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KocTeHKO 5.¢. P2 - 11892 
0 TO'IHOM OUHC8HIHI KOppensU!Hl! BO MHO>KeCTBeHHOM pO>KlleHIIH 

Ha llapax 

npennaraeTCll llJlll 8H8J11!38 KOppenl!UHOHHb!X ll8HHb!X no MHO>KeCTBeH

HOMY pO>KlleHHJO '!aCTIIU np11 BbiCOKHX 3HeprHl!X aocnonh30BaThCll TaK H83hi

aaeMbiMII perpeccl!l!MII cny'lailHbiX neni!'IIIH, xopowo pa3pa6oTaHHbiMII 

B M8Tel\18TII'!eCKOii CT8TIICTI!Ke, Ha OCHOB8Hllll CBelleHO!H 0 perpeCCI!l!X 

nponeaeH 6e3MOJleJlhHblll 8H8J1113 KOppeJI>IUIIH '-iHO)KeCTBeHHOCTll b- , g- , 

h- II S -'18CTIIU np11 3Hepi'IIl!X H8JleTa!OWel! '!aCTIIUbl 20..200 [38; OTMe

'!eHhl HeKOTOpb!e HeTO'IHOCTH HX IIHTepnperaUHH, IIMeiOWI!eCl! B JlHTeparype. 

Pa6ora BbmonHeHa a lla5oparopHH Bbl'IHCmiTenbHoll rexHHKII 

II 8BTOM8TH38UIIII 0!-l.f!Y!. 

Coo5meHHe 05benHHeHHoro HHCTHTyTa l!llepHbiX HccnenoaaHHii. lly5Ha 1978 

Kostenko B.F. P2 - 11892 
On Exact Description of Correlations for Multiplicity 
of Secondary Particles 

Correlation characteristics of the multiplicity of secondary 
particles produced in interactions of protons and rr -mesons with 
photoemulsion nuclei in the energy range 207200 GeV have been 

investigated. For the exact description and analysis of these data 
linear and curvilinear regression analysis well-known in mathema
tical statistics is suggested. Based on the model-independent ana
lysis of the correlation characteristics of a multiplicity it is shown, 
that experimental data for correlations between the low energy 
particles is well consistent with the average experimental multi
plicities for these particles and do not contain any information 
else. For the high energy particles only the purpose of the exact 
description of correlation data is ai :-ned at. Some inaccuracies 
in an interpretation of the correlations contained in literature are 
noted. The method may be used for the description of all similar 
characteristics for a high-energy collision of hadrons. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'bellHHeHHblit HHCTHryT SlllepHblJC HCCnellOBSHHit .Qy6Ha 

BBE,l{EHHE 

B3aBMoaeicTBHe B~COK03HepreToqecKoi qacTHU~ 

c aToMH~M BapoM npeacTaBnBeT co6ou cno~H~H BepoBT
HOCTH~H npouecc, pa3nnqH~e KonoqecTBeHH~e xapaKTe
pncTHKH KOToporo cBB3aHbi Me~ay co6ou, KaK npaBnno, 
He~eCTKOH cTaTHCTnqecKoH 3aBHCHMOCTbro. TaKoBa, Ha
npnMep, CBB3b Me~ay qocnoM s- o g -qacTHU B llloTo-
3Mynhcnooooi 3Be3ae, Me~ay aTOMH~M HOMepoM Bapa 
o qocnoM s- qacTHU H T .a.* 

B aaooou pa6oTe anB Toqooro onocaHHB u aoann3a 
TaKHX aaHH~X npeanaraeTCB HCllORb30BaTb perpeCCHH, KO
TOp~e llpHMeHBIDTCB llpH H3yqeHHH CRO~H~X BepOBTHOCT
H~X npoueccoB B paanollln3HKe, counonoroo, MeTannyprou, 
3KOHOMHKe, XHMHH H MHOrHX apyrHX o6naCTBX. 

CBeaeHHB o perpeccnBx, aocTaToqH~e anB HaqanhHoro 
03HaKOMReHHB C BOllpOCOM, coaep~aTCB BO BTOpOM pa3-
aene pa6oThi. ,lJ;nB 6onee noapo6ooro ero H3yqeonB MO~Ho 
BOCllORb30BaTbCB !J! 

1 3aecb HCllOnLJOBaHa npHHBTaB B on~ Tax C liloT03MYRb
coeu KnaccnlllnKaunB qacTHU, ocHoBaHHaB Ha npon3Boan
MOH HMH HOHH3aUHH. 3TO npo6nH3HTeRbHO COOTBeTCTByeT 
pa36oeooro Ha TaKne 3HepreToqecKne o6nacTo: s -qacTHU~ 
(Shower) -npoTOH~ c 3Heproeu 6onbwe 500 M3B uno 
71 -Me30H~ c 3Heproeu CBblwe 80 M3B. g- qacTHU~ 
(grey) -npoToH~ c 3Heproeu B HHTepBane 30-500 M3B 

HRB TT -Me30Hbl H3 HHTepoana 15-80 M3B. b - qaCTHU~ 
(black) - npoTOHbl, 3HeprHB KOTOphlx MeHhwe 30 M3B 
uno TT -Me30Hbl HH~e 15 M3B. h -qacTHU~ (heavy) - 3TO 
b- H g -qacTHU~, BMeCTe B3BT~e. 
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Ha ocuoaaHHH 3Toro no.nxo.na y.naeTCB npoaecTH nonHbiH 

aHanH3 3KCnepHMeHTanbHMX .D;aHHMX no KOppenBUHBM b-, 
g ~ H h - 'laCTHU, KOTOpMe 6panHCb H3 063opa 2 . ~nB 
s -qacTHU npecne.noaanacb nHillb uenb TO'IHoro onucaHHB 

KOppenBUHOHHMX .D;aHHbiX, llOflHhlH aHanH3 KOTOpMX - .neno 

6y.n}'IUero. 

1. KOPPEJI.JiaHH ME)I(AY 9·--, b- H h- lJACTHaAMH 

2/ 
B o63ope OTMe'lanocb, 'ITO B o6nacTH 3HepruH: 

20-200 T3B 3aBHCHMOCTH / 11 i (ni) > y.noaneTBOpHTenbHO 

annpOKCHMHpyiOTCB npBMbiMH C llOflO)I(HTeflbHhlM HaKflOHOM 

< n i (n j ) '> c" aij 11 j + b ij • /1/ 

r.ne a ij > 0, a i, j npo6eraiOT 3Ha'leHHB g , b HnH h . 
11CKfliO'IeHHe COCTaBnJIIOT flHillb 3aBHCHMOCTH . 11 i(n g) ·, 

KOTOpbie npH 6onbiiiHX llg HMeiOT TeH.D;eHUHIO K BMllOfla)I(H

BaHHIO. 

B 3TOM )l(e o63ope npuae.neHbi 3aBHCHMOCTH u b (n h)- H 

<ug(nh )> B CTOflKHOBeHHBX p t Em llpH HMnynbce Hane

TaiOLQero npoToua 200 T3B/c /eM. puc. 1/ H JaBHCHMOCTH 

abh , agh , b bg , b hg OT 3HeprHH I eM. puc. 2/. 
~nB auanH3a 3THX KOppenHUHOHHhlX .D;aHHhlX paCCMOT

pHM llpBMbie perpeCCHH Ilg Ha II h H n b Ha 11 h, KOTOpbie 

HMeiOT BH.D;: 

- ab 
<nb(nh )>= 11 b+pbh -;:,-(nh --nh 

h 
a 

< II (n ) > "' ll + p h _JL ( ll h - ll h ) · g h g g a 
h 

113 HHX cne.nyeT HHTepeCHOe CBOHCTBO KOppenBUHOHHbiX 

llpBMhlX .D;flH MHO)I(eCTBeHHOCTH * 

<ng (n 11 )> -~ ng <nb(iih )>=nb /2/ 

"' CooTHOilleHHB THna /2/ BMnonHHIOTCB .nnH ni06biX npB
MonuueiiHMX perpeccuH: .nayx cnyqaauMx aenH'IHH. 
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Puc. 1. 3aeucuMoCmb <n i (nj )> e P- A- coyoapeHuJix. 

.z.o ~ 

{.5- ~~J "~ 

;~f 
0-6 

as r """ 0.1( 

0-3 

20 
__ _l_- ------ ~-

40 fJ~ /38/C 

_j . 1 

fOO 

Puc. 2. 3Hepzemu'lecKue 3aeucuMOCIIu aih u big 

n. 
1\. 
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~aHHWe 121 
npeKpaCHO BOCDpOH3BO,IJ,.IIT 3TO CBOHCTBO, 

'ITO CBH,IJ,eTenhCTByeT 0 XOpOlllCH TO'IHOCTH npHBC,IJ,CHHWX 

TaM annpOKCHMaUHH. 

~anee, TaK KaK o6e paccMaTpuaaeMwe np.RMhle npo

XO,IJ,.RT 'lepe3 Ha'lano KOOp,IJ,HHaT, ,ll,Ofl)I(HW BhiDOnH.IIThC.II 

COOTHOlllCHH.II: 

ag 
< n (n h ) > "" P gh - n h 

g ah 
/3/ 

ag -n = p -- nh g gh a 
/4/ 

h 

ab 
< n b (n h)> = P bh a-n h 

h 

/5/ 

- ab -
n = p -- n b bh a h 

h 
/6/ 

113 /4/ H /6/ HCTpy,IJ,HO nony'IHTh BWpa)I(CHHC ,IJ,n.ll 3Hepre

TH"'CCKOH 3aBHCHMOCTH a bh H a gh , KOTOpa.R, KaK OTMe

'lanOCh a
121

, HMCCT norapH<lJMH'ICCKHH xapaKTep. ~CHCTBH
TCnhHO, 

a a -
gh "'Pgh~""~ 

h -nh 

/7/ 

a - -a _ P b nh n - n-
bh - bh -;;-- ""~ = _Jl. ___ g 

h n - ---
h nh 

/8/ 

KpoMe Toro, B 3Toii )l(e pa6oTe npuae,IJ,eHa annpoKCHMa

UH.R 3HepreTH'ICCKOH 3aBHCHMOCTH Cpe,IJ,HCH MHO)I(CCTBeH

HOCTH g-'laCTHU 

ng== (4.1± 0.04)-(0.26 ± 0.01)lnp. /9/ 

a TaiOKe OTMC"'CHO, 'ITO B paccMaTpHBaeMOH o6naCTH 3Hep

rHH 

n h "" 7.6 ± 0.3 . /10/ 

6 

• 

lJO,IJ,CTaBn.IIR /9/ H /10/ COOTBCTCTBCHHO B /7/ H /8/, no

nyqaeM HCKOMhiC <lJopMynhi. HanpHMCp, 

(4 .1 ± 0.04) - (0.26 ± 0.01) ln p 
a gh = ~--~-----7.6±~6:3--~- -------' /ll/ 

12 I 
'ITO TO'IHO COOTBCTCTBYCT 3KCDCpHMCHTanhHhiM ,IJ,aHHhiM' • 

TaKHM o6pa30M, H3MCHCHHC CHnhi Koppen.RUHOHHOH CBR3H 

MC)I(,IJ,y g- , b- H h -qaCTHUaMH B 3aBHCHMOCTH OT 3HCprHH 

HaneTaJOIUCH Ha .ll,ll,pO 'laCTHUhl 06'hRCHRCTC.II DOBC,IJ,CHHCM 

cpe,ll,HHX MHO)I(CCTBCHHOCTCH 3THX 'laCTHU B 3aBHCHMOCTH 

OT 3HeprHH HaneTaJOIUCH 'laCTHUhl, H HHKaKHX ,IJ,pyrHX npe,IJ,

DOnO)I(CHHH HC Tpe6yeT. TaK KaK, HCCMOTp.ll Ha H3MCHCHHC 

'IHCna g• H b- 'laCTHU, KOnH'ICCTBO h- 'laCTHU npaKTH'ICCKH 

He H3MCHRCTC.II, CCTCCTBCHHO npe,ll,DOnO)I(HTh, 'ITO B ,IJ,aHHOM 

cnyqae DpOHCXO,IJ,HT "nepeKa'IKa" HH3K03HCpreTH"'CCKOH KOM

DOHCHTW g-qaCTHU B BWCOK03HepreTH"'CCKYJO KOMDOHCHTY 

b-qaCTHU. 

CooTHOlllCHH.II /7/ u /8/ no3Bon.RJOT TaK)I(e c,IJ,enaTh 

BhiBO,IJ, 0 HC3aBHCHMOCTH BCnH"'HH abh H agh OT aTOM

HOrO HOMepa R,IJ,pa-MHlllCHH. 3TO cne,IJ,yCT H3 TOrO, "'TO 

BCC CpC,ll,HHC MHO)I(CCTBCHHOCTH ll h , ll g H n b npo-

A210 121 
nopuuoHanhHhi /eM., Hanp., TY )I(C pa6oTy · /. 

Cne,IJ,OBaTCnhHO, Dp.IIMWC /3/ H /5/, a TaK)I(C COOTBCTCT

BYIOIUHC HM 3KCDCpHMCHTanhHhiC 3aBHCHMOCTH, npe,ll,CTaB

neHHhiC Ha puc. 1, cnpaae,IJ,nHBhi. aoo6me roaopa . ,IJ,nR acex 

R,IJ,ep. 

IJpHBC,IJ,CM CIUC HCKOTOphiC, HC06XO,ll,HMhiC B ,IJ,anhHCH-

lllCM, cooTHollleHHR. Y"'HThiBaR, "'TO 

nh = n lJ t n g 

HaXO,IJ,HM 

2 
(J ll =U 

2 

lJ 
2 9 

" "g ~ ~ (! gh (J h (J g 

)J.anee 

fl " a __ gl; h 
bg .. ------ = 

a 
g 

2 (' •l (J h (J g -
_ __£_!_-;,------ --

2a-
g 

2 2 2 
(Jh- (J -(Jb ______ _F _____ _ 

2 
2 (J g 

/12/ 

/13/ 
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OTI<y,IJ,a 

a 2 - a2 -a 2 
h g b 

p =-----
gb 2a ab 

g 
/14/ 

Y'IHThlBa.a: I 12/, MO>KHo Tai<>Ke HaRTH 

a g + Pgb 0 b_ 
p gh = ---;;:---

/15/ 

all 
/16/ pbh 

ab + Pgb ~.£ -----

B 3TOM MecTe xoTenocb 6bi no.n.qepKHYTb Ba>KHOCTb 

.n.n.a: xoppen.a:uuoHHoro aHanuJa .n.ucnepcuii: BeJIH'-IHH n , 
g 

llb H llh , KOTOpbie, I< CO>KaJieHHIO, nO'ITH HHI<Or,IJ,a He npu-

BO,Il,.B:TC.B: B 3I<CnepHMeHTaJibHhlX pa6oTaX. ~eHCTBHTeJibHO, 

3Ha.B: ,IJ,HCnepCHH, MO>KHO no $OpMyJiaM /14/-/16/ BOCCTa

HOBHTb K03~HUHeHThl I<OppeJIHUHH Pij • KOTOpbie Xapax

TepHJYIOT CHJIY I<OppeJIHUHOHHOH CBJIJH CJiy'-laHHbiX BeJIH'IHH 

"B 'IHCTOM BH,Il,e", 'lero HeJibJJI C,IJ,eJiaTb, HCllOJibJYH K03$

$HUHeHTbl HaKJIOHa I<OppeJIJIUHOHHbiX npHMbiX. 

llpHBe,IJ,eHHhlX BbiWe $OpMyJI ,IJ,OCTaTO'-IHO, •no6bJ y.n.o

CTOBepHTbCJI B npaBHJibHOCTH COOTHOWeHHH 

ah "'~bub tphgag 

a -p a -p a 
g - gh h gb b 

a =Pbh 0 h -pbgc'g b 

~eHCTBHTeJibHO, 

nll=<nh (nll )> "'< nb(nh )> +< ninll )'-

ph 0 g +PJ1bab 
-ill.--;,------- nh 

h 

OTxy.n.a H cne.n.yeT I 17 I. 

8 

/17/ 

/18/ 

/19/ 

.. 

.. 

CosepweHHO aHanorH'IHO MO>KHO nony'IHTb /18/ H /19/. 
11cxo.n.H HJ /18/, nerxo noxaJaTb, '-ITO bbg= bhg 

'-ITO no.n.Tsep>K.n.aeTc.a: 3KcnepHMeHTOM I CM. puc. 2/. ,ll;eii:

CTBHTeJibHO, H3 /18/ cne.n.yeT 

all Ub 
1-p - ~p --~0 

llg ag bg a g 

~OMHO>KaH 3TO ypaBHeHHe 

n b t n g , nony'-IHM 

Ha ll g H y'IHTbiBaJI, 'ITO nh 

- (J h - - (Jh -
nh- Pbga-~ng""'nh-phgang 

g g 
/20/ 

HJIH 

bbg = bhg . 

CosepWeHHO aHaJIOrH'IHO MO>KHO llOJIY'-IHTb HOBble COOTHO

WeHHJI - HJ I 19/ 

bhb1b"h /21/ ,., 

H3 I 17 I 

b = - b hh /22/ 
gh 

11HTepecHoe cne.n.crsue BbiTexaeT HJ norapu<iJMn'lecxoro 

pocra c :meprneii: BeJIH'IHH b bg H b hg /eM . pa6o

TY ~ H puc. 2/. ~eHCTBHTeJibHO, HCnOJibJYJI /4/, MO>KHO 

llOJIY'-IHTb 

bhg-

(Th - (T h - 1 u g- -
" 11 - f' - -- 11 " -lj ---( n -~ f! ~- 11 

h hg- u fi 1 g- u fi t;h a ll 
g- g- h 

) ~ 

u _ a u, a 
11 (I - g - I f g - -t g .. I ) _, - p -- II " - p - 11 b p - n --p - n _ oc 

hg a g "' gh all h gll a h h glla11 ll 

- ( ·1 ) -
- (J II (I - (J "'ll 

gh h gh gh h 

2 
(1-pgh) 

2 
IIo CMbicny senH'IHHa 1- p gh xapaxrepuJyeT cuny 

I<OppeJIHUHOHHOH CBJIJH Me>K.D.Y g- H h -qacTHUaMH /eM. 

cne.D.YIOIUHH paJ,IJ,eJI/. TaK KaK B HHTepecyiOIUeM HaC HH

TepBane 3Hepruu nh = const, a b 11 g na.n.aer no norapH$MH-
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qecKOMY 3aKOHY, TO OTCJO,I:{a 3aKmo'laeM, 'ITO KOppemi

UHOHHaB CBB3L Me)K,I:{y llh H llg C yBeJIH'IeHHeM 3HeprHH 

na,I:{aeT TaK)Ke no JiorapHcPMH'IeCKOMY 3aKOHY. 3TOT $aKT 

ecTeCTBeHHO 06'LBCHBeTCB yMeHLWeHHeM ,I:{OJIH g -qaCTHU 

B CHJILHOHOHH3Hpy10l.I.(HX h- qaCTH.UaX C poeT OM 3HeprHH. 

B 3aKJIJO'IeHue pa3,I:{ena o6cy,I:{HM B03MO)KHOe noBe,I:{eHHe 

HeKOTOpLIX KOppeJIJI.I.(HOHHLIX KpHBLIX, He npHBe,I:{eHHLIX B o6-
/ 2 6 v v TA" 

30pe , • B npH JIH)KeHHH JIHHeHHLIX perpeCCHH • .nCXO,I:{B H3 

Toro, 'ITO o6e npBMLie <nb(nh)> H <ng(nh)> npo

XO,I:{BT '1epe3 Ha'laJIO KOOp,I:{HHaT j,I:{eHCTBHTeJILHO, npH nh .0 
TaK)Ke nb -0 H n;; • 0 ! I, MO)KHO C,I:{ena TL BLIBO,I:{ o ToM, 

'ITO ,-n h(nb)> H <nh(ng)> He ,I:{OJI)KHLI 'lepe3 Hero npo

XO,I:{HTL. B npOTHBHOM cnyqae llb H ng paBHLI Hymo, 'ITO 

XOpOWO BH,I:{HO H3 pUC. 3. A 3TO 3Ha'IHT, 'ITO XOTB JIHHeBHLIH 

BH,I:{ 3aBHCHMOCTH <ng(nh)> H <nb(nh)> /puc. Jj 

~6 ttg. 

n~ 

;r.{. /lA. ii'A "'~ 

Puc. 3. llp.RMbre pezpeccuu npoxoO.Rm <~epe3 t~eHmp pacnpe
OeAeHu.R /eM. COOITIHOJUeHUe /2//. 

rOBOPHT 0 TOM, 'ITO B 3Be3,I:{aX C JIJ06LIM 'IHCJIOM CHJILHo

HOHH3HpyJOl.I.(HX tJ -qaCTHU b- H g -qaCTHULI HaXO,I:{BTCB B 

Cpe,I:{HeM B O,I:{HHaKOBOB nponop.I.(HH, TeM He MeHee ecTL 

3Be3,I:{LI c nb,. 0, a n rf 0 H Hao6opoT. T .e. 3aBHCHMOCTH 

<nb(n ~)> H <n inb )> ,I:{OJI)KHLJ HMeTL BH,I:{ KaK Ha puc. 4. 
B 3TOM pa3,I:{ene MLI y6e,I:{HJIHCL, 'ITO 3KcnepuMeHTanL

HLie ,I:{aHHLie no KOppeJIBUHBM Me,I:{JieHHLIX 'laCTHU XOPOWO 

COrJiaCyJOTCB C ,I:{aHHLIMH no cpe,I:{HHM MHO)KeCTBeHHOCTBM 

3THX qaCTH.I.( H He CO,I:{ep)KaT HHKaKOB ,I:{OnOJIHHTeJILHOB HH

cPOpMa.I.(HH. llo)KaJiyB, e,I:{HHCTBeHHO Cyl.l.(eCTBeHHLIM BBJIBeT

CB caM $aKT JIHHeHHOCTH KOppeJIBUHOHHOB CBJI3H Me)K,I:{y 

10 

·~ 

~ 

/l.!} 1 I <ILl( n.,>> 

~ 

li.~ A.G 

Puc. 4. Pezpeccuu nb Ha ng u ng Ha nb 

g -, b- H h -qacTH.I.(aMH. 0,I:{HaKO H eMy He CJie,I:{yeT npH

,I:{aBaTL 60JILWOrO 3Ha'leHHB, TaK KaK Cyl.l.(eCTByeT ,I:{OCTa

TO'IHO MHOrO pacnpe,I:{eJieHHH, B 'laCTHOCTH, ,I:{BOHHOe Hop

MaJILHOe, o6Jia,I:{aJOl.I.(HX HMeHHO 3THM CBOHCTBOM. 

2. KOPPEJI.Rl(HOHHhlE XAPAKTEPHCTHKH 
,l(Jl.Jl s- qACTHL( H BOIIPOChl TQqHOFO 
OIIHCAHH.R KOP P EJI.Jll(HOHHhlX ,l(AHHhlX 

MeHee TPHBHaJILHa HH$opMa.UHB o Koppensuusx s -qac

THu;. B 3TOM pa3,I:{eJie MLI OrpaHH'IHMCB B OCHOBHOM TOJILKO 

BOnpOCOM TO'IHOrO OnHCaHHB ,I:{aHHLIX, 'IT06LI He 3aTeMHBTL 

'IHCTO MaTeMaTH'IeCKOB cTopoHLI npo6neMLI. HMeHHO oT

cyTCTBHe TO'IHOrO onucaHHB KOppeJIB.I.(HH MHO)KeCTBeHHOCTH 

'laC TO He n03BOJIBeT OT,I:{eJIHTL BTOpOCTeneHHYJO HHcPOpMa.I.(HJO 

OT rJiaBHOB, 'ITO npHBO,I:{HT K qaCTH'IHOB noTepe nocJie,I:{HeH. 

HanpuMep, 3KcnepHMeHTaJILHLie ,I:{aHHLie B TOB $opMe, B Ko

TopoB: OHH 06LI'IHO npHBO,I:{BTCB, MaJIO 'ITO rOBOpBT 0 ,I:{eB

CTBHTeJILHOH CHJie KOppeJIB.I.(HOHHOH CBB3H Me)K,I:{y CJiy'laB

HLIMH BeJIH'IHHaMH. HH)Ke MLI OCTaHOBHMCB Ha ,I:{ByX, 6onee 

no,I:{XO,I:{BIUHX ,I:{JIB 3Toro xapaKTepucTHKax. KpoMe Toro, 

OTCYTCTBHe TeXHHKH aHaJIH3a KOppeJIJIUHB MHO)KeCTBeHHO

CTH HHOr,I:{a npHBO,I:{HT K HeTO'IHOCTBM B HX TeopeTH'IeCKOB 

HHTepnpeTa.I.(HH. 

11 



a/ llyCTL 3aBHCHMOCTL ycnOBHOrO cpe~Hero O~HOH H3 

cnyqaHH~X BeJIHqHH OT ~pyrOH 6JIH3Ka K JIHHeHHOH; TOr~a 
MO)I(HO 3aiiHCa TL 

<x 2 (x 1 )> ... ax 1 tb. 

Ecnu npe~cTaBHTL cnyqaHH~e BenuquH~ qepe3 ux OTKno

HeHHJI oT cpe~uero 

X1=X1 +AX1' x2"'x2 t!\x2' 

TO ~JIJI cpe~Hero KBa~paTa OTKJIOHeHHH x
2 

OT X,)(x
1 
), He-

Tpy~HO HaHTH cne~y10~ee BLipa)l(eHHe: -

r~e 

- 9 

:\ 2 ,.,_M(x
0

-(ax
1
+b))- -~u 2 

j a 2u 2 - 2 a f! " " 

p 

f..J x2 X 1 X2 X 1 Xt '1:2 

- 2 
t- ( X 2 - ( ax t t- b ) ) 

f! 
X 2 X 1 xlx2 

M( \x r \x 2) - K03~HI--(HeHT 
' --~T---;;----- KOppenHIJ,HH. 

X 1 X 2 

0TCIO~a IIO YCJIOBHIO HaHMeHLIIIHX KBa~paTOB IIonyqaeM 

ypaBHeHHH, onpe~enHIO~He napaMeTpLI a H b "annpoKcH

MHpyro~eH" npHMOH <X 2(x 1 ) '> ~ a X l + b · 

a 1\2 
7ft)- -~(x2 -(ax 1 cb )) , 0 

a f\2 2 . . c- - -
'"'\"-- = 2 a a - 2 p a a - 2 x 

2 
- ( ax 

1 
t b ) ) x 

1 
~ 0 

ua X1 x1x2 x1 x2 

Pa3peiiiaJI 3TY CHCTeMy OTHOCHTeJILHO a H b, nonyqaeM 

- -
b=x 2 -ax 1 

a x2_ 
a=p a 

x1x2 x1 
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B HTOre MLI nonyqHnH IIIHpOKO HCIIOJIL30BaBIIIeecH B 

npe~LI~y~eM pa3~ene B~pa)l(euue ~nH perpeccuu x 2 ua 

xl 

-
( X ) ' =X t- fl 

x2 1 2 xl x 2 

Ecnu Px 1 t>.x2 "0, 

~'x2 (x1 )>+ \x2, 

(J - ) x2 ('x -x2 --- 1 
<J X 1 

TO npe~CTaBJIHH x2 B BH~e 

H3 npe~LI~y~ero B~pa)l(eHHH MO)I(HO HaHTH: 

a2 = a 2 ( 1 _ p 2 ) . 
___\x2 x2 x1x2 

x2 = 

OTKy~a BH~HM, qTo p 2 - 3TO ~OJIJI, KOTOpyro BHOCHT 
X 1 X 2 

ax 
~HCIIepCHH cnyqaHHOH BenHqHHLI p --2 - X l B ~HC-

x1 x 2 a 
x1 

nepCHIO X 2 , a 1 - p~ X - ~OJIH BenHqHH~ !>.X 
2

, KOTOpaH 

c x 1 HecKoppenupoBaHa~ Ecnu a\ ~ 0, TO Me)l(~y x2 H x 1 -- X2 
OCy~eCTBJIHeTCH )l(eCTKaH tPYHKIJ,HOHaJILHaH CBH3L H BCe 

H3MeHeHHH X2 ofiycnoBneHLI, oqeBH~HO, H3MeHeHHHMH x 1 • 
9 2 . 

B 3TOM cnyqae p~ 1 x 2 1. Hao6opoT, ecnH Px
1

x
2 

0, 
TO X2 HeKoppenHpOBaHa C X 1 , TaK KaK B 3TOM Cnyqae 

TaHreHc HaKnoHa npHMOH perpeccHH TaK)I(e paBeH Hynro 

(J 

x2 
f! (T 

X 1 X 2 X1 
0. 

Ha puc. 5 n3o6pa)l(eH npoMe)l(yToqHLIH cnyqaH. 

llpH paCCMOTpeHHH KOHeqHoro Hafiopa cnyqaHH~X Be

nHqHH, KaK 3TO H fiLIBaeT IlpH ofipafiOTKe 3KCIIepHMeHTanL

H~X pe3yJILTaTOB, MO)I(HO IIOJIL30BaTLCH 3MIIHpHqecKOH IlpH

MOH perpeCCHH, KOTOpaH nonyqaeTCJI H3 npe~LI~y~eH TeO

peTHqecKOH 3aMeHOH BCeX MaTeMaTHqecKHX O)I(H~aHHH 3K

cnepHMeHTanLH~MH cpe~HHMH. 

H3JIO)I(CHHLie npe~cTaBneHHJI o6o6~aiOTCJI H ua cnyqaH 

HeJIHHCHH~X KOppeJIJIIJ,HOHH~X 3aBHCHMOCTCH. 3TO TaK)I(e 

ocofieHHO y~ofiHO C~enaTL, ecnH cnyqaHHOC OTKJIOHeHHe "\x2 

BenHqHH~ x 2 OT KpHBOH cpe~HCH 3aBHCHMOCTH < x 2(x 1)>Cna-

60 3aBHCHT OT x
1

. llpH 3TOM CHna KOppenJIIJ,HOHHOH CBJI3H 

xapaKTepH3YCTCJI KOppenJIIJ,HOHHLIM OTHOIIIeHHCM 11 x 2 x 
1 
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-
X A. 

I ' " 
I L ~ ... =(:rd::t;)> +A Z.z. '\ ·, . "" ' 

x" r- - - - - :- .:- -'<::J' 

' 1\ ' ' 
\ \j '\ ' 

' I 
I 
I 
I 
I 

x" 
~ 

(.Zz.{~) 

Xf 

Puc. 5. 3awmpuxoeaHHaJI o6Aacmb coomeemcmeyem B03Mox
HblM 3HQ'IeHUJIM x2 ~<x2 (x 1 )·,ii\X 2 36eCbi\x2 - CAY'IQU
HOe, He 3Q8UCJ1Ujee om X l 'IUCAO. 

KOTOpOe,,n0~06HO (J x2 x 1 , 1 eBH3hiBaeT ~HenepeHIO eJiy'laHHOrO 

OTKJIOHeHHH •\ X 2 BeJIH'IHHhl X 2 OT KpHBOH perpeeeHH / x
2
(x

1
) 

e nOJIHOH ~HenepeHeH BeJIH'IHHhl X 
2 

/eM. puc. 6/ 
2 2 2 a\ (1-rJ )a 

x 2 x 2x 1 x2 

6/ flpH nOMOli.{H H3JIO)!(eHHhiX eoOTHOllleHHH MO)!(HO He 

1 OJihKO ~a 1 h TO'IHOe Bhlpa)!(eHHe ~JIH KOppem!I.(HH MHO)!(eeT

BeHHOeTH, HO H nonylfaTh HOBhie xapaKTepHeTHKH. HanpHMep, 
/2 I 

no ~aJIHhiM pa60Thl. . /eM. puc. 7/ MO)I(HO BoeeTaHOBHTh 

bsh 

b ·n -a n 
sh s sh h /23/ 

r~e bsh H ash B eoOTBeTeTBHH e JTOH pa6oTOH onpe~CJIHIOT 
npHMYIO 3aBHeHMOeTH /eM. puc. 2/ 

n (n ) 
s h a 11 . b 

sh h sh /24/ 

B HHTepBane HMnynheOB p HaJieTaiOil(eH 'laCTHIJ,hl 

20-'-100 F3B/c nh= 7,6±0,3, ash O.lSlnp-0,3/eM. 2 /. 

H3 /24/ BH~Ho, 'ITO b sh - epe~HJIH MHO)l{eeTBeHHOeTh 

S -qaCTHIJ, B 3Be3~ax e n ~ 0, a H3 /23/ MO)l{HO nony-
h 

lJHTh, 'ITO JTa MHO)l{eeTBeHHOeTh paeTeT 6hieTpee cpe~-

Hero 'IHeJia 3apJI)l(eHHhiX 'laCTHIJ, B JJieMeHTapHOM aKTe. 

14 

X~ 

/ 

~ 

X I 
# 

, ~<x~(xt)) 

X-f 

Puc. 6. 06o3Ha<~eHUJI me xe. <~mo u Ha puc. 5. 

Cne~oBaTenhHO, 3Be3~hi e 11 h =0 Henh3H ynpoll(eHHO TpaK

TOBaTh KaK eo6hiTHH e O~HHM 06hi'IHhiM B3aHMO~eHeTBHeM 

HaneTaiOll.{eH qaeTHIJ,hl e H~epHhiM HYKJIOHOM. 

AHanorH'IHO, no ~aHHhiM 0 b sg H3 
121 

MO)!(HO Boe-

eTaHOBHTh 

n -b 
a = --8--~-. /25/ sg -

n g 

Bnpo'leM, ~nH aHanHJa 11 s- 11g KoppenJIIJ,HH o~HHx 
JIHHeHHhiX perpeCCHH y)l{e He~OCTa TO'IHO, TaK KaK B' /S I yKa-

3aHO, 'ITO 3TH KOppenJIIJ,HH Cyll(eCTBeHHO HeJIHHeHHhl. 

B pa6oTax 14 - 61 npoBo~HneJI aHanH3 KoppenHIJ,HOHHhiX 

xapaKTepHeTHK MHO)l{eCTBCHHOCTH S -qacTHIJ, C ll,CJihiO 060C

HOBaHHJI Cyll.{eCTBOBaHHJI oeo6hiX, ena6o B3aHMO~eHCTByiO

Il(HX eOCTOHHHH a~pOHOB. HeKOTOphiC MOMCHThl JTOrO pac

CMOTpeHHJI Bbl3hiBaiOT B03pa)l{CHHJI. 

TaK, HanpHMep, a;?TOphl YTBCp)l{~alOT 141 , 'ITO OTHOCH-

TCJihHaJI ~HenepCHJI ~§..- 'IHCna 6hleTpbiX S -qaCTHIJ, ~JIJI 
-2 ns 

cpe~Hero JI~pa 4>oToJMYJ1hCHH Em B JaBHeHMOCTH oT 'IHcna 

TJI)l{CJihiX h -qaeTHIJ, nocTOJIHHa. O~HaKo TO, 'ITO ~nJI LEm 
/'IHCJIO n h -qaeTHIJ, Mano/, JTa xapaKTepHeTHKa OKa3biBa

CTCJI 6onhllleH:, 'I eM ~nJI HEm /'IHeno nh- qacTHIJ, BenHKo/ 

yKa3b1BaeT Ha HeKOTOphiH cna~ JTOH xapaKTepHCTHKH C 
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~~!/c 
l 

f() tOO 

Puc. 7 

pOCTOM nh*· TaK KaK 3Ta xapaKTepHCTHKa TaK*e OTHO
CHTCH K Knaccy perpeCCHH, TO OHa ~O~Ha B TO'IKaX 

nh=nh ~nH LEm , nh"'nh ~nH Em u nh =nh ~nH 
HEm npHHHMaTL JHa'leHHH, npu6nnJurenLHo paBHLie or-

HocurenLHOH ~HCnepCHH ~nH nerKHX, cpe~HHX H TH*enbiX 
H~ep 4JOT03MynLCHH COOTBeTCTBeHHO. 

AnnpoKCHMaUHH 3TOH xapaKrepHCTHKH, npoHJBe~eHHaH 
Ha~ 60JlhWHM 'IHCnOM 3KCnepHMeHTanLHbiX ~aHHhiX, no~

/7' TBep*~aeT 3TOT BbiBO~ ' . 

llpe~CTaBnHeTCH TaK*e Hey6e~HTenLHOH npe~npHHHTaH 
B pa6ore 

141 
nonbiTKa no 3KCnepHMeHTanLHbiM OWH6KaM 

B n 8 -ng Koppen•uuHx onpe~enHTL ceqeuue BJau~w~eii
CTBHH "o6py6neHHOH" 'laCTHUbl. ,l.J;eHCTBHTenLHO, ecnH ~a*e 
OTBne'ILCH OT BKna~a B 3TH OWH6KH 3KCnepHMeHTanLHbiX 
HeTO'IHOCTeH, OHH o6ycnoaneHLI npHHUHnHanLHOH CTa THC
TH'IeCKOH CBH3hl0 Me*~Y 'IHCnOM S- H g -qaCTHU, He 
3aBHCHI.QeH OT TOrO, Cyi.QeCTBYIOT HnH HeT "ronLie" qaCTHUhl. 

* 3ror 4)aKT - qacTHLIH cnyqaif A- JaaucnMocru KNO -
CKeHnHHra ~nH H~ep. 
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,l.J;anee 83 CMbiCna pa60Tbl / 5 / Ol{eBH~HO, 'ITO aBTOphl, 
aHanH3HpyH 3KCnepHMeHTanLHYIO JaBHCHMOCTh OT ll 8 

< ng ( n 
8

) > •' cpaBHHBaiOT C HeH TeopeTH'IeCKYIO JaBHCH
MOCTb OT ll s < n ( rl 

8 
}>, KOTOpaH, KOHe'IHO, He COBna~aeT 

~ g 
c npe~LI~yi.QeH. 

Aarop 6naro~apur B.C.EapaweuKoaa Ja CTHMynupyro
I.Qee o6cy*~eHue u no~~ep*KY, a raK*e C.IO.IIIMaKoaa, 
npoquraawero pa6ory a pyKonucu H c~enaawero pH~ ueHHLIX 

JaMeqaHHH. 
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