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aiteKTpOHHl:le ycTaHOBKR HnepHO-(pR8HqecKoro 8KCllBpllMBHTa,HllJIIDlch 

RHipopMaD;HOHHO-ll3MBPHTBJ1&HHMH CHCTBMaMH,m.!BIDT onpeneJieHayD cneunipllKY, 

BHpruitaIOUIYJ'.)CJI B: 

I) RMllY~bCHOM BH.nB ll CJIYqaHHOM xapa.KTepe llOCTYMBHWl naaHHx, 

2) HaJillqllll 60~blllOro KOnHqecTBa ipoHOBHX npouecCOB, T.e. "IDiipopMaD;llOH

HOro myMa",H BHTBKaKJmeii oTcro;a npo6JJ:eMbl BHneneHWI HCKOMhlX co6HTllli~ . . 
HMeeTCH pHn nono~HllTBJ1&HHX_oco6eHHOCTeR, BHUBJIJ'IlOmHX 8KCllBpllMBHTaJihHYJO 

annapaTypy <pHSllKll BHCOKHX SHeprHR B CaMOCTOHTBRbayD o6JJ:aCTb s~eKTpOH

HHX MBTOUOB perncTpaD;llH HnepHHX llMJqea;m. K HllM MOlKHO OTHBCTH: 

3) cneuHiplllty, nopo11tnaeMJID HCllOJ1&8YBMhlM~ABTBKTOPaMll, BllUOM ll pacnpe

ne~BHllBM CHI'Ha.JIOB C llX BHXOUOB. 

3HatrnT8JlbHH8 MaCm'l'aOH !pll3Hl!BCKHX yCTaHOBOK, oco6eHHO nocne,n;Hero 

,n;eCHTllJIBTHH, oClyCJiaBJIHBaDT: 

4) llOBHlllBHHHe Tpe6oBaHHJl K 6ucrponeiicTBllID CHCTBM, BH8BaHHHe 60~hIIIHM 

KO~HqecTBOM HCXOUHOR HHipopMauRH, llOCTynaromeii B BUHHHUY BpBMBHH, 

5) llOBHlllBHHHB rpe6oBaHHJl K YPOBHID OT6opa BCJIBUCTBHB HB06XOUHMOCTH 

BHUBMTb co6HTHJl no 60J1&lllBMY qHCJIY npll8H8KOB, 

6) 60~blll08 KonnqecTBo peracrpnpyeMOI HH<pOPMa.UHH 06 HCKOMOM co6HTHH 

H CBH8aHHHe C 8THM npo6JJ:eMbl paD;HOHaJibHOro cqnTHBaHHJl UaHHHX B H0.KO

IIHTBJ1&, 

7) IIOBHlll8HHHe Tpe6oBaHHH K aanelEHOCTH, CHHlEBHHJO TPYUOBMKOCTll, 

ra6apHTOB ll IIOTpe6JIJieMOR MOmHOCTll, 

8) Tpe6oBaHWI o6ecneqeanH ~BKTPOHHHX ycTaHOBOK 8BTOMaTH81WOBaHHHMH 

CllCTBM8Mli ,KOHTpoM B UBRHX IIOBHIIIBHM aqxpeitTHBHOCTH llCII0~:&80BaHHH 

noporocToHmero BpeMBHH 8KCIIBpHMBHTa. 

IlpencTaBMBMaH .nnccepTauHH OCHOBaHa Ha MaTepnanax HCC~enoBaHHii 

H paapa6oTOK /!+84/, BHIIORHBHHHX 8BTOPOM B OCHOB~OM B I970t77rr.B 
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UeJU,ID pa6oTH HBJif.lJIOCb paSBHTHe MeKTpOHHliX MeTonoB peracTpan;HH qac

THU BHCOKHX aueprliii COBpeMeHHOro aBTOMaTH8Hl)OBaHHOro qlH8HqecKoro 

8KCnepHMeHTa. IlpennocwntaMH pa8BHTHSI Ha COBpeMeHHOM 8Talle SIBWIHCb: 

BBeneHHe MHHH-3Hi1 TpeTbero IlOKOJI8HHJI HenocpencTB8HHO B CTpJKTYPY 

8KCnepHMeHTaJibHOro KOMilJleKca, IlOSIBJieHHe'6liCTponellcTBYIDU!HX HHTerpMi,

HliX cxeM, BHenpeHae MelltnyHaponuoro cTaunapTa KAMAK(BeKTop), paapa-

6oTKa MHoronpOBOJIQqHliX neTeKTOpOB HOBliX THilOB. 

AKTYMbHOCTb npo6JieMH onpeneJJ.lleTCH BruKHOCTI>ID aanaq, pemaeMWC 8J.18KT

poHHKOll peracTpal.l;HH B qlH8HqecKOM 8KCil9pHM9HTe. ~YIDmHH, KOTOplie 

BlillOJIHJIST COBpeMeHHaa annapaTypa perHCTpal.l;HH, COCTOJIT B c~eMe Bpe

MSHHOll HHq)OpMal.l;HH c ~eTSKTOpOB, OT6ope HCCJienyeMWC B Jl8,HHOM 8KCnepH

MeHTe nponeccoB, H8MepeHHH HX OCHOBHliX napaMeTpOB H npeo6paaoBaHHH 

o6paaa nccJienyeMoro co6HTHH B ,nBoaqHo KOnH!)OBaHHliS qHCJia Il,llH noCJie

nyIOIJ{ett nepenaqH we B HaKOilHTeJU,·{3H4). B CHJIY aToro ~auuaa annapa

Typa B 3HaqHT8Jll,HOtt CTeneHH onpeneJJ.lleT B08MOlltHOCTH, HeceT Ha ce6e 

BCID cnenli(pHKy IlpOBOnHMoro 8KCil9pHMeHTa, .ero aanaeTCH nocTOBepHOCTI, 

no.nyqaeMHx pesyJU,TaToB. 

.nocTIDK9HH9 ,YKa8aHHOll UeJIR IlOTpe6oBMO pemeHHSI neJioro KOMilJISKCa 

npo6JieM. 

ABTOP saaµunaeT uacToamett pa6oToll: 

I. Pemeuae 06U!HX TeopeTHqecKHX BOilpOCOB 8JI8KTpOHHott M8TOnmtH 

qiHaHqeCKoro aKcnepHMeHTa. 

2. Ilp9ItJIOllt9HHli9 MSTOilpl pememm pana aanaq H paapa6oTRy OPHI'HHaJibHliX 

CX8MHliX pemeHd YMOB HaHOCeKyHnHott anepHoll 8JieK~OHHKH. 

3. Paapa6oTKy H BHenpeHHe B 8KCil9pHMeHT Ha6opa 6JIOKOB B CTaHnapTe 

KAMAIC, IlOJIHOCTI,ID OXBaTHBaromero 6HcTponellcTBYJJUIYJ) 8JI8KTpOHHYID 

perHCTPHPYIDmYID annapaTypy, a TaKllte paapa6oTRy Cll9UH8JIH8Hl)OB~HliX 

HHTerpaJibHliX cxeM Il,llH MHOronpoBo.noql{liX neTSKTopoB. 

4 •. CoanauHe KpynHHX 8JI9KTpOHHliX KOMilJI8KCOB perHCTpH!)ynJtSA annapaTy

pli Wlfi HCCJienoBaHWI B8aHMonellCTBHH qacTHU IlpH BliCOKHX aueprHJIX. 
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Ha.yqHBll HOBH8Ha H SHaqHMOCTI, pa6oTH 38.KJil)qaDTCH B pemeHHH Kpynuott 

TeopeTHqecxoft npo6JieMEl Blipa60TRR IlpHHIUWOB IlOCTp08HWI R HaxolltneHHSI 

Brume:lmm:x xapaKTepHCTHK perHCTPHPYIDU!HX KOMilJIBKCOB COBpeMSHHOro 

8JieKTpOHHOro 8KCnepHM8HTa B qlHSHKe BliCOKHX 8Heprd R COCTOJIT B TOM, 

qTO: 

I. HaAneHH OTCYTCTBYIDU!H8 B JIRTepaType o6mae pememm 

a) ~8.XOJ'.,D;8HHR K08qXpliUH9HTa OT6opa, WIPSKTHBHOCTH perHCTpal.l;HR li 

oneHKH annapaTypl:lilX saTpaT'CHCTSM BlineJieHWI HCCJienyeMblX co6HTHH 

np:a IlpOHSBOJII,HOM qzCJie neTeKTOpOB H JIOrHKe sanycKa YCTaHOBKH; 

6) npo6Jiew c~eMa BpeMeHHOll,HHqx>pMal.l;HH C neTeKTOpOB, IlpH IlpOH8DQJll,

HOR qiopMe nepenuero qipoHTa HMfiYJII,Ca, c yqeToM aMilJIHTYnHoro·pacnpe

neJieHHSI CHI'HaJIOB H HHSpUHOHHOCTH cxeM Bp8M9HHOR IlpHBHSKK; 

B) HaxoxneHHH OCHOBHliX xapaxTepHCTHK - npocqeTOB H ycpenHeHHoro 

MepTBoro BpeMeHH 8JI8KTpOHHliX CHCTeM BpeM!I-KOopn:aHaTHHX neT8KTOPOB. 

2. YCT8HOBJI8Hli ·ocHOBHlie IlpHH!UIIlli- pal.l;HOHaJibHOro npoeKTH!)OBaHHJI 

MOnY'Jll,HOft perHCTpH!)YJJmefl annapaTypH. IlpeitJiollteHl:i:: HOBlili THil JIOrHKH' 

pa6oTH qiOpMHpoBaTeJieA HMllJJibCOB, HOBHH MeTon H8M8P9HHSI BpeMSHHliX 

HHTepBaJIOB, HOBHH cnoco6 nepenaqz HMfiYJll,COB no I(JIHHHOll JIHHHH CBJISH, 

HOBlill IlpHHUHll IlOCTpoeHHH nli(ppOBliX Ma.lltOpHTapHHX cxeM cciBnanemrli •·. 

3. 06ecneqeHH IlpHHUHIIHaJiiiHO-HOBlie BOSMOlltHOC
0

TH IlOCTaHOBKH 8KCil9pH

K8HTOB nyTeK paspaOOTKH nepBoro B CTpaHe e~RHOro R HaMOonee nonHoro 

ua6opa 6JIOKOB 8JI8KTpOHHOft: perHCTpHpyromeir annapaTypH HOBoro IlOKOJIS

HHJI, op:aeHTH:pOBaHHOro-Ha IlpHM8H8HHe B aBTOMaTH8Hl)OBaHHliX ycTaHOBKax 

C IlpJIMO! H-06paTHO! CBJl8bD C 31M. 

IlpBKTHqecKBII geHHOCTI, no.nyqeHHHX peayJII,TaTOB COCTOHT B pemeHHH 

npo6.neM M8TonHKH llOCTaHOBKH 8KcnepHM8HTa Ha HOBOM llOKOJI8HHH annapa

TYpli coanauaeM KpynHellmwc·B CBOell o6JiaCTH -oreqeCTBSHHliX 

8J18KTpOHHliX perHCTPHPYD!tHX KOMIIJieKCOB, ll08BOJIHBfilHX no.nyqHTb HOBlie 

qlH8HqeCKH0 , ~a!IHlie: 0 qiyHnaMeHTaJII,JlliX CBOii'CTBax MaTepHH. 
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KpoMe Toro: 

I. naHH!,le TeopeTnqecKnx pacqeToB HenocpencTBeHHO npHMe!IBMH ItJIJI 

paunoHaJibHOrO RHXeHepHoro npoeKTHpoBaHHH CHCTeM H MOKOB 6HCTpo~ 

neilCTBJlOmeil a.neKTpOHliKH perHCTpB.UHH. Ilpel{JIOXeHHHe MeTOnH 06ecne

qlll38.JOT 8HaqnTeJU,H08 y.7IYqmeHne xapaKTepHCTHK annapaTypll, CHHXeHHe 

saTpaT Ha ee peannsaumo. 

2. Paspa6oTaHHHe cneuaannsRpoBaHHlie aHTerpaJibHHe cxeMl:l BHenpeHH 

B IlpOMlllllJieHHOCTb ll HBJIIDOTCH OCHOBOll ItJ1lI nocTpoeHHH &JI8KTPOHHKR 

nponOplIROHaJibHliX K8Mep B CoBeTCKOM Corose. 

3. 0Ill1T npoBeneuHHx paspa6oToK H OHH caMR npHMeHHMU IJ,7I!l. ncnonso

BaHRH B npyrHX o6JiaCTHX aayqH!:lX HCCJienoBaHllil, B TOM qRCJie R B 

HeHnepH!:lx, TaKliX KaK pannB.UHOHHaH M8nHUHHa, . 6ROJIOrlllt, peHTreHO

CKOllllH, aBTOMaTR88UllH a.neKTpO~HSliqecKHX YCTaHOBOK. 
' ' 

CTpYRTYpa nnccepT~nn oTBeqaeT ns6paHHoil TeMe, conepl£a.HlDO n_ 

Tpe6oBaHIDO UeJibHOCTH R3JiaraeMOro MaTepRaJia. 0Ha COCTOHT R8 BBene

HHH, mecTR rJiaB - OnHOll~630pHott, BTOpoil TeopeTRqecxo~. CJI8nYJl)IIIHX 

Tpex, nocBHmeHHliX M8KTpOHliK8 COOTB8TCTB8HHO Bp8M8HHhlX, aHepreTH

qecKRX R KoopnnHaTHO-BpeMSHHliX neTeKTOPOB, H 88RJiilqHTeJibHOI, rne 

onncaHH axcnepHMeHTaJIDH!:le KOMIIJiexcu peracTpnpYJ)lllel annapaT,Ypli. 

Pa6oTa conepimT 250 CTpaHHU TeKCTa, 97 PHCymtOB, II Ta~, 6:HMHO

rpaqiHqecKd CllHCOK JIRTepaT,Ypli R8 290 Ha8BaHd. 

Bo BBeneHHH OllRCaHH noc.nenoBaTeJll,lll,18 &TanH paSBRTlil/1 8JI8KTPOHHliX 

cpencTB perncTpB.UHR ~Hsnqecxoro &RcnepHL1eHTa, BHneJieHa cneu~mta 

MeTonoB perHCTpaun~ B ~H8HK8 BHCOKHX &Heprmi. Kpa:rao H3JIOll8HO TO 

HOBOe, qTo,no MH8HIDO aBTopa,BHOCliTCH pa6oTott B li86paHHJXl npo6JieMy, 

nepeqRCJieHH OCHOBHHe noJIOXeHRH, BliHOCHM!ie Ha 8amHTy. 

B nepBott rJiaBe nnccepTauHH BHneJieH Heo6xonmvnm Ha6op napa

MeTpoB CHrHMOB C neTeKTOpOB, OT06pa.JKa1DllU,IX l'ICCJieeyeMl:le npouecCH, 

a TaKXe cymecTB8HHliX C Toqxa speHHH HBH?Ka.JlteHHOro c~eMa HH~pMB.UHH 
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c RX BHXO,noB • .n;,m ncnonsyeMHX ceiillac BpeMeHHl1X ( CURHTruLII.lIUROHime 

,neTeKTOPH / 35 ,37/ n nponopnnOHaJII,HHe KaMepH), KOOp,nmiaTHO-BpeMeHHllX 

,neTeKTOpOB (nporrOpnHOHallH!:le H ,npeft~Bli8 KaMepu), a TaKJKe ,neTeKTOpOB 

,nJilI H8Mepemm SHep!'lm (qepeHKOBCKHe, CnHHTRJL/l!IUROHime, C ra80BHM 

ycHJieHHeM) npHBe,neHH pacqeTlll,10 JIH60 8KCil8pRM0HTMbHH0 ,namme no 

Bll,l'.J;eJieHHHM napaMeTpaM. 

IlpoaHa.JllI8HPOBaHa BTOpaH Bal!tHaH CTOpOHa npo6JieMl:l C08,naHIDI pe

rHCTpHpyl!lll0H armapaTYPH, a HM8HHO: 8JI0M0HTHaH 6asa Hee BJIHHHHe Ha 

cnoco6H nocTpoemm H napa.MeTpH armapaTYPH; Bli,neJieHH Tpn ocHOBHHe 

cnenn~IPiecrui:e·~ ys~o~perncTpllpyDllett sJieKTpOHHOH annapaTYPH: 

ycHJieHHe~PMHPOBaHHe, .nacxpru,nrnannH no aMITJIHTY.ne n sa,naHHe onpe,ne

JieHHOil ,nJIHTeJibHOCTR Clll'HaJIOB, OTCyTCTByI(llll'I8 Henocpe,nCTB0HHO B CTaH

,napTHOM Ha6ope 6HCTpO,nettcTBYJ(IIIHX,IDITerpaJibHHX CX0M C SMHTTepHOft 

CBH8bD. Ha OCHOBe aHaJIH8a xapaKT0PHCTHK H KOHKpeTHHX cxeMHHX peme

HHH STHX HHTerpaJibHHX CXeM, HJIJIDCTpannH H8B8CTHHX paspa60TOK noxa-

8aHa B08MOJltHOCTb RX HCnOJib80BaHHH ;rilJiI. no,no6Hl:lX cn0nHWRqecKHX npH

M8HeHHH / 5I/. 

IlpoH8Be,neHa KJiaCC~RltannH ycTpOHCTB 88,I(aHHH ,nJIHT0JibHOCTH 

Clll'HaJIOB ( 0,nHOBR6paTopoB f /19 /. CxeMl:l oueHRBaIOTCH no Tp8M rpynnaM 

llpR8HaKOB: I) no fflilY HCilOJib8Y0MOro Bp8Mll:8a,nal!Illero 8JI8M8HTa H cno

co6y ero BRJillqemm, 2) no BH,ny.sanycxa, 3) no THITy H BeJIHqnHe 

MepTBoro BpeMeHR. no Tp0Tb0H rpynne npH8HaKOB o,nHOBH6paTOpll no,n

pas,neJielll,I Ha cxeMl:l C 6JIOKnpOBKOH BXO,na Ha BpeMl! ,nJIHT0JibHOCTH BWCO,n

HOro CHrHaJia (c IlOCTOHHHHM M8pTBliM BpeMeHeM), CX8Ml:l C npO,nJI8BaHR8M 

BHXO~Horo CJill'HaJia npH np:iuo.ne BTOpHqHoro sanyCKa!OOlero RMnYJibCa H 

cxeMl:l npe,nJioxeHHoro aBTopoM T.H. cqeTHoro THna. IlocJie,nHHe, B CJIY

qae npmco.na BTOpnqHoro sanycKaJlllero RMnYJibca, npepHBaDT BHXO,nHoil 

Clill'HaJI Ha Ma.Jiliil-HHTepBaJI, a 8aTeM ~OPMRIJYDT CTaH,napTHHH BHXO,nHOH 

m.mync. 

IlpoBe~eHHaH CHCT8Ma.TH8- xapaKTepHCTHK ,neTeKTOpOB CJiyl!IBT 

B pa6oTe OCHOBOH ,nJilI BHpa60TICH Tpe6orom K co6CTB0HHHM napaMeTpruA 
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aJieKTPOHHOH armapaTypH peI'lICTpar.urn:. 06o6meHHe JlliTepaTyplillX .n;aHHHX 

rro HHTerpaJII,HblM cxeMaM BCJI Heo6xo.n;nMo .n;JIJI .n;eTaJII,Horo rrpe.n;cTaBJiemm 

H B03MOJKHOCTH KOJIHtJ:eCTBeHHOro aHaJrn3a pa60TH ysJIOB H,nepHOH aJieKTPO-. 

HHKH Ha HX OCHOBe. 

BTOPM rJiaBa OTKPHBaeTCH aHaJrn30M OCHOBHHX IJPHHI.UiIJOB IJOCTpoe-.. ~ ' ' 

mm Mo.n;yJI1,Hoi1 perncTPnpyromei1 arrrrapaTYPll. Bll.n;eJieHH Tpn r~BHHX cTpyK-

TYPHHX nepapxntJ:eCKHX ypOBHH B COBpeNieHHHX aKcrrepnMeHTaJII,HllX aJieKTPOH

HHX KOMIIJieKcax. BepXHHH ypoBeHI, (pnc.I,a) 3aKJIIOtJ:aeT B cede OCHOBHlle 

CHCTeMbl KOMIJJieKca: CXeMbl C'beMa HHq>OPMaUlill C ,neTeKTOPOBi CHCTeMH 

oT6opa C06b!THH (B COBpeMeHHHX ycTaHOBKax 3TO - CHCTeMH rrpe.n;BapHTeJII,

HOro oT6opa n 6blcTpHe I.UiWPOBHe npoueccopu);_ cncTeMH nsMepeHHH rrapa~ 

MeTpOB C061lTHH (npeo6pa_30BaHIDI .n;aHHHX B ,I!BOH"IHHH KO,n); cxeMH CtJHTH

BaHHH B HaKOIJHTeJII,; CHCTeMH KOHTPOJIH H ynpaBJieHHH. Onpe,IteJieH TaKllte 
' . . . . . 

~HHM CTPyKTYPHllH ypoBeHI, (pnc.I,6), Ha KOTOpOM pea.imsymTCH aJieMeH-

TapHHeq>yHKI.UiH (ypoBeHI, ysJIOB). IloKa3aHO, "ITO npoMelltyTO"IHHH CTpyK

TYPHHM ypOBeHI, - ypoBeHI, MO.nyJieil: HaH60Jiee Pal.UiOHaJII,HO CTPOHTI, Ha 

OCHOBe CJie.n;ymmnx npHHI.UiIJOB: 

I) "ropH30H!a.JlbHOil HHTerp~", T.e. 3aKJIIOtJ:eHHH B PaMKH MOJJ:YJIH Han-

60JII,IIIero KOJIHtJ:eCTBa IIOCJie.n;OBaTeJII,JillX qlyHKI.UiOHaJII,lillX Y3JIOB. Orpa

HHtJHBaKIIIHMH waKTOpaMH HBJI.fIIOTCH: 

a) .n;onycTHMa.iI CJIOJKHOCTI, MOJJ:YM, onpe,IteJIHeMa/l KOHCTPyKTHBa:Mli II 

aJieMeHTHOH 6asoil:; 

6) HaJIHtJ:He Y3JIOB c Heonpe.n;eJieHHllM KOJllitJ:eCTBO_M HanpaBJieHHit pa3BeT

BJiemm HJIH o6'be.n;nHeHHH (_pnc .I, 6) ; 

B) HB.JilltJ:He_y3JIOB,CHJII,HO pa3Jilll"IalOillllXCH KOHCTpyKTHBHO, HarrpnMep 

Ka.6eJII,HM 38,llepJKKa H --~JieKTPOHHast cxeMa; 

2) "BepTHKaJil,HOH HHTerpal.Uill", T.e. 06'be.n;HHeHHH OJJ:HOTHIJlillX MOAYJieit, 

Jrn60 KaHaJIOB perncTpal.UilI B ueJIOM, B_ 6JIOK .n;o ypOBHH ,norrycTHMOH 

CJIOJKHOC TH• 

3) MlIHHMlI3~ tJHCJia ycTaHOBO"IHllX H3,IteJIIIi1 (opraHOB ~BJie~, 

pas'beMoB) Ha nepe;i;Heii rraHeJIH; 

6 



.... 

a) 

© 

6) 
® 

s 

1 
ill 
~~ 

~ 

[f~~~~~pMTe;:a.._~pQJ 
f6~CT}!~~J1PO~eceoP] 

CTPC~ 

~MCT. M3MtPeHMR KOOPOMHllT J 
~MCT, 113M!PIH11R 3H!!!l1~ ""J 

I', 

lif'1--, 
~:-,.P 

PHc.I. OCHOBHUe CHCTew 3neKTpOHHKH pe
rHCTpa.IU1H 3KCnepmi:eHTa.JlbHblX YCTa.HOBOK 
~H3HKH BUCOKHX 3HeprHR (a);cTpyKTYPHUe 
cxew,i Ka.HanoB (O);BpeMeHHUX (T), KOOp
~HHaTHUX (K), ~eTeKTOPOB ~na H3MepeHHfl 
3HeprHH (E). 

~ ~~~J!'1~ 
J. Pa.iWBM'Tt/Uil 

'1 Ext1:;'tgenaat11111! 
-~'tO'tH.Bpf:Mr,T'M!TMIII 

I, ,. 

I 

,MMlo4MllTllf)bl 

4.l('X Cll!J'.t.flo!K)1 11 P@Q4CTP)I 

l. i~i;:=" .. p\~~MMM 

lX)( r11-1ePC.TQPbl 

t ~~J.~oo 
,xx J,acesremtma Mnn ,=--..:~"'~ 

PHc.2. l\JlaCCH~HKauHa :rneKTPOHH!lX Ono
<KOB, OilHC!lBaeMUX B paOoTe •• 



4) opra1rnsarnm H&6opoB'~yHK~HOHaRbHO O~HHaKOBIDC MO.nyRefi, OTJIHlJaJO

mmccH KOajq)~eHTOM pa3B8TM8HIDI ( och,e~HeHIDI) no rrp:inn~rry Yll.

BOeHIDI tmc~ HX BHXOll,OB (BXOll,OB), Ha'Ill:Ha.!I c ll,Byx. Ilp:II BH6ope 

KOHCTPJKTRBOB ~ IIOCTpOeH:II.!I CliCTeMI,I MO.nyReil HeO6XOll,liMO pyKOBOll,

CTBOBaTbC.!I CRelJ.YKUlRM: 

5) OCHOBHOli qiym{IUIOHMbHOH 8ll,:IIHllll;8li MeXrumireCKOrO CTaHll,apTa ll,OJD!t8H 

6HTb Kapitac (KOp3HHa,KpefiT) C aBTOHOMHHM II:IITaHlieM; 

6) KOHCTPyKTRBH CTaHll,apTa ll,OJllKHH o6ecrretmBaTb Ha:IIBHCIIIIlli KO3lI$irureHT 

IIOR83HOH IIRom~ rrepell,Hefi rraHeJIH; 

?) BH6paHHHli CTaHll,apT lJ.OJDiteH o6ecrretmBaTb rrepcrreKT:IIBypa3BliTli.!I 

aReKTPOHHKH perncTparurn, cocTomnyro B pacnnrpeHll:II CBJI3:II c SBM,n 

Yl1.O6CTBO COBMeCTHoro :IICIIMb3OBaHIDI C nu~pOB~ 6ROKaMH. 
C ~eTOM Bbllll8CKa3aHHOro 6HR BH6paH·e~ CTalJ.napT KAMAI{~ 

Been anrrapaTypH perHCTpa~HH (IDleDmen H He IDleDmea CBH3H C MarHCT

paRbD) .nepeqncneHHHe rrpnH~HIIH IIOCTpoeHHH OTpaxtaeT KnaccnqmK~HH 

6ROKOB1421, OIIRCHBaeMHX B HaCToamen padoTe,rrpnBe~eHHaa Ha pHc.2. 

Bbl,I(eReHHHe IIPlllIIUilIH IIOCTPOeHIDI MOJzyJII,HOfi peI'HCTPHPyDlleil arrrra

paTYIJH, rrpH IIOCRell,OBa.TeRbHOM rrp:IIMeHeHll:II, IIO3BOJI!IIOT ll,O6:IITbC.!I ee cy

mecTBeHHoro yrrpomeHHH, IIOBHCHTb KO3®~eHT HCIIMb3OBaHH.!I CTaHll,apT

HHX aReKTpOHHHX MO.nyRefi ( T.e. CHH3HTb H36HTOtJHocii' CTaHll,apTa), M:II

HHMliSHpo:sa.Tb ra6apHTH H B neROM CHH3HTb CTORMOCTb, o6ecrretJHTb rrpo

rp81v1MHoe yrrpaMeHHe pa6oTofi arrrrapaTYIJH. 

Bo.BTOPOM rraparpa~e paCCMOTPeHa TeOpIDI 3ReKTPOHHHX CHCTeM 

oT6opa co6HTRH. BBell,eH Ko~eHT oT6opa :IIl1,eMbHOfi cncTeMHi 
i"'-1. . . 

Ko~;: = ( ? ; NjJ/Nc > en 
. . q::.I 

3ll,8Cb: Jn - KOJIHtJeCTBO ll,aTlJ:IIKOB C:IIrHMOB B C:IICTe_Me: o1'6opa, 

fl(; - HHTeHCHBHOCTJ, IIO.!IBJI8H:II.!I Oll,HOii :1!3 (2""- - I) K~M6H

HaIUIH CHrHMOB, BO3MOlltHIDC IIP:II ll,aHHOM tJHMe ll,aT'lllKOB, 

~ - HHTeHCHBHOCTb ceReKT:IIpyeMott KOM6:IIHaUH:II Clll'HMOB 

(HCKOMOro co6HT:II.!I). 
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IlOKa3a.HO /?4/, lJTO KO~eHT OT6opa peaJII,HOtt 3ReKTPOHHOtt CHCTeMI,I, 

3a ClJ6T KOHetJHOCT:II pa3pemannero H M6pTBOro BpeMeH B K~OM H3 

3ReKTPOHHHX ItaliaROB, Melibme, tJeM B Hll,eaJII,HOH CHCTeMe: 

= ·n1/-) 
J,ff/J,· -tors ·(l-11 ~ Ne 

Kor6. =Kors. (-l+A/Vc'/IVc)-({1-fJN°/1/IVc) , (2) 

3ll,eCb tors - cpell,Hee ":mrnoe BpeMII" cHcTeMH oT6opa, 

A Mc' - rrpHClJ6TH K ceReKT:1IpyeMott KOM6HHaIUIH, BH3BaHHHe 

MepTBHM BpeMeHeM ll,aTlJHKOB a.HTHCOBIIall,eHHtt, 

1J. IV/ - cRytJaillwe H .HCTHHHO-CRytJaihme coBrrall,eHIDI, HMHTRpyio

lIIHe RCKOMOe co6HTHe, 
,.rlll .. ,. 

6 A /Ve - rrpoctJeTH ceReRT:IIpyeMo~ ROM HHarurH, BH3BaHHHe ROHetJ-

HOCTbD pa3pewamtero BpeMeHH 3R8KTpOHHRH ll,aTtJHKOB, 

BRJIJltJeHHWC Ha aHT:IICOBilall,8HIDI, 

t ,.rt ATlf ATIII 
BHBell,ellll q>OPMYJil,I ~ Haxo~eHIDI OTG , 6.IYc , 11/Vc , A /Ve IIPR 

rrpOH3BOJI1,HOM lJHMe ll,aTtJHKOB B CHCTeMe oT6opa. B CRytJae, eCRH HCRO

MOe co6HTHe .!IBR.!!8TC.!I CyMMOii H8CRORbRHX ROM6HHaIUili C:IIrHMOB C ll,aT-

lJ:IIROB: 

- - H!iJ, -..:::;-'[ ('K""orc;).j •(/Vc)j J 
Kor&.= K ors. ·7' (1(-u~, .. ~A,7,:'" • 

ors.1o1 ~ c 
(3) 

IToita3a.HO, lJTO CHCTeMH Bbl,I(e~eHH.!I co6HTd Ha OCHOBe 6HCTPHX 

rrponeccopoB KatJeCTBeHHO OTJmtJalOTC.!I OT CHCTeM rrpell,BapHT8JII,HOro oT6o

pa CyDleCTBeHHO 6OJII,IIIRM lJHMOM ceReRTHpyeMHX ROM6zIHarurtt, RM8DUHX 

orrpell,e~eHHYD ~OHMI,eyD CBfl3b. IlpHHIUIIIHMI>HHM OTmlJ:l!eM rrponec

copHWC CHCTeM .!IBRHeTC.!I HeO6XOll,RMOCTb npe~BapRT8RI,HOro rrpeo6pa30Ba-

HHH ~a.HllllX H3 JIRHelHoro no3RUHOHHoro Roll.a c nwcoll,a ll,aT'llmoB B 

~BO:l!lJHlitt, lJ.M CORpameHH.!I 06'.beMa arrrrapaTyPH, ~eam3yxmeil MrOPHTM 

oT6opa. HalneHo, tJTO npewr rrpeo6pa3oBa.HH.!I JIRHeilHoro nosnruroHHoro 

Ro~a, nteDJ.tero 0, rpall,~ RBaHTO~HIDI, :paBHo: 
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tnP, 
-::: kt ·k fl),• ·&q2r-1+2J,) 

q IITor.P. ) (4) 

r.n;e dor.o. - 8a,I(a.HHhlll ypoBeHI, CJIOlltHOCTH rrpeo6pasOBaTeJlll KO,ll;OB 

(B tmCJie KOpIIyCOB HHTerpaJII,HIDC CXeM), IlpoHSBe.n;eHHe KOaqxpHUileHTOB 

,ll;Jl1l CXeM cepHH MECL I0,000 OUeHeHO BeJIH'IBHOil ~ 4 HC•KOpII, 

).l;Jl1l cep:im KI38 ::JTa BeJIHtru:Ha B 6 pas 60JI1,me. 

C IIOMOIIl!,IO BllB8).];8HHhlX COOTHOIIlemrll MOlKHO rrpe,ncKaSaTI>,,KaKOBa 

6y.n;eT CTerreHI, Bll,ll;eJiemm HCKOMllX C06llTHll B KOHKpeTHIDC YCJIOBIDIX 

8KcrrepHM8HTa, Bll).l;BHraTI, KOJIHqecTB8HHO o60CHOBaHHlle Tpe6o:samm K 

paspelIJalOOleMY H MepTBOMY BpeMeHH 8Jl8KTPOHHllX KaHaJIOB ~T6opa, oueHH

BaTI, B08MOlKHOCTH IIOCTpoemm ll xapaKTepncTmtH cxeM rrpeo6pa80BaHIDl 

KO).l;OB B 6llCTPO,ll;8llCTByKX!lliX rrpoueccopax, a TaIOKe B YCTPOllCTBaX ClIBTll

BaHIDl HH\POPMa:cnrH, 

Bbl,I{eJieHll co6cTBeHHhle rrapaMeTpll MO.n;yllHllX cxeM rrpe,n:sapnTeJII>Horo 

OT6opa oo6um / 73/_coocTBeHHIDill HaaBaHll xapaKTepHCTHKH OT CTyII8H

qaToro BXO,n;Horo CHrHaJia, Il0Ka8a.HO, qTo OHH .n;orrycKaJOT KOppeKTHOe 

CpaBHeHHe paspa60TOK H a,n;eKBaTHO OTpaJKalOT pa60Ty COBpeMeHHllX aJieKT

pOHHllX ycTpoilCTB OT6opa B peaJII,HIDC ycJIOBWIX aKcnepHMeHTa. K 006-

CTBeHHllM napaMeTpaM, HaIIPHMep, MO).l;yJII,HOH cxeMll COBna,n;eHHil, OTHece

Hhl: 

I. Co6cTBeHHoe paspelllaIOillee BpeMH - 2:'c • 
2. Tpe6yeuoe BpeMll nepeKpllTH.R: BXO,ll;HhlX cnrHaJioB (,ll;Jl1l cpa6aruBaHH.R: 

cxeMH) - tn . 
3. ,npeilip - ll tn =/-(Em,T>T°). 

lfHeprnroHHOCTI, q>OpMHpo:saTeJieil 'BllpaxaeTcii, B ~CTHOCTH, BeJIH-
. tc q11Hoil co6cTBeHHoro "ryJIJIHIDI" - r· . CJie.n;yeT no.n;qepKHyTI>, qTo B 

.n;aHHOM Ha6ope OTCyTCTBYJOT TaKJ!e napaMeTPU, KaK paspeJDa!llllee BP8Mff a-
ll a@?eKTHBHOCTI, C. 'IlpaBOMepHlle JIIDllI, ).l;Jl1l YCTPOitCTB COBIIa,n;emi:il, 

CM8a.HHllX C KOHKpeTHllMll .n;eTeKTOpaMH, IIOCKOJII,Ky OHH onpe,n;eJISIJ)TCH 

·c~eMOM cnrHanoB c .n;eTeKTopa, 
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Ilpo6JieMe c~eMa BpeMeHHoil miipopMa:cnrH c ,n;eTeKTOpOB IIOCMilleH 

cne:cnraJI1>mui pas,n;eJI 164 •721. B pacqeTe yqTeHhl: q>opMa H aMIIJIHTy,n;Hoe 

pacnpe.n;eJieHlle RMIIyJII,COB C ,n;eTeKTOPOB, llHeprnroHHOCTI, CX8Mll BpeMeH

HOil npRBll8KH (no nepe.n;HeMY q>pOHTy). ~ annpoKCHMa:cnrH CHrHaJIOB C 

npoH8BOJII,HOil ~PMOil nepe.n;Hero q>pOHTa npe,n;JIOJKeHa \POPMYJia: 

.fl, of..,-t 
.llttJ = __:..~- ·[e t;H - I 1 <5> ea<. - -t :, 

a.n;eci, Jl.L - aMIIJIHTy.n;a cnrHaJia, 

tH - BpeMH Hapac~amm nepe.n;Hero qipoHTa, 

d.. - Koaqxp:e::cnreHT, OTPaJitalOII!Hil ~PMY nepe.n;Hero cppoHTa 

( o(, = I/ 4 - JIHHeilmtii nepe.n;Hllil q>poHT, o( = -4 -

aKcnoHeH:cnraJII,Hl:lil c Z:-::: tHI 4; o(-> -oo - cTyIIeHqaTllil: 

BXO.n;HOH CHrHaJI H T,.n;,). 

HrubJ;eHO, qTo lllllpHHa KpHBoil BpeMeHHoro paspemeHRH Ha OTHOCHTeJII,HOM 

ypoBHe h_: 

- i{ To - {:J 1-t 4k • 'to ') .o + /.. /.! ~k• '60)'] 
/J. t = 2'L .... n.. I+ {+ '6~ · en- ..;.. c;.,n_ '( I+ I+ 6~•en.+ ) 6> 

- o< ) . 
+ .lln • { e - -I J en- =en..[I+ I± o;. ,Jen_-t/h , , 

· :R V en. 2. 

r.n;e 

Jin - nopor ~pMRpo:saTeJIJi BpeMeHHoil oTMe'l'KlI, 

o .R - no.nymnp:e:Ha aMIIJIHTy.n;Horo pacnpe.n;eJiemm cnrHaJIOB Ha 

IIOJIYBilCOTe; 

k~ [ 

fo={ 

60 +5/of. 
35 +-(-f,6d. • -e; )~-f , 

5' 
3,5"-(-{,6o(• £J;-f > 

l-( -en. r-1+-1, oo< -l~ J, 
- I 
t.;•en.(I+ -1,!itl.•t.;), 

II 

np:e: o< > 0, 

npH o( < 0, 

npn o(, >-l/-l,6tft 

np:e: ol. ~-l/1,.fi"l~ 



l,=[ llo<. 
--1,6'£~ 

) 

> 

rrpn c,(, >-l/-1,6 -le 
/> > 

rrp:11 o< < - -11-1, o l~ . 
BeJlllllmra B rrpnBe.n;erurnx BHpallteIDIJIX HopMHpo:saira Ha II L H -6 H • 

.llJm IIPa.RTll"I6CKllX rrpIDAeHeHWi IIOCTl)OeHH r~ (cM,,Harrpl!Mep, pllc,3) 

aaBHCHMOCTll BpeMeHHOro paapememm B qiyH~ .11-,, H t;~. 
IlOJiy"IeHHll~ COOTHomemm II03BOJIJIIOT, B "!aCTHOCTll, pacC'illTl,IBaTL 

KOJill"I6CTB6HHO .n;orryCTHMy!) BeJlll"IllHy llH6PnHOHHOCTll ~pMllpoBaTeJI.!I H 

TeM CaMHM MllHllMll3HpOBaTL ero llOTl)e6Jl!IeMj'10 MO~HOCTL, o60CHOBaHHO 

BH6HpaTb aneMeHTHYD dasy ~na-ero nocTpoeHHa, 

TpeTHii naparpaq> llOCBm!leHTeopn: CllCTeM ,It1l/l lISMepemm napa

MeTpOB codUTHii, a ID.18HHO: MeTO,D;HKe MHOrOKllllaJILHWC BpeMII-KOOp.n;mJaT

HllX .n;eTeKTOPOB /Sa/,KaKllMH .llllJI/IDTCR .n;peitq)OBUe Ka.Mepu, ,llJm ycTpo!CTB 

perKCTPa.nHll, m,ie~x k- BXO.D;OB n IV nsMepnTeJILHWC RaHaJIOB, 

Ha.H,ll;eH KOajxpJinHeHT rrpoc"!eTOB, BH3BaHHllX OrpaHH"!eHHOCTLD /lT: 
IV, (ho)n. t (ho)tt}· .:..1z.o 

'2 
_ no-IV +/)·vh?;, hi ~az-1>! ·e (7) 

IV- flo :> 

a.n;ecL n.0 - cpe.n;Hee "!HCJIO 'lacTmJ;, llOCTyllaxJlJlKX aa BpeWI .n;pel~ 

T Ha Y'iaCTOK .n;peii~oBoii Ka.Mepu, ox:saqeHHitlt IV Rs

MepHTeJI.!IMll, 

HaimeHa cpe.n;HRR BeJmtmHa MepTBOro BpeMeIDI TaKoro Ha6opa KO.n;HpO~-

KOB: 

- AT I ,...,., -"-ft.a[ · -=::=-tr. )n. h.. ] ~M-=:: d°19. I ,e . /+h"7{ IZo (n.+I)! .> (8) 

r.n;e ~9 - K03~:irn;ReHT BpeMeHHOli paCTJillQtli B CHCTeMaX C BpeMeHHllM 

BKcnaimepoM, 

M3 llpllB6,I{eHHUX pac"!eTOB, B 'laCTHOCTH, CJI8.D;y6T, 'ITO Tl)e6o:sa

Hll6 MaJIOCTll 'l,,r BHllOJlHJ!6TCR rrpK - /'I" = 2 + 3 17..o ~ 

BHBe.D;eHHUe ~PMYJJH ll03BOJIJIIOT panHOHaJILHO.BU6RpaTL COOTHOme

Jme M8'J&JJY "!HCJIOM BXO,ll;OB ll H3MepHT6JU,HllX RaHaJIOB perHCTJ>RPYDill!X 
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ycTpOiiCTB ,ItJilI .zu>eiiq>oBHX KaMep, a TalO!te o60CHOBaHHO 38,I{aBaTI, Clucrpo

,n;ellCTBne KO,n;npoBmHKOB. 

tieTBepruil rraparpaqi rrepBoii rJUiBil IIOCBmllEiH BOnpOC,'3.M Teopmr 

KOHTpOJIJI sneKTPOHHilX nornqecrurx ycTpoiicTB. Haii.zteHII ~OPRTMII / 53/ 

onpe,n;eneHIDI 6~3rurx K MIDrnMMI,HOMy HaClopoB TeCTOBHX KOM6HHa~ii 

BXO,JJ;HilX cnrHclJIOB ll3 TaClJillt!HOll cpopi.w npe,n;CTaBJieHn/1 JIOrHKll 

padOTil ycTpOHCTB. PasBHT aH~TnqecKHil MeTo,n; HaxOl!r,ll;eHlffi cepRR Tec

TOBHX KOM6HH~ii Ha OCHOBe nornqecKoro ypaBHeH:wi:, xapaKTepH3YJ0111ero 

pa6ozy ycTpoiicTBa. IloKasaHo, qTo aHa.JIRTnqecKHii MeTo,n; o6ecrreqnrueT 

MllHllMMI,Hilli Ha6op TeCTOBHX KOMdHH~ii, ec~ nornqecKoe ypaBHeHHe 

cxeMH MmrnMH3l!pOBaHO. 

Ha.i!.neHHile ~OPHTMil MOryT 6IITI, HCII~30BaHil ,ItJilI HaxOl!r,ll;eHID! 

Ha6opoB TeCTOBHX KOM6li~ "BpyqHyIO" rrpn qncne BXO,n;OB nornqecKO

ro ycTpoilcTBa ,n;o 5 + 6, ;rn6o ncnon1,soBaHII KaK ocHoBa .ItJilI cos,n;a.HIDI 

crre~MI,HHX MalIIRHHHX TeCTOBHX rrporpaMM. 

HaKoHe~, B nocne~eM rraparprul>e orrncaH·MeTo,n; BIIqncneHIDI nono

~emm IIpm,!Oii, annpOKCRMl!pYJOllleii peMI,HYJO rrepe,n;aTOqHYJO XapaKTepHCTR

Ky aHMOrOBoro MO~JIJI, Haxol!r,ll;eHlffi rrorpe!llHOCTH aIInpOKCRMa.Ulm, a 

Ta~e MeTO,n; BilqncneHlffi HHTerpMI,HOH He.mmeiiHOCTH ~qipo-aHMOroBoro 

npeodpasoBaTeJIJI / 4o/. 
Paspa6oTaHHllli MeTo,n; II03BOJIJieT cpaBHRTenI,HO 6IlCTpO ll C BilCO

KOH CTerreHI,D TO'IHOCTH, no CpaBHemno C 06Il'IHO IIpHHJITIIM rpaqi11qecKHM 

crroco6oM, HaxOMTI, arrrrpOKCHMEmliH rrepe,n;aTO'IHHX xapaKTepHCTHK n RX 

rrorpe!llHOCTH .ItJilI aHMoro-~pOBHX 6nOKOB. 

B TpeT1,eii rnaBe orrncllBaeTCH paspa6oTaHHM no~ pyKOBo,n;cTBOM 

aBTOpa annapaTypa rrpe~pnTenI,HOro OTdopa co6IlTD n COIIyTCTByJOOUie 

eii 6noKH perncTpa~H HaHOCeK~HHX RMIIy~COB n ynpaMeHID!. 

IlepBOii OIIHCIIBaeTCH C03~aHHM B I970 + ?I rr. CHCTeMa TpaH-

3HCTOpHIIX HaHoce~ nornqecIGU 6nOKOB /Io,r5,rs/_ 0Ha COCTOllT 
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ll3 CJie,n;ynmnx ClJIOKOB (CM.pnc.2): 4PI-IIr/6 ,71, 2<l>CTI-I6I/13, 14/, 

E3I-12I, 2PI-I3I, 2CI-I4I, CCI-151, 2CCI-I52, 4CC3-I53. EJioKn HMe

DT BXO,ll;Il aHaJIOrOBOro ynpaBJieHH/1 PR.n;OM napaMeTpoB, t!TO Il03BOJI/leT 

c IIOMOmbD BCTpanBaeMOll nJiaTil cne11naJill3HpoBaHHOro 4-KaHaJibHOro 

UATI/25/ oClecnetiHTb yrrpaBJieHne annaparypoll co cropoHil 3BM1331.0rJin

tinTeJibHOil ocoCleHHOCTbD CHCTeMil /IBJifleTC/1 TaKEe HCIIOJlb30BaHHe YHHqJH

~poBaHHOro BHXO,n;Horo cpopunpoBaTeJI/1 C npe,n;JIOEeHHilM aBTOpoM CtJeIHilM 

rnrroM (cM.BHme) Jiornxn paelorll - 4cl6I, oClecnetinBanmnM MnHnMyM npo

ctieroB. B cncreMe ,JJ;OCT.l'lrHyT BUCOKHil ypoBeHb :rnexrpntieCKHX XapaK

TepncrnK, B tiaCTHOCTll Clucrpo,n;ellCIBll/1, no,n;TBep:at,n;aeMUH ,ll;Jl/1 Be,n;ymnx 

ClJIOKOB CHCTeMU (ctieTBepeHHOro <pOpt!llpOBaTeJI/1 no nepe,n;HeMy qipoHry 

4PI-III .l'I c,n;BoeHHoro cpop1.rnpoBaTeJ11I co cJie,n;RmnM noporoJJ 24CTII-I6I) 

CpaBHnTeJlbHilMll ,ll;aHHIIMll, npnBO,JJ;llMill!ll B Taelnn11e I n Taelnn11e 2. 

ITepBa/1 oretieCTBeHHa/1 pa3paClOTKa HaHOCeKyH,n;HNX JiorntieCKllX 

ClnoKoB Ha nHrerpaJibHHX cxeMax/II/_ 3aBepmnnaci co3,n;aHneM cpyHKI.IHO

HaJibHO IIOJIHOil cncreuu/661. B COCTaB cepnn BXO,ll;.l'IJIH ClJIOKll (cM.pnC.2): 

8P3-II:Y65/, 4PCTI2-I62/651, 2B32-I22, P2-I32, P3-I33, 2P3-I34, 

4P3-I351 C2-I42, C3-I43, 2C3-I44, 4C3-I45, CC11-I54, 4CC7-I57, Ee 

ornntianr yJiytimeHHile (B 11enou B 2♦ 4 pa3a) no cpaBHeHnD c ,n;pyrnMH 

paspaClOTKaMll IIOKa3aTeJin, KOTOplle MOEHO OTHeCT.1'1 K 3KCIIJlyaTlll.lllOHIIIlM: 

norpeClJl/leMa/1 Momaocn; KOJllltieCTBO aKTllBHilX, naCCl'JBHUX KOMIIOHeHTOB 

ll naeK (onpe,n;eJIIIDmnx Ha,ne:atHOCTb)j CTOHMOCTb, a TaKXe YMeHbmeHHile 

raClap.l'ITil (B 4♦6 pa.3). B ClJIOKH BnepBile BBe,n;eHa BCTpOeHHaH 3JleKTpOH

Ha/l sa,nepzKa. 3neKTpntiecKne xapaKTepncrnKn ( CM, Taelnn11y I .l'I TaClim

llY 2) no tiyBCTBl!TeJlbHOCTl! H TOtlllOCTll Bpe11eHI10ll IIJJllBII3KH OTBetiaDT 

nytimHM pa3paClOTKaM. OnHCHBaDTCH TaKXe nepBile oretieCTBeHHHe HaHo

ceKyH,n;HHe 1.1.l'l<ppoBHe Ma:atopnrapHHe cxeMH coana,neHnll IACC-155/IB/ n 

MCC2-932/29/, 

B rperbeu.naparpacpe onncuBaercR nepBa/1 cncreMa ClJIOKoB HaHo

cexyH,n;HOff norntieCKOH 3JleKTpDHllKll Ha llHTerpanbHHX cxe11ax C 11ncppOBilM 
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TaOnHqa 1 

CpaBHHT8nbHli8 xapaKTepHCTHKH ~OPllllPOBaTenen no 
nepeAHeuy ~poHTY (nHTepaTypa no ccunxro,: AHCcep?a
qHH). 

I Pa1pa- Tun Un, t~. tM, 
s 

tBblX, t1, P, ':T ~ an,~ l'plMNII "' c:S 
50TKQ MB HC HC SL HC HC BT WT. !f'IIIDl c; ... ~ 

tts EGG T-120 100 I 10 (l)A 5+150 13 2.9 31 2l f:lanan l969r. 
It! LeC"t.O~ 161 too I 7 i;lA 3+150 8 4,9 16 2l 3anprr 19&9r. 
f6q SEN FEZSO so 3 10 iiis 3, ••. ,15 7 1.f 16 15 - tlll9r i ffS CERN N2t68 50 18 10 (116 3.S,_tOO 7 1,f 16 14 - t969r r ,a, ru:e.w..,., NE463S ISO ? 10 ¢6 4+16 12 8.9 16 ? - l910r 

~ IN UtllB3 Ql!Of 250 ts 10 ¢6 s 6 f,f 64 6 - f967r 
>c 111 Ullll>COAH so 18 40 tll6 s,._,20 ? ? 64 21 - 191fr ! IU urnii so ? 10 (II& 5, ..• 15 ? ? ? 16 - 1911r 
~ H9 nAn OUSIU 003 100 ? IS tll6 S.7.-18 8 4,f 64 14 - 191Zr 
" Cl>URH ? IS (II& 5+50 6 0.6 ? 8 1913, 11 It! 100 -
"' 1311 CHuun 6732-90 100 ? 10 % ~10,...50 14 4 96 ? - 1914r 
" :r 

to 111B3 OUIIU 41;)-111 so 15 g <iii: 4+40 16 u 19 I ts 111.t-• 1971, 

1611 l.eC'l.0',f 623 30 I 9 <l>A 6+150 ff 14 9.5 ? 3anpn 1~--i;i~ 
.. !&7 LBL,USFI 50 ? 3 ¢6 z-,100 ? 2.5 76 33 3anpn MECl.-11 XB1 UCl>83 IPtOl fill) 4 10 ¢6 &.-.30 15 -1 64 15 - MECL-ll 
~ 133 nAnOUIIU OS, ZS ? 10 (1)5 5, __ ,30 20 I, .. 31 15 - KIii 

~ B5 /183 OlAJ 811>-tB 20 u 10 t.e:t,I S+SO In 112 IU 9 I~••· 
f q1 nsa OUIIU Wll>-tt2 I 25 I l 10 Lr"'-"' 4+&1 I 20 I 1.4 U I 85 1 i-1.1.;~ 

Tao~ 2 

CpaBHRT8~bHli8 xapaKTepncTmrn \POPMHpOBaTe~eft co Me,nlllllllM 

noporoM. 

d • :.I J :a.5 ~ g1;; gf~ ~ -~ li a. 

!l ~ ... ~ ~~ !i! 

f Pll!l)Q!iOT~UK. 
.,-

if !i g_.., :Eu, ;! . - j [!_:E. ~J jfi! )( :s j ~ I 5 Tun ... ,.g_ ~ ~ 2. +> +> <I <I <l<I •.s .a •u a. u, z 
i 168 D. GedCJ<e 30 600 60 6 240 = ? ? ? 
lii 169 L.. KCl"l!sson 150 15 2't0 = ? ? ? 
Ill f'IO n. 0Hllpuw 80 150 10 200 = ? ? .? ,a 111 E.A.Mtnewi<o 100 2000 500 s 200 = 100 ? ? 
.J! 13 2cpcn-1s1 100 400 200 10\ zoo = ts 4+14l 6 15 5 SI 20 

i f'l1 M.Mcii.ei. 300 -6. 120 = ? ? ? 
113 ORTEt, '+13R so 5 400 = 65 10 ? ts 4 18 5 ,,~ f.Gci&i.tet 10 IOOO 50 6 300 = ? ? 10 Ii 115 6.IO. 6afl6UH 60 5 150 = so ILI 2 ? 4,5 64 2lt 

:, 116 B1<H.E.RJ,'et1111J(Q so 5 400 = ? 2 10 12 
:e 65 '+¢tn-162 100 200 ISO s ISO - 30 4+50 4 10 2,5 ts s 
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ynpaBJieIDieM ocHOBlillMH napaMeTpru.m 151 , 54/, saBepmeHHM B 1974 rolJY. 

STRM BTOP1™ maroM (noMe BHe.npemm KOHCTpyKTHBOB KAMAI{) BH,Il;Oll3MeHeH 

Tpa.ll;HIU!OHHHft no,IJ;XO'A K llOCTpOeHmO 6~OKOB H8.HOC8KYH,IU{Ofi 3~8KTpOIDIKR. 

B COCTaB CllCTeMU BXO,n;HJI ~OpMHpOBaT8~b Y~2-112 / 4l/ (CM.Ta6.mmy 1) 

c unq>poBBM ynpaBJieIDieM noporoM (OT 25 MB 'AO 2B),sa.nep.JKKofi (OT I 

'AO 63 HC, M0pTBOe BP8Mll 13 HC) ll ,IVmTe~bHOCTb!O BllXO,IUIOro CHrHa.Jia 

(or 4 AO 67 HC). Pa3pJI.I(HOCTb YllPa.I:l.7lff100ll perncTpOB - 6 6HT 

(63 rpa.nrunm), ~HefiHOCTb pery~OBO'lllllX xapaKTepllCTllK .rryqme 1,5%. 

C,nBoeHHHH O~oK sa,ne!)lltKH 2E3Y-123 1281 ~oI'W!eH· cxeMe sa,ne!)lltKH 

B \POPMHPOBaTMe. YnpaBJIHeMUfi ~orntJecm 6~oK YJIE--156 / 35/ no nporpaM

Me MOJK8T nepeBO,JJ;iITbCJI B pe.lltllM pa6oTU cxeMU COBlla,IJ;eHIDi, aHTllCOBlla,IJ;e

mrli, cMecnTeJIJI, pasBeTBnTeJJJI, KOMMYTaTopa ~orntJecKHX cnrHa.JIOB 

(:HMeeT no 4 OTKJIJO'IaeMWC He3aBllCllMO BXO'Aa H BllXO'Aa). CncTeMY 'AOno~

HJieT 24-KaHaJibHHfi ynpaBJIHeMlltt reHepaTop m.my~COB .IIJ1JI CBeTO'AllO'AOB 

rcn-711 / 44/, o6ecnetJHBal!l!Itllli peKOp,IUiyID tJaCTOTy CBeTOBCnllllleK - 'AO 

80 Mm. B pa6oTe / 67/ llOKa3aID,I nepcneKTRBHHe o6~aCTll, B KOTOPHX 

llCnMb30Balllle HaHOCeKyH.IUlliX ~Orll'I8CKHX 6~OKOB C uml/pOBUM ynpaBJieHR-

8M ,naeT CYll!8CTBeHHHe R np~Ha.J!bHl,18 npenMyllleCT:i:la, TaKlie KaK: 

ycitopemre R YJIY'I1118Hll8 Ka'I8CTBa OTJia,IUCI'[ 6~OKOB ll yCTal!OBOK B ne~oM; 

CTa6wmsan;rur peDMOB pa6oTH ycTaHOBOK; O'AHOBpeMeHHUe ll3Mepemm no 

HeCKO~blWM Ka.Ha.JiaM pearunm; 'AOCTynHOCTb H3Mepemrli, TPe6yionnrx one

paTllBHHX nepeKJttl'IeHIDi; aBTOMa.Tll3anruI pyTllHHHX onepannfi ll T,'A, 

B.naI'O,napJI KOHCTJ)yKTllBHOft, 8~8KTPR'I8CKOfi H ~OI'll'I8CKOft COBMeCTH

MOCTH Bcex TP0X CllCTeM nx 6~O:KlI MOryT llCilO~3OBaTbCJI B HaRJiy'IlllllX 

CO'IeTamtlIX, a TaJOite COBM8CTHO C nH4)pOBllMll 6~OKa.MH KAMAI{, 

B tmMe 6~OKOB per.l'ICTpanmi n ynpaBJiemm paspaOoTaID,I: 32-Ka-
1 

Ha.JII,Ha.JI ro'AOCKOim'IeCKaJI CllCT8Ma BOpOT C lla.Ml!Tb!O ll BllBO'AOM ~aH!lllX 

Ha Ma.I'HC-rpaJll, KAMAI{ TCB-442 / 6D/, C C06CTBeHHHM paspemalClltIDII· BpeMe

H8M ~ 1 HC ll 'l:yBCTBllTe~HOCTb!O Ka.Ha.JIOB pernCTpanmi ~ 100 MB; 
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nepBlle OllcTplle necnTnqHlle cqeTqmcn c liHmmauneii 2~CI-42I 1381 
.i 2~C3-423 / 58/ Ha 8 neCRTliqHllx pasp.1Inon ia OllCTponeilcTBiaeM 120 + 

!60 MI'u; Ha6op reHepaTopoB 2!'1-72! /?,IO/, 2!'2-722 /?9/ H TaiiMe

poB 2TI-3Il / 4 ,ro/, 4T2-3I2 / 59/, oT~Hq8lOUIHXCH BllCOKHM OllcTponeii

cTBHeM JiliOO lIIllpOKliMll 4lYHKnliOHa.Jll,HllMll B03MOlKHOCTJIMli. 

IloJIODHHa HS 60,71ee qeM 30 THilOB OllliCllBaeMllX B nepBoil rJiaBe 

OJIOKOB paspa6oTaHa aBTOpOM JIHqHo, a OCT8JibHlle - IlpH aenocpencTBeH

HOM JiliqHOM yqacTHH H PYKOBOUCTBe. ilM npeitJIOlKeH pHn opHrHHa.Jll,HllX 

cxeMHllX pemeHHll YMOD HaHOCeKYHUHOll RornqecKoii MeKTPOHHKH: cpopMH

PYIDlllllll KaHBJI ycTpoiicTBa coBnaneaHii aa TpaHsHcTopax onaoro THna 

npoBOUHMOCTII /I/; cxervlll YHliqJID,lHpoBamwx BllXOUHllX cpopMHPOBaTe,71eii 

Ha UHCKpeTHllX TpaHSRCTOpax li liHTerpam,Hllx cxeMax / 6 ,?,lI/; npen

YCMliTe~ ItJIH ~PMl1pOBaTeJUI Ha liHTerpaJibHllX cxeMax 1651; p.lIU.KOJib

UeBLIX noTeHUHBJibHllX C'JeTqmcoB BllCOKoro OllCTponeiicTBWI 126/; yseJI 

ToqHoii BpeMemmii IlpllM3Kl1 1651' OT,7lliq8JOl!lllXCH y,71Jq~eHHHMH xapaKTe

pliCTHKaMlI JIUOO KaqecTBeHHO HOBllMli 4lYHKnliOH8JibHllMli B03MOlKHOCT.f!MH. 

!Ion PYKOBOUCTBOM aBTopa cosnaH aaoop Heo6XOUHMOii Texmi:qecKOH 

noKyMeHT8Ul1lI IJ,JIB rrpoHSBOUCTBa BCeX OITHCaHHllX OJIOKOB. BllnymeHO li 

BHenpeao B aKcnepRMeHT CBlllII6 2400 MOeyJieii, B TOM q11Me CBlllle 250 

MOnyJieii co CM3bIO C MarHCTpaJibIO KAMAK. B 3aKJID'leHHe B nepBotl rJiaBe 

onnca1ru npHMeHeHHH paspa6oTaHHOil arrrrapaTypll: B CIWTeMe MOHHTOpli

poBaHWI nyqKa MarHRTHoro cneK'rpoMeTpa "~1,qia", Bo BpeMH-npoJieTHOM 

cneKTpoMeTpe YCTaJIOBKH "MCK", B CliCTeMe sanycKa 2-MeTpOBOll CTpli-

1.1epuoii KaMepll CKvi-200. 

~eTBePT8.fl r,7IaBa nocMmeaa paspaOOTKaM CHCTeM aHBJIOrOBllX li 

aHBJioro-I:OiqlpoBllX OJIOKOB. IlpRBOUHTCR KpaTKoe OllliC8l!He CHCTeMl,I HaHo

C~KYHUHllX JIHHeHHllX OJIOKOB Ha TpaH3liCTopax, paspaOOTaHHOll COBMeCTHO 

c CHCTeMOH TpaH3liCTOpHllX JioriaqecKHX OJIOKOB /IO,lG/B I9?0+19?I rr. 

II 

~ 

i 

t 

Ona BMmaeT B ceosi O.iIOKH (cu.puc.2): 4YGI-2II / 3!, 2JC2-2I2 / 55/, 

AI-22I, 2A2-222, CJlPI-231, 2~!-251 /7/, 2jil3I-26I / 9/, 2llAIU-32I / 9/. 

OTJill'UITe.ilbHOii ocoOeHHOCTb!O CHCTer.m RBJI.H.:;OCb Bb!COIWe OllCTpo,neiicTBlie, 

peKop.nmni ,nnana30H paOO'!IDC CHrHaJIOB ( ~T O .no -6B Ha 50 Orv;) ' B031,IOJK

HOCTb pery,7!HpOBI<Il OCHOBHllX napaueTpOB C IlOl.lOIIU,JO BCTprui:naeuoro 

41WI-342 1251_ ,llaHHM CHCTeMa. Il03BOMeT co6npaTb JI100lle ycTpoiicTna 

aHa.JIOrOBOli ceJieKIUm H H3MepeHHii ( COB!,mCTHO C ll,\ffiID!TY,nHO-U:Yil)ponm.1 

npeo6pasonaTeJieM Al.UI-33! 1241) . 
IloKa:mno, O,Il;Ha.KO, 'ITO cyiqeCTBemroro yJiy'lJileHYJl 3IWilJiya·1·ar~EOH

HllX IlOKa3aTeJie:il H3Mep11TeJIMioii arrnapaTypu IJO.liGIO ,no6HTbC.H JIUlllb ITY'l'81.1 

nepexo,na K 6JioKa.H, co,nep;K13.111m,1 B ce6e noJIHHil Ka.rra.,1 L31.iepemm a;.mJill'l'Y

.nu, sapR,na .11MrryJI1,ca nJIH npe1,1eirnoro UHTepBaJia. Mepofl ouemur cxer,moii 

IlpOCTOThl ( l! na,neJKHoc·rn)' IlOTpe6Me1,ro:i1 MO!qHOCTl!' CTOlIT.IOCTU I rrpoCT01'il 

CBR3H C SBM B1!6paao KOJili'leCTBO :rrsi-1epnTeJibHL!X KlliiaJIOB' KOTopoe pac;;.:c

iqaeTC.H B K:peiiTe KAMAK. Orr11ch!BaIOTcR nepnue oTetJ:ecTBeanue 6HcTpo.neE

c'l'BYIOI11He rrpeo6pa30BaTeJHI: AUII-331 124 • 321, 3I.UI-39I 12r/ n Bl(il-36I/30{ 

llx paspaOOTKa II03BOJil!Jia B HeCKOJibKO pas YJIY'llllllTl, JIOKaSaTeJIJ: anrrapa

TYPll ( Cl.I. 'ra6mi:ey 3) ll TeU car,m11 OTKpHJia BOSL;mrmoCTb IIOC7poemm 

CHCTeM C ,neCRTKa.l.UI H3MepnTeJibHhlX KaHa.JIOB. 

CJie.nymHM 3TailOM MTHKpaTHOro YJIY'lIIleHnR rroKa3aTeJieii arrrrapaTy

l)hl RBHJiaCb paspa60TKa rr:normmuairbHllX lI3!.!epHTeJieii: 63UII-392 / 45/ II 

6mII-362 1461 (a TaKJKe aaaJioronoro KoMuyTaTopa AI{_:281 1221). Hx 

BHe,npenne 06ecrre-cr1mo no:,1 iOlKHOCTb co:,,namm YCTlli!OBOK C KOJIII'!eCTBOM 

.1!3MepnTeJibHllX Ka.Jla.JIOB, 11C'lUCJIReBHX COTH.HJ-.rn, rrpntJ:en IlOKa3aTeJIH anrra- . 

paTyphl BllliIJli! na ypoBeHb, cpanmmllli c m,remnmrncsi B To nper.m (n !974 r.) 

rumpOBllM.11 paspaOOTKaMH. ,Ua.nbHeHlllee YJIY'lIIleHHe IIOKa3aTeJieii n, B tJ:aCT

HOCTH, peKop,nHM llJIOTHOCTb pas1.:e111eHHR Ka.JlaJIOB, OWili l\OC'l'l!rHyThl pas

paOOTKOH 16-KaHa.JibHllX J!3MepHTeJieii Ha OCHOBe ana.noronoii rrauJITH: 

I6AUII-332 ·/??I .H IGBUII-364 /Bl/ ( cr:1. Taclmuzy 3) • 

.. 
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TaOnHna 3 

CpaBHHT8nLHH8 xapaKT8pHCTHKH 0HCTpo~eRCTBYD~HX 
npeoOpa3onarenen aaanor-UH~pa. 

IJ Zlt+tst•DJG:1 ·r.r 10 
,n ~ .... .,,. 100 fO 

20I ~C'lo;, It'll .. II I IS 
m Pl'TIC, U>IOI Ill to I I ,,, 
IOI l~I.., UI fO " " D,tS ·tl CSIU ♦ ijl!PH 100 cia a ... I 

ltaltl MACSI' COAH 100 20 ,. IOO •• i ~l ~ ...... , ... -0 1,g~ 15 ' ' •• .. ti 3tt 100 to I • ., 
" ... IOO " I " .., 
9 !tt•ClZlSI J,t;~~~IQ'I ID 100 I 

tDI i.lC'l:O'I,, iill 0,t i 0,5 I ·~· •• 
Ill •r.•MS " 

,. 0,t5 

'"' •1 ,. ti 0,1 

Ill .. , II , . 0,1 

7,1 II ,,. t 

... ... 
•• ... 
O,t ... 
•• ., 
•• ••• 
D,Ot 

O,Dt ... ... ... . , ... ... ... 

'·" -,s a 1110 1111 
1,5 ... (S I flD 11'1'-I 

O,l ... ta II ZlfO 1m 

a.s 20 • 10 11n 
! IO Ml: KAMAK ll'N 

,.s " "'''•lllm(t5) mt 
u w 2D "" ~· II "' ""' K ~ u IO fl'Jt 

u• • " flJ7t 

II ~ I 160 ""' u• 10 11711 

" ~ '" "" II M I 20 lf13 

u 2D & ., ,,,. .~ ' II ... "'' ~ .. I to mt 
! ! u tO ""' " ~ I , .. "'' ~ ~ a '"' '"' I ! u II '"' " ' u II '"' II I " • ..,. 
~ 2D t 
u II ' 
~ ' • .. I'"' 100 '"' ... 1171 

TaOnmta 4 

CpaBHHTenLHHe xapa,KtepHCTHKH pa3nHqHHX aneKTPOHHLIX 
CHCT8M MH nponopUHOHMLHHX Kallep. 

f "' ~ ii u t{u ~., ~~ u ul:t ~,: ~! ij ~t Pn3P(I- ,:: "li! li! :,: ,: 

t ~. 
6oma 

Tun i ~ ~! j ] ] -- I <! UL t r ~ ~ ;:, °' ,=~ 
.., a. .... .., z 

f! 2'11 e~q:,0+121 I,~ 0,7 ? -& ~beJlb - - !00 350 ~50 50 3ZI) ~ 

"J m J11111<1> 0,6 0,8 ? 
_, 

-lDD 15 10.15 lt!l, 3~ mi tOO tllO l i/l'ITQ 
t'fl tt<P!,3 ",,&'' ? 8 i<obeno ., 0,7 t - - ! 150 •so so Sto q 

f t•5 CERN t 1,5 5 ,o •20+600 50 o.os th 35 300 •o - 3 ,_K_ 

2•& CERN NP i~u+ 3,6 l,S I 13 f50+2.SO ? 0,1 3,!!ti 30 500 SO 310 s,s 
8. t'fl lfll/41311111 0,9 2 1,5 60 600 ? 1 StJ too 350 ao - S,S 

.,._ 
§ t'II SIi,~ t I ? 15 l<06eJlb - - tO zo 350 so S10 3 ·~-;:..1;• 

I 31 )113 0111111 9H+Ht I I I 6 KQllenb - - to ~s 850 so 31111 S 1:-.."tT:D" 

Ji •1 nll3 OW111 9t1♦9U 1,1 \3 0,1 t, Z.SO+'IDO 2 0,15 lttJI ~s 300 36 aso1 UltGKl'13o11N 

I Z~I 
s~in 0,7 0,7 ? -6 ~,:,a ? 0,1 11t, - ~so \1 -u KISI 

2,a SLAC 'TEJlJI~ o,s t O,V 9 200 ? 0,15 •oo ~DO 35 - 3 Ml!CI.-D 
2JI •o.Lit11LLd. ~;;r,\l I t t lO too+IOO 10 0,05 tt.1 •so - 0,5 

§! t•9 , .. ~- 3 ~ I •o 300+900 , 0,1 l3!o so tlO a O.t ..,,Cl.FUJII 
tSO eC'tO~ PC0S·B 0,5 0,2 3 10 t•0•360 I 0,1 JO <00 'CIO 11 - 0.1 m1r. 

to ln1130H!IH Ill I t I 6 200+5D0 2 0,1 \St,I - 13501381 - 11,51 KISI 

u 41 lne3 OH/111 I 111 11,111,3 I to ISO +550 3 0,t \Sqf - 130115 I - I O,l ltaKIIDSJ<RI 
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ABTopoM paspa6oTaHo JIH'IHO OKOJIO TpeTH ll3 omrcamru:x B rJI8.B8 

ItBanuaTH THllOB 6.IIOKOB, a OCTaJil,Hli8 _, non eru p,YKOBoncTBO.M l'l npn 

HenocpenCTB8HHOM yqacTHH. ~TOPOM npeI(.]IOllt8H HOB!ll!: M8Ton.HsMepeHW! 

Bp8M8HHllX HHT8pB8JIOB, .coqeTruomwl: llHKOC8KYHWIO8 Bp8M8HHO8 paspemeaue 

C WH!)OKID/l nHHru.mqecKHM IUianasOHOM ll3M8p.ll8Ml,IX liHT8pB8JIOB. / 34/ • Ilpen

JIOllt8Hll opl:ll'HHBJll,HHe cxeMHHe pemeawr pHna y.3JIOB 6HcTponeiicTBYJO!IIHX 

npeo6paaoBaTeJiel: KoHBepTop BpeMlI-rum.JiliTyua /Z/~cxeMa.cTa6HJIHaaunu 

"nbe~ecrana" filUI I 45!, cxew WiaJioroBoii n8MllTH /I2 •??,BI/, nuqipo

aHanoroBira npeo6paaoBaTeJib 1251, oTJIHqruoumecm y.ny~eHHHMH xapaxTe-. . 

PHCTHKaMH H npoCTOTOii pElaJIH38IWH. 

CosnWia aeo6:xonHMaa: Tex1rnqecK8.fI noKYMBHTauwr H oprWIHSOBWI 

BHnyCK paapa6OTWIHHX 6.IIOKOB B YCJIOBWIX OilHTHoro npoli3BoncTBa orum 
H B q>HIJMe IDJlOH (IIHP}. :amymeHo c.BHme I.ODO MonyJieii, qeM o6ecneqeHo 

nrnpoRoe BHenpeHHe WC B 8RCll8pliM8HT. 

B 3a.KnDq8HH8 Oill!CHBaDTC.fl. npm48H8HHH pa3paOOTaHHHX OJIOKOB 

B Jla6opaTOpHH: B 8JI8RTpOHlnt8 OT6opa co6HTIDi no BeJlliqHHe HOHH38UHOH

HHX noTepb YCTWIOBRH" "A.m,qia", B 8JI8KTpOHHK8 cnHHTWIIDlIJ;HOHHOrO rono

CKona l{JJJI H3M8p8HW! HO!IH3~HOHHHX noTepL YCTW!OBKH "~OTOH"; npHMeHe

HW! 6.IIOKOB AlUI B CHCT8M8X~OHTPOJIH li ynpa.BJI8HW! CHHxpo<paaoTpOHa.· 

B IlllTOii rJIBBe om1c1maeTC.11 8JI8KTpOHH8JI annapaTypa ROopnHHaTHO

BpeMeHHHX MHoronpOBOJIOqHHX neTeRTOPOB (MIJ.ll). IlepBHii naparpa({> IlOCBH

mea YCWIHTeJUIM Jt)IJI MIUl 12o,23 ,39,so/. 3necL. Heo6XOitHMO BHneJIHTL 

6-RWI8Jll,HYJ) IIJiaTy YCMHT8JI8H".,qlOPMHIJOBaTeJieii l{JJJI nponopnHOHBJll,HliX 

KaMep 6Y~2-9I2 / 47/ aa OCHOBe nepBOii npOMbllllJI8HHOii cnenHMli3H!)OBWIHOii 

rH6pHnaon HHTerpwn,aoii .cxew Jt)IJI anepHoii SJIBKTIJOHHKH K243AI'I / 39/_ 

CxeMa ycwmTeJIH 6Wia.paapa6oTWia 8BTOpOM COBM8CTHO C COTPYnHHK8MH 

HHP COAH~ .ocnoeHa OKli npn aano~e"3KCHTOH~r.rrannoncKHll-Iloc~l,39(Ee 

ocaoBHHe napaMeTpH: . nopor perHCTp8UHH I MK.A, · co6cTBeHHoe "ryJUiaue" 

I8 HC, noTpe6JI.R:eMaJI MOIIIHOCTI, 55 MBT, BHXO!U{li8 ypOBHli CTaHitapTHHe-
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3Cl JIII6o ITl. AilTopoM paspa6oTrum nepBHe B CT})aHe ycwmTeJIII--qiopMJr

poBaTemr .IT,JIH ,llJ)8llfPOBHX KaMep / 48/; CXeMa 4Y.llK-9I4 c noporoM 4+6 MKA 

HM8Jia peKop,n;HO M8.JIYD B8JIHqHHY C06CTBeHHoro "ry.1llIHIDI" - 3,0 HC. 

. Do BTOpOM rraparpaqje OIIBCHBaeTciI aJieKTpoIDI.Ka pel'HCTJ)aIUIB CliI'

HaJIOB MII.U, pasMemaeMaJI B KpenTax KAMAK. ,1vm: nponoplUl'.OHaJil>HHX KaMep 

paspa60TaHO ,IJ;Ba 6JIOKa: 32-.KaHaJlbHHH 6JIOK perI:ICTPaIUIB co CTpyKTyPOH 

"s~eplK.Ka + IlaM/lTI," - I'2-922 / 47/ I:I I6-KaHaJlbHHH 6JIOK Ifil..92I / 27/ c 

6HCTJ)l1M IUiq!pOB1HII lllll~paTOpOM HOMepa cpa6oTaBmett IlpOBOJIO"llW B ,IJ;BOH'l

HHH KO,IJ; ( CKOpOCTI, KO,IUipOBaHIDI ~ 0' 6 Hc/npOBOJIO'llty}. npe,IUiaSHa"ieH

HHH ,IJ,JIJI npoueccopHHX CI:ICTeM. PerI:IcTpamm CI:IrHaJIOB C ,n;peil!p()BWC KaMep 

MOllteT ocymecTBJIJITl>CH 6JIOKOM 6BIUI-362 JIII6o ero MO.n;H\PHK8,lUiett 

32/6BUII-363 / 5o/, cHa6llteHHoii KOMMyTaTopoM, YBeJllt'qHBaJ!l!WM "iHCJIO Bxo

,n;oB ,n;o 32. DJIOKH I:IM8IOT BHCOirne aJieKTJ)ll:'leCirne I:I aKCilJiyaTaI.UmHHHe 

IIOKasaTeJIII, IlO'ATB6pllt,ll;a6MHe CpaBHHTeJII,HHMR ,IJ;a.HHHMR Ta6~ 4. 

B CJie.IJ;yl!IlleM naparp~e onI:IcaHa aJieKTJ)Omma perncTJ)anim, pasMe

maeMaJI Henocpe,n;crBeHHO Ha nponoprni:oHaJII,HOH KaMepe. C:ro.n;a oTHocI:ITcsr 

nepBaH oTe"iecTBeHHM paspa6oT.Ka Ha :imTerpaJil>HHX cxeMa.X 4KIIK-9II / 20~ 

I:ICilOJII,SOBaHHM B 3KcneplIM6HTe / 491, a TaKllte I6-KaHaJII,HaJI IIJiaTa pe

rncTpanim I6KlIK-9I7A / 75/ Ha ocHOBe cnelUl'.aJIIISHpOBaHHOH 60JI1,mott 

rH6p~Ho:ii I:IHTerpaJil>HOfi cxeMH K405XIII 1781. CxeMa ee paspa60TaHa 

aBTOpOM, pa6oTa npOBO.n;HJiaCI, COBMeCTHO c la6opaTOpI:Ieti ~epHHX npo6-

JI8M omnr H Oilli-npn aaBo,n;e"3Kc11roH"/39(crpyKrypa Erne: "ycmrnreJI1,-sa

'Aepmta-naM1ITl>", B HeMaI'IDITHOM Kopnyce 24 X 36 X 5 MN.3 paSM81I!8HO 

2 HesaBI:ICHMHX KaHaJia; ocHOBHHe napaMeTJ)ll annaparypu, paspa

OoraHHoil Ha OCHODe aron CX8MH, npI:IB6,IJ;6Hll B Ta6JIH~e 4. 

C"iI:ITllBaHI:Ie I:IHqJOPMaUIDf C CI:ICT8M pel'HCT~ B CTaH,ItapTe KAMAI{, 

B IlPI:IHIUille, MOlt8T 6UTI, ocymecTBJieHO CTa.H,D;apTHllM o6pasoM. O~o 

B 3TOM CJiy'Ia6, Tait KaK KOJIII'qeCTBO cpa60TaBWI:IX npoBOJIO'qeK HeBemmo, 

22 

90 + 95% C"iI:ITaHHoro MaccnBa 6y~T CO'A8PlJt8. Tl> "nycTHe ''- HyJieBHe pas

p~. CnelUl'.aJII:ISI:IpoBa.HHitli 6JIOK CtmTllBaHI:IH llliipOPMaUIDf c ro.ztOCKOIIB

-qecKricncTeM perncTJ)arum IIIm-38I / 5B/ "~llJII,TJ)yeT" am eyJieBHe 

pas~. a HOMepa cpa6oTaBIIIHX npOBOJIO'qSK nepeBO.n;HT B 'ABOll"iHHH KO'A, 

llOSBOJIM B 3 pasa COKpaTI:ITI, BP8Mil nepe'Aa"ili ,ltaHHWC (,n;o,., 45 HC/npo

BOJIO'!KY) :a B ;v IO pas YM8Hl>lllllTl> Tpe6yeMllll o6'beM naMilTn 3BM. OT

JilltmTeJil>HOH oco6eHHOCTI,IO 6JIOKa OT aHaJIOrI:I"iHHX sapy6elltHHX paspa6o

TOK HBJIJleTCH ero YHI:IBepCaJII,HOCTI,, IlOCKOJII,Ky OH npI:IMeHI:IM ,IJ,JIJI C"iI:ITll

BaHI:IH I:IHqJOPMaUIDf I:I C ro,n;ocKOIIll"ieCKHX CllCTeM, r'Ae perI:ICTpaTOpaMli 

HBJIJlIOTM aHaJIOrO-IUl'.~POBlle npeo6pasoBaTeJIII. lvm: 3JieKTJ)OHI:IKH perI:ICT-,

Parni:R, pasMeIItaeMoft Ha nponoplUl'.OHaJil>HOH KaMepe, TaKJJte paspa6oTaHa 

CI:ICTeMa C"iHTllBaHIDI / 75/, IlOSBOJIRIOOlM npn He60JII,lllllX annapaTyPHHX 

saTpaTax o6ecne'qlITI, BeCI,Ma BllCOKyIO CKOpOCTI, CtmTllBaHI:IH - ,n;o 5 Hc/npo 

BOJIO'q!ty. 

.l(aJiee OllI:ICllBaIOTCH 6HCTPO'AeHCTByKlllI:I8 IUiqlpOBUe npo~eccopu .IT,JIH 

Ha:a6oJiee Tmm1IHIDC s~aq ~nsmm BHCOKI:IX aHeprni!:. Cos,n;aHo ycTpoilcT-

BO ,IJ,JIH 611cTporo oT6opa co6umtt no yrJiy pacceHHI:IH qacT~ B MID11e~JI/, 

Ilpo~eccop peaJII:Iayer anroPI:IrM orOopa: (A x1-B x2 ~ C x3 - n)~e, 
r'Ae Xr, ½, X3 - KOOp.n;HHaTll cpa6oTa:BllllIX npOBOJIO'qeK TJ)0X IlpOIIOPIUl'.0-

HaJII,HllX KaMep; A, B, C, .n - KO aqxllHIUl'.eHTll, samrnHIItHe OT reoMe TpI:IH om,r

Ta, e - TJ)e6yeMHfi yroJI OTKJIOHeHIDI, 0TJII:I'qlIT8JII,HOH oco6eHHOCTI,IO 

npoueccopa IlOMliMO 6HcTpo,n;eiiCTBM .ffBJIJleTCH npHMeHI:IMOCTI, npaKTI:I

qecKI:I ,IJ,JIH JII06oit reoMeTJ)I:II:I OITHTa x) 6Jiaro.ztapH B03MOlltHOCTI:I Bapl>I:Ipo

BaHIDI KOaqxllHUHeHTOB A,B,C,~. BTopoe ycTJ)OHCTBO / 7I/ oT6eyaeT co6u

TM no pasHocrn tmceJI -qac~, npome.ItlllllX qepea 2 nponopuI:IOHaJil>HHe 

KaMepu,:a npHMeHHeTCH ,IJ,JIH OT6opa H8HTpaJII,HHX qac~. pacnaBIIIllXCH 

Ha sap!DlteHHHe qacTI:IUH B o6'beMe Me'ZJJY aTI:IMJr KaMepaMJr, B ycJioBI:IHX 

x)cM. omtcaHll'.e npoqeccopHoro 6Jio.Ka: 3.I'ysI:IK, c.r.EacHJia,Itae, OIDIB 

PI3-69I7, Jry6Ha, I973. 
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g)()Ha CKB03HllX sap.mKeHHHX <raCTHU. lilIOKll perHCTP~l1l1 II IIIHqlpOBKII KOJIII

<reCTBa <raCTliU B IU30ll'IH!1li KOU co6paHH Ha wraTax I'C:&-442 / 60/ l1 

lviCC2-932 129/, CKOpOCTI, KOUJqlOBaHIIB 2 HC/IlpOBOJIO'IKY. Co6cTBeHHO 

npoueccop, THn EA.3-933, peaJIHsyeT 8.1II'op11TM A< NR,-1-li~ B, rne 

0 ~A~ 7, 0 ~ D ~ I5, sa Bpe.Mil 60 HC. 

CenI>Mon naparpaqi nocBHmeH annapaType ItJIR MallJHHHoil npoBepKH 

eJieKTpOHl1Kl1 !JIIU(. ,lJ.JllI 8Tl1X UeJieli paspa6oTaH, B <raCTHOCTH, 32-KaHaJII,

HIIB TeCTOBIIB MOK TEI-901 / 53/. 

B 3aKRDqeHne npHBO~RTCH pesynLTaTH MeTO~HqeCKHX H3MepeHHR 

xapaKTepllCTmt IJIIU( C IlOMOmI,ID onncaHHOH annapaTYpH. 

ll3 IU3anll8Tll TllllOB c5JroKOB, OilllCHBaeMHX B UaHHOli rJiaBe; 6o;iee 

TpeTH paspa6oTaHo aBTOpOM,a OCTaBmHeCH - IlPHero HenocpencTBeHHOM 

Jlll'IHOM yqacTllll l1 PYKOBOUCTBe. ABTopoM npen,JiollteH / 84/ cnoco6 nepena

'Ill CTaHnapTHHX llMIJYJil,COB no ItJIHHHOli Jll!HIUI CB!I8l1, Il03BOJISIIOl.lllW B 3-t6 

pas yBeJIH'IllTI, ee npeneJII,HYJO UJIHHY 6e3 BBeneHIUI cneUH8JIII3JqlOBaHHHX 

nepenaT'IHKOB H npHeMHmtOB. IIpen,JIOllteH pan opHrHH8JII,HHX cxeMHilX 

pemeHHR: yc11RHTeR1I ItJIR C'.beMa CHrHaJIOB c Mil.n / 20,48/; cxeMa UIICKplI

MHHHpYJOmero OIUIOBII6paTopa B EI'MC K405XIII 183/; cxeMa YHHBepCaJII,Horo 

BllXOUHOrO KaCKana B TeCTOBOM c5JroKe / 53/; CXeMa KOMileHC~IIH npeJwa 

saneplKKll B c5JroKe !'2-922 / 47/, Il03BOJUIIOIIUle ·.YJIY'IIIIHTI, xapaKTepHCTHRH 

annapaTypH. 

CosnaHa Heo6xonHMaJI T8XHII'IeCKaR UOKYM8HT~IIB II opraHH30BaH 

BllIIYCK paspa6oTaHHblX c5JIOKOB B OnHTHOM IlpOII3BOUCTBe OHHH H B 06'.beUH

HeHHH IIOJIOH. llaroToBJieHo ~I0.000 KaHaJIOB perHCTP~IIII Ha OCHOBe 

ycHJinTeJIH--qx:>pMJqJoBaTeJIH R243AI'I. Paspa6oma ErnC K405XIII oTKpwra 

B03MOlKHOCTI, ItJIR cosnaHIIB OTe<recTBeH!ruX YCTaHOBOK C KOJili'I8CTBOM 

KaHaJIOB, HC'IllCJIReMUM neCRTKaMli THOR'!. 

lileCTaJI rJiaBa OTKpHBaeTCR OIIHCamrnM eJieKTPOHHKII 90-KaHam.Horo

qepeHKOBCKoro cneKTpOM8Tpa / 69/ ycTaHOBKif "if?oTOH" ;_ pnc.4, C03ItaH-' 

aott ItJIR HCCJienoBaaHR npoueccoB polltneHWI cracTHU eJieKTpoMarim:Taott 
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np:npo.nu. OCHOBY cneKTpOMeTpli'l8CKllX KaHaJIOB COCTaBJI/DOT 6JIOKH 

aHaJIOrOBOli IIaMllTll /I2/. !Ipeo6pa30BaHlle llHg)OpMaIUm B UHWPDBOli KO.U 

Be,neTCH "!erupI>MR AUIT-33I. B cncTeMe HMeeTCH cnemra;iI>HHH 90-BXo,no

BHa JilIHeilawl CYMl,fil.TOp aa OCHOBe ycHJIHTeJieli / 3/ .nM aHaJIOrOBOll ce

JieKUHH co611THH no BeJili'lllHe aaeprHH, BH,ii;eJieHHoil B crreKTPOMeTpe. 

B CllCTeMaX 3aITyCKa ll ynpaBJieHHR YCTaHOBKOil llCIIOJil,30BaHH 6JIOKH / 4 , 

ID, 661. 3JreKTpoamta cneKTPOMeTpa OXBa"IeHa CllCTeMOH aBTOMa.Tll"!eCKOro 

ll3MepeHHR xapaKTepHCTllK, KOHTpOJillPYl!ll(ell JIHHeliHOCTI,, "n1,e,neCTaJIH", 

pa60"!llli ,nRHaMH"IeCKHH ,nHarra30H KaHaJIOB / 7o/. HcIIOJII,3yeTCH TaKllte 

160-KaHaJII,Hllli reHepaTop HaHQCeKya.nHHX penepHHX CBeTOBCilllllleK / 43/, 

llMennmi 64 BllXO,na .nM KOHTpOJIR CUHHTWIJllIUllOHHllX ,neTeKTOpOB n 96 

BllXO,UOB .nM KOHTPOJIR cneKTpOMeTp:1:I'IeCKllX TpaKTOB, co CTa6HJII,HOCTl>ID 

CBeTOBCIIllll!eK B npe,neJiaX 0,35%. 

OcHOBHile xapaKTepllCTllKll crreKTpOMeTpa: I) "!yBCTBHTeJII,HOCTI, 

cneKTpOMeTpll"!eCKIDC KaHaJIOB - 300 n:KJI Ha BOID lllKaJIY; 2) ,nJIHTeJII,HOCTI, 

CTp06a 3aIIRCll B aHaJiorOBYJO IIaMllTI, - 600 HC (onpe,neJIReTCH ,nJIHTeJII,

HOCTI,ID RMIIyJII,COB c ~SY-49); 3) cpe,nHRR RHTerpaJil>HM HeJinHeilHOCTl, 

KaHaJIOB- 0,6%; 4) paspema.Blllee BpeWI cncTeMH sanycKa - He 60Jiee 

50 ac; 5) sa,nep,KKa B CllCTeMe sarrycKa - 490 He; 6) MepTBoe BpeMa 

cneKTpOMeTpa - I,2 MC (npli C"IllTHBaHllll ,naH!ruX), He 6oJiee 15% OT O6-

mero MepTBoro BpeMean, orrpe,neJIHeMoro RCKpOBllMll KaMepaMH. 

. C IlOMomI>ro ycTaHOBKll "if?DTOH" liCCJie,nOBaHa peaKUHH: ll f<1 -+ ? 0 n, 

B o6JiaCTR nepe.namrux RMIIyJ!I,COB OT t,,01H .no 0,3 (raB/c)2 .nM OTpll

uaTeJII,HllX IlllOHOB c RMIIyJII,COM-3,3 raB/c. 

BTOpllM KpynHHM 8KCrrepRMeHTaJll,HllM aJieKTPOHHHM KOMIIJieKCOM .flB

JIReTCSI MarHllTHllli cneKTpOMeTp ycTaHOllKH "~" .nM HCCJie,noBaHRH . 

pacceRHHR a.npOHOB H peJIHTllBllCTCKllX H,Uep / 49/ - pllc.5. ~eKTpOamta 

CUHHTRJIJIHURO~ .neTeKTOpOB COCTOllT ll3 6JIOKOB /ID, 661, llCilOJII,3ye

MllX .nM rrpe,nBapllTeJII,HOro oT6opa C06liTHH ll aHaJIOro-UHqJpOB!iX 6~OKOB 
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PHc.4. Iillox-cxeua cneKTpouerpHqecxoa an
napatypa yCTaHOBKH "~TOH". 
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PHc.5. Ynpo~eHHaa CTpyxtypHaa cxeua 3nex
TpOHHoa annapatypa yCTaHOBKH "An:b\l)a,". 



/ 45/ ,nJI/I OT6paKOBIW -qacTHl( no BeJ.ll'l'lliHe llOHH3~0rurux noTepL. 

8ReKTpomuca nponopUHOHaJILHWC Kru,tep HCnORL3yeTCJI 'AM onpe'AeReHHH 

KHHeMaT~ecrurx xapaKTepllCTmt llCCRe~eMIDC npouecCOB. B~eReHHe 

co6UTHR pacceHH:rui npOll3BO,nHTCJI Oill!CaHHUM Bl1Ille 6ucTpO'AeHCTByICll1HM 

UH4lPOBUM npoueccopoM, 

Ilpll C03'Aamm 'AaHHOH ycTaHOBIW BnepBue n~HOMepHO HCnORL30Ba

J.ll'ICL 6ROKH HaHoceey~Hoil aReKTpoHHIW c UHWPOBUM ynpaMeHHeM 1671. 
HanpHMep, H8IlOCP8'ACTB8HHO B npouecce 3KCnepHMeHTa HCnORL30BaHO 

nepeKJIIO-qeHHe Rormrn sanycKa ycTaHOBIW (YJIE - pnc.5). BTO no3BOJIBJIO 

nap~eRoHO HaKanJ.ll'IBaTL ll.HIPOPMaUHID no pa3IlliM KaHan:a.M peaKIJ;HH B 

TOM COOTHOlli8Hllll, KOTOpoe HaH60Ree BlirO'AHO ,nJI/I rro~eHHH onTHMBJIL

HOii CTaTllCTHKll, a TaKJKe nepHO,nH'!eCKll OCYllleCTBJUITL "TPHrrep", llC

nML3ye.Ml:lil ,nJI/I KOHTpOM arrnapaTYPH, KOHTPORL ~eKTllBHOCTll npOll3-

BO,nHTCJI c nOMO~Lro 6ROKOB 2B3Y H Y~2 (pllc.5). 

OcHOBHUe xaprutTepHCTllIW cneKTPOM8TPa: reoMeTp~eCRM ajxpeK

TllBHOCTL npll yrRe OTCe'!KH 4 MIJa,Il; ll3M8HHeTCJI OT 100% 'AO 0% B ,Ii;Hana-

30118 yrRoB pacceJIHIDI ~ 2 M!)a,n;. PaaperneHHe no yrRY pacceJIHM, H3-

MepeH11oe Ha nycTOH Mlllll8HH no MOHIITOpHUM TpeKa.M ,cocTaBJUieT ,.., 0' 75 

M!)a,n;, I1MrryRLCHOe pasperneHHe, npll yrRe OTKJIOH8HM B MarHHTC ,.., 160 

MPa.Ii;, COCTaBJUieT ,., 0, 7%. Bee 8R8KTPOHHUe CllCTeMhl cneKTPOMeTpa 

o6Ra,Ii;al!JT BUCOIWM 6ucTpo.ri;eiicTBll8M ll ajxlleRTHBHOCTLID, 'ITO no3BOM8T 

pa6oTaTL B ny-qKax c llHTeHCllBHOCTLID .ri;o 106 -qacTRU/c (CRBaJKHOCTL 

ny-qKa ~IO). KoaqxilHUHeHT OT6opa -CllCTeM ceReKUHH HaCTORLKO BUCOK, 

'ITO cpaBHHTeRLHO 60RLlliOe BpeMJI C'lliTUBaHHJI .ri;aHHUX c ycTaHOBIW 

(onpe'AeMeMoe SBM BSCM-4) He orpaHH'lliBaeT CKOpOCTll Ha6opa CTaTHC

TllKll, 8ReKTpOHHM arrnapaTypa cneKTPOMeTpa 3aHHMa8T II KpefiTOB 

KAMAI{, 
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C noMom»ro cneKTJ)OMeTJ)a Ha CHHXp(llpaSOTpOHe owm npoBS'ASHH 

HCC~e'AOBa.HIDI BSalIMO'AeilcTBIDI peJI!ITHBHCTCKllX .fl',Ilep C .fI,Ilpru.m H, He, 
C, .fie , Cu, PC . PesyJu,TaTH no a6co.100THOfi Be.7m'mHe ~qxpepeHWram.

HIDC H nomrnx cetJ:eimii ,,(fl - paccemnu.r mi.rumTcR nepBHMH ~ ~anasO:

Ha aHeprntt B HSCK~O raB/~oH. 

B TpeT»eM naparpa~e OilHCHBaeTCSI RpynHefuuaJI 912-RaHaJII,HaR 

cncTeMa ~arHOCTHRH np~ nytJ:Ka B Ra.HaJie cenapnpo:samm n TPaHC

nopTnpOBKH tJ:aCTllll; ]11'.H,IUWBO'AOPO'AHOil KaMepI:l ".lIIQiu.nma" B H~Bo, IlpoT

BllHO /BO/ - pnc.6. BB~ M'lJIOtt ~Te~»HOCTH llMITY~»ca tJ:aCTllll; ('AO 

IO HC) HH~PMB.I.Um O npocrpa.HCTBeHHOM: pacnpe'AeReHHR HHTSHCHBHOCTH 

no~aeTCSI nyTeM H3MepeHIDI BS.7m'mH Clll'~OB C Kruir,n;oil_npOBOROtJ:Rll 

IO nponopmroaaJI»HI:lX KaMep, pacnOJioxeHHIDC Ha RaHaJie. BI:lcoRaR lJ:YBCT

BHTe~»HOCT» 6ROKOB 63Ull-392 nOSBOJI!IST np0H3BO~Tb c~eM Clll'HaJIOB 

6es ycMeHH11 HX no aanpSIXeHHID. 24-Ra.HaJI»HHe npe~cMHTe~ THITa 

9I6A (CM. I RaHaJI - pnc.6) ~TCSI ynpa:BJmeMI:lMH HCTOKOBI:lMH nOBTO

PHTeJ!f.lMH, T.e. c.nyJKaT o~oBpeMeHHO KOMMy-TaTopaMH MOCKOCTett tJ:eTHHX 

HJlli HetJ:eTHI:lX npOBOJIOtJ:eK, no,IUtJIIOtJ:aeMI:lX K npeo6paso:saTeJIHM aHa:.7!0I'

~pa • .I{aHHoe pemeHHe nosB~O B,IU!Oe COKpaTHTb 'l:HCRO aRTHBHWC 

aReMeHTOB no CpaBHeHmO c CHCTSMOil I.LEPH, BTopott oco6eHHOCT»D cnc

TeMI:l 1IBJI!ISTC1! OTCyTCTBHe nO'ACTJ)OeK, nocKoney onepa.uim HOpMHpo:sa

HIDI KOa~eHTOB nepe'AatJ: RaHaJIOB nponsBO~TCR oBM TPA-H C IlOMOm»ID 

cnemraJI»Horo penepHoro reHepaTopa. Ilpe~cMOTJleHH TaIOlte nepeRPeCT

HHe cnoco6u IlOHCKa HencnpaBHOCTeil C IlOMOm»ID oBM, Il03BOJilIIIIIHS 6I:lCT

po onpe'ASJI!ITb HOMep BI:lfile'Afilero HS CTJ)OSI RaH~. CRe,JzyICllll!M IlORO.D

TeR»HI:lM OT~eM CHCTSMI:l 1IBJI!ISTC1I 60Rbfila1! CTOilROCTb K HHSKOtJ:aCTOT

HllM Ha.BO'AKaM OT CMOBl:lX SRSMSHTOB RaHaJia,, TaR RaR IlOCTORHHM ~~ 

~epeHIUIPo:samm B I{eTIH cwMa cnr~a B 50 pas MeH»me no cpaBHemm 

C llSBeCTHHMH CRCTeMa.MH. 

Paspa6oTaHHM annapa~ HMSST Bl,ICORyll tJ:yBCTBHTenHOCTD 
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X Y X 

Pnc. 6. 06o6meHHM cxeMa aReKTPOI:llllill ~ 1rnMepeHHR np~Meii B 

KaHaJie nytJ:Ka XH'AKOBO'AOPO~Ott nysup»KOBOtt KaMepll ".IIIO'AMHJia". 

11'1 

~ Pacna&tiu~amtEU -r~-1~ 

1'"9 ~' --,~ ,II, I , . ,I I 1 . .. -I I I 

.Tpuiiep" •(~•l'Jl04fCC0P•M-11K3•11K~•nxs.....•M-A<5• 
.•nl"l:w_~ nrr. .. &M•nK1 lntt!J• f'l(()t.~ 1r,...1 H-ra M~_r.)l 

c ... eT'tUK.u 

Pnc, 7 .. CTpyitTyJ)HM cxem aReKTJ)OHHKH sanycKa n peI'll'.CTpamrR 'AaH

HHX ycTaHOBKH EMC-II, 

29 



~ o,or nKJI/oTcq., qTo nosBOJIBeT HM8Tb no 5 OTcqeTOB Ha OUHY qacTH

rzy. BBeneHHe naH~OH CllCT8Mhl B 3KCIIJIYaTan;mo no3BOJil1JIO C cymeqTBeHHO 

OoJiee BHCOKOH CTeneHnID ToqHOCTll orrpeneJIBTb onTuqecKue xaprucTepllCTH

Kll K8Ha.Jia qacTHU H ooecneqMo cenapupoB8Hlle aHTHU8HTOHOB, OTHOCHTe.n

Haff UD.JIB KOTOpHX B ny~e COCT~a IQ-6 • 

ii 3~qllT8JinHOll qacTH rJiaBH OllllCUBaeTCJI M8KTpOHHKa sariycKa 

v1 perucTpan;irn: nammx oecwmrnMOBoro MaI'HHTHoro cneKTpoMeTpa EHC-II, 

cosnamroro IVIJI ,mcnepHM.eHTOB no noucKy "oqapoB~HHHX" qacTHU / 75/ -

pllC. 7. :.::1JI8KTpO!IHKa ClUIHT~liOHHHX U8T8KTOpoB ( <I>I, <1?2, I' ,j>f I ,_ff2, 

Mn, ) COCTOUT }'13 Ha6opa MOKOB /ro, 54 , 55/, B TOM qllM8 c D;HqipOBhlM 

ynpaMeHueM (Bcero ~ roo MOUYJieii). 0T6op MHoroqacT1mmx co6hlT1lii 

B8U8TC/I MruKOpUTapHOli JIOrHKofi (64 KaHa.Jia), pea.JIH30BaHHOli Ha D;llqipOBHX 

MaJKOpnTaprrux cxeMax c0Bnanem1ii MCC-I55 /I8/ u MCC2~932 129/ u MoKax 

H8HOC8KYHUHOii ~rHKll ( ~ 50 MOUJJieil). 0T6op B8U8TCJI rrpu YMOBllH pe

rUCTpaD;llll 3 lLJill OOJiee qacTHU B OUHOii H3 ronocKonuqecKliX IIJIOCKOCTeii. 

B YCT8HOBKe liM88TCJI onucaHHhlli Bhlme OhlCTphlii n;uqipOBOii rrpoueccop IVI.fl 

OTOopa COOhlTIDl no pa3HOCTH quce.n qacTI!U, rrpomenm.HX qepes rrponopD;HO

Ha.JibHHe KaM8pb1 IIl{I ll Illi2. JlorHKa sa.nycKa (~ IOO MOUYJie:l!: /I0,S4,G6/) 

Il03BOJIB8T Bblpa6aTUB8Tb 8 BapHaHTOB "TpHrrepa", li3 HliX 5 liCITOn3,YIOTCJI 

IVIJI sanycKa ycTaHOBKll (CM. YPaBH8Hli8 Ha pllc.7), a OCTanHble JIBJIBIDTCJl 

KOHTpOJinHHMll. 3.neKTPOHHKa perncTpan;nn CHrHa.JIOB C ~8Y-IIO qepeHKOBCKO

ro cneKTpoMeTpa (qCIIII) pea.nusoBaHa Ha MoKax 63IUI-392 rrpousBoncTBa 

00'.b8l{llH8Hl!Sl IIOJlOH. 3.neKTpOHHKa perucTpaD;llli C BhlXOUOM aa MarHCTpan 

KAMAK pasMeuteHa B I4 KpeiiTax, OO'.bel{HH8HHblX B IJ;Be B8TBH. qT8Hll8 Ua.HHHX 

B mu P-40 Ilp0li3BOUHTCJI qepes MOK KOUMpOBaHHJI IIlfil.38!. KpeiiT co 

cqeTqHKa11n 2.ItC-421 / 3s/ oopasyeT aBTpHOMHYD cHcTeMY C·Bh!BonoM Ila.HHHX 

Ha D;HqiponeqaTI.. AnrrapaTypa oxsaqeHa cncTe110:l!: KOHTpOJIII, BKJroq8llll!eit 

B cecm T8CTO~ MOK TE-90I / 53/ li 3 reHepaTopa llJill CB8TOUHOI{OB 

rc.u-m /44/_ PaooTOR 3THX 6JIOKOB yrrpa.BJllleT Ma.JIM 3™ TPA~H, aaxoll,11-
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utallCJI HerrocpenCTB8HHO B 3KCrrepllM8HTa.JinHOM UOMHKe. B ycTaHOBKe lTh!eeT

CJl TrutlKe aBTOHOMHaJI CHCTeMa KOHTpo.mr liCToqmnwB IIHT8Hll.fl 181 ( Ta.K l!Ce 

Krut Ha ycTaHoBKax "~OTOH" ll "A.n:nWa"). 

IlpHHUHIIH llOCTp08Hl!Sl, xaprucTepHCTHKli U rrpon;enypa KOHTPOJIII 

rrepeqHCJI8HHhlX CllCT8M Mll3Kll K yJKe om1camiw.!10J1H08 KOJrnqecTBO SJI8RT

pOHHHX RaHa.JIOB B ycTaHOBRe: 50 - CUHHTII.JLJI.HUHOHHHX, I60 - qepeHKOBCKHX 

H 5000 - rrporropUUOHa.JinHHX R8M8p (paCIIJllp.!I8MhlX B HaCTOJiutee BpeMH: no 

7500) • ArmapaTypa sarrycRa H per11cTpan;nn namrux saHuMa_eT 28 KpeilToB 

KAi'V!AK. Om!CaHHa.fl M8RTPOHHKa npolllJia ()Tall ROMI1JI8RCHOii HaCTpOHRII U

M8TOUHqecRHX 1rncJienoBaHI!ii Ha ny~e n nonroToBJieHa K qi1rnIIqecKHM 

H3M8p8HHJlM. 

3rutJiroqeHH8. OCHOBHhle pesyJinTUTbl npencTaBJI8HHOii pa6oTH KpaTKO 

MOlKHO cqiopMYJIMpOBRTI, M8UYIOl!lliM oopasorn. 

I. YcTaHOBJI8Hbl OCHOBHble IIpllHUHIIH nocTpoeHl!Sl MOUYJinHOii perIICTpn

pyromeil arrrrapaTypll, I103BOJIJIIDutHe UOOllTbCJI cymecTBeHHOro y;ryql!JeHWI ee 

aKCITJIYaTaD;HOHl!hlX xaprucTepIICTHK. PemeHH OOutHe TeopewqecKne rrpoci,WMhl 

.SJI8KTPOHHHX M8TOUOB perllCTpan;1m, a llM8HHO: 

a) rrpoBeneH oooomeuHbl:l!: 8Ha.Jill3 3JI8KTpOHHhlX CllCT8M OTOopa COOb!TIDlj 

BHB8U8Hhl pacqeTHble COOTHOill8Hll.fl IVIJI HaxolKU8HUJI KOajllll!D;neuTa OTOopa 

CHCTeM ceJieKD;Hll C yqeTOM paspemaromero II MepTBoro BpeMeH peaJinIIblX 

<lJI8KTpOHHHX KaHa.JIOBj 

6) HailneHH OCHOBHH8 COOTHOW8HWI, nosBOJIJIIDutHe on;eHllBaTn OllCTponeil

CTBH8 H CROllCHOCTb CHCT8M rrpeo6pa30B8.HHH AHCKpeTHOll HH~OIJMa.IUIH B 

u:soHqHhJii Kon; 

B) naHo oomee pelll8HHe sanaqH O C'.beMe Bp8M8HHOil HHqJOp!,laD;Hl1 C U8T8KTO

poB, yqHTHBaroutee qiopMy HMIIYJinCa C neTeKTOpa, B8JIHq1my 8MI1JI11TYUHOro 

pasopoca CHrH8.JIOB H HH8pUHOHHOCTb cxeM_ Bp8M8HHOH Ilpl-IBJl3Klij 

r) no;ryqeffll qiopMyJibl llJill pacqeTa ajqleKTHBHOCTH perncTpan;un II npocqe

TDB 3JI8KTpoHHhlX CllCT8M IVIJl upeiiqioBHX KaMep, Il03BOJIJI100ill8 OOOCHOBaTn 
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BH6op OHCTponeilcTBlm" KOzurpOBUllliWB Ii COOTHOW8Hlffi M8lKI(Y 'IHCJIOM 

BXOilOB 11 KOJIH'I8CTBOM H3MepHTeJII,HWC KBHBJIOB. 

IloJU:,3YHCI, pa3BHTHMH TeopeTH'I8CKHMH M8TOila.MH,MOlKHO oueHHBaT:r, 

BO3MOlKHOCTH nocTpO8Hlffi, paCC'IHTJ:ffiaT:r, BalKHeilwne .xapaKTep11cTHKH, 

IlpOBOilliTI, TeopeTHIJ8CKoe cpaBH8HHe pa3JIH'IHllX BapHaHTOB, MHHHMH3HpO

BaT:r, aaTpaTH Ha CO3IlaHHe 6HCTponei1:CTBYIDUl8li SJI8KTpOHHOH perncTpnpy

romei1: annapaTyp11. 

2. Paapa6oTrum aJirOpHTM!:l: T8CTOB MHoroKaHaJ.II,HllX JIOrH'I8CK11X 

6JioKon, Ha ocaone Jior11qecxoro ypa11aeanSI, JI11Clo TaelJIHtiHoit ipopw 

Ilp8UCTaBJI8Hlffi JIOrHKll llX pa6oTH; HaxDlKU8Hlffi JIHH8HHHX annpoKCHMaIUm 

11 norpeWHOCTH npeIJ;Il3HOHHHX aHaJIOrOBHX cxeM. 

3. IIpell,)IolKeH pHn HOBHX M8TOilOB peruemm aanaq M8KTpOHHKH 

perHCTP~H, B qacTHOCT11: 

a) HOBl:m THil JIOrHKH pa6oTH qiopMHpoBaTeJieH, o6ecnetIHB8JO!JlHH MHHHMyM 

IlpOC'I9TOB j 

6) "nepapxnqecKHH" np:mmnn nocTpO8Hlffi ~{fil)OBHX MaEOpHTapHHX cxeM 

COBnaneHHH, o6ecneqHBaIDUlliH MaJ.Ioe MepTBoe BpeMH Ii CpaBHHT8JU:,HYJO 

IlpOCTOTY peaJIH3aQHH cxeM; 

B) HOBHH M8TOil H3MepeHHH BpeMeHHHX liHTepBaJ.IOB, CO'I8TaIOl!Uffl IlHKO

C8KYHnHoe BpeMeHHOe paapemeHHe C WHpOKHM IlHHaMH'IeCKHM nHanaSOHOM 

H3M8pH8MHX HHT8pB8JIOB; 

r) cnoco6 nepenatJH liMlIYJIJ,COB no ll,)IHHHOH JIHHHH CBHSH, ll03BOJl8lJUIIDl 

B 3+6 pas yneJIH'I11T:r, ee npeneJU:,H,YlO zt1IHHY; 

n) cnoco6 C'II-ITHBBHlffi IlaHHHX, o6ecnetJHBaIDUlliH MaKCHMaJU:,HYi) CKOpOCTI, -

KOnHpoBaHHH H nepenatJH HX B HaKOilHTeJIJ,. 

BnepBHe BHezweH CTBHnapT KAMAI{ B HaHOC8KYHUH,YlO annapaTypy 

qil13HtJecKoro SKcnepHMeHTa. B:aeneHo cHatJana aaan~roBoe, a saTeM 

unqipOBOe ynpaBJieHHe napaMeTpaMH B CHCTeMH 6JioKOB . 6HCTpozte~CTB,Yl>

mei1: SJI8KTpOHIIKH perHCTpaQHH. 
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4. Ilpell,)IOlK8HO 3HatJHT8JII,HO8 ROJIH'I8CTBO ( ,-., 20 BapHaHTOB) 

opHrHHaJIJ,HHX CX8MH!,IX peruemm Y3JIOB nnepHOli SJI8RTpomnrn, OTJillqa»-

UlliXCfi YJIY'IW8HHHMH xapaKT8pHCTHKar,m JIHOO 6oJiee WHPOKHMH qiyrnm1m

H8JibH1IMH BO3MOlKHOCT.IIMH. . 
5. Bnepnue B CTpaae paapa6oTaHH Ii BHenpeHH B npoMHlllJI8HHOCTb 

cneUH8JIH3llpOBaHHHe rH6pHnHHe HHTerpaJII,Hll8 CX8M11 ll,)IH HnepHOH 

SJI8KTpOHHKH, COCT8BJIRJOUlH8 OCHOBY ll,)IH nocTpoemm ;JJI8RTpOHHKH npo

nopuHOH8JIJ,HHX KaMep B CoBeTCKOM Coroae. 

6. Paspa6oTaHO OKOJIO 70 THnOB 6JIOKOB, IlOJIHOCTbID OXBaTHBa.IOUlliX 

conpeMeHHYD ClHCTPOA8HCTBYDmYD 3Jie~TPOHHKY perHCTPallHH, HaxOAR

~HXCR no nap~eTprua: Ha conpeueHHOM MllPOBOM ypoBHe. MHOrHe H3 

HHX CO3IlaIW Bil8pnHe B CoBeTCKOM Col038 1 a CHCTeMa HaHOC8KYHilHHX 

JIOrH'I8CKHX 6JIOKOB Ha llHTerpan:r,HHX cxeMax C umppOBllM ynpaBJI8Hll8M 

He HMeJia aHaJIOrOB B MHpOBOH npaKTHKe. CosnaHa Heo6xonHMaH T8XHH

'I8CKaff IlOKYM8HTaQHH H opraHH3OBaH BHnycK CBHWe 3700 MOI(YJieH, 'ITO 

no3BOJIWIO WHpOKO BHenpHTb YRa3aHHll8 paapa6OTRH BO BCe SJI8KTpOHHbl8 

ycTaHOBKH Ia6opaTopHH. llaCTI, paspa6oTOK npOH3BOilHTCH aa py6eJKOM 

06~en11aeaHeM IDJIOH • 

7. CoanaHbl SKCnepHM8HT8JIJ,Hlle SJI8KTpOHHHe KOMIIJ18KCH: 

a) 90-KaHaJ.II,HOro qepeHKOBCKOro Macc-cneKTpo.MeTpa ycTaHOBKH "iPoTOH"; 

6) .MarHHTHOro Cil8KTpOMeTpa ll,)IH HCCJI8IlOB8HWI pacceRHHH anpoHOB 

H peJIRTHBHCTCKHX Rnep yCTaHOBKH "AJI:r,qia"; 

B) 6ecqiwtbMOBOro MarHHTHOro cneKTpOM8Tpa ll,)IH SKcnepHMeHTOB no 

noHCKY "oqapoBkHhlx" qacTHU ycTaHoBKH EHC-II; 
r) ·· c11cTeMH ~arHocTm'tH- npoqiwmi ~ytJKa ~aaana qacTHU lKllnKOBonoponHoil 

nysHpI,KOBOH K8Mepll "JfunMWia". 
. , ,.. ' r .. . -, " 

Kax,nHit HS 3THX XoWIJieKCOB RBJIRJICR xpyn11enu11m B cnoen OelJiaCTH 

B ConeTCKOM Conse H no naprua:eTpaM OTB81JaJI MHPOBOMY YPOBHD 3KCnep11-

M8HTaJibHOil T8XHHKH. 
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Paapa6oTaHH8Jl anrrapaTypa llCilOJII,30BaJiaCL TaRRe B TaRllX Ba.JKHeil

WHX YCTaHOBitaX J.ta6opaTOpllll, KaR: ycTaHOBKa ITO llCCJI8I{OBaHlno KYMY

Jl/ITllBHllX ajqleKTOB ")llrnK", llBYXMeTpOBaR CTpllMepHM KaMepa CRM-200, 

B cncTeMax KOHTpOJl/I ll ynpaBJI8HllJI CllHxpo!I)aaoTpoHa. C ITOMOll!I>IO JK8-

aaHHOli anrrapaTypu rroJI,YqeHU qinanqecKne peayJII,TaTu o npnpone BSallMo

neilcTBn.11 qacTHU Ilpll BUCOK!1X ;meprll.!lx. 0Ha COCTaBJIHeT OCHOBY p.11na 

;meKTPOHHUX qlllallqecKnx. ycTaHOBOK,· C03I{aBae.MUx B HaCT0.!111188 BpeMli. 

8. Pa6oTU aBTopa rroJiyqllJili BUCOKYJO oueHKy OTeqecTB8HHl1X n: 

aapy6elKIWX crreUllaJillCTOB, WllpoKO OTpaJKeHU B MOHorpajlWIX no anepHott 

sJieKTpoHHKe. Orrncrumue paapa6oTKH H8.IDJIK npHMeHeHne B npyrwc. Jia6o

paTopMX OIDilf RB p.11ne aayqHO-HCCJienoBaTeJII,CKWC HHCTllTYTOB 

CoBeTCKoro Conaa, a Truae B nacTnTyTax IlonLmn:, ~exocnoBaxnn: n: 

Eonrapnn. 

PeayJILTaTH pa6oTH I{OKJiaD;HBaJillCL Ha BcecOJ03HUX n: MeRztYHapoI{Hl1X 

CHMIT03llYMax (,lly6Ha - 1967 r., BynanemT - 1973 r., ,lly6Ha - 1975 r., 

K,i:eB - 1976 r., BapHa - 1977 r.), orry6JIHKOBaHU B B8ztYl!lllX OTeqecT

B8HHl1X H aapy6elKHl:lx JKYPHMax {IlpH6opu ll TeXHHKa ;mcrrepliMeHTa, 

Nuclear Instruments and Methods, Nukleonika ), B Coo6111eHwrx OIDilf, 

3al!llll!l8Hl:l aBTOpCKHMll CBllU8T8JILCTBaMH 182+84/. 
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