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Waraea B.H. PlD-3239 

H3MepeHHe KOOpAHHST TpeKOB H8 8BTOM8T8X 
c aenaaeAH~M pacTpOM 

PacCMSTpHBaeTCH B03MO*HOCTb H3MepeHHH AeKapTOB~X KOOpAHHST 

TpeKOB Ha CKSHHpyiD~HX 8BTOM4T4X B ycnOBHHX aenaaeAHOCTR H HeCTa-

6HnbHOCTR paCTpa. 

fipe"llpBwr 06i.ePB8BBOrO BBCTIIT)''I'a JUI8pDI:It BCcn&JlOINBBI. 

J17tSa, 1881. 

Shigaev V.N. Pl0-3239 

A Measurement of Track COOI'dinates by Using 
Automatic Devices with Nonlinear Raster 

A possibility is considered of measuring the Cartesian track 
coordinates by means of the scai1nfng automatic devices urder the 
con:iitions of raster nonlinearity and instability. 

Prept-int. Joint Institute for Nuclear Research. 
Dub~ 1967. 
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KaHan ljloTocHaMKa 

\' \\\\\•nnt -a 

KaHan penepHol! 

peweTKa NY 1 

Pac. 3. 

1 I I I I I I I.~ ~1 _ a 
I I I I I I f f I 

KaHan penepHol! 

peweTKa N9 2 

HeTpyAHO B~AeTb 1 qTO TIOKa3aHaR cqeTqaKOB qacna MOAynRual! CBeTa B 1-M 

a 2-M KaHanaX C penepHbiMa peWeTKaMa CyTb He qTO .IIHOe KaK 3HaqeHaR lJHHei!HblX 

ljlyHKUaH L
1 1 1

2 
AeKapTOBhlX KOOpnaHaT CBeTOBOro TIHTHa B HeKOTOpol! 3apa

Hee Bhl6paHHOi! CaCTeMe OTCqeTa. 

<l>yHKUaa L
1

(X,Y) .II L2 (X,Y) MOryT 6b!Tb HallneHbl onaH pa3 npa IOCTapOBKe 

npa6opa a HCTIOnb30BaHhl nporpaMMOH 38M nnH HaXOlKileHaH AeKapTOBhlX KOOpAaHaT 

X, Y no 3aaqeaaRM L 
1 

, 1
2 

, cqaTaHHhiM B MOMeHT noganeHHH caraana 'TpeK'. 

0aHaKO CaMa CaCTeMa KOOpAaHaT MOlKeT 6hiTb Bhi6paHa TaK, qTO ljlyHKUHa L I (X, Y ), 

"'"· L 
2 

(X, Y) canbHO ynpoma~TCH, a npeo6pa3oaaHaR aan 1
1 

, L 
2 

, nEl!Ow.11e 3aaqeaaH 

:';, Y , MoryT 6b!Tb BhlTIORHeHbl CXeMHO AOCTaToqHo npOCTO. p aCCMOTpaM onaH .113 

B03MOJKHblX BapaaHTOB. 

Ocb OY HanpaBHM napannenbHo penepHhlM llHHHHM nepsol! peweTKa TaKHM 

o6pa30M, qTo6hl cacTeMa KOOpAaHaT XOY B o6e penepHhle pemeTKH nocne npa-

seaeHaH K o6meMy onTaqecKOMY KaHany 6hina pacnonoJKeHbl, KaK Ha pac. 4. 

H 

YpaBHeHaR penepHbiX naHal! B 3TOi! CaCTeMe KOOpAHHaT: 

Y = k X - m 8 jk 2 + 1 
I 

X=nb 
2 

(4) 

rne m a n - nopRnKOBble HOMepa penepHhtX naHal! 1-l! a 2-ll peweToK, k ~ lf!cp. 

6 

l 
1 
\ 

~nR 8BTOMaTaqeCKOli o6pa60TKH ljlanbMOBOli aHijlOpMaUHa wapOKOe pacnpOCTpa

HeHHe nonyqana npa60pb1, TI03BOnHIOWae CHHMaTb HH<jJOpMaUHIO BJlOnb CHCTeMbl na

/1 ,2/ 
HHli, COCTaBnHIOWaX paCTp np.1160pa Tana TeneBa3HOHHOrO • 

H3o6paJKeHHe CBeTOBOrO TIRTHa ljlOKYCHpyeTCR B nnOCKOCTH ljlOTOCHHMKa, a 

qaCTb CBeTOBOrO TIOTOKa 06biqHO C TIOMOWblO nonynp03paqHblX 3epKan OTBOJl.IITCR 

BO BCTIOMOraTenbHbli! OTcqeTHb!l! KaHan. B nocnenHeM H306palKeHHe CBeTOBOro TIRTHii 

ljlOKyCHpyeTCH B nnOCKOCTH penepHOi! peWeTKH, COCTORWei! .113 np03paqHblX .11 Henp~ 

3paqHbiX naHal!. 

npa JlBHlKeHaH CBeTOBOrO TIHTHa BJlOnb CTpOK paCTpa (cKaHapOBaHHH) MeHHeT

CH KonaqecTBO cseTa, npoxongmero CKB03b penepHyiO peweTKy. KonaqecTso Monyna

ual! cseTa noncqaTbiBaeTca cneuaanbHhiM cqeTqaKOM, noKa3aaae KoToporo OTOlK!le

CTBnReTcR C TeKyW.IIM 3HaqeHHeM OJlHOli .113 )leKapTOBblX KOOpJlHHBT' CB6TOBOrO TIRTHa 

( p.IIC. 1) • 

a t1•111111111111-a 

Kaaan <jloTOCHHMKa KaHan penepHoi! peweTK.II 

Pac. 1. 
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KonaqecTBO cseTa 1 rrpoXOAHwero qepea $OTOCHHMOK 1 MeHaeTCa rrpa rrepeceqe

HBH TpeKa CB.;TOBbiM ITHTHOM, Ha BbiXOAe COOTBeTCTBYIOWero $OT09n9KTpOHHOrO YM

HOlKBTenH ( ¢3Y) $opMBpyeTCH CHrHan 'TpeK' 1 ITO KOTOpOMY C'IHTbiBB9TCH ITOK8-

38HBe C'leT'IHK8 B KAHane perrepHoA peweTKH, 

.BTopaa AeKapTOBa KOOPAHHaTa B aBTOMaTax THrra HPD 1 HMeiOWBX OITTHKo

MeXaH&'IeCKBA reHepaTop paCTp8 1 C'IHTbiB89TCH CO C'I9T'IHKOB 1 ITOK838HIIH KOTOpblX 

B38HMHD-OAH03H8'1HO CBH38Hbl C rronoJKeHHeM K8p9TKH 1 rrepeMew&IQW9ACH BAOnb OCII 

OY • 0AHSKO aHepuaoHHOCTb 1 rrpacymaa MexaHB'IeCKHM rrpa6opaM 1 AenaeT HeB03MOJK

HbiM 6biCTpbiA AOCTyrr K rrpOH3BOnbHbiM y'18CTK8M $OTOCHIIMK8 H TeM C8MbiM 38TPYA

HH9T HCITOnb30B8HHe Bbi'IHCnHT9nbHbiX M8WBH C Manoi! IT8MHTbiO B CK8HIIPYIOWBX CH

CT9M8X THIT8 HPD 

B aBTOMaTaX1 acrronbayiOwax AnH $QpMIIPOB8HHH pacTpa aneKTpoaHo-nyqesyiO 

TpyoKy (3flT)I BTOp8SI KOOpABH8T8 Y o6bi'IHO paccMaTpHBaeTCH KaK WHKUHSI 

rropHAKOBoro HOMepa N CTpOKH p8CTpa. B o6weM cnyqae CTpOKB p8CTp8 He HB-

naeTCH rrpHMWMB nBHHHMH 1 rrapannenbHWMB OCB OX ; IT09TOMy KOOpABH8T8 Y H3-

MepeHHOro sneMeHT8 TpeK8 HBnHeTCH T8KlK9 $yHKUH9A KOOpABH8TW X 

Y-=F(N,X;T), ( 1) 

rAe T - TeKywee BpeMa. 

CxeMa OTC'IeTa KOOpAHHaTbl X 06bl'IHO TaKJI(e BHAOB3MeHHeTCH: BM9CTO ITOA-

c;eTa 'IBCna MOAynauaA CBeTa B AOITOnHHTenbHOM OITTH'IeCKOM KaHane C perrepHOA 

peWeTKOi! 1 OTC'IHTb!BaeTCH BpeMH 1 rrpOW9AWee C Ha'lana CKaHHpOBaHHH CTpOKH 

AO MOMeHTa ITOHBneHHH CHrHana 'TpeK" B $HnbMOBOM KaHane. TaK KaK CKOpOCTb 

CB9TOBOrO ITHTHa BAOnb CTpOKH paCTpa, B006w~ rOBOpH 1 HepaBHOMepaa, KOOpAHHSTa 

X He HBnHeTCH n&HeAHoA $yHKUBeA BpeMeHH 

X= G (N, t; T ). (2) 

<l>yHKUHH, arrrrpoKCHMHpyiOwBe F a G c aaAaHHOA cTerreabiO TO'IHOCTH, Ha-

XOAHTCH Kana6pOB0'1HbiMH rrporpaMMaMB npH CKSHHpOBaHHB cneuaanbHblX TeCTOBbiX 

$OTOCHBMKOB, npa TaKOM M9TOA9 C'b9M8 BH$OpM8UHH C $OTOCHHMK8 B 38M ITOCTY-

naiOT He AeKapTOBhl KOOpABHaThl X, Y sneMeHTa TpeKa 1 a 3HaqeHBH N 
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Pac. 4. 

BbiOepeM rp , 8 I R 1J 
2 

T8K, 'IT06w YAOBneTBOpMBCb ycnOBBH: 

8 ~z/j2 
I r.ae uenoe p > 0 

k .. 2 p 

--::;;!filii"'-

X 

3Ha'leaaa Koop.aaHaT X , Y , BblpalKeaawe e e.aaHauax 1J "'8 ., 8 y'k 2 + 1 , o6os 
2 I 

'IBM x , y • Tor.aa ypaBHeaaa penepHw;x. naHaA npBBO.QHTCH K ea.ay: 

p 

y "'2 x- m 

X• n. 

Ha (6) cne.ayeT M9TO.Q nony'leHBH KOOp.QBH8T B 9.QBHB118X 8 

x -n 

Y•2Pn-m. 
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if I 

acnonb3yeMhle nporpaMMOll anH Bhi'IHCneHHSI UO (}) H (2) ll9K8pTOBblX KOOpllHH8T. 

0T H3MepaTenbHOrO 8BTOM8T8 Tpe6yeTCSI, 'IT06bl H8 npO\t'S11K9HHH HSCKOilbKHX 'laCOB, 

UOK8 HllST o6Mep ljlOTOCHBMKOB, ljlyHKUHH p H G OCTaBanHCb H9H3M9KHbiMH B 

npellanaX 3allaHHOll TO'IHOCTII. ,UpyrHMH CnOBaMH, npall'b!1Bn!IIOTC!1 BbiCOKHa Tpe6oa:1-' 

HHSI K CTa6HnbHOCTH paCTpa. 

/3/ B pa6oTe npalln01KaH MSTOil C'baMa KOOpllHH8T, CHH1KaJOJilHll Tpa60BaHHSI K 

cTa6anbHOCTH pacTpa aaMepaTenbuoro aBTOMaTa. MeToa acnonbayeT paalleneuae cBe

Ta OT 9Kpaua 3nT H8 TpH Hll9HTH'IHbiX OUTH'I9CKHX KaHana: ljlanbMOBbll! Kauan, Ka

uan penepuoll peweTKB a Kanan auarouanbuoll nauua (pac. 2). 

I\ J .. a 

6 

Kauan ljloToCHHMKa 

11111111111 .. a 

~& 

Kauan penepuoll 

peweTKH (X) 

Pac. 2. 

1\ 1-a 

--LI ~6 

Kauan llHaroHallbuoll 

naHHH 

Ha pHC. 2 BHilHO, 'ITO B MOM9HT nepeCe'leHHSI USITHOM llHarouanbHOll naHHH C'lH-

TbiBaHHS UOKa3aHHll C'IST'IHKa X U03BOn519T nerKO nony'IHTb KOOpllHHaTy Yd 

B 9TOil TO'IKS. ,Ung Bbi'IBCneHHSI KOOpllHH8T Y H3M9p519MbiX TpeKOB npH HCUOilb3Q-

BaHHH 9TOrO M9TOila HY1KHO BC9 1K9 3HaTb ljlyHKUHJO 

Y~H(Yd,X;T), (3) 

KOTOpaSI HaXOilHTCSI Kana6pOBO'IHbiMH nporpaMMaMH. npa 06pa60TK9 ljlHnbMOBOll HH-

IjlOpMaQHH ueo6xoauMo, 'IT06bJ H KaK ljlyHKUH!l X npu aaaauuon Y d ue aaBB-

cena OT Bp9M9HH T , T.e. coxpauHnaCb ljlopMa pacTpa B CHCT9M9 KOOpllBHaT 3nT • 

B npellnaraeMOM MeTOlle H3MepeHBSI KOOpllBHaT CHHMaJOTCSI Tpe6oBaHHSI K CTa-

6anbHOCTH paCTpa. CyTb MeTOlla COCTOBT BO BB91l9HHH llBYX penepHbiX peweTOK B 

cxeMe c paaaeneuaeM ua TPH onTH'ISCKHX Kauana (puc. 3). 
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Kanan ljJoTOCHHMKa 

'"'"'•""' -a itl\\1 11\\i 

Kanan penepaoA 
peweTKH N9 1 

Pac. 3. 

1//lfi!I.IIJ _a 
Itt I I i I I I I I 

Kanan penepnoil 

peweTKH NY 2 

HeTpy.UHO BH!leTb 1 qTO ITOKa3aHHH cqeTqHKOB qacna MO!lynHUHil CBeTa B 1-M 

H 2-M KaHanax C penepHblMH peweTKaMH CyTb He qTO HHOe KaK 3HaqeHHH liHHei!HblX 

ljJyHKllHH L 
I 

1
2 

.UeKapTOBhlX KOOp!lHHaT CBeTOBOrO ITHTHa B HeKOTOpOil 3apa-

Hee Bbi6paHHOil CHCTeMe OTcqeTa. 

<f>yHKllHH l
1

(X,Y) H l 2 (X,Y) MOryT 6biTb HailneHbl O!lHH pa3 rrpH IOCTHpOBKe 

rrpa6opa H HCITOnb30BaHbl rrporpaMMOii 36M .UnH HaXOlK!l9HHH neKapTOBbiX KOOp.UHHaT 

X,Y no aaaqeHHHM L 
I 

L 
2 

, cqaTaHHbiM a MOMeHT nonaneHHH carnana 'TpeK ... 

OnnaKo caMa cacTeMa KoopnaaaT MolKeT 6biTb Bbi6pana TaK, qTo ljJyHKUHH L 
1 

(X, y ), 

( (X, Y) canhHO ynpowaiDTCH, H npeo6paaoaaHHH nan L
1 

,L , .ndlomae aaaqeaan 
2 . 2 

;-:, Y , MOryT 6biTb Bb1ITOOH9Hbl CX9MHO !lOCTaToqao rrpOCTO. PaCCMCYrpHM O!lHH H3 

B03MOlKHbiX BapHaHTOB. 

Ocb ov HanpaBHM napannenbHO penepHhlM IIHHHHM nepBOH peweTKH T8KHM 

o6paaoM, qTo6hi cHCTeMa KoopnaaaT XOY a o6e penepHble peweTKH nocne npa-

aenenan K o6meMy onTaqecKOMY Kanany 6binH pacnonoJKeHhl, KaK na pac. 4. 

H 

YpasHeHHH penepHbiX liHHHil B 9TOli CHCTeMe KOOp.UHHaT: 

Y = k X - m I) )k 2 + 1 
I 

X=nb 
2 

(4) 

rne m H n - ITOPHUKOBhle HOMepa perrepHbiX nHRHil 1-A H 2-li peweTOK, k = t,cp • 

6 
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I a 

PHC. 4. 

8bi6epeM rp , 8 
1 

B lj 
2 

T8K, 'IT06bl YAOBneTBOPSUIBCb ycnOBB!I: 

S~zlj2 
I rAe nenoe p > 0 

k .. 2 p 

---::;:::.~ 
X 

(5) 

3Ha'leHB!I KOOpABH8T X , Y , Bblpa>KeHHble B eABHBll8X lj = lj "'lj yk 2 + 1 , 0603Ha-
2 I 

'IBM X , y • TorAS yp&BHeHB!I perrepHbl/t nBHBA 1IpBBOA!ITC!I K BRAy: 

p 

Y-= 2 x - m 
(6) 

x= n. 

Ha (6) cneAyeT MeTOA rrony'leHH!I KOOpAHHST B eAHHHll8X [j 

x •n (7) 
Y•2Pn-m. 

7 
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3J:tecb n H m !lOKa3aHHH C~eT~HKOB B 060HX KaHaJlaX C penepHhlMB peweTKBMH 

a MoMeHT C'OeMa xoopauHaT. CoJ:teplKHMOe nepao!'o c~eT'IHKa EienocpeJ:tCT&eHHo J:taeT 

3fi8'19HH9 X , a KOOpllUHaTy Y CHHMaeM C CYMM8TOpa, EIB KO'Nlp.hlA !lOllBeTcli 

KOll, JlO!lOJ!HUTeJlbHblli K Ill , H KOJl n , CllBHHYTbii! Ha p pa3p11JlOB, 

HeTpyllHO BHll9Tb, 'ITO B9JlH'IHHbi, llaB89Mhle COOTHOW9EIB11MH (7), HBJ!SUOTCH J:te

KapTOBbiMH KOOPJlHH8T8MH TOJlbKO B o6naCTH o6meJt JlJ!H o6eux penepHbiX peweTOK 

(nocne npuaeaeHHH K o6meMy onTaqecKoMy KaEiany). Ha puc. 5 abed -KBaJ:tpaT, 

BHyTpH KOTOporo <j>opMHpyeTc H paCTp 3nT. 

B e c c-1:.9 'f=2P 

s, 

s2. 

pH C • 5. 

•. 

PacnOJ!OlK9HH9 penepflb!X peweTOK COOTB9TCTByeT 3H8'19HHIO p"" } • B o6nacTH 

seed COOTHOIIl9HUH (7) ll8IOT 3H8'19HUH AeKapTOBblX KOOpAHHilT. 06Hy.'leHH9 C'leT-

~HKOB m H n npOH3BOAHTCH neaee npHMOA Ab 

J1pu pa6oTe 8BTOM8T8 HB J!HHHH C 38M B Bbi'IHCJ!HTeJlbHYIO MBWHHY MOlKHO nepe-

Jl8B8Tb !l0K838HHH C'I9T'IHKOB m , ft , a npeo6paaoaaaue ( 7) ocymeCTBJ!HTb 

nporpaMMHbiM nyTeM ( m H n MOlKHO paCCM8TpUBaTb KaK a<jJHHHbie KOOpAHHaTbi). 

B 
/3/ 

3TOM CJ!y'lae paCCMOTpeH.HaH CX9Ma COll9plKHT no CpaBHeHHIO CO CX9MOI! JlHWb 

Ha OJlHH C'I9T'IHK 60JlbWe, 

HecMoTpH Ha oqeaHJlHbiA aeaocTaToK paccMOTpeHHoro MeToaa C'beMa aexapTo

BhlX KoopJ:tHHaT - HenonHoe ucnonbaoaaHue nnomaau pacTpa, - OH npeacTaanHeT on

peJ:teneHHbiA UHTepec, TaK KBK Jl03BOJ!H9T pa60TaTb t~alKe npH CHJlbHbiX HCKalKeHUHX 

H 119CTa6HJlbHOCTH paCTpa ( KpUBble S I H S 
2 

Ha pi!C. 5) • 
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