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11.$. Kpnnaxos 

11HTErPAnbHhiA AMnnHTYJlHhiA 
Jl11CKPI1MI1HATOP 11MnYnbCOB 
HAHOCE~YHJlHOro Jli1AITA30HA 

HA nonYnPOBOJlHI1KOBhiX anEMEHTAX 

Hanpasneao B nTa 



0DRCaHHhlft BHTerpanbHhlft aMDnBTYUHhlft UBCRpBMBHaTOp Dp9UHa3&aqea B OCHOBBOM unR 

axcuepuMeBTOB c 61>!CTphlMR cnBBTRn/UIIlBOHBbiMB cqeTqaaaMa. Oa TaaJKe MOJK&T 61>1Tb xc-

DOnb30BaB C upyrRMB U8T8KTOpaMR1 OT ROTOpi>IX DOCTynaJOT RMIIYnbCI>I HaBOC8KYHAHOrO UBa

na30Ha. B xaqecTBe noporosor~ aneMeaTa upaMeaanca TyaaenbHI>Ift uuou. Taaoft Bb16op 

06'bHCRH8TCH T8M, qTQ URCKpKMBKaTOpbl RMnynbCOB HaROC8RYRUHOrO URana30Ra Ka TYHH&nb

RbiX UROuax 3KaqBT8nbHO Dpolll8 aaanorHqabiX TpaB3RCTOpRI>lX R n&MDOBI>IX CX8M R o6nauaiOT 

III 
nyqlllKMK xapaKT8pHCTRKaMB 

npRRURD pa60Thl B Bbl6op aneM&RTOB 

Ha pac. 1 uoacaaeTcH npHRIIRil pa6oTbl uacapRMBHaTopa. Haqanbaoe cocTOHHRe TYH

aenbaoro UROua XapaKT8pR3Y8TCH pa6oqeft TOqKoft, pacnonOlK8HHOft Ha TyHR8nbHOft B8TBH 

BOnbTaMnepaoft XapaKT8pRCTRKRo nna ll8p9KnJOqeaRH UBOua Tpe6y&TCH, qT06b! BXOUHOft nono-

JKBTenbal>!ft RMDynbc ToKa 1 8 x (s upeucTasneaaoA cxeMe nonHpHOCTb o6paTaaa) DpeBhl-

wan cyMMy TOKOB I eM + 1 1 , rue eM - TOK aaqanbaoA pa6oqeft Toqaa, a 1 1 

TOR MaKCRMyM8 uRoua. npx D8p8KnJOq&HRR H8 UROU8 BbiU8nH8TCH RMnynbC HaDpHlK8RHHo 'iyB

CTBBT&nbROCTb CX8Mbl Ollp8.118nHeTCH 6nR30CTbiO aaqanbHOft pa6oqeft TOqKB It B8pliiRHe xa-

paKTepacTRKH. CTa6anbaocTb TOKa 1 1 Tyaaen~o•oro uaoua o6ecueqxsaeT coxpaaeawe qys-

CTBRT&nbROCTR UHCKpRMRHaTOpa B liiHpOI<OM uRaDa30H8 T&MnepaTyp. ManaK MOIIIHOCTb pac

C8HHHH llpH B1>16ope HaqanbHOA pa6oqeA TOqKH Ha TyHH&nbHOft B8TBH xapaKT8pHCTHKH II03-

BODH8T HCIIODb30BaTb 3H&qRT8nbHbl8 o6paTHb18 TOKH CM81118HHSI 0 qTO o6ycnOBnRB88T liiHpo

KBft uaaaMRqecKBft uaana3oH ARCKpHMRHaTOpa. BblcTpoueftcTBRe cxeMbl onpeuenH&TcH cxo

poCTbiO nepeKniOq&HHH TyHH&nbHOrO UROua (una COBp8M8RHbiX UROUOB < } HC&K) B Bp9M8-

R8M B03BpaTa paooqeft TOqKR B aaqanbH08 COCTOHHR8o 8p8MR. B03Bp8T8 38BHCRT H8 TOnbKO 

OT Bp8M8HR o6p8THOrO uepeKniOqeaBH UROua, HO Tal<)l(8 OT Bb160pa napaMeTpoB CX8MI>I. 8 

Bblnonaesaoft cxeMe uacxpRMRHaTOpa (eM. pac. 2) noporoBblft TYHH&nbHblll uxou Tn
1 

BKniO-

qea B CX8M8 'OUHOBH6paTOpa C HHuyKTHBHOCTb!Oo BpeMH B03BpaTa TaKOro OUHOBR6paTopa B 

L 
RCXOUH08 COCTOHHR8 nponopllHOHanbHO OTHOlii8HRIO 

R + Ra 
, r.ne L - nocneuosaTen~o-

H&H C .IIROUOM Hll.llyKTHBHOCTb1 R • - nocneuoBaTenbaoe conpoTaaneaae uaoua a R 

BH8liiH88 COilpoTBBn8HB8 Harpy3KH. nna YM8Hblii8HBR M8pTBOrO Bp8M8BH CX8MI>I CODpoTHBne-

HliB R B3RTO npeuenbHO 60nbliiHM 1 HO TaKRM, qTo p8lKHM 0UHOBH6paTOpa 81118 o6ecneqa-
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saeTcs (43 oMa aa pac. 2). HanyxTasaocTb (0,5 MKra aa pac. 2) caa3y orpaasqeaa nnR

Ten&aocTb~ ~poRTa sxonaoro HMnyn&ca, AaanR3 AHCKpRMHHaTOpa aa OAHOSRopaTOpe c Tya

aen&HhiM AHOAOM noKa3biBa9T, qTo CXOM8 oyneT ~pMRpOSaTb BbiXO/lHble CHraanbl no AnR-

TOllbHOCTH TOllbKO npR CM > !2 . rae I, - TO.l< MHHHMyMa AROna. npR I CM < I 2 

cxeMa OYAOT paooTaTb S pelKHMe TpHrrepa llJMRTa, TO eCTb AllHTenbHOCTb Sb!XOARbiX CRr

H8llOS c aee 6yAeT nponopnRoaan&aa AnRTen&aocTH sxoABhix, KpoMe Toro, KaqecTso ~opMR

posaass UO a>.tnnHTyAe OAHHOqHblM OABOSRopaTopoM B8 TYBBOnbHOM AHOAe npR OOllbWOM AHa

H830H9 aMnnHTYA SXOARhlX HMnynbCOS 01<83b!B89TCSI HeyAOBneTSOpRT91lbRb!M, noaTOMY nnR 

cTaHAapTsaausR ShiXOARoro csrsana Ohin npaMeaea eme onHH OAHOBRopaTop aa ARone Tn
2

• 

ToK cMemeHHSI 3aAaeTCR sa Tyasenbawll AHOA Tn
1 

c KonneKTOpoB TpasascTopos T
4

, T
5 

(Tana 1T308) nyTE>M a3MeaeHHR aanpsJKeaaSI aa AensTene, sKn~qesaoM s sx 6aabi, HaAyx

THBHOCTb 5 MKrH HCKll~'laOT SllHS!HHO OMKOCTH K01llleKTOp-Oa3a Ha nepexonHble npO!leCCbl S 

oAaoss6paTope. B AOnRTenc ohin npaMeaes noTesnnoMeTp 'rensnoT' ( Tsna L P1510). 06-

pal!leRHbltl nHOA on H3 P -repMaHB5l ycTpaa5leT aeJKenaTen&RhiA cnsar paooqeA TO'IKB 

~opMspy~mero OARoas6paropa aa ARone Tn
2 

npu H3Meaeaua cMemeaag aa noporosoM nso

ne TJ11. CnenyeT 38MeTHTb, qTo o6pameHHhlA ABOn on 3/lOCb aKn~'IOH s 'aenpoaOA5ll!leM' 

aanpaaneHHH, neno B TOM, 'ITO npa KpyThlX ~pOHTax aXOARb!X HMnyn&COB npH AOCT8TOqHO 

6on&wax aMnnaTyAax TOKa nocnenasx aa nocnenosaTen&RhiX c AHOAOM Tn 
1 

sanyKTaaaocT5lX 

Sb!AenSieTCSl CHrRan, KOTOpblA cnocooeH 38CT8aHTb cpaoOT8Tb IIHOA Tn
2

, HO npa 3TOM caraa-

119 aaon Tn
1 

e10e ae nepexn~qaeTCR, 3To o6cTo5!Ten&cTao npsaonaT K aeonpe11eneaaocTH 

nopora AHCKpBMHHaTopa, nocKOllbKY a CXeMe BCllOnb3YIOTCSI TyHH91lbHb19 IIBOnbl 3H301 H3 

apceanna rannHSl C 8MllnBAYTOA ab!XOIIHblX HMllYllbCOa HanpSilKOHHII ~ 0,8 a, npeab!W8~l!leA 

o6paTaoe aanpS!JKeaae o6pamesaoro naolla H3 p -repMaHHR ( nopS!nKa 0,5 a), npH cpa6a-

Tb!B8HHH IIH0/18 Tn1 o6pal!l9HHblA IIBOII on, BKll~'leHHblll a 'aenpOBOIISil!leM' aanpasneaaa, 

6y11eT see JKO nponycKaTb sepwaay RMnyn&ca aanp!IJK0BBR, 'ITO IIOCTaTo'!ao nng 3anycKa 

nocne11y~mero onaosn6paTopa aa IIHone Tn
2

• 011aaxo csraan noMexs, BbiiiOll!IOMblll aa na

pa3HTHhiX RHIIYKTHsaocTRX./lHOila Tn
1

, ae 6y118T nponymeR o6pameaawM ltROAOM, Bxonawe 

HMnyn&Cbl (oTpHUaTOllbHb!O no non!lpHOCTB) nOCTyna~T H8 noport'SblA OllROaaopaTOp qepea 

TpaaancTop T 
1 

( repMaaaesbiA, npn f a ~ 600 Mrn), KOTOpwA no3son5leT nony-

'IHTb xopowee cornacosaase cxeMbl no sxo11y H scxmoqa9T o6paTaoe BnR!IHIIe nscKpHMHaa

Topa aa axon. C~opMBposaaRbiO no aMnnsTyAe R llnHTen&aocTa onaoas6paropoM aa nao11e 

Tn
2 

HMnyn&Chi aanpS!lKOHHR ycanssa~TCS! no aMnnaTyne ycRnBTeneM aa TpaH3HCTopax 

T
2

(n418) a T
3 

( npo - aaanor n418). Ha11o oTM&THTb, 'ITO see cs!I3B s uena caraana 

B CXOMO ab!llOnHeHbl no llOCTOS!RHOMY TOKY (eMKOCTH H8 SXO)l9 B SbiXone MOryT Ob!Tb 38-

KOpO'IOHhi, TaK KaK OHH C11YlK8T HCKll~'IHTOllbHO U911HM npenoXp8B9HH5l CXOMbl OT cny'!aAaoA 

ll0118'1B 6onblUHX llOTeHUH81lOS), 3To ooecne'!HSaeT OTCyTCTSBO CMOl!lOHBH ypOSH!I nopora 

nacKpHMRR8llHB npa OOllblUBX CT8THCTH'!eCKHX 3arpyaKaX no axOAHhiM BMnyn&CaM 

4 

I. 

f 
l 

X apax1 

BxonHhie HMnyn&Chi ABC 

npR nan&aeAmeM ysenRqeaa 

ARCl<pRMRHaTOpa CT8HOSHTC! 

llHTyn HMnyn&cOa, 3TO orpai 

Topa npR 6on&msx BXOAHhiX ' 

nBCb C lfMnynbC8MH AllHTOnl 

aynbT8Tbl A9MOHCTpHpyiOTCSI 

BaBBS! OT ypoBHH nopora ABC 

+60°C. nn" t = +20°C s 

aag aensaeAaocTb nopora co 

aXO/lHb!X HMnyn&cax C aM!lnl 

ypoaa" nopora nps +60°C nc 

- -3,4 Ma/C
0

• ToqaocTb p1 

TOpOM xapaKT9pB3y~T OTHoc· 

OTHOCHTOllbHOe B3M9H9HBe a! 

'19HB9 aMnnHTYilhl SbiXOIIHON 

Aenax. Ha psc. 4 npasenea 

yposaeA, BbipaJKeaaa!l s npo1 

0,1 .;. 0,5 v , 0Ta 
BhlX.M8JCC. 

11012,5 s ae npesDtlllaeT 2,4') 

MepTsoe speMSI, saMe~ 

25 aceK. HaMepeaaSI aa noc1 

Meaa ae 6onee 40 aceK. 

CxeMa HMeeT liSa SbiXo 

BbiXOily COCT8Bn!I9T 6 S0 non 

10 aceK: no BTOpoMy - aMn. 

llOllJ'SblCOTO - 8 HCQK, 

noTpeon!I&MaSI aHCKpHM 

nonaea B sBne cTaanapTaorc 

pac, 5). 

JlRCKpRMHRSTOp ycno!Ul 

B aaKn~qeaHe asTOp n 

6oponosy aa MOBTaJK, aana11: 

MO!llb S B3M9peHBS!X, 



2) csaay orpasaqeaa nna

a Sa OASOBB6paTOpe C TyH-

biXO.LlHble CHrH8nbl ITO JlnH-

yMa AROna. npa CM < I 2 

RTen&SOCTb BblXOASblll. car-

lOMe TOro, KaqeCTBO <jlopMB 

iOM naone npa 6on&rnoM naa

>pBTen&HhrM. noaTOMY Anll 

raoaa6paTop sa naone Tn
2

• 

oOB Tp8li3HCTOPOB T 4' T 5 

JqessoM B ax 6a3br. Hsnyx-

aa nepexonabre npoueccbl a 

noT' (TBna LPI510). 06-

hill CABBr pa6oqell TOqKH 

terneHBB sa noporOBOM ABO-

·KnJ01:f9H B 'aenpOBO.lUUIIeM' 

MllYllbCOB npH AOCTAToqso 

:ao11oM Tn 
1 

aanyKTaaaocTax 

wn Tn
2

, so npa aTOM carsa

~OIIUT K seonpeAeneSHOCTB 

!Henbsble IIBOAbl 31-1301 H3 

BB g 0,8 B0 npeBb!lll8IO[llel! 

!OpBAKB 0,5 B), llpB cpa6a-

!pOBOABrneM' aanpaB/IeSHH 0 

IIOCT8TOqso llllB 38llyCK8 

>MeXll, BhiAenaeMblll sa na

rmessbiM ):(BOIIOM. BxoAsble 

~<'Bblll OAHOBH6paTop qepea 

:OTOpbill D03BOllHeT nony-

lTHOe BnHRSR9 AHCKpHMHS8-

0ASOBB6paTOpoM aa nBOAe 

aneM aa TpBli3HCTopax 

see CBH3H B uenH cHruana 

H BbiXOAe MOryT 6b!Tb 38-

IH&HHB CXeMbl OT cnyqallaol! 

cMemesaa ypoaaa nopora 

IIHblM HMnyllbC8M 

I 

r 
I 

XapaKTepacTBKB, aneKTpaqecBBe H KOSCTPY!TBBlihle 
napa.M9Tpb1 

BxoAHble HMnyn&chr AHCKPHMHSBpyroTCB cxeMol! B naanaaose aMnliBTyA 0,25 f 12 a. 

npa ll8JibH8llrneM yaenaqeaHH 8MIInHTYAb1 BXOAHbiX BMliYliloCOB CBH3b ee C liOporoM 

ABCipHMBHBTOpa CT8.SOBHTCH aenasellsoll, noaToMy BBOAHTC>t orpasaqeaae !'ion&max aMn-

JIBTYA HMnyJihCOB. 3TO orpaHHqesHe yCTpaaaeT T8Kll<e noBTOpSble Cp868Tbi88HHB lli<CKpHMHliB

TOpa npH 6onbWHX BXOAlibiX CHrsanax. noporoBble xapaiTepHCTHKH AHCipHMHHBTOpa CHHMa

nBCb c BMnyn&caMB nna Ten&socT&JO 10 seeK, nonyqeaabiMB OT pTy-rsoro reaepaTOpa. Pe

ayn&TaTbr neMoScTpHpyJOTC>t sa pac. 3, rne npaaeneaa aaBHCBMOCTb aMIInHTYAhl cpa6aTbl

aasaa OT ypoBSH nopor a AHCKpHMHH8TOpa AllH TeMnepaTyp OKpylKaJOmell cpenbl +20°C H 

+6()°C. nna g +20°C B naanaaoae BXOASbiX 8MnllHTyA OT 0,3 UO 12,5 r. BBTerpan&-

HaH s enaaellaocTh nopora cocTaanaeT Meaee 0,9%. Ha pac. 3 sanao, a anpaMep, ~ npa 

BXOUHbiX BMDYllbCBX C 8MDllHTYA8MH OT 0,3 AO 8 B HHTerpanhRbill TeMnepaTypahll! CABHr 

ypOBHB nopora npH +60°C no cpaBReRHIO C + 20°C He npeBbiWB.eT ~-135 MB HllH 

- - 3,4 Ms/C
0

• ToqsocTb peracTpanaa naaaoll aMnnaTynhl sxonaoro. HMnynJ>ca nacKpHMHsa

TopoM xapaKTepH3YIOT OTSOCHTenhSOII aeonpeneneHJiOCTbiO nopora, non KOTOpoll nOSBMBIOT 

OTHOCHTenhHOe H3MeaeaHe BMHllHTyAhl HMnyn&ca Iii! BXOAe f!v BX , Bbl3b1Ba!OI!lee yaena-
BX 

qeaae BMnnHTYUbl BbiXOAHOro HMnyJihC8 UBCKpKMHHBTOpa B H9IOTOpbiX yCTBHOBll9HSbiX npe-

nenax. Ha pac. 4 npaseneaa oTHOCHTen&saa seonpeneneaaocTh nopora AllB paanaqshlx 

ypossell, Bhrpall<eaaaa s nponeaTax • BbiXOASble BMnyn&cbl oTcqaThlaanac& no yposaau 

0,1 .;. 0,5 V BbiX.MBKC: 0TSOCBTellbH8B ReonpeneneaSOCTb AllH BXOASbiX BMnllBTYII OT 0,25 

no 12,5 B se npeB6llllaeT 2,4%. 

MepTBOe BpeMB, R3Mepeasoe C HOMOI!lb!O J?eaepaTopa TpOIIlibiX HMnynhCOB, COCT8BnBeT 

25 seeK. HaMepesaa sa nocbmxe c qacnoM BMnyn&cos 110 20 nana senaqasy MepTaoro ape

Mesa ae !'ionee 40 seeK. 

CxeMa aMeeT nsa BbiXOAa. A MnnaTyAa KMnyn&ca sa aarpyaxe 100 oM no nepBoMy 

Bb!XOAY COCT8BnHeT 6 B1 nonapHOCTb - OTpiHl8TellbH8B0 llllHT9llbHOCTb 88 nonyBhlCOTe 

10 acex; no BTOpoMy - 8MBllBTYIIB - 3 B, nOllllpliOCTb - H0ll0lKHTellbH8H 0 AnHT&nbHOCTb sa 

nonyBhiCOTe - 8 seeK. 

noTpe6naeM8B ABC!tpBMBS8TOpOM M8ltCHM8llbH8B MOI!lSOCTb COCT8BlllleT 3,8 BT. Oa Bol

nonaea a BRAe cTaanapTaoro 6noxa c paaMepaMH no nepenaell naaena 120 x 40 MM (eM. 

pac. 5). 

nacKpBMHS8TOp ycnemso acnonb30BBllCH B 9KcnepKMeST8X sa CBHxponaxnoTpose OH.HH. 

B aar<nroqesae aBTOp non&ayeTcR cnyqaeM, qTo6bl BbrpaaaT& 6naronapsocTh 5.C.Kpacao-

6oponoay 38 MOSTAlK, HanaAKY H nOMOIIlb B CHIITBB X8p61tT8pHCTHK H A.B. Kynnoay 38 no

MOI!lb B H3Mepesaax. 
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TypaX oKpylKaiOIIleil cpenhi. 
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