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OBID;AR. XAPAKTEPMCTl1KA PABC>'Tbl 
' '· ' . 

. A.1<Tya~i~o~Th . . ' . . 

. II pe.u;cTaBJIHeMM .u;uccepTaD;HH IlOfB,HIIJ;eHa ,aRTyan:i:,Hoit npo6JieMe ~ 
pa3pa60TKe MeTo.u;oB H nporpaMMHorp o6~cneq~~rnH • P.JIH qn:cJieHHoro n;c

cne.u;oBaHHH HeJIHHeihrnx aa,n;aq, B03HH_RaIO.ru;HX .B paMRa?( .u;BJX H3BeCTHhlX 

H aRTHBHO ucnon1ayeMLIX Mo,n;en:eit • TeopeTn:qecKoit q>H3HRI{ . IfayqaeMLie 
,' ; 0 _,. ; • ·:,,, , , I • , f , ' _'. r •"' 1 ,"' ,:· ' • ' ' • ' 

aa.u;aqu OTHOCHTCH R TaKHM ee paa,n;eJiaM, ,KaR TeopHH IIOJIHpoHa H, KBaH-
.: +, ' : ' ' ', ' ,. ' •• \ ' ' 

TOBaH 'xpoMo,u;n:HaMHKa. · · . · , . . . , . . _ 

Il~pBM H3: paccMaipirnaeM:LIX B .i(uccepTa~HH ~o.u;eneit - 3TO, 0606~ 

ru;eHHM rro~pOHIIaH 'Mo.u;em, JlaiTH~lKepa : JI:?,' B TepMHHa~ ROT~-
' < ';,,, . ' . ',' ' . ,· ::_. ,' ' ; ; '. ' ' (·' t .• 

poit .u;aeTcH onHca:Ei:ue ~eJioro pH.u;a qrnauqecKHX rrpo~eccoa, TaRHx, Ha~, 

npn:Mep, RaR 
1

B3aHMO.LJ;eiicTBHe 3JieRT
1

poHa rrp~~~.ll;HMOC~H C npo.u;~Jil>~I,m~ 

OIITHqecmt'MJ 'cpoHOHaM~ B 'rroJIHpHLIX' RpH~TaJIJiax, ' XHMHqecKHe p'eaK-:-' 

nHH . B IIOJIHpH3JIOID;HXCH lKH,n;KOCTHX,. CBH3~H~hle KOJie6a~HH. <f,oH~HOB B 

Teo~~H ~kHaMHI{~ p~~eT~R, 3<p<peKTLI 4>o~oaoa6ylK,n;eHHH ane,RTP()H~;8 B, 

RpHcTann:ax H ,zip. . . . . . . . , , , . 
YpoBHli 3Hepr,HH H .BOJIHOB:W:e <pyHK~~H IIOJIHpoHa B paM~ax pacc~a~ 

TpH~aeMoro B ,n;uccepTa~HH, IIpH6JIHlKeHl~H o~pe,n;eJIHIO_TCH, _RaR pemeHHH 

aa.u;aqn Ha' co6crneHHhle 3HaqeHIDI .LJ;JIH .HeJIHHeitHor~ HHTerpo.u;n:<p<pepeH-
' '' ,,,, ,_, ,'. ' ' 

~HaJil>Horo ypaBHeHHH B TpexMepHOM Koop.u;n:HaTHOM rrpocTpaHCTBe, IIO

JIJ'leHHOro H3 ycJIOBH.fI MHHHMJMa <pyH~HOHaJia 3HeprHH IIOJIHpoHa. 2· 

Qco6eHH~ aKTya~II,HhlM, B · H~~TOH1:Jl;ee. BpeMJI JIBJIJ_IeTCH BOI.Ipoc cyw;e~ 

dBoBaHH.fl H Ha.Xo}K,Zl;e'HHH. IIOJIJIJ)QHHhlX. COCTOHHHit, OTJIHqHI,IX' OT, c<pepH-. 

qecRH CHMMeTpHl!HhlX, ., qTo .. CBH3aHO' C IIOTpe6HOCTl>IO Hayqemrn npo6Jiel\U,I 

3JieKTpom~oro·nepeHoca BOa6ylK,n;eHHLIX cocroHHHit B_ pasiili'!H~RoH,n;~H-· 

CHpoBaHHLIX cpe.u;ax. B .u;uccepTa~HH. Hccne,n;yroTcJI. HeKoTopoie RJiaccLI 

HeC_HMMeTp
1

HtjHI,IX p~nre~Hit_ ypaB~eII~~ no~p0Ha1 Ha O~HOBe H~, pa3JIO

lKeHHH. IIO c<pepHlleCRHM <pyHRnHHM.'. 

1Luttinged,M., Lu C.Y-. // Phys.Rev. B, v.21, 10,'p.425-426, 1980. 
2 

Bo36ylf(JleHHYe, noJIHpOHHYe COCTOJIHHJI. B .. ROHJleHCHpOBaHHYX cpeJlax; / / C6opHHI( ira~: 

Y'IHYX TPYJlOB, HUBI{ AH CCCP, Ilym;HHO, 1990. 
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BTOpM paccMaTpRBaeMM B .n;RccepTanRR Mo,n;eJib RBJIReTCR aRTIIBH0 

pa3BHBaeMblM B II0CJie,n;Hee BpeMR B RBaHT0BO:ii XpOM0,ZJ;HHaMHRe (KX.LJ:) 

o6o6ru;emieM HepeJIRTIIBIICTCROil Mo,n;eJIJI RBapRoB3' ROTopoe CBO,ZJ;HTCR I{ 

cncTeMe ypaBHeHnil lIIBirnrepa - .LJ:a:iicoHa (lll-.LJ:) ,n;JIR RBapRoB II EeTe 

- CoJIIIIITepa (E-C) ,n;JIR CBR3aHHhlX cocT0RHII:ii RBapRoB c e.n;HHhlM cpeuo-
MeHoJiornqecRIIM rroTeunnaJioM. 4 . . 

: I -. i • • • .. ~ • •• • • ~ • • • }. , '( • • .. : 
1 

, • t . ... { , 1 
l1HTepec I{ RCCJie,n;oBaHIIIO yRa3aHHOt1 MO,ZJ;CJIH CBR3aH C IIJiaHIIpoBa-

HllCM 3RCIIepHMCHTOB Ha CBepxMOill;HhlX ycROpHTCJIRX II o6ycJIOBJICH OT

RpbIBaIO~eilcR B03M0lKHOCTbIO e.n;HH006pa3HOro onucamrn ~OBe,n;e~HR .RaR 

JierRHX, ·Ta.I{ 'n TJI}KCJlhlX RBapR~HHeB. B ,n;ilccepi~n1rn npo~e:zi~no ~I~Ic~eH

H0e HCCJie,n;o:saHne yp~BHenn:ii lll-.LJ: II E-C C: II0TennIIaJIOM fay'cca. ' 

.. IlocROJibRY Bee R3Y'I:aeMhle B )i,HccepTannII 3a.ziaqn l\toryT paccMaTpH

BaTi.CJI RaR HeJiirne:iiHhle <pyH~IJ;H0Ha;bllhl~ ypa1niei1nn B B - rrpocTpau

CTBe, B 'RatieCT~e· e,n;irnciri MaTeMaTII'ICCR0:ii 6a3bl ,Zl;JIR RX lJHCJienuoro HC

CJie,n;oBaHHR RCilOJib3yeTcn 0606ru;euubli1 no,n;xo,n; Ha oc~6Be ;ienpepbIBHOro 

aHanora MeTo,n;a Hhl<>T<>Ha (HAMFI)5, RBJIRIOru;erocn, ~al{ H3BCCTH0, acp

<peRTRBH,hlM 'cpe,n;cTBOM lJHCJICHIIOro penieHHRTaRHX ypaBueintt. HbIOTO

HOBCRIIe HTepanIIoirnnie CXCMhl ycrremHo npRMeHRIOTCR ,Zl;JIJI pemeHIIR IIIII~ 

poRoro' Rpyra 3a,n;aq; B03HRRa10ru;ux .IIpII IICCJie,n;oB~~IIll pa~JIH~IHhlX J\!0-
,n;eJieii TeopeTR'ICCROH q>II3IIRH~ 6 ·, . ' . . . ' . ' . 

'IlpIIMeHe'ttIIe o6o6~eHIIR HAMH II 'ero 'Mo.ziIIcpmfanIIii' Il03BOJIHCT B 
• .' ,. ' ' • . . ' ; '• ' . . ' . ! : • ' . ' ~ 

C03,n;aBaeMblX Bhl'IIICJIJITCJibHhlX cxeMax MaRCIIMaJibHO YtJIITbIBaTb crrenII-

<pIIRY ROHRpeTHhlX RJiaCCOB 3a,n;aq IIpII coxpaHCHII~ e,n;;1ioro IIO,ZJ;XO,n;a 'K 
RX peIIICHIIIO;. ' . . ,, · ... 

Pa6oThl, rroJiolKeHHhle B ocHoBy .n;HccepTatiIIII, BhlTIOJIHeHhl B cooi'Be}
cTBnII' ~'mia.HoM'HaytJHO ~ IlCCJiehmiaTeJibCRHX pa6~i Ol1Jll1. 

i '; . : 

3
A.Le Yaouanc, L.Olive.r, P.Pene and J.C.Raynal.: Spontaneous breaking of chiral 

symmetry for confining potentials// Phys: Rev: D29, p.1233, 1984; Q~ark i'uodel of light 
mesons' with dynamically broken 'chiral'symmetry. '//Phys. Rev.' DJ!, p.137; 1985:' ·' 

:~.KaJIHHOBCKHii IO.JI., KaJIJIHC B., KypaHOB E.H., IlepaynrnH .B.H., CapHHOB H.A: 
BHJIOHaJILHLie ,MeaoHHUe narpam1maHu :H noTeHl{HaJILIHlJI Mo.!{eJIL. //, Jbepuan, q>H3HKa, 
T.49, C:Tp. 1709 - 1717, i989. • . . : ,, , , '. 

;'. 
5
)Kiuina~· T.,Ily3LIHHH M.B:' 0 ~Xi>.!{liM~CTH' 'ifrepal{HH Ha OCHOB~' HenpepLIBHOro ~Ha

Jiora MeTo,!{a HLIOTOHa. // )KBMHMcf>;.1992, 32,: 6;,c.846°856;" )KaHJiaB Ti,IlyammH M:B. 
8BOJIIOl{HOHHLIH HLIOT0HOBCKHii: npol{ecc peweHHH HeJIHHeHHllX ypaaneHHii. / /)KBMHM<l>i' 
1992, 31, I, c.3-12. 

6
)KH.!{KOB E.II., •MaKapenKo I'.M., IlyaLIHHH. M.B:'' He11pepuaHL1il•' ananor• ·MeTo.!{a 

HLIOTona, B .HeJIHHeiiHUX 3a,!{a'lax q>H3HKH. // <l>H3. 3/IeMeHTapHUX 'laCTHI{' H aT0MHoro 
H.!{pa. 1973, T. 4, BL1n.l, c. 127-165. 
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Il;eJiblO pa60Thl RBJIReTCR: 

• Ha ocuoBe e,n;IIuoro no,n;xo,n;a, orrpe,n;eJIReMoro o6o6ru;eHIIeM HAMH, 

C IICIIOJib30BaHIIeM .MO,ZJ;II<pIInIIpOBaHHhlX aJir0pHTMOB .pa3pa6oTaTb 

BhllJJICJIIITCJibHble CXCMhl II rrporpaMMHOe o6ecneqeuIIe ,n;JIR 'IIICJieH

Horo IICCJie,n;oBaHIIJI ypaBHCHHH IlOJIRpOHa (Mo,n;eJib, JiaTTHHlKepa -

_ Jiy) II ypaBHeHII:ii lll-.LJ: II E-C (RBapROBM noTeHnIIaJibHaR Mo,n;eJib 

KX.LJ:). 

• IlpoBCCTII lJIICJICHH0e IICCJie,n;oBaHIIe ypaBHCHIIJI IIOJIRpoHa ,n;JIH yRa-

3aHHOif MO,n;eJIII C HCIIOJib30BaHHCM pa3JIOJKeHIIJI pemeHIIH no ccpe

pII'IeCRHM <pyHRnIInM. 

• BhlIIOJIHIITb lJIICJICHH0e IICCJie,n;oBaHIIe ypaBHCHIIH lliBIIHrepa -

.LJ:aitcoHa II EeTe - CoJinIIiepa c noTeunnaJioM faycca. 

HayqHaJI HOBIIJ:3Ha 

B ,n;IIccepTanIIII ua ocuoBe e,n;IIuoro no,n;xo,n;a,. onpe,n;eJIReMoro o6o6ru;e

HIIeM HAMH, pa3pa6oTaHhl aJiropIITMhl, IITepanIIoHHhle cxeMhl II npo

rpaMMHOe• o6ecne'!IeHIIe, II03BOJIIIBIIIIIC rrpoBeCTII lJIICJICHH0e. IICCJie,n;oBa

HIIe ypaBHCHIIR IlOJIRpoua B paMRaX MO,n;eJIII JiaTTIIHlKepa - Jiy II ypa

BHCHIIH lll~ .LJ: n: -E-C B paMRax RBapRoBoil noTeHnIIaJibHoii Mo,n;eJin: KX.LJ:. 

Oco6eHHO BalKHOe, 3HalJCHIIe B CBR3II C pa3BilTIICM BCRT0pH0 C. napaJI

JICJibHhlX BhllJIICJIIITCJibHhlX CIICTCM npIIo6peTaeT rrpe,n;cTaBJieHHhlH B .n;HC

cepTanIIII H0Bhlil MO,ZJ;II<pIInIIpOBaHHhlH aJiropIITM Ha OCHOBe o6o6ru;eHilR 

HAMIL oTRphlBaroru;n:ii mIIpORHe B03MOlKH0CTH ,n;JIR pacrrapaJIJieJin:Bamrn 

II BCRT0pII3anIIII BhllJIICJICHIIil:. 8cpcpeRTIIBHOCTb npe,n;JIOJKeHHOro aJiro

pIITMa ,n;JIR BCRT0pHhlX CIICTCM IIO,Zl;TBCplK,n;aeTCJI Bhl'IHCJICHHRMII Ha BeR

TOpHoil 8BM CONVEX C120. 

11 poBe.n;eHO IICCJie,n;oBaHIIe HCJIHHe:iiHO:ii caMOCOrJiaCOBaHHOH CIICl{

TpaJibHOH aa,n;aqII B paMRax o6o6ru;eHHOi1, IIOJIRpOHHOH MO,Zl;CJIII JiaTTHH

JKepa - Jiy. BrrepBhle ,n;JIR aToil Mo,n;eJII:IIIoJiytJeHhl neccpepII'IecRne peme

HIIJI ypaBHCHIIR IIOJIRpoHa B BII,n;e IIX arrrrpoRCIIManIIII pa3JIOJKCHHeM no 

ccpepII'ICCRIIM<pYHRnIInM. 

BhlIIOJIHeHo lJIICJieHHOe nccJie,n;oBaHIIe ypaBHeHHfi lll-.LJ: n E-G c rro

TeHnnaJioM faycca II BIIepBhle IIOJIY'ICHfil rrapaMeTpnI ,n;JIR 0,Zl;HOBpeMeH

Horo OIIIICaHIIR MaCCOBOil cpynRnIIII RBapRa, 3HeprnII Il ROHCTaHThl pac

rra,n;a OCHOBHoro COCTOJIHHR IIII0Ha. 
• 
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IlpaKTlP-IecKa.JI QeHHOCTh 

B )],llCCepTan;im rronyqeH p11)], Balli.HhlX peaym,TaTOB no pa3pa6oTHe MO

)],II<pllD;llpOBaHHhlX llTepan;noHHhlX cxeM Ha OCHOBe o6o6ru:eirnoro aHaJiora 

MeTO)],a HblOTOHa ll 'C03)],aHO rrporpaMMHo'e 06ecrreqem1e, II03BOJillBIIlee 

rrpll qncJieHHOM llCCJie)],OBaHllll n3yqaeMhlX 3a)],aq rronyqnTb p11)], llHTepe

CHhlX <pll3llqecIIBX pe3JJII,TaTOB. 

Ilpn .9TOM pa3pa6oTaHHhle anropnTMhl, BhlqncJIHTeJibHhle cxeMhl n 

rrporpaMMhl llMeIOT caMOCTOHTeJibHJIO n;eHHOCTb ll MoryT IIpllMeHJITI,CJI 

)],JIH peIIleHHH .n:pyrnx 3a)],aq. . . . , 
' B qacTHOCTll; B HaCTOHru:ee 'BpeMH C IICIIOJib30BaHIIeM pa3pa6oTaH

Horo rrporpaMMHOrO o6ecrreqeHIIH B paMHaX MO)],eJill HBapROHIIH IIpOBO
.ZJ:JITCH pacqeThl c IIOTe:Ii:n;naJIOM lORaBhl, ROM6HHa~IIeii rayccOBCIWro II 

OCD;llJIJIHTOpHoro IIOTeHn;HaJioB, ROM6HHau;1Ieii mrneiiHoro II HJJIOHOBCRoro 

IIOTeHu;llaJIOB, a TamKe )],JIH IIOTeHIJ;IIaJia raycca C BHJII0'leHIIeM TeMrrepa

TypHoii 3aBllCllMOCTII . 

Anpo6aQHR I pa6oTbI 
OcHOBHhle pe3JJibTaThl, ll3JIO}ReHHhle B )],llCcepTaIJ;IIll; '.)],OHJia)],hlBaJIIICI, 

Ha HaytJHhlX ceMnHapax JIBTA OI1HI1, Ha i.iem.n:ynapo.n:HoM coBeru:a

Hllll "Polarons .and Applications" (Ilyru:1IH0, Pocc1I11, Maii 1992), Me}R

.n:yHapo.n:Hoii ROH<pepeHu;Im "Mathematical Methods for Solving Physi

cal Problems" (,ll;y6Ha, PoccHJI, HIOHb 1993), Me}K.ZJ:YIIapo.n:noM coBeru:a
HIIll B pal\max rrporpaMMhl "reii3en6epr - JlaH)],ay" (PoCTOH, repMaHIIH, 

Maii 1994) n Mem.n:yHapo.n:noM pa6oqeM coBeru:anHH CONVEX - Meta

computing (.l(y6Ha, Poccn11, Maii 1994). 

Ily6JIHKaQHH 
OcnOBHhle pe3JJibTaThl )],llCCepTaIJ;llII orry6nimoBaHhl B 7 pa6oTax, B 

TOM.qncne B BII)],e rrperrpuHT0B OI1HI1, B Tpy.n:ax coBeru:aHnii, B mypnane 

"MaTeMaTnqecHoe MO)],eJinpoBanne" u c6opHIIRe "JINR Rapid Commu
nications". 

CTpyKTypa H o6'beM pa60TbI 
,ll;nccepTan;HJI COCTOHTH3 BBe)],eUHJI,,qeThlpex rJiaB H 3aHJIIOqennH, co

)],CpllillT 106 CTpaHllU:, 18 .pncyHH0B, 24 Ta6JIHIJ;hl II CilIICOR IJ;HTIIpyeMoii 
JIHTepaTyphl, Bl{JIIOqaroru:nii 102 HaHMCHOBaHHH. 
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RPATROE CO,[J:EPlliAHl1E ,[J:0:CCEPTAU:1111 

Bo eee.n;eHHH .n:aeTCJI HpaTROe orrucanne u3yqaeMhlX B )],uccepTa

u;nII 3a)],a•1, o60CHOBhlBaCTCH IIX aHTyaJibH0CTb II o6cym.n:aIOTCH HeHOT0phle 

oco6ennocTII, orrpe.n:emrnlllIIe Bhl6op MeT0)],0B qncnennoro nccne.n:oBaHIIH, 
C<pOpMyJiupoBaHhl OCIIOBHhlC Tpe60Ban1111, npe)],oHBJIHCMhle I{ BhlqHcJIH

TeJII,HI,IM cxeMaM, 0IIIICbIBaeTCH CTPY.HTypa )],HCcepTaIJ;IIII II ee HpaTHOC 

co.n:epmairne no rnaBaM. 
Ilepea.JI rnaea nocB11ru:ena on1Icann10 MO)],H<pIIU:IIpoBannhlX 1nepa

IJ;II0HHhlX cxeM na ocnoBe o6o6ru:enuoro HAMH. 
IlepB11ii pa3)],eJI .9TOii rnaBhl nocn:T o6~opnhlii xapaHTep. B neM pac

nraT~IIBaeTCH o6ru:nii Il0JJ.X~)], H pemeumo ueJIHUC:ltUhlX cpyuHIJ;HOHaJII,Hl,IX 

ypaBHCHHii BII)],a 
.r(z) = 0 (1) 

B B - , rrpocTpaucrne, onpe.n:en11eMhlii HAMH II ero o6o6ru:emreM, 06cy

m.n:a10TCH pa3JilI'IHhle acrreHThl ero HCilOJII,30BaHHH )],JIJI pelllemrn HOHHpeT

HhlX 3a)],a•1, rrpHBO)],HTCJI 0D;CIIHH TO'IHOCTH HblOT0HOBCHlIX HTepau;noHIIhlX 

cxeM ll <pOpMymip0BHII HCHOT0phlX TeopeM, Raca10ru:uxc11 CXO)],IIMOCTH MC

TO)],a, pacornTplrnaIOTCH BapIIaHThl MO)],H<pHD;HpOBaHHhlX cxeM ua OCHOBe 

HAMH. 
B pa3)],eJie 2 rrpe)],CTaBJICII MO)],II<pHD;IIpOBaHHblll anropHTIII Ha OCHOBC 

0606ru:e1rnoro HAMH c o.n:uoBpeMeHHhlM Bhl•mcneuueM orrepaTopa, 06-

paTnoro rrpo1I3BO)],HOii nemrneiiuoii cpynm\HH ,uyTeM 3aMeHhl o6paru:emrn 

.9Toro orrepaTopa ua Ham)],OM HTepau;IIonnoM mare nepel\momenneM Bcno

MoraTeJibHhlX JIHHeiiHhlX onepaTopoB. 
Cornacno npe.n:naraeMOMY rro.n:xo.n:y Bl\teCTO ypaBHCHIIH (1 ), npe.n:

CTaBJIHioru:ero nccne.n:yeMyIO 3a)],aqy, pacnrnTp1rnaeTc11 cne.n:y10ru:a11 cn

cTeMa <pyHHIJ;HOHaJibHO - orrepaTopHhlX ypaBHCIUiii 

· { .r(z) = 0, 
BA-I=0, 

r.n:e A= .r;, B = A-1
, I - e.n:nHII'IIIhlii orrepaTop. 

(2) 

BBOM uenpephlBHhlfi napaMeTp t(O ::; t < oo) II nepexo.n:II, corna

cuo 0606ru:e11110My HAMH, H cncTeMe .9Bomou;nonnhlx ypa11ne1inii, rrocJie 

npoCThlX rrpeo6pa3oBannii: II )],HcHpeTn3au;nn nenpephlBnoro rrapaMeTpa 

no cxeMe 8iiJiepa nony•iaeM q>opMJJihl )],JIH Bhlqncnemrn Zk+1 = z(tk+1) 
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u Bk+I =B(tk+1), cquTan: II3BecTHhl.MII na Ham.n.o.M k-TO.M mare Zk II Bk: 

r.n.e 

{ 
Zk+l = Zk + Tk Vk , 
Bk+I =Bk+ TklVk 

Vi= -Bk[F(tk, Zk) + .r;(t;., Zk)], 

wk= [I - Bk(Ak + A~t)]Bk. 

(3) 

IIcrroJII,30BaHIIe TaHOH MOJJ.IICpIIIi;IIpOBairnoi1 IITepaIJ;IIOHHOH cxe.Mhl 

rrpe.n.ocTaBJIReT JJ.OIIOJIHIITeJibHhle B03.MO}RHOCTII .ll.JIR BeRTOpI13aIJ;IIII II pac

rrapaJIJieJIIIBaH~R BhlqIIcJienui1. 

Ilp11Be.n.enn11e pe3,YJibTaTLI cpaBHIITeJibnoro anaJIII3a BpeMemrnx xa

paHTepIICTIIH MOJJ.IIq>IIIJ;IIpoBannoro II HeMOJJ.IIq>IIIJ;IIpOBairnoro aJiropnT

MOB rrpn.MennTeJibHO H qncJiennoMy pernenmo pn.n.a 3a.n.aq noJJ.TBepm.n.amT 

3q>q>eHTIIBHOCTb npeJJ.JIO}l{eHHOro aJiropIITMa .ll.JIR BeHTOpHhlX BhlqncmI

TeJibHbIX cncTeM (CONVEX C120). 

Bo BTopoii rJiane .n.ano onucanue JJ.Byx rrporpaMMHhlX rraHeToB, nc

IIOJib30BaBrnIIXCR rrpu qIIcJieHHOM anaJIII3e pacoiaTpIIBaeMhlX B .n.uccep

TaIJ;IIII 3a.n.aq, 

B pa3.n.ene 1 OIIIIChlBaeTCR MOJJ.IIq>IIIJ;IIpOBannan HbIOTOHOBCI{aJI UTepa

IJ;IIOHHaJI cxeMa II pa3pa6oTaHHhli1 na ee OCHOBe rrporpaMMHLii1 HOMIIJieHC 

SNIDE .D.JIR pernenIIR 3a.n.aqn na co6cTBeHnhle 311aqenIIR .n.nn neJiu11efinoro 

IIHTerpo.n.IIcpcpepeIIQIIaJibIIOro.·ypaBHeHIIR 

d2 
cp<1>(,\,y(x)) = [dx2 + Q(x)- ,\R(x)]y(x)+ (4) 

, b 

+yn(x) J I<(x,x')ym(x')dx' = 0, 

a 

r.n.e n = 0, I , m = 1, 2, a :=:; x :=:; b, rpaHnqnhle ycJioBHR IIMeIOT BIIJJ. 

· cp<2>(,\,y(x)) = [d1(,\,x) 1 + !1(,\,x)]y(x) = 0, 

d 
cp<3>p,y(x)) = [d2(,\,x) dx + h(,\,x)]y(x) = 0, 

6 

X = a, 

X = b, 

) 

) 

i 
f 

ycJIOBIIe nop.MupoB1rn cJie.nymru;ee: 

b 

cp<4>(,\,y(x)) = J y2(x)dx - N = 0. 
a 

3.n.eCb Q(x ), R(x), K(x, x') - 3aJJ.aIIIIhle Ha [a, b] cpyIIHIJ;IIn, o6ecrreqIIBa

mru;ue cym:ecTBOBaHIIe IIeTplIBIIaJibHOro perneHIIR, N - 3a.n;aHHM Hop-
' - n 2 n 2 · , 

MIIpOBHa, lli + f1 > 0, a2 + f2 > o. 
lJ11cneHHaJI cxeMa B rrpe.n;cTaBneHHOM rraHeTe pe,aJIII30BaHa na _ He

paBHOMepHofi ceTHe c IICITOJib30BaIIIIeM arrrrpoHcuMaQIIII Hy6IIqecHHMII 

crrnafiHaMn. 

IlporpaMMa rrpnMeHnJiaCb .ll.JIR qIIcJieH11oro perue11un ypaBIIeIIIIR rro
JIRpoHa B ccpepnqecHn CII¥MeTpIIq110M cnyqae. 

B pa3.n;eJie 2 .n.aeTCR orruca11ne SYSINT(SYSINTM) - rrporpaM

MHoro HOMIIJieHca, pa3pa6oTaHIIOro C IICIIOJib30BaHIIeM II3JIOllieHIIOro B 

rnaBe 1 MO.ll.IIq>IIIJ;IIpoBannoro anropIITMa II rrpe.n;Ha3Haqennoro .n;JIR pe

rnemrn 3a.n.aqII Ha co6CTBeHIIhle 3HaqeHIIR .ll.JIR CHCTeMhl JIHHei1HhlX HHTe

rpaJibHhlX ypaBHeHni1: 

R 

<I>(z) = Q(x)i(x) - .\R(x)i(x) + jk(x,x')i(x')dx' = 0, 

0 

z = (,\, ¢(x)), ¢ = { <Pi(x), cfa2(x), ... , <PL(x)} 
C ycJIOBIIeM IIOpMHpOBI{II 

R L 

I'(z) = J dx L cp;(x) - G = 0, 
o l=l 

r.n;e 

Q(x) = ( Q1_1_~x) 

QL1(x) 

QIL(x)) A (Ru(x) 
... ,R(x) = ... 

QLL(x) RL1(x) 
R1~~x)) ' 
RLL(x) 

k(x, x') = 
( 

I<u~~,x') 

I<LI(x, x') 

](IL~~' x')) 
1 

I<LL(x, x') 
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Q1m(x), R1m(x), I<1m(x, x') - JI3BeCTHhle q>YHRUIIJI. 
9TOT KOMIIJieKC lICIIOJib30BaJICH ,n;JIH 'IJICJieHHOrO peIIIeHJIR ypaBHeHJIR 

B-C rrpII Jiccne,n;oBaHJIJI KBapKoBo:tt rroTeHn;Jianono:ii Mo,n;enII RX.LI: c rro

Tenn;JiaJioM raycca. 

L(JIH KaJR,n;oro rrporpaMMHoro rraKeTa rrpIIBO.n;HTCH 'IJicnemrne rrpII

Mephl, JIJIJIIOCTpIIpy10ru;Jie ero pa6oTy. 

TpeTbJI rJiaBa IIOCBR:rn;ena 'llICJieHHOMJ JICCJie,n;oBaHHIO ypaBHeHirn 

IIOJIHpona B paMKaX MO,D;eJIJI JlaTTIIHlKepa - Jly. 
I . . 

B pa3,n;ene 1 c IICIIOJib30BaHJieM pa3JIOlKeHIIR perneHII:ii no. cqiepuqe-

CKIIM cpynKii;IIHM cpopMynIIpyeTCH caMbcornacoBaHHM Henune:iinan crreK

Tpanonan 3a,n;aqa: 

l(l+l) ALm . 
1Pf'(r )-c-A1P1(r )-: 

2 
1P1(r) + - '°' Qu1 ( r )1P11 ( r) = 0, l = 0, l, ... ,Lm, 

r r ~ 
11=0 . 

"( ) . l ( l + l) ( ) ( ) ½1 r - 2 ½1 r + S1 r = 0, 
r 

l= 0, 1, ... , Lv, (5) 

"( ) l( l + l) ( ) 2 ( ) S ( . ½1 r - r2 ½1 r - C ½1 r + 1 r) = 0, l=0,l, ... ,Lv, 

ycJIOBHe nopMIIpOBKII JIMeeT BH,ll; 

L Rm 

f J 7Pr(r)dr = l. 
1=0 0 

3,n;eco 
Lv 

Qu1 (r) = L Wi1i12(½12(r) - ½12(r)), 
l2=0 

Lm Lm 

S1(r) =LL Wi1112 7P11 (r)1P12(r), 
l1=0l2=0 

+1 . 

{¥Jl¥l1 + l 1¥12 + 1 / Wu 112 (r) = 21r . . P1(x)P11 (x)P12 (x)dx, 
41r 41r · 

-1 
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P1 - IIOJIHHOMhl Jleman,npa, A u C - HoncTaHThl, CBR3amrne c q>H3H

qecKHMH IIapaMeTpairn MO,ll;CJIH; ). - co6cTBCHHhlC 3Ha11enun, OIIpe,neJIR-

10:rn;ue ypoBHII aneprun rro1rnpona. 

C yqeTOM aCUMIITOTlPICCI{IIX CBOHCTB peIIICHHH HpaeBhlC ycJIOBHR Ha 

1mne11HOM mITepBaJie O ::; r ::; Rm HMCIOT BII,n;: 

r,n;e 

1P1A(o)1P;(o) -1P;A(0)1P1(0) = o·, 

1/)2,1(Rm)1P;(Rm) - 7P;,4(Rm)1P1(Rm) = 0, 

l'i1,1(0)V;~(0) - V;'1A(0)V;,(0) = 0, 

¾2,1(Rm)'1;~(Rm) - i:;,1(Rm)¾1(Rm) = 0, 

'IPIA = A11r1+1, 

½2.-1 = B21r-1, 

1P2A = A21e --/>.r 

½1A = C11r1+1
, 

, ½1.-t = B11r1+1, 

½2,1 = C21e-Cr, 

A;1, B;1, C;1 - IWHCTaHTLI, i = 1, 2. 

(6) 

. (7) 

I1oHa3ano, 11TO .D,JIR ccpepIPICCHH CHMMCTpwmoro cJiyqaH (Lm 
0, L 11 = 0) 3a,n;aqa MmI<eT 611_Th IIOCTaBJieua B Bn,n;e uennueiiuo:ii 3a,n;a1m 

ua co6cTBemrne 3Haqemrn ,n;JIH HHTerpo,n;ucpcpepenn;naJibHOro ypaBnemrn: 

R 

"( ) ( ) ( ) 1 J ( ') 'lp 2 

( X

1

) / 'Ip x - >.'ljJ x + A'ljJ x ; D x, x -;;,-dx. = 0 

0 

c rpannqHI,IMH ycJIOBHRMII (6),(7) H ycJIOBIIeM HOpMIIpOBHH 

r.ne 

R 

J 2 1 
'ljJ (x)dx = -, 

41r 
0 

D(x,.x') = { a.:' - (exp(-Cx)shCx')/C, 
. x - (exp(-Cx')shCx)/C, 

x' < x, 
X < ·x1

•• 

(8) 

B pa3,n;eJie 2 OIIHChlBaCTCH UTepaunoHHhlll rrpouecc Ha OCHOBC CO'ICTa

HHH HAMH u MeTo,n;a IIOCJie,noBaTeJihHhlX IIpn6muHenu:ii ,n;JIH 1mcJiem10ro 
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pernemrn ypaBHeHirn II0JIRpona. B C00TBeTCTBIUI. C 11pe.n;JiaraeMhlM 110.n;

X0)l,0M, II0 anaJI0rIIII C MeT0)l,aMII pacm:e11JieHIIR7, perneHIIe )l,0CTaT0'IH0 

CJIO}I{HOll Hemmei1:Hoi1: CIICTeMhl 3aMeHReTCR Ha Kam)l,0M mare II0CJie)l,0Ba

TeJibHhlM perneHIIeM 0TH0CUTeJibH0 rrpoCThlX JIIIHei1:HhlX 3a)l,atJ. 

B pa3)1,eJie 3 11pe.n;craBJieHhl qucJieHHhle pe3yJibTaThl. I101rn3aHo, tJTo 

II0JiytJeHHhle pernenIIR B ccpepIItJeCKII CIIMMeTpII'IH0M cJiyqae cornacy

IOTCR C II3BeCTHhlMII tJIICJieHHhlMII pe3yJibTaTaMII pa60Thl8 ' a B ccpepuqe

Cl{II HeCIIMMeTpII'IH0M CJiyqae - C rrpe.n;cTaBJieHH0ll B pa6ore9 I{JiaCCIIq>II

J{anIIei1: B03M0}I{HhlX perneHIIll ypaBHeHIIR II0JIRpoua )l,JIR M0)l,eJIII IleKapa. 

B qeTeepToii rJiaee pacornTpIIBaercR KBapKoBaR 110TeHnuaJibIIaR 

M0)l,eJib KX.D:. 

B pa3)1,eJie 1 3Toi1: rnaBhl .n;aercR 11ocraH0BKa 3a.n;aq lllBmirepa - .ll:ai1:

coHa II Eere - CoJIIIIITepa )l,JIR rayccoBcKoro 11orennuaJia. 3a.n;aqa III-.ll: 

B 3T0M cJiytJae UMeeT BII)I, HeJiunei1:noi1: CIICTeMbl )l,Byx IIHTerpaJibHhlX ypa

BHeHIIit: 

00 

J q . 
E(p)cos(2v(p)) = mo+ dqp½(p,q)cos(2v(q)), 

0 
00 

E(p)sin(2v(p)) = p+ j dq!½(p, q)sin(2v(q)), 
0 

(9) 

a 3a.n;aqa E-C )l,JIR 11ceB.n;ocI<aJIRpHhlX Me30H0B npe.n;craBJIReT CIIeI<TpaJib

nyro 3a.n;aqy )l,JIR CIICTeMhl )l,Byx JIIIHeitHhlX IIHTerpaJibHhlX ypaBueuu:it: 

MUm(p) = Et(p)U(;)(p)- (10) 

00 

-2 j dq[cf )cfi:)½(P, q) + sf;) sl:;)½(P, q)Jum(q) 

0 

7Map'lyK r.ll. MeTO,nu BU'IHCJIHTeJILHoit MaTeMaTHKH // HayKa, M., 1989. 
8 AMHpXaHOB ll.B. H ,np. lIH~JieHHOe HCCJie,noBaHHe HeJIHHeiiHoii caMocornacoeaHHOit 

3a,na'!H ua co6cTBeHHue 311a'1e11m1 ,B 0606m:e11Hoit MO,neJIH noJlJlpo11a .. // IIpenpHHT H~Bll 

AH CCCP, Ilym;HHO, 1988. . . . 
9I'a6,nyJIJIHH P.P. Man:oMepHaJI annpoKCHMau:m1 peme11~ii: ypae11e1m11 noJIJ1po11a IIeKapa. 

// IIpenpHHT H~Bll AH CCCP, Ilym:mw, 1991. 
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C ycJI0BIIeM H0pl\Hip0Bl{II 

4Nc 1 J . · · 
Af. (27r)3 .1qU1(q)U2(q) = l,Nc = 3, 

r.n,c 

½(p, q) = /3[exp(-f32(p2 + q2))sh(2,82pq)], 
1 . . '. . ' 

½(p, q) ~ -/3 [exp(-,82(p2 + q2))(2,82pqch(2/32pq) - s!t(2/3~pq))], 
2 pq 

. cJ!·) =;cos(v1(p) ± i12(p)), sf)= sin(v1(p) ± v2(p)), 

v1 (p), 112 (p) n E1 (p), E2 (p) - pernemrn ypaBnemrn llIBirnrepa - .ll:afl:cona 

)l,JIR I<Bap1rn n aIITJIHBapHa c 3a)l,aHHhlMH Macca.MH mo1 H mo2, Et(P) = 
E1 (p) + E2 (p) - IIOJIIJaR ·3neprirn 'l\1e30IIa, AJ - co6cTB,~HIIOe ~irntJ~IUie 

(Macca CBR3annoro cocToRniin:), · UG) - Bo.imoBMe cpy1rnn1ni 11e3ona, /3 
- 3a.n;annhli1 napaMerp 11orennnaJia. 

i3 ·p~3)1,eJie: 2 11pe.n;CTaBJiena o6m:aR cxeMa •'IHCJiennoro uccJie.n;oBamrn 

Mo.n,eJin ~- Mer~.n.hl tJHcJieuuoro pememrn ypaBI1eunn III-.D:.n,E-C.•: ,, 

B pa3)1,CJie 3 o6cyR<)l,aIOTCR pe3yJibTaTLI IICCJIC)l,0Bamrn 1\10)1,CJIII )l,JIR 

pa3JIIfllHLIX BapnaIIT0B 3a)l,atJH III~.n: (TaK IIa3hlBae1rnx 'c'xe.M "11epeiiop~ 

MHpOBI<Hll B0JIHOB0ll q>ym<nHH IrnapHa).' l10Ka.3a·1io; 'ITO B pa11m'tx 6'6cy

m.n,aeM0H/II0CTaHOBKH' Mo.n,eJib y.n,oBJieTBop11TeJibIIo onnchlBaeT ~1inaMiP1e

cKy10 Macey IrnapHa; a TaI<me MaCChl 11 HOHCTaIITLI JICIITOirnoro pac:rr'a.n;a 
0CH0BIIOro COCTORIIHR mrnna. 

,, 

B 3aKJIIOqeHHH )l,UCcepTau;uu Cq>OpMyJiupoBaHhl 0CH0BHhlC pe3yJib
TaTbI,' BLIHOCRJnHeCR na 3am;1:tTy:. 

• II.a . ocIIoBe o6o6m:ennR : ne11pepLIBIIOro auaJiora MCTo.n;a HbIOToua 

pa3pa6orau HOBhlll Mo.n;ucpunnpoBamrnfI · aJiropnTM, OTHp1rna1oiI01ii 

nrnpo1me B03M0}HH0CTH )l,JIR pacnapaJIJieJI~Bamrn u Be1<Topn~anm1 

BhltJ1icneifoi1:.· 8cpcpeHTIIBiiocTb anropni.Ma ')l,JIR BCHTopu·Lix c1tcfo.M 

no.n,TBep}I<.n,eua·pac,1eTaMu·•n.a BeI<Topuoi1:'8BM''CONVEX Cl 20. 
.. ,,,, 

• IlocTpoeu n uporpaMMH0 peaJIH30BaH IITepannounhli1: MeTo.n; peme

HIIR HCJIHHei1:uo:it caMocornac6Bi:UIHOH cn'eRTpaiu,noii 3a)l,atJII B paM

. Kax o6o6m:ennoii: · noJIRponnoi1: i1ri.L(eJI11 JlaT1:11nmep~ - Jly. 
' ' 
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• Bwrro1rneno qHcJiennoe Hccne.n0Ba1me ypa~11~1111:11 rronnpoua c. Hc
noJib30BaHHeM paanomenHR peme1mit no ccpepuqecmu.r cpynRnHRM. 
lloJiyqeHnhle qHcJieHHhle pe3JJibTaTbI cqrnacyIOTC.11 C H3BeCTHhlMH 
qHCJieHHhlMH H reopeTHqeCRHM~ pe:iy~hTaTar.rn pa6oT ,npyrnx aBTO
poB. 

• BrrepBhle JI.JIR Mo,neJIH · JlaTTHHmepa - Jly n<)Jiyqenhl ueccpepuqecRHe 
peme1mn ypaBneHHR nonnpona B BH,ne nx arrnpoRCHl\Ianm1 paaJio
menHeM no ccpepH'IeCRHM ·cpynRnHnM. 

• Paapa6oTaHhl II rrporpa:MMH0 peaJIH30Banu o6rn,an cxel\rn HCJie,noBa
HHR II MeT0JI.hl pemeinin ypaBHeHHH lllBmirepa - ;D;aitcona II BeTe 
- ConnIITepa B,paMRax, Mo,neJIH RBapI{OHHR. 

• Bmionnek~ · qircnennoe ~ccne,noBaHne ypaBI~enHii: lllBIInrepa -
,Uattcbna ~ BeTe - C?JIJJIITepa 'c no;~H~HaJIO~ raycca. ' ' 

• BnepBhle B paMRax paccMaTpHBaeMoit Mo,nemi: nonylieHhl · napa
. MeTpbI·JI.JIR OJI.HOBpeMeHHOfO;OilIICaHHR MaCCOBOfi q>JHRnHH RBapRa, 
3HeprIIH ll ROHCTaHThl pacrra,na OCHOBHOfO COCTORHHJI IIH0Ha. 

• fla. ocnoBe MO.ll;Hq>HRa.D;IIit o6o6rn,ennoro ;ananora MeTO.u;a HhIOTona 
'cqcia~nenhl .u;Ba, nporpaMMHhlX rraReTa ,u;JIR pemenriJI. 3,1.zi;aq na co6- · 
~'.J,'BeHHI,Ie a11a~emrn: .1) ·-:- ,u;JIR IIHTerpo~q>cpepennnaJihHoro ypa
BHeHIIR II 2)- ,ll;JIR CHCT~Mhl,,HHTerpaJibHhlX ypaBnennit. 
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