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N3MEPEHN A BAX UMITYJIbBCHBIX KPEMHUWEBDBIX JITI/
HA YYACTKE JIABUHHOI'O ITPOBOA

Paccmompenovr ocobennocmu usmepenus
BAX umnynbchbix KpemHueswvlx J1A6UHHO-
NPONEMHBIX OUOO08 U UCTOJIb306AHUSL UX
napamempos 0t nPOSHO3UPOBAHUS HA-
oexicnocmu JITTJ].

W3BecTHO, 94TO WM3-3a BIMSHUS 3apsiia TOABIKHBIX
HOCHTEJIEH TIPU BBHICOKOHM IIOTHOCTH TOKa B KpEMHUE-
BBIX MHUKPOBOJIHOBBIX THOJaX, B TOM YHCJE JABUHHO-
nposietHbIX (JITIL), BO3HUKAET TaK Ha3bIBAEMOE IITHYPO-
BaHHUE TOKa, KOTOPOE 3a4acCTyIO SBJIAETCS NMPUUMHON Ka-
tactpopuueckux otkazor JII1J[. Ha oOpaTHol BeTBH
BOJIBT-aMIEpHBIX XapakTepucTik (BAX) nabmronaercs 06-
JIACTh OTPHUIIATEIBHOTO TU(PEePSHITHATEHOTO COIPOTHB-
nenus [1, 2], 4To gaeT BO3MOXKHOCTb IIPOrHO3UPOBATh
OTKa3bl TUOJIOB 110 JUATHOCTHKE «ITHYPOOOPa30BaHUSD)
[3—5]. OcobeHHO 3TO aKTyalbHO JIJISi MOIIHBIX JIBYX-
nponeTHbIx JITTI, koTopble paboTaroT B UMITYICHOM pe-
»kume. B 1aHHOM paboTe paccMOTPEHbI HEKOTOPhIE METO-
JIUYeCKHe acTieKThl m3MepeHusi BAX mogoOHbIX TUO/I0B,
OCOOCHHOCTH HMX Pa0OTHl B UMITYJIbCHOM PEXHME IPH
BBICOKOH IUIOTHOCTH 00PaTHOTO TOKa Ha y4acTKe pa3Bu-
TOT0 JIABUHHOTO ITPOOOS.

Metoguka nsmepenns BAX ummynabcubix JITIIL

Cxema m3mepenns BAX JITT]] B uMITy TbCHOM pEKH-
Me IpuBejieHa Ha puc. 1. B sxcniepuMenTe ucnosip30Ba-
HBI TECTOBBIE UMITYJILCHI JTUTENLHOCTRIO 120 HC mpn
ammuiutyze 10 300 B va Harpyske 50 Om. Umnynsc ot
reHepaTopa IomnanacT Ha CHCTEMY JMHHU 3aIepKKH.
Jlunns 3anepxkn JI32 npenHaszHavueHa sl pa3aeIeHUs
0 BPEMEHH M3JIAIONIEr0 CUrHana (V) ¥ OTpaKeHHOTo
oT uccrenyemoro obpasua (V). Jlunus 3anepxku J134
pas3zenseT OTPaXKEHHbIH U IepeoTPaXeHHBIH OT TeHepa-
TOpa UMMYNbCOB curHal. Ha nuuusax 3aaepxku JI31 u
JI33 BeIAEIAIOTCS IUHENHBIE KOMOMHALIUMY 11a1a0IIETr0
(V,,) 1 oTpaxeHHOro (V) UMIYJIbCOB, KOTOPBIE TIPH
OIpeIeTICHHOM N0A00pe HArpy30K CTaHOBSTCS IIPOIOP-
LIMOHAJILHBI UMITYJIbCaM HANpPsUKEHHs V1 ToKa [ Ha uc-
cieyeMoM oopasiie:
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rie K, K, — ko3 puimenTs IponopuuoHantbHOCTH, Z —
KOMIIJICKCHASI €IMHHIIA.

B Hamewm citydae BeIOMpacTcst 06CKOHEUHO OOJbIIast

narpyska JI31 (R, — ) u GeCKOHEYHO Maas Harpyska
JI33 (R,=0).
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Puc. 1. Cxema u3mepenuss BAX ummnynbcubix JIITJT

Pe3ynbrarbl u3mMepeHuii U 00cy:KaeHue

Paccmorpum aeranpHee «uminyiabcHyo» BAX JITTT
W TIapaMeTphbl, KOTOpbIE ee OMUChIBatOT. OO0IIel yepToit
takux BAX sBisiercs Hamuuue y4acTka OTpULaTeIbHOTO
muddepentmansHoro conporusienus (OJ1C), xapakre-
pU3yEeMOT0 BETMYMHON KPUTHUYECKOTO TOKA IKp. 3ayJact-
koM ¢ OJIC cienyer y4acTok ¢ 0O4eHb MasbiM U de-
PEHIHATBHBIM CONPOTUBIICHNEM (BEPTUKAIBHBIIN yuac-
TOK), YTO XapaKTepHO AJIS pacliupeHus chopMUpPOBaH-
Horo Ha y4actke O/IC «uHypa» Toka Ipu NOCTOSHHOM
TUTOTHOCTH TOKA. DTOT YIaCTOK SPKO BEIPAKCH y THOMIOB
C «IPOKOJIOM» 1-CJI0sl, (PHC. 2, KpuBbIe [, 2) W XyXKe
MIPOSIBIIIETCS y IMOIOB O3 «1pokoiay (kpusas 3). Kpo-
Me Toro, BAX «IpoKoJI0TBIX» THOJ0B OTIUYAIOTCS elle
1 OOJBIINM 3HaYeHHEeM ckauka HanpspkeHust AU Ha yya-
ctke OJIC.

Tox B Touke nepexona BAX na yuactok OJIC ompe-
JensieTcs Kak Kputuueckuil. Kak mokasanu uccnenoBa-
HUSI, B 3aBUCUMOCTH OT TEXHOJIOTUH U3roToBieHus JIIT/I
Ha ero UMITYTbCHOH BAX MOXKeT OBITh HECKOIBKO TOUEK
mepexoa.

N3mepenuss BAX JITI/] B uMImynibCHOM peKuME T10-
3BOJISIIOT OIIPE/ICNIUTD HATIPSDKEHHE KaK OTHOPOTHOTO J1a-
BUHHOTO 11p060s Uy, TaKk 1 Ip000si, CBA3aHHOTO € MHUK-
porutazmoii. B atom cirydae mmmynscHas BAX Ha yuacr-
Ke Mpo0osi HE COBMAJaeT co cTarndyeckoi. J{ms omHo-
POIHOTO JJAaBUHHOTO NMPo0ost 3HaueHue U, , "3MEpeHHOe
HUMIYJIbCHBIM METOJIOM, COBIIQJaeT CO 3HAYCHHUEM, H3-

32

TexHoIOrus 1 KOHCTPYHPOBAHHUE B 2IEKTPOHHO# anmaparype, 2009, Ne 5




OYHKIUOHAJIBHAA MUKPO- U HAHODJIEKTPOHUKA

[,A T T T T T

1,5 1 .

1,0 .

-
Cay,

.

0 P

T T T
30 40 50 U,B
Puc. 2. BAX p'—n-n*-guonoB ¢ npoxkonom n-cios (1, 2) u
6e3 mpokona n-cios (3)

MEpEeHHBIM 110 Ipon3BoAHbIM BAX, 1 cooTBETCTBYET pac-
YETHOMY 3HAYCHUIO JUIS PE3KOTO p—1-TIepexoaa u 6apbe-
pallloTTkn
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rne E  — LIHpHHA 3aMpereHHO 30HbI 10JIyIPOBOIHUKA;
N, — KOHIEHTpalus TOHOPHOH NpumMecH B Oase.

(2)

Ha nuneitnom y4acTtke nmirynbcHOM BAX, KoTOpBIif
CIIEYeT 32 Y4aCTKOM C MaJIbIM T PepeHITHaTIbHBIM CO-
MpOTHBIEHHEM (PHUC. 3), MOKHO OTPEIETUTh UMITYIIbC-
Hoe MU depenHImaIbHOE CONPOTHBIEHHE noaa R . 13-
Mepsisi HI3KOYacTOTHOE AU PepeHINATEHOE COMTPOTUB-
JeHHs R, MOKHO OIPEJICIIUTh TEMIIEPaTypy Ieperpena
y4acTKa «p—n-TIePexXo—KOPITyC» B HU3KOUACTOTHOM
pexume padotsr JITL/I:

Tpfn:PBxRT—i_ TKOp]‘[’ ( 3 )
rae P, — BXO/Has MOIIHOCT;
R — TemioBoe CONPOTHBIICHUE YHACTKa «p—7-TIEPEX0—KOp-
nyo», R = R, ZR' ;
BU,
B — TemmeparypHbIit Kod(hunueHT npodos;
T — Temieparypa Kopiyca.

KOpIT

YuutsiBast Benuuuny 7' - ¥l IAHHBIE 13 [6—8], MmOx-
HO ONpeAeNuTh Bpems ¢ HapaOoTku Ha oTka3 JIIIJ] mo

dbopmyne

T,
40pCl’ )

OTcrona clieyeT, 4To Kax/10€ TOBbIIICHHE TeMIIepa-
Typsl Ha 40°C yMEHBIIACT JOITOBEYHOCTH AN0/a Ha TIO-
PSIOK, ¥ YTO JIJIs yBEJIMYCHUS { HEOOXOAMMO YMEHBIIUTh
CPEIHIOI0 TEMIIEPaTypy p—A-TIepexona. AHaIHN3 OTKA30B
JITTJI, paGoTaronmx co CpaBHUTEIBHO MAJILIMU BETTHYH-
HaMH IKp, [10CJIE MCIIBITAHUN Ha HAJEKHOCTh I0Ka3all,
YTO MEKAY KOIMIECTBOM BHE3AIMHBIX OTKAa30B HOIOB H
BENTMYMHON ckauka Harpshkernst Ha BAX AU cymiectBy-
€T KOppesIIIMOHHAs 3aBUCUMOCTH (pHC. 4).
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Puc. 4. ['mctorpamMma 3aBUCHUMOCTH OTHOCHUTEIHHOTO KOJIH-
YeCTBa BBIMICAIIMX U3 CTPOS AHOMOB OT BeauunuHbl AU

[onydenHble pe3yapTarsl HEOOXOAUMO YUUTHIBATH PH
pazpaboTke (U3MUYECKUX METOJ0B MPOTHO3UPOBAHUS
HazaexHocTy JIIIJ] u Apyrux TUIOB MUKPOBOJIHOBBIX
puOOPOB, pabOTAIOIIKUX B 001aCTH JJABUHHOTO MPOOOS
p—n-niepexojia uiu 6apbepa [lorTku.
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