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1. BBe.l(eHHe 

B HacTomuefi pa6ore Ubi npo,lloJimaeM, uaqaroe a [1, 2), auaJmTIPiecnoe ahl~mCJieHHe c rro
MOil.{hiO ROMIIbiOTepa pa3J10)1{€HH1l JI,l(pa T€IJJIOIIpOBO,ll;HOCTH ,li;JIJJ 3JIJJHIITH1IeCKHX ,n:H<i><flepeii
l{HaJJbHhiX. OneparopOB Ha HCKpHBJieHHhiX MHOroo6pa3HJJX H B IIpHCYTCTBIIH IIpOH3BOJibBhlX 
auemuux uanH6poBO'lHMx rrone:tt. Kos<f>lf>Hn:HeuriJ B acHMnroTwiecKoM paanomemm .nna
ronaJII>UDix MarpntiHNX smeMeuroa 11,upa rerrnonpoao,l(uocru, ua3hlBaeMI>Ie K031{l<fmu:ueuraMH 
.l.{eBuTTa - C:HJIH - fUJIRH (,.UBCf) [3, 4, 5}, urparor aa>Imyro pOJih B KB3HTOBOA: TeopHH 
UOJIJI, RBaHTOBOii rpaBHTaiJ;HH, CU€ItTpaJibHOit reo1-reTpHH H TOIIOJIOrHH MHOroo6pa3HJL B Tep
MHHaX 9THX R03cJl<}JHIJ;HeHTOB MOl'YT 6hlTb BbipCUHeHhl MHOrJfe BMI<Hhle ll€JII{tfHHhl, Taime KaK 
3!f>cl>CKTHBHO€ ,n;eticTBHe, <}lyHRUHH rpuna H aHOMaJIHH B J{BaHTOBOll TeOpHII HOJIH [3, 4, 5, 6], 
HH.l(CHCbl &JIJUWTlltJeCIHIX orrepaTopOB H HHBapuaHThl r.moroo6pa3Hfi B CIICHTpaJJbHOif reo
M€TpHU !7, 8]. Eme o.n;un rrpHMep: H03~<lmn.uenTM .LJ:BCr, Bhi~mcnenni>Ie .l(JUI onepaTopa 
llhypua - J1uyBnJIJIH, o6paayiOT uepapxnro BbiCIIHfX ypaBnenntt KopTeBera - .n:e <l>puaa [9J. 

Xoporno .uaBecTno, 'ITO .l{JIJI rronomurennnoro 3JIJIHrrTn~IecHOl'O .l(H<lJQlepeun.nannHoro one
pcrropa A nopH)J.Ha 2r, .n;eiicTByromero B npocTpancTBe rJia.zum:x ceqennfi Beznopnoro paccno
eHIIH, 6a3oii: ROTOporo HBJIJiercn aaMrmyroe ROMnaKTHOe n-Mepnoe Mnoroo6paan:e lvf, :m.leer 
M€CTO CJI€JzyiOlU€€ acHMITTOTHqecKoe pa3JIOH{€HH€ H,l(pa Tt>llJIOllpOBO.l(HOCTH [4, 5, 7, 10): 

(xie-tAix) ~ L E,(xjA)tm,~n, t -1- 0+ (1) 
m?:O 

Koacp~un;nennr Em(xiA) aaBncnT OT cTpyinyphl orrepaTopa An JIBJIRlOTCJI JIOKanblmim RO
BapnanTHhlMn »enn~mnaMH onpe.n;enenno:i:t paaMepnocTn, nocTpoennMM» na KO&<lJ~:nn.nenT
HJ>IX Q:lyHRL(:nfi onepaTOpa A, RpHBH3Hhl (u RpytrenuH B o6IUeM CllJ"liae) n HX ROBapi£aHTHl>IX 
rrponaBO.U,HMx. Jl.o uacTOI:IIUero BpeMen:n nan6onee rromme peaym,TaThl rronyqeHhl .llJIJI orre
paTOpa BTOporo IIOpH.l(Ha 

A~ -D +X, (2) 
r.n:e D :::::: g~'"' Dp.Dv, D" - KoBa.J?~aHTRaJI npoH3BO.zJ;Han, BHJIIOlJaiOIIlaa B ce611 B o6~eM cR:y
tiae paami'IHble CBH3HOCTH (atfl¢HHHas: u cnunopHaJI CBR:3HOCTH,' Kann6poB01IHhle rroJIH), X 
- MaTp:UliH03Ha~man. Q:lyHRllHJJ: -Bhl'lHCJI€HlJn OCHOBaHbi Ha npellC-TaBJiemm .LJ:eBHTTa .D;JIJI 
MaTpH'IHhlX 3JI€M€HTOB H.n;pa TeiiJJOIIpOBOJJ;HOCTJI 

a"(.r • ...-1 } 
1 

00 
~m~n (xle-'Aix') ~ e- " D'i'(x,x) L E.,(x,"'IA)t-,-, (3) 

m=o:O 

r.n;e 17( X 1 x') - reo.n;e3H'l€CHHii HHTepBaJI, paBHhltt IIOJIOBHH€ KBa.n;paTa paCCTOJIHUH B,lJ;OJlb reo
,l(€3lllJ€CHO:i:t Mem.~zy TO'liffi:Mn x H x', D(x,x')::::::: g- 112 det(-Dp.Dv•u](g')-tf2 - .n:eTepMHHaHT 
Ban ~JieKa- MopeTT, g:::::: detg~<v· Ilpe,llcTaBJienue (3) rrpn: IIO).{CTanoBHe B ypa»neHHe re
rrnonpoBo.u;nocTn, ROTOpOMy y.u;oBJI€TBOp1IeT HJlpO oneparopa exp( -tA), IIpMBO.ZI;UT R peRyp
peHTHl>IM cooTHOlllenuHM .n;JIJI RWQJ~HilH€HTOB Em. B cnyqae orrepa·r-opa (2) ii'BJII.Ie Bhlpame
HHJI .D;JIH ripe.n;eJioB coBrra.n;enmi E,.,~(xjA) = Em( x, x')lx=x' BhllJH<;JJeHLI ,l(JIJI 1-;,y= 0, 2, 4, 6, 8 
(3, .5, 11, 12) (He1I€THJ>Ie K03QJQJHU.H€HTJ>I paBHhl HYJIID ):{JTH aaMkHYTbiX MHOroo6paanit, 01111, 
o.nnaRo, aapeaepBnpoBaHhl .n;JIH Mnoroo6paautt c rpaHHL(eit). Han6onee nonuoe Bbtpame~ne 
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rrony~reno A:opaMH.QH [12] ('qacTHhrfi cny~mfi CHaJinpnoro noJJ1f c BNIHHilMaJII>HOtt HOIHf:lop:MHofi CBH3HOCThiO paccMoTpeH B (13, 14]). Bwno paccMOTJWHO TaroHe o6o6!1{el/l!C' ua cny<rati npocTpaHCTB PHMana - KapTana [15]. 0TMeTnM, trTo B Ul.\''Iae u.1orHoro npocTpaiiCTBa yn;aeTcJI npo,uBHHYThCJr 3Ha'-J:HTem:,no )taJfhiUC R BLl~IHCJif'Hifll HOJCjHjHIIU1enToH B,, (To<rnee trEm), 3.QeCh nMeroTCfi peay.llhTaTw BIWOTh .uo E'10 [16]. O;uraHo n H ·noM CJIY'IIH', Jt0-Bll)JJ1MOU.}'
1 

)(OCTHrHyT yme npe;{eJI l:l03MOlKHOCTU Bh!~!IICJICIIJ1!i~ HC lljH16f'fClll II TIOliJ01JU1 ROllflli•IOTepos. EcTecTaenno mKH,QaTh, 'ITO .n:aJJhHCfiiUlllr nporpPu CHIJ:loH c pa:1pa6onwJ1 rrporpaMM aHaliHTJPrecrmx Bhi<rHCJICHHit HO.'H}H}mu,ueHTOB JlBCT (I. :2:. ! 7. l 8]. Tal-i, B [ 18] peaJJII3oBaH anropiiTM )leBHTTa wm onepaTopa BH;;:r:a -0 +X ll IIJIOCHOM npocrpcmcnw llil ocnoae rraucTa nporpaMM REDUCE H FORM. 
AJiropl1TM ,lleBHTTa ne rrpm.rennM, o.nHaiw, R onepaTop<nr nopH;wa BhTJH(' BToporo 11 n TaH Ha3.liiBaeM.liiM HCMIIHI.fMaJihHhlM .IJ:IH}HpcpeHil,HaJI:hllhll\1 onepaTopBM, illli.UI py!OHUIJ) 'IJWH IiOTOphlX ue JJBJIJiercJI creneHi.IO orrepaTopa Jlorrnaca. TipocTei-inn!lll Jl])JB!epo.\1 llf'l\IHJH!MaJrhHOro orrcpaTopa JIBJI1IeJ'C1I onepaTop HaBM>JlaMe B 'fCopnH yupyrocn-r p~ C + ( ,\ + I') \1(\1 () (uNtcTaJIThl JlaMe _,\ I1 Jt xapaHTCpH3}'IOT ynpyryro cpc;{y). r'. Be!iJJb. JJO·IHI}{llli!NIY, fir.IJJ rrepBhiM, Hro ncc:n:e;J;oJWJI acnMnrornny cnernpa no.n;o6HhJX onepwropoH [19]. lleMnlHL\HlJ!hHhle oneparophl aHanorwmoro Tima noJIBJIJIIOTCJI rrpu Imarnonannn muur6poBo•rJJr.JX n rpaBJJTalUIOHHhlX nonefi R rrpon3BOJJhHhiX HaJIH6poBuax [20]. HanpuMcp. HJJaHTOHRHiff' nomr Jllll'a ---MHJIJica ·B' UpOU3BOJI:hH(fit- tlioHOMifi{a"f[ll6}50BKe rrpHBO.UliT H OllCJ)<riOpy 

Aab = -O o"b _ ( _.!:_ _ 1)Dac Deb _ ·) f'~t>(;" t"' pv a 1• v ~ · 1"'. (I) 

r.n;e ROBapHaHTHaJI rrpmt3BOJJ:Han D
1
, HJuno~raer noTemum,1 A1, Jmewrwro tiOJJfJ. (.'1, lli'lnpnmennocrh IIOJI1I, jabc -· CTpyKr_ypHI>Ie KOHCTaHThl COOTBCTCTU.\'\OIIV'ii ililrC'fiphl Jln. AnoJIO" rlf'll£0 HB3HTOBaHlte .3Jfeinpo.MariiMTIIOrO l!OJJfi BO _UHCllJHC_\1 rpalH1Tfllll10\IIIO~I IJOJ](' IIJHIBO.IUIT H onepa-ropy 

1 A
1
w = -Y~tvo- (-- l)D1)),, + R1, a (o) 

()FIJI aHaJiorwmoro onepaT~pa B rmanroBoti rpaBnTarum c11r.[2lj). 06WJHO onepaTopM (4). (5) paCOfaTpJIBaiOT B HaJJn6poBKC 1>e:t'rMaHa Q: = 1, !')((' OIHl CHOJ(IlT('Jf J{ l\IHIIJIMaJihHO:.ly )l.HC})(}>epeHl(riaJJhliO;\fY onepaTopy (H ~IaCTUOCTII, (5) CBO;IHTCJI .H ')TQ,\1 ("]!_\"'laC l> onepaTopy XO.n;ma- '.n:e PaMa na 1-<}lOpMax), u 3aTeM npm.icHJIIOT r.wro.n;)JcBuTT~L B JW;{e pa6or JVtH BhFmcnennn t1'Em ucnoJJnBoBaJJ~cr. Cueum}m<recKaH 3annn~~wcn. u<urpr·IMcp, ()llcpaTopa (5) OT napaMCTpa ·a [20, 22]. HccJiet(OBall11e 3allncn:.rocTu nnpa TciiJJollpOHOJ(l!O<Tll OT r;aml-6poBo'IHOro rrapaMeTpa Cl: Ral-RHO f.l:JlJI B:hiflCHCHMJI B03MOH{!{Oi1 H<lJlllfij)OHO<THoti :Jl'IHIICUMO<Tll rpal:lHTall,HOHHOl1 KOH1JOpUHOi1 aHOM3JJHH [22]. 
OcnoBHaH uenu HacToHlll,etl: pa6orhl -- Bhr~m.oienne Ho:oH}HjmrurenTon p<l3JlOHWHIHf Jr;!pa TCIIJJOllpODO)~IIOCTH )l)Ifi o6ll(ero RU.JJ:a onepaTopoB CO opytn')'j)Oii ( .J ). {:)) 

-ylwD + a_DI'_Dv +XI"'' (6) 
r.n;e X- 1'en3opnoe rroJte, a-· cHaJiflpHr.rfi uapaMeTp (nnJLCHCM p<lcc;rof'!IHoro_ n.pocrpancTBa Hensno uonpa3yMeBaioTcR). IlapaMeTp a .n;omnen Y/tOBJTE:'TBopn-rr. .vT;roBIHo o < ! !lJHI noJtmrmTeJihHofi _onpe.n;eJieHHOCTI:I rJiaimorO CUMBOJI('l II, COOTIJE'TCTHCHHO. "-JJ!.i\JJII J"Jl'li!OCTII ()!lepa-rop.a 
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(6). Pa3JIOmeHue (1) cnpasexr:m1B0 B patmon ME'J>P n ;J;JHI uelwnn~ta;u.JIMX OHC'J>aTopoB (4). !Vhr CJie)lyeM 3.l(eCb llO.QXO.n.)', OCl!OBallliOM}" Jla IiOBapU<HHHO.M o6o6meUIJH TI'XIIIIlill Jl("f'flllO)llH}HPepeHUUaJibii:WX oneparopos (23], pa3BnroM B [24. 25. 26] (;tmt o6;lopa 01. [27J). J\ai> Il}>C/.l:CTaBJIJICTCJI, yHa3aHHi>Ifi IIOllXOJJ: IJB.'Tn(:'TCJI ll II<ICTOIJIU(:'(' BJWl.Jfl CJ!UIICTBC'HIIhlJ.J, Uo;moJUJ!Ollll1lll npoBO.UHTb BLI'1UCJICHHIJ C OUepaTOpa~tl1 Ha116o.1ee 06111c~ro fli-IJ{<t II IIJ>OII3BOJlbHOI"O rropJJJtHa. B pa6oTax (1, 2J 6wna paapa6oraua IIporpa:\ma aHi'I.111TII'If'CiiJIX sw•mcneunii H02H}H}Hl.LlUCH'fOB ,l{BCr ·Ua .fWAIIIJ>IOTCpe. nanncauHaJI ua H:lloiii<' ('u II lfCil0.1h3_\"IOII(aH aJII"OpiiTM, onncanHLTii B [24J. lloc.liC.UHJJJI sepcnn :non nporpa~fMhl JJOaH0.111;ra BII('j>BJM' noJIY'IIITb nan6oJree nomroe Bhlpamemre .lV111 IW~<IHim~tHPHTa t.'-t onepcnop<t ((i) ( p<uwc• TO.nbr>o •ta<"Tili>lf' pegymTan.I 6IJmr llaHenm>I [20, 28. 29, :Jo]). 

2. OnHcaHHe aJiropHTMa H ero peaJIH3aQHJI 

Onnmeu Hpa'mo anropunr BLIIIHCJIE'Hllll uo·c'I<}HjHHUJeHTOR l!BCT (no;ql06JI<'I' nL[2-l-. 27J). 
Pacn.JoTpHM nonoautTeJihHhlff :}1fJJUJITif~JCni.ui"i onC'paTop. Cllf"li·rp r;~noporo CON'jMiiiTCH H ofiJJaC'flf, oXllaTf>IBi\C'AJOii KOHTypoM C. <f>opAQ'JJa 

c-t.4 1 id,\ ' = -f_-r.\( -'1 - \ _, c 2r. · • I (II 
no:JBomreT onpenemiTI> exp( =t A) 'IC}Je3 pe:JOJJI>He!IT_\. oucpaTopn :I. j[;ur I>OHapuannJoro o6o6IUCIIIIJI M('TO)(a nceB,UO.[(IH}>~>epel!UIIaJihiiMX Oll{']MTOJ)QH HOCJJ(!;JJ,:I.\"('~11'11 fl!ll';l(""filHJJ('Illl(':\1 UaTJHf~IIII>lX 3JICMeiiTOB j)C30JII>BCIJTLJ onepaTopa H IHUW 

1 , j d"l• !.ii(J· .. f'.k)IT(.r./.l·:,\). G(•·,x',.\) "'("I A_ .J") = (2;r)"~ (8) 

r)(C a( x, :r', k; A) - aMrrmny.ua, /(;r, /, k} - Jtf'iiCrBIITt'Jir.IJall <J><l.:lnllaH <l,_,·lri\Jlli11. IJBJIJJIOIIWII<"II fiHCIIaJII/j)Olll IJO OTHOUICHHIO Ii o6JUeHOOj)/.{11lla1Hr.lll Hj)f'Ofip<l:IOBaJlllll.\1. /,- HO;IIJOHOii HC'IiTOJl. Pe:JoJthHCHTa onepaTopa A y,uoHJIE'THOJHWT ~·pa_Brwinuo (A - .\ )(; = I. 'II 11,H ("How O'W]WJlh. .n;aer ypasnenne JtJIH aMJtnHT)'JJ:hl 

(A(J",D" + iD,.I)- .\)u(.r. /.k; ,\) = /(.•· .. r'). ('l) 
r)(C /(;r,J/)- <I>JIIH~HH Oapannenr:.uoro IWJWIIOCa. HE'C)-'II(iHJ JIOJlC'IIIU'HC!iJI(' lliiJ(f'Jil'l~. a 1"1'1!0111' IIH/.l:IO'HChl paccnoenuoro npocrpaHCTB<t. l{onapnanTHMM o6oGnti'HIII':'.I cBoiicTH d><-niJ 11 cJ•.'-"11-HUllll UapaJIJieJJbHOro TpaHCIIOJ>Ta na JfCIOJ>UHJH'IIIfl,!(' liiiiOI'OOfiJ>il:lllll IIH.'IHHJTCII c;!('J~"IO!Ili!C' ycJJOBHil (23]: 

[{D., ... D • .,)l) = 0, m >I; [{/J,., ... /J.,,,}/) = o. '">I. (10) 
r;:w { •.. } 03Jia~taeT ClfMMCTJ>H:laJUHO 110 BC('~J JIIIJ(('/iTilM, il [ ... J l-l:urnH' ll]ll'}li'.:Ja I'OHIIil}ll'l\1111 npn (:~:~ = :~J). YpaBHemtn (10) BMPCTe c ''H<t'l<tJJJ.iii,IMII .\TJIOBIIfDIII .. /f] = ll. [J>,,tj = l·, 11 [IJ = E (E- em-IuH~Juan MaTpmta) no3HOJIJIIOT BI.I•IIInJJHJ• HP''-'l''.:'"' nlHIIii.'LI'illlJI ;t;lll rrt'· nlMMeTpu3onaBHhiX nonapnauTHhlX upou:moJur~>~x (/J,,1 .•. JJ,,,fj 11 [n,,, ... /),,.,. IJ. htnopw· 
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HaXQUJITCff UCil0CpC,llC1'BCHJIO 113 ( lQ) Ilj)l!BC}!CHIIE'M H('('X 'WC'HOH !\ Q;l!!O~l.f _\"HOjlfJ){Qlf('fHHO HHJJ.e~coB c HCIIOJJb:JOBaHiteM ToWJlCCTna PII'l'lll JVU/ IiOI:IapHaHTIIMX npoL-1:1l:IOJHihTX. CooTIWTCTB)'JOIUUC RLipa>KeHI!fl 0Hil.3h!BaJOTCR OOJil1!1mUn!H no Te/130j>il.M !ip111-1lt:1Hbl u;:,.,. IF~b- !ipyqeHIIR Tb~c H KOBapnaUTHhiM rrpOU3HQUHhHI OT HHX. flo C_\"UWCfH)'. llJH')(f';tJ{ COinlilJlf'IJUH [D,.
1 ... D,,!J u [D,1 ... D,m!J neo6xoJJ.Hl'IIO BM'UfCJII-!Th ncero .:mmh OJ(lfll pi'l:l·. Jl Jiil.JlhiiC'iirne:.J OI!H MOr,YT HCIIOJih30BaThC11 rrpn BhitiHCJJE'IIHII npOH3llOJii>llbiX OIICpi'ITOJlOFI. BHell,('JfHIM' C IIOMOll{hiO QJOp.'.l)'.ii (10) (jJ}'HHUIUf /(.t.,.-r',f.-) II /(;r,.t') HrpatOT Hf1}11H,YIO poJJJ, H Tal> H<l-3bJBaCMO:\I BHyTpeHHCM Ci1MBOJJifqec:KOM liC'iHCJJC'HMif, pa:JlliiTOM B [:HJ. 0HH HH.i!HIOTCH YllilBepcaJJhHDIMI1: (jJyHKHHJIMll H cj_JaKTH'ICCIUl IHICIUIO t!Cpe3 llffX ll])OJJllJIHIOTCU l'I'OUCTJHI'If'C/Uf(' caoficTBa 6aaoBoro MHoroo6pa3Itfl n paccnoeTH!fl. 

PaaJiaran aMnmny,ny o- no cTenewnl onHopoJl.IJOCTH l·. o- = L~·""' a-, ( J', ,l''. /,:: .\ ), noJI_\'t£acM 11:3 (9) pen:yppeHTHMe coorHouremw JJ.JJII a-,. Haupn.-.1ep. ;t:ut oll<'j)<-1'1 opel ( 6) 01111 lfi\WJoT BJUl 

Ao.b o-obt = I~, 

A o.b a-1be + i [ -g~b(Ol + '2DJ IDa) + a( JJ" 0 1
' I + /)"I 01.> + If!!)'') J a-u1,.- = 0, 

A"'"mbc + i [-u"'(DI + 2D'lD") + a(D"D'l + D"llJ'' + n"IIJ'')j "<m-Ok 
+(-g11bD+aDo.Db+X"6 )a(m~2)bc=0, m :::-=-2. (II) 

rt{e i\lilTJmU:ct 

A"6 = gab(D"ID"l- .\)- aDalD61 
- maBHhiH CIBIBOJI onep;nopa (6). Pewan peiiyppenTHW' cooTHOJHf'IIJ111, ml.XOtlHi\1 o-,1 • Ho:HPrfmuHeHnr JlBCr Bhlj)M!WlOTCJI •repe3 upe,llPJJf>J COHIIfiJK'HIIH [a-,,j C' !IOMOII(h-10 (JlOJHI.)'Jl [24, 27] 

J d"(· 1 id!. E,(x[A) = -( --- -. e-·'[",.]("·,k,!.) ;c J([",Jl· 21f )'\/fi c 27T (12) 
.lJ:JIJI mupormro KJJacca oneparopoB nr-nerpaJibi B (12) i\!Oryr 6J,J1'f• Hntpanwml l!epea raMMa-4>YHJ{UHI-I H rnnepreoMeTpHqecHHe (pym<UHif. Tnnwmnu1 HHTerpaJI MM<>CT BIU{ [27] 

J( k"k,, ... k,,,, ) -
(k 2' -.!.)1[(1- a)k'•- !.]'" -

f((p + s + n/2)/1') . . •. , .. . . , 
Yh .. o

1
,) 

12 , , / , F(m,(J>+.>+ n.( .. )(>.l+m,a), (JCJ) (4IT)" 2"rl(n 2+s)T(l+m) 
rt{e 9{<>-• ... a

1
,) - cwM~ICTJHl:JOBannan cym.-Ia npoi13HCJJ.eiiuil MeTpu•wcHux H'fl:1opo». Tcm Han m H {- UCJILJC trHCJJa, TO fHIICj)fCOMeTpH1IeCHiHI <}lYIIIU{Hfl B (13) MOITi<"T 6foiTh Hhlpamena lfCpC3 )JJeMCJITapHh!e cj_)yfii{UHM C HOMOIIU.TO COOTHOl!leHHJf f'ayc.c<t 

a(l- z)F(a + l,b; c; z) = (c- a)F(a- 1, b; c; .::-) + (2o- c- a:;+ b::)F(a,b; c; z), 
H HCIIO./Ih~·)'fl ;laTeM c}JOpMyJiy f31j 

(-zF~m F(l lr nl' -) = (m -I)' . [/1- -)m-b-1 ' ' '- . . (! - b)m-1 • 

m = 1,2 .... 

4 

't' ( b - m + I )k -'] 
k=O k! - '-

Ill-hi: L '2. 

(14) 

(loJ 

I 

j 
I 

+ 

rt{e (a)k = a(a+ 1) ... (a+k-1)- CHMBOJI Iloxnu.mepa. B npon:ecce ynpom;en«n TeH30J>HLIX o:w:pamenufi ncnoJib3YlOTCH paanuquue cnMMeTpnfinue CHOfiCTBa TeHaopoB Rbcd• Tb~• Wab, a TaKH<e -rom.n;ecTBa PHqtfH 

BJ,JIHRH 

I k D J 
bJ ... bl fDa, b 'Pa, ... ak _ ""Rb; k .. b;_Jib;+ 1 ... 1>1 _ ""Ri ~>J • . 6, . - ~ jab'PaJ ... ak L... a;ab<fJaJ. -"-i-JJ"i+l· ·"k i=l •=• + Ti n.,_.-,b, ... bt + VV bri'Jb, ... b, ab JTaJ .. ·"k a T"at···"k' 

Daltcde + Dd~ea + De~ad. + T~dlfcei + T'JeR!'CI.Ii + r:aJtcdi == 0, D,JVbc + Dbf-Vca. + DcH'a~> + Wa;T;c + Wb;1~, + VV.:;T;b == 0 
n uuunu:qec«oe rom.n:ecTBO 

(16) 

(17) 

Rbcd + R_Gcdb + R'dbc + D~.Ta+ DcT:Ib + DdTbc + Tb;T~ + TdTjb + Tj;T£.: = 0 (18) 
( B HaCTORil.(efi pa60TC Mhl He paccMaTpHBaeM RpyqeHHC, ,/J;Jifl COOTBCTCTBYIOIItlfX BhltfHCJICHHil: CM. [J, 2]}. 

OrJHcaHHhlll: anropHTM 6nm peanH30BaH na H3hli<e Cu. Ben nporpcu.ma HMeeT .ll.TIUHY OROJIO 10000 CTpOI{ II COCTOHT IIpHMepHO H3 20·0 pa3JIHqU:OI'O pot{a c}>yHK!{Hfi ,IJ;JIR ,l.l;Cfi:CTBHll: C TeH30paMH H CRaJIRpaMH. 8TH <J>yHRD;UH MOI'YT 6hlTh CHOMTIHJIIlpOBfi.Hid B ,IJ;BC nporpaMMDI CO LIM H DWSGCOEF. llporpaMua COLIM BhlttHcJIHeT npe.n;eJHil cosna.n:enua <}>yHRUHH l « I « aanHCDIBaeT HX na ,IJ;HCH. O.n:nam.n:LI Bhl'IHcJieHHMe, 3TH rrpe,ll.enhl COBIIaJ{eRI..ur HciiOJibayroTCJI aaTeP.r rrpH BLrtJHCJieHHH paaJIHlJHMX onepa1opoo A. 
llporpaMMa DWSGCOEF BIJlJHCJIHeT H03c}>cj_m:n;neHThl En1 , ocymecTBJIJIH rrocne.n.oeaTeJibHO cne.zzyiomne orrepau:~m: 

1. C'l(.ttmbteauue axoauot't uu!fiop.Atat(uu (onepamop, nopnaox: m. u m.a.). 2. Bw'l(.ttCiteuue .m-w:>~eecmea acu.unmomu'l(.ec1wx onepamopoe a.Mt nocmpoeuua. pe11:yppeu~ muwx ·coomuotueuuil. 
3. Bbl'I(.UC...teuue O'm c no.AtOU{b10 pe1eyppeumuwx coomuoweuuii. 4. BJa.mue npeae.4.a coenaaeHuil [amJ. 
5. lfumeepupoeaHue [amJ a.ut no...ty'l(.eHUR noarfirftU1{Ueuma E~,. 6. lloacmauoana meuaoput>tx ebtpa:>JCeu~d'l a.Mt [Da

1 ••• DaklJ u [Da, .. . DaJJ e Em~ 7. Ceeaeuue eunepeeo.Atempu'l(.ecx:ux ifJyuntFl1't 1e a.,ze..uemn.apnt>t-At a c4t!f'lae ue.«.UHUAta,1.b~ uozo onepamopa. 
8. Bbteoa a.;t$1, Em {1l eeo Clteaa e U&4tUUU.Ata...tbUOM. C.if.yva'e). 

.l{JIR YMCHhliiCHHH "paa6yxaHJm" BidpaJReBHfi Ha rrpO:MemyTO'IHMX 3Tanax BhllJHCJICHHll: Mid HCD0Jlh3yeM CTpaTCfllfO ITQliJieHHOl'O .BHqHCJieHHH, T.e. OCHOBHaR qacTb B:W:tiHCJieHHfi (orrepaD;IIH 4-6) rrpHMeHIIeTCH DOCJie,l.l;OBaTeJibHO K QllHHOtiHhl.M CJiaraelfhlM B Um, creuepHpoilaRHhlM na ~nane 3. 
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3. BI>I'IHCJieHHe E4 

3aMeTBM, 'tlTO R094><fmn:neaT E4 aan6onee recao cuaaaa nMeHHo c paaMepHoCTbiO Q>nanM 

-qecxoro npocTpaacTua-upeMeun n = 4, nocKOJibKY BB.IlCHc .SJIJIBDTn-qecxoro oneparopa ua 

l.moroo6pMBH pMMepnocTH n BMpaJHaeTc.fi 't!epea En c DOMOIUbiO HHTerpHponauHn. Bli<IH

cnemm H03Q><fmn:neaTa E4 .zmn oneparopa (6) npoBO.IlBJiliCb aa HOMllbiDTepe lleHTHyM-75. 

,l.{JIH noJIHOTI:l nanomeuna npnBe,lleM BHalJaJie BMp(UI{eane .llJIH Fh. B npe.llMcyiUeit nepcnn 

Dporpa.MMM (1, 2J OTBCT ,llaBaJICH B ronepreoMeTp81JCCHHX <i>YHHUHHX. B H8CTOIIIUC1t BepCHH 

BCTpOCB 81IrOpHTM' DpHBC,IlCBWI rHnepreoMeTpBlJCCKHX c}lyBHI{Hit K 3JICMCHTapBLIM
1 

OCHOBaH
HMA ua cjlopMynax (14), (15). 

rJ<e 

c, 

c, 

c3 

c, 

c, 

E, = (4,.)_,. { -c,x·•- ~c,x•· - c3w·• + c,R"'- ~c,9•' X/+ c,9·• R), (19) 

= 

= 

= 

o ,.

1
_ 1h {(!-a)-¥(4+4n-6a-3an)-4-4n+6a-3an-2an2 +an3 }, 

2a(j 
1
_ 1h {(I- a)-t(-4 +2a +an) +4 -2a +an}, 

4aG 
1 

I), {(!-a)'-l'(S-an)-8+8a-3an}, 

24a(~l l)a { (1- a)-j- (t2n- 12a- San- an2 + 2a 2n + a2n2) 

-l2n + l2a +San- 5an2}, 

Ao_tn~-{ (1- a)-j- ( -24 +J2a +San+ an2 - 2a2n- a2n2) 

+24- 12a- an2 + an3}. 

lloJiaoe BMpameune )VI.fi E4 CO,llepmnT 73 reuaopuux cnaraeMMX c 55 p·aaJJBlJHhiMB CRaJlllp

HIJMH Koo$c}JHD;BCHT8MH H DpHBCJJ;CHO B DpHJIOlRCBHB. 3,n;ecn MI:J DpBBCllCM TOJibKO BLipa

lRCHHC ,llJIH CJIC,Ila (no JIOpCHI(CBCRHM HH,llCKCaM) trLE4, KOTopOe yme COl{CpmBT pil,ll HOBNX 

CJiaraCMI:JX J10 Cp8BHCHHIO C [29), rl{e BI:JlJHCJICBBR DpOBO.l{HJHICb B DpOH3BO.JibHO:ti paaMepHO

CTH IIpOCTpaHCTBa, HO B OTCYTCTBHC RaJm6poBOtmoro IIOJIH H B Upene6pemeHHH 'tJ.JICHaMH C 
DO.JIHOJi DpOH3BO,l{HOit. 

rm 

trLE4 = (47r)-~ { - C1 DX/- C 2D;DiXii + C3 (X/X/+ X;iXii) 

+C4X;;Xi; + CsX;;Wii- C6WiiXii + CrlV;jltVii + C
8
Riik1Riikl 

-CgR;;X'i- CwR;;Rii + C11 DR + C12R2 ·- Ct3RX!}, (20) 

c1 :::::: ~~ .,,: ~' { (1- a) 1-i (96- 96a- 4San + 8a2n + 6a2 n 2 + a2n 3 ) 

6 

·~ 

/. 

t 
i 

-96(1- a) 2 + 32a2n + 2a2n2 - 5a2n3 + a2n4 }, 

C2 :::;: H'l 'H~ n.\ { (1 -a)}-~ ( -48n + 4Sa + 24an- 4a 2n + a 2n3) 

+4Sn- 48a- 72an + 24an2 + 48a2 + 4a2n- 24a2n2 + 5a2n3 } , 

c3 = 00 ,! ., {(!-a)->(-4+2a+an)+4-2a+an}, 

C4 = , 0 ,! ., {(!-a)-l'(4+4n-6a-3an) 

-4 -4n + 6a- 3an- 2an2 +an3 }, 

C, = 192a,tj-2)s {(I- a)-I-;' (!92n + 48n2 + 576a + !92an-

216an2- 24an
3

- 1152a
2

- 944a2n + 136a2n 2 + 62a2n3 + 
2a

2
n

4 + 576a
3 + 664a3n + 86a3n 2

- 3la3n3 - 5a3n4 - l04a4n) 

-62a
4
n

2
- a

4
n

3 + 2a
4
n

4
- l92n - 48n2 - 576a- 384an + 72an2 

+576a
2 + 272a

2
n- 20Sa2

11
2 + l0a2n3 + 4a2n4 - 24a3n + 26a3n 2 

-9a3n3 + a3n4 } ' 

c. = 192a,lj-2)s {(I- a)-'-¥ ( -192n- 48n 2 + 38,1a + 8!6an + 96an2 

+12an
3 

-768a
2 

-ll20a2n -14Sa2n2 - Sa2n3 - 2a1 n4 + 384a3 

+584a
3
n + 150a

3
n

2 + 7a3n3
- 8Sa4n- 5Sa4n2 - 5a4n3 + a4n4 ) 

+192n + 48n
2

- 3S4a- 624an + 48an2 + 12an3 + 384a2 + 304a 2n 

-l64a
2
n

2 + 8a
2
n

3 + 2a2n4
- 24a3n + 26a3n2 - 9a3 u3 + a3n4 }, 

Cr = "' ,! ., {(1-a) 1 -~(-96+22an+an2 +2a2n-a2n 2) 
+96 - 96a + 26an - 3an2 + an3 } , 

G _ (!-a)2->-!6+n 
8 

- 180 

c. = "' ,! ., {(I- a)-l' (12n -12a- Sa.>- an'+ 2a 2n + a2n2) 

-l2n + 12a +San- 5an2 }, 

Cw = - 0 ;n ) {(1- a)-~ (-360n + 360a + 296au + GOan 2 + an3 144a2-la _ 

-Il2a
2
n- 60a2n2

- 2a2n3 - 4a3n + a3n3 ) 

+360n - 360a - 296an + 116an2 - an3 + an4 } , 

G11 = ..... ~ .... 
1~ ~, {(1- a) 1 -~ (480- 240n- 2·J0a- 120un + Ifia 1 11 
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C" 

+Z6a21l + 1la2n3 + a2n 4 + 4a3 n + 4u:1n 2
- a.>n.<J ~ a·>u··l ) 

-480 + 240n + 720a- 360m~+ 120an2
- :MOa 2 + 104n2

,,- 70a 2n2 

+ L5a 2n3 
- .sa2n'' + a2n 5 

} , 

576a(~-!), {(!-a)-~ ( -144 + 72a + .56an + !2an
2 

+an?- 16a2n -12a2n 2
- 2a2n3

- 4a3 n + a3n3 
) 

+144- 12a + 16an -16an2
- an3 + an4 

} , 

c,3 = 1 {( ) • ( 2 2 2 2) 4Sa(~--:lh 1- a - 2 -24 + 12a +San+ em - 2a 11- a 11 

+24 - 12a- an2 + an3 
} . 

KaR BH.IliiO, K03<JHl>HUHeHTL1 .a {19), (20) BeCMta HeTpHIHIOJihlJbTM o6pa3oM ~laHHCJIT ue TOJihli:O OT Hann6poao•moro napaMeTpa a, ao u OT pa3:-.tepuonn .-rrpocrpaJrcTaa n, •no mwneTcn xapaJ<TepHMM caoitcTBoM ueMHHHMaJihHhiX onepaTopoa H onepaTopoB nopn;um Bhlme HToporo (24}. B pa3MepHOCTH n ;::;:; 4 K09<fl<fJHu;HeHThl ci R (20) OJHfHHJ.I<tiOT lHIJ{
1 

c, 

Cs 

c, ~ 

c, ~ 

c7 = 

Cn 

c" 

2a- 1 8a2
- 2la + 6 a+ -1 -6-,-ln(l-a)- ( , c,~---, ln(l-a)-a 36al-a) 6a 

:!._ c4 - 13a2 
- :36a + 24 

48(1-a)'' - 48(1-a)' 
Sa + 8 I ( ) _a_' _c+_:lc:;l::a4~+~2:;a3~+_:7:_:4::a'cc--_:1.:::_8::0':_' _:_+_::9~6 --- n 1-a --24a2 288(1 - a)3 ' 

13a2 + 6a- 24 
:J6a(l- a) 

7 a - 8 I ( ) _a_' _-_:1_:_7::a4_,_+_:1;54~a:_"3-;-~:36:::2::::"~'_:+_· :::32::4::a_-:_9::_::6 ---n1-a --24a2 288a(l - a )-3 
' 

1 , _ 11 C _ a( 4 - 3a) C _ 23a2 
- 46a + 8 3' c.- -180' ·- 12(1-a)'' ·w- :j60(1-a)2 

a_'_--c5:cac_---=2 I ( 133a2 
- !68a - 60 -- nl-a)- . !2a2 360a( I - a) · 

a2 + 4a- 8 
I44(I -a)'' 

3a2- 6a + 4 
cl3 ~ 24(1- a)' 

3aMeTHM, 'ITO B cnyqae CHMMeTpHqHoit (rro nopenueBclmM nHJlCHCaM) MaTpHUM Xii coOTBCTCTBJ!OUWe BhlpameiiHC l{JIJI tr1J£4 COBIIa)taeT C llOJJyqeHHI>IM 8 [20,_ 28, 30] (liJICHhl C ITOJUfOj:{ ITpmt3BOJUIOf.t B [20, 28, 30] He BI.PIHCJIHRlfCI,). 0TMeTifM Tii.Jnlie, liTO JIOI'8pH<}>Mif'ICCHaiJ 3aBJICHMOCTI. OT H8JIH6poBO•IHOI'O napj:l_MCTpa H 'HOM .cJI.\'<ta(' CO/(('plliHTCJI TOJILHO 8 R03fjH~Hl{UCHTaX UpH qJieHaX C IIOJIHOfi npOH3BO){IIOii. 

lho uacaeTcJJ I.JOJIHOro nwpam:enun ,ll_JHI E4 , npnBe.ue-unoro 11 npiiJJOHH"IllfH, OTMCTHM ero ,ll_OCT8T0'1HO I'j)Oli-I03.ll_I<Hil BH}{ H, HeCOMIICHIIO, CJre.nyJOII{J1e-_ HO~CjHjHIIlHt'HTJ.! fiyJlj'T 3iiHHMa1'h 
11IepeXOJ{ K 11 = 4 He_ COnceM Tj)HBUaJieH ITOCKOJJbKJ 3HaMeua7CJII1 COJ(I:'pll<1lT WTI>ffi!HCJIU n/2:.... 2, •JTO Tpcf.i}'CT pacKpiHUJI HCOilpC.li;CJICHHOCTeA THII<t 0/0. 
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sHalntTeJILHO 6ommufi o6'I.eM. TaRHM o6pasoM, npo6neMa .lloBe,llelfun pesym.TaTOB BhPrHcJieHHII .llO uaytiHOi:t o6meCTBeHHOCTH CTaHOBHTCJI BeCI.Ma OCTpOit. B CBH3H C .3TIIM, UO-BHl{HMOMy 1 ~meeT CMhlCJI npel{JIOH\eHHe [32] C03l{aTb CllCIUI81II.HMfi .3Jiel<TpOHIII.tfi EtpXHB, I'.l{e Xp8HHJIHCb 6hl pC3JJII.TaThl Bhl'illCJieHHit. 8To 88}1{110 TCI}{}I{e H C T0'IIH1: apeHHII BO'.lMOlliHOCTit UpOBepiU:I .n;pyrnMu aoropat.JH HaK npaounnuocTn rronyqeuuoro BMpa>ReHI-IH, TaR H cpaBHennn: sq>q,eKTHBHOCTH pa3JIUlfHMX aJiropHTMOB H nporpaMt.l. 0JUICIKO .llO .3TOI'O .llOJI)I(Ha 6I.ITb perneHa npo6JieMa BI.I6opa RaHOUHqeCRHX 6a3HCOB l{JIJI TCH30pHhlX HHBapHaHTOB H C03,ll_aiiHJI anropHTMOB nepexo.u:a OT O)UIOro 6aanca H .llPYroMy, o6cynUJ;aeMaJI uume. 

4. 3aKJIIO'IeHHe 

BM'IHCneuHe E4 .llJIH onepaTopa (6) rroTpe6oBaJio 4 '!aca 5 MHH pa6oThl flenTHyM-75, n·To Bpewr HaH .n:nn Bhl'IHCJieuuJI E2 ( u E4 .ll.1UI MHHHMaJILHoro onepaTopa) Tpe6yeTC.JI npene6pem:HMO Manoe BpeMH ( < 1 ceK) •2 OcnoBnoJt npnquuofi .llJUI TaHoro peaRoro BoapacTaHJUI BpCMCHH CliCTa JIBJIHeTCH pa3MHO}I{CHHC TCH30pHhlX MOHOMOB BH,ll_a 

{A()' ).;(A{;' )j · · · (A()' J7 (Ao' );. 

)l_JUI uer.mruu.ramuoro onepaTopa ( 6) AO 1 JIBJHieTcn MaTpunett 

1 { ak.ko } (Ai)').,~ k'-A 9oo+ (1-a)k' A ' 

B TO BpeMH KaK .llJIJl MUHnMaJinuoro onepaTopa AQ1 = p}_>., T.e.- cKaJcnp. Momuo, o,n;HaKo, ua.zt_eJITbCH cnpaBHTI.CJI c TaKoro po.n;a "pas6yxauneM'' npoue»<yTO'IHhlX BMpameHntt, 3anncaB (AQ1
)ab B TCJlMHHaX npoeRropoB [17} Ptab =gab-~ H P2ab = ~· MciiOJII.ayn: sareM CTan.llapTm.re csottcTBa npoeRropoB Pr = Pi, }1Pi = 0, i :/: j Mom11o 3Ha'IHTen~tuo yMeHnlliHTh BpeMJI c"<JeTa. KpoMe Toro, onpe.n;eJieuHaJI pa6oTa .llOJimHa 6HTh npo.nenaua no c;:xpyi{TypupoBauuJo OI<oHtiaTeJibHMX Bhlpameun:tt. ~JUI nora ueo6xo.n_llhf0 npem.zte ncero IJ:af.tTH IIOAXOMmn.tt: 6aanc He3anucnMhlX sneueuroB, Bhl6pauHHit cornacno onpe.uen:enHMM I<puTepnHM. Kai< MIJ BH,ll_RM, Ka}}{)J;ld.tl K03<f><}Hlli;HCHT Em B pasn:om:emm: (1) HBJIHeTCH JIJ!He:il:uoit HOM6HHan;nefi MOHOMOB aa,ZJ;aHHO:ft MaCCOBOit paaMepHOCTH1 06paaoBa:HIIJJX H3 TCH30i)OB C IIOMOll.li.IO Yl>IBO)}{€HHH H CBCpTI<H no rrape HH,ZJ;eKcoB. CoMHO}}{HTeJIU B MOHOM8X t.fOrj'T 6MTb B o6meM CJij'lJae HCKOMMyTaTIIBHhlMH H o6Jia,l(aTb CHMMeTpHJIMH, ITpHBO.lUIIJI_HMH H H€OlJCB.Hiurott n:HHe:f.tHOit aa~ BHCHMOCTH Me.J-K,Zzy MOHOMaMn. Y"<IeT ,ZJ;OIIoJIHHTeJII.HbiX TmR,ll;eCTB Tnrra n;nKJIHlfeCKHX, BbJIHRH n .llP· .n;en:aeT npo6Jieuy BM6opa Kanoun"<IecKoro 6a3nca BeCI.Ma lleTpHBHaJinnoit. Onpe.D:eJicnHhlit nporpecc B 3TOM uarrpannennn 6I.In: .n;OCTHI'HYT B pa6oTax [33, 34]. TaR, B [33] rroCTpoeu "<IacTnqHhlit 6aanc .l{JIJI Ko::.~cpq.lHn;neHTa E8 oneparopa A = -0 +X 1 c;:o)lepmamnit TOJII.I<o Teii-30p KpHBH3HLl PnMaHa H ero KOBapnaHTHIJe IIpOH3BO)tiiiJC1 a B (34} npe.l(CI'aBJieH aJiropHTM nocTpoennn 6aanca .l(JIH Em yi<aaauuoro onepaTopa B UJIOCROM rrpocTpaHcTBe. AuaJIOI'Hlinan: ITp06JieMa ITOCTpOeHHJI RaHOHH'lCCKOro-6a3HC8 .l{JIH HCMHHRM8JibHOI'O OllepaTOpa (6) BCe 

2B npeJJ.ll.QYW:eJi BepCHU llporpaMMll [1, 2] Bll'IHClleHMe E2 J{lll{ HeMUHttMallbHOfO OIIepaTopa 3aHUMano 3 MUH 15 ceK. Ha AT386. 
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ern;e lK)l;eT CBoero peiiieHnn. Ko.He .. mo, Bhl6op 6aaHca ne JIBJJnt•TcJI eJmucTR<'HHhTM H pa:l
JIH't!RMe 6aancLI MoryT 6LITn noneanLI ,una paaJUPIIIIiiX Jlenefi. C;re.uyioiJtMI aanalfa -- 9To 

np:noe,l(enne npoH3BOJI.&Horo BLipamennn ,namrofi MaccoBoH paaMepHoCTH u anpanee Bti6pan

UoMy HaHOHl'l'ICCROMy 6Miicy ){JIJI Em. Paspa6oTI<a anropHTMa T<moro npuBe;renJuT 6I.JJJa 6"' 

CJUJ;CCTBCHHMM Bima)lOM Ha llJTH UOJIHOit HOMllbiOTepnaarunt Bhi'UK JIE'HUit llmHjHjHfiHf('ll'fOB 
.[IBCr. 

MM 6Jiaro}lapnM C.A.Il>ynnnnra na ynuBepcnTeTa r.KoJJJICJllK CTefimn ( CIUA) :o~a TIJIO.llOTHo"p

HLie tlHCKyccnn. Pa60Ta BMnonnena npn noJU(ep»me rpanTa INTAS-9:3-2058-ext. "East- \Ve:-;1 
Network in Constrained Dynamical Systems''. 

JlnTepaTypa 

[1] V.P.Gusynin, V.V.Kornya.k. SymboHc Computation of the llwt 1\'frnc/ E';rwmsion 
on Curved Afanifolds, in: Proc. of 3rd Intern. \Vorkshop on Softwar<> Engineering, 
Artificial Intelligence and Expert Systems fOr High Eiwrgy <llld Nuclear Physics, 
Oberammergau (1993) 615-621. 

[2] V.P.Gusynin, V.V.Kornyak. (1994) .f01t1'n.Symb.Compulalinn 17, 283. 

[3] B.DeWitt, (1965) Dynamical Them·y of Groups and Fir)ds. New York: Gordon and 
Breach. 

[4J R.T. Seeley, (1967) Pmc. Symp. Pure 1lfath., Amer.Math.Soc. 10. 288. 

[5] P.B. Gilkey, (1975) J. Dijj. Geom. 10, 601. 

[6J N.D. Birrell, P.C.W. Davies, (1982) Quantum Fiehh• in CurN-d Space Cambridge: 
Cambridge U. Press. 
L.S. Brown, (1977) Phys. Rev. 015, 1469. 
J.S. Dowker, (1978) J. Phys. All, 347. 
S.M. Christensen, M.J. Duff, (1979) Nvc/. Phys. B154, :JOI. 

[7] M.A. Atiyah, R. Bott, V.K. Patodi, (1973) Invent. Moth. 19. 279. 

[SJ S. Minakshisundaram, A. Pleijel, (1949) Can. J. Math. 1. 2-J2. 
M. Kac, (1966) A mer. Math. Monthly 73. I. 
M.P. McKean, l.M. Singer, (1967) J. Diff. Geom. 1. 4:3. 

[9] R. Schimming, (1993). Calculation of the Heat I< erne/ Coe_(Jirieuls. In: "Analysis, 
Geometry and Groups: A Riemann Legacy Volume", Nl. by 1-LNLSrivastava and 
Th.M.Rassias, (Hadronic Press, Palm Harbor, 199:3), p.627. 

[10] P. Greiner, (1971) A1·ch. Rat. Mech. Anal. 41, 163. 

[II] T. Sakai, (1971) 1'iihoka Math. J. 23, 589. 

10 

'1 
r 
~ 

[12] !.G. Avramidi, (1991) Nuc/. Phys. B355, 712. 

[13] D.Xu. (1985) Phys. Lett. liOA, 293. 

[14] P. Amsterdamski, A.L. Berkin, D.J. O'Connor, (1989) Class. Quant. Grav. 6, 1981. 

[15] W.H. Goldthorpe. (1980) Nucl. Phys. B170 [FSI], 307. 
Yu.N. Obukhov. (1983) Nuc/. Phys. B212, 237. 

[16] A.E.M. van de Ven. (1985) Nucl. Phys. B250, 593. 

[17] S.A. Fulling, (1993), in Proceedings of Third International Colloquium on Diffe-
rential Equations, ed. D.Bainov and V.Covachev (VSP Intern. Science Publ.). 

[18] A.A. Bel'kov, A.V. Lanyov, A. Schaale, (1996) Comput. Phys. Commun. 95, 123. 

[19] H. Weyl. (1915) Rend. Cicc. Mat. Palermo 39, I. 

[20] A.O. Barvinsky, G.A. Vilkovisky, (1985) Phys. Repts. 119, I. 

[21] N.H.Barth and S.M. Christensen. (1983) Phys. Rev. D 28. 1876. 
H.T.Cho and R.Kantowski. (1995) Phys. Rev. D 52, 4600. 

[22] R. Endo, (1984) Prog1·.1'heor.Phys. 71, 1366. 

[23] H. Widom, (1980) Bull. Sci. Math. 104, 19. 

[24] V.P. Gusynin, (1989) Phys. Lett. B225, 233. 
V.P. Gusynin, (1990) Nuc/. Phys. B333, 296. 
B.li. PycLIHBII, (1991) Jl~pauuc.,,d Mam. }/{ypu. 43, 1154. 

[25] V.P. Gusynin, E.V. Gorbar, (1991) Phys. Lett. B270, 29. 

[26] V.P. Gusynin, E.V. Gorbar, V.V. Romankov, (1991) Nucl. Phys. B362, 4'19. 

[27] V.P. Gusynin. Heat Kernel TechniqUe for Nonmiuimal Operators. In: "DiscoursE's in 
Mathematics and its Applications~, 4, 65-86. Edited by S.J\.Fulling. A&i\-1 University, 
College. Station, 1995. 

[28] E.S.Fradkin and A.Tseytlin, (1982) Nuc/. Phys. B 201. 469. 

[29] T.P.Branson, P.B.Gilkey and A.Pierzchalski, (1994) A/nth. Nachr. 166, 207. 

[30] rr.u. lipOHIIH, K.B. CTenaJibHIIJI, (1996) 1'AI<l> 109, 2!.5; 

P.l. Pronin and K.V. Stepanyantz, (1997) Nucl. Phys. 485. 517. 

f31J A.Il. llpyJlHHKOB, IO.A. Bpu~mos, 0.11. MapntJeB. Huwrpanu H f>J!Jthl. )~ononnHTeJJh
Hble rnasu. HayKa, MocKBa, 1986. 

[32] S.M. Christensen, The Computational Challenge of lleaf-1\'ernc! Ca/culalious. In: 
"Discourses in Mathematics and its Applications~, 4, 47-6·1. Edited by S.A.Fulling, 
A&M University, College Station, 1995. 

II 



lr 

I( 

[33] S.A. Fulling, R.C. King, B. G. Wybourne, C.J. Cummins, (1992) Class. Quant. Grav. 
9, 1151. 

[34J U. Miiller, B.asis Invariants in Non-Abelian Gauge Theories, preprint DESY-96-154, 
hep-th/9701124. 

IIpuJiomeaue 

B nacTORII{eM npunomeunn Mill npnBQI.(HM noJiuoe BLlpameuue .l(JIR Hos<J><PuuuenTa E
4 

B paanO
meuuu (1) JlJIH HeMHBHMaJILnoro oneparopa (6) JlJlJI cnylfan: MHoroo6paautt uponsBoJILuoa paaMepnocTu n u ,l(JIH n = 4. 

E4 ::: (411-ri { -CtDXa
6

- C2 (ox&a + ga&DX;')- CaD;D4 x•6- C
4 

(D;DaX 61+ 
D;D

6
Xia + DaD6~Yi) +C.sD;D6Xai + C6 (X;;X46 + X;"Xi6 + xa;X6'+ 

Xa
6
X;; + X 6

1?f'0_ + ~~~X;1 Xi') + C7 (X;'X 64 +X; aX&;+ X; 6 x•a + X; 6 X"' 

+X
6
;X"'; +X

60
X;' +gdX/X/ +utt~~X,JX'i) + C

8 
(X;'W..& + X; 4 W16)

C9X;
6
Wia +C10X";X'

6 + CuXa-;W'6- Ct2X6;W14 - CtaDW"6 - C14W; 4 X'6 
+Cts (W;a X

6
; + Wi 6 

X'")- Ct6W;4 W 1.6 - Ct1Wi6 X"1 - CtsWlW1" + 
Ct9W"

6 
X;;- C2oD;D; Riiab + C2tD;D; Ria;t.- C22R;;~:" Riik6 + C

2
aR;;t" R1ti6 

+Ca4Ri;"
6 
Xii + Ca:;R;j"

6
W'i- Ca6~"j 11Xii + Cadl-i"; 6 Xii-+ C2sR;"/Wii 

-C29DR"
6 
+ CaoD;D" R;

6 + CatD;D6 R1"- CaaR;;Riiat. + CaaR-iiR1"i6 -

C34R;" X
16 

-·CasR;"X
61

- Ca6~"W;6 + CarR;"Ri6 - C38R;6X 1"- C
39

R;11X"1 

-C.10R/W
1
"- C4tR"

6
X;

1 + C42D" D6 R- C4aRX"6 - C44 (RX6" +gab RX;. 1) 

-C4sRW"
6 
+ C46RR"

6
- C4rg"6 D;DiX1i + C4sga6 Xu Wii + C499"11 W;iXii + 

C5og"
6
W;i W

1
i + Cst g"

6 
/l;itiRiitl- Cs2 g"11 ~;Xii - Csag"6 /l;;R1i + C~4 ga6DR 

+Css u"" R 2 
} • 

Ko34>Q>H[{HeHTLI C; B npouaBon&HOA: paaMepnocTH n: 

Ct = 

Ca = 

Ca = 

I 
Hi2a3(~ 2)s { (1- a)

1
- t ( -576- 192n + 960a + 432an + 48an2- 384a2-

288a2n- 48a
2
n

2
+8a

3
n + 6a

3
n2+ a3n3

) + 576 + 192n- 1536a- 336an+ 48an2 

+1344a
2
+ 96a

2
n- 96a

2
n2- 384a3+ 152a3n + 62a3 n2 - 27a3n3 -2a3 n4 + a3n5 }, 

,--(I" ) {(1- a)
1-t (i92- 192a- 48an + Ba3n + 6a3n2 + a3n3) 192a 2-2 5 

-192 + 384a- 48an-192a2 + 96a2n- 40~3n + 6a3n2 + a3n3 }, 

__ I __ {(1- ap-t (-96- 48n + 96a + 24an +4Ba2 + 36a2n + 6a2n2-48a3(j-2)s 

8a
3
n- 6a

3
n

2
- a

3
n

3
) + 96 + 48n- 192a- 24an + 24an2 + 48tl2 - 84a21~-

18a
2
n

2 + 6a
2
n3 + 48a3 + 36a3n- 16a3n2 - 3a3n3 + a3n4 }, 

12 

!,j 

-o.cc~~'S-i'0-~~0- '""···-"~·-c.-..·--·~-· 

I . 
c4 = ....... 3(n 2) {(1-a)

1
-t(t92-192a-48an+8a3n+6a3n 2 +a3n3) 'a 2 5 

-192 + 384a- 48an -192a2 + 96a2n- 40a3 n + 6a3 n2 + a3 n3 }, 

Cs = _I __ {(1- a) 1-t {96 +48n- 96a- 24an- 48a2 - 36a2n- 6a2n2 48a3(J-2)5 

c6 = 

Cr = 

Cs = 

c9 = 

Cto = 

Cu = 

+Ba
3
n + 6a

3
n

2 + a3
n

3
) - 96- 48n + 192a + 24an- 24an2 - 48a2 + 84a2n 

+18a
2
n

2
- 6a

2
n3

- 48a3
- 36a3 n + 16a3 n2 + 3a3n3 - a3n4 }, 

-,(! ) {(1-a)-f(-48-24n+80a+36an+4an2 ~24a2 ~18a2n 64a 2 -2 s · 

-3a2n~) + 48+ 24n- BOa -12an + 8an2 +24a2 -10a2n- 3a2n2 + a2n3}, 

6 '(! 2) {(I-a)-t (48-48a-I2an+8a'+6a'n+a 2n2) 4a 2 - s 

-48 + 48a -12an- 8a2 + 6a2n- a2n2}, 

9603(~-2)5 {2(1- a)
1-t { -48- 96a- 24an + 72a2 + 54a2n + 9a2n2- Baan 

-6a
3
n

2
- a

3
n

3
} + 96 + 96a + 96an- 336a2- 84a2n + 18a2n2 + 144a3 - 4a3n 

-12a3 n2 + a3n3 } , 

9603(~ 2)s { (1 - a)
1
-t { -96- 48n + 96a + 24an + 48a2 + 36a2n + 6a2n2 

-8a
3
n- 6a

3
n

2
- a

3
n3) + 96 + 48n- I92a- 24an + 24an2 + 48a2-

84a
2
n- 18a

2
n

2 + 6a2n3 + 48a3 + 36a3n -16a3n2 - 3a3n3 + a3n4 }, 

G4a:l(; 2)s { (1 - a)-t { -48 + 72n + 24n2 - 48a- 156an.- 36an2+ 

104a
2 + 78a

2
n + 13a2n2) + 48- 72n- 24n2 + 48a +!SOan- 12an3 

-104a
2 

+ 22a
2n + 53a2n2 - ~7a2n3 - 3a2n4 + a2n5 }, 

I . 
96a3(~~2), {(I~ a)'-t (96+48n ~ 96a+ 264an+ 72an2 -_432a2-

372a2n- 90a
2
n

2
- 6a2n3 + 56a3n + 42a3n2 + 7a3n3) - 96- 48n + 

192a- 264an- 96an2 + 336a2 + 708a2n + 30a2n2- 36a2n3·- 432a3 
-228a

3n + 136a3n2 + 15a3n3 -7a3n4}, l c, ; 96a3(~ 2)
5 

{2(1-a)I-t (48+96a+24~n-72~2 -54a2n-9a2n2 

+8a
3
n + 6a

3
n

2 + a3
n

3
)- 96- 96a- 96an + 336a2 + 84a2n -18a2n2 

-144a3 + 4a3n + 12a3n2 - a3n3}, 

Cta = 96a3(~-2)4 {(I- a)l-} { -768 + l056a + 144an- 240a2 "'- .120a2n-

8a3n- 6a
3
n

2
- a

3
n3 - 4a4n + a4n3

) + 768- 1824a + 240an + 1296a2 

-456a
2
n + 24a

2
n2

- 240a3 + 208a3n- 30a3n2 - ~3n3}, 

13 

~ 



i/! 
I 

I 
I 

li 

II' II 

I.
/ I; 
I 

' 

I 
i 
! 

c .. = 

c .. = 

c, 

c" 

9663(~ 2)5 {(1-a)
1-t (96+48n-96a+264an+12an 2 -432a2 

-372a
2
n - 90a

2
n

2 
- 6a2n 3 + 56a3 n + 42a3 n2 + 7 a3n3) - 96 - 48n + 

192a- 264an- 96an2 + 336a2 + 708a2n + 30a2 n 2 - 36a2n 3 - 432a3 

-228a
3
n + 136a8n2 + 15a3 n3 -7a3 n4 } '· 

9 "(-i,-) {2(1 - a)
1-t (48 + 96a + 24an- 72a2 ..,. 54a2n- 9a2n 2+ · 6a 2-2 s 

8a
8
n + 6a

3
n

2 + a3
n

3
) - 96-:- 96a- 96an + 336a2 + 84a2n - 18a2n2 -

144a
3 + 4a3n + 12a3n2 - a3 n3 }, 

g6as(;_2)
4 

{3(1- a)
1-t (128- 96a +64an -128a2 - 96a2n- 16a2n2 

+36a
8
n + 20a

3
n

2 + a3
n

3 + 4a4n- a4 n8 ) - 384 + 672a- 384an + 96a 2 + 
720a

2
n- 96a

2
n

2
- 384a3

- 244a3 n + 120a3n 2 - 11a3 n3 }, 

I 
--- { (1 - a)

1-t (96 + 48n- 96a- 24an- 48a2 - 36a2n- 6a 2n 2 96a3(~-2)o 

+Ba
3
n + 6a

3
n

2 + a3
n

3
) - 96- 48n + 192a + 24an- 24an2 - 48a2 + 84a2n 

+18a
2
n

2
- 6a

2
n

8
- 48a3

- 36a3 n + 16a3n 2 + 3a3n3 - a3n4 } , 

1 
C1s = 9603(~ 2)

4 
{(1-a)

1
-i"(-384+288lz+96an-20a3n-I2a3n2-a3n3 

-4a
4
n + a

4
n

3
) + 3 (128- 224a + 32an + 96a2 - 48a2n + 20a3n- a3n3)}, 

I 
C19 = gGa3(j 2)s { (1 - a)t-t (96- 384a- 96an + 144a2 + 108a2n + I8a2n2-

8a3n- 6a
3
n

2
- a

3
n

3
) + 2 (-48 + 240a t 24an- 264a2 +6a 2·n + 9a2n2+ 

72a
3 

- 22a3n - 3a3n 2 + a3n3)} , 

C2o = 288oaa~i 2)
4 

{2{1- a)
1-t (-16416 +586513a+ 6072an- 29352a2-

16608a2n- 966a
2
n

2 + 3430a3n + 1863a3n2 + 74a3n3 + 296a4 n- 74a4n3) 

+32832- 150144a + 4272an + 176016a2 - 21504a2n- 36a2n2 ....:. 58704a3 
+16108a

3
n- 738a3n2 -76a3n3 + 15a3n4 } , 

c" 

c, 

= 57600,:; 2), {(I- •)'-t (53376+ 35472n- 81840a ~ 54264an 

-6672an
2 

+ 15992a
2
n + 8766a2n2 + 385a2n3 + 1540a3n- 385a3n3) 

-53376- 35412n + 135216a + 63048an- 11064an2 - BI840a2 

-15992a2n + 13890a2n2 - 1483a2n3 }, 

I . ' 
= 55296004(~ 2), {(I -a)- -; (4534272 + 387072n +44390400a + 20447232an 

+2022912an
2

- 237126144a2
- 98031360a2n- 10807296a2n 2 - 218880a2n3 + 

435725568a
3 + I'i1)327872a3n + 21040512a3n2 + 626048a3n3 + 11520a3n4 -

399736320a
4

- 167316736a4n- l9284928a4n2 - 44256a4n3 + 61168a4n4 + 
712a

4
n

5 
+ 200829696a

5 + 90282944a5n + 9158592a5n2 -1199920a5n3 -

14 

c, 

• .. 

c24 = 

c,. 

237456a
5
n

4 
- 7912il

5
n5 - 58430208a6 - 32038400a6n- 3286544a6n2 + 

1093416a
6
n

3 + 257132a6n4 + 14474a6n5 + 10438656a7 + 7865248r? n + 
1626552a

7 
n

2 
- 189364a

7
n3

- 103878a7n4 - 9249a7n5 - 625920a8 - 985792a8 n 

-461792a
8
n

2
- 49696a

8
n3 + 9512a8 n4 + I508a8 n5) + 8 ( -566784- 48384n 

-6682368a- 2936064an- 277056an2 + 16842816a2 + 3514080a2n- 564096a2n2 

-105120a
2
n

3
- 14097696a3 + 886960a3n + 1234272a3n2 - 13600a3n3 -

20376a
3
n

4 + 4928832a4 - 1609312a4n- 180976a4 n2 + 126600a4 n3 - l466a4 n 4 

-2243a
4
n

5 + 90a
4
n

6
- 1148352a5 + 239184a5n + 44488a5n2 - 9456a5 n3 -

1540a
5
n

4 
+ 288a

5
n

5 + 45a5n6 + 78240a6 + 91000a6n + 24600a6n 2 - 42040a6n3 
-7155a

6
n4 + 2160a6n5 + 360a6 n6)} , 

I 
276480a4(¥-2)

6 
{ (1 - a)-

2
-y (4534272 + 387072n + 44390400a + 20447232an 

+2022912an
2

- 237126144a2·- 98031360a2n- 10807296u2n2 - 218880a2n3 + 
435725568a

3 + 179327872a3n + 21040512a3n2 + 62604Sa3 n3 + 11520a3,, 4 -

399736320a
4

- 167298304a4n- 19277248a4n2 - 48096a4n3 + 59248a4 u4 + 
520a

4
n

5 + -200829696a5 + 90209216a5 n + 9127872a5n2 - I 184560a5,,3 -

229776a
5
n

4
- 7144a

5
n

5
- 58430208a6

- 31927808a6n- 3240464a6JJ 2 + 

1070376a
6
n

3 + 245612a6n4 + J3322a6n5 + 10438656a7 + 7i91520a 7n + 
1595832a

7 
n

2
- -174004a

7
n 3

...,.. 96198a7n4 
- 8481a7n5 - 625920a8 - 967360a8n 

-454112a
8
n

2
- 53536a

8
n

3 + 7592a8n 4 + 1316a8 n5) + 8 ( -566784- 48384n-

6682368a- 2936064an- 277056an2 + 16842816a2 + 3514080a2,,- 564096a 2n 2 

-105120a
2
n

3
- 14097696a3 + 886960a3n + 1234272a3n2 - 13600a3n3 -

20376a
3
n

4 + 4928832a
4

- 1646176a4n- 187696a4 n2 + 137880a4 n3 + 574a4 n4 

-2759a
4
n

5
- 1148352a5 + 239184a5n + 44488a5n2 - 9456a5n3 - 1540a5n4 + 

288a
5
n

5 + 45a
5
n

6 + 78240a6 + 91000a6 n + 24600a6n2 - 42040a6n3 - 7155a6n4 

+2160a6n5 + 360a6n6)} , 

1 
{8(1- a)

1-t (24 + 48a- 50a2 - 16a2n + 6a211 2 - 2a3 - 5a3 n 192a3( i 2)4 

-2a
3
n

2
)- 192- 192a- 96an + 784a2 - 16a2n- 72a2n2 - 3$4a3 + 224a3n 

+80a
3
n

2
- 28a

3
n

3
- 16a4

- 36a4 n + 10a4 n2 + 12a4n3 - 3n:4 114 } , 

I 
46DBq?( !f-2)5 { (1 - a)-l- t (18432 + 4608n- 55680a - 2<1576an- 3456an2+ 

64512a
2 + 5299Za~n + 10f76a2n 2 + 96a 2n3 - 51840a3 - 4S4$0u3n- 11376a3n2 

-528a
3
n

3 + 24a
3
n

4 + 29952a4 + 21376a4n + 5680a4n2 + 488(t4n3 - l6a4 114 -

5376a
5

- 5680a
5
n- l756a

5
n2 - 92a5n3 + 19a5n4 + 5l2a0 n + 320a6u2 + l6a6 n3 

-Ba
6
n

4
) + 12 ( -1536- 3841l + 3104a + 896an + 96at1 2 - 2272a2 - 1584a2n-

16a2n2 + 88a
2
n

3 + 2048a3 + 800a3n- 440a3 n2 - 84a3 n3 + 22a3n4 + 2a3 115 -

448a
4

- 96a
4

!1 + 28a
4
n

2 
+ 54a4 n3 - 3a4

Jl5 - 192a5 , + 60a5 ,,3 - :Ja5 11 5)}, 

15 



~--~- ~ ----,~,, _,":-- -- _,_ .' 

c, = 384a3:!f-2)s {4(1- a)I-t ( -48n + 576a + 144an- 272a
2

- 132a
2
n + 32a2n2 5413632a4 + 2036736a4n + 165136a4n2 + 720a4

rt
3 

+_476a
4
n

4
- 2663040a

5
-+12a2n3 - 16a3 - 68~n- 44a3n2 - 7a3n3

) + 192n- 2304a- 768an + 96an
2 1520160a5 n- 258512a5n2 - 17064a5n3 - 1384a5n 4 + 387648a

6 
+ 458544a

6
n + +3392a2 ....: 48a2n- 464a2n2 - 24a2n3

- 1024a3 + 864a3n + 408a
3
n

2 
- 60a

3
n

3 
154720a6n2 + 22692a6n3 + 1616a6n4 + 46080a1

- 4384a
7 
n -- 28600a

1 
n

2 
--20~n4 - 64a4 - 160a4n + 4a4n2 + 58a4

n
3

- 3a
4
n

5
} 1 

9692a1 n3 - 884a1 n4 - 960a8 -7616a8n- 32_84a8
n2 + 644a

8
n

3 
+ 251a

8
n

4
) + c, = 384~;'f-2 )s { 4(1- a)1.:. t (48n + 576a + 144an- 336a

2
- 180a2n-+ 24a2n2+ 

4 (15360 + 34560a + 16320an- 357504a2 - 56448a2n + 10272a
2
n

2 
+ 438336ttJ -4640a3n- 18912a3n2 + 2816a3n3 - U9232a4 

+ 38400a
4
n + 2524a

4
n

2
-12a2n3 - 16a3 - 68a3n- 44a3n2 - 7a3n3) - I92n- 2304a- 384an- 96an

2 
+ 

4152a4n3 + 305a4n4 + 105a4n5 -11040a5 +3320a5
n + 60a

5
n

2 
-170a

5
n

3 
+ 3648a2 + 144a2n- 336a2n2 - 72a2n3 - 1280a3 + 800a3

n + 504a
3
n

2 
- 44a

3
n

3 30a5n4 + 240a6 - 220a6 n + 60a6 n2 
- 5a

6
n

3
)} , -28a3 n4 - 64a4 - 160a4n + 4a4n2 + 58a4

n3
- 3a

4
n

5
} 1 c., I = 1440

a2(!j--
2

)
4 

{(1- a) 1-t ( -27984- 2472n + 16248a + 9108an + 492an
2
-c,. I = 230

4
a2(!f-

2
)s {(1- a)-I-t (-8832 + 3840n + 2304n

2 + 13824a- 21888an- 1778a2n- 945a2n2 - 28a2n3 -112a3n + 28a3n3) + 27984 + 2472n- 44232a 7296an2 - 96an3 + l4976a2 + 30816a2n + 9840a2n2 
+ 768a

2
n

3 
- 25344a

3 
-

+2412an_+ 744an2 + I6248a2 - 4234a2n- 237a
2
n

2 + 9la2n
3

} , I9072a3n- 6544a3n2- 1064a3n3 - 56a3n4 + 5376a4 
+ 5680a

4
n + 2332a"

1
n

2 
+ c,.. I . 524a4n3 + 53a4n4 - 128a5n- 224a5n2 - 112a5n3 - 16a5

n4
) + 12 (736- 320n 

= 19203
(j-

2
)s {(1- a)-t (192 + 96n- 384a + 72an

2 
-128a

2
- 512a2n--192ri2 - 416a + 1812an + 256an2 - 88an3 - 1664a2 

- 1088a
2
n + 360a

2
n

2 
+ 

136a2n2 - 4a2n3 + 416a3 +400a3n+ 118a3n2 + Ua
3
n

3 
-_56a

4
n- 42a

4
n

2 
64a2n3 - 20a2n4 + 448~ + 96tfJn _- 28a3n2

- 54a3
n

3 + 3a
3
n

5 
+ 192a

4
n- \ 

-7a4n3)- 192- 96n+ 384a- 96an -120an2 + 128a
2 + 656a

2
n + 88a

2
n

2 
-44a2n3 - 416a3 - 272a3n + 146a3n2 + 23a
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- l375a3n

4
} 1 

c .. = 9603
(1j-Z)

4 
{ (1 - a)1-t {192- 288a + 96an -144a

2
- ll~.a2n- 20a2n

2 
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12a2 a + 24a(l- a) 1 

9-12a+2a2
1 

( ) 12-34a+36a2 -13a3 
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Proceedings of the II Workshop on JINR Tau-Charm Factory. Dubna, 1993 (266 p. in Russian and English) 

Proceedings of the International Conference on Dynamical Aspects of Nuclear Fission. Smo1enice, 1993 (318 p. in English) 

Proceedings of the International Bogoliubov Memorial Meeting. Dubna, 1993 (216 p. in Russian and English) 

Proceedings of the ~nternational Symposium «Dubna Deuteron-93». Dubna, 1993 (390 p. in English) 

Abstracts of the XXX Conference on Low Temperature Physics. Dubna, 1994 (2 volumes in Russian and English) 

Proceedings of the Workshop on Physical Experiments and First Results on Heavy Ion Storage and Cooler Rings. Smolcnice, 1992 (324 p. in English) 

Abstracts of the 17th International Conference «Nuclear Tracks in Solids>~. Dubna, 1994 (296 p. in English). 

International Workshop <<Symmetry Methods in Physics». ln Memory of Professor Ya.A.Smorodinsky. Dubna, 1993 (2 volumes, 602 p. 
in English) 

Proceedings of the IV International Conference on Selected Topics 
in Nuclear Structure. Dubna, 1994 (412 p. in English) 

Proceedings of the VI Trilateral German-Russian-Ukrainian Seminar on High-Temperature Supercon9uctivily. Dub1~a, 1994 (340 p. in English) 

D.I.Blokhintsev. Proceedings of the Seminars. Dedicated to the 85th 
Anniversary of the Birthday of D.I.Blokhintscv. Dubna, 1995 (271 p. in Russian and English) 
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