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B nocnea aee epeM !I oaaoA H3 caMbiX ea>K HbiX npo6n eM cp H3 HKH BbiCOKHX a a epru il 

!IBn!leTC!I cy!lleCTeoeaaue nomocoe P ea>Ke e TeopHH non11, 3 Ta npo6n eMa 6bma uccneao 

eaaa c noMO!llbiO ypaea eHHH 6 e Te-ConnHT epa / SC I c np ocTbiMH <~ apaMI!. 8 cnyqae pac
/ l / 

C 8 SIHIH1 CKBnH pHbiX 48CTHU OK838n0Cb , l.fTO B TBK H83biB88MOM 118CTHH'-lH OM npH51IH:»<e-

HHH 8CHMllT OTHt.t8CKOe ll0B8.U8HH8 8Mfl1IHTY1lbl B nepeKpeCTHOM K8H811 8 onpe.aenSi e TCSI Oll

HHM nonK>COM P e.a>Ke . C .n pyr oH cTopOHbi, nnst paccestHHSI ncea.oocKaJHtpHbiX qacTHU c 

• r8MH1IbTOHH8HOM B38HM0Ll,Bi1CTBHH if> (x) B "ny3blp bK OBOM" np1-1611H >KB HU H O K83bi B88 TC st, 

1'21 
1.(TQ C8M8SI 11p88851 OC068HHOCTb - T O '-lK8 B8TB1lBHlHI , H8 38BHCSlW8H O T ::meprHH • nos:tB118HHe 

pa3p838 T BCHO CBSl38HO C flOB81J,BHH8M st .n pa HH Terp8 1lbHOro yp8BHBHHSI npH 601lbWHX ne-

peaaqax HMnynbca . Lln<I nceeaocxan<Ipaol\ Teopu;, ny3bipbKOBa<I a 11arpaMM8 xax <~apo, 

a OT !liPHIB O T nonfOCHofi .a.HarpaMM LI, He .aaeT ypaaHeHHSI THna ct>pe.a.ronbMa . O.n.HaKo a 

npHHUHfle 003MOtKHO, l.fTO TQLfH8Sl 8Mfl1lHTy.08 pacceHHlHI .UBYX nceD.QOCKanstpHbiX 98CTHU 

RBnReTc<I MepoMopcpao~ ¢yaxuu eA yrno eoro MOMeHTa 8 aToll pa6oTe, ucnon b3 Y" 

yny!..fWeHHylO MO.a enb p acceHHHSI .aayx l.f8CTHU, Mbl OOKa»<eM, tfTO 3 T O B C8MOM nene 

B03MO>KHO. Mbi HCfi0flb3yeM K8K 51Dp0 cyMMy T8K H83biB88MbiX HT epHpOB8H HblX fiY3blpb

KOBbiX a 11arpaMM
131 

/p11c. I I . 3TII n 11arpaMMbi co ae p >K aT 11 O!lHOny3biPbKOBbi(I cnyqal\, 

TaK 4TO pewea11e ypaeaeai!<I BC a aeT 6onee wupoxul\ xnacc a11arpaMM, qeM ypaeaeaue 

C O.QHOfiY3blpbKO BbiM s:t npOM . 

CyMMa auarpaMM , aaiO!lllfX <~apo, MO>KeT 6biTb Bbipa>Keaa cneayiO!lleH cj1opMyno~3 ( 

K (t) f D (t) Ill 
1-AD(t) 

• r.a.e -n epeHOpMHpOB8HH851 KOHCT8HT8 CB513H H D ( t) - ebi4T eHHbiH cnexTpanbHbill ""' 

Terpan, COO T B9T C T BYIOWH H fi Y 3btPbKOBOA Ll HBrpaMMe: 

D (t) f~-..J~ . /2/ 

16 " 4 t' ( t'- t ) t' 

KaK aTo aaM e1.fae T cst a pa6oTe
131

, ecn H A< 0 , aMnnHTyna paccestH Hfl, .a.anHaH 

cpo pMynoA / J I , I!M ee T non10c an <~ t < 0 / npH3paqa oe cocTO<IH I! el. Lln<~ A > 0 n o!len<I -

e T C H CBH38HHOe COCTOHH H e , ecnH 

A > 4r. 
00 

dt' r , -'77=4I ~ t yt (I-

3 

!\ = 8 rr. 
0 



rae 

an!! 

¢yHKUH!! !((t) Mo>KeT 6b1Tb HBOHCBHB B COeKTpBnbHOM BHae: 

t 
0 

A < 0 

K (t) 
2 

g (> .. ) 

t - t 
0 

+ f dt' lm !( (_Q 

t' - t 

peweHHe ypaBHeHH!! 1- AD ( t
0

) = Os o6nac TH 

H A > A , B a pyrHx cnyYa!!x /(A) = 0. 
0 

t < 4 
0 

H 
•I 

g 2 (A ) = ( D '( t )) 
0 

YpasHeHH e E. C. a nH napuHanbHoA aMnnHTya bi pacc e """" Tr B o6oaHaYeHHHx 

pa6oTbl l l l HMeeT cneayiOwHA BHa l cneayH BHKy
14 1, Mbi cosepwHnH nosopoT nyTH HH

TerpHposaHH!! 1: 

r a e 

Te ( P ' Po ; '* qo; ·s ) 8 e(p,po;q,qo;s ) + 

+~ 

+ f dp' f dp' K
0
(p,p ;p',p' 

0 L 0 0 
,. 14 I 

X 

F(p',p';s) 
0 

T r r p', P: ; q, q ; s ) ' 
0 

!(o ( p, P ; q, q ) = Bf(p, P; q, q ) = 
L 0 0 0 0 

/(A) 

• ( 2 7T) 7T 

+ 
( 271 )

4 
7T 

a F ( p, P
0 

2 

Oe p 2 + q2 + t 0 + ( p 0 - q .J ) + 

2p q 

f dt ' · Im K (t' J Oe ( P
2
+ q

2
+ t' ~(p.- q / ). 

2 p q 

; s ) =[/+ 
2 

:n + (p 
0 
-i ...rs 

2 

2 2 r::- 2 
)][p+m 2+(p + iY.!.)] 

2 

nocne .U flHHHbi X, HO npOC TbJX Bbi'H1Cn8HHA MO >K HO npoaepMTb, l.fTO H8W8 Hnpo H3-38 

noaea.eHHH l:n K (t) • B 6ecKOHeYHOCTH !IBn!leTC!I Ha poM THna Cl>pearonbMa. vb Bblpa>Ke-

HH!I I } I cneayeT, YTO lm [( ( t) - ( log t r 2 
npH t ~ ~ 

CeAYac Mbi XOTHM nonyYI<Tb nose.ueHHe se.uyweA TpaeKTOpHH Pe.u>K e an!! ManbiX 

3H8l..f 8HHi\ A CHa'lana aallMeMCH cny'laeM A < 0 . M hi noKa"' eM, YTO cooTBeTCTBy 10-

lUl·d\: fi0J1K)C H8 CTpeMHTCH K K8KOM y -TO U8!10MJ 3H848HH10 yrllOBOrO MOM8HT8 npH 

A ~ - 0 ' a OCT88TC51 6onbW8 HYllH. no T eOpHH ct:>pe.nronbM8 .anSI M8!1biX 3H8l.f811HA I A/ Mbl 

.uon>KHbi Bbi'IIICnHTb cnea H.U pa. T or.ua npH6nH>KeHHoe ypaBHeHHe .unH TpaeKTOpllll HMeeT 

cne.uviOwKA BHJ:I: 

4 



T [ !( f 0 ' / 5 / r F 

rae 

+~ 

1 2 
_!_n_ T [Ke-

( 21r ) 4 n 
J dp J dpo g(A)Qf(l+ ) + ' F 2p2 

161 

+ J d 1 lm !{ ( 1) Qe ( 1 + 
2 

P 
2 

) 1 
F ( p, p 

0 
; s) 

VI HTerpHpoeaHHe no 
Po MO>KeT 6biTb npoeeaeHo TO'fHo

111 , 11 Mbi non y 'fi!M cneay-

10wee Bbipa >KeHHe .onst T _l{f_l_ J : 
r F 

r [l(e -_; J = ~ 
(2" ) " 

dp 
X J 

17 1 y p> + m>(.4 ( p2+ m> J - s ) 

Bbi'fHCITI!M noaeaeHue aeyx 'fneHOB / 7 I He3aBHCI!Mo. 

4T o6bi nony'fHTb noaeaeHHe nepaoro 'fneHa, HaM Hy>K HO n oaeaeHH e /(A) " 

A < 0 • Benl!'fHHa 

1 - A 
d I 

I f 
o < I ( I 16 " 

t 
0 

onpeaen~ eTc~ 11 3 ypaeH eH H~ : 

y 1 - ,4 

I 
0 . 181 

I 
(I 

VI HTerpan a y paaH eHH K /8/ Bui'<I!C n ~eT c~ T O'I HO, oaHaKo an~ A~ - 0 H8M Hy >Ke H 

T On bKO e r o 8CHMnTOTHt.t9CKHA BH.O npH t -. - oo . Vfcnonh3yH a c HMnTOTHt.t ecKyK> ¢o pMy , 
0 

nocne 38M 9 Hb! 

( 10~-~; 

lim 

A~-o 

T 
r 

D' {I) 
0 

e npaeo~ 

, l-ITO 

~ 
16 " e JAJ 

CTOpOHe ypaBHeHH~ / 7 / ITOITY'IHM anll M BITblX 

T [ !( _
1
_ ) CTp eM KTC ~ K KOHe'f HOMy npeaeny: , f F 

K _1_ ] = ( _ 1 _ ,.. _1_ 
e F 2rr l.. 2TT 2 

1 

eU + IJ 

/ 9 / 

Mo»<HO npoeepHTb, YTO t.tneHbi Bbrcwero nopsr.aKa paano>KeHHSI onp e.a.enHT enst ct> pe.a.ronh- · 

MB H M9IOT T O >K e C8M09 nOB9.09HH9, HM9HHO: OHH He HCY938lOT npH A, ... - I) 

ilnSI M811bi X f10flO>KHT9 'lbH biX 3H8l.f9HHA 
1 T 8K YTO .00CT8TOl.f HO 
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oueHKTb TO!IbK O noeeaeHue cneKTpanbHoro ttneHa. n ocne KHT e rpHpoaaHHR n o p nony-

qa eM anR 

/7t. 

T [ .'(._1_ ] 
' L F 

0 
Bblp8>K8HH 8 T Of'O >Ke TRna, lfTO H BT O p ot% ttneH COOTHOW8HHSI 

Pa3aensHI o6 na c TK KHTerpHpoBaHHR Ha aae '!BeTH ( 0 < p < .'1 , N < P < ~ 
.4 < t < M M < < oo / , H8H1l.8M, '-ITO BKnB.D.bl OT HH3K08HepreTHqeCKHX o5nac T eti: 

K 

n ponOpUKOH81lbHbl >! Ll.nst ManbiX A K T BKHM 06p830M npeH e6 pe>KKMbl no cpaBHeHHIO 

c r n aB H b!M 'ln eHoM ( N <p < ~ M < t <~ 1 .llnR BbllfHC118H HSI KO T OpOro MO>KHO HCnOnb-

3oaaTb acKMnT oTH'!eCKYIO cl:>o pMy cPY HKUHH fm K ( t) K np eH~6pe'<b Maccoil m nocne 

3 TRX n p K 6 JlH >KeHRl! M bl n pKXOLlHM K CJleLlYIOW eMy HHTerpany: 

T [ Xr -1
- I -~ f _:J_p_ 
F (2'r)TTN p -lp2-s 

t f dt Qp( 1 +-, 
M 2p ( J.Q_ + __l_ log t ) 2+ 1 ' 

A TT 

Ecnu Tenepb nono>K HM s = 0 , TO 3TOT HHT erpan MO>KeT 5hiT b BbtYHC118H cne.a,y lO-

WHM o 6p830M: BWlfHCnReM CH8lf8118 HHT erpan no p OT Hynst .llO 5eCKOH8'-IHOCTH, 8 3a-

TPM Bbl'-tHT8 8M H3 H8f'O HHT erpan OT 0 LlO fl npH'< eM Bbi6HpaeM ·'' H M Ta -

_t._l _ > > 1 , TBK '<TO B KHTerpa· 
2.''{2 

KH M o5pa30M I Hx aenHYHHa noKa npon 3B011bHast! I , l.I TO 

ne no p OT p LlO N MO>KHO HCn01lb30B8Tb 8CKMnTOTH'<eCKyiO cPOpMy Qf 0 Ta -

KHM o6pa30M, Mbi nony1.1aeM: 

T [ !(. _1_ I - _4 _ __ A_ - _4 __ 1_ ~ 
' F ( 2TT )

3f 16 ( 2TT) 
3 f 16 

f r • rrf-);L 110 1 
4TT e" r p ____!£ ) = - __ 1_ c E I r -11 e~ J 0 

( 211 ) 
3 

E I (- TT 

A ( 2 TT 
2

) A 

B Bb!pa>KeHHH T r x.,.LJ nepBblfi '<Jl e H B03HKKaeT K3 HHTerpana B npeaenax 0 < p < ~. 
r < F 

8 OCT81lbHbi e LlBB '!JleHa K3-38 HHTerpHpOBBHHR B npeaenax 0 < p < N o 

B bipa >K eHKe 
1 1 

T [Ko _ I Llll R 60nbwux 3 Ha'l eHuli I" I (loclsi -O ( _ ))non y 4aeTcR 
, < F ' 
~ + _I_ log (-s) B ypaBHeH HH / 10 /. ' 

A TT 

38M8HOfi J (j H8 

A 

J.1cnonb3Yil T enepb COO TH OWeHKR /5/ H / 10 /, HB XOLl HM yp8BHeHHe LlllH 8CHMrJTOTH 

qecKO r O noaeaeHHR aeayweli TpaeKTOpHH Pea>Ke: 

TTf (16 + 

1 = -
_1___ o A -l- fog(-,f ) 

2 TT2 r TT E (-TTf[~ +L log( - ·s) I )o 
I A TT 

/ II / 

J.13 ypa aHeHKR / Ill BHLlHO, '<TO, ecnH A_. 0 HnH s->~ , T O 

I ll / RBJl!l e T c H TpaHcueHaeHTHb!M ypaa H e HK eM n o nepeMeH HOl! 

1+ 2? 

C llpH611H>K8HHbiM p ew.e HH 8M: 

X 

e o E; ( - x
0

) = 0 

-9 
X ~ .1 10 

0 

6 

f-> 0 . YpaaHenu e 

X= TT f ( ~ + _1_ log{- S ) ) .' 
A TT 

/ 12 / 



TaK 'ITO n ns• TpaeKTOpHH P en>Ke nony'laeM cnen y 10wee Bbipa >Ke HHe: 

f ( s ) 
1611 

->.-

X 

+ log(- s ) 

/ 13/ 

0'1 e BHtlHO, 'ITo BbiCwHe 'lneHbi B pa3no >KeHHH cj:JyH KUHH Det [ 1- Ke+] npHaemi 

5bi Hac K npyroll cj:Jy HKUHW oT P eweHH e ypaaHeHHS! / 12 / c HnhHO 3aBHCHT oT Koacp-

cj:JHuReHTa npH e'• E 
1 

(- x
0

) HanpHM e p, ecnR 5bi OH 5bi/1 nopSinKa enHHHUbi BMecTo 

~ , T O Mbl 6bl HM 8n H p83YM H0 8 3 H8l.f 8HH8 .QnSI X • YfTBK, 8Ll HHCTB 8 HHO, ttTO Mbl 
211 ' 0 

Mo>KeM CKa3aTh o n oaeneHHH aenywell TpaeKTOpHH nnSI Ma/lbiX 3 Ha'leHwll >. ( H I HnH 

5onhWRX 3Ha'leHRll Is I ) , 3To T O, 'ITO OHO onpenenSieT cSI Bbipa>KeHHeM THna / 13 / c He Ko-

T O pbiM 3H81.f8HK8M X 
0 

, /10/l Y'IeHHbie H3 ypaSHeHHS! / 9 / H / 13/, MO>KHO Ha5mo-

.Q8Tb K8tt8CTB8HH08 p83JlHqHe M8>K.Q.y CIOB8Ll8HIHI MH Tp8 8KT O pHK .QJlSI A-+- 0 

3To 0 3Ha 'laeT, 'ITO peweHHe HHTerpanhHoro ypaaHeHI<S! o5 n anaeT oco5eHHOCThiO no >. a 

T01.JK8 A= 0 , KM8HHO , Tp8 8 KT0pHS1 CBSI38HHOr O COCTOSIHHSI HM88T CK8't{0 K flO A 

¢H3Hl.f8CKH 3TO ITOB8.ll8HH8 COB8pW8HHO CIOHSITH O , CIOCKOllbKY 3TH .llB8 C llY'-18H cywecT-

BeHHO pa3/1H'IHbJ: KOr.lla A-+_: 0 .O. K8rpaMMbi, COOTB8TCTBYlOWH8 Rn,py, C0.0.8 p >K8T rrpH3-

p8YH08 COCTO SIHH e, KOTOporo HeT B CllYY88 ,\ -+ + 0 • 

EcnH cpaBHHTh noaeneHHe TpaeKTOpHH, nony'leHHoe H3 ypaBHeHHS! / l3 / 1 c Tpa eKTOpHSI-

MH nnSI noTeHuHana 10K aaa
151 

HllH nnSI T eopH II Tllna g ¢
3 

, BHtlHO, 'ITO Hawa TpaeK-

T OpHS! HMeeT HaMHOrO 5onee Cna5y JO 3aBHCHMOCTh OT s Bo3MO>KHO , 4TO a T o MO>KeT 

o5'bstc HHTb aKcnepHM8HTanbHO e no no >Ken He a on biT ax y npyroro pace eHHHR, r ne Ha6n lO.aa

e MaH rpaHHU8 C)K HM,IJ.HIHI .LU1¢paK UHOH H OrO llHK8 MHOrO M9HbW9 3H8l.f9HHst , npe.n,CK838HHO

ro B ynoMHHYTbiX Teop i<Hx
11

•
5 1 

HaKoHeu, cnenaeM He6onb u.. oe aaMel.faHHe : a stape H H T er panbH Oro ypaB HeH HH Mbt aa

M e HH nw rrpocTyto o.n. H o ny3hiPhK OByiO .n HarpaMMy 6onee c n o»< HOA, KOTopaSI B K ilJOl.faeT, o.a.Ha 

KO, H O.n.H:o n y3blpbKOByJO K8K l.J8CTHbiA cnyqa_H . np11 9 T OM OK838110Cb 1 lJ T O B npO T HBOIIOllO>K

HOCTh pe3y/lbTaTaM pa50Thl/
2 / acHMnTOTH'IeCKOe nOBe,QeHHe B n e p e Kp eCTHOM KaHane Onpe

il91151 9 TCS1 O.O HH M ae.n.yWHM n on~acoM P e.a>ke . 3T o aaeT Ha.a.e»<ny Ha ao3MO>KHOCTh noc

Tpo eH HH T Ol.JHOA: 8MflllHT Yllbl p8CC9SlHHs:l W8r8MH, B KOT Opbi X Mbl Bcer.a.a 6y.n,eM H M9Tb .n.e 

/10 c SiapaMH THna <Pp enronbM a , naJOW KMH p ewe HHS! c aenywRM no nJOCOM P en>Ke . 

nocne OKOH'IaHHS! ~>T O ll pa50T bl Mhl y3Ha/1I< 0 pa5o T e naKa/
6 /, nOCBS!We HHOH TOll >Ke 

caMot1 npo6n eMe . M bl aaM e TH M , o.nHaKo , l.ITO a aToA pa6oTe Hcno nhay e T cst acHMnTOT Hl.fec-

, l.J T O He.a,onyCTH MO, OOTOMy, 1.fTO , K8K Mbl 

IIOK83811H, r n a BHbiA: BK118Ll K onpe.aen HT 9 11 10 ¢pe.n.rOllbM8 

K3 HHT erpanoe no o5 nacTH, r ne apryMeHT q>yHKUHK <!e 
ue. 

Del ( 1 - [{f +) n onyqaeTc SI 

MO>KeT 6hiTb 6n H3KHM K 9.Q,HHH -

ABTOp bl 5 naronapHbl r . .QoMOKOW y 3a ueHHble tl HCKYCCI<H. 
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