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8 KBaHTOBO~ Teopl-11-1 nom=t AJlFI Oni-1CaHI-1FI ABYX4aCTI-14HbiX KBapKO­

BblX CI-1CT8M, Hanpi-1M8p, 88KTOpHbiX Me30HOB, aKTHBHO. I-1CnOJlb3YeTC.A 

KBa31-1noTeHu,l-1aJlbHbl~ no,qxo,q 11" 51 • B pa6oTe 161 AJ1FI pac48TOB cneKT­

pa Mace VI Wl-1pHH nenTOHHbiX pacna,qoB B036ym,qeHHbiX COCTOFIHI-1~ CI-1-

CTeM Tl-'lna J/o/, Y-Me3oHOB I-1CnOJ1b30Banocb KBa31-1nOTeHu,l-1aJ1bHoe 

ypasHeH~t~e c rl-1nepciiiHryn.ApHbiM onepaTOPOM Ha nonyoc~-1. B HacToFI­

w,e~ pa6oTe Ha OCHOBe pe3YJ1bTaTOB/7/ IIICCJ18.QYIOTC.A ¢YHKU,IIIOH8J1bHbl8 

CBO~CTBa TaKoro Tl-1na onepaTOPOB, nOJ1Y4eHbl OU,8HKI-1 norpeWHOCTJ.1 

annpOKCI-'!MaU,I-1\11 MeTO.QOM f"anepKY1H8 38,Q84J.-1 Ha C06CTBeHHbl8 3H848HJ..1FI 

AJl.A r~-'~nepcVIHrynFJpHbiX HHTerpanbHbiX onepaTopos Ha nonyocVI. Ha~­

A8Hbl ycnoBVIFI · pasnomJ.1MOCTVI norpewHoCTVI npJ.16J11-'!meHHbiX peweHJ.1~ 

no napaMeTpy r-1 
, r,qe [ 0; r] - oTpesoK .QJ.1CKpeTJ.138LJ,VIJ.1 J.1CXO.QHo­

ro IIIHTerpanbHoro onepaTopa, sa,qaHHoro Ha nonyoc~-1. 

§ 1. PaccMOTpi-1M sa,qa4y Ha co6cTB8HHble sHa4eHIIIFI: 

At/1 ~ILtP} 

(t/J,t/1) ~1' 
/1/ 

rAe ~ - Hel-1ssecTHaFI ¢yHKU,J.1.A H3 no,qnpocTpaHcTsa L 2 ~ aHTHCHMMeT­

P1114HbiX ¢YHK4VI~ rJ.1nb6epTosa npocTpaHcTaa L 2 (-~ ,~) ', p. - HeHa­

secTHbl~ cneKTpanbHbl~ napaMeTp. OnepaTop At (L 2 00 
..... L 2 ~ ) 111 J.1MeeT 

I ' ' B~A 71 

A~A 1 +aL, 

r,qe onepaTOPbl A 1 VI L onpe,qenFIIOTCFI 1-13 COQTHoweHH~ 

(Lt/1) (p) 

d2 ~ 
+ 13 3

17-
1 - 2 r 1n I p- k I t/l(k) dk ; 

dp -~ 

17-
1 r ln 1 p - k I t/1 (k) dk. 

3,qeCb t.[F(p) ~ L 2,~ ,a ,{3- 3a,QaHHb18 nOJ10}f(~TeJ1bHb18 KOHCTaHTbl,"' 

p, k '= (-oo ,oc ). PeweHHe sa.Qa4H 6y,qeM IIICKaTb a Knacce ¢YHK4HJ.1 

/1 '2/ 

D(A) ~ {t/J.;; L 2.~: II A 1 t/111<~ ~ CornacHo/71,A1 ~an~eTc~ c~MMeTp~-

48CKHM no!10mHTeJ1bHO onpe,qeneHHbiM onepaTopoM. CyutecTsyeT snonHe 
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-1 
HenpepblBHbiH onepaTop T1 =A 1 . 6y,qeM o6oaHal.laTb ,qanee co6cT- ~ 

B8HHb18 3JleMeHTb1 onepaTopa A 1 L!epea z m. npvtLleM 

-1/2 00 

z m (p) ~ (211) r exp(ipr) </; m(r) dr. m ~ l .~ • 
~ 

cAi(/3r + ~ ) 
m 

a,qecb 

-1 OQ 3 
Ai(~) ~ (211) ( exp[ i(t /3 + ~t)] dt 

eCTb ¢lYHK41-1fl 3i:1pH' a em- Hyill-1 ¢lYHKU,VIVI 3il!plo1, Co6cTB8HHble 3Ha­

L!eHI-1FI onepaTopa A 1 vtMeiOT BVIA x = -!3 2c; • Mo>KHO ,qoKaaaTb /7~ 
m m 

4TO ,qnR 11106oro 4vtcna /3> 0 Hai1,qeTCR TaKoe LIJ..1Cilo a 0 = a
0

({3) , l...lTO 

Allfl acex a< a 0 onepaTop A lt1MeeT snonHe HenpepbiBHbli:1 o6paTHbli:1 

onepaTop T <;:; (L2,oo"""' L2,oo) • 
AnnpOKC~M~pyeM aaAa4y /1.1/ MeTOAOM ranepK~Ha Ha npeAenbHO 

nllOTHoei nocne,qoaaTenbHOCTIII aaMKHYTbiX no,qnpocTpaHcTB { H n I , 
Hn= span{rti ~~, Ka>K,qOMy J.13 KOTOP.biX COOTB8TCTBYeT npoeKTOP Blt1-

Aa 

n 

pn t/l(x) ~ i~l fi (t/1)~! (x). 

~~ (x) 
{ 

h-1 X 

= -1 
-h X 

+ 1 - i, 

/1 . 3/ 

r,qe h = r/n - war AHCKpen1aau,1r1H, [ 0; r] - oTpeaoK aew,ecTBeHHoi:1 

oc~. Ko3<)l<)l~~~eHTbl f 1(t/f) Bbl6epeM TaK, 4T06bl Pn t/1 M~H~M~a~poaan 
<I>YHK~~oHan II t/1- p 1/1112 • B peaynbTaTe nony4~M ypaaHeH~e 

n L2, oo 

n 
J::

1
(b 1J fJ(I/I) -2(1/!,~J)) ~o, i~l,n, /1 .4/ 

rAe btj = (71 1 ,TJ j); i = 1, n; j = 1, n. B AallbHe~weM All.fl aHam-1-

aa o~eHoK norpewHocTe~ 6yAeM ~cnonbaoeaTb npoeKTOP B~Aa /1.3/ 
C K03<)l<)l~~~eHTaM~ fi (1/1) , nony4a~~~MHCR ~3 ypaBHeH~R /1 .4/. Q6o-

3Ha4~M p(n) ~ I - P • 
n 
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TeopeMa 1.1. Cnpase,qn~sa o~eHKa 

< c hy + c, r -y 
- h 

rAe y ~ (O; 114) . 
.QoKa3aTenbCTBo. Bse,qeM npocTpaHcTBO Co6onesa /c Heu,enbiM I-1H-
,qeKCoM y ;::. 0/ nep1-1o,QII!I..leCKVIX $YHKU,I-1C1 c nep1-1o.QOM ~11VIHbl r , KeTO-
poe MO>KHo oTo>K,qecTBVITb c npocTpaHCTBOM HY(r)/ 12', y > 0, r,qe 
r - OKPY>KHQCTb ,qm-1Hbl r. Hcn01lb3Y€M TaK>Ke npocTpaHCTB~ Hy = 
= H Y(-oo .f'<'), onpe,qeneHHble Ha scec:1 ocvt / 121 npVI y ~0. Y1MeeM Anf:j 
scex </! ~ H 0 

(n) 
II P T 1. </fi.IHo II L 

i= 1 

I 1-
1 II (n) II 11·'·11 ( ~ lx

1 
1-2 II p(n) z! II H2o) 112 

X X! p Z i Ho S 'I' Ho !:1 

Aanee san111weM 

r (n)- 2 r I P z . (x) I dx + 
1 

00 2 2 2 r z 
1 

Cxl dx + h (max I z 
1
(x)! l /1.5/ 

0 
x ~ ( r - h, r] 

(n)- 2 f I P z
1 

(x)l dx cosnaAaeT c z 1 (x) 
0 

Ha 0Tpe3K€ (O;r .... b) 1-1 FIBJ1R€TCR JlVIHeiiiHOill Ha OTP€3K€ (r-h, r], 

nP~4eM, z
1 

(r) ~ 0 H 

r 
- 2 2 2 f I z i (x) - z1 (x) I dx :S h ( max I z /X) I) . 

r-h •"(r-h,r] 

npo,QOflmi-1M $YHKU,HO Zi(x) nepHO,QH4€CKI-1M o6pa30M Ha BC~ ,qeillcTBI-1-
TeJ1bHYIO OCb, TOrAa II z! IIHo ~ilz! IIHo(I'). CornacHo/8-ll/ , AJ1R 
e~6paHHoro npoeKTopa cnpase,Qlli-1Bo HepaseHCTBO 

r,qe C He 38BVICHT OT h J.11 Z l (x) 8 CHily I-1HTepnOJlRU,VIOHHOa7i Teope-
Mbl/l2/ MO>KeM sanlr!C8Tb, 4TO 
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TaK KaK cnpaBeAn~a~ HepaaeHCTBa 

;5 II Z i I ! H o Co C 1 II Z i i I Ho 

I' z ' ! 

~, KPOMe Toro, cor nacHo /7/, 

1

,: Z; ! i Ho ;S c
0 

] )( i I II Z 1 I i, H o , 

TO 

r 
J IP(n) ~ 1 (x)l 2 dxc;chhylx 1 iyllz 1 11Ho 

0 

Aanee o~eH~M aTopoe cnaraeMoe 

2
00 2y2 _< cr- Y ( (1 + lx I ) z

1 
(x) dx. 

0 

/1 . 6! 

J.1cnoJ1b3YR npeAcTaaneH!-1e z 
1 

(x) 
y /12/ 

~ 3KB~aaneHTHY~ HOPMY a H 

nonyY~M 

4 

~ 

[ ( l + I xI 
2 

) Y z ~ (x) dx , 

0 



Aanee, cor nacHo 1121, 14MeeM 

14, KPOMe Taro, 

Cor nacHo onpe,qeneHHIO ¢
1 

, nony4HM 

2 ~ 2 
II"'~ IIHo.:; 2 ( [ A'i(,Br+ ei )] dr. 

0 

J!ls ceoticTB $YHK~HI4 3i1pl4
1131 

cne,qyeT, 4To A'i (-x) < Ax 11~ x > 0, 
A He 3aBHCHT OT X. no3TOMY MO~HO nOKa3aTb/7/, 4T0 

II ¢> '1 II Ho .:> C 1 I X i I 314 II ¢> 
1 

II Ho 

TaK KaK llz 1 IIHo = II <1> 1 IIHo, To OKOH4aTeJlbHO nony4~M 

( fz 2 (x)dx) 112 <c r-Yix 13Y/4 liz II . 
i - r i i H 0 /1.7/ 

r 

npeACTaBHB /1.6/ H /1.7/ B /1.5/, noJly4HM 

npeHe6pera" cnaraeMbiM h • max lz 1 (x) I a CHilY npeAnoilol!(eHHR o pae­
x€1: f....h,r) 

HOMepHOH no i orpaHH4eHHOCTH iz 1 (X) I ,lzj(x)l, X> r H HCnOJlb-
.2/3 1/4 

3YR COOTHOWeHHe X1 -1 , npH Y .< , nOI1YLI14M YTBep~,qe-HHe Teope-

Mbl. 
Cor nacHo 171 , T- = T1 G, rAe G- orpaHH4eHHbli1 onepaTop, no3To­

MY npH n ~ ~, IIP(n)TII ~o a C>~IlY TeopeMbl 1. 1. 
anR peweHHH aaAa4H /1.1/ cnpaBeAJlHBa 04eHKa/?/ 

IIP(n).;, 11 2 ,:>d h 2 11</l' 11 2 +rl r-411x 2 ifi(x)ll 2 , /1.8/ 
k 1 k L2,oc ~ k L2,oc 

rAe .;,k - k-TaR co6cTBeHHaR ¢YHK4"'" onepaTopa A; d 1 , d 2 He aa­

B~:"~CRT OT h, r 14 1./J k" 8 pa60Te /7/ ,1:\JlR norpeWHOCTI4 npH6JlH~eHHbiX 

C06CTBeHHbiX 414CeJl ~ k,n B CJ1y4ae OAHOKpaTHOrO H30JlHpoBaHHOrO 

co6cTseHHoro aHa4eHI4R ~k nony4eHa 04eHKa 

5 



/1 0 9/ 

rAe <k n = O(IIP(n)TIIl ~ 0 np~ n~ ~ cornacHo TeopeMe 1. 1. 
OTM~THM, 4TO MO~Ho nony4HTb 6onee T04Hoe npH6IJH~eHHe ~ 

K 4HC11Y Mk, ,QIJfl KOTOporo 

ecnH npJ.1 O,QHHaKOBOM Ware h Afi.A ABYX P83JlH4HbiX 3HaYeHI-1i1 r Bbr-

4HCJU1Tb /l k n H HCKJ1104HTb nepaoe cnaraeMoe a paaeHcTae /1.9/, 
npeAnonara~, 4TO een~4~Ha IIP(n) ¢ 11 2 ~MeeT paano)l(eH~e no cTene­
HRM r -l, co,qep>Ka~ee XOT.A 6bt O,QHO ~naraeMoe. 

§ 2. B pa6oTe 1141 6•m~ nony4eHbl ycnoe~R paa~o)I(~MOCT~ no-
rpewHOCTH npH611H>KeHHbiX peweHH~ no napaMeTpy r , r,qe [ 0; r] -
HHTepsan ,QHCKpen13al.IYH1 ,QIJR onepaTopoe BHAa V + G, onpe,qeneHHbiX 
Ha nonyOCI-1, r,qe V- HeorpaHH4eHHble1 CIIIMMeTpH4eCKHi1 onepaTOp 
a nHlb6epTOBOM npocTpaHCTae, a G - \.1HTerpallbHbtl1 onepaTop c or­
paH~4eHH~M e H RAPOM. C~opMyn~pyeM 6onee o6~y~ TeopeMy o paa­
no>KeHHH norpewHoCTH no napaMeTpy r-1 , 4eM TeopeMa 1 § 1 Ha/14/. 
OnpeAen~M npoeKTOP P, TaKoi1, 4To AnR x(t)>=H=L2 [o;~)~MeeM 

r x(t), t ,; r , 
P r x(t) l. a. t > r, 

Tor,qa 

~ 

2 
II x- P xll r J x 2(t)dt, r > 0. 

06o3Ha4~M P(r) = I - P, • C~opMynHpyeM 38A84Y Ha co6cTeeHHble 3Ha-
4eHH.R ,QIJ.A CHMMeTpH4eCKOrO onepaTopa A B BHAe HenHHeHHoro ypaB­
HeHHR /lS/ 

<ll(z) = { ~x - Ax 1 } = 0 ' 
2- (x, x) -2- /2.1/ 

rAe z = (x, A) - 3neMeHT nPRMOi1 CYMM~ H 1 = H+ R, x,:: H, A,:: R, 
'<!J ,:: (D (A) + R ~ R (A) + R), R - MHO)I(eCTBo Aei1cTBHTenbHbiX 4~cen, 
D(A) - o6naCTb onpeAeneH~R, R(A) - o6naCTb 3Ha4eH~i1 onepaTopa 

A. 06o3Ha4HM 4epea z* =(x* ,A*) T04Hoe peweHHe 3aAa4~ /2.1/. 
PaccMoTPHM IlHHeHHbl~ orpaHH'-IeHHbiH cHMMeTpHI.IeCKHH onepaToP 

Ar, annpoKCHMHPY~~H~ onepaTOP.A cneAyo~HM o6pasoM: 
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A, ~ P, AP,, A,~ (P, D(A) ~ P, R(A)). 

~ (z) 
r =0, /2.2/ 

z ~ (x, A) ~(P, D(A) +R) ~ ~r I= (P, D(A) + R ~ P, R(A) + R). 

Onpe,QeJlVIM Pr z = (Pr X. A). nycTb 8 npocTpaHCTBe H aa,qaHbl m"'HeC1-
Hble MHO>KeCTBa i3 1-1 B ~ : 

B c D(A) c H , B' c R(A) c H , x* 1= B . 

3n1 MHO>K€CTB8 Onj:>e,QellRIOTCR K118CC8MH paapeWJ.1MOCTI-1 38,Q84H 

~ '(z *) z ~ f. f ~ (g. I') , z = (x, A) : 

ecn~ g 1= B', To xl= B, ~ np~ 3TOM A(B) c B'. 06o3Ha4~M B 1 = B +R, 
B~1 = B" + R, Tor,qa f ~ B'1 , z .;;:: B 1. Hawa ~enb - nony4(..1Tb paano>Ke­

H'-'Ie B€1114'-IVIHbl 

ms-mo<O /2.3/ 
no cTeneHRM r -l ; z; - T04HOe peweHHe aa,qa4H /2.2/. 
TeopeMa 2.1. 

I. nycTb BblnOilH€Hbl YCllOBVIR: 

1/ cy~eCTByeT O,QHOKpaTHOe J.13011VIPOB8HHOe C06CTBeHHOe 4HC­
J10 X* 3aAa4~ /2.1/ c co6cTseHHO~ $YHK4~e~ x* 

z* ~(X' ,A*) I= B1; 

2/ li[·~'(z*)]-1 
P(r) 11~0 np~ 

3/ IIA,-AII ~a np~ r ~~. 

Tor,qa cy~qecTeyeT TaKoe 41<1CilO ro > 0, 4TO ,qnR ecex r> ro onepa-
TOP ·<IJr" (Pr z*) HMeeT paeHoMepHo orpaHH4eHHb1H o6paTHb1H VI 

7 



rAe M 1 He 3aBHCHT OT r. 
II. EcnH BblnonHeHbl ycnoalllfl 1 I -31 H ycnoa111e 

4/ !I <I>, (P, z*) II ~a np~ r ~ ~. 

TOrAa Ha ~AeTCfl TaKoe 4HCDO r 1 > 0, 4TO Anfl acex r > r l 8 HeKOTO­
po~ 8-oKpecTHOCTH 3neMeHTa Prz* cy~ecTayeT eAHHCTBeHHOe pewe­
H~e z* 3aga4~ /2.2/ TaKoe, 4TO II P, z*-z* II~ 0 np~ r ~ ~. r r 

III. Ecrn BblnonHeHbl ycnoa~R 1 I -4! ~ A11R 11106oro r > max (r 0 , r 1) 
cy~ecTayeT paano~eHHe 

5/ P, Ax-A,P, x ~ P, 

AJlR n106oro x ~ B, a k(x) ~ B' H He a a BltlCflT oT r ; 

N -km 0+ m2 
6/(y,x)-(P,y, P,x) ~k;: 1 ~k(x,y)r -w,, 0 ,m 2-m 0 <0, 

Anfl n106b1X X ~ B, Y ~ B, ,Uk (X, Y) He aaBVICRT OT r H BblnOnHeHbl COOT­
HOWeHitlfl 

I n i r, o II 

m 0 - nono~~onenbHOe ~enoe I..!Hcno, Tor A a Anfl peweHVIR z~ ypaaHeHHR 
/2.2/ cnpaaegn~ao paJnomeH~e 

z*-Pz*= 
r r 

rge ck(z*).;; B1 ~He JaB~CRT oT r. 
AoKa3aTenbCTBO. AoKameM yTaep>KgeH~e 1. Hcnonb3YR ycnoa~e 1/ 
VI peaynbTaTbl/ 16/, MO~HO AOKa3aTb/ 17/, I..ITO OnepaTOp ·cl>'(z*) HMe­

eT orpaHH4eHHb1'1 o6paTHbli1 1-1 

II <l>'(z*l-
1 !I ::; M, 

-1 
M ~ max (1, m ) , 

rge m ~ inf I.\*- AI ,cr(A)- cneKTP onepaTopa A. npegcTaB~M onepa­
.\<;;cr(A)\A* 

TOP <I>'(P z*) B B~ge 
r r 

8 



C nOMOW,biO onpeAe!leH14R np0143BOAHOH <J>pewe /15/ nOilY41t1M 

l'lz ~r<~>;<P, z*) -<l>'(z*)]z ~a 1 +a 2 , 

{

(A,-A)x -.\(P,x*-x*)} 

(x, P, x * - x * ) . . 

B c~ny orpaH~4eHHOCT~ no HOpMe 3J1eMeHTa z(llzll 2 ~11xii 2 +A 2 , 
I !z II::: 1) , csoi'icTs onepaTopa P, ~ ycnoBHR 3/ TeopeMbl ~MeeM 
lla 1114 0 npH r 4 ~. BTopoe cnaraeMoe ~MeeT BHA 

ll<l>'(z*)-1 a2 1140 np~ r 4~ B c~ny ycnoB~R 2/. CneAoBaTeJ1bHO, cy­
w.ecTeyeT TaKoe 414CJlO r 0 >0, 4TO AilR ecex r > r 0 

II<I>'(z*l-1 ~'>II <1. 

no3TOMY no TeopeMe o6 o6paTHOM onepaTope 1181 AJ1R <I>' (P z*) cy­
w.ecTeyeT HenpepbiBHbtH 06paTHbiH, orpaHiti4€HHbtH no HOJMe r HeKOTOPO~I 
KOHCTaHTOH M 1, He 3aBitiCRW,eH OT r • 

AoKasaTe!lbCTso yTsepmAeH~r~H II 1r1 III nonHoCTbiO cosnaAaeT 
C AOKa3aTeJ1bCTBOM COOTBeTCTBYK}lqltiX yTsep~eHitl~ TeopeMbl 1 § 1 
~3 1141. 

PaCCMOTPitiM KJlacc onepaTOPOB, K KOTOPbiM np~t~MeHitiMa TeopeMa 
2 ., 1 . nycTb Aanee A - snonHe HenpepbiBHbiH caMoconpf!meHHbiH on epa-
TOP s r~r~nb5epTosoM npocTpaHcTse L2 c nonHoH c~r~cTeMoH co5cT-

~ .~ 
BeHHbiX <)lyHK~~i'i { ¢ 1 ! 1 , KOTOPbiM COOTBeTCTBYIOT C06CTBeHHble 4HC-
na ~I. CnpaBeAJ1HBbl CJ1eAYIO~He YTBepmAeHHR. 
neMMa 2. 1. nycTb AJlfl 41t1CJla ( > 0 BblnOJlHeHO HepaseHCTBO 

~ 

r p2< "'~ (p) dp/
12 

0 

~ 2-2< 
A11R scex i = 1 , DQ 1r1 PRA I. 1.1. 

1
. cxoA~t~TCfl, Tor Aa BblnonHeHbt yc-

1 ~ 1 
J10BHR 2/-4/ TeopeMbl 2.1. 
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,lJ,oKaaaTenbcTao. 3aMeTHM, 4TO AilR no6oro 1/1 c;;;: L 2 , oo 

AilR acex i = 1, oo. 

AnR AOKa3aTeJlbCTaa yTeepmAeHHR 2/ paccMOTPHM paaeHcTao 

¢'(z*) I.;, 
A 

=I Af-A*</1-AX*l~l 
(x* .f) 

P
(r) 

X } • 

0 

/2.4/ 

rAe \\x\\L ,:S 1. ,lJ,OMHQ}f{'-18 CKaJlRPHO Ha X* 3TO BblpameHHe, nOJl,Y4HM 

2,~ 

-A(x* ,x*) =(P(r) x, x*). 

11</111
2 

KOTOpOe CTpeMHTC.R K HYJliO npH r ~ oo 8 CHJlY /2,4/, BToporo ycno­
BH.R ..neMMbS H CTpeM..neHH.R K HyJliO .\.. ,lJ,oKameM Bb!nO..nHHMOCTb YCJlOBHR 

3/ TeopeMbl 2. 1 

10 



nep8oe cnaraeMoe cTpeMVITCfl K HY1110 np~-1 r-+ oo 8 cvmy /2.4/ 1-1 8To­
poro ycno8V1fl neMMbl, a 8TOpoe cnaraeMoe - 8 Cl-iflY nep8oro 1r1 8To­

poro yCJ1081-1fl JleMMbl • .QoKa>KeM Cnpa8e,QJ1V180CTb yCJlOBV1FI 4/ TeopeMbl 
2.1. ~3 npe,QcTa8JleHI-1FI 

{ 

A,x*- .\*P x* .lr <l),(Pz*)~ r 
r (P X* , P X* ) - l 

r r 

B CI-111Y YCJlOBI-iFI 3/ TeopeMbl 2. 1 V1 CBO~CTB npoeKTopa pr CJle,QyeT 

ycnoB~e 4/ TeopeMbl 2. 1. neMMa AOKa3aHa. 
neMMa 2. 2. nycTb B ycnoB~RX neMMbl 2.1 IPYHK~~~ ¢1 (x) ~MeK>T 
npe,qcTaeneHI-ie 

<I> t (x) 
qk 1 ( -Nm 0) --'-+ox , 
xkm o 

/2.5/ 

r,qe m O > 0 - l.I8110e LIVICJlO, Tor,qa BblnOJlHeHbl YC11081-1fl 5/ 1-1 6/ Teo­
peMbl 2.1 . 
.QoKa3aTeJlbCT80. no TeopeMe ri-1Jlb6epTa /18/ ,QJlFI 111060~ IPYHKL.1V1VI 

~ cnpaae,qnvrao paaeHCTBO 

r,qe .UM 4 0 npvr M-+ oc. noaTOMY' Bbl6paa M TaKV!M' 4TO 

-Nm 0 o ( r ) • 

-Nm 
nony4VIM c T04HOCTb10 ,qo o(r o ) 

P,A<f;-A,P,<f; 
M 

P L 
r t = 1 

TaK KaK no ycno8V!FIM TeopeMbl 2.1 1/1 <;Bh r,qe B1 onpe,qeneHo npe,q­

cTasneH~eM /2.5/, TO 
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(P(r) .p ,¢ ) = 
! 

r 
( ,P (x) ¢

1 
(x) dx = ([ k ~ 

N Qk, 1 -Nm 
x [ ~ + o (x 0 ) ] dx . 

k=l xkmo 

nocne nepeMHOmeH~R CYMM H B3ATH.A HHTerpanOB npHXOAHM K YCllOBH~ 
51 TeopeMbl 2. 1 . YcnoeHe 6! cneAyeT H3 paeeHcTsa AnR n106b1x ,P, 
~ .;; B 1 

(,P .~)- (P, ,P, P, ~) ( ,P(x) ~(x) dx 
r 

neMMa AOKaaaHa. 
T e 0 p eM a 2 0 2 . nycTb BblnOJlHeHbl YCJlOBHA JleMM 2. 1 H 2. 2' TOrAa 

AI1R peweHHR z; = (xr* ,..\*r) ypaeHeHJ.1R /2.2/ cnpaaeAIU1BO npeACTaB­
neHHe /2.3/. 

~3 cso~CTB co6cTeeHHb1X $YHK~Ha:1 zm H co6cTaeHHbiX 4HCen Xm 
onepaTopa A 1 cneAyeT 

neMMa 2.3. )J.nR onepaTopa Tl BblnOJlHeHbl YC110Bio1A JleMM 2.1 H 2.2, 
TO ecTb cnpaeeAnHaa TeopeMa 2.2. 

nocKollbKY T H T1 6JU13KH no HopMe H o6naAaiOT aHanorH4HbiMa.-t 

CBOHCTBaMH, CJleAyeT omHAaTb, 4TO AllR T TaKme cnpaBeAJlHBbl npH­
BeAeHHble BbiWe YTBeP>KAeHHA. 

nony4eHHble npH noMoutH TeopeMbl 2. 1 paano>KeHHA npHMeH.AJlHCb 
npvt yT04HeHHH npH6IU1>KeHHbiX C06CTBeHHb1X 4HCeJl ·Allfl 3aAa4 THna 
/1. 1 I, HanpHMep, AnR ypaeHeHHR ,19, 21r 1 

-1 
x2 ,P(x) /2 + " 

oo x-y 
( In 1--1</J(y) dy = Ao/J(x), ,P(x) 
0 X +Y 

-3 
= O(x ) . 

Anfl ABYX aHa4eHH~ r1 H r 2 • np~t~BeAeM a6con~THble norpewHoCTH 
L'l(r1,r2) senH4HH A.(r1,r2) =1t1A1(r 1 ) +~t 2 A 1 (r 2 ), rAe ,\ 1(r 1)­

npH6JlH>KeHHOe 3Ha4eHHe aeJlH4HHbl A 1 I A 1 = -0,5/ npH r 1 : 

L'l/10; 12,5/ = -9,0·10-8 ; M10; 15/ = -7,2·10-7; L'l/12,5; 15/ = 
= -4,0·10-8 • OTMeTHM, 4TO yT04HeHHe nor npoaoAHnocb nocne co-
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oTBeTCTBY~~ero yT04HeH~~ peweH~~ no h An~ Kam,qoro r 1 np~ noMo­

~L1 3KCTpanon~u.vtvt PL14aPACol-ia no Tpe~ ceTKaM ~· 4vtCJlOM Hevt3BecT­

HbiX COOTBeTCTBeHHO U 1 = 2 I), 02 = 2 6 , n3 = 2 . npH 3TOM norpew­

HOCT~ npL16JlJ.1}f{eHHb1X peweHL1~ nOJlY4L1JlHCb cne,qy~W,J.1MH: ~/1 0/ = 
= 2,8·10-e, ll/12,5/ = 1,1·10-e, ll/15/ = 4,9·10-7. Bonpocbl 
3KCTpanon~u,J.1V1 ceToYHbiX peweHvt~ no wary h xopowo H3y4eHbl. 121 ( 

Ecn1-1 me V13BeCTHO pasno>KeHHe norpewHOCTV1 npH6nV1meHHbiX peweHvt~ 

no napaMeTpy r-1 , TO YT04HeHJ.1e MO}f{HO npOBOAV1Tb no ABYM napa­

MeTpaM h V1 r OAHOBpeMeHHO, YTO 3HdYHTenbHO CHHmaeT TPYAOeM­

KOCTb 4VICJleHHbtX aJlfOPVITMOB All~ paCCMaTpJ.1BaeMOfO Knacca 3dAaY. 
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