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BBEAEH~E 

KsaJ~noTeHlj~anbHbiL'i noAXOA/1 ·21 LotHTeHc~BHO Lotcnonb3yeTc~ An~ 
- - + -

on~caHLot~ CB~3aHHOLot CLotCTeMbl ABYX YacT~lj, TaKLotX, KaK qq , e e , 

I'+ I'- ~ T. A. ( 3AeCb Yepe3 q 0503HaYaiOTC~ KSapKLo!, Yepe3 e -

3neKTpOH, Yepe3 1L - I' -Me30H). BBLo!AY Taro, YTO TOYHble aHan~T~

YeCK~e peweHLot~ KBa3~nOTeHlj~anbHbiX Lo!HTe rpanbHbiX ypasHeH~L'\ Lot3-

SeCTHbl n~Wb An~ HeKOTOpbiX npoCTeL'iWLo!X noTeHlj~anos, Wlo!POKOe npLot

MeHeH~e 3TOrO nOAXOAa Tpe5yeT pa3pa50TK~ Y~CneHHbiX MeTOAOB 

peweH~~ KBa3~noTeHlj~anbHbiX ypasHeH~L'i c pa3nLotYHbiMLot noTeHlj~anaM~. 

B o5~eM cnyYae KBa3LotnoTeHlj~anbHOe ypasHeH~e a TpexMepHoM 

LotMnynbcHOM npoCTpaHCTBe An~ cs~3aHHoL'i cLotcTeMbl AByx cKan~pHbiX 

YaCT~lj ~MeeT B~A: 

-1 ...,. _,. -3 -+ ... -+ -+ 

G (p, E) ,P(p) ~ (2 rr) f V(p, k; E) ,P(k) dk, ( 0. 1) 

R3 

rAe G(p, E) - 3aAaHHa~ cjlyHKlj~~ lplo!Ha, .jf(p) - He~3BeCTHaB son

HOBa~ cjlyHKljlo!~ OTHOCLo!TenbHOro ABLo!)f{eH~~ CB~3aHHOL'i C~CTeMbl/3!, 
E- ~cKoMa~ 3Hepr~~ cs~3aHHoL'i c~cTeMbl, p, k c; R 3. 

PaccMoTpLotM ypasHeHLote ( 0.1) c noTeHljLotanoM, on~CbiBa~~M s3a~

MOAeL'icTs~e KBapKa Lot aHTLo!KBapKa/ 41 : 

-+-+ ...... -t-t 

V ( p, 'k; E) ~ V1 ( p, k ; E) + V2 ( p, k; E) , 

~sn~eTc~ aHanoroM KynoHoscKoro noTeHljLotana ~ on~CblsaeT B3aLotMo

AeL'icTs~e Ha ManbiX paccTO~H~~x, a noTeHtj~an 

_,..~ 3-+...,.-4 
V

2
(p, k; E) ~(3 (p-k) 

~BA~eTc~ 3an~pa~LotM, o5ecneY~saeT HeorpaH~YeHHbiL'i poeT co5cTseH

HbiX, Y,~cen ypasHeH~~ (0.1) ~ HOCLotT cjleHOMeHonor~YecK~L'i xapaK-
Tep· 5• • 

np~ TaKOM Bbl5ope noTeHlj~ana ypaBHeH~e } 0.1) B Hepen~T~Blo!CT

CKOM cnyYae JanLotweTc~ cneAY~~M o5pa30M
14 

: 
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--t 2 -i' -3 --+ --t -2 3 --+ --+ -4 --+ --+ 
(E-p /2)if(p)~-(277) ((-a(p-k) +13 (p-k) )if(k)dk. 

R3 ( 0. 2) 

npoi/IHTerplllpOBaB (0.2) no yrnOBbiM nepeMeHHbiM, 5yAeM I/IMeTb B 
4eHTpanbHQ-CIIIMMeTpiiiYHOM cnyyae ypaBH8HI/Ie 

(p 2/2 -E) ¢(p) ~-!!.. 
17 

3 2 
~ P-k {3d r lnl --I ¢(k) dk - -
•0 p+k 17 dp2 

00 ,p-k 
f ln i --I ¢ (k) dk. 
o P+k (0.3) 

3AeCb ¢(p) ~pif(p), if(P) ~if(lpl), p<O [0; ~). llononHIIIB ypa8-
HeHII!e (0.3) ycn081/1~MIII 

npiiiXOAIIIM K 3aAaYe Ha C05CT8eHH~e 3HaYeHI/I~. 
np111 nOMOUjl/l ypa8HeHI/I~ ( 0. 3) npOBOAIIIniiiCb YIIICneHHble paCY8Tbl 

cneKTpa Mace Ill Wlllpii!H nenTOHHbiX pacnaA08 8035YH<AeHHbiX COCTO~
HIIIiii An~ BeKTOpHbiX Me30H08, TaKIIIX, KaK J /if Ill 'Y' 14 ~ 

B HacTo~weiii pa5oTe paccMaTpll!aatoTc~ MaTeMaTII!YeCKII!e npo5neMbl, 
ca~3aHHble c noCTpoeHI/IeM BbiYIIICnii!TenbHbiX anropii!TMOB An~ peweHIII~ 

CneKTpanbHbiX 3aAaY BII!Aa ( 0. 3) • 1/byYaKlTC~ <jlyHK4IIIOHanbHble CBOiii
CT8a IIIHTerpo-AIII<jl<jlepeH4111anbHOro onepaTopa 1113 ypa8HeHIII~ (0.3) 
Ill annpOKCI/IMa4111111 no M8TOAY ranepKIIIHa 3TOrO ypaBHeHI/I~. nocTpOeHbl 
BbiYIIICnii!TenbHble anropii!TMbl, C80A~wlllec~ K anre5paii!YecKoiii npo5neMe 
Ha C05CT8eHHble 3HaYeHI/I~ An~ MaTp1114 Tlllna Tenn1114e8biX. npii!BOA~TC~ 
pe3ynbTaTbl YIIICneHHbiX paCYeTOB. 

0TMeTIIIM, YTO C80iiiCT8a annpOKCI/IMa4111iii no MeTOAY ranepKII!Ha 
An~ CTporo annlllnTII!YeCKIIIX rpaHI/IYHbiX IIIHTerpanbHbiX ypa8HeHIIIiii 1113y
YeHbl 8 /6/. 053op pe3ynbTaTOB no npii!MeHeHII!Kl MeTOAa Pane~-P111T4a 
a 3aAaYax Ha co5cTBeHHble 3HaYeHIII~ An~ annlllnTIIIYecKIIIX onepaTo
po8 npi/IBOAIIITC~ 8!7, 81. 

§ 1. nOCTAHOBKA 3AilAY~ 

( 1.1) 

rAe if - BOnH08a~ <jlyHK4111~ C8~3aHHOiii CIIICTeMbl, I' - IIICKOMbliii napa
MeTp, 3aBI/IC~Ujllliii OT 3Heprllllll CIIICTeMbl. 
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3aAaYy (1.1) paccMaTp~saeM s r~nb5epTosoM npocTpaHcTse 
aHT~C~MMeTp~YHbiX <I>YHKL\~~ L 2 (- ~. ~) ~ L2 .~ Ha see~ oc~ c ycno
s~eM HOPM~POBK~ C05CTBeHHbiX (jlyHKlj~~ 

OnepaTop As ypasHeH~~ (1.1) ~MeeT B~A· 4 · 

A~V+aL+f'l3 R, 

rAe a ~ {3- nonoli<~TenbHble nocTO~HHble, R - r~nepc~HrympHbl~ ~H
TerpanbHbl~ onepaTop B~Aa 

d2 ~ 
(R >/t) (p) ~ rr - 1 

- ( In p - k' >/t (k) dk , 
dp2 -~ . 

( 1. 2) 

a onepaTOpbl L ~ V onpeAen~~Tc~ ~3 cneAy~~x cooTHoweH~~: 

(L >/t) (p) ~ rr -
1 

fIn : p- k >/t(k) dk ; ( 1. 3) 

(V>/t)(p) ~ v(p) .jt(p); ( 1. 4) 

HenpepbiBHa~ (jlyHKlj~~ v(p) o5naAaeT CBO~CTBaM~: 

1. v(p) ~ 0 'I p: - ~ < p < ~ : 

2. v(p) .-Jo + oo , p ...., ± oo • 

B AanbHe~weM An~ onpeAeneHHOCT~ paccMOTp~M cnyYa~ v(p) ~ p 2, 
oTpall<a~~~ xapaKTepHble oco5eHHOCTiil paccMaTpl!lsaeMoro Knacca Ja
AaY. 6yAeM ~CKaTb peweH~e B Knacce (jlyHKljli\~ >/t(p) o;;. D(A) ~ 
= D(V) n D(R), rAe 

D(V) ~ !.P c;: L2,~ : ii V.Pii <~I; (1.5) 

D(L) ~!>/I ~L2,~ : 11 L>/111 <~I; (1.6) 

D (R) ~ t"' " L 2, ~ : 11 R"' II < ~ l • ( 1. 7) 
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( 2. 1) 

HanoMH~M Ba>t<Hble An~ AanbHej;jwero ~Jno>t<eH~~ onpeAeneH~~ ~ 

CBO~CTBB npeo5pa30BBH~~ .ypbe, paJn~YHWe Bap~aHTW KOTOpOrO 
5yAeM o503HaYaTb TaK: F5 - c~Hyc-npeo5pa3oBaH~e. Fe- KOC~

Hyc-npeo5paJoBaH~e. 8 npocTpaHCTBe L2[o;-l yH~TapeH Ka>t<Awj;j ~3 
onepaTopos 

1 '2 d • sin(st) 
(F

0 
g) (t) = (2irrl - f g(s) ds = 

dt 0 s 

1 '2 N 
= (2, 17) Jim f b'(S) COS (St) ds ; 

N--+()(; 0 

112 d "'" 
(F g)(t) = (2/ 17) - I 

s dt 0 
1- cos(st) g(s) ds = 

s 

1 '2 N 
=(2/17) lim fg(s)sin(st)ds. 

N -too 0 

(2.2) 

( 2. 3) 

KpoMe Toro, Fe'"= F c , F5* = F s . nepeY~cneHHble csoj;jCTsa npeo5pa-
30BaH~~ •ypbe ~sn~10Tc~ cneACTB~~M~ TeopeMbl nnaHwepen~ ' 9: . 

PacCMOTp~M ypasHeH~e ' 1o.·: 

-d2¢(r) /dr2+ (3 3r¢(r) = x</l(r), 

2 . 
rAe cjJyHKL\~~ ¢(r) <;:. L [ 0; •) 

4 

¢(0) = 0 

¢(•) = 0. 

3 
nepeMeHHbiX !; = r (3 - )( (3 
K ypaBHeH~IO 3j;jp~ '11· 

(2.4) 



An~ ¢YHKL\~~ ¢ 0 (t) ~ ¢ (r) • PeweH~e nocneAHero ypasHeH~H, yAos
neTBOP~I001ee rpaH~YHOMY ycnOB~IO ¢0 (~) ~ 0, npeACTaBnHeT C050~ 
c!JyHKL\~10 3~p~: 

¢ 0(f) = cAi(,ilr- ,B-2xl = cAi[,B(r- ,8-axll. 

-1 ~ 
Ai(f) ~ (2,) f exp [i(t 3/3 + ft)l dt, 

a C - HOPM~POBOYHaH KOHCTaHTa. 
BTopoe rpaH~YHoe ycnos~e ¢ (0) = o no3sonHeT onpeAen~Tb 

C05CTBeHHble 3HaYeH~H Xm ypaBHeH~H (2.4): 

rAe f m - Hyn~ c!JyHKL\~Vl 3~p~. 
Co5cTseHHble ¢YHKL\Vl~ ypasHeH~H ( 2. 4) npV1HV1MatoT B~A: 

nocKOnbKY q(r) = ,8 3 r - HenpepbiBHaH, CH~3Y orpaH~YeHHaH c!JyHK
L\Vl~, TO onepaTop s ypasHeH~~ (2.4) caMoconpH~eH. 3To cneAyeT 
~3 TeopeMbl 6.2 (CTp.630) 112/ . CnpaseAn~sa TaK~e TeopeMa 1.1 
( CTp. 142 )11 2 / , cornaCHO KOTOPO~ AnH nto5o~ c!JyHKL\~~ !(x) ~ L 2[ 0; ~) 
BblnOnHeHO paBeHCTBO napcesan~ 

~ 2 
f f (x) dx ~ 
0 

~ 2 
L ! 

m=l m 

00 

rAe ! m= a;;;1 f !(x) ¢m(x) dx. 
0 

3AeCb ¢ (x) - co5CTBeHHble c!JyHKL\~~ m 

ypaBHeH~~ (2.4), am - HOPMa ¢m(x) B L2 [0; ..,) . CneAOBaTenbHO, 
s c~ny TeopeMbl 1.15.17 113/ o 5a3~ce s r~nb5epTOBOM npocTpaHcT
se C~CTeMa C05CTBeHHbiX c!JyHKL\~~ {¢m ~~ HBnHeTCH nonHO~ OpTOHOp
M~pOBaHHO~ V1 o5pa3yeT 5a3~C B L2 ( 0; ~ ) • 

TaK KaK ¢YHKL\v1~ ¢m(r) ~ L 1 [ 0; ""), TO no TeopeMe nnaHwepe-
nH 19/ cyl!leCTsyeT c~Hyc-npeo5pa3osaHV1e <llypbe BV1Aa 

1/2 00 

z (p)=(2/7T) f¢ (r)sin(pr)dr~(F ¢ )(p), m m s m 
p~[O;oo), (2.5) 

0 
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Ecn~ np~MeH~Tb npeo6pa3oBaH~e F
5 

KO sceMy ypasHeH~~ (2.4), 
TO cornacHo TeopeMe nnaHwepen~ nonyY~M: 

p2zm(P) - ,esd(Fc ¢m)(p) /dp ~ XmZm(p). 

C Apyro~ CTOPOHbl, cornacHo ~opMynaM o6paUjeH~~ An~ c~Hryn~pHoro 
~HTerpana 1141 

-1 ~ (Fs ¢.,)(k) 
(F ¢ ) (p) ~ " I dk + (F ¢ ) (~). 

c m -oo k _ p c m 

B HaweM cnyYae (F0 ¢r) (~) o. noaToMy 

d ~ z (k) 
(F

5 
r ¢m) (p) ~ "-1 - J _m_dk • 

dp -~ p- k 

TaK~M o6pa3oM, ypasHeH~e (2.4) np~ noMOU1~ npeo6pa3oBaH~~ 
<l>ypbe F s nepexoA~T B cneAy~ee: 

d ~ z,Jk) 
p2 z (p) + ({3 3 /")- J -- dk ~ x z (p) 

m dp -oo p -k m m 
(2.6) 

Co6cTBeHHble ~YHK~~~ ypasHeH~~ ( 2. 6) ~Me~T npeACTaBneH~e ( 2. 5) , 
np~YeM zm(-p) ~-zm(P) An~ 'v"P' -~ <p < ~ • 

§ 3. <I>YHKl.lVlOHAnbHbiE CBO~CTBA onEPATOPOB A1 V1 A 

B aToM naparpa~e Mbl c~opMyn~pyeM P~A yTBeP»<AeH~~ o cso~CT
sax ~YHK~~~ {z mli ~3 ( 2. 5). 

BBeAeM Heo6xoA~Mble B AanbHe~weM o6o3HaYeH~~: 

(K "') (p) ~ "-1 j "'(k) dk ; 
-~ p- k 

(DI/r)(p) ~ dl/r(P) /dp; 

-1 p 
(D 1/r l (P) - I 1/r(k) dk : 

6 
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CornacHo TeopeMe 3.8 (cTp.383) ·la' o5 orpaH~YeHHOCT~ npe

o5pa3oBaH~" l~nb5epTa 

1 oo ((X) -1 oo 

C (x) ~ "- I --dt ~ - lim " f 
oo X- t ' 

f(x + t) -f(x -t) 
--------dt 

t 

B npoCTpaHCTBe L' (-~. ~), r > l. QlYHKLj~" f(x) 
T~ BCKJAY ~ cnpaBeAn~so HepaseHCTBO :I I r ~ c' 

cyUjeCTsyeT noY
' ( ' , ' . L r 

Cr 3aB~C~T TOnbKO OT r. L 

n e M M a 3.1. 
1. lln" ¢YHKL1~~ </J (;; L 2 .~ KamAa" napa ycnos~~ 

D -
1 q, (;; L 2• ~ D-

1 
K </J (;; L 2 , ~ 

DK</J (;; L 2.~ 

3KBli1BaneHTHa. -l -l -l 

2. Ecn~ </J <== L 2, ~ ~ D </J (;; L 2,~, TO D K ¢ ~ K D •l. 
3. Ecn~ </J (;; L 2,~ ~ D ¢ <== L 2,~ , TO DK</J ~ KD¢. 
lloKa3aTenbcTBO nepsoro yTsepmAeH~" eCTb npocToe cneACTB~e 

cso~CTB npeo5pa3oBaH~~ F,, F0 ~ K. llanee ~MeeM 

(KD-1 -1 00 k 1 -1 00 k 
¢)(p) = -rr ( ( ( ¢(x)dx) --dk ~ -rr ( ( ( ¢(x)dx) X 

-oo -oo k- p -oo -oo 

00 k -1 00 

X d In i k -pI = "-
1 r In I p - k i d ( J ¢ (x) dx) ~ " I ¢ (k) In ! k - p I dk = 
-~ 

¢(k) d< dx = (D-l K</J)(p), 
X - k 

OTKYAa cneAyeT YTBepH<AeH~e 2. 
T D -1 K -1 -1 KD 

aK KaK y ~ ¢ (;; L2.~ , TO D Ky~ D y ~n~ D </J ~ K</J. 
YMHOH<~B nocneAHee paseHcTBo HaD cnesa, nonyY~M yTBePH<AeH~e 3. 

neMMa AOKa3aHa. 
C n e A c T B ~ e 3. 1. lln" onepaTopos L ~3 ( 1. 3) ~ R ~3 

(1.2) cnpaBeAn~so.cneAyKlUjee npeACTasneH~e: 

L ~ D - 1 K; R ~ DK 

An" Bcex .fr (;; D(A). np~YeM D(L) = {.fr <== L 2 .~: D-
1 .p <== L 2 ,~ I, 

D(R) ~ ! .jJ (;; L2 : D.P (;; L 2 ~ I . . ~ . 
7 



HanoMHI-lM cso~cTsa npeoopaJosaHI-1~ <l>ypbe '1 ·. 
n p e An 0 ~ e H 1-1 e 3.1. 
I. An~ scex ~YHK41-1~@ 1-13 L2 oo• YAOBneTsop~~l-lX ycnOBI-1~ ':o ¢! < oo, cnpaset~ni-1Bbl cooTHOLUeHI-1~: 

1) (F
5 

d<;b(r) ;dr) (p) ~ -p(Fe @(r))(p); 

2) (Fe d@(r)/dr) (p) ~p(F,@(r))(p); r <;[O; oo); p<;[O; oo). 

I I. lln~ scex ~YHK41-1~ ¢ "L2,oo , YAOBneTaop~~l-lX ycnOBI-1~ 
r <;b < oo , cnpaBet~nl-lBbl COOTHOWeHI-1~; 

1) (F 
5 

r <;b(r)) (p) ~ - d (Fe ¢ (r)) (p) I dp ~ -D(F e ¢ l: 

2) (Fer<;b(r))(p) ~d(F,¢(r))(p)/dp ~D(F 5 ¢); 

r <; [ 0; oo); p <; [ 0; oo), 

a TaK~e paseHCTBO napcesan~ 

: r ¢ '' ~ ! D (F ¢) I' , 

rt~e F - CI-1Hyc- 1-1n1-1 KOC~Hyc-npeo5pa3osaHI-1~ <l>ypbe. n e M M a 3.2 .· 
lln~ n~5o~ ~YHK41-11-1 ¢" L 2, oo , YAOBneTBOPRIOOle~ ycnos~-1~ 

I: r -1 <;b: < oo , cnpaset~ni-1Bbl COOTHOWeHI-1~: 

p -1 -1 
1) (F 8 r <;b(r))(p) ((Fe <;b(r))(x)dx ~D (Fe¢) 

0 

p -1 2) (Fer -
1 

¢(r)) (p) ~- J (F 
5 

¢ (r))(x) dx ~ -0 (F 5 ¢); 
0 

p <; [ 0; oo ) ; r <; [ 0; oo ) 

1-1 paaeHCTBO napcesan~ 

i i r - 1 ¢ ~ 'I D - 1 (F ¢) 'I , 

rt~e F - Cllltiyc- 1-1n111 KOC~Hyc-npeo5paJosaHI-1e <l>ypbe. C~opMyn!-1pyeM 
Tenepb PSI II yTsepH<A1!HL'Iiii o csolkTsax ~yH.K41<1ii I z m li · 

fl e M M a 3.3.__ 
An~ fll<l6oro m ~ l, oo cnpase,8.Jl!-1BO HepaaeHCTBO 

8 



I' D-1 ' 2 c I I ua II II 2 
i, z m i: ~ o-1 )( m I z m 

rAe C 0-1 He 3a8~T OT HOMepa m. 

A o K a 3 a T e n b c T 8 o. CornacHo neMMe 3.2 ~ onpeAene

H~tO <jlyHKL\~~ Zm 8 (2.5), 

;ID-
1 zmi1 2 = [[r-

1 <Pm il 2 = 2c
2 f r-

2
A2 i(fjr +emldr. 

0 

np~YeM ;: </>mil ~ l, c - HOpM~p080YHa~ KOHCTaHTa. TaK KaK An~ 

n106oro x> 0 cnpa8eAn~8o pa8eHCT80 

. X • 

ii 2 ~ 2c 2 
( I ,-2 A2 i(fjr + e m)dt + J ,-2A2 i(fjr + e a)dr). 

0 X 

1. 
x-22 x_2 2 2 
f t A i(fjr +fm)dr:: f r (A'iCe m)r) dr ~[A'iCe.)l X, 

0 0 

A'i(erol = max [A'i(fjr +em)[. 
,~;[o;x] 

2. [r-2 A2 i(flr+emldr <x-2f A2 i(flt+em)dr ::;x-2 11<1>~11 2/(2c 2 ), 
X X 

8biOpaB X TaK~M, YTO 

x ~ ([i</>m !i/CciA'i(eml!))
213

, 

nonyYaeM Ol.\eHKY 

i I -1 ! I 2 I A •. cc ) 14/3 "I -'- II 2/3 
: r ¢ m 11 .::; C 1 . 1 c, m 1 '+'m ' 

rAe c 1 He 3a8~C~T OT m. C yyeTOM COOTHOWeH'-1~ A'i(-x) ;SAx114 , 

x 4. , A He 3a8~C~T oT x1181, nonyY'-IM YT8eplHAeH'-le neMMbl. 

C n e A c T B ~ e 3.2. An~ n106oro m~ 1,. cnpa8eAn~so He

paseHcT80 

9 



rae CL He 3aB~C~T OT m . 
a 0 K a 3 aTe nbC T·B 0 

2 1 2 -1 2 , 1/3 I , 2 IILzmll =IIKD- Zmll S•211D zml! scL !xm. ! Zml'. 

n e M M a 3.4 
anR nto6oro m = l, ~ ~MeeT MeCTO COOTHOWeH~e 

rae c 0 He 3aB~C~T oT m. 
a 0 K a 3 aTe n b C T B 0. C y4eTOM npeano~eH~R 3.1 3a

n~WeM 

$yHK4~R 3~p~ 06naaaeT cnea~~M~ CBO~CTBaM~ 1181 

2/3 1. If m I = (3 !7(2m -1/2) I 4) , m ~ ~ ; 

2. Ai(f) s CAf
114 

exp[-(2/3)(
312

]. f> o· 
3. A!(~ ~ ,-112 lfl-114 cos[(2/3) 1<'! 312

- 17/4], f ~ -~; 

4. IA'i(f)! $A 1<'1
114 

' .; ~- ~; 

CA ~ A He 3aB~CRT OT f. C y4eTOM CBO~CTB (jlyHK4~~ 3~p~ 3an~WeM: 

~ 2 -22fm/{3 2 
J r 2/t-i(f3r+f )dr ,;4fmf3 J A i(f3r+fm)dr +dm) S 
0 m 0 

np~4eM < 1 (m) ~ 0 np~ m ~ ~. no3TOMY MO~HO noao6paTb TaKyto no
CTORHHYIO a, 4TO 

Ans:l v m = l, oo • 

10 



OKoHYaTenbHO nonyY~M: 

2 -2 -4 2 'I ,.2 
(,Dzmi: ::;2c {3 O+alxm Zml 

C n e A c T B ~ e 3.3. lln~ nto5oro m~ l, ~ ~ r;:,.2 ~MeeT 

MeCTO HepaseHCTBO 

rAe c 0 He 3aB~C~T OT m. 
n e M M a 3.5 
llm nt05bJX tf; , </; .;; D(A) (A onepaTop ~3 ( l. 1)) ~ onepaTopa 

A1 ~3 ( 2.1) cnpaBeAn~Bbl yTsep>t<AeH~~ 
1. (A 1 tf;, </;) ~ (tf;, A 1 </;) ; 
2. (A! tf;, tf;) ?_ C! (tf;, tf;) , C! > 0 He 3aB~C~T OT tf; ; 

3. cyUleCTsyeT snonHe HenpepbiBHbl~ onepaTop T 1 <;; (L 2 .~~ L 2,;., l, 
o5paTHbl~ onepaTopy A 1• 

ll o K a 3 a T e n b c T B o. 
1) OnepaTop R ~sn~eTc~ c~MMeTp~YHbiM s c~ny neMMbl 3.1 ~ cooT

HoweH~i-i K* ~ -K , D * ~- D . CneAOBaTenbHO, A1 ~sn~eTc~ c~MMeT

P~YHbiM. 

2) B c~ny yTBeP>t<AeH~i-i § 2 co5cTBeHHble QJYHKL\~~ onepaTopa A 1 
o5pa3y~T 5a3~C B L2.~. noaTOMY cnpaBeAn~BOCTb 2-ro YTBePH<Ae

H~~ neMMbl cneAyeT ~3 HepaBeHCTBa X l > 0 · 
3) /loKa>t<eM cyUleCTaosaH~e anonHe HenpepbiBHoro T 1• Mbl MOH<eM 

~3 nepBbiX n co5cTBeHHbiX QJYHK4~i-i !z; I, i ~ l, n nocTpo~Tb Ko-

HeYHY~ ,-CeTb Q, An~ MHOH<eCTBa QJYHKL\~~ !Ttt/11, rAe (\tf;\\.:51. 

1\ei-icTB~TenbHO, paCCMOTp~M aen~Y~Hy 

-413 2 
YTO K(n + l) , < < , nonyY~M 

rAe K He 3aB~C~T OT n. 
noaTOMY, Bb15~pa~ n TaK, 

p(Tltf;,Q,)<< An~ve>O. 

neTaop~eT ycnoa~~M TeopeMbl 
TaK~M o5pa3oM, MHO>t<ecTao !Ttt/11 YAOB
XaycAopQ>a1171, ~. cneAoaaTenbHO, 

KOMnaKTHO, YTO ~ AOKa3biBaeT neMMY. 
n e M M a 3.6. 
lln~ n~5oi-i tf; t< L 2 , ~ cnpaaeAn~ao HepaaeHCTBO 
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2 

rAe M He 3aB~C~T OT 0. 
/J. 0 K a 3 a T e n b C T B 0. nycTb ;, Z 1 i' ~ 1 

TOrAa 

< ( I 
- 1~1 

-1 

YTO ~ AOKa3biBaeT neMMy. 

An~ i=l,O<l. 

T e o p e M a 3. 1. IJ.n~ n1o6oro «~en a {3> o Ha~AeTc~ TaKoe 
a

0 
~a 0({3), YTO An~ acex a< a

0 onepaTop A ~3 (1.1) ~MeeT 
anon He HenpepbiBHbl~ o5paTHbl~. 

fJ. o K a 3 a T e n b c T B o. nepen~weM Bblpa»<eH~e An~ onepa
TOpa A B B~Ae 

B c~ny neMMbl 3.6 onepaTop LT1 orpaH~YeH KOHCTaHTO~, no3TOMY, 
Bbl5~pa~ a 0 <M-1 , nonyY~M, YTO An~ 'V a < a 0 ({3) 

CneAoaaTenbHO, no TeopeMe o5 o5paTHOM onepaTope' 18 ' onepaTop 
G ~(I+ aLT 1)-1 CYI4eCTByeT ~ orpaH~YeH no HOpMe B L 2 ~ He
KOTOpO~ KOHCTaHTO~ C 0 . B c~ny nonHO~ HenpepbiBHOCT~ T1 'onepa
TOp A-1 Cyl4eCTByeT ~ ~Bn~eTC~ BnOnHe HenpepblBHbiM B L 2 ,~ 

§ 4. O~EHK~ norPEWHOCT~ AnnPOKC~MA~~~ METOIJ,OM IAnEPK~HA 
no 6A3~CY I <I> 1 I~ 

PaccMoTp~M 3aAaYy Ha co5cTBeHHble 3Ha«eH~~ 

(:. =0 ~~: = 0} . (4.1) 
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3AeCb T = A-1 , A - onepaTop V\3 ( 1.1) npVI a < a 0 • CornacHO Teo

peMe 3.1, T - nVIHe~Hbl~ snonHe HenpepbiBHbl~ caMoconp~IKeHHbl~ one

paTop s rVInb6epTosoM npoCTpaHCTse L 2 ~ • TorAa co6CTBeHHble 3Ha

>.<eHV!~ ypaBHeHVI~ ( 4. 1) Be1J1eCTBeHHbl VI ~MeiOT KOHeYHYIO KpaT-

HOCTb ' 19/. 5yAeM V!X 0003HaYaTb Yepe3 J1. k ( k = 1,2,3 ... ), 3anVI

caB KaiKAOe COOCTBeHHOe 3Ha>.<eHVIe CTOnbKO pa3, KaKoBa ero KpaT

HOCTb. TaK KaK (Tl/J,l/1);: 0 Am n106oro .p~;L 2,~, TO see COOCT

BeHHble 3Ha>.<eHVI~ ypasHeHVI~ ( 4.1) nonOIKI/ITenbHbl. Co6cTBeHHble 3Ha

YeHV!~ MOIKHO 3aHyMeposaTb 8 803pacTaiOIJ1eM nop~AKe, T.e. 

CooTseTCTBYIOIJ1VI~ Jl.k co6cTBeHH~~ 3neMeHT 6yAeM o6o3Ha4aTb >.<e

pe3 Wk· 
nycTb I H n I - npeAenbHO nnOTHa~ 8 L 2, ~ nocneAOBaTenbHOCTb 

3aMKHYTbiX noAnpoCTpaHCTB, a P0 - COOTBeTCTBYIOIJ1VI~ Hn OpTo

npoeKTOP. OnpeAenVIM P n cneAYIOIJ1VIM o6pa30M. nycTb [ 0; R l (R > O) -

oTpe3oK Be1J1eCTBeHHO~ ocV!, h ~ Rn-1 - war AVICKpeTVI3al.\VIVI. Bo3b-

MeM An~ Vn = 1,2,3, ... B KaYeCTBe 6a3VICa 1~ 1 1~ 8 KaiKAOM V\3 

noAnpoCTpaHCTB H n KYCOYHO-nVIHe~Hble <)lyHKl.\VIVI BV!Aa 

{ 

h -
1x + 1 - i; (i - 1) h :; x :; ih ; 

~· (x) ~ 
I -h-\ + 1+i; ih $X:$ (i+ 1)h, 

rAe i ~ 1, n. 
TaKV!M o6pa30M, npoeKTOp Pn BV!Aa 

n 

(P n 1/J) (x) ~ . ~ ( 1/J, ~ 1 ) ~ 1 (x) 
1 = 1 

(4.2) 

OT06paiKaeT n106y10 1/J.:; L 2 .~ B KOHeYHOMepHoe H0 : Pn 1/J'"Hn An~Vn 

CornacHo 1 19· , MeTOA 5y6Hosa- ranepKVIHa 8 npo6neMe COOCTBeH

HbiX 3HaYeHVI~ 3aKniOYaeTC~ 8 TOM, "'TO npVIOnVIiKeHH~e COOCTBeHHble 

3HaYeHVI~ J1. ~ J1. k, n VI npVIOnVIIKeHHble COOCTBeHH~e 3neMeHTbl 1/J = 1/J k, n 

onpeAen~IOTC~ Vl3 ycnOBVI~: 

3TO npVIBOAVIT K ypaBHeHVIIO 

(4.3) 

KOTOpoe MOIKHO paBHbiM 06pa30M paCCMaTpVIBaTb KaK 8 L 2• ~ , TaK VI 

13 



8 H n. OnepaTop Pn T caMoconp~H<eH ~ 8nonHe Henpepb18eH 8 Hn , noa
TOMY co6cT8eHHble 3Ha'ieH~~ Jl k. n ypa8HeH~~ ( 4. 3) 8eLljeCT8eHHbl ~ 
nonoH<~TenbHbl 8 c~ny nonoH<~TenbHO~ onpeAeneHHOcT~ onepaTopa 
P.T; 3aHyMepyeM ~x TaK, 'iTO 

O<p.l <p.2 < •••• ,n - ,n -

CnpaseAn~aa cneAy~a~ 
n eMMa 4.1. 
tln~ i ~ l, oo cnpaaeAn~sa Ol.leHKa 

An~ VR > 0, c 1 He 3aB~C~T OT i ~ h, a t!JYHKL!~~ z1 (x) YAOsneT-
sop~~T ypasHeH~~ (2.6). 

~ o K a 3 a T e n b c T s o. MOH<HO noKa3aTb, 'iTO 

R 2 2 R 2 J I z 
1 

(x) - P n z 1 (x) I dx ::; c' h J [ z '1 (x) ] dx , 
0 0 

~ h . C y'"!eToM neMMbl 3. 4 

R 2 2 2 2 f I z 
1 

(x) - P
0 

z
1 

(x) I dx ~ c 1 h X 1 11 z 1 11 
0 

'iTO ~ AOKa3biBaeT neMMY. 

n e M M a 4.2. 
tln~ n~ooro i = 1, oo 

oo 2 -4 2 II 2 f z1 (x) dx ::; c 2 R X 
1 

z 1 II 
R 

An~ n~ooro R> o, c 2 He 3aB~C~T oT i ~ R. 
~0 K a 3 a T e n b C T B 0. C y'ieTOM (1.5) ~MeeM 
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V1, KpoMe Taro, 

no3TOMY 

YTO 1-1 AOKa3biBaeT neMMY. 
n e M M a 4.3. lln~ moooro i = l. ~ 

',,p(n) z ,2 <(c h2+ c R-4) )(2 "Z ,,2' (p(nl= I -P ) ' 
·· i' - h R 1 1 i'' n 

rAe C h , CR He 3aBV1CS:H OT i, h Li1 R. 

ll 0 K a 3 a T e n b c T s o. TaK KaK 

'P(n) ,,2 
R ~ 

r I p (n) z I (x) i 
2 

dx + r z ~ (x) dx • " z ' I I i . , 
0 R 

To, npl-lMeH~~ neMMbl 4.1 1-1 4. 2, nonyYI-lM TpeoyeMoe yTsepH<AeHI-le. 

n eMMa 4.4. 
1. /lm niOOOi'i (j)yHKL\1-11-1 if,(x) ~ L 2 .~TaKOi'1, YTO if,'(x) ~L 2 .~ 

1-1 [x2if,(x)] ~ L 2 ~ , BblnonHeHo HepaseHcTBO 

II P(n) </! 11 2 
:::; d 1 h 

2 11 </!'! 12 +d 2 R-4 I I x 
2 .P(x)li 2 

• 

rAe d 1 , d 2 He 3aBI-1C~T OT h , R 1-1 </! • 

2. /lm n1000i'1 (j)yHKL\1-11-1 if,(x) ~ L 2, ~ TaKOi'i, YTO 

L 1<</1, z1) llx 1 i =Q(if,) <~, 
1= 1 . 

BblnonHeHO HepaseHCTBO 

II p<nl .P\\2 ::; Q2(</J) (ch h2 + cRR-4 ) 

rAe ch, cR onpeAeneH~ s neMMe 4.3. 
/lanbHei'iwl-le Ol.\eHKI-1 annpOKCI-lMal.\1-li'i no MeTOAY ranepKI-lHa OTHOC~T

C~ K cnyYaiO OAHOKpaTHOrO COOCTBeHHOrO YI-1Cna. 
MoH<HO noKa3aTb, YTO II p(n) T 1 \\ ~ 0 np~-1 n ~ ~. TaK KaK 

IIP(n) T\\ :!: II p(n) Ttii-1\G\\, \\01\ <~' 

1& 



TO : 'P (n) T i, :. --* 0 npV1 n ..... ""' AnH a <a 0 npVl ycnOBVIVl i !. P (n) T 
1 

:. 1,--* 0. 
noaToMy, cornacHo TeopeMe 18.5 ' 19 ', illk,n -11 k i .... 0 npVI n--* oo. 

T e 0 p e M a 4.1. nycTb·¢yHK4~~ ~k(x) YAOBneTBOPR~T ycno
B~RM neMMbl 4. 4, TOrAa cnpaBeAn~Bbl 04eHK~: 

1) ' ~k. n - ~ k :! $ ( l +< k n) (a I(~) h + a 2 (~) R -2 ) ' 
rAe ( k, n--* 0 npV1 n --) ""'; 

2) fllk,n -Ilk' S(l+"'k,n) (fl(~k )h 2 + f2 (~k)R-4 ), 
rAe ak,n ->0 npV1 n ->oo. 
Ko3¢¢~4~eHTbl a 1(~k), a 2 (~k), f 1(~k), f 2 (~k) onpeAem~TCR 

np~ noMOI!1V1 n~6o ro V13 ABYX YTBepH<AeHV1Vi neMMbl 4. 4. 
AoKa3aTenbCTBo nepsoro yTsepH<AeH~R TeopeMbl 4.1 cneAyeT V13 

neMMbl 4.4 ~ HepaeeHCTBa !l~k.n -~k I! :S(l+•k,nlliP(n)~k :: 

' p(n) T~k.n 1,-1 p(n) T<llt·• 
(:·c, tb 1 '=1, ( = ----)O,n->O<l). ' k k,n k, n .•p(n) T~ 

' k 

KoTopoe cneAyeT V13 TeopeMbl 18.6 /19' 

BTopoe yTBepH<AeHV1e cneAyeT ~3 neMMbl 4. 4 ~ HepaeeHcTea 

:19/ KoTopoe cneAyeT ~3 TeopeMbl 18. 7 

§ 5. AnnPOKC~MA~~~ no METOAY IAnEPK~HA 
nP~ nOMOIU~ C~CTEMbl ii>YHK~~~ I z 1 1~1 

OnpeAen~M npeAenbHO nnoTHY~ e L2 .~ nocneAOBaTenbHOCTb 3aMK
HyTbiX noAnpocTpaHCTB ly n I , 6a3~COM B KaH<AOM V13 KOTOPbiX RBnR
~TCR nepBble n ¢YHK4~Vi ~3 I z 1 1!. OnpeAenV1M opTonpoeKTop s : 

n 

S ~(x) 
n 

n 
L (~. z

1
) z

1 
(x), 

1 ~ I 

TaK KaK npoeKTOpbl S orpaH~YeHbl B L 2 ~ V1 AnR n~6oVi ¢YHK4~V1 n ' 
~(x) <; L 2 ~ . Sn ~- ~!· ~ 0 np~-1 n ~ oo, TO cornacHO neMMe 
15.4 119 '; s(n) T; ~ 0 npV1 n~oo ( s(n) ~1- Sn), no3TOMY 

np111 n ... ""' . 

16 



T e o p e M a 5.1. nycTb Qn 

np~ n __,. oo ; 

nocTpO~M annpOKC~Ma~~~ MeTOAOM lanepK~Ha ypaBHeH~~ (1.1) no 

5a3~cy lz 1 li . ~UleM peweH~e a B~Ae 

n 

,p (x) ~ ul z J (x) , 
j = 1 

(5.1) 

T 
rAe U h = ( \1 1 , ••• , U n) - BeKTOP He~3BeCTHbiX. 

C yYeToM npeACTasneH~~ (5.1) 3an~weM cxeMy lanepK~Ha: 

rAe 8 ii - c~Mson KpoHeKepa, 

a 1 = X I ( z ~ (x) dx ; 
0 

~ 

i = l, n , 

""' oo X- y 
Iii = "-t ( z 1 (x) ( In 1--i zl (y) dydx 

0 X+Y 

~ 

2 
( z I (x) dx • 
0 

TaK~M o6pa30M, nony~M anre6pa~YecK~ o6o~MH~ 3aAa4y Ha 

co!ic.TseHHble 3Ha4eHI!I~ 

rAe 

D =diaglx
1

m 1; ... ;x
8

m
0
l, L=lf 1

J l, M=di&g{m 1 ..... 
m0 1. 
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§ 6. lfi-1CnEHHbiE PAClfETbl 

AnnpOKC~Ma4~~ MeTOAOM ranepK~Ha ypa8HeH~R (1.1) CTPO~M no 
5a3~cy !¢ 1 IL onpeAeneHHOMY 8 (4.2). 1-'1111eM peweH~e if;(x) 3aAa
Y~ ( 1.1) 8 8~Ae 

n 
if; (x) ~ . ~ u 1 ¢ J (x) 

J~ 1 (6.1) 

T rAe Uh ~ ( U 1 , ... , u
0

) - 8eKTOp He~38eCTHbiX. C yYeTOM npeA-
CTa8neH~R if;(x) ~3 (6.1) 3an~weM cxeMy ranepK~Ha 

n 

~ (v!J +£tJ +'tJ -AmtJ) uJ~o, i~l,n, J ~ 1 

f ¢ 1 (x) v(x) ¢J(x) dx; 
0 

-1 oo oo y -X 
a " f ¢ i (y) f ln I --I ¢ . (x) dx dy 

0 0 Y+X J 

3 1 OQ d 2 
OCI y -X f3 11 - f ¢ i (y) -

2 
f ln I --I ¢J (x) dx dy ; 

0 dy 0 Y+X 

00 

(6.2) 

Anp~opHaR ~H~OpMa4~" o rnaAKOCT~ peweH~R if;(x) na38anReT 
HaM 8biY~Cn~Tb ~HTerpanbl AnR V ij ~ m tj 8 C~CTeMe ypa8HeH~~ 
(6.2) no ~OpMynaM npRMOyranbH~K08, YTO HeCKOnbKO ynp0111aeT 8~A 
MaTp~YHbiX 3neMeHT08. <i>OpManbHO OH~ COOT8eTCT8Y~T MeTOAY KOnno
Ka4~~, paCCMaTp~8aeMOMY 8 paMKaX CXeMbl neTp08a-ranepK~Ha. 

nocne ynaMRHYTbiX ynpo111eH~~ nonyY~M anre5pa~yecKy~ c~CTeMy 
8~Aa 

(6.3) 
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3A€Cb 

D ~ diag(v(x 1) .... , v(xn)), TL + HL ~ !f !i I; 

T R + HR ~ ! r !J I; T !J ~ ! t , 1 _ i1 I; H !J ~ ! h 1 + i I ; 

TJ.; TR - MaTp~Ljbl T~na Tenn~lj€8b1X, H L, H R - MaTp~Ljbl T~na raHKe

neBbiX. 

npo6neMy onpeAeneH~~ p MaKC~ManbHbiX C06CT8€HHbiX Y~cen MaT

p~Ljbl A pewaeM MeTOAOM ~Tep~posaH~~ noAnpoCTpaHcTsal20,21,23 ;~c

nonb3Y~ 6biCTPbl~ anrop~TM cnoii{HOCT~ O(n Inn) YMHOII{eH~~ Tenn~lje

BbiX T ~ raHKeneBbiX H MaTP~l1 Ha BeKTOP ' 22 '. Eco~ A~ I A 1; ... A I -
~cKoMoe MHOII{€CTBO co6CTB€HHbiX Y~cen (CY), a A~ IAp+1; ... ;>-nF, 

>. 1 .:: o - oCTanbHble CY, ynop~AOYeHHble no y6biBaH~IO, To cnoii{HOCTb 

npo6neMbl OljeH~saeTc~ sen~Y~Ho~ O(kpn Inn). rAe k ~ !n, /lnq, 

q ~ >-p+l I >-p•' - Tpe6yeMa~ TOYHOCTb BbiY~cneH~~ co6cTseHHbiX ¢YHK-

4V1~ {Ci!J). 
B P~Ae 3aAaY 3HaY~TenbHoe yMeHbWeH~e 8biY~cn~TenbHO~ pa6oTbl 

M011{€T 6b1Tb AOCT~rHyTO 3a CY€T ~Cnonb30BaH~~ nocneA08aTenbHO

CT~ cneKTpanbHbiX 3aAaY '23/ · 

[Amum~Aum; 

l (u , u ) - l ~ 0 ; m ~ l, M , 
m m 

(6.4) 

Kaii{Aa~ ~3 KOTOpbiX COOT8€TCT8Y€T OAHO~ ~ TO~ II{€ AV1CKp€TV13aljV1V1 

~CXOAHOrO onepaTopa, HO np~ pa3n~YHOM YV1Cne H€V138€CTHbiX nl < 
< n 2 < ... < n M , npV1 peanV13alj~V1 MHOrOC€TOYHoro (MG) anrOpV1T-

Ma peweH~~ cepV1V1 3aAaY (6.4) V1Cnonb3yeM pa3nOII{eHV1e ceTOYHOro 

peweHV1~ urn no CTeneH~M wara A~CKpeT~3a4~~ hm, YTO no380n~eT 

yCKOpV1Tb CXOA~MOCTb npOLj€CCa ~T€pV1p08aH~~ nOAnpocTpaHCT8a, a 

TaKII{€ yMeHbW~Tb norpeWHOCTb np~6nV111{€HHOrO peWeHV1~ UM 123 '-

Anrop~TM peanV130BaH 8 BV1A€ MOAynbHOrO nporpaMMHOrO KOMn

neKCa. 3aAaYa (6.4) Ha OAHO~ CeTK€ pewaeTC~ M€TOAOM V1T€PV1P08a

HV1~ noAnpocTpaHCT8a 8 peanV13aljV1V1 PyTV1cxay3epa 1211 c V1Cnonb3o-

8aHV1eM anrop~TM08 6biCTporo yMHOII{€HV1~ T V1 H - M1J.TPV14 nop~AKa 

n = 2 Mt Ha 8€KTOP 
1241 

• MG -V1TepaljV10HHbl~ npOLj€CC OCH08aH Ha V1H

Tepnon~lj~~ "8nepeA", npeAnOII{eHHO~ 8 1251 V1 V1cnonb3YIQWe~ pa3no

II{€HV1e norpewHocTV1 Ci!J no cTeneH~M wara AV1CKpeTV13aljV1V1. ~n~ yToY

HeHV1~ npV16nvlll{eHHbiX peweHV11'i V1cnonb3yeTc~ 3KCTpanon~l1V1~ PV1YapA

coHa OTHOCV1TenbHO wara h 1281 • ~~ peweHV1~ 3aAaYV1 Tpe6yeTc~ 
cyMMapHbll'i MaCCV18 pa3M€PHOCTV1 2(p + l)n + 16n + O(p 2). 

npV1 m = l 8 KaY€CT8€ HaYanbHOrO 3HaYeHV1~ 6epeTC~ p cnyYalii

HbiX n 1 -seKTOP08. ~n~ m~ 2 HaYanbHO€. 3HaY€HV1€ lj)OpMV1pyeTC~ V13 

KOMnOH€HT P€W€HV1~ Xt nV1H€~HO~ V1HTepnon~ljV1€~. npV1 ffi > 2 V1CnOnb-
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Ta6nHua 

R ~1 L\1 1 
6 7 ~'~e. 7 

8 4,1·10-3 I· 10-3 2,5·10-5 

16 1,6·10-2 4, I· 10-3 7 ?·lo-6 , 
~ 

Ta6.nH.u;a 2 

R L\2 ~2 2 
6 6 ~8.7 

8 2,1·10-2 5,2·10-3 3,8·10-5 

16 8,2·10-2 2,1·10-2 1,5·10-4 

3yeM 3KCTpanon•LI~fO no ABYM npeAbiAYI11~M peweH~"M: 

rAe onepaTOPbl P 1, P 2 ~HTepnon~pytoT B€KTOPbl ~3 n 2 n m- m-R m- B R m c T04HOCTbto, cornacosaHHO~ c nop•AKOM 

nm-1 
R ~ 

annpoKC~Ma-

lj~~ KOHT~HyanbHO~ 3aAa4~. 
0AHa ~Tepalj~" anrop~TMa BblnonH•eTc" 3a Q ~ p O(nlnn) + O(p2) 

ap~¢MeT~4ecK~x Ae~cTB~~. 
npo~nntocTp~pyeM ocHOBH~e xapaKTep~cT~K~ anrop~TMa Ha np~

Mepe T04HO pewaeMo~ MOAen~, KOTopa" nonyYaeTc" np~ a~ 0, 
{3 ~ 1 B .li.JJ . 3A€Cb CY paBHbl )( i ~ ~ 1 , r A€ ~ i - Hyn~ cPYHKlj~~ 
3~p~ (i ~ 1, oo). Pewanacb 3aAa4a An" p ~ 4, n 5 = 2 7 (= 128) 
C ~CnOnb30BaH~~€Tblpex BCnOMoraTenbHbiX C€TOK pa3M€PHOCT~ 
n 1 ~ 2 3 + 1 ; i ~ 1, 4 . ~cnonb3YeM o5o3Ha4eH~e: ' - T04HOCTb opTo
HOPM~poBaHHbiX !;<!>, ME - y~cno C<l>, TOYHOCTb KOTOPbiX KOHTpon~
pyeTc". Pac':!_~Tbl npoBOA~n~cb np~ cneAYf0111~X 3HaYeH~"x napaMeT-
poe: ' = l'O , ME = 1, p = 4. B Ta5n. 1 ~ 2 np~BeAeHbl AO-
CT~ rHyTbl€ a5contoTHbl€ TOYHOCT~ ~ 1 ~ ~2 COOTB€TCTB€HH0 An" CY 
x 1 ~ x 2 , rAe ~~ , ~ ~ - no rpewHocT~ BbiY~cneH~~ no npeAnocneAHe~ 
~ nocneAHe~ ceTKe, a ~~ 7 - norpewHOCTb aKcTpanon~poeaHHbiX 
no wary h np~5n~H<eHHbiX CY. 

np~B€A€HHbl€ pe3ynbTaTbl CB~A€T€nbCTBYfOT 06 3cPcP€KT~BHOCT~ 
3KCTpanon"ll~~ P~YapAcoHa no wary h . B npaKT~YecK~x 3aAaYax 
YAaeTC" TaKit<€ ~cnonb30BaTb fKCTRanon•lj~fO Ha OCHOB€ pa3nOH<€H~" 
norpewHocT~ no CTeneH"M R- ' 27 · 23 ·. 
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np~ noMO\Il~ on~caHHOrO BblWe KOMnneKca nporpaMM Obln~ npose

AeHbl pacyeTbl cneKTpa Mace J/1/J-YaCT~L\bl An~ COCTO~H~~ C paBHbiM 

HyniO op5~TanbHbiM KBaHTOBbiM Y~CnOM I ~: np~ 3TOM ~cnonb30Banocb 

pen~T~B~CTCKOe KBa3~nOTeH~~anbHOe 
ypasHeH~e 

-1 
+flrr 

d 
2 ~ P- k 

- fIn 1--11/J(k)dk 
dp2 0 p- k 

(6.5) 

CO cneAYIOI!l~M~ 3HaYeH~~M~ KOHCTaHT: 0 = 0,561± 6 ·10~; fl = 

= 0, 016 ± 9 ·10 - 5 • lln~ BbiYl<KneH~~ MaCCbl J/1/1 -yacT~L\bl ~cnonb3o

sanacb ¢opMyna M ~ 2Em, rAe m = 1692,8 MaB - Macca KsapKa. 

B Ta6n. 3 npeACTasneHbl pe3ynb-

TaTbl paCYeTOB Mace OCHOBHOrO 

~ nepBbiX Tpex B030YlKAeHHbiX 

cocTo~H~~ J/1/J -Me3oHa. KoH

CTaHTbl o Ill fl (jJIIIKCIIIPOBan~Cb 
no MaccaM ocHoBHoro 111 nepso

ro B030YlKAeHHOro COCTO~HIII~. 

Pa3pa5oTaHHbl~ KOMnneKc 

nporpaMM npeAHa3HaYeH TaKlKe 

M /M9B/ 
3KCII. 

3096,9±0,1 

3686,0 ± 0, I 

An~ peWeHI/I~ C~CTeM ypaBHeH~~, 4028 ± 10 

aHanoriiiYHbiX ( 6. 5), KOTOpble 

M /M9B/ 
TeOp. 

3096,9 

3686,0 

3972,3 

~cnonb3YIOTC~ np111 on~caH~III 4159 ± 20 4169,9 

cneKTpa Mace 111 APYrlllx xapaK-

Tepl/lcT~K BeKTOPHbiX Me30HOB 

An~ COCTO~HIII~ C HepaBHbiM HyniO OpOIIITanbHbiM KBaHTOBbiM Y~CnOM. 

B 3aKniOYeH~e aBTOpbl BblpalKaiOT oanaroAapHOCTb H. 6. CKaYKOBy 

111 A.B.C~AOPOBY 3a none3Hble o5cylKAeH~~ np111 nocTaHoBKe ¢~3111-

YecKo~ 3aAaY~. 
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