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. . 
. § 1. npluiuun 

B H8CTOHIUefi pa6o+e MbL paCCMOTpHM B03MOmHbie~ o6o6iueHHH npHHUHna K0Mrt9HC8UUH 
' ,;( - .- .,__~, '< ' 

ona~Hb!X ,nHarpa.MM Ha ~nyqaH. rtpOCTp8~CTB9HH? H~O.UHOpO.UHbiX' COCTOSIHHfi·, a T8K)K9 yc;:a ~-

... HOBHM erb CBS13h · C MeTO.UOM. C8MOCOr118COB8HHOI'O nomi, 
" ~ ' • ~ ! 

Ba)I{HbiM npuMepoM. 3,necc' -M~)KeT c,ny)K~Th sonpoc o6 sneKTPO.UHJ;IBMHK_e i::sepX:l!poso

Jisnuero COCTOSIHHSI; KOI'.U8 Mbl . .UOJI)KHbi l!CCJI9.UOB8Tb 'peaKUHIO .UHH8MHqeCKOfi .CRCT9Mbl "H8 npn

JI0)1{.9HHe BHewHero Heo.nHoponlc{oro _nonsr. 

- - -~ ···nycTb 0A ('t)· 6y,neT BeKTOp~rtOT9HUii811 1 ~ aaBHCSIWHif:o~.- 'l, 

HOM raMHJihTOHHaHe sne'i<TpoHa · 6y.n~T . .nononHHTElJibH~Ifi q~eH: 
' ' ' . . . ~ . . ' 

. :_ {111, { (p 11),+ ( ap)} + . i; .. n",. · 
.. 

. . ' 

~·· 

HapywaiOWH:li rtpOCTp8HCTBeHHYIO O.UHOpO,nHOCT~, ...... ' 

3al\1eTuM, 'ITO Hannque qneHos· sToro· Tima rienae'I' He.nocTaTO'IHofi KoMn.eHcauniO nna~ • 
. .... -

rpaMM,. cooTseTcTsyiOWHX · HMnynbc'aM K ·. - K , ··n eficTBHTenhHO, onpe.nenasr , II ('t) .cynep~ 
. . . . . t I ·.j -~~ .. i 

IT031iUHefi KOMITOH9HT, ct:>ypbe: 

'' 
·-

Mbl BH.UHM 1 'ITO !3 T8KOM- )1{9 CMbiCJI.e. OIT8Cflbi.MI1 6y,nyT. li .nnarpaMMbl C rtpOH3BOJibHbiMH 'UM-. 

nynhcaMH I< i, , Kt -~·;~·so -B~~~;M cny;a~ Te, .nn~ -~oTopbrx ·-CJ-~ J<i + K;:_ :, .o.ocTaTO'IHO Mano • 

.Sl cito, 'ITO nx Heni,3sr H:6iniO'In~i, H~uin'M 'o6bi'I~biM Ka.HoHH'IecKHM npeo6pa3oBaH~eM, nepe

!lf'"TbiBaiOwnM 8MITJIHTY.U~I pO)K.neimsr a YHI~~+'c>;Kellnsr liMrtyJihCOB: ± K i Ta~ KaK OHO co.nep)KiiT 

;nnillh onHY.:.npo'u3sorir:,'~yiO cPYHKUHIO UK· (i.i11ll <~.) 
:·)·.·,-·., 

LlTOObl K.OMrteHCI1pC?B8Tb .nnarpaMMbi 'c 111060fi napott HM_IIY11l>COB 1 Mhr .UOJI)I{Hbl BOCriOJib-

3 osaTbcsr 6onee_ o6ii.tuM. Ka~oHn'I~cKnM ~peo6pa3o~~imeM, ·-<:~op~yn~po~ak~~i~-~ ~ -p~6o1-e \ 11'1 · ·, 
'· . ' . _,' ~ ' : :"":..,~ ' '.- . ~ •: .. · ·, .· ... ' '· . ·+' 

· · af =-~"·X~1f~~JI;·u-,.v "l). 
. ' Ill 

'• 
CrtliHOBbifi liH.U~KC 1 U :fV; ~Vj.V .- rtpOH3BOJibHbi9 cPYHKUHii 1 CBSI38H-

Hbie CBOeo6pa3IJ;biMH cooT.HoweliuSIMH · opT.oHopMlipoBKn: ... , , 

· .J {u1~U/. + 111.zttv}.=i (+~f')• -' 

- 121 

... ' ~ . 
Vf M9HHO STH COOTHOW9HHSI · o6ecrte'IHB810T K8HQHI:i'IeCKH:li X~paKTep paCC!vi~~pHBB.-eMOI"O· rtpeoo-

pa30BaHHSI 11 I. llnSI npocToTbi H3JIO)Keimsr Mbi H3yquM 3.necb -.o6o6weHHh-Iit npHHI!HII _KoMneH-
. ~ . ~ . - ·. \.. . . .. ~ . .. 

C ~UHH rtpliM9HHT9Jib.HO K I'8MiilxbTOHH!iHy C rtpSIMbiM B38HMo.neficTBUeM· Me}!{,ny ·qacTHU8MH 1 
• • ~ • .. • -1- -· .... ~. • ' • • : • • • • "' 

rtOCKOJibKY .B T8KOM cnytJ:ae y)Ke nepsoe, rtpH6JIU)K9HHe npHl'IO.UiiT K HeTpHBH811bHOMY pe3fJib-. 
... "- ~ • I 

TaTy, 

.. 

-. 

'. 

.. 
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.. 

. 
' - 4 

K 
. . . .. ~ '/2"1 '. . aK y)Ke OTMeqanocb paHe~ '· ·· , BB8Jl8Hlf8 B'. paCCM.OTpe~me, HaiipHMep, aneKTpOHHO-. 

. . . . ·. r . . , / 

cpOTOHHOI'O B38liMO!l8HCTBliSI IIOTpeoyeT rrepexoila KO BTOpOMY rrpuonH)K8Jili!O, Y1 M8SI B Bli!lY 

pa3nHqHbl8 ~pli~O)K8HliSI, B03bM~M Bbi~a,)KeHHe IIOnHOI'O: 'r-ar~1H~bT9Hli8Ha B !lOCTaTOqHO oorkefi 
I ~ .· , (;•' 

cpopMe: 

U = t T (F f ') af at, -i-·' ){ [v(h.~l2. if:. j ;)Jj, .. itf~ ~1~~Ck1,' 
. .. Tc-t.rJ·~icfOf'J--" li rt-f) . . ( ~--

.. 
/3/ 

r-ne 
') 'J\.·· xnMJiqecKlifi rro:reHuua:x,. J liH!lliBli!lYBnbHhiH · I'8MHnbTOHH8H qaCTHU, v:: --aHep-

' . . 

r- usr BaaHMO!l eficTBIHI · nap hi qacniu_; • 

" 
M l:,x, pa3yMe~Tcsr, rrpenrrona~aeM anech,. qTo I .w V y}:(oBneTBop5!toT_ oohiqHhiM 

ycnoBHSIM CHMMeTpHn·, .apMH;·OBOCTli; n''T,II. n'p~Huim KOMIIeHC8UliH orracHh;~ ,LJ,l1.tll'!Jt1MM 0. 

IIpHonH)K8HliH oyneT:· 
.. . 

·<_;;.;,· '·dv'.· Jvl ~·;i 0 . v, j).L, .. 0 

J4! ' ~: . · .. 
. ' 

YcpenHeHue oepeTcsr no cocToSIHHto Co .• cooTBeTcTBytorueM:y BaKyyMy_ nnsr HOBhiX aMIInHTY!l .. \ } - . . ... ,. . / 

dv 

. .., * + . 
'·'ci C·"=O·· :c: 'J:,-:·:=0 . v 0 , ' 0 . ~ . . 

· ;-t ~ r 1 ~f I ~ 

..---· r '~ 

.,. . /5/-

Y paBHeHHe /4/. ~jO)K8M. pac~pbiT~, IIOJlCT[lBliB,_c~~ll.}~biJ)B~~IIliSI_.f.V, H_ .~biqncnHB rrpOCThije 
' ~ ' ' • ' ; • • • 1 ~· ( '' ·"" ' •' ... ' ,' '' ' >- - ' ' ··~ • ,• ~ r ' ' '• ·, , i • 

BaKyyMHhie cpenHue, TaKHM
1

rryTeM rroryyqn,M., SIBHh!.~.~ypaBHeHH~, -~11~ _;orrpepe1IeHHS1 ·H~H3BecTH~I~ .. :. 

u ' .v- '°KOT0p:xe Hano p~waTb' COB~~~~H~ c ;cnoBHSIMli /2/. B .!p~ne cnyq~~B o~nee 
·y!lOO~O ppu~aTb 9TliM yp'a'~H·e.~li·~-~ H~C~O~~KO HHYIO ¢opMy, fToKa~e~:-;:n:sr 9~0I'0 1 -'i{TO. li3 

r • , - ' " , • . , ,..•, ; • ~i ,_ '{,
0 ~ ,"' ,--'' :f.":_, 

/41· en en yeT,: qTo: . 
·'; 

'Pi =- -< c 6
1
•-·· ·. af· . -. J.J]. _,> . = o 

. i ' 2, 1,· . . 0 . -
;. ~- ·,_ . r , .; ~l· • ••• 

.,,., ~'. 

. , . .. , . '. ' -r•. '-·' . ; '.. "' ' 
= ~ [a f , Q _·; H] >- = 0 ---- .. ~ .. i· -.ft, . · .,o· ·_,-.,-

' • ; • ' ~ < ' , :.,. -~.. '"' • 

~, 

__.. ._J3, ,. 
.'f'li 

. -f ~~ 
• .. 

.. 
M M:eeM :n'eJ:icTJ3u'-ienl,Ho~:·, ,..· "" ~: • ~ '· < 

;; ;...,_' 

. 

. . 
;.I •, . .. 

·. 
.. 

·' 
·:';' 

" 

,_," . 

;. 



'"L ,\ 

,, 
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/ 

~ .. 
( 

o'>">-•• 
··~ ..,,,, ~:, ' ' ~ -< 

Ho; ,BBH.!l.Y /5/: 
•' 

,• 

. ·"·.--

H1 KpOMe,Toro: •. 

~<ct~ JYJ, H~H<~v~ l,J)~ >o0::<-1"~~Yr Jj.+H ;~~o(.Y. >o ~0 
s • > ' ~-

' OTcio.n.a Ha ocH;'BaaHH · /4/ u· BbiTeKaeT·: ''· 

AHanorH'lHO 

ypaaaeaHii· /6/ cne.n.yeT ypaaaeHne /41. TaKHM oopasoM ooe aTn cncT.eMhi /4/ 11 /6/.non-
'' 

nOCTb!O 9KBHBaneHTHbl, . . . . .· .· . . 
: ~ 
\': 

'' 

' ' ; ' ' ·. '' ' ' ' ; ' . ·, . , ' ' ·' .. 

noKa)KeM ceftqac"''lTO caMH'qJOpMbl. Q_.~ ,· H !}3, ae HBnHIOTCH nes?BHCHMbiMII, HatiHeM ·· 
-· ' . ' .. ' 

' C npeoop830B8HHH COOTH.OWeHHH opTOHOpMHpOBKH /2/. Bae.n.eM ·KOMOHHHpoBaHHhie IIHueK.Chi: 

~;'' ' 

H nono)KHM 

'';~ = (f, J) 1:, f =-,{), i, ' 
·w =- (~ • cr j ;, ; y::; o, i . . · 

Cfv,o ( ~ 0 )= lffv, 
' ~ 

·lf1n (:f,O)= 'ltff~, 
lfv,o (i:t-)s U:fv 
tf' v, I ( :f, 1.)~ Vj.y 

B TaKHX ooo~HatieHIIHX 
' '

1 0
' ' • I ' ., 

paCCM8TpHBaeMble COOT,HOWeHHH npHHHM8IOT ·oohi'!Hhlll, BII.n.: . 

/ 

* ~· ~w (J} 'fw (ff'J=S (9-9') 

171 

181 

./9/ 
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OTKY.ll8 cne.oyeT, 'ITO ": 

· ·~· ~E- -t:;(jr·rw~~/~J~ o ciY-w; 
Hml, B'CTapbiX, 0603H8.'Ie~HHX! : ' , ... -

1 
• . , • 

' ,•· ,: * '.' . C_\ . \ , <*"' . , , '·. . '" '; ·_. , . ·.. . , I ' ' 

' : L :{' uf~u;~-T 1fjv, l!f~}:; a (V, ~J{ ), ' 
f -·. . •·,, .. - ' . 

.• 
'<-~ ' lc 

c' 
'; ,' -~-~ {0~ uf~)0v,;iltJ.}· 6 

f . . . 

·.' 
.. ~ 

+ 
-C nOMOlllblO 9THX COOTHOilleHHH' ,HeTpy.OHO Bblp83HTb aMnnHTY.llbl o{, oL tiepe::' 

.·. , ··. ;;_ • ~. f{;tt1, a(Vf' Qf } 
. r' 

06paTHM Tenepb BHHMa~~e- Ha TO~.lleCTBO 
., 

:-

+ .-., ' '.' 
<[c:L· Jv~. ·;·:.,Nl>-= 0-

Y. J).l_j 0 .. 
I ,.. ' . 

o6ycnoBneaHoe nHlll b CBOHCT~aMH /5/ •. n O.ll.CT8BHB .Cl0.1l8 Bbip_a >KeHHe /11 /., H8H.ll eM: 

. . .+ .. '* *' ~. . + . . . 
L <- [(Urv. q;f.+Vf.J>. Q-.L·)(Uf. v. af·· + ll. v.·LVl' .); u7). =_. 0 
:f-

1
, f~ J".1 I · I . I I . :T( :,, J., ;.t. . :IJ., J., • T.a_ . 'J 0 , ' 

HnH, pacKpbiBast - · · · · ·· 

-: 

. '* . + . . - .. (. .. ; ·. . . . . . < 

[ . ul··.,. uf· ,, <[ a.f o.,l~ (H}>o + L: uf·· v.-1/rf· )). <-[&"1 a-' ; u] > + 

I· 

( ' 

/10/ 

·+ 
a.,,a, 

Ill/, 

/12/ 

f 1 :T1 YJ JJ YJ., I . .t, • < :- •• - ·J. .J. · I I • . .t J., . . . I J~ . . ..0 ' . 
I 

1 
TJ, / _ .': • • . · . . · J fiJ J.,. . : ·" ' ' . . ' , . .. . · ,·· 

* * - . . j { • • *" .. \ . . ' ..,_ .. 
+ L · V,f. v u~· ,, < [a1 of. ;·N] >o:+ [~ l!f v. u-,f.· v. <~{a:f. af ; H > = o 

f. J I . I ;; J.,Y.t. . I .t. ·. • ·f. k _I _I. I • ~ :J, I .2, 0 
I I JJ.. . ' . . - '' ~ 

..... ,, 

~ ' . 

< • ·~ ' r< 

r~ 

\ ,.· 

·. 
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TaKHM o6pa3oM, y6e)KnaeMcSI, 'ITO Me)Kny ¢opMaMH 

xl 
H bl9 COOTHOW9HliSI : 

VIMeeM 

U (f. ,f,)~ 1 {r (f .. f)< a1 aJ;. 7. +; (h,J)< 0-1, ~1>.}+ 

+ Z 7! (f. ~ ; :f' J ')~ca.f' Ch'? + 
I ·

1 
II ~ · .t I ' 1 T~ o 

. f, f J., . . 

/.13 I 

/14/ 

xl 
3aMeTHM, 'iTo ecnH Mhi B ¢opMynax /6/, onpenenSIIOillliX , 3aMeHHnH ycpen-

H9HHe no BaKyyMHOMY 'cocTOSIHHIO Co· ycpen~eHHeM 
Se ( ... .o) . 

. s ~ 
. . I~ p ~ 

no HeK2Topy pacnpe.ueneHHIO J.J , nHarbHanbHOMY B npencTaBnemur ... '"v"' 

(Jt,=J.,y c/vv) 1 TO TO)K,U9CTBa /13/ Bee •)K9 liM9nli 6biM9CTOnpH J}l =. J}.,V , .[lefi-

CTBliT9nbH01. BBli.UY .Uli8I'OH8nbHOCTli . fJ . :. 
. + . + + 
5p (ctvd.-v I{!J)=Sp (H IJ.Jv 11 ~v):::: Sp (J.fc<,p ci., 7;)) 

II, cnenoBaTenbHO, 
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H T8iOK9 

P.J (f,,t.)~ f {r(J;..!-)<d,/;tf>,-T(f .!,)< ctf a.:F,.>}-

" { ( I I ) f. ·+ 
- 4 lT f, I ~ 7 f, ~ < Q,f I Q,f I ct.j Q_.L >o -
f,f,',f~ . I ), J~ 

1151. 

, ') + + }' ·- V ( :£., f; !~, f, <a; f, a,f .cvJ~ a,J ~ >o · 
Bxonsnune cro.aa BaKyyMHhre cpenHHe 'THna 

I + . - . 
F(f1FJ=<o.Ja;J'>o j <P(f,.A)=<();J, af~~ 

. FJ. ( f, I it; f:) I I ) ~ < it f <tf a, f I a f I >o 
I .'l. .t. I 

1161 

c?~. { J,, k f, .f,) = < it J, a-!,_ a!. a!. >. 

I 17 I 

+ + 
onpe.aeJlHM

1 
BhipamaSI aMTIJIHTY.llhi Q, 1 CV • 'lepe3 oC, 1 cL c noMOIUbiO cpopMyJihi 11 I. 

TaKHM o5pa3oM HafineM: 

r o.n. ~ q. lf·~ , 1> (~,.f.)~ r u1.~ v-~.. ~. 
~ ( f, I fJ. i J ~ 1)11

) ~ F ( j, I f, I) F ( JJ., f ~ ) -

~ F ( f,, !!, ) F ( fJ.,I,') + <P *( l. !~) cp ( f,', 1:); 
. . . . 

cpl ( f, ,£,£,£) ~ F {f,,A) cp (f31 /,)-

- F ( J,.f3) 4> ( f:.~f~)+ F (!,,A)¢ (~·,J") i 

./181 

/191 

1201 

n O.llCT8BHB UOJIY'I9HHhi9 Bhip8:>K9HHSI B 1141 1 /1511 Mhi TIOJIY'IHM HCK0Mhl9 SIBHhi9 Bh!pameHHH 

.ll JlH 

I 
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u (hI { ) =-u ( Jl, h IF, cp) 

!J3 (fl. A)=}; (fl. f~ IF, ct>) 
Y:f Me eM, HanpuMep: 

r.ue 

U ( ~./,./F, cf> )~y{E (J,,J )4:{ f, f.)+E (h..f }<P { :1;, f)}+ 

t S (f,,f,_)-L:{F (!;~)5(/,~)+F(~~)S (Ii, f)} 
f ... · 

E (h,l) = r (f,.f)~ 

/21/ 

+ ;Jv(krJ.'!)-u-(f,.fH}'J}F (J,'f') 1221 

s ( f;,/;_ )= '£, v- ( f,, f~; f:,f,') 4> (f~ !;) 
Y:fTaK 1 H8lll OOOOllleHHbtH npHHUHll KOMlleHC8UIIH npHBO,UIIT B nepBOM llpllOnlDI<eHUH K 

ypaBHeiJHSIM: 

~ ( ~ ,Jlv IF, <P ) :. 0 
/23/ 

. KoTopbie paHee obrnu y:>Ke noriy'IeHbi 
13

,4/ c ·noMOlllbiO o6o6meHirsr xopowo H3BecTHoro Me-
. . 181 " 

To.ua caMocornacoBaHHoro nonsr ct:>oKa , KpoMe 9THX ypaBHeHHil Mbi HMeeM ewe .uonon-

anenhHOe ycnosue, a HMeHHO, cpyHKUHH F , </J .uon:>KHbi · 6biTb npe.ucTaBHMbi B !flop Me· 1181, 

Bbrno 6bi olJeBH.UHO secbMa uenecoo6pa3HO ccpopMynuposaTb TaKoe .uononHHTenbHOe ycnomre 

B sn:ne psr.ua cooTHoweHn:il, Hano:>KeHHbiX Henocpe.ucTseHHO na F , cP . 3aMeTHM npe>K.ue 

BC9I'O, 'ITO H3 /18/ Cp83Y :>Ke Bb!T9K89T 1 'ITO 

/24/ 

... 

Bse.zieM onstTb KOMOHHHposaHHbie HH.UeKcbi ~: , tU. u paccMoTpHM MaTpuuy: 

I , .J(; . . ·.··. 

« ( J; 9 ) = ~ Y' w ( 3) !1 w ( 3 ') ft,l() 
/25/ 

B KOTOpOil 



~ 

- 10 

Tor.ua 

K ( f oj f.' o);: ~ Vf" iff'"; .. K{~ O; f: 1) = F iffv Uf'JJ. 

K (f. 1 i :f,' o)·= 'Z u ;y zr;,y; ~<( f, t; f,' 1) = -z u; Uf'Jl 
J) . - • )I . 

0TCIOLl8 nony'IHM B Cliny ycnOBiill OpTOHOpM!ipOBim /2/: 

. ') I F ( f,
1
f J,- cp ( f, f I) . 

K (~ • g = 4> * ( :f,/')
1 

o (f-; f)- F {f, f') I 
fw (9} ~tr,v C .upyrofi CTOp0Hb! 1 ::IpstMO li3 onpe.ueneHHSI /25/ Mbl BliLlliM 1 'ITO 

/26/ 
6y.uyT cooT-

n_eTcTBeHHO co6cTBeHHhiMH ~.ei<TopaMH H 'IHcnaMH onepaTopa K. • TaK KaK aTH co6cTBeu-

Hbte 'IHCna paBHbl uyn10 Hnli e.UHHHUe, J<. 6y,UeT rlpOeKUHOHHhiM onepaTOpOM Ii llOTOMy: 

t< = 1<. t /27 I 

PaCKpb!BaH 9TO COOTHO!lleHHe 1 Haii.ueM LlOllOnHHTenbHbie ycnOBiist 1 KOTOpbiM LlOn)KHbl y.uo

BneTBOpstTb cpyHKUHI:I F J:I o/ : 
. ·. . ~ . . 

F (' ~l A)~ f { F ( f,,l) F( J, f~) T cp ( :f;J,) cp (J, f~) 
. . . 

. L { F (~If) 4> { f, J~ )tF ( fJ. I j) ~ * ( f ft)} = 0 
£ . . . 

/28/ 

' ' n OKameM ceii'IaCI 'ITO ycnoBJ:Ist /24/ I /28/ nonHOCTbiO 9KBHBaneHTHbl ycnOBI:IIO npe.ucTaBI:IMOCTI:I 

cp~HKUJ:Iii F 1 cp B cpopMe /18/. llnSI aToro HaM ocTaeTcSI .uoKa3aTb 1 'ITO nJ?6bie f: 1 </> 1 y.uo·

BneTBOpSIIO!lli:Ie ycnOBI:ISIM /24/ I /28/ I . .ueiiCTBJ:ITenbHO npe.ucTaBHMbl- B BH.Ue . /18/; npem.ue Bce

ro aocnonbayeMc~ TpHBHanhHbiMI:I yc.noBJ:ISIMI:I /24/ J:I aae.ueM MaTpHUY K (~·jjcooTHO!lleH~eM 
/26/, B cHny /24/ K o•IeBHLlHO 6y.ueT apMI:ITOBcKoii II noToMy Mo:>KeT 6hiTb npe.ucTaaneua B 

cp.OpMe /25/ 1 B KOTOpoii 'fw ~) 6y.ueT npe.ucTaBnSITb OpTOHOpM1:IpOB8HHYIO CI:ICTeMy co6cTBeHHbiX 

BeKTopoB I< , BBe.ueM B npocTpaucTBe TO'IeK{tj,.} To:'le'IHOe npeo6paaoaauJ:Ie • T 1 MeHSIIOUlee 

(f, oJ Ha (f,1) J:I uao6opoT, J.1MeeM: 

TK.=K (r~,T;j')-

:: 

. * ' 
b ( j-J) -· F ( ~ f I) ) cp ( J., f ') 

. - ~ {f. J ') I F ( ~ If) 

*. . . 
I . /, I 

:: ~ (J-j )- K ~~~~) 

BBI:ILlY ~)TOf'O CBOHCTBa HeTpy LlHO 3aMeTHTb 1· 'ITO ecnii <f(f!} eCTb K8KOii-nJ:I60 CO~CTBeH
H bl'll BeKTOp onepaTopa /( 1 n - COOTBeTCTBYIOlllee, C06CTBeHHOe 'II:ICno, TO <f (Tff) 1 

i- W 6y.uyT TaKme co6cTBeHHbiM BeKTopoM J:I 'IHcnoM .unst K 
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TaKHM o6pasoM, nyMepauHIO { W} co6cTIIenHbiX BeKTopoBo 11 'IHcen onE!paTopa J!. 
ocywecTBH~b CHCTeMC~H nByX IIHneKCOB { v, 'r} 1 ('r .c. 0, i ). , nOJlO:lKHB:. 

Ten epb BocnonbsyeMCH ycnoBHHMH · /2 8/, us KoTopbiX BbiTeKaeT, 'ITO 

MO:>KeM 

/29/ 

11 , cnenoBaTenbno, YVw = 0.1. Enunn'lnoe 3Ha'lenHe npHnHll!eM ft,.y , a nyneBoe :f.- n,P , 
JlHKBHnHpOBaB TeM C8Mb!M npOH3BOJl, conep:>KalllHHCH B pa36lleHHll HHneKCa tc) na. {P, 0} 
H (V.l.) 

OnpenenaB 'fJJ,o ( 9) , tfv,i (g) ; Mbi ~om eM Tenepb onpeneniiTb cPYI:IKUllll U.y {f) 
1JV (f) , o6paTim cooTHOll!eHHH /8/. TaK KaK Cfw { ~) o6pa3yiOT o6brtiHyiO opTonopMa

poBO'IHYIO cacTeMy, Mbi. BHnHM, 'ITO naiinenHbie cPYHKUIIH U, , v- 6ynyT ynoBneTBopHTb 

cooTnowenHSIM /2 I, DnH ·oKOH'IaHHH Hall!ero noKa3aTenbCTBa naM ocTaeTcH JIHlllb pacKpbiTb. 
. . . . . . x/ 

paBeHCTBa /25/ II 3aMeTHTb 1 'ITO II3 HHX nenocpenCTBeHHO .Bb!TeKa!OT npencTaBJleHIIH '/18/, 

. vlTaK t 'naiua· 3ana'la npiiBeJ18Cb K pell!eHIIIO ypaBHeHHH /23/ COBMeCTHO C nonomm-
' . 

TenbHbiMll ycnoBliHMH /241, /28/,· ¢yniu.xm. U , 'lr • HBHO 3necb yme ne ¢n:rypHpyiOT, HaiinH 

Bbipa:meuasl nnH F 11 cp , Mbi MO:>KeM 3aTe~ yme orxpenenHTb II cHcTeMy ¢ynKuHii 

{u '· ·v ), C nOMOll!b!O H3JlO:>KeHHOI"O Bb!ll!e IIplieMa, non'lepKHeM 3necb';. 'ITO onpenenenn:e 

C liCTeMbl{ U, ,1[} con ep:>KHT 60Jlbll!OH. npOH3BOJl, :0. eiiCTBHTeJlbHO,· nyCTb; 'fJ),O ( ~) npen

cTaBnHeT opTouopMn:poBaHnyiO cn:cTeMy co6cTBeHHbiX BeKTopoB nnH . onepaTopa · K , cooT.:.. 

BeTCTBYIOlllliX enHHH'IHOMY co6cTBeHHOMY 3Ha'leHn:IO, Ecnn: Mbi nonBeprueM .ee rxpon:3BOJib

HOMY yHkTapHOMY rxpeo6pa30BaiJlii0 1 Mhl OIIHTb.IIOJIY'IliM OpTOHOpMlipOBaHHYIO CliCTeMy Q06-

CTBeHIJbiX BeKTOpOB onepaTopa K ' :COOTB9TCTBy!OUlliX enn:Hli'IHOMY co6cTB9HHOMY 'lliCJIY. 

To :>K e 38Me'laHli91 p~3yMe9TCH 1 OTHOCHTCsl ll K 'tJ},J. ( ~ ) '. 

Bn:nn:M,.,cnenoBaTenbno, 'ITo cn:cTeMbi {<fJ),o {9)} , {CfJ.I,L··(~J}. onpeneneHbi 

Jllilllb C TO"JHOCTb!O no IIpOli3BOJlbHbiX YHliTapHbiX rxpeo6pa30B8IlliH 1 neiiCTBy!OUlliX Ha liH

neKC }.) ·, noaTOMY li B cPYIIKUliHX { U-
1 
v} · conep:>KHTCH Ta :>Ke CTeneHb IIpOI13BOJ1a, 

x/ 
YJnTepeCIJO OTM9TliTb 1 'ITO 9CJlli 6bi Mbl llM9Jlli neno C cPYHKUliSIMll, ynOBJ19TBOpSIIO
UliiMll TOJlbKO ycnoi3n:si:M /24/, ·To, nQBTopn:B cnenaHIIbie paccymnenn:H,,,Mbi nony'ln:nn: 
6bi BMec-ro /18/npe.I:}cTaBnenn:H Bn:na: F(f,1')=-'E., {'li-fv 7/j.'JJ (i-n,)+UfY U;~ n.,.,} 

· cP (f,f ) = ~~ { UfY Vf'JI {i-n,,.)+ Vfv 1(,-f'Y n.,;} 
3aMeTn:M ellle, ''ITO ecnn: F n: cp onpenenHIOTCH c noMOUlb!O ycpenneun:g 

f:(f.t')=Sp{ctf a-f'D}·(SpJJr1; t/J (f,J'J=-5p{a: QJ-·.0} (Sp_ ~rt 
no J11060MY nOJIO:>KliT9JlbHOMy CTaTliCTli'Ie·c KOMY onepaTopy IJ , TO onepaTOpbi 
K, t~K .zlon:>KHbi 6biT:b o6a neoTpn:uaTenbHbi-Mn:·, u noaToMy B nony'leiiHOM npen-
cTaBnenun: 0 ~ yt,.J) 6 i · . . ' 

.. 
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M bi y:me rosoprmn, qTo ypaBHeHHH 1231 He HBJIHIOTCH HEiaaBHGliMbiM!j 1 TaK K~K ¢opMbi 

U·!J3 csnaaHbi Me~LlY co6ofi · To)l{)lecTB.;IMH I 13 I. n osToMy so MHorux cnyqanx uene

xl 
coo5paaHo paCCMOTpeHne OLlHOPO li3 HliX: 

u ( ~ I 1-L IF, cf:>) = 0 

c OBMeCTHO c )lOITOJIHliTeJibHbiMli YCJ10BIIHMII 124 I. 12 8/. n pyroe li3 ypaBHeHnit 123/ 6y Ll eT ' 

TOrLla. BbmonHHTbCH. aBTOMaTitqecKn, PaccMoTpliM B KaqecTBe rrpnMepa Bon poe o5 orrpe)le

nemm OCHOBHOfoO CBepxiipOBO)lHIUero COCTOHHliH B TeOplili CBepXIIpOBOLlliMOCTlf, nono:mlfM.- B 

H8llJliX <i.JopMynax !- :;- ( p,O..) , r)le p - liMIIYJibC, (j'- - CilliHOBbiit lfH)leKc, LlB8 3Ha'leHliH 
. . . . . ul 

KOToporo ycnoBHM<;:H o6oauaqaTb auaKaMH + u -. · BoabMeM, KaK o6brquo • 

I ( p,p) ~ E ( p) cf ( p-p) 
• I 

v ( !iJ. f'J.} J!'· J;.) = ".1 ( P,, PL 1 P:. pi) J-(P,r P,. -~'-p:) lf {r;; -rr, 1) li (ri'f.- <1;.
1
) 

v . 
1301 

r)le Y OO'beM CliCTeMbi • 

. B KaqecTBe J Mbi · paCCMa.TpHBaeM BeiUeC!BeHHylO lPYHKUliiO, liHBapnaHTHYlO IIO OTHO

llJ eun10 K rrpeo6paaoBaHHIO oTpa:meuun liMITYJibCOB p-- p . HeTpyLlHO IIJ?OBepnTb TOPLla, 

qTO BCeM H8llJIIM ypaBHeHliHM II )lOIIOJIHIITeJibHbiM YCJIOBIIHM Mbl YLlOBJieTBOpliM, IIOJIO)KHB: 

F ( f,f')= F (p) o ( f-f'). cp ( f.f') == s ( f+f') cJ> (f) 
. . 

¢(P,+)~-cp(p) I ¢>(p,~)=cf>(p) 
131 I 

rLle F { p} 1 cp {p)-- BewecTBeHHbre· q)yuKunn p , IIHBapnauTHbre no OTHOllleHHIO K rrpeo6-

paaoBaHn oTpa:iK.euun HMnynbca, orrpeLlenneMbre ypaBueunnMn: 

xl 
Mbt Mo:meM rrpeLlcTaBHTbc~ TaK:me cny>~afi, KOrLla cp = 0 . Tor)la, uao6opoT, 

ypaBHeHlfe 'f)), = 0 BbiiiOJIHHeTCH TpliBII8JlbH0 1 II Mbi LlOJI)KHbl Orpafilfqlf~bCH .pac-

CMO:rpeHlfeM ypaBHeHlfSI iJ'3 = 0 •. 

xxl 05 . . pawaeM BHlfM8Hlfe Ha To, qTo B HallJeM li3JIO:meHIIlf Mbl ITOJib3yeMCSI LllfCKpeT-

HOH LleJibTa-¢yHKUIIei1, T.e, cnMBonoM KpoHeKepa: 

O'(p)=i 
't(p)=-0 

p=·O 
p :/=- 0 
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. £5 (p) <P { p)+- L-~(pl ~· :f ( P. -P;-p; p') <P ,'p') = V 

F( p )=.F CJ.(p)-rcp'(P) .. 
B KOTOpb!X 

·. 3 (p)= £ (p)- Jl + 1/v~· { 2. T (p:pjp,p')- T(p,p'j P, p'~} F ( p) 
n onO)K HM 3ll ecb . . p , .· . . . 

,P (p)= ~t~P) .. n{p)=,J~~(P)+C'-(P) 

F(p).· =· 1~ .{ i- ~ (P) }. 
.. fi: .n (p) 

• . c 

n: y6er:r.n:Mcst, ttTO C(p)yr:r.o6rieTBopstf.n ypaBHeHn:IO: 

' if. . . . l ') c (p') - 0 
C (p)+ v ~ T (P, -p;-P; P UL (p'J- .· 

/34 I 

· I 35/ 

KaK sn:r:r.Ho, Mbi npn:xor:r.n:M ar:r.ecb K. o6bittHhiM ¢opMynaM TeopiHI csepxnponor:r.n:MocTIL . . . . . . 

. <;ooTBeTCTBYIOIUn:e cPYHKu~n:.{'U-, 11} MO>K~o onper:r.enn:Tb, · nono}KHB: 

Uv (f)=U(p)cf(v-f), .l)y(f)=Vff)§(Yrf) 136 I 
. . 

/J(p,+)=·if(P) I l/;(P,~} =--ll{p).; 

. \ ' 

v- ~ ( p) = F ( p) ., u~ ( p) = 1.- F ( p) 
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§ 2. M eTon caMocoPnacoBaHHOCTH nonSI. 

M bi p8CCM8TpHBanH AO CHX nop nHlllh BOnpoc 00 onpegeneHHH dCHOBHOI'O COCTOSI-. . . ' . ~ . 

HHSI 1 HeaaBHCSILUePo oT apeMeHH, HeTpynHo, onHaKo,. oooomHTh MeTon caMocopnacoBaH-

. HOI'O nonSI H nnSI H3y"!eHHSI npoueccoa, SIBHO aaBHCSILUHX oT speMeHH, BaeneM nnSJ 9TOI'O 

38BHCSILUH9 OT Bp9M9HH cpyHKIIHH 

Ft.fJi,fJ.)=af, evf~ <Pt, (f,,f:~)=~f, ~f~ /37 I 

H ycnOBHMCSI P.8CCM8TpHB8Th aMnnHTYAbi ~ B npencTaBneHHH refiaeHoeppa, Coaepwaxo-

meecSJ anech ycpenHeHue Hano noH~MaTh TOPna, KaK ycpenHeHue 

fl =. Sp (.JJ~) 
SpJJ 

ITO H9KOTOpOMy, He 38BHCSILU9MY OT i: 1 CT8THCTH"'9CKOMy onepaTopy JJ , 3aM9THM Tei:Ieph,, 

'ITO H3 yp8BH9HHfi ABH;>K9HHSI BbiT9K8IOT cnenyxomue TO"!Hbie COOTH01119HHSI! 

. ar (f,f~) =co:;~-'- ·j N]; 
~ 'Ot 'j, n 

CJF(.f~.f~J =[.aiaf; H] 
.~ o-b.·· , . .t. 

tinH, B oonee pa3BepHyTOfi cpOpMe: 

i a F !_~ .fJ,) = 2:: ln.(f;_;J) F{ f,.f)- T (f. f,) F (J,I._)}:-J t', ' 

- ~ . I { 1! (:h:J ~ J. £ l ~ (f,'~ ;; ;/, -1,.)~ If ( k j; J;,/,') F.. {ft.U/ !,')} 
f..~,f:_ " . . . . . 

~ ()~ (f,. fL) = 1 {r( f,, f) 4>( f. f.); 7' (A.f )</> (!,,I)} t 

1! (:£.i; !:~~') ¢ ( J,',J;)+ +E 
I J,'J~ 

+ r, I, [ v ( 1,. h J~ J,' J ¢J. ( J: 1J,, J ~, I,'J + 
f,J, ,:f.J. . 



I' Jl e OIT£1Th 

- 15 -

F ~ ( J, I f2. i f ~ . f:) = Q,;, Clt;,_ a,}~ ~ f ,' 

c/Jz (f,; f2., f!J, f,J = a, r af· a, l a.1 . ·. :r, .It, J3 I{ 

n 0 npHHUIInaM TeopHH ueno"'eK cPYHKUHil: pacnpeJJ,eneHH£1 Mbi JJ,On}l<Hbi ObinH Obi .CHOBa Bbipa-oF u,.~.. .· .. · · · · . ' . . ·. 
3HTb --~ 

1 
~1., qepea cPYHKUHH pacnpeneneHH£1 oonee BbiCOKOI'O nop£1JJ.Ka· H T,Jl, 

1>t ()-{;, . . . .. . ... 

n epeXOJl K saMKHyToil: CHCTeMe npaonameHHbiX ypaBHeHHil: MOI' Obi ObiTb coBepweH 
~ ~' . -~ 

a a cqeT "pacmenneHH£1~ oJJ,uoro "·aa. :raKax ·ypaBHeHliil:, · Hanp~Mep, c· noMOIUb!O KaKotl:-mtoo 

ITOJJ,XOJJ,£!IUeil: annpoKCHMaUHH
1 

Bbipa:>Ka!OIUeil: BXOJJ.SIIUYIO B Hei'.O BbiCWYIO KOppenSlUHOHHYIO 

cPYHKUHIO qepea HHawae,. B MeToJJ.e caMocornacoBaHHoro non£1 Mbi JJ.OBOnhCTByeMCSI uaaoonee 

npOCTbiM H I'PYObiM ITOJJ,XOJJ,OMj a HMeHH0 1 orpaHH"'HBaeMC£1. TOnhKO nepBbiMH 1 y:>Ke nony"'eH-. 

HbiMH ypaBH9HH~MH. /38/
1 

/3@/ H npOBOJJ,HM B HHX npHonameHHYIO 3aMeHy r~. 1 ¢2, ttepe3 

F cP ·~ BoabMeM aTH. cPYHKUHHx/: 

. \ 

. S p { rkj.,- ( -t) aft (f.) JJ } 
5 .. :0 p 

5p { a;t, ( -t )a, h (t) .0} 
.. . Sp lJ .. 

Sp{aA (f)ah (f)O.,J~ (-t)a1;'(f:)~} 
Sp~ 

/41 I 

H npeJJ,nOnO)!{HM
1 

'ITO+ CTaTH~~Httecimil: onepaTOp 7J ~··· .z:iaai'OHaneH B npeJJ.CTaBneHHH ,, , n~ 
,., '· B KOTOpOM /?,~= clv,/-f) d_y ( t) , CTpOI'O I'OBOpSI 1 TaKOe npeJJ.nOnO:>K9Hite MO:>KHO CJJ,enaTb 

OJJ,HOI'O cPHKCHpOBaHHOI'O MOM.eHT~ Bp~MEmH,: ':raK ·KaK 7;) OCTaeTCSI ITOCTOSIHI!biM 1 

a c\, (f.) 
. + . . . . . 

J.., (t) , Booome roBopst, naMeH£110TC£1 co BpeMeHeM. TeM He MeHee, Hawe 
' ~ . ' "' ' .. . . . 

T onbKO JJ.n£1 

npuonameHae. M;muo cttltTaTb npaBIInhH~iM .b.n£1 nepsoro npaona:>KeHII£1 B Tex cnytta£rx;KorJJ.a 

ocHOBHast ttacTh ~aM!inhTOHIIaHa J.l B aMnna;yJJ.a~ cL ·. HMeeT BHJJ. 

· · ~ .Q · (V) d,t·o(y 
v 

x/ r...ta . F n TaKoro onpeJJ.eneHHSI cpaay me cneJJ,yeT, "'TO cp .. BcerJJ,a YJJ.OBneTBOp£110T 

ycnoBH£1M /24/. 



TaK KBK TOI"',tia B "Hy!:leBOM IIpH6niOKeHHH" ypaBHeHHSI .llBH:>KeHHSI 6y.nyT: 

CJ~v- Q (v) ~J} 
L C>t - .. 

a .nng HHX 

+ . 1 
J.,v (f) d., v (t); Cons?C; 

3.n ecb I"'naBH8SI 'IBCTb 38BHCHMO~TH a f ( t) , a,; (t) 
pyeTCSI BpeMeHHOii 38BHCHMOCTb!O 4:JyiiKUHH u , v- • 

OT t , TaK CK838Tb 1 KOMIIeHcH-. 

I1 crronbayg yKa3aHHoe rrpn:6nrr .>KeHn:e, 

.. rroa~TaBHM B /41/ Bbipa.>KeHHSI /1 I rr ~bmonHHM ycpe.nHeHrre c ·y'IeToM .nrral"'oHanbHocTn: · lJ 
B ·rrpe.ncTaaneHn:n: ,..,., ... 

nony'IHM! . ·. ... . , . . . : . . . ., .. * . . * 
F (f,, f2.}~ ~ {llf, v vfz.v {L- n,JI )+ Uj,JI uftY' ti-J}} 

/42/ 

<I> (J,, J4) = l: { Vf,v.Vf2v (i- fiv)+ V"J, ~ 11f~;, ii"} 
~ . . Jl +. . .. · 
n,V- cpe.nHee·oT cl" (t)clv·(i) · . · I"'.ne 

Haii:.neM TaK:>Ke: 

F 2. ( f,, ft ;_ J ~ f :) = 

= F ( f,. f:}F ( f2..f~)-F (h. J~) F ( f,.,f~)+ ¢*(h.f~) c/J(J/, f~) 
.. • ' - I 

/43/ 

4>~ (f,if?w,-h,f~)= 
1441 

.~ = F ( J,,f2.. )¢ ( f3,J,) + F{ J,, 'h)cfl(f2-, £ )~ F(.!,,fJ )cfJ ( f:L, f;,). 

n O,llCT8BIIB 9TH ·~bipa:>KeHIISI /43/ 1 /44/, B ypaBHeHIISI. /38/ 1 · /39/ 1 Mbi II IIOny'IIIM BpeMeHHbie 

ypaBHeHIISI C8MOCOI"'naCOB8HHOI"'O IIOnSI B Bn:.ne: 

~ () cp(f,, f~) = su ( f, ,fJ, fF, c/J) 
. . - . . . - . . 

i 'VF (J,,A)=!S (f,, fJ.jF, cfl). 
·,,. 

H eTpy.nHo 38MeTIITbl 'ITO Bxo.usirun:e CIO,lla ¢opMbi S)l I ~· IIMe!OT' Te :>Ke Bbipa:>KeHn:stl -~TO 

n: .· paHbwe. 8To o6ycnoBneHo coBrra.n eHn:eM •. rrpaBbiX 'Iac~eii: .ypaBHeHn:ii 138/, /39/ c cooT BeT

CTBY!OllliiMII Bbipa:>KeHIISIMII ~-3 fi4/l /15/ II .COBIIa,lleH:UeM ¢opMyn /43/ C ¢opMynaMII /19/
1 
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/20/, M bl MO:>KeM 1 cneLlQB8TenbH0 1 BOCIIOnb30B8TbCS:t paHee YCT8HOBneHHblMFI CBOfiCTB8MFI 

.1)1, , If 1:} , 06paTFIM cefiqac BHFIM8HF!e H8 TO:>KLleCTBO /13/, CIIpaBeLlnFIBOe B paCCMaTpH-

, x/ , \ _, 
0 

-, 
BaeMOM cnyqae IlpFI· . Y f = Y .Z, , CHOBbiBas:tCh H8' HeM, ycTaHOBFIM B8:>KHOe ,CBOHCTBO 

peweHHH ypa:BHeHHH /45/, a HMeHHO To, 'ITO bns:t nio6oro peweHHs:t 

=0 /46/ 

YJ Ha'le r"OBOps:t 1 IIOKa:>KeM, 'ITO C06CTBeHHbie ''IF!Cna orrepaTopa K OCTaiOTCS:t IIOCTOSIHHblMFI IIpFI 

FISMeHeHF!FI BpeMeHF!, Ho, B COOTBeTCTBFIFI C /25/: 

n 09TOMY CLlenaHHOe yTBep:>KLleHF!e 6yLleT. Ll0K838H0 1 K8K TOnhKO Mbl y6eLlHMCS:t 1 'ITO rrpn 

n ro6oM tU 

H o TaK KaK acer.na 

. I'L-yi = J,... fL Vo 

Mbi BHLlHM, 'ITO paaeHCTBO /47/ LlOCTaTO'IHO LlOKasaTh nHiilh Llns:t W=-. (V,O) 
,sySICh orrpeLleneimeM 1261 orrepaTopa. K · H ·.cpopMymiMH /.8/ , · HallLleM: 

:;. -

- Z Uvf. lfv.L' 
j:f' ·J. 

d 4>(J,J')_ 
c~-b 

dF(J.f) 
dt 

/47 I 

• nonb-

x/ .KaK y:>Ke paHee OTMetJanoch, TO:>KLleCTBO /13/ 6yLleT r3epHo rrpli 'nro6biX y,. , Y.t 
ecnH B cpopMynax /42/ .Bee ~~:: 0. • · • 
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OTKyna Ha OCHOBaHHH /45/ H /13/: 

if~· 'fy, (J). dK~/) tf: (9')~ 
-'t• { ~f IJ;,piJlJ (f.J)+~fU,f(M'J+ U,fv;,f' (f.f)+ 

* + U,f Uvj' !13 ( J,f')} = o 

'ITO H noKasbiBaeT cnenannoe yTBepmnenae /46/. 

Mhl HMeeM snech THITH'IHOe CBOfiCTBO MeTo~a CaMOCOrllaCOBaHHOrO ITOlJH - HeyqeT 

penaKCaUHOHHhiX acpcpeKTOB, Pas coxpaHSieTCH nro6ofi na6op ... IVJ) ... , TO B qacTHOCTH, 

oyneT COXpaHHTbCH H CHCTeMa 

n,y:::; 0 

COOTBeTCTBYIDIU8H paaee paCCMaTpHB8BWeMyCH OCHOBHOMY COCTOHHIIIO, no9TOMY 1 ypaBHeHIIH 

/45/ COBMeCTIIMhi II C noiTOlJHIITellbHhiMII YCllOBIIHMII /28/ • 3aiTIIWeM cefiqac 9TH 'ypaBHeHIIH 

II noiTOlJHIITelJbHhie yclJOBIIH B ~ - npencTaBneHIIII nllH Clly'laH, KOrna: 

I= 
(p-e_ 1/)Jv 

nv 

a BSaiiMoneii:CTB H~ xapaKTepnsyeTCH HeSaBIICSIIUeii: OT CKOpOCTeii: II CIT II HOB ITOTeHuHallbHOH. 

cpynKuaeii: v-("r,, £-.t)• _VI MeeMx/: 

--i () "'"'"' ('l-,, •.J ~·{ u %r. + e i("t-,))"'+ (i %i;, + e l ('t~) r 2.) + 
. 'H . . ,_,m. . 

+ J ?J(•,'f,}~ FG"G"(.,:•)d~'+jv(?.z.,~')~ Frn- (~1-)H} cf>G7Gt {t,,t")+ 
/j'" ,· 

t' If ('t,.~.~,) 4:>cr;.'% (<t,, 't.~,r· 

--r fd~'{F .. ,..'("-.\W(1:~J~a-:G"v;_ {?t>,)+F.-dt:~wrr. t'J<P,;;-..- (~. 'l-'J} .. /48/ 

i oFo;-G";. ("~-{l't~) ,_ { (i 'o/o'C, ie i(t,)t'- (i'U/ot-eif(~JJ'-1 F(/'6'[ (t,,'t")+ 
'iH ~'* . !·~ 

· t ~ fd"~-{cf? (tJ,;r-)-4>{'1-.,t)}{F....- {t, t}Fo;-•·Jl,,'t,.)-F!f .. {t,,~}Fa-;.,_ ('t, r.~)+ 
lt' 

+ 4> u:u- ( "'" "') cf>o-ao, {t, ~)} /49/ 

' 
Fa;'t ~t,,~)c ~ jdt{ Fllj ... (;,t)F ...-Jl-. r,)+ cp:.o; (i; t,) cf>.-,.._ (~ l,.J} 

/50a/ 

~ j<A { Fc>;a- (r,,, '(,) ¢:,""' (t; t-,_)+F~."'{l"; t) 1';,., (t, "t,)}=o /505/ 

------------------------------
x/ ~ 

3neCb ~ 0003Ha'!aeT·BeKTOp ~ d't - .TpeXMepHbiH 9lleMeHT OO'beMa. 
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30B8HH9 
. , ; ' . ' ; 

e ii(t)~e Trt./+ 0/o7: 'fl1-J /51/ 

KOMneHcHpyeTcst npeot5pasoaaHHeM ¢YHKUHfi F 1 cp .. . 
. ,+, . A-. .. . . i.(<f{7,,)+<p(t._)) 

"Yo-:G~. (t,,'l-,t}- '1-'a:'Oi. (t 1, ta.) e .. · . . 
r (. · . ) r · ·( · ) e· i (-tf ('t.,J; t.f ('l.t}) 
r~.€ii 7,1, "t4 - rQ'tG'i, "t, "t.t . . ·· · · 

. . 

/62/ 

rpariHeHTH8Sl HHBapH8HTHOCTb 3D9Cb ot5ycnoeneHa rpanaeHTHOCTbiD raMHnbTOHH8H8, 

npH paCCMOTp9H~H 3D9Cb. 38D8'l TeOpHH C:BepxnpOBODHMOCTH B MOD9nH 1 B KOTOpofi 

sneKTpOHHo-cpOHOHHOe B38HMOD9fiCTBH9 38M9H9HO npstMbiM B38HMOD9fiCTBH9M :aneKTpOHOB 1 38BH7 

cstwHM oT cKopocTeft. /oHo :acpcpeKTHBHO nawb y noeepxHoc·n ct>epMU/ 1 cooTaeT~Tayro'weft 
raMHnbTOHH8H y>Ke He t5yneT' TO'lHO rpanHeHTHO-HHB8pH8HTHbiM~ 3TO C:E}OfiCTBO BblnOnHst9TCSl 

I . . 

TonbKo npHGnHmeHHO H noToMy ypaaHeHHst· MeTona caMocornacoaaHHoro nons tSynyT rpa-
. .. 

nB:eHTHo-HHBapHaHTbi nHp.Ib c Tofi me cTeneHbro. npHt5nameHHfl, TyT cymecTaeHHO OTl'dSTHTb 1 

'ITO HCnOilb30B8HHbi9 npH Bb!Bone H8IllHX .ypaBH9HHft annpOKCHM8UHH C8MH no cet5e He' Hapy

iuaroT rpanHeHTHOft HHBapHaHTH~CTH, K :aToMy aonpocy Mbi eme ao3apaTHMCfl a 6 4. 

§ 3, npencTaaneHHe C tPHKCHpOB8HHbiM 'lHCnOM 'l8CTHU 

.... · 
ByneM paCCM8TpHB8Tb Tenepb COB9pW9HHO H938BHCHMO OT paHee CK838HHOrO KOppe-

nstUHOHHyro cpyHKUHID: 

Ft {f,~fz.; fi ,ff) 
B3stTyro a t - npe~cTaaneHHH·, M~I ~onara~M 3nec~' J ~ {t,~) ' 1 r.C.e ·~ - HeKoTopbtft 

DHCKpeTHbiftl HanpHMepl cnHHOBbtft HHD9KC, nycTJ:o STa cpyHKUHfl MO>KeT Gb!TJ:o npeacTaaneHa' 

a cpopMe: 

F 2 (J,, ft; f£, J: )· ~ 'P: ( :f,,'f~_) Cfn- t :!-,', f~)+ F'~ :.; 
T8KHM ot5pa30M 1 ~To: 

1/ n,EH ,CTpeMn9HHH K 09CKOH9'lHOCTH pacCTOflHHft M9>KDY napaMH 

n o5aao~ {:~ · nocTaTO'lHO t5biCTpo lic'le3aeT, 
\ 

2/ npli HeorpaijH'l9HHOM yaenH'I8HHH paccTOHHHfl. M9>KDY TO'IK8MH 

'f'~ ( f, I J.,J TaK>Ke npHt5nH>KaeTcH K Hynro H HHTerpan 
' . 

(() 'r· 

/64/ 



HBnHeTCS! CXO.llS!lll11MH. 

·j 
? 
J - 20 

Tor.ua o'leB11.il.HO, 'ITO Mbi Mo)KeM HHTepnpeT11poBaTh cp,.,., ( f,, f~.,) KaK B~n~o~y!O 

cpyHKU11IO napb! '18CT11U, HaXO.llHllleficH B O.llHOM 113 CBH38HHbiX COCTOHH11fi, a 11HTerpan /54/ -

KaK npOITOpU110H8nhHbifi nnOTHOCT11 '111Cna Tex '18CT11U,' B TO'IKe f, . , K.OTOph!e CBHH8Hbl B napbl, 

H8XO.llHlllHeCH B COCTOHH1111 <pf1r • 

PaccMoTp11M c sTofi To<iK11. 3pe~HSI Hawy cpopMyny /43/ 11 ·B03bMeM .unst onpe.ueneHHOCT11 

cny'lafi TeOp1111 CBepxnpoBO.ll11MOCT11. Yf Me9M .llnSI OCHOBHOI"O COCTOSIH11SI: 

11 

i 
I 

cp_t ("t,, "1-
2

) = (~:t)> J e iK (~,-~.Jcf> ( K}~f K 

cp·{K ~ C (t<) 
. ) :/, ,!fi{K}tc•(K} 

.Fcr(j (~,ti)=- 1 
3 

j e iK (t~--r,~)F (K)dK 
,. ' ·. ' (~~) ' . . . ' 

.F(K)=+{1 "~: ~~~: ~u~o 1 

KaK BHi:J.Ho, ynoM~HaBw11ecSI ycnoB11SI _/1/,.-2/ 3.lleCh BbmonHeHbi H noToMy cP{f,,f~) 
A-. .(t Z ) MO:>K-a'T c~iiTaThCSI BOJlHOBofi cpyHKU11efi c~SI3aH~Ofi ·napbi 'laCT11U /o6na.ua10m11x 
't'-t· I I ~ , . · , . , 

n pOT11Bonono>KHbiM11 CIT11HaM11 I. B .uaHHO.M cny'lae cymecTByeT n11lllh o.uHo cocTOSIHHe ¢ ( f, f~} 
11 Mbl MO:>KeM I"OB0p11Th 1 'ITO Bee CBSI38HHb!e KB8311MOneKynbi H8XO,llSITCSI B KOH,lleHCaTe. 

C BSI38HHb!e' napb11 Bbmapru11e 113 KOH,lleHCaTa, B 113nO:>KeHHOM ~eTO,lle llp11HU11ll118nbHO He_ Y'l11-
. ' /· ' . . ···-

Tb!Ba!OTCSI, BB11.llY cpOpMjmbiX . /43/. 06pa-r:11M cefi'laC BH11M8H11e Ha T0 1 'ITO B H8lll11X paccy>K;., · 

.u eH11SIX Mbl cymecTBeHHO 11cnonb30Ban11 KaHOH11'1eCKoe npeo6pa30BaH11e /1 I. B c11ny sToro · 

o 6cToHTenhCTBa 11 .ung cocToSIH11SI Co, 11 .un_SI cTaT11CT11'1ecKoro onepaTopa :\) nonHoe 

·'111Cno '18CT11U: 

+ N.=- L: af af 
He SIBnHeTCSI KB8HTOBb!M '111CnOM 11 He 11MeeT CTpOI"O cp11KC11pOB8HHOI"O 3Ha'leH11SI. C' .upyrofi 

CTOpOHJ'.I1 .N-·, BCei",ll8 HBnSieTCSI 11HTer.panOM .ziB11:>KeH11H .un~ paCCM8Tp11B·a~MOI"O H8~11 I"8M11~h':"_ 
TOH11aHa /3/:- no9TOMY BITOnHe eCT9CTB9HHO ITOTpe6oBaTh nony'I11Th Te :>Ke pe3ynhT8Tb! 1 pa6o

TaSI B npe.ucTaBneH1111, B KOTopo~ N SIBnSieTcSI KBaHTOBbiM '111cnoM. 

x/ TaKofi y'leT M-O:>KHO np0113BecTil, 'ecn11 o6o6lll11Th aripoKC11MaU11IO /43" B .uyxe Bbipa-

>KeH11SI /53/ • . . 
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~nocMoTpliM, o.uHaKo, 'ITO nony'IHnocb 6bi B neficTB:IITenbHOCTH, ecn:II 6bi. Mbi nonbiTa

nHcb npOBO_qliTb HaWH ?aCCY:>K.lleH:IIH B TaKOM npe.ncTaBnemm, npe)K,lle BCero·, Mhl He MOI"n:II 

6hi nepenyThiBaTb aMn~wry.nbi po:>K.neHHH H YHH'ITO:>KeHHH :II rioToMy non:>KHhi 6bxmi: 6hi nono

:>Kl!Tb B cpopMynax /1 /: v- E 0 . Ho Torn a BMecTo /43/ Mbi nony'llln:II 6bi annpoKCHMa 

UHIO 

F (f,,f~; !L !,') = F (h}/) F (f~v,I,'}-F(f,.fi/F (fl., f,') 
/55/ 

06bi'IHOI"O MeTO,lla ¢oKa 1 B006me He y'IHThiBaiOlllYIO B03MO:>KHOCTb noHBneHHSI CBB3aHHbiX 
. : ' - • ' . ' ' •• ~ • . . ' l • . • : . 

COCTOHHHfi _:113 nap. 'laCTHU, n ono:>KeH:IIe MO:>KeT HOKa3aT_bCH eme XY.llW:IIM 1 TaK K8K HesaBH

C:IIMO HH oT KaKHX annpoKC:IIMauHfi HMeeT MecTo paBeHcTBO 

a;. a1 =O 

.u.ixs:r n106oro ycpenHeHHH, np:II KOTopoM .AI cTpOI"<? cpHKCHpoBaHo, Bhxxon H3 aToro napa

noKca O.UHaKO He npe.ncTaBnHeT saTpy.uHeHHfi •. npocT0 1 ecnH Mhl :>KenaeM pa6oT8Tb C cpHK

C:IIpOBaHHhiM N .. , IiaM Heo6xo.uuMo nofiTH_ nanbwe .B .ueno'!Ke. ypaaaeHHfi, cBSI3hiBa!OmHx 
·~ 

M·e:>K.ny co6ofi cpyHKUliH pacnpe.u eneHHH, H o6paTHTbCH K KOppenHUHOHHhiM 'cpy'HKUHHM 6onee 

BhiCOKOI"O nopH.nKa, LJ:T,06hi He B.llBaTbCH B CnO:>KHbie Bhi'IHCneHHH 1 BOCnOnbsyeMCH cefi-qac 

HHTYHTHBHbiM 1 HeCKOnbKO ynp'omeHHhiM nO.llXO.llOM, 

YicxonH us npenC:::TaaneHHH o TOM, :To B ·paccMaT!maaeMofi .nHHa·~lt'lecKofi cHcTeMe .· 

MMeiOTCSI CBH3aHHhie napb1 1 HaXO.llHlllM~CH B O.llHOM.U TOM :>Ke COCTOHHHH ¢ ( J,,iz.)• .llOnon-· 

HMM cpopMyny /55/ o6hi'IHOI"O MeTona cPoKa 'lneHoM, 

onMCbiBaiOritliM BKnan T8KMX nap, .no.ncTaBHB,nony'I.eHHOe Bhipa:>K~HMe ~ TO'IHOe COOTHOwe-' 

HHe /38/, Mhl cpasy :>Ke nony'IHM ,BTOpoe M3 yp~BHeHHfi /45/, LJ:Tb6hi BhiBeCTH nepBOe· M3 

ypaBHeHMfi ./46/, onpenenstiOmee cf> , paccMOTpMM .uayxapeM:eHHYIO KoppenHtiliOHHYIO cpyHKUltiO 

B BM,lle: 

~f, (t.)af~ (t,J ct11 
H npoi:t.HcpcpepeHuMpyeM ee no BpeMeHM 

. x/ 
nony'IHM : 

t • Ha· ocHOBaHHH TO'IHhiX ypaBH9HMfi .llBM:>KeHHSI 

i1__<CL (i)a
1 

(tfa+1,, (r) 0:1, {cc)>=<[a_.j,(t.;af (tJ;H]~,,(cr)c/;,d(rc}_>= 
of. J, l. . a . . , . . , . 1. . z. .. ..· , . . 

= r' {I (f,,f)<Q,f (!:) a'f, r~:) £f: (1:) <!;;• (T)> t-I{f,,f )<a!, (t)~f (tJc?t (rJa1;trJ~ 
f . . . . .. · . . ' · .. • .. ·· /56 I 

'x! . 
, OnepauMIO ycpe.uHeHMSI 6y.ueM o6osua'!aTb snecb He 'lepTofi caepxy, cKo6KaMM <: .... >, 

nOCKOnbKY 9TO y.uo6Hee .nnst .p.nHHHhiX Bhipa:>K9HMfi, 



- 22 -

. . . . + . + 
+ L: v {ft.fz,; li.·f,') < a;'/t} a:f/ (l} af'' (r:) avfq (cr) > + 
. f.' .J.' . I .Z. . ;:_ I .· ' 

I 2. . 

"' ( f . , ( ') + ( . . . . . + . . ; + . . . 
u 1! ~, ;fz.7, ~~f·.f)af· (£)~r,(£)af'(l:}au'' (T)a-f.''(?:)'?+ 

f l''' . z. . TZ. . ' T1.. I 
I I,Tz. . . . . 
' ' . + . . . + + 

·. + l: V (J,.J1.,; f;, f,') t. Ovf {f) a,ft (t) Ci-f:_ (i) af' (f) 4-f::_ (T} c,;f,'' (TJ > 
f.f l (I . . . . . . . : . t .. . .. 

I fiTl., • •: . • • ... , ·. .' : 

3aMeTHM KCT8Tli
1 

'ITO 9TO cooiH~We~li~ OTnlilJ8eTCSI OT '/39/ TOnbKO T'eM 1 'ITO Tenepb Cilp.aBa 

CTOSIT .OB8 onepaTopa a-+, KOMileHc~pyiOUlH·e li3MeHeHHe lJIICna '18CTliU, npoH3Be.oeM 3.0~Cb 
. ' . 

nepeXO.O K npnonHmeHHOMY ypaBHeHIII0 1 IlpHonHmeHHO Bblp83liB cpyHKUHli Bli.08! 

~ %, {t) a_ h (t) a-1:_ (lJ a 1: (f.) af: {T) a:: (T J,. 

qepe3 I1pOH3Be.oeHHSl lJeTbipex li .OBYX onepaTopOB, 3aMeTHM 1 'ITO Ilpli T8KOM pacmenneHHli 

Mbl .oonmHbi Tenepb y'IHTbiB8Tb CTpO!"Oe.coxpaHeHHe lJHcna .N , nocne' ~TOI"0 1 Mbl B ypaB-

L' j' , 
HeHrrrr, nonyqeHHOM H3 /56/ oTO.OBHHeM napy I Tz. 1 1 I Ha 6ecKoHelJHOCTb~ Bocnonb3yeM-

cst noaTOMY cne.oyromefi annpoKCHMaurrefi: 

' ·, 

+ ' + + -
. (._ctf, (t) ct}z. (t) afi ._(£) a., f,'. (f) ~ fi. tO a f,l ('t: J >:.= . 

. -1- + ' + 
-= ( Q,f. ( t) Q,. L ( t) >< af I ( t) 0v f I ( t) Ovj 11 (f) a J. t { 1:) >-

I Tz. 2. . I lv J I 
. . 
-<a;,· (f.) Q,{ (/)>< a,f~. (l:J a-1: (i) ct}: ('f) aff: (T),.+ 157/ 

+ . 
+~Cit f,. (-t) ~f: ( -t) >.<:a,fz..( £) a1 ~ (t) ajt (7:) a+f,' (crJ >+ $ 

t ' . 
r.oe S o6o3HalJaeT cyMMY qneHoB, co.oepmamrrx MHomnTenrr <Q;.:fii{T)af{t}rrnrr <c/;,(T)Qf {t} · s I l · 
M hi He BhiilHCbiBaeM _SIBHoro BbrpameHHH ·· , nocKonbKY TaKrre qneHbi nc'le3HYT nprr y.oa-

neHrrH n'aphl TO'IeK I f: ,· J,, I HB 6ecKOHelJHOCTb, noncTaBHM /57 I B /56/ Ha oeCKOHelJ..:.. 

HOCTb 9TY napy TO'IeK, Torna BbipameHHSI BHna: 

. . . '• . . . . +· 
(rtf, (-t) af2. (f.) ~+f~ (cc J ~ J,' (7) >. 



- 23 -

- Y-c ( t,,fz_) cr: (J,',f~) 
B KOTOpbiX · <.p t (f, 1 t~) o603HR'i89T BOJlHOByiO !lJyHKUHIO CBSI38HHhiX nap, H Mhi nony'lltM 1 OT.lle-

'- JlSISI 06lllHH MHO:>KHT9Jlb. cy t ( f,: .j},) 

-~ .. 
0 <p~ ~.fJ = 'Z{T {J,,f} Cft ( f,f,)+ I( fa..f) <p { f,,f)} + 

f . ~ 

/68/ 

];f., 7!( f,,fi!,;ft f/}o/t. ( J,', f1) -~--~ 
J/ I 2. 

f 2:, 1{ ( Jl,fiJi.f:){F~: ( J,fJ.) Cft (f£J,')- ft (t,t~ Cft ( ~f.'}+N (f,ft) Cf( ff1)}+ 
f,f,,:f~ ' . . 

+ t:.t/'-( f,J~ ;JU/ J{ Ft ( J,f,) cp, ( f;,f,' JcF.(f.Ji) cy, (f.f.') r 

+ F t ( J, J,') <f 1: { J, f; ) } 

- - . 

3aMeTHM, :'ITO B · ocHOBHOM cTauuoHapHOM cocTORHHH Cj>t ·llonmHa 6biTb nponopunoHanbHa 

e -_i.Et I I'll9 E - COOTBeTCTByromaSI 9H~prHSI, BBe,lleM B9JlH'IHHYx/ 

H :lOJlO:>KHM B 06I!l9M H9p8BHOB9CHOM cnyqae: 

~ ' . . . 
CMbrcn TaKoil :eenH'IHHhi .A KaK XHMH'IecKoro noTeHuuana MOmHopacKphiTb H3 cne-
llYIOlllHX coo6pameHHfi,. C 'O.llHOfi CTOp0Hhl 1 !lJaKTOp €:J.p(--t f£) JJ.onmeH BbipamaTb Bpe

. M9HHYIO 38Bl!Cl!MOCTb BOJlHOBOil !lJyiiKUl!l! naphi: . * . . .. < C,y a,:F, ( t.) a,fL ( .f;J c~.,.2. > · _ ,, 
I' .ll9 c 1'1 0603H8'189T Hl!3W99 COCTOSIHH9 Cl!CT9Mhl B cnyqae, KOI'.ll8 'll!CJlO 'i8CTHU 

paBHO N , C .llpyroil cTopoHhi, nycTb nonHast aHeprusr cucTeMhi B cocTOSIHHH CIt 
6y.lleT E {.N). Tor.lla :epeMeHHaSI 38BHCHMOCTb npuBe.lleHHOi1 ¢opMhi onpe.o.ennTcSI 

MHO)Kl!Tene.M: e.xp {-i (E(-11/t-2)-E(.JI/J)t} .. TaKHM o6pa3t>~:. -

2J\=E"'"E(.N+2.):..E (.N) 

.A= o E {.N) 
UN 
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Tor.ua, KaK BH.n:Ho, nonytJeHHoe ypaBHeHHe /58/ npeBpaTHTCSI B He.uocTaBaBlllee HaM nepBoe · 

If 3 ypaBHeHHH /4~/, 

n pH Be.U eHHbiM paccy:>K .U eHHSIM MO:>KHO IlpH.U aTb OOnee COBeplll eHiiyiO, cpopMy If C FIX 

IlOMOIUblO npH.UTif K oonee TO'IHbiM ypaBHeHHSIM 1 HO Ha 9TOM Mbl OCTaHaBnHBaTbCSI He oy.n:eM, 

Cefiqac HaM cywecTB~HHO. no.n:'IepKHYTb, 'ITO ypaBHeHHSI o5o5weHHoro MeTo.n:a caMocornaco

BaHHoro nonfl MO:>KHO nony'IHTb B CXaMe C cpFIKCHp.OBaHHbiM nonHbiM .'IHCnOM tJaCTifll, npH 

9TOM BbiSICHSieTCSI CMbiCn npeo5pa30BaHHSI /1/, I1_M:eHH0 1 c· ero IlOMOIUhlO. Te. peaynbTaTbi 1 

KOTOpbre HOpManb.HO nony'IHnHCb Obi B 6onee BbiCOKOM npH6nH:>KeHHH 1 nony'IalOTCSI B oonee 

HH3KOM npHOnH:>KeHHif, 8To CBOfiCTBO OCHOBaHO Ha TOM 1 'ITO B nepeMeHHbiX ./.., CBSI3aHHOe 

COCTOSIHHe Bbma.n:aeT, TaK 1 H8IlpHMep, B HCTIOnb30B8HHOM HaMil nepBOM npHOnH:>KeHHH: 

< tL~, J. YL t)J~ :, v, } = (1 +'ii,~ ){ i- nv~){§(JJ, -~1) ~(J/~-JI: )-S(JJ,-Yi) 5 (J/~ -V,') }= 

+· + + + 
-= < ol..v. J.,y_' ><<lv. tf...v' >-<oC,., ""JI' )< c1..JJ. J.,,, > 

I 1 2. 1 '' L 2. I 

Ho TaKoro :>Ke nono:>KeHHSI MO:>KHO .uo6HTbCH H B BbiClliHX npHOnH:>KeHHHX, npHHUifll KOMneH-

c auHH onacHbiX . .n:HarpaMM KaK paa H npe.n:cTaBnHe~ .n:mr aT oro. cpe.n:cTBo, Bee Te .n:HarpaM~ 

Mbi 1 KOTOpbie IlO 9TOMY npHHUHilY KOMneHCHpyiOTCSI 1 HMeHHO If onpe.n:enHIOT CBH3aHHOe COCTOSI-. 

HHe, 

TaKHM o6paaoM, B Tex cnytJaHx, Kor.n:a npenHTCTBHeM .umr npHMeHeHHSI Teopuu B03My-. . 

IUaHHH COCTaBnHeT B03MO:>KHOCTb IlOHBneHHH CBH3aHHOI"O COCTOSIHHSI nap 'IaCTHU /5o3e-KOH.UeH-. + 
CaT/ 1 IlpHHUHil KOMileHCaUHH 1 BBO.UH H OBbie nepeMeHHbie r/..., o(, 1 B KOTOpbiX TaKOe COCTOHHHe 

. . 
Bbma.uaeT, nHKBH,a:upyeT TeM caMhiM npenSITCTBHe .n:nH npHMeHeHHSI aTofi oobi'IHOfi, TeopHH, 
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§ 4 ... K onneKTIIBHbie Kone5aHIISI 

n epeii.lleM Tenepb K Bonpocy o5 onpe.lleneHIIII cneKTpa aneMeHTapHhiX Bos5ym.ll 8Hilii 

OCHOBHOrO COCTOSIHIISI, C TO~KII 3p8HIISI M8TO.ll8 C8MOcornaCOB8HHOrO nonst BOllpOC 9TOT 

MO>K eT • pewaTbCSI cne.llyiOIUIIM o5pa30M, 

KaK yme OTMe~anOCb 1 ~IICna rz._.y OCT8IOTCSI llOCTOSIHHhiMIIi .llnR OCHOBHOrO COCTOSIHUSI 

nee OHII paBHhi HyniO, /Kenast Hccne.llOBaTb Manh!e Kone5aHIISI oK:ono TaKoro cocToSH!ItSI, no

no:>KIIM T8K:>Ke rt,V = 0, J.1 HhiMII cnOB8MII 'HanO:>KIIM .ll0llOnHIIT8nbHhi8 ycnOBIISI' /28/, nycTb 

F o , cp 5Y.llYT BhrpameHIISIMII F , ¢ . .llnst ocHOBHoro cocTostHFISI, PaccMoTpn:M 5ecKo

.He~Ho-Manhre npn:paweHHSI 

F=-Fc,+5F, 
If COCT8BIIM .llnSI HFIX nFIH8iiHhi8 ypaBHeHF!SI B Bapn:aUFISIX: 

/59/ 

/, 

KpoMe Toro, y~TeM, ~To 5 F n: 5 cp .llO.II:>KHhi 5hiTb cBstsaHhi M8:>K.llY co5oii .llOnommTenbHhiMFI 

ycnonn:SIMFI /28/, BBH.llY ~ero: 

. * 
5 { F (f,f~)-f F (!,,f)F(f,f._)-f <P (f. f.} cp (f.f~)}~ o 

5 { r r ( M J { r f. f.)+ r r r 1. .t N,. r J; t, J 1 = a 
J ·. . : . . f ; .. 

/60/ 

3aMeTHM ewe, ~To 5naro.llapst /24/, 6 cJ> .llOn>KHa 5hiTb aHTFICFIMMeTpll~Hoii, :a b F 9pMFITPB-

CKOfi, nony~eHHbie O.llHOpO.llHhie ypaBHeHF!SI 5y.lleM pewaTb cynepn03FIUifefi aneMSHT8pHbiX 

pew eHn:ii, nponopun:oHanbHhiX exp(- i Et ). 
. . x/ 

TaKn:M o5pa.soM, Haii.lleM ceKynstpHhre ypaBHeHIISI .llnst onpE_:!.lleneHIISI cneKTpa Kone5a-

HHii. BBH.llY ·Hann:~n:st ycnoBn:ii /60/ d F n: O cJ> He stBnstiOTCSI HesaBIICFIMhiMFI n: noToMy · TexHn:-

x/ n O.ll~epKHSM, ~To TaKoii cnoco5 onpe.ll eneHn:st cneKTpa ·aneMeHTapHhiX nos5ym'.lle

Hlfii nyTeM mmeapF138IlJUt HeimHei1HhiX ypaBHeHifii II.lleii HO BOCXO.llFIT K If3BeCTHhiM 
pa5oTaM A.A.Bnacona'/o I • Cne.llyeT TaKme saMeTHTh, KcTaTn:, ~To n:MeHHO aTn: pa-

5oThi OK83amt 5onbW09 BnlfstHF!e H8 paspa50TKY llOHSITFISI' 0 KOnneKTFIBHhiX Kone5aHF!SIX, 
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'I ecKH y.uo5HO 5y.ueT npe,llCTBB:UTb :UX Bbipa>KeH:USIM:U 'Iepea HOBbie He3aBIIC:UMbie He:U3BecT

Hbie,· aBTOMaTH'!ecK:u y.uosneTBopSirom:uM:u 1601. TaK:ue Bbipa>KeHHSI MO>KHo cpa3y :lKe nony'IHTb, 

3 aMe'!aSI 1 'ITO BBH.llY /601 5eCKOHe'IHO Manoe npeo5pa30BaH:Ue npeTepneBarOT He njl;:: 0 _1 

.a Ujv 1 Vj.v . 31-:u npeo5pa3oBaH:uSt .uon>KHbi 5biTb coBMeCTHbi c ycnoB:USIMH 'opTOHOpM:upos

KH 12 I. BMecTo Toro 1 'IT05br Bapb:uposaTb ~ . 1 if , Mbi MO:lKeM cosepumTb 5ecKoHe'IHO 

M anoe i:Ipeo5pa3oBaH:ue Han caM:uM:u r:lv : 

ci,-~JI+ 2:. )-(/ (v,'v)civ' +'g .X (~'JI)oL~' 
v~ · V' . ' 

. 161 I 

np:u 9TOM U3 ycnOB:UH KBHOH:U'IeCK:U .llBHHOI'O 5ecKOHe'IHO Manoro npeo5pa3?BBHUSI cne.uyeT 1 

'ITO! 

.A. ( J-L Vz.) + l. ( Vz.. Y1 ) = 0 

* ~ ( v,, JJ2.) ~ ( v~. J)l )=- o 

Tor.ua 

. + 
< ci J) o(. J1

1 >o -+ ~ ( Y, J) J 
< dv" o(, Jl' >a OCTBIOTCSI HynSIM:U :U OTCIO,lla: 

Fa { fl f2,)+ oF ( }j ,f2.)'~ 

. ~ + * . + . 
= [ < (u.L ~ o(,¥ +lf.L, o(,J), )( u.L v. ~., + 71L. v~ ~J)~) >o = 

)} J1, J , I I J I I 1 TZ. 4 4 J.:., ,, ~ 
. * .·· . ~. . ' 

= Fo ( J,l f~)+ r { Vfv. uhJ);., .rl (VI, JJ~)-r U;,_vi:. Vf4v4 .A.,* {J{, V,)} 
~~V~ 1 I 

ck, ( J,, fz.) + ocJ:> ( J,,f2.) = 

'* + . . . + -
= l: < (uf, ~. o(, ~ + Vf, I{' o{, ~ ) ( U fz. Vz. oL Vz. +: l/j.l.J)Z. ~ Vz. ) > :: 

)1.)-! tl I I . . o ,, ~ . -

= cJ=:, ( f,.f-.} + f,,J U f, J', U h v~ .A. ( P, , J!, } + J-1, v, 14 ~ .,t''/ Y~; P, J} 

1621 

1631. 
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KaK BR.a:Ho, KoacpqmurreHT~ He Bownrr B Haum cpopMynhi. 8To o6ycnoBneHo TeM, ~To· B 

paccMa:pHBaeMOM cnyqae Wy= o. 3aMeTRM eme, 'ITO .R ~e3aBRCRMO OT nprrBe.a:eHHbiX cooo

pameHrrti He~py.a:HO npoBepRTb 1 'ITO BbipameHRSI 

/64/ 

/66/ 

nprr npOR3BOnbHOit 8HTRCRMM9TpR'IHOit vt_ (V, ,JJz.) npe.a:cTaBnHIOT o6mee peUieHRe JJ:OUOn-

1 HliTenbHbiX ycnoBrrit /60/, /24/. 4To6bi. nony'IliTb ypaBHEmrre .a:nH a A I (Jt ' uenecoo!}pa3HO 

Bbi~83RTb TaKme l_, -qepe3 0 {: 1 5 cf> • no·MHO)KRM .a:nSI 9TOI'O /64/ Ha llj.,f,• a /'66/ Ha . 

U f 1fi rr npocyMMrrpyeM. Tor.a:a B crrny ycnoBrrti opToHopMRpOBKR B cpopMe /10/ HaA.a:eM: 

f { 1/j.,y; u (J,.f.Jr uf,li 5 <~>" r ft.f.)} = /66/ 

I 

* ~ F liAr, A, (r,, JJ~) 
~ *· u v: . n OMHO)KHM .a:anee /64/ Ha __ f

1 
t, , a /66/ Ha . f, ti ll OllSITb npoC~MMRpyeM. n ony-

'lRM: 

/67/ 

/68/ 

n po.dHcpcpepeHUllpOBaB STO Bbipa:meHHe IxO t ll npRHSIB BO BHRMBHRe /69/
1 

nony'lHM ypaB-

. HeHrre .a:nst onpe.a:eneHrrH ul : · 'It" . . 

. i ulC>(:,,vt} = [ {t~;~votllf,~ o!8(ft,f~)+'ll~fz~ U~v,52J.. (J.,,f~)+ 
. . f,1~., . . /69/. 

* -It' 

+ VhJJ~·u;v, 5!13 {J,,J~)-t-lffiv~Vf,,;, 5~[ (J,,JJ.)}-
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'lJ:T06bi IIOITHOCTbiO paCKpbiTb 9TO ypaBHeHHe, Hll.llO IIpOB8pbHpOB8Tb ¢opMbi u ,· 25 H. 

B bipa3HTb 5 F I 0 cf:> tiepe3 .A c IIOMOIUblO ¢opMyn 164 I I 165 I. n ocne .lliTHTenbHbiX, HO B. 

u 

6 
x.l · 

CYIUHOCTH 1 IIpOCThiX Bhi'IHCIT.eHHH Y.lleM HMeTb 

~ CJJ.~{jltYIJ :: r {.a(~~· w) .A (v,,w)-~ (v,, w) .A. ( Ya I w)} t 
~ . . . 

+ E { X ( Yl, yl.., w I' Wz.) jt ( w,, u)1.) + 'l [ Y, I .Yz. i tV, • tJ~) 'l * ( 4),_ I w,)} 

IIpH '!eM 

... . * 
Jl (v,w)='f.J,s(!,J}(UfJ) Uf'w-Ufw Vf'J))+ 

I 

. . I . . * * . 
+l:, ,lf(f,~~;f~',J,)t (J;,J,'}Uf," Uf~.w + 
~~~h . . . 

'* . 
+ L I ,v-(r,, f~;f~.!,') ¢0 ( fz,l,) Vj~J) uf,1W; 
J,f,.J.J.~ 

~ (J.f)= T ( ~ !)+L: { U(h,f;f.},')~ U (!,,/; 1,: f)} Fo (ful/) 
.. 

X ( JJ, I Y~; w,, k}~.) = 
.\ . . * ·. * * • · . 

. = YQ, 2:' lf ( J, ,!, ; J ~ J,' ){ u1,y, uf, vt- uf. v, u h.v
2

) u f,' wz. u 1; w, + 

+ %, r:v-(f,,f~;J;JI')(~. ''V. ~~v. -V;f'JJ. ~f·'y.,)iftf·~ zr.f.-lf"·' + 
· 1j I . :J2. t · 2. I . I ~ . I ·I . ,t Wz, 

·+ 1~ 2: {-if(li,f~;fLf/)-U(J;,f2.;f:f~)x 

1701 

X I 3 ··' . ,lleCb HH,lleKC ~ B OTITH'IHe OT 0603H8tieHHH § 1 rrpe,llCTaBnneT IIpOCTO HH,lleKc 

CyMMHpOB8HHR IIO V • . 

\. 
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• 

t ~ z: {'if( f,,f~. j f~.!.?-11 (f,,f,_; !,', f~)},. 

Vis 170/ nonytJHM TaK:>Ke: 

_ ~ ilA ~~·~•> § { n "(v •. w) _;t (~. w F Q "(~ W) l' (v,,wJ} + 

t ~ {X"( V, .Y,; W,, W,) A.~ { W,, W, )+ )' "( V,i!i ; 1<},, W,) Jl. (W,, 14)} 

17 2/. 

CHcTeMy JJ:ImeitHbiX oaaopOAHbiX ypaBHSHHit, 170/, /7,2/ 6yaeM pewaTb cynepno3HUHeit 

HOp~anbHhlX KOne5aHHit! 

173/ 
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no,llcTaBHB 173/ B 170/ 11 172/ 1 nony'IHM ceKynHpHbie ypaaHeHHSI .llJISI onpe,lleneHHSI cneKTpa 

B Bll.ll e: 

E ~ ( Y, , ~~ ) = 2: { n ( v, I w) 3 (V,, w)- n ( v,, ·~) 3 ( vz. I w)} + 

t ~ {X ( }J,I vz. i tU,, tJ~) 3( w,, tJz.)+Y ( V,,v:z. i w(.J w~) z { Wz., tJ,)} 

174/ 

~ E i (V.Y.t)= ~ { Q *(vz.,e.J)? (v,, tJ )- (t( Y,, zJ H (v.tl tJ J} +. 

{ 
* * . . 

t g X (v,, vt; w,, 11).z.) ~ (w,, wz. )+ Y (~, v" ; LJ,, tJJ,) 3 ( w.t, ~)} 

. no,llqepKHeM
1 

'ITO Te :>Ke C8Mbie ypaBHeH!lSI Mbi TIOJIY'IIrJlll 6bi 1 eCJill 6bi BMeCTO MeTO,lla C8MO

C OI'Jl8COB8HHOI'O TIOJlSI BOCTIOJlb30B8JlllCb MeTO,llOM npH6Jlll>K eHHOI'O BTOpll'IHOI'O KB8HTOB8HllSI, 

~.9TOM MeTo_de Mbi ,llOJl:>KHii 6biJIH 6bi BBeCTll Bose-aMnJlllTY.llbi -:;s~ (0~~-:;5~) 
saMeHHB HMH tt>epMH-aMnn~TY.llbi ot, 11 ~ • Tor.lla Mbi ,llHaroHaJIH3HpoaanH 6bi cooTBeT

c TBYIOllllfit I'8MlfJlb,TOHll8H 1 SIBJISIIOllllliiCSI KBa.,llpaTll'IHOit clJopM.Oit 113 O~epaTOpOB ;3 1 ; + 
nocpe,llCTBOM KaHOH!l'!eCKOI'O npeo6pa30B8HIJSI! 

~~,Lli ~ ~ { 5~ ()', ~v.t)fw-t-zfV (JJ,~vz)J:} 
~ . 

175/ 

C 38KOHOM HOpMllpOBKll~ 

~. {l ~w~~ /ifl/.t}~ i 176/ 

3.lleCh '3w- HOBbie Bose-aMnJIHTY.llbi c saBHCHMOCTbiO oT apeMeHH, onpe,llensteMoit 

MHO:>KHTeneM .exp (-i En, f). np:H sToM oKasanocb 6bii '!To 3 H l ,llon:>KHbi y,lloa

neTaopstTb K8K pa~:f H8Wlf~ ypaBHeHHSIM /74/, 3aMeT!lM 1 KCT8Tll 1 'ITO BbiBO,ll 9TllX ypaBHe-. 

Hllit C TIOMOlllbiO MeTO,lla npH6JIH:>KeHHOI'O BTOpll'IHOI'O KB8HTOB8HIJSI llMeeT HeKOTOpOe npe

ll MyWeCTBO H8.ll TeM 1 KOTOpbiit 6biJl H8Mll ,ll8H BbiW e 1 TaK K8K ecTeCTBeHHO npHB.O,llllT K 

ycnOJ3HIO-liopMHpoBKH /76/ 1 onpe.llenSIIOlllllM sHaK E. B MeTo,lle caMocornacoBaHHoro nonH 

sToT sHaK He cPHKCHpyeTcst; HeTpy .llHO saMeTHTb 1 'ITO ecnH £1 'j 1 
2 

c eKynHpHbiX ypaBHeH!lit n 4 I I TO npeo6pasoBaH!le 

E ~-E, ~~i~, 2 __.,. 3 * 

ecTb peweHHe cHcTeMbi 
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npRBOnRT OUHTb K pemeHIIIO TOii: :lKe CIICTeMbl, 

Mhl cocTOBIInii ceii:qac ypaBHeHIIH nnH co6cTBeHHhlX Kon?6aHIIii:, PaccMoTpiiM Tenep& 

BOUpOC 0 BhiHy:lKneHHhiX KOne6aHIIHX 1 B036y:>KnaeMhiX ManhiMII BHelliHIIMII nonHMII 1 Bhl3hiBatO

IUIIM~ aapiiauiitO. I ( f 1 f ') . /3aKOH B3~II~oneii:cTBIIH 7.! ·. cqiiTaeM He 3aBIICHIURM oT BHew

HIIX none11:/. Torna noBTOpHH npenhrnym:~~:e paccy:>KneHIIH, .nonyqiiM BMecTo ·onHoponHhiX 

ypaBH.eHRH /70/, /72/ HeonHoponHhie ypaBHeHIIH BRna: 

i v;~v,, v~. > =- l: { n (vi·,w) .A. (v
11 
w )-n ,(11 I w) .A ( JJ~.., tU J }_+ 

tV 

+.fl. X (V, ,v~, <V,, w.p . .(tV,, W,)t Y ( I',,V,;<V,. ,J,) A"' ( .v,,w, J}+ 

-t ~ {Vj.~~ u;~ -u;JI. v-;~~ } § 1 r f,f') · 
. f,J' . I 2. I 2. . 

~ U.A ~~· ~.) = ~ { n" (>'.,W) A* (V,, W )- n "(1',, W) .A" (JI•, I())} -t 

* -IE- . . * ' . ', .·' ' 
+ ~ {x (Y,,v,t, ~,,wJ-)1 (w,,w.~,):,Y_(v,_,JiiJJ,, JJ.t).A {w~.tJ~)}+ 

1(}, w.t. . . .. - . .. . . . 

+ E· {lf;'Y, u'"•- uJ>i, v-f:''.,d tH "(f, !'}. 

177 I 

np_IIMeHIIM Tenepb TOnhKO qTo BhiBeneHHhie 06IURS ypaBHeHIIH K. KOHKpeTHOMy cnyqa10 

nRHaMRqecKOfi CIICTeMhl 1 paCCMOTpeHHOH B § 1 B CB~31I C Te?piieii: CBepxnpOBOnRMOCT&, 

noncTaBRM cpopMynhi /30/, /31/ 1 /36/ II3 § 1 ~· Bbipa:lKE!H~H /71/ R pacKpOeM TeM 

CaMblM ypaBHeHRH /74/, 3aMeTRM 1 npii 9TOM 1 qTo CIIeKTp· pacnanaeTCH Ha nae BeTBR, Y on

HOi!:. :11:3 HiiX 

' 
:11: Kone6aHRSI npoiicxonHT y nap qacTRU c npoTimonono:lKHhi~m cniiHaMII • .Unst npyl;'o11: BeTBR, 

. ·' . 

Hao6opoT: 

j\.- + =-.A+- = 0 
:11: Kone6aHRH npo:~~:cxonHT y nap c onRHaKOBhiMii cnRHaMII. PaccMoTpiiM' 3nec& nepay10 aeTBb 

i ,. 

II nono:>KIIM: 

. .A._+ ( P,, r~ )=. 1- (P,. gJ 
. . . 

J.:.+ (p,, PJ. )= f (p,, P~). 
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. . 

t--r (P,,P~)=2 (p,,·.p~) 
Tor.lla c.!icTeMa ypaBHeHHii, /74/ · rrpHMeT BH.ll: 

f 3 __ ( P,,~) = {n ( P, )·+n.-( gJ} r· (P,,P?.)+. 

+ l: s-rii+P.~P.~ r~) [X (p,.fl• P.~P~)J (P,:r~)+ y {P.,P,, r:: P~ht-1{- p,'J} 
I I V 

P, ,P2. 

---·Ez·(~P~;~P,.)={a{P,)+n (P~J} f(~P2.,-P,)+ 

5 (P, t Pc P,'-P~ L{·x·tP.· -·n··:-p' p'_J_i(-. :.-~~--p')._+ 
+ E . V \J , r1 ' , ' ?. c r1., ' .... p' p'· ,, ~ 

t y ( P, I p1v; P,', p~)? (A', Pi)} 
I'.ll9 Q.(p)uMe~T. TO :me Bblpa:meHHe, 'ITO H B § 1, H I',lle: 

' .. \ . 

. X ( P,,g) P,', P~ )= 

=] ( P,, P?.·; P~, P: ){ U {A) U (HJ U (P,') U ( P~)+ li/A) li(Pz) V(P,') 7/ (Pi)}+ 

+] (P,,-~,', P~,-P) { U {P,) v-(P~) li(P,') U (Pi)+lf{ R) U( P2.)U{P,
1
) l/ ( P; J} + 

·[ J (- I . I ( I . I ] + -A I p2. j .;. P, J P~ ) - j P~. ; - P, j - PI ) p2 ) J( 

X { v-(P,) u (Pt) lt(P,' )U ( P:}-t U(R}ii-(Pz,) u (!() lr (P~)} 

Y ( P,.-~; P/, P:)= 

.....-< 

178/ 

179a/ 
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::- T_( A·~ j p: ,p/){ It (R) u (P~) 7!(R1
) ll (p; }-t li(A) 7/(P~) u (P/) u (P;) }+ 

+ 1 (R)~ P,' ;p~;-pJ{7!{A)U(fl) li{P,')u(p;)rU {P,) ll(p~J U (p,' }v-(p~)}+ 

[ J r·' I · 1. ) . ( I . I 1. + . 7"~·,?2. ;-P,,P~' -_J f1,-Rc~p,,/{) x . ·. /795/ 

x {u (R yu- {fl).v-(p;) ~r p:J-~-zrrAJu (~Ju(P,'J v-r P: J} 

K aK BH.llHO,_ nony'IeHHhie ypaBHeHIHI CB!I3hiBaiOT Me*.LlY co5oii cilYHKUIIM 

3 r Po!{ J, t ·r- P,_,- A J 
ToncKo npn cpnKcnpda~~noM. P,r Pt ... 3aM~TIIM TaK*e, 'ITo Koa¢¢nunenThL,X , Y 
O.llliH8KOBbl B 050IIX ypaBHeHIISIX 17 8/. n 09TO~y 6y .ll eT y .ll05HO n~nO)KMTb . . 

•, -~ 

, ·3 (P,,P4 )+·?·.( P~;,- P,)_~-CJ9_:(P).. . ... 

npeo5paaye·M T_Ol"'.ll8 ypaBHeHIISI 178/ K 5onee npOCTOfi cpopMe: 
' . . . . : . . ' . ~ " ' '- . . 

r.oe 

L if (e)· E ~ ; Nq, (dJ:=Ee 

L'l- (e)= {!l (p)+n. (p~~J }e(pJ+Yv f (~P (P.P') e ( p'J 

M$ (d)={ i'l{p)+~ (p-9)} d (p)+ Yv f, R't (P. /) iJ (Pj 

/80/ 

/81/ 
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H r.ne ' 0 (P, p') =. ' . 

=J~ (p,p'J{ U(P) tit( P-9)+ ll(P) V( P-q) }{ U{p') U (p'-q)+.ll(f') lt(P!_.9)Jf 

. ·ti ~(P, PJ{ li(P)U (P-~)-U{P)lT(P-9)}{v-(P1) U (P~tj)-U(P:}v-( p!_,ft)} 

R ·. {PP')=. ·. 
CJt I 

. =let (P,PJ[U,(P)U (P-lJ,)-1/(P) l!:(~-~ J][U(P')U {P~q)-tr(P_) lT(P~tj,)]+ 

+ G~ (P, PJ{11{ P)?k(P~Cjt)+ U(P) lt(P-9,)][ o- (P} U (P~Cf)+ U(PJ 11 (P~'?)] 

npiPteM Jlj; ( P,P ') = J ( P,-P+'}i - P'+CJ, pJ 

I9t (P.P)=J(P.P~Cfj P,'P-C})-T(P.P'-tr; P-Cf, P}~J(P.-P~-P~f/,P-CJ) 

G~- ( P, P)= J (P,P~CJ,i P: P-CJ,)- T {AP'-q, i.P-CJ,P)+T(P,~.P>P'+q, P-q) 
/82/ 

. nostCHHM ceil:tiaC ¢H3HtieCKHii: CMbiCn <i:JyHKUHil: f) H () • PaCCMOTpn:M .nnst 9TOI'O Bbipa-

)K eHHSI ,nnst nnOTH0
1
CTR 'I ROna 'I8CTHU? {<v} H nnOTHOCTR HMnynbC8 ,p (re) . Yf MeeM: 

. p (t)~ < b' 'f. it (-e)~ (t)>=~ Q <a! a . >ei. (p._-P,Jt; 
- t1"' <~' . V ~ p,r;- Pz.O'- . 

~ R~tf" 

. ·'=,-·1- --~. F~ (PI ;'Pt) e i (Pz.-P~)r, 
· . V P,,Pt,O'- . 

. /83/ 

• P(t)= Y~ < ~'Fer:(?-) C.:t ~~ cr;.M)+i 0 1~r~' cp .. M}>.; ·. 
(/" . 

= _!__ · + . _ _ i ( Pz.-P,) "l .I · _ _ i { Pz.- P,) 7-

_,,_ ~ < G.tpr;v ap. G'->' (P,+P. )e = -::;r ~ F~ (A,P~){P,+!{)e 
V- P,nG" ~ I .t r P,Oq.. 

,,~ ·~ 

B Be.n eM KOMnoHeHTbi ct> ypbe .nnst aTHX nnoTHOCTeit: 

i (o7,) :... i (o-r,) 
p (~) =·Z ~ e -r · p ("'}= ~ p e. ' · 

q,~ ~ 'Y ~ 
II '38M9THM, 'ITO Hallie OCHOBHOe COCTOSIHH.e stBnsteTCSI npocTpaHCTBeHHO O.llHOpO,llHbiM ll oec-

TOKOBbiM, Yf MeeM, cne,noBaTenbHO, H8 OCH~B8HRH /82/ 
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/84/ 

C .upyroii CTOpOHbi 1 pacr<pbiB cpopMynhr /64/
1 

rrony'IHM: 

/85/ 

' \ ~ ' < 

no.ucTaBHB 9TH BbipameHHst B /84/1 rrocne O'IeBI}:.llHbiX· yirpomeHHH Haii.ueM 

p~ ~ 1v P,~. = ~ {v-( P,) U ( R );- 11 (P,) U/Pij{ A{~, P, )+ / (-P,,- P, J} teat 

if= (iv [ (P.-ii>{ ii(R.)U(R H;-(P,)u (P,)J{l (A .fl)-J. "t-P., '- P,}} 
. ry P,+P~"lf • -- . . . ·. . . . 
" ' ' ,I l • ' l 

0Tr<y.ua H:a ocHoBaHHH 173/: 

/87/ 

T aKHM o6pa3oM, BKna.u B Kone6aHHH ·rrnoTHOCTH 'IHcna MaTpHu oT aneMeHTapHoro Bo36y:>K

.ll eHHst OIIpe.Q ensteTCst cpyHKUHefi tJ 1 a COOTBeTCTBy!O~HH BKlla.Q B ·Kone6aHHstX IIllOTHOCTH 

H Mrrynhca - cpyHKUHetl: e . 06paTHM~st Terrepb K ypaBHeHHSlM /83 I. n Ol!OlliHM B. HHX: 

e (P) = s,·§· (P- Po) 

/) { p) = S 2, § { P- Po) 
/88/ 

f'.Qe S, H ·S~· - rrocTOstHHhre, a Po ;.. rrpoH3BOl!hHhrit cpnr<cnpoB:H~hrii HMrrynbc,. 0T6pacbiBast ~ -1 ' . 
'IneHbi rropst.QKa V , HC'Ie3a!Omne rrocne rrpe.QenhHoro rrepexo.Qa: V- C>o u Bbi3biBaromne . . 
llHWh llOKal!hHbie H3MeHeHHst B BOllHOBOfi cpyHKUHH 1 BH.QHM

1 
'ITO /88/ 6y.QeT .QOIIYCTHMOft 

cncTeMoii: pewem~ii:, ecnu 51 H S ~ 6y.QyT cssmaHbi cooTHoweHHstMn: 
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S, { n (Po ) + n. (Po~ ~) }= E S 2. 

s ~ { n (Po)+ Q (Po~~)}.= ES I 
/89/ 

.• 

OTKy ~a C.7Ie]lyeT 1 'ITO! 

E ~:::.{ n (Po)+Q (P~-~)}"-
. . x/ 

TaKHM o5pa3oM y5em:]laeMcsr B cymecTBOBaHHH HerrpepbiBHoro crreKTpa 

E =.Q (Po)+n (Po-~) /90/ 

OT]l9.719HHOI'O lll9.7IbiO, npn ]la!lHOM .q, SHepr:lfSI E 3Jl9Ch HerrpepbiBHO 3aBHCHT OT HMrrynh

c a · Po • noc.TpoHM eme ecHMIITOTH'iecKyro qacTh aonHoaoA <iJyHKUMH Jl.7IH sneMeHTarHoro 

aoa5ym:JleHMSI sToro Tttna, Jl.7ISI qero pacKpoeM ¢opMyny /65/. HaA.IleM: . 

acp_+ ( P, ,P?.)= u r A JU (P~J A (A. P.t)- v-{P, J 71 (Pz.) J.. *" r- P2.,- P,) 
M IIOTOMY B paceM aTpMBaeMOM cnyqae Jl.7IB tf - o5pa3HOA CnararomeA: 

I'Jl.e 

. o<P_+ (P,, Pz.)= 5 (A-f~) ~(P~+R,-Cf)Sexp{-i{n (pJ;.D_ (P.:_(t)t J 
IIOCTOSIHHaSI 5 OYJl9T ·. . 

$ = U (Po)~ (Po-~) .s,;s2. + lf(Po}lf(Po-~) 5'; 5~ 
Vl'MeeM, cne.llOBaTenhHO, a "t- - rrp.e.llcTaaneHnM: ,. 

bcp_+ {7-,,Z~)//~,-hj'-oo ~ 

:::. con-si exp { -.l [ .Q (Po)+Q {P~-~)]-1: +i [Po OZ, -r (~-A) Z:t]} 
CpaBHMM' aTo Bbipam:eHne c B0.7IHOBO:li ¢YHKuifeA rrapbi I -, + I B OCHOBHOM cocTOSIHMH: 

rh 0 ' . j ip {t,-t~) . 
't'_+ (t,,7,~): con5t e · ·. u (P) lr (P} d P 

x/ . . . . . 
nonom:MT9.7IhHbiti 3HaK BbiOHpaeM Ha OCHOBaHiiM OOI!l9I'O .YC.7IOBMSI HOpMHpOBKM /76/, 
KOTOpOe B paCCMaTpHBaeMOM cnyqae OyJleT: 

/76/ I e (p) 1JrpJ >O 
p 

no]lCTaBMB B STO ycnoaue peweHMe /88/, ~MJlMM, 'ITO S, M 52.. Jl0.7I)KHbi MM9Th 

OJlMHaKOBbie 3H8KM, noaTOMY ypaBH9HMe /89/ rrpMBOJlMT K rro.riom:nTe.7IbHOMy 3HaKy E. 
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', 0 J 
H CH0 1 'ITO TaKa£!¢_.,... COOTB9TCTByeT CBSI3aHHOMY COCTOSIHIIIO napbl tJaCTIIU 1 B tJaCTHOCTII 1 

np~ /'i-
1

-0Z.,it f-oo <PYHKUIISI aTa cTpeMII~CSI K Hynro, Bb!pa)KeHIIe )Ke D<l?_+ pacnaa~eTcSI ua 

IIpOI13BeaeHIIe aByX nnOCKIIX BOnH II COOTBeTCTByeT He3aBIICIIMOMY aBII)KeHI!IO aByX 'laCTIIU 

C IIMnynbCaMII Po } q, - p 0 

. . 
BIIaiiM 'i'aKIIM o5pa3oM, ~To aneM:eHTapHbie. B035y~.zieiirrsl H3 HenpepbiBHo:ro cneKTpa 

MO)KHO <lJII3IItJeCKII IIHTenpeTIIpOBaTb KaK OTBetJaiOUlii9 aiiCCOUII8UIIII KB83IIMOneKynbi Ha 

OTaenbHbie COCTaBnSIIOUliie e_e '18CTIIUbl, nepeil:aeM Tenepb. K Il3ytJeHIIIO CIIeKTpa KOnneKTIIB

Hbi:X KOneoaHIIH;· KOTOpbiH oyaeM onpeaemiTb C IIOMOUlbiO peweHIIH ypaBH9HIIH /81/, COOT

BeTCTBYIO~IIX aiicKpeTHbiM /npii <PrrKCIIpoBaHHOM ~ I 3HatJeHIISIM E. 

Pac:_cMOTpiiM npe)Kae ace:ro cnyqail:i Ko:raa tJaCTIIUbi He IIMeroT sneKTpii'IecKo:ro 3apSiaa. 

B 9TOM cnyqae BBHay OTCYTCTBIISI KynoHOBCKOI'Q B3aiiMOaeil:CTBIISI oy,UeM cqiiTaTb Bee Siapa 

I , 'J , G KOHe'!HbiMII, CaenaeM eme !JSia 3aMe'!aHIIii. TaK, Il3 ypaBHeHIISI /35/ cneayeT, 

e = U(p}.V(P) 

n OSTOMY HeOaHOpOaHO ypaBHeHIIe 

Lo (B ):f (P) 
MO)K eT IIMeTb peweHIIe TonbKo; ecnii 

[ f(p)U(P)Z((P)=O 
P. ... ... . . ... /911 

BIIaiiM Tenepb, 'ITO ciicTeMa ypaBHeHIIii · 181 I IIM.eeT npii ~ · == '0 -peuieirrre: 

E9 = ~ (P) ?t(P) I V== ~} E=p 1921 

II noToMy· 5yaeM IICKaTb ee. peweHIIe anSI ManbiX (Cf / c noN!OUl:biO pa3nO)KeHIIfi llO CTeiieHSIM 

!~l 

1931 

.:rae· 
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noLlCTaBliB STU paano:m:eHRSI B ypa.BHeim:SI 181'l 1 nony'IRM: 

L (e)~- E ec{~{ .'Ol.~$(~zr) t ~ o 
. o I .. /f.c(!:j . "DCJ~ ~~ 

1941 

Mo (~ )= E, u{p)l((P) 
1951 

. · .· ·. ) .... · . ~ . .. .· · .. : { {)~i{e,) }·. _ _L ~- · · ·· ·{ ()"- Lrt (uv-)~ . 
b,(a. -E, C),~ ¥ e~ 0 ~"' 9_0 ~ 5;/-- el' 0~ .. 0 ~~ ~~~~ 

YpaBHeHne /94/ paaperimMo, TaK KaK (PYHKunsr. f{p}, cTosrmasr B e:ro npaBoll: 'lacTil, o6na~ 
Ll aeT CBoiJ:cTBOM: 

J (-PY=- j (P) 
BBHLlY KOTOp6ro ycnOBRe 191 ,' BbinOliHH9TCSI TpRBRanbHO~ ,llnsr paapewRMOCTR ypaBH9HRSI 

196/ Mbl LlOn:>KHbl IIOTpe6oBaTb Ha OCHOBaHRR 191 I, 'IT06b! 

E L: d ( P, e) u ( P J v- (P) =-
, p I . / . 

·- L 1;~ (P)if (P) {~ 
p . 

e o( 
'iJlnt{ (},) \ •. +. L. [ .. e·e . {~~.,[,"' ( iw).) /97 I 

. ()~ct. f~=o ··~ r:J,f « f 7lCf.,~.'dq/' . f9,.o 

VI a ypaBHeHHSI 195/ .Mbi BHLlHM, 'ITO ~ nponopunoHanbHO E, . ri osToMy ycnoBne 197 I 

LlaeT Ha~ B03MO:>KHOCTh onpe~enHTb' E~1 H -r.'Ll. ct>k~TH'I~CKH: npoB9LlH y:KaaaHHylO .3Ll9Cb 
, , ' .. I . . .. 

nporpaMMY Bbi'IHCneHHi1: B cny'lae pa~lfanbHOii CHMM9TpHH 1 MO:>K9M y69Llll:TbCSI 1 'ITO IlpH 

ManOM ~~~: . ' 

E ::_l~/.S 
1/f 

I'Ll9 1 ecnH OTBnS'IbCSI .OT nonpaBOK Hll B31lRMOLl9fiCTBU9 1 z. - 6~Ll9T paBHO BenH'IHH9 CKO-

pOCTH 'laCTHU Hll IIOBepXHOCTlf ctl e:pMH, 

M bl HaXOLl.HM 1 T8KHM o6pa30M1 KOnneKTHBHbi9 KOne6aHHSI KBil3HaKyCTH'I9CKOI'O XapaK

T epa, 06naCTb HX cymecTB,QBilHUSI OI'pllHH'I9Hil HMIIynbCaMH Cjt 1 ~nSI KOTOpb!X COOTBeT

CTBYIOlllllSI E ne:m:n:T H.H:m:e nopora Boa6y:m:LleHn:SI HenpepbiBHoro cneKTpa. 
' . ' . 

nocMOTpHM Tenepb1 'ITO itpOH30fiLl9T C KOne6aHHSIM.H STOr6 TUna y LlHHa~H'I9CKOfi 

CHCT9Mbl sneKTpOHOB 1 paccMaTpHB13.9MOfi B T90pHH CBepxnpOBOLlHMOCTH, 3aM9THM npe:>KLl9 
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BC9I'0 1 _ 'ITO H8nif'III9 KYiiOHOBCKOI'O B381IMO.IJ:9HCTBIISI Bbi3biB89T 3.ZJ:9Cb cy Ul9CTB9HHYIO oco-

09HHOCTb y st.n:pa G ~ : 

Uenecooopaano noaToMy npe.n:cTaanstTb Tenepb onepaTop f1 ~ .B sn.n:e 

M9- (CJ)~ Mi ( lff)-r 
11 . . . ; .. ' . 

· + !~~ { tr(P )U (P-tp)+U (P)tr(P~~J} ~f'1(P){v-(P}U (P~~)+U(P)tr(P1}t8' 
.· . x/ . . ~ . 

SIBHO BbiA9iiRB B H9M 'I8CTb C OCOoeHHOCTbiO · n"pn · ~· . = Q~ Jlnst perynstpll38URII ypaBne-

HRfl: /81/ BBeneM HOByiO H9R3B9CTHylO 'f '. noJIO)K~B: . 

. _!_ [ ~(P'){tr(f)U(P~$)+tt(P') lt(P'-~J}-::: 
V P' 

/lf/J.J (r)·.' . 
16 1(e~ r 

-Tor.n:a H8W8 CRCT9M8 ypaBH9Hllil: MO)K9T ObiTb 38nRC8H8 B cpOpMe: 

. . 

Dq,· (G)·~~--~·-
.. '.'; 

Mi (C!)+{if(p)'u (P~~)+U (P) 11,/P~ct)} Cf/~ =E ~ 

~ f. cJ {~'J{zr(~} U(P'-<j)+ U (P~ ~(P~q)}~ 

'' ·, 

/99/ 

Bn.n:nM, '!To npn .fj; = 0 ona RMeeT peweHne npn np6naaonhHOM E: 

e=w(P)ti(P) .! cJ,=O, c.p~E . 
noaTOMY oy.n:eM RCK8Tb ee pewe~rre -Ami· ·~anbiX ~~~ C 'nO~OlllbiO pacnOiiO)K9HIISJ: 

x/ 

.-

He cne.n:yeT .n:yMaTh, 'ITO npn oonee TO'!Hoil: TpaKTOBKe Mbi nony'lnm~ obi aciJciJeKT 
. aKpaHnpoaanrrst a·:MHo*n'rerie. S':l{'e~/ftJl.t n TeM caMbiM. nnKBrr.n:rrponann obi 

YK838HHyiO CnOCOOHOCTb, npR'IRH8 9TOI'O B TOM 1 'ITO Mhi liM99M 3A9Cb .n:eno C 
KoneoannstMR nnoTHOCT~ aneKTpn•recKoro aapst.n:a, 'ITO an.n:no xoTst na Toro, 'ITO 
B /98/ KaK paa n sxo.n:nT aMnmtTy.n:a Koneoan'rr:it /cM.ciJopMyny /87//,nprr oocne
.n:oaaHHR *e neo.n:nopo.n:noc'rn B pacnpe.n:enennrr aapst.n:a KynonoacKne CRiibi HMeiOT 
A8ii9KO .n:eii:CTBYIOlllRil: xapaKTep H nOTOMy B .f - npe.n:cT8Bii9Hllll BC9I'A8 A0ii)KH8 
ObiTb YK838HH8H ocooeHHOCTb npn cr· =0. 
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~= (qJ ~ (P,e )+ .. : 
' .. 

<p = Eo + I£?! <p, + ... /100/ 

E=Eo+/q)E,t ... ' 

· ITO.llCT8BHB ~OTOpb!e B /99/ 1 Hafi,lleM: · 

-··· ( ).: . --~- · ··{·· uLq, (u,~rJ t · 
Lo tJ, . Eo u, 2:· e..t . 'd . J; =o 

-~. ~- ~~ t 
/10f/ 

t . ·. . . .·· · . ()1r(P) oU (P)) . 
Mo(U;)~U(P)lr(P)(E,-CP,)+EoBt+ Eclz~ ec%, (U(P)-apo( +l!{P) oPcA. /102/ 

.·~f. 0(P')U(P'}ll(P}=O /103/ 

. ~ ~- • . _ · .. { 'a0~ (e,) t -L -~ . {. o'"'&'k (u ?r )} . · 
L. ( rt.)- E. (i~ + E, U, f e,_ 0 q,_.. r9• 0 _?. f;j. e"' e, ?J '~"' 0 "1-!:' "'= o 11 o4/ 

. . ' ----.. '-, 

I
, . . cr Eo . . 1 (}--. { () 1/(P) uU(P)} 

g y f u. (p)U {P) lf(P)= 16Jfe' + y to, (P)e._ U(PJ. Cl p,_ +I!(P)'a p._ 1105/ 

' 

· B ypaaHeHHH /102/ BO~bMeM 'E,- 'J), =P ; Tor.na ua /100/, /102/ MOmHo aaMeTHTb; 

'ITO tY1 H cJ, 6y.nyT aHTHCHMMeTpH'IHbl npH nepeMeHe 3HaKa p H ITOTOMY YC~OBHe /103/ 

y.noaneTBopt{.TCSI aBTOMaTH'IecKH. D.nSI paspewHMOCTH /104/,HanuweM Hawe o6bi'IHOe ycnoaue: 

'E"'[ ()~ (P)U(P)lf{P)=. 
/106/ 

. . r· .( --~ LCJ,(~ }) .. .L "' . L- tJ~ i~ ( u lr )1 . } 
=-LU(P)U{P) ~e~_ r;Cf~ ~=o+~_~er~.ep u~~o~f J""o. 

. H o neBaSI qaCTb sToro paBeHcT~a Ha OCHOBaHHH /105 I 6y.neTi 

. . 

V E ; · · , . . . •. . . . · . · u v-( P )- .· - . 7JU ( P > · · . 
re• + ~ J, (P)e,.(u(P) dp.., + ll (P) 0 P«- } 

/107 I 

; 

----· --· .... ___ .. __, ____ ~----__;____ _____ - ··-··---- ~~~ -. ---~---·-----~~----_.,.. ___________ ,_ ---·~· "•'"··--
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, 
. Tenepb BIIniiM, 'ITO ypaBHeHIIe 11061, onpenemuomee f 0 He IIMeeT HyneBoro KOpHR, Llefi

cTBIITBllbHO, II3 /101/, 11021 cnenyeT; 'ITO neaan '18CTb /106/, npencT8Bll9HH8SI Bhlpa:>Ke

HII9M /107 I o6paTIITCR B HYllb npii f 0 == 0, ITpaBan :rn:e '!aCTb 11061 npii Eo == 0 coB

nanae~ c npaBoii: '!aCTbiO 197 I II noToMy 6yneT OTl!II'!Ha oT Hynn, 

Bhi'IIIClliiM cefiqac E 0 nnn paniianbHO-CIIMMeTpii'!Horo. cny~f~R. BoabMeM: 

p"' E (P)=-.· . . (., htt 
II npennono:>«:IIM eme, '!To: 

I I I) J (PI .Pl; ·P2., P,) = J (A- P, npii 11081 

Torna MO:>KHO npoBepiiTb Hanii'!IIe To:>«:necTBa 

/1091 

B KOTOpOM 

I 1101 

3aM9TIIM1 'ITO cnyqafi /1081 peaniiayeTCSI1 9Cl!II B3lliiMOne:licTBIIe H9 38BIICIIT OT CKOpOCTefi 

II onpenenneTcn noTeHuiianoM 7}" {"t, - 't,tJ . 
. , · B ·aTOM cnyqae 

J ( p) = - J (- p) = J 1J ( t) e i ('tf J cl t- · 

B TeOpiiii CBepxnpOBOniiMOCTII KpOM9 Kyl!OHOBCKIIX CIIll 1 nnn KOTOph!X ycnOBH9 11081 ecTe

CTB9HHO Bh!ll0l!HSI9TCSI 1 HB06xoniiMO npiiHSITb BO BHIIM8HII9 BLUe clJpeJJIIXOBCKOe B38IIMOnefi

CI'BII91 o6ycnoBneHHoe'· o6MeHoM ¢oHoHaMII, TaKoe BaaiiMon eficTBIIe a¢¢eKTIIBHO niiWb B yaK OM 

Cll09 OKOllO llOB9pXHOCTII ¢epMII 1 II B STOll o6naCTII ero BKnan B J 6yneT: 

· · 1111 I 

r ne ~( ~ )- B9l!II'IIIH8 1 XapaKTepii3YlOLU8SI CBSI3b Sll9KTpOHOB C cPOHOH8MII, rJ OSTOMY Mhl II MO

:>K eM llOllb30B8TbCSI COOTHOW9HIISIMII. 11091, CTporo rOBOpR 1 'IT06h! OHO IIM9ll0 M9CTO TO'IH0 1 

aeo6xoniiMo npone¢opMIIpoBaTb Bhipa:>KeHIIe 11101. M hi aaMeTIInii 6hi Torna· OTKnoaeHIISI 

llOpSinKa OT~0~9HHSI (] /w 1 rne U) - cpenHRSI SHe~riiR cpoTOH8 1 T,e, OTKllOH9HIISI llOpSinKa 

B9llii'IIIHhl aciJciJeKTOB aanasn hi"BaHIISI Sll9KTpOHHO-cPOHORHOrO B38HMOn 9llCTBIISI, 
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' B cHny.aToro o6cTOHTen&cTBa TaKoe yToqHeHne Heuenecoo6pa3HO npoBoaHTb B pac-

CMaTpHBaeMoii ceiiqac Moaemr, B KOTopoii aneKTpOH!IO-cpOHOHHOe B3aHMoaeiicTBHe saMeHeHo 

npHMbiM B38HMOaeil:t:TBHeM BDeKTpOHOB, IIOCKODbKY CaMa BTa 3aMeHa ·aonycTHMa DliWb- C 
. . I 

TOqHOCTb!O ao npe,lle6pe:>KeHHH BcpcpeKTa~ 3anasabiB8HHH, npuMeHHM ceii,qac COOTHOWeHHH 

/109/, /110/anH onpeaeneHHSI senuquHbi £ 0 ·, Bsnay BpMHTOBOCTH onepaTopa Lq, HMeeM: 

f { L~ (r:J}J~- 0 ~ U-rie} ~ o /112/ 

OTKyaa 

E ~ L OrPJ{UrPJv-(P~1J+zr(PJU rP-'JJ}= 
p ~ . ~ . 

=:J_ L: t) (p){ (P-fJ,) _ _E_ }(V(P)U (P-~)-U (P)l/(P-rp)) Y p . J.,~ . ~m - /113 I 

' 

B hrqucnHM Tenep& o6e qacTn ~Tqro _ paBeHcTBa c ToqHocTbiO ao B~mrquHbi nopHaKa Jq,/1. 
BKniOquTen&Ho, VIs /100/ snanM, qTo 

r;) (P):F(;t (P)l/{P)+/~/@,+ ... 

KpoMe Toro, us /99/ n /100/ HMeeM: . 

. Yv ~a (PJ{U(P)lT (P-1/)+IT(P)U (P-q,J}= {-!fe. {E.-t hJCP, + ... } 
n OBTOMY H3 /113/ nonyqHM 

E.~= ':;e~ f u(PJir(PJ rr:,;J{ir(P){e a:;PJ U(P)(e 0f.ftPJ)} 
I 114/ 

rae e-::. ~ /r ~I . noacTaBHB B /114/ Bbipa:>KeHHH u, ' v- H3 /36/ Hail:aeM OKOHqa

TenbHO 

--
~ - HMnyn&c <P epMH. 

' j~teY ·· fo-::. . /3Ji p:;ln 
/115 I 

KaK BllaHo, Mbi nonyqnnn saecb o6brqHoe 3HaqeHne BHeprHH anH H3BeCTHbiX nna3MeH-
. . .. . . x/ 

HbiX Kone6aHHii; cneuncpuKa csepxrrposoamuero· cocTOHHHH nonHOCTb!O Bbinana • Bsnay Toro, 

x/ / 16 I 
9TOT pesyn&TaT 6brn paHee nonyqeH AHa epc-::>HOM , BbrcKa3biBaBweecH paHee 

/eM,§ 7 B /1/ /npeacTaBneHHe 0 cymecTBeHHOCTII BDIIHHHH CBepxnpOBOaH!llero 
COCTOHHIIH He IIOaTBepaHDOCb, 
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.•r To Eo 3HaquTenbHO 6onbwe ::inepruu ne~pepbiBHoro crreKTpa /npu Manhrx q, I, nal1.oennoe 

ciaun:onapnoe pewenne oKa:tKeTcH B 6onee TO'IHOl1 TpaKT.OBKe numb KBa3ucTaunonapHbiM, 

0TM9TliM 1 O.QHaK0 1 O.QHO niOOOIIbiTH09. OOCT05IT9nbCTB0 1 a liM9HHO T0 1 'ITO H9CMOTpSI Ha 

rronyqennhrl1 cel1qac pe3ynbTaT, y cncTeMbi ·ypaBHennl1. ·/81 / 3Ha qenue E = 0 MO:tKHO paccMaT

puBaTb KBK npu6nli:tK9HHOe COOCTB9HH09 3Ha'I9Hli9, 

n el1CTBliT9nbHO, Y'lliTbiB85I /109 I' H9Tpy .OHO 3.8M9TliTb, 'ITO B3SIB 

. . . 
~ e"' (P)~ }q, {P) I ·c; (P)::'o 

Mbi Y.OOBnSTBOpliM CliCT9M9 /81/ C TO'IHOCTbiO .00 Benli'IliH IIOJ?fi.OKB jq,.l: HecKOnbKO II03lli.e 

Mbi 3aM9TliM 1 'ITO 9TO OOCTOSITSnbCTBO OK83biB89TCSI B9CbMa Cy'IU9CTB9MHbiM .Qnfl 009CII9'1eHli5I 

rpa.oReHTHofi unBapuanTHOCTH Teopuu, Mbr ?onbKO _'ITO OTMeqanR, 'IT~ nna3MeHHhre Kone6anuH 

co CBOliM l3biCOKRM 3HatieHli9M E He cneul:i¢~'1Hbi .onsr c~epxnpoBorisrmero COCTOfiHRSI, B. CBSI3li 

c 9TliM MO:tKHO nocTaBliTb BOnpoc, liMSIOTcsr nu sooome KonneKTli~Hhre Kone6an'uH, ·xapaKTep

H hie .on5J TBKOI'O COCT05IHliSl, 

• I 
K aK Mbi Tenepb BH.ZlliM, liX MO:tKHO liCKBTb nliWb Cp9.Zlli Koneoanu:il:, HS . M9HSIIOIUliX~ nnoT-

' H OCTli pacnpe.oeJ_ISHHSl 9n9KTpli'19CKOI'O 3apH.Q8, YfHa'le I'OBOpSI, Mbi .QOmKHbi liCKilTb .pewe-

HliSI CliCT9Mbi _181/, y KOTOpbiX RC'I93aeT Bb!pa:tK9Hli9 

~ ~ J (P) { U (P}Ir{P-Ij.)t If {P) ~t (Po ry)} 

c KOTOpOH li CBSI3aHO nos;:tBnenue ocooeHHOCTII tlpii · ~ = 0 /eM, <tJopMyny /98//, B03bM9M 

pa.ouanbno-cuMMeTpu•:nrhr:il: cnyqa:il:, YcranoBn:H t•Cb ~ .· {[ IIO HanpaBneHliiO BSKTOpa f II BBe-

.Zl9M uunun.opuqecKn:e Koop.on:naThi, · By.oeM n:cKaTb pemenn:st Bu.oa: 
. . . .t 

91 (P):. ~ LJt-tf@ (PIP~) 

T aKn:e pewenn:H ¢opManbHO 6y .oyT cymecTBoBaTb R .onsr nn:x yKa3annoe Bhtpa:tKeHRe TO:tK.oe

CTBenno paBnonyn~. Bonpoc cocTonT nn:w~ B TOM,· 6y.oyT' ~u cooTBeTcTBy!dmn:e 3Ha'leHnst E 

ne:tKaTb Hn::tKe rropora B03 oy:tK.o eHIISI nerrpepbrBnoro cneKTpa. 

Cne.ooBano obi npoaH_ ann:3upoBaTb TaK:tKei Koneoann:H uepaccMaTpliBaBmeficsr 3.Zl9Cb BeTBn: 
I . 

CII9KTpa 1 y KOTOpOH 

·· A._+ ~.At- =- o 
\ 
'· 
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§ 5, BorrpOCbi sneKTpO.UHH8MHKH CBepxrrpOBO.USIWei'O COCTOSIHHSI 

PaCCMOTpHM BOrlpOC 00 H3MeHeHHH OCHOBHOI'O CBepxrrp.OBO.llSIWei'O COCTOSIHHSI ITO.U .U eii

CTBHeM BHe~rmero ITOCTOSIHHOI'O rrong A(~) . . LITOObi paooTaTh B nHHeiiHOM rrpii5nH:IKeHHH, oyneM 

c 'IHTaTh A 5ecKOH9'1HO ManbiM rrepeoro rropSinKa 1:1 eocrronhsyeMcSI ooruHMH ypaBHeHHSIMH 177 I • 
. xl 

Torna, ecnH He y<~HTbiBaTh HanH'IHSI rrapaMai'HHTHoro <~neHa , rrony'IHM: 

.it_+ (P,,P4 )='- V~ e~ (P) j ~ ~+ {- P2.-,~ P, )=: {- 9'};- (P) 11161 

1:1 

L~ (&~) ~-;, (~p-f)i"(Cf){ li(P)U(P-1)-u (P} 7J (P-Cf)} 1117 I 

3afiMeMcSI cefi<~ac HccnenoeaHHeM ceoiicTB sToro ypaBHeHHSI, Bo3hM9M 

e i($)= ifCf(1) 11181 

T orna; B 'V - rrpencTaeneHHH. Mbi non:>KHbi HMeTh rrp1:1 HanH<~HH rpanHeH't:-HOii HHBapHaHT-

HOCTH 

F 
It ). " i (<P ('t.~.)- <f (~,)) ,.- ( 

. l ~,, ~.t e ' ' ro tt,, ~ .t-) 
·, 

HnH, ITOCKOnhKY B HaW eM cny'lae tf "oeCKOHe'IHO Mano: 

a F (tt, ~J- ) = i [ tf ('t-.t )- Cf (Yr,)] Fo (t,, t.:,) 
n epexong K p ...;, rrpencTaBneHHIO 1:1 ucrronhsyg cpopMyny /85/, rrony'IHM 

.rt (P,,P~)== i<f {P,+P4){UR lf~ -rifp, Up~} 

. t1q, (P)=-2-i'f(cp{U{P)u(P-q,)+V"(P)U(P-'f)}=- ~i<f{~)Jq; (P) 
C npyroii cTopoHbi, HaiineHHoe 9~ { P) non:>KHO ynoeneTBopSITh ypaBHeHHIO 1117 I B cny-

1:1 
\ 

'189 11181 1:1 ITOTOMY 

~. i tf ( ~) & ~ f j. &} } = 

= 1/im- {(tp-~) Cf;} Cf(Cf) [U(p)U(P-~)- U (P) lJ (P-CJ,)] 

Ho 9TO eCTh HH 'ITO HHOe. KaK COOTHOllleHH9 ·/109/, 

x/B nHHeHHOM rrprronH:>KeHHH ero scpcpeKT MO)f<:eM Bcerna paCCMOTp9Th H938BHCHMO, 

;·'j 
~ 
~ 

ll 
+j 
,; 
;: 
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TaKHM o5pa30M 1 CBOiicTBO rpa.UHSHTHOH HHBapnaTHOCTH HM99T MSCTO C TOll me CTe

neHb!O TO"!HOCTH 1 K8K If COOTHOW9HH9 /109/, T,e, C TO"!HOCTblO .llO acpcpeKTOB 38TI83.llhiB8HHSI 

9.TJ9KTpOHHO-cpOHOHHOrO B38HMO.ll 9HCTBHsi, 

npe.UCT8BHM Tenepb ce5e TO TIO.TJOX{eHne, KOTopoe TIO.TIY"!H.TIOCb 5bi 1 ec.rrH TIOCTynaTb 

c.rre.uyrownM o5paaoM, PaccMo~pnM cnepsa raMH.TibTOHHaH cncTeMhi 5ea BHewHero nonst, co

sepwnM K8HOHH"!eCKOe npeo5pa30B8HH9 

n onpe.uennM . ~ . 1.!' 
I . na yc.rrosnH KOMneHcaunn onacHhiX .unarpaM c nMny.rrbcaMH K 

1 
- K . 

3aTeM BBe.ueM B raM:H.TibTOHH8H Ma.rroe BHSWHee none, npeo5paayeM Bee Bhlp8:>K9Hli9 

K aMn.rinTy.uaM · rJ.- , o(, +, noc.rre "!ero He a~50THCb o, KOMneacaunn HOBhiX on.acil:~rx· .unarpaMM 

c HMny.rrbcaMn K, -K+Cj,t ,·aoaanKarow:nx na-aa saewa.ero no.rrH, npnMeHnM oi5hi"!HYIO 

TeOpHIO B03Myw;eHH:il:, 'Tor.ua BMeCTO /117/ Mhi no.rry.J:n.rrn 5hi: 

.{ n (P)+.O. (P-if)} Et~ (P)= 

~- ~ (~p -~) J (~J'f li(P) U (P-~)- U (P)ll~ (P-ft)} 

OTKY .ll8 

/119/ 

3roT peay.TibT8T 1 0"!9BH.llH0 1 , yme He 5y.ueT rpai:UfG*TJIO~HHBapll:aHTHhiM HH B. K8KOM paayMHOM 

npn5.rrnmeHHH, 3aM9H:HB L 'Jt (e) H~ 
{o. (P)+fi (P-tJ,)} e 

M hi paapyWH.TJH TeM C8MhiM OCHOBHOe CBOHCTBO 9TOrO onepaTOpa,- T0 1 "!TO HY.Tlb SIB.TJSI9TCSI 

ero C05CTBeH~hi~ 3H8"!9HH9M, np:H · q, ,= 0, n epeft.ueM Tenepb K H3y"!9HH!O 38BHC:HMOCTH 

n.rroTHoeTn ToKa ·oT seKTop-n~TeHuna.rra, VfMeeM Ha ociiosa"Hlin. /84/: 

~J-; =ep~ -e~iir~J ~/v r: u-ft 
n noToMy, 5.rraro.uapH I 81/: . 

r 
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mJi = fv'f. e (p- ~/z)G?t (P)[U(P)v(P-~)-lr{P)U(P-~)]-
P . - ·- . . . . 11201 

~- (_/ ~ 
- e il ( ~) 1y f lip 

0503H8'!11M ttepea ~ (p, q,) pew eHI1e ypaBHeHI1H: 

L~ (T.,) =- Q, p~q. [tr(P)U (P-q_)- u (P) 71 ( P-q,)] 
1121/ 

«-~ 1,~.~ 

Tpr:.n.a Ha ocHoBaHI1e 1117 I 11 11201 Hafi..a.eM: 

--- Q~ ( P j = e f T c1v ( P, ~ ) 11 ~ ( Cf) 
11 ~ & . . 

J~ =- e:P;fm, f { fctf (~)-5 (~f3)} ~ (~)_ . 
· I 122/ 

. ·(J = ~;v r lr,J.., 
) 0 p p 

r..a.e 

$.,/' ( ~) =fy ~ (.t~~q,t) {zt,(P)Ir(P~CJ,)-1/(P)U (P-~)]'fp_( P, '?) 
/1231 ·. 

BBI1JJ.Y /1211 MOmeM Halli1C8Tb TaKme 

s.,f' (~J='YlJ. f ~,f (r,) Tr 
Y5em..a.aeMCH OTCIOJJ.a B CI1MMeTp11tl_HOCTI1 s~f : 

_ Sc~tf. (~J: Sfct(tj,) I 124/ 

VI a /1231 nMeeM TaKme 
. . 

. ~ ~-- S"f (~) =-;. ~ l.J~ (I~) 7f = ""/vp. f :1'1/.J (Tp) = 

= ivf. Z: ( ~ ~- fJ ){Y(P }I!{ P-~ )~ tr ( P) U ( P-q,}) [ U (P)/T ( P-~1: 1r ( P) U ( P-~ )}~ 
p . 
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\ . 

~ .. ~ ',. \ _;: t ) ~-. ; 

= 1/-v;. ~ (z ~-'If){ u '-(P! v-'rP-~)- v'(P! u~ r~- ~jy ~ c •.... 

. ' ~ ~ 

( / 

~ -·.- ' i :~: : ... : 

. = 1v-f. ~ (ufl +IJp)U:'"(fJ} ~ 1vp .. ~ (t'f"'J;.) if"(PJ 
. ' ' ,-~ 

" ·• '. 1 ~')-~ f . 
· " · 17 I 

nonyqaeM Tal{HM o6pa30M COOTHOW9HHfl ByKHHI'aMa. 
:.·/· • "1- .~ '; -

~ ~; 5<~-f (i)"~~ .. . 5/126/ 

. fj-~~0'"< 
. I 7 

Bn.anM TaK)Ke, 'ITO J q, . cpaKTH'!9CKH 38BHCHT niUI,Ib OT no.n·e~e·~~~ll·;'!aCTH B9KTOp-noTeH- . 

unana · A: ,., .. . fi = eJ>im- r {s~e (~)~·s (<~.-j.)}'Uf (~l t ... 
' ' .. r '~. . ·_ (i[i" r~rr ';(' 

. . .; .. :,ZL~ (~)- 4c<t(~J: ~~- . 
• ' ' ~. ' ~ ' ·; ~I ', 

., .• 

. Yicc;:;e.ayeM cetlqac -~· TaK K'aK Tenepb 

~o _ypaBHetme. /117 I M())K__eM l1P.e.acT?BHTh ~/cpopMe 

_ . Lut · (et)=: .:ve;~·-(fil·ffJ[u {P)v- (P~cp)-tfrPJU rP~ ct)] 
. rae p.L - cocTaBJ:!f!IOIUafl · p - nepnea.auK~pHafl aeKTopy· ~ ·• YcTaHOBHB B .!pocTpau

CTBe.: HMll}'lxbCOB ocb, ,% , no aanpaBneanio SU~, a ocb ~ .. - no>HanpaB'neH,~IO ·~ , · nony-

'!HM ,Tor'.aa ... 

(}~( P,)~ eU, (~)'i (P, ~) 
'I ) < • •• ,~ /126/ 

j 

\ 

' i 



~:·n 
i!!i 

!II 
~~ 
lfdj 

!II! :;1· 
'if 
~~ 
;!t 
!l[ 

:j·.l'· . 
. 
1!:-

~ 
i I 
~ ,, 
~ 

/ 

48 -

r.ae 

L (T) =f (P, ~)= ,Ym. p't_['fk(~J7r(P-~}""l!{P}U (P~tjt)' 
t \(,.:'; '\ • ,' ' 0

: • •' ,• • 1 ' ' c I , 

K aK BH.llHO s.ae~b. j ( p,' ~) 6y .a e; ll:HTHCHMMe~pH'IHOfi cpyH~uuefi p1 

/127 I 

___ __ _ __ _ _ J (Px;ft,.-.Pi;iq,)tj(Pt.,P:t,P1 ;ft-); o/ , 
/128/ 

x/. - TaKaH cpyHKUHH 6y.aeT ·o~~~roH.an~H~ KU (p)11(P}. ~b~ ~om eM n09TOMy BCer.aa IiCK8Tb 
f . 

pemeHue ypaBrueHHH /127 /B ·BH.ae: 

i (P, ~ ),~:~ TJ (P.);·~ trz:t. ( pj 
r.a e ~- 'f,_, ... - aH;~?HMMeTpH'IHb~e cp.yHK~HH nepeMeH¥OH Pi. B CMbiClie /128/. C .apyroj{ 

CTOp0Hbi 1 no.acTaBHB'/126/ B /120/ 1 H8H,lleM: .. 

_ ii = e '7'· I, rs ( i) -e 1.l~ r ~) 
'r.zie el -OpT OCH ~ .. 1 a . 

~R"~zr. 'C fP/i).{U(P)7r(P-c~y-li(P)~.(P~q.)] ··' 
2Po ... · \ · ' · ' -

Ho npH ~-01 cilYJiKUHH ! 6y.aeT ne~B'oro nopH.aKa ManocT~ H nOToMy S(q,) 6y.aeT 
L .. . • 

KaK ~- ... • H;aK 1 .an:~, p~~~aTo7Ho Man,hrx: Cf, 

-... s··(q,)·=-2:. 
HC'Ie3aT._ 

J 7- .;~e·J:~/~ ·ifJCf) . 
-~ •• ••· • • ~; •• o/ [9];[to]·. 

H Mhr HM_eeM scpcpeKT · M efic.Hepa B 'IHCTOM BH.a_e, -

/129/ 

-.(_ 
, , ,, I · I 

KaK Mhi BH.aenH 1 _ npH. paccMOTpeHHH BliHHHll:H BeKTop-,.noTe'HuHana· cymec·rBeHHhiM oKasan-00 . _.· . . . 
c >1. ~Hlllb onepaTop U 'j.1 ( {)) ,. Ecnu 6br· .Mhi nomen~nH p~ccMoTpen, BliHHHHe BHeruHero cKa-

liHpuoro rtOTeHUii81I8 v ; TO B liHHeHHOM IJ:pH61IH)KeH'Hu npHlllliii 6bi K. ypaBHeHHlO: 

M-~ ( cJ)=- 9v e V(q,) {U{P) zr(P~tt)+ ri (P) 1£:-(P- tt)] 
·· c onepaTopoM M4. TaK Ka~ .onepa;op STOT co.aep~HT :cii~ryhHpHhiH ttneH ~s-sa .aecinpMa"':' 

UHH · aapH,llO.BO:li: nliOTHOCTii 1 ueTpy ,llHO y6e.aHTbCsi 1 ~TO. cneuu4mKa CBepxnpoBbLtHlllero COCTOH-
. • • 'f . . 

• ~ ~ + ' .,. • • 

·_ .HHH s.aecb Bhrna.b:aeT; ll-scpcpeKT aKpa~HpoBKH 6y.aeT' npo~rcxo.aHTb TaK )!te1 ' KaK u B. HOpManb-
,f • .. • / 

HOM, COCTOHHim., .. '';' 

_ .3iiMeTHM 1 .HaKOHeu; 'ITO ecnll: Mhi 6y.aeM,Ii3Yti8Tb BliHHHHe ''.JneHa 1 nponopuHOH81IbHOro 
_.,.. ! . . i ,~ ' ' \ . 

H 1. 6" I. TO Mbi npH.aeM ,K HOBOMY onepaT~pyl TOMY. caMOMYI. KOTOpbifi BXOiJ.HT B ypaB-

HeHH~ KOlieoaHHH ,llliH TOH BeTBH cneKTpa 1 r.ae -~~t.= 0. 

:x/ C 'IHCTO MaTe~aT~'IeCKO:li: ~O'IKH apeHHH BO;~;~e~ 1~ KOHeimo 1 'cnyqafi 1 Kor.aa ypaBHeHH'e 
. · iJ 0 (9) =0 KpOMe CiiMMeTpH'IHOro peru ElHiiH e"" U.{p)lJ' (P} HMeeT eme .apyroe co6cTB'eii-

HOe perueHu~ 1 aHTHCH.MMeTpHttHoe no OTJiop.reHu:ro K P-c ~ _ct>usuttecKH 1 o.aHaKo! paccMo 
TpeHue no·.aooHOI'O cny'<laH He HMeeT ocHoBal!ufi, u Mhi ero yttHThiBaTb He 6y.aeM. 

. . 

' 

·_ \ 



B aaKniOqemw C'IHTaiO cBOHM npHSITHbiM .donroM noonaroaapHTh npocp; Beuueng H npocp, 
. ~' : 

ill acppoTa 38 U8HHb;e .llHCKyCCHH no BOnpoCaM an~KTpO.llliHEtMHKH CBepxnpOBO.llSilU8I'O COCTOSI_; 

•. H HSI f)KeueBa; H!Onh 1958 rO.llB;l, KO!OPbie cnocoocTBOBanH npHBneqeHHIO HHTepeca aBTOpa K 

pac6MoTpeHHIO KPYI'Y npoone~. 
. . . ~. 

fl H T e p a.T y p a 

I -

1. H.H.Bot'omoooB, B.B. TonMa'leB, · . .U.B. illRpKoB -"HoBbiit MeTO.ll .B TeopHH · cBepxnpoBO.llH-

_MOCTH~, ViaaaT; AH CCCP /1958/, aHI'nnitcKHit .nepeBO.ll -:-:/1.959/-- B neqaTH, 
.· Fortschitte d.Phys. . · .. 

2. ·H.H. Boi'oriiOooB, )K8T<P, 2i., 58 !1958/, 

3 ,· C.B. THonHKoB, Hay'IIri.i~ Ll'oKnaahr Bl,rcl!leit WKon1r, · cep,cpua, N2 3 /1958/. 

' { .. '- . ' 

4. H.H;Boi'oniOooB, B.r.corioBheB, .UAH /B netl:aT~/; · • 
.. 

5.' A:~A.BnacoB "TeopHS'I MHOI'HX qacTHU .. rHTT n, 1950, 

.6~ P.W .• Anderson,,_Pbys.Rev.; l10, ~27; 985{1~58); preprint 
.· nThe Random Phase Approximation, in .the Theqry of Superconductivity." 

. '. 

T. M .J, Buckingham, Nuovo Cim. z, ·1763~(195~-) /: 

8, B.A. <PoK . Zs~ of Pb.ys._ g, 126. (1930), 

9. ·J'. Bardeen, L. -Cooper and 'J.Schrieffer; 'Phys.Rev·.·1Q§.,:.1175 (1957). 

J.M. B1~tt and T~ ~atsubara- in print •. 

11. J. Bardeeri., Nuovo Ciment ~ z, 1'765, · (19,57) ~ 
) ·' 

.' 


