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1 • BBE.l!EUI1E 

3aAa4a 0 nocneAOBaTenbHOM B~411CneHI111 KBaHTOB~X nonpaBOK 
K Macce COni1TOHa /eM., Hanpi1Mep, 0630p/1/ 11 ~11TI1poBaHHYO TaM 
ni1TepaTypy/ npeAcTaan~eT 11HTepec npemAe acero KaK npHMep no­
cTpoeHI1R Te0p1111 B03My~eH11H B OKpeCTHOCTI1 HeTpi1BI1anbHOrO Knac­
CI14eCKOrO peweHI1~ Hen11HeHHoro noneaoro ypaaHeHI1~. HecMOTP~ Ha 
To, 4TO ypaaHeHI1e An~ Man~x aap11a~11H non~ oKono aaAaHHOro co­
ni1TOHHOro peweHI1~ HMeeT peweHI1~ C HyneBOH 4aCTOTOH /TaK Ha3~­
BaeM~e Hynea~e MOA~/, npo6neMy onpeAeneHI1~ nponaraTopa YAaeTc~ 
peWHTb 12•3o1.4/ 11 He np116era.R K KOnneKTHBH~M KOOPAHHaTaM. 

Cy~ecTBoBaHI1e Hynea~x MOA o6ycnoaneHo Hei1HBapHaHTHOCTbO 
KnacCI14eCKOrO peWeHI1~ OTHOCI1TenbHO nonHOH rpynn~ 11HBapl1aHTHO­
CTH noneB~X ypaBHeHI1H. noAXOA.R~I1H B~6op Hei1HBapHaHTH~X rpaHI14-
H~X 111 /Hnl1 acHMnTOTH4eCKHx121 I ycnoBHH HnH B~AeneHH·e 6ecKo­
He4Horo rpynnoaoro o6DeMa 131 noaaon~oT onpeAenHTb nponaraTop. 
npH 3TOM HeCKOnbKO OTnH4aiOIIlHeC~ AHarpaMMH~e TeXHHKI1 /2,3,1,4/ 
npHBOA~T K AByxneTneBOH nonpaBKe /2,3,5/ K Macce COnHTOHa, 
COBnaAaO~eH C nony4eHHOH 161 Ha OCHOBe MeTOAa KOnneKTI1BH~X KO­
OPAHHaT /aonpOC 0 B~CWHX nonpa&KaX OCTaeTC~ OTKP~T~M/. 

TeopH~ aoaMy~eHHH, paaaHaaeMa~ a pa6oTax 12·1,41, o6naAaeT 
HHTepeCHWM CBOHCTBOM, o6ycnoaneHH~M B KOHe4HOM C4eTe npocT­
paHCTBeHHO-BpeMeHHOH CHMMeTpHeH CHCTeM~. Ka*A~H 4neH neTneao­
ro paaoomeHH~ Cll<>pManbHO HHaapHaHTeH 12•1•11 /a npeAene, KOrAa 
nonHoe apeM~ 6ecKoHe4Ho/ npH Ao6aaneHHH K nponaraTopy HeKoTo­
poH 6~-tnHHeHHOH KOM6HHa~HH HyneB~X MOA C npOH3BOnbH~MH K03~H­
~HeHTaMI1. 6onee nOAP06H~H aHanH3, OAHaKo, nOKa3~BaeT, 4TO 
KOMneHca~l1~ BKnaAOB HyneB~X MOA npOHCXOAHT nHWb C T04HOCTbO 
AO BenH4HH, nponop~HOHanbH~X HeKOTOp~M CTeneH~M nonHOrO Bpe­
MeHH. 8 HaCTO~~eH pa60Te nony4eH~ B~pa*eHH~ An~ BKnaAOB Hyne­
B~X MOA B CYMMy AByxneTneB~X AHarpaMM. noKa3aHO, 4TO B AByxneT­
neBOM 4neHe npOHCXOAHT B3a11MHa~ KOMneHCa4H~ BKnaAOB TpaHCn~­
~110HHOH H nopeH4eBOH HyneB~X MOA /CHOBa C T04HOCTbO AO CTeneH­
H~X 4neHOB/. no 3TOH npH4HHe peaynbTaT~ An.R ABYXneTneBOH no­
npaBKH K Macce coni1TOHa, nony4eHH~e c npHMeHeHHeM nponaraTopoa, 
npHBeAeHH~x a pa6oTax12,1/, coanaAaOT~------------------------~ 
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2. 3AAA4A 0 KBAHTOBMX nonPABKAX K MACCE COnHTOHA 

PaccMOTpHM MOAenb caMoAeHCTSy~~ero cKanRpHoro nonR a ABY­
MepHoM npocTpaHcTse-speMeHH c narpaHmHaHOM 

1 2 1 2 
L- -<a ¢) --<a ¢) - V(¢). 2 t 2 X 

/1/ 

6yAeM npeAnOnaraTb, 4TO ypaBHeHHe ABHmeHHR 

(a 2- a2>¢ +V'(¢)=0 
t X 

/2/ 

o6naAaeT peweHHeM conHTOHHoro THna 

¢ (t,X)= <ll((x-a)ch~- tsh~). 131 
Kn. 

rAe <1JYHK4HR II> AOCTaT04HO fibiCTpO CTpeMHTCR K CBOHM aCHMnTOTH-
4eCKHM 3Ha4eHHRM: 

+ 
II>(~) - «~>-. 

~ .... ± 00 

npoH3pOnbHble AeHCTBHTenbHble napaMeTpbl a H {3 B /3/ HMe~T CMbiCn 
nonomeHHR COnHTOHa B MOMeHT BpeMeHH t=0 H fibiCTpOTbl COnHTOHa 
/cKopocTb v .th ~ I cooTBeTCTBeHHO. Macey M c KBaHTOBoro conH­
TOHa MOmHO HaHTH no aCHMnTOTH4eCKOMY noBeAeHH~ HeKOTOPOH aM­
nnHTYAbl nepeXOAa: 

rAe 

-iMcT -ln { D¢exp[iSr[¢)1. 
1-conHTOH 

T_, oo, 

T/2 
ST[c,b] = { dt { dxL(c,b(t,x)), 

-T /2 

/4/ 

T- nonHoe BpeMR, a HHTerpHpoeaHHe B npaBOH 4aCTH /4/ BeAeTCR 
B OKpeCTHOCTH CTaTH4eCKOrO (~=0) COnHTOHHOrO peweHHR. nocne 
CABHra nepeMeHHOH HHTerpHpOBaHHR 

¢(t,x)=ll>(x-a)+ TJ (t,x) /51 

<1JyHK4HOHanbHbiH HHTerpan MOmHO B npHH4Hne Bb14HCnRTb, nonb3YRCb 
AHarpaMMHOH TeXHHKOH, B KOTOpOH BepWHHbl MMe~T BMA 

dn 
U0 (x) .. --V(c/l)I-L"' ; n~3. 

d <h n 'f'~'I'(X-a} 

Ponb nponaraTopa MrpaeT RAPO o6paTHoro K onepaTopy 

H-a 2-a 2 + V"(ll>(x-a)). 
t X 

2 • 
~~ 
~I 

'1-
J 
l 
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: ~~¥ 

'!'' 
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':f 

!'' 

HecMoTpR Ha To, 4TO ypaeHeHMe 

H~-A~ 

o6naAaeT peweHMRMM 

~ -a c/l IQ_ =-<ll'(x-a), 
a a KJI ,._,==0 

1/•13 = a13c~J I Q =- t 11>' <x-a> 
KJJ ,_..o 

/6/ 

171 

npH A=O, nocTpoeHMe nponaraTopa B03MOmHo 12~ 4To6bl ynpocTMTb 
BbiKnaAKH, CAenaeM HecKonbKO npeAnonomeHHH o6 onepaTope 

h =-a 2 + V "(<ll(x-a)). 
X 

OcHOBHble pe3ynbTaTbl pa6oTbl ocTa~TCR HeH3MeHHbiMM H a o6~eM 
cny4ae. 6yAeM npeAnonaraTb, 4TO cneKTp onepaTopa h cocTOMT 
M3 T04KM 0 M o6nacTM HenpepbiBHoro cneKTpa [1,. ), a noTeH4Man 

w (x) = V "(II> (x-a)) 

RBnReTcR 6e3oTpamaTenbHbiM. TorAa co6cTBeHHble <1lYHK4MH HenpepbiB­
Horo cneKTpa MOmHO BblfipaTb TaK, 4TOfibl OHM YAOBneTBOpRnM ycno­
BMRM 

~ 2 2 ~ . 
h~k=w (k)~k' ro(k)a(l+k), k~(-x,-.o); 

-~ ikx 
I/\(X)=(2rr) - e , X-+-.;; 

(dXf/t* (X)Ij1k (X)=b(k
2
-k

1
); 

k2 1 -
!8! 

( dkrJtk (X 2 )r/Jk (x 1)+ _}._1/J (x 2)c/t (x
1
)= ~x 2-x 1 ). /9/ 

''l/'a1'2a a 

KBaApaT HOPMbl <1JyHK4MM r/Ja coenaAaeT C KnaCCH4eCKMM 3Ha4eHMeM 
M 0 Maccbl conMTOHa: 

2 2 
!!~a II ,. (dx.pa(x) .. M 0 • 

/2,7,1/ 
nponaraTOp MMeeT BHA CYMMbl <1JyHK4MH 

1 
G(t2,x2~ t t•x t>= -It 2 -ttl r/'a(~ )r/Ja(x t)+ 

2M 0 

+.!.. r ~e -iwlt2""ttl ~ (x )~*(x ) 
2 w k 2 k 1 

/10/ 

3 
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H HCKOTOpoH 6HJ1HHeHHOH KOM611Ha1.111H F(t
2
,x

2
! t

1
,x 

1
) HyneBbiX MOA 

J/Ja 11 1/Jfj C npoH3BOJlbHbiMI1 K03C)Kill11.111eHTaMI1. noTpe6oaaB CI1MMeT­

pi14HOCTH /4TO He orpaHH4HBaeT o6~HOCTH/ 

F(t 2 ,x21 t 1,x1)- F(t1 ,x11 t 2 ,x2
) 

np~ot 1100b1X 3Ha4eHJ.t.RX apryMeHTOB, J.tMeeM /7,1/ 

F(t2,x2!t1,x1)•al/la(x2)Y,a(x1)+yt/Jtf.t2,"'2)1/Jfj(t1,x1 )+ 

+8 [ 1/1 a (x2) 1/1 p.tl ,xl) + 1/1 fj(t2 ,x2) 1/1 a (xl )]. 

nycTb wn (T) - cyMMa acex n -neTneBbiX AHarpaMM (n=2,3 , ... ). 
B pa3noMeHHH npaBOH 4aCTiot /4/. HHTepeCHbiM CBOHCTBOM TeopHH 

B03My~eHJ.tH npH T .. oo fiBJlfleTC.R He3aBJ.tCiotMOCTb 12•7 •1/ wn OT a, 
y 11 8. 3To CBOHCTBO HMeeT Cll<>pMaJlbHbiH xapaKTep, noCKOJlbKy np~ot 

T = oo JlOOa.R 113 Be1111411H W n 6eCKOHe4Ha. n PH KOHe4HOM T MOMHO 

n011Y4HTb BblpaMeH11fl AJl.R 4JleHOB, 3aBHC.R~I1X OT a , y H 8. npoae­

AeM aHa11113 3TI1X 4neHOB AJl.R cny4a.R nm2, 

3. BKnAA HYnEB~X HOA B CYHHY ABYXnETnEB~X AHAfPAHH 

CyMMa AByxneTneBbiX A11arpaMM np11 a=y=8 •. Q 

W2 ... .i. r G(1l1>U4 (t)0(1!1> 
8 

-t·J 0(212)Us(2)0(211)Us(1)0(1!1) 

. 3 
_,,l. f U3 (2)0 (2!l)Us(1) 

12 

11 np~ot 3aMeHe nponaraTopa 

0-+0+F 

113MeHHTC.R Ha Be11H411HY 

AW2 (T,a,y,8)·~a +A2a 2 +'\as 

+ c1 Y +C2y2 + Cays + 018 +0282 + 03 8s + 

+ 8uoa Y + 8 tof8 + 1\,uYB + 

4 • 

~otMeeT BHA /2/ 

/11/ 

r ' 

' 
·~ 

~I 
;~ 

' ~' 
,'f.f 

'1'1; 

1~'t 

}~ 
·,;. 

>' 

~.,~ .. I ~ 
l, 

,1•, 

:~ 
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~ 

'i;.~:; 
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~. 

/, --

+ 8111 ayo +8210 a2y +8201a2o 
/12/ 

+8021 y2o +8120 ay2+ 8012}'82+8102a82 

nerKO noKa3aTb, 4TO 

D1= 0 a= 8 101 = 8 o1t= 8 ttt=0. /13/ 

Ae~CTBI1TenbHO, HanpHMep, 

D 1 =.L (G(lJl; U 4 (1)~'f.l(lh''a(l) 
. 2 

- ~ fG(2J2>U 3 (2)G(2JlJU 3(1h''fP>wa<t> /14/ 

- i. ( 1/1 (2)U
3

(2)G
2

(2Jl)U 3(1)1/Jf.JC1). 
2 a 

noACTaBnfiR B I 14/ Bblpa>KeHI1fl /6 '7' 1 0/ A11R "'a • "'fj 11 0 COOTBeT­

CTBeHHO, y6e>KAaeMcR, 4TO ace HHTerpanbl no apeMeHH a /14/ paa­

Hbl HY11~. np11 nOMO~H TO>KAeCTBa 

( dxU 3 (x) 1/J;(x) ... Q /15/ 

HeTPYAHO noKa3aTb, 4TO 

Aa=Ca= 8 111 = 8 21o=~ot = 
• 

= 8 120 = 8o21 = 8 o12 = 8 to:fo 

11, cneAoBaTenbHO, AW2 viMeeT BI-1A 

2 <) 2 
AW2 =A1a+A.za + C1y+C2 y~ + 8

110
uy+D

2 
o . /16/ 

BenH4HHbl A 1 , A 2 , C1 , C 2 , B 110,D 2 • aoo6~e roaopR, He paBHbl 

Hyn~ H RB11R~TCR $yHK1.1HRMH T. TaK, HanpHMep, 

. 2 
A1 ={-r G(tJt>U 4 (1)1/Ja(t) 

. 2 
-L ( 0(2J2)U 3 (2)0(2Jl)U 3 (l)r/l (1) 

4 a 

. 2 
_l_ ( r/1 (2)U

3
(2)0 (2!1)U3 (1)1/Ja(l). 

4 a 

/17/ 

5 
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3aMeTHM, 4TO 

G (t,x2 1 t,x 1 )-0(0, x 210, x 1 ) 

npH no6oM t. Hcnonb3YA awpa*eHHe /10/ AnA G H y4HTwaaA TO*AecT­
ao/2/ 

( dxO(t,xl t,x)U8 (x)t/Ja (x) .o, 
HMeeM 

i'T' 2 
A 1 = .u..,( dxU 4(x)G(O,x I O,x)Y,a (x) 

4 

+.l. ( ..!.., fdx20(0, x2 1 O,x 2)U 8 (x 2)1/lk (x 2) x 
8 w 

2 T/2 T/2 I I 
x ( dx1 \b k (x 1 ) U 8 (x 1) y,a (x 1) ( dt 2 ( dt 1 e -iw t If" t 1 

-T/2 -T/2 

/18/ 

_.,L.f~.f~lf dxrty, y, .J. ,eTf/2_dt Tf/2d -dw(k1)+w(k2>11trt11 
16 ~k) w(ILl -s a k1 ¥'Jl2 1 2 t1e 

1 ""2' . -T/2 -T/2 

i dk 2 2 T /2 T /2 I I 
+ SM ( -:;-1 fdxtlat/la if\ I ( df.e ( dt11t2:..t11e -lw trt1. 

O -T/2 -T/2 

HHTerpHpoaaHHe no apeMeHH nocne aaMeHw nepeMeHHwx 

T . 
t1 • -(U+B), -1 <U < 1, 

2 
/19/ 

T 
t 2 --(s-u); -l+lul<a<1-l ul 

2 

H HHTerp~pOBaHHA no 8 CBOAHTCA K BW4HCneHHD HHTerpanoa no U, 
KOTOpOe MO*HO BWnonHHTb C nOM~bD ~pMynw 

1 -iwTu 
(due um. ml 

(iwT)m+1 + fm (iwT)e -lwT 
0 

m •0,1,2, ... 

3AeCb r m - HeKOTopaA CIIYHKL4HA' KOTopaA HMeeT BHA 
m+1 &mf 

fm(z)- I -:r-• 
t'-1 z 

/20/ 

rAe &mf- K03CIICIIH1.4HeHTW. He 6yAeM npHBOAHTb ABHWX awpa*eHHH AnA 
& mf , TaK KaK BTOPWM 4neHOM B npaBOH 4aCTH /20/ MO*HO npeHe6-

6 .. 

:-, .... _.· 

' ~· 
~' -j: ,· 

j•l 
'!, 

·-~·: 
-~, ' ;.'' 

. f:i,f 

I 

/~ 
\lf 
~ I 

~:: 

I i 

pe4b no cneAY~eH npH4HHe. npH BW4HcneHHH nonpaaoK K Macce 
COflHTOHa MO*HO, CAenaa aHanHTH4eCKOe npoAOfl*eHHe, nepeHTH K 
OTPHL4aTenbHOMY MHHMOMY apeMeHH /S/ (T ... -iT) HnH *e C4HTaTb, 
4TO B Bwpa*eHHH /10/ W HMeeT MaflyD OTPHL4aTeflbHYD MHHMyD 
4aCTb /l/: 

w(k)•(l+k2 )~ -if, /21/ 

B 060HX cny4aAX BKnaA BTOporo 4neHa B npaBOH 4aCTH /20/ He­
cy~eCTBeH, TaK KaK y6waaeT 3KCnOHeH1.4HanbHO C pOCTOM T.MW 6y­
AeM npeAnOnaraTb, 4TO w(k) HMeeT BHA /21/, a 3KCnOHeHI.4HaflbHO 
Manwe 4neHw a AanbHeHweM 6yAeM onycKaTb. AnA A 1 nony4HM awpa­
*eHHe 

'T 2 
A1.T' ( dxG(O,xiO,x)U4 (x)Y,a (x) 

j dk 
+- f -·fdx2G(O,'\ IO.~)U 8 (x2 )fl\ (x2 )x 

8 w 

x f dx 1 U 8(x1)Y,:(x1 )Y,;(x 1)({;;+ ~) 
i dk1 dk2 ll 2T 

+ -·(- ( -1 fdxU Y, t/1, 1/1 tl----
16 w (k

1
) w ("e) 8 a k 1 k2. Hw (k1)+w (ke>l 

+ 2 21 
[w(k 1)+ w(ke)] 

+ L.r !l.1 fdxU y, 2
J, 12<-.!!.,_ -!!). 

8M w 8 a TJt 2 8 0 w w 

/22/ 

CyMMa 4neHOa, nponopL4HOHanbHwx T, a /22/ pasHa Hyno. ~eHCTBH­
TenbHO, nocne Hecno*HWX npeo6paaoaaHHH c npHMeHeHHeM TO*AeCTB 

2 . 
fdxU81/Ia 1/lk •-w 2

( dxcfok iJi.Y,a' 

[ 2 2 
fdxU8 Y, cfok .Pk • w (k 1)-w (k2)] ( dxY,: il;,t/1 .. 

a 1 2 1 •2 

H COOTHOWeHHH /8/, /9/ 3Ta CYMMa npHBOAHTCA K BHAY 

'T 2 ..!_{ fdxG (O,x I O,x) U 4 (X) Y,a (x) 
4 

2 . . 
+ 3 (dxG (O,x JO,x)U8(x) Y,a(x) ~ 1/la(x) + fdxiJaG(O,x JO,x)U8(x) Y, a.(x)]. 

/23/ 

/24/ 

/25/ 

7 
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A~$$epeH4~PYR TD>KAeCTBO /18/ no a H Y4HT~BaR cooTHOWeH~e 

aaun- un+t r/Ja' 

KOTopoe cneAyeT HenocpeACTBeHHO H3 onpeAeneHHH U n H .;, a, nony-
4aeM TO>KAeCTBO 

2 
(dxG(O,x!O,x)U4 (x)r/J (x) t3(dxG (O,x!O.x)U

3
(x)a 1/• (x) 

a a a 
/26/ 

+ fdx()aG(O,x!O,x)U 3 (x)r/Ja(x),O. 

Bblpa~eHHe /25/ nponOP4HOHallbHO neaoi:i 4aCTH /26/ H, cneAoaa­
TellbHO, paBHO HYll~. 

AHHynHpoaaHHe Ko3$$H4HeHTa npH CTapwei:i cTeneHH T a A 1 -
He CJly4aHHOCTb H TeCHO CBR3aHO C ynOMRHYTOH B~We He3aBHCH­
MOCTb~ 4JleHOB neT JleBOrO pa3JlO~eHHR npH T = oo OT a , y H 0. 

Bblpa~eHHR AllR A2 'Ct 'c2' 0:! HiltlOMO~HO noJly4HTb aHano­
rH4HO. CoKpa~eHHe K03$$H4HeHTOB npH cTapwHx cTeneHRX T AOKa­
a~aaeTCR npH nOMO~H /26/ AllR Cl H TO~AeCTBa 

4 2 I 3 
(dxU4 if•a t3 (dxU3 r/'aJar/Ia =cia (dxU 3 '1'a =0 

AllR A2 , c2 ' 02 ,811!J'0KOH4aTeJlbHO HMeeM 

rAe 

A 1 = b, 

1 2 
C 1 = -- bT + c T + d , 

4 

A2= p, 

1 4 1 3 
C2 =- p T + -- q T t r , 

16 4 

2 
0 2 "' pT + 2qT, 

B 1 2 
110 = 2-pT +QT, 

1 dk 2 * b .. - ( -§'(dx2G(O,x2!0.x2)U3 (x2) r/lk(x2 ) ( dx 1U3 (x 1) ¢a (x 1) 1/1 k (x 1) 
4 (d 

8 • 

/27/ 

/28/ 

/29/ 

/30/ 

/31/ 

/32/ 

/33/ 

i dkt dk2 -2 . 2 
+Sf~ f - [cu(kl )+cu(k2 )] If dxU3 ¢a cfrk 1/Jk I 

cu(kl) cu (~) 1 2 

i dkl 2 2 -- ( 4' fdxU3 cfra 1/Jk I, 
2M0 cu 

i dk 2 
c • '4'f ·;rf~G(O,I2IO,x2 )U8(12) 1/Jk(x 2) f ctx1U8(x 1) 1/Ja(x ~~ (x

1 
), 

1 dk 2 * d._,- f -fdx2G(O,x21 O,x 2 )U8(~)1/Jk(x~ fdx
1 
U 8(x1 

)1/1 (x
1 

)cfrk (x
1

) 
2 cu6 a 

i dkt dk2 -4 2 
+-I-f -[cu(k1 )+cu(~)] I fdxU3 cfra 1/Jk 1/Jk I 

32 cu(kt) cu(k 2) 1 2 

i dk 2 2 
-- f -,I f dxU 31/J 1/1 I , 

Mo cu8 a k 

3 dk 2 2 
P ·-'f _,1 fdxUsi/Ja 1/Jk I • 

8 cu8 

i dk 2 2 
q .. _, f -I fdxUa 1/Ja 1/Jk I • 4 cu4 

2 dk 2 2 r-- f-7,1 fdxU 3 1/J 1/Jk I • 
3 cu a 

Ha116onee aa~HWH BWBOA, KOTOPWH MO*HO CAenaTb Ha OCHOaaHHH 
npHaeAeHHWX awpa*eHHH /28/-/33/ COCTOHT a ClleAY~eM. EcnH a , 
y H 8 He paaHw Hyn~ H He aaaHCRT oT T, TO aenH4HHa I~W2I ·He 

cTpeMHTC.A K HY1110 npH T ... oo. 0Ha Aa>Ke pacTeT 11 np11 3TOM 6wcT"' 
pee, 4eM IW2 1. KOTopaR pacTeT llHHeHHO. 3aBHCHMOCTb cyMMW 
AByxneTneawx AHarpaMM OT y 11 8 c pocToM T cTaHOBHTCR ace 
6onee CHJlbHOHl Ha nepawi:i a3r11RA TaKOH BWBOA HaXOAHTC.A a npo­
THaope4HH C YTBeplKAeHHeM 0 KOMneHca~HH BKJ1aAOB Hyneawx MOA 
a KalKAOM nop.AAKe pa3110*eHHR no neTJ1RM 12•7 ,1/, 0AHaKO, KaK 6WJ10 
OTMe4eHO awwe, 3TO yTaep*AeHHe cnpaBeAJlHBO JlHWb npH T.oo, Kor­
Aa IWnl~oo. no3TOMY caMO no ce6e OHO He MO*eT CllY*HTb OCHOBO~ 
AllR CTporHX aWBOAOB 06 aCHMnTOTI14eCKOM noBeAeHH11 ~W2 (T) np11 
6onbWHX, HO KOHe4HWX 3Ha4eHHRX T. 

4. ABYXnETnEBAR nonPABKA K MACCE COnHTOHA H HYnEB~E MOAW 

~BKllaA Hyneawx MOA a AByxneTneawe AHarpaMMw Hecy~ecTBeH AllR 
3Ha4eHH.A MaCCW COJlHTOHa, eCJlH BWnOJ1HeHO yCJ10aHe 
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~W2 (T) =o(T), T ... "". /34/ 

C4!-1TaR a , y 1-1 8 He3aB!-1CI-1MbiMI-1 ¢>yHKLII-1RMI-1 T, nony41-1M cneAYIOIJII-le 
orpaHH4eHHfl Ha HX aCHMnTOTI-14eCKOe noBeAeHHe, KOTOpble BbiTeKaiOT 
H3 YCllOBHfl /34/ H paBeHCTB /16/, /28/-/33/: 

~ -3/2 
a(T). o(T - ), y(T) = o(T ). 

T-ooo. 

-~ li(T) = o(T - ). 
/35/ 

0AHaKO B03MOmHa 4aCTH4HaR B3aHMHafl KOMneHCal.IHfl BKllaAOB Hyne­
BbiX MOA. TaK, ecnH a H y CBR3aHbl ypaaHeHHeM 

T2 
a(T) + _,y(T) • 0; /36/ 

4 

orpaHH4eHHR Ha AOnycTHMYJO acHMnTOTHKY 6YAYT 6onee cna6biMH. 
~eHCTBHTeJ1bHO, B 3TOM CJ1y4ae 

- 2 2 ~W2 =Ata +A2 a + D28, /37/ 

rAe 

- • 4 
At= At- "'T2Ct' /38/ 

- 4 4 2 
A2 •-\- T2Btto+( T2) C2 /39/ 

noACTaBJ1flfl B /38/, /39/ BblpameHHfl /28/-/33/, HaXOAHM 

- 4c 4d At._,_,_-. 
T T2 

/40/ 

.. 16r 
A2·-• 

T" 
/41/ 

OrpaHH4eHHe Ha aCHMnTOTH4ecKoe noaeAeHHe a(T), KOTopoe cne­
AYeT H3 /34/, /37/, /40/ H /41/, HMeeT BHA 

a(T).o(T2), T .. "" • /42/ 

B pa6oTe 1tl npeAnomeH MeTOA Bbi4HcneHHR conHTOHHOH Maccbl no 
aCHMnTOTH4eCKOMy noBeAeHHIO ¢>YHKLIHH pacnpOCTpaHeHHR COJ1HTOHa. 
KaaHTOBYIO nonpaaKy ·~ M K Macce conHToHa MOmHo HaHTH, nonbay­
RCb CHMBOJ1H4eCKOH ¢>opMyJ10H/t/ 

-16M ../1-T.. lim i W (-L), /43/ 
t ·~co n-1 n t '~t ' 
t, ... -oo 
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rAe W1 - OAHOneTneaaR nonpaaKa /eM., HanpHMep, pa6oTy It/ I, 
W n npH n,.2,3,4, ... - CYMMa n -neTneBbiX AHarpaMM, B KOTOpbiX 
HHTerpHpoaaHHe no apeMeHH e KamAOH aepwHHe aeAeTcR no HHTep­
aany (t ',t "). ~R cny4aR v .,o H npH npeAnonolKeHHRX o cneKTpe 
onepaTopa h, KOTOpble 6blnH CAenaHbl paHee, nponaraTop HMeeT BHA 

R(t2,x21 t
1 

,x 
1

)= _1 __ .;J
13

(t 2,x2)1/1{3(t 1,x t> 
M0T 

I - MT [ 1/Ja. (x2) l/1{3(tl,x1) + l/Jt3 (t2 • x2 h1•a (x 1 )] 
0 

1 I.2 T 
+Mo(T- 4)1/la(x2)1/!a.(x1)+0 (t2,x2!~.xt ), 

/44/ 

rAe I,, 1..(t'+t'), T=t"-t'. 3ToT nponaraTop 6bln nony4eH H a pa6o­
Te/4/, cRenaeM aaMeHy nepeMeHHOH HHTerpHpoaaHHR no apeMeHH a KalK­
AOH aepwHHe: 

ti .sj+ I, ti ~;;;(t',t"). 

npH 3TOM si !;;;(- ; .f). a nponaraTop npHHHMaeT BHA 

R ( s2 , x2 J s l'xl) = O(s2 ,x2 I s 1 • xt ) + /45/ 

+ Ci(T) 1/Ja (x2) I/Ja.(x 1 )+ Y(T)l/Jt3(s 2• x2 )I/Jt3(st• x 1 ), 

rAe .. 
a (T) =- _1_, y(T) ,. 

4M0 M0T 

3aMeTHM, 4TO R He aaa1-1CHT OT I, 4TO o6ecne4HBaeT HeaaBHCHMOCTb 
KBaHTOBOH nonpaBKH OT KOHKpeTHOro cnoco6a nepeXOAa K npeAeny 
B /43/. <f>yHKLIHH ~ 1-1 y YAOBJ1eTBOpRIOT ypaBHeHHIO /36/ H YC110BHIO 
/42/. no3TOMY AByxneTJ1eBaR nonpaeKa K Macce COJ1HTOHa, HaHAeHHaR 
no MeTOAY, npeAnomeHHOMy a pa6oTe 111, 6yAeT coenaAaTb c nonpae­
KOH, nony4eHHOH c npHMeHeHHeM nponaraTopa /10/. nocneAHRR, a 
CBOIO 04epeAb, coanaAaeT121 C nonpaBKOH, HaHAeHHOH /S/ npH nOMOIJIH 
MeTOAa KOJ1J1eKTHBHbiX KOOPAHHaT. 

H3 CKa3aHHOrO RCHO, 4TO B BblpameHHH /44/AllR ¢lyHKLIHH R MOIKHO 
onyCTHTb CyMMY nepBbiX Tpex 4J1eHOB, HO He KamAbiH H3 HHX B OT­
AeJ1bHOCTH, TaK KaK CyiJieCTBeHHa B3aHMHaR KOMneHCal.IHfl HX BKJ1aAOB, 
803MOmHO, 4TO B3aHMHaR KOMneHCal.IHR BKJ1aAOB HyneBbiX MOA npOHC­
XOA~T H a BbiCWHX nopRAKax neTneaoro paanolKeHHR. HaM He YAanocb 
AOKaaaTb 3TO. 
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np~ y4eTe nepeHOpM~pOBK~/9/ BCe OCHOBH~e peaynbTaT~ pa6oT~ 
OCTa~TCR CnpaBeAn~B~M~. 

ABTOp~ ~CKpeHHe 6naroAaPH~ r.A.4e4enawe~n~ 3a none3Hble 
06CY*AeHHR. 
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