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f1pOCThl8 KB83>1'18CTJ1'1Hhl8 >I qJOHOHHhle KOHijl>tryp8L\Ml1 B fl,l(-

pe He ffB~ffiDTCff 'll1CThlMM B cpe,l(Hett M BhlCOKOB036y~.li8HHOtt o6nac

T>!, Mx B38l1MO.l(ettCTB>I8 MM88T B8ChM8 cno~Hhltt xapaKTep l1 BC

,1(8T K CMJI:bHOMJ CM8ffil1B8Hl1ID KOJIJICKT>IBHhlX l1 '18CTl1'1HhlX B036yif:

,1(8HM£i, 

~parMCHTBL\1110 npoc ThlX KOHijJHrypal.\Mtt 110 MHOrl1M fl)(CpHhlM 

·ypoBHffM MO~Ho onMcwsaT:b B repM>~Hax CM~oBott ljlyHKL\1111, aaBM

CR~e" OT 3Heprl1l1 l1 HpC.l\CT8BJIRIOffi8tt C060tt Cl1ny 3Tl1X KOHijJMry

pBL\Htt, ycpe.l(HCHHJIO flO HCKOTOpOMJ 3HepreTM'ICCKOMY l1HTepBa-

Jiy, 

B fiOJiyMl1KpOCKOilH'ICCKO£l TCOpl111 R,ll.pa, OCHOB&IB8HCh H8 

r8Ml1JibTOHM8H8 

H= Ho + V 1 
(I) 

r.lle H. -'18CT:b fiOJIHOrO r8M>!Jib1'0Hl18H8, OfiMCUB8101Jl8R CB060,ll.-

Hbl8 KB83l1'18CTl1L\hl l1 ljJOHOHhl, V -B38MMO,l\ettc TBMC KB83M'I8C Tl1L\ 

l1 \POHOHOB, .l(CJI8JOT riOilhlTKy Bhl'IHCJIM TD Hett TpOHHJID CHJIOBYJO 

\PyHKL\l11l/I/, 

Hl1~e l13~araewhl£l pesynLTaT HMeeT He aasMcRmee oT KOH-

Kp8THOrO Bl1,1(8 He l1 V llpl1U8HCHI16 llpl1 JCJI0Bl1l1, 'ITO 

pacnOJIOJ:CH>!C ypOBHCJ:l HaCTOJ!bKO llJIOTH0 1 'ITO HMCCT CMhiCJI 

ilpOBO.l(MT:b ycpe.l(H8HMC B HCKOTOpOM >IHTepB8JIC OKO~O K8~0tt 

TO'IKM H8 OCH 3Heprl1M, f103TOMY lUi He KOHKpeTH3l1pyeM Bl1,1( Ho 

l1 V , npe.l(il0JI8r8R TOnbKO, 'ITO H CCT:b B81!lCCTB6HHhltt M 

C>IUMCTpH'IHhltt raMl1JibTOHl18H, 

3 



J. 
PaccwoTplUI oneparop E -H H il>YHKUHKJ 

& {E)= <C\.j·-{-ja.> 
a, 1:- H 

(2) 

r~e faj-O~H H3 C06CTB6HHUX B6KTOpOB • 

!IOJJilCa STO~ ilJYHKUHH f,,.C HBnHIOTCH C06CTB6HHIDIH 3Haqe-

HHRMH !lOJIHOro rru.mn:OTOHH8Ha, a BHqeT.bl B !lOnJOcax E ~ 

CHna npocToro cocTOHHHH fa> B cocTaBHOM cocTOHHHH /:t> c 

aHeprHe~ £;, 
~"(c)= L 1<~1~>/· 

A £-£c ·• 
~ 

(3) 

~cnon:oayew rrpe~TaBneHHe,B ROTopou ~ HweeT ~aro

HaJI:oHu~ BH~: 

H,ji>~ £, ji;;- , (4) 

r~e f,- , fi? -C06CTB6HHOe 3H8q6HH6 H C06CTB6HHH!,i BeKTOp Ho 

ITonaraeM, 1:!TO 

vi,= <ifv/i> =a. 

3a!HIIU6M B STOll ilpe,li;CTaBJI6HHH UaTpHUY £- H: 

E-f-/= 

( 

13- li,, - VIL , - V,1 , • , • ) 

- VH, f- E,., - v~~, ... 

- v3,,- vJJ,, E:-t.J, .. · 
' . . 
' . . 
' ' . 

(5) 

Bocrron:oaoaaBmHc:o onpe,ll;eJieHHeM o6paTHoro onepaTopa, Ha-

XO,li;HI4, qTO 

Jr-t[E-H) 
&a {E)= 

Jd (E-H)cz, 

(6) 

ue J.t I £-H) -orrpe,11;eJIH TeJI:o MaTpHUH (5), a de{;( £-H)a--

orrpe,ll;enHT6Jib M8TpHUH,l10Jiy1:!6HHO~ H3 (5) BU1:!6pKHBaHH6M O~HO~ 
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CTpOKH H O~HOrO CTOn6ua,Ha rrepeceqeHHH KOTOpUX neMHT ane

M6HT f- E,,_, T.e. MaTpHUbl: 

(E- H)= 
" 

E- E.1,- ~12, • · · , - ~""', •• · 

- v~ 1 , £-E~,---,-~l'"•·" 

_ v~i, t·- Elk, •. 

(7) 

.l\aJLbme Jd (£-H) MOlii:HO aanHCaTb B BH~e CJMMU ~BYX cnarae-

MUX: 

Jet(£-Hj= {t-E.J J<I(E-HJ."· Jd ( 6-H.-j} , (8) 

r~e j -uaTpHUa, aneueHT KOTOpO~ 

j .=- (£-£,,)f [ (9) 
') '" ]'" 

PaanaraH waTpHUY (7) no npoHaae~eHHRM ~HaroHaJI:OHNX aneMeHTOB, 

MOXHO HaiTHCaT:O, qTO 
(1} 

rr e. 
M.(t-1-i): If(£-£,) {1+) ·-' 

" ~ E-t l~(, I if"{(. 
J ' (IO) 

r,11;e 
til )- I 

e.-= --
t L..__) £i- EJ 

j,f i,cc 

d s, + )--- J. 
) ~ IEJ·){t,-i") '}" t 

)>-/< J (II) 
("' i .• ) 

S .- (0-V,)) 
'J- -v,, c ' 

S,F-= ~
o- v, 1,- v,.,) 

- v) ~ , o , -- v)" 
-V,;,V,1 , o 

(12) 

AaanorHqHO HaXO,li;HM ,qTO {t/ 

Je./. ( E- H + J)-= fl ( E ·li,) · ) . !.!__ 
if=«. -;-;;;_ £- £1 

(13) 
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r.z~e 

(t I 
e ~ 

' 
. f 

~~ . ..,. z --;_-:.£) 
Jt a,, 

s"iJ + L 1 
_ s"'JI<-t·· (I4) 

/E,-E
1
){E,-t.) 

j>~ 

'"t ((,,·ij 

C ITOMOIJ(LJO (IO) M (!3) HBXO,liHM, 'ITO 

i 
e I<J )- J. ~u (E)~ E-£. {~~ L -:.E.; 

• t .Q. '~"-

(IS) 

3HeprHH COCTBBHOPO COCTOHHHH OITpe,lleRH8TCH H3 ypaBHSHHR 

(2} (fj - j 

r:-£" + 1_ 2 (1+-_L __!:___ ) = o 
£-El £-Ei 

z :F-e.. 2 #c~ 

(!6) 

3BM8llBH, 'ITO 
(~} 

f:; He 38BHCHT OT 118TpM'lH!iX 3R81f8HTOB 

Vai ' 
r~J 

: !,2, ••• , 8 ei Bblp8l!88TCH llSpea HHX
1
38K-

RJO'l8eM, 'ITO ITpH HSy'leTe COCTORHHR a.) Mbl ITORY'lHRH 6bl BMSC

TO (16) ypBBH8HHe 

(1/ 

{ ~ ) ._!!_:_ = 0 • 
~ E-E 
t-;:a t 

8 KopHH aToro ypaBHeHHR o6oaaat~HM t~epea E~. 

(!7) 

Tor.z~a C ITOMOIJ(LJO ~OPMJJJLI 1 Hli8JOIJ(e" M8CTO ;D,RR .liBYX ITORHHO!fOB 

f M ( J() H P, (.I ' TipH N L II'. 

{J., (X) 

aN L jJ (X) 
I" 

1~, (X, J 

,(-)' 

i 
~(K,-Xl' 

Ni 

:r.z~e M 111 - CT808HH ITORHHOMOB, tt,. - K03iWJII~H8HT ITpl! 
f" 

X Xi -KOpHII t: 0) 1 MO:Il!O ITpl!,li8Tb ypaBH8HIID 

(I6)BH,ll! 

6 

! 
~.t 

'\ Va, 
E-£-L- = (.1 

4 £-E. 8 • 

' ' 
(!8) 

3TO ypBBHeHMe MO:Il!O ITORyqHTL .z~pyrHM CITOC060M, ,liHBPOHBRH3H

pyH npe,liBBpHTeUHO MBTpH~y (7). 
8 

!IyCTL 0 -OpTOPOHBRLHBH MBTpH~B, ,liHBPOHBRH311pyiOI1(8H 

(7). Tor.z~a 

8 8 ~ 
Je.f:{E-H) = J,-{; 0 · {E-H) • 0 = /1 (E-E) • 

• a J 
)'/a-

EepR pacmHpeHHYJO OpTOPOHBRLHYJO MBTpH~y: 

IT ORJ'lHM , 'l TO 

r;n,e 

- 5 
0 = ( ~·~:) . Q B : 

·/ __ I 

jet{ E.- H + J) = d ef 0 B ( E- H+ j ) o 6 := 

=-) ~ (t-E
8
J p.t 

..___.. J q l 

1 J-t «,·t 

Val= 1_, v~, r\ = 1., v~, Ce (jl ' 
l e 

(!9) 

(20) 

(2!) 

(22) 

ITpH'leM Ce (]I -8MITRHTJ,ll8 rrpOCTOrO COCTORHHH /(> B CJJOJ!-

HOM COCTORHHH h> , B KOTOpoe He BXO,lii1T COCTOHHHe ~) • 

~OpMJRbl (18) H (22) npe,liCTBBRHIOT co6oU MO,li8RL Eopa-MOTT8Rn-

COHa1 KOTOpaH ITpHBO,liHT K BupaxeHHD CMJJOBOn ~YHK~1111 / 2/: 

r."' 
(
t) = -' r r • .. / f,. ~;, (£,.~E. -t) +f., 

(23) 

r.z~e r 6 E ,, - tfJYHKU11M OT E 11 -HHTepBBR yc-
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pe~HeHHH. ~opMyna (23) HOCHT o6mHn xapaRTep, T8R K8K RD6yD 

M8TpHUY Bll~8 (5) MOXHO npHBeCTll K TO~, KOTOpy~ OHH HCnORD30-

B8Rll. 
OTMeTHM, O~H8RO, qTO B 3TO~ pa6oTef

2
/ r ,. E,t 

~ 

Bblp8lK8RllCD qepe3 V,j , ROTOpble 1B CBOIO oqepe~D ,onpe~emiJillCD 

cor nacHo (22) qepe3 HeH3BeCTHble Ce (j) , no~JielltamHe onpe~e-

neHHIO. 
~CXO~H H3 CBO~CTB WYHRUHH rpHH8, Mbl MOJKeM Bbip83llTD qe-

pe3 Hee CHROBYIO ~yHRUHIO, ROTOp8H no onpe~eJieHHJ0/2/ eCTD 

P. (" J ~ ~ f ( ~ -£.) e, "'r E, J , 
(24) 

3~ecb c: {E,) -cuna npOCTOrO COCTOHHIHI /t~> B COCT8BHOM 

, f(i(J -HeROTOpBH HOpMHpOB8HH8fl 
COCTOHHHI! C 3HeprHen £, 

TI(-JiOJ!UI Tenbi!BH tiJYHKUHH ,6biCTp0 yMeHbiD810U\8HCH H8 paCCTOHHllll no-

pH,li,K8 4 

r·f(tl h = 1. (25) 

<l>opMyna (3) TI03BOnHeT nHCBTb (24) B BH~e 

e,,(t=J~ 2~ 1 f f(E-~1 6.{-;Jb/ • 

(26) 

C 
c 

- ROHTypbl, oxBaTbiBBJOU\He BHYTPH ce6H noJI~Cbl WYHRUHH 

6" (.,! • Cne~y/2/, depew B KaqecTBe j{x} npocTyJO ilJyHR-

UHIO 

f(t}"" 21< 

6 

"" ,>_,. (t>/L) 

Tor~a (26) 6y~eT HMeTb BH~ 

f.(EI=_!_J,,~.(£-•~)= __!. 
jj ~ 21i 

F+ t> 

:L ;.l 
(E,HE,-£) + ~ {T"-rt>) 

8 

(27) 

(28) 

Bocnon3oBaBm.llcD WOIJIYRaMH (I0-15), ~a~HM HBHble Bb!p8l!teHI1H 

.1lJifl <flyHKIUI~ [7 H ~ E"" • 

BBe~eM o6oaHaqeHHH: 
{II 

hi= l· e, (E-E,) 

'4' u. (E-E.,/+("',6. )~ 

(I) 
e, I ·-

dl= 62-(t-E.,)"..(%( 
t 1" ('~ 

t~=.L 
"*(l 

Tor.na 

e/'1(£ -E, J I•) e, 
A ·5- (t ·l,)"'t- (% )-'-

r'-~ -"- J 
(£-£,) +lo/.l )'-

AE.=-

f== 

1+tl-

t, (1+ f;)_,. ~I ~'1'1 

(t+ '~ !"" + Xt f,'~ 

r'' r rl 
'-1 c~- {1+C1 j t..l 

{ 
( "- l,t 

1+•,) + ~ E, 

(29) 

(30) 

(31) 

(32) 

<flopuynH (29-32) uoxso HcnoJib30BBTb AJIH cqeTa Ha SBM. O~HaRo 

OHM oqeHI> rpOM03.1lRH,n03TOYY MOryT 6b1Tl> OC06eHHO noJie3Hbl 0 eo-
It 111 (•) 

JIM orpBHHqHB8Tl>CH HedOJil>IDHMH CTeneHHMH no Y1j B f', M e, 

ABTOp Bblp8li86T 6Jiaro.napHOCTl> JJ.A.MBJIOBy 38 06CYlK.1!8HHe 

H B.r.CoJIOBDeBy 38 BHMM8HH8 K ~8HHO~ pa6oTe. 
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