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06 OllHOM yCJIOBHH OTCyTCTBHB ITOJIO*HTeJibHOrO 
~acrHuerroao6uoro perneHHg uenHueHuoro ypasueuag 
CKanSipuoro rrong 

B pa6ore HCcneayeTcg uenuueHuoe ypaeueHHe 

~2¢(x)_[ 1+ _£{f+ 1) l¢(x) =- __1'~ 
dx2 x2 xk-1 

npu rpaHH~HbiX yCJIOBHSIX 

¢(0) = ¢ (~)=0. 

..QoKaaaua cneayiOIUBB TeopeMa: 
EcnH. k 2:: 5. TO rrpH JII06b!X uarypaJibHbiX 3Ha~eHH51X e = 1,2,3, ... 

(I) 

(2) 

KpaesaSI 3aaa~a (1) - (2) ue HMeeT rrono*HTenbuoro ~acruuenoao6uoro 
perueuuSI. 

Pa6ora BblllOJIHeHa B na6opaTOpHH BblqHCJIHTeJibHOH TeXHHKH 
H aaToMaTH38UHH. OMHM. 

Coo6IUeHHe 06be!lHHeHHOl'O HHCTHTyTa HUepHbiX HCCnenosaHali. lly6Ha 1978 

Amirkhanov I,V,, Makarenko --GJ. 

On One Condition of the Absence of Positive 
Particle-Like Solution to a Scalar Field 
Nonlinear Equation 

The investi~ation of nonlinear equation 

P5 - 11865 

d 2¢(x) C(C+l) ¢k(x) 
----[1 + ---]¢(x) =- --- (1) 

dx2 x2 xk-1 

for boundary conditions 

¢(0) = ¢(~) = 0 (2) 

is performed. 
The following theorem is proved. 
If k > 5, then the boundary problem (:1}-(2) has no positive 

particle-lik~ solution for any integer values e = 1,2,3, .... 

The investigation has been performed at the Laboratory 
of Computing Thechniques and Automation, JINR. 
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BB6.It6RH6 

ilOCTp08RH8 T60pHH 9~6M6HT8pHHX ~aCTHn H8 OCHOB6 e~aoa T60-
pu nOAA n~O,Iti!T R p80CMOTp6HHID B6JmR6iblHX ~6p6BIJ;Il:8Jl.I)HHX 
ypeBR6HHA" - 3/. llpe,ItCTaBAA6T KH'i'6p6C HCOJI6,ItOB8HH6 CYIQ6CTBOB8HWI 
~aoTzneno.n.o6HHX pemead TSRHX ypaBaeHd. HanpHMep, B npocTeimeA 
MO,It6XH OR8AHpaOro noAA 38~~8 CBO,ItaTCE R HCOJI6,It0B8HHD OYIQ6CTBO
B8RRR ~acT~no.n.o6aoro pemeaHE o~e~mrnero aeJIHHeiHoro .ItR~epea
nwaJI&aoro ypaBHeHHH/4/ 

tp(x)- Oefx )'f(x) = - ~~~/ (I) 

npH rpa~HHX YOJIOBHRX 

'f{ 0) = "P { 00) = 0) (2) 

r.ne UJ(xj = d 2 VJfx) Qpfx)=: f( t'+t) , f== ~1,~ 
I dx2 ' ~ x~ 

t_p{ oa) := /!A_m Cf(x) . 
X-++oo 

llO.It ~80TH~nO,IJ.06BHM p6ID6HH6M UOHHM86'i'CR XD6oe B6'i'PKBH8Kb
B06 pemaRHe tpr:r:) Rp86BOa 38,It8~H (I}-(2) • llOJIOJ!tHT6Jl.I)R06 tJ8C
T~nO,It06R06 pemeBHe - aTo ~aoTH~no.no6aoe pemeBHe, ae o6parnan
rneeoE B BYJI.I) WI B O,ItHOI 'i'O~Re, Rpollle ?C.: 0 K X= =<7 , H 

'fCX)"?o npil x -.:>-0. 

Y:gaBHeRHe (I) npH ~ =0 paaee 1/ICOJie.ztoBa~oo:& B pa6oTax: 
/2,5,6/ 

B ~a6oTe/4/ ~ JID6HX HSTypaJlbHHX 3R8tJeRIIII napaMeTpa e 
0 noMO~:&D B8pi18n30HHOrO UO~O,It8 6HJia ~OR838H8 

TeopeMa. Ilpz BHIIOJI.ReHHJ!I yoJIOBWI 

1£..K<fi 

cyiQeoTByeT no~OliUITen.aoe ~aouneno.n.o6aoe pemeBHe y;rx) 
~H (I)-(2). 

3 

sa.na-



3TO pemeawe 06AB~6'1' CA6~~H CBOICTBBMH 

eimt(Jfxjcprx)=:O l.im<ft:c)cf(:r.} = o . 
:x:-o 1 x- e>O 

(3) 

B ~HHOI pa60'1'6 ~ Am6HX HaTypaALHHX saatJeHHI D8paM6Tpa e 
C DOMO~D O,IUlOrD ~6peH~8A:DHOrD paB6HC'l'B8 YCT8HOBA6H0 1 

'ITO DpH k~ 5 38~~8 (I)-(2) H6 HM66T TIOAOEHT6Al>ROrO qaCTH~6-
no~o6aoro pemeaHa. 

B §§l-2 C TIOMO~bV M6TO~a TIOCA6~0BareALHHX npH6ABX6HHA ycra
H3BJil'IB3JOTCB CBOi!CTBS pemeHHI ypaBH6HM (I) DpH :..('- 0 H DJ»> 

x~oo COO'l'B6TC'l'B6HHO. IlOAY~8HRbl8 pesyAL'l'3'l'H YTOtJIUIIJ'.l' CBOIC'l'
BS (3) • 

B § 3 .IJ;PRasHBaeTCB reopeMa o6 O'i'CY'l'CTBHH noAo&HTeALHHX ~ac
TH~eno.no6HHX pemeRHI. 

§ I. B BTOM napa~e YCTSHOBHM CBOICTB8 pemeHBI ypaBH6HlUl 
(I) npz .x -o 

~eMMa I. EcJil'l BHnOAIU!eTcs ycAoBze K>i , TO aa OTpesRe 
o,;. x ~ h, r.ne i- = t..Jk,f, c), o .c C "'- DL> 1 CYlJIBCTBY-

eT o.naonapaMe'l'pR<Jecxoe ceMelcTBo pemeHHI tpf x, C) ypaBaeHBS 
(I) 1 '1'8RIDC 1 'ITO lf( 0, C)::::: 0 1 H 06A8,nBDJU4X CBOi!CTBaMH: 

I 0 • WuesT MSCTO OJJ13HR8 

.tA c I 15 ) (- ) f+l )lf(x,c}J ~ : \ et-+K-t 1:x . €x (I.I) 

2°. <j)(x, Cj - aenpepbiBHO saBHCHT OT napaMe'l'pa C • 
3°. IJpz ~HKCHJ)OB8HHOM SH3~6HHH L pemeHBe 1( X, C) 

6,li,I!HCTB6HHO • 
,Il,oR838T6ALCTBO. 

! 0
• lloRaeM nePBoe YTBeJJRt.neHHe AeMMH I. 

ypaBHeHHe (I) c y~e'l'OM rpaRHtJaoro ycJIOBHR 
HHT6rpaA:DHOrD ypaBH6HlUl 

lAB a'!'oro nepenHmeM 
'f( 01 C) B BR,IJ;6 

X 1 pK 

tp(x, c)=: c. <P,rx) + j..!J(x,.J) 7 ,~5~(e) .£$ J (I.2) 
() 

r,ll8 

4 

j){x:,~) = 1j_(:s=J<f1rs) -1J.(s)1;fx) , o~ ~ ~ x. <r.3 ) 

3,ll8C:b ¢1 {X) H 1z ( xj - COOTB8TCTB8HHO peryJJJJpH06 H H6-

peryJJ5!pH06 B 'l'OtJRS X= 0 mmelao H638BRCHMH8 pemeH!Ul O,IUlOpo,n

HOrO ypaBH6H!Ul 

<P ( ~ ) - Q( (X) ¢ (X ) = 0 ' (I.4) 

DJ)IM611 . . 
cP,rx)~(x)- ~(x)'/ifx)== 1. 

IJpz 0£ X~ 00 ~ lfyHRrnfit cp, (X) H 1!/{ {X) HM6m' 

M6C'l'O ODI3HRwl7 I 

¢?fx) ~ Ae ( 1:x-) ~~~ex, 
W.r;(J~ ~~2e (1+~ )-t e-x) <r.5> 

r.ne P-te H A .. t - TIOROEHT6Al>HH6 TIOCTOBHHH6o 
,Il,oxa)lteM, tJTO npz o ~ x ~ -h 1 CYIII6CTBY6T pemeHBe 

RHTGrpaALHOrD ypaBH6H!Ul (!.2). ~ STOrD npHMeRHM M6TO,IJ; TIOCA6,nD

B8T6ALHHX npz6AH&6HHI. 
3a TI6PB06 npH6AH~6HH6 B03LM6M 

dJ(:L:, c.)= ccp (xj. T1 4 (!.6) 

CA8.IJ;Y~6 npH6AHR6RHS onpe,neRHM COO'l'HOID6HHBMR: 

~ I< 
\fLf:r,c)==Ctf-?txJ+ jJJ(x,5) t.fJ,~{r/) df, h=2,3,Y, .. (I.?) 

0 

HcnoJILsys o~eHKH (!,5), HeTpy.IJ;Ho yOs~TLCR, tJ'l'O Bee ~HKURH 
DOCA8,IJ;OB8T8A:DHOCTH { lf.,fx, CJ} OTip6,IJ;8JI6HH H H6Dpepb1BHH 

H8 0Tp68R6 0~ X~ 1t_ 1 H HM81J'1' M8C'l'O OUBHBH 

/ t..f?..[x, C) I ~ ~/g1e C ( /::x:. )!+te:x:, n=1,2,3,... (1.8) 
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B8IDJ1:J.I'IH8 {1 aaxo~cR .1113 ycnOBHR J;(ft,)= 1.., 

r)J.8 frK-fJ +2. (K-1J::x: 
1< cK·fX e 

itrx) =: LfAe Ae · -'IK-1) + 2 <r.9) 

Hcao, ~To npPI 0~ x ~ 1? 1 j",(x) ,f 1_ _ 

.IloRallteM, 'ITO nocnenoBa'!'eJr:&aocT:& {'f., (x, CJ} paBaoMepao 

CXO,ll;IITCJJ npH 0 "' X ~ {, 1 H, CJienOB8'1'8Rl>HO, Op8,ll6nl>H8R ¢YHK-

UHR 

'f(x,C)== eht.-<f.Jx,C) (I.IO) 
~~~00 

H80p8PHBH8 Ha STOM 0Tp83R8. 

3aM8'1'HM, 'ITO CXOniJMOCT:& OOCR6,11,0B8'1'8nl>HOCT.I'I {<f.,_ ( x, C)} 
p8BHOCI'IJI:&H8 CXOnKMOCT.III PR.na 

lft (x,c) + {r,(:x, C)- t.f/ (~, CJ) + .. - + { tf/,t, ( x,c)- 'f.,( x,C)} +.. (I.II) 

I<allt.n;aA 'IR8H :PRna (I.II), H8'!HH8R CO BTOporo, onpeneJIR6'1'CR 

COOTHOm6H.I'I8M 

cJ) X \[) k I< 

ln+/x.C)-'f,.{x,c).::::jJJ(x,-s) I"- (s,e)- lfn_J1, C) d. 
cJ ~K-f S (I.I2) 

Hcnon:&sys (I.5) H (I.I2), aa OTpesRe OE.x!"'/,1 TIOJIY'!HM 

OU6HKH: 

/f..+/ x, c)- f.,( x, c) J ~ Y. ft,e C 
{K(,rx)}~v(~)~+1 x.. 

~ . 1+X e I . ft/ (I. !3) 
;,_ = (, 2, 3 J" . 

Hs OUSHOR (I.I3) CJ16.Il:Y6'1', ~TO PR~ (I.II) CXOnlfTCR paBHOMep

HO, OTRy,na nony~86M HenpepHBHOCT:& npe)J.8n:&aoA ¢yHKUHH Cf(x, C). 
Tor.na, nepexona R npeneny B (I.?) npPI n- oo H y~HTHBS.R 
(I.IO), nony'!HM, 'ITO npe~enJ>RM WHKUWI t.f[x, C) aa OTpesRe 

tJ<;, X~ lz 1 JJBJIR8'1'C.R pem6H.I'I8M HHT6rpanJ>HOro ypa!IH6H.I'IR (1.2), 
a aaa'IJHT, H pemeH.I'IeM ypaBHSHHR (I), Y.U.OBneTBOpa~ rpaH.I'I'iHOMY 

YCJIOB.IIID 1../( o, ():::: 0 • 

Hs (I.II) .111 (I.I3) ,UJIR npe,nenJ>ao~ ¢YHKUHH fJ(x, c) nony

-qaeM OU6RRY 

6 

ItO( C)/< £fife ( ( ~x) ) ( -:t: )f+t ::c T x, - -- € ~ + K- 1 . -- · -e K HX . (I.I4) 

TaR K8R npH 0 ~ X ~ 1,1 ~HRUWI J: ( xj ~ 1 
.J 

'1'0 H3 

(I.I4) nony~aeM Tp86Y8MYD OU8HRY (I.I) • 

2°. lloRa~eM BTOpoe YTBep~neHHe neMMa I. PaccMoTpHM nEB saa-

~eHHR napaMeTpa C : C 1'1 C + 4 C J Ll C /' o. • Tor.na 

oyneM HMau 

X tfK K 

lf{z, C+tJC)- <f(x,C)= LlC.¢/f;c} -f jJJ(x,f}(J,C+~:l~'frs.(jd:f. (I.I5) 
(} 

C OOMOm:&D M6TO,n8 OOCJI6,11,0B8T6nl>HHX np.1116Jlll~6HH~, nOBTOPRJJ paccyllt

)1.8HllR, aaanor.l'l'iaHe TaM, KOTopae npoBeneaa B nyHR'l'e I 0
, aa oTpes-

Re 0"" X~ hz._ MOlltHO nony'!HTJ> OU8HRY 

~~(x,(+aC)-f(x, cj{ ~ 4(. (51e ft----x--) f+t ex+t (I.I6) 

Ben.l'l'iHHa h,., aaxo,naTC.R llS ycJJOBMR J;_( t:J.} = 1. / r,ne 

K. K-1 € 2 -f K-f X 
1 

. K-1/JC ( 
[. r<-t f(K-t'+l 

Y:_tx}= i;Ae At (C+4 c) . k K I {(K-f)·d E! J (I.I?) 

np.l'l'i8M Y;_ (X) ~ f ? 8Cnll 0"" X !0 h z. 
Hs (I.I6) CJie.n:yeT, 'lTO llPH o -c:- x f: hz pemeaze 

tf( :X, C) H8npepHBRO 38BHCHT OT nap8M8Tp8 ( • JJ.e~CTBllT6JlbHO, 
,UJIR JIIOOOro E /' 0 H8~,11,6TC.R T8R06 !} = J'( F:) /' 0 'IJTO 

npH 4 (' < J' pemeHMR 'f( X, (_ + 4 C) H 'f[.z, CJ H8 

0Tp83R6 0 ""'X "" hz. O'l'IDJ1:18DTC.fl M6Hbill6, ~eM H8 £. 
BH6HpaR Tenep:o h. = h1AA C h,, h.~) j BllnKM, 'lTO aa 

oTpesRe o ~ x 5 k YTBSPE~eHMR I 0 
1'1 2° neMMa I cnpaBe,JI)lz-

Bbl. 

3°. lloRasaTenJ>CTBO TpeT:&ero YTBep~,neHKB neMMa I. llonycTHM, 

~TO cymecTBYST .n;pyroe pemelQ'le ~ ( x, <:} 1 ogpeneneaaoe H ae-

npepHBaoe npH o !0 ::c ~ -h.__ , rne o ~ h.- ""' -h Y.U.OBJISTBO-- ) 

PRIOOI68 ycJJOBRD l.((o, C) -=o H o6na,nal00lee CBOitCTBOM (I.I). 
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Tor,na n);E 0 ~ x "'- k lb'RRUH.R y ( x, c) 6y,ne'l' 

y ,IlOBJISTBOP.!JTI> ypaBHSRI'.lll -
- x. <f'iJ,C) 
'-f(:x,C):::::CcfJr?(J+jJJ(x,s) s~<-t dS 

v 
(l.IB) 

filS (I.7) H (I.I8) TIOJiy'i86M 

- 'X k. -K 

~(x,c)- <f(:{,c}= jJJ(x,:r) y?,_,(!,C~= <f! (1,C)dS. (I.I9) 
0 

fiiCDOJI:bSY.R OUSHRI'.l (I. 5), H6Tpy ,li,HO y66,nH'l'l>C.R, 'iTO ,li)I.H MO,Jzy JI.R 

pasaocu !fyaRumt /f., ( -x., C)- !..f {x, c) / HMem MecTo oneRRH 

/( )h-I( f+t 

I - ,/ 9K-1/{ L {e_"J.+K-f ( X ) . X 
V!Jx,C)-tf(x,c),~/.. ?1e . 1(MK+t} ~ e / (1.20) 

/1.. =f., £,3~··· 

ilpaBHe -qacTH aepaBeHCTB (I.20) cTpeM.RTC.R R aym npa h-7 oa 

RBK 06~ 'iJI6H CXO,ll,limerOC.R psi,na. 0TCil,ll,li BRT6R86T, 'iTO 

~·rn_f<{J.,(x,C}- tf(x, C }/ = 0. 
J.,..;..oo 

(I.2I) 

Y~HTHB8.R (I.IO), H3 (I.2I) llOJIY'i86M 

fr~c-' ==: l-·rn-t[l._rx, c)= l{J(x,C) 
h-roo 

3TO OOR83RB86T, 'iTO npH 

(I) S,IJ;WHCTBSHHO. 

neMMa I ,Ili)R838H8. 

o~x-=;it_ pemeHHe ypaBHSHH.fi 

§ 2. B STOM naparpa!fe YCT8HOBI'IM CBOiCTB8 pemeHHi ypaBHS

HH.fi (I) npa X- oo . 

JleMMa 2. EcJIH BHTIOJIHRDTC.R ycJIOBH.fi K? 1 .111 f(K-t) >- 1; 
TO B HHTepBaJie ff ~ x. ~ oo , r~ I!== II ( K, fl, C), o < C < e><> 

cymecTBY6T O,li,HOTI8paM6'l'pH'ieCR06 C6M6ICTBO pemeHHI 'jl( X, C) 
} 

ypaBH6HH.fi (I). T8RRX, 'iTO <f( ex>, c)= 0 I .111 06J18,lJ,8DJt11!X CBOi!CT

BBMR: 

8 

I 
\ 

l 

I 0 • fi!Mee'l' MSCTO OU6HR8 

fcprx,c; I { Qj3: c (~ :+1<-1· ( ~: )-~-~ 
t2.I) 

2°. lf( x, C} aenpepmmo saBHCI-IT OT napaMeTpa C • 
3°. IIPH !fHRcupoBaRRoM sHa'ieHHH C pemeHHe cpr x, c) 

6,IJ;HHCTB6HHO. 

.llOR838T6Jll>CTBO. 

I0
• AOK8E6M ll6J>B06 YTB6p~~HH6 JISMMR 2. ~ STOrO nepenH

meM ypaBHSHHe (I) c y'ieTOM rpaHH'iHoro ycJIOBH.fi tf( oa, C')= o 
B BH,IJ;S HRT6rp8JII>HOro ypaBHSHH.fJ 

00 

Lf(x, c)= C~rx) + j2J1(x,lj 
X 

fYJ,c) d3~ 
--sl(-( 

r,ne 2J/ X, 5) =- J)( X, :I) J X ,s -8 <' oo 

(2.2) 

noR8K8M 1 ~TO B HHTSJ>B8~6 1(1 ~ ~ <: ~ cymeCTBY6T 

psmeHHe HHT6rp8Jll>HOro ypaBHSHHR (2.2). ~ STOrO Op11!M8H11!M MSTO,IJ; 

TIOCJI6,Ili)B8T8Jll>HRX npH6JIHM6HHI. 

3a D6J>B06 npH6JII'.l~6HH6 B031>MSM 

C.(/(x, C):::: C ¢;_ (x). (2.3) 

CJie,eynmHe npH6JIHM6HH.fi onpe,neJI.ReM TaR: 

so K ) 

l{!JxJ)=:: c1;,rx}-f-jJO!x,~) </?,~(;_; d~ / h = 2,3, ~--- (2.4) 

fllcno~:&sy.R oueaRH (I.5), aeTpy,ll,llo y6e,IJ;HTI>C.R, 'iTO Bee WRR~ 
DOCJ18,Ili)B8T61ll>HOCTI1! f 'f., (X, C) J Onpe,neJISHR H HenpeiJHBHR 

npH H, 'f X < ex:> H HM6J11' MSCTO OnE!HRH 

jlf}.(x,c)(::: 2;3uC ( -t~ )~te-x} h :oc 1, 2, 3}... (2.5) 
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Be nwnrna H, Haxo,IU~TCSl Ha ycnomm C1 (H+) = i r.ne 

'lft1e A~ ( x ;-fr~<-rJ+r I c )'<-t 
v;rx)= t<-1 -r+x. . ( :Zez ' (2.6) 

rrpH"!eM 6'1 ( x) .c; 1 
1 

eoJm H1 ~ X < GD . 

,llOKa.Jit6M, '1'1'0 IIOCJl6,IU)B8T6Jll>HOCT:& f tPn ( ~~ (' j} paBHO-

M6pHD CXO,IUITCSl B HHTepBBJie H1 ~ X < t4 If, CJI6~0B8TeJ!l>-

HO, rrpe~eJI:&H8Sl ~HRURR 

l(J ( :x, C} ;;; lUt <-f., ( xj C) 
h?<X> 

(2.?) 

HerrpepHBH8 IlpH H1 ~ X <:: 1>0 . 

To'IHO TaR ~e. KaR B rrpe~~meM naparpa~e, ~ Ka~oro 'lne

Ha Pf!~ 

t.plx,c) +[fz.(x,c)- tfl[x:,CJ] + ... + [V?,,,(--·, c)- yZcx, c)]+· 

II PH H1~X.<oo 

/<f..+t (x, C} -<f.,(~:, C)/~ 

IIOJIY'l8D'!'CSl OUeHRH: 

2/~a C 
K 

,,11/ J-e [ K s;r::(j (_ x. . e- x 
2. ( 1-o: / 

fl../ ~ 2. 3., ... fL..= lj ' 

(2.8) 

(2.9) 

Ma oueHOR (2.9) cJie~eT, 'ITO Pf!~ (2.8) cxo~TCR paBHOMepHo, 

OTRy,na IIOJIY'l86M H6IIP6Pl:lBHOC'1'1> rrpe,neJI:&HOH ~YHKUl!IIf Iff X, C). 
Tor.n;a, rrepexo,IT,Il K rrpe.n;eJIY B (2.4) npPI n.-.. oa PI y'lPITHBaR 

(2.?), IIOJIY'IVIM, 'ITO npe;n,eJil>HM <J;yHRURfl lf(x, L) B l'lH,-6JlB8Jie 

H1 f, x < oo RBJ1Sl6TCS1 perueHPieM PIHTerpaJ!l>aoro ypaBHeHPISl 

(2.2), 8 3H8'IRT,R perueHHeM ypaBH6HHSl (1), y,D;OBJI6TBOPf!DmHM rp8HH"'

HOMY YCJIOBHIO tf( 00 / C)=: 0 • Ma (2.8) .If (2.9) ~ npe,neJlbHOil: 

<h' HRURR tf (:X, C) IIOJIY'l86M OUeHRY 

!J.. A ( ( 15..ffi!_~J 1 J ( X ) - e 
J <fr x, c J f ::: -9!-L e ~ + I< - i_j · 1+ :~: . e- x . 

(2.!0) 

TaR RBR npR fl1 ~ x < = <h'HRUHS! C:,Cx) ~ 1 
.I 

TO .1!:3 (2.10) IIOJIY'l86M Tpe6yeMy~ OUeHRy (2.1). 
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II 
II 
I 
I 

I 

2°. noKa~eM BTOpoe YTBepE,neHHe JI6MMH 2. PacCMOTPHM ~a 3H8-

'l6HHR napBMeTpa C : C PI c + a C -' 4 C' > o • Tor,ItB 

6y,neM HM6Tb 

<f(x, C+4 C)- C{J(x,c)= 4 C if;rxJ+j~ (x,J) '-f(s, C+4C}-'ff~C} d. 
:x f -5K i J. (2.Il) 

C IIOMDml>D M6TO,D;8 IIOCJie,D;OB8T6Jll>HHX npH6JIH~6HRA, IIOBTOPf!Si 

paccy~,D;6HKR, 8H8JIOrR'lHH6 T6M, KOTOpH6 IlpDB6~6HH B nepaOM napa-

rpe~e, npPI .42. ~ X .c ex:> HOZHO TIOJIYt;HT:& OIJ;6HRY 

/lf(z/C+4C)-'f[:r,C'J{ -s 4C·fze· (/}_x rtet-x · (2.12) 

BeJIH'IHHa H,__ 

fii(x) = 1; Ae f3.~ 1<. 
K-1 

HBXO,IUITCSJ .1!:3 YCJIOBKR ~(~) =:: j 
/ 

(
3_ rf(K-t}+fr(Ct-LJC){f' '{+ K-f)] k-i 
1+X/ Kxe"'- J 

npH'leM G; ( x) ~ 1 J eo .1m l-Iz ~ x < (>Q . 

r.n;e 

(2.13) 

Ma (2.12) cne,nyeT, 'ITO np>~: H2 ~ x.:: <.><> pemeHHe !f(x,c) 
H6IIp6pHBHO 38BHCRT OT II8p8M6Tp8 C . ne~CTBHT6Jll>HO, 

,D;JlSl JIJ060IO c :>- 0 aaA,neTCSl T8R06 f" = J'(£) 7 0 / 'ITO 

npR 4 C.<. 8 pemem!.R <jJ( ~ C + 4 C) H tf(x/ C) OTJIH-

'l8IDTCS1 M6H:&me, 'ISM sa E • 
BH6HpaR Tenep:b H = m.a x ( H 1, lit. ), BH~, 'ITO npR 

H ~X. <::. (><> YTB6pE,D;6HKR 1° H 2° Jl6MMH 2 cnpaBe,Jl)lHBH. 

3°. noK838T6Jll>CTBO Tp6Tl>ero YTBep~,D;6Hl'IR JISMMH 2. 
.UonycTHM, t;TO cymecTBY6T .n.pyroe pemeHHe y;( :x, c) 1 onpe-

;neJieaaoe PI aerrpePHBHOe npa i! "' x < o.a , r.n;e H ~ if < oo, · 
y~oBJI6TBOPf!lO!I{ee ycJIOBH~ cprx, c) = o H o6na~l0Uiee cBo:il:-

CTBOM (2.1). 
Tor~, IIOBTOPf!SJ paccy~,U6RRR, 8H8JIOrH"'HH6 TSM, ROTOpHe rrpo

B6,U6HH B nyHKT6 3° ll6JlBOrO naparpa~a, MOZHO IIOJiy'llilT:& OUSHKH 

/'fJx,C)-lj(x,c){ ~ !t-Ae C 
(e§ +K-1tKn<G:.rxJ)"'f x )-e -::(" 

K n{K +1J n ! l ~n. e / 
h...::: 1, £, 3/ .. 

(2.14) 
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llpaBb!6 '!80TH H6p8B6RCTB (2.I4) CTp6M.STC.S R HYJUO npz h._,.o 

RBI< 06lltlfi\ '!JI6R CXO.IJ,RIJ16rOC.R Pf!,nB. 0TCJO,n8 Bb!T6R86T, 'ITO 

~·m ( tf?,Cx, c)- yr~,c;/ == o. (2.I5) 
h-+0¢ 

Y'!HTb!B8.R (2.7), RS (2.I5) DOJIY'!86M 

W(x,C)= l_·n.__!.(!,(x,C) = <p(x,C) 
I ,~C>oQ 

3To noRaSI:.lBaeT, 'iTO DJlH H ~ X L: oo pemeaae ypaBR6HRR 
(I) 8;nl'!RCTB8RRO. 

~eMMa 2 ~I<asaaa. 

§ 3. B aToM napa~e ~I<aab!BaeTC.R 

TeopeMa. RpaeBa.R aa,na'!a (I)-(2) npa K~ 5 ae RM68T noJio
~T6JibHOro '!8CTHUGD0~06HOrO pemeHH.R. 

~OI<838T6JlbCTBO. Henocpe~CTB6HHO~ DpDE6p!<O~ MO~HO y66;nl'!TbC.R, 
'ITO 8CJIH '{'(x.) - pem8HH8 ypaBH6HRR (I), TO BblllO}!HH6TCR 0}!6;IIy
IDIJ166 COOTHOill8HH6 

j;._{x<j;Y:x)-t(fx:)f(x:)- X QlxJf'tx) +-At tfK+t(xJ-=:. 

~ ' IZ 5=-K. = -Z / {O/x }+ I Q/xhffx)- f.(K+t) 

,()K+f I ( 
T (xjj 
'X: 1<-1 

HliT6rpHpy.R ll00}!6,1J,H66 paB6HCTBO DO X OT X1 ~ 'Xz 

DOJIY'!HM 

X2_ - ::f2. IHf. 

j 2 6-K J f (x} <f ( :r.Jdx: == fl{lu-1} X K-t dx 
x, x. 

-+ i {W(xt}- wr~2) 7 
-t )_~ 

r~ 

'L , ,()K-f1 

W{x):::: X tptx)- f!xjUJ(:x:}- :x:Oef'1jJ 2M -f ~. T (xj 
T' k+t .:x.K-Z 
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(3.I) 

(3.2) 

(3.3) 

Tenepb npe~o}!OKBM, 'ITO CYIJ16CTByeT D0}!05KT6nbHoe '!SCTKUeno
~6aoe pemeHHe l{J(x) sa.ua'!H {I)-{2). Tor.u.a, c y'!eTOM peay}!bTS
'I'OB }!6MM I H 2, HS (3.2) D:pH X 1- 0 H '.X2.- <>"" 6y~eM HM6Tb 

00 ,;a 

J<.LJt'~}df:C = 5'-K. J cp~<+t(x} of:;e_ 
I .t( K-t) x"-t 

0 0 (3.4) 

EcAH K ~ 5, TO B paBeHCTBe (3.4) c}!eBa - no}!OKHTenbaa.R Be
n.qHaa, a CDp8B8 - 0TPKU8T8AbH8.R B6JIH~H8 H}!H HOJlb. ilpDTHBOpe'!H6. 
3HS'IHT, aame npe~0}!0M6HH60 TOM,qro)O(X) - fi0}!0KHT6nbH06 '!8C
THQ8D0~6H06 pemeHH6,H6B6pHO. 

TeopeMa ~Raaaaa. 

llPHJ10j,\illli'i.b 

ITOKa'KeM, 'ITO Bee peryJlHPHI:Ie pememlH 'f ( x, c) ypannemm (I) 

npn x~o y~oBJieTBopmo'r ouenRe (I. I~ a B cJiyqae x-oo 
y~oEJieTBo PHJO'l' oueHRe ( 2 .1 ) • 

1°. HcrroJII>3YH oueHRII (1.5) ,ypanneHIIe (1.2) rrepemrmeM B mr.n:e 

X K {K-1) f{K-i}+i] /'llJ(r' )\Js' if(x,c)j~c+~[zfie.!ze.e 5 1 ~,c , 
0 (IT .l) 

r~e 

I "f (< ,c)l ~ /'f(x, c)f 
\ ~i (3.-)e+i :;c. 

1+:;1: e (I1.2) 

J 
K >-i . 

IIp:vrMeHHR R uepaBeHCTBY (II.l) JieMMY Enxapii/B/ I'! ytii'lTUBaR (II • .:), 
ITOJIYqiJ:M i 

f(-i )]- K-i (_ X. Vt-1 X h 
!lf(':x:,c)J~cfie[1-y·o1 (:x: \ux.) e, o~.:c~ 3 . 

(II.3) 

i. 
1 ( ) 2. I £ s..-1) 

BeJIWillHa f13 naxo,n;HTC.ff H3 ycJioBH.R 01. h3 = K-.1. \ 1 - • 

llCHO, 'ITO npii 0~ XS ho, r,n;e ho=min(h, 4JoueHKH (Il.3) H (I. I) 
co mra.n;aroT. 
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2°. AHanoru~o. rreP,eiTHCHBaH ypaBHeHHe (2.2) c yqeTOM (1.5) 
M rr p>1MeHRA: JieMI.JJY Erucapl!/B~ IIOJiyqi1M 

\f(x~e))~c~e [1-- ~~:t ·(\(x)j- K:-1. t1:xX~-~ H3~ x<=_, 
/2• ~:;>i I \:.(1<-J.)?-1. (II,4) 

.1. ) - __3:_. 1- 2 -K-1 
BeJIJI'il'THa 1-13 Haxo,n;HTCH 1!3 ycJIOBl!H 61. (H3)- K-1. ( • 

HcHo, 'ITO rrpl! Ho~:r:<o<>, r.n:e Ho=max(H,H3)oueHKH (11.4) H (2.I) 
' COBIT8,ll;lliOT. 

ABTOPH ilPH3HBTSX&HH rr.r.ARHmaHy, ~.~.EoroKD6CROMy, 

r.A.EMenbRHSHRO H E.H.XopoMcRoMy 38 none3HHe o6cyE~eHKR. 
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