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repAT B.n. 

0 rno6anbHoH crpyKrype o~ero peweHI1R 
ypaBHeHI1H 4y-floy 

P2-80 43G 

PaccMorpeH~ ypaBHCH11R 4y-floy AnA craTI14eCKoro 
p -eonHoeoro "N -pacceRtii1R. 11cnonb3ooaHa 4><>PMYfli1POOKc 
3TI1X ypaBHeHI1H B B11AC CI1C TCM~ TPCX HCfli1HCHH~X p03HOC TliiJX 
ypaBHeH11H nepeoro nopAAKO, 06UICC PCWCttHe KOTOPbtX 3801101T 
OT Tpex npOI13BOflbH~X ncp110A114CCK11X <!>YttK~I1H, nPCAnOlKCti 
nOAXOA K rno6anbtiOMY noCTPOCHUIO 06111Cro peweHI1R, Onl1plltO
IJII1HCR Ha pasnolKeHI1e no CTCnCHRM OAtiOH 119 npOI1300flbHbtX 
<!JyHK~I1H C(w), KOTOpBA onpCACflACT C rpyK rypy 11HOllP110H1 tiO~t 
KPI1BOH ypaBHeH11H 4y-floy, noK03BHO, 4TO D KOlKAOM nopAAK 
no C(w) 11CXOAH8A Hefli1HCHH<IA 30A840 COOA11TC.A t< Ill-1tid1ttOit, 
nyreM peweHI1A nocneAHCH 061J1CC pCWC'HI1(' YPilllliC'HHfl 4y-floy 
HaHAeHo C T04HOCTbtO AO KBBAPBT114HbiX no C(w) 4JIC'ttoU. 

Pa6ora BblnOnHCHa B fla6opaTOPI111 Db1411C'JIIHC'llbtt0H 
TeXHI1KI1 11 OBTOMaTI130~1111 011HI1. 

npenpMHT 06~eAMHeHHOro MHCTMTyTa AAePHWX MCCneAOBaHMR. AY6Ha 1980 

GerdtV.P. P2-80-436 
On Global Structure of the General Solution 
of the Chew-Low Equations 

The Chew-Low equations for static p-wave "N-scat
tering are considered. The equations are taken as a sys
tem of three nonlinear difference equations of the first 

.j' 

1. BBEAEHI1E 

BoT ylKe Ha npoTRlKeHI111 4eTeepTI1 eeKa ypaBHeHI1R, nony4eHH~e 

4y 11 Jloy 111 11 on11C~Ba1011111e cTaTI14ecKoe p -eonHoeoe "N-pacceR
H11e, npi1BneKaiOT BHI1MBHI1e ~11311KOB 11 MBTeMBTI1KOB, CTOnb An11Tenb
HOe BHI1MBHI1e B~3BBHO yHI1KBnbHOCTblO MOAenl1 4y-Jloy, npeACTaBnRIO
IIIe~ co6o~ npocTe~WYIO HeTpi1B11BnbHYIO MOAenb ~3HKH 3neMeHTBPH~X 
4BCTI1~, OAHOBpeMeHHO YAOBneTBOPRIOIIIYIO TBKI1M ~YHAaMeHTanbH~M 
Tpe60BBHI1RM, KBK aHani1T114HOCTb, YHI1TBPHOCTb 11 KpOCCI1Hr-CI1MMeT
pi1R. KpoMe Taro, 11HTepec K MOAenl1 nOAOrpeeaeTCR HeyKnOHHO 
eoapacTaiOIIIHM 11HTepecoM K Heni1He~H~M npo6neMaM TeopeTH4ecKo~ 
11 MBTeMBTI14eCKO~ ~11311KI1, RPKHM npi1MepOM KOTOP~X RBnRIOTCR ypae
HeHHR 4y-Jloy. 11MeHHO Hen11He~HOCTb 3TI1X ypaBHeHI1~ C03ABeT 04eHb 
cepbe3H~e MaTeMBTI14eCKI1e TPYAHOCTH Ha nyTI1 11X BHanl138 11 peweHI1R, 
KOTOp~e noKa 4TO He YABeTCR npeOAOneTb AO KOH~a. leM He MeHee 
11Cnonb30BBHI1e pa3ni14H~X MeTOAOB BHBni13B ypaaHeHI1~ 4y-Jloy no-
3BOnl1na nany411Tb ~en~~ PRA BBlKH~X pe3ynbTaTaB, KBCBIOIII11XCR 11X 
peweHI1~ 12-41 . TaK, Hanpi1Mep, a&Tap~ caaceM HeAaBHeH pa6aT~ 131 

an11paRCb Ha ~pMynl1paBKy ypaBHeHH~ 4y-Jlay 8 BHAe Heni1HeHHa~ 
Kpae8a~ 3BAB411, cyMenl1 He TOnbKa CAenBTb HaB~e BBlKH~e 38Kn104e
HI1R a CyllleCTBaBBHHI1 11 eAI1HCTBeHHOCTI1 ~H3114eCKH HHTepeCH~X pe
weHI1H, Ha 11 paapa6aTaTb 411cneHH~e cxe~ 11x nacTpaeHI1R, 

B8eAeHI1e yHH~apM113YIOIIIe~ nepeMeHHaH
151 

w = ..1 arc sin v 
1T 

I " - 3Hepri1R nl1aHa 8 · eA. era Mace~/ naa8on11na ceeCTI1 He1111He~
HYIO Kpae8yl0 3BAB4y Ha MBTPH4H~e 3neMeHT~ S-MaTpl1~~ K CI1CTeMe 
HenHHe~H~X ypa8HeHH~ 8 KaHe4H~X paaHaCTRX - AHHBMH4eCKoH ~apMe 
ypa8HeHH~ 4y-Jlayl2/, TaKa~ naAXOA aK83ancR HCKniO~TenbHO nnaAa
T8apH~M KaK AnA BHBnH3a ypaBHeHH~ 4y-Jlay, TBK 11 AnA HBXalKAeHI1R 
11X peweHI1~. 6wno, 8 4BCTHOCTI1, naKa3BH0/4/ 4TO peweHHR, o6na-

' ABIOIII11e 6apHa8CKI1M nan10caM 11 npa8HnbHWM naporaawM noBeAeHI1eM, 
CaAeplKBTCR B OfillleM peweHI111 ypaaHeHH~ 4y-Jloy, 3BBHCRIIIeM aT Tpex 
npOH38DnbH~X nepHOAH4eCKHX ~YHK~11H, 

B pa6aTax /4,6-7/ 6wn paaa~o~T MeTOA nocTpaeHHR a6uiero pewe
HI1R e6n11a11 ynpyraro nopora "N-peaK~HH, rAe peweHHe npeACTa-
811Mo141 8 B~Ae PRAOB no a6paTHWM CTeneHRM He3BBI1CI1Ma~ nepeMeH
Ha~ w. Ko3~~~11eHT~ PRAaB RBnRIOTCR nan11HaMaM11 no aAHaH 113 
npai13BOnbHWX ~YHK~11H C(w}, onpeAeilA~eH CTpyKTypy HHBapHaHT
Ha~ KpHBO~ ypaaHeHioiH 4y-Jloy 14,61. AJlR BW4HcneHHR 3THX Ka3cf>411-
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lli-1CHTOB 6btJl pa3pafioTaH 
16

•
71 

3<1J$eKTI-1BHbli:i anropi-1TM, YAOOHbti:i 

AJlfl np!-1MCHCHI-1fl TaKoro MOUIHOrO I-1HCTpyMeriTa, KaK nporpaMMHbiC 

CI1CTCMbl Ailfl aHaJli-1TI-14ecKI-1X Bbi41-1CJleHI.1i:i Ha 3BM /8/ Pac4eTbl 

npoBOAI-1111-1Cb c noMOIJiblO Ci-1CTCM SCHOONSCHIP 191 1-1 • SYMBAL I 101 

1-1 no3SOJ11-1Jll-1 nony41-1Tb ACTanbHYIO I-1H$opMalll-110 o noKanbHOf1 CTPY•<

Type o6Uiero peweHI-1fl ypaeHeH!-11:1 4y-floy. 

CnegyiOIJI!-11:1 war AOil>KeH 3at<1110llaTbCfl B aHan1-13e rno6anbHOi:i 

CTPYKTYPbl o6utero peweHI-1fl. 3TO HCOQXOAI-1MO, B llaCTHOCTI-1, Aflfl 

Toro, 4T06~ B~ACilHTb 1-13 o6Uiero peweHMfl Knacc peweHHR, ofina.Qai0-

IJII-1X TpefiyeMbiM 6opHOBCI<I-1M nOJliOCOM B T04Ke W =0 /4,,()/, HC npM-

HaAJlC>KaiJICH o6naCTM npHMCHI-1MOCTI-1 JlOKaJlbHOro npe.QCTaBJlCHHfl. 

B HaCTORIJieH pafioTe npeAnaraeTcfl no.QXOA K rnooanbHOMY no

CTpoeHHIO o6~ero peWCHHfl, OCHOBaHH~i:i Ha y4eTe CTeneHH~X nonpa

BOK no npoH3BOilbHOi:i <llYHKlii-1H C(w) K 4aCTHOMY petueHI-110 ypas

HeHHR 4y-floy, I-1MCIOIJICMY KOHC4Hoe 4t.1cno non10cos. Ko3$$1-1Ut.1CHT~ 
npH cTeneHRX <llYHKliHH C(w) flBilfliOTCfl 3aMKHYT~MH a~parneHt.1RMt.1, 
onpe.QCilCHHbiMI-1 BO BeeR KOMnJlCKCHOR llJlOCKOCTH YHI-1c1JOpMt.1pyiOIJICR 

nep~MCHHOi:i W. noKa3aHO, 4TO OHH onpe.QCJIRIOTCR Jlt.1HCRH~Mt.1 ypae

HCHHflMI-1 B I<OHC4HbiX pa3 HOCTflX 1 KOTOPbiC peweHbl AilFI IlHHCRHOrO 

no C(w) npH6ni-1>KCHI-1R. 

2. YPABHEH~R 4Y-fl0Y 

AI-1HaMt.14CCKaR ctJopMa 1 21 ypaBHCHI-1R 4y-floy npe.QcTaBnReT co6oi:i 

CJlC.QYIOUjyiO CHCTCMy aBTOHOMHbiX HCJli-1HCi:1HbiX pa3HOCTHbiX ypaSHCHI-11:1 

nepsoro nopR.QI<a: 

x'=F'(x,y); F( ) 
X+2x2-xy-2y2 

x,y = . 
1 + 3x + 3 y - 2x 2 - 3 xy - 2 y 2 11. 11 

y'=-F·(y,x);' .lf(W)='-x(-w); y(w) =Y(-w); 11.21 

zz '(l-2y +x)(l- 2y '-x ') = ~; · z(w) = z\:-w); 121 

rge x , y , z - MepoMop!flHbte <llYHKlll-11-1 nepeMel-iHOi:i w 

X=X(W), Y=Y(W), Z=Z(W), 

TaKf.1e, 4TO 

x* (w) =x(w*), y*(w)=y(w*), z*(w)=z(w*). 131 

a 

x'=x(w+l), Y '7y(w+l), z'=z(w+l). 

2 

" 

MaTpH4Hbte 3IleMeHTbl cTaTf.14ecKoi:i S -MaTPt.1Libl p-BonHoeoro rrN -
pacCCRHt.1R CBR3aHbl C BCJlf.14f.1HaMH X , y , Z COOTHOWCHt.1f1Mt.1 

sl = z(l +4y -4x). 

S
2
=z(l-2y-x), 

S = Z (l+y+2X). 
3 

141 

<llH3f.14eCKf.1 t.1HTepeCHbte peweHf.1R ypa aHeHt.1R I 1 I- I 31 AOil>KHbl YAOB

neTsopRTb CJ1C.QYIOIJit.1M /.lOnOI1Hf.1TCJlbHbiM orpaHf.14CHt.1fiM Ha MaTpf.14HbiC 

3JlCMCHTbl S -MaTPI-1llbl 4./: 

S 1(w) =1 + 0 ((w- 1!2) 3); 
15.1/ 

S1 (w) f.1MeiOT s Hyne non10c nepaoro nopRAKa c Bbt4eToM 

ResS 
1
(0) ~,\ i, A= (-4,-1,2); 15.21 

limlw-NS
1

(w)l.<"" 15.31 

I w I .. oo , Re w=Const. 

3Tf.1 orpaHt.14CHt.1fl o6ecne4HBaiOT: 15.11 - npaBt.1IlbHoe noporoaoe 

noae,qeH~e p-sonH; 15.21 - HaJ1H4t.1e y peweHt.1R 6opHoacKoro no

JliOca; 15.31 - nepexo,q K t.1HTerpanbHoi:i ¢opMe ypasHeHHR 4y-Iloy 1 1/ 

AHam13 I 1/-131 noKa3an 12 •41 , 4TO peweHt.1R, YAOBileTBOPRIOU\t.1e 

151, CO.Qep>KaTCR B 061J1CM peweHHH ypaBHCHHR 111-131, 3aBHCRU\CM 

OT Tpex npOt.13BOilbHbiX nept.10A114CCKHX <!JyHKliHi:i. /lBe 113 KHX COOT

BCTCTBYIOT H3BCCTKOMY {3- t.1 1; -npOH3BOI1Y 121, KOTOpbiR KCMC.QJICHHO 

CJle,qyeT 1-13 HHBapl'!aHTHOCTH ypaBHCHI1i:i 111-131 OTHOCHTCJlbHO 3a

MCHbl 

x(w) .. x(w+f3(w)), y(w) .. y( w +f3(w)), z(w) .. ~ (w) z(w+f3(w)). 161 

r.Qe <IJyHKLII-11-1 {3 H ~ - MepoMop<!JKbl H o6na.QaiOT CBOHCTBaMI-1 

f3 (w) = {3(w+l), {3(w)=- {3( -w), f3 * (w) = f3 (w *), 

~(w) 1: (w+l) =1, 1: (w)= 1:(-w), * !C(w) = !C(w*). 
!81 

RcHo, 4TO npoH3Bon /7/ acer.Qa MO>KHO y4eCTb nocpe,qcTBOM 3aMeHbl 

!6/. 0TCI08a cne,qyeT, 4TO Haxo>KACHt.1e o6~ero peweHHR cao.Q~TCR 

3 



BblWe 1-1 C y4eTOM COOTHOWeHHfl /13/ npe.QCTSBI-1M /8/ B 81-'t.Qe PRAa 

00 
i 

Y=f(x,C)= ::£ f.(x)C, 
i=O 1 

f
0

(x) =X2 . 
/15/ 

no.QCTaBHM paanomeHHe /15/ B ypaBHeHHe /10/ H B~.QenHM 4neHW 
n - ro nopR.QKa no C. HeTPYAHO y6e.QHTbCR, 4TO nocne TaKoro Bbr.Qe

neHHR Mbl nony4HM COOTHOWeHHfl BHAS 

f n(x) n X 
-- + (-1) f

0 
(-) = F (x,f

0
(x), .... f (x)), 

(1+x)4 l+X n n-1 /16/ 

(n = 1, 2 •.. ) 

r.Qe F n- HeKoTopoe Bblpa>KeHHe, aaaHcmuee OT <I>YHKI.II-111 f. (x) 
(O:s; i S:.n-1) 1-1 I-'IX npOH3BOAHbiX. noKameM; HanpHMep, O~Ky,Qa 

nony4aeTCR BTopoe cnaraeMoe neaoH 4aCTI-1 paBeHCTBa /16/. 
C 3TOH l.leJlb~ nepenv.weM npaBy~ 48CTb COOTHOWeHI-'Ifl /10/, y4HTW
BSR pa3JlOl«eHHe /15/ .QJlfl <!>YHKI.IHI-1 f 1-1 orpaHH41-1BSRCb 4JleHSMH no
pR.AKS C n : 

n . n-1 I 
f(F(x,f(x,C)),-C)= I(-1)

1
f (F(x, If (x)C.l))C + O(Cn+t ). 

I= o" I j=O j 

CnaraeMoe 3Toro paseHcTaa, co.Qepma~ee ¢YHK1.11-1~ fn, HMeeT BHA 

(-l)n C 0 fn(F(x,x 2 )). 

3TO AaeT HymH~H pe3yJlbTB7, ecnl-1 npi-1Hf1Tb BO BHI-1MSHI-1e RBH~H BHA 
<I>YHK4~H F(x,y) B ypaBHe~HI-1 /1/, H3 KOTOporo CJle.QyeT 

F(x,x 2 )= --!_. 
1+x 

nocneAHee paBeHCTBO B T04HOCTI-1 COOTBeTCTByeT TOMy $aKTy, 4TO 
peweHv.e /14.1/ YAOBJleTBOpReT pa3HOCTHoMy ypaeHeHH~ 

x(w+l) = ~ 
l+x(w) 

AHanori-14HO nepaoe cnaraeMoe nesoA 4SCTH paaeHcTsa /16/ Bbi.QenR
eTcR 1-13 neBOH 48CTH COOTHOWeHHR /10/. 

BamHO flO.Q4epKHYTb, 4TO HCXOAHOe H6JlV.H6HHOe <I>YHKUHOHBJlbHOe 
ypaBHeHHe f1 0/ CB6Jl0Cb I< ueno4Ke m1HeHHbiX <!>YHKUHOHBilbHbiX ypas
H6HI-1H /16/. 6onee Taro, aaMeHa nepeMeHHOH t =1/x no3aomwT 
flPHABTb I-1M BV.A pa3HOCTHWX ypaBH6HI-1H 

4.. n 4 4 
t 1 (t) +(-1) (t+ 1) fn(t+1) =(t+1) F (t, f

0
(t), ... r 

1
(t)). 

n n n- /17/ 

(n =1 ,2 ... ) 

6 
i"-

'I\ 
v 

it 
J' 

/J.nR <!JyHKl~l-11-1 t 
4 

f n (t) ypa BH6HHfl /1 7/ RBnR.JOTCfl Jll-1 HeHHbiMH pa3HOCT
HbiMH ypaBH6HHfiMH nepsoro nopfl.QKB C flOCTORHHbiMI-1 K03<!><!JI-1UHeHTBMH. 
TeopHR TSKHX ypasHeHHH AOCTaT04HO xopowo pa3pa6oTaHa I 111, XOTR 
ycnex MX peweHI-'Ifl 3SBI-1CMT, 04eBHAHO, OT CTpyKTypw npasoR /He
OAHOPOAHOH/ 4aCTM. nocneAHflfl 8 cny4ae ypaBHeHMH /17/ onpe.QenR
eTCR peaynbTSTSMI-1 peweHI-'Ifl npe.QW6CT8Y~I-1X ypaBH6HI-1H uen04KH 
H Ailfl ll =1,2 npHBOAHTCR 8 cne.QY~I.I.\eM pa3,t:~ene. 

nepeH,LieM Tenepb K paccMOTpeHH~ ypasHeHMH /1/-/3/. KaK H B 
cny4ae I-1HBapl-1aHTHOH Kpi-180H, 6y,t:~eM HCKST b CTeneHHble no C (w) 
nonpSBKI-1 K peweHH~ /14.1/, H COOTBeTCTBeHHO 3TOMY npeACTBBHM 
peweHMe /1/-/3/ B BHAe PHAOB 

00 

x(w)= I'x.(w)C
1
(w), 

1=0 I 
x (w)= ..L, 

0 . w 
/18. 1/ 

"" i 1 y(w)= I y.(w)C (w), Yo (w) =2· /18.2/ 
i=O 1 w 

4 "" i 
z(w)= I z

1
(w)C (w), zo(w)= w . /18.3/ 

i>=O (w 2-1)2 

3aMeHHM B ypaBHeHHH /1.1/ <!>YHKI.IMJO y(W) ee pa3JlOl«eHHeM /15/, 
C41HSH H3BeCTHbiMH C!JYHKUHH f1(x), onpeAenHeMbl6 ypaBH6H11RMH 
/17/. 3aTeM f10.QCTSBHM BMeCTO X(W) PRA /18.1/ H pa3IlOmHM 
<I>YHK1.111M f i (X) no CTelleHRM C: 

dr I f . (x) = f . (x 
0

) + d · C x 
1 

+ ... 
I I X x=xo 

Bbi.QenRR 1-13 nony4eHHoro TaKHM o6papoM BblpameHHR Ko3<!>tllH1.1HeHT 
C n , npH,LieM K cneAY~llleMy p83HOCTHOMY ypaBH6HH~ Ha l)lyHJ{UH~ 
xn(w): 

2 n 2 

npv. 

w x (w) -( -1) (w+l) x (w + 1) =X (w,x 
0 

(w), ... x 
1
(w)). 

n n n n-
"1 

/19/ 
(n=1,2 ... ) 

YpaeHeHHR /19/, KaK H ypa8HeHMR /17/, npe!\CTaanR~T co6oR ueno4-
KY IlHH6HH~X ypaBHeHHH, HeO.QHOPOAH~e 48CTH KOTOPWX onpeAenR~TCR 
peweHHRMI-1 npe,t:~weCTBY~~HX ypaBHeHHH 1.161104KH, COOTBeTCTBY~~HX 

MeHbWHM 3Ha4eHHRM n. H TaK me, KaK ypaBHeHI1R /17/, ypasHeHHR 
/18/ TPHBHSilbH~M o6pa30M CBO,LIRTCH K ypaBH6HHRM C nOCTOfiHH~MH 
K03$<!>HUHeHTSMI-1, 

RcHo, 4TO peweHHe ypasHeHHH /17/ 1-1 /19/ no3BOni-1T HeMe.QneH
HO HSHTH lt03<!>9>HLIH6HTbl Y i (w) paanomeHHfl /18. 2/ Anfl ¢YHKUHH 
y(w) . 

Aanee, npH H3BeCTHbtX l)lyHKUI-1RX x1 (w) 1-1 y 1 (w) no,t:~cTaHOBKa 

pa3IlOl«eHHH /18/ 8 ypaBHCHHe /2/ npHBOAHT K aHanori-14HOH uen04Ke 
ypaBHeHHH Ha <I>YHKI.IHH Z 1(w): 

7 



2 2 2 2 
(w-1) (w+1) z (w)+(-l)n w (W+2) z (W+1)=Z (w,z (w), ... z (w))/201 

W4 n (w+l)4 n n 0 n·l 

(n=1,2 .... ) 

TaKVIM o6pasoM, saAa4a nocTpoeHHR o6~ero peweHV~R ypasHeHVIH 
11-31 B BHAB PRAOB 1181 CBOAVITCR I< nocneAOBaTenbHOMy peweHVI~ 
ypaBHBHVIH 1171, 1191 VI 1201, RBnR~VIXCR nVIHBHHbiMH pa3HOCTHbiMv1 
ypaBHeHHRMVI nepaoro nOPRAKa C nOCTORHHbiMH K03$c!JVII..lH8HTaMH. 

4. CTEnEHHWE nonPABK~ nEPBOrO nOP~AKA 

PaccMOTPHM ypaaHeHVIR 1171, 1191 H 1201 npV~ n=1. B 3TOM 
cny4ae OHVI onpeAenR~T nHHeHHbte no C(w) 4neHbl pasno~eHHH 1181, 
npeACTaBnR~~He co6oi1 s o6~eM peweHVIVI cTeneHHble nonpa~KH nepso
ro nopRAKa no OTHOWeHVI~ K peweHH~ 1141. Bbi4V~cneHV~e npasoi1 4ac
TM.ypasHeHVIR 1171 AaeT 

Fl! =0. 

CneAoBaTenbHO, 

. t 4fl(t)-(t+1)
4 

ft.(t+l) =0, 

HnH f 1(t) =1/t 4 , 4TO B nepeMeHHOH X 03Ha4aeT 
4 

f 
1 

(x) = x . 

1211 

1221 

1231 
KoHe4HO, yMHo~eHMe 1231 Ha npoV13BonbHY~ nepMOAH48CKY~ c!JYHKI..lVI~ 
OT t TaK~e Aano 6bl peweHV~e ypasHeHVIR 1221. DAHaKo, KaK OTMe4a
nocb B pa3Aene 2, BBCb $yHKI..lHOHanbHbiH llpOV13BOn B 06~eM pewe
HVIVI VIC4epnbiBaeTCR c!JYHKI..lVIRMVI 17 I VI 191. no3TOMy AOCTaT04HO or
paHH4HTbCR 4aCTHbiMH peWBHHRMH ypaBHBHHH 1171, 1191 H 1201, 
o6naAa~~HMH CBO~CTBaMH 4€THOCTH, MBPOMOp$HOCTH VI BBI~BCTBBHHOCTVI 

no nepeM8HHOi1 W, KOTOPbiM AOn~Hbl YAOBneTBOPRTb peweHVIR ypaBH8HVIi1 
111-/31. 

3HaR c!JYHKI..lf.1~ f 1 (x), AaBaeMy~ paseHCTBOM 1231, Bbi4HCnVIM 
npaay~ 4aCTb ypasHeHVIR 1191 AnR n=l. 3To AaeT cneAY~~ee ypas
HeHMe Ha $YHKI..lH~ 'x l(W) : 

2 2(2w+ 1) 
w2x 1 (W)+( w+l) x (w+l) = . 124/ 

1 w2(w 2-l)(w-+2) 

nerKO BVIABTb, 4TO peWBHHB ypaBHBHHR 1241 VIMeeT Bf.1A 

2 - . 
xt. (w) = w3(w2-1) 1251 

HcxOAR H3 1151, 1231 H 1251, Hai1AeM AnR ct>yHKI..lHH ~(w) spas
no~eHHVI 118.21 cneAY~~ee Bblpa~eHHe: 

8 

~ 

' ! ' 
j 

1 
t 

p; 

2 . ..., 
( ) w +,u 

y w = -. 
1 w4(w 2-1) 

1261 

HaKOHBI..l, HCnOnb3YR 1251 f.1 1261, nony4aeM RBHbli1 'BVIA ypaBHBHHH 
1201 npVI n = 1: 

(W·1)
2
(w+1)

2 
() w2 (w+2) 2 ( l) 12(2W+l) 

----Z W - Z W+ = --'----'-
W 4 1 ( •n1)4 l (w2-t)2 w2 (w +2) 2 1271 

peweHHBM KOTOporo RBnReTCH c!JYHKI..lHR 

4w
2 

z (w) = . 
1 (w2-!)4 

128/ 

<l>opMynbl I 181, 1251, 1261 H 1281 AaiOT o6u1ee peweHHe ypaa
HeHVIA 111-131 c T04HOCTb~ AD KBaApaTH4HbiX no C(w) 4neHos: 

x(w) =L + 2C(~+ O(C
2

(w)), 
w w3(w2-1) 

1291 
2 )' 1 + 0 (C (w , , y(W)=-+ 

w2 

2 
w4 4w C(w) 2 

z(w) = -- + + O(C (w)). 
(w2 -1) 2 (w 2-1) 4 

CooTseTCTBeHHo MaTpH4Hble 3neMeHTbl S-MaTPHllbl 141, c y4eToM nM
Hei1HbiX no C(w) nonpaao1< 1< peweH~110 114.21, paBHbl 

S (w) 
1 

9 2 2 ~(w-2) 2 
+ ~w~-w+l) C(w)+O(C (w)), 

(w2-t)2 (w2-1)4 

s 2(w) ~ w ~w-2~ 
(w-1) 2(w+1) 

2(w~w+1) C(w)+ O(C 2(w)), 
(w-1)4(w+l) 2 

w2 C(w) 2 
S (w) • -- + -- + O(C (w)). 3 

(w-1) 2 (w-1) 4 

1301 
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0TMeTI1M TOT ¢aKT, 4TO K03¢l¢l11~11eHTbl Il11He~HbiX no C(w) 4neHoB 
·a ¢opMynax 1291-130/, KaK 11 Hynesoe np116J111>KeH11e s pasnolKeHI1RX 
I 181, RBilRIOTCR pa~l1oHan bHbiMI1 ¢YHK~I1RMI1 nepeMeHHO~ w. 0AHaKo 
K03¢l¢l11~11eHTbl npl-1 KB8f\p8TI14HbiX no C (W) 4IleHaX 8 pa3JlO>KeHI1RX 
118/ y>Ke He 06Jl8A810T 3TI-1M CBO~CTBOM. ,lJ,aHHOe 38KJ1104eHI1e BbiTeKa
eT 113 Taro ¢aKTa, 4TO ¢YHK~I-1fl f 2 (x) s ¢opMyne I 15/ He f!BJlR
eTCR pa~I10H8JlbHO~. nocJlef\HRfl onpef\eJlf!eTCR ypaBHeH!-leM 1171 np!-1 
n=2. npasaf! 4aCTb 3Toro ypasHeHI-iR nony4aeTcfl nyTeM npf!MbiX, 

HO AOBOJlbHO rpOM03,QKI-1X Bbi41-1CJleHI-1~, onl1p81011\1-1XCR Ha 3H8HI-1e pe
WeHI1fl /231 ypaeHeHI1R 1221. B pesynbTaTe nony4aeTCR cne.QYIOII\11~ 
f!BHbl~ B11,Q ypaBHeHI1fl 1171 np11 0=2: 

t4f (t) +(t+1)4 f (t+l) = -15t
4

-30t'
3
-7t

2
+8t+8 

2 2 (t2-1)2t2(t+2)2 
1311 

PasnaraR npaey10 4acTb ypaeHeHI1R 1311 Ha 3neMeHTapHble AP0611, 
MO>KHO noK838Tb, 4TO eMy HeJlb3R YAOBJ1eTBOPI1Tb B Knacce pa~l1o
H8J1bHbiX ¢YHK~11~. PeweHI1e 3Toro ypaBHeHI1fl, paBHo KaK 11 ypas
HeHI1~ 1191 11 /201 np11 0=2, npe,QCT8BJ1f!eT OT,QeJlbHyiO, AOBOJlbHO 
cepbe3Hyl0 npo6neMy, KOTOPO~ M~ He 6yAeM K8C8TbCR 8 H8CTORII\e~ 

pa5oTe. 

5. 3AKJI104EHI1E 

11TaK, npe.QcTasneHHe o6mero peweHI1R ypasHeHI1~ 4y-Jioy PfiA8MI1 
1181 no3BOJ111Jl0 nepe¢oPMYilHPOB8Tb 1-iCXOAHYIO'IlHHe~HyiO 38Aa4y 
111-/3/ B BH,Qe 6eCKOHe4HO~ ~eno4K11 1171, 119/ 1-1 /20/ JlHHe~H~X 
pa3 HOCTHbiX ypa BHeHI-1~, onpe,QeJlRIOII\1-!X OT,QeJl bHble 4JleHbl yK838HHbiX 
PRAOB. nepe~e ypasHeHI1R /22/, 1241 1-1 /27/ 3TO~ ~eno4KI-1 nerKo 
pewaiOTCR 11 npi1BO,QRT K B~pa>KeHI1RM /29/ AilR 0611\ero peweHI1R B !111-
He~HOM no npo11ssonbHo~ ¢yHK~1111 C(w) npi-16JlH>KBHI-11-1. B OTJ111411e oT 
JlOK8JlbHoro n~e,QCTaBJleHHR 112/, cnpaBeAJ1!-1BOro npl-1 ,QOCT8T~4HO 
6onbwoM I w I 41

• Ko3¢l¢lH~I-1eHT~ pasno>KeHI-ifl" /181 38.Q8Hbl so see~ 
KOMnneKCHO~ W-nnOCKOCTI-1, 4TO B8lKHO AJ1R nOHHM8HI-1fl rno68JlbH~X 

CBO~CTB 0611\ero peweHHR. 
,ll,aJlbHe~wH~ nporpecc s paMKax npeAJ1o>KeHHoro no.QXO.Qa Tpe6yeT 

Haxo>K.QeHHR cne.QYIOII\HX 4JleHoB pasno>KeHH~ 1181. 3HaHHe CTPYKTYP~ 
3TI-1X 4JlBHOB Heo6XO,QHMO, so-nepB~X, AJ1R HCCJle,QOB8HHfl BOnpoca 
0 CXO,QHMOCTH pR,QOB /18/, 6e3 4ero OHH HOCRT ¢JOpM8JlbH~~ xapaK
Tep. Bo-BTOpbiX, KaK 3TO BH,QHO 1-13 ¢opMyJl 1301, peweHHe B :llH
He~HOM npH6J1H>KeHHH He HMeeT 6opHoBcKoro non10ca, Tpe6yeMoro 
yCJlOBHeM /5.21. 3aMeTHM, O,QH8KO, 4TO npOI13BeAeHHe zt<w) X 1 (w)~ 
cornacHo ¢opMynaM 1251 1-1 1281 HMeiOmee non10c nepeoro nopR.QKa 
e T04Ke w =0, s c1-1ny cooTHoweHH~ I 41 AaeT BKI1aA e KBa.QpaT.H4Hble 
no C (w) nonpaBKH K Bbtpa>KeHHRM I 30/. 3ro no3 eom:teT HaAeRT ~cR 

10' 

"' 

~ ) 
i I 

< 

I t 
i 
I 

Ha TO, 4TO y>Ke B KBa,QpaTI-14HOM npi10J111>KeHI-11-1 peweHHe 6yAeT o6na
gaT b 6opHoBCK1<1M nomocm~. KoHe4HO, sosMo>KHO cot<pau1eH11e non!Oc
Horo BK!laAa z 1(w) x 1(w) He y4TeHHbiMH noKa nonpasKaMI1 eroporo no
PRAKa 8 ¢lopMynax 1291, 11 AJlR OTBeTa Ha 3TOT Bonpoc i<'IX HY>KHO 
B~41<1CJ11<1Tb RBHo. Hanl-141-ie 6opHOBCKoro non10ca nosson1-1T ¢HKC1<1~o
BaTb sHa4eH!-1e C(O) 1-1 reM caMbiM Bbi.QemHb 1-13 /18/ QH3!-14eCK1<1 
11HTepeCH~e peweHHR. 4TO KacaeTCR YCI10BH~ 15.11 11 /5.3/, TO HX 
nerKO y4eCTb B paMK8X J10K8JlbHOrO npe,QCT8BJleHHR /12/, H8JlOlKHB 
COOTBeTCTByiOU\11B orpaH!-14eHI-1A" Ha npOI13BOJ1 171 141, 

Cne,Qyer nO.Q46PKHYTb, 4TO peweHHe ypaeHeHH~ 117/, /191 H 120/ 
COnpRH<eHO C rpOM03AI<I-1MH 8H8J1HTH4BCKHMI-1 BbiKJla,QK8MH, Tpe6yeMbiMH 
AJ1R Bbi41-1C!IeHHR 1-1x npaBbiX 4acre~, T. e. c!JYHK~l-1~ F' 

11 
, X 

11 
H Z 

11
• 

06bCM 3TI1X B~K!la,QOK 6~CTPO paCTeT C POCTOM 0. TaK, Hanp!-1Mep, 
ecnH nony4CHHC pnocHcroa 121/ aaHRno HecK:onbKO 4acos PY4Horo 
TPYAO, TO BW4HCI1CHHC npaao~ 48CTH ypaBHeHHR /31/ noTpe6osano 
y)l(e HOCt<OnbKI-iX 11110~ py4HbiX BbiKna.QOK. K C4aCTbiO, ace HY>KHble 
AJl.R Tui<11X Bbi41-1CI1CHI-1i1 MClTeM8T!-14eCKHe onepa~HI-1 ,QOCTynHbl COBpe
MeHH~M M~WHHHWM CPCACTB8M aHaJlHTH4eCKHX 8~4HCJ1eHH~ /WI, H3 
t<OTOPbiX Hal-16onee Yf,06Hoi1 AilA paccMaTp!-1saeMo~ sa.Qa4!-1 .nsnReTCR 
CHCTeMa REDUCE-2 ~hocne.QHAR HMeeTCR s OHRH Ha 3BM EC-1040 
H CDC-6500. 3ra CHCTeMa "yMeeT" HaXOAI-1Tb HaH6onbwH~ o611\l-1i1 .Qe
nHrenb ADYX nonHHOMOB H reM caM~M ynpomaTb pa~HoHanbH~e .Qpo6H, 
4TO Aenaer ee secbMa 3$$eKTI-1BHO~ AilA aHani-1TH4ecKHX MaHHnynR~I-1~ 

Ha.Q HHMH. HanpHMep, socnpoH3BeAeH!-1e c noMOUjb!O CHCTeMbl REDUCE-2 
pesynbTara 121/ H B~411CneHMe npaso~ 4acTI-1 ypasHeHHA 1311 no
Tpe6oaano scero 21•c M 7 MHH MawHHHoro speMeHI-1 3BM EC-1040 
COOTBeTCTBeHHO. 

Asrop s~pa>Kaer 6naroAaPHOCTb B.A.MemepAKosy 11 5.H.XopoMCKO -
My sa none3Hble o6cy>KAeHMH sonpocos, saTpoHyTbiX s pa6ore, a TaK
me B. B. nonHHCKoMy, · nposept-taweMy PAA rpoM03AKHX pesynbTaros 
py4Horo C4era c noMolljb!O CHCTeMbl REDUCE-2. 
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