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B38RMOJleAcTBYIOT MelKJlY co6oA 

P2 - 10092 

npeJlnOlKeH npocTeliWHA MOJlenbHblll narp8HlKH8H, npHBOJlHWHil K HH

TepljlepeHUHH TOlKJleCTBeHHbiX Me30HOB, p0lKJl8eMblX B BbJCOK03HeprH'tHblX 

CTOnKHOBeHHHX, 6KnJOqeHHe B Hero B38RMOJleliCTBHH MelKJlY Me30H8MH 

n03BonHeT Bbl'lHCnHTb nonpaBKH K HHTepcjlepeHUHH Me30HOB, B03HHK810JUHe 

6narOA8pH HX CHnbHOMY B38HMOJlellcTBHIO Jlpyr C JlpyroM, noKS38HO, 

'ITO nRWb MHRMBH 'ISCTb aMnnHTYAbl paCCeHHHH BnHHeT HB HHTepcpepeHUHIO 

B AnH nap Me30HOB 17+17 + RnH 17-77-3TRM BnHHHHeM MOlKHO npeHe6pe'lb, 

Pa6oTa BbJnOnHeHa B na6opaTOpHH BbJCOKHX 3HeprHA 011H11. 

[JpenpMHT 061.emtHeHHOro MHCTMTyTa JIAepHhiX MCCJieAOBaHMJi 

,l{y6ua 1976 

JCopylov G. I .J P2 - 10092 

The Interference of Interacting Identical Mesons 

The simplest model Lagrangian is suggested, which 
leads to the interference of identical mesons produced 
in high energy collisions. The inclusion of the inter
action between mesons in this Lagrangian makes it possible 
to estimate the corrections to the meson interference 
which arise due to the strong interaction of these 
mesons. It is shown that only imaginary part of the 
scattering amplitude influences on the interference. 
One can neglect this influence for meson pairs 17+17+ or 17 17 • 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

C) 1976 O~he~uNeNHWiluNc•wr.YII A~epHwxucc.lle~oeaHull,4y6Ha 

XeH6epB -lipayH u Taucc I I/ npaMeusnu HHTep<llepeHUHIO 

nap <lloTOHOB ,D;nJI onpe.D;eneHHJI pa3Mepoa y.D;aneHHbiX 3Be3.D;. 

3aTeM Ta )l(e H.D;eJI 6blna ucnonb30Baua B <llu3HKe 3neMeH

TapHbiX qacTBll ,D;nJI H3MepeHHJI npocTpaHCTBeHHo-apeMeu
HbiX xapaKTepBCTBK HCTOqHHKOB qaCTBll / 2- 6/. J.D;eCb y)l(e 

peqb WJla 06 HHTep<llepeHUBH nap Me30HOB. ,[(nJI <lloTOHOB 
H ,D;n.l Me30HOB TeopHH ,D;ByxqaCTBqHOH HHTep<llepeHUBB/7-ll/ 
npaKTBqeqKB COBna,D;anH, XOTJI, a npHOpH OCHOBaHHB .D;nJI 

3TOrO He 6blno: <iiOTOHbl Me)I(,D;y co6oii He B3aHMO,D;eBCTBYIOT, 

a Me30Hbl - cunbHOB3aHMo.D;eiicTBYJOmue qacTHllbl. Bo3uu

Kano COMHeHBe B TOM, snpaBe JlH Mbl, npe,D;CKa3b1BaJI 

3<ll<ileKTbl HHTeP<ilepeHUHH Me30HOB, npeHe6peraTb HX B3aHMO

,D;eBCTBHeM, TeM 6onee, qTo OHO oco6eHHO CHJlbHO TOr.D;a, 

KOr.D;a B3aHMHaJI CKOpOCTb Me30HOB Mana, TO-eCTb KaK pa3 

a o6nacTB. HHTeP<llepeHUHOHHoro MaKcHMyMa. 
3.D;ecb Mbl HaMepeubl ycTpaHHTb 3TOT He.D;oqeT uawux 

npe)I(HHX pa6oT. rnaBHblii pe3ynbTaT, snpoqeM, 6y.D;eT co

CTOJITb B TOM, qTo B3aHMO.D;eiicTBHeM Me30HOB MO)I(HO npe

He6peqb H MO)I(HO nOJtb30BaTbCJI cpaBHHTeJlbHO npOCTOH 

Teopueii ,D;ByxqacTHqHOB HHTeP<ilepeHUHH HeB3aHMO,D;eBCTByiO

mux qacTHll /8/. 
Xo.D; Hawux paccy)I(.IJ;euuii 6y.D;eT 1-aKOB. CHaqana Mbl 

c<llopMynupyeM npocTeiiwyJO KBaHTOBo-nonesyJO MO,D;enb c 

BHeWHHM, 3aBHCJimBM OT BpeMeHH, HCTOqHHKOM, npHBO,D;JI

myiO K HHTep<llepeHUBOHHbiM 3<ll<ileKTaM. JaTeM BKJliOqBM 

B narpaH)I(HaH B3aBMO,D;eBCTBHe Me)I(JJ.y Me30HaMH B <llopMe 

A¢4• PaccMoTpea o6my10 cTpyKTYPY B03HHKaJOmux npu 3TOM 
<llopMyn, Mbl CMO)I(eM H36aBHTbCJI OT 3TOB KOHKpeTHOB 

<llopM:bl B3a:HMOAeiicTBHJl H yqeCTb nepepacceJIHHe MeJOHOB 
B HH'3K03He·preTH'leCKOM npu6nH)I(eHHH, He mipywaJI npB 
3TOM yHBTapuocTB MaTpBu~>~ ·pacceJIHHJI. Mana.11 .D;nuua pac

ceJIHHJI · tr -Me3onos B' cocToJIHBH t 113ocnuuoM 2 npuao.D;BT 

K cna6ocTH 3<ll<lleKTa nepepacceJIHHJI. 
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§1. KeaHmoeo- no.11eeoe paccMompeHue UHmep¢epeHijUU 
nap Me30HOB 

1. PaccMOTPHM CKaJI.IIPHLle 'laCTHULI, po)J(.C(aeMLie auew

HHM TOKOM g(x) , x =I?, t I. TaKa.ll Mo,neJIL KBaHTOBoii TeopHH 

nOJIJI H3y'laJiaCL HeO.C(HOICpaTHO /CM.,Hanp., 112/;H3BeCTHO, 

'ITO OHa npHBO.C(HT K He3aBHCHMOMy HCnycKaHHIO /a He 

HHTepliJepeHUHH/ Me30HOB. B TO )J(e BpeMJI npoCTOH HOJiy

KJiaCCH'IeCKHH paC'IeT HCnycKaHHJI Me30HOB .C(BYMJI He3aBH

CHMblMH HCTO'IHHKaMA noKa3blBaeT, 'ITO HHH!pliJepeHUHJI 

.C(OJI)J(Ha npOHCXO.C(HTL 7-9~ qT06bl nOHJITL, B 'leM He.C(OCTaTOK 

KBaHToao-noneaoii Mo,nenu, npe,ncTaBHM /eM. 4JopMyny 

/9.23/ H3 I 12
/ /, 'ITO TOK g( x) ecTL cyMMa .nayx Toqeq

HbiX HCTO'IHHKOB, o(x-x l)+o(x-x2). B03LMeM s -MaTpHuy 

B npe,ncTaBJieHHH B3aHMo,neiicTBHJI S = T exp (-iJg(x)¢(x)dx) 

H y6e.C(HMC.II, 'ITO Me30Hbl C HMnyJILCaMH p , q pO)J(,C(aiOTCJI 

He3aBHCHMO: aMnJIHTy,na nepexo,na Me)J(,ny COCTOJIHHJIMH 
nOJIJI 10> H <lplqj eCTL 

A(p,q) = {-i)
2 

Tfdx'dx"g(x')g(x")<lplqj¢(x')¢(x")j0:>-
2! 

- g(p)g(q), r.ne g(p) = f dxg(x)e-ipx 

Ho TaK KaK g(x) ecTL cyMMa ,nayx HCTO'IHHKOB, To no.n 

HHTerpaJIOM B03HHKaiOT 'leTLipe 'IJieHa. )l;Ba H3 HHX, nepe

ICpecTHLle, THna 8(x'-x 1)o(x"-x l¢(x') cp(x"), .naJOT 

HCICOMLIH HHTepliJepeHUHOHHLIH 3~eKT, HO ero KOMneHCH

PYIOT .naa ,npyrux ".nuaroHaJILHblX": 

D(x'- x
1
)o(x"- X l )cp (x')¢ (x ") , 

o (x'- x
2

>0 (x"- x
2 

>¢ (x')cp (x''). 

BH.C(HO, 'ITO OHH OTBe'laiOT HCnycKaHHIO O.C(HHM B3 BCTO'IHBICOB 

06eHX 'laCTHU cpa3y. 3TBM 34l4JeiCTOM MLI npB noJiyKJiac

CH'IeCKOM pac'leTe /7-9/ npeHe6peranu, a6o TPYJUIO npe,ncTa

BHTL ce6e, 'ITO O.C(HHO'IHOe ll napuoe po)J(,C(eHB_. npOHCXO,Il.IIT 
O.C(BHaiCOBO CHJihHO. 

4 

Mbi He B COCTO.IIHHH C nOMOlllLIO ICaiCHX- TO npoeiCUHOH

HblX onepaTopoa y6paTL H3 S-MaTpHUbl ,nuaroHaJILHble 

'IJieHbl B paMICax Mo,nenu, r.ne TOIC g( xl .IIBJI.IIeTC.II He on epa

TopoM, a c -qucnoM. llo3TOMY MLI BLIHY)J(.C(eHbl BBeCTH 

HHTepliJepeHUHIO "pyiCaMH": noTpe6yeM, 'IT06bl TOK, OTBeT

CTBeHHblH 3a reHepaUHIO ICa)J(,C(OrO HOBOrO Me30Ha, OTJIH'IaJI

C.II OT TOICa, Bbl3BaBwero nO.IIBJieHHe npe.C(bl.C(Ylllero Me30Ha. 

lfHblMH CJIOBaMH, 'IJieH B3aHMO.C(eHCTBH.II B JiarpaH)J(HaHe 

6y,neM 6paTL B BH.C(e L'=fd3 rg,\(fl¢(x), r,ne HH.C(eKC ,\ 

0603Ha'laeT COBOICynHOCTL napaMeTpOB, OTJIH'IaiOlllHX HC

TO'IHHKH Me30HOB ,npyr OT ,npyra. By,neM C'IHTaTLA CJiy

'laHHblMH He3aBHCHMblMH BeJIH'IHHaMH C H3BeCTHOH nJioT

HOCTLIO pacnpe,neJieHH.II p (,\), ilpHMepbl TaKHX TOICOB CM. 

B/ 7- 9 / • .HTaK, B pa3JIO)J(eHHH S -MaTpHUbl 

S= Texpl-ifg,\ (x)¢(x)dxl = 

l+TI-ifdx'g,\,(x')¢(x') + 

2 ' 
+ (-i)- f dx'dx"g,\, (x')g,\, (x")¢(x')¢(x'')+ ... l 

2! 

Mbl 6y,neM llOJiaraTL TOKH g CJiy'laHHLIMH. 

2. 34l4JeiCTbl HHTepliJepeHUHH 3ICCnepHMeHTaJILHO 06Ha-
+ + +- - IT py)J(HBaiOT, cpaBHHBa.ll noBe,neHHe nap 7T -TT - H TT TT , 03-

TOMY B MO,C(eJIL Ha,C(O BBeCTH no ICpaitHeii Mepe .C(Ba COpTa 

3apJI)J(eHHblX Me30HOB /BBO.C(HTL BeCL H30TpHnJieT 6blJIO 6bl 

Ha 3TOM ypoaHe H3JIHWHHM ycJIO)J(HeHHeM/. 3anHWeM S-MaT

puuy B au.ne: 

-
S=Texpl-ifdx[g~(x)¢(x) t g,\ (x)¢(x)] l, /1/ 

r.ne onepaTopLI ¢,¢ cyTL 

¢ ~ ak .p k + b \ ;j_k ' ¢ = ~ a~ ;j k + b k .p --k ' 
/2/ 
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1/J ikx 
k = uke 

1/J -ikx 
, k = uk e 

-I/2. 
,uk=uk=<2wkn) · ; 3; 

H H 0603Ha'laeT HOpMHpOBO'IHhiB 06beM B HMDYllbCHOM 

npocTpaHCTBe. OnepaTophl a< a+) H b(h 1
) OTHOCJITCJI K YHH'I· 

TO:>KeHHIO /po:>K,neHHIO/ TT + H TT -- Me30HOB, COOTBeTCTBeHHO. 

IlycTL Hac HHTepecyeT po:>K,neHHe .nayx "+ -Me-

30HOB C HMDYJibCaMH p
3 

H p1 /Mbl COXpaHJieM HyMepaii,HIO, 

B03HHKWYIO B pa6oTax/R,Y//. B 3TOT npouecc .naeT BKna.n 

BTopo:H 'IJieH paJJIO:>KeHHJI s- Ma TPHII.hl. 

( 2) ( 2) 
A<p~,p 4 )-<0ia a S l<r- · 1 I IS I 0>. /4/ 

. p :1 P ~ P:J P 4 

06o3Ha'laJI I dx g ,\ (x) exp (-ipx) g ,\ (p), npu,neM K BbJ· 

pa:>KeHHIO ,nnB aMnnHTy,nLI, nony'leHHOMY paHee B pa6o

Tax /7-ll/ H nocny:>KHBWeMy OCHOBOB ):{llJI ,nanbHeBWHX 

$H3H'IeCKHX npe,ncKa3aHHB 

g,\.<p,)gA,.(pt) I g,\,(pl)g,\_,(p:l 

A(p. p ) = ----------------·--------- /5/ .l 4 -------
2H \ 4 (d :1 u) t 

HanoMHHM, 'ITO 34l«PeKT HHTeptiJepeHII.HH .naeTCJI ycpe,nHeHHeM 

I Al 2 
no cny'laBHhiM napaMeTpaM A' , A.. H 'ITO y.no6Ho /9/ 

BBeCTH "tiJyHKII,HIO B3aHMHOB KOrepeHTHOCTH ,nByX Me30HOB" 

b(p.p.) = <g, (p.)gl (p.)>,, 
IJ /\ IA J 1\ 

/6/ 

KOTOpaJI C TO'IHOCTLIO ,no HOpMHpOBKH JIBllJieTCJI HH 'leM 

HHhiM, KaK O):{HO'IaCTH'IHOB MaTpHII,eB DllOTHOCTH 

Me30HOB B HMllYJibCHOM npOCTpaHCTBe. 3Ta MaTpHII,a 3pMH· 

TOBa, b*(p 
1
• ,p- )=b(p.,p.)H BO B(;eX paCCMOTpeHHhiX ):{0 CHX 

j j 1 I 14/ 
nop MO,nenJIX tiJaKTOpHJyeTCJI 1 

b(p
3

, P 
4 

)= B(p 
3

>B (p 
4
)b(q), b(O) = }, lioo) = 0. /1/ 

4 .... ~ 

~.necb q =PrP 4 ~~Iq,q 0 l~- lq 11 ,qJ...,q_ol, q 11 ,qJ.- npoeKII.HH 

q B):{Ollb H nonepeK BeKTOpa i)- p 
3 

1 p 
4 

. )J;nJI TO'Ie'IHhiX 

HCTO'IHHKOB Me30HOB R- 1. Y,no6HO eiii,e BBeCTH CHMMeTpHq

HYIO tiJopMy /14 I 

6 

Syrnm(p 3' p 4) 
= l b(p3,p3) 

b(p 4 ,p3) 

) b(p3,p4 

) b(p 4'p4 I 
= b(p3,p 3)b(p 4'p4) + b(p 4 ,p3 )b(p3 ,p 4)' 

/8/ 

Bbi'IHCllJieMyiO jnpH JII060M 'IHCne CTpOK H CTOJI6II.OB/ Ha Ma· 

Hep onpe.nenHTeJIB. 11MeHHO qepe3 Hee Bhlpa:>KaeTCJI 3~eKT 
HHTeptiJepeHII,HH: 

<\A(p ,p >\2 >d .... d.... 2! Syrnm(p ,p ) 
3 4 p3 p = --- 3 4 4 -----

(2!) 
2 

(2rr )
6 

dp3 dp4 

2w3 2w 4 

/9/ 

\B(p3 )\2\B(p 4 >\2 1 b(q) 
--------1 

b(-q) 1 

dp3 dp~ 

2! (2 TT) 
6 2w:l 26> 4 

- I --:1 -• 
3,neCb Mhl c,neJiaJIH H3BeCTHbiB rrepexo,n U ~ _, ( ~ i7) /dp . p . 

B TeopHH HHKJII03HBHbiX rrpoueccoB a,h;· TT
1

TT 
1
X qacTo 

nonLJYIOTCJI K034JtlluuueHTOM KoppenBII.HH k . CorrocTaBJIJIJI 

o6meH3BeCTHOe onpe.neneHHe H 1 ' c /9/, nerKo nony'IHTL 

aa:>KHoe paaeHCTBO R 1 
' - • b(ql':! • 

3. B CTaTHCTH'IeCKOB TeOpHH MHO:>KeCTBeHHOrO po:>K,neHHJI 

3~eKT TO:>K,necTBeHHOCTH o6LI'IHO y'IHTbiBaeTcJI .neneHHeM 

tiJaJoaoro o6'LeMa Ha n 
1 
!n ·)!. / n i - 'IHCJIO qacTHII. cop

Ta i I. 11:3 tiJopMyJILI /91, o,nHaKo, cne.nyeT, 'ITO 3Toro 

He.nocTa TO'IHO, HY:>KHhl eme "cHMMeTpaHTbi" ) t BepoBT

HOCTb reHepaii,HH n Me30HOB pa3HbiX COpTOB j, rrpH'IeM HM· 

rrynLCbi MeJOHOB copTa i o6oJHa'laiOTCJI p 1(;) , ••• , p ~il , 
I I 

rrporropuuoHaJILHa HHTerpany 

. } d!)'k ct ~ , (i) (j) 
\\~------Jll---.1--o (~p~l'lll~:-.mm(p 1 , .•• p l /10/ 

J( 11 . ! k ( 2 i7 y 2 Wk • . . . II 

I 

7 



:H' 
06LPIHO b(qk< 1npH q >> rr., 1 

: , no3TOMY /eM. /9/ I npH 

p 2>>m; H npH npe,IJ,nOnO)KeH~H, 'ITO Me30HLI HCllYCKaiOTC.II 

TO'ie'IHLIMH HCTO'IHHKaMH, CHMMeTpaHTLI CTpeM.IITC.II K 1, 

H 3<WJeKT TO)I(,IJ,eCTBeHHOCTH B /10/ BLipa)l(aeTC.II nHlliL 06LI'i" 

HLIMH $aKTOpHanaMH (n.!)-l .Ho npH He O'ieHL BLICOKHX 

3HeprH.IIX 6onee TIUaTen~HLIH y'ieT 6o3e-cTaTHCTHKH, ,IJ,a

BaeMLIH $OpMynoii: /10/, MO)I(eT CTaTL Cyi.QeCTBeHHLIM; 

,IJ,a H npH n1060ii: 3HeprHH B3aHMO,IJ,eHCTBH.II MO)I(HO C03,IJ,aTL 
+ + 

oco6Lie ycnoBH.II - HanpHMep, OT6upa.11 napLI ,-" - c 6nH3-

KHMH 4- HMnynLCaMH.- KOr ,IJ,a $aKTOpLI S.vmm ,IJ,On)KHLI CTa TL 

3aMeTHLIMH. HMeHHo 3To JIBneHHe Ha6nJO,IJ,anocL B 3Kcnepu
MeHTax /.'3-fil_ 

MLI He 6y,IJ,eM paccMaTpHBaTL 3,IJ,ecL npHMepLI $H3H· 

'ieCKH OCMLICneHHOrO BLI6opa TOKa g A (x), llOKa3LIBaiOI.QHe 

pa3yMHOCTL BLI6paHHOH npOCTOH MO,IJ,enH, a o6paTHMC.II 

np.IIMO K pac'ieTy 3<WJeKTOB pacce.IIHH.II Me30HOB. )l;Ba TaKHX 

llpHMepa npHBe,IJ,eHLI B /IpU/IOJICeHUU. 

§2. BAU.RHue nepepacce.RHUJI Me3oHoe Ha ux 
UH11lep(JepeHijU10 

1. CHaqana H3Y'IHM BnH.IIHHe nepepacceHHH.II Ha npocToii: 

MO.D.enu, 3TO no3BOnHT BLICI<a3aTL o6mee npaBuno. BcTaBHM 

B S ·MaTpuuy /1/ qneH """B3aHMO.D.eii:cTBH.II 

. - ') -q 

S ~ T exp 1-i I dx (g A~) + gAo t \ c:b- c/J -)!. /11/ 
(2) 

Ilpu pa3nO)I(eHHH 3I<cnoHeHTLI B PH.D. qneH S Me)KJJ.y 

o6I<na,IJ,KaMH !0:- H < lp31p 4 ! no-npe)I(HeMy ,IJ,aeT po)KJJ.eHHe 

napLI "+" +, a qneH S ( 3 l- ee nepepacce.IIHHe 

( 3) (3) 
A ( p 3 , p 4 ) = < 1 1 I s I 0> 

P3 P 4 

= (-i)~Tfdx"<:l 1 !A¢"'¢'"¢"'¢-"'jax'dx"¢~"!0>x 
3! 1>3 p 4 

x gA, (x')~, (x"), 
/12/ 

8 

'I '3 I 
r,IJ,e o6o3Ha'ieHo, KaK B1 · ', ¢ '=¢ <x ') H T • .IJ.. ,LJ;ena.11 BCeBo3-

MO)I(HLJe CBepTKH, npHXO,IJ,HM K cne,IJ,yiOIUHM 'ieTLipeM ,IJ,Har· 

paMMaM, ,IJ,aiOI.QHM B 3TOH MO,IJ,enH O,IJ,HHaKOBLIH BKna,IJ, B 

npouecc /puc. 1/, 

+ 

x ),. x l. 

I I + 

r r A"' 

P. P, Ft Fl. 

x AN X .,.. l ,.. A' "'. 
' I \ I \ I 

• + • . + . •• + " - .• A''' 

2 

A(2+3) = ~i) -===I g,\ ,(p3)g,\,$p4 )+ g,\, (p4)g,\, (p3 ) + 

2!11 y 4w3 (v 4 

+ 
- i 4/\ dp-->1 
----f-

2 
3 (2lT) 2w l 

dp-->2 
--- o(pl + P2- P3 -p4 )g..\ ·<P1 >g,\,(p4 > · 
2w2 

/13/ 

Ilpe,IJ,cTaBHM I 13/ B BH.D.e 

') -) -)' /14/ 
(2t.3)_ (-il_~ ·~ dp 2_ T ) ./' I I 

A . j --· -- g, ,(pIg, ,(p.,) l'·> P.IISIPtP'l >. 
2! 0 . I . I 1\ " - ., - . 

v2wl v2w2 
r,IJ,e llO.IIBn.lleTC.II .D.BYX'iaCTH'IHa.ll MaTpHUa pacce.IIHHJI 
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<p P \SIP P >=o<p -p >o<p -p >+ o<p -p >o<p -p >+ 
34 I 2 I 3 2 4 I 4 2 3 

+ 
i8 (p + p -p - p ) - 4A 

I 2 3 4 - . --
4 I/ 2 
II (2uJ i) 

3(2 TT} 2 
/15/ 

I 

XoTJI nepaoHa'iaJibHaJI MaTpuua /11/ 6biJia yuuTapuoii, 

MaTpHUa ,\(:! 1 ;\) y)l(e He 06Jia.D.aeT YHHTapHOCTbiO. 0.D.HaKO 

HeTPY.ll.HO .D.06HTbCJI YHHTapHOCTH .ll.BYX'iaCTH'iHOH MaTpHl{hl 

pacceJIHHJI /15/ npu s (p 3 -1 p 4>2 ::_ (4m" >? KOr.D.a, xpoMe 

ynpyroro pacceJIHH.JI, HHKaKue .IJ.pyrue npeapall{eHH.JI nap 

rr -MeJOHOB HeBOJMO)I(Hhl. BBe.IJ.eM B /15/ BMecTo $aKTopa 

- 4\ I;H277):! aMnJIHTY.!J.Y pacceJIHH.Il 1 + 2 ·• :1-1 4 
f(p 1 .p 2

,p:l'P _,.> -~1\(s.tL Tor.D.a MO)I(HO noKaJaTh/1'>/,'-iTO 

ycJIOBHe .ll.BYX'iaCTH'iHOH YHHTapHOCTH HaJiaraeT Ha paJJIO

)I(eHHe /\( s, t) no napuuanhHhiM BOJIHaM cne.D.YIOll.lee orpaHH

qeHue: 

ln1 Af ( r·) 
? 

K(r•) ;Ap (r·)\- , /16/ 

r.D.e o6oJHa'ieHo 

s - 4w 2 s - 4m 2 

I' c ---- 17-- ' K (I') •. \ _____ .!!.__ /17/ 
4m2 s 

17 

PeweHHeM ypaaHeHHB /16/ BBJIBeTcB 

Ar (J!) ,. \ --~- expl i<')p (,.)J sin8r,(,.), 
s - 4m- · 

TT 

/18/ 

r.D.e o p - .D.eHCTBHTCJibHaB cPaJa. 

3Toro .ll.OCTaTO'iHO, 'iT06bl CcPOPMYJIHpOBaTb npaBHJIO 

y"leTa nepepacce.JIHHB MeJOHOB, He CB.J13biBaB ce6B C KaKoii

JIH60 onpe.IJ.eJieHHOH MO.!J.CJlbiO B3aHMO.D.eHCTBHB. IlyCTb ,\' , 

,\" CYTb BCTO'iHHKH TO)I(.!J.CCTBeHHbiX Me30HOB. Tor.D.a cyM

Ma aMnJIHTY.ll. llpJIMOrO po)I(.!J.eHHJI H pO>K.D.eBHJI, COnpOBO>K

.D.aeMOrO pacce.JIHHeM, ecTh 

10 

I 

' 

\ 
l 

A(2+3)=- --~-~~ g ~(p3 )g,\ ,<p 4 4g,\ ,(p 4 )g ,\, (p 3 >+ 

2!0(4(L)3(L)4) /19/ 

. 8 f + 1-- . 
TT 

-> -> 
dp I dp 2 

~1 2(L)2 

4 
g,\,(p/g,\,(p2)8 (pi+p2-p3-p4 )A(s,t) l, 

r.D.e 

oo -I i8 (v) 
A(s,t)= l ·A

0 
= [K(v)] l (2f + I>P

0 
(costl)e f sin8

0
(J/), 

f=O L f l l 

2 2 2 
(L) I, 2 = P I, 2 + m rr /20/ 

H I! - yrOJI pacceBHHB B C.l{.M. MeJOHOB, l'OS IJ = 

I; r I; ':l / ril:1 .\ !I;; I . B TaKOM BH.IJ.e cllopMyJia OTHOCHTCB 

K nepepacceBHHIO JI106hlX 6ecCnHHOBhlX TO)I(.IJ.eCTBeHHhlX qac

THU, pO)I(.IJ.eHHbiX HCTO'iHHKOM g ,\ , KaK npH CHJibHOM, TaK 

H npH 3JieKTpOMarHHTHOM BJaHMO.D.eHCTBHH Me)I(.!J.Y HHMH. 

,LJ,JIB nap HeTO)I(.IJ.eCTBeHHhlX 'iaCTHUr KOr.D.a C'iHTaeTCB, 

'iTO HCTO'iHHK A' ucnycxaeT " · c HMnynhCOM P.1 , a 

/.. "-"-- c HMnynbcoM I; t. Ha.IJ.o oT6pocHTh a /19/ 'iJieH 

g..\' (p4 )gA ,(pi) H cPaKTOp H/77 nepe.IJ. HHTerpaJIOM JaMeHHTb 

Ha 4/rr. MO)I(eT 6hlTb, CTOHT nO.IJ.'iepKHYTb, 'iTO B paMKaX 

npHH.IITOH HaMH MO.D.eJIH JIHHHH 1 H 2 Ha puc. J OTBe'iaiOT 

peaJibHhlM, a He BHpTyaJibHhlM 'iaCTHl{aM. 

2. Hac HHTepecyeT HHTepcllepeHl{H.Il B3aHMO.IJ.eHCTByiO

ll{HX Me30HOB. ,LJ,JIB 3TOrO HY)I(HO nO.IJ.C'iHTaTb K.Ba.IJ.paT MO.D.y

JIB aMnJIHTY.ll.hl I 19/. IloKa)l(eM, 'iTO BKJia.D. BJaHMO.D.eiicTBHB 

B HHTep!lJepeHl{HIO onpe.IJ.eJIBCTC.JI TOJibKO BeJIH'iHHOH lm A(s,t)
B TOM CJiy'iae, KOr .D.a CJiy'iaHHble HCTO'iHHKH ,\ ',..\" pacnpe

.IJ.eJieHhl O.!J.HHaKOBO. 

B CaMOM .!J.CJie, O.!J.HH H3 nepeKpeCTHbiX 'iJieHOB B KBa.IJ.

paTe MO.!J.YJIB aMnJIHTY.ll.hl A( 2+3 ) ecTb 

g ,<p )g (p )(8/rr)Jlf' ,(p )g* (p H-iA*(s,t>Jx 
,\ 3 ,\" ,\ I ,\" 2 

dp 1 
X---

2(L)l 

dp->2 4 
-- 0 (p 1+ p 2- p 3 - p 4) + K.C • 

2(L)2 

Ilocne ycpe.IJ.HCHB.JI no ,\:A" nony"'BM 

/21/ 

11 



.... .... 
8 dpl dp 2 4 
-f-- -- 0 (p +p -p -p )b(p ,p )b(p ,p ) X 

rr 2w
1 

2w
2 

1 2 3 4 3 1 4 2 

x [-iA*(s,t) + K.c.), 

C ytJeTOM /7 I HMeeM 

.... .... 

8 dp1 ~~ 0 4 (p + p - p 3 - p 4) X -f--- l 2 
TT 2wl 2w2 

4 2 
x V IB(pill b(p 3 ,p 1lb(p 4,p 2 l2lmA(s,t) = 

.... 
16 _dp 1 

= -f 
rr 2w 1 

.... 

dp2 4 -p ) X 
--0 (p l +p 2 -p 3 4 
2w 2 

4 2 2 
x II IB (p_ >I lb(p ,p >I ImA(s,t). 

1 I 3 1 

/22/ 

/23/ 

3,IJ,ecL ytJTeHo coxpaHeHHe 4-HMnynLca npu nepepacceH

HHH. K TaKOMY :>Ke Bhlpa:>KeHHIO npHBO,IJ,HT H BTOpOB nepe

KpecTHLiii qneH. Cne,IJ,oBaTenLHo, ,IJ,eiicTBHTenLHaH qacTL 

aMniTHTY.IJ.LI pacceHHHH He ,IJ,aeT BKITa,IJ, B HHTepdJepeHI.{HlO 

TO:>K,IJ,eCTBeHHhiX qacTHU. TaK KaK o6LI'IHO P.cA =-- ImA, nepe

pacceHHHe Me30HOB ,IJ,OIT:>KHO cna6o CKa3LIBaTLCH Ha HX HH

TepdJepeHI.{HH. 

H3 BH,IJ,a dJopMynLI /19/ cne,IJ,yeT H .IJ.pyroe o6ll.{ee 

YTBep:>K,IJ,eHHe: CHITI.HOe B3aHMO,IJ,eHCTBHe He MeHJieT BLICOTLI 

HHTepdJepeHI.{HOHHOrO nHKa. B TOtJKe qc=0 /To- eCTL B Bepxyrn

Ke nHKa/ 4Ja30BLIB 06'beM CTJirHBaeTCH B TO'IKY (.,; - 4m ~ ) 
rr 

H HHTerpan B /19/ o6pall.{aeTcH a HynL. CTano 6LITL, 

CHITLHOe B3aHMO,IJ,eHCTBHe CnOC06HO H3MeHHTL ITHlllb CKITOHLI 

HHTepdJepeHI.{HOHHOrO nHKa. B tJaCTHOCTH, OCTaeTCH HeHJ

MeHHLIM aa:>KHoe cooTHorneHHe: /nHK npH q= 0 J: 1 4JoH npH 

q= 0 I = 2:1. K 3neKTpoMarHHTHhiM BJaHMO.IJ.eiicTBHHM, 

o6na,IJ,aiOIUHM nonJOCOM Ha rpaHHUe liJaJoaoro o6'beMa, 3TH 

paccy:>K,IJ,eHHJI He OTHOCJITCJI. 

12 

3. Ilepeii,IJ,eM K tJHcneHHhiM oueHKaM. Hx Mbl npo,IJ,enaeM, 

Ja,IJ,aB TOK B npocTeifrneM BH,IJ,e g,\,(x') ~ n4 (x'-x0) /yc

ITO:>KHeHHe MO,IJ,enH Marro CKa:>KeTCH Ha HTOre pactJeTOB/. 
Tor,IJ,a 

g,\,(p)c- exp(-ip\;), 
, -··~, , 

px " p r - !o t , 
0 0 () 

TaK KaK HHTepdJepeHI.{HH npOHBITHeTCH ITHlllL npH MaiTOM OT

HOCHTeiTLHOM HMnynLce Me30HOB q , OCTaBHM B /20/ 

nHrnL tJneH S-pacceHHHH <1~ 0 l 06oJHatJHM f=·x0-x'0 , 
TOr,IJ,a /19/ MO:>KHO nepenHCaTL B BH,IJ,e: 

exp [ - .L p (X, + X " )) 
A(2 + 3) = 2 0 0 

--2! n--(4-w w ) liz ! exp [ -1 q,;] + exp [ J.q ~] + 
3 4 2 

/24/ 

+ _ 8i io ---- e o 

TT V * 
f dpi dp2 

2w*2w* 

. *"'"* 4 e-lps, o (p~+p~ -P*)!. sin o0 

1 2 

3,IJ,eCL MLI BOCnOITL30BanHCL He3aBHCHMOCTLIO Ao OT t , 
KOBapHaHTHOCTLIO nO,IJ,LIHTerpanLHOrO BLipa:>KeHHH H 0603-

HatJHITH 'Iepe3 p 1 
, v* HMnynLC H CKOpOCTL Ka:>K,IJ,OrO H3 

Me30HOB B HX C.I.{.M. HHTerpan paBeH 

"ir*! 
_, -') 

• : '·' <'-·1.' 
smjp 'is· ' 

/25/ 
rr ,. I 1 1 -• 1 2. ·J . • 2 -i v ·· exp - -ff 1 p · :C: ' ! I , 

\/---;- fJl! liT *i 
3,IJ,eCL Mbl npH6ernH K npH6ITH:>KeHHIO sin x/x cxp <-x 2 /o) .x/ "1, 

B03Bpall.{aHCL B nepBOHatJaiTLHYIO CHCTeMy OTCtJeTa, 
~ 2 ·) •) 

ytJTeM, 'ITO .;p -HHBapHaHT, TaK 'ITO !.;* 1 s = (~ Pl- - ~- . 
B HTOre HMeeM 

/26/ 

(2~ 3l · · __ , 2 <c;P>~s.;- 2 

A -exp(---!·qC:~' exp(-!...qt)' 4ic'
0

osino exp[g__----1. 
2 . 2 . () 24 s 

OcTaeTCH ycpe TTHHTL 1 
-\ U 1 

•
1 l ! ~ no -?, -?" t' t" axo-

...... I' I()' I 0' ()' (). 
)J,Jill.{HM B .;~lr0-r0'.t~l- t~;t. fipe,IJ,nOITO:>KHM, 'ITO BCe 3TH 

BenHtJHHLI pacnpe,IJ,eiTeHLI no rayccy C ,IJ,HCnepCHHMH 

<r'2>-<r"2: R 2 , <t' 2 -- t" 2 ~" ==T 2 Ilocneycpe,IJ,-
0 0 () () 
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HeHHR ceqeHHe, KOHequo, noTepReTKOBapHaHTHMeCBO~CTBa, 
KOTOpMMH o6nanana aMnDHTyna 1261. llpHBeneM OKOHqa
TeDLHM~ pe3yDLTaT 

d\, __ 
4<_., (•)t ~ _, 

1 dp1dp t 

2 

( 
---.~)-- (1 ' \ \ • 
2!) -(2;;)(, ' ' \,). 1271 

rne 

L\ = exp (- ~ ~ 2 - q ~T 2 ) ' 1281 

4 ° 2" 2 1, 2 · 2R 2 sm u 0 q 0 qJ. 
!\'=- ---- exp[---- -----

< 1 + 11) v-r:;:-; 4<1 + v) 4 <1+11) 2<l+v)(l+ a) 

1291 

;\ "= 8 sin 2o
0 

/(1 + 211) \/1 + 2a , 1301 

22 2 22 22 
v = 2.\ P T , 11 = 2.\ s R , a = 2.\ <E R + P T ) , 

1311 
'} 

q-
,.\ =- --- > 0 

24s 
E H P o6o3uaqaroT cyMMapHLie 3HeprHro H HMnynLc napM 
Me 30HOB. l.lneH \ BLipa)l(aeT HHTep4JepeHl(HOHHLI~ 3414JeKT 
6e3 nonpaaoK ua ;;rr -pacceRHHe, '.' - nonpaaKy K HHTep-
4Jepeuu;HoHHOMY qneuy, \ "- nonpaBKY K 4Jouy. <l>opMyna 
127 I nocTaToquo rpoMoJnKa, H BMecTo nee MO)I(HO HHorna 
nonL30BaTLCR npyro~. naroll(e~ nng 34l4leKTa rrrr -pacceRHHR 
oueuKy caepxy. Oua nonyqaeTcR H3 1191, ecnH non HHTer
panoM nODO)I(HTL g (p )g (p )= g (lf2P)g (Jf2p) HDH 

,.\' I ,.\" 2 ,\' ,\" 

ecnH JaMeHHTL B 1241 exp (-ip*f*) enHHHu;e~. llonyqaeM 
BMeCTO 127-311 6onee npOCTLie BLipa)l(eHHR, KOTOpMe cnpa
BennHBM npH D106MX npennoDO)I(eHHRX 0 liJYHKl(HJIX g, (x) H 
fJ • 1\ 

• L\ = lb(q}/b<O>I 2 , .~'.'=- 4sin 2o0 I b(q/2)/liO>f 2 • 

1321 
A, 8 o 2<o 
L\ = Slfl UO' 

B OTCYTCTBHe pacceRHHR o
0 

- 0. 

14 

TenepL BOCnODL3yeMCJI npH6DH)I(eHHeM nnHHLI pacceg
HHR 0 O = ap*, ,lJ;nHHa pacceRHHJI a B COCTORHHH C H30-
CnHHOM 2 I rr ± rr ± -pacceRHHel ecTL aenHqHua nopRnKa 
-0,1 m; 1 1161. YqTeM ell(e, qTo q 2 + 4lp*l 2 ~ 0, a nng nap 
nocTaToquo 6LICTPLIX Me30HOB q2,., -q3_ .CnenoBaTeDLHO, 
4Ja3a o0 BDHReT DHWL Ha cneKTp q~,HO He Ha cneKTp q

0
; 

HO H BDHRHHe Ha cneKTp Q_j_ ,KaK 3TO cnenyeT H3 Ol(eHKH 1321, 
Mano: TaK, npH CU ~ n_:rr MM HMeeM 8

0 
~- O,OG, nonpaaKa ua 

rrrr-pacceRHHe B 3TOH ToqKe cneKTpa ecTL aenHqHua no
pRnKa 20/o. 

ToquM~ pacqeT no 4JopMyne 127 I lecnH B3RTL paJyM
HMe 3HaqenHR napaMeTpoB R - T - 0 Gm;; 1 , E - P · 7 m rr 1 
TaK)I(e naeT DHWL ManLie nonpaBKH K 34J4JeKTY IB TpeTLeM 
3HaKel. llonpaBKH He 3aBHCRT OT 3HaKa 4Ja3LI; OHH y6LI
BaiOT, Korna B03pacTaeT cyMMapuag 3HeprHR Me3ouoa E ; 

+ + MaDOCTL HX o6yCDOBDeHa MaDOCTLIO 4Ja3LI rr-rr--pacceg-
HHR, BXOnRil(e~ B 4JopMyDM B BHne sin2 o O • 

§3. 3aKAIO'I€HUe 

B eTa TLe noaenenLI "no qHcna" nHWL pacqeTLI nonpa
BOK Ha CHDLHOe B3aHMOne~CTBHe nap TTTT B COCTORHHH 
C H30CnHHOM 2, nOCKODLKy Ha OnLITe noKa nocTynua H3-
MepeHHIO DHWL HHTepliJepeHl(HR nap rr ± rr ± • K cqaCTLIO, 
3TH nonpaBKH npeue6pe)I(HMO ManLI. B cnyqae HHTepliJepeu
UHH npOTOHOB, HcnycKaeMLIX BLICOKOB036y)l(nenHLIMH Rn
paMH, HDH nap rr "rr 0 IKorna 4Ja3LI pacceRHHR MHoro 6onL
we, qeM nng nap rr±rr ± I 3TH nonpaBKH MoryT oKa3aTLCR 
3aMeTHLIMH lnng npOTOHOB cne,nyeT K TOMy )l(e yqeCTL 
H KYDOHOBCKHe nonpaBKHI. 8- MaTpHqHLJB MeTon, npHMe
HeHHbiB 3necL Ia qacTHOCTH, 4JopMynbl I 191-1201 I no-
3BODReT B llpHHl(Hne paccqHTbiBaTL H 3TH 6onee CRO)I(HLJe 
cnyqaH. 

KpoMe Toro, liJOPMYDLI §1 MOryT RBHTLCJI OCHOBOB 
cpaBHHTenLHO npocToro pacqeya pa3nHqHLIX Moneneii MHo
)l(eCTBeuuoro po)l(,neHHR; yqey HHTepliJepeuu;HOHHLIX qneuoa 
B 4JopMyne 1101 naeT no6aaoqnLiii cnoco6 npoaepxH 3THX 
Mo,neneii. 
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Jl XOTCJI 6bl no6Jiaro,D;apHTb MHOrHX 4JH3HKOB )J,y6Hbl, 
6eCC,ZI;bl C KOTOpbiMH nOMOrJIH MHC pa3o6paTbCJI B BOnpocax, 
no,ZJ;HJITbiX B cTaTbe: C.M.IiuneHbKoro, ,D,.IO.Iiap,ZJ;HHa , 
li.H.Banyeaa, B.n.nro6owuua, n.H.nanu,ZJ;yca, B.H.Orue
aeuKoro, H.B.ITony6apHHOBa, A.T.$ununnoaa H oco6eHHo 
M.H.llo.D;ropeuKoro. 

JipUAOJIC€HU€ 

fioKa)KCM nOJIC3HOCTb CXCMbl pa3,ZJ;. 1 ,ZI;JIJI peWCHHJI BO • 
npoca o caoiicTaax napTOHOB. PaccMoTpHM ,ZJ;JIJI 3Toro ,ZJ;Ba 
o6pa3Ua pO)K,ZJ;CHHJI nHOHOB He3aBHCHMbiMH HCTO'IHHKaMH. 

1. HCTO'IHHKH - OCUHJIJIJITOpbl, HMCIOll{HC KOHC'IHbiC pa3-
Mepbl a, a, c, C)KaTble B,ZJ;OJib ocu BJaHMO,ZJ;eiicTBHJI / c=a/y, 
Y "JIOpCHU·4JaKTOp/, H HMCIOll{HC BPCMJI lKH3HH h/['. )J,JIJI 
npocTOTbl npHMeM, 'ITO ux KpaJI paJMbiTbi. Tor,ZJ;a 

(x'-x o>2+(y~yo)2 (z~J:o)2 
g (x') = exp[---------- ---J x 
A 2 '> 2a 2c ~ 

xexp[-(iE+ £.)(t'-t
0
)]8(t'-t) 2 0, /IT.1/ 

A=lx,y,z,t,EI. 
0 0 0 0 

l.J,eHTpbl OCUHJIJIJITOpOB H MOMCHT HX BKJIID'ICHHJI pacnpe,ZJ;e
JICHbi no HOpMaJibHOMY JaKoHy c napaMeTpaMH A,A,d=A/y), T, 
a napaMeTp E - OT _,., ,ZJ;O +oo paaHoMepHo 

2 2 2 2 
xo-+ Yo zo to 

p(A)dA= exp[- ----- --] exp(- --)df
0

dt
0

dE. /IT.2/ 

2A
2 

2c
2 

2T 2 

Tor,ZJ;a HMeeM 

exp[-ip r'o+ iwt; l 1 2 2 2 2 
g,,(p)= exp[--(p,a +pile)]. /IT.3/ 

1\ I'/ 2 + i(E' - w) 2 ... 

Pacnpe,ZJ;eJieHHe HMnyJibCOB nap rr±rr ± ,ZJ;aeTCJI BblpalKeHHeM 

16 

. ->-.; 2 2 2 2 
W(pl,p2)dpldp2=1B<p1)1 IB(p2>1 ljb<OJI +lh<q)j 1 dpldp2 

-6--

( 27) 2.rul 2w 2 

/IT.4/ 

r,ZJ;e 

]B<p. >1
2 

= exp[-a2<p_2 + Y-2P~ I)] 
I I J._ I 1 

(i=l,2), /IT.5/ 

lb(q)~2 exp<-qiA
2
-qf

1
c 2-q!T 2

>/[1+ (q/1)2] ·/ll.6/ 

H3 /ll.5/ CJie,ZJ;yeT MaCWTa6HaJI HHBapHaHTHOCTb HMnyJibC" 
Horo cneKTpa (<pIT>- y 2) , a TaKlKe He,ZJ;aBHO o6HapylKeH
HaJI/l?/3aBHCHMOCTb \\ OT KOM6HHaUHH pi + y- 2pJI 

2. HcTO'IHHKH MeJoHoB - TO'IC'IHble OCUHJIJIJITOpbl, ,ZJ;BH
lKYU{HecJI XaOTH'ICCKH B nonepe'IHOM HanpaBJICHHH /18/ H CO 
CKOpOCTbiD v - B npO,ZJ;OJibHOM: 

(x'-x )2+(y'-y ) 2 
g (x') = exp[- __ _Q ____ o __ ]O[ z'-z -v(t'-t )] x 
A 2 a (t '-t ) 0 0 

/IT.7/ 

x exp[- <iE + ~ )( t'- t 0 )]8 (t'- t
0

) [ 2 rra (t '- t
0

)] -I , 

/noCJIC,ZJ;HHB MHOlKHTCJib o6ecne\fHBaeT HOpMHpOBKy Ha 1/; 
p(A)- npelKHee. Tor,ZJ;a 

exp(-ipr~ + iuJt~) 
g A' (p) = --

2 
--. --------- /IT.8/ 

(ap.l. + l')/2-t i(E'-u, + p v) 

H B pacnpe,ZJ;eJieHHH /IT.4/ HMeeM II 1 B(p .>j 2 = 1, HO 
I 

2 
lb(q)l 

exp (-q 2 A 2 _ q 2 c 2 _ q 2 T 2) 
.L II o 

(q 0 - q v1 2 + [r + ~ (p 2 + p 2 ) ] 2 
2 l.l.. 2..L. 

I b<0>[ 2 = [(1 +a p 2 )(1 + ap 2 » -I 
lJ. 2J. 

/IT.9/ 

/ll.IO/ 
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3AeCL ueT MacwTa6uoii HHBapaaHTHOCTH /Tax xax B /TI. 7 I 
CTOHT 0 ·<i>yHKD;HJI BMeCTO <l>aKTOpa exp(-(z'-z

0
)2/2c 2j, 

HO JaTO .llpH 60JILWBX pj_ BOlHHKaeT MeAJieHHOe CTeneHHOe 

. y6biBaHHe \\ c poeT oM p J. - Hl- Ja 6poyHoBa ABH>KeHHJI 

napTOHOB KoppeJIJID;HH B /TI.9/ HMeiOT He06bi'IHbiB BRA, 

nerxo llOAAaiOID;HHCJI OllbiTHOB npoBepxe. 

3TH ABa npHMepa npHBeAeHbl, 'IT06bl llOKalaTL, 'ITO, 

no-BHAHMOMY, HeTPYAHO llOA06paTL palyMHbiB BRA llHKa 

gA (x), l<OTOpbiH AaBaJI 6bl HMllYJILCHble cnei<Tpbl, cornacyro

ID;HeCJI C OllbiTOM. QeHHOCTL Ha6JIIOAeHHJI HHTeP<l>epeHD;HH 

nap 11± rr ± B TOM, 'ITO ORO AaCT AOllOJIHHTeJILHYIO npoBepxy 

npaBHm.uocTH Bbl6opa g A (x). 
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