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I. BBe,neHRe 

SlMeHHR:. KOHqa!1HMeHTa il cnoaraaaoro HapywOHRlt KBpaJIbHOA CllMMeTpD 

( CHKC) B KBaHTOBOA XpoMOmmaMilXO (KXJl) JDlJ'lHDTCll OCHOllHliMH }I)IJJ. nOHlJMB

HllJl C'I'pyKTyphi 8,lijlOHOB il :HX B38ilMO,noAcTmIJt. 3'm SlBJIOHRlt, lIo-BlIOtIIIMOMY, 

TOCHO CBSl3SHll: co cBOitcTBBMH BS~MS KXJI. B 'UlCTHOCTH. B!rJ.It0JIll HHCT8H

TOHHoro BSxyyMa KXJI y.n8J10Ch IIOwtTh , KBR npoaoxonar CHKC • oonpoaoa

:» .na~eoCll nOSlBJIOHHOM mma~ecxol MaCChi KBapKB B roR,nCTOyHOBOKHX IIHO

HOB. 

B '1'0 EO BpeMli HeT y,nOBJIeTBOpHTeJIhHOro 06MOHelUlSl KOHlI9llHMeHTa, 

, ~O a8 CT8BnSleT 06paTilThCll R MO,nenaM, r,no KOH¢a!HMeHT o6eCne~eTCll. 
I pyKBMH" . 

IIOnyJIJipHOit MO,neJlhll TaRoro OOPTa IDl.lUIJlTOSl KBp8JIhHll:e MO,nOJIB MeIIlROB 

( KMM) . rne y<mThlBSOTCll RaK ROHqaaHMeHT, TaX B CHKC . I<MM YOlIelllHO lIpmotO

BRAaCh 1Ip:i1 H8X~OHHB ClIeRTpa MaCO JlerKHX 6BpHOHOB H ax CT8T~eo~ 

xapaKTep:i1oTBIt 2 • a TaKZe np:i1 1II00Jle,nOBaJUm pe8ltUJfA II paOI18,llOB /3 • 
O~BltO 60JIDmilHCTBO paOqeTOB B paMKaX KMM npoBo~och B CTBTHqeOKOM 

nPl6nBXeHHB, KOTopoe B pa.n8 CJ1yq,~ MoxeT OKB3aThOSl .nOBOJILHO rpy6h1M. 

Kax n0K83h1B8l1I' peayJlhTsTHI pa60T ,y'ieT !XW>eKTOB, 0 6YOJlo BJIeHHHX .ItBH

n lUleM UBH'l'pa Maoe , H OT.Il8'1l1 B MO./leD MeWKOB .naOT .norrOJlHBTeJIhHhle non
paBKB K CTaTH'ie OKHM xapaKTepaoTHKOM 6 apHoHon H YJIyqmneT oorJlaOHe Te o

PHD 0 DKOrre pBMeHTOM. 

YIIOT l$Ilo ltTOB ,ltBHaOIIBSl HYIUIOIlQ OTJIO' IH . It UpHMOPY, D P00 'iO T8X MOK

TPOMaJ'IUI THHlC II a KOH8Jl LHhIX tlX>pr.aJloKTOpoD HyK1l 0HO npHDO~T K lIo 0 6x o.IUI

MOOTH nOOTpoeJUtR Ko,~aHTHo ro peW811HSl ,II,lI.H DOJIII Ono lt <lJYIlKUBJI ICM p ROD 

HyMOHS. B pa60T8X ' Ttl n po61loMIJ ~:JY ' I OJIllO h n POMKllX MO.nOJIH 

MIIDIROB MloIT. B pe6 0 TO / 5 POOON8T PWDllOT OJI OrIHlI OPllOO IlOIlo if'(X • t ), 
BBlliiMO,no AoT nYlllllo o 00 OKOJUIp,JIUM 1l0000M 6' ( X • t ). KOTo poe 060 0

nO'DI DllO T 3 lJnH p8IU1 11 KDapKll . B poMKOX OTo A Mo.nenH a 1I0MOlllLII IW HOlllltl 80KO

ro uPO06POlJOB0 HKJ1 H.II. Boronlldono ( MOTO.n KOJIJIOl tTHUlUlX ItOOP.JDUlllT ) nl5/ 
nOOTpoOIIO Ilpa6JIHZellliOO ItoDllPHlJllTlIOO POIUIl II HO. B lluwoA poocre MIl HOIlOJl··

3Y6M MOTOJI , pa lJnHTN~ n OTo A pa 6 0 Tft. 

,II.IuI Ol1l'lC8 HHSl OJlOAOTD POIUOII Wl OTIIOOHTOJILHO II ODQIIHR JlOPOII-

IVI JlUO.lU'lT OSl npoH3DOJILIIO m old poull o e IIIl11p11MOIIHO It I H DJlro6 pn o n e 

pnr opou; 

H,P ;;: ( .) , 
I K, L= ([ ) , (0 



y~onneTBOPRDmHX KOMMY TanHORHHM COOTHOmeHHHM: 

[H.PJ =O. [K.LJ ~O . [H.I<J =i~H J [H .L] =-i~P, 
[~1<J =igp' [P.L] : -i~H . [il. H] = [P",P] =O , ( 2 ) 

[8,L] = [~ , K J =: O. 

~T06H nocTpolllTb KOBa pHaHTHoe nOJle lfr(XJt),He06XO,IllllMO BHnOJIHETb 

npe06pa30B~ EoroJlD6oB a , peaJIH3YDmHe CITHHOpHOe npe,ItCTanneHllle aJl

reops ( I) 6 . B 8TOM cayxae npeocpaaosanae Bor omo oaa , Ko:ropoe nPB

BO,IlBT K n peo 6pa 3 0BaHBD CUHHOpHOA qaCTB o nepaTopa raMRJlhTOHa: 

H'f :: 5-'(8) H.,. S((3) , (3 ) 

,IlOnOJlHReTOR n p eo6pa30BaHlileM CnKHopHoR BOJlHOBOR <PYHKllBH /4/: 

1fF(X, tJ z: 5(e) if( ~ (x,t)} ~L (il),t (X. tJ) , 
( 4) 

rrx.t) =Sdfd[ dw exP[[(wL-ff -[J£J.J] 1((fJ:w). 

MaTPHUB 5(e J , snwoouBstOR HeUp HBO,lU:lMoA ornIHoPHoA COCT8BJ1JlD1lsR 

np e~C T~e HHst r pyllDH n yaHKBp e. HMeeT B~ 

s(e) = exP{ i. e(PJ6;, i. ed , (5) 
r ,Ite 60, =f Un,,,,], 

TaKJdM 06PIl :JOM. n OCT poOHO OJIU,ItyDilea llPHOJl" tl r 0 8 KOHlIPI1L1I1TIIOO pe
lIIeHH8 )J,IIJ{ MO~OJlM MewKOll , npo,lt1(OJllOHIlOR 11 po 6 0 TO 7: 

1f; (X.t 1=jdfdwdf: (tXI'[wf(K:t)-f {C;'t)-li:(xJ])cN w.f)5(O), 
.') I (/ J d'" -i (!Jw- (o ) 'ff ( 0' )ep(w,f =tiff)" Ji J{etCl 0 ... e T, o. ,o..,jJ, (6) 

f( (L.f. ,r ) :: f t/~ ~,.. ( oj:(:~Y') \( i) «": 
J ... ,-- t~"J,(r(,.. r'Y 0 

[ft" B:] : ~::" " , 8... IM) - 0 , 

J~(K,.. r) • J~ (~r) - ClflePBqeOKHe <PYHJtIUm Becceaa ,
r~e 

I<MM ~OIIYcKBeT lfloI*YJIHPOBKY B paM.K8X T80pm! nOJIH, III n08TOM;y snecs 
T8De MOaBT 6HTb nPJIMeHeH BIiIIIflBS.noaeHHW!: MeTO,Il. ITpe,IlCT8mm (5) B 

ImJte pa3JI0Jt8HBS[ no CTeneHlDl I(31/~~ E, coxpaaaa q,neHH ,ItO Ip/2/ M: , 
nOJIY'IIIlM 

- i -4- (Y.i ) p- -\.- /P/1. .... ( 1Pl3)Sf - 2 M", 8M~ N!' (7) 
rne M", - MaCC8 HyKJIOH8. 6'0' f -MeTPIIll.l,8 J1.J,fpaIW. 

Tor,!18 8H8JlOlTmO ( 6) BOJIHOBWl q,yHKIJ;Hll Xll8pKa-MeIlIK8. ,IlBDyIl1ero
OR IWK ueaoe C mmyJIbCOM p, onpeneaaerca ~PMYJloll 

qp (y) =Sf 9;, (r) , (8 ) 

r,Ile 

i w t Cia It'J =( ~(~ ) -V e
t(Jvt{t") ./'

• (9) 

o(Jlepll'leOKH-CIIlMM8TPB'lHOe crarasecsoe pelll8H11le M'rn J48mKa/ I3/ ; 

U(f) z: 1"'0 i (wo r) ((y-) z: !i / ( ~) 
"lIlt/T 0 R.} Vl( (j" 1 (l. I 

All. W o 

IVa = .2 (Wo -t)J)w,) r<:~ 

B HIlOTOJlIIloA paoore MIi HOOJle.llY8M npousco II>oTOpoQeHHJI IIHOHOB Ita 

IIY KJIOII IlX 0 y'lOTOIl a<WJeKT OB ,ItBDOIUUt IIYlUlOH8 OT,IllltUf B paMKBX KMM.1',I(O 

IUIOHI{ MorYT npoHllKa Th DHyT ph MOIl1lW. llplll STOM II Il KJIOOOH'IOOKOM YPODR8 

OOTl> ,IlDO BKD2BOJIOHTIlH O ~~JIH POBKB: 11 nepnoa H3 100( rmOHH 1ISI:lHMO,I(oA 

OTDym n O OlUtOO~PHbIII CPS) 06 pa :IOM 0 ICDUpKllMH TOJILItO HB non e px

HOOTH MeIllICll /2 i no DTOpolt - n 09 D,11.0 n OKTOpIIWM ( PV) 06 poaoM BO BOOM 

o d1.eMo lIewlCll /8 • n paMICIlX JlUrpallaitall/1 KMM 0 PS- OMaLIl HllU0 8M0KI10 

OIIB OIlTl> S - BOJlHOB08 7'-''' - paccen n a o , 3T ll ol~OJl O Wl HOOJlO,ItODWIIlO 

n pao o ee 78/. rno 0 nOMOmbll r(() ~ '/ rl) =1'. 'tl'C i 'Crriri )$/2/"Jr(,.) IlPOOOIJltt,

IUm 11000y'IOH H3 JlLll'pal lKH llllU KMM 0 PS -ounan u n o n na JUU' P WWiWI 8 : 

1-(V) := (i 7(rJia rM-BJOy- flfcrJ1MlJs 'j (dr ;fc,»1
_ 1 m~ iftr, ·,.Ji '1(r' j r 'i«r''(rr) CJ)frrle, -/., i1'("CI'" 1--if-J10 " , 

.. .,,~ ( IO) 

:.! :1 



rne tJ.s =J( r - 12.) ; g - pa,ItRYC MeDIKB, 

t9v=[t. rs e , 
r.ne 

Hpv =Hps + D.Hps ' 
(I5) 

0, r'" > 12. , 
• ....." _ 1 • _~ _ ~ H =.i- J~,((J15(irF(f))9p(r)o(r-t?-)dr, 

-> t: .." - £lo r + -, It:-rJ pf> 1.1,T r
11) (v) =Jtil< dF Laj(l~.) e + 0j(t:.J e. , ( II) LlH =....L J~ (r)h'So. (fff(rJ)(fP}9o(()cf(r-R}d? (I6)

flS .2f,T M", P' 0 _ 3 - liz 
;.I" :; [ (1 /I ) .1,co; ] . TenepL. HcnGnLsyR (7)-(9), (II) H (I4), (I6),B~cnHM BepmBHH 

I-b ( 10 ) mUlIIo. 'I TO B3aHMO)le~CTBH e rraoaos C KBaPK8MH RBJllIeTc.R: nceB CKnLHOrO B aneKTpoMarHHTHoro BSaHMo.neacTBHn. ~ STOro r8MRnLTOHH8H
 

J!Oll ll IIT OPllhlM. llocnennee cna raeraoe B ( IO) naer pe SYJIbT8 T TOMOSaBa ITHOH-68PBOHHOrO BS8HMo.n;eAcTBBR npenCT8BHM B BH.n;e 72/
 
lIu nllOe pro M il 5-BOJIHOBOrO 11'" - paccaaaaa .
 

II 1181uell pacor e MIl c nOMoUiblO (IO ) pa CCMOTPHM nonpaaxa sa oT.n;aqy .!..., + "s _. 148 -+ .. 

Il !{MM C PV -csaasn , • HITI' =t. jclJr. L AoBo(~ (~Jaj(~)-+V\j' (f) OJ (1:»), (I7)
j =' .4 ,8 .0 /fa 

rne Ito ' 8. -oneparops YHHtlTOlII:eHIDI ronoro oapaonaoro MeIlll(B, If (o!J2. raMHJl bTOHMaH H BepWHHN BseHMo.n;eRcTBBR 
(W./riJ:; (U;A~i'}J"') - aepaanaaa ~HKl.lWI noraoaenaa (BCnyOKaHIDI) naoxa

•
~3 (10) nOJIY~M CJl 8~nmH R reMHJIbTOHH8H 7T~r-BS8HMo.n;eI\CTBHR B o HMnyJILOOM -;. B HSOCnBHOM J : 

nepBoM nopRltKe no Tr (V) 

If/t;) =6. 5cff'e d'r<AQYfp,(f)S·~9r(r)IBQ)J(r-~J, 
( 18)HI'Y =-.z ~/T Sdv ifjr)rr1s(f ~. if(yWI(r)O~ ( 12) 

snecs IAGo > • J0Q ) - SU(6kOOTOJnUUl oapaoaoa /9/. Ilo.n;oT8BJ1J1S1 
I1HTerPHPYfl no 'l8 CTRM H y<mT filJaR, 'ITO (7)-(9) B (I8),.ItJIR 7ftvfV- BepWHKN nOJlYtmM 

~ -dev ::: - rJ (r - ~ ) J - i V:i1M == 9'(1'), If.~''' --r.>~) - 5t"W.lJr(;·'J.~J(.L .t ..L) <""l t.(; i')I,AI) (1 9)
) ( ~)J, - 18 ftr {w. -1) N,.,r. J , 

VI :! (12) 110Jry<mM 

r.na 
(1'*' j '(-, ,-j ,, ) (7., . t: 11f t JII. :: ;,l: jf/(r}l1"(i rrtl'») (/(y) d(r--(2.J rJr ,;: I/ ,..s , LI

c 
(r , J." =(.J (I'R.)t! + $M; ; u (tV) =~tZ ) 

I V • t« ( 13) fC. /l.
• 

T. O. rUMH.IlhTOIlROll 1l KMM (: PS- H PV - CIIH:l l lMl1 II OTII TR' IOCKOM npao- " = I ~' I , 
J1Hlle lUlH :JKllHruJJWIlTIlLl. CJICJIOlI ll TIl JlhHO , no plllllllO 7r '1'1 - I1:JII HMO.ltO£lCTDIDI 

1#> • <# I - OIIHH • J!90 01l1llHOBOJI DOJIIIOI lWl ~1IJ( !,9UI IlYltJIOIlQ,T8 10te 0YJIOT O.nHIlO I(ODO n 00 011X nnpH/IIlTIIX KMM / 11/. 
if' :: ri ,Pi I ~ - RMIlYJIJ>O lIH OHll. f5 • P' - lIIM1lYJlLO. 1l11' lMh-B cJl y'IOO .ItllHlKYlllOMClI MOWIUI rlI MHJIhTOll lI II II /1'11 - 1l:llllf MOJlo l!c'rnID l 

HMeeT llil.n 1I0 ro H KOIl O'DIOro 11YJ<Jr0 118. AJIM OrH ' lHO R3 ( 16) onpo.ltOJlHM 

lJ.(f.~,.{ ;. ¥,,) = ~ 'W9 <,vI [~·(cr")UI( ,t:r.~) "/l " ~ y = - l~ I 1,...(tl " ),f (r'v,, irtr'}) 9,..: (t) OV d 
(t11) J ,I /61" fo/I~ RI(I." n 

( 20) . 

KaK B C'l'[J'fIl' IOUJWM 1I111l0Jl lUK UIIIl ll, 11 0 0 uoa on r,n ( 'I) - (u ) . n , +rJ( ; T)Ul(i:'":r.~)]It') , 
y <mTHBa Jl . 'ITO n ::lT OM OJly' lIl 11 

" ... 
- / r' t (~ ((; ) 7,;'(1') . iY11. 1"1. 1M I 

!',nU 

HS ( I 4 ) 1I0JlY 'IHM 

.
.



... -~ -:) -. ...
U.(K:T.R) z: ; ([t~·(/</?) - 3;,'(ICRJ] (a )J  r,ne [ - BeKTOp nOJIJtPRas~ <Ix>ToHa; q - RMIIYJI1>C <Ix>TOHa; >.,=[Cl£j; 

Az.=[!fP]; j3CPZ;=l... g. fulwdt Blm :J(rrJ :II (;/'(1<) nPRBe
,neH B npazoaeaaa. a!til' c i'1/pr.t [(/<((.) (¥#:r" ~(K~ ) - J; 0:.1<.)] ; B (I4) nOCJIe SSMeHli d ~ d - ieAJ'I no;ry'IHM rSMHJI},TOHHSH "(iff:(n:

,tIl -BSaHMo,ne!CTBBH: ~ ~ 

"', ~ /' 
-. -;>1:> "J' 

J .: IT/ '< z: L Hl'l'lii =-j.L: raa Sdv ft'P-' (f)r""yJ"A (r)(i"f(rJ) r.,,(f) 8" . (24)
/"K! Ii, e, I" I' 

~ T OT raMRX},TOHRan OnHCHBaeT BSanMo,ne~CTBHe ~aTHpax ~CTKU B O.nHott TO~
•• c,,' OIl) tJ (ft) . ")U (I~,:J )~ = ,L, ----=-- It(/Cr<- J xe (KOHTSKTHIiA 'lJIeH). BHtmCJmM OJIe.nyJllllHA MBTPH'lliHA 9JIeMeHT B C .u.u, : 

l I kll 

<~ (Kl / tJ(- ~') IHn'/f I'1(Q), tI(-ti) =.11.r f Go... Ea. ..~ 'to.. )( 
J~(~~) z: 3/C/C-/Z) _ Jo(',('<') .. 

J ... c'(cf-itJr + 5 -, -. 5 )/(.ft x dr-e $v Cfo(l') .• '10 (~tH's .,r(lorf. (25) 

.i.J ( t'~) z: 5' Jt Cr:.f?) _ j;(~(l} 060SHB'WI S_oL'(/fJ¥j"S-{:: CZ)(lf,;:" j" li!I,Y~THB8st (?) • HaxO,nHM 

J(.rt .. 
'D( ~ ~.) - l5 cpt)(it)ts - (i'f.'Jto " i (~iG)K5 

-.po -1 IJN ~~, ) I - ) -7 )..MN 1M,.
I1pE P=- r.. (c. u. x . ) llVj (fi',I' ,1l ;; 0, T.e. Y'leT a@le XT8 OT- (26)

J.na'lJd TaR lite , KSK B CTSTH'ieOKOM OJIY'i8e, He HspywaeT BltBlffiWIeHTHOCTH -i (~i\}(~{)K5 
PS H I'll 7T#1!- BOpamH B ooeax Be p cHIDC HMM . YM~ 

Y'IHTIiB8J'1 SU(6 ) - ORMMeT po , JlerKa l q1lY'iHTl> BOIJIIHHllYll iIlYllKUHJ) 

ffNtJ - Ds aHMO,noA cTBWI: llj"'lI( ILJl } 2/ : rne rt:: 'to ? ~ i\. z: [~'qJ. 1=-ci'+ef) / 
J'lJI - . ~ _ ["jz ' "N .. T,- ) ( 2 I) -I -I »r Vj ( J:- ,1'.~ ) = ·V iS L5. ( t<- " rl . ~ "' ;I1\ .:: [Q t } ) a=,?-~ . 

P8CCMOTPRM 9J1eKTp0MeI'llHTI We Bopunm u . ,U,1uI sr oro onpenozaa r OMHJ!},TOlUWIl 
KBSpK- lfloTOHlI o ro BS8 I'1MO,no Ac TBHSi B OJIe.nyllUleM ElUtO: 

4'K>pMYJIB ( 25) 0 y'leTOM ( 26) npHBo .I.CHT K Il MJ1JIHTY.ne OOOTBO'l'CTnyD1\e ft 
.Jt}tllr pllMMJJ p ac , I II (UM. 1l,LlIlJlOlltOIlBO) . 

( 22 ) HIli, =eSr:,G.. 't,.,(f) 't,,- 1f! {dJl1v}dr , D03,nO nPB onpe.neJleHBH DOpmHHH D3UZMO,no AcTBHH MU npoBO~ yopo.n• 
HOHRO 110 OIU'lIl- R:JOOlmJlOBUM oneper opeu xaapson, '1'. e. 

rne ff'(r ) =StJ9 df{[o(fJ/;r~r} DOJIIIOn LUI l1!Y IIKUWt l1lo'1'OHll ; Q ... .. t I 5" .
 
- aapaau KDnpKoD ( Ou :: -\- j 0 ,/ =- -4- ) • Ho n OJILa YJI ( 22). ( 7 )-( 9 ) , <,vlf0C\.·{""n. I,v) =J (l\Illf 't IN). (27)
 

nOJIY'iHM ,JVlJ( y"N - nepudfHu OJIo.nyn(eo nUpwlOIlHo : !iY'm OJlHM OMIlJIH'1'y.nw II'" -? tJ ii - rtponooon n dOpUODOKOM npH6JnIz o H
 

OOO'1'DOTOTDYbll1l0 ,iGtllrpuMMllM p HO . J (a- r ) ' H pao . 1.)( . )l,Iu1 OTOl' O 

On OO,ltllJIHM OOOTOJDl1l0 lfDlIlH'IO OKoro }lYMOIIO II Dl',Itn /~1 

/N ) =v'l'(, rJll >.. I\( E,.. 1l"r'H",.I,vIl ) , (20) 

I',lXU 1\ ::1- /!Jo >< !J.t - npooKIO'lOltJluA Oll ll ptiTOP , Ho - r aMHJll ,TOIIHQIJ 
( 2:1) IlllOMOXY'1'O I{}{OI'O OOOTomUIlI ; Z - 1(0 11 0 '1'0 11'1'0 IIflplIJOpmpoDKH. 

~ OIl O.lI}, llYJI (I9 ) - ( 20 ). (23 ) II ( 33 ), nU 'lIIOJUU( O1IB,QyD1ll0 MIlTp: 
11TH II 0 . u . M. : 

II 7 

<tI( ~" ) I Jdr 
t: (Nl f 

-t uI ,;' )( 



l
 

Ro.«(,q,,,) = <#o(-i'7J(\A!,·"'r.tJI ,..,.(0)<#.(0) I ,qIN. (-en> 
t;.,( K) + W(~)  N~ 

• ~1-J -+ 
~ J · 'Ilr. '" ...M= "r'e (Ja(rJ£) ja(r) =£

o 
~ <[wI f (ICr) 

) (29) 

R~(r: h '"1_ <tIo(-;21 (M \rI.(-t( ~)) <#,(-q:;J/W.'(;J I~( -')) 
I 1. ~ J 

- E",(;) - ~(-~-9) - 'tlf ' (30)

0' . 3 l c (i";) [ ~ 11"'-, -cII" (f, cr,I'·) :::- 2£ e (1,(1") N~ C;i"~ <flo (-t:.)~'N,;' (Q11 N,&-'{j ) -+ 
W l tc) - w (Q) - /9 J 

" < tJo(-~J1l1/rQ.~) (No(-91) ] (31)
T", If ~ ~ lhl -W(,d-wCG ' 

nOJIY'IKM 8MllJ1HTy.nll, oooTBeToTBYI)!UHe pHO. I(a .0 ,r) • HllHW\ BIm 8MIIJmTY
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