
06'bED.J.1HEHHbl i1 
J.1HCTJ.1TYT 
.HD.EPHbiX 

J.1CCnED.OBAH J.1 Yf 

D.y6Ha 

5J • -I ·• s = ::r 
i! 
~ • = I 
i 
I 
~ 

p -2309 

S.M. 6ap6amoa, M.K. BonKoB 

HCCnEnOBAHHE HH~PAKPACH~X OCOBEHHOCTEA 
CEqEHH.H PACCE.HHHH 

METonoM ~YHKUHOHAnbHOrO HHTErPHPOBAHHH 

~et-s r~ I 3 c 6t,o-' 11. 
I 1' ~ , J 

tt6S 



1., 3~:)~~ 1941?, r;rrJrl l3 
~-'::::- 3603/3 p 
5 -,~_H6 Bap6amoB,B,Af. a 

BOJIXOB,M,K. 
He CJie.-o BaH He HH<f>paxpacali. 
0C06eHHOCXel OeqeHHR,,, 

-~2309. .±265, -

...;v. ~~ ....._ 

., 

e 

' I 

1 

·:~ 

I~ 
!::i 

~( 

Ji .... 

.&.. 

~ 
~ 
0 

~ 
~ 

P-2808 

S.M. Bap6amoa, M.K. Bomtoa 

HCcnEnOBAHHE HH~PAKPACH~X OCOBEHHOCTEA 
CEqEHHB PACCEBHHB 

METonoM ~YHKUHOHAnbHO~ HHTErPHPOBAHHB 

Hanpa~SJ~eso 11 X<3T~ 

'"~ ~._._..,~ = l. - -...lol; ~-~, ' . , .. 
io <•: .•. , .• ,.~"!·•::•t"J"'·~.'\ DnCfi'.' •• ,. :J ftll'll.! ,.., ...... ~ ..... "'' .. a,J l:lf"l • , _.·-. 

! ....... ,., ,., ""' , . .,. ..... ... ,;;.::·'· I. lj .,. ..... ,}. ~-4 ..... -... ••. f-,-; .. q-. l-• 1 ... <.t···•1t•··-··~·:.;r<. I 
~;._;;:: .. IJ.:= .. 1; ~~-.;~~J I i:~~ ·~ 'i ~ .......... __ ·--~-·--- ... --



§ 1, B a e .11 e a a e 

noCTpo8BB8 AMDDRTyll DpOn&CCOB C RCDOn&30BeHB8N N&TO.IIS ~yaXUBOBSnbBOro RHTer­

papoBeHBH CBH34JIO C .IIBYUII DpRHDRDB&nbabiUB 'l'py.llaOCTIIMB: BO-Dep&bllt1 C HSXOlKll&aB&M 

38UJtHY'l'bllt pemeHBII .IIDH ~Dl!RII rp.aaa 'ISC'l'HD B npoR3BOnloaou BH&mH&M none a, BO-BTO­

pb1X1 C BbiDonB8HB8U ~YDl!BOa&nbHOro ycp&.IIB&HRH &TBX pemeaall DO BH&mH&My DORIO C COO'l'­

B&'l'CTBYJOmRM B&COM, noMRMO nepe'lllcneHHbiX DpRHDRDRSnbHbllt Tpy.llaOCT&II BMe&'l' M&C'l'O • 

'IBCTO TeXHR'I&elUUI TPYllHOCTio , caRsauaa c T&M, 'ITO aunnaTy.lla nponecca BblpalKll&TCH 

'18p83 COOTB&TCTBYJOIIIYJO ~HIUlRJO rpaaa, YMHOlK&HByiO aa JI:OacllljlanaeHTb10 DpoDOpnBOH&nbHb18 

o6paTabiM ~DDBSIM pacupocTpueaasr CB06o.llablx nonell, KOTOpble sa uaccoaoll noaepxaoc­

TR o6pamaJOTCII B HYDbo no8TOyY R3 ~DDRR rpRH8 llODlKllbl 6b1Tb Bbllleneabl DODIOCHb18 'ln&­

llbl, JI:OMD8HCRpYJOma8 YJ1:838HIIb18 aynR H8 MSCCOBOII DOB&pXHOCTB, B T&OpRR B03Mymeaall 

STS JI:OUD&aCQU 0'18BBilH81 DOCJI:OnbJI:Y Bblp&lK8HB8 .IIDII SNnnBTYill>l CTpoRTCH R3 CBOt5o.IIHbiX 

~0111111 pacDpoCTpaH8HBH0 0.111181[0, &CnB ~DDRH rpaHa 0Tb1CJI:RB88TCII C RCDODb30BeHR8M M8-

TOilOB0 OTDR'IHbllt 0T T&OpRR B03yYm&HRII, Bblli8D8HB8 DODIOCIIbiX 'ID&HOB Dp8!lCT8M118T ODpell&­

n&HIIYJO TPY.IIBOCTbo 

/1/ 
B RIITepecaoll pat5oTe r.A • .Manexaaa a E,C, 4>pa.llltBHa , nocasrmeaaoll BY'IIIcneHBJO 

DpoD&CCOB p8CC8JIHBH ~epMR-'IIlCTHD C DOMOmbJO U8TOil8 ~YHitllROHSnbHOro RHTerpRpoBSHRB, 

ODRCSHHSII Bblm& upo6.neMa 6blna Dp80.110D8B8 C DOMOmbiO COMHRT&DbHOII OD8p8DRR (XOTII 6bl 

C TO'IItR 3p8BRH penHTRBRCTCJI:OII RHBepRSHTHOCTR T&OpRR) pa36R&HBS BBpTy&nbHbiX ~TOHOB 

118 MllrJI:R& R lK8CTltR8 R RCDODb30B8HBII nepaoro "I10pll.lllt8 T&opRR B03MymeHRII DO llt&CTJI:RM 

~TOHSM, .M&TO.II yqeTa BJI:D81l8 MllrltRX JI:BeHTOB B 81'011 pa6oTe T81tllt8 H8 YllS'I&a, DOCitOnbXY 

OK OCHOBaa B8 SDDpOitCRUQRR DpR'IRHHOII ~YHJI:DRR rpaaa 

D ( 2p ( s - s ) ) .. -·- f d \ 
,.. 1 ~ (2or )1/~ 

~ 
0 j.l (k ) e II kp ( o 1- o 2)- lk ( o I- o ~' 

B TO Bp8US0 XU llDJI COOTB&TCTBBS C D&pBbiMR DOpSUlXSMB T80pRB B03Mymeaall H&06XO.IIRUO 

RM&Tb a axcnoii&HTe 11e ( s 
1 

- a 
1 

) , a MO.IIynb 81'011 B&nB'IIIHbl, B pesyna.TaTe 8TO npa­

BOllBT J[ H&DpaBBnbHOII DpOD&llype nepeHopuapoBOKo 

Ill 
HacTOIIIIlSS pa6oTa npeacTaanseT co6oll DODb!TitY pa3BRTBB a ynyqmeaaa pa6oTbl • 

s 



npeAnaraeMbll MeTOA C!lp6oAeB OT D9p9'1BCII8BBblX BeAOCT8TICOB B C C8NOro B8'18na BBIISI8'r­

CB !Sonee IIOC118AOB8T81IbBblM, DOCitOllbll:y OCBOB8B Jill TO 'lBO I 38101CB. 8MIIIlJITYAbl '18pe3 ljlyBJI:­

IlBOBallbBbl8 BBTerpanhl. npa!SnBlK8BBll B03BBII:810T TOnbltO IlpB B3ll'l'KJI ljly.Kia(BOJIIlnbBbiX ltBaA-
/2/ 

paTyp. J1CXOABb1M l1Bnli8TCB npeAnOlK8BBbllt OAHBN B3 8BTOpoB CDOCO!S ljlopNanbBOro peme-

HBB ypaBB8HRI Anll ljlyHitDRA rpBH8 BO BRemReN Done C DOMO~m ljly~O&anbBOro BBTerpa­

na. ~yHitllBB rpaBa YP8BB8HBI KneAsa-ropAOB8 B ~Rpexa, Dony'I8BBb18 A8RBb1M CDOCO!SoM0 

no3BOlllllOT nerltO llp0B9CTB ljlyHitDBOBam.BOe ycpeASene 110 BB8WBBM DOnliN, 118 BblDOnllllll 

nepBOH8'18llbBblX ltB8ApaTYP R aaltTR 'l'llltRM o!Spa30M ltBaBTOBble ljlyBJmBR rpau. BnaroAapsl 

STOMYo 113 BblW8nepe'IRCn8BBblX AByx DpBBilliDRAnbllhlX TPYABOCTel OCT88TCII OABa: BhlDOnBe­

HR9 ljlyHitllliOB81IbHbiX KB8Ap8Typ0 B03BIIKWBX DpR p8W8BRB ypaBB81lRit BO BB8WBeM none. 

/2/ 
npeAnaraeMbll B pa!SoTe CIIOCO!S IlpR61IRJKeBBoro Bbi'IRcnena ljlyBJI:IlROB&nbBhlX IIBTerpanOB 

OX83biBaeTCll XOpoWHM IlpR!SnHJKeBHeM It IICTIIHllblM 3BA'IeHBBN B UljlpalqlaCBOI o6naC'I'R BRp­

Ty81IbBblX KB8HT0Bo Ha llpOCTON llpHMepe B38HMOA8ICTBHII ABYX Clt8llllp.llhlx DOnelt C narpa.a-
~ 

lKB8HOM L
1
.;= g: r/J (x) cp (x)·: rAe OABO IIOne cp(x) o!SmulaeT aynesol N8CCOI0 

llpoBeAeBO Bbl'IHCneue Ce'leBHB B38HMOA81C'I'BRII ltB8BTOB DOIIII 

ue6peraeTCll acjlcjleJI:TaMH DOnllpHS8DRH BaltYYN8 110n11 r/J ( X ) 

rp (x) • npw STON Ilp8-

0 &OTOpb18 BecyDI8CTBeliBbl 

B HaljlpaKp8CHOI 66naCTIIe 3TH paC'19Tbl nerltO llepeBOCIITCll Ba CllyqAI ltBaBTOBOI aneltTpoAR~ 

BBMRKR• 

B pa3Aene 2 DpBBOAHTCII MeTOA DOny'leUR 8NIInliTYAhl pacceliHB110 Bhlp8lK8BBOI 'lepe3 

ljlyBIClHOB8nbBbll HBT9rpan0 R C ee DOMOIDJom B8XOAHTCll Ce'leUe paCC8liBBII '18CTJIJllol DOIIII 

r/J t x ) • Hcnonb3yeTCsr nponeAypa ltoMnescanaa waljlpu:pacB:~p: pacxoAHNOCTel iry'l'e"' c,.,.-
MHpollaBHR nponeCCOB C HCDYC1t8BH8M 6ecltOB8'1BOro 'IHCna wlll'kh Ki-BTOB DOIIII </>(X) • 

Paanen S DOCilSIIIl811 nepexoAy H8 N8CCOBym IIOB8pXHOCTb HMDy1IbCOB0 CBH3aBBbiX C Bll8WHB ... 

KOBD8N110 H •lipu6nBJKellBOMY Bbl'IHCneBRXl ljlyllltDHOB81IbBblX BBTerpanoa. 

0JI:OH'I8TenbBble peaynbT8Tb10 OTIIOCIIIIlH8CII K 8CHNDTOTB'I8CitHN 3H8'18BBIIM C8'18BHII0 
. /1 s 4/ 

6nH31tH X peaynbT8TaM0 Dony'I&BHblM p8B88 B pa!SoTax 
0 0 

2. ~Byx'I8CTII'IB811 ljlyBitDRII rpaBa B ABijlljlep8BDBam.Bb18 C8'18BHII paCC8liBBll 

B NOA81IH L lat • c·: f ~ (X) f ( X )': 

~YBitDRII rpBB8 AByx '18CTHD DOnll r/J(x) CBII38B8 C OAB0'18CTH'IBOI ljlyaxnH8ft rpHB8 

BO BHemBeM DOne ljlyBJI:IlBOB81IbBbiM BBTerpanoM 

-Kf¢(el [)ol<ee.,<P<e"l..E.se[ a< x x 1 ¢ >a <x x I<~>>+ 
G(xxlxx)-Ja¢e 1a ~'(1) 

I ~ a ' 

+a< x 1z 41 • > ·a< z~z 1 1 ¢ > 1 s0 < ¢ > , 

4 
~; 
4~ ,I 

rAe S 0 (¢ ) - cpeAaee oT S -MaTpBilbl DO BaKYYNY DOnll 1/i ( X) • ~anee Nhl ae 

6yA8M yuThiB8Tb BKn8Abl BaltyyMBblx lleTenb R nonOlKHM S 0 (cp) = 1 • 3TD DpR6nHlK8BB8 
/S/ 

oDp8BA8BO DpH R3Y'f8HRH H&ljlpaltp8CRblX oco6eHHOCTel 8MIInRTYA (CM. 1 B8DpBMep0 ). ~Hit-

nasr fpaua 'ISCTBilbl nona r/J (X) B XnaCCH'I9CKOM none cp (X) YAOBneTBOpReT ypaBHeHRJO 

[ i ~a: -m; + '¢ (x)] G ( X, y I¢ ) --a ( X - y) • (2) 

/~ 
Pem8BH8 STOrO ypaBB9HRH B BRII9 ljlyBIClROH81lbBOrO RHTerpana nony'I9HO B pa6oTe H HNe8T 

BRA: 

G(x,yl¢)-if 
d s e •lam: ·If .s~v:l(~ • ¢{x -2 fv(q) .s.,)Ja'(x-y-2j v<.,) d.,). ( S) ,. e c r a', e 0 

0 0 

noncTaaaM (S) a (1) a npouaTerpapyeN no cp 1 'ITO nerlto CA8n8Tb0 DOCKOIIbKY B03HHit8• 

lOT rayCCOBbl HHTerpanbl. npR STOM Mbl p8306b8M llone ¢ ua Aae '18CTR: euewaee, 

OT KOToporo OCT88TCB 38BRCHMOCTb KB8BTOBOA ljlyHKilRR rpHB8 1 H none, 110 KOTOpoMy llpOBO­

ARTCR HHTerpRpoB8HH9. B peayn&T8T8 Dony'IRM: 

~ .. ·~ . 
·h•..t-+ •:12 ·I f y 2<el .se--~ f .,(el .se I 

G (X X I X X ). (f d 8 d 8 e 1 JJ d 4y d ', e 0 I D 2 a (x -X -2 ( V ("')drJ )8( X -x -
l~a4 It I~ I a I ~ 4 

0 0 
·~ -2 f v("') d.,)x 

0 
2 (4) 

•• •• 
8 2 •. 2 •• • •• 

X exp I ic f de¢< X l-2f I(<.,> d.,>+ ig f de¢ (x ,;2fv (.,)d.,)l exp l+i& ~~de f s, D(x -x -2 fv <.,>d., 
o e I o e~ o o I ~ el 

•a 
+ 2 f v (.,)d.,)Jx '2 

2 •1 -1 

xe:t:p (+i-;.[ f f de d( D(2 

" • e ~ ~·~ r 
f v <.,> d., > + f f de d' n < 2 f v <., > d ., > 1 1 
I' I 2 

~ 0 0 ' 0 0 

nepeiAeM X HMDYllbCHOMY npoCTpaHCTBY 

, ' ' tp':attq'x 2-tpx 1-tqx, 
G ( p' q 'jp q ) = f d 1J 

1 
d X~ d X a d'z 

4 
e G ( X 1 X 21 X a X ) • (5) 

npoH3BOAll 38M8HY 11epeM9BBblX HRTerpRpoB8BBll 

a T8XlK8 38M8HY ljlyBKilHOB8llbBbiX llepeMeHBbiX 

HBTerpHpoB8HH8 no Y a H y' c Y'I9TOM 

y
1
- x 1 , y~-xa-x 4 , ya=x 1-xa'y .-x 2-x 4 

v
1
("1)=w

1
("1)+p', v

2
(.,l=w

2
(.,)+q' H B&monHllll 

a - ljlyRKilRA B (4), IIOny'IHM 

l(p '+q'·p •Q) y +t(q .. q') y 00 
l(p 2-m~ • + l(q 

2-m~" 
I 1 I 2 

G(p'q1pq)Kfdy 1 dy~e 
1 ~ff ds

1
ds,e 

0 

. 
• I 2 

' ' ·1fw
2

<e>.se-l fw~($.se 0

1 e 
xffdw dwe o 1 o 2 exp(igfde¢(y+2p'~+2fw(.,)d.,)+ig 

1 2 I 1 
0 0 

5 

X 

(6) 
fd~ ¢<yv;-y 

2
+2q'e+ 

0 
+2 f w ('I) d"' )] X 

"2 

2 
0 



I •t • e • !i•l e ·• 1 •1 

xe:Kp I +i....!... r f1 d! d( D<21tf-<)+2J 611<,> m,)+f ~~ d( D(2q'{!-()+2/61{,) llr,)+2 f II! f d( X 

I 00 ( 0 ( '! 0 ( 0 

X D (y: 2p'lf-2q'(+2J61 {'l)c&,-2 /6l(Jt)dtt)] ·• 
floii&3YIICit STWM Bblp8lK8B118M Jlllll JlBYX'IACTli'IBOI ljlymaur11 rp..uf0 ~bl Mo71!ew.

1 
BaATll M8'l'pli'I-

Bbll 9n8M811T p8CC8Sillllll DO 113BeCTBOI ojlopw.yne: 

(2rr) 8(p' + q'....,- q) f(p'·q'jp q)- 14 lim (p'-1-·m1 X p 
1
-m •x .·.•-ax q •-•) G < P't111 q)S

0 
(7) 

pa, q a, P '·:tq"'l ... •• 

0JXB811:0 8MDIDITyJl8 f(p'q1jlq) !SyJXeT COJl8plK8Tit 11BljlpaJtpacBbl8 p8Clt0Jl11MOCTB1 liOCJI:om.ti:Y 

none ¢(x) o!SnAJXaeT ayneBOA w.accoA, Kelt xppomo 113BeCTB00 B ce-BBB llp01lecca pacceB-

Bllll STa TDYJlBOCTit yCTpaBII8TCII !SnaroJXapSI Y'leTy IICDyCKaBBII 6ecKOB8'1ROro 'lllcn& ~X 

KB8BTOE 1101111 tjl (z) , o6ma11 eaepr1111 KOTOpbiX •• npeBOCXOIDl'l' BenB'IIIIIJol A 1 paaaol 

paapemaiODleA cnoco!SaoCTB 113MepBT8n:lolloro np116opa, 

AMIIIDITyJly Dpoll8CC8 paCC8II.IIJIII C IICDyCit8RII8M D KBaliTOB IIOU ¢(x) MOllltBO 

DOIIY1fl1Tit 113 .aaiJle.aaol cjlyBII:IlD rp11aa BO BB8mB8M DOII8 ( 6), D0Jl8ICTBOB8B Ba Bee ouepa-
D 8 

TOpoM 0 ,.i..- --- B BOCDOII&30BaBWIICit ojlopw.ynol ( 7) o .Qnsr Y1feT8 TOlKJl8C'1'118BBOCTB 
t•t v~<.>, 8 ¢(k ) 1 

xany'leBBbiX 'laban seotxoJXKMO asecTB MBOlKBT8111t lf/,f • B peay~~~tTaTe llpBXO.IlBM 11: ojlop. 

w.yne 

.. - t(p'-1!•1)8 +1(•''-•1 )8 
I I l(•q IF 0 1 0 I 

f.(p'q'jpq)-I'Um {p' -ml){p 1 -miXq' 1-m'Xq-m-,Jdye ffd•
1
da

1
e x 

p'·~ \'\'-' 0 .. • e 
4 4 f I l(e> 4! f I '(!)<I! I a a•1 

xffd<.> d61 e"
1

0 <.>1 -t <.>I exp l+i ~[ f Jd!d(D(2p'(!-(}~2 f <.> {'l)d'l )+ 
1 I 0 200 (1 

(8) • • e • 
1 I I ·~ e 

+ f f ded(D(2q'U-()+2f<.>{,)d'1)+2f ~ 
0 0 ( I 0 

fd( D(:a:+2p'! -2q'(+2 f <.>{'I) d'l -

• ta 
( ) 1 I 1 u atl 

-2 f 611 {'I d 'I . .JiJ' a-1 {2r ) \/261 I 
0 ,, 

0 0 I 

• e, 
I Ilk ( ·~ I f ~ [ 

0 
1 P ._ 1 + f 61 ~'I) d 'I 1 

0 t 0 

•• llkl (q'{( -..!!..>+ f 61 {,)4,1 
I I I I +J d(

1 
e o , 

0 

C DOMOIIIItiO (8) MOlKBO DOCTpoBTit C8'18BB8 BBT8p8CYIOIII8rO sac Dpoll8CC8: 

6 

+ 

" ·~· 

l' 
'j 

'II 
'I 
i:' 

{ 

! 

·il 
. ~ 

:1.!. 

I' 

,'}) 
;,·\ 

.. r:.....--.~ 

.du· • -----~-----
a a. a tHA-I 61,)dk dk ... dk X 

I I D 
I 

(2r .) I ( p q p' ·q' .) a-o I• I 
0 0 0 0 

I D 

xlfl8
4
{p'+q'-p-q-I k

1
) 

D J•l 

a 
d p' d a,. 

(9) 

J 

Ill 
0poB8Jlll C)"NMIIpoB808 DO D DO.QO!SBO TOw.y, K&lt &TO !SYIJO CJl8118BO B pa6oT8 , DOny-

...... 
du d 0' I I f 4 

-----
0
-[ lim {p

1
-m'Xp'1-JXq'-m 2Xq 1 -m 1 )1 - X 

dO dO P l\p'~ .• •• •!ml & ' 

tAr 

X f e -1 

2 rr I r 

I f ( r-r 1- 00 l(p • -~m 1)( • -• • ·) 
0 I I 

d r f dy dy'-e f da 
1
ds

1 
ds'

1 
ds~ e x ( 10) 

0 

., !a 2 .2 

l(q··--'>< ·~-·~ 
ll e o ff d '.u /61 d ~. d ~. ., ! .. e (6l #'l-6l ;<e»-• I de (, .• ~...,. ~ 

I I I le O I ~X 

exp I·F { s 1 s~, y )+ F* ( s'
1

, 8'
1 

, y')- 241 ( s
1

, ·~· ·~, s'a• r) I . 

du 
3.Q8Cit f • q- q' - D8p8Jl8'18 IMDyiQIC81 

_o 
dO 

- C8'18BB8 paCC811BIIH B D8pBON DOpii.QK8 

T80piB B03NYIII8DI, a .jly.BKIIII :F ( s
1 
8.; ) B 

I I d4k •1•1 
F ( 8 s y )•- _&- f --Iff ~ d ( 

I I 2 (2 tr ) 4 k ~if 0 

41( s 1s ~·;at' r) aweJOT 

Ilk (p '<~~ (U <,> 4'11 
e ( t 

BBil: 

+ 

e ' • e 
~·~ llk(q~~~ f. 61 <,> .. ,>1 

.I ·~ ak,. + Uk (p ·e- •• ,+( Ql <~ 4,-f 61 (~ 4'11 • 
I O I 

+ff d!d(e '
1 +2Jd!Jd( e o 

0 0 0 

e ( 
(p 'ce-4 f "' {'7) 4'1- f"' '('I) ""1 

0 I 0 I+ 

, 
~ d a,_ • 1 • 1 Ilk 

g " •l<ur ~" 41{8 8 s's'l·--- f-- e If II! f ""'e 
I I I fi 4{ 2rr) a <u 0 0 

e , • •• ' e 
•t ·~ ltk(p'e-4 '(+L+/61('7)4'7-fru'('l)4'1] ~~~~ f~" llk[o'{e--<>-J61'{'7)4'7·+J 61 {'I) d'l1+ 

+f~fil/:e lol ol +..,. .,.,e o~ ol 
0 0 0 0 

, e ' 
•1 •1 llk(q'(-2._ -P'e-/61'

1
{'1)4'7 +f ru

1
{'7)4'7] 

+f~fd!e 1 o o I. 
0 0 

7 



H JIT&rpanbl DO k B 

rynKpR38llBB B806XOABNO 

'ln8Bbl TBn& ( S 1- s'l)8m 

Ba6nJDA&&NbiN uaccau 

F (·a,· 8 2' y. >:u 6yA8T D;Oit838BO .Qanee, paCXOABTCB. nn• ilx pe­

DpoB3B&CTB u;epaBOp:t.(BpoBity N8CCbl, T.e. Bh!A&nBTio B3 :F ( s 1·a 1y) 

• ( s - 8 ' )8m , Docne 'l&ro ·a ~p:t.(yne ( 10) uw DapaxoABN It 
ll ll 

m •m
0
+8m 

o6na.Q8JOJII81 CBOICTBON lim F• ( s 1slly 

• It D&paBopuapoaa.uol 41YBDD F ( s a y ) r 1 I I. 

)<oo• BenB'IBB8 8 m 6yAaT Bbi'IBCn&B8 B 11:008 

pa6oTbl. • 1·• , ..... 

Oocne BbiDOnR&BBll Bblm80DBC8BRbiX OD&p8D.BI Nbl DOny'I88N B03NOlKIIOCTio BCDOnlo30-

B8Tb AnSI (10) COOTBOm&BB8 

lim 
p2-+ ma 

f d s e 
0 

·lo(pli-•'>+F (e) 
• • lim 

p -!1 _l.. e 
mll-pll 

F (oo) . ( 11) 

cnpaaenn•aoe nnR nJ06ol JtOB&'IBOII 4lyauB F, (a ) • B pe3y&TaTe 8TOro AOII)''IBN: 

t~r 

du du ll ll f ' 8 
- 1 

-- E __ o [ lim ( pll-mll)( q -mll)1 - f dr 
d 0 d 0 ll ll & ' 2~ri r 

P ' q2-+ m oo 

f dy dy' e tf(y -Y '> X 

, , ., f c~et:c/<e·>+wll<e>-w·te>-w1e> 1 
x f d w d w d 4w' d 4w' e o 

1 2 
I ll 

I ll I ll 

X 

(12) 

x exp I F, ( .. , oo , y ) + F: ( oo , oo , y' ) - 2 ~ ( oo , r ) I . 

nocne nepeHopuBpoBitB uaccw a F r B F~ OCT810TCSI BB4!paltp8CRbl8 p8CXOAB-

MOCTB, <l>yHJtllBB -2 <IJ JtOMD8BCBpyeT STB . paCXOABMOCTB B peanloBbiX '18CTBX F r B 

F: . 0cT8JOJIIB9CB aa41paltp8CBbl9 paCXOABNOCTB B NBBNbiX 'I&CTSIX STBX 4lyBJtllBII B38BMBO-

KOMD8RCRpyJOTCB1 '1'1'8 NOlKRO BBBbiM o6pa30N 38llBC8Tb, A068BnRSI It i Jm : F r B Bbi'IBT8B 

B3 i lm F*r 

'18Tb 

MBBN:yiO BenB'IBBy 

F-F+i~, 
r 

i~ •-i lm:Fr (oo, 00,0). nanee Nbl 6yneN o6o3Ba-

F* -·F* -i~ • 
r r 

8 

I s. napeXOJl .. W&CCOB)'IO IIOBepXBOCTio • llpB6o•euoe 

Bw'IBcneBBe UJIItll•oaam.awx 

BBTerpaaoa 

DapaxoJl aa waccoay10 IIOB&PXBOCTI> p ll, q ll... m ll TpaiSyeT ·abiJlenan• a ~puyne ( 12) 

nonJOC.m.IX 'ln8BOB -
1
-ll 1 - 1- ll 1 KOND8RCBpyJOIIIBX MROllllrT8nB ( p ll - m ll ) 1 

1 pll-m ql-m 
( q - m I). C 8'1'01 Jl8U.IO npoBeA8M Dp8ANPBT9.JIIIRO npeofipa30lii8JIR8 ~pyYnbl ( 12), &lt-

BBNI!eRTR08 BCitnJO'I8BBIO R3 8NllnRTYAbl R8 A810111&ro Bltn8Jla B C8'18BB8 ayneaoro ll0pBAit8 

• T80pBB B03yYIII8BBII, 'ITO AOCTBra&TCB cneAyJOJIIBN BRTerpa&RbiN Dp8ACT8B.JI8D8N . ...... -~. , I a(; -~ > 
-1-(: -~)fdae •1 a 

'•2 '2. 0 (IS) 

rAe F,,t. • •, - T9 '18CTB 4l:yaul F • • 1 ltOTOpb18 38BBCBT OT ll8p8N8R-• 
BbiX y • y' . F, ··F,,ll(y )+·F , 1 , • -. ( , • y • y' ) +. (,) • 

ll l 

)fCDOn&3YB ero, DpBXOABN It ~pMyll& 

du d 0' 0 
1 

a ll1 2 f 4 t~r 
e -1 f 
2 II' i r 

• tc y -y'> 

d"il 

X 

= 
dO 

• 
f d "', 

im ( p -m ) ( q ~-m I) __ 
p~ q~ .. ~ (2,.) 8 

f dr 

oo I 
4 ·If c171[w'(71) +cult 'I) -w'l11> -w' (71) 1 

d w' e 0 I :t I I 
I 

• • 
d w d w' 

I I 

dy dy'· e 

(14) 
X 

e· ,. 
• 

X f ~ f 
kll+ k 

d\' 
k'.!.if 

lky-llr:'y' 

e 
f f de' d(' ·e·lllk '[ p, e· -q, ,. + ! w ', (71) ctn -f c.J'' i cl" ] 

0 
0 

e ' I I 

X 

X 

·11k[p'e-q'{+fw,(71)d71-f wll(71)ct.,] 
X f f de d( e O O f f d a d fJ exp I a : F (y) - a ~ 2 ( r, y , y 1 ) + 

o o rll 0 

IRo F -1· (r) 
l • 

+fJ [F; (y')-~ 1 (r ,y,y')1 le 

B npB&eA&RRON Bblp&lK&RBB onymeaw >~n&Bbl, ae cymecTaeaable up• nepexone aa uaccoay10 

noaepXBoCT&. DpoB3aenaw BRTerpapoaaa•e Do napaNeaaww y , y' • k , k' , pa3naraR 

nanee 81tCDOR8RTy B pBA IXO ltORCT8RT8 CBB3B B BCDOnb3yB BBTerpan&RO& Dp&ACT&Bneaae 
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d ~ ·21kx 
-2-- e 
X -16 

---f 
k 2+h lr

2 
(115) 

Bo3Bpamaac& nocne onRcaaaol onepanRR BROil& K aKcnoaeaTe, aonyqaew: 

~. 
do d o0 dn~dif ~im (pa-m2)2(q2-m2)2 t.' 

P 'ql...m2 ~ 
-1 X f dr 

e 

21r I r 

4 • 21 f<x-x 1 ) 

' ' x f d x d x' e f d d' ' " ' 

•I f d'!(c.> 2 ('1)+c.> 2-c.>'a-ru, 2) 
e 0 I 2 I 2 

a "' «> d «> d ..,' 
( X -16)( X 1 + I 6 ) I 

2 
I I 

' " xffff ~ d~' d( d(' /1<•-•~h''+£"' 2('1) 471 -•T-f «>~d'l l 
0 

0 

X 

~ ~· 
21 (p -P 'J[ p ·e+ f.., .. " -p'e~f..,' <"> .. "1 

~ e 0 I 0 I 

I I a(; 1 1 

ff da d/3 e rl(xJ-t12-(r)] 

0 0 

tl[F"" ex~ -t: (r)] 
r a • 

xe 
e ll[ae F: -t; (r)] 1 

r.ne 
~ ~ 

X 

t< 

F'-- i __{_ f ~ fj d~ d([e llk{p'{.~-O+f "'1('1)d.jl+ e la,[.,'r{-<)+ f "''")4..,11 + 16 m2 S + 16 m11 S 

I 2(2..) 4 k 2 + IE 0 ' ' I I 2 2 

;. 112 \ - , , 
a (x) &-1 -f d ff ~1:'~1'' lllr.[-x+p'(.{~q'(.<~f{ ( 

(2.. )' ~I ""' ""'-e "' 1
4
'1-f«> 4'1] 

E o e ' 2 

a d\ ·Ire.> oo 
tl'(~) -- - 1- f - e ff 

1 4(21r)a "' 0 

,, ,, 
llk(p'{{"~'<('~')t. f"' d'l -f«>'ld"] 

~"d{" ( e ( I e' + 
~, ,, 

lat(q'(.{'~q'(.{'~'M-fc.> d'l -f«>' dt,) 
+e , 2 ,, 2 ,, ,, .. .. 

2 dak ·I~~>~ .. 1a{p'(.{~'{{'~'M-f«> 4'1-f«>' d'l] 
(I' (r)---'-[-- e ff d~"d("[e ~ I {' ll -11-

a 4(2.. ) «> o {'' (" 

Ilk (.p '(.~'~?i-q '{{'~(}-f c.> 1 d'l + f c.> d'l) ) 
+e {' I ' 2 • 

npoR3BOI.IH 11 (16) npeoC5paaoBaaRe cjJyuaRoaan&awx nepeueaa~o~x ( t'' • p'- p) 

"' (")- >. (") - f.'ll{(-'1); "' (")->. (") + f.6{(-'l); ..,'.(") ->. (") -t'fl(~~~~); ( 17) 
1 I 2 2 1 ~ 

"'~<">- >. 1" > + t. e W-or>. 
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DpRXOARM K RBTerpanAN TRDS 

00 l(p2-p'~+v.<el 
f d(e (18) 
0 

Allll KOTOPWX DpR p 2
-+ p' 2 DpRM8UM8 cjJopM)'na (Jl), TU KU 1/J((.) - KOB8'DISH ~. 

3T8 DpOD8.1lyp8 Bhl.ll8RB8T OCT8BmR8CB BORJOCBW8 'DI8BH1 COII:p81118-8 MB0li<BT8RR ( p 
2

-m ~ ~ 
R ( q L m I) 2• OKoa .. aTen&ao aony-.aew ceqeue 11 BRAe: 

do 

dO 

t.' .. fl. .. 2 a 1 
do e 1 '-1 •lllf{,..,.J 4 , ._ , ·lfd'I{>.+>.-A-A.I] 
---0-- f drfdy dy e 1 2 fd>. d>. dAd>. eo 

1 11 'x" 
dO "'-.. 2 .. 1r I -a(y2-k)(y*+lt) I 2 a ' 

I 2 

1 I (19) 

x exp 12( Re :F" -·•") Iff da d/3 exp I a<:F":(y) -•" )+/3 (:P'!I! (y ) -•"' ) I , 
r I I 0 0 •a I 2 •a 2 2 

r•e 2 , .. (+A 

'F"-·1-11- f ~ ff ~ d([expli2k([p'6(q)+p6(-q)Je-[p'fl(0+p6(-<)](+f>. 1('1)dttll+ 
r 1 2(21<) 4 k 1+k -oo (+A 

~+A 3 

+expli2kdq1K$+q6(-{)]{-[q'fl(C}+q6(-()]( +f >. 2 ('1)d'!>ll +18 1 m S 1 +i8 2m
2

S 2 
(+A 

A ••t••:• 
a d\ - ~ 

P"' (y )--1 -'- f -- ff ~II(' exp li2k( -y + [p'fl($+p6(-$~q'fl(0+q6("<!)](+ f >.(tt)d'l -
rl I (21r) 4 k !lt-i< -eo I A I 

(+A 
-f>.J'Ildtt)J 

A 

I I eo (+A (+A 
t;' (rl---1- f ~e ·IF«> ff~d([ eJ:P I i2kh'fl(q)+p6(-{)]e-£p'fl(0+p6(-<)]( + f A 111'! + f >. ,¥1 + 

4(21r)l c.> - A A 

~+A (+A 

+ exp li2k ([ q'fl(q} + q6(-{')] ( -[q'!KO+ q8(-<)] { + f >. 2d'! + f >., llr,·) 11 • 
A A 

I / •Ire.> oo (+A (+A 
t;(r)--~ f _k e JJ ~d([ eXP I i2k ([ p'6(e>+ p6(-{')Je-(q'6(0+ q6(-t.:)]( + f >. d'! + f >. d1J)I+ 

4(2~r) 1 c.> -eo A 
1 

A 
4 

(+A {+A 

+ exp li2k ([q'fl(e)+q6(-{)]~p'fl(+0+p6(-t.:>J<+ f >. 1 m,+ f >. 1d'l ll 1 
A A 

Cae.n,--w marow IIIIRB&TCR a~o~qRcaeaae cji,-BIUIOBa~u.awx RBTerpanoa ao >. 1(.,) , >..}or). 

). ('I), ). ('1)
1
oABUOt TO'DI08 Bloi'IWC118U8 88 Dp8.1lCTSIIRB8TC. BOaMOliCB:WM, D08'1'0M)' HI.II8W 

a ' /U 
ap•C5na•eaaoe awpa•eaae. B paiSoTe ISwn paa•T WeTO.Il 1QIIICSna••••oro IIH'IRCHJIBB ua-

norR'DIHX RBTerpaaoa. 0• ocaoiiAJI as cjJopM)'a& • 
·lf,)'('l)d, - . 

• (F.-:F) 
4 0 

·Cf6 v e . .! --11-,-. 4 ·I j v'f..'l) d'l F(a. v) F(a) 

Cf6ve 0 e •e 

r.ne 
F (a) • C f 8

4
v 

• 
·IJVI('I) d 'I 

e o 

11 

F (a, v ) • 

(20) 



~ 

! 

OrpaBB'IRBaliC.b D&pBhlN 'III&BON B p83110JK8BHR ( 20), 6yA&N BM&Tb: 

4 oo tL\r •t2fC:rl•:r2) II 
du duo l f e -1 e dif = ~ -, dr -

2
-.- ff dy 1 dy 2 ----ff da df3 exp I a[F (y )-4 ]+ 

du 11 - 111 r (y 2-i8)(y2+i8) 2 I 2 
I 2 0 0 

(21) 

+f3[F; (y2)-~ 21+2(ReF 1-~ 1 )) , 

rne 

'~--i~ 
2(271) 4 

d\ 
f-ll~--

k ~;. k 
2
+2kp +il 

2 

k~2kp~i. 
+ [ •• • 

k +2kq+il 

_ 2 d\ •Uky 
:F (y) = i _I_ f - e 1 [ ~ 

2 I (211) 4 k ~il k -2kp +IE 

1 

- 2 8 
~ (r) = _ g d k •trw 

1 2( 4rt / -;;:;- e 

1 1 2 1 1 2 
1<--->+<---) 

kp' kp k q' kq 

- ,. 
~ (r)=-- f 

2 (4rt)8 

d
8
k -trw 

--e 
w 

1 1 1 1 <---><---). 
kp' kp kq' kq 

L 1 
k\2kq~io: 

2 

+ • 1 
k 

2 -2kq~IE 

3nec& •a 'F 1 fJK8 liBBhlN o6pa30N Bb!A&II&Bhl 'III&Bhl,. OTB&TCTB&BBhl& 38 D&p&BOpMR• 

poBJty Macchi. ORB paBBhl 

2 ( 

8 m 2 = l -'- f ...!..!.__ [ ....,..-1"---
1 2(271)4 k 2+1E k 2+2kp+il 

+ • + • + ..,...-=-·-,--
k2-2kp+k k 2+2kp~iE k'-2kp'+i• 

8 m 
2 

2 
1

2 
d 4k -

-i--f--[ • + 2. +-,--
2(211)' k \it k 

2
+2kqtit k -2kqti( k +2kq 'i-k 

+~--­
k2 -2kq' +it 

(22) 

1 • 

Cneny~mee DpR611BJK8BHe, AODyCTRNO& DpR P.CCII8AOB8BRR 8CHNDTOTR'I8Cit0ro DOB&Il&HRB 

C8'18BHll DpR 60IIbWBX aaeprHliX p8CC8RB8~mRXCB '18CTBD, 6yAeT 381tii~'18TbCB B npeae6pe-

JK8BHH 38BRCHMOCTb~ F OT nep&M&BHOI y • 8 aTOM DpB611BJK8BBB, DOCII& BBT&rpa-

n•• no k • , C8'18BH8 DpRBHM8eT BRA: 

du 

dO 

du., ---d!l 

I ;fda dfj ezpl(a+flHlnm/L\ A 1 +AJ+ln m/L\A'1+A'2 ) (23) 

rne 

oo r[1-(a+fl)A
1 

-A'
1

1 

2 

A = I 
I­

(271) 2 

Jpq'+m'~ 
[ fn--~~---
,j(pq') '- m 4 J2 m 

12 

ln 
y(pq)• ... .;,• 

ypq.;iiii +v'pq=mr­

Rm 

2 1 1 
A'. g [--+--

1 (271 )2 2m2 y(pp')i-m l 

ln VPP +m I +vw- m 1 

v2m 

2 1 2(pq'+m 
2

) o .;;;;:-:;;;-~+ t/>(Y,[ 1-Jpq:-m 11 
g I [ln . ~n _r>rm pq+m A = -- 1 m·l V ~. 2 (4rr)2 y(pq')'-m · 

1;Y>.l1~ 
pq'i-m -

-;::::::;::;;:::::::;.lln 2(pq -m ~ ln Y~~ + t(Y,[ 1-J pq+ ml 1 ;Y,[ 1+J~ ].)] 1. 
.J(p(j'J •-m4 ml ..fi'm pq -m 2 pq -m I 

A;- ~ 1 
Un 2(pp'+: ~ tn~~+it(%[1-JJI~'-m\ 1;'1l1+>/ np'=m 1 ])] 

(471) '1/(pp')_m 4 
ID y2m pp'+ m pp'+ m I 

y 

dt 
~(z,y)•f-ln lt-11 

X t 

0JtOB'18T811bH08 Bhlp8JK8BB8 AnB C8'18BBB (28) N8110 OTIIB'I&eTqS OT pe3)"11bT8T8 pa6oTw ~B­
/1/ 

118XBB8 B 4>panltBB8 • .neACTBBT&IIbBO, llpBM&HBN T&opewy 0 cp&AB&N It BBTerpany 110 a 

R fl t llpBBOABmy~ It xopomewy llpB611BJK8BB~, RfSo llOIIBBT&rpallbBIUI t!J7BilU Ne.Qnes-
1' 

BO M&BSI&TCll B 06118CTB HBTerpBpoBaHBll ( A 1 B A 2 N811bl llpB p 2 >> ID'I ). C H 110-

NOmb~ ll&rltO y&Bil&Tb, 'ITO STB AB8 pe3)"11bT8T8 llp81tTB'I8CitB COBJI8A8~T. 

3 a 1t 11 m 'I e B B e 

npennara&Mbll B pa60T8 N&TOA ABeT B03MOlltBOCTb B8XOJKA8BBB TO'IBOro AR~peDB-

811bBOro C8'18BRH Dpoll&CCOB C )"'18CTH8M '18CTBil C MaCCOI, p8BBOI B)"mDo Ce'I&BB& CB060A-

BO OT BBtjlpupacaHX pacxoABMOCTel B Bhlp8JK8&TCB B BRA& WBIDlBOBallbllhiX B.BTerpanoa. 

npB Bbi'IBCII&BBB DOCII&ABRX RCIIOIIb3YmTCB llpB611BJK8BBB, OTIIB'IBhl& OT 06W'IBOI TeOpBB 803-

Mym&BBI, 'ITO A88T B03MOlllBOCTb )"JK& B8 nepBOM 3T8118 ll0Dy'I8Tb llp8BBIIbB08 8CBYilTOTB'I8C­

It08 DOBeA&BB& C&'I&BRI DpB 6ollbWBX 9BeprBBX paCC&BBammHXCH '18CTBilo nonpaBJtB BYCmBX 

/2/ 
DOpBAitOB, lt81t 1101t838BO B pa6oT& >Be A8mT cymeCTBeBBbiX Blt118AOB B 8CBMDTOTBit)" • 

.nnH nan&aelmero nporpecca B BBTepecymmeA sac o6nacTB aeo6xonBwn paaBBTb cno­

co6 DpR611BJK8BBOro Bbi'IBCII&BRB tjlyBitDROB811bBhlX BBT8rp8110B C )"'I&TON 11011BpH38DBB 881tY­

)"M8o MeToD, npo.II&NOHCTBpoBaBBbiA sa npocTOA NOA&IIB Clt811BpBbiX 'laCTBn, nerJto nepeaocBT­

CH B8 peallbHhlA CIIY'18A eneltTpo.IIBB8MHitBo 
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rr 
! 

•. 

B 3~10'181D18 O'I'Oplol BlolpaliUIIOT «Snaro.QapBOCTb r.B. E4taMOB7 38 MO.QOTBOPHiol8 

o«ScyliUle!DIH. 
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