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oEmAfl XAPAKTEPMCTMKA PAEOThl 

AKTya,UbHOCTb TeMll... PemeT04Hhle MO,ll;eJm B CTaTHCTH48CKOH 
qJH3HKe 11rpa10T BaiirneAmyIO pOJib B noHHMaHHH noBe,n;eHm:I CJIOlltHl:IX 
peaJibHl:IX CHCTeM. BalltHhlfi KJiacc TaKHX Mo,n;eJieH o6pa3yIOT pemeT04-
Hhle MO,n;eJIH rioJIHMepOB. ECJIH no,n; nOJIHMepoM nOHHMaTb npoH3BOJib
HYIO CBH3HYIO JIHHHIO, npoBe,n;eHHYIO no pe6paM pemeTKH, TO JII06a51 
KJlaCCH4eCKa51 pemeT04HaH M0,11;8Jlb noixo,n;H~HM no,n;6opoM XHMH48CKHX 
nOT8HU.11aJIOB MOllteT 61::ITb CBe,n;eHa K CHCTeMe nOJIHMepoB Ha TOH xe 
pemeTKe. B STOM CMhlCJie 5131::IK nOJIHMePHl:IX KOHqJHrypau.11£1 HBJI51eTC51 
60J1ee o6~11M, 11M88T caMOCT051T8JlbHOe , 3Ha4eHH8 11, eCT8CTB8HHO, 
Tpe6yeT o6~ero no,n;xo,n;a k npo6JieMe nepe411cJ1eH11H KoHqi11rypaI,\HH 
Mo,n;eJJet:i. TaKoA no,n;xo,n; qiopM11pyeTcH Ha CTl:IKe Teop1111 rpaqioB 
/1,2/ 11 Teop1111 CJiy4aHHl:IX 6Jiyx,n;aHl1H Ha pemeTKaX /3/. XopomHM 
np11MepoM peaJI113aU.HH TaKoro no,n;xo,n;a HBJIHeTcH pemeH11e H.B.B,n;o-
Bl1ll8HKO_ 3a,n;a411 M3HHra / 4/. , 

IlpocTeAineH MaTeMaTH48CKO,H M0,11;8Jlbl0 peaJihHOro noJIHMepa 51B
J151eTC51 cJJyqa£1Hoe 6JiyJ1C,n;aH11e 6e3 caMonepece4eHl1H, 0Tpa:z:a10~ee 
KOHqJHrypau.HoHHl:Ie CBOHCTBa noJI11Mepa H Y4HTl:IBaIO~ee BJIH51HHe KO-. 
POTK0,11;8HCTBYIO~HX CHJI OTTaJIKHBaHHH. PemeTKa M0,11;8JIHpyeT HCKJII0-

48HHhlH o6~eM B OTRHqHe OT KOHTHHYaJibHhlX MOA8Re~,B KOTOphlX He
B03MOJCHO KoppeKTHO BB8CTH npe,n;eJI nJJOTHOH ynaKOBKH. 

AKTY aJJbHOCTb T8Ml:I ,ll;HCCepTau.im onpe,n;eJI518TC51 npHM8H8HH8M 
e,n;11Horo no,n;xo,n;a K npo6JJeMe nepe411cJieHHH KOHqJHrypau.11'1 pa3JJH4-
Hh!X pemeT04Hl:IX M0,11;8JJ8H H Bl:I51BJ18HHIO HX HOBl:IX CBOHCTB~ 

ile.JI.h va60ThI COCTOHT B npHMeHeHHH M8TO,n;a· CJiy4aHHl:IX 6JiyJC
,n;aHHH ,ll;JI51 pemeHH51 M0,11;8Jll1 6HoMeM6paHl:I M3Y51Mhl H AKyTCY (MA-MO
,n;eJib) /5/ . C rpaHl11.,\8H B np116JIHJC8HHH CB060,n;'Hh!X qiepMHOHOB, a 
TaKJC8 B Bhl4HCJI8HHH napHoro noT8Hl,\HaJla KOCB8HHOro B3aHM0,11;8HCT
Bl151 B CHCTeMe JIHnH.n;HHX u.eneA; B Bh!BO,n;e ypaBH8HHH aH3aua EeTe 
mecTH-BepmHHHOH MO,11;8JIH ,ll;JIH npoH3BOJibHO opHeHTHPOBaHHhlX nepHO
,ll;H48CKHX rpaHH4HhlX ycJIOBHHj B H3Y4eHHH SHTPOnHHHoro BKJia,n;a ~ 
TepMO,ll;HHaMHKY pacnJiaBJ18HHhlX a6pHKOCOBCKHX BHXP8H B BTCil B 
paMKaX npe,n;JIOE8HHhlX MO,ll;eJieH. 

Hayyaaa HOBH3Ha. BnepBHe pemeHa MO,11;8Jlb ,ll;JIHHHHX noJIHMepoB 
(MA-Mo,n;eJib) C rpaHHU.8H B np116JIH:ateHHWCB060,n;HhlX q1epMHOHOB. 06-
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HapylKeHO cymecTBOBaHtte B6JIH3H rpaHHUH o6orameHHOro CJIOH H H3-
MeHeHtte KPHTH4eCKHX CBOl1CTB CHCTeMH B 3aBHCHMOCTH OT paCCTOH
HMH ,IJ,O. rpam1uu. B paMKaX MO,IJ,eJIH BnepBHe BH4MCJieH nOTeHUHaJI 
KOCBeHHOrO B3aHMO,IJ,e11CTBHH ,IJ,BYX llteCTKttX TOHKHX CTep1.tHeH B CttC
TeMe noJittMepC>B KOHe4H011 ,IJ,JlttHl1. BnepB!le noJiyljelrn ypaBHeHttH aH-
3aIJ,a EeTe mecTtt:...BepmttHHott Mo,IJ,eJitt c npo113BOJib_Ho op11eHT11poBaH
HHMM nepttO,IJ,H4eCK11M11 rpaHM4Hl1M11 YCJIOB11HMH. B OTJ!l14Me OT ripttMe-;
HeHHOH TeXHHKtt_CJIY4aHHHX 6Jiyl!t,IJ,aHHH, Tpa,IJ,HUHOHHHH MeTO,IJ, TpaHC
qiep-MaTPHUH He'no3BOJIHeT cnpaBttTbCH C TaKOH 3a)J.aqefi H3-3a He-
0603Pl1MOH CJIOJltHOC,Tl-1 CaMOH TpaHctiJep-MaTpttuH. IIpe,IJ,JIOJ!teHH peme
T04HHe MO,IJ,eJm 'AJ!H onttcaHttH 3HTponttHHOro BKJia,IJ,a B TepMO,IJ,HHaMtt-
Ky pacn~aBJieHHHX a6p11KocoBCKHX Bttxpe11 B BTCII. B par,rn:ax Mo,IJ,eJJtt 
noKa3aHa · ~ecyw.ecTBeHHaH poJJb nepenyT1:,rnamrn Bttxpefi, a TaKlKe 
npe,IJ,JlOlKeH 3KcnepttMeHT, no3BOJIHIDlll11H BHHB11Tb, 4TO JIY4me MO)J.eJJH-
pyeT rtt6Ktte BttxpeBHe Jl11Htttt: 6030HH HJJH qiepMttOHH. 

CJie,.!lyIOurne De3yJihTaTl;,I BHHOCHTCH .I.Lllil 3am1:1T1;,1: 

1 •. B nptt6JI111.teHtttt CB060,IJ,HHX qiepMHOHOB pemeHa HA-MO,IJ,eJib C 
rpaH11uetL_06HapyllteHo cymecTBOBaHtte 06orame1rnoro . cJioH. · B6JI11s11 
rpam1uH. 06HapyllieH KPOCCOBep-stiJqieKT: nptt MaJIHX OTKJIOHeH,HHX 'C 

OT KPHTH48CKOH TeMnepaTypH nJIOTHOCTb noJittMepoB Be,IJ,eT ce6~ KaK 
t 2 B6Jitt3H rpaHHUH H KaK 'C B rJiy6ttHe 06pa3ua. 

2. B paMKaX HA-Mo~eJltt BH4HCJieH noTeHUHaJI KOCBeHHoro _B3a-
11MO,IJ,811_CTBHH ,IJ,BYX TOHKHX l!teCTKHX CTepJtHeH B CttCTeMe JIHTIH,IJ,HHX 
uenefi KOH8,ljHOH ,IJ,JIHHH N. 06HapyJKeHo, 4TO Ha4ttHaH c lJ,:,:10 no
TeHuttaJI BHXO,IJ,ttT Ha HaCHlll8Htte, OTCID,IJ,a C,IJ,eJiaH BHBO,IJ, 0 peaJJHC
TH4HOC_TH nptt6JittllteHHH N=co ,nJIH onttcamrn 6ttOMeM6paH, . y KOTOPHX 

' . ' 
N~20. IIoKa3aHo H3MeHeHtte peJiheqia noTeHuttaJia B 3aBHCHMOCTM OT 
nJI_OTHOCTM noJittMepoB. 

_3. Ha npttMepe Mo,neJitt ,nttMepoB Ha pemeTKe aJIMa3a BnepBHe 
oueHeHa_ a6COJIIDTHaH T04HOCTb· nptt6JittllteHHH CBo6o,nHHX . qiepMHOHOB 
npw yMepeHHHX nJJOTHOCTHX. 3Ha4eHtte 3HTpon1111 B 3TOM nptt6JlttlKe
HHH HttlKe Ollttt,naeMoro Ha 20%~ 06o6meHHoe np116J1ttlKeH11e EeTe .naeT. 
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3HTponMID Ha 8% BHine OlltM,naeMofi. 1 I 
4. BnepBHe noJiy4eHH ypaBHeHMH · aH3aua EeTe mecT11-Bepm1rn- !_· .\ 

HOH Mo,neJIH 'Ha pemeTKe, noBePHYTOH Ha npoM3BOJ!bHHH Y:r:'OJI •. 
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5. IIpe,IJ,JIOlKeHH pemeT04HHe MO,IJ,eJJH ,nJIH y4eTa 3HTPOTI11HHOro 
BKJia,IJ,a B TepMO,IJ,ttHaMHKY pancnJiaBJieHHHX a6p11KOCOBCK11X B11xpei1 B 

_ BTCII. B paMKaX MO,IJ,eJll-1 noKa3aHa HecymecTBeHHaH pOJib nepenyTH
BaHttH Bttxpefi. IIpe,nJiollteH 3KCnepttMeHT ,nJIH cpaBHeH11H 6030HHOro 11 
qiepM110HHOro TIO,IJ,XO,IJ,OB K M0,1J,eJI11poBaHHID BHXpeBHX JI11H11H. 

Anpo6au1:1a pa60TH. OCHOBHHe pe3yJibTaTH pa60TH ,II,OKJia,IJ,HBa
JlttCb Ha BceCOID3HOH KOHqJepeHUHH no qJ113HKe .nOJIHMepoB (4epHoro-

'JIOBKa, _1988), Ha Mellt,IJ,yHapO,II,HOtt KOHqJepeHU11H no BH4HCJI11T~~bHHM 
MeTo,llaM B 6ttoMexaHttKe ( r. AJI1,6eHa, EoJirapmI) , Ha ceM11Hapax: 
Mex-MaT MfY, KapJJOB YHHBepc11TeT, r.Ilpara, B Aa6opaTOP11HX TeO
peTtt4eCKOM 11 HeHTPOHHOM qJ11311KH OHflH (,Uy6Ha). 

Ily6JII1Kam11::1. Ilo pe3yJibTaTaM ,IJ,HCcepTaUHOHHOH pa60TH ony6-
Jl11KOBaHO meCTb ne4aTHHX pa6oT (cn11COK np11JiaraeTCH). 

06.'.beM pa6oTH. ,ll11cceTpau11H COCT011T 113 BBe,lleHttH, Tpex 
rJJaB, 3a'.KJJID4eH11H 11 cnHCKa JlttTepaTypH, COCTOHUlero 113 60 Ha3Ba
H11H. 06m11t1·06beM ,1J,11ccepTau1111 - 106·cTpaHttU MamttHcinttcHoro TeK

cTa, BKJIID4aH 18 PHCYHKOB. 

· .. CO,llEPlKAHHE .UHCCEPTAUHH 

Bo. BBe,.!lemrn 06cyJK,1J,aIDTcH Mo,1J,eJI11 noJittMepoB 11 pasJI114HHe 
no,IJ,XO,IJ,H K HX pemeHHID, ,IJ,aHO KpaTKOe 113JIOllteHtte MaTep11aJia ,lll1C

cepTau1111. 
11CCJie.zioBaH11ID MO,IJ,eJIH HA 6ttoMeM6pa-

HH. 
B §1 B nptt6JittllteHM11 CB060,IJ,Hl1X qiepM110HOB pemaeTCH HA-MO

,neJib C rpaHHUeH. Aorap11qiM CTaTHCTH4eCKOH CYMMH B 3TOM nptt6JI11...:. 

llteHl-111 ttMeeT Btt,IJ,: 

N I I .sK(r)xK 

r K • K 
ln A(x) = ( 1) 

r,IJ,e N - BepT11KaJibHl.-lH
0

·pasMep pemeTKl-1, r=( 11,12) ....: KOOP,IJ,11HaTa 
6JJylK,IJ,aIDlll8H T04K11, X - aKT11BHOCTb TIOJittMepHoro 3BeHa (mara 6Jiy
:Z,1J,aromeR T04KH) ; SK(x) ..:.. 411CJIO scex saMKHYTHX nyTett B noJiy
npocTpaHCTBe c ,IJ,Jll1HOH K=kN, k=1,2,... • BHpaxaH CYMMY ( 1) · 
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qepe3 npOYl3BOAHlllYID rfJYHKUYIID CJiyqatiHUX 6JIYllCAaHHH H, AaJiee, pe
maH 3aAaqy O npocTOM CJiyqaAHOM 6JIYlKAaHHYI OAHOH qacTHUU Ha no~ 
JiynJIOCKOCTYI, MU npHXOAYIM K BUPallCeHHID AJIH nJIOTHOCTH noJIHMepoB 
Ha rpaHHUe: 

p0 (x) = ~ J J [ 1 - cos(2¢1 >]ct¢1dcp2 (2x) 
lcos¢1+ cos¢21>1/2x 

,,_ 

( 2) 

YqHTUBaH, qTo nJIOTHOCTb nOJIY!MepoB Ha TpaHCJIHUHOHHO HHBapHaHT
HOH pemeTKe HMeeT BHA nepBoro cJiaraeMoro · BupaJtemrn ( 2) , MU 
noJiyqaeM, qTo, HaqHHaH c nJIOTHOCTett p~0._6 np11rpaHl1qHl,IH CJIOH 
CTaHOBHTCH H36HTQqHl~M, T.e. Po > J) •• )lpyroti Sfllg)eKT, CJieAYID
lllHH H3 pemeHHH, COCTOYIT B Yl3MeHeHY!l1 POAa rpa30BOro nepeXOAa OT 
cTeHKH BrJiy61, 06pa3ua: p

0
~ t 2 ,P ~ 't , rAe t -,; ·x-x , x = 

. . C C 
1/4 - KPl1TY!qecKaH ToqKa MOAeJil1. 

B §2 pemaeTCH 3aAaqa O KOCBeHHOM B3aHMOAeHCTBHYI ABYX. 
TOHKYIX zecTKYIX CTepxHeH B paMKax "A-MOAeJIH~ IloTeHUY!aJI B3aHMO
AeHCTBYIH ABYX CTepzHeH MOEHO 3an11caTb B BY!Ae: 

VN(r1,r2) = FN(y,y) - FN(1,y) - FN(y,1) + FN(1,1) , (3) 

rAe r1 YI r2 - KOOP~HHaTH CTepxHeH, N - AJil1Ha noJIY!MepHHX ue
neti, FN - CB060AHaH SHeprnH pemeTKYI, y - KOHCTaHTa B3aHMOAeH
CTBYIH noJil1Mepa co CTepzHeM, eAHHY!Ua 03HaqaeT, qTo B TOqKe r1 
HJIYI r 2 CTepllteHb OTCYTCTByeT. Cso60AHaH SHepr11H BHpallCaeTCH 
qe"pes JIOrap11rpM CTaTCYMMl,I ( 1), l1 3aAaqa onHTh CBOAYITC51 K Bl,lqYI
CJieHYIID npOl13BOAHllleH rfJYHKUYIYI CB060AHOro 6JIYlKAaHYIH n; pemeTKe C 
npHMeCHMYI B TQqKaX r1 YI r2 • B CJiyqae 6ecKOHeqHQ ~OJI1>moro 
OTTaJIKHBaHYIH noJil1Mepa OT CTepZHH (y=O) BHpaxeHHe AJIH-noTeHUYl
aJia YIMeeT oco6eHHO npocToH BYIA: 

N . 

VN(R) = I lnl1 - F2(R)I , ( 4) 

j=1 

rAe F(R) = G(R)/G(O), G(R) - npOYl3BOAHlllaH rfJYHKL\YIH CB060AHOrO 
6JIYEAaHYIH no TpaHCJIHL\YIOHHQ YIHBapY1aHTHOH pemeTKe c secoM gj = 

4 

J 

11 n 
t 
J 

X exp(2xij/N + ix/N) , X - aKTYIBHOCTI> no~l1MepHoro 3BeHa. 
B §3 AaeTCH qY1cJieHHaH oueHKa npY16JI11~eHY1H CB060AHUX rpep

MHOHOB AJIH MOAeJil1 Al1MepoB Ha pemeTKe aJIMasa. 3HTpOnYIH Ha OAHH 
yseJI OTJIHqaeTCH OT Ol!Cl1AaeMoro pe3yJI1>TaTa Ha 20%. 

BTOJ;ia.H m.Ba nOJIHOCTl>ID nocB.mneHa BUBOAY ypaBHeHYIH aH3al\a 
EeTe mecTl1-BepIIIHHHOH MOA8JIYI C npOH3B0JlbHO OpYleHTYIPOBaHHUMYI 
nepYIOAYlqecKYIMYI rpaHl1qHHMYI YCJIOBYIHMYI. B §1 pemaeTCH 3aAaqa O 
CJiyqatiHOM 6JIYllCAaHYIYI OAHOH qacTYIUH Ha nosepHyTOH pemeTKe. B §2 

qJOPMYJIYIPYIDTCH YCJIOBYIH COKpameHYIH KOHqmrypaUYIH CJiyqatiHUX . ny
Teti, KOTOpHe He YAOBJieTBOpHIDT npaBYIJIY JlbAa. 3TH YCJIOBYIH BMec
Te C nepYIOAH48CKYIMYI rpaHHqHHMYI YCJIOBYIHMYI YI npl1BOAHT K ypaBHe
HYIHM aH3aua EeTe Ha.noBePHYTOH pemeTKe. B CJiyqae MOA8JIYI JlbAa 
ypaBHeHYIH l1MeIDT BYIA: 

n 
exp(ik.L) =·n B(k.,k.) 

J X j=1 J •~ 
,, ( 5) 

1+ ei(p+q)(a1+a2)(A A )a2-a1 + eiq(a1+a2)Aa2-a1 
B( )= - P q q 

p,q a -a a -a • 
1+ ei(p+q)(a1+a2>(A A) 2 1 + eip(a1+a2)A 2 1 

p ~- p 

( 6) 

rAe k. - BOJIHOBoe qYICJIO j-OH 6JIYlKAarometi TOqKYI, L - ropYl30H-
i! - .x - . 

TaJibHUH pa3Mep scnoMoraTeJibHOYI pemeTKYI, op11eHTHPOBaHHOYI HOp-
MaJibHO, Ha KOTOpOH nocTpoeHa OCHOBHaH pemeTKa c o6pasyIDllll1MYI 
opTorciHaJibHHMYI BeKTOpaMH (a1 ,a2) YI (a2,..;a1), a1 YI a2 - ueJIHe 
qYlcJia; Ak - MaKCYIMaJibHlilH no MOAYJIID KopeHb ypasHeHHH 

~2-eika1 _ ~2;a1 eik(a1+a2): 1 = 0. (7) 

B §3 noKa3aHo, qTo pemeHYJe ( 5)-( 7) BOcnpmisBOAYIT Yl3BeCTHOe 
pemeHHe lY16a /6/ lJIH HOPMaJibHOH OpYleHTaUYIYI, KOTOpoe noJiyqaeT
CH B npeAeJie a2➔ m a1= 1 , H pemeHYie Ilera /7/ lJIH pemeTKH, 
nosepHyTOH Ha yroJI X/4, qTQ COOTBeTCTBYeT CJiyqaro· a1=a2=1. 
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R TDeTbe0 I'..!laB.e npeAJIOJlteHH ABYMepHaH" TpexMepHaH MOAeJIH 
,nJIH . ytteTa 3HTponHAHoro BKJiaAa B TepMOAHHaMH4eCKHe CBOACTBa 
qia3H pacnJiaBJieHHHX a6pHKOCOBCKHX BHxpeA B BTCII. 3TH MOAeJIH 
aHaJiorH4HH MOAeJIHM noJIHMepoB, paCCMOTpeHHHX B nepBoi1, r JiaBe 
,n11ccepTa1J,HH. TOJibKO Tenepb aKTHBHOCTb eAHHHL\H AJIHHH BHXPH 
CBH3,aHa C napaMeTpaMH CB~pxnpoBOAHHKa: X=1 /2exp( µ/kbT), 
µ=H4io/4'.Jt- £1, £1= Hc14>0/4'.Jt • 3AeCb H - BHemHee MarHHTHOe no-. 
Jie, ~o - KBaHT MarHHTHOro nOTOKa, £1 - 3HeprHH HaTHJKeHHH BHX
pH, He 1- nepBoe KPHTHttecKoe noJie. BupaJKeHHe AJIH Jiorap11qiMa 
CTaTCYMMH MOAeJIH pa3MepHOCTH d C TOJimMHOH o6pa3U,a L noJiy
qaeTCH .B CJieAYJOll\eM BHAe: 

1 
ln zd(X) = 

2'.Jt 

J. .. J dd- 1¢> lnl1 + (xJ...d_ 1(¢i))L I, 
0 

( 8) 

rAe J...1(¢,)= 2cos¢>1 • J...2(¢>)= ei¢>1 + ei¢>2 + ei¢>1+i¢>2. KpMBHe 
M30TepMM4eCKOi1 BOCnpMMM4MBOCTM,BHqMcJieHHOA no cpopMyJie K= 
xalaxp( x), HMeIOT. CJia6o BHpaJK_eHHHA nm~. riOJIOJKeHMe KOToporo 
Pmax M TOJimHHa o6pa3U,a L CBH3aHH COOTHOmeHMeM 

Pmax ~ CL -<X, ( 9) 

, AJIH o6eMx pa3MepHOCTeA. B CJiyttae d=3 HMeeM C3= o. 59 , <X.3= 
o.,~4 ; 'AJIH d=2: c2= 0. 70 M <X.3= 0. 46. IlOCKOJibKY B ABYMepHoA 
MOAeJIM nepenyTHBaHMe BMXpeA HeB03MOlltHO, MH AeJiaeM BHBOA 0 
TOM; 4T~·eCJIM nMK M CBH3aH co CMeHOA peJKMMOB npM yBeJIH4e~MM 
L , TO 3TO CJI8ACTB11e npocToro OTTaJIKMBaHHH BMXpeA APYr OT 

. -~ . ·~ . 
Apyra, a He HX nepenyTHBaHHH. tts pa60TH HeJibCOHa /8/, B KOTO-
poA npeAJIOJlteHa, ABYMepHaH MOAeJib 6030HOB AJIH onMCaHHH M30rHy
THX BHxpeA, CJieAyeT, 4TO CMeHa peJltMMOB npoMCXOAMT. npM pk ~ 

1 p 
1-. OTCIOAa B03HMKaeT npMHU.MnMaJibHaH B03MOJKHOCTb cpaBHHTb 
3KCnepMMeHTaJibHO 6o30HHYIO M qiepMHOHHYIO MOAeJIM, nocKOJlbKY <X.~= 
1 ,<X.~~ 1 /2. 

B 3aKJIJ04eHMM AaHH OCHOBHHe pesyJibTaTH, BHHOCHMHe ·Ha 3a~ 
mMTy. 
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PyKonHCb nocTynH~~ B H3~aTe~bCKHH OT~e~ 

2 ~eKa6pH 1991 ro~a. 
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