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J],anbHHe KOppeJISIUIUI H MY.1lbTRnepHijlepH'i9CKOe pOlKA9HH9 

ljlaiiep6onoB 

PaccMaTpHaaeTCH MY.IlbTHnepHijlepH'lecKaSI MOAe.llb polKAeHHSI ljlaiiep6onoa. 

J],nSI o6'bSICH9HHSI B03HHKaiOmHX B 9TOii CXeMe A8.1lbHHX KOppenHUHii npeAJia

raeTCSI BB9CTH ~."epreTH'i9CKY10 38BHCHMOCTb B aepmHHbl. 

·, 

flpenpHHT OObeAHHeHHoro MHC!HTyTa fiAep~x HccneAosaHHI. 
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Long Range Correlations and Multiperipheral 
· Fireball Production 

Long range correlations are obtained within the mul
tiperipheral eiclusive model of· production of fireballs 
~ith. mass increasing logarithmically with ~nergy. Triese · 
correlations are not asymptotically rel~vant unless pecu
liar energy dependences of the vertices are postulated.We 
conclude that long range correlations respecting KNO 
scaling are presumably due to nonmultiperipheral fireballs 
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- -~-·71J vo-oeouneHHbtu -uliciiiiiiiiym Jloepnbtx ucc/leooeanuu )1y6na 

• 1. Beeoenue 

· hal --
KaK noKaJaHo aaTopaMH pa6o'r ' , caMLie nocne.nHHe 

-
,naHHbie 3KCDepHMeHTa DO pacnpe,D;eneHHIO MHO:>KeCTBeHHO-
CTeH JapH_:>KeHHbiX 'laCTHQ /I/ He npOTHBOpe'laT JaKOHY, npe,n-
no:>KeHHOMY Bpo6neacKHM: 

D= A<n>+ B, 
/L1/ 

r.ne D"' (<n 2 >-<n>2
) I/

2
- .D;HcnepcHH, A .H B - HJBeCTHLie 

KOHCTaHT~ •. 6onee Toro, ~KaJ~BaeTcH,·'Iio OHH Hennoxo 
y,noaneTBOPHIOT CKeHnHHry' npe.nno:>KeHHOMY Ko6oii, HHnLce-. 
HOM H OnLCeHOM /5/jKHO/:, - . . . · · · _ 

1 •-· I .-n 
- a - r/J ( --) • /1 2/ a. · n s -+"" <n> <n> .. · mel 

KaK .cne.nyeT HJ /1.1/ H /1.2/, pacnpe,neneHHe. :t.fHO)I(eCT":' 
BeHHoc.feu - He nyaccolloac1coe: llyaccoHoBcKoe pacnpe.ne
neHHe KaK <f!yHKUHH n I< n > .nomKHO .a npe.nene s-> oo nepe ~ 
xo.nHTh B o -<f!yHKQHw: ,[(nH cKeiinHHra KHO c rna.nKoii 
<f!YHKQHeii ipe6yeTc~, 'IT06LI fq ·-(_In s/s 0) q, r.ne f q - npoHH- _ 
TerpHpOBaHHaH <fJyHKQHH KOppenHQHH q -qaCTHQhi. ll03TOMy 
cKeiinHHr- KHO 3KBHBaneHTeH onpe,neneHHoMy .. BH,ny ,naHHhiX 
KOppenHQHH. 

X~paKTep AHCnepCHH THna /1.1/-MO:>K~O 06bHCHHTh Ha 
OCHOBe AOBOnhHO nonynHpHOH B HaCTOHJ.J..{ee BpeMH ABYXK.OM
noHeHTHOH Mo,nenH. O,nHaKo, ecnH :He,nH(l>paKQHOHHaH KOMno
HeHTa HMeeT HHllib 6nH:>KHHe ~OppenHQHH, 3TO He npHBOAHT 
B acHMnToniKe K rna.nKoii Kpaaoii KHO /6/. · · 

C ,npyroH CTOpOHbi,' 6binO ·noKaJaHO / 7;S/, 'ITO MO,nenH · 
MynLTHnepH<f!epaqecKHx. <f!aiiep6onoa .naroT pacnpe~ene:HHe· • 
MHO:>KeCTBeHHOCTeii 6onee lliHpOKoe, 'leM nyaCCOHOBCKoe:· 
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. B paMKax 3THx· Mo;J;eneB: JaKoH Bpo6nenc:Koro :HnpH6niDKeH· ... 
HhiH -~CKeHJIHHr '·KHO nony'-.iaroTcJi:· y)l{e TOJILico' H:a OCHOBe 
O,IJ;HoB: HeAHtiJpaKD:HOHHOH KOMHOHeHTLI. B 3TOM rionxo,D;e tiJaB:-

. . -· -- ··' :~ 
ep6onLI pacnanaroTCH cornaCH() rHno:re3e cTaTHCTH'IecKoro 
6yTcTpana; MexaHii3M )i{e ·po)K,II;eHHX 'llx Ghln BBe.z:(eH 'IHCTO 
tlleHoMeHonorH'IeCKH H onHCLIBaeTcH HHKniD3HBHo. · ·--. 

.. IlpHBe,IJ;eHHLie BhiWe 3KCnepHMeHTaJib.Hhiti pe3yiiLTaTLI,· 
KaK H_ ,IJ;aHHLie rpyrinhi "QEPH- r:aM6ypr- Bella", corJiacy
IOTCH C yKa3aHHOH MO,IJ;eJibiO npH . YCJIOBHH; 'ITO Macca 
t1JaB:ep60JIOB JIH6o a/ OCTaeTCH UOCTOHiuioii C pOCTOM ·s: 

M(i) = M ~ · 
c /1~3/ 

/8,u1 I 
'ITO COOTBeTCTByeT CJiy'IaiO . i) ·,ll;JIH W=0 pa6oT· ·.; JIH· 
6o 6/ pacTeT He 6biCTpee 'IeM norapHtiJMH'IeCKH C pOCTOM s: 

(ii} • . s -
M · = M ln -.-. -

2 
, 

.. c . M 
c . . I ·--- 8 10 

/1.4/ 

'ITO connanaeT co ciJyqaeM ii) pa6oT I ' . 
ho3TOMY Mbi orpaHH'IHMCH · 3THMH ~BYMH cnyqa.ii:MH. 

,ll;pyrue ~e B03MoirnocTH, paccMoTpeHHhle :8 pa6oTaX /8;10/ 
/creneHHoii pocT-·Maccbl tllaiiep6.onac pocl-oM·s /, HCKmo-
qaroTc.a: .aHaJIH30M'3KCnepHMeHTaJibHbiX ,D;aHHhiX / 7/. · .: 

Mbi noKa3~JIH '8 pa6oTe /8/, 'ITO B03MO)KHQCTb i) c: w~O 
cooTBeTcTnyeT MYJILfllneputiJepH'IeCKOMY ·_:'- cnyqa:ffi pac
CMOTpeHHmdy M~JIJlePO!-f /11~.-Tor,D;a f n ~·_In s/s 0 , ,IJ;~JibHHe 
Koppen.a:uHH OTCYTCTBYIOT· H CKeHJIHHr. KHO. He rioJIY'IaeTCJI. 

. ,ll;n.a: ii) pa6oT~I 181 
M.;bi ·HawnH cne~YIOIUee pacnpe,~J;en~HHe 

nnH MHo)f(eCTBeHHOCTeii: _ · - ., --
. n •: A <n>- '- -~A 

<n> \{1 (--) . .j-- --- e 
< n > . s -> 00 ; 2rr ( n +' n' 

. n> <n> 

n + l - ._ n · + I 
exp [ - A { ln ~( -· -. -) 

... 
/LS/ · 1 I l 

< n -~ < n"· 

c HBHbiM cKeifnu~roM KHO. Ilpu .\ - 3,6±0,2, KaK BHi!Ho 
H3 puc. l, :no Bbipa)f(eHue cornacyercH c JKcnt:pU.\lcH ram.
HbiMH. ,D;aHHbiMH~: 3ror.·'.)f(e CJryttaif ,IJ;ac f H ,IJ;aHHblt! IWppeJI>\ • 
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Ilo3TOMY npe~cTaBnHe~ . 6onLwoii HHTepec Haxo~eHHe 
~HHaMHlfecKoii cxeMLI po~eHHH c1Jaiiep6onoa, KOTopaH Morna 

.6bi ~aTb KOrepeHTHyro KapTHHY po~eHHH H pacna~a ciJaiiep-
6onoB. . 

B cTaTLeiS/ ciJaiiep6onLI onHCLIBanHcL. HHKID03HBHO. B Ha
. CTOH~eH pa6oTe HCCHe~yeTCH B03MO)KHOCTb 3KCK.lli03HBHOrO 
MynLTHnepHciJepHqecKoro o·nHcaHHH po~eHHH cllaiiep6onoa 
c pacTy~eii Maccoii. • · · . 

. /12/ B nponecce pa3BHTHH MYHLTHnepHciJepHqecKoii H 
MYHLTHpe~)KHOHHoii Mo~eneii cHaqana 6LmH H3ylfeHLI 3KCKmo-
3HBHLie ·. aMnnHTY~LI po~eHHH KnacTepoa c nocne~YIOIUHM 
HX .pacna):{OM Ha KOHelfHhie, Ha6mo~aeMLie lfaCTHIJ;bl. B Ka-

· qecTBe npHMepoB MO)KHO npHBecTH H3ylfeHHe MHHMoii qacTH 
aMUnHTY~hl yripyroro pacce.HHHH Bnepe~ Ha OCHOBe MYHbTH
nepHciJepHlfeCKOH KnacTepHoii Mo~enH SacceTTO HllaKKaHo
HH /13/H ciJopMynHpOBKY XannH~eeMI1 ~1Myni.THnepHciJepHlfec
Koro. 6yTcTpanHoro ypaBHeHHH, BKmolfaiOIIJ;ero Manyro HHBa
pHaH'!HYIO Macey ~BYXUHO~HbiX KHaCTepoB. <Paiiep6onbl )Ke, 
KOTOphU~ Mbl UOCTOHHHO 3~eCb HMeeM B BH~y, pacna~aiOTCH 
COrnaCHO MO~enH CTaTHCTHlfeCKOrO 6yTCTpana /15-18/. 

Po~eHHe ciJaiiep6onoB Mhi npe~noJiaraeM H~YlluiM Ja 
c·lfeT 3KCKID03HBHoro MYHLTHnepHciJep:liqecKoro MexaHH3Ma. 
Bo 2"'ii. rnaae paccMaTpHBaroTcH ciJaiiep6onLI~ po~aeMLie 
C MaccaMH, paCTYIIJ;HMH ~0 rpaHHIJ;bl c1Ja30BOro 06'beMa, 
H npoBo~HTCH cpaaHeHHe c He~aBHeii pa6oToii XeiiMepa /19/. 
Cnyqaii c Maccoii, pacTyiiJ;eii He 6LicTpee norapHciJMa, 
paccMaTpHaaeTcJi B rJiaBe 3, r~e noKa3aHo, ·'ITO 3KCKmo-
3HBHLIH Myni.THnepHciJepHlfecKHH MexaHH3M He npHBO~T 
aBTOMaTHlfeCKH K CyiiJ;eCTBeHHbiM ~aJihHHM KOppeJIHIJ;HHM. 
B rnaae 4 noKa3aHo, 'ITO ecnH ciJaiiep6onLI c }IOCTOH.HHoii 
MaCCOH po~aiOTCH 3a_ ClfeT MeXaHH3Ma · C 6HH)KHHMH KOp.;, 
penHD;HHMH, TO ~BYXlfaCTHlfHOe HHKlli03HBHOe pacnpe~eneHHe 
Ha6nro~aCMbiX BTOpHlfHbiX lfaCTHIJ; TO)Ke 6y):{eT CO~ep)KaTb 
TOHbKO 6HH)KHHe_ KOppeHHIJ;HH. 

2. AfyAbmunepu¢epuqecKoe poxoeuue ¢auep6oAoa 
nepeMeuuou Maccbt 

CeqeHHe 3KCKHI03HBHoro po~eHHH n cllaiiep6oJIOB c 4-
HMnyJILCOM P .. = (~ , P. ) H Mac coil M. HMeeT BH~ /eM. 

1 1 -1 1 . 
pRe. 2/ 

6 

\. 

I 

ma)~ P, M 
' 

~' M 

pn-f M , . 

m.,F! 
' 

p M 
n ' 

PHc. 2. MynLTHnepHciJepHlfecKaH ~HarpaMMa /o6o3Halft!HHH 
CMOTpH B TeKCTe/. . 

.4 . n 4-3n 
a (s) = (2rr) n . 

[s(s -4/))-I/2 

2 f 8 (P +Pb- ~ p .) 

n 
. . 2 IT n·(Pa ,Ph ,PI , ••• ,Pn) I n. 

i=1 

d
3

P. 
-I 

2P 0 

i 

a i·=1 

/2.1/ 

P8 H Pb -. 4-HMU}:'HhChi na~aro~Hx lfaCTH.U paBHOH Macchi p • 
Bo H36e:>KaHHe H3BecTHoro JaTpy~HeHHR <l>HHJ\CHhWT eii • 

Ha-Kaii.RHTH /20 IH B cooTBeTcTBHH c H.n.eeii .u.yanhBOCTH Mbi. 
npe~nono:>KHM, 'ITO 3TH n ciJaiiep6onoa po:>K,D.alOT,CJ! B nenH 
C 06MeHOM HH3KOHe:>KaiiJ;HMH pe)l.:>Ke- TpaeJ<T OpHJ!.MH, . 1. e. 
aMnnHTy~a pa>K.D.eHHJr _HMeeT cne~ylO~HH BH.D.: . 

n- 2 

1 n ( P , P L , PI ,-•.• , P ) = g (p 2 , M1
2, u 

1 
) · II b ( u . , ~I.~ 

1 
, u. 

1 
) 

a u n a i= 1_ .1 1+ H . 

n-1 
2 2 · a.(u.l 

f! l ( u n- ) ' M n • p· ) . n ( 1 + rh 'i ) I l 

i = 1 . 

f2.2/. 
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. ! . 2 
3AeCb si = (!=>i +Pi+.1) - :mepr~a IIOACHCTeMbl, COCTOa~Qeii 
H3 i + _( i + I) 4iaiiep6onoB, U i ~- Q f . - HHB8.pH8.HTHbiH HM
riyiiLC rrepeAaqH BAOnb . .u;eiiH /c~. ~·PHC. 2/; ga, b H g L -

6blcTpo c_rraAaiOIQHe IPYHK.U:HH rrepeMeHHoii, u i . · 
IIepeMeHHLie · ~ orrpeAenaroTca ypaBHeHHeM · 

~ ... - '",~ . -. . ~ . . 

. . I . 2 · · .. 
s. = u .. 1 ,+:u.:

1
. +. .l[>.{M,-u. ·,..:.:·u·. J x 

1 1:;::- - 1+ 2u. · i 1- 1 1 
'·( 1 

2· 
xt\(Mi+1 

·1/2 . 
,-u. ,-u. 

1
)]. ch~. + 

1 l + . 1 

2 . . 2 . . } 
+ { M . + u .• 

1 
+ u . ) {M. 

1 
+ u. + u. +: .. 

1 
) , 

1 . 1- 1 1+ 1 1 . 

= 1, ••• , n -:- I , 

rrpH ycnoBHH, qTo 

u ""u ·=-·fl 2··• 
0 u ·;-

a A - qlyHK.U:Ha ·TpeyronLHHKa . :: . . ~ 

• . . .... 2 ''2 . 2 
A\ ·a, b, c) = a + b .-i c - 2 ah - 2 ac - 2 be ·, 

Ha aepumiiLI ilano:>KHM_ cneAYioiQH~ orpaHHtieHHa; . . ~ . 

.. · .. 
2 2 . 

lga (JL ,Mi ,ul) s. g ·y{ u' :) 
· a :,. L. 

.. · 

- . 2 '· . . 
lb(~i •~1 i-tl'ui+l)l ~ by{.u_i')y{ui+l),'',: ... ; 

. 2 '. 2 "' 
I g b( u n ,.... 1 , ~~ n' , JL . Y I s 1$ b y < u ~--~ 

1 
_) 

·· .... ;, 
·i = l, ••• ,n _;,;.;_2,· 

,-.-~. . •'':,_ 

/2.3/ 

!.,_,_ : •• 

/2.4/ 

;.-; 

12:s; ., 
... :· 

·.--~. 

/2.6/. 

- H, HCIIOnh3Y.!I 8.CHMIITOTHlfeC_KyiO KHReMaTHKy An.!l <Pa30B010 
~o6beMa /13/, iwny-,aeM: 

~ .. , •. . 't.~ " 

1,_ ' 

8 -· ... 

,:-
.... :;_ -.. '., .. ·· ·. 

~· ~ 

... 

' 

~1::..- . 

: ~-·. 

:. 

~-.- -

-~~ 

··,- l 

~~. 

:: ----

{ 277)- 4 - 3 n n-- 1 
2. . 

·n d q
1 
• .dln0+ch~.) 

- 1 

o (s) 
n < f. 2 n s 2 

i = 1 
. n~ .· 

g.2g.2b2(n-,2) n 'y4(u.)0+ch~.)2a(ni) ;, 
a b i = 1 . 1 . '. -1 

n-1 
·1 + ch ~i 2 n M~ s 

8 [ln--2 - .~ In [ · M]- ~ In <-t->], 
. M I= I 2u. c i = 1 M c I c . .. .. /2.7/ 

rAe q i - . ABYMepHhle BeKTopa, rrpeACTaanaioi.u;He. co6oii 
rrorrepeqHbJe cocTaanaiOIQHe Q i • Mbl 6yAeM rronL30BaTLca 

2 . 
IIpH6nH)l(eHHeM u . "' q . • 

I 1 

IlOCKOnLKY Hawa IIpH6nH)l(eHHaa KHHeMa THK8. He rOAHTCa 
Ana 6onLWHX ui /H BO BCaKOM cnyqae Ana .T8.KHX·6onbWHX· .. 
3·HaqeHHH Ca.Ma MOAenL CT8.HOBHTCa 'HeaAeKB8.THOH/, Mhl, 
B .u;enax rrpocTOThl H cornacosaHHOCTH peweHHii, cpa3y 6yAeM 
cqHT8.TL, qTo 

2 
y (u) = 0 , u ~ M c • , 

• «<>aKTOpH3ya apryMeHThl 8 .-cj)yHK.U:HH C IIOMOIQLIO rrpe
o6pa30B8.HHa Jlarrnaca, Mhl rronyqHM: 

2 L"+ioo . \ 
. 2 2 I s "' 

(s,M
1

, .~.,M } 5 -- f dA (-_-
2

} 
n... M f ..:.A 
n <-·-·-) 0 

.n . . D. . 2" 2 .. M .· 
~ 1s L . ~ . -100 . c 

g 2 g 2 h ~( u-2) [ r:( A}] n - 1 
a b ... 

rAe 
. I 3 4 

r(A) = 
2(27r} 3 f d ··~. d In {1 + ch e} y { u} 

. 2a(u) l+ch~ 2 :A,. 
{ 1 + ch ~} · · [ M c 1 · = 

· 2u 

' 2 
i·=1 M c 

/2.8/ 

l 2 r d q 

y 4 ( u) 2 2 a ( n) u A 
{ . } ~ c ./2.9/ 

c 
2{217} 3 .. A- 2a(u} 

.9 
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cl>yHK~HH T (,\)" HMCCT TO'{KY BCTBJICHHH npH 

.\c = 2a(O) ""l.. 
/2.10/ 

. /12/ 
3To xopowo HJBeCTHaJI TOqKa BeTBJieHHJI ABci>CT • 

fi03TOMY KOHTyp HHTerpRpOBaHHJI B. ypaBHCHHH /2.8/ 
He MO>KeT 6biTb C,!J;BHHYT JieBee L= l H an c POCTOM MaCChi 
M . oKaJbiBaeTcx no.n;asneHHbiM. 

1 . 

,D;nx Haxo>K,IJ;eHRH nonHoro ceqeHRH Mbi RHTerpupyeM 
no M f OT M ~ . .no oo / orpaHRl{CHRe · HJ- Ja $aJoBoro o6beMa 
yqHTLIBaeTCH aBTOMaTHl{eCKH npeo6pa30BaHReM Jlaimaca/ 
H CyMMHpyeM no n OT n == 2: 

· a ( s) < 
T -

1· 
f 

2 2 
d ,\ (-s-).\ g a g b r (,\) 

2 . 
M . 2 c ( .\ -l) {l- b 2 r( .\) ) 

L +ioo· 

2i s .2 
L-ioo 

.\-1 

/2.q/ 
qTO KacaeTCJI peJyJibTRpyro~eii OC06eHHOCTH, TO nOHHTHO; 
'{TO KOHciJHrypa~HH C 60JibWHM!f · MaCCaMH TOJILKO "peHop· 
MRpyror" KOHCTaHTY CBHJH b 2, KaK y)l(e OTMeqano'cL Xeii~ 
MepoM · /19/. fiOJIIOCHOH xapaKTep · Be.n;y~eii CHHryJIHpHOCTH 
He MCHHeTCJI, H, CJIC)J;O,BaTCJILHO, HRqero. ·y.n;RBHTeJILHOrO 
HCT B TOM, '{TO KOppeJIJI~HH MC)I(,IJ;y 4Jaiiep6onaMH - 3TO 
6JIH>KHHe KoppeJIJI~HH. 

Mo>KHo GLmo 6i.1 n·onLITaTLCH ycunHTL ponL 6on:bwux 
MaCC Ja cqeT BBe,IJ;eHHJI B BepWHHbl JaBHCJI~ero OT MaCChi 
MHO>KHTCJIJI. TeM He MeHee 3TO He cnacaeT nOJIO)I(eHRJI. 
,lJ;eiiCTBHTCJihHO, CCJIH onpe.n;eJIRTh cpe,IJ;HIOIO Mac·cy KJiaCTe· 
poD KaK ' . 

2 2 .. ~ 2 .M ) <M. > = a ( s, M 
1 

, ••• , n. 
n 

n M_2 
~ J.. II d(-1) 

n=2 ; = 1 M2 c 
n M2-

~ f II d(-i) 
n ·= 2 i = 1 M2 

c 

2 2 .2 
Mk a (s,M

1
, ••• ,M ) 

n · n 

/2.12/ 

M. w . 
H BBCCTH B BepWHHhl ciJaKTOp YCHJICHHJI ( -.L} ,TO nonyqHTCll:· M . 

c 

10 

2 
aT <Mk_ > 

2 . . ' 
M L+ioo 

8
-o.\ g2g2r(.\) 

_c f. d,\(-) ,a b • 
2i s 2 M 2 h2r(,\) 

L-ioo c (.\-w -2)(.\-Ct.l-1}(1- ) 
(.\~ru-n 

/2.13/ 
1 . Qq~BH,IJ;Ho, 'ITO ecnu 6LI "' > O,To Be.n;y~aJI cuurynJip

HOCTb B ypaBHCHHH /2.13/ Haxo.n;unacb 6bl cnpaBa OT ,\=: 2 
3To 03Haqano 6bi cTeneHHOH poe-f. cpe.n;Heii Macchi KnacTe

.POB. B paMKax 3Toii Mo.n;enu npe.n;noriaraeTCJI, qTo $aiiep-
6onbi pacna.n;aroicJI cornacHo TepMo.n;uHa:MuqecKoii · cxeMe. 
fio3TOMY cpe.n;HHJI MHO)I(eCTBeHHOCTb qacTH~, nonyqaeMbiX 
npu pacna.n;e o.n;Horo $aiiep6ona, nponop~uoHanLHa cpe.n;Hel: 
Macce $aiiep6ona /17, 18/. K TOMY )l(e, nocKOJibKY Mbl npe~ 

:He6pera.eM HHTep$epeH~HeH BKJia,IJ;OB OT pa3JIHl{HbiX $al:ep-
60JIOB, Mbl ,IJ;OJI)I(Hbl nonyqRTb . cpe,IJ;HIOIO MHO)I(eCTBeHHOCTb 
qacTH~, pacT~YJO KaK cTeneHb 3Hepruu, '{TO HapywaeT 
$eAHMaHOBCKHI: CKeHJIRHr. ' 

Bo3MO)I(HOCTb :)' 

w = 0 /J..14/ 

TaK)I(e HY)I(HO OT6pOCHTb; .n;eiCTBHTeJibHO, ypaBHeHRe /2.13/ 
.n;omKHO .n;asa TL norapH$MH'IeCKRI poeT cpe.n;Hel: KnaciepHol: 
MaCCW C 3HeprRei, TOr.n;a. KaK Cpe,IJ;HJIJI MHO)I(eCTBeHHOCTL 
KnacTepos, nonyqae_waJI R3 ypasHe}IBJI /2~8/ ;' pacTeT · TaJOKe 
norapH$MR'IecKR. · Cne.n;osaTenLHO, cpe.n;HJIJI MHO)I(eCTBeH
HOCTb 'laCTH~ · ,IJ;OJI)I(Ha · paCTH C 3HeprBei, KaK [ln (s/M~ )) ?. 
ll03TOMY Hawa e.n;RHCTBeHRaJI B03MO)I(HOCTb - 3TO: 

w < 0' /2 .. 15/. 
•,-· 

H fi03TOMY /lg/ HeJ1b3JI Ha,IJ;eJITbCJI H3MeHHTb npupo.n;y Be.n;y
ll(eit CHHrynJipHOCTH B ypaBHeHHH /2.11/. Haw BWBO,!J; OTHO· 
CBTeJ1bHO B03MO)I(HbiX 3Ha'leHHi W. OTJIH'IeH OT pe3yJ1bTaTa 
XeitMepa,' nocKOJibKY B Hamel MO.n;enu Y'IHTbiBaeTCJI 3aKOH 
coxpaHeHRa · 3Hepruu-u_MiiynLca · npu ·RHTerpuposaHRH no 
uaccaM $aiep6onos. 

KoHe'IHO, MO)I(HO 6blno 6bl' .n;aTb o6ocHoBaHRe Toro, 'ITo 
$aKTOpH30BaHHaa llOJIIOCHiU CTpyKTypa Be.n;~eii CHHrynap-

II 



HOCTH B CJiyqae nepeMeHHOH MaCChi ,I(O HeKOTOpOH CTeneHH 

o6yCJIOBJieHa Haweii '4!aKTOPH30BaHHOH annpoKCHManHeH aep

WHH: BepoHTHO, MO)KHO 6LIJIO 6bi npH,I(yMaTb cnenH41H'IeC~He 
MaCCOBLie . 3aBHCHMO~TH ~ BepWHH, npHBOAHmHe K CJIO)KHOH 

. CTPYKType pe3yJILTit:pyromeii CHHrynHpHOCTH. · BBH.I(Y oTcyT

CTBHH 4!H3H'IeCKHX 060CHOBaHHH /KpOMe oi<OH'IaTeJibiiOrO 

pe3ynb~aTa/ TaKHX OC06LIX BLI60pOB MLI C'IHTaeM 3TY B03-

Mo)KHocT:b ,I((moriLHo licKyccTseHHoii :H a ·.I(aJILHeiiim:;M pac-

cMaTpHsaTL' ee· He 6y.zieM; • · "'. 

.3. Beeoeuue, e eepwuHbl. 3aeucuMocmu om 3Hepzuu:::-. 
-~-. . ,.,_.-.. 

•.B 3T()H pa6oTe MLI XOTHM HCCJie,I(OBaTL .I(pyryro B03MO)K-

HOCTL, a HMtlHHO, BBe,I(eHHe HBHOH 3HepreTH'IeCKOH 3aBHCH

MOCTH. B MYJILTHITepn4!epHqecKHe BepWHHLI. 3TO, KO~e'IHO, 
anpHop:H. aneqeT 3a . co6oii .I(anLHHe KoppenHnHH, nocKonLKY 

nro6oe 3BeHo nenH /ero y.I(aneHHOCTL oT KoHnoa nenH He 

HMeeT 3Ha'IeHHH/ nOMHHT 0 , nOJIHOH. 3IIeprHH nponecca. 

0.I(HaKO COBCeM He O'IeBH,I(HO, cymeCTBeHHLI JIH 3TH KOppeng-
) . ... 

nHH aCHMnTOTH'IeCKH. 

BseAeHHe HBHOH 3HepreTH'IeCKOH 3aBHCHMOCTH·B aep

WHHax npHBO,I(HT K 3aTpy.I(HeHHIO npH TpaKTOBKe MYJILTHne

pH4!epH'IeCKOro ypaBHeHHH, 'IT06y.I(eT 06Cy)K,I(aTLCH n03,I(HCe. 

OnHTL-T.aKH 6y.I(eT paccMaTpHsaTLCH·.O'IeHL.npocTaH 3Hep

reTH'Iec.KaH 3aBHCHMOCTL, a HMeHH~, o6ycnOBJieHHaH.PO)K,I(e

HHeM 4laiiep6onoa C. MaccaMH, paCTYinHMH C. pOCTOM 3HeprHH 

He 6LICTpee norapH41Ma. HecoMHeHiio,' MO)KHO npH.I(yMaTL 

MHOrO pa3JIH'IHLIX .JHnOB 3HepreTH'IeCKOH 3aBHCHMOCTH; 

CHOBa·T.aKH 6y);l;eM C'IHTaTL_ HX HCKyCCTBeHHLIMH, eCJIH OHH 

He MOTHBHpOBaHLl cnenH4!H'IeCKHMH 4IH3H'IeCKHMH Tpe6oaa-

HHHMH; ., • 

Ha'IHeM c ypa:BHeHHii /2.1/ H /2.2/. Ilono)KHM: 
M 2. . s • t· . -
~ 2 "" C!fln l\12) 1 

, o ~ .. ti's 1, · 13_11 
c c ···-.. 

r,I(e H - .HeKOTOpaHc KOHCTaHTa, a ,I(JIJI BepWHH BLI6epeM 

cne.qyrornyro rlJaKTOpH3 OBaHHYIO annp_OKCHManHro: · . . . · , . 

g·a(Jl \M 12 ,ul) = gab(~~ y(u1 j ,' 

12 

i 

f 

. I 

2 2 . ~ . 
b(u. ,M .+ 1 ,u .+ 1 )•,;,:, b(M.+··

1
' ) y(u:·) ·y(u. ·

1
), 

1 1 1. ·1. .J .I+. 

i = 1 .~ •• ; n - 2' , . 
._· 

·.. 2 2 2 
g ( u , M , Jl ) =· g b ( M ) y ( u ) 

b n-1 n ·. b n . n-1 . ,. ·,/3.2/' 
· .. 

,!J;eHCTBYH aHanorH'IHO npe,I(LIAYmeMy; nony'IHM .7;\JIH Ce-

'IeHHJI Knac_Tepoa cne.I(yromee BLipa)KeHHe: 

2' ·. 2 

a (s,M
1

, ••• ,M) 
n n 

L+ioo 
1 . = f s A 

2is2 · <L\(-) 
- M2 

L-ioo c 

2 
n . M 

ri-1 i .~ .. 2 2 

' 2 2 
g g X 

a b 

X [ r(A) ] . II ( -·-2) b (M i ) 
1=l Me , 

llHTerpHpyH no Macca:M · imacTepoa oT M: .l(o 

s 
y = Hln --2 , 

Me 

' <.,~ 

·.;3.3/ 

2 
Mcy, r,I(e 

. /3.4/ 
~. 

H cyMMHPYH no n ·· OT n = 2, nony'IHM nonHoe ceqeHHe 

a (:s) T. 

r.I(e 

. L+ioo 
_1.. J 

"" 2's2 . 
: 1 L-ioo 

<L\(~/ ~2g2 .r'U,) ¢2(A, y} '/3.5f 
M~ ah 1-r(A)cp(A,y)'''· 

' 2 
Y22 M-t\ M 

cp(A,y) = f b (M) (-) d(-. -}. 
I -. M2 M 2 /3.6/ 

. 1 c c 

QTMeTHM, 'ITO B 3TOM cnyqae KoMnneKcHaH A -nnockocTL 

He COOTBeTCTByeT nnOCKOCTH KOMnneKCHOH nepeMeHHOH, 

, conpJI)KeHHoii nonHoii .3HeprHH /pe,I()Ke- HnH nopeHn-nn~c-
~ KOCTH/. ~aKTH'IeCKH ,I(OITOJIHHTeJILHaH 3HepreTH'IeCKaH 3a-

l, BHCHMOCTL BepWHH OKa3LIBaeT BJIHHHHe. Ha nonHOe Ce'IeHHe . 

)1 - H .I(pyrHe 4!H3.H'IeCKHe BeJIH'IHHLI. · 

' 3TO CBOHCTBO 3Ha'IHTeJILHO 6onee.o6rnee, '!eM npocTaJI ! ' . '. . ' ' - ·• . ~ . 
I annpoKCHManHH, _paccM:aTpHaaeMai. HaMH; H oHo OTKPLIBaeT 

··: 13 



I. 

: 
! 

B03MO>KHOCTL )J;JIJI paCCMOTpeHHJI · MO)J;eJJeii, 06JJa~aiO~HX 

CJJO>KHOH CHHryJJJipHOH CTpyKTypoii B nnOCKOCTH yrJJOBOro 

MOMeHTa, HO llpOCTLIMH CBOHCTBaMH JIO npoeK~HH )'rJJOBOrO 

MoMeHTa. MLI e~e uap;eeMcJI BepuyTLCJI K '3TOMY B p;pyroM 
MeCTe. 

H:i ypaBHeHHJI /2.2/ JJ;JJJI. cpep;ueii KnacTepuoii MaccLI 
nonyqaeM BLipa>KeHHe 

2 

2 
aT <M >"" 

Me L+ioo ,\ 2 2 

' f d,\(-;) g gb -.-2- ' M a 
2Is L-ioo c 

r(,\) ¢(..\,y) ¢(..\-1,y) 

1-T{,\) ¢(..\,y) . 

/3.7/ 
· • Ha ocHoBe /3.3/ MO>KHo TaK>Ke nocTpOHTh npoH3BOJJ;JI~yro 
~YHK~H~ )J;JIJI npOHHTerpHpoBaHHLIX pacnpep;eJJeHHH ~aiep· 

- 6onoB. Cornacuo onpep;eneHHIO:. 

n M2 ~2 2 2 
a·Tt,{l(s,?} =I z Jd(..=l.) ••• d (-U.)a (s,M

1
, ... ,Mn) /3.8/ 

n=2 M 2 M 2 n 
c c 

HaXO)J;HM: 

Z 2 2 2 L+ioo \.( 

u t,{l( s,z) "" gag b f dA(~A 
T 2is 2 L-ioo Me 

2 . 
r(,\) ¢ (>.,y) • /3.9/ 

1-~r(,\) ¢(>.,y) 

HopMHPOBKa 3JJ;ecL HMeeT BHJJ; 

t/l(s,l) = 1. 
Cnep;yJI >Ke CTaup;apTHOH npo~ep;ype, 3anHweM: 

2 2 
·8 8 8b x·· 

<nclusters 
a.p 

>=-1 a z z.,; 1 
"" 1 + 

2is 2 aT 

L+ ioo 

X ·f 
- L-ioo 

d~( s ,\ -). 
M2 

c 

2 
r( ,\) ¢ ( ,\' y) 

2 [ 1- r(,\) ¢(,\,y)] 
/3.10/ 

MLI MO>KeM TaiOKe BLI'IHCiiHTL·npOHHTerpHpOBaHHOe HH· 
KJJI03HBHOe pacnpep;eJJeHHe JJ;BYX ~aiiep60JJOB: 

14 

a2t/J 
-·-<n (n -1)>= clusters clusters · az 2 •' 1z=l:;: 

/3.11/ 
g 2 g 2 

a b 
2 

L + ioo · 8 ,\ 2 r(,\) ¢ ( ,\ , y) 
f d,\(-) . . 3 

. • M ~ [ 1 - r(,\) ¢ (..\ • Y) ] L-lOO c . 

"' 
2is 2 "T 

H3 ypaBHeHHH /3.5/ nerKo MO>KHO noHJITL, 'ITO JJ;JJH nony

. 'leHHJI JIOJJHOrO Ce'leHHJI, He HC'Ie3aro~ero B npep;ene BLICOKHX 
3Hepruii, Heo6xoJJ;HMO BLinOJJHeHHe ycnoBHH 

-H 

r( ,\ ) ¢(,\ ,y) = 1. 
p p . . 

Y'IHTLIBaJI TOJJLKO 3TOT nonrocHLIH BKJiaJJ; H nonaraH 
,\-,\ . 
' . p 

tf; (.\,y) 
1 - T (,\) cp(,\,y) 

uaiip;eM: 
; ;~ 

1T s ,\ 
a "" -(·-) P g 2g 2 ¢(,\ ,y) tf;(.\~,y) 

T 8 2 M2 a b p p 
c 

< M 2 > "" M 2 ¢(>. P -1 'y) 
c 

¢( .\ ,y) 
p 

<n~lusters >·., .1+[¢(.\p,y)tf;(,\P'y)]-I X 

/3.12/ 

/3.13/ 

/3.14/ 

/3.15/ 

a· 2 · 2 · s 
x.-[r(,\) ¢ (,\,y) t/l (>.,y)]J,\_\ +1/J(,\ ,y) In(-.) 

a>. . . -1\P . P • M2 
c 

. /3.16/ 

<n clusters (n I . -1)>,;,[¢(,\ ,y)tf;(,\ ·,y)] -1 
c usters · p · . p 

IS. 



a2 . · . 2 3 · 
X -- [ r{.\) ¢ ( ,\ ' y) "' ( ,\ ; y ) ] I,\= A 

a>. 2 · P. 

s 
+ 2ln(--

2
)x 

M . . c 

- a 2· · 3 · -1 
X """ii: [ r( ,\) rp (,\' y) t/J ( .\, y) ~ '.\=.\ p • [ rp(.\p,y) t/J(.\p,y)] 

2 s . 2 
+ "' (.\ ,y) [ ln (-)] • 

P M2 
c 

/3 .. 17/ 

IloCKOnLKY :.mepreTH':IeCKOH 3aBHCHMOCTL10 o6na~a10T 
ace aenH':IHHLI. /a TOM ':IHcne. H .\ P /, TO MO)KHO, :8 npHH
UHIIe, cornacoaaTL xapaKTep ~HcnepcHH pacnpe~eneHH.H 

MHO)KeCTBeHH.OCTeH clJaiiep6onOB C /1.1/. 
· 0AHaKo nocMoTpHM, MO)KHO nH 3TO c~enaTL Ha ocHoae 

npocToro · BLI6opa 

2 2 M2 w 2 
b (M ) = ( -. ) b ;· 3 18/ 

M~ . 
c 

uepWHHHOH clJyHKUHH, y)Ke paCCMOTpeHHOH B rnaBe 2, H yc
noBH.H /3.1/. lb /3.6/ Mbl HMeeM 

. 2·· 1 w+l-.\ - y •i 

¢(.\ ,y) = b . /3~19/ 
,\ -·w- 1 

H3 ypaaHeHH.H /3.5/ BHAHo;··':ITO 3HaMeHaTenL ~ofl)KeH o6-
pa~aTLC.H B HynL ~n.H 3Ha':leHH.H '.\ , ~n.H KOToporo Re.\ p>w+l. 
lionee TOro, IIOCKOnLKY r{.\) H ¢(.\) - MOHOTOHHMe (llyHKUHH 
.\,TO .\ p - ;npoCTOH nonroc. 3TOT·~IIOnJOC .HBn.HeTC.H BeAYIUeii 
CHHryn.HpHOCTLIO B KOMnneKCHOH .\ -nnoCKOCTH. KpoMe TOro, 
OTMeTHM, ':ITO rp(.\ ,y) orpaHH':IeHa KaK clJYHKUH.H y B npe-. 
~ene 6onLwHx y H PHe o6pamaeTc.H B Hyn&. MLI ~e:Uae:M' 
'BLIBO~, '':ITO 

ln(lns) 
,\ = 2 + 0( ) = 2 + 0 ' 
· P In s 

./3~20/ 

HHa':le nonHoe ce':leHHe n:H6o HapywaeT orpaHH':IeHHe cl»pyac·-. 
capa, nH6.0 CTpeMHTCB K Hynro B npe~ene 6onLWHX 3HeprHH. 
6LICTpee norapJiclJMa •. H3 ypaBHeHHB /3.20/ cne~yeT, ':ITO 

.. 

.. ..::· 

.. 
,w < l .. ~. 

·. '/3.21/ .. 

o~8ai<o H· vi;'= :f ~Ofl)KHO 6biTL OT6pouitmo. ,D;eiiCTBliTenLHO, ~-
ypaBHeHHe Ha C06CTBeHHLie 3Ha':leHHB · . ' . . 

-1 := r(,\) cp(.\, y) 
. ~,-"" 

/3~2_2/ 
~ -~~'t 

Answ = 1 He:aMeeT peweiiHs:_u BH~e./3.20/ c :ManLIM o . Ec
nH Mbl npHMeM 

·- ~ 0 < ..; .< l' 
. •~. 

/3.23/' 

TO -' npH· COOi-BeTCTBYIOIUeM 3Ha':leHHH KOHCTaHTLI CB.H3.H b 2 
MO)KHO nonyl{HTL KOpeHL ypaBHe!IHB .THIIa /3.2(J/, HO C 

. ,. 0 ;, 0( 1 .. . . ) 
( In-s) 1 - .w.. ' /3._24/ 

· KOTOphiM. Henh3B npeHe6pe-'11•. 
Bo3MO)KHOCTL ')Ke . 

....... '-
w < 0 .·,. . '"::/3.25/ 

•. . .- ., . " 
··.·--. .t·' -

. MO)KeT 6LITL IIpHH.HTa;· Ta.K ,KaK OHa npHBO~HT K aCHMIITOTH-.. ~ ~ ,,.. . . . .: . / . ~ 

':leCKOMy IIOCTOBHCTBY IIOnHoro Ce':leHHB.• . . · . 
. OAiia:Ko aHanH3 ypaaHeiiB:ii /3.16/'.li /3.17/ rio3aoiuie:i 

3a~nro-.ilir&, .·':IT~- ~~HcnepcHH.:pacnpe~eneHHs MHO)KeCTBeHuo
CTeH, pacTeT nHWL ,' !<8.K · -(Ins) I/2 ;.3'To -CBH.zieTenLCTByeT 
o TOM, ':ITO ~aHHa.H Mo~eni.· Jie ~aeT .3-Ha':IHTeni.IILix AaJIL.HHX , 
KOPPE?.miUHH. • . .. · . ( ·•~ . ·~ · · -.~ ' 
. . Qn.HTh·T.aKH IIO~':Iep:KHeM, ~ITO. 3TO.o6yCJIOBne.HCl OT':IaCTH . 
HaWHM_ (lJaKTOpH30BaHHhiM.·npH6nH)KeHHeM ~JI.H. :8cipmHH H.npo
CTOToifnccne~·oBaHii~ii Ha~H 3Hepreni:-.iec:Koii 3aaiicf{MoCik .. 

· · ,Ho~ Ha'ina D:en& · - . ~oi<:a3aTL, . <iTo BB·e~eHHe !llaii.epfionoa 
. pacTy~eii M'acc&I He npHao.iun aaToMaTH':IeCKH K no . .HuneHHro 
cy~eCTBeHHhiX ~anLHHX KOppen.HUHH njm IIOCT011HHOM HnH- ·· ·-

.. IIO':ITH IIOGT9HHHOM n'onHOM Ce':leHHH. .. ·. . . .,: .. , ·:;e' ' J. ; 

.. B03MO)KHO, ':ITO OC06Lie BepWHHHLie'cTpyKTYPhl o6yCJIOB- :: . 
nHB810T IIOHBneHHe ~anLHHX KOppensD:Hii; HO Mbl ;rciniTaeM ·,;;. . 

·· :lix .• HcKyccTBeHHLIMH, ec~H oHn c1J:H3H':IecKH ~ocTaTo':IH<)'·:He 
o60CHOBaH~I.· }];fiB~. 3TOH· nenH ~OCTa;.otiHO Bhi6paTb BepWHH-. 

,. 

... 

.., 

" . 

. ; 



HYIO CTPYKTYPY' C}'II\eCTBeHHO MO,I:(H<iJH:U:HPYJO~YIO rrpupo,IJ;y 
Be,IJ;yll{eH CHHrymipHOCTH B nnoCKOCTH yrnOBOrO MOMeHTa. 
BepoHTHO, 6Lmo 6LI BeCLMa HHTepecHo nocMOTpeTL, ocy
~ecTBHMO nH 3TO B paMI<aX ITpOCTOHKapTHHhiBKOMITneKCHOH 
ITnOCKOCTH ITpOeKD;HH yrnOBOrO MOMeHTa. 

4. 06cyJtCoeuue 

3,IJ;eCh Mhl XOTenH 6LI C,IJ;enaTb HeCKOnhKO 3aMeqaHHH: 
a/ B rnaae 3 MLI orpaHHqHnHCL paccMoTpeHHeM 

MynLTHnepu<iJepuqecKoro po~eHHH 4Jaiiep6onoB c nocTo
HHHOH HITH pacTyi:u;eH norapH<iJMHqecKH MaCCOH. 3TH cnyqau 
He npoTHBopeqaT 3KcnepuMeHTy, KaK no.nqepKuaanocL Bo 
aae.neHHH. Cy~:u;ecTBeHHLIM HBnHeTCH To, qTo cpe,IJ;HHH Knac
TepHaH .Macca He yaenuquaaeTCH 6hlcTpee norapud>Ma; 
B npOTHBHOM cnyqae, DOCKOnhKY B ,IJ;aHHOH MO,IJ;enH He yqu
TbiBaeTCH HHTep<iJepeHD;HH ITpO,IJ;YKTOB pacna,IJ;a pa3nHqHhiX ·· 
d>aH:ep6onoB H npe.ncKa3LIBaeTcH, qTo cpe,IJ;HHH MHo)l(ecT
BeHHOCTL qacTHD;, BbiJieTaiO~HX H3 O,I:(HOrO 4Jaiiep6ona, ITpO
nopuuoHanLHa Macce d>aiiep6ona, TO nonHaH cpe,IJ;HHH MHo
>KeCTBeHHOCTL qaCTH:U: KaK <iJyHK:U:HH 3HeprHH OKa3anach 6LI 
pacTy~:u;eii 6blcTpee norapu<iJMa. Bee >Ke B cnyqae, paccMoT
peHHOM a rnaae 2 /r.ne paccMaTpHaanHcL TaK>Ke 4Jaiiep6onLI 
C MaCCaMH, paCTYll\HMH KaK CTeneHb nonHOH 3HeprHH/, 
.na>Ke npH KoHeqHoii cpe,IJ;Heii KnacTepHoii Macce noHBnHeTcH. 
BhiCOK03HepreTHqecKHH "XBOC~u MHO>KeCTBeHHOCTH, yMeHL-
WaiOll\HHCH KaK CTen.eHh qucna pO>K,IJ;eHHhiX qacTHD;, qTo ' 
ariepBLie OTMeTun XeiiMep B pa6oTe /191. 3TOT "xaocT" 

ue cofnacyeTcH c uau6onee o6~HM Mym.THnepu<lJepuqec
KHM . ODHCaHHeM po~eHHH qacTHD;, KaK 06'LHCHHIOT aBTOphi 
pa6oT /21,22/ B cnyqae·, paccMoTpeHHOM B rnaae 3, 3TOT . . . 

XBOCT OTCyTCTByeT,. H IT03TOMY KapTHHa COBMeCTHMa C Mynh-
THnepudJepuqecKoii ,IJ;HHaMHKoii. O,nuaKo B o6oux o6cy~aro
I:u;HxcH ·miMH cnyqa11x npocToii 4JaKTOPH3oBaHHOii c'i'pyiaypbi 
HH:i<:aKHe c}'II\ecT:BeHHLie ,nanLHHe KoppenH:U:HH iie B03HHKaiOT 
H 3aKoH Bpo6iieacKoro He ua:Xo,nHT caoero no,IJ;TBep>K,IJ;eHHH. 

B/ Ecnu npeue6peqL HHTep<iJepeH:u;ueii npo.nyKToa· pac
na:D,a pa3nHqHLIX 4Jaiiep6onoB H npe.nnono>KHTL, qTo ·d>aiiep-
6onhl pacna.naroicH cornacHo cTaTHCTHqecKoii iepMo.nuua'Mu-
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qeCKOH MO,IJ;enu, TO nonyqHM, ·qTo OTCyTCTBHe. ,IJ;anbHHX 
KOppenH:u;Hii Me>K,IJ;y d>aiiep6onaMH BneqeT 3a co6oii oTcyT
CTBHe ,IJ;a·nhHHX ·KOppenH:u;HH Me:>K,ny KOHeqHhJMH, Ha6nro,IJ;ae
MhiMH qaCTHD;aMH. 3TO MO:>KHO BH,IJ;eTb H3 cne,IJ;yiOIQero. 

P ac CMOTpHM' ,IJ;ByxqacTHqHLIH crr.eKTp qaCTH:U: 1 H. 2: 

d
4

N 
= f. ..:.._d-3P_d_(_M_2_) -

d6N 
3- po po 

d .!' d3P 1 2 

d
6

n 3 popo 3 2 
d ~ d 3 p . . 1 2 d p d(M ) 

1 -2 I -2 

daN. d 3n d 3 n 
---·X 

d3.PI d~2 
+I ~-~-_..:..__; ___ _ 

d 3P d 3P d(M 2) d(M 2) 
-I -2 1 . 2 

X p; p~ d
3!:\ d 

3 
f 2 d(M~) d(M~) • /4.1/ 

IIepBhiH qneH OITHChlSaeT o6e qacTHD;hl 1 ·H 2, BhineTaiO~He 
H3 o.nuoro H Toro >Ke 4Jaiiep6omi c 4-HMnynLCOM PH Maccoii 
M •. BTopoH: qneH on:HcLIBaeT ,IJ;Be qacTH:U:LI, BLineTaro~:He' H3 
,IJ;BYX pa:inHqHhiX 4JaiiepGonOB C 4-HMITynLCaMH . I' H p2 H 

. ' 1 ' 
d 4N 

MaccaMH M 1 H M 2• <l>yHK:U:HH po ------
. d 3 P d (M 2 ) 

daN 
· ·. po po 

a 3 P a 3P a {M~ a<~' 1 2 
-1 -2 1 . 2' 

npe,IJ;CTaBnHIOT C060H KOBapHaHTHhle pacnpe_neneHHH HM
nynLCOB u Mace cooTBeTCTBeHHo o.nHoro H ,IJ;Byx 4Jaiiep6o
noa. OHH xapaKTepHLI .nn11 onpe.neneHHhiX MexaHH3MOB po:>~<
.neHHH 4Jaiiep6onoB. MLI 3,I:(ecL He ccLmaeM~H :Hu Ha icaKyro 
KOHKpeTHyro MO,IJ;e~L, a npocTo npe.nnonaraeM, qTo .nn11 
pacnpe,IJ;eneHHH 4Jaiiep6onOB BhiiTOnHHeTCH 4JeHHMaHOBCKHH . 
CKeHnHHr H HMeiOT MeCTO 6nH:>I<HHe KoppenH:U:HH. Tor,IJ;a MLI 
MO>KeM 3aiTHCaTL, qTo '.nnH 4Jaiiep6onoB B o6naCTH ITHOHH~ 
3aD;HH 

4 . 2 
d N . . M w-2 . 1 

P0 
· "' H (P ) (- ) 

d3Pd(M, . ·l M 2 
c 

/4.2/ M2· 
c 
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3,IJ;ecb~ KaK o6ldqHo; Pl- ~onepeqHaH cocTaamiro~aH BeK- .' 
Topa- P, .a w <0 /eM. ypaaHeHHe /2.15/ H apryMeliTa:uHro: 
a· KOH:Ue rnaBld 2/. . . 

Pacnpe,IJ;eneHHe ,IJ;Byx 4Jaiiep6onoa co,D;ep>tmT 4JaKTopH3·o- 1 
BaHHbiH H :KoppenH:UHOHHbiH qneHLI: . • 

d8NP} P~ 2 
M2 w-2 M

2 
w.;_2 

d 3P d 3P d(M 2 ) dCM 2 ) "" 
_""":1 -2 1 . 2 

H(Pll) H (P21} 

M4 
1 . . ' {-) .. (-.-2., 

M2 M c c c 

2 2 
G ( p 1.) 'G 0! I ) M I w- 2 M 2 w- 2 

1 1 4.1... ( ) '( ) + exp <- - I 11 - 11 I) 4 -M2 ~ 
2 1 2 Me c c 

) /4.3/ 
r,IJ;e 77 l, 2 • .6ldCTpOTld /"paiiH,IJ;HTH"/ 4Jaiiep6onOB 1 H 2. 
fipe,IJ;nonaraeTcH, qTo .KoppenHUHH o6ycnoaneHa 3,IJ;ecb BTO". 
pHqHldM . IIOniOCOM, paciionO)KeHHldM Ha l/2 HH)Ke Be,IJ;y~el' 

. . . d3 < d 6 
· · n . n 

CHHrynHpHOCTH. fl>yHKUHH po --- H :po po . . 
3 .,. d3p._! 1 2_. d3P d p 

·-·<' < • '· -1··.,. --2 .. -
B ypaBHeHHH /4.1/ OIIHCLIBaiOT O~HO· H ,IJ;ByxqacTifqHWI 
c~eKTpLI, nonyqaroiUHeCH npH pacna,IJ;e o,IJ;Horo cl>illep6ona. 
Cne,IJ;yJJ: ~ee cTaTHCTH'IecKoro 6yTcTpana, . MLI annpoK- .. 
CHMHpyeM 3TH 4JyHK:UJIIl cne~yroiJuiM o6pa30M: . s . . . < 

H 

po 
i 

d n M. 
d 3p, "" q M 1 . h (Pi 1) e~ ( ~.a I 77 i -: y i 1.> 

-1 c 

i = 1,2 t /4.4/ 
' '{',.. ~. .. --- \' ., - •.: 

..1 . ·~·~. 

·(1'6'~- . ".. 2 
h; 

. ' po 'po· ' -2···-M ~. . • . 
···.d3p- d3p::I 2·"" q .-. -.2 h (P1 .) h(P ·. )x > 

- 1 -2·· : ... M ' 1· ·· .· .1.'2 · .~: 
c .. 

.. ~ ..... 
~ e.xp (-a 177- Y

1 
I aiJ7-y21) /4~5/ .:·~ 
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BenHqHHL~ · y 1 , _·y2 - ~po,IJ;onLHLie 6LICTPOTLI qacTH:U ·1 H :2; 
a ~ o6paTHaH KOppenH:UHOHHaH ,IJ;nHHa, CBH3aHHaH C o6- · 
paTH~ii TeMneparypoii 4Jaiiep6ona ·c. Maccoii M H 6blcTpo-
Toii ~- o . • • • 

Koppen1I:UHH Me)K,IJ;y KOHeqHLIMH qacTH:UaMH .- npo,IJ;yKTa
MH pacna,IJ;a .4Jaiiep6ona a MO,IJ;enH cTaTHCT.HqecKoro 6yT

. c'rpana - ManLI /18/0 3To no,Ihaep)K)J;aeTCH ypaaHeHHeM /4.5/, 
· ~ o3Haqaroiii:uM lieK~ppenHpoaaHHoe pacnpe,IJ;eneHHe qacTH:U · -

npo~yKTOB pacna,IJ;a 4Jaiiep6ona. llHTerpHpoaaHHe no none
peqliLiM HMnynLcaM Pil , 6biCTp~T~.M · 77 H :Macca.M M.;::. M c 

. 4Jaiiep6onoa. ·:naei cne,IJ;yro~ee BLipa~eHHe ,IJ;nH ,IJ;Byxqa1CTHq-
Horo ·cneK'i"pa: · · 

d
6

N 
d 3 p 3 P-~ po 

-·I d ~2. 2 

2 . . . . -1 
"'q H h(Ptl) h.(Pil) (--w) 

. ~-. 
. . . . . . . 1 . 

x · exp 1- a I Y - y ll o ( ] y .. - Y I + - ] ' 
2 1 2. 1_, a 

'-\:_. 

4. 2 H 2 . . q_ . . . . ~ q 2 'G 2 
.. •' 

+ . 1 . . h' (P Il) h (P 21) + 2 . 2 .... 
a (- ->;w) · · 

2 .••.. ( b . .) 2 ( 2 1)· 
--w a--

2 . 4. 

., 
. ; . 2 . 1 . .• . . . 2 . 1. 

x h ( P 1. ) h ( pl· ( 4 a exp ( - - I y - y I ) - ( a - - ) 
1 2 .2. 2 1 4 

x exp (-a I y 
2 

.:..,_ y
1 

I)· (I Y 
2

...:. ~~··I 

. .... . 

r,IJ;e. 

H 2 
f H (P l). d Pl 

G = f•G(~. 
~- ~ 

2-
d P. o 

~-

1 
+- + 

a 
:··~ 

---)]. 
2 

a. 
4 

/4;6/ . 

··:,.' 

/4.7/ 
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llepawu qneii ypaaHeHHH /4.6/ npe~cTaanseT co6oHBKna~ 
o~Horo 4Jauep6ona: BTopou qneH o6ycnoaneH 4JaKTOpH30BaH
HOH KOMllOHeHTOH BKna~a ~BYX 4Jauep60llOB, B aCHMllTOTH
qecKOM npe~ene OH llOllHOCTLIO BLina~aeT H3 ~ByxqaCTHqHOH 
Koppemn~HOHHOH liJYHK~HH. AHanHJ ypaBHeHHH /4.6/ npHBO~HT 
Hac. K BLIBo~y, q~o ~ayxqacTHqHas Koppemi~HOHHas liJYHK~HH 
aCHMllTOTHqeCKH CO~ep:>KHT TOllLKO 6nH)KHHe KOppenH~HH. 

11 B JaKnwqeiJHe xoqeTc.H cKaJaTL c.iie~yro~ee: 
a/ 4Jauep6onLI c norapHiiJMHqecKH pacT~eu Maccou 

MO:>KHO "BTHCHYTL" B MynLTHnepHiiJepHqecKyro cxeMy. O~HaK'o 
' v • •• 

HX ceqeHHe po~eHH·H acHMllTOTHqecKH no~aaneHo no cpaa-
HeHHIO C ceqeHHeM pO:>K~eHHH qaCTH~. . 

a/ EacceTTO, CepTopHo H Tonnep / 22 / noKaJanH, qTo 
,IJ;allLHHe KOppenH~HH COBMeCTHMLI C orpaHHqeHHHMH MYllLTH-. 
nepHiiJepHqecKOH Mo,IJ;enH. Cne~HanLHhlH BHA ,IJ;anLHHX Koppe
ns~HH, Tpe6yeMLIH ,IJ;ns riLmonHeHHH cKeHnHHra KHO, TeM 
He MeHee He onpe,IJ;enHeTCH 3THMH orpaHHqeHHHMH, KaK 
noKaJanH · EacceTTo H ITacTH /23/. Cor nacHo HaweMy pe-
3YllLTaTy, HellL3H nonyqHTL eCTeCTBeHHLIM nyTeM ~anLHHe 
KOppenH~HH B aCHMllTOTHKe H3 KapTHHhl MyllLTHnepHiiJepH
qecKoro po~eHHH 4Jauep6onoa, a HMeHHo, 6e3 o6pa~eHHH 
K Cne~HiiJHqecKOH CTpyKType Bep.WHH B MynLTHnepuliJepHqec
KOH ~enoqKe. 

Ecnu, TeM He MeHee, cKeHnHHr KHO y~oaneTaopseTCH 
aCHMllTOTHqecKH, TO MLI cqHTaeM He06XO,IJ;HMLIM HCCne,IJ;o
BaHHe .IJ;pyrHX MeXaHH3MOB p·o~eHHH ·unH pacna,IJ;a /24/, 
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