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BB81I8HHe 
~., .(~,I~f r, 

It, 1:~ naHHaR paÓOTa rrOCBRmeHa rrpOÓ~8Me paCrrOSHaBaHllH OÓpaSOB rrpH aH~
11, 

I" 1l, jj S8 TpeKOBOH 1lHWOpMaLum B WHSHKe BHCOllliX 8HepI'Hfi. OÓ aKTYaJThHOCTH npoo
I' 

~q. ~,~ J .vl .~ JI8MH CB.lf,U8.T8JI:qC'rBY8T ÓOJI:OllIOe 1ffiCJIO paÓOT rro aTOR T8MaTHR8, npen
"1 /11' "
 

lr:1!,11
 
.~. I '1 CT~eHHHX B OÓ30pax /1-4/, Tpy,n;ax KOHcjJepeIn.ij1H /'0-7/, a TaIOK8 B/ 8 ,9/ . 

\ 
B lllIX, :B "tIaCTHOCTId, OTM81IaJIOC:O OTCYTCTM8 ,uocTaT01IHO OÓ;8'f,'J, 

/' ill' WoPManIdSOB8HHOH TeOpeTH1I8CKOH MO,n;arrH Tp8KOBHX H30Óp~8HRH 9 ,~.f 1;.' 

cymecTBeHHoe OTJIH"tIHe p'aCrr03HaBaHMR TaKHX Hsoóp~eHHfi OT RJIaCCR'tleCKOH'.I l'i 

"'\0 ~f TeopHH paCrr03HaBaHHH 710,11/ H OÓOCHOBHBanac:o HeOÓXO,IJ;HMOCT:O C~8HHR 
t,'% OI'pOMHOH HHcjJ0PMaqHOHHOll eMKOCTH Hsoóp~eHHH (,n;o 108 ÓHT) nyTeM BBe,n;e

~J,. HHH paSXH"tJ:HUX CHCTeM ue~eYKa3aHHH H MlliCCHMaJI:bHOI'O iCjOJThSOBaHHR arrpH
OpHUX CBe,n;8HHH. U8~eYKa3aHRR B WH~MOBOfi MeTO,IJ;HKe 2 oÓeCrrelIMBaIDTCH 

I'~t 
nyTeM rrpe,IJ;BapHTeJThHOI'O oTóopa rrOJIeSHHX CHllr~OB H MSMepeHllR Ha K~OM 

,l,v~, ... , TpeKe BPYlIHYID O,n;HOH HAH HeCKO~KHX TOlIeK (MaCKH). B c~ae O,n;HOH TOlIt·., \ rr~1 
~ I!" 

'.f r ,} KH MaCI\H I'OBOpRT o M11llliMaJIbHOM HaBe,n;eHHH, a ecmr OHa HaxO,IJ;HTCR B Bep
J "~7)l ~, , "lr..'ft nrnHe CO6b1TMR, TO - o HaBe,n;eHHH rro BepnrnHe. B cJlYlIae MaCKH HS HeCKO~

','d ~'l:'~i d 

-, \ ~~".r;' 
.~ 

KHX TO"tIeK - o rrO~OM HaBe,n;eHHH ~ o HaBe,n;eHHH rro ,n;opo~e. CymecTBY


IOT ,n;OCTaTOlIHO Ha,n;eJKHHe MeTO,IO:l oópaÓOTKH ,n;amillX npa rrOJIHOM HaBe,n;emn./2<
 
H Mil He óy,n;eM ,n;aJIee HX KacaT:OCR.
 

POCT ypOBHH ue~eYKaSaHHH Be,n;eT K yrrpome~ 3a,n;alIH paCrr03HaBaHMR, 

i" p, 

HO TaRJKe K YBeJIH"tJ:eHHID saTp~T Ha rrpe~apHTe~HHH rrpOCMOTp H H3Mepe
HH8 MaCOK. IToaTOMY rrplinaI'arrHc:o SHa"tJ:HTe~HHe YCHJIllfl K pa3paÓOTKe HSMe
pHTeJThHHX cHCTeM óes HaBe,n;eHRR /12,13/. O~HaKO 8TH CHCTeMH OI'paHR1IH

BanHCb o,n;HHM THrrOM 8KCrrepHMeHTa, TpeÓOBarrH BHCOKOM ~aCTOTH rrORBneHHR 
COÓblTHH Ha H30Óp~8HHRX H ÓOJI:billHX Bbl'tJ:HCJll:ITeJI:bHHX cpe,n;CTB, T.K. OCHo.. \ 
BblBaJIHC:O Ha TeXHHKe rrpOC~eJKHBaHRR K~OI'O MS rry"tJ:KOBUX TpeKOB rro Bce
MY xanpy no KOHI.J;a ~peKa I1Jll:I B03M01KHOH aepunnrs , rrOC~8 pacnosaaaaaaa 

{' 
KOTOpofi rrpHMeHflnCR MeTO~ MHHHMaJThHOI'Ô HaBe,n;eHllR. 

B 8TOn CBH3H BeCbMa MHOI'o~jemaIDmHMI1 KaSaJIHc:o I'~OÓaJIbHHe MeTo,n;H 

paCrrOSHaBaHMR, OCHOBaHHHe Hj ~pI1MeHeHHH TeopMH I'pa~OB (Ha lITO y~a3H
aan n.XacI:Q sme B 1967 I'0.LCY 2/) HJrn ~PYI'MX cnococon KJIaCT8pH
3aIUu/4 ,8 ,14/ ,He llOJIY'llliBllMe, O;D;HaKO ,B TO Bp8MR napoxoro pacnpocrpaaenaa 

rrpH MaCCOBOH oópaÓOTKe Tp8KOBOH nHWOPMaUaH H3-sa ~OM Óon:oillKX Tpe
?<l. oosaaaã K pecypcaz BpeMellli Id IlaMJiTH 3HvI. 

B HaCTORmefi paÓOTe HaMelIeH HOBblH, ,n;ocTaTOlIHO oómHli rro~o~ K rrpe

'----....--:;,..->- ,,- •. .\,f~ o,n;o~eHmO TPY~HOCTeH B paCrrOSHaBaHHH TpeKOBOll HH~OPMauHH, OCHOBaH~ 
, , ,.r( ,,'el' Ha cTaTHCTR'tleCKHX Mo,n;enax,paCC"tIaTaHHHX Ha paSJll:IlIHHe ypOBH~ ueJIeYKa3a@ 061.e.n.~~eIi~hIH, ~CTHfyT, anepnsrx 'HCCJ1e.n.OBaH~ ,~y?'l;Ià;l'n9g6 ..1"
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illIH II CrrOCOóH C'18Ma llHy!OpM~I1. ITO.n;xO.n; OCHOBaH lia rrOCTpoeHIDI croxac
Tll~eCKOH Mo.n;e~ llsoóp~eHllH II Ha rrporpru~JHOH peanMSanMH MeTo.n;a MaKCR

MaRbHOrO rrpaB.n;orro.n;oÓMH .n;~ o~eillIBaHRH ~OKanDHHX rrapaMeTpOB TpeROB. 
EJraro.n;apH 8TOMy- ynanocr, nO-HOBOMY pelllliTb npoõ.nevy YCTO~RBOCTR o~eHOIC 

K ~HHID WYMOBoro ~OHa, sarpHSHHIDmero BHÓOPRY. B OT~Re OT rrpllHHTHX 
B TpeKOBofi oópaÓOTKe rpOMos.n;RllX rrfoje.n;yp BHópoca /4/ HAR Óo~ee TOHltaX 
poóacTHHX MeTo.n;OB oueHllBaHHH /15, 6 rrpe.n;~araeMHM rro.n;xo.n; rrOSBo~eT 
rrO~HOCTbID ~ecTb B~Re rnyMOBHX To~eK, pacrrpe.n;e~eHlle KOTOpHX B~~e

HO B CaM,Y mYHKqRID rrpaB.n;orro.n;oóliR. BOSHRKaIDmaH rrpR 8TOM s~a~a ~aCCR

~llK~R To~eK pemeH' c rrOMOmbW CXO.n;HmeHcH rrpo~e.n;ypH ,IJ;llHaMHqeCKOH KRac
TepHoH rrepeCTpOHIrn: 17/. Cos.n;aHHhIe ~OpRTMl:l, KOHe~Ho, lIoTpeóywT ".n;o

BO,IJ;Rll" na oozss OÓl1llipHOM peam,HoM MaTepRane, HO Y)i{e no.ny-qeHHhIe pesy.ns
TaTH.lIOKaSHBaIDT n~o.n;oTBOpHOCTb rrpe.n;~araeMoro CTaTRCT~eCKoro rro~o.n;a 

rrp~ perneHRR .n;aHHOrO Kpyra. rrpoó~eM. 

1. CTaTRCT~eCKaH Mone~b RsoópameHRH COÓHTH3 

C~e.n; ~aCTHUH B TpeKoBo~ KaMepe, paBHOMepHo SarrOnHeHHOH ROHRsHpye
MOH ~OCTbID ~ raSOM (rrySHpbKOBOH ~ CTpRMepHOH), oópasyeTcH RS 
rrySHpbROB ll~ CTpRMepOB, BOSHRK~max BOKpyr ~eHTpOB IlOHRs~nn, pac
rrpe.n;e~eHHHX lIO saKOHY ITyaccoHa 2,3,18/. Ms rroc~e.n;Hero c~e.n;yeT paBHo

MepHocTb pacrrpe.n;e~eHRH KaKoro-~óo BHÓpaHHOrO ~eHTpa llOHRSaunR Ha 

WRKcRpoBaHHoM ~acTK8 TpeKa, a TaEXe nOKasàTe~bHoe pacrrpe.n;e~eHRe .n;nn
HhI rrpoMe~TKa Me~ rrySHpbKaMR nnn cTpRMepaMH. TpeRll B RCKpOBHX crreKT
pOMeTpax OÓpaSYIDTcH HCKpaMR, nOHB~maMllCH B S~aHHhIX.llCKPOBHX rrpOM8
~TKax,R C~aHHOCTb rrp'oHB~eTcH B rrporr~aHHH llCKp rrpll HecpaÓaTHBaRllH 
TOH ~ RHOll KaMepH /27. 

ITPR ~CKpeTRSaullM RsOÓp~eHRH B rrpouecce CKaHRpOBaHRH c marOM h 

rro.ny-qaeM aacop OTc~eTOB, T. e. To~eK fPi} , i=~, C KOOPMHaTaMn 
( Xi ' Yi ) B HeKOTopOM rrp.HlVJoyrOJIbHRKe IT ua ~OCKOCTM (Ka.n;pe). 
MHwopMaTRB~aH ~aCTb OTc~eTOB oópasyeT TpeKH-rpynIIH oTc~eToB, CBHsaH
HHX Ó~SOCTbID R r~~HM KpRBHM, H~mnMCH rrpoe~.HlVJR TpaeKTopRii ~ac
THU Ha IT . OCTaJIDHhIe OTc~eTH rropo~eHhI rnyMOBHMH OÓpaSOBaHllHMH R 

CÓOHMM CKaHaTopa. E~SOCTb OTc~eTOB K COOTBeTCTBYIDmHM TpaeKTOpllRM ~ac
THU, zrpamtax pOJIb ocesax. .mrnIDi TpeKOB, xapaxrepnsyaroa HOpManDHJlM 
SaKOHOM pacrrpe.n;e~eHRR OT~OHeHRH d(p) OTc~eTOB OT ~Hnn TpeKa: 

f(p)= _1_6'{21[ exp (_d 
2 

(p) /213'2).• (1) 

B'~MCKpeT:MSOBaHHHX Rsoóp~eHliIHX paBHOMepHOCTb pacrrpe.n;e~eHRH OT
c~eTOB COXpaRffeTCH, a pacrrpe.n;e~e~e rrpOMe~TKOB Me~ OTC~eTaMR Ha 
TpeKe CTaHOBRTCH reQMeTp~eCKliIM 23/, T.e. BepoHTHoCTb npoMe~TKa 

2 

RS k CKaH-~Hll:l1: pasna 
fik(1_e-.il)P( t= k) = e- (2) 

.J],.Jm rryShIpbKOBHX R CTpIDAepHhIX xasrep A =gh ( g - ROHRS8lUIOHHaH n~OT-
HOCTb TpeKa). 

3aMeTRM, ~TO ~e~oBeK-orrepaTop BHe saaRCRMOCTR OT SHaHRR ~Rs~ec
KOR CTOpOHhI 8KcrrepRMeHTa OÓhI~HO pas~~aeT Bce TpeKH R rrpoc~e~BaeT nx 
B rnyMax R'BSanMHhIX rrepece~eHRHX. MaTeMaT~eCKaH ~OpM~S~ 8TOll 
crrOCOóHOCTM ~eiOBeKa .n;O~Ha rrpe~o~araTb orrpe.n;e~eHHYID n.n;e~s~ 

orrRcaHHH, HeoÓxo.n;~~ .n;~ npRMeHeHHH saKOHOB MaTeMaTRRll. B OTHOrneHRR 
rrpe~araeMOll Mo.n;e~ ôTO CBO,IJ;llTCH K HeKOTOpHM .n;orrymeHll.HlVJ, oóecrre~RBaro

mHM, r~aBHllM oópaSOM, O.n;HOpO.n;HOCTb YC~OBRH RSMepeHRH .n;~ K~oro :MS 
TpeKOB. 

OTMeTliIM, ~TO RS~OJKeHHhIe HIDKe .n;orrymeHHH arro.mre cnpasennass .n;.m:r 
aBTOMaTOB c HaIlpaBJIeHHHM cxaaapoaaaaev, a B c.ny-qae napannensaoro CKa
HRpOBaHRR Bcero Ka.n;pa - B~O~HHIDTCH .n;~ OCHOBHOH ~aCTll TpeKQB ~acTRU 

ÓOJIbillHX 8Heprnn, HarrpaBJIeHHHX B.n;OJIb K~pa. 

1. Be~~RHhI oT~oHeHMn d(p) pacrrpe.n;e~eHhI cor~aCHO (1) c ,IJ;llcnep
cReíi ()2 , O,IJ;llHaKOBOfi ~ acex rpexoa. 

2. BepoHTHoCTb W j rrpRHa,n;.n:eJKHOCTR OTc~eTa p K j -MY TpeKY 
uponopuaonazsna ero ~He L ,BhI~c~eMoM KaK ~RC~O cKaH-~lllifi,j 
rrepeceKaIDmHX TpeK, T.e. Wj=êL j• 

3. BepoHTHoCTb noaaneuaa orcvera p ,OTHOCHmerOCH K j -M'[ rpe
KY ua KaKOll-~ÓO 11S cKaH-~~, rrepeCeKaIDII.UUC aTOT rpex , pasna 1/Lj • 

4. myMoBHe OTc~eThI pacllpe.n;~eHH paBHoMepHo B TI c nnOTHOCTDID
 
n (p) =n=1jS (n ) ,r.n;e S (n ) - WIOma,ru, IT.
 

5. Be.7IWlliHH « ,é R n C~RTaIDTCH RSBeCTHhIMl1 wm MOryT ÓhITb 
O~eHeHhI HeSaBRCHMO, T.e. RBnHIDTCH XapaKTepRCTllKaMn 8KCnepRMeHTa, rrpR
óopa, ~~Ma, HO He .n;aHHO~ KOHKpeTHO~ BHÓOPKR. 

B HTOre pacnpe.n;e~eHRe BepOHTHOCTeA K~O~ TO~KH RBnHeTCH CMeCbID 
pacrrpe.n;e~eHKn, cOCpe.n;OTO~eHHHX BOKpy~ K~OrO TpeRa, 11 pacnpe.n;e
~eHRff rnyMa. IT~OTHOCTb aToro pacrrpe.n;e~eHRH Mo~eT ~hITb B~Hc~eHa KaK 

M _d~(p) 
1 1 E. ~ 

f(p)=const( t wjfj(p) ~ +n)= Z( ------~ e G +n) (3)
 
j=1 j <r {2rfj=1
 

nne M - ooutee ~HC~O TpeKOB, Z=(L1+·· .+LM)é - HOpMHPYID~ MHOJlrn-
TeJID. 

I10CKOJIbKY TO~Ka p .n;OJDKHa JmÓO BXO,!l)fTb B KaKO~-TO rpex, JmÓO 
ÓblTb rnyMOBOn, T.O B CYMMe (3} O.n;HO RS c~araeM1:lX óy.n;e~ K8.K npaaaxo , 
3HalillTeJIbHO npesauars OCTaJIbHHe. TIoSTOMY MOJKHO SaMelillT:p (3) na 

3 



( 
d~(P) _ J 

__c__ e ~ 2 2-2G2In __ceCJllidj(p)<O - nü@ 
Z uW
 

f(p)=
 rrpM O~HOM e~HCTBeHHOM , j=~, 

( 4) 
n 2 2

eCJlli d j ~ O npn BCeX j •Z ' 

8arvreQaHlle. ECJDf d~ < 0 
2 

;::I;JlFI HeCKO.JIbKR,X j ,TO ro-nca P aaxo
~TCR B OÓ~aCTM nepeCetIeHlill HnM CO~eHRff Tpe~OB. TIpn 3TOM Bo3MamHa 

am.repuaruaa: a) BblOpaT:b rvrnH11Ma.JIbHOe d j (p) llJlli O) 11CKJ!IOtI11Tb 

TaRMe TOtIKll 113 paCCMOTpeH11R, no~araR f(p)=~ • BapMaHT (O) c~e~eT 
11CnO.JIb30BaT:b B TOM c~ae, Kor~a O MeH:bme pa3pemaromefi cnocOOHOCT11 
rrp110opa, Bc~e~CTB11e tIero ~aHHble 113 TaKMX oO~aCTell He.JIb3R CtI11TaTb ~OC

TOBepHHMll (p11c.I). 

~ 

D P11C. I 

çDoPMY~a (4) g)a.KTmeCK11 sanaer Macc11Q)llKa.IJ;IDO TOtIeK na (M+I) rpyn
rry, T.e. no MaCTepaM, cootBeTcTBYIDmMM M TpeKaM,H KnaCTepy myMOBHX 

TOtIeK. 

2. <WHKllIDl npéiB.nonolIoOmp 

Tenep:b MH M~eM npnCTYnnTD K BHBO~ G!YHKUHH npaB~ono~OORff /19/ 
H300p~eHRff. COBM8CTHYID n~OTHOCT:b pacnpe~e~eHHR B8pORTHocTeH ~ TO

tIeR j -ro rpexa nO.JlY'IaeM KaR "'.N. 1 ~ d Z . 
é J e ~ &.. jepi.) 

f(P1""'PN) = (~) j=.,--;M , ( 5)
 
j ZG"v 2fi.
 

4 

a ~KR ruyMOBHX TOtIeK 

N (6)
f (p 1 ' •••• , P ) = ( %) oN o 

rne N 1+.... +N +N =n - ooiuee 'Y:11C~O TocreI{ B TI • ITep8MHOJK3H n~OTHOCTM 
rn o 

(5) ,n:KR ncex rpexos M (6), nOJrytIaeM nOJIHYl{) JIOrapwQMMtIecxyIO rlJYHKIJ;1'IIO 

npaB~ono~oOl1H: 

-(N-N ) In __E__ - N In n +L (p ' ••• , PN)1 o M N(J {2Jf' o (7) 

+ .L L ~ d~(P(j»+NInZ 
2(;:2. Jd [..=1 J 

(j) (j) - TOtIKM j-rO KJIaCTepa. (TpeKa).r~e P1 , ... ,PN. 

:vlHIDIJVJM3aJ.J;IDI (7) 8KBRBaJIeHTHa peWeHMID 3~acrM 

M N· 
'" 2 ""~ ~ 2 (') (8)L(P ... ,P ) =N O + L... L... d. (p. J 

) ~inf
1, N o j=1 i=1 J l 

C O,2 113BeCTRliM M3 npe,n:nOJIOJKeH11H (5) (s,n:eC:b Mbl npeHeOperaeM 3aBaCH
MOCT:bIO MHO~TenH Z OT - DÓ O~eHMBaHMM BeJIH'Y:11H L. petI:bL1,···,LM l 

nOll,n:eT HE](e). 
ECJIH 3anHCaT:b ypaBHeH11e oceeoít JIMH1111 j -ro rpexa B BMe y=g j (x, e J) 

e.- BeRTOp napaMeTpOB), TO OTKJIOHeHMe TOQKH (x i ' Yi) OT 3Toro Tpe-

Ka mleeT B~ 

. (j) - (9)d j (P i )=Yi-gj (xi,e j) 

TaK tITO HCKOMaH o~eHKa Mffi{CllMaJIDHOrO npaB,n:ono~OOMH AAff napaMeTpOB Bcex 
M TpeKOB MOJKeT OHT:b no~creHa MHHllM113~eH (8) no BceM B03MOJKHHM pa3

Ol1eHMHM MHOJKeCTBa H3MepeHRUx TOtIeK Ha (M+I) nO.II:MHOJKeCTBO, a ~ R8*
~oro 113 nO.II:MHOJKeCTB,COOTBSTCTBYIDmHX TpeKaM,- no napaMeTpaM 8TRX TpeKOB. 

C~e.IJYeT cpaay xe OTMeTHT:b pR,IJ; cyu.\eCTBeHHblX 3aTpy~eHHH B rrpHMeH8

HHH (8) ,n:nH perneHRff npOo~eMH paCnOSHaBaHIDI TpeKoB, ROTopble, BOSMOJKHO, 

HBHJlliC:b npMtIHHOH CTO~ Manoro BHHMaHMH MHOrOtIHC~eHHHX Hcc~e~oBaTe~efi 

8TOM aRTY~Hofi npOOJIeMH R HcnO~30BaHllIO MeTo~a MaKCllM~HOrO npaB~O

no~oOHR, OOHtIHO HillIOo~ee rrp11~eRaTeJlliHOrO C TOtIKH 3peHHH RatIeCTBa no

~tIaeMHX o~eHOK. 

TIpe~e Bcero, BM ~oPMY~ (8) He ~aeT HBHoro KOHCTPYKTHBHoro no~

xo~a ~ rpynnHpoBKH TOtIeK no TpSKaM, OOJIee Toro, npH HeH3BeCTHOM M 
MHIDf!'JJH3aI..Uffi (8) H (7) npnaonar Hac, B Tynllli, ~OBYIllKY, T. R. MHHHMYM 
~oCTHraeTCH B Tp11B11arrDHOM pemeHHH M=N ,Ror~a tIHC~O TpeKOB CTaHO

BHTCR paBHHM tIHCJIY Bcex TOtIeR.
 
KpOMe Toro, onpe~e~eHHHe TPY~HOCTM Bbl3HBaST BH'Y:HC~eHHe Be~HH
 

a . (p) , T.R. ypasaeune rpexa ~8)Ke B Mea.JI:bHOM ~ae onaoponnoro 
J 
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~eCKoro B3allMO,IJ;eHCTBHH orrpe~eJIHeT ~1llHI~flaJIbHO B03MOllHoe KOJIli~eCTBO 

MarHHTHoro rrOAR II OTCYTCTBllR ~CTOpCMM perMCTpMPT~ero OÓOPY~OBaRHH	 BTOpWiHhlX ~aCTHIJ;, T. e. M - Ml1Hillv1aJIbHO B03MOJKHoe ~"ICJIO TpeKOB. C
1 

RBnReTCH C~ruKHOM KPMBOM ~eTBepTOrO rrop~a. rrOMOm:DIO AM1 M"OJKHO Bbl~eJIliT:D aa OD,l:IclJpoBaHHOM :vI3 OÕpéL'leeHHU M1 TpeKOB. 
TeM ne MeHge ananns aTHX 3aTPY,IJ;Hemür noicaauaaer , ~TO OHI1 npeono-

ECJlli M") M ' TO He.nOCTalOmMe TpeKll OCTaHYTCH B UIytlTOBOM KJI8CTepe, K 
JlliMhI. Ha~HHM c rrOCJIe~HerO H3 HHX, YKaJKeM Ha :o;eJIeCOOÓpaSHOCT:D rrpH 1 

KOTOpOMY MOJKHO CHOBa rrpHM8HllT:D AIIKI ~JIH "oruiennetraa" eme O,IJ;HOrO rpe
MeHeHl1H arrrrpOKClIM81..U10HHbIX MO~eJIel1,TpeKOB, n03BOJIJIlOIlU1X BeCTM pacrr03

aasaaao rro "ChlPIlM" .uaHHllNl Óe3 HCrrOJI:D30Bamm I{8JnIÓpOBO~HliX npeoopaso
BaHHH H y~eTa Heo,n:HopO~HOCTeH MarHMTHoro rrOAff. ~ anrrpOKClIMa~M l'IC

rrOJI:D30BaJIMC:D pa3Jrn~HbIe Bil~ KpHBhlX: rrapaóoflH /20/, KYÓl~ecKHe crrJIafi 

. HbI /21/, OKpYjKHOCTll /4,22/. IIpvLJll,eHeHHe rrOCJIe~Hell, KaK noxaaana rrp~
TMKa, HallÓOJIee H~e~HO, a rrpn H~HM ÓUCTpUX aJIrOpHTMoB rrO,IJ;rOHKH 23/ 
ne ycrynaer OCTaJIbHW/l 1'1 B CKOpOCTll BbI~HCJIeHID1:. .t3 TaKO;1 JIOKaJI:DHo-U;;.rp

KYJ'úIpno:uI MO~eJIH rpexa BeJIH~HHH d . (p) MOryT, uanpavep, Bhl~HCJI.F[T:DCH 
J	 u u 

Kélle paCCTOHHHH 01' TO~IG1 P ,IJ;O OKpYJKHOCT.H, IIOJIY~aeMOH nom-oaaou no 

TO~KaM p' rpexa, nonaauaei B r -OKpeCTHOCT:D TO~Kll p (fIp' -p I\<r ). 

TaKHM OÓpa30M, B ,UaJIbHeMWeM MbI õy~eM rrpe,n:rrOJIaraTb, ~TO paCrr03HaBae

MbIe TpeKll ~OCTaTO~O ÓJIH3Kll K OKp~OCTRM. OTMeTll11 B 8TOll CBH3ll rro

JIe3HOCT:D BBe.neHHH HOBotI napaae'rpnaamm OIepYJKHOCTl'I, CIU1MaIOmeM BbI~C

JIl'ITeJI:DHbIe rrpOÓJIetlli rrp:vr OueHKe pa.IJ;Hyca .nJill TpeKOB MaJIOM KpHBH3HH 

(CM.	 npanoxeaae) • 

3. 1.JlHa.rvm~eCKélH KJIaCTemI3amm 

ECJll1	 'U1CJIO TpeKOB H3BeCTUO anpnopa (KaK npa pacnosuaaaaun C MU

HllMaJI:DHhIM HaBe~eHlleM), TO sanava (8) pernaeTcí MeTO~OM, aHaJIor~HhlM 

MeTO~ ~HaMffqeCKOM KJIaCTepHOM rrepecTponRR 17/, anropnTM KOToporo 

(AITKI) BHrJlHAHT CJIe.ILYID~ oÓpa30M: 

lUar O. BHÓl1paeTCH Ha~aJI:DHaFI KJIaCTepH3aIJ;1ill rro (M+1) rpyrrrre (nc

XO~ n3 aqpnopHon HH~opMaUHU U JIroÓblX MeTO~OB u~uam13auuu nonCKa 

TpeKOB /4/). 

lliar I. .uM Kéllfí,IJ;Oi1 TO'IKU P Bll'IlICAReTCR paCCTOHHue d. (p) rto 
KWK.noro rpexa H rrpOH3BO,WITCii nepecrpoüxa KJIaCTepOB no rrpaB~ (4). 

ruar 2. ECJllI COCTaB I~acTepoB rrOCJIe rnara I U3MeHUJICR, TO B03Bpn

utaevca K rnary I, B npOTllBHOM CJIY'lae - SaKaR'lliBaeM paoory. 
Ilpn MCrrOJI:D30naHHH BapH8.HTa (a) B 3a.\Te~aHUU K ~,opiiTYJIe (4) CXO.nH

MOCT:D azroparaa oõecneuena B CUJIY Toro, ~TO 3Ha~emie L YMeHblllaeTCjl 

nOCJIe xaxnor-o BHnOJIHeHHH urara L llpn UCrrOJTh30BamU:l: sapaanra (o) aJI

ropuTM He oÓHSaTeJThHO CXO)l;lITCH (H cyrueCTBYIOT BeC:D:l1a nCKYCCTBeHHble 

]
 xa n , nonocpas IIO.ILXO~liU'Ií1: 8Mrrllpn~ecIm}i ltpl1TepuH ivÜ'IHHIVlaJIbHO ,IJ;OnyCTU


Moro TpeK8, nararr.ca noar opars 8TY npoue.nypy ~O ncxepnaaua.
 
O~eBn.n;HO, ~TO He CaMblM ÓblCTpblM U H~ellHbIil nyTb. rr03TOMY BepHeMCH 

K 3a.IJ;a~8 (8) npn HeH3BeCTHOM M • JIOBYlilK8, o KOTOPOt'r rOBOpUJIOCb, sua
saaa HenOJIHOTOfi 0'YHKIJ;VIU rrJIOTHOCTU (5), r,IJ;8 He ~'reH 1'01' (1)aICT, ~TO 

HeKoTopbIe TO~KM TpaeKTopHR He oÓHap~eHbl Ha Tp8Ke.~ el'O rrOJIHOrO 

OIIucaHHH CJIe.nyeT BI<JllO~llTb B f(P1,···,PN) pacrrpe,n:e~eHHe ~pOÓeJIOB 

l1 ' ... ,2
N

-
1 

Me1K,1]J'" TO~ICar\Jfl1, a TaIOKe paccroanae 01' Bll,IJ)1.WX IWHlWB ,UO 

BblXO~8 rperca aa rcpaa xanpa ( .to li iN" ). C y~eTor"'T He3aBllCHMOCTn ei 

U HX	 pacrrpe,n:eJIeHHH (2) rro~~HM BMeCTO (5) 
". N. -.L2fd~(plj)) _J.ie!J) _ 

f x ((j) (j}) _ (__c_) J 29 L=1 L-O (1- J.)
P1, ... ,PN - "~ e e e 

Z G '121i 

BeJIWIHH lo li fiv. Mb! ae 3HaeM , nOSTOMY rrpe)I,lIOJIOiKJr:l:M,11TO
J 

HeIWTOpaq KOHCTaHTa, rrO~Ó;1paeMM 3I{Crre~nMeHTaJIbHO, leal{ () 

Qop~~~a (7) MOJKeT ÓblT:D rreperrncaHa B ~e 

x	 ~t(j) -).
L (P" ... 'PN)=L(P1'.'.,PN)+)Me+~~ +ln(1-e )
 

J=1
 

r,n:e t (j) = t (~) + ... + ~(~)" -1 . ~opr"WJIa (8) npzuar BU,n; 

J 
M N"	 M 

~x 2 'Ç"' ~ 2 (j) >- )IV n(j)
L (P 

1, 
... ,P o +L... Ld.(p. )+.)M+/\Lt.N)=No j=1 i=1 J 1- j=1 

r.ne i =2()2 À, r =2 ()2 Àe . 

to + etlJ 
" = e-

H E • 

(IO) 

I10HBJIeIlUe ~JIeHa .:r M ,BbI110JIHHIOmeTO pOJIb "nrrpaça'' aa nonsrxy 
~pe3MepHOrO YBeJIH~eHnlI 'IHCJIa rpexoa, ICOWIeHcHpyeT YMeHblliemre OCTaJID

.t ~x 

HbIX cnaraesnzx npa MHHHM1I3a:O;l'lli L . 

AJII'Op~ITM nepecvpoüxn KJIaCT8pOB npn Hen3BeCTHOM H (AIIK2). nony
~aeTCH U3 lu~I BBe.nemreM ~OrrOJIHnT8Jl:DI-lliX rnarOB. 

lUar 3. l{8Jli,IJ;hIli RJIaCTep mrraeaca paSÓnTb na .IJ;Ba KJIaCTepa. ECJlli 

rrpIDi1epbl pacxonaaocru) , HO npoaepxa na }L\rnTa~OHHblX ;.lO~eJIHX rpexoao.l npn 8TOM LX YMeHDrna8TCH, TO ~HKcnpyeM paacaonae (YBeJIHtInBaeM M 

nHrpopM~ll ~aeT XOpOLtfHe pesyJI:DTaTbI H B aTOM cJIY~ae (CM. HHjKe). Ha e~HRUY) U nepexo~ K rnary 2. 
llpa OTCYTCTBUU cBe.neHlltI O ~HCJIe TpeKOB (KaK,HanpmJTep, rrpx pacnoc ~. K~ rrapy KJIaCTepOB IlliTaeMCH Oõ~e,n:HHllT:D B O,n:HH KJIaCT8p. 

HaBaHnll Óe3 HaBe,n:eHHH H Óe3 npenaaparezsnor-o rrpoouorpa) oooomenao ECJIH rrpn 8TOM LX YMeH:DrnaeTCH, TO ~HKCllpyeM CJIllHHne, YMeH:DrnaeM Hal

AIliU rr03BOAReT B np;mnl,I1rre peIlliITb H 8TY Sa.IJ;a~. Tlill n3~ae:Vloro (l;n3u-	 ~HCJIO KJIaCTepOB U B03BpaIl.\aeMCH Ie Illary I, ec.llli HeT - 3aKa~nBaeM paóo-

TY· 
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B urare 2, COOTBeTCTBeHHO, BMeCTO OI\.OH'IamUJ: paooru Ha,IJ;O 1?cTaB11Th 

nepexo,IL K ilIary 3, 
I1pOÓJIeMa CXO,ILIIMOCT11 AI1K2, TaK JKe,KaK li AlliU, peuraerca óJIarO,ILapH 

YM8HbilleH111O i"l ua IC~OM mare . Ha"Y:aJIbHOe 3Ha"Y:eI-rne M BhIó11paeTcH na 

OCHOBe anpaopnoü 11Hí)opMillum 11Jill rryT8r'l! Ha3Ha"Y:8HHR HelwTop0:l{ MHHillw'TaJIb- l : 

HOM BeJIM:"Y:MHbI (Hanpilliiep,. M=O ) • 

,li.Jm nposepxn paooru A1L12 CMO,1l;e.JIllpOBa.HO H8CKOJIbKO COTeH 1130ópa

JK8H11H B3an:M0,1l;e:l{cTBMH c O,nHlli~ lly"y:KOBHM Tp8KOM 11 H8CKOJIblaJM11 BTOp11"Y:HHMM 

(OT 5 ,no 10) c Kp11BH3HOil pa3Horo 3HaRa 11 B8J1H"Y:11HH. YroJI BUJIeTa pa3hIr

phIBaJICH pasncaepao B xotryce :±: 300 
OT HarrpaBJIeHIDI IIY'IKa. YpoBeHb U.ryMOB 

COCTaBJIRJI 50% OT oomer-o 1IHCJIa TOtIeK na rpercax. I1pmvrepbl cMo,neJI11pOBaH

mzx lf30ÓpaJKeIlli;I npnsenenu ua p11C. 2. 
113 MeTO,ILM"Y:eCKUX COoc5PaiK8HYIl1: aJII'OpMTM AITI~ rrpIIIVreHiiJICH Óe3 KaR:HX

JIllÓO npeztaaparensnux U;8JleYI<a3aHMt1. IIatIaJIbHaH RJIaCTep113a.I.J;l1.íI BblÓIápaJIaCb 

c M=O (nce TOtIIOI - B UIYMOBOÜ ItJIaCTep), "crtuenaeuae " TpeKOB OT IIIyMO-

Boro KJIaCTepa npOM3Bo,nMJIOCb nYTe:'I1 CJIY"Y:atiHoro auoopa rpex To"Y:eK B HeM • 

11 rrpOBe,neHMR "Y:epe3 H11X ,ILyrM OKpY~HOCT11 c 3aHeCeHM:eM B HOBblll TpeK Bcex 

To"Y:eK 113 se D - OKpeCTHOCTI1 (BeJI11"Y:11Ha D Bbl"Y:11CJIRJIaCh COrJIaCHO llJ0P

NJYJIe (4)). 

app8KTIáBHOCTh aJIrOpMTMa AIll{2 'MOJKHO 0U;8H11Tb c rrOMOll.\hID B8pOHTHOCT8M 

ci. - H80óHapYJK8H11H O,nHOI'O lq IáCT11HHblX Tp8KOB 11 J - JIOJKHoro oÓHapYJK8

HHH. B P83YJIbTaT8 MO,n8JI11pOBEjl-nm ÓblJIH BI:l1IHCJI8Hbl ,nOB8pMT8JIbHhI8 rpaaamr
2

MR oL 11 f> npn 95% ypOBH8 3Ha1IHMOCT11: cl< :1.,9' 10- , ~ <. 1,2. 'lD-~ 
3aM8Tl1M, tITO aJIrOpUTM Aill\2 c JIOKaJIbHOM arrnpOKc11Ma.IJ;118fr Tp8Ka ,ILyI'aMTA 

OKPYJKHOCT11 crrOCOóeH pacn03HaTb Tp8KH rr8p8M8HHOM KpHBM3Hbl 11 ,naJK8 cn11pa

JIeB11,ILHHe Tp8KM. 11JIJIIOCTPHpY101L\ee 1130Ópa.lK8H118 ua pHC. 3 ÓI:lJIO paCrr03HaHO 

aJIrOpMTMOM sa 2 MMH ua 3IL1 EC-ID61', 
BI:lBOlllL L r JIOÓaJIbHb1e aJIrOpHTMbl AlIKl M: AIII\2 rrOKa3a.JI.H: oxens BblCo

KYIO ~JXJ!8KTIáBlIOCTh na Mo,neJIbHblX ,naHHblX 3Ha"Y:uTeJIbHOH CJIOJKHOCTM 11 3aUIYM

JI8HHOCTM. 

2. ÁBa B3al1MOCBH3aHHblX taKTopa rrperrHTcTBYIüT rrpm~orvJY rrpllJIOJK8H}UO 

3TIáX aJII'OpnTMOB np11 MaccoBoH oópaóoTKe peanDHHX TpeKoBHX AaHHI:lX: 

- tIp83M8pHHe Bp8M8HHH8 3aTpaTbl, HB11BillMeCH CJIe,nCTBMeM OTKa3a OT 

u;eJIeYKaSaH11:H M rrpmvr8H8HIDI MeTo,na "rpyóoi1 caza", T. e. npocr oro cJJytIaif

Horo nonCKa npn ~OpMMpOBaHRH Ha~aJIDHHX KJIaCTepOB n HX n8pecTpoftKe; 

- OTcYTcTBne Cpe,ILCTB y-qeTa crre~WHKH oópaóaThIBaeMoro n30Óp~eHRH, 

npHcymeR KOHKpeTHoMY Tnrry 8KCrrepHM8HTa, cnocoóy CKa.HHpOBaHHH, CTaTHC

THKe rrpoÓeJIOB n T.,n. -~ 3. Heoóxo~o MCCJI8,nOBaHlle no rrpHMeHeHHID KaK ~eJI8YKa3aHHi1, y<rMTbl

BaKlITuu anpaopase CBeJJ;8HM OÓ 1130ÓpaiKeHIDI, TaK H M8TO,nOB COKp3ll.\eHIDI 

nepeóopa (rrpOBepKa KaH,IL~aTOB B TpeKH Ha rJIa,IJ;ROCTh, OTCYTCTBlle n3JIo l 
MOB, ÓOJIDlliHX pa3p~BOB li T~,n.), a Ta~8 no BblÓOpy OllTHMaJIbHOH npoue.nypbl 
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l) 
nepeCTpOMKll (HanpHMep, MO~HO Ha rnare 3 npoBo~Tb He o~o, a Bce pa3 :. 
OHeHHR, YMeHbrnaIDmM8 mYHKqzoHan (10), Hmf ~e TO~bKO Te, KOTopue YMeHb
rnaIDT ero MaRCHMa7lJ)HO). 

KpOMe Toro, peanM3aqILH anropHTMOB ~O~Ha yqHTHBaTb THll Hcrro~3ye
MOM 3D~, COCTaB ee MaTeMaTM~eCKoro oOeCne~eHRrr. ~ 

OT Bcero KormJ~eKca Mep, HanpaBneHHHX Ha YCKopeHHe M OnTHMH3~ 

anropHTMOB, MO~HO o~aTb MHorOKpaTHoro nOB~illeHHR nx ~eKTHBHoCTH. 

4.	 B CBoeM HaCTOHmeM B~e AlllQ He opneHTHpoBaH Ha llcrrO~30BaHlle 

ero	 c ~aHHUMH npe~BapMTe~Horo C~aTHR TpeKoBoM HH~OpM~ B B~e Xil

HeMHl::lX TpeK-s~eMeHToB. MO~epllI\.~M AlllQ, yqHTllBaIDll\lle TaKOM xapaxrep 
~aHHlilX, RBJI.ffIOTCR HeTpHBllaJIbHl::lMH. IlJIaHHPyeTcR paccMoTpeTb IDe B Me.rr.yro
meR pa60Te. 

IIpH~OJKelllie 

06menpHIDITaR napaaerpasauaa OKpYJltHOCTH (x-a) 2+ (y-b) 2=R2 CTaRa
BHTCR Hey~06Hofi rrpll annpOKCIfM~H TpeKOB M~ofi KpHBH3Hl::l, T.K. rrapa
MeTpll a , b, R MOryT HeOrp~eHHO B03paCTaTl> H ôTO 3aTpY,IUmeT 
Bll~Hc~e.HHe na SBM. B ~eMCTBHTeJ.lliHOCTll: HaM' He06xo.JJ;RMIi ne 3Ha~eHIm a , 
b ,	 R , a ~oPMY~a ~ B~llC~eH.IDl paCCTOHHIm OT npoaaacm.aoã TO~Kll 

rpeua p= (x, y) no arrnpOKCHMHpYIOmeít ero .nyrl1: OKpYJltHOCTH: 

d (p) = I'/lx-a) 2+ (y-b) 2' -R I . 
~	 TpeKOB d(p)«R, nOôTOM,y (CM. T~e /23/) 

2 2 2 2 2 21d (p) = I(x-a) ; (y-b) ;,R I~ I (x-a) + (y-b) -R • 
~ +(y-b) +R 2R 

IIo~eHHoe BHp~eHHe n03Bo~eT nepeítTR K HOBHM rrapaMeTpaM: 

1	 2 2 a 2 b 2d (p) ...... -(x +y ) - -x - -y +'" 2R R R 

r):(e ae=(2R)-1 ,oi=-a/R 

HOBlle napaMeTpn OKPYJltHOCTM, 

2+b2_R2 a 2 2---- =él~x +y ) +,(X+By+ Y2R	 o 

,13=-b/R ,f=(a2+b2_R2) (2R)-1 

He IfMenUwe OC06eHHocTeít ~ .nyr Manoít 
KpHBM3Hl::l. ,IL.7m aarepnperanaa 8THX napaaerpon paCCMOTpHM .CHCTeM,y KOOp
~HaT, CBR3aHHYD c ~eHTpOM TRmeCTH CRCTeMH TO~eK TpeKa. B 8TOít CRC
TeMe xoopnanar olx+By+o=0 ecrs ypasaeaae KaCaTeJThHoít K annpoxcarsa
pyromeít ,nyre O~PY2KHOCTM B cepenane rpaxa (pRC. 4), a 2~ - KpHBll:3Ha 
,IJyrM. 3aMeTIfM, ~T02na~aMeTpH 0/., 13 ,r ,õi' CBR:3aHH Me~ co
6o~ €OOTHOmeHHeM ~ +13 =4~r+1 • ~x o~eHKa ~OBO~TCR B TO~HOCTH TeM 
JKe MeTO):(OM,' ~TO li O~eHKa a , b , R B 23~ sa HCKJllO'lIermeM CaMl:lX 

10 

~.	 ~ rroc~e):(HllX wopr~~, r):(e B~HC~eHHR 

a . , b ,R 3W~eHRroTCR Ha HenOCpe~CT
BeHHlile BhI~IIC~eHHR eX-, B ,o , ex , 
n03BO~ll\lle H36e~aTb ManhIX 3HaMeHaTe
~eH B c~ae TpeKOB Manofi RpIIBH3Hl::l . 
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HocenHaHH U.H. H AP. PI0-86-666 
CTaTHcTH~ecKHA nogxog B 3agaqe pacn03HaBaHH~ 
o6pa30B B ~3HKe B~COKHX 3HeprHA. ToqeqHa~ Mogenb 
.Hso6p~eHH~ TpeKOB 

PaccMaTpHBaeTc~ sap,aqa pacnosHaBaHH~ TpeKOB 3neMeHTap~ qa
CT~ cpegH gBYMepHoro MHO~eCTBa TOqeK. non~eHH~ npH OqH~pOBKe 
H306p~eHHa. ITpeAnOxeHa ~pManHsoBaHHa~ MaTeMaTHqeCKaR Mogenb 
3TOA 3MaqH. B KOTOpoA K~H TpeK npeAnonaraeTCli 6JlHS.KHM K QK
p~HOCTH. a qHCflO TpeKOB Ta~e nOAne~T onpegeneHHID. DOKaSaHO, 
qTO On~HKa MaKCHManbHoro flPaBAonogo6H~ Ana napaMeTpOB Bcex Tpe
KOB OAHOBpeMeHHO Q COqeTaHHH c MeTogoM gHHaMHqeCKOA KnaCTepHoH 
nepecTJ;>oAKH gae',{' pemeHHe saga'!H g~e B OTCYTCTBHe flPegBapHTe,nb
HbIX neneYKa3aHHA. ITonyqeH~ anropHTMJ;>acno3HaBaHHlI 6b1J1 npOBe
pea sa MOHTe-KallnOBCKOA Mogen/il AaH~ C BOgOpOgHOA IlYS~PbKOBOA 
KaMepM H nOKa3an QMCOKyro 3~eKTHBHoCTb. 

Pa60Ta ~nonlfelia B JIa6opaTopHH BMt:{HCnHTenbHOH Tel';HHKH H aBTO' 
MaTH3al.~HH OIDIH. 

Cootil1leHHe oo.~eHHoro HHCTHT)'Ta .lfAepHhlx HcCneAoBaHHH• .Il)1»Ia 1986 

ilepeBog O.C.BHHorpagOBOA 

Ioseliani C.l. et al. PIO-86-666 
Statistical Approach in Some Problem of Pattern 
Recognition in High Energy Physics. Pointed t10del 
of Track Image 

The problem of particle track recognition for a two-dimensio 
nal data set of points obtained by a digitalization of image is 
considered. For this problem a formal mathematical model of da
ta is suggested. The shape of each track is supposed to be an 

;arc of a circle or close to it. The number of tracks is to be 
found too. It is shown that maximum - likelihood estimation of 
parameters of all tracks simultaneously combined with dyna
mical cluster method solves this problem under zero-guidance 
conditions. The algorithm of recognition has been tested by 
the Monte Carlo data model of a hydrogen bubble chamber. Its 
high efficiency is shown. 

The investigation has been performed at the Laboratory of 
Computing .Technique and Automation. JlNR. 
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