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3ii:Konanhnoe rrpe.oeTaBnenne aMrrnHTY.Obi paeeeHHHH yerreumo nerronh-
. /1/ 

3yeTeH .onH orrneaHHH BbiCOK~anepreTHqeeKHX rrpoueccoB • TeopeTHqe-. 

eKHM o6oeHOB8HHeM 9TOrO B rroneBOM IIO.OXO.Oe eny~HT B03MO~HOCTb ~pe.o

eTaBHTb B aii:KOHanbHOll cpopMe ey.MMy .OHarpaMM neCTHHqnoro THrill 'C .,o.0-
/2/ 

uoqaeTnqHhlM o6MeHoM • O.onaKo rrpH aToM He yqHThlBaeTeH RKna.o ~ yrr-

pyryJO aMIInHTYllY ueyrrpyrHX IIpoueeCOB1 KOT0pb!e 1 KBK li3BeeTH0 1 CTaHOBHTeH 

eymeCTBBHHb!MII IIpH Bb!eOKHX 8HeprHHX, nim T8KOrO yqeTa neo6XOJ.lHMO 

paeeMaTpHB8Tb o6MeH 6onee enO~Hb!MH KOMIIneKeaMH 1 qeM BHpTyanbH8SI 
/3-6/ . 

qaeTHua. B pa6oTax B paMKax eKanSipaoii: TeopHH H aneKTpo.oHHaMI!Kil 
,· ... 

paceMaTpiiBilnHeb BeeB03MO.lKHbiB· neCTHHqllbie .OHarpaMMbl C TaK 1183b!Bae-

Mb!M "Mnoro6ameHHbiM o6Mel!oM" (eM, pRe, 1). 

Pne. 1 

2 
nnSI cyMMHpOBBHHH TaKHX .OHarpaMM npH s = ( Pt + p 2 ) .... 00 H t = ( p 1- q1 )~=const 

rrpHMeHSinaCh TeXHHKa "eHCTeMbl OTeqeTa 
171 

6ecKoneqJioro HMnynhca~ •. Dpn 

aTOM B TeopHH g cf} .onSI aMnnHTY.Obi 6brno nonyqeno pe.o~e '-aii:KoHanhHoe 
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npencTaBnemw. Bo3MOJKHOCTb o6bHCHeHHH aKcnepuMeHTanbHbiX naHHbiX no 
··. 

a):lpOHHbiM B38HMO):IeiiCTBIHIM Ha OCHOBe T8KOrO IIpe):ICTaBneHIIH llO\IfiniiTYJ:Ibl 

/8/ 
pacce5IHH5I o6cyJK.Qanacb p5IAOM aBTc:JpoB • B naHHoii pa6oTe Mbi xoTnl\·t 

IIOK838Tb a<j:¢eKTHBHOCTb IICIIOIIb30B8Hif5I MeTO):IIl qlyHKUIIOHiliihHOrO llljTer

p1IpOB8HIIH IIpll CyMMHpOB8HIIH ):IHarpaMM TIIII8 IIOK838HHOii Ha pnc. I. 3TOT 

MeTO):I n03BOIIHeT IIOliY'IIITh_. B 38MKHyTOM aHan:ITII'!eCKOM 131l):le BKIIaA pac-

c~aTpiiBaeMoro Knacca nnarpaMM B aMr mnyny paccemnm. ;. 09TO'.IY He 

B03HIIK8eT · IIpo6neMbl OTOOpa HyJKHbiX ):IHarpaMM H PDCC'.lOTpeHIIH BCeB03-

MOJKHblX KOHqm"rypaUHH B paCIIOIIOJKeHHH IIT<lpi!pyeMblX l -necTHIIU, PaC'IeT 

IIpOBe):leM B paMKaX IIpOCTOH CK8IIHpHOii MO):Ienn g~ 2 cp, a ~YHKUIIOHiliibHWe 
/9/ 

HHTerpallbl 6yneM OUeHHB8Tb B npn6IIII)l\Cilllll IIPH'-IDIIIIHeiiHblX rryTei'I 1 

KOTOpoe acpc(JeKTHBHO rrpnMeHHIIOCb yJKe ):III5I K3y'!eHHH BbiCOK09HepreTII'!eCKHX 

npoueccoB. B Kosue pa6oThl KpaTKo o6cynnM MaTeMaTn'!ecKyw o6ocHoBaH-

HOCTb IIpi!MeHeHHH T8KOrO nO):IXD):Ia K ):18HHOI"l 38/lll'le. 

l13JIQ)!{I!M OCHOBHbie nyHKTbl cpyHKUHDHiliibHOrO MeTOAa B IIpn6mDKelll!ll 

npHMonHHeiiHhlX nyTeii. BHa'!ane, KaK o6hl'!Ho, nocTponM 2-'!aCTII'IHYID ~YHK-

unw fpHHa G(x t>x21 x 3 ,x 4 ) , a 3aTeM, nepexonH aa MaccoByw rroBepxHOCTb, 

nony'IHM aMITliHTYAY pacceHHHH. 

. -1 

G(x 1 ,x 2 1 x 3 ,x 4 )=C¢fo¢ exp{-+ fd~d.f'¢(.f)D (.f,.f')¢(.f')! 

(1) 

·[G(xl'x
3
[¢)G(x 2 ,x

4
[¢)+(x 

3
-+x

4
)] S 0 (¢). 

S 0(¢), cpenHee 3Ha'!eHHe S -MaTpHUbi n·o BaKyyMy BO BHelllHeM Knaccn

/10/ 
'!eCKOM none cp, MOJKeT 6biTb IIpellCTaBneHO B BH):Ie 

S 
0 

( ¢) = exp I iII (¢)} . ( 2) 

II(¢ ) B cjlopMyne ( 2) cooTEeTCTByeT BaKyyMHbiM nnarpaMMaM ct>efiHMaHa~ 

OnHo'laCTH'IHbie cpyHKUHH fpnHa G ( x, y :[ ¢) c noMOIUbiD c[JyHKUHOHanbHoro 

Ill! 
nHTerpaJJa 3aiUICbiBaiDTCH cnenywrunM o6pa3oM 

00 8 s 

G(x,y'j¢)=i f dse 

2 
-Ism 4 s 

f[o v 1 0 exp I i g / d~ ¢ (x-2 ( 1 

0 

s 

(4) ) .o (x-y-2 f v(7])d7] , 
0 

rne BBeneHo o6o3Ha'!eHue: 

b 

[o 4 v 1b -
a. -

o 4 v exp I - i f v2 
( 7] ) d 7] l 

a 
b 

f o 4 v exp I - i f v2 (7]) d 7] l 
a 

IToncTaBHB (3} H (2) B (1), rrpoH3BeneM CABHr B ¢YHKUHOH 

paHCTBe I ¢( x ) l ·: 

¢(x}-+ ¢(x}+g fdz J(z}D(z-x), 

npH'IeM J BbipaJKaeTCH cyMMOii "HyKnOHHbiX., TOKOB B 9TOH 

( o, s 1 ) (o, s 2 ) 

J(z) = j
1 

(z) + j 2 (z) 

, (a ,b )( Z) 
J k 

b . ( 4 } a 

f d .f 0 ( Z - X + 2 f V (71) d 11 ) 
a k ~ k 

B pe3ynbTaTe nnH 2-'laCTII'IHOfi cpyHKUHH fpMHa nony'IMM Bhl 

2 00 2 s 
. • -Is l m 4 i 

G(x
1
,x

2
[x

3
,x

4
)=II (If dsl e f[o lj 10 

l=l 0 

(4) ( o xJ 

.c¢ f o¢ exp I 
2 

I • 2 
J¢(~)0- (~,.f')¢(.f')d.fd.f'+~ JJ{z} D 

2 

.t.iii(¢(x)+g JJ(z}D(z-x)dz )}. 



:nepi!M8HTanbl!biX llllHHhlX no 

• npencTaaneHHH nl\lllmiTYilhi 

lllli!IIOH pn6oTe Mbl XOTIIM 

18 qlyHKUIIOI!llnbHOrO llf!Ter-

noKa3aHHolr Ha pnc, I, 3ToT 

UTll'18CKOM Dllll8 DKnan pac-

r paccemnm, ~~ 03TO~ty He 

vi II PllCC~!OTp8HIIH DC8B03-

>yeMhiX t -necTHnu. Pac'!eT 

If g 1/J 
2rp, a lh'HKUI!OH/Inbllb!8 

" .,/9/ 
pH:vwnnHett!lhiX nyTeu , 

y'leHn~ B~COKOBHepreTnqecKnx 

•aTeMaTH'I8CKYID 060C~OBaH-

3llllll'!8, 

!OrO M8T01lll B npii6n!DK8HHI! 

ITOCTpOI!M 2-qnCTII'IHYID ~YHK-

OllH Ha Macconym rronepxHoCTh, 

-I 
; d~'¢ (~)D (~.~')¢(~')I 

( I) 

1KyyMy no BHelllHeM Knaccn
/ 10/ . 

Bllll8 

( 2) 

M anarpaMMaM <!JeiiHMaHa. 

[OMOlllbiD tPYHKUIIOHanbHOrO 

Ill/ 

I 
I 
I 
1 

I 
l 
I 
I 

.I 

l 
I 

00 2 

G(x, y l¢)=i I dse 
0 

-Ism 

s 

• 8(4) (x-y -2 I v(17) d rJ), 
0 

b 

8 
4 

v exp 1- i I v2 <11 > d 11 I 
[84 V t - ---- ;a::.~b--

I 8 
4 

v exp I - i I v
2 

<11 > d 11 I 
a 

. \ 

(3) 

IToncTaBuB (3} u (2) B (1), npouaneneM cnnur B tPYHKunoHanbHOM npocT

paHcTne I ¢( x ) I ·: 

¢(x)-o¢(x)+g IdzJ(z)D(z-x), 

BbipamaeTCH cyMMOii: "HyKnOHHhiX" TOKOB B BTOH Monenu: 

.. 
(o,s 1 ) (o, s 2 ) 

J(z)=j
1

(z) +j2(z) 

(4) 
b . (4) 

a 

j (a ,b )( Z) 
= I d~ 8 (z- x + 2 I v (77)d 17) (k = 1,2 ) . 

k a k 
~ 

k 

B peaynhTaTe nnR 2-'laCTH'IHoii: tj:lyHKUHH fpuHa nony'luM BbrpameHue 

·C¢ I8¢expl 
2 

+i'll(¢(x)+g IJ(z)D(z-x)dz )1., 
(5) 

5 



DoJIO>KliM cp (x ) B IlOJIHpli38UIIOJIHOM 'W8H8 ll paBHbt!I.I HYJIJO. Tel\t ca:..u.t:>-1 . 
He 6yneT yqHTb!B8ThCH C8M006paCT8HHe 38MKHYTblX Il8T8Jlb ll l!X CBH3b 

I 12/ 
npyr c npyroM, T.e. rpac!Jbt THrra rrpHBe::teHHhtx 1w pnc. 2 • 

S-> 

\,l _,_ 
\ ) 
) ) : I 

~~~t~-
·--.:~. 

:··-~ 
.., 1 ) l 

i i ( ( 

Pnc. 2 

-+. 

------( 
( 

('<::.--) 
\..._~~:.::/ ') 

-~- ----
~ ~ 

-t- ... 

Terre ph nHTerp!iponanue no o ¢ nerKo BJ,IITDJIHHeTCH, T.K. nony•tell rnycon

CKHil: niiTerpan. 
/13/ 

nepexon 1w MacconyJO rronepxHocTb rrpoH3nonnTcH, KIIK n B pn6oTe 

TaK K8K Mbl XOTIIM rrpocyMM!ipOB8Tb nuarpaMMbl TIIITa IIpl!BeneHHOii 118 

pnc. I, TO nocTaToqHO orpai!Hql!TbCH B IlOllHp!I311UIIOIIIIOl\l qneHe n 3[1~.11-i:IIY-

THMH "nyKnoHnhiMH" 6noKaMn JIHWb c qeThrpbMH BHetUIIIIl\lll 
11 

~Ie30Hll&I:>.lll II 

nnHHHMH. OKoHqaTenbHO Bbipn>I;enne tWH aMnmiTyni.I pr:cceHIIIIH ( 6e3 yqeTa 

pannaunoHI!hiX norrpanoK K 11 HyKnoHHbiM" nnHHHM) rrpuHnMaeT nun 

4 <4> . 2 4 +oo d\e I<pe-qf'Yf 
(2rr) 0 (pl+p2-ql-q2)f(ql,q2lpl'p2)=(-.)ll (J[o vel f----e ). 

&1 -oo (2rr)4 

4 
2 4 4 4 4 

. I i g D (y I- y 2 ) + i g n J d X j d z I d z2 D ~ y I- XI ) j I (z I) D ( z 1- x2) D ( y 2- X a> ·, 
i= 1 

( 6) 

I 

• h( z 2) D ( z 2- x 
4

) l\1 ( x 1' x 2 , x 3 , x 4 ) I J d"- exp I i g2 A J d z 1 d z2 j 1( z 1 )D (z 1 - z 2 ) h (z2)+ 
0 

4 

+ ig 4 "-J ll(d
4
xkdzk)h/z 1 )D(z 1-x 1)h(z 2 )D(z2 -x 2)h(za)D(za -xa) • 

. k=1 . . 

• j 2( z 4 ) D ( z 4 - x 4 ) M ( x 1 , x 2 , x 3 , x 4 ) I , 

rne TOKH J. ( z ) 3anaJOTCH !flopMynoif 
k . 

• (-oo,+oo} . +.oo (4) 

Jk(zehjk tzelvk(7J),yk)= J dc;eo (z 

ge 
-h-2fv (7J)d7J 

0 k -oo 

+ q k e <.;em 

< k = 1, 2; e = 1,2,3,4 > 

a M(x1 ,x2,x 3 ,x4) JIJ06aH. nHarpaMMa "M830H-M830HHOI'O 

neifcTBHH c qeTbipbMH nneiiiHRMll nHllllHMn. B nanbHeifiiinx· pt 

BC8X TOKaX IlOJIO>KllM p k= q k (k;, 1,2 ) · II OilyCTllM q1yHKUHOIH 

Hbl8 V k (7]), qTO COOTB8TCTByeT IlpHMOJIHH8HHOMY rryTn "HYKJI( 

unoHaJibHOM rronxone, nnn- Ha H3hiKe nnarpaMM c:t>eifnMnHa -

KBanpaTRqHhiX ITO BI!pTyaJibHbiM HMilYJibCaM qneHOB B IIJlOIIrti 

30HTanbHbiX "HyKnOHHhiX'~ nmi:uif Ha pnc. I. B Ka•IeCTBe l\l(x 

B03bM8M "necTHHUy" B -KaHane (pic. 3). 

Xt ~t ~ 

s--

:x:a X~ 

PHC, 3 

u /13/ 
DepenneM n cncTeMy ueHTpa Mace n uccnenyeM Bbipa>~< 

B IIOKa3aTene IIOCJienneif 9KCilOH8HTbl B c!JopMyne ( 6) 1 KOTOJ: 

K sifKonanbnoif c!Ja3e x • DoncTannn ( 7) n ( 6), cnenaeM 
. 112/ 

38M8Hbl rrepeMCHHbiX • 

X -+XI+ 
Y1 + Y2 

2 
( i = 1,2,3,4 ) ' 

g l -+.; l + 1J 1 (j = 1,2) ' gk-+gk.+7J2 (k=3,4): 

rne 

7 



Blll>l!'.l ny;uo, Tc~1 ·cn:-.lt.l:-.1 

~X neTenb ll UX CBR3b 
. 112/ 

'll pnc. 2 . 

--------
. ~ 

-t- ... 

'TCH.' T,K, nony•wn r11ycon-

/13/ 
)llllTCH, KllK II B pa6oTe 

Tuna npunenenHoii !Ill 

UliOIIHOl\l qneHe n 3!1).1Klly-

BIIClUilliMH II :\18301li!LI:\IJI" 

m.r pncceHIIIIH ( 6e3 y'IeTa 

DplllllJMilBT Bllll 

1(z 1)0 (z 1-x2 )D (y 2 -x 3 ) • 

( 6) 

rne TOKI1 jk ( z ) GanaiOTCH <jlopMynoli 

+ O<l ~e 
• (-0<>,+0<>) . . (4) . 
\(zehik tzelvk(''l),yk)=..:.£ d~e8 (z -yk-2jvk(7J)d7J+2~e (pkO(-~e)+ 

+ q k e <~e))) ( 7) 

( k = 1., 2; e = 1,2,3,4 ) , 

a M(x
1
,x 2 ,x 3 , x 4 ) - ni06aH.nl1arpaMMa "Me3oH-Me30HHoro" B3aHMO

neifcTBHH c qeTbiphMH BHernHHMH ni11111HMH. B nan&ueifrnux· pac'IeTaX no 

BCeX TOK8X IIOnO)!{I1M p k= q k (k= 1,2 ) · 11 OIIyCTI1M ~1YliKUHOHanhllble rrepeMeH

HbJe V k (7]), 'ITO COOTBeTCTByeT IIpHMOni1HeifHOMY IIYTI1 
11 

HyKnOUOB" B tPYHK

U110l!anbHOM rronxone, 11n11- na H3bJKe n11arpaMM ct>eiinMana - oT6pacLIBaHmo 

KnanpaTH'IHhiX no BHpTyan&HhiM nMnyn&caM 'InenoB B nponaraTopax ropil-

30HTanhllhiX "nyKnOliHbiX~ nn1111if Ha puc. l. B IW'IeCTBe M ( x 1, x 2 ,x 3 , x 4 ) 

B03bMeM "neCTfli1UY" B t -KaHane (puc, 3), 

.. 

P11c. 3 

113/ 
nepeiineM B cncTeMy uenTpa Mace 11 nccnenyeM Bhtpa)!{e1111e, CTOHlllee 

B DOK838Tene nocnenHeif 8KCllOHeHTbl B <jlopMyne (6), KOTOpOe IIp11BOlli1T 

K aifKoHan&Hoif ¢aGe x . noncTaBI1B ( 7) n ( 6), cnenaeM cnenyiOmne 
. I 12/ 

3aMeHbl rrepeMGHHbiX '. 

X (i = 1,2,3,4 ), 

( 8) 

~ j ->~ j + 7] I (j = 1,2) , (k=3,4); 

rne 

7 



II 
; ~ 

I · I 
1J t = -- (Po b z + P b o ) • 1J 2 = --- (Po b z - P ho L b = Y 1 - Y 2 

4ppo 4ppo 

Toraa 

+.oo 
Xn=g2 J da1da2 D(b1_-2a1p1+2a2p2) + 

-oo 

4 +oo b!. bL 
+g 4 TI Jd 4 x

1
J dt"

1
D(-·--2 t" 1p -x 1JD (---2t"2p 1 -x 2) 

. i= 1 _ 00 2 1 2 ( 9) 

b1_ bL 
D(--2--2t"ap2-x3)D(--2--2t"4p2-x4)l\ln(x1,x2,x3 ,x4) . 

TaKHM o5pasoM, afiKoHanhHBH ¢asa Terreph saBncnT TonhKO OT rrorre

peqHbiX KOMITOHeHT pa3HOCTH ( Y 
1

- Y 2 ).l = b i • 

flepBoe CnaraeMOe B (9), COOTBeTCTByiOIUee o5MeHy Ol!HHM BHpTyanhHbiM 
g2 .... 

KBaHTOM, nerKo rrpHBO.:lHTCH K BHllY + -- K 0 ( m I b L I ) , T.e. uMeeT ¢opMy 
217-s 

/2/ 
SHKOHanhHOfi 4Ja3bl OT ITOTeHUHana lOKaBbl • BTopoMy cnaraeMOMy B ( 9) 

MOlliHO COITOCTBBHTh l{HarpaMMY ¢efiHM8H8 ( C l!OITOnHHTenhHblM MHOlliHTeneM 

-I ..... t: 
e . q :L .L ) , rrpencTaBneHHYIO Ha pnc. 4. 

s-?_ 

~1 
~1 

k, 

"-~t 

'Zz 

j! 

G( fitS 
dJ. )J.( k1 

/ 

"~ . . . 
fih+i 

/ 

~ G"~ 

~t 
Pnc. 4 

8 

j.t 

-~:!+q 
.,.~ 

1(,-f- q 
' : 

}/'3 

-'l(-q 

j'J 

~- :'{ . .' 
I r 

I ) 

I { 

llBOifHblM nl!Hl!HM HB STOll l!HarpaMMe COOTBeTCTByeT He 061 

¢eiiHM8H8 1 a nHHeapH30B8HHblif 1 C OT5poiiieHHblMH k I k l : 

+oo 21kp.t"-£1t"l J e l U=i[ 
I I 

2kpl+if 2kpl- if 

rae k- HMITynhC 1 rrpOTeKBIOIUHH. qepe3 llBOiJ:HyiO nl!HHIO ( j = 

rl~ nuHuii, j = 2 anH HlllliHIIX nHHHH) • l1HTerpHpOB8HHe no 

aBTOMaTnqeCKll yqllTb!BaeT BCeB03MOlliHbie sauenneHHSI "necT 

B l!HarpaMMHOH TeXHHKe Tpe5yeTCH npOBOllHTh cyMMIIpOB8HHE 

pacrronomeHHHM nTepnpyeMbiX "necTHHU". 

BHaqane BblilOnHHM llHTerpHpOBBHHe no de 1 H dt" 2 

IIIHX 0 -4JyHKUHii nonyqnM q
0 

=q = 0 II MHOlliHTenh _I_ .flep 
z s 

CTaBneHIIIO cfleii:HM8H81 npOHHTerpHpyeM no BCeM BIIpTyanhHbl 

2 
KpoMe d q L. Toraa BKnaa oT anarpaMMbi pnc. 4 MOmHo n~ 

/14/ . 
Blll!e 

n g2(n+3) 

X = 
n s(877'13(n+2) .n l= 1 

n+1 4 +oo ·"" d 2 
f (da 1 dy1 )TI (d~k)TI (Jdt"~ J da 1 )f-~ 
0 k= 1 1=1- OQ 0 (2 1T 

exp I i D(s, 
· C (c 

D (s ,a) B ( 10) HMeeT Bill! 

, n+ 1 

D (s , a ) = t" 1 t" 2 TI ~ 
1 

s + d ( a ) • 
l= 1 

l1HTerpnpoBaHne no dt"k 

. (0. +"") 

MOlliHO 3aMeHOH nepeMeHHbiX CBE 

2(n+3) oo 
g 

X (s)= J 
n -s 0 

dad~dydadt" 

C 2 (a) 

d 
2 ........ J q -lq~bl 1-

(2 
17 

)2e I e 
n+1 

e 1 e 2 TI ~~ s I • 
-I 

+e c I e 

9 



+ 

bL 
--2 ~ p -x ) • 
2 .· 2 1 2 (9) 

4)Mn(x1,x2,x3 ,x4.) . 

38BHCHT TOnhKO OT none-

~ o5MeHy OJlHIIM B!IpTyanhHblM 

T.e. l!MeeT q10pMy 

opoMy cnaraeMoMy B (9) 

lOnHIITenhHbiM MHO)K!ITeneM 

JlBoiiHbiM niiHIIHM HB STOll )l!IarpaMMe COOTBeTCTByeT He 05bi'IHblll nponaraTop 

cl>eiluMaHa, a niiHeapH30BBHHbifi, C OT5poWeHHblMII k I k l 

+f"" 21kp ~-flfl 
e l 

-oo 
d~ = i[---

1
--- ----

1---l =277 8(2kp 1 ), 
2kp l +if 2kpl-i f 

rJle k- nMnynhc, npoTeKaiOWIIii · qepe3 JlBOiiHyiO niiHIIIO ( j = 1 Jlmi BepXHIIX 

mmm':i, j = 2 Jlml HII)KHIIX nllHllll) • l1 HTerpllpOBBHlle no il ~ OT -··"" JlO 1- oo 

aBTOMBTll'leCKII Y'lliThlBaeT BCeB03MO)KHhle sauenneHllH "necTHll'lHhlX Hor", 

B )l!IarpaMMIIOll TeXHllKe Tpe5yeTCH npOBOJlllTh CYMM!IpOBBHlle no pa3nll'lHbiM 

pacnono)KeHIIHM HTepnpyeMbiX "necTHHU". 

BHaqane BbmonuHM HHTerpnpoaaune no d ~ 1 H d~ 2 • l1s-3a B03HIIK

l 
WHX 8 -<!JyHKUllll nony'IHM q 0 =q z= 0 H MIIO)K!ITenh -s .TiepeXOJlH K a -npeJl-

CTaBneHHIO c!>efiHMBHa, npOIIHTerpHpyeM no BCeM BHpTyanhHbiM IIMnynhCBM, 

2 
KpoMe d q L. TorJla BKnaJl oT JlllarpaMMbi pnc. 4 MO)KHO npeJlCTaBllTh B 

/14/ 
BIIJle 

g2(n+3) n 

-----TI 
8 

(S 17 )3 ( n+ 2) j = 1 

.... .... 
"" n+1 4 +oo oq d2 e -lqfibif. 

f (dal dyj) ll (d~k) ll {fd~ If da )f--q --....,....-
0 k=1 1=1-oo 0 (277) 2 C 2 

exp{ D(s,a) I • (IO) 
C(a) 

0 (s ,a) B ( 10) IIMeeT BIIJl 

, n+ I 
0 (s , a ) = ~I~ 2 ll ~ j s + d (a ) • 

j =I 
( 11) 

l1HTerpnpoaaune no d~k 

(0' +"") 

MO)KHO saMeHoii nepeMeHHbiX caecTH K npeJlenaM 

n+ I 

~I ~2 q ~~. 8 

2(n+3)"" dad~dydu d ~ d2 
... ... I 

g -I ql bL c 
X (s)= f f _c;!,_e I e + n s 0 C2 (a) (2 17 ) 2 

n+l 
~1~2'1} ~~s d (a ) 

( 12) -1----- ,I 
+e c e c (a) 
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flpn ·s ..... "" rnaBHhJH BKnan 6yneT naBaTh o6nacTh HHTerpnposaHMH, • 
rne f3 l"' 0, ~ 

1 
"' 0 • B 9TOM cnyqae d(a) H C (a) nerKo HaxonHTCH. AcHMnTo-

TMKY BbipmKeHMH ( 12) nerKo nony'IHTh, Hcnonh3YH npeo6pa3oBaHMe MennH-
/15/ 

HB, npHMeHHBllieeCH B pa60T8X 

2(n+3) d 2 q -tq!b'l Onst+2 0n(-s))
0

+
2 [f(q~))n+2 

g 
x(s) =--- f --e [ + ]-~--

n s.-+oo 8 (2 rr )2 8 -s (n+2)! 

(13) 

rne 

2 
f(q l-)= 

2 
g 

(8 TT )
3 

.. 

d
2 

k 

f--------
( k 2 + m 2) [ ( k -qe + m 2 ] 

flpocyMMllpyeM X n TID BCeM D. 3TO 6yneT COOTBeTCTBOB8Th yqeTy 

nHarpaMM pHC. 1 C mo6b!M 'IHCnOM CTyneHeH y o6MeHHbiX neCTHMU. 

rne 

g2 
~X (s) = --J 
n n S 

d2 q 

(2rr )2-

.... .... 2 
-lql b:.l. a(qU.) 

c . [s . 

2 2 
a(q:.l. )=-l+f(qJ.). 

2 
a (q ·t > 

+(-s) . ], 

( 14) 

TaKoe cyMMHpoBaHIIe He HBnHeTCH nocTaTO'IHO cTporuM B MaTeMaTu'!e-
. I 16/ u 

.:::KoM oTHomeHIIII no cnenyiOIUHM coo6pa)!(eHHHM • KoHCTaHTY BGauMoneHCTBIIH 

g B paccMaTpHBaeMOH Monenii He06XOilMMO C'IllTBTh 6onhlliOH, T,K. B TipOTIIB-; 

HOM cnyqae llOMHHiipoBanii 6bi TOnhKO noniOCHbie llMarpaMMbi. Ecnii )1(9 KOH-
2 

CT8HT8 g BeniiKa, TO Henh3H 

nnH TpaeKTopuu Pen)!(e a ( q ~ ) 

orpaHH'IMThCH nepBbiM npn6nH)!(eHHeM no · g 
/17/ 

n B ¢yHKUMII Bhi'IeTa • CnenoBaTenhHD, 

Heo6xonuMo y'IIITb!BBTh Mnanmue norapu<fJMII'IecKue qneHbi. OnHaKo npo6neMa 

/18/ 
9Ta npencTaBnHeTCH cno)!(HOll: • 0Ha He pemeHa nonHoCThiO na)!(e B cnyqae 

OllHOH t -KaHanbHOH neCTHIIUbi. 

10 

LlnH BLinenannH o -c!JyHKUHII GaKoHa coxpanenuH 9Heprllli-nMnynhq 

II 11p1IB81l81!l!fl K yno6HOII.IY BllllY Bblpll)!(8HHH, CTOHIUero B <flurypHbiX CKI 

nepen nnTerpnnol\r no dA B rljopMyne ( 6), cnenaeM GaMeHy nepeMeHJ 

y I+ y 2 X 

Y -v = b , + 2 p y - 2 p y 
·1 ·2 ,+ I I 2 2 

4 
I hiTerpnponanne no d x naeT Heo6xonnMyiO o -¢YHKUHIO, a Bblpa)!(eHne 

rypHI>t:'i. cKo6Kax oKa3I>IIlaeTcH paBHbJM s X Tenepb aMnnuTyna pace' 

COOTBeTCTByJOIUafl CyMMe nnarpaMM pHC. 1, npencTaBnHeTCH B BUlle 

f( 
1 ) 2 - j b I (p - Q ) ,• 2 ~~ 2 -+ -> 2 

q l'q!l P t'P2 =sfd h c ._ I I. ~expl~J--q-c-iqLbJ. [s a(q ) + 
S (2 TT )2 , 

' a (q2 ) 
+·(-s) ll-1). 

Bonpoc 0 TOM, Hi1CKOnhKO CTpor B M8T8Mi1TII'I8CKOM OTHOlli8Hllli , 

nonxon, noBonhHO cno)!<en. KpoMe. npo6neMbi yqeTa Mnanmnx norapnr:'M 

D KDTOpOlr rOBDpllnOCh Bbllli8 0 31l8Ch MO)!(HO OTMeTI!Th cnenyiOIUHe TpyJJ 
/16/ 

cTn • flpe)!(ne Bcero, He ynaeTCH cTporo noKa3aTb ManocTb 1111.myn 

npoTeKaiOnmx no "HoraM necTHnu", n, cnenoBaTenbno, He nOJca3aHa en 
mmocTh nnneapl!Gaunn nponaraTopoB, · T.e. npn6nii)!<enne k 1. k 1 =0 ( nnn ; 

npHII.tonnHeT1HbJe nyTn B ¢yHKUHDHanhHbJX HHTe.rpanax). YlMenno 9TOT M 

6Lin cymecTBeHen KaK n namnx Bhlql!cnennHx B npn6nn)!(ennn npHMonnB 
/3,4,5/ 

Hb!X nyTeii, TBK II B paCCY)!(Jl8HllHX npyrnx 8BTOpOB , nOCKOnhKY 

nnneapii38UliH Kl!K pa3 II npiiBOJlliT K aRKOH~nhHOMy Up81lCT8BneHIIIO C 

GaBIICHIUeA OT nByMepnoro npnuenbnoro napaMeTpa. Ecnn )!(e He cqn~ 

MLlnbiMll l!MTiynhCbl k I , BTeKB!Ollil!e B -KananhHhle necTHllllhl, TO ner 

· Bl!)leTb II3 nponenaHHblX pacqeTOB, 'ITO 9HKOHanbH8SI ¢a3a 6yneT 38BliC 

OT 4-MepHoro "npnuenhHOrO napaMeTpa" ( B aTOM cnyqae He cnpaBelll 

GaMeHa ( 8) 11 oT6pacbiBanne cpyHKUIIOHanhHOii: nepeMeHHoll:). OnnaKo, 11 
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'b o6naCTb HHTerpHpOB8HHH 1 

(a); nerKo naxOllHTCH. AcnMnTo

b3YH npeo6paaonanne Mennn-

(In (-s)) n + 2 [f( q ~)) n+2 
+ -----1 _,-o----

-s (n+2)! 

(13) 

·aeT COOTBeTCTBOB8Tb yq~Ty 

y o6MeHHbiX neCTHHU, 

2 
a (q u' 

s . 

( 14) 

'8TOi'iHO CTporHM B MaTeMaTnqe-
/16/ . . -

1. . , KoncTanTy naanMoaencTBHH 

cql!TllTb 60J1blllOH1 T,K, B npoTHB

Hble aHarpaMMbl. EcnH )Ice KOH-
2 

nepBbiM npn6moKenneM no g 
. . /17/ . 

blqeTa • CneaonaTen&uo, 

ecKne qneHbl, O.unaKo npo6neMa 

ellleHa nonnoCTbiD aa*e B cnyqae 

LlnH BLU.IencHnH o -rllYHKUHH aaKoHa coxpauennH sneprnn-nMnyn&qa 

II I!p!!BeJ.Iei!IIH K YJ.I06l!Ol\Iy BIIJly Bb!pMK9Hll51 1 CTOHlllero B <!JnrypHb!X CK06KaX 

nepe11 l!HTerpnnOl\1 110 dA B rjlopMyne ( 6), cJ.IenaeM aaMeuy nepeMeHHbiX: 

b 2 ? y I -y 2 = :). + pI y I -- p 2 y 2 

liiiTerpuponamie uo d 
4 

x J.IaeT neo6xoJ.InMyro o -<PynKunro, a Bblpa*euHe B 4m-

rypni>tx cKo6Kax oKil3I>IBaeTcH paBH!>IM s X Tenep& aMnnnTyaa pacceHHnH, 

COOTB8TCTBYIDlll8H CyMMe mrarpaMM pnc, 1, npellCT8BJ1HeTCH B BUlle 

Bonpoc 0 TOM, H8CKOJ1bKO CTpor B MaTeMaTuqecKOM OTliOllleHHll ll8HHhl~ 

no~xoJ.I, J.IoBon&no cno)Ken. KpoMe npo6neMbl yq~Ta Mnaalllnx norapm~:Mon; 

0 KOTOpO!"r roBOpllllOCb Bb!lll9 1 3JleCb MO*HO OTMeTHTb cneJ.IyiDTUHe TpyllH0-
/}6/ 

CTI! , npe*Ae BCero, He yJ.IaeTCH CTporo llOK838Tb M8J10CTb lll\1ilYJ1bCOB 1 

npoTeKaroTrmx no "noraM necTnnu", n, cneaonaTen&no, ue· aoKaaaua cnpanea

mmocT& nnneapnsaunn nponaraTopoB, T,e, npn6nH)!<enHe k 1. k 1 =0 ( nnH )Ke 

npHMOJ1HH9llllb!e nyTH B cpyHKUHOH8J1bHb!X HHTerpanax), !1 MeHHO 9TOT MOMenT 

6wn cyllleCTBeuen KaK B nalllHX swqncnenHHX B npn6nn*eunn npHMonnneil-
/3 4 5/ 

Hb!X nyTeii, T8K H B paCCY*L19HliHX llpyrl!X 8BTOpOB 1 1 
1 nOCKOJ1bKy 9Tll 

J1HHeapl!38UliH KllK pa3 II npliBOJlliT K SiiKOH8J1bHOMy Up8JlCTllBJ1eHHID C tP~30A, 

sanncHmeil oT J.IByMepnoro rrpnuen&noro napaMeTpa, Ecnn *e ue cqnTaTb 

MllJlbiMH l!MITYilbCbl k I t BT9K8IDlliHe B -K8H8J1bHhl8 J18CTHHUhl 1 TO nerKO 

· Bllll9Tb ll3 npDJl8J18HIIbiX pacq~TDB 1 qTo 9llKDHllJ1bH8H ljlasa 6y,[leT 38BliCeTb 

oT 4-Mepnoro "npuuen&noro rrapaMeTpa" ( B aToM cnyqae u.e cnpaneannna 

saMena (8) II oT6pacwsanne ljlynKunouan&noA rrepeMeuuoil). O.unaKo, uecMoTpH 
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Ha 8T0 1 MO*HO O*HaaTb1 qTQ 8HepreTnqecKaH 3aBHCHMOCTb cymeCTBeHHO 
-. 

ne H3MeHHTCH, ecnn He rronbGOBaTbCH aaHHbiM rrpn6nn*eHneM, T,K, anH rro-

nyqeHHH norapH$MnqeCKHX ITO s qneHOB IIpH HTepUpOB8HHll t -KaHanb-

HbiX neCTHHU cymeCTBeHH8 He ManOCTb k I 
/19/ 

1 H 2 (OHM 38ll1TpHXOB8Hbl Ha pnc, 5) : 

s--

Pnc, 5 

a HerrnocKnli xapaKTep 6noKoB 

HeperneHHb~M BorrpocoM HBnHeTCH n To, qTo B paccMaTpHBaeMOM Knacce 

anarpaMM BCeraa eCTb T8Klle 1 aCHMIITOTHKa KOTOpbiX He 3aBHCHT OT qncna 
/20/ 

"necTHnu", KOTOpbiMH o6MeHHnncb paccenBmomnecH qacTHUbi • OaHa H3 

TaKnx anarpaMM rrpeacTaBneHa Ha pnc. 6. 

·s-> 

Pnc, 6 

ACHMIITOTHK8 STOll anarpaMMhl ~ He BOCIIpOH3BOaHTCH COOTBeTCTByiD-
~ . 

ll1HM qneHOM pHaa IIpH pa3nO*eHHll 8KCIIOHeHThl B 8HKOHanbHOll ¢opMyne~(15), 

12 

AHanorHLIHaH Tpyt:tHOCTb HMeeT MecTo n B cnyqae rrr 
. . -.-· --' . ' " /21/ -' < 

TII'IHOrO o6Me!ia 1 Ha qTo YK83biBanOCb B pa6oTe , IlpOJ 
~' . 

HOe COKpalUeHIJe IIpll CyMMI!pOB8Hllll aiiarpaMM Tlllla IIpHBe 
:··· ... 

nnn xw TaKoe coKpnrneHne He nMeeT MecTa - aTo ocTaeT 
;~ -

BOilpOCOI>I, 

B 3aKnroLieHne anTopbi cqnTaiOT cnonM aonroM rro6m 
. .~ •. . . ·• . . . . . . ·-

lli!Tepec K pa6oTe n cTuMynnpyiOmne o6cyxmeHIIH LI.l-1. En 
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38BHCHMOCTb cymeCTBBHHO 

npH6JIHIKBHHBM 1 T,K, llJlH no-

f!TepHpOBBHHH t -KaHanh-

a HBilJIOCKHfi xapaKTep 6JIOKOB 

paccMaTprrBaeMoM Knacce 

:oTOpblX He 38BHCHT OT 'IHCJ18 

/20/ 
muecH qacTHUhi • OaHa H3 
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