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Aumoranusga

B pa60Te paccMaTpUBalOTCAd HECKOJILKO BaplaHTOB MCIIOJIL30BaAHUA KPpUTEPUA X2 AJid CTaTH-
CTHUKHA HyaCCOHa 1 UCCIIEAYIOTCA I'PaHUIbI UX IPUMEHUMOCTHU IIPU YMEHBIIIEHUN MaTeMaTU4e-

CKOI'O OXUJAHUS YMCJIa COOBITHM.

x? Criteria for Poisson Statistics

A.D. Bukin

Budker Institute of Nuclear Physics
630090 Novosibirsk, Russia

Abstract

In the paper some variants of y? criteria application for Poisson statistics are considered.
Limits of their applicability are investigated for decreasing mean value of the number of

events.
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1. BseaeHue

IIpu MmaTemaTndeckoit 06paboTKe pe3yIbTATOB YKCIIEPUMEHTOB Hanboslee 4acTo I MPOBEPKU COTJIACH
Teopuu U SKCIepuMenTa TpuMenseTcs kputepuit x2 [1] B cmty cBoeit MPOCTOTHI W YHUBEPCATBHOCTH.
OnHako, NOBOJIBHO YACTO HpH 06paboTKe SKCIHEPUMEHTA CTATHCTHKA OTCYETOB MaJla, U KpuTepuit Y2 cTa-
HOBUTCA HeMPUMEHUMBIM. TUNUYHBIA TpUMep — ANMPOKCHUMAIIUA SKCTIEPUMEHTATBHBIX TAaHHBIX B OUA-
Ta3oHe >HePruil BOJM3W pe3oHaHCA TPU HU3KOM ypoBHe doHa. Torma oueBUAHBIN MPUEM CYMMUDOBAHUA
OIM3KUX TOYEK TO DHEPTUN [0 NOCTUKEHWI CTATUCTUKA B KAXKAON TOUYKe, MPUEMJIEMON IJId TTPUMeHeHU
KpuUTepHs Y2, He Bcerna MOAXOANT, TaK KaK IS 3TOTO MOXKeT TpeboBaThCd CyMMHPOBaHUE COBBITHI B
TOYKAX, CYIIECTBEHHO YIAJEHHBIX 10 5Hepruu. C OPYrofl CTOPOHBI, XKajdb OTKA3bIBATHCS OT HpUMEHE-
HES KPUTepHd Y2 IO IpHYMHe HeOCTATOYHON CTATHCTHKH Ha ”XBOCTax pe3oHaHCa, TOTAA KakK 6oJIbIIas
9acTb TOYeK BOJIM3M MACChl PE30HAHCA MOXKET BIIOJIHE YIIOBJIETBOPATH KPUTEPHUIO IPUMEHUMOCTH 1 >> 1.

B Takoili cuTyanuu njid MpoBepKM CTENEHU COTJIACUA TEOPUU W DKCIEPUMEHTA MOXKHO HEeHCTBOBATDL B
IBYX HAIPaBJIEHUAX: WM BOCTIOJBL30BATHLCA NPYTUM KPUTEPUEM COTJIACUS, WU BBECTHU MOOUPUITTPOBAH-
Hy1o GyHKIUIO Y2 TaKylo, 9TOBLI IOydeHHAS BeJNINHA COOTBETCTBOBAJIA CTAHJAPTHOMY PACIIPeIesIeHHIO
BepogTHOCTEH Y 2.

B pamnoit paboTe ncciaenyeTcd BTOPOW MyTh: PACCMATPUBAETCA HECKOIBLKO BAPMAHTOB MOMUPUKAIIAN
x? 1 mcclenyoTes TPAHMIL TPIMEHIMOCTH K HIM CTaHJapTHOTO PacIpe/lesieHns Y2 IPH MAaJIEIX 3Haue-

HHUAX MAaTEeMaTHUYECKOI'O OKMAaHd.

2. Bbi6op BapuaHToB Moaudukauum x>

2 o .
PaCCMOTpI/IM HECKOJILKO BapHaHTOB MO,III/I(I)I/IK&HI/II/I X~ Ipu MaJiOl CTAaTUCTHUKeE OTCUHETOB C IeJbIO M3Yy-
YUTH T'PaHUIBI TPUMEHUMOCTHI CTAaHOAPTHOIO paclnpeaeJeHmda Xz. ByueM obo3HAYaATHL MaTeMaTHYecKoe

OXKIaaHne 4Yucja COOBITHUI KakK p, OpeanoJiarad CnpaBedJIMBOCTL pacCIpeaeJeHda HyaCCOHa

n
P
Wp==—€e"? p>0, n=0,1,...00 (1)
n!
Bo Bcex BapmanTax MOTUGUIHPOBaHUA Y2 6yAeM HCIOIL30BATL TOIBKO Te BEIPAKEHN, KOTOPHIE IIPH
6OMBIIOH CTATHCTUKE ACHMITOTHYECKH CTPeMATCA K IPABIILHOMY BIIY Y2 Iuid pacipenestenus Ilyaccona

VI OMHOM CTeIeHu CBOOOIBI:
2
XQIM,HPI/I p>>1 (2)
p

IlepBble nBa BapuaHTa IS BbIYUCJICHUS Y (HO-BHIMMOMY, COBEPIIEHHO HEYIOBJETBOPUTENbHbIE DU
MaJIofl CTATHCTUKE) BO3bMEM B TOM BHJle, KaK [l [ayCCOBA PACIPeeIeHIs, ¢ OINOKaMi, OLeHHBAEMbIMI
HE3aBUCUMO OT TEOPETUYECKON MOAEJIM TOJIBKO N0 YUCIY COOBITUM 1, 6€3 NpuBJIeUeHUS MATEMATHYECKOTO
OXKUMIAHUS P.
2

1. 2—£—L”_pl

Xi="pr1o ommbKa W3MepeHnd B KaXKIOW TOYKe OIleHeHA, Kak 0 = v/n + 1.



omubKy W3MepeHns o = /N HeBO3MOXKHO, TaK KakK B Tex cilydadx, korma n = 0, IpuAéTca NeauTh

Ha HOJIb.
2 (n - P)2
X3 = OToM BapHWaHT XOPOII TeM, 4TO ODeCHedYmBacT NMPABUILHOE 3HAYEHHE CPETHETO

< X3 >= 1 npu Beex 3HauenHUAX p, onHako, aucnepcus D(x3) = 2+ 1/p, 4T0 Npu MAIBIX 3HAUEHUAX

P CWILHO OTJINYAeTCs OT NpaBuwibHoro 3Hadenus D(x?) = 2.

. X3 =2 [p—n+nlog(n/p)]. DTo BLIpaxKeHue ABJIAETCA MOMYJIAPHON 3aMUCHIO JOTapUGMUUECKOIl
bYHKIUE IPABIONONOOHs I [yaccoHoBa pacnpeneierus [2—4]. DTo BblpaxeHune NPUBIEKAET TeM,
YTO IPH CBOEH MPOCTOTE OHO B IPEMeNie p — 00 MEPEXOANT B aCHMITOTHYECKOE BBEIpaxkeHue (2), K

TOMY K€ OHO HCIOJIB3yeTCd B ONTHMU3UPYeMOil JiorapudMuieckoil GyHKINN IPaBAONONobnd.

0, mpun=20

.xt=2-|p—nlnp+
X p—nimp In(n!) — 0.5In(27n), nmpun >0

DTO BhIpaXKeHNEe TaKiKe MOXKET OBIThH UCIIOIB30BAHO AJIs 3AMUCH JIOTapu(PMUIeCKON PYHKIUN TIPaB-

,ZIOHO,ZIO6I/I9I 1 TaKiXKe M[epexoquT B IIPaBUJILHOE BblIpaXKE€HUE OJI Xz npu OOJIBIIION CTATUCTHKE.

. Cnenytomuil BapuaHT X2 MOJYy4nM U3 X3 BBEJIEHIEM TaKUX TOMPABOK, KOTOPbie 06eCTIeUnBAIOT TIpa-

BUJILHOE€ 3HaAYEHUE OUCIIEPCUN 2u CpeaHero 1.

(n—p)? 1

2
X6 = +
CT Ve +05) 2+ 14/2p(2p+ 1)

. HaKOHeH, HOCJIC]IHI/Iﬁ BapuaHT X% IIOJIy4YUM U3 XLZI BBE€OCHUEM aHAJIOTMYHLIX TIOIIPaBOK C IEJBIO ITOJIY-

(3)

YEHUA NTPAaBUJILHBIX AUCIIEPCHUN U CPEAHETO. O,ZIHaKO, CUTyalud 30eChb YC/IOXKHAETCA TeM, YTO TaKad
oriepalnumsda MOXKeT OBITH npongejgiana TOJBKO YMCJIEHHO B OT'DAHUMYEHHOM HWHTEPBAJIE P. HonpaBKy

6yjleM NCKaTh B BUe
X3 = Fi(p)xi + Fa(p) (4)

B IBa npuéma. BHauase noayduM MHOXUTeNb F(p) B Bume

_p2+ap—|—b+c~lnp—|—d~ln2p
g+ pP+h-Inp+r-In?p

Fi(p) (5)
2 o

MeTOIOM HaWMEHBINNX KBanapaTop (nucnepcus D(x7) He 3aBucut oT Fa(p)). YucieHHON MUHUMHI-

3alueil CyMMBI KBallpaToB OTKJIOHeHUH dyHKuuu Fi(p) oT TpebyeMbIX 3HaYeHHIl B ONUHHAALATH

Toukax B mHTepBase p € (0.01,10) (yorapudmMmueckin paBHOMEPHO DACHPENENIEHHBIX) IOJIYYeHBI

3HadYeHUd KO>QPUIuneHToB

a

—0.8991, b= 1.318, ¢ = 0.548, d = 0.1308,

6
g=0.1684, h=-9.09-10"2, r=1.0-10"2 (6)

3areM aHAJIOIMYHBIM HPUEMOM IOJIydeHa annpokcuMaus Gyakiun F(p) B Bune

s+t-Inp+u-In?p
pPta-ln’pty

Fy(p) = (7)

¢ KoshpdpunuerTaMu

s=—05543, t=09.338.10"2, wu=02174 @)
z=0.1878, y=0.4273

Ouepuzno, uro npu p << 0.01 3HAUEHNS AUCTIEPCHN U CPEIHETO 1T Y2 6y/1yT NPUHUMATD 3HAUCHU,
JaséKne OT IPaBIILHLIX, OMHAKO, IPIMeHeHIe KpUTepud Y2 B 5Toil 06JIacTH 3HAYCHHUH p BLITJISIUT

O4Y€HL UCKYCCTBEHHBIM.
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Puc. 1: CpenHee 3HaueHHe X> NpM OMHON CTemeHM CBOGOMBI M HECKOJIBKMX BapMAHTOR Momudukammu x> OpH MajoMm

napaMeTpe p MyacCOHOBa paclnpenesieHUs

Ha puc. 1 npuBenena 3aBHCHMOCTL CpemHEro 3HAYEHU IJId BCEX IEPEYMCIIEHHBIX 3[leCh MoAuduKaui
x? mig nepemennoil, pacupenesnéunoit no saxony IlyaccoHa co cpenHUM 3HaYeHHEM p, B UHTepBaje p €
(0.01,1).

AHaJIOrU4YHO, PUC. 2 AEMOHCTPUPYET 3aBHCAMOCTH MUCHEPCHU STHUX BeJWYUH OT p. Hamomuum, 9To
37eCh BeCh aHAJIM3 Y2 MPOBOMIIICA C OIHON CTENeHEIo CBOBOIL — B CIyUae HECKOJLKUX CTeleHeH cBOBOIEL
3HAYEeHWd CPelHero WM NHCIepcuu cKianbiBaioTca. HecMoTpd Ha TO, 9TO AJd HEKOTOPBIX BApPUAHTOB BbI-
uncaennd y? MUCIepcud U cpefHee MOTYT OLITEH BRIUMCJICHE AHATUTHYIECKH, HA PUCYHKAX HIpPEACTaBJICHE]
equHOOOpa3Hble Pe3yILTATHI YHCIEHHBIX pacuéToB MeTonoM MonTe-Kapio ¢ reneparueil ncesmocaydan-

HBIX 9UCeJT, PacTIpeleiéHHbIX 1o 3akony Ilyaccona (cratuctuka pasna 105 cobbrrui).
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Puc. 2: 3unauenue OUCIepcun X2 npum ONHOW CTEMEHU CBOOOAKI MJIsI HECKOJIBKUX BapuaHTOB MOI[I/I(bI/IKaLIIIIIII X2 npu MaJjioM

napaMeTpe p IIyacCOHOBa paclpeneieHUs

HOCJIG,HHI/Iﬁ BapuaHT X% BBITJIAONT HECKOJIBKO I'DOMO3IKHM. O‘IGBI/I,IIHO, 9TO O6ch’[OBJ’[eHO CTPpEMJIEHUEM
obecreYnTh aCUMITOTHYECKHUI Iepexon K IpaBUJILHBIM 3HAYEHUAM OUCIEPCUN U CPpeJHETrO NpU p — OO, a

TaKKe KOHEUHOe 3HadeHNe TONpaBOYHBLIX dyHKuui [ u Fs npu p — 0.



[IpuMeHIMOCTE KPHTEpHS Y A/ SKCIIePHMEHTAILHLIX JaHHEIX, TOMUYMHAIONIIXCA 3aKOHY pacHpelesIeHIs
BepogaTHocTel Ilyaccona, xopormo Bumna w3 puc. 1 u 2. Tam XKe MOXHO yBUAETH, KaKWe BapUAHTHI
Monuduranuu x? 6osee IPENNOITHTEILHEI IPH MATEMATHICCKOM OXKMJAHNH YHCIA COBBITUH p MOPAOKa
mim MeHbIle equannbl. Hampumep, npu p = 0.1 cpenauii BKIaI KaXkIOW cTeleHN CBOOOMBI I BApUAHTA
BBEIUUCJICHNS Y2 yKe B /IBa pasa MeHbIe CTaHJAPTHOTO, a BKJIAJ B MUCIEPCHIO 5TOTO BapWaHTa B OB
pa3a MeHbIIle cTaHIapTHOTO yxKe nipu p = 0.7.

IIpu mpoBepke IPEMEHHMOCTH KpHUTepHsS X’ B ciaydae pacupeneseHns Ilyaccoma ciieiyeT HMeTh B
BHJLY, YTO KeJIaTeJIbHO BBIIOJHEHHE COOTHOIIEHHs p-np >> | (IpousBeneHne napaMeTpa pacipenesieHus
[lyaccona Ha umciIO cTeneHeil cBoboOMbI), UHAYE B PACIPEIENIEHUN N0 Y2 TOJBLKO HECKOJIBKO IUCKPETHBIX
sHadennil y? ABAAIOTCA 3HAYMMBIMHI, W CPaBHWBATL MOJIYUeHHOE IUCKPETHOE paclpeleeHne 1o Y2 Co

CTaHOapTHBIM HENPEPBIBHBIM pPacIpeac/JIcHNeM CTAHOBUTCA 3aTPYMHUTEJILHBIM.
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Puc. 3: Pacnpenenenne no x2 COBBITHIA C UnCIIOM cTeneHei cBo6onbr np = 100, p = 10. CnslomiHas KpuBasi — CTaHIapTHOE

pacrpenenesne x2.

3HadeHUs CPEIHETO W AUCIEPCUN, €CTECTBEHHO, HE MOJHOCTBIO ONPENEISIOT PACIpEeNeIeHe BePOsST-
HocTeft o Y2. K coxasenmio, mpoBecTH KaKue-ambo HCCIefoBaHms OBIIero XapakTepa HpPeAcTaBiIgeTcs
3aTPYAHNTEBHBIM, OMHAKO, MOXKHO IPUBECTH HECKOJIBLKO MILTIOCTPAINi, KaK TpaHCcHOPMUPYeTCS pacIipe-
nleJieHe BEPOATHOCTEN MIPU HECKOJIBLKUX 3HAUYeHUIX TapaMeTpa p. Hauném cpaBHeHUe paclpeneseHUR O
x? 114 mepeunciaeHHEIX MomudbmKanuit Y2 npu 3HaueHnn mapaMeTpa p = 10, koraa pacmpenenenue Iyac-
COHa XOpOIIO ONMICHIBAETCA paclpeleseHneM L'aycca ¢ COOTBETCTBYIOMIIME TapaMeTpaMI I KpuTepuit 2
BnoJine mpuMeHuM. [lasiee OyneM yMeHLITATL 3HadeHWe TapaMeTpa p W CJIeAUTH 3a TpaHchopManmei

pacupenesennit o y2 Bo Bcex BapmaHTax Momumdukamun 2. g Toro, 4To6E MOXKHO GBLIO IPOABH-



Kaxaou rucrorpaMme LU, FUC. o JEMOHCTPUDPYET pacHpeaejJeHue COObLITUM IIO X~ AJId CEMU BapuaH-

ToB Momudukanun x2. BupHo, uTo pacmpenesenus 1o X2 U Y2 NOCTATOYHO MEIJIEHHO MPUOIMKAIOTC K

ACUMITOTHYEeCKOMY U nake mpu p = 10 elé 3aMeTHO OTIIMYAIOTCA OT CTAHAAPTHOTO pacnpeneeHus.
TTocMOTpUM, YTO U3MEHNTCS B 5TUX PacnpeeieHnax npu p = 1 (puc. 4). Yike npn TakoM yMepeHHOM

SHAYEHUN P paclipeneJicHnd pa3OolllJIICh W CTaJIn boJtee Pa3InYINMBI. HaI/LquLuee COBIIaJeHue ocTaéTcsa y
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Puc. 4: Pacnpenenenune no X2 cobBITHI ¢ YnCIIOM cTeneHen cBobonsl np = 100, p = 1. CrnolmiHas KkpuBas — CTaHOapTHOE

pacnpenesnesue x2.

Ha cnenyromem pucyHke b 3HadeHue p BEIOpaHO cyuiecBeHHo MeHbine 1 (p = 0.1). MHuorue pacupene-
JeHus 37ech BoobIle He ePeKPLIBAIOTCS CO CTaHAapPTHBIM, IO3TOMY olubka B orenke P(x?) momyuaercs
3HAYNTENHHON. Tak Kak MJis TPOBEPKU COBMECTUMOCTH TEOPUU W SKCHEPUMEHTAIBHBIX JaHHBIX UCIIOTh-
syerca pennuuna P(x?), To ynobuee HabofaTh OTANYMA KaXkIOTO U3 PACTIpeeJeHHil OT cTaHJapTHOTO
no TpaduKy ciaemyromero Tuma. s Kaxkmaoro sHadeHns X2 Todka TpadmKa MU i-Off MONeI! Y7 mMeeT
abcnuccy, pasuyio P(x?), paccunTanHyio o cTaHIapTHOMY PACIpelleJIeHIto, a opAuHaTy, pasuyio P(x?),
pacunTaHHylo Mo pacrpefesenuto Y. ['paduku Takoro Tuma npusenens Ha puc. 6, 7, 8, 9, 10 u 11 mua
sHavennit p = 4;2;1;0.5;0.2 u 0.1, cooTBeTcTBEeHHO. Y XKe IpU YMePEHHBIX p ~ 1 HabaoHa0TCA 3HAUN-
TeJIbHBbIe OTKJIOHEHNS MHTET DAJTbHBIX PACTIpeiesieHuil BePOSTHOCTH /711 BADMAHTOB BEIYUCICHUS X7, X3, X2
u xZ. Hamnyummvu npubamkeHIAMH OCTAIOTCA X3, X2 U X 2. HeoXnmaHHBIM B 5TOM BBIBOIE ABJIAETCA
TO, YTO BapHaHT Y3 OKA3aJic 3aMETHO XyKe, YeM X3 B 5Toll MepexoHoil obaacT napamMeTpa p.

B obnacTtu Masnplx 3HaUeHWN mapamMeTpa p << 1 W3 d>THX PUCYHKOB OQHO3HAYHO CJEAyeT, UYTO Hau-
MeHbBIINe OTKJIOHEHNS OT CTAHIAPTHOTO pACTIpeleseHus o Y2 WMeIOT BAPUAHTHI BBIUUCJACHUS X2 U X2,

peJioXkKeHHble B JaHHOU paboTe.



P
=t |
E : ] : 1‘,‘H=L1
—
S| 0 1
Z + Xe <
v-o b 4
| I A -
L 5 |

20 40 100 200

Puc. 5: Pacnpenenenue no x2 COBBITHIA C YnCTOM cTeneHell cBo6onbi np = 100, p = 0.1. CnsloniHas KpuBas — CTaHIapTHOE

pacmpenesnesne x2.
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Puc. 6: I'paduxu sasucumoctu Pioo (x7) ot Pigo (x?). Yucno Puc. 7: I'paduxu sasucumocru Pjgg (Xf) ot Pjoo (x2). Yucmo

creneHein ceobonsl np = 100, p = 4. cTeneHen ceoboner np = 100, p = 2.
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Puc. 8: I'paduxn saBucumoctu Pygg (X?) oT Pioo(x?). Yncmo  Puc. 9: I'padmkn sasucumoctn Pygg (xf) ot Pigo (x?). Ymcno

creneHein ceobonsl np = 100, p = 1.
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Puc. 10: ['paduku saBucumoctn Pjgg (Xf) ot Pioo(x?). Yn-

PIOO(XZ)

cIlo cTeneHel ceobonsl np = 100, p = 0.2.
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Puc. 11: I'paduxu sapucumoctn Pjog (X?) ot Pioo(x?). Yn-

1 p
0.8 4
4
Xs , ///

0.6 \ /’ ................. T

Sl st ,
0.4 T )

......... //// \¢X XSZ X24
0.2 P 7 72 X22 X
02 04 06 0.8 1
PIOO(XZ)

cTeneHen ceobonel np = 100, p = 0.5.

ciio creneHent ceoboner np = 100, p = 0.1.



OCTaBUM TOJIBKO BapHaHTbL Xé u X? DbyAdeM YMEHLINATHL INOCTENEHHO KOJHUYECTBO CTEIEHEN CBOOOABI. Ila

puc. 12 KosmmyecTBO cTeneHel cBobonul np = H0, Tpu >ToM yxKe p-ng = 5. IucKpeTHOCTH pacnpenesennii
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Puc. 12: I'paduku 3asucumoctu Psq (x?) ot Pso(x?). Yucno Puc. 13: ['paduku sasucumoctu Pag (xf) ot P (x?). Yucno

creneHein ceobonst np = 50, p = 0.1. cTeneHei ceobonel np = 20, p = 0.1.

1 7
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L . \X72 4
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P(x) P(1)

Puc. 14: I'padukn 3apucumMocTn PlO(X?) ot Pig(x?). Uncno Puc. 15: I'pacdmkn sasucumoctn Ps (Xf) ot Ps(x?). Ymcmo

creneHei ceobonst np = 10, p = 0.1. cTeneHei ceobonel np = 5, p = 0.1.

no Y2 n x% oT4éTauMBO MposABIeTCS B BUEe TOUEK M3joMa KpuBbIX. Ha mociemytommux pucynkax 13, 14
7 15, ¢ KOJIM9IeCTBOM cTelleHel cBOOOMBI, COOTBETCTBEHHO, paBHLIM 20, 10 u 5, To dBJIeHNE MPOABIIETCA
BCé bosiee spko. OQUeBUAHO, 4TO HENB3sl MOCTABUTH TOYHOTO MpEesa 10 HapaMeTpy P MWW KOJUYECTBY
cTemeHeil cBOGOMLI, BEIIIE KOTOPOTO KPUTepHil Y2 IPUMEHATH MOXKHO, a B 06JIACTH HIKe 3TOTO Ipefesa
COBepIlieHHO Heb3s1. OgHaKo, MPUBEASHHBIE MWITIOCTPAIINE TO3BOJISIOT CKa3aTh, YTO B 0OJIACTH 3HAYEHUT
p>0.1up-np > 5 Monudukanuu Yz u y2 mo3BOJNAIOT NPUMEHATEH CTaHIApTHBIE 3Hadenns P, p(x?) mia

OLEHKH COI'JIaCHd TE€OPUU 1 SKCIIEPUMEHTa Oe3 CYHIECTBEHHBIX CUCTEMATUYECKUX omuboK.
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Io cux mop MBI HHTEPECOBAINCH, HACKOIBKO COOTBETCTBYET pacHpee/eHne II0 HOBBIM IepeMEHHBIM X2
CTaHOAPTHOMY DACIPENeSCHIIO TP MCIOJIB30BAHIE IPABWILHOTO 3HadeHus p. C Opyroil CTOPOHBI, IpH
MPOBEPKE COTJIACUS HKCIEPUMEHTAIBHBIX NAHHBIX TEOPETHYECKON MOMEJSHW He MeHee BaXKeH BOIPOC, Ha-
CKOJIbKO YYBCTBUTEJEH MAaHHBIA KPUTEPWil K HENMPABWIBHOMY 3HadeHUIO p. K COXAIEHUIO, OTBET HA
TaKol BOIPOC HEONHO3HAUEH I CHJIBHO 3aBUCUT OT TOTO, CKOJILKO CTelleHeil cBOGOMNEI B pacHpefeIeHIn X2
1 B KaKO# 0bJacTy 3HAYEHUN p TPOBOASTCS MCCAENOBAHUS.

Bcé e MOXKHO WLTIOCTPHPOBATE UyBCTBUTEILHOCTE PACIPEASTICHI 10 X B HECKOMLKIX CIYdadx IPH
p << 1. BospméMm ciyuait np = 100 (uncio creneneit cBobomnst). Ha puc. 16 crutormnHoil Kpuboit n306paske-
HO CTaHJAPTHOE paclpelesieHne 1o Y2 Ipu TakoM YHCJle cTelleHeil cBOBOMbI, 3aKPallleHHO IICTOT PAMMOI
—— pacmpefiesienue 10 X2 Npu IpaBuibHOM 3Hadenun p = 0.1 u [Be TUCTOrpPAMMbI PACHpe/eJeHus 110
XZ npu cyuecTBeHHO HenpaBuibHbIX onenkax p = 0.05 u p = 0.2 (upu renepaiuu cobbITHIT MeTOIOM
MonTe-Kapio Bcerna ucnosnb3oBaiocs 3Haderue p = 0.1).

Ha crenyiomem pucynke 17 Tak e JIeMOHCTPUPYeTCs 4yBCTBUTEILHOCTD ApaMeTpa X 2.

ST -
£ 410

3

Z 310°

2.10°

10°

W
()

Puc. 16: UyBcTBUTEnBHOCTE KPUTEPUS x2 npHu KOJINYeCTBe cTeneHeli ceobonel np = 100 nisi BapuaHTa BEIYNCIIEHUS x2 = xg

npu MajoM napamerpe p = 0.1 myaccoHoBa pacnpelenleHns

5100 -

4.10°

dN/d(Iny*)

3.10°

2.10°

10’

9,1
S

Puc. 17: I‘IyBCTBI/ITe.TIhHOCTI) Kpurepus X2 IIpA KOJINYECTBE CTeIeHel CBO6OIBI np = 100 nns BapuaHTa BEIYUCIIEHUA X2 = X%

npu MajoM napamerpe p = 0.1 myaccoHoBa pacnpeneneHns
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B paboTe mpOBepeHE! Ipeesbl IPHMEHIMOCTH KPHTEPHI Y2 COrJIacHd 3KCIePHMeHTAIbHLIX JaHHEIX C
Teopueil JjIg HeCKOALKNX BapHAHTOB BLIUNCACHNS BEJMUWHEL Y2 P MATEeMAaTHIeCKOM OXUAAHUE p Gl-
cJla 3KCHEepUMeHTAJIbHBIX COObITUI MOpdiiKa WM MeHbIle eNUHUIbI, e paclpeleseHne BeposdTHOCTEN
Ilyaccona cymecTBeHHO oT/aM4aeTcd OT pacnpeneienud ['aycca, KoTopoe, cTporo ropops, HeobOXOOUMO
JIg IPABIILHOTO HCIIOIL30BAHMI KPHTEpHs X 2.

B pesyabTaTe anasm3a MoJiydeHo, YTO yiKe TIpH P ~ | TpeAnoYTHTEbHEEe UCTIONB30BATE MPEJIOKEH-
Hble B MaHHON paboTe BapuaHTBI MOMUMUKAIN Y2 U X2, KOTOpbIe 06ecnednBaioT NMpaBUIbHOE 3HAUCHTe
cpenHero  AucHepcHn 2. BuIUmc/ieHHEIe TaKIM 06pa30oM 3HaueHHs X2 HaioT 6oJIbIIe OCHOBAHMI HCIIONL-
30BaTh CTaHAapTHLIE 3HaUYeHus BeposTHocTell P(x?) miug sanannoro uucia creneneii csobonn. Ocobento
NPOCTO BHITJISIUT BBHIDAKEHUe [UIA X2, KOTOPOe, KCTaT, obecnednBaeT MpaBUIbLHEIE 3HAUEHHSA CPETHETO

7 OUACTIEPCUN TIPU BCEX BO3MOKHBIX 3HadueHUIx () < p < 00!

2

n— 1
xi= b — +
Vp(p+05)  2p+14+/2p(2p+ 1)
rge n — KOJIMYECTBO SKCHepI/IMeHTaJ'H)HbIX CO6bITHfI, P — MaTeMaTHU4deCKOe OXMAaHUE Yucjia CO6bITHfI,

onpenessseMoe Teopuei.
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