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AHOTAUHH 

B cnpa.Bo't!Hmcax npiD30,IVITCfl npe,uenHo .uorrycT.HMHe yCJion:wr 

pa6oTH miTerpaJI:&Hwc r.r~HRpocxeM* m: n CJiy'iae me npenHIUeHIDI m:s

roTonm:Ten He rapaHTkipyeT coxpaHtmHH rrapaMeTpon :mrTerpaJil) -

HUX MI1!tpocxeM. 

B npa.RTmte o'tleHD 'tlacTo ncTp(~'tlaeTc.fi neo6xo.nmvrocT:& rrp11: -

MeHeHWI MO,IJ;YJI6H B yCJIOBKfiX, He Ollpe,ueJieHHWC CllpBJ30l!IillMlil ,Ua.HHH

MH. Trot Krut nee rrapa.MeTpH MO.n.yJieii orrpe,D;eJieHhl MeTO,II;OM "HaH

x,y·,muero CJIJllafl", npo6a llpHMeHeHH:l MO.n.yJie:fti B HeCTaH,UapTHbiX yc

JIOBHRX MOXeT OKOHliKTCfl ycneruHO. 

UeJIDIO aToro o6sopa JlBJI.A:eTc.a 6oJiee IIIkipORoe ,yKasaHHe cno:iticTn 

MO,IJ;yJI6H B ycJIOBKfiX, OTJIH'tlaiOIJ.tWCC.fi OT peROMeH,nyeMLix. 



I. KO!~lllOHHITbl LIO.IIYJ1Et1 

CBoilCTBa liJIOltjJiei llt6CTiro CBSISaHLI CO COOHCTB8.MH HXO.n;fll.URX D 

K'h: COCTa.D I\.Oiv'lflOH6UTOB 1 Ta.R.IDC KaJ( TpBH3l1CTOpLI, ,IIl'IO,ltbl H COIIpOTU-

BJI6Uli1J I • 

;J.n.fi onpe.ne.n;eiUtJl IIOB6,1lOHU.fi MOllJJieii B pa3HLlX jCJ10HL1fiX Ha).tO 

sapauce onpe,neJmT:& 38.BMCUMOCT:& OCHOBHbiX napaMCTpOD I\OMIIOIIOHTOB 

OT JJU6UIIU1X W8RTOpoD. B llaJILHeirtnefi I\JIWIIUIC CMimCTH.blX COCTaHJ1Rli

Ut£DC 116 ytlRTUBaeTCJi !3 CDJISH C IDe r TOpoCT&neHHHM xapm~TC!X>M• 

I, I L CoiiD£TKDJieinur 

Yn;CJibuoe conpoTIIDJieHHe PilaTBI HaJia, MS Itoroporo "13roTa.r:JJm

naroTc.a: CTa.H.I(apTHl:le COIIpOTIDJJI61UUI D CXet::la.X TTJI pat3HO !30 OM Ha 

KBa.}UlaT • 3TO 3Il8'16H~Ie YBCJIHtiKB8C'l CH C IIODlilli6HUOr•1 TetJiliCpaTypLI 

ua !°C npH6mi3HTeJLDHO Ha I~~ 1:J o6J::aCTUI IIOJIOJiGITeJIDUhlX TetvmepaT;yp. 

~ OTpmJ,a'l'CJ.tLHHX TCl\'IH6paTyp OTO'.I' l~0\1CllJ.JL1ll,R6HT CDO,IUITC.fi 1( II.;.mo. 

B cxer.JiaX MaJIOi MOU!HOCTH rrvru.;eu.rooTC.fi 6oJiee r;ucoRne suaqeiUlfi 

COilpO'l'LlBJI6Hd, 'ITO npm~ JJ;HT 1\ yBE:Jml{eHIDO J ,llCJI!:,IIOI'O COnp0TID3JIO

HWI npm~lCH.fiOMOI'O MB.TepHBJia )!0 26(1 OM 1!8 I~Ba,zu;>a.T • 3TO 8HatteHMO 

,l(OCTHI'88TC.fl fi, TCM np:ll1Lt16HCHliJI ~; TOXHOJIOr1i'JCCROM ~1l)()U6CC0 .np.,roro 

., ponnR IIpl'L'VleWHDaHW:t. Ha p:ac. I. I Hortaaana Tilllonarr sa.uHCLlrr•DCT:& co

IlpoTHBJieHwr OT Te~;IDepUTj1>bl• 

~yr:ae conpoTHhnerum, c /utec~:'DYIOUille :d cxer.1c 1;.ru"' coupoTUB.ne

Inte TpaH3RCTOpa, conpoTHBJICHHe nuo.u;oD, cr~Ieulomrux 1: np.m,;nrvt uanpa ...... 

DJICIUUi, TolKe MeHSiiOTCJl B saBHCW;lOOTU OT TCI•IlliOpaT,ypLI. Kati6CTBeii-

H8JI OUCinta 3THX 3a:BHCl1lVIOCTe:£i, XO~~SI He OtiCII.b TO'lHO 1 MO:xteT 6biT:& 

nponen;eHa C llpal\TKtl6Claf D;OCTa.Toquoii TO'tlliOCT:&IO ua OCHOBe XSpa.!tTe

pHCTIDCH (pHc.I.I) • 

I ,:2 e JhiOJIN 

OcHOnHLIMH napa.MeTpar:&, xapa:tTeplt3YIOutHI'-l'l mro.n, srnJI.fllOTCSI co

npoTl-IDJieiiHe Irpo::.o,D1!Utero JUio.na, naneHue Hanp.f.DKeuwr Ha nponoWD:teM 



.n;HO.n;e ( V F ) , a Ta.roKe B HeKOTOpHX CJiytia.flX - 06paTHOe Hanp.HJJteHHe 

npo6oR. 

QqeHD BaJIQllifl, XOT.fi T.F.OlteJibiM ,u,J:JI aHSJUISa napaMeTpOM n;Mo,na, 

SIDJISieTC.f.I TOR yTetiKH. B MOHOJIHTHHX RHTerpaJIDHbiX MRKpocxeMB.x ,nHO

,I(OM ID3.1ISieTC.fi TpaHSHCTOp, B KOTOpor-.i 6asa coe;n;HHeHa C KOJL1ICl\TOpoM. 

B Ta.ROM CJijliae TOR yTeqKH, CliiJl:OHO CB.fi3aiUmR C TeMnepaTypo:fti, He 

HMeeT HHRaKOI'O BJI.KfiHim. B Tp8.H3HC'J'Ope J3 CB.f.I3H C BHCTyiiJieHHeM RH

BepCOOHHOI'O rrapa.MeTpa h FE TOR jTe't~KH .D;OCTRraeT OO~lUHX SHa"CieHd. 

OmiTmiM nyTeM OTMetieHo; liTO E:ro sHalieHRe J .n;nrumaeTc.a B npe

,n;eJiax TeMIIepaTypbi 25°c ,UO !00°0, a IIpR TeMnepaTypax mate 25°0 Me-

HffeTCH HeSHa"CIHTe~HOe 

THllOBOe SHa'tleHHe Ha.np.fiJKeHHSI V F Mex,IlY' c5aso:fti Li 3MMLiTepoM, npLi 

TOKe I MA, TeKymeM B npRMOM Hanpcu~eHHH, paBH.HeTcn 0,73 B. 3To 

HanpmrteHHe JmJI.fieTC.fi CytJJMO:fti HaiipSIJitE:HM OTCC'tiKH, paBHOI'O 0,6 B. H 

.D;068.Boqaoro na.n;eHWI HanpHJiteHM Ha COIIpoTHBJieHHH .D;VIO,na, IJB.BH.f.DOute

I'OC.fi 0,13 B. Ha p.ac.I.2 noKasaaa ~~B.B.acruJiocT:o sHa'tleHxm nanpJDKeHWI 

OT TeMnepaTypbi. 

llpH CMeuteHHH B o6paTHOM HaripU3JleHHH Haiip.HJKeHHeM IIOp.a:,IJ;Ka 6 B 

qepeJ rrepexo.n 3MHTTep-6asa Te"CieT ~'OK upo6on. B CJI,yrqae .npyrn rre

pexo.noB, HarrpHMep, KoJL1IeKTop-6asa viJ.m ROJL7IeKTop-no,nJiona, .no

rrycKaeMbie SHa'tleHM Hanp.fDiteHM npoCIO.H UOJDKHH 6biT:O 3Ha"CIHTe~HO Bbl

me. B npa.RTmte a To Hanp.HJKeH.ae sa.E.noqaeTcJ.i: B rrpe,ne.nax oT IO B n;o 

50 B H Bllille. 

I.3.TpBH3HCTOPbi 

Bee Bl:ruley-I\a3aHHble OCHOBHble II~.paMeTpli, Ta.KUe Ka.K HaiiPJDiteHRe 

npo6o.fi npononnmero nepexo.na 6asa-a~mTTep, conpoTRBJie

HHe Ii TOR yTe'tiKR OKaSbiBaeT BJIIDIIUiE Ha xapaKTepRCTIDUl Tpai-ISHCTOpoB • 
! 

0l(H~ HS OCHOBHbiX rrapa.MeTpOB TpaHSHC.TOpa .fi.BJI.f.[eTC.fi KOa@.>HW:teHT ~ 

nepe,na"CIH TOKa h~E • 3HaqeHHe 3TOrC KO~PRUMeHTa yneJIHtiHBaeTC.fi C 



poCTOM Te.MllepaTypLI, Ita.:K fiORa3aHO Ha pMc,!.3. 

3Ta XB.paKTepHCTmta, OlleHh fi(iJieSHa.H npR OUeHKe HSMeHeHWl na

paMeTpOB TpaH3HCTOpoBt He MOllteT c;HT:D IIpmMeHCHa ,&JIH TOliJWX BI:AH

CJieHIDi n CMSH c pasnoo6pasHHM xnpaxTepoM BJimiM ncex ocTaJIDHHX 

cPaRTOpC>B, Ta.:KIDC Ra.K! SHalleHRe COHpoTHBJJ:eHH.R:, ,n;pe~ R R3MeHeHRe 

HanpsDKeHWI V c C • 

2.BJOOIIIHE BlillllHHX <bAKTOPOB HA PAJiOTY CXEvl 

3UWI SB.BHCV!MOCTh OCIIOBHhlX IIHpa.MeTpOB I<ONU10H€HTOB MO.nyJiei:t OT . . 
BHOllllUIX {i>at<TOpoB, MOJICHO onpe,nCJIJii~~:b none,n;eHRe CXeM B p8.3HHX yCJio

BWDC.. AHBJms pa6o'nl cxeM B HecTrumapTHblX yCJionruiX nponc.n;eH Ha 

OCHOBe B.KTyaJI:blWX .n;amua, RSCBIOUlltXCfi TmiOBHX 3HatteHHii napaMeTpOB 

aTMX CXCM, 

2,I,BHxoBHOi:t KaCKAg 

YponeH:& BllXO;I.t,Horo uanpSD~teHJiiJI MSI Jior. "I" orrpe.n;eJI.SieT suaqe-

HHC HaiipfiJitCH:wl fiHTailWI V C. C li1 Jia;J;eHWI Hailp.wlOII.wl ua Kon,moHOHTax 

pacc~m~~RBaeuoi uenH (pvrc.2.I.). 

B c.nyqae MBJihiX TOKOB Ha;ltO W1l€T:b B BH,Dy na_ttOHHe HanpsDleHWI 

ua ,ItHo,u;e ( V F ) , na.n;eHHe HanpaenM aa nepexo,n;e aMPITTep-6asa 

( V1>E ) H na.zteHHO HaiipHXOHWI Ha c5a30D0h1 COnpoTKBJieHMli1e .llJIH 6oJID-

lllHX TOKOB TpaiiSHCTOp H8.CLitnBeTCH 11 He pa6oTaeT Katt ar~1Ii1TTepHtm 110B

TOpi1TeJI:b, B TBKHX yCJIOBWIX CylVIMaJmoe llaJ];OHII!C HaiipHJtOHWI COCTOHT 

JiiS 118Jl:OHWI Ila.Ilp$DiteHlLfl Ha .n;RO,Ite ( V F ) H lla.D;OIIUJI BHSBSHHOro Te'ie

UHCM TOita qepes noCJie,n;oBaTeJ.II,HO ~~oe;n;mremwe conpoTHBJieHWI ROJIJieR

Topa 14 conpoTJ.mJienvre HaCUil{eiiHoro TpaHSMCTopa l< c.s • 
l3Hxo,ItHoe Hanpmtellitle CJaJil,HO i)Bfi3aHO C HanpmiteHMOM D14T8HHS1 

(IIpR6Jw:SRTeJibno aua11enxm Ha.KJiona paBHHeTCH I B/B) • HciiblTaHHe BH-

xo.n;uoro RacKa,D;a npoRSBO,IU!TCH , ,IJ,JI.fl uaminsmoro .D;onycxaewro Ha-

np.RllteiUfJI IIHTaH:wi V C C • B CJiyttae ::IpHMeHeHWI 6oJiee BHCOROI'OHaiip.HJle

UWI llHTBliM BOSHmtHyT OTJI.ltf'U1f! B 3HatteiiWIX IlapaMeTpOn no CpaBHe-

• 



HmD CO CIIpBJ30'tllWlVIH ,Il&IIWMM • 

C poCTOM Tel\mepaTypbl SHa'ICliWI C.onpOTliiBJICHd YBeJIHliMBBlOTc.fl, 

a na.neuHe Ha mro.ne V 1= yMem,maeTe.R:, 'ITO np.r.mo,IU!T R BSa.HMO,nei:cT

BHIO aTIDC acix!>CRTOB. B CJiyttae ueiia.CbiUteHHOro Tpa.H3HCTOpa Ca'VlOe 6oJil,

IIIOe BJI.TtUilU:te HMCI>T Haiip.fDKCIIWI Ha ,ltMO,lle H nepexo,ne aMMTTep-6asa. 

B CBSI3H C \iTHM 3Ha'tleHHe BHXO,DllOl'O Hanp.sDiteHWI YBe.JIH'mBaeTCSI C 

poCTOM Te~mepaTypbt. B c.nyqae uaeblll(CHHOro TpaH3HCTOpa HSMeHeHHe 

BLIXO,llHOI'O Hanp.FDiteHWI C TervmepaT~rpoi: HMeeT HeMHOlitRO .npyroi: xa

pB.RTep, XOT.fi B ,ItaJihHeiiweM. coxpau.a:eTc.fl TeH,neHIUUI ero yneJIH'ICHRfi 

C poCTOM TeMDepaTyphl. 

~CKTbt, IIpOHSBO.IlMMhle TORWIH yTe'tiKH, CBO,ItSITC.fi R HyJilO H3-3a 

MaJIHX saaqend conpoTKBJieHHE:. H<:DLITaHRe BhlXO,nHoro RaCRBJ(a npz 

JIOI'J4lleCROM "0" DpOHCXO,ItHT TOJte )~ HaHHHSIIIero HaiipHJKCHWI llHTa

H.WI H3-3a TOro, 'ITO B \iTHX yCJIOIIWlX yMCllhW8eTC.fl TOR, ynpaBJUI

DutiDi: 6asoii BHXO,lJllOI'O TpaH3HCTOpl:~, 'ITO Bli3hlBaeT Tpy,nHOCTR C llO.Il

.Ilepli(aHHeM ero B HaChi~QeHHOM COCTC.IDIHR. Ha pzc.2.2 DORaSaiW nyTH 

TORa 6a3hl BhlXO,nHOro TpaH3HCTopa. 

CaMoe rJiaBHoe BJIRRHHe HMee1 xapSRTepHCTHKa nepexo~ aMHTTep

-6asa, B CBfi3H C 'tleM TOR ynpa.BJI€ HWI 6a3hl yMeiiDIIIaeTC.fi C poCTOM 

Tel'omepaTypbl, OC066HHO B o6JiaCTH OTpMUaTeJil,HLIX TeMIIepaTyp, B KO

TOpHX HSMCHCHHe COIIpOTHBJICHHH CEO,IU!TCH R HYJilO• 

ConpoTHBJieHHe1csyMeHLWaeTca c nonazeHHeM Te~mepaTypu. 0To 

llpHBO,ItHT K YMem;meHHJ> yp0BH.fi BblXO,llHOI'O HaiipstlitCHWI ,1J)JJI JIOI' • "0" B 

YCJIOBKRX CTaH,l(apTHOi: Harpysotmoii CDOC06HOCTR. B aTOM CJiyqae CDO

C06IIOCT:D R pa6oTe OOJ!DWMMH TOKaMH 3HatU1TeJIDHO YMeH:&IIIaeTCSI HS-sa 

YMCHDUI6HM CTeneHH HaCbJ.UteHM TpSEI3HCTOpa, Bhl3hlBaeMOi DOIUDKeHHCM 

snaqen:wz TORa 6a3hl, KOa@.>m:tHenTa nepe,na'tiH TOI<a h FE Tpansm:cropa. 

Ha OCIIOB€ Cl1pa.BOlJHWC ,naHHhlX MOJI:HO IlpHHJIT:D, liTO TOR MCII.fiCT 

CBOC 3HatiCIU1C C Tel',iiiepaTypoi B npmnurue JIHHeitno, a KOacixilHD;HeHT 



H81U10Ha paBIUIC'fCH npH6ml:3lll'l'eJlbiK• O,I5 WJOc. B1lWIIUte H3MClleHWI 

1181IpSDiWHWI IUrl'aH.Wl V c. c smJlS!eTCSl 'l'OJte .mmeitHUM H OUCHMBaeTCH Ha 

8 + IO MA/B. 

2,2,llLtxoJyiDi Ra£!AA 

!Jnaqevue uanpsmmmi no pore. · onpeJteJI.fiCT ypa:sue1me (pwc.2.3): 

V T : V -p, E ( Q 2.) i- V "l E ( Q ~) + V c.t ( Q '1) - V -g E ( Q. ~) 
Jl3!:!eHeHMe aroro uanp.mrenWI n sa:nncm.nocTn oT Ter:llle:pa'l'ypu 

MOliOIO Jierno OilCII14T:b • 0HO P. }til a ] >838 6oJII,L1C t 'let.: I-13rJCUCUUC Ilailpsl

lttCHliJI Oltiioro Jtper;nute:ooro nrpex.oJta. PoeT Te~.mepaorypu Pll3Unae-l' 

yr.'l€HLmetme narrp.smeHl'm nopora npu6Jmsu•reJIDHo na 4.2 MBJOC. O'ro'f 

ROaciJ])mutenT ococ5emm 6oJI:omyro llOJto m:"t>OOT n c.eyqaax ynpa.BJicrum 

CXeM OT pa3Rb1X HC'l'miR'IHWC HCTOtnlm\OD (DKJIR)'q8f1 TaRliW yiipaMeHHe 

OT ncpcrpyxeUJ.IWt DLIXOltOB). 
nre bbt U.l e\-{1.1.;( 

lloCJie Hj)9f>WD8HHS uanpsxeuwt nopora nepcxo.n aM14'l''l'Cp-6aaa 

IlXO,ltiiOro 'l'p6li3l4CTOpa CMeUl!WTCJl l ~ o6paTilOL! Uan.paBJIC1001 a Te~ 

'lOR Sini'lfieTM Cj'MtAOI TOl\El yareqKH H mmepcoomroro TORa. Tcr.1 IIC 

r:.eHee suatteuWI aTwc 'rOROB HaCTO.liLRO r.iSJIIi, qro J;laEe n c.nyqae pa-

6oTLI IO BXO.ttOB ue HapymaJOTCSI yc.:tonWI uopMWI~»Hol padom. JloilOJDIH

TeJlblto CJienyeT rrpoaiiaJIH3llpOBB.TD c.nyqai:t IIpe:nilll.ICHWI BXO,TUIOI'O H.aiipJl

llrolmsi :nYUe npc~eJibHO JtQnycTt1Moro 3Uat~euna 5,5 B. 

003HlUG1000WiC LlCllgly ~MH'l'TC]X>M U l«)Jl.JlCI<:'l'OpoM, JIHOO lij)yi1UM 

ouwrrrepor.1. nanpsmeH¥18 BLiillC G B :naSLUJaCT smJieune Jianmmoro npo

oosz. 3TO SII:.JICH14C ,nonycttae'l'CH TO~Ibi\0 11 CJiytre.e OrpaiUNeHtUI TOI~a 

11.0 2 r·;J\ runt raeace nJISI ex eM cepm I 5 N 54/74 121 H .S N 54H/74H. 

Jl,nsi Mmqx>cxer.1 cepWt S N 54 L /74 L Jianwu~ 'l'Olc uam orpaHliNMITb 

118 yponHe 0,5 r·.:A. Y.MCilbllleime BX<>.nu:oro Uaii.Pf!li'CUWI norX>ra l3bt3Ltnae'l' 

nepeKJI~JC~eUHSI BXO,nHOI'O TpaliSHCTOpa 113 COCTOSIUWI, l) I«>'l'OlJOr;'l TOR 

yTe'lrule nops.mta MKKpoa.r~mep, nTCJi.BJI B 'I'pB.USYCTOp n cocmsnme. n 



KOTOpoM TOR ( B :;)TOM c.nyqae BHTCRBDitd) }1.0CTm:'aeT 3HaqeHWI OKOJIO 

0,8 MA • .L{a.nDHe1timee ~1CllblllCIDIC EXO,l!,HOro HallpJDiteHWI }1.0 IW.TaJIOroBO

ro 3HaqeHHJI -» ( TH11H'IHOe SHa'leHae :KOTOporo 0,4 B) npHBOIJ;RT 

K yne;mqenmo aToro TOEa .n:o npe,D;e.n:cuo .n:onycTRMOro suaqenWI. 

B BU~RCXeHHaX, ROTOpHe }J.eHSXTCH Ha OCHOBC TH110BUX xapaKTe

pHCT.Wt, HcnoJI:&syeTCH cpaxT, 'ITO YEeJIH'IeHae BXO,nHoro IIaiipmleiiWI VrL 

BU3HBaCT yMCH:&IJCHHC 3Hal.ICHWI BXO,DHOI'O TO:Ka COI'JiaCIIO yprumeumo: 

J = Vu .. -V-xe(GA) -v.L 
Ji.. ~"t(o.d . 

YMeH:&UICIIHC BXO,llHOro HanpmKEHU1:H limite 0 B BUSUBaCT ;nBJIDHeii-

mee JIIDICHHOC y:BeJIMit!CHHC TOKB. ,JlO MOMCHTa, B ROTOIJOM BXO,ItHUe .ItH

O,Itbl 6Y:rt.VT CMCtllCHbl B 11p.ffMOM HaiipB.BJICHHH ( CM. pac .2 .4 H 2. 9) • B 

OTOM CJiyl.lae BOSH11KB.CT 6UC'l'p0e YBCJIHl{CHHe TO:Ka. 3Ha'ICHHC aTOro 

TOEa HB,nO Orpa.HH'IHT:& 11.0 SHa'ICHWI 20 IV1A. Wifi MO.nyJieii cepo S tJ 54/74 

H S N54H/74H, a 1lJUl MOJI.YJiel: cepm S N54L /74l .no snal.leHWI 

2 MA. 

2.3. BblXO,UHhlC TOJ«>BHe :xapB.KTepRCT!!!S!l 

Ila pHc.2.5. npe,nCTa:BJieHa TeMnepaTypiiasi SaDHCHMOCT:b TOEa, 

BTCRSI>iJlCro B BblBOD; Mmq>OCXCW B DpHCyTCTBim JIOrH'ICCKOro "0" Ha 

BhlXo,ne (TaR HasHBB.ewii ~ i.'V\ l ~V\. 6 (\'\. o~ e) B ~anasoHe Ter..mepaTyp 

OT -55°C }1.0 +l25°C H ,1lJIH Tpex SHaqeHHH HaiipHJleHUH V c c.. • 
IOKO.. 

~Ha'ICHHe aTOro 'rl4:Ra npoaHaJIH3HpOB8HO OTliOCHTCJIDHO 3Ha'ICIIV1fl, 

.nocTHI'aeMoro n TeMnepaType 25°C a Hanpm!tCHWI V c. c = 5, 0 B. Ha-

npHMep, ,1\JIJI V c. c. = 5, 0 B H TCM nepaTypbl - 55°C npe,n;eJIDHO ,no-

nyCTID410C SHal.leHHe TO:Ka, npHIUIMilCM:>ro CXCWM S t\) 5400, ,I(OCTKraeT 

ypc>BH.H Ha 40% HHJKe, l.ICM ,l1,1Ui \ c c = 4,5 B H TeMnepaTypH 25°0. 

Hs aroro CJie.JlYeT, 'ITO l{J1JI cxew s N 5400. n.rur ItoTopoii ra-

pruiTHPOBB.HHoe SHal.leHHe Toita cocTaRJI.fleT I6 1\'lA (,ItJI.fl Vee =4,5 B 1'1 

TeMIIepaTypbl -55~C)/3/ • a.ItTyaJI:bH)6 3H8't!OH1tle ;;)IJ.'Oro TOita B YCJIO-



BHHX Vcc=5,0 B H TeMDepaTypu .20°C nocTHraeT saaqeaHH aa 2d0% 

BYUIC H pB.BHHeTCH 45 IVlA. 

TB.KyD xe aKcTpano.11JIUHI) MOlKH:> npoBecTa .nJIH JII)OOH ,upyroi pa6o

qei T011:KH • 

Henpepunaoit JIHHKeit oTneqaTaflbl xapB.KTepHCTHKH ,nJIH Ma.KCHMWilr-

HWC rapaHTHpoBaHHWX suaqead BYX).llHwt Hanp.wKend. VoL ::0,40 B. 

( 0,30 B ,nJIJI MO,ny.Jieii cepHH SN 54 L/74l ) • 

B CJiyqae pa6oTY C HitiSRKM H8npH¥eHHCM DOMeX MOXHO llO~SOBB.T.D

CH rpaq}HKaMH, OTDe'la:JaHHblMH C DOMOIJU)K> IIITpi4XOB. 3TH xapa.KTepHCTH

:Kitl OTBe'laiOT pa6oTe C CSNiliM BYCOKKM .l{OllyCKB.eMblM HanproKeHHCM Ha 

BUXO.l{e ~H JIOrHlieCKOrO "0", KOTOpoe paBHHeTCH 0,80 B ( 0.70 B nnH 

Mo,nyJiei cepHK 5 N54 L /74 L ) • 

ilpJ4Be.l{CHHHe SHB.'IeHRH TOKOB TOXe HOpMaHH30BBHY aHaHOrH'IHO To

RaM, DpW3e,L{eHHHM B npe,l{hl,llYU.teM npL1Mepe. llpHHHAi1Wl ypOBeH.D BHXO.l{HO-

ro uanpH.lteHM JIOrHliecxoro "0" '/oL = 0,8 B H nanp.fDiteHM nHTaHHH 

Vtt= 5,5 B llOJiyqB.eM yneJIH'IeHKH TORS., npHHHMB.eMOrO BUXOnHHM 

KB.CK8nOM CXCMbl llO 3HB.lieHH.fl OKOJIO 48 MA ( 300% OT !6 IV'A) • 06YliHO 

npHHHMaeTcH B TB.KHX CJiyqaHX sHalieHHe VoL = 0, 7 B. Ta.KHM MeTonoM 

MOJKHO DOJI.D30B8.T.DC.a:, pB.CCMB.TpHBB.H paOOTli CXCMht CCpHH S N 7400 B 

o6JiacTH oTpmyaTeJIDHYX Teh!mepaTyp, xoTH cnpcmo'IIWe .nruu!hle orpauH

'IHBB.I>T HHlmJOIO rpaamzy .l{O 0° C • 

Pa6oTa aTKX cxeM npH TeMnepa.Typax Burne, qeM npeneJibHO no

nycTJdMlie, He peKOMCHL{yeTCH H3-3B CJIOJKHOCTH a.HBJIH38. aqxpeKTOB TO

ROB yTe'IKH, KOTOpUe yXy,llWBDT napaMeTphl CXeM. 

PHc.2.6 noxashlnaeT ceM.DD ~pa.KTepHCTHK, Hso6p~myD TeM

nepaTypHyKJ SB.BHCHMOCT.D BHXOitHOro Hanp.fDitCHWi L{JI.A: JIOr. "!" ,llJIH 

pasHWX HOMBHaJIOB a'l'HX HanpH.1teHW1 V0 r~ = 2,4 B H VoH = 2,U B. 

!ODOJIHHTeJIDHO Ha pHC.2.7 H 2.8 llOR8.3aH8. 38.BHCHMOCTb BYXOL{

IIOrO HanpHJteHM TORS. ,llJIH JIOr. "0" H "I" Ha BhiXO.l{e. 3TH xapaKTe-



pHC'l'HKH mviel)'l' oco6oe suaqeHHe B OJiy'iae pa6o'l'w c MSJau.m TOK3MI4 

npH Jior. •o• H 6o.ru.mHMH 'l'oJtaMlt npa Jior. "I" ua nuxo.ne. 1\poMe ro

ro t OIIH 110300JISD>T onpene.nM'l'L pa6o'lyJ> 'l'O'IRY B CJry'iae pa6o'1'LI C 

neC'l'aHltap'l'IIOI HarpySROi • 

2,4,DXQMijWe TORODUe XQR§KTCpHCT~~ 

3Ha'leHftle BXOltHOI'O TOKS C Termepa'l'ypOA HeSHa'IHTeJibHO i~IeiiSleT

Me EoJiee cy;qeCTB8HHOI Si.IWICTCJi aanHCHMOCTb aTOro TORS OT Ha

DpSUKeHJ4Sl fil4'1'8HHJI V c t I4 BXE>.ZUIOro H8IIpmtteH.Wl vi r1 • 

Ha pKC,2,9 UOKSSaua TWIOB&l KpHBati, HS06~ 3aBI4CHMOC'l'.b 

TOKa OT PlCO.nHOro HSIIpSDteHM. Ha ')TOii xapai<TepHCTHKC DH.IUW .zu~e 

TO'IRK npo6oSl, OllHa B 06JiaCTH DOJWliW'l'eJI.bHNX Hait})Sili'eHHH, BTOpaSl -

r~ o6JiacTM OTpm.taTeJILlillX. Jlcrno U(UvleTUTb, T.JTO carallt onacmdrl W>

MeHT OTDe'laCT MB.RCHMalibUOMY nonymtaeMOMy H81lpSDi8HHJO DH'l'BHWI. Kpo

Me '1'01'0 1 C DOMO!llbl> aTOI xapaF.Tepi[C'l'.mtM JICI'KO OI..tCHHTh HSMeUeUWi 

P.XO.l{HOI'O TO!ta B OKpyWOC'l'H Hanp.sn~eHwt IIpOOOH. 

B CJiyqac npaKTWJecKIDC Bbl'ieCJ:eud oqeu» qac'l'O nC'l'pettaeTcn 

H006XO,ltL1MOCTL llOJIL30Bai!Wi Ha6opoM xapaJ<?.epHC'l'MK. IlaapKMep, C 

Ue.1Thk> onpeJ.tCJICll.ltJl lv~aKCHMaJI.bHOI U£cr'};)Y30'lHOi CDOC06HOCTH NISI BXO.Il

uoro IIa.Ilp.fnWUVJi V tL =0,~0 B nano 113 pHc.2.5 B~I'l'J, saaT.JeHHe Bbl

xo.zmoro Toi<a 1JJlJt "aawcy.ttWero CJiy'-:asr", a ero THIIoroe SHa'leHHe -

~3 ~ _i)I4C.2. 7 • 

KaJ( BH.ltHO HS pac.2.3, yne .. mlieHMC nxo.nuoro Haup.ueu.w~ c 014 li 

no O,d H BUaunaeT YMeHLUieHHe nxo.uwro TOJCa Ha A- 20%. 

TWIODOC SHa'leUHe Harpy30'lHOil CUOC06HOCTH. (WIJl JIOI'. "U") J]JlJl 

CN'lOllPfllJKitHponamw.x 3H8'1Cflmi DX.OlUILX H 'BhLXOltllhlX TORCH pamweTCSI: 

N - I~ L--
I'r 1 

rJlC Io' = Io L ,llJlSi v 0 L =O,U B: :~ 1 = I I L l1JUl v 1l =O,ti B; 

- Harpy301UIWI CfiOC06HOC'l'D JlJ.Ui JIOr • "0" • .LiJm llpHMepa: A1Ul 

!l.uncpocxeM cepHH S t\154/74 (pHc.2.'ia H 2.9a): 
5"RM.t.t 7() 

N L = 0, & ""()... :: T c_ 



3 .H13JIEIDIE 11POIDH HA BXO.II§ H BHXO.@ 

Pa6oTa MHKpoCXeM B o~aCTK rrpo6oH nonycRaeTCH TOA:&KO B CAy

qae orpanaqeHHH pacceHBaeMOH MOUUIOCTH K OTCyTCTBKK HecTa6HA:&HOCTH 

B pa6oTe, RH3HBaeMOA B03HHKHOBeHHeM OTpHnaTen»HHX COOpoTHBneHH!, 

CBfl3WIHliX C cpopMOH THIIOBOH xapaKTepRCTHKH npo6oH. 

TS.Ry:l) xe xapaKTepHCTHKy ,nJUl BX.OJlHhiX HanpsateHHit, MeHSIDU{HXC.fi 

B WHPOKHX npe.nMax, noKasH:saeT pHc. 2. 9. 

KaK y.xe 6Hno CKasaao, saaqeame TeK~ero ToKa no~o 6~T:b 

orpanaqeao BHyTpeHHHM conpoTHBAeHHeM HCToqaHKa AH6o no6aso~ no

cAen;oooTeJIDHHM pe8H8TOpoM. 

3HaqeaHe HanpsmeHM.fl npo6o.R 11)11! :RUXOllOB THIIa II u. t t i v t f lA Ll - '-t r 
11 

He onpen;eJineTC.R:. 3Ta CXeMa BH,D;epJKl1BSeT B 3aKphlTOM COCTOJIHMH ("JIOr. 

"I" Ha BHXO,ne) Hanp.R:EeHHe, BeA~HHa KOToporo 8 B. EoJiee BHCOKHe 

HanpszeHHH ,llOAEHH 6HTb llpHCOel(KHeHhl qepes llOCAe.IlOBaTenDHHe peSHCTO

pH, orpanHqHBam-"e pacceanaeMyro MO!l\HOCT:&. 

B CXeMax. C BHXO.IlOM TKna "OTKfhlTuH KOAAeKTOp" H~O co6HD,naT:b 

MB.KCHMBJThHo nonycKaeMhle saaqeHWi Hanp.mleHWI. B cJiyqae Heo6XO.IUI

IIOCTH ero npen~m~eHM Ha,no o6.RsaTeJJ:&Ho BhlqHcJIHT:& suaqeHHe noCJieno

BaTeJlliHoro pesHcTopa, orpaHHt!HBBllu.ero MO!l\HOCT:b H npoauaJIKs.rqxn~aT:& 

xapaRTepHCTRKy npo6o.R. HH B YOeM CAyqae HeA:bS.R: npeBHWaT:b .nonycKae

My:l) MOIJUIOCT:&, onpeneJieHHYIO .IIJIH Ralli,n;oro THna Kopnyca Nllmpocxew. 

B TSOA-I noKasSHH THnOBhle saaqeHaa TepMHqecKHX conpoTHBAeHH~ 

~ 06N~HO npKMeHaeMUX THOOB KOpn~COB. 06mafl MO!l\HOCTb MOEeT 6hlT:b 

paccesma JIK6o B e.nHH1t1qHblX BOpo'l'ax, JUI6o npoH3BOJI:&HSM o6pasoM pas

neJieHa Mell£,1ly BCeMH BOpoT&v1l4, HaxOD.fiUtHMMC.fl B O,nHOM FOpnyce (Sa MC

l(JJ))qeaHeM cxeM cepKH 54 L /74 L ) • 

.IJJm cxeM cepKH 54 L /74 L orranHqenae Hs-sa aanp.RJJteHJiUI npo-

6oH RBJIHeTca 6oJiee ~ecT~1, qeM orpaa~eHHe HS-sa pacceHBaeMoi 

MO[QHOCTH. HanpMMep, ,1lJlSI Hanp.HJleHKSi. fiHTa.HM V]l =30 B, COOTBeT

CTBYJOutero npeneA:bHHM ycJIOBHHM (30 B), Ha,no yqecT:& .no6a:Boquoe Hanpa-



aeaze V s 1> nepSJ.Dl(B. I5 B ( HanpSIJtetUI.e np:>6o.fl V \'t~) cEo ) • Ila ocuone 

a'l'Oro ~l)i:i£110 BliliHCJD4T:& He06XOJU{ll.l)€ 3118'ICHHC flOCJICltOBSTCJI:&Horo pe-

SHC'l'Opa:'i) =- vl.l>-V':.-1.-=- (VV>"B-Vs-~)"Vs-l>- (sD-15)"'15 -900 
K..s / ...... - - OK 

1'MO..X v:} -l> \" t'\ ~X 0, i 5 

B ·1.'DHW8yrul3allllWt yCJIOBWIX .£.a6oTI:l fl<X>l'YT 110Sll3.1UIThC.fl OCUWIJIJ{

UHHt KOTOpwe, npa.nl(a, He MeWWOT ljOpMBJiaHOH pa6oTe MHiq)OCXCMli, HO 

MOl'yT H8pyJ.IIII'll. yCJIO:BHJI HOpMSJihH<li paOO'l'H OCTBJlbHOI. qacTH JIOrH-

118CKOil Cli1CT8dll. lloa'rOMy HX. .npHCY'JC~BH8 .U:OJIJIHO 6HTII OMSRTeJibHO 

npoaaa.zut3HJ?OB8HO. 
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ITO.llill1CH K PHCYliKfL'Vl 

Pac.I.I. THnoBaa TeMnepaTypHaa saeHCHMOCTL conpoTHBHeHHH. 

Pac. I .2. THnoMH TeMIIepaTypHa.R: saeacHMOCTL HanpSDWHWI V 1=

(nxa ~onoB H nepexonoB gMHTTep-6asa). 

PHC. I .3 • TJrUIOBaH TeMDepaTypHasi sa BHCHMO CT:b KO a@)HUHeHTa h F E • 

PHc.2.I. Blaonsoii RacKa.u; MHI<pocxeva• TTJI ,nJlSi Jior. "I" (ruTpa

XOM OTMeqeiW ,lleTBJI.H, ,lT,JLfi ~OTOpliX OIIpeneJIHeTC c cyrv'l

MB.pHoe II8J{eHHe H8.Up.RlleHHFI). 

PHC.2.2. CxeMa BOpoT TTJI C yqeTOM COCTaBnHID~ TORa 6aSH BH-

XO,llUOrO TpB.HSHCTopa. 

PHc .2 .3. CxeMa ,lJ,1IH onpeneJieHH.A: sH 9.'1eHHi uanpm~eHWI nopora. 

Pac.2.4. BxonHoi. KaCKB..n MHKpocxeMJl TTJI. 

PHC.2.5. Ma.RCHMaJil,HhlC 3Hali€HHH TOKa BblXO.I{HOro Kac:Ka)la ,IJ.JI.fi 

Jior."O". 

PHC.2.6. 3HaqeHitUI TORa, llOJiyqaeMOrO BhiXOnHHM KaCKa,llOM ;lJ,1IH. 

Jior."I". 

PHC .2 • 7 • 3aBHCHMOCT:b HailpJDleHWI V c i- OT TORa I o \... • 

Pac.2.d. 3aBHCHNiOCTL uanp.R.EeHWI Vc l-\ oT ToRa I 01-1 • 

PHC .2 • 9 • TWIOB&l saBHCHMOCT:b BXO.D.~IOro TOKa OT BXO.I{Horo Haiip.fl-



JIMTEPATrPA 

1. Designing with TTL Integrated Circuits McCRAW-HILL 

COMPANY, New-York, 1971. 

2. The Integrated Circuits Cata:.og for Design Engeneers, -

Texas Instruments Incorporatnd USA 1972. 

3. KUHN-SCHMIED Integrierte Schnltkreise VEB Verlag Technik. 

Berlin, 1972. 

I' -
I 

~~ )Jv-)JP 



1.15 r 
i 

1.10 .... 

.,I!-' I 
;! ~ ! 

;:c: 
1.05 

~ 
u 
.2 
c: 
-~ 
0 .,. 
0 
::: 
0 
z 0.95 

.. ... 
w 

:z: 

" 
-~ 
a 

" 
0 
z 

~ 
N 

w 
~ 

:r 

0.90 

-60 

090 1 

I 

~ 

'" [ 
0 
> 0.70' 
... 

I > 

L 
o.6o I 

-60 -40 

1.5 r 
1.4 L 

I 

1.3 ~-

1.2 

:J 
0.90 '-

0.80 ~ 
0.70 ~ 

i 

I 
L _____ j 

-60 -40 

-20 

j 

-20 0 

/ 

100 120 140 
Ambient temperature, • c 

-:.-~c T 2 
- ;,!;. ·-. • 

40 60 80 100 120 140 

Ambient temperature , ° C 

- .. ___ j__ ___ j __ _._ _____ L._ __ 

20 40 60 80 ]( 0 :20 140 

Amb1ent temperature , °C 



> 
0 
oti 

> 
0 

. ' . 
~' ~ - ~ ,-

' ,, 

z 

2 0 r" 

1s L 
1 G L . i 
1 4 ·-

-60 -40 -20 0 

Vee , 5.0 v 

Vee , 4 5 v 

20 40 60 

Ambient temperature , ° C 

1 8 ~ I /IVOH = 20 v 
I 6 - _1 /.' f VoH '2.4 V ; ______ n----

17
·.'- __ 

14,..-_,..- ·/! -.:----:-------
' , · z--vcc's'v 

; 2 i- ----==--- __L T ;---~- _-_-_----------
1 / I I· --

1 o f- / ----;·--==~'--' -----L, __ v_c_c_, ~ o v 
I ------- ..1- ,_-- --------

08r- ------ --~-------
'L / ----------L------~--'L~vcc · 4 s v -

06 i -::...---- -

oz I 
0 
-o~-o~---~4~0-~--~20~-L-~o--L--20_-L_4~0--L-6~0--L_a~o-~-~-oLo-~-~~20 

~ 
i 
~ 

3.0 

2.5 

2.0 

1.5 

1.0 

05 

Amb1ent temperature, •c 

Vee • 5.0V 
V,0 = O.BV 

TA • z5·c· 



0 

Vee 
9 

.-j ~.-P::c. ~ ••. 

Unsaturated Saturated 

\' 

10 

fRs, ~ 

~~~ ~, _i_ 

-~~ 

20 30 40 
loL• rnA 

Substrate 

ground 

50 60 

c:: .. 4.10. 
¥·~· 

) SN7400. 1/ us. 101,: (a, YoL 

-3 . 2 

I 
I 

I 

I 

Vee 

I 

~02 __ 
Ql VsE2 ' 

-1 

I 
I 

I 

' I -2 

[
1_4 

-6 I 1 

I ~~.: 
I 1 I 1-12 

I c: 
I 
~-18 
i 
k-20 

I 
'--22 
i 
~-24 

Both mputs 
grounded or 
one r:ed to 
Vm (negl•gible 
difference) 

Gate wrthout Input 
clomp diodes 

Vee' 50 v 

·~3 
·"-.:. 

VsE3 ' 


