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§1. BeeoeHue 

B pa6oTax, npuae,IJ,eHHbiX a o63ope /I/, a3BMyTanbHbie 

,IJ,ByxqacTBqHble KOppemU.J,BB 6blnB npe,IJ,MeTOM BCCne,IJ,OBaHBJI 

npB HB3KBX B cpe,D,HBX 3HeprBBX. He,IJ,aBHO noBBBnBcb 3Kcne

pBMeHTanLHble ,IJ,aHHble no a3BMyTanhHbiM KoppenBI.J,BJIM npu 

ablcoKBx 3Hepru.,..r 
1
4012-41 , 102 /S,o/ 205 / 61 T3B/c 

B 3HeprBBX ISR c PeJynLTaThl 3TBX uccne,IJ,oBaHHii 

06blqHO npBBO,IJ,JITCJI B BB,IJ,e BHKlli03BBHbiX B nonyBHKnl03HB

HbiX pacnpe,D,eneHHH no a3HMyTanbHOMY yrny ¢ Me:>K,D,y 

nonepeqHbiMH COCTaBnJIIOIII,BMB BMnynhCOB .D.BYX qaCTBI.J,: 

cii q.- P2.4-) 
cos¢= _ , 

I P1l. J.\ P2lJ 
a TaK'>Ke B BH,IJ,e 3aBHCHMOCTB K03ti>4JHII,BeHTa aCBMMeTpHB 

B oT pa3nBqHbiX nepeMeHHbiX /pa3HOCTB 6biCTpoT i~Y .D.BYX 

qacTHI.J,, nonepeqHbiX BMnynbcoa qacTHI.J, Pll, P L2 B .IJ.p./: 

TT TT ) N(¢>7)- N(¢< L 
B=-------

N tot 

TT da rr/2 d 
I -d¢- I__!!..._ d¢ 

TT/2 dcp 0 dcp 

J dad¢ 
0 d¢ 

TT TT 
r,IJ,e N( ¢ ·~ 

7
) - qacno nap qacTBU, HMeiOIII,BX yron ¢·"?:._ L , 

N tot - nonHoe qucno nap uccne,IJ,yeMhiX qacTBI.J,, da/ d¢ 
.D.Bcll41epeHI.J,BanbHOe ceqeHBe BHKnl03BBHbiX peaKI.J,BH. 

llpH awcoKHX 3HeprBBX JaBHCBMOCTb Ko3<WIBUBeHTa B 
OT f1 y 06Hap}')KHBaeT ,IJ,Be xapaKTepHble OC06eHHOCTB: 
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1. IIpH 6onLWHX pa3HOCTJIX 6wcTpoT (~y ~ 1,5) napa

MeTp cna6o MeHJieTcJI /a npe,D;enax 5-8~/ c H3MeHeHKeM 

~y He3aBHCHMO OT 3apJI,Il;OBOH KOM6HHaUHB napw "l.faCTBU. 

3ToT 34Ml>eKT ,D;anLHHX KoppenxuBii ( long range correlations ) 

B3y"'eH a paMKax KnacTepHoii Mo,D;enB H o6ycnoanHaaeTcx 

B OCHOBHOM 3aKOHaMH COXpaHeHHH 3HeprKK-BMnynLCa. 

2. IIpH Manblx 3Ha"l.feHKJIX 6blcTpoT (I~ y I < 1) Ha6mo

,D;aeTcJI 34icPeKT 6nK:>KHHX KoppenJIUKH (short range correlations), 

3aBKCJIIUHH OT 3apJI,D;OBOH KOM6KHaUHH napbl "'aCTHU. ,[l;nJI 

HeTO)I(,D;eCTBeHHhiX nap qacTKU Ko34Mt>KUKeHT B npK I~YI: 0 
3Ha"'KTenLHO 6onLwe, qe~ FJI To>K.IJ;eCTBeHHhiX: B +- (~y- 0-::. 
: 0, 10 , B ± ± (~y- 0) "'0,02 ' 6 . YKa3aHKe Ha aHanorK"'HhiH 

34Mt>eKT nonyqeHo TaK)I(e npK 3HeprKHX FNAL 161 H ISR /B/. 
IIpK 41KKCKpoaaHHOH MHO)I(eCTBeHHOCTH (n) a3KMyTanL

Hhle pacnpe,D;eneHHJI MO:>KHO 3anKCaTL H3 KHHeMaTK"'eCKHX 

coo6pa)l(eHKH B BK,D;e /9 I: 

d a _ 1 _ ...!. B Cffi¢ , --- 2 
d¢ 

/1.1/ 

r.ne 

1 
B= --, 

n-1 
/1.2/ 

T.e. B He 3aBHCHT oT 6blcTpoT paccMaTpRaaeMhiX qacTKU. 

0,D;HaKO HanB"'Be 6nB)I(HHX KOppenJIUBH Me>K.IJ;y "l.faCTHUaMH 

npKBO,Il;HT K TOMy, "'TO npocToe noae,D;eHKe BK,D;a (1-ccost oos¢) 

He BLinOnHHeTCH ,ll;llJI ManhiX ~ y. 
B HaCTOHIUee apeMx 3KcnepRMeHTanLHOe K3y"l.feHRe a3R

MyTanLHhiX KOppenJIUHH HMeeT Ba)I(HOe 3Ha"l.feHBe, HanpK

Mep, ,ll;llJI ycoaepWeHCTBOBaHBJI MynLTBpe,ll;)I(HOHHOH MO,D;enK 

c uenLID Bccne,D;oaaHBJI npBpO,D;hl non10ca IIoMepaH"I.fyKa. 

Bhi"'BcneHBJI, BhlnonHeHHhle ,D;nJI qacTKU B3 o6nacTH nRo

HB3aUBB B npe,D;nOllO)I(eHHH, "'TO noMepOH JIBnJieTCJI npOCThiM 

nonwcoM, npRao;:;JIT K 3aBBCBMOCTH da I d¢ B 41opMe 

( 1-ccost/ S cos¢)' 
10~ 06Hapy)l(eHKe OTKllOHeHHJI 3KCnepBMeH

TanLHOrO pacnpe,D;eneHHJI OT npe,D;naraeMOH 4lopML1 JIBHllOCL 

6bl yKa3aHKeM Ha 6onee cnO)I(HYIO npRpo,D;y nomoca lloMe

paH"I.fyKa. 
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IIpe,D;cKa3aHKJI ,D;nJI o6nacTR4lparMeHTaUHK, ocHOBaHHwe 

Ha ,D;OMHHKP}'IOIUeii ponK nomoca IIoMepaH"'yKa., npKBO,D;JIT 

K OTCYTCTBHIO 3aBHCHMOCTH OT yrna cp ,D;BYX"I.faCTH"'HWX 

pacnpe,D;eneHKH /ll/. 3aBKCKMOCTL cno:>KHoro xapaKTepa 

noJisnJieTcJI, ecnH npe,D;UonaraTL, "'TO noMepoH He xanxeTCJI 

npocTWM nomocoM. 

,[J;aHHwe 3KcnepRMeHTOB noKa3hiBaiOT, "'TO ,D;nJI I ~y I·>- 2 
/T .e. no Kpa:iiHeH Mepe O,D;Ha H3 "l.faCTHU HaXO,Il;HTCJI BHe 

UeHTpanLHOH o6naCTH/ HMeeT MeCTO 3aBHCHMOCTL OT yrna 

¢ B BH,D;e /1.1/. ,[l;pyraJI OC06eHHOCTL a3HMyTanLHWX KOppe

llJIUBH, OTMe"'eHHaJI BWWe, MO)I(eT cny)I(HTL BTOpWM apryMeH

TOM B nonL3Y 6onee CllO)I(HOH npBpO,Il;W nonroca lloMepaHqy

Ka. 

B pa3,D;ene 2 npKBO,D;JITCJI ,D;aHHLie no KHKill03HBHLIM B 

nonyKHKill03BBHLIM a3KMyTanLHLIM KOppenJIUHJIM B TT- p 
B3aBMO,D;eiicTBKJIX npK KMnynLce 40 F3B/c. Hccne,D;oaaHKe 

3aBBCBMOCTB Ko34Mt>BUKeHTa B ,D;nJI To>K.IJ;eCTBeHHLIX B He

TO)I(,D;eCTBeHHLIX qacTBU a o6nacTH I~ Y 1- 0 npBBO,D;BTCJI 

B pa3,D;ene 3. PacqeThl BLinOnHeHLI Ha OCHOBe KnacTepHOH 

MO,D;enK c yqeToM TO>K.IJ;eCTBeHHOCTB TT -Me30HOB. B 4-oM 

pa3,D;ene Ha OCHOBe MO,D;enB He3aBBCBMLIX KnacTepOB 

( independent cluster model) nony"'eHa 3aBBCBMOCTL K0341-

41BUBeHTa aCBMMeTpBB OT pa3HOCTB 6LICTpOT BCCne,D;yeMLIX 

qacTBU. CpaaHeHBe 3KcnepBMeHTanLHhiX ,D;aHHLIX B Teope

TB"I.feCKBX npe,D;CKa3aHHH B3llO)I(eHO B 5 pa3,D;ene. 

2. A3UMy•aAbHble KoppeAJtf4UU e TT- p - e3auMooeilc•euJtx 
npu uMnyAI>Ce 40 F3B/c 

3KcnepBMeHTanLHLie ,D;aHHLie OCHOBLIBaiOTCJI Ha aHallK3e 

-6000 HeynpyrBX TT- P B3aHMO,D;eHCTBHH, 3aperBCTpK-

poBaHHLIX B ,D;BYXMeTpOBOB nponaHOBOH ny3LIPLKOBOH Ka

Mepe, o6ny"l.feHHOH B nyqKe TT- -Me30HOB C KMnynLCOM 

40 F3B/c. Pa6oTLI no MeTO,Il;H"I.fecKoii qacTK 3KcnepRMeHTa 

6wnB ony6nKKOBaHLI paHee ;2 • 121. 
B HacTO.RIUeii pa6oTe npe,D;cTaaneHw ,D;aHHWe no a3R

MyTanLHWM pacnpe,D;eneHHJIM B ,D;BYX"I.faCTH"'HLIX HHKill03HBHLIX 

H nonyKHKill03HBHLIX peaKUH.RX: 

5 



- + + rrp-+rr-rr-+ 

+ rr-p -> TT TT + ,,, , 

a raK>Ke 3aBHCHMOCTL Ko34MIJauaeHra acHMMeTpHH B or 

pa3HOCTH 6biCTpOT ~ y 'laCTHU B 3THX peaKUH.IIX. 

Ha puc. 1 npHBO,IVITCJI pacnpe~eneHHJI dNid¢= - 1-dal d¢ 
rra 

B 3aBHCHMOCTH OT yrna cp ~JIJI TO~eCTBeHHhiX H HeTO>K • ~ 

~eCTBeHHhiX nap TT ·Me30HOB B peaKUHJIX C pa3HOH MHO" 

>KeCTBeHHOCTbiO n • I 
/4 12 

KaK OTMe'lanocL B ' ', npa Manhlx yrnax ¢ Ha6mo-

~aercJI pa3HHUa B noae~eHHH pacnpe~eneHHH dNid¢ ~n.11 
TT ± TT ± H rr+rr-·nap. qT06hl fiO~'IepKHYTL 3TOT 3tWJeKT, 

pacnpe~eneHHJI ~n.11 TO>K~ecraeHHhiX nap /eM. puc. 1-2/ 
6hiJIH HOpMHpOBaHhl Ha COOTBeTCTBYIOIUHe pacnpe~eJieHHJI 

~n.11 rr + rr- nap B HHTepaane T :::; ¢ :f. rr • 3ra pa3-

HHUa B noBe~eHHH dNI d cp COXpaHJieTCJI, eCJIH HCKJIIO'IHTb 

H3 paCCMOTpeHHJI C06hiTHJI C MaJIOH MHO>KeCTBeHHOCTbiO 

/r~e BKJia~ ~H<l!paKUHOHHOH KOMnOHeHThl BeJIHK/, H HMeeT 

MeCTO B nonyHHKJII03HBHhiX peaKUH.IIX n L 6. 
,lJ;aHHhle, npe~CTaBJieHHhle Ha pHC. 2 M.ll TeX >Ke MHO· 

>KecraeHHocreB:, noKa3hiBaiOT, 'ITO pa3Hoe noae~eHHe dN I d ¢ 
o6yCJIOBJieHO napaMH TT "Me30HOB, HMeiOIUHX 6JIH3KHe 3Ha'le

HHJI 6hlcrpor Cl ~ y I .::;: 0.4). ,D;n.11 11acrau c 6onLwoB: pa3-

HOCTLIO 6hlcrpor (I~ yj ·~ 1.6) dNI d¢ HMeer o~HHaKoaoe 
noBe~eHHe, He 3aBHCJI~ee OT 3ap.II~OBOH KOM6HHaUHH naphl 

H npH JII06hiX MHO>KeCTBeHHOCTJIX n • 

Ha puc. 3 a B •a6A. I npaao~HTCJI 3aBHCHMOCTL K03<l!

<l!auaeHra acHMMeTpHH B or pa3HOCTH 6hlcrpor ~y TO)K· 

~ecraeHHhiX a Hero~ecraeHHhlx qacrau. H3 3THX ~aHHhiX 

BH~Ho, 'ITO napaMeTp B npa MaJihiX 3Ha'leHHJIX ~y 3Ha

'IHTeJILHO 6onLwe ~JIJI rr +rr- -nap qacrau, 'leM M.ll rr± rr± , 

a ~JIJI 6onLwax pa3HocreB: 6hlcrpor BeJIH'IHHa B B npe~enax 
OWH60K He 3aBHCHT OT 3ap.II~OBOH KOM6HHaUHH naphl H CJia6o 

3aBHCHT OT pa3HOCTH 6hiCTpOT ~ y. 
Ha puc. 2 H 3 ~n.11 nonyHHKJII03HBHhiX peaKuaii npaao-

~JITCJI ~aHHhle TOJILKO ~JIJI n = 6,8, r~e CTaTHCTH'IeCKHC 

OWH6KH eme n03BOJIJIIOT Ha6JIIO~a Tb 3tWJeKT. 
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1.-----------t---------, 
2 ~n420 6~n,20 

* ' * ~ ~ * ,. .... ,~* ...... \++ 

•••• • ••• 
9 I 

0 1V2 7T 0 TT/2 -If 

; n=' f * n..6 

c ~ 4 ~ t I r ~ ~ r " 
o- + ~ I I I * 
~ ~ ~ K ~ f + + + i 

I I 
o wz ao ~z ff 

n~ n=W 

~~.. i+\\ 
,+1111•'•~' lll~f·'·t+ 
•••• • •• fl. 

~ -·- -J- r. 
0 1Tj2 .7 0 Tflz 

Puc. 1. Pacnpei:JeAeHUJI dN I d¢ e 3aeucuMocmu om a3u
MymallbHOZO yz11a ¢ 011.11 moJKi:JecmeeHHbiX u HemoJKi:JecmeeH
HbiX nap TT • Me30H08 8 rr- p- peaKJ4UJIX C pa3HOU MHOJKecm
eeHHOCmbiO npu 3Hepzuu 40 F3B/c. /Ha puc. 1-3 eeeoeHbl 
o6o3Ha'leHu.R: + - 011.11 moJKoecmeeHHbiX, ~ - 011.11 HemoJK· 
oecmeeHHbiX nap 3ap.RJKeHHbrx nuoHoe/. 

TaKHM o6pa30M, 3KcnepHMeHTaJILHhle ~aHHLie no a3H" 

MyTaJILHblM KOppeJIJIUHJIM Me~y nHOHaMH B TT- p • B3aHMO • 

~eB:cTBHJIX npa HMnynLce 40 F3B/c o6uapy>Kaaaror 3til4>eKTLI 

KaK 6JIH3KHX, TaK H ~aJILHHX KOppeJIJIUHH, KOTOpble Ha6JIIO~a
JIHCb H B ~pyrax 3KcnepaMeurax npa 3HeprHJIX FNAL H ISR. 

B 3aKJIIO'IeHae 3Toro pa3~ena cne~yer orMeTHTL, 'ITO 

npH cpaBHeHHH ~aHHblX no KOppeJIJIUHJIM B rr-p ·B3aHMO" 

~eB:cTBHJIX npa HMnynLce 40 F3B/c c M,Y.JILTHnepa<l!epa'lec

KOH KnacrepHoB: MO~enLro a pa6orax 
1 4

• 
12 I pac'leTHLie 

KpHBLie He y'IHTLIBana 3til4>eKTa ro:>KAecraeHHOCTH qacrau, 
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•• 2.:s:;nS.20 aSnSZO ..• ..• --.. 
16lt SQ.' lb.'t1SQ.4 l11v1.51U IA'rt:SGA. 

LS ' 

\D 

t t I 
t I 

+ ' f I t t' f f f I I !II I I+ .. ~ I I +t II ~ 
> t+t+l ,., h lttUftlf f ftlff(f I 

t I I I I I I I I I I I I I I 1 I I 

' l&YI~tl 16YI~1.6 ~Y\2L6 16YI?:.l6 

t t+tl ,, " t)+-"11 ,-11 
u It I t1 I I f :P" 

~ : t t I t+ t I H I II til i I I l 
t t I It ; I ... - - . - . ,. .. -'h -- "!2 . ,, 

Puc. 2. To JICe, ~1110 Ha puc. l,OAJI oeyx 3HQ'l€HUii pa3HOCIIIU 
6bJCIIIpOIIl: I~ y I 'S. 0,4 I~ y I ~ 1,6 . 

• 
2,'\:t,,20 6(ndl420 n,h•6 "ch"' 

I I 1 i1 ~ t -l:il{l~ 1 1i\l~ 1~ llttdfj t t )(1 t t ( 
I 

·" 
·" 
·'' 
,06 

,02 

t 1.6 1JJ 28 ~ l6 "'""20 :1,8 f1.6,V:l,8 r 1.6.Vl.8 
AY t AY AY 4Y 

Puc. 3. 3aeucuMOCIII& Ko3t}jfPU1JU€HIIIa acuMMelllpuu B 0111 
pa3Hoc•u 61>rc111po• I~ y I IIIOJICOec•eeHH&rx u HellloJICc}ec•aeHH&rx 
nap 1T - Me30H06 6 1T- p -pifaKflUJlX C pa3HOU MHOJICeC1116eH
HOCIIIbiO npu 3Hepzuu 40 F3B/c. 
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qTO,B03MO~HO, HBHllOCL npuqHHOH Hey~OBneTBOpHTenLHOrO 
OUHCaHHH a3HMyTanLHLIX I<OppenHD;HH B o6naCTH ManLIX yr
noB ¢ /B TO apeMH I<ai< ~ByxqacTuquLie I<oppenHn;HH no 
6LicTpoTaM qacTHU noi<a3anu I<aqecTBeuuoe cornacue c oc
HOBHLIMH nono~eHHHMH 3TOH MO~enu/. 

3. A3UMymaA&H&re KoppeA.Rf.IUU MeJICOY moJKOecmeeHH&rMu 
u HemoJKOecmeeHH&IMU 'lacmuf.laMu, poJKOaJOU#UMUCJI U3 OOHozo 

~ KAacmepa 

B CTaTHCTuqeci<oH 6yTcTpan-Mo~enu I<034xjJHn;HeHT acuM
MeTpHH onpe~enHeTCH qucnoM qacTHU v, ua I<OTopoe pacna
~aeTcH I<nacTep /! 3/: 

1 
BIF= v-1 /3.1/ 

3ToT pe3ynLTaT, nonyqeHHLIH c npuMeueuueM pacnpe~enenu.R 
EonLn;Maua, ue yquTLIBaeT To~~ecTaeuuocTH qacTnn;. He-

- X . p .... IJV nonL3Y.R cTaTncTuqeci<HH no~xo~ are~opua u au..,Ta · ·, 
I<OTOpLIH OHH npHMeHHllH ~n.R nonyqeHH.R o~uoqacTHqHLIX 

cnei<TPOB, MO~Ho nonyquTb ~ByxqacTuqHLie pacnpe~eneuu.R 
u BLipa~euue ~n.R I<034xjJnn;ueuTa acnMMeTpHH B c yqeToM 
TO~~eCTBeHHOCTH 'laCTHD;. 

Cor nacuo ' 1 1·,, aepo.RTHOCTb W ( u ik ~ n ) o6uapy~HTb 
l/ik = n 'laCTHD; COpT a k C HMUYJibCaMH p i eCTL *: 

W ( v _ ) z ( v . =n) 
ik - n = __ _t_h__ 

z 

r~e Z - UOJIHa.R liJyHI<D;H.R COCTO.RHH.R CHCTeMLI: 

z I 
Vik 

n xik 
vik ik 

1 ,_ 2 2 
x =exp[-- ,, P. +m kl. 

i k T v I 

/3.2/ 

* 3~eCL HCUOJIL3YIOTC.R o'npe~eJieHH.R H 0603HaqeHH.R, npu
H.RTLie B / 14.' /npuno~euue 1/. 
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<l>yHKUH.Il COCTO.IIHH.Il Z MO)KCT 6LITb npe,IJ;CTaBJieHa B BH,IJ;C: 

Z = II z .k =II (II z . k ) "' II z k , 
i,k I k i I k 

/3.4/ 

r,IJ;e 

z.k=~Xv __ 
I V ik-

1 /3.5/ 
1-x ik 

~OpMaJibHO MO)KHO C'IHTaTb ~YHKU:HCH COCTO.IIHH.Il raJa, co

CTO.Il~ero Hl Heonpe,IJ;eneHHoro 'IHCJia EoJe-qacTHU: O.IJ;Horo 

COpTa k H O,IJ;HHaKOBLIMH HMllYJILCaMH p. , H 
I 

zak 
zk =II z k =Zikii--, 

a a a zik 
/3.6/ 

T .e. ~YHKU:H.Il COCTO.IIHH.Il CHCTeMLI, COCTO.Illu;CH H3 O,IJ;HOro 

COpTa (k) 'laCTHU:. Z ( v ik =n) - ~YHKU:H.Il COCTO.IIHH.Il Z 
BLI'IHCJieHHa.ll ,IJ;JIJI CJiy'laJI V ik = fl • 0Ha MO)KCT 6LITb llOJIY'ICHa 

H3 z k ( v .k = n) , npH ycJIOBHH, 'ITO z i k = ~ x vik .IJ;JIJI 

v =fl 
1 

n V·k 
ecTL npocTo xi k , no3TOMY 1 

ik 

n Zk 
z k ( vik =n)=\k -z-. 

ik 
/3.7/ 

z 
TaK)KC B TO)K,IJ;eCTBe z, z k ( z'"j)' JaMCHHB MHO)KHTCJib Z k 

Ha Zk (vik=n) H3 /3.7/, llOJIY'IHM: 

xn 
z (v = n) = --...J..k.._z • /3.8/ 

ik zik 

BepoJITHOCTh W (vi k = n), onpe.IJ;eJIJieMaJI ypaBHCHHeM /3.2/, 

MO)KCT 6LITb Tenepb JallHCaHa B BH,IJ;e 

10 

n 
x.k 

W(v =n) = ~. 
ik z 

ik 

/3.9/ 

r 

AHaJiorH'IHO, BepO.IITHOCTb HMCTb v. e 'laCTHU: COpT a 
- J e c HMllYJibCaMH P. onpe,IJ;CJI.IICTC.Il BLipa)KCHHeM: 

J 

w ( v. e = m ) = z ( v ·e =m) 
J z /3.10/ 

Bepo.IITHOCTh W ( v ik = n , 

COpTa k C HMllYJibCaMH 

nyJILCaMH pj , CCTb: 

v .n= m) 
- Jl 
Pi H m 

o6Hapy)KHTh n qacTHU: 

'laCTHU: COpT a f C HM-

W( z (v.k =n,v.e =m) 
vik =n,vjf =m)= 

1 
. -L---- /3.11/ 

TaK )KC KaK H /3.8/, ~YHKU:HJI COCTO.IIHHJI B 3TOM CJiyqae 

MO)KCT 6LITb npe,D;CTaBJieHa B BH,IJ;C: 

n m 
x.k x 

z ( l'. = n ,v .11 = m )= -
1
- -- ·Z, 

lk Jl z i k z jf /3.12/ 

ll03TOMY ,IJ;JIJI BepO.IITHOCTH /3.11/ llOJiy'laCTC.Il CJIC.IJ;YIOIUCC 

Bblpa)KCHHC: 

W(v =n,v.n 
ik Jl 

)l,ByX'IaCTH'IHOe 

,IJ;CCTBCHHbiX nap 

n m 
Z X 

= m) = ____lk _if_ 
z ik z jf 

/3.13/ 

HMllYJibCHOC pacnpe,D;CJICHHC ,IJ;JIJI HeTO)K

qaCTHU: llOJiy'laCTCJI nyTeM ycpe,D;HCHH.Il 

npOH3BC,IJ;CHH.Il 11 ik • Vjf : 

<v 
ik 

X "k X ·f 
v >= ~ nmW(v. =n,v.f =m)= 

1 1 • /3.14/ 
jf n,m 1k J 1-xik 1-x jf 

)l,JIJI TO)K,II;CCTBCHHbiX nap 'laCTHU:, HMCIOII.UIX O,IJ;HHaKOBLIH 

HMllYJibC pi ( V ik = V jf = n), HMllYJihCHOe pacnpe,D;eJieHHC 

MO)KHO JallHCaTh B BH,IJ;e: 

II 



< v (v -1}> = ~ n(n-1 )W( v = n). /3.15/ 
ik ik n i k 

C yqeTOM /3.9/ H /3.11/ B pe3yJibTaTe CYMMHpOBaHHX 

/3.15/ nonyqaeTcx: 

1 n 
<v.k(v.k-1)> =- ~ n(n-1)xik 

1 1 zik n 

2 
2xik 

/3.16/ 

TaKHM o6pa3oM, coBMeCTHoe HMnynbcHoe pacnpe.u.eneHHe 

)J.JIX TO>K)J.eCTBeHHbiX nap 'laCTHU CO)].ep>KHT $aKTOp 2 B 'IHC

JIHTene, eCJIH o6e 'laCTHUbi HMelOT O)J.HHaKOBbiH HMnyJibC 

H, B qaCTHOCTH, a3HMyTaJibHbiH yron Me>K.D.Y nonepe'IHbiMH 

cocTaBnXJOIUHMH HMnynbCOB ¢= 0. Ko3cll$auaeHT acHMMeT

PHH, B03HHKaJOIUeH H3 TO>K)].eCTBeHHOCTH 'laCTHU, npHHXTO 
'15 I 

o6o3Ha'laTb B s 1 
• 

IlocKOJibKY 6onee y.u.o6Ho pa6oTaTb c HenpepbiBHbiMH 

pacnpe.u.eneHHXMH, TO MHO>KHTeJib 2 B /3.16/ MO>KHO 3a

MeHHTb $yHKUHeH BH)J.a: 

1 - - 2 f = 1 + exp [- -(P1 -P2 ) ] , 
2(L'.p)2 

/3.17/ 

KOTOpax )J.JIX nap 'laCTHU C O)J.HHaKOBbiMH HMnyJibCaMH BOC

npOH3BO)J.HT $aKTOp 2. qHCJieHHOe 3Ha'leHHe KOHCTaHTbl 

L'.p B /3.17/ MO>KHO OUeHHTb H3 COOTHOWeHHX Heonpe.u.eneH

HOCTH: L'.p = 200 M3B/c npa L'.x ... 1/m 77 / m 77 - Macca 

nHOHa/. 
BBo.u.x c$epaqecKHe Koop.u.aHaTbi, JJ.ByxqacTH~Hoe pac

npe.u.eneHHe /3.16/ MO>KHO npe.u.cTaBHTb B BHJJ.e (I Pi l = pi): 

I 
8 

= J exp [- .l ( y' PI + m i + v' p~ + m~)] (1 + exp [-~ x 
T ~L'.~ 

/3.18/ 

2 2 
X l (pisin 8 1-p2sin82cosq)) + p;sin ;e sin¢ +(pfos8

1 
-p

2
cCIS8J l])x 

12 

~ 

·l 

x pidp
1
p;dp2 dce~Se1 dcose 

2
d¢ 1 __ 

(1-exp[- ~v' p 2 +m2 ]X1--exp[_Ly'p2+m2fl 
T l l T22" 

J.u.ecb paCCMaTpHBaeTCX 3aBHCHMOCTb /3.18/ TOJibKO OT 

Y_!'Jia <2. rpy6ax oueHKa /3.18/ B npe.u.nono>KeHHH: el = e2- f, 
JP1f=-l P2 ! .:::-0,4 T3B/c, E 1 = E 2 = 0,4 T3B, d pi= 0,2 T3B/c, 
ecna npeHe6pe'lb BKna.u.oM 3HaMeHaTenx, noKa3biBaeT, 'ITO 

Is MO>KeT 6biTb annpoKcHMHpoBaHa Bblpa>KeHHeM BHJJ.a: 

s -40-cos¢) 
I - 1+e . /3.19/ 

KpoMe B s , noJIHbiH K03cll$HR~eHT acHMMeTpHH onpe.u.e

nxeTcx TaK>Ke acHMMeTpaeii: B 1~ /3.1/, B03HHKaroiUeii H3 

KHHeMaTHKH pacna.u.a KnacTepa. finx TaK Ha3biBaeMhlX cpe.u.

HHX $aii:ep6o~oB, BBe.u.eHHbiX B 1 1, BenH'IHHa B (lk) oue-
17~ F 

HHBaeTCX 

(k) 1 
B = < --> =0.131. 

lF v-1 
/3.20/ 

TaKHM o6pa3oM, pacnpe.u.eneHHe no a3HMyTanbHOMY 

yrny ¢ .u.nx qacTHU oT pacna.u.a o.u.Horo $aii:ep6ona MO>KHO 

npe)J.CTaBHTb B BH)J.e: 

d a _ 1 _ .!!.._ B ( k ) cos ¢ 
--- 2 lF 
d¢ 

)J.JIX HeTO>K)J.eCTBeHHbiX 'laCTHU, 

/3.21/ 

_!Q_= (1- .!... B(k) cos¢ )Is 
d¢ 2 l F )J.JIX TO>K)].eCTBeHHbiX 'laCTHU. 

Ha puc. 4 npaBe.u.eHbl pacnpe.u.eneHHX no yrny ¢ , Bbl

qacneHHble no $opMynaM /3.21/. HecMoTpx Ha rpy6yro 

OUeHKy Bblpa>KeHHX /3.18/, pa3HHUa B noBe)J.eHHH da/dq'J 
npH q'J - 0 OCTaeTCX 3Ha'IHTeJibHOH )J.JIX TO>K)].eCTBeHHbiX 

a HeTo>K.u.ecTBeHHbiX nap qacTHU. AHanorH'IHoe noBe.D.eHHe 

Ha6JllO)J.aeTCX H B 3KCnepHMeHTaJibHbiX pacnpe)J.eJieHHXX 

d N I d¢ /eM. puc. 2/ npa ycnoBHH I L'.y I .::; 0.4 /3TO 

13 



dN 
d4> 

1.6 

1.2 

0.8 

0 

,, 
...... ..... 

,.,, 
......... 

,---' ReTO)I(,IJ.eCTB. 

1l 

2 
TT 

Puc. 4: PacnpeoeAeHUR dN/d¢ 6 3a6ucuMocmu om yzAa 
¢ OAR moxoecm6eHHblX u Hemoxoecm6eHHblX nap rr - Me3oHo6, 
pOJKOU101J4UXCR U3 OOHOZO (Jauep6oAa jpac'leMHble KpU6ble/. 

ycnoa8e 03RaqaeT, 'ITO qacT8U.bl pO)I(JJ.aiOTCJI npe8Myi..QecT

BeRRO 83 O,IJ.Roro 4lauep6ona/. 

Ou.eRKa K03~8U.8eRTa ac8MMeTp88 83 Bblpa)l(eR8JI /3.21/ 
,IJ.aeT cne,IJ.yromee: 

B 1p= 0,154 ,IJ.nJI ReTO)I(,IJ.eCTBeRRbiX 'laCT8U. 

/3.22/ 
B = -0.062 ,IJ.n.H TO)I()J.eCTBeRRbiX qacT8IJ.. 

IF 

CooTBeTCTBYIOI..Q8e 3Kcnep8MeRTanhRble 3Ra'leR8JI ,IJ.nJI 

1 ll y \-:;. o.4 : 

B +- = 0,107 ± 0,03 

B = -0,053 ± 0,04. 

14 

I 

1 

l 

Ilp8Be,IJ.eRRhle TeopeT8'1eCK8e 8 3Kcnep8MeRTanLRble pe-

3ynhTaTbl 8 8X cpaBReR8e yKa3biBalOT Ra B03MO)I(Hyl0 8H-

TepnpeTaU.810 3KCnep8MeRTanhRbiX ,IJ.aHHhiX C TO'IK8 3peH8JI 

3~eKTa T0)1(,1J.eCTBeRHOCT8 'laCT8IJ.. 

4. A3uMymaAbHble KoppeARI.IUU 6 MooeAu He3a6ucuMo 
POJKOU101J4UXCR KAacmepoe 

~n.H Bb1'18CneR8JI a38MyTanhRhiX KOppenJIU.8H B 8HKnl0-

38BHbiX peaKU.8JIX MO)I(HO BOCnOnb30BaThCJI nO,IJ.XO,IJ.OM, pa3-

pafioTaHHbiM B /l 6 / ,IJ.nJI nonyHHKn1038BRhiX peaKU.8H. 

Pacnpe,IJ.eneH8e no a38MyTanhHOMY yrny ,IJ.n.H peaKU.8H, 

B KOTOpbiX po)I()J.alOTCJI n 3ap.H)I(eHHhiX 'laCT8U., 3an8CbiBa

eTCJI ,IJ.n.H TO)I(,IJ.eCTBeRRbiX nap, Ranp8Mep, Ti Ti , B B8,IJ.e: 

(n) 1 -av <v_(v_ -1)>
11 p __ (¢,y

1
,y

2
,s)=2rr--Q

2 
(y,y ,s) x 

2rr rr n-1 1 2 <v > 
- n 

rr (n) - av - av 
x (1- 2" B 

1 
F CCE> ¢ ) + 2 rrQ 1 ( y l' s) Q 1 (y 2 , s) x 

x[1- _1_ <v_(v -1)> 
n-1 n 

<v > - n 

Ti (n) 
] ( 1- - B 2F CCE> ¢) , 

2 

,IJ.n.H ReTO)I(,IJ.eCTBeHHhiX 'laCT8U. Ti + rr -·: 

_ <v v > 
(n) ( ) 2 1 Q a v ( ) + - n p ¢, y ,y ,s :o 1T- y ,y ,s X 

2 rr + rr - + - n- 2 + - < v ·> 
- n 

x(1-.E..B(n)CCE>¢)+2rrQ 8 v(y ,s)Q 8

1
v(y ,s)[1-_l 

2 IF 1 + - n 

( 
1T (n) ) 

X 1- 2B2F CCE>¢ ' 

/4.1/ 

/4.2/ 

15 



r .D.e v , v + ,v_ - '18Cno 3apJDKeHHLIX nonO)K8TenhHLIX 8 oTp8-
uaTenbHLIX qacT8U 83 pacna,II,a O.D.Horo «Paii:ep6ona; n ,n+,n-
'18cno 3apJI)KeHHLIX nonO)KHTenbHLIX 8 oTp8ua TenbHLIX qac
T8U B peaKU88; < v >n - cpe,II,Hee '18Cll0 'laCT8U, Ha KOTOpble 
pacna,II,aeTCJI cPaii:ep6on B n • 'laCT8'1HOH peaKU88; Qr(y,s) , 
Q~v( yi ,y

2
,s) - O.D.Ho- 8 .D.BYX'laCT8'1HLie pacnpe,II,eneH8JI no 

fiLICTpoTaM 'laCT8U, 8CnyiUeHHLIX 83 O,II,HOrO cpe,II,Hero cPaii:
ep6ona 1 I 6 /. 

,[(nJI nony'leH8JI Bblpa)KeH8JI ,II,llJI K03cPci>8U8eHTa aC8M
MeTp88 B 8HKniD38BHLIX peaKU8JIX He06XO,II,8MO np083BeCT8 
ycpe.D.HeH8e no oceM n. B pe3ynbTaTe ycpe,II,HeH8JI nonyqa
eTcJI: 
,II,llJI TO)K,II,eCTBeHHbiX 'laCT8U 

(n) 
< B -- ( y t 'y 2 ' s) > 

- <v (v -1)> 
= [ 1 Q a v ( Y , Y. , 8 ) - - < B like > + 

<n -1> 2 I 2 <v > IF 

- - 1 <v (v -1)> 
+Qav (y ,s)Qav (y ,s )(1- -- - - ) <B >] x 

I I I 2 <n -1> <v_ > 2 F 

x[Qav (y s)Qav (y s)(1- 1 <v (rJ -1)> 
I I' l 2' -- )+ <n -1> <v > 

1 -+ --Qa'" <rrb 2 ( yi,y 2 ,s) 
<v (v -1> -l - - ] 

<v > 

,II,llJI HeTO)I(,II,eCTBeHHblX 'laCT8U: 

<B(n) (y ,y ,s)> 
+- + 

/4.3/ 

1 <v v > - unlike - - av 
=[- .....:.±..:....Q av(y ,y ,s)<BIF >+Qav (y ,s)Q (y ,s)x 

< n_> < v > 2 + - l + I -

16 

I 
~ 

1 
\ 

1 <v v > 
xO-- + -)<B >]x 

<n > <v > 2F 14.4/ 

[ 1 <v v :>.., av 7\ av - 1 <v V '> -l 
x --*-=-Q

2 
(y-fy_,s)+.._,

1 
(y+,s)Qiv(y_,s)(1-- +- )], 

<n.:? <v_ > <n •> <v_•> 

like unlike 
r.D.e < B 1 F >, <B 1 F > onpe,II,enJIJOTCJI owpa)KeHHeM 13.21, 
< B

2
F- Ko3cPci>HU8eHT ac8MMeTpHH .D.nJI qacTHU, po)K,II,aiOIUHXCJI 

83 .D.BYX «Paii:ep6onoo. 
llpe,II,nonaraJI, 'ITO < B2 F '> onpe,II,enJieTCJI B OCHOBHOM 

3aKOHaMB COXpaHeHHJI 3HeprHH HMnynbCa, 6y,II,eM BMeTb: 

1 <B > = , n = n 0 + n + n . 
2F < 1 tot + -

n tot - ·> 
B cTaTBCTH'lecxoii: 6yTCTpan-Mo.D.enu 6Lino nonyqeuo 117/: 

<v (v -1) > - <v 
2 

> = -0.75<v ·>, 

/4.5/ 
<v+v_>-<v1 ><v_>= 0.25<v_ ·>. 

llpe,II,nonaraJI, 'ITO o cpe,II,HeM «Paii:ep6on pacna,II,aeTCJI Ha 
4 'laCTBULI, nonyqaeM: 

( v -1)> 05 <v_ - ---= . ' <v v ·> , 
±...=- = 1.45. /4.61 

<v ·> <v •> 

B Ta6n. II co6paHw oce ueo6xo,II,HMWe oenuquuw ,II,nJI 
OUeHKH K03cPcPHUHeHTa aCHMMeTpHH no cPOpMynaM 14.31 B 
14.41. B Ta6nuue HI npuoe.D.eHw pe3ynbTaTw Taxoii: oueHKH 
.D.llJI cnyqaeo y 1 = y 2 = 0 B y 1 =0, y 

2
= 2, 5. B nocne,II,HeM 

cnyqae pa3HOCTb 6wcTpOT qacTHU .D.OCTaTO'IHO oenuKa I~YI ... 
-2,5~.e. BKna.D. qacTHU OT pacna.D.a O.D.Horo «Paii:ep6ona ue-
3Ha'IBTeneH B 3Ha'leHHe napaMeTpa B onpe,II,enJieTCJI qac
TB.UaMH 83 .D.BYX cPaii:ep6onOB, T.e. ,II,anbHHe KOppenJIUHH 
1 long range correlations I o6ycnooneuw B .D.aHHoii: MO,II,enu 
KBBeMaTBKOH pacna.D.a cllaii:ep6ona. 
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5. 3aKAIO~eHUe 

B ma6A. I co6paHbl 3KcnepaMeHTanLHble J(aHHble J(llJI 

Ko34Mllau.aeHTa acHMMeTpHH B J(llJI TO:>KJ(eCTBeHHblx H HeTo:>K

J(eCTBeHHblX nap TT ·Me30HOB npH pa3HblX 3HeprHJIX. )J,aHHble 

B ma6A. I J(HJI p p - cTonKHOBeHHii npa 3HeprHJIX 102 H 

205 F3B ou.eaeHbl H3 pacyHKOB B pa6oTax / 5 •6 I. Ha puc. 5 
npaBe.I(eHa JaBHCHMOCTL napaMeTpa B oT pa3HOCTH 6blCT

pOT npH 3THX 3HeprHJIX. 

3xcnepaMeHTanLHble ,I(aHHble npa pa3HblX 3HeprHJIX 40, 
102 H 205 F3B cornacyroTCJI Me:>KJ(Y co6oii: H yxaJLIBaiOT 

ua uanaqae 6nH:>KHHX xoppenHu.Hii B pacnpe.I(eneHHJIX no 

aJHMyTallLHOMY yrny ( ,". y - 0). 
34MlleKT 6nH:>KHHX KOppenJIU.HH, KaK BHJ(HO H3 npHBe,I(eHHblX 

J(aHHblX npu HMnynLce 40 F3B/c /puc. 1,2/, He JaBHCHT 

B HHKlli03HBHblX peaKU.HJIX OT BKlla,I(a C06blTHH C Manoii: 

MHO>KeCTBeHHOCTLIO /T .e. OT BKlla,I(a .I(HdJpaKU.HOHHblX co-

6blTHH/ H npOJIBllJieTCJI TaK>Ke B nonyHHKlli03HBHblX peaK· 

U.HJIX C 11 :;:.. ~· 

8 

., I 
Of 

B = N(¢> 90•) -N(0 < 90•) 
~ 

o o T~T- l~. fOl6eYk pp 
• e T#T• ORT_T_ 

0 

~ 9 ¢. ~ ? + ~+ ?t ~ tf ~ ' . +. ~-~ .3- ~ 
-I 1 ' l.o.YI 

Puc. 5. 3aeucuMocmr. K03rfo/1UIIUeHma acuMMempuu B 011 
pa3Hocmu 6r.1C111pom It.. y I moxoecmeeHHf>IX u HemoxoecJieeH
HbiX rr - Me30H06 6 UHKIII03U6HbiX pp • peaKijUJIX npu 3HepZUJIX 
102 u 205 F3B/c. 

18 

.. 

I 

::s 
::s 
~ 
c:.l 
~ 
~ ::s 
u 
c:s 
c:s 
llil 
:I: 
c:.l 
::s 
::t>< 
::Sa.: 
:t; 
<'>:.: 
Oc:s 
:Cc:.~ 

• Q, 
-a.:>< ::s_ 
C:S:~:.o 
::tc:.~:~: 
::S;rQ) 
~g~ 
~~'>2 

c:.l~ 
-:~:: 

~::s 
.OQ) 

i 
:I: 
c:.l 

~ 
~ 
r:: 
u 
:.: 

Cl") 

C\l 
it 
~ 

r-
l.{) .. 
0 
~ .. 
..:s"'' 

t.D .. 
0 
. 'II 

~ 
~ 

.::n 

:\Z 
~ 

~ 

lD 
• 

0 
~. -
~ 

, 
"ce 

.. , 
•• cO 

I 

~ 

.-~ 

~ 

I 

~ 

... 
~ 

I 

+cO 

t, 
·fol 
c£j 

......... 
0 

·~ ~ (I) 

~ H 
CL.-........ 

~~ 
p.. 

~ co 
0 .. 
0 

en 
t.D 
0 .. 
0 

~ 
H .. 
0 

C""" 
~ 
0 
• 

9 
CrJ 
l:'-
0 .. 
0 

t.D 
LO 
0 

• 
0 

c:-
H 
H 

• 
0 

t.D 

~ .. 
0 
I 

0 
~ 

'1 
1:::: 

H 
C\l 
0 .. 
~. 
l.{) 
:'ll 
0 .. 
~ 
L{) 
H 
0 .. 
~ 
c:-
H 
0 .. 
c;, 
~ 
H 
0 

• 
~. 
c:-
H 
0 

• 
~. 
0 
H 
0 .. 
~ 
1:\l 

~ .. 
~ 

~ 
0 . 
0 

lD 
lD 
0 .. 
0 

&3 
0 .. 
0 

l.{) 
C\l 
0 .. 
0 

~ 
H 

ft: 

t.D 
H 
0 .. 
~. 
LO 
H 
0 .. 
~. 

H 
0 .. 
~. 
L{) 
H 
0 .. 
0 

+I 

lD 
0 .. 
0 

l.{) 
0 .. 
0 

co 
0 .. 
0 

Cl') 
0 .. 
0 

l.{) 
0 
C\l 

ft: 

H 
0 .. 
~. 
H 
0 .. 
~' 
H 
0 .. 
0 

+\ 

H 
0 .. 
~ . 

19 



p 
1l

a6
. 

(T
aB

/c
) 

40
 

IO
O 

20
0 

T
a

6
A

u
ll
a

 
II

. 
3H

a'
4e

H
u.

R
 

e
e

A
u

'4
U

H
, 

H
e

o
6

xo
o

u
M

r.
Je

 O
A.

R 
•e

o
p

e
ll
lu

'4
e

c
K

o
u

 0
11

eH
K

U
 

<.
Y\
~:
> 

5.
62

 

6,
38

 

7.
65

 

K
0
3
~
U
I
#
U
e
H
I
I
O
 O

C
U

M
M

e
llp

U
U

 
n

o
 t

/J
O

P
M

Y
A

O
M

 /
4

.5
/ U

 /4
.6

/ 

-
-O

il
/·

 
r-..

"" 
<.

 &
ac:

 >
 

Q
7(

o)
 

Qr(
o~l

:s)
 

<.
..n

->
 

QJ
. 

(ts
) 

~~-
(c 1

c) 

!,
8

! 
0.

!3
5 

0,
26

0 
0,

07
8 

0
.!

0
8

 
0,

00
60

 

2
.!

9
 

O
.I

I7
 

0.
24

8 
0,

07
6 

0.
10

5 
0,

00
58

 

2.
82

 
0.

09
5 

0.
2I

O
 

0.
07

2 
O

.IO
O

 
0.

00
55

 

T
a

6
A

u
ij
a

 
Il

l.
 

T
e

o
p

e
m

u
'4

e
cK

u
e

 3
H

a'
4e

H
u.

R
 
K0

3~
UI

IU
€H

II
Ia

 a
cu

.w
.w

e
m

p
u

u
 

6 
U

H
K

A
10

3U
B

H
bi

X
 p

e
O

K
fiU

JI
X

 

lr
~~
c/
 

B
 (

0,
0)

 
B

(O
,O

) 
B

 
(0

.2
5)

 

40
 

IO
O 

20
0 

-0
.0

20
 

0.
00

1 

0.
00

8 

0
.!

8
! 

0.
16

8 

0.
!5

4 

0.
09

0 

0.
07

8 

0.
06

4 

i 
...

.L
. 

- .c."-)
 

.C
.il

l_
-j 
~
 

0,
55

3 
!.

23
5 

0,
45

7 
0.

84
0 

0.
35

5 
0.

55
0 



CpaBneuue 3KcnepBMenTanLu~x 3Haqeuui K03~uuueu
Ta aCHMMeTpBH npB pa3HLIX 3HeprB.HX C pacqeTaMB no 
Mo.IJ;enu ne3aBHCBMLix KnacTepoB /ma6A. III , puc. 4/ yKa-
3LIBaeT ua ux KaqecTBeuuoe cornacue. 3To o3uaqaeT, qyo 
6nB:>KHBe KOppen.HUHB B pacnpe,IJ;eneHB.HX no a3BMyTanLHOMy 
yrny B OCHOBHOM 06'L.HCH.HIOTC.H 3~eKTOM TO)I(,IJ;eCTBeHHOCTH 
qacTBU. 

Cne.IJ;yeT OTMeTBTL, O.IJ;HaKo, qyo npuBe.IJ;eHHLie Teope
TaqecKae OUeHKH ,IJ;OCTaToquo rpy6LI /B OC06eHHOCTH oueu
Ka HHTerpana /3.19/ I a ue npeTen.IJ;yJOT ua KonuqecTBeuuoe 
onacauae 3KcnepaMeuTanLHLIX ,IJ;aHHLIX. Cornacue c ,IJ;au
HLIMH 3KCnepHMeHTa MO:>KeT 6LITL ynyqmeuo KaK C nOMOIULIO 

6onee Toquoi oueuKa BLipa:>KeHH.H /3.18/, TaK B H3MeueuaeM 
CBOBCTB KnacTepoB/Macca KnacTepa,cpe.IJ;nee qacno qacTHU 
H3 pacna,IJ;a KnacTepa a .IJ;p.j. 

,LI.anLneimee H3yqeuae a3HMyTanLHLIX Koppen.Huai B 
HHKR103HBHLIX H nonyHHKni03HBH~X peaKUH.HX He06XO,IJ;HMO 
KaK ,!J;ll.H ynyqmeHH.H HMeJOIUHXC.H 3KCnepHMeHTanLHLIX ,IJ;aH
HLIX, TaK H ,!J;ll.H COBepmeHCTBOBaHH.H TeopeyuqeCKHX MO,IJ;e
nei I B qacTHOCTH, .IJ;n.H 6onee Toquoro onpe.IJ;eneua.H napa
MeTpoB KnacTepa/. 

CqayaeM npH.HTHoi ueo6xo,IJ;BMOCTLIO BLipa3HTL CBOIO 
6naro,I\apuocTL B.r.rpamuuy a H.H.MenLHHKOBoi 3anone3-
HLie o6cy:>K,IJ;eHH.H u KpHTuqecKae 3aMeqaua.H B npoBe,IJ;euaa 
,IJ;auuoi pa6oTLI. 
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