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1. BBEAEH11E 

l1ccJ1eAOBaH1-1e ABYX4aCTl-14HblX KoppeJ1Rlll-1H TO>KAeCTBeHHblX aAPO

HOB, 1-1cnycKaeMblX C MaJlblM~1 OTHOCl-1TeJlbHblMl-1 l-1MnyJlbCaMl-1 B CTOJlK

HOBeHl-1RX 4aCTl-1ll l-1 RAeP BblCOKl-1X 3Hepr1-1i1, RBJlReTCR Wl-1p0KO np1,1-

MeHReMblM MeTOAOM nony4eHl-1R l-1H<j)OpMa1.11-11-1 0 npocTpaHCTBeHHO-Bpe

MeHHblX xapaKTepl-1CTl-1Kax, l-13Jly4al0Lql-1X 4aCTl-1llbl ltlCT04Hl-1KOB 11 - 161 • 
KoppeJ1RL1l-10HHblH 3Cl>ct>eKT npoRBJlRJlCR B Bl-1Ae l-13MeHeHl-1R sepoRTHO

CTl-1 Ha6J110AeHl-1R nap TO>KAeCTBeHHblX 4aCTl-1ll B onpeAeneHHOM l-1HTep

BaJle ct>asosoro npocTpaHCTBa no OTHoweH1-110 K sepoRTHOCTl-1 Ha61110-

AeH1-1R nap B c11y4ae OTCYTCTBl-1R KOppeJlRl.ll-11-1. 11CKOMYIO l-1HCl>OPMa1.11-110 

nony4alOT nyTeM cpaBHeHl-1R TeopeT1-14eCKOH KOppeJ1Rlll-10HHOH ¢YHK

l.ll-1l-1 C COOTBeTCTBYIQl.ql-1M 3KCnep1-1MeHTaJ1bHblM pacnpeAeJ1eH1-1eM. no

CTpoeHl-1e 3KCnep1-1MeHTaJ1bHblX ABYX4aCTl-14HblX pacnpeAeJlei-11-111 Tpe6y

eT peweHl-1R MeTOAl-14eCKl-1X Bonpocos, KacalO~l-1XCR oco6eHHOCTeH AaH

Horo 3Kcnepl-1MeHTa l-1 'cneu1-1¢l-1Kl-1 KoppeJlRl.ll-10HHblX l-1CCJleAoBaHl-1H. 

B HaCTOR~eH pa6oTe paccMaTpl-1BalOTCR HeKOTOPble MeTOAl-14eCKl-1e 

BonpoCbl, CBR3aHHble C onpeAeJ1eHl-1eM ABYX4aCTl-14HOH KOppeJ1Rlll-10H

HOH ¢YHKl.ll-1l-1 npOTOHOB, per1-1cTp1-1pyeMblX Ha CHHMKaX C ny3blPbKOBblX 

KaMep: KceHOHOBOH H nponaHOBOH. npeACTaBJleHHaR 3AeCb MeTOAH-

4eCKaR o6pa60TKa AaHHblX 6b111a HCnOJlb30BaHa B BblnOJlHeHHblX paHb

we pa6oTax no onpeAeJleHHIO pasMepoB 0611acn1 1-1cnycKaH1-1R npoTo-· 
HOB /14-16/ • 

2. onPEAEnEHl1E PA3MEPOB 06nACTl1 11cnYCKAHHR nPOTOHOB 
no METOAY ABYX4ACTH4HblX KOPPEnRLtHtl 

noBeAeH1-1e ABYX4aCTH4HOH KOppeJlRI.IHOHHOH ¢YHK1.1Hltl npOTOHOB B 

06J1aCTH HX MaJlblX OTHOCHTeJlbHblX HCnYJlbCOB onpeAeJlRIOT 3¢¢eKTbl 

KBaHTOBOH CTaTHCTHKH,KYJlOHOBCKoro OTTaJlKHBaHHR H B3aHMOAeHCT-

. BHR B KOHe4HOM COCTORHHH.TeopeTH4eCKHe OCHOBbl MeTOAa H3JlO>KeHbl 

B pa6oTax 117- 19/npeAn011araeTCR, 4TO npoTOHbl HCnycKalOTCR He-

3aBHCHMblMl-1, OAH04aCTH4HblMH, T04e4HblMH HCT04HHKaMH. Hx npOCT

paHCTBeHHo-BpeMeHHoe pacnoJ1o>KeH1,1e 6epeTCR o6bl4HO B BHAe pac

npeAeJleHHR rayccoscKoro THna 1181 : 



➔ 2 2 
rAe X = (r, t), a ro 1,1 To RBJlRIOTCR A1-1CnepCl-1RMl-1 COOTBeTcTeeHHO 
npocTpaHcTeeHHoro 1-1 epeMeHHoro pacnpeAeJ1eH1-1H. Aeyx4aCTH4HYIO 
KOppeJJR4"1OHHYIO <)>yHK4"1IO MOmHO npeACTaBHTb a BHAe: 

B(q,p; r
0

,T
0

) =A/k*)[l + B
0
(q,p; r 0 ,T0 ) + B1(q,p; r 0 , T0 )], /2/ 

rAe Ac, Bo, B1 onHCblBalOT 3cjJq)eKTbl KYJlOHOBCKoro OTTaJlKHBaHHR, 
KBaHTOBOH CTaTHCTHKl-1 1-1 B3aHMOAeHCTBl-1R B KOHe4HOM COCTORHl-11-1 
nepeMeHHble q 1-1 p o603Ha4alOT, COOTBeTCTBeHHO, pa3Hl-14Y 1-1 CYMMy 

4-1-1MnyJ1bcoe npoToHoe; k*=0,5·v'-q2 - 1-1MnYJ1bC OAHoro 1,13 npo
ToHoe B HX co6cTeeHHOH CHCTeMe OTC4eTa. 

8 3Kcnep1-1MeHTaJ1bHblX HCCJJeAOBaHHRX KoppeJJR41-1OHHble <)>yHK4"1"1 
npeACTaBJlRIOTCR B BHAe OTHoweHHR: 

R(q,p) = 
D(q,p) 

Dcp(q,p) 
/3/ 

rAe D(q,p) - nJJOTHOCTb npOTOHHblX nap B ¢a3OBOM npocTpaHCTBe, 
Dcp(q,p)- nJJOTHOCTb nap B CJ1Y4ae OTCYTCTBHR KOppeJ1R41-11-1. AilR no
Jly4eHHR HH<)>OpMa41-11-1_O npOCTpaHCTBeHHO-epeMeHHblX xapaKTepHCTHKaX 
"1CTO4HJ.1KOB npOTOHOB HymHo HaHTl-1 TaKHe 3Ha4eHJ.1R napaMeTpoe ro 
J.1 ro, AJlR KOTOPblX TeopeTH4ecKaR ¢yHK4HR /2/ COOTBeTcTeyeT 3KC
nepHMeHTaJlbHOH /3/. 

3. nOCTPOEHHE <l>OHOBWX PACnPEAEnEHH~ 

OnpeAeJ1eH1-1e nJJOTHOCTl-1 nap 4aCTl-14 B CJ1y4ae OTCyTCTBJ.1R KOp
peJ1R41-11-1, D<I>( q, P) , CBOAHTCR o6bl4HO K nocTpoeHJ.1IO T. H. <)>OHOBblX 
pacnpeAeJ1eH1-1H. 0CHOBHOH npo6J1eMOH RBJlReTCR noJ1y4eH1-1e TaKoro 
pacnpeAeJ1eHJ.1R, KOTOpoe He. COAepm1-1T cy111ecTEiY10111J.1X a peaJlbHblX co-
6blTJ.1RX ABYX4aCTl-14HblX KoppeJJR4J.1H 1,1 OAHoepeMeHHO coxpaHReT APY
r1-1e KHHeMaTH4eCKJ.1e 1-1 AHHaMH4eCKHe YCJlOBHR, COOTBeTCTBYIOIIIHe 
Ha6J110AaeM0My ABYX4aCTH4HOMy pacnpeAeJ1eH1-110, D(q,p). Ha1-160J1ee 
4aCTO <)>OHOBble pacnpeAeJJeHHR CTPORTCR nyTeM nepeMew1-1BaHJ.1R 4a-_ 
CTl-14 1-13 pa3HblX C06blTl-1H. 3TOT cnoco6 nOJlHOCTblO y61-1paeT cy111ecT
BYIOllll-1e B paMKax AaHHoro co6biTHR KoppeJ1R41-11-1, a TOM 41/4CJ1e Kop
peJ1R41-11-1, CBR3aHHble C coxpaHeH1-1eM 3Hepr1-11-1-1-1MnyJ1bCa 1-1 C AHHaM1-1-
KOH npo4ecca B3aJ.1MOAeHCTBHR. C TO4Kl-1 3peHHR paCCMaTp1-1eaeMblX 
3¢¢eKTOB 3TO COOTBeTcTeyeT BBeAeHHIO HCKameHHH B ¢OPMY <)>OHOBO
ro pacnpeAeJ1eH1-1R. K1-1HeMaT1-14ecK1-1e orpaH1,14eH1-1R 1-1 A1-1HaM1-1Ka e3a1,1-
MoAeHcTBJ.1R MoryT npHBOAHTb K ::saBHCl-1MOCTl-1 yrJJOBblX J.1 1-1MnyJlbCHblX 
cneKTpoe 1-1cnycKaeMblX 4aCTl-14 OT HX MHomeCTBeHHOCTJ.1. npocToe ne-
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peMew1-1eaH1-1e 4aCTH4, B3RTblX CJ1Y4aHHblM o6pa3OM 1-13 co6b1Tl-1H C 
pa3HblM HX 41-1CJ1OM, RBHO HapywaeT 3TY 3aBHCHMOCTb. He ecerAa, 
OAHaKo, y4eT 3Toro 3¢¢eKTa RBJlReTCR BO3MOmHblM, 1-1 AJlR nocTpoe
HHR <)>OHOBblX pacnpeAeJJeHHH 6epyTCR 4aCTl-14bl 1-13 COCeAHHX co6b1T"1H 
Ha JleHTe cyMMapHblX pe3yJ1bTaTOB /l0,

111
• 

. 8 KaMepHblX 3KCnepHMeHTaX nepeMeW1-1BaH1-1e.npoBOAHTCR 06b14HO 
•C y4eTOM KOJ1H4eCTBa 4aCT"14 B KOHe4HOM COCTORHl-11-1. np1-1 3TOM 

CJleAyeT HMeTb B 
0

81-1AY, 4TO OTHOweH1-1e 4HCJ1a KOM61-1Ha41-1H MemAY 
4acT1-14aM1-1 1,13 pa3Hb1X co6b1T1-1H, N¢x>H , K 4HCJ1Y KOM61-1Ha41-1H MemAY 
4aCTH4aMH 1-13 OAHHX 1,1 Tex,me co6blTHH, Na<IXI>, 3aBHCHT OT MHomecT
eeHHOCTl-1 4acTJ.14 B co6b1TJ.1RX, n, J.1 OT 4"1CJ1a co6b1TJ.1H B paccMaTpJ.1-

eaeMOM aHcaM6J1e, N: 

n(n-1) 
NacWJ = N 2 ; NcpoH 

n 
NcpoH/N acpti"" (N -1\-n---1-) 

2N(N-1) 
n-

2 
/4/ 

KaK Bl-1AHO, 3TO OTHoweHHe JlHHeHHO pacTeT C pOCTOM 4"1CJ1a co-
6blTJ.1_H B aHcaM6Jle J.1 CHJlbHO 3aBl-1CJ.1T OT 41-!CJla 4acT1-14 B co6blT"111 
AJlR MaJlblX 3Ha4eHHH n. np1-1 MOAeJ11-1poeaH1,111 <)>oHOBblX pacnpeAe11eH11H 
o6bl4HO BbJAeJJRIOTCR noArpynnbl co6blTl1H, MemAY KOTOpblMJ.1 npoBOAHT
CR nepeMew11eaH1-1e. CoxpaHeH1-1e OTHoweHHR KOJ1114eCTBa KOM611Ha41-1H 
ocy111ecTBJ1ReTCR npl-1 3TOM nyTeM BBeAeH11R COOTBeTCTBYIOlll11X eecoe, 
Y4J.1TbJBalOIIIHX TaKme Bl-IA KOHKpeTHoro pacnpeAeneHHR co6blTl-1H no 
MHOmecTBeHHOCTl-1 paccMaTpHBaeMblX 4aCTl14. Apyr11M cnoco6oM MomeT 
6b1Tb TaKOH noA6op Kon1-14ecTea co6b1THH a noArpynnax AJJR AaHHOH 
MHOmeCTBeHHOCTl1 n, 4T06bl B KOHe4HOM HTOre BHA saBl1CJ.1MOCTJ.1 
KOJ11-14eCTBa KOM611Ha41-1H_ OT MHomecTeeHHOCTl-1 4aCTl14 coenaAaJl_B 
peaJlbHblX J.1 ¢OHOl3blX pacnpeAeneH1-1RX. CneAyeT TaKme HMeTb. B BHAY, 
4TO cTaTJ.1CTl14eCKl-1e cj)J110KTYa4111-1 B03pacTalOT B cny4ae MHoroKpaT~ 
HOro 1-1cnoJ1b3OBaHHR OAHOH J.1 TOH me 4aCTl-14bl np11 nocTpOeHHJ.1 <)>o-

HOBblX pacnpeAeneHl1H 
1201 

• 
AnR npoeepK11 4yecTe1-1TeJ1bHOCTJ.1 <)>opMbl ct>oHoBblX pacnpeAeneHHH 

oT cnoco6a 1-1x nocTpoeH11R cpaeH11ean11cb pacnpeAeneHHR no k* AJJR 
nap npOTOHOB 113 pa3HblX co6blTJ.1H B 'IT -Xe B3al1MOAeHCTBJ.1RX np11 
3,5 f38/c. PacnpeAeJleHHR CTPOJ.1Jll-1Cb ABYMR cnoco6aMJ.1: 

a/ OT61-1paR co6blTJ.1R C OAHI-IM 1,1 TeM me 4J.1CJ1OM npOTOHOB J.1 y41,1-
TblBaR 3aBl-1CJ.1MOCTb 41,1cna l(OM61-1Ha411H OT 4J.1CJ1a npoTOHOB B C06blTJ.1J.1; 

6/ He 06pa111aR BHJ.1MaHJ.1R Ha MHomecTeeHHOCTb npoTOHOB B co-

6b1Tl1J.1. 
Pe3yJlbTaT cpaBHeH11R npeACTaBJJReT p1-1c. 1. B eepXHeH 4aCTJ.1 

p11cyHKa noKa3aH caM Bl1A pacnpeAeJ1eH11R no k* AJlR nepeoro cno-

. 3 
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PHc. 1. PacnpegeneHHH nap npo
TOHOB H3 p a3Hb!X C06b!THH no k *. 
N 1(k*), [N1 (k*)] - 'lHCJIO nap 
npoTOHOB B AaHHOM HHTepBane k\ 
nony'leHHOe c y'leTOM /6e3 yqe
Ta/ MHO*eCTBeHHOCTH npOTOHOB B 
C06b!THHX. 

co6a MOAenHpoBaHHR; HHmHRR 
4aCTb npeACTaBnReT OTHOPMHpo-· 
BaHHoe OTHOWeHHe pacnpeAeneHHR, 
nocTpoeHHoro cnoco6oM 6/, K pac
npeAeneHH~, nocTpoeHHoMy cno
co6oM a/. PacnpeAeneHHR npaK~ 
TH4eCKH cosnaAa~T, TODbKO B 
KOH4e BHAHO 3aMeTHOe OTKnOHe
HHe. 06nacTb KoppenR4HOHHOro 
3¢¢eKTa, 4YBCTBHTenbHOro K npo-
CTpaHCTBeHHO-speMeHHblM xapaK-
TepHCTHKaM HCT04HHKOB npoToHos, 

COOT~eTCTByeT HeCKODbKHM Ha4anbHblM HHTepsanaM pacnpeAeneHHR. 
UeHTpanbHaR 4aCTb HCnOnb3yeTCR 4aCTO ADR HOpMHPOBKH pacnpeAe
neHHH npH o6pa6oTKe KoppenR4HOHHblX xapaKTepHCTHK. B pclCCMaTpH
saeMOM cny4ae He BHAHO CYIJ\eCTBeHHOH 3aBHCHMOCTH ¢opMbl ¢0HOBblX 
pacnpeAeneHHH OT cnoco6a Hx nocTpoeHHR. 

3. KOPPEJUIUl-10HHblE _¢YHKUl-11-1 
B YCflOBl-1~X PEAflbHoro 3KCnEPl-1MEHTA 

OnpeAeneHHe ABYX4aCTH4HOH KOppenR4HOHHOH ¢YHK4HH /3/ Ha 
3KCnepHMeHTe_ CBOAHTCR 06bl4HO K noCTpoeHH~ pacnpeAeneHHR: 

R(k*) 
Net> dN(k*) 

N dN41(k*Y' /4/ 

fAe dN(k*) - 4Hcno nap npOTOHOB, HCnycKaeMblX B OAHHX H TeX me 
cofib1THRX B AaHHOM 11HTepsane k*, dN<l>(k*)- aHanorH4HO - 4Hcno 
nap H3 pa3HblX C06b1THH; N H N<I> - HOPMHPOB04Hble MHOmHTenH. illH
PHHy HHTepsana onp~AenR~T ycnOBHR 3KCnepHMeHTa: _T04HOCTb onpe
AeneHHR k * H CTaTHCTHKa 3KcnepHMeHTanbHblX AaHHblX. 

PHc. 2a AeMOHCTpHpyeT ¢parMeHT pacnpeAeneHHR nap npOTOHOB 
no k* s o6naCTH ManblX OTHOCHTenbHblX HMnynbCOBj Ha pHc. 26 no-
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PHC. 2. Koppenm.J,HOHHbie xapaKTepH
CTHKH npOTOHOB, HCnycKaeMblX B 

TT - ..Xe- B3aHMOP,eHCTBHHX npH 
3,5 f3B/c. a - pacnpeAeneHHe no 
k* nap npOTOHOB H3 pa3Hb!X C06b!THH; 
6 - 3Ha'!eHHH OillH60K onpeAeneHHH 
k *; B - KOppenHI.J;HOHHbJe pacnpeAeJie
HHH: KPHBaH - KOppenH~HOHHaJI ~yHK
~HH /2/ AJIH yKa3aHHb!X 3HaqeHHii na
paMeTpoB; KpeCTHKH, /KPY*KH/ -
cpeAHHe 3Ha'!eHHH KOppeJIH~HOHHOH 
~YHK~HH B AaHHblX HHTepBanax, BbI
'!HCJieHHbie 6e3 y'leTa /c yqeToM/ 
qx)pMbI pacnpeAenemrn no k*; rHcTo
rpaMMa - pacnpegeneHHe, nony'leHHoe 
C yqeTOM OillH60K H3MepeHHH, 

Ka3aHbl 3KcnepHMeHTanbHble OWH6KH 
onpeAeneHHR k * ADR AaHHblX' npeA
CTaaneHH~X Ha PHC. 2a. KPHBaR Ha 
PHC. 2B Hnn~cTpHpyeT noBeAeHHe 
KoppenR4HOHHoA ¢YHK4HH ADR yKa-
3aHHblX TaM 3Ha4eHHH napaMeTpOB. 
Ha PHC. 2B KpecTHKaMH noKa3aHbl 
cpeAHHe 3Ha4eHHR KoppenR4HOHHOH 

. O 30 60 90 120 150 ¢yHK4HH B AaHHblX HHTepsanax k*; 
k•.M•1¥c KpymKH npeACTaBnR~T cpeAHHe 3Ha-

4eHHR, nony4eHHble C y4eToM ¢opMbl 
pacnpeAeneHHR no k*; rHcTorpaMMa 

noKa3blBaeT pe3ynbTaT Bbl4HCneHHR cpeAHHX 3Ha4eHHH C y4eToM 
OWH6oK s onpeAeneHHH k* cornaCHO PHC, 26. 

npeAcTasneHHble Ha PHC. 2 3aBHCHMOCTH AeMOHCTPHPY~T" xapaK
TepHble 4epTbl KOppenR4HOHHoro 3¢¢eKTa' Ha6n~AaeMoro B ycnoBHRX 
KaMepHoro 3KcnepHMeHTa: 

1. 3¢¢eKT npORBnReTCR TOnbKO B Ha4anbHOH 4aCTH ¢a3oBoro 
061,eMa. 

2. B o6naCTH 3¢¢eKTa HMeeT MeCTO CHDbHblH pOCT nnoTHOCTH nap 
npOTOHOB C ysenH4eHHeM k*. 

3. 3Ha4eHHR 3KCnepHMeHTanbHblX OWH60K cpaBHHMbl C WHpHHOH 
KoppenR4HOHHOro MaKCHMyMa. 

KaK BHAHo, ycnOBHR Ha6n~AeHHR KOppenR4HOHHoro 3¢¢eKTa Mo
ryT CHDbHO noBnHRTb Ha KOHe4HblH pe3ynbTaT, BBOAR CHCTeMaTH4e
CKHe HCKameHHR. npoRBnReTCR 3AeCb B3aHMHaR CBR3b pa3nH4HblX 
3KcnepHMeHTanbHblX ycnOBHH. 06nacTb 3¢¢eKTa COCTaBnReT TODbKO 
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He6OJlbWYIO 4aCTb ¢a3osoro 06beMa, AOCTynHoro B CJ1Y4ae KaMepHoA 
MeTOAHKH. Ha6J1t0AeHHe KoppeJ1R4HH Tpe6yeT, CJleAOBaTeJlbHO, 6011b
woro o6beMa 3KCnepHMeHTaJlbHoro MaTepHaJla. HeAOCTaToK AaHHblX 
npHBOAHT K Heo6XOAHMOCTH nOCTpOeHHR cpaBHHTeJlbHO WHPOKHX HH
TepBaJlOB, OXBaTblBalOUIHX 3Ha4HTeJlbHYIO 4aCTb KOppe11R4HOHHOro 
MaKCHMYMa. B npeAenax OAHoro HHTepsana HMeeT MecTo KaK 60JlbWOA 
pocT nJlOTHOCTH nap npOTOHOB, TaK H H3MeHeHHR KOppe11R4HOHHOA 
¢yHK4HH. npH 3TOM 3Ha4eHHR 3KcnepHMeHTaJlbHblX OWH60K cpaBHHMbl 
C senH4HHOA HHTepsana. HHme 6yAeT npeACTaBJleHO AeTaJlbHOe pac
CMOTpeHHe 3THX sonpocos. 

4. MOAEnHPOBAHHE 
ABYX4ACTH4HWX PACnPEAEnEHH~ 

npH o6pa6oTKe 3KcnepHMeHTaJlbHblX AaHHblX 4aCTO BO3HHKaeT 
npo6neMa HCKameHHR KHHeMaTH4eCKHX. xapaKTepHCTHK Ha6Jlt0AaeMoA 
4aCTH4bl Ha nyTH OT MecTa HCnycKaHHR AO AeTeKTopa. npHMepoM 
MomeT 6b1Tb perHCTpa4HR npoTOHOB B nponaHOBOA ny3blpbKOBOA Ka
Mepe, B KOTOpoA pacnonomeHbl TaHTaJ1OBb1e nnacTHHKH. BTOPH4Hb1e 
npOTOHbl, HcnycKaeMble B pe3yJ1bTaTe CTOJlKHOBeHHR HaJ1eTat0111eA 4a
CTH4bl C RAPOM TaHTaJla B nnacTHHKe, TepRIOT 4aCTb csoeA 3HeprHH 
H pacceHBalOTCR B MaTepHaJle nnaCTHHKH. AnR ·no11y4eHHR HeHcKameH
HblX cneKTpOB BBOARTCR COOTBeTCTBYIOU\He nonpaBKH' Y4HTb1Bat0111He 
noTepH •3HeprHH B 3aBHCHMOCTH OT AJlHHbl npo6era 4aCTH4bl B nna
CTHHKe 1211 • H3-3a CTaTHCTH4eCKoro xapaKTepa HOHH3a4HOHHb1X no
Tepb H MHoroKpaTHoro pacceRHHR BBOAHMble nonpaBKH COOTBeTCTBy
lOT ycpeAHeHHblM 3Ha4eHHRM. TaKoA cnoco6, O6bl4HO. npHMeHHMblA AJlR 
nOCTpOeHHR OAHO4aCTH4HblX cneKTPOB, HenpHrOAeH B cny4ae aHaJ1H-
3a KOppeJlR4HOHHblX xapaKTepHCTHK B 0611acTH MaJlblX OTHOCHTeJlbHblX 
HMnyJlbCOB, MHoroKpaTHOe pacceRHHe H HOHH3a4HOHHble noTepH 3Hep
rHH He3aBHCHMblM H CJly4aAHblM o6pa30M MeHRIOT KOHe4Hble 3Ha4eHHR 
yrnoa H HMnyJlbCOB ABYX 4aCTH4, paccMaTpHBaeMblX KaK KoppeJlHpO
BaHHaR napa. B pe3yJ1bTaTe BeKTOP OTHOCHTeJlbHoro HMnYJlbCa HC
KamaeTCR, npH4eM CTeneHb HCKameHHR RBJlReTCR CJly4aAHoA ¢YHK4H
eA Ha4aJlbHblX 3Ha4eHHA yrnoB H HMnyJlbCOB 4aCTH4, COCTaBJlRIOU\HX 
napy. 

A.nR nony4eHHR KOJlH4eCTBeHHOA O4eHKH BJlHRHHR scex 3KcnepH
MeHTaJlbHblX ycnoBHA Ha ¢OPMY ABYX4aCTH4HblX pacnpeAeneHHA 6b1Jl0 
npoBeAeHO CTaTHCTH4ecKoe MOAeJlHPOBaHHe. B npo4eAype MOAeilHpO
BaHHR y4HTb1BaJlHCb cneAYIOU\He 3¢¢eKT,bl: 

1. noTepH 3HeprHH npOTOHOB B nnacTHHKe H ¢Jl10KTya4HH 3Hep
reTH4eCKHX noTepb. 

2. MHoroKpaTHOe pacceRHHe s MaTepHane nnaCTHHKH. 
3. 3KcnepHMeHTaJlbHble OWH6KH H3MepeHHR HMnyJlbCOB H, yrno'B 

3MHCCHH npoTOHOB' Ha6J1t0AaeMblX B nponaHe' 3anoJ1HRIOU\eM KaMepy. 
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0AHOBpeMeHHO B npo4eAYPY MOAeJlHPOBaHHR 6b1Jl0 BKJll04eHo cy-
111ecTBOBaHHe ABYX4aCTH4HblX KOppe11R4HH/ KOTOpble onpeAeJlRJlHCb 
cornaCHO TeopeTH4eCKHM pa6oTaM 118•
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• ABYX4aCTH4HaR KOppenR-

4HOHHaR ¢yHK4HR /4/ He COAepmHT HH¢opMa4HH O ¢opMe OAHO4aCTH4-
HblX cneKTpOB, a RBJlReTCR OTHOWeHHeM ABYX4aCTH4HblX pacnpeAene
HHA. npeAMeToM MOAeJ1HposaHHR He 6bmo no3TOMY nonHoe aoccTa
HOBJleHHe OAHO4aCTH4HblX cneKTpOB npoTOHOB, a TOJlbKO nony4eHHe 
O4eHKH HCKameHH~ HX KOppeJlR4HOHHblX xapaKTepHCTHK. 

Pac4eTbl npOBOAHJlHC~ AJlR 4aCTH4, 3aperHCTPHPOBaHHblX Ha CHHM
Kax C 2-MeTpOBOH nponaHOBOH KaMepbl, o6ny4eHHOH B ny4Ke npOTO
HOB C HMnyJlbCaMH 10 r3B/c. AnR aHaJlH3a OT6HpaJlHCb co6blTHR, 
HAeHTH¢H4HPOBaHHble KaK CTOflKHOBeHHR npoTOHOB c RApaMH TaHTana 
s MaTepHane nnaCTHHKH./TOflll\HHa nnaCTHHKH - 1 MM/. PaccMaTpHBa
JlHCb 4aCTH4bl C HMnyJlbCaMH MeHbwe 1, 0 r3B/c, KOTOPble B npo4e
Aype o6pa60TKH AaHHblX 6b1JlH HAeHTH¢H4HPOBaHbl KaK npoTOHbl, 
npH MOAeJlHPOBaHHH paccMaTpHBaflHCb napbl npoTOHOB, B3RTblX H3 
pa3HblX co6blTHH. HHme ne~e4HCneHbl O4epeAHble w~rH MOAenHpoBaHHR. 

1 • KoppeK4HR HMnyJlbCOB npOTOHOB, Y4HTb1BalOU\aR cpeAHHe noTe
PH 3HeprHH B MaTepHaJle nnaCTHHKH. OnpeAefleHHble TaKHM cno.co6OM 
aeKTOPbl HMnyJlbCOB npoTOHOB npHHHMaJlHCb B Ka4eCTBe HCXOAHblX 
AaHHblX Ailfl MOAeJlHPOBaHHR. 

. 2 •. nocTpOeHHe ABYX4aCTH4HbiX pacnpeAeJleHHH /4/, B KOTOpble 
BKJll04eHbl /B BHAe aecoB/ 3Ha4eHHR ABYX4aCTH4HOH KOppenR4HOH
HOH ¢YHK4HH, R. = f ( k"*; r

0
, T

O
, V) ; V - CKOpOCTb napbl npOTOHOB, 

C4HTaflOCb, 4TO nocTpoeHHble TaKHM o6pa3oM pacnpeAeneHHR COOT
BeTCTBYIOT HeHCKa>KeHHblM KoppenR4HOHHblM ¢YHK4HRM npOTOHOB. 

3. BBeAeHHe HCKameHHH, CBR3aHHblX C npoxomAeHHeM npOTOHOB 
4epe3 nnacTHHKY, npHHHMaJlOCb, 4TO TO4KH B3aHMOAeHCTBHR pacno
JlOlKeHbl paBHOMepHo BAOJlb TOJlll\HHbl nnacTHHKH. MHoroKpaTHOe pac
ceRHHe Y4HTblBanH I pa3blrpblBaR 3Ha4eHHR ABYX yrnoB, onpeAeJlRIO
ll\HX OTKJlOHeHHe HanpaaneHHR ABHmeHHR npoToHa OT nepBoHa4aJlbHO
ro. A3HMyTanbHblH yron Bbl6HpaJ1CR HCXOAR H3 paBHOMepHoro pac
npeAeJleHHR; yron pacceRHHR Bbl6HpancR H3 HopManbHoro pacnpeAe
neHHR C AHCnepcHeH, onpeAeneHHOH no H3BecTHblM ¢opMynaM 1221 • 
noTepH 3HeprHH npOTOHOB H HX ¢nt0KTya4HH onpeAeJlRJlHCb c Hcnonb-
3OBaHHeM npH6JlH)i{eHHblX ¢opMyn 123 - 251 , a TaKme nyTeM npHMeHe
HHR npH Bb14HCneHHH ¢nt0KTya4HH pacnpeAeneHHR naHAaY 1231 AJlfl 
npOTOHOB C HMnynbCclMH 60JlbWe 0,6 r3B/c H pacnpeAeJleHHR rayc-
ca 1241 AJlfl OCTaflbHblX npOTOHOB, . . 

4. BBeAeHHe OWH60K H3MepeHHH. 3a OCHOBY npHHHMaJlHCb pac
npeAeneHHR raycca C AHCnepCHRMH, COOTBeTCTBYIOU\HMH npHCBOeH
HblM AaHHOMY npOTOHY 3KCnepHMeHTaJlbHblM OWH6KaM npocTpaHCTBeH
HblX yrnoa H HMnynbca. 

TaKHM cnoco6oM 6blJlH nony4eHbl HOBble 3Ha4eHHR BeKTOPOB HM
nynbCOB npoTOHOB, COCTaBflRIOUIHX napy, Hx pacnpeAeneHHe no k*, 
c aecaMH, npHCBOeHHblMH paHbwe, COOTBeTCTByeT KoppeilR4HOHHOH 
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PHc. 3. }loAeJIHpoBamioe pac
npeAeJXeHHe no AnHHaM npo6e
roB npOTOHOB B nnaCTHHKe. 
CTpeJXKa OTMeqaeT Ton~HY nna
CTHHKH. 

NL 
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50 

❖ 

y 
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9 99Q 
01 1009 I I r 190 oa,0 d 
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PHc. 5. PacnpeAeneHHe pasHH
~1 Me~y Haq8JlbHblMH H KOHeq
HbiMH 3HaqeHIDIMH KOppenH~HOH
HOH nepeMeHHOH k* AnH o6;rra
CTH 3cpcpeKTa /kH848nbH08 < 
< 60 MsB/c/. 

8 

h 
0.7' 

W(Ap) 
0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

f, 
I 
I 
I 
L-, 

{
200< P,<300 M,B/c 

(6Pp) = 42 t 1 M,B/c 

---{500 <Pp< 600 M3Bfa 

(l1p) = 10.±1 M,Py'c 

I.--

25 75 100 
t1 Pp, MsB/4 

PHc. 4. PacnpeAeneHHe noTepb 
HMnynbCOB npOTOHOB BCnegcTBHe 
npoxo~emrH qepes nnacTHHKY 
AnH pa3HblX HHTepB8JIOB H3MepeH
HhlX HMnynbCOB npoTOHOB. 

<)JyHKL.1"1"1 AflR AaHHWX pa3Mepos 
o6naCT"1 r.1cnycKaHHR 1,1 AaHHblX 
3KCnepr.1MeHTaflbHWX ycnosr.1A Ha-
6nro,qeHHR KoppenR4r.1r.1. 

Pe3ynbTaTbl MOAenr.1posaHr.1R 
AeMOHCTPHPY~T p1,1cyHK"1: 

Pr.1c. 3 npeAcTasnReT pacnpe
AeneHr.1e AflHH npo6eros npoToHoB 
a nnacTHHKe, pr.1c. 4 noKa3wsa
eT CTeneHb "1CKameH"1R "1Mnynb
COB npOTOHOB scneACTBHe "1X 
npoxomAeHr.1R 4epe3 nnacTHHKY 
AflR ABYX pa3HblX HHTepsanos 1,13-
MepeHHblX HMnynbCOB npoTOHOB. 
CneAYKllJ\He P,"1CYHK"1 OTHOCRTCR K 
KoppenR4"10HHblM xapaKTepHCTl,1-
KaM npOTOHOB: 

Ha pr.1c. 5 npeACTasneHo pac
npeAeneHr.1e pa3H"1ll MemAY Ha4anb-

~ 30 
al .., 
:c 

Pttc. 6. 3aBHCHMOCTb cTaH,l:\apTHoro 
OTKnOHeHHH pacnpegeneHHH pa3HH~bl 
KOHeqHbJX H Haq8JlbHblX 3HaqeHHH 

~ 25 
.>l. 
'-../ 

lo 
20 

k* /CM, pHC. 5/ OT H3MepeHHbJX 
HMnynbCOB npOTOHOB, KpHBaH npo
BegeHa OT 'PYKH. 

15 

10 
L 

0.2 0.4 0.6 0.8 

Pp, r3B/c 

PHC. 7. BnHHHHe 3KCnepHMeHT8Jlb
HbJX ycnOBHH Ha cpOpMy AByxqa-• 
CTHqHoro pacnpegeneHHH. KpHBaH -
HcxogHaH KoppenH~HonH'aH cpyHK~HH 
gmt yKasaHHhIX sHaqeHHH napa
MeTpoB; rHCTOrpaMMa - pesynL- ► 
TaT ycpegHeHHH no HHTepBanaM C 
yqeToM cpopMbI pacnpegeneHHH no 

£3~f p-Ta, 10 13B/c 

0,25-'Pp,1.0138/c 

r,,= 1.5 cj,M 

°' ? 2 't0 =1cj>M 

V: 0,4 

1 

k*; TOqKH - KOHeqttoe pacnpege
neHHe, yqaTblBaJO~ee Bee ycnoBHH 
sKcnepHMeHTa, 

0 o"---30~-__,,5--=o-g.,.'-,0,---1...1,2..,,.0--~1 so 

k•, M38/c 

HblM"1 "1 KOHe4HblMIII 3Ha4eHIIIRMIII KoppeflRL.IIIIOHHOA nepeMeHHoA k*. 
CTaHAaPTHoe OTKnoHeHr.1e AflR 3Toro pacnpeAeneHIIIH /a =16 MsB/c/ 
3aMeTHO 6onbwe' 4eM. AflR' npOTOHOB' per111cTp111pyeMblX B KceH.OHOBOA 
KaMepe /cM. pr.1c. 2/, rAe HeT 111cKameHr.1A 1113-3a npoxomAeH111R npo
TOHOB 4epe3 nnaCT"1HKy. BnlllRHHe ycnosr.1A perr.1cTpa4r.1111 Ha 

0

T04HOCTb 
onpeAeneHIIIR k* r.1nn~cTpr.1pyeT p111c. 6. Ysen1114eHr.1e AHcnepc111111 pac
npeAeneHr.1A AflR caMWX Manwx Ill caMWX 6onbWIIIX 3Ha4eHHA IIIMnYflbCOB 
npoTOHOB CBR3aHo C npoxomAeHllleM npOTOHOB 4epe3 nnacTHHKY IAnR 

MaflblX HMnyilbCOB npOTOHOB/ Ill C OTHOCHTenbHO 6onbWIIIMIII ow1116KaM111 
onpeAeneH111R r.1Mnynbcoa no KPHBlll3He cneAa IAnR TpeKOB 4aCT"1ll, 
He OCTaHaanr.1aa~~"1XCR B KaMepe/. 

Bn1t1RH"1e scex 3¢¢eKTOB, CBR3aHHblX C per111cTpa4r.1eA npoTOHOB 
B KaMepe Ha KOHe4HWA BIIIA ABYX4aCTlll4Horo pacnpeAeneHIIIR no k*, 
AeM0HcTpr.1pyeT pr.1c. 7. r111cTorpaMMa noKaswaaeT ycpeAHeHHoe a 
npeAenax HHTepsanos pacnpeAeneH111e, cooTseTCTBY~~ee np111aeAeH
HoA Ha p111cyHKe KPIIIBOA; T04KIII npeACTaBnR~T KOHe4HWA pesynbTaT 
MOAenr.1poaaH"1R C y4eTOM scex o6cymAaeMblX 3¢(j)eKTOB. 
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5. onPEAEnEHHE PA3MEPOB 
06nACTH HCnYCKAHHR nPOTOHOB 
C Y4ETOM 3KCnEPHMEHTMbHblX YCnOBH~ 

KoHe4HblH peayJlbTaT MOAem1posaHH.R. npeACTaBJleHHblH Ha pHC. 7. 
noKa3blBaeT, 4TO B c11y4ae OTHOCHTeJlbHO 60ilbWHX 3KcnepHMeHTaJlb
HblX norpeWHOCTeA HeB03MOmHblM .RBJl.ReTC.R np.RMOe ¢HTHPOBaHHe 3KC
nepHMeHTaJlbHblX pacnpeAe11eHHH TeopeTH4eCKHMH KPHBblMH All.A no11y-
4eHH.R HH¢opMa4HH o paaMepax 0611acr11 11cnycKaHH.R npoTOHOB. no3TO
MY npeAnaraeTC.R All.A 3TOH 4eJ1H MeTOA, He Tpe6y~~HH ¢HTHPOBaHH.R 
H Y4HT_b1Ba~~HH YCilOBH.R 3KcnepHMeHTa. 3Tanbl no11y4eHH.R HymHOH HH
¢opMa1..1HH nepe4HCJleHbl HHme. 

1. nocTpoeHHe 3Kcnep11MeHTa11bHoro pacnpeAeJleHH.R no ¢opMy11e 
/4/ H Bbl4HCJleHHe CPE!AHero 3Ha4eHH.R KOppe11.R4HOHHOH ¢YHK4HH. 
<RaKcn>, B 0611acrn 3(jxj)eKTa; (10 < k* < 60) M3B/c. 

2. MoAeJ1HpoBaHHe Koppeil.R4HOHHOro 3¢¢eKTa Ha OCHOBe ¢0HOBOro 
pacnpeAeileHH.R, KOTOpoe HcnOJlb30BaJlOCb B nyHKTe 1' T.e. npH 
nocTpOeHHH 3KCnepHMeHTaJlbHOH Koppe11.R4~0HHOH ¢YHK4HH. MoAeilHpo
BaHHe npOBOAHTC.R All.A HeCKOJlbKHX Ha6opoB TeopeTH4eCKHX KOppe
Il.R4HOHHblX 

0

¢YHK4HA /3/, c Bbl4HCileHHeM All.A KamAOH H3 HHX cpeAHe
ro 3Ha4eHH.R B 0611aCTH 3¢¢eKTa; 

k* 
2 

<R(r
0

) > = f B(k*; r
0

) p(k*)dk*, /5/ 

<R> 

2.5 

1.5 

1.0 

10 

\ 
\ 

k* 
1 

\ ft) ,,~ 
\ \ 

\~ . \ 
'. \ 
\\ . \ ,., 

'·' ,, 
-~~ 
~ 

1.0 2.0 

,_ 
---

3.0 4.05.0 
ro ,cpM 

rp,e p(k*) COOTBeTCTByeT MOAeJlH
poBaHHOH n110THOCTH pacnpeAene
HH.R no k*, HOPMHpoBaHHOH Ha 
eAHHH4Y B 0611acTH 3¢¢eKTa; 3Ha-
4eHH.R kf H k2 onpeAeil.R~T 1106-
11acTb 3¢cj)eKTa11 /k! = 10 M3B/c, 
k2 =60 M3B/c/. 

Puc. 8. 3aBHCHMOCTb cpeAHero 
3HaqeHHH ABYXIlpOTOHHOH KOppenH
~HOHHOH ~YHK~HH B HHTepBane 
/10 < k* < 60/ M3B/c OT napa
MeTpa ro • 0603HaqeHHH KPHBblX: 
1,/2/ - 6e3 yqeTa, /c yqeToM/ 
~opMbl pacnpeAeneHHH no k*, 3 -
C yqeTOM BCex 3KcnepHMeHTailbHblX 
ycJIOBHH /cM •. TeKCT/. 

). nocTpoeHHe 3aBHCHMOCTH: 

<R>=,f(r0 ). /6/ 

4. OnpeAeJleHHe paAHYCa 0611aCTH HCnycKaHH.R npoTOHOB nyTeM 
Haxo~eHH.R no11omeHH.R < RaKcn > Ha KpHBOH /6/. 

npHMep 3aBHCHMOCTH /6/ npeACTaBJl.ReT PHC. 8~ KaK BHAHO, 3KC
nepHMe~TaJlbHble YCilOB~.R cy~eCTBeHHO MeH.R~T BHA 3TOH 3aBHCHMOCTH. 
An.A onpeAeileHH.R paAHYCa 0611acTH 11cnycKaHH.R cneAyeT npHMeH.RTb 
KPHBY~ /3/. B paccMaTpHBaeMOM c11y4ae, All.Aro> 3 ¢M, aaBHCH
MOCTb /6/ npaKTH4eCKH He4yBCTBHTeJlbHa K paaMepaM 0611aCTH Hc
nycKaHH.R npoTOHOB, 

8 3aKI1~4eHHe CJleAyeT nOA4epKHYTb, 4TO TeopeTH4ecKa.R Kappe-. 
Il.R4HOHHa.R ¢YHK4H.A TaKme nocTpoeHa B paMKaX onpeAeJleHHoro nOA
XOAa H C y4eTOM P.AAa npeAno11omeHHH, KOTOpble 3AeCb He paccMaTpH
BaJlHCb /¢opMa 0611aCTH HcnycKaHH.R npoTOHOB, speMeHHble HHTepsa-
Jlbl HX 3MHCCHH HAP./. . 

3Ha4eHH.R TeopeTH4eCKOH Koppe11.R4HOHHOH ¢YHK4HH, HCnOJlb30-
BaHHOH npH MOAeilHPOBaHHH, 6blJlH Bbl4HCJleHbl 'no nporpaMMe, Il~6e3-
HO npeAOCTas11eHHOH P .neAHH4KHM, aa 4TO asTop Bb1pamaeT eMy 611a
roAaPHOCTb. AsTop 611aroAapeH TaKme A.A.ApMyT1111AcK0My H P.P.Mex
THesy aa npeAOCTaBJleHHe ¢opTpaHOBCKHX nporpaMM, KOTOpble 6b111H 
HCnOilb30BaHbl B npo4ecce MOAe1111posaHH.R. 3a MHOf04HCJleHHble AHC
KYCCHH H noJle3Hble 3aMe4aHH.R aBTOp BeCbMa npH3HaTeJleH COTPYA
HHKaM KaMepHoro OTAeila nB3 OHRH. 
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HHeHHoro HHCTHTY'Ta 

phi ta ~ . . . , · . . , . . . . . : ; . . . 
Some. Me'thodical Problems of ithe· Investigation 
~f ·.T\vo..;Prof:on ,.Co:rrelatio~r•· iri· tl~ei•R·~gii:in'i i,, 
of Small Relative ·Momertta ' . '· .· : ' ·.• , '· 

Some ·rn~th6diti1 'prb bl ems 'c~~c•ej~{~k'.> t'he inves tig'a tion 
.of 'th'e' s':i.ze,of protoh erniss1.ori 'volume' bf 'me~ns of 'tv.0- ,,. 
partfde -: co~relatibn/analysis .'.in' th'e:'~egion o'i:.'.srnall. re.:. 
lati:;_,.e rnomerit'a'•~r~rdonsfdered/ Th~·.,s-imulatio'n ,of ,real exp~"i
ri~ent~l c6nditicm/lias; b'eeri p~if()rrn~d fof proton correla-

'. tion'' charac~eFi~ ti'd~:~JT,.h~·ime~na,d \s 'pr,op'osed :io,. de~erniine , 
:the size of the proton emission volume, taking into acco'-
unt, the, rea'.l experimen'tal c'onditipris. >\ •: . '/; ,i 
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