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MRXallnoe VI.H .. .HHCCeH n. P4 - 10333 
M!iKpOCKOIT!i'!eCKOe OIT!iCBHiie COCTOS!Hiii! ae<!>opMiipOBBHHbiX 

Slaep B OKpeCTHOCT!i lipBCT-nOnOCb! 

nocTpoeHa npOCTBSI MliKpOCKOITii'leCKBSI MOaellb, IT03BOnSIIOWBSI 1i3Y'IIiTb 
cTpyKrypy cocTOSIHiiil Slaep e6n"a" lipacT-nonocbi. HyTaUROHHoe nBitlKeHHe 
Bb!CTynaeT B naHHOII CXeMe KBK OaHB li3 HOpMBllbHb!X MOa KOne6aHRil. 8H6-
paUHOHHbie COCTOSIHHSI, CBSI3BHHhie C KBanpynonbHh!Mii KOne6aHHS!Mii ITOBepX
HOCTii Rapa, onpenenSIIOTCSI R3 o6wero ypaeHeHHSI, KOTopoe a npenene Men
neHHoro epaWeHf!SI pa361iBBeTCSI Ha li3BeCTHb18 ypBBHeHRSI anSI {3- 1i i'.- Bft6-
p8Uiiil, Y - KOne6aTenbHbiX B036y>Ka8Hiiil li HeKonneKTiiBii31ip0BBHHhiX i'.K~ ± 1 
eoa6ylKneHRII. 

Pa6oTa Bh!ITOnHeHa B na6opaTOplili TeopeTH'IeCKOJ! cPii31iKii OV!.Hl1. 

npenpHHT 06benHH8HHOrO HHCTHTyTa flnepH~X HCC~enOBaHM~ 

.LJ;y6Ha 1976 

Mikhailov I.N., Janssen J. P4 - 10333 
Microscopic Description of the Deformed 
Nuclei States in the Vicinity of Yrast Band 

A simple microscopic model for the structure of 
nuclear states in vicinity of yrast band is given. The 
wobbling motion appears in it as a particular normal mode 
of excitation. The frequencies of surface quadrupole 
vibrations are determined from a common equation which 
in the limit of slow rotation separates into the equa-
tions for {3- and ~'.-vibrations, y-vibration and for 
the noncollectivized L'.K~±l excitations. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 
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§I. BBe.JieHHe 

HHze ODHcaHa DpDCTaR TeopeTHqeCKSR MO~eAb, 0AH3KaR K MeTO~ 

DpHHY~TeADHOro EpameHHa, DOSE~ ODHC8Tb SHeprHD COCTORHHA 

HpaCT-DOAOCS, 8HeprBH KOAAeKTHBHSHpOEaHHSX H ~BYXKEaSH~aCTH~HSX 

BOSOy~eHHK, a TaKEe OCHOBHSe He&HepreTH~eCKHe xapaKTepHCTHKH 

aTHX cocTOHHHa (B ~acTHOCTH, RBanpynoAbHSe MOMeHTS H B{f~) 
¢aRTOps). ilpH OOAbmHX yrAOESX MOMeHT8X COCTOHHHft HpaCT-DOAOCS 

cpe~ KO~eKTHBHSHpOBaHHSX BOS6y~eHHi B BTOI M0~8AH MOZHO BS~e

AHTL BeTEL, CEOICTBa KOTOpol COBD~mT CO CEoaCTEaMH KOAeOaHHA 

HYTaqBOHHOI DpHpo~. ilpH yMeHLmeHHH yrAOBOrO MOM8HTa 8Ta EeTBb 

nepeXO~T E ~BYXKBaSHQaCTHqHse COCTOHHHH C t( -~HCAOM, OTAHqaD

mHMCH Ha e~H~ OT #( -~HCAS OCHOBHOro COCTOHH~. BaHHaa BeTEL 

BOS6y~eHHa YCKOALSSAS OT ODHCaH~ B OOAee paHHHX DO~O~ /I-7/. 

B OTAHqHe OT MO~eAH /B< ODHcaHHe HOBOI BeTBH EOS6y~eHHA E naHHOM 

DO~O~e He CBRSaHO C PBe~eHH8M ~ODOAHHTeADHYX ~eHOM8HOAOrH~eCKHX 

KOHCTaHT B raMHAbTOHHaH ~pa. 

~ y~o6CTBa OpH8HTanHH MaTepHSA CTSTLB pa36HT Ha H8CKOADKO 

napar~OB. YKaaaHBe TOALKO O~OA ~ps B CCHnKe Ha ~pMY~ 

OSHBqaeT, ~TO OHa HaXO~TCH B 8TOM ze pas~ene. 

§2. ~OQMYAHpOBKa M088nH I. (Bap!aQ!OHHHI np•RU!D) 

TaMBALTOHBaH ~pa cqBraeTca a~M H y~oBneTBOpaDmHM BCeM 

H3B8CTHSM YCAOBKRM CHMMeTpEB. ~~eM cqHTSTL 1 qTo COCT~ HpaCT

DMOCY '!llf MOZHO CBJI38TD C C8MeiCTBOM COCTOHHd ~ , JIBJlliD

mBXCH BaK,YYMOM no oTHomeHHD K ouepaTopaM nornomeHHR 6orMD6oBCKHX 

KBSSHqaC'l'BQ. CBRSI> yCTaHaBAHB88'l'CH COOTHOmeHBeM 
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lJf = L 9-Pf (vU) Yu1. 
ZH q 

(2,I) 

~YHKl.\I.Ul '( pa3JII1'I8lOTCfl cpe,llH11MI1 3Ha'leHHHMI1 orrepaTopa yrJIOEOro 

MOMeHTa ( -{1 ~ \ ~) s .,(A , ilOCKOJI:OKy EM8CTe C 1( Jll008fl 
" - ,. -R 1" , r;ne R. - onepaTop noEopoTa E npocTpaHCTlle, WYHKU11H 

T8K*e Y.llOBJI8TBOpfleT COOTHOllieHI1lO (I) 11 flBJIHeTCH 00rOJilOOOBCK11M 

BBKYY!!.OM, MOlKHO orpaHI1'li1Tl>Cfl pacCMOTpeHH8M JH'Illib T8KHX COCTOHHHH, 

,ll;Jlfl KOTOpbiX 

~ l : .,U!:: D .,tt,.. = J.J... (2.2) 

B! .. ITOJ!HeHHe COOTHOID8ll11H (2) :Jy;neT npe;nnOJiaraTDCH B ,ll8Jll>Heti.rneM, 

COCTOllHl1fl ~ , H811JIYifillHM o0p830M anrrpOKC11MI1PYIOIIUie cynep

IT03HU1111 cocTOHHHH HpacT-ITOJIOCbl, noJiytJHM, cwopMyJIHPOBan BapHaUHOH

llhiM npHHUI1n MH BOJIHOBh!X \PYHKlUi£1 (I). MMeeM 

<6 < w-: H l't" > = ~ EI x~ 'J111 ~I. J + Ft\ ~~l'"' g <~.r" l ~\\~~"). 
J.t:cJIH, KaK npe;nrroJioJKeHo JJhlllie, HeEapi>hpo;anHble WYHKU1111 ~ lM HBJIH-

IOTCH CODCTEeHHbiMI1 ,ll;Jlfl rBMI1JibTOHI18H8 t'\ , TO 11X 11.8Jl8fl B8P118U11fl, 

COXp8HfllOIJ18H HOpMy, B JII1H6£1HOM ITOpfl,ZJ;Ke He ,n;aeT BKJI8,ll8 B rrpaByiO 

'JBCTh ITOC,1e,ZJ;Hero paneHCTB8, 0TCJO,lla CJie,n;yeT 

&<1ft( H- ht~'l)\i"~· o, 
.... "& ,, "L I 

r;ne 'l : t),. + 'l., ot ':\~ , a l}lyHK!UfH "' 

(2.3) 

38BI1C11T OT 
"I. , 

:raK 

JKe, lWK E1 oT 1'1+1) ~ *) 

h (Ill+•}) = Ex . (2.4) 

Ecn11 ITPH 38,ll8H~OM ~ 3HeprHH COCTOHH11n MpacT-ITOJIOChl, BXO,llRIJ111X 

c OOJihlliHM EecoM B BO~HOBble WYHKU11K 1l: , ;nocraTO'IHo Mana OTJII1-

48IOTCH oT aHeprl1~, orrpe;neneHHbiX npocToH wopwyJio~ poraropa 

*) BapRa/110HHhlti. rrpHHU~n (3) 11CITOJib30BBJICA B PHAe pa6oT 
(cw.,HanpMMep 4/), 
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El ~ Eia + r (IllH) - :t.ti.t&)l (2.5) 

'it. 
11 (HJIH) 8CJIH COCTOHHHH ""(' T8KOEbl, 'lTO 3H848!!11e ( '] ) ITOJIHOCTblO ., 
onpe;neJIHeT OaJiee BbiCOKHe MOMeHTbl onepaTopa 'J , TO B8pi18UJ.lOH-

- I •r. "l ) 
HbiH npi1Hl.\11IT (3) MOJKHO ynpOCTHT:b, c;neJI&B 38MeHy n( ~ ) ... }'·~ * 

~ l 
38ITI1llieM onepaTOp ~ B WOPMe 

.. l .. I. ... .. "' .. l. 
'3 = < 'l ) ... 2 vU : r:l : +: '). ~: + : 'l : ' (2,6) 
- - "' '\...l" -

ITOHHM8fl ITO,ll CI1MBOJIOM : : ITpi1B8,lleHHe OrrepaTOpOB ~epMI10l!Oll 

K HOpM8JI:OHOMY E11,lly 11 OTMe'IaH CK06Kol1 ITO;ll CTPOKOH CBH3L nap orrepa

TOpOB wepMI10HOB, EXO,llRIJ111X l3 paaHble orrepaTOpbl ~ , ilOCI(QJll>KY 

rrep:sbl£1 11 rrocJie;nHH£1 'IJieHbl E ilJopMyJie (6) ne ;naJOT mwa;na np11 Bap111po-

BBHI111 1[' B KJ!BCCe OorOJII000BCK11X BBKYYMOB, npi1XO,lli1M K B8pl1a-

U110HHOMy Tip11HU11lly 

~ < 1f ,~ ~- J2 ~,.-r: ~·1:) , ~> .. o.. (2.7) ........ .. 
rrpl11feM ;nBa rrapaMeTpa _n 11 }A 11 cpe,n;Hee aHatJeHHe < lj,.) = ..,(A 

CBH38Hbl ycJIOBI1eM corJiacoBaHHH 

..n .,2r·.JJ.. (2.8) 

B03MOJKHOCT1> BBe,ZJ;eHI1H ,llOITOJIHI1TeJibHOH MeTKI1, B K848CTEe KOTOpoU 

EhlcTynaeT y Hac ...« 
p11aUMOHHoro ypaBHeHI1fl (3) 11Jll'l 

,llJifl ~11KCI1POBBHHH peweHHA BB

(7) CBH38HO G BblpOJK,lleHHOCTblO 

aT oro perneHHH: ypaBHeHI1JO (3) YJJ.OBJLeTBopHeT coOcTBeHHaH WYHKI.l11H 

JilOOOrO 113 COCTORHM~ KpacT-TIOJIOCbl, a BMecre C TeM 11 JIIOG8H 11X 

cynepno3MU11H. 

*) ~3l38CTH0,79/ qro ;llJIH ~YHKUI1~ C aKCI1aJibHO~ CI1MMeTpMeH 11HTer

paJI nepeK~~BaHKH < ~ r\ !lv ) -:t ~\' l-~ < 1> -\;...a.(\ \ . !IocKoJibKY Bee 
MOMeHTbl l MOEHO l3 3TOW CJiylfae CBH38Th C HeKOTOpbiMI1 npOM3BO;llHbi-

MI1 ITO ~ OT MHTerpana nepeKpbiBBHMfl l3 HyJieBO~ TOqKe, Bee OHI1 OK8-
3hiB81lTCH onpeJJ,eJieHHbiMI1 ~YHKU11HMH <.. ,.,~ > • B qacTHOCTH 

<2">:: l<'la.:>a.+'(~~>. - , 
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BapHa~HOHH~~ OPHH~Hrr (7) HMBBT oqeEH~HO€ CXO~CTEO C EapHa

UHOHH~M rrpHH~HOOM MO~BRH rrpHHy~HTBRbHOrO EparnBHHH 1'1, 00-B~HMOMy, 

B 60Rbllii'!HCTE8 rrpaKTHqecKHX cnyqaeE ~OR~BH rrpHEO~I'!Tb K COCTOHHHHM 

'![, 138CbMa 0RH3KHM K '\( ~.. , rronyqaeM~M H3 (7), BCRH OT6po

CHTb rrocne~HHU 4RBH E EapbHpyeMOM WYHK~HoHane. CooTHomeHHe (8) 

003BORH€T HarrHcaTb WOpMyny, KOTopaH E KP€HKHHr-MO~€RH E~CTynaeT 

KaK OITp8~€R€HH€ MOM€HTa HHep~HH H~pa ~· : 

:\ u ( \-t ';· 
-· ~ M.. 
'2.~. /. ~~l 

n ,_ 
=I..u. (2.9) 

Tipe~rronomeHHH, c KOTOp~X M~ HallaRH, IT03EORHIDT, 13 IIPHH~I1IIB, 

OTKaaaTbCR OT 11CITORb30EaHHH cornaWBHHH M0~8RI1 IIPHHJ~11T8RbHOrO 

EpameHHH A 

J..' 1 = I ll +') £ I( cr \ = < J.t (.f" \ H \ J_( cr ), 'f I 

ITpHMBHRR apryMBHTH, rro~odHHe HcrronoaoEaH~M E/9 • IO/, 

~aHHOli CTaTbl:l ITORY411RI1 13/Il/ CJlB~YIOllil:\8 clJOPMJRN; 

aETopH 

A ,......, ,..._; 

[!. ,., II<-{\ H \~) , 1 ~~ =II< itJ ~t··\ \!'">~ c2 .ro) 

r,ne 

lJ ll( T A " 

,.:y- > c ~JJ. }~r}~~.~~ < tt R~.~..,,-il\f> R(J.~~~,,'f>c 2 .n) 
">> -£. 

11"' < '{'\ "\(') . 

§ 3.¢opMYJIHp013Ka M08BRH II. faMII!RbTOHHaH H- h E 

rrpHORHlKBHHH cnyqa~Hott Waau 

BapHa~HOHHHtl rrpv.HUHn, cwopMyn~:~po13aHHNtl B § 2, orrpe;nenHeT 
'W "& 

orreparop H = \4-h('"ij, KoTopNil MOlKHO Haa13aTb orreparopou 

6 

EHYTP€HHHX EOa6yx~eHH~ CHCT€~. 8TO 03Ha4a€T cne~yDmee: €CRH 

HaEecrHo cocTOHHHe I 1V;;> , raKoe, qro 

s <if\ HI~> =0 (3.!) 

rrpH rrpOH3EORbH~X EapHa~HHX E€KTOpa COCTOHHHH B0RH31'! \~ ~ 1'1 

ecnH HaEecTeH oneparop ~+ , TaKo~, 4TO 

N • ~ • 

l H,O">-] •w;>.O>-, 0",._1~'>· o. <'t.'I(O)..,O,~~.ll'Y.">i;.2) 
+ 

TO 1'1 COCTOHHH€ al-( -w:) . Y~OER€TEOpH€T EapHa~HOHHOMY COOTHO-

WBHHD (!) • TIOETOpHH apryMBHTH § 2, MO~HO yOe~HTbCH, 4TO rrpoeK~HR 

COCTOHHHH o: (-..(.. ') C orrpe~eneHHNM 3Ha48HI18M yrROEOrO MOMBHTa 
~ • A 

HERHeTcH co6cTEeHHHM cocroHHHeM oneparopa H , saeprHH KOToporo 

OTRI14a8TCH Ha c.J). OT 3HeprHI1 HpacT-COCTOHHHH C T€M lKB yrROE~II 

MOIIBBTOMo 8TH rrpOCT~e COOOpa~eHHH OTKpHBaDT B03MOlKHOCTb HCDORb-

30E8HHH MBTO~a CRylla~HO~ waaH ~Rfl orrpe~eneHHH CITBKTpa 13030YlK~BH-

H~X COCTOHH11~ rrpill cfJHKCI:lpOBaHHOM 3HaqeHI:11:1 yrROBOI'O MOMBHTa • ... 
B HCCRB~J€110~ HaMH MO~€RH raMII!RbTOHI:laH H 11M€8T 131'1~ 

... + + ~ + .. •z ( 3 3) 
H a f e~(CJ.. c-. +C4:{~)- 't p P- ~ ~~Q_"'{-•) t ~I • 

s;nec:D 

I rJ.> • \A"'Nt > ., '~ ') 
)-WI 

= <.-·) 'j -wr\ !tit ") , ( 3.4) 

a cTpyKTypa orrepaTopoE cnapHBaHI:IH fl , K13a~pyrron:DHoro 1:1 yrno13oro 

MOM€HTOE rrpe~cTaER€H8 HHEB. ¢aaOEN€ cornaWBHHH, rrpHHII!MaBMH€ H8MH, 

TaKOBN, llTO MaTpHilHH€ lln€M8HTH ~.. H j ~€~CTBHT€RbHH, a 
A ~ 

'J 'S - llHCTO MHHilbl, Mbi IIICIIOR:D3YBM TpaHCWOPMa~HIO fy~MaHa/!2/ 

+ ' I + + 
CA"' n ,c..._+ C.'i,) 

~A a~ l CJ.. + C.i) 
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.. 't+ +) - ·- -c """c.-t.A U #.. ct. (3.5) 

c. _c J... /_C._, +C.!) 
" Vi\ .. . 



3&MeTMM, 'lTO B rrpaBO~ CTOpOHe (5) C~e~yeT orpaHH'lMTbCR 

TO~bKO TeMl:! 3H&'leHllRMM MH,neKca Gl , ~~R KOTophlx tw\- Yz. - 'leTHoe. 

COCTOHH!le ""{' >13 § 2 Mbl C'lllT88M B&KYYMOM ITO OTHOW8HilRJ K orrepa

TOp&M KB83ll'l8CTllU~ 

a. ;.!if> = Q..\; \ '!"''> ~ 0 , 

r~e 

a.: = z; l '\A-~,. c: -t ~" C.A ) , 

+ l""' + "' ) a.-r = ~ u"" c ~ + u;,. c.,. · - -
(3.6) 

C BemecTB8HHbiMll IT&paMeTp&Mltl 'U , 1A , u-: ,... , Y.llOBR8TBOpH10-

m>~Mil COOTHOW8Hl:!HM 

l. ( u.,,. uk.-. +Vi'""" ... ) c ~, ... , 
A 

L ( ~, ... ,; kA -t ~ 1\ v:-\tA) ~ ~'\c , 
" 2; (~ ... ~a "i" u\,. u,~) . ~ ...... , 
l 

~ t "i,. Vi~"" -u," u-,!!t) • ~~1\ 
' 

ITpn 3TOM llM8RJT MeCTO COOTHOID8HHfl CllMM8TpHll 

(3.7) 

\1\ j \ .. ,r " ;, 11 ~ \ "'r \.~ \ ,.r z. e. ,. !r ) ·tT e. -e Y '> = t.. !t. >, t=• C3.B) ,. 
1\\~) ='!- \W">. 

" ,. 
( 1\ , T - orrepaTophl rrpocTpaHCTBeHHoro ll BpeMeHHoro OTpalKeHllfl). 

~3 (8) c~e~yeT, B COOTB8TCTBl!ll C (2.2), tiTO 

< ".[\ j~ \ f" > = <. 'f\ 1t \f): < 1(\ Q :tl \ i'">: 

= < "li'\lG.z.-G-& )\~> ·o , (3.9) 

8 

a T&Kae c~e~yRJm&fl G~OK-~Il&rOH&~bH&fl CTPYKTypa M&Tpl:!U IT~OTHOCTl:! 

,,r ~ ._ ""' 
~A~=<~ l c,. c~ \'!'""> = f "'i,... ~ .... 

~;.~oa • t ,.i.A """• , ~ Aii • ~A.·o 

)(_ = < 1!"\ c. C:; \ ~) = Z:. v ...... u . 
.-.~ ,.. ;. ro "~ J 

,...._ -
K _ = 4=. Vi.-. 'U.i.~ , K"'~ = K;;.~ =o . "'e. \. 

( 3. IO) 

Bap!t!&Ul:!OHHbl~ ITPHHUllll (2,7) IIPllBO~llT K ypaBHeHllflM Ha COOCTBeHHble 

B8KTOpbl It! C00CTB8HHble 3H&ti8HIIlH ~~H M&TpHU 1.A. ., ,r , p&3MepHOCTb 

KOTOPhiX paBH8 p83MepHOCTl! 0831/lC& O,llHO'l&CTil'lHbiX COCTOHHH~: 

( ::-:J (~) =E ( ~). (3.1!) 

( 
~ A. ) '-u) - ( -a) z.'- =E,.. • 

r.ne A, -1-\, '\T -1] 

1-( I ~ ( €A-)) ~A. ~ r;.~ , 
11 ~ ( e- -}.) ~-- • r--z. A ,t. P.. AP.t 

(3.I2) 

c~A=eA=E. ... ), 

r = - ~ (< ¥1 Q" 1 il"> t.L ""<1(1 Ql .. 't'lf> a(~~ ... ) 
A~ -yo A~ l ·y& .-.,~ 

- /.,4. • .,(.(. i'' + 2 ).1. z: ( i " l ,. .... 
/ o..-.~ / c..b o ~.-.. A~ 

... i' \'J ·t \~ )(o ~~) 
q Cl\ J ~ + l c I' J A~ ~ C 1 + i C.~ 
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r __ =-ae. (<~IQ\-¥>a +(~l6t''hf>~/~ )• 
"'~ • 'T•Ar.. 1 z"" 

-+ JA, ..M. i,. + 2)A. z:. ( ~- \11 + 
/ a"«!. / c.~ \ t..-.a J N:l 

. ., . ., ·~ ·~ \1 ·~ ) 
+ ~c.p.l A~"" J C.t\ ~ ~) \.~C.~ -4- i (..~ ' 

!). ; ll- =- ~ <.]'\ P""\ '}") ~ -
1 AP.o Z. AI\ 

-2 z f.,. •JC • ., ., ·~ •t ) 'ft c.t) \~c.. ~b ... + ~t• ~~ ... "" ~ c.e. \..,,. K~1) 

Onpe;n.enHM TenepL onepaTopbl "6oaoHoB" b h+ 
ll 

.... ~ + .... 
0.' CliL = b i. k •- b "' 

+ + \ + 
o., CA.\ = 0 '"' 

. .... ,:"' 
Q_r 0.~ & 0 ik. I 

-to + ) o..:Q. ... = ~tl bit b~:r • b,c: b~r ""1·~· 
VICDORL3Yfl CTBH~apTHble npHORHJKel!HH M8TO~B npH0RHlK8HHOrO 

BTOpHqHoro K13BHTOBBHHH/I 3/, npe~CTBBMM raMHRLTOHMBH ~ 

(3.I3) 

(3.llj) 

13 BH~e 

~ : <:'\f\( "-~ ~~)\~) + Ha • (3.!5) 

r~e H = H +H. BKJIIDqaeT B ceOR ;mrnb OHnHHellHyro no 
a A ... + u 

onepaTopaM b w \) qacn. OnepaTop rt A aaBHCHT oT ooaoHoB 

bi. '\_ , l3 TO llpeMH KBK 13 ""' 13XO~HT 6030Hbl bi\c. M brk 
B03MOlKHOCTb pa30M8HHH ~. HB ~lle KOUMyTHpyromHe MeE•y COOoll 

qacTH H~RH8TCH cne~CTBH8M neplloro R3 COOTHOID8HH~ CH»MeTpHM (8). 

MHOrHe BBllHble COOTHOID6HHH, onpe~enHIOIIUI8 \-\" , MOJKHO H8ltTM B 

pa6oTefS/, O~H8KO HllHble Bblp8ll8HMH ~RH \1 A M 1-\ .__ Il paccM8Tp!-

Il86MOil UOA8RH cymeCTil6HHO OT~Mq8DTCH OT llbiP8ll8EM~ Il pa6oTe/8/. 
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VIMeeM 

H A ~ ~ ( f, + E k) b,k b, ~ - ~ p: PI!. -
- ~ ( Q,.. z. + Q" l•)z"" Q l_.) l ) - .k 6 a. ' 

2 e.o ~z "' / - 6" 

(3.I6) 

L) ' [/ + - - "t- 1 nR=I~l\~i.+Ek)\:),"'b'"'+ ( E;,+Ek}b;~br~ -

- ~ < Q~r. Q.~-t) -"' < a~l + ~~~) . (3.I7) 

B (I?) HH-eKC B y onepaTopa 03HBqaeT, qTo B HeM OCTBBReHB 

TORbKO O-H00030HHBH qaCTb COOTB8TCTByiDmero onHoqacTHqHQPO onepa

TOpa. R ~BRbHe~llieM TORbKO O~H00030HH~e qacTH onepaTopoB uy~yT 

y~eplKHBBTbCH B 13blp8lK8HHfiX, a MH,l{eKC 6 - no;n.paayMe13oTbCfl 

,. ... 
: -~ ( Q ... (.-1 )'" t:\ ) 

vl m ~-~ , (3.!8) 

A Q (~) 
A 

Q t;.' \ '" ... 
• - ( Q - {- 'l Q ' Vi '"' _. 

( M = I HRH 2) 

OnepaTOpU, BXO~HmMe B (16), (!7), HM8~T CRe~yJOmHH BM~: 
A + 
'l = r. \ ~k ( b.;: -t b· i ) 

"' . k a ' ~"' '"' I .. , r - ~ 
~ 3 : if"' tj~"'lb~"'-b, .. )• 1~"-lb~~ -br~)J, 
... r • "":'-~ ... 1 'l. ~- f~c. l l !k ( b,~ ~ \,,"') + ~i\:.l bf~. b:i) , 

~: ~ •-( 1f \ 1,. CA.\ Cl: \ 'i ) ~ T · ,. 
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C\ <.-J • T" { <.-l ( b+ \, ) - \-l I I+ b ) \ ~~ __ , ~ tt,2.~" \k- \lc -i' 'h.~~. \l)·;k,- ii ' 

n <. .. , (-i-l ' b+ ' ) 
"\t =f ... ~1\k \ •'k"' o,\ ' 

Qt,=- ~ t ,~~~ o:,k+\,,k) ~ \.~~~ { b~rk. b~i)\. 
Q l+). 'i. 2: 0-l+) ( b ~- - b. - ) 

.l ~ k y, 'k. ~ lr. ~ k J 

QQ = ~ ~0\k t b:k + \,,k ), 

p + = ~ { ..,,<•1 ( b:- + \:,.-) ... 13.\-) t b~ - \,.- )t 
'k '·" 'k '" ,."k '"' •"- l 

rrp>J'IeM CBoiiCTBa CHMMeTpHH raMHRbTOHHaHa( l l. H l • o , 

l N, H ) a o ) ITPHBO;l!HT R cne;nyromvtu cooTHomeHHHM: 

l Q·~)'·K '\t~-~k = E,k ~~k - 2j·A ~ ~", 
...... - -q 1J · \) ,...., l-) C' t- I I • 'I 

"'~~o·"K ~z '" = ~~k 1..\o.. - 2_r·""'" J,"', 
-2a q CO\(¥ .. ~) x '\r:~~ .. E,k -~~~- 2r .)J.l:~, 

.r: ( - l-\ '::::! "':"'t I I ~~ -zuQc.n v ... ~,)xa = t:.lc.' -ZM·"" '· , 
0 -v,,~ \ .,," / .J,\c. 

(3.I9) 

2-.fi. ~(A,-')(¥-~)~ ~~~'k =l(E,•E"~;~ (3.20) 

6 ri'~' =lE,•E.,_) n,~. n,k= <WlNa{"'._\i'"), - - -£,k=£i. ... £k, E, ... =E~+t", 

Q ~ ¥ ~ < 11'1 QQ\ ~> , Q ~"" = <'.fl Q~ ... ,\'f) . 
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§ 4. ,I\>~aroHaJII138l.\HH raMHJibTOHHaHa H" 
00n1aH cxeMa ;nHaroHanl138l.\1111 Hea rroBTopneT CTaH,rr.apTHYIO rrpol.\e

;nypy MeTO;ll8 CJiy'latiHh!X rpa3 (eM,, HarrpHMepfB/, K8R HIJHuOnee OJIII3RIIH 

ITPHMep). BBO.zti'!M SpMHTOBCK>!e orrepaTOphl OOOOII(eHHbiX KOOp.ztHH8T I'! 

HMITYJibCOB X). , P.,_ , KIJHOH¥!'1ecRH conpH;i~eHHh!e ;npyr .npyry n rrpnOJIH

lKeHIIH Chy'laAHhiX rpa3, npe;ztCT8BJIHID~He COOOA naneHH~e KOMOII!HB!.\Ii!li! 

ooaoHHh!X orrepaTopoB b, \o+ . Koaw~l1l.\HeHThl orrpe.nenHeM H3 ypan

neHHti 

l p;- , \-\ ~ 1 = - i. c.J;- .X,. , 

l x,.,H~) = i.c.V,. P,., 

l Xi'. , P,., ] = \. ~ ~ ~ 
HoPMCIJI:hH~!'l MQJ!.hl QIIePaNpa 

.... "' 

(4.I) 

H6 
OrrepaTophl :J,. HN ROMMYTI1PYJOT C \46 II! COOTBeTCTEyiDT 

".nyXOBblM tPOHOH8M 11
• BBe;zteHJ.!e .ztBYX JiarpaHlKeBh!X MHOlKVJTeJiet\r 11~ 

B (2.7) Mbl CBfl38JIH Bh!ll!e C BblpOlK;lleHHeM 38.ll8'111 Ha 0Th!CR8HIIe pellieHVJfl 

Bap>!8l.\110HHOrO ypaBHeHI1fl (2.7), He CBH38HHh!M C fiOBOpOT8MVJ B 

TipOCTpaHCTBe 11RI1 1'!3MeHeHI1HMII rpa3hl COCTOHHII!fl, BhlpOlK;zteHI1e Oy;neT 

HMeTb MecTo, ecnH rroTpe6oBBTl> HMH'IHH en1e o;nHoro ";nyxonoro ~oHorw" 

;ztJIH orrepaTopa \-\6 : 

l ~ 1 HA 1 = 0 . (lr. 2) 

E;zt11HCTBeHHh!M cBo6o.ztHhiM rrapaMeTpoM (rrpVJ rpHRCHpoBaHHOM ~ 11n11 

J.{) flBJIHeTCH rrapaMeTp )", ypaBHeH.VJ~ (2) ~.VJRCHpyeT ero 3H8-

ll:eHHe. HopMHpOB8B COOCTBeHHhlt\ BeKTOp \fonepa'l'Qpa \-\ Q , COOT-

BeTCTBYJOml1~ perneHI1~ (2), TaK, 'ITOObl 
" ,.. l 'f, 'J,. 1 = · .. , ( 4. 3) 
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H8XO,ll>IM, 1JTO COCTORH>!e ,. 

"¥" " = rzr'" .o .M ~ "i"' 
y,lloBneTBopHeT Bapr~aur~oHHOMY 

Y.llOBA8TllOpHeT COCTOHH>!e ~ 
TIP>IHUHTIY (2.3), ecnr! T8KOEOMY 

" -( ~ - KOMMYTHpyeT c H 
~eHr~H cny'la~Hwx ~asJ). Cpe,llHee sHa'leHr~e 

B npr~o;m-

, " #\ , 

...u • < 1f \ 'l" \"1") = .. (4.4) 

: < f'\ 1,. \'}") +\A ,).A ( 1f\t~.,\(1\'f): Jl.+6.!(, 

I1 pemeH>!H (2.3) MOryT 6biT:b H8,ll8A8HW M8TKO~ ...(.,t , npr!1J8M 

K3~,llOMY 3H81J8HHIO .AA COOTB8TCTByeT O,llHO pemeHHe (. 2 .l) , 8CJI>I 

OCT8A:OHWe C00CTB8HHhle 1J8CTOTbl H a OTA!tl1JHhl OT HYAH. CTpyKTypa 

" onepaTopa ~ H3 ypaBHeHH~ (2), (3) onpe,lleJIHeTCH ypaBHeH!tlHMH 

~ . 
~ ='-fk ~ik( b,\;- b,\)' 

"" . ,. 1 2:. l+J ) (_.l o: i. + Ed~ i"'-r J , k = G- ' {'"' ~ • ... ? (... '\ \( -to 
(4.5) 

+ 2 ~ ( £. ~ ('"' '\,-0 ('"' ) 'ttol'"' + 24X \ ~"'~ t... \-~:...) ~~+:"-, 
4 f" ~ : ~ ~ i k = i. 

OnepaTophl p H )< 38TIH!U8M B BH;l{e v y 

p" :C.Z.~." ( b·\· -\:,.-) ... ,,\( '"' \\( ' 
'... + 

-v. .: L }C~,. <. b-l" + b·•) 
(4.6) 

/' \1 . \<. \ ... t ... ' .. . 

ITocKon:oKy \-\ 6 co:ztepJKHT HecKoJI:bKO <PaKTopr~soBaHHbiX oneparopoB, 

ypaBH8HHH (I) npHBO;l{HT K CeKyJIHpHOMy ypaBH8H!tliO H8BhiCOKOrO llOPH;llK8. 

3aMeTr~M, 'lTo B npr~veHeHHH K peaJI:OHhiM H:ztpav ceKyJIRpHoe ypaBHeHr~e, 

npHBO.ll>~Moe s:ztec:o, cne:ztyeT npeoOpasoBaT:o, BBO:ztR npoTOHHhle 1t1 HearpoH-
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Hhle >~H:zteKchl y o:ztHO'lacTL11JHhiX ypoBHe~, a TaK~e Ebi,lleAHH r~s raM>m:o

TOHHaHa 1JJI8Hhl '!-~t: _.,i""~' (r!H;l{8KChl t, -l,.' - p83ni-11J810T npOTOHbl 

OT He~TpOHOB). !TpH STOM BH;l{ ceKyAHpHoro ypaBH8HHfl CY!U8CTB8HHO 

YCAOEHHeTCH, 06mH~ BH,ll ceKyJIHpHOrO ypaBH8HHH T8KOB 

W &. ~ ( c..) a ) = 0 , 
A 

( L1 • 7) 

r,lle 

2 4-$,-1 It l( s.. S" 
I 
, 4at s~ s .. 

"2GS,~ «t• ~,-' ~ I 'catS, s, I ( LJ.8) 

c;: ( c~l) = 
0 f_l~Ss_"~ s.!. -~~ ~<t! s~~. s, .. 

2 G-S~ Cc• s, ~~~ ·~•\,;\ : ~" '--------
2 G-S~c '-~• ~~ s, .. "~~ .. ; ~ll 

3:ztec:o 
c. ( o<·H ~ ~ ; T r; "- ) 2 E.-

t '- ... 
i "- 4 F.~"' - .... & 

'" -
- (p(:+I}2Zt ~- pl .. ,£t.2E 
a I ... 1 _.. ' ~ ~-L _'t_E_a...:_..;.w_a 

.s = 2: p< .. l '\':) 2 E" 
:. 4Ea.-w~ 

pt"""1 ~"2E p<-+ln 2t 
, $«c:::f'tEz-wz. ' ~i"s[ 'tE&.-w&. .. 

S,=Z:<..'\..o)~2E 
'rE~-w~ 

~ "J : r n ct-.. 2 E" 
't El.-~a 

I a<~> 
5 = L -va Y\ 

ll I. C Z. ,"' -wz. 

, ~ = [ q,"q,~l2t .~ ::: z ft.l" 2E , 
., it E ~- wa ., ~ LtE.z.- c.v z 

' ( q..<i ) .. z E" ' 'ic;' i" l e 
, ~,.,al 't ea-cA:>-.., ;),r L ltEz.- c.>~., 

~ _ "l (l")
1 

2E t _ ~"n2t 
, ~~-L. 41=1 -wl.' ~ ... -l'tfa-wa."' 

~ ~ l (n )l 2 f 
eJ,, ~ , E .... : r:: 

\\.. ~ 
--

= E,•E'" (4.9) 
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PemeH~e (3), (7) C Hy~enoti qacTOTOW CBH38HO C Ha~~q»eM 
~ 

";nyxonoro ~onona" ~ 

Tip~ eM= 0 ;n~H aKc»a~bH~x H;nep cTpyKTypa ceKy~HpHoro 

ypaB!ICHHfl yrrpOll(8CTCH, llOCKO~bKy ;neTepMHH8HT llp~oOpeTaeT CmoqHy!O 

CTPYKTYPY: O~oK~, He pana~e ny~10 TOJK;necTneHHo, oone;necthi E ( 8) 

wTplilxonaHHotl ~nH~etl. PemeHnH rrp~oopeTaroT n 3TOM cJiyqae snaKoMblti 

E»;n: 

a) ~enhlti nepxanti c5JIOK renepnpyeT ceKy~Hpnoe ypanneH~e 

2GS-i 
' 

4K ~~ s'"' 
2~S~ ~ .. ~.- \ s.. I &Q 

2 d- s" lc at s, ~'" I I 

O!TiiiCblB8!0ll(ee ~-Iii A - Blii6P8UHOHH1le MO;llhl/13/. 

B) CJie;ny!Oll(~ll O~OK rrp~BO;llliiT K ypaBH8HH!O 

1 nl-tl )~ - ..... 
Lo L Vt'z.i.k. lt:-ik 
,-ac, = ~ '· --~ ~ ik -.E.: k' - w 

(4.10) 

(4.II) 

11 orrnchlnaeT 1 -nnopaunoHHhle nos6yJK,neHHhle cocToHHHH H;nep/13/. 

c) rroc~e;nn»ti 6JIOK ceKyJIHpnoro ypannen~H BhlpoJK,naeTcH n ypan

nenne MH qacTOT nos6yJK;neHHti c A\<..: ~ ~ , paccuoTpennux :s 

pa6oTef
14

/, KOTOpb!e D ;ll8HHOll MO.l{C~H ITPH ..{,(: 0 KO~~eKTHBilb!Mr'l 
cnotkTBaM~ ne o6~a.ztaJOT. 

HBKOHCU, D ~OpMy~e (5) CYMMbl B Kpyr~h!X CKOOKaX 00pall(8!0TCH npn 

.,lJ.a () B HYj•b H ycJIOBHe .zt~H }' De ;neT K 3H8KOMOH cflopMy~e KpeHRHHr

MO.l{8~1il .l{JIH MOMCHTB liiH€PUiiiH 

(2~Y':I'i .. 22:.. U"n.>z. 
I 0",.. . '- r: -

~.... l;;i.k 

(4.12) 
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ITp~ ~ fQ Cll8PHB8Hr'le H KBB.ztPYllO~bHble CH~bl MeHfllOT COOTHO

Il!CH~e ( 12), rrp~DO;llfl ero K DH.llY, ycTBHOBJICHHO!~Y B/I5/. B~c5paU~OHHb!C 
'i<IOJlbl ~~- , ·r - T~ITOB ,rrapHb!€ BHOpaU~Iil ~ B8TBb, p0l!CTD8HH8H 

A K == t 1 nosoyJK;neHHHM HenpamaKJm~xcH H,llep, oKashlnaKlTCH cnH

sanHhiY~ MeJK;ny coco~ ncne.ztcTnne Toro, qTo npamen~e np~Ro;nHT 

o;nnonpeMeHHO K >~cqesHoBeHH!O aKCHBJibHOH CI1MMeTpHH Iii T -liiHBa

pnaHTHOCTH pemennti. 

§ 5. Ar~aronaJinsagnH H~ ; MOAW HyraUHOHHhiX KOJie6annn 

ITOBTOpHH rrpoue;nypy, OllliiC8HHYlO B § 4, BBO;llliiM onepaTOpbl 

i ). '+ · ) . """I + ~ )1 P,.; f~o. l P;~:. (hi"- 'hi"'" + P,\t '\lr~- .,,\L ·, (5.1) 

··x ·r " ) ·l ~ + ~ ) ~ ~ ~ '-... ! ·)1 .. ~ ~ Tk l )C. ik Dik."" n~~~. "'" :x,\1.., ni; + Dik· . ~ 

K08\PWHUH8HT11 KOTOpb!X HaXO,!LiiiM H3 ypa.BH8HI1l1 

L p:>- ) H ~ 1 : -i cJ~ )<. ~ 
(5.2) 

l X~, H ~ 1 = i w,. ~~ 
OrpaHHqHMCH 3,!LBCb oocy£,!LeHr~eM peweHH~ ;nnH ~~ 1 B03Hr'!Kfll011\l1X H3 

ceKynHpHoro ypaBHeHHH. CeKyJinpHoe ypa~aeaHe Y.lLOBneTBOpHeTcn, 

CCJ1H: 
a) (.\) .. • 0.,. 

3aMeT~lM, qTo 1'1 , 1t ilM8KlT cTpyKTYPY )<..,_ H P,_ , cooTneTcT

LeHHo, 11 ItOMMyTr~pyiOT c orrepaTopoM H "- ; 
B) dA : 0. 

OnepaTop H ~ ocTaeTcH xopomo orrpe;neneHHh!M H E BTOM npe

;ne;J:bHOM cJiyqae. TaKr'!M oopasoM, ;nan Hoe peweane HEJJHeTcn !lJopMaJII>HhlM, 

11 :n:JIH nonytreHHH ~ll3HqecKli!X pesyJinTaTOB npr~ ..A.{ c () rpeoyeTCll 
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crrel.1>~3JihHOe pa ccMoTpeHMe 1 y'lv:ThiBaHJll(ee ;norroJIHJ-~TeJI:bHyJO CMMMeTpHIO HR.: 

c) tw<L ~ + ~ .. ( ~,.- ~~(wl) 1t ~~~ + ~,.( 1,.-~Jw~1 .. 

~ w•( ~ 'a~wl- ~. S )( ~ ll"l- ~.S), <'·'l 
r;ne 

a~(w) =it l l U~l( ).,_E-." 
i.k £~ - .,'i. 

.. ~ "V 

$ = ~ t 
. i . ~ 
~ ilc. ~ i.lc 

£_.,_ -w~ 
•\C. 

+ 

(D!.ieTHM t '1TO lip>! ..A( - 0 

l1~ ... )& El""1 to..=~,t), (5.4) ~ '? ~- w"~ 
t::""" ...... "-

~k .\,," 1 
E.z - c;)~ . 

\II, 

(5.5) 

'=1. (w) _. 11. (Cf"'C..I\k} s~ 0 de.. a o.. , • 

Tip>~ oirpe;neJieuHbiX ycJioEeHX o;nHo >~3 peweHeM (5.3) rrpeOJIHKeHHo 

OIIMCbiE38TCH ~OpMyAoM 

wa = &Ml. 
" 1~ 

( ~ ... = ~,._(IJ=u)) 

\ ~,('o),.)-~--' <<. 'lc.. 

( a-,.-a!t)( ~ .. -~~) 
l~ ~e 

• Cl'opuyJia ( 6) cnpaEe;nJieBa, ecJI>~ 

(5.6) 

II lt..U S(c-)")<< \ 1,.- ~ ... \ (o..~~j,!-). 
Tiep.Boe >13 ST>!X ycJIOBilM BhliiOJIHH8TCR 1 HOr;na BHJHl;ll OT;ll8JI:bHbiX ;ztByX

HB33H'l3CTil'lHbiX COCTOHHiliJ 1 CYMMbl ( 4) npll W c (4)M TipllMepHO 

paEeH llX EHJia;ny np11 &4.) • a . Cne;noBaTeJI:bHO, (6) onpe;neJIHeT 

E8TE:b HOJIJI8RTMBHbiX HOJI808HHM, 3;llH303Tll'l8CRll M8;llJI8HHbiX B M3Cll1Ta6e 

BpeMeH, CBH38HHbiX C HE83ll'l8CTll'lHbiM B030y~;neHH8Mo CJie;llyKlll(llC He

paBeHCTB3 03HU'l3HlT, 'ITO COOTHOllleHHe (6) HeTipllM8HilM0
1 

8CJ!ll 

H;npa OCT3HlTCH 3RCll3JI:bHbiMll ( HaTipMMep 1 Tipll l,..:. 1 .. ) • 3aMeTHM, 'lTO 

HapyllleHMC nepe'lllCJieHHbiX ycJIOEllM ;neJiaeT TIJIOXllM npHOJUilKeHHeM <flop

MYJIY (6), B TO BpeMH KaR ypaBH8HHe (3) OCTaeTCH npeMeHHMhiM. 
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3aTIHCaE (3) E EHne 

s- ( W I , ,5 , l.!w)) s 0 > 
R. 

rne E!lneJieHa TIJiaEHaR 3aE1lCHMOCT:b OT W , H Y'IHT!lEa.R: TIO.TLIOCHOH 

xapaKTep cpyHI\rulli P (w), 1Jw), TipMXO.llHM R EbiEO.IJ;.Y, 'lTO {3) 

HMeeT TaRJKe pemeHrur E RaxmoM H3 IIIHTepEaJIOE f' i k $ c..)! E. 
1
· - - ~~ f. ~ w t. E- I pa3.neJIH:IO!IDIX aHepriiiH nEYXKaaaH'lacTWIH!lX Eoac5yJK.ne-

' lr. • c•r,I:H 
Hilll:. 

§6. 3aRJIIO'l8HHe 

0cTaHOEHMCR Ha 06CyJK;neHH:Pl cpHa:PJljeCIWrO CM!lCJia ROJIJieRTHEHOH 

EeTEH ra.MIIIJI:bTOHHaHa H ll . VlcnoJI:&ayR tPOPMYJI!l Pia pac5oT / 5 , 61, Mo:mro 

TIORaaaT:&, 'ITO Tiplll J )) i. 'liiJCJIO KEa.HTOE KOJIJI8RTIIIBHOrO BOSOylK,lleHrut 

H "- He MeHReTCR E rrepexo.nax E Z , ec.JIH I .. I , 'I- I ~ Z. 111 Me-

HReTCR Ha ~ ~ , ecJIH I - :r-! .i <JiopMy.Jia (6) ,1l.llli 'laCTOTH ROJI8-

Oa.H:mi W" l1! TaRHe TipaEHJIB. OTOopa ,1l.llli E2-rrepeXO,llOE Dpiii l >> ::1. COE

TI~ffiT C a.HanarH'lHHMH COOTHOUieHRRMIII REa.HTOEOR MexaHJIIRIII ,1l.llli COCTOR

HHH ~ecTRoro TpexocHoro poTaTopa ~c5JIHaH npacT-TIOJIOCH. 

TaRID~ oc5pa30M, 00CYJK;n8HHaR EHWe MO,ll8Jl:b TI03EOJIHeT ~aT:b MII!RpO

CROTIIII'l8CROe OTIII!CaHHe TIO~OOHHM COCTORHIIIRM Rnep, He MCTIOR:b3YDmee 

TIP8nTIOJIO~eHHH 0 ero anHaOaTH'leCROM xapaRTepe. ilOTIHTKa OTIHCaHHff ~zy

TauHOHHHX KOR8da.HMA EparuaDmHXCR R~ep E MHRpo~oneJIH ClHJia npe,nnp:PJHR

Ta E pa6oTe / 8/ 1 E ROTOpOR OH~O HafineHO TipaKTH'leCROe pemeHJIIe HeKO

TOpHX EamHHX cpopMaJI:&HHX EOTipOCOE. O,nHaRO C cpH3H'l8CROH TO'lRIII apeHHH 

MO,lleJI:& / 8/ npencTaBnReTCR Hey,nOBJI8TEOpHT8JI:bHOI. B 'laCTHOCTH, npe-

.neJI:&HHH CJIY'laM TpexocHoro 

HHH <PopMY~ / 8/, a HaJIIII'lllle 

poTaTOpa He MO~eT OHT:& TIOJIY'I8H Ha OCHOBa

ROJIJieRTHBHOH EeTEH H He cBRsaHo c ... 
E03HHRHOE8H>'I8M HeaRCHaJI:bHO~ necpOpM8.UIIIH. 0TMeTIIJM TaRJte, 'lTO B /B/ 
He Y'lT8Hbl KB~pyTIOR:bHble C:PJJlbl, 083 ROTOpHX MHRpOCKOTIH'I8CRJIJM raMH~:&-
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TOHHaH Mone~ repaer c~pz~ecKYID cHMMeTpHD, a ee crporza y~er RE~

erca E8CbMa EaEHHM ~ npaBH~HOrO OTIHCaHHR HYTanHOHHOro nBHEeHHR. 
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