
11111 

A.C. TpapMMOB, JI.n. qeJIHOKOB 

Uil1POKO~nA30HHID1 AHAJIOrO-Ul14>POBOA 

fiPEOBPA30BATEJib 

10 - 7270 

1973 



A.C.Tpal>JMoB, JI.TT. lleJlllOKOB 

lfil1POKO,D.l1Al]A30HHID1 AHAJIOrO-QH~POBOH 

I1PEOBPA30BATEJih 

10 - 7270 

OM511'1 
5H:6JIH01'E.KA 



ffiupoKo,n;uana3oHHLIH · aHanoro-umppoaoii: npeo6pa3oaa­
Ten1, nocTpoeH c ucnon1,3oaaHHeM npHHUHna nuHeii:Hoii aM· 
nnHTY,Il;HO·BpeMeHHOH TpaHccpopMaUHH C nocne,n;yIO~HM 3a­
nonHeHHeM BpeMeHHoro HHTepaana paBH0MepHLIMH apeMeH­
HhlMH MeTKaMH. 

Ha puc. 1 npe,n;cTaaneHa cpyHK.UHOHanLHa11 6noK· cxeMa 
aMnnBTY,IJ;Ho·apeMeHHoro npeo6pa3oaaTen11. AHanu3upye~ 
MLIH nono:>KHTenLHLIH HMnyn1,c IT0CTynaeT 0,IJ;H0BpeMeHH0 
Ha ,IJ;HCKPHMHHaT0p HH»rnero YP0BHfl /.D:HY / H qepe3 Hop­
ManLH0 0TKPLITLie nHHeiiHLie B0poTa /HOJIB/ - Ha 3apfl,IJ;H0· 

.31?!1 

B. '(}8 

£ tf.1111K. 

Jl.11.!I 

./1817 
Puc. 1 

3 



pa3pH,n:Hoe ycTpoiicTBO /3PYi. 3PY 3ap11:lKaeT 3arroM11Haro-

11111ii KOH,n:eHcaTop .n:o narrp11:lKeH1111, panHoro aMIImITy,o:e 

BXO,n:Horo JIMIIYJibCa. B MOMeHT rrpoxo:lK,n:emrn neplllllllbl 

11Mrrynbca 3PY rrepeKJiroqaeTCH TOJibKO Ha mrneiinh1ii pa3pH,n: 

3arrO.MIIHa10111eii eMKOCTII, a na Jioru~1ecKOM BbIXO.D:e 3PY 
ITOHBJIHeTCH ITOJIO:lKIITeJibHbIH IIMIIYJibC "npeMH npeo6pa3ona­

Hirn"' .D:JIIITeJibHOCTb KOTOporo rrporroprurnHaJibHa aMIIJIIITy,n:e 

BXO.D:HOro IIMITYJibCa. 11MITYJibC "npeMH npeo6pa3onamrn" 

ITOCTynaeT Ha HOpMaJibHO 3aK.pbITblll Kmoq, KOTOpblll IlbIIIOJI· 

JieH Ha .D:BYX BXO;:J;OilbIX cxeMax r "11- HE" /1,2/, pnc. 1. 
Krrro"q ynpaBJrneTCH BbIXO.D:HblM IIMIIYJibCOM JJ:IICKpm.nrnaTopa 

1111:lKHero YPOBHH, pa60Ta10I.Qero B pe:lKHMe Tpllrrepa lIIMH.D:Ta. 

Ecn11 nxo,n:noii HMny.rii;c He .n:ocTHr rropora ,n:11cKpHM11iiauuu 

,n;H·Y, TO KJiroq ocTael_'CH 3aKpbIThIM. B crryqae :lKe· npenhi~ 

IIIeHIIH nopora .D:IICKpllMHHaunn BXO.D:HblM IIMIIYJibCOM BbIXO,n:­

HOH IIMITYJibC ,!J;HY OTKpbIBaeT Kmoq, no,n:roTaBJIHBaH ·ero 

K rrpoXO:lK,n:eHIIIO IIMITYJibC8_1iBPeMeH11 npeo6pa3oBamrn". Kri10~1 

pa6oTaeT TaK, '-ITO npollle~Illllll qepe3 nero IIMIIYJibC "npeMH 

rrpe'o6pa3oBaHIIH" no.n:.n:ep:lK1inaeT ero B oiKpMTOM cocT011~ 

HHII II npu OTCYTCTBHH OTKpbrnaro111ero KJiioq BblXO.D:HOro 

HMI1yJihCa C ,!J;HY' . .o:o MOMeHTa ucqe:rnoneHHH HMITYJibCa 

"npe·Meim rrpeo6pa3onaH1111"· na nxo.n:e Krrroqa. IlpoIIIehIII11ii 

qepe 3 HOpMaJibHO 3aKpb1TblH KJiroq HMIIYJibC "npeMeHH npe­

o6pa30Ba1m11" B ,n:aJihHeiillleM 6y,n:eM Ha3hIBaTb "npeMH 

uyra" .D:JIH Tor·o, qTo6bI OTJI11qa Tb e ro OT IIMIIYJibCOB "npe -

MeHII rrpeo6pa30BaHIIH", KOTOpble IIOHBtiHIDTt~ Ha BblXO,n:e 

3PY B, pe3yJihTaTe aiiarr113a BXOJJ:HbIX•' IIMIIYJibCOB BCex 

aMIIJIJITY.D:, B TOM: qncrre H He .D:OC_TlfflllllX rropora .D:HCKpn­

MHHaUHH ,!J;HY. Ilepe,n:HHM qJpOHTOM HMIIYJibCa "npeMH uyra" 

. 3aKpbIBalOTCH JIIIHeHHbie BOPOT.a II .o:anee y,n:ep:lKHBalOTCH 

IIOTeHUHaJIOM "cyMMapHaH 6JIOKllpOBKa" B ·3aKpbITOM co.~. 

CTOHHHH .o:o OKOHqaHHH perncTpauirn "rrpnIIIe,n:iuero co6bITHH. 

B ,n:aHHOM aMIIJIHTY.D:HO~BpeMeHHOM rrpeo6pa3oBaTeJie /pnc.1/ 

HCKJiroqaroTcH 113 anarrina II B03MO:lKHoii perncTp_au1111 "pe -

3aHbie HMIIYJihCbI", KOTOpbie MOryT B03HHKH.YTb; ecrrn JIii· 

HCHHbie BOpOTa· OTKpblTb IIOCJie rrpoXO)K.0:CHIIH oqepe,n:Horo 

BXO.D:HOro IIMIIYJibCa qepe3 MaKCIIMyM. <l>yHKUIIIO 6noK11pon­

KII "pe3aHbIX IIMIIYJibCOB" BblIIOJIH.HeT "cxeMa qia311pOBKII", 

HCIIOJIHeHHaH Ha .D:BYXBXO.D:OBbIX cxeMaX "11- HE" / 4,5/, 

p11c. l, KOTOpaH rrpo,n:nenaeT IIQTCHUHaJI "cyMMapHaH 6JIOKII· 

4. 

\ 

pOBKa" Ha BpeMH BbIXO.D:HOro IIMIIYJibCa ,D;HY, TeM caMblM 

rapaHTIIPYH TO, qTo B MOMCHT OTKpbIBaHIIH JIIIHeHHbIX BOpOT 

IIOTeHu11aJI Ha BXO,n:e MCHbllle rropora JJ:IICKpllMIIHau1111 ,!J;HY. 

JluueiiHbie Bopoma 

OcHoBa JIIIHeHHbIX BOP OT - IIOCJie,n:ona TCJibHO • rrapaJIJICJib -

HhIH KJiroq Ha rpaH311CTOpax Il30 /p11c. 5/, yrrpann11eMhrii 

rrepeKJIIOqa TeJieM TOKa·. B IICXOJJ:HOM COCTO,HHIIII OTKpbIT 

TpaH311CTOp T 3 II 3aKpbIT TpaH311CTOP T 4 ;·. IlOCTOHHHblH 

yponeHb Ha BblXO.D:e JIIIHeHHbIX BOP OT' HaXO.D:HIIIIIXCH B OTKpbJ • 

TOM COCTOHHIIII, perynupyeTCH BeJI11q11HOH IIOJIO:lKIITeJibHOro 

CMe111eHIIH B 6a3e 3MIITTepHoro IIOBTOPIITeJIH /TpaH311C· 

Top T 2 / 11 ycTaHannm~aeTCH panHhIM "Hynro" c. ToqHoCThIO 

,n:o 0.0:HOrO MIIJIJIIIBOJibTa, qTo II03BOJIHeT IICKJIIOqllTb "rrbe· 

,n:ecTaJI"' II xapaKTepllCTIIKa rrpeo6pa3onaHIIH KO.D:IIJ?OBIIIIIKa 

II03TOMY "CMOTPIIT B HOJib". K03qlql11UlleHT rrepe,n:aq11 nB 

B OTKpbITOM COCTOHHIIII He MeHee 0,9, B 3aKpbITOM - He 

6onee 0,5.10-3 • BpeMH rrepeKJIIOqeHIIH BOpOT 113 0.0:HOro 

COCTOHHIIH n ,n:pyroe He 6onee 0,1 MKCeK. .• 

nor11Ka ABIT C HOpMaJibHO OTKpbITbIMII JIIIHeHHbIMII BO· 

poTaMII II03BOJIIIJia peaJill30BaTb BblCOKYIO JIIIHeHHOCTb xa­

paKTep11CTIIKII rrpeo6pa30BaHIIH I\OJJ:llpOBJ:UIIKa B o6JiaCTII 

MaJiblX aMIIJIHTY.D: IIMIIYJibCOB, a TaK:lKe IICKJIIOqllTb 113 crreKT • 

poMeTp11qecKoro TpaKTa IIPIIHUIIIIllaJibHO Heo6xo,n:IIMYID n JIO• 

r11Ke ABIT C HOpMaJibHO 3aKpbITbIMII JIIIHCHHbIMII BopoTaMII 

JIIIHIIIO 3a,n:ep:lKKII, HaJI11q11e KOTOpoii rrpllBO.D:IIT K .D:OIIOJIHII· 

TeJibHOMY YIIIllpeHIIIO IIIYMOBOH JIIIHIIH 3a cqeT IICKa:lKeHirn 

qacTOTHblX xapaKTepllCTIIK aHaJIH311pyeMoro crreKTpOMeTp11-

qecKoro IIMIIYJibca/2/. 

3ap.Rouo- pa3p.Rouoe ycmpoiicmBo 

3ap11,n:Ho-pa3p11,n:Hoe ycTpOHCTBO /p11c. 2/ COCTOIIT 113 

cpaBHIIBaw111ero .0:llqlqJel)eHUllaJibHOrO YCIIJIIITeJIH Ha IIOJieBbIX 

TpaH311CTOpax, KOTOphlii yrrpaBJIHeT renepaTopoM TOKa 3a­

p11,n:a /rT3/ 3aIIOMIIHaro111eii eMKOCTII II reHepaTopa TOKa 

JIIIHeiiHoro pa3p11,n:a, Ben11q11Ha TOKa' KOTOporo 113MeI:lHeTCH 
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Pac. 2 

B 3aBHCHMOCTH OT aenHtJHHLI MrHOBeHHOro 3HatJ:eHHH Hanpn­
:>KeHHH Ha_ 3anOMHHaI01Ueii eMKOCTH c. B HCXO,I:(HOM COCTon­
HHII, Kor,na Ha axo,ne 3PY - "HonL" H 3anoM1rnaI01UHH Kon­
,neHcaTop C pa3pH:>KeH, o6a TpanJHCTopa .nmbqiepeHu:11anLHOII 
napLI OTKPLITLI H qepe3 Kam,nLIH.H3 HHX TC'ieT nonoBHHHbIH 
TOK reuepaTopa TQKa HCTOKOB. 1'paH3HCTOpLI T 10 T 12 

/pHC. 5/ rT3 OTKpLITbl, H qepe3 HHX JaMLIICaeTC.ll: TOIC 
reHepaTopa TOKa nHneiiHoro pa3p11,na. Bxo,nHoii nono:>KH· 
TenLHLIH m,mynLc HapymaeT 6ana11c TOKOB B TpaH3HCTOpax 
.nH<l><1>epettu:11anLHoro KacKa,na TaK, tJTO 6onLma11 qacTL Toi<a 
TetJeT qepe3 TpaH3HCTOP 1'1 /pHc. 2/, B peJynLTaTe qero 
rT3 4,opcuponaHHO 3apH:>K8.eT 3anOMHHaIOI1lYIO eMKOCTh C ' 
IlOBhIIDaH'ee noTeHU:Han .no aMnnHTy,nHoro 3HatJeHHH BXO,n· 
Horo HMnynLca. Ilo Mepe uapacTaHHH noTeHu:nana Ha eM· 
KOCTH ( C )_ TOK 3ap11,na yMeHLmaeTCH, II B MOMCHT ero pa­
BeHCTBa TOKY · 12, /pHC. 2/ HapacTaHHe IlOT_eHu:Hana Ha eM­
KOCTH npeKpa1UaeTCH. 3TOT MOMeHT,. CO0,TBeTCTByeT .. aep­
IDHHe attanHJHpyeMoro HMn,YnLca. MoMeHTY npoxo:>K,neHHH 
aepmHHhI BXO,I:(HOro HMnynLca CO0TBeTCTByeT pe3KOe HJ· 

I 

6 

j 
I 
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MeHeHHe ypOBHH CHrHami. B u:enH o6paTHOH CBH3H 3ap11,nnoro 
ycTpoiicTBa, B peJynLTaTe qero ,n:mpqiepenu:HanLHhIH KacKa.o: 
HatJHHaeT pa6oTaTL a TaKOM pe:>KHMe, Kor,na 6onLmaH iJ:aCTh 
TOKa reHepaTOpa TOKa HCT0KOB TetJ:eT qepe3 TpaH3HCTOp 
T 2 /puc. 2/. B JTOT :>Ke MOMeHT rT3 JaKpLrnaeTcH H tta· 
tJHHaeTcH nHHeHHLIH pa3pH,n: 3anOMHHaI01Ueii eMK0CTH TOKOM 
I 2 • TaK KaK TpaHJHCTop T 11 /pHc. 5/, B KonneKTope 

KOTOporo Bhl,nenHeTCH HMnynhc "BpeMH npeo6pa30BaHHH"' 
opraHHtJCCKH CBH3aH C JapH,n:Hoii: u:enLIO, TO nepe,nHHH qipoHT 
m-.mynLca "apeMH npeo6pa3oBaHHH" cooTBeT_CTByeT aepmHHe 

. aHanII3HpyeMoro IIMnynLca, IlOTOMY t{TO MOMeHT OTKpLIBaHHH 
TpaH3HCTOpa T 11 /pHC. 5/ COOTBeTCTBYCT MOMeHTY 3aKphI· 
BaHHH TpaH3HCTOpa T 12 • 

llpe,nnaraeMaH-cxeMa 3ap11,n:noro ycTpoiicTBa o6ecnetJH· 
naeT qynCTBHTenLHO_CTh 10-15 MHnnHBOnLT, 'ITO Il03BOnHeT 
aHanoro-u:nqiponoMy npeo6pa3onaTenro perHCTpHpoaaTL HM· 
nynhCLI B IDHpOKOM AHHaMHtJeCKOM .nnanaJOHe aMnnHTy,n. 
O,nHaKO B03MO:>KHOCTL perHCTpaU:HH B IDIIPOKOM ,I:(HHaMHtJec­
KOM ,nHanaJOHe 3aBHCHT He TOilLKO OT qyncTBHTenhHOCTH 
3apn,n11oro ycTpoiiCTBa, TaK KaK MO:>KeT 6LITh CHTyau:1rn, 
Kor.na cKopocTL cna,na 3a,n:Hero qipoHTa aHanHJHpyeMoro 
HMnynLca MeHLme c1rnpocTH cna.na nanpmKeHHH Ha 3an0Mn· 
Haroiu:eii eMKOCTH BO npeMH nHHeHHOro pa3pH,na, H B 3TOM 
cnyqae nuneiinoro npeo6pa3onaHHH A ➔ T He 6y,neT. TaKHM 
o6pa3oM, ananH3 aMnnHTy,n: HMnynLcon n ,n:uanaJone nop11,nKa 
400 B03MO:lKeH IlPH ,nnHTenLHOCTHX BXO,I:(HLIX HMnynLCOB He 
6onhIDC 0,5 MKCeK. 

Bcne,n:CTBHe MHOrHX npHtJHH, aHanH3 KOT0PhIX Tpe6yeT 
cneu:uanLHoro paccMoTpeHHH, npou:ecc pa3pH,na 3a110M1rna10-:. 
iu:eii eMKOCTH C HenHHeeH ,na:lKe npH a6conIOTHO IIOCTOHHHOM 
T0Ke 12 • llo;TOMY n ,naHHOM 3PY /pnc. 2/ reHepaTop TOKa 
pa3pH,na oxaaqeu o6paTIIOH CBH3LIO, Il03BOnHIOIUeii H3MeHHTL 
nenHtJHHY ero ToKa a JaBHCHMOCTH OT MrHonennoro JHatJe • 
HHH HanpH:>KeHHH Ha 3anoMHHaI01Ueii eMKOCTH, · B TaKoii: 
cTeneHH, tJT06LI uMeTL Heo6xo,nHMYIO nuHeiinocTL xapaK· 
TepHCTHKH npeo6pa3oBaHHH K0.D:IIPOBIUUKa, npnqeM xapaKTep 
K0ppeKU:HII ,n:on:>KeH 6LITL Ta.KUM, tJTO c yMeHLmenneM nenn­
tfHHLI U TOK pa3pH,n:a / 2 ,non:>KeH B03pacTaTh. 

C 
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,l(ucKpUMU1lamop 1IUJIC1le20 YP081IJI 

)];HY /pnc. 5/ BhIII0JIHeH Ha K0MnapaTope SN72710 
HBJIHIOl.QeMCH onepaUH0HHhIM ycHJIHTeJieM. ,ll;HCKPHMHHaTop 
HMeeT BhlC0KYIO qyBCTBHTeJihH0CTh H Il03B0JIHeT pa6oTaTh 
C MaJihlMH aMilJIHTy,n:aMH BX0.D:HhIX HMilYJihC0B, HaqnHaH 
C HeCK0JihKHX MHJIJIHB0JihT. 

I'e11epamopbl cepuu 

B ,n:aHH0M aHa11oro-umppoeoM npeo6pa3oeare11e eo3-
M0)KH0 ·npHMeHeHne ,n:eyx reHeparopoe cepHH. 1eHeparop 
cepHH /pHC. 3/ BhIII0JIHeH Ha ,n:eyxexo,n:0BhIX cxeMaX "If-HE". 
OH pa6oraeT Ha qacrore 20 Mru, npocT H K0MnaKTeH, 
xoporno H Ha,n:e)KH0 ynpaBJIHeTCH, o,n:HaK0 C H3MeHeHHeM 
TeMneparyph1 H3MeHnercn ero pa6oqan •rncrora. 3ro nptt· 
eo,n:HT K Heo6xo,n:HMOCTH BKJiroqar&· B noc11e,n:oeareJihHYIO 
uenh pacnpocrpaHeHHH cttrHaJia cxeMy repMoKoMneHcauHH 
,UJIH Il0BhillieHHH TeMneparypHOH CTa6HJihHOCTH pa6oqeii qac­
TOThl reHeparopa /HanpHMep, IlOJieBOH TpaH3HCTOp C TeM­
nepa TYPH0 • 3aBHCHMhIM ,n:eJIHTeJieM B 3a TB Ope/. HacrpoiiKa 
TaKOH cxeMhl Tpy,n:oeMKa H He ecer,n:a npHB0,UHT K )KeJiaeMhIM 
pe3YJihTaTaM. 

Ha pttc. 4 H3o6pa)KeH reHeparop cepHH c KBapueeoii 
cra6HJIHJauneii qacT0ThI, pa6ora10111ttii Ha qacrore 30 Mru. 
BoJ6y,n:nre11i, BhIII0JIHeH no cxeMe Bar11epa H pa6o-

Cepufl 

1----iz(+f 

Pnc. 3 

8 

raer Ha rperheii rapM0HHKe ,n:ecHTHMerarepuHoro KBapue­
eoro peJoHaTopa. <I>yHKUHIO KJIIO'-Ia, nponycKa10111ero cepmo 
ua a,n:peCHhIH cqerquK, BhIIl0JIHHeT rpurrep ITP371. B o6a 
n11eqa rpnrrepa nci ycTaHoeoq11hIM Bxo,n:aM co c,n:euroM 
qia3 Ha 180 ° no,n:aeTCH CHHycou,n:aJihHhIH curnaJI C qacTOTOH 
30 Mru. B HCXO,UH0M COCTOHHHH Tpnrrep no napam1eJihH0MY 
ycTaHoBoqnoMy exo,n:y y,n:ep)KUBaeTCH B COCT0HHHH, npu 
K0T0p0M Ha llhIXO,n:e -renepaTopa "BhICOKHH YP0BeH&" .. Bo 
epeMH nMny11hca " T-npeo6paJoeamrn" rpnrrep qiopMnpyeT 
HMnyJihChl cepHH, qJaJHPYH HX C naqanoM H K0H,U0M HMnyJihCa 
ynpanneHHH. 

B onnchrnaeMoM aHanoro-unqipoeoM npeo6pa3oearene 
JI0ruqecKaH qaCTb ero BhIIlOJIHeHa Ha HHTerpaJihHhIX MHKpo­

cxeMaX rpauJucropuo-rpa11311croplioii norHKH. TpurrephI 
a,n:pecHoro cqerqnKa co -nceMn rrocne,n:ym11111M_11 ycrpoiicrna­
MH coe,n:HIIeHhl' qepe3 iIOpMaJihHO OTKPhIThie KJIJOqu, JaKphl· 
ea10111uec11·no epeirn pa6oThI reueparopa cepuu. '.3ro c,n:e11a-
110· C UeJihlO yMeHbllieHHH UHqlp0BOll ,n:ucpcpepeu:ciuaJihHOH 11e11u­
HellHOCTH AUI1, KOTOpaH HBmieTCH cne,n:CTBIIeM HaB0.D:0K 
M0l.QH~IX ,BhIX0,UHhIX ueneii, CBHJaHHhIX C a,n:peCHhIM cqerqu­
KOM, na Jan0MHHaIOIIIY]O e.MKOCTh ABI1 130 BpeMH ne.pe6poca 
rpurrepon a,n:pec1101:"o _ _'cqerq11Ka ua cra,n:uu 0KoHqauun 1111-
neiiuoro paJpn,n:a 3anoM11Ha10111eii eMKocru. ;; ~ 

XapaKmepitcmu,w Al.(II 

qHCJIO KaHaJI0B - 4095 
IIOJIHPHOCTh BXO,UHhIX HMilYJihCOB, - ~rroJI0)KHTeJibHaH 
MaKCHMaJihHaH aMnJIHTy,n:a BXO,,n:HhIX 

~· .. .. 
HMilyJihC0B · 10 B0JihT 
BpeMH 3ap11,n:a 3anoMm~alP111eii 
eMKOCTH 

, -6 
- He 6011ee 0,2.10 ceK 

,D;unaMHqecKuii ,n:mpJa30H· ,n:m1 
HMnyJihC0B ,n:nnTeJihHOCTH 
0,5.10-6 CeK _ . 
qaCTOTa renepaTopa tiyra 
Hnrer.paJihliaH 11e111iH~iiHocrh:· 

- 400 
- :' 20 ·n11u 30 Mru 
- ; /O,O5±O,O2o/o/ 
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,ll;Hq>qiepemrnanbHaH HenHHeHHOCTb 
TeMIIepaTypHaH HeCTa6HITbHOCTb 
C KBapn;eBOH CTa6HnH3a1rneii 
qacTOTbI reHepaTopa cepHH 
B .n;HanaJoHe 0-45° 

- /l±0,5o,to/ 

- He 6onee 2,5.10-sc 
/0,1 KaH.rpa,u. C .UnH MaK· 
CHManbHOH aMnnHTY.Uhl/. 

B 3aKmO'leHHe aBTOpbl Bblpa:>KalOT 6naro.uapHOCTb 
B.r .Cy66oTHHY 3a noMOIUb npH pa3pa6oTKe npeo6pa30-
BaTen.11 H yqaCTHe B o6cy:>K;:i:eHHHX. 
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