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noxaaaao, 'ITO aasecTHblli BblBOll pa6oTb/ 
1 1 

o aeaoaMOlKHOCTH coaMemeaasr a aeno

K&nbaoA TeOpHH nonS! ycnoaali M8KponpH'IHHHOCTH H YHHT8pHOCTH 06SI38H HQYJlll'IHOMY Bbt6o

py aHTHs pMHTosoA 'I&CTH aepwaaaoA naarpaM Mbt, OfScyJKJl49TCSI BbtnOnHHMOCTb xpaTepasr 

M4KpO!IpH'IHHHOCTH B onpen.eneHHOM Kfi8CCe H9fiOK8fibHblX TeOpHA (HTO), 

I. Cor nacao
11 1 

MaTpH"<HbtA sneMeHT npoueccoa paccesraasr m Ha"'81thHbiX '18CTHU 

B D KOH9'1Hb! X COCTOHT H3 'lfiQHOB BH)l8: 

V t (x
1 
)- '19TbtpeXM9pHblQ o6liaCTH C Jl0CT8TO'IHO f'fi8)lKHMH rp&HBUSMH, 

Ycnoaae MaKponpH'IHHHOCTH, npaasrroe a 
111

, cocToHT a Tpe6oaaaaa, 'IT0 6 br aaaHMo

neACTBHe 3 8 M8KpOCKOnH'I9CKHe apeM9H8 OCyl!leCTBfiSifiOCb KB8HT8MH nonOlKHTefibHOli SHe prHH 

( cp. 
12 1

). MaTeM&TH'IeCKH sTo sJtBl!BaneaTao paa6aeaaro I'! 0 
a o6nacTH x 0 x 0 •» x o •• xo 

1' t *f a 

H8 JlBQ '18CTH: 
0 

" KopOTKO)leliCTBY!OlllY!O' f'1 CO CBOliCTB8MH 

\2) 

H 'l&CTb D 0 
, o6nanaromyro 'npaBHnbHbtMH" cneKTpanbHbtMH caolicTaaMa : 

)- Jd •k ••• d \ O(k 
0 

+ k 0
) D 

0
(k ••• k )expi(k x + ••• ) 

1 D t+J D l D 1 J (3) 

x~ ,x~ , ... x,o>> xt~t , .•. x~ 

KaK no'Kaaaao a 
131

, JlOCTaTO'IHbJM ycnoaaeM "xopOTxoneAcTsasr' SIBnsteTcsr oTCyTCTBHe 

6nH3KHX oco6eHHOCTeli y ~ypbe-ofSpaaa ~OpM~SI<TOpa B nnOCKOCTH KOMnneKCHOf'O nepeMeHHo-

ro p • OTCrona B btTeKaeT, 'ITO nnsr Bbrnonaeaasr (2,3) )l0CT8TO'IHO nOTpe60B8Tb OTCyT-

CTBHSI fSnB3J<HX He~liBM8HOBCI<HX OCOfSeHHOCTeli y M8TpH'lHblX sneMOHTOB S -M8TpHUbl, 

2, 00CTP09HHe 
Il l 

MeTOllOM lliTroJCeTlb6epra-Boronro6oaB: s -MaTpHUbl npOBOJlBTCSI B 

MHHMblQ '18CTH ICOS~~BnHeHTHbiX ~yHJCUHli paanolKeHHSI S no in -onepaTopaM onpenenmoT-

csr y cnoaaeM yaaTapaOCTH; neiiCTBBTefibRbre - ycnosaeM MaKponpH'lHBHOCTH, MaTPB'IHbrll 

sneMeHT 1 nODS!Jll<ll HMeeT BB)l: 

3 



• 
ie f d•x,d'x d•x rex ,x ; x ) u* (x ) u (x )¢ (x ); 

2 3 123p l p 2K 8 

Uf' - CKSnS!pHOe 38pHlK8HHOe none MaCCbl f' , rp K - Hel!TpanbHOe none MaCCbl K 

Tpe6oaaHH H yHHTapaocTH , nopeaueaol! a TpaucnHnaouaoll HHBapaaaTaocTH H Maxponpaquuuoc-

TH Orp aHH'IHBa JOT .uonyCTHMblll xnac c ¢opM4JaKTOpoa: 

·r < . - . 2 2 . 2 • 2 2 : 2 2 2. 2 p 1p 2,kl = f(pl' p 2 , k ) , r ( p
1
,p

2
,k )=r( p

2
, p

1
, k l 

r (p ~ , p ~ ; k 
2

) He HMe eT 6nH3 KHX oco6eHHOCTell. 

MHHMble 'laCTH MaTpH'IHbiX sneMeHTOB nponecc oa pacceHHHH a non srpuaauHH aa xyyMa 

2-ro nopS!llxa onpe.uenHJOTCH ycn oaueM yHHTapaocTH: 

lm S Paa u 1$ ( t -" 2
) , 

sax. 
2 

2 

lm S - O( k -4,.. lv' l ~ 
k 2 

I ·r c,.. 2 , ,.. 2 ; k 2 l I 2 

- nepe.uaHHblll HMnyn&c, k - KBa.upaT HMnyn&ca non .. ¢ • r (p 2 , ,.. 2 • k 2 ) = A(k 2 ) . 

Y c noane MaxponpH'IHHHOCTH noaaonHeT aoccTaHOBHTb pean&Hble qacTa: 

F(t) , ¢ (k 2
) 

s 

a ax. 
s ~ f 

.,.. 2 

pac 
F( t) 

t - K 
2 + iK 

d!l 2y'~ lf(p 2•1' 2; M 2)12 

k "-M 2 +i< 
+ ¢ ( k 2) 

uei!cTBHTen&Hbie q,yuxnun 6ea 6mwxnx oco6eaaoc Tell . 

MHHM8H 'laCTb aepwnna oll .uaarpaMMbl 3- ro nopS!llxa no x anany aei!Tpan&aoll qac TH-

llbl HMeeT BH.[l: 

A 

lm S 
3 ~ A( p ~ ) A( p ~ ) A ( k 

2 
)O(k

2
-4p 2 ) _ 1_ 14 J

1
F(t)-1 

A I 

dt + f _!!__ l t • 

¢ 2 2 2 2 2 2 

( p I + p 2 - k ) - 4p lp 2; A 1,2 

y "W A2 t A2 

2 2 
pI + p 2 

2 2 2 ~ (4) 
- k + 2(K - p )+.J(l-~¢ : 

- k'P 

paa!Saeaae HHTerpana a ( 4 ) ua .use 'IBCTH npoae.u euo, Tax lKe x ax a a 111, Tax, 'ITO 2-A 

'lnea COBDaJlaeT C COOTBOTCTBYIOIIlHM DOKanbHb!M BblpalKeHHeM, pean&HaH 'laCTb ltOTOporo 

MOlKeT 6 biTb Bb1 6paaa coana.uaJOIIlell c noxan&HbiM Bbtpa lKeaae M. P ean&HaH 'laCTh, coOTBeT

CTBYJOIIlaa 1-My 'lneuy a ( 4 ) ,.uonJKaa 6b1Tb no.uo6paua Tax , 'IT06bl 6n aaxall paapea oT 4p 2 

.no .. o6xo.uanca <PaliHMaaoacxHM c n oco6oM, T.e. 

4 

s 3 
2 .. 2 

A(p I )A(p 22 ) I d,.. A(M. )F (p i2•P : ;1'4 2) 

F " 

'1'2 k - M 2 + ; , 

1 

v' ~ 
AI F(t)- 1 dt f --

A2 t 

Ha (5) cne.uyeT, 'ITO npa yxaaaaa oM c noco6e n o.u6opa pean&aol! qacTB 

JlHa rpa MMa 3-ro llOp >UlKa He CO.[leplKHT 6n H3KHX Re4JaliHMa HOBCKHX OC06eHHOC 

BbiT81t89T BbtnOnHeHHe llOCTaTO'IHOr o ycn OBHH MaKpOnpH'IIIHHOCTH, 
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.uoxaaa aa npHMeHHMOCTb p e.uyx un onaoii q,opMYnbi fleMaaa, Ca: 

U HMMepMaHa a uen oM xnacce HTn . MaTpH'IHblll 3neMeHT npou ecca (I) MOll< 

CSH B BHne: 

< m lsl n >efd'x ••• d 'x exp i( k x 1 + ••• )K ••• K < OI T(A(x 1 ) ••• 
1 n t x 1 x

0 

A( x)- onepaTopbl HHTepnonnp y JOmero nona, K x 0 -,.. 

PaccMoTpHM no.uHHTerpan&ayJO <jlyHKUHJO a (6 ) a o6naCTH 

ee <jlyp&e-o6paa: 

0 0 >> X 0 • • J: 1 , • •• X t t+l 

0°( k 
1 

... k n) ~Jd ' x 1 ••• d ' x n exp i( k 1x 1+ ... )Kx
1 

••• K xn < OI T (A(x 
1 

) ••• A(x, ) T (A(x, 

= l f d\ ••• d'x expi(k x +. •• )K • ••• K. < OIT(A(x 1) ••• A( x lln ·><n i T(A(x l 
0 1 n I 1 1 n • t+ t 

Hcnon&ayH TpaacnRUHOHHYJO naaapnaHTHOCTb a nonolKnTen&HOCTb s uepr an a 1 

COCTOHHHSIX, nerxo npHliTH K Bb!BO.Uy, 'ITO nOCD9.UHee Bb1p8lK9HHe COneplKHT 

OTKyua BhiTeKaeT, 'ITO 4Jypbe- o6pa3 0° CO.U9plKHT T OnhKO T8KH9 '!aCTOTb: 
k o o 

'f- J +,,, + kD ~ 0 ConocTaanHH 9TOT peayn&TaT c (2 ,3 ), npaxo.uHN x BhiBOil: 

M8KponpH'IHHHOCTB OK83 bi B 8eTCSI BbiUOn HeHHbi M . 

B 38Xlli0'19HB9 IIBTOp Bb1palK8eT r ny6oxyJO 6nar o.uapHOCTb n . A.Kap lKHB!l 

Hblll HHTepec H MHOr O'IHCD8HHbl9 llHCxyCCHH B npouecce HanHC8HBB 3TOll 31 
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ie f d 
4 

X f d 
4 

X d 4 
X r: ( X , X ; X ) U * (X ) U (x ) ¢ (X ) ; 

2 3 12 s p.1p.2K a 

up. - cxanSipHOe aapHlKBHHoe none MaCChi p. , ¢ K. - Hel!TpanbHo e none Meccbl K 

Tpe6osaHHH YHHTapHocTH , nopeauesoa H Tp aHcnauHoHHoll HHBSpHaHTHOCTH H MaKponpaqyHHOC

TH orp aHH'UIBBIOT nonycTHMblll xna c c lj>op Mij>axTopos; 

T< P I P 2; k l = ·r < P ~ • P ! ; k 2 l • r • 2 2 . 2 2 2 2 
( p 1 ,p 2 ; k )=r (p

2
,p

1
;k l 

lr 2 2 2 I ( p 1 ,p 2 ; k ) He HMeeT 6naaxax oco6eHHOCTell. 

MHHMble 'IBCTH MBTpH'IHbiX sneMeHTOB npoiieCCOB paCCeHHHH B nonSipH3811HH BSKyyMa 

2-ro nopHIIKB onpenenHIOTCH ycnosHeM yHHTapHOCTH: 

lm S P ao ~ 8 ( t -K. 2 ) , 

BBK, 
2 

2 

Im S - O(k -4p. )y l 4p. 2 

k2 J·r(p. 2 '" 2 ; k 2 ll 2 

- nepenaHHbrll HMnynbc, 2 2 
- KB8IIP8T HMnynbCB non H ¢ , f ( p. , p. k 

2
) = A(k 

2
) . 

1
cnosue MBKponpii'IHliHOCTH n 03BOnHeT BOCCTBHOBHTb peanbl!bre 'IBCTH! 

s 

aax. 

s = f 
•p.• 

Pao 
F(t) 

t- K 
2 + iK 

d M 2v~ Jr<" 
2

,p.
2
; M

2
>l

2 

k "-M 2 +i < 
+ ¢ ( k 2) 

F(t), ¢ (k 
2

) - nel!CTBHTenbable lj>yHKIIIIH 6ea 6nH3KHX oco6euHocTel!. 

MHHMSH '18CTb 
aepwiiHHoll n a arpa MMbi 3- ro nopHIIKa no xauany uel!TpanbHoll 'IBCTH-

:,1 HMeeT BlfJl: 

lm S 
3 ~ 

A 
2 2 2 2 21 I 

A(p 1 )A(p 0 )A(k )O(k -4p. l - -l4f F(t)-1 dt 

V~ Ao t 

AI 

+f..!!.!._ 
A t 

2 

l . 

2 2 2 2 2 2 
<I> = (pi +p , -k ) -4plp 2; 2 2 

A 1,2= p I + p . 
2 2 • ~(4) 

- k + 2(K -p. )+.J(l-~<1>: 
- ~ 

11/ a6aeuae HHTerpana s ( 4 ) u a n ae 'IBCTH npoaeneHo, Tax JKe x ax H a , Tax, 'ITO 2-A 

BH COBnan aeT C COOTB9TCTBYIOlllHM noxanbHbiM Bb1pB lK9 HHeM, p e anbHSH 'IBCTb KOTOporo 

·lKeT 6 brTb Bh1 6paHa cosnana1011lell c noxanbHbiM BbipalKeuaeM. P eanbHB51 'IBCTb, cooTBeT

>YIOlllSH 1-My 'lneay B ( 4 ),n onlKHa 6 hJTb non o6paHa Tax, 'IT06bl 6naaxal! p aapea oT 4 p. 2 

06XOIIHnCH lj>a liHMBHOBCKHM Cnoco 60 M, T .e. 

4 

l~-

3 2 - d 2A 2 s = A(p I )A(p 22) f p. (M )F(pi2•P: ;M 2) 

<p." k - M 2 + i< 

F jl F(t)-1 dt • 
A2 t 

(5) 

v <I> 

Ha (5) cnenyeT, 'ITO npR yxaaaHHOM cnoco6e non6opa peanbuoll 'ISCTH sepwH~HSH 

IIHBrpSMMB 3-ro nopHIIK8 He COneplKHT 6nR3KHX R91j>Sl!HM8HOBCKHX OC06BHHOCTel!, OTKYII8 

BblTeKBeT BbtnOnHeHHe IIOCTSTO"HOrO y cnOBRH M8Kp0npH'lHHBOCTH. 
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IIOK838Ha npHMBHHMOCTb penyKIIHOHHOH lj>opMYnbl neMaHa, CHM8B3HK8, 

UHMMepMaHa s uenoM xnacce HTn. MaTpH'IHhlli aneMeBT npouecca ( 1) MOlKeT 6b1Tb aanH-

CSH B BHII9! 

< m JsJn>afd
4

x ... d
4

x expi(k x + ••• )K ... K < OJT(A(x
1

) •• • A(x )J O ·> 
1 n 1 1 x 1 xn D 

A( x)- onepa Topbt HHT epnonHpyiOmero nonH, K x = 0 - ll 

PaccMoTpRM nonHHTerpanbuyiO ¢yBKIIHJO s (8) s o6nacTH x ~ , ••• x
0 » x o , ••• x 0•. H HallneM 
t t-f-1 D 

ee lj>ypbe-o6paa : 

0 °( k 1 ••• k n ) ~ f d 4x 1 ••• d 
4 

x n expi ( k 
1
x 1+ ••• )K.

1 
••• K •n <OJ T ( A(x 

1 
) ••• A(x t ) T(A(x-.

1 
... A(x 

0 
))\ 0> 

=Ifd
4
x 1 ... d'x expi(k 1x + ••• )K •••• K. < OJT(A(x 1) ••• A(x )Jn ·>< nJT(A(x )- .A(x )JO>. 

D D 1 I D t i+ l D 

HcnonbayH TpaucnHUHOHHyJO HHsapRSHTBOCTb H nonolKHTenbHOCTb SHeprHH s 

COCTOHHH51X, nerKO npHliTH K Bb!BOIIY, 'ITO nocnenaee BblpBlKBHHe COIIBplKHT 

npOM9lKYTO'IHblX 

B(E -k 
0 

••• - k 0 ), 
D i+-1 D 

OTKYIIB BbiTeKeeT , 'ITO lj>ypbe-o6p83 0° coneplKHT T OnbKO T8KH9 '18CTOTbl , 'ITO 
0 ~ 

k-.1 + ••• + k,. ~ 0 • C onocTasn51H STOT peaynbTST c (2,3) , npaxon HM K BbiBony, 'ITO ycnosHe 

M8KponpH'IHHHOCTH OK83 b!B8eTCH BbtnOnHeHHblM, 

B 3 8KnJO'leHHe 8BTOp Bblpa lKAeT rny6oxyJO 6nar onapHOCTb n.A.KHplKBHllY 3 8 n ocTOllH

Hblli HHTepec H MHOr O'IBCneHHbl9 IIHCKyCCHH B npou ecce HBIIHCSHHH 3TOII 38M9TICH. 
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