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1. BBe.JleHHe 

' CBO!lCTB KonneKTHBHbiX H~pOTSUHOHHbiX COCTOliHHI1• B )le<jlop-
/3/ 

HJlpax · 61>1n 

· B nocneJlBee BpeMlt pltll 
¥ 11 21 . 

MHpOBSHHbiX 1 H ccjlepH'IeCKHX c ycnexoM oo'hltcaea B · paMxax Mnxpocxo:: 
i ' \. / 

. nH'IeCKO!l MOJlenH STOMHOrO l'IJlpa, B STOll. MOJlenH HCXOJlHbiM OObi'IHO .l'IBnlteTCll MOJlen&Hblll 

·raMHn&TOHHBH H 1 coJlep)KBUJHJl .. cpeJlaee. none H roaHMOJleJ1c<rBne. ~ac:riin. H!i nepso.d 

STane pemeHHH 3BJlB'IH nepeXOJll'IT OT 'IBC~HU K KBB3H'18CTHUSM np~.nOMOUIH K8HOHH'IeCKOro 
. ,,· 

· npeoopaaonaaaH Boromooona. To'IHOCTb _Taxoro noJlXOJla uccneJlonanac& no Mnornx paooTax · 
' 14 5/ . ' .' It , . I . · • • 

(aanpHMep,B 1 
), B 'laCTHOCTH1 BOnpoc nonpaBOK K OObi'IRbiM Bblpa)KeHHliM: B Cny'lae, MOil_e7 

' · nH cnapHBaHHe + MynbTHnon&uoe aaauMo.zteA:cTBHe 6bln uccneJioBaH EenBeBhi~/B/ u 3ap9uxnM 
- /7/ . ' I . 

! 

,1 H fp~Hb!M , B CTBHJlBpTHOft npoueJlype Jlane,e npHMeHHeTCll KBa3H0030HHOe· npBonBJKe~Be,· 
T,e, C'IHTBeTCll1 'ITO napa, KBa3H'IaCTH'IHbiX onepSTOpOB HMeeT. KOMMyTaUHOHHble CBO!lCTBa 

• ' , I 

ooae~xoro onepaTopa. raMHn&TOHHaa B sToM cny'lae HBnHeT!=l'l. KBaJlpaTJI'IHoll 41opMoll B ao-

B&IX onepaTOpSX H MOlKeT ObiT&. llBSrOHSnH3HpOBSH HnH yHHTapHbiM npeoopa30BaHReM (npHO

nRlKeHBe TaMMa-naaxona). BnH npeo6pa3oBaHHe~ Boromooona ( MeTOil npn,onHlKeHa'oro ato

pR'IHOro ~BBHTOBBHHH), 

HacToHmaH paooTa nocBHmeaa pemeHHio aana'IH B MOJlena cnapanaaae +. Myn&Tanon&

aoe BaaaMone!lcTBHe B cny'lae, xorna saeprHl'l xonneKTHBHoro ypoBHll aecan&Ho oTnB'I~eTcH· 

OT SHeprHH llBYXKBB3H'IaCTR'IHOr0 COCTOliHHll, Ha peayn&TBTOB paooT
11•21 

BHJlHO, 'ITO C STHM. 

cny'laeM BCTpe'laeMCll cp~BHHTen&HO 'ISCTO B 'leTHO-'I~THbiX JlecjlopMBpOBaH.HbiX SI)lpax, 

2. Cpanaeaae MeToJla TaM~a-naaxona (Tn) H Me~ona npaonHlKeaaoro BTopH'IHoro 

KBaHTOBaHRll ( .RPA) 

B Jlan&ae!lmeM 6yJleT ynooao paooTaT& B paMxax MeToJla TaMMa·-naaxona,· T.e. C'IH

. TaT&1 'ITO OCHOBHOe COCTOliHHe 'leTHOrO llllPB liBnlleTCll KBS3R'IaCTH_'IHblM B'axyyMOM, noxa-

1.- lKeM caaqana, 'ITO B B~Tepecy10meM aac cny'lae Man&Ix K , T,e, "' ... t t + •t• , MeTo!l~ 
., Tn a. RPA sxnananeHTH&I. Cexynspaoe ·ypanaeaae nnslonpeneneiiHH saepruu xonneKTHB-

aoro COCTOliHRSI HMeeT BHJl: B MeTOJle .RflA 
2 2 

f ••'u •• '(t. + t 8 ,) 

(1) 

3 
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B M9TOJl9 T!l 

2 2 
f ,u , 

1/=:~IC I, I as 1111 i.' (2) 
•• ( +"E' ,- "' . . 

1 ' -
3Jl9_Cb faa' - OJlHO'I8CTH'IHbl9 M8TpH'IHbl9 aneMElHTbl onepaTopa 'r Y).p 1 U

88
,=U

8 
v

8
,+ V8 ~,, 

E·. -· aneprnH KB83H'IaCTHUbi iia yponene s- • Ypannenne ( 1) MoJKno rtepenncaT& B 

'_cl>opMe 

1 = 
l-K !, 

a a' 

K 

f;a;u~R, 

'+ £ ,+CIJ 
a 

2 2 
f , u , 

!. 
88 88 

sa' f + £ ,- (I) . . 
2 2 

K'"£; fsa'Usa' 
sa 'f +r ,-·u 

•· a 

·s cny<iae cu .. •,- + •,• K' HBnHeTcH npaKTH'IeCKH nocToHnnol!, Ra pncynKe 

nnqnoe no'nen·3nne <!>ynKunl! · 

K' 

•K f 2~u2 , 
l- K. ~ sa as 

88 l + ~ ,+ (LI . . 

a cnyqae · K 11 = 0- cocT011HHH s· >IJlpe 

f 2 u2 
(KpHBaH1);K!., ••'••' .. 

f +f ,-w . . 

23( 
U . (K = 0,00039h ..,0

0 
) • 

UOK838HO TH-

(KpHB8H 2), 

TaKnM o6pasoM, nnnno, 'ITO pasnnua MeTona RPA n Tn. B cnyqae cu .. < + • , 
' • t-

38KniO'IaeTC!I Ton&Ko ~ oepeaopMnponKe a<!><!>eK_THBHbiX KOHCTBHT, KOTOpbte non6nparoTcH ns 

, aKcnepnMenTa, · 3aMeTHM~ 'ITO . TaKoro pesyn&TaTa cnenonano oJKHJlBT&, TaK .KaK npn cna6oM 

, B3BHMOJl9l!CTB!IH KOppenHUHH B OCHOBHOM COCTOHHHII TOJKe JlOnJKHbl 6biTb cna6biMH, 

3, Ypannennn nn!l aneprnn KonneKTHBnoro cocToHHHH 

faMHnbTOHHBH CHCTeMbl B onepaTopaX KB83H'I8CTHU HMeeT BHJl: 

H Ho + Hint Hint Hto + Hal + - H22, ' (3) 
1-

- \ 
rna·· H~J :-cno6onnbie KBa3H'IBCTHUbi , H 1nt - naanMoneiicTnne (qncno KBasnqacTnu ne cox-. 

paHHeTC!I), naHHbiii raMI!nbTOHll8H 6yneM Jlllaronanl!311pOB8Tb B npocTpaHCTBe JlBYXKB8311-

.'18CTII'IHb~X tPYHKUIIll if nonyqennoe ypannenne ,cpaBHl!M- c ypannenneM (2). TaKIIM o6pa30M' 

nony'IIIM rpBHI!Jlbl npl!Meltl!MOC1'11 ypaBHeHII!I ( 2), a TaKJKe HSiiJleM B03MOJKHbie nyTII ero 

yTO'IHeHI!SI, nnn nony'leHH!I ypaBH9HHll BOCnon&syeMC!I B8pli8Ul!OHHbiM npHHUHUOM, T,e, UOT

pe6yeM,: 'IT06bi 

4 

-,. 
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\• 

,, 

1.' 

: !_: ·/' 

ii, 

~ J,, 
·I 
'' 

~a ' ' 

-~ 

~ 
·/i 

·t 
~ 
·I 
I 

l 
-'! 

~ f 

r:· 

,, ~ .. \ -

8 ( 'i', H, 'l' > - cu < 'I! , ·'i' >) 0 
(4) 

. ' + -+' 
rne·- ¢.=· !.,'~' •• •."aa 8,JD> cynepnosnunn JlBYXKBB311'18CTH'IIIbiX ¢ynKunll. Ecnn o6osna'IHTb · 

rne 

. . . 

·A =· !. U , f , 'i' , 
tt' u tt tt 

B .= !., f. ·v. f,, v , , '1'. , 
. a a tt •• .a • a t. a · :' 

·vu' = u.t u~~- v t vt ... • 

TO JlliH UeH3BeCTHbiX KOa<!><PHUHeHTOB pa3nOJK9HIIH 'l' . , .. nonyqaeM Bbtpal.<enne 

'l' , = .. faa'Uas' 

f +£ ,_ (L) . . KA+ 
K Baa' 

f +f ,-CQ . - . 

(5) 

(6) 

.----' 

r 

n -nn!l A 
I , 

B •a' ~cncTeMy onuoponHbiX nnnel!UbJX ypannennl! 

2 2 
ftt,U u' . . fu,Uu: Btt' 

A=K; A+K!. ' 
u ft+c~.,.-cu rt+ct,-~ 

(7) 

ftt, U tt' . Btt' 
B .... K ~ f v f , , v,, A+ K!. f v f , ,v, , _ _;_:__ 

U ts ts ts ta ft+ft'-(iJ tt' ts ts ts_'t_l!!!l(t.+\,-(t) 

.:--

CeKynHpnoe ypamteune nnH aneprnn cu nonyqaeTcn ns ycnonnn/ panencTna nynro onpen.e-
. -

nnTenn cncTeMbl (7). 

- 3aMeTHM, 'ITO nenH'IHHbl Uas' v , .. - no pH nKa ennnnubl ( M.llTpli'IHbte ll f , .. 
aneMe!ITbi B 6espaaMepHbiX enunnuax -Hnn&ccona). Torna · Jl~H no.nyqenn'!l- ypannemt!l . ( 2), T.e. 

_ypasneun!l MeTona TaMMa-nanKoBa,_ neo6xonnMo, xoTst _n uenoc,:aTo'lno, 'IT06bi· 

a) 
K· 

l + t ~ -·cu . . 
I 

.<< 1.-

fu• uu' 
K!. f ·v ft, ,vt,, <<, 1, 

u' ta·.t& 8 ,"tt+rt,-Ct,) 

5 

(8) 

(9) 



/ 

< 

.· . 
. .;..~. -npu6nu>K'euxe MeTO.Il~ TaMMa.:..nauxona >~nnseTc>t -~pa~un&HbiM, ecnu a) paccTo>tuue xon

nexTnnuoro yponuu oT n~Goro .llnyxxnaauqacTnquoro naMuoro 6on&we xoucTaHTbl B3aHMo.lleA-

'cTBH>I 1< , 6) ·ecnu ~oJKBo npeue6peq&· uexorepeuTHbiMH cyMMaMH Tuna (9) 

c e.Quuunell; TaltHM o6pa~oM1 n xnaau6oaounoM npu6n~lKeBHH yquTbina~TCSI 
' . 

nee n cpanueuuu 

J.tOrepeHTHble qacTU1 a nee ·.H81tOr~peBTHble1 3HliKODepeM8HHbl8 qacTH OT6paCblnli~TCSI, , 

3aMeTHM ewe, q·To .npocToe ypanueuue MOJKBo· nonyquTb Tlllt:lKe n cnyqae, JtOTopblft ua 

npaxTuxe qacro ncTpeq~eTc>t, xorna ycnoaue (8) ne nblnonu>t~TCSI .llns O.llHoro u~·onuponauaor:() 
non~ca ( CKa:lKeM, t f + t m ) '· Tor.lla nonyqaeM 

2 2· 

1 =I< :t r ••• u.;.•. 
.. l'<fm> (. +l.:.:. "' 

2 2 
21< f tm ufm 

+ --------
(f +tm- K.Vl!! -cu (10) 

' . . , 
T.e. npu 6onee ToqaoM paccMoTpeuuu cu • OTTllllKHnaeTca• OT nomoca, Ecnu ae · nhmona>t-

·_eTC>I ycnonue· (9), TO MO:lKHO rneCTH DODpanKH n_BH.Qe HTepaUHil, COXpliH>ISI npocTy~ cp~p- .. 

My-ypaBH8HHSI 

f 2 .u 2 , 
1 = I( .::£· .. .. +~2:t:f v f , , v , f .. P .. • fu;·uu' 

+ ••• o'o , ., et. • t a1i f +r ,-id .. ( + f ,- cu .. 
E't + ft' -cu • . u' • . . 

4 •. · ToquocT& pacqeTa ·caoilcTB xom:ieKTBBHblX cocTostauil qeTuo-qeTHbiX 

.QecjlopMHpOB8HHbiX >I.Qep 

111 121 
B pa6oTe _ . nccne.Qonannc& KBa.llpynon&Hbie n a pa6oTe oxTynon&Hbie coCTORHHsr 

· qeTHbiX .QecjlopMnpoaaunbiX >l.llep. B cnsrau c Bb!WeuanoJKeHHhiMH paccy)K.[leHn>I...;H aoaituxaeT 
BODpoc: H8CKOilbKO co6niOilllllHCb B 3THX pa6oTaX ycnOBIIR (8) H (9), 3aMe'I'UM1 qTo HliWH 

-aaxnroqeunsr ue 6ynyT xacaT&csr fJ -Kone6aT81lbHhiX COCTOHHHH Bnnny CD8UHllllbHblX Tpyll-

uocTefi, noauuxarowux n aToM cnyqae, 

(2) 
npuMeH!18Mllll KOHCTliHTll KBBilpyDOilbHOrO B38HMO.Il81!CTBH>I COCTannsreT K • 80 K3B 

. (~ - . .\ 
B penK038M81lbHOI! U I< ·= 40 K3B B ~pauc;:ypauonol! 061l8CTH1 KOHCTliHTll OKTyDOilbHOrO 

riaanMoneflcTnusr_ a nec~Tb paa Meu&we (.Ho uyJKuo nMeT& n suny.!. qTo MaTpnqHbie- aneMeu

Thi. B 3TOM Cnyq~e HElMHOro'· 6on&we), noHHlK8HH9 aueprul! )' -Kone6aTenbHblX H OKTy

DOilbHblX K" = 0- cocToRHHfi cocTann>teT 0,5 -· 1,0 Man, TaK qTo yc;nonne (8) ·ah!non

HHOTC!I xopomo. · Onnaxo ,uano oTMeTuT&, qTo pacqeTbl oxTynon&HbiX cocTosrnuil c K _.; 0 

ne>KaT· Hll rpauune DpHM8HHMOCTH M8TO.Illl, XOTSI 38KiliOqeuue 06 HX Manofi KOilll8KTHBIIOC~H, 
. /2/ B . (.) . .. 

cnenannoe n , ocTaeTcs a cnne. bmonneuue ycnoausr 9 noxaaano na _TunnqHoM npu-· · 

6 

. 

.. 
/'< 

Mepe COCTO>IHHSI ,K JT =· 0 >l.llpll .U
234

. Ha,pucyuK~ 1, ·. KpHP.aH 3 DO.Kll3h!B~eT none.Qeuue ,· 

(yMHOlK8HHOrO Hll MHOlKHT81lb 25) MliKCHMllllbHOrO DO nenuquae nblpa~eHH>I THUll (9); BH.IlHO, 

qTo, icpoMe o6nacTu, conceM 6nHaxoll K non~cy, (9) xopowo nbtnonuseTcsr, 

. . + 172 2M 240 
Cnezman&uo ua.Qo oronopHTb cocToHHHH c K" =· 2 n H.llpax Yb , U. 11 Pu 1 _ 

n aTUX ·cnyqagx' ycnonue (8) He nhtnOilHll8TC>I .llllll U301lHpOBliHHOro non~c~ H Hll.llO DO;b30-

naTbC>I. ~panueuneM ( 10). Ho MaTpuquhiil :;meMeHT, cooTBeTCTny~muft nepnoMy non~cy, npe

··ue6peJKuMo Man, H anonu~as nonpanxa uecymecTneuua, 

TaKUM o6paaoM, MOlKHO c.QenaTb aaxn~qenue, qTo .llllSI pean&Hb!X auaqeiiuil napaMeTpOB 

B 'cnyqae qeTH~IX necpopMHpOBliHHbiX H.Qep •onaCHOCTH• H3-38 DpH6nH:lK8HHe K' non~cy neT u 

· MeTO.Il npu6nuJKeuuoro nTopuquoro xaauTonauus pa6oTaeT c xopowe II. ToquocT&ro. 

5. KonneKTHBHbie coCTOHHH>I n ueqeTHhlX H.Qpax 

B cnsau c BbiweuanoJKeHHbiMH peayn&TaTaMH noauuxaeT aonpoc, MOlKHO nu nonyqlfTb 

ypaaueuue, auanoruqnoe ( 2), T,e, yqnTbinaromee KorepenTuyro qacT& naanMo.lleflcTBH>I, a 

cnyqae neqeTnoro R.llpa, u xaxue npu6nu:lKenusr .Qns aToro uy;Kubi? Cne~yeT OlKH.IlOTb, qTo 

nonoJKeuue n ueqeTHhlX >tnpax 6y.lleT uaMuoro cnolKuee, no nocxon&Ky p>t.ll ·~one6aT•;m'&Hblx• 

COCTORHUH B geqeTHbiX >l,llpliX 06HapyJKeH Hll ODbiTe H DOCKOilbKY 'pacqaTbl DpH DOMOIDH KBa-
. ~~~ . ' . 

3H6030HHO~o· DpH61lHlK8HHll DpOBO.IlRTC>I , Dp8.QCT8Bil>I8T HHTepec nonyqUTb COOTB8TCTBy~ 

IOIDH8 ypaBH8HHR M9TO,IlOM .ll8HHOII p~60Tbl, _ 

npo6uyro cpyHKUHIO 8CTi3CTB8HHO Bb16paTb n BH.Il8 cynepD03HilHH OllHO- H TpeXKB83H~liC

TllqHblX COCTORHH!l, T,e. HH3WHX B036y)K.[lei!HbiX COCTORHHH0 Toqao TliK JK8
0 

KliK .llllSI '18THOrO 

nnpa. 

'P + (::£ C 8 a • . . + 
+ ::£ 'P atu a • a, (12) 

+ + 
au >I 0 >. • 

Tax KliK Hac HHTepecyeT KaqecTB8HHbiH OTBeT, 6yneM aanaqy pemaTb B C8MOM. DpOCTO!'d 

npil:6nu:l!<enuu, 6yneM npennonaraTb, _ qTo onnoxnaauqacTuqubJe cocTORHHH c .llalui,hiM cnnHOM. H 

qeT'iOCTbiO pacnonoJKeH!?J nocTaToquo .QaneJto npyr o:r npyra u qTo na acex '.llnyxxaaauqac-· 

THqHbiX• COCTOllHHII ~JKJIO llHIUL O.llHO cpououuoe coc_To>tnHe coce.Qaero qeTuor'o '>tnpa (ero 

auepruro cu u nonnonyro <jlyuxuuro 'P ••' cquTaeM naaecTnofi). TaKH.M o6paaoM, Mb; ne 

yqnTblnaeM uuTepcpepeH!lHH cjlouonon paauh!x Myn&Tnnon&HOcTei! n npoexuufl, a TaKJKe BhiC

wux KOpHefi ypa~H8HHR ( 2) 0 ·ux yqeT B8.1l8T K He~yWeCTB8HHOt.1)' YCilOlKH8HHIO COOTB8TCTByiO

WHX BblpaJKenufi~ liTax, nawa .. npo6naR <jlyuxuua HMeeT .nun: , 

'P + + 
( C a . + ::£ D. Q a >I 0 > , 
~ ~ t • t . (13) 

7 
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I, 
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l. 

anecb ~ ,. D t • -aeuanecTHbie n.apaMeTpbi 
' ' 

, H~eeM 

rue'· 

I , 

:+ ' + ' +. 
Q =·.I,'P•~'a .• _a•'+... 

< 'l! 'H 'l! > - '1 <'l! ''l! > 

( Mbl B3SliiH panH UpOCTOTbl OKTynonb

HWfi ¢ouou ~ aynesofi npoercunefi n. 

'laCTOTOfi Cd 

C 
2 

(• -TJ)+. l:(ru H -TJ)D
2 
-I (ru +• -'7)T D D -•o a0 r r . r 

8
, y. r ar r a 

2Ca0 }; (f, 
~ .so v ... o B )D +rc I.E D D 

va0 r ar ar r a 

y 
2 2 

l: t •• -u •• • 
••' (• +r ,-ru)

2 . . T =l:'P 'I' 
ra at rt. 

Br•o rc.l: 
tt' 

f tt' Uu• 
frt urt f•'so v•'•o 

( t. +f t' - CtJ 

E = l: If u 'I' ,. {f ,. u ,. 'P - f ,. U· , 'I' ) + 
r~ tt'k 1k rk tt U U ak at at tk 

+ 2 f r f V rk f tt' V tt' 'l'k t' 'I' to I - 6 •• .;, f""' '!.~~" f ••' v ••' '~'u 'I'", •" 

flocne.BaPbHPOBBHHH no ·C 'H D, 

onpeneneHHbiM ananorn'IHO (5) 

1 nepexonst K HOBblM HeH3BeCTHblM nepeMeH'!biM1 

A= I D,(f, v, -B ) 
t llo •o t•o 

f +E , (15) 

P, =l: I ru+ ~- '1 
T +~ 

.E + E In aS: &a 
•• 2 ' ru+•,-TJ ru + E -TJ 

t . 

rrony'IUM cuc-:;eMy nHHefinbiX onHoponHbiX. ypasneaua, aHanorH'I:Iyro ( 7): 

A= 

2 

}; (ft"o Vtso -B••o) A+l:(f 'v -B )P 
-----::-- t.s te

0 
te

0 
t 

Y(t -TJ) ' ru+•,-'7 ' 0 (16) 
•o 

8 

'· 

·p 
t 

... ru + • +• 
=-l:l ~--" I T 

c.>+t,-TJ tr 

I 

f V -B 
II '"o •so ••o A + P • 

v (I -TJXru+t
1 

-11> •o 

E +.E," K rt __ ._ 

+ 2 c.>+t, -'1 I • 

H AnSI .OlipeneneHHSI H9H3B9CTHOfi 'laCTOTbl 'TJ ycnoBHe paseHCTBa Hynro onpenennTenB 
CHCTeMbl ( J6); 

CoXpaHgg TOnbKO KOI"epeHTHbi9 'laCTH1 nony'laeM ypaBH9HHe 

1= -----l: 
f V -B ts

0 
ta0 -- ta

0 ( 17) 

y <•.0- .'1 ) t c.>+• -TJ 

'\ 

··. 3To ypaBHeHHe 'CXOAHO C ypaBH9HHeMI nony'leHHblM B KBa3U6030HHOM npu6nHJK9HUH B pa6o-
, /9/ . . . ' 

Te 1 ,ecnn He C'IHTaTb Hanuqng B 'lncnuTene 'lnena B too• Ko Topwa B03HUKa!JT na-aa 5o-

nee TO'IHOI"O y'leTa aHTUCUMMeTpHH BO BTOpQM cnaraeMQM BOnHOBOft ¢YHKUHH (J3)j 3aHHThlll 

ypoBeHb He MoJKeT yqacTBoBaTb B o6paaosaanu ¢onoaa. 3aMeTHM, 'ITO na cnoJKHoro ypasae-

_anu B snne onpeuennTen" cucTeMw (16) MOJKHo nony'IHTh npocToe ypasaeuue; ananoruqnoe 

( )Q) 1 C TO'IHbiM y'leTOM .H30nHpOBalJHOI"O nonroca OAHOKB83H'IaCTH'IHOI"O Tuna (t
0 

-'1) ' nnn 
' 0 . 

Tuna KBaanqacTnua + ¢anon <•, + ru - '1.) • 3aMeTHM1 nanee1 _'ITO ManocTb !"ercorepeHTHblX 

) . ' . \ 
'laCTell_ B cny .. ge CHCT9Mbl ( 16 He stBnBeTCH CTOnb O'leBHAHOll, KaK B cnyqae '19THOI"O stnpa; 

__ npu rconrcpeTHOM C'leTe nano Bcerna y6ennThCst B npasnnbHocTu DToro npeunonoJKeHnst, 

B aarcnroqeune asTop Bb!paJKaeT 6narouapaocTb B.r. ConoBbeBy aa noneanwe nucrcyc

/ cnn n A.A~ Kopuell'lyKy aa noMO!Ub B n"poBenenuu 'IH'cneiiHb!X pac'leToB, 
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KIT a 0- COCTO!IHH9 B !!Jlpe U234 
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