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AMHpxaHoa H. B., ~HAKoa E.n. P5-80-479 
JlOCTaT04HOe YCilOBHC CYUICCT80Bc1HHA 4•1l H1tle

OOA06Horo peweHHA AllA HCKOTOpbiX 11011C'OLIX MtlAt•nei1. 
4aCTb 1 

npoBeAeHO HCCilCAOBBHHe HellHHCHHOro YPABtt('tiHR 

~-('72+ ~)</>(x) ~-.p(x) F(¢ 2 (x),x), 'I 
dx X 

npH rpaHH4HbiX ycnOBHAX 

</>(0} ,.. </> (oo) ~ 0 • 

0 

2 

YpaaHeHHe /1/ npH 3Ha<~eHHAX napaMerpa f 0 paHC'e HCCilCAoaa
nocb MHOrHMH aaropaMH. 

8 HBCTOAUICH pa6ore paccMBTPHBB~TCA n~6b1C HBTypanbHbiC 

3H846HHA napaMeTpa f . C llOMOUibn BBPHB4HOHHOrO nOAXOA8 AO

Ka3aHa ClleAYDUIBA oCHOBHaR reopeMa. TeopeMa: EcnH $yHK4HR 

F(.p2(x), x) YAOBilCTBOpReT YCilOBHRM /1a/-/1A/, TO CYUICCT

ay~T nonO~HTCilbHbiC 4c1CTH4CnOA06HbiC peWCHHR Kpaeaoi1 3aAB4H 
/1-/-/2/. 

Pa6ora BblnOilHCHa B fla6oparopHH Bb14HC11HTC11bHOH TCXHHKH 
H aeroMaTH3a4HH OH~H. 

C~eHHe 06~eAHHeHHOro HH,THryra AAePHWX HccneAOBaHHH. AY6Ha 1980 

Amirkhanov I.V., lhidkov f.P. P5-80-479 
Sufficient Condition for the Fxistence of a 
Particle-LikP. Solution for Some FIELD Model. 
Part I 

nonlinear equation 
,L. 11 , . ,. ' < l .,i. / _w\ 

HeKOTOp~e MO~enH T60pHR TIO~/l-4/npHBO~ K HCCH~OBaHHD cy

lilSCTBO:aaHWl pememfli CH6,eyillil6I'O HeJmHclbiOI'O .ztH<Pl>epeHll;ilaJIDHOI'O ypa»
HSHHJI: 

•• 2. 
If (.x) - Oe {:x) lf/(:x) =- lf!(x) F (I./' r.:xJ, .x) , 

Q (xJ _ tre+-t) ~ 
~ - .xz + e , 

(I) 
~ >0' e=o,i,z, 

TipH rpaHHqHNX yCROBHHX 

'i' (o) = 'f ( + ""') = o (2) 

ilo~ ~aCTHU6TI0~06HHM pemeHHeM TIOHHMaSTCR R~6oe HeTpHBHaRbHOS 
pemeHHe lp{z) KpaeBOA 3~aqH (l)-{2). ilORO~HT6RbH06 qaCTH~6TI0~06-

H06 peweHHe - 3TO qacTH~no~o6Hoe peweHHe, He o6p~~lileecR B HYRh 
HH B O~HOA TQqKe, KpOMe .X=O H x~oa, H 't'f.X)>0 npH .A' >0. 

B qacTHOM c~ae, Kor~a HeRHHe~HaR ¢JHK~HR s~6HpaeTCR B BH-
z ~ 1:., 

~e F('-1' ,x) = ( ,,.) , KpaesaR 3~aqa (I)-(2) HCCRe~oBa.JiaCh MHO-
rHMH aBTOpaMH/5-9/. 

B cnyqae Mo~enH ~pH~6epra-]H-CHpRHHa/3/ B pa6oTax/IO/ npHBe

~eH~ ~OCTaTOqH~e ycnOBHR CYlil6CTBOBaHHR qacTH~en0~06HHX pemeHHA 
3~aqH {I)-{2). 

B pa6oT/II/ npOB6.!\6HO Hccne~OBBHHe ypaBHeHHR (I) rrpH e = o, 
Kor~a !f!JHK~HR F (i,.x) y~oMeTBOpReT cne~lllHM ycROBH.RM: 

(I a.) F ( z ,x) Henpep~BHa no l. H .x. rrpH o~ t<<><> H O<:x.<ao. 

( I5 ) F ( l ' ::X )?{} ~RR l > 0 .X > 0 , . 
(I g) ~nR tPHKCHposaHHoro nono~HTenhHoro :x:. H o ~ z: ~ < i!. 2 < oo 

CYlil6CTBY6T 0 > 0 TaKoe, qTQ 

)w-...~; .• 
I . ' I) 

--
....... l .~:~r:.,....rci 

, ~O!l:'Ul..,,. ' 

-· ~- . ' 



..,.- 0 ( ) _$ Z::.:z. != ~2.,.x >~1 F(;l!.1,X) 

(I z) lim F (c2
, .X}"' 0 · )J,JIR acex KoHelllihl.X c . 

x-..ao 

(I~) jxi-eF(cZ.x,.x)d:t<«> )J,JIR acex KOHellHb!X c.,o<a..<oo, 
o l1 H8KOTOpOI'O ~ ~ 0, 

B )J,aHHOH pa6oTe )J,Jlfl JI~6hl.X HaTypaJihHb~ 3HalleHl1H napaMeTpa e 
)J,OKa3aHa cJie)J,~~aH TeopeMa. 

TeopeMa l. ECJIH ljJyHKQHH F {'l,.x) y,IJ,oBJieTBopHeT y.cJIOBl1HM 

(fa.)- (I~) , TO CYl!l8C'l'B~T ilOJIOlKl1T8JlhHb18 -'-!aCTl1Q8TIO)J,06-

Hble perneHHH KpaeBOH 3a)J,alll1 (I)-(2). 

}\oKa3aTeJihC'rBo TeopeMbl (I) ~p.l1Be)J,eHo B -~§ 1-4 -c noM01!1hiO aa

pr.mnf10f!HOPO ITO)J,XO)J,a. -. 

§~ B GTOM naparpa¢e c¢opMyJIHpyeM 

nHOHH~ 3a)J,ally. 

COOTBeTCTB~II~~ Bap..ra-

l1~eTCff Ml1Hl1MYM cpyHKL\HOHaJia 

:J (y) == J [ ~z(t) + Qe(q ~.t.(t>] dt 
0 

ITpl1 HOpMHpOBOllHOM JCJIOB\1>1 

!')J,e 

00 

K(<;jJ = f G- (~2-{tJ, t )d:t = B, 
0 

~"l.[t) 

(;.{~L(t),t.).::: J F(l,t.) dr: 
0 

(I. I) 

(1.2) 

(1.3) 

·JlyHKnHff F{~,t) y,IJ,OBJieTaopReT ycJIOB>~HM (Ia.)-(I1) " 8 - cp..rKcH

poBaHHoe ll>!CJIO >!3 npoMeJKyTKa 0 < B < oo • 

BapHaQ>~OHH~ 3a,IJ,ally (I.1)-(I.2) 6yAeM paccMaTp..rsaTh B KJiacce 

cpyHKQI1w Y ( o,co), orrpe;Il,eJiffeMb!X ycJIOBHHM>~: 
a) ~ (tJ HenpepbiBHbl B npoMeJKyTKB [ 0, 00

) >! l!MeJOT B HeM 

KyCOllHO-Henpepb!BHbl€ rrepBble ITp0113BO)J,Hble :i (t}; 
6) ~(t) 

B) 'j(O) 

ilOJIOJKl1T€Jihllbl rip>! 0--< t <. oo 

';jfoo) =0; 

!') J(';j) <.oo; 

2 

,.. 

•' 

• tl 

' 

p,) -K ( ~) = ')) i CJJ - npo>~qB?JI~Hoe <mcJI? ..ra npoMeJKyTKa 

0.<~<=· 
flop, pemeHHeM aap11aQHOHHOH 3a,D,allM (I. I)-( I. 2) 6y,IJ,eM rroH!1ll!aTh 

cpyHKQl1IO lJ (t) e Y ( o, oo) , )J,OCTaamm~ MHHI-IMYM <flyHKl..\1-IOHSJIY {I. I) 

rrpl1 BbiiTOJIHeH>IH ycJ!O~>Iff (1.2). 
B )J,aJihHewrneM 6yp,eT rroKa3aHo, trTo pemeH>1e aapHaql10HHOH 3ap,a

l!H (l.I)-(1.2) ffBJiff€TCfl H perneHMeM 3a)J,atiH (I)-(2). 

TeopeMa 2. Ec;JI>~ <flyHKQIHI F ( i, X) y;D,oBJieTBOpffeT ycJJOBHRM (IQ.)- {T~), 
TO CYl!leCTBY8T pemeHHe BapHaql10HHO~ 3a)J,al!l1 (l.I)-(1.2), 
paccMaTpHB~eM~M B KJiacce, cp:yHKQI'IH' Y (0, oo). 

~OKa3aTeJihCTBO TeOpeMbi 2 RBJIR8TCR CJI8)J,CTBl1€M YTB€plK)J,€Hl1H, 

p,oKaaaHHb~ B cJie)J,~1!111X Tpex JieMMax (§§ 2-4). 

§~ B 3TOM rraparpacpe ycTaHOBI'IM HBKOTOpble CBOHCTBa cpy!iKQl1W 

<J(t.) M3 I~Jiacca Y ( o, oo). 

'JleMMa I. EcJIH if>yHKL\I'IR F ( :z., x> y)J,OBJI8TBOpReT ycJIOBl1HM 

([.,_,)-(I~) , TO B KJiacce cpyHKLjl1M Y (0
1 

<>t>) CYl!leCTByeT rrcicJie)J,O-

BaTeJ!bHOCTh { ljn. (t)} , MllfH11MI1311p~UjaR ¢yHKnVIOHaJI (I. I) rrp11 

Bb!ITOJIH€Hl111 JCJIOBHR (I. 2 ), VI TaKa.fi, "t!TO: 

I. fim. !::J(~n.)=).' A>O. (2.1) 
n:.~oo 

2. ~.fl JI~60!'0 KOH8llHO!'O T~O lt!3 noc.Jie)J,OBa•reJihHOCT\1 { !Jn.(t) J 
MOJKHO Bb16paTh paaHoMepHo cxo.r~~cR Ha oTpe3Ke 0 :G t ~ T no.r~-
rroc;re.r~oaaTeJihHOCTh { lj n,.... (-tJ } , T. e. 

lim (;(n (t) -=U(t) (2.2) 
m;. oo <1 m (} J 

rp,e ~ (t) - HerrpepbiBHaR cpyHKl\VlR Ha [ 0, T] . 

,il.OKa3aT8JihCTBO pa306neM Ha H8CKOJihKO S'raiTOB, 

I 0 • YcTaHOBI'IM HeKOTOpble Of..\8HKI'I ,ll.JIR rPYHKnHti ~ (t) 113 j{Jiac

ca Y {o,oo). 

Ba~~eM o603Ha"tleHl1R 
r 

!Jr (~) = J [ ~ 2 (t) + Ge (t} ~.t(tJ] cU, (2.3) 
0 

T 
K'l'(~)== j G- (~2.{-t:J, t)oLt <2.4) 

0 

3 



YlcrroJJn3YH (2.3) VI ~·o, ~'l'o 1if(O):.O/ rrpVI 06-t !,T 

VIM8'l'b 
. t . " -t 

'I'" (t.) = ( J rj (s)dsf,;; t J f'(s}d.s ~ t :;., ( yJ 
0 0 

!1 
t ' t 

6y,IJ,eM 

(2.5) 

~." {tJ = ~ J lj (sJ ~ rs;ds::, f J [~.t (s) + t/ yz(S)jds $,t :Jr(lj). 
0 0 

(2.6) 
\ T 

1 .1 

TaK KaK cVYHKI~V!R F ( z., i) yo,oBJJ8TBOpHeT ycJJOB\110 (T e)' TO 

V!3 (I. :3) noJJytJVIIl. ~JTe.rr:J!Olllee HepaB~HCTB; : 
~'-· ' 

G- ( ~~t) = j r. e [r_-£ F (i. /·))cb ~ (1:tJ YJ-F (!j~ t) 
. 0 

(2.7) 

, , 11HTerpHpyH o6e '1aCTVI (2. 7) no t oT 0 ,11,0 T VI Jtll1Tb!BaH 

(2.5) VI (2.6) ,IJ,.TIH Kr(~), rroJiytJaeM Ol.I8HKY 

r,IJ,e 

Kr (tj) .s; M (:Jr):J.,. (';j), 

M ( J r) = j+ Ej {No ( i~ , 0) + jz N 1 ( t 1
1 
to ) ] , 

£1 
E.1 J 

Mo(t1,o)=i1 S1
-

81 F(JrS s)d.s 
0 I ' 

Jr 
M,(t,,t 0 )= max F(7[ ,to) 

£1o,i..o<'T' 

8?0 } E. 1 >1o, 0 < t 1 < T 

(2.8) 

~~ 
I 4f~ . 
J 

YtJWI'biPaH cyrqecTr>OBRHVIe npe,IJ,eJJa 

fitn ~rf!J}=J('J)<.'oo, 
r-oo 

VI3 (2.5) Vl (2.6) VIM8PM 

~2(t){, t J(';j) 

~'-{t)~tJ(ijJ. 

(2.':!) 

( 2.IU) 

2°. ,[(oKaJKeM rrep11oe yTBeplK,ll,eHVIe JJeMMbr I . 
f1ep8XO,ll,H K llp8,IJ,8.1IY R (2.tJ) DpVI r-oo 

l10JlytJVIM 

VI .YtJV!TbiBaH (I. 2), 

B ::; m · J ryJ (2.Il) 

r,ll.e m = tim /'<({ Yr) 
r~"" 

TaK KaK !fJYHKJ111H y,n,oRJleTBOpHe'l' ycJJOBVIHM (I z) VI (I;]) , TO m < oo 

11 tnjO. 
113 (2.Il) CJI8,1l,J8T, 1.JTO T01.JH8H HVIJKHHH rpaHb qJJHK]\110HaJJ!i (1.J) 

rrp11 Bb!IIOJJHeHI1V! ycJJOBI1R (1.2) RBJJR8TCR noJJOJKI1TeJJnHOi1: . . 

in/ J(if}=:i >0, 
'J E Y ( 0

1 
co) . 

Tor,IJ,a CY!li8CTBye'l' Tai\an nocJJ8,1l,OBaTeJJbHOCTb iflYHKI~Ili1 

{ ~ 11 } E Y ( 0
1 

oo ) - MVIH!1MV!311pyJ0!118H l10CJI8,Il,OBa'J'eJJbHOCTb, 1.JTO 

lim J (fin.)=) ,..\ > 0 
) 

n~oo 

3To 11 )l.OHa3HBlleT nermoe yTBepJK,II,eHHe JJ8MMhl I. 

3°. ,ll,oKaJKeM BTopoe YTBepJK,n,eHV!e JJeMMhl I. 

113 (2.I) CJ18,!J,J8T, 1.JTO t!V!CJTOBRH l10CJl8,1l,OBaT8JibHCJCTb { )(';fn)] 

orpaHI11.JBHa, T. e. CJII18CTByeT l10J101KV!T8Jibllaf! llOCTOHHHan C , He 38-

BI1CRi11aH OT n , TaKaR, 1.JTO 

~(~n.)~c~ 

H3 (2.10) 11 (2.12) V!MeeM 

c 
~n.(tJ!Or{ 

n = 1, :z., .... (2.I2) 

n=1,:L, ... , (2.13) 

T.e. nocJJe,IJ,OBaTeJJbHOCTb f ~P'l.rtJj paBHoMepHo orpaHHtJeHa. KpoMe 

Taro, ,II.JJR 0 ~ i.1 .( -t. :t <. oo V!MeeM 

4 f 5 
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t.~ f.._ 

J~n-(t:.)-yn.Ct1)/:l,== ( f lJrz.(s)ds)\ (-trt.Jj ~~(s)cis~ 
. t, t 1 

~ {t.t.-t?) :J(y,_) ~ c.t(tri1). 

(2.14) 

(:JTo ycTaHaB.Jll1B88T paBHOCT8!18HHYfO HeTipepblBHOCTb TIOCJI8,IJ;OBaTeJibHOC-

TI1 { lf ... J. 
Hs nocJie,n;osaTeJibHOCTI1 {~~(t}} , paccMaTp11BaeMo~ Ha Jiro6oM 

KOHeliHOM oTpesKe 0 f. -1:. $. T , cor JiacHo TeopeMe Apl.jeJia M01KHO Bbr6paTb 

paBHOM8pHO CXO,IJ;HIII.'flOCJI TIO,IJ;TIOCJI8,IJ;OBaTeJibHOCTb { ljn.)t) J , KOTOpaH 

cxo,n;I1TCfl K HenpepbiBHo~ IPYHK!.ll111 'j(t) Ha [ o, T] , liTo 11 ,n;oKasbrsaeT 

BTopoe yTsep)K,ll;eHI1e JieMMhl I. 
H cJie,D;YfOlli11X ,u;syx naparparpax 11CCJie,n;yeTcfl sonpoc o Herrpepb!B

HOCTI1 npe,n;eJibHO~ <lJYHKl.ji1H ~(t) 11 ee opo11sso,n;Ho~ Ha {)ecKoHeliHOM 

HHTepsarre ( 0 , oo) . 

9~ CJie,n;yR HexapM/
5/, paccMoTpMM JII1He~Hoe Heo,n;Hopo,n;Hoe 

,IJ;I1~8p6Hl.jMaJibH06 ypaBH6HM6 

Un. (t)- &e (t) Un.(t)=-o<n '-jn.(t)F(y;._(t),t) (3.1) 

I1pl1 rpaHMliHb~ ycJIOBI1f!X 

U.n.(O) = U.,_(=)= o, (3.2) 

I' )I€ d "- - H6KOT0pb18 OOJJ01KI1T8JibHhl8 TIOCTOHHHbl6, IWTOpb!e 6yll,YT 

Bb!6paHbl HI11K6, a lJ n.. (t) - paHee Bb16paHHaf! paBHOM8pr!O CXO,IJ;fllllaflCfl 

TIO,IJ;TIOCJI8,D;OBaTeJ!bHOCTb { fjn., (t) J (,D;Jifl KpaTKOCTH 11H,ll;8KC nt OI1Ylli8H). 

JieMMa 2. Ecmr <PYHKL\11H F (~t, t) y,n;osJieTBOpf18T ycJJOBMHM (I a..) 
-(I~) , TO CYllleCTByeT e,n;I1HCTBeHHoe perneH11e Un.tt) sa.n,alii1 (3.i)
( 3. 2) • 3TO .p8lii8H118 06JJ8.)J,88T CJJ6,L\Yf0lll11MM CBOt1CTBaMI1: 

firn Un_ (t) U n (1:..) ~0 . f!im. U n (tU:t.n (t) = 0. (3.3) 
t~o t .... "" 

,L\oKa38T8JibCTBO. 

0li8BM,n;HO, liTO O,IJ;HOpO,IJ;HO€ ypaBH8HM6 

(/> {t) - Ge ttJ ¢rtJ -=O , 

COOTB8TCTBYfOI!l88 ypaBH8HMID (3. I), ITpM rpaHMli~ JCJJOBHflX 
I cp (0} = tp (oo) = 0 IDII88T TOJ!bKO Tpi'IBI'!aJJbHOe p8lii8HM8. 

6 

..... 

.(3.4) 

•• 

I l 

ill 
' 

PerneHMe Kpaeso~ :JiiiVlliM (3.0-(::l.:G) rrpe.l\CT8BI1M F> Bl1t\e HH-

TerpaJJa 

r,n;e 

Un.. (L) = ot.n. J S6 (t,s) Yn(S) F (!:! 2 S) ds 
0 J 

{ 
¢ 1 (sJ ¢d. (tJ, 

9J(t,s) = -fv ¢, (t) ¢
2 

(5), 

o:,s:,t., 
tf:s<.oo. 

(:.l. ~) 

(J;6) 

3,IJ;8Cb t/J., (t) 11 ¢2 (t) - COOTB8TCTB8HHO p€I',YJ!Rpli>,IC VI liPpe

I'YJJHpHb18 B TOliK€ t =0 Jll1H8~HO H63aBHCI1Mbl8 p8W8BI1fl ypam;eHVIfl 

(3.4), rrp11li8M [cP,¢z.- cf;1 cPzJ=N 11 .fl.JIH 1pyHKl.jl1~ <P1 11 ¢2. rrp11 

O~t. < oa :UM610T 'MeCTO oqeHKM 

( R /•1 'Zt fP1(tJ.:,}1e 1t2-t e 
" 

(__L re -~t 
(J.'7) 

¢z {t)::, p:~.e 1r 2t e 

r,n;e f 1 e , }ze- noJJo1KHTeJJbHbre rrocTORHHble 11 N = 2 'Z . 
Ha~,n;eM nose,n;eHI1e !pyHKq11VI U.n {t) npVI t- 0 11 t -..oo. )J,JIR 3TO

ro COOTHOlii6HM8 ( 3. 5) nepei1Hlii8M• 'B Bl1,ll,8 

r,n;e 

liaeM 

Un. (t) = ~"'-{ ¢2 {-t)lf1 (t) tC/J1 (t)lf!2 (tJj (J.b) 

t 
'-1'

1 
(t) :o J 1Vs) Yn. (s) F (y~, <;;) ds , 

0 (3.'::!) 

~.fl.:~. Ct.)-= ·rC/Jz(S) Yn.LS) F(Y~,s)ds 
t (3.10) 

WcrroJJb3YH HepaseHCTBa (2.~), (2.10), 
CJI6,ll;YIDlliM8 Ol.j8HKM ,ll;Jifl lf'1 11 lfl!L 

(2.13) 11 (J.7), noJJy-

a) rrpM t-- 0 

( 
_!2.£_ )e1-1 t 

'-+'1(t)!:C}1e 1tllt e'<' He(t,o), 

% (th C. he ( -t~t'l.t )~-'lt[Nz.(tJ.,t) +'{le-'Zttz-tJH1 (t.?. ,f-o)] 
(:3. II) 

7 



!',!1,8 

6) np11 i-= 

( 'Zt )er1 'lt r. -'?(t-t.) -i: .· , 1 'f-~c (tJ .!S cf1e 1+'(t · e Le N2 (i1,o)+'( ft6(tJ,JJ. 

lt} /__!1!___)-€ pi[ _] '?({. -t}: '7 
Tz(t)~Cj3.1[~1+'(t e' LHz(tz,tJtp:It( 'N,(c:~.,to;J, 

cz 
n<t:z,to)=ma.xr-(--,z--,io), t<t~<oo. 

t 1 < t 0 < oo 

ll ftz I 

Ndt2,t)= t.t srE F(c2s,s)ds , c ~ o, 
-t 

-'2tJt l's ( cz ) M3 {L,t,)::e e F -;z,s cis O<i1 <t 
t, 

(3.12) 

YtrMTb!BaH or~eHJm (3.II) M (3.12), !13 paaeHcTna (3.8) noJiytia

eM OIJ,8HKl1 ,l\Jl.fl U n_ ( t) : 

a) np11 t--..- () 

Un (t) ~ cL,_}d}ze-} (t+~t) M1z (i); 
(3.13) 

6) llp11 t- 00 

Un-(t) ~oC.n.f1tjEe~(1+~t)M12J (tJ (3.14) 

r,u;e 

[ 
-3 -{'(iz -t) ] 

M12 (t)== Mz{t,o)+M2(tz,t)tp:J:e N,(ti!,to) 

[ 
-'Z(t-i,J -1 

Htz:;(tJ= e Hz(t1,o)+ f:~.N3 (tJ7) + 

t Mz (tz,t) t (1 /11
1 

(it,to)] 

'I'aK Ka!t <flyHKIJ,VI.fl F (~ ,t) y,ll,OBJieTBOpHeT ycJJOBI1.f!M (Ta)-(I~), TO 

HeTpy,IJ,HO y6e,ll,I'!TbC.fl, trTO 

8 

... 

I 

~+~ ~1 t, 
. ' H j t( 

\
. 

~ . i 
\ ' ' , 

'(q 
• 1\ 

1.~1' 
\I 
j 

p 
I~ ~ 

Um M1 z (t) = const < oo 
t-o 

Lm. H 123 (tJ = o • 
t-oo 

(3.15) 

ilOI\aJKCM, trTO Bb!IIOJIH.f!IOTC.fl npe,ll,CJlbHble COOTHOlli8HI1.1I ( 3. 3) • )J,n.!I 
3T0f'O HaH,IJ,CM ITOB8,1J.CHl1C np0113BO,l\HbiX U n. (-t) npM i- 0 l1 t-+ ao • 

,ll,l1¢<PepeHt.j11pyrr paneHCTBo ( 3. ,cl) no -t , noJJyqaeM 

u "- (t) = ~ ... [(A r~J lfJtJ -t (A (t) 'fz ttJ 1. (3.16} 

I1cnoJJb3YH OQ8HK11 (3.Il) 11 (3.12},113 (3.16) ITOJJytiaeM Ol\CHK11 

,l\Jl.fl u n.. (t) : 

a) np11. t -- 0 

. c 
U n (-t) ~ d ""}4l />ze ;r {1 + t) M12 (t}; (3.17) 

6) np>1 t -+- oo 

. c 
'U- nJt J .6 CX: n.. } 4t .fzt ~ (1 + lJ ftl 123 (-t). (3.HJ) 

TaK KaK ifJYHKl\l1R r ( 1/, t) Yl\OBJJeTBOp.!IeT YCJIOBYIRM (Io.)- (I~), 
TO >13 (3.13)-(3.HJ} CJIC)l,YIQT rrpe)J,8JibH!,J8 COOTHOU18HI1.fl (3.3), Y1 cpyHK

l\YIH (3.5) .f!BJIA'CTCH 8)1,11HCTB8HHblM pemeHMCM KpaeBOH 3a,n;atrl1 (3.1)
(3.2). 

' JleMMa 2 ,IJ,OKa3aHa riOJIHOCTbiO. 

§--1.:_ B 3TOM naparpaljie ycTaHOB11M caotlcTBa pemeH11l1 Kpaesol1 

3a,n;aq11 (3.1)-(3.2). 

JleMMa 3. EcJ111 <!JyHKQl1R F{~~t) Yl\OBJJ8TBOpHeT ycJJOBl1.f!M (la)-{l~)> 
TO 11MCIOT MCCTO CJI8,l\YIOT1\1'18 YTBCplK)J,8HI1H: 

1°. PeweHI!H Un. (t) Kpaesotl 38)tatrl1 (3.0-(3.2) npMHa,H;JJeJKaT 

KJJaccy !flyHr< Ql.ftl y ( o, oo) • 

2°. 113 nocJJe)J,oBaTeJJbHOCTH {UnIt)} MOJKHO Bb16paTb paBHOMep-

Ho CXO,l\mqyKJCH ITO,ll,riOCJJC,ll,OBaTe.ilbHOCTb f Unm (tj 1 , r!pl'lqeM npe)l,CJ!bHaH 

<flyHKQl.fR rJ {t)= eun Vq (t) .f!BJJHCTCR Herrpep!D3HOM npl1 0 ~ t <. 00 • 
nt-+oo '" 
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• 

;P. llpe)l,eJJbl riOCJJ8)l,OBaTeJibHOCT8H {lf11 m(t)} 

COBria)l,aiOT, T.e. 

11 [ Yn (t)] 
m 

Zl {t) = e.im un (t)=::. !'im. !:In (C)= !J {-tJ 
m--oo m m-oo m 

rrp11 0 t: t < co . 

4°. llp0113BO)l,HaH it (t) rrpe.n.eJJbHOH rPYHKL\1111 U(tJ 
11pf1 0 < C <. 00 , 11p1148M 

/!i.,;n Un (t) = U (t) . 
m__,.<>o m 

)~OKa3aT8JibCTBO JI8MMhl 11pOB8)l,8M B H8CKOJibKO 3Ta!10B. 

(4.1) 

Herrpepb!BHa 

(4.2) 

I . AOR8XeM, ~TO 

Bbi6opa e>G 11 • 

U n (tJ .E. Y {~co), 11 yKaJKeM cnoco6 

Y6e)l,I1MCH cHa1J8..Jla, t<TO tPYHKl.\Hff Vn (t) npHHa)l,JJ81KilT K KJJaccy 

y { 01 00). 
lJ CaMOM )l,8JJe: 

a) TaR KaK no ycJJOBHIO JieMMhl 3 tPYHKl.\11ff l!n(f:::} HBJJHeTCH 

oe!lleHI18M ypasHeHilff BToporo nopH,Jl,Ka .{3.1), TO oi-la HenpepbiBHa Ha 

[ 0
1
00 ) 11 11Mee•r Henpepb!BH.YIO nepByiO np0113BO)l,HyiO U n. (-t) Ha ( 0

1 
oo) i 

6) TaR KaK o! n>O, Y.,(t) 11 'lJ (t1s)- noJIOlKI1T8JibHble <fJ.YHKl.\1111, 

0 < t < = F (y~ ·i.) y.n.osJieTsopHeT ycJIOBI1HM (Io.)- (Iq) , TO 113 
I I d 

(:3.5) CJie.n.yeT, t<TO 11 Un(t)- 110JJOlKI1TeJibHM iflyHKl.\11ff ITp11 0-<t <""'; 

B) TaR KaK 'lJn (t.)- p81118H118 KpaeBOH 38.)l,atm (3.1)-(:3.2), TO, 

048 BI1,IJ.HO, U n. ( 0) = U n ( oo ) = 0 j 

r) rroRaxeM, t<To 11HTerpaJI J (U .... ) (eM. (I. I)) CYlllecTsyeT. YM-

HOlKaH ypasHeHI1e (3.1) Ha U.,_ (t) , I1HTerp11pyH o6e t<aCTI1 no £ 
OT 0 .n.o T H ~11Tb1BaH (2.3) 11 (3.3), noJJyt<I1M 

T 

:Jr (U n.) =·cx:n] lin. (s) y n..{s) F{!:!17

2
(s) /J )ds t 

0 

r'lln_(f)Un.('T'} 
(4.3) 

11JIIl 

JT (U,._) 6 eX,._ J.f {?1,_) · J.,.J:(!:InJ[Mo (t1 o) + Ndt.., io)] + 
T ' I 

+ Un.CTJU"(TJ O<t..,~to<T (4.4) 

0TciO.n.a B CI1JJY {3.3) 11 Taro,_ t<To M
0

<oo 11 M1 < oo ITOJJ~aeM 

10 

,, 

J 
I 

I II 
\ 
! 'J 

/l 
I' 1 

I 

d 

~ : 

,I 
\I 

( 

:J(Un) <oo; 

.n.) TalC KaK HepaseHCTBO ( 2. 8) cnpase.n.m1so )l,Jiff rpyHIU\1111 Un (t) : 

Kr (U .... ) :S H(:J.,.j :J.,.(Un.) (-L5) 

11 J ( ?J n)<·oo, TO, ne peXO)l,ff B ( 4. 5) K ITp8)l,8JI.Y IT pvr 'f -+- oo , ITOJIJ411M 

K ~ U n. ) < = . ·( 4 • 6) 

113 ( 4. 6) CJI8)l,.Y8T, liTO IIOCTOffHHbl8 ct. lt. MOJI(HQ r10)l,06 pO.'rb Tal\, l1T0-

6bi 
K{U,.,_)==B 

(1.7) 

1-iTaK, .n.oKa3aHo, t<To U n.. ( i: J E V ( o, =) . 

IloKaJKeM Tenepb, '!TO nocne,o,osaTeJib!IOCTb {ci ..._ J , no,o,o6paHHaH 

113 .YCJJOBI1ff HOpMV!pOBKI1 (4.7}, ffBJif!8TCH OI'paHI1l!eHHOH 11 CYlii8CTB.Y8T 

e;__,.,.:J.. of lt. := cL • 
n.~oo 

lb ( 4. 3) ITpvr T -~co ~MeeM 

J (U,.) = ol.._ j lin. (s) 'f, (S) { ( lj~{SJ, S) c(s, (4.d) 
0 

TaK KaK "1flyHKl.\11H F ( l, i. l y.n.osJieTBOpHeT y-cJJOBI1IO (It) , To 

tPYHKl.\11H G { 'l ;t) ( CM. ( I. J) ) HBJIH8TCH Bblfl.YRJIO H no He peMe!IHO t1 2: ., 

VI Mhl 11M88M 

G/u~, t.) >,- G-{~~, -t.J-r(u~ -~~) F{y~, t) 
(4.<J) 

l1HT8I'p11pyH ODe l!aCTl-1 ( 4. 9) ITO t OT 0 )l,O fP 11 1-!COOJ!b:J.Yff (I.<.;) 

11 (4.7), flOJJ~I1M 
00 00 

J U~ F ( !J~ (s), s) ds 6 J ~~ F ('if~ CsJ, s) ds • (4.10) 
0 0 

IlpMM8HHH HepaBeHCTBO reJib)l,epa K 11HT8I'paJJy, CTO~eMy B npaBOH 

qacTI1 {4.8) ,11 .Ylli-ITb!Baff (4.I0), 11M88M 
~ 

J(U,):; dn s~~F(~~(sJ,s)ds. \4.II) 
0 

YMHO~aH ypaBH8HI18 (3.I} Ha gn {~), I-IHTerp11pyR o6e t<aCTI1 

nOt OT 0 )l,O oo 11 11CITOJib3.Yff (3.3}, ITOJI~I-IM 
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00 

'J ( U,_) + J('fn.-)- J (zt11 - :fn) =2o!"f:J~ F(y~{s), S) ds. 

' 0 (4.12) 

MJ (1.11) H (4.12) nonyqaeM HepaseHCTBa 

{} {Un.) ~ .J{:fn-), 

Trm JWJ< nocne,n,oPaTeJihHOCTb rpyHI<l\Htl { V.,Jt)} 
NJJ1YCTHMOtl ,ll,JJB napaarmOJmot1 3a,ll,a1..!H ( 1.1)- (I. 2), TO 

-tim :J(Ztn.)?-), 
n~oa 

Tor,n,a H3 (%.1), (4.13) H (4.14) nonytiHM 

-f!.t.:m. .'J(U,_)::: lim Yry"'J =A • 
n.- 00 n -+-oo 

(4.13) 

TaKJKB HBJIHBTCB 

HHlKHHH rrpe.D,eJI 

(4.t4) 

(4.15) 

Y11HTh!BaH (4.1I), (4.1~) H CBOHCTPa(I;,)-{I~),JWTOpb!M Y,ll,OBJI8TBo

pmoT cflYHKl\HH F ( z., t ) , HeTpy.u;Ho y6e,r\HTbCB, tiT a nocne,ll,o saTeJihHOCTh 
1 c:X,_.} orpaHvr1..!eHa, T.e. 

d..,_ ~ c/A n.. = 1, 2, 3) '',' (4.19) 

0TCfil,l\U CJIB!\YBT, 1..!TO H3 ITOCJIB.ll,OBaTOJibHOCTH { oC n.} MOJKHO 

Bh!6paTb )JtlnllOf>40pHO CXO.ll;HU\,YKJCH f10ll,T!OC.ne.n,oBaTBJibHOCTb ~ tl.m.. , T. e. 

Lm. c{n == o!_ • 
Yl1--+- oe> m 

:C ~oKa)!(eM yTBBPJ!(,l\BHHe nyi-!KTa 2° JIBMMhl 3. Y<mTh!BaH (4. 16), 
nqeHKvr (:J.lJ) vr (3.14) nepermrneM B CJIB.ll,YJOUteM BH,IJ;e: 

a) 11pH t --+- o 
3 

U ( < P1e f->zt c ( t ) AA 
n t) '- 28-- 1+e-t 1"/12 (t), (4.17) 

6) npH t-+- 00 

ft.e fo,e C
3 

( t; ) M (-t) u 11 (t) £, 28 1 + rzc 123 
( 4. Ie) 

12 

... 

. ! 
: 1 
~ I 

t 

I 

\~ 
! 

flpaBaH qacTb HepaBeHCTB (4.17) H (4.18) He 3aB.llCHT OT HH

,IJ,BKCa n.. 
~3 (2.13) H (4.13) CJIB.ll,YBT 

c u n {t) 6' ff ' n = 1, Z.,'3., ',.' ( 4.19) 

T.e. nocJJe,ll,oBaTeJibHOCTb f Un {t) J pasHoMepHo orpaHHt!eHa. KpoMe 

TOPO, )l,JIH Ot:f.1<t2 <.oo HMBBM CCM.(2.I4)) 

z cz 
/71.,_ (tz)- Un.{t 1)/ !: 2 (tz -t1) , 

(4.20) 

3To- ycTaHaBJIHsaeT paBHOCTeneHHYJO Henpepb!BHOCTb nocne.n,osaTe.JibHoc-

TH fU~~.J. 
To-r.n.a, yqaTb!BaH (4.17)-(4.20), y6e~aeMCH, t!To nocne.n.osa

TeJibHOCTb ~YHKL1Hi1 [~(tJ} y.D,oBJieTsopReT BCeM ycnosa/I TeopeMbl 

0 KOMllaKTHOCTH KJiacca ~YHKL\HH Ha 6eCKOH8~HOM HHTBpBaJJe 12/. Gne-

,IJ,OBaTBJibHO, H3 [ Ut,_} MO.JKHO Bb16paTb paBHOMBpHO CXO,D,Hll\,yKJCH f10,1l,-

ITOCJI8,D,OBaTeJibHOCTb [ U n.., (t) J : 
-!im Un,.,{t) ~ U ft.)) 

(4.21) 

rrpH1..!BM 'U Ct) HBJIHeTCH HerrpepbiBHofi ilJYHKl\HBfi npa 0 ~ t < 00 • ,ll,oKa

saH ITYHKT 2° JlBMMbl 3. 

3 • ,ll,oKa)!(eM yTBep~eHae nyHKTa 3° JieMMbl 3. 
TaK KaK if>opMyJibl (4.II) H (4.12) cnpaBe.D,nHBbl a ,n.nff no,n.nocne

.n.osaTeJJbHocTH { Un,)tJ}, To ils (4.II) H (4.12) HMeeM 

lim.. J (UI'I.m - 'Ynm) == 0, (4.22) 
m-oo 

Tor,n.a as (2.10) a (4.22) nonyqHM 

Um /un (t) -un (t>/ :=0~ 
n1-+oO n, d, m 

(4.23)-

0TKJ,D,a C yqeTOM (4.21) BbiT8KaeT COOTHOlllBHHe (4.1), ~TOM ~p~69Ba
JIOCb ,IJ,OKa3aTb. 

4 • ,ll,oKa)!(BM yTBepJK,D,eHae nyHKTa 4° JieMMbl 3. 
,ll,JIH 3TOI'O paseHCTBO (3.5), nepeiTHlll8M B BH,ll,8 

/ ~n,.,.- oln.., J 'JJ{-t 1 s)~nm F( :/~.., ,s)ds ~~ /:fnm(t)- Un.m(tJ{ 
0 
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1-1 nepeJi,IJ,eM K npe.n.eny np11 m-oa. Yt!YlTb!Bal'I- (4.I) H (4.23), nony-

t!YIM 

~(t) = d j'J>{t,s) lj(S) F {t;/(s), s) ds 
0 

~qxpepeHL\HPYR ( 4. 24) no t. , •3aMeHRR 

HM8Tb f. 

ff{t) Ha 

(4.24) 

Utt.J, 6y,IJ,eM 

u (tJ~~{ tAtt.J j~tsJ VfsJF(ZI~ s)ds + ¢:w j ~rs) Z/(s)F(ZI.; s) ds}. 
(4.25) 

0 ~ 

Orcro.n.a CJie,IJ,ye.T, t!TO ecJIH F(z.,x) 'y.n.osnersopRe~ ycJIOBH.HM.,(Ia)- (I'J), 
TO ~yHKL\lifl U { t) HenpepbiBHa IIpl1 0 < t <: <><> • 

Tenepb nepenHrueM {3.16) s BH,IJ,e 

• d {,' ft: 2 
Un,,JtJ = ~"' (P2 (tJ ¢.fs) ifnm{sJ F ('fn, , S) ds + 

0 ' 

, t J1 {~) J cp2 {s) lfn,., W F {!f~,., , s) d~]. 
t 

(4.26) 

IlepeXO,IJ,f! K npe,n.eJiy IIpH m -= H Jt!I1Tb!Ba.fi ~.4.1) 113 (2.26); YlM88M 
. c<.[~ f;t !:f-!}1~ un.J-t) =71 ¢zftl rf1{s) VrsJ F(u~s)ds.,. 

0 (4.2?) 

t- ¢1 (tJ] cf2(s) 71/s) F(u~ s) ds J. 
"I; 

CpaBHYlBa.ff (4.25), 1-1 (4.2?), noJiyql1M 

lim Un (t) = U (t) 
m-+oo ..,... 

t!TO 1-1 ,IJ,OKa3biBaeT (4.2) •. 

HeMMa.3 ,n.oKa3aHa nonHOCTbro. 

CJieACTBHe. ~3 (4.I) 11 (4.2) nonyqaeM 

J ( U) = lim.. :'! ( U nm). (4.28) 
m-oo ' 

TaKHM o6pa30M, ecJIH tf!YHKL\HR F ('i, t) Y.I\OBJieTBOpf!eT ·ycJIOBH.HM (Ia) -(I'J), 
TO 113 JI8MM 1,2,3 CJie,IJ,yeT, t!TO IIpe,]\eJihHaR ~YHK[\HR ~{t) 11 6y,]\eT 
pemeHI1eM paccMaTpHsaeMo~ sapHa[\HOHHO~ 3a,]\at!l1 (I. I )-(I. 2). TeopeMa 

2 ,]\OKa3aHa IIOJIHOCTb!O. ' 

§~ IloK~eM, HaKOHe[\, t!TO 113 C~eCTBOBaHHfi peweHHl'I sap11a~ 
L\HOHHOH 3a,!l,at!H U.I)-(1.2) cne.u.yeT c~eCTBOBaHHe peweHH.H Kpaesoti 

3a,l\at!H (I )-(2). ' 

):\HIP<f>epeHL\HPYfl ( 4. 24) ,!l,BaJK,Il.bl no f , TIOJ!yt!liM 

~ (t) - Qe (t) :J (t)=: -o<. if (tJ F ( t/(-t.J ,-t) (5.I) 
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"· 

d 
~ 
! 
) 

\ 

1 
I. 

r 
I~ 

npHt!eM ~{f.) Y.I\ODJTeTnopneT rpaHKt!HbiM yc.JIORHRM 

IJ (o) = 'if (oo) = ~. (5.2) 

Ypo BHeHI1C ( ~ .l) O'l'JI wmeTCF! OT ypaaHeHMH ( i) IW..'!WlV!eM 'l.fi0-

1KI1Te.nrr ot. . 
Tare Kare 3Ha•wrme <X. :JllDMcwr o•r ReJIW<I1Hht HopMHPOBO'-!Hofi no

CTO.f!HHOA e, (eM. (I .2) ,'l'o ,MeHH.fl B, M01KHO ,ll,06!1!1'bcrr Toro, t~.Po8bl o<.:o:i 

li T8M CaMhlM yp8.BH8HHJI (,I) H (5.1) C0Bf!8JIH. ,lJ,rrn 3TOrO B Ha)~O BL!6-

paTb TaR, t!T06bl RhlTIOJIHf!JIOCb yc~OBli~ 

j ('()) = S "J"(s) F. (~L(s), s) ds • ( 5.:3) 

B CaMOM ,n.e.ne, llO,ll.CTaBJIR.F! B (5. :3) HOByiD tjlyHKL11110 : 

HM88M 
!jCS) = ¥ · lf (s) , o / 0 1 

:1 ttf) ::: S lf(s) F ( aJ.tf\ s) ds. 
(b.4) 

TaK KaK F(z.,t) Y.IJ.OBJie'PBOpReT yc.nGBI110 (Ii.), TO sce!',11,a MO?KHO no-

.u.o6paTb X TaK, t!T?6hl BEiriGJIHHJJocb paseHCTBO ( !J .4). 
TaKHM o6pa:>oM, 113 cynjeCTBOBaHMH peweHMfl aapwlqi10HHoi1 3a.L\a'm 

(l.I)-(1.2) CJie.u.yeT cy~eCTBOBaHI18 perneHKH Kpaeaoi1 3a,!l,at!H (1)-(2), 
M T8M CaMhlM 3aBepwaeTCR .IJ.OKa3aTeJibCTBO TeopeMh! l. 

B 3aKJIIOt!eHHe sToro pa3,IJ,eJia OTMeTHM, t!To TeopeMa I ll03BOJIReT, 

B t!aCTHOCTH, ycTaHOBI1Tb CytijeCTBOBaHH8 IIOJIOlKHTeJibHOI'O f.la~TI1~8IIO)l.06-

HOrO peweHI1.FI 3a)\at!H (I)-( 2) B cnyqae F (If'~, x) = ( * ) -1
• 

3TOT pe3yJibTaT 6b!JI riOJIJt!eH paHee HeCKOJibKHMI1 aBTOpaMH/<'1-d/. 
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