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MIIxallnoe 11.H. II ap. P4 - 10224 

AHaniiTII'IeCKIIe BbipaJKeHIIH anH MaTpiiUbl nnoTHOCTII 2-ro 

II 3-ro nopHilKOB np1I6JliiJKeHIIH B MIIKpOCKOiliiqecKoll !eOpiiii 

BpamaTeJlbHblX COCTOHHilll llllpB 

npii IICilOJlb30B8HIIII MeTOilB llOCJlellOBaTeJlbHblX np1I6JliiJKeHIIll HBlllleHbl 

BHBJliiTIIqeCKIIe pemeHIIH ypBBHeHIIH MIIKpOCKOiliiqecKOll Teopiiii BpamaTeJlbHblX 

COCTOHHllH H/lp8 BllJlOTb 110 3-ro nopHilKB, PemeHIIH Bb!p8lK810TCH qepe3 npo

ll3BDilHbie OCHOBHblX xapaKTepllCTllK Hllpa: napaMeTpa menll, XllMIIqecKoro 

noTeHuiiana, KeaapynonbHoro MOMeHTa 11 MDMeHTa IIHepUIIll llllpa, Eonee 

KOppeKTHD, qeM B MOileJlii llpllHYilllTeJlbHDro BpameHHH, yqllTb!BaeTCH BJlHHHlle 

BpameHHH Ha BHyTpeHHee llBllJKeHHe H/lpa B HyneBOM npH6JlHJKeHHH, 

Pa6oTa BbmonHeHa B Jla6opaTopiiH TeopeTIIqecKoll l)>H31IKH 0115111, 

Coo6IUeHHe 06beAHHeHHOrO HHCTHTyTa »AepHbiX HCCJieAOBaHHH 

,ll,y6Ha 1976 

Mikhailov I.N. et al. 

Analytical Expressions for the Density 
Matrix of the 2nd and 3rd Orders of 
Approximation in the Microscopic Theory 
of Nucleus Rotation States 

P4 - 10224 

Using the method of successive approximations there 
were found the analytical solutions of the equations for 
the microscopic theory of nucleus rotation states up to 
the 3rd order. The solutions are expressed via the deri
vatives of the main characteristics of a nucleus: the gap 
parameters, chemical potential, quadrupole moment, and the 
nucleus inertia moment. The effect of the rotation on the 
internal motion of a nucleus in the zero approximation is 
taken into account more correctly as compared with that 
in the cranking model. 
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§I, YpaBHeHHa MHKpDCKDn~~eCKOH Teop~v, EpamaTe~bHHX CDCTDHHHH 

B MHKpocKoii~tlecKOH Teopn MMxrut~oEa-Ha,nlKaKOEa HH<PopMaUH.fi o 

C06CTEeHHHX COCTO.R:HRHX OCHOEHOH poTaUHOHHOH DO~OCH ~e<PopMHpOEaH

HOro R,npa I r M> H3E~eJtaeTM 1!!3 cae,~teHII!R o BOJIHOBbiX naKeTax BM,~ta 

I > = z JjiM I I M ) • 
IM 

Bomoaol naKeT I 0 > , KOTOpbiH JIBMeTCII EaKyyMOM no OTHO!UeHHIO 

K KBa3HtlaCTHuaM Eoro~oBa, OIT.HCHEaeT COCTOJIHHe HeEpa!UaiOIUeroC.R: 

" Jmpa c ey~eEHM yrJIDEHM MoMeHTOM < 0 l 1 11 I 0> = 0 • i11olKHo onpe-

~eJI.HTb KaK Epama!OmHeCII COCTO.fiHH.fi EOJIHOEHe naKeTH, CE.R:3aHHHe C 

I 0 > cooTHOIIIeHHeM 
iMP. 

}M>= e ~ IO> 
' (I) . 

r~e V'a - ~ - KOMITOHeHTa onepaTopa pOTOHa, EEe~eHHDrO E /I/, 

HcnOJih3YJI KHHeMaTHtleCKHe CEO!CTBa onepaTOpa poTOHa (eM, ITpHJIO

EeBHe), HaxO~M, tlTO B COCTOJIHHH /~f) Cpe~ee 3HatleHHe yrJIDBOro 

MOMeHTa paBHO 
,.. 

< M J I .. I M > = - M • (2) 

OtleBH~O, tlTO 3HeprHH ypOBHeH EpamanuerOCII H~pa MOlKHO Elllpa3.HTb 

HeKOTOpOH W,yHK~eH KBa~paTa yr~OEOrO MOMeHTa 

EI :: h (.I (I d)) ' (3) 

KOTOpyiO 6y~eM paCCMaTpHEaTb KaK C06CTBeHHOe 3HatleHHe MO~e~hHoro 

raMHJibTOHHaHa h (I') . COCTOJIHIDI /M> He .fiEMIOTCII C06-

CTBeHHHMH <!>YHKUH.R:M~ MHOrOtlaCTHtlHOro 1-/ H Mo~e~oHoro h {1~) 

raMMJibTOHHaHOE no OT~8JIDHOCTM, O~aKO 
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(li-JI(i~)it1/ =L aiM (Er-h(I(I~1)j)/IM> = G IM/(1) 
IM d o ' 

l',UC ~ o - EHyrpeHP..AA SHeprM H,Upa. Z3 ( 4) CJie.nyer yr:?JIDP.He cra-

T~IJD'iaPHDCTH I'HyTpG!!Heii :meprHH H,Upa; 

< !vl ; [ .4, H- /1 ( i '-)j I M > = D, (5) 
A 

rne A - rrpe>H3EDJI:DHhlti mmellHull onepare>p. 

,;HOI'O'laCT11'1Hh!M I'aMHJibTOHHaH EH6epeM E BH,Ue /G/ 

J-/=Ho+Hpp+l-laG. J (6) 

1-1 
~ ( . . .. 

r.ue o=-"fic ,!;~-!I(M)}u.;o-C1.so 
- O,UH0'1aCTH'lHaJI qaCTb I'aMHJibTO-

rmaHa, 1-1 f'l-::. - G p+p amJCb!Eaer crrapHEaTeJI:DHble B3ruiNJO.Uei1-
.... ... "";' + ~+ ) 

CTBIIH ( p "'~aS+ U£- , a H3 KEa,UpynOJibHblX E3aHMO,I(8MCTEUM 

I I - .J naq - - 2 { 3£2fl B;, tLtt 
Y'lT8f.1 TOJibKO KQI'GpCHTHylO '1aCTb 

Q~ = Q 2 M - < 0 I ft,.. J 0 > , r)(e Zf' I I. 

OcM ~ L..;: &6 is 2,M I;,; 'o' / a~o Cls'o' - oneparop KEa.n;pyiTOJ!bHDro MO-l .;o- /1' 

MeHTa H,Upa. 

AAMU'lCCRHM nOT8HUl1aJI ;\ ( M) , 3aEHCJIIUHM OT YI'JIOEOI'O MOMeHTa 

:epant8Hl1H, onpe,U8JIH8TCH U3 YCJIOEID! CDXpaHGHHH 'lUCJia '1aCTlll.~ E Cpe,n:-

HeM: 

<MIW/M:>=N. (7) 

llaJIHOEble rraKeTbl I M l rroJIHOCTbiO orrpe.n:eJIJIKJTCJI o6o6rueHHoi1 Marpnue.ll 

ITJ!OTHOCTU £oro~J060Ea 

I p{M) 

f(M) c ( cp'(M) 

-cp(M) ) 

1- _p(M)/ • (8) 

ITpoeKUTIOHHOe CEOitCTEO 0606IU8HHOM MaTpHUbl nJIOTHOCTH, ycTaHOEJI8H

H08 H.H.Eoro.mo6oEblM, 

F2.(M) = F{M)' 
(9) 

4 

CEJI3HEaeT D,I(HO'!aCTH'lHYIO MaTpi1Izy nJIDTHOCTT.I 

..Ps,6, s~r;;_ ( M) = < M I a;,lil. Os, 6j I M > (10) 

11 MaTpHrzy nJIOTHOCTH rrapu 

~6so {M)=<M/as,o,Os26i.}M/· 
I I 2. 2 

(II) 

Ypa:eHeHIDI craunoHapHOCTH ( 5) npH .nonoJIHI1TeJI:DHHX ycJIOEIDIX 

(2) 11 (7) ~JOT, B npHHqHne, noJIHOe onHCaHHe ECeX JIEJI8HHM, CEJI3aH

HhlX C Epa!ll8HR8M JI,npa, 11 npe,n;CTaEJIJIKlT CI1CT8MY ypaEH8HHM .nJIJI Ma Tpl'l

~ nJIOTHOCTIII. Ho perneHll!e TaimX H8J!li!H8HHllX CHCT8M ypaEH8HHit 083 

BBeA6HMH IlpM0!MZ6HMA CBS3aHO C 00A~mMMI1 Tpy~HOCTHM~. IT03TOMY BOC

nOJII>SyeMCJI M8TO,I(OM nOCJI8,I(OEaTeJibHhlX npHC5J!lllllt8HH:Ii no Epa!ll8Hn~3 • 4/, 
T. e. no creneHJIM EeJ!lll'!mlli ;\1 np11 pernemm ypa:eHeHH:Ii (5), saMe-

HHE UX SRBHEaJI8HTHOM CHCT8MOM_ypa:eHeHHM 

d 
11 

< MIL- A, f-1- h(I'J] I M /::. 0 ) J.1:: 0, 1, 2., ... ' (12) 
dM11 

RalK,IIOe 1'!3 KOTOpUX JIBJIJI8TCJI J!li!H8MHhlM 

(h)- ...1... D 
pl1~ TIJIOTHOCTH p == h! d M" 

CxeMy perneHHH ypaEHeHHii (12) MOZHo 

no craprnHM rrpoHsEo~M MaT

H H8JII1H8~HUM TIO MJia,I(lliHM. 

pas6HTI> Ha c~e.nyDmi~~e aranu: 

I. C'!HTM H3E8CTHUM perneHHe YpaBH8HIDI ,I(JIJI OCHOEHoro COCTO.f!-

HI1JI .ll,I(pa I Mo= 0 > E eyJie:eoM nopR:.n;Re no EpameHHKJ, HaXO.n;HM 113 

ypaEHeHHii (12) TIOCJI8,UOEaTSJibHO MaTpHuy TIHOTHOCTH nepBOI'O, saTeM 

BTOporo H T.}l. TIOpR:,D;Ra npH6J!llllt8HHH ihl ( Mo) 

2. C nOMOJIIbll MaTpHil,li TIJIOTHOCTH 11 ee npOIII3EO,I(HhlX .f(h)(Mb) 

onpe.n;eJIJieM OCHOEHJie X8paJTepBCTHRH a,npa: KOppeJIJiqHOHHYKJ fl>YHRqHKJ 

/1 , XEMH'l8CKHH nOT8HUHaJI ;\ H RI!a,IlpynOJI:bHSB MOM8HTbl a,npa Q~('l 

P cocroa:HHH I M1 > , KOTOpble onpe,neJIJI!lT MaTpHrzy TIJIOTHOCTH 

/o'(M,) 
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3. 3areM aranll I n 2 nOETOPf!JOTc.q nocnenoEareJI:OHo ,IT.JJR: cocro

HHl1H /t1 )' ( M = !"11, M2 . · ·) EpamareJI:oHotl noJIOCEl. ,lJ,:mHM cxeMa, ocHo-

1'aHHM Ha MGTOJLC DOCJI8,UOEaT8JI:OHElX Dp1'10JllllK8HI'Ifi, DCYW8CTEJI8Ha E pa

OOT8 / 5/ npl'l lil3Y'l8HJl!Jll 3aEI'ICJl!MOCTJll OT yrJIOEoro MOMGHTa HGKDTOp:lX 

tj;~l3l1'l8CKI'IX lJ8Jll1'lJl!H. 

§2. llyneEOM IJOpR,UOK rrp~dJJU8HlUI IJO EpameHJ.IJO 

Ilepe1iJJ.8M E !fEa3Jll'laCTJll'lHEli1 Oa3Jl!C COCTOHHH:it C IJOMO!ll:OKl KaHOHJll

'l8CKOro npeo6pa3 OE<lHI'IH 

a~6 = Us(M)l;_ 0 + olfs(M)dvso. (I3) 

Oneparopll KEa3Jll'lacrm~ cl~o-( clso) :11 MX aMTIJIMTYJJ.El Us(M} 

.11 Us ( M! orrpeAeJJHeM ,IT.JJR: KalK.lloro EpamaTeJI:oHoro cocTOIDI.IlR 

I M > , C'lMTM ero KBa3.1l'laCTH'lHElM B8.1\YYMOM cl.. s 0 I M / = 0 

PaCCMOTp.llM MaTp.llUbl DJIOTHOCT.Il, onpe.I(GJI8HHEl8 B KEa3Ii'laCT!l'lHOM Oa-

3.1lC8 COCTOHH.Ilfi , +-
Ps,o,sA_.:.:: 6,z < M I dvs,o. d-1202./ M / , (I4) 

qs,6',S
2

oz. = < M)oL;,e;oLs,o.~_l M /, (I5) 

CER3:0 KOTOpHX C BEe,I(eHHHMH paHee MaTp.lluaMH (IO) H (II) ~erKO 

yCTaHOJ!.IlTh : 

ft,6,S,6'2 = Us,Lis:~.Qs,_-62 S,-6i- 6,6"2. Us1 1fs2 qs-,o,s
2

cr-L-

-u ~ p u; R* 2. (I6) 
..sz. s, s,:-lfz.s,-o, -Us, s2 s,-ff, s_.-6, + ~. d.s,s, Oe;o, , 

C?s,cr;s.o2 = 6, Us,Us)f6',s:,(!f, -~Us, t5s,_ qs,_6",_ s,-O. + (I7) 

+ 6. Us,_tfs, Qs,o, s . .:Oz.- ~ ~. USL f?.s 6:s -(!': -r ~ Us,US, ~.s, d'6;oz. • 
I I Z. l.. 

"' + 
BHOHprui Jl.llHe:liHEI:Ii oneparop E E.ll.I(e A = d.s,o,oe;,o,_ , Haxo-

Jl..llM, 'lTD 

[ cL;,o,oL;,-!3',_, /-1-hliz.;J = 

6 

=G. [.:L(&s,-A(M)) Us (M)lJS,(M) - ( .&+us2
(M)- ~ Lfs~(Ml}J cfes 5',-r-

' I -, :2. u1oz. 

A f\ 1\ 

- 62 [ ( g,.,-A (M))( U~.(M)- LJ;~(M) R,o,s~6~ + Us/M) Us,[M) ( ~,O,s/r/~ -t 

+ ~ + ~,o,s._6'JJ -6'2.[{ fs
2
-A(M))( utz.(MJ -uS:(MV Ps,o,s._tr2 -t Us2iM)iJ;)M) ~< 

( 

A A ll ce. "-' ~ c--f ?; ) 
>< Ps o.s.t; ~ + !J.+ Ps,6',s,ol. - Z y { ~:,. Gzr,"- + Qt',._ '4~/i -

I I .l. r~o,z ,. (I8) Jt (R};~ -tlt,J.SLL)- ~ {c:Z{Gs,-MMVUs,IM)~,(MJqs.-rrLs,-cr, + 

+ { lfs;{ M) qs,tr, s,-o,J - l:t q s.-o,_ S,-G', u.:; { MlJ} - ~ [ :2 ( 6sz-).. ( M)) x 

A '- A 

" Us._(M) U.s,_(M)Qs,~s.6~ - ( L/:;_(M) ~+q~a;s,o,_- U$2.
2

{M)q.s,6iS,6i4() 

3necb EBeneHH o6osHa'leH:HR: A 
A A " 

h -=- G P - oneparop aHepreTH'leCKo:li me.Jlil; ~6;?.,6'2.) Qs,o,s,u,-
orreparow RBa3H'!aCTH'!HHX MaTpMI.l llJIDTI!OCTil (I4) il {15), 
" - d h (1!) 

j(i-~ - ROMTIOHeHTH yr~OBOl CROpOCTil BpameH:HR R.I(pa, Pesy.JI:0-
1 • 

TaT (I8) CTiptBe,IJJIHI! .Mli MO,I(8~:0HOrO raMHJI:bTOHHaHa B.ll,I(a h(l')~J'f2J 
A [ + .. A J " L/~) Q.~. .. .~.= oL..~,6jJ.s.~·4.zf! == 6,<'i!.,g;19'1"1S"6'2.> s,.s2.- (I9) 
'., [ A A I /(-l A I j(-) A 1 -Z6' f?ssa"<Sol9zi"IS,.6',>Vss.._+6,62.<S,<a;iqLf"iS()>vs,s 'srss,O..-

S<f" s, I 

- " (f) • (+J ~ 7 -~ 6'L qs,o.s~~._<s6'tq..,.ts._t0 Llss._ +6; 1?2. < S,<J,/q'f'/S6) IA~,.s '-j,.~s,6"1._.~ 

" [ + + I"' J ~ U r-, J~,.~.== d..s,o,J..s • ...rs,, x = -~<S,6,1J,.IS.~_6'2.> s,s,_- (20) 

[ 

" A ,;l+l ,~ I [+)(-, ] - L o Rs6 s6"<Sold,. I s,_s, / Vss,_ -<o,o~_ <. s, <51 IJ• s6 > ~s s ~oS"" t-so I I J C'Z-

+ ~ 6" [ Qsp-
1
s6 <S6 Q1 l.$,.6~ > Us~l.. t 6}l'2... < s,o1 lJ )(I s6 > x 

() A J 
x uS:S Qs6"S2..02. , 
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( t) 

U',- - ) c (M' + L' I fY'' 'I [ fVt. s,s
2

-Us,(MLs,_. J_ ts,· !us, J, 

· . · " , r r , " 
V::t!::: !} {M)'' f/'"'):!:IJs{MIUSL'- '.;, 

Sl Sz .........- Sl , L.AS.2- ~ I 

(~I) 

Ycpe.uwur (18) no cocroomuo I Mo-=- 0/~ nOJJY'lHM ypa:aHeHHe eyJie.aoro 

nopmKa no EpameHHIO, Koropoe co:arra.uaer c ocHOEHb!M ypaEH8HHe:r 

reoprm rrapHhlX KoppeJJ.A::~l'lil /G/ 

~ lu(+) \/(-;"" 
( G':;

1 
-· A ( i'1v)j .S1 S1 

- V s,s, O.s, = Q (22) 

C II8p8H0pMI1pOP.aHHb!MI1 H3-3a EpaiU8HH5I O,UHO'laCTWUlliMJ1 ::mepraR:MH 

('-' 

G. = Gs -
"'I I 

1 . , 2.\/H 
rt /-k;sb-lj)'./S,\J.>! Vss 
::} .s 

(23) 

Pet!'8Ime ypaBH8HI1R: (22) npHEO,UHT TaKiKe K nepeHOpMHpOEJ~e KO[p8Jm:-

qnomwil 'YYHKUHVi 

Z= s, 

1 A if\+) 
L1- j -f-l<saljx.IS,o; >l.?..vs.s. (24) 

AHarrorn'lHhle EhlpaiKeHaR: (23) 11 (24) IIOJIY'18Hhl :a pa6ore 171, r.ne 

Eh!HCH8HO, 'ITO 6oJiee CYIU8CTE8HHhlM HEJJ.fl:8TCH D8p8HOpMI1pOEaHI18 rrapa

M8Tpa lll8Jlli, KOTOpOe IIpHEO,UHT K YJIY'IIU8HI1Kl COrJiacaR: C SRCII8pHM8H

TOM T80p8Tl1'18CKOro 3Ha'18HI1R: MOM8HTa HH8pU1111. lilaTplllUh! ITJIOTHOCTH 

HYJICEoro TIDPfi,Jl:Ka paEHb! 
(0) 2. d! 

fs,6',s._6:z. ( Mo) == Us, ( M.,) s,s)l6j 6i_, 

r'h col , , 0 t25) 
1 s,D,s,oz.( Mo)::: 6;_Us, (M,) U£,{f1o) Os

1
S2. cS'~-6"2.. 

C IIOMOIUb!O MaTpHU IIJIOTHOCTH (25) OTip8,U8JII1M OCHOEHbl~ xapaKT8pHC

THKH l1,1l.pa E cocTDHHHH l M~ > E eyJie:aoM npH6JIHllteHH:H no EpaiUeHHro: 

a) RoppeJm:JJ;HOHizyro WHRU:HIO E cocTDHHIDI 

/1 (M,) = r} Sf cp<;>)( M.) = z_ Lis ( M.) ~ (Mo), (26) 
:;, 

8 

6) KEa,UpyTIOJlbHbl8 MOM8HThl 

r co> ) 2tl 2. Q2/" ( Mo) == .Jp qlf>p {Mo = 2 f 9 SS LJS { Mo} • (27) 

YcJIOEBe coxpaHeHHH 'lHCJia ~acTHU 

N = Sp fco>(Mol=2Z-~(11o) onpe,U8JIH8T XHMH'l8CKHH 

IIOT8HUHaJI M H.). s 

CpeAHee 3Ha'l8HH8 yrJIOEOro MOM8HTa B COCTOHHHH /Me) 

E eyJie:aoM npH6JIH~eHHH paBHO uynm: 

.( M.J I,/ Mo)::: 3f(j'jiPYMo) = 0 • 

§3. ITepEblll TIOpgAOK llPH6JII1~8HHH ITO Bpaill8HHIO 

.nJIR: 

YpaBH8HH8 Ml1KpOCKOITH'l8CKOll TeOpHH (12) E nepEOM TIOpH,UK8 

COCTOHHHH I M "'() > HM88T BH,IJ; 

( E E ) n<n (\ell -:- L/H 
ffz. s, + s:z. rs.o.sft 6, .)(. <sA IJ" I s:z.6', 7 s,s .. = 0, (28) 

r,ne !).(/):::: 
d.::: :;z > .J 
dM = :;· (29) 

MCIIOJib3YH CEOHCTEa CI1MM8TpHH MaTpH~ IIJIOTHOCTH OTHOCHT8~bHO o6pa

IU8HHH EpeMeHH (eM. ITpHJioZeHHe I), Haxo,nHM !13 (16) 

R
(l> ~ (}: (I) 

- I 2..? 6'S6 __ _ 
s, , 2 l u(-J s,o; s2. 6'2. , 

s,sz. 
(30) 

TaK Krut Gs o: ~ r; = 0 . ITo;ncraBJJ.fl:H (28) B ypaEHeHI'Ie (26), no-
, I ,.")l L 

JIY~HM Eblp8.3BHH8 .nJlR: MaTPHUh! TIJIOTHOCTH nepEoro nopa~a 

0
r,> .=. _ Qul <. s,61 lj, I s,6', > U c-1 2.. 

J s,er,s,oz. E _. S s,s'- • 
(I) ~~ L 

}J.JJ.li onpe,neJieHHH cpS,6j :;
4 

62. EOCTIO~b3Y8MCH rrpoeKUHOHHblM CBOHCT-

(31) 

EOM 0606IU8HHO~ MaTpHUh! TIJIOTHOCTH (9), KOTOpoe E rrepEOM TIOpa,D;l\8 

HM88T EH,IJ; 

9 



rC) F (ll F(e) = 0 
, orKy.ua c.Jie.uyer 

(!) (/) 

cps,c:; S'zGz.,::- Oz.P.s,o;s"-6~ 
\ ji+l 
v ~I';:L (32) 

;!cTIJ.Jih3YH (29), HaXD,UilrA 

(-) 

Lfs,>:.,_ 

~ .:::. 6 s:tll _,,o, s,-6~ 2. 

" u (-) v (+\ 
< s,r5; IJ x / .s"-6~ > s,s,_ s,sl. 

E.s, + Esz. 
(33) 

B COOTB8TCTB~~ C npaB~RaY~ C~MMeTp~~ ~3Y8H8HM8 X~y~qecKOrO TIOT8H-
1 (/) 

Ul'la.Jia P nepEOM TIDpF!,UKe paEHO Hy.JIIO : 11 -= 0 . Ta.Kae paEIW HyJI!O 

DpOl'l3EO,UHbl8 

L1')=:. GSpcp('l= 0, 

Q
(fl s (I) 

21" = pq2f1f = 0. 

(34) 

(35) 

" 
Onpe.ue.Jiemie EpamaiO!lteroCH cocrOHHM, cor.JiaCHD KoTopoMy< M I IxJ 1'1)= 

= - /'1 , TipHEO.l{l'IT E nepEOM TIOPR,UKe K COOTHOID8HI110 

Sp,//1
>= - 1, (36) 

TIO~CTaBRRH B KOTOpOe (29), HaXO,Ul'IM BHpaE8Hl'Je ,U.JIR MOM8HTa l'IH8pUHl'l 

R.npa 

Ci = L /<S,G',Ij./S,E:~>)2. 2. 

cJ "' 6' u(-) 
s~oi_ Es -+ Es .s1S J z. z. 

(37) 

§4, Bropoif TIOPMOI\ npl'l<:l.Jil'lllt8HM ITO Epa!li8Hl'IJO 

YpaEH8HI18 ETOporo ITOpH,UKa ,U.JIR COCTOHHRR /M=O) l'!MeeT El'l,n 

( E r-i2> ILl\;<-> 1'!'/i+J } f' 
- 6"2., f.s, + s .• _l f'S,6'; s~o.!..- ~ (!:;. Vs, s, +A L- s,s, Os,s, %Gi-

Q(2.) " u(-+> (38) - o; ~ Cfi!Lf"' 2.('1 < s,(),l!..f_2.r/ Sz 0z > s,s,-

() [P(/) " I j..+) ' 
-.Q'L_ro ·~ 0 <S:lfiJ."l.s,_~> V.s" -f?,6;_<s,O,U)l/S6">. so ~. ,s .,._ o 

VI+! f)lf) ] Q 
X s,s IS6'S:z.6"2. ::: • 
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' ~ 

\ 
I 

.1I.n.H Toro, rno6i:l nepet!Tl'l R ypaEH8HMIO ,U.JIR Ma Tpl'll._(bl TI.JIOTHOC'I'l1 

fs,o, s~6'2. l'l ee npOl'l3BO,UHh!X, EOCTIO.Jih8Y8MCH CDOTHOII18Hl'IHMH 

P(2.) f I Q·2.) v~ . , 
=. --;-;(+) • -· .- - <2.) . 

.s,O, s"-~ U l 3 r: s G', .s c - •,l, 6? Ps ~. · r;- ; 
S,£2.. I~ I 2. "- 1-'.:. - ..... I j..., ~- l. ' 

{.39) 

f11(2.) ( p (2.) v; (-) q(2) (+) ) 

lg,<5,S,_6'"--= 0, s,o,s,-62_ s,s, + .s:,ll,s-.c-02. U.s,::,z_ , 
(4U) 

ROTOpHe C.JI8,Uy!OT H3 (IG) H (I7) COOTE8TCTE8HHD, M CDOTHOl':8Hl'l€M 

(2.) \I H ~ <llC"-l l+l o!o p il! ~ (4I) 
D V< -t o .-:_ s _ U --= - .2_ J s,r;;so, sr:r S:o"z. 

J-s,rs;s,_6',_ s,s,_ 2. s,O, , C'z. .s,S2._ .s6" c J 1 / c-,' ' u ,s'l£ l,..- .S'SL 

KOTOpoe TIO.JIY~aeM MCXOAR M3 npoeKU~OHHOrO CBOMCTBa o0o0meHHO~ 

MaTp~UN UROTHOCTH BO BTDpOM TIOpH~e TIO BpameHMD! 

F(O!F(:I.)F("!+ F(O)[-(I)F(/)F 1()= 0. (42) 

f'CKJIIJqag MaTpHUHq l'l cp, ~3 COOTHOmeHM~ (39), (40) M (41) 

HaxO,IU1M: 

(2.) 

R
(l) 

.£,6; S,G'L-
- 6~G2_ps,b,.S,Gz. 

I j(-f J 
'-1 s, :S:z. 

V(-l _ro _[)''' 
0,~ s,s,_ / A/}.SaJ~r;os,6;;_,(43) 

;;<_., ( ' I(-· 
I./ s,s, '~ 6 U.s"(S L ss"-

ilO~CTaEl'IB (43) E (38), ITO.JIY~HM ypaEH8HH8 ,U.JIR MaTpMUH TI.JIOTHOCTl'l 
(2) 

fs,rs;s,Gz.: 
([ -+£ ) H I;J IIJ 

fi
l2! S( :Sz. + Vs.,s-._ L_ /3;,o;.s~ ~P..r6.::;p-z ( J(2J 1 1 {-IJ 

J:,6jSz_62_ u.!+) lj(-IJ So I/(-; (./'-! - /1 Us,.s.< + 
~~ s,~ U~s s~ 

+ (2) \/ (-)) _[> () Q(2) '.!./"1 If+) _(44) 
.1 Vs,s, u;:,s Oo,6 -L £ 2,.. Z.M <S,CS,/o 1 S2G;./Uss 

.2. I 2.. t I I. I I L 

t/0 ( (-f) d" 
- -~i'Z.{ .rs,o;so < .s6'/j~ I .s G' > V-. ~' -< s,o, I }xIs 1'> 'Is: .s J .sos,_62.)= 0 • 

56' L/-) _. z. .l SSL :J I l;(-j 
.s,s u .ss2.... 

l1CTIOJib3Y.f! (29), cmpe,neJil'JM MB.TpliuY TI.JIOTHOCTl'l ETOporo UOpHJUm: 

fi2.! - t}';) I ; (.2J !2.! 
Js,'J,s,GL- Js,G;.!.'}5'zlJ} +.f.Hs;szCr)t::.)-+ 1G:scdA}+ r£~s'"([) !(4'3) 

I JJJ I ;.:?: l fl1v 1 <.'.V£ ~-

f i2.l . ( U!:l 5 , 
s,a;s,roz_(;J=- "52') ~<s,O,!J,IsfJ><S'i"ljx/.s,_Ck>• (46) 
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H (-) I ,H H 11(-t) L! (+) (-t) (-J f+-J ~[Us1sUs.s,_ Vs1sz. + Lfs1s VssL S1S,_ _ Vs,s Lfss"-U.s
1
S._ J, 

{EstEsl(E.s-+E.s) ( fs,+Es'-)(Es,+-~) (Es/EsJ{E
5

tEs,J 
t+) I (C-) 

f w ( t::,) -= Us,s1 vs,s1 ,.,c.z.J a, S,,. ~ 
'"'6:SG_,_ ') E L..:l s,s'" ':J, z., 
.;;.I I :2.. ?.. ,S/ 

(2J 

/s.,c, s,_G"2 (A) 
U (+)2 (2) ~ 
~ ,\ Ss,s._ 61 'Yz. ' 
2Es

1 

~ ~ (j~ 
~~~{~)=~~ ~ 

I 

A J_ (+) 2.. 

< s,o; tq /11/Sz.~ > Us
1
s'- • 

fs + bs 
I :Z.. 

IO. 

(47) 

(48) 

(49) 

B Eb!palKeHJill (47), ( 48) R ( 49) EXO.ltffT ETOpHe IIpOR3EO,JJ;HHe ROppeJJR-

UROHHOiJ @rHKURR Ll (2.J , Xl'IMR'JeCKOro IIOTeHURa.Jia ).'2.! ll KEa,npy-
1)12.) 

IIDnnHh!X MOMeHTOE ~zr 1 KOTOpHe OTipe,neJJRDTCR R3 COOTHOllleH:H~ 

!Jr.J.J== lf:Lc!Sp cp == d Spcpw, (50) 

Q (2.! I d 2 r r (2; ( ) 
2./f = Z d 112. 0 P fz.;t f = 0 P 'f2.r J , 51 

a A(zJ - R3 COOTHOllleHIDI Sf ..P{2!-::: 0 (5"2), KOTOpoe cne.DYeT R3 

ycnOERR COXpaHeHRR lJRCna E cpe,JJ;HeM. 

Hcnonn3YR JlEHble Eb!palleHM .nJJR MB.TPRU IIJIOTHOCTH H HX IIpOH3-

EO,JJ;Hb!X, IIOny'J:HM R3 COOTHOllleHH~ (50), (51) ll (52) CER3aHHYD CRC-
{.!J l(2.J r/2.! TeMy anre6pa:H'JeCRHX ypaEHeHR~ ,ll;JJR BenH'JHH L1 , ~ H ~~· 

Pemaa 3TY CHCTeMy ypaBHeHMR COBMeCTHO,IIOny'JHM Bb!paXeHHff ,ll;JJR ETD

po:li IlpOH3EO,JJ;HOH KoppeJJRUROHHO~ tPYHRUHH IIO yrnOBOMy MOMeHTy: 

(2.! sf'l2.'JJ i 
Ll -= 4 1'.6. a z.dz 

,ll;JJR ETOpOH IIpOH3EO,ll;HOn 
(J) z. 

x2.J_ g (}J a 
- - 4 Cl.t.. a2.d2 -

(!)2.. 

S2 {)} __fL_ + d>J sl, -6"a , 
4 jT {)24-GJL Cl'zo ~LO QLf ez. 

XRMH'JeCROro IIOTeHURa.Jia : 

sz!oL(}:J ~ dz.J Sd rot 
7/ ;;Jl" az1~ - Y.w i.:f;_o ~ 

Q 4-t> 

12 

(53) 

(54) 

R ETOpOH TipOR3EO,IIHOH KEanpyrronnHh!X MOM8HTOE: 

:2.) 
n - ·-
G( 2.("1 -2 ~ CJ:,M 

', !j_ '; 2........, I'Y r • ,;/- "' ':t .--.,- ~~ 
c' ~ : o/ st:-oa .Q d .. ,)"' 0 t X55) 
d~2M 

0 
:~3c {JL, 4"+(-'-- ~C d~ G~~,;2./• 

3necn HcnonnsoEaHhl o6osHa'JeHM, EEeneHHhle E /B/ · 

a= ·""-
u:;) v;2 

s 2Es 
I (T' .'. t co .:5" ~ :;s. 

3 2 E~ 
tf·. vr-, 

S = 2_ ~s' ss Cj2o _ (56) 
s dEs s.s 

'J 1+)2 
G = :;; !:___,g. 0 20, 

"':3 2£, ;s.s 
.::,; (-+)2 

... :> = 2 7 Us,s,_ 1 0 2r I 2 
2Jl s s,_ E . ;:: I s, s'- ' ' 

' S "T""-'-S 

c2.l' = 
n I z ; ~ s£-67~

f- C£zrL2t'- ()t'·o·2xzo ( .o, q2+-tz 
o sq+5"£·) 

C?'+ {2 -

- 6e3pa3MepHhlfi napaMeTp lKeCTKOCTH E a,JU!a6aTH'JeCROM IlpJIJ6nmK8H>li:i, 

llpOR3EOnHUe MOMeHTa RHepUHR paEHb! 

t'l f ·x /2.. (-)2. I+; 
2.__! = -4L ds.,s:,.. { L.fs,o;'- Us,s2 + 
otc. s,s.~.. Es-.Es. E +E 

H (+) u(-) 

Vs,s, Vs,s'- s,sL), 
Esl I :.z_ gl .SJ__ 

a1 = 4L 
X 2. C:-J.Z.l/(-J (-J (+) (+) 

I is,s.,_l { Us1 s.~.. vs,sl _ Us,sL Vs,s.._ Us,s'), 
')A s,s'- Es, +Es.,_ Es, + Es'- Es, 

{)(J ~ ~ 2 ~ .,. ""n = - 2, ,y2!" 2 <:s,5; 19 '"'Is,~>< ~c; 'd' )s6"><.s6"!,-/x /S2 f:i2 >"' 
l!uf s,c, 
~ . SL~L 

\-) 

t L/ s,.s 
£3 tEs 

I 

S<r 

(-) (-) 

( U.ss2 Vs1s.z. 

£s + EO?z. 
+2 

(+J u(-f) 

V.ss'- s,s2 ) • 

£!;, + Es
2 
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§5. TpeTIDi DOMIIOK DpH6Jmllt8HIDI ITO Epa.!ll8HHil 

YpaEHeHHe 3-ero DOpii,UKa ,ll.Jili COCTOffiiM f /"! ~ 0 / HM88T EH,ll: 

(3) 

- b,_ ( f s, + fs.J P.s ~ s 
15 

-
JV/ Z 2... 

(/) L- P(2..) , v(+J ~ _ ._Q 2._o ~<so/i,.ls,o,_> ss -6;6;_<:s,O,IJ.xiSIJ> x 
SO ~~Su 0 L 

1 ;l+l p12.1 J dll.z__ oL-qc._) , UH 
"Vs,s &lfS,6",. + ....)<:: S6" S,f5jS6"<sofjxiSz.02_> SS.z. + 

(-J q {2.) J Q(2J 
+ s;~ <:: s,o, Jir .. l s6> Us,s sos,.csL + T &?zr 2('1 x 

x 26 { A~s6 <s6""fo 2rl s.c6"".c > Vs~> + O,%_.:::s,s, /o4'<fs6"> "-80 ...;)j I I 2... -, 

(57) 

\.-> p(f) J (2.) ( (+) (+) p iiJ -I-
X Vs,s S<l""Sz6" - 62. ..6 Us,~, + Usz.sL) s,fli s,G"2.. 

';,t2J( \ ;H H) pin C3l ~ u(-J- Q 
-t- ~ Vs s, + ~ s s ~ s cs: - 6, S2 < s,G, IJx I s,6".!. > s s - • I ..:J>2 L ,vi 2 L I :2.. 

HcnOAb3YR COOTHOWeHM 

G, 
6 

rJJ _ _ I3J r+l 

1 L.fs,cr;Sz5'L- qs,o,SL5z.. Vs,!z.. 
p(~) (-) 

+ Ji;6;S,.G"z. u S1 Sz. t 

C?, ("3) (~) v. (+> (3) (-) 

-6j S,J3i.l.'z.-G"z. = Ps,tS1 S,_6"._ s,s,_ + Qs,6,s>.6"z. Us,sz. , 

cp(!.) 

s,r;-,s,_-GL - ~
(+) 

(31 -6"2. :5/!lz_ 0 cr. s 0: 

U (-J j .S, I ~ 2.. 

s,sz. 
(2.) (!J 

_ ~ L_ ( .fs:JS;slf fsos:z.rs,_ _ (!) (2.) 

f<:;,rs; N fs~rs,CSL) _ 
I/' ' /)(+) 

u-; S6" u (+) u (-) 
s, 2. s,.s. ss ... 

{_. s,s ss,. 

- 6._ .2_ 
L (-) so 
ls,s, .s\'5·' 

In An {IJ f-1 

.?s,cr,s~r }'sfis'G"'Ys.'6's,cr2..( \ls.,s' 
L;<-J I tH I 11 J ui•J 

s,s Vl.ss' 1..1 s's,_ s,s' 
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(-) 

Vss4 ) 

{)
(+I ) 

ss~ 

ROTOp!le CJI8.IJYKlT >13 (16), (17) H Dp08KUHOHHOTO CEDl:fcTEa 0606ii{811-

HOM MaTp11IJP[ DJIOTHDCTH E Tp8Tb8M TIOpii,UK8, TIOJIY'lHM ypaPH8HII8 .llJlR 

MaTp11~ DAOTHOCTH 
(3) 

f s, o; s2.. 6"2. 

(3) 

J.s,O,.Sz 02. + 

(-) 2. 
..>'2 (>J < s,6, ij"x I SzGL > L./s,s2 + 

Es, "'" £z.. 

+ 
v. (+-J 

1!;S2.62. z._ 
Sa 03 

(-) 

S2(}J L/.s:,s.,_ ;z__ 
E~ + fs s-3 " 3 

~. 2.. 

0..J (!) 

( 
Js,o, s~63 Ys3<J3 s,6", _ 

U'"'J ur-J 
s,s3 s_. $2. 

(/) (z) ) , [J . 
fs,O,S3f53,; SJ''ij52 a:_,_ _ 

u~-~ u c .. , 
s1 s3 s3 s2 

(2.) 

( D A 6'> 
j .S,6,S:;63, ~ S3G"3 fJ"x / SL -" 
~ 

Us, '51;; 

v.;(+! 
s,s2 -

A v(+) ..Ps 6" s If.<. I/ X <s,Gj/J"x/S~i).!.> ss 33 '- + Vss 
(>-) ) (+) 

I 3 u(-+J I L.. 

S3<J2. t:/'J 0(0 11J r 
x ""5" J S/J,S;/'4 J s.,<J4S3 <53fs,63 s2 6"L ( Vs s-J 'I 1-:' ) 
?---- ---,-....::.__.:.._--...:·c.._::._:__ -'--' - VS"qS2. + 
s3 o_;, U. H ur-J () (-J ()(-1-l ~ 
.s" ~.. s,s., s., s3 s_. S'"' s, s3 ~fs4 '"' (58) 

+ 
(/) Ll (-) ( r/'l D1/J • .., I --

52 s,sz 2-- Js,Gjs~GL,Js.,J5i,s.3 o_, <S3G3 IJ, :;:,o., > 
E +E s"'6""3 (-) u(-J 

s, !>2. s, G4 () S, S;, S
4 

S
3 

(-) 

tfs:,sL + 

~ r-, (IJ r,) 'ou(-! ( 0-) 
f <:;s,o, fJ"x ls!>ro3. > Us,s3 fl,J63SitGlr,/l .. o:, Sz.oy _ .52 s1s2. 2.._ ~s3 x 

( J ( E r: s 6 I Iff) lj U -) ~· f D; 3 '3 1--fs S v s3 s" s4 s"' 1 2. s.:, c;:;, , , 

/) ()) (I) .., 6" [!;(+) A I/(.;.) (;) (f) 

)! J s,o; s.,.a;,. .8'~0";, s3cr-3 <S_F31Jx I Sz z > s3s2._ .( 5'/?, l,j> /;;"36j > ~,s.JJslfis.;,~,AG-,._sp.;. 
u.r , u.r , ( ) {-! x 

51 s4 s., S3 !Js s IJ.s s 
' . I I (-J ( (,) .3 ,4 . 4 "'-
tZ-) Us.s - 2:'1 (-J 2. (. 

z__ 2/:2/'1 Ql..f1 ~ 2....__ ..Ps,IJ,S363 9sJ53.!l[{JSz. o_ /'f 0, !Is;~' 
• .l-1 · · Es. Es S3G3 1 1_, + &r'iJ:1 ''".lx 
' . L {-I ( l 

fs,::.J Uss 
.12. 

(I) ) !::.(;_) ( (+J (f) l (I) ~{2) ( H (-J I (;; - 0 
x fi3(Sj~c5"z +E +£ Lfsi_,,+Lis,~,)J1o;s}S"2-fs+f:, f{,tl-l£s"-!/};<S;.sz62.- • 

~ ~ I Z. 

~ Vs~~:) 
1 ,r.,., -
usJ':Iz 
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PerneHze ypaEHeHHR (58) MOEHo npencraEHTb E Ezne 

<.3l _ (3J ( .. ·J r_.l.J ( , (:>J ( C4J) 
fs,!O,.s2 n.._ ~,Ps,O,.S;.6'2.. Jdd i' fl,r;;s2.6'2.. d) +/s,!J,S..,62., t. + 

-+ c>l (Aw') c~J ( Qcl.J ) 
,Ps,O,SJ);_ + .Ps,'lf,Sz6z. zr' t 

(59) 

r.lle 

>l (!>) ( (")Ill 1 _ rltJ.3 5' -:- , 
rl ,.- (jij'J'=jsel':S<r 0,;;- .Jt L__<S,6j/Jxls2 6i,><S

2
6'

2
/J•/S

3
G;,>• .) s,O,.s:-z."-12. -:1 ,. 1 z. L s3 6".,~ CJ d 

.s" "" 
x < s,G:. 1J.I..s4<54 > N,23tr, 

N = £ 15"- Vs2 .>3 Vs_,s, s"'s' _ Ws,st.. Vs
2
s3 Us

3
s'l Vs

4
s

1 
+ ( 

ur-> I J(+J I I !+J lj 1-! J (I I h I I{+! I ;H I I (-1; } 

'
23

~ ( fs/f.s){Es/f.s)(fs/fs"'), ( Es,+Es~)(f~ +£,){&.3 +E~ 
H L! H L/ (-J u f-J ) 

+ ( Us,sz SzSJ s.3s" :J,,s, '+ IHlKJI'IrqecKl'!e nepecTaHOBKll I, 2, J, 4, 

(E 3 ,+Es,J( Es, +Es4 )( Es} Es3)/ <-> 
2 

r~! ( ;) =. ':>J ( .QI3l):::: _ 52 r3) J~:o,s2 152 Lls,s._ j s,rs;s,6zlJ· -fs,G;S,6'z. ) (E + E ) 
s 1 Sz 

., l}LJ (+! L I+!) (c-)L (I ;1-J ~~~-Yr 1:3)" (f/~f :::Ji'>L112! .-)s,G,SzrOL !' -"~ f !s._s2 L/.:;,s2 {1(-J 1/+! ~~- ~2 1 ~,6',.,.6,_ (r: -+ E ) { [ E ) + lstf?.z. V.s,sL [. £ 
- :>, Sz s, + s.,_ s, s,_ 

p:~~s l:i, (l2
)::: -.\?'~(2.) )s,(),.Sz6i VSA-+ VszS2 u(-/·~ L /(-! / /+>( Lfs,s,_ UsLsL ' 

·y [l;f-J 11 1"'! (+! (+~J 

)'11 "- (F" +£) (E £) s,s2 ls,s..,lls,s:z c [ 
... ::;, Sz >, + Sz.- Ls; 2 

( i- HI fC+! i/+i (~) 2) ()) 2.) - Zr :X Lis s Us,s_; vs3s2 
}>A>A, { 1/,,) c J2 f"'•r (j,t ~ 'f,,,,,<,j,,o,s..•, {l ; ~ !(, . 'lJ • 

S1 -S.z f's, :s 
(+• ;.'"' L!H <-, t ;HL ;~-y 2 0, r->, r f+! J£:~- ;-) f+J {-)' f-! ,_ , ll,,, L,,, ,,,, _ IJ", <",•; ''•'> _ /osft. r:,,A Lf,,, ,.,,L,, 4 _ /r,,,!),,(> /},;U¥, 

(fs/Es)(~3+GJ 1fs,+E;)f~+EJ 
511 3

>
3 

(l;,t6z){4/fs) (4•£)(~/Ji) ~'{'J.;'£.1 

ITpo,llo~maa ary npouenypy .llanee, MOBHO HaJTH, B npHH~ne, 

CKO~b yrO,llHO BUCOKoe npHOHKEeHHe ITO H3BeCtH~ npeA~~HM. 

16 

3aitnJO'leHHe 

B HaCtOJII!lell paOOTe Ha OCHOBe teXHt~Kl~ llOCJI8,llOBaTeJibHHX npl'

ClJIMl!(eHnll Hall,lleHO aHaJIJ-!TMt!eCKOe peweHl'!e ypaBH8HMll IWKpOCKOITHlJeCKOil 

TeOpt~t~ Bpa~aTeJibHHX COCTORHtlll B J-eM ITOpRAKe no BpameHt~D, Eonee 

KOppeKTHO J"lHThiBUeTCR B HYJI8BOM ITpliiClJIJll:eHHll BJIHRHt~e BpameH~~R 

Ha BHyrpeHHee ,llBtll!(8H!IIe R,llpa, llp!IIBO,llRmee K nepeHOpM!11pOBK8 O,llHO

lJ8CTHlJHHX COCTORHt~ll !II KOppeJIRUHOHHOil ~YHKUH!II. PeweHHR BhlpaXUVTCR 

tJepe3 llp0!113BO,l\HUe OCHOBHHX xapaKTepMCnK R,llpa LJ 1 _,\ 
n 

, Lrz_,~ 

!II ~ , lJTO rrpe,llcrasnner ClOJihWllle y,lloclcraa ,llJIH Herrocpe,llcTBeHHoro 

M3yqeHl'!H RBJieHt~ll 1 CBH3aHHhiX C BpameHMeM R,llpa, 

ITpVIJJO:K8HH8 I 

HeKOT00¥8 KHHeMaTH'leCKH8 CEOHCTEa oncparopOE pOTOHa H CEOllCTEa 

CHMMeTpHH llQOH3EO.Il:HllX MaTpHU ll~OTHOCTH npz o6pameHHH EpeMeHH 

llpHEe,lleM KHHeMaTH'l8CKH8 CEOHCTEa onepaTOpOE pOTOHU, HCITOJJb3Y

eMhle E ,llaHHOM COOOUleHI-m. 

.Ii.nfi OITHCaHIDJ: COCTO.flliiffl OCHOEHOH pOTaUHO!fHOH TIOJJOCb! lJ8THO

'l8Til0fO R,llpa E pa6ore /J/ BEeneHb! reHsopHHe oneparopb! Eroporo pa.H-
~ 

ra f'.2./' , llOJJY'lHElliH8 Ha3Eal!He pOTOHOE, KOTOpb!e HMeiOT c.r.e.ll,710!UM8 

CEOHCTEa CHMMeTpHH OTHOCHTeJJbHO OTpa~eHiill np00TpaHCTE8HHHX M BpO

Me!llihlX KOOp,lll!HaT: 

P-1 A 

p ;;..J.(f .:::: j/' .l.f1 ' 

T ... r-' A r;;,r = r 2f" • 
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B CAY~ae c~~hHo~e~opMHpOEaHHHX R~ep c aKcHanhHo~ cHMMeTpHeA ~ 

~eKapTOEilX KOMTIOHeHT oneparopa pClTOHa MOlltHO BOCTIO.Jib3DEaTbCR 

npH6.JIHxe~eM 

A ~ A f 
< Y2 > ~ f I < V', > U < 'J > .(< t 

{I-3) 
/'< A 0 ( 2 2.) < Y'2x > U < r LJ / "' r; J 1 • 

B 9TOM npH6.JIElKeHH~ HM88M KDMMYTauHOHHHe COOTHOilleHHR ~ OTiepaTopa 

potoHa, KaK ~~ Henp~Eo~oro TeHsopHoro onepatopa , 

[ i,~_ ) i. ;~j ~ - ~oC.fio ;.r .... 
Cpe~Hee 3Ha~eHHe rrpOH3EO.JihHOro onepatopa r no 

I M > = e i( M-t1oJI} I f'i) Epa!IlaXJ!UeroCR EORpyr OCH 

npe~cr~E~Th E :e~~e paS.JiozeH~ 

(I-4) 

COCTOIIHHIO 

~pa MOlltHO 

< M) F I M > = .?- {M-~o)~ MoJll.. [ f, i~} .. >jJ LJ_7(/1o>: 
h-0 h. '.} {I-5) 

= Z ( /1-/1o) hf7/i} = Z {!1-;o) "'( d~ } • 
h=O 1,=0 h. c//1 //'1:::/'(

0 

~CTIOHh3YB COOTHOmeHMB (5), (J) M (4), HaXO~MK, qTO cpe~Hee 3Ha-

qeHHe yrJioaoro woueHTa no apal!lalllllellfcB coctOBHHil 1M/ paaHo 

< M I I~ I M > = - M • (I-6) 

PemeHHe ypaEHeH~ MHRpOCKOTIH~eCRoa TeOpHH EpamaTe.JibHHX COCTORHHR! 

HrneTCR E EH~e pas~oxeH~m Marp~~ rr~oTHOCTH no creneHRM yr.Jio:eoro 

MOMeHTa / 3, 4/: 

/\ <>" ( h (11)( ) .( M I fl M > ::?a 1'1-11o) ../ Mo , 
(I-7) 

r~e /"'{Mo) = h/1 f:jif:)/'r-ff: h-1 <11o{{j),l·6j.)J) t'J}/11o) . 

18 

YcTaHOEll~l CEOMCTEa CHMMCTplUl .IJJUI TlpOH3EOJ!hHHX MaTpl1Ilf1 IT~OTHOCTH 

npH o6pameHMH :epeMeHH. l1s onpe~e~eHHR onepauH~ o6pameHHR :epeMeHvr 

c~e.n:yer 

- + r-f v . + I asl) =- o a as-1), (I-9) 

r.ue j at.o-=- -I n [6'0:1'"' =I • ;,TolKHo E116parn TaKoe npe~cTaEJie-

HJI!e DMo~acTM'lHHX cocroRH:ilti, tJTo d-"67 Otii ::: 0: 0z . A on epa TOphi 

KEa3H'JaCTllU Tipeo6pa3yiDTCR ITO 3aKOHy 

T + T-f_ )(' c/.+ 
dsal --o!O s-6'. (I-IO) 

Tor~a ~erKO YCTaHOEllTb CEOMCTEa C~MMeTpHH ~ rrpOH3EO~X MaTpHU 

TI~OTHOCTH Tip~ 06pameHHH BpeMeHH 

~ ~!* 
A~~~~~~~6;~ 

q{h) 

s,-cr;sl..-6"2.. -
(I,)JE 

~ 5;__ q !>,G; S,_rSz_ ) 

JIHreparypa 

C7Jih! Cp
1

"

1 

= tJ; 62_ ~ 5j_S
1
GI s, ""'/ s,-c:;_ 2 

P(hJ _ n ("! 
- 0; G'z_ 1--:. 
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