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J1 CCJIQ,IlOBSHHe '18CTHil81IO.ll061ibiX peweaaii B HeKOTOpbiX MOD.9JIHX 

aenaaeaaoA IJlaaHKH. l.facTb 1. EeayanoBbie qacraueno!lo6a~:.te 
peiiieHHSI 

PaccMarpaaaeTCB Kpaeeag aaaa11a anH eenaaeiiaoro o6biKHoaeaaoro 
llH~qepeHilR8nbHOrO ypaeReHHH C CHRrynapHOA OC06eHHOCTb~, KOTOpoe 

B03HHK89T IIpH paCCMOTpeHBH psaa 38Jl8'1 B ~H3HK9 aneMeHTSpHbiX 'IBCTHU. 
MeTOllBMH Ka'lecraeasoit reopae o6biKHOeeHHhiX llH$flepeauaallbHbiX ypaeaeaaA 
accneayeTCH sonpoc cymecreoaaanH nono)i{arem,abiX 'lacrnueno.llo6abiX peme
aaa c 6ecKoHe'laoA nocneaoaarenhaocTbro yanos. ~oKaaaao cymecreosaase 
qacruuenOA06HbiX pemeaaA JlJIH mapoKoro Knacca npaBbiX qacrea ypaeaeHHSI 
.O.nSI CJiy'IBSI y6biB8HHH 4Jy"HKUHH, CTOSIWeii B npaao:A "'SCTH, B ayne. TionyqeHbi 
aocraro'IHble ycnosaH cymecraosaan.s:t 6e3y3noaoro qacTuuenono6aoro peme
HHR nns cnyqas ao3pacTaaus npaaoa qacTH a ayne. 

Pa6ora BblfiOnHeHa B na6opaTOpHH BbrqucnuTenbH01i TeXHHKH H 
8BTOM8TH381lHH OHHH. 

Coo6meaae 06'helluHeHHoro HHCTHTyTa MepHbiX uccneAoBaHali. 1ly6aa 1978 

Zhidkov E.P., Zhidkov P.E. P5 - 11599 

Investigation of Particlelike Solutions in Some Models 
of Nonlinear Physics. I. Knotless Particlelike Solutions 

A boundary value problem for nonlinear ordinary differential 
equation with singularity, which appears in some problems of 
elementary particles physics is considered. A question 
about the existence of positive particleline solutions and Particlelike 
solutions with an infinite sequence of knots by methods of 
qualitative theory for ordinary differential equations is studied, It is 
proved that there exists pariiclelike solutions for a wide class of 
right paris of equation in case, when a function which is in the 
right pari of equation vanishes in zero. Sufficient conditions are 
presented for the existence of particlelike solution without knots 
in case when the right pari of equation- is increases in zero. 

The investigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'66/lBHBHHhl/1 BHCTB'ryT' 11/lBpHhiX BCCIIB/lOBSHB/1 lly6Ha • 

BBBlTTt!H!:!lii 

BonpocaM cymecTBOBaHRK H cBoficTBaM ~acT~eno~o6HHX pemeHHft 
HeJmHeihrux 3~8~ Ma.T8M8Tli'l:8CKOfi @fsmm (COJmTOHOB) B llOCJie.n;HRe 
rO.lnl y,D;eJIR:eTCJI O~em, MHOI'O BmtMaHIDI KaK @ml!KaMH, TaK R MaTeMa

TliiKBMJII • 

BoJibmO~ HHTepec BTR BOllpoCH BH3HBaDT B TaKKX pas~eJiaX ~HSH
Im, KaK rH.JWO;IOmaMHKa, TIJia3Ma, cpnsmta TBep~oro TeJia, a Ta.IOite 
TeopeTEXo-noJieBHe npo6JieMH. 

B HaCTO~eft pa6oTe nsyqaeTCH KpaeBSH s~qa ~ o6HKHoBeH
Horo .IIJl@epeHitl'lam,Horo ypa.BHemm BToporo no~: 

~~~+~lJ'=fl~) 06X~+OD (A) 

(B) ~'(o) = 0 , ~(+co) .. 0 

3~~a (A )-(B) paccMa.TpJmaJiac:& paHee B pa6oTa.xf!-8,IO,II/ 

~ c.nyqaeB :H~) =~-'A"" ( tt.,. 0) n fl~)= r/'1-'n( + 3 ~s-
r~e ~ - Be~ecTBeHHHfi na~eTp. O~o~ ns nepBHX pa6oT no ~o~ 
TeMa.Tmte RBRJJ'B.Cl> pa6oTa74 , B KOTOpoH pemeJme 3a,II;a'D'! (A)-(B), 
06.na.namtee poBHO K KOPHmm (r~e /( - HaTypam,Hoe, Jm6o 0) Ha-

3HB8JIOC:& ~acTJIUeno~o6HHM c K ysJiru.m. Mlil 6l'eM npH;I.tepJDmaT:&CH 
BTOH T8PMBHOJIOP.KH, XOTH, HanpJU4ep, aBTOpH/I H83HBaDT pemeHRH 
3~'D'I (A)-(B) COJmTOH8MH. 

B O~OH R3 nepBl:IX pa60T - pa.6oTef4/ ypa.BHeJme (A) C 

":f t ~ ) : ~ - "A 3 pema.JIOCh 'D'ICJieHHO Ha 8BM npH pasmr<rnllX Ha~am.-
HHX ycJIOBIDIX ~(o )= ~o > ~ 1 ( 0 ) "'0 • PesyJII>TaTH c~eTa yxas!lBa-
.m Ha TO, ~To .I\aHHM 3~a~a (A)-(B) m4eeT ~acT~eno~o6HHe pemeHRH 
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c JII06HM -.:m:cJioM Jf3JIOB. 3aTeM B .IUlyx pa.6oTaxl61 R 17 I, mmie.I(Dnrx 
O,IU!OBpeM9Hl!O, 6HJIO CTporo .D;OKa.SB.HO CY!li9CTBOBaHRe 1ffiCTRQeno,no6-
HllX pemeHID1 6es Jf3JIOB .D;Jifi sa.na-.:m: (A)-(B) B CJiy'Iae f {'f)=~- 'Ill- , 
.D;Jifi JII06oro n. : 1 < n < lf n L • < n ~ J cooTBeTcTBeH
Ho. B pa.6oTel

71 RCCJie.D;oBaHRe .D;B.HHoro ypaBHeHRR npoBo.D;RJioc:& MeTo
.D;aA}$ roa~ecTBeHHo~ TeopHH .D;R1~epe~am.HHX ypaBHeH~, a B pa6o-
Te Sl - MeTO.D;OM MmiiD.msar_um BapHa.IUfOHHOrO tNHKIUWHaJia. 3aTeM aB
TO pHI7 I. ncnors;;.f! MeTo.n MmiiD.msamm :sapna.r~omHHoro ~OHaJia' 
.now~saJIH (eM. 8 ) CY!lleCTBOBaHne ~acTRQeno.no6Hl:lX pemeHHil c JII06w 
'lll:CJIOM Jf3JIOB .D;Jifi f { ~) -= ~ - 'in npH JII060M n ! 1 < n < L, R 
l1==2p+f , r.ne p, a = 0,1,2, ••.. B pa6oTel81 6HJia TaRl!te .noroa-

Ztp-t Y 
sB.Ha HepaspelllKMocn sa.na-.:m: (A)-(B) .D;Jifi JII06oro n : n. >/S, 

C;ryqaii 4 :!f n < !i He HCCJie.D;OBB.H ~0 CHX no£• PaCCMOTpeHRe 
.npyroii <Pns~ecKo:lt sa.na-.:m: npHBeJio aBTopo:a/101 n II I K sa.na~e 
{A)-(B) c j.( 'j) = r;t '/ -Itt/+ .3 '/ s , r,ne ~ - BellleCTBe~ 
'aBi'eTp. 'IncJieHHoe pemeHHe ypa.BHeHHJI (A) Ha 8BM npHBeJio aBTopa 

I K rrpe.D;ITOJIOlteHmJ (OH caM He HaCTaHBaJI Ha IIpaBRJI:&HOCTH TaKOrO 
yTBepx.n;eHRJI), ~To rrpH JII06oM ~ : o < I ?I< :1. sa.na~a (A)-(B) 
HMeeT ~aCTHqeno,n06HHe pemeHHJI C JII06HM 'lll:CJIOM Y3JIOB. Ha OCHOBaHRH 
Jte peSY.J!bTaTOB C~eTa Ha 8Bbl H HeKOTOpHX HeCTPOrHX pacc~eHRa 
aBTopaliii yTBepJ!t,IJ;aJIH TO Jte car.roe. UsJIOJtHM KpaTKO CyTJ> BTHX pac
CYJK.D;enmi. EHJia BBe.D;eHa ~ 

'1 
ut~>==-zf fltJdt 

0 

llpn JII06oM ~ : o < / ? I < i 

r.ne f (t)"' 2Lt- 'ft 3 + Ji~. 

ee rpa<I>m< EMeeT CJie.D;ylOOilrll: BH.D;: 

U(y-) 

~ 

PHc.I. 

4 

" 

PaccMOTPHM TenepJ> ypa.BHeHRe (A) c Ha'lam.HID.m yCJioBIDIMH 
~( o)=='/110 'J'(o}=O , To ecn sa.nav Konm. Jlerno Mollrno .noroasaT:&, 
~TO ypa.BHeHHe (A) 8KBHBaJieHTHO CJie~e~11 ypa.BHeHHID! 

{ 
, :z. • }' [1J'(xJ1

2 

[ IJ (X)} + U[ ~(xJ) = -Lf X • (C) 

0TCIO.D;a CJie.nyeT, ~TO .D;Jifi JIHJ6oro X > 0 U [ IJ {X)] < U ( 'f o) • 

EcJIH B03J>MeM ~" H3 IIOJIYHHTepBaJia (0, lf~] (pHC.I), TO Ha IIJIOCKO
CTH ( ~, U ) TO'IKa [~(X) , U (lj (x})] 6y.D;eT ,!UlHraT:&C.f!, npH B03-

paCTaHHH X , no rpat!im<y <lJYHro:urli U ( ~) Melt.D;y f! = 0 H ~ = 'if+ , 
TO ecTJ> He MOlleT .D;OCTHrHYT:& Ha'laJia KOOp.D;HHaT. ECJIH xe 6y.neM YBe
~T:& 'Jo , TO U ( ~o) 6y.D;eT YBe~TJ>C.f!, CTB.HeT IIOJIOXH-
TeJI:&HO:lt BeJIH'lll:HOfi H II08TOMY npH HeROTOpOM \fo TO'IKa [ 'J (X) , 

U{~(;IJ)] 6y,neT npocRB.RHBaTJ> ~epes 0. Bs.f!B TerrepJ> q o TaR, 'ITO rrpH 
~" < ~o pemeHHJI sa.na-.:m: Konm ~(X) He .nocTHraroT ocn: Ox , a rrpH 
'!o>'do- .D;OCTm'aiDT, noJIY'{HM pemeHHe sa,na'lll: (A)-(B). AHaJIO~ 
paccym.neHHJI B .D;OKa3aTeJI:&CTBO CYIIleCTBOBaHE.f! 'laCTKUeiiO.D;06HHX peme
md C JIHJ6HM 'lll:CJIOM ysJIOB. 8TH paccym.neHRR, KaK yJ!te YKQSHBaJIOC:&, He 
CTPOI'l'I. HeTpyXHO npHBeCTH rrpoT:Imope'lamd rrpm.tep. rpa.rPm< tPYH:rmtrn· 
Ul~)~f!l(t- t 5)dt HM89T TO'IIm Ha.D; OCJ>Jl U-=0, HO, KaK CTporo 
.noRasB.H; .;/7 I, HR o.D;Ho pemeHRe sa.na-.:m: KomH .D;Jifi ypaBHeHHJI (A) rrpH 

:fC ~) =. ';! - ';\ 5" He .nocTHraeT ocR Ox • 
HaMH CTpOro .D;OKa.SaHO CYIIleCTBOBB.HHe 'laCTHUeiiO.D;06HHX pemeHHfi 

B sa,na'le (A)-(B) .D;Jifi .noBOJI:&Ho nmpoROro KJiacca iflYHro:urli j( ~) 
B 'laCTHOCTX, noRasaHo cymecTBOBaHRe 'lacTxueno.no6HHX peme~ 

c K ysJiaMH ( K - npoHSBOJI:&Hoe) B Mo.D;eJIH IJ!p:m.n6epra-Jln:-CHpJIHHa. 
HaCTO.f!IIlaJI pa60Ta COCTOXT H9 2 ~acTeA. B HHX .D;OKa3aHO CYIIleCTBO
BaHH8 6esysJioBoro pemeHHJI B Mo.D;eJIH IJ)p~6epra-RH-CHpJIHHa H Teope
MH, OTHOC.f!IIIlieCJI R 6oJiee 06IIlHM ypaBHeHHJIM. HaMH Taro!te .D;OKa38.Hll 
TeopeMH cymecTBOBaHEJI ~acTRQeno.no6HHX pememrlt c K ys.nar.m B MO
,neJIH ~p~epra~-CxpJIHHa, a TBXEe B donee o6IIlHX MO.D;eJIJIX, co.nep
Z8IIlRX CIIpaBa ~ .D;OBOJibHO o6mero BH.D;a. 8TH TeopeMH BO~ 
B IIOCJie.nyDillle ny6~. nOJIJ>maJI 6H6JIHOrpa([\RR CO.D;epJIU!TC.f! B 06-
30pe B.r.MaxaHJ>ROBa, IIOCB.f!IIleHHOM .D;HHaMHRe KJiaCC~eCRHX COJIHTOHOB 
/151. 

I. PaccMoTpHM CJie.ztYlOIIlYIO sa.nav Konm lt1lli o6HKHoBeHHoro ypaB
HeHHJI BTO poro no PJI.D;Ka: 

~II + t LA' c. ~ ( ~) ' 0 ~ X ..::. + 00 (I. I) 
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~(D)= 'io <. -t- 00 'f'(O) == 0, (I.2) 

rne ~ o- rrapaMeTp. 

By.D;eM rrpe.D;IIo.naraT:&, 'ITO ~ J ('I) y.D;oEJieTBO p!IeT yc-
JioBmo .limii!Gma Ha JIJOOOM ROHe"!HOM miTepBaJie. 

Bne.D;eM @yHiunno U ( ~) =- Z ~'I :f (t) dt. 

.li,mi .mo6oro pememm ~ex) ypanHemm (I.1) RMeeT MecTo 
TO]K,!(eCTBO: 

{ }
I {t/{ J] 2 

[ IJ' (xJ]
1 

+ u[ lj(lO] =-If ; (I.3) 

Ms (I.3) cJie.D;yeT, "'TOBeJill"ll'!Ha f[~'(x)].t+U[~(xJ]} 
He B03pacTaeT Ha IIOJIYIIp.fiMO:ii 0 6 X< + oo , CJI8.D;OBaT8JI:&HO, .IJ:.]Ifi 

IIpoH3BOJI:&HOro X >, 0 HMeeM: U [ f.A (X)] ~ U [ 'if ( 0) J. 
lls 3TOrO HepaBeHCTBa BHTeRaeT, 'ITO 8CJII![ TOJI:&KO cymeCTByJOT TaRlle 

'IHCJia ~ 1 , ~.t. : ~1 ( ~(o) < ~~ , 'ITO U(~ 1)?-U[ytoJ}, 
U ( ~,) ~ U [ 'd ( o)] , TO .IJ:Jifi .mo6oro X : X >,0 
'J 1 < ~ (X) < lj ,_ • 0CHOBHBMC:b Ha 8TIDC paCCYJI!,IteHIDIX, H8TPY.IJ:HO 

.D;OKa3B.T1> CJie.IJ:YlOillYIO TeopeMY 0 paspemRMOCTH 3a.D;a'IH (1.1)-(1.2). 

TeopeMa. I. IIycT:& ~ 0 TaiWBO, 'ITO .IJ:Jifi Hero H~M ~ 1 

I!! ~,_ Ta.KKe, 'ITO ~1 < ~o < ~~ , rrpl'I"leM U(~ 1 ) ~ U('f,) 

U l ~ :r. ) ">,;- U ( 'a o) • Torna. .IJ:Jifi .D:a.HHoro ~ o cymecTnyeT peme-
HHe 3a.D;a'IH (1.I)-(1.2). 

3ruvre'!a.HRe. ECJII![ of. - HeROTO plidi RO peHI> r!Jylrronm :/ ('f) 
TO 3a.D;a"la. (I.I)-(1.2) paspeiiUIMa. npi!! ~ 0 = ot - ee pemeHHeM 
.fiBJ!f!eTM rp~ 'j (X) = eX • 

CrrpaBe,li;1DmH Ta!C'Ite TeopeMH o e.D;HHcTBeHHoCTI!I: pemeHl'I.fl sa.D;a'!H 
(I.1)-(I.2) npH JIDcioM 3Ha~eHl'IH 'if• n o HerrpepHBHO~ ero 3a.Bl'I-
CRMOCTI!I: OT HB.'IB.nHOro YCJIOBRff ~ ., • 

TeopeMa. 2. IIpi!! .mo6oM sHa."leHI!I:H napa.MeTpa ~· 3a.D;a'la 
(I.1)-(1.2) I!I:MeeT He 6oJiee o.D;Horo pemeHl'I.fl. 

Teoper.m 3 • .li,mi .mo6oro rrpoMexyTRa. 0 6 X ~ A< + oo 
n JIJ06oro ~ o Ta.Roro, 'ITO .IJ:Jifi Hero n .IJ:Jifi 6Jll'I3KI!I:X R HeMy sHa"le
Hnfi ~· cymecTnyeT pemeHHe 3B..IJ:B."ll'' (I.I)-(I.2), RMeeT MecTo Hen
pepHBHM 3a.BI!I:CHMOCT1> pemeHl'I.fl H ero IIepBOfi !Ipol1:3BO.D;HOit OT ~ 0 B 
8TOM npoMelityTRe. 
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OnpeneJieHHe. PemeHRe ~(X) sa.D;a"ln (I.I)-(I.2) HasoneM 
"!acTRUeiiO.IJ:OciHHM, ecJin L.rn ~(xJ=O • PemeHRe sa.D;a"!ll (I.1)-(I.2) 

x-.,..o 
HasoneM "!acTRUerro;o6IrnM c K ysJiaMn ( K -HaTypaJI:&Hoe "lllCJio l'IJill 

eyJI:&), eCJill OHO '!JaCTRUeiiO.IJ:06HO I!! l'!MeeT poBHO K KOpHeiJ:, 

TeooeMa 4. IIycT:& cymecTByJOT TaRlle oC_, , eX. 1 : ol_1 < o < ot 1 , 

'ITO fC<i) <. 0 , eCJill ~ E (0, d. 1 ) , J (~) ">0 , eCJill '<fE [ot,.,o) . 

IIycT:& Truate U (o(_ 1 ) -:>/ U (oC 1 > • Tor;a rrpn .mo6oM 'Jo E ( o, ot • ] 

pemeHl'!e sa.D;a"ll'! (I. I )-(I. 2) JIBJIHeTC.fl "!aCTJmerronociirnM pemeHneM, 

T.e. tim u (X) = 0. 
)(-+'f'CIIt d 

.UoxasaTeJI:&CTBO. H:cHo, 'ITO .D:JIH JIIOcioro !Jo l'l3 rrpoMeJeyTKa 

(D,d1 ] nunoJIHelill ycJIOBRff TeopeMH I. CJie.D;onaTeJI:&HO, cymecTnyeT pe
meHHe 3a.D;B."ll'l (I.I)-(1.2). 3a.ifll'!KCHpyeM IIpol'I3BOJI:&HOe lJo E (01ot1] 
H IIyCT:& ~ = ';J (X} - COOTBeTCTBYJ<IIlee erzy pemeHJie 3a.D;a"'H (I.1 )
(I.2). liOCROJI:&Ry U (~.,) !> £.1. (ot1 )-6 U (o( _1 ) , TO ol_1 ~~(X}~ o(1 

.D:M .mo6oro X ~ 0. 
C.D;eJiaeM B ypanHeHI![I![ (I. I) 38.Meey nepeMeHirnx: r (X)= X.~ (x). 

liOJIY'IHM CJie.JJ;YJ<Iflee ypaBHeHRe .IJ:.]Ifi ~ (X) ! 

c 11 
== X· t (~-)_ (I.4) 

Ha"!a.JI:&lille yCJIOBM (2) rrpeocipasymTM Ta.K: 

l: (o) = 0 , 2 '( o) -=- 'J (} < +co. 
(I.5) 

B CI![JIJ Toro, 'ITO ot_ 1 of ~ (x ) ~ ot 1 .IJ:Jifi JII06oro X >, o 
r "(XFO rrpn ~(X) ;.o n c" (x) :>- o rrpn r. (x) ~o 
BWICHHM Teiiep:&, KaR MOJlteT BeCTR ceci.fl tf;ytiKIUm ~ = :l (X) rrpn 
X- +co • IIpe.IJ:IIOJIOJ!tl![M, 'ITO cymecTnyeT Ta.Roe A :> o , 'ITO npn 
x >, A i! (x) He m.reeT KOpHe:ii. IIycu .IJ:Jifi orrpe.D;eJieHHocTn 

2 {A) >0 • Torna. Z.(xJ>O rrpn .mo6o111 X>;-A • Torna. 
6. '' { x) < 0 rrpn .mo6oM X ;::;.. A • TaR KaR c (X) He I!MeeT 
KOpHeli rrpn X ?0 4 , TO i!' (x) 7 0 npl'I X q A • TaR 
KaR IIpl'I X>;- A r 11 (X) < 0 , TO 2' (X) MOHOTOHHO y6HBaeT I![ 

OCTa.eTM IIOJI0110ITeJI:&HOll ,BeJill'IHHOll. li08TOMY cymecTByeT 
a. = t:-. 2 '(x) < + oo , rrpiNeM a. >, o • IIpe.IJ:IIOJIOlltl'IM 

X++- ( 
CHB."laJia., 'ITO a..> 0 • TaR KaK z :' = '! (x.) • TO 
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I ~ C:1 / == rr;) < ~o npH X')} A. 
&m Hx> =lim ~'(x} =a.. 
x-+oo X x-+oo 

IIoaTo~w. yqHTHBaJI eme, 'ITo 

no~aeM,B c~ ypaBHeHRR 

(I.4), 'ITO &m z"(X) a-oo 
X ........ + CO 

~ 1 
(X) MOHOTOHHO y6uBaeT npn X € [A , + ao) H rrpH aTOM 

t: I (A) > 0 ? I (.,.. oD) = Q_ >0. 
? 

, a 3TO IIpOTHBOpe'lll:T TOMY, 'ITO 

Il03TOMY Cll:Tya.IUUI Q, '? 0 HeB03MOJK!{a, H Q... = 0 . Ho Tor,n:a, 

Y'!llTHBaJI , 'ITO ~ (X) = ~ r:) , IIO.ny<IaeM 

lim. u (x) -= lim. c ~) = &m :z '(x) =. a, =- o, 
x-.+ced X_.f-oD X-..,_co 

To ecn rro.nyqaeM, 'ITO ~ (x ) .fiBJIFieTCH '!acTJmeno.n;o6HHM perneHHeM 

sa.n;a'!ll (I.I)-(I.2). Tenep:o ,n:Jiff .D:ORa3aTeJI:&CTBa TeopeMH OCTaeTCR 

paccMoTpeu c.nyqait, Ror.n;a JI:JIFI JIIOdoro A > 0 cymecTByeT X o >II 

TaROe , 'ITO ~ (X" ) = 0 • JlerRO B~eT:&, 'ITO JIIOdoit RO peH:& 

cDyHKIUm ~ (X) - ll30mtpOBaHHH!i. 

PaccMoTpHM Tenep:o cDyHR.I.UOO ~ (x) = ~ ~x) O'IeBH.nHo, 

RO PHH cpyHro.nlli \j (x ) ll l: ( X) COBlia.n;a.IOT. 

06osHa'll!M 'lepes X 2 i nocJie.n;oBaTeJI:OHOCT:& ROpHel rliYHimmr 
tA (.X) , a '!epes X zi + 1 - nocJie.n;oBaTeJI:&HOCT:& TO'!eR HaH6oJI:ome-

ro OTKJIOHemm OT HYJIFI WYli:RI.WH ~(X) Ha HHTepBaJie (X zi , Xzi+z) 
(eCJIH Ha HHTepBaJie ( Xzi. , X zi +Z ) 6oJiee O,n:HOfi TO'IKH mm60JI:O-

lllero OTKJIOHeHRR OT HyJIFI cpyHrunm lJ (X ) , TO 'lepes X zi. -t ~ 
0603Ha'!HM JIJ06yro H3 HHX). 

,Il,Jm ,n:oRasaTeJI:&CTBa TeopeMH I Ha,n:o .n;oRaaaT:o, 'ITO 

I \t (X :1otH) I- 0 ITPH i,- + 00 

Ilpe.n;ITOJIODM, 'ITO 3TO He TaR. %. 

KaR YJK8 YI\a3HBaJIOC:O BWe, Bemr'!llHa {[ ~~ (Jt)J + U [~()f.)]} 
RBJIFieTcR HeBospacTaromefi cpYH~efi X . TaR KaR .D:JIR JIID6oro ~ 

f (Xz.i.+ 1 )=0, TO liOCJie,ll;OBaTeJI:&HOCT:b [U[~ (Xzi.+ 1 )]} MOHOTOH-

HO y6HBaeT, npH'!eM BCe ee '!JleHH HeOTpHUaTeJI:OHH. li03TOMY cymeCTBy-

eT npe.n;eJI Uo == 4m U. [ \.1 (X2.i.+•)] ~ 0. 
L. ...... oo cf 

.11 TaR, IT pe.n;ITOJIOJKRM, 'ITO U o > 0 • 
,lJ;oRruiteM Terre p:o, 'ITO CYJ!IeCTBYJOT TaRaJI BeJIH'lllHa J<. > 0 

'ITO 

8 

.. 
"' 
" 

XnH-Xn ~K (I. 6) 

,n:.Jifi JIIOdoro HOMepa n . H3 CBOi'ICTB IIOTeHI.WaJia U cpasy BHTeRaeT, 

'ITO cymecTBYJOT f_im- U (Xr,i~ 1 ) = U 1 fi_tn U (Xt,· ) = U 
t.. ..... .,. co 0 d ' ·-+eo -a c.,. .s d -4 ~ 

npme:: ~., • q _
1 

:_ 0 • ,Il,Jm orrpe,n:~JieHHOCTH 6y.n;eM clfliTaT:o, 

'ITO Lj -1 ) 0 , lf --t < 0 . "' _ "' -
3a:}JmtcnpyeM nponaBoJI:&HHe lfliCJia ~ 1 E ( 0> V 1) , 'f- 1 E ( ~ _ 1 , o). 

IIo_::RoJI:OI<Y f ( ~) - HerrpepHBHM rjlyHro.nm, TO cymecTByeT TaRoe 

f "> 0 , 'ITO 

lfc~>I>/J (I. 7) 

,n:JIFI Bcex ~ : ~ E { [ g .f, d-1] U [oL_ 1 , V--1]} . 
IIocKOJI:&RY U [ ~ (x)] q. 0 .D:Jiff JIID6oro X > ... 0 R 

U [ ~(x)] t-[ LJ' r xJr ~ U [ ljtoJ], To I~' (x J I - orpa.HmeHHM BeJIH

'IHHa. Y'IHTHBM 3TO R HepaBeHCTBO (I.7), R3 ypaBHeHHR (I.I) liOJIY

'!aeM, 'ITO CYJ!IeCTByeT HOMep i, 0 Tai\Oli, 'ITO 

I II I J ~ (X} q l 

,n:JIFI Bcex X >,..Xzio TaRIDC, 'ITO 

(I.8) 

~(x}E {f~1,d-t]U[ci._1' Y-11}' 
3HaR, 'ITO H :f [ ~(X) J . 06oaHa-npmeM 1..1

11 (K) HMeeT TOT lite 
() 1 2 

'lHM '!e pes Ll zi .. 
1 

H LJ ti N cJie.n:yi001He rroJIODTeJI:&H!Ie 
~ ~ 2 

H!I: ~(X)> ~1 rrpH X E ( x4it1- L1'{i•1, x,,H + A'{i+1) ' 

~ Cx'~'·•- Ll~t·~) = ~ cx~,H + Ll~i•1) = i1 of ~ d ? 

~(X)< ~-1 rrpll X E (X¥i+3 -.1:,.~ ' x..,LH .,. .1~LtJ ) 

H ~ (.l(~t+)- .1:cn) = ~ ( X~t+J + Ll~i+J) = g_1 • 
,lJ;oRruiteM, 'ITO IIOCJie.D;OBaTeJI:&HOCTH [ Llii + 1 } II t ~i+1 ) 
tteHH. ,lJ;ocTa TO'IHO ,ll;ORa3a T:b IDC orpaHli'IeHHOCT:b ,n:Jiff L >..- i. 0 

,n:eJie, na (I.8) rroJIY'laeM: 

~ <x~i....,)- vf q l (L1:i.+1 >.L 

~-1-~ (.X4i.+?t)~ i (LJ:._H)1. 

.D:Jiff Bcex L> ... [ ft.] +1. 

• 

( K=1,~) 

(1<.,1,2) 

BeJlli'lli-

orpa.HH

B CaMOM 

(I. 9) 

(I.IO) 



Ms (1.9) H (I.IO) BHTeRaeT, ecHH yqecTJJ, ~To noc~e~oBaTenb-

HOCTH f ~ (XIfi.·H)- ~ 1 } H t~-1 -~(XIfit-J)J orprum-

-.:reHH IIO ~ , 'ITO cymeCTByeT TaKrui KOHCTaHTa .6, ~ > 0 , 'ITO ;nJJJI 

JIIOClb!X i>-- i. ll k=-f,Z BHIIOJIH.ffeTCH HepaBeHCTBO {t1:it-~/~l1~, 
a OTC~a ~e~eT, 'ITO 

I t1~+1 I~ t1., , (I. II) 

r~e L1 1 = const '> 0 , K"' 1 :z, , i - .1IIOCloe HaTJ~JJHoe. Tenepr, 
J z 3 ~oKa.xteM, 'ITO Be~mrn { X2i .,.2. - (Xr.i H + 4 zi H) 

n { (XzlH - Ll;i+1)- Xzi} orpaHll'leHH no i- • Orpa}m-qeHHoCTJJ 

STHX ~ noc~e~OBaTenbHOCTeft ~ORaSHBaeTCH O~aROBO, IIOSTOMY 

~OKaEeM TO~lJI\0 OrpaHll'leHHOCTJJ no~e~OBaTe~JJHOCT:R 

{ X2i+Z- (Xzi+1 + tl~,.,)}. 
ITycTJJ ;nJJJI orrpe~e~eHHocTn ~ (Xzi+,) > 0 
Tor~a f [ 'i\ l .X 2 i. + 1 ) ] < 0 n no STOMY, RaR Blmle 6~o noRasaHo , 

~"(x)<O npnTex X ,npnKOTOpHX IJ(X>E[~~.~(x2i+-t)], 
ecHH TOnbKO X~ Xzi. 0 • lloSTOMJ, y-qllTHBaH, 'ITO t (XzLt

1
)::::: o, 

IIOJIY"'aeM, -.:rTo npn L ~ i., f (X zi + 1 + Ll~,: .. 1 ) < 0 
U(~)-M)HOTOHHM W'H~ IIPH 0 < '! < 'Jo , II09TOMY 

0< U[~CxJ) ~max{u(ij1 ); l.l.('f-,J}<Uo (I.I2) 

npH X E [Xzit1 + Ll~·+1 , Xzi+zJ. 

}l)m. .1IIOCloro X € [Xzi.H +Ll:i.,, Xzt't-z} 
mee HepaBeHCTBO: 

U [ ~ lxJ] + { { (x)l > llo . 

Ms (I.I2) H (I.I3), y-qHTHBaH HenpepHBHOCTJJ 
eM: 

~'(X)<-~, 

RMeeT MeCTO C~e~ 

(I.I3) 

'j' (X) , sruuno-qa-

r~e ~ - ROHCTaHTa, 6oJ.WIIaJI HyJiff, eCHH X € [ Xziu -t 4~iH 
1 
Xziul 

0Tc~a ~e~eT OrpaHHqeHHOCTJJ IIO~e~OBaTenbHOCTH 

{ Xz,.,.2. -(xzi+'l +Ll;i..,)} 
HTaR, HMeeM: ;nJJJI .1IIOCloro t >0 
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l 

' 

, 
l 

/ Xztt-z. - (Xz,;., +t1z7_ 1 )/!: Liz, /(Xzit--t- L1;,; .. )-X2i / ~Liz. 
06osHa'illM -.:repes K Be.Jm'mHy L\ 1 + 2 LJ 2 , IIOJIY"'aeM ;nJJJI .1IIOCloro 
n.: 

Xn+1 - Xn ~ K. 
Pacc.MoTpnrA Tenepr, 0JHKUHoH~ 

Xz 2 
it J [ y'~xJJ dx 

x. 
(I.I4) 

H ~OKaEeM, 'ITO ~~ 

- ) \i1_j1. X.t+( z lJ.-1.1,) 
~ (X = X/ _ X~ ~ 1 - X 1 ~ 

MllHHMl!SHpyeT ero B Macce o~ pas Henpepmmo ~epeHIOipyeM!lX 

\lJyHroufii, y~oMeTBOPJiKli!IHX yc~OBHHM ~(X.)= 1/1 , ~(Xr.):=:Jfl. • 
B ca.MoM ~Me, JRaSaHHM tiJ~ y~oMeTBOPfleT y~oBHHM Ha Konu,ax 

OTpesRa. PaCCMOTpHM !IJ~ ~(X)== ij(X) + t (X) , r~e 
't (X> - o~ pas HenpepHBHO .ItH@lepeHIOipyeMM ~. 

~ (x~ J = Z (Xz) == o 
X2 t. x, t Xz Xz. z f [q~(x)] dx=l (q'~xJ] dx+2K ( "l'(x)dx+J [z'fJJl dx. 

~ ~ i ~ 
3~ec;o ~ ~ L J <t'(x)dX=O 

7 
J [t'~x)} dx ~ 0, 

x. . x. 
K= ~. Ho x,-x.z. 

II09TOMY, ~eftCTBRTenbHO, q (X) MmmMH9HpyeT ~YHR!UIOH~ (I.I4). 
Y'lllTHBaff STO, paCCMOTpRM Tenepr, .., 
J {[~'Cx)Y'+ u[~cx->]}' dx. (I.I5) 
0 

- , ]t 1- [~'(xJ]r, 
B Cl'IJ!Y (I.3) OH paBeH -~ J [ ~ ~) d.x :::C + (-~)~X- d.X , 

0 N 

r~e C - HeKOTOpaH KOHCTaHTa, N > 0 - HeRoTopH:il HOMep • 

.IloKBllteM, -.:rTo 4 J•""c~'<x>Jz. cl.x pacxo,ItHTCH. OH paBeH 
XN X 
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Xn~t · 
+00 J 1 :J_ 0o ( ';1 )2, ~ ~ [IJ (x)} dx >/It L. ~· '~; ~ '!." ·i (x'- -x!) = L-. X n=N X., Xn+t ll+t 
n=N X, 

00 00 00 

'"' C n !_ ~ C n '?/ !t_ "'\""' ..0J__ 
=8 L... x-z. -x~>/K L Xn+,+X, K ~ Xn+1 

n"'N n+l n=-1'1 n=J( 

3,n;ec:o Crt ::: ( ~ n.-. 1 - ~ n ).1. ~ ~ :l.t ' 

r,n;e ~ = mirt [- ~- 1 ; g -1 J . _ 
Ilpe,~~;noJIO:EHll, liTO q

1
• ~- 1 <(.0 .Tor,n;a IIOJIY'!aeM, 'ITO Cn~~t-

rrpn JII060111 tl. • IloaTOMY 

-I [[ ~·(x)]' + u[ ~ (x)] J'clo t, r 'f.. ;M' >/ 

- .t. 00 

l(u• "'"' (n-N)·K ';>/ T L.... X"' -1-
n=.N 

1 = + 00 

C ,n;pyrofi CTOpOHH, 
+~ I 

- j {[LJ'cxl] 1
+ U[~Cx>]} dx = U('j .. )-Uo 

0 

Taroo11 oopasoM, IIOJIY'!aeM rrpoTHBope'Uie, nco U(~J.)-Uo - KOHeti-
HM Be.JIHtmHa. IloaTOMy q _

1 
= g 

1
: 0 H TeM CaMIDA TeopeMa 4 ,li;OKa3a

Ha. 
TeopeMa 5. IlycT:o ,n;Jlf1 i[lyHronm j(~) BHrromTCII CJie,n;yiOII1He 

ycJIOBM: 
I ) j ( o) = f ( ol o) = 0 , r,n;e ot o ;:. 0 

2) f (.X ) > 0 !Ipli o(. E ( 0, o( o ) 

3) CymecTByeT KOHCTaHTa ~ o '> rX o TaKa!I, 'ITO t ( '!) < 0 

IIPH ~E(ot.,,~o) 

4) :f ( ~) y,n;oBJieTBOpiieT Ha JII060111 KOHe'IHOIII IDITepBaJie yCJIOBmJ 
]Tmrnnma. 
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IlycT:& HeRoToprur IDITerpaJI:oHaii RpliiBM ypanHeHM (I. I), y,n;on-

JieTBopm:~~~rur Ha'IaJI:OHHM YCJIOBMM ~'(o)=O , 'i(o) == ';jo >0, 
,n;ocTJiii'aeT oclii Ox rrp:rr HeRoTopoM x >0 , rrpli!'IeM rrycT:& 

o{tl < !Jo <}o 
Tor,n;a cy!llecTnyeT HeoTpmw.TeJI:oHoe tiac-rnnern,n;o6Hoe pememre sa,n;a

'IR (I.I)-(I~2) ,n;Jlf1 HeROTOporo 3HatieHM IIapaMeTpa ~o • 

.liOKa3aTeJII>CTBO. B CliiJiy HaJIOJKeHHOI'O Ha rjiyruunno J ('if) ycJIO
BM 4) , ,n;Jlf1 ypanHeHM (I. I ) rro-rrpeJKHerzy BHIIOJIH.mOTCR yTBe pl!O(eHM 
I-3 o cymecTBOBaHli!R, e,ll;llliCTBeHHOCTH n HerrpepuBHon sanncwAOCTH oT 
Ha'IaJI:OHOI'O yCJIOBRR pemeHM ypaBHeHM (I.I). 

OoosHa'IHII! tie pes E MHoJKecTBo ncex sHatiemm ~o >O ,rrpn 
ItoTOP!DC pemeHHe ypaBHeHM (I.I) c Ha'IaJI:OHHMH ycJIOBIDIMl'[ ~(O}='Jo, 

~ 1 (0) =0 ,li;OCTlll'8.eT OCR ()x llpH HeKOTOpOf.! X > 0 • .lloKaJKeM, 
'ITO MHOJKeCTBo E - OTRPHToe. 1IJIR aToro Bos:oMeM rrpoHsBoJI:oHoe 
~ 0 € E • IlycT:o ~ 0 (x) - pemeHHe ypanHemm (I. I) npn Ha-

'IaJI:OH!DC YCJIOBRRX ~ 0 (o)='cJo, fo (0)=0. IlycTo Xo- HeKOTO-
plill llOJIOJKHTeJI:OHHH KO peH:O cJlYHronm ~ 0 (X) : ~ o (X o ) = 0 
lloRBJEeM, 'ITO ~ ~ ( "o ) :f o . B caMoM ,n;eJie, rrpe.n;rroJiolKIDil, 'ITO 
~ ~ ( ){ 0 ) = 0 • Tor,n;a ypaBHeHHe (I. I) rrpn HatiaJI:OHHX ycJIOBHRX 

l! (X: o) = o , ~· ( ')( o) = 0 WAeeT 2 pasJilii'IH!DC pememm Ha 
IIpOMeJKYTRe ( O,Xo) - BTO TpHBHaJII>HOe pemeHHe Iii ~ 0 (X) 
Ho aTo rrpoTRBopetiRT e,li;HHCTBeHHocTH pemeHRR Taxofi sa,n;atiR. IloaTOMY 

'i' (llo) =f: 0 • B CliiJiy HenpepHBHOCTR ~ 1

0 (X) , OHa He oOpa-
maeTCR B HOJI:o n coxpaHReT sHaR B HeRoTopo! oKpecTHOCTR TO'IRR Xo 
a noaTOMY B HeRoTopofi oxpecTHOCTH TO'!Ka X o 'I 0 (X) WAeeT pas-
HHe sHaRR lii He oOpalllaeTcR B eyn CJie:sa H cnpana oT TO'IRH Xo • 
0Tcro,n;a CJie,n;yeT, 'ITO cymecTnyeT TaRM TO'!Ka X 1 '? 0 , 'ITO 'UICJia 

ta 0 H ~ o ( X1) RMeiOT pasHHe 3HaiGI R He paBHH Hymo. 113 Henpe-
pHBHOR saBHCliiMOCT!ii pemeHHR ypaBHeHM (I.I) OT Ha'IaJI:OHHX ycJIOBH>1 
( TeopeMa 3) CJie,n;yeT, 'ITO cymeCTByeT 'IHCJIO 0 > 0 TaKOe, 'ITO eCJIH 
TOJI:OKO · I ~ o - q o I < 0 , TO pemeHHe ypanHeHM (I. I ) ~ ( X}, 

y,n;oBJieTBO psm!lee HatiaJI:OHHM yCJIOBMM - ~ ( o) ~ cy 0 , '(i ' ( o J = o. 
Tarotte RMeeT pasHHe 3Ha.KH lii He o6pantaeTCII B HYJII> B TOlJKaX 0 H 

X 1 , a noaToMy ~ (X) rrepeceKaeT oc:o Ox B HeRoT6pofi Toti-

Re X > o • TeM CaMHIIJ ,n;oKasaHo , 'ITO MHO.llteCTBO E - OTRPHToe. 
OoosHatiRII! tie pes ~0 BeJilAliHY i. nf E , a tie pes ~ (t} 
pemeHHe ypaBHeHRR: (I. I), y,n;oBJieTBopsm!lee HatiaJII>HHM ycJIOBIDIM 

~(oJ = ~ 0 • r(o):::O · 
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CRe~CTBMeM ypaBHeHMH (I.I) HBHR8TCR CRe~ee TO~eCTBO: 

' [ ij'cxJ}t-
{[ q'cx>)'" -t u[~rx;J} =-lr- x , (I.I6) 

r~e U ( 'I) = - 2 [' f (t.} d t . 
0 

Hs TO:EAecna (I.I6) cRe,eyeT, 'ITO KB.K <flYHit!Um aprYMeHTa X 
BeRmMHa [ij'(xJ]:l,+UUj(xJl He Boapacraer npM x>,..o IIoaTo-

r.ry ;rr,Jm .mo6oro X ~0 MMeeT MecTo HepaBeHCTBO: 

[ f(xJ]t-+ u[ ijrxJ] t: u[ rj(oJ] (I.I7) 

)lorca.JKeM, ttTo lL [ ij ro;] 7,.-0. B caMOM ~eRe, ecRM rm npe,ItiioRo-

l!OOI! npoTHBHOe, TO eCT:b 'ITO {.[ { fi (0}} ~ 0, 
HlllO lj ( o), Ha.it,n;eTC.fi 'IMCRO [j 0 € £ 
CR8~0BaT8R:&HO, B CMRJ HepaBeHCTBa (I.I7) 

[V'rx;}t + u[frxJ]<o 

To, no onpe~eRe

Taitoe, 'ITO U f{o) ~ 0 , 

,ltiili .mo6oro X ~o (B aTOM HepaBeHCTBe ~(X} - pemeHMe ypaBHe-

HMR (I.I) c HattM:&HID.m ycROBMRMM W(oJ=9o , V'(o} = 0 ) , a 

9TO HepaB8HCTBO npoTHBopetmT TOMJ, 'ITO B TO'IKe nepecetteHMH v(~) 
c oc:om Ox (TaKeR TOttRa cymecTByeT no onpe~eReHHID MHoxecTBa E) 

O'IeB~HM o6pa30M 

[q'uc>t" + u[q(xJ]~o. 
HTaK, ~oRasaRM, ttTo U [ ~ coJ] ~ 0. Hs onpe~eReHMR ljlYJirunm 

U (~) cRe,eyeT, ttTo HaitneTcR Taxoe tmMO u> 0 , 'ITO 

U (~) <0 npn ~ E (O,c< 0 -t(f'). ~Tc~a c.ne~eT, 'ITO ~ (o) > o/. 0 • 

PaccMOTPMM Tenep:o WYJ!KI.\lllO 2 (X) ::; X· ~ (x). IIocKoRI>-

KY g (X) y~oMeTBOPReT ypaBHeHHID (I. I), z (Jl) y~oMeTBOp.fieT 
ypaBnemno 

-, r ( i) 
~ =X·J' x· 

Ha:._aR:&HHe ycRoBMR ,ltiili g (X) 
~ (X) 

(I.I8) 

nepe~ B Me~e YCROBMR ,ltiili 

'i(O)=O , i'(O)= 'fo. (I.I9) 

14 

0tieB~O, 'ITO MHOKeCTBa TIOROaHTeRbHHX KOpHea ~HK4Rft i (X) H 
~ (X) COBII8,1UU)T, 

ITO npaBMy JlOimTaJIII -li.m. ~ (XJ = lim. i' (x} = 2 '{o) = y,. 
x-+.,.o .X ~--+o 

IlOBTOMY C~eCTB,YeT npaBaa nORJOKpeCTHOCTL TO'IKH 0, TaxaH, 'ITO 

eMU X Reli:HT B Heft, TO o<." < ~ C:' < fto , TO 8CTL TOr;Ita i 11 < 0 , 

)lOKalleM, 'ITO npH H8KOTOpoM X-1 ">0 KPHBBR t= i. (X) nepecetieT 

nPJ'IMYll Z. = o( 0 X • ~[X) 
Ilpe,JUIOJIO:EHII npoTHBHoe, TO eCTI> TO, 'ITO -X- > o(, 

npH .mo60M X > 0 , H3 He paBeHCTBa ( I. I 7) Me.ItYeT , 'ITO ~ (X)~ ij. 
TIOCKORLKJ f (ij 0 )-'.. 0 H, Me,ll;OBaTeRLHO, qlyH:tanm U{'J) B03-

paETaeT B HeKoTopoft oxpecTHOCTH To~ ~· • YtiHTUBaH, ~o 
~ (){ > = i:i 6t. ), _ ITORYtJaeM a }{1 ~ ~ o • OxomaTeRI>HO 

X <I 2 (X) -
no~eM o/0 < --x- ~ ~o· 

IIoaTOMY i ''(X)< 0 np:e .mo6oM x '> o . CRe~o:aaTenHo, i '(x) -
MOHOTOHHO yciiiB8IliiiBJI ~, npHtieM 1 1 (X) > ol o ,ltiili JIKl6oro 

X > o , TaR RaK HHatte KPHBBR i (x) nepeceKaJia 6u nPJIMYIO 

~ =ot0 X npH HeKOTOpoM nonoXUTeRLHOM X • Il09TOMY C~eCTB,YeT 
&m.. 2 ' ( x ) • 0603HatiHM ero tie pe3 1<. • Tor~a K .>-- o( o • 
X-++c» 

PaccMOTPHM oT~MLHo 2 B03MOllllHX MJ'IM: K > o( o (I MYttffii) H 

K =olo (2 Myttrui), 

I-A CJJY'!~. IIpe,ItiiORom!M, 'ITO K >oto • no npaBMy JlOimTaJIR: 

fim. 2 6cl = f:im ~ 1 (X) = K • IlOCKORLKY ot 0 < K < fo, , TO x_..,.cO x x_,..,.._ 
:f ( K ) < 0. OtteBQIO , B CMy Henpe PHBHOCTH :f ( ·~.), 'ITO 

c~e,PTBYeT tiHCRO A ::> o Taxoe, 'ITO eCRM x ~ A , To 

f [ lfJ)} ~ IC1'. Tor~a npH x~,..A "i."(x)~ 7 ~1<l ·X . 
-, -u ) +oo J:t( ) 

Ilo&'l'OMY HMeeM: c (+O<>)- r lA = 1 l11(X)dX~ ~ ·xdx =-oo. 
:4 A 

TaKHM o6paBOM, TIORYtiaeM: l'(+oo)- ~'(A)=-oo, 'ITO 

HeB03MODO , TaR KaK i.' ( + oo) H ~ 1 (A ) - KOHeTUIHe BeRHtmHH, 

IloJiy'mJIH npoTHBopetiHe, noaTOMY I CJIY'IB.ii HeBo3MOJiteH. 

2-1 OJIYl!~. IIpe~OROliWM, 'ITO K =ot • • YtmTHBaR, 'ITO 

o( ( ~(X) P.. Ha:li.neM: 
o X <:.yo, 

~ '(J() = i_ '(x) ·X- ~(X) 
XL 
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IlOSTOMY .lim U 1 (X)= 0 f-im.. ij (X)= .,(o • 
x--..+OD o 7 ~ ........ oD 

IlocROJI:bRY U (ol.o) < 0 , TO Haii.neTCJI X> 0 TaKOe, 'ITO 

[ ~'(xJ]:L+U[qrxJ] < o , rrpWieM ljCxhcxo npH x<x • 
HcrroJI:bsyR orrpe~eneHRe qcol n TeopeMY 3, rro~. 'ITO H~eTCJI 

pemeHRe ypa.BHeHRR (I. I ) q (x) TaKoe, 'ITO Sf (x) > 0 rrpn 

Ofx~x n [lj'rxJ]:~...,. uUjtxJ]<O, rrpWieM q'co),.,o 
qco)E:E • :. 

Ho TaR KaK Bemmrna { [ ~ 1 (x )] + U [ q (x) J} MOHOTOHHO He 

BospacTaeT KaR ~ X , :a WYHKlliDI 'lex> He m~~eeT RopHeft 

rrp:a X ::, X , To CA ( x ) Boo6rqe He :m.reeT rronoDTeJI:bHHX RO pH eft, 

TaR KaR B To'IKe rrepece'leHRR c ocDIO Ox BemNYIHa[ lj~x>F+u[r(XJ] 
~OJlliiHa 6HTI> HeOTpnu;aTeJI:bHOil:. Ho STO IIpoTliBOpe'U'IT TOMY, 'ITO 

fj(o) E: £ . ITo~ IIpOTliBOpe'IRe, IIOSTOMY cny'ia.it 2 Taue HeB03-

MOllteH. 

TeM caMHM ~OKa3aHO, 'ITO g (X) ~ocTHraeT IIp.HMoft r. ::o( o x 
B HeROTOpoil: TO'!Ke X1 "> 0 • H3 TOrO, 'ITO rpa<})RK <})yHRI:td ~ {X) 
rrepeceKaeT IIJlRMYIO r =olo X B To'!Ke x., , cpasy CJie.nyeT,'iTO 

~ 1 (X-t)fo<o. Ilpe~onolltmll, 'ITO ~'(X .. ) =oio. 
Tor~a s~a'ia KomH 

r"=x·f(~) 

~ (x.) = ol.o x1 
r_'(X-t)=cX.o 

0 <X~ X-t 

:mlleeT Hee~CTBeHHoe pemeHne. 3TO HeB03MOXHO, IIOSTOMY 

~' ( x.) <-o1. •• C.lle~oBaTeuHo, CYIJieCuyeT npasaR nonyoxpeCTHOCTb 
TO'IXII X1 TaKaR, 'ITO ecnn )( IIpRH~eJICHT eil:, TO 

0< ~(:) t..oi.o. -· .Uo:KruKeM, 'ITO rrpn Jll!l6oM x > x 1 ~ ( x) ~ o . 
~ene, rrpe~onolltmll, 'ITO cytlleCTByeT TaKaR TO'iKEl x >X 1 

B CaMOM 

, 'ITO 

~'()() ~ o. 
IlocRoni>ey MHOllteCTBO E - OTRPNToe, TO ~ ( x) He o6parqaeT-

OR B HYJI:b Ilpli X >.r 0 • 

ilOSTOL~, He orpaHH'IHBaR 06IqHOCTR pacc~eHRft, MOltHO C'IRTaTI>, 

'ITO o "'- 2 c; J -< ex:. 
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CyrqecTBOBaHRe TO'IKR Xr. > X-1 n TaKofi, 'ITO l {Kz)=otoXz 

~0Ka3IlBaeTCJI TO'IHO TaJt lite, KaK ~OKa3HllanOCI> CyiiieCTBOBaHRe TO'IKII 

x-1 • Tor~a q(x1)=: fj(X.t)==o<o 'rrpWieM ij(X.,)<<Xo 
B HeRoTopoii rrpa.Boii rronyoRpecTHocTn TO'IKR X-t • IlosTouy cyrqecTBY-

eT TOtJKa X:s E (X1 , XL) TaKaR, 'ITO 0 < 'i (K,.) < o( o , 

'<f'(x3)=0. B TOtJRe X3 :[~(YJ)}'-+ U[ijrx$)}<0. Cne~oBaTMI>Ho, 
B CHJiy Teopet.lbl 3 BHIIOnHReTCR HepaBeHCTBO [ 'f'(Xl)].t + U.{] {XJ)} < 0, 
rrpWieM ~(x)>O rrpn XE[O,Xd , r~e ~(X) - pememre 

ypaBHeHRR (I.I) c Ha'IMI>HID.m ycnonnmm 'a(O)= 'ijo. f(o) "'o 
ecnn Toni>Ro 'D'ICJIO ~o ~ocTaTO'IHO onnsRo R •nmny ij o • Ho Tor-

~a ~(X) He 00 parqaeTCJI B eym, IIpli Jll!l60M X > 0 , eCJIII ';J o 

~OCTaTO'iHO 6n:~i3RO R l} o , a 3TO YTBe~e.:?Ie IIpOTliBOpS'D'IT Tal•fY, 

'ITO 'lliCnO ~ o , CROni> yro~o 6Jn!3ROe R ~ 
0 

, MOllteT 6NTI> B3RTO 
li3 MIIOllteCTBa E. _, 

l!CHO, 'ITO r(x)-O rrp:a X-++00 'TaRKaK,.Bo-rrepBNX, 

IIOCIWJI:bKy ~ 1 
(X)< 0 , i" (X) > 0 rrp:a X >X -1 , a BO-BTO-

pwc, ecnn rrpe~onoDTI>, 'ITO ~ ' ( x) He C'lJ>eMRTCJI R 0 rrpn 

X-+.,.. , TO B CHJiy Toro, 'ITO ~ 11{X)>O rrpn X>X1 , IIOny-

tJaeM: ~'(x)~-8" , r~e b>O rrpn X>X1 , a Tor~a 
RPRBaR -r == ~ (x> o6RsaTeni>HO rrepece'ieT oci> Ox n HeRoTopofi 
TO'IKe, 'lero He MOllteT 6!li'I>, Kait MH YlJte ~oRasa.Jrn. Ho ecnn 

-li_m_ ~'(.,.:)=·Q , TO -ti,m. U(X)=tim.. "i;<:>=f.int.t 1(X)=O. 
X-++ oo .X_,.-+ fPI X++oo X...,.-1--a 

To ecTI> ~OKaSaHo, 'ITO q (X)- o rrpn x-.,. oo H TeM caMNM 
TeopeMa 5 IIOnHOCTI>ID ~OKa3aHa. 
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