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M Ha aace~aHIDI cITe~aHpoBaHHoro coBeTa K-047.01.01 na60-
paTopID1 TeopeTH'!eCKOH ~H3HKH O&I.e~eHIIoro HHCTHTYTa ,mepHHX 
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C ~ccepT~en MOJKHO 03Ha.KOMHTbCR B 6H6JIHOTeKe OJ1Hl.i. 

Y~eHldt cexpeTapb Co:seTa 
~T qmamtO--Ma.TeMaTH'ieCKHX HaYK B.l1.JB'ypaBJieB 

OEIUAR XAPAKTEPl1CT11KA PAEOT!i 

AKL'.£a.1IbHOCTb TeMll 

Pa3BHTHe COCTaBHliX MO~e~ett a~eMeHTapHHX ~aCT.HIJ; rrp:ime~o K 
a~a~e ITOCTpoeHHR KBaHTOBOtt TeOpIDI IlpOTRJKeHHHX o6~eKTOB c 60JU,

lllHMH ~e~KTaMH Mace. 

B O~OM H3 ITepBhlX BapHaHTOB IT0).0{0~,' OITHCaHHIO ~OHOB B 
TepMHHax TRJKe~ KBapKOB li aHTHKBapKOB l ITpe~~aJIOCb, 

~TO ajxpeKTHBHOe B3aHMO~ettCTBHe ITO~Tli ITOJJHOCTI,ID 11 c~e~aeT 11 MaCCli 
o6pa3YJOI11IDC KBapKOB li ITPHBO~T K B03HHKHOBeHmo ITOTeHUHaJ!bHOro 
6apbepa, IlpHIJJITCT:syIOmero ~eTaHIDO KBapKOB H3 ~OHOB. OTKpliTHe 

HOBOrO KBaHTOBOrOW~-IJ;BeTa, IT03BOJIHBDiee pelIIHTb rrpo6~eMY CTa
THCTHKH KBapKOB / 'OTKp~o ITYTb K ITOCTpOeHIDO TeOpIDI KBapK~
pOHHliX RMeHd Ha OCHOBe ~6pOBO~oro rrpHHUHITa n ITOHRTHR CITOH
TaHHoro HapymeHHR CHMMeTpIDI. Ilpe~CKa3liBaeMoe 3THMH TeOpHRMH ~ac
T~Oe liJIH ITOJJHOe 3aKJil!JqeHHe KBapltOB BHYTPH ~OHOB B 3Ha~Te~b

HOtt CTeITeHH CBfl3aHO C pa3HOCTbD_ ajxpeKT-,w 3Heprd KBapitOB B 
li30~0BaHHOM H B CBf!3n,oM COCTOmraruc 3 • OTO RMeHHe, o6paa-
HO Ha3BaHIIOe B pa6oTe 11apn1Me~OBliM ajxpeKTOM 11

, Tpe6yeT ~ 
CBoero OITHCaHHR pa3BHTHR MeTO~OB Teop,m CHJil,HOtt CBf!3li rrpH ~eTe 
He~eih!OCTH B3aHMo~ettCTBHR, xapaKTepHott ~ ~BMHKli C~TOHOB. 

Iloc~e~OBaTe~bHM TeopHR CMbHOtt CBfl3H, CTporo fsiTli:BaDmM 
CBOHCTBa CHMMeTpIDI CHCTeMll, 6~a pa3BHTa B pa6oTax 75 . B OCHO
Be 3THX pa60T ~elKHT KaHOHH'IeCKOe ITpeo6paaoBaHHe H.H.EorOJIJ06oBa 
K KOMeKTHBHliM KOOp~HHaTaM, IT03BOJUmmee paa~eJrnTb BeyTpeHHHe, 
TPaHCJIJmHOJ¥,!O-HHBapliaHTHlie CTeITeHH CB060~ OT ~IDKeHHR CHCTeMll 
KaK ue~orc/ 6/. BBe~eHHoe B pa6oTax Hf.Eoro.mo6o:sa H C.B.TR6JIH
KOBa ITO Kl3a.HTOBOtt Teop,m ITO~Ha / 7 , 8TO rrpeo6paaoBaHHe IT08BO
MeT CHRTb BliPOJK,ll;eHHe OTHOCHTeJU,HO rpym!l:l TpaH~ H pa8BHTb 
Teopmo B03MY111elid ITO o6paTHOtt KOHCTaHTe CM3H. 06o6meHHe KaHO
~eCKHX rrpeo6paao:saHd Eoro.mo6oBa Ha ~aJi rrpoH3BOJU,HHX 
HerrpepliBHIDC rpyrn:! CHMMeTpHH raMWII,TOHHaHa c~eJIBJio 3TOT MeTO~ 



II.7IO~OTBOPHHM CP,e,CTBOM Hsyqemm IIlHpOKoro Kpyra sa.na~ B TeopHH 
CILJII,HOH CB!I3H 79 • IlpHMeHemrn STHX MeTO~OB K nocTpoemno MO~eJiefr 

npOTIDitemrnx KBaHTOBliX CllCTeM C 6O.lil,IIJlIMH ,JJ;e~eKTru.m Mace RBJiffeTCR 
HHTepeCHOH H BalKHOli sa.na~efi. 

Uem, pa60TH COCTOHT B H3yqern Ha OCHOBe MeTo~a KOJIJieKTllB
HIDC Koop~aT H.H.EoroJIJ06oro oco6eHHOCTe:il RBJiemm srurna.Ta Mac
CllBHO:il ~aCTllll;!1 KBaHTOBblM noJieM, T.e. o6pa30BaHHR KOJIJieKTllBHllX 
~OKaJill30BaHHIDC COCTORHHH ~aCTllll;!1 ll KBaHTOBaHHoro noJIR C 60Jiblllmi 
~e~eKTOM MaCCI,J. 

HayqHM HOBII3Ha Il npaKTli'JeCKM UeHHOCTI, 

MsyqeHHM B ~ccepTaumr MO~eJII, MaCCllBHOli ~aCTllll;!1,CHJII,HO 
B3~0~e:ficTBYIO!llefi C KBaHTOBa.HHID/1 noJieM npH COOTBeTCTByrollleM BU6o
pe napaMeTPOB sa.na~,npliBO~T B npe~eJie CHJII,HOH CB!I3H K sqx_peKTY 
KOMileHcaumr 6OJII,WOH MaCCI,J ~aCTllll;!1 HJill, ~yrHMH CJIOBaMll, K RBJie
Hlil() 3ruCBa.Ta ~aCTllll;!1 KBaHTOBI,JM noJieM. 3TOT s@leKT npe~CTaBJIReT 
co6ofi TeopeTUKo-noJieBOli aHaJior RBJieHHR y,IJ;epJKaIIHR TIDiteJillX KBapKOB 

ll aHTnKBaPKOB r.rry6oKofi noTeHIJ;IffiJII,HOH ID/IOH HepeJIRTllBHCTCKOH COCT'B
HOH KBapKOBOli MO~eJIH 3JieMeHTapHIDC ~acTnn:, npeMO.lKeHHOli B pa6oTe 1[ 

KaK noKa3a.1IO B ~nccepTaumr,npn saxBaTe TmKeJIOli ~aCTllll;!1 C 

Maccoil M ..., c31. ( <9 - 6o~pirur KOHCTaHTa CB!I3ll) CKaJlRPHHM KBaH-
TOBWII noJieM, B03HHKaeT KBa3li'JaCT~oe o6pa30BaHHe C JIOKaJII13aIUiefi 

9 ~ 'I .g , .I\Bl!JltYllleeCR c lJJaJII,JMR cpe,IJ;HIIMll CKOpOCTRMR 'lS .... .,,~. 
IIpn STOM pacmeII.1IeHHe B cneKTpe B036y,K,IJ;eHRil B OKpeCTHOCTH OCHOBHO
ro COCTOmIBJI CH~TeMU HMeeT KOHe~oe 3Ha~eHHe B. npe~eJie 6eCKOHe~o 
CliJII,HOli CB!I3U. 

IIpeMOJKeHHM MO,JJ;eJII, ll03BOJIReT HaHTli noJIHoe pemeHRe sa.na~ 
B rJiaBHOM Henc~esruomeM npH6JrnJKeHHU MO,ll;llll)nn:npOBaHHOH TeopHH B03-

MYJ!leHim. B ~aCTHOCTH,noKaaa.Ho, ~TO cneKTP B036y,K,IJ;eruill CHCTeMU 
(B OrpaHli'JeRHOM o6~eMe c nepllO,JJ;li'IeCKllMli rp~ YCJIOBllRMH) 
COCTOHT li3 ,JJ;By.X BeTBe:il. IIepBM ll3 HHX COOTBeTCT:syeT CB060,IJ;HI,JM 

. CTO~ BOJIHaM, BTOpaJI - CBJI38HHHM COCTOJIHWIM KBaHTOB nOJIR, JIOKa
Jill30BaHHI,JM B o6JiaCTH KJiaCCIBieCKOli nOJIRpH3aumr B OKpeCTHOCTH ~ac
Tllll;!1. 

B ~ccepTaumrpa3BllT HOBUH MeTO,JJ; onpe,JJ;eJielliUI 3(1XpeKTllBHOH 
MaCCI,l CllCTeMU,npHMeHiiMI,JH npll H~ CJia6llX BHemHHX noJieil, KOr
~a nOJIHI,lli ~JII,c·cllCTeMU He RBJIReTCR HHTerpaJIOM ,JJ;BIDKemm. 
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1f,;m 3all!l1Tl,J BH,IlBllraIDTCR CJie.p;ylOII!lle OCHOBHHe pesyJII,TaTH. no.ny

'le.RHI,te B ;mICCepTanmI: 

I. CqlopMyJIHpOBaHa II II3yqeHa MoieJil, CllJil,HOCM3aHHOH CHCTeMU 
MaCCllBHOli ~aCTllll;!1 ll KBaIITOBaHHOrO CKaJIRpHOro noJI.ll, npllBO.IUIDlM 
B npe,JJ;eJie 60JII,WHX KOHCTaHT CB!I3ll K KOJIJieKTllBHW/1 JIOKaJill30BaHlillM 
COCTORHHRM c 60JII,WID.{ ,JJ;~eKTOM Ma~cu( RBJieHHe 38.XBaTa MaCCllBHOH 
~CTllll;!1 KBaHTOBllM noJieM). 

2. Ha OCHOBe.MeTO,JJ;a KOJIJieKTliBHl:lX KOOp~aT H.H.EorOJIJ060Ba 
Hail,JJ;eHO pa3JIOJKeHHe raMHJII,TOHHaHa CllCTeMU B psm no o6paTHOli KOH
CTaHTe CM3ll ll npO.I\eMOHCTPHPOBaHa ero 3pMliTOBOCTI, npn yqeTe RK0-
6HaHa npeo6pa30Bamm OT't,CTapllX KOOp~aT K HOBUM. 

3. B rJiaBHOM npll6JilllKern no o6paTHOH KOHCTaHTe CM3ll H3yqeH 

cneKTP B036y,K,IJ;eHllllX COCTOJIHlili CHCTeMU ~acTnn;a-noJie B6Jm3ll OCHOB
Horo COCTORHHR. lIOKa3aHO HaJIIBille ,JJ;By.X BeTBefi B cneKTpe B036y,K,IJ;e
Hlill CliCTeMU, COOTBeTCT~ CBo6o,IJ;HHM OTO~ BOJIHaM, a Ta.K.lKe 

JIOKaJill30BaHHI,JM COCTORHHRM, OTBe~ 38.XBaTY KBaHTOB I!OJIR 
o6JiaCTI,ID nOJIRpll3aumr B OKpeCTHOCTll ~aCTllll;!1. ,UruI aHaJill3 ycJIOBHli 
nOJIHOTll ll opTOHOpMlipOBaHHOCTll aMII.7IHTy,IJ; COCTORHHH. 

4. Hali,ll;eH SIBHUil: BH,JJ; cpyHltUlm I'pHHa CHCTeMU Ha OCHOBe aHaJill3a 
ypaBHemm, no;ryqemmx B nepBOM Henc~esruomeM npn6JIIDKern no o6paT
Hoil: KOHCTaHTe CM3H. !IOKa3aHO, ~TO ,JJ;JIR SJieMeHTOB MaTPllll;!1 pacceR
mm, CM3aHllllX co CB060,IJ;HOil: ~CTl,ID cneKTpa B036y,K,IJ;eHHiJ:,BI,JllOJIH.II
eTCR yCJIOBHe ynpyroil: YHHTapHOCTli. 

5. IIpeMO.lKeH HOBUH MeTO,JJ; onpe,JJ;eJiemm 3qx_p0KTllBHOll MaCCU 

CRCTeMU B paMKax TeOpHH B03MYII1emill no o6parnofr KOHCTaH~e. CM3ll, 
npHMeHiiMHil: npli H~llll CJia6UX BHemHHX noJiefr, KOr,JJ;a nOJIHI,lli HM
nyJII,C CliCTeMU He RBJIReTCJI HHTerpaJIOM ,JJ;BHJKemm. 

Arrpo6a.mm :rmccePTawm 

OCHOBHHe MaTepllaJII,J ~ccepTaumr HeO,IJ;HOKpaTHO ,ll;OKJI8,IJ;llBaJilCI, 
Ha celJl:lliapax ]a6opaTopIIH TeopeTIBiecKofi ~H3llKll 06'be~eHHoro 
RHCTHTYTa smepHHX HcCJie,JJ;oBaHHfi, llHCTHTYTa smepHIDC ncCJie,JJ;oBaHlifi 
AH CCCP ll ~ll3IBieCKOro ipa.KyJII,TeTa T6:wmccKoro rocy,IJ;apCTBeHHOro 

ymmepCRTeTa. 

. Ily6.mntamm -
no pesyJibTaTaM ~ccepTrunm ony6JIHKoBaHo TIRTl> cTaTefi. 
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06'!.eM pa6ow 

,Un:ccepT8$I.!I COCTOHT H3 BBe,nemm:, ~eTIIpex r~an. 38.KJIIO~eHIDI 
H npMO;Kemm. O6mrui 06'!.eM ~ccepTan;m - 85 CTIJffiilm,BKJIK1IM 
CITHCOK Jm:TepaTY:PH H3 68 nasBamm. 

CO,UEP.lWiliE PAEOTH . 
Bo BBe.neHHH ,nan KpaTKmi o6sop pa6oT ITO pasmmno MeTO,na 

KOMeKTHBHHX KOOp,JJ;HHaT H.H.EoroJII06ona, npllMeWier,mro K s~a~aM 
CHJll,HOfi CM3H B KBaHTOBOll TeOpllll ITOJIJI. 

B ITepBoit rrne ~ccepTruum paCCMOTJ)eH MeTO,ll; KOMeKTllBHHX 
KOOp~aT H.H.EoroJII06ona ;nJif:I CJIY'Iall TJ)aHCJIJnnrnmw llHBapnaHTHOll 
ClICTeMH n ITOCTpOeHa cxeMa TeOpllll BO3Myl!leHIIii ITO o6paTHOit KOHCTaH
Te CBJI3H. 

B ITepBOM ITaparpaj>e :nofi rJiaB!I onpe,ne~eH raMUJII,TOHllaH pac
CMaTpHBaeMO:fi HaMH CHCTeMH B Me,eyIOllleM B~e ( ii. = C. ==r ~) : 

H == J M"-v/ -sl: e'1~({ +~)Jls + i Zws(~
5
(-4 e

5
• e-s) 

H OITllCa.HH ero CBOllCTBa CllMMeTJ)llll. !;mec1, Rs e; - KBaHTOBlle 
aMITJlliTY~. y,noBJieTBOpmDlllUe ,ITepeCTaHOBO'!JHID/1 COCTOmnmM ;nJif:I 

~cxpeTHoro cITeKTJ)a ( npeiri:o~aeTCH, .~To c:ucTeMa 38.KJIIO~ena B 
orpan~eHHOM 06'!.eMe), .Jl:5 - qiopM-qia.KTOpll B3aJIMO,JJ;efiCTBM, ~ -
~acTOTll cBo6o,JJ;Horo ITOJIJI, a Macca ~acTIIIJ;l,l M HB.lIHeTM Be~
nofi ITOp,I,D;Ka KBa,IU)a.Ta 6OJII,IlJOH KOHCTaHTll B3ruIMO,JJ;eficTBIDl ~ • 

PaCCMOTpeHHM BO BTOpOM ITaparpaq>e ITOill,ITKa HafiTH pemeHlle 
namefi s~a~ na OCHOBe MeTO,JJ;a CaMOCOr~COBaHHOro ITOJIJI CT~eT
M C npn:mnnmam,HW,!H TPY,JJ;HOCTSIMH, CBJI3aHHHMH C TJ)aHCJIIIIUIOHHOll 
11HBapHaHTHOCTiIO HSy,meMoro mwa raMH.lll,TOHRB.Ha. ~. npHBe
,JJ;eHH!,le B aToM rraparpaj>e, npo,rcnmoT, O,JJ;HaKO, HeKoTopne xapaKTep
Hl,le ~epw 1rny,meMo:ll: HaMII Mo,neJm: H .n;enaDT 6Mee npospa"IBHM nepe
xo.n K OITHca.HmO B TepMimax KOMeKTHBHHX KOOp~aT H.H.EoroJII06ona 
( CM. § 3 nepBOll rJiaB!I). 

MeTO,ll; KOMeKTmlHHX KOOp~aT Sa.KJIIO"IaeTM B npeo6pa3OBaHHH 
K HOBl:IM nepeMeHHHM CHCTeMU,cpe~ KOTOPHX BBOMTC,I 06061lleHH!,le, 
llMelOlllUe CM!,IM rrapaMeTJ)OB rpymm CHMMeTpHH CHCTeMll. Ilpll 8TOM 
B CHJIY HHBapHaHTHOCTH raMHJU,TOHllaHa 8TH KOOp~aTll OKa3llBa!OTCH 
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-~eCKllMH, H, Me,JJ;OBaTem,HO, COOTBeTCTByimnie llMITY~Cll ·HBJIJilOT
M .COxparuno!l1ll?>illC,I Bem1"llmaMH. TaKHM o6pa3OM, HCITO~I,SOBaHHe KM
~eKTHBHHX KOOp~aT npHBO~T K HBHOMY ~eTY CID.ll,teTpHH s~a~H. 

Me,IUiqJ~OBaHHM TeOpIDl BOSMyl!lemm, ITOCTpOeHHM C ITOMOllll>IO 
aToro MeTO,JJ;a, npHBO,ll;HT K Me.IJYIOlll0MY YMOBlfiO 3axBaTa ~aCTIIIJ;l,l 
KBaHTOBllM ITO~eM: . 

q2. l 
M = 7 L w!,IJ~J 

Bo BTOpofi rrne ITO,D;pO6HO HS~eTCH CBOHCTBO pemenmi namefi 
3~a~ B r~aBHOM npH6.JilDKeHllll Me,JJ;lllplllU!pOBaHHOfi TeOpllll BO3P.fYlllemtii. 
Ka.Ho~ecKHe ITepeMeHH!,le, BBe,JJ;eHH!,!e B nepBoM ITaparpajJe aToii r~m, 
ITO3BO~T Ha e~ofi OCHOBe onucaTI, ,ll;llliaMHKy ~aCTIIIJ;l,l H ITMH II npn
BOMT K CJllleCTBeHHHM ynpollleHHHM B noMe,eyIOlllHX BHKJia,IJ;KaX. B ~acT
HOCTH, C ITOMOllll,IO 8THX KOOp~aT ~erxo npoBeCTH ~aronamrnruuno 
raMHJU,TOHIIaHa MeTO,ll;OM Eoro.mo6ona-T,r6mmona, KOTOpaH H3~aeTCH 
BO BTOPOM rraparpaq>e. 8TOT MeTO,ll; IlO3BOJIJieT onpe,neJm:Tl, CITeKTp BO3-
6yJK,IJ;emm B6Jm:SH OCHOBHOro COCTOIDIIDI H H3yqHTI, CBOllCTBa aMITJm:Ty-,ll; 
COCTOmntil. 8TH BOnpOCll paCCMOTpeH!,1 COOTBeTCTBeHHO B TpeT1>eM H 
~eTBepTOM ITaparpaj>ax BTOpofi rJiaB!I. 

Iloxasano, ~TO B3ruIMO,JJ;eficTBHe npHBO~T K ~aCT~OMY CH.fITlfiO 
B!,!pOJK,IJ;eHIDI B cneKTpe qlOHOHHoro ITOM, H ITOMllMO CBO6O,ll;HOll ee ~aCTH 

...c.2"' = w& 

ITOHBMeTC,I 11 BO3MYllleHH!,lit" crreKTp ..fl..., , onpe,neMeMllit rrpaBMOM 
CyuJ/l 

<3ll. ~ x. IAsl~ = i 
L-...... 2. .1. • 

~ t1 w! .a...., -w:5 

B TJleT1>e:ll: rrne pacCMo-rpeH MeTO,ll; qlYHIU{HH I'pHHa. B nepBOM 
na~ aTo:tt rJiaB!I nsyqamc,r y:pamrnmm: ;nJif:I ~ I'p11Ha n, Ha 
OCHOB8 ·jlememur 3THX ypaBH8HHi! HaxO,ll;HTCH HX HBH!li! BH,It. ACHllIITOTH
qeCKH CBOOO,ll;Hlill COCTOHHHHli L!OJCHO ITOCTaBHTb B COOTB8TCTBH8 uarpuuy 
pacceHHHH ¢oHOHa Ha CHCT8L1e,onpe.n;e11HB ee C noMO~bll HBHoro BH,Ita 
¢YHKUHH rpHHa.Bo BTopou ITaparpa~e rpeTbei! rnaBll naR.n;eHa uarJ)Hua 
paccemIIDI H ITOKa3aHO, 'ITO ona y,noBJieTBOp,reT YMOBHIO yrrpyroil: 
YIIHTapHOCTli. 
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B tJeTBep'l!Oll rJia.Be pacCMOTJ)ElHll BllCllllie IIOnpa.BKH Teop1m B03MY
memm. IlpeMo)Kemrnil: B rrepBoM rraparpai_pe MeTo,n orrpe.ne~eH:im sqxpeRTIIB
Hoii MaCCll CIICT8Mll OCHOBaH Ha TO~OM yqeTe IIOrrp8.BOK R :meprIIII 
CIICTeMll B IIOp!I,Illte l/ .s'- . Ilo~eHHoe 3HatJeHI!e 3qxp8KTHBHOH Maccu 
CIICTeMll 

/31..-, .;.t { .t J~tt-= M + -gL -J dl;I 
w~ 

COBII~aeT C pe3yJII,TaTOM, rr~eHHllM C IIOMOIIU,ID CTaH,D;apTHOro MeTo
.na, rrpeMOiK8HHOrO B pa60Tff 61 • 

Mo,n8JIJ,Hllii r~l,TOHIIaH, IIOCTPOemrnil: BO BTOpOM rraparpaj)e 
TP8T1,8ll rJia.BH, IIOJICHJieT CymHOCTl, pesy~1,TaTOB, rr~eHHmc B § I 
aToit JKe rJia.Bll. 

awieRT KOMII8HC~ 60JII,IDOHr,ccu KBaPROB B CRaJI.HpHOM rro~e 
6~ o6pa3HO Ha3BaH A.CMa.MOM /4 "apxmm,noBUM sqxpeKTOM11

• IlOJII,-
3YJIC1, STOii aHMorne:u, MOlKHO 6~o 6u CpaBHI!Tl, pesy~l>TIIpyxmyIO 
IIH8PTHYID Macey tJaCTimll, 3axBatJeHHofi KBaHTOBUM rro~eM, C "rrpIIcoe
,nIIHeHHoii" IIHeprnoii Maccoii TeJia., .nBIDKYll1eroca B ~OCTII. 

B 3~eHIIII RpaTRO rrepe~MeHll OCHOBHlle pe3yJII,TaTll, rr~-
tJeHHI1e B .nIICcepTruum. ., 

Ilpeo6pa3oBaHI!e H.H.Eoro~60Ba B KOHql~OHHOM rrpe,nCT8.B
~eHIIII, KOTOpoe pacCMOTP8HO B IlpMOJKeHIIII I, II03BOM8T HarM,n:Ho 
rrpoMe,nIITl, HeROTOplle xapaKTepHI1e tJepTll aToro MeTo,na. B tJaCTHOCTII, 
~erKO YBII.n8T1, CBJI31, Me]U(y .norro~IITe~l,HllM YMOBIIeM Eoro~oBa II 
rrpo6~eMofi ROMIIeH~ ey~eBHX Mo,n B TeOpIIII He~eiiHoro CKa~ 
JIJipHoro IIOM. B IlpMOJKeHIIII I pacCMOTpeH TaKilte BOrrpoc ::ll)MIITOBOC
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