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B npouecce aBTO>Ma TH'ieCKOf'O BbIBO)la .[l8HHbIX H3 CHC­

TeMbI KOOp)lHHaTHbIX )leTeKTOpoa aapH)!(eHHbIX 'i8CTHU, KBKH­

MH HBnHlOTCH npoBonoqHbie HCKpOBbie KaMepbI, MHOf'OHHTe­

Bbie IIpOIIOPllHOHBJibHbie H . • Jlpe:Hi!JoBbie KaMepbI, CllHHTHmm-, 

llHOHHbie f'O)lOCKOIIbI H T.Jl.' - HeHa6e)!(HbIM 8TBIIOM npeo6-

pa 30B8HHH HH<j:JOpMaUHH HBJISI€TICH ee KOJ:lHpOB8HHe. 

B MOMeHT perHcTpaUHH aapH*eHHo:H 'iaCTHllbI npu6opoM 

HH<j:JopMallHH IIOABepraeTCH KB8HTOB8HHlO H .ctanee HOCHT AHCt 

KpeTHbI:ll: xapaKTep. MHTepaan KBaHTOBaHHH o6ycnoaneH ca­

MHM THIIOM .cteTeKTOpa H ero KOHCTpyKllHe:H H B KOHe'iHOM 

C'ieTe onpeaen.aeT npocTpaHCTBeHHoe paapell!eHHe np~6opa. 
CTpeMneHHe IIOBbIC!:fTb 'TO'iHOCTb H3MepeHH:l!: a;a C'ieT 

yMeHbllieHHH HHTepaana KBaHTOBaHHH Blle'ieT aa co6o:H yae-

nH'ieHHe KOJIH'ieCTBa 'IYBCTBHT€JibHbIX ¢HKCHpyIOIIIHX SJieMeP-' 

ro:B perHCTpupyipme:H annapaTypb1. ITpH aToM aoapacTaeT · 

06IIIH:ll: 06'beM BbIBO)lHMO:ll: Jrn<j:JopMBUHH . 

CoapeMeHHbie 8KCIIepHM€HT8JibHbie YCTBHOBKH MoryT 

c OJ:tep)!(aTb "-' I 0
3 ~ 1 0 6 

nepBH'iHbIX £PHKCHpyIOIIIHX SJleMeH­

TOB , H npo6neMa OIITHMH38UHH npouecca KOAHPOB8HHH HH­

cpopMaUHH CTBHOBHTCH BCe 6onee aKTyaJibHO:ll: c pOCTOM 

6bICTpoaetkTBHH .cteTeKTHpy10me:H annapaTyplb1. 

0.ctHHM H3 MeTOJ:lOB, II03BOJ1HIOIIIHX cymeCTBeHHO YCKO­

PHTb npou~cc BbIBO)la HH<j:JOpMaUHH B XO.cte 8KCIIepHMeHTa 

HBJISl8TCH KOAHpOBaHHe KOOPAHP.8Tbl 'iBCTHUbI Henocpe.ctCTBeH, 

HO B MOMeHT ee perHCTpallHH B iteTeKTope [ 1 ,2 j 
3 
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DpHMeHeHHe aToro MeTona aoaMO)l{HO ao Bcex cnyqagx,ecnH 

rro ycnOBHHM 9KCnepHM€HT8 Tpe6yeTCH perHCTpHpOB8Tb onHo4 

'18CTH'IHb!e C06bITHH, 
OnepaUHH Ko.impoaaHHH ocymecTanHeTCH c noMOIUhID 

cneuaanbHoro ycTpolicTaa - m H cjJ p a T o p a nnn K o~ 

n e p a • noCTOHHffO CBHSaHHOro HenocpencTBeHHO c qya­

CTBHTenbHb!MH aneMeHTaMH neTeKTopa. TaKHM o6pasoM,KO.l 

¢opMHpyeTCH B lliHcjlpaTope OUHOBpeMeHHO c perHCTpauneli 

qacTHUbI neTeKTopoM. TaKoe Ko.r:ui:poaaHHe MbI 6yaeM Haabr­
eaTb " npHMbIM 11 HnH "onHoTaKTHbIM .. KOAHpoeaHHeM, 3To 

Ha3BaHH€ 13 H3B€CTHOM CMbicne OTpaJKaeT xapaKTep CaMoro 

npouecca KOJlHpOBaHHH He 3aBHCHMO OT KOHKpeTHOr'O KOHCT-, 

pyKTHeHoro pemeHHH caMoro Konepa. 
l1s ecex THIIOB KOOpUHH8THbIX AeTeKTOp013 sapHJKeHHbIX 

qacTHU HaH6onee yao6Holi nnH peanHsaUHH MeTona npHMoro 

KXinHpoaaHHH .HBnHeTCSl HCKpOBa51! KaMepa c 11poeon0'1HbIM!!i 

aneKTpOAaMH. Jloc TaTO'IHblil: no MOIUHOCTH CHr'Han B KaMepe 

n03BOnHeT HCnonbSOB8Tb npOCTelimHe aneMeHTbI nnH opra­

HHSaUHH Konepa - CHCT€MY cjleppHT013blX Koneu. llpH 9TOM 

HH¢opMaUHSl He TOnbKO KOAHpyeTCH, HO H sanOMHHaeTCH. 

EcnH HH¢opMau1rn KOJlHpyeTCH B HaTypanbHOM UBOH'l-

HOM Kone, TO Heo6xonHMO o6ecne'IHTb TaKHe ycnoBHH pa6o­
TbI KaMepbI, qT06br CHrHan 130sneliCTBOBan TOnbKO Ha OJlHH 

HS axonoB KOAepa.onHoBpeMeHHOe nOHBneHHe ABYX H 6onee 
CHrHanoB npHBOJlHT K HanoJKeHHID KOnoa, H Ha BbIXOAe ijl

0

1l'­

¢paTopa noHBnHeTCH or•u6o'IHaH KOAOBaH KoM6HHauHH-: 
PacCMOTpHM npHMep 5 - pa3pHAHOr'O ABOHqHoro KOAepa 

Ha cjleppHTOBbIX KOnbuax. 

DycTh BXOAY d,.' cooTl3eTCTByeT Kon: O., a.a a i ··· a.r 

a BXOAY fl COOTB€TCT By e T Ko n: €i,~ gi. ... gn 

rne 

a't ~ i. ::: { o, 
1, 

-~-4.e-- -.-'>J- )' 
ecnu npowHBKa Ke npoxoAHT qepea 

KOnbUO 
ecnH npOWHBKa npOXOAHT qepes KOnb~ 
uo 

4 

f1pH OAHOBpeMeHHOM BOSAeHCTBHH CHrHanoB Ha BXOAbI d H 
j!) B Ko.aepe ccjlopMHpyeTCH HeKOTopoe 'IHCno '( BHAa: 

(u 1 VD~)( a2. V~2). • • (a. 5 Vbs), 
rne CHMl30J1 " v If OSHaqaeT onepauHID AH3'bIDHKUHH. 

0-qeaHnHO, "'ITO B 06IU€M cny-qae: d -=f. cf... i Q. -:f j!J ; 

'i.T06b! HSoeJKaTb 1303MOJKHbIX OWHOOK, CBHSaHHblX c 

HanoJKemrnM Kanoa H, no KpaliHeii Mepe, HUeHTucj.'mmnoeaTh 
TaKHe coobITHHp HaMH obm npennoJKeH MeTon cneuHaJ'IbHOro 

KOHTpOJ'IH KOJlHpyeMOH HHcjJOpMaUHH. c 9TOH nenbID B 5 -
-paspH)lHbIH Konep 6b!J1H BBe.aeHbl IlHTb nononHHTeJ'IbHbIX KO..,. 

neu, B KOTOpb!X HHcpOpM8UHH lliHcjlpyeTCH B o6paTHOM KO)le. 

TaKHM o6paaol\4; ecnu cnrHan noHBnHeTCH TonhKO Ha 

exone c::<. ' TO B KOAepe ¢opMHpyeTCH 'IMC no BF!Ua: 

Q, "1_2. - ' 0.5 ii, 6..2 •• ' 0.5 

Qi. = I 
r.ae (i. _ { 0, ecn:a 

L -
· 1, eCJ'IH Qi. 

( 1 ) 
=O i..::1,2 ... 5. 

T1yCTb Tenepb CHI'Han BOSAeHCTByeT OAHOBpeMeHHO Ha 
BXO.O:bl do.. II fa H d. .,, J.> • Toraa, B COOTBeTCTBHH c 

npOWHBKOH , B KOLtepe ccpopMHpyIDTCH •mcna: 

a.., 0..2 •·· U50:...ci~·· · Q5 H ~.~e ... tJ:11~2 -- · ~5 • 
B pesyJlbTaTe HanoMemrn KOAOB B KOUepe o6pasyeTCH 

KOMOHH8UHH: 

t I r 
'f:::0,02"'JS D• Q2 

I os 
rneai. = O.i v bi) a: = iilv€ii. i.= f.2 ... 5 , (2) 

f1oKax;eM, 'iTO HalineTCH J ( i =:: J -::: .5 ) I npH KOTOpOM 

C'. = o\ ::: 1 , a C¢lOpMHpOB8HH08 "'!HCJ'IO HMeeT BHU, 
J a ( . 

mI'iHbIH OT 1 ) . 
OT-

B caMOM nP.rie. HS r:J.. ~fo cnenyeT, 'iTO cymecTeye'T 

( 1 ~} :: 5) Ta Koe' 'iTO a.j * {Jj Hllil a.( ~ J) . TioncTaBHB 

9TO 3H8'ieHHe ~ Bb~aMe_:IHe ( 2) I nonyqHM: av ~J viij =1 j 
5 o~ ~ ~J v ~J = 1, 



ana oJ--=oJ-=L 
'-iucno, ctjlopMHpoaaHHoe B KO.!lepe HMeeT BH.Q : 

a• 62 .. · oJ · · -<Ys f, f2 .. · ~r} .. · ~s r):le al == 1 • 
TaKHM ot5paaoM, OT6op 'none3HhIX' co6hITHii CBO.QHTCSI 

K norrapHOMy cpaBHeHHIO Mna.!lWHX f1.SITH paapSIAOB 'lHCna B 

KO.z:tepe COOTBeTCTBeHHO c II.SITbIO CTaplllHMH ero paapSIAaMH. 
1lpn aTOM , ecnn ~ 

1 . HMeeTCSI XOTSI 6hI O.!lHa rrapa pa3pSI.QOB, COAep)i(amas 

,, 1 , , TO CHrHanbI HMenu M0CTO Ha ABYX 'a 6onee BXO .11ax . KO. ' 
1:tepa; 

2. HMeeTCH XOT.s! 6bI OAHB rrapa paapsutoa, COAep)i(amaSI 
"0' • TO B KOAepe c¢opMHpOB8HO OlllH60'iHOe 'lHCno H3-3a 

HeAOCTaTO'lHOA. MOlllHOCTH CHI'Hana Ha BXOJJ; e~ 

3. Mlla~ue II.s!Tb pa3p.SIAOB CO.llep)KaT o6paTHbiii KOA 
qHcna, sarracauaoro B CTBplllHX II.s!TH pa3pHA'8.X, TO STO 

"nonesahrA' cny'laA, .rroMe.>KamH:A AanbHeAllleA o6pa60TKe. 

0JJ;HOA H3 BB)i(HelilllHX xapaKTepHCTHK TpeKoaoro KOOPAH• 

HBTHoro AeTeKTOpa, KBKOBbIM .SIBlUleTCH npOBOlIO'lHBH HCKpo­

~aSI Ka Mepa, cneeyeT C'lHTaTb e~ npocTpaHcTBeHHoe paape­

llleHae.KaMepa rrpe.QcTaBnSleT co6oA ro.11ocKona'lecKyro cac-

' TeMy c onpe.11eneHHblM lllaroM lcoop.QHHaTHblX mrnHil:.EcnH ae-

nH'lHHa lllara paeaa h ,H CHrHan CHHMaeTC.s! TOlibKO c O.QHOA 

IJHHHH, TO 'MaKCHManbHO .QOCTH:lKafMaSI TO'lHOCTb H3MepeHHA 
onpe.11e1U1eTCS1 BelIH'IHHOA...., h/2 . 

1lpOCTpaHCTBeHHOe paapellleHne KaMepbl MO)i(HO IIOBbl~ 
CHTb, ecnu 0.!lHOBpeMeHHO c KOOpJJ;HHlaTOA HCKphl perHCTpH-

1P08aTb .!lOIIOlIHHTelibHLI:A napaMeTp - ,, a¢>tjleKTHBHyro lllHpHHy /7 

HCKpOBOI'O KaHana, onpeAenHeMyro no 'lHCny KOOp.QHHaTHblX 

. lillHH:A, aax:eaTbIBaeMbl~ 01(aolf HCKpo:A. "lllHpHHa' HCKpbl 

38BHCHT OT pe:>KHMa BblCOKOBOlibTHOro IlHTaHHSI KaMepbl H 

B H3BeCTHOM CMbICne IIO.Q.Qa~TCa perynHpOeKe [ 3 ] . 
HcxpoaaSI npoaonoqua.si: ·KaMepa MO>KeT pa6oTaTb a Ta-

JCOM pe)i(HMe, KOI".Qa CHI'Han OT OAHH~'lHOA HCKpbl ¢>111ccH -

pyeTCSI nu6o O.QHOit, rull5o . .!1BYMSI COC0AHHMH KOOp.(lHHaTHbl - : 

..,. lIHHHSIMH sneKTpo.11a' npu STOM KOlIH'leCTBO Tex H .!lpy- ' 

r'Hx cnyqaee pacnpet.Qeneao npuMepHo nopoaHy) [ 4 J 
6 

B aToM cnyqae KOOpJlHHaTa HCKpbI Bbrpa)!{aeTc.H na6o ue -

JlbIM, nu6o nonyuenhIM 'lHCnOM ' '!TO pa:eH03H8'iHO yMeHb­

illeHHIO BJlBOe HHTepaana KBaHTOBaHHSI HHtjlopMBllHH B KaMe­
pe. IlpH STOM COOTBeTCTBeHHO BOapaCTaeT TO'lHOCTb H3Me-· 

peHHli. . 

lln.11 ocyrueCTBIIeHH.SI BbIBO)la 38KO.llHpOBaHHOH HHtjJOpMa­

llHH H3 KaMepbI, pa6oTarorueli B pe)!{HMe KOHTpom1pyeMOH 

"urnpHHbl
11 

HCKpbI, HyMHO HMeTb B03MOMHOCTb p8Cllltr¢po -

BaTb KO.ll .11n.11 cnyqaea, Kor.oa CHI"Han HMeeTCSI Ha OJJ;HOM 

H3 BXO.!lOB KOAepa HJlH Ha JJ.BYX COCeAHHX. KpoMe Toro,He­

OOXOAHMO 3H8Tb, CKOnbKO COCeAHHX npOBOlIOK y'laCTBOBano 

B IIpH~Me CHI"Hana. 

He yaenH'lHBaa paap.H.!lHOCTH KOAepoa H He ycno:lKHH.H 

cxeMy HX npOlllHBKH, HaM YABlIOCb YAOBlieTBOpHTb yKa3aH­

HbIM Tpe6oaaHHSIM nyTeM KO.QHpOBaHHSI KOOpAHHBTbl HCKpbl 

B ABOH'iHOM pe<jineKCHOM KOAe ( HaIIpHMep B KOAe rpP.SI). 

IlepeXOA OT HBTypaJibHOro ABOH'IHOI"O KOAa K KOAY 

fpe.H He Tpe6yeT KBKHX Obi TO HH ObinO H3MeHeHH il: B KOH­

CTpyKJlHH H cxeMe KOJ:lepoa. llocTaTO'lHO H3MeHHTb HyMe­

paumo BXO.llHbIX KOHTBKTOB. Tipa 'sTOM BBeA~HHbie paHee 

nononHHTen1:>Hbie paapSIAbI TaK :lKe o6ecne'luBaIOT KO.QHpoaa­

HHe B o6paTHOM KOJ:le H Il03BOnSIIOT 0.!lH03H6'lHO paClllH¢po­

BaTb co6bITHH npH HaJIH'lHH curaana Ha OAHOM HlIH Ha 

J:lBYX COC0.!lHHX BXOAaX KOAepa H HJJ;eHTH¢HUHpOBaTb cny'laH 
IIOSIBneHHSI CHrHanoa 6onee, 'ieM Ha J:lBYX BXO.Qax. 

PaccMOTpHM KOJlhI fpe.H JlByx nocne)loBaTenhHhIX ABoHJ 

'iHbIX - paapSIJ:lHhIX '!Hean A H A+I. TiycTb i:tnSI onpe-

AeneHHOCTH A- He'i~THoe '!Hcno. Tori:ta ero HaTypanhHhIA 

ABOH'lHhIA KOJ:l B HaH6onee 06111eM BHAe MO:lKHO 3BHHCaTb 

TBK; 

ff ::; Cl, Q2 •• ·• a.. f( 0 1 ... 1. (3} 

Lfacno Ail-1 nonyqaeM AooaaneHHeM K (3) ei:tHHHUbI 

fl+ 1 = a., Cl.z • • • Q.K 0 1 • • • 1 + 0 , • • 0 1 = 

= Q, Qa • · · O..K 100 ... O ( 4' 
7 



Koa fpes:r .a.ns:r q11cna A rr<;inyqaeTc>I cne.o.yIOnmM o6pa­

soM (f) a I 0.,2 • •• CL K 0 1 . .. 1 : 1 

Q, _ ~2. • ·, Cl.K 0 1 , , , 11 
( 5) 

A, fie... " flt<: QK 1 0 . . . 01 

riepeBOJ.J. '!Hcna A+ 1 B Ko.a. fpe>I .a.aeT: 

"-'1 0..e · · · CLK 1 0 . , , 0 I 0 
(±) \ 

- QI Cl.z • " CL K 1 Q " ' Q 1 ( 6) 

0 1 A 1 Aa . · . ffK a..K 1 0 · · · 
B o6oHx cnyqas:rx onepauHs:r © osHa'!aeT cno)!{emrn 

no MOJ.J.YJIIO .a.Ba. 

Y'!HTbIBas:r To, 'ITO Mna.a.nrne 5 pa3p.s:r.a.oB w11cjlpaTopa 

5!BJI5ll0TCH o6paTHb! M KOAOM CTapurnx II .HTH pasps:r.o.oB, COJ.J.ep.., 

)!{HMOe KOJ.J.epa npH HanH'!HH CHI'Hana TOJlbKO Ha Bxo.a.e A 
6y.a,eT: 

A, fl2 .. . At<; Q.K 1 0 ... 0 fl, . .. flKCi,.._01...1' (7) 

a rrpH HanH'!HH CHI'Hana Ha Bxo.a.e A+1 6y.a.eT: 

/4,fl 2 ... f1K<i "' fO . .. OA,Aa-- ·AKaK01 .. . 1. (Bl 

CTpa rros:rBneHHH carHanoB o.a.HoBpeMeHHO Ha Bxo.a.ax A u 

A+l. B KO.O.epe ccjlo p MHpyeTCH '!HCl!O, K&:>K.O.b!H pa3p51µ; KOTO-

poro ec Tb :IOI'H'!eCKaH CYMMa COOTBeTCTBy!OlllMX pa3p>I!IOB 

q uc en ( 7) 11 ( 8) : 

A, f1 2 ... 11 K110 .. . oif ,.A2 . .. ~K101 .. . 1.( 8 i 

TaKHM o6pa30M, eCJIH CHrHaJI 38cjJHKCHpOBaH .0.BYMH co-

ce.a.mrMH KOOp.O.IIHaTHb!MH JIHHHHMM :3.'IeKTpo.a.a KaMepbI, a 

HHt.jJOpMall!rn KO;:(HpyeTCH B KO.O.e fpe.H, B Ko.a.epe ccjlopMI!py­
'.:)TC>I 'L!I!ClIO BHJ.J.8. ( 9), 

8 

EcnH h(e CHI'HaJI B03.0.eiicTBOBal1 TOllbKO Ha OAHH H3 

BXOAOB Ko.a.epa , TO B HeM cornaCHO (1) 38ITHWeTCH 'IHCJIO 

BHAa: 

A; fl2 ... fl n 1r1 if 2 ••• fl n. • ( 10) 
06a co6bITHH C'!HTBIOTCH none 3HbIMH H no.a.ne*aT .a.anh­

Heliweii o6pa6oTKe 

B uen.s:rx ynpomeHH.H nporpaMMbI onepauas:r BOCcTaHoane+ 

HH.H KOOp.O.HH8Tbl '?b!ITOJIHH6TC5! OAH B'BKOBO .a.ns:r 06011x cnyqa-' 

eB' 

. 1. . o6paTHbrH: KOA qacna ( ifi A2 . .. if K ••. fi, tt ) HHaep­

THpyeTCH; 

2. '!HCJia B np.HMOM H irnBepT HpOBaHHOM o6paTHOM KO- ' 

Ae TpaHc!j:iopMH py!OTCS! B HaTypaJibHbli1 ABOII'!Hbli1 

KOA; 

3. Bbl'!HCJIHeTC.H cpeAHeapHcjJMeTH'!eCKOe 3H8'!eHHe 060- ! 

lIX '!HCeJI. 

Jln.s:r cnyqas:r (10) nonyqeHHoe atta'!eHMe cosrra.o.aeT c HOMe­

p OM cpa6oTaBwei1 HHTH aneKTpo.a.a. A .O.JIS! CJiy'!8.Si ( !=1) KO-

O pAHHaTe HCKpbI npHIIHCbIBaeTcs:r BbI'!HCneHHoe ~Ha'ieHHe , 

COOTBeTCTByIOmee cepemrne Me)!{ey .llBYM.Si COCeAHHMH HHTSh 

MH, 

TaKHM o6paaoM, HHTepBan KBaHTOBaHHH B KaMepe c 

maroM JIHHHli h y~eHbwaeTC.s:r ao senH'!HHbI h / 2 , a 

TO'!HOCTb H3MepeHHH KOOPAHH8TbI onpeAeJIHeTC.Si B6JIH'!HHOH 

t\.;h/4 • 
1. KoopAHHaTHbie AeTeKTOpbI sapH*eHHbIX qac THU MO:>K• 

HO HCTIOJib30B8Tb B pe:>KHMe rrp HMOI'O KOAHpOB.aHH£1 HHcjJOp · 

Mar.uur, ecmr HME\Tb Ha.a.e)!{HbIH c noc o 6 HAeHTHcjJHK8llHH 0 .0.HO · 

"'! acTH'!HbIX co6bIT Hli. 

2,MeTOA .O.B OHHOI'O KOJl.HpqaaHH.Si KOOpAHH8Tbl 'lI8CTHUbl - B 

IIp.HMOM H o6paTHOM ABOH'l!HvM Ko.a.e-c IIOCJieA;)'!OllIHM no­

p a3pHAHbIM cpa BHeHHeM peaynbTATOB II03BOJI.Si8T CTporo 

BbIAeJI.HTb OAHoqaCTH'{bie COObITH.SI H OAHOspeMeHHO KOHTpO­

JIHpOB8Tb npouecc KOAHPOB8Hi' ..i: . 

9 



3 DpocTpaHCTBeHHoe pa3peweHue npoaono'IHOli HCKpo­
so:H KaMepbI MO:lKHO nOBbICHTb, ecnu Hapsi:.lly c nono)KeHReM 
HCKpbI perucTpupoaaTb ee 11 a¢¢eKTHBffY:EO WHPHHY /1 

4. Tiepexoi:t OT HaTypanbHOro .llBOH'iHOI'O KO.ll8 K pe¢n.eK .'. 
CHOMY nosaonsi:eT perucTpupoaaTb aTy i:tononHHTenbHyio 
HH¢opMaUHlO, He ysenH'iHBasi: pa3pSI,t:tHOCTH nrn¢paTopa. 

10 
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EpeBaHCKoro qmanqeCKOro HHCTHTyTa,EpeBaH 36,nep.MapKa­
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