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NPEAUCIOBUE

Tlpn HenpepbIBHOM pPa3sBUTHH TEXHHKH W Obl-
CTPOM YyBeJHYEHHH IPOH3BOACTBA 3JIEKTPOIHEp-
FHU 3HAYUTEJIbHO pacumpsieTcss o6JaacTb HpuUMe-
HeHHs 3JIeKTPOTeXHHYecKoH cranu. CaMa TexHO-
JIOTHSI NMPOM3BOACTBA 3JEKTPOTEXHUUECKOH CTa/u
3HAYUTENbHO H3MeHu/ach. PysoHHAs XOJ0QHOKA-
TaHasi TEKCTypOBaHHAs M HETeKCTypOBaHHAs
cTajb JOMHHHMDYeT HaJ JHCTOBOH ropsdyeKaTaHOH
cranpio. Co3gaHbl U MPOEKTHPYIOTCST HOBBIE Map-
KH C yJy4LIeHHBIMH MaTHUTHBIMH CBOWCTBaMH.

Ilpn Taxmx TemMnax pa3BHUTHSI 3JeKTPOTEXHH-
YeCKOH CTaJu B KHUIax II0 MarHUTHBIM MaTepHa-
Jam, H3LaHHbIM 15—20 Jjer TOMy Hasaj, yacthb
JaHHBIX yTpaTusa CBOK LEHHOCTb. DTO OTHOCUT-
Csl U K NMEPBOMY M3JaHUIO JaHHOH KHHUIH, BBHILIEN-
memy 12 jger ToMy Hasan.

3a nocjeaHue roabl Obl10 OnyGJHKOBAaHO
TOJIbKO HECKOJNbKO OO30pHBEIX CTaTefl O MarHuT-
HBIX XapaKTEepPUCTHKAX 3JEKTPOTEXHHUEeCKOH cra-
au. Cpenu HHUX clenyeT YyKasaTb Ha paboTy
JI. III. KasapHoBckoro «JlucroBas 3JeKTpOTex-
HHYecKasl cTajby B c6opHUKe «lTOrH Hayku U Tex-
HUKU» (cepusi «DJIEKTPOTEXHHKA U SHEpTeTHKa»)
3a 1969 r.

C yyeToM paboOT COBETCKUX H 3apyOexHLIX HC-
clenoBaTesnedl 3a mociaenHHe 15 JieT B KHHUTY
BKJIIOUeRBl HOBBle MaTepuanbl. OcobGeHHOH mepe-
paGoTke moaBeprauch ria. 3 «MarHuTHble ¥ 3JeK-
TpUYeCKHe CBOHCTBA CTaJslel, IPHMeHseMbIX B CH-
JIOBBIX arperatax NpU NOBLIIIEHHOH YacTOTe Ie-
peMeHmoro Toka» H NI. 6 «BimsHue ynpyrux
HaMpsKeHHH Ha MarHUTHbIE CBOMCTBA 3JI6KTPOTEX-
HHYECKOH cTasiu». 3aHOBO HamucaHa ri. 7 «Buaus-
HHMe HaKJ/ena M NOBTOPHOI'O OTXKHra Ha MarHuT-
Hble M 3JeKTPHUYECKHe CBOHCTBA cTanu». B ocrassb-
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Hhix NIaBax 3HayHTeJpHas dYacth Marepuaja
0oGHOBJIEHA.

Hannas KHgra He MOXeT 3aMeHHTb CIIPaBOY-
HHKH 110 MAarHATHBIM H 3JIEKTPHYECKHM XapakTe-
PHCTHKaM CTaJd, Tie 0OBIYHO NPUBOASITCS Haubo-
Jlee BajKHble 3aBHCHMOCTH, BBINIOJHEHHBIE B BHIE
rpadukoB Goapmoro ¢opmata. Tem He MeHee, O-
IoOHBle MaTepHaJbl, NPUBeNEHHbIE 37ech, OTpa-
JKAIOT THIHYHBIE CBOHCTBA OTHENbHBIX MapoK CTa-
Jed.

ABTOp BHIpa)kaeT MPHU3HATENBHOCTb BCEM TO-.
BapHIllaM [0 COBMECTHOH HCCJe[0BaTeJ]bCKOH
paboTe, pe3yJabTaThl KOTOpPOH OMyGJIHKOBAHBI
B IIEPHOJUUECKOH JHUTEPATYPE U H3JOXKEHH B Ha-
CTOSIILEH KHHUTE.

Bce kpuTHueckHe 3aMeyaHHsT H DOXKeJaHHSA
ypTaTeNed aBTOPOM OYAYT TILATeJbHO pacCMOT-
peHbl. DTH 3aMeuyaHHsl CJAeLyeT HampaBJasTb MO
anpecy: 113114 Mocksa, lllmo30Basi HaGepexHas
10, U31aTeNbCTBO «DHEPTUS».
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F'rasanepsas

®U3UYECKHE CBOMCTBA
3JEKTPOTEXHHYECKOH CTAJIH

1-1. OCHOBHBIE NPEICTABJIEHHSI COBPEMEHHOW TEOPHH
SEPPOMATHETU3MA

CornacHo  coBpeMeHHOH Teopud  (deppomMarHeTuaMa
[JI. 1-1—1-6] ocHoBHas oco6GeHHOCTL (eppOMarHUTHLIX Be-
wecrs (Fe, Co, Ni, Gd, Dy, Tb, Ho, Er, Tm, ux cmniasos
U COelMHEHHH) 3akK/aoyaeTcss B TOM, YTO OHH COCTOSIT M3
obJiacTeil CaMONpPOU3BOJLHOIO HAMAarHHYUBAHUS (JLOMEHOB),
HaMarHu4eHHbIX N0 HacblleHus. B oOpasue, HaxomsinieMcs
B pa3MarHH4eHHOM COCTOSIHHH, JOMEHbI pPachoJiaralTcs Tak,
YTO pe3yJbTHPYIOLlass HaMarHUYeHHOCTb of6pasla paBHa
HyJal0. Mexny COCeHHMH JOMeHaMH HMeEITCS TpaHHUIBL,
IIHpHHA KOTOPBIX UCYHC/SETCS NOJMsIMH MHKpoHa. Pasmephl
IOMEHOB BO3pacTaloT C yBeJHUeHHeM IJIHHBI o6pasua (u/au
KPHCTQJVIHTOB B TNOJUKPUCTANIHYECKOM MaTepuasne), U HX
IIHPHUHA COCTaBJISIET NMPUMEHHTENIbHO K KeJe30KPEMHHUCTOMY
CIVIaBY COTHIE ¥ JeCSAThIe JHOJH MHJIIMMETPaA.

BexTop HaMarHM4eHHOCTH B TPaHHYHOM CJIO€ MEXAY
MPOTHBOMNOJIOXKHO HaMarHWYeHHBIMH NOMeHAaMH TMOCTeNneHHO
MOBOpauYKMBaeTCs M3 OJHOrO HampaBJseHusi B Apyroe. I1pu Ha-
JIOJKeHUH MAarHUTHOTO IOJisi Ha (eppOoMarHUTHEIE oOpaser
MPOMCXOMUT MEepecTpoiika BEKTOPOB HaMarHMYeHHOCTH OT-
IeJbHBIX JOMEHOB B HampaB/ieHnd mnoJs. Pa6Gora, Heo6xo-
ouMasa JIJs1 TepecTPpOHKH IOMEHHOM CTPYKTYphl 00pasiuos,
3aBUCHT OT KDHUCTaJNIMUECKOH TEKCTyphl, MeTaJuiorpaduue-
CKOH CTPYKTYPHl 1 HanpsixKeHHH.

Haumenbuiast paGora 3aTpaunBaeTcsi NpH HaMarHUYHBa-
HUE (eppomMarHeTska BJOJNb HampaBJieHUs JIETKOro HaMmar-
HUUMBaHUsI, [l MOHOKDHCTAJJIOB JKeje3a U JKeJe30KpeM-
HHUCTOro CmJaBa TaKMMH HalpaBJeHHSIMH ABJASIOTCH pebpa
Ky6a (<<100>), mjsg MOHOKDHCTAJ/JIOB HUKEJS — MPOCTPaH-
CTBeHHas AuaroHandb (<111>), a B MOHOKpHCTa//e KO-
GasnbTa — rekcaronanbias ocb (<0001>).
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B wmonokpucrannax dep-
poMarHeTHKOB MMEKTCH H Ha-
npasJeHHst HauboJee TPYRHO-
ro HaMarHW4yuBaHusl. ITO sIB-
| JsieTcsl pe3yJabTaTOM pas/uy-
HOTO MaHHTHOTO B3aHMOJeH-
CTBHSI aTOMOB TO Pa3JIHYHBIM
KpucraJjuiorpaguyeckum  Ha-
npaBJjieHHAM. DHeprus, pacxo-
Jyemasi Ha NpeojoJieHHe mar-
HHTHOTO B3aHMOJEHCTBHS aTo-
MOB IIpH HaMarHH4MBalHH
(Geppomarneruka, Ha3blBaeTCs dHepruell aHusoTponuu. Pac-
HOJIOXKeHHe Oocell JIerKoro HaMarHHYMBaHUS B MOHOKpHCTaJI-
Jlax no KpHucTaJjsorpaduuecKnM HampaBJeHHSM COOTBETCT-
ByeT MHHUMYMY 3HEpPTHH aHH30TPOIIHH.

O6uiee BbIpaKeHHe 3HEPrHH MAarHUTHOH AHH30TPOMHH
Henedopmuposanmnoro obpa3ua MOHOKpPHCTal1a ¢ KyOuue-
ckoii peutetkoil no AxyJosy [JI. 1-1] umeer Bua:

Faus = ko 4k, (5] 8, 45, 85 5387 ) ka5 5, 55 ) (1-1)

rne ko, k4 n ky— NOCTOSIHHbIE MAaTHUTHOH AaHH3OTPOIHH; Si,
Sg, S3— KOCHHYCDBI YIJIOB MeXK/ly BEKTOPOM HaMarHHYE€HHOCTH
u pe6pamu Kyba.

Puc. 1-1. ITopowkoBbie GUrypol.

Puc. 1-2. TTopolkoBble GHTYpPLl 110JHKPUCTAJ-

Juyeckoro o6pasiia TpaHchopmaTopuoli cTanu

¢ Gun3Koi KpHcertadnorpaduyeckoil opHeHTa-
nuei 3epei.



Ha nosepxHocTn obpasua ¢eppomarHeTuka BJOJb Ipa-
HUL IOMEHOB HMEIOTCsl CHJIbLbIE TOJSI paccenBaHHusI, YTO [a-
€T BO3MOXHOCTb BH3yaJIbHOro HaOJ/IOJEeHHS 3TUX TpaHHULL
[/1. 1-7, 1-8].

Hocruraercs 3To myTeM TIOKPBHITHS TNOJUPOBAIIHOM T10-
BepxXHOCTH 06pasna MarHUTHOH CYCIeH3HeH, TpuuyeM B3Be-
LIEHHBlE YacTHUIbl CYCMEH3HH KOHLEHTPUPYIOTCH MO TIpa-
HunaM o6JsacTell CaMONpPOU3BOJNBLHONH HaMarHHYEHHOCTH.

Ha puc. 1-1 nokasana mukpodororpadus Hanbosee npo-
CTON MOPOIUKOBOI (Urypnl, npenckasanHoi JI. Jlanmay u
E. Jludpumuem {JI. 1-9]. Ha BepxHeill yacTH PUCYHKA BHIHBI
3aMblKalome o6Jactd, 0Jaroaapsi KOTOPbLIM MAarHHTHBIH
IOTOK H3 OXHOH ob6JacTty
nepexoguT B APYIYIO.

Korga na noBepxHOCTb
o6pasua BLIXOAHT pebpo
Ky06a, TO NOPOMIKOBLIE (H-
T'ypbl HMEIOT BHJ, MOKa3aH-
Hblt Ha puc. 1-2. Ecau xe
Ha IOBePXHOCTb o6pasua
He BBIXOJHUT HH OJHO pe6po
kyb6a, To obpasyiorca J0-
MOMHUTE/ALHBIE SAMBIKAIO- — p, (.3 [Mopowkoseie Gurypst 1o-
e 06J1aCTH M MOPOWIKO-  jyxppcraminueckoro oGpasua Tpatc-
Bble (GUrypel MMeloT 00Jiee  dopmaTopuoil CTamH € pasIHulOl
CJIOJKHBIH BHI (py]c_ 1-3), Kpucramorpad)fmecxoﬁ opueHra-

O6pasoBanue TOMEHOB B Lelt sepeil.
(dheppoMarHUTHBIX Tesax
IPUBOJAMT K CHHIKEIIMIO MaTHUTOCTaTHYecKo! anepruy. Hann-
ype B (heppomMarueTyke BHYTPeHIHX HaNpsKenuit Tpebyer npu
ero naMarHMYHBAHNH JIONOJNHHTEJNbHBIX 3aTPaT HEPTrHU. ITA
9HEPTIsl Ha3blBAETCS MATHUTOYIIPYTOH, ee BeJIMUHMHA 3aBHCHT
OT BHCLIHHX HAMpsiXKeHHi ¢, NPHJIOKEHHLIX K oOpasuy H
MarHUTOCTPUKLMM Hacbiwennsi As; (OTHOCHTELHOe H3MeHe-
Hie pa3mepon o0pasua 1o JieficTBHeM MarduTHOrO 110J1s1).
Maruuroyipyrasi aHeprust MoxKet OLITb npejcrapieda ¢op-
my.Joit [J1. 1-10]

3 . 1 ,
F,=——125 (cos CP—T), (1-2)
rjle (p-—yrosl MexX/ly BEKTOPOM HaMarHHueHHOCTH H Ha-
npasJieHileM JI€MCTBYIOIMX BHEIUHHX HalpsaKeHui.
Maruuroynpyras 3Heprust 3aBUCHT OT HanpaB/ieHHs BeK-
Topa HaMarHHYEHHOCTH B KPHCTa/lJle M CO3/1aeT JOIOJHH-
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TeJIbHble BBIFOJHbIE 3HepreTHuYecKHe HampasieHus. Ecan
MarHHTOYNpYyTasi 3HepTUs Gosbllle 3HEPprHH MArHUTHOH aHH-
sorponun (Ao>k), TO HOMEHB OpPHUEHTHPYIOTCS He BILOJb
KpHCTaJorpaduyecKux oOceil JIlerkoro HaMarHHUMBaHHS,
a CBsI3aHbl C HalpaBjieHHeM TPHJIOXKEHHBIX K o0pasiy Ha-
npsixenuii. B o6pasnax ¢ GoJabWIHMH MEXAaHHYECKHMH Ha-
NPSXKEHUSIMH  CTEHKH MEeXIY
JOMeHaMU H3BHJIMCTLI, BCJEA-
CTBHE Y€ro MarHuTIiasi CTPYK-
Typa sBJaseTcs 0OoJiee CI0XK-
1I0M MO CpaBIEHHIO C HeJe-
(GOPMHUPOBAINLIM KPHCTAJIOM
(puc. 1-4).

Paccmorpum npoueccnl na-
MarHMYuBaHUs H NepeMarHu-
UHBAHHS  (eppOMarHeTHKOB,
HCXOMISI U3 HX ZOMEHHOM CTPYK-
Typhl. B oTCyTCTBHE BHEWIHErO
MarHHTHOrO moJs (eppomar-
Puc. 1-4. Tlopowkoswe duryps HHTHBIE o6pasel, oxJaxJeN-
ZehopmHpoBaHHOTO ~ obpasua  Hplil IPH OTXKHUTE C TeMIepary-

TPaHChOPMATOPHOM CTATH. pel Bhile Touku Kropu, He 06-

Hapy:XHMBaeT HaMarHHYeHHO-
crd. [Ipu HajOXKeNUH BHEIIHETr0 MATHHTHOTO MOJSI NPOMCXO-
IUT NepeoprelTHPOBKA NOMEHOB, B pe3yJabTaTe 4ero obpa-
3ell HaMarHu4uBaeTcs.

‘Hamarnuunpaune deppomarserdka nmpoHCXOAHT mpolec-
COM CMelleHHs1 TPaHHUL JIOMEHOB # TPOLECCOM BpalleHHs
BeKTOpa HaMarHIYeHHOCTH JOoMeHoB. Paccmorpum mporecc
HaMarHu4ynBaHusi Ha obpaale, HMeloleM TOJbKO OJHY OCb
JErKOro HamarHunuusauusi (xo6anbt). [Ipu HajOXKeHuu

W ]

H=0  H>0 T Hy >H,
a) 6) 6 T
Puc. 1-5. Cxema HamarduyuBanus o6pasua 3sa cuer

MPOUECCHB CMEINEHUsA TPaHHIL MeXNy [OMEHaMH.
a—H=0; 6 —H,>0; 86— H,>H|,

<




BHELIHero ToJisi B1OJMbL 3TOH OCH Bech npouecc Oyner ocy-
LLECTBJATLCS 3 CUeT CMeUlCHHUs FpaHuLl 1oMeHOB (puc. 1-5).

[Ipu HanpsikeHHOCTH MarHuTHOro moss H, (puc. 1-5,6)
AOMEHEI, HanpaBJ/eHHble BAOJb NOJIsl, 3HAYUTENBHO pacIuupe-
HbI 32 CUeT JOMEHOB, B KOTOPbIX MarHHTHBEIE MOMEHTBLI aHTH-

¢

" | \ |
LN

H=0 H30 Hy>Hy Hy>Hy

a) 9N 9N I N
Puc. 1-6. CxemMa naMarHMuuBaHHA 3a CueT NPOLECCOB CMe-

LMEHHUA H BPALUEHHST NOMEHOB.

a— H=0; 6 —npouecc cmewenus npu H=H, OKOHYeH; 8 — npHu
I{,>H| npoucxoauT npouecc BpallCHUS; e —npu H3;>H, npouecc
BpallleHHsI OKOHYeH.

¢

s

napajilellbHbl  110JII0 M NPH  HaNpsiKeHHOCTH mojs Ha
(puc. 1-5,8) 3Tu 06/1aCcTH NMOJIHOCTBIO HCYE3AIOT,

Ec/i MarHuTHOe moJie MPHJIOXKEHO He BIOJb OCH JerKoro
HaMarHdYWBaHHs, a 10/ HEKOTOPHIM YIVIOM K Hel, TO Ipo-
llecc HaMarHWYWBaHHSL OCYWIECTBJsIETCH CHayaJa 3a cueT
CMeIleHUs TpaHHIl JTOMEHOB
(puc. 1-6,6), a 3ateM mnyrem
BpallleHHss BEKTOpa CaMoIpo-
M3BOJILIIOH HaMarHHYeH1o-

CTH K HalpaBJEHHIO BHELIHe-
ro noas (puc. 1-6,8, 2). Ha
puc. 1-5 u 1-6 nns ynpoue-

z
' é
é
¢
]
4

NANNNNN

HHSI H3JI0XKEHHSI HE IOKa3aHbI . a) - 0

3aMblKawuue obJiactu Ha 7. T

TOpIAX 06pa3u013. Puc. 1-7. um;{tog:ocencm noMe
B marepuaje -C  OLHOH a — 180-rpanychoe; 6 — 90-rpamyc-

OCblO JIETKOI'O HaMarHuyuBa- Hoe.

HHSI HamnpaBJ/ieHHsi BeKTopa
HaMarHM4eHHOCTH B COCeIHHX JOMeHaX NpSIMO NPOTHBOIO-
JIOXKHBI, T. €. YroJl MeXAy HuUMH cocraBaser 180° (puc.

1-7,a), Takoe pacnoJjiokeHHe NOMeHOB HasbiBaercs 180-rpa-
JYCHBIM COCELCTBOM.

B marepuasax ¢ TpeMs OCSIMH JIETKOrO0 HaMarHHYMBaHHs
(:Kesie30) MarHuTHasi CTPYKTypa siBjsieTcss GoJiee CJOXKHOM,
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fak Kkak kpoMe oOJacTedr co 180-rpamycHbiM COCEACTBOM
uMewTcsa 00J1aCTH, B KOTOPBIX BEKTOpPbl HaMarHHYeHHOCTH
CocellHMX JOMEHOB pacnoJaraiorcsd 1mox  yraom  90°
(puc. 1-7,6). IlomeHbl ¢ TakuM PacHojIOXKeHHEM BeKTOpa
HaMarHH4eHHOCTH MOJYy4Ynsu HaszBaHue o6Jacrell ¢ 90-rpa-
JLyCHBIM COCEJCTBOM.

IIpu paBHOMEepHOM .pacmpejieieHH# JOMEHOB IO TpPEM
B3aHMHONEPNEHAUKYJIIpHEIM pefpaMm Kkyba Ha KaxJaoe Ha-
npasJjieHHe NPUXOAHTCA 1/3 o6bema Bcex JOMEHOB. DTO CO-
OTBETCTBYET CJy4alo OTCYTCTBHSI MAarHHTHOH TeKCTypbl B CTa-
Jgu. Ecan B o0Opasie uMeercsi HepaBHOMepHOe pacmpenese-
HHe JIOMEHOB 10 Pa3/JMYHBIM HanpaBJeHUsM, BBI3BaHHOE
KpHUCTAJVINYeCKOH TeKCTypo#l, aHusotrponuell ¢opmbl 00-
pasna uJad OJHOCTODOHHUMH pacCTSXKeHHSIMH, TO B TaKOM
obpasie uMeeTcsl MarHUTHAsl TEKCTypa.

HamarunuuBanue xpucranina ¢eppomarHetruka c TpeMd
OCAIMU JIETKOTO HaMarHHYWBAHHUA B CPABHHUTEJNbHO CJabLIX
NOJISIX MPOUCXOJUT 3a CYET CMELICHUS TpaHull MeXLy AoMe-
HaM{ H POCTA JIOMEHOB, JJIsI KOTOPbIX BEKTOp HaMarHH4eH-
HOCTH COCTaBJ/IsIeT HaUMEHbIIHH YroJ ¢ HanpaBjeHHeM BHeLl-
Hero MarHATHOTO MOJIS, a B CHUJBHBIX NOJNSX 3a CYET MHpO-
IeCCOB BpallleHHs] BeKTOpa HaMarHHYEeHHOCTH HOMEHOB I10
HalpaB/JeHHI0 K MarHutHomy noJio. Tlpy HaMarHnuHMBaHHH
peanbHbX (peppOMAarHeTUKOB HeJIb3sl CTPOrO YCTAHOBUTb
rpaHUUBl MeXAY 3aBeplieHHeM NpPOLEeCCOB CMelleHHs H Ha-
yaJjioM MNpOlleccoB BpaumleHusi. B HckoTopoit objactu Mar-
HUTHBIX TOJIell 3TM JBa Npoliecca CYIIeCTBYIOT OIHOBpe-
MEHHO. .

Pasnuualor npouecchl o6paTiMoro # HeoGpaTUMOTrO CMe-
LleHUs] TpaHHL MexAy noMeHamd. OOpaTHMOe cMelleHHE
TpaHull NPOUCXOAUT B OYeHb CJNaObIX MAaTHUTHBIX TOJAX
(oJis 31eKTPOTEXHHUECKOH CTa/Ii — JecsiThle JOJIH ammep Ha
MeTp) M XapakKTepH3yeTcss TeM, UTO TpPH HCYE3HOBEHHH
BHEIIHEr0 MArHUTHOTO TIOJIT TPaHUIBl  BO3BpaLLalOTCA
B NpeXHee MOJIOXKEHHe.

B 10cTaTOYHO CHJIBHBIX MAarHUTHBIX NOJAAX (IJ/IS 3J€KTPO-
TeXHHYEeCKOi CTasu mnopsaka 5-10% a/m) HaMarHHYEHHOCTb
06pasloB JOCTUraeT MOYTH NpelesIbHOro 3HaueHHs, 4TO CO-
OTBETCTBYET TaK Ha3hlBaeMOMY TEXHHUECKOMY HaCBILIEHHIO.
[Mpu nanbHefilieM yBeJUYEHHU NOJS NMPOHCXOAHUT JHIIb He-
3HAUYUTENbHBIH POCT HAaMarHUYeHHOCTH BIIOTb 1O HCTHHHOTO
HaCBIILEHHUS.

Hcxonst u3 coBpeMeHHBIX TpelcTaBaeHuH Teopuu ¢eppo-
Marietu3ma, KpUBYI0 HaMarHM4YHBaHHsI MOXKHO pPasfesdTb
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npuMepHo Ha dernlpe yuactka (puc. 1-8). Ilepsriit yuactox
COOTBETCTBYeT OOPAaTHMOMY CMEIUEHHIO T'PaHUIl MeXnay o6-
JIACTSIMH CaMOIIPOU3BOJIbHOM HaMarHUYEHHOCTH (HaMpsKeH-
HOCTb TOJISI JUIsi 3JIEKTPOTEXHHUYECKON CTaslu JECsThle A0JU
aMmmnep Ha MeTp).

Bropo#i yuacTok oTpaKaer HeoOpaTHUMOe CMelleHHe rpa-
uul. M3meHeHre HaMarHWYeHHOCTH Ha 3TOM y4acTKe MpOHC-
XOIUT CKaukKooGpasHo (3a
cyeT HeoOpaTHMHIX ckau- 4l
koB bBapkraysena). 3Itu
CKauKH 06yCJIOBIHBAIOT
CTYNeHYaTOCTh KPHBOH Ha-
MarHu4uBaHusi B o06JIacTH a
moJiedl,, COOTBETCTBYIOIIHX
yuactky 2. Xapakrtep H3- n 2
MeHeHHs] HaMarHHYeHHOCTH
B YBEJHYEHHOM Macwitabe Pyuc. 1.8, Kpupas HamarnHuMsatus
Ha puc. 1-8 nokasau cmpa- tbeppomarnuTHOrO0 06pasua.
Ba. Ha 3TOM Yy4YacTKe uHMme- I—oﬁpaTl}MOe CMelU[eHHe TPaHUul MeXAay
ercs  Haubomee KPYTOH  rpamnn: g ramamnannane Cheuenne
noibeM KpHBOHM HaMarHu- "}A’g‘gjﬁfﬁna‘:};fe“‘gggfau;‘°}‘l“oeﬂﬂ°;cim‘:e;;;?‘
yyBaHusi. HHTepBan Ha-

NpSXKEHHOCTH  MAarHHUTHBIX

MoJIel, COOTBETCTBYIOUIMX YYaCTKy 2, 3aBUCHT OT KPUCTaJ-
JIMYeCKOH TeKCTyphbl cTaJjiu. /sl HeTeKCTypOBaHHOH CTaJu
MaKcMMaJlbHOe M0Jle, COOTBETCTBYIOIIee 3TOMY MPOIeccy, Co-

Jec Jec Lec
] [
1600F— 00— —— sgp| V11 (0001}
L1111 1 - )
1200 (/ 400 7200 —
el v
800 800
200 4 ooy /
400 - 400
. Fe H Ni H Co H
0 200 400 3 . [ 100 200 3 0 2000 4000 6000 3

Puc. 1-9. Kpusble HaMarHHuMBaHUsi MOHOKPHCTa/NbHBLIX 06pa3lLoOB XKeJse-
3a HHUKeJs U KobajbTa IJs pa3/IM4HbIX Kpncmnnorpaquecxnx Hanpan-
JIEHHH.
craBaser 4-102—8-102 a/m, a njas TeKCTYpOBAHHOH cTaju
npy HaMarHMYuMBaHUM oOpasia BJOJb HanpaBJeHHs NMpoKar-

KH OHO 3HAUYUTEJIbHO MeHbLIE.
TpeTuit yyacTox xapaKTepH3yeTCsl NPOLeECCOM BpalleHHd
BEKTOpa HaMarHUYWBaHUA K HaNpaB/EHHIO BHELIHEro MoJsl.
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Ha sTom yuacTke pOCTHraercsi TeXHHYECKOE HacChillleHHe
¢deppomarneTnka. HamarHuyeHHOCTb 3JIEKTPOTEXHHYECKOH
CTajId NpH HaNpsXKeHHOCTH MarHuTHoro moJas 1-10° a/m ot-
JIPUaeTcss OT HaMarHHYeHHOCTH HCTHHHOTO HachILeHHsT MeHb-
we ueM Ha 19%.

UeTBepThlfi y4acTOK KPHBOi HaMarHHYHBAHUS COOTBETCT-

ByeT NpOLecCy HCTHHHOTO HaMarHWuuBaHusi ¢eppoMarHeTH-

Ka, HasblBaeMOMY I1apanpolecCoM.

W8 _B_____ Ha sToM yuacTke noJHOCTbIO 3a-

Maxe KaHYMBAIOTCS HPOLECCH BpalleHus

(H=108 a/m nns saekTpoTexHHYe-
CKHX CTaJel).

[Ipn HaMarHWuMBaHUH MOHO-
KpPHCTaJbHBIX 06pasOB BLOJb pas-
JUYHBIX  KpHCTa/sorpaduuecKux
HanpaB/eHUH BHJI KpHBBIX HaMmar-
HUYMBaHHUsA OyIeT pas3/IMYHBIM (pHUC.
1-9). HamarnnumBaHHe MOHOKDH-
CTa/JIOB JKeJie3a BIOJbL pebep Ky-
6a ocyuiecTB/IsieTcsl 3a CYeT IMpo-
IIeCCOB CMeLIeHHs, M KpHUBas Ha-
MarHMYuBaHua ujper Kpyro. [lpu
HaMarHWYMBaHUH BJOJb NPOCTPaH-

CTBEHHOH JuaroHany, rae 66JbLIYIO

pa';‘,:c'al g)ép:;g"ﬂm;"fggff pOJIb MIPalOT NpPOLECCH BpaLIEHHS,

06pasna. KpUBasi ~ HaMarHUYMBAHUSI  HAET
T0oJIOTO.

ITpu nomewenun deppomarautTHoro o6pasna B NepuoOIU-
yeckoe 3HaKONEepeMEHHOe IoJie BeJHYMHA M 3HAaK BeKTOpa
MarHUTHOM MHAYKUUM ONHCBIBAIOTCS UHKJIOM THCTepesuca
(puc. 1-10).

[Toomane uMKIa. MPONOPILMOHAJNbBHA 3HEPrHH, 3aTpa-
YHBaeMOH BHEIIHMM MCTOYHHKOM Ha TlepeMarHu4yuBa-
Hue 1 x3 o6pasma.

B npouecce HaMarHUYuBaHUS M NepeMarHuYuBaHus ¢ep-
POMAarHUTHBIX T€J MPOHCXONHT H3MEHEHHe UX pa3MepoB, Ha-
3bIBaeMOe MarHUTOCTpUKLHUeHd. $IBleHMe MarHUTOCTPHUKLHH
BBI3bIBAETCH H3MEHEHHEeM CHJIBI MarHUTHOIO B3aHMMOJeHCTBHSA
MeXJIy aToMaMd B Ipollecce HaMarHMYMBaHHUS, B pe3yJbTa-
Te uero H3MeHsieTcsi mapaMeTp pemieTkd. Pasiuuaror He-
CKOJIBKO BHJIOB MarHUTOCTPUKLHUH:

1) mponOJbHYIO — OTHOCHTeIbHOE  H3MeHeHHe  JJIHHBI
06pasuos (2.” =Al/l) BROAbL HanpaBlieHHss HaMaTHHUHMBa-
HHUS;

12

i=

]

*,
”Mam:




2) nomnepeuHylo — OTHOCHTeJIbHOE H3MeHeHHe JIMHEeHHBIX
pasMepoB o6pasna B HanpaBJeHHH, IePHeHIUKYISIPHOM
npuioxeHHoMy nomo (1, =Alfl).

3) o6beMHYIO — OTHOCHTEJIbHOE H3MeHeHHe obbeMa 06-
pasua (A,=Av/v)B npounecce HaMarHHYUBAHHUSA.

SIBleHne MarHUTOCTPUKLHUM HabJaiofaeTcsi B ¢peppomarHe-
THKaX, UMelowux AoMeHbl ¢ 90-rpagycHbBIM COCEICTBOM H
B 06/1aCTH moJieli, rle HaMarHHUNBaHHe NMPOUCXONHUT 3a CUET
NPOLIECCOB BpalleHHU .

HamarauunBanue 06pa3unoB 3a CYET CMeLIEHHS TpaHHIL
Mexay AomeHamu co 180-rpafycHBIM COCELCTBOM He BHI3HI-
BaeT M3MeHeHHs HX pa3MepoB. TakuM o6pas3oMm, mo BesHu-
YYHe MAarHUTOCTPUKUMH HAacCHIIEHHsS MOXHO CyIHTb O Mar-
HUTHO! TeKcType (peppOMarHeTHKOB.

MarHuTOCTPHKIMS pa3JHYHBIX (PeppOMarHeTHKOB MOXKET
ObITb MOJIOXKHTENIbHOM M OTPULATEbHOM, YTO COOTBETCTBYET
VIJIMHEHHIO WJIH YKOpOueHHIo o6pasla.

3HaueHHs] MarHUTOCTPHKUMM NPH HaMarHHYHBaHHU (ep-
pOMarHeTHKa IO HacbllleHHs BoJb oceit <100> u <111>
Ha3bIBAlOT MOCTOSIHHBIMM MATHHTOCTPUKUHH H 0603Hayalor
Moo M Aygy. MAarHHTOCTPHKIMST MOHOKpHCTaJja NMPH Hamar-
HuuuBaHUK o6pasua BAOJb ocH <110> He sBIgercss camo-
CTOSITENIbHOM XapaKTePHCTUKOH U ONpelessieTcsl MOCTOSTHHbI-
MH MarHHTOCTPHUKIMHU Asoo H Aiit.

1-2. OCHOBHBIE MATHUTHBIE XAPAKTEPUCTUKH
®EPPOMATHETHKOB B NOCTOAHHOM MATHHUTHOM IIOJIE

deppomMarHuTHLEIE MaTepHaJsbl XapaKTepU3YIOTCS 3aBHCH-
MOCTbIO OT HampsKeHHOCTH BHeiHero noas H caenyromux
napaMeTpoB: MarHUTHON MHAyKUud B, HamarsuyenHoctn J u
MarHuTHOi InpoHuuaemoctd u. B cucreme CH marnutHas
MHIYKIHS BEIpa)kaeTcs B Tecaax (74), HanpsKeHHOCTb Mar-
HUTHOIO TOJsI B aMmepax Ha Merp (a/d), a CBSI3b MEXAY
HHMH NOLYHHSETCS ClelyloleMy BhIpaXKeHHIOo:

. B=uuH, (1-3)
rle Wo— MarHHTHas MOCTOsSIHHasl, paBHasl abGCOJIIOTHOM Mar-
HHTHOM npoHHIAaeMOCTH Bakyyma (uwo=4m-10"7 en/m); p—
OTHOCHTEJIbHAsi MarHUTHAsl MPOHUILAeMOCTb.

BenuunHa pa=uuo HasbiBaeTcss a6GCOJIOTHON MarHUTHOH
npoHunaemoctoio. OTHOcHTesNbHAasi MarHHTHas IpPOHHIlae-

MocTb | B cucteMe CH uHc/leHHO paBHa MarHMTHOH IPOHH-
naemoctd B cucreme CI'CM:
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rne B —wmaruutHas uHAykuwsi, ec; H — HanmpsiKeHHOCTDb
MAarHUTHOTO TOJSf, 3.
Bextopn B, J u H cBsizannl mMexay co6oft ypaBHeHUeM

B cucteme CHU
B=po(H+J);

B cucteme CI'CM
B=H-}4nJ.

CooTHOmEHHsT MeX/ly eNMHUIaMH MarHUTHBIX BeJMYUH
B cucremax CH u CI'CM npuBoasitcsi B HHUXKec/edyloled
TabJauIe.

M - o
ar}g«:;n;):g:ﬂ:(:pax Cucrema CH Cucrema C[CM oz‘rﬂk:;!ﬂzﬂue

MaruutHas WHAYK- Tecna (maxa) raycc (2c) 1 ma=10% 2¢c

s

amnep (a a

Hanpsennocrs amnep (a) aperen (3) 1—=4r10-3 5

MarHUTHOTO MOJIS MeTp M M
MarHuTHBI MOTOK BeGep (80) MakcBesn (mxc) | 1 86=10° mkc

CBs3b MexJy eIMHHIAMH HampsKeHHOCTH ToJs a/M,
afcm n 3 ciaenyomas 1 a/em=10% a/u; 1 afcm=0,4na.
WHpykuus ¢GeppoMarHeTHKOB  BaBHCHUT OT  MPHJO-
JKEHHOTO MaTHUTHOTO [10Js. DTa 3aBUCHMOCTh, KaK yxe yKa-
3;133;10%, npencrasiser co60OH KPUBYIO HaMarHHYHBAHUS
=f(H). :

a) KpuBas HamarHuuuMBaHus

KpuBas HamarHuuWBaHMss B MOHOTOHHO BO3pacTramoLleM
nofe nJs (eppoMarHuTHoro obpasua, OXJIaxKIEHHOro OT
TeMIeparypbl Bbllle TOukd Kiopu, HasblBaeTcsi KPHUBOH mep-
BOHAYa/bHOrO HaMarHuWuWBaHus. Ha mnpakTike H3MepsSIOT
OCHOBHYIO (KOMMYTallMOHHYIO) KpHUBYIO HaMarHUYMBaHHS,
ABJSAIOILYIOCS] T€OMETPUUECKUM MECTOM BEpUIMH YCTaHOBHB-
IIMXCS LWKJIOB THCTepe3nca, COOTBETCTBYIOLIUX Pa3THYHBIM
3HayeHHUsIM HaJOXKEHHOro Ha obOpasell MAaTHUTHOTO IIOJS.
PasnnuHblil xapakTep 3aBUCHMOCTH MarHUTHOH MHAYKUHUH OT
IOJIT HAa pPasHBIX yuacTKax KPHBOI HaMarHUYUBaHHUS He IIO-
3BOJISIET NOJYYUTb INPOCTOrO AaHAJUTHYECKOTO BBIpaXKeHHS,
OMHUCHIBAIONIEr0 BCIO KPHUBYIO HAMAarHUUMBaHUS.

Ob6ractbv Hauarbroz20 Hamaeruuusanus. Ha atom yuacrt-
Ke TIPOHALAEeMOCTb €ab0 3aBUCHT OT HANpPsKEHHOCTH MOJS.
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3HaueHne HauaJbHOM MPOHHLAEMOCTH OMpefesisiercsi U3 Bbi-
paXKeHus

(1-5)
OnHako TOYHOe H3MepeHHe NPOHHLUAEMOCTH IPH OYeHb

MaJblX MOJSX SIBJISETCS TeXHUYECKH TPYNHOBBINOJHUMOH 3a-
naveit, OOBIYHO OrpaHHYUBa-

IOTCS1 TPOHHLAEMOCTbIO TpH 0

nojte H=0,2+0,5 a/m. 3Ha- gpgp

YeHHe OTHOCHUTEJbHOR Mar- \

HUTHOH NpPOHHLAEMOCTH TIPH 4g0p

yKa3aHHBIX MOJSX HJs pas- \ 4

HbIX MapoOK 3JeKTPOTEeXHHUe- [——

CKoil craiu uamensiercs or U 02063 4

HECKOJIbKMX COTEH €IHHHULL 10 ~“ /\'\

HeCKOJNILKUX Thicgu !, Maruur-* 8000 /|

Hasi NpPOHHLAEMOCTb u Jaxe * /

B 0o6sacTn MaJioii HanpsxKen- ' 4000 J/

HOCTH TMOJIT 3aMeTHO BO3pa- / )

CTaeT C YBeJHUYEHHEM NOJIsi #

(puc. 1-11,a). 0 Q25 425 _girs s
Ob.racto Hauboabuel npo- 6)

Huyaemoctu. Ha atom yuactke 7200{2

KPUBOH HAaMarHUYMBaHHUA . .

MariuTHasg — MPOHUNAGMOCTb | —T

3HAYUTETbHO H3MeHseTcs "

npu pasHbIX 3HaueHusx H u 400

cTeneHb ee HM3MeHEHHs 3aBH- H

CUT OT cOpTa CTaJH M HHIH- 0 0002 9004 Q006 G008 3

BH/yaJIbHBIX ocoBeHHOCTeH . Q)

obpasua (puc. 1-11,6, 8). Puc. 1-11. 3aBucumocts Martut-

3HaueHus MAaKCHMAaJIbHOH, HO# npounuaemoctd craiu 43

OTHOCHTEJILHOH NpPOHHLIAeMO- oT Toas.

CTH B TOPSUEKATAHOM CTAlm  * po,sRe0yT fonae O oo coomuic

COCTaBJISIET 3 000—10 000,

B XOJIOZHOKaTaRo#  TekcTypoBaHHOH — 30 000—80 000.
Ob6aacte npubauscerus K Haceuyenuto. Kpupas Hamar-

HHYHBAHUS B CHJIbHBIX MArHUTHBIX MOJISIX ONUCBLIBAETCS BhI-

paxenneM (cucrema CI'CM)

0 bo 0
T= 4 —%‘—'W—%>+”°H» (1-6)

!' B panbHeiilieM, eCId He OTOBOPEHO HHOE, peub HAeT 06 OTHOCH-
TeJbHOH MAarHHTHOH NpPOHHUUAEMOCTH.
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rae ao, bo, Co— KO3 HIUHEHTH, 3aBUCALIHE OT COPTa MarTe-
pHasa; %o— MarHHTHasi BOCNPHHMYHMBOCTb [apampolecca.

Ara ¢opmyna nosyuuaa Ha3BaHHe 3aKOHA NPUG/IHKEHHS
K Haceimenumo [JI. 1-11].

Mo pannem [JI. 1-12] ans nomuxpucrainnueckux o6pas-
LI0OB HETEKCTYypOBAHHOH TpaHcdopmaTopHO# cTanu Ko3ddu-
HHEHTH ap M by cocraBasoT: ay=1,3 3; bo=4-.10% 32
ITpu Taxux 3HaueHHAX KO3DHUUEHTOB @y U by BTOPOH H
Tpemuit uleHsl B (1-6) yxe npu H=10° a/m cocTaBASIOT THI-
CAYHBIE JOJH eJMHHIbl, 3 HAMarHHYeHHOCTb HETEKCTYPOBaH-
HBIX 00pasloB 2KeJe30KPEeMHHCTOro CIlaBa COCTaBJsieT
npuMepHo 99,99 HaMarHuu4eHHOCTH HachllleHus. Ias xo-
JIONHOKAaTaHOH TEeKCTYDOBAaHHOH CTaJM TaKasi HaMarHuieH-
HOCTb JOCTHIaeTCs NMpH 3HAUYUTENbHO MeHbLIeH HampsiKeH-
HOCTH TOJIS.

6) Koadduuuent paamarHHYHBaHHSA

KpuBast HamarauunBanus B=f(H) sBiasercs xapakrepu-
CTHKOH MaTepHaJja TOJbKO B TOM cJyyae, KOra NOA Hanps-
JKEHHOCTBIO N0JIsl IOHMMaeTcsl IoJe BHYyTpH obGpasna. B cay-
uae 3aMKHyTOPI MarHuTHOM lenyu (TOpOHAaJbHble 06pas3iibl)

HanpsKeHHOCTb MAarHHTHO-
'TO nojs BHYTPpH ob6pasma
Hy paBHa HanpsKeHHOCTH

5! Hy N | BHemHero nons He. B pa-
/)‘ - _«':%: _____ 7 30MKHYTOH MarHHTHOM LeNnH

. — BHyTpeHHee nojie Hy 6ynmer
. He . MeHbllle BHelHero noas He

Ha BeanuyuHy H,, npeacras-

Puc. 1-12. HampaBienne BHYTpeHHe- A0y cO6Oi pasMarHu-
ro ¥ Ppa3MarHHYMBAIOIIErQ noJeH

B o6pasue pasoMKHyToi opmm, IABaroliee noJie. 1o
BHECEHHOM B OJHOpPOJHOE BHeLIHee YMEHbIIEHHE MarHuTHOro

mozne. noJisi BHYTpH oOpasia BH-
3BIBAETCS] MArHUTHHLIMH .TIO-
JiocaMH, o6pasyolUMUCT Ha KoHuax obpasua (puc. 1-12).
PasmaruuunBalomee nose (Hg) HampaBleHO NPOTHBOIO-
JIOXXHO BHEIIHEMY M 3aBHCHT OT HaMarHMYeHHOCTH o6pasna
(Ho=NJ). Kosdouuuent nponopuuoHajbHocT N HasH-
BaeTcs pasmarHuumBalomuM (Gakropom. Kaxk mnoxasan
P. Y. fuyc [JI. 1-13], B MarHuTHHIX UeNsX ¢ HEOJHOPOIHO
HaMarHuueHHbIMH TeJIaMH HJIM TOJSIMH HaMarHHYMBaIOMHX
06MOTOK pa3MarHMyuBaiollee IOJe MOXeT HMeTb OAMHaKO-
BOe HalpasJieHHe C [10JeM HaMarHHYHBaKomuX 06MOTOK. ITO
NPHBOJUT K BHPABHHBAHHMIO HaMarHWYeHHOCTH o6pasua Mo
ero JIMHe.
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[Iupoxoe fipHMeHeHHe B TeXHHKe Halllin HENOJHOCTHIO
3aMKHYTBle MarHdTHble Uenu (NMPSMOYTrOJbHble paMbl H3
TVIaCTHH NpH COOpKe MJIACTHH BCTHIK HJIM BHAXJIECTKY).

1-3. OCHOBHBIE XAPAKTEPUCTUKH H NTAPAMETPbI
®EPPOMATHETHKOB B MEPEMEHHOM MATHUTHOM NOJIE

a) KpuBas HamarHuuMBanus

Ecin  alekTpoMarHuTHble XapaKTEPUCTHKH 06pasioB
C 3aMKHYTOH MAarHMTHOH LeNbi0 B NOCTOSIHHHIX MarHHTHBIX
IOJISIX 3aBHCAT OT COCTaBa U CTPYKTYPHOI'O COCTOSIHHS MaTe-
puaja, To MarHUTHbIe XapaKTePUCTHKH B II€PEMEHHBIX MOJSAX

3aBHCAT, KPOMe TOTO, OT pa3MepoB 00pasioB (A5 JHUCTOBO-
ro Matepsaja OT HX TOJ-

IMMHE), GOPMH KPHBOH H  ma|B 7—
YacTOTHl  HaMarHHWYUBAIO- i

Ilero TOKa.
Tak xak HamarHuyuBa-
HHe MAarHHTONPOBOXOB H3 6 //7 /
i

O
[
I\

3JIEKTPOTEXHHYECKOH CTaJH

i
B OOJBIIHHCTBE CJy4YaeB 04 / /‘ [ /

IPOHCXOXUT B IEepeMEHHOM

MAaTHHTHOM IIOJIe, TO Mar- 92
HHTHBIE  XapaKTepHCTHKH / / / /
AJisl 3THX YCJOBHH Hamar- ud
HHYMBAaHHUSI HUMEIOT Hau- -80 g 80 160 a/m

Gosblree 3HaueHKe. Puc. 1-13. CraTuueckufi u nuHaMu-
Oco6eHHOCTD HaMar-  yeckuil WuKJ rucrepesuca cranu 43
HHYHBaHHA (eppoMarHuT- ¢ TomuuHO#k Jucra 0,5 mu mpu B=
Horo Matepuana B Nepe- l—-cra:nlq'gcxfa{;- ‘HZ—f—_n?lga;lp‘l;lecxnﬂ
MEHHOM MArHHTHOM IIOJIe ' ’
COCTOUT e€lleé B TOM, 4YTO
B TOJIIE MaTepHaJia 06pa3y10Tc;1 BHXpEBbLIE TOKH, B pe-
3yJbTaTe 4ero MMeeTCs HEOJHOPOJHOe pacnpejnejeHHe mar-
HUTHOM HHAYKIOHH IO CEYEHHIO JIUCTA: B CepelnHe JHCTa €e
3HaueHyue MEHble, 2 B MOBEPXHOCTHHIX CJIOAX 6oablre. dTO
SIBJIcHHe Ha3blBaeTCs INOBEPXHOCTHBIM 3dderkToM. Bosuu-
Kawlue IIOTEPH SHEPIMH OT BHXPEBBIX TOKOB NPUBOAAT
K paCIIMPEeHHIO LHKJa THCTepesuca, KOTOPHIH B 3TOM Cayuae
Ha3bIBaeTCsd AHHAMHYECKHM UHKJIOM TIHCTepe3Hca. [Trowans
NMHaMHYECKOro IMKJa DPHCTepe3Hca NPONOPLHOHANbHA CyM-
Me II0TEPL OT THCTEpPe3rca H BUXPEBLIX TOKOB.
H3o6paxenHsiit Ha puc. 1-13 puHaMHuecKui LUK/ MUCTe-
pesnca OTHOCHTCA K Clayyaio cnaﬁopaaBHToro, a Ha

17




pie.  1-14 — cunbHOPA3BHTOrO  fOBepXHOCTHOrO sddeKra.
[eomerpuueckoe MecTo BepiivH AWHAMHYECKHX LHKJIOB TH-
CTepesnca XapaKTepuU3yeT M3MeHeHHe aMIVIUTYAbl MarHuT-
HOH MHAYKUMH B 3aBHCHMOCTH OT aMIUTHTYABI HaTpSIKeHHO-
CTH TIEPEMEHHOr0 MArTHHTHOIO MHOJISI W NpeAcTaBJaseT cO6OH
NHHaMHYeCKYyI0O KDPHBYI0 HaMarHMuuMBaHusi. B ciyyae 3aoct-
PEHHBIX HIHKJ/IOB THCTepe3nca JHHAMHYecKasi KpUBas HaMmar-
HHYHMBAHHS ONpefiesseTcss OJHO3HAUYHO M OTHONIeHHe MaKCH-
MaJIbHOi MAarHUTHOM HHAYKUMH By K MakcHMaJbHOMY 3Ha-
YEHHIO. HANpSKEHHOCTM MAarHHTHOrO TOJsi  Onpejesiser
aMIINTYJHYIO MarHUTHYIO TIPOHHLAEMOCTD

p=—gr (1-7)

B ofpasmax XoJ0OIHOKAaTaHOH TEKCTYPOBAHHOH CTaJH,
MMEIOLIHUX BBICOKYIO NPOHHIAEMOCTb B CPEIHUX TOJISAX U aHO-
MaJIbHO GOJbllIKe IOTEPH OT BH-

mn|8 XpeBbIX TOKOB Jlaxe IIPH 4acToTe
/ : nepemMeHHoro noas 50 ey, Bep-
g8 LIMHBEl JUHAMHYECKHX LHKJOB I'H-
27/1 cTepe3uca CHJIBHO 3aKpYIJIEHBl
a6 (puc. 1-14). ITostomy mas Takux
006pa3loB CpaBHeHHE AHHAMHYe-
CKHX KDHBBIX HaMarHHYHBaHHUS

04 CO CTaTHYeCKHMH 3aTPyAHEHO.
IIpn uamepeHHM KpHBOH Ha-
MarHMYHBaHHUS B IePeMEHHOM TIO-
4 Je GoJblloe 3HaueHHE HMeeT
p ¢opMa KpHBOH MarHHTHOH HH-
AYKUHH M KPHBOH HanpsiKeHHO-

40 0 40 am CTH MAarHHTHOro mnoJys. B momas-
Puc. 1-14. Cratnuecknit u gu- J1SI0IIeM OGOJIBUIHHCTBE CJyYaeB
HAMHYeCKHi UMKJIBI rucTepe- B HAaMarHHYHUBAIOIIYI0 OGMOTKY
iﬁiﬁf{f;‘"ﬁiﬁ TOMHOR  yvarHHTONPOBOXA NOAAeTCs Ha-

“uf=50 2y, TpsiKEHHEe CHHYCOHAAJIbHON ¢op-
1 — cratmueckufi; 2 — pupammue- MBI, TaK KaK AaKTHBHOE COIPO-
| oKui, THBJIEHHE HaMarHH4YHBAIOUIHX 06-
MOTOK MaJIO IO OTHOIIEHHIO K pe-
AKTHBHOMY COTNPOTHUBJIEHHIO, TO H3MeHeHHe MHAYKIHUH OJH3-
KO K CHHYcOHma/JbHOMY. KpuBasi GOopMbI TOKa B3ITOM Cjyyae
OTJIMYaeTcsi OT CHHYCOMABl. TOK WJIM Hanps:KEeHHOCTb Mar-
HUTHOTO TNOJSI B COOTBETCTBHH C JHHAMHUECKHM LHKJIOM
rucrepesnca JOJIKHBI H3MEHSTbCS BO BpPEMEHH IO TaKOMY
3aKOHy, UTOGH H3MEeHeHHe MAarHMTHOH HHIYKUHH ObLIO CH-
HyconJaJbHbIM (puc. 1-15,a).
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B cpenHux MarHuTHbIX noJsix, rae Gopma LUKJIA THCTe-
pesnca 6/H3Ka K 3JUIMNCY, KPHBas TOKA HMeeT NOYTHU CHHY-
counaNbHblii BuJ. B mpakTuke BCTpedaloTcsi clydad, Koria
M3-32 GOJIBLIOTO AKTHBHOIO CONMpPOTHBJIEHHsT HaMarHUYUBalo-

8 8
| _,._':I |
|
/ Lt} t
T T T
]I' : | il W
AR N
T‘H’" ‘‘‘‘‘
b 4 -
|
)
¢ a) 7 .

Puc. 1-15. Bausinue rucrepesuca ia (GopMy KpPHBBIX MAarHHTHOTO IIOJIS
M MarHUTHOM MHAYKLHH.

a — xpusBass H(f) npM CHHYCOHIa/JIbHOM M3MCHEHMH WHIAYKUHUH; 6 — kpusas B(f)
NPH CHHYCOHAA/JbHOM H3MGHEHMM HAMPSIKCHHOCTH MAarHHTHOIO INOJS.

el Lenu KpHUBas TOKa CTAHOBHTCS GJHM3KOH K CHHYCOH[E,
a KpHBasg MarHUTHOH WHAYKLUHH OKa3blBaeTcss 3HAUUTENbHO
uckaxenno# (puc. 1-15,6).

[Tpy npoexT™MpoOBaHHU 3JEKTPUUECKHX MAIIWH M ammapa-
TOB 0OoJiblioe 3HayeHHe HMeeT KpHBasg HaMarHHYMBaHHUS,
y KOTOPO# MarHUTHasi HHAYKUHS Bblpa)KeHa B aMIIUTYJHBIX
3HayeHUsx By, a HaNpsXKEeHHOCTb MArHUTHOrO noJs no ¢op-
myae H=1In/l; B 3ToM cyyae 3HaueHHe HaMarHMYMBAIOLIErO
OISl BHIUKMC/SIETCS B JeHCTBylomMX 3HaueHusx. Kpusble Ha-
MarHHYMBaHUs B nepeMeHHOM nose By=f (Hpyesicrs) 0OBIYHO
OnpefeasioT NMpH CHHYCOMJAJbHOM H3MeHeHHM MAaTHHTHOH
HHIYKUUH. B aToM ciyuae, Kak ciaenyer u3 puc. 1-15,6, xpu-
Basi HanpsI)KeHHOCTH TIOJIsl OTJHYaeTcsl OT CHMHYCOMIBI H OT-
HOIeHHe MeXAYy AaMILUIATYAOH INOJsA H ero AeHCTBYIOIIHM

3HaueHHeM He Gymer paBo }/ 2. DTo OTHOuweHHe GoJblie

V" 2, a Hyeers V 2<Hy. 3Hauenne Hyegers V2 MOXHO
CONOCTAaBHTb C AMILIUTYNOH IKBHBAJEHTHON CHHYCOMIBI, H
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MarHuTHag NOPOHHLIAEMOCTb B 3TOM CJaydae ONpeHeasaeTCs
KakK

— Bu
o pemcrs Ve

B HekoTOpHIX clydasix BaXKHOe 3HayeHHe MMeeT MarHuT-
Hasl TIPOHUILAEMOCTb, ONpeiessieMast Mo NepPBLIM rapMOHHKAM
HHAYKIMH By M HanpsKeHHOCTH MAarHUTHOTO noas Hiw:
M=Bm/H1M-

3aMeHsiss NHHAMHYECKHH LHKJ DHCTEPE3nca 3JIJIHICOM,
HMeloIuM Ty xe nuomanb, B. K. Apkaaves [JI. 1-14] BBen
NOHATHE YNPYroil M BsA3KoH mpoHuumaemoctd. JlJa1s nmapamer-
pHUECKOr0o ypaBHeHHs ajuunca H u B N0MKHB ObITh CHHY-
COHIANBbHBLIMH QYHKIUSMH BPeMeHH

H=Hysin ot
B =By sin(of—35).

3HaueHHe MAarHHUTHOH HHAYKUHM MOXHO I€pemHcaThb
B BHJE

p= (1-8)

B =By cos § sin of—By sin § cos wt.

BeipaxeHuss Bycos8 u Bysind 3amenuM uepe3 By
H Bmz.
Ynpyras npoHHIlaeMOCTb OnpefiesisieTcss KakK
__FBy;  Bycosd
p="0m - Bae? (1-9)

a BA3Kaf

__ By, _ Bysind )
By = H, —  Hy (1-92)

BosBonuMm B KBajpat y1 H 2,

P":Vl"'f +!"‘§ = BM/Hm
TAaHreHC yrja norepb ONPEeNesieTCA BbIpazKeHHeM
tg 6= pa/ s,
NpOHHNAEMOCTb U MOXKHO BBIpA3HTb B KOMIIJIEKCHOM BUIE
W= p1—jpa.

ITonpoGHoe H3NOXKeHHe BCeX BHIOB MPOHHILAEMOCTH B Iie-
peMeHHOM Toste ano B [JI. 1-15].
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6) Ilotepu ot rucrepe3suca v BUXPEBBIX TOKOB

Kak ykaseiBasioch Bblllle, 32 ONHH LUK/ I€peMarHHuHBa-
HHA (QeppOMAarHUTHOrO MaTepHaJsa 6ecrosie3HO 3aTpayHBaeT-
csl 3HepIHs, NepeXoislllasi B TeJ0, NPONOPUHOHANbHAS MJI0-
majy IMHaMHYecKOro UMKJa rucTepe3uca. 3aTpaTa 3Hepruu
3a | cekx, oTHeceHHass K Macce Marepuansa B | Ke, Hasbl-
"BaeTcsl YAeJNbHBIMH IOTEePSIMH, Y IeslbHble MOTEPH B CTaJH
cJaralTcs H3 NOTepb OT THCTepe3uca H NOTepb OT BHX]e-
BbIX TOKOB. .

[Torepu ot rucrepesuca, 87/k2, MOryT GHITb PaCCUHTaHbI
B cucreMe CI'CM

N
P = 4«2 1074, (1-10)
roje s — Jolafb CTAaTHUYECKOro LMKJAa THCTepesuca, ec-3;
y — TJIOTHOCTb MaTepHaJna, e/cm3; [ — yacToTa nepeMeHHOro
TOKa, 2y;
B cucteme CU
pe=-L, (1-11)
Y
rie S — IJIOWAJAb CTATHYECKOTO LUKJIA THCTepesuca, T4 -alm;
Y — NJIOTHOCTb MaTepuana, Ke/md.

[Tnomanb craTHYeCcKOro LMK/ DHCTEpe3uca B CBOIO Ode-
penb 3aBHCHT OT MaKCHMaJbHOH HHAYKUMH, KO3PUUTHBHOH
CHJIBI, OCTATOYHOH HHIYKIHH.

[Totepu or BHXpEBBIX TOKOB MOXKHO JIETKO BBIYHC/HTD
IpH YCJIOBHHM DaBHOMEDHOrO H3MeHEHHWs MArHUTHOH HHAYK-
IHH 10 BCEMY CedYeHHIO JHCTAa M NapaJjie/bHOCTH BEKTOpa
MHIYKIHH BEKTOPY HAanpsiKeHHOCTH MAarHMTHOTO — MOJS
[/1. 1-16]). PaccMoTpuM (eppOMarHMTHYIO NJIACTHHY, HaXo4s-
mylocs B NlepeMeHHOM MarHuTHoM noje. OGbeM NJIacTHHBI
MOXHO TIPEJCTaBHUTh COCTOSIIUHM M3 MHOXECTBa 3aMKHYTHIX
3JIEKTPHUYECKHX KOHTYPOB, HEKOTOpble M3 HHX IOKa3aHHl Ha
puc. 1-16,a. I1pu n3MeHeHHH MarHUTHOTO NOTOKA B KaxKJIOM
TaKOM KOHType OyIeT HaBOAUTbCS 3. H. C. €x, a IOTepH
B €NMAHIY BPEMEHH p=e,/r, Te r — 3JeKTpHYecKoe COomnpo-
THBJeHHe KOHTypa. CyMMHpysi NIOTepH IO BCEM KOHTypawm,
6yneM HMeTb:

4B, f2d2k} -10-10

Doz = 3 ’ (1'12)

rie By — aMIJIMTyfa MarHUTHOM MHAYKUHH, T4; f— daeTo-
Ta TEepPEMEHHOro TOKa, 2Y; d — TONIIMHA TJIACTHHBI, MM;
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k;— koabdunuent GopMbl KPUBOH MAaTHUTHON HHIYKUWH,
Yy — IJIOTHOCTb MaTepHasa IJIACTHHBI, Ke/mM3;, p — ylesbHoe
3JIeKTPHYEeCKOe CONMPOTHBJIEHHE MaTepuana NJIacCTHHbI, OM - M.

B peanbHbix (eppOMarHMTHBLIX MaTepuajax H3MeHeHHe
MardUTHOM HHIYKLHH HEOJHOPOJAHO IO CeueHHio oOpasua,
a BEKTOp MarHuTHOH MHAyKuuu (npu B<B;) He Bceraa na-

IS S
Iy e P — =
"l o7 T ‘\*~—'1‘:.'-=..—\ NUREN
dlC ¢ DD C )
N~ ~IT==n—=2r-",- 7/
L

Puc. 1-16. BosHuKHOBEHHE BHXDPEBHIX TOKOB BHYTPH MJa-
CTHHBI NIDH HaMarHUYMBAHHH ee NMEePEMEHHBIM TOJIEM.

a— 6e3 yyera JOMEHHON CTDYKTYpbl; 6 —C yuYyeTOM JOMCHHOMH
CTPYKTYDHI,

paJsiiesied BeKTOpPY MarHutHoro mnoJst. HeonHoponHocTb H3-
MEHeHHs] MarHUTHO! MHAYKUUH B Pa3HBIX yyacTKax o6pasua
MoXeT ObITb OOYyCJOBJEHa JNOMEHHON CTPYKTYpOH CTaJu,
CTPYKTYpPHOH HEOJTHOPOJIHOCTbIO MaTepHasa, pa3/MuHON KpHU-
cTajyiorpaduyeckoii OpHEHTalueill KPHCTANIHTOB MO OTHO-
IEHHIO K BHELTHEMY TIOJIIO.

- DJeKTpOABMXKYILIAs CHJa, BO3HUKAlOIIAash B 3aMKHYTbIX
KOHTYpaX, 3aBHCHUT OT CKOPOCTH M3MeHeHH§ MarHUTHOTIO Io-
TOKa BO BpeMeHu (0®@/0t). Ilpu nepemarHnunBaHum obpas-
Lla 3a CYeT CMeLIeHHs CTEHOK MeXJy JIOMeHaMH H3MeHeHHe
MarHMUTHOTO INOTOKa IPOMCXOJHT TOJNBKO B YYacTKax CMe-
IeHusl CTeHOK. B Tex yuactkax obpasua, B KOTOPBIX JOMeH-
Hasl CTeHKa He IepeMelnasach 3a JaHHBIH MPOMEXKYTOK Bpe-
MEeHH, U3MeHeHHe MarHUTHOrO NOTOKa paBHO HyJ 0. [TosTomy
o6pa3oBaHue 3JeKTPUUECKHX KOHTYPOB, B KOTOPBIX JOJIKHbI
BO3HHKAaTb BHXpeBble TOKH, 6y/neT 6o/iee CJIOXKHBIM, YeM TNpPH
ONHOPOJHOM H3ME€HEHHWH MAaArHUTHOrQ IOTOXa. [To maHHBEIM
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[J1. 1-17] npesinaraetcs nuTepnperaiiusi KOHTYPOB BHXPEBhIX
TOKOB, NIOKa3aHHas Ha puc. 1-16,8.

Corntacho [JI. 1-18] B cTep:KHe KBaJApaTHOro CceyeHHs,
MMeIOIeM TOJIbKO 1Ba JIOMeHa, [IOTePU SHEPIHHU IOJydaroTCs
B HECKOJIbKO pa3 OoJiblile, yeM paccuuTaHHble 6e3 yuera I0-
MeHHOH CTPYKTYphl o0pasua.

B [JI. 1-19] paccMoTpeH cayuaii, Korfa no TOJUIMHE JH-
cTa pacnoJarajocb derbipe pomeHa. IloTepu OT BHXpEBHIX
TOKOB NOJYy4u/IuCh B 1,5 pasa Gosbuie, uem no (1-12).

B [JI. 1-20] 6b11n npou3BeneHbl pacyeThl MOTEPb OT BHX-
peBbIX TOKOB C yuyetoM 180° mOMeHHON CTPYKTYpHl AJs1 06-
pasLoB XOJONHOKATaHOH TEKCTYPOBAHHOH CTaJH NpH Hamar-
HUYMBAHUM ee BLOJb HampaBJeHHs1 MpokaTku. [Ipu BbImOJI-
HeHHHM psila OrpaHHYeHHH OBJIO MOJYYEeHO CcJeayollee
BbIpaXKeHHe:

L .
Ps= 1,62 pos =, (1-13)

roe pop — NMOTEPH OT BHXPEBHIX TOKOB, paCCYMTAHHBIE IO
(1-12); L —mupuHa NOMEeHOB; d — TOJILHKHA JIHCTA.

B KpynHO3epHHCTOH XOJIOLHOKAaTaHOM TEKCTYpOBaHHOM
CTaJId LIMPHHA JOMEHOB CPaBHMMA C TOJIUMHOH JIUCTA U IO-
TepH OT BUXPEBBIX TOKOB, paccyuTaHHble no (l-13), moayua-
1oTcst 6Gosblue, uem mo (1-12).

Ecnu u3 ymeabHBIX NOTEpb, ONpelessieMblX 3KCIepUMeH-
TaJbHO, BHIYECTb CYyMMY INOTepb OT rucrepesuca (1-11) u
BHXpeBLIX TOKOB (1-12), TO pasHOCTb 3TUX NOTepb

Pn=pPr.s— (Pr+ Pos) (1-14)

HA3bIBAIOT JOMNOJHHTENbHBIMH MJH 106aBOYHBIMH TOTEPSIMH;
60/1bIIYIO YaCTh 3THX TIOTEPh CJIEAYET OTHECTH K MOTEPSIM Ha
BUXpeBble TOKH ¢ yueTom (1-13).

.@®opmyna (1-13) npumMeHHMa TOJbKO AJS1 XOJOLHOKaTa-
HOH TEKCTYpOBaHHOH CTaJl C pe3KO BBbIpaXKeHHOH KpHucTaJj-
JIHYECKOM M MarHUTHOU TekcTypol. [ssi ropsivexaTaHoll cra-
JIi AOMOJIHHTENbHblE TIOTEPU B CHUJIBHOHN CTeNeHH 3aBUCAT OT
BesqMyuHbl 3epHa [JI. 1-21], Bospacrasi ¢ ero ykpynHeHHEM.,

M3 reopun deppomarHemuaMa H3BeCTHO, YTO C yBeJHYe-
HHEeM pa3MepOB MOHOKPHCTAJ/JbHBIX 06pas3uoB (MM KpHCTaJl-
JHTOE) LIMpPHHA [OMEHOB CTaHOBUTCs OoJblie. [as s/ex-
TPOTEXHHUECKON CTaJd 3TO MNOATBEPXKJaeTcs 3KClepHMeH-
tanabHo [J1. 1-22]. Takum o6pa3oM, 1 AJist HETEKCTYpOBaHHOM
CTajii HEOJLHOPONHOe INepeMarHuuMBaHHe H3-3a JOMEHHOH
CTPYKTYpPBI NPHUBOJUT K YBeJHYEHHBIM IIOTePSAM OT BHXPEBBIX
TOKOB.
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Puc. 1-17. Pasnenenue o6mux mo-

Tepb Ha TIOTEPH OT THCTEPE3HCa H

BHUXPEBBIX TOKOB IIyTEM H3MEpPEHHS
HX TIpH ABYX M GoJiee yacToTax.
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Puc. 1-18, 3aBucuMocTb yIeNbHEIX

TOTePh 3@ LMKJA OT 4YacTOTH Inepe-

MEHHOro 1OJS B XOJOAHOKaTaHOM
CTaH.

1 — o6pa3zen; ¢ HaHOOJDBIIHMH YIeNbHbIMH
norepsiMu; 2 —o6pasery €O CPeIHHMH
Y AeAbHBIMH TNOTEePSAMH; 3 — o6pasel
C HaHMEHBIIMMH YAEJbHLIMH IOTECPAMH.
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B netexeryposaunofi u
TEKCTYPOBAaHHOH CTadH C
3aMETHEIMH yTIJaMH pac-
CEHBAHHUs1 KPHUCTAJJIUTOB OT
HaeajbHOH OpHeHTAaluy,
KpPOMe TOro, HMEeTCS MeX-
3epeHHass HEeOXHOPOLHOCTDb
HaMarHu4YHBaHus, KOTO-
pas Tak Xe MOXeT IpH-
BECTH K YBeJHYEHHBIM I10-
TEePAM OT BUXPEBHIX TOKOB.
Kpucrannutel ¢ ManbiMu
yriaaMH MeXAY OIHOH H3
OCel JIETKOTO HaMarHHYH-
BaHHSl M BHEIUHHM IIOJEM
HaMar{HuyuBawTCa B 6OJb-
IIeH CTeNeHH, YeM 3epHa,
LA KOTOPHIX 3TOT YroJ
3HAYHTEJIEH.

Hanee onHo#t 3 mnpwu-
YHH YBEJHMYEHHBIX HOTepb
OT BHUXPEBBIX TOKOB S$IBJIfA-
ercsl HopMaJibHas K Ha-
NpaBJEHUI0 MOJIg COCTaB-
Jsmolmas MarHuTHOH HH-
nykuun [J1. 1-23].

pane -ciaydaeB npen-
CTaBJisieT HHTepec pasje-
JIUTb H3MepeHHble O0O6LiHe
HoTepH B ¢eppoMarHeTHKe
Ha cocraBjasioune. B 06-
pasunax  3JeKTpPOTeXHHuYe-
CKOH CTaJH C MeJaKo3ep-
HUCTOX  CTPYKTYpOH, IHJs
KOTOPOH  JONOJIHHTEJbHbIE
IIOTEPH MaJbl, obLIHe MoTe-
PH XOpOLIO ONHCHIBAIOTCH

dopmy.toit

Prs= a‘f +ibf2» (1- 15)
rae  af — xapakrepuayer
IoTepH OoT rHcrepesuca,;

bf? — norepn or BHXpeBHIX
TOKOB,



HOTepH SHEepruu 3a UHUKJ NepeMariuYuBaHUA 6y11yTZ

pr.s/f =a+bf. (1-16)
Usmepsist o6mue notepu npu ABYX U GoJiee yacToTax Iie-
PEMEHHOro MoJIs M pellasi CHCTeMy IBYX ypaBHEHHI THIIA
(1-16), HaxonaT Koadpduuuentsl a u b, a 3atrem mo (1-15)
onpefe/sloT NOTEPH pr M ps. PasleieHue moTepb MOXKHO
npoBecTH U rpaduuecku. Breipaxkenne (1-16) npexncraBisier
co6oli ypaBHEHHe MNPSMOH JIHHHM B KOOpAMHATax pro/f u f
(puc. 1-17). Orpesox, orcekaeMblli Ha OCH pr.s/f, paBeH Ko-
3¢ PuIHeHTy a, a TaHreHC yria HakJ/JoHa IPsSMOH JIMHHH
K ocH f—b. '
Hdns 06pasuoB 3JeKTPOTEXHUUECKON CTaNH, HMEIOLIHX
6osbllIHe JOMOJIHUTENbHbIE NOTEPH, 3aBUCHMOCTb pra/f OT f
ABJISIETCS He CTPOTO JIMHEHHOH, 0CO6eHHO B 0GJIaCTH HH3KHX
yacror (0—10 ey). ITo panueim [JI. 1-24] Ha puc. 1-18 mpu-
BelleHO H3MeHeHHe pPrs/f OT f 11 XOJOZHOKATaHOM TEKCTY-
poBaHHOi#I TpaHcdopmarTopHo# craau. [TosaTomy pasnenenue
noTepb Ha COCTABJSIOIME MO TAKOMY METOAY IJIsi TEKCTY-
pPOBaHHOH cTaju fIBJsETCS BecbMa NPHOJHIKEHHBIM.

1-4, BJUAHUE KPEMHUS HA MATHUTHDBIE
U 3JEKTPUYECKHE CBOMCTBA 3JEKTPOTEXHHYECKOH
CTAJIH

DlleKTpoTexHUYeCKasi CTaJb OOLIYHO NpefcTaBasier coboi
CnIaB XKeJsle3a ¢ KpeMHUeM. JlernpoBaHue ejle3a KpeMHHEM
NPOU3BOAUTCA C IeNbI0 YJIyYIleHHs] er0 MaTHUTHBIX H 3JeK-
TPHYECKHX CBOMCTB 3a CUeT: YBeJHYEHHS VJIEJIbHOTO 3JIEK-
TPOCONpPOTHBJIEHHS; BBIKIMHHBaHUA Yy 06/1aCTH HAa Quarpam-
Me xKene3o — KpemHu#t npu Si=2,0+2,59% (puc. 1-19), uro
co3laeT BO3MOMKHOCTb HarpeBa CTaJd [0 BBICOKHX TeMIIe-
patyp 6e3 mepekpHCTaJJIM3aUMH U TIONYYEeHHST TEKCTYpPOBaH-
HOM CTa/ii, YMEHbIIEHHs TIOCTOSIHHBIX MarHMTHOH aHU30TPO-
NHH M MarHUTOCTDUKLHM; YKPYNHEHHA 3epHa; 3HEPTHYHOTO
pacKHC/IeHHUs KHUJAKOrO MeTaljia M HeKOTOpoH rpadurusa-
MK yrJepona. i

ITo nauueim [JI. 1-25] mocrosiHHAsi MarHUTHOM aHU3OT-
ponuu cranu, comepxameh 1% Si, cocraBiaser 45X
X104 ape/cm3, a c 4,5% Si—28-10% ape/cm® (puc. 1-20).
YuuTeIBasi, 4TO BeJMYMHA KOSPUUTHBHOH CHJIBI CBsI3aHA
Onpeje/ieHHOH 3aBHCHMOCTbIO C IOCTOSIHHOH aHU3OTPOIMH
(Hc=K™), MOXHO 0GBACHATb 3TUM HabJI0faeMoe CHUXKEHHe
KO3PUHUTHBHOH CHJIBI C YBeJHUeHHeM COJAEepPXaHusf KPeMHHS
B CTaJH,
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PaccMoTpuM H3MeHeHHe NOCTOSIHHOH MarHHTOCTPHKLHH
Moo M Ai1y B MOHOKPHCTAJbHBIX 0OOpasiax Kele30KpeMHH-
CTOro CIJaBa C pasHbIM cojepxaHueMm KpemHus. Ilo naH-

Codepscanue Kpemwus, amomy. Yo
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Puc. 1-19. Odunarpamma cocrosuuss Fe—Si.

Heim [JI. 1-26] B MOHOKpHCTa/JJaX KDPEMHHUCTOrO CIJiaBa
¢ Si=3,5% A00=24-10"% a A13=2,3-10-6, B. Kapp [J1. 1-27]
HCCJIeJ0BaJ]l 3aBHCHMOCTb Aigg M Ag1y OT COLEpXKaHUSI KpeM-
Hus (puc. 1-21). Bel1o ycTaHOB/EHO, UTO Aygo C YBeJHUEHHU-
eM conepKanus KpemHus c¢ 1,5 no 5% ymenbiuaercsa ¢ 27X
X10—¢ no 17-10-%, a mpu Si=6,5% 6Gam3ka K HyJIO.

Pasnnune no 3Haky W BeJHYHHe MOCTOSIHHBIX MAarHuTO-
CTPUKLHH Moo B Mgy B MOHOKPHCTAJ/JIaX C Pa3HbIM cojepxka-
HUeM KpPeMHHSI HaKJaJblBaeT CBOH OTIEYaTOK Ha BHJ KpH-
BBIX MArHHUTOCTPUKIMH HETEKCTYPOBAaHHOH CTa/d C pas3HoM
cTenenbio JerupoBanusi kpemuuem [JI, 1-28]. Ha puc. 1-22
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BHAHO, uT0 B ofpasiiax ¢ ManablM cojepskaHieM KpEMHHs HA
KpuBblx A(H) uMeercsi MaKCHMyM, CBsI3aHHBIH ¢ OTpHUla-
TeJIbHBIM 3HAYE€HHEM Ai14. C yBeJIUUEHHEM COLEp2XKaHUA KpeM-

Codepacarue Kpemuus, amom. %
apefem’ 4 8 = 12
. U

K ' '
500-10°
4501\

N

400

Puc. 1-20. 3aBucumccrs T0- 350 <
CTOSIHHOH MAarHUTHOH aHH30- \
tponur K or comepxanus 300 Y

A
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Codepacanue Kpemnus, %

HUs1 aOCOMIOTHOe 3HauyeHHe Ayy 3aMETHO YyMeHbIIaeTcs H
MaKCHMyM Ha KpuBoil A (H) criaxusaercs.

Ha puc. 1-23 nokasaHo u3MeHeHHe MaKCHMaJbHOH Mpo-
HHIAEMOCTH OT COMepXKaHHA KPEMHHsl B HeTeKCTYPOBaHHOH
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Puc. 1-21. 3aBucumocTb MNOCTOSAHHBIX MAariHTO-
cTpukUMH (Ao M A1) OT COREPKAHHS KpeMHHuS.
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¢tatu mo mammeim [JI. 1-29]. Tpu Si=65% nmeer Mecto
HauGoJblllee 3HAUEHHME MAKCHMaJ/bHON MAarHUTHOM NMpPOHHULae-
MOCTH, YTO CBsI3aHO ¢ OJM3KHM K HYJ/IO 3HauUeHHeM MarHu-
TOCTPUKIMH M MaJOH MOCTOSIHHOH MAarHUTHOM aHU3OTPOMHH.
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Puc. 1-22, 3aBHCHMOCTb NPOLOJNbHOM MArHHTOCTPHUKIHH KeEJ€30-
KPEMHHCTOr0 CIJIaBa OT HaNpSKEHHOCTH MarHUTHOTO IIOJIf.

MakcuManbHass MarHdTHas NPOHHLAEMOCTb MOCJE OTXKHTra
npu Temneparype 1330°C mocruraer 50000, a mociae OTKHU-
ra B MarHuTHoM noJje — 6osee 200 000.

W3 npuBelleHHBIX MaHHBLIX CJENYyeT, YTO AJs MOJYyYeHHS
Han6osbllell MaKCHMaJbHOH NPOHHLAEMOCTH U MHHHUMYMa
NOTepb COAEpIKAHHE KPEMHHUs B 3J1eKTPOTEXHHUYECKOH CTaJ/H
nesecoo6pa3Ho yeeaununBath 10 6,5%. [Ipaktuuecku comep-
JKaHHe KpeMHUs orpaHuuynBaercs 4,5%, Tak Kak npu Janib-
HelillleM TIOBBIIIEHHH KPeMHHSI CTa/jb CTAHOBHUTCSI BecbMa
XpYNKOH.

BBenenne KpeMHHsI TPHUBOAUT K YBEJHYEHHIO YNEJbHOrO
3JIEKTPHYECKOT'0 CONPOTHUBJEHHS CTalH. 3aBUCUMOCTb YAe/b-
HOTO 3JIEKTPHUECKOTO COTPOTUBJIEHHSI, OM*M, OT NMpPOLEHTHO-
ro colep:KaHHsi KpeMHHs onpenesasieTcss npHOIHKeHHOR
sMnupuieckoi Gopmynon

p=1,0-10"7+1,2% Si-10-".

[Ipu usmeHeHuu copepxanus KpeMHus ¢ 1 10 4% ynenp-
HOe 3JIEKTDHUECKOe CONpPOTHUBJIEHHE CIIaBa Bo3pacTaeT
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B 2,5 pasa, uTo NPUBOAUT K COOTBeTCTByiOLieMYy yMeHbitié-
HHUIO [I0T€Pb OT BUXPEBBIX TOKOB.

BBeneHne KpeMHHs IOJIOKHTENbHO CKa3bIBAaeTCsl Ha KO-
3bdunMeHTe MArHATHOrO CTapeHHs, KOTOPHIH CHHKaeTcs

240-10°
X
[
S . X
£ 160 x
g.é, X X
b X
g§ 120 ] x
S8 g/
3y 80
o3 X
S 3 6 '\
5% 40 X é;hr
;7 o o) X,
g é": — a ———
0

&« 56 7 8 9 w0 7
Codepwcarnue KpemHur, %

Puc. 1-23. 3aBUCHMOCTh MAaKCHMaJbHON TIPOHHLAEMOCTH OT CO-
JePXKaHUS KPEeMHHUS.

a —orxur npu 1000°C; 6 —orxur npu 1300°C B BOmOpOmE;, 6 —
oTxur npu 1300°C B BOmOpone, NPH OXJa)KAEGHHH ¢ 700 °C B MaruuT-
HOM moJe.

¢ 6—8% npu Si=1% nmo 2-—39% npu Si=49%'. YBenuuenue
CollepXXaHHsi KpeMHHsi NPHBOAUT TaKXKe K PE3KOMY CHHXKe-
HHIO TEMIIEpaTypHOTrO KO3 GdHUHEHTa 3JIEKTPHUECKOTO CO-
npoTHBAeHHUs cTanu (Tabia. 1-1).

Ta6auma 1-1

TemnepaTypHbil K03pPHIHEHT 3JIEKTPHUECKOr0 CONPOTHBJIEHHUSA
#e1e30KPEMHHCTHIX CNJIABOB

TemmepaTypHEI Ko3d- TemmnepaTypHbI K03¢-
Si, % ¢uIHEeHT CONpOTHB- Si, % ¢uUHEeHT CONPOTHBJIE-
JeHus, °CT1 Hug, °C71
0,0 0,0050 2,5 0,0010
0,5 0,0032 3,0 0,00092
1,0 0,0022 3,5 0,00080
1,5 0,0016 4,0 0,00073
2,0 0,0013 4,5 0,00070
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O10 obecfieutiBaet B ¢Tajii ¢ MOBbilleHHHIM COAEpPIKAHN-
€M KPeMHHs He3HAYHTeJbHYIO TeMIIepaTypHYI0 3aBHCHMOCTb
[I0Te€Pb OT BUXPEBBIX TOKOB.

OTpuuartesbHOe AefCTBHE KPEMHHS HAa MarHHTHBIE CBO#-
CTBa CBOAHUTCS K CHHXKEHHIO MArHMTHON MHAYKIHMH Hachbllle-
nus. Ilo naunem [JI. 1-30] npu Si=19% wmarsuTHas HHAYK-

Codepacanue xpemnus, mace. Jo°
LA 5 w15

ZB'\ )

I,

14 = \\
12 700
g H=48-10*a/m
48 A
o-lomazenu- \
061~  supobano 600
gul®~Hezomozeny- : \
s 3upobaro N
2 N\
o .
0 4 8 12 16 20 24 30 32 5000 8 16 24 .
Codepawcanue xpemnus, % Codepowanue kpeMuuA, amoM.
Puc. 1-24. 3aBucumocts Mar- Puc. 1-25. 3aBuUcHMOCTb TeMIle-
uatHoMl uHAykumu mpu H=  parypm Kiopu or coaepxalius
=4,8-10* a/m oT comep}KaHus KPEeMHHS.
KDPEMHHS.

uns HacwieHuss By cHumxkaercst Ha 0,048 74. Takoe uameHe-
Hue Habnomaercs a0 Si=14%. ITpu nanvHeiieM yBejuuyeHUH
colepxaHue KPeMHHsl HMHAYKIMS HAaChILEHUs YMeHbIIAeT-
cs Gojee 3HauuTeabHo. Majom Ha kpuBoit  Bs=f(Si)
cBsi3biBaeTcs ¢ TosiBaeHneMm coenuneHuin FesSi. Tlpun Si=
=33% ¢eppomarHuTHble CBOACTBAa CIIaBa Hcye3aloT
(puc. 1-24). Touka Kropu ¢ mogbiunieHHeM COJepIKaHHS KpeM-
Hus mo panubM @aduo [JI. 1-3] cuuxaercs (puc. 1-25).

1-5. BIUAHUE KPEMHUS HA TIJIOTHOCTb
X MEXAHHUYECKUE CBOMCTBA 3JEKTPOTEXHHYECKOM
CTAJIH

CrnsaB Xejesa ¢ KpeMHHeM IpefcTaBiaseT coboi TBep-
Iblii pacTBop 3aMmelleHusi. DPPeKTUBHBIN AMaMeTp aToMOB
KpeMHHsI MeHblile AMaMeTpa aTOMOB XeJje3a, MO3TOMY IIO-
CTOSIHHAsl pPeLIeTKH yMEeHbIIaeTcs C yBeJHYeHHeM cojepiKa-
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HHs1 Kpemuusi. Ha puc. 1-26 nokasamna 3aBucumoctb napa-
MeTpa pelleTKd OT comepxanus Kpemuus [JI. 1-31]. IIpu co-
HepxKaHuu KpeMHHUS 5% Ha KpuBOi HaGJIONAaeTCs H3JI0M
CBSI3bIBAEMBIH C HayajoOM YIOPSIAOYEHHS CIJaBa.
[1noTHOCTL JIMCTOBON KPEeMHHCTOM CTaslH, cBOGOMHOH OT
OKaJIMHbl, K2/M3, MpH KOMHATHON TeMIeparype 3aBHCHT OT

’

Codepacarue kpeMHUA, amon.
10 20 25 30

°

A ldyy

28601
Ty
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2845

\
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T T — 1 — ]
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|
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2810 : T%‘
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Codepycarue KpemuuA, %

Puc. 1-26. 3aBucuMoCTb mnapaMmMerpa peLIETKH Keae30-
KPEMHUCTBIX CIIJIaBOB OT CONEPXKAHHS KPEMHHS.

CONlepIKAHHS KPEMHHS (n0 5%) 1o maHHBIM aMepUKAaHCKOro
craugapra ASTM caenyromum o6pasom:

v="7865—65% Si.
B [JI. 1-32] npaBoxuTcsa chaenyiomasi 3aBHCUMOCTb IJIOT-

HOCTH 2K€JI€30KPEMHHCTBhIX CIIJIaBOB OT COllepKaHUA KpeM-
HHus, aJIOMHHUA H MeIH:

y=7851—59% Si—113% Al+449% Cu.
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IMpu Hanuuuum MapraHuma B 3JEKTPOTEXHHYECKOH CTaJH
no 0,5% mnJOTHOCTL ee TMPaKTHYECKH He H3MeHsieTcs. [as
JIMCTOB, Ha IOBEPXHOCTH KOTOPHIX MMeeTCs OKaJWHa, cpel-
Hsis TJIOTHOCTb MeTaJsljla U OKaJIHHbl OyneT MeHblue Ha 30—
70 xe/m3 B 3aBHCHMOCTH OT TOJIIHHBI H COCTaBa OKaJIHHBI.
B I'OCT 802-58 mJioTHOCTH CTa/JH C OKaJHHOM NPHUHATA Ha
50 ke/m® MeHblue NJIOTHOCTH CTajH 6e3 OKAaJHHBI U OKPYT-
JsjeTcss N0 HYyJd WJAH [NATH B TPeTbeM 3HaKe IJIOTHOCTH
(Ta6a. 1-2).

Ta6auma 1-2
MaoTHOCTH SJICKTPOTeXHH'IeCKOﬁ CTalu

c 1'I.no1'ﬂoc1'$, Ke/m3
OflepIKaHHe KpeMHUS
B CTaJH, %
TPaBJIEHKIX JIHCTOB HeTpaBJIEHBIX JIHCTOB

0 7 850 —_
1 7 800 7 750
2 7 750 7700
3 7 650 —
4 7 550 —

MexaHuyecKde CBOHCTBA YHCTOTO KeJN€30KPEMHHCTOrO
cniaBsa uccaenosansl B [JI. 1-33]. C yBenuuenneMm comepika-
HHsi KpeMHHs 10 4,509% npemen TeKyueCTH Op yYBEJHMUHBAETCSH
nouts B 5 pas, a npenes NpOYHOCTH Oy Bo3pacTaer B 2,5 pa-
3a. [Ipn nmanpHeiiumeM yBeJNHUYCHHH COJEepKaHHUSI KPEMHHS 10
7%'lor 1 os pesko cHuxkaoTcsd. OTHOcHTeNIbHOE YAJHHEHUe
cranu ¢ 2,5% Si snaunrtenvHo nanaer (puc. 1-27). dtu naH-
Hble 110 MEXaHUYECKHM CBOMCTBAM OTHOCATCS K HETEKCTYpO-
BaHHOMY MeTaJjlsly, CBOGOJHOMY OT BHYTPEHHHX Hampsike-
Hu#t, Ilo [JI. 1-34] npenenm mpOYHOCTH 2KeT€30KPEMHHCTOTO
cruIaBa jaxe mnocie ropsiaell mpokatku npu ¢=1000°C 3na-
YHTEJNbHO MOBHINIAETCS, YTO BHAHO M3 CAEAYIOLHUX AAHHBIX:

Si, %. . .... 1 3 4
05, Kec/em® . . . . 6 000 7700 8300

[Tpenen mpoyHOCTH W npeles TEKYYeCTH IOcje XOMOLHOH
MPOKATKK MOBBILAIOTCS elle B GOJbIIEH CTEMNeHH.

B [JI. 1-35] npuBoasiTcs C/lenyIOU[Ye 3HAYEHHUST Op U O
(Bmonb mpokaTku) mis cranu ¢ Si=3,0% nocne pasnauuHo-
ro o63XaTHs & B XOJOJHOM COCTOSIHHMH:

& % . ....| 30 | 40 50 60 70 80
o, Kkec/cwt . .[8000 | 8400 [8900| 9200 | 9700 | 10500
oy Kec/cu? . .|7000 | 7400 |7900 | 8300 | 8800 | 9200
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B TOHKOJHMCTOBOH TOpSiYEKATaHOM 3JIeKTPOTEXHHYECKOH
craau (0,35—0,50 mm) uMeeTcs HEKOTOpas aHU30TPONHA
MeXaHHYeCKuX CBOMCTB. B wacTHoCTH, npejesibl NPOYHOCTH U
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Puc. 1-27. 3aBUCHMOCTb MeXaHHYECKHX XapaKTEPHCTHK Ke-

JIE30KPEMHHUCTHIX CINIABOB OT COHNEPXKaHUA KPEMHHSA.

] — oTHOCHUTENbHOE YMEHbIleHHe IMJollaad TNoNepeyHoro Ccedenus;

2 — OTHOCHTGJIbHOE YIJIHHEHHC;

3 —npemes MNpPOYHOCTH MNpH pacTs-
JCHUH; 4 — npelen TEKYYECTH.

Ta6auia 1-3

AHHM3OTpONMS MeXaHHYeCKHX CBOHCTB ropgyexkaTtaHoi craiu

CopepkaHue KpeMHHA, %

TapameTp H?xggi:gi}:lm 1 4
Tlpepen mpousocTH, Broas 2700 15 400
Kec/cm? ITonepex 3 400 5800
Ilpemen TexyyecTH, Bronb 1 800 4300
Kec/cm? [Tonepek 2000 4700
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Ta6auna 1-4

AHH30TPONHA MeXaHHYECKHX CBOUCTB XOJOXHOKATaHOMH
TEKCTYypPOBaHHOH cTanu (Si=:3,2%)

ITapameTp

YroJs ¢ HanpaBJeHHeM I1POKaTKH

0°

55° l 90°

I[Ipenen npouHocTH, Kzc/cm?
ITpenen Tekyuectu, K2¢/cm?
Tlpemen ynmpyroctH, Kac/cm?
Mopgyab ynpyrocTd, Kzc/cm?
Yanuuenue, %

3 500—4 200
3100—3 600

2880
12—13.5

9—17

4 300—4 700 | 3 900—4 300
3900—4 300 | 3 300—3 600
3800 2900
21—22.10° 16—19-108

2 26—71

-108

TEKYYeCTH BJIOJbL TNPOKATKH HECKOJbKO MeHbIle, YeM IOore-
pek. Tlo paunsim [J1. 1-36] B Ta6y1. 1-3 npuBeneHbl 3HaUEHHUS

Xec
cn2 | oy 5 5%
4500 - o=
3500 - -] 3%
2500 b | 2/3
Xec. ’%7\\0-'—.@
cm2 | g,
70001 i /,/L
6000 R
5000 —="

0
6000 ik
5000 7
5000, Ly
4«01700"L 7
4000 -
3000 -
YO0OF T~ 1%
aoon[ ~—t~ | T
. =120 -60 0 60 120 %€

Puc. 1-28. TemnepaTypHas 3aBHCH-
MOCTb TpeesoB MPOYHOCTH H TeKy-
YeCTH XKeNe30KPeMHUCTOro CIJIaBd.

npenesa MOPOYHOCTH Op H
npelnesa TEKYyYyeCTH Or HJIA
CTaJIu C Pa3JHYHBIM COZED-
JKaHHEM KpeMHHUS.

Anusorponuss MexaHH-
YEeCKHX XapaKTEepPUCTHK B
ropsiueKaTaHol craJid, IIo-
‘BUIUMOMY, CBSi3aHa C Ha-
JuyieM caaboBbIpaXKeHHOH
KPHCTAJJUYECKOH TeKCTY-
pol. Ha o6pasunax xoJoxHo-
KaTaHOH TeKCTYpPOBaHHOH
CTaJH aHU30TpONUA MeXa-
HUYECKHX CBOHCTB IpOSB-
asiercss 6osiee pe3ko (Tabir.
1-4). '

3HaueHusi mapaMeTpoB
N0 pasHLIM JIMTEPATYpPHBIM
HCTOYHHKAM HECKOJILKO OT-
JUYaloTCes MexXay coboil.
B Taba. 1-4 pas xaxmpo#t
XapaKTEePUCTUKH  YyKasaHbl
HauMeHbllie M HauboJb-
IIHe 3HayeHus, HabJIOLaB-
ILIHECS] Pa3HbIMH aBTOPaMH.

B [JI. 1-37] Ha o6pasuax
U3 YHCTOTO XKeJIe30KpeMHH-

CTOrO CIJiaBa OblIM M3yyeHbl MeXaHHUeCKHe CBOHCTBA IPH
temneparypax —200-+ +200°C (puc. 1-28). Ilpu nosriue-
HUU TeMIlepaTypbl B YKa3aHHBIX HHTepBajax s CTajH
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¢ Si=(3+5)% npemen mpouHocTH yBenuumsaercs, a ipé-
JIeJl TEKYYECTH yMeHbLIAeTCs.

HaunGosiee peskoe n3MeHeHue ¢ TeMmmeparypoil obunapy-
’KHBaeT OTHOCHTEeJbHOe YllMHeHHe (puc. 1-29).

[Tpu Gosee Bhicokux Temmepatypax (200— —700°C) mexa-
HUYECKHe CBOHCTBAa H3MEHSIOTCs ellle 3HauuTesbHee. Ecau
1J19 BHICOKOKDEMHUCTON CTalu NpPH MOBLILIEHHH TeMIepary-
pbl 1o 200 °C mpenesn NMPOYHOCTH HECKOJNBKO IMOBBIIIAJCSH, TO

o [7 !
i !’ ~ 1%Si
0/ Q1 RZC‘
0 Lhs [
/' 3%Si_ I 601
32 = i
4%&:/ 40

2 Ya
5 J/I // )
J Y/ 5%Si % D\\
/Z4%ER RN

~180-120 -60 0 60 120 °C -300 0 300 600 °C

Puc. 1-29. TemneparypHas 3aBucu-  Puc. 1-30. Temneparypuas 3anu-
MOCTL OTHOCHTEJbHONO VIJHMHEeHHs 0  CHMOCTb  mpelena  TEKYYeCTH
JKEJC30KPEMHHCTOrO CIJaBa. TpanchopMaTopHoil  cTasM

(Si=4,0%).

npy NajbHEHIIeM TOBBILIEHHH TeMNEepaTypbl OH CHUXKAeTcs.
[To naunwim [J1. 1-38] B cranu ¢ Si=49% u3meHeHue npenena
TeKy4ecTH C TeMmepaTypoil nokasaHo Ha puc. 1-30.

C noBblllIeHHEM COflepKaHUs KPEeMHHsI Pe3KO BO3pacTaeT
XPYIKOCTb CTaJH, KOTOpasi 0ObSICHSIETCS] BBICOKMM COTpPOTHB-
JIeHHeM ClJiaBa MaJbIM NJIaCTHYECKUM JAedopMaluusM W HU3-
Koit xpynkoii mpounoctbio [JI. 1-39]. Ouenxoit xpynkoctH
SIBJISIETCSI KOJIHYECTBO Meperu6oB maactiHKH non yraom 90°
Ha ry6kax pazuycoM b5 mm u oO6paTHOe ee BHIIpsSIMJIEHHE
B TNepBOHauasJbHOe TosoxeHne. KonnuecTBo neperuGos
yMeHbIIaeTCsi C YBeJHYeHHEeM COepXKaHUS KPeMHHS H TOJ-
IWHMHEL  Jucta. Hapsagy ¢ aHU30TpOmMel MeXaHHUYeCcKHX
CBOMCTB CTa/lH HMMeeT MeCTO aHH30TPONHS XPYNKOCTH.
B ra6a. 1-5 npuBeneHa aHH3OTPONHUS XPYNKOCTH B MOHOKpPH-
CTalbHBIX O00pasiax XoJoJHOKaTaHo# cramun Si=3,2%
[J1. 1-40].
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Ta6aunma 1-5

AHH30TPOIHA XPYNKOCTH B MOHOKPHCTaJbHBIX OGpasuax
X0JOAHOKATaHOH CTaJ u

KosndecTso Meperutos B 06pasiiax, BLIPe3aHHBIX
Ne oSpasua BAOE OcH
[oo1} [110]
1 42 14
2 39 12
3 20 8
4 22 12
5 23 14

B nosockax, Bhipe3aHHbIX BRoJib ocu [001], uncao nepe-
ru6oB B 2—3 pa3a GoJblue, yeM BRoJb ocu [110]. B o6pas-

40 nax CJIa6OJ{el‘I/IpOBaHHOﬁ
ropsiuekaTaHol cranau, e

/- \ KPHCTaJ/IHYeCcKass TeKCTY-

330 - ™ pa BwpaxeHa B 6oJbliIe
S :\2 . \ ,CTeNeHH, YeM B BBICOKOJE-
I o oV | THpDOBAHHOH  ropsiyexara-
R 20 N HOM CTajd, AaHH30TPONHUSA
S S %.,hs'» XPYIOKOCTH SsIBJsieTCs 3a-
& V METHOH: KOJIHYeCTBO Ilepe-
L 10 4 - THGOB 11711 IPOJOJIBHBIX 06-
5 j // EpaalmB B 1,5 pasa Goablue,
< yeM JJs  IONEepeyHbIX.

-o0 +60  +140 +220 +500 §C noBHILIEHHEM TeMIlepa-
Temnepamypa ucnsimasus, ¢ Rrypel  o6pasuos [JI. 1-41]
Puc. 1-31. Buuszue temmepatypnr KO/THIECTBO neperu6oB 3Ha-
ucnbiTandsg obpasua Ha xoJguuyectso  UHTEJBHO  YBEJHUYHBAETCHA
nepern6oB B KPEMHHCTOH CTaJH. (puc. 1-31).
BubpanuonHas  npod-
HOCTb CTaJH, OINpejenseMasl YHCJAOM LHKJIOB BHOpauH
C OnpelnesieHHON aMILINTYHO# KoJsebGaHHSI OO paspylleHus
o6pasua, Bo3pacTaeT C NMOBLILIEHHEM COLEpPXAHUA KpPeMHHS
[JI. 1-42]. OTu nauHble npuBeneHs B Tabu. 1-6.
TensmoeMKOCTb C¢p 3/EKTPOTEXHUUYECKOH CTaJH C H3MeHe-
HueM colepxkaHusi KpemHus oT 0 no 5% ocraercs npaxTH-
yeckd noctosinHoi, cocrasass 0,11 xaxa/(e-°C) npu KomMHaT-
HO# Temnepartype. TeMnepaTypHblil K03 PULHEHT JHHEHHOrO
pacmupenusi a B uHrepBase teMneparyp 0—100°C maino 3a-
BHCHUT OT COJepIKaHHUsl KpeMHHUS, a npu Gojiee BHICOKHX TeM-
nepatypax no gauubiM [JI. 1-43] HekoTOpasi 3aBUCHMOCTb
umeercs (taba. 1-7).
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Ta6nwua 1-6
Bu6pannoHHas TPOYHOCTH TropsyeKaTaHOM
3JIEKTPOTEXHHYECKOH CTajH

MaxcrvanbHas BUGpALHOH Hast
NPOYHOCTD
Mapxka cTasu - HanpasJieHre NPOKaTKH

Yucsio LUKJIOB,
TporuS, mu MHJIJTHOH b

11 2,5 11,3 Bnoab
2,0 22,5 INonepek

243 3,5 32,5 Baonb
3,5 24,5 [Tonepek

H3ameHeHMe MJIOTHOCTH KPEMHHCTOM cTaju, Ke/m3, OT TeM-
mepatypel MO TeM e HCCJHefOBAHUSM IpeACTaBJIeHO
B TabJ. 1-8.

Ta6auma 1-7

TemoepaTypHasi 3aBUCHMOCTh KoadduuueHTa JHHeHHOro
pacUIHPeHUus JIeKTPoTexHHuIeckoi craam o, 10-8°C-1

. t, °C
Si, %

100 300 I 500 700 900
0,0 12,7 14,6 15,6 15,5 13,8
1,0 12,2 13,8 15,5 — —
2,2 12,2 13,8 15,5 14,8
3,98 12,2 13,9 15,5 15,5 16,6
4,38 12,3 13,1 15,7 14,6 15,7

TeMmepaTypHast 3aBHCHMOGCTb KO3()(HIHEHTOB TEMIONpO-
BogHocTH A, Kaa/(cm-cex+°C), 1 TENI0eMKOCTH Cp, KaA/ (2 X!
X°C), no nauusim [JI. 1-43] npencrasnena B taba. 1-9.

Ta6nuua 1-8
3HayeHHsl WIOTHOCTH KPEeMHHMCTOH CTaJd TPH PasHbIX

- TeMmepaTypax
Si, %

t, °C

1,0 2,2 3,94 4,38
100 7 100 7 630 7 560 7520
300 7 640 7570 7 490 7 470
500 7 550 7 490 7 420 7 400
700 7 500 7 420 7 350 7 330
900 7420 7 340 7 260 7 250
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Ta6auuna 1.0

Teu’neparypuaﬂ 3aBHCHMOCTb KO3((HUUHMEHTOB TeNJONpPOBOJHOCTH
H TeNnJOEeMKOCTH

Si=1,0% Si=4,0%
t, °C
A | ‘p by p

100 0,108 0,120 0,049 0,121
300 0,102 0,132 0,056 0,135
500 0,090 0,157 0,070 0,165
700 0,076 0,209 0,065 0,232
900 0,065 0,187 0,066 0,177

1-6. BJIUSIHUE KPUCTAJIJIMYECKON CTPYKTYPbI
HA MATHUTHBIE CBOHCTBA 3JIEKTPOTEXHHYECKOH CTAJIH

MaruuTHele cBOHCTBA 3JE€KTPOTEXHUUYECKHX CTasel sIBJfA-
I0TCS CTPYKTYPHO 4yBCTBHTENbHBIMH. OHHM 3aBUCAT OT BHY-
TPEHHHUX HaNpsiKeHHH, KoJlHuecTBa NpHMeceH, HX cocTaBa H
IUCIEPCHOCTH, pasMepoB

51;/2’7 Pe=Py 3epHa, €r0 COBEPIIEHCTBE,
P <N HAJIMYUST KPUCTAIHYECKOH

50 AR H MarHHTHOH TEKCTYPHI.
200 [N N Hanpsikenus B cranu
150 A&»» NPHUBOJSAT K 3HAYUTEJBHOMY
100 YXYMIIEHHIO ee MaTHUTHBIX
504 cBoficts. Ha puc. 1-32 no
€| naunbm [JI. 1-44] noxkasa-

0 025050075 1001251507520 225%  HO YBeJHUYEHHE YAeJbHBIX
Puc. 1-32. Bausiuue xomommoit ge- 1OTEPh B XOJOAHOKATaHOMH
¢$hopMauKMH Ha yIesbHble NIOTEPH TeK- TpaHC(HOPMATOPHOH CTa/H

CTYPOBaHHOH cTau. nonx nedcrBHeM HebOOJBILON

BT YAcrue moTeHn KO, Jebonaiu  macTHUECKOH  KedopMa-

Mauuu. UHH. ITO sBJsSETCS CJel-

CTBHEM PE3KOro yBeJHye-

HHAS IVIOTHOCTH AMCJIOKAUUH B J1eOPMHDOBAHHOM MaTepua-

Je, Kxotopas Bo3pacraer ¢ 106—108 mo 10°—]101° Ha xBajn-
PaTHBII CAHTHMeTp.

B [JI. 1-45] Ko3puHTHBHAS CHJIA CBA3LIBAETCS ¢ IVIOTHO-
CTBIO AMcaOKauuii N ciaenylomuM COOTHOLIEHHEM:

H..<VN.
st MOHOKpHCTaMbHBIX 06pasioB Fe—Si cnnasa ysenu- .
YeHHe KO3DUHMTHBHOH CHJIBI OT IJIacTHYecKoH nedopmaunuu
sl pasHBIX KpHcTaJJorpapuuyecKux HampaBJeHHH Opouc-
XO#MT B pasHoi crenenu {JI. 1-46].
38



B [JI. 1-47] noxa3aHo, YTO MOMKHO HCCJAeL0BATb BJIHSAHHE
JMCIOKALHOHHON CTPYKTypbl Ha MAarHMTHble CBOHCTBa IO
TeMIIepaTypHON 3aBUCHMOCTH KOIPLUHTHBHOH CHJBLI U NOTEPb
Ha nepeMarHuuuBaHue. TaM e BBOIHMTCS TNOHSITHE IOTEPb
3Hepryud, 06ycIoBIeHHOe KOoMeGaHusIMH NUCAOKAaIW#, MOMH-
MO noTepb OT rucrepesuca. IIpu GONbLIONH MIOTHOCTH THUCIO-
Kauuii (nedopMHUpOBaHHBIH MaTepuas) 3Ta COCTaB/sAOIIAA,

H;

v / T = =]

olﬁ 7
0,5///
0

400 800 1200 1600 2000 2400 2800
Pagmep - vacmuy, A

Puc. 1-33. 3aBUCHMOCTb KO3PUMTHBHOU CHJBI OT
[HaMeTpa BKJIOYCHHH.

0 MHEHHIO aBTOpa, uMeer OOJIbIION BeCc B OGUIHMX HOTEPSX,
YTO NOATBEPKIAeTCsl yBeJHUYEeHHEM TMOTEPb C IOBLILIEHHEM
TeMIIepaTypHl. _

Kax Bunno us {JI. 1-48], B oToxXKeHHBIX o6pasumax mar-
HHUTHBIe CBOKCTBA 3aBHCSIT HE TOJLKO OT CpelHell IVIOTHOCTH
JNUCJIOKALHUI, HO H.OT UX pacHpeneseHus.

Ilpn paccmoTpeHuu Bompoca O BJIHSHHM TpUMeceH Ha
MarHHTHblE  CBOKCTBA HEOGXOJMMO YYHTBIBATH Pa3Mepbl
BKJIIOUEHHH W Te HaNpsXKeHHS, KOTOpble CO3Lal0TCSi BOKPYT
BKJIIOUEHHUH.

1. BratoueHus ctajiy, sBisionecs oobuHo Hedeppomar-
HUTHBIMH M HaxoAsuluecs B (eppOMAaTHHTHOM OKPYXKEHHH,
YBEJIHUUBAIOT MarHUTOCTATHUECKYIO SHEPTHIO, KOTOpas SIBJIS-
ercst HauGoabureir [JI. 1-49, 1-50], xorna pasmepsl BK./IIOUE-
HHI COM3MEPHUMBl ¢ IUMPHHOH NOMEHHBIX CTEHOK (LOJU MH-
kpomerpa). ITo nauneim paGots [JI. 1-51} na puc. 1-33 mo-
Ka3aHO H3MeHEeHHe KOSPUHUTHBHOI CHJBI OT HHaMeTpa BKIIO-
yeHu#t yraepona. ITo 3TUM manHBIM Npu pas3mepe BKJIIOUEHHI
0,12 mxm XO3pUMTHBHAS CHJIa [OJTY4aeTcs HaHOOJbIIEeH.
Pasmepbl BK/IIOUEHHH B 3JIEKTPOTEXHAYECKOH CTA/H H3MeEHs-
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I0TC OT JHOJIeH MHKpOMeTpa [0 JEeCSiTKOB MHKDPOMETPOB.
Briiouenus, conepxaliue asoT, Kak NpaBH/IO, UMEIOT HaH-
MeHbIlIHe Pa3MepHl.

2. Bropoi#t npnqnuoifx NPHBONSIHEN K pasﬂnqﬂomy BJIHS-
HHIO BKJIIOYEHHH Ha MarHHTHble CBOHCTBA CTaJH, IO HCCIe-
noBauuto [JI. 1-52] sBasieTcs HeolMHAaKOBas 30Ha HCKaxKe-
HHSI MaTpPHIBl BOJIM3H BKJIIOUEHHA HM3-3a PA3IHUUs MX KO3(p-
(HLHEHTOB TEPMHUYECKOTO pacCIIHpeHus. 30Ha HCKAXKEHHS
MaTpHLbl MOXKeT OBITb B HECKOJbKO pa3 (oJblle AHamMeTpa
BKJIIOYEHHS, H B 3TO# 30HE HMMEETCs TIOBBILIEHHAS! NJIOTHOCTD
aucenoxanuit. VIs-3a yBesHueHHsi MarHHTOYNpPYrofl sHepruu
deppomMarHeTyka NPOHCXOAUT BO3DacTaHHe KOIPLUTHBHOM
cunbl. [To manuwem {JI. 1-53, 1-54] naubosiee BpeIHBIMH
BKJIIOUEHUSIMH 10 3TOH npuuuHe aBasiorcs AIN, SipNj, AleOs,
LIEMEHTHUT H HEKOTOpble NPYrHe BKJIIOUEHHS.

Ecan yuecTsb, yTO BK/IIOUEHHSI HA OCHOBE a30Ta SIBJISIOTIA
6osee MEJTKHMH, YeM Ha OCHOBe yIyiepoja, H HUMeloT 6oJib-
LIYIO 30HY HCKaXKeHHsI MeTanaa, TO ¢ 3THX MO3HIHH MOXKHO
3aKJMI0UUTh O GOoJblIelf BPEIHOCTH a30TOCOJEepKaIIuX BKIIO-
YeHHUH, UeM YIaepoaocorepKaliux.

3aBHCHMOCTb OOLINX HOTEPb OT COIEpPKAHUS NpUMecel
sBiasercs: GoJiee CHOXKHOH, YeM IJIsi KO3PIHUTHBHOH CHJIBL
Ecnu noTepu OT rucrepesnca BO3pacCTAlOT ¢ yBeNIHYEHHEM
BKJIIOYEHHH IIpH OLHOH NHCIEPCHOCTH, TO NOTEPH OT BHXpe-
BHIX TOKOB, KaK NpPaBMJIO, YMEHbIIAIOTCA. JIDTO CBSA3aHO
C TeM, UTO BKJIOUEHHS HCKaXKaioT JOMEHHYIO CTPYKTYpy H
cpeqHMe pasMephl JOMEHOB IpH 3TOM YMEHbIIAIOTCS M B CO-
orBercTBuu ¢ § 1-3 morepu OT BUXPEBBIX TOKOB JOJKHBI
TaKXe CHHXKAThCS.

Ha puc. 1-34 Npe/ICTaBNeHO H3MEeHEeHHe YIeNbHBIX I10-
Tepb B cranu D43 ¢ rommunoi aucra 0,35 mm mpu H3MeHe-
HUH comepxKauus yraepoxa ot 0,005 mo 0,03%. ITpusenen-
Hasl 3aBHCHMOCTb (COCTaBJSIOIUX MOTEPb OT COJEpXKAaHUS
yIyiepofia OTHOCHTCSI K KPYMHO3epHHCTOM cTanu (n=5+15
sepeH Ha 1 mm? nmomanu muuda). Kak crenyer H3 aToro
rpaduka, MOTepH OT BUXPEBBIX TOKOB CHHIKAIOTCS C YBeNH-
YyeHHeM COJepXKaHus yrjaepona IOYTH ¢ TOH K€ HHTEHCHB-
HOCTBIO, ¢ KaKOi BO3pacCTalOT IOTepXA OT T'HCTepesHuca.

B [/1. 1-55] noka3aHo, 4TO B XOJIOJHOKATAHOH TEKCTYpO-
BaHHOM TpaHC(OPMATOPHOH cTaNH NPU U3MEHEHHH cojJeprKa-
uus yraepona or 0,003 no 0,015% npu mocTOSHHON TeKCTy-
pe ¥ BeJMYMHe 3epHa Hab/i01aeTcs cilelylollee H3MeHeHHe
COCTaBJSIIOUINX TIOTE€Pb: YAEJbHblEe IOTEPH Pi5/50 U IOTEPH
oT rucrepesnca BospacralorT coorBerctBenHo Ha 0,10 u
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0,15 ar/ke, motepnm OT BUXPEBEIX TOKOB cHmKatoTcs 1A
0,05 87/xe. Pasnuunoe BIHsIHHE Ha COCTAaBAAIONIHE YIEAbHBIX
OTepPb OKa3bIBAIOT a30T, cepa, allOMHHHH M IpyTHe ie-
MEHTHI.

IIpn u3yueHHH BNHSHHS TeX HJH HMHBIX 3JeMEHTOB Ha
MarHuTHBlE U 3JIEKTPHYECKHe CBOMCTBA IIPOM3BOACTBEHHBIX
NapTHH CTalu HEOOXOMHMO ellle yYHTHIBAThH CONYTCTBYIOL{HE
M3MEHEeHHs] B CTPYKTYPHBIX XapaKTePHCTHKAX CTAaAH: BeJTHUH-

6//7/)(‘:? '
T
. Pro/s0 .
6m/xe 10 - Pas
10/50 P g
. 28
08
/O’J 0;6 4
a6 " \QT it
P
Ql' T
1)/0/ Pg
92 '
: 4104  g0%  &w0% 105
’ qor Qo2 % Mnow,ads sepHa, mxm?
Puc. 1-34. 3aBucumocts cocraz- Puc. 1-35. 3aBucumoctb cocTas-
JSAIOWHUX T0T€Pb OT COMepKaHUS JSIOUIMX TOTEPh OT BEJHUHHBI
yriepoxa B KPYNHO3EPHHCTOMH 3epHa B ropsiyekaTaHOi TpaHc-
ropsiyekaTaHor TpaHchopMaTOp- dopmaTopHOil cTaMH.

HOW CTaJM Tomwuuoi 0,35 Mm.

HBl 3€pHA, KPHCTANIHYECKON TEKCTYPhl U Ap., a TaKyKe B3aH-
MOCBA3b MEXKIYy OTHEJNbHBIMH 3/J€MEHTAMH  XHMHYECKOrO
cocraBa. Tak, B ropsuekartanoi TPaHCHOpMaTOPHO# cTauH,
OTXKHuraemoit npu Temnepartype 800 °C, IpH H3MEeHEeHHH CO-
Aepxkanns cepnl ¢ 0,002 no 0,10% ynenbubie IIOTEPH  P1,5/50
BospacraloT Ha 0,20 er/ke, a ecnu yuects BPEIHOCTb BJHUS-
HHS TONBKO ONHHX CYJAbQHIHBIX  BKJIOYEHMI, HCK/IIOYHB
BIHAHHE BETHYMHBI 3epHa, To Ha 0,05 6r/ke. B x0moaHOKA-
TaHOH TpaHCOPMATOPHON CTANH HEOBXOLHMO YUHTBHIBATh
POJIb BK/IIOUEHHH (Cepbl, a30Ta u Ap.) B bopmupoBanuu Kpu-
CTAJITHIECKOH TEKCTYPHl, KOTOpast caMa 1o ceGe uMeeT 60/b-
lI0€ BIHSIHME Ha MAarHUTHbIE CBOHCTBA CTAaJIH.
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Takum o6pasoM, MOXKHO FOBOPHTL O ABYX BuAak BAMA-
HHS BKJIOYEHHI Ha CBOMCTBA cTaJjH: 6e3 yueTa CONYyTCTBYIO-
LIMX M3MEHEHHH CTPYKTYPHl H C yYeTOM TaKOro H3MEHeHHS.

BosbuyIo posib B yJay4YIleHNH MaTHUTHBIX XapaKTepHCTHK
CTaJld HMeeT BeJM4YMHa 3epHa, YBeJH4YeHHe KOTOPOH, ¢ OJHOM
CTODOHBI, NPHBOJUT K CHHXKEHHIO IIOTEPb OT TUCTEpe3Huca,
a c Jpyroil CTOPOHH, B cooTBeTcTBHU ¢ § 1-3 — K yBesuue-
HHIO NMOTepb OT BHXpeBHIX TOKOB. Ha puc. 1-35 noxasamo
H3MeHEeHHe COCTaBJSIOLUX NOTepb B crajn D43 (TojliuHa
aucra 0,35 mm), rie OTUETINBO BHIHO CYIIECTBEHHOE BO3pPa-
CTaHHe IOoTepb OT BUXPEBbIX TOKOB C YKDYNHEHHEM 3epHa.

B Xo/0QHOKaTaHOH TeKCTYypOBaHHOH TpaHCHOPMAaTOPHOH
CTaJd BJHUSIHHE BeJHYMHBl 3epHA HA yJejbHble NOTEpH Heob-
XOAMMO paccMaTpHBaTb C YYETOM IOCTOSIHCTBA KPUCTaJIH-
Y4eCKOHl TEeKCTYphl, TaK KaK MeXJy BeJHYHMHOH 3epHa U KpH-
CTaJIINUEeCKOH TEeKCTypOH HMeeTcs CHJAbHAs B3aHMOCBS3b.

1-7. KPHCTAJIUIMYECKAS TEKCTYPA
B 3JIEKTPOTEXHHYECKOW CTAJIH

dneMeHTapHas  sfdyeHKa  KeJe30KPeMHHCTOro CIJaBa
npejcTaBasieT 06beMHOLEHTPHPOBaHHbIH Ky6. Kpucrananue-
CKHe MJIOCKOCTH XapaKTepU3yloTcsi oOpaTHBIMH BeJHYHHAMH
OTPE3KOB, OTCEKaeMbIX 3THMH INIOCKOCTAMH Ha OCfX KOOp-
nuHat (puc. 1-36). I'panu xyba o6o3HaualOTCsi CHMBOJAMHU
(100), (010), (001), (100) u r. n. Ilpu oGosnauenun THDA
IJIOCKOCTH HMHJIEKCH 3aKiiouaroTes B purypnbie cko6ku. Tak,
a06yl0 rpanp Ky6a MoxHO o6o3HauuTh cuMBosom {100},
pomb6uueckoro mpomekasapa — {110}, oxrasgpa — {111}.

[Ipu onmpeneseHHn HHAEKCOB HANpPaBJIEHHs] OCEH HX mNepe-
HOCST MapaJijielbHO caMuM cefe B Hayajlo KOOPAHHAT H
KOOpAHHaTH JI060f TOYKH JaHHOrO HanpasJieHHs, OTHe-
CeHHBle K €MHMYHBIM OTpe3KaM 3aKJI04aloT B KBaApaTHbie
cko6ku. CumBosbl pebep ky6a Oyayt {100], [010] u T. &

[Tpu onpeneneHny THIA HalpaBJeHHUS OCell TPHMEHSIOTCS
ckobkn < >. Tax, obmum cumBosniam pebep kyba Oyzer
<100>, nuaronanu rpaHu — <110>, npocrpancrBennci
puaroHanu — <I11>,

B ropsiuexaTaHOil 371eKTPOTEXHHYECKOH CTaju pacro.io-
JKeHHe KPUCTAMJINTOB B KpPHCTALNOrpad)HueckoM OTHOLIEHHH
SIBJISIETCS 1I0YTH GeCHOPSANOYHBIM, H TaKasi CTajlb Ha3bIBAET s
HETEKCTYPOBAHHOH CTa/lblo. B 3TOl cranmu HamarHuuuBaHue
B Pa3HbIX KPHCTANJIHTaX OCYLIeCTBISAETCS MO pasHbLIM Kpl-
craqsorpaduueckum HampasaeHuam  <100>, <110>,
<111> wn 1. n. HpyruMu cioBamH, BBICOKHE MAarHUTHbIE
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CBOMCTBA Ocell JIerKOr0 HaMarsMuuBaHHA B 3TOH CTaju HC-
NOJb3YIOTCS HEe3HAYHTEJBbHO.

Ecnu B maockocTn mpokaTKH oOpasuma y pasHbIX Kpu-
CTAJUIATOB HAXOASATCS ONMHAKOBBIE KpPHCTaJIorpaduyeck:ie
[JIOCKOCTH HJIM BJOJNb HampaBieHusi NPOKaTKH — OLHHAKO-
Bble KpHCTaJnorpaduyecKkue OCH WJIH XKe Te © JIpYyrue
BMECTe, TO B JIUCTaX TaKOH CTajud HMeeTcs KPUCTANJIHUecKas

% 7,
a) ) 6)

Puc. 1-36. TnaBHble xpucramrorpathHyeckue

IJIOCKOCTH B KpHCTa/ljnaX Ky6Guyeckos cH-
o CTEMBEL.

@ — MOCKOCTh  OKTa3Apa {111}; 6 —rpanp «xyGa

{100}; 8 — IJIOCKOCTh POMGHYECKOro mOfeKasapa {110}.

Tekctypa. UeM Gosblile KpUCTAMIUTOB 06pasa UMEIOT OJIH-
HaKOBYIO OpPHEHTAlHIO, TeM BHIUIE CTelneHb COBEPLIEHCTBA
KPHCTaMJHUECKOH TEeKCTYPHI. '

ITonyuenne TeKCTYpOBaHHON 3JEKTPOTEXHMUECKOH CTa-
an ¢ 30—40-x romoB SBUJIOCH IVIABHBHIM  HampaBjeHHEM
B YJYYIIEHHH JEKTPHUECKHX U MATHUTHBIX XapaKTepHCTHK
cranu. Kpucrannnueckas Tekctypa o6pasyercst mpu IpokaT-
Ke M OTXXHTe cTaju. B mpouecce npokaTkH sepHa B KPHCTAJ-
JorpauueckoM OTHOLIEHHH IMOJNYYalOT MPEHMYINECTBEHHYIO
OPHEHTAIHIO, HA3bIBAEMYIO TEKCTYpOH mpokaTku. WHTeHCHB-
HOCTb TEKCTYPHl NMPOKATKH 3aBHUCHT OT CTeleHH O6XKaTHs U
TeMIIepaTyphl MPOKATHIBAEMBIX 3aTOTOBOK B JIMCTHl H DPYJIO-
Hbl. IIpu omHOM ¥ TO Xe cremeHu 06KaTHSi HHTEHCHBHOCTb
TEKCTYPHl MPOKATKH 3arOTOBOK B XOJOIXHOM COCTOSIHHH 3Ha-
YHTENbHO 6OJblle, YEM B TOPSUEM.

ITpu xomonHOl MpoKaTKe KPEeMHHCTOM cTajy 10 JaHHBIM
[J1. 1-56] o6pasyercss neckosbko Tumos Tekcryp: 1) {100}
<110>, 2) {112}, <110>; 3) {111} <112> ¢ npeobaana-
HHEM INepBOTO THma TeKcTyphl. KpuBas Bpamjamomero mo-
MeHTa RHCKOBOro 006pas3la B MarHWTHOM IOJe HMeEeT BHI,
nokasauum®t Ha puc. 1-37,a. C yBennueHuem crenenu 06-

2KaTNgd HWHTEHCHBHOCTb TEKCTYPbl NPOKATKH YBEJIHUHBACTCH
[J1. 1-57]
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B npouecce orxKHra xon0fHOKaTaHOH KPEMHHCTOH cTanu
o6pa3yeTcsi HOBHI BHJ TEKCTYpHl, HMEHYEeMOH TEKCTYpOi pe-
KpHcTajnu3aluu. B mpouecce nmepBHYHOM M BTOPHYHOM pe-
KDHCTA/JIM3allul BO3HHKAIOT HOBble Heae(opMUpOBaHHBIE
3epHa BCEBO3MOXKHBIX OpHeHTHPOBOK. Ho cpein HUX HMelOTCS
«3apOJBIIIN» BTOPHYHON PEeKPHUCTAMIH3alUH C ONpeaeeHHON

. apefem.
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Puc. 1-37. PacnonoxeHne KPHCTaJJHTOB H Kpname BpalaTebHOTO
MOMEHTa TPEX THIIOB TEKCTY:
a— (100} <110>; 6 — {190} <100>; e-—{no} <100>.

opuentauueil. Has xonomHokaTtaHo#t TpaHchopmaTOpHOH
cTany ¢ pe6poBOH TeKCTypoit ux opuentauuu (110) u [001].
[Tpn BTOpUYHOH peXpHCTAJNIH3AUUU NMPOHUCXOAUT NMPEUMylLe-
CTBEHHBIH POCT 3THX 3€peH, NPHUBOASUIHHE K CO3NaHHIO CHb-
HO BLIPaXKE€HHOH TEKCTYpHI.

HenpeMeHHBIM ycJOBHEM YCHELIHOTO Ipolecca BTOPHY-
HOM PEKPUCTAJIM3ALHNH SIBJISIETCS TOPMOMKEHHe POCTa 3epeH
NpH NEepBUYHOH pPEKPUCTANNU3AUUN YACTHUAMH «CAEPHKHU-
Balomei» ¢asbl (HUTPUAH, cyabduasl u ap.) [J1. 1-58, 1-59,
1460, 1-61].

B nnaBkax, npeiHa3HaueHHBIX A MPOH3BOACTBA XOJIOM-
HOKATaHOH TEKCTYPOBAHHOI CTalu C peGpPOBOM TEKCTYpPOH,
IOOJXKHO OBITb 3aMeTHOe cojxepxaHue asora (0,008—
0,010%) uau cepnl (0,015—0,025%). ITpumepnas TexHoso-
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rHueckasi cxeMa IpPOHU3BOJCTBA 3TOH CTaJH COCTOMT H3 cJe-
IYIOIUX Onepamui:

1) ropsiuas mpokaTtka mosockl 10 2,5—2,8 mm;

2) xosnomHas mpoKaTka JeHTH ¢ 2,56—2,8 no 0,7—0,9 mm;

3) NpPOMEXYTOUHHI OTXKHL JIEHTH TNpPH  TeMIepaType
750—850 °C;

4) xononuast mpokartka jeutsl ¢ 0,7—0,9 nmo 0,35 mm;

5) paduHUPYIOIHUH OTKHT B NPOXOJHBIX Ieyax;

6) orxur pyaoHos mpu 1100-—1200°C;

7) OTXHr B NPOXOZHBIX TNeyax MJs CHSITHS PYJIOHHOH
KPHUBH3HEL Y HAHECEHMs1 3JE€KTPOU3OJSIHUOHHOTO MOKDLITHS.

XosonHokaTaHasi TEKCTypOBaHHas cTajlb ¢ peOpOBOi TeK-
crypo#t (puc. 1-37,8) B Hacrosiiiee BpeMs SIBJISIETCS OCHOB-
HEIM MAarHHTHBIM MaTepHa/JOM, HCIOJb3yeEMBIM HE TOJBKO
IpH NpPOHM3BOACTBE TpaHCHOPMATOPOB, HO TaKKe KPYMHHIX
Typ60- U THAPOreHepaTOPOB.

OnnuM u3 nmyTell yJyYINEHHS MArHUTHBIX XapaKTePHCTHK
3JIEKTPOTEXHHUECKOM CTajli SIBJASETCS COBEpLIEHCTBOBaHIe
ee kpucramauyeckoit rekcrypsl. Ha puc. 1-38 mo [JI. 1-62] mo-
Ka3aHBl JBe MOJIIOoCHble GUrypsl 06pasioB ¢ pasHBIMH yIJa-
MH OTKJIOHEHHSI KPHUCTAJJIUTOB OT HI€aJbHON OpHEHTalXH.
HOns oBpasia, nokasanHoro Ha puc. 1-38,a, cpennue yrimb
OTKJIOHeHHs cocrabiaswr 3°, a aas puc. 1-38,6—7°. B nyu-
IIUX MapKax XOJOMHOKATaHOW TEKCTYPOBAHHOH CTalH MH-
TEHCHBHOCTb KPHUCTAJUIH4eCKOW TEKCTYPhl COOTBETCTBYET
puc. 1-38,a. HempocraTtkoM XOJNORHOKAaTaHOH cTaju ¢ pe6po-
BOH TEKCTYpOH SBJSETCS TO, YTO ‘BLICOKHE 3JEKTPOMATHHT-
Hble CBOMCTBA MOJNYYalOTCHd TOJNBKO BJAOJNb HampaBJeHHs
TIPOKaTKU. DTO HaKJanblBaeT CBOM OrPAaHHYEHHS HaA IpUMe-
HeHHe 3TOH CTa/lu B MarHUTONPOBOLAX € PA3HBIMH YCJIOBHUS-
MH HaMarduuuBauus. /sl mosiyueHHs CTaJH C OIHHAKOBO
BBICOKHMH MarHHTHBIMH CBOMCTBaMH BJOJb M TIOTNEPEK MpO-
KaTKH celluac paspabaThiBalOT CTajkb C KyOHYECKOH TEKCTY-
poit (puc. 1-37,6).

OnHako NpHUMEHEeHHe XOJNOAHOM NMPOKAaTKM BMECTO ropsi-
yeil He HakJIanbBaer 006si3aTeNbHOE YCIOBUE TOJYUEHHUS TeK-
cTypoBaHHO! cranu. B Hacrosiee Bpems pa3paboTaHbl Tex-
HOJIOTHYECKHe TNpHeMBbl, IOLABJASIOUINEe KPHCTAJIHUECKYIO
TeKCTypy B npouecce orxkura [JI. 1-63, 1-64]. TToaTomy B Ha-
crosiliee BpeMs 3a PyGEXKOM IIHPOKOe NMpHMeHeHHe HAXOMMT
MaJIOTeKCTypOBaHHAs XOJOJHOKAaTaHas CTajb C COJepxkKa-
nueMm kpemuunst ot 0 no 3%, KoTopasi B 3HAUHTENbHOHN CTelle-
HU 3aMeHseT ropsiyekaTaHylo cranb. Pa6oTe B 3TOM Hanpas-
nennn yenemwxo senyress n 8 CCCP.
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Prasa étopas

MATHUTHBIE U 3JEKTPUYECKHUE CBOMCTBA
CTAJIEM, MPUMEHSIEMBIX B CPEJHHUX

U CUJIbHBIX MATHUTHBIX MOJISIX NPU YACTOTE
NMEPEMEHHOTI'O TOKA 50 24

2-1. KIIACCU®UKALLUSA CTAJIEHA

Bosbinasg yacTe CTaly, NpeqHA3HAUEHHON /IS MCIOJb-
30BaHusl B NMepeMEeHHbIX NoJsAX uactotoil 50 ey, ymorpebas-
eTcsi MPH H3TOTOBJEHHHM MAarHUTONPOBOLOB 3JEKTPHUECKHX
reHepaTopoB, IBUraTejJedl U CHJIOBBIX TPaHC(HOPMATOPOB.
sl ¥3roTOB/NEHHs 3JEKTPUUECKHX MAIIKH paHee NMpPHMeHs-
Jgacb cranp ¢ Si= (1+2)%, nmonyunBuas nHassaHue AMHAM-
Ho#t cranu. Cranb ¢ Si=(3+4) % mnpumeHnssach AJs CH-
JIOBBIX TpPaHC(GOPMATOpPOB M HasblBaslach TpaHcopMaTop-
Hoi cTadblo. B Hacrosuee BpeMsi Takoe JeseHHe
SIBJISIETCS] B 3HAUUTEJbHOH CTENeHH YCJOBHBIM, TaK Kak JJIfl
H3rOTOBJEHHUS KPYMHBIX 3/J€KTPHYECKHX MAIUWH  YCIELIHO
IIPUMEHsIeTCs 3JIeKTPOTeXHHUYecKasi craib ¢ Si= (3+4) %.

[To T'OCT 802-58 nsisi U3rOTOBJIEHHSI CHJIOBOILO 3JEKTPO-
o6opynoBaHus NpefHasHavyalTCs cAeAYIOIHe TPYONb CTa-
Jen:

a) XOJIOJHOKATaHasd TEKCTypOBaHHas cTajb Mapok J310,
39320, 2330, 3330A;

6) XoJONHOKaTaHasi Ma/JIOTEKCTYpOBaHHAsl CTajJb MapoK
31100, 31200, 21300, 33100, 23200;

B) ropsiuexataHasi HeTeKCTYpOBaHHas crajb Mapox Jll,
212, 213, 221, 222, 331, 232, 341, D42, 243, I43A;

I) HeJeTHpPOBaHHAs XOJOMLHOKATAHasl, HETEKCTYPOBaHHAaS
3JIeKTPOTeXHHYecKass crajbp mapox 20100, 20200 u 20300
(M3rOTOBJISIETCS IO TEXHHUECKHM YCJIOBHSM).

B nacrosiliee BpeMsi FOTOBHTCS K BBIIYCKY HOBBIH rocy-
LapCTBEHHBIN CTaHAApPT Ha 3JEKTPOTEXHHUYECKYIO  CTalb,
B KOTODOM H3MEHEHO Ha3BaHMe MapOK M BBeJeHbl HOBbIE
MapKH ¢ yJYUYHIeHHBIMH XapaKTepHCTHKaMH.

OCHOBHBIMH pacyeTHBIMH 3JIEKTPOMArHHUTHBIMH XapakTe-
PDUCTHKAMHU JJIs1 NepPeuyHCHeHHBIX CTasell SIBISIOTCA KpUBas
HaMarHUYMBaHHs B INOCTOSSHHOM H NepeMeHHOM MAarHHTHBIX
MOJSIX, yHeJdbHble MOTePH M IIOJHAs YAeNbHash MOLIHOCTb
NpH 4acToTe nmepeMeHHOro Toka 50 ey W pasIUUYHBIX aMILIH-
TyZAaxX MarHUTHON MHAYKUHMH. DTH XapaKTePUCTHKH B 3HAUM-
TeJNLHOIH CTENeHH 3aBHUCAT OT COAEPIXKAHUS KPEMHHS, THIA H
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UHTEHCHBHOCTH KPHCTAMJIHYECKON TEKCTYpbl, COBEpPIUEHCT3A
KPHUCTA/JIMYECKOH peIleTKH, BeJHYMHbl 3€PHa, KOJHYeCcTsa
BKJIOYEHHH M CTENeHH HMX JHCIEPCHOCTH, BHYTPEHHHX Ha-
NpsiKeHHH, TONLIMHBI JIUCTA, COCTaBa W TOJIIMHBI OKaJHHBI
(ecsm crasb moCTaB/seTcss B HeTpPaBJeHOM BHIE) M OT
KayecTBa MNOBEPXHOCTH JHCTOB.

2-2, KPUBBIE HAMATHUYHBAHUSA

KpuBble HaMarHUYHBaHHUSA CTa/lell pacCMaTPUBAEMBIX Ma-
POK 1O CTaHAAPTy ONpENeNsIOTCS B IOCTOSTHHOM MoJe NpH
HanpsizKeHHOCTH MaruutHoro moasi or 1000 go 30000 a/x.
YuacTok KpuBOH HaMarHUYHBaHHsSA, HOPMHPYEMBIH CTaHI4p-
TOM, He BCerjla sIBJsieTcsl JNOCTATOYHBIM JJIsi pacuera Mar-
HHUTHBIX llenel, M03TOMYy Ha

m|6 ,}-30 913 M3H | TIDEICTaBJEHHBIX HUXKE Ipa-
20 b === (QuKax TOT AManasoH pac-

e ¢/ 343 1 mupen ot 10 mo 10° a/xn.
7 aH Kpusrie Hamarnuyuba-
16T A b HHs cradeir D11, 243, a
TaKxKe 3apy6exXHblX Mapox
12 0 H-30 u M3-H, oranyaro-
f s LIUXC COllepXKaHHeM KpeM-
8 343 = HHA H "Kpncra.n.nuqecxoﬁ
’ A //7 13 TEKCTYPOH, CHATHIE B IIO-
// CTOSIHHOM IIOJIe, IIPHBEeHb
% /’/ Ha puc. 2-1. Craap H-30—
4 XOJIONHOKATaHasi HeTeKCTy-

L

—] H| poBaHHas ¢ MaJbiM COfep-

0
A 25 50 75 100 125 150 175e/m  aHueM KpeMmHHs (Si=

5 20000 40000 60000 =0,3%", a craap M3-H —
Puc. 2-1. Kpupre Hamarumumsanus XO/IOAHOKATaHasg C pE3KO-
craneir 313, 43, H-30 n M3-H.  BbIPAXKEHHOH pebpoBoi

tekerypoit (Si=3,0%'). U3
puc. 2-1 caenyer, uto B o6sacTH cnabblX H CpelHUX MarHUT-
HBIX moJsiedl Hambosiee BBICOKASl NMPOHUIAEMOCTb y XOJOHLHO-
KaTaHoM TEKCTYpPOBAaHHOM cTajH, a B 06/1aCTH MAarHUTHOIO
HaCBIEHUS — Y CTalHd C HaUMEHbLIUM cOJepXKaHHeM KpeM-
HHUS.

Ins pacueta MarHMTONPOBOJOB, NMPUMEHSAEMBIX B Iepe-
MEHHBIX IIOJISIX, HEJOCTATOYHO 3HaHHE KPUBOH HaMarHuuu-
BaHHs B MOCTOSIHHOM I0Jie, TaK KakK ee HeJb3sl OJHO3HAYHO
COMOCTABHTh C KPUBONH HaMaTHHYMBAHHS B [lepeMeHHOM IIoJIe.
KpuBble HaMarHHuMBaHus B JIEPEMEHHBIX MOJAX MOTYT ObiTb
B pasHbix KoopauHaTaX. OTMeTHM HeKOTOpble H3 HHX.
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Bu=[(Hy) — 3aBHCHMOCTb aMIIMTYAB MAarHUTHOH HH-
LYKUMH OT aMIUIUTYAbI HanpsXKeHHOCTH IO,

By={(H,) — 3aBucUMOCTb aMIVIUTyAbl MAarHHUTHOH HH-
JYKUHH OT aMIVIMUTYAbl MEPBOM TapMOHHKHM HaIpsI}KeHHOCTH
noJs;

By={(Hpgeicrs) — 32BHCHMOCTb ~ aMILIMTYABl MarHHTHOH
HHAYKUHH OT NeHCTBYIOIIEro 3HaUeHHsT HaNpPAXKeHHOCTH Mar-

B | —3
ma|B /_L __E___Jz
12
09 . .

,,sr/ﬁ |

a3

’d /

i Ji/ H
—

0 A 20 40 60 80 o/m

b 400 800 1200 1600

Puc. 2-2. Kpusble namMaruMuuBaHus crann O42.

O — B NOCTOSSHHOM MAarHHTHOM Tojie; X — B nepeMeHHOM
MarHHTHOM MoJie JacToToit 50 ey.

HHTHOTO NOJS (IOHATHE NEeHCTBYIOLEro 3HaueHHs NoJs He
uMeeT (PH3UYECKOTO CMBIC/TIA, ONHAKO NPHMEHSIETCHd B 3J€K-
TPOMAarHUTHBIX pacyeTax Kak yAoOHas BCIOMOTaTeJbHas
XapaKTepUCTHKA).

B GosblUMHCTBE clyyaeB 3J€KTPHYECKHe MallHHBl U all-
napathl paGoTalOT B peXHUMe CHHYCOULATbHOrO H3MEHEHNS
marHutHoro noroxa. Kak moxasano B [JI. 2-1], kpuBble Ha-
MarHM4MBaHHsl B NE€PEMEHHOM II0/Ie B KOOpAHHAaTax By=
=f(Hy) GNU3KH K KPUBHIM HAMArHMYMBAHUSI B NMOCTOSTHHOM
Nojie TpPH YCJAOBUH COBNAJeHUs] BO BPEeMEHH MaKCHMyMa
MHIYKUMH ¢ MAKCHMYMOM IIOJISl, YTO BO3MOXKHO TOJIbKO NpH
cinaboBbIpaXKeHHOM NoBepXHOCTHOM 3ddexte. B xomonHoKa-
TaHOM TEKCTYpPOBaHHOH cTanu yxe npu 50 ey mmeercs 3a-
MeTHbIt caBur (a3 mexny Bw u Hy, 4TO BUAHO U3 AHHa-
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Muiiéckix iiiikioB ructepesica (puc. 1-14). B moment Bpé-
MeHH, KOTJa MarHuTHasg MHAYKUHS NOCTHTaeT MaKCHMyMa,
HaNpPAKEHHOCTb NOJsT 3aMETHO MeHblule Hy.

B ropsiuekataHo#l TpaHchOPMATOPHON CTaMH MO JAHHBIM
[/1. 2-2] coBnameHne KPUBBIX B NOCTOSSHHOM H I€pPeMEHHOM

mnls - /L/Q’,a_,____ﬂp—-—le
6 sz’)
iz g/
o
0 ="
o |
L
04 '/ "‘/

F/

a X
H
0 A 40 60 80 a/m
6 400 800 1200 1600

Puc. 2-3. KpuBbie HamarHnuuBanusa craau D330,

O — B IOCTOAHHOM MAarHMUTHOM IoJe; X — B IepeMeHHOM
MarHHUTHOM IlOJle 4acToTod 50 2y4.

noje B KoopauHatax By—Hy JpocTaTouHO Xopomee
(puc. 2-2), a B TeKCTypOBaHHOW CTaJlu KPHBble 3aMETHO pac-
xonsATcs B obsactu Kpyroro moabeMa (puc. 2-3). B oGna-
CTH TNOJIOrOTO ydYacTKa KpHBble HaMardHM4WBaHUg HAYT A0-

CTaTOYHO BJIHM3KO.
Haun6onee yno6HoM 151 NPAKTHKH SBJASETCS 3aBUCHMOCTD

Hneﬁcn:f(BM) HJIH BM='f(HneﬁCTB), TaK KakK 3Ta XapakTe-
pHCTHKA [Jisi PSIfa SJIEeKTPUUECKHX YCTPOHCTB ompejensier
TOK XOJIOCTOTO X0jAa H KO03Mh(HUIHEHT MOIIHOCTH.
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Kpowme Toro, ucnob3yior 3aBucumoctb B,=f (H neﬂc‘raV2 ).
B obGmacTu kpyToro nopbeMa KpUBOH HaMarHUYMBAHHS, KOT-
Jla HanpsSKeHHOCTb NOJIsSi M HHAYKUUS H3MEHSIOTCS NOYTH

0 CHHYCOMIANBbHOMY 3aKOHY, KpuBble By=f(Hpeticrs V 2
6113KH K KpuBbIM By = (Hy). B Gosiee cH/IbHBIX MarHHTHbIX

mn\|B
15 ]
A / 2 e
/ e
/]
12
A
09 // //Z/ —
6| / 7
a8 /
H
0 A 40 80 120 150 am

b 400 800 1200 1600

Puc. 2-4. KpuBble HaMarHMuHBaHHA cTadn 42

/—B nepeMeHHOM MarHHTHOM 1oJe B KOODAMHATAX
B,—H,; 2—B nepeMeHHOM MarHMTHOM MOJe B KOOpAHHA-

Tax By—H opopp’ 2 3— B NOCTOSIHHOM MarHMTHOM ToJe;
4—B UepeMEHHOM MarHHTHOM INofle B  KOOPJAHHATaX
M~ neitcTn”

NOJNAX TMPH CHHYCOHIANbHOM HM3MEHEHHH HHAYKUHH ¢opmMa
KPHUBOI1 HANPSXKEHHOCTH MO/ 3aMETHO OTIMYAETCH OT CHHY-
countbl. 3Hauenuss Hyeern V' 2, cooTBETCTByIOMmHUE aMIIATY-
Je HEKOTODOH 3KBHBAJIEHTHOH CHHYCOMILI, OKa3blBAIOTCSH
MeHbllUe JeHCTBUTENbHON aMM/IUTYAbl HANPSXKEHHOCTH MOJS.
[Tostomy KpHBBle HaMarHHUMBaHHsS B KOOPAMHATAX By —

Hpeiters V2 B CHIBHBIX  1IOMISIX NOHAYT Bblllle KPUBBIX B 1I0-
CTOSIHHOM MI0JIe HJIM B NepeMeHHOM B KOOpAHHATaxX By—Hy.
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Ha puc. 2-4 u 2-5 npuBeneHsl KpuBble HaMarHW4HBaHHUS
ana craned D42 uw 3330 B KoopauHatax By—Hy H

By—Hgeticrs V' 2, nomsepx&naloiune BhlIIECKa3aHHoe, TaM

mn 8 4 2
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? ‘ / ,3
v~

:: /8

12 /// //
' =

dd LS
I )24
744
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/4

0.A 20 40 60 80 ajln

i} 400 800 1200 1600

Puc. 2-5. Kpusrie namarunyusanusg craaa 9330.

| —B TlepeMEHHOM " Mar{uTHOM noJnae B KOOpAWHATax

BM—HM; 2 — B NepeMEHHOM MarHHTHOM IIoJle B KOOpAMHa-

Tax BM"‘Hneﬁch 2, 8 — B IIOCTOSIHHOM MarHHTHOM INoJe;
4—B mnepeMeHHOM MarHHTHOM TDoJleé B KOOPIHMHATax
B, —H

M meitcrs*
Xe [ CpaBHeHHﬂ JaHBbl KpHBbIe HaMarHu4uBaHHSs, CHATLIE

B MMOCTOAHHOM IOJIC U B NEPEMEHHOM IIOJI€ B KOOpAHHATAX
BM_ (Hneﬂc'rn)-

a) XosomHOKaTaHasi TEKCTYPOBAaHHAsi CTajb

Oco6GeHHOCTBIO XOJMOJHOKATAHOH TEKCTYPOBAHHOH CTallH
ABJSIeTCS ‘HaNHYNe SIPKOBbIpa*KeHHOH KpHCTaNIHYeCKOH TeK-
ctypbl. [Tpu uneanbHoit pe6poBOl TEKCType B KaxXIOM KpH-
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CTaJl/IuTe IJIOCKOCTH 20 >

{110} mosmxHH cOBafath 19 o ot > 370'!!49___
C IJOCKOCTBIO JIHCTA, & 18 °l &
ocu <<100> nampasie- 200 3 =T
HBl BJOJb  IPOKATKH. 19 ’: b 5000_]
OnmHako B peajbHBIX 06- & 7 S % B~
pasuax opuentauust & 7? 02"“’-"\
OONMbIUMHCTBA KpPHCTATL-  § 70 ]
JUTOB HECKOJBKO OTMH- ¥ 70|~ §! 8,500
qaercs OT HAeaJbHOM »° a0 °
OpHeHTaluH. Eciu cpen- 318 o ool Sl
HHL yroll OTK/IOHEHHS « 7
OT HJealbHOH OpHeHTa- % ;¢ ° -
U¥H 00603HAUHTH @, TO 5 ’

. 9— 19
no pauueim [JI. 2—3]m X% £ . By
Ap. TPH yMeHblleHHH ¢ 18 o\g‘; s —
yria o oT 12 mo 5° mpo- 17 P
HUIIa€MOCTb B CHJBHBIX b I O VY
NoJIAX (1 000—30 000 15 ° ~
a/m) Bo3pacTaer MOYTH S 6 7 8 9 10 11 12 13 14°
nugeiHo (puc. 2-6). 1o Cpednud yeon omxkAOHEKUR &

B CBOIO O4Yepenb IPHBO-  py. 9.6 3apuchmocTs MarHATHOM HH-
IUT K CHHXKEHHIO YAC€JIb-  pygnum Bigoo—Bioooo XONMORHOKATAHOR
HBIX TIOTEpPb. CTajqH OT CPeJHero Yria OTKIOHEHHS
Takum 06p330M, B KPHCTAJJINTOB OT MJeaJbHOM OpHeH-
MapKax cranu C HauGo- L
Jee HHU3KUMH yAeJabHbI-
MU NOTepsIMHU 6y116T TIOBBIILIEHA TIPOHHIAEMOCTDb He TOJILKO
B CHJIbHBIX, HO M B CPeIHHUX NOJASAX (pasyMmeercs, NPH HEH3-
MEHHOM 3HAYE€HHH MAarHuTHOI'O HacCbll€EHUA H TOJ-
LIKHBI CTAJIH).
ﬂ.ﬂﬂ XOJIONHOKATaHO# cTanu pasHblX MapOK OTEUYECTBEH-
HOIro IMpOH3BOACTBA XapaKTEpHbl CJAeaylollHe 3HaueHLdA
Basoo:

Mapka . . . ... 3I330A 3330 3320 3310
Basge, ma . . . 1,92 1,90 1,89 1,83

Takas Xe 3aKOHOMEPHOCTb HMEETCS H JJsI CTajedl, Bbl-
NycKaeMblX pasqHYHBIMH 3apyOexubiMu pupmami. ITo nan-
oM [J1. 162] npuBeneM 3HAYEHHsI Pisiso U Boso B cramm
ronumnHo#i aucra 0,35 mm:

Mapka ctam. .. VC-9 VC-10 VC-11 VC-12 VC-13

[P0 6m/ke .. 0,90 0,97 1,08 1,16 1,28
Bam, ma . ... 1,97 1,93 1,91 1,89 1,84
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W3 npuBefeHHbiX Ha pHC. 2-7 KPHBHIX HaMarHHYHBAHKS
craneit 9330At u VC-9 crenyer, yTo B cTajlu ¢ GoJiee HH3-
KUMH 3HAUEHHSMH YIEeJbHBIX NOTEPb MATHUTHAS HHIYKUUS
He TOJIbKO B CHJIbHBIX, HO H B CPeJHHX MOJNSIX HAET 3aMeTHO
BbIlIE, YEM Y CTaJsielf, y KOTOPbIX yJesabHble NoTepu Gosblre,

mn

By Wil

16 —

1 —— 2]
/]

0A 20 40 60 80
6 1000 2000 3000 4000

x|

Puc. 2-7. Kpusrle HamaruuuuBanus craseit 9330A u VC-9 B mo-
CTOSIHHOM TIOJIe.
1—3330A; 2—VC-9,

a Bosoo Menbme. [ToBblleHne MarHUTHON NPOHUIa€MOCTH IIPH
none 2500 a/m cBs3aHO C yJayuylleHHeM KPHCTAMJIHYECKORN
TEKCTYphbl B CTaJIH.

Takum 06pa3oM, CHHMKEHHe YIVIOB paccenBaHHS KPHCTa-
JUTOB OT HJIeaJbHOH OpHEHTAalHH, COOTBETCTBYIOIIEH
puc. 1-38,a, moxeT npuBecTH K NMOBBIIEHHIO paGoyeil HHAYK-
UUM B MarHMTONPOBOJAX NpPH COXPAaHEHHWH HaMarHHYWBalo-
Iero I1oJs.

KpuBble HaMarHMYUBaHUsI B NEPeMEHHOM IOJEe XOJOLHO-
KaTaHOU CTalH C pasHbIM YPOBHEM MHOTEPb B KOOPAHMHATAX
By—H peiicrs npuBesiensl Ha puc. 2-8. Ilpn B=1,65 umeem
caenymwomee 3HaueHue Hiyejers:

0,90 1,08 1,28

P1,5/50 8Mm/Ke .
40 50 70

nefters» a/M

t [To nannsiM I0. H. SIpowenko. ,

o4



mn|B

20 5 N

e — o i )

16 Ve ;A¢ e

i iny Zsil

. // /

S/

i/

04

02 .

0 Hﬁedpmﬁ’
A 20 40 60 80 a/m
b 200 400 600 800

Puc. 2-8. Kpusble naMariHyMBaHus XOJOLHOKATaHOL
TEKCTYPOBAaHHOH cTajsd ToJMIHHON JucTa 0,35 mm
C DAasJHYHBLIMH  3HaueHHSIMH  YHEeJbHEIX IIOTEpb

P1,5/50-
1—0,90 sr/ke; 2— 1,05 eT/ke; 3 — 1,28 8T/Ke.

a) o)

Puc. 2-9. lpa cnocoGa ykJaaiaKH noioc, BHIPE3aHHHIX TNOX
YMJIOM P K HanpaBJIeHHI0O MPOKAaTKH B NaKeThl NPAMOYrOJbHOI

pamsl.

Q@ — COrjlacoBaHHOe pacloJIOXXeHHe IOoJIOC B IaKeTe; 6 — HecorJacoBaH-

HOe DpacnoJIOXXeHHe MoJIoC.



B xosnogHoxaTaHol Tek-
CTYPOBAHHON CTaJii MMEeT-
Csl Pe3Ko BhipaxkKeHHasl aHu-
30TPONHSI MATHHTHHIX U
2 3JIEKTPHYECKHX  CBOMCTB.

1

\ 3 XoTsi B MarHuTONpOBOAAX,

\ H3TOTOBJIEHHBIX H3 Takol
zsy \ cTajyd, MAaTHHUTHBIH IIOTOK

B OCHOBHOM cCoOBIagaetr C
s\
10

V7

/)

HanpaBjleHHeM IPOKaTKH,
TEM He MeHee 4acTb IIOTOKa
NpH Nepexoje M3 OXHOTO
nakera B JIpYyrod HJIH B
MarHUTONpPOBOAAX  CJOXK-

Y / HOil (OpMHI HIeT HojJ pas-

7
A\

HBIMH YIVIaMH K HamnpasbJie-
] » HmoanoxaTxH.
3MepeHHe MAarHHTHBIX
-%0-60 -30 0 30 60 90°, SJIEKTpI;d'IECKHX Xapaxre-
Puc. 2-10. Anusotponus .MarItPlT.He(l)Kﬁ DHCTHK Ha o6pasuax, Bbl-
HH ) -
B SOIOROGTIOH T hesaiiix 1R pasHuH YT
MH pacCeMBaHHs KpucTammros or “1AMH K HalpaBJIEHHIO IPO-
HIeaJbHOHl OpHEHTAaUMu IpH pasamd- KATKH, OOBIYHO IIpoOBOJAT,
HBIX 3HaAYeHUAX HaNPAXEeHHOCTH KaxK u nad HpO}.IOJIbeIX 06-
1—8000 a/u-lngjz‘}ooo alm; 3 — PaslloB, Ha Takerax sm-
2000 a/x; 4400 a/m; 5— 80 a/m. HITEHHOBCKHUX IIOJIOCOK.
OznHako B 3THX Caydasix,
€C/IM He BLINOJIHATH OCOOBIX YCJHOBHE 0O YKJAaAKe I10J0C
B HaMarHMYMBalOUINe KaTyLIKH, MOXHO IOJYYHTb 3aMETHO
OTJIMYAIOIIHECs Pe3yJIbTaThl.

PaccMoTpuM yKaIanKy moJioc B NMakeTe, BhIpe3aHHBIX IOL
KaKHM-TO OLHHM YIVIOM (¢ K HalpaBJeHHIO NpOKaTKu. B aToM
clyyae yKJaalgKa IIOJIOC MOXeT OBITb BLINOJHEHA pPasHBIMH
cnoco6amu. Ha puc. 2-9 nmokasaHnl ABa M3 BO3MOXKHBIX CIIO-
co60B YKJIaIK{ MoJoC B nakere. [laa HarIsiAHOCTH PHCYHKA
IIOJIOCKH [aKeTOB PAaclOJIOXEHbl Ha HEKOTOPOM pPaCCTOSIHHH
Ipyr ot apyra. Bo Bcex momockax, co6paHHBIX 110 crmoco6y
puc. 2-9,a, yroan MexJy HanpaBJeHHEM NPOKATKH M JIJHH-
HOH CTOPOHOH IOJOCKH COCTaBJAET -+, a B IOJOCKaX,
coGpaHHbIX mo cmocofy puc. 2-9,6, uMeeTcs uepefoBaHHE
yrioB +@ U —¢. 3HaYeHUsT MAarHUTHOH MHAYKUUH, H3MepeH-
HOI Mo 3TuM crnoco6aM, 3aMeTHO OTVIHYAIOTCS MeXIy COGOi.
Korna npu peske mosoc He HeslaeTcs CIELHATbHOM OTMETKH
yIJI0B +¢ ¥ —@, TO IpH GOJbIIEM YUC/AE MOJOC B IaKeTe
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H HX CJIy4alHOH yKJanKe
HauGosee BepoOsITHOE pac-
HOJIOXKEeHHe NOJIOC B MaKeTe
6ymeT cOOTBETCTBOBATH CHO-
coby puc. 2-9,6.

Ha puc. 2-10 npusenena
aHH30TPONHSI  MATHHUTHOH
HHAYKUUH OJ151 XOJIOLHOKA-
TaHOH TEeKCTYPOBaHHOM cTa-
JIM C MaJILIMH YIJIaMH pac-
CeHBaHUsI OT MHIAeasbHOMN
opHeHTauuH (w= 3°), coot-
BETCTBYIOL[AS YKJalKe IO-
10¢ 1o crnoco6y puc. 2-9,6.
A3 puc. 2-10 crenyer, uro
B 06J1aCTH CpEIHHX MNOJeil
HaWMeHbIlasy  MNpOHHIlae-
MOCTb HMMeEeTCsl MNpH (=
=90° a B 06J1aCTH CHJb-
HBIX Tojiel npu @=>55-+
60°. C yMeHblueHHeM WH-
TEHCHBHOCTH KpHCTaJJIHYe-
CKOH TeKCTYphl aHH30TpO-
NHs NPOHHLAEMOCTH CHHU-
X)aercs (puc. 2-11).

Ecnn  nsyuenwe anuso-
TPONHH NPOHHLIAEMOCTH
NPOBOJUTb Ha IOJIOCKAX,
YJIOXEHHBIX B anmaparax
OmnmTefiHa N0 CNoco6y pHc.
2-9,a, TO 3HAYEHUS HHIYK-

uuH npu @==10+55° noay- -

YaloTCs 3aMeTHO MeHblle
[/I. 2-4], yem mo cnoco6y
puac. 2-9,6 (puc. 2-12).

B xonoxHoKaTtaHo# cra-
JH ¢ KyOHUUeCKOH TeKCTy-
pOH aHHM3OTPONMHUS MarHHUT-
HOH MPOHHMILAEMOCTH BBIpa-
JKeHa MeHee CHJIBHO, YeM B
craqu ¢ pebpoBOH | Tek-
cTypof.

H=20000/m
\

\
\
N\

/ )7'=8011/~‘
0’5 '1/ \\
-7 A
0 $
-90 -60 -30 0 &0 60 90°

Puc. 2-11. AHu30TpONHS MarHHTHON
HHIYKIMH Boooo 1 Bgy B xom0aHOKa-
TaHOH TEKCTYPOBaHHON CTamM C pas-
JIMYHEIMM YIJIaMH PAcCEeUBAHHA KpH-
CTaJIATOB OT HIeaJbHOH OpHEeHTa-
HH.
1 —a=3% 2—qa=6 3 — a=9°,

m, Llﬁ W
BN

b] ey
18 R A= 25002/
B Do /F_.,L,
A \\R =
12
d \
AN
’ \ \ 4=
128\ \Q H=50a/m

\

06 \ \
04 \ )\ \ ‘(.\ :
M ANEN NI
A AN

a/[ﬂ AR R | #]

0 10 20 30 40 30 60 70 80 90°

Puc. 2-12. AHM30TpPONHS MarHHTHOR
HHAYKuMM B craan  D330A npu
YKJIaiKe I0JOC B TakKeTe.

coby 6.

[To mannwiv [J1. 2-5] na puc. 2-13 npexncrasieHa aHH30-
TPONHA HaMarHuyupawowero nons npu B=1,5 24 aag cranu
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Pauc. 2413. Aunszorponusi yAeJbHHIX TIOTEDb W MHAYKIMM B XOMOLHOKATa-
HO¥M TpaHcHOPMATOPHOH CTadn < ‘KyOHUecKoil M peGPOBOM TEKCTYpOil.

1 — xyGuueckasi TeKkcrypa; 2 — peGpoBasi TeKcTypa; J—4 — cpellHHe 3HauYeHus
Pys/50 B Hy 5 AN BCex HanmpaBaeHu#t (0—90°).

c pebpoBoii u Ky6uueckoit Tekctypoil. Ilo apyrum maHHBIM
[JI. 2-6] B cranum ¢ KyOGuUeCKOH TEKCTYpOH aHH3OTPOMHUS
HaMarHM4uBalOLIero noJsi BbIpaXKeHa eule caabee.

6) Tlopsiuekaranas crajib

[opsiuekaTanasi 3/eKTPOTEXHHUECKas CTajJb HUMeer cCJja-
GOBBLIPAXKEHHYIO KPHCTAJJIMUECKYIO TekcTypy. IloaTomy no
I'OCT 802-58 xpuBble HAaMarHMYUBAHHNSI STOH CTaJH U3MEpS-
IOT Ha IOJOCOBBIX 0Opasiax, IoJOoBHMHA KOTOPHIX Hape3aHa
BIOJIb NPOKaTKH, a BTOpasi mnosoBHHa — monepek. -Comep-
JaHHe KPEeMHHsI B ropsuekaTtaHoi cranau cocrasiaser 1,0—
4,5% wu ompenensier XOX KpPHBBIX HaMarHHYMBaHHUS CTalH
pas3HBIX MapoOK B CHJABHBIX mouasix (puc. 2-14, 2-15). Kpusnie
HaMaruuuMBauus crajefl 943, 241 u 331, 321, D12 6au3KH
K COOTBETCTBYIOIIMM KDHBbIM HaMarHHYHBaHus craneit D434,
342, 332, 922 u 313 [J1. 2-7].

MaxkcuManbHasi MarHuTHasi NPOHHIAEMOCTb MJIsi CTa/IH
¢ Si=~39% cocraBasger 4000—5000, a gaa craau ¢ Si=
=4% —8000—10000. B o61acT MarHUTHEIX noJell Gojee
500 a/m kpuBble HamarHuuuBaHusi cranu ¢ Si=3% wuryr
Bbillle KPUBBIX cTanu ¢ Si=49% BcaencTBHe NOBLIILEHHOTO
3HaUEHUS MHAYKLUHH HaCHILIEHHS.

Cranun mapok D42 u D43A uMelOoT NpaKTHYECKH OIHHA-
KOBOE cojliepiKaHue KpeMHus, ifo y cranu D43A Gosnee xpyn-
HosepHucras cTpykrypa (10—20 3epen Ha 1 mm® nuomann
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titnuda), ueM y cranm 942 (60—100 sepen na 1 mm? mio-
wanu uwiauga). 1o obecnedynBaeTt NOBLILIEHHe NPOHHILAEMO-
ctd B noasix no 600—800 a/x#. OnHako B MarHUTHHIX MOJSIX
Gosee 800 a/m MarHHUTHAS NPOHHIAEMOCTb crand D43A He-
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Puc. 2-14. KpuBbie HaMarHUYHBaHHUsi TopsiyeKaTaHOMN

AHHAMHOH CTalH c TOJLHHOM Jucra 0,5 mm B no-
CTOSIHHOM NOJIE.

CKOJIbKO MeHblle, ueM B cTann D42. Takoe cHuxeHue NPOHH-
laeMocTH B oOpasnax KpyNHO3eDHHCTOH CTaju CcHauazla
06'bSICHAJNHN NOSIBJEHHEM MHKDPOTPELIHH, BOZHHKAIOUUX B pe-
pesyibrate  padUHUPOBAHHST ~ KPYIHO3EPHHCTOH  CTaslH
|/1. 2-8]. TToannee Gbuto mokasano [JI. 2-9], uto cmax HH-
AYKIMH B 9TOM JAHana3oHe IOJed MMEeeT MeCTO He3aBHCHMO
oT cnoco6a moJyueHHsi KPYNHOTO 3epHa, BKAOYas U TOT,
npu KOTOPOM paduHHPOBAaHME CTalH HAET HE3HAYHTENbHO.
B [J1. 2-10] noxaseiBaercs, 4To Npolecc HaMarHnYyHBaHus
B KPYMHO3EPHHCTOMH CTaJy MPOUCXOAHUT HHAUe, YeM B MEJKO-
3epHHCTOH CTaJIH.
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Ha puc. 2-16, 2-17 no [J1. 2-7] nokasans kpuBEE HaMar-
HMYHMBAHHA B epPEMEHHOM 1oJie B KoopauHaTtax By—H reticrs.
CpaBuuBas puc. 2-15 ¢ 2-16 u 2-14 ¢ 2-17, BuAHM, 4TO
B 061acTH MaablXx HHAYKuui (B<0,6 T4) oTHOMIeHHe aMIJIH-

mi| 8 8 | a3z
| | 944, 942

/ 5 3427
332
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J 332
06
/=
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p H
A 200 400 600 800 a/M

b , 2000 4000 6000 8000
8 20000 40000 60000 80000

Puc. 2-15. KpuBbie HaMarHHuMBaHUs ropsiuekaTaHoM
TpaHchopMaToOpHOH cTanH ¢ TOJIHHOH JucTa 0,5 mm
B NOCTOSIHIIOM TOJIe.

TY[HOTO 3HAueHusi Mmoast K JelicTBylomeMy 6ausko k 1,41,
a npu GOJIBIIMX COCTaBJsET OKOMO 2,5.

AnusoTponusi ropsiyekataHoi TpaHcOPMaTOPHOH CTa/IH
BhHIpaxeHa cia6o. B taba. 2-1 npuBeneHsl JaHHbIE 110 aHHU-
30TPONMH MHIYKUUH cranu D42,

Pasnuune B MarHUTHOH HMHAYKUMH BIOJb U IONepeK Npo-
KaTkd B o6sacTd cpeduux mnojeir cocrasasier 20—30%,
a B obnactd Gojee cuabHbix (1000—2500 a/m) —4—5%.
[Ipu HaMarHWYMBaHUM 3TO¥ cTaldH B nossx Goaee 30000 a/x
aHM30TPONHMS MAarHUTHON HHAYKUMH HcuesaeT. M3 rabu. 2-1
cJeayer, uTo B cranu ToiuuHoi 0,35 mm aHM30TPONHUS HH-
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Puc. 2-16. Kpupble HaMardHMydBaHHS TopsiueKaTaHOH
TpauchOpMaATOPHON CTanu ¢ TONWUHON Jucta 0,5 mm
B nepemeHHoM noje (f=50 ey).
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Puc. 2-17. KpuBble HaMarmWYHBaHHS rOpPAYEKATAHOM
AHHAMHOH CTaju ¢ ToMIHHOM JucTa 0,5 mm B mepe-
MeHHoM noae (f=50 zy).
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Ta6nuna 21

Aunso'tp(mtm MarHUTHON MHAYKIHH ropgyeKxaTaHou
TpaHchopmMaTopHO# cTanu 942 B CpeXHHX M CHJILHLIX TOJAAX

MarHuTHan MHAyKUMA, M2, DJA PasHLIX Yrios

Hanpsxen-
;giﬁl,“m Hoz"r]E 110.7[‘;. K HalpaBJIEHHIO [IPOKAaTKH
a

I 0° 30° 60° 90°
0,5 10 0,026 0,023 0,021 0,020

40 0,220 0,190 0,180 0,16
80 0,530, 0,470 0,450 0,430
400 1,190 1,170 1,160 1,150
800 1,350 - 1,320 1,310 1,310
22500 1,500 1,470 1,460 1,460
10000 1,740 1,730 1,710 1,700
30 000 1,960 1,960 1,950 1,950
0,35 10 0,030 0,027 0,023 0,022
40 0,230 0,300 0,180 0,160
80 0,540 0,510 0,440 0,430
400 1,200 1,180 1,160 1,130
800 1,350 1,340 1,310 1,280
2 500 1,500 1,480 1,450 1,430
10 000 1,730 1,720 1,710 1,710
30 000 1,950 1,950 1,940 1,940

INYKLUHH BLIpa)KeHa HECKOJNbKO CHJbHee, YyeM B CTaJH C TOJ-
wuHoM Jucta 0,5 mm.

AHH30TPONHS MarHUTHBIX CBOMCTB ropsiyeKaTaHOM TpaHc-
dbopmaTopHO#l cTanu paHee OODBSCHANACH  BBITSIIYTOCTLIO
BKJIIOUEHHH, co3falouux OoJibline NpPENnsiTCTBHS NPOXOXKAE-
HMIO MarHUTHOTO MOTOKa IIONepeK HanpaBJeHHsl NMPOKATKH.

Ta6auua 2-2

AHM30TpONMA MarHUTHOM HMHAYKnMM B, B o6pasunax AMHaMHOH
CTajM AJfA PasHBIX YLJOB K HanpaBJeHUIO NPOKATKH

Ma ruuruas HHAYKIUA Bagoo, M2, NNS1 PA3HLIX YTJIOB

Ne 06-

Tun TeKCTYPH | pagya 0 - 900" 60° 00° o+30° Te
p n
Punc. 2-18, a

._.
o
o
=)
o
3
w
S
wn
~
<A
Q

Puc. 2-18, 6 3 1,64 1,62 1,567 1,60 | 1,567 | 1,58
1, 1,567 1,53 ,
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[To panneim {JI. 2-11] ocHOBHO# NpHYHHOH pasjuyHs Mar-
HHTHBIX CBOMCTB BAOJMb M IONEPEK HanpaB/jeHHs MPOKAaTKH
CleflyeT CUMTATh Ha/luyde cJ1a6OBbIPAXKEHHOH KpHUCTaJIH-
YeCKO# TeKCTypel. DTO XOpomo . - ,

yp p M107% spefem?
noAaTBepKaaercst Ha obpasuax ;

IOVUHaMHOH cTajM, Tle KpHCTaJ- s ™\
JInyecKasi TEKCTypa XOpOIUO BHI- \
SIBJISIeTCST C MOMOIUBIO KPYTHJb- { \
HOro MarHuToMeTpa. -3 \

Ha puc. 2-18 no {JI. 2-12] no- A4
Ka3aHbl [Ba BHIa KPHUBBIX Bpa- “50 VT ’;;0,
ILATeJBHOTO MOMEHTA JHCKOBBIX  p.igspe/ons @)
06pa3uoB, OTHOCSILIMXCS K JIH- §
cTaM C NMpSAMOH H peBepCHBHOH g N
NPOKATKOM, KOTOPbIe MOJMyYaloTcs /
npu ay6aupoBaHuu ropsiuekara- 7 /
HBIX 3arotoBok. KpuBas puc. -3
2-18,a oTpa)kaeT TEKCTYpy THNA _g NS ®
{100} <110>, kpuBas 2-18,6 — 0 45 90 135 1d0°
6oJiee CJIOXKHYIO TEKCTypy. ITO o)

Hak/alblBaeT CBOH OTIEYATOK  pyu. 9.18. Kpupble Bpama-

Ha aHU30TPONHUIO MAarHUTHBIX TeJbHOIO MOMEHTa JHUCKOBBIX

cBoiictB. B Ta6s. 2-2 nokasaHa 006pasuoB ropsuekaraHoi mu-

AQHHU30TPONHUS MATHUTHOH MHAyK- HAMHOH CTali B KDYTHILHOM
o MAarHuToOMeTpe.

uuu Baspy B oOpasnax AHHaMHOH

a—c TIPOKATKOM CYTYHKH

cTalu C TeKCTypoHl pHc. 2-18,a B onsom nanpasiennu; 6 — cmpo-
6 KaTKOH CYTYHKH B pPa3HbIX Ha-
n 0. npasiieHHsiX (peBepCHBHas  IpPO-

[Ipu BbICOKOTEMNEpaTypHOM xaTka).
orTxkure o6pasuoB JAMHaAMHOH
cranu npoucxoguT asoBwii mepexox a—y. Ilpu 3TOM HH-
TEHCHBHOCTb KDHCTAJIMYEeCKOH TEKCTYpPbl Pe3KO CHHXKaercs
M YMeHbIIAeTCsi  AaHH30TPONHsI  MAarHUTHBIX  CBOWCTB
(traba. 2-3).

Ta6auna 2-3
3HayeHH] MarHUTHOW MHAYKUHH B,s,, M KOIPUHMTHUBHOH CHILI B
o5pasuax ropsyeKataHo# KMHaAMHON cTaJu AJA Pa3HBIX
YrJOB K HanpaBJeHHIO TNPOKATKH

Temnepatypa 3nadeHust Bysgg AJA YrJ0B 3Hayenus Hc, a/m, nasa yrJios
orxura, °C 0° 30° 60° 90° 0° 30° 60° 90°
800 1,60 [ 1,56 | 1,50 | 1,48 | 51 56 63 65
1150 1,64 | 1,54 | 1,63 | 1,562 | 45 45 46 46
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OTH HaHHBle CBUJETEJbCTBYIOT O TOM, YTO NPHYMHOH
AQHM30TPONMH MAarHUTHBIX CBOHCTB B TOPSYEKaTaHOH CTANH
SIBJISIETCS KPUCTAJJIMYecKasl TeKcTypa.

B) XoaoaHokaraHas MaJOTEeKCTypOBaHHAA CTaib

B nacrositiee BpeMst Bce Gosbluee NpHMeHeHHe HaXOMHT
XOJIOJHOKATaHasi MaJOTEeKCTYpOBaHHas CTanib, KOTopasl 1o
OTHOIIEHHIO K TOpsiYeKaTaHOoM! cTaau obnafaer clAeAyOIWUMH
IIpeUMYIIeCTBAMHY:

1. Ona wusrortoBisieTcss B pyJIOHax, yTo obJeruaer ee
NpHUMeHEeHHe Ha 3aBOJaX 3JEeKTPONPOMBIIIEHHOCTH.

2. Pa3HOTOMIIMKHOCTD ¥ BOJTHUCTOCTDb JIEHTHI NPH XOJOL-
HOM NpOKaTKe 3HAUUTEJIbHO MeHbIle, YeM MpPH ropsyei mpo-
KaTke JUCTOB. I10oBepXHOCTb JIUCTOB siBAsieTcsl Gosee raaj-
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‘Puc. 2-19. KpuBble HaMarHHYUBaHUS MaJOTEKCTY-
POBAHHOM XONONHOKATAHON CTaJM PAS/NUYHBIX Ma-
pok (toaumHa Jucra 0,5 mm).

1 —H=10 (Si=3,0%); 2— H=20 (Si=2,2%); 3— H=30
(Si=0,4%); 4—22.
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KO#, uTo yBesHunBaer KodpduuueHt sanonHenus no 98%.

3. IlpumeHeHne cOBpeMEHHOH TEXHOJNOTHH [aeT Jydllee
ylajneHHe BPEIHBIX NpHMecell W CHOCOOCTBYET YJYYILEHHIO
3JIeKTPOMAarHUTHEIX XapaKTePUCTHK XOJOJLHOKAaTaHOH MaJio-
TEKCTYPOBAHHOH CTaJH IO OTHOLIEHHIO K ropsiuekaTaHoi
[/1. 2-13—2-15].

Ha puc. 2-19 npuBenensl KpuBble HaMaTHHYMBAHUS Ma-
JIOTEKCTYPOBAHHOH XosiogHOKaTaHoi cranau [JI. 2-16] ¢ pas-
JIUYHBIM COZEpXKaHHeM KDeMHHSI M JJs CpaBHEHHsi KpHBas
HaMarHM4YMBaHHsA HeTpaBsleHo# craan 322, Eciu B3sATh
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Puc. 2-20, KpuBble HaMarHWuMBaHUS MaJIOTEKCTYPO-
BaHHON XOJIOMHOKATaHOH CTajM pas/jMYHBIX Mapok
ToNMIHHa Jucra 0,5 mm B mepemeHHoM moJe (f=
=50 ey, o603HaUYEeHHS COOTBETCTBYIOT pHC. 2-19).

cTajb ¢ OJHMM colepKaHueM KpemHHs (Si=2,0%), no pas-
HbIM crnocofaM H3TOTOBJIEHHS (XOMOTHOKATAHBIM H ropsde-
KaTaHBIM), TO PEUMYILIECTBO CTAJNH, H3TOTOBJASEMON O Mep-
BOMY crnocofy, oueBuiHO. [Ipi cpaBHeHMH KpHUBBIX HaMarHu-
UWBAaHUSl 3TUX NBYX BHIOB cTajJell HeoOXOAMMO ellle Y4YH-
TBIBaTh, UTO CTajb D22 IOCTAB/SETCH B HETPABJIEHOM BHIIE,
HO OOBSICHHTb TOJNBKO 3TUM OZHHM (DaKTOM pasjuyHe KpH-
BbIX HAaMarHHYMBAHHS B CPeJHUX MACHHUTHBIX MOJSIX HeJb3f.

KpuBasi HamarHHuMBaHHS HENETMPOBAHHOH XOJIOAHOKA-
TaHOW MaJOTEeKCTYypoBaHHOM cranu no H =300 a/m uper Hu-
xe, a npu H>300 a/m Bbiwe, yeM B ctanu ¢ Si=2 u 3%.
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B craau mapox 30100, 20200 n 30300 rapaHTHpyeTcs HH-
ayuus Basw He meHee 1,65 74. Ha puc. 2-20 npuBenensr Kpu-
BHE HAMAarHM4YHBaHHMA MaJIOTEKCTYDOBAHHBIX XOJOLHOKATa-
HBIX cTajell B KoopauHaTax By—Hyeiicrs, Tle IPEAMYLLECTBO
3THX cCcTajJefl nepel TropsiyeKaTaHbLIMH. NPOSBJISETCS He
B MeHbLIEH CTeIeHH, ueM ISl KPUBBIX By—Hy.

B ManoTeKCTypOBaHHBIX XOJIOJAHOKATaHBIX CTajAAX HMe-
eTcsi 'HeKOTOpas aHH30TPONHS MAarHHTHOH  HHIAYKLHH.
Tak, no TOCT 802-58 paspemaercsi uMeTh caenyiouiee pas-
JIHUHe B MaTHUTHOM HHAYKUMH Basco BLOJbL M MOMEpeK JHCTa:
a1 Mapok 21100, 91200 u 31300—0,13 72, a1 Mapox
33100, 33200—0,16 14.

B {JI. 2-15} npennaraerca no BenuunHe ABasp XOJOLHO-
KaTaHble HEeTEeKCTYPOBaHHBIE CTAJH DPasNeNsiTh Ha JBe Kare-
TOpHH: CTAJIH, Y KOTOPBIX AB2500<0,12 74, Ha3biBaTh HETEK-
CTYPOBaHHBIMH, a CTalH ¢ ABjs00<L0,25 T4—MalOTEKCTYPO-
BaHHBIMH. OgHaKO T3KOe MejleHHe NOKa He OOILENpHHATO.

2-3. YAEJbHBIE NOTEPH NPH MEPEMATHHYUBAHHH

BaxHo#i xapaKTepHCTHKON cTasell fBJSIOTCS yjAe/bHble
norepu. B Tabn. 2-4 npuBeneHsl 3HayeHUst yAeJbHBIX NOTEPb
HeKOTOPBIX XOJIOJHOKATaHHIX M FopsiuekaTaHbIX craJell, BLI-
flyeKaeMblX O CYLIeCTBYIOLIEMY CTaHApTYy.

Ta6aunua 2-4

MarHuTHble CBOHCTBa HEKOTOPLIX MapoK
9JeKTpPOTeXHHYeCKOH cTaxn

Ton- YaenbHbe norepH,
Moorad | s || e | amive, ve sone
i P1,0/50] P1,5/50| P1,7/£0
313 0,5 | lopsiuekatanas 1,50 2,8 16,5 —
922 0,5 » 1,48 2,2 15,3 —_
232 0,5 ” 1,46 1,8 |3,9 —_
D43A 0,5 » 1,44 1,151 2,7 —_
943A 0,35. » 1,44 0,9 | 2,2 —
31300 0,5 XoJsogHOKaTaHaA Ma- 1,55 2,50 15,8 —
- JIOTEKCTYpOBaHHas
33200 0,5 | To xe 1,48 1,5 | 3,4
I330A 0,35 | XonogHoKkaTaHas TeK- 1,85 0,5 1,1 1,6
CTypOBaHHas
9330AA | 0,35 | To xe 1,85 0,44 (1,0 —
J330AA | 0,30 | , . 1,85 0,40 10,90 | —

3apyGexHHMH GHpPMaMH BbIyCKaeTcs XOJIOAHOKaTaHast
TEKCTYpOBaHHasl cTajb ¢ peGpoBoii Texcrypoit mapox M-6,
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M-5, M:4 (CIUA, ®panuns, HUranus, liisenus), VC-11,
VC-10, VC-9, Z-11, Z-10 (fInonus) u ap. Kpome Toro, 3apy-
GexHble PUPMbl BBHITYCKAIOT XOJMOJHOKATaHYIO MaJslIOTEKCTY-
pOBaHHYIO cTalb ¢ cojepxaHHeM KpemHus ot 0,4 no 3%.

Kak ykasbiBaercsi B § 1-3, yaenbHble noTepu caaralorcs
M3 NOTepb OT THCTepe3Hca M NOTepb OT BHUXPEBHIX TOKOB

Pr.s=pr+ Ps. (2-1)

B X0/J0AHOKATaHOM TEKCTYPOBAHHOH cTand ¢ peGpoBOi
TEKCTYypo#t TonmuHo# aucra 0,35 mm, moTepu oT rucrepesnca
cocrapasior okosio 30%, uro BumgHo u3 Taba. 2-5. .

Ta6auuma 2-5

YaenabHble NOTepH OT FHCTepe3nca B XOJOXHOKaTaHOMH
TeKCTypOBaHHOH CTaJH

P1,5/500 Py Py,

Mapka cranu ﬂm/'{e Pe Pl.sjso' t Pe Prss0 "
3330 1,16 0,35 30 0,81 70
3330A 1,08 0,28 28 0,80 74
VC-10 0,97 0,27 28 0,70 72
VC-9 0,90 0,26 29 0,64 71

[TpoueHT noTepb OT BUXPEBLIX TOKOB B XOJOAHOKATaHOA
TEKCTYPOBAHHOM CTaJu B pasHbIX MapKax Takxke H3MeHfer-
cs HeaHauutenbHo (70—74%). CHuKeHHe mOTEPb OT BHXpe-
BBIX TOKOB B CTajii ¢ 6ojiee HU3KUMH YAEJbHBIMH IOTepAMH
clenyer OGbSICHUTb HECKONbKUMH npuunHamu. OQHa H3 HUAX
CBsi3aHa Cc nosyuyeHueM GoJiee METKO3EPHHCTOH CTPYKTYpH,
uto corsiacHo (1-13) MOMKHO NMPHBECTH K CHUXKEHHIO NOTEDPD
OT BHXPEBBbIX TOKOB.

Bropass mpuuHHa COCTOMT B TOM, YTO B CTaJH C MaJjbIMU
OGILMUMH YAeJNbHBIMH TIOTepsAMH (P15/50< 1,0 8T/k2) nmeercs
6osnee coBeplieHHasi KPUCTAJIHUecKas ¥ MarHUTHas Tek-
CTypa, 4TO CONIAcHO-§ 2-5 MOMXKHO TakkKe MPHUBECTH K CHHU-
JEeHHIO N0Tepb OT BUXPEBBIX TOKOB. B X0/0IHOKATaHOM TeK-
CTYpOBaHHOH cTanu ToawuHON naucta 0,5 mm mnorepu oT
rucTepesnca cocTaBasilOT He Gosmee 259% oO6mux moreps.
B HeTekcTypoBaHHOM cTanu HMeeTCsi HHOE COOTHOLIEHHe TO-
Tepb OT THCTepe3Nca ¥ BHXPEBBIX TOKOB — IIOTEPH OT THCTe-
pe3nca cocTaBasIOT GOMBIIYIO 1010 00IHX norepb. Hanpu-
Mep, MJIs ropsiyeKaTaHoi cTanu NpH TonuiuHe Jaucra 0,5 mm
IaHHble NpHUBeleHbl B Tabi. 2-6.
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Ta6auuma 246

YaenabHble NOTEpH OT CHCTepe3Hca M. [BUXpeBHIX TOKOB
B ropsgieKaTaHoil HeTeKCTypPOBAHHOH cTaju

Mapka | py 550, Py L S
Si, % ’ P, » % P, —,

% cTanu ke H 1.5/50 % a P1.5/50 %
4,0 D43A 2,70 1,40 59 1,30 48
3,0 932 3,60 2,40 67 1,20 33
2,0 322 4,80 3,65 76 1,15 24
1,0 313 6,20 4,35 70 1,85 30

W3 panubix taba. 2-7 cienyer, 4To NpH YBEJIHYEHHH CO-
nepxanusi kpemuusi ¢ 2,0 no 4,0% aGconioTHas BeaMYHHA
MOTEpPb Ha BHXPEBBIE TOKH HECKOJBbKO BO3pPacTaeT, HeCMOTPS
Ha yBeJHuYeHHe YAeJbHOrO 3JEKTPOCONpPOTHBJIEHHS. DTO Ka-
XKylleecsi NMPOTHBOpeune OODBSCHAETCS TEM, UTO B CTalH
C NOBbIIIEHHEM COJEepXKaHUS KPEeMHHMS NPOHCXOAUT 3HAYH-
TeJIbHOE YKpPYNHeHHe 3epHa, UTO NPHUBOAHUT K BO3pacTaHHIO
NoTepb Ha BHXpEBBbIE TOKH.

B xosmonHOKaTaHOM HETEKCTYPOBaHHON CTalH CHHXKEHHe
MOTepb OT BUXPEBHIX TOKOB TaKXKe He HAXOAHTCS B HPSAMOH
CBSI3M C M3MEHEHHEM YIeJbHOTrO 3JeKTPOCONPOTHBJIEHHS, UTO
BUAHO u3 Taba. 2-7 [JI. 2-16].

Ta6aunma 2-7

Y aeabHble mOTEpPH OT BHXPeBbIX TOKOB B XOJOAHOKaTaHOH
HeTeKCTYpOBaHHOH cTaxH

o, Mapxka P P1,5/500 4 o 4 o,

Si, % | cranu 10, om-m 'am//xa Py pl.5r/50. % Py 175./;0-- %
3,0 { H-10 0,5 2,78 1,55 56 1,23 44
1,56 | H-20 0,3 4,50 2,85 63 1,65 37
0,5 | H-30 0,2 6,00 4,10 68 1,90 32

a) 3aBHCHMOCTb YAeJbHbIX NOTEPb OT AMMJIHTYAbI
MarHMTHOH HHAYKLHH

OmnpeneneHne yaeabHBIX IIOT€pPhb NPY PA3JIHYHBIX aMILIH-
TydaX MATHHTHOH MHAYKUHHM NPOM3BOLUTCS INIPH CHHYCOH-
LaJbHOM H3MEHEHMH MAarHHTHOrO moToka. Paccmorpum 3a-
BUCHMOCTb p=if(B) mJs pasHbIX TPYNI CTajei.

Ha puc. 2-21 npusegenn no [JI. 1-62] kpussie p=f(B)
IJisI XOJIOZHOKATaHbIX TEKCTYPOBAHHBIX CTajlell ¢ peGpoBOH
TEKCTYPO# ¢ pa3HbIM YPOBHEM yeJdbHBIX moTepb. Eciu B3sirb
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OTHOLIeHHe mnoTepb npH B=15 14 K mnorepsm npu B=
=1,0 2, TO maa cranell ¢ pasHBIM YPOBHEM YIeEJNbHBIX MO-
TEpb OHO OJIMHAKOBO, YTO BHIHO H3 CJAEAYIOIIUX JaHHBIX:

Pi,5500 8m/kz . . .« 0,90 1,08 1,30
ﬁi'*"T’Z C .. 237 240 2,37
0/

B craasx 9330A u 3330 oTHOIIEHHE P1,5/50/P1,0/50 H3MEHS-
etcqa or 2,30 no 2,40.

B xononHokaTaHO#l TeKCTypOBaHHO cTasu ¢ peOpoBOH
TEKCTYPOI MMeeTCsl pPe3KO BhIpaKeHHass aHH30TPOIHS YJelb-

ém
we |P 1
20
18
3
n W,
Puc. 221.° 3asmcumocts 4 ///
VLENbHBIX TIOTEPb OT aMmd-
TYAB MarHuTHOM HMHAYKUMH 'S
B XOJIONHOKATaHOH TEeKCTYpo- g A/

BaHHOH <TaM¥ C TOJIUIUHOM"

aucra 0,35 mm (f=50 ey). 8
1—-VC-9; 2—VC-11; 3—VC-13. ~

/i
04 s
A

02 =

il

N
N

8
0 g2 04 06 Q8 10 12 14 16ma

v

Hplx motepb (puc. 2-22): ynenbHble moTepw MOJ YIIaMH
60—90° x npoxatke npu B=1,0+15 72 B 3,5—4,0 pasa
Gosbllle, yeM OJ151 HalpaBieHus npokatku. Haunbosee peskas
aHM30TPONHsA yIeNbHHIX NOTepb HMeeTcss nmpu B=0,5 14—
Pooe/ Poo=06. AHH30TpONHUSI yHEJIbHBIX [OTEPb 3aBHCHT H
OT MHTEHCHBHOCTH KPUCTAJIMUECKOH TEKCTYpHl: YeM MeHbLIe
yIVIbl PACCEHBAHUS KPHCTANJIUTOB OT HIealbHON OpHEHTa:
LLHH, TeM CHJIbHEee BblpaxeHa aHH30TPOINHs YAEJbHbIX I0TEPD
(puc. 2-23). Kpome Toro, aHu30TpONHSI YAEJNbHBIX IIOTEPb
3aBHCHUT OT YacCTOTHl lepeMeHHoro toxa. Tak, npu By=1,012
C TOBBILIEHHEM YacTOTHl IlepeMeHHoro Toka ot 50 1o
1000 2y oTHOmIEHHE NOTEPb  Pge/ Py CHUKAGTCSH OT 4 110 2.
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2m/xe '

g \ P13/s0
NN
2
T _//]7
-90 -60 -30 0 60 90°

Puc. 2-22. AH~H30T,p0H'Hﬂ yAeNbHBIX
MoTEPh B XOJIONHOKATAHOH TEKCTY-
POBaHHON CTaJM C MajbIMH YIVIaMH
paccenBaHus KPHCTANJIHUTOB  OT
HAeanbHON  opueHTanuu (a=3°);
YKJaJgKa MoJIoC B anmnapate DniuTei-
Ha  TpOBOAMNACh T0  crnocoby
(puc. 2-9,6).

5/77/!(6

4

P 5/50

~,
~

')

L

el
’ "‘\

3 7,

y. &
Al -
S

b

4

0

-390 -60 -30 0 30
Puc. 2-23. AuusoTponus ymreabHBIX
norepb pi,5/s0 B XOJOILHOKATAHOH
TEKCTYPOBAHHOH CTaJM ¢ [pa3HBIMH
yriaMH PacCeHBAHHA KPHCTAJJIHTOB
OT HIeaJbHOH OpHEHTAIMH.

I —a=3 2—a=6% 3—a=9°

70

60 890°

ITpuBefientibie Ha puc.
2-22 u 2-23 3aBHCHMOCTH
yAeJbHBIX IIOTEpPb OT yria
K HanpaB/eHHIO IPOKATKH
orHocATcs M K cJyyar
c6OpKH 10JOC 1O €nocoby
puc. 2-9,6. Tlpu corsaco-
BaHHOM DacloJIOXKeHHH MO-
Joc B makete (puc. 2-9,a)
Xapakrep . aHH3OTPOIHHU
YIEJbHBIX [OTEPh MeHseT-
cst [J1. 2-4]: ecau npu c6op-
Ke noJoc no crnocofy pHuc.
2-9,6 npu B=1+1,7 12
HauboJbllIe yAesbHbIe MO-
TepH COOTBETCTBOBAMU YTI-
aam 60—65° to npu c6op-
Ke 1oJioc To crnocoby pHuc.
2-9,a — nonepeyHoMy  Ha-
NpaBJeHHUIO NPOKATKH
(puc. 2-24). B craau
D330A aHH30TPONHUSA
yleJbHBIX TOTepb 6JH3Ka
K cramu VC-11, a B cTranu
3330—xk craan VC-13.

Boabioe 3Hauenue miist
pacyeToB HMeeT IIOJHas
yhenbHasi MOUHOCTb ¢, BHI-
paxaemass B 8-afke. Ha
puc. 2-25, rae 3HaueHHA g
IpeNCTaBJeHbl IJs XOJIOJI-
HOKaTaHOH CTajJii TeX xKe
Mapok, uToO U Ha puc. 2-21,
clelyeT, YTO C HOBBILIEHH-
€M AaMIUIUTYAbl MarHUTHOH
HHIYKUUH pasjiduue B IOJ-
HOH yIeJbHOM MOIIHOCTH
MeXAY Xyldued M Jgydurei

MapKo¥ YBEJHUHBAETCS.
Tax, npu B=1,0 72 310
pasiuuue COCTaBJISIET

1,6 pasa, npu B=1,5 74 —
2 pasa, a npu B=1,8 12 —
4 pasa.



B xosonHoKaraHo# cra- 92 [P e
JU ¢ KyOHYeCKOH TeKCTy- 8=17mn & —g'rf"
poft  yAesdbHLIE  MNOTEpH /|/ g1 ’n_>
BIOJIb H NONEDEK MPOKATKH pafdve=.
61M3KH MeX Iy co60H, a nox / 4 15ma
yriaoM 45° HX BeJHuYHHA S| 12ema
Han6oJblIasi H OKa3bIBaeT- / ATt Ty
ca Ha 509%' Gosbire, yem 2 v 7AD
BAOMb  TNPOKAaTKH  (pHC. ?/ o V| am
2-13). MeHbl1ass aHU30TPO- /7//’)’}/ o

NH yOeJbHBIX TOTEPh B 7
XOJIOIHOKATAHO! CTajH C = /
KyOHUYeCKOi TEKCTY PO Fo” (oif‘: o1
obbsiCHSIETCST TeM, 4YTO B g1 = P
IJIOCKOCTH JIHCTA 3TOH cTa- 0 10 20 30 40 50 60 70 80 90°

/1 OTCYTCTBYET OCb TPYyH- Puc. 2-24. Anusorponus yIesbHBIX

HOr0 HaMarHH4YMBaHHI. NOTEPh  XONOAHOKATAHOH TEKCTYPO-

Ha puc. 2-26 u 2-27 no  paunoit craas npu mByx cmocoGax
[J1. 2-7} nmpexacrasieHo YKJalKH TIOJIOC B IIaKeTHI.

- —cnoco6 a puc. 2-9,a;

H3MeHeHHe YIENBHBIX IO T T Cnocol ey phc. 29
Tepb C HHAYKLUHeH NJsi ro-
psAYexaTaHoOH TpaHC(HOPMATOPHOH CTaJH, U3 KOTOPHIX Cie-
IyeT, 4YTO BO3pacTaHue YAEJNbHBIX IOTEPb MPOUCXOLHUT IO 3a-
BHCHMOCTH, GsM3KOH K KBaapatuuHod. HaumeHbuive ynpenn-
Hble IOTEPH B rOpsiyeKaTaHOM CTa/M COOTBETCTBYIOT Hampas-
JIEHHIO TpPOKAaTKH, a Haubosbpline — nojy yriom 50—90°
K TpOKaTKe.

AHH30TpONHA YHeNbHBIX NOTEPb, - OLlEHHBaeMasi COOTHOLLe-
Pgye — Po°
S0 T 100 /o, B CTaNsiX Mapok 243 u D43A
Doe + Poge
BhlpaxkeHa GoJsiee pe3ko, ueM B cransax 41 u 942. Kpome

TOro, oHa GoJblue NJst JaucToB ToswuHOM 0,35 mm, uem mnd
aucToB ToamuHON 0,5 mm - (MO TOYKAM Piojoso U P1,5/50)

-
o | 6=05ma

AN

HHeM 2

Mapka cramt . . . .. . .| D41, 242 | 241, 242 -| 243, 343A
Tonwuxa jaucra, Mm . . . . 0,5 0,35 0,35
Pgoe—Po°
—F100% . . . . . 5—8 7—12 10—16
Poe+Pgge % !

B nucrax ropsiuekataHo# NMHAaMHOH cTasH, nMewllel Ha
MOBEPXHOCTH JIHCTOB CJIOH OKAJ/IMHBL, MOTepH OT TUCTepe3nca
pactyT ObicTpee, ueM B cTaJH 0e3 OKaJHHHI.
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Puc. 2-25. Tlonnas ynHenbHas MOIIHOCTb IIPH pas-
JUYHBIX aMIJIMTYAAX MAarHATHOH HHAYKUHH LIS XO-

JOXHOKAaTaHOH TEeKCTYyPOBAHHOM

MapoxK.

1—-VC-9; 2—VC-11;

[/} T i
el 532) /
3 // /.
342
L
, /// /
J43A 4 /,/
1 /IVA
A
7‘
4 BM
0 02 04 06 Q8 10 12 14mn
Puc. 2-26. 3aBucumoctb ynesb-

HBIX  TIOTepb ropsiuekataHoll

TpaHcHOPMATOPHOH CTa/H C TOJ-

wuHoi smcra 0,5 mm ot ammnau-

TYZAbl MarHMTHOH MHAYKUUN (f=
50 2y4).

72
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0

CTa/Jid pal3J/iIM4yHbIX

3 —VC-13.

332\/

342 //

343A /)
ik
AT
= b

02 04 06 08 10 12 l4mn

Puc. 2-27. 3aBucumocTb ynpesb-
HbIX  TIOTepb ropsiyeKaTaHoi
TpaHcOpMATOPHOH CTanH C TOJ-
uinHoit gimcra 0,35 mm ot am-
MJAUTYAbl MAarHUTHOH MHIYKIHH
(f=50 ey).

NN




Ecnu fns nuHaMHOB cTafi ¢ OKaJHMHON OTHOMeHHE
P1,5/50/P1,0/50 B 3aBUCMOCTH OT TOJILIMHBL CJIOSI OKaJIWHBI CO-
craBasier 2,30—2,40, To B ctanu 6e3 OKaJUHBEI OHO CHHXKa-
ercsa no 2,15—2,25 (raba. 2-8).

TaG6aunma 2-8

BiusinMe OKaJMHBI HA OTHOWEHHE P 550 Py o/50
B ropsYeKaTaHoi AMHAMHOH cTaJu

g Crasb ¢ OKanuHOH Cranb 6e3 oKanuHbl

0

3

8| Pro50, | *1,5/50, Pro50, | P1,5/50,

; em//xe am//rca P1,5/50/P1,0/50 ) am//xe am//na P1,5/50/ P1,0/50
1] 2,58 5,95 2,30 2,50 5,52 2,20

2| 2,57 6,20 2,40 2,42 5,25 2,17

3| 2,62 6,07 2,32 2,30 5,17 2,25

3aBUCHMOCTb YAEJbHBIX MOTEPb OT MHAYKUHUH AJsi 06pas-
LI0B ropsiyeKkaTaHol IuHamHoO# cranu no [JI. 2-7] npexcras-

Bm/re
rp
8 37/\/
7 /
5 /]
Puc. 2-28. 3aBHCHMOCTb 3]3\//
YACHBHbIX MOTEph ropsuexa- o /
TaHoH NMHaMHOM CTaJH € TOJ- 4 /
muHo# Jamcra 0,5 mm  oT /
AMIVIATYAB  MarHuTHOM 4 , / 4
uapykuuu (f=>50 ey). JZZ\/ /
4
Tz
) 1 ////
/ By
s
0 02 04 06 08 10 12 1ma

JieHa Ha puc. 2-28. AHH30TPONHS YAENbHBIX [OTEPb B AUHAM-
HOIl ropsiyeKaTaHOH CTa/lH, KaK U aHU30TPONHSA HHAYKLHH,
IPOSIBSIETCST MO-pa3HOMY, B 3aBHCHMOCTH OT crocofa mpo-
Katkdu. Tak, HaUMeHblINe yAeJdbHble MOTEPH Y JHUCTOB C pe-
BEPCHUBHO! NPOKATKOH COOTBETCTBYIOT HAIIPaBJIEHHIO NIPOKaT-
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Ril, y JHWCTOB ¢ MPSMOM mpokaTKoi — moxy yraom 30—45°
K nmpoxatke (cM. puc. 2-18):

Homep nncta B
makeTe ] 2 -3 4 5 6 7 8

Pgoe — Poe TpH ’
6=1 ma, sm/kz 0,35 0,40 0,20 0,20 0,34 0,33 0,18 0,20
B o6pasnax XononiHOKaTaHOH HETEKCTYPOBAHHOH CTauiH,
CBOGOMHOH OT OKaJIHHBI, 3aBUCHMOCTb YJENbHBIX NOTEPb OT
uuaykuuu npu 1,2—1,7 74 BelpaxkeHa caabee, yeM B ropsuye-
KaTaHo#l AMHaMmHoO# ctanu (puc. 2-29). CpaBHuBas puc. 2-29
¢ pHC. 2-26—2-28 MOXKHO 3aKJIOUHTL ciaelyioiiee. B xomolu-

8m
¥ |” 3
; //
'.?22,/2 Puc. 2-29.  3aBHcHMOCTDb
/ yIeJbHbIX TIOTEPb XOJOMHOKA-
TaHOM HeTEKCTYPOBAaHHOM cTa-
4 JH ¢ TOMUHHOK Jucra 0,5 mm
/7 OT A&MIUIATYAB MAarHHTHOMH
/ mHayKuuH (f=50 ey).
/ I—H=10 (Si=3,0%); 2— H=20
W (S1=2,2%); 3— H=30 (Si=04%).
2 y./4
44
,/,/
A 8,

0 02 G4 06 08 10 12 14 16ma

HOKAaTaHOM HeTeKCTypoBaHHOM cTanau ¢ Si=3,2% yneabHble
MOTEpPH MOJYYalOTCS 3aMETHO HHUXKe, YeM B ropsueKaTaHOM
CTali COOTBETCTBYIOLIMX MapOK. ¥ JdeJbHble NOTEPH B Ma-
JIOKpeMHHCTON XosogHoKaTano# crann (Si=0,4%) Heckob-
KO CHHKEHBI II0 OTHOLIEHHIO K TropsiyeKaTaHoil NHHaMHOH
cranu ¢ Si=0,8+1,0%. Hameil npoMbILIEeHHOCTbIO BBINY-
CKaeTcsi MaJIOKpeMHHCTas [MHaMHas CTalb ¢ YAEJIbHBIMH
noTepsMH p1,55=6,0+8,6 8T/Ke.

3aBHCHMOCTb YIEJbHbIX TIOTEPb JEKTPOTEXHHUECKOH CTa-
J{ OT aMIJITYIbl MArHUTHOH HHAYKHHM MOXKHO H3YyUHTb
aHajauTHyecku. BonbwrHeTBO paGoT mo 3TOMy BOMpoCy OC-
HOBBIBAJHCh HAa INpUMeHeHMH YypaBHeHus Mapennna —
[refinmeTa

p=nB" (2-2)
B pas/HuHbIX BHIOM3MEHEHHBIX (opmax.
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B [JI. 2-17, 2-18] xoadduuuesT n B ypaBHenun (2-1)
[pHHHMaJICA TIOCTOSIHHBIM M YCTaHaBAMBAJOCh H3MEHEeHHe
_[I0KasaTesis @ OT aMIVIMTYJAbl MarHHTHOH HHIYKLHH.

B [JI. 2-19] ‘6bit0 moxaszaHoO, uTO Korga Ko3((HUHEHT
1 NPHPaBHHUBAETCS NOCTOSTHHO!N BeJHYMHE, TO IPH TOM Ha-

7
o e T
Q 5 x/, . Pt
12 Sant sy
1 N
L \+
g2 7
B
o Ix
J ¥
%/
)/
P
o)
2 1755 22 e
1"
3
7 . N BH
0 g5 - 10 15 . ma

Puc. 2-30. 3nauenus xo3hPHUHeHTOB O H M
I XOJIONHOKATaHOM TeKCTYpPOBAHHOM TpaHC-
dbopMaTopHOH  CTANMH ¢ TOJLIMHON JIHCTa
0,35 MM ¢ DA3IUYHBIM YPOBHEM YIENbHBIX IO-
TepPb.
l—pl,5/50=0,90 aT/ke; 2—p]'5/50=1,08 8T/Ke;
3—-p,'5/50=1,28 8T/ke.

pylaeTcs pasMepHOCTb NPaBOH M JIeBOH uacTell ypaBHEHAS
{2-1) u Takas TpakToBKa ypaBHeHHsl (2-1) MOKeT mpuBecTH
K HeBePHHIM 3aBHCHMOCTSM YIe/JbHBIX NOTePb OT aMILIMTY-
Abl MAarHUTHOH MHIYKIHUH.
Ypasuenne (2-1) moxer GbITb NepenvcaHo CAELYIOMIUM
c6pasoMm:
lgp=Ign+algB. (2-3)
B [/1. 2-19] npennaraetcsi o M 1 CUMTAThb MOCTOSTHHBIMH
BeJHUMHAMH JUIS CTaTW JaHHON MapKH H WX ONpeleseHHe

IPOBOUTL METONOM HaMMeHbIIux KBanapartoB. Eciu ompene-
JIMTb NIOKa3aTeJH o U 1) /IS pasHbIX y4acTKOB KDPHBO# p=
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=f(B) [/I. 2-20], To 3TM 3Ha4YeHUS 3aMeTHO OTJHYANOTCH
Mexnay cobo#t (puc. 2-30 u 2-31). IToatomy ecau roBoputh
O TNOCTOSIHHBIX 3HAYEHHSX @ W 1 I/ THIHYHOM KPHUBOH p=
=f(B) kaKoii-1u60 MapKH CTaJH, TO TOJbKO /S OTpaHMH-
4YeHHOTO YydYacTKa H3MeHe-

1My o L1 HUSL MArHHTHON HHIYKIHH.
L °l. Us puc. 2-30 caenyer,
10 OSSP SRR S 7 4TO H3MeHeHHe NOoKa3aTeJss
. o cTeneHu o B paiioHe 1,0—
05 1,7 T2 MOXeT GBITb NPHHS-
TO OIMHAKOBBIM HJsi pas-
Xs HBIX MapoK TeKCTypOBaH-
2’5 V4 X (1
RN HBIX cTaJjelt, HO kKo3(pdu-
% /9\ 2 LYeHTH 1) NMOJYYaloTCs MpU
20 5 o , 3TOM 3aMeTHO pa3Hble.
g.g,gz’;_ A CloXHble  H3MeHeHHUs
1 moKasaTeNs a M M C aM-
’ IVIMTYAOH MarHUTHON HH-
" 8, | JAyKUMH He NAIOT BO3MOX-
»

03 70 76 mn  HOCTH IIMDOKOTO NpHMeHe-
i’ ’ ~Hua  Qopmyan (2-1) mas
Puc. 2-31. 3nauenus kosbouumen- = pacuera  yAeJbHBIX  TMO-
TOB O, H M JJIs NOpsiueKaTaHolt Tepb. Heo6xomumo mnoiitu
TpaHchOopMaTOpHOH cTaMH. Mo JIMHHUU IIOCTPOEHHS TH-
MUYHBIX 3aBUCHUMOCTEH p=

=f(B) B IIHPOKOM [AHana3oHe H3MeHEeHHS HHIOYKUUHU
IS crajed pasHeIX Mapok. O  HakKJIOHe KPHBHIX
p=f(B) yacTo cymaT mo OTHOIIEHHIO P1s0/50/P1,0/50. B XOJOJ-
HOKaTaHOH cTanu ¢ p1o/50=10,9-+1,3 8T/ke, kak 6blIO MOKa-
3aHO Bbille, 3TO OTHoWleHHWe cocTaBiser 2,30—2,40. B ro-
psiuekaTaHoH TpaHcOpMaTOPHOH CTaJH OHO HauWMeHbllee
y cTajeft Mapok ¢ 6O/bIINMH yAeJbHBIMU INOTEPSIMH ¥ HaH-

Ta6numa 2-9
CoorHowenue p, ¢z Py /50 B ropAYekaTanodl TpanchopmaTopHOH

CTaJNH

P1,5/50/P1,0/50 TP TOJILMHE JIHCTA, MM
P1,0/50 smlke

0,35 0,50

0,90—1,00 2,33—2,40 —
1,04—1,00 2.32—2.35 2,40—2,45
1,15—1,20 2,26—2,25 2,35—2,40
1,25—1,30 2,18—2,23 2,20—2,25
1,35—1,40 2,15—2,20 2,16—2,20
1,45—1,50 —_ 2,13—2,16
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GoJsblllee Y MapoK ¢ HaHMEHbIUMMH YAEJbHBIMH MOTEpPSMH
(raba. 2-9).

Takoe wn3MeHeHHe OTHOIUEHHSI Pi5/50/P1,0/50 COTVIACHO
[VI. 2-21] MoxkHO O0GBACHHTDL caeayooiiuM o6pa3oM. CHuxe-
HHe yJIeJbHBIX NOTePb B CTaJH NPOHUCXOAHT, KPOMe cO37a-
HHSI TEKCTYpDBl, 32 CUET COBEpIIEHCTBA CTPYKTYPH CTaJH
(yMeHbIlleHHe BKJIOYEHHH W HaNpsiXKeHHH, IOJyYyeHHe ONTH-
MaJbHOrO pasmepa 3epHa U T. A.). IIpH TakoMm coBeplueu-
CTBOB2HHU CTPYKTYpPHl CTalu OOJerdaloTcs NpOLEecChl cMe-
LIEeHHs] NOMEHHBIX CTEHOK, KOTOpble IPOUCXOIAT B cJaabbIX
H cpenHux noasx. Ho 3To okaseiBaeT MeHbliee BO3nelicTBHE
Ha Tpouecchl BpallleHHsl Npu GosblluX HHAYKNHUAX. [Toaromy
IPH COBEpLIEHCTBE CTPYKTYPHI CTAlIH CHHUXKEHHSI IOTEPb
P1,0/50 TIPOUCXOIUT B GOJIblIeH CTeNeHH, YeM pis/s0, H Kak
CJIeICTBHE ITOTO yBEJHUYHBAETCS] OTHOLIEHHE Pi s5/50/P1,0/50-

B [JI. 2-22] npuBoasiTcs naHHBlE 0 H3MEHEHHIO yIEeNbHBIX
noTepb B XOJOZHOKATAHOH TEKCTYPOBAHHOM cranu ¢ Si=
=3,2% mnocne nmactuueckoil mepopmanun (taba. 2-10).

Ta6nuuma 2-10

HameneHHe OTHOWEHHS P55 /Py g50 B XOJIOAHOKaTaHOM

CTaJH nocje ee gedopmMauuu

BesnuuHa o3xkatHg, %

I
apavetp 1,0 0,5 2,0 5,0
P1,0/50 » em/kz . . ... .| 0,64 1,30 2,15 2,90
P1,5/50 » emjfkz . . . . .. 1,50 2,35 3,40 4,60
pl'5150/p|’0/50. e e oo 2,34 1,80 1,60 1,60

ITpu yBenuueHHM cTeneHu oGxkaTHa 10 5% oTHOLIEHHe
P1,5150i P1,0/s0 CHUKaercs ¢ 2,34 no 1,60, uTo NOATBEPXKAAIOT
nanneie [JI. 2-21]. B [JI. 2-21] Takxke yKasbiBaercs, 4TO
B XOJNOJAHOKAaTaHOM TEKCTYPOBAHHON CTaJH OTHOLIEHHE
P1,5/50/P1,0/50 CHHXKAETCS O Mepe YBEJIHYEHHsI CTEeNEeHH COBep-
IIeHCTBa TEKCTYpH B craidu. OZHAKO 3TO NOJIOXKEHHe He
MOATBepXKAaeTcsl ONLITHBIMUH AauubiMu [JI. 1-62]:

Basoo, mA . . . . . . . ... 1,80 1,02 1,93 1,97
Prsjso/Projso - - « -+ - - - - - 2,37 2,40 2,35 2,37

6) 3aBMCHMMOCTb yJeJbHBIX MOTEPb OT YaCTOThI
nepeMeHHOro noJsi

Tlpu u3MepeHHH yIeNbHBIX NOTEPb IPH Pa3HBIX YacToOTax
MIEPEMEHHOr0 N0JIS MOXKHO ONpefenaTh Nnoka3aTelb CTeNeHH
n B BhIpaXeHHn p=mf", ananoruunom Qopmyre Mapenu-
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na — [lrefinmMerna. IlpuMeHnM 3TO BhIpaXKeHHe K 0GIIAM
NOoTepsM, MOTEPSIM OT BUXPEBHIX TOKOB (Ps==prs—pPr) H LO-
MOJIHHTE/NIbHEIM NI8TepAM [pg=pras— (Pr+pos)]. B Tabm. 2-11

Ta6numa 2-11

XonoxHokara-
TopsieKaTaHass CTajab Hafd TeXCTypo-
BaHHas CTajnb
B SL, %
Tapaverp 1,0 | 4,0 l 3,0
TonmHHa JHCTA, MM

1,00 | 035 | 02 | 01 | 05 | 035
Pr/Pr.ns % 50 60 62 69 80 17 { 35
DPa/Poxs Yo 50 90 240 | 700 1400 | 100 140
Ne.y 1,40 { 1,20 | 1,20 | 1,12 1,05 | 1,50 | 1,50
Ny 1,9011,70 { 1,57 | 1,52 | 1,40 | 1,60 | 1,70
ny 1,7 | 1,60 | 1,46 | 1,46 ] 1,40 | 1,35 | 1,55

NpUBeNeHbl NOKa3aTelH CTENeHW n [AJs HEKOTOPBIX MapokK
cTajlelf Py H3MEHEHHH YacTOTH IepeMeHHOro nojis ot 25
10 50 ey npu B=1,0 74.

. XoTsi mOKasaTesp CTENEHH Hr.s HECKOJIbKO BO3pacTaer
C POCTOM UYaCTOTHl IepeMeHHoro mojsi or 25 mo 50 ey,
B tTaba. 2-11 npuBeJeHbl cpefHHe 3HauYeHHS frp. Kpome To-
ro, B Tabs. 2-11 BOHcaHB OTHOLIE-
HHUS Pr/Pr.o, % B Pa/prs; %, Xapak-
TepU3yollMe COCTapJsAIoLINe . IO-
/ Tepb B cranu. K3 taba. 2-11 npe-
g }KJIe BCEro CJlelyeT, YTO IOMOJHH-
7 Te/lbHble MOTEPH BO3pacTaloT ¢ dYa-

m
%‘z Pio

CTOTOH TepeMEHHOTO IOoJIsI B CTele-
"mu 1,4—1,7. B craasx Tex Mapox,
rae IoJisi OONOJHHTENbHBIX TOTEpPhb
CpPaBHHTEJBHO MaJsa (cranb C Si=

2 /‘

1 A =1,0%n d=I MM), TOKazaTess
// CTeneH! Ny OJsl NOTepPb OT BHUXpe-
P )7,/ BHIX TOKOB 6sM30K K ngByM. Korma

f K€ JONOJIHHTEJNbHbIE NMOTEPH B HE-

2 10 20 30 40 S0y CKOJIbKO pa3 OoJsibllle pacCcyuTaH-
Puc. 232, 3asmenmocy, HPIX, [0Ka3arelb CTENeHH My LIS
YOENBHBIX  moTepp  pyo BMXPEBBIX TOKOB 3HAYMTENbHO MEHb-
OT YaCTOTH nepemeHHoro L€ JIBYX.

noas (f=15+60 2y) nas
Da3JIHYHBIX MapoK CTaJH.'
1 —3330A 0,35 mm; 2— 343
0,35 mm; 3 — D312, 0,5 mm.
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Ta6anna 2.12

Otnowenue yaeaAbHBIX MOTEPb B OCHOBHEIX MapKax
.9JIEKTPOTeXHHYEeCKOH CTAaJH NPH HM3MEeHeHHH YaCTIOThI

‘nepeMeHHoro nojas c¢ 50 mo 60 z4 -
TonwnKa Orxowenns py,0,60/P1,0/50
Mapxa cranu NHCT3, MM ¥ py,5/60/P1,5/50
311, 312, 313 0,5 1,25
21, 322 0,5 1,24
331, 332 0.5 1,24
41, 242 0,5 1,26
243, 43A 0.5 1,28
D42, 42 0,35 1,23
343, 343A 035 1,2
33:0, 9330A 0,35 1,30
3330, 3320 0,5 1,32

weit. TaMm, rae noTepu OT rUCTepe3rca COCTABAAIOT HAHGOb-
wyio yacte (craap ¢ Si=4,0%, d=0,1 mm), moxasarenab
CTeneHy AJs oOLIKX NoTepb 6/HM30K K enuHuue (nr3=1,05),
a TaMm, I'le 3Ta JoJs HauMeHbiasa (ctanp D330A), — noka-
3aTesb CTENeHHu npp Haubosabwui (1,50).

3HaueHHe MMoKa3aTesell CTeNeHU Mg U My OBLIJIO BHUNC/AE-
HO B TOM IIPENINOJIOXKEHHH, UTO IIOTePH OT THCTEpe3Uca BOS-
pacraloT JHHEHHO ¢ 4YacToTol mnepeMeHHoro moas (25—
50 ey). Ha npumepe cranun 244 c romwuHoir 0,1 mm, rae
nrs=1,05, MOXHO CKa3aTb, UTO 3TO NMpPENNOJOKEHHE ONpaB-
JILIBAETCS Ha IPaKTHKE.

IIpuBesnenunle nanuble B Taba. 2-11 oTHOCATCS K aMILIH-
TyAe MariuTHoi uuaykuuxn B=1,0 74. C yBenuueHuem aM-
IJIATYABl MaTHHTHOM HHIAYKUHH MOKa3aTelb CTENEHH Hrp
HEeCKOJIbKO CHHXKaeTcs: )

B,ma. .............. 1,0 1,5 1,7
Nep Ag crama A330A . . . . . . .. 1,64 1,50 1,44
neg Angacramn M43. . . .. . ... 1,22 1,20 —

Ha puc. 2-32 nokasaHbl 3aBHCHMOCTH pr.s OT | 1Js CTa-
Jefi HecKOMbKHMX Mapok. Ecam npoussecTn pacuer morepb
OT BHXPEBBIX TOKOB Ans crajeit 242 u 3330A no ¢opmynre
(29) TOCT 12119-66 ps=pra—pr npu fi/fe=2, 10 Gynem
HMeTb cJefyloliue NaHHble:

Mapka crann P, 10 dopmy e (29) Py=pP, Py
42 0,26 0,39
I330A 0,21 0,38
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- Taxum o6pa3oM, NOTepu Ha BUXPEeBble TOKH, pactdutati-
Hele mo gopmyae (29) I'OCT 12119-66, Gynyt B craau
D330A moutw B 2 pasa MeHblue, YeM BBIYHCJIEHHBIE C TIO-
MOIIBIO CTAaTHUECKON NeTIH rucrepesuca. Has cramun D42
OHH 3aHHuXKaloTcs B 1,5 pasa.

B oTeuecTBeHHBIX CTaHAapTax H CNpPaBOYHHKAX OObIYU-
HO NMPUBOASATCS yAe/bHble TIOTEPH, H3MEePEHHbIe NIPH YacToTe
50 2y, a B amepuxauckux —unpu 60 ey. Idna cpaBHeHHs
XapaKTePUCTHK cTa/led HeoOXOAMMO NMPHUBECTH HX K OXHOH
u3 vacror. HenocpeacrsenHoe H3MepeHHe 3HAYEHUH pg/so n
Psieo IPUBOAUT K HaHHBIM Tabma. 2-12.

2-4, JONOJIHUTEJIbHbIE NMOTEPU B 3JIEKTPOTEXHUYECKOH
CTAJIH

Ecan paccunraTe no ¢opmyae (1-12) nmorepu ot Buxpe-
BbIX TOKOB C y4eTOM OJHODOAHOIO H3MEHEHHS MarHHTHOIO
NOTOKa M IIOT€PH OT THCTEpe3nca MO CTAaTHYECKOMY LHKJIY
THCTepe3nca M BbIYECTb MX CYyMMY H3 OOIMHX IOTEPb Pr=
=prs—(Pr+pPos), TO JJIsi OCHOBHBIX MapOK 3JEKTPOTEXHH-
yeckod cranu OyneM HMeTh CJeAyIollMe 3HAYeHHWs JONOoJ-
"HUTeJbHBIX moTepb (Tabu. 2-13).

(Ta6auua 2-13
CocraBiasiomue Y AeJbHBIX NOTepb, em/’Kke, B 3Jxekrp0‘rexnuqecxoﬁ
CTaJH HEKOTOPbIX Mapok

Mapxa ;&ﬁ"ﬁ 1,5/50 , Pos Py P5l P }, 5/50,
222 0,5 5,00 3,76 0,74 0,50 10
243 0,5 2,70 1,38 0,52 0,80 30
D43A 0,35 2,20 1,25 0,25 0,70 32
D330A 0,35 1,08 0,26 0,32 0,50 45
VC-9 0,35 0,90 0,24 0,32 0,34 38

B o6pasiax ropsiuekaTaHOH JHHaMHOH cTa/y, uMelouleH
MeJKO3ePHHCTYI0 CTPYKTypy (400—800 3epen Ha 1 mm?
miomany uuinga), JONOTHUTENbHbIE IOTEPH COCTABJSIOT 10
109% o6mux morepn.

Ecau nmpousBecTd H3MepeHHe Y/eJAbHBIX NOTePb NPH 4Ya-
crorax 25—50 2y ¥ MOCTPOUTH 3aBHCHMOCTb pr.s/f OT f, TO
SKCIIepHMEHTA/bHble TOYKH NOCTATOYHO XOPOMIO JIOXKaTcA Ha
npsimyto auHuio (cM. puc. 1-17), a morepu or rucrepesuca,
onpejieJieHHble 10 OTPE3KY Ha OCH pr.s/f, GH3KH K MOTepsM,
BLIYUCAEHHBEIM 110 CTAaTHYECKOMY LHKJAY rucrepeduca. Ha
OCHOBaHHH Tabu. 2-11 MOXHO cuHMTaTb, YTO B MENTKO3epHI-
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cTolt cTalu MOTEéPH OT THCTepeé3nca W3MEHSIOTCS MO0 JHHek-
HOH 3aBHCHMOCTH OT YacTOThbI IeDEeMEeHHOro TOKa, a IOTepH
OT BHXPEBBIX TOKOB — IIO KBaJpaTHYHOH. '

C yKpynHeHHeM BeJHYHHBl 3eDHA B HETEKCTYPOBaHHOH

CTasy JONMOJHHTENbHbIE IOTEPH CYLIECTBEHHO yBEJIHUHBAIOT-
ca [JI. 2-23]. Taxk,

Craab ¢ Si=1,0%, d=0,5 unm:

KoumuecTBo seped Ha | mm?2 . . . . . 1000 800 400 200 50
JonoanuteasHble norepu nmpu B = .
=1,5 ma, =50 ey, em/kz . . . 0,18 0,34 0,52 0,70 1,20
Cranb ¢ Si=4,0%, d=0,5 um:
Koanuecrso seped Ha 1 mm2. . . . . 100 50 20 10 5
JononHutenbHble noTepu npu B =
=1,5 ma, f=50 2y, ém/kz . . . . 0,31 0,45 0,72 0,85 0,95

B o6pasmax Xon0QHOKaTaHON TEKCTYpOBAHHOH CTajau
uMeeTcsl elle Oojee KpynmHo3epHucTas cTpykrypa. Ha 1 mm?
mwiowagyd wwinda noMellaeTcA MeHee OJHOTO  3epifa
(0,06—0,5 sepna). OgHako B TaKOH cTajiu JONOJHUTENbHLIE
NoTepH 1o abCONIOTHOH BeJMYMHE MeHble, 4eM B HETEKCTY-
poBanHo#i cranu. CornacHo Taba. 2-13 oHH COCTaBJSIOT
0,34—0,5 sr/xke BMecto 0,70 8T/Ke mJAA HETEKCTYPOBAaHHOH
cranu D43A c To¥ Ke TosmulMHOK Jucta. B cuay Toro, uto
NOTEPH OT THCTEpe3UCca B TEKCTYPOBAHHOMN CTaJH CYLIECTBEH-
HO CHHXKEeHbl IO OTHOIIEHHIO K HETEKCTYpOBAHHOH CTaJiH,
OTHOILEHHE [ONMOJHUTEIbHBIX MOTEPb K OOINHM MOTEPAM
B TEKCTYPOBAHHOH CTa/IH SIBSIETCA HAWOOJBIIUM,

[Ipn cpaBHEHHMH [NONMOJHHUTEIbHBIX IOTEPb TEKCTYPOBAaH-
HOH ¥ HETEKCTYPOBAHHOH CcTajJu HEO6XOLHUMO YYUTBHIBATh, UTO
B TEKCTYPOBAHHOU CTa/M NmepeMarHHYMBaHUe OCYIIECTBJISIET-
ca B ocHOBHOM 3a cuer 180-rpaaycHoro cMelueHHsi JOMEH-
HBIX CTEHOK, a B HETEKCTYPOBAHHON CTa/H, e MarduTHas
TEKCTypa OTCYTCTBYeT, 3a cuer 180- u 90-rpanmycHoro cme-
meHusi cTeHok. Ecan B o6pasnax XOoMOLHOKATAHOH TEKCTY-
POBaHHOM CTAJIH MCKYCCTBEHHBLIM NyTEM YMEHBIUUTb MarHHT-
HYIO TEKCTypy (HyTeM CO3laHHs HampsiXKeHHUil), To MOMOJ-
HUTEeNbHbIE TIOTEPH, B8T/Ke, IPH STOM 3HAYHTENbHO YBEJHUH-

. BalOTCSl, YTO BHUIHO U3 CJENYIOMIHX TAHHBIX

Ne o6pasua A, 107¢ } P1,5/50 Py Pos Py

B —
—
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o
—
[e2]
N
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w
o
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w
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Takum o6pasoM, 3fiech KauecTBEHHNO BOCCTaHABJIHBAETCH
COOTBETCTBHE MeXKAY BEJHYHHON 3eplia U JIONOJHHTENbHbI-
MU [OTEpSIMU.

Ecnn B3Tb cTa/b ¢ OLHOI CTENEHbIO TEKCTYPbl H NpHMe-
CSAMH, HO pasjiHyHON BEeJHYHHON  3epHa, TO MO JIAHHBIM
[JI. 2-24] npu yMeHblueHHH pa3MepoOB 3eplia B NMONEPEUYHHKE
¢ 9 no | mm obugue norepu cuuxaiores ¢ 1,05 no 0,90 sr/xe
(puc. 2-33). Tak kak noTepH oT rHcTepe3Hca IpPH 3TOM JHIUIL
HE3HAUHTENbIO YMEHbIIAIOTCs, TO CHUXKelHe TNOTepb NpPOHC-
XOANT 32 CUET yMeHbLIelHsi JOIONHHTENbILIX noTepb. [Ips-
Masi CBA3b MEXKJY YAeJLHbIMH ITOTEPSIMH M BeJHYHHOIl 3eplia
B TEKCTYpPOBaHHOH cTaju Obuia ycraHossaenaB[JI. 1-55], rue
C MPHUMEHEHHEM MeTOJa MHOXEeCTBEHHOH KOppessuun Oblio

II0Ka3aHo, 4YTO CHHXeHHe

bm/xe auamerpa 3epHa ¢ 7 1O

"~ \Prsyso — 1,5 mm BLI3BIBa€T yMeHL-

’ L— LIeHHEe YAeJbHBIX TOTEPh

7 P1s/se Ha 0,13 81/ke; 310 Ha-

10 “ XO/IUTCSl TaKkKe B COOTBET-
/ ctBuu ¢ [J1. 2-24].

B [JI. 2-25] mnoxkasano,

YTO OCHOBHOH TIPUYUHOI
09 L JIONO/IHHTE/ILHEIX IOTEpD B
0 . 2 KPYMHO3EPHHUCTOM 3J1€KTpO-

TeXHHYECKOll CTajgd sBJS-

Puc. 2-33. 3aBHCHMOCTL  YAGALILIX  eTCH HEOXHOPOAHOCTL  Ile-

nmepx: X():IIOlUlOJ(aTﬂ’HOH TCKCTy])(’% peMal‘HHlmBal—lHH. B HeTex-

BalHOI CTaJu OT pasMepoB 3cplia.

CTYpOBallHOM  MaTepHale
uMeercsi 3HAYHTeNbHAS

MeX3epeHHast 11€0JHOPOAHOCTb HaMarHuyuBaHus. [1o JaHHbIM

[71. 2-26] na puc. 2-34,a NPUBOASITCS MOPOWIKOBEIE GHUTYPLI

Ha JIBYX 3epHax TpaHc(opMaTOPHOH cTaju B mpoluecce la-

MarHnuuBaHHs. B omHoM n3 iMx nopomkosbie Guryphl 0T-

CYTCTBYIOT, T. €. 3€pHO HaMarliHicHO 0O HAacCLIILENNs, a B0

BTOPOM HMEETCS ellle cI0XKHasA CHCTeMa MOPOIUKOBBIX (HTYP.

B o6pasuax rexcrypoBanHoil cTaau ¢ MaJibIMH YrIaMu oT-

KJIOHEHHST KDPHCTaMJIHTOB OT Ijleadbilofl opmentaunn (o=

~2-+3°) Mex3epeHHas HeOMIIOPOMIOCT> HaMarHHYHBaHHA
3HAYHTENIbHO CHHIKEIla, HO OCTAeTCs] TaK HasbiBaeMasi BHY-

TpH3epeHHAasi HeOAHOPOAHOCTb HaMarHHUHBaHHUs, KOTOpas

MOXKeT NPOABAATbCsT ABYyMs crocodami. Ilpu nmepsom croco-

6e MOXeT NMPOMCXOAHTb HEONHOPOAHOE HAaMarHMYMBaHHE OT-

NeJIbHBIX yyacTKOB 3epHa (puc. 2-34,6). Ilpu BTOpOM cro-

cobe BHyTpH3epeHHasl HeOJHOPOJHOCTb CBs3ala ¢ JOMEHHOH
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CTPYKTYpO# CTaJli: H3MEHeHHe MarHMUTHOrO MOTOKAa MpPOUCXO-
JHT TOJLKO B MeCTax [BHMKEHHs JOMEHHBIX CTeHOK. B mo-
ciaenHee BpeMsi Obl1 onyG/MKOBaH psil paboT, B KOTOPbIX
pacueT IMoTepb OT BHXPEBBIX TOKOB BBINIOJHAJICA € yYE€TOM
JIOMEHHO#H CTPYKTyphl (eppomMarHetukos (§ 1-3).

B {J1. 1-20] npuBoaHTcs dopMysia psr=pos- 1,62 L/d, koto-
pasi Gblia moJyueHa NpH CAeAyIIHX OrpaHHYeHHsX: HaMmar-

Puc. 2-34. MexsepenHass ¥ BHYTpH3epeHHast
HEORHOPOLHOCTD HaMarHUYHUBaHHUS.
* a— MeX3cpcHHasl, 6 — BHYTpH3epCHHaf.

nunBanue o6pasuos c Tekcrypoit (110) [001] mpoucxomut
BJIOJb MPOKATKK 3a cueT 180-rpajpycHoro cMmelleHuss NOMeH-
HBIX CTEHOK; MpIl JIBHXKEHUHM JIOMEHHble CTEHKH OCTaIoTCs
IJIOCKOMAapa/eJbHEIMH; IHpUHa A0oMeHOB L JmonxHa OblTh
conaMepuma ¢ toamunon sgucra 4. [lpumeHHTeabHO K XO-
JIOIIIOKATANON TEKCTYPOBAHHOI cTaMl ¢ peOPOBOI TEKCTYpPOH
3Ty (OpMYJaTy MOXKHO HCINIb30BATh TOJNBKO /15 06GpasioB
C CHUJbHO BBIpAXKEHHOH KPHCTAJANH4YecKOH M MaTrHHUTHOH TeK-
CTYpOH.

[To nanubim {JI. 2-27] B 06pasuax, HaXOASIHXCS B pas-
MarHHUelHOM COCTOSIHHM, C pa3MepaMH 3epHa B NONeEpPeYHH-
Ke 4—10 mm wmpuna jpomenos cocrasasier 0,35—0,5 mx,
uTO B cooTBeTcTBHM ¢ (1-13) mOMKHO MpHBECTH K YBeJHUEH-
HBIM TIOTEPSIM OT BHXpeBbIX TOKOB B 1,6—2,4 pasa.

Ecnu npuMeHHTb pacueThl MOTEPb OT BHXPEBBIX TOKOB
¢ nomowpio (1-13) k xosoxnoxkaranoil cramu ¢ pasmMepaMmu
3epeH 3 M, TO MOJYYHUM CJejlyIollHe 31aueHHsT COCTaBAf0-
IUX YAENbHBIX MOTEPb, 8T/Ke:
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P1,5/50 Py Poy Py Py
0,95 0,23 0,34 0,50 0,22

B sroM ciayuae BeJHYHMHA JONOJHHUTENbHBIX NOTEPb yXKe
cunxkena 10 239% o6mux moreps.

[Tpumenenue (1-13) K TeKCTYpOBaHHOH CTalu ¢ Pa3HOH
CTENEHbIO TEKCTYPHl BHI3bIBaeT NpoTHBOpeuHs. Yem wmeHce
coBeplIeHHA KPHCTa//HuecKas TEKCTypa, TeM Gosblile HMe-
o eTcsi KPHCTaJJHTOB. CO CJOXHOM

% [p Do F Hogepxnocmoﬁ IIOMEHHOH CTPYKTY-
20F | J;| PO¥ u cormacHo (1-13) morepu ot
5| BHXDEBHIX TOKOB JOJIXKHbI CHHXATb-
18 csi. OnHAaKO ONBIT MOKa3bIBAET, YTO
’ [LNe] onm Bo3pacraioT. HyxHo moJsarars,
: 4TO B 3TOM CJydae pe3Ko Bo3pacra-
16 Y eT MeXX3epeHHasi HeOLHOPOINOCThb
YA HamariuuuBanus. [IpuMeHHTENbHO
1% 7 K XOJIOMHOKATaHOM TEKCTYPOBAHHOM
- /AR craau B {JI. 2-28] nokasaHa 3aBH-
12— AAS CHMOCTb YIIeJIbHBIX TOTEPh OT KOJH-
| YeCcTBA 3€peH CO CJOKHOH JOMEH-

. - ‘ HO¥ cTpyKTypo#l (puc. 2-35).
oy B [JI. 2-29] npousBexnen pacyer

. 0 20 40 60, TOTePb SHEPTHH Ha TNepeMarHuyH-
CnomHwe pueyps, % ~ BaHHeE C YUETOM HEOJHOPOIHOTO Ha-
MarHUYUBaHUSI OTHENbHBIX 3epeH,
Puc. 2-35. 3aBHCHMOCTS  yoropifi  NOMYYHT  YAOBJIETBOPH-
VOEeJIbHBIX T[OTEPb XOJIOX-
HOKaTaHOH Tekcrypopax- TE/IDHOE COBIaJieHHE C  ONBITOM
Ho#i craau or mpouenra  (pHC. 2-35). Kpusas puc. 2-35,a o1-
CTOKHBIX [IOPOWIKOBEIX  HOCHTCSL K CJIyYalo, KOrJa OTHOIIe-
SKCneDHMEPld::[;Z}?E:Ie TOYKH — - Hne npOHHuaeMOCTeﬁ B SepHax
Mo {71 2-98)  cnmomnse an. CTPOCTBIMH H CJIOKHBIMHU QDUTYpaMH,
HuM —no [JI. 2-29). paBHO oo, a KpuBas pHc. 2-35,6 —
kKorna oHo paBHO 10. Kak crnenyer
u3 puc. 2-35, kpuBas puc. 2-35,6 Jyullle COTIacyeTcsi C OIbl-
TOM, ueM KpuBas puc. 2-35,a.

YKaxeM ellle Ha OAHY NMPHYMHY BO3HUKHOBEHHUSI JIONOJ-
HUTEJbHBIX MOTEPb.

I1pn HamaruuunBauuy o6pasuoOB BAOJNL HalpaBJIeHHS, He
COBIANAIOUIEr0 HYU C OLHOIN OCBIO JIETKOTO HaMarHHYHBaHHA
(mozx yriioM ¢ K HanpaBJIeHHIO NPOKATKH), MOTYT MOSBHTHCSA
coCTaBisloNIe MarHUTHOH HHAyKuuu [JI. 2-25]

B=B;+B,+B, (2-4)
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rie By — cocTaBisiollasi MHAYKUHWH BJOIb MarHUTHOrO MO-
nsi; By — cocraBisiomasi ”HAYKUHY, epIeHAnKyAsipHas Ha-
NpaB/eHHIo MoJsl B IVIOCKOCTH JiHCTa; B, — cocTaBisionas
HHIYKIHH, TepIeHINKyJasspHash JIOCKOCTH JIUCTA.

Ecan pasMepsl KpHCTAJ/IUTOB NPEBBIIIAIOT TONLIMHY JIH-
CTa, T. €. B TOJIIHHe JIUCTA COJAEPXKHTCS He GoJjiee OLHOrO
3epHa, TO NMOTepH I/ KPUCTANIHTA OYAYT Psi=Pxi+pyi+
+ pzi. Ilpociiennm 370 Ha U3MEePeHUH yAeNbHBEIX OTEPD B I10-
JIOCKaX, BbIPE3aHHBIX MOJ Pa3HBIMH yIVIAMH K HalpaBJIeHHIO
TIPOKATKH M PacHOJIOKEeHHBIX B MakeTe NPH CONVIaCOBAHHOM
(puc. 2-9,a) u HecormacoBaHHOM (puc. 2-9,6) cnocobax
ykaagky. Tlpn c6opke moJjoc Mo TepBOMYy cmocofy HOp-
MaJIbHble COCTaBJISIOLIYe HHAYKIUH BO BCEX MOJOCKax GyoyT
HanpaB/JeHbl B ONHY CTODOHY, a IO BTOPOMY crnocoby—
B pasHble CTOPOHBI. JlonmosHuTeNbHEIE TOTEPH NPH ABYX CIO-

cobax c60pKH MaKeTOB MOJYYHAHCh pa3Hble, UTO BHIHO H3
tabua. ,2-14.

Ta6nuna 2-14

3HaYeHHs NONOJHHTEJNHLHBIX NOTEPb B XOJOJHOKATaHOM
TeKCTypOBaHHON CcTajJH OmpH ABYyX cnoco5ax cbopku moJoc
B makere

" Hononuutensubie notepu (B = 1 ma, f=50 ey) naa

Croco3 c6opku moJoc 1M0JI0C, BbIDE3AHHHIX NOK YIJaMH K TMPOKAaTKe
B [IaKeTe
oo | s | se | s | e0o | 75 | e0r
Puc. 2-9, a 0,20 (0,34 |0,5810,87{0,9210,9 | 0,93
Puc. 2-9, 6 0,20 0,24 | 0,39 | 0,67 | 0,80 | 1,00 | 1,00

Kpowme Toro, u3 ta6.. 2-14 cnenyer sHauuTesbHas aHU30-
TPOMHST JOMOJHHTEJNbHBIX NoTeph. JonojHHUTeSbHBIE MOTEPH
nox yrnamu 60—90° B 4—4,5 pasa Gosbule, ueM BAOJb Ha-
npaB/leHds NMPOKaTKH.

Taxum o6pa3oM, HEOLHOPOJAHOCTb HaMarHHUHUBAHHUS, CBSI-
3aHHas C MeX3epEeHHO# HeOJHOPOJHOCTBIO HaMaTrHHYHBaHUS,
HaJIMUHeM Ocell JIeTKOr0 HaMarHuYMBaHUsA, NOMEHHOH CTPYK-
TYypo#l ¥ cnoco60M NepeMarHu4KBaHUs, sIBJASETCS OCHOBHOM
NPUYHHON BO3HHMKHOBEHHS JIONOJHHTENbHBIX NOTEDb.

Jsi naabHelIiero BBISICHEHUS NPHUPOILI JOMOJHUTENb-
HBIX TIOTEPb PaCCMOTPHM 3aBHCHMOCTb JOMOJHUTEIbHBIX IIG-
TEpPb OT AMIIATYAbl MAaTHHUTHOH HHAYKLHH, YaCTOTHl Nepe-
MEHHOrO TOKa W TOJILMHB jaucta. [Ipumenas dopmyny p=

=nB" k o6wuM NoTepsAM M HX COCTABJSIOWAM IJS CTAMH
b
85



D330A, onpenenum 3HaUEHUsT o AJIS Pr, Pr 1 Py IPH AMILIH-
TyJlle MAarHUTHON MHAyKuuu B=1,5 Ta:

Pr.a Py Pog Py
a 1,93 2,01 2,0 1,82

[Toxasarenb crenens a B ¢popmyne Mapennna — Hlreitn-
MeTHa JJ5 [IONOJHHUTeJbHBIX NOTeph cocTasiasier 1,82 H
MaJo OT/IHYaeTcsl OT IOKa3aTens Jjisi THCTEPe3HCHOH Cco-
CTaBJsloOUIell W PacCYHTAHHBIX IIOTEPb OT BHUXPEBBLIX TOKOB
no (1-12). ITosTtoMy W3 3THX MaTepHaJOB HeJlb3st CAeIaTb
3aKJ/IOYeHHs, K KaKoll cocTaBasilouieil noTepb OTHOCSATCS
JOTIOJTHUTENbHBIE TTOTEPH.

PaccMoTpuM H3MeHeHHe JOMOJMHHTENBNLIX TOTEPb ¢ 4Ya-
CTOTO# mepeMeHHOoro Toka ot 25 1o 60 ey nas cranu D330A.
[Tpumensia ¢opmyay p=mf® K prs H Py, TOJYyYHM ilO
taba. 2-11 cnenyromue sHavenus o (A AJas pr IPHHUMAJIOCh
PaBHbIM €QHHHLE, a 51 Pop — ABYM):

Pr.n Py Poy Py
n 1,50 1,0 2,0 1,55

[IpuBeneHHble 3HAYEHHS /2 OTHOCSITCS K NOTEPSIM 3HEPITIH
npu B=1,5 ra. I1pu Gosiee BHICOKHX 3HAUYEHHSIX MAarHUTHOH
HHIAYKUHH MOKasaTeslb CTeHeHH fips HECKOJbKO CHHXKaeTcs,
a NpH MEHbUIHX — MOBBILIAETCS:

B, m . .... 10
New o o o o oo 1,5

U3 Ttaba. 2-11, rae npuBenennl 3naueHus 1 aJs o6pas3uos
pa3HOH TOMIUMHBI H PAa3HOTO COJEPXKAHHSI KPEMHHSI, clelyeT,
YTO MOKa3aTesb CTENEHH 71 JJIS XOJOJHOKATAHOH TEKCTYpO-
BaHHOH cTtaau ToawHuoi 0,5 mm ellle MeHbllIe H COCTABJSET
1,35.

Ecnu jononHuTeNblblE TOTEPH MOJHOCTBIO OTIIECTH K BH-
XpeBOH COCTaBJSIIOLLEH, TO MOKa3aTelb CTeNeHH CJE/I0Basio
66l oxunath 6MH3KUM K ABYM. OTCTyn/eHHe OT KBajapaTHu-
HOM 3aBHCHMOCTH JONOJNHHTEeNbHBIX NOTEPb KakK (YHKIHUH
YaCTOTHl MEPEMEHHOTo IO YacTHYNO MOXKIO OOGDBACHHTD
CENYIOIUMH IPHYMHAMM:

1. ITpoBenennoe [JI. 2-30] uayueHne 1OMEHHON CTPYKTYPBI
B JMHAMUUECKOM peXHMe I[0Kas3ajo, YTO MNPH IMOBLILIEHHH
yactoThl nepemMeHHoro nojst ot 30 1o 120 ey ¢pennss wHpH-
Ha JIOMEHOB cHHXaeTcss B 2 pasa. Takoe e H3MeHelle
WHPHHBI JoMeHOB Habumonanoch B [JI. 2-31] npu uaMenenwn
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gactotel or 60 mo 200 ey (puc. 2-36). Ecau cumraTh, TG
C yBeJHUYElHeM YacTOTLl HEeMpepbiBHO yMeHbIIAGTCs OTHOLUE-
nie L/d, 10 yBenuuelye noTepb OT BUXPEBbIX TOKOB C 4acro-

Puc. 2-36. llupuna goMenoB B MOHOKPHCTAJIb-
npix o6pasnax (110) [001] B muHaMHuyeckoM
pexume upn f=60, 120, 150 u 200 ey.

TOH TIePEMEHIIOr0 MOJsl JOJIKHIO NMPOHCXOAHTb chaalee, yeM
10 KBaJAPaTHUIIOMY 3aKOHY.

2. U3 puc. 1-14 npnu f=50 ey, rne nokasaHo 3HAYHTE/b-
jl0e 3aKpyrjeHne BEpUIHHBI JHHAMHUECKOro IIHKJAa THCTepe-
31ca, cleyeT, UTo HMeeTcs HOBOJIbHO Pa3BHTLIN NOBEPXilo-
CTHBLIH 3¢ (peKT, UTO NPHBOAUT K HEOLHOPOJLHOMY HaMarHHYH-
BaHuIo oOpaslla Mo ero TOJILHHe. B MOBEpXHOCTHBIX CJI0AX
aMIJIUTyJla MarHUTHOH MHIYKI MU GOJblle, YeM BO BHYTpPEH-
Hux. Ilpy TakxoMm Tume HEOJHOPOJHOCTH MAarHHTHOH HHAYK-
LUK U MOCTOSTHHOM 3HAU€HHH ee CpelHeil BeJHUYHHBI MOTEpPH
OT BHXPeBbIX TOKOB coraacho [JI. 1-23] 6yayTr menbure. C mo-
BbIIIEHHEM YacTOThl NI€PEMEHHOro NoJs HeoAHOPOJHOe pac-
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npenefieHne MHAYKUMH 110 ceyeHHI0 obpasiia Oyner ycu/iu-
BaTbCs, YTO TaKkKe [O/MKHO NpHBecTH K Gojee caabomy
BO3PACTAHUIO N0TEPb OT BHXPEBHIX TOKOB, ueM IO KBajpa-
THYHOMY 3aKOHY.

3. YcunuBamwouieecs ¢ 4aCTOTOH NE€PEMEHHOTO MoJisi HEOX-
HODPOJHOe paclpejeseHre MarHiTHOH MHAYKIHHK [0 TOJIIIHHE
ofpasua AOMAXKHO NPHUBECTH K OoJsiee CHIbHOH (n>1), ueM
JINHeHHasl, 3aBUCHMOCTH THCTEPE3HCHBIX IOTEPh OT YaCTOTHL
ITo aTolf mpuuMHe YacTb JONMOJHHTEIbHBIX NOTEPHL CJIELyeT
CBfI3aTb He C NOTEPSIMH OT BHXPEBBIX TOKOB, a C NMOTEPSMH
OT Tucrepesuca.

Ho nyXHO mosarath, 4TO Bce-TaKH OCHOBHAasl HOJs J0-
TONHUTENBHBIX NIOTePb OODBACHSETCS HETOUHBIM YYETOM II0-
Tepb OT BHXPEBHIX TOKOB. ,

Hanee paccMOTpUM H3MeHeHUE NONOJIHUTENBHBIX I10TEPb
oT ToawuHbl Jucra. OTHOlIEHHe MOINOJHHUTENBHEIX IOTEPD
K PacCYHUTAHHBIM BO3DACTaeT ¢ yMeHbIUEHHeM TOJIIHHBI JIH-
cra. Tak, ana ropsiuekataHo#l TpaHcHOPMATOPHOH cTalH
C OLMHAKOBOM BEeJHUYMHOH 3epHA OTHOIUEHHE Pn/Pos YBENHUH-

BaeTcd ¢ yMCHbIIEHHEM TOJUWIHUHDBI JHCTA CJASAYIOLIHUM o6pa-
30M:

d, mm. .. ... 065 0,50 0,35 0,2
DPx/Poss % . . . . 70 130 200 400

DT pacuerbl NPOBOAMINCL B TOM MNPEANOJOXKEHUH, UTO
NOTEPH pos PACTYT KBaJpPaTHUHO ¢ TOJLIMHON Jucra. Ecau
NpelnoJOXKHUTb, YTO C M3MeHeHHeM TOJIIMHBL JHCTA B XO-
JIOHOKATAHOH CTaju IIHPUHA JOMEHOB COXpaHSeTCs NMpex-
Hell, To B (1-13) motepu OT BHXPEBHIX TOKOB JOJIXKHBI JIH-
HEHHO 3aBHCETh OT TOJIIUHHBI JIHCTA.

IToxaxkeM Ha npuMepe 3apy6exHbix craseit M-6 n M-5
¢ roamuuo aucra 0,35 u 0,30 mm, uTo Takasa 3aBUCHMOCTH
HMeeT MeCTo:

Tonuwna aucta, uu  py 550, 8M/K2  p, smjre Dy 8mjxe
0,35 1,06 0,32 0,74
0,30 0,95 0,31 0,64

Ilpn uamenenun tonmussn aucra ¢ 0,35 po 0,30 mm, T. €.
Ha 14% mnorepr OT BHXPEBHIX TOKOB CHHUXAIOTCA Ha
13,56%.

B {JI. 2-32, 2-33] npeasaraercs nejieHue IOTePb Ha Iepe-
MarHHuMBaHHe MPOBOAUTH MO ApyroMy mnpuHuumy. Bce mo-
TepH SHEePTHH Ha NepeMariHYHBaHHe CBS3BIBAIOTCA CO CKO-
POCTBIO NBHKEHHsS JOMEHHBIX CTEHOK B cKaukax bapraysena
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H KO3(h(HUHEHTAMH TPEHHS, OTPAXKAIOIUMH TIOTEPH BCEBO3-
MOXHO! NPUPOABI  (MarHHTOCTPHKLHOHHOH HedopMaui,
MHKPOBHXPETOKOBBIE U Jp.). B pe3ysnbrare nemaercs sakiio-
UeHue, YTO NOTEPH HA IepeMarHHYMBaHHe ONpeAessIOTCs
CTaTHYeCKOH KO3PUHUTHBHOM cuJoi. McXxonst u3 3Toro Heob-
XOLNMO CTPEMHTbCH IOJYYaTb 3JIEKTPOTEXHHUECKYIO CTalb
C BO3MOXKHO MaJiOH KO3DUHTHBHOH CH/JIOH, YTO HOJKHO CaMO
coGoli TIPHBECTH K MaJbIM IOTEPSIM SHEPTHH Ha IepeMarHi-
YyHBaHHe.

Manas KO3pUMTHBHAsI cusia, HeHCTBUTENbHO, SABJSETCS
HeOGXONHUMEIM YCJIOBHEM NOJYYeHHsS HH3KHX NOTEPh Ha Me-
peMarinuuBanye, HO OTHIOAb HexocTaTOYHBIM. HiXKe nmpHBG-
AATCS 3HAYEHHS KOIPUHMTHUBHOW CHJIBI M YAEJbHBIX NOTEphb
B o6paslie XOJOAHOKATAHON TEKCTyPOBAHHOM CTAaJH MapkH
9330 mocse HOPMaMbHON  TEXHOMOTHUECKOH 06paGoTKu u
JOTIOTHATEIBHOT'0 OTXKHI'a ¢ OLICTPHIM OXJIaXKJEeHHEM, B KOTO-
PBIX TOKa3aHO HapylleHWe NpAMO¥N cBA3M Mexay H, H
P1.5/50.

Bua o3patorku H,, aln P1,5/50, 6m/Ke
Hopmanbhas TEXHOJIOrMyecKas 5,9 1,00
o6pa6oTka
JononuuTenbabii OTHUT ¢ GbICT- 5,5 1,64
PbIM OXJaX<JeHHEM

H3BecTHO TaKXKe, YTO KPyNHO3EPHHCTAs CTa/lb npu MaJjac
KO3DUHTHBHOH CHJIE MOXKET 3a CYeT JONONHUTENbHBIX OTEPb
HMeTb GOsbIUME CyMMapHHIe IOTEPH, 4eM MeJKO3epHHCTas.

2-5. KPUCTAJIJIMYECKASI U MATHUTHASl TEKCTYPA

Hnsi nmonmyyeHus: BBICOKHX 3/MEKTPOMATHHTHBIX CBOMCTB
XOJIOHOKATaHOM TEKCTYPOBAHHOM CTaMn ¢ peGpOBOi TeKCTy-
poil HeOOXOAUMbIM YCIOBHEM SIBJSIETCS CO3JaHHE TEKCTYpHI
C MaJIbIMH YIJIaMH OTKJIOHEHHS OT/AeNbHBIX KPHCTAJJIUTOB OT
upeanpHoit opuenraunu. Cornacto puc. 2-6, Korga cpeauue
YIJIBl OTKJIOHEHHs mpeBBIIAlOT 15° cTagb MOXKHO OTHOCHTB
K KaTeropud MajlOTEKCTYyPOBAHHONH MM Jake HETEKCTypo-
BaHHOM.

B nacrosimee Bpems B cranu D330A cpeamme yrimel oT-
K/JIOHEHHsI KPHCTANJINTOB OT M/eaNbHONl OPHEHTALHH COCTaB-
AT 5—7° uTo obecneunBaeT cpeiHee 3HAUEHHEe HHAYKIAM
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Bosw=1,9 14. B cransx Hekoropeix mapox (VC-9, M3-H)
THINHYHBlEe 3HaueHMs Base ykaswiBaworcs 1,97 T4, uTO COOT-
BETCTBYET CPEJAHHMM yIJlaM pacceMBaHUs KPHUCTAJJIKTOB, PaB-
HbIM 3°.

CosnaHne OCTPO BBIPAXKEHHON TEKCTYphbl CTaNH SBJISIETCS
OIHHM M3 OCHOBHHIX ()AKTOPOB B NOBBILIEHHH HHAYKUHH
B CPeJHHX H CHJbHBHIX MAarHHUTHBIX MOJSAX U B CHHXKe-
HuM yAenbHBIX nmotepb. B [JI. 1-55] 6bi10 mokaszano mpume-
HHTenbHo K craasM D330 u D330A, yTo noBBHIIEHHe Mar-
HHUTHON HHAYKUHH Baspo ¢ 1,85 no 1,94 14 BHI3BIBaeT CHHXKe-
HHe YAeJbHEIX TIOTePb pissp Ha 0,17 er/ke, T. e. Kaxpas
0,01 74 B yKasaHHBIX Ipelejax NPUBOLUT K H3MEHEHHIO
yAEJNbHBIX TMOTePb Piss0 NoutH Ha 0,02 er/ke. Takoe BIHA-
HYe YIVIOB pacceuBaHUs Ha yIeJdbHblE NMOTEPH MOXeT OLITb
He COBCEM OJHO3HAYHBIM, TAK KaK HYXHO elle YYHTHIBaTh
XapakTep pacceMBaHHMs KDHUCTAJJIUTOB OT HIeaJbHOH oOpH-
€HTaluH.

Ecnu 06031aunuTh @ — yroJ oTkjaoHenus ocd [001] B m1o-
CKOCTH JIHCTA OT HanpaBJieHHs NPOKAaTKH; [ — yroJ OTKJO-
Henus ocu [001] or miockocTH mpoKaTKH; y— yrosa Bpalie-
Hus miaockoctd (110) Bokpyr HampaBieHHs NPOKAaTKH, TO
3KcnepuMeHTanbHble naHHble [JI. 2-34] moxkasbiBaloT, 4TO
BJHSIHHE yIJIa o Ha ylesbHble TOTEPH SBJASETCS NPUMEPHO
B 2 pasa GosibwWHM, ueM yria B. MeHbluee BIHMsSHHE YIjia y
Ha yle/JbHblE TOTEPH MOXKHO CBfI3aTb C TeM, 4To obpasyeMble
B 3TOM CJyuae INOBEPXHOCTHble AOMEHBl CJOXHON (PopMbl
B KaKOH-TO CTENEHH CHUIKAIOT CPELHIOI WIHPUHY JOMEHOB,
4To B cOOTBeTCTBHH ¢ (l-13) nOMKHO yMeHbLINTb MOTEPH
Ha BHXpeBble TOKH.

MoXHO MOCTaBHTb BONPOC O NpeNeNbHBIX YIJiaX OTKIO-
HEHUsl @, § ¥ 'y, IPU KOTOPBHIX OYIeT MPOHCXOIHUTh ellle CHHU-
KeHue yIoenbHeIx moTepb. Ecan monoxuts a~f=y=~0, TO
6yneM HMeTb ICEBIOMOHOKDHUCTAJIL], B KOTOPHIX HOMEHHI H3
OJHOro 3epHa OYyIyT NepeXxOoAMTh B 1pYyroe M HX IUHPHHA
Gyzer NpONOPUHOHAJbHA He KODHIO KBaJApaTHOMY M3 molle-
PeYHHKa OJHOTO 3epHa, a JJHHE 3epeH, 0 KOTOPHIM IpOXO-
ISIT CKBO3Hble goMenbl. Ecau yrael o Goabue 2—3°, To no-
MeHbl, Nepexojsliue M3 OLHOTO 3epHAa B Apyroe, He obpa-
3yloTcs., Yrael f My KenaTelbHO TOXe HMETb MaJbIMH.

Takum o6pas3oMm, npu CO3LaHHH OCTPOBHIPAXKEHHOH KpPH-
crajorpaduueckoil TEKCTYPHl CO CpeHUMHU YIVIaMH pacceH-
BAHUA KPUCTAJIHUTOB OT HIeaJbHOH opheHTaluu 3° MOXKHO
noJyuuTh HauGojee HH3KHe YylelbHble moTepn. C TOUKH
3peHns (PU3NYECKUX TNPEACTABIEHHH MONyYeHHe CH/IBHOBHI-
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paXeHHOH KPHCTaMIHYECKOH TEKCTYPHI sIBisieTcsl TONBKO He-
06XOAUMBIM, HO He JIOCTATOYHBIM YCJIOBHEM MOJAYYeHHs HU3-
KHX YOeJbHBIX MOTEpb.

B [JI. 1-55] noka3aHo, 4TO MeXIy yAeJbHBIMH MNOTEPSMH
H MarHUTOCTPHUKIHEH B XOJOJHOKATAaHOH TEKCTyPOBAaHHOH
cTajJl¥ HMeeTcs 3aMeTHasi cBsidb. KoadduuuenT napHoi -Kop-
peasiuuu r, , cocrasaser 0,46, a Bo3pacranHe MarHuro-
CTPUKIHH HaCbIII.leHHﬂ ¢ 1:10~¢ go 10-10-¢ npuBoauT K yBe-
JIMYEHHIO yde/bHBIX TIOTEPDb Py 550 Ha 0,20 87/Ke.

Ecnu o6pasubl x0101HOKATaHO# CTalu ¢ JOCTATOYHO HH3-
KHMH YAeJbHBIMH HOTepAMH (pyiss0=1,00 8T/xk2), maoit
marHutocTpukuueit (As=2-10-%) u ManbiM comepKaHueM
yriepona TOABEPrHYTb MOBTOPHOMY OTXKHTy mpu 1 000—
1100°C ¢ GbicTpbiM OX/MaXKAEHHEM, TO B TaKHX o6pasiax
3HAUHTEJbHO YBeJHUYMBAeTCsl MAarHHTOCTDUKUHUSI H YAeJbHbIE
NOTEPH, UTO BHUAHO U3 CJeLYIOIUHX LAHHBIX:

Bug }oSpaGorxn 2, pB lr'ns//x 5;0. H, a/n
Tunosast o6pa6oTka 2,0.10-¢ 1,06 4,0
HononuurensHoiit HarpeB Ha 1 100 °C ,
C GLICTPBIM OXJIaXeHHeM 16,0.10-9 1,89 5,3

B naHHOM ciayyae B MeTajjle BO3HHK/IM BHYTPeHHHE
HanpsiXKeHus,, KOTOPhle PE3KO YMEHbIUWJIH MACHHTHYIO TeK-
CTYpYy B cTaju. PaccTpoicTBO MarHUTHOH TEKCTYPHl B CTaJH
MOXET NpPOM3OHTH H3-3a Hajuuus BkaloueHuit. B {JI. 1-55]
ObIIO TMOKa3aHO, YTO NPH H3MEHEHHH COIEepKaHHS yrJepona
¢ 0,005 no 0,015% MarHUTOCTPHKIHS HACHILEHHsT As BO3pa-
craer ¢ 3:10% no 6108 BkuarueHus B craaum cO3aIOT
HanpsiKeHHs, KOTOpble OTKJIOHSIOT JOMEHBl OT HanpaBjeHHH-
JIETKOTO HaMarHMYMBaHHUS, TeM CaMbIM paspyluias MarHaT-
HYIO TEKCTYpYy. DTO MOXKHO I0Ka3aTb NPAMBIMH ONBITAMH 110
HN3YYEHHI0 MAarHUTOCTPUKUHMH HacbleHHs 00pasLoB XOJOJ-
HOKaTaHOM CTaJ/id, BLIDE3aHHBIX BI0Jb NMPOKATKH MU MOJABEPT-
HYTBIX CXKHMAIOLIUM Halpsi}KEHHSIM M Ha MONepeuyHbx 06-
pasiax—pacTAruBalomuM HanpsxKeHusaM. CornacHo TaHHBIM
[JI. 2-35] mpu cxKaTHH NPOROJNBHBLIX IOJOCOBHIX 06paslOB
C TOPLOB IPOHCXOXHT 3aMeTHOE yBeJHueHHe MarHUTOCTPHK-
UHY HachllleHus (puc. 2-37), a mis nonepeyHblx 06pasuoB
pacTsKeHHe NpPHUBOJIHT K CYILECTBEHHOMY CHHIXKEHHIO Mar-
HUTOCTPUKUHH (pHC. 2-38). Takoe 3amMeTHOe H3MeHeHHe Mar-
HHTOCTPUKIHHY BbI3bIBA€T H3MeHeHHe COCTaBJAAILIHNX YAesb-
HBIX morepb (Taba. 2-15).
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CTaJH NOJ JAeiicTBHEM pacTAruBaOmux M COKMMalwmux

Ta6nuna 2-15
[Hamenenue cotTaBifilOMUX yACHbHBIX NOTEPh XOJOAHOKATAHOH

HanpsfKeHHHi
CocTaBasio- .
XapaKTe- Buu Lge TIOTepb Y,lle.flebIe HO;QPF;lMg'ﬁ[;‘EZSCL;C;;,ﬂoA Harpsxe
PHCTHKA HArPY3KH npx
ojpasua B=1 mua,
F=50 o5 | 0 | 0 | 25 50 | 100 | 200
[Tpomone- | Cwatue Dr.e 0,46| 0,56 | 0,66 | 0,77 | 0,98 | 1,39
HbIH Pr 0,11 0,13 | 0,16 | 0,20 | 0,26 | 0,32
Ds 0,35( 0,43 10,50 | 0,567 | 0,72 | 1,07
[Tonepey- | Pacts- Dr.s 1,651 1,49 1,29 | 1,16 | 0,99 | 1,00
HBIX yeHue Pr 0,49} 0,45 0,43 [ 0,40 | 0,42 | 0,50
Vs 1,06| 1,04 0,8 | 0,76 | 0,57 | 0,50

Hnst nponosibHOro o6pasia yBelHueHHe MAarHHTOCTPHK-
uuu As=2-10% 1o 30+ 10~% BrI3bIBaeT yBeanueHHe YAENbHBIX

2
3015° 2
i
i 5 i Wai
7
10}—= /f 4’
/
1A | 7z
. e h)}5
0 95 10 15 ma

Puc. 2-37. 3aBucumocts A
or B nna o6pasuos cramu
D330A, BHIpe3aHHBIX BIOJb
HalpaBJeHHsT  TPOKATKH U
NOJABEPrHYTHIX CXKHMAIOLHM
Harpyskam ¢ TOPIOB.
1—0=0; 2—o0=10 kec/cm?, 3—
0=25 Kec/cm?; 4 — 0=50 kec/cm?;
5— 0=100 xac/cm?.
92

1570°

y

'l

0 05 10

ma

Puc. 2-38. 3aBucumocth A ot B nns

o6pasuos craan 3304,

BbIpe3aH-

HbIX TIONepeK NPOKATKH U TNOABEPT-
HYTBIX pacTAruBarOIIUM Harpyskam

C TOpPLOB.
1 —0=0; 2—0=10 «Kec/cm?
=25 Kec/cm?;, 4 — 0=50 kKec/cm?;
=100 xec/cm?.

3—o0
5—o0

(]



HoTepr B 3 pasa u rjiaBHbiM 00pasoM 3a cyeT MOBLIMIEHHS
NnoTepb OT BHXPEBBIX TOKOB, KOTopbie npu As=30-10-% co-
crasastor 1,00 sr/ke. s nonepeunoro o6pasua CHUKEHHE
MaTHHTOCTPHKIHH IIPUBOAUT K 3aMETHOMY CHHIKEHHIO OOLIHX
HOTepb M IOTEPb OT BUXPEBHIX TOKOB.  Bce aTH maHHBIE roO-
BODAT O TOM, YTO JUJISl NOJNIYUEHHUA HH3KHUX YIEeNbHBIX NOTEPb
HeoOXOAUMO HMETb He TOJBKO OCTPOBBIPAXKEHHYIO KpHCTaJi-
JINYECKYI0 TEKCTYPY, HO H XOpOLIYX MAaTHUTHYIO TEKCTYpY,
KOTOpasi oJyuaeTcs JOBOJNIbHO COBEPIUEHHOMH, eCli BHYTpe:l-
HHe HanpsXeHHsl cBeleHbl N0 MHHUMyMa. B atom cayuae
no gauumM [JI. 2-36] BcTynaer B cuny aHH30TpOnUst GOPMBI
obpasna.

OnHako B XOJONHOKATAaHOH TEKCTypPOBAHHOM CTaJd Mpo-
MBIIIIEHHOTO [POH3BOACTBA BCErJla MMEIOTCS HaNpsiKeHHUsd,
KOTOpble He NMO3BOJSAIOT NOJYYHTb COBEPILEHHYIO MarHUTHYIO
TekcTypy. KpoMe Toro, m Kpucranniuyeckas TeKCTypa He
Bcerjla siBJasieTcsl OCTPOBLIPAXKEHHOM, YTO NMPHBOXUT K AaJb-
HelleMy paccTpOMCTBY MarHHTHOM TEKCTYphl. B TekcTypo-
BaHHOM JIHCTOBOH CTaJd, Jaxe NMPH CPAaBHHUTEJNbHO BBICOKOH
CTENMeHH YHCTOTHI MaTepuasna, 6e3 NOMOJHUTENbHBIX 06pabo-
TOK HeJMb3s HOJIYYHThb HEOOXOAHUMYIO MArHHTHYIO TEKCTYpY.
Jnsi cosnaHnsg MarHUTHOH TEKCTYypbl HMeeTcsi TPU crocoba:
1) OTXKHr CTaH B MarHHTHOM NOJ€; 2) OTXKHUI CTaldH INOX
HaTsKeHHeM; 3) KOMOMHUPOBAHHBI OTXKHI B MAaTHUTHOM
THoJIe TOJL HaTsXKEeHHEM.

Pa6Gotel B 3TOM HanpaB/jeHHH ObIM BBINOJTHEHbB MHOTH-
MH HccaepoBaTteasmu [J1. 2-36, 2-37].

CosnaHre MarHUTHOTO NMOJA WM pacTArMBAIOIIMX HANpA-
JKEHHUI NPOU3BOJUTCS NPU KOHEUHOM OTKHTe CTaJ{ NpH TeM-
nepatype HHxKe Touku Kiopu. M3 [JI. 2-38] cienyer, uto ans
CO3[laHUfl Hauayylled MarHUTHOH TEKCTYpHl 10 BTOPOMY CIIO-
co0y BeJIMUHHA HATPY3KU NIPH OTXKUIe CBs3aHa c TeMIeparTy-
poll OTKHra C/eIyIOLHM 00pa3oM: yeM HHXKe TeMIeparypa
OTXKMra, TeM BbIlIe AONYCKaeTcsi ONTHMaJbHasi Harpyskxa.
OnHako 3Ta ONTHMaJbHas Harpyska JoJXKHa OBITb TaKOH,
yTo6BI MIacTHYECKast neopMal s Noaock Gblia MUHHMAaJb-
HOH.

B [JI. 2-39] paccmaTpuBaloTCcs pasnuyHble peXKHMbI CIPSM-
JSIOIIEr0 OTXKHra JIEHTOYHOH cTalu B IMPOXOAHBIX Iedax
IJIS CHSITHSl PYJIOHHOH KpuBH3HbL. llenb oTKura pysoHHON
CTaJli B MPOXOJIHBIX ITeYaX COCTONT B CHSTHH PYJOHHOH KpH-
BH3Hbl U HaHECEHHH 3JIEKTPOU3O/SLUOHHOrO NOKphITHA. OT-
JKHUT JIEHTOYHOH CTaJH B NPOXOJAHOH Nedd NMPOHUCXOAMT INPH
HaTSXKEHHH, KOTOpOoe HOJXKHO 0O0ecHeduTb TYryl0 CMOTKY
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P1o/sos bm/xe
015 195

- 0
Hanpabrenue
npoXamxu

Puc. 2-39. AHM30TPONHMS YHENbHBIX TIOTEPb XOJOLHOKAaTaHOM
TEKCTYPOBaHHOI CTaJIH.
1 — o6pasen ¢ NMOKpLITHEM; 2 — o6pasen Ge3 MOKPLITHA.

JIEHTHl B DYJIOH TOC/Ae NPOXOAHOH Meud. DTH HaTaXKeHHs
corntaco {JI. 2-39] npuBOAsIT K He3HAUHTEJNbLHOH MJACTHUE-

CKON nedopMalMH JIEeHThI

151075
3./

: /

5 /7

s

== 10 mn/ 20
1 - |

~

Puc. 2-40. Kpusbie Mareuro-
CTPHKUMH 06PaslOB XOJOAHO-
KaTaHOM TeKCTYpOBaHHOM
CTaJHu.

1 — ¢ nokpsiTHEM; 2 — Ge3 MOKPhI-

THsA; 3 — 6e3 TIOKDLITHA C YBeJH-

YeHHDLIM CcOAepXKaHHeM yriepoaa
(C=0,010+-0,015%).

94

(0,1—0,2%). Eciu  ocraTounble
Hanps:keHnust npeswiwaior 0,2%),
TO OHH 3aMETHO YBEJHYHBAIOT
yIeJbHbIE MOTEPH,

B Hacrosiee BpeMs XOJOXHO-
KaTaHasl TeKCTypOBaHHas -CTajb
BLINyCKaeTcs, INIaBHEIM 06pasoM,
C 3JIEKTPOU30J/ISILIHOHHBIM MOKPHI-
THEM, KOTOpOe HAaHOCHTCS Iepen
COPSMJSIONUM OTKHUIOM JIEHTHI
B npoxopHoii meyd. H3-3a pas-
JYYHA JHHEHHBIX K03 duuneH-
TOB TEPMHUYECKOIO pacLiHpeHHs
MeTajlia ¥ NOKPBITHS NPH OXJa-
KIEHHH MeXAy HUMH 06pasyioT-
Csl YIOPSIOUEHHbIE HaMpsiKeHHs,
KOTOpblE PAacTATHBAIOT JIEHTY
BIOJb IIPOKATKH.

B pa6orax [JI. 2-40] usyuena
aHH30TpONHUsl 3(PdexTa BAHAHHSA
NOBEPXHOCTHBIX OKCHAHBIX i€~
HOK Ha MaTrHHTOCTPHKUHIO. YCTa-
HOBJIEHO, 4TO BJOJb IPOKAaTKH
MAarHUTOCTPHKIHUS yMeHbllaercs,



a nmonepek TPOKATKH — yBesjuuuBaercs. [Ipn HaHeceHuu mo-
KDHITHSI Ha XOJIOAHOKAaTaHYIO TEKCTYPOBAaHHYIO JEHTY IO
[JI. 2-27] BennurHA MarHUTOCTPHKLHH HACHILEHHS H3MEHS-
eTcs cJeyIoUuM o6pasoMm:

Hanpasneune mpokatk#r . . . . . . . . . . . . . Bpome [lonepek
Mg y o6pasua C MOKpHITHEM . . . . . . . . . . . . 2.10=¢ 20.10-*
A; y ofpasua Ge3 mokpelTést . . . . . . . . . . . 5.10-% 11.10-¢

ST0 NPUBOAUT K H3MEHEHHIO aHM30TPONHH MAaTHHTHBIX
xapakrepuctik. Ha puc. 2-39 no nanumiM Uucrsirosa B. K.
u Coxunoit E. V. npuBoxuTCcS aHH30TPONHUS yAENbHBIX IO-
Tepb obpasna craau 330A S
C MOKpuiTHEM H 6e3 Hero. I [Al y,
Kaxk caenyer us aroro rpa-  2f

¢HKa HajMuMe NOKPBITUS

Ha TNOBepXHOCTH obpasua 0 ’
NPUBOAHT K CHHXKEHHIO ,
VAeJbHBIX NOTEpPb AJsl 06- -2 5

pasuoB, BBIPE3aHHBIX NOX
yraamu 0—7° x mpoxaTke.
Hnsa @=8-+90° ynenvHeie Puc. 2-41. Kpupble MarHHTOCTPHK-
NOTEePH C TOKpHITHEM 3a- LuH XOJIOAHOKAaTaHOM CTaJH C BbI-
MeTHO GoJsible, ueMm 6e3 COKOJt cTeneHbio TeKCTyphl (a=~3°) u
Her ’ " HU3KHMH yAeNbHBIMH TIOTEPAMH
ero. (p1,5/50=0,90=+-1,00 ar/xe).

Ha puc. 2-40 nokasaHsl
KpUBble MaTHUTOCTPUKIHMU OOpPas3lOB TEKCTYPOBAHHOM CTaJIH
C 3JIEKTPOH30/ISILUOHHBIM MOKpHITHEM u 06e3 Hero.

B o6pasuax XoJM0nHOKAaTaHOH TEKCTYPOBAHHOH CTadH
C YAEJNbHBIMH TOTEPSAMH pi5/50=0,9+1,0 87/ke nmanason
H3MEHEHHs] MAaTHHTOCTPHKI MM MOKa3aH Ha puc. 2-41.

a7 03 95 07 Q9 11 13 15 17ma

2-6. CTATHYECKHE U JUHAMUYECKHE LLUKJIbI
TUCTEPE3HUCA

[Tpu mepemarHuyHMBaHuM (epPOMATHHTHBIX MAaTepHaNOB
B MeJJIEHHO H3MEHSIOIIMXCHA KBa3UCTaTHUECKHX IOJSIX BeK-
TOPp MarHUTHOM HMHAYKUHMM 3a MOJHBIA LHUKJI NepeMarHudu-
BaHUS ONHMCHIBAET CTATHYECKHH LHKJ rucrepesrca. Ilaomann
3TOro IHKJa NpPONOPLHOHATbHA MOTEPAM OT THCTepesHca.
IIpu nepemarHuuMBaHuK (eppoMarHaTHOro obpasua B Ie-
pPEMEHHOM MAarHHTHOM IIOJie BEKTOP MAarHHTHOH HHIYKLHH
c/ieflyeT Mo AMHAMHMYECKOMY LMKy rucrepesuca. Ilaomanb
JAMHAMHYECKOro LHKJIa THCTepe3Hnca NPONOpPIHOHANbHA 00-
1M noTepsiM B obpasle, '
9



Pasnnune MeXny cTaTHUECKHUMH M JMHAMHYECKHMHU UKIa-
MU THCTEpe3Hca NPHU OJHOHU W TOH Ke YacToTe nepeMeHHOro
MOJIA 3aBHCHT OT COOTHOIUEHHA IIOTePb OT THCTepesnca H
BAXDEBBIX TOKOB. UeM GoJbllle MOTEPH OT BHXPEBBIX TOKOB,
TeM GoJibLIe pas3jHyaloTcsi MeXAy co60i MIOLafH cTaTHYe-

M6W 3520 343 341 M6W 3320 343 341

mn |8 i A7 7 /?“‘// / 7
/ /
08 g/ ’/ /1 /'//
’ (/7 T/
IVARA ! /
l / a ’I !:/ 2
06 -l — T T / - "
! / }, Il
q4 II l! /
“'l | It
T
il
Litlh o I I #
-80 0 80 160 0 80 160 am

Puc. 2-42, Cratuueckne (@) ¥ aQuHaMuyeckHe (6) WUMKJAB THCTepesHca
HEKOTOPBIX MapOK 3JIEKTPOTEXHHUYECKOM CTaJH C TOJUIMHOH JHCTa
0,35 mm.

-

CKOr0 ¥ JIMHaMHYECKOro UMKIOB rucrepesuca. Ha puc. 2-42
NpefCTaB/JeHbl CTATHYECKHE U HHHAMHYECKHe LHMKJBI THCTE-
pesnca 3JeKTPOTEXHHYECKOH CTaJu HEKOTOPHIX MapoK TOJ-
‘uuHol aucra 0,35 mm.

Hau6osbiiee pasnnune MeXAYy CTATHUECKHUMH H AHHaMHU-
YeCKHMH UHKJIaMHU THCTepe3nca HMEeTCs y XOJOAHOKaTaHOH
TekcTypoBaHHO# cranau. Ha puc. 2-43 u 2-44 nas cranu M-6
NOKa3aHbl ceMelcTBa CTaTHYECKHX H THHAMHUYECKHUX IHUKJIOB
rucrepesuca. OTHOLIEHWe MIHPUHBI NHHAMHYECKOTO LHKJIA
K CTaTHYECKOMY JOCTHTaeT YeThlpex.

CraTnHueckHe W JMHaAMHYECKHe IMKJBI THCTEpe3ynca CTa-
an 243 rommuHOM Jsucra 0,5 mm TpencTaBAeHB Ha
puc. 2-45. DTo oTHOILIEeHHe CHHMXKEHO 10 2,2, a B craau 12
(puc. 2-46) cocraBasier Bcero auwb 1,6, dTo HaxoauTCA
B IIOJJHOM COOTBETCTBHH ¢ § 2-3, rie paccMOTpeHH COCTaB-
JSIOLIME YAEJbHBIX NOTEPh B 3JIEKTPOTEXHUUECKOH CTaJIH
pasHbIX MapoK.

Cratyyeckne IUMKJIBl T'HCTepe3lca B XOJOJHOKaTaHOI
TEKCTYPOBAHHOH cTa/lH 151 06pa3LoB ¢ CHIbHO BhIpaXKeHHOH
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Puc, 2-43. CeMeHCTBO CTAaTHUECKHX UMKJIOB THCTEPe3Hca CTa-
an M-6

mn

6 .
44% H

-40 0 40 &0 120 160 200 a/m
Puc. 2-44. CemeficTBO IMHAMNYECKHX WHKJIOB THCTEPE3HCd CTAJH
M-6 (f=60 ey).
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MarHHTHOH TEKCTYpPOH, BhIpe3aHHbIX TONEPeK MPOKATKH, HME-
10T HeOOBIUHBIH BuJ (pHC. 2-47,a). Y 3THX UHKJIOB OUeHb Ma-
Jlas OCTaTOYHas MHAYKUHS, a KpHBH3HA HUCXOASIIEH M BOC-

i 1300 2000 3300 1300 2000 3300

T AT AT
” ) Pt
96 // '/ -
iy Il

Il .

0 160 320 0 160 320 am

Puc. 2-45. CemeficTBO cTaTHuecKHX (@) H IMHaMHuecKHX (6) LMKJIOB
rHcTepesuca craian 343 ¢ tommuHolt sucra 0,50 mm (f=50 ey).

1200 2000 1200 2000
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160 0 160 320 0 160 320 a/m

Puc. 2-46. CemeficTBO CTaTHYeCKMX (@) M JMHAMHueCcKHX (6) LHMKJIOB
rucTepesnca craian 12 ¢ rosuwuHoi gucra 0,50 mm (f=50 ay).

XOJISIIEH BETBU SIBJISIETCS NPOTHBONONOXKHOA OGBIYHOMY IIHK-
ay rucrepesuca. Ha puc. 2-47,6 nokasaH cTaTHYECKHH LUK
rucrepesnca o6pasuna ¢ mMIOXOH MAarHHTHOR TeKCTypof
(As=10-10-9),

98



Paccmorpum HaMenenne KOIpHHTUBHONR cuibi Ha YaCTHBIX
LuKTax rucrepesuca. B xosoanokartaHol TeKCTypoBaHHOH
CTali C YBEJHYEHHEM AaMILUIMTY[bl MaTCHUTHOH HHAYKIHH
¢ 1,0 no 1,8 14 KOo3pUHTHBHAs CHla HeNpPEpPHIBHO pacTer.
Hans npumepa npusenem snauenns H. gas cramu VC-9:

By, ma>. . ...1,0 1,3 1,5 1,6 1,7 1,8
He, a/m. ... .40 4,6 5,1 6,0 7,2 8,0

B ropsiuekaTaHoit 3eKTpOTEXHHUECKOH cTatu ¢ Si= 1,0%'
NpH H3MEHEHHH aMIJIUTYABI MarHuTHo# muaykuuu c 1,0 10
1,5 74 KOIpUHTHBHAs CuJla BO3PACTaeT TaK XKe 3aMeTHO, KaK

mn|8 %%%—

075

050 // ///
025 / /

A / /

A4 u
-40 0 40 80 120 160 200 240 a/m

Puc. 2-47. CraTuyecKkne UMK/H MMCTepe3Hca Nonepey-
HEIX 06pasloB TEKCTYPOBAHHON CTaJIH.

a — ¢ Xxopolleft MarHHTHOH TeKCTypo#; 6 — c nJjoxo#t Mar-
HHTHOH TEeKCTYpOit.

\

M B XOJOJHOKATaHOH CTa/H, B CTANU C BHICOKMM COAEpKaHH-
em kpemuus (Si=4,0%), xak BuaHO u3 puc. 2-45, Bo3spa-
craer Gojee MefJeHHO.

PaHee roBopusoCb, YTO /IS NOJYYEHHS] HH3KHX MOTEPb
3Heprud Ha NepMarHHYdBaHHe  HEOOXOAHUMBIM YC/JIOBHEM
AABJSIETCS I10/1yYeHHe MaJiod KOIPLHTHBHOM CHIBL. B xojon-
HOKAaTaHOM TEKCTyPOBAHHOH CTAJH C PA3HbBIMH yIeJbHBIMU

NOTEepsIMH KO3PLUUTHBHAS CHIA HMeeT CJAelYIOIHe 3HAueHHs
npu B=1,5 72 [JI. 1:62]:

Pisjsor 8mM/K2 . . .. 1,27
Hyysoa/m. ... ... 9,0

[TosnyueHve Masiof KOIPUMTHBHOH CHJIBI B KPYIHO3€p-
HUCTOH XOJIOJHOKATaHOH TEKCTypPOBaHHOH cTajnu obecneyn-
BaeTcs 3a cuer GoJiee COBepLIEHHOH KPHCTAJJIHUECKOH H
MarHuTHOH TeKCTYpBhl. DTO NPUBOAUT K YCHJIEHHIO aHH30-
TPONHUM KO3PUMTHBHON cHJbl. [l npuMepa npHBeaeM aHH-
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30TPONHIO KOIPUHMTHBHOR CHIBI, a/m, 0Bpasilop ¢ pashbit
3Haq§HHQM YACIBbHBIX I10TEPb.

Ne 06- ] . Yroql ‘¢ HanpasJieHneM [POKAaTKH

Pastia oo | s | e ] 60° | eo | Heooe Hete
1 4,82 13,0 18,0 21,6 30,0 6
2 9,0 21,0 26,0 35,0 37,0 4

[TonyyeHno HU3KOH KO3PUHUTHBHON cusbl B o6pasue Ne l
BJO/Ib HallpaBJIeHHs NPOKATKH cnoco6CTBOBAMNO, KPOME TOTO,
Majoe KonuyectBo npumeceét B craan (C~0,004%, N=~
~0,002% u T. n). Ecay o6pasubl npoMbliiieHHbIX mapTuit
XOJIOHOKATaHOH CTaNH TIOXBEPTHYTH JIONOoJIHNTEbHOM o6pa-
Gotke npu 1200—1 300 °C, npu KOTOPOIl IPOHCXONHT Aab-
Helilllee ynaJjieHue BpeJHBIX NpHUMeceidl W CHUXKEHHE IJIOTHO-
ctu pucaokauuit (mo 10%—107 wa xBagpaTHLII caHTHMETP),
TO KO3PUUTHBHAs cuja CHHXKaeTcsi manee no 3,0—4,0 a/u.

Crenyer OTMETHTb, YTO [/ TOHKHX MOHOKDHCTaJbHBIX
JIHCKOB C KpHCTajaorpaguueckoir miockoctbio {110} coot-
HoweHne Heipo<Heny<Hcuso, monyuenHoe s {JI. 2-41], BmI-
nonusiercst Aasi o6pasunoB ¢ MajabiM 3HayeHueM H. B 6Osb-
el creneHyu, 4eM ¢ yBeJAHYEHHBIM H..

AHU30TpONAsi OCTAaTOYHOH HMHAYKUHM BHIpaxeHa GoJee
pesko, ueM KO3puHTHBHOH cunabl. Hue npuBoasitcs 3Haue-
Husl B,, T4, uamepenusie npu By=1 74 [JI. 1-62}

Yron c HanpaBnenueM npokatku 0° 30° 45° 60° 90°
B.,ma ...........0500 0,22 0,068 0,044 0,060

B HeTekcTypOBaHHOH 3/1eKTPOTEXHHUYECKOH CTajlu CHHXKe-
HYe MOTepb HJET 3a CHeT IOJNYYeHHs] HU3KOH KO3PILHTHBHOH
CHJIBI, CHHXKEHHe KOTOPOH JOCTHraeTcsi yMeHblleHHeM KOJH-
yecTBa BCEBO3MO2KHOro pona I[ed)eKTOB KpPlCTaJIJl'H‘IECKOﬁ
pelleTKH H yKpynHeHHeM 3epHa. CHHXKeHHe . KO3PLHTHBHON
CUJIBl 3a CYET TOJbKO YKPYMHEHHS 3epHa [OJIXKHO IIPOBO-
IOUTbCA B pPa3yMHBbIX Ipejenax, 4ToObl He BLI3BaTh 3aMETHO-
ro yBeJHYeHHsl IOTEPb OT BHXPEBHIX TOKOB, KOTOpble MOTIVIH
Obl MepeKpHIBATb CHUXKEHHE MOTEPb OT rucrepesuca. Huxe
NaloTCs 3HaYeHHs KO3PUHTHBHOH CHJbI JIST XOJMOJHOKATaHOH
HETEKCTYPOBAHHOH KPEMHHCTOH CTa/y JYYLIMX MapoK:

Copnepxanue KpeMHHd, % . . . . . « . . . 3,0 1,5 0,4
He,am. . .00 o000 2208 5570 90—100

B ropsuekaTaHo#i HeTeKCTYpOBaHHOH cTajy BeJIHYHHA
KO3DUMTHBHOH CHJBl HECKOJNbKO 0OJblle, YeM B XOJOAHOKa-
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TanoM, 410 CAéAyeT obbackHuTh JAyutitinM. cocrostHuém fio-
BEPXHOCTH M MEHbLUIHM KOJIHYECTBOM NpPHMeCceHd B XOMOLHO-
KaTaHOW cTand. KospuHTHBHas cu/la ropsyeKaTaHON CTaJH
B o6paslax, BHIPE3aHHbIX MO Pa3HBIMH yIJIaMH K Hampas-
JIEHHIO NPOKATKH, He -OAHHAKOBA.

Hc' a/m, MPA yrjax K HanpaBJIeHUIO NMPOKATKH
Mapka Tonuuna
cTanH JHCTA, MM

0° 30° 45° 60° 90°
312 - 9,5 68 67 66 70 72
942 0,35 33 34 35 37 38
D43A 0,35 20 22 23 25 26

2-7. BABUCUMOCTb MATHUTHbIX XAPAKTEPHUCTHK CTAJIH
OT TOJIIUUHBI JIUCTA

. JlucroBas ajeKTpOTeXHHYECKas CTaJb, NpeJHa3HaueHHas
05 npuMeHeHusa npu 50 2y, B HacTOslliee BpeMsl H3TOTOB-
JSeTC B OCHOBHOM ¢ TosumuHOM Jucra 0,5—0,35 mum. dto
IUKTyeTcsi ~ TpeGOBaHHEM IMOJYYHUTb CPaBHHTEJIbHO MaJbie
yIenbHble IIOTEPH NPH YAOBJIETBOPHTENBHOM KO3 HULHEeHTe
3anonHenuss (96—98%). B XxononHOKAaTaHOH TEKCTYypOBaH-
HOM cTa/i, MMEIOIIEH OTHOCHTENbHO HauboJbliHe IIOTEpPH
OT BHUXPEBBIX TOKOB, JIsl CHHXKEHHSI OGLIMX NMOTepb HAYT IO
'JIMHUH Ja/ibHEUINero CHHXKEHUS TOJILHMHBI JINCTA BIWIOTH IO
0,28 mm. OpHako ¢ yMeHbLIEHAEM TOJIUMHBI JIHCTA IIOTE-
PY OT BHXPEBHIX TOKOB CHHXKAIOTCH cjabee, ueM 1O KBajapa-
THYHOH 3aBHCHMOCTH, a NOTEPH OT rHCTepe3nca HAuYHMHAIOT
yBesnuuBaThesl. ITocnenHee cBA3aHO ¢ TeM, UTO ¢ yMeHblle-
HHEM TOJILHHBI JIHCTA JEKTPOTEXHHYECKOH CTaIH YBEJIHYH-
Baercsl M KoapuutHBHas cuia. Oco6eHHO pe3Kkoe BO3pacTa-
HHe ee Habusionaercs npu tonuuHe MeHee 10 mxm {J1. 2-42].

Ha puc. 2-48 no nauubim [J/1. 2-43] mokaszana 3aBuCH-
MOCTb KO3DUHTHBHOH CHJIBI OT TOJNLIHHBI JIUCTA TropsiyeKaTa-
Ho# TpaHcopMaTopHoii cTanu. Kak Buano us puc. 2-48, npu
yMeHblIeHHH TonmwuAbl aucra ¢ 0,1 go 0,01—0,02 mm xo3p-
IUTHBHAA cuja yBelnduBaeTcs B 2—3 pasa.

Iast Toro yTo6bl HCKIIOYHTb BO3MOXKHOE BJIHSIHHE TEXHO-
JIOTHYECKHX ONepaluii Ha KO3PIHUTHBHYIO CHJY JIHCTOB paa-
Ho#t TonmuHbl B [JI. 2-44], yMeHblIeHHe TOMIHHH OT 1 10
0,1 »m npoBoxuNOCH KaK NPOKATKOM, TaK ¥ TPaBJAEHHEM.

O6pasusl pa3Hoil TOMHUHEL d MOC/AE IPOKATKH B rOPsUEM
COCTOSIHHH TIOJBEPrajiiCb BBICOKOTEMIIEPATYPHOMY OTXKHIY,
nocsie 4ero H3Mepasachb KOIPLUUTUBHAS cuja. 3aBHCHMOCTb
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He=f(d) nas stux obpasiton npedcrabieda tra pic. 2-49
(cnoowHast aunua). M3 puc. 2-49 BuAHO, 4TO npH yMeHb-
IIeHHH TosuHbl Jucta ¢ 1 po 0,35 mm H. Bospacraer Ha

a/m ‘TH
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Puc. 2-48. 3aBUCHMOCTb KO3DUHTUBHOM CHJIBI OT TOJ-
IMHHBL  TPAHCHOPMATOPHOM CTaNM TIPH PasJHYHBIX
TeMneparypax.

2,4 a/m, a 10 0,1 mm na 24 a/m. I1pu cHATHH MOBEPXHOCTHO-
ro cios ¢ o6pasua ronmunoi 1,0—0,2 um TpaBreHneM cHa-
yaJa MPOUCXOLHUT HeKoTopoe cHHKeHue M. (puc. 2-49, nyHK-
THPHAS JIMHHA). DTO CBUAETEIbCTBYET O TOM, UTO NOBEPXHO-
CTHBIE CJIOM ropsiYeKaTaHOH CTajl¥ HMeIT HeCKONbKO GOJb-
myio H., yem BHyTpeHHHe ciaon. OnHako npu nanbHeHIeM
yMeHblIeHHn ToawuHbl H. Bo3pacraer. B [JI. 2-45] Bospa-
craHue H. npu yMeHbLIEHHH TOJIIUHBI JIHCTA CBSI3bIBAETCS
C pOCTOM moJiell pacceMBaHMs, BO3HHKAIOUHX Ha TpaHHLaXx
JOMEHOB.
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-¥YBenuueHHe KOIPUHTHBHOH CHJIBI C yMEHbILIEHHEM TOJ-
IIUHBl €CTeCTBEHHO NMPUBOIUT K YBEeJHUYEHHIO NOTepb OT IH-
cTepesuca, HO H3-32 3HAYHUTEJBHOTO CHHXKEHHS TNOTepb OT
BHXPEBBIX TOKOB OGIuUEe TIOTEPU CHHIKAIOTCA. DTO MOXKHO IIO-
Ka3aTb Ha IpPHMepe HETEKCTYPOBAaHHOH H TEKCTypPOBaHHOM

He,afm
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Puc. 2-49. 3aBHCHMOCTb KO3DLUHUTHBHOM <CHJIbI TOpPAYEKATaHOM
TpaHcGOpMaTOPHON CTaNH OT TOJIIHHEI JIHCTA.

— YMeHblleHHe TOJIUHHBI JIHCTAa MNPOKaTKOM; — — — — yMeHblleHHe
TOJUIHHLI JIHCTA TPaBJIEHHEM.

craneit. s ropauekarano craau ¢ Si=4,0% u Tommunoi
aucra ot 0,5 no 0,2 mm npu ODHON M TOH XKe TEXHOJOTHU
NpPOM3BOACTBA 3HAYEHHS COCTABJASAIOIUX INPHBENEHH B
Taba. 2-16.

Ta6aunma 2-16

3HaueHMA P, o /50, Pry Ps B ropsideKaTaHoi TpaHcdopmaTopHoiH
CTaJH pa3sHON TOJNWHHBI

TonuHHA NHUCTa, MM
ITapamerp
0,5 03 | 0,2
Proso » 8m. Ke. .. L 1,15 0,90 0,80
Dey BM/KZ . . . . ... 0,47 0,50 0,55
Pas 8M/K2 C 0,68 0,40 0,25

Kak caenyer u3 3THX [NaHHBIX, NPH YMEHbLIEHHH TOJ-
wuHb aucta ¢ 0,5 go 0,2 mm cHHXKeHHe MOTepL OT BHXpe-
BbIX TOKOB INepeKpbiBaeT yBeJHYeHHe NOTepb OT THCTepesu-
ca. ITono6rasi 3akonomepuocts [JI. 2-16] umeercs u mas
HETEKCTYPOBAHIION XOJI0AHOKaTalOk cTanu (Taba. 2-17).
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Ta6auua 2-17

3Hauenus p 55y, P U Py B XONOZHOKATaHOR
HeTeKCTypoBaHHOH craxw mapkm H-20

ToamuHa nHCcTa, MM
TTapamerp
. 0,7 0,50 0,35
P50 8M/Ke . o ... 6,20 4,50 4,20
De, B8M/K2 . . ... 2,80 2,85 3,00
Dey 8mM/K2 . . ... L. 3,40 1,75 1,20

B rta6a. 2-18 cornacuo [JI. 1-62] nokasano uaMeHeHHe
yIeNbHBIX MOTEPb XOMOJHOKATAHOH TEKCTYpOBAaHHOM CTaslH
IpH CHHXKEHWH TOJIHHB aucta ¢ 0,35 mo 0,3 ma.

. B [JI. 1-44} paccmarpu-

,‘3—'3" P [ BaJlaCh 3aBHCHMOCTD YA€/b-
14 Pisis HBIX TOTE€Pb H HX COCTaB-
13 — JSAIOUWUX OT TONIUUHBI JHU-
12— = ! cra (puc. 2-50). Kak Bun-
1 HO H3 puc. 2-50, npu yMeHb-
10 ~ IUEHHH TOJUIHHBI JIHCT& C
09 0,40 mo 0,30 mm ynmenabHbIE
08 NOTEPHU Py,5/50 cTANH D320—
07 ' D330A cHuxXaloTcs  Ha
06 Prosso = 0,2 sr/ke. U3 Taba. 2-18 u
05 ) - puc. 2-50 cienyer, 4TO CHH-

3 | 4|  jKeHHe TOMIIMHb QBpasua

o0 g3z g3 036 438 MM ya 0,01 mmM TPHBORHT K

Puc. 2-50. 3aBucuMoctb yaeaphpx ~ CHH2KEHHIO YAEJNbHBIX IIO-
NOTeph XOMOIHOKATAHOM TekcTypo- TEPb. pis/so Ha 0,02 ar/ke.
BAHHOMN CTAJH OT TOJIIHHHI JIHCTA.

Ta6nuua 2-18

BHAYGHHS P 5/50. P+ Ps B Pa/Pos B XOJNORHOKATAHON
TEKCTYPOBAHHOM CTaNH

p Mapka craau

vC9 | M2-H | M3-H
Tapaverp TonuHa JuCTa, MM

0,35 0,30 0,35 | 0,30
P1,5/500 sm/Ke 0,90 0,84 0,93 0,83
Dry 8M/KZ . . 0,26 0,27 0,20 0,20
Da, 8MM/KZ . . 0,64 0,57 0,73 0,63
DPs/Dos + + « - 2,05 2,50 2,35 2,70
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5.8. BAUAHUE OKAJIMHBI HA MATHUTHBIE CBOHCTBA
3JIEKTPOTEXHHYECKOH CTAJIH

Ha noBepxHOCTH JIHCTOB ropsyeKaTaHOH 3JEeKTPOTEXHH-
YeCKOH CTalH B IpoOLecce HarpeBa MeTajJa nepej NpOKat-
KOH W IIPH OKOHYATeJbHOM OTXKHIe B OKHCJIHTENbHOH cpele
o6pa3ye’rca CJIOH OKaJHHBL. J.IJm JINCTOB MOBBIILIEHHOJETHPO-
BAHHOH H BBICOKOJIETHPOBAHHOH CTalu OKajlHHAa CTpPaBJH-
Baercsi, a B JHCTax cJaGoJeTHPOBAHHOH H CpeJHeJerupo-
BaHHOH cTaJu — cOoXpaHsiercs.

Kpome c/i0si OKa/IHHBI, B JIHCTaX ellle HMEeTCss 30Ha BHY-
TpeHHero oxucaeHusi [JI. 2-46). Hanuune okanumHel Ha mo-
BEDPXHOCTH JIHCTOB CHHXKAaeT MAarHHUTHYIO IIPOHHI@eMOCTb
B CHJIbHBIX MaTrHATHBIX NOJMSIX H MPHBOJHUT K 3aMETHOMY YBe-
JIMYEHHIO YAeJbHbIX TOTepb NpH HHAYKuuu 1,5 74. B [JI. 2-47]
paccMaTpHBa/lHNCh CBONCTBA CTalH C OKaJHHOH, cTanu 6e3
OKa/JMHbI U caMoH OKaJuHBl. IIJIOTHOCTb OKaJNHHBI OIpene-
JISieTCsl U3 COOTHOLIEHHUS

= 8¢ to¥e+o — Sele
Sc+‘o + S ! :

rl1e Ye+o H Sc+o— INIOTHOCTb M cedyeHHe o6Gpasuna CTanu
C OKaNHHOM; ye¢ B S¢— TO Ke Aas cTanu 6e3 OKAJHHBI; Yo
H So — TO XKe sl OKaJHUHBI.

[InoTHoCcTb OKanuHbl coctasaser 6 000—7 000 ke/u® mas
IMHaMHOM ctany ¥ 5000—6 000 xe/m3 mas TpaHcgopmaTop-
HOM cranu. PasHuma B IJIOTHOCTH AJS1 pasHBIX 06GpasuoB
CTaJii ¢ OKaJHHOH M 6e3 oKaJHuHBI cocTaBasier 30—70 xa/m3
M 3aBHCHT OT TOJILIMHBEI ¥ cocTaBa oKaauHbl, CpenHee CHH-
JKeHHe IIJIOTHOCTH cTaju 3a cueT okaaudel nmo [OCT 802-58
NpHHATO cuuTaTh paBHbIM 50 ke/m3. Tak Kak B cocTaB OKa-
JIUHBI TI0CJ€ OTXKHra BXOAMUT B OCHOBHOM BOCCTAHOBJIEHHOE
xene3o (75—80%), To ymenbHOe 3JeKTpUUECKOe CONPOTHUB-
Jgenne okanuubl Ha 30—40% Menbule, 4eM caMoro xenaeso-
KPEMHHCTOr0 cmjiaRa. ToJIMHA OKaJMHBI Ha JHCTax Me-
nsercs or 0,01 no 0,04 mm u 3aBHCHT OT ycnoBHi 06paGoT-
KH CTaJu.

Ha puc. 2-51 u 2-52 npencrasneHs KpuBble HaMarHHYU-
BaHHsl IMHAMHOH u TpaHchopMaTOpHON cTajau 6Ge3 oxaju-
HBl, C OKaJIMHOH M caMoO¥ OKaJiuHBL. B c¢na6GbiXx MarHuTHBIX
nossix 1o 4 a/m kpusas Beto={(H) HesHauuTeNBHO CHHXKeE-
Ha MO OTHOLIEHHK) K KPUBOH Bc—f(H B obsactu cpenHux
H CHJIbHBIX MarHUTHBIX MoOJiel KpHBas Bc+o='f(H) 3aMeTHO
CHHXK€HA 1O OTHOINEHHIO K KpuBoll Be=f(H).
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Cpasnefitie itukAos rHetrepésiica obpasiton ctafin ¢ 6KA-
JHHOK M 6e3 OKa/lMHBI, CHSITBIX B IIOCTOSIHHOM MoJe, IOKa-
3bIBAeT, YTO B CTalIM ¢ OKaJHHOM IVIOMAdb LHK/Ia THCTEpe-
3Hca yBeJIHYHBAETCSs, XOTS BeJHYNHA KO3PUHUTHBHON CUJIBI He
n3Mensiercs. Crenenb pacuiupeHus netad aonb ocu H 3a-
BHCHT OT MarHMTHOH MHAYKUuH. Tak, npu B=1 14 Bo3pa-

mn|8
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’ /::-- == [T
1—/=F A
10r- /5

! / ,—’—’
a8 S
? f j,a'
QG '/—- ol

A~
7| s el B
7 P / "’__J
g2 o
’f

4 —f H
04 25 50 75 a/m

& 628 125¢ 1875

& 7500 15000 22500

Puc. 2-51. Kpusbie HaMarHHYMBaHMs JHIIAM-
HOH CcTasu.

— 6e3 OKaMHHBbl; — — — — C OKaJIHHOI;
- - - - — OKaJIMHBI,

CTaHHe HAMarHMYMBAIOINErO  TMOJA  SBJASETCS  MaJjbiM
(5—10%), nosToMy mJOwaAb LUKIOB FHCTEpe3nuca IJs CTa-
JH ¢ OKajJinHOM M 0e3 OKa/JHHBbI GIM3KH MexXAay coboit. I1pu
uuaykuud 1,5 74 3710 pasanune ycuausaercsi, CpaBHeHHe
CTAaTHUECKUX M JHHAMHYECKHX LHKJIOB FHCTepe3uca MOKa3hl-
BaeT, YTO YBeJHUYEHHe YAeNbHBIX IOTEPb HPOHCXOAUT He
TOJbLKO 33 CUeT IOTepb OT FHCTEpe3uca, HO M OT BHXPEBLIX
TOKOB, 4TO BHAHO u3 Taba. 2-19.

B of6pasumax 3/JeKTPOTEXHHYECKOH CTalH B HEKOTOPHX
cayyasix MMeeTCs 30Ha BHYTPEHHEro OKHCJIEHHS, KOTopas
TaKXKe MOXKET IPHBECTH K YXYAIIEHHIO MAarHUTHHIX CBOMCTB
craau, Tlo maunbim {JI. 2-48} Ha puc, 2-53 npHBelneHH! LHK-

106



mn|8 —

18 .

Zvl‘ Z /3 - ==
——

12 //" ] N /

Wi S ]

/ /- L--—
98 —== /’
g6}——o=" <
o ’ a 1A

s T et WA
Bl -

=" .

0A 25 . e 7% am
] 62§ 1250 1875
6 7500 15000 22500

Puc. 2-52. Kpusble HaMarHuyuBaHHs ropsiue-

KataHoi TpaHchopMaToOpHOH cTanH.

— 6e3 OKaJHHbl; — — — — C OKaJIHHOH;
- - - - — OKaJIHHDI,

[3SY
~
<

mn, 8

Puc. 2-53. Llukanl rucrepesuca obpasuos craau 11 nocae
OKHCaHTeNbHOro oTxura npu 1100 °C,

1 — HeoKUCNeHHBIA; 2 — ray6una 3BO 50 mkm; 3 —rayGuna 3BO
95 MKM; 4 — OKHCJIEHHbIi HACKBO3b.

0y
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Ta6auua 2-19

YaenvHble noTepu B 9JeKTPOTeXHHUECKOH CTaAH C OKausHHOM
H 6e3 oKaJHHBI

’ ToTepu B CTaJH, 8m/Kk2
Si, % B, me Bup noteps

C OKaJHHOH 6e3”OKaJIHHbI

1 1,0 Proa 2,36 2,17

Pr 1,26 1,23

Ds. 1,11 0,94

| %3] DPron 6,23 5,07

Pr 3,43 2,75

Pa 2,80 2,32

4 1,0 Pron 1,16 1,16

DPr .. 0,69 0,68

Da 0,47‘ 0,48

1,5 Dein 2,98 2,77

Pr 1,56 1,45

Dn 1.4,2 1,32

Jibl THCTepe3uca o6pasla JMHAMHOH CTafM C Pas/iHuHOR
rnyOuHO# 30HBI BHYTpeHHero okucjeHus (3BO).

2-9. MATHUTHBIE XAPAKTEPUCTUKYU 3JEKTPOTEXHHYECKOH
CTAJIM NPA ONHOBPEMEHHOM HAMATHHWYHUBAHUH
NOCTOAHHBIMH H NEPEMEHHBIMH MATHHUTHBIMH NOJIAMH

DIeKTPOTEXHHUECKAsT CTaJb HAXOMMUT IUMPOKOE IpHUMe-
HeHHe B 3JIEKTPHUECKHX alnaparax B MalluHax, e MarHu-
TONPOBOJBI IIOJBEPralOTCs OJHOBPEMEHHOMY HaMarHHYHBa-
HHMIO TIOCTOSIHHBIM M IlepeMeHHBIM mnossaMmHu. Has pacuera
MarHHTONPOBOMAOB, paGoTalOUIMX B TAaKHX YCJIOBHAX, TpeOy-
I0TCSl CJeQyIoliMe MarHUTHbie XapaKTepUCTHKH; YHeJbHble
NOTePH B CTaJH B YCJIOBHSIX OJHOBPEMEHHOTO HaMarHWYH-
BaHHSl TIEDEMEHHbIM H TNOCTOSIHHBIM MOJISIMH; KpUBBle Ha-
MarHHYHBaHHUS, H3MEPEHHble B NePEMEHHBbIX TOJAX IIPH Ha-
JIOXKEHHOM TOCTOSIHHOM II0J1e; KpHBble HaMarHH4YMBaHUA,
H3MEepeHHble B IOCTOSIHHOM IOJie IIPH HAaJl0XKEeHHOM Iepe-
MEeHHOM TOJIe.

YoenvHole norepu

Ha puc. 2-54, 2-55 npuBefeHb KpHBbleé 3aBHCHMOCTH
yAEJbHBIX MOTEPb OT NOAMAarHHYMBAIOHIETO TIOJS, H3MEpeH-
Hble 1o cxeMe, npuBedeHHOK B {JI. 2-49], npu nponycKaHuH
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NepeMeHHOro H MOCTOSHHOTO TOKAa 10 OJHOH HaMarHu4KBaio-
meit o6MoTKe. MlaMepeHnsi NPOBOAMJIMChL Ha IIOJOCOBHIX 00-
pasuax pauHoi 0,28 M, a mpu pacuere 3QPEKTHBHOHR MacChl
Magpe=mlyf/l pnauna Iy npunumanace 0,94 x. 3HaueHus
YAENbHBIX NOTEPb NPHBOIMIMCH K CHHYCOMAAJbHON ¢opme
KPMBOH MarHMTHON WHAYKUMH. Kak cieayer u3 puc. 2-54 u

sm[P ; : _6_/71 [}
Ke [—S———7 ¢ Ke
. B=L76mn 8.=15m1
20 20
15
sl
15 12§ 15 : ' .
' 10 M
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05 45
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0 200 400 600 800 a/m 0 200 400 600 800 a/m

Puc. 2-54. 3aBucHMOCTb yJeJb-
HBIX TroTepb craan D330 c¢ TOa-
mwmHol sucra 0,35 mm or noa-
MarHHYHBaIoOLIero ToJag IpH pas-
JUYHHIX AaMIJIMTYdaX flepeMeH-
Hoit unaykuuH (f=50 ey).

Puc. 2-55. 3aBucuMOCTb yAeib-
HbIX NOTepb cTasd 43 ronuy-
noit Jaucra 0,35 mm or nommar-
HHYHUBAIOLIErO TIOJSA MpPH DPa3iHy-
HBIX aMIUIATYJAaxX IepeMeHHOoH
HHRYKUEH (f=50 ay).

2-55, ylenbHble NMOTEPH 3aBHCAT OT BeJHYHHLI TIOAMArHHYH-
BAIOLLEro IOJIsSl IPH NepeMeHHO!H COCTaB/siowell MHAYKUHUA
He Oosee 1,0—1,2 74. HaunHasi c HeKOTOPOro 3HauyeHHsi HH-
LYKUHH, Ha3blBaeMOro KPHUTHYECKUM, yaeJbHble MQTEpPH He
3aBUCAT OT aMIUIMTY[Abl MOAMAarHHYUBAIOLIETO TIOJIST H Jaxe
HMEeeTCs HEKOTOPOe YMeHbIleHHe Y/eJbHbIX TMOTepb.

B [JI. 2-50} paccmaTpuBaeTcss 3aBHCHMOCTb YyIe€JbHBIX
NOTEPb He OT BEJHUYHHBI HAJI0KEHHOTO NMOCTOSHHOIO MarHuT-
HOTO 1IOJIsf, 8 OT BEJMYHHBLI NOCTOSIHHOH MardHMTHOH MHIYK-
uuM, cosmanuoit um. Pewas sty 3apauy rpadoaHaiutnue-
CKHM METOZOM, OT 3aBUCHMOCTH p=f(Hy) MOXHO mnepelTH
K 3aBHCHMOCTH pc={(Bo). Ha puc, 2-56 u 2-57 mokasaHp
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3TH KpuBble. Y3 puc. 2-57 clelyer, 4TO 3aBHCHMOCTb P =
=[(Bo) u306paxkaeTcsi NPSIMbIMU JUHHAMH C PasHBIMH yr-
JlaMH HaKJIOHa K OCH Bo. Ha ocHOBaHHH 3TOrO yleJbHbIE NO-
TEPH MNPH NOXMATHHYHBAHHM MO-

Z’"/"e CTOSIHHBIM TIOJIEM MOXHO BbIPa3HTb
] | ] ypaBHeHHeM
8,,=1803 )
Qe et ? Pra=p"rs+&B,,
‘ . rie p’rs—yNelbHEIE TIOTePH OT TH-
3) 616 CTepe3snca M BHXPEBHIX TOKOB /%
naHHoN uHAyKUMH By npu By=0,
TOJIyYeHHBlE  3KCIEePHMEHTaJbHBIM:
144
4 &m ]
z 1212 xe |0 B, =1414
Lel6 4 M5 ma
) _Jk ¥ iwm
1010 2 1212
0808 T 1010)
3808
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0 200 400 600 800a/m a a5 10 ma
Puc. 2-56. 3aBucuMOCTb Puc. 2-57. 3aBHCHMOCTb YIEIbHBIX
YIeJNbHBIX TOTepb OT MOoJ- TNoTepb OT nonmarnnquaa}omeﬁ
MATHHYHBAIOIIEr0  MoJs HHOYKUHH B,

Ins craad D43 npu pas-
JHYHBIX aMIVIHTYAax Te-
PEMEHHOH  HMHIYKUUH
(f=50 ay).

nyteM; k& — k03 dUUHEHT, XapaKTepH3YIOLIU} HAKJIOH Tps-
MbIX pres=f(Bo); kKoaddbuuuenr k& npu By=0,4-1,0 T2
H3MeHSeTCsl He3HauuTeNbHO (pHC. 2-57) M MoxKeT ObITb NpH-
HAT NOCTOSTHHBIM.

Kpusole Hamaenuuusarus

Tlpn HamMarHuyMBaHUH O0Opa3UOB INEePEeMEHHBIM IOJEM
C HaJIOXKEeHHBIM TIOCTOSIHHBIM II0JIeM MTHOBEHHble 3HaueHHs
nepeMeHHOH MAarHUTHOH HMHAYKHHH CJEeLyIOT N0 HeCHMMeET-
PHYHOMY YacTHOMY LHKJIy rHcrepe3uca. C yBelHueHHeM
HIOAMarHHYNBAIOLIEro TIOJIT acCHMMETPHS ILHKJa THCTepe3nca
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Puc. 2-58. Kpusnle HamaruuuuBaHus craau 9330 ¢ ToJ-
uuHoi sncta 0,35 MM B nmepeMeHHOM nojie NpPH PasHBIX
3HayeHUsAX MOAMarHHyuBaiouero nojas H
l—=H=0; 2~ H=100 a/u; 3— H=200 a/n; 4 — H=400 a/s;
5 — H=600 a/n; 6 — H=800 a/u; 7 — H=1000 a/x.
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Puc. 2-59. KpuBHe HaMardHMuyMBaHHs cramu D43 ¢ ToJH-
Ho#t Jucra 0,35 MM B TepeMEHHOM NOJIe NPHU PasHBIX 3HA-
YyeHHsIX NOJMarHuuuBaouero moas H
| — H=0;, 2—H=100 a/#; 3— H=200 a/m; 4— H=400 a/m; 65—
H=600 a/n; 6 — H=800 a/m; 7— H=1000 a/s.
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BO3pactaer u paddolth MeMAY MAKECHMAABHBIM M MUHH<
MaJbHBIM 3HayeHUMH TO0Js YyBeanuuBaercsi. [locaeqHee
006CTOSITeNbCTBO NPUBOAUT K CHHXKEHHI0 MarHUTHOH NPOHH-
naemMocTd. MisaMepeHne MakCHMaJbHBEIX U MHHUMAJIbHBIX 3Ha-
yenuii B wu H 3aTpyIHHUTENbHO, II03TOMY oOmNpefe-
JIFIOT CPeAHHE 3HaueHHs HHAYKIMH H Tonas. 1o JaHHBIM
[J1. 2-51, 2-52} Bun kpuBbiXx By={ (H_ npH HalOXeHHOM
NIOCTOSIHHOM IHOJIe 3aBUCHT OT (OPMBI KDHBBIX MHIAYKIMH H
HaMarHUYHBAIOWEro TMOJS H3-3a HAJHUHS YeTHBIX FapMOHHK
B KPHBOIl NOJsl MPH CHHYCOMaJbHOM H3MEHEHHH MarHHUTHOM
HHYKIHH,

ITpn n3mepeHHM KPHBLIX HAMATHIYMBAHHS B TiepeMeH-
HOM TIOJIe HMeJIOChb ABa alinapara :‘)HHITE]’HIH, HaMarmuuu-
Baiollie O6GMOTKH IepPeMEHHOr0 TOKAa KOTOPbIX ObLIH COemHu-
HeHBI I0C/eI0BATENBHO H COIVIACHO, @ OOMOTKH NMOCTOSTHHOTO
ToKa — BCTpeyHo. [IpH TakoM coelHHeHHH OGMOTOK B LeTH
TIOCTOSIHHOTO TOKa OCTAIOTCSl TOJbKO 4YeTHbie rapMOHUKH
NEPEeMEHHOro TOKa. IIJIH YMeHbLIEeHHsA HX BJHAHHUA Ha KpPH-
BYI0O HamarHuuuBaHus-By=] (H _H_) B uenb NocTOSHHOrO
TOKa JNOJIKHO OBITb BKJIIOUEHO TOCJeL0BaTeNbHO CONpPOTUB-
JieHHe, a HCTOYHHK IIOCTOSIHHOrO TOKa JOJKeH AaBaTh [0-
cTaToyHoO Gosbmoe Hanpsxkenue. Kpusbie By=f (H_H.),
npejacTaB/ieHHble Ha puc. 2-58 # 2-59, Gblu NMoJayuyeHbl NPH
CHHYCOHJa/IbHON dopMe KPUBOH MAarHHTHOH HHAYKLHH.

F'rasartperss

MATHUTHBIE U 3JIEKTPUYECKHE

CBOVMCTBA CTAJIEH, NPUMEHSAEMbBIX B CHJIOBbIX
ATPEIrATAX NMPHU NOBbLILUIEHHOW YACTOTE

" MNEPEMEHHOTIO TOKA

3-1. YAEJIbHbIE NOTEPH NPH ﬂEPEMAl‘HM‘IMBAHHVi

JIuCTOBAas 3/MeKTPOTEXIIHUECKas CTaJb HaXOAUT Bce 60Jb-
llee NPUMEHEeHHe B CUJIOBBIX arperarax, paGoTalOLIMX TPH
4yacTOTaX TEPEMEHHOTO TOKA B HECKOJBbKO COTeH M ThICAY
repu. Tlo TOCT 802-58 nmns 31Ot rpynnbl H3meaui npen-
l1a3HayaceTcs ropsiyekataHasi ctajb D44 C TOJUIMHON JHCTa
0,i; 0,2 u 0,35 mm u mo 'OCT 9925-61 xosoaHOKaTaHas
TEKCTYypOBalHas crajb Mapok 3340, 3350 u 360 ¢ To/mIH- .
no# aucra 0,05; 0,08; 0,10; 0,15 u 0,20 mm.

YMmenblenHe TOJIIMHBL JHCTA HJAH JIEHTHl B 3TOH Ipyme
cTaJjeil BHI3bIBAeTCS TpPe0OBAaHHEM BO3MOXHO MEHbILEro
CHHXKEHHS NPOHHILAEMOCTH M MeHee pe3KOro BO3pacTaHus

112



Taéanuma 31
Maruutupie cBofictea crazel 944, 3340 mo FOCT 802-58

L . MarHuTHas HHAY KUy, YaenbHBIE TOTEPH, Y aeapHoe
‘Mapxa Tomimua ma, He MeHee sm/Ke, He Gojee 'COMpOTHB-
CTamm JIHCTa, MM . JieHue,

OM - MM3| M

Byoo | Bigoo l Basoo P0,75/400‘ P1,0/400

44 0,35 1,211 1,30 | 1,44 | 10,7 19,0 0,57
D44 0,20 1,201 1,29 | 1,42 7,2 12,5 0,57
D44 0,10 1,191 1,28 | 1,40 6,0 10,5 0,57
9340 0,20 1,50| 1,60 | 1,70 7,0 12,0 0,47

yAeJbHBIX NOTePb TNPH YBENHYEHHH YACTOTHI TEPeMEHHOro
tToka. B Taba. 3-1 u 3-2 npuBefeHbl MarHUTHbBlE M 3JEKTPHU-
yeckKHe XapaKTePUCTHKH Aaasi cragseil 44, 2340, 3350 u
2360.

Ta6auua 3-2

MarHMTHEIE H 9JeKTpHYECKHe cBoiicTBa ctaau 360
mo I'OCT 9925-61

Y nenbHue no-

Tonummna | MATHETHNS HHOYKUHS, M2, He MeHee mg};, &rrlzl/epia, cg’r{‘:(g;:ﬁ\-
JIHCTE, MM ke,
By Bao | Bao | Biwo | Biowo | Bssoo | 1,0/400 171,5/400 oMM
0,08 |0,80{1,05{1,40]1,50|1,65|1,82] 7,5 | 17,0] 0,5
0,10 j0,8041,05)1,40/1,50|1,65}|1,821 7,5 17,0 0,5
0,15 10,8041,1041,40}1,55|1,65}]1,82] 8,0 19,0 0,5

Mo paspabaTbiBaeMOMY HOBOMY TOCYZapCTBEHHOMY
CTaHIapTy XOJIOAHOKATaHas TEKCTypOBaHHasi JieHTa TOJIUIM-
Hoit 0,05—0,15 mm 6yner BHIIYCKATHCS METaJJIypPrHYeCKHMHU
3aBofiaMu 160 B HarapTOBaHHOM, JIHGO B OTOMXKXKEHHOM CO-
CTOSSHMM. MarHUTONpoOBOALI H3 CTaJH, NOCTaB/sieMOil B Ha-
rapToBaHHOM BH/E,. JOMKHBI Y TNOTpPeOuTe ST NMOABEPraThCs
BbICOKOTEMIIEPATYDHOMY OTXKHIY, a M3 OTOXKMKEHHOH cTa-
JIM — HU3KOTeMnepaTypHoMy. HopMbl O MarHuTHBIM CBO-
CTBaM Ha HarapToBaHHYIO CTaJ/lb YCTaHaBJHBalOTCA GoJiee
BBICOKHE, YeM Ha OTOXKXeHHYl0. O60CHOBaHHE TaKOMY H3Me-
HEHHIO .CBOHCTB Jalio B IJ. 7. MarHuTHele CBOHCTBa, yKa-
3aHHble B TabJ. 3-2, OTHOCATCA K JIEHTe, OTOXKXKEHHOM Ha
MeTaJJypruyeckoM 3aBopje. [{g HarapTOBaHHOM JIEHTH,
OTOXMEHHOH Yy TOTpPeOUTCHs, YAeNbHble TOTEPH Pio/400 H
P1sia00 Ha 10—15% nuxe.
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CpasuuBas 1aba. 3-1 u 3-2, MOXKHO BHAETb, 4To NMpUME-
HHTEJbHO K OZHOH ToauuHe Jaucrta (0,1 mm) ynaeapHbe mO-
TePH B XOJOJHOKATAaHOH CTa/jH HECKOJbKO HHXKE, YeM B TO-
psfiuekaTaHoOH, HecMOTPs Ha TO, YTO OHA HMeEET MeHbllee
yAeJabHOe 3JEeKTpHUecKOe conpoTuB/eHHe, CHUXKEHHEe NMOTepb
B XOJIONHOKATaHOM JieHTe cjaelyeT OOBSICHHTb 6oJiee HU3KOH
KOSDUHTHBHOH CHJION M yMeHbLIEHHBIMH IOMOJHHTEJbHBIMH
norepsmMu (Ti. 2).

B 3jeXTpoTeXHUYeCKOH CTAJH OZHOIO COCTaBa M OJHOIO
COBEpIIEHCTBA KPHCTAMIHYECKOH TEKCTYPbl KO3DLHUTHBHAS
cUJa ¢ yMeHbLIEHHeM TOJIUMHBI JIeHTH Bo3dpacraet (§ 2-7).
Oco0eHHO 3TO NpOsIBASETCS IPH TOJIIHMHE JIEHTH MeHee
0,1 mm.

IIpu cpaBHHTeJbHO MaJION 4YAaCTOTE IIEPEMEHHOrO TOKa
(f=400 ey), xorga morepu OT 'HCTEPE3UCA COCTABJSAIOT elle
3aMeTHYIO0 JOJII0, 3TO HaK/JaJblBaeT CBOH OTNEYaTOK Ha 06-
mye notepu B cranu. Kak OvlIO mokasaHo B § 2-3, npu oT-
CYTCTBHH IOBEPXHOCTHOro 3(p¢deKkra norepH oT rucrepesuca
JHHEHHO 3aBHCAT OT yaCTOTHl IepeMeHHoro Toka. EcuaH
C HEKOTOPbIM NpHO/IHKEHHEM IPHUMEHHTb 3TO TIOJOXKeHHe
s cTand Mapku 44 npu f=400 ey u B=0,75 14, 10 6Y-
IeM MMeThb CJAeAYIOllee COOTHOIIeHHe MOTepb OT T'HCTePe3H-
Ca U BHXPEBBIX TOKOB:

Tonmuna JuctTa, MM . . « « « « « « « « = . . .. 0,35 0,2 0,1
F 5 O 1 3,5 4,0
Doy BT/K2 .« « v v v v v i e i e e e .. 8,0 3,5 2,0
Drow BT/KZ « v v v v v v e e e v e e e e W12 7,0 6,0

[1pu ymeHblieHuH TonwWMHBEL Jaucra or 0,35 mo 0,1 mm
TnoTepH OT THCTepesuca Bo3pacraioT Ha 0,8 8T/Kke, a morepH
Ha BHXpeBble TOKH CHHXKaloTcs Ha 6,0 8T/ke, B pesyJabTare
yero o6IIMEe MOTEPH CHHXKAIOTCS NOYTH B 2 pasa. Pasiuuue
B YAEJbHBIX NOTepAX B cTand toaumuHoi 0,2 u 0,1 mm npu
400 ey yxe siBasercs manaeim (15%), yro, Kpome BO3pacra-
HHMs TIOTepb OT THCTepe3uca B craju ToauwuHon 0,1 mm,
cJIeflyeT CBs3aThb C BO3PacTaHHeM OTHOWEHHS Pu/pr.n (§2-4).
Jaa aucros TonwuHoi 0,1 mm mOTEpH OT BUXPEBBIX TOKOB
cocraBasiioT 309% o6WHX MOTEPb, a JJIS JHCTOB TOJLIMHOH
0,35 mm yxe 70%. TIpu moBbluIeHHH YaCTOTHl NEPeMEHHOrO
TOKa pasjdyHe B COOTHOIUEHHH TIOTePb 1Jisl JIHCTOB Pa3HOH
TOJIHUHL GydeT yMeHbIIATbCHd.

Mainoe pasinume B yHEJbHBIX NOTEPAX Piofso H Pi5/i00
craan D360 pasHo#l ToamHHB (Tabna. 3-2) oé'bﬂCHﬂeTc?
TeMH e NpPHYHHAMH, B XOJONHOKATaHOH TEKCTypPOBAHHOH
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cranu toaumuHol meHee 0,08 MM KO3PUHMTHBHAS cHsia BO3pa-
cTaer eule B OOJbllell CTeNEHH H, HECMOTPS Ha CHMXKeHHe
TOJIIUUHB! JIUCTA, NIOTEPU NPHU CPABHUTEJNBHO MaJIOH 4aCTOTE
nepeMeHHOro Toka OyAyT Bo3pacrtaTh. ITo JaHHBIM KaTaJso-
ra ¢upmb Apmko (CIIA) MOXKHO paccuMTaTh COOTHOILIEHHE
1f10Tepb OT THCTepe3HCa H BUXPEBHIX TOKOB NpH B=1 T4 u
=400 ey:

Tomuyua swera, MM . . « . v v v v « . . . . .. 0,1 0,06 0,025
Py BT/K2 .« v v o v v i i i e e i s e ... 2,9 48 8,5
Do BT/KZ . « v v v v v e i i e e e e e e ... 26 1,8 1,0
Pesr 8T/KZ « . v « « v v v v v v v v v..... b5 6,6 9,5

Kak BHIHO W3 NMpHUBENEHHBIX NAHHBIX, NIPH YMEHbIICHHH
ronmuHbl Jgucra ¢ 0,10 go 0,025 mm nmorepu OT BUXPEBBIX
TOKOB CHHXaloTcd Ha 1,6 8T/ke, a moTepu OT THCTepe3Hca
Bo3pacrawT Ha 5,6 8r/«ke. ITosaTromy npuMeHsiTb 0cO0O TOH-
KYyI0 CTa/ib NIPH CPaBHHUTEJbHO HH3KOH 4acTOTe NepPeMEeHHOro
TOKa Hellesecoo6pasHo.

a) 3aBHCHMOCTb YAECAbHBIX NMOTEPb OT YACTOThI
NEePpEMEHHOro ToOKa

B § 2-3 66110 MOKa3aHO, yTO NPH NPOMBILIIEHHON Ya-
cTOTe NepeMmeHHOro nons (25—60 ey) Bo3pacraHue 0OOIMX
NoTepPb C YaCTOTOH 3aBHCHT OT COOTHOLIEHHS IOTEPb OT TH-
cTepe3nca M BHXPEBBIX TOKOB. TaM ke OBLIO YCTaHOBJIEHO,
YTO NOTEPH OT BUXPEBBIX TOKOB C YUETOM MOMOJHHTEJIbHBIX
noTepb Bo3pacraioT cjabee, yueM NO KBaADAaTHYHOH 3aBHCH-
moctH. ITokasarenb crene- .
HH n B dopmyne p=mfr Om/ke
nonyuaercs MeHbue aByx. *00|Pg |

Ha puc. 3-1t u 3-2 no-

Ka3aHa 3aBHCHMOCTb yaenp- 900
HHIX morepb npu B=0,2 T2

OT YacTOTHl IEePEeMEeHHOTo 200
TOKa HJIS1 TOpAYeKaTaHOH M
XOJIONHOKATaHOH  craJjeit
[/1. 3-1]. B ra6a. 3-3 npu-
BelleHbl 3HaYeHHs YHAelb-
HBIX TIOTEpPDb AJIA cranu D44

100

{ Pucynxn 3-1, 8-3, 3-6, 3-7, Puc. 3-1. 33BHCHMOCTL YyHeJbHBIX
3-12 u tabn. 3-3—3-8 npupegens  NOTepb craan D44 ¢ TOMUHMHON JH-
no naueeM  A. 3. Bekcnepa, cra d=0,1; 0,2 u 0,35 mm or ua-
B. B. IOpyxnnuna u JI. K. Ky- CTOTH TIEPEMEHHOro IoJst
PEHHBIX. ) (Bu=0,2 74).
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Ta6auna 3-3

YpaeabHble moTepu CTajH Mapku 344 npu yactote
nepeMeHHoro roka 0,4—15 wx2y(B=0,5 niA)

VaenbHbie TOTEpH, 8m/ke, TpH TOMIMIMHE .
YacToTa, Ke JHCTA, MM Py,13/ Py
0,35 0,2 0,1

0,4 4,93 3,41 - — —
0,6 9,00 6,15 ‘5,55 1,62
0,8 13,9 9,34 7,67 1,80
1 19,5 13,0 9,97 2,00
2 57,6 36,8 25,0 2,30
4 173 108 69,0 2,50
6 339 202 127 2,67
8 545 319 201 2,70
10 790 454 283 2,80
12 1080 . 613 379 2,86
15 1 587 871 540 2,95

npy B=0,5 714 u uacrore nepemeHHoro Ttoka 0,4—
15 key.

B Tabu. 3-3, Kpome TOrO, MPUBEJEHO OTHOLUEHHE NMOTEPhb
o6pasuos roamuHok 0,35 u 0,1 mm. Kak BHAHM, 3TO OTHO-

gmike - . ieHne Bo3pacraer ¢ 1,62

200(7,, 035w / 1281 npu f=06 xey no 2,95

160 : / gsim—] npH f=15 xey. Taxue xe

) // A~ | 33aKOHOMEepPHOCTH H H3MeHe-

AN HHSl moTepb HaGJOKAI0TCA

80 _—d=008mv | s XOMOMHOKATAHOM TeK-

40 2 ¢ | CTYPOBaHHOH CTaJH TOJILH-
0 = m 5 rey HOH 0,35 u 0,1 mm.

: Paccmorpum morepu B

Puc. 3-2. 3aBucuMOCTb yAedbHBIX  XOQJIOLHOKATaHOH CTaJH

noTepb XOJOJHOKaTaHol cranu D360 ©
(o008 015wy u Dajop TOMUHHOM menee 0,1 mm

(d=035 u 0,28 mm) or uactor 1PH B=0,2 T4, npuBeneH-
nepemésHoro noas (Bn=0,2 74). ubie B Tabia. 3-4 no 1aHHLIM
¢bupmbl ApmKo.

B 3tom ciyyae npuMeHeHHe cTalu ToawpHOM 0,025 mm
IO Y4acTOThi 2 Key siBJsieTcs HellesecooOpa3HBM, a € HacTo-
THl GoJlee 2 ey moTepu B cranu TosmuHoM 0,025 mm craHo-
BATCS yXKe MeHblile, YeM AJs JeHTbl TojumuHoi 0,1 mm.

o cux mop paccMaTpHBAJOCh H3MeHeHHe yJAeJbHBIX IIO-
TEpPb C YacTOTOH NepeMeHHOr0 TOKa B JIeHTe HJH JHMCTaXx,
MMEIOUIMX pasHoe COOTHOILUEeHHe TIOTePb OT THCTepe3nca H
BHXPEBBIX TOKOB M3-3a Pa3jIMUyHON TOJILHKHb ancTa. OQHaKO
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Ta6nuna 3-4

Y aeabHble IOTepH XOJORHOKATAHON TeKCTypOBaHHO#H
CTAaJH Dpu 4acrore HepemMeHHoro moas 0,4—10 r2g

Y nebhbie NoTepH, .sm/xe, B CTaJIH TIpH
'-Iacro'ra. ®ey TOJILLHHE JIHCTa, MM Po,1 / po'oas

X 006 | o025

0,4 0,29 0,31 0,40 0,72

1 1,05 0,91 1,12 (,94

2 3,35 2,7 - 2,7 1,22

5 - 15,7 ‘ 9,50 8,0 1,97

10 —_ 27,0 19,0 —

pasHoe COOTHOLIEHHE COCTABJ/AIOUINX IIOTepb UMeeTcsl B CTa-
JSIX ONHOM TOJWHMHBEL B § 2-5 6blIIO MOKa3aHO, YTO NMpH H3-
MEHEHHH BEJHYHHBbl 3¢PHAa MOXHO NOJYYHTb CHHXKEHHeE IIO-
Tepb OT THCTepe3Hca M BO3pacTaHHe NOTepPb OT  BUXPEBBIX
TOKOB NpH paBHOM 3HayeHuH obuux norepn. B [JI. 3-1] 6bi-
JIO TOKa3aHo, YTO B 06pa3: dm-cex

ax C MeJKO3epHHCTOH Rz

CTPYKTYpOil H MaJbIMH JIO- —f’-'- ' f
NOJIHUTENbHBIMH  TIOTEPSAMH /;,d
BO3paCTaHHe YAENbHHIX mo- 0/ - ,}3;:035”"
Tepb C YaCTOTOH INepeMeH- é/{é M
HOTO TOKA NPOHCXOAUT 6o- A o
Jee MeMLJeHHO, yem B 06- 400 7o Fﬁ:"a’h"
pasuax C KpynHO3epHHCTOM pra -
CTPYKTYpOH M OOJIBIUINMH 0005 4 . pd e
IOTOJIHATEbHEIMHE TIOTEpSi- s d=01mm
mu. B pesysabrate 3roro . .
B 06pasuax ¢ MeJKO3epHH- . ; = e

CTOH CTPYKTYypo#l 1oTepu
IpH HHU3KOH YacToTe nepe- Puc. 3-3. 3aBHCHMOCTD  yHeJbHHX
ME@HHOIO . TOKa MOTYT ObITb  110TePb 32 UMK/ B cTanu D44 ¢ pas-

6osblLie, a IpH TOBBILIEH- JMYHOH BeJNHUYMHOH 3epHa OT yacrTo-
’ . Tbl  nepeMeHHOro noaa (By=

HOH 4aCTOTE — MEHbIUE, =0,2 14)
YyeM B oéPasuax C Kp},/I]HO- — KOJIMYeCTBO 3epeH Ha | mm? nuo-
3€PHHCTOH CTPYKTYpPOH. Waik wakpa 10--20; —— — — Koaude-
CTBO 3epeH Ha I Mmu Jiomanu IJIH-

HOlIOéHOC Hccaenona- da 100—200.

Hue umeercs B [JI. 3-2], roe

6bIJIO TOKA3aHO, YTO 3a CYeT H3MEHEHHs BEJHYMHBI 3epHa

B craju 944 ¢ ToauHoi aucra 0,2 mm npu 4,8 key MoxKHO

Sts)g}y)qmb 3HaYUTeJbHOE pPasJH4He B yJeJbHHIX NMOTepSAX (ZO
h).
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Ha puc. 3-3 noxasaHa 3aBHCHMOCTb YIE/bHEIX NOTepb
crand 44 3a ONMH LHKJA NepeMeHHoro mnojas. Ms puc. 3-3
CleAyeT, YTO NOJIOXKEeHHe TOYKH TepeceyeHHs] KPHUBHIX p/f
s 00pasmoB C MEJKO3ePHHCTOH M KPYNHO3ePHHCTOH
CTPYKTYpOH CBSI3aHO C TOJIMMHON usucra. Tak, AJa crauu
944 ¢ toamuHoi aucra 0,35 mm yKazaHHble KPHBBIE Iepe-
cekarorcs npu 1 xey, ¢ toqmuHOH sucra 0,2 mm npu f=
=3 Kkey u 0,1 mm npumepHo npu 7 key. HauGouabiuee cHu-

Bm-cex
~Ke

||

o7 Puc. 3-4. 3aBucuMocTb yzesb-

HBIX TIOTE€Pb 3@ OMHH UMK
N ~ p OHUH I

/ = B XOJIOAHOKATaHOH  CTaJH
- PasJHYHBIX MapoKk C TOJIIH-

///\Z Hofi Jqncta 0,35 mm oT uyacro-
TH {IEPEMEHHOr0 NOAS
| (Bn=0,05 724).
1 —VC-13 (pl,5/50-1,28 8T/Ke);
2—VC-9 (pl‘5/50-=0,9 8T/Ke).

610

L R )
\

7
0 1 2 ] 4 xey

XKeHHe notepb Npu f=10 xey 3a cyeT U3MEHEHUsT CTPYKTYphl
cocraBjsieT B JucTax ToJuHON 0,1 mm po 20%), B snucrax
0,2—0,35 um no 10%. O6pamaer nHa ceGsa BHUMAaHHE TO,
4yTO 3aBHCHMOCTb p/f oT [ AJisi BCcero McciaefOBaHHOrO JHa-
nasoHa yacrot 0,4—20 xey siBasieTcsl KpUBOJMHHeHHOMN. AHa-
JIOTHYHAs 3aBHCHMOCTb Habaogaaack ¥ B [JI. 3-3].

B xonoaHOKaTaHOH TEKCTYDPOBAHHOH CTaJld CHUXKEHHE
yIeNbHBIX IOTEpPb TPH 4acTOTe IepeMeHHoro monasi 50 ey
HNPOUCXOJUT OXHOBPEMEHHO 3a CUET YMEHbIlIEHHSI MOTePb OT
rucTepesuca ¥ OT BUXpeBhIX TOKOB (§ 2-3). C moBbliieHHEM
YacToThl cTanb, 06safallas MEHbIIUMH TMOTePSIMH NpH f=
=50 ey, OymeTr UMETb MeHblUHEe IOTepPH W NpH JOOOH Ipy-
roii yacrore. Ilepeceuenuss KpuBbIX p/f, UMEHOIIETO MeCTO
IJs ropsiyeKaTaHO# cTa/H, B 3TOM cJjayuae HeT (pHc. 3-4).

[IpuBenem pacuerh nokasartens #n B $hopmyJe

p=mfn, (3-1)

Onpenenenye n ¥ m Jyylile BCErO OCYLIECTBUTb 110 YpaB-
HeHHIo

lgp=lgm+nlgf, (3-2)

rie lg m —orpe3ok Ha ocH lg p; n— TaHreHc yraa Hakimo-
Ha KacareJabHO! K JquHuu 1g p —1gf; f — uacrora nepemes-
HOT'O TOKa, 2Y4; p — YAeJbHbie NOTEpH, 8T/Ke.
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Crpos racarenbutte nf pasuutx 3HaueHudt 1g [, MOXHO
nosyyaTb M3MeHeHHe INOKa3aTelel n W M B 3aBHCHMOCTH
OT YacCTOThl NepeMeHHOro noss. B Taba. 3-5 mas craneil He-
KOTOPHIX MapoK 3HAYeHHs 7 W m NOKa3aHbl IPH PasHbIX
yacToTax nmepeMeHHoro toxka (Bw=0,2 14).

Ta6auuma 3-5

3HayeHnns n u m U QAA QJGKTpOTeXHH!IGCKOﬁ CTaan
HEKOTOPhIX Mapok

o3 YacToTa IepeMeHHOro Moas, 2y
Mapka -;- . &
cTanu & Oa
58 55 400 800 | 1000 [2000 |5000 | 10000| 15 000{ 20 000
=" E&
244 0,1 n 1,17 1 1,32 (1,83 { 1,35 | 1,40 | 1,60 | 1,62 | 1,62
108m | 44,5 | 17,3 | 16,0 | 13,6 | 9,3 2,14 | 1,79 | 1,79
244 0,2 n 1,39 1 1,49 | 1,49 | 1,57 | 1,57 | 1,60 | 1,60 | 1,60
10° m 14,8 ) 7,73 | 7,73 | 4,48 | 4,48 | 3,44 | 3,44 | 3,44
244 0,35 n | 147|156 1,56 | 1,5 | 1,5 | 1,56 | 1,56 | 1,56
10sm | 141 | 7,79 | 7,79 [ 7,79 | 7,79 | 7,79 | 7,79 | 7,79
2360 | 0,08 n |1,24 1,37 | 1,37 | 156 | 1,60 | 1,60 | 1,60 | 1,60
10m | 2,33 { 1,00 { 1,00 | 0,27 |} 0,18 | 0,18 | 0,18 | 0,18
9330A 0,35 n !;65 1,65 | 1,65 | 1,67 | 1,67 ] 1,67 | 1,67 | 1,67
16 m | 3,51 | 3,61 3,61 ] 3,61 | 2,98} 298 | 2,98 | 2,98

M3 3THX OgaHHBIX CJelyeT, YTO OO HEKOTOPOH YacCTOTHI
nepeMeHHOr0 MoJisi oKasaTesab n Bo3pacraet, a m yObIBaer.
Yacrora, HayHHasl ¢ KOTOPOH NOKasaTesH N U M He U3MeHd-
IOTCS, 3aBUCHT OT TOJILUMHBI JIMCTA W Mapku cranau. das
cTajgu D44 c ToauuHOM Jucra 9,1 mMm moxkasaTesb CTeleHH
Bo3dpacraer 10 f=15 Key, a B cTanu TOA XKe MapKH, HO
¢ TosuiuHoOk Jucra 0,35 mm yxke ¢ f=0,8 Key nokasatenu n
H m OCTaloTcs HeH3MeHHbIMHU. TaKue e 3aKOHOMEPHOCTH
CHpaBeJJUBBI M JJi1 XOJIOZHOKATaHOH TEKCTYpPOBaHHOM
CTaJ.

OG6pauaer Ha cebsg BHHUMaHHe, TO YTO NPH BBICOKOH ua-
CTOTe IepeMeHHOTO0 TOKa INoKa3aTeJb CTelNeHH n JAJs cTa-
Jefl pasHbiX MapoOK M TOJILIYMH SIBJASIETCSl IIOYTH OAMHAKOBHIM
(n=1,50+1,65), ogHako K03¢p(PULHEHT M CylLeCTBEHHO pas3-
anulbii. B [J1. 3-4] sHaueHue nmokasatens n GBLIO IOJYYEHO
6osbllle ABYX, YTO (PH3UUECKH HeJb3sl NMPH3HATb ONpaBHaH-
HBIM,
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Paccmorpetinbie B Ta6. 3-5 mokasatenit # i M oTHOCATCA
K BesqMunHe MaruuTHol muaykuuu B=0,2 74. [IpoBeneHHbIe
pacuerhl N0KasaTe/sl 1 NpH MHAYKUHH B=0,5 T4 pJjsa cranu
D44 anu BeJHuuHbl, 6JH3KHe K NMPHUBEJEHHBIM B taba. 3-5,
TONBKO KO3(rpUUHEHT m OKasajcs CYLEeCTBEHHO 6oJibLIE.

6) 3aBHCHMOCTb YIEJbHbIX NOTEPH OT AMIIHTYNbI
MarHHTHOH HHAYKUHH

3aBHCHMOCTb YAAbHBIX IIOTePb CTand D44 OT aMIIATY-
1Bl MarHUTHON WHAyKuuu coraacuo [JI. 9-7, 3-1] npencras-
JeHa Ha puc. 3-5—3-7. B ta6u1. 36 naHo cpaBHeHHe YReJb-

Bmfxe .
30[p

a|/= 0,3l5nn /

25
" /)

02mM / // %’ 2
75 / 250 ";a\&
' / 200 &
PTY / / ‘\~ 6
10 | / / f 150 “L"“A
AN Zamn | w0 0.
§ ; // /( d
’ 8,| 0 T S MM
M d’l » ‘ B"

0 02 G4 g6 g8 10 1Zmn g 02 04 g6 08 10mn
Puc. 3-5. 3aBucumocts yaembHeix  Puc.  3-6) 3aBucuMocTb yaedb-
TOTepb cTaqn D44 ¢ pasjHYHON TON-  HBIX INOTEpb cTann D44 ¢ pas-

muHo Jscta npu f=400 ey orT  JMuHOH TOMWMHOK JHCTA ApH
AMIHTYALI MarHHTHOH MHAYKIHH. f=2000 ey or amnauTyan! Mar-

HHTHOM MHAYKUHH.

HBIX AOTepb MPH PA3HBIX aAMIVIHTYAAaX MAarHATHON HHAYKIHH H
yacrore nepemeHHoro noJs 2, 10 u 20 xey.

W3 tabn. 3-6 cmenyer, uTo NpH H3MEHEHHH MAarHUTHOMH
uaaykuuu ¢ 0,1 10 0,5 74 yaeJbHble NOTepH BO3PacTaioT He
[0 KBaJpPaTHUYHOMY 3aKOHY, a HECKOJbKO MeHJeHHee.

3HaueHHs ToKasaTeseill a H 1 M3 (OpMyJsl MapeHuna —
[IreiinmMerna p = 3B* npusedenst B Tabiu. 3-7.

" W3 taba. 3-7 caengyer, 4TO C MOBBIIEHHEM AMIJIMTYAbI
MarHUTHOHM MWHAYKUHH TNOKasaTesb CTeNeHH a BO3pacTraeT H
B HEKOTODBIX CJyyasx CTAaHOBHUTCS OoJblle ABYX, a 1M € MO-
BBILIEHMEM YaCTOTHI NepPEeMEHHOI'0 NOJI H3MeHsieTcs MaJo,
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YaeabHpie 1OTepH B CTAdH D44 nIpH pasaIHUHBIX
JacTOTax NepeMeHHOro TOKa H aMIJHTyJax
MarHHTHON HHAYKUHH

Ta6auua 3-6

g ToawmnHa JaHCTa, MM
©
gE* 0,1 | 0,2 | 0,35
Ei ) YaenbHple MOTepH, 87 /Ke, NpU YacToTe MOJH, Ky

1%
SE‘ 2 10 | 20 [ 2 | 10 | 2 | 2 10 2
0,1 1,06{ 13,4 | 41,6 | 1,84 25,1 | 74,3 | 3,21| 41,0 118
0,2 4,2 | 50,7 157 | 6,74 86,8 259 | 11,3 136 400
0,3 9,2 107 335 | 14,1 178 526 | 23,1 283 860
0,4 (15,7 { 180 554 | 23,6 297 892 | 38,7 498 | 1550
0,5 123,5 276 845 | 35,2 450 — 159,0 793 —

3aBHCHMOCTb YHAEJbHBLIX NOTEPb OT aMIJIMTYAbl MaTHHT-
HOM HHAYKUHH 171 cTanu D360 ¢ ToauuHoi nedTH 0,15 mm
NpH Pas3HBIX yaCTOTaX NePeMEHHOrO0 TOKa MNpejAcTaBJeHa Ha
puc. 3-8 u 3-9 (mo mauneim A. A. Poiirmana). B aTom cay-
yae BO3pacTaHHe yAeJbHbIX NIOTEPb C aMIJIUTYO0H HHAYKIHH

Ta6auna 3-7
3HayeHHA nokasaTtejel ¢ M v AaA craanm 44

Amnanry- Tonuuna JHCTa, MM
'-la::zra. e ah 0,35 0,20 0,1
HHAYKLIHH, =
ma . o L] « n -3 n
0.4 0,1 1,79 | 16,8 | 1,76 | 11,0 | 1,81 | 7,33
0,3 1,80 17,0 1,80 | 11,7 1,92 | 9,33
0,6 1,83 17,8 1,86 | 12,3 1,94 | 9,77
0,9 1,84 17,8 1,91 12,4 1,95 | 9,77
1,2 1,96 17,8 1,98 | 25,0 2,05 | 9,77
2 0,1 1,81 209 1,71 105 1,88 87
0,3 1,81 209 1,74 112 1,88 | 87
0,6 1,81 209 1,88 127 1,88 | 87
0,9 2,18 240 1,90 128 1,99 89
0,1 1,75 2290 1,66 1230 — —_
10 0,3 1,85 2690 1,71 1380 | 1,88 | 1096
0,5 1,98 3160 1,90 | 1698 | 1,74 | 912
0,1 1,76 676 1,67 | 3802 | — —
20 0,3 1,87 8130 1,75 | 4365 | 1,87 | 3236
0,5 2,04 11220 — — | 1,74 | 2754
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Puc. 3-8. 3asucumoctb Puc. 3-9. 3asucumoctb
VIeJNbHBIX T0TePb CTaJH YIOENBHEIX TOTEPb CTaJH

3360 ¢ ToMHHOH JHcTa

0,15 MM TpH pasTHUHBIX

YacToTax oOT aMIJIHTYbI
MarHHTHOR HHIYKLHH,

D360 npu pasNHYHBIX ya-

CTOTax C TOJNUIHHOH JIHCTA

0,15 mm oT aMnIMTYAH
MarHuTHON HMHAYKUHH,



fiporcxoftur takke mMefsneittice, uém 1o Kpagpatuuton sasn-
CHMOCTH.

3HaueHUs] yAeJbHBIX NOTePb NPH Pa3HBIX aMIUIMTYAax
MarHHTHOM HHAYKIHHM AJs XOJOJHOKATaHOH TeKCTypOBaH-
HOH JieHTHl TosuuHON 0,1 Mm 1Mo AaHHBIM ¢GHUPMBI ApMKO
npencrasieHbl B Ta6a. 3-8.

.Ta6auma 3-8

Y geabHble mOTePH B XOJNOZHOKATaHOW TeKCTypOBaHHOM
cTajJd N0 JaHHbLIM GUPMbI APpMKO

Awmnanryaa Yaesbiible NOTepY, 8M[Ke, NP 4acTOTe, Key

MAarHuTHOR MH- -

AYKUKH, M2 0,4 1 | 2 5 10
0,01 0,00083 0,0032 0,0098 | 0,045 0,142
0,05 0,022 0,074 0,24 1,00 3,38}
0,10 0,080 0,310 0,90 3,95 13,50
0,20 0,31 1,10 3,38 15,3 —_
0,40 1,11 4,10 12,8 — —
0,60 2,56 8,50 26,0 —_ —_
0,80 3,83 14,6 — — —
1,00 5,60 22,5 — — —

[ToxasaTesb cTeneHu o A/ XOJOLHOKATAaHOH JIEHTH TaK-
.Je HeCKOJIbKO MeHblle JBYX.

3-2. KPUBBIE HAMATHUYMBAHUSA

[To cymecrBylomwuM craigapraMm Ha 3J€KTPOTeXHHUe-
CKyl0 cTajb MapoK D44 u 3360 3HayeHUs MAarHUTHOH HH-
DYKLUHH TapaHTHPYIOTCS B IIOCTOSSHHOM moJie. Takue KpHBBIE
HaMaTHHYMBAHUA [AJs1 crajefl 244 T1peicTaB/JeHbH Ha
pHc. 3-10. CHUXKeHHe MArHUTHON NMPOHUIAEMOCTH B CPEIHHX

Ta6aunna 3-9

HeiicTBylomue 3HaYyeHHst HADPSKEHHOCTH WOJA NI
cragu 944 npu pasHeIX 4acTOTax NepeMeHHOro
00JA M aMIUIMTyZaX MaCrHMTHOM HHAYKIHH

. Tosiuxa sucTa, Mm
0,1 | 0,2 | 0,35

TleficTByollee 3HAuEFHe HAMPSKEHHOCTH MOJs, a/M, TPl 4acToTe, Key

2|10|20|2|1o|20|2|-1o|20

Amnanry na,
MarHuTHOR HH-
AYKLIEH, MA

20 31 42 22 52 76 31 74 | 103
30 54 75 37 88 | 126 52 | 119 | 170
72 | 102 51 118 | 172 69 | 162 | 241
49 89 | 125 62 148 | 216 86 | 212 | 330°
58 106 | 148 73 176 | 266 | 103 | 270 —
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MarHUTHBIX fIONAX A4 Jucros rommunol 0,35 mm o6wacHs-
ercsl TeM, YTO 3Ta CTaJb OTKHUraercs Ipu 6oJsiee HHU3KOM
temneparype ({=~800°C), yeM cTaab C TOJILIMHOH JucTa
0,1 u 0,2 mm (1 100 °C). A

Haubosnee BaxHOH XapaKTepHCTHKON HaMarHMYHBaHHUS
IpH NOBBIIEHHBIX yacTOTaX II€PeMEHHOro NOJs SBJAITCH

' VA ~
) A{/ |

0 %/ H
A 20 40 60 80 a/m

5 S0 00 1500 ‘2000

Puc. 3-10. KpuBble HaMarHuuuBaHug cranan D44
C Pa3qHYHOM TOJIMHOM JIMCTA, NOJNydYeHHbIe B TIO-
CTOSIHHOM {10JIe,

KpHBble 3aBHCUMOCTH By=¢ (Hpencrs). Ha puc. 3-11 u 3-12
NpeACTaBJeHbl KpHBble HaMaTHHYHBaHUS CcTand D44 npu
f=0,4 u 10 xey, a B Tab6a. 3-9 npusBeleHbH AEHCTBYIOLIHE
3HAUEHHs HaNpPSXKEHHOCTH mojs npu f=2, 10 u 20 xey.

U3 taba. 3-9 caenyer, uTo ¢ TOBBILIEHHEM YaCTOTHI Ie-
peMeHHoro Toka or 2,0 10 20 xey HaMarHHYMBAIOLIMH TOK
Bo3pacraer B 2—2,5 pasa paJs craau ToawuHOH 0,1 mm H
B 3—4 pasa gas nucros 0,35 mm. B cranu D360 rakxke Ha-
6/oaeTcs CHJIbHOE BO3pacTaHue AEHCTBYIOLIEro 3HaueHHs
HaNpsiKEHHOCTH TOJISl NPH BO3PACTAHHM YacCTOThl TlepeMeH-
HOTO TOKa.
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Puc. 3-13. Kpusble HaMaruuuuBa-

HHA craau 3360 ¢ ToMHHON JK-

cra 0,08 mm B mepemeHHOM Mar-

HHTHOM TOJIe TIPH PasjHYHBIX ya-
CTOTAX.

Puc. 3-14. KpuBble HaMarHUuYHBaHUS

craau D360 ¢ ToMLMHOH JHCTa

0,08 mm (f=400 ey) npu nomgmar-
HHUMBAHHH MOCTOSIHHBIM IIOJIEM.

1 — H=0; 2— H=40 a/m; 3— H=80 ajr;
4— H=200 a/m; 5§ — H=400 alm.
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Ha puc. 3-13 npusefterint tio faunbim A. A. Poirriaia
KpHUBble HaMarHUYyHBaHHA cTaju D360 npH pasHbIX 4acTo-
Tax, N0Ka3blBaloLHe CYIeCTBEHHOe BO3pacTaHHe AEeHCTBYIO-

mn|8,
15—+ / Puc. 3-15. Kpuebile HaMarHuuu-
NN 21 37/ 4 BaHus cTann 9360 ¢ TOMLMHOK
10 aucra 0,15 mm (f=400 2y) npu
“1 / NOAMArHUYMBAHHH  MOCTOSHHBIM
25 'n p § noJieM.
s 1 —H=0; 2—H=40 ; 8—H=
/ / / _5/ =80 a/m; 4— H=200 Z//;tt 5— Hm=
“ e | =400 a/n.
0 00 200 300 400 508 600
' Haedeme, J¥

LEero 3HAYeHHs HaNPSAMEHHOCTH NOJs ¢ yBeJHYeHHEM ua-
CTOTHl IIEPEMEHHOr'0 TOKa.

Ha puc. 3-14 u 3-15 nmo gaHHBIM TOTO e aBTOpa NpHBe-
JeHbl KPHBble HaMarHUYMBaHUS CTaJd B II€ePeMEHHOM IoJIe
B YCJIOBUAX NMOJAMAaTHHYHBAHUS IOCTOSAHHLIM IIOJIEM. .

IF'rasa werseprasn

MATHHUTHBIE U 3JIEKTPUYECKHE
CBOMCTBA CTAJIEA, IPUMEHSAEMbBIX B CJIABbIX
U CPEAJHUX MATHUTHDLIX NOJAX

4-1. BABUCHMOCTb MATHUTHbBIX CBOHCTB CTAJIH
OT YCJIOBMN M3IrOTOBJIEHHUSI U HUCNbBITAHHUSA OBPA3LLOB

MarnuTHasi NpPOHHIAEMOCTh B ClabblX M CPEIHHUX Mar-
HUTHBIX TIOJISIX B 0OJ/IblLEll CTelleHU sB/SETCS CTPYKTYPHO-
UYBCTBUTEJNBHOH XapaKTePHCTHKOH, uyeM INpPOHHIAeMOCTb
B CHJIbHBIX MAarHUTHBIX NoJgX. O BJAHSHHUH YHCTOTHl MeTall-
Ja Ha HayaJbHYI0 NPOHHIAEMOCTb MOXKHO CYAHTb IO pe-
3yJbTaTaM MHCCJIEJOBaHHS Ha MOHOKPHCTAJbHBIX paMKax
[J1. 4-1], nosy4eHHBIX MyTeM pacIJaBJeHHs XKeJe30KpPEeMHH-
croro cnsaBa (Si=3,0%) B armocdepe uHcTOrOo BOAOPOAA.
HauasbHasi mpoHHI@eMOCTb BAOJb OCH JIEFKO'O HaMarHW4H-
BaHUSl B paMOyYHBIX o6pasuax Buabsmca cocrasasaa 6000,
MakcuManbHasg — 62 400, tToria Kak B MOHOKpHCTaMIax
TEXHHYECKOI'o 2KeJNe3KPEMHHCTOrO CIJjlaBa OHa 3HauyuTelb-
HOo MeHblue, [Ipu BriNIaBKe TpaHC)OpPMATOPHOH cTaJH B Ba-
KyyMe HayajbHasi NPOHHL@eMocTb no gaHHbiM [JI. 4-2] mo-
cruragaa 4 000.
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PaccMOTpHM BJAHSIHME YCJOBHH OTXKHIa ropsiyekaTaHoH
TpaHchOpPMATOPHON CTANM HA MAPHUTHYIO TNPOHHIAeMOCTb
B C1a6BIX M CPeNHHX MarHuTHHIX moasx. B [JI. 4-3], a rak-
xke [JI. 4-4] nokasaHo, UTO TIPH NOBLILIEHHH TEMIEPATYpPHl
OTXHra B Bogopone u B Bakyyme ¢ 800 no 1350 °C Hauasb-
Hasl IpoHHIaemMocTh Bo3pacraer ¢ 400 xo 2000. ITpu uccae-
JOBaHHH BJUSHHA paduHHpYyIOUleH M HeATPaJbHON CpemHl
‘ycranosneno [JI. 4-5], yto mpu TeMnepartype OTXKHra 10
1 100 °C noBbllIeHHe HayaJbHOH MardHUTHOH NMPOHHIAEMOCTH
NPOUCXOMUT B OCHOBHOM 3a CUET POCTa 3epeH M KOoaTyJsluu
BkioueHuit. [Ipu panpHefilleM NOBBHILIEHHH TeMIEPaTypH
POCT TPOHHIAEMOCTH OOYCJOBJAUBaeTCH pathHHHPYIOMHUM
IefiCTBHEM CPEIBl OTXKHTa.

Tlo pauusim [JI. 4-6] mayanbHas MAarHHUTHAs IpPOHHIlae-
MOCTb CTaJH D46 nocje OTXKHra B BOLOPOAE BO3PacTaer A0
1 800:

t,*C. ... ... 950 1 050 1150 1250 1350
Bg « o v v ww. .. 500 520 500 980 1800

B [JI. 4-7] nokasaHo, yTOo HauGoJblyjee 3HAYeHHe Mar-
HHTHON NPOHHIAeMOCTH B CPeAHHX MOJAX TOJNY4aeTcs NPH
temnepatype orxkura 1250°C:

fore °C . . .. .. 950 1050 1150 1250 1350
BHesoau - - - - - 6000 6400 11000 11500 10000

B XO/MOIHOKATaHOH TEKCTYPOBAHHOM CTa/JH MOBHILIEHHE
MarHUTHOHW NMPOHHILAEMOCTH CBSI3aHO HE TOJBKO C YHCTOTOM
MeTanna, HO M C COBEPLIEHCTBOM KPHCTAJJIHYECKOH TeK-
ctypol. B [JI. 4-8] noxasaHo BIHsIHHE YCJIOBHH BBEICOKOTEM-
nepaTypHOro OTXKHMra Ha Haya/JbHYI0O MAarHUTHYIO INPOHHIlae-
MOCTb XOJIOLHOKaTaHOHM TeKCTypoBaHHOM cranu. [IpH oTXH-
re CTaJd B NOJYNPOMBIIIJIEHHON BOJOPOXHOHN NeuH NpHu &=
=i 100 °C B Teuenne 50 4 Gbliia MOJyYyeHa cTajJb C Hayalb-
HON mpoHHIaeMocTbhio ug=2 500.

TlonmoxurenbHoe BIAHsIHHE BaKyyMHOTO OTMKHTa Ha Ha-
YyaJbHYI0 TPOHHIaeMocTb onuckiBaercs B [J1. 4-9]. Ecau npu
orxure cranu 3360 B armMocdepe a30TOBOXOPOTHON CMeCH
npu t=1150°C py=700, TO MpH AOMNOJHHTENbHOM OTIKHTE
B BakyyMe npu 1150 °ug=2700. ITocaenywomui OTKHUT
B rasoBOoH cpelle BHOBb D€3KO CHHXKAaeT HayajbHYI0 Mar-
HATHyI0O npoHunaemocte. B [JI. 4-9] ycranosmeHo, uTO
C YyMeHbIIEHHEM OCTATOYHOTO pjaBjeHns ¢ 10~2 mo
10-% mm pr. cT. 3HAUEHHE i YBEJHUHBAETCS, a CHUIKEHHE
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Ta6naunna 4-1

MarHuTHas UPOHHUAEMOCTb XoJAOZHOKATAHON
TEeKCTypOBaHHOR cTaJH:

MarsuTHas NPOHHUAEMOCTh NPH
‘Mapka cranu Basoor M4 HaNPAKEHHOCTH NOJs, a/m T
0,4 0,8 o 4
VC-12 1,89 5000 7 500 29:000 60-000
Ve-11 1,92 6 200 8500 | 34000 67000
VC-10 1,93 7 000 10 500 37 000 73 000
Cc-9 1,97 12 500 16 000 50 000 80 000

ronmuubl Jaucra ¢ 0,20 no 0,05 mm ckasbiBaeTcs OTpHIA-
TeJbHO Ha HayaJIbHOH MPOHHLAEMOCTH.

B [JI. 4-10] HarpeB X0JI0MHOKAaTaHOH JIEHTHI NPOBOJHJICS
B Iy6OKOM BaKyyMme IyTeM INPONYCKaHHA yepe3 Hee TOKa,
OpPH 3TOM HPOXOAHJA HH-

25000 o — TEHCHBHASl OYMCTKA CTaJH

2000 / \ OT BpeaHbIX nmpumeceil. Ha-

/ \ YyaJsibHasgd MAarbdHTHasi Iipo-

1500 ’ HHLAeMOCThb. IPH TaKHX 00-

' / paborkax cocTaBJs1a
1000 2500—5000. -

[To nauuwmim [J1. 1-62]

500 MarduTHasi NMPOHHUIAeMOCTb

- ¢ B C1a6blX H CpPefHHX Mar-

0300 Wa s00 600 700 800 °C HHTHBIX IIOJSAX HAXOOUTCH

Puc. 4-1. 3aBucuMoCTb MarHHTHOM B TECHOH CBA3W €O  Cre-
NPOHHUAEMOCTH KPEMHHCTOH CTa/H NEHBIO  COBEPLICHCTBA "?K'
(Si=3%) npn B=05-10-* 74 or CTYpPBl cTaju. B raba. 4-1
TEeMIepaTypbl OTKUra B OKUCJHTEJIb- OJIg CTaJJH 4YeTbipex SAINOH-
Hoit cpere B Teuenne 20—40 u. CKHX MapoK IpHBeJEHBI
3HaueHusi MarHUTHOH Npo-
HHLAeMOCTH. 3a XapaKTepPHCTHKY CTeleHH COBeplleHCTBa
TEKCTYpPhl IIPHHATO 3HaueHHe Basgo.

M3 rabs. 4-1 Hesb3st TOYHO ONpENE/NUTh HAayajIbHYI0 Mar-
HHTHYIO NPOHHILAEMOCTb, HO IJIsfi CTaJH ¢ Haubosee coBep-
IIeHHON KpHCTalnuueckoil Tekctypoit '(Basw=1,97 74) oHa
Jo1XKHA ObITh Gosee 5 000.

Bosbiioe BausgHHEe Ha MAaTrHUTHYIO TPOHHIIA€MOCTb
B cJabbIX MOJMAX OKa3blBAlOT YCJIOBUSI NPOBENEHHS IOBTOP-
Horo otrxkura. [lpumensas anutenbHpli (20—40 u) orxur
B OKHC/IHTeJbHOH cpeme npu {=500-+600°C, MoxHO mQ-

128



6GHTbCS 3HAYMTEJBHOTO TOBBILIEHUS] TIPOHUILAEMOCTH B cJa-
6uix noaax [J1. 4-11] (puc. 4-1). I[IpumeHeHHe HH3KOTEMIle-
pPaTypHOTO OKHCJHTJbHOTO OTXKHra cranum 945, 946, 2330
corsacuo [JI 4-12, 4-13] TakxKe NPUBOAHT K 3HAUHTENbHOMY
NOBHIUIEHHI0O MAarHMUTHOR NPOHHIAEMOCTH B CaabBIX TONAX
(raba. 4-2).

Ta6nuuna 4-2

~MarHMTHas MHAYKUHA DJIEKTPOTeXHHYECKOH CTanu
' Opd HaupskeHHocTH unoas f1==0,2 a/m mocre
IJTUTEJILHOTO0 HH3KOTCMIEPATypPHOrO0 OKHMCJHMTEJbHOr0 OTIKHra

MarnuTtHas HHLyKUHS Bo.z' 10¢ maz, B
CTaJAX MApOK
PesxuM orxkura

245 246 3330

Tlccne HapeskH 1,24 1,5 1,8
750 °C, 2 4 1,3 1,6 3,0
600°C, 20 4 2,2 2,8 6,0
600 °C, 40 4 — — 8,0

TloBbilIeHHE MATHHTHOM IPOHHLAEMOCTH B CjalblXx Mar-
HHUTHBIX NOJAX IPH AJHUTENbHBIX HH3KOTEMIEpaTypHBIX OT-
JXKHrax NOJYYaeTcss He TOJNBKO B OKHCJIHMTEJIbHON cCpene, HO
M BO BJAXXHOM BONOpPOAe ¢ TOuKOH pochl +20°C [JI. 4-13].

4-2, BPEMEHHOHN CNAO U AHU30TPONHA MATHUTHOH
NTPOHULAEMOCTH

a) BpemeHHoi#t cnag MarHMTHOH MPOHMLIAEMOCTH

Ecnu 06pasnbl 3/1eKTPOTeXHUUECKOH CTa/H, KaK U ApyTHe
(eppoMarHeTHKH, MOABEPTCHYTb Pa3MarHHYHBAHHIO MOCTOSH-
HBIM HJIM NEepPeMEeHHBIM TIOJEeM, TO MarHHTHAas MTPOHHIIAe-
MOCTb C TeueHHEeM BpeMeHM IOocJe pPa3MarHUUUBaHHUS YObI-
BaeT. DTO siBJeHHE Ha3bIBAe€TCS BPEMEHHEIM CNafgoM HPOHH-
IaeMOCTH M  OTHOCHTCH K OoJiee o0O6lIeMy SIBJIEHHUIO
B (eppoMarHeTHKax — K MaTHUTHOH BS3KOCTH,

‘BpeMeHHO! cnaj npoHULaeMOCTH HauboJjee CHIBHO NMPO-
sBJsieTcs B 06JsacTH cjaabblX MATHHTHBIX INOJIeH, TIe HMEIOT
MECTO NpPOIEeCChl CMeIleHHsT JOMEHHHX rpaHuu. [Ipu cmeme-
HHY TPAHHUI HM3-32 SBJEHHS MATHUTOCTPHKIHH BO3HUKAIOT
BHYTPEHHHE HaNpAMKEHHs, PaBHOBECHOE pachpesesieHHe KO-
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TOPEIX B CHJY ME€XaHHYECKOTO TOC/AeIeHCTBUS HACTYNaET ye-
pe3 HeKOTODPbIl IPOMEXKYTOK BPEMeHH.

Kaxk moxasano B [JI. 4-14], B marepuanax co 3HayuTeNb-
HBIMH HanpsXKeHUSIMH TPOUCXOAUT Auddysus npumeced,
KOTOpasi B CBOIO Oyepelb NPHUBOAUT K H3MEHEHHIO MarCHHT-
HBIX CBOHCTB CTaJIH.

B [JI. 4-15] 6pi1a paspaGoTaHa Teopusi BPEMEHHOrO Cla-
a IPOHUIIAEMOCTH, CBSI3aHHAs C sIBJEeHHeM MAarHUTHOTO IO-
cnegericrsusi. Ha ocHoBaHuM -3TON TeOpUH M3MeHeHHe Mar-

HATHOH NPOHHL@EMOCTH CO BPeMeHeM HOJKHO TOXYHHATHCS
3aKOHY

_P“;H**o_: CetlT, (4-1)

rIe uo— 3HaueHHe IPOHHLAEMOCTH IOCJ€ 3aBeplUeHUsT Bpe-
MEHHOTO cliajfa; | — 3HaueHHe INPOHHUIAaeMOCTH B MOMEHT

BpeMeH# ¢; T — IOCTOSIHHAsI BpeMeHH pe-

mny|8 JIaKCalHHu.

B [J1. 4-16] 6blna npepsioxeHa obutas
TEeOpUST MArHUTHOJ BSI3KOCTH, B KOTODOH
BPEMEHHOH Ccraj MpPOHHIAEMOCTH CBS-
3bIBaJici He TOJbKO CO CTPYKTYPHBIM
H3MeHeHHeM pelLIeTKH, HO U C Ilepepac-
npefeneHueM 3JeKTpoHOB Ha 3d u 4s
o6o/ioyKax. DTH ABa MeXaHH3Ma BpeMeH-
HOTO Cclajia MoJYyYHJaHd Ha3BaHHe HOHHOTO
¥ 3JIEKTPOHHOTO.

B [JI. 4-17, 4-18] marHuTHOE moOCJE-
IelCTBUE CBsI3blBaeTcss co crabuausa-
I¥ell TpaHHUI, TOMEHOB H3-3a aHH30TPOI-

Puc. 4-2. Kpusble HaMarduyuBaHusa H noJas crabu-
auzaunn Hgs xpemnucroit cranu (Si=3%) npu
Temnepatype 28 °C.

1 — HepenaKclipoBaHHas,; 2 — peslaKCHpOBaHHas; 3—
QéHSm 0 H,(U,’l a/M_ xpusas mons craGunmsanuu Hg. MOHOKpHCTanbHBIN

o6pasel ¢ opueHTHpoBKo# (110) [001].

HOI'O HamnpaBJIeHHOrO YNOpSAAOYeHHUST aTOMOB BHeNpPEHHS.

ITo panubiM [J1.-4-19] Ha puc. 4-2 mokasaHbl KpUBblE Ha-
MarHuyuBanus M nonas crabunusanuun Hs cnnasa Fe—39
Si. ITox mosem cTaOUIM3aUUU MOHUMAETCs Pa3HOCTb HaMmar-
HHUYKBAIOUIETO IOJS IPU OJHOH U TOH K€ MarHUTHOH MHIYK-
U1 PEJaKCUPOBAHHON M HepeJaKCHPOBAHHON KPUBHIX Hamar-
HHuMBaHus. 3 3TOr0 pHCyHKa BHAHO, YTO HA KPHBOIl 3aBH-
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¢HiMOCTH TI0011 cTabuiaN3anyuid OT HHAYKIHM HMeeTC MaKCH-
MYyM.

PaccMoTpuM BpeMeHHOH cnaj IPOHHIAEMOCTH B 3JEKT-
POTEXHHUYECKOH CTaJid OCHOBHBIX MapoOK H 3aBHCHMOCTD €ro
OT HEKOTODHIX CTPYKTYPHBIX (DAaKTOPOB M YCJOBHH HCIIBITa-
Hus. Hanbonbllee H3MeHeHHe HHIYKUMU TOCJTIe pa3MarHHYH-

my
4@%ﬂﬂ B

H=10a/m
420 /

400

148

12

10
g8a/m

8

6

N
E=N
O—

HTQZa/M
16 I 17

g 4 8 2 y

Puc. 4-3. VameHeHne MarHuTHOH HHAYKUMH npH

H=0,2; 0,8 u 10 a/# co BpemeHeM B caabbix u

CPeIHMX IOJIAX TOCTe pa3MarHHYUBAHUS IS
o6pasioB craau D46 u D48.

BaHUMs 06pA3LOB NPOMCXOAUT B TePBblil MEPHON BpeMeHHU
(20—30 mun), a 3aBepuieHHe cnafa NPOHHLAEMOCTH Ha-
crynaer yepes 20—30 « (puc. 4-3). VKe u3 3TOro pHCyHKa
MOXKHO YCTaHOBHTb, 4TO IpU 10 a/cm BpemeHHOH cnanx 3Ha-
YHTEJBHO MeHblle, yeM npu nose 0,2—0,8 a/cu.

Ha puc. 4-4 npusenen BpeMeHHOI cnaj NpOHHLAEMOCTH
cTanu 943 mocsie pasauyHBIX 06paboTok. s o6pasma Ne 3
nocse orxura npu t=1350°C, korza npoH30ILIO 3HAYH-
Te/blioe papUHUPOBAHUE CTAJH OT IpUMecel, BpeMeHHON
Cllajl pe3Ko CHMXKeH. 3HauMTe/bHOE CHHIKEHHE BPeMeHHOro
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Puc. 4-4. H3menennme MaruuTHO#
uaaykuuy npu H=08 a/n co Bpe-
MeHeM.

I —cranp 243 mnocne orxura npu T=

thaja Hactyilaer ¥ mocie
IJIUTEJbHOTO  OKHCJHTE/b-
HOro orxura (KpuBasi 2).

Crenyer OoTMeTHTb, YTO
B o6pasnax ¢ MeJaKO3epHH-
CTOil CTPYKTYPOH H HMelo-
mux O60JblIoe KOJTHYECTBO
BKJIIOUEHHH BpeMeHHO!
craj MarHUTHOH NMpOHHIae-
MOCTH 3HAYHTEJbHO MEHb-
1Ie, YeM B KPYIHO3epHHUCTOM
crauu. Ilpu cpaBHeHuu 06-
pasuoB TpaHCHopMaTOPHOH
cTann Mapok 41, 342 u
D43, oTaMyaloUHXCA B OC-
HOBHOM BeJIMYHHOH 3epHa,
0Kasajoch, YTO HaHOOJb-
HIMH cnaj HpPOHUIIAeMOCTH
uMeeTcsi y KpPYNHO3epHH-
croit cranu 943 (By— mar-

=1100°C; 2—cranp 243 nocse NOBTOP-

HOTO OTXHra B OKHCJAHTENbHOH cpene HATHAs HMHIAYKLHA  [OCJIe
g];;l T=600 °C B Teuenue 30 #; 3 — cTaab pasdMaran4ynBaHud, By —
» nocie o1'>|m=rala 320 ggflopone npu T= cnycrst 10 Mui-t):
Mapka crama . . . . . .. 94l 342 43
(Bo—By)/By, % . .. ... 16 26 50

B xonmoaHOKaTaHON TEKCTYpOBaHHOH CTajH, HMelllei
KPYNHO3ePHHCTYIO CTPYKTYPY H Majoe KOJHYECTBO IpUMe-
cefl (cranpb M-6), MarHuUTHble MHAYKIHMH B CJAaGBIX MOJSX,
naMepennnle cnycta 10 mun (Bi) u 24 4 (Bp) mocae pas-

MarHHUYuBaHHsl, 3HAYHTEJNBHO OTJIHYAIOTCS MeXIy COOOMH:
H,am...... 0,2 0,4 1,0 1,6 10
By, ma. . 0,0004 0,0025 0,0105 0,0220 0,910
By, ma . 0,0002 0,0012 0,0098 0,0219 0,910

IIpu Bcex BBHILIEONMHCAHHBIX ONBITAX TIO HCCJAELOBAHUIO
BPEMEHHOT0 cnaja NMPOHHIAeMOCTH MarHHTHOe II0JIe BKJIIO-
YaJOChb TOJbKO Ha BpeMs ONpeleseHHs MarHHTHOH HHIYK-
uHH. B mpoMexyTKe MeXIy MOMEHTOM pa3MarHHYHBaHHUs
o6pasna ¥ MOMEHTOM H3MePeHHs MAarHHTHOrO TOJf, NPH
KOTOPOM INDOU3BOJUTCS H3MEpeHHe HHIYKUUH, NOocJelHee
OblI0 BHIK/IIOUeHO. Ecsau BBIAEp:KKy o6pasna IPOU3BOAUTH
pH BK/IIOYEHHOM TI0JIe, TO BPEMEHHOH craj mosyuaercs 3a-
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metno menpme [JI. 3-1]. Oto nokasano ma puc. 4-5. Ecan
e BKJIOueHHe ToJIs TNpPH BblIepKKe NPOH3BOIUTh He Cpasy
noc/ie pasMarHWUHBAaHUs, a CIYCTS HEKOTOpOe BpeMs, TO
MaTHHTHAs MHAYKUHA TOC/Ae BBIAEPKKH TPH BKIIOUEHHOM

mp| 8
PN
-
00

Pyuc. 4-5. Bansinve MarHuTHOTO MOJA \ 1

OpH BBIAEPKKe ofpasila Ha BpPeMeH- — L

HOM cnajx NpOHHMIIAeMOCTH B CTaJH :

246 (H=0,8 a/n). SN
1 —c noneM; 2— Ge3 moJs. \2 )
" t
0 4 8 12 v

nojie fgaxe Oyner Bo3pacrtaTth (KpuBbie 3 u 4, puc 4-6).
[IpuBeneHHble AaHHble Ha PHC. 4-5 U 4-6 OTHOCATCA K CJIy-
yal, KOrja HaMarHHUYHBaHHE NPOM3BOJAHJIOCh B NOCTOSIHHOM

mna h 68 -
4 i
17-10
3 .
16 " Puc. 4-6. BpeMennoit cnag HMHAYK-
4 nuH obpasua ropsuekaTaHOW TpaHC-
dopmatopHoit cramu apu H=
15 =0,8 a/m.
1 —'MarHHTHOe TOJle TMNPH  BBIIEPKKE
OTCYTCTBOBAa/JIO; 2 — BBIIlEPIKKaA nocJe pa3-
, MarHH4YMBaHHUsA INIPOBOAMHJIACh TIPH BKJIKO-
4 YEeHHOM IIoJie, 3. 4 — Mar{uTHOe IoJie npu
1 BblAepXKKe OBbIJIO BKJIIOYEHO He Ccpasy
\ nocjle pasMarHHYHBAHMSA.
13
t
0 10 20 Muw

mariutdom noJse. B [JI. 4-19] nokasaHo, yTO Takoe xXKe $§B-
JIeHHe MMeeT MEeCTO W NpPH HaMarHHYMBAHHH B NEPEeMEHHOM
MarsHuTHom noge (f=75 ey).

6) AHM30OTpONMSA MArHHTHOW NMPOHMLIAEMOCTH

B xo/s0@HOKaTaHO!N TEKCTYPOBAHHOM CTaJH aHU3OTPOMHS
MArHATHOM MHIYKUUH B CAA0BIX H CHJAbHBIX MArHHTHBIX I10-
JSIX Bblpa)KeHa 3HAUHTENbHO CHJbHee, 4YeM B CPEIHHX H
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eunbHbix, Tlo paunbiv [JI. 2-4] npu HamepeHyd MarduTHOH
HHIYKUUH Ha 3NIUTeHHOBCKUX IOJIOCKAX, BbIpe3aHHbIX MO
pasHBIMH yIJaMH K HalpaBJeHHIO IIPOKATKH, ee 3HAYEHHUs
6ynyT 3aBHCeTb OT cHocoba yKJaAKH NOJOC B HaMarHHuH-
BalolHe KaTywku (puc. 2-9).

Ha puc. 4-7 u 4-8 nokasaHa aHM30TPONHA MarHHTHOH HH-
LYKUMH TIpH ABYX crnocofax yKJaaKH NOJOC B HaMarHUYH-
Balolue KarywkH. [as yraoB ¢=60-90° 3HaueHuss mar-

mn |8 : mapB
5015° 0,5“
4O H— 04
AN N
30 03
NARN A
TN A\ 7
" \\ (\ o N\ K\
YRANEENr N y

0 1020 30 40 50 60 70 80 go° . 0 10 20 30 40 50 60 70 80 90°

Puc. 4-7. Aumsorponus wMarduthoit  Puc. 4-8. AnH30Tponus MarHuT-
UHAYyKuud npu H=0,6 a/m xononno- HoM uHAyKIMH npu H=10 a/m
KaTaHO¥ TEKCTYPOBAHHOM CTajM NMPH  XOJOMHOKATaHOM  TEKCTypOBaH-

JABYX cnocobax YKJaaKu 1moJioc B Ha- HOH CTaJH npH ABYX cnocobax
MarHHyuBarolHe KaTyIIKH. YKJaAKd TI0JIOC B HaMarHHyu-
1 —nmno cnocoGy puc. 2-9,6; 2 — no cno- BawllyHe KaTyIIKH.

coGy puc. 2:9,a. I —mno cnocoby puc, 2-9,6; 2 —no

cnocoGy puc. 2-9,a.

HUTHOH MHAYKUHM IIOJYy4alOTCsl ONMHAKOBBIMM TIDH ABYX
cnoco6ax YKJAAaJKH TIOJIOC, a MPH MEHbIIUX yIJIaxX ¢ TPH CO-
IJ1acOBaHHOM pacllOJIOKeHHH MoJIoC B Nakere (puc. 2-9,a)
MarHUTHas - MHAYKIHUSl TIOJyd4aeTcss 3aMeTHO MeHblle, uYeM
npu HecorjacoBaHHoM (puc. 2-9,6). MarHutHass MHAYKIHUS
npu ¢=90° mnosyuaercsi MeHblle, uyeM BJOJb IPOKATKH,

Ta6anuma 4-3

AHM30TPONHA MArHUTHOH MHAYKIHM ropsyeKataHow
craau mMapoxk 946 m 948

ToJluKa JHCTA, HanpsxeHHocTb By—Bgge
Mapka cranu P MarHHUTHOrO Mo, —g
a/m cp
46 0,35 0,2 15
46 0,20 0,2 22
48 0,35 10 46
48 0,20 10 38
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B 50 pas npu H=0,6 a/# u B 160 pas npu H=10 a/n.
B ropsiuexataHo#l cranu Mapok 346 u 248 aHH30TpONHsA
MaTHUTHOH HHAYKUMHM B HOJAX C HanpsixKeHHOCTblo H =
=10, a/m BblpaxkeHa cuJIbHee, ueM B caabbIX TOJAX
(taba. 4-3).

4-3. MATHUTHBIE XAPAKTEPHUCTHKH CTAJIU
B MEPEMEHHDBIX MATHUTHBIX NOJAX

Tax kak 3Ta rpynna 3/jeKTPOTeXHHUYECKHUX CTajed mnpu-
MeHsIeTCSl B NepeMeHHBIX MATHUTHBIX MOJISIX TNOBBILIEHHOH U
BBICOKOM 4aCTOTBbI, TO AJSl Hee NpexkJe BCETO HOJKHO OBITH
H3BECTHO HU3MeHeHHe MACHUTHOHN NPOHULAEMOCTH € YaCTOTOH
nepemenHoro nojs. Tlo nauusim [JI. 1-62] B Ta6n. 4-4 mipu-
BeleHbl 3HaueHHs MAarHUTHOH IIPOHUIA@EMOCTH XOJIOJHOKA-
TQHOHM TEKCTYpOBaHHOH cranu ToJmMHON jucra 0,30 mm
B IepeMeHHOM moJje 1o 10 xey.

Ta6auma 4-4

MarHuTHas UPOHHIAEMOCTb XOJOZHOKAT aHOM
craau ¢ toammuHoi Jucra 0,30 e

AMHJIHTy- MarsuTtHast TMPOHHULIAEeMOCTDb IIPH YacTOTe, kKey
g \
ot | 0,06 0,4 1| e 5 7 10
0,005 7 000 5800 4400| 3300| 2000 | 1650 | 1300
0,1 19000 | 12400{ 9500 72001 4600 3800 | 3000
0,4 40000 | 28000| 21000| 16000 — — —
0,7 68000 | 48000| 36000 — — — —

Kak cnenyer us Tabn. 4-4, MarHUTHAas TIPOHHLAEMOCTb
3aMeTHO CHHXKAeTCsi C IIOBBIIIEHHEM 4acTOThl MepeMeHHOro
nosist. Il U3rOTOBJIEHHS] MarHHTONPOBOMAOB, MPHMEHSEMbIX
npu GoJiee BBICOKOH YacTOTe NEPEMEHHOro MOJS, HAYT 110
JIMHHH HCNOJIb30BAHHUA CTATH YMEHbIIEHHOH TOJMLIMHBEL 110
AaHHBIM ¢QupMbl ApMKO B Tab.u. 4-5 NpuBeleHbl 3HAYEHHSA

. Ta6nuua 4-5
MaruuTHas upoHHaeMoCTh TpaHchOpMaTOPHOH Crasnu

TOJH.U.H'Ha MarHHTHaﬂ TNPOHHUAEMOCTh NPH 4acToTe, Key

JIHTRL, MM 1 0,06 1 5 10 20 | 40 100
0,025 16501650 | 1630 1 600 1 580 1 550 1 300
0,050 2400|2360 | 2300 2180 1 950 1 600 1100
0,10 3100(3000 | 2700 2 400 1 800 1250 680
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NPOHHUAEMOCTH [IJIsi TEKCTYPOBaHHOH TpaHcdOpMaTOPHOI
cTany ¢ ToMmuHOoA JgeHTh 0,025—0,10 mm.

H3 tabua. 4-5 cnenyer, uTo AJS JEHTH ToJuMHOHA 0,1 mMm
(Bn=0,005 72) mpoHumaemocts npu f<10 key sBAseTcH
Haubosbliefi 1Mo oOTHoweHHIO X JeHTe 0,025—0,050 Mmm,
a npy {>40 key — HanMeHbIIIEH.

B ropsiuekaraHo#t TpaHchopMaTOpHO#i-cTanmu D48 ¢ TOJ-
muHOH Jucra 0,35 mm cHHKeHMe MaTHHTHOH TpPOHHIIaeMO-
CTH C yaCTOTOH IepeMeHHOro 1ojs GoJiee 3HAYHTEJAbHO, UYEM
JUIS JINCTOB TOJILUHHOM 0,2 mm (Tabua, 4-6).

v Ta6auma 4-6
MarHuTHas DpoHHLaeMOCTb crajH 248

MarsutHas MPOHHUAEMOCTb B JIHCTAX Pa3HOR TONIUMHE! TpH
PasHBIX YaCTOTaX
MarnutHas u- -
AyKuus, ma d=0,35 un - d=0,20 mMm

f=100 ey f=1000 24 f=100 24 f=1000 ey
0,01 1900 1100 2 300 1 900
0,05 3200 1 200 3700 2600
0,10 3700 1 400 4600 3000
0,40 5600 1700 7 200 3600

CHyKeHHe MaTHHTHOH NPOHHIAEMOCTH C BO3pacTaHHEM
YacTOTHl EPEMEHHOrO IOJs1 3aBHCHT He TOJbKO OT TOJILIHHBI
JIHCTa, HO H OT JOTOJHHTENbHBIX TOTepb B cTand (Tabu. 4-7).

Ta6auuna 4-7

3aBHCHMOCTH MAarHHTHOH NPOHHIAEMOCTH ropsiexaTaHoi
KpeMHHCTON cTaxau ToxuuHoR 0,35 MM OT AONOJHHMTENbHBIX

norepb -
Ne o6pas. | Hlonomn- MaruutHas npounuaemocT;;ezpu B=0,07 ms u yactore,
ua TeJIbHbIe
norepd, %
0,4 0,7 1 4,3 10
1 2 1 500 1 450 1 350 900 400
2 30 2100 1 550 1100 600 250

Jauusle Taba. 4-7 roBOPAT O TOM, YTO INPHMEHEHHe
KPYNHO3epHHUCTON TpaHCGHOPMATOPHOH cTajH B c/a1abbX IO-
JSX TIPH BBICOKOH 4YacTOTe NEPEMEHHOro noJjs Helesecoo6-
pasHo. '
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TacAuna 4-8

Hanpsweénnotth noxst # MArHHTHAA HHAYKUMA Bas
craau 346

HanpsixxeHnocTb MoAsl, a/s, B CTaAd DPAa3HOR TOJIMHBL
npu pa3Holt wacrore

Maruutdast . .
HHAYKUES, M2 =0,2 mm d=0,36 mm
F=400 ey f=1000 ey f=400 24 | f=1 0002y
0,0003 0,26 0,26 0,26 0,26
.0, 0005 0,40 0,41 0,39 0,41
0,0010 0,64 0,65 0,65 0,67
0,0015 0,81 0,84 0,87 0,92 ,
0, 0030 1,23 1,33 1,40 1,52
0,0050 1,71 1,79 2,10 2,26
0,0100 2,95 3,06 3,80 4,08

Jasi XxoMomHOKAaTaHOH TEKCTYPOBAHHOH cTaju yJaydlie-
HHe MarHUTHBIX XapaKTepUCTHK NpHU 50 ey cOmpoBOKmaeTCs
CHHXXeHMEeM JOMOJHUTEeNbHBIX notepb (§ 2-4). [lostomy xo-
JIONHOKAaTaHasl CTaJb JaHHOH TOJIMHBEL, obJamaiouiasi Imo-
BHIIIEHHO! NPOHHLaeMOCTbI0O INpPH MaJOH uacrore, G6ynrer

o6Jazarb e U Inpu 60see BBICO-
KOl 4acToTe IepeMeHHOro IoJA.

- B Ttabn. 4-8 npuBemeHBl IO
[/1. 1-62] nmeicTBylomue 3Haue-
HHSI HaANpSXKEHHOCTH NoJaA AJs
cranu 946 B ciabbx MOJSX NpPH
yacToTe nepeMeHHoro noJjs 400 u
1000 ey.

U3 nanueix taba. 4-8 caenmy-
eT, YTO YBeJHYEeHHe [efCTBYIO-
lero moJjissi TPH HM3MEHEHHH 4Ya-
STOTHl MepeMeHHOro Toxa ot 400
1o 1000 ey B crasud TOMUIHHOL
0,35 mm mpoucxomuT B GoJsbluei
CTENeHH, YeM TpH TOJILHHE
0,2 mm. Ha puc. 4-9 nokasasnl
KpUBble HAMarHHYMBAHUSA B Iepe-
MeHHOM noJie cranau D48 npu [=
=400 u f=1000 ey, B KOTOpPHIX
HUMEIOTCS TaKHe 3Ke 3aKOHOMep-
HOCTH B H3MEHEHHH [elficTBYIO-
lero - 3HaueHUs MOJISl, KaK ¥ B
raba. 4-8. 1

mn(B 12/ fal+f
s 3/
o LI/

006

wsl— L
Q04 /
003
002

Q01
. Haeicms
0 & 10 15 2am

Puc. 4-9. KpuBble HaMaruuyu-
BaHHA cTanu D48 mpu pasHoit
YacToTe TIOJS.

1 —d=0,2 um, [=400 ey, 2—
d=035 Mm, [=400 ey; 3—d=
=0,2 MM, [=1000 ey, 4—d=

=0,35 mm, f=1000 ey.
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W3Metienne MakciManbHOW TPOHHULAEMOCTH B XOMAOAHO-
KaTaHOH TeKCTYpOBaHHOH cTaju mapku D360 B 3aBHCHMO-
CTH OT YacTOThl IIePEMEHHOro nojst no mauueiM [JI. 4-20]
npuseneHo B Tabua. 4-9.

Ta6nuuma 4-9

MakcuManbHasfi TPOHHIAEMOCTb CTAJNH MAapKH'
9360 npu pasHOi yacTOTe NEPEeMEHHOFO TOKa

MakcumaJibHast IPOHULAEMOCTb TDH 4acToTe, K2
ToJIUHA NEHTHI, POHHaEMOCT TpH HacTore, 24
oo

0 | 0,4 I 1 | 2,4
0,05 44 000 26 000 18 000 14 000
0,15 42 000 20 000 12 000 6 000

Kak BugHo u3 Ta6a. 4-9, fAas jgeHTH ToauHOH 0,05 MM
MaKCHMaJbHas NMPOHHIAEMOCTh NPH [=2,4 Key cHMKaeTcs
B 3 pasa, TOraa Kak AJas JeHTb TojwuHOH 0,15 mm—B 7
pas.

I'aasa narasd

CTAPEHHUE 3JIEKTPOTEXHHYECKOM CTAJIH
U UBMEHEHHUE EE XAPAKTEPUCTHK
C TEMNEPATYPON

5-1. BAIUSAHUE CTAPEHHUSI HA UBMEHEHHE
YIAEJIbHBIX MOTEPb U MATHUTHOM NMPOHULUAEMOCTH

B npouecce skcnuyarauuu cepAeyHHKOB BCJEJCTBHE NOTePb NpPH Ie-
peMarHMYMBaHHM M BBIJE/NEHHs Telsla HaMarHWYWBAIOIHMH OOMOTKaMH
TIPOMCXOJUT HArPeB MArHUTONPOBOLOB. DJIEKTPHUeCKast 3SHEPrusi, pacxo-
JyeMasi Ha IepeMarHAYWBaHUe CepAeYHHKOB 3JIEKTPHYECKHX MAIUMH H
annapaTos, BbIJeNsETC B BHAe TelJa, YTO IPHBOAMT K HarpeBaHHIO
MAarHuTonpoBofoB. IloBbilleHHe TeMmepaTyphl CepIEYHHKOB B TeueHHe
JJIHTeNbHOrO0 BpeMeHH CNOCOGCTBYeT CTPYKTYPHBIM H3MEeHEeHHSIM, Hashl-
BaeMbIM IIpOLECCAMH CTapeHHsl, B pe3y/bTaTe KOTODbHIX B GOJbIIMHCTBE
CJy4yaeB MPOMCXOAMT YXYJIIUIEHHe MATHHTHBIX CBOMHCTB.

KoadduiuyeHT crapeHus cTajiu no yldeJbHbIM NOTePSM B NPOLEHTaX
ompejelsieTcss Kak pasHOCTb YJeJbHbIX TNOTepb, H3MepPeHHBIX IocJae
MCKYCCTBEHHOTO CTapeHHsl (p;) W HO CTapeHUsi (Po), OTHECEHHBIX K yHAelb-
4BIM TIOTEPAM HO cTapeHus (pr—po)/Po, %. Kosapduuuenr crapenus cra-
JH 10 MAarHUTHOM HMHAYKUMH M KOSDUUTHUBHON CHJe ONpejeJsieTcss aHa-
JoruuHeiM o6paszoM: (Bi—Bo) [Bo; (Hci—Hco)i/Heo, %.

HUckyccrBenHoe crapenue, mpexycmorpeHHoe 'OCT 802-58, cocrouT
B HarpeBe o6pasuos B TeyeHue 120 « mpu 120 °C pas cnaGosnernpoBaH-
HOMH, CpelHeJerdpoOBaHHOH M IOBHIIIEHHOJNETHPOBAHHON CTajed M INpH
150 °C — ans BBICOKOJIETMPOBAHHON CTaMH.
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3HayeHusi yAeJbHBHIX INOTepb OTHe/ibHbIXx Mapok crameir mo I'OCT
802-58 yxasaHbl Ge3 yyeTa yBe/MHYeHHsS NOTePb OT CTApeHHs, a IJs KO-
spduureHTa cTapeHHs] yCTAHOBJEHBl TIpe/lelbHble HOPMBI:

BbicokoserHpOBaHHaA . . . . . . . . . . . . . . . 3%
CpenHesnernpoBaHHasl U NOBHILIEHHONErHpOBakHad . . 6%
CJ1aGoNIerHpoBaHHAS . . . . « « « o « « . « . . . T—9%

W3 31MX DaHHBIX CJAELYET, YTO C NOBBHIIIEHHEM COJAepXKaHHSi KPEMHHS
OpH NPOYMX DAaBHBIX YC/NOBHAX MAarHUTHOe CTapeHue CHHXKaercs.

YXynlieHHe MarHHTHBIX XapaKTeDHCTHK NPH JONONHHTEJbHOM Harpe-
BE CBf3bIBAIOT C BLIAENEHMEM NPH 3TOM MEJKOAHMCIEepPCHHIX ¢as, comep-
Kamux yraepon u asor [JI. 5-1, 5-2]. B [JI. 5-3] ykasbiBaercs, uto mpe-

6m

I T T T T T T T
Ke |Possp| Haepel  ||\Boidepacra npuizo) Oznasdenue ;
g v - .

- i |
e

SN

|
i
|
|
|
|
|
|
Il
|
|
l

2 s o o4
40 80 120C 24 72 120 168 216 264y 80 40 20 °C
Puc. 5-1. MameHenne yHeJbHBIX TIOTePb IPH Harpese

cranu D12 mo 120 °C, BhigepKe NpH MaKCHMaJbHOM
TEMNEPaType ¥ OXJaXKAEHHH.

Jea pacTBOPHMOCTH yrjepofa B craiau Si=39 npu 600 °C cocrasiser
0,0025%, npemes pacTBOPUMOCTM a3oTa B (eppuTe elue HHXKe —
0,00029%. dakTuyeckoe cofepxaHHe yriepoda M a3oTa B KeJe30-KpeM-
HHCTOM CI1aBe GoJiblle YKa3aHHbIX 3HaueHHH.

[Mpocnenum M3MeHeHHe yoeNbHBIX noTepb ofpasua cranan 12 Bmpo-
necce HarpeBa o 120 °C, BblIep:KKe NpPH 3TOH TeMmepaType H mocie-
AyOIlero oxJaxJeHus A0 KOMHATHOH Temneparypnl (puc. 5-1). Ilpu
Harpese o6Gpasua TPOMCXOJHT YMeHblIeHHe KOHCTAHTHI MAaTHUTHOM aHH-
30TPONUHK U TIOBBIIIEHHE YIENbHOTO 3JE€KTPHYECKOrO0 CONPOTHBJEHHS, YTO
NPUBOJIMT K CHHXKEHHIO [OTepb OT THCTepe3uca M BHXPEBBIX TOKOB. Bo
BpeMsl BbIJEpPXKKHU 3a CYET NPOLECCOB CTAapeHHS YHAeNbHbIe MOTEPH BO3-
pacraioT. IIpn oxsaxaeHHH CTal¥ NPOHUCXOXHT HanbHelilllee BO3pacTaHue
noTepb 3a CYeT yBeJHYEHHS KOHCTAHTHl AHM3OTPONHH U CHHKEHHS ylIesb-
HOTO 3/eKTPUYECKOTO CONPOTHBJIEHHUS.

B ropsiuexaTaHoOH 3/MeKTPOTEXHHYECKOH CTa/lH, HMelollell 3aMeTHO
MOBHILIEHHOE COJepXaHHe yriepoja M asora (N=0,004+-0,007%, C=
=0,008+0,030%), cBepx npexena pacTBOPHMOCTH TOC/]E MEMJIEHHBIX CKO-
pocTeil OXJaXJeHHs NpPH TepMHuecKoH o6paboTKe cranu KO3PGHIMEHTHI
crapenus cocrasasior 3—10%.

B xosonHOKaTaHO! TeKCTYPOBAHHOH CTaMM C MaJbIMH COJepXaHMf-
Mu yriepopa u asora (C<<0,004; N<C0,002%) yBennuenue moTepb OT
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CTapeHHs HAaXOAWTCA B MpeNesaX TOYHOCTH oNpefeseHHsi yHEJNbHHIX MO-
Tepb. 3aTO B'CTaJH C NOBBIIEHHBIM COJEpXAHHEM yIMepoia W asoTa
(C=0,08+0,015, N=0,003+-0,004%) yseanueHHe moTepb OT CTapeHHS
MOXeT GHITb GOMblIe, YeM Y HETeKCTYPOBAHHON CTAJH.

a) 3aBHCHMOCTb KO3thHUHEHTA CTaPeHHS
OT aMIVIUTYbl MATHUTHOH MHILYKUMH
Beigensjomuecss MeJKORHCNepCHEle (Gasel NPU CTapeHHH npexje

BCEro INpHUBOIAT K YBeJHYEHHIO KOSpuHTHBHOﬁ CH/IBI, BO3pACTaHHEe KOTO-
poﬂ Ha YaCTHBIX LHK/IaX rHCTepe3nca sB/SETCH Pa3/IHYHBIM: Hau6oJblee

167 yBeauuenne  (Hy—Ho)[Ho, %
. MMeeTCA N/ UHMKJIOB C HAaHMeHb-

% UMM 3HAYEHHEeM AMILIUTYIEL Mar-
\ HUTHO! MHAYKUMM H HaHMEeHb-

12 ; wee — Npd GONMBILOH HHIYKUHH

(Taba. 5-1).

10 Takoe pasnHuHe B H3MeHe-
\L HUH KOSDLHMTHBHOM CHJBI TPHBO-

OUT K 3aMeTHOH 3aBHCHMOCTH

8
5 N koadpduumenTa  crapeHuss  1no
4
Z

>  YVAEJbHBIM INOTEPSM OT AMILIATY-
bl MAarHHTHOM HMHAYKIHH: ueM
Gosibllle MHIAYKUHH, TEM MeHblIe
KoabduuueHt crapenus  (pHc.
‘ 5-2). OTH paHHblE, NOJMYyYEHHbIE
C) 8
B [JI. 5-4], oTHOCATCA K HeTeK-
0 Q25 Q50 Q75 100 125mn CTYPOBaHHO# CTaJH.

B TekcrypoBaHHO! TpaHc-
Puc. 5-2. 3asucumocts ko3dhdu- bopmatopHol crann Mapkn D330
LHEHTa CTAPEHUS N0 VISNbHBIM NO- o™iy (71, 5-3] nmeercs Ta-
TepsM 06pa3uoB AHHAMHOM CTaJH

o Kasg Xe B33aKOHOMEPHOCTb, U4TO
OT aMMOJHTYAbBl MarHHTHOH HHIYK- BHIHO M3 CJAEAYIOUMX [aHHBIX:

UHH.
BM,m./l.',...........l,O 1,5
(Pr—pPo)/Po» % « o v v v . .. .8 6

3aMeTHOM 3aBHCHMOCTH KO3(hbHIMeHTa CTapeHHs 10 YJeJbHEIM IO-
TepsAM OT aMILIATYAbl MarHHTHOM HHAYKIHH CNOCOGCTBYET TaKXKe HEONA-

HakoBoe 3Havenue (B;—Bo)/B,y (Taba. 5-2).
Ta6auma 5-1

HaMeHeHMe KO3DUHTHBHON CHJIBI UPH CTapeHHH
ropayeKaTaHoft crajH

B, =05 ma B,=10mz B,=15ma
Ne K - | e (¢ - Kosaddu-
o6pasya ’;3 ! :1{:' ﬁ:g)iﬂﬂ ‘zg' :T/:' cl)f;g;?: l:.f) ! ;_/:' LUeHT
penus :;:[.)e% pexiist ::,:I’Je% penus H‘i,’,?."ﬁ,;
1 43 11 61 6,6 75 5,3
2 43 16 61 15 75 12
3 29 17 40 12 47 11
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Ta6bnuuma 5-2

H3MeHenyne MarHHTHOH MHAYKIHMH Hocje cTapeHHA
npu 120 °C B TeyeHue 120 %

Kosdduuuent crapenns (By—Bo)/Bo, %, AJA cTasel Mapok ’

i arw 312 313 2330 9330A
50 —34,0 —33,0 —25,0 —11,0
500 —1,0 —2,0 —1,5 —0,5
2 500 0 0 0 0

6) 3aBucHMMOCTb KO3(hHUHEHTA CTAPEHHS
OT PEXUMOB CTapeHHs

B {JI. 5-5] ans ropsiieKaTaHol SJIEKTPOTEXHHUECKOH cram 6bLI0 TIO-
Ka3aHO, 4TO TaKHe PeXHMBI CTapeHHs, Kak Harpes npu 100 0C B TeuyeHHe
600 4; Harpes mpu 120 °C B Teuenue 120 4; Harpes npu 200 °C B TeueHHe
12 4, maloT 6aH3KHe MeXAY COGOH 3HaueHHs KO>(QHIHEHTAa CTapeHHd.

[/ : T
o\ 6 Pio/s0
12
T AL
10 v 5 P15/50—
e
e

Puc. 5-3. 3aBucumoctb k03b- 8
(uuMeHTa CTapeHus 0O YAeb-

HBIM ToTepsiM oOOpasua Ccranu i) l/

A
V/
D12 npu Harpese Ha 120°C or

BPEMEHH BBIAEPKKH, 4

A 400 800 ¥
b 4000 8000

OnmHako 3TH peXHMBbl He 0GeCNeYHBAIOT MOJHOIO 3aBepIUEHUs MPOLECCOB
crapenns. Kak caepyer us [JI. 5-4], sHauntesibHOe Bo3pacTande K03pdu-
I[(MeHTa CTapeHHs NI 00pasloB NHHAMHOH CTaqu HaGJIONaeTcs NpH Ha-
rpeBe 10 120 °C B Teuende 1000 %; npu manpHeiimem Harpese go 12000 «
OH H3MeHsieTcsl OYeHb mato (pHc. 5-3). XapakTepHo, 4TO B TeUeHHe BCETO
BPEMEHH HarpeBa COXpaHfeTCs pas3inyHe KOI(PPUUHEHTOB CTapeHHS MO
YAeNbHBIM NOTEpPAM pl_0/50 H p|,5/50,

Jnsi XOMOZHOKATaHOH TeKCTYPOBAHHOH CTallH C YBeJHUEHHBIM CO-
HZepXaHHeM Yrjepoda H a3ora Ha6mopaeTcsi Clefylollee H3MeHeHHe
k03¢ HLIKEeHTa CTapeHHS CO BpeMeHeM HarpeBa:

Bpemst HarpeBa, # . . . . ... .. .120 240 360 480 600
Ap/pl'O/sop % v v e v e e e e W9 10 11 11,5 12
p/py s %o v o v o oo oo o 06,60 T 8 8,5 8,5
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B [JI. 5-3] nokasniBaeTcs, 4TO AJsI XOJOZHOKATAHOW CTaNd IJHTENb-
HBle BBIJePXKH NIPH HarpeBe He BCerAa NPUBOAST K IOBbILIEHHIO KO3(-
¢uuuenTa crapenHHs. Y o06pasuoB cTajqd € GoJblIMM KO3PPHIHEHTOM
cTapeHdsi HAGMIONAJNCSA MAKCHMYM Ha KpuBoit Ap/p=f(t), uro cBsi3bIBaeT-
€l C XapaKTepOM BBILEJSIOIIKXCS NPH CTapeHHH (Pa3 M CTeneHblO HX
koarynsiuud. Ilpn Harpese Ha 200 °C ¥ HM3MeHEHHMH BPEMEHH BbILEPXKKH
¢ 12 no 1000 « cpexHue pasMmephbl HacTHIL, BhlAessiollelics da3bl yseau-
yuBatores ¢ 0,2 mo 0,4 mkm.

" HckyccTBeHHOe CcTapeHHe MPOBOAUTCS NpH HarpeBe o6pasuoB Ges
HaMarHHM4YMBaHHS, XOTSl B pealbHbIX YCJOBHSAX PaGOTbl MarHMTONPOBOJOB
NpoLeCChl CTapeHHsl MPOHCXOAAT B YCAOBHAX HX HAMarHHYMBAHHA.
B {JI. 5-6] yka3niBasoch Ha pasnuuve KodbbHiueHTOB crapeHus obpas-
II0B, OCTAapeHHbIX B HAMarHAYEHHOM M HeHaMarHWYeHHOM COCTOSIHHMH.
OnHako RanmpHeilmue paGoThHl TOKa3ajW, UTO 3TO DPa3jHyHe HAXOAHUTCH
B Ipeje/iax MOTPEIIHOCTH HCIBITaHHUIL.

B) 3aBHCHMOCTb KO3()dHLUHEHTA cTapeHHs
OT CKOPOCTH OXJIaXKJEeHHS NMPHU MOBTOPHOM OTIKHUre

PaccmorpenHble Bhllle HaHHble N0 K03()GHUHEHTY CTapeHHs OTHOCAT-
c K MelJeHHO oxsaxIeHHo#l cranu (MeHee 50 °C/#). BricTpoe oxusax-
JleHHe CTaJH NpPH OTXKHIre (COTHH M THICSYM IPajycoB B YaC) MOXeT IPH-
BECTH K 3HAUHTEJbHOMY YCHJEHHIO NPOLECCOB CTApeHHs, ecad B o6pas-
I1ax MMeeTCs 3aMeTHOe KOJIHYeCTBO IpuMeceil.

B rta6n. 5-3, cocraBnennoit mo pesynbratam [JI. 1-19], npuBenenst
3HAYyeHHs YHeNbHBIX NOTEPh rOpPsiYEKAaTaHOH CTamd C PAsIHYHBIM COHEp-
XKaHueM yraepoja. Ilocse mosropHoro orxura -(850°C) B Teuenue 2 4
o6pasubl OXJaXAalHCh €O cKopocTbio mnopsitka 10000 °C/¢ u 3drem
noxBepranuch crapenuio. Kaxk BugHo us taba. 5-3, B o6pasuax ¢ MajblM
comepxanuem yrmepoga (C=0,006%), xora mnoTepu mnpH GHICTPOM
oxJaxaeHnn ysenuuuBawtci Ha 30%, HO KoabdUUHEHT CTapeHHs Madl
(1,0%). B o6pasue ¢ cogepxaunneM yraepoga 0,019 HamGoabiuuii Koah-
¢duuuenr crapenus (40%), a npu 0,03%—14%.

Ta6auma 5-3

Y penbHble mOTepH M KO3(p(HUHEHT cCTapeHUA B obpasuax
TpaHcopMaTOpHON ropsueKaTaHoi CTaju mocjie
6bICTPOro OxJax<AeHus

P1,0/50- om/xe
fo 05~ K -
:;g 3‘1121 }? 1? ;‘:gﬁ?"& Mennenuce BricTpoe Iocse m?ear?;d):'ra-
oxjaxkaenne, | OxJaxueHue CTapeHus peuust, %
(50 °C/x) (10 000 °C/x) | (200 °C—10 =)
1 0,005 1,00 1,29 1,30 0,7
2 0,01 1,19 1,41 1,98 40
3 0,03 1,43 2,60 2,97 14

Tak xak yBeJqMYeHHe NOTEPb OT CTapeHUs B GBICTPO OXJAXJEHHBIX
o6pasuax NPOMCXOAUT 3a CYET TMCTEPE3HCHOH COCTaBisOWed, TO ¢ IOo-
BHIIIEHHEM YaCTOThl MEPeMEHHOro noJs KosQOHUIHEHT CcTapeHHS CHH-
xKaerca (taba. 5-4). ‘
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Ta6auna 54

Y nenbnsie motépu B éraau 944 mocie mMOBTOPHOTrO OTMMra
C PasIMYHOH CKOPOCTBbIO OXJaMJAeHHA H HNOCJaelyIolero

CTapeHUusd
Y nenbHble norepd, smjxe, ¥YBesuueHue notepb ﬁpn
CropocTs nocJie MOBTOPHOTO cTapenuH, % (150 °C—
Ton- | oxnaxne- orxura npu 800 °C 120 u)
WMHa HHS TIPH
JIACTA, | MOBTOPHOM
s °‘.§’é‘7,§e' P1,0/50 P0,75/400 P1,0/50 P0,75/400
0,1 50 0,77 5,7 6,5 3,5
0,2 5000 0,80 6,0 10 5
0,2 50 0,76 6,5 5 2
5000 0,82 7,2 !2 8
0,35 50 0,81 9,0 4 1
5000 0,87 9,6 10 4

IIpn ncnosb3oBaHMK XONONHOKATAHOM TEKCTYPOBAHHOM CTANH LIHPO-
KO NMpPHMEHSETCS NOBTOPHBIH OTXKUI MO3HLHMH B NPOXOMHBIX Teuax ¢ 60Jb-
LIOH CKODOCTbIO OXNMaXJeHus. B cTamum ¢ MaJjbIM KOJIHYeCTBOM mnpHMeceil
(M-6, 2330A, VC-9) ysenuueHHe mOTepb OF CTapeHus fgake C yueTOM
CONbIIOH CKOPOCTH oOXJaaxJeHHs sBasercs ManabiM (0—4%). Oxnaxo
€CJIH TIOBTOPHOMY OTXKUIY B NPOXOIHBIX Meyax MOJBEpPratb CTajb c. yBe-
JIMYEHHBIM KOJNMYECTBOM TpHMecell IO YIJepoAy H 430Ty, To KO3hdu-
UHEHTbl CTAPEHHSl MOTYT COCTaBJSITh HECKOMbKO HECATKOB IIPOLEHTOB.
B [J1. 1-44] npuBoAATCA NaHHBIE MO H3YUEHHIO KOSDOHULHEHTA CTAPEHHS
B XOJIOXHOKATaHOM CTanu C YBeJHUYeHHBIM KOJHYECTBOM NpuMecei M MOA-
BeprHyTOoil Hamnbosee OGbLICTPOMY OXJNaXKAEHHIO — B BOJe. YBeJUYeHHE
yIe/NbHBIX NOTePb OT CTApPeHHs NMOJYYHJIOCH Ciefdyiollee:

NeoGpasua. . . . ... ... ...........1 2 3 4
(Pr—Po)/Por % « v v e o v . . .. .. ... ...3 27 70 33

YuuTBIBas 3HAUNTE/BHBIN NPOrpecc B CHUIKEHUHU CONepPXKaHUSI Bpex-
HbIX XMMHYecKux aemeHToB (C, N M 1p.), npu npoM3BOACTBE XOJIOIHO-
KaTaHoi TEKCTYDOBAHHO{ CTalM ClefyeT OXHAATh B OJnXKalillee BpeMs
MaJIoro_Kos((puuHeHTa CTapeHusl NS 5TOH CTalH BCeX Mapok.

5-2. BAUSAHUE TEMINEPATYPbl HA USMEHEHHUE
YAEJNbHBIX MOTEPb MU MATHUTHOM NPOHULUAEMOCTH

Tlpy nosblmenun Temmeparypsl (eppoOMarHeTHKOB NPOMCXOXHT CHH-
KeHUe HaMarHMyeHHOCTH HACHIUICHHS, onpelesseMoe dopmynoii Beiicca

Is I/,
T‘;‘-—th W» (5-1)

rie J; — HaMarHHYeHHOCTh HaChILIEHUS npu teMmneparype T; Jo — Hamar-
HHYEHHOCTb HACHILIEHHS NPH TeMIeparype aGCOMOTHOTO Hyas; O — TeM-
neparypa Kiopu. :
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3asucumocts Jo/fo or T/O, poiunchiennas no (5-1), mpesctasietta
Ha puc. 5-4 cruomHoi JHHued. ITyHKTHPHBIMH JHHHSIMH H300paXKeHbi
3KCTIePHMeHTa/bHble KPUBBHIE, NMOMYYeHHHE M XKeje3a M HHKens. Kak

A s
49 Hy

-~

0 41 062 93 04 G5 g6 Q7 48 03 10

Puc. 5-4. Teoperuuecxas ( ) W 3KCIepHMeH-

TanpHag (— — —) kpuswme Is/ly=f(T/O).
_7._.__; o
> L \
1010
\\
08 AN
a6 \\

N
04 1\}

g

M,
.

2]

-~

Yy
©-200-100 0 100 200 300 400 500 600 °C

_ Puc. 5-5. 3aBHCHMOCTb TIOCTOSIHHOM MarHHUT-
HOH aHM30TPONMHU KeJse3a (+++) H Kejeso-
KpeMHHcTOro cmiaBa (ooo) (Si=4,0%) or

TEMIIepaTyphl.

BALHO M3 DHC. 5-4, 3TH KpHBHe NOCTATOYHO OJIM3KH K TeOPeTHYeCKOH.
IMonoGuas kapTuHa HaGaofaercss u Aias GeppoOMarHUTHHIX criaBoB. IIpw
MOBBIILEHHH TeMINepaTyphl NOCTOSHHAS aHM30TPONHH YMEHbINAeTCsl, NP
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sfoM npometc HaMariiumsaiusi obneruaercs. 3aBHCHMOCTb NOCTOSHHOM
MaTHATHON AHH3OTPONHH OT TeMNepaTyphl Ans craiax ¢ Si=4Y% no pan-
ubIM [J1. 5-7] npencrasnieHa Ha puc. 5-5.

a) TemnepaTypHasi 3aBHCHMOCTb MarHHTHOM
NPOHHLAEMOCTH

Us. puc. 5-4 crexayer, 9To ¢ NOBHIUGHHEM TEMIEpPaTypH NpOHHIIae-
MOCTb B CHJIbHBIX MAarHHTHBIX NOJAfIX HOJMXKHA NOHMXKaThCfi. Ha nponm-
11aeMOCTb B CJa6GBIX M CPEeAHHX MOJNSX NPOTHBOMOJOMXKHOE BJIHAHHE OKa-
3blBaeT CHHXKEHHe IOCTOSIHHONH MarHWTHOM aHu3oTponuu (puc. 5-5),

“ma 8,
16 2500ia/n
— 1
1000 a/m —~—\,
12 T <\
: 150a/m 1
08 f
04 S0g/m " /
20a/y 7

100 200 3800 400 500 600 °C

Puc. 5-6. TeMnepaTypHas 3aBHCHMOCTb mmyi(-
uMu B cragu 21,

B pe3yJbTaTe HMeeT MeCTO YBeJHYeHHe NPOHHLAeMOCTH. DTO fBJEHHe,
uMenyemoe 3ddexrom TonkuHcoHa, HaGJOfaeTcA M B 3JAEKTPOTEXHHUE-
ckoii cranu. Cornacho [JI. 5-8] B Tabu. 5-5 npuBefeHHl 3HAUEHHS Mm,
Wmake, WH=20 U H¢ B XONOZHOKAaTaHOH TEKCTYPOBAHHOH CTaldd TIpH
£=30+700 °C.

Ta6auna 5-5

3HayeHHsI TPOHHUAEMOCTH (Ha4yaJbHOH, MaAKCHMaJbLHOH M TPH
H =2 5) n KO3PUHTHBHOA CHJbI B XOJOZHOKATaHON
TEKCTYPOBaHHOH CTaJXH

nensHTar 1 °C RH Fuase BH=25 Her o
30 5200 54 400 8 000 0,1

150 14 200 59400 | 7 800 0,080

300 18 360 65 000 7 400 0,068

400 20 250 71 400 7100 0,060

500 — 80800 6 600 0,057
600 — 94 000 6000 —
700 55 000 132700 4500 —

10—663 145



100°¢ N\
for s 5 %
L 180°
— 260 :
20°c
//

12106 100°C %
]
260°C .
080 P
A

04142 /

b 1000 2000 3000 4000

Puc. 5-7. KpuBble HaMarHuuHBaHUs ropsiuekaTaHo#l cramu D43 npu
pas3JIHYHBIX TeMIepaTypax.
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Puc. 5-8. KpuBble HaMarHHYMBaHHUSI XOMNOJHOKATAHON TEKCTY-
POBaHHOH CTaMH TIPH Pa3JMYHBIX TeMmeparypax.
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Puc. 5-10. 3aBHCHMOCT MarHWTHON NPOHHLAEMOCTH TPaHCHOPMATOPHOX
crann (Si=3,0%) c rommuuoit yucra 0,1 mm B ciaGblx M CpPefHHX TIO-
JSIX OT TeMIepaTypel 06pasuoB.

11— H=04 a/m; 2— H=1,6 a/m; 3 — H=8 a/m.



Kak ciaenyer u3 sTHX KaHHHX, npu =700 °C nauaibHas npoHMIae-
MocTb noselimaercs B 10 pas, a MakcHMasipHasg — noutu B 3 pasa. Ta-
KOe Xe fiB/leHHe HMeeT MeCTO M B TOPSYeKaTaHOH 3JeKTPOTEXHHUECKOMH
crann. ITo [JI. 5-9] na puc. 5-6 npuseleHa TeMnepaTypHasi 3aBHCHMOCTb
HHAYKUMA ISt crand_D21. Dtomy sompocy mocBsiuleHsl Takxe [JI. 3-2,
5-10, 5-11]. Ha puc. 5-7 nokasaHnl KpHBHeE HAMAarHWYMBaHHSA cTaan D43
[JI. 3-1] npn H3MeHeHHH TeMmepaTypn o6pasua ot 20 mo 260 °C. Has
Gosiee MWMPOKOro AHanasoHa H3MeHeHHs Temmeparyp (20-+700)°C xpusbi2
HaMarHHYHBAHHA XOJOJAHOKATAHONH M ropsiueKaTaHO# crajell npHBeXeHbl
Ha puc. 5-8 u 5-9 [JI. 5-8, 5-9].

B [JI. 5-12] paccmarpuBanach TeMnepaTypHas 3aBHCHMOCTb MAarHHT-
HOH MPOHHIIAEMOCTH B 00JacTH cnabblX MarHUTHLIX NOJeH B HHTEpBaJe.
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Puc. 5-11. TemmepaTypubifi MarHuTHBI TIHCTepe3uc B 0fpasiuax TpaHC-
dhopMaTOpHOH cTaNH.

teMnepatyp obpasua or —200 xo +700°C. B uuTepBanax TeMmepaTyp
0-—20 °C 1 350—600 °C 6bliu oGHAapyXKeHbl MHHHMYMBl Ha KPHBBIX 3aBH-
CHMOCTH NPOHHILAEMOCTH Ppr—5ys H Mpr—ooy, OT TEMIEpaTyphi (pHC. 5-10).
Jlns MaKCHMAaJbHOM MAarHMTHOH NPOHHIAEeMOCTH 3TH MHHHMYMBI OTCYT-
cTBYIOT. AHOManbHOe ToBeAeHHe KpuBoi W=f(f) B cnabbix mosisx cBs-
3biBaeTcsi ¢ Gosiee PEe3KUM BPEMEHHRIM CNajaoM NpPOHHIaeMOCTH B YKa-
3aHHOM o6nacTH TeMmepaTyp (BepxHsis KpuBas pHc. 5-10). Ilpu usmene-
HHH MArHHTHON HHIYKUHHM HENOCPeACTBEHHO IOC/Ie pasMarHHYMBAHHS
06pasios, y KOTOPHIX BpeMeHHON crnaj NPOHHIaeMOCTH OYeHb MaJs, MH-
HAMYMbI Ha KPHBOMH ,p,=F(t) He 0GHapYXHBaIOTCH.

MuuuMyM Ha KpuBOoM M=f(f), COOTBeTCTBYIOUIH/ KOMHATHOH TeM-
neparype, Ha6iioNaeTcss Ha ropsAueKaTaHofi craiu Mapok D43, 246 u
948. Tocne MOBTOPHOTO OTMKHMra TAKHX 0OpasLOB B HEKOTOPHIX caydasx
BpEeMEHHOH Cmaj yMeHblIaeTcs W KpuBas W=f(f) He uMeeT MHHHMyMa.
Ecan Ha6aiofleHHsl 3@ MArHUTHOM MHAYKUHeH NPH H3MEHEHHH TeMIepary-
psl o6pasua NpoBOXMTE 6e3 NepeK/NioueHHs M BHIKIIOYEHHS MArHUTHOIO
Tons, To Kpusble W=f(f), nosyuyeHHble NpH HarpeBe H OXJMaXJEHHH,
B cJa6biX MOJAX He COBNAZalOT. DTO fBJeHHe HasblBaeTCs TeMmepaTyp-
HBIM MarHATHBIM THCTEPE3HCOM.
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Ha puc. 5-11 mo [JI. 5-13] nokasano u3MeHeHHe HAMAarHW4eHHOCTH
npu TeMnepatypHoM LHkjae —200-- 4300 °C Ge3 BHIK/IIOYEHHS! BHELIHETO
noasi. TeMnepaTypHBIfi MarHHTHHIA rHcTepesHc, Habjiofalouuics B o6sia-
cTH cnabblX M CPeRHHX ToJefl, 06BSICHAETCS NpoLeccaMd HeoGpaTHMOro
CMellleHHsl TPaHHIL MeXIYy JOMEHaMH.

6) TemnepaTypHasi 3aBHCHMOCTb YJeJbHbIX NOTEPb

Ilpn n3yyeHMH TeMIepaTypHOH 3aBHCHMOCTH YHAEJNbHBIX IOTEpb He-
06XONMMO YUMTHIBATh He TOJBKO H3MeHeHHsS HaMarHHYEHHOCTH Hachlllle-
HUS M NIOCTOSIHHBlE MArHHTHOM aHH3OTPONHH, HO H YAC/IBHOIO 3JEeKTpHUe-
CKOTO CONMpPOTHBJIEHHS CTaJH.

TeMmnepaTypHasi 3aBHCHMOCTb KOSDUUTHBHO!N CHJBL 3/J€KTPOTEXHHUE-
CKHX cranefl pasHBIX MapoK mnpejcTaBjeHa B Taba. 5-6. ‘M3 rtaba. 5-6

Ta6auua 5-6

TeMuepaTypHasi 3aBUCHMOCTb KOIPUHTHBHOH CHJIB!
H TOCTOSHHOH QHH30TPONHH

HaveHeHHe XKO3PUUTHBHOM CHAK H MO-

JluTepa- CTOSHHOX aHH30TPONHH, %, NpH
Ten cra-i TypHBIl Pa3JHYHBIX Temnepatypax, °C
HCTOYHHK

100 | 200 300 400 500 - | 600

XomogHokaTaas  Tpanc- | [J1.5-8] | 92 | 80 | 68 | 60 | 52 | —
(opmaTopHas TeKCTypo-
BaHHAsA

Topsiuekaranast tpaHcdop- | [J1.5-9] | 94 | 86 | 78 | 67 | 56 | 42
MaTopHasi

lopsiuekaranas tpancdop- | [JI. 5-14]| 95 | 87 | 65 | — | — | —
MaTOpHas

VK:/V Kzo W.5-7] | 93 | 84 | 71 | 61 | 45 | —

c/eZyeT, YTO IPH TOBHILEHHH TeMIepaTypnl ofpasia KO3pUHTHBHAs
cHa YMEHbINAeTcsl NOYTH OAMHAKOBO JJISI TEKCTYPOBAHHOA M HETEKCTYy-
POBAHHOH CTaJH.

B nocnegnelt crpoke Ta6i. 5-6 nokasaHo H3MeHeHue INOCTOSTHHOM
MarHuTHOM aHH30TPOINHH VK,/VK“ [JI1. 5-7] ans crama ¢ Si =4 %.
Mpu t =100 +-400 °C orHowenne FHoy/H oy, nBAsETCA GIHSKHM K
VK,/ V Kz, Taxum 0o6pasoM, [/ 3TOTO HHTepBaja TeMIepaTyp XOpOLIO
BuimosHsteTea CooTercreHe Hop ~ VK.

B nepBoM npuGAMKEHHH MOXHO CYMTATh, YTO [OTEPH OT THCTEPesH-
ca M3MEHSIOTCS TaK XKe, KaK M KospuutuBHas cuna. IIpasna, B {JI. 5-8]
TIOKa3bIBaeTcsl, YTO CHHXKEHHE TI0Tepb OT THCTepe3Hca C NOBHIIIEHHEM
TeMneparypbl o06pasua INPOMCXOAUT Gojsee HHTEHCHBHO TPH MaJjbIX
AMIVIHTYJaX MAarHATHOM MHAYKUMH, 4YeM npH GOJbLIHX, YTO BHIAHO H3
CJAEIYIOUUX JaHHbIX:

Makcumanbiass  uHaykumsa, ma . . . 1,0 1,2 1,5
OTHouieHne TOTEpb OT TrUCTepesuca,
D1so oc/p20 oC L I 8¢ 85 87

Yro KacaeTcsi MOTePb OT BHXPEBHIX TOKOB, TO HX H3MeHeHHe C TeM-
nepaTypofl LOMXKHO GHITh CBA32HO C COJEPKAHHeM KPeMHHS B H3Mepse-
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MbIX ofpasuax. C NOBBILIEHHEM COJEPXKaHHS KPeMHHs B CTaju TeMre-
paTypHbiit KO3(DGMMIMEHT YAeNbHOTO 3JMEKTPHYECKOro CONPOTHBIIEHHUS
yMenbluaercs ((Tabua. 1-1) ¥ CHHXeHHe NOTEPb OT BHXPEBBIX TOKOB AOJXK-
HO GBITb Gosiee CJaGbiM.

Eciau paccuMTaTh NOTEPH OT BHXPeBbHIX TOKOB no dopmyne (1-12)
C y4eTOM HU3MEeHeHHs! YHeJbHOrO 3JIEKTDUYECKOro CONDPOTHBJEHHS IO
ta6s1. '1-1, To mOTepu OT BHXPEBHIX TOKOB OYNYT CHHKATbCSA CJELYIOLHM
o6pasom:

Conepxanne Kpemuusi, % . . . . . . .1 3 4
OTHOlIEHHE INOTepb OT BHXPEBHIX TOKOB
p]00°C/p20°C' o/o [ .85 93 95

CpaBuuBasi 3TH HaHHble ¢ TaGn. 5-5, MOXHO 3aK/TIOYMTB, YTO AR
cTamu ¢ comepxaHueM XpeMHHs 3—40 CHHXKeHHe II0TePb OT IHCTepe3H-
ca M BHXpeBHX TOKOB mpu B=15 74 c mnoBbeHHEM TeMIepaTyphl

% |Ps@ L= g4l
.30 55020 \ EL—3- 4%
\A %% Puc. 5-12, TemnepartypHas 3a-
60 N BHCHMOCTb  YAENbHHX  I[OTEDPb
, | n\ 3JIEKTPOTEXHUYECKON CTaJMH
- Si=1% N (f=50 ay).
T

60 ;
. 50 100 150 200 250 °C

o6pasna NOJKHO NMPOHCXOAMTh MOYTH B OJMHAKOBON CTeNeHH, a JIs cTa-
an ¢ Si=1,0% norepu OT BHXPEBBIX TOKOB AOKHBEI CHUXKATbCS 3aMETHO
6LICTpee, YeM NOTEpH OT THCTepesxca.

Ha puc. 5-12 mpuBonstcs 3aBHCHMOCTH OGIIHX IOTEPb Pi/P2o °c=
=f(¢) ans craneil ¢ pasHBIM colepXaHUeM KPeMHHA no KaHHHIM (JI. 5-8,
5-9, 5-14, 5-15], KoTopble NOATBEpXKIAWT cKasaHHoe. Ecau paccMoTpeTh
cranp ¢ Si=1,0% (d=1 u 0,5 mM) c pasHbIM COOTHOIIEHHEM TIOTEPL OT
THCTepe3Hca M BHUXDEBHIX TOKOB, TO B CTajH TOMHMHOH 1 mm obliye mo-
Tepd mo AaHHbiM {JI. 5-15] 6yayr cHuKaTbCs GHICTpPee, 4eM B CTalH
TonmuHoi 0,5 mm,

Pioo Pago Posp °

4. un o/ Pioec o Paoec o Paocc o
Py oc Paooc Poo oc
0,5 60/40 92 83 76
1,0. 30/70 89 73 68

B tpaHcdpopmaropHoit cramu ¢ 3—49Y KpeMHHSI M C PasHbLIM COOT-
HOlLlleHHeM NOTepPb OT THCTepe3dca M BHXPEBHIX TOKOB 3aMeTHOro H3MeHe-
HHSl YyIeJbHBIX NOTepb C TeMIepatypoi obpasua He oOHapyxeHo. Bo-
Jlee TOTO, NPU TOBBIIEHHOH YacTOTe mepeMeHHoro Toka (f=400 ey),
KOTZa COOTHOLIEHHe NOTEPb OT THCTEPe3HCa M BHXDPEBBIX TOKOB HHOe,
B crand ¢ 3—49% xpemuus no {JI. 5-14 u JI. 5-9] u3MeHeHHe nOTEepb
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Tabauna 5-7

Hamenénne norépn, %, ¢ TeMnepaTy poli IpH pa3HbIX
aMOJHUTYyAaX MAarHMTHOH MHAYKUHH

t, °C B,=1ma B,=12ma B, =15ma
30 100 100 100
150 97 94 97
300 79 83 84
400 71 75 77
500 63 66 76
600 50 62 _

c gemnepaTypoﬁ nonyuaercss ONM3KHM X W3MEHEHHIO NOTePb npu f=
=50 2y.

B [JI. 5-8 u 5-9] ynenbHbie TOTEpH M3YYaNUCh NPH NOBbIICHHH TeM-
nepa'rypbl o6pasuos 10 600—700 °C.

B rta6n. 5-7 mo [JI. 5-8] npusomutcs oTHOWeHe DPt/P3yocr %, B
XOJIOJHOKATaHOM TEeKCTYPOBAHHOH CTajd NPH pPasHBIX aMIUIMTYyHaX Mar-
HHTHOM MHIYKIHH.

W3 3THX JaHHBIX CJefyeT, YTO HauGosbliee CHUXKEHHE YAEJbHBIX I0-
Tepb NMOJYYaeTCsl NPY HaHMeHbIUeH aMIVIUTYyJe MarHHTHON HHAYKIHH, YTO
HaXOIHUTCA B COIVIACHH C M3MeHeHHEeM IOTepb OT THCTepe3Hca.

Ha puc. 5-13 u 5-14 npusegens 3aBucuMoctd pr.s=f(Bwm) npu ua-
crore 400 ey u pasHoit Temmepatype o6pasuos (20—700 °C) {JI. 5-9].
XoTs masl 3THX JABYX O6GpDa3LOB CTaJd HMeeTCSl CYIIeCTBEHHO DPasjIHyHOe
COOTHOLIIEHHe MOTepb Ha THCTepe3NC M BHXpeBble TOKHM, HO CHHXKEHHe II0-
Tepb C TeMneparypoil fBJseTcs GIH3KHM MeXIy co6oH.

PaccMoTpuM 3HaueHHs YAeNbHBIX TOTepb NPH TeMIepaTypax HHXKe
komHaTHO#. ITo pannbiM [JI. 2-43] Ha puc. 2-48 npuBeneHbl 3HAueHHS
KO3DUMTHBHOH CHJBI ropsiyeKaTaHoOH TpaHchHOpMAaToOpHOH cranu npu f=
=—195 °C, xoropble cocrasasior 120% or H. npu ¢{=+20°C. IToBbliue-
HHe KO3PUUTHUBHOH CHJILI NPH TeMIepaTypax HUKe KOMHATHOH HOJIXKHO
BHI3BATh YBeJIHUEHHe NOTepb OT rucrepesuca. IIpu OTpHIATENbHBLIX TeM-
TiepaTypax CHIXaeTcs yHesJbHOe 3/eKTPHUYeCKOoe CONPOTHBJIEHHe, YTO TaK

Ta6auma 5-8

Ypeabupie notepu upu 0°C 4 OTHOWeEHHE P;/Pyoc B CTANH

C pasHbIM cofepkaHHeM KPeMHHMs OpPH TeMuepaTrype
* HHXe KOMHaTHOH

Cognepxanne KpeMHHS, % 0,851,0 | 1,9 (3,0 | 3,57
TonmuHa Jwcra, mMm 0,47 | 0,63 | 0,63 | 0,47 | 0,36
P1o/60° sm/ke, npn t=0°C 3,101 3,8 2,9 (2,80 1,62
P_28°c/Poocr %o 124 | 135 | 114 | 114 | 119
P_1o7°¢/ Do °cr %o 220 | 216 | 131 |131 | 131
P69 °c/Poocr Yo 280 | 263 | 139 [139 | —
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e MO/IKHO MPHBECTH K yBeqfrueHHid motepb ot BHXpeBHX TokoB. Ecin
NpeAnoNOKHUTb, YTO TeMNepaTyPHbI KO3(D(HUUHEHT yAeJbHOTO dJeKTpHUe-
CKOTO COTNPOTHBJIEHHS NIPH OTPHIATeNbHBIX TEMIEpPAaTypax Takoi e, KaK
¥ NPH MOJOXKUTENbHBIX, To NpH !=—200 °C norepu OT BHXPEeBbIX TOKOB
IOJIXKHBl BO3pPacTaTb B 06pasliax C Pa3HbIM cofepXaHueM KPEMHHS cle-
LyIOIHUM 06pasoM:

SL % e e 1 3 4
Ps(—200 °C)/pB(+ 20 °C)* % ............... 180 124 118

B [JI. 5-16] nayuann yaeibHEle IOTEDH B CTaJH NPH TeMmepaTypax
HuKe KoMHaTHOH (—269—0°C). PeaysbTaThl H3MepeHHi NpelCTaBJeHbl
B Taba. 5-8.

W3 panHpix Taba. 5-8 caemyer, 4TO yBeJHYeHHe NOTEpPb TIPH TOHH-
XeHHbIX TemmepaTypax oT 0 po —267 °C cyLIecTBEHHO 3aBHCHT OT cO-
HepKaHUs KDeMHHS B CTaJH: Ans 06-

pasuos ¢ Si=0,85+1,0% ynenvHsie Bm/xe ] _‘(
notepu npu ¢=—269 °C yBenuyuBa- 17[p,] l | £
ores B 2,6—2,8 pasa, a npu Si= 75_2.0 |
=2+3% —B 1,3 pasa. IlonoGuoe 15 ] 20°C
uaMEHEWHE VIENRHHX UOTepb YyCTa- I >
74 100. A
. 13 ‘ |
8m/xe . 12 200
25 T 1)
ned i X 300
10 + 100, % 0 | (
g
g 200 X o
8 l X 87 50% [x / D )
300 . 7600
’ | // | 6 /7/
6 400 /) 5 4
Y /bl ! 4
s 7 100 |
4 A Nooo— 4 A
s LA 3 2/
2 > 7:)0 C £ Eam
X ° 7 v
/ | T8l 2

. 1
0 07070304 050607 g8 09mn 0 Q7 Q2G5 Q4 45 06 Q7 Q8 Q9mn

Puc. 5-13. Temnepatypuas 3aBu-  Puc. 5-14. TeMmnepaTypHas 3aBH-

CHMOCTb YAEJbHBIX TIOTEPb CTAJH  CHMOCTb YIAENbHHIX MOTEPb CTaIH

344 c tommuuoi Jgucra 0,2 mm D44 ¢ ronmuHo# jaucta 0,35 mm
npu f=400 ey. npu =400 ey.

HOBNEHO MPH H3MeHEHHH AMIVIMTYIBl MarHuTHOM MHAyKuuu or 0,2 10
1,2 Ta. Jdas npuMepa NpHUBENEHH 3HAUEHHS P—260 °C/P+20°c AN CTaJel
C pasHbIM COJEpPXKAHUEM KPEMHHS:

By, ma .. ... 000 0,2 0,6 1,0 1,4
P—ggaec/Pooc MnAa Si=1% . .. ... ... 242 260 263 255
P—_oggoc/Poec A S1=3% . . ... ... . 141 138 139
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Hanee paccMOTpuUM yleJbHble IIOTePH INPH HH3KHX TeMIepaTypax
B TEKCTYpPOBaHHOM cTand ¢ ToauwuHol Jaucra 0,025; 0,05 u 0,1 mn
(ta6n. 5-9) mo [JI. 5-16].
Ta6auma 5-9
Y neavnbie notepu upu 0°C M OTHOWEHHE P:'Pogoc
B XOJIOXHOKATaHOH TeKcTypoBaHHO#H cTaan (Si = 3,0%) npu
TeMuepaType HH)}e KOMHaTHOMN

TonMHa JHCTa, MM 0,025 0,05 0,10

Yacrora, 24 60]400|1000] 60 |400{1000| 60. |400]1 000

P, mpu t=0°C, [l,6] 11 29(0,79|6,4| 19,0]0,48(6,2] 20,4
am/Ke

P_mgec/Po ocr Y% |101[102[ 102| 103[103| 107 | 104|108| 106
P_tg7°c/Po oc» Yo |1C1[105[ 105| 106{110| 111 | 108{116| 116
P_osgoc/Poec % |103]108] 107| 106(110( 113 | 110|118 119

U3 pauubix Tabua. 5-9 ciemyer, yTo BO3pacTaHHe NOTEPb CO CHHXKe-
HHEM TeMIiepaTyphl HEeCKOJbKO YBeJHUHBAeTCs NPH MOBBLIILIEHHOH YyacToTe
MepeMeHHOr0 TOKa M 3aMETHO CHHXKaeTCsl C yMeHbIUeHHEeM TOJLIMHBI JIH-
cra. Bce 3T0 roBOpHT O TOM, YTO NOBBIIEHHE YIEJbHBIX IOTEPb NpH
OTPHLATENbHBIX TeMIepaTypax NDOMUCXOAMT IJIaBHHIM 00pasoM 3a cuer
NoTepb Ha BUXPEBBIE TOKH.

Onnako B [JI. 5-17] npu uccae0BaHHM HAa MOHOKDHCTAJBHBIX paMKax
npu HamariduuBaHum BAoab ocu ([110] (Si=3,0%) npu TeMneparype
XKHJAKOro a3ora ObLIO NOJYYEHO He NOBbILIEHHe, a CHUXKeHHe OGIMX Io-
Tepb [0 OTHOLIEHHIO K moTepsim npu Temneparype 20 °C. Takoe HeoGblu-
HOe yMeHbIleHHe OOLIMX NOTepPb NPH CHHXKEHHH TeMIepaTypbl TeKCTYpo-
BAHHOrO 00paslna MOXHO OGDBACHHTb 3aMETHHIM CHHXXEeHHeM JOIOJHH-
TeJNbHBIX NOTepPb, XOT corsacHo [JI. 5-16] npn HamarHuuyuBaHuu o6pas-
LOB M3 TeKCTypOBaHHOH cTamu BAoJb ocH [100] yldenbHble TOTepH INpH
IIOHHKEHHH TeMIepaTyphl yBeJIHYHBAIOTCA.

F'araea wecrasn

BJIUAHUE YNNIPYIUX HANPSA)KEHUN
. HA MATHUTHDBIE CBOVNCTBA
3JEKTPOTEXHHUYECKOHW CTAJNHU

6-1. BNIUSHUE YNPYIrHX HANPS)KEHHA HA MATHUTHBIE
CBONCTBA CTAJIH

W3 Teopuu deppomarHeTHaMa CJaenyerT, 4TO YNpyrue Ha-
NPSI)KEHHS OKa3blBAIOT PAas3JHYHOE BJIMSHHE Ha MarHHTHblE
cBo#icTBa (eppOMAarHMTHBIX BewlecTB. Maruuroynpyras
SHEprusi, BO3HHKAKOLIAS TOX AeHCTBHEM OXHOCTOPOHHHX pac-
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THPI/IBaiOI.[J.HX HJIH CXKHMaloMmHux Ha‘ﬂpﬂ)KE‘H’Hl’I, 3aBHUCHT OT
OT yrjia MeXJay MAardiuTHbIM MOMEHTOM H OCBIO HaHpH}KeHI/I]‘:I

(§ 1-1)
Fray =— —g- Ao (cos2 ¢ — —;—-) (6-1)

Ecau BenuynHa MaTHHTOCTPHUKUMH A IOJOXKHTENbHAS H
B o0pasue CO3MaHbl PaCTATHBAIOLIHE HANpsiKeHHus (T. e. A
H 0 UMEIOT OJINHAKOBbIE 3HAKH), TO MUHHMYM MarHHTOYIPY-
roif sHepruu OyleT NIpH HaHMMeHblleM 3HaueHud ¢. Ecam A
Ho I;fMElOT pasHble 3HAaKH, TO MUHUMYM Fyy OyaeT npu ¢=

Tax xak Bcskad cucTeMa CTPEMHUTCA K COCTOSIHHIO MH-
HHMyMa 3HEPrHHy, TO MAarHUTHble MOMEHTHl TNOJ AEHCTBHEM

—| 71N
NI

H=0 =0

Q)

T>0 } nepmannod api
A>0 | pacisoceniiu

9

a< 0| Huxens npu
A<0| cowamuu

o >0\ Huxens npu
A0 | pacmacen iy
H=0

0

SO®

a0\ Nepmannod npu
A>Q | cocamuu

Puc. 6-1. M3MeHeHHe MarHUTHOH CTPYKTYpbl (DEPPOMArHHUTHBIX
MaTepHasJoB € TIOJNIOXKHTENbHOH U OTPUUATENbHOH MarHUTO-
CTPUKUMEH NOJ AeiCTBHEM YNPYTHX HaNpsKeHHH,

yNPYrHX HanpsiKeHH# OyqyT yCTaHaBJIHBATBbCS B TAKOM IO-
JIOXKEHHUH, NPH KOTOPOM MarHHTOYNpyrasi sHeprusi Obljia Obl
MHHHMaJIbHOH. B ¢deppomMarieTuke c INOJOXKHTEJIbHOH Mar-
HUTOCTPUKLHEN NOA NEHCTBHEM BHEIIHHX YNPYTHUX PacTArH-
BalOIUX HaNpsIXKEeHUH TNPOUCXOAUT NepecTpoiKa MarHHUTHOU
CTPYKTYpPHl C NpPEHMYLIEeCTBEHHBIM DPacHoJiOXKeHHeM MarHHT-
HBIX MOMEHTOB BJOJIb OCH pacTsiKeHus (puc. 6-1,6), uro
NPUBOAUT K YJYYIIEHHIO MarHUTHBIX XapaKTePHCTHK BAOJb
9TOTO HampabJeHHd. TUNHYHBIM IIpefcTaBHTe]eM TaKHX
(heppoMarHeTuKoB SIB/ISIETCS NepMaJjoH, y KOTOPOro MOCTO-
SIHHble MaTHHTOCTPHKLHHU NO TPeM TIJIaBHBIM KpHCTaJjorpa-
GuueckuM ocsim nosoxKuTeabHbl. [1pu cxKaTuu obpasiua mep-
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Majminos MAarHuTHble MOMEHTBl OTXOAAT OT oC¢H cKatud
M MarHHTHas IpOHHLIAeMoCTb o6pasua moHHXKaercs
(puc.6-1,8). B HuKese ¢ oTpunaTesbHOH MaTHUTOCTPHKUHEHR
IpH pacTsaKeHUH U CXKATHH MPOUCXOAAT obpaTHble siBJe:
HUSI—IIPH PaCTsAXKEHHH NPOHULAEeMOCTb YMEHbIIAeTCs, a MpH
CXXaTHH yBeJUYHBAETCH.

B Xesese 1 XKeJe30KPEeMHHCTOM CIJIaBe€ NOCTOSIHHBIE
MarHHTOCTPHKIHE HMEIOT ‘pasHble 3HAKH (Aoo>0; M11<0),
uyTo 00ycsaoBauBaeTr 60Jee CAOXKHYK 3aBHCHMOCTb MarHuT-
HBIX CBOHCTB OT 3HaKa M BEJHYMHBI YIPYTHX HanpsgKeHHH.
B o6aactu caabblx ‘MaTHUTHBIX TIOJIEH, Tle OCYLIeCTB/SIOTCSA
B OCHOBHOM IpPOLIECCHl CMeLIeHHS TPaHHUL, AOMEHOB (Aigo>>
>0), MarHuTHas IMIPOHHIAeMOCTb BHOJb OCH PACTSKEHHUS
BO3pacTaer, a B CHJbHBIX TIOJIsIX yObiBaeT. . Touka mepeceue-
HHSl KDHUBBHIX HaMarHHYWBaHHS, COOTBETCTBYWIIHX 0=0 H
0>0, o6HapyKeHHas BIepBble Ha JKese3e, Ha3bBAeTCH TOY-
KOl Buanapu no MMeHH yueHOTO, OTKPBIBLIETO 3TO SIBJEHHe,
C yBesqnueHHeM pacTATHBAIOIIMX 1arpy3ok Toyka Buasapu
I XKesesa cMmellaeTcsl B 0671acTh 60Jee HU3KHX UHAYKUHH,

st TeKCTypoBaHHOH KPEMHHCTOH CTadd € CHJIBHO BhI-
pa*KeHHON MarHUTHON TeKCTypOH NpPH HaJ/JOXKEeHHH pacTsrH-
BalOLIUX HaNpPSIXKeHHH BJOJb HANpaBJEeHHUS NPOKATKU Mar-
HUTHBIE MOMEHTHl OYIyT OCTAaBATbCS B NpeXHeM MOJOKEHHH
M yJyullleHHs] MAaTrHHTHBIX CBOHCTB HO 3TOH NPHYHHE OXKH-
IaTtb He caenyer. [{as o6pasuoB crajd ¢ HeCOBEpLUEHHOMH
MaTHUTHOH TeKCTypo# Nojx neidcTBUeM pACTATHBAIOLIUX Ha-
MIPSXKEHUH MMeeT MeCcTO yJyulieHue CBOHMCTB CTaJH.

W3MeHeHHe MHAYKIOHMY TOA AeHCTBHEM HArpy3KH H3 Tep-
MOAHHAMHYECKHX COOODa:KeHHH ONUCBIBAETCH CJELYIOMIHUM

COOTHOILUEHHEM:
1 dl 1 dB 6-2)

U3 (6-2) cnenyer, uro Bo3pacTaHue MarHUTHOH HHIYK-
LUK TIOH AeHCTBHEM pacTsaruBalollell Harpy3KH HMeeT MeCTO
TOJIbKO TIPH IIOJIOKHTEIbHOH MarHMTOCTPHKLYH, HelPEPHIBHO
BO3pacTrampulel ¢ nojaem.

PaccmorpyuM u3MeHeHHe MAaTHHTHBIX CBOHCTB 3JIEKTPO-
TEXHUYECKHUX CTaJiefl OCHOBHBIX MapOK NOJ AefCTBHEM OIHO-
CTOPOHHEro YNPYroro PacTsKeHHd HJIHM CKaTHA,

a) OpnHOCTOpOHHHE yNpyrue pacTsKeHUs

BausitHue ynpyrux pacTArMBaMOIIMX HaNpsKeHHH, CoBHa-
NaloukX ¢ HampaBJeHHeM BHENIHEr0 MaTHHTHOTO MOJsA, pa-
Hee paccmartpusasoch B [JI. 6-1, 6-2 u ap]. Beio noxasaxo,
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Puc. v-2. 3aBHCHMOCTb MarCHHTHONH MHAYKIMH H KO3PIHTHB-
HOA CH/bLl rOpAvYeKaTaHOM CTaJd OT pacCTATHBAIOIEH Ha-
IPY3KH.

YTO INIPH PACTATHBAIOIIKX HATPy3Kax Ha KpusBbIX B=f(0)
HMeeTCsl MaKCHMyM, a Ha KpuBbIX H¢=f(0) — MUHHUMYM.
Ons npumepa Ha puc. 6-2 npuBefeHH 3aBHCHMOCTH Bio=
=f(0) u Hc=[(0o) mas ropsiuekataHoil TpaHchoOpMaTOpPHOH
cranu. Hannune makcumyma Ha KpuBbIX pua=f(0) 6bLIO Te-
opetnyecku o6ocHoBaHO B [JI. 6-3].

[Tpexxme Bcero ciaemyer OCTaHOBHTbCS Ha BOMpPOCE BOC-
CTAHOBJEHME MATHYTHHY XADAKTEPYCT ¥ Uocse CHATHA pac-

. , B ' 3 i
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g . 2
0 200 400 600 800xec/cm? 0 200 400 600kxec/em?
a) . 6) .

Y.,
Y
Puc. 6-3. N3MmeHeHue MaKCHMaJIbHOR [POHHIIAEMOCTH
3JIEKTPOTEXHHUECKOH CTasly moj AeHCTBHEM pacTArMBalo-
LIHX HaNpsXKEHHH.

a — BIONb NPOKaTKH; 6 — Momnepek NPOKATKH; I — TEKCTYpOBaH-
Hasi; 2 —ropsi9eKaTaHas TpaHcpopMaTopHas; 3 — ropsigeKara-
Hasl IHHaMHasl.
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rardBaoniux Hanpsameuns, B [J1. 6-4] menaercst 3akmoue-
HHE, YTO TIOC/€ CHATHS DacTATHBAIOLIMX Harpy3ox 80—
200 xec/cm? ypenbHble NOTEDH He BOCCTAHABJIHBAIOTCH [0
15%. Oanaxo B [JI. 6-5] mokasaHo, 4TO [gaxe NPH PACTATH-
BAOLIMX Harpyskax no 1700 xec/cm®* u ux majabHefimem
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Puc. 6-4. Kpupble HaMarHHYUBaHKs XOJOLHOKATAHOM TEKCTYPOBAH-
Hoil craau Bmoab (0°) u momepex (90°) mpoxkaTKH NPH PacTATHBalO-
LIMX Harpyskax.

a— 0=0; b— 0=71 Kec/cm?, ¢— 0=276 kec/cm?; d — 0=468 Kec/cm?;
e-— 0=627 xec/cm?, f— 0=931 kec/cm?.

CHSITHM MAarHUTHBIE XapaKTePHCTHKH BOCCTAHABJHBAIOTCA
B MOJHON Mepe. DTO NMOATBEPKAAETCA U JPYTHMH HCCIAENO-
BAHHSMH,

B /1. 6-6] uccienoBano BAHAHHE PaACTSITHBAIOIIHX Harpy-
30Kk 10 10 Kec/cm?® Ons TEKCTypOBaHHON M HETEKCTypOBaH-
Hoft cranu. Ha puc. 6-3 mo nanuwim [JI. 6-6] npuBegeHo u3-
MEHeHHe MaKCHMaJbHOH NPOHHUIAeMOCTH B TEKCTyPOBAHHOMH
M HETeKCTYPOBAHHOH CTaJH NOJ, AeHCcTBUeM PacTATHBAIOLIUX
ycuaui, MakcumanbHasi NPOHUILAEMOCTb B TEKCTYPOBaHHOH
CTaJId C BO3PACTaHHEM O BJOJb NPOKATKH HEeNPEepHIBHO CHHU-
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®aercd, a s Hetekéryposannon no =200 xec/em? nopwtma-
eTCs, a C NaJbHeHIUHM YBeNHYEHHEM HarpysKu yMeHblla-
eTcs,

KpuBble HamMarHWYMBaHHS XOJOLHOKATAHOM TEeKCTYypo-
BAHHOM CTan¥ NIPH YNPYTOM DACTAXKEHHH O6PAsLOB 1O
[V1. 6-6] npencrasnenst Ha puc. 6-4. Ecan mas NPOLOJBHBIX
006pasioB NpH BCeX HATPY3KAaX UMEeT MECTO TOJNbKO CHHKE-

mn |8 i -

ol g2 V744
} A
Al b
_ H
T A 16 2% 48 64 am
5 80 160 20 - 320

Puc. 6-5. Kpunble HamarnuuuBanus craaum D12 NpH pasiHuHbIX
pPacTAruBaIOUIMX HArpysKax.

HHe NPOHMUAEMOCTH, TO I/ TIONepeyHbIX 06pasloB 10 0=
=70 Kec/cm? IPOHHIAEMOCTb CTaJM NoBhimaercs, Has 06-
pasuoB ropsiuekaTaHoM AMHAMHOH cTanu (pHc. 6-5) HMeeT
MeCTO CHauyaJia NMOBBILIEHHE, a 3aTeM CHUXKEHHe MAaTHHTHOMH
nponunaemoctd {JI. 6-2], uTO HaXoAUTCS B COOTBETCTBHU
¢ puc. 6-3.

M3yyenne yneabHBIX NMOTEPb NPH pPaCTATHBAIOLIUX Ha-
rpyskax mposoausocs B {JI. 6-7, 6-8 u np.}. B atux paborax
NI0Ka3aHO, YTO H3MEHEHHe y[eNbHBIX NOTePh B TEKCTypPOBaH-
HOH CTaji € PacCTATMBAIOLIMMH Harpy3kamMH TeCHHIM o6pa-
30M CBfI3aHO C BEJHYHHOH MAPHUTOCTPHKIHH, UTO BHAHO H3
tabJa. 6-1. .
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Ta6nuuma 6-1

YaenabHble NOTepH B TEKCTYPOBAHHOW CTANH -C PA3HOM
MarHATHOH TeKCTypoll IpH PacTArMBAIOWAX HArpyskKax

YnenvHele OTEPH Py /50, 8M/K2, npﬁ

109, PACTArHBAIOUIBX Harpyskax, x¥ec/cm?
0 100 200 300 400
14 0,80 0,73 0,69 0,63 0,62
4 0,59 0,57 0,56 0,56 0,56
2 0,46 0,44 0,45 0,47 0,48

B {/1. 6-9] paccmarpuBasoch H3MeHeHHe MaTHUTHBIX Xa-
PaKTePHCTHK NPU pacTsiKeHUH oO6pas3uoB 1o 28 kec/cm?, Ha-
XOAsIUXCA TIpH pas3HbXx Temneparypax (20—300°C). Us
tabi. 6-2, roe NpHUBedEHBl 3TH JLaHHBIE, CJIEAYET, YTO CHUXKE-
HHe NOTepb IIPH BCeX TeMIeparypax o0pasua siBJsieTcssi Ma-
apim (2—3%).

Ta6aunma 6-2

Y genbHble MOTepH B XOJOXHOKATAHOM CTaJd NPH pasHBIX
TeMmepaTypax M pacTArMBAIOWMUX HarpysKax

YnenvHsle NOTepH p| 5/50, 8M/¥2, TIPH - PACTATHBAIOUINX
Temnepatypa Harpyakax, vec/cm?

ucnbiTanusa, °C

0 7 14 21 28
20 1,16 1,15 1,13 1,13 1,14
200 1,06 1,04 1,03 1,02 1,02
300 1,02 1,00 1,00 0,99 0,99

C yBesqnueHHeM pacTACHBaIOIIUX Harpysok no 800 xec/cm?
no pauubiM {JI. 6-7] yZenbHble {IOTEPH XOJOJHOKATaHOH CTa-

Ta6auna 6-3

Y geqbHble MOTEPH B XOJOJHOKATaHON TeKCTypOBaHHOM
CTaJH OpH PAacTAFMBAIOMMX Harpyskax mis o6pasuos,
BhIpe3aHHbIX IOJ PasHbIMH yIrJIaMH K OpoKaTKe

YaenbHble nOTEpH -p , 8M[K2, TIPH PACTATHBAIOLUX
kf::ﬁ:: i ll-'lgl/-ggaxax. Kec/em?
K NpoKaTKe
0 10 50 100 200 400
0° 0,46 0,44 0,43 0,43 0,45 0,46
55° 1,34 1,34 1,30 1,28 1,27 1,33
90° 1,40 1,35 1,13 0,89 0,99 1,22
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JIM XOpOLUEro KauecTBa M3MEHSIOTCS BeCbMa He3HayHTeJbHO.
[Tpu 3TOM Ma/j0 H3MEHSIOTCS M COCTABJSAIOLME YAEJbHBIX
norepb. Takas e KapTHHa HMeeT MeCTO M AJs 06Gpasios,
BBIDE3aHHbIX TIOA YI10M 55° K nMpoKaTke, 3aTo AJs Ionepeu-
HbIX 00pa3loB IPOHCXOZHT 3aMeTHOe CHHMKEHHE TOTepb
[/I. 6-8]. B Ta6.a. 6-3 npuBeneHbl 3TH AaHHbIE.
CymecTBeHHOe CHHXKEHHe YIEJbHBIX TOTepPb AJIS IOTe-
peuHbix 06pasuos clenyeT o6bICHUTb HaBeAeHHEM MaTHHT-
HOH TEKCTYpHl BAOJb OCH pacTsxKeHHs. TO B COOTBETCTBHH
c {JI. 2-35] BHI3bIBaeT Npexje BCEr0 3HAYHTEJNbHOE CHHIKE-

HHE NOTepb Ha BHUXPEeBble- TOKH, YTO BHAHO H3 CJIeAYIOIIHX
JAaHHBbIX:

o, Kec/eM . .. .. ... .. 0 10 25 50 100 200
Piojso 8M/KZ . . o oL 1,54 1,49 1,29 1,16 0,97 1,01
Do BM/KZ o . 0,48 0,45 0,43 0,40 0,40 0,46
Das BM/KZ . . . 1,06 1,04 0.86 0,76 0.57 0,55

Onnaxko B [JI. 6-10] mokasaHo, 4To A/ KPYMHOKDPHCTAJ-
JHYeCKHX 06pasuoB ¢ auamerpom 3epHa 10—I15 mm u Mo-
HOKpHCTa/I0B ¢ opHeHTauue#r (110) [001] mpu pacrarusaio-
IIHX Harpyskax no 160 xec/cm? MOXKHO MOGHTLCSH CHHKEHHS
VIAeJbHBIX TOTePh B 2 pasa. lJig HETEKCTYPOBAHHON CTAJH,
rae MarHUTHasi TeKCTypa OTCYTCTBYeT, yIeJbHBEE IOTEPH

OT pacTATMBAalOLIMX  HaTPSXKEHHH TaKKe CHHXKAlOTCA
(raba. 6-4).

Ta6auua 6-4.

YaenbHble NOTepH H KOPUHTHBHAA CHJA B ropsyeKaTaHOH
CTaJH UPH PACTATHBAIOWMX Harpyskax

Mapxa Pacrarusaiolasi Harpyaka, ¥ac/cmd
cran Tapaverp 0 25 50 100 200
D43A Prosso. 8m/Ke 0,90 0,87 0,85 0,82 0,81
H,, a/m 22,5 22,0 21,0 19,0 18,5
312 P1,0/50. 6Mm/Ke 2,81 2,78 2,72 2,65 2,56
H,, a/n 104 102 - 101 100 98

6) OxHOCTOPOHHHE yNpyrue cKaTHs

MoxHO pa3uyaTh TPH BHAA CKHMAIOLIHX HAaNpSKEHHH,
yKasaHHbIX Ha pHc. 6-6. Ha npaxTuke yame Bcero peanu-
3yeTcs MepBbIH THI CHHMAIOUIHX HanpsKeHHH (puc. 6-6,a),
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Puc. 6-6. Tpu BHAAZ CXKHUMAOWMX
HanpsaXeHu.

a — npeccyomee; 6 — G0KOBoe; 8 — TOD- Y 1]
1esoe.

.

KOTOpHI OyZeT HMeHOBaTbCHA
GAPECCYIOIUM [ aBJeHHEM>.
Bropo#t u TpeTuit THUNBl CXKH-
MaoIyx HanpsokeHu# (6-6,6
H 8) OCYUIECTBJSIIOTCA Ha
NpaKTHKe 3HAYUTEJIbHO pexe.
CxuMallune HanpsKeHHs MO
puc. 6-6,6 OymeM HasbIBaTh
GOKOBBLIM JlaBJIeHHEM, a IO
puc. 6-6,6 — TopUEBLHIM 1 aBJe-
uneM. Ecin B nepBHIX IBYX
BHUJAX CHKHMAIOIIMX HaNpsixKe-
HUH HamnpaBjeHHe YCUJIHS ¥ TNPUIAraeMoro MarHHTHOTO
[OJST B3aMMHONEPHEHIHKYASPHbI, TO JJsi TPeTbero BHIA
HaNpsXKeHUs OHU HenapaJsliebHbl MeX1y co0oH.

M peccyrowee dasaenue

Mamenenue ypenbHbix motepb Ap/p, %, crann 2330A
OT BEJHYHHBI IIPECCYIOIEro XaBjeHUs no gaHHbIM [JI. 6-11]
IoxasaHo Ha pHc. 6-7. 1o 4 kec/cm? umeeTcst TIOUTH JIHHEMH-
HAas 3aBUCHMOCTb BO3PacTalHs YJeJbHBIX IIOTEPb, a IIPH
0>4 Kec/cm? BO3pacTaHHe yIeJbHbIX NOTEPb 3aMeNJISAeTCS.
C yBenHueHHeM aMILIHTY-

%]|4P OBl MaTHUTHOM HHAYKUUH
P 3HaueHus Ap/p, %, cHuxa-

2 orcsl. Cieayer 3aMeTHTb,
4TO B pasHbix o6pasumax

OIHOH M TOH XKe MapKu H

i OBHHX M TeX e Ipeccylo-
IUX JAaBJEHUAX BO3pacTa-

o | HHE TOoTepb (Aéo/p, % )Tor-

0 7 % 5 8§ megewe Muaerca 10 2 pas. Tax,

JsI CTaly 0A npu o=

Puc. 6-7. BuausHue mnpeccyomux il‘oc ,Cec/gfzg’ ABeJIl);quHa

NaBleHH! Ha H3MeHeHHe YHEJbHLIX 0 ,
notepb B ctanu ID330A ¢ rommuuol Ap/p, %, nsmensercst ot

aucta 0,35 mm (f=50 ey). 25 o 60%. OcHoBHasa 10-
11—663 161



Ji1 yBeJIWYEHUS YNEJbHBIX NOTEPb OT NpEeCcCyUHX HaBJje-
HUH NPpHUXOAHUTCST HA BHXPEBble TOKH, UTO BUJIHO U3 CJIEAYIO-
IUX TaHHBIX:

e, Kecfem® . . ... .. 0 2 4 6 8 10

Prsisor 8M/K2 o o oo 1,07 1,14 1,27 1,35 1,38 1,44
Do 8M/KZ oo 0,25 0,26 0,30 0,32 0,33 0,37
DPur 8M/KZ .« o o e 0,82 0,88 0,98 1,03 1,05 1,07

3aMeTHOg yBeJHYeHHe IOTePb OT BHXPEBBIX TOKOB TIPH
npeccylolUX AABJEHHAX CJeLyeT CBsS3aTh CO CHUMKEHHEM
MarHUTHOH TeKCTypHl. [ljs IolepeuHbIX 0O6paslOB TIOBHI-
IIeHHe OOIIMX TMOTepb NPH NPeCCYIOUUX AaBJEHHSAX JTPOHC-

mn| 8 _ - 4},"
o'=0+2rec/cm? o= t)\;«a(:/c‘mZ
Z .
6 /)——Z—f

o=10K2c/cM2

P —
. b

a=710xec/cm?

H
0 20 40 a/m
1000 2000 _ ‘

Puc. 6-8. Kpusble HaMarHWuWBaHHs 06paslOB XOJOJHOKATaHOM
craad D330A npu pasHbIX 3HAUYEHHAX MPECCYIOIUEro AaBJIEHHUS.

XOJHMT B MeHblllell CTeleH’ U TOJNBbKO 3a Cuer TIOTePb OT BHUX-
peBBIX TOKOB, a TIOTEPH OT rHCTEpe3nca NIpH 3TOM JaxKe He-
CKOJIBKO IMOHHU2KAIOTCH:

e, Kec/em? . . . . . ... 0 2 4 6 - 8 10

Piojs00 8m/Ke o oo o. oo . 1,56 1,51 1,63 1,67 1,67 1,68
Pr. BM/KZ o o o0 o .. 0,50 0,39 0,40 0,42 0,43 0,43
Dm BM/KZ o« o o oo . 1,06 1,12 1,23 1,25 1,24 1,25

B [JI. 6-12] nokasano, uto uameHexue Ap/p, %, TpH
NpeccyloINX AaBJeHHs X B 3aBHCHMOCTH OT yrja K Hampas-
JIeHHI0 TIPOKaTKH (0—55°) NMPOXOAUT 1O JIHHEHAHOMY 3aKOHY,
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4 fns @=>55+00° sHaueHust MPAKTHYECKH OCTAIOTCA MOCTO-
SHHBIMH:

P e e e e e e e e e 0 20 40 55 70 90
Ap./p, % npu ¢ =10 kec/em® . . . . . 20 14 7,5 2,5 2,5 2,0

MarHuTtHas npoHuLaeMOCTb IJs1 NMPOROJbHBIX 00pa3yos
C yBelTHuYeHHEM TIPECCYIOLIEer0  JaBJeHHs  CHHXKaercs
(puc. 6-8). Haubosbluee cHHUKeHHE TPOHHIAEMOCTH MpPO-
HCXOQHUT B CPEeIHUX MAarHuTHBIX moJsAX, a mnpu H >
>1000 a/m npoHUaeMOCTb OCTaeTCsl HeH3MEHHOM.

st 06pa3uoB ropsiyueKaTaHoH ‘CTaju yBeJHUeHHE yHAelb-
HBIX TOTePb M CHHUXKEeHHe MaTHUTHOH NPOHHLAeMOCTH OT
npecCylOlIUX [aBJeHHH B HeCKOJbKO pa3 MeHblle, ueM AJ
TE€KCTyPOBAHHOHN CTaJH;

G, KeCfeME . . . L L o o e e e 14 . 4106
AP/Por You v v v v e R —
Aﬁ/l;iox.s :/o .............. 8—15 16—22

boxosoe dasaenue

ITpu GoxoBom naBieHuu ¢=0-10 xec/cm?® (puc. 6-6,0)
MarHHTHble XapaKTePHUCTHKM yXyIIIAlTCS B TaKOH e CTe-
IeHH, yTO U Tpu Tpeccyolem (puc. 6-9, 6-10). C ysennue-

. ]

9| 4P

78

Puc. 6-9. YBennuenue yaeabHBIX TNO-
Tepb cranu O330A or GokoBoro 0
nasnenns (f=>50 ey).

0 10 20 30 kec/em?
HueM 60KOBOro naBjieHHs1 A0 40 Kec/cm® MPOMCXOMMT AaJib-
Hefilllee yBeJHYeHHE YOEJbHBIX TIOTEPb H CHHMXeHHe MpPOHH-
maemoctu [JI. 6-11]. YBenuueHHe yAeJbHBIX MNOTEPb MNpPH
60KOBOM, KaK M NpecCyiolleM NaBJEeHHH, IPOUCXOAUT B OC-
HOBHOM 3a CYeT BO3PAaCTaHHs INOTePb OT BHXPEBHIX TOKOB:

8, Kec/eM® . . . . . . ... 0 5 10 20 30 40
Prsgso 8M/K2 . . oL 1,04 1,23 1,47 1,71 1,91 2,00
P oemixe . . . ... .... 0,22 0,25 0,29 0,32 0,39 0,43
Do BM/KZ . o o e e . 0,82 0,98 1,18 1,39 1,52 1,57
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~ Jna nmomepeyHblx 06pasioB XOJIOMHOKATdHOH cTalHu OT
60KOBOTO [ aBJIeHHs MAarHUTHBIE XapaKTepPHCTHKH H3MEHSIOT-
cs caabee, yeM AJisi NPOJOJBHBIX 06pa3LoB:

g, KeC/em® . . . .. .. ... 0 5 10 20 30 40

Plojsor 8Mm/KZ . o 1,49 1,55 1,68 1,74 1,82 1,90
P 8M/KZ . Lo 0,51 0,48 0,53 0,55 0,59 0,68
Pu BM/KZ . .. 0,98 1,07 1,15 1,19 1,23 1,922

TopsiuekaTaHas cTajb K GOKOBOMY /|aBI€HHIO MEHee 4yB-
CTBHTEJNbHA, UEM XOJOAHOKaTaHas TeKcTypoBanHas. s

mn (g =
15 ﬁz 0'=0+2‘xec/c~2
0= 0xec/cm? L @
0 7 ////"‘ 2,
30 // /o//yﬁ
0’=40xec/m2// /o—/*"
v | /Zé/\::mwmnh—
H
0 10 30 50 am
1000 2000 - 3000

Puc. 6-10. Kpusrie namarnuuuBanus cramu 2330A npu pasHbX
3HaueHHsX GOKOBOro JHaBJieHHSA.

IpHMepa NpHBeAEM H3MeHeHHe CBOHCTB OT GOKOBOTO JHaBie-
HUS OJd cTaan 43:

G, K2C/CM® « « v v v o e e e e e e e 4 10 40
AP/Pyige Yoo v v v e e e 2 3 14
A 1Er Yoe o e e e e e e e e 0 0 O

Jlas 06pasuos AHHAMHOHA CTalM yBeJHYeHHe YAEJIbHBIX
HOTEpD ellle MeHbIIe.

Topyesoe dasaenue

IIpuMeHuTeNbHO K OfHOM BeuunHe AaBaenus (10 kec/cm®)
M3MeHEeHHsl MAaTHWUTHBIX XapaKTepPHCTHK OT TOPLEBOTO
pasaenns (Ap/p u AH/H) saBnA0TCS HaWMEHBIIMMH TIO
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¢paBHeHHIO ¢ OGOKOBHIM M MPECCYOUIMM [JaBJeHHAMM
(puc. 6-11, 6-12), HO ¢ yBeqHyeHHEeM TOPLEBHX HaBJeHHH
00 200 xec/cm? ynenbHble TOTEPH YBeJHYHBAIOTCH GoJee
yeM B 2 pasa [JI. 6-11] u Bo3pacTaHHe IPOUCXOJUT B OCHOB-

17mn.
Puc. 6-11. YBeanueHnne yaenpHBIX 50 s ’I”

notepb craau D330A or Topue-
Boro nasieHus (f=50 ey). B=18mn

25
4 .

0 .80 100 150 ‘xec/cm?

HOM 3a cueT IOTepb OT BHXpeBbIX TOKOB. Mas craau M-6
HMEeM CJeAylollee H3MeHEHHe TIOTEPb € BO3pacTaHUEM TOP-
LIeBOTO [aBJEHHS:

o, Kec/em® . . .. ... ... 0 10 25 50 100 200
Disjsor OM/KZ . o oo 1,04 1,10 1,32 1,51 1,84 2,82
Dr 8M/KZ . . ... ... .. 0,25 0,28 0,35 0,43 0,57 0,72
Ps BM/KZ . . ... ... 0,79 0,82 0,97 1,08 1,27 2,10

Hnas nmonepeuHblx 06pasnoB INOTEPH OT THCTepe3uca H
BUXDPEBBIX TOKOB OT TOPLEBOIO AaBJeHHS BO3PaCTalOT IOYTH
B OJJHHAKOBOH CTENEeHH;

o, KeC/CH® . . . . ... ... 0 10 25 50 100 200
p10I50' em/Ke. . . . . . . .. 1,63 1,68 1,75 1,84 2,09 2,40
Prr 8MM/KZ . . . . .. «... 0,43 0,47 0,48 0,50 0,52 0,53
Do 8M/KZ . . . . ... 1,20 1,21 1,27 1,34 1,57 1,87

3aMeTHOe yBeJHUYeHHE MOTEPb OT BHXPEBHIX TOKOB IIPH
Tpex BHAaX CKHMalOUIMX HArpy3oK CJedyeT CBsi3aTb C pas-
pylieHreM MarHUTHOM TekcTyphl. Ilo nauubmim [JI, 6-13]
MMeeTcsl clelylollee H3MEHEHHe MarHHTOCTPHKUHH Ayj5 NPH
B=1,5 T2 oT TOpUEBOro NaBJeHHUS:
o, KecfemM® . .. ..o 0 20 40 60 80
10%A, . . o o e —0,5 41,0 413 415 417

B [JI. 6-14] wuccaemosaJjoch BJHSIHHE CXHUMAIOLHX H
pPacTArMBAOUMX TOPLUEBBIX IaBJEHHN INIPH HArpyskax Mo
2 000 xec/cm? nist TEKCTYPOBAHHOHM M HETEKCTYPOBaHHOM CTa-
au. M3 puc. 6-13 ciedyer, 4To TpH CKUMAIOWHUX Harpyskax
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1000 kec/cm? ynenbHbie MOTEPH Pis/se YBeMHumbaioTess B 5
pas aJs TeKCTyPOBaHHON cTanu u B 1,7 pasa A/ HeTEKCTY-
posarHo#. B {JI. 6-14] uccnenoBanach Takxe IN0JHAS yielb-
Hasi MOLIHOCTb, 8+ a/K2, KoTopas oKasajach GoJiee YyBCTBHU-

o =100 kec/cM?
30 0 50 am
2000 4000

Puc. 6-12. KpuBrie HaMaranuuBauus craan 330A npu pas-
HEIX 3HayeHHUsSX TOPLEBOro JNABJEHHUS.

TeJIbHOM K TOPUEBHIM MaBJEHUSM, YeM YAeJbHbE TMOTEpPH.
B [JI. 6-9] uameHeHHe yIeNbHBIX NMOTEPb TIPH TOPLEBOM
IaBJEeHUH MCCJeNO0BaJOCh TIPM pasHBIX Temmeparypax oG-
pasma (rabua. 6-5).
Ta6auuna 6-5
YaeiabHble NOTepH U KOIPUHTHBHASA CHJIA NP Pa3HBIX

TOpUeBbIX JaBIeHHAX H TeMIepaTypax ob6pa3uoB
TeKCTYPOBAaHHOMH CTaJH

CiKuMaloIan Harpyska, xec/cm?

Temne- 0 7 14
paTypa
o6pa3ua,
°C

28

p1,5/500 | He | 1,550 | Hee | P15/500 | Hye | P1,5/500 | Ho
em/fxe alm em|xe alm sm|ke alm sm|xe alm

20 1,16 33

1 34 1,27 36 1,42 42
200 1,06 32 1

1

1

21

11 | 33 | 1,17 | 35 | 1,32 | 40
07 | 31 | 1,13 | 33 | 1,28 | 37
o | — [ 1,07 | — | 1,22 | —

300 1,02 30
400 0,96 —

W3 panubix Ta6a. 6-5 cjefyeT, YTO ¢ HOBLIIIEHHEM TeM-
nepatypbl ofpasua Bo3pacTaHHe YAEJbHBIX NOTEpPb OT pac-
TATHBAIOLIMX HArpy30K HECKOJIBKO YCHJIMBAETCS.

166



“19NEedg0 AIHKAIIUOL ‘BRHRIBMOHYOLOX — 9 ‘19aneedgo dlHIrorodu ‘EBHRLBMOHYOUOX — g {(%}'e=1G) KBeHRIENOREdOI — D
"YHHOUERY XNESNAOL 1O MIJOHWMOW HOHIUIYA HOHIOU H qdalol XMHAIRYA ALOOWHOHEEEL "g[-9 "dHd

FWKfING 6~ (I~ gWwfaen§ 0 §- &m
0o
=0-C Z
. QNLM o [W\Y Am%n
ijr » /./ ' ZHWO2MSL 01 & 0 - 0- S~ 02~
v J C
7 ¢ v_ Jide 0 X X ix‘x.x:x/ _IOIT.Q [
. \ Mo .,.rlxgx. [
L 3 +/+ 92 ) mNRn - - 0!
w9 . ywgl="9 oo £
352_" i m.\% L ) m%@ ;ﬂ//ul.lh. ¥
mz\mu = 0 +] 21 v ool @
% 1oz 7’ Ho i g mx\sw
R A\ & aasNnraly
09 T\ doe JJNJQ, ot
L+ ’
09 ’aal /JS . et %.V L 00 02
-t o \
vuigi="g -0z L2 w : AN .
73 e [T T4l sugr=gN TN 5 09
¢ o - njo-g i M %\3
24[0-9 < .

167



6-2. BJ]"SIHHE YIOPYroro U3rubA HA MATHHUTHBIE
CBOHCTBA CTAJIH

VYnpyruit usru6 xapakrepuayercsi HeofHOpPoAHOH nNedop-
Mmanuei o6pasua mo ero cedenmio. Kax cieayer H3 3mopsl
HanpskeHu# (puc. 6-14), B BepxXHHX 05X o6pasna oT Heil-

TPaJbHOH JIMHUM HMEIOTCS PacTATH-
Balollie, a B HUXKHUX — CXKHMaIO-
iuue HanpskeHus. BedanuuHa 3THX

0 0  HampsXKeHHH ONpenensieTcs BhIpa-

: JKeHueM
NS o= E 4% (6-3)

N r
- \\:// rie E— Monysab ynpyroctd mare-
v puasna;, Ax-— paccTosiHMe OT HeH-
) TPaNbHON JIMHUH; 1 — paguyc H3-
ruba.
TIpu wMmonyne ynpyroctn E=
6 =1,2.108 Kec/cm? v nmpenene ynpy-
— roctu 0=2500 xec/cm® pas Tek-
—> CTYPOBAHHOK  CTaJM  TOJLIUHOMN
_——

[ 0,35 mm u3rub miaactuH c r>9 cu
0"‘——:————0 IIPOUCXOMUT B ynpyro#l obaacrtu u
' - nmoc/le CHATHS HArpysKH IIACTHHAL
o] BHOBb NPUHUMAIOT NPSIMOJIHHEHHOe
= . cocrossaue. Ilpu wusrube maactud
6) c pamuycoM r<9 cm mocne CHSATUA

Puc. 6-14. Yopyrut usras  MNATPY3KH  IVIACTHHBL  COXPAHSIOT
obpasua (a) ¢ smopohr KPHUBOJHHEHHYIO dopmy, HO cO
HanpsxeHuit (6). 3HAYHUTEAbHO GOJBUIMM PagHyCOM.
[Tocse ynpyroro uaruba IJIacTHHEL,
HaxoisllHecs B NPAMONUHEHNHOM COCTOSIHMH, 06/J1agaloT
TaKMMH e MAaTHHTHBIMH CBONCTBaMH, KaK U 10 Hu3ruba,
TOrJla KaK B HCKDHUBJIEHHOM COCTOSIHHM HX CBOMCTBA 3HAuM-
TeNbHO XyXKe HauasbHbIX.

B [JI. 6-15] 6nl10 TIOKa3aHO, 4TO /s 06pasIoB TeKCTy-
POBAaHHOH CTalMM C HAWMEHBUIUMH TOTEpPSAMH (P1550=
=0,92 81/ke) yBenquueHHe YyIeJbHBIX NOTEPb M KO3DPUHUTUB-
HOM cu/abl OT u3ruba TmoJydaeTcss TpuMepHo B 1,5 pasa
Gosblle, yeM OJs1 006paslOB XYALIEro KauecTBa (P15 50=
=1,2 sr/ke). 3Hauenue Ap/p, %, npu r=111 cm B Taxux
o6pasnax ObLIM NOJyYeHBl CcoOTBeTCTBeHHO 38 M 269 . Ko-
SPUHUTHBHAS cHJa B obpasue C pis5=0,92 87/ke 0T u3ru6a
M3MeHsIach caeayllum obpasom (d=0,35 mm):
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A e i+ ... ©co 330 172 ii1 38 20
H..a/w . ........ 5 62 77 87 98104
B [JI. 6-16] paccMaTpuBaJoCh BO3pacTaHHe MOTEPb H IIO-

HHXKeHHe NPOHHUIAeMOCTH TeKCTYPOBAHHOH CTaJH TOJIIHHOM

0,35 mn ¢ Puys= Pocm ydenswod ;/anaeﬁuw‘ﬂa/owez;

=0,95 8T/ke npu usMe- mowHocmy, %
HeHHH pajmyca Harkba 100 200 300 400 500 600
c 3000 nmo 54 cm. Ero 256 TTEWA s -
pesysabTaThl IpeAcTaBe- ¢ . 3"\»\* ¢ |2 ]
Hel Ha puc. 6-15. Tlpu 8 4 WA L0
uaru6Ge NIacTHHH C pa-  § o {55
puycoM 1000 cm ymedb- o guob—o3 4% 0w
Hble TIOTePH BO3PacTaioT ‘Z: QY Yoy 17 8
na 10%, a mpu r= S 030 —f 2s, 425 8§
=54 cm—na 45%. Ha- x 2-’6’0 op
MarHHYUBaOasd MOII- 3 04 4'0‘0 S
HOCTb NpH H3rube mJa- 50’5 459 1% §
CTHH ¢ paauycoM 54 cm 3, ggg n'y,
BO3pacraer IIOYTH B 50 =
e ol s
B [JI. 6-17] mnoka- '

0 10 20 40 40 80
8aHO, 4YTO M3MEHeHME  [fypm ydemsnod HaMAHUYLOZHYEL
yIOeJbHbIX IIOTEPb INPH Mo wocmu,g-a/xe

H3rHGe SaBUCHT TaKIKe Puc. 6-15. Biusnue ynpyroro wuaru6a
OT aMIIMTYAbl MAarHUT-  ya yrenpuee nOTepH H MOMHYIO YAeib-
HOH MHAYKLUMH. 3Haue- wuyio wmommocts npr B=15 14 n =
Husi Ap/pi7 cocraBasior =60 ey xomomHokaTaHOH TeKCTypoBaH-
npuMepHo  2Ap/3pys%  HOH CTam ¢ TonmHHON JmcTa 0,35 mm.
(puc. 6-16). Kpusas Ha-
MarHMYHBaHHA OOpaslOB TEKCTYDOBAHHON CTaJH IPH HU3-
ru6e ¢ pasHBHIMH pafuHyCcaMHu IpeACTaBJeHB Ha puc.' 6-17.
ITpn m3ruGe nmactuH ¢ pamuycoMm 25 cm 3uauenne AH[H
cocraaser 8009% npu B=1,5 72 u 300% npu B=1,7 ra.
YBeanueHne mnoTepb NPH H3THGE CBI3aHO He TOJBKO
C BO3paCTaHHEM THCTEPE3HCHOH COCTaBJIsIOLIEH, HO H C yBe-
JIHYeHHeM TOTepb Ha BUXpeBble TOKH (d=0,35 mm):

7 o 300 200 100 50 25

pl,5/50" 3m/’€2 ........ 1,04 1 ,18 1,23 1,32 1,42 1,52
Pe. 8M/KZ . . . . ... ... 0,25 0,30 0,32 0,36 0,40 0 44
Pu M/ . . .. ...... 079 0,8 0,91 0,96 1,02 1,08

Bospacranue norepb OT BHXpEBBIX TOKOB TIpH H3THOe,
TaK Xe KakK M IIPH CXKHMAIOUIMX Harpyskax, cjJeayeT CBfi-
8aTh C paspyuieHHeM MAarHHTHOH TeKCTyphl. Ilo maHHBIM
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{/1. 6-16] npn m3rube muactH ¢ pamguycoM b4 cm MarHRTO-
CTPHKIHA Bo3pactaer B 6 pas. Ilns ropsiuekaTaHoH 3JeKT-
POTEXHHYECKOH CTajH yBeJHUeHHe NOTepb M CHHUXKEHHE IpOo-
HHI@eMOCTH NPU M3ruOe B HECKOJIBKO pa3 MeHblle, 4eM AJ5
TeKCTypoBaHHOH cTanau. HuxXe nNpHUBOAATCA 3HAYEHHS
Ap/pis, % u AH/Hy5 %', nna niaacTuH ¢ pasHbLIMH pajaMy-
caMu uaruba nis cranu 943A (d=0,35 mm):

Fy CMe « « v o o v o o o o o o o e v o o o . 200 100 50 25
DD Do Yo o oo 2 408
AHH e o oV 9 12 15 20

Jaa o6pasnoB TEKCTYPOBAHHOH CTaJH Pa3HOH TOJIIMHBI
HMEIOTCSl CJeAyloline MHHEMaJbHbBlE pPajuychl H3ru6a, NnpH

%ATP\ 1
40 AV

\\\ L P15/50 = | Puc. 6-16. Ypenuuenue ymenbHBIX
2 : notepy Ap/p% cramn D330A B 3a-
] A~ BHCHMOCTH OT paiMyca H3ruba ma-
" Pajso T~ ctun (f=50 oy, d=0,35 mm).
. P

0 05 10 15 20 25 M

’

KOTODHIX CO CHSITHEM HAarpy3KH ellle NOJy4yaeTcs BOCCTAHOB-
JieHHe MarHHTHBIX CBOHCTB:

d, MM . « © « ¢ ¢ e i e e e e e e e e e e...06 0,3 0,2
Fo €M v v v v e e e e e e e e e b e e e e e ... 1B 10 6

B [JI. 6-18] paccmaTpuBaercsi caydyaii OZHOBPEMEHHOTO
u3ruba W pacTA:KeHHs JEHTHl, YTO HUMEET MECTO TIPH CMOTKe
H pe3Ke PYJOHOB Ha aBTOMAaTHYeCKHUX JuHusx. Ilag cranau
M-6 ronuno# 0,35 Mm OBLIM YCTAHOBJEHHI CIEAYIOLIHE 3HA-
YeHHs] r TIPH Pa3HbIX pACTACHBAIOIIUX HANPSXKEHUAX, Op,
NPY KOTOPHIX ellle He TPOUCXONUT YBeJHUEHHS] YHeJbHBIX
NOTepb:

Op, K2C/CM® o« v v v 4 v v o v e v .. . 100 500 700 1000
FyCMo v v o v v o o o o v o o v oo 11,6 125 17,0 24,0

Ecau n3ru6 mosoc npou3BOAHTb C pafUyCaMH, NPH KO-
TOPBIX TIOJy4aeTcsl IJacTHyeckast Jedopmanus, TO IMOC/e
CHSITHSI Harpy3KH HOJIOCHI OKa3bIBAIOTCSI B HCKPHBJEHHOM
COCTOSIHUH. MarHuTHble XapaKTePHCTHKH TaKHX IOJIOC
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B NPHUHYAUTEJbHO BBIIPAMJIEHHOM COCTOSIHAH GyayT yxe
yXyAueHsl. {1 npuMepa NpHBeAeM BO3pacTaHHe MOTEPb
aas cranu D330A (d=0,35 mm):

FoCH o e e e it e e e e e 1 10 9 8 7
BP/Digs Yoo v v e e e e 0 2 4 8 15

B {/1. 6-19] usornyThie moJochl ¢ OCTaTOuHOH AeopMa-
nueit M3rn6asuch Ha INepBOHAYANbHBIA PajHyC B NPOTHBO-

1

ma| 8
pP=oco 10, .
—— | % __|
T w
;7@%" =
////// —
%ﬁ/ P=025m
—
: H
A 10 20 30 %0 0 am
"5 w0 s 200 300 400 500

Puc. 6-17. Kpupbie HaMarHHuMBaHHs MJACTHH XOJOJHOKATaHON
TEKCTYPOBAaHHOH CTaNd € pPa3HBIM pagHycoOM H3ruba.

MOJIOXKHYIO CTOPOHY M JaJjiee BHOBb Ieperufajiuch C TaKHUM
paguycoMm, uToOBl cTaTh npsaMmbiMu. OKasajgoch, 4TO HpH
3TOM IIOJIyYaeTcsl CHHXKEHHE YAeJNbHBIX IOTEPb Pis/so JO
10%' (mns crann 2320, d=0,5 um):

FoCMoe o v o v oo e e 110 95 70 55 45 30 20
Ap/Prse Yoo o v v v v . —2 —8 —10 —10 0 412 417

TIpoBenenHoe aBTOpOM coBMecTHO ¢ M. A. ManbiruHbIM
H3yueHHe 3TOro sBJeHHs Ha obpasuax cranu I330A u M-6
TOKa3aJo, YTO CHHXKeHHe YJeJbHBIX NOTePb NpH H3rube
¢ neperu60oM TPOUCXOAHT TOJIBKO TOT'AA, KOTAa CTanmb o6Jia-
AaeT HeCOBEPLIGHHOH MAarHMTHOA Tekctypoid. IIpu rtakon
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Jerkofl gedopmanuu o6pasua nosyyaercs yMeHbLIeHHe Mar-
HHUTOCTPHUKIHH, YTO TOBOPUT O HaBEJEeHHWH MArHUTHOH TeK-
CTYpHl B CTaJH, 33 CUYET Yyero ¥ TPOUCXOAHUT CHHIKEHHE Y/elb-
HBIX TIOTepb. B o6pasmax ¢ MaJjoil MarHUTOCTPHKUHEH (As=
= (1+2)X107%) ‘ot nsruba obpasua ¢ AajbHeHLIMM Mepe-
ruOOM NOJyYaeTcss TOJNbKO YBeJNHYeHHe YyIe/bHbIX NOTepb.

IF'arasa cedomasn

BJIUSITHUE HAKJIENA U NOBTOPHOI'O OT)XUTA
'HA MATHUTHDBIE U 3JEKTPHYECKHE CBONCTBA
CTAJIH

7-1. BIUAHUE PE3KHM, IUTAMNOBKH, 3AKATKH 3AYCEHLEB
U APYIruxX TEXHOJIOTHYECKUX ONEPALLUA
HA MATHHUTHBIE U 3JIEKTPHYECKHE CBOWMCTBA CTAJIH

a) BansiHMe pe3kH M WITAMNOBKH MJIACTHH Ha cBOHCTBa
CTalH

Ilpu paccMOTpeHHH BJHAHHS pe3KH IJACTHH U3 JHCTOB
TMJAbLOTHHHEIMH HOXHHIAMH Ha CBOHMCTBA CTaJii HeOOXOAMMO
YUUTHIBATb CJeAYIOlIKe 06CTOSATENbCTBA.

Ecan JucroBasi cTajb Ha MeTalJlypruyeckoM 3aBoje
OTXKHUTa/Nachb CTONAMM, TO B JIHCTaX HMMEIOTCS HaNpsXKeHHS
nepBoro poaa, BO3HHUKAIO-
1mye H3-32 HEOAHOPOZHOrO
OXJIaXKJEHHSI KpaeBBIX H
) CpeIMHHBIX YacTed Jucra.
[————————————  KpaeBble YYaCTKH JIHCTA
OXJIaXKAAI0TCs1 GLICTpee, YeM
CpelUHHLIe, B pesyJbTaTe
4ero B CpeIMHHBIX y4acr-

KaX CO3IaloTCAd pacTsiruBa-
Puc. 7-1. Bun 3a3opa npu coenuHe-

HHH OBYX TIOJIOBHH Pa3pe3aHHOro - IOLIKE, A B KPACBBIX — CXKH-
JHCTA. Malolye pactsikenus. Ecan

JIMCT pa3pe3aTh Ha JBe ya-

CTH U COMKHYTb HX BMeCTe,
TO IO JIMHUK pe3a BO3HHKaeT BO3AYIIHBIA 3a3op (puc. 7-1),
NOsiBJIEHHE KOTOPOro CBHJETEJNbCTBYET O YAaCTHUHOM CHSITHH
HaNpsiXKeHUs1 TepBOro pona. B pysoHHO# XoJOQHOKaTaHOM
CTaJH, I'/le MOC/AeIHHI OTXKHT NPOXOJUT B NPOXOJHBIX IEYax,
HanpsiXKeHHsi TMEePBOr0 pofa BO3HHKAIOT B 3HAYHTEIBHO
MeHbled creneHd. TakuMm o6pa3oM, ylelbHble NOTEPH
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3JIeKTPOTEXHHYECKOH cTa/lM mocje paspe3Ku JHCTOB H3-3a
CHHIKEHHS HalpSKEHHH TMepBOr0 pPoAa MOJIKHE HECKOJbKO
cHMXKaThcd. ODTO TNOATBEPXKIAETCH  HelocpeNCTBeHHBIMHU
M3MEPEHUSIMH YAEJIbHHIX MOTEPb HA ILEJBIX M MOJYIeabX
mucrax {JI. 7-11 B Ttabn. 7-1 npuBeneHBl NaHHBIE 3THX
CPaBHUTEJBHBIX H3MepeHHf.

Ta6auuma 7-1
YpeapHble noTepH B LeJBIX H NOJYLENBIX JHCTAX

YnenpHvle noTepu py 550, 6m/ke
TonmuHa
Mapka craan JTHCTA,” MM Llesible JiMCTBI TMonyuense

wHpHHOR 750 mm JIHCTH

212 0,5 5,41 5,30
42 0,5 2,84 2,80
43 0,35 2,16 2,12
3330 (pysnon) 0,35 1,12 1,11

Ilpu nanbpHeliiell paspeske JUCTOB ropsiueKkaTaHo# cra-
JA¥  CHATHE BHYTPEHHHX HamNpsXKeHWH NPOMCXOAMT emle
B O0JibINeH CTeneHH, YTO NMPUBOILHUT K LajbHefleMy CHHUXKe-
HUIO yneabHBIX motepb. Ho mpu paspeske nucra Ha 6osee
y3KHe INOJIOCHI BCe B 6oJblluell cTeneHH GyIeT CKa3blBaTbCs
BJMsIHHE COOCTBEHHOrO HakJena Ha yBeJlHYEHHEe YIeJbHBIX
notepp. B [JI. 7-1] ycraHOBleHo, 4TO B ropsiyekaTaHoH
3JIEKTPOTEXHHUECKOH CTaJM YyIeJbHble NOTEPH Ha IeJblX
JHUCTaxX U moJiockax wupuHoit 30 mm 6au3ku Mexnay co6oit
(¢ ToyHocTRIO £3%).

Bennyuna Haksena mpu paspeske JHCTOB Ha TJIACTHHBI
3aBHCHT OT OCTPOTHI HOXKeH, OT CHJIBI ylapa NPHKHMAIOUIUX
MexaHu3mos K Jucty B [JI. 7-2] mokasaHo, 4TO AJS MAACTHH
XOJIofHOKaTaHol cranau mupuHolt 120—350 mm orT ynmapos
NPUXKHUMAIOMIUX MEXaHU3MOB IO BCell KPOMKe pe3a ylesb-
Hble NOTEepPH YBeJHYHBalOTCs Ha 29 a HamMarHuuuBalollee
mote xo 5%. Ilpu ynape npuKMMalOLIEro MeXaHHW3Ma
K JIUCTY Yepe3 De3HHOBBIE NPOKJIAaNKH He NMPOHUCXOIUT YBe-
JIMYEHHUsI OTePb M HaMaTHUYUBAIOMIEro MOJS.

CorsiacHO JIMTepaTYPHHIM NaHHBIM H3BECTHO, YTO YBEJH-
YeHHe YIEJbHBIX NOTepb OT COOCTBEHHOTrO HakJjena NpH pes-
Ke 3MIITeHHOBCKUX IO0JIOC 3aBHCUT OT TOJNWIMHB aucra. Cun-
TaerTcs, 4TO YBeJHYeHHe YJeNbHBIX IOTEPb OT HakJemna
B SMINTeHHOBCKMX 06pasunax XOJOTHOKAaTAaHON CTajJu TOM-
wuHoit 0,35—0,50 mm cocraBnser npumepHo 10%. Ilpm
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pa3peske JHCTOB Ha GoJiee IHPOKHE TOJOCH YAeJbHbe TO-
TepH YBEJHUYUBAIOTCS B MeHbIUEH CTeneHH, a Gosee Y3KHX
B Gonbmeft. ITo panubiM [JI. 7-2] B Ta6a. 7-2 mpuBemeHBl

Ta6auna 7-2

YBeauueHue ynedbHBIX NOTepb B cTasu 9320 oT paspe3ku
JIKCTOB Ha MOJIOCHI

Tonuusa Yaenmdenue pj g /50» %> B MJacTHHAaxX LIMpHHOH, MM

JHCTa, MM 80 160 240 | 320
0,35 7 4 2,5 1,5
0,50 9 6 3,5 2,5

JaHHble YBEJNHUYEHHS] yAeJbHBIX NMOTEPb OT pe3KH IJIaCTHH
wupuHoit 80—320 mm B craan 3320 nmpu B=1,5+1,7 Ta.
Jast nonoc mwupuuoii meHee 30 mm no [JI. 3-2] ysennue-
HHe YJAeNbHBIX IOTEPb pPi1s/s0 NPOMCXOAUT GoJiee HHTeH-

cuBHO (Tabua. 7-3).
Ta6auuna 7-3

YBeauyeHue yjelbHbIX DOTePb OT Pe3KH JHCTIOB
Ha moyiochl mMUpPUHOH MeHee 30 mm

Mapxa | Tonmma Yseandenre py 550, %, B NMOJOCKAaX WHPHHOH, Mu
CTaJH JIHCTa, MM 30 10 5 . 2'5
2330A| 0,85 12 17 42 75
243 0.35 8 10 18 45
D44 020 3 6 10 40

Cnenyer OTMETHTb uTO 0o0Jiee CYIIECTBEHHOE yBeJHye-
HHe ToTepb B 06paslax XOJONHOKATAHOH CTalu ClAelyeT
CBsI3aTh C TE€M, UTO B TEKCTYDOBAHHOH CTaJM IPH HakJjene
IPOHMCXOIUT paspyuleHne MarHUTHOM TekCTyphl i(§ 2-5), uTo
INPUBOIUT K JIOTMOJHHUTEJNBHOMY YBeJIUYEHHIO YAeJbHBIX IO-
Tepb. MaruutHas NpPOHHMI@EMOCTb OT HakJlena Npu pe3ke
mosioc cHuxaercs. Tak, no {JI. 7-2] naxe npu mapeske mia-
CTMH H3 XOJIOJHOKaTaHo#i cranu mupuHoH 80—120 mm
HaMarsdypBalomee moJse mpu B=1,5 T4 Bo3pacraer Ha
20—30%.

KpuBele HamariuyuBaHHs O0O6pPa3LOB XOJOJHOKATAHOM
CTalu JJIs MOJOC B HaKJIeNaHHOM coCTOsiHMHM wmupunoit 30,
10, 5 u 2,6 mm npencrasieHst Ha puc. 7-2,a. Ecan cpabHH-
BaThb HaMarHuuuBalomee nose npu B=1,5 T4 B nojockax
B HakJ/JeNaHHOM COCTOSIHMM ¢ TaKHM XKe IOJeM B MOJIOCKaXx
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Ta6auua 7-4
Marautnasn HHAYKUHA WTAMOOBAHHLIX KoOJIel| 4 WOJoC,
BLIpe3aHHbIX HOXWHHUAMHU (wHpuHa 10 mm, craab I43)

B, ma
H, aln

ITonoca Kosnbsuo
8 ‘ 0,032 0,018

40 0,40 0,25

80 0,72 0,46

400 1,20 1,00

800 1,35 1,20

2 500 1,50 1,44

wHpuHOH 30 Mm MOC/Ie MOBTOPHOTO OTXKHIA, TO IOJNY4aeTcs
clenyollee CHH}KeHHe TMPOHHULAEMOCTH OT HakKJema:

Unpuna nonocku, mu . . . v o .. ... . 30 10 5 2,5
Cumxienue nponuuaeMoctd cramu 9330, o . . 200 400 700 1100

mn|8 )
30 10
6 £ /fﬁ
i 5 30,
F 25
10 % - 4/"—70-\\_
A / —
. —— 15
: A %?/“ 25
/ a)
0
20 5 30 10 [N E—
25 1
H g ’ ——_—__ﬂ__ﬂ
1 e
§ ,
' A
o
i H
05 500 1000 1500 2000 a/m
A 20 40 60 80

Puc. 7-2. KpuBble HaMarHHYHBaHHSI XGJONHOKATaHOM TEKCTY-
pOBaHHOH cTanH B noJsocax lwupuuoit 30, 10, 5 u 2,5 mm.
a —nocie pe3KH; 6 — mocie NOBTOPHOTO OTHra npH 800°C B Teue-
HHe 2 «,
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[pu luTaMnoBKe nAacTHH MarHHTHble cBOMCTBa ctasii
yXyamaioTcsl emle B GOJblUe CTeNeHH, YyeM INpU BbIpeske
I'HJIbOTHHHBIMH HOXKHHOAMH (Tabua. 7-4).

Ilpn u3roTOBNEHHM BHTHIX CEpPAEYHHKOB IIPOUCXOIHUT
HeofHOpOJAHas JedopMauuss BO BceM o0beMe MeTasiIa
(§ 6-2). MaruuTHbIe M 3/1eKTPHYECKHE XapaKTEPUCTHKH JIEH-
Thl B 3aBHCHMOCTH OT pajuyca uaruba yXymIIaloTcs B 3Ha-
yurenbHOi cteneHu. Ilpuw ympyrom wusrube ¢ r=025
yIenbHble NOTepPH pPi15/50 B XOJOJHOKATaHOM TEKCTYpOBaH-
HO# cranum TtonwmHoM 0,35 mm Bo3pacralor Ha 50%
(puc. 6-16), a marHuTHas HHAYKUHSI Bse cHHXKaeTcs ¢ 1,75
no 1,35 T2 (puc. 6-17).

Ilpn u3aruGe niacTHH Ha pafuycC, BHI3LIBAIOIIMEH IJIACTH-
yecKylo JnedopManHiO, MarHUTHHIE CBOWCTBA YXYALIAIOTCS
B eme Oosbuier crenmeHd. [laxe MarHuTHash HHIYKUUS
B CHJbHBIX ToJsIX B cTanu D330A cHHXKaeTcs 3HAYHTENb-
HO, 4TO BHJHO U3 CJIEeNYIOLIHX JAHHBIX:

r, M. oo oo 0,07 0,03
Byseor ma . . .. .. 1,90 1,26 1,10

6) BuamnsiHue 3aKaTKM 3ayceHLEB Ha CBOHCTBA CTaJH

Ha xpoMKax nJacTuH IOPH BhIpe3Ke HX THJIbOTHHHBIMH
HOXKHHLIIAMH MJH IUTaMIOBKe 006pas3yloTcs 3ayCeHIsl, 3a-
KaTbiBaeMble Ha CIelHaJbHBIX BaJbleBaJbHbIX MalIHHaX.
[Tpu 3Toli omepanuu npoucxoauT AedopMauus NOBEPXHOCT-
HBIX CJI0eB He TOJbKO BOJM3M pe3a, HO MU B HEKOTOPOH
creneHy Bcell noBepxHocTH. B [J1. 7-3] npumMeHnTeNbHO K CH-

JIOBBIM TpaHcdopmaropaMm

1oe “tana TM 1000/10-A ycra-
+?4———' —

== = HOBJIEHO cJenylollee yxXyna-

: HieHue 3JIEKTPOMArHUTHBIX

s XapaKTepHUCTHK cTanu

D330A ot 3akaTK# 3ayceH-
g leB: yjieibHbie TOTepH
Pies/so  YBEJHUHJIHCh HA
129%, TOK XOJIOCTOrO XOna
Bo3poc Ha 669%. 3akaTka
3ayceHILeB NIPOBOJLHUIACH Ta-
'KMM o6pasoM, 4To Halpas-
RN JIeHHe [JBHXKEeHHS IIacTHH
‘ B CTaHKe COBNajajo C la-
Puc. 7-3. Pacnonoxenue miactMHbl — IIpaBJIEHHEM IPOKATKH.

55°

SaKQIMKL

3
X
()
N
N
g
By

<
2%
Fad

Ha cToJIe 3aKaTHOI'O <CTaHKa. B [J] 7_4] 33aKaTKa 3a-
l—aaka‘rHbleH::g;(:J;mi;al;{lacmHa; 3— yceHueB npoao;m.nacr: l'lp}.'
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3a71a4e B CTAHOK IUIACTHH MOJ PAa3HBIMH YIAMH K NPOKATKE.
Ha pwuc. 7-3 noxasan cayyail, Korza yroa Mexay Ha-
npaBjleHHeM @pOKaTa M HalpaBJeHHeM NPOKATKH COCTaB-
aser 55°,

Ha puc. 7-4 nokasaHo yBennuyeHHe yIeJbHbIX NOTEPb H
HaMarHHYUBAIOIIEIO MOJS OT 3aKATKH 3ayCEHIEB MPH pas-
HBIX YIJIaX o 3aladyd JIHCTa B BaJblleBaJbHHH CTaHOK. U3.
3THX MaTepHaJioB CJAEAYET, 4To 3HaueHus Ap/p, %, u AI/I %,
CyLIeCTBEHHO 3aBHCAT OT yIJa d.

ITpu a==>55° (puc. 7-3) nosyyaercs HaHMeHblIee YXyALIe-
HHe XapakTepHCTHK. CTO/Nb 3aMeTHYIO aHH3OTPOIHIO YXYI-
IIeHHs 9JIEKTPOMarHUT-

HBIX XapaKTepHCTHK  OT T*%-E'/"

|
YIJia o NPH 3aKaTKe 3ayceH- gl g Ap
IeB MOXKHO 00BACHUTD aHH- sok 5 AN
3oTponHedi MOy s ympyro- ol AN N\
¢ty (raba. 1-5). Tak kaxk \ )
MOLyJb ympyroctd cramm O[S \\[ 7
9330 sBasercs mnanGomb- 20f 2 N/
muM noyx yraom 55° k mpo- M 7
KaTKe, HO 3TO JOJIKHO Tpu- Ol 4 .
HONAT K  HAMMERbOIeH 0 10 20 30 40 50 60 70 80 90

TR

OCTAaHOBOYHOM Ne(OPMAIMH  Puc. 7-4. 3aBucHMOCT> TPHPOCTa
IpH  MeXaHHYeCKOH o6pa-  ymembunix moreps Ap/p, %, u Ha-
60TKe MarHuvyuBawiIlnero TOKa B MarHHTO-

Y A aJin

Pytonnas cras na oa-  R0IE AChODNLTOR s cramn
BOZAX 3JEKTPOMPOMBIIIICH"  yarky 3ayceHueB M HalpaBieHHs
HOCTH Ipexnae BCero mnon- NPOKAaTKH B JHUCTAX.
Bepraercss o6pe3ke KPOMOK
M paspeske Ha NOJOCH HeOO6XOZMMOH HIMPHHBI JHCKOBBIMH
HOoXHHIaMHu. [Ipu 3Tol omepanuM Ha KPOMKaX IOJIOC TaKKe
o6pasyores 3aycenusl. B [JI. 7-5] nmpensnoxeno ycTpoicTso,
[O3BOJIAIONIEE Ha arperare IO NPOAOJLHOMY DacKpolO JieH-
THl He 3aKaTBIBaTh, a Cpe3aThb TOJydyaeMble 3ayCeHIHI.

K yxynlueHHIO 3/1eKTPOMArHUTHBIX XapaKTEPHCTHK IpH-
BOIMT Takxe NpoOHMBKa OTBEepCTHH, AedOpMalHsa MJacTHH
npu c6opke marsutonposoga u ap. Ilo [JI. 7-6] ysenuuenue
MOTePb B CEpAEUYHHMKEe OT NMPOGUBKH OTBEPCTHH B MAarHHTO-
npoBofaX CHJOBHX TpaHchopmaTopoB pocturaer 8—109%,
a Toka xoJocroro xoma Ha 20—309%-. IlpuMenseMas B Ha-
cTosiiee BpeMs OecUImu/eyHast CTSXKKa MarHUTONDOBOLOB
BLI3LIBAeT MeHblllee yXyJIHeHHe CBOHCTB.

B [JI. 7-3] noxa3aHo, YTO NMpOCTas MepellHXTOBKA Mar-
HUTONPOBOJIOB CHJOBLIX TpaHC(POPMATOPOB NPHUBOAMT K yBe-
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Aftudtnid yaenpHbix notepb 10 5% n HaMardHukBatoutero
Toka 10 15%. DTo ¢Bsi3aHO C TEM, YTO YacTb IJIaCTHH H3-
ru6aeTcs ¢ MaJblM PaiHdyCOM, UTO MPUBOAMUT K HX IIaCTH-
yeckoit nepopmanyn. Oco6yl0 OCTOPOKHOCTb NPH LIMXTOBKE
MarHUTONPOBOLOB HEOGXONUMO MPOSIBJISTb K CTaJH TOJILIH-
Hoit MeHee 0,35 mm.

7-2. BIUSAHUE NMOBTOPHOI0 OT)KXHUrFA HA MATHUTHBIE
H 3JIEKTPUYECKHE CBOHMCTBA CTAJIH

YXxyZauleHHe MarHUTHBIX CBOHCTB, CBSI3aHHOE C TEXHOJIO-
THYEeCKHMH ONEepalHUsMH, H3J0XKeHHBIMH B § 7-1, Moryr GbITh
B OJHUX CJydyasix [IOYTH B MOJHOH Mepe, a APYTUX YaCTHYHO
ycTpaHeHO TIOBTOPHBIM OTXKHroM. CHsATHe HanpsiKeHHM
B HakKJ/eNaHHBIX IVIaCTHHAX JIPOUCXOLHUT IIyTeM BO3Bpara H
pekpucTadiu3anuyn. PasnuyaloT aBe crajud BO3BpaTa — OT-
Obix ¥ nosuronusanuio {JI. 7-7} Ilox oTABIXOM NOHHMAIOT
yMeHbIIEHHe TOYeYHRIX JAe¢eKTOB M InepepacnpeieeHne
Aucaokaunuil 6e3 o6pa3oBaHHs HOBBIX TPaHHMIl, a NOJ MNOJH-
ronusauueli — o6pasoBaHyie MaJOYroJbHBIX TpaHul. BHyTpH
3epeH BO3HHUKAIOT HOBble TPaHUIBI MeXAy cy63epHaMu, KO-
TOpHIE HMEIOT MeXJY co00i MaJsylo pa3opUeHTHPOBKY.

CHsiTHe HampsiXKeHHH DyTeM BO3BpaTa NpPOUCXOAUT IpPH
MaJabix Aepopmanusax. I1pu cpaBHUTeabHO GoablMX nedop-
Mauuax (e>2%) npu OTKHIe CTalH TPOHCXOJHT DPEKPH-
CTa/UIM3alysl H BHOBb OOpasoBaHHble 3epHa CBOOOIHBEI OT
HanpsiKeHuH.

{JI. 7-8] nokasaHo, yto npu AedopMauuu ropsue-
KaTaHo# TpaHcdopmaTopHO# cTandu fo 1% u MOBTOPHOM OT-
xure npu 800 °C Ko3puUTHBHAS CHJIa He BOCCTAHABJIHMBAeTCS
J0 NpeXHHUX 3HAYEHMH, YTO BHIHO U3 CJAELYIOMIUX JaHHBIX:

He' alm
[Mocsie oTkura Ha MeTajnypraueckom sasoge . . . . 28
Tlocne xosogHoro oGwatus Ha 1% . ..., 60
Tlocsie noBTOpHOro OTXMra Ha 800—850 °C . . . . 44

[Tpu H3rOTOBJEHHH MarHUTONPOBOJAOB Ha 3JEKTPOMallH-
HOCTPOHMTENbHBIX 32aBOJaX 3HauuTe/]bHas AedopMauus Me-
TaJ/ljla UMeeTCs TOJbKO Ha ydacCTKax, HeNnOoCpeACTBEHHO IIpH-
Jeralomux K JauHuu pe3a 3arortoBku. Ilo [JI. 7-9] 3ona
HaKJena pacnpocTpaHsiercs Ha ray6uny jpo 1 mm. [las
noJioc wupuHOH Gosiee 30 mm 30HA HakJeNa IO CpaBHEHHIO
¢ o6muM 00bEMOM MeTajjila CpaBHHUTEJNbHO MaJia, MO3TOMY
HemoJIHoe BOCCTAHOBJIEHHE CBOMCTB B 30He Aedopmanuu Oy-
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JleT He3HAuHuTe/JbHO CKa3blBaTbCA HA MarHHUTHBIX CBOMCTBAx
Bcero o6bema MeraJsa.

ITo nanneim ¢upmel Cypaxammep (IllBeunsi) cHuKeHue
yIeNbHBIX T1OTEDb IIPH IOBTOPHOM OTXKHTE MJIACTHH XO-
JIOIHOKATaHOH cTanu Mapku M-6 cocraBiser:

HlvpuHa muacTuH, MM . . . . . 30 50 100
CHuxeHHe ynebHbIX no-repb npu I'IOBTOpHOM
oTkHre, % . . . . . 15 9 7.

B 3niuTeAHOBCKHX MOJOCKax WHPHHOH 30 mm ynenbHbIE
IOTEPH MOCJe TMOBTOPHOTO OTXKHIA CHHXKaloTcsa Ha 8—15%.
Ha naacrurax mupuHoii MeHee 30 mm 30Ha HakJ/ena OT pes-
KH HJIM IITAMIOBKH MOXET COCTABJSATh 3HAUHTEJbHYIO YaCThb
oT obmero o6pema Meranna, B ra6a. 7-4 [JI. 3-2] npuso-
IHUTCS MPOUEHT YBEJHYEHUST KOSPLUUTHBHOH CHJIBI U yIEJbHBIX
noTepb B MOJOCKAX WHPUHOH 2,5—10 mm mociie TOBTOPHOTO
orxkura npu 800 °C B TeueHue 2 4.

Ta6nnua 7-4

YBenuueHHe KOIPUMTHBHON CHJIB M YyIeJbHLIX NOTepb, %,
B mosockax mmpuHoi 10,5 m 2,5 MM MO OTHOWEHHIO
K mojockam mupuHO# 30 A nocie NOBTOPHOTO OTMKHIA

Ionocka wupHHOH, MM

M T Ionoca
cram | mera, i | TR | ugpmeh, | T
9330A 0,35 H, a/n 6 35 37 42
Py 5/50. 8M/K2 1,10 27 35 46
I43A 0,35 H,, a/n 22 6 12 18
P1,5/50° sm/Ke 2,20 8 16 21
42 0,5 H, a/n 37 6 8 10
Py 5750 8m/Ke 3,10 7 10 12
212 0,5 H, a/n 50 4 10 12
Pi1 5500 8M/K2 7,00 7 12 15

V3 nauubix Tabda. 7-4 cienyet, 4TO B MOJOCKaX HIMPHHON
2,5 mm He u pisso mocie MOBTOPHOTO OTXKHMICA TIPEBbIILIAET
ucxonHoe 3HaueHHe Ha 40% B XOJOIHOKATaHOH TEKCTY-
poBaHHON cranu ¥ mo 10—20%' B ropsiuekaTaHOM CcTaJH.
3HayuTesbHOE yBeuuenne He U piss0 B Y3KHX IOJOCKAX
XOJIOJHOKATAHOH CTa/M TOCJe MOBTOPHOTO OTXKHra CJELyeT
OOGBSICHUTD CJELYIOUUM: B YJYYLIEHWH MATHHTHBIX CBOMCTB
9TOM CTaJld 3HAUUTENbHYIO POJIb UIPaeT MarHUTHas TEKCTY-
pa, KoTopas fB/JSETCS OYeHb UYYBCTBHUTEJbLHOH K HampsiKe-
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uuaM. JLOCTaTOYHO cKas3aTb, UTO NPH OTKHIE HOJIOC IIHDHU-
HOfi 30 mm c HakJenoM OT pe3KH MarHUTOCTPUKUHUS
HachluleHus cHuxaercs ¢ (8—10)10-6 no (1—3)10-6. Tak’
KaK B Y3KHX NOJIOCKax M NOcje NOBTOPHOTO OTXKHra coxpa-
HSIeTCS HEKOTOpasi 30Ha HakJela, TO 3TO NPUBOAUT K YXYA-
INeHHI0O MarHUTHOH TeKCTyphl. B ropsiuekataHo#l 3JeKTpo-
TEXHHYECKOH CTaJ{ IO 3TOH NMpPHUYHHE He NPOHUCXOAUT YXYI-
IIeHUs] MarHUTHBIX CBOMCTB.

Ec/i¥ npoBOAMTH HOBTOPHBIE OTXKUTH IVIACTHH TEKCTY-
DPOBAaHHOM XOJIOZHOKAaTaHOM cTaju 1pu Gojiee BBICOKUX
TeMneparypax, to corsnacto [JI.-7-9, 1-44] va yyacrkax, npu-
Jeramomyux K JUHHH pe3a, BbIPAcTalOT HOBble Oecrnopspod-
HO ODHEHTHPOBaHHbIE 3€pHa, 4TO [axe He cnocoOCTByeT
HOJIHOMY BOCCTAHOBJIEHMIO MarHUTHBIX CBOHCTB.

B ta6n 7-5 no pauuem {JI..1-44] moxkasano m3MeHeHHe
yIeNbHBIX TOTEPb B XOJIOXHOKAaTaHON TEKCTYpOBaHHOH H
MaJIOTEKCTYPOBAHHOH cTanu mnocie nedopmanuu ¢ g=0,1 u
3% ¥ MOBTOPHBIX OTIKWUIOB MPH pasHbIX TeMIepaTypax.

Ta6avua 7-5

CTemeHb yxXy/[AuweHHMS yHAeabHBIX TOTEPh XOJOMHOKATAHON
cTajau nocje AepopManUM U NOBTOPHOrO OTIHHIa

¥YBenuuenue yaenbHBIX NoTepsb, %,
X pouenT nocsie oTxura npu ¢, °C
apak TepHCTHKA CTaJH nedopma-
unH, %
700 I 800 I 900 | 1 000 1100

TekcTypoBaHHas 0,1 75 25 10 10| 10

3 130 | 50 20 30 40

MarorekcTypoBaHHas 0,1 10 3 —5 | —15| —

3,0 20 8 0 —5| —

B o6pasue XxoJIONHOKaTaHO# cranu ¢ JAedopManued
e=39% npy NOBLIILIEHUH TEMIEPATYypbl TIOBTOPHOTO OTKHTA
¢ 900 no 1100°C ynmenbHble moTepd 3aMeTHO BO3pacTaloT,
YTO CBSI3aHO C yBeJnueHHeM oObeMa 3epeH c¢ 6ecrnopsiaoy-
Ho#l opueHTauueil. B o6pa3nax HeTeKCTypOBaHHOH H MaJo-
TEKCTYPOBAHHOH CTaNu 3a CYeT YKPYHNHEHHS 3epHa NpHU
NOBTOPHOM OTXKHI'€ MOXHO IIOJNYYHTb JydllHMe MarHUTHBEIE
CBOJCTBA MO OTHOIIEHHWIO K HCXOJHOMY COCTOSIHHIO, 4TO Ha-
IJISIAHO BHUJIHO M3 MOCJENHHUX JBYX CTPOK TabJ. 7-5.

DTO MOXKHO IOATBEPAMTH ellle CJAeLyOMUM NPHMEpPOM.
Eciy MenKO3epHUCTYIO TUHAMHYIO CTaJib B I0JOCKAaX WIMPH-
HO¥M 2,5 MM TOABEPTHYTb MNOBTOPHOMY OTXKHIY, TO MOXKHO
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Ta6auna 7-6

Besuunna 3epHa M KO3pUMTUBHAfA CHJIa B ofpasunax
NMHAVMHOK cTasn

KoauyecTno
sepeH Ha 1 mm?| Kospuurus-
X apakTepHCTHKa o6pa3la JIOMmA Y Has cuna, ajm
mauda
Ha MeTa/UIypFHYeCKOM 3aBofie . . . 400 93
Bripeska HOXHHIAMH NOJOCOK Luupm-tou 2 5 um 400 125
Tlosropunift orxur npu 850 °C B TeveHue 2 4 150 73

MOJNYYHTh CHUXKEHHUe KoapanBHon CHJIBI TIO CPaBHEHHIO
¢ HAYAJBWBIM cocTosiHMeM (Taba. 7-6).

B Hacrosimee BpeMsi MIHPOKOE TPUMEHEHHWe HaXOIAT
BHTBIE MarHUTONPOBOMABI, B KOTOPHIX nedopmalus MeTalja
3aBHCHT OT pajuyca u3ru6a u TOJNIMHH JeHThl. IIpu Tou-
myHe JeHTH 0,35 Mm u r=80 MM NMOBEPXHOCTHHIE CJIOH JIEH-
TH - y3Ke GYAYT HCIBLITHIBATH NJIaCTHUECKyl0 nedhopmalnuio,
a BHyTpeHHMe — ynpyryio. OTiuuuTenbHas O0COGEHHOCTb
Takoro Bupa nedopMalnuu COCTOMT B medOpMalUM BCETro
o6bemMa MeTaJsljla, YTO MOXKET NPUBOIUTL K emle OoJee
CYILECTBEHHOMY YXYALIEHHI0 MarHUTHBIX CBOMCTB, UeM TpH
LITaMIIOBKE.,

Mo mauuwim {JI. 7-10] mocsie HaBUBKM M3 XOJOJHOKAaTa-
HOM CTaJu MarHUTONPOBONOB JuamerpoM 20 — 28 mm maxk-
cHUMaJfbHasi MPOHHUIIAEMOCTh CHUXKaeTcsd B 15 pas, a Maruur-
HBle XapaKTePHCTUKH HMEIOT 3HaueHMs, NpelcTaBJeHHbIE
B Tabn. 7-7.

Ta6nuuwa 7-7
MarHuTHEIC CBOMCTBA X0JOAHOKAaTaHON cTaam mocie
Jedopmanum U3rH60M U TNOBTOPHOTO OTIKMra

e Mapaver Tlepmmn ol o™ | g opuatun oy | Momopn oryur
. 4000 — 3 200
oame 49,800 3300 F35 800
SH,, a/m 10,4 17,4 £13,0
Bygoor MmA 1,86 1,20 1,76

HecmoTpsi Ha TO, UTO NMOBTOPHBIH OTKUT NPOBOIHUJICS TIPH
t=1160°C, mosHOro BOCCTAHOBJIEHHs] MAarHUTHLIX CBOMCTB
He moayunsocb. CHHXKEHHE MATHATHOH HHAYKUHH Boso
¢ 1,86 no 1,76 T2 roBopHT TaK e 00 YXyNIIEHWH KpPUCTaJ-
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JIMYeCKON TEKCTYphl 3a CUET pOCTa IPH NOBTODHOM OTXKHTre
HOBBIX 3epeH Cc OecHopsi0YHON OpHeHTauMeH.

Ha ocHOBaHHH TOro, YTO BOCCTAHOBJIEHHe MAarHHTHBIX
CBOHCTB HOCJ€ HaKJela W INOBTOPHOTO OTXKUTa NMPOUCXOAHT
He B NOJHOH Mepe, B [JI. 7-8] mocTaBjeH BONpoC O MIHPOKOM
HCIIOJIb30BAHUH Ha 3JeKTPOMAIIMHOCTPOUTEJNBHBIX 3aBOJAaX
CTa/li HEOTOXKKEHHOH MeTasypruiecKUMU NpeAnpUITHAMH.
OTXHT IITAMIOBOK Yy TIOTpeGUTeNsT IOJIKEH NpH 3TOM Hpo-
BOJIUTLCS 1O PEXHMY, YKa3bIBa€MOMY IIOCTaBUIMKOM.

B coorBerctBuu ¢ FTOCT 9925-61 xosiogHOKaTaHas JeH-
ta tonwuHoi 0,15 —0,08 um B HacTosIlee BpeMsl IIOCTaBJISA-
eTcsi B HEOTOXKIKEHHOM COCTOSIHHH, a Ha 3aBOAax-noTpebH-
TeJsIX MPOHU3BONUTCS BBLICOKOTEMIEPATYPHBIH OTXKHT cepied-
HHUKOB.

B [JI. 4-20] wusyuanuchb YyjAenbHblE IOTEPH U IPOHHIAe-
MOCTb (Mgo U Mmakrc) B JIEHTOUHBIX MarHUTONPOBONAX M3 CTa-
an 3360 tommunoit 0,08 MM, U3TOTOBJEHHBIX IO CJELYIO-
IIMM TPeM BapHaHTaM:

NepBuIfl BApHAHT — JIEHTY, NPOIIEAIIYIO BHICOKOTEMIIEpa-
TYPHBIH OTXKHUI, HaBHBAJH Ha ONpaBKy 0e3 HaTAXKEHHS
H OTXHra/ju ToBTOpHO npu ¢=850°C B TeueHue 4 4,

BTOPOH BapUaHT — JIEHTY, TaKXe IPOLIENIIYI0O BbICOKO-
TEMIEepaTypHBbIH OTXKHI, HAaBUBAaJH Ha ONpPaBKy C HaTsAXe-
HueM 500 xec/cm? W moaBeprasd MOBTOPHOMY OTXKHIY NpPH
850 °C B TeueHue 4 u;

TPeTHH BapuaHT — JIEHTY, He NpOLIeJIIYI0 BHICOKOTEMIe-
PaTYpHOTO OTXHra, HaBHBA/NH Ha ONPABKY C HaTSKEHHeM
500 xec/cm® ¢ HaHeceHHEM TEPMOCTOMKOrO MOKPHITHS M TOM-
Bepraju BBICOKOTEMIEPATYPHOMY OTXKHTY.

Pe3y/sipTaThl M3MepeHHS MaKCHMaJIbHOH MPOHHIIAeMOCTH
Ha MOCTOSIHHOM TOKe ITOJYYHJIHCh CJAELYIOIIHE:

Bapuaunt . e e e 1 2 3
Makcumanbuas npouuuaemocrb .. ... 40000 36000 45000

M3 stux maHHBIX cienyeT, yTo HauGoJblive 3HaAYEHHS
MaKCHMaJIbHOH MPOHHUIIAeMOCTH COOTBETCTBYIOT MarHUTONPO-
BOJly, H3TOTOBJIEHHOMY 110 TPETbeMY BapHaHTY, XOTS pasJu-
ype B IPOHHLAEMOCTH MEXJY NMEePBbIM U TPETbUM BapUaHTOM
apiasercs HeGosabwuM (12%). Tlpu uacrore nepeMeHHOro
noss 1000 ey 370 pasnuune B MarHUTHBIX MPOHHIAeMOCTAX
COXpaHsleTCs. NPUMEPHO TaKHM XKe:

Bapuantr . . . . 1 2 3
MakcumanbHas npouuuaemocm npu qacTo-
remons 10002y . . ., .. ..., .. 23800 21 800 27000
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Yrenbuiie fiorepi npi nosbiileHHON uwacTOTE fiepeMéit-
HOIO IIOJISl TaK¥Ke SBJAIOTCS HaUMeHbUINMU [J51 TPEThero
BapHaHTa MarHUTOIIPOBOJIOB:

Bapwanr . . ... ... . ... 1 2 3
pl,5/500' 3m/l€3 e e e e e e e e 13,9 14,8 12,6
P1,0/1000° em/ke . . . . . . ... 22,2 244 21,5

3aMeTHO YyBeJHYeHHble MOTEPH IJIs BTOPOrO BapHaHTa
MarHHTONPOBOJIOB CJeJlyeT CBS3aTb C IVIOXOH MEXBHTKOBOM
usonsinued. Tem He MeHee u3 pesyJabtartoB [JI. 4-20] BuzaHoO,
4TO NMPHMEHEeHHe HeOTOXKEeHHOH XOJOJHOKATaHOH TEeKCTYpo-
BAHHON JIEHTH Ha 3aBOJLAaX-NOTPeOUTE/SIX C INpPHMEHEHHEM
BBICOKOTEMIIEPATYPHOrO OTKHUTa INPHUBOLUT K HEKOTOPOMY
YJAYYIIEHHI0O MAarHUTHBIX CBOHCTB CTa/JH. YYUTBIBasi 3T0 00-
crosaTesbeTBO, B npoekte NOCT Ha XoJ0QHOKATaHYIO JIEHTY
yCTaHaB/JHBAIOTCS JIBOHHBIE HOPMBI IO MarHHTHBIM XapakKTe-
PHCTHKaM CTajy — B HarapTOBaHHOM HJIH OTOXXKEHHOM CO-
crossiun. O6pasubl, H3TOTOBJEHHBIE U3 CTAJU B HarapToBaH-
HOM COCTOSIHHH, JOJIKHBI Ha 3aBOLax-IOTPeOHTESIX [OJ-
BEpraTbCsi BLICOKOTEMIIEpATYPHOMY OTXKHIY, & H3 OTOXKIKEH-
HOH — Hu3KoTemnepatypHomy (750—850 °C).

Ons cranu 3360A B paspabaTbiBaeMOM cTaHjapre
Bsamen TOCT 9925-61 ycraHaB1uBaeTcsi cjaenylollee pas-
JIHYHe B MAarHUTHBIX XapaKTepucTHKax (rabu. 7-8). MarHur-
Hble XapaKTePHCTHKH CTaJH YKa3aHbl TOCJe BHICOKOTEMIIE-
pPaTypHOrO OTXKHra y IoTpeGHuTe/s.

Ta6numna 7-8

3HauyeHHss MATHHUTHBIX XapaKTePHCTHK XOJOXHOKATAHOH
aeHThl 9360A, nocraBifAeMoOll B HarapTOBaHHOM MJH
OTOYYKEHHOM COCTOSTHMAX

MarsuTHas uHAyKUAs, | YAeabHble noTepu,
© § ma, npn H, aln em/xe
5 3 CocTofHHe JIEHTBI
Eg 40 80 1000 | P1,0/400 | P1,5/400
=&
0,15 | OTtoxoxeHnHoe 0,9 11,2 1,65 7,5 17
Haraprosanuoe 1,1 {1,35 | 1,75 7,5 15
0,10 | OroxxenHoe 0,9 {1,2 | 1,65 7,5 16
HaraproBansoe 1,1 11,35 1,75 7,0 14
0,08 | Oroxoxennoe 0,9 1,2 | 1,65 7,5 16
Haraprosannoe 1,1 11,35 1,75| 7,0 14
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Manoe pasmuuné B ynefipbHbix floTepsax fipy Hdactoté
nepeMenHoro mnojs 400 ey B “JeHTe pa3HOK TOJILMHHL
(0,15—0,08 mm), kak cienyer u3 Iil. 3, OGBACHSIETCS TEM,
YTO CHHXKEHHE IOTEepPb OT BHXPEBBIX TOKOB B JIEHTE TOJILH-
Ho#t 0,08 mm NMOYTH NOJHOCTBIO CKOMIIEHCHDOBAHO YyBeJHYe-
HHMeM noTepb oT rHcTepesuca. IIpu mnoBhIeHHOH dacToTe
Takas KoMmIeHcanus GyaeT NMPOHCXOAMTb B MEHbIIEH cTeme-
HH, YTO BMJHO M3 [aHHBIX, NpPEACTaBJIEHHHX B Tabua. 7-9
(npoexkt 'OCT). ' ’

Ta6banuna 7-9

Yaenpupie norepn npu gacrore 1000 24 xosoxHokaTaHOM
JEeHThl, NOCTaBJAAeMOil B HarapTOBaHHOM HJH
OTOMWEeHHOM COCTOSHHH

TONUMHA JIEHTH, MM CoCTOSIHHE JIeHTH };,‘lleg;’l};g:. ';‘,’n'f,',’;"
0,10 OroxkeHHOE 29
Haraprosausnoe 27
0,08 OTtoxokenHnoe 27
HarapTosanHnoe 25
0,05 OTOxKeHHOE 25
Haraprosansoe : 23

IIlupokoe npuMeHeHHe HaXOAMT XOJOAKaTaHas MaJo-
KpeMHHCTasi JHHAMHasi CTajlb. B OTOXXXEHHOM COCTOSiHHH
OHa SIBJISieTCS OYEHb BS3KOH M IITAMIOBKA IJVIACTHH CJOXK-
HOK (popMBl U3 Tako# cTaau 3artpyanena. Ilo {J1. 7-11]
IITaMIbl M3 HAarapTOBaHHOH JAMHAMHOH CTaJd BblIEpXKUBa-
10T B 2 pasa 6oJbliie y1apoB, ueM U3 otoxxkeHHOH. IlocTas-
Ka 3TOM CTaJu B HarapTOBaHHOM BHJE C HOCIeLYIOUHM
HH3KOTEMIIEPATYPHLIM OTKHIOM Ha 3JeKTPOMAaIIHHOCTPOH-
TeJbHBIX 3aBOAAX HECET 3KOHOMHUYECKYIO BHITOLY He TOJBKO
OT yBeJIHYEHUS CTOMKOCTH IUTAaMIOB, HO H OT MCIOJb30Ba-
HMS B TOJIHOA Mepe MarHHTHBIX CBOMCTB cranu [JI. 7-12].

Uro KacaeTcs XOJOJHOKAaTaHOH TEKCTYpOBAHHOH cTalsH
tosuHol 0,28 — 0,50 mm, mocTaBAsieMOi B BHIE PYJIOHOB
M UAyILEeH IJIs M3TOTOBJIEHHsT TIJIaBHBIM 006pa3oM KPYMHBIX
MarHUTONPOBOLOB, TO €€ KOHEUYHBII OTXKHI Lesnecoo6pasHo
MPOBOJAUTL HAa METAJJNypPruuecKux 3aBoAax.

a) YcnoBust OTXHra CTadn

BriGOp pexuMa NORTOPHOrO OTKMIA IUIACTHI, LITAMIIO-
BOK H JIEHTOUHBIX CeP/IeUuliHKOB 3aBHCHT OT XapakTcpa H cTe-
nenn ux AeopMal¥H, MapKH CTaJlH, ee COCTaBa I0 JerHpy-
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JOLIUM 3JleMeHTaM W TeM MAarHHTHBIM XapaKTepUCTHUKaM,
KOTOphIE HMMeEIOT OCHOBHOEe 3HaueHHe JJIs JaHHOTO BHMJA
u3nenui. .

JJ1si XOIOQHOKAaTaHON TEeKCTYPOBAaHHQH CTaJH, NpPUMEHH-
eMOH B KPYNHHIX MarHUTONPOBOJAX, cefuac IJIsi IOBTOPHOTO
OTKHTa WIHPOKOE MpUMEHeHHe HAXOAAT MPOXOAHbLIE MeyH.
Hamreit  npoMblmIeHHOCTBIO

Buinyckaercs neus OKDB-885  ofF

[J1. 7-13], koTOpas umeer cie- . ’

nyomue - xapakrepuctuxu: 800

MaKcHMaJibHasgs TeMIepartypa . \

800 °C; niuHa neun 28 m; cko- 600 )

pPOCTb TNPOXOXAEHUS IJIACTHH : I . \

7 M/mun, npousBOAUTENBHOCT  4001—F

neun 1,5 7/u. ' . I \
HsmeHenne TtéMmnepatypo 200

1o JJIMHe IeYd NMOKa3aHO Ha , 3

puc. 7-5. Ilommblit uuka or-
JKHra B 3TOH II€YH COCTABJISIET
BCEr0 OKOJO 3 MUM, @ CKO- Ppyc 7.5 Kpusbe Harpesa nia-
POCTh OXJIAXAEHHS IIpH = CTHH TpaHchOpMaTOPHOU CTaJH
=800~-400 °C npumepHO pas- B neun tHna OKB-885."

Ha 24 000 °C/4. Tak Kak OTXur

JIaCTHH B 3TOM TeYd TNPOU3BOAUTCS MOMITY4HO, TO IO
IVIOCKOCTH IJIACTHH NpPaKTHYECKH He BO3HUKAIOT I'paJHeHTHl
TeMIlepaTyp U HHKaKoro kopoGJieHHs MeTasa IO 3TOfl NpH-
YyHEe HeT. '

Urto KacaeTcsi BOCCTAHOBJIEHHSI MaTHUTHBIX CBOHCTB INpH
TAKOM KPaTKOBPEMEHHOM OTXKHIe, TO OHHM BOCCTaHaBJHBa-
IOTCS B TAaKOH 2Ke CTeNeHH, KaK M TIocje OTKHra B KOHTEH-
HepublX meuax. [To paHubiM [JI. 7-14] oTuUr miacTHH TpaH-
cbopmaropa TM 1000/10-A B TIPOXOHHON II€YH CHHXKAET
yaeJpHble nmoTepd Ha 6 — 7%, a TOK XOJIOCTOro X0jJa — Ha
17%.

Cornacho [JI. 1-55] mo wuccienoBaHUI0 AMIITEHAHOBCKUX
o6pasuoB cranu D330—3330A nocie NOBTOPHOI'O OTIKHra
HMeeTCsl CJeLyIolllee CHUMKEHHE YAENbHBIX MOTEPb:

/] 40 80 120 160 cex

CHmxeHHe P1,5/50 IPH OTXKHre B asore, f = 800 ° B TeueHne 2 u-..149%
Cuuxenne py 550 NpA OTHUre B npoxoaHo# meuw, ¢=800 °C
BTEUEHHE 3 MUK . . . . . . v v v v v v e e 13%

BoJibliasi CKOPOCTb OXJIaXKIeHHUsI MJIACTHH IOC/Ie OTXKHTa
MOXKET NpPHBECTH K YBEJHUEHHIO TOTEPb NpPH IJTUTETbHOR
PKCIUIyaTalluy 3a CUeT MPOLECCOB CTapeHus (ri. 5). Yuutbl-
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Basi, YTO XOJIONHOKaTaHasi TeKCTypOBaHHasl CTajlb SBJSETCS
JOCTAaTOYHO YHCTOH MO BKJIOYEHHSM, Y Hee He MOJyyaercs
3aMETHOrO yBeJIHuYeHHs KO3 dHuIMeHTa cTapeHHsl OT OTXKHUTra
B npoxoxHoi meun [JI. 7-15]. TTo nauueim [JI. 1-56] B cranu
9330—3330A K03 GHUHEHT CTapeHHs TO 3TOH NpHUHHE
Bo3poc Bcero Ha 2Y%. Tak Kak IJIUTENBbHOCTb OTXKMIa CTaH
B TIPOXOJHOH Neud HCUUCASETCS MUHYTaMH, TO 3alIUTHAS
atMocdepa B medn MOxXeT OTcyTcTBOBaTh. M3 [JI. 7-14] cie-
IyeT, YTO MOCJe TAKOTO OTXKHUra Ja)ce HeCKOJNbKO yJyduia-
I0TCS  3JEKTPOH3O0JSIIHOHHbEE CBOHCTBa MNMOKpPLITHA. [IpuMme-
HEHHe S5THX imMedeHd I/ OTKHra MaJOTEKCTypOBaHHOH cra-
JIH, TAe MOXKeT ObTb 3HAUUTENbHOE KOJHYECTBO NpHMeceii,
caefyeT npelBapHTeIbHO anmpoOGUpPOBATh.

s niacTHH, KOTOpble OXJaXJaloTcs IauKaMH HJH
CTOMaMH, CKOPOCTb HarpeBa JNo/xKHa OblTb orpaHuyena. Ilpu
6o/MbIIMX CKOPOCTSIX HarpeBa M OXJaXJeHHS BO3HHKAIOT
3HaUMTEJbHble I'PAJHEHTH TEMIEpPATyp MEXKAY OTAENbHBIMU
yuacTKaMM IJIACTHH, UTO NMPUBOAUT K KOPOOJIEHHIO NIACTHH.

OrpannyeHusi 10 CKOPOCTH HAarpeBa M OXJaXkKIeHHS HOJ-
XKHBI TIpeXJe Bcero coG/I0naThCsl MPH BHICOKHX TEMIEpaTy-
pax otxura (¢>600°C), Korna mpenes TeKy4ecTH MeTaJjia
oueHp MaJj. B karanore anrsmuiickoit dupmbl Ctun Komnanu
Yaanc ykaseiBaercs, uto npu =700-+-800°C pjasa miactuH
wupuuoi 20 MM CKOPOCTH HarpeBa MoXKeT cocTaBaATh 30 —
50°C/4, pas nnactuH  wmupuHOM 750 mm — 3—5°C/u.

Yro6nl usbexarb KopoOseHus, mo manueiM {JI. 7-11]
IJIaCTHHBI 110 OTHOLIEHHIO K HarpeBaTeJsiM HeOOXOAHMO
pacnosiaratb TakuM o06pas3oMm, 4TOGHl BCSI NIOBEPXHOCTDb IIIac-
THHBl HaxXoOAWJacb B 30He pPaBHOMEPHOH TeMIepaTyphl.
Oco6GeHHO neperpeBy WJH NEPeOXJaxKAeHHIO MOABEPraloTCs
YIJIBl IJIACTHH, KOTOPble HEOGXOAMMO 3aKPhIBATh C IIOMOMIbIO
OTpaxKalmIux Telto 3kpaHoB. OnruMaJsbHasi CKOPOCTb Ha-
rpeBa W OXJaXKJEHHUs NMpH TMOBTOPHOM OTXKHIe 3aBHCHT OT
npoduss MIacTHH, MAcChl CaiKH, THIOA W MOIIHOCTH IIEUH.

MakcuManpHasi TeMmepaTypa IOBTODHOTO OTXKHUIa AJs
XOJIOJIHOKATaHOH TEKCTYPOBAHHOH CTa/lH C 3JeKTPOH30Jis-
UHOHHBIM MOKPBEITHEM cocTaBaser 790—820°C. OTrxur 3Toi
ctanu npu 6ojiee BBHICOKOH TeMIepaType MOXKeT IPHBECTH K
YXYOIIEHHIO 3JeKTPCU3OASIUOHHBIX CBOHCTB NOKPBITHS.

B HeKOTOpHIX Mapkax ropsitekaTaHoHl TpaHcdopmarop-
Holt cranu (D41—343 ¢ rommuuoi snucra 0,5 mm) umeercs
noBbileHHOe copepXKanue amomunus (0,07 —0,12%). Ecan
MOBTOPHBIH OTXKUI TAKOH CTald mpoBOAUTh mpu ¢>850°C,
TO MOXHO TOJNYYHTb CYLIECTBEHHOE YXY[UIEHHE CBOHCTR.
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IIpn Temmepatype oOTKura poliile 850 °C aqlOMHHHH JIETKO
COeIMHSIeTCSl ¢ KHCTOPOAOM H a30TOM, 06pa3ys yBeJHYeHHOe
KOJIMYeCTBO BKJIIOUEHHE, KOTOpble TOPMO3ST NPOIECCH Iepe-
MarH{YuBaHHs B CTaJH.

B [JI. 7-16} usyuanoch BAUSIHHE TeMINepaTyphl MOBTOPHO-
ro OTXKHra IMaKeTOB CTAaTOPOB 3JEeKTPOABHTIaTeseH, H3TOTOB-
JIeHHBIX M3 auHaMHoN craju. [Ipu Temneparype oTxura
800 °C yneabHBle NMOTepH CHHXKAIOTCS. OoJjee CYLIECTBEHHO,
yeM NpH oTxKHure npu 660 —680°C (raba. 7-10). .

Ta6auna 7-10

Cumenne yJeJbHBIX UOTeph B HaKeTax CTaToOpoB HpPH
DOBTOPHOM OT(MIe IPH PasHBIX TeMuepaTypax

t=660-=-680 °C {=800 °C
I'aGaput
gonratean | APIPy o % 8plp, o' % 8p/p, o % 8pIp, o %
1 17 14 20 16
3 16 11 18 14
6 19 13 17 14
7 — — 17 13

XO0/I0HOKATAHYI0 TEKCTYPOBAHHYIO CTadb TOJIUHMHOH
Menee 0,20 mm, UAYHIYIO A/ U3TOTOBJEHHS JIEHTOUHBIX Mar-
HUTONPOBOAOB C MaJbIM PaJHyCOM KPHBH3HBI, Jydlle NPH-
MEHATb B HEOTOXKeHHOM Buje. OTXKHUT IOTOBHIX MAarHHTO-
NPOBOAOB CJeLyeT TPOBOJUTbH II0 PEXKUMY, PEKOMEHIOBaH-
HOMY MeTaJlypruuecKUM 3aBOAOM. [l/is iITaMIOBOK H
JIEHTOUHBIX MAarHUTONPOBOAOB MaJIbIX Pa3MEpOB, H3TOTOB-
JIeHHBIX U3 OTOXJKEHHOH HeTeKCTYDOBAHHOH 3JIEKTPOTEXHH-
yecko#l ctanu (Si=3-+4Y%) ¢ Maabm coflepKaHHeM aJNIOMH-
Husl (Al<<0,03% ), nOBTODPHBIH OTKUI BO3MOMXKHO TIPOBOAHUTH
npu GoJiee BHICOKHX TeMmneparypax (900 —1200°C) u pau-
TeJBbHBIX BBIJEPXKKaX, UCUHCIAAEMBIX yacaMu, Ecau Hauafb-
HBIH OTXKHUT cTanad mpoBoautcss npu (=800°C, To npu no-
BTOPHOM BBICOKOTEMIIEPATYPHOM OTKHFe MarHMTHBIE CBOH-
CTBa MOryT OLITb 3aMETHO YJYUILIEHHI.

6) Cpena otmxura

Cpena mOBTOPHOTO OTXHra 3aBHCHT OT MaKCHMaJbHOH
TeMIepaTypbl OTXHra U CTPYKTYDHOTO COCTOSIHHSI CTallH,
T. €. OT CTENEeHHU 3aBeplIeHHs NPOLECCOB peKpUCTaJJIN3alUH,
KOJIM4eCTBA BDeAHBIX NpHMecel, cMOCOOHBIX YAaMATbCS HJIH
fmepepacnpejenaTbcsi Npu AajJbHeAIINX TepMHYecKHx obpa-
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6otkax. Jl1s  XOJOJHOKATAHOM TeKCTYpOBaHHOH ctasi
(9330A M-6 u zp. ), collepallel MasJoe KOJHYECTBO NpPH-
Meceit, oTKHraeMoil npu ¢=790--820°C, cpena orxkura 204+
XKHA GBITb HeATpasbHOM ((a30T), a NPH NPHMEHEHHH NPOXOX-
HBEIX Neuell BO3MOXEH OTXKHI B OKHC/JHTEJbHOR aTmocdepe.
OTXHT XOJOAHOKATaHOH CTalH € 3JEKTPOH30JSLHOHHEIM
NOKPHITHEM B CyXOM BOLOpPOZEe He pexome}myeTca u3-3a
paspylLIeHNsi NOKPHITHS.

Oco6enHo 60JibllIOe 3HaueHHe HMeeT cpena OTXHra NpHU
OTXKHTe CTaJH C HeCOBepIUeHHOW CTPYKTypolt. ITo maHHEIM
[JI. 2-15] npu orxure crann 20200 B a3oTHO- -BOJOPOIHOMN
CMeCH y/ieJIbHble IIOTEPH NOJYYAlOTCsiw 3aMETHO HHKe, 4eM
npu OoTXKHre B adore (raba. 7-11).

Ta6auna 7-11

MaruuntHple cBoiicTBa cragu 30200 mpu OTKHre
B pa3HLIX cpefax

YaeabHbe 1OTepH, Bf;llxa .
Temnepa- MarunrHan
Typa oT- 3aluTHas cpea HHAYKLH A
xkura, °C P1,0/50 P1,5/50 Bagoo, M2
750—780 Asor 2,9-—-3,0 6,2—7,0 1,65
. 750—-780 { Cwmecb asora u BO- | 2,5—2,8 |. 5,6—6,0 1,65
nopopa (209%) :

BoJbluoe pacmpocTpaHeHHe IONYYHJ OTKHI B BaKyyMe
npu pasHoi creneHn paspsaxenus (10—'—10-¢ mm pr. cT)),
IIPH KOTOPOM NPOHCXOJAT TaKiKe Mpouecchl papHHHPOBaHUSA
cTajy.

st IMCTOBOM CTanH, He HMeIOIEH 3JeKTPOHU30JISALUOH-
HOTO IIOKPLITHS, IPH TepMHUYeCKoi oOpaboTKe HNpHMeHseTcs
okcupupoBaHue. Tlo naunwnim [JI. 7-17) ontuManbHO! TeMme-
paTypoi OKCHAHPOBaHHS B BO3AYLIHOH aTMocdepe sBJAETCA
650—700 °C c Bblaepxkoil B meyn 15—20 mun. Temmepary-
pa OKCHIHDOBAHHSI CYLIECTBEHHO 3aBHCHT OT COJepXKaHHA
KpeMHHsA. ToJIHHA OKCHAHOH IJIEHKH NPH TaKOM pexHMe
OKCHIHpPOBaHHs COCTaB/sieT 3—5 mKM, a ee 3JIeKTPOU30JS-
I[HOHHBIE CBOMCTBA He YCTYHAIOT JIaKOBOH INVIEHKe.

B ri. 4 nokasmiBaercsl, UTO INpHMeHeHHEe [IJIMTEJbHOTO
HU3KOTEMIIEpaTYPHOTO OTXKHUra B CIa0GOOKHCIHTENIbHOHR cpe-
e (600°C B Teuenne 20 — 40 4) npuBOAUT K 3aMETHOMY
TIOBBILIEHHIO NPOHULAEMOCTH B caabbix moasx. B [JI. 7-18]
Takxke NO0Ka3bIBaeTCs, 4TO NPH OKCHAMPOBAHHH CTaJu NPO-
HCXOOHT yJyuyllleHHe ee MarHHTHBIX cBofictB. Mccnenys
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xo0NofitoKaTaNyio_cranb D310, OHM NOJNYYHAH TOBHIIIEHHE
npouunaemoctd K npn H=08 a/mu 3a cuer oxcuuu-
poBanus B 3 — 5 pa3. Takoe u3sMeHeHHe MarHUTHBIX CBOHCTB
MOXHO OGBSICHUTb YMeHbLIEHHeM KOHIEHTpaluu HpHMecel
U IepexofoM HX B OKHCJAB. OQHAKO yaydlleHHe MarHHTHHIX
CBOHCTB B XOJOJHOKaTaHOH TEeKCTYpOBAHHOH CTaJu TIpH
CO3JlaHMH OKCHAHBIX mieHoK B [JI. 2-40] cBs3biBaeTcsd ¢ Ha-
Be/leHHeM MAarHHTHOH TEKCTYpPbl BAOJb HampaBJeHHs Mpo-
KaTKH.

Takum 06pasoM, NpUMEHss OKCHAHPOBAaHHE MarHHTONPO-
BOJOB M3 XOJOLHOKATaHOM TEKCTYPDOBaHHOH JIEHTHI -NpH
t=600--800°C MoXHO OJHOBPEMEHHO C CO3JaHHEM OKCHI-
HO IVIEHKH YJYYINHTb CBOHCTBA CTaJH, KaK 3TO IOJYyYaercst

H TIPH HAHECEHHH TePMOCTOMKOIO 3/IeKTPOH3O0NALUHOHHOTO f10-
KphiTHs” HaHeceHnme OKCHAHOM IJIEHKH Ha TepMOCTOHKOe
3/IeKTPOH3O0ISILMOHHOE TOKDEITHE yXKe He MOXeT CKOJIbKO-
HHOYAb 3aMETHO YJY4LIHTb CBOHCTBa ctaju. [Ipm maurenn-
HEIX HarpeBax craiu (20 — 40 4) B OKHC/IHTENBHOH cpefe
npu {=600+700°C, onucaHHbX B IJ. 4, NOBHIUEHHE IPOHH-
1[aeMOCTH CBSI3bIBAeTCsI C NepepacnpenejeHueM iIpuMecei
no o6beMy 3epHa. '

B [J/I. 4-13] noxasbiBaercsi, 4TO IVIOTHOCTb AMCJIOKALHH
TIoC/le TAKHX OTXKHIOB 3HAUHMTEJbHO CHHIXKAETCS, a HA IPaHH-
11aXx 3epeH BO3HHMKaeT yBeJH4YEHHOe KOJHYeCTBO NpHUMecei
[TonTBepxeHHEeM mNOCAEIHEr0 #ABJSETCH LAPYroii Xapakrtep
M3JioOMa NpU HCIbiTaHUH Ha Ineperu6. Eciu B o6pasuax, He
NOLBEPrHYTHIX HH3KOTEMIIEpaTypPHOMY OTXKHIY, M3JOM Me-
TajJJla INPOHUCXOLHT He TOJNBKO HAa TIpaHHIaX, HO H HO Teay
3epeH, TO B 06pasiax ¢ JJAHTeJbHBIM HH3KOTEMIIEpaTypHEIM
OTKHIOM — TOJIbKO 11O 'PaHHIlaM 3€peH.

IF'rasa socomasn

U3MEPEHUWE MATHUTHbBIX XAPAKTEPUCTHUK
*3JEKTPOTEXHHUYECKOH CTAJIH
B NOCTOSHHOM MATHUTHOM NOJIE

8-1. OBUIME 3AMEYAHHUS

Xora 3JIeKTPOTEeXHHYeCKasgs CTaldb B 6GONTbLINHCTBE cJyyaeB npefHa-
3Hayaercs MAJst H3rOTOBJEHHS MarHuTonpoBOAOB, HAMAarHuyvBaHue koro-
pLIX NMPOU3BOAUTCSA B II€pEeMEHHOM MArHuTHOM II0Jie, TEM He MeHee Mar-
HHUTHble XapakTepUCTHKH B IIOCTOAHHOM MAarHHTHOM TIIOJe Hrpait
3aMETHYI0O pOJb B OUEHKe KayecTBa 'EMEKTPOTQXHH‘!CCKOF[ crand. Has
TEXHAYECKHX pacyeToB HanGoJiblllee 3HauYeHHe HMeeT KOMMYTAalHOHHAagA
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HAn Ociostast KpubBasi HaMarlirtinsatiug, sBasdmascd reoMetrpHueckim
MEeCTOM BepIIHH CHMMETPHYHBIX LHKJIOB THCTepe3Hca.

OnpezeieHHe OCHOBHOH KDHBOH HaMarHMYMBaHHs NPOU3BOLHUTCS MO-
cJe pasMarHAYMBaHHMsS oOpas3la mepeMeHHbBIM MAarHHTHBIM TOJIEM C ILIaB-
HO yOhIBaolleli aMIVIHTYJAOH, MPH KOTOPOM OCTaTOYHAs MHIYKUHS o6pa-
maercs B Hy/Jb. TeM caMbIM ycTpaHsleTCsl BJHSIHHe NpPedblCTOpUH 0Gpas-
a Ha BHA KpHBOH. [l 3aMKHyTOH MAarHHTHOM LeNH, TOpPOHAAjibHbE
o0paslibl, JIEHTOYHble CepPACYHHKH, pacueT HanpsKeHHOCTH MHoJf, 3, MpO-
uapoputcs B cucreMe CI'CM no ¢opmyne

H=04nlw,/l, (8-1)

rae ! — AAMHA MarHUTHOTO MOJf, CM; @j — YUCJIO BHUTKOB HAMAarHHuH-
Baioueii 06MoTKH; | — cHsia Toka, a.
B cucreme CH HanpsiKeHHOCTb moJsi, a/m, Beiuucasiercs mo ¢op-
MyJse
H=Iw/!, (8-2)

rae [ — ANMHA MArHUTHOTO NYTH, M.

B TopounanbHbix 06pasiax, H3rOTOBJIEHHBLIX M3 H30TPONHSTO B Mar-
HHTHOM OTHOLUEHHH MaTepHajia pa3MarHHYHBAIOILEC TNOJIe PaBHO HYJIO.
B pasoMKHYTHIX o6pasuax BHYTpeHHee MarHWTHOe MoJie CBfI3aHO C BHeLL-
HHM IIOJIEM COOTHOLIeHHeM

H=H.—NJ, ¢ (8-3)

rae N — xoadpHlHeHT pa3aMarHuyuBaHus; J — HaMarHHUeHHOCTb.

Koabduiunedr pasmarHuunBaHuss N IS Tesq HEKOTOPHIX MPOCTHIX
t¢opm ussecren [JI. 8-1, 8-2]. Bo Bcex oCTalnbHBLIX C/Ayyafx OH AOJXKel
omnpellensiThcsl KCIEPHMeHTaabHO. JJsi H3MepeHHs KPHBBIX HaMarHWud-
BaHHA LIMPOKO NpHMeHsieTcst GajancTHueckuit Merold. OcHOBO# MeTona
ABJSieTCA [pUMeHeHHe GalJHCTHYECKOro rasbBaHOMeTpa [Jisi H3MepeHHs
MarHuTHOTO NOTOKA.

8-2. TEOPHUSl BAJININCTHYECKOTO FAJIbBAHOMETPA

Bannncruyecknil rasbBaHOMETp fBJseTCS NPHGOPOM MarHHTO3JCK-
TPHYECKON CHCTeMBl. JIJifl yBeJHYeHHS YyBCTBHTENbHOCTH PaMKa raJbBaHO-
MeTpa MojBelleHa Ha TOHKOM HHTH, a OTCYUeT NOKasaHWii npuGopa mpo-
H3BOAMTCA C TOMOUbI0 CBeTOBOro 3aklunka. OCHOBHONH 0COGEHHOCTBIO
6aHCTHYeCKOrO rajJbBaHOMeTpa fBJseTCss OOJMbIIOH NepHOX KoJebaHHus
ero pamxku (12—30 cex), B To BpeMs Kak Ass oObluHOro rajJbBaHOMer-
pa, npefHa3HauYeHHOTO AJsl H3MepeHHs cJaabbix TokoB (10—8—10-10 g),
€ro BeJIMYHMHA cocTaBjseT 3—b5 cex.

H3BecTHO, YTO NPHU KPATKOBDEMEHHOM HMIYyJabce -(HOJH CEKYHHIH)
yros NepBOro MOBOPOTA PaMKH Ga/lJIMCTHYECKOTO raipbBaHOMeTpa (HJH
OTKJIOHEHHE CBETOBOrO 3aHYHKa MO LIKaJie) NpPONOPLUHOHANEH KONHYeCTBY
3/IEKTPHYECTBA, NPOTEKAIOLEMY Yepe3 paMKy:

an=5sQ, (8-4)

rie Gy — MaxKCHMaJbHbIH YyroJ NOBOPOTA, {efeHHe wWKajbl, S’¢ — yyB-
CTBHTEJIbHOCTb GaJVIMCTHUECKOTO rajibBaHOMeTpa, deserue/k; Q—xonnye-
CTBO NpPOTEKAIOLIEro 3JeKTPHUECTBA, K.

UeM BHILIE YYBCTBHTEJBHOCTb GaJIHCTHYECKOrO raibBaHOMeETpa, TeM
GoJibllle YToJ NMOBOPOTA PaMKH ralbBaHOMETPA NPH NPOXOXKIEHHH yepe3
Hee OJHOIO H TOIO XXe KOJHYECTBA 3JeKTpuHuecTBa. Beawunna, obparHas
YyBCTBUTEJBHOCTH, HA3bIBaeTCs OAaJJHCTHYECKOH IOCTOSHHOM, KyJIOH/de-
JeHHe:

C'6=1/S"s. (8-5)
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ypaaﬂel-me JABUXKEHUA DaMKH raanaHOMeTpa HMeeT BHI:

d
P dt 2+ Wo = i, (8-6)

toe J— MOMEHT MHepUUM NOABHMKHOM CHCTeMbl; P — MOMEHT TOpPMoXe-
Hust; W — MOMEHT KpyueHHS] MOJBUMKHON CHCTEMBI; ‘0. — YroJl OTKJIOHEHHS
paMkH rajabBaHoMeTpa; (D — MarHHTHBIA TOTOK, CUEMJISIOIIHICA C paM-
KOH; { — TOK B paMkKe.

Jnst GasyiCTHUECKOrO rajbBaHOMeTPa IOCJAe NPOXOMXIEHHs KpaTKo-
BpeMeHHoro ummysbca (i=0) ypaBHeHﬂe (8-6) mpuuumaer BuA:

d o
12 P twa o, (8-7)

B 3aBucMMOCTH OT COOTHOLIEHHS xoaq)q)uuuenros J, P u W Boamox-
BBl TPH pexuMa paboTHl rajbBaHOMETpa:

1) P/2]1 >V W/I — anepronuueckuit peuM ABHKEHHS DAMKH:
2) P/2] =V W/T — kpurnuecKuit pexcuM IBHNMEHHT DPAMKH;
3) P/2] < YV W/I — nepuonuueckuit pexuM ABHKEHHS PAMKH.
3Havenns J u W gBASIOTCA NOCTOSHHBLIMHM JJisi NAHHOTO rajbBaHoO-
MeTpa, a MOMEHT TOPMOMXeHHSi P B 3HAuUHTeJbHON YACTH OTpelessIeTcs
MOMEHTOM 3JIEKTPOMarHHTHOIO TOPMOXEHHUS
. o
P=—w——F5 8-8
Ree T e (8-8)

rae Rr— conpoTHBJeHHe raibBaHOMeTPa; Rp.r-— CONPOTHB/EHHe BHell-
Hel Llenu rajbBaHOMeTpa; P — MOMEHT TOPMOXCHHS.

Conporusierne Ry.r, TIPH KOTOPOM
BBHINOJIHACTCA BTOpPOE YCJIOBHE, HasbiBa-
€TCA KPHTHYECKHM COIIPOTHBJIEHHEM Rl(. g—
B 9TOM Cjyyae paMKa rajibBaHOMETpa
ocJjie OTKJOHEHHA Ha MAaKCHMaJIbHOe .
IeNeHHe BO3BpAlaeTcss B HYyJeBoe IO- []

JIOXeHHe, He mepexons ero. IIpm Rp.r>
>Ry MOMEHT TOPMOXKEHHS yMEHbIUAEeT-
c4 M paMKa raJbBaHOMETpPa COBEepIIaer
saTyxamollee KoJebGaresbHOe IBHKEHME,

INpu Re.r<Rx rajbBaHOMETpP HaXOAHUT- T \AAS
cs B nepeycnokoeHHoM cocrosinuu. Co- —
oTHomeHue (8-4) cnpaBennHBO AJS JIIO- S VY—

6oro pexuMa paGoThl rajJbBaHOMeTpa.
Jlerko moxkasaTtb, 4TO OT COOTHOLIE-
Husi Q=C’gan MOXKHO TIEPEHTH K 3a-

BHCHMOCTH
AD=Coan. (8-9)

U3 (8-9) cnenmyer, uto ueMm meHblIe
Ce, TEM TIDH OJHOM U TOM XKe H3MeHe-
HMH MarHuTHOrO NOTOKa 6GyneT GoJblue
OTKJIOHEHHE CBETOBOI'O 3aifyHKa rajbBa-
HoMeTpa.

Ha puc. 8-1 nokasana npunummu- Puc. 8-1. Ilpunumunuampuas
anbHas CcxeMa YCTAaHOBKH, TIle NyTeM cxeMa O6aJLIMCTHYECKOH ycTa-
OBLICTPOro M3MEHEHHS CHJBl TQKA B Ha- HOBKH.
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MarHuyuBaoieli o6MOTKe CO3[aeTcsi H3MEHeHHe MAarHMTHOrO MOTOKa
B o6pasue AD, KOTOPOE BHI3HIBAET COOTBETCTRYIOLIEE OTK/IOHEHHe GaJiu-
CTIYeCKOro raJjibBaHOMeTpa.

8-3. TPAILYUPOBKA BAJNJIHCTUYECKOIO0 TAJIbBAHOMETPA
-

Ilpn H3MeHeHud MaruuTHoro noasi or +Hy Ko —Hy MarHuTHBIH
notok B o6Gpasue H3MeHsiercsi Ha 2@y. Ecan u3MeputenbHas 0O6MoOTKa
COCTOHT M3 Wp BHTKOB, TO

A®D == 2Bsw, == Cqay; }
B = Cqo/(2w,5),
rie s — ceueHue obpasua, cu? (M2); Co — GaLNHCTHUYECKASA NOCTOSIHHAA,
mxc/Oenenue (86/0en); B — marHuTHas HHAYKOUs, 2¢ (T4).
I'panynpoBka. GaJyIHCTHYECKOrO rajbBaHOMETPa NPOH3BOAMTCH C IIO-

MONIbIO KATYWIKM B3aMMHOH HHAYKTHBHOCTH IO cXeMe pHC. 8-2.
B cucreme exunnuy CI'CM

AD == MAT- 108 == Cqng;

(8-10)

(8-11)

rae A® — mxc; Ce -— mrc/dene-
HHe.

B MexnyHapopHoit cucreme

enuany CH

MAI
AD-=M A=Cyoy; Cs-=—"
Om

rae AD — 86; Cs — 86/0erenue;
M — B3auMHasg  HMHIYKTHBHOCTb,
2H; Al — M3MeHeHHe TOKa, Das-
Hoe 2/, a.

Jlns rpafyupoBKH 6aJsIHCTH-
YecKOro rajbBaHOMeTpa OGbIYHO
NPUMEHSIETCSl KaTylKa B3aHMHOH
HHAYKTHBHOCTH ¢ M=0,01 en.
Puc. 82. Cxema GauicTuuyeckoli — KaTYlIKa MHIYKTHBHOCTH OGLIMHO
YCTAHOBKH IJIs ONpefeJeHHs kpu- MOHTHpYercs B obuieir cxeme Gau-
BO/l HAMAarHMUMBaHWs W LAKAa ru-  JHCTHUECKOH ycraHoBK:  (pHC.
cTepesHca. 8-2). Korpa nepexmouarens [Ty

CTOMT B TOJIOXeHHH [, TOX oOT

o HCTOYHHKA INHTaHHS nocTynaer
B TNEPBUYHYIO OOGMOTKY KAaTYIIKM B3aHMHOII HHAYKTHBHOCTH. Bropuunas
00MOTKa KATYIUKH B3aHMIION HMHIYKTHBHOCTH BKJIOYaeTCH IOCTEN0BAa-
TeJbHO CO BTOPHYHON OOMOTKO#l o6pa3una. DTHM HOCTHUTaercsi ‘TOCTOSH-
CTBO CONPOTHBJIEHHSI, HA KOTOpOE 3aMKHYT raJbBaHOMETP NPH TpaiyH-
POBKE !l MATHHUTHBIX M3MEPeHHSX. :

Cama KaTylika B3aMMHOH HHIYKTHBHOCTH JOJXHa GBITh OTHeceHa
ila paccTosiiMM Hc McHee 1 M OT HaMarHWYMBAIOWEro YCTPONCTBA, XKe-
Jie3aHblX MpeAMEeTOB H IIOCTOPOHHEeH 3/eKTponpoBoAkH. Ecau usMepeHus
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NPOU3BOASATCA B OTKPHITOH MarHUTHOH LeNH, rie HMeTcs GoMbIIHe noas
pacceMBaHMsl, TO TIDH H3MEDeHHH MATCHHTHHIX CBOMCTB BTOPHUYHYIO OOMOT-
Ky KaTyWIKH B3aHMHOH HHIYKTHBHOCTH H3 llellH rajibBaHOMeTpa JXeja-
TeJbHO BHIKJIOUHTb, YBEJHYHB COOTBETCTBYIOLIUM 06pa3oM CONpOTHBJIE-
HUe BTODHYHOH LenH.

I'pagyHpoBky O6aMIHCTHYECKOTO rajJbBaHOMeTpa TNpu paGoTe - Ha
annapare JmiUTeifHa CJelyeT NMPOBOLHTb Ge3 BJIOXEHHOTo ofpasla, Tak
Kak npH GOJIbIIOM YHCJe BHTKOB H3MEPHTENbHON OGMOTKH, HAMOTaHHBIX
Ha ofpasell, CKa3blBaeTcs ee HHAYKTHBHOE CONPOTHBJIEHHE H OTGPOCH
ralbBaHOMeTPa NpPH 3TOM HEeCKOJbKO YMEHbILIAIOTCA, a GaJrHCTHYeCKas
MOCTOSIHHASL CTAHOBHTCS ‘GOJbLIIE.

Ilpn sToM omm6ka B ompeleleHud Cs MOMET COCTaBJATL GoJjee
10%. Oast TopompanbHbIX 06pasioB NpH TPaLyHpPOBKe CAeLYeT BMECTO
H3MepuTeJbHOH OOMOTKH BKJIOYaTb B LeNb rajlbBaHOMeTpa paBHOe el
conporHBienne. OnpeneneHne GaqJHCTHYECKONH NMOCTOSIHHOH C/efyeT Tpo-
BOXUTh TaK, 4YTOOBI IIOKa3aHUs TrajbBaHOMeTpa JeXalu B npejenax
1/;—3/, wactu wKanbl. Ecau wKkana sBasieTcss NPSIMOJHHEHHOH, a He
H30THYTO! 1O OKPYXKHOCTH, TO CJeAYyeT BBIYHTAThb H3 OTGpOCA rajbBaHO-
MeTpa TONpaBKy

Ao =3[3L2, (8-12)

rie o — oTGpOC MO MPAMOJMHEHHON IuKasne, MM, L — paccrosHue MeXny
3€pKaJibleM rajbBaHOMeTpa H mKaJIOﬁ, MM.

v Ta6auma 8-1
BenuqnHa Ao AJAS pasjHYHBIX 3HAYeHHH o u L

a, mm
L, um
100 200 250 300 | 350 | 400.
1 000 0,3 2,6 5,0 8,5 13,3 19,5
1 500 0,1 1,2 2,3 3,9 6,1 9,1
2000 — 0,7 1,3 2,2 3,5 5,2

B Ta6a. 8-1 NPUBOIATCS -3HAYEHHS MOMNPABKH Aa nns Tpex 3Haue-
HUi L ¥ mecTty 3HayeHHl a.

Ecnn nocne yuyera nompaBKH Ao 3HaueHHs 6annncmqecxou 10-
CTOSIHHOM TrajJbBaHOMeTpA, ONpeJesleHHOH NPH OXHOM BHeLIHeM CONpo-
THBJEHHH H Da3HBIX. OTKJIOHEHHAX €, OTIHYaloTcH Gosmee ueM Ha 1%, TO
I‘aJIbBaHOMeTp CledyeT 3aMeHUTb HJH IIPH pacueTrax HCIOAb30BATh rpa-
¢uk 3navenus Co=f(a).

Hpﬂ OlipeneJIeHHH BCel KpHBOH haMarHu4yuBaHHA, Kormaa Mal"HPI’l‘Haﬂ
HHAYKUHS H3MeHsfeTcs or 1Q~% T4 K0 HaCHIeHHS, 'Heooxoummo HU3MEeHATh
YYBCTBHTEJNbHOCTb OaJVIHCTHYECKOH YCTAHOBKM B HEeCKOJbKO pas. 1o JA0-
cruraercs AByMs crnoco6aMH: Ha o6pasell HAaHOCAT HECKOJbKO H3MEpH-
TeJbHBIX OGMOTOK C PAa3JHYHBIM YHC/IOM BHTKOB, H3MEHSIOT YUYBCTBHTEJb-
HOCTb OaJITHCTHYECKOTO rajbBaHOMETPA INyTeM WIYHTHPOBAHHS €ro. HJH
BBEJEHHUS IONOJHHTEJLHOTO CONPOTHBJEHHS B LeNb rajbBaHoMerpa. IIpu-
MeHeHHe TOTO WJIH HMHOro cnocoGa 3aBHCHT OT KOHKDeTHHIX YCJIOBHH, HO
IIpH ONpefesieHHH Bcell KDHBOM HaMaTHHYHBAHHA OGHIYHO NMPHMeEHSIOT 06a
criocoba.

Ilpn BBefleHMH IOMOJHHUTEJbHOrO COTPOTHBJEHHS B lenb rajJbBaHO-
MeTpa H3MeHfleTCs PeXUM ero paboTHl, TOTAA KaK IIPH IIYHTHPOBAHHH
pexHM paGoThl MOXET COXPAHHTBCH HEM3MeHHbIM. IIpH IMYHTHPOBaHHH
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rajbBaHoMeTpa JO/RKHBI GbITh BBHINOJHEHH YC/HOBHS: GajsHCTHYECKAs mo-
CTOSIHHAsl BO3pacTaeT B n pas; CONPOTHBJEHHe, HAa KOTOpOe 3aMKHYT
raJbBaHOMETP NOC/]e IIYHTHPOBAHHS, NO/KHO PaBHSATHCS CONPOTHBJIEHHIO
BTODHYHOfi liemH -(6e3 CONPOTHBJEHHS TraJbBaHOMeTpa) N0 IUYHTHPOBA-
HUSI; obliee CONPOTHBJIEHHE rajbBaHOMETPa M LIYHTHDPYIOUIHX CONPOTUB-
JeHHil paBHO BHYTPeHHeMY CONPOTHBJIEHHIO rajbBaHoMerpa Rr. Torza
pacueT CONMPOTHBJIEHHS IUYHTa NPOH3BOAMTCA mo dopmynam (puc. 8-3,a)

n(R+ Ry nR,—R . - nR—R,
—1 y Fe == nr+l ’ razﬁo (8-13)

1=

TO€ i, Iz, r's— COTPOTHBJIEHHA B LENH rajbBaHOMeTpa; Rr — BHYTpeH-
Hee CONPOTHBJEHHE DPAMKH rajbBaHOMETPa; 7 — CTeNeHb LIYHTHPOBAHHS,
R—conporuB/eHHe, PaBHOEe CyMMe COTPOTHBJEHHH H3MEPHTENbHON 06MOT-
KH M KaTyWKH B3aHMHOH MHIYKTHBHOCTH, a Takxe 106aBOYHOrO CONpO-
THBJIEHHS, KOTOpOe BBIGHpaeTCs M3 YCJIOBHs, YTOGH CyMMa 3THX TpeX CO-
NPOTHBJIEHHH OblJla GBI HECKOJBKO GOJbllle KPHTHYECKOTO CONPOTHBJIEHHS.
Ilpn BbINONHEHMH NepPBHIX ABYX YCJIOBHI IIYHTHDOBaHHMS, KaK NOKa-
sao B {[JI. 8-4], MOXHO OrpaHHYHTbCS [ABYMs CONPOTHBJIEHHAMH
(puc. 8-3,6 u 8). Pacuernrie popmysbH B 3TOM cayyae HMEIOT BHA:
NpH yCJAOBHH rg=0

n=srr R n=(—DR
i
. (8-14)
Ui ! -
) IpH YCIIOBHH ry == 0
1 n—1
s % n=p R =7k

Lo R Lo R l-o R (8-14a)
a 9 é) ‘ IIpenMyIecTBO  pacueTHbIX

coorHowenui (8-14) cocrour B
TOM, YTO BeJHYHHLI CONPOTHBJeE-
HHUIl ry, rz ¥ r's HE CBSI3aHBI C BHY-
TPEHHHM CONPOTHBJIEHHEM Tajlb-
BanoMerpa. HauGonee ynoGHOM a1 MPAaKTHYECKHX HeJed fBJSAETCH CXe-
Ma BKJOYEHHS] IIYHTHPYIOIIHX CONPOTHBJEHHH, H300pa){eHHas Ha
puc. 8-3,6.

Hna crpororo cobniofesus ycaosuit (8-14) Heob6xoaumo TOYHOe
onpeleneHye CONPOTHBIeHHH 7y, rz ¥ rs. Korma n=50+100, To.ry, 12
H rs MOryT 6bITb OYeHb GOJBLINMH WM, HA060POT, MajbIMA, YTO IHPHBO-
IHT K HETOYHOMY BHTIONHEHHIO ycaoBHil (8-13). Jlns peskoro CHHXKeHHS
YyBCTBHTENbHOCTH rajbBaHOMeTpa Jyuylle HATH 1O NYTH YMeHblUIEHHS
4Hc/a BUTKOB H3MEPHTEJbHOH OOMOTKH.

Puc. 8-3. Cnoco6bl 1IYHTHPOBaHHA
6a/lJIMCTHYECKOTO TraJjbBaHOMETpa.

8-4. PASMATHHYUBAHHUE OBPA3LI0OB NMEPEJN W3MEPEHHUEM

HamepeHne OCHOBHOH (KOMMYTAaIlMOHHOH) KPHBOH HaMarHHUMBaHHs
cllefyeT NPOH3BOAHTh Ha NpefBApPHTENbHO pasMarHuyeHHslx oGpasuax.
PasmarununBanue o6paslia COCTOMT B CBEIEHHHM K HYJIO €r0 OCTaTOYHOH
HHAYKUMH. DTO LOCTHraeTcs NyTeM HaJOXeHMs Ha oOpasel 3HaKomepe-
MeHHOrO MarHMTHOTO NOJIf C aMIVIMTYJAOH, MIaBHO yOblBalolled OT He-
KOTOpPOro MaKCHMaJbHOrO 3HayeHus A0 HyJs.
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B TOCT 12119-66 (Cranp saekTpoTexHuueckas. Meronu ompefese-
HHA MarHMTHHIX ¥ SJEKTPHYeCKHX CBOMCTB) YKasaHH CJAEAyIOLlHe ycJo-
BHSl Pa3MaTHHUMBAHHUS:

OG6pasen nomemaercsi B nepeMeHHOe MarHATHOE IOJe 4acToTol 50 2y
¢ yOuiBaiomiel TNPaKTHYECKH JO HYyJAs aMIauTyaol. MakcuManbHas

ol ds

—ill

T

y Lo Il
Puc. 8-4. Cxema
pa3MarHuuuBalolle- '
O anmnapara. R Hamaewuyu-
A Garwwee
yempodcmbo
v

aMIVIATYJa pasMarHHYMBAIOLIEr0 MO/ JOJXHA NPeBHINATb KO3PLUHTHB-
Hy1©o cuay MaTepuana Gosmee weM B 50 pa3. KoHeuHas aMnauTyZxa, npH
KOTOpO# paspbiBaeTcsi UeNb pa3sMarHM4MBAKOIEr0 TOKa, He IOJ/IKHa
npeBbimate 0,1 a/x. U[lpu  onpemejeHHH  KpHBOZ  HaMarHH4H-
Banua npu H=1000 a/x obpa-
sell He pa3MarHHYHBaeTCH. ma |8 l 1 l
Ipr  wucnbiTaHuM B NMOAAX <L <
MeHee 1 a/ BpeMmsi, B TeueHHe = e | 7 N N
KOTOpPOro aMIJIMTyJda pa3MarHH- 74.,,]"
yHBaIOUlero noJjs  y6miBaeT IO )
HyJas,, JOJMXKHO OHTb paBHO
2 mun. ¥\
Ilpu n3mepeHuH KpHBOil Ha- 12 <
MarHuuHBaHusi B obaacTtH, COOT- ~
BETCTBYIOLLEH HanNpsSXKEeHHOCTH ~
noJisi MeHee 1 af/m, o6pasusl noJ- 0 7
JKHLI BbIJEPKHBATbCA MOCJE pas- \ 2’
MarHMYMBaHHSA B TeueHHe 24 «, \
NpU HCHOEITAHHAX B NOAAX, GOJb- &
mux 1 a/m, BpeMs BBIAEPKKH MO- 8 ~—
KeT 6biTh yMeHbIneHo 10 10 mun. ¢
Bo Bpemsi marHuTHoi nogro-
TOBKM 06pasua M NpH H3MepeHH- 0 20 40 mun
fIX HONXKHB  OBITb MHCKJ/IOUEHHI
MeXaHHuYeCKHe BO3IeHCTBHA: TpS-
cKa, BHOpanuusi, ymapel # T. A
BrJoueHne riepeMeHHOro Io-
J4 IJs pa3aMarHuuuBaHus obpas-

Puc. 8-5. Bumsnme yciaoBuii pas-

MarHMYHBaHHA ([OJIHOTO M HEMoJ-

HOr0) Ha BpeMeHHOH cHaj INpOHH-
naemoctu (H=0,8 a/m).

————— — Dpa3MarHH4YuBaHHe IIOJIHOE;
a NpOH3BOAHTCA C IIOMOLIbIO — — — — pa3MalHHYHBAaHHE HEMOJHOE;
nepekJiouatenss [7; Ha cxeme 1, 2 — noMepa 06pasmos.

pHc. 8-2. YMeHblUEHHe aMILIATY-

OBl TIEePEMEHHOr0 MNOJA XKeJaTeJbHO HPOH3BOAHTL NyTeM H3MEHEHHS
B3aHMHOA HHIYKTHBHOCTH OOMOTOK TpaHcdopMaTopa ¢ BHIIBHXKHHM
marnuTonposogoM. Ha puc. 8-4 nokasaHa oxHa M3 cXeM TaKoro amna-
para. MaruutHas NpPoOHHIAEMOCTh B CJaGbIX H CPeRHHX MOJAX ImOCHe
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Pa3MarsNYHBAHHA BHIIE, yeM Ge3 pasMmarHuuuBaHus. OQHaKo B o6pas-
nax C O6Oo/bUIHM BPEMEHHBIM CIIafloM HDOHHIAEMOCTH IIPH HENOJHOM
pasMarHuuuBaHHM 00pasua, MarHHTHas HHAYKUHA, WU3MepeHHas CIyCcTH
HeKOTOpoe BpeMs, Oyler MeHblle, yeM B oOpaslie C IOJHBIM pa3MarHu-
yuBaHueM (pHc. 8-5).

8-5. ONPEJEJEHUE MATHUTHOH WHAYKUHUH
BAJIIHCTUYECKUM METOJOM

Jasi OXHO3HAYHOTO ONpeReJieHHsl TOYeK KDHBOM HaMarHWYHBAaHUSA
H3MepeHHs MX HeoGXOAMMO IPOBOJUTbL uepe3 OnpejeseHHOe BpPeMs MOCHe
pasMarH4yuBaHMsl, yKasaHHoe B NpexblAylleM naparpade. YcTaHOBHB
B HaMarHHYMBAwoUlel IeNH TOK, COOTBETCTBYIOLIMH 3aXaHHOMY TOJIO,
NpPOU3BOAST MATHATHYIO TNOATOTOBKY: mepekjaiouarens [1; (puc. 8-2)
NEepeKu/blBalOT He MeHee 10 pas a/s KaXIooro 3HayeHus Toka. [lanee
PpasMBKalOT ka4 K; ¥ npu nepekaioueHHu I3 NMPOU3BOAAT OTCYET IO
IKajge raibBaHoMerpa. Takoe H3MepeHHe NPOU3BOAAT He MeHee 3 pa3
Y 32 OKOHYaTe/NbHBIH pe3y/nbTaT NPHHUMAIOT CpPelHee apHdMeTHuecKoe.
3aTeM 3aMBbIKalOT K04 K;, yCTaHAaBAHBAWOT 3HayeHue I, COOTBETCTBYIO-
ee GoJblieil HaNPSAXKEHHOCTH MATHATHOTO IO/, U ONMepalus H3MepeHH:
TIOBTOPSIETCS B TOH 2Ke IOC/IeLOBaTeNbHOCTH.

KoMMyTHpoBaHue TOKa Mepel 3aMBIKaHHeM Kiwoua K; npousBomuTcs
IS NONYuYeHUs] YCTAHOBUBLIMXCS 3HaUeHMH MHAYKuuH. B obnacru caa-
ObLIX TIOJIEl 3TO YC/IOBHME BBINOJHSIETCS He COBCEM CTPOTO: OTKJIOHEHHe
PaMKH rajgbBaHOMeTpa BO3pacTaeT C YBeJAWYeHHEM uHC/Ia KOMMYTAalUHH
TONIs, YTO HAXOAUTCS B 'COTIACHH C MaTepuanamu ra. 4. s moayyeHus
BOCINPOM3BOAUMBIX 3HAYCHHH MHIYKUUHM B 06/acTH C1aGbIX MoJel JOJK-
HO OLITb CTPOro ONpeleJeHO YHCJAO KOMMYTAlHMil TOoKa, a TakxXKe perJa-
MEHTHDPOBAHO BpeMsI H3MepeHHsS KaXJOH TOYKH KPHBOH HaMarHHYMBaHHA.

Ecnu uamepuresbHas o6MOTKAa He IVIOTHO NpHJeraeT K o6pasuy, TO
3HaueHMe MHAYKUHMH, HaligeHHoe u3 cooTHouweHus (8-10), Gyner 3asbllue-
#o. Ilpu nepek/aoyeHHH TOKa H3MeHeHHe IIOJHOTO MAarHMTHOrO NOTOKA
B 3TOM CJjyyae PaBHO:

AD=ADo6p +AD5.5, (8-15)

tae AQz ; — 3HayeHHe MATHUTHOTO NMOTOKA B BO3JAYLIHOM 3a30pe MeXAy
06pasloM ¥ H3MepUTeNbHOH KaTyUIKOH.

Bbipaxasi MarHMTHHIA NMOTOK Yepe3 MAarHHTHYIO MHAYKUMIO M Hamps-
JKEHHOCTb MAarHATHOTO IO M TOACTaBassi ero B (8-15), noayuaem
B cucreMe exurun CHU

Bo6p=Buam—poH (Sosm/Sosp—1), (8-16)

rae Mo=4m - 10-7 en/m.

Onpedenenue Kpusol HAMASHULUBAHUS
Ha TopoudarbHolx 06pasyax

[Tpy nOCTPOEHMH KPUBBIX HaMarHHYMBAHHS HEOOXONHMO 3HATH H2
BHeWIHee TI0Je, 4 BHYTDeHHee MarHuWTHoe noje B obpasue. s TOpoH-
HanbHBIX 06paswoB BHEMIHee TMOJe PaBHO BHYTPEHHEMY H pacueT ero
MoxeT ObiTb mnpoussedeH no (8-1), ecam mmpuHa TOpoHAa Mana Mo
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OTHOLUIEHHMIO K ero jAuamerpy. Ilnsi TOpOMAANbHEIX 06pasioB COOTHOIIE-
uue (8-1) mpuBoaHTCA K BHLY:

B cucreme CI'CM, 5, H=04n/w,/l=02]w:/R; (8-17)
B cucreme CH, a/m, H=Ilwi/l=Iw1/2nR. (8-17a)

B Tex cayuwasx, Koria LWIMPHHA TOPOHIA NO OTHOLIGHHIO K CPelHeMY
AuaMeTpy 3HayWTeJbHa, YHCIO BHTKOB Ha EQHHHIY IJHHbH BHYTDeHHeH
OKPY2KHOCTH 3aMeTHO 0oJibllle, YeM Ha BHeLIHeH, YTO NMPHBOAHMT K Heol-
HODOAHOCTH MOJSi MO IMpHHe Topomiaa. Ha BHyTpeHHeli uyacTu Kosblia
HaTIPSIKEHHOCTb TOJs HaHGO/BINAS, a Ha BHellHelf HamMeHbmas. Omnpe-
HeseHne CPefHell HaNpSXKEHHOCTH, @M, MArHUTHOTO INOJS IPOH3BOAHMTCA
no opmyae

R&
H 1 5‘ Tw, . Tw; 1
Rl

H=p—%") o=k R="2n R—=R," (8-18y
In (Ra/R;)

rae Ra — pagnyc HapyXHOH OKPYXHOCTH, M; R; — pagHyc BHYTpeHHER
OKPYXHOCTH, M.

—R, :
OrHowenne ﬁ Ha3biBAlOT CpefHErapMOHUUECKHM paIHyCOM.
n (Ry/R;)

MarsnHTHas MHAYKUMA 1O IUMDHHEe TOPOHAA TaKXKe HEOQHOPOJHA, M
TIPH H3MepeHHsX onpellelisieTcsl ee cpefHee 3HayeHHe. Tak Kak 3aBHCH-
MOCTb MAarHHTHOH HHIYKUHMH OT MNOJAS 3HAUHTENbHO OTJIMYAeTCA OT JH-
HellHOH, TO KpHBasi HaMarHHYMBAHHA TOPOHIAJbHBIX QGPasLOB OT/IHYAET-
Cfl OT HCTHMHHOH KDMBOH HaMarHHYHBaHMS, HaXe KOrAa HanpsXKeHHOCTb
MaTHHTHOTO NOJS BbIpa)KeHa He TOJbKO mo (8-17a), Ho u mo (8-18).

B rta6n. 8-2 npuBOAATCA MOrpeLIHOCTH B ONpelesNeHHH HHAYKUHH
BAs Kojel M3 cTand 43 C pasjiHyYHBIM OTHOLIEHMEM MX IUMpUHH d
K cpenseMy nuameTpy Dcp, NpH ONpeleseHHH MarHMTHOro noJs mno ¢op-
mynam (8-17a) u (8-18).

Ta6auna 8-2

[TorpewHoOCTh B ONpejeJeHHH MAaTHMUTHOH HHAYKUHH
B KOJbUEBOM o5pasue crajn 343 npu pasiHYHBIX
3HavyeHusax d/D

TlorpemwHocTs, %, B ONpeaeseHHH MarHUTHOH HHAYKIHH
d/Dc'p Paanyc TIPH Pa3/HYHBIX ee 3HaYeHHsX, M.

0,02 0,1 0,2 0,5 | 1,0
1/8 | Rep +1,0 | 42,0 | 41,0 40,5 —
1/8 | Riapm 40,5 | 41,0 | +0,5 — —
1/4| Rep 45,0 | +10 +6,0 +2,0 —
1/4 | Reapu +2,0 | +3,0 +1,0 | —1,0 —
1/2 | Rep +30 445 421 45,0 | 41
1/2 | Riap +11 +16 —2,0 | —3,0 | —1,0

B
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s Tabn. 8-2 cremyer, 9To ANS IUHPOKUX KOJIEL AaxKe NPH HCHONb-
30BAHAH CPEXHErapMOHMYECKOrO pPajMyca MOTPelIHOCTb B ONpedeleHHH
HHIYKUHH sIBAsieTcs 3aMeTHoH. [lns o6pasnoB XOMOLHOKAaTaHOH TEKCTY-
pOBaHHOH CTand, HMeowWell ©osee BBHICOKYI0 I[POHHUAEMOCTb, ueM
cranb D43, NONKHO YCTaHABIMBAThCA ewle GOJee MKecTkoe TpeGOBaHHe
ans otHoweHuss dfDeyp. )

IlpuMeHeHHe INTaMIIOBAHHBIX TOPOHIAJBHBIX 06pasloB BO3MOXKHO
TOJIBKO I/l H30TPOMHOM cTanu. [ aHH3OTPONHON CTaAM ILHPOKOE NPH-
MeHeHHe HaXOMAT BHTHle CePAEYHHKH, K KOTOPHIM B DaBHOM CTENEHH OTHO-
CHUTCSl BCE CKAa3aHHOe 3JeCh.

Maenutnas yenv ¢ Bude ksadpara

B HacTosiulee BpeMs NpPH H3MePEHHSIX LIHPOKOE NPHMEHEHHe HaXo-
IAT MAarHuTHas Lenb B BHAe KBaJpara, COCTABJEHHONO M3 MAaKeTOB TIO-
JIOC NPH COeJHHEHHWHM HMX Ha yriaax BHaxjectky (puc. 8-6). Ilpu Takom
BHAe COOPKH IIOJIOC B 3HAUHTE/Nb-
HOH CTeneHH CHHIKAeTCHd MarHUTHOe
COMPOTHBJEHHE Ha YIJax TNakera
H HanpsiXXeHHOCTb MAarHHTHOTO NOJS
MOXEeT ObITb OmpejeseHa C Y4YeToM
HeGOJIbIIOr0 H3MEHEHHS AJHMHbI Mar-
HHTHOrO NyTH. MOXHO CUMTaTh, YTO
npH  c6OpKe MOJOC  BHAXJECTKY
HHIYKUMS B YIVIOBBIX 4YacTAX Mar-
—>{30 le— HHTONPOBOJA B 2 pasa HHKe, ueM

B OCTaJbHBIX YYacTKax, a HaMe-
HeHHe HAaNpSKEHHOCTH MAarHUTHOro
moast KoJebJercs B IUMPOKHX IIpe-
280 nenax.
ITo npanubiM (JI. 8-3] orHouwe-

HHe HanpsXKeHHOCTH NOAS Ha yriax
K HanpsiXKeHHOCTH B CpejHeii uacTH
makera B o006sacTH caabbix moJel

ABJsieTcss GMH3KHM K 1/2; B obaacru

Puc. 8-6. Maruutiias uens s pu-  “anCoJblued nuddeperunaIbHOM
Ie KBajgpaTa mpH c6opke mosoc  APOHHUAEMOCTH —K I, a B o6aactu
BHaXJIeCTKY. HACHILEHHS COCTABJIIET COTHIE H Thi-

CAYHbIE IOJH €IHHHLbI. 310 TIIPHBO-

JMT K Pa3JH4YHOH pacyeTHOM JJHHe
MAarHuTHOIO NYTH AJfA pa3HblX Yy4acCcTKOB KpHBOﬁ HaMarHH4YMBaHHUA. KpO-
Me TOro, yuer aHH30TPOINHH B TeK‘CT)’pOBa'HHOi»'[ CTaJH JONOJIHHUTEJNbHO
H3MEHAET pacyeTHY0 MJIHHY MArHHTHOrO NyTH. ﬂJli[ OJIOCOBBIX 0‘6[)33-
0B, YJOXKEHHLIX BHAXJECTKY, AJAHHY MAarHuTHOro MyTH MOXHO npeacra-
BHTb Bblpa>KeuHeM

lep=ly+!Igom, (8-19)

rae lo=0,88 # gas monoc nmauHoi 0,28 M; lo=1,88 # ana nosoc AJMHHON
0,53 M; lgon — NAONONHHTEJbHAA NJIHHA MACHMTHON CHJIOBOH JIHHHH, M,
YUMTHIBAIOILASl NMOTEPH H. C. B YIVIOBHIX YacTAIX MaryUTONpoBOAa, 3Haye-
HHS lgon mo TOCT 12119-66 npuselenbl B Tabu. 8-3.

ITo nopmam ASTM (CIIA) 3HauyeHHS IJMHBI MArHUTHOrO NMYTH MJIA
obpasioB aauHoil 0,28 # ykasannl B Taba. 8-4.

HM3Mepenne KpuBOH HaMariMuMBaHHS npu cOopke moJoc BHAX/IECTKY
1IpOM3BOJAHUTCS Ha ofGpasuax Maccoit 1 x2 (B MajoM anmapare dmuuTeil-
Ha) uan Maccoi 10 ke (B Gosbiom ammaparte DmiureitHa). [Tapaverpnt
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Ta6nuua 8-3

3HaveHHA NONOJHMTENbHON JNJIHHHI MAarHHTHOTO TyTH
IJA HeTeKCTypOBaHHOH M TeKCTypOBaHHOH craJeit

!gons # Lpon: #
Hanpsxen- Hanpsxen-

HOCTb NOJIA, Herekcty- | Tekcry- HocTb mnons, | Herekcry-| Tekcty-
ajlm poBaHHafg | pOBaHHAasA a/m poBaHHas poBadHasg

cTanb cTajb cTanb cTajb

5000 u Gosee 0,00 0,00 100 0,09 0,10

2500 0,00 0,03 70 0,09 0,11

1000 0,03 0,07 50 0,09 0,11

500 0,05 0,08 20 0,09 0,11

200 0,09 0,10 10 1 MeHee 0,07 0,11

annapara 1as o5pasuoB Maccoit | ke u anuHoit noaoc 0,28 # mo I'OCT
12119-66 pekoMeHAYIOTCA ChaefyIOLlHe: BHYTPeHHHe pas3Mepbl KapKaca
0,032X0,020 #; nnauHa naMoTku 0,185 #; unc/i0 BHTKOB HaMarHHYHBalo-
uet O6MOTKH: mepBasi CeKUHS — 4 BHTKA, BBINOJIHSETCH B BHAe 4eThipex
MeOHbIX THAb3 ToamuHoi ot 0,2 mo 0,3 maM, pacnooXeHHBHIX IO JJHHE
Kapkaca, rHIb3bl MMeloT 3a30pbl OT 2 g0 3 MM, mo ofe CTOPOHBI 3a30pa
MIOANAKUBAIOTCA INATh BbIBOJOB, PABHOMEPHO PaCHOJIOXEHHBIX MO IJIHHE
KapKaca; BbIBOJbl Ha KaXJOH rHJjib3e COeIHHSIOT MeXAy coboi, o6pasys
HAuajo M KOHell OJHOI0™ BUTKA; BTOpas ceKuus — 160 BHTKOB; TpeTbs
ceKuus — 740; yuC/IO BHTKOB M3MepHTe/IbHOH OOMOTKH: nepBasi ceKUHS —
2000; Bropas cekuusi — 160; TpeTbs cexuus — 40.

Ta6nuuna 8-4

JavHAa MarHHTHOrO NMyTH MJISA MarHUTHOH uenw
upu pa3mepax mnoaoc 0,28>0,03 »

T I u Cnat6oe LM CusbHOe
HIl CTanH cP none, a/M cp nose, a/m

HerekcrypoBannas kpeM- 0,96 0—320 0,88 320—8 000
HHUCTas CTalb
TekcrypoBaHHast —KpeMHHU- 1,00 0—80 0,92 80—8 000
cTas crajib

HamepeHue KpPHUBOIl HAMarHHYHBAHHS TOPOHAAJbLHBIX HJHM M0JOCOBHIX
06pa3noB NPOH3BOAMTCH Ha YCTAHOBKe, CXeMa KOTOpOil moOKasaHa Ha
puc. 8-2. Bmecto nByx amnepmerpoB A; u A; MOXHO UMeTb ONMH MHO-
ronpefenbHblii NpHOOP M BCe H3MepeHHs NPOBOJHTH .NPH PA3OMKHYTOM
kmoye K,. IIpu BbIMOJHEHHM BceX YCJIOBHUIl, M3J0XeHHbHX B § 8-1—8-5,
ONpenesioT CHIYy TOKAa B aMinepax NPH 3aJaHHOH HANpPSMeHHOCTH Mar-
uutHoro mnoas no (8-1) wmau (8-2). 3HaueHHsT MArHUTHOH HHAYKUHHM Ha
KOMMYTALHOHHOH KPHBOIl Onpele/siOT, HAYHHAS C HAaHMEHbIUEro 3Haye-
Hust HanpsixeHHoctH noas. Ilo FTOCT 12119-66 norpewnocTs onpepese-
HHS MarHHTHOH HHAYKUMH M HanpsiXKeHHOCTH NOJS GaJIHCTHYECKHM Me-
TOJOM He NOJIKHa npesblwath 3%.
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8-6. MIPUMEHEHUE NMEPMEAMETPA /151 OMPEAEJIEHUA
KPUBON HAMATHHYUBAHUSA

Ilnsi u3MepeHHsl KPHBBIX HaMardH4YHBAHHS JIUCTOBOH 3/IEKTPOTEXHH-
4ecKoi CTanu NPHMEHSIOTCSl TaKXKe nepMeaMerpbl. CXemaTuueckoe H30-
Gpaxenne nepMeaMeTpa mnpeicTaBieHo Ha puc. 8-7. O6paseu B BuIe
NaykH NOJIOC BCTaBJseTcAd B Ka-

) TYLIKY, 8 KOHIBI NOJOC 3aXKHMa-
. 1orca spmamu. Tak kak o6pasel

COCTOUT M3 HECKOJIbKHX II0JIOC,

TO TIPH Nepexoje MardHUTHOro Io-

2 roxa ¥3 OLHOH MOJOCH B IpYryio
3 W [anee B SIPMO CO34aeTcs 3a-
y MerHoe MarHuTHOe CONPOTHBRIe-
HHe, 'KOTOPO€ MOXeT INPHBECTH
% 5 4 K 3HAYHTeJbHOMY CHHXKEHHIO HC-
2 THHHOrO MarHHTHOro mno.as B 06-

7 pasue. INosToMy npu H3MepeHHH
KPUBO{ HaMarHH4YMBaHHA B Inep-

MeaMeTpe HanpsiXKeHHOCTb Mar-

/////// HUTHOTO noJs cCJlenyet OHPERC-

. JIATh 3KCIEPHMEHTaJbHO C 1No-
MOLUBIO H3MEpPHTEJbHbIX  Kary-

Puc. 8-7. Cxema mnepmeamerpa. LIeK, AaTYUKOB XOJ1a WM HHLIM
1 — o6pa3sen; 2 — ApMO; 3 — HaMarHuui- crnoco6om.
Bawlllafs KaTyluka; 4 — M3MepHTeJbHas anHanHaanag cxema 6aJ-

KaTyllKa; § — KaTyllka QJsi H3MepeHus

o, JIHCTHYECKOH YCTAHOBKH NIJI1 H3-

MepeHHsl KPHBOH HaMarHHYMBa-
HHSl C HEeNOCPeACTBEHHLIM H3Me-
PEeHHeM HanpsixKeHHOCTH MoJs npuBegeHa Ha puc. 8-8. Karymwka aas
onpefieJieHHsl HaNpSXKEHHOCTH NOJS JOJ/KHA NepeMellaTbCs Ha MOBEpX-
HOCTH 06pa3ua B LleHTpe HaMarHuuuamwolei o6MoTku. CeueHHe OGMQTKH
JJIS M3MepeHHs WHIYKUHMH JOJ/DKHO ObITb GNH3KMM K ceueHHl0 oGpasua.
WsMmepeHne MAarHuTHOH HMHAYKUMH H MOJS HeoOXOXMMO NpPOBOIHTH
npu OXNHON CWJe npHxKaTHa obpasua k spmy. Ilns nepmeaMerpa, moka-
3aHHoro Ha pHc. 8-7 c pasmepamu obpasua 0,500,030 x wu_ Mmaccoil
1,25 ke, kak sto npepycMmorpeno I'OCT 802-58 mas usMepenust Bjooo,
M3MeHeHHe CHYIBI NMPHXKHMa o6pasua K sSpMy NPHBOJAHT K 3HAUHTEJbHOMY
M3MEHEHHI0O HCTHHHOTO moJasi B ob6pasue (ta6a. 8-5).

Ta6auua 8-5

BausgHye cTeneHH UpHaTHA ofpasua K ApMy B nepmMeamertpe
Ha MCTHHHOE MAarHHMTHOe mojne B obpasue

HanpskenHocTb nons, a/m

C o’pasnom
Bes oSpasua
He 3axar Cnado 3axaTt CHJILHO 3a)KaT
500 155 240 394
1 000 332 700 833
2 500 1 900 2 280 2 340

Ins o6pasuos Gosblledl Macchl 3TO BaHsHHe ycuauBaercs. [Tocae-
LOBAaTeJbHOCTb ONepaluii H3MepeHHs KDHBOH HaMarHMYMBANHS CJAedylo-
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mas. Ilocne ompenenenust GaJuIHCTHYECKOM IIOCTOSIHHOM M pa3MarHuuH-
saHds oOpaslia NPHCTYNAOT K H3MePEeHHI0 KPUBOH HaMarHHYMBAHHMS.
CHauana G6aJJHCTHYECKHil TrajibBaHOMETP COEQHHSIOT C KaTYIUKOH MJIsk
onpejesieHust MOAs M NOLGHPAIOT NyTeM YBeJHYeHHS TOK, NPH KOTOPOM
or6poc rajbBaHOMeTpa G OYAET COOTBETCTBOBATb 3aJlaHHOM HANPSIKEH-
HOCTH 1OJISl, a/M, BHIYHCJEHHOH no ¢opMyJe

Choy

H = —m’ (8-20)

rae ksw — NMOCTOSIHHAsE H3MepPHTeNbHOH KaTYWKH noas, Mm%, onpejeseHHast
paHee B OXHOPOAHOM MAarHUTHOM IlOJle C HM3BeCTHOH HaIPSXKeHHOCThIO;
Cu —mocrosHHas raipBaHomerpa, 86/Jesenue, NpH 3aMbIKAHUH €ro Ha
H3MepHUTebHYIO KaTyWKY NOJS.

Janee 6annucTHYeCKHH rajJbBaHOMETD COeNMHSIOT C KAaTYIUKOH INJist
H3MepeHHsi MarHUTHOH HHAYKUHH M NIPH (PHKCHPOBAHHOM 3HAUEHHH TOK&

M

ATP

Pnc. 8-8. Cxema 6aNJHCTHUCCKOH YCTAHOBKH O/ ChEMKH KDH-
BOIl HaMariH4yHBaHHd C OONOJHHTEJILHON KaTyWKOH Wy mis
onpeneaeHus MoJsd.

onpefenisiioT 3HayeHHe a.p. YBeIHUYHBasg TOK, MOAGHPAIOT HOBOE 3HAUEHHE
¢y M T. X. DTOT cnoco6 H3MepeHHs NpUMeHseTCs NpPH HeGOJIBIIOM KO-
JINYecTBe OTpefleNisieMbiX TOUEK KPHBOil Hamarnuuusauus. Ilpu ompepnede-
HHM KPUBOIl HaMarHWYHBaHHS B LIHDOKOM JHaNa3oHe MHIYKUHMH ClelyeT
NPUMEHATH BTOPOH crocoG: NPH NPOH3BOJbULIX BeJNHYHHAX CHJIBI TOKa
ONpefle/IIIOT 3HAYEHHS Gy M OB U IO HUM BBIYHCISIOT HANPSKeHHOCTh
MarHUTHOMO TOJS H COOTBETCTBYIOILYIO €My MAariHTHYIO MHIYKUHIO.

8-7. ABMEPEHHE MATHUTHOA HHAYKUUH
JAUPOEPEHLUAJIbHBIM METOJJOM

Ilpn wu3MepeHWH KXpHBOM mHaMarHMuyuBaHus B oOaactu 2 500—
30000 a/m mupoxo npuMeHsercs AuddepeHnHanbHBII METON, NpemJo-
xenupti JloukuuesoM. IIpHHUMNHKAJbHAA cXeMa [Js M3MepeHHs MarHuT-
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HOW HMHAYKUMH 3THM METOAOM mpeicTaBleHa Ha puc. 8-9. IIpu usMene-
HUH HalpaBJ/IeHHs TOKa B HaMarHMYMBAIOWUX OOGMOTKaX HCOBITYeMOTO
obpasua ¥ o6pasna C H3BECTHHIMH CBOHCTBAMH TPOMCXOAAT H3MeHEHHS
marautHoro moTtoka (A®. um A®y), Gnarogaps ueMy uepes rajbBaHO-
MeTD MNpPOTEKAIOT KOMWYecTBa 3/eKTpuuecTBa (AQx u AQw)

AQn=ADN[(Rn+R:); AQ:=A®:/(Rz+Ry), (8-21)
rie Ry U Ry — COMPOTHB/IeHHS B LENMH HCHBITYeMOro o6pasma M o6pas-

Ua C H3BECTHBLIMH CBOHCTBAMH; R — CONPOTHBJEHHe PAaMKH ajbBaHOMe-
Tpa; conpoTHBJeHHsI Ry H Ry 3HauuTenbHo Gosbie Ry, mo3TOMY BTOpOI

TLLLLLLLLL
=
L
LTI
>

i

—JJ

pe) O

Puc. 8-9. Cxema H3MepeHHs MarHHTHOH MHAYKUHH Aud-
¢depeHuHaTbHBIM MeTOgOM TO JIOHKHLEHY.

wieH B 3HaMeHaTede (8-21) MOXHO ONyCTUTb. YUHTHIBAs, 4TO ceueHHe
ucnbITyeMoro o6pasua M o6pasua c W3BECTHBIMM CBOHCTBAMH OZHHAKOBBI
(Sy=S8+=S), OKOHUATENbHO MOJYYHM:

AQx=BxS/Rn; AQz:=BS/R, (8-22)

rie Bx u By — 3HaueHHs MAarHMTHON HHAYKUMH HCOBITYeMoro o6pasua
C H3BECTHBIMH CBOIICTBaMH.

Ecau ycraHoBHTb conmpoTdBienue Ry B n pas 6osbuie, ueM By, To,
M3MeHsisi COMpOTHUBJeHHE R, NpPH NepeKkNIOYeHHH MO0Jsl, MOXKHO JOOHTbCA
pasenctBa AQx=AQy. Ilpu 3ToM cTpesxka ranbBaHoOMeTpa He OTKJIO-
Hsercd. M3 3toro paBeHcTBA chneqyer, YTO MAarHHTHAasi HHAYKLUHSA
B ofpaslie YHACJICHHO PaBHA COMPOTHBJIEHHIO

B.=Rx/n. (8-23)

Ecan MarHuTHas HHAYKUHS BbIpaxkaercs B Teciax, To n=10% U3
{8-23) umeem:

B =10"%R.. (8-24)

HaMepeHne MarHHTHOH HHAYKUUH JOHPPepeHHHANbHEIM METOAOM
OGbIYHO TIPOH3BOAMTCS Ha o6pasuax B BHAe KBajApara, cOOPaHHOro
BCTHIK, KaK 3TO NPHHATO NPU ONpEjeNEeHHH YAeJbHBIX NMOTepb Ha AHG-

¢depedunanpHoM annapate JnmreiiHa. [Ipu c60pKe mosoc BCTHIK HEH3-
0GeXHO HMEIOTCH BO3AYILHbIE 3a30Dbl MeXJY MAaKeTaMH, YTO MOXeT npd-
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BeCTM K PAa3HOH HAMpPAXKEHHOCTH IO B KaTYyIIKax C HCIBITYEMBIM
-06pasuoM H 00pa3LOM € H3BECTHBIMH CBOHCTBaMH.

MarnuTHBIE NMOTOK AJS UenH ¢ H. ¢. Jw, cogepXalueil yyacrox
Xeneaa MIHHOH [, NPOHMIAEMOCTBIO W, CeYeHHEM S, H BO3AYLIHBIH NPO-
MeXyTOK MiHHOH d M ceuenueM S;, BeIpaxaerca dopMynoi Iomkurcona

Tw

© = T wnS) F /S (8-25)

npuHuMas S = S;, noayuum:

S !
® - ol w

l 1 + dp/t’

® Jw dp 1!
H=m—T[1+T] .

TIpn Masoft JJIHHe 3a30pa 1O CPaBHEHMIO C JJIMHON MATHUTHOMH llenH
BbIpaXKeHHe B CKOGKAaX MOXHO Das/oXUTb B PAA M OTPAHHUHTHCH IBYMS
fnepBHIMH  UJEHAMH passioxenus. Torla HampSXKeHHOCTb MAarHUTHOTO

noJiA pasHa:
/ d
H = - (1 — —li) (8-26)

U3 anannsa (8-25) caenyer, uto auddepeHunabHblii cnocob omnpe-
JeJleHHs] HHAYKUHH Ipu cGOpKe MOJOC BCTHIK LENeCcoO6pasHO NMPHMEHSTh
TONBPKO B CHJIBHBIX MAarHHTHBIX MOJSX, TAe MAarHUTHas NPOHHIAEMOCTh
cpaBHuTenbHo Mana. Ecnu npu onpepenennu Bjspy XOMOXHOKATAHON Tex-
CTYDOBAHHOH CTaJM H3-3a HEHIEHTHUYHOCTH CTHIKOB 00pasiuoB oOIMOKa
8 uaMepeHuH Biso0 Moxer cocraBaste 1—2,0%, To aas Biooo—5—7%.

8-8. ONPEAEJIEHHE CTATHYECKHUX LIHKJIOB
TF'HCTEPE3HCA H KOSPLLUTUBHOH CHJIbI

Jns cbeMKHM LHK/IOB THCTepe3uca IpHMeEHseTcs cXeMa puc. 8-2.
OnpeneJieHie BepIUMHbI LKK/JIA [IPOH3BOAUTCS INPH 3aMKHYTOM Kaoye Ko.
C noMolpio Ipynne peoctatoB R, mo ammepmerpy A; ycTaHaBaHBaeTcs
Tako# TOK [m, NPH M3MEHEHWH HANpaBJEeHHS KOTOPOro ONpemensoT Bu
¢ nomowpio (8-10). IlpoMexyTouHble TOUKH LHK/JIA ONPENENSIOTCA C II0-
mowpio knoua K, peocrara R, um amnepmerpa A, [lpu pasMbixanun
kmoua K» cunra toxa yMeHbmaercs ot Iy mo [y, npu 3ToM or6poc ranib-
BAaHOMETP2 COOTBETCTBYeT H3MEHeHHIO MarHHTHOH HHIyKuuu (puc. 8-10)

. AB]‘=CGC¢M/MZS. (8-27)

Ilanee nepekunbiBaloT nepekioyarenb I[T; u onpepensiior AB,, a npu
3aMblkanuu kmoda K, duxoupyor snayenue AB;. Ilpu ToM Xe monoxe-
uuu peocrara R, ompenensior 3nauenus AB’y, AB’y u AB’; (puc. 8-10)
Ha BoCXcislieit BeTBM uukjaa. [IJs CHMMETPUYHOTO LHMKJIA THCTepe3Hca
JOJIXKIIO ObITh:

[ABy|=[AB’;|; |ABs|=|AB"|; |AB;s|=|ABs|.

. YyuTHIBasi, YTO OTK/JOHEHHS raJbBaHoMeTpa B JIEBYIO H MpPaBylo CTO-
POHLI OT HYJIEBOTO IOJOKEHHA IIKAaJbl MOryT GBITb HEOJHHAKOBBIMH, Cie-
ayer 6pa’1’b cpedHee 3HAaYeHHEe U3 HECKOJbKHX HSM&‘pEHHr{

Bn ¢p=(AB,+AB5) (2, (n=1, 2, 3).
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C noMowpblo peocrata R, ycTaHaBJIHBAIOT HOBOe 3HAuYeHHe TOKA
Is<ly, 3ambikaloT Kz, MPOM3BOASIT MAarHHUTHYIO NOATOTOBKY, M ONlepauys
H3MepeHHsi TOueK LHMKJIa THCTepe3nca MOBTOpPSeTcs.

Vi3MepeHne UMK/IOB THCTepe3nca ¢ NOMOIIbIO YKA3aHHO!H Bhillle cXe-
Mbl M3-3a BAMSIHMS HCKDBl TPH Iepek/ioYeHHs GOJBIIONO TOKa MOXeT
NPUBECTH K HEKOTOPOMY CYXEHHIO LHKJa TrHcTepesuca. Ecau cxauxu
noJsi NPOBOAMTH TOJBKO C TOMOLIBIO 3aMBIKAHHS KJIOYel, To HCKpa He
o6pasyercsd. OqHa H3 TaKUX CXeM,
rae BpeqHOe BJIHSIHHE  HCKDH
ycTpaHeHo,  MpelJIOXKeHa B
{JI. 8-4].

B T'OCT 15058-69 (Mare-
pHuasbl MarHUTO-MArKHe. MeToan
HCNBITAHHST B TIOCTOSIHHBIX MOJISIX)
npepJaraercs NpoU3BOIUTh ONpe-
IeseHNe TneTesb THCTepesynca Mo
cxemMe pHC. 8-2 npH HECKOJbKO
JIPYro¥l Noc/aef0BaTe bHOCTH OIle-
palyy Mo OTHOUIEHHIO K ONHCAaH-
HOil BhIlE, HO He CBOGOAHOH OT
aTHX HepocraTtkoB. Ilpu ompene-
JIECHHH KO3DUHTHBHOH CHJBI NO
F'OCT 15058-69 pexkomeHayercst
OCYILECTBJATL CJAEAYIOLIYIO T0-
C/IeI0BaTeNbHOCTh ONEepauuilt no
cxeme puc. 8-2.

Puc. 8-10. Onpenenenne Touek cra- PeoctatoM R; 1pH 3aMkmy-
THYECKOTO IHMKJA THCTEDE3HCa METO- oy kuaoue K yCTaHABJAHBAIOT
JLOM TNEepeKJIOYEHHH. 3HayeHHe TOKAa, COOTBETCTBYIO-

ulee HanNpsXKEHHOCTH noast M.
ConporuBnenne  peocrata R JHOMKHO GbiTh HAaHMEHBLIHM.

Viamensas HanpasienHe TOKa mnepexkmawouatenem ITs, onpenensior
OTKJIOHEHHE YyKa3aTess TajJbBaHOMETPA Ci.

ITpn 3amxnyroMm nepekmouarene I1; pasmbikaoT kmou K, u miasHo
YMeHbIIAIOT HAaMarHHYHBAIOUIHA TOK DEOCTaTOM N0 BO3MOXHO Majoro
3navenus (H<H.).

VamensiloT HanpaBjeHHe TOKa nepekaiouarteieM [I3 W yBeJUUHBAIOT
TOK peocTaToM R,, ycTaHaBJuBasg 3HaueHHe ToKa /'3, COOTBETCTBYIKOLLEe
npumeprnoMy 3Hauennio H<H. u 1”3, coorBercrByomee H>H., xoapuu-
THBHasA CHJa onpenessercs no gpopmyne

w

H V& I_,Ll”f" S "
¢ =77 3+a'3—a”3 5 —a 3) . (8-28)

8-9. ONPEAEJEHHE KO3PLUHUTUBHON CHJIbI
METOIOM CBPOCA

Hna onpeleneHHs KO3PUUTHBHON CHABlI HA OTHEJBHBIX NOJOCKaX
npHMeHsieTcss MeToJ cOpoca, KOTOPbIHi COCTOHT B CJeLYIOLIEM.

Omnpasa 1 (puc. 8-11) c BJIOXeHHBIM B Hee 06pasuoM 2 yCTaHaB-
JHBaeTcs B KaTyWKy & Tak, 4yTo6Gbl NOJOCKA HaXOAMAach B LEHTPe Ka-
tymxd. C ApPyroro KOHL@ KaTYIUKH BCTaB/seTcs H3MepHTeJbHasd KaTyll-
Ka 4, coenWHeHHas ¢ OaJJIHCTHYECKHM rajbBaHOMeTpoM. OTHOLIEHue
INMHBL o0pasua K IJIMHe KAaTyIIKM AOJMXKHO ObITb He MeHee TpeX. ITd
KaTymka N0JXKHa cBOOOJHO HaleBaTbCsl M CAepruBaThcs ¢ obpasua, He
3afgeBas ero. ITosToMy ceueHHe KaTyIUKH MoXeT GbiTb B HECKOJbKO pa3

204



Gosbue cevenust obpasua. [lepekmouarenem [T, npoussoASAT MarHATHYIO
fI0ATOTOBKY.

Korna nepekniouartenb /Iy HaXOmuTCS B nonoXeHuu [, peocTaTom
R, ycranaBiuBaercst TOK, COOTBETCTBYIOIIHII BHEIIHEMY MOJIO KATYIIKH
He MeHee 20 000 a/x. Janee peoctaToM Ry HAMATHHYUBAIOMIHA TOK CHH-
#aeTCsi 10 BO3MOMHO Masoil BeJHYHHBl. HanpsiKeHHOCTb MarHHTHOTO
NoJsl IpH 3TOM JOJKHA ObITb He
Gouee 20 a/m. anee nepexmoya-
Teab [1y yCTanaBiMBaeTcsi B IO-
noxenne 2. HampsixeHue axky-
MyJsiTopHo#i 6aTapeM H MakCH-
MasbHOe COMPOTHBJIEHHE peocTa-
Ta R2 JOMXHO OBITH TAKMM, YTO-
6bl HanpsXKEHHOCTb MarHHTHOrO
noas Gblia OBl He 6Gojee 3 afm.
Ilpu mnepekmiouennu [T, moMKHO
GbITh  0GecneyeHo H3MEHeHHe Ha-
TIpaBJ/ieHusl MOJSI B KaTyLIKe. =

VCTaHOBUB HEKOTOPOe OTpPH- T 7,
narenbHoe nose —H4, coeprusa-
10T Katymky c o6pasua. [Tycrs I
IpU 3TOM OTKJIOHEHHE IO LIKaJe 1
ranpBaHoMeTpa paBHO Qi. YBe-
JIMUHBAst OTpHLATENbHOE TI0J€
no —H,, cHoBa chepruBailT Ka-
Tywky ¢ ofpasna u MnoJaydaioT
or6poc @z  Ecaum  3Hauenue
a;<a; ¥ oTO6poC rambBaHOMeTpa GBI B Ty 3Ke CTOPOHY IUKAJBl, TO
Hy<H. YBeruyuBamoT 3HaueHHE OTPULATEJIbLHOTO NOJS OO TAKONO 3Ha-
ueHHUS, TIPY KOTOPOM OTKJIOHEHHe GaJIIHCTHUECKOTO rajJbBaHOMEeTpa GblIOo
6Bl paBHO HyJO. 3HaueHUe BHEUIHEro MATHUTHOTO TOJS, TPH KOTOPOM
a=0 (B=0), cooTBeTCTBYeT KO3DUMTHBHON cHIe obpasua. Ilpu cbpa-
CLIBAHHK H3MepHTeJbHAs KaTyIUKa He JOJKHA BbIXOAHTb U3 30HBI OJHO-
PORHOTO NOJS KAaTYLIKH, a ee KOHeYyHoe NOJOXMeHHe MOJIKHO ObITh BHE
chepsl aeiicTaus moas oGpasua.

Tak kak B 0OGJAaCTH KOIPUUTHBHOH CUJIBI MAarHUTHAs HMHAYKIHUA
M3MeHsleTCs] OuYeHb KPYTO TO KPUBOH, GJH3KOH K {PSMON, TO BO3IMOXKHO
NpOM3BOOUTb ONpelesneHrue IBYX 3HAUEHHH O — OLHOTO TIONOXHTENBHOTO
@4, a BTOPOr'O — OTPHUATEJHHOTO G2 TPH ABYX 3HAUEHHSAX TOKOB [, H
I,. KospuuTtuBHyio cuiy, a/M, BHIUHCASIOT M0 GopMyJe

H, :kH [Il+(lz_ll)—_aal—]’

1T g

Puc. 8-11. Cxema onpelenesus
KO3DUHTHBHON <CHJBI B OTKDPHITOH
MarHUTHOH LienH.

rie Ry — MOCTOSIHHASL CoJieHOMAa, M1,

-Ecnn mpu chepruBaHWM KaTylwku obpasell NOABepPraercs BCTPSAXH-
BaHMIO, TO 3HaueHuss H. MoryT GbiTh 3aHMXKeHbl. [lo3TOMy NpOBOAHTH
onpejieieHle KO3DUMTHBHON CHJIBI 3JeKTPOTEXHUYECKOH <CTad INyTeM
BLIZePTHBAHUS 06pa3la U3 U3MepHTEJNbHOH KATYLIKH He PeKOMEHAYeTC.

8-10. ONMPEAEJIEHUE KO3PLUIUTUBHON CHJIbl
B JIUCTAX 3JIEKTPOTEXHHYECKOH CTAJIH C MOMOIIbIO
SEPPO30OHI0B

HOas u3MepeHHs KOSPUHTHBHOM (CHJB 3JIEKTPOTEXHHUECKOR CTajH
{/1. 8-5] paspaboran KOIPUHTHMETp, B KOTOPOM perHCTpalus pasMar-
HHYEHHOTO COCTOSIHMA 00pasia IPOM3BOAMTCA C NOMOLIbIO (eppo3oHaa.
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INpununnuanbias cxemMa TaKOTO KOSDUHTHMETPa TpEACTaBJeHAa Ha

puc. 8-12. :
KospuutuMerp cocTOMT H3 cojeHouaa I, spMa 2 u depposonna 3,

KOTOpPHII mpelcTaBasieT €060 3aMKHYTYI0 paMy, COGDaHHYIO M3 JIHCTO-

175 R

Puc. 8-12. IpunuunuanbHas cXemMa H3MepeHHS KO3p-
LUUTHBHOA CHJIH C MOMOWIbI0 eppOo3OHIOB.

i\
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0 02 04 06 08 "0

Puc. 8-13. ®opMa KpHBOM HampsiXKeHHS B H3Me-
pHuTeabHOil 06MOTKe heppo3oHAaa.

BOH XOJIONHOKAaTaHOl CTaJH, Ha KOTOPYIO HaHeceHa oOMOTKa BO3OYXIe-
HUSL U HM3MepuTenbHass o6MoTka. B o6MoTKy BO3GYyXmeHHS 4 TOHaeTcs
nepeMeHHoe BO36yXJAeHHe uacToToil 50 ey, cosmaollee mepeMeHHoe
none 1600 a/#. Cexumnm KaTyweK BO3OYXIAeHHS NPOTHBOTOJOXHHIX
CTepXKHeR COeIMHEHBH moc/jeAoBaTeJbHO. TakuM o6pa3soM, MAarHHTHbIE
TIOTOKH, BO3HHKAIOLIHe ‘B CTEPAKHAX, 3aMBIKaloT Apyr apyra. Miamepuren-
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Hafg o6MOTKa 5 oxBaTbiBaeT 00a CTEpPXHH HJIM HaMaTRIBAaeTCH OTAENbHO
C ONHHAKOBBIM WYHCJIOM BHTKOB Ha KaXWIOM CTepXHe, HO COEIHHEeHHHIX
TaK, YTO BO3JHMKAOLlas B HMX 3. 1. C. HampaBJeHa HaBcrpeuy. Eciu
6ul CcTepXHH PepposoHaa ObIH 6bl CTPOro HAEHTHYHBI B MAarHMUTHOM
OTHOLLUEHHH, TO 3. 1. C. B O6MOTKe § OTCyTcTBOBaJ0 GH. Ecau crepxuu
JaTYnKa B MArHHTHOM OTHOIUEHHH He CTPOro HAEHTHYHB, TO B 3TOM
cilyyae B H3MepHTEJbHOH OOMOTKe NOSIBHTCA TepeMeHHOe HanpsXeHHe,
¢$opma Koroporo mpeicTassieHa Ha puc. 8-13.

Ilpn namarsnuHBaHHM o6pasua 6 B kaTyulKe / 1no supMy u deppo-
BOHAY NoOMAeT MarHHTHHIH NOTOK, KOTOPHH B ONHOM CTepXHe Gyxer
yCHJIHBaTh, @ B APYToM OCHabIATh MarHHTHHH norok. HamarHuunBaHnue
of6pasua NPOUSBOAHTCA IOCTOSIHHEIM TOKOM, TIOC/Ie 4Yero pyOuabHuk [7
nepeKJaI0YaeTcsi B TPaBoe NOJIOXKeHHe MPH TIOJHOCTbIO BBENEHHOM COTpO-
tuBaeHHH R. Ecim HanpsikeHHOCTb 06paTHOr0 MarHUTHOro nosas Hi<H.,
TO CHMMeTpPHf KpuBoi e(x) HapymaeTcs (NyHKTHpDHas KpHBad,
puc. 8-13). [IpH yBeanueHun oGpaTHOTO NOJSA [0 HEKOTOPOro 3HA4YeHHS
o6pasen noaHocTbio pasMarnuuuBaercs (H=H.) u cuUMMeTpHs KpHBOH
e(x) BoOCcTaHaBauWBaeTcs (CIVIoWHas JuHusA, puc. 8-13).

HBnnkaTopoM KO3DUMTHBHOH CHJABI MOXKeT ObIThb HYJAb TajbBaHO-
MeTP MarHHTOS/JEeKTPHYECKOH CHCTeMbl 7, COEIMHEHHBIH TIOC/IeN0BaTeNbHO
¢ mxuopamu 8. Ilpu H<H_ ctpenxka rajbBaHOMETpa OTK/JOHHTCS B OJHY
cropony, npu H=H. 3aiiMer HyaeBoe monoxenue, a npu H>H. orkio-
HHTCS B IDYTYyIO CTOPOHY.

Kospuntnmerp ¢ ¢eppo3oHIaMH TpPHMEHSieTC IJAs H3MePEeHHsT KO-
SPUMTHBHOH CHJBI 'B JINCTaX TrOpsSYeKaTaHON 3JeKTPOTEXHHYECKOH CTasH
H Ha Y3KHMX noJockax. [Ipouecc u3MepeHHsI 3aHHMaeT BCero HeCKOJbKO
cekyun [J1. 8-6, 8-7].

F'rasa desartasn

U3MEPEHUE MATHUTHBIX U 3JEKTPHYECKHX
XAPAKTEPHUCTHUK 3JEKTPOTEXHHYECKOH CTAJIH
B NEPEMEHHOM MATHUTHOM NOJIE

9-1. NSMEPEHUE KPUBOH HAMATHHUYHUBAHUSA
B NEPEMEHHOM NOJIE

Ilpy HaMarHHyHBaHMK OOpPasUOB B IlepeMEHHOM MarHHUTHOM TIOJe
MTHOBEHHble 3HAaYeHHsI HHIAYKUHH U TIOJS CJAEAYIOT TI0 ANHaMHYEeCKOMY
nukay rucrepesuca. IIpu ciaGopassHTOM TOBepXHOCTHOM 3sdiperTe Max-
CHMaJIbHble 3HAuYeHHS CONs M HHAYKIMH COBNAJalOT 1O BPEMEHH H CO-
OTBETCTBYIOT BepIUHHe AHHaMHYyeckoro rucrepesuca (puc. 1-13), Torma
KaK TIPH CHJIbHODA3BHTOM TIOBEDXHOCTHOM 3ddeKTe 3TOra. COBNANEHHA
Her (puc. 1-14).

OnpefeneHne MaKCHMAJbHOTO (GMIVIMTYAHONO) 3HaueHHsl MarHuT-
HOH MHAYKUHMH OOBIYHO TIPOH3BOLAT C TIOMOIUBIO BOJLTMETPA, H3MEpSIO-
Iero cpefHee 3HAauUeHHe HAaNPAMEHHs, HHAYKTHPOBAHHOIO B H3MepH-
TenbHOH o6MOTKe o6pasua. CpenHee 3HaueHHe NepeMeHHOTO Hampsixe-
HHfl, 8, 32 noaynephon 6yner:

T/2

Ecp=TS‘ e dt. (9-1)
0

[ ]

207



Tak xak e=—w2d®/dt; 1/T=f; ®=BS, To npu samene mpenenos
#HTEIPHPOBaHUS Ha —By, By 6yneM uMeTh:

Ecp=4Buw,fS, (9-2)

The By -— aMmiuTyfa MarHMTHOR HHAYKIMH, T4; f— yacToTa nepemeH-
HOTO TOKa, 24; S — TJIOIafAb MONEPeYyHOro CeueHHs ofpasua, m%; Wy —
YHCJIO BHTKOB B H3MepHUTeNbHOH O6GMOTKE.

IIpu cTporo cHHycouaanbHOA (opMe KDUBOH HANMpPAMKEeHHS MAKCH-
MaJibHOe 3HAueHHWe WHIYKIWH BO3MOMHO ONPENeNsTh NO BOJMLTMETPY,
H3MepsIoNleMy IeHCTBYiollee 3Ha4YeHHe HaNpSXKEHHA, TaK KaK B 3TOM
cayyae

K
E= m Ep. (9-3)

B o6meM ciryuae cjaeXyeT 3amHCaTh:
E=kacp, (9'4)
rae ky — xoapduuHeHT HopMbl KPHBOH HATPSKEHHS.

Inst chHycOMmanbHOTO Hanpakenus k=m/2V 2=1,11 u (9-2) 6y-
EZeT HMeTb BHA:

E= 4,44Bmw2fs, (9-5)
a I/ KpHBOM HanpsiXKeHHsl MPOU3BOJBLHOH (PopMbI
E=4ksByw,fS. (9-6)

B coorsercTBHH ¢ (9-2) N0 BOJABLTMETPY CPeAHErO0 3HAUEHHS MOXKHO
3amaBaTh HeOOXOAMMble 3HAUEHUS] AMIVIHTYAbl MATHHTHOH HHIYKIHH.

Kpusas namazrususanus 6 amnauTyorelx 3nadenusx By=f(Hw)

Ins onpemeneHnsi KPUBOil HAMAarHWYWBaHMA B YKa3aHHBHIX KOODIAH-
Hatax aMTJIHMTYAy MarHHTHOM WHIYKIUHH ONpelessOT C NOMOIUbIO BOJBT-
MeTpa CpefHero 3HaueHHs, a aM-
MVIMTYAY TMOJS — C NOMOLIbIO Ka-
TYHIIKH B3aHMHON HHIYKTHBHOCTH
(puc. 9-1,a), BTOpHuHast 06MOTKA
KOTOpOH NMpHCOENHHEHA K BOJIbT-
MeTpy CpeaHero 3HaueHHs. Yu-
TteiBasg, yro ®=MI, us (9-1)
nosyyaeM:

Egep=4Mflu 9-7)

H aMIVIHTYQHOe 3HayeHHe Ha-

NPSIXKEHHOCTH TOJIS Oonpejesser-

ca u3 (9-7)

Ho — Esqpw,
= 4fML°

rie M — B3aumMHasg MHIYKTHB-
HOoCTb, eH; Ejscp — HanpsixkeHHe
. Ha BTOPHYHOH OOMOTKE KaTyIIKH
Puc. 9-1. IlpuHnunuanbHble CXeMBl — B3aUMHON HMHAYKIHMH; Wj — YHC-
U3MePeHHs KPHBOH HaMarHWYHBAaHHA  Jj0 BUTKOB HaMarHHUMBAIOLIef

(9-8)

B N€peMEHHOM MAarHHTHOM | Ti0Jie. 06GMOTKH; f——l:ac'rora nepeMeH-
a —B KoopauHatax B, —H,: 6—B8 ko- HOro TOKa, ey; [— ;JHHA Mar-
opnunarax By—H oyorg. HUTHOU uenu oGpasia.
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Hansi o6pasioB B BHIe MPAMOYro/bROK paMKH, COBPAaHHBIX BHAXJe-
CTKY, IJIMHA MarHHTHONO MyTH 3aBHOMT OT AMIVIMTYAbLI MarHUTHOH HH-
AYKUHH H 4YacToTbl mepeMedHoro Toka [JI. 9-1]. Eciu o0603HauuTh

; lep=lo+Igomn, (9-9)

rae ly=0,88 x nns nosoc mauHoi 0,28 m; lo=1,88 » a5 mosoc AJMHON

0.53 m; 3aBHCHMOCTb Igon OT aMIJHMTYLB MarHUTHON HHAYKUHH no TOCT
12119-66 nokasana ua puc. 9-2.

lpn onpeneneHns MarHUTHON MHAYKUHH To (9-2) HEOGXOMHMO yui-
THIBATh TONPABKY Ha HANpPfKeHHe, BbI3BAHHOE MATHHTHBHIM NOTOKOM

M_ I/ M Laon .
L - 72402\11
i 502y ’Z AN
8 N
7 : K
4008y, . \
4 N
2 AN
Bul N\5024 B,
0 04 08 12 ma w17 18 15 ma
a} 0)
M L M, Loon
101* 950" Svey 007
7] 400 8 N
i 6
§ I p \ S0ey, -
3 ' \
| 4 B
¢ |0,7 BM 0 M
0 a5 mn w12 14 15 18 ma
é) ¢

Puc. 9-2. 3uBUCHMOCTD NOMONHUTENBLHON NAMHBI MarHHTHOLO nyrtu ot
aMIVIHTYAbl MarHUTHOH HHAYKLHU.

a u 6—-TeKCTy])OBﬂHHBﬂ CTalb; 6 H & — LETCKCTYPOBaHH4s BLICOKOJIErHpOBaHHAR
CTallb.

B BO3IYUIHOM 3a30pe MeXJy H3MepHTeJbHO!l 06MOTKOH H 0GpasioMm
Al ~

AU’ =4Huof (S3—S) w,, (9-10)

rae H — uwanpsKenHOCTH MarHuTHOrO Mo, a/m; S — mioWANL mome-
PEYHOro ceyeHHSI H3IMEPUTeNbHON O0OGMOTKH, M2,

OcranbHble 0603HAYEHUS COOTBETCTBYIOT (9-2). Toacrasasa BMecTo
H sripaxenne /(9-8), 6ymeM uMeTb:

Wy (S, — S
AU =%—2EM. (9-11)
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OxoHuaTenbHOE BbIpaXKeHHe O/ ONpefeseHHd aMIUIHTYAbl MarHHT-
HO# MHAYKUHMH Gyner:
Uyp— AU’
Bu=°p—‘ (9-12)
4fSWQ

Hanpsixerue AU’ MOXHO CKOMMEHCHPOBATh JOTIONIHATEJbHOM  Ka-
TYIIKOH, KaK 3TO DeKOMeHIyeTcs B [J1. 9-2].

HaMepeHne KpHBOil HaMArHHYMBAHHSA B MEPEeMEHHOM TiOJIe TIPOH3BO-
auTcA caenyiomuy o6pasom. Ilocie Toro kak o6pasenl BJOXKeH B Ha-
MAariH4HBalolIMe KaTyUKH € IOMOLIbIO HCTOYHHKA NepeMeHHOro Hanps-
JKeHHs, NMPOU3BOAAT PA3MarHHYHBaHHe, BBLIZEPXKKY INOCAe pPa3MarHUYH-
BaHHUS YCTAHABJUBAIOT B COOTBETCTBMM C § 8-4 M HauuHalOT ompelenecHHe
TOYeK KPHBOI HaMarHUYMBAHHsA C HAHMEHbIUETro 3HAYEHHs] HATIPSAKeHHO-
CTH MarHutHoro mnoas. Cuia ToKa, TPOXOLAUIEr0 TO H3MEepHTeJbHON
o6MOTKe, NOMXKHA ObITb MaJOH TIO OTHOLIEHHIO K NpHBELEHHOMY 3Hau2-
HHIO HaMarHHYMBAKOIWEro ToKa (MeHee 1%).

Kpusas namaenuuusanus e koopdunarax Bu=f(Hyencrs)

ITpn omnpeneneHnd moOJNA B HaMarHWYMBAIOIIYI0 1eNb YCTaHOBKH
BKJIIOYaeTcss aMnepMeTp AefcTByioulero 3HaueHHs (puc. 9-1,6). Bennun-
Ha NeHCTBYIOLIEro 3HAUEHHUs MOJS NPH ONpeleseHHOM 3HAYeHHH MarHMT-

13 HOH MHOYKUMH 3aBHCHT OT CTENEHH Hc-
W I KaXeHHus 3. 1. C. B U3MepHTeJbHOH 00-
Lsin X MoOTKe.

B [JI. 9-3] ans uccnenoBaHHBIX 06-
paslOB YCTAaHOBJEHA NOYTH JHHeHHas
12 J 3aBHCHMOCTb MeXAY Ko3(pduuueHTOM
4 X ¢opMBl KPHBOA HanpsXKEHUS B U3MEpH-
TeJbHOH OGMOTKE M BO3pacTaHHEM Ha-
/<2 MarsuuuBaipniero toka (puc. 9-3). Us
/x 3TOrO pPHCYHKA CJeAyeT, 4TO NMpPH Ko3(-
;f/d X ¢uuuente dopme ky=1,15 HamarHuum-

a
*Y

] BalOLIMi TOK Bo3pacraer Ha 5% mo ot-
HOIIEHHI0O K TOKY npu Rs=1,11. ITosro-
my B TOCT 12119-66 ycranasnupaercs,

4 4TO ecsd 3HaueHHe Koadduumenra dop-

- Mbl otanuaercs ot 1,11 Gonee uem Ha

0 K, 2%, To HEOGXOAMMO NpPHBOXUTL Jeil-
1 12 73 CTByIOlllee 3HayeHHe TOKa K CHHYCOH-

’ nanpHofi ¢QopMe Hanpsikewus.  Has

. 3TOH LN NPOH3BOMAT JAONOJHUTEbHOE
Egi;m%i}wosgszﬁgr:?;aﬁz:- HCKaxKeHHe ¢GOpMbl KPHBOH 5. 1. C. my-
BaIEre TOKA OT Koo  TEM PKJIOUEHHS aKTHBHOTO WJH WHLYK-

. THBHOrO CONDOTHBJIEHHS B HaMarHHYH-
duunenta ¢°pr}_4’(‘)%"B°" Balomyio uenb. IIpH TOM JKe 3HAYEHHH
HHIYKUHK  TIpH | = 2% ynpyxuum onpemensior Hy u ksa.
06paslloB  SIEKTPOTeXHHR- BenHuMHA HANPAXKEHHOCTH MO,
CKOM CTa/M C Pa3HOf TOMIIH-

i COOTBETCTBYIOIL A CHHYCOHAANbHON
HOM JHcTa. (dopMe HaNpSKEHHS BO BTopanoﬁ 06-
1 —d=01 mm; 2—d=0,35 mnm; MOTKE:
3—d=020 mu.
H,—H,
Hggin=H1+ 'Ef_—h(l'”—kﬁ)v (9-13)

rie H, n H, — HanpsKeHHOCTH MAarHHTHOrO MO/, COOTBETCTBYIOLLHE
3HAuCHHAM Ry H Rjs.
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Ons onpenenenns xosdpduunenta QopMbl B HIMEPHTEJBHYIO 1EeNb
puc. 9-1,6 BKJIOuYaeTCs BOJLTMETP HeHCTBYIOLlero 3HaueHus. JJs yuyeTa
nonpasku AU, cBsisanHofi ¢ Bo3mymHeM 3asopoM, ['OCT 12119-66 pe-
KOMEHYeT BKJIOYaTb MaJjoe Ge3peaKTHBHOE CONPOTHBJIEHHe Ro M aMIJH-
TyAHBIH BoibTMETP (puC. 9-1,6). llonpaBka AU’ B aToM ciyyae paBHa:

40 (Se — S) w,w,

AU’ == IR, s (9-14)

rac OykBeHnble o6o3HaueHHsi cooTBercTBYIOT (9-2) u (9-10).

Ilpn onpemeneHHH aMIVIHTYABl MAarHHTHOH HHAYKUHH HeOGXOXHMO
YYHTLIBATh elle OAHY TIOTMPaBKYy K IIOKa3aHHAM BOJBTMETPA CPELHEro
31aUeHUs, ecJM OMHYecKoe COMPOTHBJEHHE H3MEPHTeNbHOH OGMOTKH r
He CJIMLIKOM MaJjlo TI0 'OTHOLIEHHIO K CONpOTHBJICHHIO TIpUGOPOB, TOA-
KJ/IIOUeHHbIX K H3MepuTeJbHOl o6MOTKe R:

AU”=rE¢p[R. (9-15)
B srom cnyuae (9-12) 6ymer umeTbh BHA:
Ugp— AU" 4 AU’
By = — %S¢, ° (9-16)
TpeGosaHue o MaJjoii cuje TOKa BO BTOPHYHOH OOGMOTKe MO OT-

HOLIEHHI0 K NpUBEJNEHHOMY 3HAuYeHHI0O HaMarHHYMBAIOLIEro TOKa -(MeHee
1%) monxuo cobmogaTbesl H 34eCh.

, 9-2. U3BMEPEHHUE YAEJIbHBIX MMOTEPDb
ABCOJIOTHbIM BATTMETPOBbBIM METOJAOM HA AIMNAPATE

SNMUTEAHA. MOJIHASA YAEJbHAS MOLUHOCTb

Haun6onee npocThiM M HaJeXHHIM crnoco6om ONpefe/]eHHsT MOTEPb
OT THCTepe3HCa H BHXDEBHIX TOKOB IIDH YacToTe IIepeMEeHHOro TOKa
meHee 1000 ey saBaseTca BaTTMeTpoBblH Merol. CxemMa H3MepeHHS
yJeNbHLIX TOTePb 3THM MeTOAOM NoOKas3aHa Ha puc. 9-4. Hamaruuuyuparo-
was o6MoTKa obpaslla COeAHHSETCS NOCJAeJ0BaTeNbHO C TOKOBOH 06MOT-
Koil BarrMeTpa, aMIlepMETPOM H MCTOYHHKOM INEpPeMEHHOrO HamnpsKeHHS.
1S KOHTPOJISL 4aCTOTHI MepeMeHHOTO TOKa K HCTOYHHKY HanpsXXeHHs
MIOKJTIOYEH YacTOTOMeP. .

K usMepurenbHoii o6MoTKe o06pasla mapasiiebHO NPHCOEXHHSIOTCS
06MOTKAa HamnpsiXKeHHs BaTTMeTPa, BOJbLTMETPbl CPefHEro H JAeHCTBYIO-
wiero 3HayeHu#. [Ipu paBeHCTBe BHTKOB B HaMarHWYMBAIOIled W H3MepH-
TeJbHON O6MOTKaX (W;=wW,) NOKa3aHHA BaTTMeTpa OYAYT CKJaJIblBaThb-
¢Sl M3 noTepb 3Hepruu B oOpasue '(P) u B uaMepureabHoil uenu (U2/R)

" Pae=P+4+U?%R,

e l/.R=\l/rw+'l/rUcp+l/rU; I'v, TUep v — CONMPOTHBIACHHS 06MOTKH
HanpsiXKelHs, BATTMETPA M BOJIBTMETPOB.

Ecan yucio ‘BHTKOB HaMarHWYMBaloIlell M H3MepHTeJbHOIl 06MOTOK
He ORuHAKOBOe (W7 W,), TO NOKasaHHs BarTMeTpa OyAyT HHBLIMH H
Ais pacuera moTepb B obpasie Heo6XOAMMO HX YMHOXHTb Ha OTHO-

LIeHHEe W1/W2
P=wPgr/w; — U?/R. (9-!17)

Qopmyna (9-17) oTHocHTCs K cJayyalo, KOrAa BHYTpPeHHee COTPO-
THBJIEHWe H3MEPUTeNbHOM leNnH He yuuThiBaeTcs. Kak cJeayer H3 Teo-
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Pin. BATTMeTpOBOrO MeTolia, ¢ ydetom compotiibieitis r dopiiyia Ans
pacyera notepb GyldeT HMeTb BHI:

P= (w,Pgr/w;—U?R) (1+r/R). (9-18)

Ecan ornomenue r/R Menbme 0,002, To MOXKHO TI0Jb30BAThCH
dopmyaoit (9-17).

Ilpy onpeneseHHH yIeNbHBIX MOTEPb, 8T/ke, Ha TOPOMAAJBHEIX 06-

pasuax u B amnnapare JnuuTefiHa mpu cOGopKe nojoc BCTHK Y/eJbHhe
[OTepH ONpefensioTcs 1o hopmyie

p=P|m, (9-19)

rie m — Macca o6pasua.
Ipun ucneitannu o6pasuos B annapate dnwreiiHa npu c6opke mo-
JI0C BHAXJIECTKY HeoOXomuMoO yuuthiBaTh corsacHo [/1. 9-4] caenyiomue

T T
O | O
(o]

Puc. 9-4. IlpuHuunuanbHas cxeMa AJs ONPENENCHUS YIeb-
HBIX TOTEePb abGCOJIIOTHHIM BaTTMETPOBHLIM METOLOM.

0CcOGEHHOCIH pacnpefie/leHHs MarHUTHOTO TIOTOKA MO JJIMHe MAarHHTHOR
LenHu:

MarHuTHas HHAYKUUS B YIJOBHIX 4YacCTSX MAarHUTONPOsOda H3-3a
yBenuyeHHOoro ceueHusi -(puc. 8-6) Oymer B 2 pasa MeHblle, ueM
B OCTaJbHBIX 4acTAX NaKeTOB;

MAarHMTHBlE CHJIOBble JIMHMM Ha YNVIOBBIX Y4YacTKax TIPH TNepexoxs
K3 OLHOrO TakeTa B APYroil WAYT IO AYFraM OKPYMKHOCTH.

Y4uTBIBasE AHH3OTPONHIO YAENbHBIX MOTePb W 3aBHCHUMOCTb 3THX
notepb OT MHUYKUuH (p=mB%), TpUHATO ANA TakKo} MArCHUTHON UemH
BBOAHUTb 3b(eKTHBHYIO Maccy, KOTOpas onpelessieTcsi Kak mMacca paBHO-
MepHO HaMarHMYeHHOTO MAarHHTONPOBOAQ, HMEIOIIEr0 Ty K€ HHIAYKIUIO
¥ TOJIHble NOTEPH, 4TO HCIBITYeMblil. YIeNbHLIE MOTepH B 3TOM cClAydae
OTIPeNe/ISIOTCS BbIpaXKeHHeM

p=Plmagg. (9-20)
SddexTuBHas Macca onpefensieTcss BbIPaXKeHICM
Mage="mly/ly, (9-21)

rie m—wMmacca o6pasua, ke, I, — IJuHa TOJOCH; [y — ANMHA MarHuT-
HOTO NYTH.

ITo TOCT 12119-66 B Tabsn. 9-1 ykaspiBaloTCA 3HAaYeHHS MJIHHBI
MarHuTHOTO MYTH /.
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TaG6anuma 9-1

3uayenus ANHHBI MACHATHOTO nytd I, M, npu pacyere
apheKTHBHON Macchl AJA ampmapaTa JuuwrTedHa

Maunbift dnnapat Boabwo# annapar
Yacrora
ae;:m' " | Texcryposan- | Betcoxonernposan- | Texcryposan- | Bicokonernposan-
Has ctanb | HAR CTANb HeTeK- | = yag'crasn | HAf CTajb HeTek-
CTypoBanHas CTypoBanHast
50 0,235 0,232 0,485 0,482
400 0,235 0 232 _ —
1 000 0,232 0,232 — —

Ipusedernue ydeavrovix noTeps K CUHYCOUOANbHOMY
MQ2HUTHOMY NOTOKY

ITotepu OT BHXpEBBIX TOKOB, Kak icienyer u3 ‘(1-12), mpomopuno-
Ha/MbHBl KBagpary xosdduuuenra GpopMbl KPHUBOi HAmpsiKeHHUs|, KOTOPHIH
3aBHCHT OT YCJOBHH HCIbITAaHHA. [ Toro uto6bl HMeTb eNMHble 3Ha-
YeHHs yIeJbHbIX TOTepb, HEOGXOAHMO H3MEeDeHHble TIOTePH OT BHXPeBBIX
TOKOB TIPHBOJHTb K CHHYCOHMIa/bHOH (popMe MAarHHTHOrO IOTOKa

Per=1,11 = Px(1,1 l)z/kf2 .
INonpasxa K noTepsiM OT BHXPEBbIX TOKOB

Ap = Pog,— Poh=1,11 = Pa [1—(1.11)2/R2]. (9-22)

O6was ¢dopmyna mas pacyera YAeJbHBIX NOTePb C YYeTOM NpHBe-
IeHHsl NoTepb OT BHXPEBBIX TOKOB K CHHycoMJanbHOH dopMe Mar-
HUTHOTO NMOTOKAa Gyner:

1 1 U2 1,11)2
p= Mo (%Pu”‘T) (1+_£—)—pﬂ <1'—'(_E?—))' (9‘23)

OrnpefeneHne TIOTepb Ha BHXPEBble TOKH MOXHO TIPOBOJHTbH He-
ckoabkuMu Merogamu. [To T'OCT 12119-66 pekoMenmyercsi onpefessTb
MoJIHbIe TIOTePH MpPH ABYX 4acToTax f; u f, MPH ONHOM M TOM e 3Haye-
HHH HHAYKUHH M KO03pduuneHTe GHOPMBI H PACCUATHIBATH 3aTeM TMOTePH
Ha BUXpeBHe TOKU 1o GopMmyie

c(p_ om0
pl= (%—%—> fl _]f2. (9-24)
Ecnu f1=2f, to
Pa=2(p1—2p). (9-25)

Ipu BbIBOJe 5TOM (OPMYJBl TpeAnosaraercs, YTO 3aBHCHMOCTb
p/f or [ aBasercs auHeitHoit. Kak 6bli0 mokasaHo B § 1-3, B aneKkTporex-
HUYECKON cTamu ¢ 'GOJIbIUMMH JOTOJHUTENbHBIMH NOTEPSMH MOTEpH 3a
UMK B (YHKUHM YacTOTbl M3MeHsSIOTCS no Kpusoir (cM. puc. 1-18).
[TostoMy mpu pacueTe NOTepb OT BHXPEBHIX TOKOB mo (9-24) MoxHO
JONMYCTHTb TNOTPeIIHOCTb.
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Bropoit cnoco8 onpefienciiisi noTepb OT BHXPeBHIX TOKOB OCHOBAH
Ha pacyeTe mMOTepb OT THCTepe3HCa TO TJIOLUIAAH CTATHYECKOTO UMKAA.
IToTepu 0T BHXPeBHIX TOKOB B 3TOM CJyYae ONPEAeNSIOTCH TO popMy.e
P3=pPr.s—Pr. (9-26)
Jna ©GoabluyHCTBA 06pA3UOB 3JEKTPOTEXHHUECKON CTald IOTepH
OT BHXPeBHIX TOKOB, BbIYHC/IeHHBle NO (9-25), MOryT ObITh 3aHHMKEHBI
12§ 12,552 pasa ToO OTHOMIEHHIO K NOTePSM, paccuHTaHHeiM mo -(9-26)
Jns wucnpasnennss ¢opMB KPHBOH MAarHUTHOTO TIOTOKA DEKOMEH-
ALyeTcst TNOXKJIOYATb TapajseJbHO HCTOYHHKY TNHTaHHS KOHIEHCATOPHI.
Ha puc. 9-4 B HamarHuuuBalollell len#- BKIOYEHbl aMrmepMeTp H Geape-
aKTHBHOE CONPOTHBJEHHEe C aMIVIMTYAHHIM BoabTMeTpoM. Ilpu onpene-
JIeHHH YIeJbHHX riotepb Xmoud Ky u Kp ROMKHH GHITH 3aMKHYTHI,
a kmo4 Ks pasoMkHyT. DTa lienmb MOXeT ‘GBITh MCMOJIb30BaHA M LA H3-
MepeHHsl KpHBOH HaMarHHYMBaHHA Ha TiepeMeHHoM Toke. Ilpu stoMm kaio-
un Ky 1 Kz nonxubl GbITh Pa3OMKHYTHL, a Km0y Ks BaMKHYT.
Pacyer nanpsixenus Ucp 119 3aKaHHON aMIVIUTYABI MarHHTHON HH-
LYKUHH NpPOBOAHTCH mo dopmyie

Ucp=Ecp+AU—AU", (9-27)

rae Ecp Boipaxaercs no (9-2); AU’ suluncasiercs no (9-14), a AU —
no (9-15).

IToanas yOessvras mOUWHOCT

Ins onpeneseHHst NOJHON  YHEJIbHOH MOILIHOCTH, BbIpaXKaeMoH
6-a/Ke, TMpPH CHHycOMJAaJbHOH (OpMe MAarHHTHOrO TIOTOKA HeO0O6XOAHMO
Bocnonb3oBaThesl bopmynoit '(9-5), ycranaBnuBaiollell CBS3b  MeXQY
JeCTBYIOIUM HanpsiXKeHHeM H aMIVIMTYAOH HMHAYKUHH, a TaKXKe CHJIOH
TOKa B HaMarHMYMBaiOWeH Lenu W HanpsKeHHocTH mons (8-2):

_ Vé‘“anencraBu’
- X

rie f—uactora mepeMeHHOro ToKa; Hpeticrs — AEHCTBYIOLICE 3HAUeHMe
HanpsIKEeHHOCTH MAarHHTHOro mojs, a/M; By — aMnianTyma MarsHuTHoM
HHAYKUHH, TA; Y— TVIOTHOCTb Marepuana, ke/md.

[Ipn onpeXeseHHH TOJNHOM YAENbHONH MOIIHOCTH B amnmapare On-
wTeitHa npH cGOpKe TOJOC BHAXJECTKY TOJyuaeTcs HeCKoJAbKo Apyras
sbdekTnBHas macca, ueM B (9-21), I ONpeNeseHHs YAETbHBIX MOTEPb,
TaK KaK Igon MO Ta6a. 9-1 u puc. 9-2 pasinyHbL.

(9-28)

9-3. ONPEAEJEHHUE YAEJIbHbIX MOTEPDb
JUSPEPEHUHUAJIbHBIM BATTMETPOBbBIM METOLOM
HA ANMNAPATE 2MIUTEAHA

OmnpenesncHue yHeabHLIX mnoTepb Ha auddepeHuyansbHOM ammapare
dnureiiHa Npou3BoAUTCA TO ‘cXeMe puc. 9-5. 3meck N m X — HOpMasb-
HBIi M MCOBITYeMBIi oOOpasupl; w — AuddepeHnHaNbHEIl  BaTTMeTD;
N H ry— R0GaBOYHLIE CONPOTUBJEHHS; Iy — CONPOTHBJIEHHEe OOMOTKH
HanpsiXKeHUs BaTTMeTPa; Ry — MOJNHOe CONPOTHBJEHHE BTOPHYHON WLeNH
C HOpMaJIbHBIM 00pasnoM; Ry — MNOJHOe CONPOTHBJIEHHe BTOPHYHOH LENH
¢ ucneiTyeMbiM o6pasuoM. Tlokasanus MmarasHHOB COTNpPOTHBJEHHS COOT-
BETCTBYIOT CyMMe CONpPOTHBJIEHHH rx(rn) H rw.
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Ecau moTepd y HOPManbHOro M HClbiTyeMoro 00pasios pasiuu-
HHl, TO HYJeBOe TOJOXeHHe BATTMeTpa GY/IeT NOCTHTaTbhCsl NPH pasiHy-
HEIX CONpOTHBJeHHAX Rx # Ry. M3 TeopHu BaTTMETpPOBOTO MeTOJAa Clle-
IyeT, YTO B MOMEHT KOMINeHcalnH AuddepeHUHANbHOTO  BAaTTMETPa
MMeeT MeCTO PaBeHCTBO

R, _ P+ U%/Re
Ry py +U¥Ry’

(9-29)

rfle px B PN —TIOTEPH HA TNepeMarHHYMBAHHE B MHCOLITYEMOM H HOp-
MaJbHOM O6paslax CoOTBeTCTBeHHO; U — HanpsiKeHHe Ha BTODPHYHBIX
06MOTKAaX MCTILITYEMOro M HOPMAJbHONO 06pasuoB.

B ¢
~ (Y
+ . 2
Wl
) P = n(—\ -
4 42r g
T lw
r—&¢71T-+e 1
I‘ .;
- L9
w

Puc. 9-5. IlpunuunuanpHas cxemMa H3MepeHHs
NnoTepb OT THCTEPE3HCa BHUXPEBHIX TOKOB Ha
nuddepeHunanbioM annapare DNWTelHa,

llJlﬂ cayuasi, Korida MOWHOCTb, pacxoAdyceMds H4A <COLPOTHBJICHHUA,
MaJia 1o CpaBHCIIUIO C o6LWUMH 1I0TePAMH, 6y'11€M HUMCTD:

. Rx/RN=px/pN. (9-30)

B nuddepenunanbHomM annapare dmuTefiHa H3MepsIOTCS 06pasibl
maccoit 10 xe. Torma Px=10px; Py=10py. Ecnu npuHATb conpoTHBJe-
HHe Ry =1000Py=10000px~, TOo u3 (9-30) cremyer:

px=Rx[10 000. (9-31)

PaccmorpuM Bonpoc 0 AOMYCTHMOM pa3jHYHM B TOTepPsiX HOPMalb-
HOrO M HcnbiTyeMoro o6pasuos. Ecau unenst U2/R. u U2[/Ry ypaBHeHHs
(9-29) 3HaumrenbHO OTJIMYAOTCH MeXAy coGoit (M3-3a pasanuHs Rx
# Ry) ¥ ABJAIOTCA He OYeHb Ma/biMH TO OTHOLIEHHIO K px U PN, TO
B BbIpaxenun (9-29) ux c/ielyer yuMTbIBaTb.
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Pemwasi (9-29) orHocHTenbHO px u yunthiBas (9-30), monyuaem:
2
U2 [ Ry ,
Px=10"%R, 4 O,IE(TR%I——I). (9-32)

U3 '(9-32) crenyer, uto ecin Rx>Ry, TO nojyyeHHble 3HAYEHHS
YAeNbHBIX TIOTepb To ((9-31) ompenensitoTcsi ¢ HeLOCTATKOM, a npu Rax<
<Ry ¢ usbbitkoM {[JI. 9-5]. Popmynoit (9-31) MOXHO TONB30BATBLSA
TOTAA, KOTJa BTOPOH uleH B BuipaxeHuu (9-32) Man no OTHOLIEHHIO
K NepBOMY UJeHY M BO BCSIKOM ‘clyyae oOCTaBjiseT He Gosee 2%, Kak
sro pekoMenayercts ['OCT 12119-66. MaxcuManbHble pasjMyks YAe/b-
HBIX TIOTEPb Pi,o/s0 MEXJAY HOPMaNbHBIM M HCNBITYeMBIM 06pasuom IO
3TOMY CTAHAApTy ykasaHbl B Tabu. 9-2.

Ta6auuna 9-2

MonycTuMbie pasiuyHA B yAeAbHBIX NOTEPAX P o:5o
HOPMAJbHOI'0 M HCubITyeMoro o5pasnos mo I'OCT 12119-66

YaenbHEE TOTEpH Homycrumoe YaenbHble NMoTepu Hotiycravoe

Py,0/50 HCTIHITYeMOro _paazque Py ,0/50 HCIBITyevOro pasJinume

oSpasua, em/xe (P,—2N)1,0/50- o3pasua, sm/xe (P—PN)1,0/50:
sm/xe smfke
0,44—0,46 0,015 0,66—0,75 0,050
0,47—0,50 0,018 0,76—0,85 0,070
0,51—0,55 0,020 0,86—0,95 0,100
0,56—0,60 0,025 0,96—1,10 0,140
0,61—0,65 0,030 1,11—1,40 0,200

Ilpu ucnelTanuu 06pasloB € yAeNbHBIMH moTepsiMH Gosee 1,4 8T/ke
KCIosb3yeTcsl J060H HOpMasbHBIN 0Opasel, UMEIOIUI TaKoe Xe COXep-
JXXaHWe KPeMHHS H TeKCTypy, 4To M ucnbiTyeMbiil. [lpu ompenmenenuu
YAeNbHBIX MOTEpPb NPH MHAYKUHH 1,5 u '1,7 T4 pasnuune B yAEJbHBIX TIO-
TepAX HODMAJBHOTO M MCIBITYeMOro o06pasuoB MoOXeT OHTb 3aMETHO
yBeJHYEHO. Jlns BBIMOJHEHHS TOrO Ke YCJAOBHSA, YTO M AJAS Pio/s0 NO
MaKCHMaJbHON JOTIONHUTENbHON TIOrPEIIHOCTH MCIBITAHHL He GoJee
2%, IomycTHMble PasnHYMs B YAEJbHBIX TOTePSX MEXAY HOPMaJbHLIM
H HCOBITYeMbIM o6pasnaMi ykasadol B Tabiu. 9-3.

Ta6auma 9-3

JlonycTHMOe pasiHyHe B yAedbHBIX MOTEPAX P o5
M P| 7,50 HOPMAJIBLHOTO M HCHBITyeMoro o6pasuos

Y nenbHble TIOTepH HCMOBITYyEeMOro

OIlyCTHMOE pa3jHuHe, 6/11/K2
ofpasua, sm/xe Hony p » 8m/

P1,0/50 P1,5/50 P1,7/50 P1,0/50 p1,5/50 P1,7/50
0,40 0,95 1,25 0,01 0,05 0,10
0,50 1,10 1,50 0,02 0,10 0,20
0,60 1,30 1,80 0,03 0,15 0,35
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+ M3 rabn. 9-3 cienyetd, tto AonycritMas pashintid no pisfso B puafse
3aMeTHO yBeJHYeHa IO OTHOIUEHHIO K Pi,0/50. TaK KaK JMJsi XOJIOAHO-
KaTaHOH TEKCTYPOBAHHOH CTaJM OCHOBHOH XapaKTePHCTHKON YAeJbHBIX
noTepb SABJAAETCA TOYKA Pi,5/50, TO 3TO oGseryaer noxGOp HOPMAJbHBIX
06pa3loB NPH HCTLITAHHH 3TOM CTaJH.

TIpy maccoBLIX HCHBITAHHAX 3/1eKTPOTEXHHYECKOH CTalH C TIOMOLIBIO
AuddepeHunanpHOro annapara JnuiTeiHa AJs HMEIOLIMXCS HOPMAasbHBIX
06pasioB crelyeT ONPeae]HTb BTOPOH uieH B (9-32) npH pasHBIX ToKa-
3aHHAX MarasiHa R, ¥ YYHTHIBaThb €ro TPH ONpeJeJeHHH YIeJbHBIX IO-
Tepb. B 3TOM ciyuae [ONOJIHHTE/NBHYIO NOTPEINHOCTh ‘B TIOTEPAX OT
gesx«loz/Loeﬂ'ranocTu paGoyero ¥ HOpPMaJbHOIO 06Pa3LUOB MOXHO CBECTH J0

5%.

Kak noxasbiBaeT npakTuka kBaipaTel annapara JDnwmreiiHa, N u %
He SBJSAIOTCA CTPOro HIAEHTHYHLIMH MexJay coboil. Jas ycrpaHeHHs
HEHJEHTHYHOCTH KBAJpaToOB amnapara DmiuTeifiHa NpPU H3MEPEHHH yAeb-
HbIX MOTepb XKesaTeJbHO NPUMeHATb MeTon 3aMemleHus [JI. 9-6], koro-
pBIit 3aK/O4aeTCs B CaeJYIOLIEM. '

B omumH xBajpar annapata ODmiuTeifHa NoMeLlaeTCs HOPMaJbHBII,
a B Jpyroil ucmbiTyeMbli oOpasell, KOTOpbi OyldeM HasbiBaTh pabouuM
o6pasuoM. OnpenenuB MarHuTHble cBoiicTBa paGouero obpasia mo Hop-
Ma/lbHOMYy 06pasuy, Ha MeCTO HOpPMaJbHOr0 o6pasua MOMEeIlaloT HCMbl-
TyeMblil ¥ OTpeJeNsloT ero XapakTepucTHKH mo paGouemy o6pasnuy.
OnpenenieHue XxapakTepucTHK paGouero obpasua Jyullle TIPOBOAUTb TIO
HeCKOJIbKHM HOPMaJbHBIM 06pasliaM M 3a OKOHYaTe/JbHYI0 XapaKTepH-
CTHKy paGoyero o6pasima NPHHMMAThb cpefHee apudMeTHyecKoe 3Ha-
yeHHe. B rTabn. 9-4 mpuBeldeHH . Pe3y/bTaThl HM3MepeHHs paboyero o06-
pasua ropsiyekarawoil cramu ¢ Si=4,0% mno HopManbHBEIM 06GpasiaM
B nudpepenunanbHOM amnapate dmureiHa.

TaG6auna 9-4
XapakTepucTuku paboyero ofpasua

MarHuTHBEIE XaDaK TEDHCTHKH

Bun HenbITaHus P , ? !
Basoos M2 | Bagoo, M2 ; ,'r?// "52 slr;ls//” 53
o HopmansHOMy oGpasuy Ne 1 | 1,48 1,59 1,24 2,74
[To HopmMansHOMY O6pasuy Ne 2 | 1,47 1,59 1,20 2,64
Cpenuue [naHHble paGouero | 1,475 1,59 1,22 2,69
o6pasua

[pu Taxoii CHCTEME HCMBITAHHS He TOJBKO YUHTHIBAeTCH HeHJeH-
THYHOCTb KBAJPaToOB, HO M B HEKOTODPOH CTENEHH YCTPAHSIOTCS OLIMOKH
B ONpefle/IeHHH CBOMCTB HOpPMaabHBIX 06pasuoB. M3amepenue 06pasuos
¢ pasHeIM cofepxanueM xpemuus (Si=I1, 2, 3, 4%) u c pasHoit cre-
TeHbI0 TEKCTYPbl HeOGXOAHMO MPOBOAHTb TIO HE3ABHCHMBIM HOPMalb-
HbIM oGpasuaM. Kpome Toro, mjsi TeKCTypOBaHHOH CTalH C MaJsbIMH
yHeNbHEIMH TOTEPSIMH HeOGXOAHMO HMeTh HaGop HOPMajbHBIX 06pasiuos,
yuntsiBas Taba. 9-2 u 9-3.

Ipu WcnbITaHHU - YAENbHBIX TIOTepb B AH((epeHLHansHOM anmnapare
AnuTeiiHa TaKeThl B HaMarHWYMBaIOLlMe KaTYIIKH YKJAaALIBAIOTCH BCTHIK,
YTO TNPHBOJUT K HEKOTOPOMY BO3AYIIHOMY 3a30py MeXAy TIaKeTaMH.
Jlns XOoMOMHOKATaHOH TEKCTYPOBAHHOH CTalu C BHICOKOH TIPOHHIaeMO-
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CTbi6 sto NPHBOAKHT ¥ YBefinueHtol HeORHOPOAHOCTH MArMutiof HHAYK-
IHH TO JUIHHE naKeTa M MeXJAy TaKeTaMH, UTO BbI3bIBAeT JOMOJHHTeJb-
Hble OLIMOKM B ONpejie/leHHH YAe/bHbIX NOTEPb.

CrenyomuM HeMOCTaTKOM AH(depeHuHanbHoro ammapaTta dnimreii-
Ha sBJfeTCs TO, YTO Macca obpasua AomxkHa 6uTh 10 xe. Iasa xonaox-
HOKATaHOM TEKCTYPOBAHHOH <CTalM, HMEIOIIeil MOBBILIEHHYIO OLHOPOA-
HOCTb MAarHHTHBIX XapaKTepPHCTHK B Tpelenax OJHON MapTHH, ILHPOKO
NIPHMEHseTCS OTpe/iesieHHe 3THX XapaKTePHCTHK Ha ofpasuax Maccoi
1 ke, a p,uQthePeHunaanblﬁ annapaT DmuTefHa HCHOAb3yeTCs IS He-
TeKCTYPOBAHHOH CTaJH.

OrtevecTBeHHAA TPOMBILLIEHHOCTh BHIMYCKaeT YCTaHOBKY ¥-5033,
8 KOTOPOH M3MepeHHe yJe/bHhIX NOTEPb NPOM3BOAHTCH, KPOMe abGCOMIOT-
HOTO BATTMETPOBOTO MeToAa, AuddepeHUHATLHEIM METOAOM.

9-4. OMPENEJIEHUE MATHUTHBIX XAPAKTEPHCTHK
HA LLEJIbIX JIMCTAX U B ABH)KYUIEVCS JIEHTE

OnpefenieHye yHeNbHBIX [OTePb 3JIEKTPOTEXHHYECKON CTajqW B an-
napate OnmTefiHa Ha MOJOCKax IWHPHHON 30 MM HMeeT CBOM OTpHua-
TeJbHble CTOPOHBL. [IpH pa3spese moJoc cosfaercs HakJer, KOTOPH yBe-
JHYHBaAEeT yHAesbHble TmoTepH. Tak Kak NOAABJAIOWIAsi YaCThb 3JEKTPOTeX-
HHYeCKOH CTaqH HAeT AJS H3rOTOBJEHHS CHJOBBLIX TpaHChHOPMaTOpOB,
reHepaTOPOB M 3JIEKTPOJABHrartejeidl, TO H3MepeHHe YHAeAbHHIX TOTEPb
B JICTaX HJIH JIeHTe NpPHGIHXKAeT YC/HOBHSi ee HCNBITAHHA K YCJIOBHAM
ee npuMeHeHHs. Kpome Toro, npuMeHeHHe TaKHX annaparos CcO3Laer
BO3MOXHOCTb TIONHCTHON pPacCOPTHPOBKM HEOXHOPOJHHIX B MAarHHTHOM
OTHOLIIEHHH TIPOMBILVIEHHBIX MapTHH CTaJH, a AJs PYJNOHHOH CTaMH — H3-
MepeHHe MarHHTHBIX CBOMCTB IO BCeil NJIMHe PYyJOHA.

Jns M3MepeHHMsI MarHHTHEIX CBOHCTB ‘B IEJBIX MJH  TIOJYLEJbIX
JIMCTaX CTaNH NpeJIOXKEHO HEeCKONbKO ammnapaToB, OTJIHYAIOLINXCH MeX-
Iy co60ii MarHMTHBIMH lensMH. B mepBBHIX KOHCTPYKUHSIX 3THX amnnapa-
ToB {JI. 9-7, 9-8] mpexnaranace OTKpHITasi MarHuTHas ienb. [IpuMeHeHHe
STHX annapaToB TO3BOJHJIO YCTAHOBHTb 3HAUYHTENbHYIO HEOZHOPOXHOCTH
MarHHTHBIX CBOHCTB TIPOMBILVIEHHHIX MapTHH TropsiyeKaTaHOH aJeKTpo-
TexHHyeckoil crasu. ONHaKO TOTPEIIHOCTh HCNBITAHHA Ha TAaKHX anma-
parax Gblra 3HauuTenbHO ‘GoJibllie, 4eM Ha anmapare DmimuTefiHa, ¥ Gblia
CBfI3aHa, IaBHBIM 06pa3oM, C HEOXHOPOAHHIM HAaMarHHYMBAHHEM JIHCTA
no ero AsauHe. JIs MOBBILIEHHS OLHOPOAHOCTH HaMAarHWYMBAHHA MO AJH-
He JIACTa B NOCJAEJYIOLHMX KOHCTPYKLHAX annapaToB MPHHHMAJHCh Mepbl
M0 yCTPaHEHHIO 3TOr0 HeHOCTaTKa.

B annapare, onucannom B {JI. 9-9], Katymrka cocrosina H3 IUECTH
napanjiesbHO COEJHHEHHBIX CeKUHMH, YTO TPHBOAHJO K TOBLILIEHHIO
OILHOPOAHOCTH MarHWTHOM MHIYKUHH MO JJIMHE JIMCTA.

B psile UenOJUCTHBIX amnnapaToB TIPHMeHSJach 3aMKHYTas MAarHuT-
Has menb. B ammapare, paccmorpennoM B {JI. 9-10], BblcTynawowmuii u3
KaTYIUK{ TOJYJIHCT 3aMBIKaJCsl ABYCTOPOHHHM SIPMOM, CeuyeHHe KOTOPOro
6bi10 B 200 pas Goabuie ceyeHuss obGpasua. Kaxpas nonsosuHa spMa
COCTOS/IA M3 IIECTH CeKUHMil, yTOObl 06eCNeYHTb HAMNYYIUHI MaTHHTHBIA
XoHTakT ¢ JaucroM. ONHaKO Ha yyacTKax TPHKATHA JIHCTA MeXHy fp-
MaMH CO3/aBaJHCh 3aMeTHbie HamnpsXKeHHS M3-3a NPHHYAUTEJbHOIO BHI-
NpSAMJIEHAs. BOJNHHCTHIX YYacTKOB JIHCTA, YTO TIPHBOJMJIO K HEKOTOPOMY
YXYALUEHHIO MarHUTHHIX XapaKkTepHCTHK.

B xoHcTpykumu ammnapata, onucanHoro B [JI. 9-11], wmarautHas
nenb CcOoCToAJa M3 ABYX KaTyIUeK, PaclNoJOXeHHHX OfHa Haj Apyro#
(puc. 9-6). BoicTynaiomiue H3 BepXHefl H HHXHeH KaTyIleK JIHCTH
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3aMbIKaI0TCA BCTHIK fipMaMH. JIeBoe M NmpaBoe sipMa COCTOSAT H3 HECKOJb-
KuX cekuui. Kaxjas cekuus sipMa NpHXHMaeTcs K JIHCTY C NOMOLIbIO
npyxHuH. KOHCTpPyKuHsl anmapara o3BOJIsieT HMeTb Ha OJHOi CTaHMHe
HecKosabKO nap Karyuwek. IlpaBoe spMo KaXJoif napbl KaTrylmexk He-
IIOJABUKHO, a JIeBOe SIPMO sIBJseTCA OOIHM MIS HECKOJNbKHX Tap Ka-
TYILeK. .
Pasmepbl KaTyuleK BbIGHDPAIOTCS B 3aBHCHMOCTH OT PA3MEPOB HCMbI-
TyeMblX JucroB. [nuHa Karywek moaxHa ObiThb Ha 40 MM MeHbiue
HOMHHA/IbHON MAJMHBI JHMCTOB, a ILUMPHMHAa — Ha 30 ma GoJblie, BLICOTA

1 2 3 4 5 6 7 v
7V
\
i Z
- D
2z

Puc. 9-6. Cxema MaruutHOiM uenu anaapaTa AJs OnpefefeHHS MarduT-
HBIX CBOHCTB B MOJIYLENBIX JHCTAX.

1 — sApMo;. 2 — KapKac coJieHOMAa; 3 — HaMaTHWYHBaloWlass O6MOTKa; 4 — H3MepH-
TenbHaA OGMOTKA; & — MCNBITYGMble MOJYJHCTB, 6 — H3ONSLHOHHAS NPOKJIANKA:
7 — nepxatcib sipMa.

katymek 8—10 mm. Ilpu gauue nucros menee 1 000 M HaMarHHYMBAIO-
luHe OOMOTKH HAHOCATCS HePaBHOMEPHO MO MJIHHe COJeHOMAOB. TeXHH-
YecKHe XapakTepHCTHKHM KaTyllek 3TOro anmapara yxasaws B T'OCT
12119-66.

HeonHoponHOCTs HaMarHMYMBAHUSI TOPLUEBLIX yacTeil JHCTa ToOpsue-
KaTaHo# crann He mpesblmaer 10%, uTo BHOCHT OWMOKY ‘B OnpefeseHHH
yIenbHbIX noTepb He Gosee 0,5%.

' PaccMoTpeHHbI annapar npHUMeHsieTcs NS ONpefie/leHHst MAarHur-
HBIX 'XapaKTePUCTHK Ha UeTbipeX KOHTPO/JbHBIX JIHCTAX OT NPOMBILILIEH-
HBIX MNapTHil CrTanu BMECTO AubdepeHUHANbHOr0 annapara JnuwreiiHa.
Ilpununnuanpuas cxema sToro ammapara nokasata ua puc. 9-7. Hawme-
peHHe YAeNLHBIX NMOTePb NMPOM3BOAMTCH AGCOMIOTHLIM BATTMETPOBHLIM Me-
TOLOM. Y/e/bHble NOTePH PacCYHTHIBAIOTCA N0 hopMyJe

p=psz/m—Apn—Apy, (9-33)
Tle psr — NMOKA3aHHA BATTMETPA; M — Macca JIHCTOB, k2; Ap, — mo-
npaska Ha morepd B npubopax Ha | ke cranM; Apy;— nompaska Ha
NpHBeJleHHe T0TePb OT BHXPEBLIX TOKOB K CHHYCOHJA/bHOI (opme KpH-
BOH HanpsXKeHHS BO BTOPHYHON LEIH.

SlpMa H3roTOBJIEHHl H3 XONOLHOKATaHON TEKCTYPOBAaHHOM  CTasH
C HH3KHMH YNeJbHBIMH NOTEPAMH (P1,5/50=1,00 8T/k2) u umeloT MaJjylo
anuny. B pesynbTate monpaBka OT NOTEpb B fipMe NPH ONpeleseHuH
YyAeNbHBIX MOTEPb B NOJYJAHCTaX cocTaBaser npubGausurenbHo 0,3%.
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Hns npubopoB ¢ MaabiM norpeGrenuem (BartMerp II-542, BosbT-
merp JI-564) umen Ap, cocraBaser 3—49 nepsoro caaraemoro. Ko-
spduunent dopmbl mpun B=1 T4 pasen 1,12—1,13, a npu B=15 14 —
1,16—1,16" 6e3 cneunasnbHON peryJHpoBKu (hopMbl BXOAHOrO Hampsxe-
HuA Koupencatopamu. Ilpy B=1,5 74 He0GXOAHMO YUHTHIBaTb NONPaBKY
AU Ha 'BO3LYIIHLIH 3a30p KarylleK, CeycHHe KOTOPBLIX COCTaBASieT
100—120 cm?. Tax xak nompaska AU cocrasaser 2—2,5% Hanpsi:KeHud,

\AAS
\AAS

J

&N
[~ |

|

Puc. 9-7: IlpuHuunuanbHas cxema yCraHOBKH.

1 — annapar; 2 — KaTylUka B3aHMHOH HHAYKTHBHOCTH; 3 — mepekJioya-

Teab; Vi u Vi — BONBTMETPLI A/NS H3MEPEHHsI CPeAHEro 3HaYeHHs Ha-

npsixceHus; Vi — BOJIBTMETD I M3MepeHHS NeHCTBYIOLICrO 3HAYCHHSA
Hanpsenusi; W — BarTMerp.

BBI3BAHHOTO M3MeHeHHeM HHAYKUHM B o0paslle, TO OHa He onpelensercs
IJis Kaxjporo o6pasuna, a NpHHUMaeTcs NOCTOSHHOM IJIsi KaXIo# rpyrn-
ubl craneif. ITo 3Toll npHYMHe MakKcHMa/bHasl HOTMOJHHTENbHAasi OLIHOKA
He mpesbimaet 0,5%. : . :

‘Ilpu cpaBHeHHH pe3y/bTAaTOB H3MepeHHs YAeJbHbIX MOTEPb HA ledbiX
JUCTAX M Y3KHX TMOJOCKAX B aniapare AniuteiiHa (BblpeSaHHbIX BAOJIb
OIHOTO HamnpaBJieHHs) HeOGXOAMMO YUYMTHIBATb yBeJHYeHHe MOTepb OT
HakJeNa H yMeHblIeHHe TOTePb OT CHATHA HaNpsXXeHHHl NEpBOro poia
NpH paspeske JUCTOB Ha y3skue moaocel (§ 6-1). ITosToMy cxoammocTh
pe3yJibTaToB OIPEICJACHHST Ha II0AYJUCTaX M Y3KHX 110JI0CKax ropsuc-
KaTaHoi cranau GyleT 3aBHceTb OT HANMpsiKEeHHH NepBOro ponaa, BO3HH-
KaloWMX B JUCTAX NPU OXJ&X/JIeHHH HX B CTOIC.

Uem OGosblue MIMPWHA JHCTa, TeM OGosblle [PH NPOYHX PABHBIX
YCIOBHAX MOTYT BO3HHKATb HamnpsiXKeHHss mnepsoro poaa. Tak, a4
JIUCTOB TrOpsiYeKaTaHOH BBICOKOJETHPOBAHHON CTanu ILIMPHHON JHCTA
750 MM, OTOXIKEHHBIX CTONAMH, 3HauyeHHsl YIeJbHblX NOTEPb HA UEJbIX
JHCTaX M Y3KHX TOJOCKAX CXONATCS MeXIy coSoit B mpelenax +3%.

V3Mepenre MAarHUTHOH HHAYKUHM B KoopAMHatax By—H, mpous-
BOJMTCH 1O cXeMe, yKasaHHoi ua puc. 9-1,a. Karymka B3auMHO# HHIAYK-
THBHOCTH BKJIIOYAETCS] B HaMarHHyMBaIOLLYIO lellb C. NOMOLIbIO Tepe-
kmouatenst 3 (puc. 9-7). HanpskeHHOCTb MArHMTHOrO noOJs B KaTyll-
KdX ycraHamauBaeTcsi B cooTBeTcTBMH c '(9-8), rle nNpUMEHHTeNbHO
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K cxeMe puc. 9-7 Gylem HMeTb cieayiomue oGosnauenus: Ecp — moka-
3aHMsl BOJbTMeTpa; [ — JJMHa MarHUTHOrO NYTH, DPaBHasg YABOEHHOMN
IJIMHe JIHCTOB. ;

OnpepnejeHne MarHUTHOH WHAYKUMHM npousBoiutrcs mo (9-12). Taxk
KaK KpuBble HaMarHMYMBaHHsl B TOCTOSIHHOM M IlepEMEHHOM NOJSiX B KO-
opauHatax By—Hy 6ausko cXoadTcsi MexAy coGoil, TO moJyyaeMmble
pe3yabTarbl 3HayeHHs] Bysop HA LlesBIX JIMCTAX W Y3KHX NOJIOCKax He pac-
xoparcs Gonee +2%. Tlpu 3aToM HyXHO HMeTb B BHAY, UTO BJIHSIHHE
HaK/eNa OT Pe3KH TOJNOC ropsiyeKaTaHoil CTalM Ha MAarHUTHYIO HHAYK-
LM B CHIbHBIX TIOASX (Basee) siBasieTca MaabiM (1—1,5%). B nacros-
liee BpeMsi BCs ropsyekaTaHasi cTa/Jb Ha 3aBOLAX-H3TOTOBHTEJSX HCIBI-
TBIBaeTcsi Ha JaHHOM amnnapare.

B ycraHoske, onucauHoit B [JI. 9-12], B mennlX JHCTaX XoJOMHOKa-
TaHOHl TeKCTYpOBaHHOH CTanu TNPOU3BOAHUTCA OMNpeleleHHe MATHUTHOMH
HHAYKUMH Bosoo, SIBNAIOIIEHCA BaXKHellllell XapaKTepUCTHKOH ee Ka-
yectBa. B [JI. 9-12] npeasoxen Meroj M3MepeHHs HHAYKUHWM Ha mepe-
MEHHOM TOKe B JIHCTaX M PYJOHax 0e3 HeNOCPeICTBEHHOTQ ONpeleseHHs
NIONEepPeYHOro CeueHus JIMCTOB.

Hast kaxpgoit rpynnel crasneit ¢ GJH3KUM COJepXKaHHeM KPeMHHS
HMeeTCA ONWHAKOBOE MAarHHTHOe HaCbllleHHe, a MarHUTHA#g WHIYKIHUS
Bsoooo Mano pasnuuaercs AN OTAeJbHBIX TapTHil crand. B annapare
onpejessieTcsl OTHOLUEGHHe

®u/®s=BuS/BsS=Bua/Bs. (9-34)

3uas Bs unu Baggoo, ONpenensioT MHAYKLUMIO NMPH 3aJaHHON Hanps-
XeHHOCTH MaruutHoro noasi. B [J1. 9-12] Gblny paccMOTpeHB! OTHOLIEHHS
Bgsoo Bioooo M Basoo/Bsoooo B XONIOJHOKAaTaHOH TEKCTYPOBaHHOH CTajH
(puc. 9-8). Kak BugHo u3 pwuc. 9-8,
MCNOJIb30BaHue HHAYKUHH B1oooo BMe- )
CT0 Bs NpHBOAMT K 3aMETHbHIM O- 2500/ 70000’ 1
TPELIHOCTSM B ONpPeJe/NeHHH HHLYK- 086@2500/530000
UUH Bazseo, a npu 3ameHe Bs Ha %
B3oo00 KOMONHUTE/IbHASL TOTPELIHOCTD i Z
B oueHke Basoo He mpesbimaer 1%. pgp

HmeloTcst ¥ apyrue yCTaHOBKH
[JI. 9-13, 9-14] nns onpexpeneHus
MarHMTHBIX CBOMACTB B LeJblx JH- (8§ 7~
crax. B ycranoBke [JI. 9-15] Bos-
MOXHO IPOBOLHTb  OMNpeleJieHHe
yIOeJbHBIX TOTEpPb Ha MaJsblx Y4acT- 480 A
Kax Jaucra. Mamepsilorcsi nHanpsiKeH:

\e

HocTb MaruutHoro (Ho) H anexTpu: Ba2s00
yeckoro mosst (Eo) Ha moBepXHOCTH 5 16 17 18 19 ma
JIHCTa M Ha OCHOBAHHM  TEOPEMbl
¥YmoBa — Tlo#fiTuHra NPOU3BOJAT Puc.  9-8. 3aBUCHMOCTb
onpefie/ieHHe YEeNbHBIX 0TEpb. Bosoo/Biooo  (xpuBas 1) #
Bousbiuoe 3HaueHHe /15 PYJIOH- Bysoo/Bsoooo  (kpuBas 2) ot
HOH XOJIOLHOKATaHOi CTali HMeer Biso B XOMOJHOKATaHOIl
CO3JaHHEe anuapaTos Mo olpeiese- TEKCTYPOBAHHOI CTanu.

HHIO MarHUTHBIX CBOWCTB B [BHraio-

uieiics Jente. OTeuyecTBENHOI MPOMLILIIEHHOCTbIO Pa3paboTanbl yCTaHOB-
kn Y-5021IT u ¥Y-5021IIM, B KOTOpBIX NPOHM3BOAUTCS _olipeleneHHe
pis/s0 U Basgo mpu uactoTe nepeveHHoro Toka 50 ey. B ycranoske
MMeloTCl ABa HaMarHMyMBaloWuX ycTpoiicTBa. B nepsoil katryluke Mar-
HHTHOe roJe MOoBORMTCS Zo 30000 a/m u no meromuke [JI. 9-12] npous-
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BOJIMTCA ONpefiesicHHe CeyeHHS JeHTH. Bropas karymga umeer namar-
HHYMBAIOILYIO H MU3MEPHTC/bHYIO 0OMOTKY.

HOna xoMneHcauuyu 3. A. C. B BO3NYLIHOM 3a30pe HMEETCS KOMIEH-
CallHOHHAsA oOMOTKa, BKJIOYEHHasl MOC/AeLO0BATeNbHO H BCTPEYHO H3MEpH-
TeqbHOM oOMoTKe. [l NMONYyYeHHS] CHTHAJNOB, NPONOPIMOHANBHBIX Ha-
NPSXKEHHOCTH MAarHHUTHOTO 1OJIS, B KaTYLUIKy BMOHTHPOBAHBI INVIOCKHE
KanuGpOBaHHble KaTYIUKH, PAclo/oXKeHHEle 10 o6e CTOPOHBI HCIBITYEMO-
ro nucra. B ycraHoBke uMeeTcsi GJOK CDaBHEHHS, C MOMOINbIO KOTOPOro
¢buxcupyercss 3HaueHHe Bgseo, @ B mpeoGpa3zoBaTese MOMIHOCTH Bblja-
IOTCSl CHTHaJbl, TIPONOPLHOHAJbHEIE YIeJbHBIM [OTEPSIM.

YuHuTbIBas, YTO TOrPELIHOCTb PEryNHPOBAHMS MArHHUTHON HHAYK-
uvH Bu=15 714 nocruraer 2,5%, a TouHocTb mpeoGpazoBaTesNs MOIUIHO-

R
ARIRRARRRRL

Puc. 9-9. MaruuTHas u€Nb ¢ BpallalOUMMHCS

MarHMTHbIMH POJHKAMHM JJA  ONpelejeHHs

yaeJbHBIX NOTEPb B ABUXKYIIelcs JeHTe (mo
cxeme Kpyra).

CTH +3%, H3MepeHHe YAeJbHBIX NOTEph HA BTOM YCTAaHOBKE NMPOM3BOJHT-
csi ¢ Gonbllell TOrpelHOCTbIO, YyeM B annapate JnwreitHa. Tak Kak
Takoi anmapaT ROMXeH CTOATh B JHHHH NEPEMOTKH PYJOHOB, TO H3-3a
HEKOTOPOrO HATSXKEHHA JIEHTH GYNeT HMeTb MEeCTO HCKaXXeHHe pe3yJb-
T4TOB ONpeReJieHHs YHeJbHbIX notepb (ra. 6).

B ycraHoske ¢dupmer Cumenc (PPI) samarHuuuBanue mBHXKYyLlelcs
JIEHTBl NIPOM3BOJMTCS B 3aMKHYTON MAarHuMTHo#l uenu no cnoco6y Kpyra
[/1. 9-16]. Ha puc. 9-9 nokasaHa Takas MarHHTHasl lenb C ABYMs napa-
MH MAarHUTHBIX POJIMKOB. Buiiaromapst 3TOMY MAarHMTHBEIl NOTOK BXOIMT
B MOJIOCY Ha CTPOro (MKCHPOBAHHOM yuacTKe. MarHHTONPOBOX M pOJIH-
KH COCTOSIT M3 IJIaCTHH MSTKOrO B MAarHMUTHOM OTHOIUEHHM MaTepHana,
6narogapsi 4yeMy NOTepH B SIpMe SIBJASIOTCA ManbiMH. Takas MarLuTHas
uenb oGecreyuBaeT ONpefleeHHYIO JJHHY JIeHTbl B HaMarHHueHHOM
COCTOSIHMH, BeC npoObl, OZHOPOLHOGC HAMarHHYMBAaHHe JIEHTHl MeXAY
MarHATHBIMH pOJHKaMH. li3MepeHHe YHAeJbHLIX MOTepPb NPOU3BOAUTCH
¢ momomwplo BarTMerpa kaacca 0,5. O6wast MorpelHoCTb ONpejesenHs
yIoeNbHBIX MOTEPb HA T4KOM ycTaHOBKC sfBJAsfETCA OJH3KOH K annapary
Dnurefta.
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