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npH oaHoBpeMeHHOA perHCTp8UHH rpynnoft HCKpOBhlX I1pOM9*YTKOB He

CKOnbKHX 38PH*9HHb!X qaCTHU MO*eT B03HHKHyTb HeoaH03HaqHOCTb IIpH IIO

napHOM COIIOCTaBneHHH npoeKUHft TpeKOB, T.e. IIpH BOCCT8HOBneHHH IIOnHOft 

I1pOCTp8HCTB9HHOA KapTHHbl aa6moaaeMoro C06b!THHo nnsr ycTpaHeHHH T8KOft 

HeOaH03HaqHOCTH B HaeHTH~HK8UHH npoeKUHft HCIIOnb3Y~T HCKpOBOft npoMe

*YTOK, yCT8HOBneHHb!li noa H9KOTOpb!M yrnOM K OCTanbHb!M IIpOM9*YTK8M 

rpynnbr/ 1 I. 

B HaCTOHWeA pa6oTe OIIHC8H apyroA MeToa cymecTB9HHOro CHH*eHHH 

yK838HHOfi HeoaH03H8qHQCTH1 OCHOB8HHhlfi Ha HCKyCCTB9HHOM IIpHa8HHH npo

eKUHHM OTaenbHbiX TpeKOB OC069HHOCTeA, 38Knroqa~WHXCH B OTCyTCTBHH 

npo6osr Ha TpeKe B H9KOTOpb!X HCKpOBb!X rrpOM9*YTK8Xo llnsr aocTH*eHHR 9TOro 

qaCTb HCKpOBb!X IIpOM9*YTKOB CT8BHTCH B pe*HM pa60Tb! 0 COOTB9TCTBY~

UWfi CHH*eHH~ 9~~eKTHBHOCTH perHCTpaUHH HMH qacTHU ao 38.08HHoft BenHqH-

Hblo 

nycTb B ,ll8HHOfi rpynrre HCKpOBhlX IIpOM9*YTKOB perHCTpHpyeTCR n pa3-

nHqHb!X TpeKOB B BH.Oe n rrap npoeKUHI%. PaCCMOTpHM O.OHH H3 HCKpOBb!X 

rrpoMe*yTKOB, HMe~IUHfi 9~~eKTHBHOCTb perHCTpaUHH qaCTHUbl p • 0603HaqHM 

enHHHuefi aanHqHe rrpo6osr B aTOM npoMe*YTKe Ha .oaHHOM TpeKe, ayneM -

OTCyTCTBHe npo6osr. QqeBH.llHO, B03MO*HO 2 n paanHqHb!X CHTY8UHft. 

~1 ~ 
2 3 ••• n-1 n 

1 0 0 0 ••• 0 0 
2 0 0 0 ••. 0 1 
3 0 0 0 ••• 1 0 

n 1 ••• 

3 



Bee CHTyaUHH 38 HCKnffi'leHHeM nepBOH H nocneaHeH aaffiT pa36HeHHe 

MHO)KeCTB8 TpeKOB H8 aBa HenyCTb!X HenepeCeK8ffilllHXCSI Knacca, TaKoe, 'ITO 

anSI nffiOOH npoeKUHH Ka)KaOrO TpeKa MO)KHO yK838Tb, K K8KOMY H3 9THX aByX 

KnaCCOB OTHOCHTCSI 9TOT TpeK, EcnH BBeCTH Heo6xoaHMOe KOnH'IeCTBO T8KHX 

npoMe)KyTKOB rrpH ycnoBHH, 'ITO H8 HHX 6yaeT rrpoHCXOaHTb YK838HHOe pa3-

6HeHHe, TO B KOHUe KOHUOB B03HHKaeT n KnaCCOB no oaHoMy aneMeHTy, 

T,e, rrpOH30MaeT nonHoe OTO)KaecTBneHHe rrpoeKUHMo 

06o3H8'1HM 1:( p) BepOSITHOCTb pa36HeHHSI MHO)KeCTB8 H3 n TpeKOB 

Ha aBa Knacca, HMeffitllHX m H n-m aneMeHTOB (anSI orrpeaeneHHOCTH 6yaeM 

C'IHT8Tb 0 'ITO m ::;(n -m) ). 

f m( p) 
n 

QqeBHaHo, 'ITO 

n/2 
c 

n 
p n/2 (1-p) n/2 

I • • • rrpl!. m = n/2 1 

{ mm m( )n-2m n-2m] 
cnp 0-p) (1-p +P , ... npH m.f,n/2. 

( 1) 

HccneaoBaHHe aTofi !flyHKUHH anSI n = 2,3,4 rroK83biBaeT, 'ITO npH a$$eKTHB

HocTH p=1/2 BepOSITHOCTb pa36HeHHSI H8 aBa Knacca anSI 38.0:8HHOrO m OK8-

3biBaeTCSI M8KCHM8nbHOH, 

Pacc'IHTaeM Heo6xoaHMoe 'IHcno rrpoMe)KyTKOB c a$$eKTHBHOCTbJO p anSI 

aocTH)KeHHSI saaaHHOM BepOSITHOCTH p OTO)KaeCTBneHHSI rrpoeKUHH n TpeKOB, 
~ K 
06osHa'IHM BepoHTHOCTb nonHoro OTO)KaecTBneHHSI F n ( p ) I r.o:e K- pac-

cMaTpHsaeMoe 'IHCnO rrpoMemyTKOB C a!fl!fleKTHBHOCTbffi p , 

1. n = 2 

PaCCMOTpeB BCIO COBOKYITHOCTb B03MO)KHhlX CHTyaUHH, rronyqaeM cne

ayJOtllYIO !flopMyny anSI BepoSITHOCTH ITOnHoro OTO)KaeCTBneHHSI rrpoeKUHH aByX 

TpeKoB c noMOWbffi K HCKpOBhiX npoMe>KyTKOB c a<P!fleKTHBHOCTbiO p : 

K K I I 1- I 
F2 ( p ) = I I i p ) [ 1 - I 2 ( p ) ] 

I= I 

I K 
=1-[1-12(p)] = 

=(l-2p(l-p))K. 

OpH a!jJijleKTHBHOCTH p = 1 I 2 

K 
F2 = 1 1 

21< 

4 

( 2) 

( 3) 

\ 
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3To ypaBHeHHe nossonHeT pacc'IHTaTb 'IHcno K rrpoMe)KyTf 
K 

anSI saaaHHOH BepoSITHOCTH P ( P :S F 2 ) B cnyqae, Koraa He 

TH$HUHpOB8Tb TOnbKO aBa TpeKa: 

K = E (0 1 5 -log 2 (1-P)) I 

rne E(x)- QJyHKUHH "uenaH qacTb x ", 

OpaKTH'IeCKH yao6Hefi Hcrronb30B8Tb !jJopMyny (3) anSI 1 
K 

BHCHMOCTH sepoSITHOCTH F2 OT 'IHcna K H HaxonHTb ueo 

'leHHe K rpa!f!HqecKH. 

2, n = 3 

llnH pa36HeHHH Knacca H3 Tpex TpeKOB Ha TpH Kna< 

TpeKy HcrronbsyeM K ( K ·:::_ 2 ) HCKpOBhiX rrpoMe)KyTKOB c a!f!cjl, 

Ha o.o:HoM H3 aTHX rrpoMemyTKoB, HCKnffiqag rrocne.o:HHM, non 

pa36HeHHe MHO)KeCTBa, CO.O:ep)Katllero TpH TpeKa, H8 aBa MHC 

Horo H aByx aneMeHTOB, Ha ocTaBWHXCSI rrocne aToro pas6He 

K8X aonmHO rrpOH30HTH pa36HeHHe Knacca H3 .O:BYX TpeKOB 

no o.o:HoMy aneMeHTy, BepoSITHOCTb TaKoro co6biTHH pasHa 

K K-1 

F3 ( P) = I 
I= I 

I I 1- I K-~ 
I 3 ( p )[ 1 - 13 ( p) ] F2 I p ) I 

' 1-1 
rae 13 (p) - BepoHTHOCTb TOrO, 'ITO H8 i -TOM rrpoMe)KyTKe IT 

6HeHHe Knacca H3 Tpex TpeKOB Ha KnaCChl H3 O.O:HOrO H 

' 1-1 ( 1- I 3 ( p)] - BepOHTHOCTb TOrO, 'ITO Ha npoMe>KyTK8X 

(i-l)- ro He npoHsonaeT yKasaHHoro pas5HeHHH; F 
2
K- t p) 

TOrO, 'ITO H8 OCT8BWHXCSI rrocne YK838HHOrO pas6HeHHH npol 

H30ii:aeT OTO)KaeCTBneHHe rrpoeKUHH TpeKOB, BXOaSilllHX B 6onbl 

nyqeHHbiii: nocne rrepBoro pas6HeHHSI, 

BBHay Toro, 'ITo 

' 13(p) =3p(l-p)l 

K-1 ) K-1 
F2 (p),.,J-{l-2p(l-p) I 

rronyqaeM: 

K k- I I I K-
F3 (p),.. I 3p(J-p)[1-3p(J-p)]- (1-[1-2p(J-p)] 

lzl 
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3To ypaBHeHHe no3BongeT paccquTaTh qucno K npoMe~yTKDB c p = 1/2 
K 

nng 3anaHHDil BepogTHDCTH P ( P :S F 2 ) B cnyqae, Korna Heo5xonuMo uneH-

TH¢uuupoBaTh TOJihKO UB8 TpeKa: 

K = E (0 15 -/og/1-P)) 1 
(4) 

rne E(x)- ¢yHKUHg "uenag qaCTh x ". 

DpaKTHqeCKH YllDOHeil HCnOJih30B8Th ¢opMyny (3) nng nOCTpOeHHg 38-
K BHCHMDCTH BepogTHDCTH F2 DT qucna K H HaxonHTh Heo5xonuMoe 3Ha-

qeHHe K rpa¢uqecKH. 

2. n = 3 

llng pa36HeHHg KJI8CC8 H3 Tpex TpeKOB Ha Tpll KJI8CC8 no OllHOMY 

TpeKy ucnonh3yeM K ( K ';:: 2 ) HCKpDBhiX npoMe~yTKDB c s¢4JeKTHBHDCThJO p • 

Ha onnoM H3 9THX npoMe~yTKoB, ncKnroqag nocnennufi, non~Ho npoil30HTH 

pa36Henue MHo~ecTBa, conep~amero Tpn TpeKa, Ha nBa MHo~ecTBa H3 on

uoro H nByx sneMeHTDB. Ha ocTaBwnxcg nocne sToro pa36HeHng npoMe~yT

Kax non~Ho npon3ofiTH pa36nenne Knacca H3 nayx TpeKoB na naa Knacca 

no onnoMy sneMeHTy. BepogTHDCTh TaKoro co6biTHg paana: 

K K-1 
F

3 
( p) = I 

I= I 

I I 1-l K-r 
13(p)[1-13(p)] F2 p)l (5) 

1 1-l 
rne 1

3 
(p) - BepogTHOCTh TOr0 1 qTQ Ha i -TOM npoMe~yTKe npOH30HUeT pa3-

6HeHHe Knacca H3 Tpex TpeKoB na Knacchi H3 onnoro n nayx TpeKoB; 

[ 
I ) 1-l 1 -1
3 

( p) - aepogTHOCTh Toro, qTo Ha npoMe~yTKax oT rrepaoro no 

~-1)- ro ne rrpoH3ofineT yKa3aHHoro pa36Henng; F:-tp) - BepogTHDCTh 

Toro, qTo na ocTaawuxcg nocne yKa3aHHoro pa35neHng npoMe~yTKax rrpo-

H3ofineT OTD~neCTBJieHHe rrpoeKUHii TpeKOB 1 BXOllglllHX B OOJiblllOH KJiaCC, IIO

nyqeHHblH nocne nepBoro pa35HeHng. 

BBuny Toro, qTo 

I 
13(p) =3p(J-p)l 

K-1 )) K-1 F 2 ( p) ,., 1 - (1 -2 p (J- p I 

rronyqaeM: 

K k-1 l-1 K-1 
F

3 
(p) .. I 3p(J-p)[1-3p(J-p)] (J-[1-2p(J-p)] ) 

lml 

( 6) 
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npH OfiTHManbHOA a~¢eKTHBHOCTH p 
" ,._, 
FJ.I~. 212.(1_ 

= 1/2 

_1 -) = 
2 21c- I 1=1 4 2 I-

= 1- 3 ""2"k -
1 

2 h-2+ 
3 1 2 _3_. 
.,...,.._.= +7- 2" 

( 7) 

YpaBHeHHe (7) noaeonHeT paccqHTbiBBTb q11cno npoMe~yTKOB c a~~eK-

THBHOCTbiO p = l/2 nnH QOCTH~eHHH aanaaaott eepoHTHOCTH P(P ~F3" ): 

K .. E (2,5 - log 
2 

(3 - y1 - 8 P )) • ( 8) 

KaK y~e 6bmo aaMeqeHo, yno6aeA nonbaoeaTbCH ~opMynoA ( 7) JlnH 
#( 

nocTpoeHHH aaBHCHMOCTH eepoHTHOCTH F3 OT qHcna K H HaxoaHTb Heo6-

xoQHMoe qHcno npoMe~yTKoB rpa~HqecKH ... 

MHHHManbHOe qHcno HH3KOa~~eKTHBHblX HCKpOBbiX npoMe~yTKOB, o5ecne

qHB8IOWee (npH p = 0,5) QOCTOB9pHOCTb p HQ9HTH~HK8UHH npoeKUHft 2 H 3 Tpe

KOB, MO~HO onpeaenHTb no rpa~HKy, npHB9ll9HHOMY Ha pHC, l. 

KpHBbie pHc. 2 xapaKTepHayiOT aaBHCHMOCTb P npH perHcTpauHH 3 Tpe

KOB OT a¢J~eKTHBHOCTH p Bblll9nHIOWHX npoeKUHH HCKpOBbiX npoMe:>KyTKOB, 

Paccy)!<JleHHH, aaanorHqHbie TeM, KOTOpbie 6bmH npoaenaHbi npH aanH

CH ~OpMynbi ( 5) 0 MO:>KHO OTH9CTH H K 5o nee o6meMy cnyqaiO OllHOBpeMeHHO

ro noHBneHHH n ( n > 3} TpeKoe. B aToM cnyqae eepoSITHOCTb OTO:>Kll9CTBne

"innH npoeKuHA TpeKoB MO:>KeT 6biTb BbiqHcneaa no cneayiOmeA peKyppeHTHoA 

~opMyne: 

F" .. 
,._, 

E( n/2) 
1 1 (1 -1 1 ) I-' F lc- I F ,._I I I ( 9) n 

"=' J=l n n 1 n-J 1 

F"-1 ' n >3 , E(x)_ ~YHKUHH 'nenaH qacTb rae ' = I, Fn == 0 npH X 
, 

BxoJlSIWaH B ~opMyny (9) eenHqHaa 

Myne ( 1). 

lm= lm(p) 
n n BbiqHcnHeTCH no ~op-

n H T e p a T y p a 

I. M.l1. ilalioa, B.A. llonroweHH, 8.11. E¢peMeHKO, LA. neKCHH, B.A. ni06H

MOB, 11cKpOBal! KaMepa, ATOMH3ll8T, 1967, 

PyKOI1HCb ITOCTyiTHrra B H3ll8TerrbCKHli OTaen 

16 HJOHH 1971 roaa. 

6 

' 

17. 
f0(J I 

9ol I I 1/ I A 

1ol I I I I /1 I 

ro I I I I 1/ I I 

6o I I I I II I I 

I 1 I I ,' ::o so' I .z -' · t 

PHc. I. 3aBIICI!MOCTb aocTonepHOCTII P H.OeHTI!!jJHKBUHI! npoeKU} 
oT ql!cna N1 npoMeMyTKOB c rroHI!MeHHoli a~¢eKTI!BHOCT&ro. 
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I 
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P11c, }, 3aBIICIIMOCTb LIOCTOBepHOCTII p IIJ:IeHTII!)>IIKBUIIII npoeKUIIII TpeKOB 

oT qncna N1 npoMeMyTKOB c noHIIMeHHofi a!)>!)>eKTIIBHOCTbiD, 
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.... 

p 
K=6 

0,3 

0,1 

0 0.1 0,2 Q3 Q4 Q5 Q6 0,7 0,8 0,9 1,0 p 

Pnc. 2. 3aancnMoCTb aocToBepaocTn P naeaTn!flnKaunn TpeKoB ( n = 3) 
OT a!fJ!fleKTHBHOCTH p Bbl.QenSIJOlUHX OpOeKUiili liCKpOBbiX OpOMelKyTKOB. 

8 

Y CJIOBHJI 06MeHa 

DpenpHHTbi H coo6weHHSI OH.HH paccbinaJOTCSI 6ecnnaTHC 
HMHOrO 06MeHa,yHHBepCHTeTaM 1 HHCTHTyTaM

1 
na6opaTOpHSI 

Hay'!HbiM rpynnaM H OTaenhHbiM y'!eHbiM 6onee 50 CTpaH, 

nony'!aTenstM H3aaHHl!: OH.HH npeaocTaBnSieTCSI B03MO)f{fl 

SIBHTh HHHUH8THBy B 6ecnnaTHOl!: fiOCbinKe ny6nHKaUHH B D 
06MeHa npHHHM810TCSI HBY'IHbie KHHrH, )f{ypHanbi, npenpHH1 
ny6nHK8UHH no T9M8THKe 011.HI1, 

EaHHCTB9HHbiH BHa ny6nHKaum':!, KOTOpbiH HaM npHCbinl 

9TO penpHHTbl ( OTTHCKH CTaTel!: , ylKe Olly6nHKOBaHHbiX B HaJ 

fj pSiae cnyqaeB Mbl CaMH o6pamaeMCSI K Hay'!Hb!M yqp 
6onee KpynHbiM nony'!aTenSIM HalliHX H3aaHHH - C npoCh60l!: 

cnaTb HaM KaKHe-nH60 KHHrH HnH BbinHCaTb anSI HallieH 6H6, 

)f{ypH8nbi1 H3aaJO!IlHeCSI B HX CTpaHaX, 

0 T.QeJibHble 38DpOCbl 

HaaaTenhCKHl!: oTaen elKeroaao BbmonHSieT oKono 3000 o 
cos Ha BbiCbinKY naaaHHl!: OH.HH. B TaKHX aanpocax cneay 
yKa3biBBTh HHaeKc aanpamnsaeMoro HaaaHH.II, 

A.Qpeca 

DHChMa 110 BCeM BOIIpOCaM 06MeHa ny6nHKaUHSIMH
1 

a Ta 

oTaenhHbie H3JJaHHSI cneayeT HanpasnSITh 110 aapecy: 

MocKBa, 

TnaBHbiil RO'lT8MT1 n/H 79, 
H3~arenbCKHil or~en 
Oo'be~lfnennoro HHCTHTyra 
H~epHbiX HCCne~OB8HHif, 

Aapec anSI IIOCbinKH scex lly6nHKaunl!: B nopSiaKe o6MeE 

6ec11naTaol!: noanHCKH Ha Hay'!Hbie )f{ypHanbi! 

MocKBa, 

TnaBHbril noqraMr, n/H 79. 
Hayqno-rexHH'leCKaH oHonHoTeKa 
06'be~Hnennoro HHCTHTyTa 
H~epHbiX HCCne~OB8HHif, 


