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I. BBeAeHHe 

B H8CTO~eR pa6oTe OTIHC8H8 nporpaMMa Ha H3HKe CKCTeMH 8HaHKTK

Q8CKKX BYQHCB8HKA REDUCE , npe~H83H8Q8HH8ft ~ft HCC~e~OBaHKR ~p

MaHbHOR HHTerpKpyeMOCTK H8BKHeRHHX 3BOBVUKOHHHX ypaBH8HHR B~a 

ut = F(u,u1, ... ,un)' 
i 

u s u(x,t); u1 = ~-¥- • a.x1 

n>,- 2 
(I) 

CHCT8M8TKQ8CKOe K3B0~8HH8 BOTipOCOB, CBft3aHHHX C ~pMaHbHOA HHTerpH

pyeMOCTbV, C~eCTBOBaHH8M HeTpHBHaHbHOA anre6pH fj-beKRyH~a H 6ec
KOH8QHOR cepHH 38KOHOB COXpaHeHHH,MO~HO HaRTH B/l • 3~eCb MH npHBe

~eM TORbKO OCHOBHHe onpe~eB8HHH H He06XO~HMHe ~PMYRH. 

2. 0CHOBHH8 TIOHHTHft TeopHH $QpMaHbHO HHTerpHpyeMHX CHCT8M 

H anropHTM aHaHHTHQ8CKHX BHQHCR8HHR 

YpaBH8HH8 BH~a (I) H83HB88TCH ~Q~bHO KHTerpHpyeMHM, ecnK 

C~eCTByeT ~pMaHbHHR p~ 
1 

L = L a.D1 , 
. 1 
l.=-eo 

def 
d • 

dX a.= a.(u,u1 , •.. ,uk ): 
1 1 i 

n 

Y~OBR8TB0p~HR H8 pemeHHHX (I) cne~~eMY onepaTOpHOMY COOTHOW8HHD! 

Lt - l P*' L / = O, ( 2) 

r~e ;o 
def n 0 F i def[ d J =L,-D. 1't = dt ' L '* ....-0 u ' 

i=O i 

Anre6poA flH-o8KRYHA8 A(F) ypaBH8HHH (1) H83HB88TCH MHO~eCTBO 

~yHKUHA H(u,u1 , ... ,~) , T8KHX, QTO 

H*(F) - F*(H) = 0. (3) 

fosopHT, QTO anre6pa RH-EeK~yH~a HeTpHBHaHbHa, ecnH B HeA co~ep~aTCR 
3R8N8HTH, OTJIHQHHe OT u 1 H F • 

' ~ ~'-" 

l.r~. '"'.· .~i··o 
1 .. 'I";'· .• ;,}-. 



3aKOHOM COXpaHeHHft AnB ypaBHeHHft (I) Ha3NBaeTCft COO~HomeHHe 

d d 
d.tp(u,u1' •.. ,~) = dx q(u,u1'. •. ,uk+n)' ( 4) 

Bh'TIOJIH~eecR Ha pemeHHBX ( I) • Ilopft,II,KOM aaKoHa coxpaHeHIOI HaawsaeTCfl 

tUICJIO, paBHOe 

r.n.e 
def 

ord f = n 

def k 

~ ord ?u 

TaKoe, qTo ~f F o, 
vUn 

of = o, 
()~ 

m> n; 

6 
6U 'L (-1 )i Di _() __ 

(lui 
- BapHauKOHHaft npOH3BO,IJ,Haft. 

i=O 

EcJIH p E Im D ( T. e. p BBJifteTCft nOJIHOf.1 ITpOH3BO,II,HOf.1 no X ) , 

TO ~=0, II 3aKOH coxpaHeHIIR Ha3NBaeTCft TpHBHaJibHYM. 

ilepefHCJI'M OCHOBHNe peayJibTaTN TeOpHII ~pMaJibHO HHTePpllpyeMYX 

ypaeHeHHtl I-3 . 
TeopeMa I. EcJIH ypasHeHHe (I) o6Jia.n.aeT 6ecKoHeqHOf.1 anre6potl flH-EeK

JIJH,II,a, TO OHO ¢opMaJibHO HHTerpHpyeMO/I/, 

TeopeMa 2. EcJIH ypasHeHHe (I) o6Jia.n.aeT 6ecKoHeqHotl cjPHetl aaKOHOB 

COXpaH8HHfl BH,II,a (4), TO OHO ~pMaJibHO HHTerpHpyeMo/2 , 
TeopeMa 3. YpasHeHHe (I) ~pMaJibHO IIHTerpHpyeMo Tor.n.a H ~Q~bKO Tor.n.a, 

Kor.n.a oHo o6Jia.n.aeT 6ecKoHeqHot\ cepHetl aaKoHoB coxpaHeHHft1 ~1 cJie.n.yn

lllero BH,II,a: 

(Res L- 1)tE Im D1 

r:es(L- 1 Lt) tIm D, 

(':es Lm) t E Im D, 

"' i def 
r.n.e Pes L... b. D = b 1 ~ -

(5a) 

(56) 

m c 1 ,2, ... 
' 

( tlB) 

YCJIOBHR (ba) H (b6) COOTBeTCTBeHHO aanHCNBa~TCfl B T9pMHHaX F -

npasotl qacTH (I): 

[C'OF/oun)- 1/n]tt: Im D, 

(l F/ un 1 
( 0 F/ u- ) t E lm D. 

n 

~fl HaXOM,~J,eHHfl ftBHOPO Bll,ll,a K03¢¢HUHeHTOB pR,II,a L II nJIOTHOCTetl 

(6a) 

(66) 

Res 1m npeAnaraeTCft CJie.n.yDll\11~ aJIPOpHTM. KaK CJie.n.yeT H3 (2), K03¢¢H

~HeHTY pft,ll,a Lm = f.t 1Di ,II,OJilKHN Y,II,OBJieTBOpf!Tb COOTHOmeHHftM: 
t.= -oo 

2 

"' 

bi 

pi/n 
__ n_ 

n 

b = :p~D-In 
m n ' 

r r _(i+n) 

J dxtF n [ 
0n+i-1~b~=O '<\ bn+i-1]} 

~ 

i = m-1 ,m-2, .... 

m = 1 ,2, .... 

(7) 

P,ll,e cj - K03¢¢~eHTY ITpH Dj B KOMMyTaTope (Lm, F\) 
1 

bj = o npH j > m • KoHcTaHTN HH<rerpHpoBaHKfl B (7) noJiar~TCfl 

paBHYMK ttyJIIO. 

flOCKOJibKy BNpSJiteHHfl c . 1 3aBHCfiT OT bJ. C HH,IJ,eKCaMH 
n+~-

j" i , COOTHOW8HHe (7) ,11,aeT B03MOlltHOCTb peKyppeHTHO onpe,ll,eJIHTb JI~6oe 

qHCJIO K03¢¢H~H9HTOB bi , B qacTHOCTH, npH i =-1 H8tlTK fiBHNtl BH,II, 
P.es Lm • 

0nHC8HH~ aJIPOpHTM n03BOJifi9T pemaTb CJI9~11e 38,11,aqH: 

a) llpOBepKa YCJIOBHf.1 dJopMaJibHOf.1 HHTerpHpyeMOCTII 

~fl KOHKpeTHOPO ypaBH9HHft BH,IJ,a (I) npeM,~J,e BCero nposepft~TCfl ycJIOBHfl 

(6a) 11 (66). B cJiyqae MX BNnOJIHeHHR nocJie.n.osaTeJibHO npMMeHfteTcft pe-
KyppeHTHM npoue.n.ypa (7) H B~MCJI~TCfl BNp8llt9HHR Res J.m An.!! 

m = 1,2,),... , ECJIH MCXO,II,H09 ypaBHeHM9 ¢QpMaJibHO HHTerpMpyeMO, 
TO Bbip8llt9HHR non !'\HRKOM WH'l'P.T'!lRnR R f'!lo!lu:;ntP ( 7\ TTn Tf11<H-.,1 l'if.J'I''- nn Tfl.lf.JU1A 

npoii3BO,II,HYMH no x • TaKHM o6pa3oM, B peKyppeHTHOtl npoue.n.ype He.I!BHO 

co.n.epli[KTCfl nposepKa ycJIOBHA ( bs) : ecJIH npM m= 1 Ha i -oM ware no.n. 

3HaKOM HHTerpaJia B (7) llOfiBMJIOCb "HeMHTePpllpyeMoe" BNp8llteHII9, TO 3TO 

03HaqaeT, qTQ yCJIOBMe (bB) C HOMepoM 1-n-i He BNnOJIHfteTCft, 

6) YToqHeHMe BMga ypasHeHM.I! MCXOAfl 113 Tpe60BaHM.I! dioPMaJihHotl 

MHTePp11PY9MOCTM 

EcJIII onHCaHHNf.1 aJIPOpMTM npiiMeH.I!Tb K ypaBHeHKRM, C0,11,9pM8li\HM npOM3BOJib

HN9 KOHCTaHTN, TO noCJI9,11,HIIe, B006ll\e POBOpR, 6y.n.yT noRBJIRTbCfl B JI9BNX 

qacTBX (6a), (66) K llO,II, 3HaKOM MHTerpana B (7), TO 9CTb B BNp8llteHMRX, 

KOTOpNe Anfl ~pMaJibHO HHTePpMpyeMHX ypaBHeHHf.1 ,IJ,OJIMHN 6NTb noJIHNMM 

npoH3BO,IJ,HYMH. ilpHpasHHBaR HYJIIO sapHauHoHHJIO npoH3BO,II,HJIO oT 3TMX BNpa

MeHHf.1 H pemaft noJiyqeHHNe COOTHOW9HKfl Ha npOH3BOJibHYe KOHCTaHTY, MOM

HO YTOqHKTb BM,II, HCXO,II,HOPO ypaBHeHHfl, Te Me CaMY9 peayJibTaTY MOlltHO 

noJiyqHTb ropaa.n.o npo111e, BY,II,eJIRR B IIHTerpane (7) "HeHHTerpHpyeMJIO" 

qacTb H npMpaBHHBaft ee HYJIIO. 

B) Haxo~eHHe nJIOTHOCTetl aaKOHOB coxpaHeHKB 
~fl KOHKp8THNX ypaBH9HHf.1 BH,II,a (I) onHCaHHNf.1 aJIPOpHTM npHBO,IJ,HT K RBHO
M'J HQXOM,11,9HHIO BYp8llt9HHf.1 Res L m , m= 1 , 2, J, .. , , KOTOpYe fiBJIRIOTCfl 

nJIOTHOCTHMH 3aKOHOB COXpaH9HHfl, 
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r) Haxo~eHHe 3HeMeHTOB anre6pu RH-BeanYHAa 

BuqHcneHHe no ~pMyne (7) K03~HQHeHTOB b ,b 1 , ••• , b p~a m m- o 
Lm ~aeT HCXO~yiD HH~pMaQHD ~H TIOKCKa y KOHKpeTHOPO ypaaHeHKH 

(I) 3HeMeHTa anre6pu RH-EeKrr~a m -ro nop~Ka. CooTBeTCTB~KA an

ropHTM TI0~06HO OTIHCaH B pa6oTe/3/. 0H TI03BOH~eT HH60 H8XO~Tb 3H8M8HT 

anre6pN 3~8HHOPO TIOpH~Ka, HH60 ~0Ka3NB8Tb, ~TO T8KOPO 3HSMeHT8 He 

CYilleCTsyeT. 

3. OnHcaHHe nporpaMMN 

OpaKTK~SCKOe KCnOHb30BaHKe anrOpKTMOB, 06C~a~HXCH BYWe, CBH

aaHO C 0~8Hb PpOM03~KKMK B~HCHSHHHMH. ~H KX aBTONaTH3aQHH paapa6o

TaHa nporpaMNa Ha HaNKe CHCTeMN FEDUCE-2/4[ITporpaMMa BKHD~aeT TpH 

OCHOBHble npo~e~pN - COEFFS , SYMMTR , CONDS H HeCKOHbKO BCTIONO

raTeHbHNX. 

llpoge,llypa COEFFS 1!Pe~a3Ha~eHa ~JI B~HCHSHHJI 3~aHHOPO ~HCHa 

K03~HQH8HTOB pn:~a Lm =~b. Di ( m = 1,2,3,... ) ~H KOHK-
"=-oo 1 

peTHOPO ypaBH8HKH BK~a (I). Pa6oTa npoQe~N OCHOBaHa Ha peKyppeHT-

HOA ~pyYHe (7). l~H 3TOM ~JI B~HCHSHHH KO~T8TOpa (Lm, F*J 

BN3NB88TCH npoQe~pa J'MHOlK9HKJI onepaTOpHNX PMOB SETPROD , a HHTer

pKpOBaHKe no nepeMeHHOA x OCYIII9CTBHHeTCH C TIONO~bD npoQe~N INTX 

06p~eHHe K npoQe~: 

COEFFS(F, 1! ,M,K) 

- -
v~cn ~pManbHNX napaMeTpos: 

F - npaBaH ~8CTb ypasHeHKJI (I) B TepNHH8X ~KQHH u H ee npOK3-

BO~NX no X , ~JI KOTOpNX B nporpaNMe npHHHTN CHe~~Ke 0603H8~8HHH: 

u ..... u ( )ll) ; u
1 

+-+ u ( T) ; I = 1 , 2, ; • • ; N = ord F - nop~-

~OK ypaBH8HH~; U - Qenoe TIOJIOlKHT9HbHOe ~KCHO, p8BH08 nOKa38TeJID 

CTeneHH m B BNp8ll8HKK 1m i K - Qenoe ~KCJIO, paBHOe ~eKCy llOCJIS~
HSrO H3 K03~9HTOB bi , KOTOpNe Heo6XO~KNO B~CJIKTb. 

B peayJibT8Te pa6oTN npo~e~N COEFFS nepeNeHHNM B(I,)Il) H 

I = K,, •• ,M npHCBB.HBaDTCH 3Ha~eHHH KO~KQKeH'l'OB bi , BNpSlleHHNX 

~epea uj • 8TH 3Ha~eHHH BNBO,IVITC~ Ha ne~aTb H nepe~aDTCJl H8 B8pXHHit 

ypoBeHb nporpaMNW. EcJIH npH B~KCJieHHK O~epe~oro K03~KQM6HT8 

B(I,)Il) npe~npKHHN88TCJI TIOTINTK8 ttpoHHTerpHpOB&Tb B~eRHe, He ~B

JI~eec~ TIOJIHO!t npOH3BO~OA, TO pa6oTa npoQe~ COEF~S npeKp~eT

CH H Ha ne~&Tb B~aeTcn: coo6~eHHe: 

r~e 

INTEGRATION FOR B(<HOMep' , )ll) FAILED 

BAD PART OF INTEGRAND: < Bhlp8lleHHe ) , 

<BNp&llteHHe> - "HeHHTerpHpyeN8Jl" ~8CTb TIO~T6Pp8JibHOPO BNp&llte

HH~ (npHp8BHHB8~ ee HyHD, MOlKHO TIOH~HTb COOTHOm8HH~ H& npoH3BOJibHN8 
napaMeTpbl, 8CJIH OHH npKCYTCTBynT). 

4 

"' 

"' 

lJpoqema SYMJ'.~TR npe~aaHaqeHa ~H TIOKCKa y KOHKpeTHOPO ypaB

HSHHH B~a (I) 3H8M8HTa aJire6pbl AH-BeKJIYH~a ("CHMMSTpHK") 3~aHHOPO 

nop~Ka. 

06p~eHKe K npo~e~e: 

SYll!MTR( F ,!J) : 

CMNcn ~opManbHNX napaMeTpoa: r - npaaan qacTb ypaBHeHHH (I) 
B TepNHHaX ~KUHA U(I) , 1=0,1,2, .... 

H=ord H ( U, u 1 , · • • • , Um) - nop~OK HCKOMOPO 3JISM8HTa ure6pu. 

B Ha~ane pa6oTN npoQe~pa SYMMTR BN3NB88T npoue~y COEFFS(F,IT,M,¢), 

a 38T8M npoue~py SYM1 , KOTOpa~ no HaA~eHHNM 3HaqeHKJIM B(I,¢), 

l=0,1, •.. ,M OCYIIISCTBJIHST nOHCK 3JI8M8HTa anre6pb1 nop~Ka M j B 

npOTHBHOM CJiyqae pa60T8 npoue~pN npeKp~aeTCH, EcJIH KCKOMNA 3H8M8HT 

anre6pb1 HaA~eH, TO OH B03Bp~aeTCJI B Ka~eCTBe 3H8~8HHJI npo~e~pbl, B 

npoTHBHOM cnyqae B03Bp~aeTCH 3HaqeHHe 0 K neqaTaeTcn: coo6~eHKe: 

!.0 SYJ'.JMET~Y OI<' ORDERd.!) 

ITpKMep o6p~eHK.fl K npoue~e SY1!1ITn npHBO~KTC.FI a OpKJiollteHKK 2. 
I!pou,e,llypa CONDS npe~Ha3HaqeHa ~H o~HoapeMeHHoro peweHK.fl scex 

nepeqKCJI8HHNX BNme 3~aq; ~ft npoaepKK KOHKp9THOPO ypaBH8HHJI (I) Ha 

~pMaJibHYD KHTerpKpyeMOCTh no yCJIOBKRM (6a), (66) K 3~aHHOMY qKcJiy 

yCJIOBKA (5s); ~H HaXO~SHK~ COOTB8TCTByn~ero qKcJia nJIOTHOCTSA 3aKO

HOB COXpaHeHKH ReaLm K 3JI8M8HTOB aJire6p~ BM-EeKJI~a nopR~Ka m 
( m = 1,2,3, .... ) . 

UU!J<11Jlt:l1>1t: t\ ll!JUL\t:iJ..Ypt:. 
COHDS (P,M,P) , 

CMNcJI ~PMaJibHUX napaMeTpoa: F - npasa.fl qacTb ypaaHeHKH (I) 
B TepMHH8X ~YHK1.1KA U ( l) , M - 1\SJIOe ~HCJIO ). -1 • 0pH M=-1 

npOK3BO~KTC.fl nposepKa BNTIOHHSHK~ ycJIOBHJI (ba); npK M=O - YCJIOBHA 

(5a) H (56); npK M>O B~KCJIH8TCJI M BNp&llt8HKA Lk , k=1,2, ... ,M. 

P - napaNeTp, ynpaBJI~HA npoueccopoM noHcKa 3JieMeHTOB aJire6pu; 

OH MOlKST HN8Tb Uenue nOJIO~TeJibHNe 3H8~eHK~ ~ ll KHK CKaJI~pHNe 3Ha~e-

HK~ NO/YES • ilpH P=NO llOKCK 3JieNeHTOB aJire6pbl B006~e He npo-

HCXO~T, npH P=YES 3~8M6HT aJIP66pbi ~eTCJI B K~ON nop~Ke 

k=1,2, ... ,r.! ; H8KOH8Q, 8CJIK P- U6JI09 TIOJIO~TeJibHOe ~CJIO ~ M, 
TO ~eTCJI TOHbKO 3JI6M6HT &nre6pW nop~Ka P • Pa60T8 np01.1e~ 

CONDS Ha~HH88TC.fl C npoaepKH yCJIOBHA (6a), (66); B CJiyqae KX BNTIOJI-

H6HKft TIOCJI6~0B8TeJibHO BN3b1Ba8TC~ npoQe~ COEFFS(F,N,K,-1) ~H 

k=1,2, •.. ,M • ECJIK P#NO , BN3NB88TCJI TaKllte npo1.1e~a SYM1 

~H TIOKCK8 3JI8M6HTOB anre6pbi. 

B pesyJibTaTe pa6oTN npo1.1e~u cmms B~HcJieHHNe sHaqeHHH 

ReaLk , k=1,2,J, .•• ,·M , npMCB8KBaDTCR nepeNeHHNM RES(K). 

OTK 3H8~6HHJI nepe~aDTCR Ha BSpXHKA ypOB8Hb nporp&MMN H BNBOAftTCJI Ha 
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ne~aTb. KpoMe Toro, ecnK B p~KMe P#NO Ha~~eH aneMeHT anre6p~ 
nop~Ka K , TO ero 3HaqeHKe npKCBaKB88TCR nepeMeHHO~ H(K) K B~BO~T
Cft Ha neqaTb. B npOTKBHOM cnyqae npKCB8KB88TCH HOHb Ill rreqaTaeTCR 
coo6~eHHe: 

NO SYMMETRY OF ORDER < K>. 

B cnyqae HSB~nOHHSHHR K8KOrO-nK60 H3 ycnOBH~ (6a), (66) H ycnOBH~ 
( OB) C HOM8paMK K .:> M - 1 , KpOMe yK&3aHHWX BI>IIDS coo6~eHHf.\ npo~e~~ 

COEFFs, neqaTaeTCft coo6~eHHe: 
EQUATION IS NOT FORMALLY INTEGRABLE: 
CONDITION NUMBER < K ~ FALSE 

r~e <K> oaHaqaeT HOMep Hee~nonHeHHoro ycnoeHft (~n ycnoBHR (08) OH 
Cqf11T88TCH paB~ -I, a ~ft (b6) paBH~ 0). f~KMep o6p~eHHft K npo~e
,~zype CONDS npHBO~HTC.!I B I~KnoJKeHHH I. 

ijpHBe~eM KpaTKOe OnKCaHKe BCnOMOraTenbHWX rrpo~e~ naKeTa. 
I1pogema SYM1 (F,N ,M) ~R ypaeHeHH.ft c npaeo~ qacTbJO F nopn~Ka N 
oc~ecTsn.HeT noHcK aneMeHTa anre6pH nop~Ka M no rrpe~eapKTenbHO Haf.\
~eHHWM 3HalfeHHftM nepeMeHHWX B( I,¢), I=¢, 1, ... ,M • EcnH aneueHT 
anre6pH Haf.\~eH, TO OH B03Bp~&eTCR B KaqeCTBe 3H8tfeHHH npo~e~H, B 
npOTHBHOM cnyqae B03Bp~&eTCH 3H&qeHHe, p&BHOe 0. 
ITpoge~ SETPROD nepeMHOJKaeT onepaTOpHHe pH~~ 

~ 1 ..!fl-. 1 def d s1 = L r 11D , s2 = .2..._, f 21D (D = dx 
1=~ i=-ro 

N +N 
K BHtfHCnneT KOHetfHYD CYMMY s 3 = ~ c.D1 =S 1S2+0(nP-1) 

1=p ~ 

B KOTOpoA K034xflK~KeHTH c1 nonHHOMHaHbHO BHpalltaiOTCJ'I qepea f 1 j 
r 2j H HX npoHaBo~e no x • 

06p~eHKe K npo~e~e: 
SETPROD(F1,N1,F2,N2,P) 

CMHcn ~pManb~X nap&MeTpoe: 
F1 - KM.ft <flyHK~KK F1( J, K) , o603H8tf8IOllleA 
N1 - M&KCKMaHbH&l'l CTeneHb D B S1 

dk 
'""'dxK f 1 j 

k=O, 1 ,2, .. : 

F2, N2 HMeiOT TOT lite CMHCn )J.)Il'l p11~a S2 
P - MKHKMaHbH&l'l CTeneHb D B s 3 

Upo~e~a SETPROD B03Bp~aeT B KaqecTBe 3H&tfeHKl'l BHpaJKeHKe s 3 , 
B KOTOpOM Di npe~CT&BneH~ KaK D( I) , a K034xflK~HeHTbl npK Di BHpa
JKe~ B TepMKH&X !l>Y"K~Kf.\ F1(J,K), F2(J,K). 

ITpHMep: 

SETPROD(A,1,A,1,-1): 

6 

] 

1 
II' 

D(2)KA(1,¢) 2+D(1)KA(1,¢)•(A(1,1)+2KA(¢,¢)) 

+D(¢)a(A(¢,1)KA(1,¢)+2KA(1,¢)KA((-1),¢)+A(~,~)2) 

+D( (-1) )a(A( (-1), 1 )KA( 1 ,¢)-A( 1,1 )iEA( (-1 ),¢) 

+2BA(1,¢)KA((-2),¢)+2KA(¢,¢)KA((-1),¢)) 

-1 ( Dpogegypa INVD peanKayeT ~eACTBHe onepaTopa D HHTerpKpoea-
HHe no x ) Ha BHpaJKeHHe s .. ~ a1D1 ( m, n - ~enHe tfHcna). 
ilpoue~a BHtfKCHJ'IeT 3~8HHOe qMcnO ttneHOB p11~a 

D-1 5 = ~ C-1)1-1. 
1•1 

d1- 1s -1 .......--.-- • D 
dx.l.-1 

H paanaraeT peaynbTaT no cTeneHHM D • 
06p~eHHe K npo~e,~zype: 

INVD(S,N); 

CMHcn ~pMaHbHWX napaMeTpoe: 
s - BHpaJKeHHe, Ha KoTopoe ~eAcTeyeT onepaTop n-1 ; 
N- qHCHO ttneHOB p~a (8), KOTOpoe Tpe6yeTCJ'I BHlfHCHHTb. 

ITpoue,Izyp& INVD eoaep~aeT B KatfecTBe aHaqeHKft CYMMY 
N 1-1 1 
~ (- 1)1-1 d S D-
1•1 dx1- 1 

paanoJKeHHYJO no CTeneHRM D . 

UpHMep: S:~A(1,¢)KD(1)+A(¢,¢)KD(¢)~ 

INVD(S,3) 

D(¢)-.\(1,¢) + D((-1))K(-A(1,1) 

+A(¢,¢))+D((-2))K(-A(¢,1) 

+ A(1,2)) + D((-3))KA(¢,2) 

(tl) 

ilpoge,gypa INTX BHtfHCnHeT HHTerpan no nepeMeHHOA X OT BHpaJKeHHA 
BK~a S(u,u1, ..• ,uk) · 

06p~eHHe K npoue~e: 
INTX(S); 

CMHcn !l>opMaHbHWX napaweTpoe: 
S - no~TerpanbHOe BHpaJKeHHe, 38ITHCaHHOe B TepMHH&X <flyHK~KA 

U (I) • EcnH S ftBnl'!eTC.!I nonHOA npOH3BOWfOA, TO npo~e~a 
INTX B03Bp~aeT 3H&qeHKe, paBHOe s Sdx- , HanpKMep: 
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INTX(U( 1 ).iiU( 2)) 
U(1) 2/2. 

B npOTKBHOM CJiyqae B BbipM8HKH S C TOtiHOCTbiO )1;0 TIOJIHO~ npOK3BO~O~ TIO 

X B~8JIR8TCH ti8CTb, OT KOTOpO~ He M0~8T c5HTb B~CJI8H HHT8PpaJI1 K 
npKCB8HB88TCH nepeM8HHO~ C HM8H8M BADPART , a B K8ti8CTB8 3H8ti8HKR 

npoQe,n,ypbl B03Bp81Jla8TCR CBOc50~M nepeM8HHBR NONINT , 
J1pKMep: 

S:=A.iiU(2).iiU(J)+B.iiU(1).iiU(J)~ 

INTX(S): 
!IONINT 
BADPART; 
-B.IlU(2).1l.ll2 

ilpoUe)J.ypa INTU BbltlKCJIH8T KHTerpaJI OT BbipaJI(eHH~ BH)l;8 S( u, u1 • • • • t ~) 
no H8KOTOpoA iflyHKLIKK ~ , paccMaTpKBaeMOtl B K8ti8CTB8 npOCTOH nepe

M8HHOA. 

06pameHHe K npoue,n,ype 

INTU(S,I); 
CMbiCJI ¢opMaJibHhlX napaMeTpoa: 

S - TIO~TePpaJibH08 BbipaJI(8HHe, 38BHC~ee OT iflyHKUK~ U(J); 
I - HeoTpHL\aTeJibHOe ueJioe tiHCJio, paaHoe HH)l;eKcy lf>YHKL\HH u1 

KOTOpOA BbiTIOJIHH8TCR HHT8PpHpOB8HHe, 

flpon,e,n,ypa INTU B03Bp811188T 3H8ti8HHe, paBHOe 

I1pHMep: 
INTU(U(~)/U(1),1); 

U((IJ) .ll LOG(U(1)) 

J Sd(u1) 

, no 

3awetlaHHe. ITocKOJibKY npoc5JieMa HHTerpHpoBaHHH B aJieMeHTapHbiX lf>YHKL\HRX 

)1;0 KOHL\8 He pemeHa/5/, npOL\8)l;yp8 INTU He HBJIH8TCH JHKBep

CaJibHO~ H, B npKHL\Hne, C~88T KJiaCC ypaBH8HH!i (I), KOTOpble MO~O HC
CJI8)l;OB8Tb C nOMOIIIblll onKCaHHO~ REDUCE -nporpaMMbl, B np0l\8)J;yp8 INTU 
aanporpaMMHpOB8HO 8H8JIHTWQ8CK08 HHT8PpHpOB8HH8 Bwpa&8HHtl, C0~8~81JlHX 

noJIHHOMN, 3KcnoHeHTbl, a Ta~e p81..\HOHaJibHble H aJirec5paHt~ecKKe iflyHKL\HH 

npOCTOPO B~a. O~aKO CJie)l;yeT OTM8THTb, tiTO npaKTHti8CKH ace H3B8CTHb18 

B H8CTO~ee Bp8MR IPoPMaJibHO KHTerpKpyeMble 3BOJIIOL\HOHHbl8 ypaBH8HHH C 

TOtiHOCTbiO ~0 npeo6p830BaHH~ B~a U=</'(V) npHBO)l;HT K Heoc5XO)l;HMOCTH 

BbltiHCJieHKH HHTerpaJIOB TOJibKO YK838HHOPO THna, 

ECJIH HHTerpaJI He MO~eT c5b1Tb BbltiHCJieH, TO npoQe,n,ypa INTU B03BP8-

11188T B K8ll8CTBe CB08PO 3H8t!8HK.R CB060~YIO nepeMeHHYIO NONHIT H 
BbiBO)l;HT Ha nett8Tb C0061118HH8: 

H 

INTEGRATION OF < BbipaJI(8HHe > WRT U ( < HOMep > ) FAILED 
TRY TO USE INTEGRATOR 

1')1;8 < BbipaJI(8HH8 > - lfJaKTHti8CKOe 3H8ti8HH8 napaMeTpa S npOL\8)l;ypi>l 
INTU, 

B 3TOM CJiyqae MO~O noTII>IT8TbCH HCTIOJ!b30B8Tb HHTerpaTOp - BCTg;eHHyiO 

B CHCT8MJ REDUCE-2 nporpaMMJ 8HaJIHTHtleCKOPO HHTerpHpoB8HHH/ , ,!J,n:H 

3TOPO H806XO)J;HMO nepe)l; oc5p81Jl8HH8M K OCHOBHI>IM npOL\8)l;ypaM BKJIIOliHTb B 

nporpaMMJ Hoaoe onpe)l;e~eHHe npOL\8)l;ypi>l INTU 

PROCEDURE INTU ( S, I)~ 
BEGIN SCALAR S1; 

U(I) :=V; 
S1:•S; 

CLEAR U(I); 
RETURN SUB(V=U(I),INT(S1,V)); 

END INTU '\:( 

ilpoue)J.ypa DT peaJIHsyeT onepauHD )l;H~peHL\HpOB8HHH no apeMeHH B 

CHJIY ypaBH8HHH (I): 
def k iF 0 otS(u,u,, .... ~) • L~-~ 

iaO ui 

06p81JleHHe K npoQe)l;ype: 
DT(S.F), 

CMI>IcJI IPopuaJibHWX napaueTpoB: 

S - Bbip&a8HHe, 38BHCft11188 OT iflyHKQHtl U(I) 
F- npaBaft ti8CTb (I). 

3H8t18HH8 npOL\8)l;ypi>l DT paBHO npoK3BO~Otl OT S no BpeMeHM B CKJIY 

ypaBH8HHH ut=F. 
ilpoue~ypa ORD H&XO~HT tiHCJIO, paBH08 

06p81Jl8HH8 K npoue)l;ype: 

ORD(S); 

CuwcJI IPopuaJibHWX napaueTpoB: 

S - ~8HK8, 3&BHC~ee OT ~Kl\Ktl 

llpoueAJP& soaa~aeT SHatleHKe ord s • 

4. fipHMep HCnOJib30B&HKH np9Pp&MMW 

ord S(u,u1 , ... ,~) 

U(I) 

ilpM MCCJ18~0BaHHH ¢opM&XhHO HH~erpKpyeMHX yp&BH8HHtl B~& 

utau5+f(u,u1 ,~,u3 ) 

61>1Jlo noHJtieHo ypaaHeHHe (C.H.CsMHOHynos, B.B.CoKonoa): 
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( 2 2u -4u) 2 Ut•Us+5 u2-u1 +~e +Je u3-su1u2+ 

+15(oce2u-4Je-4u>u1~ + u~ + 90pe-4~~ + 

+ 5(nle2u + je-4u)2u1 d,fo £ c . 
(9) 

DpH flOMO~H C03~8HHO~ rrporpaMMH HaM y~&nOCb HQ~TH ~R 3TOrO ypaBHeHKR 
HeTpHBH&nbHH~ 3H8MeHT anre6pH RH-OeKnYHA&, KOTOp~ KMeeT BH~: 

H·~+7(u2-u~)u5+14(u3-2u1u2 )u4-21u1u~-
( 2 2 4 28 3 3 2 4 7 -14 2u2+u1u2-u1)u3- ~ u 1u2+28u1u2- Ju1 + 

+ 7(oce2u+~e-4u)u5 + 7(5oce2u-16Je-4u)u
1
u

4
+ 

+14(5oce2u-13Je-4u)u2u3 + 28(2oce2u+29Je-4u)u~u3 + 

+ ~ (5de2u+5Je-4u) 2u3+112(de2u+10Je-4u)u1~ + 

+42(~e2u- 76pe-4u)u~~+14(7d2e4u-1~foe-2u-2op2e-8u)u 1 u2 + 

+ 1260~e-4~~ + 70G% 2e4u+2dJe-2u+10J2e-8u)u~ + 

+ ~ (~e2u + ~e-4u)3u 1 
BH4HcneHHe 3neMeHTa l! noTpe6osano oKono I qaca MamHHHoro speMeHH 
H IOOOK6aAT onepaTHBHOA n&MHTH 38M EC-I060. 

ABTopu BHp~~T rny6oK~ 6naro~apHOCTb npo~ccopy A.E.llia6aTy 
3a npe~OMeHH~ TeM&THKY HCCne~OBBHHH H C.H.CBKHOnynoBy 38 CTHMYHH
p~~e ~CKyCCHH H KOHCJHbTallKK. 

flpMoMeHHe I. 

Haxo~eHHe nnoTHOCTe~ 3&KOHOB coxpaHeHHn (be) ~n ypasHeHKR KA~ 

ut • u3 + 3uu1 
F: • u<3>+3•u<~>•u<1>n 

CONDS(F,S,IlO) ~ 

FES(1) • U(~) 

RES(2) "'U(1) 

RES(3) = (3•U(~) 2 + 2•U(2))/2 

RES(4) • 4•U(~)•U(1) + U(3) 

RES(5) = 5•U(~)3+10.U(~)•U(2)+5•U(1) 2+2aU(4))/2 

10 

flpKHOMeHHe 2. 

Haxo~eHHe 3neMeHTa anre6pH llK-EeKnyHAa ce~bMoro nop~Ka ~n 
MO~K~KQHpOBBHHoro ypasHeHKn KA~ 

2 ut = u3 + 3u u1 
F:=U(3)+3aU(~).-2•U(1)~ 

SYMMTR(F,7); 

(2•U(7)+21~U(1)3au(~) 2+ 126aU(1) 2•U(3)+35aU(1)aU(~) 6+ 
+28~U(1)•U(~)3•U(2) +84•U(1)•U(~)aU(4)+182aU(1)•U(2) 2+ 

+35aU(~)4•U(3) + 14•U(~) 2•U(5)+14~U(~)•U(3)•U(2))/2 , 
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c.?1-88. 
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TEMATWIECKHE KATErOPHH nYBJIHKAllHA 
OS'bE,llMHEHHOrO MHC'Dfl'YTA B,QEPHWX 

HCCJIE,QOBAIOO\ 

MHJleKc TeM8'1'Da 

1. 3KcnepHMeHTan~HaR ~SHKa .WCOKHX 3HeprMH 

2. TeopeTH~cKaR ~3HKa .wcoKHx 3HeprMH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~3HKa 

4. TeopeTH~CKaR ~3HKa HH3KHX 3HeprMH 

5. HaTeMaTHKa 

6. RAepHaR cneKTpocKOnHR H paAHOXHMHR 

7. ~3HKa TR*enwx HOHOB 

8. KPHoreHHKa 

9 . YcKOPHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
A8HHWX 

11. Bw~cnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~3H4ecKoro 3KcnepHMeHTa 

14. HccneAOB8HHR TBePAWX Ten H *HAKOCTeH 
RAepHWMM MeTOA8MH 

15. 3KcnepHMeHT8nbH8R ~3HK8 RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. Ao3HMeTPHR H ~3HKa 3a~Tw 

17. TeOpHR KOHAeHCHpOB8HHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 
~YHA8MeHTanbHWX ~3H4eCKHX HCCneAOB8HHH 
B CMe*HWX o6naCTRX H8YKH H TeXHHKH 

19 . 6H~H3HKa 

iapKoa A.~ •• Waa4Ka A.6. P11-83-914 
HccneAOBaHHe HHTerpHpyeMOCTH HenHHeHHWX 38Qn0~HOHHWX ypaaHeHHH 
C HCnOnb30B8HHeM CHCTeMW aHanHTH4eCKHX BW4HcneHHH REDUCE-2 

C03AaHa nporpaMMa Ha RSWKe cHcTeHW aHanHTH4eCKHx BW4HCneHHH REOUCE-2, 
npeAHaSHa4eHHaR AnA HCCneAOBaHHR ~pManbHoH HHTerpHpyeMOCTH HenHHeHHWX 
3aono~HOHHWX ypaaHeHHH. OporpaMMa no3aonReT AnA 3aAaHHoro ypaaHeHHR npoae
PRTb Heo6XQAHMWe ycnoBHA ~PMan~HoH HHTerpHpyeMOCTH, BWnHCWB8Tb nnoTHOCTH 
SaKOHOB COXpaHeHHR H HaXOAHTb HeTpHBHanbHWe 3neMeHTW anre6pw flH-6eKnyHAa. 
C ~b~ nporpaMMW YAanOCb YCTaHOBHTb, 4TO ypa&HeHHe /9/ onr.aAaeT HeTpH
BHanbHOH anre6poH. 

Pa6oTa awnonHeHa a na6opaTOPHH BW4HCnHTenbHoH TeXHHKH " aaToMaTHsa~HH 
OHRH. 

C\.NG..4-..n••h ••. OG.~f1Ht..Hri\Jfv iHn-...iinT:,'Tcii ~~~,.,.,.,.. ¥i o.-'"'.ii~MV•d"".;.• lb~Hci 198) 

Zharkov A.Yu., Shvachka A.B. 
REOUCE-2 Program for Investigating Integrability 
of Nonlinear Evolution Equations 

Pll-83-914 

The program Is created In the language of computer algebra system 
REOUCE-2 Intended for studying the formal Integrability of nonlinear 
evolution equations. For a given equation the program allows one to check 
necessary conditions of formal Integrability, to compute conservation law 
densities and to find non-trivial elements of the Lie-83cklund algebra. 
Using the program the existence of non-trivial algebra for equation (9) 
Is proved. 

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

c-nlcatlon of the Joint Institute for Nuclear Research. Dubna 1983 
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