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\tI. Bae,n;emrn 

9 paOoTe paccMaTp1rnaeTcR KpaeaaR sa,n;a'la ,n;JIR HemrnettHoro 
00HKHOB9HHOro AH~~epeHUHaJibHOro ypaBH9HH/l BToporo nopR,nKa Ha noJiy
npRMOl1: 

!IJ:+ N;
1 

~
1 
= f C';f), X > O, 

(cf (0)-='d(+oo):O, 

(I) 

(2) 

r )le J - r Jia,n;KaR cjlyHKUHR, a Al> l . CllHTaR /to) = D , paccMaTpH-

BaDTCR BOTipOCH cymecTBOBaHH/l ee HeTplrnHaJibHblX pemeHHtt. 
3a,n;a'la (I)-(2) H3y'laJiaCb BO MHOrHx pa6oTaX (cM.,Hanpm1ep,/I-IJ/). 

B pa60TllX /I-9/ paccMaTplrnaJIHCb aonpocH CYll!9CTBOBaHH8 pemeHH8 J{Jl8 

i?YHKUtrn f<~>=tJ-IIJt"·~y ' K>i 1 H no,n;o6HHX en. B 14 I (cM; 
TaK~e 1141) J{OKa3aHo, 'IIO B 3IOM CJiyl!ae sa,n;a'la He HM99I H9IPHBHaJib-

HblX pemeHwn npH mo6Hx K~ ff,! i_ , II> 2 • ,IlJia I <it) yKasaHHor~ 
B11,l\a OKOH'la I9JlbHbllt pesyJibTaI O CYlll9CIBOBaHHH pemeHH!t np11ae,n;eH B o6sope 
191 : ,n;Jia JID6oro Kc d, Z.::} ) 11 JIDCloro ueJioro l ~ 0 cyll{ectayeI 
pe111eHHe sa,n;a'IH (I)-(2), HM9Dll{98 Ha TIOJiynpaMon [O,+oo) poBHO f Kop
Hel1. TeopeMa cyll{eCIBOBaHH8 C'l8IHOro 'IHCJia pe111eH11!t np11 3Ha'IHI9JlbHO 
Clonee oelll{HX npe,n;nOJIOll:8HH8X oel t (HO des YKa3aHH8 Ha Ka'leCIB9HHOe 
noae,n;eHwe nwx pe111eH11n) 11MeetcR a paelote 17/ · 

,Ilpyron sa,n;al!el1 ,n;JIR (I)-(2) RBJIRetca aonpoc o KOJIH'lectae pemeH11l1 
C sa,n;aHHHM 'IHCJIOM KOpHen. 0IM8THM paelorn /IO-D/' B KOIOPHX l13y'laeI

C8 e,n;HHCIBeHHOCib noJioiu1TeJibHHX pemeHnl1. ,IlJIR lttJ>='.f-1-J'<, K>i 
OKOH'IBT9JlbHbll1 peaynnaI noJiy'leH B paelote /D/: 8CJIH J< f (1, ~~f). ' , 
IO IlOJ!Oll:HI9JlbHOe pemeHHe CYIJl8CTBY8T H 9J{HHCTB8HHO. PaeloT, IlOCBHll{9HHHX 
Hccne,n;oaaHHD KOJIH'leCTBa pemeHHl1 c sa,n;aHHW 'IUCJIOM Ko pH el! l ·.) 1 · 
){JIil sa,n;a'IH (I)-(2), H8I. 0TM9THM TOJILKO paeloTy /IS/, B KOTopon ,ll;JIH 

ypaBH8Hl18 

<{'+ ackJ<J':fl~) 1 X >0 
C rpaHH'IHblMH YCJIOBHRMH (2) H MOHOTOHHO B03pacTaDmen IlOJIOXHTeJibHO!t 

(IJyHKUHeR Q,(JC) npH H9KOTOPHX npe.n;noJIOll:9HH/lX Ha 1 , .n;onycKaDll{HX 

It~>-=~ -I~ ,~-t ~ 1 . Jt' > i . , .n;oKasaHo yraepJ1,1teH11e: .D;Jut JIDCloro 
ueJioro l ~ 0 cyilleCTByer o.n;Ho ( c TOIIHOCTbD ,n;o 3HaKa) pemeHHe ::non 

Kpaeaolt aa.n;a1111 c l lb~1'. lllCClllfl l 
U~,SWX IKCff.lOIIIJffll 

5M.SJtJ10TEKA --



B HacTomnen padoTe ycTaHaB,11-rnaeTcl! TeopeMa cyniecTBOBamrn 

pemeHlll:t C JIKldl:lM 38,MHHhlM 41,!C.'IOM KOpHeVi ,ll;Jl/! HelleTHOII Jt13> . ' 
Y.llOBJl8TBOpi!lllllei1 yCJIOBllKl /!,.im, lfi4l = fl ~ 0 , np114e11 f t<I) :s-- <1 (} 
UMeeT pOBHO O,ll;llH IlO.'IOlfflTe.'rhHhl:1 KopeHh ( TOqHa/! q>OpMyn11pOBKa _ Ilrl!B e,ne-
Ha B §2). 0TMeTllM, qTo .l(OilYCKaKlTC/! cpyHKU,m /t';J>-=tJli-Jlf1-e ';f )] , 

(l>!) 11 Jt~)-..O.,tJ-/d:'adf , a,t(O,J.) , ;rnTophle 

BCTpeqamca B q>l-!31-!qecKnx padoTax ( cM. odsop /l6/). KaK d1rno sai.1e'le

HO BhlIIIe, C,'lyllari .lf'-1---= cy-=) u cny•mll, KOr.l(a /tif) 
llMeeT ,ll;Ba IlOJlOlimTeJibHhlX KOpHS! /?/ 1 ,ll;OCTaTO'lHO IlOJIHO UCCJie,ll;uBaHl.J. 

TaKllM odpa3oM, padoTa .llOilOJIHSieT npoBe,ll;eHHhle paHee 1-!CCJIS,ll;OBaHH/! )];JI/! 
sa,ll;a41-! (1)-(2) • 

B padoTe TaK lKe, KaK 11 B /c, 5 ,5,s,9-D/, 11CilOJlb3YKlTCS! MeTO.IU~ 

Ka4eCTBeHHOl1 Teoplll-! ,ll;mp<j;lepeHUl-faJlbHhlX ypaBHSHl-!l:t. Jlpyron pacnpoc:rpaHeH

Hblll MeTO,ll lfCCJie,ll;OBaHllS! 3a.ll84lf (1) '(2) - BapllaUl10HHhll1. B pado:re 77/ 
OH peamrnoBaH B coqe:raHm1 C :reopnen Kp11T11qeCKlfX T0 1-rnK ?KlCTepHHKa -

- lliHnP,e.'lbMaHa, a eme O,JJ,Ha ero pa3HOB11.llHOCTb llCilOJlb3YeTCl! B padoTaX 
/3,4 7. . 

0 CO.l(epRaHlllf padorn. §2 CO,lleP,lKUT HeKOTOphle · npe,l(BapnTeJibHb!e 
CBe,n;emrn. BMeCTo 3a,n;a4n (1)-(2). pacm.iaTpnBaeTca' sa.n;aqa Kollm .llJIH 

ypaBHl3HH/! (I). IlpnBe)leHhl (des ,llOKa3aTe.'lbCTBa) TeopeMhJ cymecTBOBamrn, 
e,n;nHCTBeHHOCTH H Henpeph!BHOi1 3aBHCl1MOCTH OT HallaJibHOro YC.'IOBH/! ll OT' 
npaBoll qacTi: )!JI/! pemmrnn noll 3a,n;a411. J:aJiee ccpopMym1poBaHhl ocHoBHble 
pesy,'lhTaThl padorn, KOTOpble COCTaBJI/!IOT TeopeMbl 5 H 6. TeopeMa 5 
yTBeplK,l(8eT, 4TO npll HeKOTOPbl,X npe,n;noJiolKeHr:ax Ha t 3a,llatm I{om11. 
llMeeT pe::ieHlrn co CKOJlb yro,ll;HO CiOJibIIIHM q11c,'IOM KOpHelt, a Teopei.rnn f 
ycTaHaBJlllBaeTCI!, qTo ToqHai! llll:l!H/!/! rpaHh MH01l:eCTBa Ha'tlaJ!bHblX suaqe

HHllg~,npu KOTOphlX peruemrn sa.n;a'lll l{_o:irn HMeeT He,. MeHe.e ( e + j ) KOpHell, 
onpe,n;e:rneT pemeHne, y,n;oB,'leTBopmomee KpaeBoll sa,JJ,alle (1)-(r:) u uMeKlu1ee 
poBHO. e KOpnen. §J CO)lepEHT ,llOKa3aTe.'IbCTBO TeopeMH 5, 11 §ii -

T eope1,11,1 6_. B §5 np11Be.n;eHhl odod_ll\eHll/! nonyqeHHhlX pesy JlbTaTOB. B sa.K.Jilll
qemie 3111.!eTiw, q:ro TeOP,eMa 6 paH~e BCTpe4aJI8Cb (B HeCKO,ibKO YlHOl! 
:pop:ue) B padotax 19 ,l?7 • O~HaK'o B yKa3aHHhllC padoT~X 3TO yTBepK.Jtemrn 
,ll;OKa3HBaJIOCb 'npu IlOMOll\l\ 3Ha4nTe,1bHO. oonee C~OliCHhlX paccyT.)LSHHl'-. 

§2. I1pe,llBap·HTeJ11,HI,1 e CBe,lleHllll. OCHO!iHhle -pe-3y ,11, ta Thi 

3MeCTo KpaeBon sa,llaqn (I)-(c) paccuoTpHM sa,lla'ly 1forrrn 

l
f+~<J'=t.J·I.J.i'j} , x>O, 

. v(O)='J,,, .<J'{O)::'.O,·· 

;7m~tr21;i~;.:,Jl;t:;; f 
tt.~-.~~,':,,>,;i.,..,!"'~!.:~ '.,/:.~,, ...... ,. 1·· 
, . .:-~ ~~-~-- ~ ,i.11,. '"".....: ~· -"'" , 

;'r:~~'::J"l ~~!·:~~J.;;;~~!~ t 

(3) 

\, 
( 4) •. 

~~< 

' 
' "'" 

t 
f' 

,, 

r,11;e N>i , <;f• c ~. 
Cc;,iop1.1ym1pyeu ocHOBHble npe,11;noJionHnH Ha /£~) z 'l <f(f) • 

(HI) ¥ (t.J) /!BJI/!eTCS! Henpeph!BHO )lUi;,xJ.lepeHUHpyeMOl1_He4eTHOlt (pyHKUHeli. 

(H2) IlyCTb Vt~)=-2. r~knd-1 . Toma Vc+oo)> 0 (Moll:eT dblTh 
0 

'tf(.-po) =+00 ). 

(H3) :t>yHKUHI! / £~) wueeT e,11;llHCTBeHHhllt noJIO;mTeJihHbl:1 KopeHh 'I l. 
(H4) f CO) >0-
(H5) CymecTByeT ~ '£(CJ)= ~o ~ o. 

~ .... tx> (/ 

I1p11 Bh!IlOJ!HeHHn yCJIOBl!ii (HI)-(H3) HMeIDT MeCTO CJie,n;yDmue 

pesyn1>TaTh! (TeopeMhl I-3'). 
TeopeMa I. (CymeCTBOBaHue). JlJISI JIJJdoro {Jot R. cymeCTByeT 

perueHHe sa,11;aq11 l{ourn CP3K) (J)-(4), onpe.n;eJieHHoe ,ll;JISI Bcex X'.;;?>-0 • 
T !l.Q_ll,g~~~.._(E,lll1HCTB8HHUCTb). Jl,JISI JiiJCOrO $Jo c: fl 3a,11;aqa 

(3)-(4) He MoJKeT rmeTb doJiee O,ll;Horo perueHHll. 
TeOll.,!t!fil_ilL-(HenpephlBHal! saBHCHMOCTb). )lJIH JIDdoro npoMeJKYTKa 

o~x~ A <-roo II JIJJCloro CJ"{: Fl IIJ.lee'I, M.eCTO HenpephlBHai! 
3aBllCIHIOOTb pemeHHS! H ero nepBon IlpOH3BO,llHOl1 OT 'Jo . Ha aTOM npo

MeJKYTKe, T.e. eCJIH IJlX).- P3K (J)-(4) npli 'JIO) = y., , a 'iftx} -
npu ';(CO)= fla , TO cnpaBe,JJ,JiliBO c.~e)lynmee yTBep:it;i;em1e: )!JI/! 1mdblx· 

~• £ k , e > o M A> o cymecTByeT 8 >O taKoe, qTo 
I <a~/- g11e>,x, I<£ ,llJill modo_ro X 1:-Io, A] M ,!IJI.H Bcex ff,, TaKux, 

4TO I '.fo - ~ ( < c), ( k-= O, !. ). 

TeopeMa 31
• EcJIM cpyHKUHI! U (.X) /!BJ!l!eTC/! perueHlieM 3a,lla4H 

KoruH Ha oTpesl}e Lo, &. ] 

l
u'' + N;-1 u' -, fl, U-= Pz, (J(), X €(0,B-J 

U(D)=J., , ll (0)=0, 

me J.,, 1, t>O - nocToHHHHe, !ooEC [o, t1, . To .llJIH JIDdHx c. > o, 
cpyHKURli Atx)ECC0 ,8-] cyUleCTByeT J>O :raKoe, 
qTo 1ucx1-ucx>l<l ,n;na midHx xcto,ll H )!JI/! Bcex 'K. Cx) 

11s C [o, &1 TaKwx, 4To ma..ll:.tA-(x>-~O<Jl<f.. 
· /2/ '":co;B1 l 

TeopeMhl I-3 ,llOKa3aHhl B ,ll;JIH <fUJ>-=l-ll;JI"- , r,n;e 
I<> f • JloKasaTe,11,cTBo nepeHOCHTCll Ha odmun cnyqall sa;.aqlf (J)-

( 4). TeopeMa 3/ MOllteT ,dh!Tb ,ll;OKasaua aHaJiorH4HO. 
PerueHRe 3a,11;aqlf (J)-(4) y.n;oBJI8TBOplleT TOllt,ll;eCTBY 

[ ~,(2.X) + lftytx))] ~ - 2{~-U'J,z(X). 
3 
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Onpe.Ile11uu W (xb= l'J'(x>>"+VtfJtx>) • Toua ua (5) c,,e.uyer, '!TO 
-W'c,o '!: O .Il,'lll modoro x >,,O u '!To W(!,J !:: .. v,o) .um1 modoro 

X>O • C11e,1J.0Barem,no,(1JMl-s;/(JC1JJl-=-/1jo/ .IlJ!ll 11KJ6oro X>O. 
B )J.aJ!bHeltmeM dy)J.eM 'npe,1J.no,1araTb BhlilOJIHeHHh!MU npe.urro,10lKeHlrn (HI)-(II5). 

OCHOBHhlM peayJJbTaTOlt padorn llBJJlleTCll CJie,UyKJmall 

TeOllil,lliL_!h_ n11ll JJKJdoro Ue,10ro f::;, 0 cymecTByeT pemeHue 
KpaeBolt 3a,Ua'll! (l)-(2), UMeKJmee. pOBHO e KOpHeW • 

TeopeMa 4 BhlTeKaeT !!3 c,1e,nyKlil\l!X .IlBYX peayJibTUTOB: (l) 

TeopeMa 5. n,1ll ,rndoro ue.1oro .e:;;, 0 CYII\eCTByeT 'cf o > 0 
T8!We, '!TO P3K (3)-( 4) !!Meer He MeHee e KOpHetl npu f/• = f/<J(I) 

TeopeMa 6. Ilycn Ye - MHOlKeCTBO BCex 3Ha'lem1n 'Jo >O 
IIpl! KOTOphlX pellleHl!e IJlX) 3aAa'lH (3)-(4) 1n.1eer He MeHee e +/. 
Kopnen. IIycTb (Je - TO'lHall Hl!l!Qlllll rpaHb Ye . Tor.r1a P3K (3)-(4) 

~ ~ .i 
We(>'-). .. '* cooTBeTcTBJ'.Kl!llee 'Jo; ';ft , l!Meer poBno c. Kopr1en I! 

~IJ1(XJ=O · , T.e. /JtlX) y.n;oBJieTBOpHeT ?a,ll;a'!e (I)-(2). 
3aMe'laHl!e. B )J.aJ!bHeltmeM tlepe3 C, cl, Ci, .L,j, L1 dy)J.eM 

Od03HallaTI, IlOJ!Ol!rnTeJII,Hhl8 IIOCT Olll!Hhle. 

§3. noKa3aT8JII,CTBO TeopeMhl 5 

CHatlaJ!a paCCMOTPl!M CJiyqalt, Kor,n;a f.Lm, 1./(tJ)= Jl < 0. 
. 11('111 ~ ... -

C,1J.e,1aeM 3aMeHy lJ(K)= ~ • Tor,i~a B COOTBeTCTBl!I! C (3)-(4) 

!
L7''+ 1J;lcr'=lil.f{'J,l7), X>O, 

{l/0)":f , IJ
1(D)=O. 

PacCMOTpl!M CJJe,IJ;yKlil\YKl aa,n;aqy Kami! 

lw
11

.,- A1;1w'-=.il. w, 

W(OJ=J , W-1 
(O)= 0 

X>O 

(6) 

(7) 

(8) 

(9) 

n,1ll JIKJdoro orpe3Ka 1. -: lo, C 1 cnpaBe,IJ;,11!Ba Jl8MMa: 

TTeMl.!__LL._ PemeHl!e 3a,IJ;atll! (7)-(6) lf(X) paBHOMepHO, ·CXO,l\l!TCR 
K pemeHl!Kl 3a,Ilalll! (8)-(9) UT (X) Ha 0Tpe3Ke l,_ _npu v~-=· 

,llOKa3aTeJ!bCTBO, PaCCMOTPl!M 4JYHKUl!Kl U-= u-w Ha I.,. 
ll(X) COOTBeTCTByer HeKciropoMy f.Jo • ¢YHKUl!H (,l (X) l!BJllleT-

CR pemeHvreM CJie.IlYKlil\e'lt 38,IlallH Kourn: 

j
U:',+ ~u'-=.Ru. +<J{<£(<joU)-l}, 

{), CO) -=0 , U [O) -=:Q. 

.4 

X >O, (In) 

r Tr\' 

b. 

I"" 

i'~ 

1 

¢m-:cupyeM HeKOTOpoe C >0 • 0CJ03HallVIM /j(Y.)-= lftx) {<fl~,c.r)-Jl). 

Jeno, '<TO cymecTByer la> 0 TaKoe, '<TO .n;Jill Bcex (Ja>q IL\txJ[<E. 
)';ariee, no reopeMe <l II B cirny (IO)..-(II) rroJiy4aeM, llTO npl! y0 _,DO 

U(X) paa110MepHo crpeM11rc11 K nyriv Ha L • IIo reopeMe 3' JieMMa I 
.IlOKaaaHa. 

¢yHKUi!ll W (JC) , OlleBl!,IlHO, m,:eer deCKOHellHYKl IIOCJ!e,IloBaTeJ!bHOCTb 
Kopnen. TaKm✓• odpaaoM reopeMa 5 ;1;11ll c,1y4aR Cf() < O .IlOKaaaHa. 

TiycTb rerrepb ~ «f <IJ) = O , I.J«J> < 0 .n;JIH Bcex .IlOCTaTO'l-
110 (JQJ!blllllX lJ . • rro npe,ll,UOJIO:·,;emrn (H2) Halt.n;eTC/l 'do TaKoe, 4TO 
w,01-::-.Vt(J,) > 0 • Pacc1wrp!!M ,JJ,Ba CJIJ4aR: 

a) Cyll\0CTBY0T C > 0 TaKoe, llTO lv (X) ~ C ,Il.ni! BC ex X::;, 0 • 
o) TaKoro . C He cyn1ecrByer • 

a) JlOKmKeM' 4TO B 3TOl,I CJ!yllae IJ ()( )_ l!M00T OeCKOH84Hoe llV!C-1!0 

KOpHen. <PYHKUIIH 'i(X.) He 1,;o)l(eT ;rneTh aCl!MilTOT, ,IlOIIYCTl!MhlX ypaBHe-

Hl!eM (3) l;J-=-4{1, D, t.l i ' TaK KaK B ::lTOM C,1y'lae e,;,,.,,,. w (X) ~ 01 
. x-oo 

'!TO npOTl!BOpellliT lliJt:;i:IIOJIQ)!(e!HlIO. ;1T1:1K, y {J{X): __ HeT aCliMIITOT. CJie,IJ;v-

llaTeJibHO,_ (JlJt.) rmeeT decKoHellHJ!O nu_cJieAoBaTeJ!bl!OCTb 3KCTpt:MYMOB~ 

Ho nocKOJibKY -W (X) > O , t)!y1muirn. 'at x) . 1t.v,;:e1: .n;ocniraTb 1:aK\:11My»a 

TO,%KO npH {J >lji , 1:1 M11t11!1,!yMa-.rnl!lb npn lf <- CJi, • TaKvi!.I odpa3olJ, 
{JD<) !!Meer decKOHellHY!O - Ilu,.;J1e'.ri.0Bare,1bt10CTb KOpHelL . 

6) IlyCTh Xi= XdfJo) TaKOBO, '!TO ~{X-t)-=~. H LJCX
1
) > ~ 

npu 11 > /Ji • OuemtM Xi cirnay: ICJ(X4.)-(.J<o)(...: Xt· Yn.a/X
1

lt.J(1JI_~ 
<I <1 !I• . ·. " _ . . . . Xtlo,x¾ 

cJie,l\Oaar e,1b110, X1 >,, 2f'ic~,'IJ'<xil ~ 2 i/~cy,J-lJC½i,,) /.lo Uc~,)-Vlf l{,) ~ 

<~o'~.,(,j.] l~<fcgil ~v.2 
~·IJ•l l'f llpl. I1onm1y xi~ 

~(2✓~LJ,])lfl<J)l't·-= npn <J.-oo . 'PJIKCl1pyeM Ct(O,ll(+.oo)) 
Ila npe.n;noJIO:iCeHVI!O ,l\Jl/l BC ex ,!l;OCTaT04HO dOJ!blllHX CJ•> 0 Hall.IleTC!! TOllKa 

Xz. , _:(Jill Koropon V (Xi.)-= C , np11lleM x2 > x L • IIycnX,...-fi < X\.< ••• 
••• < x .... _- ~CJ!e,IlOBaTe.1bHO_CTh COC0,ll,lll!X TOlleK :)K~TpeMyMa (j (X) 

Tor.Ila Ha (X;., X,+i)' l= I,;!, ..• m-i, w(x)uMeeT IlOCTORHHblil 
3HaK. C.1e,ll,0BaTeJ!bHO, X x... 11!-J ·x;~1 
w ( X1) -wCXm} -=2 {,f.J- l )~ i~i};)JX ~ 2{~-i) J. rl{x)d x~ 2~-l)~1~'J;b~ 

"'1-1 

.,; Ut7-D ~ m_aJt_ 1y1(~)1-wza,x_ _ l~l"itl-/J{x,)I-::. 
x1 ~- Xt!~L,Xttjl ~1.,J<,6{l<£,Xi•sJ 

'•1 . ' ~ " . 

- ! -, -l Cl 
-= L{~- )uC-1Jrui1 ·V (C) ~ 7<rn-i), 

Xi. C • Q • l 

5 



r,JJ;e Ci= 4(N-0V-
1(c).JC-vcyd ~ IlonoMy 1-v(X,:)> O , i"' l,m, 

ec;rn m~!,-wrx,l•X1.~fr-x,=tn* • 0TM8THM, llTO X1. 3aBl1-
L J 

CliT OT ~" Ii llTO m"- oo npli v.,- ~ • ITocK0,1bKY pemeHHe fj(X} 

np11 X ~ Xm. MOl!CeT 11MeTb 3KCTpeMyM JIHlllb B oClJiacrn llj I> t,11. , ,JJ;oKa-

3aHo, llTO Ql1C,10 KOpHell HeorpaH1ill8HHO B03pa CTaeT np11 <j,- = • 
TeopeMa 5 ,JJ;OKa3aHa. 

§4. noKa3aT8JlbCTBO TeopeMH 6 

.0Cl03Hall11M llepe3 'J2 TaKoe 3HaQeH11e ';f , llTO 

'dz > <J-1. , !Ip11 1.f o (: [O, <JJ Y<rJKOpHelt He l1MeeT • B 
MH038CTBO '{, H8IlYCTO ,JJ;Jl/! JIJOCloro f • 

l.f {{Jz> =O, 
Cl1JIY TeopeMH 5 

!Iycn 'tf<X) - pemeH11e 3a,JJ;alll1 (3)-(4), [Xn.f , n =I,2 ,J ••• 
- nocne,JJ;OBaTeJlbHOCTb 3aHYMepoBaHHHX B nopl!,JJ;Ke B03pa CTaHl1/! KOpHe l! 

!J(X) , npl!Q8M 3apaIIee H81!3B8CTH·o, KOHellHa Jl!,1 3Ta nocne,JJ;OBaTeJibHOCTh. 

{Y~} , Yl. = 0,1,2, ••• - IlOCJie,JJ;OBaTeJlhHOCTb 3aHyMepoBaHHHX B no-

pl!,D;Ke Bo3paCTaHl1/!. KOpHel! t.J'tx J , np11lleM X.-= 0 . IlycTb !11 = I ft!, 
'J312. - TaKoe, llTO 'JJ/L t:(g,, 'dz J l1 tJ ('j,/.) = U ( ';f J./z ) • HeTpy,JJ;HO npo-

B8fl!Tb, llTO Me:11:,JJ;y KOpHl!~I! X ~ II X rut _ ¢YHXUIIH_ y<x) neiimT 

e,l{HHCTBeHHHlt KOpeHb CJ (X) . .• !I03TOMY O = X_• < Xt <Xi.< X
2 

< ... . 
BuclepeM HeKoTopoe · Xn. ~ Ilycn X11. :- He nocne,l{m1l! KopeHb 

H CYilleCTByeT ,Xn+~, • Tor,JJ;a -w(xh)>W(Xri+t>-=-<J'z(X"+-1.l>O. 
CJie.I{oaa-renbHo, 1.J(y(x°,,i})>O, yrx,,J><Jz. · 

oueH11M paCCTO/!HHe ·,x .. -Xri.1 'IXn.~-J<n-11. 
.TTeMMa_2. IlyCTb I'.; orpaHHlleHHOe MHOJ!CeCTB0-113 [D,+oo) 11 npH 

I.Jot I pellleHl1/! (J)-(,;) lJ (X) HMeJOT He MeHee (n. + f ) KOpHelt. 

Tor,rra Cyll(eCTBJIOT IlOCTO/!HHHe a l1 f, , He 3aBHC/!Illl18 OT YI,. If 

OT !:Jo c I,_ TaKHe, llTO Bh!IlOJIHeHH CJie,l{JJO!i{He HepaBeHCTBa 

IXl(~{-xl(r<a.+e. lti.1x>n, IXK- xi< I< a+e ert(iK+i), k-:: i,n.. 
(12) 

llo1m3aTeJibCTBO 

rrycTb n>!, 1<-=1. • Tor,l{a 1-v<Xi) >O 11, 3HaQ11T, 

\v(Xtl-2~ittf,cJ ~rf.X > Q • CJie~OBiJ.TeJibHO, lj'~x,> ➔ 2 sV~~(y'OJ)1/,".(. ~ 
~)f•J; :ti 1 ' - "' ~ ~ .lx~~•txJ Jx IIycu ,!{JIil onpeAeneHHOCTl1 1J (Xi)> O • Tor,l{a 

fa(Xi>:;,, './z. • CJie,l{OBaTeJibH?, CyllleC_,:BYIOT TOllKH ""f 11 °$ 
-ra:11e, llTO l;j<"'tl'=y1127 IJ<1)-=fJ!t'2.• ~.!I ~lX1•, Xi1 • Tor,JJ;a 

S 'n'fx>dx~tn,Ut l1J1C1<>l•l'if't)-U<-S)I;, Ca. >O 3HaQll!T ><• ~ ¥i.!'{,i] • ?/ • 

111',x,1 I >Ci(Xl~A<x,). . 
.UoKa::tt::i.! HepaBeHCTBa (It) Il,1)1'1 K-= 1. • Ilyc-n, ,JJ;JI/! onpe,l{e/leHHOCTH 

lJCO) >O • OClo3HaQ11M qepe3 P,IJ, ECO, x,) TaKHe TOQKH, QTO 
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/~ 

~ <pJ==(j,✓2 , lJ (CJ,)= ';Jf/z • Ilp!i! X € Io, pl v(Jt) ~ f{#/a ' nonoMy 

'£(',f<X>J ~-)1
2
<0 (noCKOJibKY /f/(XJ/~ CJ• c I ). C,JJ;enaeM 3aMeHy_ 

U=X~ ~ • Tor,l{a ypaBHeHl-te (3) B HOBHX nepeMeHHl-lX cly,JJ;eT HMeTb BH,I{ 

U:'-= tf <u<,cJJ-u + w-~)(AH>u 
• ?J "x2 . (13) 

IIycn al-=pViltN-0(#-3)1' , r,l{e t= COt'IM >O, , -ror.I{a 

l~J-~0~~- 3
) I< ,i yz. npll! X > a{ . l\OKa:i.teM oueHKY. p ~a!+ 2 iifi 

fipe,JJ;IlOJIOlUIM, llTO p >al+ 21,..,,_. • Tor,l{a Ha OTpe3Ke £ at, pl 
fPYHKU11/I U.()() · YAOB,1eTBOpl!eT ypaBHeHHD U- 11 -= Qtx) U.. , r,l{e 

{l - fN-OW--s) tot >) ·a l 2 
(l<)- If xz. + ~ ~ex f (x:)<.-z.K' HQ. [a,pt1. CJie,l{OBaTeJibHO, 

cornaCHO TeopeMe cpaBHeH111!, 'PYHKUH/! U {)() ll!MeeT no KpaltHell Mepe 

0,l{HH HJJib Ha OTpe3Ke l ai, Qi+ 2-.7ly2!-1 • !IOJJylleHHOe npoT11Bopeq1rn 

1..il..11: -..r 
,JJ;OKa3HBaeT, llTO p 1' a,+ .Y • l{anee, Ha o-rpe3Ke Ip,91 .w(xJ>O, 
Il03TOJAy / 'J'M / > ,J-i/(J:.. 1/tJ" • Il03TOMY q,-p< f 'J,h - fa½.)·{-1!(:fyv)=J>o, 
TaKll!M o6pa30M 1 ·q, < Oi + 2'JP+ LJ • !Ip11 Xt[(t,_XJl O < flOc}(~ 

fio:JToMy !ellf'CX}) >.L2 >0 ,JJ;JI/! nJOCloro X 113 , C(J,Xd • 0Clo3Ha-

lll1M. az-= ma.IX~ ±vi~-l)CAl-3)f; ai + z1a. ~ .ii J . ITYcTb a. .. < Xi • Tor,l{a 

Ha 0Tpe3Ke f ll2' X1 J qiyHKU:11/! (), (X) YAOBJieTBOpl!eT ypaaHeHUJO 

u''-= P(x) {),, r,JJ;e P{x) ~ ±. _.1}· AJIH JIJ06or~. X t I a,z; XlL 
li3aecTHo;_ q:ro · I.I {X1 ) = o ; I IJ'cx,,,) I > At,.xf J ., , Il03TOMy ucx, )= o ; 
ctcx,»x/'i'.A(x1 ) ~ Yq11rnaa1I, llTo u'<X,l<O, utxJ>O np11 

X<Xi 'nonyqaeM,QTO npn X~Ia1,Xi1 U(X)~:ec.x), 
r.I{e 2(X) eCTb pellleHie sa,l{aq:11 Kom11 

C - 2. .,._ ~ , ){ < )(! 

t 
r:,.II _ _L fl. 2 

l<Xd;=O' z'txd-=-X,~ A<x,), 

OTKy.I{a ,· CJCX)>,;,¥4(ftlX.-X))(~)~A(x~) (14) 

.. .. l 
np:11 X c [az, Xtl. Ho q, ~ a.;_ , no3TOMY ';f ta .. ) :5 2. If i • Jiorapmp-

MHpyH (14), IlOJJyllaeM Xt-az.<C{,~(~+O+Cz , OTKy.I{a CJie,JJ;JeT 

oueHKa (12) ,!{JI/! Xe Xo • ECJI:11 lite xi< Qi. ; TO 3TO HepaBeHCTBO 

oqea11,1tHo. AHanornllHHM11 paccyl!t.I{eHul!M11 MoltHo noJIJQHTb, t1To I Xt - XL I< 
<a_+& en (X, + l) •· P~ccyllr,ll;eH1rn npOBO,l{UJil1Cb ,l{Jl/! : I<: 1: , HO_ 

OH:11 cnpaB8,ltJI:IIBH ,!{JI/! JIDCloro . '1< = 2., 3,. .. , n,. 
JieMMa 2 AOKa3aHa • 

~oKaxeM TeopeMy 6. 
TaK KaK ~r- TOtlHa/! Hl1liCH/!/! rpa.Hb W!OllCeCTBa Ye , TO pemeH11e 
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y[tx) ,rneeT. Ha (O, +-=) He Ocnee 4eM £ KOpHel'I (no reopeMe 2.). 
,IloKaJKeM, 4TO {Je(X) 1-!MeeT poBHO e KOpHerl. PaCCMOTpl'IM noc.:re,n;oBa-

TeJJbHOCTb l 'ifo1<} C Ye TaKYID, QTO ~ 1{11< = 'at • sn COOTBOTCTByeT 
nocne,n;oBaTeJJbHOCTb pemeHllll (3)-(4) f (J,c(x)}. 0003Ha4tt!.! HcH!l✓.eHbllll18 

u x 'I(' x'I(' x 11C> c ·· Kopm1 0 Klx) qepes -1. < 2 < ... <: 1 .. , • ornacHo ,1e1.1110 1, 

X·'">-x-.'•l<a+nD.-(X-'Kl+!) x'"l-x("><a+P,,/2n(X;,'"'+l) i-=IT, r,n;e a.... VI • •-l 17 C-fi. • , l , 1 1 

g He 3aBHC.f!T OT I< • YQVIT!iBa.f!, QTO Xfkl< X/<~ ... < X/~l , C,'10el1M 
3TVI HepaBeHCTBa VI ITOJrJQVIM 

xt>< 2P<a+B-fu(x/K)+O). (15) 

' Cl<) h Hs (15) cno,n;yer, 4TO rrocno,n;oBarenbHOCTu X;, , i,,., !, r. orpam1qeH1:1. 

as COOTHOIIIeHVIH (5) HeTpy,D;HO llOKa3aTb' 4TO cymecTByeT Ta Koe C > 0 '"l /1<) . • . . * 4T_o X,+I -x, >C ,!(JI.fl JllOObIX l, k • Cne,n;oBaTeJihHO, (Jp(X) 

llMeeT pOBHO f KOpHel'I. 0603Ha4VIM 3Tll Kopm! qepes X1, ... J Xe. 
' ' * 

IIycn ,!(JI.fl onpe,n;eneHHOCTn 'It (X) > O npVI X > XI • Tor,n;a 

lie(X)€lO,<Jel cnpaBa OT Xe. • IlpVIX=Xp y;~x)>O. OrpaHVIQeH-
Ha.f! CBepxy (,Je<X) JllldO MOHOTOH!O B03pactaeT, Ti.:K 4TO 

&rn-<Jllx)=d..>O , ,1:160 yetJCJ v.uooT 1,mKcmiyll, lfo.qo:rarn -W,:.txJ= x--
=-{IJ~(X}t + Vty,,tx)) ' Wfxi-=- l1Ji6,il+ 1Jtvt (x)) ' It- • B cirny ypaBHemrn (3) 
B nepBOM cnyqae ,,1., == /Ji . ror.n;a ~~ wtx>=f><D • Ilo3TOMY no 
TeopeMe 3 cymecTByeT L > Xe TaKoe, qTo -Wk CL)< 0 ,n;,'IH Bcex ,n;ocra-

n .. XIK) 
TOQHO dOJlh!~x J( • IlocKOJJbKY OQeBVI,l(HO, QTO rt-!:!;,, I+!=+= 

(,rna'le 'Jt ()() l1M8Jla Cibl He M8H~e ( e + { ) KOpH.f!2, nOJIY4llJll1 npOTVIBO-
peque. l-!TaK, cymecTByer T04Ka X - MaKcm.1yM Ile VC.)Ha [ Xt,-+-oo) • 

- *' ~ ' ll,a.11ee, ,B npaBOll nonyoKpecTHOCTll X <,Je (x) < 0 . OrpaHWrnHHa.f! Cllll-

3Y , ,t {X) MOY.WT nuc5o ydhIBaTb K J__ ~ 0 ' ,1VIOO l'Jl,!eTb MVIHl1MyM. 
0 ' * ,.._ IIpe,n;nOJIOlKUM, 4TO cymecTByeT M>IHllMyM llt (X} - T04Ka X , * ~ ~ ' 

npnTDM !Je (~)>Q • Tor,n;a,cornaCHO ypaBH8H>IKl (3), IJe (X)<l,fr• 
¥ ' 

Cne,!\OBaTeJJbHO, lAf {X}-::.15(y;cxl) < Q • Ho, _cornaCHO npe~hl,D;Ylll>IM 
paccyiueun.f!M, :JTO np1rne.n;eT K npoT>1BopeqVIKJ. C.11e.n;oBaTeJJbHO, IJt (x) 

l!MeeT' rop>130HTaJibllYKl aCHMnToTy. Acm.irrTOTa CJ= (Ji· He,n;onyCTlU.ia, KaK 

dhlJJO llOKa3aHO Bbme. CJJe,!\OBaT.eJJbHO, .~ ~t. {Xr-= 0'. 
TeopeMa 6 ,n;oKa3aHa. · · · 

§5. bdodmeHVIe pe3JJJbTaTOB 

3aMeHl!M npe.rmo,10JKeH11e (H3) ·Ha (H31
). <I>yHK.UllH j l';f) VIMeeT 

KOHeqHoe ,qncno llOJIOl!CllTeJlbHblX KopHeil O <: 'ai <<a~<--- < ~ ,n.- , 

npVIq eM f ( !j, ) et O , i .,,, i, rYl- • 

l\1,teeT M8CT 0 

TeopeMa 4~ 
TiycTb B 1,1no JJH?Hhl rVIllOT es1,1 (HI), (!!2), (H3' ) , (H4) , (H5). Tor 1-a 
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I 
I 

)];.'I.fl mJ6oro ueJioro e~ 0 
(1)-(~), UM8KlUlee pOBHO e 

cy~ecTByer pe11IeH11e 
KOpHeil. 

'It (X) 3a;.aqn 

l'.oKa3aT€,1bCTBO aHaJJOfllQHO ,l(OKa3aTe.'lbCTBY TeopeMbl 4. Ecn,1 cy-

:necrnyeT HoMep l fl I; ... ; mJ rnKo!l, QTO 1JlfJ;, J >O , To 
TeopeMa 5 cne,n;yeT ,13 pesyJibTD.TOB padOTbl 1111, B npOTllBHOM CJiyqae 

OCTaeTCH_ cnpaBe,D;JlllBblM ,l(OKasar €Jib CT BO 113 aa CTO.f!ll\8:l CTaTbl1. KpoMe Toro, 
TeopeMa 6 ocTaeTc.f! B cirne. 
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}f{vi,D,KOB n. E. , C,aK6aeB . B .}I{. PS-92_;306 
06 OAHO~ Hen~He£1~0M o6biKHOBeH~OM 
A~<P<f>epet-i4~anbHOM ypaBHeH·~~ 

PaccMaTp~saeTcR 3aAaYa y" +_ N~ly~ ~ y <l>(Y),. x > 0 
y'(O) = y(+<>o) = 0, , 

rAe N > 1~ lim <l>(Y)·= ~ s O ~ <l>(Y) ~ ~eTHaR: np~ npeA-
. . . y ,:+co , . . . ' .. 

nono>1<eH~~ cj>(O) > 0 AOKa3aHo_cy~ecrsoBaH~e CYeTHOro 
MHOH<eCTBa peweH~~ c rno6biM Y~cnoM KOpHe~. Mcnonb3yeTCR 

-MeTOA. KaYeCTBeHHO~ Teop~~ A~<P<f>epeH4~am;HblX. ypaBHeH~£1. -. 
. Pa6oTa .npoAonH<aeT. ~ccneAOBaH~R ,MHornx aBTOPOB, KOTOPble 
paccMaTp~Ban~ QJYHKL\~~ cj> np~ APYrnX npeAnonoH<eH~RX. 

Pa6oTa BblnonHeHa B_ na6opaTOP~.~ TeopeT~YeCK0£1 cp~3~K~ 
OM$1M. 

npenpHHT OObellHHeHH<?ro H_Hcrnryra 11:iepttblX HCCJJe;toeaHHH. Jly6tta · 1992 

~nepeBOA aBTOPOB 

ZhidkovP.E~, Sakbaev V.Zh. 
On Some Nonlinear Ordinary, 
Differential Equation 

PS-92-306 

. J. - . 

.. Th_e pr6blein considered is y 11 + N-ly, = ycj>(y), X.> 0 
X 

y' (0) = y(+oo) ::: 0, 

N > 1, lim cj>(y) = ~ s O and ~(y} is even. Assu
Y-';00 

.; ming <1>(0) > .0 the existence of the countable set of so
' l uti onswi th any _number of roots is prov'ecL .. We use the 
method of the qualitafive theory of ordinary differen

.• ti~l equations. The paper continues theinvestigatioris 
· of ~any authors who considered functions <1> unde~ other 

·. - assumptions. 

The invesfigation.has been performed at the Labora
tory of-Theoretical Physi~s, JINR. 
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