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H . M . AcjianoBa 

AHHOTBUHH- nojiyMCHa 4>opMyjia peryjiapiisoBaHHoro cjiefla ^v'" onepaTOpHOro ypaB
HeHHH LIjTypMa — .nnyHMJUiH c rpanHMHUM ycJiOBHeM, 3aBHCHmHM or rneKTpajibHoro 
napaMerpa. 

K j i i o M B B b i e cjTOBa: rnjibSepTOBo npocrpaHCTBo, caMOCOiipHJKeHHbifl onepaxop, HHC-
KpexHbift cnGKTp, peryjiapH30BaHHfaift cjie^, H^epHbafl oiiepaTop. 

riycTb H — cenapa6ejibHoe rH.ib6epTOBO npocTpaHCTBo. IlycTL. TaK>Ke L2 — 
L2{H. (0, TT)) © / / , rjie L2{H, (0. TT)) — rHJib6epTOBO npocTpancTBO BeKTop-4)yHKUnii 

y{t) {t e (0,7r)), AJiH KOTopbix /11̂ (0!!//'̂ * < CKaJiapnoe npoHSBe^eHHe ^Jia 
0 

y , Z e -L2 = {y(0.y{^)l' = onpeAeJiaercs KAK 

(V, Z) = j{y{t), z{t))u di + {yi7r),z{7r))H. 
0 

PaCCMOTpHM sa^any 

n i / ! - - - Ay, (!) 

y ( 0 ) - 0 , - " (2) 

^(Tr) - Ay{7r) = 0, (3) 

TAe A ~ caMOconpHJKeHHbiit noJioacHTejibHO onpeAejienHbift onepaxop H H {A> E, 

E — TOJK^ecTBeHHbiH onepaTop B / / ) , HBJiHioiuHftcH oSpaTHbiM A-^a Bno.iHe neiipe-

pbiBHoro, q{t) npH KajiyiOM t caMoconpHJKeHHbiti orpaHUMenHbiH onepaxop B H. 

npe^nojiOJKHM xaKJKC, HTO onepaxopnaii cJiyHKUHH q{t) c-ia6o n^MepHNia, 
KaK (t^yHKUHH ox t orpaHHMena na [0, TT) H y^oBJiexBopaex cjie^yromnM ycjioBHSM: 

1) q{t) HMeeT Bxopyro cjiaSyio npoH3B0AHyK) na oxpesKe jO, TT] H (^'''(t), I ^ 
0.1,2, npH Ka)KAOM t € j0,7r] HBJIHKJXCH a/iepHbiMH caMOConpH>KenHbiMH onepaxo-

paMH B H, X. e. g("(0 G a i , \q^^\t)Y = ̂ '"(0; 
2) 4>yHKUHH I = 0,1,2, orpaHHHeHhi n a oxpesKe [0,7r]; 

3) q'iO) = q'iir) =0 ; 

4) J{q{t)fJ)dt = 0 npH JT1060M f € H. x. . : 
0 

ripH q{t) = 0 ypaBHeHHe (1) aanniuexcH B BHAC 

lo[y\ + Ay =^ Xy. (!') 

(c) 2008 AcjiaHOBB H . M . 



1208 H. M. AcjiaHOBa 

C sa^nanaMH {!'), (2), (3) H (1)-(3) B npocxpancTBe L2 MO>KHO CBHsarb caMOCo-
npHiKeHHMe onepaxopfai LQ a L = LQ + Q cooxBexcTBenno, r^e 

Lo: {y{tly{i^)] -> {lo\yU'{^)], Q •• {y{tU{^)] - 0}. (4) 

K a K noKaaano B p£i6oxe [1], onepaxopfai LQ w L HMCIOT AHCKpexHbifl ci icKxp. 
Oycxb / i i < ^ • • • ~ co6cxBeHHfaie SHaqeHHH, •4)i{x),'ip2{x),... — cooxBexcxBy-
lomne opxoHopMHpoBaHHHe co6cxBeHHbie BeKxop-4>yHKUHH onepaxopa LQ n Xi < 
A2 < . . . — co6cTBeHHbie 3HaHeHHH onepaxopa L. 

0 6 o 3 H a 4 H M Hepe3 71 < 72 < . • co6cTBeHHbie snaMenna H nepea ipi,i/'2<..-
opxoHOpMHpOBaHHbie co6cxBeHHMe 3JieMeHXbi onepaxopa A B H. 

M3BeCTHO [1], HTO eCJIH 

7j ~ (^j'* npn j —^ 00 (0 < a, a > 2), (5) 

TO 

Xn{L)-^fi,,{LQ)^dn^, (6) 

r ^ e 6 = 2a 
2+0, • 

noJib3yHCb axott acHMnxoxHKott, xan >Ke, KaK H B [2], MOJKHO AOKasaxb. HTO cy-
mecTByex nocJieAOBaxeJifaHocxfa naxypajifaHbix HHCCJI {"m}^-i) A n a Koxopoft cnpa-
BeAJiHBO HepaBeHcxBo 

Mfc /^n,. > d[k^ - n ^ ) , k = jim^rtyn + I. (7) 

riycTfa 

E 
fc=nj_i+l A=nj_i + 1 

VAG no 0. ' " -• 
00 

Ufijib 3Tott pa6oTW — B b i i H C J i e H H e cyMMbi pa^a 5Z(A'^' — ^'•'^), KOTopbitt n a -

sbiBaexcH pezyJUipusoeaHHUM CAcdoM onepamopa LQ. C y M M a 3xoro p a j a , KaK Gy^ex 
noKaaano HHSce, ne s a B U C H X ox xoro, KaKHM o6p£i30M BbiGpana nocjieAOBaxejibnocxb 
n i , n 2 , . . . , npn KOXopoM BepHO nepaBencxBO (7). 

BbiMHCJieHHK) peryjiapH30BaHHoro cjie;ia RJIH cKajiapnbix AH4>4>epeHn,HaJibHfaix 
onepaxopoB, aBJiHioiu.eroca o6o6meHHbiM nonaxaa cjie^a MaxpHUbi, nocBameno MHO-
ro pa5oT- BnepBbie M. M . FeJifatJiaHAOM n B . M . JleBHTanoM nojiy^ena 4>opMyJia- A.'̂ a 
cyMMbi pa3HOCTeft co6cTBeHHbix 3HaHeHHft AByx pery.napHbix onepaxopoB Illxyp-
Ma — JlHyBHJiJiH. Sxa pa6oxa nojiyHHJia MHoroHHCJiennbie npoAOJUKenna. S^ecb 
npHBe^eM CCWJIKH na cxaxbn [3-10], r^e B paajWHHbix cj iynaax BbmncieHbi peryjia-
pH30BaHnMe cJie^bi fljin CKaJiapHbix onepaxopoB. 

PeryjiHpH30BaHHbie cjieAW onepaxopoB B aGcxpaKxnofi nocxanoBKe paccMaxpH-
BajiHCb B [11-15] H AP- ^IJia AiicM'epeBUHajTbHbix oiiepaxopoB c onepaxopnbiMH 
K03(|)4)HUHeHTaMH (t>opMyJibi cjie^OB HCCJieAOBaHfai, nanpHMep, B [2,16]. Bojiee 110-
Apo6HyK) 6H6jiHorpa(t)HK) MOJKHO nattTH B o63ope |15]. 

B Hacxoamett cxaxbe paccMaxpHBaeTca 3ajiaHa, OTJinnaioiHaaca OT sa^anvi B |2] 
KpaeBbiM ycjioBHeM, coAepacamnM cneKTpajibHbitt napaMeTp. 

r iycTb H Rx — pe30JibBeHTbi onepaTopoB LQ H L. yHHTbieaa acHMHTOTHKy 
(6) H nepaBencTBO (7) H nojib3yHCb TexHHKoH pa6oTM [6], MOJKHO AOKaaaTb c icAy-
lomyio TeopeMy. 
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TeopeMa 1. IlycTb \\q{t)\\a Ha orpejKe |0,7r| ii HbinojinaeTca ycjio-
Bae (5). Tor^a npu fxijibuiux rn iiMseT MCCTO paBeHcrBO 

FAG Im -- \{t^Ti„,^i'^ (J-n..,), M".„, ^ = 1,2,3, . . . , — iioAnocjieAOBaTejJbHOCTb, KOTopaa 
yAOBJieTBopaer HepaBCHCTBy (7). 

riocKOJibKy QR^ — HAepHijfl onepaTop H co6cTBeHHbie BeKTop-cJjyHKHHH (/"i ( i ) , 
^p2{^), • • • onepaxopa LQ o6pa:iyK)x oproHopMnpoBanHtiti 6a3Hc B L2, xo npw 6ojib-
lUHx 3HaHeHHax m 

00 j- 1 /• 

A - Mr 

CKajiapnoe npoHiBCAGHHe paccMaxpHBaexca B L 2 . 

OpTOHopMHpoBaHHbie (oGcxBCHHbie BeKTOp-ct)yHKUHH onepaxopa LQ HMeiox B H A 

4J: j.k 
23;j jtTT — sin 2xj,fc7r + 4X_Ĵ A. sin x-j fc^ 

{sin{xj^kt)'fj,sin(xj^k7r)^j} 

{k = 0,00, J — 1,00), r^e Xjk — KopHH ypaBHeHHH (CM. [1]) 

Ctg XTT -•TT = , X ^ \/X- 7j-

(8) 

(9) 

MaaecxHo, MTO coGcTBennbie qncjia onepaTopa LQ pacna/iaiOTCa na ;;Be cepHn: 

lij,0 npH j —> 00, COOTBeTCTByjOmHe MHHMbIM KOpHaM ypaBHCHHa (9), H 

t^j'k = 7j + fc = 7j ~ '?fc, r"Ae rĵ  k^, cooTBeTCTsyiomHe semecxBenHbiM KopiiHM 

ypaBHCHHa (9). 
H3 xeopeMbi 1, y iHTbiBan (4) H (8), noJiyiaeM 

f : ( Q v . . ^ . ) - i : J- . , — — — 

. f r j ,7^1^ 2xj,,,fc„7r - sm2a:j„.fc,.7r + 4j:j„,fc„ sm^ j:j„,fc„7r 

X sin^Xj^^^k.,t{<i{t)'fij„,'t:>j„)dt. 

06o3HaHHM fjit)~{(}{t)fj^'t'j)- H3 ycJioBHH J{q{t)ifj^ipj)dt = Oiiuee\i 0 

43:j„,fc„ 

„.fc,_7r - sin2xj„,fc„7r + 4xj„,fc„ sin XJ^ .̂̂ ^^TT 

X cos2xj„,fc,,(((7(()i^j„ , (pj^) dt. 

TeopeMa 2. TlycTb BunojiHaeTcn ycjioBMe (5). ECJIU onepaTOpuaa 4>yuKu.u» 
q{t) y/iOBJieTHopaeT ycjiOBHHM 1-4 , TO cnpaBe^JiMBa (popMy.iia 

Spq{7v) +-Spg(0) 
Urn y ( V - ' > - / i ' - ' * ) = -
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CHanajia AOKa>KeM cJieAyioiuj'io JieMMy. 

J l e M M a . EcJiH oneparopnaa (pyHKiiHH q{t) yMOBJierBopaer ycjiosuaM reope-
MiJ I, TO 

E E 

Tf 

^ ^ ^ ^ • 2 / C0s{2Xj,kt)fj{t)dt 
j.JtTT + 4Xj.fcSin Xj.fcTT J 

< oc. (10) 

^ O K A 3 A T E J I b C T B O . MHTCrpHpya ABaJKAbl DO HaCTSM H HCnOJlb3yfl yCJIOBHe 3 

AJia onepaxopHofl 4)yHia;HH q{t), noAynacM 
IT It 

Jcos(2xj,A;0/jWdt- ^ s i n ( 2 x ^ , f e 0 / j ( t ) l o - - 2 ^ Jsm{2x,M)fj{t)fit 
IT 

- ^ sin(2xj,fc7r)/,(7r) - J cos{2xj,,t)f"{t) dt. ( i C ) 

C yneroM acHMnxoTHKH Xj^k ^ k + ^ ^̂ â H3 nocjieAHcro BbipaMceHHH BbixeKaer, 

HTO 

E E 
k=ij^i 

2xj.jt7r — sin2xjjt7r + 4xj_k sin i 
/ cos{2xj,kt)fj{t)dt 

- const 1 + 0 
\k) 

I TT 

< c o n s t ^ / \{q{i)ip,.^,)\di 
J=i \

n o yciOBHio 2 ||9*'*(<)!li < const {I = 0,1,2). Tor^a 

\ 

/ 

: i i ) 

IIo TeopeMe JIe6era anaK cyMMW no j B HepaBencTBe (11) MO>KHO snecTH noA 3HaK 

HHTerpajia, cjie^oBaTejibHO, 

oo oc 

E E 
fc=ij=i 

4J-

2xj.fcX — sin2xj.fc7r + 42:j.jt sin Xj . 
/ cos{2xj kt)fj{t)dt < oo. (12) 

PaCCMOTpHM BHyTpeHHHft p S ^ 8 (10) HpH fc — 0: 

2xj^oir - sin 2xj,o^ + 4ij_o sin" XJ.OTT 
cos(2xj-o0/j(0d(, (13) 

COOTBCTCTByiOmHft MHHMOMy KOpHlO ypaBHeHHH (9). 
H B aCHMOTOTHKH XJQ -^Ij ~ ^ 0 ~* HMCeM (nO yCJIOBHK) (5) 7j a j " , 

a > 2) 
4xj,o 2 

2xj,o7r-sin2xj,ox+4xj,osin^Xj,o7r 1 - '̂ '"̂ x̂̂ .n̂ r ^2sin^Xj ,o7r 

< 1 -
- 2 + 0 

1 \ 
• (14) 
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TaK KaK q{t) £ ai, nojib3yflCb (10') npH — 0 H o u e H K a M H 

N / N \ 2 / N \ 1/2 

2\2 

< dt (15) 

B (13) nOJIVMHM 

E / ^ 4x J.0 
COS 2xjfitfj{t) dt < CO. (16) 

Ha (12) H (16) BbiTeKaer cnpaee^viMBOCTb (10). 

BepHeMCH K AOKasaTejibCTBy xeopeMbi 1. Panee Gbi.io noJiyMCHO, MTO 

y(ASj> - M ' ^ ' ) = lim y , „ 
' m — oo ^-^ J k TT — sin2.T, t 7r + 4x, k 

= E E / ^ 
4J: 

fcTT — sin 2ij_fe7r + 4xj,fc sin Xj_fc7r 
siri^ Xj,ktfj{t)dt. (17) 

BwHHCJiHM cyMMy noBTopHoro pa^a, c roamero B npaBott nacTH paBencTBa (17). 

CnaHajia BWIHCJIKM aHaneHHe cyMMbi pa^ia 

E 
•ix 

2xjjt7r — sin 2xj,fc7r + 4ij,jt sin x /
sin̂  Xj ktfj(t) dt 

= - lim V 
2x 

^ 2xj,t7r ~ sin2xjjt7r + 4x_j.fcsin x /
cos 2x .ktfAt)dt- (18) 

Ka>KAoro c|)HKCHpOBaHHoro j npn N oo Hccjie^yeM acHMnTOTHHecKoe 

noBeAcnne (|)yHKiuiH 

TN{t) = 
2x 

COs2Xj,Jc^. 
^ -2xj.fc7r f sin2xj,fc7r - 4Xj,jt sin*" Xj,it7r 

HTo6bi BbiBecTH (tx)pMy;iy T^lt), BbipaawM m-Pi HJieu cyMMW T^it) B Biiae 

B b i i e r a B xoMKe Xj ^ neKOTOpofl 4)yHKUHH KOMnjiCKCnoro nepeMeHHoro 2, HMCIO-
mefl nojiKK;bi B xoHKax Xjfi,Xj^i,... ,Xj/v-. PaccMOTpnM cjieAyiomyio KOMnjieKCHyio 

{JiyHKUHK)-. 
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TaK KaK q{t) G (TI, nojibByscb (10') npH — 0 H ouenKaMH 

N 1/2 

/ 1 

< 

2\2 

A' 

j - 1 i 
(15) 

B (13) no.iyHHM 

4x j.o 
cos 2xjfitfj{t) dt < oo. (16) 

H3 (12) H (16) BbiTCKaer cnpaBCAJiHBOCTb (10). 

BepHCMCH K AOKaaaTejifaCTBy xeopeMbi 1. Panee Gbi.xo noJiyneHO, MTO 

4x j....k.. y(A!^> - M " ^ ' ) = lim y , „ 
- i — ' m—oo^—'J 2x, k TT — s in2.T, t 7r + 4x, k 

X sin'^ X j „ .,t„7r sin'^ •^j„,fc„K9(0'Pjn ' 'r'j,.) 

= E E / ^ 
4x 

siri^ xj,ktfj{t)dt. (17) 

BwHHCJiHM cyMMy noBTopHoro pa^a, CToamero B iipaBott nacTH paBencTsa (17). 

CnaHajia BWHHCJIHM SHaMeHHe c y M M u pjma 

^ 2x_,,A:7r - s i n 2x 
^'^'^''^ , j sin^ Xj,ktfj{t)dt 

J . J . J . Q 

•' 2x f 
= - l i m 5 cos2xjktfj{t)dt, 

/v—ooj^ 2xj,A.7r - sin2xj,jt7r + 4xj.tsm XJ.^TT y 
(18) 

XIJIH Ka>KAoro cJiMKcnpOBaHHoro j npn N oo Hccjie^yeM acHMnTOTHMecKoe 

nOBCACHHe (t)yHKUHH 

N 

TN{t) = y — 2 COs2Xj kt-
-2xj,fc7r f sm2xj.fc7r - 4Xj,i:Sm Xj,fc7r 

HTo6bi BbiBecTH 4x>pMyjiy AJIH Tj\i{t), BbipaawM m-fl HJICH cyMMW Tjv(t) B BJue 
BblHCTa B TOMKe Xj HCKOTOpOfl 4)yHKHHH KOMDJIOKCHOrO nepeMeHHOFO 2, HMCK)-
mefi nojiKJCbi B TOHKax XJ^Q,XJ,I, . . . •/XJ^^•. Pacc.MOTpHM cjicAyiomyio KOMnjieKCHyro 
(JjyHKUHK): 

/ V 2 C O s 2 2 f 
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Ona H M e e T n p o c T b i e IIOJHOCM B TOHKax Xj^k H k. BbiMex B TOHKB XJ ^ 6y/i,eT paBen 

res 5 ( 2 ) — 7 ^p— — . , - -
(ctgxj,fc7r - - ^ 2 ^ - 2xj,fc) sin X^.^TT 

Xj,fc cos2xj,fc/ 2xj,fc COS 2xĵ fc( 

I sin2xj,fc7r — Xj^^Tr — 2xj.fc sin'^ 2xj,fc7r sin 2xĵ fc7r — 2xĵ fc7r — 4XJ^A: sin'^ 2XJ,A:7I"' 

a B TOMKe k 
. . kcos2kt cos2fct 

resg z) - . . . , = — — 
z=k fc{-l)'^7r(—1)* TT 

B KanecTBe KOHTypa HHTerpHpoBaHHH B o s b M e M npHMoyrojibHHK c BepmimaMH 

B ±iB, Af^i ± iB, KOTOpbifi oGxo^HT TOMKy iXj^o cnpaBa, a TOMKH — i x j 0 H 0 — c j i e B a . 

r ipH Ka>KAOM (^HKCHpOBanHOM j HMCCM B > Xj,o- BnOCJie;iCTBHH B CTpCMHTCH B 

6ecKOHeHHOCTb, a A^ = N + ^. Dpn TaKOM BbiGope Ai^- Gy^eT Xj_i\j < A,\ Xj^^v+i-
<t>yHKUHH (18) HBJiHCTCH HCMeTHofl (}>yHKnHeft OT Z , n03T0My HHTerpaJI B;;OJlb 

MacTH KOHTypa, naxoAHniettca na MHHMOA OCH, a TaK»ce no nojiyoKpyjKHocTSM c 
ueHTpaMH B TOMKax ±Xj,o> o6pau],aeTCfl B nyjib. 

EcjiH z — u + iv, TO npH 6ojibmHX v n n p n u > 0 (17) 6yj;eT HMCTB n o p a ^ o K 

0(^2|,.|fT^-x^l„j)i " AJi» aaAaHHoro anaMenHa HHTerpaJibi, B3HTbie B/^ojib Bepxnett 

H HH>KHett CTOpOH KOHTypa, C T p C M H T C a K HyJIIO HpH ZJ —» OO. 

TaKHM o6pa30M, M M nojiyMacM cjie/iyioiuyio (JjopMyjiy: 

-S^{t) + lim / — ' " " f ^ . , dz 
iTTi B^oo J (zctgzTT — z*'— 7j) sm 27r 

1 ,. f z cos 2zt 
lini / T— 7, , • o . dz, 27ri r^o j (zctgZTT — — 7j)sin 

\Z\=T. 

Opn N 00 

1 ,. f zcos2zt 1 f cos2zt 
— Inn / ^ ^ — / dz 
Zm B^co J (^ctgzTT - z'^ — 7j) sin ZTT m J sin 2z7r — 22 sin ZTT 

AN-IB / I V —ioc 

- / 
7Vl J 

+00 
cos(27V-M)tch2(y~is in(2W-r 1)( 

i dv -ish2vK - 2{AN +iv){l +ch2i;7r) 

+00 
^ • = l c o s ( 2 i V + l ) < ^ / dv 

7r ' ' J -?sh2u7r - 2(^Af + it;)(l -i-ch2i;7r) 
—00 

00 

H sin(2A^ 4- l)t / -; dv. 
ITT ' ' J \ - 2{A^•iv){l + ch2vTy) 

—00 
06o3HaMHM HHTerpaJibi B npasoR HacTH nocjie^nero cooTHoiiieHHa nepea / i v , 

I2N cooTBCTCTBeHHO. T o r ^ a 

1 ,. f zcos2zt 
l i m . . - / — ^ ' ' " ' ^ ^ ^ , • 2 ^ hN -t- hN ^ tiANt), (20) 

Z-Kl B^oo J (zctgZTT - Z^ - 7j ) S m ZTT 
Arw-iB 
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r^e 

ip{ANt) = O 
r cos2zt , ^ 

Iim / _ . ^ — dz 
Z-^ Sin ZTT 

+00 
ch 2tv 

—00 
+00 

ch 2tt' 

— txj 
-• 00 

= i f , } 
^ J 2JAI -t-

2i(A,v+i") - ( I f ch2j;7r) 

ch 2iu 

~ 2ANIT J 

•HA%+v^) 

ch 2tv 

- (1 + ch2i'7r) 

dv 

dv 

dv 
L ^ ^ ^ - ( l rch2u7r: 

^ 1 r ch2/.?' ^ 1 /• ch2fj; 
dv 

A^TT J 1 + ch 2vTr 
c\i2tv , const ,„ , 

dv-^- -. (20' 
A,v cos S 

noAo6HaH oucHKa iiojiynaeTCfl H JXJIR I2N- MO>KHO TaiuKe noKasaTb, HTO 

lim xI){ANt) = 0. 
N—00 

(21) 

HTaK. 

W IT 

JTN{i)Jj{t)dt = - jSN{t)fj{t)dt 

fjit) 
ZCOS 22f 

27ri 7 ' _/ (2 ctg ZTT — 2^ — /ij ) sin''STT 
0 /̂u—icx; 

dzdt 

— lim / / , ( 0 / 
2Cos2z£ 

(2 ctg 27r — 2^ _ ) sin" ZTT 
rf2(/f. (22) 

- 2 <v'< 5 

riojibsyacb ycjiQBHeM 4 xperbero M.iona npasoi^ Hacxn paeencxBa (21), HMe-
CM 

2 COs22f 
2̂ ctg27r - 2̂ ^ - / i j ) sin 27r 

<v<f 
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z{cos2zt — 1) 
{z ctg ZTT — z'^ — fij) sin" ZTT 

dzdt 

—22 sin" zt 
(z ctg Z7V — z'^ — Mj) sin z'l 

dzdt. 

Oxdo^a npn r 0 
IT 

JfAf) -2z sin'^ Zt 
{z ctg27r — — 7j) sin'^ ZTT 

dzdt 

frnj d^dt-= J-^^fjit) j re''^d<pdt. (23) 

(24) 

H3 (22)-(24) n o j i y n a e M 

l im yTN{t)f,{t)dt = -^^^^ I S^'[t)fJit)dt 

1 2 COS 2z( , , , , 
-^^——^dzdt. (25) 

ZCtg ZTT — 2- — 7j) Sni 277 27ri AT—-oo 

y H H T H B a a on,eHKH ^ J i a /i/v n /2.V1 a- xaKMce (20), npHxo;i,HM K nepaBencTBy 
TT A ^ + ioo 

2 cos 22t 
lim 

JV-.00 
A N — ioc 

( 2 ctg ZTT — z'^ — 7j) sin ZTT 

< lim 
const 1 

A\' c o s ^ 
+ lim t) dt (26) 

Ilpn B b m o j i H e n n n ;3,JIH fj(f) ycjiOBHa j ^^^^ < 0 0 (^ > 0) H M C C M 

const f fJt) , 
l im / - 0. 

N—00 yl,v 7 cos 4 
0 

(27) 

IToaTOMy, ncnoJitayH (20), (26), (27) B (25), noJiynnM 
TT TT 

Urn Ti^{t)fJt)dt = - l im SF^{t)fi{t)dt 
N—too J N~*co J 

0 0 

1 } 
= E / /j(^)cos2A:M/. (28) 
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M 3 (17) H (28) OKOHHaTejibHO cjie^yeT, HTO 

Spg(7r)+Spq(0) 
4 

j=i j=i 
TeopeMa AOKa3ana. 
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A C M M n T O T M K A C R E K X P A 

H E r / I A A K H X B O S M V I H E H U M 

T A P M O H U H E C K O r O O C U H / l / l ^ T O P A 

3 . 0. A x M e p o B a 

A H H O T a u H » . nojiynena a^HMnxoTHKa cneKxpa nerjiaAKOro B03Myui,eHHH o^HOMepHoro 
rapMOHHHecKoro ocuHJiJiHxopa. Hcnojibsyexca annapax xeopMH Bo:iMyiii,eHnfl, ocHOBaH-
Hbifi Ha acHMiiToxM'iecKOM npe^cTaBjieHHH nacTH nii,pa peaojibBenxbi HeBosMymeHHOro 
onepaxopa B neKoxopoft OKpecxnocxH Ka>K;toro H3 co6cxBeHHbix t̂Hceji. AHajiorH'inbie 
Bonpocbi 6yA,yT piicx.MOxpeHbi HH»:e a rioAoCsibix CHxyauHJix. 

Kj iKDHeebie c j i o a a : rapMOHMM0f;KHH oci;njiJiHxop, acHMnxoTHKa cncKxpa, HerjiavT,Koe 
BOBMymenne. 

PaCCMOTpHM onepaTop H — H° V B L ^ ( K ) , rjie H " -- —cf/dx^ -t-x^, V — one
paTop yMHOJKCHHH Ha BeuiecTBeHHVK) HiiMepHMvio yGhiBaioin^'Ki na 6ecK0HeHH0CTH 

4)yHKUHio. K a K H3BecTHO (CM., nanpHMep, [1, r.T. 5, §4, c. 326|), cneKTp onepaTopa 
COCTOHT H3 HHCCJI 2n + 1, a COOTBeTCTByK)H;He HOpMHpoBaHHbie co6cT8eHHbie 

4)yHKHHH CyTb <pn{x) = Hn{x)e^'' •'^/^2"7T!-/7r, 71 = 0, 1,2, . . . , r^e Hn{x) — MHO-
roHjienbi He6bimeBa - 3pMHTa. AcHMHTOTHKa co6cTBeHHbix 'iiiceji BosMyineHHoro 
onepaTopa H ^ -f V jvin rjia^KHx y6biBaion[Hx na SecKonenHocTH cJiyHKiyiii 

BnepBbie rio/yioBno H3yHeHa B [2], r^e HcnojibsoBano gTajioiiHoe peinenHe c HOMO-

lUbio 4>yHKUH** 3fipH [3, r . i . 11, §1 , c. 377]. T a K KRK V(X) ne npcTno. iaraercH 

r.TaAKofl, M b i He MO»:eM nenocpe^cTBeHHO npHMcnnTb xexnnKy ^Tajionnbix peuie-

HHiS K 4>yHKi;HH q{x) — x^ f V'^(x). B ^aHHott paGoTe HcnoJib3yeM annapaT Tcopnn 

B03MymenHfi, ocHOBannbin na H3y'ieHHH acHMHTOTHnecKoro npe^CTaBJiCHHH H^pa 

pe30JibBeHTbi HeBOSMyuieHHoro oiiepaTopa. 

06o3Ha4HM Hepes A„ co6cTBcnHbie s n a M e H n a o n e p a r o p a . Hepe3 — co-
OTBCTCTByioiHHe npoeKTopbi Ha coGcTBennhie no;inpocTpancTBa, a nepes /?**(A) — 

pe30JibBeHTy oneparopa i / " , fi'^(A} ^ - A)"^ CorjiacHO [4j ecjiH V y^OBJiCTBO-

paCT yC.ilOBHK) 

lim sup \\Rl{X)V = 0 , (1) 
71—oo | A - A „ | < l / 2 

r^e = — — A)~^P,i, TO cneKTp oneparopa H -= H^ + V onpeAeJiaerca 
H3 ypaBneiuta 

A - A„ + (V<p„, V̂ n) - (VRn{\)Vifiri, ^n)- (2) 

3ii,ecb (.,.) — CKa^iapHoe npoHaBeAenne B L'^(IR), <pn — nopMnpoBannbitl COSCTBCH-

HblH BCKTOp, COOTBerCTByiOIUHfl CoScTBeHHOMy 3HaMenHIO An, 

oo 

R.(A) = ^(-ir[/;°(A)V]^HO(A). (3) 
m=0 
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