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B peaynbTaTe 6ypHoro pa3BllTlrn pannoaneKTpDHllKll ll BbI'lllCnll

TenbH0ll TeXHllKll K 60 r.r. Ha rrpenrrpHHTllHX n B HayqHo-nccnenoBa

TenbCKllX na6opaTOpllHX coananncb ycnDBllH nnH rronH0ll aBT0MaTn3a

Ullll rrponaBoncTBeHHhIX rrpoueccoB n rrpoueccoB perncTpaunn n o6pa-

6oTKH aKcrrepnMeHTanbHoii HH¢opMaunn, 6ea qero nanbHeiiwee paaBn

Tne rrpoH3B0J:lCTBa n pacwnpeHne rrporpaMM HayqHhIX nccnenoB'aHnii 

cTaH0Blln0Cb HeMbICnllMbIM, Oco6eHHD 0CTpo 3Ta rrpo6neMa BCTana 

B 9KCITepnMeHTanbH0ii HnepHoii ¢nanKe, rne oHa B03HHKna B CBH3ll 
/11 

c illllpDKllM rrpnMeHeHneM 6onbillllX ronocKDITHqeCKllX CIICTeM n 
/2 3/ 

c nao6peTeHHeM rrpoBonoqHb!X HCKp0Bh!X KaMep ' • ITpoBonoqHbie 

llCKp0Bbie KaMepb! 0KaaanHCb 6hICTpb!Mll, nerKoyrrpaBnHeMbIMH MHoro

KaHanbHbIMll n MHoroTpeK0Bb!Mll rrpn6opaMH c xop0illllMll BpeMeHHh!Mll 

ll rrpocTpaHCTBeHHb!Mll xapaKTepHCTHKaMH, CymecTByeT uenhlll pHJ:l 

/3/ 
MeT0J:{0B nnH perncTpaunn nH¢opMaunn HCKp0BbIX KaMep. Han6o-

nee rrepcrreKTllBHhlM ll3 HllX HBnHeTCH MeTon perHCTpaunn KoopnnHaT 

TpeK0B C IT0M0illb!O MaTpllU rraMHTll H3 ¢eppllTOBh!X cepneqHHK0B 

c rrpHMoyronbH0ii rreTneii rncTepeanca(nnr/
41

• ITepcrreKTHBHDCTb 

9TOrO MeTona CBH3aHa C ero annapaTypHoii H ¢yHKUllOHanbHOH 9K0-

H0MllqH0CTb!O, C Bb!C0KOH CK0p0CTb!O ( necHTKll HCeK) ll Manb!Mll 

TOKaMH ( nopHAKa Tpex aMrrep) rrepeKnIOqeHHH ¢eppllTOBh!X cepneq

HllK0B, C /lllCKpeTH0CTblO ll Bb!C0KDH aane}KH0CTb!O perncTpaunn K0Dp

nnHaT nocTaT0qH0 6onbillOro KonnqeCTBa DAHDBpeMeHHhIX llCKp B Ka-
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/6/ 
Mepe • MaKClfManbHble_ B03MO)KHOCTII 3Toro MeTona CBSl38Hbl C lfC-

nonh30BaHIIeM oTnenbHoro cepne'IHIIKa naMSITII Ha Ka)KJ:loii npoBono'IKe 

KaMep. OnHaKO npIIMeHeHIIe oTnenbHOro cepne'IHIIKa naMSITII npIIBOllIIT 

K necSITKaM II COTHSIM Tb!CSl'I IIX B oTnenhHb!X CIICTeMax KaMep, He

o6xonIIMb!X 11nS1 COBpeMeHHblX qJII3II'leCKiix 3KCnepnMeHTOB, ra6apIITbl 

If CTOIIMOCTb cepne'IHIIKOB He3H8'1IITenbHbl, HO 6bmO CoBeprneHHO oqe

BIIllHO, 'ITO Ha C'IIITb!BBHIIe IIHqJOpMaUUH II3 HIIX II3BeCTllb!MII panIIo

TeXIIH'IeCKIIMH cnoco6aMn noTpe6yeTCSI O'leHb MHoro BpeMeHII. ITpaK

TH'leCKH )KenaeMoe BpeMSI o6pameHHSI KO BCeM aneMenTaM naMSITII 

mo6oii B03MO)KHOi:i CHCTeMbl IICKpOBblX KaMep non)KHO 6h!Tb no 

. KpaiiHeii Mepe cpaBHIIMO C MepTBblM npeMeHeM IICKpOBOl!' KaMepbi 

IInII MeHbllle ero. OTO onHa II3 OCHOBHblX 38118'1, KOTOpb!e Heo6xonnMo 

6bm~ pernaTb panlIOTeXHl!'leCKIIMII IInII npyrHMII cpenCTBaMIIi npn 

3T_O_M o6'beM .II CTOIIMOCTb _3TIIX cpencTB rion)l{Hbl 6b!Tb no B03MO)K- . 

HOC:II Manh!MII, a Hane)KHOCTb IIX pa60Tbl Bb!COKOll', Grona )Ke cne

nyeT no6aBIITb II BonpOCbl 6oph6bl C noMexaMII nplI aanIICII IIHqlOpM~-. 

UIIII B qiepplITOBb!e cepne'IHIIKII naMSITII, TexHonorII'IHOCTII MOHT8)1{8 

aneMeHTOB aneKTpOHHOH anrrapaTypbi II CBSl38HHOrO C HIIMII o6opyADB8~ 

HIIH, a T8K)Ke BonpOCbl HenocpencTBeHHOii CB_Sl31I 3KCIIep1IMeHTanbHblX 

ycTaHOBOK C 3BM. PeweHIIIO 3TIIX aanaq, npIIHUHn1IanhHO BB)l{Hb!X 

nnsi 8BTOM8Til38UI!II MHorux cnO)KHeiirnHX 3KCnep1IMeHTOB, OTBe'laIDllllIX 

BCeM Tpe60B8HIISIM coBpeMeHHOii SlllepHOii qJH3HKII, noCBHmeHa HaCTOSl

maSI pa6oTa, 

,UuccepTaUIISI cocToIIT II3 rnecTn rnaB. Bo nneneHHII usno)KeHhl 

OCHOBHble IIpHHUIIIIbl paspa6oTKII, cqiopMynupoBBHbl 38l18'1II II KpaTKO 

coo6maeTcS1 o rrnaHe Hsno)KeHIISI nHccepTauHir. 

B n e p BO ii r n a Be nuccepT8UHH paccMOTpeHbl OCHOBHbJe xa

paKTepHCTIIKII HCKpOBb!X K8Mep II oco6oe BHIIM8H1Ie yneneHo MexaHl!3-

My IICKpOBOro pa3pSlll8 B HHX. Hsy'leHHe 3THX BOIIpOCOB noaBonnno 

Bb!SIBHTb H _ycTpaHHTb IIpH'IHHbl rroMex rrpn 38IIHCH KOOpllHH8T TpeKOB 
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TOKOM HCKpbl, Bb!HCHHTb onTHManbHble Tpe60B8HHSI, KOTOpb!e cnenyeT 

npell'bSIBHTb K ycTpoiicTBaM Bb!BOl18 HHqlOpMaunn H3 IICKpOBblX KaMep, 

a T8K)Ke Bblpa6oTaTh peKoMeHnaunn no pe)KHMY I!X pa60Tbl II rasOBO

ro nanonHeH1rn. 

BT op a SI r n a Ba nuccepTaunn nocnsimena MeTonaM perncTpa

mm HHqJOpMaUlm C HCKpOBblX K8Mep. B Heii paCCMOTpeHbl cymecTBYIO

mne MEJTO,llbl perncTpaunn H naHa KpaTK8SI xapaKTepHCTHKa K8)Kll0rO 

H3 HHX, .,<l>eppHTOBb!H, MeTon perIICTpauim B 3TOI1: rnaBe paCCMOTpeH 

nonpo6no, TBK KaK OH HMeeT HenocpencTnennoe oTHowemre K pesynb

TaTaM H8CTOS1U1eii pa6oTbl, 

B naqane rnaBbl noKa3aH npnHunrr perucTpaumr KoopmrnaT Ha 

npuMepe llBYXKOOpUHH8THOH npononO'IHOii IICKpoBoii KaMepbl C qieppn

TOBblMH cepne'IHHK8MH II YK838Hbl oco6e1111ocTI1, KOTOpb!e Heo6xonHMO 

y'IHTbIBaTh nplI paspa6oTKe cxeM Konnponamrn un¢opMaum1. 

B aKcnepnMeaTanhHOii 'lacTH aToii rnaBbI np1rnenenb1 nccnenoBaH

/5/ 
Hbie B pa6oTe aqiqieKTHBHbie crroco6b1 11 cxeMb1 nonaBneHHH noMex 

sanncn B qieppHTOBble cepne'IHHKII naMSITll, 

3H8'11fTenbHblM npeIISITCTBl!eM 118 nyTu rrpuMenemrn qieppHTOBoro 

MeTona perncTpaunn SIBminHCb TpynHOCTII, CBSl3811Hb!e C BonpocaMH 

TexnonorH'IHOCTH H KOHCTpyKTIIBHoro Bhmonnemrn K8Mep, B CBSl3H 

C 3THM B KOHUe rnaBbl. paccMoTpeHbl pesynhT8Tbl pa6oT, KOTOpble 

nosnon1In1I B OCHOBIIOM npeononeTb II 3TU TpyllHOCTII. 3necb np1IBeL1eHO 

HeCKOnbKO rrpaKTH'ICCKI) npueMneMblX napI!llHTOB usroToBneHHSI HCKpo

BblX KaMep C qieppHTOBblMH MllTpllU8MII naMSITH, 

T p e Tb SI r n a Ba SIBmleTCSI o6sopnoii. B neii onHC8Hbl cymecT

By10mne MeTOllbl opr8Hil38UIIII q1epp1!TOB1>IX cepne'IHIIKOB rraMSITII H cnc

TeMbl BblBOl18 HllqJOpMaUHH II3 HCKpOBhlX KllMep. ITonpo6no o6cy)KneHbl 

cymecTBYIOlllHe cxe,Mhl, COCTBBneun Knacc11<f111Kau1rn ycTpoll'cTB BblBOlla 

H rrponeneHa HX cpaBHIITenbHllSI OUCHKll, B ~~Ty rnany BKn10'1e!lbl 

. /5,6,7/ 
T8K)Ke H MaTepnanbl HeKOTOpb!X pal!HIIX pa::ipn60TOK aBTopa , 
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8 'le TB e p TO li r n a Be J:{HCcepTarurn paccM0TpeHbl OCHOBHble 

sneMeHTbl II y3nbI cxeM, IICIT0nb30Bal!HbIX B ycTpDliCTBaX Bb!BOJ:la 

IIHcpOpMaUIIII II3 IICKP0Bb!X KaMep, H B03M0:iKH0CTII l!X npaKTI!'lec~oro 

npIIMeHeHIISI. 

B Haqane rnaBbl npnBeJ:{eHbl pacqeTblj CBSI38l!Hble C BbI5opoM 

cpepp!!T0BbIX cepAe'lHHK0B naMSITII AnSI HCKpDBb!X KaMep, o5oCHOBaH 

BbI5op cxeM sneMeHTDB aApecHoro np1m0Aa, ·npnBeAeHbI pe3ynbTaTbI 

8KCnepnMeHTanbllb!X IICilb!TaHHli II J:{aH pac'leT ueneli nepeAa'lII Bb!XDA

Hb!X cnrHanoB C cpeppIIT0Bb!X cepJ:{e'lHIIK0B MaTpIIU naMSITII. PacqeTb! 

noKa3b!B8IOT, 'lT0 Bb!XDJ:lHbie IIIIIHbl MaTpllU naMSITII l!CKpDBb!X KaMep 

MoryT 51,1Tb coeAIIHeHhI nocneAoBaTenbHD Ha 6a3ax AD 200 n 5onee 

MeTp0B, CnrHanbI C Bb!X0J:{a 8TllX IIIHH MoryT 5bITb. ycIIneHbl npocTeli-. 

uiIIM OJ:{HOKaCKaJ:{HbIM ycIInIITeneM Ha 0J:{H0M TpaH3IICTC>pe. 3To npll

B0J:{IIT K 3HB'lIITenbHOli 8KDH0Mll'lH0CTII ycTpoliCTB Bb!BOJ:{8 llHcpopMa-

. /5,8/ 
Ulll! C cpeppIITOBb!MII cepJ:{e'lHIIKaMII naMSITll • 

8 IlSIT0M naparpacpe 8TOH rnaBbl paccMoTpeHbl ceneKTOpbl IIHcpop..; 

M8Ullll. ITpIIHUilllllanbH8SI cxeMa DJ:lHDrD ll3 TBKilX ceneKTOpDB, pa3-

/9/ 
pa6oTaHHb!X aBT0p0M , npHBeJ:{eHa Ha pnc. 1. 3KBllBaneHTHaSI qacTo.-

Ta pa50Tbl aneMeHT0B norllKH 8TOli cxeMbl paBHa 80-tl40 Mru. ITpllH-. 

unn pa5oTbl Il B03M0:iKH0CTil ceneKT0p0B IlOJ:lp06HO om1caHbl B pa5o-

/ 10/ Te Il B J:{IlCCepTaUilll. Oco5eHHOCTb ceneKT0p0B 3aKnJO'l8eTCSI B 

TOM, 'lTD nx nornqecKoe nocTpoem1e no3BonsieT o6pamaTbCSI B no

pSIAKe oqepeAH0CTil HenocpeJ:{CTBeHHD TDnbKO K TeM ero pa3pSIABM, 

KDT0pbie .coAep:iKaT. HHcpopMaunro. 3a cqeT aToro cymecTBeHHD yaennqe

Ha CK0p0CTb Il TeM caMbIM yMeHbll!eHo BpeMSI Bb!B0J:{a 1rncpopM8Ullll 

Il3 MaTpllU naMSITil IlCKp0BbIX KaMep. Pa3pa5oTal!Hbie ceneiTopbl B CBS!-. 

3ll C 8TllM nonyqllnll II!Ilp0K0e npHMeHeHile Il B npyrHX · o5naCTSIX 

· /1,11/ 
paAil08neKTp0HilKil , 

B K0HUe 8TOli rnaBbl o5cy:iKJ:{aJOTCSI cxeMbl K0J:{Ilp0B8HllSI IlHcpop-

M8Ullll, KDT0pbie o5ecne'lllB8IOT npencTaBneHile K00pJ:lllHaT B J:{BOil'll!OM 
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. K0Ae, ymi6HOM J:{nSI pa5oTb! cymecTBYJOlllllX 3BM. 3):{eCb ,Ke np1me

J:{eHbl cxeMbl C'leTa qllcna npoBono'leK, 38HSITb!X IlCKpoli. 

n SIT a SI r n a Ba J:lllCCepTaUIIH Il0CBSII!leHa OJ:{HOMY Il3 Hall5onee on-

TllManbHb!X 

B_b!X KaMep 

ycTpoliCTB Bb!B0J:la. l!HcpopMaUill! Il3 np0BDn0'lllb!X IlCKp0-

( ) /6,11-13/ 
YCBJ.1 • B sT0M ycTpolicTBe BnepBb1e ocy-

mecTBneHo o5pameHne TonbKD K reM aneMeHTaM Bcero o6beMa na

MSITil CllCTeMbl Ka1'rnp, B K0T0pb!X C0J:{ep:iKilTCSI IlHcpopMaUilSI, 3TDT 

pe3ynbT8T J:l0CTilrHyT 38 C'leT npnMeHeHilSI MaTpllU naMSITil C npeA

BapnTenbHDli IlHJ:lllKauneli IlHcpOpM8Ullll (pnc. 2) Il ABYX ceneKT0poB, 

ocymecTBnSIJOIIIIlX KaK ceneKTilBHbIH Il0ilCK aneMeHT0B MaTpllU C IlH

cpopMaulleli, TaK Il ceneKTilB~0e o5paUieHMe K HllM, OAllH ceneKTOp 

Bb!5HpaeT cTp0Kil c IlHcpopMaulleli Il nonaeT CllrHanbI Ha COOTBeTCTByJO

UIIle BX0J:lbl cpopMilpOBaTeneli T0Ka AnSI C'lllTbIBaHilSI C0J:{ep:iKaHilSI 8TllX 

cTpoK Ha BXDJ:lbI BToporo ceneKTopa, o5ecne'lllBaJQUiero ceneKTllBHhili 

Il0ilCK 

Il'lH0M 

CB0ilX pa3pSillDB C llHcpOpMauneli ll nepeJ:{aqy llX H0MepoB B llB0-

KOJ:{e ·qepe3 II!llcppaTop Ha BHell!Hee perllCTpllpy10II1ee ycTpoliCTBO, 

CxeMa MaTpllllbI naMSITil YCBJ.1 aHanorH'lHa cxeMe MaTpnUhI, 

npnBeAeHHoli Ha pnc. 2, CTpyKTypHaSI cxeMa Bb16opa aApecoB cqn

TbIBaHnSI aToro ycTpolicTBa Il3o5pa:iKeHa Ha pnc. 3. B Heli npnMeHeH 

MeToJ:l Bb16opa MaTpllU AnSI C'lllTbIBaHl!SI. BnepBbie onncaHHb!H B pa5o

Te191, Bb!IlonHeHH0li eme B 1962 r. ilnSI 8TOli cxeMbl xapaKTepH0 

IlCIT0nb30B8Hlle CT0nbKilX cpopMllpOBaTeneli T0Ka C'lllTb!BaHllSI ( <f>T 1-t 

<f>Tn ll <f>T ) , CKOnbKO llX Heo5XOJ:lllMO J:{nSI Bb!B0J:{a llHcpopMaUilll 
rp 

ll3 MBTpllllbl naMSITil OAHOH KaMepbl, ilnSI C'lllTb!BBHilSI MaTpllU ·naMSI-

Tll ApyrllX KaMep ncnonb3YJOTCSI cxeMbl. T0K0BbIX KnJO'leli K, nooqepeA

H0 nepeKnJO'.{aJOII!IlX 0llHil Il Te ,Ke. reHepaT0pbl C'lllTbIBaHilSI <f>T KO 

BceM MaTpnuaM M 14M n CllCTeMbl, B cxeMaX Tnna Il3o5pa:iKelrn0li Ha 

pnc, 3 nerKo ocymecTBnSieTcSI KaK noo'lepeAHDe, TaK n ceneKTllBHDe 

B035y:iKaeune reHepaTopoB C'lllTbIBBHilSI <f>T 1-<f>T n • TTpn ceneKTilBHOM 

7 



06pa111eHm1 cHaqana C'Il!ThIBaeTcH conep:1K11Moe cepne'IHIIKOB npenBa

p11TenhHOfi IIH/:ll!Ka111111 C Bb!6paHHOU MaTpll!!bl llaMHTII no Bxony <popMl!-

poBaTenH ~T 'a 3aTeM B COOTBeTCTB!!II C l!X conep:IKaHl!eM npo-
rp -

l!CXO/:IIIT 06pa111eHl!e K <popMl!pOBaTenHM TOKa, Pa3BH3Ka 11eneu C'IIITbl-

BaHIIH MaTp!!II llaMHTl! Me:1Kny co6ou B CXeMe BbIITOnHeHa C IT01'1011lb!O 

/:ll!O/:IOB, 

TTpOWIIBKa CllrHanbHhlX o6MOTOK 0/:IHOIIMeHHhlX rpyllllOBhlX Kone!! 

MaTpllll 118MHTII CIICTeMbl IIOK83aHa 11eTneu, 11oncoen11HeHHOII K yc11-

n11Temo Yr, a ocTanbHhIX - 11eTneli, 11oncoen11HeHHOfi K yc11n11TenJO Ye. 

llocTOIIHCTBaMII STOii cxeMbl HBnHJOTCH ee llpOCTOTa, SKOHOMll'IHOCTb 

II BblCOKaH s<p<peKTIIBHOCTb, OnHaKo ocy111ecTBneH11e STOii cxeMbl np11-

MeH11TenbHO K CIICTeMaM IICKpOBbIX KaMep CBH38HO C 3H8'IHTenbHblM 

ynn11HeH11eM Harpy30'IHbIX 11e11eii ¢opM11pDBaTeneli TOKa, Cy111ecTByJ0,-

11111e 11ony11poBO/:IHIIKOBbie sneMeHTbl /:IDIIYCKaJOT ynn11HeH11e CHnOBbIX 

11e11eii C'Il1Tb!B8HIIH /:10 200 MeTpOB II 6onee, K8K STD noKa3aHO B pa-

/5/ 
6oTe II '!eTBeproii rnaBe n11ccepTa11IIII, B peanhHhIX sKc11ep11MeH-

TanhHhIX ycTaHOBKaX 6onbWlle Am!Hhl 11e11ett C'IIITb!BBHIIH He Tpe6yJOT

CH, 'ITO nonHOCTb!O onpaB/:lbIBaeT Bb16op cxeMbl pile, 3. no CBoeu 

CTpyKType II sqi<peKTIIBHOCTII STa cxeMa He ycTy11aeT CIICTeMaM 

C nByxKoopnHHaTHb!M Bb16opoM anpecoB, a 110 pHny xapaKTepllCTIIK 

llpeBOCXO/:IIIT IIX, llocTaTO'IHO OTMeTIITb, 'ITO 11p11 cocpenoTO'IeHHbIX 

MaTp1111ax 118MHTII AnllHhl_ 11eneii C'IIITb!BaHIIH y 3Y 110 STOli cxeMe 

Kopo'Ie, '!eM y cxeM c ABYXKoopn1111aT!lbIM Bb16opoM anpecoB, 

06maH 6noK-cxeMa YCBI1 11p1rneneHa Ha puc, 4. B 11eii MO:IKHO 

OTMeTIITb cnenyJOUllle <py!IKIIIIOHanb!IO pa3nll'IHbie '!aCTII, TTepBaH 113 

8TIIX qacTeu, COCTOHl118H 113 C'IeT'IIIKa MaTpll!! cqJVY Z), <pa30IIHBepTO

poB ~l1, nem11qipaTopa MaTp1111 11n11 KaMep llllJM (K) 11 TOKOBhIX KnJO

'Ieii KT, 11penHa3Ha'IeHa nnH 06ec11e<JeH11H 11ocnenoBarenbHoro C'Il!ThIBa

H11.11 conep:IKaHl!H MaTpll!! IIBMHTII, BTopaH, COCTOHIUBH 113 ceneKTOpa CTPO~ 
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CC( Y), BbIXO/:IHblX yc1m11Teneii Y ):lnH CllrHanoB C rpyllllOBbIX cepneq

HIIKOB 11pe_nBap11TenbHOii IIH/:ll!Ka111111 IIH<pOpMal!llH, W!!<ppaTopa HOMepa 

cTpDKII lllC ( Y) 11 cqeT'IHKa cTpoK C q C ( Y), 3anoM11HaJOIUero Kon sToii 

CTpOKII, 11penHa3Ha'IeHa nm1 ceneKl!llll CTpOK MaTpllU C IIH<pOpMauueii, 

KO/:IIIPOBBHIIH !IX HOMepOB II 11epena'II! SToro Kona Ha BH0WHee per11cT

p11py10111ee ycTpoiicTBO ( 3BM), TpeTbH 'I8CTb CX0Mbl aHanorH'IHa 

BTopofi II 11penHa3H8'IeHa nnH 11p11eMa IIH<pppMaUIIII 113 CTpOK MaTp!!U 

naMHTII, CeneKTOp HOMepoB Koneu C l1H<popMau11efi, 11n11 ceneKTOp. 

q11cna cq( X) a sToM KaHane, 06ec11e'!11BaeT 11pHMoe 06pa111emre 

K CBOIIM pa3pH/:18M C IIH<pOpMauueii. 8 pe:1K1IMe BbIJ:1eneH1IH KOOp/:III

HaTbl cepenl!Hbl TpeKa co cxeMbl l1J1I11 ceneKTopa CHl!MaeTCH cep!IH 

l!MllynbCOB qepe3 11epBblll 

c'IeT'IHKa 'Il!Cna C q ( X). 
q 

pa3pHn C'IeT'IIIKa 11poaono'IeK C n Ha axon 
q p 

B STOM cnyqae HoMep, 3a1111caHHb1ii B C'IeT-

'IIIK C q ( X)' COOTBeTCTByeT KOOp/:l!!HaTe cepenHHbl TpeKa, KoMaHna 
q 

nnH BbIBona acero q11cna Ha BHemHee per1IcTp11pyJOIUee ycTgoiicTBO 

CHIIMaeTCH qepe3 · cxeMy Bbl/:leneHl!H KOHe'IHOI'O l!Mllynhca CKI1 II yc11-

n11Tenb Y~. Ecnu STa 'IBCTb cxe'Mbl IICKnJO'IeHa, TO CllrHan I'OTOBHO

CTII 'Il!Cna K Bb!BO/:IY CHl!MaeTCH co cxeMbl l1Jll12 II 110 uellO'IKe 3TT, 

J13,3TT, Y~ 11onaeTCH Ha c6poc Tpurrepa T2, TT0TeH111Ian Tp11rrepa 

T2 B STOM COCTOHHllll BH0WHl!Mll perHCTp11py!OIUHMII ycTpoiicTBaMII 

BOCllplIHHMaeTCH B Ka'!eCTBe 11pll3HaKa I'OTOBHOCTH 'IIICna K Bb!BO/:IY, 

qeTBepTyJO '!aCTb cxeMbl COCTaBnHJOT o6mne sneMeHTbl y11paB

neH1IH ycTpolicTBOM, K STHM sneMeHTaM OTHOCHTCH Tpnrrepbl T 1 

II T2, TaKTOBb1li reHepaTop Tr n npyrue y11paanHJOIUne, 3aJ:1ep:1K11BaJO

IU1Ie II qJOpM11pyi0IUl!e KaCKa/:lbl,' 3TH sneMeHTbl 06ec11e'!HBa!OT y11paane

Hlle ycTpofiCTBOM B pe:IKHMaX KOHTpOnH ll pa60Tbl, B o6onx pe:IKHMaX B 

ycTpOiiCTBe ~pOHCXO/:lllT aBTOMaTH'I0CKOe C'IllTb!BBHHe llH<popMaUHH, KO

nnpoBaHne n cnHxpoHHa.11 11epenaqa ee Ha aHemHne perncrpnpyJOWHe 

ycrpoiicTaa, TTepenaaaeMhie Ha BhIX0/:1 cnoaa B ycrpoiicTBe HMeJOT 
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pa3pS!llHOCTb, paBHYIO cyMMe pa3pS!llHOCTeii C'l8T'lllKOB C'!M ( K) 1 

C4C ( Y), C'!4 ( X) n C'!np. B paccMaTpnaaeMOM aapnaHTe ycTpoiicTBa 

pa3pS!llHOCTb cnoa 6hina paBHa 12. 

ilanee B 8TOii rnaBe Oll8HllB8IOTCSI CKOpOCTHbJe B03MO)KHOCTll 

YCBI1, onpenensieMb1e Bb1pa*eH1IeM 

t c = 3N T + 2N T (n - 1) K + T(n - 1) ( J - K), 

rne t C - BpeMSI BbIBona onHoro co6b!TIIS!i N - 'IIICnD MaTplIU 118MSITII 

IInlI KaMep B CIICTeMe; n - 'IIICno TpeKOB B KaMepe; T - neplIDll 

TBKTOBblX IIMilynbCDB; K_ - 'IIICno, paBHoe en1IH1Iue, IInlI M8Hblll8 ee, 

xapaKTep1I3y10wee BepOSITHOCTb Toro, 'ITO onpeneneHHoe KOnlI'l8CTBO 

TpeKOB '6yneT IIJ)l!Hanne)KaTb pa3HblM CTpoKaM MaTplIUbl IIBMSITII. 

EcnlI T< = I, TO Bee KoopnlIHBTbl rrp1IH8!W8)K8T pa3HblM CTpOKaM 

M8Tp1Ill naMSITII It TpeTl!ll 'lneH IIM80T 3H8'!8HIIe, paBHOe Hyn10. 

EcnlI K8)KJ:18SI KaMepa 6yneT IIM8Tb TOnbKO 110 onHDMY TpeKy, 

TO II BTOpoii 'lneH TBK)Ke 6yneT paBeH Hyn10. _B 8TOM cny'llle BpeMSI 

BbIBOna 'onnoTpeKOBoro C06b!TllSI t Cl 

paBeHCTBa n 6yneT paBHO 

t = 3N T. 
Cl 

onpenensieTcsi rrepn1.1M 'lnettoM 

TaKIIM o6pa3DM, B 8TOM ycTpOHCTBe nnsi llOIICKn ll 111,IDOl:tll 

OllHOll KOOplll!HBTbl n106oti KaMepbl nocTaTO'lHO onHoro-Tpex TllKTOBhlX 

nMnynbCDB. Ha naHHOe BpeMSI YCBl1 B cpaBH0HlllI C ll3B8CTIIl;IMII 

ycTpoiiCTBBMll attanorll'IHOro H83H8'!8HllSI IIM88T 11a116onbllllle CKopor:T

Hbi8 B03MO)KH0CTll II o6nanaeT CBOiiCTB8Mll aCCOUIIBTllBHl,IX 3Y. 

B KOHUe 8TOll rnaBbl paCCMOTpeHa 6noK-cxeMa 8KCll0JJHM011Tllnb

HOii ycTaHOBKII C YCBI1 II npllBeneHbl pe3ynbT8Tbl ee llCll!,IT/lllllll. 

Pa6oTa ycTaHoBKll Benacb B pe)Kl!Me on-line c 3BM E3CM-3M. 

12-pa3pS!llllb!e TpoiiKII Bb!XOllHbIX 'll!Cen YCBI1 npenBnpl!TenblIO 

pa3Bopa'l1IBan1ICb B 36-pa3pS!llHbl8 cnoBa II BMeCTe co c:ny ;i,efilloii 

I1HcjJopMau1Ieti napannenbHhIM KonoM nepenaBam1cb HenocpencTnenno 

Ha Bxon E3CM-3M. 
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TTeplion nepena'lll T8KIIX cnoB IlplI nnlIHe nlIHIIll CBSl31I B 1 KM 

6bm paBeH 120 MKCeK. Ha C'll!TbIBaHII0 onHoro C06bITIISI II3 CIICT0Mbl 

8 acKpOBblX KaMep 38Tp8'llIBanocb 1-tl,5 MCeK. 

ilnsi onepaTHBHoro KOHTpom1 38 xonoM 8KCll0plIM0HTa B YCBI1 

6bma ocymecTBneHa nporpaMMa o6paTHoti nepenaq11 'IBCTII o6pa6a

TbIBaeMoro Ha 3BM MaTep11ana Ha u1IcjlponeqaTa10my10 Mallll!Hy, Ha-

~ /14/ 
xonsi_my10csi Ilpll 8Kcnep11MeHTanbHOII ycTaHOBKe 

ilnsi KaMep B 8KCnep1IM0HTe 6bmlI 3aper1ICTpllpOB8Hbl cnenyIOllllle 

naHHh1e: 

1. 3cjJcjJeKTIIBHOCTb per1ICTp8UIIII ~ ~ 96%. 

2. TTpocTp8HCTB0HH00 pa3p0lll0Hlle /1,.x = 0,8 MM •. 

0THOCl!Te~bHO Hll3KOe 3H8'!0HII0 npocTpaHCTB0HHoro pa3pernettnsi, 

rrony'l011HOe B 8TOM 8KCll0p1IM0HTe, o6ycnoBneHo B OCHOBHOM HenocTa

TO'lHOll llll0HTII'lHOCTb~ HBMOTKll llCKpOBhlX KaMep. 

B 3BKnIO'lllTenbHOii V/ r n a B 0 nnccepTaUIIll OillICaHO ycTpoii

CTBO BhlBOlla C 'l8CTll'lHOii ceneKu~eii llHcjJOpMaUIIII IICKpOBh!X K8Mep, 

B KoTopoM B 0Tn1I'l1Ie oT cxeMbI YCBI1 IICKn!O'l0H ceneKTOp CTpoK. 

BMeCTO ceneKTOpa CTpoK ncnonb:JOBaH C'!eT•rnK CTpOK C nern1I¢pa-

TopoM, 06ecne'l1IBa10mnM nooqepentto o6p3Wettne K cjJopMIIpOBaTensiM 

TOKCl C'll!TbIBllHIISI <PT. l1cKnIO'l0Hlle ceneKTOpa 6b1no Bhl3B8HO MBnbIM 

'llICnOM co6bITHii, 0)KliJ:180MblX B 8KCilepnM0HTax, nnsi KOTOpblX npen-

1183fl[l'lanocb ycTpo11cTBo. OnHaKo nnsi yMeHbWeHnsi o6wero 061,eMa 

llll~lOpMaunn llCKfJOBb!X KaMep B 8TOM ycTpOHCTBe 6bma BhlilDnHeHa 

'lDCTb CX8Mhl, npenHB3H3'!0HHOii nnsi 8BTOM8Tll'lecKoro BhlBDna Koop

lllll!DT, COOTBeTCTBY!OlllllX cepenlIHe TpeKa, YBenlI'l0Hlle CKOpOCTll Bbl

Bonn IIHcjJopMaUIIll 38 C'!eT BbIBOila TOnbKO KOOpllllHaTbl cepenlIHbl 

TpeKa llpll llnl!He nIIHl!ll CBSl31! C 3BM B 1 KM 6onee Bb!f'OllHO, 'l0M 

cenc!KTIIBHOe 06pan1en1Ie K CTpOKBM MaTpllU llllMSITII, TaK KaK rrepHO/l 

IIOChinOK 'll!Cen B HallleM 8KC118plIMeHT0 na E3CM-3M 6bm paBeH 

I 
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120 MKeeK, a BpeMSI orrpoea 16 eTpOK paBHSIIIOeb 32 MKeeK. npv. 

OOIIbli!OM •mene eTpOK I! Manoii: /:lIIl!He IIl!Hllll eBSI31! e 3BM l!III! 

e npyrl!M perlleTpllpyroIUl!M yeTpoiieTBOM ueneeoo6pa3HO K8K eeneKTl!B

Hoe o6pameHl!e K eTpOK8M M8Tpl!U II8MS!Tll, T8K 'II Bb!BO/:l KOOpi::tl!Ha-

Tbl eepe/:ll!Hbl TpeKa. B . eBSI3ll e 3Tl!M 3i::teeb rronpo6HO paeeMoTpeHbl 

exeMbl Bb!B0/::{8 KOOp/:lllH8Tbl eepei::tl!Hbl TpeKa I! npyrl!e Y3IIbI, OTIIl!'tJ8ID

IUl!e yeTpoiieTBO e qaeTl!'tJHOii eeneKUl!eii 11Hc!>opM8Ullll OT YCBl1. 

B KOHUe rnaBbl rrp1rneneHbl exeMbl I! /:l8HHbie O pa6oTe yeTpoll

eTB8 B 3KerrepHMeHTe. OHO pa6oTano ll rrpononlKaeT pa60T8Tb Bene

TeMe 17 IIpOBOIIO'tJHb!X neKpOBb!X KaMep, yeTaHOBIIeHHb!X H8 rry'tJKe 

K 0 -Me30HOB ellHXpoc!>a3oTpOH8 0115111 ll llMeroIUHX pa6oqyro o6naeTb 

480x480 MM. Pe3yIIbT8Tbl neIIblT8Hllii yeTBHOBKll rrpenBapnTeIIbHO 6bi-

/ 15/ " 
III! eoo6meHbl B pa6oTe • CxeMbl yeTpOlleTB8 orry6nHKOB8Hbl B pa-

/8 16 17/ 
.60T8X ' ' • no pe3yIIbT8T8M o6pa60TKI! /:l8HHb!X 3KerrepHMeHT8 

Ha 3BM E3CM-4 nrrsi neKpoBoro erreKTpoMeTpa e 3TIIM Bap11aHTOM 

yeTpoiieTB8 Bb!B0/::{8 rrony'leHbl enenyroIUlle xapa_KTepneTHKII: 

1. 3cl>c!>eKTllBHOeTb perneTp8Ullll T/ = 96%; 

2. CpenHee 'tJlleno rrpOBOIIO'tJeK, 38HS!Tb!X HeKpoii, 2,2; 

3. To'IHOCTb per11eTp8Ullll KOOpi::t11H8T :!:..0,35 MM; 

4. BpeMSI II8MS!Tll KaMep ( 0, 7-t 1) MKeeK; 

5. MepTBoe BpeMSI KaMep (5-t7) MeeK; 

6. MHororpeKOB8SI sc!>c!>eKTIIBHOeTb IIpll 12 c!>oHOBb!X 11eKpax 

(nnsi KaMep e o6'beMHb!Mll pa3BSl3blB8IDIUIIMll eorrpOTllBIIeHIISIMII) 85%; 

7. 3aneplKK8 IIO/:l8'1ll BIB IIMIIynbea Ha KaMepbl OTHOeHTeIIbHO 

MOMeHT8 rrponeTa 11eenenyeMoii qaeTIIUbl 0,45 MKeeK; 

8. CTepllO/:l rrepei::t8'1ll 46-pa3pSI/:lHhlX 'llleen yeTpoii:eTB8 H8 BXO/:l 

3BM 120 MKeeK. 

B 38KIIID'tJeHlle rnaBb! BbipalKeHO IIOlKenaHlle O Heo6xoi::tllMOeTII 

113rOTOBneHIISI HOBoro B8p118HT8 yeTpoiieTBa, B KOTOpOM 6b!IIII 6b! 

12 

BbIITOIIHeHbl Bee exeMHbie peweHmI rrpei::tbI/:lYlllllX yeTpoiieTB Ha 

l!HTerpanhHbIX exeMax, qTQ II03BOIIllT lleIIOIIb30B8Tb ero He TOIIbKO 

H8 yCKOpl!TenHX 38pSilKeHHbIX qaeT11u, HO I! /:lIIH neenei::tOB8Hllii B 06-

naeTII c!>11311KII KOCMHqeeKllX nyqeii. 

TpeTl!i"! B8p118HT ycTpoiieTBa e IIOTeHUll8IIhHbIMII eBSI3HMII Me)K

ny aneMeHTaMII ero norllKII, eBOHCTBeHHbIMII /:lIIH IIHTerpaIIbHblX ex eM, 

8BTOpOM BbIITOnHeH eoBMeeTHO e eoTpyi::tHIIK8MII fla6opaTop1111 Hi::tep

/18/ 
HbIX rrpo6neM 0115111 • 

0CHOBHbie pe3yIIbT8Tbl n11ecepT8Ullll 38KnroqaroTeH B errenyro-

weM. 

1. C03/:l8Hbl nai::telKHbie B pa6oTe c!>YHKUIIOH8IIbHO IIOIIHbie op11-

rI1H8IIbHhle 8BTOM8T!lqeeKHe ycTpoiiCTBa per11eTp8Ullll II BhlB0/::{8 

IIHc!>opMau1111 IICKpOBhlX K8Mep e c!>eppllTOBhlMII cepne'IHIIK8Mll rraMH

/6 12 13 16 17/ 
Tl! ' ' ' ' , paCC'tJl!TaHHbie Ha pa6oTy c COBpeMeHHblMII 3BM. 

2. B oi::tHOM 113 ycTpoiieTB ( YCBl1) BrrepBbie ocymecTBIIeffo 

06pameH11e TOIIbKO K TeM aneMeHT8M Bcero o6'beMa II8MSITII, B KO-

~ /6,11,12/ 
TOpbie rrpOIICXO/:l!IT 38II!leb IIH<pOpM8UIIII • 

3. B YCBH He3aBHCHMo oT pa3MepoB MaTpl!UbI rraMSIT!I ( KaMepbi) 

KonnpoBaHne HoMepa nro6oro ee aneMeHTa ocyurecTBIIMO 3a 2-+6 MKeeK, 

T,e. rrpo11exon11T IIpl!MepHO Ha IIOpH/:lOK 6bICTpee, qeM B 113BeeTHblX 

ycTpoiicTBax aHanorll'IHoro Ha3Ha'tJeHIIH. CTpn aT0_11.1 rrony'leHa Bo3-

MOlKHOCTb 3KOHOMll'tJHOro II ac!>c!>eKTIIBHOro rrpeu6pa30B8HIISI ( eBopaql!-

/ 11 I 
B8HIIS!) p83IIll'tJHblX MHOrOK8H8IIbHbIX CIICTeM B e11eTeMbl C orpa-

Hl!qeHHblM KOIIl!'tJeCTBOM K8H8IIOB per11cTpau1111. 

4. CxeMH8H 3KOHOMll'tJHOCTb, Bb!COK8H Hai::telKHOeTb ll BbleOK!le 

CKOpOCTHbie B03MOlKHOeT!I pa6oTbl ycTpoiieTB J:IOCTllrHyTbl 38 C'tJeT 

pa3pa6oTKII · 11 rrp11MeHeHm1 cnenyrom11x HOBbIX exeM II aneMeHTOB: 

8) M8Tp11U II8MSITII C rrpenBapl!TenbHOII IIH/:l!IK8Ulleii IIHc!>opMa

/ 5, 6, 12/ 
UIIII ; 
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6) crreunanhHbIX perIICTpOB-ceneKTOpOB c IIpSIMbIM BbI60pOM 
,l, /9, 10-12,16/ 

HH,pOpM8UIIH . i 

B) cxeM aBTOM8Tli'IeCKOI'O BbI):leneHHSI II K0!1Hp0B8HIISI KOOp!IH
/6-8 12 13/ 

aaT, cooTBeTcTByrournx cepemrne TpeKa ' ' ; 

I') cxeMbI nepeKIIIO'IeHI!SI npHB0):18 O!IHOll MaTpHUbl naMSITII .K npy-
/ 1,6-8, 13, 17/ . 

I'HM i 
/5 6 8 12 

n) AOCT8TO'IHO paunoaanhHb!X aneMeHTOB aneKTpOHIIKII 1 
' •· ' 

16, 18/ 
;_ 

e) OilTHMaIIbHbIX cxeM ofrhemrneHHSI H yc11neHHSI CHI'HanoB C MaT- , 
I 1 6/ 

pHU naMSITH HCKpOBbIX KaMep ' ( CM. T8K)Ke pnc. 3,4). 

3a C'IeT Bb!B0!18 KOOp!IHHaT, COOTBeTCTBY_!OIUHX cepennae TpeKa, 

rrony'IeHa B03MO)KHOCTb C)K8'rllSI HHqJOpMaUHII HCKpOBbIX KaMep C qiep
/ 11, 12/ 

pHTOBbIMH cep!le'IHHK8MH rraMSITH npnMepHo B 2, 2 pa3a 

6. BbrnCHeHbl npH'IHHbl noMex 381IHCH B qieppHTOBb!e cepne'IHlIKH 

naMSITH HCKpOBbIX KaMep, naiineHbl cnoco6bI H pa3pa6oTaHbl cxeMbl 
/5/ . 

HX ycTpaaeHHSI 

7. IToKa3aHo, 'ITO H3-3a ae6onhllIHX TOK OB ( 3 aMrrepa H MeHbllle) 

H M81Ib!X BpeMeH ( 50 HCeK H Mem,-llle) rrepeKIIIO'IeHHSI qieppHTOBbIX 
/5/ 

cepne'IHHKOB B HCKpOBbIX KaMepax 1 8KOHOMH'lHOCTH aneKTpOHHLIX 

cxeM H Bb!COKOll Ha):le)KHQCTH HX pa6oTbI, B03MQ)KHQCTH perncTpaunn 

601IhllIOI'O KOIIH'IeCTBa _ncKp, B03HHK810IUHX B KaMepe, "qieppHTOBblfi " 

MeTO!I B cpaBHeHHH C H3BeCTHbIMH AleTO!l8MH perncTpaUHH HH4iopMa

UHH HCKpOBLIX KaMep nan6onee rrpenno'ITHTenea. 

8. BbIITOIIHeH KOMIIIIeKC pa6oT, II03BOIIHBllIHll aafiTH npaKTH'-!eCKH 

IIpHeMneMbie MeTO!lbl H3I'OTOBIIeHHSI !IBYXKOOp!IHHOTHbIX HCKpOBbIX 

KaMep C qieppHTOBbIMII cepne'IHHKaMH rraMSITH II pa3BSI3b!B810IIIHMH, 

061>eMHbIMH COIIpOTHBII~HHSIMH, MaTpl!U naMSITII Il cneunanhHLIX MIIO

I'OCIIOHHbIX qJOIIbI'HpOB8HHbIX pa31>eMOB. 

9. ITpoBeneaa rrpoBepKa pa6oTbl ycTpOHCTB B 8KCIIepHMenTanh

HLIX ycnoBHSIX n CHSITbl HX pa6oqne xapaKTepHCTHKII B pe)KHMe on-line 

c 3BM
114

•
151

• 
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CxeMHbie pellleHHSI ycTpofic,TB, pacCMOTpeHHblX B_ !IHCCepTaunn, 

11crronh3y10TcSI B OI1HI1 H npyrnx na6opaTopnSix CCCP. Oan MoryT 

. · 111 
HBHTH npnMeaeane T8K)Ke B P83IIH'IHbIX MHOI'OKaHaIIbllbIX CHCTeMax , 

B Bbl'IHCIIHTenbHOH TexHHKe H BO MHOI'HX OTpacnSIX npOMblllIIIeHHOCTH. 

OcHOBHbie pe3yIIhT8Tbl nnccepTaunn ony6nHKOB8Hbl B pa6o
. /5,6,8,9,10,11,13,14-17/ 

Tax . • 

nnTepaTypa 

1. A.r. fpaqen. CuHHTHIIIISIUHOHHbie H ra3opa3pSI!IHLie I'O!IOCKOITH-

qecKne cncTeMbI. OI1HI1, B 1-10-5491, ily6aa, 1 970. 

2. S. Fukui, S.Miyamoto. Nuovo Cim., !1:.., 113 (1959). 

3. _A.<f>. ITncapen. ITpenpnHT OI1HI1, P-2745, ily6aa, 1966. 

4. F. Kriennen. NIM, 1.§, 262 (1962). 

5. A.r. fpaqeB, n.11. <f>nnnnnon. ITpenpnHT OI1HI1, 10-4173, ily6aa, 
1968. . 

6. A.r. fpaqen. OI1HI1, Bl-10-3883, ily6aa, 1966. 

7. A.r. fpa'!eB. BnoK naMSITH 98-cqeT'IHKOBOI'O CUHHTHIIIISIUHOHHOI'O 
I'O!IOCKona. nen.ny6n.OI1HI1, 62-10-3916, ily6aa, 1968. 

8. A.r. fpaqeB. Opraan3aUHSI BLIBona naqiopMaunn.· ITperrpnHT OI1HI1, 
10-4072, ily6na, 1968. 

. 9. A.r. fpa'IeB. PerncTp. ABTOpCKoe CBH!leTenbCTBO Ng 187400. 
0TKpbITHSI, H3o6peTeHHSI, No 20, 1966; ITT3 N•2 ( 1967). 

10. A.r. fpa'IeB. CeneKTopb1 naqiopMaunn. ITperrpnaT OI1HI1, 10-4056, 
ily6aa, 1968. 

11. A.r. fpaqeB. YcTpOHCTBO !IIISI KO!IHpoBanmi nmjlopMaunn. ABTOpCKOe 
CBII):leTeIIbCTBO Ng225925, 0TKpb!THSI, H3o6peTeHHSI, Ng 28, 1968. 

12. A.'r. fpaqen. YCBH •. ABTOJ?CKoe CBH!leTenbCTBO No 202581. 

0TKpb!'J'.Irn, H306peTeJIHSI, Ng 19,. 1967. 

13. A.r. fpaqeB, n.c. Bapa6alll. ITperrpHJIT OI1HI1, 2660, ily6aa, 1966. 

14. M.X. AHHKHHa, n.c. Bapa6alll, A.r. fpaqeB n np. ITperrpHHT 
OI1HI1, 1-3050, ily6aa, 1966. 
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15. M.X. AmrKIIHa, n.c. Eapa6all!, A.r. rpaqeB H np. OperrpuHT 
011.HH, 13-4 123; .[ly6Ha, 1968. 

16. n.c. Eapa6alll, A.r. rpa'ieB H .!lp. 011.HH, E 1-10-3846, 
.[ly6Ha, 1966. 

17. n.c. Eapa6alll, A.r. rpa'ieB H .np. OperrpI!HT 011.HH, 10-3890, 
.[ly6Ha, 1968. 

18. B.B. BHlllHSIKOB, A.r.·rpa'ieB, H.11. )KypaBneB, KaH rBaH BoH, 
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