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Yc JOKHHa H.H. P2-3827 

U - MOaenb H KOMMYT8TOpb! TOKOB npH p 8 BHbiX BpeMeHSX 

B TeOpHH B03MymeHHA 

B paMKax TeopHH eoaMymeHHA anH u - MoaenH npoeeaeao HccneaoeaHHe 

OllHOBpeMeHHblX KOMMyT8UHOHHblX COOTHOiileHHA BeKTOpHblX H 8KCH8ilbHblX BeK-

TOpHbl X TOKOB, paCCMOTpeaa onepaTOpH8H H H30TOllH'JeCK8H CTpyKTypa He -

K8HOHH'JeCKHX qneHOB B KOMMYT8TOp8X TOKOB llpH p8BHblX BpeMeHSX, 

OpenpMHT 06beWtHeHHOrO MHCTM'cyT8 J!AepHbiX MCCJieAOBaHMil. 

,l\y6Ha, 1968. 

Usyukina N,I. P 2- 3827 

u -Model and Equal Time Current- Current Commutators in 

the Perturbation Theory 

Simultaneous commutation relations of vector and axial vector 

currents are investigated for u -model in the framework of the per

turbation theory, The operator and isotopic s tructure of non- canoni

c a l members in the current c ommutators for equal times is considered 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 



B H8CTOS!Weii 38MeTKe rrpeAIIpHHSITO HccneAOB8HHe OAHOBpeMeHHMX KOMMyTa

UHOHHbiX COOTHOIIIeHHH BeKTOpHbiX H 8KCH8nbHbiX BeKTOpHbiX TOKOB B p8MK8X 

TeOpHH B03MyWeHHH AnSI U -MOAenH/ 1, 2/; p8CCMOTpeH8 orrepaTOpH8SI H H30TO-

IIH'IeCK8SI CTpyKTypa HeKaHOHH'IeCKHX 'lneHOB, IIOSIBnSIIOWHXCSI B KOMMyTaTopax 

TOKOB rrpH paBHbiX epeMeaax, rrpoeepeao rrpeArrono)KeHHe Annepa H Kannaaa13/ 

OTHOCHTenbHO KOMMYT8UHOHHhlX COOTHOIIIeHHH IIpOCTp8HCTBeHHhlX H BpeMeHHhlX 

KOMIIOHeHT BeKTOpHblX H 8KCH8nbHbiX BeKTOpHblX TOKOB IIpH paBHblX BpeMeHax. 

KaHOHH'IeCKHMH 6yAeM H83biB8Tb 'lneHbi, IIOCTynHpOBaHHbie B/4/ .Ha Sl3biKe 

TeOpHH B03MyWeHHH IIOSIBneHHe HeK8HOHH'IeCKHX qneHOB B M8TpH'1HhlX aneMeH

TBX/5,6,8/ MO)KHO CBSI38Tb C Heo6XOAHMOCTbiO y'II!!T8 LIHarpaMM C 6onee '!eM 

OLIHHM IIpOMe)KyTO'IHbiM COCTOSIHHeM. 

ToKH CTpOHM IIpH IIOMOWH HTepaUHOHHhlX peiiieHHH ypaBHeHHH HHra-¢enbD

M8H8 DIISI rali3eH6eprOBCKHX orrepaTOpOB liOnS! B p83IIH'IHbiX B8pH8HT8X U -MO

nenH, a AnSI paccMoTpeHHSI MaTpH'IHbiX aneMeHTOB < p \ [ill (_x_) j "
0
(- _x_l)\p'> 

ta 2 k~o> 2 

HcrronbayeM TexHHKy/8/ aarrHcaHHSI rrpencTasneHHSI THrra HocTa -neMaHa -llaAco-

Ha - TaK Ha3biBaeMoro npencTasneHHSI lleaepa-rHnb6epTa-CynapwaHa. 

PaccMoTpHM cHa'lana 6oaoHHbiH eapHaHT u -MonenH/ 1 I 

L __ _L_ 
lnt 4 

S • T exp i J L tnt ( x) d x , 

ll ll ll 
( ¢ + 0 ) 

a 

8s 

3 

-cu 

j{ X) • 
8 s 

8 o (x) 



0 2 2 2 
( - p. ) II> ( x ) • 8 N ( ( $ R(x) + l: (x) ) $ ( x) ) 

a Q ~ a 

0 2 2 2 
( -p. ) l:(xl•8NQ ((tl>p(xl+l:( x))l:(xll-c. 

OnpeAeneaue KsaauaopMaJJbHOro npouaaeAeaus N Q MOJKHO aal!TH a11 I. 

ToKH onpeAensJOTcs cneAyJOIUHM o6paaoM: 

a ! • 
VI' (x) · ·,-t a{JBNQ( tl>p (x) iJI' tt>a<xll 

a ,.. 
A (x)• N (l:(x) iJ tl> (x)) 

I' Q I' a 

( 2) 

p.. 
iJp.Aa(xl- ctl>a· 

3AeCb 

Horo nons, 

$a- a - as KOMnOHeHTa H30BeKTOpHoro nceBAOCKanspaoro Me30H

I -uaocKanspaoe cKanspaoe none, ~ ,u - cooTBeTCTBYJO-
a 

mue out - nons. Ha ( 1) cneAyeT: 

$ ( X ) • ~ ( X ) - Da ( X - ~ ) j ( ~ ) 
a a a 

1; (X) .. U (X) - 0 a (X- ~) j ( ~) 

(3) 

(I) 2 2 
j ( ~) .. 8 : ( ~{3 ( ~) + u (~)) ~ (~): a a 

. ( I) 1: 2 1: ~ 1: 1: 
J (o;,l-8:(~{3(.,) +U C.,llu(.,):-c 
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(DOll DOBTOPHbiM ~ DOilpa3yMeB8eTCSI HHTerpHpOB8HHe) 1 8 llliSI KOMMYTBTOpOB 

B rre pBOM nOpS!IlKe TeOpHH B03MyWeHHA HMeeM: 

[ '~>a (X) <IJ ~( y) ) c +- !}. a~( X- y) ,; + !}. , (X- y ) 8 af3 + + /}. '~ ( X- y ) 

(46) 

[ "<' "<' ) 1 1 { a ~ a ~ r r 2 2 
k(xL<.(y) 2-.- D(x-yl+-.- D (x-.,)D <.,-yl-D (x-~)D (~-y) Jg:(¢ (~):+3:u (~):) 

1 1 8 ( 4 B) 

PacCMOTpHM CHaqana KOMMyTBTOp 8KCH81IbHhlX TOKOB. HenocpeACTBeH

H8SI KOMMYTBUHSI ABeT: 

~ .. .. . 
a I. (X ) a [ <ll (X) I. ( y) ] a 'I> Ay) + [ I. (X) I. ( y)) a a <I> ( X) <ll ,)y) + 

p. a v f:1 p. v a 1-' 
(5) 

KOMMYT8TOpy (5) B nepBOM DOpS!AKe TeOpHH B03MymeHHA COOTBeTCTBy

IOT llH8rp8MMbl pHC. ( 1-4) Dll!OC COOTBeTCTBYIOWHe KpOCC-AHarpaMMbi. 
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ilHarpaMMbl pHC, } npHBOASIT K KOHOHH'IeCKOMY BKnBAY B ( 5) npH p8BHblX 

BpeMeHBX ( C yqeTOM npeATIOnO)f(eHHSI/3/ AnSI KOMMYT8TOp8 npOCTpaHCTBeHHbiX 

R BpeMeHHbiX KOMllOHeHT 8KCH8nhHOrO H BeKTOpHOrO TOKOB ) ,ilHarpaMMbl pHC,2 

ll810T HyneBOii BKnBA npH paBHhiX BpeMeHBX, TBK KBK COOTBeTCTBYIOIUHA HM 

BKllBil HMeeT npH HOpMBllbHOM npOH3BeaeHHH noneA COMHO)f(HTenb BHilB 

f d~P <a . . a )jo·(x-{>o·<~-y)-o"<x-~)o"<~-y) 1, 
p.v x >' 

KOTOpbill:, K8K HeTpyAHO y6eAHTbCSI, llpHBOAHT B HyneBOMY BKnaAy llpH paBHblX 

BpeMeHax, ilHarpaMMe pHC, 3a COOTBeTCTByeT BKnBA: 

2 8 to·<·-~>o·<~-r>-n"<·-~>o"<~-r> 1fii o+<·-~>= ¢ <~>¢13<r>= p. " a 

- --2gD-(x-~)a to•(x-~)Da(~-y)-D"(x-~)D"(~-y)la :¢ ( ~)cpf3(y): 
p. " a 

3aMeTHM ABnee, 'ITO 

0
8 

(x-~)D+ (x-~)-D -(x-~)Da (x-~) • 

00 + + l:- ~:- - l: -8(~ -x )(D (x-OD (x-,.)-D (x-,.)D (x-~) I =D.(x-,.) 

( H8llHC8HHe ClleKTpanhHOrO npeACT8BneHHSI AnSI Bblp8)f(eHHll:, 8H8nOrH'IHblX Bbl

pa)f(eHHIO B $HrypHbiX CK06KaX, CM,, H8llpHMep, B/9/), TOrll8 AnSI BKnB/lB 

n&arpaMMbi 3a HMeeM: 

2g {n• (x-~)o·<~-y)-D" (x-~)D" (~-r>ta,.~"o+(x-~): ¢a<~>¢{3(y) 

'ITO T8K)f(e ABeT HyneBOii BKnBJl B ( 5) npH paBHbiX BpeMeHax, AHanorH'IHBSI 

CRTYBUHSI HMeeT MeCTO LlnSI LlHarpaMMbl pHC, 36, 

11Harp8MMbl pHC, 4 H COOTBeTCTByiOIUHe KpOCC-LlHBrpaMMbl ( KOTOpbie, 

KBK nerKO BHLleTb, YL1B8HB810T BKnaLl) npHBOLlSIT K cneL!yiOIUeMy BKnBLly B 

KOMMyTBTOp ( 5): 
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a f3 t (A (x) A ( y) ) ~ 
p. v ' 

( 6) 

ro.e 

( 7) 

T aKHM o6pa30M, HMeeM D.n SI·,cymec TBeHHbl X np11 paBHbiX BpeMeaax BKna-

o.oa: 

...... 
iO(x-y) ap.x av y: <lJa(x) <IJ{3(y) : + 

( 8) 

2 2 < cp 8 <~> + 2u <~>>: l. 

AaanorH'l:HbliA crroco6 o.eAcTBHSI npHBOJlHT K cneJlyJOJllJIM Bb!pa)KeHHSI!"f 

D.nSI KOMMYT8TOpOB BeKTOpHhlX TOKOB H 8KCH8nhHOrO H BeKTOpHOrO TOKOB B 

nepBOM nopSIJlKe TeopHH B03My!lleHHI-\: 
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f3 tr 
-[Va(x)V (yl] •i8{3D(x-yl 

~ v a 
- ... 
a~ aV l <1> a< X) <1> 8 ( Y ) : -

~ .. 
-iD(x-yla a : <l>Axl<l> (yl 

1-1 v f:S a + 

(9) 

_p.v 2 2 ~LV 
+28af3T (x,y,~lg:(2cf>a<~l + u (~)): -2gT (x,y,~l:cf>a(~l¢{3(~) : 

a {3 tr ~ ... 

- [ A < x > v < r > 1 = i ( ~ n < x - r > a a : I < x > <1>., <r > : + 
1-1 11 a~-"' ~ v u 

( 10) 
I!V 

+ 2g£af3B T (x,y, ~l¢ 8 <~lu(~) . 

.ilnH H8llHC8HHSI cneKTpanbHOI'O npencTasneHHSI .l:tnH Bblp8lKeHHSI 

f de T~ 11 
(x ,y, e) e -lp ~ npH p2<41l:l HcnonbayeM Tex-

HHKy, npennoJKeHHY~ alB!. 3anaqa aHanHTHqecKoro npononll<eHHH B o6nacTb 

p 
2 > 4 I! 

2 
OOBOnbHO CnOJKH8 H llOTOMy Mbl ee He paCCMaTpHBaeM. 

f 
/: ~V(+)( X X l:) -lp~ 

d~T --,---.~ e • 2 2 

I X 

e PT +I llr.j a 
·--- fdzfdlr.e dq( lr.-2ql (lr.-2q+pl 8(q0 )8(u0 -q 0)8(q 2 -m2j-8((u-'ll~M\. 

2 (2rr >' -I "' II a M2 

-lz -'if oo I u x 0 2 )" J1V )" 
---Jdze Jd' Jdae 8(u l8(u -~lp (u,.,,z) 
2 ( 2 rr )2 (m-+M(z)) 2 
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(3necb u -k + p 
l+z -,- ll ll ll~ , M (zl•l' -0-z )~ ). 

YIMeSI B BHilY nepexon K paBHbiM BpeMeHaM, coxpaHHM B p/D' (u,(, z) 

TOnbKO qneHblo ll810mHe HeHyneBOil: BKnall B KOMMyTaTOpbl npH p8BHblX BpeMeHaX, 

TOI'Il8, HCTIOnb3YSI tjJOpMynb/8/ llnSI HHTerpHpOB8HHSI no q , nony'IHM! 

-«l+zlp~'uv -0-zlu p l....!!....Jd ( 
I' v 2 

(M 2-I-'~(2M~I'~ M ll 
------ + -- I+ 

(2 ' 

( Mll _I'll l 2 _ Mll' _I'll ( 

t.ll'l/6. 

( 12) 

AHanH3HpySI ( 8) -( 12), npHx OllHM K cneny10meM y BbiBOilY! 
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B COOTBeTCTBHH C npeunonoJKeHHeM/4/. 8Kn8Ubl B KOMMyT8TOpbl npOCTp8HCTBeH

HbiX H BpeMeHHOl!: KOMnoHeHT BeKTOp-BeKTOpa H 8KCHan-aKCHana npH paBHbiX 

speMeHax, uononHHTenbHbie K KOHOHH'IeCKHM, couepJKaT norapH!j>MH'IeCKH pacxo

LlSIIIIHecSI Bb!p8JKeHHSI 0 OLlH8KO OHH CHMMeTpH'IHbl no H30TOnH'IeCKHM HHLleKC8M. 

llononHHTenbHbie BKfl8Llbl B KOMMyTaTOp npOCTp8HCTBeHHbiX H BpeMeHHOl!: 

KOMnOHeHT BeKTOpHOI'O H aKCH8flbHOI'O TOKOB 8HTHCHMMeTpH'1Hbl no H30TOnH

qeCKHM HHuexcaM, ouHaKo OHH yuosneTsopSIIDT npeunonoJKeHHID Aunepa H Kan-

naHa131, TO eCTb B paCCM8TpHBaeMOM nopSIUKe TeOpHH B03MyllleHHl!: 

8(x 0 -y0)J[V;(x)A,B(y))+[A~(x);,Syl)l -2i £a,BB A8
(x)8(x-y) 

K aHanorH'IHOMY Bb!BOLlY npH HCnOnb30B8HHH HeCKOflbKO HHOl!: TeXHHKH 

npHIIInH H 8BTOpbl/6/. l1HTepeCHO 6binO 6b! npoBepHTb MOLlenbHYID 38BHCHMOCTb 

nonyqeHHoro peaynbTaTa. 

PaccMoTpHM anSI aToro !)>epMHOHHbil!: BapHaHT u -MouenH/2/. 

" (ia-m>x<xle+g NQiiy&rax(x)<l>a(x)+ x<x)l:(x) I 

( 0 - 1-'2) <I> a ( x ) g i N Q( X ( x ) y 
5 

r aX ( x) ) ( 13) 

D ll -
( -1-') l:(x) "'S NQ<x<x>x(x)). 

A KCHanbHb!l!: BeKTOpHbll!: H BeKTOpHb!l!: TOKH onpeuenSIIDTCSI cneuyJOIIIHM 

o6pa3oM : 

I' . - I' 
A a ( x ) -+ N Q ( X ( x ) y 6 r 

y a 

. m t-

g 

a <II a ( x) 

Jxl' 

-a 
I.(x))-X ( x)) -'z-£ Q (<II a(x) ax ,.,. 

~ 

"' 1 - t a Va(xl-rN~(x(x )yl'raX(x)l +Ta~8NQ( <I>~( x) ax <l>s(x)). 

"' 

10 
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Eo30HHbie cnaraeMbie B BeKTOpHOM H 8KCH8nbHOM BeKTOpHOM TOK8X He A8JOT 

BKnBAOB B nepBOM llOp51AKe TeopHH B03MyWeHHl!:. KoMMYT8TOpbl HX B HyneBOM 

nop51AKe TeopHH B03MymeaHl!: 6bmH paccMoTpeHbi BhiUJe. PaccMoTpHM Tenepb 

BKn8Abl B KOMMYT8TOpbl H3-38 !flepMHOHHbiX '18CTel!: 8KCH8nbHOrO H BeKTOpHOrO 

TOKOB. ~CCnenyeM ll0K8 TOnbKO u -Me3oHHhle BKnBAhl. Torna: 

( 15 J 
(I) - - (I) 

.lx < x > x < r > I -I x < x > x < r > I = o . 

npH HOpM8nbHOM npOH3BeAeHHH onepaTOpOB llOn51 naeT Hynb llpH paBHhlX Bpe

MeHBX, nonyqaeM An51 cymeCTBeHHhlX npH p8BHbiX BpeMeHBX BKn8AOB B KOM-

MYT8TOp! 

[ 
- p. II ( 1) tr -1 - p. II 

- x<xlAa x<xl .x<rlA~x<r>lu ·-r-='1' (xlAaS(x-ylA~'l'(yl:+ 

-1 
sri 

p. v + r 
g u ( e ) Sp A a s ( X- y ) A tf ( y - e ) s ( e - X ) + 

11 



P. II a + 
- g u<e>sp Aas<x-yl Af3s (y-q lS (q-xl + 

1.1 + II r r a & {16) fgu(q)Sp Aas (x-ylAf3IS (y-q)S (q-xl-S(y-q)S(q-xl}-

- (x .-y, p.,..ll, a'f+f3 

Oepaoe CllaraeMoe rrpHBOilHT K K8HOHH'ieCKOMy BKll81lY B KOMMyTaTOpbi 

rrpH paBHbiX apeMeHax. OcTanbHhie cnaraeMbie rrpeo6pa3yJOTCSI K BHily: 

rl.l
11 

<x.r.e>=tg 
af3 

+ II - 1: r p. + 11 a - p. u<e> Sp Is ( x-y) A~ ( y- <, ) s (q- X) A a+ s (x-y)A rP (y~S (e-x),\ 

- II a + 
- s <x-ylAf3s <r-e>s <e-x> p.- II+ r p. (17) 

A -s <x-r>Af3s <r -e>s <e-x>A 1-a a 

-(x ~ y, p. '4+11 , a -.{3 ) . 

Hcrronb30BaHHe TeopeMbi ~appH rrpHBOilHT B pe3yllbTaTe: 

IJ.II "1 ~ 1: I p. + II -
T~~. -+~2g"af3 u(._)Sp y S (x-y)y S (y-qls'(q-x) + 

( 18a ) 

+yp. S +( x-y)y II Sa (y-e)S-(q- x)- y#l S -(x-y)/ S "(y-e)S+(q- x)-

- y p. s - ( X - y ) y II s + ( y -e) . s r ( q -x ) I 

12 



/lll + T af3 • g 8 af3 o ( ~) . 
AA 

l ila+ 11a- 1: •e lla+ 11aa e-1: Sp y y S (x-y)y y S (y-~o )S (\o-x)+y y S (x-y)y y S (y-~o)S <~o-xl-

( 186) 

• Sply/Aya s+(x-y)y" S-(y-e-)y as'<e-- x) + y lly 6 s+(x-y) y 11 s•(y -~) y 6 S -(~-x)

(18s) 

.ll 6 -( 11 a 1: a + 1: _p 6 - 11 -+> a -y Y S x-y)y S (y-.,)y S <~o-x)- y y S (x-y)y S \y-~)y Sl"{~-x)}, 

HccnenosaHHe HeKaHOHHqecKHX qneHoB nnH (18a), (186) nposeneHo siB! • 

.ilnSI (ISs) nonyqaeM (no npennonoJKeHHJO p2 .. ll 3 < 4m 2): 

13 



X +I 
Jpr Jkx 6 A A /.1 6 A II A A A A 

---e [dke [dzJdqSp y (k -q+m)y y (-q+m)y (k+p-q+m). 
2( 2tr) 2 

-I 

• {;l(qo ){;I (u o_qo)B(q2 -m2) a 
a M 2 

2 2 
B«u-q) -Ml. 

( 3a.ecb o ~ k + p 1 + z 

2 
2 2 2 p2 

M (z),.m -0-z l-- ). 
4 

AA A II""'" 
Sp y 6 

( k- q + m ) y I" y 6 ( - q + m ) y ( k + p - q + m ) = 

~-4mlg~"~~ qp-pp.q
11
-p

11
qp.+ gl"ll m2 +p~"(u-q) 11 -(u-q>l'p11+zgl"llp(o-q)! 

< 0 I T /.Ill 
af3 
AV 

<+.--+> ps>= 

it g +I -lz~ 00 lux 0 2 
,._uJl£...!_ [dze Jd(fdue t(u)8(o -Clpl"ll(u,Czl 

( 2 tr) 
2 

-I ( m +M(z))2 

( 19) 

( 20) 

( 21) 

( ra.e I p8> - cooTBeTcTBYJOIIUIM o6pasoM nopMHpoBaHHbllt seKTop c.ocTOSIHHSI 

cp B -Me30H8). Coxp8HSI51 'lneHbl 0 IIpHBOASIII!He K HeHyneBOMy BKnaa.y B KOM

MyTaTop IIpH p8BHbiX BpeMeHax, H HCIIOnb3Y51 <flopMynhl/8/, rronyqaeM: 

pP.'(o,<;,z),. trm(gfl"up-pP.u 11 -plluP.) (M 2
-m 2

) 2 -2M 2 ( + ( 2 

2 
( 2V A (M2 • m 2 ,( l 

_p. II ( 2 2 2 2 2 
- ·Lm(v u -o~"p 11+zgl" 11 op) M -m) -((M +m) 

2 

( 22) 

'2 y'A(M2,m2,(l 
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TaKHM o6p830M, Mbl BHllHM, "'TO B !j>epMHOHHOM BapH8HTe U -MOJJ.enu B 

rrepBOM IIOpSIJJ.Ke TeOpHH B03MyJJJeHHi!: llnSI KOMMYT8TOpOB BpeMeHHbiX KOMIIOHe HT 

BeKTOp-BeKTOpa H 8KCH8n-aKCHana llpH paBHblX BpeMeHaX He IIOSIBnSI~TCSI ao 

JJOnHHTenbHbie HeK8HOHH"'eCKHe qneHbl ( CM.f8/), anSI KOMMYT8TOpOB BpeMe H

HOi!: H rrpOCTpaHCTBeHHbiX KOMIIOHeHT 3THX TOKOB CXOaSIJJJHeCSI aorronHHTenbHbi e 

"'neHbl CHMMeTpH"'Hbl 110 H30TOIIH"'eCKHM HHlleKC8M. 'lfTO )!(e K8C8eTCSI llOIIOn

HHTenbHblX BKn8llOB B rrepBOM IIOpSillKe T90pHH B03MyJJJeHHi!: anSI KOMMYT8TOpa 

8KCH8nbHOrO H BeKTOpHoro TOKa, TO T8KHe BKn8JJ.bi, 8HTHCHMM9TpH"'Hbie 110 H30-

TOIIH"'eCKHM HHlleKC8M, HM9~T MeCTO H JJ.nSI BpeMeHHbiX KOMIIOHeHT, H llnSI 

BpeMeHHOi!: H 11pOCTp8HCTBeHHblX KOMIIOH9HT 8KCH8nbHOrO H BeKTOpHOrO TOKOB 7 

norapH!j>MH"'eCKH pacxoaRTCSI llpH paBHbiX BpeMeH8X H He yaoBneBOpSI~T npell

rrono >KeHH~ Aaneoa H Kannaaa. 
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