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CBeruropCKH Ll.A. Pl7 111171 
KnaccH'-ICCKaH CTaTHCTII4eCKi1H 1\teXiiHHKd IIUolHMef'uu 

c roJIOHO\IIlhfr..HI CBH3RMH. II. Kny6KOFH>e cocroRHHe 

\\OilCllbi!OII U€ITH 

U lHlHHmi ( BTOfJOll) pafiOT\' lll\K.i18, llOCU',!llit!HHOru UCCi\l'iWB8HH 1-0 Ilu.l .!

\! '(J!Ib!X ,\\Oll€KYJJ C M0CTKIIMII [H:l.lleHTH(,!MJJ C[H:I.:h!MU H. yrJJCl\!H 1 HCCnenyeTC:>l 

KnyGKuBtJC' cocru>!Hi1e \~U:.ltJllbHon uen11. B •ro\: ~ JIY'IfiC CTr1TIICTifl-IeCKHil 11!1-

rerpan H8X0il11TCH Ilpi!6llH~eiiHO npH DOMOlllH CA\!OCOf'llOCOUilHJ!(Jii npoUeDyflt,J, 

Pa6ora B!,lllOJJHCHa B na6opaTOfHlH TCOpeTUt[8CKOrt (~fLHIKH 0115HI. 

I 

Coo6111enae 061>e.llBHenuoro HHCTHTYTa anepuwx accne.llOBAHHil. ~y6ua 1977 1 

:.c;·vdo•u>r~ki n.A, Pl7 - II~ 
ClcL,-,c:..icctl Slctlistic. d ! )( ll).'trH't" \lf•Cf lr-trti<>-o wtth . 
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I I 
f I, d{ H t{ Hnic Honds. II, r'"'\ Coil ..:::;t, de-' of '\'lndel Chain l 

I 
/\ coil .st,ttc- of the 'tiiKk•l ch<1i11 i-- sliFlind. \·V1lh th<~ fH•lp (Jf 

c1 o.:.t_..lfcon-=;i~tc·ttt prr>cc>dttrc H~t• pr·ohir--'•Jt i,....: r·edtwed !c> the l,...oittl:. 

mod Pl. 

The in\rt•""""tigation ha....:, l)f!<•n p•-"donnc•d at the Ltbor·,'ltory 
of Thonn_.,tical Physics, JJNR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 

© 1977 061.eclUHI?HHWil UHC•u•y• Jfcll?pHWXUCCAI?cl06QHUil..ll.li6Ha 

B 3TOR pa6oTe IIpOUOJilta8TC.fi HCCJI8,IIOBaHI~e !1pOCTOii MO f\E'JlH 

uerrB, rrpe~no~eHHOU B pa6oTefi/*). llpe~rroJiaraeTcH, ~To pac-

CTOHHKH M~ COCe~HHMK TO~eqHHMM MaCCKBaMH B U8IIR (BaJieHTHHe 

CBH3H) UOCTORHHH. llpa 3TOM H3M8H8HK8 yrJIOB Me~ COCe~ Ba

JI8HTHHMH CBH3HMH .fiBJI.fi8TC.fi KJiaCCKq8CKKM ¥. rrpOHCXO~HT B UROCKOCTH. 

1\lu paCCMBTpRBaeM 3TY MOU8JI:&, 'JT06H HA IIpOCTC;tnleM IIpiDI!epe 

ITOHHT:& BJIHHHHe KHH8TIN8CKOH aHeprl!H Ha Te <f>l!31NeCICI'l8 xapa.KTe

pHCTBKH ITOJIIDI!epHOH lv.OJieKyJII:l, KOTOpHe 3a.Bl'IC.fiT OT ee KOH<f>HrypaUHH. 

,Il.Jui CTaTHCTH'J8CKOrO HHTerpaJia 3TOI l\'OU8Jil! HaM~i 6HJIO 

rroJiy'!eHo cJieuyW!ee BHpaJKeHae (eM. qacTb I): 

r~e 

2,• ;_~ . >/ ( ( n r. - u (G-, e-,.,. K. r 
2~,,-= cvn:,i _r-·)'~·---"-9~ufi"Le)e' (I) 

0 

D ,.r 0 ( ~ t Lf["'-' -- .t«~,_, ~: e-( cc·;\ w, ~ -1W>I\ .. "-', w,,.) f 
(2) J. 

~) /I/ B ~HelweM Ha pa6oTy 6y~eM cc~JiaTbCR,KaK Ha 

'laCTb I. 

3 



0Ka31maeTC.fl, 'ITO :oopa.JleHile (2) JierKo MO.llllio npomrTerplof-

poBaT:b rrocJien;oRaTeJII>Ho rro w, , w<..- , ••• w,., • HeTpy!(HO 

yCie,IJ;IIT:bC.fl, 'ITO IIOCJie /_ - ro llHTerpllpOBamm IlOJiytJaeTC.fl 

D. 
r. ) ( e )tr · _.!. J. , z , tvi!j" = f[ '{, -1 71 .2- ( 2- W5fJ.e_ J-<-- 'Ti -;.,(.<_- Cd.l 6'.i._ ) 2., 

,{, - Cff>G £... ---

'1i -± (2- ur}(;; - __ (-
~ - {£f) 'f7t- f 

I CO 

)
2 ~ ~, ... J.w11 ex f [-(z-

- _,- 2 

z_- un e,. 
,2- ~f72.. 

-o'> 

t 

(t.,'l'')?J:1"
1 )~~' +10'&/,~W,;~ •. -t] -{:<ut.~.•2cd»,,/.V,;,~•Jl 

.;!_- - . , e . 
.,t-c.e>ttJ, --

CJie.IJ;OBaTeJI:bHO, npeHeeiperM rpaHII'IHbiMil e>!fxl>eK'l'aMH n;AA 0,.,- (!7) 
B TepMon;mraMWieCKOM rrpe,n;eJie ( /II ...;;,oe ) , rro.nyqaeM cJie.n;yonee 

Bl1 p8.llemm: 

IJ 

D,..~)= nv(e,·/h-1;--- ), 
j: I (3) 

r,n;e 

V (tr.}Ji-'; ___ ) = ( e/ffn) ( .{ -
'1.. 

unrr.· 
2- (.u-/ei-, )~ 

.<- - ---

TaKI'IM o6pa3oM, ~ rroJiy'lllJlll D/11€?) B BIUI;e rrpoK3Bei~eHM 

UeiiHHX .n;po6e!. 0Hil CXO.IJ;HTC.fl, 'ITO II03BOJI.fleT C onpe.n;eJieHHOA TO'l

HOCT:bll Y'lllTHBaT:b B \f / @,' e-, _ , _ .. ) TOm.RO KOHe'lHOe 'IHCJIO 
/ ) 

yrJioB. 

Tax KaK B CJiyqae, KDr~a BCe yrJIH [),· O.llllHaKOBHe,ecTL 

TOqHoe pemeHBe (eM. qacTI> I), To ItAA V(Bi,~ ~~~o---J KMeeM: 

V{ 17, e ,- __ J =~)(I+ 1.s. VIe 1 ) ±. 

4 

.. 

" 

JTO II03BOJI.fleT llCCJien;ODaT:b CXOI(KMOCT:b UeiiHOH n;po6H. 0Ka3HBaeTCfl, 

'ITO Ol:la C.IUI:bHO 3aBHCHT OT yrJia. fl : npa 9= 0 CXO.IJ;HMOCT:b O'leH:b 

nHOXB.fl, 'ITO COOTBeTCTByeT 6eCKOHe'lHOMJ pa.n;KYCJ KOppeAAUHH (CM. 

'laCT:b I). a rrpa e -., /2 6LICTpo y.nyt~maeTC.fl. HanpHMep • .IJ;Jlfl 9.:-~. 
'ITOOH IIOJiy'lllT:b TO'IHOCT:b C .llBYM.fl 3Ha'la~ U~paN.Il IIOCJie 3aiiHTLIX, 

HylltHo y'liiTLIBan Tpi'I yrJia. B V • TaxM TO'lHocn n;AA (} =0 

Ciyn;eT KMeT:b MeCTO , eCJIH B03:bMeM B V J:IBB,I(UaT:b yrJIOB. 

B 'laC Til I CibiJIO OTMe'leHO, 'ITO B KOH(pHrypaullOHHOH CTBTHCTII-

Ke IIOJIHMepOB llCIIOJI:b3yeTC.fl CJie~DmHH CTaTHCTH'leCKHH HHTerpan/2 , 3 A~ 

.:IJ' ~n (_ __ \eN,. __ J.'fN e- u( '!,, .. ,':ftVJ/IC? 
_) .) . (4) 

0 0 

r,n;e Y;, ~~ ___ 
1
'-f tv' - yrJIH BHyTpeHHero BpallleHil.fl. 06H'IHO IIOTeHUilaJl:b-

Hafl SHeprll.il U { ;f,, ·- 1 'f tV ) HMeeT BKJJ;: 

V- { '1, r ,':fN'); uf/) t wf!,) f- -. - f u (':If'/). (5) 

Mil 

V-(~r--;Y'f'l')= UN,,'f,)-t . - -t lL( :/;y-1/ y" ) . 
(6) 

B CJJy'tae (5) CTaTHCTil'leCKBH llHTerpaJI (4) Henocpen;cTBeHHO 

BH'lHCJI.fleTc.fl, a B c.nyqae (6) npHMeH.fleTC.fl TaK Ha3HBaeMoe no

BOpOTHo-n:aoMepHoe npHCiJIHZeHHe: HHTerpllpOBaHHe 3aMeH.fleTC.fl 

CYMMHpOBaHHeM IIO L{HCKpeTHHM SBa'leHHHM yrJIOB BHyTpeHHero Bpame-

HBH ~· , OTBeiJaDIIRX MHHHMyMaM ilOTeHUHllll:bHOH SHeprHH 

'U ( ';/· <:f· 1 ) • B aToM npHOJIDeHHH YitaeTCH npKMeHIITL anna-
, I '+ 

paT Mo.n;enH HsHHra. 

liMIITHpYfl peaJI:&HyD CIITYSUHD, npe,n;IIOJlOllHM, 'ITO B Hameil 

MOiteJIH IIOTeHUHaJILHaH SHeprH.il KMeeT BHll 
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U{g,r B/1/) = U(~, '82.) t-ZL('B:J . .J Oj) t--- • (7) 

TaK KaK DN@) - Me.n;JieHHO MeHHBl!laHCH \PYHKUllfi, oy.n;eM 

BCCJ18JJ;OB8.TL 3TOT MHOlltHT8Jl:b B "nOBOpOTHD-H30MepHOM" llpHOJIU8HO, 

IIpH &TOM n;JIH IlpOCTOT~ Oy.n;eM pacCMB.TpBBaT:b TOJlhltO .n;BB. "H30Mepa" • 

Hama l.\8Jib - Bbl.f!CHHT:b, RB.K D~) BJillR:eT Ha cTaTHCTH'iecRHe xapaK

TepHCTHKH U8TIH, ll03TOMy MH Oyn;eM CpaBHHBB.T:b peayJibTB.TH, llOJiy

qemrue c y'IeTOM H oea yqeTa MHOlltRTeJIH D,..r ~). 

B "noBopoTHo-HaoMepHoM" npHOJII!lteHBH cTaTHCTWiecKIDi: 

Hl!Terpa.JI uenR (I) oy.n;eT ~eTb BB:n; 

£._ .e. tl 
z(''l= copSf L_' ___ ;[.' n V(ff: f), ) e-U.(f7,'/~/ri)/U 

";=r &;=t I·• It 1-1;- -- , (8) 

r]ie .n;JIH 0 ;v ~) MH HCITOJib30BB.Jn1 npe.n;cTaBJieHHe ( 3) • KoHe'!HO, 

H8B03MOltHO llOJiy'iHTb .flBHOe llllpallteHRe .n;JIH 2,_11 , 8CJIH V 38.-

BHCHT OT OeCROH8'IHOrO 'IHCJia yrJIOB f}i 

IIpr.me.n;eM cooOpB.llteHM, noaBOJUlDIIHe orpaHHIJHTbC.fl B V 
HeOOJI:billHM 'IRCJIOM yr.JIOB: 

I. ilpHMotl no,n;c'IeT nottaaa.JI, l:fTo ol:feHb Moxaa cxo.n;HMOCTb 

V (@-, ~~~, -- )HMeeT M8CTO TOJl:bKO Tor.n;a, Kor.n;a BCe 8l: 0 • ECJIH 

B V BCTp8'!8J)TCH H yrJill, OTJIHIJHI:le OT HYJIH, CXO.ll;HMOCT:b O'ieH:& 

OllcTpo yJiy'imaeTC.fl. 0Ka3llBaeTC.fl TB.Kllte, 'iTO l!(f~i1 9t'-t---) 
CKJI.l>HO 3aBHCHT TOJl:bKO OT H8CKOJI:b:KKX nep:sax yrJIOB (;71l f{)t'- f i - - • 

2. C.11e~ee cooopaJteHHe HMeeT cTaTHCTR'i~cRHa xapaKTep. 

fuJI!! B D!'l'f!-) MHoro yrJioB [) =- 0 , To, orpa.HJIItiBBB.Hc:& B V 
HeOOJl:billHM 'IHCJIOM yrJIOB, MH IIOJIY'iHM 0,.,.-~) C OoJll;molt OWI!ORolt. 

Ho T8RRX CJiaraeMHX B (8) O'ieH:& Ma.JIO IIO cpa.BHeHJ1W C OCTaJI:b-

Hl:lMH. 

6 

.. 

,. 

HaJioZHM MeTon; pacqeTa Ztv< , Korn;a B V('C7t,f9..L..;-· ) 

yqHT~BaeTCH TOJILKO 3 yrJia. B aToM npBOABXeHKH, onycKaH nocToHH

HI:l e MHOlltHTeJIH, aammreM 2- 1'1 B BI\I(e 

.L ~ ,- ' ) 
~~~:: z: ---2. n 'V{ff-t;~~~~~<j)··-L.. )6-{e-i;~'t' • 

'eJ=I (3-f'/=1 ,~1 (9) 

r.n:e G-(~,·19\+1) = e-U(9,'/9i+1_)/KT, 

V( tf,)fh-rJ'fil-~ )= (,Z -· un~i 
;:(_ - GV:J~,~ f 

j_ 
) .(, 

2-

~ y,n;OOCTBB. BBe.n;eu MB.TpHQY 

(.LTJ'e,_z. 
..L. 

G V(ei, t7l+ f) et"t.z/f1l.s )= f G f&l/;t'+tJ (:;.{ETI+t
1 

9/.,.z..)J<. 

'(G (t3;.,.2./7i-tJ) V(f7l-r2
1 

t7t'tr1 et') I! (fJt'tJ,&iu./}lt-1 ). (Io> 

Tor.n:a .n;JIH r /'~ HMeeM: 

.2. 2-

2,.,-= Z.---2' GV(~/&2;~&tr-) G-v(~Jt.>.,iBse.,;). ..• 
&.~~ r?~o~"' (II) 

3Ty CTaTIIC'l'H'iecRyll CYMNIJ MOlltHO HaitTH MB.TpH'iHI:lM MeTQJJ;OM 

KpaMepca-BaHLe, npJIIMeHIIIMHM R Mo.n;eJIH Hamra. IIycn ......rl~ -
Ma.ltCHMB.Jll>HOe COI:SC'l'BeHHOe 3Ha'ieHHe MB.TPHUH (7 V , a 

,. _..,.,. ) eO ( ff,) Eft.) II eO ( ~ J () 2. - ee IIpaB!llt H Jlel!lllt COOCTBeHiru e 

BeKTOpa. Tor.n;a B TepMO,n;HHaMH'iecROM npe,n;eJie ( fV ~ oO ) 

f{ I 

(2M "')o~ • (!2) 
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a lfJYHKUIDI pacnpen;eJieHIDI 'leTHpex cocen;HHX yrJioB 6y.~eT: 

W4 (9r,9.z_,'tf,/P.,);.: e;(eJJ;.)&V(fJ;,ez_j 93,t3't )e)v-31 By) ;;~o). 

TepHapHaR, 6RHapHaR 11 yHapHaH ~YHKUltlll pacnpe,I{eJieHRR ITOJIY'IaDTCR 

»3 1tl 'f » COOTB8TCTB8HHO paBHhl: 

.:L 

\rV !:/..~,, e~, e.s ) = i;~,W't(~ ,&t-('3 e~) (I4) 

"-

\'\/ 2 r '(},, '02. J = z: w s(<e, v~, tl3 1. 
it!," I 

(I5) 

t._ 

'tV 1 {9
1

) ~ Z,, /tV.2 (B,,9c ) • 
fr<.= I 

(I6) 

)l.mi YJIY'IweHM TO'lHocrH .I{aJiee BeJI»'llt!Ha V(-&1,'tr i-1,(j),- z.) 
ycpen;HRJiaCb ITpH ITOMO!J1H W 3 

J.. 
V :: z: V (cr\fJ.J:Js)WJ(()I,el/)->)· 

<(), ,()l ,'fJJ" I 

naJib!Ue IIOCp8,ll;CTBOM V CTpOHTCR B8JIJ.1qi!Ha 

.l. 
e.tr.J'{)( 
-- 2.""-\;'('fJt; e,_,! eu_ )= {.2- ,l - [,U) o,_ I 

d.. - GD?~{;;,-..c_ 
v 

Tor~a CTBTHCTH'l8CKaR cy~ua 

.2, 2 It I 

2' = z.:· ___ z_' 0 V(f1i;'fri-1,<fJr-z) G~~·/7t·tl) 
r" 11:' t?,..: I '""' 

8 

_J_ 

J~ 

I 

~ 

\ 
I 

6y.I{eT cJie,I{ymtMIM rrpH6JIIDiteHMeM no cpaBHeHlt!IO c (9). 3ra npoue,I{ypa 

ITOBTOpR:8TCR, ITOKa C l''l He rrepeCTaHeT 1.\e!UIT:bCHo 

3ra pacqerHaR cxeMB. 6wJa peaJIMSOBa.Ha Ha JaA, ,I{JlR CJIY'!M, 

KOr.I{B. ,I{JlR V yqHTHBa.JIMC:b 2, 3, 4, 5 yr JIOB. CaMocorJiacoBa.HHOCT:b no

JIY'IaJiach nocJie 3-4 UMIUJOB. M1>1 paccMaTpMBa.Jill .I{Ba "rroBoporHHx" llso

Mepa IIpll 0° ltl 60°, Dpll 3TOM MeHRJiaCh MaTpHua CTaTHCTltl'leCKHX B8COB 

CT • 0Ha 3BBJ.1Cr.1T OT ~BYX rrapaMeTpoB. ncttCTBHT~JlhHO, 6es 

orpaHI{q8!1Wl 061!1HOCTI'I MOJKHO ITpi'IHRTh CTaTMCTH'leCKifii Bee 0° -"no

BOpOTHOro" R30Mepa sa en;RHIDzy, TOr~a 6- MOJKHO sanr.1caTb CJie,I{ylO

IIIRM o6pasoM: 

& "' (. 1 vg<.. s ) ' 
lfizF d;_, 

~H3J.1qeCKHH CMUCJI rrapaMeTpOB RC8H R3 (9). BeJIH'lRHa '(_ 

CBH3aHa C :mepr1r1el1 CTHKa, a ,'-j-<'.- - C OTHOCl1T8JibllLlM CT3Tii-

CT!1q8CKHM B8COM "rrOBOpOTHOrO R30Mepa" 11pR f) =60° • 

CHa'laJia HCCJie,I{oBa.Jiach saBI1CHMOCTb r l"l l1 lPYHKUiiR 

pacnpen;eJieHIDi OT 'lHCJia yrJIOB ( )IV) ) , KOTOpHe yqlfTHBBKYrCR B V . 
\ f7 I fk 

Ha pRC.I IIOKa9aHa SaBRCHMOCTh J' 0 "' ~~voT #:<- npl'! paSHHX 

j/)1 , a Ha pHCo 2 - 3aBHCl1.MOCTb _.fi 0 OT C 

Jo 
L 

1 

01 

.... ' 2. 
""'~ ~ 
1-'1"'" 

Poo.I 

9 

E.~ c),~ 

1~ z.. 



~. 1 

i 
-~__:_-----~-~--=>·'' ~-I 

---. Yl1 :Jv 
---~>~=l 
1- ¥>1=4 

W3(U,l) 

0,1 

PHc.2. 3aBHCRMOCT:& ;1
0 

OT E 

·,s__. 
;;:-.<- .. 

~ '. 
~' .. 

"">-

v,l 

~ ', 

"' "' ~ --
~-" 

~:-
::--

'-.,. --~ .. ' 

1 s 

£-=I 

PHc.3. 3aBHcHMocu W3Ut{Jf) or g'lv. 

Hs pHc. I 11: 2 BH.n;HO , 'ITO .n:aze npH 6.11H31UU K 0 J J H E 
('ITO COOTBeTCTByeT 60.llbillKM ynOPH,lJ;O'IeHBHM YtJ:aCTRaM "TpaHQ

H30Mepa") BH6paHHHA MeTO,lJ; ,n:aeT XOpoWHe pe3y.ll:&TaTH, ~TO llO,lJ;TBep-

10 

~aeT H HCC.lle,n;OBaHil:e (1fJ{f, f, f) -BepoHTHOCTH llOHB.lleHIDI Tpex 

coce,rumx "TpaHCH3oMepoB". Pesy.llbTaTlll sToro KCCJie.n;oBaHHH npHBe

.n;eHH Ha pHC • 3. 

Eb.lli! HeT KOppe~Hi! Mell\n;y TpeiWI "TpaHCH30MepaMH", TO 

BHllO.llHReTCH COOTHOilleHHe 

w 3 (I I I} ) -= w .2. (1, I) w 1 ( {, 1) I ('/1 (l) • 

l\1H HCC.lle,n;OBa.lli'I 38BI'IC HMOCTb Be.llWIWill 

k(t,l,t) = W3{1,t,l) /('1<l2{1,f)l.1/2(f,f)/Wfft) ). 

Pesy.ll:&TaTH npimen;eHH Ha pi!c.4. 

I( (l,( l) 

1 
_____ .=-o=-:c--=-~~-,--==~~ 

t_d 

L~~~ 
~,1 

1 ~J./ 
PHc,4. SaBHcRMocu k(~,~,O or 3.z.. 

0HI:! ITOKa3ll!BaDT, qTo KOppe.llHUKH cy~eCTByet. H MU He TepHeM ee, 

nepexo,llll oT m = 4 K m = 2. Ha pzc. 5 rrpHBe.n;eHa 3aBH

CiiiMOCTb W-( ( 1) OT 3 ,_ , KOTOpaH TOlte llOKa3HBaeT C.lla6YJ! 

3aBHCI:!MOCTb OT m 

11 



\N\~) 

),o 
j~ :& 

J ,1 

PHc.5. 3amrcmvrocn WI(~) oT ~ :<-

. 
/~ 

~---
~~-----

__-<>-- --- :.<:::~~.__-

o,t 

£::1 

:}.z_ 

6-" f 

S.z., 

Pwc.6. 3aBKCPIMocT:& Ao OT 8,1, • ilyHRTHpOM ol1oaHaqe~m sHaqeHHR:, 
nonyqeHHHe de3 y'leTa KMH6TH'ieCKOI aaeprHM, Cll~OmHOI 

JIMHHell - c yqetow. 

12 

Jta.nee cpaBHil:BaeM peayn:&TaTH, uo.nyqemrue c y'leToM H 6e3 yqeTa 

KHHeTH'leCKOH 3Heprll:H. Ha pBC .6 H30CipaJKeHa 38BHCHMOCTL _!{ oTQ.2..• 
I D a 

( .// - 3TO ) B CJly'l8'? 6e3 yqeTa KHH8TH'l8CROti ::mepr;m). o a 

Ha pac. 7 rroKa3aHa 38BHCHMocn W1 (1} oT 3'- . B>mHo, 

'lTO Y'J6T KHHeTif'l6CKOit 3HeprRH npHBO.D:HT K YB8JIH'l8HHJJ Ha 5% BepOHT

HOCTH "rOWH30Mepa". 

Yilll) r 

h--~~ .... I -- --~--:-,___ 
I -- :::--:::--------~ -- .., __ .:-

0,1 1---:> ~ '--

Pac.7. 3aBRcPIMocTL V/1(~) OT 82- . llyHRTHpoM o6o3Ha'ieHI:l 

3Ha•Iemm, noJiyqeBHHe 6e3 yqeTa KHHeTH'lecKo~ ::mepraH, 

CllJ!OillHOa - C yqeTOM. 
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