
Cllfi••••• 
• 	 lfi ........ llrl 

•• CT.TYTa 
•••p.WI 

.CCI ••lla ••• 

• Yfi.a 

P5-86-679 

n.A.BoPAar, A.A.KanaeB, A.8.KHTaeB 

ACHMnTOTHQECKOE onHCAHHE 
BEmECTBEHHYX PEWEHHR 
BToporo YPABHEHHH nEHnEBE 
nPH ,·±1/2 

1986 



,~ r. 1·1 
,~ :11" 

.' 
~,,) 

..l/~ \ }; . \.,11th), 
lo- ,i~ 

I' 

tí: 
':,\ ." 

i 

r,lt~ '4 
~,~..l 
Õ 

1 ",~, 

li~ ",ti 

:j"~, l""\ 

~11+.,I. 
'i 

/:/ 
"Jt~ 

t 11'1 

l~-' ~t ~ 

"l- /k 

,1 ~~. 
J 

'f 
i' l~'i 

\~ 't'~ 
"~I F 

11, \Yr I,l 4",,.'.. " o'" ~ I?1" ~ 
, Il 

-s 

i.~.I~ ~ .' 'i
" ,l ~ t' I ;~,..~ 

I' \Ot\ 

\\ 
\~ 

lo' 't" ~,."
h'J ~~1" I~,~l '1 

f, A)~ I" ,'} 
!",l! 

", tI)-: I. .. t' ~ ,R
~l':ol ~'tJ I', !l:iI ~ .;~~l· \ 

ll~~ I,~.... ,,'~ J' 
(I, 1'!' 

i~ \l:Jo.~'b ';fi\1 l ~\ \,;~<-\ 

~·t.t'\\} 
"". 

JR ;já
li }'J,l, 

-\ 
A ,,"._.--~".",---_._~~~~ 

" 
.~ l~' 

{,JI'\] 

" 
r.f.")' 

i'l) "", ili.... 1If.,\ ~ ~i"· Y' ....'"'~;--~~~--~ 
'\.. 

I /} ,'i ,:11 4'~ II f. .~{ 'I: 

~© 'o~~,t;.qHl#eHJlbiij, inlCTHTY!' flA~pHbIX HC'Cn~À<)B'~~ .u~QHa" 1986., (,

í 
t "' J ~,1'Iõ " ,i. -t.~, 'l, ~ ~ 

,,} t' :y 'f~l 
'<'''ti 4 .,f d- I 

pl, OS 1"'f 
.~I >!l 

'lIj. (1\ dI. .,. " 
1([ Il ~ 

~, j' ,A'~, . ~.(I' .,~ 1:":1 h -'<-.,/:,• 1 
~ l I) "I", l:~ jI ", ~\ 3

~ i ft' I'i '~ ,'/" ~lj..i\.;t
 

'I' \1'" ;~l'
 
a"" '"·,tl 

"' '.~ 

BBe,geHYle 

Bnepsae YrCCJIecr;OBaHYre aCYlMn'l'OTYltmCKoro nOBe,Il,eHYr.H perneHVlf1 HeJIYlHeH

Hh~ ~Yl~epeHu~aJIbH~X ypaBHeHYl~ 6e3 nO,Il,BVl*HhIX c~eCTBeHH~X oc06eHHOCTeH 

6hillO npOBe,Il,CHO B pa60Te EYTPy B HattaJIe BeKa. B nepBOH ttaCTYl pa60T~/I/ 
OH nOo:p06HO Yr3ytiaeT ypaBHeHYlR nepBOrO nOpR,Il,K8 TYrna f!YrKKaTYl YI nepB0e 

ypasaeuae Ileuneae, Bo B1'OpOf1 ttaCTH pa60T~/2/ paCCMOTpeHhI HeJIYlHeHHhle 

ypaBHeHYlR BTOpOrO ~ TpeTberO nOpR,Il,Ka, B ttaCTHOCTV!, BTOpOe, TpeTbe Yl 

ue-rseproe ypasuexae !JeH.JIeBe. COrJI8CHO CBOeMY MeTO)J"Y [;YTPY nOCJIe npOCThIX 

npen6pa30BaHYr~ B~eJIReT B ypaBHeHYlYl Be,JJ,Y~Yle ttJIeHbI, KOTOp~e Yl ,Il,a~T HO

BOe, yceuenaoe ypaauenae , 3aTeM OH nO,rr,p06HO YlCCJIelJ,yeT pemenaa 3TOrO 

ypaanenaa Yl nOKa3hlBaeT,' qTO ero pemeuaa xopomo npVl6JIYl1Ka~T peureaaa 

YlCXO,IJ,HorO ypaBHeHYrH npn X -?:t 00 • ,11,nR BTOpOrO ypaBHeHHR lleaneae 

U X X = 2 U 3 + X U + Y 
TaKVlM ypaBHeHVleM CJIY~YrT 

Yxx= lfJ3_2lj. 

GrrOCJI8,rr,c'rmm 3TYl YlCCJIe~OBaHYlR 6hIJIYr npOJOJIlIteHhI BYlTTYrXOM Yl l!Iy6ap

TOM MeTOlJ,aMYl HeBaHnYrHOBCKO~ TeOpYlYl (CM. B KH. 3/) . 
HOBblt1 aran aKTV!BHoro Yl3ytieHVtH aCYlMnTOTVlqeCKYlX CBOtlCTB pemeHYlH 

ypaBHeHVltt T~r.a rreHJIeBe uauancn B CBR3Yl C TeM, vro 3TYl ypaBHeHYlR CTa

JIYr B03HVlKaTb npYl OnYlCaHYlH aBTOMO,Il,eJIbHhIX perneHVli1 He.llVlHeHHblX 3BOJIlOUYlOH

HhIX ypaBHeHVl~/!1, 71. 13 pa60Te / 51 6b1JIO OnYlCaHO onaonapaxerpavecxoe ce

Me~cTBo pellJeHV!'~ P2 npa )J == O Yr BnepBb!e nonyvenu rpopMYJIbI CBR3Vl, T. e. 

q'JOPMYJlbI, CBH3~Baf()rr~Yle napaMeTpbI aCYlMnTOTYlt:leCH:Yrx pa3JIOJKeHYltl npYl X-" - 00 
5 91 Yl PpV! X - + 00 • 3aTeM nOHBYlJICR pan npyr ax pa60T no 3TO~ TeMaTYlKe/ 

VI, B QaCTHOCTVl,pa60Ta
/ 9/ , B KOTOpOH 6bIJIa 8HOHCYlpOBaH8 ~opMYJIa CBR3Vl ' 

1J,JIH ceMeticTBa peryxapnux pellleHVllií ypasneaan Pl.. npa v«O . TeM He 

MeHee lJ,0 CVlX nop He 6billO nOJIyqeHo ,rr,OCT8TOQHO nOJIHof1 KapTYlHh! aCYlMnTO

TYrQeCI{Oro noueneuan pemeHYllií P'J., naxe ,Il,JIH V ::::. () . TOJIbKO 6JIarO,IJ,apR 

MeToJJ.,Y Vl30MOHOlJ,pOMH~X ,IJ,céfJopMaL1YrH ,IJ,JIR P;t ( Y ::: O ) y,rr,8JIOCb nOJIytiYlTb 

q'JOPMYlI~ CBH3Yl ~lIH pa3JIYlttH~X ceMe~CTB Yl ,rr,aTb HaYl60JIee nOJIHyro KapTYlHY 

aCYrMnTOTYrt:leCKVlX CBoliíCTB pemeHYlf1 ~~ npYl V=o 110,11/. SaMeTYlM, ~TO 
y>r..e nepsue peayns-raru, nOJIyqeHHble ,JJ.JIfl Fi (y = O ), 6bIJIH VlCnpJIb30B·aHbI 

'~l.t!f~ I1NUl~íI KHCTUTyT I 
U~fi!lMX li( f' .'H~JiOnaulf1a 

6115Jf&-lOTEHA 



~RH CmHBRH aC~MnTOT~~eCKHX pa3RO~eHH~ pemeH~~ ~OBORbHO 06~HX HeRHHeM

H~~JvpaBHeHHn/I2-14/ H np~ H3yqeHHH aC~MnTOTHK perneHHM y~~BHeH~H u 

~~I5,16~rr03TOMY ~eTanbHoe R3Y~eHHe aCKMrrTOTR~eCKRX CBonCTB pellieHH~ 
ypaBHeHHH (.J~ BeCbMa aKTyaRbHO. 

KaR ~e oTMetiaROCb/17~ npH ~3yqeH~H npHMO~ 3a~ati~ MOHO~pOMH~ 
~RH CBH3aHHOH C p~ RHHe~HoH CHCTeMH ~H~epeH~HaRbHHX ypaBHeH~M cRy~a~ 
}) = n ,n + 'Y')., ,n C2 Z HBJIHeTCH B~eReHHblM H rpeõyer ornensnor-o 

paCCMOTpeHHH. B ~aHHO~ pa60Te MH ~a~HM nORHoe Ra~eCTBeHHoe on~caH~e 

Be~eCTBeHHHX pemeH~t\ P'l.. npa y== :t Y2 H npasenea aCHMnTOTHrm 3THX peme-

HHM npa X -? i 00 H COOTBeTCTBYIO~He lfloPMYRH CBH3H. 061I\HH cRyqai1 )1= n: , 
n + 1'2, ,n*O 6y~eT paCCMOTpeH ornensno, 

I. CBfl3b pemeHHH ypaBHeHHif P'1.. npH Y == O H V:::.:t 'Ya
B.pa6oTe/ T81 6HRO 3aMe~eHO, tiTO no H3BecTHOMY perneH~1O 0CY(X) 

ypasaeaaa ~(Y=O) MO~HO nccrpowrs pemeane u.ux) ypaaaexaa P:t. npa 
)J::;± 1/2 ' HCnOJIb3Yfl CRe~IO~YID tPoPMYJIY:
 

Urx)=+ d... enW'(-~) (1)

clX t2 . 

Hpoae vroro , 6bJJIO H3Bec'DHo/ I 9/ , ~TO npa y;::;::!:t p~ vtMeeT onaonapaae-rpave
CKoe ceMe~CTBO pemeH~«, BHpa~alO~Hxcfl ~epe3 ~YHRUHH 3~pH no TO~ *e 

~OPMYRe(I) • .J4lyrHMH CROBaMVi, eCRH 'UY(x) HBRHeTCH pemenaev P2,.. ripa 

y= () JIvt60 perneHvteM ypaBHeHHH 3«PH, TO ~HRUHfl ~(~) , nOCTpoeH

nas no ~opMYRe (I), 6y~eT perneHvteM P2,.. npa Y= ± 1/z: . B 3TOM paanene 

MH ~oR~eM CRe~~ee YTBep~eHvte, ROTopoe n03BORHT HaM on~caTb Bce TvtnH 

BemeCTBeHHblX pemeHH~ p~ npa )J =:t 'Y.z..' 
YTBeplt,geHHe. no JII060MY peueaao tccx ) ypaBHeHHH p~ ( y= -J:. V:l.) M01KHO 

HaifTvt razoe .ÀE ([; , tiTO U(X) npencrasaao B BH~e (1), rne 'l(,,/(x) 

HBJIHeTCH pemeHHeM ypaBHeHHH 

~x = -À W 3 + X W'. (2) 

ECJIH npa X E IR pemenae U Cx: ) 6 fQ ,TO vt ..À € IR. 
JloKa38TeRbCTBO. fIyCTb U(X)-HeROTopoe peaenae P:t. (Y=-±1/2.), ror-na 
U(x) flBJIHeTCH O~H03Ha~HO~ MepOMoPtPHOf.1 lPYHRU,en na rz; c nOJIIOCaMH 

nepBoro nopH~Ka, npwqeM B~eTH B HHX paBHH ±1 20/. Onpe~eRHM Tenepb 

no t'U(x) ~HKUHIO 1r(x): 

v (X) = p..rJ)(~yj Urr)drrj. (3) 
. --7- t1éxo J x ) 

B 3TOM BHpaJKeHHH nORaraeM, qTO ~o , jC He JIe1KaT B nORIDcax U(~), 

H O('zo) X )-HeKH'tt nYTb, COe~vtHHIO~HH X.. vt X H ae npOXO~HII\H~ tiepe3 

nOJIIOC~ zt(~) • ~~KcMpyeM Tenepb npOH3BOJIbHHM 06pa30M TOtiKY ~o • 

Onpe~e~eHHaH TaK lPYHKUHH ~(2?) 6y~eT O~H03HatiHof.1 MepOMO~HOn tPYHR

UHeH Ha ([;. [JOJIlOca 1réX) 6Y1JYT pacnOROJIteHH B Tex xe TOtiKaX, tiTO H 
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nomoca U (X) , HMelOlI.\He BHtieTH, pasaue - 1, a Hj,rm - B nonocax 'l( (X) 

c B~eTaMH, paBHhlMH+1 • nOK~eM Tenepb, ~TO ~RH nocTpoeHHoH TaK 

q,YHKUHH 7f BHp~eHvte líxx. + ~ 6y~eT nOCTORHHHM. l~eHcTBH-
'Zr 3 21/0;).. 

TeRbHo, COrJIaCHO	 (3) 

fx (;: + 2~» = ~r-Y(Uxx-XÚ -:W3;!: !i)axp(<Ji,jn12LfdJL). 
O{XO )X ) 

Cnpaaa Mbl nonyvaea HYJIb, TaR KaK no npe~nOJI07KeHHIO U (x) RBRReTCH perne

HHeM P'J., (y =2: 1;2.), CJIe,rr.OBaTeJIbHO, CJIeBa BbIpaJlteHYI8 B cxoõxax paBHO 

KOHCTaHTe, ROTOPYIO MbI 0603Ha~HM ..À (X.. ) • TeM CaMbIM MbI no U nOCTpOHJIH 

pemeHHe ypaBHeHHR 
1/ = .;\'V.3- ;r.x x 

Onpe~eJIY'IB r enepi, q,YHRLTHID 'U.Y(X) CJIe,JJ,YlO~HM 06pa30M: W(xJ =n '2rf-f.2X), 
MbI nOJIyqHM, tiTO ur HBR.fIeTCH penrexaea ypaBHeHHH (2). LI,oKaJKeM reneps , 
tITO eCRH X , U cx ) E- fQ ,TO H.À M01KHO Bbl6pa'l'b Beu~e'CTBeHHHM aa cuer 
BbI60pa Ha~Re7KamYIM 06pa30M Jeo ' nyCTb jCo H Jr1 Re7KaT Ha BelI.\eCTBeHHoif 

OCH TaR, ~TO na OTpe3Ke [Xo ) X,,] HeT nomOCOB U (X) • Ilepenamev 
Tenepb BbIpa1KeHHe (3) TaK: x 

1.r(x) = exp! ~n..YJ UI'!) dtj J X E-[XO~X1] C IQ., 
Xo	 . 

.fICHO, trTO 'trcx) - Be~eCTBeHHa.fI cPYHRl!H.fI, H TeM CaMbIM.À TaR1IW Be~eCTBeH-

HO • YTBep~~eHYIe nORHOCTblO ~OKa3aHO. 

EC,JIH B ypaBHeHHH (2) J = O , TO OHO CBO~HTCH R ypaBHeHHIO 3tlPH. 

ECJIH xe .À* O , TO MbI MOJlteM C~eJI8Tb saMeHY Wf::c) = /fifrZ) H npHi1TH K 

ypaBHeHHIO P2.,. (Y= O) ~7IR W(X) . Jler'xo saMeTHTb, ~TO ripa TaKotl 

aauexe MbI nORytrHM npa BelI\eCTBeHHotl u.r(X) RH60 Be~eCTBeHHYfO cPYHK

ImlO íZr(X), eCJIl" -À > O , JIH60 ~HCTO MHHMyro, eCJIH À c O . Cnenoaa
TeRbHO, trTo6H ortacar s sce Be~eCTBeHHHe peureaaa ypa snenaa p"JJ/=:t yzJ 
HaM H.YJIl:HO onacars Be~eCTBeHHbIe pemeHHH ypaBHeHH.fI (2) npn .À = O , a 

TaK7Ke BelI\eCTBeHHbIe H ~HCTO MHHMHe pelUeHHfl ypaBHeHHR p~ npH 

'V= O . BelI.\eCTBeHHHe pemeaaa ypaBHeHHR 3~pH xopomo orracanu B RHTepa

Type, BelI\eCTBeHHHe H ~HCTO MHvtMble pemeHHH p~ npH V=O RatreCTBeHHO 

Onl1CaHH B pa60Tax/1 O I I li. Onapaacs Ha 3TH pesYJIbTaTH, MbI ormmeM sce 
THnbI selI.\eCTBeHHHX perneHH~ ypaBHeHHH D~ npH Y= ~ ~Z . 

2.	 OnHcaHHe aCHMnTOTHKH semeCTBeHHHX pemeHHif ypaBHeHH.fI p~ 
npH )J = ± 1/~ 

MbI OrpaHHqHMCfl paccao-rpeaaev cnyuaa Y= - 1/~ ,TaR RaR npa 

savese U/x) Ha - 1i(X) MbI nepexonav OT pemeana li/x) ypaBHeHHR p~ 

npa y == - 1/~ R pemeaao U(X) = - 1t rsc) ypaanenaa P:L' npa V:.~ 1. 

3 



---------

PaCCMOTpt1M cuavana ormonapauerpavecxoe ceMetfcTBo pemeHt1M ypaBHe
HIHI P;t (y = - 1;2.), nOpOJK,lJ,eHHOe !fJYHRITt1flMM SliIpvt. B ypa BHeHl111 (2) npx 
)..=Oc.n;eJIaeM 3aMeHY lff(X);=:~'V(-ffX) ,1lJYHKIHfH 7.r(X) npa 

8TOM 6y.rr,eT y.rr,oBJIeTBOpflTb ypanneaao 1/x. x + '7 '2r = O . 3anvtlUeM 

7r(X) II BM.rr,e 1.r(X)=oLc{rx) + (3 [jrx ) , rne c/{X)I1 j{.X:J-JIvtHet1Ho He3a
SViCt1MUe	 pemeHHfl c aCHMnTOTI1KaMI1 

1(x ) ~00 r- x) 1/if eXfJ ( VJ' r- x ) ~) (1+ O/~ x) - i ), 
{(x)	 ~ X-~/C04(1x}~+t)+JiI1(({xJ/~+lJ}O(x-1JlJ 

x-+oo	 / j
-1 

Q/x)	 ~ f(- X)-4p r fJ ( _ V[r-x )-i)(I+o((-x)-i~) /ri X~-oo I'" ~
_1; ~ Jí 3
v'i'	 li: 3
Q(x) -~ X .dAn(y X:1.- + 7i)-t0 C04-(3 x :t + 1!)OfX-"i)lli 

(/ X-,>+OO	 ..] L{ !l. 
Iloc'l'pOeHHoe no .1/ (X) peiueaae Zt(X)ypásHeHHfl fl (v=-f) 6y.n;eT I1MeTb CJIe)J.ylO
IItYIO aCI1MnTOTHr<y*ripa X ~ - 00 ; 
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U (X) ~oo Nr(f + O((-x)-r.)) / .c =0; .c ~o ~ (4) 

U(X) X~C<J-I:-t(1~O((-X)-f))+ ~ffez;;f2Ç;-I)l)(1+0(f-xI~ 
f1pH X -? + 00 8TO ceMet1CTBo pemeHI1li\ 6y.rr,eT MMe'l'b CJIe.rr,YfOII1YIO aCI1MnTOTI1KY : 

U (x.) -> ~ {'fn ("fX 3/~ + 'JJ + arde;.f!:). (5) 
X - + 00 \/(1	 (J 

3To YTBep1K.lJ,eHHe cnpaaenaaso 11 npa cL = O .
 
TaRMM 06paaOM, MhI nOCTpOHJII1 ceMetfcTBo pemeHl1tf P:t. Cy;:; - Y.:lJ C nOJIIO


caMH Ha Be~eCTBeHHoli\ OCH, HaKanJIHBaIO~HMHCfl Ha +00. Ka~ecTBeHHHli\ Bvt.rr, 
pemeHHli\ 8Toro ceMelilcTBa npHBe.rr,eH Ha pHCYHKe I. 

OCT8JIbHHe aemeCTBeHHHe. pemeHHR P,." npH v = - Y:<. MbI nocrpoaa no 

BemeCTB€HHbIM H MHHMHM pemeHHJ1M P;t. npa Y= O • HIDIte MbI .rr,a.rr,I1M onaca
HHe 3THX pemeHHM, OnI1paflCb Ha peaynbTaTbI pa60T/ lO, 11/ . B OTnaqHe OT 

11/pa60TH/ a.rr,eCb 6y.rr,eM onHCHBaTb CHHrYJIflpHhIe pemeHHfl. He pacnpe.rr,eJIe

HHeM non~COB, a rnaSHUMH ~JIeHaMl1 HX aCHMnTOTI1K. KpOMe Toro,6y.rr,eM Be3

ne Hl12Ke rtonaraTb, ~TO B ypaBHeHHH (2) .À = 2 (aror-o nerxo .n;0611TbCfl 
npocToM 3aMeHO« nepeMeHHbIx). 

* IhnocJIe~HeM B~p~eHI1H MbI OCT8BHJIH 3KcnOHeHQHanbHO ManbItf qneH, T.K.
 

napaMeTp p/~ , onHcHB8romHM 3TO ceMeMcTBo, BXO.rr,MT TonbKO B Hero.
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PMC. I
 

!1pVi X -- - 00 Be~eCTBeHHoe HJII1 "II1CTo MHHMoe pemeane W(X) *,** 
Mo~eT MMeTb aCViMnToTHKY TOJIbRO o.n;Horo R3 Tpex HH~e npHBe.n;eHHbIX BI1.rr,OB 

_1 . (2. à 3 «» 3 «» 0(,:2.)2J(x)---"" d..(-X) 'IJUl J(-X)~ -Jjei.. m(-Zj-Id. t-n2-arr;r(.ti. - (6)
1 'X-.-t?O	 . Ó 

- 6) +	 ;[[.) é)€ te .JH100 oL ~ O .mr60 ~ a., ~ O . 
'I"> ) I 2.~ 3 ~ 

0:(x)~ v- ~ (1-1- O((-X)-~) - ~ ]i' (-.2,xT4e- -?r-x) ~(1 + (7)
~ X~-jl() (f .2. 2, I 

1- 0((-x)-h)), /; éIQ ; (8) 

W;(x)- v-x '4in-1(~f-.:x)J/.t +~d..tn(-X)+3d..f!n2 --fLnJrrt+i.J.)-t9 1r:/. (;~1D 
X:~-oo ~.2.	 ra ~ I I~. 

AHa.JIOrH~HYJO KapTHHY MbI nOJI~aeM H npa :c -- + 00 : 3/: 3 

1.lY rx)-- iffX-~ e-Jx~/:t(1+0(x-í))+/x~8x-fe-~X {1+0(X-~»}, 
I.( X~+oO	 l~ I (9)

a..:to E f!2. . 

uX(x)-- a_/Fcw(~xí +$j3/hx +l-iJtn2+larJr{f-ij3)+17)~ 
s:	 .x~+oo ~ cf . (IO)
 

q -( = :!: « , j3> J e 112 ;
 
/s: .s. (.zIE 2. Jí.3"],,1)

2V (x)- a., (i V? -iP.(2X) '{C04 3 X 2. - z f3 cn:» + 7j - (l1)
f, x~+-oo ~ "r" 

-Jj32.tn.z - -tV"'g r í-i/32) -/rJ}~ a-1:: t: 1) j3~/ GIR. 

* Beane B .n;aJIbHet:mJeM MbI 6y.rr,eM 0603Ha.~aTb pemeaaa p~ npa y::::: o ~epe3 
1JJ(X) t a pemeHHfl PÁ. npa Y:= - y:<.., uepea U (X) 

11: 3( 3~:\1eTHfu' tITO Hym1 }1 rrOJIJOca uJ'(x) VI Ufx,) B <f;'oprvry.lIax ( 6-17) ue
 

cOBna;J,a!1)T c HY.JlfIl,1}1. }1 rrOJIIQCa'Vrn: <PYHKURll, CTORll\:HX cnpaaa , OH:H JIHl1Ib JIe1KaT
 

B OKp8CTHÓCTVI nopauxa Odx{V 8T:HX TOtIeK R TeM CaMbIM Hanrn qJ0pMyJI1r
 

~aJOT npaB:HJIbHOe aC:HMITTOTMtIeCKOe Orr:HCaHHe pemeHHM p~ Bé3~e BHe 8THX
 
OK;JeCTHocTetí.
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~cnOflb3YR 3T~ pe3YflbTaTH ~ ~OPMYflbHOe YTBep~eH~e,MO~HO Or~CaTb 

aC~nTOT~K~ BCeX Be~eCTEeHHHX pemeH~~ ~(jC) • M3 (6-8) nOfly~aeM, ~TO 

npa X-+ + ()O U r.:r:.) MOJlteT ~MeTb aC~MnTOT~KY TOflbKO onsoro ~3 Tpex 

TI,mOB: z(ff 3 
'Uix)~If(f/) ,:}x 2;_ ;'r1~!nX-{ç(2!1l2-,arar(fi)-(9 -r 3jl, e.d.-~6!2; 

x .... tQO ~d a / (12) 
~ I 2 3

U,JxJ~~~~i-o((-xr~+.2lFxi1e-sXí.(1 +orx-ij, ge 12; .. 
.r~.,.oo (1;;) 

u(x)~- /fr f n (V!xf +flilJnx +jd..En2 -atarri -+-icl)-B)
.3 X-+tclO ""õ v - (J .J (14) 

0/.,,&6/2. 

Mcnoflb3YR reneps ~pMyflbl (9-IT), nonyuaea, ~TO ~ npa X ~ - 00 seme
CTBeHHoe pemeaxe li (X) Mo~eT ~MeTb aC~MnToT~KY TOflbKoo~Horo ~3 

rpex H~)IU~_4~a3aHHbIX B~~OB: 2 -i _.2.vT..J -~ 
'lA.. (x)-Y-f (I+O(fxfl))+ oar-x) e J (-x)~fI+O(fx.) i) ÇLI., 6/2. . 

Cf x....,.-Oo o'Ji ,~ (15) 

• Ju (X)-..-vG:'Ji/l-1lfx):i -t lj3bzr-Z)f3j3 h 2 i- rCl.rfj f fl - i j3)t 1), 
5 X--,-jlO / (16)

13.7 é 12; 
»r:: -1. rs 3 3 2/J 217lL (x.2-_ -,I3y'.z f.z) ~ 4il1{J{-X/i: - Ij3 m(-x) -31-1 m2 - an;fr-if3:l,)-.J+-f))


6 .z~ oo r (J (17)
 

j3~7€12. 

3aMeT~M, tlTO B~paMeH~e (15) fl~mb Ha 3KcnOHe~~aflbHO Man~e ~neHH OTn~

qaeTCl! OT nonyueanoro paaee npa paCCMOTpeH~~ pemeH~A 'U (X) ,nopo~eH

HbIX tiJyHKQMflMH ôtlp~ (4). 
TaK~M o6pa30M, MH orr~can~ Bce B03MO~HHe TMrrbl aC~MrrTOTM~eCKoro
 

nOBe~eHMR Be~eCTBeHHb1X pemeH~~ P.t,. npa v=== - ». . Cne,rrylOII\eH HaweH sana


~e« RBnReTCR YCTaHoBfleH~e CBR3H Me~ rrapaMeTpaM~, BXO~RII\~M~ B aC~Mn


TOTKQeCK~e ~OPMYflH WJR peweH~f1 U ex.) rrp~ X ~ - <)O ~ rrp~ x ~ f" 00 •
 

3. ~OpMynb1 CBR3H 

MeTo~ H30MOHO~OMHHX ~e~opMall~A/10/, oCHoBaHHblt1 Ha B~HcneHHM ~aH
HblX MOHO~OM~H CHCTeMbl .n~HeHHHX 06b1KHOBeHHHX_ ~H~epeHU~anbHHx ypaBHe

H~~, accOIJ;ID1pOBaHRblX c 8. ()J = o ), noaaonaer se TonbKO RBHO Ha~TH 

B~~ aC~MnTOTHtleCKHX ~pMyn, HO H onpe~enHTh xapaKTep aCHMrrTOTHKH pe

meH~R Zú'x)hp~ X ~ -t 00, ecna aanana aCHMrrTOTHKa npa X - - 00 ~ naoõopo-r , 

B paMKax 3Toro MeTo~a pemeHHR eCTeCTBeHHbIM 06pa30M rrapaMeTpH3yroTCfl 

~aHH~ MOHO~OM~H, xo-ropue RBJIRIDTCR rrepBHMH HHTerpanaMH P:L (y=o ). 
Ha rrpaKT~Ke ~e y~o6Hee ~pyraR rrapaMeTpH3aUHR, ~crronb~~aR B Ka~ecT

se napaaerpoa aMrm~TY~b1 ~ ~a3bI, KaK B HaWHX <PoPMynax O-J 8~d..Jj3,.f9~;t . 

6 

rr03TOMy,~Crronh3YR MeTo~ H30MOHO~pOMHbIX ~e~pMaUH~,~fb1 H3 RBHblX ~OPMYn, 

BNpa~aID~Hx 3TH rrapaMeTpH ~epe3 ~aHHb1e MOHO~pOMH~, HCKnID~HM ~aHHble 

MOHO~OMRR H rronyqHM WaPMynM CBR3H napaMeTpOB acHMnTOTH~eCKHx pa3no~ 

Jr.eHHf1 na -00 H sa ..,. 00 • 3Ta rr~o/e)Jypa VlCKflIDtleHRR ~aHHbIX MOHO~pOMHH 'j7Ke 

6b1fla nponenaaa B pa6oTax/ I O, T ~nR ypaBHeHHR R. npa lJ= o . M3 na
mHX pacc~~eHH~ RCHO, ~TO 3TH ~OPMYflbl rrOflHOCTbID rrepeHOCRTCR H na 
c;'I)"latl )J.:= - f2 . B '3TOM naparpaóe MbI euie pae npasenex 3TH ~PMYnbl 

CBR3H,O~HOBpeMeHHO nepetl~CnRR Bce B03MO~Hble KflaCCbI Be~eCTBeHHblX peme

HH~ q npa Y =-». . Ha COOTBeTCTByromHX pHCYHKaX 6y~eT nana Ka~eCT
BeHHaR KapTHHa noaenenan pemeHVli1: ceMef1cTB W(X) ~ nopoxnenasx l:1MH 

ceMe.f1cTB pemeH~i1: U{X) 
'I'an 1 (Ímc. 2). O~HorrapaMeTp~ecKoe ceMet\CTBO peUIeH~~ li (X) C 

aCHMrrTOTHKaMM COOTBeTCTB8HHO Uit,;r."j (12) H UI.( eX) ( 15), nopozneaaoe 
ceMe~CTBaMH W(x) H -c Ut'{X) c aCHMrrTOTHKaM~ -ur.cc) ( 6) H 'l.I...Jyrx) 
(9). ~oPMYnbl CBR3M ~flR 3THX ceMe~CTB 6HflH rronyqeHM A6nOBHueM H Cery

pOM/5/H HMeIDT BH~ 

! ! 4if'Z a ~ 0<: Q}W<jL> __
0(2 = -;; tn. (4 - Q),) , 

~- . 
O/j'a.J a~<: o

arjd =f ~ ~ ot 
Z >0) ,

-:Z' o(.,~<O ' 

~R HaillHX uenet1 ~OCTaTOqHO Cne~mHX ~OPMYfl : 

d~= -.dtn (f-a2-) 6):= .7í a':«:«.z >Jí 

3aMeTHM, ~TO sce BbNeTbl B nonucax U (X) npa X --+ 00 paBHH + f 

.a: I \ .I , I 'I I1 
.1 
~ 

PJ.ic.2 
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TMn 2 (pMc.3). ~ByxnapaMeTp~ecKoe ceMeMCTBO tLrx) c aCHMnTOTH

KaMH U1 /x ) (12) M Us(x) (16), nopoanenaoe ceMetlcTBoM pemeHM:M UYI.x) 
c aCM:MnTOTHKaMH 1,.{}; (X) (6) H ~ (10). ~OPMYJIhI CBH3H anecs 

THn 3 (pHC. 4). ,lJ,ByxnapaMeTpt'ltIeCKOe ceMetícTBo pemeHt'lt1 U (x) c 

aCHMnTOTt'lKaMH U1 cx ) (J2) H &6(2:) (17), nocrpoenaoe no cexeãcrey 
u.Jlx) c aCt'lMnTOTt'lKaMt'l 'l4"(x)(6) t'l ~(x)( IJ). éDOPMYJIbI caasu anecs raxo

MMelOT CJIe.n.ylOlI\MM BM:~: 

2 1 ,J[oL;}. I 1
j3 = j I!n(2 (1- e-JToL ) /'2- e /~(9/J J 

- cL (1_e- r7í
ol.. 

2-
}~2{;)! <ar. 9 1 + (-I _ e -.7ícl. Z) C04-02& ;) a_f:::: Jij!'l (CO<:tt9) . 

Mx MOJKHO 06paTHTb* H Bblpa3MTb napaaerpu cI.. t'l 6) uepes j3 M}a_1= 

d -, - j Ih(2 e-27fj3[(1+ e21) -t UU;r -1]JJ 

( 2-TíB ) 1i A.. r f. J
()== ardo f + e / ~njl' + Z!It_f2 Jian!f_/(t-e2/i,';;'úJJ. j( )J

- (J(1+e.l.l1,/.3)YZCod/-1 e (I -(- flo-(I fi . /,~. 

~YHKI1Mfl U{Xj npn X~-oo HMeeT B nOJIIOCaX BbltIeThI,paBtible noouepenso 

+ 1 H - 1 , npa X -- + 00 sce BhttIeTbI B nOJIlOcaX lflYHKllt'l~ U (oc ) H 

lf(x) p8BHbI +1 . 

~~Bll~1,, 
H 

J , t , 

" I "~nn! l 
PHc.3 

* ITpRMHe t1 06p8THMe lflOPMYJIhI CBfl3H H~HbI HaM ,rr,JIfl Toro, tIT06h1 no 38,rr,aH

H0l>!Y nOBe,u,eHHIO U(x) npa X-'>-oo (H,COOTBeTCTBeHHO, npa X--+ co ) 

onpenemm, noaeneane U(X) npa X-':1-+ 00 (COOTBeTCTBeHHO npn 
X~ - 00 ). 
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j
 

I 
1
1 ..


IJ
 

8hZ: 

-( f! /, -:JioL:(.) ~ .Jfd.. 2/ ;j
- - - (,fl 2 (e - f e C04-& J13 2 _ 

.7í 

J:=
 

-:Fel'
.arct; (e - 1) Júz. 2 (9 7- .Ji/ . ;,: -.7íd..2 J1

~(e-7id.2._ f )Ú}(h26J-1 I(I-~{J-(e - f)~2t9J;> 

..Jí (.í'lo'li ) ~ e- - f)co.st26J -1 =F o~ fk'n 219<:0 , 

%d~ .-;,.ec~ (e- r. -1)COd-a2&-1:=: o) *122& > O.J· 

Q-i :::: - 4<jJt(C4Jf9J. 

06pa~eHM:e 3TM:X ~opMyn ,Il,aeT CJI8~YIO~Y,~ pe3ynbTaT: 

ot' = - j In{2 e2JTj3/1- COd-l (j_ e - 2%,4) 0. j j , 
/ -Z.Jí/3)2 "Y-.z. ..,/A/h"
( f - e ~ (. /- .J7( 

:::::~ + - f+t2() '1J(1- e- 2 7í,(3 2) YZGa:1-,X -1 2 -() . 

Jlerxo 38MeTt'l'J'b, trTO ,u,HcKpe'1'HhI~ napaxerp a-i He BX.O,Il,HT B trllICJIO napa
MeTpOB aCt'lMnTOTMK U~{X) H ~6(JC) • C ~yro~ CTOpOHH, OH npHCYTCTByeT 

B aCIIIMnTOTIIIKe U 1 ex) (tIepe3 f.9 ), HO B 3TOM HeT npomaopevaa , TaK 

KaK lflYHKllt1fl dJ .J[ - nepaonavaa. Bce BhltIeTbI qJyHKllI1H U(-::) npa x~+ c;>O 

paBHbI +- 1 . 

~ 

PHc.4 

9 



TIm 4 (pac.ô) • I1pe.rr,cT8BJIeH O.rr,HliM pemeHHeM U(x) c aCHMnTOTHKaMM 
TI-in 6 (pHc.7). O.rr,HonapaMeTpHQeCKOe ceMe~CTBO pemeHI-iH 1l(~) c

U:l.- ( a:) (3) li U~(x)(I5), xoropoe nonysaerca I-iS 2drx) c act-fnTOTHK8MH 
aCHMnTOTHKaMH Uj éx ) (14) H U,,(X) (15), nOpOIl'\,IJ,eHHoe ceMet%cTBoM Wrx)

~(x) (7) li zuq(X) (9), r.n;eMhr.rr,olDKHbInOJIOllniTb t=O Ma..~1. 
c 8CHMnTOTHKaMH 'â..j (X) (8) H ~ (X) (9). 3.rr,ecb MbI ,D,OJDltHbI nOJImKHTb

06e ~HKllHH He HMeIDT nOJIIDCOB Ha Be~ecTBeHHo~ OCI-i: 
1 IJ ".d = - vn /(22._1) &. =: - :li.. -4LLJA1_ a a~ ~-f,2..Ji (' ~. 2..-~-Q'- " 

(xa-aa nepaonaunocra d! M01KHO CqHTaTb 6) = .%/;z. l . Bb\'Q:eTbl B nOJIID

cax 'UrX) npa X-+ 00 pasaa -1 .I' 
~ 

~~ 

~ 

~ s 
1 ij ~ ~-
I , I I I 
I I I I I 

, , I I X 

'n~ JlPHc.5 

THn 5 (plic.6). O.rr,HonapaMeTpHtWcKoe ceMef;lcTBO perneHI-if;l u c») c
 
PHc ..7


aCi1MnTOTHKaMM éOOTS8TCTBeHHO 'ZI.;lJX) (13) H U§ (X) (16), nocrpoex-
TIm 7 (pHC .8). llByxnapaMeTpHqecKoe ceMet:fcTBo 

soe no caMaHcTBY ~ur (X) c aCHMnTOTHKaMH ~ (sa) (7) H 

I 
I 
I 
I 
I 
IJ. ~
 I , I • .zI ,I ,

I 
II ,I• I• ,I I•I • , I 
I 

I t I 

pemeHH~ U (x) 

Ws- (:c) (IO). ~OPMYJIbI CBR3H TaKOBbI:j3=.t -tn t , C2._{= ék-~ t 
! =-are;4t =- a-f e.Jl.j3 • BbJtreTbI B nOJIIDCaX U(X) npi1.x ~- 00 

paBHbl noovepenxo +- 1, - 1 . 

tA, 

Jij
 
I I I 

I I I I «, 

I 'I 
lI I 

I 

• t, ~ n 
:i 

c aCI-iMnTOTHK8MH U 3 ( X ) (14) I-i ZÚ.(x) (16), nocrpoeuaoe no cexeãcrsy 

1A/'(X) c aCHMnTOTHKaMI-i -w; rx) (8) M 'UJ5(x) (10). il?opMyJtbI CBRSH 

s.rr,eCb HMeIDT BH~ 

.f /lI ( -e271oL)~.z. -Z:JíoL/ Jj3 == .Jf C4'2.. 2 1 + e ÚJtI-&/ J 

~+eZ$~JA;~2~ .
r(ü-rÍA I: / ~(.. .7íI . /. ! '27iO<) ,11

~-~1rr-1+e27Tol)~.:2& -Xlf+Jijn[I+[1+e /C042fY/J-' 

J== JT (27iol.' . - X) n.pu. 1 f -(+ e )co,J-.2& =0
7 

..&-in.. 28 > o, 

+ :.) i1fu 1 + (f + e~7iti) C04.2& =0 
7 

4in..2tY « o; 

a_ 1 = -~(C04e9). 

06p~eHHe 3THX ~OPMYJI ,D,aeT 

d., = ~~ tn {2 e-.2JTj3(1- ~;Z(-Ir e 271)3) 'V:<-J.J 

{
I 

PHc.6 

11 
10 1 

1) 

I
 



- I 

( e:J.7í,8)4in~ .Jí	 :llíA 1. Vf) == 4rcXQ( 1+ + -1 /i r a &itlrt /1-(1+ e I .....J)i CO&- Y) • 
cf	 1+e:l.71f3)COfI.;l:-t .v{' -f cf r" / ri, 

Peurenan e-ror-o ceMet1cTBa U(x) vtMelOT npa :x -? -r Glo BbrqeTbl B nOJIIOCaX, 

pasnue -1 , a npa X -'>- 00 pasnue noovepenso t: 1 ti - 1 . 

'IJ1 •
I i 

U.~u	 J• 
I I • 

• u•
• 1 1I I I I • I 
8 I II I I , I • ,	I I I r!7 ri! r3.I I I 1I I I • 
I	 1 I Ir I 

I r I • • I 1 1I • 1I	 I ~I f1I	 • I 
• I IIt~ ,n	 I 

PVic.B 

MbI	 OnHCaJIH TaKVlM o6pa30M sce THnbl aemecr aenaux pemeHHt1 ypasae

HHR Fi (y ~ -1). PaCCMOTpeHVie nOJIytIeHHblX aeurec'memnrx pellieHH~ rtpasonar 

K ausony : y {l npa y=-± ec rs TOJIbKO O,Il,HO aemecr aeaaoe pemeuae 

(THn 4 pHC. 5), H8 HMe~lI1ee nQJllOCOB na Be~ecTBeHHOA' OCH. B c.nyuae 

v=- o y P:t. 6blJIO o.rr,H211apaMeTpttreCl\oe ceMe«CTBO pemeHt1f1 6e3 nOJIIOCOE 

na	 Be~ecTBeHHo~ OCHI,)I. IlpH Y== - ~ Tal\OrO ceMeticTBa HeT H 3TO xopoiuo 

cor~cyeTcR c pe3YJIbTaTaMH pa60TbI/
9/ . 

npHBe.rr,eM eme nse 'l'a6mnlbI, H3 KOTOpblX cnenyer , Ral\ no aanannoxy 

nOBe,Il,eHHlO utx ) HB O.rr,HOt1: H3 6eCKOHetl:HOCTe~ Onpe,n,eJIHTb , B 3aBHCHMOCTH 

OT napaveepos , noseneuae na .rr,pyrol7l 6eCl\OHetl:HOcTH. B JIeBOM cToJI611e 

Ta6mm - 3a.rr,aHHoe nOBe.1I,eHHe npH X -> - 00 ( x - + 00 ), B npaBbIX - HCl\O

Moe noaerteaae npv x~-too( x_- oo ) BMeCTe c YCJIOBH~MH Ha napavevpu 

aCHMnTOTHI\. 
Ta~a I 

X->--t-=X---Do 
a: > 1Q...'- z: 1 a.""" < 1 

U -+ '21." 
U~U3U - 'U1U - U:l.. \. 

caI/(Í+{22-7iJ3) h>fCcJt4-/ (1 + e2Tt/J) f/.z. .: -(Wj}ú+ l1õf3J~.L =1
'ti ~ 'lt6" 

U~Uf'U3--U -- 'li - u~ 

U	 - u 6U	 -+ U 6 
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li 

Taómw;a 2 

X-Toe> 

U -- 'U~	 

X _-00 
I 

074:l, 01-2-'::::00= ~.z, & =j: ':l ' oé..t /' o 
U·~U" 

U	 ~ "U'I U	 _U" 'U - U 6 

-i ==-0 ~ "1=0 

U	 -? Us-u ...",.. u" 
t9= ?L &=t:f.z.. 

U -'> Uj 
'2t~ u- Us-U'I 

-

ABTOpbl C5JIarO)\apHbl A. PJ1TCY aa TO, tl:TO OH 06paTHJI HX BHHMaHHe aa 

STYTeMaTHI{Y, B.E. MaTBeeBY aa HHTepec Ir paC50Te H B. r.MaxaHbKOBY aa 

nOMep:lltKY· 
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TEMATH'IECKHE KATErOPHH IlYBJIHKAuiD\ 
OBoE~HHOrO HHCTHTYTA ~PHYX 

HCCJIE.Z.OBAHHR 

HH,aeKc TeMBTJIKa 

1. 3KCnepHMeHTaflbHaA QH3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaA ~3HKa BWCOKHX 3HeprHH 
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AaHHWX 

11. Bw4HcnHrenbHaR MaTeMaTHKa"' TexHHKa 

12. x ........ R 

13. Te<H,.Ka ~"'3H4ecKoro 3KcnepHMeHTa 

14. ~ccnPAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. JKc~e~HMeHr~nbHaR $H3HKa RAepHwx peaKUHH 
~pH HH3KHX ~HeprHAX 

16. lloJ><..,erpHR " ~3HKa 3aiJIHTiol 

17. T~''P"'q ><O>•AeHO<POBaHHOrO COCTORHHA 

18. ~CW11"1bl08aH><e pe3YI1bTaTOB H MeTOAOB 
11YHA3MeH T •1!1 bHbiX $113H4eCKHX HCCfleAOBaHHH 
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~OKaSaHO YTBep~eHHe 0 CBH9H pemeHHH BTOporo ypaBHeHHH IleH
ineBe (P2) npH V = ± 1/2 C pemeHHHMH p 2 npH V =Q H C pemeHHHMH ypaB
HeHHH 3iipH. Ha ocHoBe sToro YTBep~eHHH nonyl.leHo onHcaHHe aCHM
nTOTHK ae~ecTBeHHbiX pemeHHii P2 npH v = ±112. BblnHCaHbi cooTBeT
CTBYJO~e cl>opMynbi CBH9H H YKaSaHbl ace B09MOlKHbie KnaCCbl Be~eCTBeH
HbiX pemeHHH P 2 (v =± 1/2). IlpHBeAeHbl rpacl>HKH Kal.leCTBeHHoro noae
~eHHH pemeHHH 9THX ceMeHCTB. 

Pa6oTa BblnOnHeHa B na6opaTopHH BbNHCnHTenbHOH TeXHHKH 
~ aaToMaTHsaQHH OHHH. 
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The Asymptotical Description of the Real Solutions 
to the Second Painleve Equation for v = ± 1/2 
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It is proved a new statement on the connection between the 
solutions of the second Painleve equation (P2 ) for v = ± 1/2 
with those for v = 0 as well as with the Airy function. This 
allows the description of the asymptotics of the real solutions 
to P2 with v = ±1/2. The corresponding connection formulae are 
given and all possible classes of real solutions to P2 (v = ± 1/2) 
~re found. The figures for the qualitative behaviour of all 
~lasses of solutions are represented. 

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