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8 JlHCC8pT81lHH u_ccne.llylOTCH CBOllCTBB CHMM8Tp11• cHnbHb!X B38HMO.ll8llCTBHll D paM"." , 

Kax COCTBBHblX MO)l8nell. 

8 rnaee II Hccne)ly8TCH CHMM8TpHH CllllbHblX 'naaHMO~ell~TBHll, OCHOB8HH8H Ha rpyn

ne Sp 6 , KOTopaH 6hlna npe.llno»<eHa D / 1/, 
i 

I"'pynna Sp 6 HM88T paar 3 II CO.ll8p»<HT rpynny SU (3) KBK RO.llrpynny. l1cn'onb3yH' ; 

JlOROllHHT8nbH08 KBBHTOB08 'll!Cno Z I KOTOpoe HM881',C~ D rpynne Sp 6 1 . MO:H<HO C.ll~n~~I> 

aapH.llbl 'IBCTHll BO ncex MYllbTHnneTax nenblMH. BapHOHbI H M830Hbl paccMaTpH».aroTcH KaK_ 

,- CBH38HHbl8 COCTOHHBH 'IBCTHll, pean11ay10ruHX HH3W88 npe.llCTBBneHee rpynnbl Sp6 H 

1 ~TCJO.i::ta onpenenSleTCSI cTPYKTfpa/ eiapHOHHhlX H -~e30HHbIX My1ILTHnneToa. Lln1

st ORHCBHllll 

H3B8C_THblX 6apHOHOB H M830HOB. 8BTOM8Tll'l8CKH ucnonb3ylOTCH np8JlCT8Bll8HIIH · 1, 8, · 10 
! ;,, 

rpynnhl SU (3) • 

,llpyr11M apryMeHTOM 'D nonb3y BB8Jl8HHll lfonee BblCOKoll CHMM8TpHH, '18M SU ( 3) , 

llBJ,Ill8TCH cf,- c.J CM8WHB8HHe, ltOTOpoe rOBOpHT O TOM, 'ITO OltT8T H 'cuurneT B8KTOpHb!X 

r • I 
M830BOB BXO.llHT D 0.llBO npe.llCT8Bll8HH8 6onee, w11poxoA: rpynnbl, 

B § 3 pacMaTpHB88TCll CTPYKTypa rpynnbl Sp6 II ee npe.llCTaBneBHll, 

8 § 4 H3y'IBIOTCll CBOllCTB8 OCBOBBb!X 'IBCTHU, peanH3HpyroruHx ·weCTHM8pHoe npe)lCTaB

neBH8 rpynnbl Sp6 - TpHOBOB H M8X8HH3M uapyweBHll Sp 6 CHMM8TpH11, B ~nH~B:8 OT ' 

KBBpKOB TpHOHbl o6na)l8IOT 6ap110HHblM 38Pll.ll0M 1 II ll8llb1MH 3ll8KTpH'18CKHMH 38pll.ll8MH~ 

0.llHHO'IHOe po»<JleHHe Tp11011on. D nponeccax c y'laCTBeM H3B8CTHb!X 'IBCTBll B03MO)KHO • · 

. llHWb 38 C'l8T cpe.llH8CHnbHoro B38HMO.ll8llCTBHll, Hapywaroruero coxpaHeHHe Z . 1 BO co

Xp8HlllOIU8rO Y - Z 

B §5 paccMaTpHB8IOTCll CBOllCTB8 nceB)lOCKanllpHblX· M830HOB, KOTOpble IlOM81U8IOTCll 

B npe,d~;anneaae 14 rpynnbl . Sp 6 

B npe)lCT8Bll8BH8 14 BXOJlllT 8 H3B8CTHblX IlC8B.llOCK8llHpHb1X M830HOB, KOTOpb18 HMe.-' 

H JlB8 TpHnneTa C z =+ 2. 
- 3. 

Dony'l8Hbl M8CCOBb18 COOTH0~0HBH Jlllll IlC_8B.ll0CK8nllpBb1X M830HOB. Bonpoc O 38non

H8HHH 14-nneTa _OCT88TCll B H8CTOHIU88 Bp8Mll OTKpblTblM. 

· 8 §8 paccMaTpHB8IOTCll B8KTOp~b18 M830Hbl, KOTOpb18 IlOM8IU8IOTCll B np8JlCT~B.ne_HH8 

. 21 rpynnbl Sp 6 • ,lleBHTb M830HOB 

HblMH_ M830B8MH 1 W8CTb M830BOB C 

C Z = Q OTO)KJl8CTBlllllOTCll C H3B8CTHblMH B8KTOp
• I 

Z cl H 'HX 8HTH'18CTH1llil C 
' 3. ' . ' 

I 
Z =- 2. B B8CT0ll[U88 Bp8Mll 
' 3 ' ' ' ' 

H8B3B8CTBbl. 8 nepBOM nopll.llK8 _ TeOpHH B~3My_rueBHA nony'l8HO M8CCOB08 COOTHOW8HH8: 

( 1) 
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<l>H3K'l8CKl!0 <p I! <u 'ldCTKllbl llBmllOTCll CMOCblO yHBTapuoro CKHrneTa. <u O I[ 

OJCT0TS Cu 8 • 

Y'll!TUBall B03MylllOHHe, Hapymaromee lllllllb Sp 6 CKMMOTpKIO, BO !lTOpOM nopllnKe . ' ' 
nony'la8M COOTHOUIOHBe illBHHrepa: 

2 2 2 2 4 2· 2 2 2 
(m -mp )(m,,,_ -m ) = -(m •-m )(m _, +m 2 -2m .) • 

<u 'I' p 3K p 'f' <u K 
(2) 

B § 7 paccMaTpHBaIOTCSI pacnanbl llOXTOpKhlX M830HOB. 

TTony'leHa UIHpHHa pacnana ¢ -, K K , KOTOpllll xopoUio cornacyeTcll c axcnepHMeu-· 
. I 

TOM. nauo Of5'bl!CHOHHO Manolt !lODOllTHOCTH, pacnana </, ➔ p + 11 • • 

vknonb3ysi Sp 6 CHMMOTpHIO, M830HaM MO)Kl!O npHllHCaTb MYllbTHilllHKaTH!lHOO KBaH-

• TOBOO 'IHCllO, KOTOpoa llBllSIOTCll auanoroM A - '18THOCTH BpOHllaHa H nay. CoxpaueHH9 

A-'leTHOCTH.npHBOllHT x npaaHnaM aanpaTa nnll pacnana Meaouos. B 'laCTHOCTH,aanpeuia

Hbl pacnan1,1 ¢ ➔ ·p+ 11 , p ➔ 11 + ·Y ·• 

KpoMe Toro nony'IOHbl COOTHOUIOHHll MO)Kny aMil.llHTynaMH panHSlll!OHHblX pacnanos 

BOKTOpHblX M030HOB: •·. 

- · -3 · o* o 
A(<u11)= ,./3 A(·f'TI) = V- A(</,71) = A(K K ) • 

2 I · 
(3) 

OcTanbilue panHanHoHHble pacnan1,1 aanpemeu1,1. 

✓- ' . ' 
B §8 paccMaTpHBaIOTCll csoll:CT!la 6apHOHHblX MYllbTHllllOTO!l. 0KT8T 6apHOHOB (-N, I. 

A 'E ) BXOnKT B MYllbTHllllOT 64 H BMOOT z = 1. nexynneT peaoHaHCOB (A, I*' s*' 0-) 

BXOllHT B MYllbTHilllOT 56 H HM88T Z = 1. 

XapaxT'epHol! '!OpTOlt Sp 6 MYllbTBilll8TOB SIBllSIOTCSI Ta, 'ITO B HHX BXOllSIT 6apHOHHb18 

peaOHSHCbl c llOllQ)KHTen~oll CTpSHHOCTbIO, KOTOpble HMOIOT Z ./, 1 , PeaoHaHCbl c Y - Z = 1 

HMOIOT KB8.HTOBbl8 'IHClla pe30HaHCOB B CHCTOMO K -N i B CXOMO Sp 6 peaoHaHCbl B CHc

TOMe K -'-N o6ycnoB110Hbl cpenHeCKllbHblM B38HMoneltCTBH8M H MoryT KMOTb Macey, 3Ha

'IBT0llbll0 OTllH'laIOlllYIOCSI OT MaCCbl H3BOCTHblX peaoHaHcoB. 

B §9 paccMaTpHBaIOTCB llOilTOHHble pacnanu CHllbllO B3aHMOn_eltCTBylOlllHX 'laCTH!l. 

TTpennonaras, 'ITO ·nen~OHHble pacnan1,1 6apHOBOB H M830BOB ?6ycnoaneHbl pacnanaMH TpHo

HOB, Mbl nony'laOM, 'ITO raMHllbTOBBaH cna61,1x B3aHMonellCTBHll npao6paayeTCSI xax KOMilO

HOHTa yHHTapuoro OKTOTa. 0TCIOl(a cneny10T npaBHlla OT6opa nns llOilTOHHblX pacnanoB : 

As ;_ A Q, AT = ½ • 

B D 10 paccMaTpHBaeTCSI 061,enHHOHHO rpynnbl BHyTpOHHBX CIIMMO:"PHII Sp 6 co cnH-

. , HOBOII rpynnolt SU ( 2)' • 061,enHHBSI rpynny · Sp 6 co CllHHOBOlt rpynnoa SU (2) , Mb! nony-

'lllOM 143 napaMOTpH'JOCKYIO rpynny SU(l2) , B pa!SoTe noxaaauo, 'ITO B TeopHH SU(l2) 

ocTaIOTCll COOTHOUIOHH~ MO)Kny MarHHTHblMH MOMOHTaMH TOOpHH SU ( 6) ,,. / p. = - ...1, 
p D 2 
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3TO COOTHowe~He MHorile•' aBTOpbl CBSl3blaanH C TeM, 'ITO B T00pHH 
,):. ,· 

SU ( 6) aapH.ll!>I xaap-

·
1

. B TeopltH SU(l2) ocTaroTCH, cooTHoweHHH SU(6) ciiMMeTpHH .llnH aMnnHTY.ll pa,ll11a

. \ '~HOHHblX pacna,llOB p030HaHCOB, OTHOW0HH0 g A/gv .ll1ISI cna6blx aaa11MO.ll8IICTBHII OcTaGTCSI 

~pe}KHHM, OCTaeTCSI CBSl3b M8}K.zll pacwennenHeM Mace B OKT0T0 H ,l:leKynneTe, 

B rnaae II paccMOTpeHa COCTaBHaSI MO,ll81Ib, B KOTOpoll TpHOHbl 'HrpanH 1IHWb 

BCllOMoraT81IbHYIO ponb npH nocTp08HHH BblCWllX npe,llCTaBneHHII, OTB8'1al01llHX pean&HblM 

--·M830HaM H 6apHOHaM, CooTHOW8HHSI M0}K.llY cpH3H'i8CKHMH B81IH'IHHaMH Mb! nonyqanu, __ ucnon&

aysi nuwf BX TpauccpopManHOHHbl0 CBOIICTBa, ue npu6erall K ,llHHaMH'i0CKOMY paccMOTp0HHIO, 

npe,llcTaB1IS18T HHTepe~ paCCMOTp8Tb npoc-rellwHe ',llHHaMH'i8CKH0 MO.ll01IH, B KOTOpblX 

. M830Hbl H 6apHOHbl llB1IlllOTCll CBll3ntlH"blMH COCTOSIHHSIMH cpyH,llaMeHTa1IbHblX qacTHil, npeo6-

paayIOlllHXCll no HH3W0MY npe,ll~TaaneHHIO rpynnbl BHyTpeHHHX CHMMeTpHII, Mb! paCCMOTpHM 

MO,ll81Ib KBapKOB, 

YcnewHoe llO,llTB8p}K,ll8HH8 COOTHOW8HHII SU ( 6) CHMM0TpHH, ot5'be,llHHlllOlll811 yHHTap-

HYIO 'H CI:HHOBYIO CHMM0TpHH, roaopHT ~·TOM, 'ITO B3aHMO,ll8IICTBHe, KOTOpoe npHBO.llHT K. , 

o6pa30B8HHJO CBH38HHhIX COCTOSIHHA:, cna6o 38BBCHT OT CilDHa, a 'XOpowee corntlcne \c 3K-

cnep11M8HTOM MaCCOBblX '. cpOpMyn ll03B01ISl0T .llyMaTb, 'ITO MaCCbl cpyH,llaM0HTa1lbHblX 'laCTHI! 

B81IHKH,_ a B03MYlll8HH0, Hapywaromee CHMM0TpHIO, Mano. npe.llnonaraH, 'ITO MS?ca KB8p1ta 

. ' 
B81IHKa ( ~ 10 raa), a acpcpeltTHBHblll HMnyn&e KB8pKa B COCTaBHOll: '18CTHne - 1 ran/c, 

MO}KHO C'IHTaTb .llBH}K8HH8 KBSpKa B COCT8BHOll: '18CTHne H8p81Il?THBHCTCKHM, 

Ha OCHOB8 STIIX coo6pa}K8HHII B fl fl 11, 12 q:>OPMY1IHpyIOTCll HepenHTHBHCTCKH0 ypaa

HeHHll ):11ISI M030HOB H 6apHOHOB II paccMOTp8Hbl CBOIICTBa B03MYlll0HHSl
0

1 Hapywaromero ym1-. 
~I . . , 

T8pHyro H cnHH_OBYIO CHMM8TpHH • _.Uanee ,non&ayllCb T80pHell B03MYlll8HIIII I Mb! nony'IH1IH 

H3B8CTHbl0 MaCCOllbl8 COOTHOW8HHll SU(6) T80pHH, 8 TaK}KQ aneKTpOMarHHTHbl8 pacmenneHKll' 

Mace BHYTPH ll;30TOllll'l8CKHX MY1IbTH'.i'ineTOB 6a'pHOHOB, npH111I8'10HH8 .llHHaMH'l8CKHX coot5pa-
/ 

}KQHHII ll03B01Ill8T nony'IHTb COOTHOW0HH8 rnawoy 

3H nony'IHTb 11 'IHCTO rpynllOBOM llO,llXO.ll8, 

m2 
IT 

J> 

B D 13 paccuaTpHBaIOTCSI MarHHTHb10 MOM8HTbl f5apHOIIOll, KaaHTOMexaHH'i8CltHM cno-

( 

}KQHH8M .MarHHTHblX MOMBHTOB 1t11apxon nonyqeHbl COOTHOlll0HHll M8}K.llY uarBBTHblMH MOMeB-

15/ 
TaM~ 1 KOTOpble t5unH nony'l8Hbl pauee B TeOpHII SU(6) , npu STOM B03HHKaeT aonpoc 

•, Ot5 af5conroTBOit B81IH'IHH8 M8rHHTHOrO MOM8BTa 6apHOHa, ll0Clt01Iblcy .llHprutOBCKllll uarHHT"" 

HWII MOM8HT JCBapKa Man H,1taaanoc& t5bl, MarHHTHbllt MOM8HT cocTaauoA · qacTHilbl • Tax-:· 

}KO' .ll01I}KQH t5b!Tb Ma1Ib1M, 

Ha npOCT81llll0M np11uepe ,ll
0

HpaKOBC1tOA 11acTHilbl1. Ha:X,O.lllllll0A~ll. B CBll3aHHOM COCTOS-

' 
\t.- '1 

Hill{ BO BH0WH0M C!t811HpBOM none, noxaaaHo, 'ITO MaMIBTHbllt, MOM8IIT OI1p8.ll01lll8TCSI Be 

5 

\ . 

\ 



·, 

\ 

--~"' -

' : 
: /4/ 

Maccoll KBapxa, a aKeprKell CBll3aKKOro COCTO.IIHKSI · • .llnll MarKKTKoro MOM6HT8 -'18CTllllLI 

1 MBCCLI M B . cxangpuoM none 

V (r) = 

nony'leHo Bblpa»ceH'Be 

p. -

0 r ·>, r o 

-M+ a r < ro • 

e 4Er
0

+2ar
0
-3 

6 2E 
2
r 

O 
- 2E + a 

(4) 

(5) 

B ,rnaBe IV paccMaTpHB88TCSI pemiTKBKCTCKSSI COCT8BK8ll MO,o:enL H B paMKax STOA 

MO,llBnH nony'leHbl- aneKTpOMarHRTKhle <pOpM-<paKTOpLI 6apHOHOB H M930KOB, a TSK:lKQ cna-
. /6/ . , 

6ble <p0pM-<p,81tTOpbl 6apHOKOB • B p~nllTHBHCTCKOll. TeopRH KBSpK ODHCblB88TCJI ,o:npaxoa- -

CKRM cnHHOpOM H np1106paayeTCSI no 12-MepHOMY npe.o:cTaaneKHIO rpynnbl ij (12)' • Mb! 

Tpe6yeM, 'ITO~bl ypllBK8HHSI .o:nll COCTSBKblX '18CTHll B OTCYTCTBK6 BHQWKBro.nonn f>LIIIK 

ii (12) K_HBSpKSHTKhl K ,o:aaanH_ ~:hi npaBKnLHOe 3KS'18H~9 MarHIITKOro MOM,eKTa ,;nB coc

_TaBKOll 'ISCTll)lbl. Hcxo,0:.11 ·g3 9TIIX coo6pa»ceHKll,B §14 nKWQTCSI ypaBH8Hll9 .o:n.11 M830HOB: 

2 2 2 B. 
Il ( p ·-M )'l' A (p , P 

1=1 I, 

B 
) = -igW(q) fdq'W(q')'l'A (..E.. +q',.!.-q'); 

. _ 2 2' (6) 

r,o:e P =p,1+P2• Q = ½(P1-P2> , M - Macca KBSpKa, 'W(q) cxanHpHSB <pyHKUBH. 

BKnI0'19Hll8 BKewuero ane1tTpoMarHHTHOro nonH npOR3B0,0:IITCSI 06L1'1HhlM o6pa30M: p 
2 

..:. M 2 

1 _,: 

, . . . . . I ' 

3anJ1Ch1B88TCSI B B11,0:9 np0113B9,0:811HB onepaTopoB JlRpaKa H ,o:enaeTCSI 38M9H8 'j .E,_ .. 11..+eA(x); · h h _, 
Jlng nonyq_eHHlf ypSBH8HKSI ,0:BH:lK8HKSI M830HS KSlt nenoro npOK3,BO,O:UTCSI paano»ce11e:e no 

o6pSTHhlM 'CTeneHBM . MSCC~ KBapxa; B peaynLTaTe Mhl nony'IS8M: 

2 B 
(p -m2)ellA(p) 

A' I B a' 
2fdkf(k 

2
)(pA) [e A ell :,(p-k) +e 8 ~ell A (p-k )] + 

.;.. 2 A' B -+ .. ," B B., 
+ 2fdld(k )[(efc~) A ell A,C,p-k) + (e AK) 5 .4> A (p-k )] 

. 2 
<pyHltDKSI . f(k ), BhlpamaeTCSI qepea W(q) • KpoMe Toro e:a <pyHKllKIO 

naraIOTCSI ,o:ononHKT8nLKb18 ycnOBKB: 

" .\, B 
(p-m)AellA,(,p) = O 

. ·, 
. "' B B 

,. -(p-m) 8 ,ell,A(p)-O. 

B 
ell 

A 

(7) 

aa-

(8) 

JlononH_TenLHhle rcno~e:.11 ( 8) uapywaIOT U ( 12) 11HBap11aHTHOCTJ;, coxpaKllll · 11HBap11aHT-

HOCTL. nBWL OTROCBTenLKo rpynnhl SU(6) • 11cnonL3yB ypaaH~HKll (7) 11 .o:ononHHTenLHble 
~ ; j ' ' ' • ' • ' ,. ~ 

. ycnOBIISI (8), Mhl IIO'nyqae~ anettTpOMarHKTHYIO B9pWIIHy ,o:nSI M930HOB, H3 KOTOpoA onpe-

6 



, .aenSieM sne~TpK~eCXn:~·: H MarHHTHbie (popM-<t,axTopbl M03OHOB. MarHHTHbIA M0MeHT :aeiTo~ 

Horo Meaoua OK83blB88TCll 

HbIX M830HOB, 

e 
"'iii" ,nony'!8Hbl B8!)OllTHOCTH J>8.i:tH81lHOHHblX pacna.noB B8KTop-:-:: 

B § 15 _paccMaTpHB-a8TCll penl!THBHCTCKall COCTaBHall MO.lt8llb .ltllll 6apHOHOB, Hcxon.:. 

HblM l!Bllll8TCll ypaBHe~ue: 

fW(x'
1
-,x'~,x'

3
)B(x'-

1
+x:+x' - x -x -x )IP (x',x' ,x')dx' dx' dx' 

• • a I 2 a ABC I 2 a I 2 a (9) 

A' n " "' , 
rne DA (x 

1
) a [(M -i•y ..9- -eA(x))(M +i,y m _g__ + .eA(x))] A • 

axn ,axm A 

Paanaral! no o6paTHhlM cTeneHHM Macchi xsapxa, Mhl nony'!aeM cneny10mee ypasneu11e, 

KOTOpoe onllChlBaeT .ltBH:H(8HB8 6apaou'a KaK nenoro BO BH8WH8M aneKTpoMarHHTHOM none: 

(10) 

•rne tpyHKllBll F(k 2 ) Bblpa:HCa8TC !I '18p83 'W ( X I , X 2 , X B) • <1>yHKllll51 B 

· ,OTCYTCTBB8 BH8WH8ro nons ynosneTBOpll8T .o;onon_HBT8llbllb1M ycnoBllllM: 

A' B 1 C' 

(fl'-m) A <lJ A'BC (p) =(p-m) B «l>.AB'C(p)_;(fl'-m)C·<IJ ABC.(p)=O. (11) 

C ncnonb3OB8Hll8M ypaBH8HHll ( 10)' ll nononHHT8llbllblX ycnosllll ( 11). nony'leHO' Bblpa:HC8Hlle' 

nm1 aneKTpOMarHHTHOrO ToKa, 6ap110HOB: 

pqr , 
·• d eP d , 

p p QI' 

7 
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\ .. 
pqr,, . , . 

. , r.a;e' r = 2, , .~ p v k _'_Y .x·•y ·: ·, d . -· BO/IHOBSSI <hYHKllHSl JJ.eKynneTa, 
. . a . avµI' . . µ . ,G · •. , 

('I' 'I') e = ip P ~ q 'I'-"/+ ,jiP e Q }Pq ~I>:"'." MSTpHn? 8Il8KTPH'l8CKOro 3ap51.z:i;a, 
, F,D q p ;, q - q q JS , 

J,fa Bhlpa>KeHHSl ( 12) • cnenyeT, 'ITO' 9Il8KTpH'l8CKHJI cpopM-cpSKTOp 3SpSl>K8HHhIX o~pHo-',-: 
• - . • . . . . 2 • . . 

(\ 

HOB co cnHHOM 1/2 'paaeH (1 + _k_)F(k 2
) , MarHHTHblll cpopM-cpB.KTOp 6apHOHOB .-. 

· 2 -- · • 2m · · -· - · . .. . . . .. . 
. " F(k ) ' r.a;e " -warHHTHhlll MOM8HT 6apHoHa, 9Il8KTpH'18CKHll cpopM-cpSKTOp 6apuo-

HOB0 co·cnHHOM 3/2 pAHH e(l+ ~)F(k~) , To OoCTOSIT8IlbCTBO, 'ITO npH ~ar~HTH,OM 
. · , . . . . • 4m 2 · · · , .. 
'cpopM-cpaKTOpe. CTOHT JD+ 2 F' CBSl3b ,rio3B0Illl8T nony'IHTb HSM 'H3B8CTHhl8° COOTHowe-

HIUI Me>K.a;y MarHHTHWMII_ MOMBIITAMH 6apHoHo_n, a HM8HHO µ P I' n I''<'- '•3:-2:-, 1' · 
"' . ' 

IlJ)H'l8M "p ~ 3 ll,ll,M.arR, 

TpeTHll' '1Il8H ~ :BwpaJ>KellRII ( 12) OilHChIBS8T npouecchl cpOTOpO>K.a;eHHSl H pa.a;HSUHOH

- HhIX pacna.a;oB p830HSHCOB, 

Allr lllHpHHhl pan11auROHHhIX pacnanoa nony'IHM, Y'IHThIBSll pa3HOCTb Mace IlHWb B 

<pS30BO~. 061,eMe: 

r d➔ bey 
2 I.I 2 2 

3a.!..(~)8 (1+...!)2g2 
m'., ,--·2M 2 m - .db <is> 

rne M .~Macca cooTBeTCTBytomero 6apHoHa H3 .a;eKynneTa; m - M£\CCS 6apHOHS H3 
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