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YPABHEHJ1H C ROKARbHhIM B3AHMOAEMCTBHEM 



§ 1. B B e JJ. e H 11 e 

HecKonhKO neT HaaaJJ. A.A.noryHOBbIM 11 A.H. TaexenHJJ.ae ohm npeJJ.-

no:m:eH KB83HilOTemrnanbHblil: IlOJJ.XOJl K pemITHBHCTCKOil: npo6n°eMe JJ.BYX Ten/ 1/ • 

OJJ.HOil: H3 Ba:m:Heil:lliHX OCO0eHHOCTeil: KB83HilOTeHUHSITbHOro IlOJlXOJJ.a, BblrOJJ.HO 

OTllH'ISIOIIIeil: ero OT ¢opManHaMa EeTe-ConnHTepa/2/, HBnHeTCH TOT ¢aKT, 'ITQ 

B naHHOM cnyqae ¢yHKUHH 38BHCHT OT OJJ.HOro BpeMeHHoro apryMeHTa H nony- _ 

CKaeT eepOHTHOCTHYIO HHTepnpeTaUHIO. 8To oocioHTenbCTBO CBH38HO B CBOIO 

O'lepenb C TeM, 'ITO ypaeHeHHH JJ.ITH BOITH0BOil: ¢yHKUHll H aMnnHTYJlbl B KB83H...:, 

noTeHuHanbHOM IlOJJ.Xone C0JJ.ep:m:aT HHTerpHpOBSHHe no TpexMepH0MY HMnynhc

HOMy npocTpaHCTBy, TOrJJ.a KaK B ypaBHeHHHX EeTe-ConnHTepa OHO npoHa

BOJJ.HTCH. no eceMy "leTbJpexMepHOMy p - npocTpaHCTBy. B paOOTax/3_,4/i 

nocTpoeH npyroil: eapHaHT TpexMepHoil: ¢opMynHpoBKH aana"IH JJ.BYX Ten THna 

KB83HIT0TeHuHanbH_oil:. H11:m:e Mbl 6yneM HCITOnb30B8Tb ypaBHeHHH, nonytJeHHbie 

a pa6oTax13,41 ~ 

B cny"lae 6eccnHHOBbIX "ISCTHU c paBHbIMH MSCCSMHx/ l"Y) ypaeHeHHH 

JJ.nH penHTHBHCTCK0il: aMnnHTYJlbl H B0nH0BOil: ¢YHKUHH aanHCblBSIOTCH B BHJJ.e 

( 11) 

xi · /5/ 
06 ypaBHeHmi /tnll 'l8CTH!l C HepaBHb!MH M8CC8MH CM. pa6oTy • 
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l!:r(1e,- '-Er) P/P)= (.l~)' Jw,k).,l P,(h)dQ,, ( 1.2) 

rne :2J=,-::.i~1,t-q':1 
x/ - nonuag sueprng qacTHU B cHcTeMe ueHTpa Mace; 

I Q - £ I - llHBap:irnHTHblll sneMeHT 061,eMa npocTpaHC'fBa flo6a-a I(. - ~--t.: -i. l'- ... , 2, A 
qeBcKoro, peannay10merocg Ha Bepxaeil: none rnnep6ononna p - :1... = O, 

\J (irk'· E ) - K Ba3llilOTeHirn:an. 
I I J 1 , 

B pa6oTe/6/ 6bmo IlOKaaaao, 'ITO MO:lKHO BBeCTH pem1 THBHCTCKOe - . tt, - npocTpaHCTBo, ecnn BMecTo 06b1'1Horo paano:lKeHllSI <l>ypbe no nnocKnM ........ 
sonaaM e•PX ncnonb30BaTb npeo6paaoBaHne lllannpo/7/ - paanomeune 

no "'penSITllBllCTCKllM nnocKnM BOnHaM" 
...,...,. _,,..., -J.-i,"t, 

}lp,~)::: ( po- ptv) 
( 1.3) 

( 
_,, ....., ➔ :i, ·J ) 
1t-=-'th,h--::::1_ 

TTpn sTOM ponh penSITllBllCTCKoro CBo6onuoro raMnnhTOHnaaa.HrpaeT 

KOlte'!HO-pa3HOCTHblll onepaTop 

\-{/:: [1c1~i~ + 

~ WO~ (p1 i) 

H 
'1. 

. 'J -sl1.~ 

r~ r 5 ( p,~) 

.c/J Li~'! e z~. 
t.l ' 

( 1.4) 

( 1.5) 

Han6onee cyme_cTBeHHblM MOMeHTOM npn TSKOM nonxone SIBnSieTCSI 

BKmoqeHlle B3allMoneiiCTB~SI. TpexMepHble ypaBHeHllSI, ll3Y'l8Blllllecg B pa-

6oTax/ 1,3,4,6/, BhrnonSITCSI· na Teopnn riong n cymecTByeT CTporo o6ocuoBaH

Hbiii · anropnTM nng nocTpoeang KBaannoTeaunana. fpy6ag cxeMa sToro an-

· xi 
EyneM pa60T8Tb B CHCTeMe ennHHU l= m-::_c -:::{ 

4 

ll 

.l 
t j 
~\ 
t·.l ! '1" 

' u, 

' J 
~ 
ii 
I 

\ 
;\ 
r 
·I 
ij 
J 

I 
. I 

( 

. l 

ropnTMa TaKoBa. PaanmKnM KBaannoTeaunan V n aMrmnTyny T no CTene

HSIM KOHCTaHTbr CBSl3ll ~ 

Y=~ft ) . 
T= ~3~Th,. ( 1.5) 

TToncTSBllM paanomeang ( 1.5) B ypaBHeHne ( 1.1). TTpnpaBHllBSSI Bb!pa-

meHllSI npn onnHaKOBb!X CTeneHSIX 3 , rrony'lllM Bblpameane nng KsaannoTeHull-

ana vn, 
h-1 .., 

V 
......, ·-3J, )-T(-~ ➔y- l.. J d.a/iYn-!~(E1)-Cc(4~) (1.8) .J 1Jq/E~_· - ~ p1q u,JiJ.., ... ) 

r · r= ( E - E - it. 
-.,_ )<. 1 

TTpn sToM Bamao aanaTb aMnnnTyny T ( p, {) BHe saepreTnqecKoii 060-

no'!Kll ( T.e. npn p.0 i q0 ) • B pa6oTe/6/ -~mr 

pan~ijoe npeiicTaaneHtte 
~ 

T(s,-U"' \ ~dv 
j ~ - i 
-~o 

3Toro ncnonbaoBanocb cneKT-

( 1. 7) 

' 
i 

rne t -qeTbipexMepHSSI nepenaqa ( e -q) . Moll<HO nOK838Tb/8/ 1 'ITO nocTpO-

eHHblll yKaaaHHbIM cnoco5oM KBaa1moTeaunan \J ( p, cj j E 'y ) TaKme o6nanaeT 

cneKTPBllbl'lblM pa-3/lO>K_ettneM Tttna < l- 7) 
bO 

·"> ➔.- - f 3cs,~) d-v - <1.s) 
\j(p,c\,t~) - J ~-cp--=9/· 

'J, 
~ B "2, . - npocTpSHCTBe ll3 ( 1.2) nonyqaeTCSI KOHe'IHO-p83HOCTIIOe ypas-

aeune 4-ro rropSinKa nng BOnHOBOii ¢YHKUllll C noKanbHblM B38llMOneiicTBlleM 

~"(iE,- \-1.,)q\lt) = V(;;E
1 

)<p
1
(?). ( 1,9) 

~· 
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YpaBHeHne ( 1.9) neTanbHO .nccnenoBanocb B pa6oTax/9-l l/, rne 6bm 

pa3BllT crreun~nqeCKllll BapnaHT KOHeqHo-pa3HOCTHOro ncqncneHHR, C ~OMOlllb!O 

KOToporo ( 1.9) pemanocb nnR npoCTbIX KBasnnoTeHunanoB. 

HenocTaTKOM ypaBH9HHR ( 1.9) RBnReT.CR TOT ~8KT, qTo B Hero BXO,llHT 

KBanpaT "cBo6onHoro raMnnhTOHHaHa" /-j
0 

3To cnnbHO ycno:lKHReT nsyqeHne 

CBOHCTB KB83llilOT0Hllll8nbHOH Teopirn. Mb! paCCMOTpHM Il09TOMy npyrott Bapn-

8HT KBa3HilOT9HUH8nbHOro ypaBHeHn£, 

BBeneM, cornacHo/6/, penRTHBHCTCKy10 .aMrrnnTyny Acs,-i:) npn IlOMO-
IIIH paBeHCTBa 

Acs,t.) 
·Tcs,·t) 

RTiv°? 
( 1, 10) 

YpaBHeHnsi nnsi aMnnHTY.llhI A n ~OOTBeTCTBy10mett BonHoBott ~YHKunnty>"') 

B HMnynhCHOM rrpocTpaHCTBe HM0!0T BH)l 

A(i;)~-~vr-'cp~~i·E )+ i jVcfk';E1)do~Ack'9) 
1 1 1 "// ' 1 1 (iii/' . 

· 1E,-1EL+Lt · 
( 1, 11) 

('.l.t"r-11crJ'l\ cpl = 11~1, ~ V < p, (t1 l 1/ h )d n,. (1.12) 

BBeneHHbie ypaBH9HllSI ( 1.11) H ( 1.12) MoryT paccMaTpHB8TbC£ KaK 

HenocpencTBeHHhie o6o6meHnsi ypaBHeHntt flnnnMaHa-lliBnHrepa n llipeJlnHrepa. 

ilettCTBllTenbHO, ( 1.11) n ( 1.12) HOCSIT "a6conJOTHbIH" xapaKTep no OTHOllleHH!O 

K reoMeTpnn nMnynbcHoro npocTpaHCTBa, T.e. MoryT 6bITb rronyqeHbI na co

OTBeTCTByronmx Hepe,nSITllBllCTCKHX ypaBHeHnii:, ecnn 38M9HllTb B nocnenm1x 

HepenRTllBHCTCKHe ( 9BKnII,ll0BhI) Bb!pa:lKeHHR nnR 9Heprnn ll sneMeHTa o6"heMa 

Ha HX penRTHBllCTCKlle ( H90BKnH,llOBbi') aHanorn: 

6 

( 

I: 

I 
] 
i 
). 

·) 

{1 . 

) 
I~ 

r\! 
'1 

'ill, . I 

.1 

,j: 
II 
e 
J 
I 
\ 

r 
l 

t ..,i. 

C = .S.: 
1 :4n. 

~ E, =- ✓9z.-1- ~'YliJ..I ' 

da~ = J3 k 
• cl3 r ( 1,13) 

d o -=- '1' ➔L, c"' ~ { ) . 
-i;. i ', l'-

T ffl"-
_.,, 

,,..,, ~..,, ) 
ITpn nocTpoeHnn KBaanrroTeHunana V(p,9~£~ 6yn~M ncxonnTb na 

ypaBH9Hll£ (1.11), rrpnqeM aMnnnTyny A BHe snepreTnqecKOH o6onoqKH 

aanannMillCXO,llSI ll3 cneKTpanbHOii: diopMynbI 

OCJ I 

i - E 
A(~i"c)= 

( . f cs,\l).dv ) 
j ~- l 

( J' = gf t~s-, 

~o 

KOTopasi BbITeKaeT ll3 COOTHOIII9Hllll ( 1. 7) H ( 1.10). 
➔ 

B 'i - npocTpaHCTBe rrpnneM K ypaBH9Hll10 

·[ 11 _ 1 E + V ( i· E<l )]1r, ({) ~ 0 
Ho ~ ) i-' Tf. 

,....., 

) ) (1.14) 

( 1, 15) 

c noKanbHhIM B3anMonettcTBHeM 'V ( f ~ E},. ) • HacTORIIIaR pa6oTa no.cBRIIIeHa 

nayqeHll!O CBOHCTB ypaBHeHHSI ( 1.15). 

§2. MeTon Bapnamrn IIOCTOSIHHblX 

OrpaHnqnMcR paCCMOTpeHHeM c~epnqeCKH CllMM0TpnqHoro B0lll0CTB9HHO-
,-J ,,..,, 

!:2 rroTeHunana V (-i'. ) -::: V('t, ).B sToM cnyqae nepeMeHHhie B ypaBHemrn 

(1.4) pasnenRJOTCSI, n nnR pannanbHOii: qacTn BOnHOBOll diYHKUllll nonyqaeTCSI 
ypaBH~JHlie · 

[ ~: - iE.., + 1/1,i] !J:qt It) -:::: 0 

' 
( 2.1) 

rne 

H'= 1clJ + W+L) eij.., 
. o · ·a"t, . 'l.(ii-1-i) 

( 2.2) 

~· 
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B paooTe
191 

obUUI paccMoTpeHbI caooonHbie peIIIeH11SI ypaaHeHHSI ( 2.1), 

nonyqaromnecSI npn 1/ = O. OHH SIBnSIIOTCSI aHanoraMII cqiep11"<IeCKIIX qiyHKilIIH 
, \ 

EeccenSI, HeilMaHa II XaHKem1, B03HIIK8IOIIIHX np11 Hep5m1JTIIBIICTCK0M napu11anb -
. . . ' {.. ~ 

HOM aHamiae. TTpHBeneM HX SlBHbiil ann: ; 
.. . 0 1, 

✓- I l+-1.. (b-1.) -!.-~ 

Se.(-ir~1)=isiJ11 (-1.) (-i) /~ 1 (dY".) 
f z z- i:z r ) 

1 
l ~ c-t} ltJ · 

C1Jz;Xi) ~-f~S-e_, ('l1Ji,) -:. vJ :i.J1 (-c) f-z-¼ (d ~ ), 

at) V ,. 1 e+:1. a+J.JQ-l-1 e 1

('i iq,) -:: _J.ii,j~ (-i) ei) - , i (ell,,)) 
l I y I I +tt-1 y 

( E'v :: cl11 j, 
·,..,c>-) ,e, 

rne L . - '0606meHHall' CTeneHb, BBeneHH8Sl B : 

(,\) 

7.. = 'L 

,\ P(-iz+). ) 

re-ii) 

(2,3) 

(2.4) 

(2,5) 

( 2.6) 

a ~ 1 cJ. X ) 11 Q f (c/,, J.} - qiyHKUl!I! nelKaHnpa nepaoro H BToporo pona, 

AcnMnToTH'IecKoe noaeneHne IPYHKUl!il (2.3)-(2,5) npn 'l ➔ oo naeTcSI 

<pOpMynaMH: 

d (·,. V ) .v · c· \/ [:!, ) ul •,.A'V ..., St-1-v 1-z, ..,.'v - T > 
( 2. 7) 

Ci (1t,l\,\ ~ CD5 hJci, - ~) ) ( 2.8) 

eU.,i) ) ±t('d~ - e;_) 
i ('t,,'ti, ::::: e ( 2.9) 

8 

j 

·~ 
,:~ 

~ 
·,1 

:'{ 
) 

ti 

\ 
f 
I 
·I 

~ ! 

• 

Bee aaeneHHb1e IPYHKIIHH nonapHo nnHeilHo He3aBHCHMb1. 

KaK 113BeCTHO /121,naa pemeHHSI KoHe"<IHo-pa3H0CTH0ro ypaBHeHIISI BToporo 

nopSIJlKa C1?1. H .g?.t.. nIIHeilH0 He3aBIICIIM_b~ ecn11 

\tJ ·c 4\ /P,. ) =t=- o, 

me \JJ (P1., PJ.) - 'apoHCKl!aH' 

W c~1.,ck,.) 

a 

6. 

<J\_ 

Li c;t_ 

j 
e-~d,'t, - i 

-1., 

p I 1.1;~ 

.-· 

ecTb onepaTop KoHe'IHO-p83HOCTHoro Ul!<p<pepeHUl!p0B8Hl!Sl. 

MolKHO noKaaaTb, 'ITO 

-l ·. ] l r: (1.) U.) 17 w ~e (t,.\, ), Ce, l t/iiy) ::. ,.\. w L el (-z)i ), ee_ (z1J'f,Jj = 

~ - ~JJ (-i) 
<\ 

(-t)(f+1.) 
. I 

{'t){t+i) 

iiepeii:neM Tenepb K II3y"<IeHHIO ypaBHeHIISI lUpeJlIIHrepa C 

PeIIIeHHe SToro ypaBHeHIISI 11::q £_ ('!.,) oyneM IICK8Tb B BII)le 

lf~t{'t) -:-J.Ui)5llz/J}) + f(i)Ct(z111,), 

rne rl.(7,) II p('z_) - cpyHKilllll OT '"l) II0Jlne)K81Illle onpeneneHl!IO, 

~·· 
9 

! ( 2,10) 

( 2. 11) 

( 2, 12) 

( 2. 13) 

noTeHuIIanoM. 

( 2. 14) 



.lleil:CTBysi:' aHanorH.;IHO TOMy, K8K 8TO caenaHO a/13/ rae HepenSITHBHCT. . 
cxoe ypaaHeHne llJpeanHrepa nccneayeTCH c noMOIIIbIO MeToaa aapnaunn no-

cTOHHHbIX, Hazio:lKHM aononHHTenbHoe ycnoane: 

(L\J(t))S'e(~)i,) + (!1f<z>)Ce(>c,1v) = o. ( 2~ 15) 

B pe3ynhTaTe 
d 

d .d --
i.a:i,rt1 tifi. . j ) )·etdtt. ( J.) e X1e('l)=0Ut)e Se('l,f +f(Z Ce"'1/ 

el .d . ,j (2.16) 

e -• Ji rf:!1e Id= ; ~-r, !}r/''.s, 1~1,) + j ( A fl•k''c,r,J,)'-

CJe_('Z) e i J;i, <l!qe ( t J., 
rne 

e,,J (,) = .j_ + Uf:i-J.) 
l 'z.('i+i) . ( 2.17) 

IToncTaamrn ( 2. 16) a ypaaaeane ( 2, 1), nonyllllM 

. 4 . . ,i. 
(6cH't)) e-'-d,'vS/1,Yi) + (/2f<i·))e-Ldlt,Ce(?);) = 

( 2. 18) 

:::: - i, V ( '<.) tf:1 l ( t ) . 

HensBeCTHbJe cjiyHKUHH /1 J_ t-i) H Ar (t) on~eaem1IOTCSI H3 CHCTeMbl ypaBHSHHH 

<2.mJ "<2.18l: 

10 

• 

.l 

I 
j 

'1 

J 

l 
I' 
J 

ti ·, 

!' 
li 
I 

I 
i' 
r 

I 
,1 
I 
) 

I. 

'·i 
I 
l 

. ' \ 

I 
I 

L\J.b.)= ..: 

6 fl't) = 

\/l"-) Y\tCt) Ce(,,j'I) . 
) 

'w [Si (rz,.\ )5 Ce. ('t1 :i~ )j 

~lt) ~ ~e(ri.) Se h,j,) 

'N [Seli1-\)) Ce (1,X,
1 
)] 

/12/ 
ITpnMeHS!ll 31:(eCb ¢opMyny cyMM11p0B8HIISI ( CM. ) 1 IIMeeM: 

't 

. A r ~('ll)~j~('l')Ce((x.1_)cl-i' 
J t (.) "' ( 't) ;... J - __ ~...J--=-----J.--

0 w L $/z~J,,) J Ce ('I. ;-.xr)] 

- f ~• Hi' ( 1, f'i\ic,i ~;;w, iz,11 J l, 
-I"" • W[Se( 2,.XiLC/r,J,)]f 

~ . j \Jct')Y:1l('l.·)s'et2;Yi,)dz; 

0 W[_s~tz;x1),Ce(t~11)] 
·flt) =- f:><i) + + 

~ B_i . ~ ( J j,)-1.1· ~ l>z.) ~~l lri) St (7,·\ )} 
+ L - (-1:) - --_!__._----::::; ' 

-1-::.1 ~~ . J1. w[,s'e.C'2J,i,),C/i,Jt)] 

( 2,19) 

( 2.20) 

rae B '-I - qncna EepHynnn, a A(?.) H B ( 'l.) - nponsaonbHhie rrep11on11-

qecx11e cjiyHKUHII c rrepnonoM 'L , B11a A ( c.) n B {'I:} cjiuxcnpyeTcH rpa-

Hll'IHhIMH ycnoBHSIMH. 

11 



IToKS)Kl:,M Tenepb, 'ITO MeTon aapnaunn IlOCTOSIHHbIX Il03BOnSleT, K8K ll B 

aepemiTIIBllCTCKOii: Teopnn, nepeii:Tll K llHTerpanbHOMy ypaBHeHllIO nnH ld!1/t). 
ITon 9TOM npnneTCSI BBeCTll o6o6meane CTyneH'l8TOii: <f>YHKUllll ~('i) • 

8b1paJKemrn ( 2;20) MOlKHO nepe1111caTb B Bnne , r, IA ,;· V<z 1
)'4e,('l

1)Ce(~;11J 
Jb.) ==-- Al>t) - J t 1, ;J-(z-z r; 11 

0 W LSeJz;1-,, \ Ce tz;J1 }_j 

r(t) 

Do 

~ i':Jt,) + JJ·r.' ~c,-z'J 
0 

V ('l 1
) <1

1
e (~')St fz); ) 

W [~e(i,'Ji, ), Cerz;11J 

rne BBeneHo o6oaHa'IeHue 

I\. [ ~ B v // ),;-1. , 7 
J('l~t')= ~(r.-t;)- 6 ef(i){di'· ~(1.-z'Y. 

' 

IJoncTaMSISI crona ll3.B8CTHbl8 npencTaBneHUSI LtnSI ~(z-z'} 11 f (2.z) 
L J,,,. e-i.:r-Cz-i' J 

~('2-t'J :: J.9ii !1: - -i.t di , 
-oo 

<>"• 

~('L-t') 
i f 

8
b:ci-2')d 

1'!f j ;1 
-<>'J 

If Bb!IlOnHSISI cyMMUpoBaHU8, nony'IUM 

12 

( 2.21) 

( 2.22) 

( 2.23) 

' I 
I 
j 
I 
\ 

\ 

i 
) 

J 
\ 
l 
I' 
.\ 
\' 
n 

i 
·;, 

i 

l 
I,· 
! 

-, 

~ . ) - 1· t:l(t-'i' -
"'- I 1._ e • ~c 1-i l = ,,_'Ji,, e ,_,. _ 

1 
h . 

-00 

. y2.24) 

Haii:neaaoe lfiopManbHbIM ·nyTeM Bb1pa)KeHne (2.24). MbI 6y/:{e~ paccMaTpn

BaTb KaK onpeneneHne KOHe'IHO-p83HOCTHOI"O aH_anora CTyneH'l8TOii: lfirHKUllll. 

Bb16op npaanna o6xona oco6eaaocTn npn nHTerpnpoaaann nnKTyeTCSI npnaun

noM. COOTBeTCTBllSI 

I\ 

,f}-(rt,) 
c~= 

/\ 

J('l). 

<PyHKU~SI 3-( 1,) o6nanaeT O'IeBllllHbIM CBoltcTBOM 

/\ 

/J. ~(i) ~ (rz,) 

"' 
Aaanorll'IHO aepenSITllBllCTCKOMY cnyqaro 8-(tz) 
"nocTOSIHHoii:", T.e. ~ - nepnognqecKoii:: ¢YHKUneii:: 

-" 
J(ii) ~ 

d. 
d. - e -9.7i'l-

( 2.25) 

( 2.26) 

npn tz # 0 SIBnSleTCSI 

( 2.27) 

. Oco6eHHOCTb npn '"{,,. = 0 CBSl38Ha C OCHOBHbIM CBOHCTBOM ( 2.26). Bbmon-

fHIJOTCJI TalQl<e COOTttOll.lettHR 
A. , A"-

,/J{iz) + ,9(-t) -= 1.. '.) ( 2,28) 

'1~(1) ~ ~~~(t). 
( 2.29) 

~-

13 



• 

BBeaeM Tenepb ¢YHKunro fpnaa 

G ('iz,-/·E )= e ) , 
.Sef1r.1J.'i-)C"g(~x1 )-Ce(z1J1)Sgfr;Y1 )-"' 

'N ~ (tz' X ) C ('l 1 J )] - :)-(~-1i') · L~ e , 1 > e , i 

(2.30) 

ITonb3YSICb ( 2.26' n ( 2.29). nerKO IlOK838Tb, 'ITO 

YllOBneTBOpSleT ypaBHeHlllO 

( WO -1 E'}) Git_(~, 7.,'; r ·v) =: ~ (1- t'). 

Ge (~/i~ E,l) 

( 2.31) 

KoM6nHnpySI ( 2.14), ( 2.21) n ( 2.30), nonyqnM nHTerpanbHoe ypaBHe,-

Hne 

~
9
i(ii)~ Alt)SeC-i1-Xq,)+ Bct)Ce(t)-Xq,) 

QC_ .• 

j G /t, 't,'; ['r ~ V ( 'L') (j; e (t' l dt\ 
O I 

( 2.32} 

KOTopoe _ S1BnS1eTcS1 aenocpeacTBeHHhIM o6o6meaneM cooTBeTcTByromero. aepe

nSITnBncTcKoro ypaBHeHllSI ( CM. ( 11.4) B/ 13/) x/. 

~3. Teop1m p,1cce5U'J" ➔ 
Bb1pa)KeHne unsi_~~qean~- _pacceSIHHSI . ol .Q. ,iepe3 Alf I ct) nMeeT 

aepenSITllBllCTCKHH Bna: 

~ . 
npoH3BOnbHaH cpyHKUHH rp11Ha ypaBHeHirn ( 2.1) ~IOll<eT Obi Tb 110-

ny'leHa rryTeM Jl06aBneHHH K l{t, ('l1 i:· '=i,) HeKoToporo pememrn onHopoJl-

aoro ypaBHeHirn, T.e. mrnefiaofi KOM6l!Haum1 $l1.t,1'J,) n Cett,iri,) 
C KoscpcpnmrnHTaMn,. aaBHCHIUIIMll OT '?,1 . 

14 

dcr-- I A ~ 4 I !L, JQ. = ( f-> C} ) . 
(3_.1) 

BonHOBSSI ljlyHKUHSI <±r tit) CBSl3SHa C aMnnHTYllOH A ( r, tj) COOTHO

meaneM 

A (H 1 =- ¼ f ~*(r,;zi\/ ('t,) li:f"l J~ 
(3.2) 

Hcnonb3YSI napunanbHhle pa3nO)K8HHSI ljlyHKUHH (1.8) H BOnHOBOH ljlyHK-

UHH ~'\(;z) 
1. w . 2. * n (ii-) ~~ct-t)-==-~ L (if+J.)(-1.) 5e ('l/~r) Ye o•'C,. 

7 I I . 'Z. :'..11,J · I ) r t-:. o . (3.3) 

lt➔cn = 
~ 

'L ~1 2-tH+i) u,l ~ t (tr_) p (if) 
~ t=o ~ e, 4•'Z- '-

8 TSK)K8 H3B8CTH08 COOTHOlileHHe AnSI nonHHOMOB ne)KSHJlp8 

\ . I> (il) \J (ii) - 4u~tl' rJ(ti) 
J jQ.i l"'t f''L 1e· q '(, - 1l+{ . le pq, ; 

nony'IHM paanoJKemie nnsi aMnnHTYJlhl 

(3.4) 

(3_5) 

A ( M) ~ ,I./ ,I.X z (2i+1.) A/ f, '\,) 8 ( _ej_.}p~~) (3.6) . 

p 'V £-=o - . ' 

15 
., 



rne napunanbHaSI aMnm1Tyna At ( f, q,) 3.anaeTcSI cpopMynoi1 

Cl" 

Ai lf,"1) ~ - ~J'l, 1>/ci,1
1
,) Ve~) ¾£ (t) . 

0 

( 3. 7) 

(+) 

BonHOBaSI cpyHKUH~<CllnOIIIHOrO CllCKTpa rf'r (7{) ) 0llHCbIBa1011IaS1 paCCCSIHIIe 

w1 noTeHunane V(7-),ynonneTnopsieT ypanHeHHIO ( cp. c (2.29))16/: 

. ~ --. ~ ➔ ➔ .-, _ 1 ➔, (3 8) \+) . J (+) ~ . !l!(-f) Y! 4 (.1, ) ::: 3 ( 9 , 'l, ) + . Ji. G, c 'Z; t -'. c} ) Ve z J 1 < 'Z J . 

f' (+-)_.,. ~ ) 
. r;ie b/ ( lz., 'i'.>' Ec.j, CBSI3aHa c napunanbHhIMH cpyHKUHSIMH fpnHa 

¢' 

(' (I-) ) 1-J·~('Z,JK. )S._eri;Jl<)J.{ 
bl ('z- 'l''E. -== - --.----e I / i 1i o d Xi - d .x"- + '1.. 'i, . 

( 3.9) 

cornactto pa3nolKem110 

(-1-) 
F {-=> f'· £ ) -= lJ/ 'l,, ,/ i, 

f. "° . ) ~ . )r'(+ . -; ➔ ,) • 

4
r;;;- L. (J.P+d... 01t 6,, z~·E1 ) f { ~. :, . (3.10> 

JlnSI 

f~o · 

KoM6nm1pyS1 (3.3), l"3.4J, (3.7), (3.8) n l 3.10), nonytJHM Bbipa>KcHne 

<.J!, (t·I-, ( 'l,,) • 
'I . 

{I-) 

'l'rt c-i> = 
. . ) d ;:1 ~(;.Y,_ J llt (k, 'J ) 

;; {i,,1i - T I(. ~I I . • • (3.11) 
!, o · Uv Y} - (¼,JI' + 1,E 

>, 'J 
ACII!\11ITOTHtJeCKIIH Bllll ( 3.11) npn -(.., ➔ ex:, nony-qaeTCSI, ecnll BOCIIORb3OB8TbCSI 

Bb!P8>K0HH0M ( 2. 7): 

16 

i~ 
} 

. I 

f 
ii 
J 

)l 

1
~ I 
I 

r 
i
~ 

~ 
I 

~ 
I,. ' 

' ( 
' i 
l . i 
J 
I, 

I 
I 
j 
0 

~ ,I 
~ 
\ 
f 
I 

, I 
I 

{+) "-"' 

l 11 ld 
'f 'jt 

= ~""' L~1, - f J _ j J i/J, s.., 1 d', - ~ >A, 1~,,;, J 
. 0 e1. J.. 'j,, - c).,_ J.t'. + ,(, t- ) 

HnH ncnonb30Ba·rb CHMB0nH'IeCK0e paBeHCTB0 

<L 
.rii~ 

e ~7. c:1."' -1,J g Cd X1-J..1,_) np11 '£'.-'? 00 

ck- ~'v - cl. Yr:.-:- it 
0 llp11 rz.-- 00 

IIJ(+>a.e- . · 11£ . 
. '! q f,. ( 'c,) = S,1-k, ( 1r,Ji,t - ~ ) + 

/ 

i{,z,Yi, -f.) Ae (9,9, J 

e ---- s/.,1,v, 

( 3.12) , 

( 3.13) 

( 3.14) 

BBO]lSI IIO aHanornn C HepemITHBHCTCKOH Teopnefi ( cp/ 13/) lp83bl pacce51Hll51 ·.· 

11/*(. 
'f1t ('t) 

nony'!11M: 

·ae(c.i,) $Lh-(i1cv -1 +St))_ 

~t(1,) -=- e i.Je ' 

g;_S e t 1+ J_ t Ati, 'l ) = ,s'l ( '1- ) . 
. '\,. 

• 
~-

17 

( 3.15) 

( 3.16) 

, 
( 3.17) 



PaBeHCTBO ( 3.17) cny)KHT onpe.oeneHneM MSTplIUbl paccesrnnsi Se ( 1). 
flcnonb3YSI {3.16), (3.1_7) n _(3.6), nonyt-mM SClIMilTOTlI'JeCKOe Bbipa)KeHne 

I I ,l+) ..,. 
.onsi '£ q { rz.) B Bn.oe 

(+}at. a.i:. Pr ciJ~ J c~i> + i>Y1- A (,i,f) ! ) 
'1,, , // Er=- Et,, 

( 3. 18) 

r.oe 

A 
..., ~ \ 1. -f, ~-

(p,'I,,) ,, •• 'I-"" sJ!-~'vL (.2l+1.)AeCci,'l-l~(ff )== 
' l;;O 

()0 

. LW+J.)[s~17J-1.]p(f1) ca.rn> 
h~l.1'1, .1~ 0 . l p·q,- • 
! . 

B 3SKnID'JeHne H8CTOSIWero rraparpacpa OTMeTHM, qTO B paccMaTpHBaeMOH 

cxeMe HMeIDT MeCTO T8K)Ke "HepenSITHBHCTCKaSI" CBSl3b Me)K.Qy rronHblM ceqe

HneM ll cp838MH: 

· Vii~( n ) . ~(\ 
CJ' = 9.i.iJ,; L,. j l + { $Lh., (!) (; 

ff,, f=o 

n onTnqecKaSI TeopeMa: 

JW\/ A (p, q> -
0 

s,L1'1L ~ 
1./ii 

18 

( 3.20) 

( 3.21) 

§4. <l>yHKUIIII fiocTa 

IToc.rponM Tenepb perneHJISI, y.ooBn~TBop'SIIDlIIIIe p83nII'IHbIM rpamrqHbIM 

ycnoBHSIMo ilnsi 9TOrOp H8pSI,oy C ( 3.9), paCCMOTpIIM cpyHKUIIIO fpnHa 

0:, * 
r(-)( . ,. ) = 1-f se,lii,x") .Se <1z;1t.) d1"' <4 •1> 

l:Jf e, 'l/i,) E<t, .'JI a cl..1'} - c),,j~ - i, s 

G(o)( /· ) (J:) I, 
BBeneM TBK>Ke cpyHKUHH :,i e 't,./ i j E1,, H G?e ' ('t/l,, E,,,,) npII rro-

MOlIIH 'HepenSITIIBIICTCKIIXU COOTHOW8HIIfi 

Lo) l. · 1 • '!, 1, [ ) -. i - t+) 6H ·,. \~ Se, {'1,Yt) Ce. (•1)0) ' 
( ipt1,'•£.) = qlG»lt,iJE'y)+ l( I J 'f; \\Irr('~ )·Ctti1 ~(4.2) 
°'l \ I J '\, ~ l, • . \JV f't 'I.I} ' t I <Jtj . 

('s) 
1

to\ 

(; e, (i,'t~E.i,)~ tf i,(1r/t~'Ei, )-
e~><z;x,,1 g//t)1)-etliJr Jef'tz)'7) 

W[e (''r '1. J. · er.or '..t J] 
I', z, 'I J t ti ty 

CooTBeTCTBY!OIIIH8 BOnHOBhie cfiyHKUl!II YllOBneTBOpSl!OT ypaBH8HHSIM 

. 00 

(4,3) 

(+) r (±,o) ~ (!,D), j I 

Y!1i t't) ::=. Be ('t,1,J +~Ge ('i/i';Ei,)V(tz') P1e rz'J t (4.4) 

( perynsipHi,1e B Hyne peweHm1 )j 
00 

) L (1.i) j lj) ,., ,11(!,i),,, 
11/

111 
+ -·e '('r,Y. )+ G (t't1 'E )V(1i1)'1:. (>t.'Jorz< 4•5 > 

'I n ('r-) = - 9_1; P,, ' 'Y · 2 ") ) 1- 1l 
~~ 0 . 

··•· .... ___ r-lJ) I ) 
(pernemrn l1ocTa).·riocK01Ibky-c,n C.'i,'r.. Ea. ~ 0 rrpn 'Z ➔ Do, acIIMIT-

'j .V t:. _,, V 

TOTJIKa pernea11fi lJ! ~l ( 7., ) coBrra.[laeT c acnMITTOTIIKofi cB060£1HhIX rrapu11-

anbHb1X. BOnH ( 2.9). 

~-
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( (±) . 
BBei:teM i:tanee ifiyHKltHH AocTa .JI ( Q ) KaK K03<f><l>HUH8HTbl pa3no:>K8HHSI 

l l ~ -y . . 
~q~ ('L) no peweHHSIM AocTa . 

. ) (!.) ((+) ,1/!.) 
\IJ(o)( ):: r(-(q)~ ('L) + J (ci,)-:r t (tc,). (4.6) 
'1qt tt Jt v 9t e, ~ 

. ITpocToit pacq{!T i:taeT ,..; I 11 ( o) ') I I 

)

ex, d.;:l. )( I j ) v c 'i I) ~ q l ( 'i OI ~ 
c±) -=e~t:___t..:...'~~------=, 

~ i l '\- l ~ ,!_ - o ~ [ S/ "-'. \ ) , C t ( t '. .x,.,) ] ( 4. 7) 

OTCJOAS _cnei:tyeT, 'ITO ecnu oqpei:tenHTb napuuanbHYIO s -MaTpHUY B BHAe 

J/->ci) 
:i:r) c~) 

Sl ( i) ' 
(4.8) 

TO npu BemecTB8HHOM ITOT8HUHane Bblil0llHSI8TCSI ycnOBHe yHHTapHOCTH 

. I¥ 
5e <°v) · Se (1 ) = i . (4.9) 

tf,{o} 
KpoMe Toro, nepexoi:tSI B ( 4.6) K 8CHMITTOTH'l8CKHM Bblp8lK8HHSIM AllSI ::t:'t (2) 

(I 9.) . . . 

u_Y!1i {'l), M0lKHO nony'IHTb Bb!palKeHHe AllSI Seti) '1epe3 ifia3bl cS'e,, 
C0BITai:taJOWHe c (3.17). 

TaK )1(8 K8K H B cnyqae HepenSITHBHCTCKoro IT0T8HUH8llbHOI'0 pacceiHHSI 

ifiyHKUHH flocTa MOlKHO BblpS3HTb qepe3 Bp0HCKH8Hbl peW8HHH 

1 1, (v 1 1 ;!.) -:r., i ( '?,) • B C8M0M i:tene, Bbl'IHCllSISI 

(o) l::l) J { ro) • (.i) ] 
\N[~1t (ii) /±'1e Ci) H W (}!re rz>; ffre (iJ , 

20 
;_) 

nony'IHM 

(+) 1[ ( C\t) 
[ 

(aj (i) J w f 1e. ('t )/11-t c_'l.) 

wr-,1, [.t)() Y::(4)('l,)7 
~ qt tz. J Cf l 'j (4.10) 

H 

-li Ct) 
[ 

(o~ {1) ] 
W !f:1e, (7-) /i~1e /rz.) 

w r,1 .<1 ) · - (J. 
1riJ 7 

. L 'J:: re {tz)) <J!7e 'J 
( 4. 1 1) 

~OpMynhl (4.10) H (4.11) Il03B0llRIDT CBeCTH rrpo6neMy HCCnenOB8~HR 

aHannTnqecKHX CBOHCTB MaTpllllhl pacceHHHR K n3yqeHn:io aaannTnqecKRX 

CBOHCTB BOTiHOBbIX <pyHK,11HHo 

§5. Pami:anbHbIH TOK li ycnomrn CIIIllB8HllSI peIIIeHllH 

CToKameM, qTo B paccMaTpnBaeMofi Monenn cymecTByeT aHanor coxpa

HmomerocR HepenRTHBHCTCKoro pannanbHoro TOKa. YMHomag ypaBHeHne ( 2.1) 

cneBa Ha If ;l (1,) n Bb1qnTaR H3 Hero BennqnHy 

rJ!jtl•>f;-t.; - /1£.'f, 
,..., )7 ,t 

+ Vr'ZJ rf1e fr) -r 0) 
( 5.1) 

npHi:teM K C00THOW8HHIO 

¥ . z 
(}!1l ('l) ,f-/o ~l (t} 

t/1 -t * * 
-rre fz) H. ~t fz J -= o, ( 5.2) 

~-
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Hcrronb3YH TO)KAeCTBO 

·r (f+J..) 

1-(* c\r" f<•~ 
- 'l (ltd.). 

- (-'l/f+d) Ha {1('l) ,) 

( 5.3) 

rrocne rrpocTbIX rrpeo6pa3oBaHHll rrony,mM cnenyJOmee paneHcTno 

* Ll Ke (tz.) 0) ( 5.4) 

( 

rne 

Ll ,f 
of 

id-;_ l e -1. 

'l, 

) 

H/i J =-

({+ 1.) fi . (/hf-} 
'i . (-t) * ' 

/-',.!''"" W ~/~JJ ('l/'~' ~/z/. ( 5,5) 

B CHny TO)KAeCTBa 

. J ~ e-~,h fl ~ 11 ( 5.6) 

H3 ( 5.4) BbITeKaeT TaK)Ke, 'ITO 

fl K/d~o. 
( 5. 7) 

BenH'IHHa t)e_ ( 't,) YAOBneTBOpHIOIIIaH "panHanhHOMY .ypaBHeHHIO Herrpepb!B

HOCTH" ( 5. 7) •. HBnHeTCH KOMrrneKCHOH, "4T06b] IlOCTpOHTb BemecTBeHHblll TOK, 

paccMOTpHM Bb!p8)1{0HHe 

22 

( 
* - * 

/j Ke.Ci)) 
i 

jl~t(7-) 
, ( 5.8) 

0. . ' 

Terrepb O'leBHAHO, 'ITO aHanor HepenHTHBHCTCKoro BemeCTBeHHoro panHanbHOro 

TOK8 

Je li) i [K,ltl+ K:('Z.JJ ( 5,9) 

IlOA'IHHHeTCH ypaBHeHHl() Herrpepb!BHOCTH. C BenH'IHHOH ~ ( 't.) CBH38HO rrpa

\ BHno CIIIHB8HHH peJJieHHH, 0606ma10mee H3BeCTHOe ycnoBHe O Herrpepb!BHOCTH 
. I ( ) t/1 1i' 

norapHqJMH'leCKOH rrpOH3BOAHOH KBaHTOBOH MexaHHKH. • IlycTb Y!?e, 't H r'lj(i) 
eCTb paanH'IHbie Bb!pa)KeHHH AnH OAHOro H Toro )Ke BemecTBeHHoro pellieHHH 

B HeKOTopo·ii: TO'IKe 'z. -= a_, • T<?rna panHanhHblll TOK, IlOCTpoeHHblll H3 9THX 

peJJieHHH, paBeH Hyn10 B 9TOH TO'IKe: 

{ 

(l+!) . - ll+l) _ ~ 1 I !!. (-'i) I ! 
h l'''D W [ 11\t <•\ ~,i (t~ + (t) 11,u vJ [!J11/•>, tq/•J] = 0. 

D · Z=~ 
B cny'lae (., = 0 9TO ycnoBHe rrpHHHMaeT ,BHA: 

T 

t_lJ ;i- t 'L) 

. J :h 
s\vi lh Y!<\e, (tt) 

r 1, !!. ltc.) 
'f'.:qt' 

. d li 
~~<,o\'L~qe,('L) 

23 

=-0 

( 5. 10) 

l'z:= O--

~· 



§ 6. IToTeHmrnnhHaSI SIMa 

Bm1rny10 H1InIOCTpau1110 pa3BIITOU cxe,Mbl ll8IOT 'TO'lHO pornaeMbJe np11-

Mepbl. PacCMOTpllM cnyqafi ccfiepll'l9CKII-CIIMMeTpll'lHOU noTemmanbHOii SIMbl 

KOH9'lHOU rny611Hbl: 

\J("L)-= -\Jo Ilpll ·'i ~ Cl, ' 

{ 6.1) 

\}(t)= 0 
rrpII -7_ )' CL • 

l13y'lllM cnepBa llllCKpeTHblll crreKTp, npll'leM orpaHll'lllMCSI COCTOSIHIISIMII C 

l = o. 
Tip11 t ~ Cl ypaBHeH11e ( 2.1) 11MeeT B1111 

(
q - I l, ol - i ~ - V \ lf l h ) -= 0 . 
.,l, C1A- ch, q,, o ) 1v 

B :aToM cnyqae E 
1 
~ { II y.r:106ao rron&aoaaT&csi rrapaMeTp11aau11ell: 

F -= Cosio. 
-,, V 

T 
By.r:1eM ubKaTb tJ!

1
-

0 
B a11.r:1e 

T 7 Y!,- {'i) = A -rz) sihd..i) 
1v 

. T 

( 6.2) 

( 6.3) 

( 6.4) 

T 
me A _Ci) t- rrepllOJ:1ll'I8CKaS1 $yHKUIISI. <i:fo (i) y.r:1oaneTBopsieT 

rpaHll'IHOMY ycnOBIIID 

7 
(/1-(0)=0. 
'1:' 10 

(6.5) 

24 

flo.r:1cTaBmrn 
,111 ('l, ) 
't:.cfv 

0t al= E.'r -+ 

B (6.2), rrony'IIIM ypaBH0Hll0 .r:1m1 cL 

Vv 
Lf 

U . . 

i3 o6naCTII t > 0 . ypaBH0Hlle ( 2.1) rrpllHIIM80T .Bll/:1 

-
// 

fGlcJ,,;_d -if )!J -(1,) = 0, 
(ol oh., 'V 9°· 

. iT 
PeweH11e 'J!q; ('7.,), Yf:tOBneTBopsiromee ycnoa11ro 

II 

If 1~ ( oa ) = 0' 

cne.r:1yeT IICK8Tb B B11/:10 

II 

tr',-('1,) = 
-i A 

II 
(1-) e - 'l. :xci, . 

( 6.6) 

( 6. 7) 

( 6.8) 

( 6.9) 

:YpOBHII 9Hepnrn: orrpe11emrM Tenepb, IIOTpeboBaB, 'lTObLI Ltn5! pe1 11 e1rni1 

'f} '11,) II IJ:} ( i} BbIIIOnHHnoch ycnoBIIe crn1rnamrn { 5. 10) B TO'lKe 
,~ 70 ' ' 

't = 1/1. no11cTaBnm1 {8.4) H {8.9) B {5.10) Il oT6pacbIBaH i - rrepno-
T ,. . 

11nqecKHe "KoHcTaHThI" A'" Il A !J , rrony'lllM cooTHoll!eHHe 

i~d-0, -
Sih j1 
S,l,,J. 

l1crronh3YH { 8.3), { 8.8) Il Y'llITbIBaH_ TaK)Ke, 'lTO F ,(__ j . . -1,, ~ J 

HeHIIIO 11nH /llICKpeTHbIX ypoBHeii 9HeprllH_ 

h~-i -d LI-' - i J3 [ (le ~ l u. + ~ 11, ,_ - i J J 0 

~· 

25 

{ 6. 10) 

rrpll/leM K ypaB-

( 6.11) 



B cnyr1ae cnnournoro ~neKTpa { E1,""' c/.. J.'J, ~ i) peweane B o6nacTH 

ti, <. CL coBnanaeT c ( 6.4). Llm1 lz,? a. nmeM peweaue B Bnne 
-...; 

-
If 

I I 1 - (.¼.) -::: 
':r.10 . 

A ~(>z,) Sih (J,t+t ), , ( 6.12) 

rne bo - qJ838 s• - paCC0SIHHS1 1 onpenenSI 0M8SI ll3 ycnoBHSI CWHBBHHSI 

( s. 10) B TO'IK0 'Z. = a_, 

(
S/4 d. d:.J J. a_ ) 

~o = - J} Cl, + 0/l.C~ J/._JI} • ( 6. 13) 

0TC!Oll8 c yqeTOM ( 6.6) nerKO HBliTH MBTpnuy pacceSIHHSI nnsi t =0 . 

i;,Sv 

1~0 ( i ) -:: e -
o ( . 1--r-1) . r 0 . . r-;r-:-,)] < 6.14 > :: e.1~~¼ E..,4\JEi;,,-l. Wi +·1-·~ d:3l!l,¼-lu.+\11.1,-:l. •-

~ t:;-r - ~ ✓ l,l,2- i 0~ la, t,., (u. +--JLi-l ~)]. 

I 
J,fa ( 6.14) H ( 6.11) cnenyeT, 'ITO nomoca ,s O COOTBeTCTBYIOT 3Hepr1rnM 

CBSl~BHHhlX COCTOSIHHA, 

So ( q, ) ecTh aHannTJI'le.cKaH qiyHKUJIH f 'j,, BO Bee A KoMnneKcHoA nnocKo-

CTJI 3HeprHH, 38 lICKmoqemreM llBYX pa3pe3OB Bnonh 6ecKOH0'1Hh!X OTp03KOB 

Ha neAcTBJITenhHOA OCH ( 1. - }' J' ~.) ) . ll {-1. I -00 ) ll rron10coB, ne-

>KBIUHX B lIHTepBane ( -1,0). 

§7. KynOHOBCKHfi DOTBHUHan 

PacCMOTplIM KynoHOBO none rrpllTSl>KSHJISI: 

e'l 
\/lt) ~ - -

~ 

(7.1) 

26 

II 
l 
I 

YpaBH0HJie ( 2. 1) nnH IlOTSHUllana { 7. l) npIIHJIMaeT Bllll 

f t et]. l ~\, - H°v - -;:- l!:'~t L~) ~ 'O. 

(7.2) 

~l 

HaAneM CHa<tana pemeHHe ( 7.2)' OTeeqa10UJee JlllCKpeTHOMY crreKTpy. 

3necb OJIS!Tb ynooHO Bb!OpaTb rrapaMeTpll38llHIO ( 6.3). nerKo npoBepHTh, 'ITO 

ypaBHeHHIO (7.2) YJlOBneTBOpS!eT qiyHKUllSI . 

:. Y. (hd.) 
C(f,.Xct,) et 1- (-i) 

,;1' 

lt'~ [ ('1-) -= 

i 
e . f ( t +,i_ - 1_ Sl.\..1,/ 

-b, + £ + 1. ~ U + 1 ~ 2 i .s~1,.L1,e..,._tJ.'/, )
1 

( 7.3) 
.t l 

me f ( Cl I g ~ C, ~ 1 ) - r1rnepreoMeTpnqe_9!{a£ cpyHKUirn, ere Yi J . l-

rrep!IOJlll'leCKaSI ~y:iKlllISI OT lz..' SIBHbIA BllJl KOTOpoA He CK83b!B8BTC5I Ha qiop-,< 

Myne JlnH ypOBHeA 3HeprHn. QqeBJillHO, 

'\f1l (o) ~ o 
(7.4) 

runepreoMeTpnqecKuli psin B ( 7.3) pacTeT ae 6bICTpee nonHHOMa, ecnu 

~ ::. \,v 
l ~~ j<\t 

; 
rne \t\.-==1.).2, •.. (7.5) 

C y'leToM ( 6.3) nonyqaeM OTC!Oll8 npaBnno KB8HTOB8HHSI ypoBHeli saeprnll 

I 4 7 

E "' = l - 4~ 2-
~ 

(7.6) 

B HepenHTHBHCTCKOM rrpenene (7.6) rrepexonnT B ll3B0CTHYIO qiopMyny 

nnH KynoHOBCKHX ypoBHeA: 

~· 
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E - 1.. 
1 

4' e. 
-r ~ - g /1./ 

B cnnournoM cneKTpe ( E 'J,- = d Y If<,-i) pemeHne ypaBHeHnsr ( 7.2) 

BIHi: 

lt'~e,Ct) 
_ I ( e \I ) i (. Y.~ ( f + I) 
- c, ,.1.cv e (-i) . 

. 2. 

(7. 7) 

nMeeT 

(7.8) 

·f(£+1-
1-e 

i.¼1 ) 
'v 

- :i. 'z. + e t 1 · v_ + 1 · 9.. ;),.,J, e -1
i ,) 

) ,I 1 ). 

<PyHKUllSI (7.8) npn 'i ➔ 00 l!MeeT cnenyromyro 8CllMilTOTll'leCKyro cjJopMy: 

ac.. - "(e J ) -1· eifz1.i +1!:1l(£ts!t:tif . 
lf ~e_ ('Z-) - C. I 'jt • L + 

P(t-1-i + -ie ) 

( 
. \l+1. 

+ -i ) 

J.sLX1,, 
-r e2. ] l t p.:J.} + .fsfi; /l (1 'Z, s Ui; ) 

. e:i ) r ( t + :i - f sh,Y.q, 
· I 141 

( 7.9) 

KaK n B HepensrTIIBIICTCKOM cnyqae pan11anbHoe pemeH11e npen-

CTaBmieTCH B Bn.ue cyMMbI cxonmueil:cH n pacxo.umueil:cH c<pepH'IeCKnx BOnH, 

liCK8)KeHHb!X norapmfiMn'leCKliMli 'lneHaMli. 

CpaBHIIBaH ( 7.10) c ( 3, 15) n ( 3. 18), rrony'IHM Bhrpa)KeHne nnH rrapunanh-

Hoil: MaTpHUhI paccenmrn 

$t(ci,) 

• 'Z. 

1 (t-d.-~) 
t,e.L \ r ( l + i + 9. sli'y ) 

2.. 

· r(£t_{- ¾i) 
r ( e +i ~ ~~::_i) (7.10) 
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nerKo BH.UeTb 1 'ITO Se_ ( q,) srnnHeTcH aHanHTII'leCKoti ¢YHKUHeii: B rrnoc

KOCTH KoMnneKcHoro yrnoBoro MoMeHTa l . aa ncKmo'leHneM 6ecK0He'1Horo. 
.. , 1· 

qncna rromocoB Pe.u:»<:e, YpaBHeHnsi itnH TpaeKTopnil: Pe.u)Ke HMeroT BH.U 

t-:: J.h,'Z, (~°It) -::: - h'l, + JD ( E.i)' 
( 7. 11) 

rue 
, i 

<-8 -1 
J:o c t-'1- I "'i e.f1. ' (7. 12) 

a hi 'Z, COOTBeTCTByeT pa.unanbHOMY KB8HTOBOMY 'lliCny HepenHTlIBlICTCKOH: 

KynoHOBCKOH rrpooneMbl li IlpliHHMaeT 3Ha'leHHH t\;'i-' = o, 1,2 ..• 

ToaeKTOOliH ( 7.11) COBII8ll8IOT C ToaeKTOOHHMH. rronv'leHHhIMH non 

nccne.UOB8HIIH KynoHOBCKOH 38.U8'1li B paMKax ypaBHeHIIH Kneil:Ha-fopnoHa/ 151. 

Tionroca $ t "". MaTpIIUbI cooTBeTcTBYIOT sHeprnHM CBH3aHHbIX cocTOHHIIH 

('7.8). _., .,., . 

TionHaSI aMnnnTy.ua A ( p I qr ) Ha 9HepreTII'leCKOH o6onO'IK0 Er= Fi, 
nonyqaeTCSI IIO.UCT8HOBKOH (7.10) B (3.19) 

\1 [-Jo (Eci, ~ (_ t \ii,, (E,i,) 

A(\\~t,;-H~-i)· r[! +Jot~i \ 4/E;-1.)j ' 
( 7.14) 

. )t. 
rne t, -::. ( P - 4 - qeTbipexMepaasr rrepena'la. AMrrnnTyna /4(p,4) 
aHanHTll'IHa B KoMnneKCHolt nnocKOCTll saeprn11 E'v aa ncKnro'leHl!eM nayx 

paapeaoB (:i.,o0) n (-i,-oa) n nomocoB B TO'IKax, nono)Keane KOTOpbIX 

aanaeTcsr ypaBHeaneM 

. ,;,e:t 

1{E~ -1 I 
ht (7.15) 
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. -") = I 
(cp. (7.B)). ~poMe Toro, A (p, i ) E = F aHanHTIPIHa B rrnOCKOCTH · t 

c pa3pe3oM ( o 
1
00) (cp.f 151). ' r ti, 

AcHMIITOTHKa aMIInHTYJlbI rrpH l ➔ c,o orrpeJJem,eTCSI rromocoM d~ (E
4 

) . 

A 
... -31 . y )· 

T.e. ( f I 1,) HMeeT pe)l)KeBCKOe IIOBeJJeHHe. 

§8. 3aKmoqemrn 

ITocTpoeHHbIH BapHaHT KB83HIIOTeHunanbHOI'O IIOJlXOJla rrpencTaBnSieT 

co6ofi penSITHBHCTCKYIO cxeMy, o6naJJaromyro MHOI'HMH Ba)KHbIMH qepTaMH Hepe

nHTY.BHCTCKOH IIOTeHuHanbHOfi Teopnn. KaK H B KB8HTOBOH MexaHHKe, 3JleCb 

MO)KHO IIOCTpOHTb cpyHKUHH 11ocTa, HCXOJlSI H3 HHTerpanbHbIX ypaBHeHHH JlnSI 

BOnHOBbIX ~yHKUHfi. ITpH 3TOM nccneJJOBaHHe aHanHTH'!eCKHX CBOHCTB aMIInH

TY.llbl pacceSIHHSI, CBOJlHTCSI K H3y'IeHHIO aHanHTH'IeCKHX CBOHCTB perneHHH ypaa

~~HHSI ( 2.1). PeanHCTH'IHOCTb paccMaTpHBaeMOI'O IIOJlXOJla HnnrocTpnpyeTCSI 

Ha IlpHMepe TO'IHO peruaeMbIX 38Jl8'l § § B-7. PeaynbT8Tbl 3THX naparpacpoB 

MO)KHQ pe3IO.MHp0B8Tb cneJlyIOillHM o6paaoM: 

1. AMrrnHTYJlbl pacceSIHHSI Ha ccpepuqecKofi IlOTeHunanbHOH SIMe n KY

noHOBCKOM IIOTeHUHane aHanHTH'lHbl B KOMIIneKCHOfi nnoCKOCTH 3HeprHH aa 

HCKnro'IeHH0M oco6eHHOCTefi, HM010lllHX xoporno H3B0CTHbIH <pH3ll'I0CKHH CMbICn. 

2. KynoHOBCKaSI aMrrnHTyJla aHanHTH'lHa no rrepeJla'le HMrrynbca c ·pa3-

pe3oM lo, oa ) • B rrnocKOCTH KOMrrneKCHoro MoMeHTa aTa aMrrnnTyJla HMeeT' 

nnrub n3onnpoBaHHb1e rronroca ( nonroca Penx<e). • 

3. ITono)KeHHSI nonrocoB S -MaTpHUhI B E -nnocKocTn B TO'lHOCTH 

COOTBeTCTBYIOT ypoBHSIM 3HeprHH CBSI3~HHblX COCTOSIHHfi. 

ABTOpbl HCKpeHHe 6naronapHbl B. ne Anbcpapo, B.r.Ka)lb!IIISBCKOMY, 

C.Po3eTTH1 H.E.CKa'lKOBY, A.H.TaBxennnae, M.T.TonopoBy n P.H.~aycToay 

38 rroneaHbJe o6cy)KJleHHSI Ii CTHMynnpyromyro KpHTHKy. 
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