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OBIIJ;A.H XAPARTEPHCTHRA PABOThI 

AKTyaJibHOCTb TeMhl. B IlOCJie,n;Hile fOAJ.l Ha6mo,n;aeTCH 6oJibJJJOtt IIHT~pec K KOM

IlbIOTepHLlM acneHTaM HOM6I1HaTopHott aJire6pbI. Ilo,n; _3TIIM, KaK npaBIIJIO, IlOHIIMaIOT 

aHaJin:3 aJire6pan:qecHnx 061,eKTOB, Ja,n;aHHLlX nopo}KJ(a10mm,m aJieMeiITaMn n onpe,n;e

JIHIOmnMII COOTHOJJJeHnHMn llOJinHOMnaJibHOro THna. ,L(JIH aJire6p Jin MeTO.Z{ IlOCTpOeHnH 

HaHoHnqecHnx cncTeM nopoJR,n;a10mnx n,n;eaJIOB ( TexHnHa HOMil03nn;ntt ) 6bIJI 'BBe,n;eH 

A.M.illnp1110BhlM {1962r. ). ,L(JIH accon;naTnBHhlX aJire6p Il3JIOJReHne aToro 11Hrro,n;a 6bIJIO 

,n;aHo JI.A,BoHyTeM (1976r.) n ,.[(JR. BeprMaiioM (1978r.) B TO JRe BpeMH:B-HOMMy

TaTnBHOM cJiyqae .Z{OBOJII,HO 6oJibJJJOe HOJIIlqecTBO MeTO.Z{OB n npneMOB ROMilbIOTepHott 

aJire6phl ,n;JIH riccJie,n;oBaHnn noJinHoMnaJII.HhlX cncTeM c MHorIIMn nepeMeHHhlMn 6bIJIH 

pa3pa6oTaHhl Ha ocHoBe TexHnR~ 6aJncoB rpe6Hepa (E.Byx6eprep, 1965r:). HeCMo

Tpn Ha TO, qTo KOHD;enn;nH 6aJnCOB rpe6Hepa 6bIJia o6o6meHa Ha HeHOMMJTaTnBHhle aJI

re6phl ( T.Mopa, 1988r:), o6JiaCTb nx npaHTHqecKoro IICilOJib30BaHnH Bee eme ocTaeTCH 

orpaHnqeHHOJ:!:, IlOCKOJibHY MeTO.Z{ HeHOMMyTaTnBHhlX 6aJnCOB rpe6Hepa npnMeHnM Ha 

HJiacce aJire6p, Ha3hlBaeMhlX aJire6paMn pe111ae.Moro Tnna, HOTOphle 11mJRHO pacc.MaTpn

BaTb" HaH npoMeJRyToqHI,Ie .MeJR.Z{J KOMMyTaTnBHLlllnI n HeKOMMJTaTnBHIJMn aJire6paMn. 

I{ COJRaJieHHIO, aHaJIH3 aJire6p Jin He MOJReT 6bITI, B o6meM cJiyqae CBe,n;eH K aJire6paM 

pe111ae.Moro Tnna, ncHJIIOqan KOHeqH0111epHhle. aJire6phl Jin, o6epThlBaiomne aJire6phl 

HOTOphlX HBJIHIOTCH aJire6paMll pe111aeMoro THna • 

C ,n;pyrott CTOpOHhl,·Ilp06Jie.Ma llOCTpOeHnH HOHeqHonpe,n;cTaBJieHHhlX aJire6p Jin, 

T.e. aJire6p Jin Ja,n;aHHhlX KoHeqHhlM Ha6opo.M nopoJR,n;a10mnx 3JieMeHTOB II onpe

,n;eJIH10mnx COOTHOJJJeHntt, n.MeeT '6oJibJJJOe ~paKTnqeCKoe 3Haqem1e ,n;JIH nccJie,n;oBa

HIIH aJire6panqeCKoit CTpJKTJPhl HeJIIIHeil:HhlX ,l(H<pcpepeHUilaJibHhlX ypaBHeIInil: B qa

CTHhlX npon3BO.n;HIJX ~o .lUIYM He3aBncn.MhlM nepeMeIIIIhlM ( H,IIY ) B paMHax MeTo,n;a 

YoJIHBncTa-McTa6pyKa (1975r.). CJie,n;yeT OTMeTnTI., qTo ~eTo,n; YoJIKBncTa-McTa6pyHa 

HBJIHeTCH cpaKTilqecKII e,n;nHCTBeHIIOtt n Han6oJiee o6mett BblqncJinTeJibHOtt npoue,n;ypott, 

3HaqnTeJII.HO ynpoma10m~tt nocTpoeHne Tam1x npnHunnnaJThHo »aJRHhlx, iM MeTo,n;oB 

TOqHoro nHTerpnpoBaHnH H.L(Y, MaTeMaTn:qecKnx 061,eKTOB, HaH nceB,D;OllOTeHn;naJihl. 

Tairne HOHCTpymi:nn HaK, Harrpn:Mep, L :_ t1 - napa, U - V - ,napa, rrpeo6p~oBaHnH 

BaKJiyH,n;a, JinHeapn3y10mne llO,ll;CTaHOBKn, npe,n;cTaBJIHIOT ll3 ce6n Bcero Jinlllb qacTHhle 

cJiyqaI1 COOTBeTCTBJIOmHX nceB,D;OIIOTeHUHaJibHhlX npe,n;CTaBJieHiltt H.L(Y. 

O.n;HaKo .MeTo,n; YoJIRBncTa-McTa6pyKa He HBJIHeTCH B llOJIHOM CMhlCJie 3TOro CJIOBa pe

ryJIHpHhlM MeTO,ll;0:1,1 noctpoeHHH HBHOro Bn.n;a nceB,n;OIIOTemi:naJIOB ,ll;JIH nccJie,n;yeMoro He

JinHefiHoro .n;ixip4>epemwaJII.Horo ypaBHeHnH B qacTHbIX npoI13BO,n;HhIX, a TOJibRO c~O.AHT 

3TY 3a,n;aqy H BeCbMa CJIOJRHOtt aJire6panqecKott 3a,n;aqe, a HMeHHO - H 3a,n;aqe IIOCTpoeHnH 

cpaHTopaJire6phl Jin cBo6o.n;Hott aJire6phl Jin no n,n;eaey nopo}KJ(eHHOMY Ha6opoM 06pa-

3y10mI1x ( nopo}KJ(aIOmnx ) 3JieM~HTOB II orrpe,n;eJIHIOmIIX COOTHOJJJeHilll. MHbIMII CJIO

BaMn, npnMeHeHne MeTo,n;a YoJIRBncTa-McTa6pyKa npHBQZ(HT,Ha onpe,n;eJieHHOM 3Tane, 

H Heo6XO.AHMOCTII IlOJICKa pe111eIII1tt CIICTe.Mhl IIeJinIIeil:IIhlX aJire6paJiqecHJIX ypaBHeIIIltt 

OT HeHOMMyTnpy10mI1x nepeMeHHbIX co 3HaqeHHHMlI B aJire6pax Jin. E.AHHCTBeHHhlM 

npHMbIM MeTO,ll;OM pe111eHI1H TaHJIX ypaBHeHntt HaK pa3 lI HBJIHeTCH cpaRTOp1I3aIJ;HH T.e. 

IlOCJie,n;oBaTeJibHOe IlOCTpoeHJie HeTpIIBJiaJibHhlX aJire6pan:qecHHX CJie,n;cTBiltt ,n;JIH Ha

qaJII,HI,IX IlOJIIIHOMilaJibHhlX ypaBHeHntt ( onpe,n;eJIH10mnx COOTHOJJJeHntt ) OT HeHOMMy

TI1py10mnx nepeMeHHhlX ( nopo}KJ(a10mnx aJie111eHTOB ). B o6meM ceyqae TaHcUI 3a,n;aqa 
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nepaapemnMa peryJIJipHiilM cnoco6oM, xoTJI 6u yme B c1rny Toro, 'ITO Bee pememrn Mo

ryT JieJKaTb B o6JiaCTH 6ecKOHelJHOMepHhlX aJire6p Jln n Tor.na HaM TOJibKO OCTaeTCJI, 

HaClJHTaB ,Z(0CTaT0lJH0 60Jlb1IIOe K0JIHlJeCTB0 aJire6panqecKllX CJie,Z(CTBntt, nonhlTaTbCJI 

yra,n;aTb 3aK0H0MepH0CTb B nx renepaunn ll TaKHM o6paaoM nocTp0HTb peKyppeHTHhle 

C00TH0memrn, K0T0phle H ,Z(a,D;yT HaM noJIHhltt 0TBeT 0 CTpyKType COOTBeTCTBYIOII~ett aJI

re6phl Jln. B T0JKe BpeMJI, BO MH0rnx npnKJia,Z(HhlX 3a,n;aqax y,n;aeTCJI OThlCKaTb qacTH!ile 

pemeHHJI B Bn.ne KoHe'IH0Mepnux no.naJire6p o6mett aJire6pu Jln. H aToro yme oKa3u

BaeTCJI ,Z(0CTaT0lJH0 ,Z(JIJI Toro, lJT061i1 nocTp0HTb JIBH!iltt Bll,Z( KOHCTPYKTllBHlilX, B nJiaHe 

nonyqenHJI mnpoKHX RJiaccoB' pemenntt nccJie,n;yeMoro .nmpq>epenunaJibHOro ypaBHe

HHJI, nceB,n;onoTeHI~llaJibHlilX npe,n;cTaBJICHlltt. O,D;HaKO n TaKott no.nxo.n npHBO,Z(llT BO 

MH0rHX CJIY'laHX R 'lpe3BhllJatl:H0 6oJibllIOMY o6'LeMy BlillJHCJieHntt. C .npyrott CTOpOHlil 

caMa npoue,n;ypa q>aRTOpH3an;mI ncn0Jib3YeT He3HalJHTeJibH0e lJllCJI0 paaHOTHnHlilX one

pauntt. ,ll;Be nocJie,Z(HHe qipaau ,n;oRaalilBaIOT npnnunnnaJibRYIO neo6xo,n;HMOCTb II peaJib

ny10 B03M0JKH0CTb, C00TBeTCTBeHH0, npHMeHeHIIJI R0MnbIOTepa B pemeHllII no.no6noro 

copTa 3a,n;alJ. 

IJ;enbro ,z:ruccepTa1.n1:0HHOH pa6oThl JIBJIJieTCJI paapa6oTRa aJiropIITMOB ,Z(JIJI pe

menHJI ,3a,D;alJII q>aRTOpII3aUIIII CB060,D;HOtt aJire6pLI JIII no II.n;eaJiy, nopoJK,Z(eHHOMY RO

HelJH!ilM na6opoM o6paayIOIIIIIX SJieMeHT0B II onpe,n;eJIJIIOIUIIX COOTHOIIIeHIItt, a TaKJKe 

nocJie,n;y10mee npIIMeHeHHe ST0tt TeXHHKH BLilJIICJieHIItt R 3a,n;aqe HaxoJK,Z(eHIIJI nceB,Z(O

nOTeHn;HaJibHLIX npe,Z(CTaBJieHIItt T0lJH0 IIHTerpIIpyeM!ilX HeJIHHetl:HlilX ,n;Hq>q>epeHn;IIaJib

HLIX ypaBHeHIItt B qaCTHLIX npoH3B0,Z(HhlX no .Z(ByM He3aBHCl!MhlM nepeMeHHLIM. 

HayqHaJI HOBH3Ha. Paapa6oTaHa HOBaJI aq>q>eRTIIBHaJI aJir0pIITMIIlJeCRaJI npo

ue,n;ypa ,Z(JIJI pemeHHJI 3a,Z(alJH q>aRTOpl!3aD;Hll CBo6o,D;Hott aJire6phl JlII no II,Z(eany nopo

JK,Z(eHHOMY KOHelJHlilM na6opoM 06paay10IUIIX aJieMeHTOB II onpe,n;eJIJIIOIUIIX COOTHOme

HIItt. OcHOBHOtt SJieMeHT H0BII3Hhl 3aRJIIOlJaeTCJI B 0TRa3e OT IICnOJib30BaHHJI Tpa.nIIUll

OHH0tt TeXHIIRII ROMn03IIUIItl: IlfapllIOBa ( TeXHIIRII 6a3IICOB rpe6nepa ) II B 3aMeHe ee Ha 

TCXHIIRY npoBepoR T0JK,Z(CCTB J1Ro6II .nmi: 6a3IICHLIX aJieMeHTOB. aJire6pii1 JIII. C ueJiblO 

aq>q>eRTIIBII3aUIIH yRaaaHH0tt aJiropIITMIIlJeCR0tt npoue,n;ypLI ,Z(0Ra3aH!il ,/(Be HOB!ile Te

opeMbl II3 o6JiaCTII ROHelJH0npe.ncTaBJieHHLIX aJire6p JIII: TeopeMa 0 nopoJK,Z(aIOIIIIIX, 

R0T0paJI CB0,Z(HT pocT o6'LeMa BlillJIICJieHIItt ToJK,Z(eCTB JIRo6II c ./1/3 .no N 2 
II TeopeMa 

06 9JieMeHTax n;eHTpa, R0TOpaJI no3B0JIJleT 9q>q>eRTIIBH0 opraHII30BaTb n0IICR' 9JieMeHTOB 

uenTpa anre6pLI JlII. C n;eJibIO ynopH,n;oqeHIIH BLI'IIICJIIITeJibHoro npouecca, a TaRJKe c 

n;eJiblO yMeHbllieHIIH He0,D;H0p0,D;H0CTII HCX0,Z(HLIX onpe.neJIJIIOIUIIX COOTHOIIIeHIItt noHHTIIe 

,Z(JIHHhl ( CTeneHII ) JIIIeBCR0r0 noJIHHOMa 3aMeHeHO ero HOBhlM o6o6menIIeM, T.e. nOHH

TIIeM Beca. HoBLIM B npe,n;JioJKeHHOtt aJiropIITMHlJeCROtt npoue,n;ype HBJIJieTCJI TaRJRe II 

npHHn;IIn ,Z(B0tl:Horo ynopH,Z(0lJeHIIH 6aaIICHhlX M0H0M0B ( no HOMepy II no Becy ) "~TO 

IICRJIIOlJaeT B03M0JKH0CTb omII60R B BlillJIICJieHIIHX • 
Ha ocnoBe MeTo,n;a YoJIRBIICTa - HcTa6pyRa paapa6oTaH HOBhltt KOHCTpyRTIIBHhltt Me

T0,Z( RJiaccmpIIRan;nn: H,ll;Y no npH3HaRy HaJIH'IIIH nceB.nonoTeHn;IIaJibHhlX npe.ncTaBJie

HIItt. 9TOT MeTO,Z( no3B0JIJieT, IICXO,Z(H II3 o6mero BII,Z(a HeKOToporo RJiacca H,ll;Y, CTpOIITb 

R0HRpeTHlile H,ll;Y, o6Jia,Z(aIOIIIIIe X0TJI 6lil 0,Z(HIIM nceB,n;onoTeHn;IIaJibHlilM npe,n;cTaBJie

HlleM II ,Z(JIJI RaJK,Z(0ro TaRoro H,ll;Y - CTp0IITb IIIIIp0RIIe RJiaCClil nceB,Z(OnoTeHUIIaJibHlilX 

npe,n;cTaBJieHIItt B T0tt Mepe, B KOTOpott 9TO no3BOJIJleT pemeHIIe COOTBeTCTBYIOIIIefi 3a

. ,n;alJII q>aRT0pII3aUIIII CB060,Z(HOfi aJire6plil JIII. 
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,ll;JIJI ypaBHCHllfi Jlannay - Jlnqinrnua, onllC!ilBaIOIIIHX HCJIHHefiHyIO ,ll;HHaMIIRY aH

Tllq>eppoMarneTnRa C 0,ll;HOOCHOfi aHll30Tponnett, 110JiylJeH pH.n; 3q>q>eRTIIBHlilX, B nJiaHe 

IIOCTpoeHHH mnp0RllX RJiaCC0B pemenntt, rrceB,ll;OIIOTeHn;naJibHhlX rrpe,Z(CTaBJieHntt. 

,ll;JIJI pH.na rrpnR~a,Z(HhlX 3a,n;aq, CBH3aHH!ilX C MeT0,ll;OM noCTpoeHHH rrceB,Z(0II0TeHn;na

JI0B (aBOJIIOUHOHHhle ypaBHeHHH BToporo rropH,n;Ra, ypalinenne RopTeBera-.ne <l>pn3a) 

rroJIHOCTbIO pemena 3a,n;aqa q>aRropn3aunn CBo6o.n;nott aJire6plil Jln no n.n;eany, 110-

poJR,n;ennoMy ROIIelJHlilM na6opoM o6pa3j'IOIUllX 3JJeMeHTOB n onpe,n;eJIHIOIUHX CO0THO

menntt. Ilonyqena noBaJI T0lJH0 pemaeMaJI cncTe111a nennnetl:HlilX .nnqiqiepenunaJib

IIhlX ypaBIIenntt B qacTHhlX npon3B0,ll;HhlX, 0llllChlBaIOIUaJI 0,!J;H0!llepnyro ,ll;UHal\lHRY .nnc

cnnaTHBHhlX CTPYRTYP· Ilpe.n;noJReH u 11po.ne111oncTpnpoBan na 11pu111epe ypaBHeHnH 

KopTeBera-.ne <l>pn3a n accounupoBannoro c nn111 ypaBnennn H0Bhlfi 111eTo.n; renepaunn 

TOlJHO pemae!llhlX HCJIUHefiHhlX MO,ll;eJiett. 

IlpaKTHqecKaJI ueHHOCTb. Pa3pa60TaHHhle B .nnccepTaunn MeT0,llhl n anropnT!llhl 

C03,lla!OT OCHOBY ,llJIH C03,ll;aHUH aq>q>eRTllBHhlX 11porpa111111 Ha 113hlKaX RO!llnbIOTepnott aJI

re6phl ,llJIH pemenn:11 mIIpoRoro RJiacca 3a,n;aq, CBH3aHHhlX c nccJie.noBamre111 anre6p Jln .. 

9TOT RJiaCC 3a,llaq co.neplRllT RaR 3a,llalJJI l\laTe!llaTUlJeCR0tt q>ll3llRU, B TOM lJllCJie CBH-

3aHHhle C llCCJie,n;oBaHne111 llHTerpnpyeMOCTU HeJin:HefiHhlX ypaBneuun B qaCTHhlX rrpi:nrn

BO,llHhlX, TaR n 3a.naqn Ro1116nnaTopnott anre6phl. J3 3TOM pa3.nene :1.rnTeMaTnRn 3a,n;aqa 

anaJin3a Roneqnorrpe,n;cTaBJieHH!ilX aJire6p Jln yJRe caMa 110 ce6e, B ee nan6onee o6mett 

IIOCTaHOBRe, HBJIHeTCH O,llHOfi ll3 Han6oJiee BaJRHLIX. 

Ha 3am11Ty BhIHOCJITCJI cne.ny10m11e pe3yJibTaTbl: 

1. ,ll;JIH ypaBnenntt Jlan.nay - Jlncpmnua, orrnchlBaromnx nennnettnyro ,llIIHaMnRy 

aHTllq>eppo111arneTnRa C O,llHOOCHOtt aHH30Tporrnett, TI0Jiyqen pH,ll 3q>q>eRTllBHhlX, 

B rrJiane rrocTpoennH mnpoRnx RJiaccoB pemenutt, nceB.nonoTenunaJibHhlX npe.n

cTaBnenntt. 

2. Paapa6oTaH HOBhlfi ROHCTPYRTUBHhlfi MeTO,ll RJiaccnq>nRauuu 3BOJIIOUllOHHhlX ypa

BHeHntt no npll3HaRy HaJilllJUH nce».nonoTeHUIIaJil,HlilX npe,llCTaBJienntt. C no

M0IUb!O 9Toro MeTO,lla npoRJiaccnq>IIUIIpoBaHJil 3BOJIIOUII0llllhle ypaBHeHUH BT0poro 

nopH.n;Ra Bll,lla Ut = f( U )uxx + :F( u, Ux)- Tell! caM!illll nocTpoeHhl BCe 3BOJIIOUUOII

Hhle ypaBHeHUH, 06na.na10mIIe X0TH 6!il O,llHllM nceB,ll;OTIOTeHUIIaJibHlilM npe.ncTaBJie

Hlle!II n ,llJIH RaJR,lloro TaRoro ypaBnennn nepeqncJienu Bee nceB,n;orroTenunaJibHhle 

npe.ncTaBJiemrn B Tep1111max anre6p Jln. 

3. Pa3pa6oTana noBaJI aqi<peRTHBHaJI. anropHTMHlJecRaJI rrpoue,n;ypa .IlJIH pemeHHH 

3a,n;aqu <paKTopn3an;Hu cBo6o.n;nott aJire6pu Jln no u.neaJiy nopoJR,D;eHH~MY ROHeq

HhlM Ha6opo111 o6pa3yIOIUIIX 3Jie!lleHTOB 11 orrpe.neJIHIOIUHX C00THOIIIeHHtt. 

4. C n;eJiblO 3<pq>eRTllBII3aUllll yRa3aHH0tt aJiropnTMlllJeCRott Hpoue,n;yplil ,ll0Ra3aHH 

,llBe Teope!llhl H3 o6JiaCTII ROHelJHOIIpe,n;cTaBJI~HHHX aJire6p Jin: Teope111a 0 nopo

JR,Z(aIOn~IIX, HOT0paJI CBO,ZJ;iIT pocT 06'Lel\la BhllJIICJienntt C ./1/3 ,ll0 • V2 II TeopeMa 

06 3JieMeHTaX uenTpa, R0T0paJI 1103B0JIHeT 3q><peKTIIBHO opraHll30BaTb II0HCK 3Jie

MeHTOB ueIITpa anre6pu JIH. 

5. ,ll;JIH PH.Ila npIIKJia,D;HHX 3a,llalJ, CBH3aHH!ilX C llleTO,ll0!II II0CTpoeHI!H rrceB,Z(0il0TeH

unaJIOB ( 3B0JIIOUH0HH!ile ypaBHeHHH BToporo nopH,n;Ka, ypaBHeHI!e KopTeBera-.ne 
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<l>p1rna ) noJIHOCTb!O pemeHa 3a.naqa q:iaRTOpll3an1rn CBo6o.nHolt anre6pbl Jlrr no 

n:,n;eany, nopo}K)leIIHOMY ROHe'lHbIM Ha6opoM 06pa3y10m11x 3JieMeHTOB n: onpe.n;e
JJHIOmn:x COOTHOmeii:n:tt. 

6. Tiony'tfeHa HOBaJI TO'CJHO pemaeMaJI CllCTel'>rn HeJIIIHeltHbIX .!lllq:Jq:JepeHnn:aJibHbIX 

ypaBHCHlltt B 'laCTHbIX np0113B0.!lHbIX, OllllCbIBaIOmaJI O,ll;HOMepHyIO .!lllHaMHRY .!lllC

cn:naTHBHbIX CTPYRTyp. 

7. Tipe,n;nollieH n: npo.neMoHcTpnpoBaH Ha nprrMepe ypaBHeHHJI KopTeBera-.ne <l>p1rna 

II acCO{llIIIpOBaHHOro C HIIM ypaBHCHHJI HOBbllt MeTO.!l reHepanIIH TO'CJHO pemaeMbIX 

HeJIIIHefiHbIX Mo.nenett. 

Anpo6a1..urn pa6oTbl. OcHOBHble pe3yJibTaTbI pa6oTbI .noRna.nbIBaJIIICb Ha: 

- Me}K.!{JHapo.nHoM pa6o'tfeM coBemaHIIII "Computer Algebra in Physical Re

search", ,l(y6Ha, 1990. 
- Me}K.l{JHapo.nHott ROHq:iepeH!llIII "Nonlinear Evolution Equations and Dynamical 

Systems", ,l(y6Ha, 1990. 
- Ha Hay'CJHbIX ceMHHapax xrY, MfY, <l>TI1HT HAH YRpaHHbI, X<l>TI1 HAH 

YRpalIHbI, MK HAH YRpalIHbI, JIBTA OI1RI1, JIT<l> OI1RI1, JIOMI1, YHIIBepcJITeToB 

Jlettnn1Ira n: fpettq:iCBanb.na (fepMaHIIH), I1ccJie.noBaTeJibCROM neHTpe no IIHq:JOpMaTn:Re 

B AMcTep.naMe (fonnaH.!llIJI). 

Ily6nnRau;1u11_ OcHOBHble pe3yJibTaTbI .nn:ccepTa{l1III ·orry6n1IROBaHbI B 6 Hay"IHbIX 

pa6oTax, ROTOpbie nplIBe.neHbI B cnlICRe JIJITepaTypbI. 

CTpyRTypa .nnccepTau;nn. ,l(1IccepTaU1IJI COCTOIIT II3 BBe.neHHJI, Tpex rnaB II 

3aRJIIO'tfeHmI; co.nepllilIT 76 cTpaHIIJ:l Ha6opHoro TeRcTa, BRJIIO'laJI 4 Ta6JIIIJ:lbl II 61I6JI1Io

rpaq:i1I'tfecR1Itt cnlICOR Jin:TepaTypbI II3 48 Ha3BaHn:tt. ,l(n:ccepTa{llIJI no.nroToBJieHa cpe.n

CTBaMII ROMnbIOTepHott CIICTeMbI L).TEX. 

CO,l(EPlliAHI1E P ABOTbI 

B rnaue I - Bue,neHHH o6ocHOBbIBaeTCJI aRTyaJibHOCTb II npaRTII'CfeCRaJI BalliHOCTb 

npo6neMaTIIRII .n1IccepTan1IoHHOtt pa6oTbI, RpaTRO nepeqJicJieHbI pe3yJibTaTbI no rnaBaM. 

B rnaue II Hccne.nyIOTCJI Bonpocbl cBJI3aHHble c npone.nypott YonRBIICTa - I1cTa6pyRa 

II ee 0606meH11eM ,n;o ypoBirn ROHCTPYRTIIBHott Rnacc1IqmRan110HHO:tt npone.nypbI. 

B pa3ae.;1,e 2.1 Ha nplIMepe ypaBHeHIIJI B10prepca no.npo6Ho paCCMOTpeHO no

HJITIIe ncea.nonOTeHnHaJioB H,l(Y n: rrpone.nypa YonRBIICTa - I1crn6pyRa BbI"IHCJieHIIJI 

3TIIX nceB,n;onoTeHn1IaJI0B. TioRaJaHo, RaR 113 a6cTpaRTHofi ROHcTpyRnn:11 ( fr - G napbI 

co 3Ha'tfeHIIJIMII B a6cTpaRTH01t anre6pe JllI ) MO}KHO nonyqaTb ROHRpeTHble MaTplI"I

Hbie coBMeCTHbie CIICTeMbI TIIIIa L - A -napbI, HJIH U - V -napbI, nyTeM nocTpoeHn:JI 

MaTplI"IHOro npe.ncTaBJieHIIJI COOTBeTCTBYIOmett anre6pbl JIH, IIJIII, nyTeM nocTpoeHIIJI 

npe,n;cTaBJieHIIfi B aJire6pax JllI BeRTOpHbIX noJiett, CTpOIITb nceB.nonoTeH{lliaJibHble ROH

CTPYRJ:llIII TIIna no.ncTaHOBRII KoyJia - Xonq:ia .!lJIH ypaaHeHIIJI B10prepca. 

3aMe'CJeHo, 'CJTO nplI nocJie,l{OBaTeJibHOM np1IMeHeH1III 3TO:tt MeTO.!llIRII, .name B cny

qaee ypaHeHn:JI B10prepca: Ut = u.,., + 2uu., , MbI noJiyqaeM nceB.nonoTeH{lliaJibHoe 

npe.n;cTaBJieHHe 6onee o6mero BII.!la, 'leM no.ncTaHOBRa Koyna - Xonq:ia: 
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Yx = ,\1y + ,\2y2 + yu , '!It = yu., + yu2 + ,\2y2u - ,\iy - ,\1,\2y2 , 
r,n;e Yxt = Ytx Ha Bcex pemeHIIJIX II TOJibRO Ha pemeHHJIX yp. B10prepca. ,l(ettcTBII

TeJibHo, II3 ,n;Byx nocJie,n;n1Ix ypaBHeH1Ifi noJiyqaeM .!lJIH y ypaHeHIIe B10prepca: 

Yt = Yxx - 2(,\1 + ,\2y)y.,, 

a He npocTo JI1IHefiHoe yp . .!l1Iq:Jq:JY31III, RaR aTo cne.nyer II3 no.ncrnHOBRJI Koyna - Xonq:ia. 

PaJae.;1, 2.2 noCBJimeH ,n;eMOHCTpa{llIII HOBOtt ROHCTpyRTIIBHOtt RJiaCCIIq:JIIRa{llIOH

HOtt npone.nypbI Ha np1IMepe 3BOJIIOJ:llIOHHbIX ypaBHeH1Itt BToporo nopJI.n;Ra. 

Onpe,ne.neHHe. 8BOJIIO{llIOHHbIM ypaBHeHIIeM n - ro nopJI.nRa 6y.neM Ha3JJBaTb 

,ll;IIq:Jq:JepeH{lliaJibHOe ypaBHeHIIe B qacTHbIX npOH3BOJThHbIX .!lJIH CRaJJHpHott q:JYHHnllll 

U = u(x, t) OT .!lBYX He3aBIICIIMiilX nepeMeHHiilX XII t BII,!la 

Ut = :f"( u, Ux, Uxx, .. . , U(n)). (1) 

Onpe,nenem'le. Jl1IeBcRott fr- G napott (FGLie) k - ro nopH.!lRa .!lJJH IICXO,!lHoro 

ypaBHeHIIJI ( 1) 6y.neM Ha3bIBaTb TpottRy (fr, G, L), r.ne L - anre6pa Jl1I Ha.n noJieM C, 
• • (k) • • (k -1) F = F( u, u.,, . .. , u ) II G = G( u, u.,, .. . , u +n ) TaRJie q:iyHR{llIII co 3Ha'tfeHIIJIMII · B 

L, "IT0 ycnoB1Ie 

a.fr_ aa + [G,.frJ = o at ox 
TO}K,!leCTBeHH0 Bbln0JIHJieTCJI Ha BCeX pemeHIIJIX II T0JibK0 Ha pemeHHJIX llCXO,!lH0ro 

3BOJIIO{llIOHHOro ypaBHeHHJI (1). 3.necb CR06RJI [;] 0603gaqa10T ROMMyTaTOp, T.e. o6bl'CJ

HOe JIIIeBcRoe npo1IJBe.neH1Ie, a no.n qacTHiilMH npo1I3BO.!lHbIMII no_ x II t no.npaJyMeBaeTCJI 

.!lliq:Jq:JepeH{llipOBaHIIe -TOJibRO .!llIHaMII'CfeCRIIX nepeMeHHiilX IICXO.!lHOro yp. (1 ). 
Onpe,neJieHHe. YHIIBepcaJibHO:tt JllleBcRott F- G napott (U FGLie)k-ronopJI,n;Ra 

.!lJIH (1) 6y.neM Ha3IilBaTb TaRy10 FGLie(F, G, L) k - ro nopH.nRa, "ITO .!lJIJI JI106ott 

FGLie(F', G', L') k - ro nopH.nRa .naHHoro ypaBHeHHJI Hatt.nercJI e.nnncTBeHHiiltt ro-
. •J• ·J• 

MOMOpq:JII3M f II3 L B L' TaRott, "ITo F ---+ F' II G ---+ G'. 
cl>opMynnpOBRa RJiaccmpHRau;1mHHOH aa,na'IH Tenepb 6y.neT BiilrJIJI.l{eTb CJie

.ny10m1IM o6paaoM: nocTpOIITb O,!lH0BpeMeHHO JIBHiiltt BII.!l Bcex 3BOJIIO{lllOHHiilX ypaBHe

HIIil: BToporo nopJI.n;Ra, c TO"IHOCTbIO .no TO"le'CJHoro npeo6paaoBaHIIJI u = u(u), 06Jia.na-

10mnx U FG Lie nyneBoro nopH.n;Ra, II cooTBeTCTBy10m1Ie U FG Lie nyneBoro n-0pJI,n;Ra • 

,l(anee ,!lJIJI 3BOJIIO{llIOHHbIX yp. BT0poro n0pJI.!lRa, o6ru;ero BII,!la Ut = /1 ( U )u.,., + 
:Fi( u, u.,) , no.npo6no on1Icana Rnacc1Iq:J1IRan1IoHHaJI npone.nypa, ROTopaJI B ROHe'CJHOM 

IITore npnBO.!lJIT R cne.ny10ru;1IM peayJThTaTaM: 

Bapuaum I 

Ut = (f1ux)x +/Ju.,+ ao j hdu -a~ j fidu + a1u + a2, 

fr= X1 +uX2, G = (Jiu.,+ j /Jdu-:-ao j fidu)X2 +X3. 

Onpe.neJJH10m1Ie cooTnomeHIIJI: 

[X2,Xd = -aoX2, (X3,X1] = -a2X2, (X3,X2] = -a1X2. 
3.necb ao, a1, a 2 - npolI3B0JThHiile RoHcTaHTiilj f1, h - np0II3BOJibHiile q:iyHHnIIn OT u. 
AJire6pa Jln coana,n;aer c onpe,n;eJJH10m1IMII cooTHomeHHJIMII. 
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Bapuaum II 
Ut =(Jiu.,).,+ {(b1 + ~u)fi + b3 + b2 f fidu}u., + (bs + b6u) f fidu + b1u + bs, 

F =Xi+ uX2, G ={Jiu.,+ (bi+ b2u) J fidu + ~u + b4}X2 + J fidu[X2, Xi]+ X3. 
Orrpe,neJJJiromne cooTH0IIIenn11: 

[[X2,Xi],Xi] + b1[X2,X1] + bsX2 = 0, [[X2,X1],X2] + b2[X2,X1] + b6X2 = 0, 

[X3,X2] + b3[X2,X1] + b1X2 = 0, [X3,Xi] + b4[X2,X1] + bsX2 = 0. 

3,necb n BO Bcex 0CTaJibHLIX Bapuaumax rryTeM qiaKT0plI3an;nn, T.e. rrpoBepKn TO
m,neCTB JlKo6n ,Zl;JJ.11 BCCX 6a3llCHLIX 3JieMeHT0B, II0JiyqaeM pa3JinqnLie peIIIeHnll. 

Ilepaoe peweuue. 

Ilpn b2 = b6 = 0 ( ocTaJibHLie b; - rrpon3~0Jib~Lie ~oncTaI!TLI ). 
Ba3llCHLie 3JieMeHTLI anre6pLI Jin: X1, X2, X3, X4 = [X2, X1]
Ta6Jllln;a YMHOJRCHllll 6a3llCHLIX 3JieMeHT0B: 

[X1,X2) = X4, [X1,X3) = bsX2 - b4X4, (X1,X4) = -bsX2 + b1X4, 
[X2,X3) = b1X2 - b3X4, (X2,X4) = 0, (X3,X4) = -b3bsX2 + (b3b1 - b1)X4. 

Bmopoe peweuue. 

Ilpn b5 = b6 = b7 = b8 = 0 ( ocTaJibHLie b; - rrpon3BOJibHMe K0HCTaHTLI ). 
BaancnLie aneMeHTLI anre6pLI Jill: Xi, X2, X3, X4 = (X2, X1); 
Ta6Jllln;a YMH0JKCHllll 6a3llCHLIX 3JieMeHT0B: 

[Xi,X2] = X4, (X2,X3] = -b3X4, [X1,X3) = -b4X4, 

[X2,X4] = b2X4, [X1,X4) = b1X4, (X3,X4) = (b3b1 - b2b4)X4 • 

Bapuaum III 

Ut = u.,., + (c1 + C2u)u., + C3 + C4U + C5U
2 

. 
• • • • 1 2 • • ·' • 
F =Xi+ uX2, G = (u., + c1u + 2c2u )X2 + u[X2,X1) + X3. 

Orrpe,neJJJiromne cooTH0IIIeHllll: 

[[X2, Xi], X1] + c1(X2, X1] + (X3, X2] + c4X2 = 0, 
•• • 1 •••••• 

[[X2,X1),X2] + 2c2[X2,X1) + csX2 = 0, (X3,Xi) + c3X2 = 0. 

Ilepaoe peweuue. 
Ilpll C2 = C5 = 0 ( ocTaJibHLie c; - rrpon3B0JibHLie K0HCTaHTLI ). 

" " k" " oo 
Ba3llCHLie aneMeHTLI anre6pLI Jill: Xi , X3, Yk = ad Xi(X2),, {k}0 ; 

Ta6Jllln;a YMH0JKCHllll 6a3nCHLIX 3JieMCHT0B: 

[Xi, l\] = 1\+i, [X3, 1\] = -Yi+2+ciYk+1 -c4Yk,1Xi,X3) = c3Yo, [l\,Xn) = 0, {n}:. 
6 

Bmopoe peweuue. 

Ilpll C4 = C5 = 0 ( 0CTaJibHLie c; - rrpoH3~0Jlb~Lie K0HC'~aHT_LI ). 
Ba3nCHLie aJieMeHTLI anre6pLI Jin: Xi, X3, Yk = adkX1(X2 ), {k}:; 
Ta6mrn;a yMH0JReHnll 6a3HCHLIX 3JICMCHT0B: 

AA A AA A AA l• AA A A 

[Xi,Yk) = Yk+t, [X1,X3) = c3Yo, [Yo,Yi) = i2Yi, [Yo,X3) = Y2-ciYo, 

A A A A A A 1 A 

(Ym, Yi]= 0, (X3, Yi)= -Yi+2 + ciYi+i - 2(l - l)c2c3Yi-1, {m}:, {l}: 

Bapuaum IV 

1 1 1 
Ut = (2 ux)x + (P1 2 + P2)Ux + P3- + P4 + p5U, 

u u u 
•••• 1 1 • l• •• 
F =Xi+ uX2, G = (2 u., - pi-+ p2u)X2 - -[X2,Xi) + Xa. 

u u u 

Orrpe,neJJ.1110m11e cooTHoIIIenn11: 

[[X2,Xi),Xi) + pi[X2,Xi) - P3X2 = o, 
[[X2,Xi),X2) + [Xi,X3) + p4X2 = o, 
P2[X2, X1] + [X3, X2) + psX2 = 0. 

Ilepaoe peweuue. 

Ilpn p4 = 0 ( 0CTaJibHLie Pi - rrp0113B0JlbHLIC K0HCTaHTLI ). 
Ba311CHLie 3JICMeHTLI anre6pLI Jl11: 

X1, X2, x3, x4 = [X2,Xi], Xs = [X2, [X2,X1lJ; 
Ta6nnn;a YMH0JKeIIllll 6a3HCIILIX 3JICMCIIT0B: 

(X2, Xi) = X4, [X2, X3) = P2X4 + PsX2, [X2, X4) = Xs, [X2, Xs) = 0, 

[Xi,X3) = Xs, [Xi,X4) = piX4 - P3X2, [X1,Xs) = Pi-Y"s, [X4,Xs) = o; 
[X3, Xs] = (PiP2 - 2ps)Xs, [X3, X4) = (PiP2 - Ps)X4 - P2P3X2. 

Bmopoe peweuue. 

Ilpn p3 = p4 = 0 ( 0CTaJibIILie Pi - rrpoH3B0JlbHLie K0HCTaIITLI ). 
A A A k • • 

Baa11cnLie aJieMeIITLI anre6pLI Jin: Xi, X3, Yk = ad X2(X1), {k}:. 
Ta6nnn;a YMII0JKCIIIIII 6a3llCIILIX 3JICMCIIT0B: 

(X2, X3) = P2Yi + PsX2, [X2, ½] = ½+1, [Yo, Y,] = Pl f;, [Yo, X3) = ½, 
[Ym, Y,) = 0, [X3, Yn] = -Yn+2 + (np5 - P1P2)Yn, {n}~, {m}~, {l}~ 

Tpembe peweuue. 
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Ilpn Pl = P3 = Ps = 0 ( 0CTaJibHhle c; - np0ll3B0JlbHhle K0HCTaHThI ). 
• • • k • • 

BaanCHhle 3JieMeHThI anre6phl Jln: X1, x3, yk = ad X1(X2), {k};;". 
Ta6Jlllna YMH0JReHnJI 6aallCHhIX 3JieMeHT0B: 

[X2, ½) = l\+1, [X2,.X3) = P2Yi, [Yo,.X3) = ½ + p4.X2, [Yi,.X3) = ½, 
• • • 1 • • • 1 • 

[X3, Yi]= -Yi+2 - 2(1- 2)P2P4Yi-1, [Yi, Yi]= 2P2Yi, 

• • 1 • • • • • 
[Yi, Yo]= 2(1- 2)Yi-1, [Yi, Yo]= 0, [Yn, Yi]= 0, {n}'.;'°, {l}'.;"' . 

B nym.:me 2.2.3, c nem10 Jiytrnrero noHnMaHnJI MaTepnana ll3JI0JReHHoro B rnaae 

3, no,ZJ;po6Ho onncaH HaqamHLI:l!: 3Tan npone,ZJ;yphl <paKTopn3anm1 Ha npnMepe onpe,ZJ;e

JIJI!OlllllX cooTHorneHn:l!: ll3 Bapuauma III. 
rnaua III nocaJimeHa cTporoMy onncaHll!O anropnTM0B .lIJIJI pa6oTLI c KoHeq

Honpe,ZJ;cTaBJieHHLIMil anre6paMn Jln n ,ZJ;eMoHcTpannn npnMeHeHnJI 3TllX anropnTM0B 

K 3a,ZJ;aqaM <paKTopnp3annn cao6o,ZJ;HO:l!: anre6pu Jln no n,ZJ;eany 3a,ZJ;aHH0My Ha6opoM 

onpe,ZJ;eJIJIIOIIlilX C00TH0IUeHn:l!: Il nopoJR,ZJ;aromnx 3JieM~HT0B, CBJI3aHHhIM C ypaaHeHilJIMll 

KopTeBera - ,ZJ;e cl>pn3a Il ypaaHeHilJIMil .lIJIJI 0,ZJ;H0MepHo:l!: JieHrMropoBCKO:l!: Typ6yJieHTHO

CTil nocpe.lICTB0M npone,ZJ;yphl YoJIKBllCTa - Hcrn6pyKa. 

B pa3ae.11,e 3.1 ( nym,m'bl 3.1.1 - 3.1.3) rrpnBe,ZJ;eHhl 0CH0BHhle II0HJITilJI ll onpe

,ZJ;eJieHllJI ll3 Teopnn cao6o,ZJ;HhIX anre6p Jln. 

B nym,me 3.LJ npnae,neH0 ,ZJ;0Ka3aTeJibCTB0 HOBO:!!: TeopeMhl, K0T0paR nrpaeT npnH

nnnnaJibHYIO pom B 3<p<peKTllBll3allllll aJiropnTMa. 

IlycTb R(X) - 6aanc cao6o,ZJ;Ho:l!: anre6pu Jln L(X) nu, v E R(x), u < v, w = [u, v]. 

Onpe,neneHHe. By,ZJ;eM Ha3hIBaTb JilleBCKll:l!: MOHOM w npaBU.tbUOil napoil, eCJIIl 

w = [u, v] E R(X). A B TOM cnyqae, ecnn w = [u, v], v = [vi, v2], u < v a u < vi,.To 
w Mhl 6y,ZJ;eM Ha3hIBaTb uenpaaU.tbUOU napoil. 

IloCKOJlbKY 0CHOBHaJI Macca auqacJieHll:l!: a npe,ZJ;CTaBJieHHOM a ,ZJ;aHHOil pa6oTe aJI

ropaTMe CBJI3aHa C auqncJieHlleM TOJK,ZJ;eCTB RKo6n, B qacTH0CTil Il .lIJIJI Toro, 'ITO 6u 

Bhlpa3IlTb HenpaBilJibHYIO napy qepe3 6aanCHhle 3JieMeHThl, T.e. onpe,neJillTb CTpyKTyp

Hhle K0HCTaHThl L(X), qepe3Bhlqa:i1H0 BaJRHO:l!: 0Ka3hIBaeTCJI CJie,ZJ;yIOIIlaJI TeopeMa. 

TeopeMa 1. IlycTb L - cao6o,ZJ;HaJI K-anre6pa c yCJioaneM 

Vu E L : [u, u) = 0 

n nycTb 3a, b E L TaKne, qTQ 

Vu,v EL: J(a,u,1!) = J(b,u,v) = 0, 

r,ZJ;e 

Vu,v,w EL: J(u,v,w) = [u,[v,w]l + [w, [u,v)] + [v, [w,u]). 

Tor,ZJ;a 

J(p(a,b),u,v) = 0, 

r,ZJ;e p( a, b) - npoll3BOJibHbI:l!: JilleBCKll:l!: noJillHOM OT a, b Ha.lI noneM I{. 

Cne,ncTBHe. Ecnn a cao6o,ZJ;Ho:l!: anre6pe L(X) 

Vx; EX A Vu,v EL: J(x;,u,v) = 0, 
• 8 

f l 

1 
I' 1 
l 

TO 

Vv.,v,w EL: J(v.,v,w) = 0, 

T.e. L - cao6o,ZJ;HaJI anre6pa Jln. 

B pa3ae.ie 3.2 ,naHo onncaHne oCH0BH0:l!: npo6JieMbl paccMaTpnaaeMo:l!: B .naHH0:l!: 

,ZJ;accepTannn a, Ha npnMepe ypaaHeHllJI KopTeaera - ,ZJ;e <l>pn3a, BBO.lIIlTCJI noHJITlle 

zeuemutlecnozo noaa anre6pu Jln. 

IIycTb L(X) - cao6o,ZJ;HaJI anre6pa Jln Ha,n noJieM /{, X = {x1, ••• ,xn} - KOHe'I

HhI:l!: Ha6op nopoJR,ZJ;aromnx 3JieMeHTOB B L(X) ll P = {pi, ••• ,Pm} - K0HeqHu:l!: Ha6op 

nneacKnx II0JIIlH0M0B OT X, T.e. p; = p;(X) E L(X), i = {l, ... , m}. 
Onpe,neneHHe. Ecnn L - anre6pa Jln nopoJR,ZJ;eHHaJI Ha6opoM aJieMeHT0B X, KOT0-

pue Y.lIOBJieTBOpRIOT nOJillHOMllaJibHbIM ypaaHeHllHM ( onpeae.isUO'll{U.lt coomuoweuu.11.1t) 
p;(X) = 0 (i = {l, ... m} ), T0r,ZJ;a L Ha3hlaaeTCJI nouetluonopo:NCaeuuoil u nouetluo
onpeae.ieuuoil ann nouetluonpeacmaa.ieuuo'il anre6po:l!: Jln. 

Ilpo6neirn. 3a,ZJ;aH ROHeqHu:l!: Ha6op nopoJR,ZJ;aromnx aJieMeHToB X n onpe,ZJ;eJIJI

romnx cooTH0IIIeHn:l!: P - Heo6x~,nnMo nocTponTb anre6py Jln L TaKyro, 'ITO X s;; L 
npn ycnoann p;(X) = 0, Pi E P . .LJ:pyrnMn cJioaaMn, Mbl ,ZJ;0JIJRHbI Ha:l!:Tn penreHllJI 

n0JIIlH0MllaJibHblX ypaBHeHn:l!: OT HeK0MMyTnpy10mnx nepeMeHHblX B RJiacce aJire6p Jln. 

TaRaJI npo6JieMa JIBJIJieTCJI Han6oJiee IIpllHilllIIHaJibHO:l!: qacTb!O ROHCTPYRTllBH0ro 

aHaJill3a TO'IHO:l!: llHTerpapyeM0CTll HeJinHe:11:HhIX ,Ull<pq>epeHirnaJibHhIX ypaBHeHn:l!: B qa

CTHhIX npon3B0,ZJ;HhIX no MeT0,ZJ;y YoJIKBncTa-HcTa6pyKa. TaK, HarrpnMep, .UJIJI ypaBHe

HllJI K,ZJ;<l>: Ut = V.xxx - 3v.v.x, nocpe,ZJ;CTBOM npone,ZJ;yphl YoJIKBllCTa - HcTa6pyRa, nony-
qaeM: • • • 2 • 

F = X1 + uX2 + v. X3 

••••• 12• •• 32• 
G = X4 + v.[[X2,X1),X1) + 2v. [[X2,X1],X2] - 2v. X2 -

3 • 2 • • • • • 
-2v. X3 - v.xX3 + V.x[X2, X1) + Uxx(X2 + 2v.X3). 

ll onpe,ueJIJIIOIIllle C00TH0llleHllJI: 

• • • • 3 • • 3 • • • • • • 
[[[X1,X2),X2),X2] = 0, - 2[X1,X2] + 2[[[X1,X2),X1),X2) + [X3,X4] = 0, 

[[[X1,X2l,X1),.x1] + [X2,X4) = o, [X1,X4J = [X1,X3) = [X2,X3J = o 
Ilepe,u nocTpoeHneM anre6pu Jln, nMeeT CMhICJI ynpocTllTb ,uaHHhle onpe,ZJ;e~romne 

CO0THOIIIeHnJI, 0CH0BhIBaJICb Ha cJie,ZJ;yrome:11: TeopeMe. 

TeopeMa 2. IlycTb L anre6pa Jln. EcJill z, v., v E L n [z, v.) = ~[z, v] = 0, To 

[z, P( v., V )] = 0 r,ue p np0ll3B0JlbHbI:II: JllleBCKll:l!: ll0JillH0M OT v., v. 
Cne,ncTBHe. ·EcJill HeK0Topu:l!: aneMeHT z E L ll3 anre6phl L K0MMyTnpyeT co aceMn 

rropoJR,uaromnMn, TO z rrpnHa,uJieJRnT neHTpy L (z E Z(L)). 
OTHOCllTeJibHO He60Jlbllllle no ofrI,eMy BhlqllCJieHllJI, QCH0BaHHble Ha TeopeMe 2, rrpn

BO,ZJ;JIT Hae K CJie,ZJ;y!OllleMy Bll,ZJ;y onpe,ZJ;eJIJIIOIIlllX COOTHOIIIemdt .lIJIJI ypaBHeHllJI K,ZJ;ct>: 

[[[X1,X2],.X2J,.X2] = o, [[[X1,X2J,.x1J,.x2] ~ [X1,X2] = o, 
[[[X1,X2],.x1],.x1] + [X2,.X4J = o, [X1,.X4J = o. (2) 

qT06bI llCIIOJib30BaTb anropllTM onncaHHbI:11: B CJie,ZJ;yromeM pa3,ZJ;eJie, HaqaJibHLie ,ZJ;aH

Hble ( Ha6op nopoJR,ZJ;a!Omax 3JieMeHTOB ll onpe,ZJ;eJIJIIOIIlllX COOTHOIUeHll:l!:) )IOJIJRHbI 6bITb: 
9 



• rpa.nynpoBaHI.I IIO Beey, ROTOpLitt BLI6npaeTCH 3apaHee, RaR STO onneaHO B pa3-

JJ,ene 3.1, 'ITO B eBOIO oqepeJJ.b HHJJ.YnnpyeT rpaJJ.YnpoBaHHOe ynopH;i;o'leHne Ha 

Beex oeTaJll>HhlX 6a3HeHLIX MOHOMaX n eoOTHOilleHHHXj 

• B3aHMHO peJJ.YD;HpOBaHLI H JJ.OII01IHeHHLitt BeeMH 6a3HeHLIMH SJieMeHTaMH H eooT

HOIIIeHHHMH, ROTOphle nonyqeHhl B pe3ym.TaTe IIpoBepRH Beex TOJRJJ,eeTB JIRo6n 

;i;nH TpoeR 6a3HeHLIX SJieMeHTOB e eyMMapHLIM BeeoM He npeBLIIllaIOI1IHM MaRen

Mam.m,1tt Bee cpeJJ,H IIOpOJR.!(aIOIIIHX SJieMeHTOB H OIIpe;i;enHIOIIIHX COOTHOilleHHtt. 

Onpe~eneHHe. TaRHM o6pa3oM rpaJJ.YnpoBaHHLitt, ynopH;i;oqeHHLitt n paerunpeH

HLiit Ha6op nopoJRJJ,aIOI1IHX SJieMeHTOB n onpeJJ,enHIOIIIHX COOTHOilleHnit 6y;i;eM Ha3hIBaTI, 

ienemuttec1mM 11:oBoM anre6pLI Jln, ROTopy10 rrpe;i;rronaraeTcH rroeTponTb. 

CrrennanhHLiit BCIIoMoraTem,HLiit anropnTM II03B01IHeT rrpoBO;J;llTh Bee STll orrepannn. 

Pe3ym.TaT pa6oTLI STOro anropHTMa MOJRHO JBll;J;eTI, Ha CJieJJ.YI011IeM rrpnMepe. 

reHeTH'leCRHit ROJJ. anre6pLI Jln ypaBHeHH KopTeBera-;i;e <l>p1rna, 3a;J;aHHOtt eo0THO

IlleHHHMH (2), MOJReT 6LITh rrpe;i;cTaBJieH B BH;J;e Ta6JIHnLI: 

Bee No.6a3HCHoro reHeTH'leCRHit ROA 

sneMeHTa 

1 1 Xi 

2 X2 

2 3 [X1,X2] 

4 [Xi, [Xi,X2]] 

3 5 [X2, [Xi,X2]] 

6 X4 
7 [X1, [Xi, [Xi, X2]]) 

[X2, [Xi, [X1,X2]]) = [X1rX2] 

[Xi, [X2, [Xi,X2]]) = [Xi,X2] 

4 [X2, [X2, [Xi, X2lll = 0 

[Xi,X4] = 0 

[X2, X4] = -[Xi, [Xi, [X1, X2]]] 

B pa3ae.11,e 3.3 rrpnBe;J;eHo rro;i;po6Hoe eTporoe onneaHHe oeHOBHhlX MOJJ.YJiefi an

ropHTMa BLI'lHCJieHHH anre6panqecRHX CJie;J;CTBHtt onpe;i;e1IHIOI1IllX COOTHOilleHntt. Pe-

3ym,TaTLI pa6oTLI STOro anropHTMa IIpOHJIJIIOCTpnpoBaHiil Ha ;i;»yx npnMepax: 

Ilyn11:m 3.3.1 ( Ocnoanble cmpy11:mypbl ). 

IIycTb R - MHOJRecTBO 6a3HCHLIX MOHOMOB ROHCTpynpyeMott anre6p1,1 Jln L. rpa

JJ.YHpOBRa 3a;i;aeT pa36neHne R = U1 R1 = U1( X 1 U S1) , r;i;e X n · S - MHOJReCTBa rro

poJRJJ,a10111nx H 6a3HCHLIX SJieMeHTOB, COOTBeTeTBeHHO. JlnHefiHoe ynopHA0'leHne Ha R, 
3a;i;aeTCH 6neRTHBHLIM oT06p~eHneM f ; R --+ R, r;i;e R - HeRoTopoe nnHefiHo yno

pH;i;oqe11Hoe MHOJReCTBO, HaIIpHMep MH0JReeTBO HaTypaJibHhlX qnceJI N. EcTeCTBeHHO, 

'ITO npn STOM R = U1R1 = U1(X1 U S1
) n 

r 1(r) = { xEX, 
(r;,r;)ES, 

10 -

if f EX, 
.if r ES, 

Ha6op R MOJRHO paccMaTpnaaTb RaR HyMepann10 R. 
Onpe~eJJeHHe. IlpaBHJibHaH rrapa Ha3LIBaeTCH C8!13llH1l0U napou, eeJIH oHa MO

JKeT 6LITb BLipaJKeHa qepe3 JillIIefiIIyIO ROM6nnanmo 6a31lCHLIX sJieMeHTOB C IIOMOIIIbIO 

ToJRJJ,ecTB RKo6n n cao6oanou napou , B rrpoTHBHOM enyqae. EcTeCTBenHo, 'ITO Bee 

HerrpaBHJibHLie rrapLI TaK JRe HB1IHIOTCH eBH3aHIILIMH rrap~Mll. 
CneJJ.YeT OTMeTllTh, 'ITO npoBepKa TOJRJJ,eCTB RKo6n A1IH TpOeR 6onee BLieOKOrO Beea 

MOJReT nopoJRJJ,aTb ;J;OIIOJIHHTeJibHLie CBH31l A1IH MOHOMOB 6onee Hll3KOrO Beca, KOTOpLie 

paHee paccMaTpnBaJillCb KaK 6a3neHLie sJieMeHTLI. MLI 6y;i;eM Ha3LIBaTb TaRHe eBH3H 

8038pamnblMU no.tUH0MaMu, IIOCKOJibKY IIOHBJieHlle TaKllX CBH3ett IIpllBOJJ.HT K Heo6xo

AllMOCTH Ha'!aTh Bhl'lHCJillTeJiblILifi rrponecc e 6onee Hll3KOro Beca eooTBeTeTBYIOI11ero 

paBHoro Becy B03BpaTHOfi cppa3LI. B orrncaHHH anropllTMa TaKlle B03BpaTHLie IIOJIH

HOMbl co6paHbl B crrennaJihHOM Ha6ope P. IlycTh B = U1B1 
Ha6op· CBH3aHHhlX nap. 

9To 03HaqaeT, 'ITO b E B if f b = Z:i O:iri, O:i E I<, ri E R O6o3Ha'lllM qepe3 h 
oT06paJKeHne h : B--+ Span(R, I<) n Bae;i;eM BCIIOMoraTeJibHLitt Ha6op H, co;i;epJRa

mntt Bee npoMeJRyTO'lHble npaBllJibHble rrapbI. B nocneJJ.YIOIIIHX BLI'lHCJieHllHX Te napLI 

KoTopbie oKa3LIBawTeH CBH3aHHbIMll rrepeMe111a10TcJ1 ll3 H B B. 
.llanee orrncaH anropllTM BhI'lllCJieHllH Rn no ll3BeCTHhIM Rk (k < n). 
Ily1t11:m 3.3.2 ( Ocnoanou a.iiopumM ). 

Input: Uk<nR\ Uk<nRk; Uk<nB\ Uk<nh(Bk); 
Output· Rn sn Bn h(Bn) pn. . ' ' ' ' , 
Hn = 0, sn = 0, Bn = 0, h(Bn) = 0, pn = 0; 

for each Xi EX such that w(xi) < n do 
l := n - w(xi); 
for each Xq E X 1 do % CJioaa ;i;nnHLI 2 

if Xi < Xq then nn := {(xi, Xq)} u nn 
else if Xi > xq then Hn := {(xq, x;)} u Hn; 

end; 
for each rq = (r1q, r2g) E S 1 do % TpofiKll C JJ.BYMJI o;i;nnaKOBLIMH nopo-

JRJJ,aIOIIIHMH 

if x; = r 1q or x; = r2q then 

if x; < rq then Hn := {(x;, rq)} U Hn 
else Hn := {(rq,xi)} U Hn 

else 
if x; < r 1q or (r1q < x; < r2q and r1q E S) 

or (x; > r2q and r1q, r2q E S) 
then Jacobi(xi,r1q,r2q); % J BLI'lllCnHeT JH; JB, JhE, JP 
Hn:=HnuJH; Bn:=BnuJB; h(Bn):=h(Bn)uJhB; 
replace J B in h(Bn) by JhB; 
pn := pn U JP); 

end;. 
for each rq E B 1 do 

if x; < r 1q or (r1g < x; < r2q and r1q E S) 

or (x; > r 2q and r1q, r 2g E S) 
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then Jacobi(x1, r1q, r2q); 
Hn := Hn U JH; Bn := Bn u JB; h(Bn) := h(Bn) U JhB; 
replace JB in h(Bn) by JhB; 
pn := pn U JP); . 

end; 
end; 
sn := Hn \ Bn; fin= f(Sn); 
for each rq E sn replace rq in h(Bn) by rq. 

B nyuicme 3.3.3 orrncaH rro.n;anropnTM rrpoBepKn ToJR,n;ecTB JlKo6n . 

OrrncaHHLitt aJiropnTM JIBJUieTCJI ycoBepmeHCTBOBaHHott Bepcnett aJiropnTMa rrpe.n;
cTaBJieHHoro B pa6oTe [4]. rJiaBHOe ycoBepmeHCTBOBaHne OCHOBaHHO 'Ha ~CllOJib30,Ba~nn 
TeopeMbl 1. 9TO rro~BOJilieT pe3KO yM~HhlJIIITb pocT lJRCJia rrpoBepoK TOJR,n;ecTB R~o6n 
rrpn 6omruoM tJHCJie N 6a3nrn11x 3JieMeHT<>B. A nMeHno, Kor.n;a ( N -+ oo) rrpn qinKcn
poBaHHOM lJIICJie rropoJR,n;a10ru;nx. n B03MOJRHO CJie.n;y10ru;ee yMeHbllleHne lJllCJia TOJR,n;eCTB 
.HK0611 rro,n;JieJRaru;nx rrpoBepKe: 

( 1 ) => n · ( ~ }· 

B nymcme 3.3.4 rrpRBe.z{eHO llOJIHOe pellleHne orrpe,zi;eJIJIIOlll;llX COOTHOllleHnfi ,n:JIJI 
ypaBHemrn KopTeBera-.n;e cf>pn3a. · 

Ba31ICH1te 3JieMeHT1I II nx KOMMJTaTOphI Beca 5 

No. Ba3HCHhle 3JieMeHThI n aJire6pantJeCKIIe COOTHOllleHRJI Beca 5 

8 [X1, [X1, [X1, [X1,X2]lll 

9 [X2, [Xi, [X1, [X1, X2]lll 

[[X1,X2], [X1, [X1,X2]]] = -[X2, [X1, [Xi, [X1,X2]Jll + [X1, [X1,X2]] 

[(X1, X2], [X2, [X1, X2]]] = -[X2, [Xi, X2]] 

[[X1,X2],X4] = -[Xi, [X1, [X1, [X1,X2]lll 

.LJ:amHettlllne BhllJIICJieHHJI .no 3JieMeHTOB Beca 20 ll03BOJIJI10T yiadamb peKyppeHTHhle 
qiopMJJILI rroJIHOCTbIO orrpe,n;eJIJiromne cTpyKTYPY 6ecKonetJHOMepnott aJire6pu Jin.. A 
y6e.n;nTbCJI B ~OM, lJTO 3TO ,n:e:lkTBIITeJibHO pellleH11e 3a,n;atJll (2) MOJRHO iryTeM rrpoBepKll 
KoHetJHoro tJRCJia TOJR,n;eCTB RKo6n. · 
Ba3~c ~nre6phl Jin: X1, ad k X1(X2) = }'k, [Yo, Y:lk+i] = Zk, X3, {k }0 . 
Anre6pa Jb1: 

[X1,Yk]=Yk+11 [X1,X4J=0, [X1,Zk]=½k+1, [Yo,Zq]=0, 
[Yo, Y:lk+i] = Zk, [Yo, Y:ln] = l:in-1, [Yn, Yp] = 0, (n + p = 2m), 

[Y,., Yi,]= (-lf Zm + (-l)P½m, (n + p = 2m + 1), 

[Y:ln+I,Zq] = -Zq+n,[Yk,X4] = -Yk+3, [½p,Zq] = -Y:lq+2p-1, 

[Zq,Zk] = 0, [X4,Zk] = Y2k+3,{k}g", {m}f, {n}f, {p}f, {q}g". 

12 

3.n;ecb llMeeTCJJ 6 pa3JilllJHhIX TllllOB 6a3llCHhIX aJieMeHTOB X1, X4, Yo, ½n, Y:lk+i, Zq. 
IlonoMy ,ll;OCTaTOtJHO rrpoBepllTb 38 TOJK,n;eCTB RKo6n ,ll;JIJI BCeX 3TllX TIIllOB 6a31ICH1IX 
aJieMeHTOB. 

B nyuicme 3.3.5 OTMetJaeTCJI HaJIIIlJlle B03BpaTHhIX :UOJIHHOMOB B BhllJllCJIIlTeJibHOM 
rrpon:ecce.' 3aMeTnM, tJTO 3,ll;eCb Mhl llOJIJtJaeM 803Bpamubte no.l!UUOMbt, ROT0p1Ie B03HII
RaIOT BO Bcex pH.n;ax lJeTHOro Beca HalJHHaJJ C Beca 10. IlpntJeM B03BpaT RaJR,n;hltt pa3 
ocyru;ecTBJIJieTCJI Ha lJeThlpe BeCOBhIX ypoBHJI Ha3a,ll;. HarrpnMep rrepBaJJ B03BpaTHaJJ 
qipa3a llOJJBJIJilOlll;aJJCJI rrpn BhllJIICJieHnn 10 - ro BecoBoro ypoBHJI llMeeT Bll,11; ' 

[X2, [X1, [X1, [X1, [X1,X2]]]]] = [X1, [Xi, [X1, X2]]] . 

IlocKOJibKY Bee JIH,n;npy10ru;ero MOHOMa B 3TOtt qipa3e paBeH 6, Mhl BhIHJJR,ll;eHhI HatJaTb 
BhllJllCJieHllJI C pH.n;a 6 C YtJeTOM 3TOtt B03BpaTHOtt qJpa3hI. 

B nyuicme 3.3.6 orrncaH rrpneM rrocTpoeHnJJ tJacTnux pemeHntt orrpe,n;eJIJiromnx 
COOTHOIJleHntt. IlpnBe.n;eH rrpnMep O,n;Horo ll3 TaKnX tJaCTHhIX pellleHntt ,n;JIJI orrpe,n;eJIJI-
10ru;nx cooTHomeHnfi ypaBneHnJJ K.n;cf>. 

B pa3ae.11,e 3.4 llpllBe.n;en eru;e O.n;HH rrpnMep pa60T1I aJiropnTMa C orrpe,n;eJIJI
lOlll;llMll COOTHOilleHllJJMII, llOJiytJeHHhIMll rrocpe.n;ct;BOM rrpon:e.n;ypu YoJIRBllCTa - McTa-
6pyRa ,ll;JIJI CllCTeMLI ypaBHeHntt OllllCLIBaromnx O,n;HOMepHyro JieHrMIOpOBCRJIO Typ6y
JieHTHOCTb B llJia3Me B036yJR,n;ennott CHJibllhIM 3JieRTpoMarnnTHhIM llOJieM. 

Orrpe,n;eJIJ110ru;ne cooTHOllleHnJJ: 

[xi, x2] = [xi, x3] = [x1, x4] = [x2, x4] = (x3, x4] = [xs, x4] = [xs, x6] = 0, 

[xi, [x1, x6]] = [x1, [xi, Xs]] = [x1, [x2, xsll = [x1, [x3, Xs]] = 0, 

[x4, [x1, x6]] = [x2, [x1, x6]] = [x3, [xi, x6ll = [x2, [x2, x3]] = [x3, [x3, x2Jl = o, 
[xs, [xs, i:1]] - [i:6, [i:6, i:1]] = 0, [[i:1, x6], [i:1, xs]] = 0, 

[x2, [x3, xsll + [x3, [x2, xsll = o, [x2, [x2, xsll - [x3, [x3, xsll = o, 
2[5:2, x6] + [xs, [xs, x3]] = 0, 2(x3, x6] + [xs, [x2, xs]] = 0, 

[[i:1, x6], [x2, xs]] + 25:2 = 0, [[xi, x5], [x3, xs]] + 2x3 = 0, 

2(5:4, X5] + [xs, [i:2, a;3]j + 4[xs, [i:1, xsll = 0 

,ll;JIJI mecTH rropoJR,n;a10max { x;}(l ::; i ::; 6). 

Anre6pa Jln ( rroJIHoe perueHne ): i:2 = x3 = 0, n HeHyJieBue 6a3ncHue 3JieMeHTLI 

e1 = xi, e2 = x4, e3 = xs, e4 = x6, es= [x1,xs], e5 = [xi, x5], 

e1 = [x4, x6], es = [xs, [x1, x5]], eg = [x6, [x4, x5]]. 

Ta6JIHn:a HenyJieBLIX ROMMyTaTOpoB: 

[e1, e3] = es, [e1, e4] = e6, [e2, e4] = e1, (e3, es] = -1/2 er, (e3, e6] = es, 

(e3,es] = -1/2e9, (e4,es] = es, (e4,e6] = -1/2er, (e4,e1] = e9. 

BpeMJJ pa6oTLI aJiropnTMa peaJIH30BaHHoro Ha JJ3hIRe Reduce ,n;JIJJ rrocne,n;Hett 3a,ll;atJn 
cocTaBJIJJeT rrpnMepHo roia tJaca Ha ROMllbIOTepe AT/386, 25Mhz B cpe.n:e MS-DOS. 

B rnaee IV co6paHLI HOBLie H,[{Y ,n;JIJJ R0Top11x, MeTo,n;oM YoJIKBncTa - McTa6pyRa 
y,n:aJIOCb HafiTn ROHCTPYRTllBHble rrceB,n:orroreHn:naJibHLie npe.n;cTaBJieHnJJ. 

B paJae.11,e 4 .1 .n;JIJI ypaBHeHWI JlaH.n;ay - Jlnqimnn:a C roiyocHott aHH30Tporrnett 
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m;,t = €iklmk(m1,xx + f31prnp), (3) 
rp;e /3ik - IlOCTOJIHHaJI CHMMeTpnqaaJI MaTpmi;a pa:iMepHOCTH 3 x 3, onpep;eJIJieMaJI CHM

MeTpne.ll: KpncTarrJia n reoMeTpne.ll: 3ap;aqn (HanpaBJieHneM pacnpocTpaHeHnJI ~03111yme

HHJI B cpep;e ); m; H mk - ROMIIOHeHTLI BeRTOpa IIJIOTHOCTH l\JarHHTHOro MOMeHTa m B 

p;eRapTOBLIX ROOp;i;HHaTaX, C JCJIOBHeM (m)2 = ffii + m~ + m~ = l; Cikl - IIOJIHOCTbIO 

aHTHCllMMeTpnqHLl.ll: TeH30p TpeTbero paHra C ycJIOBHeM C}23 = 1, MeTO;!;OM YoJIRBllCTa 

- HcTa6pyxa IlOCTpOeHa o6maJI CXeMa IICeB;J;OIIOTeHIJ;HaJibHLIX CTPYRTyp: 

• • . • • • 1 • • • 
F = m;X; + X4, Q = Cik1m;mk,xX1 + 2Cik1m;[Xk, x,] + Xs 

C onpe;i;eJIJI_IOil(HMH COOTHOilleHHJIMH: 

[[X2, X3J, X1] = f313X2 - /312X3 , 

[[X3,X1],x2] = f312X3 - f323X1 , 

[[X1,X2],X3J = f323X1 - f313X2 

[[X2, X3J, X2l + [[X3, X1], X1] = f323X2 - f322X3 + /311X3 - f313X1 , 

[[X3, X1), x3J + [[Xi, X2], X2] = f313X3 - f333X1 + /322X1 - f312X2 , 

[[Xi, X2l, X1) + [[X2, X3J, .X3J = f312X1 - f311X2 + f333X2 - f323X3 , 

[X4, X;] = 0 ' [X4, Xs] = 0 ' [Xs, X;] = Cik1[[Xk, x,), X4). 

,L(oxa:iaHo, qTo npn IIpOH3BOJibHOM (3,p .zi;aHHLie onpe.zi;eJIJIIOil(lle COOTHOilleHnJI Bcerp;a 

HMeIOT HeTpnBnaJibHLie pellleHHJI co 3HaqeHHJIMll B aJire6pe Jln rpynnhl SL(2, C). 
,L(JIJI ypaBHeHHJI JlaHp;ay - JlncplllHIJ;a C Op;HOOCHO.ll: aHH30Tponnett, T.e. npn /3;k = 
½/3n;nk, (n)2 = 1, Ha.ll:p;eHO HeCROJibKO qacTHbIX pellleHH.ll: 3THX onpe;i;eJIJIIOil(HX COOT

HOilleHn.ll: Ha 6a3e KOTOpbIX IIOCTpOeHbl KOHCTpJRTHBHble, B IIJiaHe IlOCTpoeHHJI IllHpORHX 

RJiaccoB pellleHn.ll: ncxo;i;Horo ypaHeHHJI JlaH;i;ay - Jlncplllmi;a, nceB;i;onoTemi;naJibHble 

npep;cTaBJieHHJI. 

B pa3ae.,1,e 4.2 nocTpoena HOBaJI TOqHopelllaeMaJI .zi;nccnnaTHBHaJI cncTeMa H,Lt;Y 

Ut = Uxx - 2(u + u)ux + (a - l)uvx + {1- a)(u2v + uv2
) + b1ux + (b3 - b1)uv, 

Vt= avxx - 2(u + v)vx - (a - l)vux - (1- a)(u2v + uv2) + b3Ux + (b1 - b3)uv, 

AJIJI KOTOpo.ll: nceB;J;OIIOTeHIJ;HaJibHble npep;cTaBJieHne JIBJIJieTCJI aHaJioroM JIHaHepH3JIO

mett no;i;cTaHOBKH KoyJia - Xoncpa. A HMeHHo, 3aMeHa nepeMeHHbIX 

'1/J1,x 
U=-'1pi+'I/J2 v= 

'1/J2,x 

'1/J1 + '1/J2 

npnBO;J;HT K ;J;ByM He3aBHClIMLIM JllIHe.ll:HbIM ypaBneHHJIM: 

'1/J1,t = '1/Ji,xx + b1'1/J1,x , '1/J2,t = a'I/J2,xx + b3'1/J2,x . 

Ilp11Be;i;eH PJIA HHTepeCHbIX pellleHntt lICXO;l;HO.ll: HeJinHeHfiHott CHCTeMbI. 
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B pa3ae.te 4-3 onncaH MeT0,11;, o6paTHLlfi MeTocy YoJIRBlICTa - HcTa6pyxa, ROTOpLltt 

IT03BOJIJieT Ha 6a:ie H3BeCTHbIX reHeTnqecxnx RO;l;OB aJire6p Jln CTpOHTb HOBLle TQqHo 

HHTerpnpyeMble Mop;eJin. 9ToT MeTop; npo;i;eMoHcTpnpoBaH Ha npHMepe reHeTnqecxoro 

RO,!J;a ypaBHeHHH K.zi;<I>. A nMeHHO, ITOCTpoeno HOBOe HeJinHe.ll:noe ,!l;H<pcpepenunaJibHOe 

ypaBHeHne B qaCTHbIX IIpOH3BO;J;HbIX: 

1 1 . 3 
Ut = - 2(U2 )xxx + ((f1(t) + /2(t))u + 2U )x, 

ROTOpoe o6Jiap;aeT nceB;J;OIIOTemi;naJibHOfi CTpJRTypott o6mero Bn;i;a C Tott )Ke CHCTeM0:11: 

nopolKp;aIOil(lIX aJieMeHTOB lI onpe,11;eJIJIIOil(lIX COOTHOilleHIIfi, qTQ lI AJIJI ypaHeHHH K.zi;<l>. 

B rJiaBe V - 3aKJIIOt.JeHHH nepeqncJieHLI OCHOBHLle pe3JJibTaTLI, IIOJiyqeHHLle' B 

;i;nccepTaunn. 
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