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I.BBe.neHHe 

YCneillHHe nOnHTKH nO~TOHOBHX HSMepeHHH c nOMOmbID KllaCC~eCKHX 

C~max YCTPOHCTB /1-3/ H lliMpOKOe paCnpOCTpaHeHHe CBeTO~BCTB/
Te~HHX ~HeeK R MaTp~ Ha óase npRÓOpOB C Sap~OBO~ CBRSbID (USC) 4,5/ 
~eHamT pe~HoH BOSMO~HOCTb HCnanb30BaHHR TaKHX R3MepeHHfi ~ aBTOMa
TH3aIUlli noncxera 'tIRCJIa nearpos ROIill3arurn no o.un(}JpO~aHHHM ~aHHHM rpexos 
aneMeHTapHHx 'tIaCT~. PerneHRe sTofi 3~a'tIR ~ cTpRMepHHX KaMep n03BO
~eT C~eJIaTb ôOJIee H~e~oH ~eHTRWRK~ID ,acTn,u, BHCOKKX 8HeprRH B 
zraanaaoae HMIIYJIbCOB OT 5 no 100 fsB/c 6-8 . 

PyqHHe R3MepeHHH HOHR3aqHH COCTORT B no,nc~eTe 'tlHCJIa cTpRMepoB Y 
na CHKMKe aanaaaoro y-qaCTKa rpexa ,1J.JUruOH L • OTHomeHHe ~/L CJr;f

XRJIO o~eHKofi ROHR3auROHHOH llJIOTHOCTR, C nOMOmbID KOTOpOH R ocymeCTBJIR
JIOCb CpaBHeHHe R pa3~He rRnOTe3 o TpeKax 'tIaCTn,u. fJIaBHUe WaKTOpH, 
3aTpy~HRBillHe aBTOMaTRSaqHID 8TRX RSMepeHRfi, ÓllJIH BUSBaHH, Bo-nepBUX, 
CJIY1ImtHUM pasõpocoa ~aMeTpOB CTpRMepOB , 'lTO npRBo,nRJIO K nepeaparan R 
,naJKe norvroiaeuan R30ópéUKeIDIH O.IU-IRX CTpIDJepOB .zwyrRMR, a Bo-BTOpUX, no
'repefi 3Ha'tIRTe.JThHo1! 'tIaCTR RH(}JOPMa,uRR npR ou;n(}JpOBKe C ~CRpRMRH~etl: 

camaaa na .nsa ypOBHíI. ,1J,Jm TpeROB B rry3HpbKOBUX RaMepax, COCTOR

~ RS nySI:lpbROB O~HWCOBOrO~aMeTPa~ÔI:lJIR paSBRTI:l MeTO~ aBTOMaTR'tIe
CRoro onpe~eJIeHRR ROHR3annn. 9/. MMeIDTcR paÓOTI:l no ycneillHOMY npRMeHe
HHID 8THX.MeTO~OB R 8RCnepHMeHTaJIbHOH RHWOpMauaR, no~eHHOH co CHaM
KOB CTpRMepHUX TpeICOB Cne~aJIbHUM npRóopOM, R3MepRDmRM CBeTOBOM JOTOR 
OT Y3ROn meJIR,nepneg,nnI<YJIRpHOfi TpeK,y R nepeMemaeMOH B,nOJIb Hero 7,10~ 

ITOJr;fTOHOBI:le RSMepeHHR nOSBOJIRIDT nOCTaBHTb 3~a~ aJIrOpRTMH3auRR 
'tIeJIOBe'tIeCKott cnccoõaocra paCn03H8.BaTb OT,neJIbHHe CTpHMepI:.l aa clJOTOCHHM
xax cTpRMepHHx rpsxoa. B HacTo~eH pacore npenxozea TaK01! aJIrOpRTM 
R npHBe,neHH peSYJIbT8TH ero npOBepRH Ha MOHTeKapJIOBCROfi Mo,neJIH CTpR
MepHHX TpeKoB. 

2. Mo.neJI:b. IIocT8HoBRa Sana;UI 
~ nOCTSHOBKH MaTeMaTR'tIeCRO~ S~a'tIR BOCnOJIbsyeMcR WOPMaJIR30BaH

HOn MO,n~D Rs06paJKeHRff cTpRMepHoro TpeKa, npe,nJIOJKeHHOn B pa6oTe/I I / 
B OCHOBY Mo,neJIR nOJIOXeHH cJIe.IJY]JJmHe rrps,nJIOJKeHIDI, BOSHRKllIH8 M3 paccvor
peHRR CBOnCTB peaJIbHHX R3MepeHRM. 

llOCKO.JThKY HOHH3auHOHHH8 HSMepeHHH MOryT rrpORSBO~RTbCR TOJIbRO noc
JIe p8CnOSHaB8HHR TpeKa M onpe,neJIeHHH ero reOMeTpK'tIeCKHX napaMeTpOB, 
,nOCT8TO~HO npHHRTb MO,n8JIb npRMOJIRHefiHOro TpeR8. 

9~l.eaiitltuHlJÜ KHcnrryrI 
i1~~H~~ HCC2eaasauBi 

r;YH~jH .. j:·'-~T5=!"! iA 



Pacrrpe~e~eHRe ~eHT~OB lePBHqHO~ HOHHSauKH B~O~ TpeKa y~o~eTBo
pReT S?KOHY TIyaccoHa / ,12 . OTC~a C~e~eT, ~TO paCCTOHHlifl Me~ 
ueHTpaMH pacnpe~~eHH aKCnOHeHURaHDHO c ~OCKOCTbD 

F Cf) ... ge-g e , 1 ~O. (1) 
g 

OrrT~eCKaR CHCTeMa KaMepH PHCK /13/ rrOSBo~eT npeHeoperaTb BepTHKaHD
HHMH p83MepaMH cTpMMepoB Ha ~OCKOCTb CHHMKa li Mo~e~poBaTD EX HSOO
p82KeHIDI B BH,IJ;e rrOCJIe~OBaTeJIDHOCTH OKpyJKHOCTeít cJJYqaíÍHI:DC ,IJ;HaMeTpOB (CM. 

pRC. I ) 

PRC. I 

Pacnpe~eJIe~e c~~ ~8MeTpoB - CBMMeTp~HO yce~eHHoe HOPMaxD

noe .co cpe,zomM D ' ,IJ;HCnepcReit õ~ ' MaItCHMa.JIbHHM H MHIDIMa.JIDHHM aaane
1 

~ (D i D ), onpe~eJIffeMliMH YMOBHH.Mll peracrpanaa li O~pOB
min nuu 

Kll /11/. 
.llonOJllIRTeJThHHe ynpo~eIDUI B cpaaaesaa c peaJThHHMH HSOOpaaSHHJIMH 

COCTQlIJm B OTCYTCTBID! sacB8TOK 0'1' Ó-8JIeKTpOHOB H IqlSHeopexemm OTK
JIOHeHHeM ~OpMH npoe~ pe~HHX CTpHMepOB 0'1' KPrra OC06SHHO no KpaaM 
HsoopaxeHKff, r~e Hs-sa OnTaqSCKOrO nap~aKca aTH np08~ CTaHOBffTCa 
a.n.mmCOBJ!,It..lfilMH, ~TO BS,ItST K MX ~ono.mmTeJn>HOMY HSOo.JlDmQMY nepexpH'l'mo. 
TeM Ha MeHaa,carMeHTH paanDHHX TpaKoB, BSHTue B oOJIacTH Oll'l'BlIeCKOa 
OCR II oea Ó-8JIeKTpOHOB, BnOJIHe CpaBHRMH c SToA MO,It8JIblO (cp. pHC. 2 
H 3 i, JJWKTY8JJJlfH. RpRBof! HpKOCTH CTpBMepOB, onacaaaeaaa Iq>ilBof! lIaH,.
~a:y 11 , HMJITRpOBaJIaCD c rrOMO~lO lIJIOTHOCTH, ann:P0Kcm.mpyl)Jneii pacnpe
,IJ;e.neID'le ~a:y B YCJIOBHbIX a~ax., HSMaHSIJ01lUIXCH B ,lt]iIanaSOHe I: IDO. 

Cn~aHHe apROCTH 0'1' ueTpa HSOOpaReHHe CTpHMepa R ero nep~epRR 

OIlTlQllBanOCD rayccoBoR KpHBoít. IIpR HaoOxo~oCTH ~THpOBBJIca aIxl>~T 
c.JIlVIHWi JIl3YX OJIHSIWX ~aBRH-CTpliIMapOB B OJijIH (T .Has~p'·Q~IDI-~eKT" 15/). 

2 

MMKT~ rrpo~ecca RSMepeHHH OCHOBHB~aCb Ha ~onymeHHRX /11/0 nep

neH,IJ;HKy~HocTR JIIrlIIDi CKaHRpOBaHHR TpeKY R o C~Qji{eHHH CHrHa1l0B 0'1' 
hepeKpHB~CH CTpHMepOB. ~CJIeHHaR Be~RHa cRrHàrra B HHTepB~e CKa
HHpOBaHRH orrpe~anaJIaCb rryTeM HHTerplij)OBaHHR no Oó~eMY, JIe~ameMY no~ 

rayccoBo:lt nOBepXHOCTblO·, c YlJeTOM Ko::$lJillUieHTa flpKOCTH crpaaepa , C ~e
TOM BOSMomHoro rrpHMeHeHHR ll3C-MaTV~ HMRT~HR OUllWPOBKH Tpe~~epHOH 

Mo~e~ Rs06p~eHRH CTpRMepHoro TpeKa npORSBo~aCb nyTeM nOCJIe~OBa
TeHbHOrO HaJIOXeHHH Ha RSOÓp82KeHHe MaTp~ MxM , SaxBaTHBaromen nOJIo

cy lliHpHHOM 3Dmax ' H ~CKpeTHS8URH SHa~eHRli RPKOCTlI BR(i,j): i,j=T;i 
B KroK,I(on ~e:fiKe MaTp~ na 32 ypOBHR (5 ~OHlJHHX paSpR,IJ;OB) MeJK,IJy Ha

lIa.JIbHllM YPoBHeM )U1cKpeTH3a.rJ;Illi BI\nin II MaKCHM~HHM BOSMO~HliM SHa~eHM

eM HpKOCTH BI\nax. )J..Jm RMHTarum: rnyMOBbIX 3~eI<TOB ÓUJIH rrpHHRTU CJIe.rry}{r
II:lHe npe,IUIOJIOIKeHHH: 

- annapaTHHe rnyMH B onpe~e~eHHR RpKOCTH - MHoro MeHDille OlliHÓOK OK
pyrJIeHHR rrpH ~CKpeTl'IS~; 

- HOpM~HaR pacora CRCTeMH AFY (aI3TOMaTlI~eclw:tí peryJIHpOBKH YCR
JIeID'IH) ooecne-raaaer MHHHM~HO BOSMOJKHOe SHalJeIDIe RplCOCTH myMOBIDe 
OTClIeTOB, llpeBbIillaIDmRX B~in,H paBHOMepHOCTb MX pacnpe~eJIeHHff_ B CKaHR-
PyeMoR nOJIOce B~OJID rpexa. . 

C TOlIKH speaaa MaTeMaTWfeCIWH peazaaaima B MO~eJIH aTO OSHa.~aJIO I 
~TO B ~enKH, r~e RpKOCTb H30Óp~eH}m OKaSHBaJIaCb MeHbille B~i~ ' T.e. 
BR(i,j )=0, C BepORTHOCTbIO P ill SaCHJIaJIOCb snasenae BR(i,j) =1. 
Ilocze aroro MaTprnJ;a H8J\.7Ia,n;hlB~aCD na cocennee OKHO nOJIOCH H T.n. I r ai: 
lJTO qJaRTW!eCI<H "rrponozsauã" HH,IJ;eKC .n;BYMe~HOro MaCClma RpKOCTM: BR(i j) 
MeHReTCR ,11;0 KaKOro-TO ÓOJIblllOrO ~I1CJIa (10 ~104) I COOTBeTCTByJOlllero MH0
rOKpaTHoMY nOJIO~eHHID MaTp~. B peaJIHsaqHH Mo~e~ Ha SBM CDC-6500 
npe~CTaBJIeHHOM Ha pHC. 3J ôUJIO npHHRTO M=J2 ; iaT;Tõõõ; j=~i 

Pw =0,1: U=1.0; =0,7n; D = 1,JU, = O,JD .Dmi n max uD 
BHilleOnHCaHHaR MO~~ H ee ÓOJIee npOCTHe BaplIaHTbI 8J<THBHO HCnOJID-

SOBaJIRCb B M:CCJIe~OBaHHHX no npRMeHeHHID MeTO~OB o~eHKH HOHHS~I~as

paOOTaHHUX ~ CHRMKOB c nySHpbKOBHX KaMep, / CTpRMepHWJ TpeKaM 1/, 
,IVIR reoperaxecxax RCCJIe~OBaHnli (CM ..oõaop B 16/), ~JIR BHpaóoTKH an

ropHTMoB OU8HKH l'IOHH3~l'I cTpRMepHIDe TpeKoB npH ~CKPRMHi~ CHrHaJIa 
B YCTpOaCTBe.aBTOMaTHqeCKOrO cKaHHpoBalillH Ha ~Ba ypOBHR 17/. 

C nOMOmbm MaT8MaT~eCKl'IX MeTO~OB MaccOBoro OÓcJIY~BaHRR~paSBHTHX 

B reoperaxecxax paoorax ~ ClICTeM c óecl<oHe~HJ:lM 'lHCJIOM OÓCJ1YJlU1BBlO1I.tHX 
YCTpolicTBtHCCJIe~OBanRCb npo~eccH oópaSOBaHHR CryCTKOB CTpHMepOB B~OJID 

TpeKa, COCTORmKX lIS ueno~eK nepeKpHBaromaxCR Hsoóp~eIDI:tt OT~eJIDHHX 

CTpHMepoB. HaHóo~ee CJIO~aR llpOÓJIeMa COCTORJIa B ~eTe BJIRRHHR Tex 
CTpl'IMepOB, KOTopHe Hs-sa ~eKToB nep8KpHTHR H nOrJIOmeHI'IR OKaSHB~CL 

npHHlUUIRaHDHO HeHaÓJIIQI(aeMHMH. 

3 

I 



B 3TOÍÍ CBH3R YKaiKeM, "tlTO OÓli'IHO rrpIDlleHHeMafI WHaHIWlvrn: onemca IIJIOT

HOCTH g ,rrO.JIJTtlaeMafI t1~aK'rH"tleCKH KaT\. oruoueaae "tlRCJIa HaÓJIlO)J;aeMllX 

CTpm<'1epOB ~L K ,n;JllUle L orpoàxa, na ROTOpOM rrpOH3BO,IJ;HTCíl H3MepeHIDI, 

rro CYTH HBJIHeTCH orrenxoíi ne rrJIO'rHOC'l'U g rrepB.vI'IHOfi IIOHH38.lUlli, a MeH:D

weH BeJIlI"tlHHbI g* , naaaaanoü B /16/ lIaÓJIIO,IJ;aeMOfi nJIO'fHOCTbIO 

gITg* = ge- / p < g (2) 

Ilapaae rp P, COrJIaCHO /I6~ onpensnaer reOMeTpII'tIeCIWe pacnpenezenae 
"tlHCJIa »H CTpYIl'v1epOB, HaÓJlID,IJ;.aeMblx B OT,IJ;eJIbHOM crycrxe 

p( v =k) == pC 1_p)k-1 (k=1 ,2, .... ). (3)n 

B paóoTe /17/, r,n;e paccMoTpeHa MO,IJ;e~ c ~CRptlMHHaqaeH CHrHaJIa 

Ha ,IJ;Ba ypOBIlli, TpeK rrpe,IJ;CTaBJIH8TCR B B~e CryCTROB, COCTOHmflX H3 na
peKph!BaIDIU11XCH xpyros paaIDI"tlHillC ,IJ;lIatvreTpoB, pa3,IJ;eol'Iemmx rrpOMeJKYTKaMlI. 

IIpR ,IJ;OCTaTO'IHO "tlaCTOM arare CRaHHpOBaHWI h ~ D/5 , OÓH'IHOM,IJ;JIH YCTpoficTB 

WRJIbMOBOfi OÓpaóoTRR, BbIrrOJIIDW1HCb YCJIOBIDI ~JIH orrpe.n;eJIeHRH 'tIHC~a HaÓ~ 

.n;aeMHX CTpHMepOB B ~aJR,IJ;OM crycrxe c rrOMOmDIO anroparaa "aapoaaaaa" 
CTpHM8pa, orrpe,IJ;eJIHeMOrO RaR MeCTO MffitCID/l8JIbHOrO paCillllpeHY~ crycTRa. 

Ha'lIélJIO H ROHe.u; K8.1K,I(Oro crycrna HaxO,ruIIDIC:D no HamI"tlillO nponycxa ,IJ;JlliHbI 

.e ? f.mi.n: , rrOCJI8 tIero CryC'fOK paC'IJI8H.ffJICH na CTpHMepbI rryTeM rrOCJIe.n;OBa

TeJThHOrO rrpUMeH8HHH a.JII'Op1'ITMa IC OCTaTRaM OT Bhlpe3aHIDI na rrpe,I(hl)Jyll{eM 

iuare , noxa H8 OCTaHeTC.fI "tlaCT8H, ÓOJIbIlllIX ·t mi n 
Ilpouezrypa 8Ta, KAA CJIe.n;ye'f as rrpanenennsx B /17/ rp8l.1m:KoB pacrrpe

,n;eJIeHH.F! o.u;eHK1'I g*, .n;OCTaTO'IHO rpyóa, TaK 'ITO ,IJ;.lliI rrOBhlmeHIDI TOqHOC

Tl1 rro,n:06HHX crrocoóoB rro,n;C"tleTa cTpuMepoB rroTpeÓOBaJIOC:D rrpUBJIe-qeHHe HH

WOpM~HR o HpROCTH CTpWJepOB, rrpe,IJ;OcTaBXíI8MUX rrO~TOHOBhlMH H3MepeHHH

MM. 

IIpe,n;cTaBHM ceóe BHIllerrpRBe,n;eHHYIO Mo,n;eJIb nO~ToHoBHX R3MepeHRfi CTpH

Meplwro rpexa RaR pe3Y~TaT ,IJ;RCRpeTR3a.u;RH nexoropoü ropaoâ nerra c na
RaMH, HM8IOll\HMU g;opMY raycCl1aHOB paaJllftIHoíí BHCOTH, paCnOJIOiK8HIlliMH Ha 

O,IJ;HOn JIHHliIH li Roe-r,IJ;e HaKJI~HBaromHMHCH .IJ;Pyr Ha ,IJ;pyra. Tor,n;a rrOCTaB

JIeHHaH 3~a'tIa CBO,n:RTCH K pa3paÓoTRe aJIrOpHTMa .n;eTeRTHpOBaHHH 8TRX 

B8pIIrnH. 

IIo,n;oóHHe 3~a"tll1 BCTpeqaIOTCH B WH3RRe IIpH oópaóoTRe ,IJ;BYMepHHX 

crreKTpoB /18,19 H 06H"tlHO peillaIOTCH c rrOMom:om rrpe,IJ;BapRTeJILHOrO cr~a
.JKKBaHIDI nOBepXHOCTI1 R rrplliVIeH8HIDI npeOÓpa30BaHIDI (<pnJIbTpa), crrOCOÓCT

BYIQrnero ,n;eTeICTHpOBamm mIKOB c acnonsaoaaaaea BTOpoíí npOH3Bo.n;HO:a ,IJ;JJJI 

lIX CYiKeHIDI H BHpnBlUIBamI5:I rro BllCOTe (CM. HaIIP/19/) 

I} HarueM cJ'IY"tlae .n;eJIO cyiuecrneuno yrrpouaxocs , ÓJIarO~apíl cranaoaap

HOCTll tlJoHa 11: HaJllI"tlmO ocenoã cMMMeTpl1H, rr03BOJImOlI.\liX cBeCTH 3~a-qy K 
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nOHCRY nHKOB O~OMepHOrO CneKTpa nyTeM RHTerpHpOBaHHH no nonepe~HOM 

,l.!,J.r;:r pemenaa npoó~eMH 06 annpoKC:I1NléUJ;I-Ui F ( i) , RBJImOII{eficíI cynepnoxoopnanare j 
M s~ett rayccH~HOB, ó~o onpOOOBaHO HeCKO~KO Cr~am:l1Ba~ illYH~:l1M. 

F(l) = L BH(i,j) HaHOMee no.nxo~~. OKa3anHCb KYÓ~eCKHe cn~ailHH cnenH~Horo KO~o
j=i 

( 4) 
Ko~ooopaSHoro Bn,na /21/ (CM. pHC. 5)., onpe,ne~eMHe Ha ~eTHpex rrqeil

HaHóo~ee nO~O~~A HS RSBeCTHHX.B 9TOM c~ae ~eTCfi W~Tp, 

OCHOBaHHHM Ha T.Has. KBasRKpRBHsHe /20/ 
11 liQ(i) '" __F_..u..L.._ , (1 >1) (5)

li 1+(F'(i»2 

r~e F' (i) .. F(i+1),:",F(i); F"(i) IIIF(1+1)-2F(i) + F(i-1) . 

3TOT q>1t1IDTp ~eTeKTRpyeT IDIKH B ocaacrz minQ(i) npa Q( 1)..( O. 

Ha pRC. 4 rrpe~cT~eH rpaWHK F(i) , cooTBeTcTByro~ MO~~, 

RsoópameHHofi Ha pRC. 3. 
BHRMaTeHDijOe paCCMOTpeHRe pRC. 3,4 nOKa3HBaeT H~Re no Kp~HeM 

Mepe Tpex cymecTBeHHHX TIpOÓ~eM. 

l. Heooxo~oCTD ycoBepmeHCTBOBaHHR arrropRTMa onpe~e~e~ Ha~ana 

li KOIn~a cryorxa (H~ llpOMeJKyTKa), ~liTHBaromee HaJilitme HeHY~eBOro rny
MOBoro WOHa. 

2. HeoÓXo,IU1MOCTD cr~ammaH:wI F ( i) .ztJIff YCTpaHeH:W1 myMOBHX BHOpo
COB R CKa'tlKOB, BHSBaHHHX MCKpeTHSaJ.UIett, KOTopue MoryT npHBeCTH K no
.lIBJIemm ~OJItHHX MIDIliMYMOB Q( i) . 

3. Tpy~OCTR Henocpe~cTBeHHoro npRMeHeHER KBa3liKpllBHSHH Q(i) 
,IVIR: ~eTeKTHpoBaIUIH Illi.KOB BHYTpH CryCTKOB B odaacrax c Ó~SKlIMH naxa
Mil l?a3.llw:rHo:lt BHCOTH PI nonorax IIKKOB (CM. OÓ~aCTli i = 43+51, 66+73 
aa pHC. ~ ), r,ne aaaxeaaa Q( i) OKaSHB8lOTCR TIO~OJKHTeJIbHl:lMH l:L1IH HY~e

BHMH. 

3. A.JIrOpHTMH 

llpn pemeHHH nepBo:lt lIS 3TKX rrpoó~eM HcnO~SOBaHHCD npe~o~oxeHPIR 

o ManOCTH BepoaTHocTH Pw rnyMoBoro BHópoca H o CHMMeTpRH HSOÓp~e
HHH TpeKa OTHOCHTe~HO OCeBOa ~HHH (COOTBeTCTEyDmefi H~eKCY 

j~[~ 1). B aTHX rrpennoaozeaaax OÓOÓmeHHeM aaroparaa onpenaneaaa 
aasaza li KOHIJ;a crycrxa no ~YKpaTHOMY nponycxy OTc~eTOB óy~eT 8JII'o

PHTM,WHKC~~~ XOTa ÓH o~ rrpO~CK B ~eHTp~HOa naxoce 
umpmm 2r+1 , H,IQTII{efi B,nOJID rpexa, T. e. RH,D;eKCH ia li i E Ha~aJIa 11 
KOHUa CryCTKa onpenenanrca no paBeHcTBY HYJIlO Cl>YHR.IUm 

jIC"r 

"Zr(i).L:. (BR(i,j) + BR(i+1,j». (7) f
j·jrcr 

sax pelli8TKH mara H , CHMMeTpWIHO OTHOC:I1TeJIbHO cpe,IUIefi TO~KH XO ' 

KaK 
(2H- Ó ) 3 - 4 (H- LI ) J; .1< H 

S(X,X ,H) = (2H-.1. }3 ; H<t.<2H,
{o O ; b.) 2H , ( 6 ) 

s 
r.n;e LI '" Ix -Iol. 
Be~:I1Ha rnara pemeTKH ~Hc~eTCíI no 
.rtJlliHe crycrxa faiE-i R 'lI:I1CJJY a 
cnaaãnos N H • .R / N • Bonpoc

Sp: Sp 
o BHOOpe N JIBHJICR anecs CaMHM CY

Sp 
meCTBeHHHM, T.K. H~lliYID annpOKC:I1
MauRID ,naeT KaK pas nCKOMoe 'lIRC~O CTpH

:t.-:l.~ 

PRC. 5 
MepOB B CryCTK8, a SaEHmeHHe N ,

Sp 
KaK 11 BO BcaKOfi annpOKCHM~HOHHo:t1 aanase , np:l1BO,Itl1T K TOMY, 'lITO annpox
Cl1MHpy1ol1{WI KpIDlarI nepecraer cr~amiBaTb ,neépeKTH, F( i) ,nO.IJ;JIS'KaIn:!1e YCT
paHeill1IO • 

ll03TOMY ;rJ,J.UI BU,lle~8HIDi c~aeB O,Itl1HO'lIHHX crpnaepoa (IMR OJillSKRX 
CTpHMepOB paEHOtt RpKOCTH, Haó~aeMHX KaK OMHO~HHe), Kor,na NSplll1 , 

nOTpeóOB~OCb llpHBne'lID ,nOllOJllIHTe~HyID HHWOpM~ o lliHp:l1He H CHMM8TpHH 
épopMH llHKa. TaKHM oópaSOM ÓH~ no~eH anropHTM pemeHHR TpeTbett rrpOo~e
MH: eCJllf: ,nJmHa cry~TK?- faiE-ia OI\.aSHBaJlaCb OJlli3Ka K 15 , HaxO.n;HJIaCD 
ero cepezrana ioa[~] ,B xoropoã onpeneaanacs lli:l1p:l1Ha B ,:11' 

npn BHllo~eHHH YC~OBRff 

0< e. - 2 ~ B (7) 

BRqHC~Ca BHOOpO~HHn Ko~~eHT aCHMMeTpHH 
Le

t;[ (i-i ,3F(i)or· 8 (8)
• -(""~F--(-i-_i-)"'2-F(-i-»)S12 . 

i-i o 
8 

B COOTBeTCTBHH c /22/ M~OCTD aCHMMeTpRH rrpoBepaxacb KaK 

llpn P = 0,1+0,2 OKaS~OCD ,nOCTaTO~O BSRTD r-1.m 

6: 7 

http:F_..u..L


~HKURff 8B • p-1(p)=p-1(t) , OÓpaTHaH K 3TOMY rpaWHRY, ~aeT HaM 
1 

./ ~I-:2 _,_ OneHKy llJIOTHOCTK nepBK1JHott HOHH3auHR g, T~e aCKMllTOTHqeCKH HOpt < 6 V(N~1)'(N+3) ( 9) I Ma1lbHY1O N(g, ~fpV4.'_p)/n»). ITOJ.IY1IeHHaFI saoopaa CryCTKOB ,rvrCKpeTHSO
dp eI

l-E BaHHOrO TpeKa n03BoJIheT HaM no.nytmTb HH(f)OpMaIJ;MUO o npOMeJKYTKax MElIK,IJ;y" 
rne N = L F(i). 3TllMM cryCTKaMH, ~HH KOTOpllX, KaK lI3BeCTHO 123/, HBJIHIDTCH HeSaBlI

I 
. J L=i..5 

~ CllMHMM OT BeJlli1JHH crycTKOB. Ha HCCJIe~eMOM ytracTKe TpeRa Me~ n 
IIpH BhIrrOJIHeHlm: (7) H (9) rISp = 1 ,rrpH BllrrOJIH8IDIM (7) II HapYllIemm: 

CryCTKaMH óy~eT n-1 rrpoMSJKyTOI< m1,m2, .. ,~ " 1'1x pacnpenenenae HS
(9) NSp =2 ,IlpH HapYllIeHIlli (7) l'I (9) 1JlICJIO CIIJIaHHOB Bll1JnCJIffJIOCb no il BecTHo/231 -
WOPMYJIe 

N '\ o ISp =f\ L +1 , (10) 

rne 3Ha1Jemle Ko3!WJ:m.meHTa À = 0,55 ÓllJIO nonoopano TaK, 1JTOÓll ooec
rre1JlITb HaJ1JlY'IlIJYID ÓJlR30CTb Halí,n;eHHoro na TpeK8 ~JlliHH L lflICJIa CTpK-

MepOB VU Ir. TeopeTWIeCKOMY 3Ha1JeHIDD Lg* ( g* HattneHo ns (2)). B 
Ka1JeCTBe ~eTeKTopa rrKKOB PD (peak deteotor)npHM8HRJIaCb W"Hl\lUfR 

PD = I min Q(i)' ,XCi) I ' (II)
i {" Üis E 

rne 1.(i) - XapaKTepRCTR1JeCKM gyHKI.U:UI OÓJIaCTK JIOI<a.JIbHOro MaK cl1MYMa 

I , (F(i) ~ F(i··1» 1\ (F(i) ~ F(i+1»
XCi) = .{ 

O, B OCTa.JIbHllX C.n:,;nIMX . 

4. CTaTRCTK1JeCKRe BllBonbI 

ITYCTb c rrOMOmPID aJIrOpKTMOB rrpe~~ero pas~eJIa Ha Y1JacTKe'TpeKa 

,n.mum L ÓllJIO onpene.neno n cryCTKOB C 1JlICJIOM HaÓ.JIIqIJ;aeMIiX CTpKMepOB 

B K8.lK,II;pM k 1 ,k2" .. ,k • COrJIaCHO (3), JIOrapKqJMWIecRM WHKI.UIiI MaKCHn 
MaJIbHOrO rrpaB~OrrO~OóHH 1JHCJIa HaÓJlID~aeMUX CTpKMepOB B crycTKe óy~eT 

p(m) .. (1 -e-gh) e-mgh , (m 7') (14) 

11 rr03BOJIHeT rrO~HTb eaie O~HY OneHI\y MaKCIDJfaJlbHOI'O l1paB~OrrO~OÓH.H: ~JIH: 

g 
A 1 m
Bm .lS 11 ln Di-i ' (I5) 

n-1 
rzte m= -2:,-L. m. - cpenaee apH(pM8THtIeCKOe ~JIHH rrpm,1eJi\YTKOB. CTaTHC

'l'}ma 8mn;acJp~~~eHa aCRMIlTOTmeCKH lIOPMaJlbHO/~3/1l( g, (e~ - e-E!f)/hvn). 
CTaT11CTRtIeCKaH HeSaBHCIWOC~b cryCTKOB H rrpOMe~TKOB ~aeT B03MO~

HOCTb OÓ~e~HHTb oueHKH (13) H (15) rrYTeM HSB~CTHOll orrep~ B3BeillH

Bam:lF.[/2 4/. BSBemeHHaH onensa 
A A 

~ (gn ~) (r.--2 -2)-1
g- ~~ ~ U B + ~ m
 

õB ,6m
 

óy,neT TaIDlte aCHMIITOTRtIeCKH HOpMaJIbHO~ co cpe~HeKBa,n;paTRtIHHM OTKJIOHe

HHeM o:B '()rn
 

, == ~ +

_ 

cr~
 
MeHblllHM, 1JeM KaJKJJ:aH HS BeJIHtIHH úB li õm • ,.:1' ..n In p+ In(1-p) i: (k - 1 ) (12) Ii PeSYJIbTaTll BIflHCJIeHHH oneaox p ,glf' H g rro ~aHHhIM Mo~eJIHpO-I 
Ba.HIDI c pa3.lIH'IHHMK HCXO;z:umMH 3HaqeImJIMH P ' rrpHBe~elru: B TaÓJI. I . 

L=1 

.llJm oneaxa napaaerpa p ,HMeromero CMl:.ICJI BepORTHOCTlI Toro, tITO ! CJIe~eT T~e OTMeTlITb, qTO B ÓOJIbillHHCTBe WliSHtIeCKHX IIpH
OT~eJIbHH:H CTpHMep xe nepexpuaaerca c .n;pyrKM, IIpKpaBHHeM HyJIJD gci 

UJ 

n P I JIO.iKeHIDt HOHHSaI.UifI acnonsayerca ue CaMa no ceóe B CBoeM aÓCOJIlOTHOM 

n/p -(Lk.-n)/(1-p):;O. 3HatreHHH, a Kffit ~ffir.TOp, Heoóxo~H ~ CpaBHeH}lF.[ }LrrH paS~eJIeH}Ui(qaC

i=11. 

.J 
THU rro HX TpeKaM ~ Bllóopa TOM RJIH HHOH WHSHtIeCKOH rHITOTe3U. 

OTCID~a nOJJ:Y'IaSM oueHKy MaKCHMa.JIbHOrO upaanononocaa B STOM xaxecme UaÓJIIO,JJ;aeMM IIJIOTHOCTb g* , rrO~aeMaH c nOMOIUbID 

npe,1J,JIaraeMllX aJIrOpHTMOB KaK gu-( ~ k() /L , BnOJIHe SaMeIDIeT g ,eCJlli
1 (13) 

11 P
A

-
_

K ' TOJIblto T01JHOCTb STO:tt onemcs (CM •.cpenaas KOJIOHKH TaÓJI. I) ~OCTaTO'tl
- 1 "')' 

rne k = ii ~ k i - cpenaee lf1ICJIO CTpHMepOB B crvcrxe. Onemca p 
A 

pac- .11 Ha ~ pas~eJIeHRH ~yx CpaBlnrBaeMHX 3Ha'tleHHH g • 

npenoaeaa a=em.rnTOTIftIeCKH HOpMa.JIbHO N( p, p v' (1-p) /-;) ,11s-3a 8.HaJIRTK1J8C- " 

IDIX TPY~HOCTell rpaWmt SaBlICHMOCTH p OT g , rrpHBe~eHHllM na pHC. 6 
c COOTB8TCTBYIDI~ KOp~OpOM OillHÓOK, ÓllJI no~eH MeTO~OM MOHTe-KaPJIo. i 
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11 Il0JJY'lI8eM 119 soro BeltTOp R1 C)UllU'OM aa ororn arreMeHT BJI8BO. Tor.n;a 

Q(1) 1.~ tjY1IYT aJI9M8HT&m B8KTopa 

TaóJlillIa I	 (18)Q • c"IR1. 

j:	 BwmCJI8mm (16) TP8Óym M+1 on8pan;ri BeKTopHoro CYMMHPOB~ VA,DD 
IIJm BeKTopHoro BWmTaHIDI VSUB , a (17) 11 (I8) - no o.n;HoB VMUL, 

\g 
Prn = 0,1 Pm = 0,2. 

P gycJg" ~ /õ§ P SYoq* ~/~ 

0,2 0,875 
r 0,0015A 0%0,0389 

0,.846 0% 
0,0021 ~0,.0371 

0,4 0,795 0%0,0058 
O~

0,0443 
0,807 O~

0,0056 
O 421 
~452 

0,6 0,603 0%0,0057 O~0,0535 °t 576 O~
0,0036 

0%
0,0536 

0,8 0,527 0%0,0075 
0%

0,.0553 
0,503 0,700

~060 0%
0,0549 

VADD,VSQRT,VDIV. 
K coaaneaan, B c.nyqwu: sscoxoã SamyMJI8HHOCTR R óOJIDWoro mara CIta

llliPOBa.ID1H h , Kor,na HeJIlJSH OÓOftTHC:b Ó8S crJIaDBa.H1'1fl no (j;>OPMYJIaM 

(6) - (9), BWlllCJI8lOOI no aTHM WOPMYJIaM H8 MoryT ÓHTl> BIffi0JIH8llli napan

JI8JI!>HO, T. K. npOHSBOMTCH JIOItaJII,HO 11 SaBHCJIT 0'1,' 'tffiCJIa CIIJIafuIOB B 

CryCTK8 NSII • 
TeM H8 MeH88 .n;~e H B aTOM C~qa8 .n;OJIH B8KTOpHHX BH'tJ:HcJIeHHfi JIB-

JIHeTCJI OCHOBHott, T.e. npHM8H8Hl1e MaTpJ1qHOrO rrponeccopa n8JI8COoÓpaSHO. 

P 
1. 

I
 
B 3aKJIIO paCCMOTpl'IM B03MOJKHOCTl> rrapa.JIJI8JIbHOH p8aJlli3a.I..J;HH npxse
lI8H118 I 

.n8JiHOrO axroparaa. 

COOTHOIll8Hl:ffi (3)-(5) 11 aI) MüJKHO ÓI1CTpO BW!11CJlli'l,':& c rrOM0llU>IO xaxor-o

-JII1ÓO MaTpl1'tJ:Horo npOIJ;8CcOpa, nanpaaep, EC-27GB HJill FPS-190L , rr03BO I 
~8ro ÓHCTPYIO rro-an8M8HTR,yID oÓpaÓOTK,Y B8RTOpOB. 

HarrpIDJI8p, ,JJ,JI.ff Bll"tffiCJI8HIDI RBa3m<pHBH3HlI BB8.n;8M B8KTOp-CTpOIGI c( j) 

.l(BYM8pHoro MaCC11Ba RpKOCTH c R0Ml10H8HTaMH c~j) ,c~j) '0'0 ,c~j) " r,n8• 

cP) .. BR(i.j); iaT;N; j-1;"M , n BOI'lliCJmM F(i), F'(i),P"(i) RaIC 

B8RTOpU ~ (j) 
c .? C ' 

, tal 
C .. C1	 - C , (16) 

c • " C2 - C1 + C , 

rne B8KTOpH c 1 11 ca no.nyqaIOTCJI C.l(BID'OM BJI8BO B8KTopa c na I RJIH 

2 3JIeMeHTa COOTB8TCTB8HHO. 

)J.an8e BB8.n;8M I.( 1,1, . o ., 1) 8~ B8KTOp r, BlRliCJIa8M B8KTOp 

R • YSQRT(I+C1*C1)	 (17) 

10 

0.5 

I • ! . . ' ............ g ~
 
""~ \

0.6 0.8O,"L	 oA 

fKc. 6. 
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K,yI1lDtOlM.JI.A•• ~!¢OClCOe r .A•• XamtAa n. 	 P11-86-34.Z 
AnropNTMW .eTOMaTM~eClCOro nQAC~.T4 MOHM3aqMM CTPMMePHWX 
TpeK08 "PM' nanyTOH08WX MaMepeHMRX 

MCc::tJeAYeTCR NOAen.. Ma06pa_HMJI· CTPMMepHOrO Tpel<a Ma 4iOHe paeHOMepHOro 
.YMa. Y~MTwe...... ~KTIoI nepeKPWTMR Mnor~MR CTPMMepoe .qpyr .qpyrOll. 
a TaK*e MMMTaqMD nonYTOHOayx M3MepeHMA C n~"D caeTo~yecTaMTen..HOA nMHeA.. 
MIlM 	 MaTPM......·· Ha OCHOee NOAenM npew-H 3ICOHOMM~HWA anropMTM 06pa60TIIM ,AaH
HWX oqMIIIPOiKit NOAenIoHOro Mao!SpaeHMR, lIOI1ycKalOllteii napannen..HYD pe&IIMa<IqMID. 
AnropMTM COCTOMT e paC'U'leHeHMM TpeKa Ha crYCTIIM cnMa.MXCR ·cTPMMepoe. MHTeI'p"'" 
poeaHMM o6l.eMOe noA noeepXHOCTIo.. tyHKqMM RPKOCTM. CrJlaJIMeaHMM non~-.xCR 
KPMSWX KY6M~ecKMMM cnnaAHaMM KOJIOKDn006pa3HOro eMAa,M AeTeKTMpoaaHMM nMKOa 

. c "~"D nepewx MaTOpwx pa3HOcTeii. npoHpKa Ii\8TOAa Ha NOAen..HWX AaHHWX 
noKiiII3a.na ero eWCOKYD H/JAelIHOCTIo, CpaeHMMYD C PY~HOjj 06~a60TKoA. 

Pa60Ta swoonHeH. e na60paToPMM ~McnHTen..HOA TeXHMKM 

M aeTOMaTM3a~MM OM~M.' 


CooCIauue Ol'iJ.emm_oro IIIIC1'BI)'T& QeJIIDIX llCCneAOaHKil. J1yflHa 1986 

nepeBOA aBTopoB 

Kulyuklna L.A., Ososkov G.A., Halada L. Pl1-86-342 
Algorithms .for Automatic Calculation of Streamer Track 
Ionization by Grey Level Heasurements 

The model of the streamer track Image with a unifonn background Is con
sidered. The simulation of grey level measurements Is made, which takes Into 
account the effects of streamer overlapping. On the basis of this model an 
efficient algorlthm·of data handling for the digitalized model Image Is sug
gested which allows the Plrallel Implementation. The algorithm consists of 
the following parts: track partition Into separate blobs of overlapping 
streamers; calculatlon'of volumes under surface of the brightness function; 
smoothing the obtained curves by bel 1 shape cubic splines; peak detecting by 
means of the first and second differences. The high reliability of the me
thod was proved by testing on simulated data. It was found comparable with 
the treatment- by human eye. 

The Investigation has been perfonmed at the Laboratory of Computing 
Techniques and Automazlon, JIHR. 
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