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Bxonaast /1E!TeKTOpaa11 annapa-rypa nmr aKcnepnMeHTOB, npoBOllRMbIX 11a ·nyue 11el1Tpo-

11oa HEP B nat5opaTOpRR 11ell:TpOHHOll: <pH3RKR OHHH, COCTOHT R3 oonbmoro ,mcna MCKTpOH-

HbIX cxeM, Tpeoy·ronxxx 31IB"IHT0nbllb1X HnllCe11opHbIX, KOHCTpyKTOpCKHX H MOIIT8::K-

HblX paooT. 0"1eBHlllIO, "ITO ycnex <pH3H"l0CKoro SKcnepHMOHTa 3SBl!CIIT KSK OT Ka'JCCTBa Me

TOllH"l8CKOll: paapaOOTKR annapaTypbl, TaK HOT ee T0XHH"l8CKHX xapaKT8PHCTHK, Bp8M81IHOl1 H 

TeMnepaTypnoll CTaoH~bHOCTH, 11a11e>KHOCTH H Aonroae"!HocTH. 

npn pacTymeM MHoroo6pa3HH MeTOllllK 9KCH8pBM8HTa KOnH'!8CTBO aneKTpOHHblX pa3paoo

TOK nepenxo yaenH'IIIBB8TCR a· ·aeMeHbmell CTeileHH, a KB>KASR HOBaSI patipaooTKa H ee KOH

CTpyKTOpCKO-MOHTal!UIOe oq,opMnea11e YllmIHSl8T oonxee apeMSI no11ro·roBKK 3KCll8pHM0HTa. 

Jl1m COKpanxeHHSI 3Toro apeMeHK MOlKllO HCilOHb30BBTb B axcnepKM8llTO SH8KTPOHHble, 

/ npHOOpbI, cep11l1110 Bb!IlycKaeMbIO npOMbIInneHHOCTb!O. 01111aKo B 00Hbillll!ICTB0 <pB3H'leCKHX 3KC

nepHMOIITOB nornKa cxeMHbIX peweanll ll3M8pllT0Hb!IblX ycTanoBOK BbI3blBll0T H800XOAIIMOCTb 

ncnonb::ioaa~ng npnoopoB, pa::inR"IHbIX n~ caoeMy Has11aqe11n10 (ycnnnTenb, 11ncxpnMHHaTop, 

CX8Ma coana11e11nlt H T.n.). B sKcnepHM8HTSX co MHOrHMIJ .rtaT'IHKaMII IIPHXOARTC!!. IICIIonb

::JOBBTb MIIOJKOCTBO OllHOTIIIIHbIX np116opoa. Uem,III PSlll npnoopoB, TaKIIX icaK ·cyMMBTOp, noa

TOpHTO/lb, H11BepTop H AP• npo'MblW/le!IHOCTbIO ue Bb!IlyCKB!OTCR. npuoopbl npOMblmne1moro 

nsroToaneHnR, H~eromne IIOAOOIIOO Ha3Ha'l,3HR8, paCC'IHTBIIbl, B OC!IOBIIOM, Ha YIIHBepcanb

lIOCTb np11MeH8IIHS1. Oun BOHIIKH HO pa3M0pllM, C!ISO}KOl!bl co6CTB8IIHblMR RCTO'IIIRKBMR IlRTa

HR!l R I10Tpoom110T 6onbWOl1 TOK. KoMnaHOBKa 113 TSKRX npnoopoa SKCnepHMeHTanbl!bIX R3-

MepHTO/lb!IbIX YCT8HOBOK B8CbMa saTpyAHRTenb!IS ll/lSI 3KCIIepHM0HTBTOpa H H8 acer1ta B03-

MOll<Ha. 8KcnepHMOHTSTOPY BS>KHO IJM8Tb Taxy:o 'nHHel!Ky' npHoopoa, KOTOpa!! Il03BOHRna 

Ohl OT!lOCll1'0HbH~ npOCTO R Ob!CTpo co6npaTb H3 STHX npaoopoB CHCTeW.bI, OTB8'18!0Illll0 f!SR

oonee OilTHManbllbIM aapHaHTaM H3M8pRTOHbllblX ycTSllOBOK. 011na IJ3 IlOllOOl!bIX 'mmeeK' Obi-
' . /1/ 

na C03/l8Ha B na6opaTopHR ael!TpOHHOll <pR3RKH OHHH B 1960 ro1ty • 

'nm1ei!xa' COCTORT H3 naMHOBbIX OHOKOB, CTSHllapTR3RpOBSHl!bIX no pa3MepaM R npu-

M8H510MblM HOMHHanaM IlHT8RH!l R ycnem110 npHMOl!llOTC!l B HSCTOlllU8e apeM!l, B 1!8KO-

TOpLlX cny"laS!X ycno,m!l SKcnepllMOHTa 110 Il03BO/l!l!OT. Hcnonb30BaTb llaMIIOBbI8 CX8Mbl B 

KS'l8CTB8 OJ!OKOB Cll8KTpOMeTpH'18CKRX TpaKTOBo HanpnMep, CIIOI!Hq,H'lllbl8 yc11oam1 paOOTbl 
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l18T0KTOpOB (nnsr yM8Hblll8BHSI ruyMOB lj)oTOyMHOlKHTenen HX oxnSlK.QSIOT no MKJIYCOBbIX T8M

nep4Typ) nena!OT H8B03MOJKllblM pa3Memenne T4XHX cxeM KSK orpsHH'{HTenb H IIJl8l1YCHIDf

Tenb nenocpencTD8l!HO HS ronoBKe 4>3Y. C npyroi! CTOpO.llbI, DpH H3M8pElHIISIX. DO Bp8M8!DI 

nponeTa ll3M8pHTenbHSSI ycTSHOBKS non:lKBS nepeHOCHTbCSI HS pa3Hbl8 psCCTOSIHBH OT HCTO'l-

/2/ 
HHKa '!SCTB'Il (HEP) • rpoM031lll.OCTb ycTOHOBli:H, coopSBHOi! H3 5noKOB m1Mnoooi! 'nHHell 

KH', 3STpYAHSleT TSKYIO nepP.CTSHOBKy. KpoMe Toro nm1 PSlllS 8KCnepHM8HTOI\ B HSCT0Hlll88 

npeMlI H006XOllHMf) ncnonh30BS'l'b annspaTypy C ny,ruIHMH na.paM8Tp2.MH, '18M nspsMeTpbl 

5noKoB naMnoaon 'nsrHei!xn'. 'nnHanxa' aa nonynpoBollHHKOBbIX npn5opax B HcxoTopon CTe

neun pemaeT $Ty 3Sll8'!Y• Mam,1e ra5apHTbl nonynpOBOllHIIKOBblX aneM8HTOB n cxeM H3 RHX 

rrpencTI\B/ISllOT y.o:o5cTBS B axcnnyaTSIIHll cnOlKHblX aneKTpOHHblX CECT&M. TToBbllllS8TCH CTS-

6H/lhHOCTb, HSll8lKHOCTb ff nonroB&'IHOCTb ycTSHOBOK. 

KoMnneKc Ta.&:nx cnexTpoMeTpnqec11:nx 6noxon ('nnHeAxs'), npennsaas'leHBblA nm1 <1>n

a1P10cxnx naMepeunil as ny'!Ke aei'l:Tpoaoa HEP 011fUI, 5un p~apsooTsa B 0Tne11c pe.o:noane!l:

TpoHHKll ns5opsropl!!H nei!Tponaoi! lj)nasrKn. Ha 5noxon '1mae!!xn' MOlKKO co5apsTb B3Mepa

Tonbablc Cl!CT8Mbl pS3lill'IHb!X HS3HS'18Hlll!. TTp11Meaen11e TSKBX 5noKOB, yny'IWSH &S'l8CTBeil

lib19 Xilp8KT8plICTHXH ycTp ol!CTB, COKPSIIlSflT pa3M8pb1 ycTa!IOBKll ( esnpnMep, MHOrOC'l8T'lll

K?DaSI CIICT8l.lll no H3y'leHHIO pacC8!1HIIH 5blCTpblX llOl!TpoHOB l!S Msnueyrm,1, COCTOHlll!lll ll3 

6onbmoro 'll!cna ouaoT11nHux cxeM), nenaeT cacTeMy TpancnopTsoenhHoi! (asnp11Mep, n a.&:c

nepnMe11Te no 11aMepe!!BIO peaxu11n ( n , , ) as nerxnx Hllpsx, rne H3Mepea11s npoaa

BOll!!TCR aa pS3HblX nponeTBblX 5aaax nel!TpOHOB ) • D03BOllS!OT pa3M8CTHTb sneKTpoBHYlO 

'lllCTb yCTOHODKH BHYTPH ropM8Tll'IHOro ycTpOi!CTBS. 

B H&CTOSIDl88 Bp8MB 113B8CTHO MHOJK9CTBO cneKTp0M8Tp11'18CKHX CX8M HS nonynponon

HKKOBl,IX aneMeaTax, HO BX COBM8CTHOe HCIIOnl,30Baime HCB'J3MOlKHO no psiny npx<raH: 

1) CX8Mbl paCC'IIITSHbl HS pa3Jill:'{Hbl8 nnanaaoBbl BXOAHblX c:e:raanon II HM8IOT necorna• 

CODllHHble MOlK.!lY co5oi! BXOllllbl8 H DblXOARble napaMeTpbli 

2) 111.1ee·rcsi OTIIH'IH8 B 'IBCTOTao-lj)a30Bh1X xapaKTepnCTHKax; 

3) pa3HOOOII B llOMHHar.ax nn·rSK>Dlll:X aanpS!)l(P.Hl!fi:; 

4) pasn11qHoe KOHCTPYKTOPCK09 0¢opMnea11e. 

B OCHOBY KOHCTpy11poBSHliSi 'nnaeilKH', CX9Mhl KCTOpoi! OIIHCSHU l<HlKE!, IIOIIOJK81Ibl c11e

AYIOT1Ilf8 Tpe6oBamrn: 

1} cornaccBa1me 5noKoB poaaoro uaaasqe111rn Me::K.D:y coool! no pa6o'!eM)' JlRanaaoay, 

BXO!UlhlM 11 Bb!XOlli!blM xspOKT8pl!CTllKSM; 

2) c·ra511nhHOCTb napaMeTpoB n llO!lSl!UIOCTh p,lCOTl,I; 

3} B38l!M030U8HlJ8MOCTb onOKOB 0/lHOrO Tl!IISi 

·H Hcnor.h3oBsHae cTaE)lSpTnanpoBaHHhlX B OHHH HOMll.Har.oB ilHTaHH11; 
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5) B03MOlKHOCTb ncnonb30BSl!ll11 nC'lllTlloro MOllTSlKS; 

6) npOCTOTS cxeMHOll ~OHCTpyxn1111: 

7) np11Me11ea11e CTSHilSPTlI311pOBS!lllblX B OHHH WSCCII onoirnB, CTOOK H Blf- psa~eMoa. 

TTpll BblOOpe onOKOB • mrn:el!x11', IIX CX8M ll x1;1psKT8pHCTllK Y'IIITbIBanncb: 

A. Oco5e11aocTK neTeKTOpoa, ncnonhayeMblX I! 8KCD8pllMOHTe. 

I. Ma11uii auxonaol\ c11r.s:a11. 

2. HsnH'lll8 lllYMOB, no ypoBHIO aMnnnTy)ll,l paBHblX. SMIIllHTyne DOll83HblX cnraanon. 

3. BoaMOlKHOCTb llOSIBllf.ll!llll neperpylKSIODll!X l!Mll)'ltbCOB. 

E. Oco5eHHOCTB a11:cnepnMe11Ta. 

I. PorncTpanHll HMrryllbCOB B llllllll830ll8 )lnllTCnbHOCTGi! aecKOllhKO COT8H HBHOCOKYH/l. 

2.', nnael!eoe cyMMHponaane cnrasnoa oT Maornx llST'IBKOB. 

3. Psanenemre none3Hb1X II myMOBblX l!MIIYIIbCOB. 

4. B1,1oop neo5xon11Mor.:o unsnaaoaa 1u.mynhcoa. 

5. TTepe)lS'IS BMnynbCOB HS cpsBHIIT8BbHO OOllbIIIHe paCCTOllHlrn. C y'l&TOM 3TllX lj)aK-

TOpOB onpeneneabl THDbl OCHOBHblX 5nOKOD, BOlll81lWHX B • mrnel\Ky'. 

I. nnuei!Hblil ycHnl!Tenh IIMIIYllbCOB (Y-1-1). 

2. CxeMs conna)l8Hl!i! C HB3KllM noporoM cpsoaTblDSIIHll ( CC-1-1). 

3. nirnei!ass CXOMa nponycKSHlIB (Cll-1-1). 

4. nnaei!Hb!l! cyMMSTOp Ha 8 BXOllOB (JIC-1-1). 

5. ,ll11¢1j)epean11s11hHbli! nncxpnMr:aaTop (n-I-1}. 

6. HaaepTop ( 4>11-1-1). 

7. 4>opMHpOBSTO/lb C 11nl1 (<ll-1-1). 

8. 3MHTTepaul! DOBTOpllT&llb (3TT-I-2). 

KpOM8 OCHOBllbiX B 'n11ael!Ky' BKnIO'l8Hbl llCnOl!HIIT8llbHbl8 OBOKII, 1IpliM8HS18Mb18 B 9KCll0pll

MCHT8X. 

IO. 11aTerpSBbHbli! )ll!CKpl!MIIHSTOp. 

JI. CxeMa BXOllHOi! q>opMHpODKlI lll'ISI nepec'leTHOli CX8Mbl. 

12. CxeMa BXOllHOi! lj)opMHpOBKlI M8XSH1!'18CKOro C'l8T'IHKa. 
/3/ 

13. Yanlj)mtnpoaaaaalt nepec'leTHSll neits)ls ( Yn.ll), psapaooTsaaag n nB3 • 

14. TTonynpOBOl1HIIKOBb18 llCTO'IHBKll llHTBHHB TlllIS 11TT-2 (paapsoOTlta nHTT). 

EnoKII 13 ll 14 npl!HllTbl B OHHH B KS'l8CTB8 CTSHll8pTHblX. 

' B nenBx ynoocTna cornscoBa.Hl[SI onoxoa nnsi Bcex cxeM np11asiTs 0Tp11naTenba!lll·non11p-

nocTb BXO)lHblX II BblXOllHblX c11raa110B. 
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OnncaHRe npHHIIHnnanhHbIX CX8M onoKOB •nnHel!xR• ',, 

1. nnaol!aul! nMnyn&CHb1!i ycnnnTen& 

Yc1mnTenh (pnc. 1) Bh!IIOmmeT aa;:ia,zy ycrmeBRH C BblC0K0il nnHeilaocThJO IIMIIYIIhC0B, 

KOTOphle OTnH'ISIOTCR no senH'IHHe B 10 - 100 paa n HM0JOT MRHHMam.m,re BMIUIRTynbl, nopRn

KB MK1mnnon&Ta. HMnym,cuul! ycnm\Ten& cocronT aa B KacKanoa. hepiibla n nocnenane Kac

xan1,1 llpencTaBmHOT coool! 06bl'lHblG 8MRTT8pHbl8 noBTOpHT8llH (TpaB,3HCT01Jbl Tl, T2, TB, 

T7). KOTOpbie o6ecne"IHBaJOT B03M0JKH0CTh cornacoBallH0I! P8ll0Tbl C npyrRMB CX8MaMH II 

MelKJly coooll. H11aK00Mabl!l: llenRTen& aa axone ycnnaTenn, ocnaonn10mn!! cnraan B 10 paa 

cTyneHRMH, noaBOnSleT paooTaTh C 6onh111HMH CHrHanaMn. TpeTHil KaCKall - CO0CTB8HHO ycn

nHTenhllbIII, coopaaubll! no KacKollHoi! cxeMe c napannen&ao-nocnenoBaTen&Hb!M nnT8:liBeM aa 

TpaH3HCTopax T3 H T4. PeJKBM TPBH3HCTopa T3 no IT0CT0RHH0My T0KY onpellenReTcH, rnaB-

llbIM o5pa3oM, conpoTRBJieHBRMR R2u n R 2!> , TOK0M TPllH3HCT0pa T4 H Bbl0HpaeTc51 Ta-

KHM oopaaoM, 'ITOob1 06ecne,r2T& aa115on&mnl! xos<!><!>nnneaT ycnneang no TOKy. TpaaanCTop 

T4 paooTaeT B pe:ncaMe MHnblx T0K0B, OT conp0THBneanl! R 'I.I. B R 2, 3BBHCHT Kps,j,,j,11-

ITReRT OTPHllBTen&Hol! ogpaTHOI! CBR3R no aanp~:ntGHRJO. Bbioop conpoTnBneHllR R2s B nenn 

SMHTTepa Tp8H3HCTopa TS BnHReT Ha B0nH'IHHY Kos¢,j,nnneaTa ycnneanR_KBCKaJta. C llpyrol! 

cTopoHbI, sTO conpoTRBneBRe can:ntaeT llpel!,j, Kos¢,j,nnneaTa ycnne,ang H yaenn,rnaaeT aepx-

111010 rpaltR'lllyJO 'IBCTOTy • 

TexanqecKHe xapaxTGpHCTHKH 

TTonRpHOCTh BXOllHblX R BbIX0UHblX HMnyn&C0B - 0TpnnaTen&llaR, Kos<!><!>nnneHT ycaneang 

CX0Mbl - 5(), 

BpeMn aapacTanng - 15 aceK, 

HannaellaocT& aMnnnTynaol! xapaKTepRCTHKH ae oonee 1%. 

MnKCRMan&Hb!!I BblX0llH0l! cnraan - 5,5 B. 

nmtTenhHOCTh BX0llllbIX HMIIY.JihC0B - 0, 1 - 1,0 MKCeK. 

HaMeaeane Koslj,,j,nnneaTa ycnneamr npn naMeHeHHII TeMnepaTypbl 0Kpy:nta10mel! cpGllbI B 

nnanaaoae + 15° - +60°C He oonee 3%. 

Bxoa11oe conpoTnaneane - 4 xoM. 

BbIXOJ:tHoe conpoTHBnGHBe - 12 OM. 

lllyM, np11B81l8HHblil K BX0AY, + 20 MKB,a<j,q,. 

YcnnnTen& llpnycKaeT 20-KpBTHYIO neperpyaKy npn ,racToTe neperpy:nta10mnx nMnyn&coa ito 

3 Krn n 40-KpaTay10 neperpyaxy npn 'lacToTe neperpy:nta10mnx nMnynLC0B ll0 1 Krn oea 

YXYllW0HHH nnael!aocTH. 
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HanpalKeHHe nnTaBRR 27 B,+ 12 B, 

TToTpeonR8Mblll TOK - 30 Ma •. 

TTp_n R3MGHeHHH ,BanpRJK0HHR IIRTSIIHR BB +10% K08<!>4lHTIHGHT ycnnemrn H3M0HSIGTCR He oonee 

'ICM H4 1%. 

TpaH311CTOpbI Tl, T2, T3, T4, TB THna TT411A, TPiaa11CTop1,1 T5, T7 - T11na TT502B. 

2. c;ei.i:a C0Bnall8HHll 

CxeMa C0Bnaneanll (pno. 2) oonaJta8T BbIC0KOI! 'IYBCTBRTenhH0CTLIO' npR ManoM paape

ma10meM Bp8M8HH, 'IT0 0'!8lll, BaJKHo n= cnexTpoMGTpHH MBnbIX cnraanoB. 

Oaa C0CTOHT R3 nByX nneHTR'lllblX KaHanoB, sneMea-ia OToopa Ha TYHHem,aoM llH0lle 

(Tn5) H BblxonHoro ycnnnTensr c noBT0pnTenoM (Tpammcropbl Tll-TI3). CTPYKTYPHa.11 cxe

Ma xaaanoB coanaite_nnll TaxoBa: ycnnnTen& - orpllJIH'lHTen& n llBa i!>opMnpoaaTenR aa TYHHem..

HblX nnollax. Ha3HB'l8HHe ycRnnTeng - orpaHll'lHTenaa: C0CTOHT B II0BbIW0HHH 'fYBCTBHT0nhH0CTH 

cxeMbl H B pacm11peHHH n11HE.MH'lecxoro J:tHanaaoaa perucTpnpyeMbIX aMnnnTyJ:t. O5mee yce:ne

HH8 no Kaaany COCTaBl!ReT 50 llpH co6CTB0BR0M BpeMeBR HapacTSllllll yc11nnTen51 8 scex. 

KaCKIIJlbl na Tpall3HCTOpllX TI II T2 - CO0CTBGllHO ycnnn-ren&able, xacKaJ:t Ha TpaH3HCTOpe 
I 

TS -orpaHB'IJ[T8nhHbIA.Paoo'l851 T0'IKB TPBH3HCTopa TS ~wopaHa TaKHM oopsaoM, 'ITO aMn-

11HTYll8 BblX0llH0r0 HMnyn&ca Ha ero K0nneKTOpe HG npeBbIIIIB0T 0, 75 B ( TpaH3HCT0p 38IIHpa-

8TC.II nonOlKHTOn&HbIM RMIIYnhCoM), Ha BXone H BbIX0ll8 yCHnHTen11 - orpaBR'IHTe/ll! CTOIIT 

AR0J:!HblG orpaHH'IHTenH (AHOJ:tbl n1 II !{2). T~HM o5pa3oM, B cxeMe C0BnaJtGHHll npenycMoT

pGH0 orpaHH'I0HRG 0OnhlllHX BX0J:IHblX HMIIynhC0B, TaK 'ITO B oonhlllOM llHanaaoae BXOllHbIX 

aMIUIHTYA HMnyn&c Ha BX0ll8 nepBoro xacKana ,j,opMnpoBaHHR He npeBbllllaeT 0,3 B. TTepBblll H 

BT0poll ,j,opMRpOBa'!'GnH Bb!IIOnaeHbl no 0llHOII cXeMe. C BbIX0lla BT0poro ,j,opMnpoBaTenR CHB

M88TCR HMnym.c ll0CT0RHH0ll aMnnRTyJ:tbl H llnHTenhH0CTH, !lnHTOn&HOCTh c,j,opMHpOBSHHOro 

HMnym.ca 3aitaeTC51 B8nH'IHH0ll HllllyltTHBaocTell L 1 R L;i n COCTBBnReT 20 aceK., CTaa-· 

llapTHble no <!>opMe HMnyn&Cbl ~ BblXOllOB ,j,opMRpoBaTenel! 06011x xaaanoB, nocTynaJOT Ha ~X0ll 

sneMeHTa oToopa, npellCTaBJ:rn10mero · coool! T0'IH0 TaKoll :nte ,j,opMnpoBaTen&, 'ITO n npenbf-

llymne. Ero nopor cpaoaTblBaHHSI Bb!0paa T&KHM, 'ITO TyaaenhHblll nnoll cpaoaTbIB88T T0n&K0 

npn •onaoBpeMeHHoM' npaxone HMnyn&coB c ooonx KananoB. TaxnM o5paaoM, B cny,rae 

coBnaJteaaR llByX.HMnym.coB na sneMeHTe oToopa oopaayeTcR cnraan, KOT0pbtll aaTeM ycnnn

BaeTcsr BbIX0J:lllbIM ycnnnTeneM llO aMMHTYJ:lbI 5 B. 

TeXHH'l8CKH8 xapaxTepHCTHKH 

qyBCTBHT8nhHOCTh cxeMbl - 2 MB. 

Paapema10mee BpeMR - 15 Hcex. 

ITongpaocT& Bxonaoro HMnynnca - 0TpnnaTen&Haa. 

nnnTenhllOCTh BXOJ:tH0ro HMnyn&~a - 0,05 - 1,0 MKcex. 

BpeMR aapaCTaHIIH BXOJ:tBoro HMnyni.ca -;- 0,01 MKCex. 
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TTapaM8TpU BUXOJ:lHOrO BMnynbca: 

11om1puoCTb - OTPBll8TenbHlUI, 

aMnnuTyna - 5a, 

AnBT8nbH0CTb - 0,5 MJtC8K, 

Bp9MH uapaCTAHllll - 0,05 MJtCeK, 

H811plllK8HB8 IIHTQHIIH ! 12 B !10%, 

Cxe11,ta pa5oTOCIIOC05Ba B n11ana:!0He 0KPYlK8101ll9il TeMDepaTypu +15°c_ - +oo0 c. 
B cxeMe llpHM8ll8HU TpB.1!3IICTOpbl Tlllla IT417A, TyHH9nbHhI8 lll!0llbl - Tlllla 31:130lr, cTa5mm

TpOHbl Jl3, .ll5, Jl7, Jl8 Tlllla .fi808. ' 

3. nuuei!uru1 cxeMa nponycxauun 

CxeMa nponyc1tan11u (pHc. 3) ·ooecne'l'»BBeT nponycitanue na auan11a 11M11ynbcoB,YAOB

neTBopmom11x Tpo5osau11uM sxcnep11MenTa n Gom,moM nl!nellaoM n11ana3oue, c ne1111uei!nocTb10 

8MIIIIHTYJ1HOll xapaKT8p11CTIIKII' HG xyJKe 1%. no cpanuemuo C 50nblDBHCTB0M H3BeCTHbIX 
14-6/ . 

cxeM M8pTB09 BpeMH CX0MbI Mano ( - 1 ,o MltCOK) • .Il11anaaoa Bp8M9HII, B T8'1'8Hll8 

KOTOporo IIM11YIILCbI 11ponycxa10TCB Ha aua.::111a, 011penem1eTCB Bp8MSl38)lBIOlllllMII .. nopoTBMII·, 

T.e. )lIIIIT0IIbHOCTblO IIMIIYIILCB pa3peme1msr. 

CxeMa 11ponycxauu11 COCTOIIT 113 JtaCKBAOB q,opMllpOBKII HMIIY~Lca "'BopoT"' ( Tp8H3HCT0-

pb1 Tl - T4) II xauana nponycxaHHH (TpBH3HCTOpbI T5, T6 II lll!O)lbl .nu- .Il14). 4>opMllpOB

Ka l!Mnynbca 'nopoT' IIpOIICXO)lllT CI18JlYIOlllllM o5pa30M. HM!IYllbC pa3peme111u1 OTPIIIIBTenb

HOil nonHpBOCTII: II BMHIIIITYAOII ue Menee 1,2 B nocTynaeT Ha BXOA 2 CX9Mbl nponycxrums, a 

HM0HHO - Ha <l>aaOHHBOpTop (TpBH3HCTOp Tl), B nonolKHT9IILHbli! HMnynLc, B3HTblil C xo~'nex

Topa <l>B30HHB9pTopa, - ua BXOll Tpnrrepa aa TYHH8nbHOM AJ!'.0)19 T.Il B 'B3BO)lHT' ero. Or

pnnaT0llhHblll HMnyIILC' C- 3MHTT9pa <j;asona11epTopa, 3BA9plK8HBbli! ua J MKCetr, ''1'9p83 3MIIT

Tepu1,1i! ~OBTOpHTOllb (TpaB3IICTOp T2) B03Bp81lla8T Tpnrrep B HCX0AHO0 C0CTOSIHl!e. TaKHM 

o5pa30M, HS 5a3e TpBH3BCTopa T4 Bblll811H8TCH IIMnynLC QMilnHTYAO_ll 0,3 -0,5 B II 11.n11TenL

IIOCTblO I MKCeK. HMnynLc 'nopoT', ycnneuubll! Tpaua11cTopoM T4, nocTynaeT aa nepBmmy10 

05MOTKY Tpaacq,opMaTopa Tp, a co BT0pH'l'HbIX o5MOT0Jt Tpaac<l>opMaTopa HMIIynLC IIOIIOlKH

TenLHOi! nonHpHOCTII II IIMIIynbC OTpHllBT911bHOll non11pnoCTH nocTynalOT HS M0CTIIKOBYIO cxe

MY IIpOIIYCKaHHll, of5pa3oBaHHylO JlHOABMH .fiJO - nl5. IToxa OTCyTCTBylOT HMHyllhCbl 'BopcT' 0 

)lH0AbI .lllO H nt5 OTKpbITbl, a )lHOAbI Jll 1 - .Il14 38Xpb1Thl, TBK 'l'TO IIMHYIILC, nocTynammnl! 

Ha BX0A 1, He npOXO)lHT ua BblXOA CX0Mbl nponycxaaiur. Kor)la )1110,llbl .Ill I H n15 38KpbIB8-

IOTC>r BMnynbCBMll 'nopoT', )lHOAbI .fi11 - .fiJ•i CT8HOBHTCB llp0BOAHlllBMH H llB BUXOA CX8Mbl 

nponycKauaa BMHynLCbl co nxona 1 npoXOAllT B T8'1'8HB8 Bp8M8HII cymecTBOBBHil'.l'I_ HMnynbca 

'BopaT'• 

K 'iHCny Cym,0CTB8HRblX AOCTOHHCTB ·CX8Mbl 0THOCHTCH B03MOJK!lOCTb IIIIHE!i!HOI'O npo-
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nyCJtallHH IIMIIYIIbCOB ManbIX aMIIllllTf.lt. 3TO AOCTBraeTCH llpllM9Jl8HU8M. MOCTll'.ltOBOll CXCIMbl 

/6/ 5 . 11ponyCJt8lll[ll , JtOTOpaH Bpi! non ope AIIOAOB C JIA9HTll'l'BblMJI xapaxT9p11CTHJtBMJI II COIIpOTIIB-

nelll[i!, II03BOllSl9T IIOIIHOCTblO yCTpaJIJITb 'nb9A8CTan'. KpaeBb18 BbI0pOc;bl y511paIOTCll ~ IIOMOII!l,10 

m1Terp11py10mei! neno'l'ltH R 34 , C 13 • 

' 
TeXH11'1'8CltH8 xapaxTepHCTHKB 

ITOJIHpBOCTL nponycKa9MbIX HMIIYllbC0B B nMnynLCa pa3pemeami: -· OTJlllllBTellbHaa. 

AMllllIITYJl8 IIpOnycxaeMbIX HMffYnbC0B - 0,01 - 9 B. 

.IlnnTenLHO_CTb 11ponycxaeML1X HM!lYnLC0B - o, 1 - 0,8 MJtC9K, 

AMnnHTyAa HMIIYllbCB pa3pem0HHll - 1,2 10 B, 

.IlnuTellbHOCTb HMllynbca pa3pemeHHll - 0,4. - 1,0 MKC8X. 

HenuneilHOCTb BMlllIHTYAHOil xapaKT9pHCTHKH - ne 5onee 1%. 

BxoAuoe co1IpOT11Bnen11e nnuei!aoro TpaxTe - 12 xoM • 

Bxonuoe conpoTHBneBRe cxeMbl <l>opMIIpoB!rn - 7 K~M. 

BbIXOAH09 conpoTHBJI8lll[9 nnuei!aoro Tp8XTB - 10 OM. 

MepTB08 Bp8MSI CX8Mbl - ·1 MKcex. 

HanpsIJK8HH9 nnTaRHB - +·21 ' ·1- 12 B, 
- - 0 0 

l-faM8B9HH8 T<'!MnepaTypbI OKPYlKBIOlll8i! cpeA.bl OT + 15 C AO + 35 C llpll H3M8B8lll[II aanpHlK8-

Hllll IIHTBHHH an ::_10% ae M9HH8T xapBKT0pHCTIIK. 

.Iln11 MOCTHKOBOil CX9Mbl ueo5xoABM noA5op AIIOAOB C OAIIHaKOBblMII xapaKT9pHCTHJt8MH. 

Bee Tpaa311cropb1 Tnna IT 308 B/r I. 

4.nuuel!ablil .. CyMMBTOP 

B MHoroxauanbHOM IIHH0ilHOM cyMMBTOp8 (p11c. 4) cyMMllpOBBHll8 BblHOmrneTCll no 

llpHHllBllY CIIOlK0HHH HMilYllbCOB OT pa311b1X naT'l'HKOB BB IICKYCCTB0HH0il IIHHHH 38peplKXHo 

. L m 
C8Killlll KOTOpoll o5pa30B8Hbl BHAYJtTHBHOCHMB 1 - L 9 H 8MKOCTHMH C 2t:, -•C 4U 

O5mee KonneKTOpHO0 COIIpoTB13118HHO, COCT8Bn8HB08 113 IlOCTOllHHOro H 11ep8MOHBOro CO!IpO

TIIBII9HHil, ciny)l(l!T II cornacy101llHM - MB no11.anneuna oTpalKSHBbIX xone5aaui! B n11u11n. Bee 

BXOAbI cyMMBT0pa 1111.eHTH'l'Hblo H JtBlKAblil BXO)l npeACTSB118H "AB}'Mil KBCKBABMII. IIepBbli! 

HHB0pTCP, ltOTOpblil. paCC'l'HTaH ua BXO)lHbl8 BMIIYIIbCbl OTPHllBTenbHOi! H llOIIOlKJITem.uoil no

llllpH0CTH (TJla.B3HCTOpbI Tl - TS). B-ropoil ltBCJtBll - cyMMnpy10mnll, aarpYJl(9H na IIIIBHIO 

3apep)KJtll H pa5oTa9T II.IIW~ OT HMnyllbCOB OTpllnaTenbROll nonsrpH0CTH, nepeMeunoe coIIpO

TIIM8HH9 B 1(91111 3MHTTepa BTOporo xacKana cnylKIIT )lllH ll0ACTpoilltH 1tos<l><l>1111HeHTOB 11epe

)l8'1'H paBHbIMII no JtalKAOMY BX0AY, B T8JtlK9 'l'BCTH'l'HO MB llOWOHKll xapattTepHCTlllt Tp8H3HC

TOp0B~ .118 JtQTOpbIX Bblil0IIHll0TCB cyMMKp0B8HH8, 
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TexaH'10CKH0 xapaKTOpHCTHKH 

KonnqecTBO BXOAOB - 8. 

KonH'lGCTBO BXOJ:IOB MOJK0T 6bJTb B 6onbWHM (nee K8H8nbl HJ:18HTB'1llbl), ecnH BX0):1Hbl0 cnr

nam,1 yxna):lblB810TCH npH cyMMHpOBaHHH B )lBane3oH J!HHeltaocTH, )'K838HHblll: HHJKe. 

nonnpHOCTb BXOllllblX HllXIIynhCOB - OTpllll4T0nbH8H (nor.oll'.BTenbaau). 

nnHT0llbHOCTb BXOJ:lllblX BMllYJ!bCOB - 0,5- 1,5 MltC0K. 

n1rn:elhn,lll !Hl!IH03o!I cyMMapaoro cnraana - 3 MB - 3,5 n. 

BxoAaag a1,mnnTyJ:1a, nepenaaaeMasr nuaenao no oAHOMY BXoAy, - 3 MB - 3,5 n. 

He,rnaeilHOCTb B yxa::iaanoM J:IH8ll830H8 - 1,5%. 

Kos¢,pnnaeaT nepena'll'l perynepyeTCH B npe):lenax 0,6 - 1,2. 

CyMMaTop nonycxaeT 40-xpaTayIO neperpy3KY npu '18CTOT8 neperpyJKaIODtHX HMicy'llbCOB B 

3 Krn. 

Bxomice conpoTHr,neaee - 10 KOM. 

BblXOAHOO COIIpO'rHBllOIIH8 - 4 KOM. 

nuanaaoa pa6o'1HX _TeMnepaTyp +16°C - +35°C. 

HCT0'1HHK IIHTBHHa - 27 B (75 Ma). 

CxeMa pacc'lHTOHa na npHMeaenae TpeH3RCTOp0B THna 1T308A, B,B,8 (Tl - T18) a Tana 

n416 (T17, T18, T19). 

6. AMnnH'.l'YltHblll: nm!1¢epen1111anbHLil! J:IHCKpHMRHaTOp 

nncKpHMl'lH8TOP (puc. 6) np8J:lll83H8'18H ;:,;ng aMn/lHTYJlHOro anana3a HMnynbCOB OTpH

U8T8llbHOli llOHBpHOCTH B llH8ll!l30H0 0,4 - JOB. nacKpHMl'lH8TOp COCTOBT B3 JlBYX RJ:18HTR'1-

HLIX noporoBblX ycTpoliCTB, JlBYX OJ:lllOBHOpaTopoa, ~MUTTepaoro DOBTOpBTenH B B8PXHOM 

KaHane B HHB8pTopa B BHJKH8M ltllHMe,. CX8M!,I 81'iTHCOBTI8/l0HHi! C ,PopMHpoBaTe~eM. 

IToporonoe ycTpolicTBO B&monaeno na llHOJ:10 Jll8 C Manoll lip0XOllHOli OMlWCTl>IO <na H 

nto). lhtJKHHli II B0pXHHli noporH 381l8IOTCSI IIOnO>KHT8nhllblM 38IlHp810InHM _HallpB;i<:OHH0M_ OT 

nenaTeng (pac. 6). YcTp8H8HH8 BnHSIHHSI HOOOJlbWOro pa36poca HMnynbCHblX H CT8TR'l8CKHX 

xapaK'l'8pBCTHK JlHCKpHMJIHHPYJOWHX )lHOllOB nocTHraeTCSI ll0Jl8'18li H8KOToporo eaqanbnoro 

perynapy10mero aanpHJKeaasr CMemermsi 'lepe3 R :, H R 21 • 'lynCTSHTOnbHbl8 O)lHOBD6pa-
/8/ 

TOpbl aa Tpal!3HCTopax Tl, T2 H T4, T5 ,popMBPYIOT. oTp_unaTenbHblO HMIIYnbCbl aMnnnTy-

r.oi! 2B H JlnHTenbHOCTblO 0,5 . MKcex:. Pel!CRMbl TpaH31!CTOpoB K8JK.!l0I'O OAHOB116paropa Bb16pa-

Rbl T8KHM o6p830M, qTo o6a TpH~Aa B ll:CXOAHOM CCCTOBHBH npoBOltl'.T, no k /1 < l 38 

C'12T pa3pblB8 nenn llOllOJKIIT'!nbHOt of5paT11.olt CB>l3H llHOJlOM. 1!7 {.lll4). TonbltO BXOAHOI! OT

pHnaTOm,HHll CilrHan, ycnneHHblli nepBblM TpaH3HCTOPOM Tl (T4), nepesonET ,!1H()J:l B coc

TOBHHO, o5ecneqe=10m:ee s OJ:IHOBH6pa-rope perenepaTRBRhl~ nponecc. B onuoBn6paTopax npe~ 

llYCMOTp0Hbl 

n(!tl R:.:t> 

neno'lKH, ycxopu.om:ne pa3pBJl BpGMll38;lRlOlllHX OMKOCTeR c7 H cl6 ( RlO 

H .U15> TaK, '!:TO Bp0MB HX BCCCTBHOBnOR:IH RO llpCBblmaeT 0,5 MXCeK. 
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CxeMa 8H1'HCOBil8Jl01lHli DbinOnaeHa H8 TYHH0nhl!OM llllOJ:19 Tn, conpoTHDnO!!llBX R34 H 

R35 D Tp8H3HCTOp0 T7. _Heo6xonnM8H 3anepJKita HMllYllbCll C HHJKHCro K3HAna BO BC8M 

'oxHe' BnnoTb uo 10a o6ecne"{l!BaeTCSI npaMeaeaHeM aaTerpHpy10meli eMxocT!I: c 19, KoTopasi 

myaTHpyeT KonneKTOpnoe conpoTRBHOIIl!O HHB8pTOpHoro K8CKana. 

' 
TeXRa'l&cxne xapatcTepHCTDKH 

IlonupHOCTb BXOJlHOrO CHrHana - OTpnnaTenbllaSI. 

ne:ana30B BXOltHbIX SMilllBTYlt - 0,4-JOB. 

lllapaaa 'oi.'aa' nHCKPBMHH8TOpa - o, 1 -10B ( 'lGpC3 o, 1 B), 

nm1TenbHOCTb Bxonaoro HMnym.ca OT o, 1 no 0,6 MKCOlt c q,poi!.TOM no 0,05 MKCOK, IlpH BM

nynbCBX 6onee 1,0 MKC8K, !ppOBTOM G?neo 0,05 MKCe.tt IHlOOX.OltHMO yBenH'10H110 npeMe

HB BunepJKKH onaonn6paTopoB J:111cxpuM11aaTopa. 

PerynapoBKS nopora OT 0,4 no 10 B (qepea 0,1 B) • 

MepTBOO Bp8MSI itHCKpHMHHllTOp8 Dpll 'oKHe' 0, 1 B - 1 MKC6K. 

MaKCIIMSnbHOe M8pTB00 BpeMB /lllll AD:fX BMIJynbCOB C aMmmTy;taMII 10 B B 0,5 B B 'menn' 

10 B COCTBEHSIOT J,6 MKCeK. 

CTaOHIIbllOCTh nopora ABCKpBMHHSDBR He xyJKC 0,1%. 

nnaefiHOCTb /lHCKpHMBHBllHOHHOli XapaKT8pHCTHKH HO ~yJKe 1%. 

IlonllpHOCTb BblXOllHOrG BMIIY:IbC8 - OTp11naTOnbH8lI. 

.llnHT0llbHO_CTb BhlXOAHOI'O' HMnyJlbC8 - 0,5 MKCOK. 

AMD:IHTyJla BblXOllHOro HMnynbCa - 8 B. 

Bxonaoe conpoT!IBnenuo AHCKpHMHHBTOpa - 500 oM. 

Buxo;:moe conpoTHBnenne J:1:'<CKpHMHHaTopa - 300 ou. 

TeMnepaTypuoe H3M8HOHll0 nopora B AHana3one TOMnepaTyp +t5°C - +45°C COCTBBnneT 

0,06%. 

HeonpenenoaaocT& nopora cpa6aThIBannu ae xy:.i:e ·o, 1% 

HanpllX<OimO HHT8HHB - 27B +12 B. 

TioTpeon!IP.MHi1 TOK - 55 Ma. 

B CX9M8 npnMeHOHbl Tp8H3HCT0pb1 TI'!llll n411A (Tl - Ta), 1TS03B (T7}, TYHH8nhHHll 

J:IHOA 31130 IA. 

6. HHB0pTOP 

Bee onOKH, BXOJlB!llH0 B 'nanel!Ky'. pa6oTaroT OT HMllYllbCOB OTpnnaTenhllO~ llOl!HpHOC

TH l!, Cll8JlODRT0llbI?O, nee BblXOJlHbl8 cnraam,I O:IOl(OB 11ueroT Tal0!(0 oTpHH8T81!bBYIO nom1p

HOCTh. BuyTpR C8MOP. 'nnnefiKHr • 0'1€!BHAHO, .!IP.T aeo6xoAKMOCTB HCllO/Ib::JOBBTb 4•a30HHBOp

TOp. Ho npa Hllo6xonm..iocTH cornacoBBHHSI ,pa6oTbl OTJ:l0nbHblX 6notrOB ~llHHeli1rn' C Apyroi1 

annapaTypoil, aanp!IM0p, C 11epeC'18TROli JI8K8ilOII Yf!J!, pauOTllKlIIIOl! 0\' nOHO;KHT8llhHblX cer-
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HanoB, nnn. c onoxaMH naMnoBOil 'nnaeilKH', ncnom,ayeuoil B naoopaTOpnu, - ¢a3ouaneprop 

H80oXOABM, 

~a30HHBepTop (pnc. 7) Bblllonaea HS '18Tblpex Tp8H3HCTOpax. Ha Tp8H3HCTope Tl -

llOBTOpHTen&, Ha Tp8H3HCTopax T2 HTS H T4 - yCHIIll:T8/lb, OXB8'18HHblil rnyooKoll OTpHna

Ten&aoll oopaTHOil CBH3hl0. B nan& OT·pnnaTeru,aoit oopaTHOil CB9:3H BXOAHT Tp8H3HCTOp T3, 

conpoTHBn8HH8 R / H 8MKOCTh c4. 3MHTT8pBJ,tit llOBTOpHT8nh TS UHT88T nem. o6paT-

aoll CBB3H lIOCTOHHHbIM TOKOM, ae aarpyJKaB KonneKTOp TpaH3HCTOpa T4, 'ITO ll03BOIIB8T 

rrony'IBTh mnpoKHII llBH8MH'l8CKBI AH8lI830H, CorrpOTHBII8HllB R / H R lU onpene/TJIIOT 

ycnnenue no rreTne o6paTaoil cBnau n, cnenonaTen&ao, xos¢¢unneaT nepena'IH ¢aaonaBepTo

pa • .llHOAbl . .n2 H .lls - aamnTa rrepBoro Tp8H3HCTOpa OT neperpylK8lOIItHX nonoJKHT81IhHbIX 

H OTpHll8T81IhHblX HMl!yllhCOB. 

TexaH'leCKH6 xaprui:TepHCTBKB 

ITonnpaocT& Bxonaoro curaana - OTpBl!aTenbaaa. 

.llnnTen&aocT& Bxonaoro cnraana - 0,1-1,0 MKcex. 

ITonapHOCTh BblXOAHOro c:e:raana - rronoi1mT0nbH8SI. 

.llnanaaoa mmeil!IocTH - 10 MB - 10 s. 

CoocTBeHHOe BP8MSI aapacTaHBSI - 10 acex • 

Bxonaoe conpoTBBneaae - 10 KOM, 

B1,1xo11aoe conpoTHBneane - 75 OM. 

HcTO'IHHK llBTBHBSI + 27 B. 

TpaaancTopb1 Tl, T2 - Tarra IT4 I 1A; TS T4 - Tnna IT002B • 

8. CxeMa HnH c ,j,opMnpoBaTenoM 

Co cxeMbl MOll<8T ObITL nony'leH H c<j,opMBpOBSH BM;JynhC ynpaanemrn: AIISI liHamm11py

IOIItHX' OIIOKOB CHCTeMbl npll HSIIH'IBH MHOl'HX_ AllT'IHKOB. C6opxa (pac. 8) npenCTElBIIBOT co-

6oll CO'leTaHHe 06bI'1'.HOil AROAHOil CX8Ml,I HnH (JlHOllbl nJ - Jl8), ,j)opMBpOBaTenSI Ha TyH-

. aenhHOM nnone T.ll H Tp8H3HCTope Tl. TaK 'ITO cyMMapl!SSI eMKOCTh nepexonoB llBOllOB He 

orrpenensieT BpeMOHB HapaCTSHBSI BblXO!IHOro BMnyn&ca. OHO 38BHCBT, rnaBHbIM o6pa3oM, OT 

CBO.:!CTB <j,opMBpyIOmero KaCKana. BxonHbl8 BMnyn&Cbl OTpnnaTenbHOi! nomipHOCTH 38CT8BIIHlOT 

cp.a6aTbIB8Tb TYHHOIIbHbli! ARCA, 'ITO npHBOllllT K IIOSIB1!eHHIO HS 6aae TpllH3HCTOpa TI BM.:. 

nynhca OTpHUOTelllhHOH nonSipHOCTH, 8MIIIIBTYllOil 0,8 B H AllHTenbHOCTbIO, IlORTOPRIOmeil 11nu

Ten&HOCTh BxonHoro HMnynhca. C KonneKTopa TpaHaBCTopa Tl ycnneHHblil BMnynhc,nono

)KHTOnhHOI! nomrp.llOCTR HBBepTHpyeTCB ( TpaH3HCTOp T2) H nocTynaeT Ha BbIXOAHOli SMIITTep

' Hblil noBTOpRTen& ( TpanancTop TS). MepT~oe BpeMst cxeMM onpenemrnTcSI m1m& nnnTen&-

noCTb10 .Bxonnoro HMnynbca. 
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TeXHH~ecKHe xapaKTeOHCTHKll 

KonB'18CTB0 BXOAOB -·8· ('IHCIIO BXOAOB MOJKeT ObITb yBenHqeuo 6ea cymecTBeHHbIX 

naMeHeHHil ~apaKTepBCTBK CX8MbI). 

flonHpllOCTb BXOAHOl'O B BbIXOAHOrO BMllYIIhCOB - ,PTpHl!STe/lbHBSI • 

AMnnnTyAa BX_oAHOro HMITYIIbCO - He MeHee 1 B, 

.llnnTenhHOCTh Bxonnoro cnrnana - 0,1 - 0,5 MKCeK. 

"' AMnneTyna BbIXOAHoro ni,myn&ca - 4,5 B. 

BpeMSI aapaCTIIBHH nuxoriaoro BMllYIIbC8 orrpenenSieTCH, rnaBHbIM o6pa30M, CBOilCTB8MH ¢op

MBpyIOmero KOCK8A8 B cocTaBnSJeT nn,i 8-MH BXOAOB 50 HC8K (B TOM cnyqae, ecnu na 

BXOA nonan BMllY/lbC OT reHepaTOpa r-5-15). 

HaMenenae TeMnepaTyp1,1 oxpy:w.aIOmeii cpellbl B npenenax + 15°C - +oo
0
c n3MeuSieT aMn-

naTyny Bb!XOAHOrO HMllyn1>ca ne 6onee, qeM HS 2%. 

HcTO'IHHK naTaHRH - 12 a (15 Ma). 

Hcnon&aonaHu Tpaaaec1·opbl Tana 1 T308A, B, B. r H Tyaaenhablil nnon THrra 3H-801A. 

8. 3MBTT8pHbIH llOBTOpHTenh 3TT-1-1 

3MHTTCpHblii IIOBTOpBTGllh (pee. 9) npen11a3H8'1881'CSI nnn IIBHei!HOil nepeJlS'lli HMnyn&

COB oTpHDP.Tellb!lOli nonHpHC.CTH no AmIHilOMY Ka6onIO I!! AIISI cornaCOBllBIHI OTA81IhHI,IX ono
/9/ 

KOB cnexTpoMeTp1I'10CKOil annapaTypbl Mell(Jty cofioil • 

IloBTOpHTelib BbIIIOl!HOil na '10Tbip0X Tp8H3HCTOpax • .llM o6bl'IHbiX llOBTOpnTenSI Ha 

TpanancTopax Tl n T2, BKIIIO'leHHbI8 nocnenonaTen&ao, npennaanaqa10rcs.1 lllISI yBenH'IORHSI 

o6mero pxonnoro co:rpoTHBJieRBH H yMeHbIDOHBSI BXOllHO~ eMXOCTH CX8Mbl npK tion&IDOil eM• 

xocTnoli narpyaxe. 

B OKOHO'IHOM Kacxana 9MHTT8pHOii Harpyaxolt TpAH::lBCTOpa TS cnyl!<BT conpOTllBneHB9 

xonneKTOp-aMHTTCp TpaH3HCTOpa T4, KOTopoe oonanaeT BbICOKHM llHHllMH'ICCUIM coIIpoTBB

neHH0M nnsi ilepOMSRHOM. COCT8EJISIIOin8ii H MBIIbIM ,[\IISI nOCTOHHBOil COCT8BIIHIO!It8il TOK8 SMHT-

1·epa. 3To peaxo yaena'IHBaeT BXOAHOO conpoTHBnCHBe OKone'IHOl"O xacr.ana, paf50TllIOntero 

Ha HH3KOOMHYIO aarpyaKY, o6ecne'IRB0B B TO me BP8MR HH3KOe BWXOAH08 COllp0THBII8P.~e 

cxeMH. 

BblOOp :aneMeHTOB llOBT0pHT81JSI 1IpOH3DO)lHJICSI H3 ycno1mil pacruspeRHH llll8Iil\30H8 

' nauel!HvCTU 9 oGneCTh MIInllBBOnl>TOBblX cnraanoB H B03MO:>KHOro ero npuMeHeHHQ B ycno-

BHSI~ HH3KHX TaMPepaTyp. 
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TeXBRqecxue XSJ'.l_rut'l'E!PHCTHKH 

ITonHpHOCTb BXO/.IHOI'O H BUXO/lHOI'O HMnynhCOB - OTpHnarenbBaH. 

Ctx a 10 n,J,). Bxo1-1aoe conpoTHBnonne 100 KOM (JlnH 

BbIXO.'lH08 conpoTHBII9HHll - 15 OM. 

Llua.11aaoH rumel!ao-nepeaanaeMux l'!Mnynhcon 0,003 - 3B ( C H8nRH8i!HOCThlO He XylKe 1%). 

l{nRT8llbHOC:Tb BXO/.IHWX HMDyllbCOB -. 0, l - J,0 MltC8K. 

BpeMH HllpllCTll!IliH - 0,01 MXCOK. 

Kos,j,,j,nnl'!eHT nepe1-1a'lll - 0,8. 

IloBTOPHTe.'lb aonyc~aeT 80-xpaTaylO neperpyaxy npn qaCTOTO neperpylKSIDlltHX HMDyllbCOB 

10 xrn 6ea yxynmeunn xapaxTepncTnxn cxeMhl (neperpyaxa onpe1-1enueTcu no oTHomenHJO 

nnoma1-1ei! neperpy>Karomero H pa6oqero HMDyn&con). 

lliyM, npHB8/.18HHblil X BXOAY, - !le 6onee 50 MKB, g,J,,p. 
o o' 

05nacTb pa6oqa:it TeMnepa-ryp - 20 C - + 50 C. 

HcToqHHK nHTQHH2 - 12 b (4Ma). 

ITp!IMeueah!· Tpana11cTopb1 THIIa tT308A, s, B, r. 

9. 3MHTT8pHI,lll noBTOpHTenb 3IT-2 

.9MHTT0pllb!l! noBTOpnren~ 3IT-2-2 (puc. 10} CKOHCTPYHPOBaH /lllH uenocpe1-1cTBOHHOI'O 

paauemeHHH Ha ronoaKe <1>3Y. IloBTOpHTOllb COOAHHHOTCH /lllHHHhlM xa6aneM c HCTO'IHHKOM 

lIBTaHHH H Harpyao'lHhlM COIIpOTHBn8HH8M R 'l , KOTOphle MOI'YT pacrronaraTbCH Ha 31!8'IH

TenbHOM paCCTOHHHH OT <1>3✓ JO/• ffapH/ly C OTpH/lBT8nLJihlMH o6paTHhlMH CBH3HMH IIO IIOC

TOHBHOMy TOKY B cXeMe HCIIOnb30B8Ha H IIOllOl!CHTOllLHaH o6paTH8H CDH3h no IIOCTOHHHCMY n 

nepOM8HHOMY TOKY, qTo II03BollH8T nepenaBaTb xopoTKHll 'PPOHT n o6ecne'IHD88T /JOCTaTO'IHO 

Bb1COK08 BXO/lHOe H HH3X08 BhlXOAH08 conpoTHB1I0HHe. 

TeXHn'leCKHe xapaxTepHCTHHH 

(1-1nu xauenu PK-1 nnHHOJO 20 M) 

ITonupHOCTb BXO/.IHOro H BblXO/.IHOro CHrHanoa - OTpli]laTenLHaH. 

Bxo1-1aoe conpoTHBne11ue (1-1nu ·C8x = 5 n,j,) - 50· xoM. 

Buxo1-1uoe conpoTHBne1me. - 1 0 oM. 

llHanaaou nauel!noCTH - 0,003 - 3 a. 

nnaTenbHOCTb BXO/lHhlX HMnynbCOB - 0, J 

Co6cTBeHH08 BpeMH uapaCTllHIIH - 8 ncex. 

K03<pq)HHH0HT n~pe1-1aqn - 0,9 •. 

1,0 MKCex. 

OonacTb pa6o'!Hx TOMnepaTyp - + 20°c - + 50°c. 
HcToqHHK IIHTBIIHH - 12 n (8 Ma). 
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IlpHM8H8Hbl TpaH3HCTOphI THna 1T308B (TpllH3HCTOP Tl) H THna 2T301B (TpllH3HCTOp T2). 

10. 6hJCTphll! HBTerpanbHWI! aMnnHTYltHhlll /.IHCKPHMHHSTOp 

IlpHM0110HH8 TyHHenLHhlX A!IOAOD B J\'.aqecT~e noporoBblX sneMeHTOB n03BOnHno cynrecT

BOHHO ynyqm'fITb , .. morHe xapaxTepHCTHKH AHC!tpHMHHllTopa (pnc. 11 _) no cpaBa8HBlO c auano

r:i!'IHhlMB. TP8H3.HCTOPHhlMB cxeuaMH. HanpHMep, 'lyBCTBHTellbHOCTL, T8MnepaTypeyro CTll6Hnb• 

HOCTb nopora. KpoMa Toro, Bo3MOlKll0 yM8HblDOlm8 MHHHManLHOll /lllH'J'.OllbHOCTB BXO/.IHoro 

cnraana, M8pTBoro npeMeHH aiJJeplKKH cpa6aTh!BllHHH H ee paa6poca. IloMHMo aToro, 1-1ucxpn

MB:HaTop aa1rocexy1r1-1noro 1-1uanaao1ra Ha TyaaenbHhlX /lHO/.lax 3Hll'IHTenbHO nponre TpaeaucTop-
/I 1/ 

HhlX aHanoroB 

ITepBhlA xacxaA /lHCKpHMHHaropa ua TpaaaacTope Tl HBllHOTCH cornacy10nrHM, HMnynLc 

HanpHlY.8BHH npeo6paayeTCH B HMnym,c TOXa C IIOMOlllhlO ycHnHTenu C SMHTT8pHhlM BXO/.IOM. 

Bb!coxooMHhlll DCTO'IHHX CHnaana Tax)Ke cnoco6cTByeT 6onee ycToll'IHBOll pa6oTe 1JHCKpHMHHH

py10mero TyHBenLHoro /lHOAa H noaBOnHeT rrony'IHTb HHTerpan&HY10 nHHel!HocTL AHCKpHMHHa

nHoHHol! xapaxTepHCTHXH nopH/.IKa 1%. Co6cTB8HHO IJHCKpHMHHBTOp Ha TynuenhHOM /lH0/.10 

TnJ ironyqaeT CT/JOHllhHbll! TOK IIHTSHHH qepea Tp8H3HCTOpHh18 xaCKS/.lhl Hll T2 H T3. 3A8Cb 

pa5o'IHA TOK Tlll aanaeTCSI Ha o6paTHOl! BeTDII BOIIJ,T8Mllepuol! xapaxTepHCTH!tH 1-1nu rrony

'18!111H '6om,moro /ll!HaMH_qecxoro llHllna3os;a qep03 TpanaHcTOp T2. TpaHaHcTop T3 nxn10'lea 

HHBepcuo Tpll.!13HCTOPY T2, TaXHM ofipn30M ocymecTBnHeTCH KOMIIOHCB.IlHH TeMnepaTypHOI"O 

II3MOH8lrHH TOKll CM81llOHllH Tnt • B rui:anaaoHe K3M8ll8HHH TOMllepaTyphI OHpy:iKaronrei! CpOllhl 
0 0 . 

+ 20 C - +60 C H3M0fl8BH8 nopora MeHee 1 MD/rpS/.1 C llpTITHB IO MB/rpa1-1 C /.Im! HOKOM-
1 

neHCHpOBalIHOil CXOMbl mrramur. Ilpll no1t6opo TpanaHCTOpoB T2 H TS c OAHHBKOBhlMH TOMIIe-

paTypllhlMlil xaprucTepHCTHKSMH TeMnepaTypaaH HOCTSOHIIbBOCTb nopora MOlK0T 6h!Tb eme 

yuea&meHa. 

BcnOllCTDHO Bb!COKOI! 11'8MnepaTypHol! CTa6nnLHOCTH xapaKTepHCTHK TYRHenLHhlX /lHOllOB 

H3 apcenH/.18 rannHn TOM1IopaT7pnoA KOMU8HCB/lHH.llnH /.IHCXPHMHHHpyromero TYHHOnLHoro 

AHona ne Tpe6yeTcsr. 3To IIOSBOII.IIUO Bb!6paTb pa60'l)'l0 TO'IKY TYHB:enLHoro /lHO/la Tnt 

TSKHM o6paaoM, 'IT06bl o6ecneqHTL 'IYBCTBBTenLHOCTb ltHCKPHMHIIBTopa 50 MB. 

HaqanbHEIH paooqag TO'lK8 /lHCKPlilMHH8TOpa ycTaHaBnHBaeTCH C IIOMOIIILIO rrepeMCHHOI'O 

conpoTHBne.11HH R_,,a ; 1-1enHTenh ll cnylKHT !lnH a13;1aHHH nopora. ITocpe1-1cTBOM nepeueauo-

ro conpoTHBne!IlJsf R;,i, MOl!CHO MeHHTh aaxnoa /.IHCKPHMHHB.IlllOHHOl! xapaKTepHCTHXH H, 

cnenoBaTOJibHO, IIO)trOHHTb BOnbT-SMnepHb18 xapaKT8pHCTRXll TyHH01IhHhlX /.IHO/lOB rrpH xa

nu6ponxe nucxpHMHHaTopa. 

HMnynhc C Bb!XOAB Tnl /lOIIOnHHT8llbH~ ,j,opMHpyeTCH C nOMODihlO ,POpMHPOBaTenu. HB 

TyHH8llbHOM lUIO/l~ Tn2 H TpaH3HCTope T4, B HCXOllHOM cocroHHHH 38KphlTOI'O, BXO/.IH08 CO• 

HpOTHBIIOHHe KOTOporo CllYlKHT /lHHaMH'IOCKOl! HarpyaxoJ ',J,opMHpoBaTeng. TaKHM o6paaoM, 
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C Bh!XO.!l8 TL12 nony,iaeTCII BMaynbc, CTpOI'O noCTO>lHllbll! no 8MUUHTYA9 ll JlllllT8llbHOCTH. 

STOT 11Meynbc 38T8M yc11mrnaeTC>l II qepea 3MBTT8pllb!ll UOBTopRTen& nocTYnaeT Ha BblXOA. 

Tex.'IH'l8CXll8 xapBXT8pBCTHXH 

nonllpHOCTh BXOltBblX CUrHB.JlOB - OTplll18TC.Jlb!Il\Slo 

LluanaaoH ltHCKpHMIIHBllH~ - 100 MB - 10 B ( 'lc!p83 o, 1 B). 

LlniTenbHOCTb sxonaoro HMnyn1,ca - 6 - 800 ncex. 

BpeMB uapacTaBHSI nxonuoro HMnyn&ca - ue 6onee ·10 ucex. 

HHT8rpanbH8SI HEl.JlHH8i!HOCTb H8 xyJKe 1%. 

HecTa6HnbHOCTb nopora cpa6aTb!BOBHII - 10 MB. 

MepTB08 Bp0Mn )lllCKpllMHH8TOpa - 25 acex. 

BxoAH08 conpoTKBn8HB8 - 700 OM, 

Bb1xonaoe conpoTHB.Jiea11e - 20 oM. 

TTapaMBTpbt BblXO/lllOI'O llMllym,ca: 

nor.9.pHOCTb - 0TplDl,8T8.JlbRBll1 

aunn11Tyna - 5 B, 

nnaTen1o11ocT& - 15 acex. 

lfoTO'lHHK IlllTBBIIII - 12 B ( 13 Ma), ·~ 12 a (37. Ma). 

npRM8H8Bbl Tp8113RCTOpbl TBna TI411A (T4, T5, To), n502B (TI' T2, T3) TYHH8llbllbll! 

ABOA 3H801f. 

11, BbIXOllHOII ,popMIIpoBaTenb 

CxeMa npennaauaqeua nm1 cj,opMnpoP.XII BMnym.coa, nonaeaeMi,:x na nepec'IBTBYJC> cxe

MY Ynn ( p:sc. 12). 

TeXHH'l8C~11e xapaxTepscTl!KH 

nonHpllOCTb BXOll.llOI"O BMaynbC8 ll0110lKBT0llbB8Slo 

AMnnn-ryna BXOllHOI"O RMIIYllbC8 - 1,5 - 50 B, 

nruiT8m,HOCTb BXOABOrO llMIIy/IbCll - 0, 1 - 10 MKC8Jt. 

HanpRJKeune nHTa1tR11 - 12 B, 

npuMenen TpaaaacTOp - 1T308B. 

12. BuXOAHOll ,popMll:poB8T8nb 

CxeMa (pHC. 13) .np8AH83Hft'l8H8 AnSI BKl!IO'l8HBII aa BblXOA YnLI M8X8BB'l8CEOro C'18T

'IBK8 TII118 TCB - 1 /50. 

B CX8M8 npRM8H8Bbl Tp8B3HCT0pbl T1ill8 Il14 (T 1) R n20 (T2). 
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K O B C T E_:[__!_ It ll B 

O,popMn8HR8 cxeM 'mrnol!xu' - ono'IHOe. MouTaJK BhIIIonnen na neqaTHblX mmTax Ami 

TIIIIOBblX maccn. IlBT8HHe onoKOB 0Cyn{8CTBl1518TC51, '1Cpe3 KOHTrutTbl p83'b8MOB, Bxonable B BH• 

xonable B'I - p83'b8Mbl1 8 TaIDK8 PY'JKR ynpaBn8HBSI Bb1B8A8Hbl na nepOAHIOIO nanenb. PaaMep 

nepenHel! nauenn O~p8.!l811Sl8TCII TBIIOM Ol!OKBe npn H806XOABMOCTH mnpnua ll8H8!1H MOliC8T 

6b1Tb yBennqena. 

nnn c6opKR yCTBHODKli B3 OIIOKOB 'nBB8HKH' 11Cll0JI&3YIOTCII TRII0Bbl8 CTOllXR. 
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