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I. 06w;a.JI xapaKTepHCTHKa pa60Tbl 

AKTYaJibHOCTb TeMbl. IknoJib30Bam1e MOIUHoro annapaTa CIICTeM 

KOMilbIOTepHoii: anre6phl ( CKA) .SIBJI.SieTc.SI 3q>q>eKTIIBHhIM cpe,ncTB0M pe

rneHII.SI KJIIO'leBbIX npo6JieM 'IIICJieHH0ro aHaJIII3a - pa3pa60TKII 0ilTII

MaJibHhIX 'IIICJieHHhIX anroplITM0B II· TeopeTII'leCK0ro o6ocHOBaHII.SI IIX 

K0ppeKTH0CTII. 91ICJieHHhle MeT0.llhl 0CTaIOTC.SI Ba)l{HellIIIIIM, a IIHor.na 

II e.n;IIHCTBeHHhIM cpe,ncTB0M IICCJie,noBaHII.SI CJI0)KHbIX HeJIIIHellHhIX 3a,naq 

COBpeMeHHOll MaTeMaTII'leCKOll q>II31IKII, HanplIMep, CIIrMa-Mo.neneii: II, B 

qacTH0CTII, .n;ByMepHbIX Mo,neJiell MarHeTIIK0B r ett3eH6epra. 

Uen& pa60Tbl, IIocTpoeHIIe 3q>q>eKTIIBHhIX 'IIICJieHHhIX anroplITM0B 

C IICil0Jib30BaHIIeM CHCTeM KOMilbIOTepHOll anre6pbI. Pa3pa6oTKa MeT0-

.llHKII uccne,noBaHH.SI pa3H0CTHhIX KpaeBhIX 3a,naq c ucnoJib30BaHHeM CKA. 

MaTeMaTH'leCKOe M0,nenupoBaHHe .n;ByMepHbIX C0JIHT0H0B B Mo.n;eJI.SIX Mar

HeTHK0B rett3eH6epra. 

MeTO,ZUIKa HCCJie,ll;OBaHU:.sI. IIocTpOeHHe 3q>q>eKTHBHhIX 'IIICJieHHhIX 

anropHTM0B 0CH0BhIBaeTC.SI Ha MeTo.ne <l>ypbe, cneKTpaJibHOll TeopHH r o

,nyHOBa-P .SI6eHbKOro u GKS-TeopHII, npe,nJio)KeHHOH IIIBe.n;cKHMH MaTeMa

THKaMH E.rycTaq>q>COHOM, X.-O.KpattCOM H A.CaH.n;CTpeMOM H pa3BHTOll 

B pa6oTax C.ll.Cep,n10K0Bott. llcnonh3YIOTC.SI CHCTeMhl KOMilhIOTepHott 

anre6phl REDUCE u MAPLE • .Un.SI 'IHCJieHHoro Hccne,noBaHH.SI JI0KaJIH-

30BaHHhIX peIIIeHHll npHMeH.SieTC.SI MeT0.ll K0He'IHhIX pa3HOCTeH C HCil0Jib-

30BaHHeM TeXHHKH CTpeJib6hl, a TaK)Ke HTepaUHOHHhlll MeTo.n ycTaH0BJie

HH.SI. 

Hayqua.s1 HOBH3Ha H3JI0)KeHHhIX B pa6oTe pe3yJihTaT0B 3aKJIIO'la

eTC.sI B CJie,ny10rn;eM. Bo-nepBhIX, .llJI.sI cnyqag .llBYX npocTpaHCTBeHHhIX 

nepeMeHHhIX Il0CTp0eHhl cxeMhl MaKCHMaJihH0ro He'leTHOro nop.SI.n;Ka T0'l

H0CTH - .SIBHhle C-ycTOll'IHBhle cxeMbI. 9HCJieHHhIMH 3KCnepHMeHTaMH 

Il0Ka3aHa orpaHH'leHH0CTb q>yHKUIIH rp1rna B MeTpHKe L1, a TaK)Ke npH

ro.n;H0CTb cxeM .nn.si: cqeTa pa3phIBHhIX perneHHll. Bo-BTophlx, pa3pa-

6oTaHa MeT0.llHKa aHaJIH3a ycTOll'IHBOCTH pa3H0CTHhIX KpaeBbIX 3a,naq 
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(PK3) rimep6om1qecKoro THna, no3BOJUIIOIUaJI cpe.n;cTBaMII CKA npo

necTH Il0JIH0e HCCJie.ZI0BaHHe ycToiiqIIBOCTII, BKJIIoqaJI TO'IKII cneKTpa Ha 

e.n;IIHJiqHoii 0Kpy2KHOCTII. B-TpeThIIX, aHaJIIITIIqecKII Il0Ka3aHo, qTo B 

KJiaCcHqecKOH M0,n;eJIII aHII30TpOilHO~O MarHeTIIKa I'eii3eH6epra ( npII mo-

6oM BII.n;e aHII30Tp0IllIII) .ZIByMepm,re CTaUHOHapHbie C0JIHT0HhI cymecTB0-

BaTh He MoryT. Ilpe,n;JI02KeHhI II HCCJie.ZIOBaHhI .n:na pa3JIHqHhIX o6o6meHH.ll 

3TOH M0,n;eJIH, ,n;JI.ll K0T0pbIX cymecTBOBaHHe .n:nyMepHbIX CTaUHOHapHhIX 

C0JIIIT0HOB 0Ka3bIBaeTC.ll B03M02KHhIM. B 3THX M0.ZieJI.sIX .ZIJI.ll cnyqaJI aHII-

30TponIIII ,,nerKM och" 'IIICJieHH0 HaiineHhI .ZIByMepHbie CTaUHOHapHbie 

C0JIIIT0HhI II IICCJie.D;0BaHhI HX CBOIICTBa. 

.llocTOBepuocTb conep2KaIUHXC.ll B .ZIHccepTaUIIH pe3yJihTaT0B ll Bhl

B0.n;0B IlO.ZITBep2K.n;eHa qIIcJieHHhIMII 3KCnepIIMeHTaMII II C0ilOCTaBJieHIIeM C 

H3BeCTHhIMH pe3yJihTaTaMH npyrHX aBT0p0B. 9HCJieHHhle HCCJie.ZIOBaHH.ll 

JI0KaJIII30BaHHhIX perneHIIH .n:orroJIHeHhI aHaJIIITIIqecKIIM IICCJie.ZI0BaHIIeM 

ycJIOBIIH HX cyIUeCTB0BaHII.ll B .ZIByMepHbIX M0.ZieJI.llX MarHeTIIK0B f eii3eH-

6epra. 

Hayq:urur H npaKTH"tJ:ecKrur neuuocTb. IIocTpoeHHhle .sIBHhle cxeMhI 

MaKCIIMaJihHoro HeqeTHOrO (3, 5, 7, 9) llOp.sI,n;Ka T0qH0CTII 06Jia.ZiaIOT CBOH

CTBaMII, 6JIII3KIIMII K 0llTIIMaJihHhIM, II xoporno npIIcrroco6neHhI .ZIJI.ll cqeTa 

pa3phIBHhIX perneHIIH, K0T0pbie Hepe.ZIK0 B03HIIKaIOT B' rrpaKTII'IeCKIIX 

pacqeTax. PaccMoTpeHHoe B pa6oTe npocTeiirnee rIIrrep6onIIqecKoe ypan

HeHIIe Ut = U:,.: + Uy IIIIIpoK0 lICilOJih3yeTC.ll KaK M0.ZieJihHOe rrpII IICCJie.ZIO

BaHIIII .sIBJieHIIH HeycToHqIInocTII, IiarrpIIMep, B ra30BOH mrnaMIIKe. IlpH

MeHeHHe CHCTeM KOMllhIOTepHOH anre6pbI .ZIJI.ll IICCJie.ZIOBaHII.ll ycTOH'Ill

BOCTII, pa3HOCTHhIX KpaeBhIX 3a.Ziaq ll03BOJI.lleT .ZIOBeCTII .ZIO peaJIII3aUIIII 

B BhlqIICJIIITeJibHOH npaKTIIKe Ba2KHble TeopeTII'!eCKIIe pe3yJihTaTbI (II3 

GKS-TeopIIII). C rroMOIUhIO pa3pa6oTaHHOH B .ZIIIccepTaUIIII MeTo.ZIIIKH 

nponeneHO llOJIHOe IICCJie.ZIOBaHHe ycTOH'IIIBOCTII p.sI.Zia rrpaKTH'!eCKH Ba)K

HhIX MO.ZieJihHhIX 3anaq (n TOM 'IllCJie .llBJieHII.ll HeycToHqIIBOCTII, KOTOpoe 

Ha6JIIO.ZiaJIOCh rrpII qIIcJieHHOM MO.ZieJIHpoBaHIIII .ZIBII2KeHII.ll q>JIIOKCOHOB n 
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CHCTeMe C MIIKpoHeO.ZIHOpO.ZIHOCT.llMII, a TaK)Ke cxeMhI rapn, rrpHMeH.ll

eMOII n ra30.ZIHHaMnqecKnx pacqeTax). IIpenno2KeHHhle B nuccepTamrn 

MeTO.llllKU rrocTpoeHH.ll 3cpcpeKTIIBHhIX 'IHCJieHHhIX anropUTMOB C rrpuMe

HeHIIeM CKA 06ecrrequna10T ,,aBT0MaTHJauH10" cooTBeTcTny10mIIx IIC

cnenonaHIIii II MoryT 6hITh IICllOJlb30BaHhI .ZIJI.ll peIIIeHH.ll npyrnx 3a.Zia'I. 

Pa3pa6oTaHHble II peaJIH30BaHHhle ~ BII.Zie rrporpaMM BhI'IIICJIHTeJibHble 

MeTO.ZIHKII llOHCKa II II3ytJeHII.ll CBOIICTB JIOKaJIH30BaHHhIX peIIIeHIIll B .ZIBy

MepHbIX MO.ZieJI.llX MarHeTHKOB r eii3eH6epra TaK)Ke MoryT 6hITh HCllOJih-

30BaHhI, HarrpHMep, B 3anaqax TeopHH ITOJI.ll ll q>H3HKU KOH.ZieHCHpoBaH-

Horo COCTO.llHII.ll. 

Anpo6anm1 pa6oThl. OcHoBHhle pe3yJihTaThI nnccepTaunn noKJia-

,n;hIBaJIHCh Ha HayqHhIX ceMHHapax JIBTA 11 JIT<I> OII5Ill, BcecoI03HOH 

KOHcpepeHUHJI "CIIcTeMhI .ZIJI.ll aHaJIIITllqecKIIX npeo6pa30BaHUll B Mexa

HIIKe" (ropbKJIH, 1984), Me2K.ZiyHapO.ZIHOll KOHcpepeHUUH ,,t-IucJieHHhle Me

TO.llhl II rrpIIJIO)KeHII.ll" (Cocpu.ll, 1988), BcecoI03HOM pa6otJeM conemaHnH 

,, TeopII.ll coJIHTOHOB II rrp11no:iKeH11.ll" ( Ily6Ha, 1989), Me2K.ZiyHapo.ZIHoi'1 

KoHcpepeHUllll no q11cneHHhIM MCTO.ZiaM (M11IIIKOJihll, 1990), Me2K.ZiyHa

po.ZIHOH KOHcpepeHUHll ,,MaTeMaTIIqecKoe Monem1ponam1e n rrpnKJia.ZIHa.sI 

MaTeMaTnKa" (MocKBa, 1990), Me)K.ZiyHapo.ZIHOM ceM1rnape no ttemrne11-

HhIM 3BOJIIOUllOHHhIM ypanHeHJI.llM u nnHaMn~recKUM cucTeMaM, NEEDS-

90 (Ily6Ha, 1990), Me)K.ZiyHapo.ZIHOM cel\nIHape ,,Hemme11Ha.sI q>II3UKa. Te

opn.ll 11 3Kcnep11MeHT" (ranmrnom1, 1995), Me:iK.ZIYHapo.ZIH011 KOHcpepeH

u1111 ,,MaTeMaT11tJecKoe Monem1ponaHHe u BhlqucneHU.ll B cp11311Ke" (Ily6Ha, 

1996), Me2K.n;yHaponHoll KOHcpepeHUHH ,,MeTO.Zihl cnMMeTp1m B cpmnKe" 

(Ily6Ha,1997), conMecTH0M (BMK MrY 11 JIBTA OII5III) ceM1mape no 

KOMITbIOTepHoii anre6pe (Ily6Ha, 1998), I Me2K.ZiyHaponHof1 KOHcpepemum 

,,AKTYaJihHhle rrpo6neMhI BhlqncmITeJihHOll cpu3nKn" (Ily6Ha, 1998). 

IIy6JJHKan1111. OcHOBHhle pe3yJibTaThI .ZIHCCCpTaUUII ony6mIKOBaHhl 

B pa6oTax [1]-[9]. 

CTpyKTypa B o6'beM pa60Tbl. Il11ccepTaUU.ll C0CT0UT Il3 BB<'.ZieHll.ll, 
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TJ)CX rJiaB, conep)KalllHX 9 pa3,ZleJIOB, 3aKJIIO'leHHH II CilHCKa JIHTepaTyphI; 

H3JIO)KeHa Ha 98 CTpaHHUax II BKJIIO'laeT 18 pHCYHKOB H 3 Ta6JIHUbI. 

II. Co,nep)Ka.HHe paoOTbl 

Bo BBe.n;eHHH npHBO.ZlKTCH Heo6XO,ZlHMble TeopeTH'leCKHe CBeneHHH, 

H3JiaraeTCK HCTOpHH HCCJienomiHHH npo6JieM, paccMOTpeHHbIX B ,ZlHccep

TaUHH, H ,ZlaeTCH ofi3op JIIITepaTypbI. 

B uepaoii rnaae CTpOHTCH HBHble C-ycTOH'IHBble cxeMhI MaKCHMaJib

Horo HeqeTHoro, (2k - 1)-ro, (k = 2, 3, 4, 5) nopHnKa TO'IHOCTH .ZlJIH r11-

nep60JI11qecKoro ypaBHeHHH Ut = Uz + Uy, KOTOpoe IIIHpOKO HCilOJib3YeTCH 

KaK MO,ZleJibHOe npu HCCJie,ZloBaHHH HBJieHHH HeycTOH'IHB!)CTH B ra3O.ZlHHa

MH'leCKHX pacqeTaX. 

B pa3,nene 1.1 H3JiaraIOTCH IlOCTaHOBKa 3a,Zla'IH II anroplITM nocTpoe

HHH cxeM nopHnKa q = 2k-l. CxeMbl MaKCHMaJibHoro (npu 3anaHHOM Ha-

6ope TO'leK) He'leTHOrO IlOpH,ZlKa TO'IHOCTH .ZlJIH ypaBHeHHH 

Ut = Uz 6bIJIH npenJio)KeHbI CTp3HroM1• B pa6oTax UnHh M3H-q)Kao2 

II C.ll.CepnroKoaon3 6bIJIO noKa3aHo, 'ITO 3TII cxeMhI npu q = O(ln h-1) 

o6Jia,ZlaIOT CBOIICTBaMH, 6JIH3KHMH K OIITIIMaJibHbIM B C, II xopOIIIO IIpH

cnoco6JieHbI ,ZlJIK C'leTa pa3pbIBHbIX peIIIeHHH. 

B .llByMepHOM CJiyqae .ZlJIK IIOCTpoeHIIH KBHOII cxeMbI nopH.ZlKa TO'IHO

CTII q = 2k-l Tpe6yeTcH KaK MHHIIMYM k(2k+l) TO'leK Ha Hil)KHeM cJioe. 

IIocJie nocTpoeHIIH cxeM HeBbICOKIIX rropH.ZlKOB apy'IHYIO 6bIJia .BhICKa3aHa 

rIIIlOTe3a, 'ITO .ZlJIH cxeM rropH.ZlKa (2k-1) .ZlOCTaTO'IHO HCIIOJib3OBaTb CJie

.ZlYIOIIllie anrrpoKCIIMaUIIII qacTHbIX npOII3BO.ZlHbIX 

[)'+mu 1 
ox'oym ➔ hl+m F}(p)Fm(r)u. (1) 

3necb p, r- onepaTOpbI C.ZlBIIra: p'rmuv,µ = Uv+l,µ+m, a F} onpeneJIHIOTCH 

1Strang G. J.Math. and Phys., 41, 1962, pp. 147-154. 
2UHHh M:m-'IJKao. )KBM H M<J>, 1,1961, CTp. 1117-1121. 
3 Cep.zuoKoea C.H. MaTeM.3aMe-rKH, ~. 1982, CTp. 517-528; )KBM H M<J>, 24, 1984, cTp. 1016-1029. 
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no-pa3HOMY ,ZlJIH 'leTHbIX II He'leTHbIX l: 

F}(p) = { p~(l - p-1)2~ 

pH1(1 - p-1)~+1 

,llJIH l = 2{; 

,llJIH l = 2~ + 1. 
(2) 

TeM caMhIM, B qaCTHOCTH, 3a,ZlaeTCH Hafiop TO'leK Ha HH)KHeM CJIOe. B HC

XO,ZlHOe ypaBHeHIIe Ut = Uz +uy IIO,ZlCTaBJIKIOTCH arrrrpOKCHMaUIIH ,,Brrepe.Zl" 

rrepBoro rropH,ZlKa TO'IHOCTII .ZlJIH IIpOH3BO,ZlHbIX Uz, Uy II Ut BH,Zla 

l q hl-1 a'u 
Uz = h (uv+l,µ - Uv,µ) - I::-z-, !11 + O(hq), 

1=2 • uX 
(3) 

(rrpHBO,ZlIIM Bbipa)KeHHe ,ZlJIH Uz, rrpoH3BO,ZlHbie Uy II Ut 3a,ZlaIOTCH aHa

JIOrH'IHO). B Bbipa)KeHIIII ,ZlJIH BbI'IIICJieHHH 3Ha'leHil.ll cpyHKUHII Uv,µ Ha 

(n + 1)-M CJIOe qepe3 3Ha'leHHH 3TOII cpyHKUIIII B TO'IKaX Ha n-M CJIOe 

n+l n + T ( n n ) + T ( n n ) uv,µ = uv,µ h Uv+l,µ - uv,µ h uv,µ+1 - uv,µ -

q hl-l o1u 81u q r1 . 1 l! fJ'u 2k -TE T( 8x1 + 8y1) + E 1f fo k!(l - k )! fJxl-k[)yk + O(h ) ( 
4

) 

nucpcpepeHUHaJibHbie onepaTopbI B cyMMax rro cpopMyJiaM (1), (2) 3aMe

HHIOTCK pa3HOCTHbIMH, B pe3yJibTaTe IIOJiyqaeM Tpe6yeMyIO pa3HOCTHYIO 

annpoKcuMaUHIO. Ilpe.ZlJIO)KeHHbIH B 3TOM pa3nene anropHTM 6bIJI peanil-

3OBaH Ha H3bIKe REDUCE. 
B pa3.nene 1.2 rrpou3BO.ZlHTCH rrpoaepKa TO'IHOCTH u ycTOH'IIIBOCTH 

rrocTpoeHHhIX cxeM. Pa3Jio)KeH11eM B pH.Zl Te:iinopa cpyHKUHH B TO'IKax, 

C.ZlBIIHYTbIX OTHOCHTeJibHO q>HKCilpoBaHHOH, IIOKa3aHo, 'ITO IIOCTpoeHHbie 

HBHbie cxeMbI·c k(2k + 1) TO'leK Ha HH.:arneM CJioe neHCTBIITeJibHO HMeIOT 

rropH.ZlOK TO'IHOCTII q = (2k - l). 
BbI'IHCJIHIOTC.ll pa3Jio)KeHHK xapaKTepHCTH'leCKHX cpyHKUHH F( <p, 1/J) B 

oKpecTHOCTH <p = 1/J. = 0. lh 3THX pa3JIO)KeHIIH cJienyeT, 'ITO rrpu oT

HOIIIeHHH IIIaroB ceTKII a = T / h > ½ HapyIIIaeTc.ll Heo6xon11Moe ycno

BHe ycTonquaocTH B L2 (ycJioaue HenMaHa): IF(<p, 1/J)I ~ 1, 0 ~ <p, 
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t/; ~ 21r. Ilpn BhlqHCJICHHH pa3JIO)KCHHH xapaKTepHCTIJqecKHX qiyHKUHH, 

KaK n npn npoBepKe ToqHocTn, ucnoJihJyeTc.sr cncTeMa REDUCE. 

lhBeCTHo, qTo .nn.sr JIHHeHHhIX 3a,n;aq ycToii:qnBOCTh B C 3KBHBaJieHTHa 

orpaHnqeHHOCTH pa3HOCTHOH q>yHKUHH rpnHa B MeTpHKe £1 - qTo H npo

Bep.sreTCH C IlOMOII.{blO qncJieHHoro 3KCnepnMeHTa. 9ncJieHHhIH 3Kcnepn

MCHT IlOKa3hIBaeT, qTo HOpMhl qiyHKUHH rpnHa B L1 orpaHnqeHhl npn 

O'::; ½ II 3KCilOHCHUHaJibHO pacTyT C pocTOM n npn O' > ½- IIpnBe.n;eHHhle 

pncyHKH HarJIH,D;HO ,Il;CMOHCTpnpyIOT IlOBe,D;eHne q>yHKUHH rpnHa BHYTPH, 

Ha rpaHnue n BHe o6JiaCTH ycToHqHBOCTH • 

IIpnro.n;HOCTb cxeM ,D;JIH cqeTa pa3phIBHhIX perneHIJH npoBep.sreTCH Ha 

H3BCCTHOH MO,D;eJibHOH 3a,n;aqe co "CTOJI6nKaMH" . 9ncJieHHO pernaeTCH 

3a,n;aqa Kornn: Haii:TH nepno.n;JJqecKyIO no x, y ( c nep1rnnoM 1) qiyHKUIIIO 

u, y,n;oBJieTBOp.sr10my10 ypaBHeHHIO Ut = Ux + Uy, B KaqecTBe HaqaJibHhIX 

.uaHHhIX 3a,UaHhl "CTOJI6JJKII" : 

u(x,y,0) = { ~ B Kpyre (x - ½) 2 + (y - ½)2 ::; ½, 
,D;JIH OCTaJibHhIX ToqeK KBa.n;paTa O ::; x, y < 1. 

iln.sr TaKHX HaqaJibHhIX ,UaHHhIX npH ueJihIX t perneHne paccMaTpnBaeMOH 

3a,n;aqJI ,D;OJI)KHO COBila,UaTb C HaqaJibHhIMH ycJIOBHHMH, qTo H npoBep.sr

eTCH Ha qncJieHHOM 3KCnepnMeHTe C HCilOJib3OBaHHeM nOcTpoeHHhIX an

npoKCHMaUIIH. IloKa3aHo, qTo B cnyqae .n;Byx npocTpaHCTBeHHhIX nepe

MeHHhIX IlOCTpoeHHhle HBHhle cxeMhl MaKCHMaJihHOro HeqeTHoro nop.sr.n;Ka 

TOqHOCTII xoporno annpOKCHMHpyioT pa3phIBHhle perneHHH. Ha npHMepe 

cxeMhl 4 nop.sr.n;Ka TOqHoCTH IlOKa3aHo, qTo, KaK II B CJiyqae O,UHOH npo

CTpaHCTBeHHOH nepeMeHHOH, cxeMhl MaKCIIMaJibHOro qeTHoro nop.sr.n;Ka 

TOqHOCTH TaKIIMII xopOIIIHMII CBOHCTBaMn He o6Jia,UaIOT. 

B KOHUe pa3,UeJia o6cy)K.[{aIOTCH oco6eHHOCTH lICilOJib3OBaHHH CHCTeMhl 

REDUCE B paccMaTpHBaeM011 3a,n;aqe, 

B pa3,nene 1.3 npHBO,D;HTCH pe3yJibTaThl pacqeTOB B qiopMyJiax, pH

cyHKax H Ta6nnuax .UJIH pa3JIHqHhIX k II a = ( r / h), c KOMMeHTapHHMII. 

6 

.i.. 

t" 

t. 

F 

Bo BTOpoii rnaee .unccepTaunn o6cy)K.uaeTc.sr MeTo.unKa nccJie.uoBa

HHH ycToii:qlJBOCTH mrneii:HhIX PK3 rnnep6om1qecKoro Tnna C IlOMOII.{bIO 

CKA. B pa3,nene 2.1 npnBo.n;.srTc.sr Heo6xo.nnMhle cBe.UeHn.sr 113 GKS-Teo

pnn4, KoTopa.sr, Hap.sr.uy co cneKTpaJihHOH Teopneii: r o.uyHoBa-P.sr6eHbKoro5, 

HBJIHeTc.sr TeopeTnqecKoii: ocHoBoii nccJie.uoBaHHH ycToii:qIJBOCTH PK3 B 

nnccepTaUHH. 

ilJI.sr ycTouqIJBOCTH nony6eCKOHeqHOH pa3HOCTHOH KpaeBOH 3a.uaqn He

o6xo.n;nMo, qTo6hl 6hIJia ycToii:qnBa cooTBeTCTBy10ma.sr Ja,n;aqa KoIIIH n 

qTo6hl cneKTp onepaTopa nepexo.ua OT cno.sr K cnoro Jie)KaJI B emrnnqHoM 

Kpyre lzl ::; 1. Ecnn eCTh ToqKn cneKTpa BH·e e.rurnwrnoro Kpyra, Ha-

6n10.uaeTCH CHJihHaH HeycToii:qunocTh 3KcnoHeHUIHWihHoro T1ma. B npo

uecce HCCJie,D;OBaHIJH JCTOll'IHBOCTH CTpOHTCH amWIHTnqecKa.sr MaTpnua 

. B, 3aBnc.srma.sr OT HCXO.UHhIX rpamJqHhIX ycJIOBllll II pe3OJibBeHTHOro na

paMeTpa z. ToqKa KOMilJieKCHOH IlJIOCKOCTH zo HBJIHeTCH ToqKOll cneKTpa, 

eCJIH II TOJibKO eCJIH B 3TOII TO'IKe ,UaHHaJI MaTpuua BhlpO)K,UeHa. B cnyqae 

ToqeK cneKTpa Ha C.UHHlJqHoii: OKpy)KHOCTH, pacCMOTpeHHOM n pa6oTax 

CJI.Cep.n;IOKOBOI'i, Tpe6yeTc.sr 6onee TOHKOe aHamJTuqecKoe 11ccnenoaa

HHe - a 3TOM cnyqae ncxo.n;Ha.sr PK3 MO)KeT 6h1Th KaK ycTouqnnof1, TaK 

n HeycToII'IHBoii:. 

B .unccepTaunn paccMaTpnaaIOTCH Kpaeahle Ja.uaqn a11.ua 

un+l q , n 
n 2: 0, V > O· 

V = L antv+l• - ' l=-p 

uD = J,,, f 1/21 < oo· (5) 
V 0 V - ' v= 

s 
u"• = 1:: Cj/U1, j = 1, ... ,p. -J l=O 

liccne.uyeTc.sr npaKTnqecKH na)KHhIII KJiacc cxe}.t: 3 2: p 2: q 2: 1. Ilpe.u-

IlOJiaraeTCH, qTo K03q>q>HUIICHThl a_p -f= 0, aq -f= 0 11 'ITO COOTBeT-

4Kreiss H.-O. Math.Comput., ~. 1968, pp. 703-714; 

Gustafsson B., Kreiss H.-O., Sandstrom A. Math.Comp.,~. 1972, pp. 649-686; 

Cep.llIOKOBa C.H. IlAH CCCP, 319, 1991, crp. 1328-1332; B c6.: 81,1•mrnnTe.J1bHhlr npouecchl H cn

CTeMhl. M., HayKa, 1991, Bhln.8., crp. 292-327. 
5 fonynos C.K., Pl!6etthKHii B.C. Pa:rnOCTHl~e cxeMhl. M., HayKa, 1973. 
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CTBYIOlllaJI Janaqa Kornn ycTOH'IIIBa. 

3anaqa onpeneJieHmi: TO'IeK cneKTpa ( o6mero noJioAl'.eHml) paccMaTptt

BaeMOH PK3 B o6JiaCTII lzl ~ 1 B GKS-Teop1111 CBOllHTCH K perneHHIO 

CIICTeMhl (p + 1)-ro ypaBHeHHH c (p + 1)-o:ii nepeMeHHOH: 

detB(K1, K2, ••. , Kp) =. 0, 

Q(Ki, z) = 0, 
(6) 

Q(Kp, z) = 0, 

rne K1, l = 1, ••. ,p - pa3JIII'!Hhle MeAl'.ny co6oii, MeHhrnue no MonyJI10 

enHHHUhl perneHHH pe3OJibBeHTHOro ypaBHeHHH 

p+q 

Q(K, z) = L a1-pK1 - zKP = 0, lzl ~ 1. (7) 
l=O 

fipttBeneHHaJI CHCTeMa nOJIIIHOMIIaJibHhIX ypaBHeHIIH (6) onIIChIBaeT 

cneKTp paccMaTpHBaeMoii: PK3 u HBJIHeTCH ocHOBHoH cucTeMoii: GKS

Teopuu; aHaJIII3 YCTOH'IIIBOCTII B 3TOII TeopIIII CBOllIITCH K BhIBony II pe

rneHIIIO 3TOH CIICTeMhl. IlpennaraeMaJI BO BTopoii: rnaBe nnccepTaUHII 

MeTOnIIKa BKJIIO'!aeT BhIBOll 3TOH CIICTeMbI II ee perneHIIe C nOMOIUbIO 

cneUIIaJibHoro anropttTMa. lkcJienoaaHIIe ycTOH'IIIBocTII npoaonIITCH Ha 

KOMnhIOTepe cpencTBaMII CKA. 

B pa3,nene 2.2 npenJio::iKeHHaJI MeTonnKa npIIMemreTcH nnH nccJieno

BaHIIH HBJieHIIH HeycTOH'IIIBOCTH, KOTOpoe Ha6JIIOllaJIOCb B OKpeCTHOCTII 

rpaHIIU npII 'IIICJieHHOM MOnennpoBaHIIII 6 llBII)KeHIIH q)JIIOKCOHOB B CII

cTeMe C MIIKpOHeonHoponHOCTHMII7 no cxeMe PycaHOBa. 3Ta q)lI3II'!eCKaJI 

3anaqa onIIChIBaeTCH ypaBHeHJieM 

<!>tt = <!>xx - (1-µb"(x - x0 )) sin</> - a<f>t, 0 ~ X ~ f, 
6Ka3aqa r.c., Cep.ZUOKOBa C.H., <l>HJIHililOB A.T. Coo6rueHHe OH51H, Pll-84-76, .lly6Ha, 1984; 

Ka1aqa r.c., Cep.1UOKOBa C.H. )KBM H M<I>, 1,1993, CTp. 417-427. 
7fam,nepH IO.C., <l>HnHnnoa A.T. IIpenpHHT OH51H, Pl7-83-632, .lly6Ha, 1983; 

(8) 

Eaxaanoa H.C., fanbnepH IO.C., Ka3aqa r.C., Cep,1110Koaa C.H., <l>Hnunnoa A.T. IlpenpHHT OH51H, 

Pl 7-86-537, lly6Ha, 1986. 
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·~ 

co CJienyIOIUIIMII Ha'!aJibHhIMII II rpaHII'IHhlMII ycJIOBIIHMH: 

</>(x,0) =f(x), <!>t(x,0) =g(x), 

</>z (0, t) = </>z ( f, t) = 0. 
(9) 

B Ka'!eCTBe MOneJihHOro B nuccepTaUHII Bhl6HpaeTCH BOJIHOBoe ypaB

HeHHe <f>tt = </>xx, y KOToporo, KaK IlOKa3aJIH pac'!eThl, Ha6JI10naeTCH TO 

)Ke HBJieHHe HeycTOH'IHBOCTH, 'ITO H y HCXOllHOH Jana'III. 

IlpHMeHHeTCH cxeMa PycaHoBa 3 nopHnKa TO'IHOCTH, HMeIOIUaJI 5 TO

'!eK B OCHOBaHHII. CxeMa Tpe6yeT JanaHHH nonoJIHIITeJihHhIX rpaHH'IHhIX 

ycJioBHM. B Ka'!ecTne nonoJIHHTeJihHhlX rpaHH'IHhlX ycJionuii: 6bIJIO onpo-

6oBaHo HeCKOJibKO annpoKCIIMaUIIH 2 nopHnKa TO'IHOCTII - npII C'!eTe no

CTOHHHO Ha6JIIO.O:aJIIICb 6tteHIIH 3KCnotteHUIIaJibHOro TIIna y rpaHIIU. IlpII 

IICnOJib3OBaHIIII cxeMhl-TpeHOrII ( cxeMhl JlaKca-BeHnpo4l4la) CIIJibHhle oc

UIIJIJIHUIIII B OKpeCTHOCTII rpaHIIU IIC'Ie3aIOT. B .n:uccepTaUIIII TeopeTII'!e

CKII ( c noMOIUhIO cIIcTeMhl REDUCE) nccnenoBaHhl o6a TIIna rpaHII'IHhlX 

ycJIOBIIH. B nepnoM cJiyqae Haii:.n:eHa e.n:IIHCTBeHHaJI TO'!Ka cneKTpa BHe 

enIIHII'IHOro Kpyra, npIIBOllHIUaJI K HeycTOH'IIIBOCTII: z* = -1, 063 .... Bo 

BTOpOM cnyqae ,n:oKa3aHo, 'ITO ecTb enHHCTBeHHaJI TO'!Ka z* = 0. CooT

BeTCTBYIOIUaJI 3a.n;aqa Kornn ycTOH'IIIBa B C. CJienoBaTeJibHO, corJiacHo 

TeOplIII ro.n:yHoBa-PH6eHbKOro, PK3 B 3TOM cnyqae ycTOH'IIIBa. 

B pa3,nene 2.3 nnccepTaUIIII npennaraeTCH anropIITM noJIHoro (nKJiIO

'IaJI TO'IKII cneKTpa Ha enIIHII'IHOH OKPY)KHOCTII) IICCJienoaaHIIH ycTOH'III

BOCTII JIIIHeHHbIX pa3HOCTHhlX runep6oJIII'!eCKIIX KpaeBbIX Ja,n:a'I. Mc

CJienyeMaJI HeJIIIHeHHaJI CIICTeMa ypaBHeHIIH, OilIIChlBaIOIUaJI cneKTP, aJI- . 

re6paII'!eCKHMII MeTo,n:aMII CBO.O:IITCH K .O:BYM IlOJIIIHOMIIaJibHhlM ypaBHe

HIIHM. IlocJie Bhl'IIICJieHIIH pe3yJibTaHTa nonyqaeTCH onHo IlOJIIIHOMII

aJibHOe ypaBHeHIIe, KOTOpoe pernaeTCH .. IIICJieHHO. B cJiy'!ae TO'IeK cneK

Tpa Ha e,UIIHII'IHOH OKpy::iKHOCTII BhlHCHHeTCH xapaKTep oco6eHHOCTeii: pe-

3OJlbBeHThl, 'ITO II IlO3BOJIHeT nponeCTII IlOJIHOe IICCJie,uonaHHe ycTOH'III

BOCTII. MeTO.UIIKa npIIMeHIIMa K cxeMaM BilJIOTb no 6 nopH,UKa TO'IHOCTII. 

Mccne.uoBaHa ycTOH'IIIBOCTb pHna npaKTII'!eCKII Ba)KHbIX MO,UeJibHhIX 3a-
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,lla<J. IlpIIBO,ll.llTC.ll npIIMephl HCCJie,llOBaHU.ll TO<JeK cneKTpa Ha e,lllIHII'IHOH 

0KpJ)KH0CTII. Bee 3Tanhl lICCJie,lloBaHIIH npoBO,llHTC.ll Ha K0MilblOTepe C 

noM0lllbIO cIIcTeM REDUCE u MAPLE. 

B TpeTbeH rJJaBe ,lllICCepTaUIIII Bhlll0JIH.lleTC.ll HCCJie,ll0BaHIIe <JaCTII

ueno,llo6HhIX pemeHIIM B paMKax TpeXKOMilOHeHTHhIX HemrneIIHhIX CIIrMa

MO,lleJieM ( KJiaCCII<JeCKIIX MO,lleJieM Mr), B03HIIKalOllllIX npu IICilOJib30Ba

HlIII .llBYX pa3JIII'IHhIX MexaHII3M0B, 06ecne<JHBal01IlHX B03M0)KH0CTb cy

mecTB0BaHII.ll He0,llH0MepHhIX C0JIIITOH0B. 

B pa3~eJJe 3.1 pacCM0TpeH MexaHII3M, OCHOBaHHhIH Ha BKJIIO<JeHIIH 

CTa6IIJIII3IIpyIOllllIX <JJieH0B ( THna CKHpMa8) B JiarpamrrnaH MO,lleJieH aHH-

30Tp0ilHbIX MarHeTHK0B reI13eH6epra. lfccJie,llyeTCH cnyqai'!: aHH30Tpo

IlHII TIIIla ,,JiefKa.ll OCb" , npH 3TOM IlJIOTHOCTb raMUJibTOHHaHa M0,lleJIII 

IIMeeT BII,ll 

1i = (8;s0
)

2 + sin2 0 + p (8;s0 8;s0 )2' 

r,lle i = 1, 2, a= 1, 2, 3, 0 - yron Me)K.llY noJI0)KIITeJibHhlM Hanpa

BJieHIIeM ,,JiefKOM" OCH II e.llIIHII'IHbIM BeKT0p0M s(x;), p - 6e3pa3-

MepHbIH napaMeTp M0,lleJIII, 0 < p < 00. 3Ty M0,lleJib MO)KHO Ha3BaTb 

,,nerKoocttoi'!: M0,lleJihIO reI13ett6epra-CKIIpMa." JloKann3onaHHhle peme

HII.ll B 3TOM MO,lleJIII IIlllYTCH B ,llHCCepTaUIIH C npHMeHeHHeM TaK Ha3bl

naeMOM e)KOBOM" no.n;cTaHoBKn9• Bo3HIIKa10mee nocne np. HMeHeHII.ll 3TOH 
" 

Il0,llCTaHOBKH .llByMepHoe HeJIIIHeHHOe ypaBHeHHe 2 rropH.llKa .llJIH cpyHKUHH 

0 c rpaHH'IHbIMII ycJIOBH.llMH 1 PO.lla pemaeTCH c rrpHMeHeHHeM TeXHHKII 

,,cTpeJib6bI" • IloKa3aHO OTCJTCTBHe HeTOIIOJIOfH<JeCKIIX CTaUHOHapHbIX 

COJIIITOHOB B 3TOM MO,lleJIII. 9ucJieHHO HaH.lleHhl CTaUHOHapHbie C0JIIITOHhl 

C TOIIOJIOfII<JeCKHMII 3ap.ll.llaMH Q = 1 II Q = 2. IIpoaHaJIH3HpOBaHa 3aBH

CIIMOCTb pa.llnyca H 3HeprIIH COJIHT0HOB OT rrapaMeTpa p. O6Hapy)KeHo, 

'ITO rrpn ncex p 3HepreTH<JeCKH BhlfO.llHO o6pa30BaHHe CB.ll3aHHOf0 COCTO

.llHII.ll .llByx COJIHTOHOB C e.llHHlJqHhIM 3ap.ll.llOM Q = 1. O6cy)K.llaeTC.ll CB.ll3b 

8Skyrme T.H.R. Proc. R.Soc., A 260, 1961, p. 127. 
9KoceBH'I A.M., IIaaHoB B.A., Koaanea A.C. HeJIHHeiim.le BOJIHbl HaMarHH'leHHOCTH. llnHaMH'lecKHe 

H -i-onOJtorH'lecKHe COJIHTOHbl. ,,HayKoaa llYMKa" , KHeB, 1983. 
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HaM.lleHHhlX coJIIITOHOB c com1T0Hm,m Eenamrna-IIon.srKona10 rrpn MaJihlX 

p (MaJihIX pa.llIIycax COJIHTOHOB). 

B pa3~eJJe 3.2 II3y<JeHa HOBa.ll B03MO)KHOCTb cymecTBOBaHIIH COJIII

TOHHhIX pemeHIIM, B03HHKaIOllla.ll rrpu BKJIIO<JeHIIII ,,MHHIIMaJibHoro" KaJIII-
. . 

6ponoqHO-IIHBapHaHTHOfO B3aIIMO.llel!CTBII.ll TpeXKOMIIOHeHTHOfO IlOJIH 

e,llIIHII<IHoro II30BeKTopa c noneM MaKcBeJIJia. IIonyqeHhl rroneBble ypan-

HeHIIH 3-KOMIIOHeHTHOH U ( 1) KaJIII6poBoqHo-IIHBapnaHTHOJJ CIIrMa-MO.lle

JIII (,,A3M-Mo.llenn") co crroHTaHHo-HapymeHHOM Z(2)-cnMMeTpueI1 n 

(D + 1)-MepHOM npocTpaHCTBe-BpeMeHn. C rroM0lllblO y)Ke yrroM.srHy

TOM "e)KOBOM" IlO.llCTaHOBKII CIICTeMa ypaBHeHIJI°I B 'IaCTHbIX rrpOII3BO.llHbIX 

CBO.llIITC.ll K CIICTeMe .llBYX Hemrnei°IHhlX o6bIKHOBeHHbIX .llIIcpcpepeHUUaJib

HbIX ypanHeHHH 2 rrop.ll.llKa .llJIH HemBeCTHbIX cpyHKUIJI°I 0(r) n o-(r): 

d20 1 d0 . [m2(o- - 1)2 
] 

dr 2 +-;:dr - sm0cos0 r 2 + p = O. 

d2a 1 da . 2 - - -- + 2(1 - o-)sm 0 = 0 
dr2 r dr 

C rpaHH'IHbIMH ycJIOBII.llMH 

0(0) = 71", 

a(O) = O, 

0(00) = 0, 

da 
-(oo) = O. 
dr 

(10) 

(11) 

(12} 

(13) 

3.lleCb m - uenoe qncno, orrpe.lleJIHIOlllee TorronornqecKm1 3ap.sr.ll conn

TOHa, p - 6e3pa3MepHhIM rrapaMeTp. 

Lln.sr qIIcJieHHoro pemeHH.ll 3TOH cncTeMbl 6hlmI ncrroJib3oBaHhl KaK Me

TO.ll CTpenb6bl, .TaK II IITepaUHOHHhlll MCTO.ll ycTaHOBJieHirn, IJCIIOJib3JIO

lllHll BKJIIOqeHHe HCKJCCTBeHHOII BH3KOCTU B HeCTaUIIOHapHbIII aHanor nc

CJie.llyeMOH ClICTeMbI CTaUHOHapHbIX o6bIKHOBeHHbIX .llUcpcpepeHUIIaJibHbIX 

ypaBHeHHM. 9ncJieHHO HaM.llCHhl JIOKaJIIJ30BaHHhle pellleHUH 2-MepHOII 

A3M MO.lleJIII c emrnIIqHhlM TorronornqecKnM 3apH.n;oM; 3TH Torronorn

qecKIIe COJIIITOHhl OIIIIChIBaIOT ( no KpaHHCJI Mepe, .llJI.ll MaJibIX 3Ha'leHIII°J 

10BeJiaBHH A.A., IlOJtllKOB A.M. IlHCbMa B )K3T<I>, ~. 1975. CTp. 503. 
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6e3pa3MepHoro napaMeTpa Monenn p, p < po) ycTOII'IIIBhle CB.snaHHhle 

COCTO.llHIUI enlIHII'IHOfO TpeXKOMilOHeHTHOfO ,,JierKOOCHOfO" IlOJI.ll r e1beH-

6epra II noJI.sI MaKcBeJIJia. HaI1:neHHhle B paMKax A3M Monem1 nByMep

Hhle JlOKaJIII30BaHHbie peweHII.ll OilHCbIBaIOT CTPYHbI ( BIIXplI) KOHe'IHoro 

pan1Iyca B peaJibHOM TpexMepHOM npocTpaHCTBe. 3TII pemeHII.ll .llBJI.ll

IOTC.ll coJIIITOHHbIMII aHanoraMH B1IxpeI1: ( cTpyH) A6p1IKocoBa-H1Im,ceHa

OnbceHa 
11

, HCilOJib3JeMhIX nn.sI Oil1ICaH1I.ll KOCMII'leCKHX CTPYH II BIIXpe

BhIX cTpyKTYP B cBepxnpoBonHIIKax. 

III. OcHOBHhle pe3yJibTaThl paooThl 

1. lln.sI cnyqag nByx npocTpaHCTBeHHhIX nepeMeHHhIX nocTpoeH aHa

nor ll3BeCTHhIX .llBHhIX cxeM MaKCIIMaJibHOro He'leTHoro (3,5,7,9) nop.sinKa 

TO'IHOCTII. I-:lcnoJib3JeTC.ll CIICTeMa REDUCE. Ha 'IHCJieHHOM 3Kcnepn

MeHTe npoBep.sieTC.ll JCTOII'IIIBOCTb B C nocTpOeHHhIX pa3HOCTHhIX an

npOKCIIMaQIIII: ycTaHoBneHa orpaH1I'IeHHOCTh q>yH'KUHII rp1IHa G"!,i B Me

TPIIKe L1 npu ecTeCTBeHHOM orpaHII'leHIIH Ha OTHOllleHIIe maroB CeTKH 

( r / h) :::; ½- PeJJJibTaThl '!IIcJieHHhIX 3KcnepIIMeHTOB noKa3blBaIOT TaK2Ke, 

'ITO nocTpoeHHhle cxeMhl xopomo npncnoco6neHhl nn.sI c'!eTa pa3phIB

HhIX pemeHIIII. KaK II B cnyqae onHoII npocTpaHCTBeHHOII nepeMeHHoII, 

cxeMhl MaKCIIMaJibHOro 'IeTHOro nop.sinKa TO'IHOCTII TaKHMH xopOlllHMII 

CBOHCTBaMII He o6nanaIOT. 

2. Pa3pa6oTaHa n peannJoBaHa Ha .ll3hIKax REDUCE II MAPLE Me

Ton1IKa IlOJIHoro lICCJienoBaHH.ll ycTOII'IIIBOCTH JIHHelIHhIX pa3HOCTHhIX rlI

nep60JIII'!eCKIIX KpaeBhIX Janaq. C1IcTeMa IlOJIHHOMHaJibHhIX ypaBHeHHII, 

OilllChIBaIOmM cneKTP, CBOnHTC.ll K pemeHHIO onHoro ypaBHeHH.ll. MeTO

nnKa np11MeH1IMa K cxeMaM BnnoTh no 6 nop.sinKa TO'IHOCTH. MccnenoBaHa 

ycTOH'IIIBOCTb p.sina npaKTII'!eCKII Ba)KHhIX Mo,neJibHhIX Jana'I. 

3. MccnenoBaHO .llBJieHHe HeycTOII'IIIBOCTH, KOTOpoe Ha6n10nanocb B 

OKpeCTHOCTII rpaHIIU nplI 'IIICJieHHOM MonenupoBaHIIH ,n;BI12KeHI1.ll q>JIIOK-

11 A6pHKocoe A.A., )K3T<I>, ~. 1957, cTp. 1442; Nielsen H.B. and Olesen P., Nucl. Phys., B61, 1973, 

p. 45. 
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C 
COHOB B npOT.ll)KeHHOII CIICTeMe C MIIKpOHeonHopo,n;HOCT.llMH. l!BII)KeHHe 

q>JIIOKCOHOB OilllCbIBaeTC.ll ypaBHeHIIeM CHHyc-rop,n;OH C CIIHryJI.sipHOCT.ll

Mll. TeopeTH'leCKII IICCJie,noBaHhl .n;Ba Tuna rpaHH'IHhIX YCJIOBIIH: 0.LlHO 

113 nonOJIHIITeJibHhIX rpaHH'IHhIX JCJIOBIIII, npHBO.Ll.llll.lllX K CIIJlbHhIM oc

QHJIJUQil.sIM, II cxeMa-TpeHora, 06ecne'II1Ba10mag JCTOII'IIIBOCTb. . 
4. AHaJIIITil'leCKII IlOKaJaHo, 'ITO B KJiaccuqecKOII Monenu aHH30Tpon-

Horo MarHeTHKa reI1:JeH6epra (npH n1060M Bline aHHJOTponnH) ,n;BJMep

Hhle CTaQHOHapHhle COJllITOHhl cymecTBOBaTb He MoryT. llpe,n;JIO)KeHhl 

II IICCJie,noBaHbl ,n;Ba pa3JllI'!HhIX 0606meHI1.ll 3TOII Mo,nenu, .LlJl.ll K0TOphlx 

cymecTBOBaHHe .LlBJMepHhIX CTaQHOHapHhIX COJIHTOHOB OKa3hIBaeTC.ll B03-

M02KHhIM. 

5. BhlnOJIHeHo 'IIICJieHHOe MonenupoBaHHe .n;ByMepHbIX CTaQHOHapHhIX 

COJIIIT0HOB B Mo,nenn nerKOOCHoro MarHeTHKa reI1:3eH6epra co CTa611n11-

3I1py10m11MI1 '!JieHaMn Tuna CKHpMa. MeTonoM KoHe'!HhIX pa3HOCTeI1: ( c 

IICilOJlb30BaHHeM TeXHIIKII ,,cTpeJib6hI") pemeHa KpaeBM Ja,naqa .LlJl.ll He

JIHHen:Horo ypaBHeHn.sI reI1:JeH6epra-CKnpMa 2 nop.11.n;Ka. lfacneHHO HaI1:

neHhI COJlllT0HhI C TOilOJIOfll'IeCKIIMII 3ap.sI,naMH Q = 1, 2 .LlJl.ll pa3JIIl'IHhIX 

3Ha'!eHnI1: xapaKTepHoro 6e3pa3MepHoro napaMeTpa p. lloKaJaHo OTCJT

CTBHe HeTOilOJIOfll'leCKIIX ( Q = 0) COJIIITOHOB. Y CTaHOBJieHo, 'ITO COJlll

TOHhI C TOilOJIOfll'!eCKHM 3ap.11noM Q = 1 npHT.llfHBaIOTC.ll npyr K npyry, 

II 3HepreTH'!eCKII BhlrO.n;HhIM .llBJI.lleTC.ll o6pa3oBaHHe IIX CBH3aHHoro COJIII

TOHHOro COCTO.llHH.ll C T0ilOJIOfH'IeCKHM 3ap.sI.LlOM Q = 2. 

6. 9ucneHHO IICCJienoBaHa U{l) KaJII16pOBO'IHO-IIHBap11aHTHM MO,neJib 

nerKoocHoro aHTHq>eppoMarHeTHKa reI1:JeH6epra (A3M-Mo,nenb). Han:

neHa noncTaHOBKa, CBO.Ll.llll.lM Janaqy IlOIICKa CTaQHOHapHhIX .n;ByMepHhIX 

conuToHoB B A3M-Mo,nenu K pemea1110 cncTeMhI ,n;Byx HennHeIIHhIX o6hIK

HOBeHHhIX nuqiqiepeHQllaJibHhIX ypaBHeHHII BToporo nop.11,n;Ka C rpaHH'l

HhIMII ycJIOBil.llMH B Hyne II Ha 6eCKOHe'IHOCTH. .Ung pemeHH.ll 3TOII CH

CTeMhI pa3pa6oTaH cneQHaJibHhIII MeTon ycTaHOBJieHH.11, Il03BOJI.lllOll.llllI 

Ha6monan. ,,3BOJIIOQIIOHHhIII" npouecc ,,q>opMupoBaHH.sI" CTaQH0HapHhIX 
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JI0KaJIH30BaHHhlX perneHHM. 

7. 9HcJieHHO Haii.ueHhl .llByMepHhle CTaUIIOHaptthle C0JIHT0HHhle perne

Hll.ll A3M-Mo.uem1 c TononoruqecKHM 3ap.s1,noM Q = 1. IloKa3airn, tJT0 

0HH cyrnecTBYIOT B o6nacTH 3HatJeHHH 6e3pa3MepHoro napaMeTpa O < 
p <Po~ 0.4. O6Hapy)KeHo, tJT0 3Heprn.s1 .llByMepHhlX coJIHT0H0B B A3M

Mo.UeJIH MeHbllle 3HeprHH .llByMepHhlX C0JIHT0H0B BenaBHHa-lIOJI.llKOBa B 

lJ30Tp0ilH0M Mr, T.e. C0JilJT0Hhl A3M-Mo,lleJIH npH O < p < Po ~ 0.4 

npe.ucTaBJI.lllOT co6oii JI0KaJilJ30BaHH0e CBH3aHHOe COCTO.llHlJe .llBYX IlOJieH 

A3M-Mo,nenn (A3-nona n non.s1 MaKcBeJina). 
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