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B HalIIIIX npellbl/lYlllHX pa6oTax 6bIJJll ll3y'!eHbl BOITpOCbl nocTpOeHllSI 

aCllMITTOTll'JeCKII TO'!Horo pemeHllSI /lJJSI MonenbHOii Cl!CTeMbl C '!eTbipexcpepMll

OHHblM ITOJJO>Kl!TeJJbHbIM B3811MO/leiicTBl!eM, COOTBeTCTBYIOllll!M OTT8JJKl!BaH1110/ 1,21. 

UenblO H8CTOSIIUeii pa60Tbl SIBJJSIJJOCb 113Y'!eHl!Ei npo6neMbl aCl!MITTOTll

'!eCKII TO'!HOro onpeneneHl!SI MHOrOBpeMeHHbIX KOppenHUllOHHblX QJYHKUl!ii JJI0-

6oro nopsmKa II COOTBeTCTBYIOllIIIX <fYHKUllii fpnHa nm1 CIICTeM C npHTSl>Ke

Hl!eM, HaM npn11111och ccpopMynHpoBaTh MeTon 6onee rny6oKoro attan113a B3·a

l!MOOTHOllleHm1 Me>KllY KOppem1unoHHbIMI! QJYHKUIISIMII, CBOQOllHbIMII SHeprll!IMI! 

II amrpoKCl!MIIPYIOllll!MI! raMl!JlhTOHllaHaMI!, 

OTMeTIIM, '!TO Hama MeTOlll!Ka/3/ nn11 MOnenhHbIX CIICTeM C OTp11ua-

TenhHbIM qeTbipexcjJepMIIOHHbIM B3811MO/leiicTBl!eM 6bina IT0CTpOeHa B OCHOB-

HOM /lIT!I CB060llHbIX SHepruii. OKa3anoch, 0/lHaKo, B03M0>KHbIM pa3Bl!Th ee 

11 npl!MeHl!Th nm1 paCCMOTpemrn KOppen!IUl!OHHbIX cjJyHKUl!ii. 8 npennaraeMOM 

noKa3aTenhCTBe, B '!8CTHOCTII, l!CITOJ1h3YIOTCSI' STU pe3ynbT8Tbl O 6mi30CTII 

CB060llHbIX SHeprllii llITSI MOAenhHblX II amrpOKCIIMIIPYIOllIIIX CIICTeM II Aanee 

C noMOlllblO neMMbif 4/ ycTaHaBITIIB8IOTCSI !IX· CBSl31! C KOppenHUIIOHHbIMll QJYHK

Ul!S!Mll, npl!'l~M nony'lalOIUl!eCSI oueHKII 6yAyT oueHK8Mll ,[{J1Sl°KB8311CpeAHllX 

( C o6bi'IHOii AByxnpe,[{eIThHOii TeXHHKoii: CHa'!ana V ➔ 00 ' a 38TeM r > 0' 

r ➔ 0 )151. KpaTKO aan0MHIIM, ·'!TO MeTO,[{l!Ka, pa3BllT8SI ,[{ITS! cny'!a!I 

nono>Kl!TeJJhHOl"O, napHOl"O qeTblpexcjJepMl!OHHOro B38llMOAeiicTBll!I, B cny'!ae 

MO.[{enhHbIX CIICTeM C OTpl!UaTenbHbIM qeTb1pexcjJepMIIOHHbIM B3al!MOAeiicTBll

eM He np11MeHl!Ma, ITOCKOIThKY nepBblll cnyqaii np11HUIIITl!aIThHO OTJJll'!eH OT 

BToporo. 
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B nepBOM CnY'iae - nonOlKl!TenbHOCTII qeTbipex<jiepMIIOHHOI'O 53a11Mollell

CTBIISI - TeXHIIK8 llOK83aTenbCTBa cymeCTBeHIIO OCHOBbIBanacb 11a <jiaKTe _MaK-

c11ManbHOCTll cao6011Holl 3Hepr1111, nocTpoeHHOH Ha OCHOBe TaK H83bIBaeMOI'0 - -
annpoKCIIMHpy10mero raMHnbTOH118H8 II 0( C) • coneplKBUlero napaMeTp C • 

Bo BTOpOM )Ke cnyqae - 0Tp1maTenbHOCTII qeTb!pex<jiepMIIOHHOI'O B38l!MO

Jlel!CTBIISI - cno6011HaS1 aHeprnsi, BbI'IHC:neHHaSI nnsi annpoKCHM11py10mero raMnnb-

C, H, 

TOHHaHa r 0
(C), 6y11eT nMeTb MHHHMYM OTHOCHTenbHO napaMeTp~ 

npeo6p83OBaHnSI. 
KpoMe Toro, 311ecb cymecTBeHHO ncnonb30BaHne u - v 

PaccMaTpHB,leMaSI MonenbH8SI 38118'18 xap8KTep113yeTCSI I'8MllnbTOHH

aHOM C OTpnuaTenbHblM napHblM qeTbipex<jiepMHOHHblM B38HMOJlellCTBHeM 

( 1) 
+ + 

r=T-2Vggg-d g + g l V • 

rne 
2 

+ p 
T = I, T a 

I 
a , T

1 
= - -µ , g > 0, 

I I 2m 

( 2) 

g .. I 
2V 

+ + 
I, ,\ a a 

I ·f -I 

+ 
g = _:_ I. 2V 

,\ a a 
I -I I 

V - o6'beM Cl!CTeMbl, I = ( p. a ) - COBOKYilHOCTb 11MnynbC8 p n cnnHa 

a > nMnynbC p npHHl!M8eT o6bl'IHbie KB83H/lHCKpeTHbJe 3H8'11'lHHSI, g -nono-

)Kl!TenbHblll napaMeTp, xapaKTepn3y10m11ll B3aJU,,tonellcTBl!e. 

L1m1 y1106cTB8 HalllHX nanbHellwnx pac'!eTOB Mb! BBenn B raMHllbTOH118H 

Cl!CTeMbl qneHbl C l!CTO'IHIIK8Mli nap. 

¢>yHKUIIH ,\! 

ycnoBHSIM: 

+ 
,Cg+g )V, r > 0. 

n Tr - y110BneTBOpS110T cne11y10mnM nononHnTenbHbIM 

T-i = T 1 
,\_1= -A 1 • 
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(3) 

,; 
I 

' I 
! 
I 
ii 
I 

I 

t.l 

r --1 
L ,, 

,I 

' 

-1 

-
1 
-· I, I ,\ I < k 

2 V f f - I 

--I.IT.,\ l<k v' , , , - 2 

...!... I, ,\ 2 < k 
V I I - 3 

3necb k I • k 2' k 3 - HeKOTOpbie IlOCTOSIHHbie npn V ➔ 00 • 

(4} 

Mb! noKa:lKeM, '!TO KoppenSIUHOHHble <jiyHKUHH, COCTaBneHHble H3 npo113-

BeneHnsi <jiepMn-onepaTopoB n106oro nopsi11Ka nnsi MonenbHOll CHCTeMbl ( 1), . 

MO:lKHO C acl!MilTOTH'le.cKcill TO'IHOCTb!O Bbl'IHCnSITb no annpoKCHMnpy10meMy 

raMHnbTOHHaHy 

0 + r = T -2 V Cg( g + 1 
+ 

l+2VC
2

g -,(g+g )V, 

KOTOpblIT npencTaBmieT co6oll KBanpaTl!'IHYIO <jiopMy H3 <jiepMn- onepaTopoB 

( 5) 

II MO:lKeT 6bITb npnneneH K nnaroHanbHOMY m111y. ITocTOllHHaSI C. BXOllSl

l!l8SI B 3TOT r.aMIInbTOHIIaH, onpenensieTCll H3 ycnoBIIll a6con!OTHOI'O MHHIIMy

Ma CB060llHOll 3HeprnII, nocTpoeHHOll Ha ero OCHOBe. 

ITepen TeM, K8K. Mb! npIICTYnilM K llOK838TenbCTBY 6nl!30CTI! KOppenllUII

OHHblX <jiyHKUIIll, cnenaeM 11eKOTOpbie 11O11O/JHIITenbHbie 38Me'l8H!ISI O npaBn

nax oT6opa 11m1 cpe11H11x, cocTaBneHHbIX 113 npo113ne11eHIIll- <jiepM11-orrepaTopoa. 

B03bMeM KOppenllUlIOHHbie <jiyHKUHII - cpenHIIe, COCTaBneHHble 113 npo

lI3BOnbHOI'O 'l!Icna <jiepMII-onepaTopoB Ha OCHOBe MOJlenbHOI'O raMIInbTOHHaHa 

(I) II COOTBeTCTBy10mero annpoKCl!Mllpy10mero ( 5): 

< u > r 

r 
-0 

sp e 

spe -½ 

5 

u 

( 6) 



ro 
-0 

Sp e u 
<u > = ro _r._" 

( 7) 

0 
Spe 

rne 
u -npencTaBn11eT co6ofi HeK0Topoe npo113BeneH11e 113 ¢epM11-on~paTopoB 

C npo113B0ilbHhlM noplIUKOM cnenoBaHl!ll: 

u =••,a (t 
11 I 

) •••a f • 
( t ) ... 

3T11 npaB11na oT6opa 6ynyT none3Hhl nn11 Toro, 'IT06bl ·cpa3y yKa3aTb, 

KaK.He cpenHHe < u > r· < u >ro C npo113BOilbHblM Ha6opoM ¢epM!l-onepaTOpOB 

paBHbl Hynro, II TeM caMbIM IICKITID'll!Tb lix 113 paccMoTpeHIIII, 3aMeTl!M. nnll 

9Toro, 'ITO Halim MonenbHalI ( 1) II annpoKCl!Mllpyromall ( 5)· Cl!CTeMbl l!HBa

puaHTHbl oTH0Cl!TenhH0 cnenyromero cneu11anbHoro rpan11eHTHoro npeo6pa-

30BaHm1: 
I cp 

a. ➔ e a 
pa pa 

nn11 p=po ,-po 

II 
a ➔ a 

pa pa 

nn11 P f,,. Po ' 

KoTopoe pann yno6cTna 6yneM 3an11cb1B~Tb n Bline 

tcf, 
a __. e a 

'o lo 
+ 
a lo 

-tcf, + 
a ' ➔ e r

0 

-tcf, 
➔ e a a 

t, ➔ e +l<p (8) 

-ro -lo -10 

+ 
a 

-10 

+ 
( 3 I lI a I ne MeHHIDTCII, ecm1 f /,,. f o• - f 0 

npeo6pa30Ban11e 11po11cxon11T C IIMilYilhCHOH nepeMeHHOH p • 

) , pa3yMelI, '!TO 'TaKoe 

6 

i 
! 
.l 
11 

1 :1 

' ) l 
f 
\ 

1 

; ., 

... ,_.,.. 

.. ;1 ~,} 

no11CHIIM, '!TO K' TaKl!M npeo6pa30BaHl!IIM ( 8) M0JKH0 npHHTII, Hanp11Mep, 
•,. 

cnenyrom11M nyTeM; 

_rne 

-po 

BBeneM ym1TapHblH onepaTop 

lcp( 
Z = e 

n -n ) 
Po -po 

z1 = l, 

I'. 
'"','' 

+ 
• z =e 

-lcp( n -n ) 
Po -Po 

n - n "." onepaTop pa3H0CTII 'IHCna qacTHU C IIMilYilbCaMI! Po 
p O Po • 

• KOTOpblH 6yneT HHTerpanoM ABIIJKeHl!S! nn11 CIICTeMbl ( 1). lleficTBYII 

+ + 
TaKIIM onepaTopoM cneBa II cnpaBa Ha a _

1 
, a 

1 
, a 

1 
, a _

1 
, Mb! npnneM IC 

rpanHeHTHhlM npeo6pa3oBaHIIIIM! 

+ 
a 'o 

➔ z a 
lo 

Z =e 
I cf, 

a a 
lo -ro 

+ -tcf, 
➔ Z a Z :aae 

·-ro 
a 

-10 

JI 

O6paTl!MCII cefiqac K cpeAHl!M· ( 6, 7). npennonOlKl!M,• '!TO B TaK0M Ilp01!3-

Benen1111 H3 ¢epMH-onet,aTopoB u 

onepaTopoB B11na 

MOJKH0 Bb!llenJITb "napHb1e" KOM6l!ltaUl!I! 

a 
I 

0 

a 
-ro 

+ 
a 

-=o 
;t 

=o 
, ••• a 

ho 
a 
-ho 

+ 
a 

•o 
a 

•o 
( 9) 

Terna, npl!Hl!Mall BO BHHMaHl!e rpan11eHTHbJe npeo6pa30BaHl!ll ( 8). BIIAIIM, 

.'ITO "¢a3bl" B TaKl!X Kf>M611Hau1111x KOMileHCl!pyroTCII li IlOTOMY cpenm1e ( 6) 

II (7), B K0T0pb!X l!MeroTCII TalCIJe "napHb!e" KOM6nuau1111 onepaTopoB, BO

o6me I'OB0pll, MoryT 6bITb 0Till!'lllbl OT Hyn11. HanpoTHB, ecnn B paccMaT-

puBaeM0M npon3nenem111 113 ¢epM11-onepaTopoB u l!MeeTCII XOTII _6b! onna 

¢epM11-onepaTop 6e3 CO0TBeTCTByromefi e_My .. napb!.. • Terna IICHO, '!TO 

CO0TBeTCTByIDIUl!e ¢a3bl He K0Milel!CIIPYIQTCII B Ta IC JI X C pen H H X JI 

cpenm1e (6), (7) 6ynyT paBHhl Hynro. 

B '!aCTH0CTH, cpenH11e ( 6). ( 7). COCTaBneHHbie 1!3 He'!ilTHoro '!Jlcna 

¢epMH:-onepaTopoB, paBHhI Hynro, 
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3al\M8MCSI Tenepb H8XOJK/leHll8M aCIIMilTOTll'!8CKIIX OU8HOK llilSI pa.3HOCTII 

<u> -<u> 
r r 0 ( 10) 

Ilpn 9TOM llilSI IlOCTp08HIISI COOTB8TCTBY!Olll!IX ?U8HOK, aepaB8HCTB OKa

+ 
3b!B88TC!l yno6Hb1M nepel\TII OT CT8pb!X lj>epMll-aMnnllTYll a 1 , a 1 

K HOBb!M 

+ a, , a, , KOT0pb18 CBSl38Hbl 113B8CTHblMII nnael\HblMII COOTHOW8HIISIMII - KaHOHII-

'!ecKnM npeo6paaoaaaneM H.H.EoronJ06oaa: 

+ 
a I - u f a - V a -r ( 11) I I 

+ + 
a .. u a - V a 

t I I I -r 

rne ,PyHKUIIII u II V f YllOBil8TBOpll!OT ycnoB!ISIM CIIMM8Tp1111 

u .. u V a -V _, 
-I I 1 

2 2 
u +v al. 

Bb16npasi aa u r • v r 

I T 
Y2 yl + _r 

E, • 

-dn 
I --. 

Er 
u .. 

I V I - --=----- y I -y2 

rne 

E
1 

., y T 
1
2 +A; ( 2 C g + r ) 2 

annpoKCIIMIIPYJOllllll\ raMllnbTOHl!aH ( 5) ,KOTOpbll\ c noMOIJlblO npeo6paaoBaHIISI ( 11) 

MOlKHO npnaeCTII K !;lllaroaanbHOMY BllllY, B HOBblX ¢epM11-0nepaTopax OH npnMeT 

,PopMy: 0 + 2 r =~E,a,a, +Vl2C g 
I 

l 
2V 

8 

f (EI -TI ) I. ( 12) 

·!; 

\ 
I 

;I 

) 
l 

, lJ 
~ 

j, 
l 

) 

i 
I 

i) 

I 

I 

Tenepb H8TypllHO 38M8TIITb, '!TO cpenane < u >ro, IlOCTpoeHHbl8 Ila OCHOBe Ta-
> . 

Koro raMIIIlbTOHllaHa, np11au11n11anbHO npocTo Bbl'IIICil!l!OTCSI C IlOMOIJlb!O 113-

BeCTHblX npaa11n BnKa, Enoxa, iloM11~11u11ca. 

3an11111eM ypaBH8HIISI llBIIJK8HIISI llil!I MOll8IlbHOl\ CIICT8Mbl ( 1) B 'HOBbJX' 

,PepM11-onepaTopax a 
1 

, ii 
1 Y'IIITb!Ba!I J '!TO B 'cTapblX' OHII IIM8JOT Bll/l: 

da ..,_ 
+ 

---
1
-=i T a 

d t 
1 A t 

I -I 
( 2 s g + r ) • 

+ 
d a

1 

d t 
-T / +A (2Sg+r)a 

I I I - I 

C ·nOMOIJlblO ( 11) BB81l8M N HOBbie' ,PepM11-onepaTOpb1: 

+ 
a =a u +a v 

I I I -r I 

+ 
a + = a u 

I 
+ a V 

-r 

il11,P,Pepeau11pyS1 ( 14) no t 11 Bb!palKaSI npOll3BOllHbl8 

'!epea np8Bb!8 '18CTI! ypaBH8Hl!l\ llBl!}!<8Hl!SI ( 13), IIMeeM 
+ + da r d a 1 ~ -= iu,---+ iv 

d t d t r dt 

dii 1 da 1 

~·~ 

+ + + 
=u 1 1-T,a,+A,(2Sg+rla_,l+v,IT

1
a_,+Afal(2Sg +rl! = 

+ + 
=-a 1 IT 1 u 1 -A 1v 1(2Sg+rll+lu,A,(2Sg+rl+ v

1
T,la

1 
= 

9 

(13) 

( 14) 



+ 
=-a· IT u 

r r 
A 

I
v 

1 
( 2 C: g +r l I + I 11 

1 
A 

1 
(2 r. g +r l + v 

I 
T

I 
I a _ 1 + 

+ u 
I 

A (2 1g -2r.!(la +v A ! 
r -r r r 

+ 
(21 g -2Cg l. 

ITpHHHM8SI b'l BHHM8HI!e T0ll</leCTBa 

2 2 2 
T

1 
"r -A

1
v

1
(2Cg+rl ay(2Cg+rl A 1 +T 1 u 1 

T v +Au (2Cg +r l=- y(2Cg+rl
2

A
2 

+T
2 

v 
r I I r r I I 

npHneM K ypaBHeHHHS!M nBHll<eHHSI B • H0BblX .. qiepMH-onepaTopax: 

rne 

+ 
d a 

1 

d t· 

d a, 
d l 

+Eci =R 
r r r 

+ 
- E a =-R r r r 

R = R(t) + R(2
) 

I I I 

(1) 
R 

1 
=u·

1 
A

1 
<21 g -2Cg)a_1 

R
(2) 

=v 
r 

A ;; 
r r r 

+ 
(21g-2Cg), 

2 2 2 
E 

1 
= y ( 2 Og + .-l A 1 + T 1 
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l 
( 15) I 

·J 

,, 

l ,, 

~ 
( 16) 

( 17) 

( 18) 

PacCMO_TpllM K0ppenmrn0HHYIO cpenHIOIO 

<a {t)B·(O)>, 
r 

( 19) 

rne 'B(Ol - f!pencTaam1eT HeKoTopoe npoHaaeneaHe Ha s --<jiepMH-onepaTopoa_. 

CocTaBHM ypaaaeamr nm1 cpenaHx. ITponmpqiepemrnpyeM ( 19) no t 

aocnonbayeMCSI ypaBHeHHS!Mll nBlllKeHHSI ( 15). MMeeM. 

d 
i --< a ( t l B( 0 l > = E < a ( t ) 

dt r r f f 

+ 
B(Ol> -<R (tlB(O)>, 

r I r 

d + -- <a (1) B(Ol > 
dt I r 

+ E
1

<a
1

(tlB(O) f +<R
1
(t)B(0) >r, 

PeweHHS!MH 3THX y~aBHeHHH 6ynyT 

-IE 1 t -IEft 

H 

(20) 

( 21) 

<a (t) B(O) > = <a
1 

(0) B{O) ·> e + ie , r r 
t lErt' + 

< f e R (t ') B(O) d t' > , 
o ' r 

+ + 
<a (0) B(O) > = <a (0) B (0) > e 

r r , . r 

OTcrona nonyqaeM oueHKH 

IE! t IE! t 

-i e 

-IE1 t 

l<a1 (t l B(O) } -<a
1

(0) B(O) > e 

t + 

t 

< J e 
0 

:s 

< f J< e 
0 

IE t' 
f 

R 
1 

(1' l B (Ol d 1 ' } I , 

11 

-{Ert' 
R (t')B(O) dt' >, 

r r 

{22) 



+ + IEf t 
l<ar(t}B(O} > -<ar(O}B(O) >e 

t 

<I< J e 
- 0 

r r 

-IE t' 
I 

RI ( t , } B (Ol d t , T I ·. 

< 

(23) 

.Unll nocTpoemrn )l8/lbH0i!:WllX MalKopaullOHHbIX oueHQK HaM )IOTpe6yeTCll cne

llYIOWee aeapB0HCTBOx/: 

I <.r • w > I'< I I < r; > 11 < + 
w w 

½ 
> 1. 

( 24) 

OueHll58ll npaBbie 'l8CTll ( 22) I ( 23) C noMOWb!O HepaBeHCTBa ( 24) I llMeeM 

t 

1J<e 
0 

tE t'. 
I + t IE t' 

R (t')B(O} > dt' I.S: J1 <e 1 

I 0 

+ 
R,(t' } B (0) > I di' < 

y w 

t + + ½ 
~ Jll<R,(t'lR,(t'l>ll<B(O}B(O)> I dt' _< 

0 

x/ 
.UoKaaaTenbcTBo aepaaeacTBa (24), a TaKJKe ero cneKTpanbaoro 

aaanora 

2 
]J (w)I <J + (w} lt (eu} 

yw - yy .w 

( 25) 

COJl0plKl!TCll B pa6oTe H.H.Eoron1060Ba 'KBa3llCp0JlHll0 B 38)l8'l8X CTaTllCTll'll)'cKOi!: 

MexaHHKn' .npenpllHT OHflH P-1451, .Uy6aa, 1963, HaAaHHe 2-e cTepllOTlln
aoe, cTp. 70-76. 
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+ + ½ 
~ l t I I I < R I co> R ,col > I I < B <ol B<ol > I I 

• 

Aaanorll'lHblM nyTeM OU0HllBaeM ( 23): 

l
~t -IE t' 
f < e I 

0 
R (t '}B(O} dt' > dt' 

I r 
t 

I~ JI 
0 

IE
1
t' 

< e R (1 '} B (0) 
I 

y w 

+ + ½ _<! ll<R,(t'lR,(t'} }ll<J3(0}B(O} :i,11 d1'5 

+ + ½ 
< 1 l 11 I < R (0) R (0) > 11 < B (0) B (0) > I I 

. r r r r 

Hai!:JleM OU0HKll Jlnll KOppenllUHOHHbIX cpeJlHllX 

.+ 
< R (0) R (0) > r , + < R (0) R (0) >F ; 

>ldt'< r -

(25) 

( 26) 

(27) 

CTOllWllX B npaBblX 'l8CTllX HepaBeHCTB (25), (26). IlpllHllM8ll BO BHllM8Hlle 
q>OpMynbI (16-18),aanllWeM 

+ . + + 
I< R (0) R (0) >I< 2 < R(l)R (I)> 2 < R <2>R (2) > < 

I I r - I r r + I I r-

2 + + 2 + + 
<Bg 2 A1

2 (u 1 <a 1 (S-cHS-Cla L+v <(S-Claa·(d-C).':::!..}, 
- - -1 r I r r J 1· 
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+ 
3aMe'!aSI, '!TO a ,a r - nonOlKHTBilbHb!li: onepaTop C HOpMoli, orpaHH'IBHH0li 

ennanuen, aalineM 

+ + + 
<<5 -Cla a ( 5-cl > < <( 5-cl ( 5-Cl> 

r r r - r 

Ouem1M Tenepb K0ppenSIUH0HHYIO cpenl!IOIO 

+ + 
<a ( 5 -Cl( 5-Cla > 

-r -r r 

Y'IHTb!BaSI 

+ + 
c 5-Cl( 5-Clm( 5 -cl( 5 -Cl+ 

+ + 
15- 55 < 

+ + + 
::; I 55 - 5 5 I + I c 5 -Cl <5 -CJ I 

H + + k 

I 55 - 55 I < 3 

- ""iv' 

nonyqaeM 

+ k + 
<;; ( 5 -Cl( 5 -Cla > < - 3-+< ( 5 - C) ! a ( 5 -C) > < 

-r -r - 2 y -r -r r -

k + 
s.-3 +<<5-cH5-c>> 

2V r 

TaKHM o6paaoM, 

+ 2 + 
<R.(OlR

1
(0l> <8g 2 A (·<(5-Cl(5-Cl> + 

I , r f r 

AHanorH'IHblM nyTeM oueHHBaeM < R r (Ol 
+ 
R 1 (0l > r 

u 
2 

k 
I 3 ) • 

2V 

+ en + c1, c2, +c2, 
1 < 'R, (Ol R , (OJ } I :5 2 < R , R , t' + 2 < R , R 1 > < 

2 2· + + 2 + + , 
<BgA (u 2 <(5-Cla a <5-Cl>+v <a <5-CH5-Cla >l 

- r r -r -r r r r r r 

14 

( 28) 

"' ,. 
l 
t 
1 
i 
1 
ij 
) 
·,I• 

/· I 
·\ 
~ 
l 
~i 

f r l 
I. 

I 
l 
~ 

r 

'I' 
~ 

j 

' ) 
} 

\~ 
?i 
.I 
:,1. 
[ 

11 

'~ 

IlOCKOilbKy 

a T8KlKB 

+ < a, 

+ + 
< ( 5-Cla ;t 

-r -r 
( 5 -Cl> $. < ( 5 -Cl( 5-Cl > , 

r r 

+ + + k 
5 - C lC 5 - Cl a > < < a ( 5 -Cl( 5 - C l a > + - 3 

- < 
r r- r r r 2V -

+ . 
< < ( 5-Cl a a 

r r 

+ 
<5 -Cl> r 

ka 
+ --< 

2V -

+ ka 
< < ( 5-ClC 5-c) > + - , . r 2V 

no·nyqaeM OUBHKY 

+ 2 2 + ka n 

J< R (0) R (0) > 1 < 8 g Ar(< ( 5-CJ( 5 -CJ> + - v• ). 
r r r r 2V 1 

OKOH'!aTenbHO 3TH OUBHKH ( 28), ( 29) 6yneM aanHCb!BaTb B BHne 

+ 2 2 + ka 
<R,(O)Rr(Ol > < Bg Ar(<( 5-cH5 -CJ'>+ -- l ·• r - r 2v 

+ 2 2 + k 
< R (Ol R (Ol > < 8 g, A I< ( 5 -Cl( 5 -c l > + - 3

- l • 
I I r- I r 2V 

OTMeTHM, '!TO BXO/lSllllYIO CIO.Qa K0ppenSIUHOHl!ylO qiyHKUHIO 
+ 

< ( ~ -Cl( 5 -C l } 

( 29) 

(30) 

. (31) 

Mb! MOlKBM oueHHTb no ylKe paapa6oTaHHOMy cnoco6y14I, KOT0pb!li Y'IHTb!

BaeT 6nH30CTb CB060.QHb!X 3Heprnn, nocTpoeHHblX nnll MonenbHOll ( 1) H 

annpoKCHMHPYIOlllBlt ( 5) CHCTBM npn v .. .. , a nanee c IlOMOlllblO neMMbl 

. .QOKaaaTb, '!TO 

15 



+ 
< { S -CH S -Cl > < £ { _I_, ll l, r - 0 V 

+ 
< { s-c){ S-c l > < ( { ..L. ll ). r - o V 

1 
3necb l < - ,ll l -MaJKopaUHOHHoe BblpalKeHne, KOTOpoe npn V ➔ 00 

o V 
n nm1 mo6oro nonoJKnTenbHoro ll cTpeMnTcll K Hymo. 

nocne sToro ::iaMeqaHnll ouenKn ( 30), ( 31) 6y)leM ::ianncb1BaTb cnellyJO

wnM o6pa::ioM: 

+ I 
< R r (Ol R 1 {Ol > .!: l < V. ll l • 

r 
( 32) 

< R (Ol n {Ol > < £ ( .L , ll l • 
I I r - V 

(33) 

3necb 

I 2 2 I Ir.a 
,<-,llla8g ,\ 1£

0
<-,lll+- I .. o 

V r V 2V 

npn V ➔ oo n Jlnll ll > o. Tenepb nocne c)lenAHHbIX npeo6paaoBannii, a 

T8KlK8 npHHHMall BO BHHMBHHe, qTo 

< a {Ol B (Ol > < I , 

nepaBeHCTBa 381lHlll8M B BH)le: 

] < a ( 1 l B (Ol > -< ; ( tl B (Ol > I .!. I t ] £ ( ..L , ll l, 
I r I r V 

(34) 

.. 
+ + ] < a 

1 
( t ) B (Ol t -< a 1 { t l B(O) } I .$ ] t ] £ 1 ll l • v· (35) 

., 
+ + I< B (OJ a {t) > - < B (Ol a (tl > I:,.! 1 1 £ ( 

I r I r V 
' ll l; (36) 

16 

., -IE1 t 
rne onepaTOPbI a 

1 
( 1 l = a 

1 
(OJ e 

.; + I El t 
a 

1 
(t l = a /Ol e · 

YllOBneTBOplllOT ypaBH8HHllM )lBHlK8HHll C annpoKCHMHpy10111HM raMHnbTOHHBHOM 

( 5). 

EylleM nanee HCXO)lHTb H3 nepaBeHCTB ( 34) -( 36). nocTpOHM M8lKO

paunoHHb18 oueHKH, llOK83blB8JOIUHe 6nH30CTb KOppenl!UHOHHb!X qiyHKUHii: 

llpH 

<d (Ol B (0) > • < a+ (Ol B (0) > 
I r I ro 

V .. oo H ll > o. 

BocnonbayeMCll cneKTpanbHb!MH COO"TH01118HHllMH, HMeeM 

+ -t"" < a {t l B (Ol > = f 
I r ....oo 

+ +oo 
< B (Ol a {t l > = f 

I r 

J + ( W l IWt 
a B e 

dw, 

w 

JdB{w)eo IW t d w. e 

Bb16epeM, Jlanee, qiyHKUHIO hp (t l : 

rne 

-t"" w - E -IWt 
h (t)=..L f !..lF { 

1 
ll e dw, 

p 21T ....00 p p 

.J.. F 
p 

w -E 1 

p 

F{z)aaO 

-I>"' 

"' f 
lwt 

h Ct le 
p 

llnll ] z] ~ 1, 

d t, 

F { z l = (1 - z 
2 

l 2 Jlmi I z 1 < 1 • 

17 

(37) 

(38) 

(39) 

{40) 

(41) 



. YMHOlKIIM HepaBeHCTBa (35). ( 36) Ha cf>yHKllll!O hp (1). 

nony<1eHHbie COOTHOWeHml no I B npeaenax -oo < 1 < + 

npOIIHTerp11pyeM 

11 1 Ilpl!HSIB BO BHII-

Mamie cneKTpanbHbie npeacTaBneH1111 ( 37,38), HallaeM 

-I J J + (w)F 

aB 

- w If J+ (wleo 
_,., aB 

w- Er 

p 

+ 
i·dw-<ar (0) B(0) > j < . r -

, c.L,8 > 
2 V 

p2 

l (..!. 8) x/ 
w- E + 

F ( __ r ) d w - < B (0) a 
p 

co> > I~ 
2 v' 

p 2 

(42) 

(43) 

3aecb ( 2 = £(1-,8) b 0 CTpeMl!TCSI K HynJO npn 
V 

V ➔ 00 ll JlnSI m66oro c!>IIKCllpO-
E r 

BaHHoro nonolK11TenhHoro 8 • YMHOlKllM HepaBeHCTBO ( 43) Ha cf>aKTOp e -r 
II Bbl'!TeM ( 42). B peaynbTaTe nony'111M: 

-~ 
I < ti (0) B (0) > - < B (0) a+ (0) > e I < 

r r r r 

Er 

-0 -<, 1..!.,8>0+e iL+ I J 
2 V p2 

«.>-Er 
w-E -O

J (w)F(---r lie 
dB p 

OueHnM BTopoi! 'lneH npaBoi!. qacTn ( 44): 
w-Er 

w-E ,1 J (w )F ( r >l e 
0 -1 Id w I < + p aB 

«.>-Er - w-Er -u-
< f I J + ( w) II F ( > II e -11 dw < 

aB p 

xi 

-1 ldwl, 

l - l c (-,8)a£ (.l.,8) fjh(tllltl dt •£(-,8lbo 
2 y o V -oo p ·V 

b 
0

:a const. 
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(44) 

(45) 

e_ -:S I e o -1 I f I J (wl I dw < 
+ aB 

• 

..e. ½ - ½ 
0 +oo 

< I e -1 I < f J +(w )d w) ( f J (w)dwl 

aa --00 Bit 

npn sToM MbI yqn11 onpenene1111e F < z l - ( 41). 3aMeTl!M, '!TO 

- + f J + ( w ) d w ~ I < a (0) a (0) t' I .$ l , 
aa 

- + f J ( w ) d w < I < B (0) B (0) 2 l ::;_ l • 
at - I' 

Y'lllTbIBaSI HepaBeHcTBa ( 45) -( 4 7),. nepen11weM B cnenyJOIUeM anne ( 44): 

Er 

+ + -0 
I < a (0) B (0) > - < B (0) a (0) > e 

r r f r 
< 

!L 
l i l 2 ( V • 8 ) 2 (l +e 

p 

- 0 
.L 
0 

i + I e -1 I . 

(45) 

(46) 

(47) 

( 48) 

B npeJ:lbIJlYlUllX HepaBeHCTBax no CIIX nop p ocTaaanocb npO113BOnbHOII no

nolKl!TenbHOH Benll'lllHOi!. noHSITHO, '!TO HepaBeHCTBO (48) 6yneT cnpaBenn11B0 

npll nJ06bIX nonOlKl!TenbHblX p • OnHaKo, IlOCKOnbKY Mb! XOTIIM ITOK838Tb 

ac11MITTOTl!'!eCKy10 ManocTb npaBoi! '!acTn HepaaeHCTBa ( 48), nnSI nae, c 

OJ:IHOil CTOpOHbI, uenecoo6pa3Hee BbI6paTb 38 p HeKOTOPYIO qiyHKUIIIO OT 

'2 <{-,8> 
'18Hl!SI 8 

TaKyJO, '!TO npll V .➔ oo n nn11 nJ06oro nonolKnTenbHoro 3Ha-

p ➔ 0 • a, C npyroii CTOpOHbI, BO3MOlKH8e yc11nl!Tb HepaBeHCTBO ( 48). 
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TTosTOMY Bb16epeM 38 p qJYHKUHIO 
I 

P=I c
2 

c.!..,011-;:" 
V 

TTepermweM HepaBeHCTBO (48). CJ:{enaB B HeM HeKOTOpbie TO)KJ:leCTBeHHb1e npe

o6pa30B8HH.II: 

!:.r 
I <1.t B > 

r f' 

+ 
+ <a B > e r 

f' 

-~ 
f) 

< ;t 
r B + at 

I 

- f) 
> e 

f' 

HnH 

rJ:te 

a-/4 -'1 
< c (-1-,8Hl + e fJ 

2 V 

+ I<(! B > 
r f' 

-+ 
e 

l+e-* 

c2 ~/s 

1 + le 8 
-1 I. 

+ + <a B+Ba 2. 
r r 1 · 

(1/8 

- l • a/4 l 
c (-,81= c (-,8 l + 

let 
2 V 2 V 

l + e 

< T (..!-,o), 
2 V 

-1 !. 

- --1:r. 
f) 

I< 

TTpnMeH.IIH MeTOJ:1 HHJ:IYKUHII, J:IOKaJKeM cnpaBeJ:{nHBOCTb HepaBeHCTBB npn 

nI06DM n 

Ill· I .. I< 'lJ > 
n - f' 

-<'ll> 1.sn 
ro 

- l . ( ( -,8 ). 
2 V 

(49) 

(50) 

3J:tecb· 'lJ oaHa'laeT npolI3BeJ:1eane qiepMn-onepaTopoB nop.llJ:IKB n , Il .. const, 

- l c 2 (v·,81 ➔ 0 npn V ➔ oo II J:lnH 8> 0, 

'lJ MOlKHO npeJ:1CT8BHTb KBK 

~=1,Ii, 'lJ=a,B, 'lJ 
rJ:te B npeJ:tcTaBnHeT npon3BeJ:leHHe 

20 

CornacHO HBWIIM o6o3HB'leHIIHM 

=Ba, 
+ 'lJ =Ba , 

( n-1 l onepaTopoB, 

nocTaTO'IHO npoBeCTII paccylKJ:leHHH J:lnH OJ:{Horo H3 STIIX cny'laeB, noCKonh

KY J:1n.11 J:1pyr11x 6yJ:1yT 

+ 
peane cny'la.11 'lJ a a 

I 
B 

J:{OCnOBHO Te JKe paccylKJ:leHIIH, TTpoJ:tonJKIIM paCCMOT-

113 HepaBeHCTBB (49) BHJ:IHO, 'ITO ecnH BbipBJKe-
+ + 

ane di r B > cocTOIIT 113 n -onepaTopoB, TO" 8HTHKOMMYT8TOP <a,B +Bar> 

COCTOHT 113 (n -2) onepaTopoB,, 3):leCb 'IHCno r. ~ 2 D - 'IC!TH00, 3aMe-

THM, '!TO Mbl p8CCM8TpHB80M TOnhKO 'IC!THbl0 'IHCna D q>8pMH-Oil0p8TOp0B 

B cpeJ:IHHX, nocKOnbKY cpeJ:IHHe, COCTaBneHHhl0 H3 H0'1C!THOrO 'IHCna ¢epMH

onepaTopoB, paBHbI HynIO B cnny npaBHn oT6opa, 

nonara.11, nanpnMep, B ( 49) B = a r , HMeeM 

I< ti a > 
r r r 

Er l < ;- ( _1_ ~ 
l+e-7 - 2 V ,ul. 

Ho, C J:tpyron CT0p0Hhl, 

T.e. 

I <;ta 
r I 

HnH 

fim I 

v...o,8 

+ 
< a 1 a 1 ~o 

. + 
>-<a a> I< 
f' I r f'O -

< ci + 
a > - < a 

r I f' l 

>o 

l + e 

( 

2 

a 

Er 
r 

> 

_1_,8 ), 
V 

I a 0, 
r 

f'o 

AaanorH'IHO J:1m1 <a cT > HM00M 

rJ:te 

+ + 
I <a a > - < a a > 1 < c 

f rr r rro - 2 

(-1-, 8 ), 
V 

+· 
<a a > 

f I f'O 

e 

E 
.....t.. 
f) 

E 

l+e T 
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llnJI 

fim I < a 
V➔ oo ,8>o 

+ a > , r 
+ 

< a a > I 
r f ro 0. 

KaK Mb! ylKe noKaaamr, HepaBeHCTBO ( 49) cnpaBeAnHao rrpn n "'2 , 

npoaepl!Tb ero cnpaaeJWI11BocTb JI Ansi 
n .=-4 ,n =6 

llT06b1 AOK838Tb cnpaBe,QnlIBOCTb 3Toro HepaBeHCTBa npn mo6oM 

HeTpynHo 

JI T./1, 

n AO-
nyCTIIM, 'ITO OHO . AOKaaaHo Ansi 

npennonaraeM 
HeKoToporo 'Incna orrepaTopoa s , T.e. 

+ 
J < a f B r- e-T 

E 
l+e -v 

+ + 
<a,13 +I3ar - 1· >r o I ;:; n.c 2 < v , 8 l , 

II •cons!, . 
ITpJ1HIIM8S1 BO BHIIM8Hl!e, 'ITO 

l!MeeM 

ltil=!<&.B • r 

Er 
+ --<a I3 > = e 0 

I ro 
+ 

<Bar }o' 

+ - I 
>-<a,B>]~II c <-,8). r ro • 2 V 

ITpaBasi 'IBCTb 3TOI"O HepaBeHCTBa npn ' V ➔ 00 

( 51) 

Ml!TCSI K Hymo. llanee Ha OCHOBe C.QenaHHoro npemronolKeHIISI AOK83bIB8eM 

11 nnsi nI06oro 8> o· CTpe-

cnpaBeAmrnocTb ( 51) npn n ::rs+ 2. B caMoM nene, 

- l Ii'. 1.,_n 2 c2<-,,8l, • +2 • + V 

l1TaK, 113 cnpaaenn11aocT11 uepaaeucTBa (51) rrpn n = s BbITeKaeT 

rrpaa11nbHocTb n np11 n = s + 2. Ho rrp11 n = 2 aepaaeucTao cnpaaenn11ao, 

cnenoaaTenbHo, oao cnpaaennnao II np11 n =4, n = 6 11 T.A. TaK KaK no-

- ero 

cneAoBaTenhHb!M np116aaneu11eM napbI onepaTopoa MOlKHO nony'Il!Tb nI06oe 

'IeTHOe 'IIICITO onepaTopoa, TO f:epaBeHCTBO-YTBeplK.QeH11e (50) AellcTBII-

TenbHO Bepuo np11 nl060M 'IeTHOM n • 

22 

Bamty rrpo11_3BOnbHOCTll 'lJ Mb! MOlKeM npnMeH51Tb HepaBeHCTBO (50) 

C nl06bJM B03MOlKHb!M H~6opoM ij>epMH-OnepaTopoa. 

HanoMHHM, eme, 'ITO 
0

3/leCb 11MeeT CMbJCn'· paccMaTpllB8Tb ue mo6bie 

np0113BOnbHbie KOM6HH81lllll ll3 if>epMn-orrepaTopoa, 

He 06pama10T a uynn cpenune 

a T0ITbK0 Te, KOT0pb!e 

< 'U > 
r < 'U >ro 

OTMeTHM T8KlKe, '!TO B006IUe o6merrpllHSITO paccMaTpl!B8Tb nponaae

neHllff HOpManbHOf'O Blllla, T,e. T8K11e, Korna Bee onepaT0pbt polKAeHnff CT0-

51T cneaa OT orrepaT0pOB yHH'IT0JKeHllff, HcHo, 'ITO n106oli rrpOl!3B0ITbHbtli nopg

llOK cnenoaaHIISI onepaT0p0B acerna MOlKH0 npnaeCTll K H0pManbHOMY Blllly, 

ITp11H11MaeM nanee B9 BHIIM8Hlle, 'ITO 'cTapb1e• if>epM11-orrepaTopbt CB5138Hbl 

C 'HOBbtMll' nocpellCTBOM KBHOHll'IeCKHX npeo6pa30B8Hllll ( 11) C orpaHH'IeHHb!Mll 

Kosi!>i!>111111eHT8MII u 
1 

, v r , no:.ToMy np11aeneaaoe AoKaaaTenbcTBo ecTecT-

BeHH0 o6o6maeTC51 11 Ha HIIX, 

TaKHM o6pa30M, l!MeeM peaynbTBT 

I< u > -<u> I ~n- l (..1..,8), r ro 2 V 
II ~ m con~t , 

rne -; ( .!.., 8 l np11 v ➔ oo II nnsi mo6oro rronolKnTenbHoro 8 
2 V 

K Hyn!O, 

CTpeMl!TC51 

ITocKOITbKY Mb! rrpoaenn paCCM0Tpeane llITSI cnyqasi 6eaapeMeHHbtX K0p-

penSIUII0HHbtX ij>yHKUll!l, A0Ka3aTenbCTB0 aaanorll'IHb!X COOTHOWeH11li AIT51 

llBYBpeMeHHblX 11n11 MH0f'OBpeMeHHbIX .KoppenSIUl!OHHbIX if>yHKllllll ae rrpen

CT8BnffeT 6onbWOf'O Tpyna II MO>KeT 6b!Tb rrpoaeneuo MeT0A0M MaTeMaTll'Iec

KOli IIHllYKUllll no cxeMe, npenriolKeHHOii B Haweil pa6oTe/2/; B cnyqae s -ape

MeHHbIX KoppenffUH0HHblX 4JyHKUllll B11ll8 

rne 

ll Al (t) 
p 

paBHO 

< u I ( I I) u 2 (t 
2
), •• u 

O 
( t •) > , 

u (t ) • A J (t ) 
I I I I 

a (t) 
r !Inll t f (t), 

J 
AP (t 1 ) 

aalilleM 
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l<u (1 ).,,u(t )> -<u Ct l .. ,u Ct)> I< 
I I ■ ■ r I I a ■ ro -

(52). 

,S I0.<1.-1._1 J+ ... +Q 2 l1 2 -1 1 l+0!7C-\;,I». 

3.necb Q , Q 
2 
... Q • - HeKoTopble ITOCTOSIHHble npll V ➔ OO , 

OTMeTllM Te!i<:!pb, 'ITO no.no6Hble )Ke BCllMITTOTll'ieCKlle Hepa~eHCTBa 

.nmt 6onbWllX CllCTeM ( V ➔ 00 ) MO)KHO nony<mTb ll B "x -npencTaaneH1m', 

PaccMoTpllM KOppenSIUllOHHbie cpe.nane, C0CTaaneHHpie ll3 noneBblX' one

paTOpHbIX tpyHKUllii B. npe.ncTaBneHllH reuaea6epra. 3Tll noneBbie <pyHKUHH Bbl

p8)!{8IOTCSI 'KB83ll.QllCKpeTHb1Mll .. CYMMBMll Bll.Qa: 

➔➔ 
I If X 

'I' Ct ,x) = -- I a Ct )e 
yV I I 

+ 
lJ' ( I , X ) I -- It (tl -1tt 

r e 
yV 

HanoMHllM anecb, '{TO 03H8'{8eT COOTHoWeHlle 

I ( X ••• , X ) ➔ f ( X ' •• t X ). 
V I m 1 m 

(V ➔ oo,o>O) 

Onpe.nenllM ero co CMbICITOM, IIpllHSITbIM a Te0pllH o6o6meHHbIX tpyHKUllll, 

PacCMOTpHM Knacc C(q,r);q,r - ITOUO)KHTenbHbie 'illCna HenpepbIB-

Hb!X H HeorpaHll'ieHHO LlH<p<pepenunpyeMbIX qiyHKUllii h (XI .... xm ) • TBKllX, 

'ITO BO BCeM npocTpaHCTBe TO'ieK E m • XI ... ,,x m 

lh(x 1 , .. xmll.S 

f1+ .. em 
a 

const 

ti 
11 x I l + "' I x ml I 

f1 o h ( x ax Lm 1'"x >I< 
I .. ,ax m -

con.st 

llx l+ .. ,lx II° m I m 
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\ 

r.ne 
a.0,1,2,.,r, e 

1
+ e

2 
+ ••• e.- 0,1,2, ••• q. 

·raKHM 
Torna_, ecnH Mbl MO)KeM tpHKCHpOBBTb ITOITO)KliTenbHble 'il!CITB q .• r 

o6paaoM, '{TO .nm1 BCSIKOH tpyHKUIIII h ( X , .. x ) 113 Knacca C ( q ,r 
I m 

f h Cx
1 

, .. xm lfv(x 1 .,,x Jdx I '"dx m ➔ 

➔ f h .( x 
1
, , ,,, X m) f ( x 

1 
, , ,, x m) d X 1, •• d x m , 

Mbl 6y.neM roaopHTb, '{TO HMeeT MeCTO 0606me11noe npe.nenbHOe COOTHowe

HHe 

V (· x 
1 

, , .. x m) ➔ f ( x t , , •• x m 

npH V ➔ oo, o > 0, 

HeTpy.QH0 aaMeTllTb, 

+ 

qTO cpe.naHe OT npoHaae.neHHSI noneBblX onepaTopoB 

'I' Ct. X ) • 'I' (t, X 
M0I'YT conep)K8Tb o6o6meHHbie tpyHKUllll, no3TOMY ll 

COOTBeTCTBYIOUIHe npenenbHbJe C00TH0WeHllSI npH V ➔ ""• 8> 0 6y.neM no-

HllMBTb a CMblCne TeopHH o6o6meHHblX qiyHKUllll, 

B Ka'ieCTBe llITHIOCTp8UHII paCCM0TpHM npocTeiimnA npnMep, PacCMOT-

pnM K0ppensruH0HHYIO cpeLlHIOIO 

+ 
< lJ' C-t J' x I) lJ' ( I 2 x 2 .) > • 

I + -u V < a r (t I ) a (t ) > e Ix I+ U 2x 2 

ll,r2 I 12 2 

Y'iHTbIBBSI npaBHH8 OT6opa, BHLlllM, 'ITO 

+ < a (t 
1 

) a (t 2 ) > 
r I r 2 

0TITH'iH0 OT HYHSI HHWb ITpH f I • f 2 • Tor.na 

+ <'I' Ct 
1
x 

1
Jll'(t x )> ,.-1.I.<t Ct )a (t ) >e lfCx3 -xi) 

- 2 2 V I '1 I 11 2. • 
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',.r, 

YMHOlKIIM (53) Ha qiyHKIIIIIO hCx2-xt) ll3 Knacca CCq,r) II rrpol!HTerp11py-:-

eM no x B 6ecKoHe'!HbIX rrpenenax. l1MeeM 

- + 
f hCx -x )<':!'Ct x ':I' Ct x ) > dx 

2 t t I 2 2 2 

= If (x -x 
1
) 

I + ~ 2 
= - 2 < a Ct ) a (t ) > f h (x -x 

I 
l e d x 

Yr r 1 r2· 2 

0603HB'!al'I 

-!'X> Ir (x 2- x 1 ) .,. 

fh(x 2 -x
1
le d(x

2 
-x

1 
),.h(f ), 

38IIIIIIIeM: 

- + __j h (x 
2 

-x I ) < ':I' ( t Ix I ) ':I' C 12 x 2) > d x 
2 

= 

= .!.. 2 < f (t ) a ( I ) > h (f}, 
V r f I f 2 

B3srn qucna q ~ r B Knacce C(q ,r _), K KOTopoMy rrpnHannelKUT qiyHKUIHI 

h ( x l, Mb! MoJKeM no6nThCH, '!T06bt h ( r) y6hIBana rrpu f ➔ oo 6btCTpee 

n106oi1 CTerrem1 !Tr. Jlng Hae, onHaKo, llOCTBTO'!Hb!M 6yneT ynoaneTBOpl!Tb 

ycnom110 

_!,_ 2 I h (£ l I 5; kc= const , 
·v < u 

Torna, aaMe'!aSI, '!To· 

+· I< i Ct I l, a (t ) > - < a Ct la (t ) > I 
f f 2 f' f I f 2 ['o 5: 

- I < 11 t - t I Q 1 + Q I E ( - , 8 l , Q , Q - const J 
2 I 2 V I 2 · 
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·1 
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,, \ 

\ . 

. ; 
t 

'< \·•, ; 

t 
\ 

'.,,:· 

•\ 

.\ 
t', 

6yneM 11MeTb: 

+ +' 
lfhCx -x

1
ll<':l'C t 1x 1 l':l'Ct 2 x 2 l>-<'l'(t 1 x 1 l'l'(t x )> ldxl< 

2 r 2 2 ro -

< L :£ I h (I) 11 1.1 2- I I I o, +Q 2 I E ( -
1
-. {j ) ➔ 0 

V V 

rrpH 

V -+ oo ·, {j > 0, 

CnenoaaTenbHO, HMee·T MeCTO o6o6meHHOe rrpenenbHOe COOTHOW0Hl!e B 

x -rrpencTaBneanH'· 

+ + 
< 'I' ( t

1 
X I ) 'I' ( I X 

2 
) > ➔ < 'I' (t x ) 'I'( t x ) > 

2 [' I I 2 2 f'O 

IIPH 

V -+ oo, {j > 0, 

B CBSI311 C rrp11aeneHHhIM paccMoTpeHH0M MOJKIIO cnenaTb 0606mea11e Me-

TOllOM l!HllYKUIIII aa cny'!all 2 n ( n ,. I ,2 , , , ) 

U rronyi!HTb rrpenenbllble COOTHOIII0Hl!SI BIIJ:18 

orrepaTopoB aToro THIIa 

fiml<¢(t x ).,,¢ (t x) ¢,(t'x'),., ¢,(t'x' 
t l n n n n t 

-<¢,(t x ).,¢,(tx )¢,(t'x'),.,.¢,(t'x'l> I 
, 1 I n n n n I I f'O 

> r 

.. 0 

IIpll V -+ oo H nm1 n106oro rronoJK11TenbHoro 8, 

rne rroneaoi1 orrepaTop ¢ (t,xl 

llnll qi ( I , x ) , 

paBeH CODTBeTCTBeHHO Hnu 'I' ( t,x ) , 

nonb3YSICb cnyqaeM, Bhlp8JK8IO CBOIO npH3HBTenhHOCTb H.H.Eoron10-

60By 38 ueHHbie aaMeqaHUSI, 
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