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rrapaMeTpOB rrpHCYllIJf <P0PMYJIHpOBRe pHll:a 3all:aq ll:HarHOCTHRH YCROpHeMOrO nyqRa, 

HMnYJIbCHOrO HeitTpoHHorO RCTOqHRRa /6, 9j. 

B 06JIaCTH OqeHb MaJIhIX BpeMeH (HaHoceRYHll:HhIX TaRToB) npell:CTaBJIHeT HHTepec 

pa3pa60TRa CHHxpOHHoro perRCTpaTopa rpynnhI BpeMeHHhIX R aMnJIRTYll:HhIX napa­

MeTpOB Ra}{{ll:OrO H3 ll:eTeRTHpyeMhIx CRrHaJIOB, CTpYRTypa ROToporo (Ha 6a3e HOBhIX 

cBepx6blc;PhIX UH<PPOBhIX R aHaJIOrOBhIX RHTerpaJIb~hIX cxeM) n03BOJIHJIa 6hI He TOJIbRO 

CORpaTHTb Oll:HOTRrrHhIe 6hICTphIe cxeMhI napaJIJIeJIbHhIX RaHaJIOB, HO R peammoBaTb 06­

IUYIO ll:JIH rpynnhI napaMeTpoB TOqHYIO CRHxpoHH3aURIO Ramll:Oro OTCqeTa HX 3HaqeHHit 

BO BpeMH 3a.n;aHHoro nepHOll:a H3MepeHRit. 

B03MO}{{HOCTH oCYIUeCTBJIeHHH CHHxpoHH3an;RR (TOqHOit aHaJIOroBoit, cTa6RJIbnoit 

.n;HcRpeTHoit BpeMeHHoit npHBH3RH) CYIUeCTBenHO YCJIO}{{HHIOTCH npH Tpe60BaHHR MHO­

rORpaTHoro OTCqeTa napaMeTpOB rrOCJIe Ramll:OrO cTapTa H3MepenHH BpeMeHHhIx RHTep­

BaJIOB. B cJIyqae ll:RCRpeTHoit CRHxpOHH3an;RR Tpe6yeMoro qHCJIa M OTCqeTOB YCTaHa­

BJIHBaIOIUHeCH COCTOHHRH CqeTqHROB TaRTOB (ROll:hI npeo6pa30BaTeJIeit) ll:OJI}{{HhI <pHR­

CHpOBaTbCH B 6y<pePHOM perRCTpe nOCJIe Ramll:OrO H3 M cTpo60B aMnJIHTY.ZJ:hI (HaqaJIa 

perHCTpaURH), CHHXPOHHO C Oqepell:HhIM TaRTOM, MRHHMaJIbHhIit nepHOll: ROToporo T 

OrpaHHqeH cYMMapHhIMH 3all:ep}{{RaMR npHMeHeHHhIx HC. TIPH o6eCneqenHH pe}{{HMa 

rrpOll:JIeBaeMOro OTCqeTa peaJIbHO 3HaqRTeJIbHOe cORpaIUeHHe cxeM npHBH3RH H OTC­

qeTa (.n;o M-l cxeM CqeTqHROB THna cTapT-cTon, Tpe6yIOIURxcH npH napaJIJIeJIbHoit 

cxeMe). ilPR HaHoceRYHll:HhIX ll:JIHTeJIhHOCTHX T :no .n;OCTHraeTCH B .n;aJIhHeitmeM no 

Mepe peaJIH3aUHH all:eRBaTHhIX TeXHOJIOrRit cy6naHoceRYHll:Hoit cxeMOTeXHHRH H yCJIO­

BRa COBMecTHoit YCToAqHBoA pa60Tocnoc06HOCTH (nOMeXOYCTOAqHBOCTH, cTa6HJIbHO­

CTH B ll:Hana30He pa60qRX H.;tnpH}{{enHit, TeMnepaTYP) B THnOBOM Mo.n:yJIe perRcTpHpy­

IOIUeit CHCTeMhI. 

IIepcneRTHBHoCTh pa3pa6oTRH TaRHX perHCTpHpYIOIURX Mo.n:yJIeit 060CHOBhIBaJIaCb 

B03MO}{{HhIMH CROPOCTHhIMH xapaRTepHCTHRaMH HaH60JIee RpHTHqnoit qaCTH cxeMhI CHH­

xpOHH3an;HH MHorORpaTHoro OTCqeTa 3HaqeHHtt BpeMeHHoro HHTepBaJIa. HCCJIell:OBa­

JIHCh BapHaHThI cxeMhI C MaJIoA ll:JIHTeJIhHOCThIO T CHaqaJIa na OCHOBe 60JIee ll:OcTynHhIx 

6hICTPhIX HC 8CJI, 3aTeM HC 8CJI nOBhImeHHoro 6hIcTpoll:eAcTBRJI H cy6HaHoceRYH­

.n;HhIX HC cpe.n;Hett HHTerpan;HH, COOTBeTCTBeHHO cepHA 500 (MCIO), MClOH H 1500 

(FlOOK), HJIH HX ROM6HHan;Htt. 3 



,lJ.JIH CXeM Ha OCHOBe ,lJ,BYX MC 4-paapJI,lJ,HOrO CHHXpOHHOrO CqeTqHKa 500ME136 

HJIH MClOH136 (qaCTOTa CqeTa ,lJ,O 100 H 250 Mru., THnOBoe BpeMJI 3a,lJ,epH<KH 5 H 

3,2 HC) C CHHXPOHHhlM Bhl6opOM peH<HMOB YCTaHOBKH H CqeTa nOCJIe cTpo6a "CTapT", 

perHCTpa 500MP141 C CHHXpoHHOit 3anHCbIO (3 HC) nOCJIe cTpo6a "PerHCTpau.HJI" H 

MC TpHrrepOB npHBJI3KH cTpo6oB K CHHxpOHMnYJIbCaM ,lJ,JIHTeJIbHOCTb T OrpaHHqeHa 

CYMMapHhlMH 3a,lJ,epH<KaMH nepeHoca - nOpJI,lJ,Ka 10-20 HC. CxeMa Bhl60pa peH<HMOB 

onpe,lJ,e'JIHeT ,lJ,OnOJIHHTeJIbHhle 3aTpaThl JIOrHqeCKHX MC H Sa,1l;epH<KH CqeTa. 

,lJ.JIH nOCJIe,D,yIOmHx BapHaHToB cxeMhl CqeTqHKa C 6hlcTPOit YCTaHoBKoit THna 

MC10H016 YKasaHHhle OrpaHHqeHHJI 3aMeTHO MeHbnre. IIpH KOM6HHHpoBaHHoit cxeMe 

MC CqeTqHKa, nepeCqeTBhlX KaCKa,1l;OB Ha TpHrrepax 500TM231 HJIH 1500TM131 (250 

H 500 Mrn, 2,5 H 1,4/2,1 HC) H JIOrHKH, ,lJ,OnycKaIOmeit Y,lJ,BoeHHe CKOPOCTH CqeTa, Tpe­

6yeMoe cOKpameHHe TaKTa,lJ,O 5-10 HC 3aTpY,lJ,BeHO POCTOM cYMMapHhlx sa,lJ,epH<eK H3-3a 

YCJIOH<HeHHit JIOrHKH wnepeHoca H YCJIOBHit COBMecTHoit YCTOitqHBoit pa6oTocnoco6ocTH 

CMC cepHH 1500 H l1C c::eTqHKa (Tpe6YeTcJI nepe,n:aqa napa<pa3Hhlx CHrHaJIOB Cl1C 

qepe3 .D:H<p<pepeHnHaJIbHhlit npHeMHHK 500JIII216, 1,8 HC). ,lJ.JIH npe,lJ,eJIbHO MaJIhlX 

,lJ,JIHTeJIbHOcTeit T' npHMeHeHa MeHee CJIOH<HaJI CTpYKTypa Ha OCHOBe 60JIee MOJIJ,HhlX 

Cl1C CqeTqHKa 150011E136 (400 Mrn, 1,5/3,0 HC), perHCTpa 150011P141 (1,9 HC) 

H ,lJ,PyrHx HMeIOmHXCJI Cl1C JIOrHKH (0,9/1,7 HC). IIocJIe KOHCTpYKTHBHoit ,lJ,Opa60TKH 

OHa JIBHJIaCb OCHOBoit ,n:aJIee onHChlBaeMoit cxeMhl MO,lJ,YJIJI. 

C TOit H<e u.eJIbIO paapa6aThlBaJIHCb BapHaHThl aHaJIOroBoit qaCTH cxeMhl Ha OCHOBe 

El1C 6- HJIH 8-pa3pJI,n:Horo AIJ;II napaJIJIeJIbHOrO THna 1l07IIB3, IIB4 (qaCTOTa npe­

o6pa30BaHHJI ,lJ,O 50-100 Mru.) H HaHoceKYH,lJ,HhlX aHaJIOrOBhlX cxeM Bhl6opKH-xpaHeHHJI, 

nO,lJ,06HhlX paHee omlcaHHhlM /5/, a TaKH<e Ha IIB2 (20 Mrn) C COBMecTHMoit CBX, 

nO,lJ,KJIIOqaeMoit ,lJ,JIH 06eCneqeHHJI rapaHTHpoBaHHoH JIHHeitHocTH, MOHOTOHHOCTH xa­

paKTepHCTHKH npeo6pa30BaHHJI, KOr,lJ,a CKOPOCTb H3MeHeHHJI (cne~Tp) CHrHaJIa npe­

BhlmaeT 20-45 B/M~C (2,5-7 Mrn). IIocJIe,lJ,HHit BapHaHT (TaKH<e C KOMnbIOTepHoit 

onTHMH3anHeit, DESIGNER) BKJIIOqeH B COCTaB npe,lJ,CTaBJIeHHoit cxeMhl. 

,lJ.ocTynHhle 3JIeMeHThl CxeM:QI H YCJIOBHJI KOMnOHOBKH 'Ha nJIaTe THnOBoro MO,D,yJIJI 
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KAMAl{ (c Y'lJeTOM ,llOnYCTHMhIX TOHOB BCTpoeHHhIX HCTO'lJHHHOB -4,5 H -2, a B, 

pa60'lJHX TCMnepaTYP CIIIC, BbICOHO'lJaCTOTHbIX pa3BH30H, nOMeX03aIUHIUeHHOCTH HaH 

ananorOBOH, TaH H UHq,OBOH 'IaCTH) onpe,llenHnH CTPYHTYpy H 'lJHCnO HaHanOB OTC'lJeTa 

3 napaMeTpOB, C q,HHcaUHeH 3Ha'lJeHHit 3a,llep}HHH, BenH'lJHHhI H 'lJHCna CHrHanOB (8, 8 

H 16 6HT) ,llnH nOCne,llYlOll{eH 3anHCH B 6yq,epHYIO naMHTh (32 6HT, 100 HC), nepe,lla'lJH 

'lJepe3 HHTepq,eitc MarHcTpanH. 

CxeMa H3MepHTenhHoro MO,llynH npe,llCTaBneHa Ha npHBe,lleHHOM pHcYHHe B He­

ClwnbHO ynpOIlleHHoM BH,lle (onYIUeHhI HeHoTop-ble IIo,llpo6HOCTH pa3BH3HH ueIIH IIH­

TaHHH, HarpY3HH CIIIC 3CJ1 M cornaCOBaHHH nHHHit CBH3H npH nOcne,llOBaTenhHOM 

o6xo,lle npHeMHHHoB). OHa nOCTpoeHa TaH, lITO n03BonHeT opraHH30BaTh pe>JiHMhI OTC­

'lJeTa 3Ha'lJeHHii 3a,llep}HHH B ,llHana30He H3MepHeMhIX HHTepBanOB ,llO 255T OTHOCHTeJIhHO 

CTapTOBoro HMnynhca ST, aMnJIHTY,llhI HanpH}KeHHH ,llO -2 B HnH cTpo6HPyeMoit BhI­

60PHH BenH'lJHHbI aHanorOBoro CHrHana AS, a TaK}He 'lJHCna CHrHanOB Ha BXO,lle NS, 

nocne ,llOCTH}KeHHH noporOBoro ypOBHH, aMlInHTY,llhI AS HnH nocTynneHHH Ha BXO,ll RG 

BhI,lleneHHoro HMIIynbca (cTpo6a IIpHBH3HH Ha'lJaJla perHcTpallHH) H IIpH HanHlJHH pa3­

pernalOIUero ypOBHH RE (uaIIpHMep, OT TaiiMepa). 

AHanoroBaH 'lJaCTh aMIInHTY,llHOrO HaHana COCTOHT H3 cxeM COrJIaCOBaHHH-YCHJIeHHH, 

BhI6oplm-xpaueuHH H3MepHeMoH BenH'lJHHhI (MHHpocxeMhI DA 1, DA3, TpaH3HcToPhI 

VT1 VT5), ,llHCHpHMHHaTopa co cne,llHIUHM noporoM (DA2) ,llnH q,OpMHpoBaHHH 

cTpo6a, HoppeHTHpyeMoro HCTO'IHHHa oIIopHoro uaIIpHmeHHH (DA4, VT6) H Aun 

(DA5) C BhIXO,llOM lIa 6yq,epHhIH perHcTp. npHMelleHhI onepaUHouHhIe YCHnHT~nH 

154Y.lL4 (CHOPOCTb napaC'raHHH 0,4 B/lIc), 140Y.lL708, HOMnapaTop 597CAl (BpCMH 

nepeHnlO'lJeHHH 6 HC), npeo6pa30BaTenh l107f!B2, TpaH3HCTOPhI rpynn KT355, 316, 

347, 633, 814. Pe}l{HMhI xpaucHHH CBX, BhI6oPHH-HO,llHpOBaHHH H 3aIIHCH ,llaHHhIX 

AUf! BHJIIO'IC3:IOTCH IIOcne,llOBaTenhHOCThIO HMIIynhcoB, q,0pMHpyeMoit nocne cTpo6a. 

B pC}HHMaX pa60ThI C ,llHCHpHMHHaTopoM OTHnlO'Iena ero 6noHHpoBHa HnlO'IeM SW, 

3al{aHbI ne06XO,llHMbIH nopor, l{enHTCJlb, RC-3a,llep}HHa q,pOlITa BXo,llHoro CHrHana. 

BpcMeHHoH Kanan COl~ep}HHT cxeMhI <j>OpMHpOBaHHH 3CJ1 ypOBHeii BuelllHHX CH­

ruanos ST, RG, RE (V1'7 VT9) H HOPOT]{HX CTpo6oB iIO <PpOIITY S1', RG (001, 
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(DD2), reHepaTOp H <pOpMHpOBaTeJIl> 3a.n;eplKaHHbIX TaKTOBbIX HMrrYJIl>COB (DD3), ClleT­

11I1KI1 TaKTOB (DD5, DD6), TpHrrepbI CHHXpOHH3aIJ;HH (DD4), perHCTp (DD7) H rrpe­

06pa30BaTeJI11 ypOBHH 8CJ1-TTJ1 (DD8, DDI6). llCrrOJIl>3YIOTCH .n;IiI<p<pepeHIJ;HaJIb­

HhIe rrpl1eMHI1KI1 1500J111114 (500J111216), JIOrl1qeCKIiIe CXeMhI II C 06:m;HM BXO.n;OM 

1500J1M102, CI1HXpOHHhIe DV-Tpl1rrepbI TM131, CQeTllIiIKI1 llE136, perHCTp .llP141 

11 TpaHCJIHTOPhI 11YI25. 

CXeMhI OTCqeTa QI1CJIa HMrrYJIbCOB H yrrpaBJIeHHH BKJIIOQalOT <P0pMIiIpOBaTeJIIiI TTJ1 

ypOBHeit NS, RE (VTI0, DD8), .n;JII1TeJIbHOCTH 11 3a.n;eplKKIiI I1MrrYJIl>COB NS (DD9), 

CQeTQI1KI1 (DDlO -- DD13) 11 perHCTpbI (DD14, DDI5), a TaKlKe JIOrIiIlleCKIiIe .9JIe­

MeHThI 11 TpHrrep, <P0PMHpYIO:m;He I1MrrYJIbCbI .n;JIJI AU11 H perHCTpa (DDI7). CxeMa 

I1HTep<peitca MarHCTpaJIIiI KAMAK IiI rraMHTH BUF co.n;ep~IiIT cTp06IiIpyeMhIe <P0PMH­

pOBaTeJIH Ko.n;a .n;aHHhIX (DDI8 - DD26), .n;emIiI<ppaTOp <PYHKIJ;IiIit, TpIiIrrepbI 3arrIiIC11 

H pa3pemeHIiIH CIiIrHaJIa 3arrpoca H .n;pyrl1e .9JIeMeHTbI CTaH.n;apTHoit JIOrIiIKI1. llcrroJIl>­

3yeMhle llC cepHH 1531 IiIJIH 1533 (531, 555): 0.n;HoBH6paTopbI Ar3, ClleTllHKIiI llE7, 

perIiICTphI llP27, llP23, TpHrrephI TM2, MarIiICTpaJIl>Hhle YCHJIIiITeJIIiI AII3 H .n;pyrIiIe 

llC TTJ1. 

PeaJI113yeMhIe <PYHKIJ;I1IiI KAMAK: F(O) HJIH F(l) - llTeHIiIe KO.n;OB (R1 - R16) 

aMrrJII1TY.n;hI. H BpeMeHIiI IiIJII1 11I1CJIa (oTBeT X=Q=l); F(8) rrpOBepKa 3arrpoca L 

(X=l, Q=L); F(lO), F(24) 11 F(26) c6poc, 3arrpeT HJIH pa3pemeHHe Cl1rHaJIa L 

rro cTpo6y S2 (X=I, Q=O); Z*S2 - HallaJIbHaH YCTaHOBKa (RS), c6poc IiI 3arrpeT L. 

C6poc MOlKeT 6bITb BbIrrOJIHeH TaKlKe OTBeTHbIM CIiIrHaJIOM rOTOBHOCTH rraMHTH (RM) B 

pelKl1Me rrpIiIeMa .n;aHHhIX (Dl D32) rro 3arrpocy LM. 

Bcero B cxeMe rrpIiIMeHeHO 38 MIiIKpocxeM 11 12 TpaH3IiICTopOB. OCHoBHbIe IiICTOllHIiIKIiI 

rrl1TaHIiIII MO.nyJIlI: -6 B (1,8 A), +6 B (0,7 A) IiI ±24 B. 

BpeMeHHbIe .n;HarpaMMhl OTClleTa 3a.n;aHbI pelKHMaMH pa60TbI reHepaTopa IiI cxeMbI 

CHHxpOHI13an;IiIH C TaKTOM 5 (HJIH 10) HC rrpIiI 3a.n;aHHOM .n;uarra30He .n;o 1275 (2550) 

HC. PelKHMbI OTClleTa MoryT 6hITb HHHIJ;HHpOBaHhI rrpH pa3pemalO:m;eM ypOBHe RE, KO­

r.n;a CHHTa 6JIOKHpOBKa reHepaTopa DD3, TpIiIrrepoB DD4 H ClleTllHKa DDI0 - DD13. 

«!>0pMIiIpyeMbIe cTp06bI ST H RG (c .n;JIHTeJIDHOCThlO, orpaHHlleHHoit BeJIIiIllHHoit T) 
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BhInOJIH1HOT COOTBeTCTBeHHO YCTaHOBKY ClIeTlIHROB DD5, DD6 H BRJIlOlIeHHe TpHrre­

pOB DD4. TIocJIe cTpo6a ST HatIHHaeTC.fI ClIeT perHcTpHpyeMoro 'IRCJIa HMnYJIbCOB 

reHepaTopa (RBapn QR, ROHTYP LK Ha tIaCTOThI 100, 200 Mrn). TIocJIe cTpo6a RG C 

BRJIlOtIeHHeM nepBoro TpHrrepa D D4 pa3pemaeTC.fI BRJIlO'IeHHe BToporo. BTOPOH TpHr­

rep BRJIlOtIaeTC.fI H 3aTeM BhIRJIlO'IaeTC.fI (BMecTe C nepBhIM) O'Iepe,n;HhIMH HMnYJIbCaMH 

reHepaTopa. CHrHaJI BToporo TpHrrepa HcnoJ!b3yeTC.fI )l.JI.fI BhI60pa pelKHMa perHcTpa 

DD7, r,n;e 3aHeceHHe Ro,n;a BhInOJIH.fIeTC.fI3a,n;eplKaHHhIM (HHBepTHpoBaHHhIM) CHHXPOHM­

nYJIbCOM. TIpHlIeM,,n;JI.fI YCToAlIHBOH CHHXPOHHOCTH nepeHOCOB no,n;alOTC.fI onepelKalO­

mHe CHHxpoHMnYJIbChI Ha nepBhIA ClIeTtIHR, a BpeMeHHoe nOJIOlKeHHe CHrHaJIOB 060HX 

C'IeT'IHROB OTHOCHTeJIbHO CHHxpOHMnYJIbCa perHcTpa BhIpa~HHBaeTC.fI C HCnOJIb30Ba­

HHeM ROMneHCHpYlOmHX 3a)l.eplKeR, cBo6o,n;HhIX 3JIeMeHTOB DDI - DD3. TpeTHH TpHr­

rep DD4, BRJIlO'IaeMhIA TaRlKe nOCJIe cTpo6a RG, cpopMHpyeT RopOTRHe napacpa3HhIe 

CHrHaJIhI, ROTophIe nepeRJIlOlIalOT CBX B pelKHM xpaHeHH.fI Ha BpeM.fI BhI60PRH AnTI. 

8TH CHrHaJIhI HCnOJIb3YlOTC.fI ,n;JI.fI CPOpMHpOBaHH.fI HMnYJIbCOB )l.BYX TaRTOB BhI6oplm­

Ro,n;HpOBaHH.fI (50 HC) H 3a)l.eplKRH 3anHCH )l.aHHhIX AnTI B perHCTp, a TaKlKe BRJIlO'Ie­

HH.fI TpHrrepa CHrHaJIa L. TIoCJIe,n;HHH CHrHaJI yrrpalJJI.fleT pelKHMOM 3aHeCeHH.fI Ro,n;a H3 

C'IeTlIHRa HMrrYJIbCOB NS B perHCTp. 

TIPH MHHHMaJibHoH )l.JIHTeJIbHOCTH BhI60PRH B HCnOJIb3yeMoM BpeMeHHOM ,n;Harra30He 

ROJIHtIeCTBO OTCtIeTOB M MOlKeT ,n;OCTHraTb 10 (HJIH 20). 8TO 'IHCJIO rrpH Heo6xo,n;HMOCTH 

MOlKeT 6hITb 3HatIHTeJIbHO 60JIbme, ,n;JI.fI BapHaHTa cxeMhI C AnTI THrra 1l07TIB4 -- B 5 

pa3 HJIH 60JIee (B rrepcneRTHBe). 

,ll.aJIbHeHmee rrOCJIe,n;OBaTeJIbHOe YMeHbmeHHe ,n;JIHTeJIbHOCTH TaRTa T, JIHMHTHpye­

Moro THrrQBhIMH (MHHHMaJIbHhIMH) 3a,n;eplKRaMH CI1C cy6HaHoceRYH,n;HoH cepHH, o6y­

CJIOBJIeHO HMelOmHMC.fI 3anaCOM YCTOHlIHBOH pa6oTocrroco6HoCTH rrpHMeHeHHhIx cxeM 

OTClIeTa, a TaRlKe B03MOlKHOCTblO HacTpoHRH reHepaTopa CHHXPOH~iIIYJIbCOB B ,n;Harra­

30He pa60'IHX 'IaCTOT. TIpe,n;eJIbHhIe xapaRTepHCTHRH HOBhIX cy6HaHoceRYH,n;HhIX CI1C, 

BI1C 8-pa3p.fl,n;Horo CHHxpOHHoro CtIeT'IHRa MorYT CTHMYJIHpOBaTb cymecTBeHHoe rrpo­

,n;BHlKeHHe R HaHoceRYH,n;Hoii ,n;JIHTeJIbHOCTH TaRTa, rrpH B03MOlKHOM 3Ha'IHTeJIbHOM tIH­

CJIe M OTCtIeTOB. 
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9TO nOKa3bIBaeT HMeIOIIl;l-ieCJI nepCneKTHBhI pa3BHTHJI paCCMOTpeHHhIX MeTO)l,OB MYJIb­

THnJIeKCHpOBaHHhIX H3MepeHHH, CXeMhI MHOrOKpaTHOrO OTCqeTa rpynnhI' BpeMeHHhIX H 

aMnJIHTY)l,HbIX napaMeTpOB C B03MOmHOCTbIO )l,HCKpeTHOH CHHXpOHH3aUHH B HaHOCeKYH­

)l,HOM )l,Harra30He. 

B 3aKJIIOqeHHe HCKpeHHJIJI 6JIarO)l,apHOCTb r.M.Tep-AxonbJlHY. E.A.MenemKo. 
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