: 8, -6, 2,-8,-3, 5,7, 2, -3.

Osxumaemblii Beixon: Crom!

Kaxoii, coOCTBEHHO rOBOPS, BLIXOJ JOJIKEH OLITh B JaHHOI CUTY-
anumn? JJeMeHThI IOAIIOCeJ0BaTeIbHOCTE! mepeMelnanbl. B Kax-
IO M3 HUX HECKOJbKO SKCTpeMyMoB. HeKoTOpble M3 IIOJOMKU-
TeJbHBIX MUHIMYMOB CTOAT Iepe] HeKOTOPLIMU OTPUILATEIbHBIMHI
MaxkcumMymMamu. HeKoTopble M3 MOJOMKUTEIbHBIX MUHUMYMOB CTOSAT
Tmocjie HeKOTOPBIX OTPHUITATEIbHBIX MaKcuMyMoB. Kakoil pesyabTar
JOJIXKHA BBIZATHL IporpamMma B sToMm ciayduae? OTBeTHUTHL Ha 9TOT BO-
IPOC MOXKET TOJBKO 3aKasumk. OKasbIBaeTcs, MbI O CUX TIOP He M0
KOHIlA IIOHMMAaeM, KaKyIo sKe 3ajgauy Mbl pemraem! Ho ayudrre mosn-
HO, ueM HHUKorza. Wrak, obpalmaeMcs K 3aKasunky. KEro orser:
«B Kakmoii moAIoceq0BaTeIbHOCTY HAL0 OpaTh IMOCIeIHUI SKCTpe-
myM». B Tecte T13 5T0 OKaKyTCs ABa MOCJEIHUX YKCJIA: IIOCIETHSI
IBOMKA KaK MHUHUMAJLHOE IIOJIOKUTEJbHOE U IlocjeqHee —3 Kak
MaKcuMaJIbHOe oTpuiaTejabHoe. Temepb MbI MOMKEM 3aIIUCATH TECT.

T13: Bxoa: 8, -6,2,-8,-3, 5,7, 2, -3.

Omm{aeMmﬁ BBIXO/: MuHMMaIbHOE TTOJIOKUTETHHOE
CTOUT I1epen MaKCUMAJIbHBIM OTPUIIATEIbHBIM.

31ech cienyeT caejaTh BaKHOe, HO MedyaibHoe 3aMeuanue. Hamao
MIPU3HATH, YTO Ha HEOOXOAMMOCTh IOCJEeJHEr0 yTOUHEHHUS 3aJauu
MbI HATOJIKHYJIMCh COBEPIIIEHHO cayuaiino. He O0b1710 HUKaKOTO (hop-
MaJILHOT'O II0BOJa COBMeEIaTh TPU TPeOOBAHUS PA3HBIX KPUTEPUEB:
HaJuuyre HEeCKOJbKUX JKCTPEeMYMOB B Ka’KAOI M3 IIOCJTIEN0BATEJb-
HOCTEH ¥ IepeMellINBaHMe 3JIeMEHTOB IOIIIOCJIeN0BATEeIbLHOCTEH.
Bosee Toro, make coBMeIleHre B OJHOM TECTe BCeX dTUX TpeboBaHUIA
He rapaHTHPOBAJIO TOTO, YTO HPOOJIEMHAs CHUTyanus OymeT oOHApY-
JKeHa. BIIoJIHe MOIJIO OKasaThbCsd, UTO Jaike IIPU IMepeMeIlrBaHUN
9JIEMEHTOB Pas3HBIX IIOJMOCJIEIOBATEIHLHOCTEH BCE IOJIOMKUTEIbHBIE
MUHAMYMBI OKa3aJIiCh ObI PaHBIIE WK II033Ke BCEX OTPHUIlATEJIb-
HBIX MaKCHUMyMOB. Benb ns oOHApysKeHUsS MaHHOIN TPOOJIEeMHOI
CUTyaIlluud COBCEM HeOoO0sI3aTeJhbHO MMETh IO HECKOJbKY 9KCTPeMY-
MOB B Ka'XKJI0M M3 moAIocjieqoBaTeabHOCTell. [lOCTaATOUHO HECKOJIb-
KUX 9KCTPEMYMOB XOTdA ObI B OHOI MOAIIOCIemoBaTeJ bHOCTH. Ha-
npuMep, Tak, Kak sTo caeaaHo B Tecte T12. Ho B Ttectre T12 muI
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pasMeCcTUJIU BCe OTPHUIlATEIbHBIE UNCJIA IIePe]] BCEMU II0JIOKUTEb-
HbIMHK. B pesyJsbTaTe KOJJIN3UHU IIPOCTO He BOSHUKJIO. ¥ BhI! IIpuxo-
OUTCA IPUSHATH, UTO MBI UMEJN PEeaJbHBIH IIaHC B3ATHCA 3a HaIU-
caHUe IPOoTrpaMMbI, He COBCEM MOHMMAA, UTO OHA AOJIKHA JeJIaTh.
3anuiiieM CBOAHYIO TAOJUITY UCI0Jb3YEeMbIX KPUTEPUEB YEPHOTO
AIUKA TTOJHOTHI TECTUPOBAHUSA UM TOKPHIBAIOIINX WX TECTOB.

Tabnuua KpUTepueB YepHOro ALuKa

Mposepsemas cutyauus

(11]12| 73] 14| 5|76 T7] T8 | T9[T10[T11|T12]T13

XapaktepucTvkn anvHsl Habopa v nogHabopos

JnvHa Bcen nocnenosa-
TEeNbHOCTM PaBHa HYJO

+

[nnHa Bceni nocnegosa-
TeNnbHOCTM paBHa 1

[nnHa Bceli nocnenosa-
TeNbHOCTM OOMbLUE eONHNLBI

JAnvHa NonoXuTenbHOM
noanocniefoBaTefibHOCTH
paBHa Hynio, a oTpuua-
TeSIbHOM — He paBHa

JnvHa nonoxuTensHomn
noAnoCnenoBaTeNbHOCTH
paBHa 1

JnnHa NonoXnTeNnbHON
nognocnenoBatesibHOCTH
6osblue eauHNLLbI

AnvHa oTpuuaTenbHoOn
noanocnenoBaTefibHOCTH
paBHa Hyno, a NOIOXN-
TeSIbHON — He paBHa

[nnHa oTpuuaTensHom
nognocrienoBaTesibHOCTH
paBHa 1

[AnnHa oTpuuaTensHomn
nognocnenoBaTesibHOCTH
6osblue eauHNLLbI

Cpagy o6e nognocneno-
BaTeNIbHOCTM MMEIoT
HYJIEBYIO ANINHY

OnemMeHTbl noagnocne-
[oBaTefibHOCTen
nepemMeLuaHbl

MonoxuTtensHas nognocne-
[0BaTeNIbHOCTb MAET Noapsan,

OTpuuatensbHas nognocne-
[0BaTeNIbHOCTb MAET Nnoapana,
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MpoBepsiemas cutyaums

[11[72[13|74] 15|76 | T7[ T8 TO[T10[T11[T12]T13

Knacchl BbIXOAHbIX AAHHbBIX

lMocnenoBaTtenLHOCTb NycTa

+

[MonoxunTenbHbIX YACEN HET

+ +

OTpVILLaTe.HbeIX 4ymncen Het

MakcumanbsHoe oTpuuaTesb-
HO€e CTOouT nepen MnHnmalsb-
HbIM NOJIOXUTEJIbHbIM

MuHMansHoe NoNOXUTESb-
HOe CTOuUT nepen Mmakcumalib-
HbIM OTpULIATEJIbHbIM

NocnepoBaTenbHOCTb COCTOUT
V3 OJHUX Hynen

Xap

aKTepUCTrka 3KCTp

emyma

MuHMManbHOE NONOXUTENb-
HO€e B cepeanHe nognocne-
A0BaTEeJIbHOCTU

MUVHUMaSIbHOE MONIOXUTESb-
HOe B Hayasie Noanocneno-
BaTeNIbHOCTU

MuHManbHoe NONOXUTENb-
HO€ B KOHLUe nognocnenosa-
TeNbHOCTU

B nonoxutensHon nognocne-
[0BaTENIbHOCTM HECKOMBbKO
MWHVUMYMOB

MakcumanbHoe oTpuuatens-
HO€ B cepeanHe nognocne-
A0BaTEeJIbHOCTU

MakcumanbHoe oTpuuaTesnb-
HOe B Hayase noanocneno-
BaTENIbHOCTU

MakcumanbHoe oTpuuaTenb-
HOe B KOHLe MoAnocneno-
BaTENIbHOCTU

B oTpuuartensHo nognocne-
[0BaTeNIbHOCTM HECKONBKO
MaKCMMYMOB

IIpenBapuTrenbHass MOATOTOBKA TECTOB — C TOUKU 3PEHUA KPU-
TepueB YePHOTO AINKAa — 3aKOHUYeHa. MOYKHO IepexoanuTh K HaIlu-
CaHMIO TEKCTA IPOTrPaMMBbI. 3aMETUM, UTO Pa3paboTKa 9TUX TECTOB
CYIIIECTBEHHO YJIYUIIIWJIa HAIlle TMTOHUMAaHUe pellaeMoOi 3amauu.

18.2. HanncaHwmne TekcTa nporpamMmmbl

WUnea mporpaMMbl:

1. Beogum mociemoBa

2. OTgenseM IOJIOMKUTEIbHBIE OT OTPUIATEIbHBIX.

TeJIbHO YHcCJia.

3. JIJ1A mOJIOMKUTENbHBIX ITPOBEPAEM, He ABJIAETCA JIU OUepemrHoe
4nCcJI0 MUHUMANbHBIM. Eciu aBigercs, 3alioMruHaeM ero HoMep.
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4. Jlna oTpuilaTeIbHBIX IPOBEPAEM, HE ABJIAETCS JIU OUepPeaHOe
YKCJIO MaKcUMaJabHBIM. Ecau siBsieTcs, 3alloMUHaeM ero Ho-
Mep.

5. ITo oKOHUYaHUM IIOCJIEL0BATEILHOCTH CPAaBHMBaeM HOMepa MU-
HUMAaJbHOTO MOJIOKUTEIHLHOTO 1 MaKCUMAaJIbHOTO OTPUILATETb-
HOTO 3JIEMEHTOB.

Ha BepxHeM ypoBHe ajJropuTM OyZeT BBHITVIALETH TaK:

TekcT Ha nceBaokoae Mpumeuyanue
begin
BHIIATHL HaudaJIbHOE MPUBETCTBUE;
VHULMAJIU3UPOBATE IaHHHE; [IOKa He TOHATHO, KaKue
BBECTM IUIMHY IOCJIEOOBATEJILHOCTM (n) ; var n: integer;
for k:= 1 to n do begin var k: integer;
BBECTU OUepenHOM 3JjieMeHT (tek); var tek: integer;

if tek>0 then
oBpaboTaTh MNOJIOXUTEJIEHEI BJIEMEHT
else ofpaboTaTb OTPULIATENIEHELN SJIEMEHT;

end; {do}
BEIIATL Pe3yJbTaT
end.

VrouHsiem HexoompeneIeHHbIe (DPArMeHTHI:

OBbpaboTaThb MNOJIOKUTEJILHEI 3JIEMEHT

if tek<MinPol then begin var MinPol: integer;
MinPol:= tek;
NomMinPol:= k var NomMinPol:

end integer;

ObpaboTaTh OTPMLATEJILEHEI 3JIEMEHT

if tek>MaxOtr then begin var MaxOtr: integer;
MaxOtr:= tek;
NomMaxOtr:= k var NomMaxOtr:

end integer;

IIpu HanucaHuu MPOrpaMMbl He 3a0yeM IIIUIIIKU, KOTOPhIE MbI
yoKe ycleau HabUTh Ha mepBoM mpumepe. ITo GOIbIIIOMY cUeTy, UX
ObL710 ABe. BO-TIepBBIX, MBI XOPOIIIO 3allOMHUJIN, UTO BCE MaHHBIE
IOJI’KHBI OBbITh MHUIIMAJIU3UPOBAHBI. BO-BTOPHIX, UTOOBI HE 3aI[UK-
JUTHCA, HAZ0, KAK MUHUMYM, MEHATH XOTsS ObI OAHY IIepPEeMEeHHYIO
B YCJIOBUU ITMKJIA.
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Pasbepemcsa ¢ mHuUnmManausamnuei. Y Hac 7 mepeMeHHBIX: n, k,
tek, MinPol, NomMinPol, MaxOtr, NomMaxOtr. Kakue us HuX
HAJA0 MHUIIMAJIU3UPOBaTh, Kakue HeT? IlepBas rpymma: n, k, tek.
3HaueHUEe TepeMeHHOW n OyZeT BBEIEHO cpasdy IIocje Hauaja BbI-
nmosiHeHus mporpaMmMbl. COOGCTBEHHO, 3TO IIEPBOE COJep:KaTeIbHOoe
IelicTBue Halell mporpaMmbl. IlepemenHas k — cueTuuwK IIUKJIA,
OHa IIOJIYYHUT 3HAUeHUe B omepaTope for. 3HaueHUe IIePeMeHHOI
tek OymeT BBeIeHO. S3HAUUT, 3TU TPU IepeMeHHbIe B MHUIMAII3a-
ouu He HYXIAITCH.

Hasee TOABIAIOTCA ABe Iapbl MEpeMeHHbIX: MinPol, NomMinPol
u MaxOtr, NomMaxOtr. Kamas mapa JOJIKHA paccMaTpPUBATL-
csd He M30JIMPOBAHHO, a4 UMEeHHO KaK mapa. CMBICJ 9TUX IepeMeH-
HBIX: MUHUMAaJbHOE II0JIOKUTEJbHOE 3HAUEHNEe U eIr0 HOMEepP B II0-
cJIe0BaTeJIbHOCTY, MaKCUMaJbHOE OTPUIlATEJIbHOE 3HAUEHUE U eT0
HOMEp B IIOCJeIOBATEJIbHOCTU. BO3HMKAIM OHM y HAC Ha YPOBHE
YTOUHEHUSA TEeKCTa IIPOrpaMMbl, IIPHU PACKPBITUM HEIO0OIIpeaeseH-
HBIX ()parMeHTOB BepXHero ypoBH:A. [IBe u3 HuUX — MinPol u Max-
Otr — BOBHUKJIU CPaldy B BBIUUCJIEHUAX KaK IIepeMeHHble, yiKe
UMeIOoI[e OCMBICJIeHHbIe 3HAUeHUA. SHAUUT, WX HHUIUAIUIUPO-
BaTh HYKHO 00sd3aTeNbHO. A TMOCKOJBbKY NomMinPol u NomMaxOtr
C HUMU Hepa3pbIBHO CBA3aHBI, Jy4dllle MHUIMAJIU3UPOBATH CPasy
Bce ueThipe. Yem? ByaeM mcXoauTh M3 CMBICJIA STUX II€PEMEHHBIX.
Yro Ttakoe MinPol m MaxOtr? MuHHMMAaJbHOE IMOJOKUTEIbHOE U
MaKCUMAaJbHOE OTpUuIlaTeJbHOEe 3HAUEHWA. B MOMEHT MHUIIMAIN3a-
IIUU y HAC eIlle HeT HU TOTO, HU APYroro. 3HAYUT, IPU UHUINAII-
3aIlUy IepeMeHHble [JOJIKHBI NIOJYUYUTh 3HAUEHUdA, IO KOTOPBHIM
OBLTIO OBI BUAHO, UTO STU 3HAUEHUS «He HACTOAIIHNE», IOJYyUeHBI He
B XOJle COJepsKaTeJbHBbIX BblumcaeHui. OUeBUIHO, UTO B KauecTBe
TaKUX 3HAUEHUH yOOoOHO MCIO0Jb30BaTh HYJAb. OH He ABJIAETCA HU
TMOJIOYKUTEeIbHBIM, HU OTPUIATENbHBIM. [l0sTOMy He MOKeT OBITH
«HACTOAIMM» 3HAUeHUWEeM HU IJsd MinPol, HUM s MaxOtr. AHa-
JIOTUYHO MOYKHO paccyKIaTh Ipo NomMinPol u NomMaxOtr. B mo-
MeHT WHUINAJIN3aIlUuU OTCYTCTBYIOT MIHUMAaJIbHOE IIOJIOKUTEJIbHOE
U MaKCHMAaJbHOE OTPHUIlATEJIbHOE, CTAJO OBITH, OTCYTCTBYIOT U UX
HOMepa. 3HauuT, NomMinPol m NomMaxOtr HazIo UHUINAJININPO-
BaTh 3HAUEHUSIMU, KOTOPbIE He MOTYT OBITh «HACTOAIIUMU» HOME-
pamu. I onsTh B KauecTBe TAKOTO 3HAUEHUS YAOOHO B3SATh HYJIb.
3HAUUT, 5TU UYeThIpe MepeMeHHbIe MHUIIUATU3UPOBATh HAI0, U B
KauecTBe HAUaJbHOT'O 3HAYEHUA BCEM UM IIPUCBOUM HYJIU.

Yro KacaeTcs IIUKJA, TO JIETKO 3aMETUTh, UTO YCJIOBUS Yy HAC U3-
MeHUJIUCh. PaHbIle MBI He 3HAJIU 3apaHee, CKOJBKO Pa3 IOJKEH
MMOBTOPATHCA IUKJ. ITO BBIACHAJIOCH TOJIBKO B XOJl€ €0 BBIMOJIHE-
Hus. ITosTomy He06X0AMMO OBIIO MCIIOJIb30BATh JUO0 MUK while,
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Jaub0 MUKJI repeat, B 3aBUCUMOCTYA OT MUHUMAJIbHOTO KOJUUECT-
Ba IMOBTOPOB MukJa. Ceiiuac MBI 3HaeM eIlfe A0 BX0Ja B I[TUKJ, UTO
OH JOJIKeH oTpadoTaTh n pas3. 3HAUUT, BMECTO ITUKJA C IIpe.-
ycJIOBHEM HaM yAOOHeI BOCIIOJb30BATHCSA IIUKJIOM CO CUETUMKOM:
for k:= 1 to n do. IIpaBma, y Hac BO3MOKHAa mycTas IOCJIe0-
BaTeabHOCTH (n=0), HO 3TO He crparirHo. B Ilackanie MUHEMAIbHOE
KOJIMYECTBO MOBTOPEHUN IMKJA CO CUETUMKOM PaBHO HYJIIO.

ITepBBIfi BapMaHT IPOTPAMMBI OyJeT MMETh BU:

program PolOtrMinMax;

var n, k, tek: integer;
MinPol, NomMinPol: integer;
MaxOtr, NomMaxOtr: integer;

begin
{BHIIaTBH HauaJIbHOE INPMUBETCTBUE }
writeln ('®yHKIMS OpoTpaMMer: ') ;

writeln (' BBeCcTM KOJI-BO UMCEJI B IIOCJeIOoBaTeJIbHOCTH, ') ;
writeln (' BBEeCTM ykal3aHHOE UMCJIO umucen, ') ;
writeln (' coobumMTb, YTO MIOET PaHblle: MMHMMAJIbHOE') ;
writeln (' moJIOXMTESILHOE MM MaKCMMaJIbHOE oTpuuaTesibHoe. ') ;
{MHMLIMaIM3MPOBATL IOAHHEE }
MinPol:= 0; NomMinPol:= 0;
MaxOtr:= 0; NomMaxQOtr:= 0;
{BBRECTM myMHY NOCJIEOOBAaTEJIbLHOCTM }
writeln ('BBemnTe KOJI-BO B3JIEMEHTOB I[IOCJIENOBATEJILHOCTU') ;
read(n) ;
for k:=1 to n do begin
{BBECTM OuepenHOM BJIEMEHT }
writeln ('BBemure snaement N', k) ;
read (tek) ;
if tek>0 then
{oBbpaboTaTh MOJIOXMUTEJILHEI 3JIEMEHT }
if tek<MinPol then begin
MinPol:= tek;
NomMinPol:= k
end
else
{obpaboTaTe OTPHULATEJILHEI BJIEMEHT }
if tek>MaxOtr then begin
MaxOtr:= tek;
NomMaxOtr:= k
end;
end; {do}
{BBImaTEL pesysbTaT}
if n=0 then writeln ('llocaemoBaTeslbHOCTEL OycTa')
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else

else

else

else

end.

if NomMinPol=0 then
writeln ('IIOJIOXUTEJNILHEX UuMceJs HeT')
if NomMaxOtr=0 then
writeln ('OTpuLaTesIbHEIX UMCeJl HeT')
if NomMinPol=0 and NomMaxOtr=0 then

writeln ('llocenoBaATEIBHOCTE COCTOUT M3 OIOHMX HyJien')

1f NomMaxOtr<NomMinPol then

writeln ('MakcyMaJibHOE OTPMLATEJILHOE CTOUT mnepen '+
' MMHMMAJIbHBIM [TOJIOXMUTEJIbHEIM " )
else writeln ('MuHMMAJIEHOE MOJIOXMTEJILHOE CTOUT rnepern '+

' MaKCUMAaJIbHEIM OTPULIATEJIbLHEM ' )

18.3. NMoprotoBka K TECTUPOBAHUIO

no Kputepusam 6enoro gwmka

Crpoum tabauiy MI'T:

if NomMaxOtr<
NomMinPol

T1|T2|T3|T4|T5|T6|T7 | T8 |T9|T10|T11|T12|T13

=0

Y1 | for k:=1 ton =1
>1

Y2 | if tek>0 +
¥3 | if tek<MinPol | ¥
Y4 | if tek>MaxOtr |t
Y5 | if n=0 i's
¥6 | if NomMinPol=0 |t
Y7 | if NomMaxOtr=0 | *
¥8 | if NomMinPol=0 | T
and NomMaxOtr=0 | —

Y9 | NomMinPol=0 +
Y10 | NomMaxOtr=0 +
Y11 +
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18.4. «Cyxasa npokpyTka»

IIpucrynum K npokpyTke. s Tecrta T1 TpaccupoBouHas Tab-
Jguia OyaeT IIpemebHO IPOCTa:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0

PeByJII:TaTZ HOCJIEZ[OBaTEJH)HOCTB Imycra.

OrMeTuM pe3yabTaThl B TabOJIMIlE TECTOB:

Tect | Bxop Oxunpaembiin PesynbTar +/- PesynbTar +/-
pesynbTaTt «CyxoMm BbINOJIHEHUS Ha
MPOKPYTKU» KOMnbloTepe
T1 0 Mocneposa- lMocnepnosa- +
TeJIbHOCTb TEJIbHOCTb
nycra nycra

Tect T1 okasajyica HeymaueH. Ilepeiinem k Tecty T2. Tpaccupos-
Ka OygeT MMeTh BU:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0

PeSYJII:TaTI ITososKUTETBHBIX YMCEJ HET.

To ecth Kak? MBI TOJBKO UTO BBEJU IIOJIOMKUTEJIbHOE YHCIO D, a
mporpaMMa 3asIBJISeT, YTO IIOJOKUTEeIbHBIX Urces HeT. B ueMm meio?
s moucKa OIMOKY IPUMEHUM peTpoaHaus3.

IIporpamMma BhIgasia coobirenne «II0OKUTENILHBIX YKUCET HEeT».
Taxkoe coolbIieHre MOKeT OBITh BBIJAHO TOJHBKO M3 OTHOM TOUKU
ImIporpaMMbl: W3 oIlepaTopa

if NomMinPol=0 then writeln ('lloOXUTEbHEX UuMces HeT')

3HAUUT, OPU BBITOJHEHUMW STOTO OIlepaTopa yCJIOoBUe OBIJIO HC-
TUHHO, T. €. mepeMeHHas NomMinPol = (. Ilouemy mnepemeHHas
NomMinPol umeer 3uHauenume 0? HyseBoe sHaueHUe IepeMeHHAas
MOJIyUYnJia Ipy nHUMuaansanuu. 1M 9To 661710 TpaBUJIbHO. B MOMEHT
VHUIMAJIU3AIMY He BBEIeHO HU OJHOTO dJIEMEHTa II0CJIeJ0BATEehb-
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HOCTH. 3HAUUT, HET U MUHUMAJIHHOTO MOJIOKUTEIHLHOT0. A 3HAUUT,
HeT U ero Homepa. IIpr3HAKOM OTCYTCTBUS HOMepa yA00HO CAesaTh
HyJieBoii HOMep. Ho 9TO Bce roBopuTCA 0 MOMEHTe WHUIIUAJIN3AIINN.
CpaBuenne if NomMinPol=0 BBITOJHAETCA B KOHIE ITPOTPAMMEBI.
K sromy BpemMeHU MBI yiKe BBEJIU IOJOKUTEJIHLHBIN 9JIEMEHT II0CJEe0-
BaTeJIbHOCTH. 3HAUUT, HYyJeBoe 3HaueHMe NomMinPol yiKe JOJKHO
ObITh 3aMeHeHO. CresaTh 9TO OOJIMKEH ObLI (hparMeHT:

MinPol:= tek;
NomMinPol:= k

He cpenan. 3Hauur, sToT (pparMeHT He BBIDOJHAICH. Ilouemy?
OH «CKpPBIT» ABYMS YCJIOBUAMMU:

if tek>0 then
if tek<MinPol then

¥ BBIIOJHAETCS TOJBKO B TOM CJyuae, ecJau 00a 9TUX YCJIOBUS WC-
TUHHBI. B Hamem ciyuae tek=>5, aHauur, ycaoBue tek>0 — UCTUH-
HOo. Uepes mepBoe ycaoBue mpoxoauM. IIpoepsiem BTOpoe: tek=5,
MinPol=0, tek<MinPol — JI0}Kb. SHAUHUT, BETBbL then BBIIOJI-
HAThCA He OyJeT, mepeMeHHbIe MinPol u NomMinPol He M3MEHST-
ca. OmubKa: OHM MOJIKHBI M3MEHUTHCA!

ITouemy ycimoBue tek<MinPol oKasajioch JIOKHBIM? IlepemeH-
Had tek MMeeT CBOe «3aKOHHOE» 3HAUEHUE, OHA PaBHA TEKYIIEeMY
9JIEMEHTY IIOCJefoBaTeJIbHOCTH. HeBepHOoe 3HaueHUMe MMeeT Iiepe-
MeHHas MinPol. Ilouemy oma paBHa HyJo? HyseBoe 3HaueHme
MinPol mojayumjia OpU MHUIMAJIU3AINN, OHO O3HAUAET, YTO IIepe-
MeHHAas eIlle He MMeeT HMKaKOT0 OCMBICJIIEHHOTO 3HaueHudA. Takoe
pellleHre Kas3ajoch JOTUUYHBIM. 3HAUeHMe MinPol (MUHUMAJIBHOTO
MMOJIOYKUTEJIBHOT0) II0 CMBICJY MOXKET OBITh TOJbKO IIOJIOMKUTEJIb-
HbIM. HyJb TaKOBBIM He SBJISIETCS, MO3TOMY €r0 W KCIOJb30BaJu
KaK «IIYCTHIIIIKY». PellleHre oKasajioch HEYyAAaYHBIM. B TeKcTe mpo-
rpaMMBbI IepeMeHHas MinPol mosiyuyaeT HOBOe 3HaUeHUeE B TOM CJIY-
yae, ecqu OHA OOJbIIE TEKYIIEero IOJOMKUTEJIbHOTO dJIeMEeHTA IO-
caenoBaresbHocT. HO nns HyJA 9TO yCJOBUE HE BBIIOJHUTCH
HuKorga. Ecim MBI XOTUM, UYTOOBI OHO BBITIOJIHUJIOCH, HAaYaJIbHOE
3HaueHue MinPol HOJIKHO OBITH 3aBeJOMO 0OJIbIIIE (BO BCAKOM CJIY-
yae, He MEHbIIe) JII0OOTO BO3MOIKHOTO ITOJOMKUTEIbHOTO dJIeMeHTa
mocJieJoBaTeIbHOCTH. 3HAUYUT, HAAO0 M3MEHUTh HadYaJbHOE 3Haue-
Hue MinPol, KOTOPOe OHA MOJydYaeT Mpu MHUIuaausanuu. Naumm-
anusanua MOJIKHA BBITJIANETH TaK:

MinPol:= MakcuMaJIbHOE BO3MOXHOE IIOJIOXKUTEJILHOE;
NomMinPol:= 0;
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Ectb 1 y Hac 3HaUeHMNEe, KOTOPOe 0OJbIIe JI000T0 APYTOT0 MOJIO-
sknTesbHOTO uncna? MaremaTtuka orsetut: «Her»10, Ho MBI-TO ceii-
yac 3aHMMaeMcs He MaTeMaTHKO, a mporpaMMupoBanueM. M5l yixe
TOBOPUJIM IIPO OrPAHMYEHHOCTH IIPEACTABHUMBLIX B MAIIMHE UMCEJI.
B IlackaJje masKke ecTh BCTPOEHHAas KOHCTAHTA maxint, BeIgaiomias
MaKCUMAaJbHO MOMYyCTHMOE Iiejioe uncyio. B crammapraom Ilackae
MOJKHO ObLI0 OBI McIoab30BaTh ee. Ho B Typ6o ITackaie cyiecTBy-
eT HEeCKOJIbKO ITeJILIX THUIIOB, B TOM UHcJe TUN Longlnt, AuamasoH
3HAUYEHUI KOTOPOTO BO MHOT'O pas 0oblle, ueM y integer. Ha Karou
13 HUX OPUEHTHUPOBATHCH?

OTBeT Ha 9TOT BOMPOC MOKHO IOJYUYUTH TOJABKO M3 MOCTAHOB-
Ku 3agaunu. Ho TaMm OoH He oueBHUAeH. UTO HAJ0 AeJaTh B 3TOM CJIY-
yae, Mbl yoKe 3HaeM. He Hazo HU4Yero npuayMbIBaTh camum. Hamgo
3aaTh BOMNPOC 3aKasumky. IIpuaercsa moOECIOKOUTH 3aKas3umKa
emle pas.

Huamor:

Mpi: 3BuHUTE, UTO IepeKJaJblBaeM Ha Bac HEKOTOpbIe HAaIll
KomnviomepHole Tpobiembl. Ho Ham HyskHa Bamra momoins Ijisa
NPUHATUA HEKOTOPHIX perteHuil. HeT jiu B 3ajaue orpannyeHuii Ha
MaKCHUMaJbHOE 3HAUEHUE ITOJIOKUTENIbHBIX Yrcesi? OTO HAIIU BHYT-
pUMaIInHHBIE 3aMOPOUYKIM, HO HE YCTPOUT JU Bac MakcuMaJbHOE
sHauvenue B 32 767? Unu B 2 147 483 647? Wnu sTOor0 TOXKE MaJIo?

3akasuuk: §1 Kaxk-To He AyMaJ Ha 9Ty Temy. Boobire-To, 1o
YCJIOBUIO 3aJaul HUKAKUX OrPDaHWUYEHUI HeT. XOTA A IOHUMAIO,
YTO MalllMHA He Pe3WHOBadA U TyJa He BCe MOYKET MOMecTUThcA. Ho
BrbI roBopuUTE PO OTpaHMUEHUS HA Iedable ymcja. A s TpoOHBIX
oHU peiicTBoBaTh He OyayT? Torma maBaiiTe K OOJBIIIHM I[€JBIM
IIPUIINCHIBATL HYJIEBYIO APOOHYIO YacTh. IJTO, KOHEYHO, JIUIITHUE
XJIOTIOTHI IIpu BBoJAe. Ho He Takue GoJiblline: 3amATas U HyJIb. §1 ro-
TOB Ha HUX COTJIACUThCs. HaumHad ¢ KaKoro 3HAUeHUdA, HAZO OyaeT
MIPUNKUCHIBATH APOOHYIO YaCTh?

Mgei: (Henonumarwuie) Ilorogure! Kakyio npo0HYIO UacThb?

3akasuuk: (Henorumawwe) Kax kakyio? Ilocae 1mesoit yactu
CTaBUTCSA 3aIATasdA, a IIOTOM 3allMChIBAETCS APOOHAS YacTh YKCJIA.
Ax, U3BUHHUTE, A CJABIIIAJT, UYTO KOMOBIOTEPIUKY IMUIIYT Ha aHT-
J0-aMepUKaHCKUHA MaHep: BMeCTO 3aIldaToi, Kak B EBporme, cra-
BAT TOUYKY, Kak B AHriuu. XOpoIlo, OycTh OymeT Touka, bor ¢
Heli.

10 Kax rosopmanu npesHue rpexu: «Kyzna GbI HM cTag BOMH, OH MOKET IIPOTAHYTD
CBOE KOIIbe eIlle Jajibliie». 3aMEeTHuM, UYTO 9TO He €JUHCTBEHHBI BO3MOYKHBIN
B3IJISA] Ha yucJa. [[peBHUE UHAYCHI CTPOUJIN CBOIO MaTeMATUKY, UCXO/IA U3 TP/ -
MIOJIOKEHUS O CYII[eCTBOBAHUY «umcia By abl» , HAMGOJIbIIIEr0 CPe BCEX UUCEI.
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Mgei: Taxk 3HAUUT, yV YMCEJT MOKET OBITH APOOHAA UACTH?
3akasunk: Hy, pasymeercs.
Mebi: A mouemy Bel Ham 00 5TOM pamHbllle HEe T'OBOPUJIN?

3akasuuk: To ects Kak He roBopuia? §I Besme roBOPUI IPO
yucaa. A pasBe ApoOHBIe uncyga — He umciaa? PasBe a xKorpa-to
TOBOPHUJ, UTO YMCJA OYAYT TOJBKO IleJibie?

Mgz L.
(Hemas cuena)
Komen gumasora.

Bort sTo ma! IleiictBurenbHo. HuUrme B mocTaHOBKE 3aJaull CJIOBO
«IIeJibie» He yrmoTpebJisanaock. MbI ero camMu JoMbicauan. U maske He
MOTPYAUJINCH YTOUHUTH ¥ 3aKas3uuka. [[Jisg Hac jKe ObLIO OYEeBUIHO,
YTO YucJga — Ienable. Eie MOHATH OBbI, TOUEMY 9TO CTAJIO MJIs HAC
oueBUIHO?

VYpox ma Oyayiiee! PeiraTh HamZo CTPOTo Ty 3amaudy, KOTOPYIO
CTABUT 3aKa3unK. A He Ty, KOTOPYIO MbI IPUAYMAJU «II0 MOTHUBAM »
3aJaum, MMOCTABJIEHHOM 3aKas3uMKoOM. EciM NPUXOAUTCA YTO-TO J0-
IYyMBIBaThL caMuM, To Bce (Bcelll) yrouneHusa HeOOXOAUMO COTJIACO-
BBIBATh C 3aKasuumiroMmll,

WHTepecHO, KaK HAC yropasgmujo OO CHUX IIOP He O0HAPY/KUTH
OMIMOOYHOCTEL CBOETO TIpenmososkeHus? Ileso B ToMm, UTO B 3ajmaue
He MCIIOJb3YIOTCSA KaKue-InOo crenuuuyecKre CBOMCTBA, KOTOPBI-
MU 00JIaaloT BeIlleCTBEHHbIe UMCJa, HO He obJamaior meabie. Tpe-
OyeTcA TOJBKO OTAENUTH ITOJOMKUTEJbHBIE UMCJIa OT OTPUIlATENb-
HBIX ¥ CPABHUTH, KaKOe U3 JBYX Umces 00JbIlle, KAKOe — MeHbIIIe.
A sTH; cBoOlicTBa OAMHAKOBEI KaK JAJIA IIeJbIX, TaK U IJIS BEIleCTBeH-
HBIX YHCeJ.

XopoI11o, 4TO XOTh W CJAyYallHO, HO OMIMOKY oOHapysxmau. U
oboiifieTcss OHA HaM AOCTATOYHO JAelneBo. IloHamoOUTCs BCETO JUIIH
M3MEHUTH OIMNCAHUS I[EePEeMEeHHBIX.

var n, k: integer;
tek, MinPol, MaxOtr: real;
NomMinPol, NomMaxOtr: integer;

B Tese mporpaMMbl HUKAKUX H3MEHEHUN He IIOTpedyeTrcs.

11 Quens xapakKTepHO HAIle BOSMYILEHIIE: a MOUeMy 38aKASUNK HAM He YKAsaJ SBHO,

YTO UKCJIA JOJIKHBI OBITh BeIlleCTBeHHBbIE? A eMy U B I'OJIOBY HE HPUIILIO, YTO IJIS
Hac 970 BaskHO! OH Ke — He KOMIbIOTEPINUK. Y MOHATUSA He MMeeT PO TO, YTO
MUP MOKHO BOCIPUHMMATH B TepMUHAX integer/real. Bosee Toro, oH, moxosxe,
U He MareMaTuk. Bo BCAKOM ciydae, CJIOB «BeIeCTBEHHBIE YHCJIa» OH, IIOXOXKeE,
He 3HAeT, IPeJIOounTas UMEeHOBATh UX «IPOOHBIMU» .
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Bce TecThl, KOTOPHIE OBIIN CKOHCTPYUPOBAHBI JJIsI IIPOBEPKU TOI
WJIYM WHOM CHUTyalluy, MOXKHO HCIIOJb30BaTh. IIOCKOJIBLKY IleJIbIe
Yyucjia B MaTeMaTHUKe — YaCTHBIN ciaydail BelecTBeHHBIX, 00001Ie-
HUe IeJIOTO YMcJia IO BelllecTBeHHOTO (B MoMeHT BBoja) Ilackaub
BBIMMOJIHUT caM. Ho, ecTecTBEHHO, HYXHBLI TECTBbI, COAepIKalljue
VUMEHHO BellleCTBeHHBIe uncya. UTo6bl He yBEeJIUUYUBATH 00IIlee Yuc-
JIO TeCTOB, IOAIPABUM HEMHOTO HEKOTOPBbIE U3 YK€ HMEIOI[UXCS
TecToB. IIpruem Tak, 4TOOBI Ha BXOJe OBIIN YKCJIA BeIlleCTBEHHEIE,
a pe3yJbTaT TpPOTOHA He uM3MeHmJcsa. Hampumep, Tak:

T2: Bxom: 1, 5.6.
Brixox: OTpunareabHbIX UKCe] HET.
T6: Bxon: 5, —-1.3, 2.4, -3.1, 4, 7.08.

Beixoa: MakcuMaabHOE OTPUIlATEIbHOE CTOUT
nepes MUHUMAJIbHBIM ITOJIOMKUTEJIbHBIM.

T7: Bxonm: 4, 2.1, —4.2, -1.3, 7.4.

Brixon: MuHNMaJIbHOE TOJOXKUTEILHOE CTOUT
mepes MaKCUMAaJbHBIM OTPHUILATEIbLHBIM.

C sToii BHe3amHO BCILIBIBINIEHN ITpoOJeMoil, KakeTcsd, pasodpa-
auck. Temeps BepHeMcsa K O0HAPYKEHHOW HaMU OITNOKEe WM K IIOuC-
Ky cmoco0oB ee mucmnpaBieHusd. Kak mepexon K BeIeCTBEHHBIM UNC-
JaM CKa’KeTcs Ha pelleHUU BO3HUKIIeH Iepen HaMu MPoOJeMbl —
ompeeeHnss MHUHUMAJbHOTO IOJOMKUTEJbHOro 3HaueHus? Cka-
sxkerca miaoxo! Mbl coOupannch MHUIIUMPOBATH IIEPEMEHHYI0 Min-—
Pol (MUHUMAaJbHOE IIOJIOKUTEIbHOE) 3HAUEHNEM, KOTOPOe 3aBeJ0-
MO GOJIbIlle JIFOOOTO IIOJOMKUTEJIbHOTO umcaa. Temeps aToii uaei
BOCIIOJIL30BaThCA He ymacTcsa. KomcTaHTel maxreal B [lackaie Her.
Hazmo mckaTs apyrue myTm!2,

Yro ele MOMKHO KCIOJIB30BATh A uMHHIuanusanuu? Haiitu
HYKHOe HauaJbHOE 3HaUeHMe BHE IOCJIeJOBATEILHOCTY He YIaJI0Ch.
MoskeT OBITH, IIOMCKATh €70 B caMoil mmocyenoBarenbHocTu? IIpore
BCErO B3ATHh MHEPBBIA daeMeHT. Vmesa: BBeCTH IIEPBBIN 3JIEMEHT U
MMEHHO ero MCIIOJIb30BaTh KaK HavaJbHOe 3HaueHme MinPol. 9To
BIIOJIHE JIOTUYHO. B MOMEHT, KoOrja BBeleH eIMHCTBEHHBIN 3Je-
MEHT, UMEHHO OH U SABJIAETCA MUHUMAaJIbHBIM. IIpaBra, majia Takoit
UHUIMAIU3AIUU HAAO ObITh YBEPEHHBIM, UTO IEPBBLIN dJIEMEHT CY-
miectByeT. To ecTh cayuail IycToi mocaef0BaTeJILHOCTA HAL0 OyaeT
oT@UIBTPOBLIBATL 3apaHee. IIpuKuHeM, KaK OyAeT BBITJIAIETH CO-
OTBETCTBYIOIIUHA (hparMeHT IIPOrPaMMBbI.

12 Hano oTMeTHTH, YTO AJIA IPELIOKEHHOI0 BAPUAHTA IIPOrPAMMBL aKe B CiIydae
IeJIbIX YKCEeJ MHUINAJIU3AIUA IepeMeHHON MinPol KOHCTAHTON maxint ObLIa
0bI omu6ouHOM. O MPUUYUHAX 3TOTO MBI IIOTOBOPUM II03Ke B KOHILE ITOApasiesia
«Cyxasi IPOKPYTKa».
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{BBECTM IOJIMHY IIOCJIENOBATEJILHOCTH }
writeln ('BeemuTe KOJI-BO 3JIEMEHTOB I[IOCJIeIOBATEJILHOCTI') ;
read(n) ;
if n=0 then writeln ('llocjiemoBaTes/IbHOCTEL IIycTa')
else begin
writeln ('BreguTe zjeMmeHT N1') ;
read (tek) ;
{MHMIMaNM3MpPOBaTE IAaHHBIE }
MinPol:= tek; NomMinPol:= 1;
MaxOtr:= tek; NomMaxOtr:= 1;

Cromn! ITocienusas cTpOKa HyKZaeTca B 0oJiee IIPUCTAJILHOM BHU-
maHuu. HacKoJIbKO KOPPEKTHO MHUIIMAJIU3UPOBATHL MinPol 1 Max—
Otr OZHMM U TeM iKe 3HaueHueM? MinPol — 3TO 3JIEMEHT IIOJIOMKII-
TeJIbHOI MOAIOCTIE0BATEIBHOCTH, & MaxOtr — oTpuIitareabHoun. s
VMHUIUAInU3anuu MinPol HaM HYKHO IIepBOe IIOJIOMKUTEJIbHOEe 3HAa-
yeHue. Ero Mbl OygeM B AajbHeHIIeM CpaBHUBATH C APYTHUMU TIOJIO-
KUTEJbHBIMU 3HAUEHUAMU, UTOOLI HAWTHU MUHHMAaJbHOe. Ecau aTy
JKe UIe0 PACIpPOCTPAHUTDL Ha OTPUIlATEeIbHbIE UKCIa, TO IJIA MHUIIA-
ausanuy MaxOtr HY!KHO IIEPBOe OTPUIlaTeJIbHOe 3HaueHne. KEro MbI
B JajbHellieM OyaeM CpPaBHUBATL C IPYTMMH OTPHUIIATEIbHBLIMU,
yTOOBI HaWiTH MaKcuMaabHOe. Ho IepBBIA 9JIeMEeHT IOCJief0BaTelb-
HOCTU He MOXKET OBITH Cpasy U IIOJIOMKUTEIbHBIM, 1 OTPUIIATEIbHBIM!]

Eciu MBI XOTUM MHUIINAJIU3UPOBATE MinPol M MaxOtr IepBbI-
MU 3JIEMEHTAMM COOTBETCTBYIOIIIUX MOAMIOCJEI0BATeIbLHOCTEH, 9THU
9JEeMEeHTHI eIlle Hago HauTu. MBI yiKe TOBOPHMJIM, UTO TOJBKO Ha
¢dopMaJIbHOM YpPOBHE MBI MMeeM OJHY II0CJIeN0BATeJbHOCTh UKCEJI.
ComepsxaTeIbHO MBI JOJIYKHBI TY eIUHYIO TTOCJIeI0BATEIbHOCTh Pas-
IeJUTh Ha JBe MOJIIOCJIeNOBaTeJIbHOCTH M 00padaThIBaTh KasKIyIO
13 HUX OTAeabHO. Ecam ObI HaM HaZ0 OBLIO MCKATh MaKCUMyM U
MHUHUMYM BCEH IIOCJIeJ0BATEeJIbHOCTH, TO IIPEAJIOKeHHBINI HaMU Ba-
PUAHT — WHUIUAIU3UPOBATH MAKCUMYM U MUHUMYM II€PBBIM 3JIe-
MEHTOM IIOCJIELOBATEJILHOCTH — OBbLI OBI BIOJHE JIOTMYEeH. B Mo-
MEHT, KOTJla BBEJIeHO TOJbKO OJHO 3HAUeHNe, UMEeHHO OHO SBJISeTCS
OMHOBPEMEHHO I MUHUMAJIbHBLIM, U MakKcuMaabHbIM. Ho, yBBI! I1sa
HaIllel 3aJjlauu IpUMeHeHMe 3TOTO BapuaHTa «B JIOO» HEBO3MOMKHO.
Ero mamo mogudunupoBaTh TaKUM 00pa3oM, 4ToObI B MinPol mora-
JIO TIepBOe TIOJIOMKUTEJbHOe 3HaueHue, a B MaxOtr — IiepBOe OTpHU-
nmateabHoe. Ho HMKAKMX IIPABUJ CJIEJOBAHUS IIOJOKUTEIbHBIX U
OTPUIlATEJbHBIX UKCEJ V Hac He mpeaycMoTperHo. OHu MOTYT UATH B
JI000M TIOpAAKe U B JIOOOM KoamuecTBe. [109TOMY MOUCK IIePBOTO
JIeMeHTa KasKIOW M3 IIOAIIOCJIeOBATEeIbLHOCTE CTAHOBUTCSA CaMO-
cToATeN bHOMN 3amaueii. COOTBETCTBYIOIME IPOBEPKU IPUAETCS pas-
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MeIlaTh He mepej] OCHOBHBIM ITMKJIOM IPOTPaMMbI, a BHYTPHU HETO.
HasBaTps sT0 mHUIIManIu3amueil HaHHBIX ysKe HeJIb3s.

Kcratu, o6paTuM BHEMaHUE Ha TO, UTO KOe-KaKue MOJOKUTEeb-
HbIe Pe3yJabTaThl MbI Bce :Ke moayuusu. OKasbiBaeTcsa, IpodJIieMbl ¢
UHUIUAIU3aI el mepeMeHHOM MinPol CHMMETPUYHO OTOOpasKa-
I0TCA Ha IepeMeHHYI0 MaxOtr, U MBI CTOJKHYJINCH ObI ¢ HUMU IPU
nporoue Tecta T3. Ho mocKoibKy mpobiieMa y:ke o0HapysKeHa, OJuH
TECTOBBINI ITPOTOH MBI COKOHOMUM. YTellleHHe cJjaboe, HO 0OJbIIle,
yeM HUYero.

Haiitu moaxondainee HauaJabHOE 3HaAUEHUE O MinPol He yhaer-
ca. MoikeT OBITH, CTOUT MOCMOTPETH MOBHUMATeEJbHel, a YTO 3Ha-
yuT «moaxonsainee» ? IIpobiema BoOSHMKAET IPU IPOBEPKE YCIOBUA
if tek<MinPol then. OTmMeTuMm, YTO CpaBHeHHEe paboTaeT BepHO BO
BCeX cJayvasxX, KpoMe mepBoro. Ilo cux mop MbI IBITAJNCHL HANTH Ta-
KOH cII0co0 MHUIIMAJIN3AINN IepeMeHo MinPol, 4TOOBI 3TO CpaBHe-
HIe BepHO cpaboTajo U B IepBOM cjayuae. deM OTJIMUYAETCSA MePBBIH
ciydail oT BcexX OCTaJbHBIX? IIepBBIN M3 MOJOMKUTENHHBIX DJIEMEH-
TOB JIOJI?KEH IoIIacTh B MinPol 00A3aTeIbHO, 8 OCTAJIbHBIE — TOJb-
KO 0 pe3yJibTaTaM CpaBHEHUs. SHAUUT, HAM HYKHO yCJIOBHE, KO-
TOpoe OyneT 3ByUaThb TaK:

if DOTO MEepPBHM HNOJIOXUTEJILHBEM 3JIEMEHT
or tek<MinPol then ..

CJ10BO «MOJIOKUTENBLHBINI» B TaHHOM CJIydae Hake JIUITHee, TO-
CKOJIBKY IIOJIO}KUTEJBHOCTh dJIeMeHTa O0ecreueHa BBIMIECTOAIIINM
ycaoBueM if tek>0 then.

EcTh u Kakoi-mnb0 MpU3HAK, II0 KOTOPOMY MBI MOXKEM OIIpeje-
JUTb, UTO TEKYIIUH 5JeMEHT SIBJISETCSA IIePBBIM ITOJIOMKUTEILHBIM?
CaMu TIOJIO}KUTEIbHBIE UMCJIa HUYEeM APYT OT APyra He OTJINYAIOTC.
IlepBoe BBITVISAUT TaK JKe, KaK U Bce Iociaenyiomniue. MoskeT ObITb,
ero o0paboTKa BBITVISIUT KaK-TO MHAYE U OCTABJISET KaKHe-TO 0coOblie
caenbl? Jla, ¥ MBI TOJIBKO YTO 00 STOM TOBOpwJu. IlepBBIi 97€MEHT
00s13aTeIbHO TIonafaeT B MinPol. 3HauuT, o0 Hero MinPol umeer Ha-
yaJibHOE «HeHacTosIlee» 3HaUeHUe, a IOocjie Hero — IepBoe HACTOs-
mee. Mo)keM J1 MBI OTJIMYUTH HAUYAJIbHOE HEHACTOAIee 3HAUEHUE
MinPol oT mpouux ee 3HaueHuii? [{a. IMeHHO MCXOAs U3 3TUX COOD-
pasKeHUii, MBI U TIOAOUPAJIN IJIA Hee HauaJabHOE 3HaUeHUe HyJb. Tor-
Jla IIpOoBepKa IIproOpeTeT CJIemYyIOINil BUI:

if MinPol=0 or tek<MinPol then ..

Ilo cyTu, Mbl peasm3yeM TaKUM 00pasoM IpeAJaraBIIyIOCS pa-
Hee 10 MOMCKA IIEPBOTO dJeMeHTa MOJIOKUTEIbHON ITOAII0CTIe0-

BarenbHOCTU. HO menaem aTo (Kak m OBLIO CKAal3aHO BBIIE) He B
WHUIMAIU3aUN JaHHBIX, a B OCHOBHOM IJMKJIE IIPOTPaMMGBIL.
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ITockosbKY MBI yiKe 3aMETUJIM, YTO aHAJOTUUYHbIE M3MEHEHU
HY:KHBI [IJA OTPUIIATEeJIbHOUN IIOAIIOCJIeIOBATEIbLHOCTH, CpPasy Ke

BHeceM W uX. Tesio mporpaMMbl IpHUOGpPETeT BUL:
begin
{BBHIDIATH HauaJIbHOE MNPMBETCTBUE }
{vHMLManM3MpPOBaTh HOaHHEHE }
MinPol:= 0; NomMinPol:= 0;
MaxOtr:= 0; NomMaxOtr:= 0;
{BBECTV OJIMHY NOCJIEeOOBATEJILHOCTH }
writeln ('BBemuTe KOJI-BO B3JIeMeHTOB'+
'nmocyenoBaTesibHOCTU ) ;
read (n) ;
for k:= 1 to n do begin
{BBEeCTM OouepenHOM BJIEMEHT }
writeln ('Beegure sjeMmeHT N', k) ;
read (tek) ;
if tek>0 then
{obpaboTaTh MOJIOXMUTEJILHEI 3JIEMEHT }
if MinPol=0 or tek<MinPol then begin
MinPol:= tek;
NomMinPol:= k
end
else
{obpaboTaTe OTPHULATEJILHEM 3JIEMEHT }
if MaxOtr=0 or tek>MaxOtr then begin
MaxOtr:= tek;
NomMaxOtr:= k
end;
end; {do}
{BBIDaTEL pes’ysbTAT}
if n=0 then writeln ('llocnemoBaTeslbHOCTL OycTa')
else if NomMinPol=0 then
writeln ('IIOJIOXUTEJIBLHEX UuMceJ HeT')
else if NomMaxOtr=0 then
writeln ('OTpuLaTEeNbHEIX UMCEJl HeT')
else if NomMinPol=0 and NomMaxOtr=0 then
writeln ('llocienoBaTesIbHOCTE COCTOUT U3 '+
'onHux HyJen')
else if NomMaxOtr<NomMinPol then
writeln ('MakcumaslbHOE OTpHULIATEJIEHOE CTOUT'+
'epel MMHMMAJIbLHEIM [IOJIOXUTEJILHEM ')
else writeln ('MuMHMMAJILEHOE IMOJIOXMTEJILHOE CTOUT'+
'nmepen MaKCUMAJIbHEIM OTPULIATEJILHEM ')
end.
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ITockONIBKY MBMEHMJINCH YCIOBUSA, IPULETCA OTKOPPEKTUPOBATH
rabauny MI'T. B pasBuiike Y3 Temeph CTOUT CJIOYKHOE YCJIOBUE.
ITosToMy KpoMe ABYX CTOK MJiA ATOW PasBUJIKU AOOABUM IIO JBE
CTPOKM IJIs KaKAOTO U3 IPOCTHIX YCJOBUH. AHAJIOTUYHO IOCTYIIUM
¢ pa3BuiKol ¥Y4. Uro6bl He cOMBATH MPEIKHIOI HYyMEpPaIuio yCJio-
BUIi, HOMepa HOBBIX CTPOK CIejlaeM COCTaBHBIMU.

T1|T2|T3|T4 |T5|T6 |T7 | T8 | T9|T10|T11|T12|T13

Y3 | if MinPol=0 +

or tek<MinPol | —
¥3.1| MinPol=0 +
¥3.2| tek<MinPol +
Y4 | i f MaxOtr=0 +

or tek>MaxOtr | —
Y4.1| MaxOtr=0 +
Y42| tek>MaxOtr +

3anmyckaem 3aH0BO TecT T2. Temeps TpaccUpPOBKA BBHITJIAIUT TaK:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
1 1 5.6
5.6 1

Pesyabrar: OTpUIlaTENIbHBIX YKWCEJT HET.

ITonryuyeHHBIH pe3yJabTaT COOTBETCTBYET o:Kumaemomy. [lemaem
COOTBETCTBYIOIIME IIOMETKM B Tabuuiie TecToB. OTMeuaeM B TabJIu-
me MI'T mpoiifeHHBIE YCJIOBUS.

B mporpamMmy ObLIN BHECEHBI M3MEHEHUS, 3HAUUT, HEOOXOIUMO
IIOBTOPHOE TecTHpOBaHMe. bjaaro, Ham OHO IIOKa oboiimeTcs Ielie-
Bo. Hamo moBTOPUTH BCEro JUINb OOUH TecT. HUKaKnUX M3MeHeHu
B €ro IpoToHe He ITPOU30HIET.

IIpomomxum TectupoBanue. Tect T3 macT ciaemyroyio TpPacCUPOBKY:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
1 1 -5
-5 1

Pesynprar: Ilon0KUTENBHBIX YUCEJ HET.
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IlonyueHHBIIT pPe3yabTAT COOTBETCTBYET oKumaemomy. Iemaem
COOTBETCTBYIOIIME IIOMETKHN B Tabuuie TecToB. OTMeuaeM B TabIm-
me MI'T mpoiineHHBIE YCIOBUA.

Amnasmornuno mocrynaem ¢ trecramu T4 u T5. Ilonyuum caemyro-
e TPaAcCUPOBKMU.

Haa T4:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
3 1 1
1 1
Pesynbrar: OTpuiiaTeIbHBIX UYHCEJT HET.
Haa T5:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
2 1 -1
-1 1
2 -2
Pesynbrar: IloJ0KUTENBHBIX UHCEJ HET.
Ta6aunel TectoB 1 MI'T mpuobpetryT BuUm:
Ta6Gnuua TecToB
Tect | Bxop, Oxupaembii PesynbTar «cyxon | +/— PesynbTar +/-
pesynbtart NPOKPYTKU» BbIMOJIHEHUSA Ha
KOMMbioTepe
T1 |0 MocnepoBa- MocnepoBa- +
TENbHOCTb MyCTa | TENbHOCTL MycTa
T2 |1, 5.6 | OTpuuaTenbHbIX OTpuuaTenbHbIX +
yncen Het yncen HeT
T3 |1, =5 | MNonoXnTenbHbIX MonoxutenbHbIX +
yncen Het yncen HeT
T4 |3, 1, OTpuuaTenbHbIX OTpuuaTenbHbIX +
2, 3 yucen Het yucen Het
T5 |2, =1, | NMonoxutenbHbIX MonoXxuTenbHbIX +
-2 yucen Het yncen HeT
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Ta6nuua MI'T

if NomMaxOtr<
NomMinPol

T1|T2|T3|T4|T5|T6|T7 | T8 |T9|T10|T11|T12|T13
=0 +
Y1 | for k:=1 ton =1 + |+
>1 +
Y2 | if tek>0 + +
— + +
Y3 | if MinPol=0 + + +
or tek<MinPol | — +
¥3.1| MinPol=0 w + *
— +
¥32| tek<MinPol +
— + +
Y4 | i f MaxOtr=0 + + +
or tek>MaxOtr | — +
Y4.1| MaxOtr=0 i + +
— +
Y42| tok>MaxOtr +
— + +
Y5 | {f n=0 + | +
— + +
Y6 | if NomMinPol=0 +
Y7 | if NomMaxOtr=0| t
¥8 | if NomMinPol=0 | T
and NomMaxOtr=0 | —
¥9 | NomMinPol=0 +
Y10| NomMaxOtr=0 +
Y11 a4
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Ho6aBaaem tectol T6, T7, T8, T9. meem cienyiomime Tpaccu-

POBKH.
Hna T6:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
5 1 -1.23
-1.23 1
2 24
2.4 2
3 -3.1
4
5 7.03

PeliyJIbTaT: MaxcumasbHOE oTpuIaTreJbHOE€ CTOUT IIepen
MUHUMAaJBbHBIM ITOJIOXUTEJIbHBIM.

IIpoBepuM mO TpacCHpPOBKE: MHUHUMAJIbHOE IOJIOKUTEIbHOE
(2.4) Bo BTOpOI mo3UIMU, MaKCUMaJbHOEe oTpurarenabHoe (—1.23)
B mepBoii moauriuu. IlepBas MO3SUIMA PaHBIIIE BTOPOI.

Hasa T7:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
4 1 2.1
2.1 1
2 -4.2
-4.2 2
3 -1.3
-1.3 3
4 7.4

Pesymﬂ‘a'r: MunuManbHOE TOJOKUTEIBHOE CTOUT mnepen
MaKCHUMaJBbHBIM OTPHUIATEJIbHBIM.

IIpoBepuM IO TpacCcUpPOBKE: MUHUMAJbHOE IIOJIOMKUTEJIbHOE
(2.1) B mepBO¥l IOBUIUU, MaKCHUMaJbHOe oTpuiiatrejbHoe (—1.3)
B TpeTheli mosuriuu. IlepBas MO3UIIMA PaHbIe TPEThEM.
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Hasa T8:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
3 1 -2
-2 1
2 4
4 2
3 -3

PeByJIbTaT! MaxkcumanbHOE oTpUIlaTeJIbHOE€ CTOUT IIepen
MHWHUMAJIBHBIM IIOJIOKUTEJIbHBIM.

IIpoBepuM 1O TpaccUpOBKE: MUHHMAJHHOE IOJIOKUTEIbHOE (4)
BO BTOPOI MOBUIMU, MaKCUMaJIbHOE OTPUIlATEeIbHOE (—2) B IIepBOit

no3unuu. IlepBas mo3uIiius paHbIlle BTOPOIA.

Haa T9:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
4 1 1
1 1
4 -4
-4 4
4 7.4

Pesgynprar: MuHNMAaIbHOE IOJIOKUTEJIHLHOE CTOUT IIepen
MaKCUMAaJbHBIM OTPUIATEIbLHBIM.

IIpoBepuM IO TpacCUpPOBKE: MUHUMAJbHOE IOJOKHuTeabHoe (1)
B IIePBOI MO3UIINU, MaKCHUMaJbHOe OTpuIiiaTeabHoe (—4) B ueTBep-

Toi mosuinuu. IlepBasg MO3UIIUA paHBIIIE UETBEPTOI.
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Tabaunel TectoB 1 MI'T OyayT BBITIIALETH TaK:
Tabnuua TecToB
TecT Bxopn, Oxupaembiii PesynbTar «cyxon | +/— | Pe3ynbTar | +/—
pesynbTart NPOKPYTKU» BbIMNOJIHEHUSA
Ha KOMIMblO-
Tepe
T1 |0 Mocneposa- lMocnepoBa- +
TENbHOCTb MyCTa | TENbHOCTb MycTa
T2 | 1, 5.6 OTpuuaTenbHbIx OTpuuaTenbHbIxX +
yucen Het yncen Het
T3 |1, -5 MonoxutenbHbiX | MONOXUTENBHBLIX +
yucen Het yncen Het
T4 | 3,1,2,3 OTpuuaTenbHbIx OTpuuaTenbHbIx +
yncen Het yncen Het
T5 | 2,-1,-2 MonoxutenbHbiX | MONOXUTENBHbIX +
yucen Het yncen Het
T6 | 5,-1.3, MakcumanbHoe MakcumansHoe +
2.4,-3.1, oTpuuaTenbHoe oTpuuaTenbHoe
4, 7.08 CTOUT nepes, CTOUT Nnepen,
MUHUMaSbHbIM MWHUMAaSIbHbIM
MOJIOXUTENBHBLIM | MONOXUTENbHbBIM
T7 | 4, 2.1, MwuHumaneHoe MuHnmanbHoe +
-4.2,-3.1, | NONOXUTENBHOE | MNONOXUTENBHOE
4, 7.03 CcTOoUT nepes, CTOUT nepeq,
MakCUMasbHbIM MaKCUMasbHbIM
oTpuuaTeNbHbIM | OTpuLATENIbHbIM
T8 | 3,-2, 4, MakcumansHoe MakcumanbHoe +
-3 oTpuuaTenbHoe oTpuuaTenbHoe
CTOUT Nepes CTOUT Nepes
MUHUMaSTbHbBIM MWHUMAaSIbHbIM
MONOXUTENbHBIM | MONOXUTESbHBIM
T9 | 4,1,7,9, MuHuMansHoe MuHuManbHoe +
-4 MONOXUTENBHOE | MONOXUTENBHOE

cTouT nepeq,
MaKCVMaJsibHbIM
oTPULIATENbHbBIM

cTouT nepeq,
MaKCUMasIbHbIM
oTpuLaTESNIbHbIM
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Ta6nuua MI'T
T1|T2|T3|T4|T5|T6|T7 |78 |T9 |T10|T11|T12|T13
=0 | +
Y1 | for k:=1 ton |=1 + | +
>1 + |+ |+ |+ ]+
Y2 | if tek>0 i + + B e s
= + + |+ |+ |+
¥3 | if MinPol=0 + + + R
or tek<MinPol | — + + | + +
Y31/ MinPol=0 + + + |+
— + + | + +
¥32| tek<MinPol i3
= + + + |+ |+ |+
Y4 | if MaxOtr=0 + + ++H [+ |+
or tek>MaxOtr | — + |+ +
Y41 MaxOtr=0 + + b
= + ]+ |+ |+
YA2| tek>MaxOtr il +
= + + |+ |+ |+
Y5 | if n=0 o+
= + |+ |+ ||+
Y6 | if + + +
NomMinPol=0 — R e B
Y7 | if +
NomMaxOtr=0 — + 1+ |+ |+
¥8 | if NomMinPol=0 | *
and NomMaxOtr=0 | — + 4+ |+ |+
Y9 | NomMinPol=0 i3
— + |+ |+ |+
Y10 | NomMaxOtr=0 +
= + |+ |+ |+
Y11| if NomMaxOtr< [ * + +
NomMinPol — + +

TecTsl, padpaboTaHHbIE UCXOAA M3 KPUTEPUEB UEPHOTO AIIHU-
Ka, HeIJIOXO0 BeAyT cebd U C TOUKU 3PEeHHus KPUTepueB 0esoro
amuka. He3aKpbITBIMU OCTAJNKUCH yCIOBUEe ¥ 3.2+ U rpynma ycjo-
Buii Y8+, Y9+, Y10+, KoTOopble MOTYT OBLITH BBIIOJHEHEI TOJIBKO
Bce BmecTte. Tectol T8 u T9 ¢ Touku 3perausa MI'T BooGie n30bI-
TouHBI. Hu OmHO# HOBOII CTPOKU B TabJuIle OHU He 3aKPBIJIHU.
WUpymuii namee tect T10 moa:keH 3aKPBLITH 3 M3 UYeTHIPEX IIOKa
ele He 3aKPBITHIX CTPOK.
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Ero tpaccuposka:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
3 1 0
0 1
2 0
0 2
3 0
0 3

PeByJILTaTZ ITosmosKMTENbHBIX YMCEJ HET.

Cromn! 9TO coBCeM He TO, HA UTO MbI paccunTeiBaau. Tect — yaa-
uyen! B mporpamme o0Hapy»KeHO HaJuuue elrne oxHoi omuoku! Ha-
ymHaeM pasbuparbcd.

IIpesxme Bcero, B TpacCUpPOBOUYHON TabJimile OpocaeTcs B IJiasa To,
YTO MBI KaXKABIA pa3 (TouHee, AJS KaXKIOIO dJIEMEHTa IIocJiefoBaTe-
JIBHOCTU) IIEPEeBBIUUCIAIN MaxOtr m NomMaxOtr, XOTsa He JOJIK-
HBI OBLIN JejiaTh 3TOro Hu pasy. IIpu atom MinPol u NomMinPol,
KaK ¥ IIOJIOJKEHO, HU pasdy He IepeBhIuucaaauch. [louemy npeniie-
CTBYIOII[ME YCJIOBUA MPEJOXPAHUJIU OT MepeBblUncIeHnuda MinPol u
NomMinPol, HO He mpemoxpaHmian MaxOtr m NomMaxOtr?

VYcnoBue, nmpegoxpandmmniee MinPol u NomMinPol: if tek>0
then. OHO OTOUABTPOBLIBAET TOJBKO IIOJOMKUTEJNbHBIE YHCJA.
A BoT ycioBUE, OTOUIBTPOBBIBAIOIIEE TOJHKO OTPHUIIATEIbHBIE UKC-
Jia, B IporpaMMe OTCyTCTBYyeT. MBI JOyCTUIN CTaHIAPTHYIO OIIHNO-
Ky: IIOTePSAJU TPETUI pe3yJbTaT omepanuu cpaBHeHuA. Bce umcia,
Koroprie «HE GoJbitie Hyas1», MbI O0BABUIN OTPpUIlATENbHBIMU. HoO
BeIb B 9Ty KATEerOpHWIO IIONAJAaeT W caM HYJb. 3HAUUT, HA BeTKe
«MHa4de» BBINIeyKazaHHOro omnepatopa if tek>0 then pgpomxHa
MMOABUTHLCS ellle oaHa mpoBepka: if tek<(0 then. OCHOBHOM IMUKJI
mporpaMMbl IIPUOOpPETEeT BU:

for k:=1 to n do begin
{BBEeCTM ouepenHOM BJIEMEHT }
writeln ('Bregure sjieMmeHT N', k) ;
read (tek);
if tek>0 then
{oBbpaboTaTh IOJIOXUTEJILHBI 3JIEMEHT }
if MinPol=0 or tek<MinPol then begin
MinPol:= tek;
NomMinPol:= k
end
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else if tek<0 then
{obpaboTaTe OTpPHULIATEJILEHEIM BJIEMEHT}
if MaxOtr=0 or tek>MaxOtr then begin
MaxOtr:= tek;
NomMaxOtr:= k
end
else {tek=0 - HMUero He @HeyaThb}
end; {do}

IIporpamma ucupasieHa. IloBropsem Tect T10.

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0

Pesynbrar: Ilo0KUTENBHBIX YKCEJ HET.

Onars? Mbl ke ucnpaBuau ommubKy! ITouemy eie uTO-TO He
B mopAnke?

Cnenaem MajeHbKYI0 maysy. B riaBe 4 «IIpuHIIUIIBI TecTUpPOBa-
HUuA» ObLI chopmysmpoBaH mpuHIUn 10: pe3yabTaThl TecTa HEO0O-
XOAUMO M3yYaTh MOCKOHAJIBHO U OOBACHATH MOJHOCTHIO. Crenanu
MBI 5TO B mpenbiayiuii pas? Her. ¥V Hac O6b110 2 mpu3HAKa OIIMO-
KU: «CTpaHHas» Tpacca U HeBepHBIN pesyiabrar. Ha «cTrpamnyio»
Tpaccy MBI OTPearupoBajii, a Ha HEeBePHBLIA Pe3yJabTaT BOOOIIE He
obpatuiu BHuUMaHUs. W sT0 oboiimerca HaM, KaK MUHUMYM, B
JUITHUN TeCTOBBINI TporoH. A Halmeill WUTPYIIeYHOIN IIporpaM-
MBI 3TO He CTPAIITHO. A BOT [Jis PeaibHOI IPOrpaMMbl MOKET OBITH
BechbMa 3aTpPaTHO.

ITaysa sakoHueHa. 3amycKaeM peTpPOaHAJIN3.

Coobmrenne «IIoJ0XKUTENbHBIX UKCEJ HET» BbIJaeTCs IIPU BbI-
MOoJTHeHUU ycioBusa NomMinPol=0. W mpu mporone tecta T10 aTo
yCcJOoBHMe NEeHCTBUTEJbHO AOJKHO OBITH MCTHHHO. Ho coobiienue
IOJJKHO BBIZAaBaThCcA He 3TO, a «IlociemoBaTelbHOCTH COCTOUT
U3 ONHUX HYJel». ITO coolIleHre B IIpOrpaMMe IIPemyCMOTPEHO.
ITouemy ke oHOo He Bhigaercs? CooOIeHUe MPUKPBHITO BEPHBIM
yecamoBueM: NomMinPol=0 and NomMaxOtr=0. Ho ctouT oHO
CIUIIKOM OajieKo. PaBeHCTBO HYJIIO IepeMeHHbIX NomMinPol u
NomMaxOtr HpoBepAeTcA MPEACTOAIMMEU OIlepaTOpaMu:

else if NomMinPol=0 then writeln ('IIoJOXUTEJILHEIX UMCEJI HEeT')
else if NomMaxOtr=0 then writeln ('OrpuiaTesbHEIX dmMces HeT')
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Heob6xoauMo «IOAHATH» OPOBEepKYy if NomMinPol=0 and Nom-
MaxOtr=0 then BbIme o TeKcTy. Brimaua pesyabrara OyAeT UMeTh
BU/:

{BoImaTL pesynbTaT}
if n=0 then writeln ('llocnemoBaTelbHOCTL HoycTa')
else if NomMinPol=0 and NomMaxOtr=0 then
writeln ('llocemnoBaTEILHOCTE COCTOMT M3 OIHMUX HYJIE!')
else if NomMinPol=0 then writeln ('IlOJIOXUTENILHEIX UMCEJT HET ')
else if NomMaxOtr=0 then writeln ('OTpMiiaTesNbHEIX UMCEIT HeT')
else if NomMaxOtr<NomMinPol then
writeln ('MakcumasbHOE OTpPHMLIATEJIBHOE CTOMT nepen'+
' MMHMMAJIbHBIM [TOJIOXMUTEJIbHBEIM " )
else writeln ('MuMHMMAJIEHOE IOJIOKMUTEJILHOE CTOUT Iepen'+
' MaKCUMaJIbHEM OTPULIATEJIbLHEM ' )
end.

VYceaoBue NomMinPol=0 and NomMaxOtr=0 HCTHHHO TOJBKO
TOTA, KOT/Aa UCTUHHBI 004 MPOCTBIX yCJI0BUA. Ecim xoTda GbI OgHA
13 TIepeMeHHBIX HeHyJieBad (T. €. B COOTBETCTBYIOIEH MOAIIOCTEN0-
BaTeJbHOCTU OBLIM BJIEMEHTHI), IporpaMMa IIPOHUJeT uepe3 KOHD-
IOHKIIMI0O ¥ HAYHET — B CJAEeAVIOIUX OIlepaTopax — IIPOBEPATH
KasKkJoe M3 IPOCTBIX ycJoBUi. Eciu o4HO M3 HUX MCTUHHO, OyJeT
BBIJJAHO COOTBETCTBYIOIIlee COOOIIeHUE.

ITocmoTpuM, HET JU ellfe KaKUX-JIu00 IPU3HAKOB OIMudKu. Bpo-
ne O0ul HeT. Torma moBTopseMm Tect T10 ermre paa:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0

Pesyabrar: IlociemoBaTelbHOCTh COCTOUT W3 OSHUX HYJE.

PesynbrarT coBmazaeT ¢ OKumaeMbIM. TpacCUpPOBKa TaKiKe He
BBI3BIBA€T BOIIPOCOB.

B mporpamMmmy ObLiIN BHECEHBI WCIPABJIEHUSA, 3HAUUT, HEOOXOIUMO
TIOBTOPHOE TecTupoBaHue. IlepcrieKTrBa ITOBTOPHOTO IIPOTOHA JEBATH
TecToB He pagyer. Ho HA MpaKTWKe KapTUHA OKAa3bIBAETCS JAJTIEKO He
TaKOll MpauyHOii. BHeceHHbIe HAMU M3MEHEHUA Y3KO HAIIPABJIEHBI U HE
OKa3bIBAIOT BIUAHUSA HU HA ONWH W3 DaHee BBHITOJIHEHHBIX TECTOB.
(Hyuneii-To B aTux Tectax He 0b110!) Bee TpaccupoBoUHBIE TAGIUIIHI CO-
XpaHAT CBOM mpe:kHUil BuA. OTKOPPEKTHUPOBATL HPUAETCSI TOJBKO
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rabauity MI'T. Ila 1 TO KOPPEeKTUPOBKA KOCHETCS TOJHKO UeThIpex
yCJIOBUM: Jo0aBIeHHOro ¥ 3.3 u mepecTaBlieHHBIX ¥ 8, ¥9, V10 (ux
moMelriaeM Iepen ycaoBuamMu Y6 u V7).

Ta6nuua MI'T

T1 T2 |73 |T4|T5|T6|T7 | T8 |T9|T10|T11|T12|T13
=0 +
Y1 | for k:=1 ton =1 + |+
>1 + |+ ]+ +
Y2 | if tek>0 = + + Ll
— + + |+ |+ + ]+
¥3 | if MinPol=0 il3 + + Sl W e 4
or tek<MinPol | — + + |+ +
¥3.1| MinPol=0 + + + il
= + + | + +
¥3.2| tek<MinPol i
= + + + 4+ |+ |+
¥83| if tek<O = + L I
— +
Y4 | i f MaxOtr=0 + + Bl e
or tek>MaxOtr | — + 1+ +
V41| MaxOtr=0 + + + |+ |+ |+
— + ]+ |+ |+
Y4.2| tek>MaxOtr i +
= + + |+ |+ |+
Y5 | if n=0 t+
= |+ ]+
¥8 | if NomMinPol=0 i3 +
and NomMaxOtr=0 | — a0 e e i
¥9 | NomMinPol=0 i3 + + +
= + + + |+ |+ |+
Y10 | NomMaxOtr=0 i + + +
— + + 4|+ + |+
V6 | if + + +
NomMinPol=0 — + + R el
Y7 if +
NomMaxOtr=0 — R el
Y11| i f NomMaxOtr< | *F + +
NomMinPol - + +

OTMeTHM, UTO HEIPUKPBITONU OcCTajach €IUHCTBEHHAs CTPOKA:
V3.2+.
Ocrasock mporuath Tpu Tecta: T11, T12, T13. Hauuem.
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T11:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
6 1 5
5 1
2 2
2 2
3 7
-6
-6 4
5 -3
-3 5
6 -8

Pesyﬂb'ra'r: MunuManbHOE TOJOKUTEIBHOE CTOUT mnepen
MaKCUMaJIbHBIM OTPpUIIATEJIbHBIM.

PesyabraT coBmagaeT ¢ oKkumaeMbiM. IIpoBepuM IO TpPacCUpPOB-
Ke: MUHUMAaJIbHOE TOJIOKUTEbHOe (2) BO BTOPOI MO3UIINU, MaKCH-
MaJIbHOEe oTpuIaTejbHoe (—3) B NATON MO3UIUKU. BTopas mo3uIius

paHbIlle IISATOM.

Hemaem nmometku B Tabauiax TecroB u MI'T. Vpa! Ms1 3aKkphLIN HO-
cienuiolo ctpoky B MI'T. TectupoBanue ¢ TOUKU 3pEHUS IIPUHATOTO
KpuTepusa 0eyoro AMMKa BeITOTHEHO. OCTaBIIINEeCa TeCThl HHTEPECYIOT
HAaC IIOCTOJIBKY, IIOCKOJIBKY OHU OBLIN 3aIlIAHNPOBAHEI C TOUKU 3PEHUSI
yepHOro Armuka. C TOUKM 3peHus 0esioro AIUKa OHU H30BITOUHEI.

T12:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
7 1 -6
-6 1
2 -3
-3 2
3 -8
4 -3
5 5
5 5
6
2
2 7
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Pesyaprar: MaKkcuMaIbHOE OTPHUIIATEILHOE CTOUT IIEPen
MUHUMAJBHBIM ITOJIOMKUTEIbHBIM.

PesynbraT coBmagaer ¢ oKugaeMbIM. IIpoBepuM IO TPacCHUpPOB-
Ke: MUHUMAaJbHOE IMOJIOKUTEJTbHOoe (2) B ceAbMOIi MO3UIINY, MAaKCH-
MaJbHOE oTpuIiiaresbHoe (—3) BO BTOPOIl mosunuu. Bropasa mosm-
U paHbIIe CeIbMOIi.

Hemnaem momeTKu B Tabaumax tectoB u MI'T.

T13 (Ilocnenmuuiil):

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
7 1 -6
-6 1
2 2
2 2
3 -8
4 -3
-3 4
5
6
7 2
8 -3

Pesyaprar: MuHUMAaJIbHOE IIOJOMKUTEJIHLHOE CTOUT IIepes
MaKCUMAaJbHBIM OTPUIATEIbHBIM.

PesynbraT coBmagaer ¢ oKugaeMbIM. IIpoBepuM IO TPaCCHUPOB-
Ke: MUHUMaJbHOE MOJOKUTEIbHOe (2) BO BTOPOI MO3UIIUU, MAKCH-
MaJIbHOE OTpuIaTejbHOe (—3) B ueTBepTO# mosunuu. Bropasa mosu-
sl paHbIlle YeTBepToi. Ypal

Crom! 9to ke Tect T13. Uro-TO MBI O HEM y:Ke TOBOPUJIMU...
Briia xakas-To 3aMUHKA, KOTAA MBI €ro eIre TOJbKO IPUIYMbIBA-
au. [laxke K 3aKas3uyWKy, IOMHUTCH, IPUIILIOCH obpararbed. O uem
JKe MbI Torga roBopuamu? Ax, mal! Tect mpoBepseT caydaii MHOTHX
SKCTpeMyMOB. MBI TOrza ellle 3allyTaluCh B 9TUX MHOTOYKCIEHHBIX
SKCTPEMYMAaxX, IOCKOJBbKY IIOJIOXKNUTEJIbHbIE MUHUMYMBI IIIJIX BIIe-
PEMEIIKY C OTPUIlATEJbHLIMA MaKCHMyMaMH. BBLI BOIpoC, Kakue
W3 HUX COIOCTAaBJATL. VI KakK JKe Ha Hero Torga orseTwan? 3akas-
UMK CKasaJl, YTO CPABHUBATH HANO IMO3UIIUU IIOCJEIHUX DKCTPEMY-



144 Tnasa 18

MoB. B mamHOM TecTe 3TO ABa mocjaemHuUX uwuciaa. Ho Hama-To
mporpaMMa CpaBHUBaJa He IOCJeIHHEe dKCTPEeMYyMbI, a IepBbie!
IToxosxke, B mporpamme oinrnbka. HecMoTpsa Ha BEpHBIA DPe3yJb-
rat. B Tecte T13 mepBBIH HOJOKUTEIbLHBINT MUHUMYM CTOUT IIe-
pen MepBBIM OTPUIATEJBHBIM MaKCUMyMOM, U HOCJEIHUI II0JIO-
JKUTEJIbHBIH MUHUMYM CTOUT IepeJ IMOCJAeIHUM OTPHUIlATEJIbHBIM
MaKcuMyMoM. BoT y Hac u moyiyuaeTcs BepHBII pe3yJbTaT. A ecan
UX B OJHOM cJIiyuae mepecTaBuUTh? IIyCTh MEePBBIA MOJMOKUTETbHBIN
MUHUMYM IIO-TIPEXKHEMY CTOUT IIiepel MePBLBIM OTPUIIATENIbHBIM
MaKCHUMyMOM, & BOT IIOCJEIHUN MOJOKUTENbHBI MUHUMYM IIepe-
CTaBUM IIOCJIE TIOCJIEIHETO OTPUIlATEJIbHOTO MaKcuMyMa. KoHCTpy-
upyem tect T14:

Bxox: 8, -6, 2, -8, -3, 5, 7,-3, 2.

OxxugaeMblii BoIX0: MakcuMalbHOE OTPUIIATEIHHOE CTOUT
nepes MUHUMAJbHBIM ITOJIOMKUTEJIbHBIM.

IIpoBepsaem:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
7 1 -6
-6 1
2 2
2 2
-8
4 -3
-3 4
5
6
7 -3
8 2

Pesyaprar: MuHUMAaJIbHOE IIOJOMKUTEIHLHOE CTOUT IIEepesn
MaKCHUMAJIbHBIM OTPHUIIATEIHLHBIM.

Ecrs! Pesyabrar He cOBIAmaeT ¢ OKHAaeMbIM. B mporpamme
IefCTBUTENbHO ominOKal 3amoMuHaeTcss HOMepP He IIOCJeTHEro, a
IIEPBOTO BKCTPeMyMa. ITO KacaeTcd KaK II0JOKUTEeIbHOTO MUHU-
MyMa, TaK U OTPUIATEJIHHOr0 MaKCHMyMa.
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Pasbupaemca mouemy. 3amoMUHAHWE HKCTPEMYMOB IPUKPHITO
YCJIOBUAMM:

if MinPol=0 or tek<MinPol then
if MaxOtr=0 or tek>MaxOtr then

Tekryiee 3HaUeHUE CUUTAETCA SKCTPEMAJIbLHBIM JIOO €CJI OHO
nepBoe (MinPol=0, MaxOtr=0), mu60 eciu OHO CTPOTO MEHbIIIe
(cTporo 6oJIbIIIE) CYIIECTBYIOIIETO dKCTpeMyMa. Ho ecau peub uaer
0 HECKOJbKUX OJWHAKOBBIX 3HAUEHUSIX, TO IOCJEAYIOIINN dKCTPe-
myMm HE menbinie (HE Gosbitie) mpenwsigyinero, a paBeH emy. ¥ cJjo-
BUS TOJI’KHBI BBITJIAZETH TaK:

if MinPol=0 or tek<=MinPol then
if MaxOtr=0 or tek>=MaxOtr then

Torga TpaccupoBka Tecta T14 mpuobpereT BUA:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
7 1 -6
-6 1
2 2
2 2
3 -8
-3
-3 4
5 5
-3
-3 7
8 2
2 8

PeSyJII)TaT: MaxcumaisbHOE oTpuIaTreJbHOE€ CTOUT IIepen
MUHUMAaJBbHBIM ITOJIOXUTEJIbHBIM.

Pesysbrar coBmagaer ¢ oxumaeMbIM. IIpoBepuM II0 TPaCCHUPOB-
Ke: MUHUMAaJIbHOE ITOJOXKUTeIbHOe (2) B BOCBMOM ITO3UIINH, MaKCH-
MajgbHOEe orpunarenbHoe (—3) B ceabMmoit mosuruu. CeapMasi mMO3U-
s PaHbBIIIE BOCHMOM.
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IToBTOpsiem Tect T13, HAa KOTOPOM UM 3aMETHJIU OIIHOKY:
n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
7 1 -6
-6 1
2 2
2 2
3 -8
4 -3
-3 4
2 7
8 -3
-3 8

Pesyaprar: MuHMMAaJIbHOE IIOJOMKUTEIHLHOE CTOUT IIEepen
MaKCUMAaJbHBIM OTPUIATEIbHBIM.

BoT Temeph He TOJHLKO PE3yJabTaT COBIAJAET C OKUAAEMbBIM, HO U
TpacCUpoBKa IIOATBEPIKIaeT, UTO CPABHUBAJINCHL MMEHHO HYIKHBIE
3JeMeHTbl. MUHUMAJIbHOE MOJIOMKUTEbHOE (2) B ceIbMOM TO3UIIUH,
MaKCcUMaJbHOE oTpuiiaTeabHoe (—3) B BocbMo# mosunuu. Cenpbmas
HO3UINA PAaHbBIIIE BOCHMOM.

C osroit curyamnueii pasodopanuck. VI pasobpanuch, mouemy T13
He «TKHYJ Hac HOCOM» B OINMMOKY IPHU IIEPBOM IIPOTOHE. A oCTaJIb-
HbIe TecThl? OHU moueMy 3Ty OmuOKY npomyctuau? Ilotromy uTo B
HUX BO BCeX TOJBKO II0 OSHOMY dKcTpemymy ObLio. A Tect T12?
Korga MbI MpUAYMBIBAJIKM TECTHI II0J KPUTEPUH YIOPSIIOUEHHOCTH
IOCJIeJOBATeIbHOCTH, TO IIEPBBIN TECT, B KOTOPOM OBIIO HECKOJIBKO
9KCTpeMyMOB (OTpHUIlaTeIbHBIX), ObLT TecT T12. ITouemy ke OH He
BBIABUJI OomInOKU? BarismeM elrle pas Ha caM TeCT U HA ero TPacCH-
poBounyio Tabauity. C TecToM Bce sICHO, BCe OTPUIlATENbLHbBIE UKCIA
CTOSAT PaHBIE MOJOMKUTEIbHBIX. SHAUUT, U MaKCHUMaJbHOE TOKE.
Hukakoro oTimums, BIAUSIOIIEr0 Ha Pe3yJbTaT PaboThI IIPOrpam-
MBI, M€Ky TIEPBBLIM U MOCJEIHUM dKCTPEMyMaMu 3/eCh HeT. A BOT
II0 TPACCUPOBKE 3aMETUTh HeJaAbl ObLIO OBl MOXKHO. B Tpaccupo-
BOYHOM TabJ/IuIle BUAHO, YTO B KaUECTBE OTPUIATEIHLHOI0 MaKCUMY-
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Ma COXPAaHUJIOCHh IepBoe —3, a He BTopoe. IloueMy MBI 9TOro He 3a-
merunau? Ilo HeBHmMAarenbHOCTH! YBHUIENM, YTO OKOHUYATEJLHBINI
pe3yabTaT COBIIALAaeT C OKUIAEMBIM, W aHAJW3WPOBATH IIPOMEIKY-
TOUHBIE Pe3yJbTaThl, IMMOKAa3aHHBIE TPACCUPOBOUHOI Tabiuileii, He
cTaau.

U Benmp ObLT0 Takoe yske Ha Tecte T10. TosbKO TaM Ha0O0POT.
Ha omubku B TpacCHpOBKe BHUMAaHUe OOpaTUJU, a Ha HEBEPHBIN
pesyabTaT — HeT. MokeT OBbITh, yiKe Iopa IIoBepuTh B npuHiiun 10:
pesyJIbTaThl TeCTa HeOOXOAMMO M3yYaTh JOCKOHAIBHO U O0BACHATH
TOJTHOCTBIO?

IToBTOpsiem T12 B HOBBIX YCJIOBUAX:

n k tek MinPol NomMinPol MaxOtr NomMaxOtr
0 0 0 0
7 1 -6
-6 1
2 -3
-3 2
3 -8
4 -3
-3 4
5 5
5 5
7
2 7

PeSyJILTaT: MaxcumasbHOE oTpuIaTreJbHOE€ CTOUT IIepen
MUHUMAaJBbHBIM ITOJIOXUTEJIbHBIM.

PesysbTatr mo-nmpeskHeMy COBIaAaeT ¢ oxkungaeMbiM. Ho Temeps B
TPACCUPOBKE BUAHO, YTO B KAUECTBE OTPUIATEJIHLHOI'0 MaKCUMyMa
B3ATO IIOcjeqHee —3.

Ecau BbI 3aMeTUJIN, Mbl yiKe IEePeIId K IIOBTOPHOMY TEeCTHPO-
BaHuio. [ OCTAJBHBIX TECTOB OHO IPOUAET OUYEeHb OBICTPO, IIO-
CKOJIBKY, KaK yiKe OBLIO paHbINe, U3MEHEHUA B IIPorpaMMe y3KO
HAIpaBJeHbl M OOJIBIIIMHCTBO TECTOB He 3a/IeHYT.
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3aHocuM pe3yabTaThl B Tabauiy TectoB. ia TectoB T12-T14
npoBepseM eire pad tadosauity MI'T. He mpowusoriio au B Hel Ka-
Kux-aubo uamenenuii? Temepsb TabAUILI OYAYT BBITIIALETH TaK:

Ta6nuua TecToB

NONIOXNTESIbHbIM

MOJIOXUTESIbHbIM

Tect Bxop, Oxupaembliit PesynbTaT «cyxoi +/—| PesynbTar | +/—
pesynbTaTt NMPOKPYTKN» BbINOJIHE-
HUA Ha
KOMIMbIO-
Tepe
™ |0 Mocneposa- Mocneposa- +
TEeNbHOCTb NnycTa TEeNbHOCTb NycTa
T2 |1, 5.6 OTpuuartenbHbix OTpuuaTenbHbIX +
yucen HeT yucen Het
T3 |1, -5 MonoXnTenbHbIX MoNoOXUTENbHbIX +
yucen HeT yucen Het
T4 1 3,1,2,3 OTpuuaTtenbHbix OTpuuaTenbHbIX +
yucen HeT yucen Het
5 | 2,-1,-2 MonoXnTenbHbIX MoNoOXUTENbHbIX +
yucen HeT yucen Het
T6 |5, -1.3, MakcumansHoe MakcumanbHoe +
2.4, -3.1,| oTpuuaTenbHoe CTOUT | OTpuULaTEeNbHOE CTOUT
4, 7.03 nepen MUHUMasbHbIM | Nepen, MUHUMabHbIM
NOJIOXUTENbHbBIM MONOXNUTENbHBIM
T7 |4, 2.1, MwuHUManbHoe MwuHnmanbHoe +
-4.2, MONOXNTENBHOE CTOUT | MOIOXUTENIBHOE CTOUT
-3.1, 4, | nepen MakcuMasnbHbIM | Nepen MakCUMasbHbIM
7.03 oTpULaTESIbHbIM oTpuuaTesNbHbIM
T8 |3, -2, 4, MakcumanbHoe MakcumanbsHoe +
-3 oTpuLaTenbHoe CTOUT | OTpuuaTenbHOe CTOUT
nepen MUHUMAasbHbIM | Nepen, MUHUMabHbIM
NOJIOXNUTENbHbIM MONOXUTENbHBIM
T9 |4, 1, 7, MwuHUManbHoe MwuHnmanbHoe +
9, 4 MONOXNTENBHOE CTOUT | MOIOXUTENIbHOE CTOUT
nepen MakCUManbHbIM | NEpPes MakCUMasnbHbIM
oTpULATENbHBIM oTpuULATENbHbIM
T10 | 3,0, 0, 0 | NocnepoBaTtensHocTb | MNMocnegoBaTenbHOCTL | +
COCTOUT N3 OOHNX COCTOUT U3 OOHUX
Hynen Hynen
T11 |6, 5, 2, MuHuMmanbHoe MuHnMansHoe +
7, -6, MONOXNTENBHOE CTOUT | MOJIOXUTENbHOE CTOUT
-3,-8 nepen MakCuMasibHbIM | nepes MakCuMasibHbIM
OTpULATENBHBIM oTpuULAaTENbHbIM
T12 | 7, -6, -3, MakcumarnbHoe MakcumansHoe +
-8, -3, oTpuuaTenibHOE CTOMT | OTpULATENbHOE CTOUT
5 7, 2 nepen MUHUMasbHbIM | Nepen MUHUMaNbHbIM
NOSIOXUTENbHBIM MONOXNUTENbHBIM
T13 | 8, -6, 2, MwHumanbHoe MuHumaneHoe +
-8, -3, | nonoXuTenbHoe CTOUT | MONOXUTENbHOE CTOUT
5, 7, 2, | nepen MakcumanbHbIM | Nepes MakCUManbHbIM
-3 OTpULATENBHBIM oTpuLAaTENbHbIM
T14 | 8, -6, 2, MakcumanbHoe MakcumanbHoe +
-8, -3, oTpuuaTenbHOEe CTOUT | oTpuuaTenbHOe CTOUT
5, 7, =3, | nepen MUHUManbHLIM | Nepen MUHUMAJbHLIM
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Ta6nuua MI'T
T1|T2|T3|T4 |T5|T6|T7 | T8 |T9 |T10|T11|T12|T13|T14
=0| +
\al for k:=1 ton |—4 4+ |+
>1 R R R N
Y2 | if tek>0 + + + + |+ |+ |+ + 4+ |+ |+
= + ]+
¥3 | if MinPol=0 + + + Sl Ml e e 5 + |+t + ]+
or tek<=MinPol | _ + + |+ + + + + +
¥3.1| MinPol=0 + + + +l+ |+ ]+ + |+ |+ |+
= + + |+ + + |+ |+ |+
¥3.2| tek<=MinPol + Rl e e
= + + + |+ + ]+ + |+ |+ |+
¥3.3| if tek<0 + + + |+ |+ ]+ + |+ |+ |+
— +
V4 | if MaxOtr=0 + + + ]+ + |+ |+ |+
or tek>=MaxOtr | __ + | + + + + + +
Y4.1| MaxOtr=0 + + + |+ |+ |+ + 4+ |+ |+
= + ]+ |+ ]+ + |+ |+ |+
¥4.2| tek>=MaxOtr + + Sl e e O 5
= + + |+ |+ ]+ + |+ |+ ]+
¥5 | if n=0 + 1+
= | F ]|+
Y8 | if NomMinPol=0 | + +
and NomaxOtr=0 | R R +l+ |+ |+
Y9 | NomMinPol=0 + + + +
= + + + |+ |+ |+ + |+ |+ ]+
Y10 | NomMaxOtr=0 + + + +
= + ++ |+ |+ + + |+ |+ |+
¥6 | if NomMinpPol=0 | + + +
= + + + |+ + ]+ + |+ |+ |+
Y7 | if NomMaxOtr=0 | *+ + +
= + |+ |+ |+ + |+ |+ ]+
Y11 | if NomMaxOtr< + + + + +
NomMinPol _ + + + +

Ilepen okoHUaHVEM pasjesia BepHEMCA K BOIPOCY 00 MHUIIAJIN-
3anuy; nmepeMeHHBIX MinPol u MaxOtr. Cpenu 00CyKIaBIINXCS Ba-
PHaHTOB OBLTIO IIpPeJJIoXKeHVe 00 MHUIHanIus3anum MinPol MaKCHu-
MaJbHBIM JONYCTUMBIM II€JILIM YucJaoM. MBI OTKa3aJuCh OT 3TOTO
NIPeAJIOXKEeHN s, IIOCKOJIbKY IlepeMeHHas MinPol okasaJjach BelecT-
BeHHO}. Ho nipu aTOM chenanu 3amMeuaHue, 4TO AJs TOTO BapuaHTa
OporpaMMBbI JasKke B CJjydae IIeJbIX YNCceJl MHUNUAJIN3ANUuA KOH-
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CTaHTOM maxint ObLIa OBI ommubouHoii. Celiuac camoe BpeMs paso-
OpaThbCs C OTUM 3aMeUYaHHeM.

OmuboYHOCTh, MHUIMAJIU3AINN HepeMeHHO# MinPol ¢ momo-
b0 KOHCTAHTHI maxint ObLIa cBA3aHa C IByMA (aKTopaMu:

1) Heo6XOAUMOCTHIO 3Ba(PUKCUPOBATh HE TOJbKO CAMO MUHUMAJIb-
HOe 3HaUeHue, HO U ero HoMep;

2) cTporumMm cpaBHeHUAMHU tek<MinPol m tek>MaxOtr, CTOAB-
UMY TOTAA B IIpOrpamMme.

IIpencraBbTe, K ueMy IIpHUBeJa Obl B 9TUX YCJAOBUAX MHUITHAAJU-
3anua MinPol:= maxint.

s Toro uToOBI MPU TAKON MHUIIMAIMI3AIAY IporpaMMa cpabora-
Jia TIPaBUJIBHO, TPeOOBATIOCH, UTOOBI CPEIU TOJOKUTEIHLHBIX dJIeMEeH-
TOB OKasaJjicsd XOTA ObI OAUWH, MEHBIINN maxint. B aToM cayduae yciio-
Bue if tek<MinPol oKasajgoch ObI UCTUHHBIM, ¥ MBI ObI ITPABUILHO
3anoMHMIM U MinPol, u NomMinPol. OgHAKO eciu OBbI BCE IIOJIOMKU-
TeJbHbIE JIEMEHTHI ObLIM PaBHBI maxint, ycaoBue if tek<MinPol
HUKOT/Ia He CTaJIo ObI ICTUHHLIM. B 9TOM ciiyuae mmepeMeHHas MinPol
coxpaHuia ObI CBOoe HaYaJbHOe 3HaueHme. [IOCKOJIBbKY 5TO 3HAUEHUE
PaBHAJIOCH ObI 3HAUEHUIO BCEX IOJIOMKUTEIbHBIX 9JIEMEHTOB, OHO PaB-
HAJACh Obl U MUHUMAJIBHOMY IIOJIO}KUTEJIHHOMY 3jieMeHTy. To ecThb
nepeMeHHass MinPol mmesa Obl IpaBUJIbHOE 3HaueHue. Ho BMecTe ¢
Hell coxpaHmia Obl CBOe HaUaJIbHOE — HYJIEBOE — 3HAUEHUE U IIepe-
MeHHasg NomMinPol. A 9To ObLTIO OBI YK€ HEBEPHO.

Hna nmepemenHOM MaxOtr ¥ KOHCTAHTHI -maxint cHUTyanusd
ObLIa CTPOTO aHAJOTHUYHA.

18.5. OTnagka Ha KOMnblOTEpPE

BesmarmmuaHOE TecTHpoBaHMEe 3aKOHUYEHO. Ilopa Ha KOMOBIOTED.
BBoaum mporpamMmy m HaumHaeM OPOTOHBI. IIpu sToM MO:KHO OymeT
ommpoboBaTh Ha HpPaKTUKe OTJamouHblie cpemctBa Typ6o Ilackans,
0 KOTOPBIX T'OBOPMUJIOCH B IIPEIBIAYIIEH TJiaBe.

B sTOM MecTe unMTaTE !0 HACTOATEIbHO PEKOMEHIYeTCs AeHCTBU-
TeJILHO IIePececTb 3a KOMIIBIOTEP UM IIPOJEJaTh BCe HUIKEOMCAHHbIe
nelcTBUA.

Urak, mabupaem TexkcT u HaxxkumaeMm Ctrl+F9 (komamza Run).

ITepBoe, uTO Hac KJeT, 9TO coobIeHre 06 OIuOKe, TOKa3aHHOe
Ha puc. 18.1. Ha pucyske TOJBKO He BHIHO, YTO KYPCOP MHUTAET
B CTpPOKe

if MinPol=0 or tek<=MinPol then begin

Ha 3HakKe <.
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Turbo Pascal )
|_File FEdit Search Hun Compile Debu

————————————— PRIMER2.PAS
Error 41: Operand types do not match operat
{BBECTH AAMHY NOCACAOBATEALHOGTHY
writeln{’'Beeaute KoA-BO 3IAEMOB NOCAEAOBATEABHOCTH');
readinl;
for ki= 1 to n do begin
{BBECTM DUEpEAHON BAEMEHT)
writeln{’'Beepute saement W . k);
read(tek);
if tek>@ then
{0GEPAGOTATE NOAOMHTEALHHE JIAESMEHT D
if MinPol=0 or tek{=MinPol then begin
MinPol:= tek;
NomMinPol:= k

end
else if tek<8 then
{06paGOTaTh OTPHUATEALHMN IAEMEHT)
if MaxOtr=0 or tek>=MaxOtr then begin
MaxOtr:= tek;

NomMaxOtr:= k
end
else {tek=0 7 nuuero ne pesavn’

Puc. 18.1. Owwunbka npu TpaHCASLMM CIOXHOro YCnoBus

Tumn omepaHza He cooTBeTcTByeT omepanuu. Omnepanpa, BUAUMO,
tek. A omepamnua <= ? HemouaTtHo. Ilepemennas tek — BeIlecTt-
BeHHasd. [louemMy BelllecTBeHHasA IepeMeHHAas He MOJKeT OBITh oIe-
paHIoM omepanuu cpaBHeHusi? MosKeT ObITh, PeUb UAET O KaKOi-TO
apyroi oneparnuu? K uemy erfe Mo:keT OBITH OTHeceHa IepeMeHHasd
tek? 3HaxK cpaBHeHHUS CTOUT OT HEro cipaBa, a cjieBa — B3HaK
IU3BIOHKINHU or. MosKeT ObITh, Heso B HeM? Ho Kakoe oTHOIIIeHTE
uMeeT tek K TU3BIOHKIINU? JIoTHUeCKU CKJIAIbIBATHCSA JOJIMKHBI pe-
3yJIbTATHl ABYX CpaBHeHUi: MinPol=0 um tek<=MinPol.

U tem He MeHee mpobseMa MMEHHO B MU3BIOHKINU. BoJiee TorO,
00 aTO# mpobJieMe Hac mpeaymnpesknganau B raaBe 9 «Ommbkoormac-
HBIe cUTyanuu». MbI ONATH JOMYCTUJN CTAHZAPTHYIO OIIUOKY:
He y4Ju cTapHIimHcTBO omlepanuii. B Ilackase nmpuoputeT Jiorude-
CKOT'0 CJIOJKEHUS BBIIIE IIPUOPUTETA Oomepanuil cpaBHeHusA. IloaTo-
My B CJIOKHOM ycaoBuu IlacKanb cHauajga MOIPOOYyeT JIOTUYECKU
CJIOKUTh HYJb U tek, TOTOM yiKe pe3yJbTaT OyJeT CpaBHUBATH Ha
paBeHCTBO ¢ MinPol.

Yro6bl UCIIPABUTH OIMINOKY, HALO BCE IIPOCTHIE YCJIOBUSA 3aKJIIO-
YUTh B CKOOKU:

if (MinPol=0) or (tek<=MinPol) then begin

C ommbkoit MbI pazobpasmich. [louemy ona On11a gomyiieHa? Oxka-
3bIBA€TCA, MBI HE COBCEM IIPABUJIbHO IIOHMMAaJI1, KaK B ITackame BBI-
YUCHIAIOTCA CJIOMKHBIE yciaoBua. Ho ecam MBI 9TOTO He NOHUMAJIN B
JAHHOM OIlepaTope, TO, CKOpPee BCEro, MbI He IIOHUMAJHM JTOTO U B
JIPYTUX aHAJOTUUYHBIX CIydasix. OTO 3HAUUT, UTO TaKas sKe OIIuOKa
MorJia OBITH AOIIyIlleHa IIPU 3allCU APYTUX CJIOMHBIX YCHOBHﬁ. Nwme-
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€T CMBICJI IIPOBEPUTH HMHBIE CJIOMKHBIE YyCJIOBUA, MCIIOJIb3yeMbI€ B Ha-
e mporpamme. Takux MecT Bcero aBsa: B 00pabOTKe OTpUIlATeIbHO-
ro sJIeMEHTAa ¥ BbIJaue pesyJjbTaTa B CJIydYae I[OCJIeIOBATebHOCTH,
cocTosIeit u3 ofHUX HyJseii. Mbl OKasaauch mpaBbl. B 060omx MecTax
JOIIyIIleHA Ta Ke caMas OIIMOKA: B CJOKHOM YCJIOBUU OTCYTCTBYIOT
CKOOKM BOKPYT omepanuii cpaBHeHUs. [[o0aBUM uX:

if (MaxOtr=0) or (tek>=MaxOtr) then begin
else if (NomMinPol=0) and (NomMaxOtr=0) then

ITocse sTuMX WCHpaBIEHUN y TPAHCAATOPA IMIPETEeH3Ui OO0JIbIle
HeT, W Hallla IporpaMMa HauWHAET BBIIOJHSTHCI. 3allyCKaeM TecT
T1. Ero mamuHHBIE Pe3yJbTATHI COBIAZAIOT C OKUAAEMBIMU (CM.
puc. 18.2).

Turbo Pascal L. D
3 ( : ; mp ols pt

& e bug
PRIMERZ

else if tek<@ then
{0EpacoTaTe OTPHUATEABHMN S 1EHT
if (HaxOtr=0> or J(tek>=MaxOtr> then begin
HaxOtr:= tek;
NomMaxOtr:= k
end
else (tek=0 7 uuuero we peaarn’
end; {dol}
{BupaTe peayastarr
if n=0 then writeln(’lMocaenoBareasHocTs nycra'd
else if (NomMHinPol=0> and {NomMaxOtr=0> then
writeln(’'MocaenoBaTeAbHOCTL COCTOMT M3 OOHMX Hyasew’)
else if MomMinPo then writeln(’'MosoxMTEALHMX YHCEA HET')
else if NomMaxOt then writeln{’'Orpuuareabnmx yvcea wetr'd
else if NomMaxOtr<MomMinFol then
M Qutput
NOADKMUTEALHOE HAM MAKCHMAABHOE OTPHUATEABHOE.

BRH“HIB B0 3AeMm0OB NO BATEABHOCTH

0]

MocaenoBaTeasHOCTs NYcTa

Fi1 Help Ti»+ Scroll F10 Menu

Puc. 18.2. KomnbloTepHbI NporoH Tecta T1

3aHOCUM HUX B Ta6JII/IHy TEeCTOB.

Tect | Bxoa | Oxupgaembiii | PesynbTaTt «cyxom |+/— PesynbTaT +/—
pe3ynbTart NMPOKPYTKU» BbINOJIHEHUS Ha
KOMMbloTepe
T1 0 lMocneposa- Mocneposa- + Mocneposa- +
TENbHOCTb TENbHOCTb NycTa TENbHOCTb
nycra nycta

Crnenytomuii tect — T2. Pe3yabTaThl OIATH COBIIALAIOT C OXKHU-
maembiMu (cM. puc. 18.3). esmaem oTMeTKy B TaOJUIlE TECTOB.
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¢+ Turbo Pascal
: i mpi 3 t

e Debug 00
PRIMERZ .PAS

else if tek<@ then
{0EpaABOTATE OTPHUATEABHMN 3aeneHT)
Ctek>=Max0tr> then hegin

NomMaxOtr:= k
end
else {tek=0 ? uwuuero e peaarnr
end; {do> X
1{BMAATL PEIYALTAT S
if n=0 then writeln{’locaenoeareanHocTe nycrva’)
else if (NomMinPol=0> and (MomMaxOtr=0> then
writeln(’'MocAeA0BATEALHOCTL COCTOMT M3 OAHMX HYyaed')
else if NomMinFol-=8 n writeln{'MonoxuTesbnnx uykcea net')
else if NomMaxOtr=0 n writeln('Orpuuarespnux yvcea wetr’)
= —_—— Qutput
facnurc KOA—BO 3AEHOE NOCAEAOBATEALHOCTH

Beegure sasement W
5.6
OTPHUATEABHEX YHCEA HeT

Puc. 18.3. KomnbioTepHbIli NporoH Tecta T2

Banyckaem Tect T3. IIporpamMmma mpaBuJIbHO OTpaboTaa OTCYT-
CTBUE OTPHUIIATEJIBHBLIX umces. A mosiokuTeabHble ueM xyxe? Ilo-
CMOTPHUM pe3yJbTaT Ha puc. 18.4.

PesyabraT HeosxkumauHbi. [IporpaMMa oTKasajaach MPU3HATL —H
OTPHUIATEJBHBIM YHCJIOM, 00bsiBuIA ero Hysiem! Ho Bens mpu «cyxoit
MMPOKPYTKe» pesyJbTaT ObLI uHbIM. Ilosyuaercs, uro Mbl u [lacKkaib
TMOHWMAaeM Hallry mporpaMmmy mno-pasHomy. Hy uro x, qaBaiiTe BBI-
SACHUM, B 4eM y HAC pasHorjacus. BoCIoabayeMcsa OTJIam0YHBIMU

=1 Turbo Pascal
¥ T om p in

e oo ls
PRIMERZ . FAS

else if tek<O then
{06paGoTATE OTPMUATEABHNE 3AEMENT}
or <(tek>=MaxOtr> then begin

tek;
NomMaxOtr:= k
end
else {tek=0 7 nuuero ne nesarnl
end; (do>
{BMaTL pe3yabTaT
if n=0 then writeln{’'lMocacnobareabnocts nycra'l
else if (NomMinPol=0> and (NomMaxOte=0> then
writeln(’llocAenoBaTeALHOCTL COCTOMT M3 OOHMX HYyAew’)
else if MomMinPol=0 then writeln{’MosoxuTeabnbx 4ucen Her')
if NomMaxOtr=0 then writeln('OrpuuaressHbx uucen Her')
= Output -
Hﬂl!ﬂ“ TE KOA™BO 3AMOB NOCACAOBATEALBHOCTH

Boenute saement N1

-

2

llocAepoBaTeALHOCTE COCTOMT M3 OAHUX HYyaew

F1 Help Tl++ Scroll Fi8 Henu

Puc. 18.4. KoMnbloTEpPHBbIN MPOroH Tecta T3
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program PolOtrMinMax;

var n, k: integer;
tek, MinPol, HaxOtr: real;

L NomMinPol, NomMaxOte: intagewr;

gin
{BHAATE HAYAABHOE NPWBETCTBWED

DOrp
writeln{’ pBecTH KOA—BO YWCEA B NOCAENOBATEALHOCTH, ;i
writeln{’ BEecTH yxazawwoe uywcCAO uHcea,’')d;
writeln{' COOEEMTL, YTO WAET paHbWe: MMUHMMAALHOE'D);
writeln{’' nNOAOMMTEALHOE WAW MAKCHMAALHOE OTPHMUATEAbHOE.’D;

{MHHUMAAM3IMpOBATL NaHHEE}

MinPol:= @; MNomMinFol:= @;

MinPol: 0.0
NomMinPol: @

F1 Help F7 Trace FB Step d! Edit 1Ins Add Del Delete Alt+F10 Local menu

Puc. 18.5. Havyano nowaroBoro MCrofiIHeHUs NporpamMmebl

cpencrBamu Typ6o ITackans. Orkpoem oxkmo Watches (B Bepxuem
meHio mmosuius Debug), sarpysum B Hero Halu nepeMeHHbIe (6J1aro
UX HEMHOI'0) M HauHeM TpaccupoBKY (kaasuinu F7 wiu F8, B namrei
cuTyanuu Bce paBHO). ITociie BTOPOro HasKaTUs KJIABUIIK IIOJTYYUM
9KpaH ciaenyroiero Buza (cm. puc. 18.5). [laHHbIe MHUIIMAIUIUPO-
Baubl camuM Ilackanem.

JduHamMuuecKkas pasBepTKa Halllell IpOrpaMMbl OyIeT BBITJIALETH
TaK:

1. begin

2. writeln ('®dyHKUMS OPOTPAaMMH: ') ;

3. writeln (' BBECTM KOJI-BO UMCEJI B MOCJIEIOBATEJILHOCTH, ') ;

4. writeln(' BBeCTM yka3aHHOEe UMCJIO umcel, ') ;

5. writeln(' coofumTb, YTO MIOET PAaHBIE: MUHMMAJIBEHOE') ;

6. writeln (' nosoxmTesILHOE WM MaKCHMaJIbHOE OTpMLIATEesIbHOe. ') ;
7. MinPol:= 0; NomMinPol:= 0;

8. MaxOtr:= 0; NomMaxOtr:= 0;

9. writeln ('BBemuTe KOJI-BO 3JIEMEHTOB IIOCJIeNOBATEJILHOCTU') ;
10. read(n);

11. for k:=1 to n do begin

12. writeln ('BeBegure sinemeHT N', k) ;

13. read(tek);

14. if tek>0 then

15. end; {do}

16. if n=0 then writeln ('llociemoBaTeJLHOCTEL IIycTa')
17. else if (NomMinPol=0) and (NomMaxOtr=0) then

18. writeln ('llociemoBaTeIbHOCTE COCTOMUT M3 OOHUX HyJen')
19. end.
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—— G
writeln{’'BeeguTe HOA—BO 3AEMOE NOCAEAOBATEALHOCTH' J;
read(n’;

for k:= 1 to n do begin
{BBECTH OuEpEAHOW 3AEMEHT)

writeln(’Boegure saement W . k);
T reatl{tek):

{0EpacOTaTh MOAOKMTEALHHN 3AEMEHT}
if (MinPol=0) or <(tek<{=MinPol) then begin
MinPol:= tek;
NomMinPol:= k

end
else if tek<D then

Po
F1 Help F7 Trace F8 Step 1! Edit Ins Add Del Delete Alt+F10 Local menu

Puc. 18.6. lNMpoponkeHne nowwaroBoro WCMoJsIHEHUS NPOrpaMmbl

ITompobyem pazobpaThbCs, UTO MBI Ceau He TaK. [[aHHble MHU-
MuaJu3upoBasn BepHO (MaxOtr, NomMaxOtr, MinPol, NomMin-
Pol — Bce HyJau). [IJIUHY MOCJIeN0BATEIbHOCTH 3arpy3UJIU BEPHO
(n =1). HQuxkn BeimonHMICA BepHO: OT 1 10 1. DeMeHT mocJiemoBa-
TeJBLHOCTU 3arpysuyu BepHo (tek = —5). A Bor mocie mrara 14 —
cOoii. MBI mOJIKHBI OBLIN IIOMTH HA BeTBb else if tek<0 then,
a BMECTO 9TOT'0 BOOOIIe BRICKOUMJIN 13 YCJIOBHOT'O OllepaTopa U OoKa-
3aJIICh B KOHIe TeJsa IMukJaa. Ilomyuaercs, uto else if tek<0
then He ABJIAeTCA BEeTBBIO «HMHaUe» mJjd omeparopa if tek>0
then. Ho Benp OIIMOOK TPaHCAANNHN He ObLIO. S3HAUUT, CTPYKTypa
YCJIOBHBIX OIIEPaTOpPOB C¢ (opMaJbHOM TOUKM 3peHHUs BepHa. 3Ha-
YmuT, KaKJad BeTBb e€lse IIpucoefrHeHa K KaKoMy-TOo if.

Kpome if tek>0 then mepeng else if tek<0 crout ere
oguH if: if (MinPol=0) or (tek<=MinPol). 3Hauur, BETBb
else 1if tek<0 MoikeT OBITH OTHECEHA TOJLKO K HeMy. To ecThb
CTPYKTYPY 9TOoro omeparopa IlacKanb IMOHHUMAaeT TakK:

if tek>0 then
{obpaboTaTh NOJIOXUTEJIbHEIM 3JIEMEHT }
if (MinPol=0) or (tek<=MinPol) then begin
MinPol:= tek;
NomMinPol:= k
end
else if tek<0 then
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B ouepennoii pa3 MBI HOOYCTHUJIU CTAHZAPTHYIO OIMUOKY, OIIU-
CaHHYIO B IIepeuHe OIMMOKOOMAacHbIX cuTyanuii. Ha aToT pas MbI 3a-
MyTaJINCh C BJIOKEHHBIMHN YCJIOBHBIMH OIlepaTOpaMu, 3a0bLIM, UTO
KaskIblil else Ilackajb aBTOMATHUYECKU MPHUCOEAMHSIET K OJIMKaii-
memMy IpeaIiecTByioileMy if. PexomeHgamuu MO KCIPaBJIEHUIO
9TOM OIMOKY TaKKe maHbl B riaaBe 9 «OmmbKoomacHbIe CHUTyA-
muu». JInbo mocie then Hamo mmcaTh MOJHYIO (OPMY YCIOBHOTO
omepaTopa, Ju0OO COKpAIlleHHBLIe YCJOBHBIE OIIEPATOPBI, CTOSIIIE
mocjyie then, 3aKJOUaTh B OlepaTOpHbIe CKOOKU begin—end. Ilo-
JYYNM [Ba BapuaHTa.

IlepsBorii:

if tek>0 then
{oBbpaboTaTh MNOJIOXUTEJILHEY 2JIEMEHT }
if (MinPol=0) or (tek<=MinPol) then begin
MinPol:= tek;
NomMinPol:= k
end
else {HUuUero}
else if tek<0 then

Bropoii:

if tek>0 then
{oBbpaboTaThe MNOJIOXKUTEJILHEI 2JIEMEHT }
begin
if (MinPol=0) or (tek<=MinPol) then begin
MinPol:= tek;
NomMinPol:= k
end
end
else if tek<0 then

Kakoit BapuauT BhIOpaTh, Bce paBHO. IlycTh OyaeT HEpPBBII.

C omubKoi paszobpasnchk. B uem Onlia ee mpuumua? MbI HeBep-
HO 3aIKCaJ¥ COKPAIeHHBLIH YCJIOBHBLIM OIIEPATOP BHYTPU APYIOTO
yCJIO0BHOTO omeparopa. B pesynbraTe OblIa HapylleHa CTPYKTypa
YCJIOBHBIX OIIEPATOPOB, UAaCTh «HMHAUE» OKA3ajach IIPHCOeINHEeHAa
He K TOMY OIIepaTopy.

M5! y:Ke BBIYUMJIN IPABUJIO: UCIPABUJIN OIMNOKY — IIPOBEPHTE,
HeT JU JPYTUX TaKux ke. EcTh jiu ellle B IporpamMMme Mecra, T'e
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QHAJIOTUYHBIM 00pPa30M HKCIIOJL3YIOTCA BJIOKEHHBIE YCJIOBHBIE OIIe-
patopwi? Ila, ecth. IIpu 06paboTKe OTPUILATEIBHOTO 3JIEMEHTA.
IIpoBepUTH 9TO MECTO €CTh ellfe OJHa IPUUNHA: MbI YoKe IPUBBLIKJIN,
YTO MOJIOKUTEJIbHBIN 1 OTPUITATEJbHBIN dKCTPEeMyMbl 0OpabaThiBa-
I0OTCA aHAJOTUYHO. VU meficTBUTENBHO, TaM Hac JKJIeT TOYHO Takas
ke KapruHa. Celiuac MBI MMeeM JeJI0 CO CJIeAYIOIIeil TPaKTOBKO
HAIIUX BJIOKEHHBIX YCJIOBHBIX OIIEPATOPOB:

else if tek<0 then
{oBbpaboTaTe OTPMULIATEJILHE BJIEMEHT }
if (MaxOtr=0) or (tek>=MaxOtr) then begin
MaxOtr:= tek;
NomMaxOtr:= k
end
else {tek=0 - HMUeTrO He @HmeJyaThb}

Yactp else {tek=0 - HMUeTrO He meJjlaTh} IPHUCOEJWHEHA He
K omepatopy if tek<0, a K omeparopy if (MaxOtr=0) or
(tek>=MaxOtr) . [ljga ucupaBieHUs OMMNOKU HaM0 JUOO cHesiaTh
omepatop if (MaxOtr=0) or (tek>=MaxOtr) IOJHBIM, JIOO 3a-
KJIOUNUTh €r0 B OIepaTopHble CKOOKMW. B mpembimyiem ciyuae —
npu oO0paboTKe IMOJOKUTEILHOT0O MUHUMyMa — OBLT BRIOpaH IIep-
BbIA BapmaHT. JIorMyHO Tak Ke MOCTynuTh u ceituac. Ilomyumm:

else if tek<0 then
{obpaboTaTe OTPHULLATEJILHEIM 3JIEMEHT }
if (MaxOtr=0) or (tek>=MaxOtr) then begin
MaxOtr:= tek;
NomMaxOtr:= k
end
else {Huuero}
else {tek=0 - HMUero He HejlaThb}

MHTEpECHO OTMETUTH, YTO €CJAM OTBJIEUbBCA OT KOMMEHTapHUEB,
CTOAINUX IIocJe else, MOCHeTHAA OIMOKAa, CTPOTO TOBOPSA, OIIHNO-
Koli He aBasdercsa. M B omeparope if tek<0, m B omeparope
if (MaxOtr=0) or (tek>=MaxOtr) YacTm «uHaue» mycThbl. Ilo-
9TOMY K KaKOMYy U3 OIIEPaTOPOB OyaeT NMPUNKUCAH eIUHCTBEHHBINA
else, B JaHHOM CJIy4yae HE BasKHO.

HoBbIX pasBUJIOK B HmporpaMMe He IIOSBUJIOCH, IIPeKHUE — He
usMmeHuanch. Ilosromy B Tabaume MI'T HMKaKuMX H3MeHEHUN He
IIPOM3OUET.
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c+ Turbo Pascal . . } . .
] -d ; e Debug  Tools t
PRIMERZ.PAS

indow

HinPol:= tek;
NHomMinPol:=
end
else (nuuerol
else if tek<{E then
{o6pasoTaTe OTPHUATEABHEH 3IAEMEHT}
if (MaxOtr=0)> (tek>=MaxOtr> then begin
HaxOtpe: 3
NomMaxOtr:=
en
else {uuuero’
else {tek=0 mnuuero we penatn’
end; {do)
{BmpaTe pesyssrary
if n=0 then writeln{'MocacnosareabnocTe nycrta'?l
=[] Output =
|

Boeaute aa
-

T W

5
floADMMTE ALHEX YHCEA HET

F1 Help *ti++ Scroll Fif Menu

Puc. 18.7. MoBTOPHLIN NPOroH tecta T3

IIpomosxum TecTupoBanue. Ilpexxae Bcero, moBropum Tect T3.
Temeps pesyabTaThl MAIIMHHOI'O BBIIOJHEHUS COBIALYT C PE3YJib-
TaTaMMu CyXo#l HmpOKpyTKu (cMm. pmc. 18.7).

ITosTopsiem Ttectel T1 u T2. PesyabTaThl COBIALAIOT C TE€MU, KO-
TOpbIE YK€ eCTh B TabJIMIle TEeCTOB:

Tect | Bxop Oxupaembiii | Peaynbrar «cyxoi | +/— PesynbTar +/-
pesynbTart NPOKPYTKN» BbIMOJIHEHUA Ha
KOMMbloTepe

T1 |0 MocnepoBa- MocnepoBa- + MocnepoBa- +

TENbHOCTb MyCTa | TENbHOCTb NycTa TENbHOCTb
nycra

T2 1, 5.6 | OtpuuatenbHbix | OTpuUATENbHbIX + OTpuuaTtenbHbix | +
yncen HeT yncen HeT ynucen HeT

T3 | 1,-5 MonoxutenbHbix | MonoxutenbHbix | + | MonoxunTenbHbix | +
yncen Het yucen Het yncen Het

IIpomomxum. PesyabTaTsl BuIMOJIHEHUA TecToB T4—-T14 ma KoM-
IOTEPE COBIAZAIOT C PE3yJbTAaTaMU «CYXOM TPOKPYTKM!».
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Ta6nuua TecToB
Tect| Bxop, Oxupaembii PesynbTart «cyxon | +/— Peaynbrar +/-
pesynbTaT MPOKPYTKN» BbIMNOJIHEHUA Ha
KoMnmbloTepe
T | 0 Mocneposatenb- Mocneposatenb- + Mocneposatesnb- +
HOCTb nycTa HOCTb nycrta HOCTb nycrta
T2 | 1, 5.6 OTpuuaTenbHbIX OTpuuaTenbHbIX + OTpuuaTesbHbIX +
yucen HeT yucen Het yucen Het
T3 | 1,-5 MonoxuTenbHbIX [MonoxuTenbHbIX + [MonoxuTenbHbIX +
yucen HeT yucen Het yucen Het
T4 | 3, 1, OTpuuaTenbHbIX OTpuuaTenbHbIX + OTpuuaTenbHbIX +
2, 8 4yncen Het ymcen Het ymcen Het
T5 | 2, -1, MonoxnTenbHbIX MonoXxnTenbHbIX + MonoXxnTenbHbIX +
-2 4yucen HeT yucen Het yucen Het
T6 | 5,-1.3, MakcumanbHoe MakcumarnbHoe + MakcumanbHoe +
2.4, oTpuuaTtenbHoe oTpuuartensHoe oTpuuartenbHoe
-3.1, CTOUT Nepes, CTOWUT Nepeq, CTOUT Nepeq,
4, 7.08 MWUHUMaNbHbLIM MWUHUMabHbIM MWHUMabHBIM
NOJIOXUTESIbHBIM MONIOXUTENBbHBLIM MONIOXUTENBHBIM
T7 | 4, 21, MuHuMmanbHoe MwuHumansHoe + MuHumansHoe +
-4.2, MoNOXUTESNIbHOE NoNoOXUTENbHOE NONIOXUTENbHOE
-3.1, cTouT nepen cTOoUT Nepes, cTOoUT Nepes,
4, 7.03 MakCrManbHbIM MakCuMasbHbIM MakCuMasbHbIM
oTpuuaTebHbIM oTpuuaTesibHbIM oTpuuaTesibHbIM
T8 | 3,-2, MakcumanbHoe MakcumansHoe + MakcumansHoe +
4,-3 oTpuuaTtenbHoe oTpuuaTtenbHoe oTpuuaTtenbHoe
cTouT nepen, CTOUT Nepes, CTOUT Nepes,
MWUHVMaNbHbIM MUHVUMaJIbHbIM MVHUMaJIbHbIM
NOJIOXMUTESIbHBIM MONIOXUTENbHBIM MONIOXUTENbHBIM
T9 | 4,1,7, MuHumanbHoe MuHmanbHoe + MuHmanbHoe +
9, -4 NONOXUTENBHOE NoNOXUTENbHOE MoNoOXnTENbHOE
CTOUT nepeg, CTOUT nepep, CTOUT nepep,
MakCrManbHbIM MakCHMasbHbIM MakCrMasbHbIM
OTpULATESNIbHBIM oTpuLaTeNbHbIM oTpuLaTeNbHbIM
T10| 3,0, 0, MocnenosaTtenb- Mocneposatenb- + MocnepoBartesnb- +
0 HOCTb COCTOUT N3 HOCTb COCTOUT M3 HOCTb COCTOUT 13
OJHUX Hynewn OJHUX Hynewn OJHUX Hynewn
T11 | 6, 5, MwuHumMmansHoe MuHumansHoe + MwuHumansHoe +
2, 7, MONOXUTENbHOE NONIOXUTENBHOE MONOXUTENbHOE
-6, -3, CTOUT nepes, CTOVuT nepen, CTOUT nepen,
-8 MakCrManbHbIM MakCrMasibHbIM MakCuMasbHbIM
oTpuLATENBHBIM oTpuLaTeNibHbIM oTpuuaTENbHBIM
T12 | 7, -6, MakcumanbHoe MakcumanbHoe + MakcumansHoe +
-3, -8, oTpuuaTtenbHoe oTpuuaTtenbHoe oTpuuartenbHoe
-3, 5, cTouT nepen, CTOUT Nepes, CTOUT Nepes,
, 2 MWHVMasbHbIM MUHUMaJIbHbIM MUHUMaJIbHbIM
NOJIOXUTESIbHBIM MONIOXUTENbHbIM MONIOXUTENbHBIM
T13 | 8, -6, MuHumansHoe MuHmanbHoe + MuHuMmanbHoe +
2, -8, MONOXUTENIbHOE NoNoXUTENbHOE NOJIOXUTENbHOE
-3, 5, CTOUT Nepes, CTOWUT Nepes, CTOWUT Nepes
, 2, MakCManbHbIM MaKCVMabHbIM MakCMMasbHbIM
- OTpULATESNIbHBIM OTpULATENbHBIM oTpuLaTenbHbIM
T14 | 8, -6, MakcumarnbHoe MakcumarnbHoe + MakcumarnbHoe +
2, -8, oTpuuatenbHoe oTpuLaTenbHoe oTpuvLaTenbHoe
-3, 5, cTouT nepen, CcTOUT Nepes, CTOUT Nepes,
7, -3, MWHVMabHbIM MUHUMabHbIM MUHUMabHbIM
NONOXMUTENbHBIM MONIOXUTENbHBLIM MONIOXUTENbHBLIM
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TectupoBarnue 3akoHueHO. MBI IIpollaeMca ¢ Halllell IporpaM-
Moii. B 3akioueHue caeyaeM OJHO 3aMeuaHHe, He MMeoIllee OTHO-
IIeHUs K ITPOIIeCCY TEeCTUPOBAHUA.

IIpu paspaboTke mporpaMMbl MBI HECKOJBKO Pa3 CTAJKUBAJIUCH C
HEeoO0XOJUMOCTHIO YCTAHOBUTh HAJIUUMNE WU OTCYTCTBUE 9JIEMEHTOB B
TIOJIOXKUTEHLHOM WJIN OTPUIATEIHLHOM ITOAIIOCIef0BaTeIbHOCTH. Boo0-
IIe TOBOPS, Yy HAC €CThb JIJIA 9TOTO ABa MHAMKATOpa: MinPol (MaxOtr)
u NomMinPol (NomMaxOtr). Iloka HeT HU OZHOTO 3JIEMEHTA B IIOJIO-
YKUTEJBHOM ITOAIIOCJIeIOBATEIbHOCTU, IIepeMeHHble MinPol u Nom-
MinPol paBHBI HYJI0. KaK TOTBKO MOSABIAETCA IEPBBINA 9JI€MEHT, UX
3HAUEHUs CTAHOBATCA HEHYJEeBBIMU. AHAJOTMYHO BeayT cebs MaxOtr
u NomMaxOtr AJS OTPUIIATENLHOI IOAIIOCJIEJ0BATEILHOCTH.

Ecim mocMoTpeThs HA MTOJNYYUBIIUNCSA B KOHIIE KOHIIOB TEKCT
IpoTrpaMMBbl, OKa)KeTCd, UTO B PA3HBIX MECTaX IIPOTrPaMMbI MbI IJI
BBIABJIEHUS OJHOTO U TOTO K€ CBOMCTBA (OTCYTCTBUE ITOJIOMKUTEIb-
HBIX UJIU OTPHUIATENbHBIX UHCEJ B IIOCJIEA0BATEILHOCTU) UCIOIb30-
BaJIU pasHble IPU3HaKU. BHYTpU IIUKJIa — PaBEHCTBO HYJIIO IIepe-
MeHHBIX MinPol miau MaxOtr. Ilociie muKja — paBeHCTBO HYJIIO
NomMinPol mau NomMaxOtr. 9To He oInbKa, HO TaKOoe pasHOUTe-
HUe cOUBaeT C TOJKY, BbI3bIBAET JUIIHUE BOIPOCHI: IOUYEMY B OfI-
HOM cJiyyae OAWH MPUBHAK, a B ApyromMm — apyroit? Ilpuuuna sToit
HEaKKypPaTHOCTH B TOM, UTO M3HAUAJHHO B IIEPBOM BapHUAaHTE IIPO-
rpaMMbl CTOAJAM OpoBepKu if tek<MinPol m 1if tek>MaxOtr.
MMeHHO MX HPUIILIOCH UCIPABIAATH. ¥ CJIOBUA U3MEHUJIN, HO IIepe-
MEHHBIE «II0 MHEPIIMU» OCTABWJIU BTU Ke. [[J1d mosib3oBaTeNs 3TO
He MMeeT HUKAKOTO0 3HaUeHUs. A BOT C TOUKM 3PEHUS IPOTPaMMIU-
cTa JIyYIlle CTPEeMUTHhCA K eJUHO000pasuio.

18.6. Ypokun paHHOro npumepa

ITOT pasjes IpeaHa3HAUYAETCA AJIA MOBTOPEHUA W 3aKpPeIIeHus
usydeHHoro Mmarepuajga. CreaaeM HECKOJbKO 3aKJIIOUNTENIbHBIX 3a-
MeUYaHUN.

1. ITpumep moKasaJy, YTO XOPOIIIO IPOPA0OTAHHEIE TECThHI UEPHOTO
AITUKA BIIOJIHE MOTYT OKa3aThCs He TOJHKO JOCTATOUHBI C TOUKHU
3pEeHUA KPUTEPUEB 0€JIOTO AIMKA, HO JaKe N30BITOUHEI.

2. B mporiecce OTJIagKU MOYKHO H00ABIATH HOBBIE TE€CTHI IIPUIEb-
HO JIJIsI IIPOBEPKU MHTEPECYIOINX HAC CUTYaI[UH.

3. Habop TecToB, OJHBIN KaK C TOUKU 3PEHUA YePHOTO, TAK U C TOU-
KU 3peHus 6ejoro Amuka, oonapy:kua HE Bce omubKu B mpo-
rpamMe. [IpusHaKy YacTu OMINOOK YAATIOCH OOHAPYKUTDH TOJIBKO
B TPACCHUPOBOYHLIX TabauIax. V1 TOJIBKO M03Ke MOATBEPAUTD UX
CrenuaJbHO CKOHCTPYUPOBAHHBIM TECTOM.
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4.

[S)8

30 sieT Hasaa roJJIAaHACKUN YUEHBIH «0Tell CTPYKTYPHOTO IIPO-
rpaMMupoBaHua» IJacep [HeiKcTpa chopMyIupPoOBaJ YTBEPIKIe-
Hue: «TecTupoBaHMe MOMKET IIOKa3aTh HAJUUME OIINOOK B IIPO-
rpamMmMe, HO HUKOT/A He JOKaKeT UX OTCYTCTBUE» . MbI MOJTyUNIN
elre OJHO IOATBEPIKACHNE IPABUIbHOCTH 9TON MBICJIH.

MsI moyuynam apryMeHT B I0JIb3y 0e3MaITnHHOTO TeCTUPOBA-
Husg. [IpusHak® yacTu ONMINOOK yAaJoCh OOHAPYIKUTH TOJIBKO
B TPAcCUPOBOUHBIX Tabamitax. IIpOTOH TeX Ke caMbIX TECTOB
Ha MaIllnHe uX ObI He O0HAPYIKILI.

AHasus 1o CIUCKY OMIMOKOOTIACHBIX CUTYaIluil MOKET peaJbHO
CHUBUTH MOTPEOHOCTH B TECTOBBIX IPOrOHAX.

. IloBTOpHOE TecTUpPOBaHUE — ITO HE TaK YK CTpaIlHOo. PasHbie

TeCThI HalleJIeHbI Ha IIPOBEPKY PasHBIX yacTeil mporpaMmbl. Mc-
paBJIeHus, KaK MPABUJIO, 3aTPAaruBal0T HEMHOTHE YaCTH! IPO-
rpaMMBbl ¥, COOTBETCTBEHHO, CKAa3bIBAIOTCA HA HEOOIbIIIOM YKC-
Jie TeCTOB.
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YTO ewe MOXHO NPOBEPUTDb
B nporpamme?

Ho cux mop MbI TOBOPUJIN TJIaBHBIM 00pasoM 00 OJHOM acIeKTe
IporpaMMbl: 0 ee (YHKIMOHaJIbHOCTH. Hac mHTepecoBas BOIpOC:
MMPaBUJBHO JU IIPOrpaMMa BBIUUCJISET TPedyemMyio OT Hee (PYHK-
muio? OT yueOHBIX IIPOrpaMM, B OOJBIIMWHCTBE CJIydaeB, OOJbIIIEe
Huuero u He Tpedyerca. Ho ecsiu BBI pelrrniam HaoucaTh YTO-HUOYIb
MPaKTUYECKN 3HAUYMMOe, KpoMe (YHKIIMOHAJIBHOCTH U YAOOCTBA
IpUeTCA IPOBEPUTH U APYTHe acHeKThl IporpaMMbl. IloTpedyoTes
clenyoIlue KaTeropuu TEeCTOB:

1. TectupoBanme GYHKIIMOHATBHOCTH.
2. TecTupoBaHUe yJ0OCTBA 9KCILIIyaTAI[MN.

3. TecTupoBaHUE Ha IPELEIbHBIX 00BEMAX.

IIpoBepbTe, Kak Ballla IIporpaMma 0OyzeT paboTaTh ¢ OUEeHDb 00JIh-
muMu oobeMaMu HaHHBIX. Hampumep, ecau BBl NUIIETe PeIaKTop,
3arpysuTe B HETO OUeHb OOJIBINON HOKyMeHT. Eciau mporpamma HY-
MepyeT KaJaphbl B 3JIEKTPOHHOM (hoTOKaMepe U II0J HOMED Kaapa OT-
BemeHO 4 mosuIuu, mompoOyiiTe caenath 6omee 10 000 cHEMKOB.
Ecnu Bama nporpamMmMa pyKOBOAUT TOCTaBKOI TOBapa IMOKYIIATeNo,
crenaliTe TaKyO MOKYIKY, KOTOpas He MIOMECTUTCSA B OAHOM I'Py30-
BUKE.

4. TecTupoBaHMe Ha MIPeAeIbHBIX HAaTPy3Kax.

Takoe TecTHpPOBaHME WMEET CMBICI [JIs WHTEPAKTUBHBLIX IIPO-
rpaMM W IpOrpaMM, paboTaioluX B PeKUMe PeaJbHOr'o BPEeMEeHH,
HAIIpUMep YIIPaBIAOIIAX TEeXHOJOTHUYeCKMMH IIpolieccamu. Ilog-
pasymeBaeTCda, UTO IIpOorpaMMa [JOJI)KHA OJHOBPEMEHHO DPearupo-
BaThb Ha 0OJIBIIIOE UMCJIO CUTHaJ0B. Hampumep, K 0ase JaHHBIX O/I-
HOBPEMEHHO O0OpaTM/INCh HECKOJBKO IeCATKOB IIOJIb30BaTENeH C
yIaJleHHBIX TEePMUHAJOB (CUTyalMsi BIOJHE peajibHAa, €CJIU Peub
UOeT O Ipojake OMJIETOB, a 3a yAaJleHHBIMHU TepMHUHaJIaMu padora-
10T Kaccupbl). IIporpamme-aBuaTpeHa)Kepy IIOCTYIHMJIO Cpasy He-
CKOJIbLKO KoMaHn (oObyuyaeMblii BMECTO TOTO, YTOOBI IIEJKATh
TyMOJiepaMu IO oUepeau, mepedpocu UuX BCe cpasy JaJoHbI0).
TecTupoBaTh CIeLyeT LasKe TaKWe CUTyaluu, KOTOPBIX <«HUKOTA
He Oymer». Hampumep, ogJHOBpEeMEeHHOE Ha’KaTue HHUJIOTOM CPasy
IBaIIlaTi KHOMIOK, PACIOJIOKEHHBIX B IBYX MeTpax APYyT OT Apyra.
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5. TecTupoBaHmMe 3aIUThI.
Tema MO HBLIHEIIIHMM BpeMeHaM AapXUIOIYJIsIpHAasd.

6. TecTupoBaHme MPOU3BOAUTEIHLHOCTH.

HokaKkuTe, UTO Ballla IIporpaMMa He obeclieumBaeT TpPeOyeMoro
BpeMeHU OTKJMKA, MPOMYCKHOM CIIOCOOHOCTH M T. .

7. TecTupoBaHUe TpeGOBAHUI K TAMATH.
Haiigure yciaoBus, mpW KOTOPBLIX Ballla IIpOrpaMMa IIPEeBBICUT
JOIIYCTUMBIN PacXoJ OIepPaTUBHON WM OUCKOBOW HaMATHU, 00beM
6ydepoB u T. .

8. TecTupoBaHUEe KOHPUTYPATIUA.
CmocobHa Jii Ballla mporpaMMa paboTaTh Ha pasHBIX ILIAT(OP-
Max, IOJ yIpaBJeHUEeM Pa3HbIX OIEepPallMOHHBLIX CHCTeM U T. II.7

9. TecTupoBaHMEe COBMECTUMOCTH.
CoBMecTHMa JiM HOBasi BEPCHUs IIPOrPaMMBI C IIPEIbIAYIell Bep-
cuell WMJM C TOM IIPOrpaMMoii, KOTOPYIO OHA 3aMeHseT?

10. TecTupoBanme yao0CTBa YyCTaHOBKHU (HACTPONKM).

11. TecTupoBaHUE HANEKHOCTH.
Croza OTHOCUTCS:

— IIPOBEPKA BO3MOKHOCTHU OOHAPYKUBATHh OIMUOKU ITOJH30Ba-
TeJIs;

— IIPOBEpPKa BO3MOYKHOCTH OOHAPYKMBATh COOM ammapaTypbl;

— TIpOBEpPKa BO3MOYKHOCTHM BOCCTAHABJIMWBATHL PaboTOCIOCOO-
HOCTBH CHCTEeMBI IIOCJIe OIIMMOOK II0JIb30BaTesis u cOoeB aia-
paTypHI;

— IIPOBEPKA CPEeIHEero BPeMEHM MeXIYy OTKa3aMU CHUCTEMBI;

— IIPOBepKa CpeJHero BpeMeHU BOCCTAHOBJIEHUS CHUCTEMBI II0-
cJe OTKasa;

— IIPOBEpPKAa KOJIMYECTBA OMIMOOK B IIPOrpaMMe;

— IIPOBEpPKa MOCJEACTBUHA OTKA30B CHCTEMBI;

— TIPOBEpPKAa AOIMYCTUMOCTH 00hbeMa JaHHBIX, TePAEMBIX B CJIY-
yae OTKasa;

— IIPOBEpPKa TOT0, UTO MHPOPMAIINA, KOTOpasa He JOJI’KHA OBITH
morepsHa IPU OTKase, AEMCTBUTEJIbHO COXPAHIETCS;

— HaJanuyue W PabOTOCIOCOOHOCThL (PYHKIMI, HEOOXOAUMBIX
I O0HAPY:KeHUSA OIITNOO0K;

— HajJuume u paboTocmocoOHOCTL (GYHKIIUIT, HEOOXOAUMBIX
IJis UCIPaBJIEHUSA OIINOOK;

— HaJgmuyme M PabOTOCIOCOOHOCTHL (MYHKIIUIM, HEOOXOIMMBIX
nist obeceueHUs YCTOMYMBOCTH K OIIMOKAM.
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12. TecTupoBaHue yao6CcTBa 0OCAYKUBAHUA.

CrosxHaa mporpaMMa dYacTo TpebyeT OIpenesieHHBIX AeHCTBUH
0 MOAAePKaHnI0 CBOE paboTOCIOCOOHOCTI. ITU JeiCcTBUA Heo0X0-
IUMO IIPOBEPHUTH.

13. TeCTI/IpOBaHI/Ie AJOKYMEHTalum. HackosibKo OHa TTOHATHA, TOYHA,
OOJHO3HaAYHA U IID.

14. TecTupoBanue IPOIEAYP, KOTOPbIE JOJIMKHBI BLIIIOJIHATLCS Ue-
JIOBEKOM.

YacTo paspabaTbiBaeMas IIporpaMMa SABJISETCA KOMIIOHEHTOM
aBTOMATH3UPOBAHHOM CHCTEeMbI, BKJIIOUAIOell B ce0s aeficTBUA He
TOJBKO KOMITBIOTEDPA, HO U OOCJIy’KUBaloIiero mepcouasia. Heobxo-
JUMa IIPOBEPKa MIPOIeayp, KOTOPhbIe BO3JaramTcs Ha UYeIoBeKa.



3aknioyeHue

B zakJaoueHMe paccMOTPUM Ha0Op TEeCTOB IJIiA 3aJadyu IIPO TPe-
YTOJBLHUKM, IIOCTABJIEHHON BO BBeJeHUU. [IpoBephTe, BCe i1 HUMKE-
IepevrceHHble CUTYAIluu Bhl yuin (B CKOOKaX MPUBOAATCSA HA0O-
PBI BXOOHBIX MaHHBIX, KOTOPbIe MOJU Obl HCIOJH30BATHLCA IJIs
MIPOBEPKU YKA3aHHOMW CUTyaIUu).

1.
2.
3.
4

o o

10.
11.

12.

13.

14.

15.
16.

TecT Ha MpaBUJIBHBIN PA3HOCTOPOHHU TPEYTOJIBHUK (4, 7, 9).

TecT Ha MpaBUJIBHBIN PABHOCTOPOHHUI TPEyroJbHUK (3, 3, 3).

TecT HA MPaBUILHLIN paBHOOEAPEHHBIN TPEeyroabHUK (4, 3, 3).
Erre nBa TecTa Ha MpaBUJIbHBII PaBHOOEAPEHHBIH TPEYTOJIbLHUK,
B KOTOPBIX PaBHBIE CTOPOHBI BBOAATCSA B PA3HBIX MO3UIUAX
(3,14, 3), (3, 3, 4).

TecT, B KOTOPOM CyMMa ABYX CTOPOH MEHBIIIE TpeThel (3, 4, 8).
Ere nBa TecTa, B KOTOPHIX CyMMa IBYX CTOPOH MEHBIIIE TPETheH
¥ MaKCUMaJbHaA CTOPOHA CTOUT B PA3HBIX MO3UNUAX (8, 3, 4),
4, 8, 3).

TecT, B KOTOPOM CYMMa JBYX CTOPOH PaBHA TpeThel (IPOBEePUTH
cpaBHenme: < uau <) (3, 4, 7).

Eirie nBa TecTa, B KOTOPBIX CyMMa ABYX CTOPOH paBHA TPeThei
U MaKcuMaJbHaA CTOPOHA CTOUT B Pas3HbIX mo3unuax (7, 3, 4),
4,7, 3).

Tpu Tecra, B KOTOPBHIX OJHA M3 CTOPOH paBHa HYyJI0 (4, 3, 0),
0, 4, 3), (3, 0, 4).

TecT, B KOTOPOM Bce CTOPOHBI paBHbI HyJ10 (0, 0, 0).

TecT, B KOTOPOM BCE CTOPOHBI PABHBI MeXKAy co00ii, HO BCe —
orpunarenbus! (—1, —1, —1).

Tpu TecTa, B KOTOPBIX OJHA U3 CTOPOH oTpuIiaresasHa (4, 3, —2),

(_2, 4’ 3)9 (3a _2, 4)'

ITo kpaiiHell Mepe OAWH TECT C BEI[ECTBEHHBIMU 3HAUEHUAMU
BMecTO menabx (2,3; 3,5; 4,1).

ITo KkpaiiHeit Mepe OAUH TECT C CHMBOJBHBIMY 3HAUEHUSIMU BMe-
CTO UMCJOBBIX (‘MaMa MbLIa pamy’).

TecT us AByx umces BMecTo Tpex (3, 4).

TecT 13 ueTbIpex uucesa BMecTo Tpex (3, 4, 5, 5).

3anucanau Ju BBl 3apaHee [IJis KayKAOTO TecTa HE TOJbKO BXOJ-
Hble 3HAUEHWS, HO U OXKUIAEMBIA Pe3yJIbTaT?
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ITocnemuuit BOoIpoc 3aYacTyi OPUBOAUT K TOMY, UTO KOJUUECT-
BO HaOpaHHBIX 0aJIJIOB IIagaeT no HyJisd. HecMoTpsa Ha KaTeropuue-
CKoe TpeboBaHUWe (PUKCHUPOBATH 3apaHee He TOJBKO BXOAbI, HO U
OJKUIaeMble BBIXONBI, JEJIaTh 9TO HOBUYKM He JIIOOAT.

Ho ecnu oTBi€UBCA OT IOCJTEIHETO BOIIPOCA, TO KAKOBBI Ballld
KOHEeUHbIe pe3yabTaTbl? VI Kak OHU MEeHSAJIUCH II0 XO4Yy UTeHUS 3TOH
kHUru? IlompoOyiiTe OIEHUTH COOCTBEHHBINI MIpOTpecc B 00JacTHu
«TE€CTOCTPOEHUS» .

Hamnocaenox TP 3aMedYaHUud.

1. IlpennoskeHHasA 3azaua He COAEPIKUT CAMYIO CJIOKHYIO AJIS IIPO-
BEPKU KOHCTPYKIIUIO — ITMKJLI. Ilompo0yiiTe OIeHUTh, KAKOBBI
ObLIM OBl Ballll Pe3yJIbTAThI, €CJaU ObI MporpaMMa MOJIKHA ObLIa
00pabaThIBaTh HE OTHY TPOUKY UMCEJI, & UX IIOCJIeI0BATEIbHOCTD.

2. ITpu xKejaHUM MOJKHO HAIIKMCATH IPOTPaMMy, KOTOpas BHIAACT
IpaBUJbHBIE PE3YAbTAThI Ha BCEeX BHINENPUBEIEHHBIX TECTaX,
HO OyJZIeT Ipu 5TOM COAEePKaTh OIIUOKY.

3. Ha saTom IIpMepe XOPOoIlo BUAHBI CDaABHUTEJIbBHBIE 3aTPaThl HA
IIPOBEPKY IIPABUJIBbHBIX 1M HENIPABUJIBHBIX BXOAHBIX JAHHBIX.
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