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~ayqeHtte npouecCOB pacceHHHH aApOHOB npn Bb!COKHX aHep

rttHX AaBHO y)l{e BbIAennnocb B CaMOCTOHTenbHYJO H AOBOnbHO 06-

umpHyJO B0TBb qJH3HKH CHnbHbIX B3aHMOAellCTBHll. Ee 3HaqeHHe 

orrpeAenHeTCH npe)l{Ae Bcero TeM, qro noHttMaHne MexaHH3Ma aapoH

HhIX B3aHMOAellCTBHll B 3HaqnrenbHOll creneHH CBH3aHO KaK C 

3KCilepHM0HTOM B o6naCTH Bb!COKHX a'Heprnfi, TaK H C ero reope

TnqecKOll HHTepnperaunefi Ha 6aae anrrapara KBaHTOBofi reopnn no

nH. 8KcnepHMeHTbl Ha COBpeMeHHhIX ycKopnrenHX ycTaHaBnHBaJOT 

PHA aaKOHOMepHOCTell BO B3aHMOA0llCTBHH aapoHOB Bb!COKHX aHep

rniI. IleranbHbill aHanna AaHHblX IlOKa3hIBaeT CTpeMneHtte nonHbIX 

ceqeHHll C poCTOM 3HeprttH K IlOCTOHHHOMY npeAeny. ITpn ManbIX 

yrnax pacceHHHe HOCHT AHqipaKUHOHHhill xapaKTep, AHqiqiepeHunanbHbJe 

ce:ileHHH ynpyrux rrpoueccoB xapaKrepnay10rcH 6h1CTpb1M ( aKcnoHeH

unanbHbIM no t ) naAeHtteM. B o6nacrn 6onbllIHX nepeAaq na

AeHtte ceqeHHll 3aMeAnHeTCH H Ha6nJOAaeTCH HeKoTopaH CTpyKTypa 

B yrnoBoM pacnpeaeneHnn. 

CyllleCTBYJOIUHe MOAenH B o6nacTH pacceHHHH BilepeA, Hanpn

Mep, MOAenn, ocHoBaHHhie Ha non10cax PeA)l{e, AaJOT nHillb npn6nn-
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)KeHHOe onHCaHHe . 8KcnepHMeHTanhHb!X JlaHHbIX, orpaHH'leHHOe 

o6naCThIO ManbIX nepeJla'I. ITonHoe onHcaHHe peaKUHH npH n106b1X . 

t JlOBOnbHO cnO)KHaSI 3aJla'la. C Jlpyrofi CTOpOHbI, JlH<ppaKUJ!pH

Hb!H xapaKTep Bb!COKO8HepreTH'leCKOI'O pacceSIHHSI nO3BOnSieT npH-

Bne'lb K omicaHHIO MeTOJlbl, 6nH3KHe KBa3HKnaCCH'leCKHM, 8HKO-

HanbHOMY npH6nH)KeHHIO, KBaHTOBOMeXaHH'leCKOMY pacceSIHHIO Ha 

rnaAKHX noTeHuHanax. 

. Kpyr BOnpoCOB, 3aTpOHYTb!X B JlHCCepTaUHH, CBSI3aH C onuca

HHeM npoueccoB ynpyroro u KBa3Hynpyroro pacceSIHHSI anpoHoB npH 

Bb!COKHX aHeprHSIX B KBa3HnOTeHUHanhHOM nOJlXOJle, OCHOBaHHOM Ha 

KBa3HnOTeHUHanbHOM ypaBHeHHH noryHOBa H TaBxenH)l3e B KBaH-

. /1 / 
TOBOH TeopHH nonSI H HHTeHCHBHO HCCneJlOBaHHOM B pSIJle nocne-

/2 3/ • 
JlYIOIU_HX pa6oT ' • J,fJleHHO KBa3HnoTeHuuanhHb!H nOJlXOJl 6nH30K .K 

onTH'leCKOH MO]lenu sinpa, T.e. K pacCMOTpeHHIO pacceSIHHSI HyKnOHOB 

Ha SIApax no THny pacceSIHHSI CBeTa nonynpOHHuaeMOH onTH'leCKOH 

cpenon. ITpu aToM aaAa'la pacceSIHHSI paccMaTpHBaeTCSI He KaK 

npo6neMa MHOI'HX Ten, a KaK aanaqa JlBH)KeHHSI HyKnoHa B none, 

onHCb!BaeMOM KOMnneKCHbIM noTeHUHanoM. 

. nanbHeiiruee pa3BHTHe KBa3HnOTeHUHanhHb!H MeTOJl B TeopHH 

CHnhHbIX B3aHMOJleHCTBHi! nony'!Hn B pa6oTax
14

-ll /. ITpeJlnaraeMb!H 

B JlHCCepTaUHH nOJlXOJl SIBnSieTCSI no cymeCTBY pa3BHTHeM pa6oT 

MaTBeeBa no Bb!COKO8HepreT.U'leCKOMY pacceSIH.UIO a]lpOHOB. 

n.uccepTaU.USI COCTO.UT ll3 BBe)leHHSI,' Tpex rnaB, npnno)KeHHSI 

H 3aKnIO'leHHSI. 

Bo BBeneamr npHBeneH KpaTKHii o6aop cymecTBy10m.ux aKcne:.. 

PHMeHTanbHb!X JlaHHb!X no ynpyroMy H KBa3HJlBYX'laCTH'IHOMY pac

ceSIHHIO aJlpOHOB Bb!COKHX 9HeprHii. AHanH3HpyIOTCSI COBpeMeHHbie 

TeopeTH'leCKHe MeTOJlbl H MonenH Bb!COKO9HepreTH'leCKOI'O pacceSI

HllSI 'laCTHU ( onTH'leCKHe, CTaTHCTHqeCKHe H YHHTapHbie noJlXOJlb!) • , 

4 

nanee BO BBe]leHHH naHa KpaTKaSI xapaKTepHCTHKa KBa3HnOTeHUH-

anbHOI'O MeTOJla B KBaHTOBOH TeopHH nonH ll KOHcneKTHBHO H3nO)Ke

HO. COJlep)KaHHe JlHCCepTaUHH. 

B nepBOH rnaBe, Ha OCHOBe KBa3HITOTeHunanbHOI'O ypaBHeHHSI 

noryHoBa n TaaxennAae, nay'laeTcsi paccesiHne cKangpHbIX qacTnU 

rrpn BbICOKHX aHeprusix. YpaBHeHne ·npeJlCTaBnSieT co6oii o6o6IUeHne 

ypaBHeHHSI ·nunnMaHa- lll BHHrepa 

rronsi, npn'leM KBaanrroTeHunan V 

Ha cny'lall KBaHTOBOH Teopnn 

B OTnll'llle OT KBaHTOBOH'Me-

XaHHKll SIBnSieTCSI, · B006IUe. I'OBOpSI, KOMnneKCHOll <pyHKUll8H1 napa

M8Tpll'18CKH 3aBHCSIIU8H OT 9HeprHn, MHHMaH 'laCTb KOTOporo o6yc

noBneHa Heynpyr.uMn npoueccaMn npn paccesiHnn JlBYX .'laCTHU .n 

- .1121 n SIBnSieTCSI nonO)KHTenbHO onpeneneHHOll Benn'IHHOll • nSI CllnbHbIX, 

. B3aHMOJleHCTBllll He cyIUeCTByeT perynsipHOI'O MeTOJla nocTpoeHHSI 

KBaannoTeHuuana, B OTnH'IH8 OT cnyqag cna6on CBSl3H, rne paapa-, 

6oTaHa CTaHJlapTHaSI npoUeJlypa nocTpOeHHSI noKanhHOI'O KBaaunoTeH-. 

uuana, ucnonhay10masi paaJ:io)KeHue aMnnnTYJlbI paccesiHHSI B pSIJl 

/2/ 
Teopnu BO3MyIUeH.UH • ITOJlXOJl K pacceSIHlllO anpoHOB np.u Bb!CO-

KHX 9Hepr.usix, pa3B.UBa8Mb!H B nnccepTau.uu, OCHOBaH Ha <peHOMeHO

noru'leCKOM Bb16ope KBaa.unoT_eHuuana. 

ITpu 9TOM 6bmO .ucnonh3OBaHO npennonO)K8HHe, 'ITO B38HMO-,. 

Jl8HCTBH8 anpoHOB Bb!COKHX 9Hepr.un MO)K8T 6bITb onucaHO KaK pac;_ 

➔ 

ceSIH.Ue Ha rna)lKOM, KOMnneKCHOM KBaaunoTeHuuane V ( t, E ) , 

SIBnSIIOIU8MCSI HecuHryngpHOH <pyHKUH8H OTHOCHTenbHOI'O paCCTOSIHH~ 
➔ /13 14/ . . • 
t · ' ( AnnnnyeB, fepIUT8HH, nory HOB .U AP•)• 3TO npeJl-. 

nono)KeHue, no cymecTBY, oaHa'laeT, 'ITO paccesiHne anpoHOB npn 

Bb!COKHX aHeprnsix MO)K8T paCCMaTpuBaTbCSI KaK B3aHMO)l8HCTBlle 

llBYX npOTSl)KeHHbIX, "pbIXnbIX8 o6'beKTOBo B 'laCTHOCT.U, B nepBOH 

rnaBe noKa3aHo, 'ITO npoCT8HIIIHH H8CllHI'YJISIPHblll KBaaunoTeHunan 

raycCOBCKOI'O Tuna 
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II03B0ngeT-IIepeaaTb B 0CH0BHhIX 1.JepTax xapaKTep II0BelleHHS! aMnnn:-

. /4-8/ 
TYllhl pacceSIHHS! aapoH0B npn: Bh!C0KHX SHepl'HS!X • 

B. "§1 06cyJKt1aeTCS! pemeHHe KB83HII0TeHUHanbH0I'O ypaBHeHHS! 

C KB83HIIOTeHUHanoM ( 1 ) ' K0T0poe B o6nacTH ManbJX yrnoB pacce-
. . t - . - /4/ . 

SIHHSI n: BhIC0KHX sHeprnii ( I - I « I , as » I ) M0JKeT 6bITb s 
HaiiaeH0 B BHlle CX0llSillJel'0CS! psiaa 6opHOBCKHX rrpn6nn:JKeHHii: 

'00 
➔ 

T (il2
, E) =isg I 

· . O n=1 

at/ n 
e 

n.n! 
4ifg )n-1 (- g (2) 

a 

B o6nacTH. amppaKUHOHHoro nHKa rnaBHhiii BKnaa 

Bhle llBll tJneHa H B6nH3H T0'IKH t =(- ~ 'f, n (a/ 77
2 

. . a . 

B (2) BHOCS!T rrep

go ) B llH<pcpepeH-:-

un:anbH0M Ce'leHHH MQ)KeT Ha6mcit1aTbCS! MHHHMYM. B '18CTH0CTH, ec

nH go ( S ) · He 38BHCHT OT SHeprHH, TO rronHoe ce'leHHe CTpeMHT- . 

CS! K CBOeMy 8CHMIIT0TH'leCK0MY 3Ha'lel!HJO CHl13y. 

B §2.paCCMaTpHBaeTCSI II0CTpoeHHe "o6MeHHOI'O" KB83HII0TeH

UHana H _H3y'laJOTCS! ero B03MO>KHhie ·CB0HCTBa B rrpoueccax, OIIHChma-
. 6 . /7/ 

JOllJHX pacc_eSIHHe C 0 MeH0M H30T0II-CIIUl!a B t -KaHane 

Ha. 0CH0B8HHH HeK0T0phlX rrpenrronon<eHHH 06 ananHTH'leCKHX 

CBOHCTBaX o6MeHHOI'O KB83HII0TeHUlfana B KOMIIneKCHOH t -nnoc-

K0CTH, ansi. Hero 6hmH npennoJKeHhr cneay1omn:e HHTerpanbHhJe npea

/15/ 
CTaBneHHS! 

1=1 
V ( s' t) 

I -1-t 
f dx X f(x, S ) (3) 
0 
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f(x,s) =.L. f. dt xt p(s,t) . ( 4) 
TT t

0 

cnpaBaenHBhie, B '18CTH0CTH, t1nS1 cyrrepII03HUHH JOK8BCKHX II0TeH

UHanoB. OTMeTHM, '!TO rrpeacTaBneHHe (3) BKnJO'laeT. B ce6SI K8K 

CHHrynRpHhJe, TaK H rnat1KHe KB83HII0TeHUHanbI. 

B §3 B Ka'!eCTBe rrpHMepa paCCM0TpeH0 rrpeacTaBneune THIIa 
· . /16/ . 

Beaeuuano ansi o6MeHHOI'O KBa3HII0TeHUHana. TioKa3aHo, '!TO 

B paMKax ST0H M0llenH SKCIIepHMeHTanbHhJe ll8HHbJe 0 pa3H0CTH 
. • /17 / • 

rronHb!X ce'leHHH rr.N -pacceSIHHS! IIPHB0llS!T K HenHHeHH0-

CTH .B ¢epMHOHHb!X TpaeKT0PHS!X PeaJKe, H rrpencKa3aH0 II0BeneHHe 
+· 0 

ce'leHHSI rrepeaapsinKH 77 P ➔ 77 n Ha HyneBoii: yron rrpn Bhrco-

KHX SHeprHRX. 

Bo. BTopoii: r_11aB~ np0B0llHTCS! cpaBHeHHe pe3ynhTaT0B, rrony-

'!eHHb!X Ha 0CH0Be KB83HII0TeHUHanbHQI'0 ypaBHeHHS! C KB83HII0TeH

UHanoM ( 1) ,, C SKCIIepHMeHTanbHb!MH ll8HHhIMH 06 ynpyroM pp -pac-

/13/ ceSIHHlf Ha Manhie H 60nbllJHe yrnhJ npn: Bh!C0KHX 3Hepl'HSIX 

1-lncneHHble 3Ha'!eHHS! napaMeTp0B, BX0llS!llJHX B (2)' HBX0llS!TCS! H3 

SKCIIepHMeHTanbHblX ll8HHh!X npn HyneBbJX H ManhIX nepeaaHHhIX 

HMIIynbcax, T.e. H3 nonH0I'0 ce'!eHHS! u· H llIHPHHhl llH<ppaK-. ~t 
UH0HH0I'0 IIHKa i /. A cneayJOllJHM o6pa3oM: 

u 
tot 

8 770 !(x) X ·=· 
477 2 g 

a 

A 2a _I - j_ ~ I ( 0 
l(x) o g 

7 
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rile 
00 

I(x) = - :£ 
(-x )n Xdl'. _t, 

=f.-\, (l'-e" ) 
n=t n. n ! 0 t ,, 

TTonyqeHHbie TeopeTH"leCKHe KPHBbie (npH p L =8,5; 12,4 H 

18,4 'GeV/c) JlOCTaTO"lHO xoporuo nepeJlaIOT noBe]leune JlH~QepeH~ 

unanbHOro ce"leHHSI ynpyroro pp- pacceSIHHSI B o6nacTH, orpa-

:; ';·• . .. ._., 

I , • 

I .. 
HH"lefIHOll He CRlllliKOM 6onbllillMll nepeJlaHHblMH · HMnynbCaMH, a TaK- ·•., · .. ~ · . . ,? 

-: }--~~•·;~--:\ >~-~ 

'l1 . >Ke nono>KeHHe JlHq>paKUHOHHb!X MHHHMYMOB H HX 3aBHCHMOCTb_ OT, 

,3HeprHH. 

B §2 pacCMOTpeH cnyqaii paccemmSI J:lBYX "l8CTHU Ha q>HKCH_;, 

posaHHhIH ( 6onbruoii). yron. 

as >> 1 , 
t 
s 

sin2 0 
2 

q>HKC, 

B 3TOM cny"lae, B pemeHHH KB83HilOTeHUHanbHOrq ypaBHeHHSI 

oo n2n e at/n isgo TTV;- /-,1(6) 
➔ 2 • :£ -- ---( .r-

T (/1 'E) =1sgOn=1 (n!)2 n2/2 tp av a 

~;. 

'. 
,, .... ·, 

I 
.... 

npn a I t l · >> 1 oCHOBHOii BKRaJl B cyMMe JlaIOT "lneHhI c n >> 1 

TTpeo6paayg PM K HHTerpanbHOH q>OpMe JlnSI JlHq>cjJepeHuHanbHOI'O ce"le-::- .:{: 

HHSI paccemmSI na 6onblliHe yrnhI, nony"lHM Bbipa>KeHHe 

du 

dO 

t 2 2 

➔ 1:_a_1 
6 

s ➔ 00 0 

8 

q 2 e- 2 q Im r a 

q>IIKC. , q 2 = - t 

(7) 

;::_,,_t 

-l .; ·-.~- t:. 
t ' 

·:. t-". 

~--;, I· 
, .·· 1 

•, ( · . '. 

·'.,:. 

~ 

~ 

rile 

t O .=. i V 2 TT j a ( 1 + 2i/ TT en y. ) y ~ ( _IT_ ) 3/ 2 ( 8) 

PI t I. a 

B qacTHOCTH, s o6naCTH aHepr.nii H nepeJlaHHbIX HMilYRbCOB, r}le 

MO>KHO npe He6pe"lb s TOpblM qneHOM IlOJl KopHeM B ( 8), JlHq>qiepeH

uuanbHOe ce"leHue (7) cna6o aaBHCHT OT aHeprnH. B 3TOM cnyqae 

BCSI aaBHCHMOCTh d a / d!l BXOJlH_T nnrub "lepea napaMeTpbI a 

-H go 
, KOTOpbie onpeJlenSIIOTCSI H3 3KCrrepHMeHTanbHb!X ]laHHb!X 

_B o6naCTH JlHqJpaKUHOHHOro IlHKa. 

11HTepeCHblM SIBRSieTCSI TO o6cTOSITeRbCTBO, "ITO npH norapHqJ-

MH"leCKOM pOCTe napaMeTpa a c aHeprnefi rronyqaeTCSI, cne}lyro-

ruaSI na cTpornx peaynbTaTOB TeopHH rronSI, oueHKa HH>KHeii rpaHH

UhI y6hrnaHHSI aMIIRHTYJlhI pacceSIHHSI Ha• q>HKCHposaHHh1ii yron rrpH 

BhICOKHX 3HeprHSIX ( Cerulus , Mar.tin ; JloryHOB, MecTBH-

: • /19/ 
... pHJUBHRH) • 

CooTBeTcTsy10ruaSI yrrpyroMy P P -pacceSIHHIO TeopeTH"le-

cK_aSI KPHBaSI rrepeAaeT xapaKTep crra]laHHSI H a6con10THOe 3Ha"leHHe 

. . _ . /18/' 

· JlHcjJcjJepeHUHam?Horo ceqeHHSI B o6nacTH 6onhrunx yrnos pacceSIHHSI • ·, 

B TpeThefi rnaBe rrpOBOJlHTCSI o6o6meHne ]laHHOrO IIOAXO}la 

Ha cnyqaii Heyrrpyrnx KBa3HJlBYX"laCTH"lHbIX npoueccoB H rrpOBOJlHT-

CSI cpaBHeHne peaynbTaTOB c .naHHbl~H no pO>KJleHHIO nao6ap B 

pp -CTORKHOBemrnx. 

B §1 paCCMOTpeHa MHoroKaHanhHaSI aa}la"la KBa3IIJlBYX"laCTH"l-

HOI'O pacceSIHHSI, TTpH ycnoBHH rna}lKOCTH o6o6meHHoro KBa3HIIOTeH

,uIIana IIPH BblCOKIIX 3HeprHSIX H orrpeAeneHHbIX rrpeJlIIORO>KeHHSIJ(, 0 

xapaKTepe Heyrrpyrnx rrpoueccos, rrony"leHo pemeHHe aqi¢eKTHBHOii 

JlBYXKaHanhHOH 3aJla"lH JlRSI aMIIRHTYJlbl rrepexoAa T * . * PP ➔ pN 

B ,BHJle: 
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~·t 
00 a e a+hn 4112 g 2 T* (~,E}-=cf,(s} ~ (- o.}n , (9) 

n=o (a+:bn} .n ! a 

I'Jle cf, ( s } = is g * b , g * - napaMeTpbr, CBSI3aHHbie C 

KaaannoTeHunanoM nepexolla pp ➔ pN * i a go - napaMeT-

pbr KBaannoTeHunana ynpyroro pp -paccesrnng. 

B §2 nonyqeHHoe pell!eHne (9) ncnonbayeTCSI npn cpaBHeHnn 
- -

C 9KCnepnMeHTOM no pO)KJlE!HHIO nao6ap N* (1400} • N*(4518 } , 

N * (1688 } ( C H30TOn-cnnHOM I= ii' 2 ) npn 6onbll!HX nepeJlaHHb!X 
/20/ 

HMnynbcax H Bb!COKHX SHeprHSIX • Ha OCHOBe aHannaa 9KCnepn-

MeHTanbHbIX Jla.HHhIX no HaKnOHaM nnKOB B pO)KJleHHH nao6ap 

I I · ( GeV 2 
( t ·;!i; 0,5 - ) . npoBOllHTCSI Bh1qncneHne JlHqxpepeHunanb-c 

Hhrx ceqeHnii: npn I t I · = ( O+ 5 KGeV/.c), .• flonyqeHHb1e KpHBhie JlnSI 

PL "" 20 'GN /c xopolllo onnchrna10T Ha6n10JlaeMy10 cTpyKTypy JlHcjicjie-

peHunanbHhIX ceqeHnii: pO)KJleHHSI N * • .Uanee Bo BTopoii: rna-

Be pac;:cMOTpeHo pell!eHne ypaBHeHHSI JlnSI aMnnHTYJlbl T* npn 

cjlnKCHpoBaHHbIX yrnax. CpaBHHBaSI pell!eHne C peaynbTaTOM JlnSI 

ar.mnHTYllbI p p -pacceSIHHSI npn cjJHKCHPOBaHHbIX yrnax H npo- ' 

BOllSI ananornqHhre Bb1qncneHnSI, nonyqeHHoe JlHcjicjiepeHunanbHoe ce-. 

qeHne pO)KJleHHSI OK83hIBaeTCSI 38BHCSIIUHM TOnbKO OT .napaMeTpOB 

ynpyroro pacceSIHHSI 

(~}* 
dO 

2 -2q,V 17a f a.cq e c(a,g.}. 
0 

0 cjinKc. 

s ➔ 00 

10 

(10) 

,·'"' ·;, 

:;-·•' '. 

·3_T,a··yunBepcanbH0CT~ ceqeHnii: yKa3hIBaeT .Ha To, q-ro npn 6oribiunx 

nepeJlaqax CTaHOBSITCSI cymeCTBeHHbIMH MHOI'OKpaTHhie nepepacceg-
. t,-1 •' . . ' . . . . 

'HHSI, Ha ynpyroM KBaannoTeHunane, T.e. JlOn)KeH cymecTBOBaTb. o6mnii: 
" . 
MeXaHH3M, OTBeTCTBeHHblll 38 npouecCbl p p ➔ p N * n ynpyroe 

: p p -pacceSIHHe Ha 6onbll!He yrnhl, He3aBHCHMO OT JleTaneii:. KOJieq_; 

HOI'O COCTOSIIIHSI. OTMeTHM,. qTo HeJlaBHHe 9KCnepnMeHTb! no H3-

~epeHHIO da I'd n ( pp ➔ pN * } B o6naCTH 60,nbll!HX t npn Bb!CO-

. KHX sHeprHSIX nOJlTBep)KJl8IOT Hallin BblBOJlhI. 

B 3aKnIOqeJIHH npnBeJleHa CB0JlK8 nonyJieHHb!X peaynbTaTOB, 

a npnno)KeJIHe COJlep)KHT BbiBOJl pell!eHJrn KBaannoTeHunanbHOI'O · 
'' 
yp~BII0HHSI C noTe~unanOM rnna (1.). OcHOBHhie peaynbT8Tbl JlHC-. 

· /4-8/ 
cepT8Ullll COJlep)KaTCSI B pa6oTax H JlOKnaJlbIBanncb Ha cec-

CHSIX OTJleneHHSI SIJlepHoii: cjJH3HKH AH CCCP {1968, 1969), Me)KJlY

, HapOJlHOii: KOHcjiepeHUHH no cjiyHJl8MeHTanbHbIM B38HMOJleii:CTBHSIM 

(Maii:aMn, 1969), XY Me)KJlyHapOJlHOii: KOHcjiepeHUHH no cjinanKe Bbl.;. 
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