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OcHOBHbIMII aKTIIBllbIMII 3/10M0HTaM11' cxeM coana.z:teH11l! HaHOC8KYH.z:tHoro .z:tHana30Ha; 

npHM0Hll8MbIX B cpll311'10CKl'IX, 1Ia6opaTop1111x, B H8CTO!!Ul00 BpeMII nO'ITII IICKmO'IHT8/lbHO 

IIB/IIIIOTCSl ·Tpa~3HCTOpb1 H TyHH0/lbHbI0 .z:tllO.z:tbl, 

ppnMeHeHHe TpaH3HCTopoB C fa = 200 -:- 1000 Mru II TYHH0/lbHbIX .z:tllO.z:tOB c· 

C < ,1 ncp/Ma 1103BOmleT llO'ITH no11HOCTbIO pea/lH30Ba'rb Te B03MOlKHOCTH, KOT0pb!0 

l ' 
co.d'eplKaTCII _B CllrHa/laX ,CO CUIIHTll/1/IIIUHOHHbIX 11/111 'lepeHKOBCKIIX C'l0T'j11KOB, 

YlKe, H0CKO/lbKO /!ST B 8Kcnep11Me~Tax 11cm:>nb3YIOT,CII CX0Mbl coana.ueH11l!; HM0l0lll118 

pa3pewarom11e BpeMeHa nopll.z:tKa HaHOC0KYH.z:tbl II 1103BOm1rom11e ocymeCTB/ISITb C'l0T npll 
,, ' 8 \ ' 

cpe.z:tHel! ,qacTOTe C/10,llOBaHHII HMllYllbCOB, 6/1113KOll K 10 IIMn./ceK. , 

C .upyroll CTOpOHbl, np11MeHeH11e B 11.uepHol! 3/18KTpOHIIK0 11011ynpoBO.z:tHIIKOBbIX 11p11-

6opoB B 3Ha'IHT0/lbHOll CTeneHH 0611er'III/IO aa.ua'ly CTaH.z:tapT11aau11H II YHll~l1Kau1111 an

·napa'Typbl, Hqee'IHOe H/111 MO.z:tYllbHOe Bbl!lO/IHeH11e cxeM noaao1111eT 6blc:Tpo 11' 11erKo co-

. 611paTb ycTaHOBKII, Heo6XO.z:t11Mbl0 .z:tllll npoae.ueHIIII Tex 111111 IIHbIX cp11a11_'leCKIIX 8Kcnep11-

M0HTOB, 

v1Me8TCII 0'18Hb 00/lbWOe K0/111'18CTBO cTaTel!, B KOTOpb!X .uaeTCII 01111caa11e cxeM 

coana.z:teH11ll, BblllO/IH0HHbIX Ha 11011ynpOBO.z:tHIIKOBblX np116opax, np11M8HS10Mb!X B pa3/lll'IH,bJX 

cj:,11311qecK11x 11a6opaTop1111x. 

·saa'la11e CX8Mbl coana.uea11l! B OCHOBHOM CTpOII/IIICb no npllHUllllY xopomo 113B8CTHbIX 
'•\ 

CX~M, Bbll10/IH0HHblX Ha BaKyyMHblX naMnax. nocne orpaHll'18HIIII no aM!l/lHT)l'.z:te II cpopM11-, 

poaaH1111,110 .u1111Te11bHocTH c11rHa11bl c· cpoToyMHOlKHTenel! 110.uaaanHci. Ha BXO.z:tbl cxeM 

coana.u_eH11l!; Bb111011aeHHblX o6bl'IHO no T11ny cxeM rapa11aa >11111 PoccH. no.uo6abie cHcTe- 1-

MbI 01111caabi a pa3.ue11e IL 

np11MeHeHH8 _TyHH0/lbHblX .z:tllO.z:tOB 1103BO/IH/IO pa3pa60TaTb .z:tllCKpHMIIHaTOpbI, IIM8IO

lllll0 HaCTO/lbKO Ma/lb!l! ape,MeHHOl! paaopoc II BblCOK08 ObICTpo.uelicTBHe, 'ITO IlOSIBll/laCb 

B03MOlKHOCTb ycTaHaB/IIIBaTb',~x aenocpe.z:tCTB8HHO Ha, BblXO.z:te cpoTOYMHOlKHTe1111. KoHc

_TPYKUIIII Bcex ··11oc11e.uyroiuHX cxeM npll 8TOM MaKCIIMB/lbHO ynpOCTII/IBCb, TaK KaK OHH' 

cTa1111 paooTaTb OT cTaH.z:tapTHblX 11Mny11bcOB, 3To · np11ae110 TaKlKe Bo MHOr11x aKcnep11-

MeHTax K• 3Ha'IHT0/lbHOMY CHlllK8HIIIO 'IIIClla Clly'lai!Hb!X COBna.z:t8HHJ!,, 'jTO, B KOHS'IHOM 

C'l8Te, ·TBKlKe ·1103BO/III/IO ynpoCTIITb annapaTypy. 

CxeMbl 3TOro' Tllna on11caHbl B pa3.ue11e Ill 

npH H806XO.z:tllMOCTH yBe/lH'ISHIIII 'IYBCTBHT8/lbHOCTH CXSM COBna.z:teHHJ! .z:tO MBKCHMBllb-
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Holl, COOTBeTCTByJOIUeil O.llHOMy qJOTO~neKTpOHy, npHMeHeHHe CT,Onb HH3KOr?. nopbra npH-_ 

B0.llHT K TOMy, '!TO MOMeHT npone_Ta 'laCTHUbl _'!epea neTeKTOp OTC'IHTb1BaeTc11 · OT MOMeH

Ta coopa Ha aHone ¢3Y aap11na, coOTBeTCTBy10mero Bbl/IeTy nepB1,1x _cpoToa.neKTpOHOB 

· ·, H3 cpoToKaTona, KOTOpbiil Mo>KeT cH.nbHO cpn!OKTyHpoBaTb. 

Paap·ewa10mee BpeM11 B aToM cny'lae, npH xopowelt aq:,cpeKTHBHOCTH c'leTa, He Mo-· 

>KeT Ob!Tb cnenaHO 'cnHWKOM ManblM. 

B paanene V ·onHC~HhI cxeMbI, ocHOBaHiirie Ha MeTone perHcTpauHH, MOMeHTa ne

, pece'!eHHll Hyn11 npO.llHrpcpepe_HUHpOBaHHblM HMnynbCOM C qJOTOYMHO>KHTeri11. B 8TOM cny

qae Iicnon_b~yeTCll. BpeMeHHall HHqJOpMaUHll, conep>Kama11c11 IIO'ITH BO BCeM HMnynbce, a 

He TonbKO B 11epBb1X qJOTOSneKTpOHaX. 

3ToT MeTon, no-BH.llHMOMy, 11e.n11eTc11 B ·HaCT0111Uee BpeMll OIITHManbHhIM nn11 cxeM 

C 'l)'BCTBHTenbHOCTbIO, COOTBeTCTBYIOIUeli HeCKOnbKHM qJOTOaneKTpOHaM. 

IJ. CxeMbl COBnaneHHil, He conep>KaIUHe .llHCKpHMHHaTop_a Ha BXO)le 

B 8TOT .paan'~n BXO.ll
0

8T Cl'ICTe;dbl, BbmonHeHHble 110 cxeMe, noKa3aHHOil Ha pPic. t. 

0HH CTpOllTC!I B OCHOBHOM no llpHHUHny H3BecTHhIX cxeM, BbmonHeHHb!X Ha BaKyyMHblX' 

naM11ax. 

B /1 / " . 
onPicaHa 11pocTall cxeMa coananeHHn Ha nPionax, KOTopa11 HMeeT paapewa10mee 

BpeMH 3 HCeK H 'paooTaeT OT PIMnynbCOB c aMnnPITynolt Gonee 2 B /pHC. 2/. 

·orpaH_H'leHHe HMnynbCOB 110 aM11nHTyne ocy_lU~CTBnHeTCll .llHO.llaMPI D~ PI D2 

a cpOpMHpOBaHHe no .llnHT01!bHOCTH - TpaHC<pOpMaTopaMH , Tpl H Tp2. TpaHCcpOpMaTOpbl aa

POTOBneHbl H8 cpeppHTOBblX TpyoKaX. 11H.llYKTHBHOCTH OOMOTOK paBHbl npHM0pHO 0,1 MKPH. 

BpeMll BoccTaHOBneHHll orpaHH'IHTenbHh!X _.llHO.llOB B aToll cxeMe aaBHCHT OT aMnnH

TY.llhl BXO.llHh!X HMnynbcoB, '!To 11pH oonbWHX aarpyaKax oyneT npHBO.lli!Tb K n'poc'leTaM 

11one3HblX CHrHa!!OB •. 

Ha pHc. S . a/' npHBeneaa. KpHBa11 aanep>KaHHblX coBnaneHHli, nony'leHHall OT r.eHe

paTopa, BblpaoaTblBa~mero HMnynb_CbI c cppOHTaM~ •• 7 Hce,K; · 'aa pHC. ·s 6 / npHBeneHa 

KpHBal!· aanep>KaH!fbIX COB1!a.ll8HHli, nony'leHHall OT CHrHanoB ~ cpOTOYMHO>KHTenell.' 

, , I 

CxeMa no3BOnl!eT npH HeOOXO.llHMOCTH ·yBenH'IHBaTb '!Hcno BXO.llOB. TaKHM ~e oopa-, 

aoM MO>KHo CTpoHTb KaaanhI aHTHCOBnaneHHlt. B STOM • cnyqae nn11 nonyqeHHll xopowelt ~cpcpeK-

TH.BHOCTH cnenyeT HeCKOnbKO yBenH'IHT~' H
0

H.ll)'.KTHBHOCTb OOMOTOK,, TpaHccpopMaTopa. 

/2/ ' . . ' ' ' 
B OllHCBHbl HeKOT':)pble eneMeHT,bl, npPIMeHll8Mbl8 B cxeMaX, COBn_aneHHli, BblnOnHeH-

Hb!X ·Ha TpaH3HCTOpax 2 N 501 H .2 __ N 1590. MepTBoe BpeMll aTiix· a11eMeHTOB 'MeHbwe 

10~ HC8K. P?apewa10mee BpeMII TaKoll cxeMbl COBnaneHHli nop11n1ta 10 HCeK. 4yBCTBH

T8llbHOCTb no BXO.llY ~ o,s BOnbT_a. 
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Ha,.p11e; 4 nOK8381i'l ex~M~ BXOL\HOro 9rpaHH'IHT0Il!I, OrpaHH'l0HH0 np0113B0J:lHTell 

Ha LlllOLte, H0KOTopoe orpaHH'l0HH0 npoHeX_OLlHT TSKlKe B.O BTOpoM, KSCKSL\0 .£1ByXTpaH

:3ecTOp~oro_yemiHT0Illl, 

BpeMH Hapac;aHHH Bb!XOLlHOro l!Mnynbca C TSKoro orpaHH'IHT8Il!I onpeLtenHeTell no

. nocoi! nponycKaHHH yc11n11T_enH, KOTopaH. Heaen11Ka np11 11enonb30BSHHH TpaH3HeTopoa· B 

cxeMe e oom11M 9MHTTepoM H eocTaBnlleT B 'LlSHHOM enyqae 5 HeeK. 

11M riynbCbl e orpaHH'IHTenei! Il0Lt8!0Te51 "HS' cxeMy eoanaLteH11i!' np11BeLteH~y10 Ha 

_p11c_. 5. 3Ta exeMa nerKo.
1
MolKeT Ob!Tb nepeLtenaHa B MHOrOKpSTHyIO, 

noene cxeMbl eoanaLteHHil eTSBIITCll LtlleKpHMHHSTOp lKLlYlllero' THna, exeMa 'KoTO.:. 

poro 11300p8lK0Ha HS pee. 6, llHCKpHMHHSTOp cpaoSTblB80T OT 0,3-BOilbTOBOrO 5.;,.HSHO:

'ceKyHLtHOro HMnynbea. M epTBoe BpeMll H0MHoro oonee 50 HeeK. 

AHTHeoanaLteHH!I MOlKHO no~y'IHTb e noMomblO _exeMbl,' noKa38HHOII Ha p11e. 7.' Pa3.:.· 

pewa10mee BpeMll 8HTHeoanaLt0HHll ncipHLtKS 70 HeeK, 

14/ 
B paooTe on11caHa exeMa coanaLteH11ll e pa3pewa10mHM, apeMeHeM nopll.IlKS Hee-

KOnbKHX H8HOC0KYH.Il,_ 3Ta exeMa 11300palKeHa Ha p11e. 9, B O_Tnll'lll8 OT np8Ltb!LlYlllell, 

paoOTbl 3Lt0eb 11enonb3Y0TC;51 orpaHH'leHH0 Ha TpaH3HeTope, BKnl0'10HHOM no exeMe c,oo-
. ' _- ''- ', 

mell oa3oll. 3To .r:xaeT M0Hbwee BpeMll Hapac,:aHH!I Bb!XO.C:XHOrO HMnynbca 'H eo0Tae1:.:TB8H'I" 

HO oonee KopoTKHe pa3pema10m11e apeMeHa. 0.r:xHaK~ a sToM e,iyqae He npoeex~.C:XHT ~ce.:. 
, r 

neHHII no TOKy/ II qyaeTBHTenbHOCTb cxeM•-1 Xy'lKe, Een11 B npe.r:xb1.C:Xymell cxeMe 'lyBeTBH-
7 

TenbHOeTb Ob!Il8 0,3 B, 'TO_ 3.C:X0Cb OHS pa~Ha npHM0,PHO i B, 

Ha p11e. 9 noKa3aHa no.r:xpooaa11 cxeMa_ axo.r:xaoll uene. Ha axo.r:xe eToHT sMHTTepHb!ll, 

IlOBTOpHT0Ilb Ha Tp8H3Herope Tl, KOTOpblll Il03B0Il510T OTC0K8Tb ceraanbl, M0Hb_WH0 nopo-

' ra OTn11paHHll TpaH311CTopa. 3TOT BXO.C:XHOll nopor IOTC0'1Ka/ peryn11pyeTCll eMemeHHeM. 

neo.r:x a uene o~3hI TpaH3HeTopa Tl npe.r:xoxpaHl!eT. cxeMy OT nonci*HTenbHb!X Bbl-:' 

opoeoa. lleo.r:x a uenu sMHTTepa samemaeT oT qpe3Mepao oonbwux OTpuuaTenbHb!X Ha

np11lKeH11ll. 

Ha pee. 10 noKaSaHa 38BHeHMOCTb BpeMeHH ·HapaeTaHHll HMnynbea Ha Bb!XO.r:xe or-
. ' . 

paHH_'IHTensi OT aMnn,HTY.C:Xb! l!Mnynbca Ha Bxo.r:xe npH no.r:xa'le Ha BXO.C:X exeMbl HMnynbeOB 

OT reHepaTopa_ C cppoHTOM MeHbWe 1 HeeK. 

\. l,f3 rpaqll!KS BH.C:XHO, 'ITO BpeMH HapaeTSHHll npHMepHO 2 He8K. Pae'leT .r:xaeT TSKOe 

lKe, 3118'18Hl!e. BpeM!I HapaeTSHHSI /10% + 90%/ t = 2 5'r 2 + r 2 )¼ • r.r:xe 
. fl • ' a e 

, r ' = _L_ , a la - rpaHl!'IHSSI 'ISCTOTa ·yeeneHHSI no TOKY TpaH311CTOpa, r 
· a 2"1 • 
rioeTOSIHHa'ir BpeMeHH KOnlleKTOpHOll uen_H. 

Ill! 

lln11 TpaH3HeTopoa 'Philco 

• r • 15 ncp' x,25 OM 

2N501 r a " 0;4 HCeK. noeTOSIHHSSI KonneKTOpHOll ue-

0,4 HC0K. OrpaHH'l0HHbl~ eHrHSllb; cpopM11py10TCSI Ha ' 
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' .. 3aKOp0'10HHOII. cpOpMHpyIOutell -nHHHH. paapewarome'e BpeMH. cxeM6i '.MoiK HO .MeHSl',::b · ·• 

/ I 

,,-

\ ~, t' '- • ,; ; •, , I ' ' •, / • , / / ; / • /, 

.nyTeM H3M0H8HHSI .llJIHHb,I .cpopMHpyIOute~ nHHHH, 0TC0'1K_a O_T H8COBnai;ia10utHX HMnynbCOB o~y: 

~8CT~JISl0TCl1 .ll.HO.llOM. C 'llOMOUlbIO C_M8HHOII Sl'!SllKH perynHpyeTCSI .llnHT0nbHOCTb BbIXO.ll,HOro. 

~Mnynbca. ·· . .,/ 

·B/JQ/, .ll80TCll OIIHCaHH0 CXeM·ni'.MHOroKpaTHb!X COBIIa.lleHHll" H !lHTHCOBilS!l0i!HII. 
• I • I • \ 1, 

Cxe1y1a ·H306pa»<eHa Ha• pHc. 11. B Ka'leCTBe cpopMHpyromero KacKa.lla npHMeHeH orpaHH-

'lHTenh, ,aHanor~'l_Hblll, H306pa?KeHHC:,MY Ha piic. 9. Bb1.lle11sirow'~M a~eMeHToM. SIB~Sl~Tcsi 

MOCT, .Ha aio.llbl KOTOporo IIOCTynaIOT HMIIynbCbl C orpaHH'll{Tenell. . ' . . ' . ' 

C IIOMOUlbIO aToll" CX8MI,I Y.llan~Cb 11ony'lHTi, paapeuiaromee BpeMll IIOpll.llKa .llBYX 

HaHOC0!(YH.ll. 

. ttyBCTBHT0nbHOCTb CX0Mbl IIOPH.llKa ·H0CKOnbKHX &OnbT; H1{ p~c. 12 llpHBe.z:ie,HbI KpH-
• - . • . + . ' 

• ,Bbl0. apeMeHHOfO. pa3peweHHll, .. H3MepeHHI,I0 B _IIY'IK~ " -M030HOB C aHeprHell 70. MaB 

c IIOMOUlbIO 'P?TOYMH?)KHTenell 55:_AVP. 

Ill, CJC.eMbl COBIIa.lleHHll,- HM0!0UlH0. Ha 'axo.o;e .llHCICpHMHHaTOp 

· /81/ . . . ... ' ' . ' . . .' < . . : ,, 
, '' 'B .. '.llaH o63op cxeM· 6bICTp1,1x HHTerpanbHb!X .llHCKpHMHHaTopoa, Bi,illOnHeHHb!X Ha. 

aneK
0

TpOHIII,IX ~~Jnax; T~aH_3H~Topax .H TyHae~bH~;;c" L{HO!(ax. '!laeTCSI 011pe.ci~~eHHe' ·•H.o;e-

anbHOro• HHT.erpanbHO!'O .llHCKpHMHHaTOpa, ;.e, CX0Mbl,. 11epe~O.o;Ha~· XapaKTE!pHCTH~a KO-

,~-~oll( /aaBH~HMohn, ·u '. . . . oT · U' I 11pe.llCTaaiiiieT co6on' 
BbIX. BX · 

CTylleH'!aTyIO cpy,HKUH.IO, 
• • I 

!lpyrHMH c.rioBaMH, BbIXO.llHOll "cirHan paBeH Hymo, ecnH CHrHan 'Ha BXO.lle M0HbllI0 onpe:-

,.o;en,eHHOII Bemi'lHHbI. V . ,H Bh!XO.llHOll CHrHan paBeH ·' E '• ecnH BXO.llHOII - 11pe-l . .. 

BbICHT , ,V;. ·• I-ieooxo.o;HMO ,11pe.o;1oS1Bnl!Tb . .o;Ba 011pe.o;eneHHb!X Tp_e6ol!laHHSI · K llHCKpHMH-.· 

HaTopy: 0.llHO' OTHOCHTCSI .K 'cTaTHC~H'l0CKOII TO'IHOCTH'• .llHCKpHMHHaUHH, T;e.'_ 110p(!r .llOn-· 

)KeH 6bIT.b ·o'l,e·H~ p_e3KHM;. · BTopoe 'ci°T_HOCHTCll. K 'CKOP?~TH; 11pH6opa, T.e. 6~~Tp~My Boc

CT~~o~n~H~IO ~~~~bl II~H n~cTy11n.eHHH Ha ~X~.ll' HM11ynbCOB .C 6~nbllIOll ~MllnHTy.o;cill'. B 
~,. ,,.., • : w ,' . •• • . ' •. • . ' ' . ; ' ~ .,. . ' ' ~ • . • : ~ 

06bi'IHI,IX·. cxeMax 8TH .llBa Tpe6oBaHHll .6binH H0COBM0CTHM "'· 

, KpoMe. T·oro, ·'n.lleanbHbIII' .llHCKPHMHHaTop .o;on»<eH HS.ll0»<Ho pa6oTaTb ·He3aBHirn-. · 

MO ~T cpop·~~ B~O~H-~I~ ~MnynbC~B. SonbllIHHCT~O .llllCKpHMHHaTOpOB OU0HHB~8TC~ cne.o;yro-
: . ·. . . ~ . '', - . , . . \ 

UlHMH KpHT0pHll~~: 

l / Ha~H'!He_ qe_TKoro 11opora; 

2/ ·nopciroBbill ,llpellcp, BKnIO'laIOutHII KOMIIOH0HTbl 

~epa~ypH
0

yro/ H cny,ra!IH~IO /HallpHMep, ·wy~1,1/;. 

CHCTeMaTH'l0CKYi::' /"!\IIPHMep, TeM-

3/ ·MepTBOe. B~e~H-, T.,e: BpeM11 ~occT~HOBneHHSI. cxeMl1 11ocne _'c~a6a~~1BaHii°H; 
~ ' :,. I • • • . . , ' ' • 

4/ 3aBHCHMOCTb' pa60TbI OT, .ll~HTE:nbHOCTH BXO.llHb!X HMIIynbCOB;' 

5/. MaKCHM!ln&iiasi 'la<;ToTa II_<)BTOpeHH!I. /5 CBl!3H. C TeM. '!TO B·•cxeMax 'ciymec:TBYIO,. ,. 

aneMeHTbli HaKallnHBaIOu.pie 3ap1.o;I; 
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' '. ! 6/ H3M8H8HH8 3S,D.E!plKKH BhlXO,D.HOrO HMnyn&Ca' B ':3SBHCHMOCTH OT BenH'IHHhl npe-

Bhllll8HHH nopora BXO,D.Hh!M HMnynbCOM; 
/ ' ' '• . ' 

'.7 / cnocooHOC1'b" K neperpya~aM, T.e. BOCCTSHOBneHHe CX8Mbl ·nocne _nocTymieHHH '' 
' .' ' 

Ha Bxon HMnyn&ca, BO MHoro paa np.8Bh1llla10mero nopor no aMnn11Tyne. 
,, . ·, ' . ' . ' 

TTp~M8H8H~e TyH~en&Hb!X n11onoB no~~OnHeT coa,naTb CX8Mhl llHCKpHMHHSTOpOB, 

·on11aKHe · K "11nean&Hh!M •. B 'cBH3H c• aTHM no>1B11nac& B03MOlKHOCTb 11cnon&aoBaH11H 

nHCKpH~HHaTOp0B B U!!fiHX, npenllleCTBY!OlllHX co~naneHHHM • 

. III/ > ., 
8 · naeT,CH OfiHCSHH8 CX8Mhl, B KOTOpcill B KS'l8CTB8 BXO,D.HOro ,D.HCKpHMHHSTOpa 

. ~p~MeHeH TYHH8nbHhlll n11on. OCHOBHhl8 aneMeHThl CX8Mhl COBnaneHHll H30opalKeHhl Ha ' 

PHC.. 13a/.TyHH~nbHhl8 n11onh1/T,QI H T.a2·-repM,SHH8Bhl~,THna IN22939. vfx_Bon&T-:' 

aMnepHBH xapaKT_epHCTHKB np_HBOnHTCH Ha pHC. 13 61. ConpOTHBn8HH8 R H _HanpHlKe-

·Hae. nHTSHHH V Bh~0HpSIOTCH TBK,- 'ITO0hl Harpyao'IHSH. nHHHH nnH KalKnoro TYHH8nb,;:: 

Horo _n_aona. ~BnHnac& npHMoll na~aeli, npoxonHmell qepea TO'IKy A. 

_Edna· Ha onaH Bxon, Hanpl!Mep,, Ha· I3xl, nocTynaeT Tl)KOBhill HMnyn&c '-· I Ma, 

· TO aaon T ,a 
1 

ne_pexonHT B cocTOHHHe, cooTBeTCTBy10mee TO'IKe, B, a' TOK ''lepea co-

npo.THBneHae R OCTBH8TCH fiO'ITH H8H3M8HHhIM. CHrHan HS BhIX~·ne, 'paBHhill, VB - v~ ,·. · 
oyne:r CO;TllBnHTb, npH _8TOM Bcero 0,01 B • 

. EcnH 'lepe~ 00~ TyHHen&HhlX nHona oyneT npOT8KBTb TOK. oonee ,l MB, OHH .ooa 

'-nepellnyT B cocTOHHHEi, cooTBeTcTay10mee TO'IK7 C. B TBKOM cnyqae Ha Bhlxone, noH-. 

BHTCH ,CHrHan, paBHhlll :vB...; V"' 0,5 B. Paapel1la10mee ,Bp8MH CX8Mbl paBHO B aneanbHOM 
A . , . 

cny'l_ae nnaTen&HOCTH.· HMnyn&coa,. noci'yna10mHx Ha axon. Cnen_oBaTen&Ho, nnsi ~MeH&-_ 

llleHHSI paapellla10mer? BpeMeHa axonHble HMnyn&ChI nonlKHbl 0hITb cnena~hl aoaMolKHO 

'oonee KOpOTKHMH. 

OnHBKO YKOp0'18HH8 axonHhlX HMnynbCOB npHBOnHT K YM8Hblll8HHIO aMl!nHTynbi 'Bb1-

xonaoro . caraana · npa. coananeHHH /a TO apeMsi KBK aM1111HTY nhl Bh!x6naoro car!lana, 
I. 

, Bhl3BBHHOrO '~nponeaaHH7M" HecoananalO!llHX HMnyn&coa,no'ITH He M8HSIJOTCSII. 3'To ~pOHC:.., 

xoaaT_ aa-aa anHHHHH · pacnpeneneaaoll',eMKOCTH Bh1xonaol1 uena. 

Ha paapelllS!O!ll88 Bp8Mll BnHll8T TSKlK8 TO, 'ITO O0pBTHhlll n_epexon ,TyHH8nbHO!'O. 

naona, npoHCXO,D.HT nHlllb qepea H8CKOnbKO HBHOC8KYHn nocne OKOH'ISHHll BXO,D.HOrO HM"

. n;n~ca. -3ToT · acpcpeK; MO:>KeT ob!Tb y'cTp.aaeH nyTeM nepeopoca TyHHe~&Horo naona a 
• ,,( .' < ' ; • ' • , , ' ' -

. npelKHee· COCTOllHH8 TOKOM oopaTHoro 3HSKB, TaKoll :OK O0H3BT8nbHO B03HHKB8T ·npH • 

Hcno~b30B!l~HH nnH orpaHll'.'18HHll nnHTenbHOCTH axonHoro H_Mnyn&ca 1 3BKOp0'18HHOl( cpop

MHpy10mell nHHHH. 
:> 

nonHaH cxeMa npaaeneHa Ha pHc. _14. 

BbIXO,D.HOll, c~rHan 'co CX8Mhl, coananeaell. nonaeTCH Ha 3MRTT8pHhill fiOBTO,pHTGnb, 
.I ' \ 

npH'l'eM CM8lll8HH8 Ha oaae TpBH3HCTOpa _McilKeT, H3M8HllTbCsi, OT O no-:0,6a •. 3To 
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·, 
\ 

-•,\' 

~-. '. ......... 

1103BOTISleT ,p'er.y'niipoBaTb nopor: •ZlllCKpHMHHaUHII BblXOZlHblX c11rHa1IOB B .iipe.oenax OT O·i 
I • ,. ' • - '. t , ' 

A~o;2a,· · 

.. , Ha· p11c. 15 :~p11BOJ:l.>1Tc>1 KpH_Bbie '3ahep,KallHb1x.. cpa11aneH11il, Korna c noMOlllb.IO 

,, nayx' q.>OTOYMHO)KIITenell i11na. 6810A c nnac'TH'leCKIIMH CUIIHTllllll!ITOpaMI! TOllll!IiHOll ?13MM 
• I • • ,· ' 

~er:11'c-rp11p~Ban11c~_MIIHHMan~HCi IIOH~3YIOU!He iiacTHUbl. ,0Tpl!U8Te/lbHble· IIMII)'llb;bl C aHo- . 

n~B ¢3Y cj:Jop~·11poaan~cb npll 'noMoti'.rn o.;:pe3K.OB Kao~~!! ZlllHHOll 30 cM, " 
. \. . ~ .,, 

' I 

s; ''. ,·.·· :, ilng Bbi>ICH~Hll!I npenenbHblX B03MO)KH0CTell naHHOll cxeMbl Oblnll CHstTbl KpllBb!e . ' ' . . '·. ' •' , . ' 

·.; _3.aLt(S>p,KaHHblX_· COBnaneH11fi .np11 nona'I~ Ha B;OZl TpeyronbHl,IX IIM{IY/JbCOB ZlllHTElllbH~C;b·IO· 

iJ;3· HCElK OT IIMllYllbCHOro reHepaTopa. Pe3yllbTaTbl npnaeneHbl Ha, p11c. 16 •. 
i 

OcHO:BHoil· HenOcTaTOK sToll ~xeM~1 ;aKnIO'laeTCSI ·a cneny~i.ueM. JJ.nsi Toro, 'ITOObI 
I ., • • . . • • ' 

µp11 3Ha'lii'TenbHOM npeab1WeHnn 'axonHI;,IM c11rHanoM nop9ra' Bb1xonHoil cHrHari ·ciceMbl' Ma-
- \ . : '. . ' -. ' ' . ' ' ' ' , ~· - ' : . /, ' / \ 

·no ,M'.'.H!lnC!I, conpo.THBlleHiie R 1' non,KHO '~blOHpaTbC!I ZlOCTaTO'IHO 6onbll!HM.,_-'-lyacT1m-

{eJ1bHOCTb cxeM~1 :onpeneiuieTcsi · nono*e~11eM paoo'leil T·o_'IKII II ae· Mo,KeT obIT~ cn'enaHa 
'1 . . . . i ' . . ' ' ' 
' OOnbll!Oil, T.K. '.HHa'le -TYHHenbHblll ,Zl'!OZl_ nepellneT B Tpm--repH!>!ll" p9,KHM._,B COBOKynHoc-

TII 'STO np~BO_ZlHT,,K TOMY, 'ITO ;B cny<iae 69n~woro ,aMnnHTynHoro pa35p_oca BXUZlHblX· 

_.c11rHanoa cxeMa· HMeeT HH3KYIO 'IYBCTBHTellbHOCTb. 

B cny'la_e np11MeHeH11si a sToll cxeMe n11onoa 113 _Ga ;As qyacTBIITenbHOCTb- cxe- · 

Mb! llOHll,KaeTCSI ewe a 2 pa3a. 

B'.121 onHcaHa ·cxe~a· coandneH11l!; a KOTopoil Ii ·Ka'lecTBe ZlHCKp11M11HaTopoa -~PHMe'-
. ' : '.. ., . . . . ' •.. ' ' /11/ . ' . 
HeHbl, :YHHellbHbie Zlll0Zlbl 1 pa5oTaIOll!lle B TaKOM ,Ke pe,KIH,rn, 'ITO II B • np11HUHn11anb-, 

Hal:! cice~a' noKa3aiia Ha piic. · 11. 'BxonHOil JlHCKpHMIIHaTop noc:TpOeH 'aa T_YHHenbHOM 

·n11one _T .a.·. 'd,1erueHHOM TOKOM SMHTTepH.o~ci, no~TOpllTE!n!I T};. KOTOpblil _MO,KHO pertn11.,

poaaTb ·c noMOIUbIO noTe~u110MeTpa B uen11 5a3bI. aToro.,Tp11ona. 

',_ . .. : " ' ! ,_., , •,' . ::.' , , " 1 , . ·,, • !': , , , l ; : ~ ; 

. '' Bcnenc,a11e He50nbW';>rO aMnnllTYZlHOrO p~3~poca' CllrHan C T .Ill orpaHll'IIIBae1;csi 

Ha TpaH311cT~pe T
3 

,· a :sM11-r'.rep KoToporo BKnro <Jell n11on, ,, paooTaIOIUHll __ H~ · 3a1111p~H11e; · )la.:· 

nee. _c11rHaJ1 ycim,HBaeTCSI Ha TpaH3~CTope T 4; Ha. BblXOZle ST Oro TpHona_ nony'laE!TC!I , ' 

cTaHnapTHblll no -aMnn11ryne. c11rHan, KOTOpblil q.>OpMHpyeTC_!I no .nn11TenbHOCTII KOpOTKo-· 

3'aMKHy;ri,1~ · 0Tpe3KOM Ka6en>1. 
. . 

v!MnynbCbl. co· B.cex 'BXOZlHbl~ .OIICK,pllldllHS~OpOB cyMMllpyIOTCSI 'lepe3 CO_llpOTHB1leH11e. 

2,2 KOM 11·. nonaIOTCSI Ha ZlllCKpllMIIH
1

aTop .coananeH11lt, co5paHHblll',Ha. TYHHe~bHOM .!lll0Zl0 
i __ • • , ", .'• • , ' ,,"' ' • . , 1" ', }_, 

-T n
2 

', KO'.Opblil B 3aBIICIIMOCTII OT CMeIUeHll!I MO)KeT n_epeKlllO'laTb•CSI ·oT 2,3 111111_ 4 IIMnyllb".' 

COB. 
,1,-·_ ·i 

A'11~11co·~~-a,neHH!I' n'6ny'la!OTC!I npll COOTBeTCTBy'roweM nepeKllIO'l9Hllll -OOJ'iOTOK TpaHc-, 
, I • I i • 

\. 

q.iopMaTopa_ Tp 
1

• 

Ha pllc •..• 8 'npi!BeneHa KpH'aag 3anep,KaHHl,IX C!)BnaneHHll, no~Y'l!3HH8!1 npll pa5oTe 

' 8 
I 

t' 

·. \ 



'~ C KOC~·H•.eCKHMH' llyJaMH· OT 'cjJoTOYMHO)KHTe/lell RCA 6810 A C Il/l~CTH'leCKHMH CUHHTH/1/ISITOpa- '. ; 
, \, . • ·3 ,J; -•, / '-~ .,-, ' ' ' , I 

· .MH 28x10xl ,CM • , , .' 
. . . . . \ ,,, ' . . - . , .. 

KaKi y)Ke yKa3bIBa/lOCb, 9TH CX!lMbI HMeIOT HH3KYIO 'IYBCTBHTe/lbHOCTb. KpoMe Toro; pa3pe-'., • 
-. '" . ,, ';' ,''. ' • , ' \ . , I ., . ." ,, . . ' .. ' .·" .. I • ·..._ • ' ,, .-- ~; (' 

warowee apeMSI onpeaensieTCSI .r:tllHTe/lbHOCTblO BXO.r:tHoro CHrHana. TTo9TOMY .ct/ISi nony.'!eHHSI Ma- ·-

~blX pa~~~uiarou:i~x apeMeH Tpe(iyeTCSI cpopM~poaaTb HMnynbC H~ ~T~~~Ke xa6~/ISI: ~ > '·, , ·, ·,· ·., 
' , '/, /13-17 21-23 25;29/ . . . · ' .· . . 1 • • ·: 
·:' B psi.rte pa6oT • ; I ·. H ,op .• B Ka'!eCTBe .r:tHCKpHMHHaTopa BX~.r:tHbIX HM/IYllbCOB 

npuMeHeH ·o.r:tHOBH6paTop Ha TYHHen~HOM .r:tHo.r:te. ·Taxoll i:iucKpHMHHaTop cao6o.r:teH · OT ;Ka3atttt~x 

, I I' 
I 

YnpOf.ueHaa~. ,c}_l::eMa o.naoaH5pa'.l'opa npH~eiteaa · aa pHc. 19a/. AMnn~TY .aa H. '.anHTen~HOCTh 

BblXO.r:tHOro HMnynbca MOr)'.T 6b!Tb onpeaeneHbl H3 pHC, 196/,C /IOMOLUbIO /IOCTOSIH.HOr~ CM8LUeHHSI 

v/p~60'1aS1 TO'!Ka ycTaHaB/IHBaeTCSI B TO'I.KY a • .llnsi TOr01 'IT06bI cxeMa HMena O.r:tHO ycT,Oll'IHBOe. 

COCTOSIHH
0

e, conpOTHB/leHHe Ro .r:tO~)KHO 6~iTb MeHbWe 'oTpHuaTe/lbHO'r'o conpoTHB;;E!HHl! .r:tHO.r:ta. R. 

.ConpOTHBneHHe R, .r:tO/l)KHO 6hITb aocTaTO'IHO. aenuxo, 'IT~6bl ~6ecne'!HTb B03MO)KHO Me,Hb

wu_ll· HaK/IOH Harpy30'IHOJ1 npSIM?ll .ct/ISi BXO.r:tHbIX HMilY/lbCOB'. C .r:tpyroll CTOpOHbl,' R
1 

~~8Hb 60/lb_;; :• 

, ·wHMH_.r:tenaTb He/lb3Sl;''IT06hl H36e)K8Tb HCKa)KeHHSI cppOHTa BXO.r:tHoro, i!Mnynbca, 

BpeMSI HapacTa~HSI H cnaaa BblXO.r:tHoro HMnynbca onpeaensieTcsi apeMeHeM · nepe6poc~ • TyH-/ 

, He/lbHOro .r:tHO.r:ta H3 b B C H H3 d B , e COOTBeTCT~eHHO, ·.nnsi COBpeMeHHblX TYHHe/lbH,;;,IX', 

.r:tHO.r:tOB 9TH BpeMeHa 0'10Hb M8/lbl, 

r = 
Ro + RI Rod. 

R1 +·R,;d •·:•'.r.r:te 

.!lnHTe_/lbHOCTb HMnynbca onpeaensieTCll Be/lH'IHHOll L 

R -conpOTHB/18HHe, COOTBeTCTBYIOLUee cpe.r:tHeMy H8K/IOHY xapaKTepHCTHKH 'auoaa Me)K.r:ty 
, od: 1 • • , ~ , ,- ,, ,,· _ _ : .• , 

TO'!KaMH C H d .• BpeMll BOCCTaHOB/leHHll CX0Mbl onpe.r:tenlleTCll Bb16pocoM 'o6paTHOll /10/lllp-

HOCTH, ~OTOpbI.ll COOTBeTCTBy,eT nepexo.r:ty TYHHe/lbHOrO .r:tHO.r:ta H3 e B a ; , TTp~ .. 9'.0;:; Ha-

npll~eHHe yMeH1>waeTCll no axcnoHeHTe·· c nocTOllHHoll apeMeHH: .\ 
. . T ~ L 

Ro+~ 
R1 + R~. R.. -conpoTHB/leHue, COOTBeTCTBYIOLUee. cpe.r:tHeMy H8K/IOHY xapaKTepHCTHKH•Me,)K.r:ty, e. I!. a. 

; . TaKHM:o6pa3oM, Bhl6~pall _L .r:tOCT8TO'IHO .Manoll, MO)KHO. nony'IHTb He60/lbWOe Bpe_Mll: 

BOCCT8HOB/leHHll cxeMbl, 

H_!l puc.20 npttBe.r:teHa 38BHCllMOCTb r _H T OT L r::pH R0 - 13 OM H R1 .r:tOCTaT_O'IH;. 6onb-

WOM .r:tnll TyHHE!/lbHblX auoao~' H3 · Ga As c r; 10 Ma, KpHBhJe co9T~e-rcTay10T cx~Me; i!;o6pa-· · 

)KeHHOll Ha. puc, .21; AMn.mnyna•ai,1xo.r:tHor·o·uMnynbca O.r:tHOBH6paTopa TaK»c~ aaBHCHT oT. HH.r:tYK": 

T_HBHOCTH,<ha saBHCHMOCTb .ct/Ill TyHHe/l~Horo .r:tHOJla H3 GaAsC 1,, PlQ/npH T~X )K,e napaMeT":. 

pax gxei:,m/, noxa3aHa Ha pHc,22. 

· ~~K a,HfWO u::i rpacpu~oa, llpH R0 ".13oM .ct/Ill ?YHHenbHoro .r:tHo.r:ta H3 • ,Ga As c t-,, • IOMa 

OTHoiueiiue T/r •14 · a· WHpOKOM .!lHanasoHe 3Ha'!eHHll · L • 3To llB/llleTC:ll onpe,!leneHHhlM ae..: 
' - I . . . . . . , 

.•,_'.r:tocTaTKOM cxeMbl, T.K, .r:tnHTenbHOCTb HMnynbCa He .r:tOll>KHa .6blTb C.!lenaHa ·cne:wxoM Manoll. 
·, 
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•. J,: 

)-: ,'Bpe'1,H1 soccTailos~eHHll - cxeM~ ·1"io>KeT 15b!Tb 

MeHeHIHI· pe)KHMa ·cxeMbt~"uenutteJ!H.oil Harpy30".,rnol! 
-'/ '' '• ., f ' ,. • <' ' \ ' • t 1::. 

KpHBOJ!, 

. Ec1111. B .ciceMe, H306pa)KeHHOJ! Ha puc. 2_1; c.;-npOTIIB/19HH8' 13' 
,, / ' 

~b!M ,AHOAOM' C, Ma/lblM npl!M b!M, conpOTIIB/19HH8M, TO nony'IHTCll Harp)'.30'1Hall 'K'p11Ball_. 

·1cM,.puc. 23/. 

Hanp~~~HH~ Ha• HH,AYKTHBHOCTH .·_vL · · ~o· Bp8Mll BOCCT_aH_OB~E!HHSI .i:-io~iio- onpeAe-';. 

/IHTb _KaK paccTOllHH9 M8)KAY xapaKT~pHCTH~oJ! TyHH8/lbHOro AIIOAa' H Harpy30'IHOI\ Kp11Bott'.. 

Bonburne 3H~'leHHSI VL • TO'IHee, 6011bwee 3Ha'l9HHE! 

B03BpameHiie :·s .' HCXOAHYIO TO_'IKY. 

di 
LdTI 

I,, 

, I . 
ol5ecne_'IHBaeT. 15blc-

BoccTaHOB/18HH8 B cnyqae C conpoTHB/19HH9M npOHCXOAHT -no _SKt;n?HSHTe,_ c·:AIIOAOM, 

no'ITH no' ·npSIMOJ!, B .8TOM C/ly'lae 'BpeMll 100% BOCCTaHOB/19Hllll MO)KeT' 15biTb '19TKO' •. 
.· •. ·• :, I 

ortpeA_ 9/ISHHO, · 
,I 

.,· • I 

\ ·1 .. 3aM8'18HO, 
·, ,,-,I \ . . , . • l 

'ITO B cny'lae HCnO/lb3_0_BSHHSI HE!lJ!IHSJ!HoJ! mi.rpy30'IHOJ! KpHBOJ!_ r_ipii' Ma/l~DC_' 
,/' ' ' . .. . ' \ . . " . \ . , . 

L 'lt.i~llbW8 0,5. MKrH / cxeMy TpyAHO ycTa,HOBIITb B TO'IKY Bb!COKOll 'IYl!CT~HT8/lbHOC-

,';' ·,,TH,,-n_oaTOMY .. napa1111e11~_Ho C JlllOAOM CTBBllT coitpOTHB110HHe'75 OM, 

Ha' p11c, 24 np11Be.a.eJi.i p83YllbT8Tbl 113MepeHHll A/ISi TYHH9/lbHbJX AIIOAOB H3 GaAs 
· . · . . . . 1 : .· . T. . 

·• Tllna T,n-173 RC A , A/ISi KOTOpb!X' 1 < _g_ .<3.' • ,BH,!lHO, 'ITO - MOlK8T 61,1Tb c:Oe-. 
' , C ·, .. 

11~.HO nopHAKa -: 3; 

I. 
B cny'lae repMaHHOBblX' TYHHS/lbHbIX AHOAOB. B_Ka'leCTBe Hen11HeJ!HoJ! Harpy3KH Mo-

. ryT __ !5bITb npHMOHQHbl ol5pameHHbl8' AHOAbl,_ 

·I . , -, . . ·. -~-> ~e)KAY MOMeHTOM npnxoAa 11Mnynb_ca Ha axoA OAHoa1115paTopa -H MOMeHToM· cpal5a- 1 · 

Tb1BaH11.ii ·nocneAH9rO IIM99TCH 31fla3AblBSHlle, KOTopoe 38BHCIIT OT B8/IH'IIIHbl npeBblW8HIISI 
• -;,,'' ' 4 .: • , -. \' ~ • '· • 

nopora, TaK 'ITO np11 H3M9H8HIIII aMnnllTYAbl BXOAHOro HMfiY/lbca B. 10;pa3; ',KpoMe 0611ac-
,,.; . . ' ' ' , , .'' 

·' ;II B6/IH3H nopora, 3ana3Ab!Bal!ll8 113M0,HR9TCH npllM9pHO HS l HCSK,' Ecria )KS. aM'on11TyAa'' ..... .. . ' ' '' . - . ,. . ·, ' . . ·' , 

K'3ME>Hll,eT_Cll, OT noporoBor'? 3H8'19Hllll. AO B8/111'111Hbl, ppeBb!WaIOmeJ! ero -Ha 5%, TO 'pa3-

., HHua a' 3aAeplK~e 6yAeT OKOn<; 2 HCeK, 

.3Til AaHHb18 OTHOCSITCll K KAeanbHblM .npl!MoyronbHblliil '11Mny11bCaM 11 'He BK/li::i'la~T 

B cel5ll TO ~3-MS~~H•a·e Bpe~eHH, 3~na3~b!BaHHll, ~OTOpOe' 38BIIC~T OT-q:>OpMb!. B~~~HOI"'O 
~ ' • A 

! nypbc?-; I 

'/ISi r . · , · ·•. , 
B · onncaH A_IICKP/IMHHaTop, B:KOTO_poM acnO/lb30BSHbl OllHOBlll5paTOpb1, aHa11or11'1-

' .. . I . . • . 
Hbl~ :TO/lbKO" 'ITO on11caHHblM, BblllO/IH9HHbl8 Ha 'repMaHll9BblX _ TyHH9/lbHblX AKOAax 

1N 3128 RCA C., J =' 10 Ma. CxeMa AIICKpl!Ml!HaTopa npHBOAeiia' Ha -pllC. 2_5, OH~•,, 
. . p 

-~a15oT_aeT ,OT IIMIIY/lbC,OB 0,1 B. 
,. 

np11 8TOM Ha Bb!XOA9 nepaoro -TYHH8/lbHOro AIIOAa nony'laOTCll HMnyllbC, nrm611113H-
,• • • • • '. ' ' 1 • • ' •,' 

'T9/lbHO paBHblJ! 0,4 B I OH -.Bo3pacTaeT· np11MepHO ·Ao·· 0,8 ii Allll, BXOAHbJX 
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B 10 pa3 150nblllHX. Llnll YCTpaH8Hllll 3TOro 1rnneHHll nocneaoBaTenbHO C nepBbJM np11Me

H8H BTopoii 0LlHOBH15paT.°P• 

Ha pHC. 26 noKaaaHa 3aBHCHMOCTb aMnnHTYLlbI BbIXO.QHOrO HMnynbca OT anHT8nb

HOCTH BXOLlHOro HMnynbca /a/ H OT anHT8nbHOCTH era cj:,pOHTa /15/. 

SbmH npoaeaeHbI HCnb1TaHHll cxeMbl Ha pal5oTy OT caBoeHHbIX HMnyilbcoB. Ha 

pHC. 27 H3015pa>KeHa 3aBHCIIMOCTb aMnnHTYLlbl BTOporo HMnynbCa OT paccTOllHHll Me>Kay 

HMnynbcaMH. 

TaK>K8 noaaBanacb na'!Ka HMnynbCOB, H H3M8pllnOCb CM8lll8HHe nopora OT 'IHCna, 

HMnynbCOB. 3Ta 3aBHCHMOCTb noKa3aHa Ha pHc. 28. 

B 1151 
OnHcaHa 15bJCTpall cxeMa COBnaaeHHl! C BXOLlHhJMH LlHCKPHMHHaTopaMH, ael!cT

BY!OlllHMH no aHanorH'IHOMy npHHUHny Ha repMaHH8BbIX TyHHenbHbJX LlHOaax 2N2J41 ROA • 

Paapellla!Olll88 BpeMll - 5 11ce11, nopor CX8Mbl ycTaHaBnHBaeTcll OT H8CKOnbKHX .necl!TKOB 

MB ao I B. HeaocTaTKOM 3TOii CX8Mbl lIBnll8TCll 15onblll08 MepTBoe BpeMll KaHanoB. 

/21/ B n0Kaaa110, KaK Ha ocHoBe Bcero nHlllb o.n11oro BecbMa npoCTor.o aneMeHTa, 

OLlHOBHl5paTOpa Ha TyHHenbHOM .nHoae, MO>KHO IlOCTpOHTb '1p83BbJ'!al!HO cnO>KHbJ8 norH'lec

KH8 CX8Mbl, yaoBn8TBOpll!OlllH8 MHOl"HM Tpel5oBaHHllM C'leTa B llaepHoll .cpH3HK8 H cpH3HK8 

BbJCOKIIX a11epr11ll. npH npaBllnbHOM 113l"OTOBneHHII aTa cxeMa enonHe Ha.ne>KHa, '!TO 0'18Hb 

Ba>KHO npH HCnOnb30BaHIIII 15onblll0l"O 'IHCna uenell. 

B Ka'l8CTB8 OCHOBHoro aneMeHTa 15epeTCll 0,UHOB1115paTop Ha TyHHenbHOM .n110.ne 113 

GaAs THna 1Ng3ll8, cxeMa KOToporo np11ee.ne11a Ha pHc. 21. 

npHM8H8HH8 TyHH8nbHOl"O ,UIIO,na 113 GaAs U03BOnll8T nel"KO, C UOMOlllb!O o15bl'IH0l"O 

15blCTpo.nellcTBY!Olll8l"O repMaHHeBoro LlHOaa' ocymeCTBnllTb CO'ln8H8HH8 .a!Il8M8HTOB. 

CxeMbl paapal5oTaHbl B BH.ne Mo.nynel!. Ha pHC. 29 UOKa.aaH MO,nynb .UHCKpHMHl!a-

TOpa, a Ha pHC. 30 - MOLlYilb coBnaaeHHll. Mo.nynb COBna,neHHll ynpaBnll8TCll n,0601\ KoM-

6HHauHell OT O,nHoro ao Ill!TH aHCKpHMHHaTOpHbIX MO,nynell. KacKa.n LlHCKpHMdHaTOpa aa-

aaeT Hll>KHHii nopor, KOTOpbill MO>KHO H3M8Hl1Tb CM8lll8HH8M pa6o'lell TO'IKH C no-

MOlllblO UOT8HUHOM8Tpa /500 OMI, KOTOpblll Bb1B8Ll8H Ha nHueay,o naHenb, MHHHMailbHoe 

11anpll>K8HH8 BXO.UHOl'O CHrHana, npH KOTOpOM cxeMa MO>KeT ycTOll'IHBO pa6oTaTb, COCTaB

nl!eT 50 MB /11a 50-oMHOM exo,ne ,:pa11ccpopMaTopa/. 

H anH'IH8 TpaHccj:,opMaTopa .naeT B03MO >KHOCTb aanycKa cxeM bl "HMUYilbCaMH n IOl50ll 

UOilllpHOCTH. 

C UOMOlllb!O UOT8HUHOM8Tpa MO>KHO ycTaHaBnHBaTb BenH'IHHY nopora .no 1,5 B. 

l-1Mnynbc Ha Bblxo.ne nepeoro oa110BH6paTopa aaBHCHT oT npoueHTa nepe11anpll>Ke

HHll Ha BXo.ne. Ta11reHC yrna HaKnOHa KpHBOll, xapaKT8pH3Y!Olll8ll aaBHCHMOCTb aMnnHTy,n1,1 

Bb!XOLlHOro HMUynbca OT aMUilHTYLlbl BXO,UHOro, paBeH l/40 npH He6onblll0M npeBbJlll8HHH 

nopora H aoapacTaeT ao 1/20 npH 150ilbWHX nepe11anpS1>KeHHS1X. noSToMy HMnyilbc no.na-
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9TCSI Ha apyroll TaKoll >Ke KacKaa anSI CTa15HnH3aUHH ypOBHSI. nocne aToro KaCKaa;i 

TaHreHc yrna HaKnOHa M9HbW9 OllHOll TblCSl'IHOll, TaK '!TO BblXOllHb19 HMnynbCbl MO>KHO 

noaaBaTb Ha Tpex- HnH '19Tblp9XKpaTHYIO cxeMy COBnaaeHHil CYMMHpy!Owero THna. 

CxeMa HCnbITblBanacb 50-aonbTH.blMH BXOllHblMH HMnynbcaMH, H npH 9TOM 'nponeaa

HHSI' OllHHO'IHblX HMnynbCOB He Oblno. 

11MnynbC C lll'ICKpHMHHaTopa noaaeTCSI TaK>Ke Ha KacKall 'pa3B9TBneHHSI'. SJOT 

KaCKaa nepeaaeT no 50-oMHOMY Kal5en!O HMnynbC C aMnnHTyaoll OKono 300 MB, KOTO

pblll MO>K9T Hcnonb30BaTbCSI apyroll cxeMoll COBn8ll8HHll HnH OblCTpoll C'l9THOll CX8MOll, 

KoHaeHcaTOpbl CBSl3H He HCnOnb3Y!OTCSI, S'l'o B03MO>KHO 15naroaapSI TOMy, '!TO ace 

conpoTHBn8HHSI CBSl3H BenHKH no cpaBH9Hl'l!O C conpOTHBneHH9M 13 OM, H noaTOMy pery

nupOBKa OllHOro KaCKaaa He BnH>l9T Ha pal50'IY!O TO'IKY apyroro. 

Bwxoabl KacKallOB CTa15HnH3aUHH ypoBH>I llHCKpHMHHaTOpHblX Moaynell C09llHH>l!OTC>I · 

c MoayneM coanaaeHull nocpeacTBOM KOpOTKHX HecornacoaaHHbIX Kal5enell, .On>1 aanycKa 

nepBoro OllHOBHl5paTopa HCnOnb3yeTC>I npOCT08 cyMMHpoaaHH8 .HMnynbCOB, BwaeneHH8 

OllHHO'IHblX, llBOliHblX HnH TpOllHblX coanaaeHHll Bl,monH>l8TC>I C noMOWb!O ll8C>ITH015opoT

HOro noT8HUHOMeTpa Ha 1 KOM, 

B cxeMe aHTHCOBnaaeHHll ucnonb3Y9TC>I nepeMeHa nonSlpHOCTH HMnynbca OT llHCKpH

MHHaTopa H cno>KeHHe ero ~ HMnynbcoM coanaaeHHll OT 15ycpepHoro KacKaaa. BpeM>1 aH

THcoanaaeHHll onpeaenSleTCSI HHllYKTHBHOCTb!O KaCKaaa CTa15HnH3aUHH ypOBHSI. 

Paapewa!Owee apeMSI cxeMbI H3MepS1nocb c HCTO'IHHKOM Co 
60 

, nOM8lll9HHblM 

Me>Kay llBYMSI nnaCTH'l8CKHMH CUl'IHTHnn>1TopaMH KYOH'l8CKOll cpopMbl co CTOpOHOll 2,5 CM, 

KOT0pb19 npOCMaTpHaanHCb <pOTOyMHO>KHT8n>IMH 58 AVP.; 

Ha PHC, 31 nOKa3aHbl llB8 KpHBbl9 lln>I paanH'IHb!X CM8lll8HHll B KacKaae coana.zie

HHll, 11HllYKTHBHOCTH B KaCKaaax CTa15HnH3aUHl'I YPOBHSI Oblnl'I no 0,47 MKrH, 

,OaHHbl9 Ha pHC. 32 nony'l8Hbl npH HHllYKTHBHOCTH B KaCKaaax CTal5HnHaaUHH ypoa

H>I no 0, 1 MKrH. ,0HCKPHMHHaTOp coanaaeHHll own HacTpoeH TaK, 'ITOObl nony'IHTb ca

My!O y3KY!O KpHBY!O 093 noTepb B C'l8T8, 

B
1231 

aaeTC>I onHCaHH8 eme OllHOro npHl5opa, nocTp08HHoro Ha OllHOBHl5paTope, 

aHanorH'IHOM OnHCaHHOMY Bb!W8 - llHCKpHMHHaTopa aMnnHTYllbl l'IMnynbCOB Wl'lpOKoro llHa

naaoHa, 

.01'1CKpHMHHaTop pal5oTaeT OT OTpHuaTenbHblX HMnynbCOB, aMnnHTyaa KOTOpblX MO>K8T 

H3M8H>ITbCSI OT 0,5 B llO 10 B, nepeaHHll cppOHT - OT 0,5 llO 20 HCeK, a anuTenbHOCTb -

OT 5 llO 100 HC8K, 

YpoaeHb llHCKpHMHHHpOBaHH>I 'IHTaeTCSI a al5con!OTHblX eaHHl'luax _Ha wKanax cooTBeT

CTBY!OlllHX ll8CSITHOOOpOTHblX noT_eHnHOM8TpOB. 
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nHcKpHMHHaTop Bbipa6aTbIBileT Ha Bb!XO/le J:lBa ,HMnynbCB: OTpHUaTenbHblll,,c Bpe

MeHeM HapacTaHHll 3-4 HCeK, anHTenbHOCTbIO 40 HCeK H aMnnHTyaoll 4 a,11 nonO>KHTenb

Hbill, 6onee JinHHHbill, c aMnnHTyaoll 8' B. 

Ha pHc. 33 a/ npHaeaeHa 6noK-cxeMa LlHCKpHMHHaTopa, a Ha p11c. 33 6 / Hao6pa

:>KeHa ero npHHUHnHanbHall cxeMa. 

IV. On11caHHe 'c11cTeMbI yHiiaepcanbHbIX aneMeHTOB anll 11cnonba"BaHHll 

B cpH3H'leCKIIX 9KCnep11:~eHTax Ha YCKOpHTem1x 

Sugarman, Higinbotham 
/18-20/ 

II LlP•, ' pa3pa60Tan11 cpaBHHTenbHO npOCTb!e aneMeH-

Thi, H3 KOTOpbIX MOryT co6HpaTbCll C'leTHbJe ,cucTeMbl C paapewaIOIUHM BpeMeHeM nopsin

Ka HeCKOnbKIIX HaHoceKyH/l II CKOpOCTbIO C'leTa llO 100 Mru. 3TH aneMeHTbl npencTaansi

IOT co6oll OTLlenbHbJe CMeHHbie Moayn11. SonbWHHCTBO BXO/lOB II Bb!XOLlOB B3aHM.03aMe

HlleMbl, 'ITO naeT B03MO>KHOCTb BKnIO'laTb 9TH MonynH B paanH'IHblX KOM611Hau11six., Bna

roaap!I CBSl3SIM no nocTOSIHHOMy TOKY, B03MO>KHO IIX 11cnonb30BaHHe npll ,6onbWOll anw

TenbHOCTII pa6o'IHX UHKnOB YCKOpHTensi. Bee HcnonbayeMbie cxeMbl, a o6meM BKnIO'laIOT a 

ce6si: 

a/ 50-oMHbill Ka6enb ansi coenH11eH11S1 acex cHrHanbHbIX KaHanoa; 

6/ BblCOKO'laCTOTHbie cxeMbl C 06m11M 9MIITTepOM, 11cnonbay10m11e TpaH311CTOplSI 

al TYHHenbHbie LlllO/lbl 113 repMaHHSI 11n11 apceHaaa ranlIHSI; C nHKOBbIMII TOKaMH llO 

20 Ma II eMKOCTbIO, - 1 ncp/Ma; 

r/ TpaHccpopMaTOpb!, HaMOTaHHble no pacnpeaeneHHOll cxeMe ,14 BHTKa LlBYXHHTeaoll 

11n11 TpeXHHTe Boll npOBOnOKII Ha cpeppHTOBOM cepae'IHHKe /. 

OcHOBHbIMII CMeHHbJMII 'MoaynSIMH S!BnSIIOTCll: 

a I orpaHH'IHTenH, 

6/ 6bICTpbie coanaaeH1rn, 

Bf ,llllCKpHMHHaTOpbl, 

r/ paaMHO>KHTen11. 

a. OrpaHll'll1Tem1.B 9THX CHcTeMax Hcnonb3YIOTCSI orpaHH'111Ten11, OCHOBaHHbJe' iia acp

cpeKTe Bb1KnIO'leH11ll TOKa B TpaHa11cTopax c oomell 6a3oll. B aaa11c11MocT11 oT Tpe6oaaHHll 

TaK11e orpaHll'IHTenll MoryT KSCKan11pOBaTbCSI, n1160 COBMeCTH0 C TpaH311CTOp8MH 11cnonb

ayIOTC!I MHKpoaonbTOBbie n1rnab1 ITHna,lNQ23B/. CxeMbI orpaHH'l11Tenell np11aeaeHbI na 

p11c. 34a/, 6/. lfepea Tp8H311CTOpb1 B IICXOLlHOM COCTO!!HIIH
0 

npoTeKaeT TOK no 10 Ma, 

'ITO np11 11cnonb30BaHHII cpopMllpOBKII aaeT 5~11nn11aMnepHb!ll BblXO/lHOll CHrHan. BXO/lHbJe CHrHa

nhI, 6onbllllle 10 Ma, naIOT Ha BbIXO,lle orpaHH'leHHbill c~rHan,. 11cnonb30BaHlle BbICOKO'lac

T0T!lbIX TpaH3.HCT0pOB C fa ~ 1000 Jl,\ru n03BOn!leT nony'IHTb C06CTBeHHblll 'cppOHT orpaHH

'IHTen!I nop!IJ:lK8 0,7 HCeK. 3TO IlOK83aHO Ha p11c. 35. np11MeHeH11e HeCKOnbKIIX HOMHHanOB 
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nHTSHHH aaeT B03MO)KH0CTb npOH3BOLlHTb C08LlHH8HHH M8)KLlY TpSH3HCTOpBMH no nocTo

HHHOMY TOKY, 'ITO no3aonHeT HM8Tb Bb!COKHi!: aHana30H cqeTa. OrpaHH'll!T8nH 'pa6oTalOT 

HenocpeacTBeHHO Ha cxeMy coanaaeHHi!:. 

6. CxeMa coanaaeHHi!:. nepaoHa'lan&HO Hcnon&3oaanac& cxeMa coanaaemili, H306pa

*eHHaH Ha pHc. 35. Y.epe3 LlHOLl rapBHHa B HCXOLlHOM COCTOHHHH Te'leT TOK LlO Tex nop, 

noKa Ha ace BXOLlbl He nocTynHT Cl!rHan. npH 8TOM TpaH3HCTOp T 
6 

OTnHpaeTCSI, H' Ha 

Bb!Xoae nostBnsteTCSI CHrHan - 10 Ma, KOTOpblli nocTynaeT Ha LlHCKPHMHHaTop. 

B aaiibHei!:weM aTa cxeMa 6blna aaMeHeHa Gonee npocToi!:, H3o6pa*eHHoi!: Ha 

pile. 37. Y!MeeTcst '18Tbrpe coanaaa10wHx axoaa y TpaH3HCTopoB c oGmeli Gaaoll. Bb1xoa

Hble HMnynbCbl cTaHAapTH3YIOTCSI BblKTIJO'leHHeM LlHOLlOB, BKnl0'18HHblX B KonneKTOp nocne

LlOBaTenbHO. napannenbHO BKnJO'leHHble LlHOLlbl BOCCTaHaBnHBalOT KonneKTOpHoe HanpS!>Ke

HHe nocne BbIKnJO'leHHSI Anst oGecneqeHHst nocne.c.:y10mero 6blCTporo BKnJ0'18HHSI. 

TOK BKnJO'l8HHb!X LlHOLlOB /3-4 Ma Ha LlHOLll Te'leT 'lepea 5-MHnnHaMnepHblli TyH

HenbHb[ll LlHOLl, CM8IUaSI ero B oGpaTHOM HanpaBneHHH. ,4epea conpOTHBneHHe 1,6 KOM 

no.uaeTCSI TOK cMemeHHSI B npirMoM HanpaBneHHH / - 6 Mal. TaKHM o6pa3oM, KO~Lla 

Bee nocne.uoBaTenbHO BKnJO'leHHbl8 AHOLlbl BbIKnJO'laJOTCSI, TyHHen&Hbli!: LlHOA nepeGpacbi

BaeTCSI Ha LlHcpcpy3HOHHylO BeTBb. nepe.u nepeKnJO'leHHeM TYHHenbHbli!: AHOA pa6oTaeT KaK 

LlHOA rapBHHa C HH3KHM HMneaaHCOM. BbIXOAHOli TpaH3HCTOp Bb!Knl0'18H AnSI Manb!X CHr

HanoB IKoraa TyHHen&l!blli LlHOA He nepeXOLlHT Ha .umpcpy3HOHHYIO B8TBbl. B caMOM xy,u

weM cnyqae Ha Bb!XO,Ue MO)KeT Gb!Tb CHrHan B aecsiTb pa3 MeHblU8 coana.ua10mero. 

.[{nSI CTaH,uapTH3aUHH WHpHHbl HMnynbCS C .8TOrO AHCKpHMHHaTopa HCnOnb3Y8TCSI )KLlYlllHli 

AHCKpHMHHaTop C 'lyBCTBHTenbHOCTblO 2-5 Ma, KOTOpblli GyaeT onHcaH HH)Ke. 

.[{pellcp KpHBOli coBnaaeHIISI OT TeMnepaTypb! UOKa3aH Ha pHC. 38. 3To npOHCXOAHT 

ua-aa HaUH'IIISI ansr nHKOBOro TOKa TYHHeUbHOrO LlllOLla T0M nepaTypHoro KOaqJcpHUH8HTa 

.. 0,3%/
0 c, '!TO 8KBl!BaneHTHO yMeHbWeHIIIO TOKa cMelll8HIISI Ha 13% !IPII H3MeHeH1111 TeM

nepaTypb! OT 20° no 50°C • 

B • .[{IICKPIIMHHaTop • .[{IICKpHMl!HaTOpbl MoryT BKUIO'laTbCSI KaK no coananeHIIII, TaK 

I! nocne HHX. CHa'lana Gbln pa3pa6oTaH AHCKpHMHHaTop Ha 2-10 Ma, B KOTOpOM Hcnonb-

,30BaUCSI TYHH8JibHblll Lll!On 113 GaAs • 3aTeM 9TOT nHCKpllMHHaTop Gb!U aaMeHeH Ha 

nea npyr11x, pa6oTalOlllllX no aHanorll'IHOMY npllHUllny, HO nocTpoeHHb!X Ha repMaH11eBb[X 

/20/ 
TyHHeUbHblX n11onax • O.u11H n11cKpHMIIHaTop /2-5 Ma/ npenHa3Ha'leH nnst pa6oTbl C 

06b!'1Hb!MII CUIIHTllnUSIUIIOIIHb!MII C'l8T'IIIKaMH, a TaK>Ke nnsr LlllCKpllMIIHllpOBaHIISI CllrHaJIOB 

nocne coBnaneH11i!:, 

BTopoi!: /0,5 - 2 Mal npeAHa3Ha'leH nJISI paGOTbl C qepeHKOBCKIIMI! AeTeKTOpaMII. 

'.[{ II CK pH M II Ha TO p 11a 2-5 MaOYnpomeHHaSI cxeMa AIICKpRM.IIHaTopa noKa3aHa Ha p11c. 39, 

ToK CM,emeHIISI TyHHen&Horo ,UHOAa ycTaHaBUIIBa8TCSI OT 2 AO 5 Ma Hll>K8 nllKOBOro 

TOKa TYHHeJibHOrO AHOAa, 3Ta pa3HOCTb paBHa TOKy, TpeGyeMoMy OT' BXOAHOro 15ycpepHo-
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ro Tp8H3HCTOpa Llllll 'nepeKmO'l0HHll CX0Mbl. TpH ap'yrHx TpaH3HCTOpa HC001lb3YIOTCH Llllll 

Toro ' 'IT06bl BhlKOIO'IHTb TYHH01lbHbil1 LlllO.O. II nony'!HTb 'PHKcHpOB8HHHJ! Bb!XOLlHOJ! TOK •. 

TpaH3HCTOp HCOOnb3Y0TCll K8K ycHnHT0Jlb TOK8 nepeKn10'10HHll TyHH0nbHOrO .O.H0Ll8 H yrr-

paBnHeT TOKOM n!lphl, o6p830B8HHOJ! Tp8H3HCT0p8MH T
3 

, T
4

, 'T 3 HOpManbHO oT-

KphlT 11 38Kpb!B80TCH npH nepeKn10'10HHH TyHH0llbHOro LlHOLl8, T 
4 

38KpblT H noch!naeT 

'!epea Ka6enb CHI'Han ·aa Bb!Kn10'10H He LlHO./:l8. }lnHTenbHOCTb Bb!XOLlHOrO HMnynbca onpe

aenaeTCH anHHOJ! nHHHH aaaeplKKH nn10c npHMepHo 3 HCeK HS nep0Klll0'10HHe TpHOLlOB. 

MepTBoe BpeMl! cxeMbl paBHO LlBOJ!HOJ! LlnllT81lbHOCTR HMnyllbCa, T,K. OTp8lK0HHll 

OT TyHH01lbHOrO LlHOLl8 nornoma10TCH Ha KOlllleKTopHOJ! Harpy3Ke 

003B01ll!8T HMeTb cpRKCRp0B8HHOe MepTBOe BpeMl! cxeMhl. 1,-f caM'o 8TO BpeMll MeHbUJe, 

'10M an11 06bl'!HOrO 0LlHOBH6paTOpa Ha TyHH01lbHOM ll110Ll8, 

no11Ha11 cxeMa npHBeaeHa Ha p1,c. 40. Ha p11c. 41 noxaaa·Ho OTHOCHTenbHOe R3Me

HeHHe 'IYBCTBHT81lbHOCTH llnll napbl HMnynhCOB, anHT01lbHOCTblO 1,8. Hcex_,no OTHOUJeHRIO 

• x nopory an11 OLlRHO'IHoro carliana. · · 

nopor Llllll 1,1 -. H8HOC8KYHllHOro HMnynbca COCT8BlllleT 95% OT nopora Llllll CK8'1K8 

TOK8. l-13M8H0HH8 nopora npH H3M8H8HHH CKOpOCTH C'l8T8 OT B0CbM8 HH3Koro LlO I 00 M ru 

npR LlllHTellhHOCTH BXOllHOro HMOYllbC8 4 Hcex He npeBblUJ88T 10% •. 

TeMnepaTypHh!J! KOacpcpRUHeHT Llllll nopora 3 Ma COCTaan11eT 0,6% 1°c B'•;!:\H80830H8 

OT 20° LlO 40°C. 

Jl H CK pH Mn Ha TO p Ha 0,5-2 •1a. 3T_OT 'IYBCTBHTenbHhlJ! LlHCKpHMHH8TOp 6bm paapa6oTaH 

Llllll Manb!X cnrHanoB C '!epeHKOBCKHX .a.eTeKTOpOB. YnpomeHH8ll cxeMa noxaaaHa Ha 

pHc. 42. nopor aai:xaeTcll, TOKOM cMemeHHll nepaoro /Ha 5 Ma/ TYHHenbHoro aHoi:xa. I<oraa 

OTpHU8T01lbHb!J! HMnynbc :1epeKn10qaeT ero 11a LlHcp<py3HOHHYIO B8TBb_, TOK '!epea .. ~onpOTHB-

ll0HHe R . Bbl3bIBaeT nepe6poc BToporo /Ha 10 Ma/ TyHHellbHOro anoi:xa. Bb!Klll0'18IOUJHJ! 

HMnynhc C xa6eng B03BpawaeT _o6a TyHH01lbHhlX LlHOLl8 B TO'IKY HH3KOro noTeHuHana. Ta

Kall KOHCTPYKUHll aonycxaeT 6onee wapoKnJ! LlHanaaoH npnMeHeHnll LlHCK.pRMHHaTopa. 

np11 Bh!COKOJ!, 'lyBCTBIIT81lbHOCTII TYHH01lbHbIJ! LlHOll /Ha 5 MS/. 0TLl8118H LlHOLlOM Ha 10 'r.rn OT 

6a3bl TpaH3IICTOpOB. np11 HH3KOJ! 'IYBCTBl!TenbHOCTH npelKaeapeMeHHOe Bb!Klll0'10HH8' iie- : 

B03M0lKHO, T.K. ec1111 llllOLl 11a 5 Ma Bh!KnlO'IIITCll cnHUJKOM paHo, OH He CMO>KeT BblKlllO'!IITb 

10-MHllnHaMnepHhlJ! Lll!Oll, KOTOphlJ! cMeUJeH B npei:xenax 20% OT ero llHKOBOrO TOKa. 

no11H8ll CX8M8 npHB0Ll0H8 Ha pnc. 43. nepBbl8 UJeCTb Tp8H3HCT0p0B COCT8Blll!IOT 

a Ba K8CKaaa nceaaopacnpei:xeneHHOro ycn1111Te1111. Koacp<pRUHiiHT ycaneHl!ll ;. ·oKOllO -4 n 

BpeMll HapaCT8Hlll! - 1,5 HCeK. 
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r. Pa3MHO>KHTenn. CxeMa pa3Mn'o>t<HTensi npueeneua ua pnc. 44. 

.Qea TpaH3HCTOpa, BKnl0'18HHb18 napannenbHO, HHB8pTHpyroT exonuoll OTpHUaTenbHblil 

HMnynhC. '-leTblp8 BblXO.llHblX TpaH3HCTopa peuueepTHpyroT curuan, T8K 'ITO Ha ehixoae 

CX8Mbl nony'laeTCSI cnruan Toll >Ke non11pHOCTH. TpHO,Qbl BKnIO'l8Hbl T8KHM oopaaoM, 'ITO 

HHllyKTHBHOCTH BblBO,QOB H napa3HTHbl8 8MKOCTH oopa3yKjT nHHHIO C pacnpenenenHblMI! rra

paMeTpaMI! M8)K.QY BXO.QOM H BblXOllOM. 

Cnruanbl nocTynaroT na pa3MHo>KuTenb OT cxeMbl orpaHH'IHTen11. 3To. ooner'laeT 

KOMUOHOBKY H H8CTpOllKy CHCT8Mbl H no3BOnsieT yeenH'IHTb 'IHCno onepaunll C HMnynbC8MH 

OT onuoro ,POTOYMHO>KHT8nH. Co6cTB8HHblll cppOHT napacT8HHSI curnana C pa3MHO>KHTensi 

OKOno HC8K. 

Bo BC8X CX8M8X npHM8HSIIOTCII Tp8H3HCT0pbl 2N2700 H 2N2502 C 

1000 Mru COOTl!8TCTB8HHO, 

l = 100 u a 

8 CHCT8M8X HCnOnb30BanHCb npOM8>KyTO'IHbl8 OblCTpbl8 nepeC'l8THbl8 CX8Mbl ua 4 

Hnu 8 nn11 patiOTbl co cTannapTHblMH 10-Mru ll8K8ll8MH, 

Pe3znbT8Tbl 

Pe3ynbT8Tbl HCllblT8"HHll CHCT8M CBOllHnHCb K onpeneneHHIO rnaBHhlM oopa3oM: 

a/ pa3pewarowero epeMenu, 

6/ acpcpeKTHBHOCTH. 

Pa3pewarowee epeMsi CHCT8Mbl tiblno nonyqeno nop11nKa 3,7 HC8K npu 100% acjlq,eK

THBHOCTH, 

8 38KnIO'l8HHe MO>KHO OTM8THTb, 'ITO CHCT8Mbl T8KOT"O THUS BM8CT8 C CHCT8MOil, 

OllHC!lHHO!l 0
1211

, IIBnHIOTCII OllTHM8nbHblMH C TO'IKH 3p8Hl!SI p83p8U18HHSl 1 M8pTBblX Bp8M8H 1 

8 T8K>K8 caMoll KOMDOHOBKH CHCT8Mbl, 

0'18Hb yaot5na B HCUOnb30B8HHH MOllYnbHBSI KOHCTPYKUHSI sneM8HTOB, 'ITO 3H8'IHTenb

HO COKpawaeT epeMII nonnoro nocTpoeHHSI CHCT8Mbf H neT"KO U03BOnlleT npOH3BOllHTb 

HY>K1Jb18 H3M8H8HHII. 

v. OnTHMa_nbH~b!Jl M8TOll nony'l8HHII epeMeuuoll nncbopMaUl!ll R3~ CHT"~Hana 

C cpOTOYMHO>KHTensi 

Onncanuble B npenh1nywnx pa3nenax cHcTeMbl coenanennll !5nH3KH \e CMblcne Tex

HH'lecKoro Bblnonuenu11)K nnean&HhIM. Oun no3eon11roT nony'laTb pa3pewarowue epeMeua 

nopsinKa H8HOC8KYHllbl. MepTllb18 epeMeua II HHX CB8,Q8Hbl K MHHHMyMy. Oun oonanaroT 

0'18Hb XOpOUIHMH nHcKpRMHHHpyIOLUHMH K8'I8CTB8MH, npOCTbl, H8,Q8>KHbl .JI T.n. '-lyBCTBH

TenbHOCTb 9THX CX8M· llOCT8TO'IHO xopowall, OnnaKO 11ce OHH 0CHOB8Hbl Ha npnuu1me no

ny'leHHSI Bp8M8HHOil HHcpopM8UHH H3 curuana C cj:,OTOYMHO>KHTenH, KOTOpblil npH onpeneneu-

Hb!X ycnoBHIIX ue 11Bn11eTCSI OUTHManhHbIM. 
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3TOT npHHUIIII 38KnIO'l88TCR B TOM, 'ITO MOM8HT nponeTa 'l8CTIIUbl 'lepea neTeKTOp 

B 9THX cxeuax OTC'll!Tb!B88TCR OT TO'lKII nepece'leHHR CHrHanoM C ¢3Y H8KOTOporo yc

T8HOBneHHoro nopora. np11'leM CX8MbI, conep»<am11e Ha Bxone LlllCKpHMHHaTOpb!, BblllOn· 

H8HHbl8 Ha TYHHenbHhIX Llll0.!l8X, ll03Bon1110T ocymecTBHTb B H8CT0Rllle8 Bp8MR IIO'!TH 

11neanbHy10 pean11aa111110·_sToro 11p11Hu1111a, 

viMeeTCSI LlB8 OCHOBHblX 'H8LlOCT8TKa, CBR38HHb!X C T8KHM llpHHUIIIIOM nony'l8HIIR 

BpeM8HHOII IIHcpOpMau1111. 

1.. LfacTO llpHXOLlllTCR nepenaBaTb CllrHan C cpOTOYMHO»<HT8nR II CX8M COBII8Ll0HHII 

no Ka6en10, 3To npHBOLlHT K 38TSlrHB8HIIIO nepenHero cppOHTa HMllyllbca. 

Yaen11'leH11e LlllHT8nbHOCTH nepenHero cppOHT8 HMllynbC8 llpllBOLlllT K TOMy, 'ITO aMn· 

nHTYLlHblli pa36poc CHrHanoB Bb13b!B8eT 3H8'lHT8nbHblll epeMeHHOll paa6poc HMnynbCOB Ha 

BblXOLl8 cpopMllpOBaTenel!, 'ITO npellRTCTByeT nony'leHIIIO !'dBnbIX paapemaIOlllllX BpeM8H, 

3Ta TPYLlHOCTb MO»<eT 6b1Tb npeonon.eHa, Bo-nepBb!X, IIOCTaHOBKOll LlHCKpHMHHaTopa H8-

nocpencTB0HHO Ha cpoTOyMH0»<11Tene 11,Bo-BTOpb!X, CHH»<8HH8M nopora LlllCKpHMHH8TOpa 

no T8KOl! aenll'll!Hhl, 'lT06bI 8MllnHTYLlHblli paa6poc He llpl1BOL1Hn K 3H8'lllT8nbHOMy Bpe

M8HHOMY paa6pocy. 8 9TOM cny'lae B 3H8'lllT8nbHOl! Mepe yTp8'lllB8IOTCR 11pe11MymecTBa, 

CBR38HHble C H8nll'lK8M B cxeMe COBII8Ll8Hllll BXOLlHblX LlllCKp11MHH8TOpOB, 

2. BTopolt HenocTaTOK HOCIIT 6onee npHHUHIIll8nbHblli xapaKT8p II CBR38H C pa6oTol! 

B ycnoBHRX 6onblllOrO LlHH8MH'l8Cl.Oro Llll811830H8 CB8TOBblX BCllbllll8K, B 9TOM cny'l88 6b!• 

BaeT Heo6xon11Mo 11M8Tb TaKol! nopor 'lYBCTBIITenbHOCTH annapaTypb!, 'lT06bl OHS Morna 

pa6oTaTb OT OTnenbHb!X cpoToaneKTpOHOB, np11 TaKOM HH3KOM nopore paccMaTpRB88Mbll! 

llpllHUIIII nony'leHHR apeM8HHOII IIHcpopMau1111 llpHBOLlHT K TO.My, 'ITO MOM8HT IIORBneHHR 

IIMllynbca Ha Bb!X0Ll8 LlllCKp11MIIH8TOpa 6yneT onpenenRTbCSI 11p11neTOM H8 8HOLl ¢>3Y ane11-

TpOHOB, CBll38HHb!X C nepBb!M cpoToaneKTpOHOM, BblneTa!OlllHM C (pOTOKaTona. 

viaBeCTHO, 'ITO OTnenbHbl8 cpoToaneKTPOHbl MoryT naBaTb eec&Ma 3H8'lHT8nbHblli 

BpeMeHHOll pa36poc IIMllynbCOB TOKa Ha aHOLl8 <Zl3Y. 

vicKa»<eHHR 11MnynbCOB 11p11 11poxomne111111 Ka6ene11 paanH'lHbIX nn11a 11ccn~J:10Ban11cb 

/30/ 
B • 

Ha p11c. 45 II 46 llpHBOLlRTCR nepeXOLlHble xapaKT8pHCTHKII H8KOTOpblX OT8'l8CTBeH

HblX Ka6enell npH pa31IH'lHOll !IX nn11He. 

B 
124- 251 

OIIIIC8Hbl CX8Mbl, B KOTOpb!X 38 OCHOBy B3RT MeTon, OCHOB8HHb!l! Ha pe

rHcTpau1111 MOM8HT8 nepeceqeHIIR HynR npOJlllcpcpepeHuHpOB8HHbIM HMnynbCOM C cpOTOYMHo

»<IITenR, np11MeHeH11e 9Toro M8T0Jl8 ll03BOIIR0T npH ·qyaCTBIIT enbHOCTH annapaTypb!, COOT

B0TCTBY!Olll8ll O)lHOMY cpoToaneKTpOHy, II 11p11 6onblllOM LlllH8Mll'l8CKOM Llll811830H8 CBeTo

BbIX BCllbllll8K nony'laTb • xopomy10 TO'lHOCTb per11cTpau1111 MOM8HT8 nponeTa 'l8CTHUhl. Ec

T8CTB8HHO, 'ITO TO'lHOCTb onpeneneHHR MOMeHTa nponeTa Jl8T8KTOpa 'l8CTHU811, CHrHan 
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OT KOTO!)Oil COOTB9TCTByeT OllHOMY qJOT,03/19KTpOHY, llpll 3TOM He Y11Y'IW89TC!I, 

TTep9C9K8!0lllllil Hy/JeBylO /JIIHll!O IIMlly/1.hC, HM9!0lllllil llOCTaTO'IHO qJIIKCHpOBaHHbiil 

MOM9HT nepeceqeHH!I HY/1!1, MO)KST Db!Tb llO/Jy'leH nyTeM a11cjJcjJepeHu11posaHH!I HMllY/JbCa 

C <pOTOYMH0)K!IT9/J!I C llOCTO!IHHOil BpeMeHH, cpaBHIIMOil C cppoHTOM ¢3Y II BpeMeHeM 

BbICB9'1HBaHH!I CUIIHTll/1/J!ITOpa. TaKoe a11cjJcjJepeHu11posaHH8 MO)K9T DbITb npoaenaHO /11100 

llpll /JOMOlllll q,opM11py10mei! /JIIHHII, /11100 llpll llOMOlllll pe30HaHCHOro LC 

KpHTll'19CKIIM 3aTyXaHH9M, 

KOHTypa C 

TTpll 11Cll0/Jb30BaHHII cjJopM11py>0mei! /JIIHIIII ll/JIIT9/JbHOCTb IIMllY/JbCa IMoMeHT nepe

Ce'l9HH!I Hynesoi! /JIIHHIII onpeaem1eTc!I ll/JIIHOII II BO/JHOBb!M COllpOT!IB/19Hll9M cpOpMHpy

lOllleil /JIIHIIII, TTp11 llllcp<pepeHUllpOBaH11H Ha p930HaHCHOM KOHType MOMeHT nepeceqeHH!I 

Hynesoi! /JIIHIIII onpeaensteTC!I pe30HaHCHOil '!aCTOTOil KOHTypa. 

.!lnst •np!IB!13Kll' K MOM9HTy nepece'!eHH!I H:f/1!1 11Cll0/Jb3:f9TC!I llHCKpHMHHaTOp Ha ,, ' 

T:f!IH9/JbHOM llll0ll9, 3Ta cxeMa COOTOIIT 113 c6a11aHCHpOBaHHOro MOCTa C TYHH9/JbHblM 

llllOllOM B OllHOM 113 ll/19'1, .!lHCKpllMHHaTop cpaoaTblBaeT B MOMeHT nepece'!eHH!I Hy/1!1, 

TTcicK01lbKY BC!I BpeMeHHa!I IIHcpopMaUH!I 38K/J!O'leHa B Ha'la/Je HMny/JbCa C TyHH9/JbHOro 

llllOlla, /JOC/19llH!lil 'i111cpcpepeHu11pyeTcst,11 ero 38llHllil cjJpoHT cpe3a9TC!I. 

Pe3yllhTHpy10m11i! BbIXOllHOil IIMllY/JbC coaep)KIIT BC!O BpeMeHHy,o IIH<pOpMaUH!O, co

aep)Kallly!OC!I B IICXOllHOM c11rHa11e C <t>3Y, OllH8KO He M9H!l9TC!I !IO aMll/JIITyae. 

CxeMa C IICllO/Jb30B8HH9M llllqJ<pepeHUllpOBaH!rn Ha p930H8HCHOM KOHyTpe np11B9ll9Ha 

Ha p11c. 47. "iTOObl llOOll,TbCH M8KCIIM8llbHOil '1:fBCTBIITe/JbHOCTII llllCKpllMHHaTopa, cxeMa 

Dbl/la B~OHTHposaHa B naHe/Jb <pOTO:fMHO)KHT9/JH RCA 6810'A • .!JHCKpllMHHaTOp COCTO-

HT 113 c6a11aHCHpoaaHHOrO MOCTa C TyHH9/JbHbIM llllOllOM B OllHOM 113 ll/19'1. v!MllY/JbC C 

¢.3Y·, llOlla9TCH K MOCTY qepe3 cnerKa nepeaeMncjJ11posaHHb1il LC KOHTyp, Ha-

CTp09HHblil Ha 80, Mru, II 3anycKaeT llHCKpHMIIHaTop B MOM9HT nepsoro nepeceqeHH!I 

HY/1!1, BbIXOllHOil IIM/J:f/JbC C llllCKpllMHHaTopa llp11B!l3aH K IICXOllHOMy HMllY/JbCY C ¢3Y 

C TO'IHOCTblO 11yqwe 'ISM 0,5 HC9K BO BC9M llllalla3oHe BXOllHblX IIMllY/JbCOB /20:l /. 

3ap!lllOBast 'IYBCTBIIT9/JbHOCTb CX9Mbl paBHa 4 MKMKKY/JOHa = 2,5.107 
e. 

TTp!! IICllO/Jb30BaHHII <1>3Y 6~10A, TaKHM of5pa30M, 'lyBCTBHT9/JbHOCTb llOCTaTO'IHa 

ll/1!1 per11cTpau11H 0Tll9/JbHblX qJOT03/19KTpOHOB C <pOTOKaTOlla <l>SY, TT pH 3TOM BblXOllHOi! 

HMll:f/JhC H3M9HsteTcst TO/JhKO B asa pa3a. 

AMll/JHTYllhl BbIXOllHblX IIMll:f/JbCOB !IM9!0T pa36poc OT !1'19ilKH K !l'!ei!Ke llp!IMepHO 

OT 40 MB llO 100 MB, ecnH He llp0113B0lll1Tb OToopa TyHH9/JbHbIX llllOllOB II TpaH3!1CTOpoB. 

noporosa11 cTaOH/JbHOCTb, OTHeceHHa!I K Bb!XOllY B • cocTaBn11eT 240 MKBi°C 093 

KOMll9HCaUHH II MO)K9T Ob!Tb yMOHbWeHa llO 10 MKBl°C B TeMnepaTypHOM llH8!1830He 

- 3°C - + 35°C. 
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.[ln!I He O'!eHb KpHTH'IHbIX npHMeHeHHli naHenH B38HM038M8H!leMbl .an!I H8CKOnbKHX 

THnOB <pOTOyMHO)KHTenel!. 

PerynHpOBK8 nopora .llHCKpHMHH8TOpa BbIH8C8H8 Ha paCCTO!IHHe, MO,KHO CHHM8Tb 

.aaa cHrHana Ha paam,1e 125-oMHble KaoenH: c BbIXo.aa A -BbIXO.llHOl! CHrHan .llHCKpH-

MHHaTopa H C Bb!X0.08 B - nepeceKalOlllHi! HyneByIO, nHHHIO HCXO.llHblil CHrHan. noc;_ 

ne.aHHi! nponopuHoHaneH aap!l.ay, coopaHHOMy Ha aHo.ae cpoToyMHO,KHTen11, H HMeeT 

aMnnHTy.ay, paBHYIO npHMepHO 10% OT Toll, KOTOpa!I nony'IM8Cb Obi Ha aHo.ae, ecnH 

Obi C Hero CHrHan CHHManc!I np!IMO Ha 125-oMHbli! Kaoenb. no 3TOMy HMnynhcy' MO,KHO 

npOH3BO.llHTb aMnnHTy.llHbiil aHanH3. Ero T8K)K8 MO,KHO Hcnonh~OB8Tb .an!I MOHHTOpHpo

B8HHll • 

.[lHcKpHMHHaTop MOHTHpyeTC!I Henocpe.acTB8HHO no.a naHenbIO ¢3Y Ha_ Kpyrnol! 

ne'!aTHOi! nnaTe. 

Ha pHC. 48 Il0K838H8 38BHCHMOCTb aa.aep,KKH BblXO.llHOrO HMnynbca .llHCKpHMHHa

TOpa OT aMnnHTY.llbl BXO.llHOro CHt'Hana • 

.[ln!I MBnblX CHrHanoa C ¢3Y HMeeTC!I cymecTBeHHOe H3MeHeHHe aa.aep)KKH. npH 

IlPHMepHO TpexKpaTHOM npeBblweHHH nopora 'aa.aep,KK8 CT8HOBHTC!I' Manoi! H He yaenH'IH

aaeTC!I .ao Tex nop, nOKa He H8'1HHaeTC!I H8CbillleHHe ¢3Y. npH ,H8CblllleHHH ¢3Y H3Me-

H!leTC!I cpopMa HMnynhca, '!TO IlpHBO.llHT K OOnbWHM aa.aep,KKaM. I.JTOObl ;'CTp8HHTb 

"TO, npHMeH>teTC!I cneuHanbHblli BhICOKOBOnbTHblil .aenHTenb, ooecne'IHB8IOWHil oonee Bbl

COKHe Hanp11,KeHH!1 Ha nocne.aHHX .llHHO.aax ¢3Y. 

Ha pHc. 49 IlOK83aHa 38BHCHMoc-b aMnnHTY.llbl CHrHana Ha Bb!X0.08 D OT 'IHCna 

cpoToaneKTpOHOB, BbmeTaIOlllHX C <pOTOK8TO.lla. MHHHMBnbH_biil nopor .llHCKpHMHHaTopa 

cocTaBn!leT npHMepHo 5 Ma /no BbIXo.ay B I. 3To cooTBeTcTayeT .llHHaMH'leCKOMy dHa

naaoHy 1.00: I. 

TaK KBK aepxH!l!I rpaHHua nHHei!Holi oonacTH onpe.aen!leTC!I napaMeTpaMH cpoToyM

HO)KHTen!I, .llHH8MH'leCKHil .llHanaaoH MO,KeT Ob!Tb yaenH'leH TOnbKO 38 c'leT IlOBbllll8HHll 

'lyBCTBHT enbHOCTH .llHCKpHMHH8TO pa. 

0.aHaKO MHHHManbH8!1 aenH'IHHa nopora orpaHH'IHB8eTC!I no .llBYM npH'IHHBM. nep-

B811 - B03MO)KHOCTb reHepHpoaaHH!I npH O'leHb HH3KOM nopore. B 3TOM CMbICne repM8HH-

9Bb!l! TYHHenbHbli! .OHO.a nyqwe .aHo.aa Ha GaAs. 

BTopa!I npH'IIIH8 38KnIO'laeTC!I B TOM, '!TO np11 CHH,KeHl!II nopora npOHCXO.ll!IT oonb-' 

WHe H3MeHeHH!I aMnnHTY.llbl BbIXO.llHOro 11Mnynbca. 

BpeM!I BOCCT8HOBn8HH!I .llllCKpHMHHaTOpa COCTaBn!leT 25 HCeK., ¢opMa HMnynbC8 Ha 

Bb!X0.08 .llllCKpHMHH8TOpa nOK838H8 Ha pHC. '50. v!MnynbC-TpeyronbHOI! <pOpMbl, .llnHTenb

HOCTb no OCHOBB.HHIO - 9 HCeK. Ha pHC. 51 nOK83aHa cpopMa HMnynbca Ha Bc!XO.ll8 B 

19 



/25/ • 
8 IIPIIBOL!SITC!l pe3yJ!bTaTbl HCllblTaHHH IIO!lOOHOil cxeMbl C HeCKOJ!bKO apy-

T'HM LlHCKpllMHHaTopoM Hyn11. 

CxeMa BMecTe C cpoToyMHO>KHTeneM HCllb!TblBanacb OT reHepaTopa KOpOTKHX CBe

TOBblX HMIIYJ!bCOB, H3Mep1111acb KpHBaSI aaaep>KaHHblX COBnaaeHHil HMIIYJ!bCOB C Bb!XO!la 

LlHCKpHMHHaTopa u c reHepaTopa. 3TH KpHBble npHBeaeHbl Ha puc. 52. 

Cnaa KpHBOil LlJISI 100 cpOT09JleKTpOHOB paBeH 0,125 HceK Ha aeKaay. , 

C TaKHMH cxeMaMH ocywecTBn1111ocb paaaeneHue no BpeMeHH nponeTa sneKTpOHOB, 

IIHOHOB H MIOOHOB C HMll)'JlbCOM 200 MaB/c Ha 6aae 144 CM. Pt!3Y1lbTHpy10wa11 KpHBall 

npHBeaena Ha puc. 53. 

B1261 
llpHBO!lHTCll aHanH3 cxeMbl C pe3oHaHCHblM KOHTypoM LlJ!ll BXO!lHOro HMllynb

ca TOKa TpeyrOJ!bHOI! cj:,opMbl, H306pa>KeHHOT'O Ha pHC. 54. 

3KBHBaJl8HTHaSI cxeMa p830HaHCHOro KOHTypa llpHBe!leHa Ha pHc. 55. 

TpeyronbHblii HM'lyJ!bC TOKa, KOTOpblll npHKna!lb!BaeTCSI K 9TOMY KOHTypy, MO>KHO 

3allHCaTb B BH!l8: 

i(t)= k
1
t-(k

1
+k

2
),(t-t

0
)µ(t-t

0
), rae 

µ(t-t.)=0 

µ (t '-t ) • l . 
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LlJISI 
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nocneaHee ypaBHeHHe MO>KHO' peWHTb rparpH'l8CKH B aaBHCHMOCTH OT napaMeTpOB 

H ~ 
k2 
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PeweHll!I B Blllle ceMeHCTB8 KpllBb!X np11BeaeHb! Ha p11c, 56. 

'hoobI onpeaen11Tb BpeMeHHY!O HeonpeaeneHHOCTb, Hallo oueHIITb 3HS'IeH11e dV 

dt 
B TO'iK0 HnM, t.ITO TO >Ke caMoe, 

l • 

X 1 MO)KHO onpeaen11Tb, aHa11 nonH hill aap11a Q 1 , coo pa HH h!ll Ha aHoae ¢>3Y, cneay-

!OIUIIM 00p830M! 

0TC!Oll8 

TaKIIM oopaaoM, 

diR(t.) 

dt 

llil!I 

k 
1 

, r!:l. + 1 > 
• k a 

f i( t) dt = 
0 

( kt 
T:""+ 1). 

a 
.Qn!I 11MnynbC8 C nepellHIIM q:,poHTOM 5 HCeK, 38llHIIM q,pOHTOM 10 HC0K, IlO/IHb!M 38pH

llOM 10- 12 
KynoHa II peaoHaHCHOH 'ISCTOTb! KOHTypa 60 Mru 

= 2, yLC = 2.10-g ceK, 

11MeeM Q = 10-
12 

Ky-

5 10-g ceK, !...J.. 
• k a 

(cM. p11C. 55). 

noHa, 

TTOllCTSBil!l!I 3TII 'IIIC/18, IlOily'ISE!M 

= 2,5, 

~ 
HC0K 

t' . = 4,7 

.Un!! repM8HlleBoro TYHH0IlbHoro llll0ll8 C Ip. =5Ma, myMOBOil TOK COCTSBil!leT Ben11•mHy no

p!!llK8 1 11/111 2 MKS, TaKIIM 00p830M, BpeMeHH8!1 ,ueonpeaeneHHOCTb COCTSB/l!leT B0Illl'III

Hy nop!lllK8 o, 1 HCeK. 

Ha pllC, 57 np11Beaeua cxeMa, OTilll'i8IOIU811C!I OT pauee on11caHHOll TO/lbKO TeM, 'ITO 

llllq,q,epeHUllpOB8Hlle BXOllHOrO c11rua11a ocyruecTBilll0TC!I C nOMOIUblO q,opM11pyIOrueil UIIHIIII, 

.Qpyroe OT/111'!118 38K/IIO'I88TC!I B TOM, 'ITO llllCKp11MIIH8TOp II q,OToyMHO)KIIT8/lb C08ll11H8-

Hbl K808Il8M, 
• 

?aC'I8Tbl, auanorll'IHhl8 npellblllYIUIIM, UOK83h!B8IOT, '<TO B cny'Iae, Koraa 

Ma YCT8H8B/IIIB88TC!I HenocpellCTB8HHO Ha <P3Y, B8/lll'IIIH8 ..'!:!..i,_ = 20 ~ 
. . /24-26/ dt HC0K 

)1{8 ycnoBHIIX, '<TO II paHbIU8, On11ca11Hb!e B CX0Mbl H8ll0)1{Hbl B paooTe. 
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VI. 3 a K n ro 'I e H H e 

i-1MeeTCH HeCKOnbKO o6n.rnx Tpe6oBaHHil, KOTOpb!M non>KHbl y noBneTBOpHTb cxeMbJ 

nmr llpHMeHeHHH B 9KC!lepHMeHTax Ha YCKOpHTenHx, 3To: 

1. BoaMO}l{HOCTb rrony'leHHH Manb!X paapema10ll.{HX BpeMeH. 3TOMy Tpe60BaHHIO 

y nOBOOTBOpHIOT Bee cxeMbl, OllHCaHHbJe B o63ope. 

2, Manbllt BpeMeHHoil pa36poc rrocne cxeMbI coBrraneHHii, '!To Ba>KHo rrpH rrocneno

aaTenbHOM BK!l10'1eHHH HeCKO!lbKHX cxeM, 3ToMy Tpe6oaaHHIO ynoaneTaOpHIOT cxeMbl; om1-

caHHble a paanenax III 

ypOBHH 1-2 HaHoceKyHn. 

IV II V , ll03BOnHIO!l.{lfe cBeCTII BpeMeHHOll paal5poc no 

Ill 17-21,24-26/ 3. Mance MepTBOe BpeMH, CxeMbJ, OllHCBHHbie B ' H np.,rro3BOnH-

IDT HMeTb CKOpOCTH C'leTa rropHnKa 50-100 Mru. 

4. BollbillBH npoaon>KHTe!lbHOCTb pa6o'lero Ul!Klla. 3arpy3KH KBHanoB MoryT llOCTH

raTb. 106-107 
l!MfiY!lhCOB 38 UHK!l. 3To npHBOllHT K TOMY, '!TO cxeMbJ llO!l>KHbl HMeTb, 

KBK npaBH!lO, CBSl3H no nocTOHHHOMY TOKY, 'ITOObl H36e>KaTb CMell.{eHHSI ypoa11elt 38 C'leT 

3apHna KOHneHCBTOpOB, 

5. Y'HHBepcanhHOCTb, CxeMbl non~Hbl. norrycKBTb B03MO>KHOCTh HX KBCKB!lHPOBaHIISI 

B p83!lH'IHbIX KOMOHHaUIIHX. B 9TOM OTHOilleHHH OC?6eHHO nepcneKTHBHblM KB>Ke7 .:H Bb1-

nonHeH11e 11x B Bline Monynelt, 

B ol5aope np11aeneHo onHCBHHe HeCKO!lhKHX CIICTeM, ynoa11eTBOpSl10ll.{HX BceM 9THM 

TpeoOBBHIISIM, 

BoaHl!KBeT ecTeCTBeHHbITT, Kaaanocb 6bJ, O'leHb npocToii Bonpoc, KBKBSI H3 9TIIX CHC-

TeM nyqme. TaK KBK Ha Hero BpH,(l nn MO>KHO naTb O!lH03Ha'!HbJil OTBeT, pac-

CMOTpHM naa HaH6onee 'IBCTO BCTpe'IBIO!l.{HXCH Ha npaKTl!Ke cnyqas,. 

Cnyqall He O'leHh. 6onhmoro paa6poca aMnnHTyn cnrHanoB c cj:,oToyMHO>KHTen:11, 

B 3TOM cnyqae, no-BHllHMOMy, He Tpel5yeTCSl 11MeTb O'leHb BbJCOKylO 'IYBCTBH

Te!lbHOCTb, H npnMeHeH11e cHcTeM, onHcaHHbIX a paanenax Ill n IV ~ naeT npe11MymecT-

BO no cpaBHeHHlO C CHCTeMaMH, onncaHHbJMH B pa3nene V , T,K, ll03BO!lHeT CHl!3HTh 

'!Keno cnyqallHblX coananeHHil Ha Bb1xone, 

Cnyqall o'leHb 6onhmoro pa315poca aMnnnTyn cHrHanoa c cj:,oToyMHO>KHTenH. B 

9TOM cnyqae Heo6xonHMO HM0Tb 'IYBCTBHT 0!lbHOCTh anrrapaTypbl, COOTB0TCTBYIOll.lYIO Hec-

KO!lbKllM cpOT03!leKTpoHaM, II npnMeHeH11e cxeM, nonol5Hb!X on11caHHblM B pa3nene V 

no-BH!ll!MOMY, B HaCToHmee BpeMH HBnHeTCSI enllHCTBeHHblM MeTO!lOM !l0CTl!>K0HH!I Ma

llbJX pa3pematoll.{HX BpeMeH, 

B 38Kll10'1eHHe BBTOpbl 6naronap!!T COTpynHHKOB ]Ja6opaTopllll BblCOKllX 9HeprHil 
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p H c. 15. KpHBbI9 aa,aepX{SHHbIX_ coanaaeanl!, B ny'IK9 MHHHMSllbHOll HOHH38UHH. 
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BX0Ll noaaBancH CKa'I0K T0Ka: al 10 Ma; Bl 50 Ma; cl 100 Ma; 
al 5 Ma. OLlHO ManeHbK0e aeneHHe ·= 0,1 HceK. 
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