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"'AOepHMX UCCAeOoaaHuU Jly6Ha 
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, 
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B pa6oTe [I] 6wra npewroxeHa Mo.nem. cerneTosJieKTpIIBa, corJioo­

Ho ROTopoA CIJOHTBHHHI 8JI8KTpH118CRd MOM8HT npocTpaHCTB8HHO orpa­

HH'leHHO'- KOPPeJIJlllHOHHOff o6JiacTJI RPJICT8JIJI8 (.noMeHa) BHP8llt88TCS 

®PMYJiott 

D =-e(A~Li.,(~)t..l~)~-e_1i(t,) 'Z f.,. (r) J.; " " lo j <.) 

IIepBaa: 118CT1, q]OPMYJIH 881IHC8Ha B npe,nCT8BJI8HHH KB88Hm.filYJII,C8, BTO­

paa: 1100T1> - B npe,ncTaBJieHHl! BaHH1,e. S,nec1, f"' (K) Hf "j - CYMMHP0-

1 BaHHHe IIO CIJHHOBlil! COCTOJmlmM O.ItHO'i8CTJ!'ll!He ipymaum pacnpe,neJie-
l. 

HM 8JI8KTPOHOB B C~OTBeTCTBYllllU!X npe,nCT8BJI8HIIISJX ~ -HoMep SOHH) 

a noJie "a?menru1" (.,,_ (.R) ecT1> 

➔ rl -,~ \ .,. 
'i-i..s~) = \:::~J J u "~ 

'If 

(\.l .. ;~ (°i) - nepHO.ztH'lecRd MHOllHTem. cpyHKilHl! EJJ:oxa, HHTerpzpoBaHHe 

Jlf.IteT no l!IJI8M8HTapHoA S'leffxe RPJICT8JIJI8 '\f). 

BeJIH'D!Ha 1..., (j) BXOJJ:HT B onpe,neJiea:e:e TaR aasHBaeml "o6me­

xp l!CTMJil!'lecRoA" (__ OJJ:HOSOHHOffJ 118CTH onepaTopa KOOPJJ:HH8TH B 

npe,nCT8BJI8HHJll KB88HmmYJll>C8 ( CM. ~21 H IlHTHJ)OBaHHYll B STOM 0680-

pe Jivrr.epaTypy) : 

.., (t\, ... c.~.~0= ~--1 (1.~~ ... 1",~))bC><-~.-1. (s) 
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IIpH qiasoBoM npeo6pa:ioBaHmt eoeToSIHrui \ h l > no.11e 1-, no.103epraeTcs 
~ .. .,. 

"rpa,nHeHTHoMY" npeo6pa:ioB8HHD l~ = 4i.... + v ... f . KoMIIoHeHTH x; , 

BOo6me roBOPSI,H8 ROMMYTE:py.lO'l': 

r "- '> l (J) • . ' '\ "'-J> ("') 
L Xe ' Xe .l R = L w "' ~ ' 

"' 
(4) 

➔ ~ 

a .eya.m,aatt xow.,yTaTopy BeK'l'op W "'(R) = 1...,\: \, tc.). II0.11e "BrocJlSI" 

(0 ""(_1<) , mrnapHaHTHO8 OTHoeHTeJl1,HO q)a30Blll npeo6pa:ioBaHrui eoc­

TOSIHmi EJioxa, xapaKTepH9Y
0

8T BHYTP8HHDD eTPYK'l'YPY npoeTp8HeTBa 

o.nHo'!aeTHtnillX eoeTo.RHd ,nJIJI Jt8HHOI'O KpHCT8JIJia. -

ll3B8CTHO, 'ITO npe,neT8BJieHH8 RB83HHMtIYJI1,Ca,oeo6eHHO y,no6Ho, 

ROrita MH HM88M .ne.11O e JID6HMHMeitJI8HHO M8HmilltHMll:eSI B npoeTpaHCTBe 

BO3MYl!leHIDIMH OltHO'lacTH'IHOI'O RJ)OO'l'8JIJIH'l8CROI'O IJOT8HI!HMa, 'ITO 

llO3BOJISI8T onyeTHTE, Bee M83t,lly3OHHHe MaTpH'!HHe 3JieMeHTH. Tor.na B 

RBa3HRJiaceH'!eeROM npH6JimiteHHH coeTO.RHHe '18CTRI!H onHeHBaeTeSI ra­

MR/Jl,'l'OHliaHOM 

\-\"' (~.t') = E"' (~) ~ V(tc:.') , (s) 

r.ne '[,_(")- sHeprHSI sJieRTpoHa B.11oxa, a V (_'ie) - onepaTop noTeH­

ItHMa :00 SMYlll8HM, HanpHMep, eaMJcorJiacOBaHHHff noTeHrtHSJI XapTpH­

~OKa RoppeJIJirtHOHHOtt O6JIBCTH. 3Jtee1, onepaTop 'iJ ~cJ SIBJIJI8'l'eSI 
? 

/f!YHRrtHett onepB.Topa xe , onpe,neJieHHoro !l>opp,iyJIOff (.3) o 

IIpoeTpaHeTBeHHO orpaameHHM m,neHeTeMa '180'l'Jm, OITHCHBaeMM 

BOJIHOBHM IT8.K8TOM I 'Pr , eymecTBOB8HH8 ROTopott Heo6xoitmo w ca­

MOI'O onpe,neJieHM cpeJtHero SHa'!eHHSI ROOPltHHS'l'H, r.«>ll'.8T BO3HHRHY'l'Ei 

B O,nHOpo,nHOM RP~aJIJI8 BBJOtY HMINU noTeHitHSJia nna (s) , JtlJta­

llBD!llero SOHHYD eTpyRTypy H eBMy HOHHYD pem8TBY. fwbJteJIJ,D TSRolt -

noitemTeMH MOl!'.ElT CJJYll'.HTEi o6JiacTEi, ROTOPM B xaz,nol M8.ll01 'lOOTH 

np_e,neT8BJIJI8'1' eo6off "nO'ITH" RJ)HCTSJIJI, napBMe'l'pli ROTOporo Me,ItJI8HHO 

MeHSIDTeSI oT'To'<Utll: R TO'lRe. 

,-; 

HBJIHtIHe B 1,.3) H (5) nOJIII l, ,1) , HrpB!ll!lero pom, Rax 6s Hexo-

Toporo "BeRTOpHOI'O IIOTeHrtllBJia", H8BOltHT Ha MHeJIE, paceMaTpHBaTI, 
' .,, 

BHYTP8HHDD reoMeTpl'ID R-np:>eTpaHCTBa eocTO.RHrui B .eyxe E',Il;ett fep-

MaHa Bew. Xopomo H3BeCTHO, trro Bett.m, B CBoe Bpe.MSI IIHTaJieSI 

O6"1ie,nHHHTE, B OJtHOft reoMeTpmeexott xapTHH8 rp8BHTartIDHHoe H 3JieR­

TpoMSI'HHTHoe IIOJISI [ 3] • 3Ta nporpBMMa B ROHe'll!OM Ol{8T8 He HMeJia 

ycnexa, TSR RER aJieRTpOMSI'H:BTHOe IIOJie He HMeeT YHJl!B8PC8JIE,HOI'O 

xapaRTepa H .netteTByeT pa9JIB'IHO Ha pasuae -qacTRitH. O.naa.Ko B uameM 
17 .. 

CJJY'l88 UOJI8 "cMemeHM" , <..., (_R) xapaKTepH9YeT HMeHHO eTpYRTYPY npoe-

'l'PaHCTBa coeTosmmi O,nHott 3OHll Ill IIO3TOMY Wl8SI BeltJm: MOlleT HMeTE, 

CMllCJI. 
~ 

PaceMOTPllM nepHOltHtl8eRoe R-rrpoeTpaHeTBO eoCTo.RHrui RaK 

rrpocTpaHeTBO Bew "W s• IlyCTE, CHMMeTpl'!q}Jllff T8HSOP 0~ xt"'-:i~a8T 

MeTPHRY B Rmit.noff TO'IR8 (._R, ,RuR~ H CJIYlK:BT ,nJISI ITO.ztru!THSI 11 orrye­

RBHM mmexcoB. KoBapHaHTHUe npoH3BO.ItHH8 onpeiteJim.t qJOPMYJiaMH 

'\]~ \)Ol =. ~~ \f ,._ + /\ ~! '\f'() 

·v~ w:\~ 'S~w"" - /\~; u,(6") (6) 

f\f\ 
rite i \~- eoorBererBYlllltlie KO3cfxPHUHeHTll aq>HHHOA CBH3HOCTH,eHMM8T-

pl'l'mll8 no Bep:xmw mI,ll;8RC&f. IIpoeTpaHeT:oo \/'y3 xapaKT8pH9Y8TeJJ 

TaR aamraa8MOff IlOJIYMeTpmec1mff CHMMeTpB'rHolt eBSISE,D, '1'8.K trro RO­

BapHaHTHM rrpOHSBO,nHas: ()"J 8CTE, 

'\1 (3---1~J = - 2 '(.G" f'\t:, (?) 

npH 11'1'011 

J\~~ = {~ 1 + \/~ ' (a) 

l'l(8 {~J -OC!Sl{HH8 CJDIBOJIR KpHCTO<J):r8Jl'Jt PllMaHOBa rrpOO!pl!IBe'l'Ba~ a 
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\: =· b: ,_c + ~: <f -~~i 1l~ . ' (9) 

B p'0M8HOBOM IlpOCTp8HCTBe, RaR Pl3B6CTHO, ROBapH8HTH8SI Ilp0l'I3BO.It­
'{-..;:. 

HM I) • p8BH8 HyJIJJ. 

TeH30p KPHBP!3HH B08HHR86T JIH6o B onepaill'IH nepeMeHH nopJmRa 

ROBapH8HTHOI'O it1$IlepeH~HpOB8Hl1ISI 

(\/;l~-~'ti:)'\5"-~b <s_(al.-< ~ 
"" "" r;,-) 

(IO) 

JIH6o npH ocymecTMeHn onepailHH 66CKOH8'tllt0 MSJIOI'O RPYrOBOI'O 

sBMKuyToro nepeaoca BeKTopa 

I 0. 6' ;,:'6 . ~ 
b"\5,:_=-iu"" -. 'D~ 6.~i~> (IIJ 

OTKJ,Ita 

A(\S') = B ~T' ,~-{ '\5',, D" ~.sfo,J \I2) 

rite 6. S, Ji - 3Jl8MeHT IIJI0lll8JUI, HaTSJHyToA Ha ROHTyp o6xoita. 3.Itec1, 

s;rt= d~A~: -0-<_~; +f\~: I\~.:.(\~ f\\);. (rn) 

Teusop Ig)JIBHSHH etl'J'(, ROH8'1HO, SHTHCHMMeTpl'I'lD IIO ny11 
IIOCJie,ItHJJM mute:scar, HO, B OTJIJNHe OT PIDISHOBa, OH He 8HTHCJlMM8T­

pneB no II8PBIDI JU!YM J!H.It8RC8M. IlpH STOii Cl'NN8'1'pJAH8JI 11acu, ltS!t 

HeTpy.ItHo noxasSTI,, ecn 

6 <. ~1') st =- ~ E:'1' w "tt,, Q4) 

np H &TOM TeBSOp c,3'':t onpe.1t8JIJi8'1'C!1 HHBBpHSHTHoft itaMiepeHI{HSJll,HOft 
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ll:· 
'i 

·.··:{)./ ,, 
; . 
I 
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r· 

l 

! l 

· "J' X '1 f' c'!. "7-,"( i '-'I} :,(. 
onepailHeA W ='1 <. -'1 't = u 'l. - v 'l.. , T.e. ecn TeHsop "BHX-

pa" IIOJISi t 6 • CJie,ItOBEITeJll,HO, npH o6Hoce no RPYroBOMY KOHTypy BCSJ­

Koa MHHH.lmmOJIHSJeTcSJ cooTHomeHHe 

D-l __ .i. LO''&t.S\l,'o' -c- ~ ,J 
(rs) 

TBRllM o6paooM,MHHa npH HBJilNHH l>:) .. ~ He mrnapHaHTHa OTHOCM'6Jll,HO 

CM8ll!8HM, cp8.BHHB8Tl,CJI MeJKJzy co6off MOI'JT TOJll,RO MPIHH B O.ItHOff H 

Tott llt8 TO'IJRe. 

F.cJil'I TOllt.It8CTBO El'I8HRH 

\]' B s-"'":fl + \JS' \:);"'i' + \lb B; 'l'J = Q. \I6) 

CB8PHYTl> no miiteRcBM (3' H"' , TO, Y'lHTHBM pSBeHcTBO ~;•~= scl\ 
IIOJIY'll'IM TOllt.ItecT BO 

\Jt w ~t -\- \j~ l0 '6'L + ,:(6 (0 "'! = \). (I?) 

reouerp:u V\[ 3 6as:epyeTCSJ Ha .ItBYX paMH'lHHX rpynrrax np eo6-· 

paSOBSHl!I - ROOp,ItHHEITHHX l'I ROHlf)opMHHXo F.cJIH 

-~~ ~i cl,~ ,/''~ 
~J::::E._ \·J==~~ ', (I8) 

TO 

"Ji ~~f = (2 -i" + ell G"J ~"It~ - '.l \ ~t + 0'6''f ') ~ '\f) Q9) 

'ITO ·cooTB8TCTBY9~ rpa.n;H8HTH~MY npeo6pa30B8HHI> llOJIJI 17.0 ~ cpaso­

BOIIY npeo6pasoBaHJlll BOJIHOBO! (flyHRnl'IH COCTOJIHliM) • CJie,ItOBaTeJll,HO , 

(flyH.ItSMBHTam,aua TeHsop '{\~ wmccHpoBaE TOJll,JtO c TO'lHOCTI>ll ito npo•s­

BOJll,HOro CR8.ll'.J'!IlHOro MHOZHT!!JISJe 0.ItBam W~ H8 Jll!JISJeTCSJ ROH(f)OpMHHII 

npocTp8BCTBOM. ]J)fJI RalltltOl'O JIS BOSMOlltHHX {.t Tpe6y8TCSJ CBO! BeR­

TOP La• HCRJlll'l8Hl'I8M SJBJIJi8'1'CSJ TOT CJzy'q'aff, ROr,Jta (, '(. ecn rpa.n;HellT-
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Hlll:t BeitTop. B STOM CJIY'llae ero mimo ltOH!l>oPMHO HCit7Ill'llm'I>, BH6JI­

p8.!l COOTB8TCTBYlllllYD K8JIJI6poBicy. CJre.n:oBaT8Jil,HO' nocTOJlHHHe 1"3> 
ecTb TOJThKO o.n:mi HS BOSMOl!HHX BH6opoB KaJIJI6poBOR. 

YCJIOBH8 mITerpupyeMOCTl'I yp8BH8Hd (.?) M03tHO SaIIHCm'I> B 

mme 

\J.-x:11-D -,.er\/~"\) --..c-;- ~ .._e, 1,1 
() ., [.)~ ..... ~ , "' ::>... = dv 1 J (,0 ; 

J J 
(_20) 

D"'-J "\' 
STO 80Tb YCJIOBH8 Ha CBMMeTPH'IJHYll 'IJOOTb T8HSopa I.) : 

. I • "'"' ,:;- r \ ~--.. ~ •) y_"' ~ ~ \' ~ \ ~ ,, >r ~ r .:= \l ,l W . (.21) 

u ,.r. i' r ,a' I C' 3 D ~ G ~ 
BBo,ItS! T8H30p r..., = 1~.... - ~ OC\ oy , OOJIY'llaeM YCJIOBH8 

~ "<_• ,;-1• ~ \:) -,,..._c:,-T-:::: () (22) 
) 

r.n:e TeHsop \y,••r;Jcn npocTo SHTHCHMM8Tpwmru:1 -qacn B'tcz-. 
Heo6xo,n:m.mM H ,n:OCTai'O'llillM ycJIOBH0M Toro, 'IJTO ypaBH8HH8 (._?) 

.n:onycRaeT pemeHR8,HBJIJi8TCH, Bo-nepBHX, TO, '4'1'0 cymecTBYElT B8RT,OP 
t .. s"' c;• 1 ' TBRol:t, 11'1'0 B;, I= 3 u, \ H, BO-BTOPHX, cymecTBY8'l' 'qlICJD ,r' 

/ 

Tmtoe, 'IJTO yp8BH8HM 

r; = o"'" P ... ~G'l'-t ~t: r-..~"1'= a 
J / 

F ~ = f't "n~f< ?I>,+ 0 tJ vr P .. "' I;"'('= o 
J ,/ ) . . . . . . . . . . . . . . . . . . 

,n:onyCRSl'.lT OOJiliyll CHCT8MY Ha6opOB pemend, y,n:oBJieTBOPHllml'IX t"l-1e\ = 0 

~Mo [4)). ' 
\\Ci · "lj'l;'T "',r> ~~ 

.Ec.n1r f1 :::. O, T.e. P"' ::.0 , a sna11Hr Tensop B = ~ c,0 \ 

(s'l'OT BH6op 6llJI c,n:eJiaH BeftneM) ,Mil JIM88M OOJIHOC'l'bll IH'l'8rpIJ!YE!lfj'I) 

c~cTeM;Y, TBR '4TO ~"'Si" = 1"'3'(1"',, lei, IS; ~~~} H pemenHe saBJicm o'l' 6 

npoHSBOJThHHX napaueTpoB. 

8 

Yp8BH0HH~ reo,n:03R'IJ0CR~ B WS 
~l \(,,_ + /\ft J \(', tA ~ r _ f \ 
<lt~ "< ut1. .I\' -: \.J (23) 

.n:onycRaeT O,n:HOPO.n:Hllff nepBHii :mJTerpan mopoa CT81IeHlI, TBR 'ITO 

MolltHo aanHcaTb \ C { Ax ~, 
_ -J..),l 1/ L 

,['-} 11,{x 1 \( ~ (c') -= 'X--<J l \(,J.\(;, (.S~') e 1

" 

0 ~l iz U J1 it 

EbJHJ BB0CTH napaMeTp le) IIO ypaBHeHmo 

Tor.n:a 

~~ 
-.I,,,;=~ . II\ l, 

\t f6' ~'<'fA, 
),"' Lt . l .. ) 

y "'f j \(.,.) '<.,J =- Lo½~\: . 
O .\.~ l(\ 

(.24) 

~5) 

~6) 

CJie,n:0BaT8JrbHo;Hem:1BapzaaTHocTb l(JlmtH noJIHoCTbD onpe,n:eJIHeTcH , . 

aeo,n:Hosna'!HocTLll napaMeTpa G = \) (t). Kor.zta JIHHe:lbiru:1 il>opMa npe.zt-

CTaMJleT 0060ft IIOJIHlltt ,n:J11Pl)epeHUH8JI, TO l(Jll!Ha 11e SaBlICRT OT IIYTl'I, 

no itoropoMY oaa · nepeHOCHrca, PI w npmm.n:m.1 R reoMe1'J)n PRMBHa. 

Heo6xo,n:m.!!lM ycJJOBHeM JtJI.R 8'l'OI'O RMH8TCH p8B8HCTBO HYJID Temmpa 

"'J· Lv • 

OT~~TEM s.n:ecb~ 'ITO .n:axe ecJIH lO ... J = 0 BCil.IlY ,_211rerpan: ~ 1.t ~i<t 

OTJIH'l8H OT HYJIH B Tei CJJY'llruIX, Ror.n:a ID.!61lTCH JIHHIIH Bllpol1Ul;0Hl'lll 

M0JtJJ:Y 30HaMlI. Tor,11;a UHPKyJIJIUml 1."' BORPYr JIJIHHlI PBBHa 

~I'\+ IJ..11 MH 2~ B 38BIDHlilOC'l'H OT CT8n0HlI pac~oz,n:eHim SOH. 

Tairne JJmtHH no CBOlIM reoMeTpWieCRl!M CBOitCTBaM SRBP!BaJieHTHH JIH.,-
~ . 

HMM "BHxpJI• (,\) S' • 

9. 



TaREM o6pasoM,Bo ooex CJIYtraHX, Kor.n;a Jnmeil:irnff EHTerpaJI B 

(.?6) HOO.D;HOSHatreH, onpe.n;e.neHHe .D;JIHHH B reoMeTPHB \N 
3 

HemiBa­

PHaHTHO. Ho 3TO 3H8trRT, 'l:TO He cymecTBYe'l' H Hl1B8PH8HTHOI'O s.ne­

MeHTa 06'1',eMa~ L(J,l(J-<!> ,nponopuHoHam,Horo trHCJIY B08MOJtHHX coc­

TO.lllld. WR3Htr8CKH 3TO 8RBKBaJieHTHO TOMY 1 '1'1'0 HeBOSMOllWO onpe.n;e­

JIRTI, COCTO.lll!He aJieKTpoHa B o,n:Hoff 30H8, 8 CJie.n;OBl?l'eJII,HO-i H 0,n:H0-

30HH08 llpH6Jimt8HH8o 38M8THM B 8TOft CBSlSH, '1'1'0 T8H30p UJ "-J' BHpa­

ltSeTCSI iloPMYJIOft ~I} : 

"-? • "1 
\~' =l.. L.., " ,.., \ t~. X:~ -X!,, 'X~~, (.._zi) 

T.e. He MJXe'l' 6HTL orrpe,n:e.neH 6es yqeTa BJIHSIHHSI Bcex 30Ho B traCT­

HOM CJIYtrae 'r~,= C01<\\ ypaI!H8HHI \._?1 o6p81J1a8TCSI B TOJt,n8CTB0 1 O.D;­

Haro cooTHomeHHe V5) no-npe:s:HeMy BMeeT MecTo. Kor.n:a npooyTCTBYllT 
..._~ 

JIHHIU'[ Bupos,neHHSI 30H WIH JIHHHH "BHXPSI" ~ ~ 1 8TO 9aTpy,n:HeHH8 

MOXHO o6ottTH, paccMaTpIDlaSI 8TH JIHHHH K8R oco6He, npelll)mtamni:e 

PEMaHOBO npocTpaHCTBO B MHOI'OCBSl3H08. 

Boo6me Be.nmHHH, HM8JJIIlHe !J)HsHtrecma:ff CMBCJI B -~ , .n:omam 

6HTI, HlIBapHSHTHH OTHOC ffl'eJILHO KOHqJOpMHHX np eo6paaoBaHHff. Tmtmor 

I\"'> ---•r ~--s """I!. BeJIH'l:HH8MH SIBJISIJlTCSI .l. \.s:, 1 B(;" , 1 lv- 1 B ., • 06HtrHHff HHBapHBHT-

HHft o6MJ4)\\h)><J-s He SIBJISIBTCSI KOH!J)opMHo-HHBapHaHTHHM. Bax­

HHM !paKTOM SIBJlfl8TCSI To, "ll'O npz HetreTHOII trl'ICJI8 BSMepeHd, B 

traCTHOCTH,npH t!HCJl8 H31l8peHzl4 J, B npocTpBHCTBe W 3 :ooo6me HeJil,-

8Sl nocTpoHTL RoHilopMHo-mrnapzBHTBHX n.noTHocTeA Tl:'lIIa )~ Al.-<Jl(J',(3. . 
.&t(BHCTB8HHHM HHBapHBHTOM npz Tpex H3M8pemmx SIBJISieTCB "o6o6meH­

HHff 06'1',eM" ( a.! 0 ,HaIIpl!Mep,(5}') 

~ ~ J.\C)-<j \(~= l\..v J _ ( ~) 

r.n:e ~ = \ 't;"~\ecTL ,n:eTepMHHBHT TeHsopa pzqqz. 

10 

-r 

IIpH Bapt,HpOBamm 8TOro HHBaptmHTa no (. l< McmiO IIOJIY'l:m'l', 

YPaBHemi:e, 
_\_ 4--.. :-:::-:-1 

. ~ ;\'Cl t"-~""i 'I -G >J f's ~ s L' 

29 

r.n:e S-c =1(~ti;-~\'~e:,..}i~. 3.n:ecLG,:~(;"- CHMMeTP~aSI ttacn, TeH­

sopa PHtJtJH, a G - CRaJISip, IIOJIYt!81DUIHitcs IIPH IIOJlHOM CB8PTHB8HiIH 
• "I~ ' • 

3TOro TeHsopa. Yprumemi:e CM3HBaeT Co. C ~i, 38.BHCBD!m.! TOJII,I{O OT 

CllMMeTpH'llU:lx qacTett T8H30p0Bo 
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