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TeneBH3HOHHOe ycrpoficrno nnH pacnoaHaBaHHH TpeKoB 

anb<jla-'ISCTHU B HUCpHbiX <jloT03MY nbCHHX 

10 - 11864 

Paapa6oraHo renenH3HOHHOe ycrpolrcrno, !laiOmee noa~IOn<HocTb anro

MSTH3HponaTb nO!lC'ICT TpeKOB anb<jl8-'18CTifU B H!lCpHbiX <jJOT03MYilbCHHX. 

npenno>KeHa CHCTeMa pacn03H8B8HHH TpeKOB, HCIIOilb3YIOillllH npO!lOilbHOe OT

HOCHTCilbHO TpeKOB CK8HltpOB8HHe H306pa>KCHHH Y'I8CTK8 <iJoTonnaCTI!HKH B 

none MHKpocKona c noMolllbiO nepenaiOmei\ renenlt3HOHHoii rpy6KH ( Bll!lHKOHa) 

TexHu'lecKue xapaKTepucruKH ycrpoiicrea: Mepreoe ape"H no ropuaoHran11 -

30% OT !lilHTeilhHOCTH I!MnynbCS TpeKa; M8KCIIM8ilbHO nonyCTIIMbifi yron HSK

noHa TpeKOB - ,! 30° j YCTpofiCTBO CIIOC06HO H!leHTII<iJHU,!IpOBBTb TpeKH: a) UM€ 

JOWHe paa6poc no llnHHe _!.(57 20)%; 6) pacnono>KeHlibie npyr non npyroM 

HS paCCTOHHHH :! 3 CTpOKH, 

Pa6oTa BbinOilHeHa B na6oparopH11 H!lepHblX npo6neM OHHH. 

Coo6meu11e 06baLIHHeuuoro HHCTHTyTa MepHbiX ~tccneaonaHHII • .Uy6Ha 1978 

Bon V. et al. 

Television System for Alpha-Particle Tracks 
Recognition in Nuclear Photoemulsions 

10 - 11864 

A television system is designed for automatic counting of the 
alpha-particle tracks in nuclear emulsions. The vidicon scanning 
system (625 lines) of the microscope frame image with analog track 
recognition by the width and length is used. The system dead time 
in a horizontal direction is JO'}b of the track pulse duration. The 
system can recognize a) tracks with the angle between the track 
direction and horizontal scanning line within the limits of +30%; 
b) tracks of length 1 with 1~(5 7 20)%; c) two tracks lying -on one 
vertical and separated by three lines. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06I>ellH/IeHHblif HHCTHTYT HllepHblJC HCCJ1ellOBBHHJI /ly6HB 

1. BBE,4EHHE 

H.3y'leuue anLclla-pacna~a ~aeT ueuuyro uucllopMau;uro 
0 B036y)K~eHHbiX COCTOJIHHJIX ~oqepHHX Jl~ep, He06XO~HMYIO 
npu nocTpoeuuu cxeM pacna~a. ,U.n.11 H3MepeHHJI JHepruu 
H HHTeHCHBHOCTH anLcila·'laCTHU B p.R~e cnyqaeB HCnOllb3y· 
roTCJI MarHHTHble anLclla-cneKTporpacilbl BbiCOKoro pa3-
peweHHJI / 1 l. B JTHX npu6opax anLclla- qacTHUbl nocne oTKno
HeHHJI H ciloKyCHpOBKH B MarHHTHOM none nona~aiOT, B 3a
BHCHMOCTH OT JHeprHH, Ha onpe~eneHHble MeCTa cilOT03MYllL· 
CHOHHbiX nnaCTHHOK, pacnOllO)KeHHbiX B ciloKanLHOH nllOCKOC • 
TH MarHHTa, r~e o6pa3yiOT TpeKH ~llHHOH - /15-:-30/ MKM 

H TOllliJ;HHOH - 1,5 MKM. qaCTHUbl na~aiOT Ha nnacTHHKY 
no~ yrnoM 45° K ee nnOCKOCTH, H npoeKIJ;HH HX TpeKOB 
uanpaaneubl napannenLHO Koop~HHaTe X /To ecTL B~OnL 
6onLWeii: CTOpOHbl ciloTonnaCTHHKH, HMeiOliJ;eH pa3Mepb1 90x 
120 MM 2 I. MaKCHManLHblii: yron OTKnoueHHJI TpeKOB OT 
ocu X ue npeablwaeT ± 30 °. KpoMe Toro, uMeeTCJI cTa

THCTH'IeCKHii pa36poc ~nHH TpeKoB I puc. 1/. 
)J.nJI H3Blle'leHHJI He06XO~HMOH HHcilopMaiJ;HH ciloTonnaCTHH

KY npOCMaTpHBaiOT no~ MHKpOCKOnOM H C'IHTaiOT KOllH'IeCT· 
BO TpeKOB B Ka)K~OH BepTHKallbHOH KOllOHKe /B~Ollb OCR 
Y I, cooTBeTCTBYJOIUeii: onpe~eneHHOMY yqacTKY ~X Koop

~HaTbl X. 
OcuoBHble napaMeTpbl TpeKa, pacnpe~eneuue TpeKoB 

no ~llHHe H npHMepHbiH BH,IJ. O~HOrO yqaCTKa ciloTonnaCTHHKH 
npH npOCMOTpe ero no~ MHKpOCKOnOM noKa3aHbl Ha pUC. 1. 

KpoMe TpeKoB anLclla·qacTHU ua clloTonnacTHHKax ucer~a 
HMeeTCJI ciloH B BH~e 3epeH, cilOTOJMYllbCHH, nJJTeH, u;apanHH 
H ~pyrHX TpeKOB, npH'IeM KOllH'IeCTBO TeMHbiX KOMnOHeHTOB 

3 



~ 
.>: 
~ 

l[) 

N 

~ ----\tf 
u:[--;F•o' 

!-rx 
=-15MkM 

a/ 

A 

u~, 

.::lX 
LIY 

r 1·;-
a'-

I 

;-• 

i(
~ .. -.:.· >

<;,:) 

UA 

B/ 

p' , . . (_ ,,~ 

- :-_.x 

6/ 

Us uc 
. 
I 

' ',~ 
} . 

/ .. 
J 
I 

• 
r t 

LIY LJY 

Puc.l. a/ IIapaMempbl mpeKa. 6/ Tunu'lHbiU 1caop. aj ,lfu
azpaMMa ypoeHeu euoeocuzHa/la y'lacmKa Kaopa. 

ljloHa H HX CYMMapHaJI nnOIUa)].b MO:>KCT npeBbiWaTb Ha )].Ba 

H 6onee nop.H:)].Ka KOllH'ICCTBO H nnOIUa.D.b TpCKOB anL!jla

qacTHU. 

"Py'IHOH" C'ICT TpeKOB Tpe6yeT 6onLWHX 3aTpaT BpeMe

HH /npuMepHo 6 pa6o'IHX .n.HeB: Ha nnacTHHKy/. Pa6oTa 

3Ta O'ICHb yTOMHTCllbHa, H C pOCTOM 'IHCna TpCKOB paCTCT 

'IHCllO OWH60K npH C'ICTC. 

,ll.n.H: aaToMaTH3aUHH npouecca c'leTa 6hln pa3pa6oTaH 

aBTOMaTH'ICCKHH TCllCBH3HOHHbiH npH6op
121

, B KOTOpOM CKa

HHpOBaHHe OCYII\CCTBll.JillOCb B nonepC'IHOM HanpaBneHHH 

OTHOCHTCllbHO TpeKOB. 3Ta CHCTCMa HMCCT orpaHH'ICHHbiC 

4 

B03MO:>KHOCTH H3-3a 60llbWOrO MepTBOrO BpeMCHH H Tpy.n.

HOCTCH, CBJ13aHHbiX C H)].CHTH!jlHKaUHCH 'laCTHU • 

HaMH npe.n.no:>KeHa cucTeMa pacno3HaBaHHJI TpeKoB anL

Ijla-qacTHU, HCllOllb3YIOII\aJI npO)].OllbHOe OTHOCHTCllbHO TpeKOB 

CKaHHpOBaHHe H306pa:>KCHHJI yqacTKa ljloTOllllaCTHHKH B none 

MHKpOCKOlla C llOMOII\biO nepe)].aiOII\CH TeneBH3HOHHOH Tpy6-

KH /BH)].HKOHa/. 3a)].a'la pacn03HaBaHHJl CBO)].HTCJI K on epa

THBHOMY onpe.n.eneHHIO WHpHHbl H HHTerpanLHOH nnoTHOCTH 

noqepHeHHJI no nonepe'IHOMY Ce'ICHHIO TpeKOB H cpaBHCHHIO 

)].llHHbl TpeKa /TO eCTb ero )].llHTCllbHOCTH no BpeMeHH 

pa3BCPTKH/ C 3TanOHHOH, C y'leTOM B03MO:>KHOrO pa36poca. 

)l.anee C nOMOII\biO norH'ICCKOH CHCTCMbl npOH3BO)].HTCJI 

perHCTpaUHJl On03HaHHbiX TpeKOB B C'ICTHOM ycTpOHCTBe. 

Ilpu .n.anLHeB:weM H3no:>KeHHH MaTepuana Mbl 6y.n.eM 

)].llJI KpaTKOCTH nOllb30BaTbCJI nOHJITHCM )].llHTCllbHOCTH Tpe

Ka, nJITHa HllH HHTepaana, nOHHMaJI llO)]. 3THM )].llHTCllbHOCTb 

HMllYllbCOB, nony'ICHHbiX npH CKaHHpOBaHHH 3THX 06'bCKTOB 

TeneBH3HOHHbiM ycTpOHCTBOM. 

2. OEll!A.R IiJIOK- CXEMA YCTPOHCTBA. 

.6noK-CXCMa ycTpOHCTBa noKa3aHa Ha puc. 2. 06'LCKT 

jyqacTOK nnaCTHHKH, pacnonO:>KCHHOH Ha CTOllHKC MHKpoc

Kona/ OCBCII\aCTCJI CHH3Y, H ero YBCllH'ICHHOC H306pa:>Ke

HHC npoeuupyeTCJI Ha MHWCHb BH)].HKOHa TeneBH3HOHHOH 

KaMepbl, C nOMOlUbiO KOTOpOH OCYIUCCTBllJIIOT CKaHHpOBaHHC 

a.n.onL TpeKOB. Bu.n.eocHrHanbl c Bblxo.u.a KaMepbl I puc. 2/ 
YCHllHBaiOTCJI H no.n.aepraiOTC.JI KOppeKUHH, 'ITO He06XO)].HMO 

)].ll.JI KOMnCHCaUHH BllH.JIHHJl nepeXO)].HbiX xapaKTepHCTHK noc

llCJJ.YIOII\HX 6nOKOB /JJ.HHaMH'ICCKOH naMJITH, yCHllCHHJl H 

BOCCTaHOBllCHH.JI nOCTO.JIHHOH COCTaBllJliOII\CH/. 

2.1. ElloK ycu/leHUJI 

IlpHHUHnuanLHa.H: cxeMa 6noKa ycuneHHJI .n.aHa Ha puc. 3. 
BHJJ.COCHrHanhl yCHllHBaiOTCJI )].0 BCllH'IHHbl, npH KOTOpOH 

CHHXpOHMllYllbCbl orpaHH'IHBaiOTCJl )].0 ypOBHJl CTpO'IHbiX 

raCJIII\HX HMnynLCOB. qepe3 3MHTTepub1B: noaTopuTenL Ts, 
Tg CHrHan nocTynaeT Ha 6noK )].HHaMH'ICCKOH aHanorOBOH 
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Puc.2. liAoK- cxeMa meAeeu3UOHHozo ycmpoucmea pacno3Ha
eaHUJI lllpeK06 Qllb(Ja- 'IQCIIIUfl 6 JIOepHbiX ~011103MYIIbCUJIX. 

naMJITH, CO)J.ep)Kall.\HX WeCTL llOCne)J.OBaTenLHO BKmoqeHHLIX 

ynLTpa3BYKOBLIX nHHHH 3a)J.ep)KKH Ha 64 MHKpOCeKyH)J.LI 

Ka)KJJ.aJI. 

C u;enLIO nonyqeHHJI He06XO)J.HMOrO YPOBHJI CHrHanoB 

rpeKa I::; 5 BIH aoccraHoaneHHJI nocTOJIHHoii: cocraanJIJOll.\eii: 
HMnynLCLI C BLIXO)J.a Ka)K)J.QH nHHHH 3a)J.ep)KKH napannenLHO 

noJJ.aiOTCJI Ha HJJ.eHTHqHwe ycunurenu I puc. 41, nocne 

qero 3TH HMnynLCLI nocrynaroT B 6noK pacno3HaBaHHJI 

TpeKOB no WHpHHe H noqepHeHHIO. 
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Puc.3. YcuAumeAb euoeocuzHaAoe c meAeKaMepbl. 
T4, T6 , T9 - TT308B; T 3 ,T5 , T7 . T8 - KT312B; 
,[{18. 

Tl..· T 2 , 
,L( 1-

[ IrE I I . I :ti2B 
I + SB 

B~IX. 

-· -12 B 

Puc.4. YcuAumeAb c eoccmaHoeumeAeM nocmo.RHHoii cocmae
AJIIOU#eii. T 1 , T2 ,T4,T6 - TT308B; T3,T5 - KT312B; T 7 -
TT310T; /l.

1
,/l,2 - KC139A; !1. 3- KC168A;Il,f111.5 - K,lf503A. 
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2.2. bAOK pacn03HUBUHUJI mpeKOB no WUpUHe 
u notlepHeHUIO 

)J;JUI pacn03HaBaHHJI TpeKOB no lllHpHHe /KOnH'ICCTBy 

CTpOK/ H HHTerpanbHOH nnOTHOCTH noqepHeHHJI B nonepeq

HOM CC'ICHHH HC06XO.D,HMO JanOMHHaHHC CHrHana nJITH CTpOK 

pacTpa, npH 3TOM HCnOnb3YCTCJI TaKOe yBenH'ICHHe, npH 

KOTOpOM TpeK no lllHpHHe 3aHHMaeT 2-5 CTpOK. 

KpHTepaeM oT6opa no lllHPHHe JIBnJleTCJI Hanaqae cur

HanoB TpeKa onpe.n.eneHHOH BenH'IHHhl B cpe.D,HHX CTpoKaX 

H HX ManaJI BCnH'IHHa HnH nOnHOe OTCYTCTBHe B .D.BYX 

KpaHHHX. 

KpHTepaeM oT6opa no noqepHeHHffi JIBnxeTcJI cooTBeT

CTBHe aMnnHTY.D.hl CHrHana, nony'leHHOrO npH CKaHHpOBaHHH 

TpeKa, Ja.n.aHHOMY ypoBHffi. 

llpaHu;HnHanLHaJI cxeMa 6noKa pacnoJHaBaHHJI TpeKOB 

no lllHpHHe H noqepHeHHffi npHBe.D,eHa Ha puc. 5. EnoK 

CO.D,Cp)I(HT HHTerpanbHbiC .D,HCKpHMHHa TOphl HH)I(HC ro H Bepx

Hero ypOBHCH, C DOMOII.{bffi KOTOphlX 3a.D,aeTCJI HHTCpBan 

aMDnHTY.D.hl CHrHana TCMHhlX 06'bCKTOB, B KOTOpOM 3TH 

06'bCKThl OD03HaffiTCJI KaK TpCKH. KpoMe Toro, 6noK HMCCT 

CHCTCMY H3 Tpex KOMUapaTopoB, paCU03Haffili.{Yffi TpCKH 

no lllHpHHe. 

,lJ;nJI H3MepeHHJI DO'ICpHCHHJI TpCKOB npH HanH'IHH $oHa 

ucnonLJyeTCJI .D.HO.D.Hax cxeMa HJU1, onpe.n.enxwmax ypoBeHL 

"6enoro" yqacTKa Ha nJITH cTpoKax /oH paBeH ypoBHffi 

paBHOMCpHoro $oHa/, H pe3HCTHBHhlH CYMMaTOp, COCTOJIII.{HH 

H3 Tpex pe3HCTOpOB, BhlXO.D,HOH CHrHan KOTOporo nponop

I.{HOHaneH HHTerpanbHOH nnOTHOCTH DO'ICpHCHHJI TpeKa Ha 

ypOBHe $oHa, TO CCTb CYMMapHOH aMnnHTY.D.C CHrHanOB 

TpeKa B nepeceKawmux ero cTpoKax. B KOMnapaTopax 

K 
1 

H K 
2 

$oH Bhl'IHTaeTCJI, H c Ja.n.aHHhlM noporoM cpaBHH

BaeTCJI TOnbKO "'!HCThlH" CHrHan, onpe.n.enJICMhlH HHTerpanb

HOB nnoTHOCTbffi DO'IepHeHHJI B nonepe'IHOM CC'ICHHH TpeKa 

/KOr.D,a TpeK HaXO.D,HTCJI Ha cpe.D,HHX .D.BYX HnH Tpex CTpOKaX/. 

fipH COOTBCTCTBHH CHrHana TpeKa 3a.D,aHHOMY ypOBHffi Ha 

BhlXO.D,e KOMUapa Topa K 1 DOJIBnJleTCJI pa3pelllaffili.{HH DOTeR

I.{Han, nocTynaiOII.{HH Ha cxeMy !11. Ecnu HHTerpanLHax nnoT

HOCTb DO'ICpHeHHJI npeBhllllaeT BepXHffiffi rpaHHI.lY, Ha BhlXO.D,e 

K2 UOJIBHTCJI Janpell.{affili.{HH DOTCHIJ;Han. 
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Puc.S. EAoK pacno3HaeaHUJI mpe~eoe no wupuHe u notlepHe
HUIO, T 1 - rT311H; T2.T3 -rT308B; ,41 - KC147A. Bee 
OCIIUAbHble OUOObl - ,418. Bee onepaf4UOHHble ycuAUIIeAU -
Kl YT402. H1 - KlJIESSl. 
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CucTeMa H3 Tpex KOMnapaTopoa K 3 .K4 H K 5 npe,IJ,Ha3-

HaqeHa ,IJ,nJI H,IJ,eHTHclJHKaiJ;HH TpeKOB no WHpHHe. EcnH Ha 

BbiXO,IJ,e 1 6noKa ycunaTeneil noTeHu;uan MeHLwe, qeM Ha 

BbiXO,IJ,e 2 /no a6COJUOTHOH BenH'IHHe, TaK KaK BCe BbiXO,IJ,

Hble nOTeHIJ;Hanbl OTpHIJ;aTenLHble/, TO Ha BbiXO,IJ,e KOMnapa

TOpa Ks noJIBHTCJI pa3pewaromuil noTeHu;Han. Ecnu npu 

3TOM Ha BbiXO,IJ,aX 6noKa YCHnHTeneH 2 H 3 HnH 2,3 H 4 
CHrHanbl 60nbWe, 'JeM Ha BbiXO,IJ,aX 1 H 5, TO Ha BbiXO,IJ,e 

KOMnapaTopa K 4 TaK)I(e 6y,IJ,eT pa3pewaroiiJ;Hil noTeHu;aan. 

KoMnapaTop K5 HCKnroqaeT B03MO)I(HOCTL ABYKpaTHoro npo

XO)I(,IJ,eHHJI CHrHana OT O,IJ,HOrO TpeKa qepe3 CXeMy 11 1 .TaKHM 

o6pa30M, CHCTeMa nponyCKaeT CHrHanbl Tpei<OB, 3aHHMaiO

IIJ;HX no WHpHHe ,IJ,Be CTpOI<H H HMeiOIIJ;HX Mai<CHManLHYIO 

nnOTHOCTb noqepHeHHJI B o6eHX 3THX CTpOKaX, H Tpei<OB, 

3aHHMaiOIIJ;HX TpH, 'JeTblpe H nJITb CTpOI< H HMeiOIIJ;HX Mai<CH

ManLHYIO nnOTHOCTb noqepHeHHJI COOTBeTCTBeHHO B cpe,IJ,HHX 

O,IJ,HOH, ABYX HnH Tpex CTpOKax. 

l1MnynLCbl C BbiXO,IJ,a CXeMbl !11 H HMnynLC C BbiXO,IJ,a 

KoMnapaTopa K2 no,IJ,aiOTCJI Ha axo,IJ, 6noKa pacno3HaaaHHJI 

no ,IJ,nHTenLHOCTH qepe 3 cxeMy HJIH 2 I puc. 6/. 

2.3. CucmeMa eoccmaHoeAeHUJI OAumeAbHocmu 

HUK/IOHHbiX mpeK08 

B cnyqae, Kor,IJ,a TpeK pacnono)l(eH HaKnOHHO no OTHo

weHHIO K HanpaaneHHIO Cl<aHHpOBaHHJI, CTpOI<H nepeceKaiOT 

TpeK He no aceil ,IJ,nHHe, a no OT,IJ,enLHbiM yqacTKaM, 'ITO 

paBHOCHnbHO yMeHLWeHHIO ,IJ,nHHbl TpeKa. l1MnynLCbl OT 3THX 

yqacTKOB, YAOBneTaopJIIOIIJ;He KPHTepHIO pacno3HaaaHHJI Tpe

Ka no WHpHHe, 6y,IJ,yT CMeiiJ;eHbl no BpeMeHH Ha 1-2 CTpOI<H. 

B TaKOM cnyqae ,IJ,nHTenLHOCTb TpeKa BOCCTaHaBnHBaeTCJI 

nyTeM no,IJ,a'IH H a cxeMy l1Jll12 3THX HMnynLcoa, nony'leH

HbiX a Tpex OAHHaKOBbiX 6noKax pacno3HaaaHHJI, pa6oTaro

IIJ;Hx CO C,IJ,BHrOM no BpeMeHH Ha 64 H 128 MHKpoceKyH,IJ, 

cooTaeTCTBeHHO I puc. 2 H 6/. 
IIocTynneHHe HMnynLcoa c BbiXOAa cxeMbl l1Jll12 Ha 

BXOA nocne,IJ,yiDmero 6noKa so apeMJI o6pa THoro xo,IJ,a 

Cl<aHHpyiOIIJ;ero nyqa 3anpemaeTCJI HMnynLCaMH 6nOKHpOBKH, 

COOTBeTCTBYIOIIJ;HMH raCJIIIJ;HM CTpO'IHbiM H Ka,IJ,pOBbiM HM

nynLCaM. IlpHHIJ;HnHanLHaJI CXeMa 6noKa BOCCTaHOBneHHJI 
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~HTeJibHOCTH HaKJIOHHbiX TpeKOB noKa3aHa Ha pUC. 7 
C JieBOB CTOpOHbl. 

2.4. bAOK pacn03HQ6QHUJI 1tlpeK06 no bAUIIIeAbHOCIIIU 

CHrHaJibl TpeKOB, B TOM qucne H BOCCTaHOBJieHHbiX no 

~HTeJibHOCTH, no,naiOTCJI qepe3 cxeMy IIJIII2 Ha uxo.n 

6noKa pacno3HaBaHHH no .nnuTeJibHOCTH. Ero 6noK-cxeMa 

npuue,neHa Ha puc. 6. Pacno3HaBaHHe TpeKoB B 3TOM 

6JIOKe npOBO,IJ;HTCJI no HeCKOJibKHM napaMeTpaM MeTO,IJ;OM 

cpaBHeHHJI HX 3HaqeHHB C 3TaJIOHHbiMH. )J.JIHTeJibHOCTb 

HMnyJibCOB TpeKa npoBepHeTCJI Ha COOTBeTCTBHe HMnyJibCaM 

3TaJIOHHOB ,IJ;JIHTeJibHOCTH (t 'JT ) B npe,nenax ,nonycKa (t il<Jil ). 

KonuqecTBO B03MO:>KHbiX npepbiBaHHH curHana (N 11P ) npHHH

TO paBHbiM TpeM, a HX ,IJ;JIHTeJibHOCTb He ,IJ;OJI:>KHa npeBbiWaTb 

3TaJIOHHYJO (t np ). BenuquHa HHTepuana Me:>K,ny HMnynbcaMH 

coce.nuux TpeKoB, pacnono:>KeHHbiX nocne,nouaTeJibHO Ha 

O,IJ;HHX H TeX :>Ke CTpOKaX,He ,IJ;OJI:>KHa 6b1Tb MeHbWe MHHHMaJib

HOB(tllliT ). llpu HecooTBeTCTBHH KaKoro-nu6o napaMeTpa 

3TaJIOHHOMY CHCTeMa c6paCbiBaeTCJI B HaqaJibHOe COCTOJIHHe 

H HaquuaeT HOBbiB UHKJI H3MepeHHB C nOHBJieHHeM nepe,n

Hero (lpoHTa cne,nyroiUero HMnynbca. 

llepe,nnHM (lpoHTOM uxo,nHoro HMnynbca, nponyiUenuoro 

qepe3 6JIOK peKOHCTPYKUHH (lopMbl HMnyJibCa TpeKa /eM. 

HH:>Ke/, 3anycKaeTCJI reuepaTOp HMnyJibCOB 3TaJIOHHOB ,IJ;JIH

TeJibHOCTH (t 3T ). Bxo,nHble HMnynbCbl nocTynaiOT TaK:>Ke 

Ha (lopMHpOBaTeJIH HMnyJibCOB npHBJI3KH no nepe,nueMy 

H 3a,nHeMy (lpoHTY /ux. X/. IIMnynbCOM c 4>opMupouaTeng 

npHBJI3KH no nepe,nHeMy 4>POHTY c6paCbiBaiOTCJI reHepaTOpbl 

upeMeHHbiX HHTepuanou t 1111T H t up . OHH peanH30BaHbl 
KaK O,IJ;HOBH6paTOpbl C BbiHY:>K,IJ;eHHbiM c6pOCOM, npuqeM 

npH BbiHY:>K,IJ;eHHOM c6poce HMnyJibCbl Ha HX BbiXO,IJ;aX He 

nOHBJIJIIOTCJI. ECJIH B HMnyJibCe TpeKa HMeiOTCJI npepbiBa
HHH, TO npH HX qucne, 60JibWeM Tpex, cqeTqHK npepbiBaHHB 

qepe3 cxeMy 1111111 c6pocHT reuepaTop t :lT H ce6H. CucTe

Ma 6y,neT c6poweHa H B TOM CJiyqae, eCJIH ~HTeJibHOCTb 

npepbiBaHHJI 6y,neT 60JibWe 3TaJIOHHOB BeJIHqHHbl t np · 

Ecnu He 6y,neT c6poca, reHepaTop :nanouHbiX HMnynb

cou (t 3T ) 3anycTHT reHepaTop HMnynbCOB .nonycKa (t l\OII ). 
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KOTOpbiB pa3peWHT nponycKaHHe HMnyJibCa, c4>opMHPOBaH

HOrO Ha 3a,nHeM (lpoHTe uxo,nHoro curHana, Ha Bblxo.n 

cxeMbl It 1 . IIMnynbc c Bblxo.na 3TOB cxeMbl 3anycTHT 

reuepaTop HMnyJibCOB CTp06HpOBaHHJI (t CT ), KOTOpbiB Bbl

,naCT pa3pewaiOIUHB noTeHUHaJI Ha cxeMy Vl 2 . ECJIH BO 

upeMH pa6oTbl reHepa Topa ,nJIHTeJibHOCTH HHTepuana Me:>K,ny 
TpeKaMH (t 11 m ) Ha BXO,IJ; CHCTeMbl He nocTynHT oqepe,nHOB 

HMnyJibC, TO BbiXO,IJ;HOB HMnyJibC 3TOrO reHepaTopa npoB:,neT 

qepe3 cxeMy L1 2 Ha 4>opMupouaTeJib, r.ne 6y,neT c(lopMupouau 

BbiXO,IJ;HOB HMnyJibC /BbiX.II/. B CJiyqae nOHBJieHHJI nepe,n

Hero (lpoHTa oqepe,nHoro uxo,nHoro HMnynbca .no oKoHqaHHH 

pa6oTbl reHepa Topa t IIHT BbiXO,IJ;HOB HMnyJibC 3TOrO reHepa
Topa ua 11 2 He nocTynHT, CHCTeMa c6pOCHTCJI H HaqueTCJI 

UHKJI H3MepeHHJI nOCTynHBWero HMnyJibCa. qT06bl reuepaTOp 

HMnyJibCOB ,IJ;JIHTeJibHOCTH npepbiBaHHB t lip npH nOHBJieHHH 

3a,nHero $pouTa H3MepHeMoro HMnynbca ue c6pocun cuc

TeMy so upeMH pa6oTbl reuepaTopa ,nonycKa ,ero BbiXO.IJ; 

nepeKJIJOqaeTCH c uxo.na cxeMbl Its Ha uxo.n cxeMbl 114· 
llpH 3TOM HMnyJibC C reuepaTopa t 11p 3anycKaeT O,IJ;HOBH6-

paTop B03BpaTa, KOTOpbiB c6pOCHT CHCTeMy qepe3 BpeMJI, 

npHMepuo pauHoe t HilT . 

)J.JIJI ycTpaHeHHJI nOBTOpHbiX 3anyCKOB reHepa TOpa HM

nyJibCOB 3TaJIOHHOB ,IJ;JIHTeJibHOCTH npH HaJIHqHH npepbiBa

HHB B CHrHaJie H3MepHeMOrO TpeKa, qTo MO:>KeT npHBeCTH 

K npocqeTaM B pa6oTe cucTeMbl pacno3HaBaHHJI, K uxo.n

HOMY HMnyJibCY C noMOIUbiO 6JioKa peKOHCTPYKUHH $opMbl 

HMnyJibCa TpeKa ,no6aBJIJIIOTCJI HMnyJibCbl reHepaTopa HM

nyJibCOB ,IJ;JIHTeJibHOCTH npepbiB~HHB t Il!J. , KOTOpble 3anon
HJIIOT npoMe:>KyTKH B curHane TpeKa, ooycnouneHHble npe

pbiBaHHHMH. 
llpHHUHnHaJibHaH CXeMa 6JIOKa pacn03HaBaHHJI TpeKOB 

no ,IJ;JIHTeJibHOCTH noKa3aHa Ha puc. Z JuaqeHHJI eMKOCTH 

Kou,neHcaTopou C1 ,C3 + Cs 6noKa uaxo.u.HTCH Me:>K,ny co6oB: 

H BpeMeHeM t ~)T B HeH3MeHHOM onpe,neJieHHOM COOTHOWe

HHH H Bb16HpaiOTCB B 3aBHCHMOCTH OT ,IJ;JIHTeJibHOCTH HC

CJie,nyeMbiX TpeKOB C nOMOIUbiO DJITH KJiaBHWHbiX nepeKJIJO

qaTeJieB. 3uaqeuHe eMKOCTH KOH,neucaTopa C2 reHepaTo

pa ,nonycKa Bbi6HpaeTCJI qeTblpbMJI OT,IJ;eJibHbiMH KJiaBHWHbi

MH nepeKnroqaTenBMH. B 111a6Auf4e ,naHbl 3uaqeau• eMKoc

TeB: nepeKJIJOqaeMbiX KOH,IJ;eHCaTOpOB H COOTBeTCTBYIOIUHX 

~HTeJibHOCTeB t3T, OpHMepHO paBHbiX ,IJ;JIHTeJibHOCTJIM HC

cne,nyeMbiX TpeKOB. 
13 
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Ta6Aufla 

3Ha'ieHUJI t 'lT U eMKOC1/IeU nepeKAIO'iUeMbiX KOH0eHCQ1110pOe 
K cxe.wa.w puc. 7 u 8. 

~ 0.4 0,8 1,6 3,2 64 I cJ . • I 

I 

C1 750 1.5 H 3H 6H 12 H I 

I 

C3 370 750 1,5H 3H 6H 
! 

I 

c4 370 750 1,5H 3H 6H I 
I 

c5 300 600 1,2 H 2,4 H 4,8 H 

c6 150 300 600 1,2H 2,4 H 

c7 300 600 1,2H 2,4H 4,8H 

_eft 600 1,2H 2,4H 4,8H 9,6 H 

[~]!so ll.SH I JH I GH I - I 
.linoK peKOHCTPYKUHH 4JopMbl HMnym.ca rpeKa I puc. 7/ 

peanuJoBaH B BH~e cxeMbl HJIH c ~ononHHTenLHblMH u;e
llJIMH, Ha BXO~bl KOTOpOH no~aiOTCJI HMnynLCbl TpeKOB 
H HMnynLCbl C reHepaTopa HMllynLCOB ~nHTenbHOCTH npe
pbiBaHHH. 

2.5 . .5AOK BbiOeAeHUJI nepeozo CUZHQAQ 

.linoK Bbl~eneHHJI nepaoro cHrHana pa3pewaeT perucr
pau;uro ronLKO o~Horo H3 rpex cHrHanoB, nocrynaJOlllHX 
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C BbiXO,AOB Tpex 6nOKOB pacn03HaBaHHJI no IUHpHHe H 
noqepHeHHJO npH H3MepeHHH TpeKOB, pacnORO)KeHHbiX B,AORL 
uanpasneHHJI cKauuposaHHJI 6e3 uaKnoua. 

llepe,AHHM cilpOHTOM HMDYRLCa H3 6noKa pacn03HaBaHHJI 
no ,ARHTenLHOCTH lsx.HI 3anycKaeTCJI cilopMHpOBaTenL ,AnH

TenLHOCTH HMnynLCOB 6nOKHpOBKH, a 3a,AHHM cilPOHTOM -
cilopMHpOBaTenL npHBJI3KH no 3a,AHeMy cilpOHTy, HMnynLC 
KOTOporo, npOH,AJI qepe3 CXeMy l15 , nocTynHT Ha BXO,A 
cxeMbl Hs · qepe3 63 MKC so speMJI nosTopuoro cpa-
6aTbiBaHHJI cilopMHPOBaTenJI npHBJI3KH no 3a,AHeMy cilpOHTY 
Ha .H5 noCTynHT 3anpe~aiO~HH CHrHan C BbiXO,Aa nepsoro 
YCHRHTenJI C HHTerpanLHbiM ,AHCKpHMHHaTOpOM, a e~e qe
pe3 64 MKC, BO BpeMJI TpeTLero cpa6aTLIBaHHJI cilOPMHpOBa· 
TeRJI npHBJI3KH, 3anpeT Ha .H 5 nocTynHT C BbiXO,Aa BTOporo 
ycunuTenJJ c HHTerpanLHLIM .AHCKpHMHHaTopoM. TaKHM o6-
pa30M, H3 6noKa pacn03HaBaHHJI no ,ARHTenLHOCTH 'lepe3 
cxeMy H5 ua cxeMy H 6 nponycKaeTCJI TonLKO O.AHH curuan 
H3 Tpex. 

llpuuuunuanLHaJI cxeMa 6noKa Bbi,AeneuuJI nepsoro cur
uana npuse,Aeua ua puc. 8. 

2.6. DAOK 6bi0€A€HU.R CUZHQAQ OOHOZO KaOpa 

TaK KaK cKauuposauue H3o6pa)KeHHJI yqacTKa clloTonnac
THHKH B TeneBH3HOHHOH KaMepe npOHCXO,AHT HenpepbiBHO 
C 'laCTOTOH 25 Ka,ApOB B CeKyH,Ay, TO ,ARJI npe,AOTBpa~eHHJI 
MHOrOKpaTHOH perHCTpaUHH TpeKOB C O,AHOrO y'laCTKa, 
HaXO,AJI~erOCJI B Ka,Ape BO BpeMJI UHKna H3MepeHHJI H peru
CTpaUHH, B ycTpOHCTBO BKRJO'IeH 6noK Bbi,AeneHHJI CHrHa
ROB o,Auoro Ka,Apa I puc. 61. .linoK 3anycKaeTcJI 3a.AHHM 
cilpoHTOM Ka,Aposoro racJJ~ero HMnyn~oca lsx.P I, npH'IeM 
3anycK B03MO)KeH TOnLKO nocne nocTynneHHJI ua BXO.A 
JI HMnynLca cTpo6uposaHHJI H3 6noKa ynpasneuu.11 H peru
cTpauuu, H c6pacblsaeTCJI 'lepe3 10 MKC nocne npuxo,Aa 
nepe,Auero cllpouTa cne,AyJO~ero Ka,Aposoro racJJ~ero HM
nynLca. BLIXO.AHbiM curuanoM 6noKa pa3pewaeTCJI nponyc
Kauue ua perucTpaUHJO qepe3 cxeMy H6 ccllopMuposauublx 
HMnynLCOB On03HaHHbiX TpeKOB H3 6noKa Bbi,AeneHHJI nep
BOrO CHrHana. llpHHUHnHaRLHaJI CXeMa 6noKa Bbi,AeneHHJI 
curuanos O.AHoro Ka,Apa npHBeAeHa ua puc.B. 
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Hcxo,IJ,uoe cocTOJIHBe Tpurrepoa: Tp1 - "1" B Tp 2 - "0" 
/no BLIXO,IJ,yQ, BLIBO,IJ, 8/. IlpB nocTynneHBBCTp06-BMnynLCa 
Tpurrep Tp

1 
c6pacblaaeTcJI a"O" .3a,IJ,HBH l}lpoHT xa,11,poaoro 

racJimero BMnynLca BHOBL nepe6pocBT ero B "1 ". Ilpu 
3TOM Ha TaKTOBLIH BXO,IJ, Tp2 nOCTynBT OTpBIJ;aTenLHLIH 
nepena,11, uanpJI)KeHBJI, KOTOPLIH ycTaHOBBT Tp 2 B cocTOJIHBe 
"1". Pa3pewaiOmuil noTeuuuan c BLIXO,IJ,a 3Toro Tpurrepa 
nocTynBT ua BXO,IJ, cxeMLI H 3 /ua puc. 6 - H 6 I. Ilocne 
oxouqauuJI rac.11mero xa,11,poaoro BMnynLca ua BLIXO,IJ,e cxe
MLI H 1a ycTauaanuaaeTCJI uyneaoil ypoBeHL, a ua BLIXO,IJ,e 
H 15- e,IJ,BHB'IHLIH, cne,IJ,OBaTenLBO Tpurrep Tp 2 ue B03Bpa
maeTCJI B COCTOJIHBe "0". IlpB nOJIBneHBB cne,IJ,yiOU\ero 
oTpuu;aTenLuoro nepena,11,a - nepe,11,uero l}lpouTa Ka,IJ,poaoro 
raCJIU\ero BMDynLCa - Ha BLIXO,IJ,e H 1 a nOJIBBTCJI e,IJ,BHB'IHLIH 
ypoaeHL, KOTOPLIH, npoH,IJ,JI ua BXO,IJ, H Hi qepe3 BHTerpu
PYIOU\YIO uenL, ycTaHOBBTCJI qepe3 ,11,onu MBKpocexyH,IJ,LI. 
3a 3TO BpeMJI Ha BTOpOH BXO,IJ, cxeMLI H lo nocTynBT OTpB
u;aTenLBLIH cTpo'IHLIH racJimuil uMnynLc, xoTopwil 3a,IJ,ep
)KBT nOJIBneBBe Ha BLIXO,IJ,e C.XeMLI H 16 HyneBoro ypOBHJI 
eme ua 10 MKC. Ilocne 3Toro ua o6oux axo,11,ax cxeMLI 
H 15 ycTaBOBJITCJI e,IJ,aHa'IBLie ypoaua. a ua ee awxo,11,e -
uyneaoil. 3To npaae,IJ,eT K c6pocy Tp 2 B uyneaoe cocToJI
uae, xoTopoe 6y,11,eT ocTaBaTLCJI ,11,0 npaxo,11,a cne,IJ,yiOmero 
cTpo6-aMnynLca. CTpo6-aMnynLCLI Bblpa6aTLIBaiOTCJI npor
paMMBLIM ycTpOHCTBOM, ynpaBnJIIOU\BM ,IJ,Ba)KeHaeM l}loTo
nnacTaBKa B peraCTpau;aeH On03BaHBLIX TpeKOB no OKOB
qauaa xa)K,IJ,Oro uaxna pa6oTLI. 

3. IiJIOKH BHYTPEHHEH CHHXPOHH3Al!HH 

linox pacno3HaBaHaJI Tpexoa no wupuue a noqepueuuiO 
nonyqaeT caruanw a3 6noxa ,IJ,aHaMa'lecxoil auanorosoil 
naMJITB,BKniO'laiOU\ero B ce6JI 6 ynLTpa3BYKOBLIX nBHaH 3a
,ll,ep)KKa Ha 64 MKC Ka)l()l;aJI.,lJ,nJI npaaanLHOH pa60TLI 6noKa 
pacno3uaaauaJI no wapaue a noqepueHBIO ueo6xo,11,aMo .• 
'IT06bl nepaO,IJ, nOBTOpeBaJI CTpO'IHLIX aMnynLCOB TO'IBO 
COOTBeTCTBOBan BpeMeHa 3a,ll,ep)KKa O,IJ,BOH naHaB. BLinon
ueuae 3Toro ycnoBaJI ocymecTBnJieTCJI 6noxoM ynpaaneuaJI 
qacToToil cauxporeuepaTopa, KOTOPLIH aBTOMaTa'leCKa no,IJ,
,IJ,ep)KBBaeT He06XO,IJ,aMOe 3Ha'leBae 'laCTOTLI cauxporeuepa

Topa. 
18 

CxeMa cauxporeuepaTopa npuae,IJ,eua ua puc. 9. 
YnpaanJIIOmail noTeuuaan 'lepe3 ,IJ,BycTopouuail ,IJ,aO,IJ,HLIH 

orpaua'laTenL nocTynaeT ua axo,11, 3a,11,a10mero reuepaTopa, 
Bblnonueuuoro ua onepau;aouuoM ycanaTene K1 YT402A 
a aMeiOmero nepBO,IJ, C06CTBeHHLIX KOne6aHaH, paBBLIH 
4±0,1 MKc.Kone6auaJI c BLIXO,IJ,a 3a,IJ,aiOmero reuepaTopa 
nocTynaiOT ua ,11,enuTena qacTOTLI, awnonueuuwe ua Tpar
repax. Heo6xo,IJ,BMLie ,IJ,nJI pa6oTLI TeneBa3uouuoil xaMepLI 
HMnynLCLI Bbi,IJ,enJIIOTCJI a l}lopMBPYIOTCJI C nOMOU\LIO CaCTeMLI 
noruqecxux cxeM. ,lJ,nJI cornacoaauaJI ypoaueil BLIXO,IJ,HLIX 
curuanoa cuuxporeuepaTopa c ypoBHJIMa BXO,IJ,HLIX caruanoa 
TeneKaMepbl HCDOnL30BaHLI TpaB3aCTOpHble KniO'la. 

CxeMa 6noxa ynpaaneuaJI qacToToil cuuxporeuepaTopa 
noKa3aHa ua puc. 10. 

racJimae aMnynLcLI nocTynaiOT ua axo,11, 1 6noxa a, 
nocne l}lopMHpOBaHaJI, Ha TaKTOBLIH BXO,IJ, TpHrrepa Tp 1 . 
C BLIXO,IJ,a nocne,IJ,HeH naHaH 3a,ll,ep)KKH Ha BXO,IJ, 2 nocTynaiOT 
3a,ll,ep)KaHHble racJimae aMnynLCLI. B 3aBaCaMOCTa OT TOrO, 
KaK nOCTynaiOT 3a,ll,ep)KaHHLie HMnynLCLI - paHLWe anB 
no3)Ke ae3a,ll,ep)KaHHLIX -pa3pewa10muil noTeauaan so apeMJI 
TaKTOBoro BMnynLca 6y,11,eT ua axo,11,e J ana K Tparrepa 
Tp 1 , 'ITO onpe,ll,enJieT COCTOJIHae, B KOTOpoe OH YCTaHOBaT
CJI. IloTeauuan paccornacoaauaJI, ynpaanJIIOU\BH qacTOTOH 
cuuxporeuepaTopa, onpe,ll,enJieTCJI cpe,II,HaM apeMeueM npe-
6blaauaJI Tparrepa B o6oux cocTOJIBHJIX. Ilocne HBTerpupoaa
HHJI C 6onLWOH DOCTOJIBBOH BpeMeBH H ycaneBBJI YCBnBTeneM 
Y 1 noTeuu;uan paccornacoaauuJI qepe3 3MaTTepHLIH noa
TopuTenL no,11,aeTCJI ua ynpaanJIIOmail BXO,IJ, 3a,11,a10mero re
uepaTopa. 

4. TEXHHl[ECKHE XAPAKTEPHCTHKH YCTPOHCTBA 
PACII03HABAHH.Jl 

1. MepTaoe apeMJI no ropu30BTana - 30~ OT ,~~,naTenLBOCTB 
Tpexa. 
2. MaxcaManLHO ,IJ,onycTaMLIH yron uaxnoua Tpexoa - ± 30°. 
3. YcTpoilcTBO cnoco6uo u,IJ,eBTal}luu;upoaaTL Tpexu: 

a/ aMeiOmae pa36poc no ,11,nuue ±/5+20/~ /3a,IJ,aeTCJI 
)KeCTKO BLI6apaeMOH nporpaMMOH/; 
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6/ pacnono>KeHHble ,IJ.pyr no,IJ. ,IJ.pyroM ua paccTOJIHHH 
::._3 CTPOKH I -1,5 MKM/. 

4. AMnnHTy,IJ.a auanoroaoro curuana - 0,75 B. 
5. YpoBHH axo,IJ.HblX noru'leCKHX curuanoa - TT JI. 

5. 3AKJIIO qEHHE 

Pa3pa6oTaHHoe ycTpoicTao no3BOnJieT pacnoJuaaaTL 
anLcila-TpeKH B ciloT03MYilLCHJIX npH OTKilOHeHHH HX OT 
HanpaaneHHJI CKaHHpOBaHHJI Ha ± 30 ~ npH HanH'IHH ciiOHOBblX 
o6'LeKTOB, curuanbl KOTOpblx ue npeablwaroT nonoBHHbl 
ypOBHJI "qepuoro". 3TH B03MO>KHOCTH 6blnH peanH30BaHbl 
C noMOIQLIO CHCTeMbl KOMneHCaU.HH CHrHanoB ciloHa H CHCTe
Mbl pacn03HaBaHHJI TpeKOB no WHpHHe H noqepHeHHIO. IJpe,IJ.
ilO>KeH anropHTM pacn03HaBaHHJI TpeKOB no ,IJ.nHTenLHOCTH 
H peanHJoaaua cxeMa, pa6oTaroiQaJI no 3TOMY anropHTMY. 

B 3aKniO'IeHHe aBTOpbl C'IHTaiOT CBOHM npHJITHblM ,IJ.OilrOM 
ablpa3HTL 6naro,D.apuocTL H.A.ronoaKoay H B.r .l.JyMHHY 
3a none 3Hble o6Cy>K,IJ.eHHJI H nOMOIIJ.L B pa6oTe. ABTOpbl 
6naro,D.apHbl ID.A.KopKyuoay, B.H.Ilpuxo,IJ.LKO, B.~.3aBLJI

noay, li.B.CMHpHOBy H B.M.HOBHKOBY 3a none3Hble COBeTbl 
H CO,IJ.eHCTBHe Ha pa3HLIX 3Tanax pa3pa60TKH CHCTeMbl. 
M~a~ 6naro,IJ.apubl TaK>Ke B.H.HoauKoaoi,ablnonuuawei 6onL
woi 06'LeM pa,IJ.HOMOHTa>KHblX pa60T. 
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