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1. Bae,n;eHHe. Orr11caHHe Mo,n;eJIH 
B HaCTO.HIU;efi pa6oTe paccMOTpeHa Mo.n;em,, OIIllCnIBaIOm;aJI IIOBe.n:enae 

MarHeTnRa, COCTOHIU;ero ll3 q·acTnn: (aTOMOB, MOJieRyJI, llOHOB), 06Jia.n;aI0-

1n:nx HeHyJieBiiIM CIIllHOM ll HeHyJieBiiIM MarHllTHJiIM .ZJ:llIIOJihHJiIM MOMeHTOM 

(M.LJ:M). B paccMaTpnBaeMofi MO.ZJ:eJin rrpnMeHJ1eTCJI RJiaccnqeCRoe oi::mca

Hne COCTOJIHllJI n .ZJ:HHaMllRll CllCTeMJiI: RaJR.ZJ:aJI. qacTnn:a Bem;ecTBa xapaRTe

pn3yeTCJI cBonM rroJio.H<eHneM B rrpocTpaHCTBe x E R3 ; ee crrnHoBoe cocTo

JIHIIe orrpe.n:eJIJieTCJI 3-MepHii!M BeRTopoM MexaHnqecRoro MOMeHTa qacTHU:liI 

s(t), is(t)I = 1 .ZJ:JIJI R~Ofi qacTHU:JiI (cM. [1-3]), 
IIpe.n:rroJiaraeTCJI, 'ITO qacTnn:a, HaXOMIIJ;aJICJI B COCTOJIHllll s, o6Jia

.n:aeT M.LJ:M i1 = µes, r.n:e ROHCTaHTa µe orrpe.n;eJIJieTCJI CBOliCTBaMn qacTnn:. 

IlycTn e.n:nHllI(JiI ll3MepeHHJI ¢n3H'IeCRllX BeJIH'IllH Bii!6paHJiI TaR, 'ITO µe = 1. 
M.LJ:M s, HaxoMm;n:ll:cJI B TO'!Re x0 E R3

, c03.n;aeT MarnnTHoe rroJie 

B( ... ) = v' ( ( s, x - xo)) 
X . X I... ... 13 X -Xo 

(1) 

B ToqRax, .n:ocTaTO'IHo y.n;aJieHHliIX OT x0 (cM., Harrp., [3]). 
By.n:eM rrpe.n:rroJiaraTn, 'ITO qacTHU:liI Bem;ecTBa pacrroJio}l{eHliI B orpann

qenHofi o6JiaCTll n C R3 C rna.n;Rofi rpannn:e:ll: an, Tor.n:a COCTOJIHne RaJR.ZJ:Oli 

. qacTllU:JiI xapaRTepn3yeTCJI Roop.n;nHaTaMn ( x, s)' X E n, s E S2. 

B .n:annofi Mo.n;eJin rrpe.n:rroJiaraeTcJI, qTo Ra}l{.ZJ:aJI qacTnn:a naxo.n;nTCJI 

B HeROTOpo:fi TO'!Re !1 ll He ll3MeHJieT CBoero IIOJIO}I{eHHJI x,. a .ZJ:Bll}l{eHne ·ee 

CIIHHOBOH ROOp.ZJ:llHaTJiI s( x, t) IIO.ZJ:'IllHJieTCJI RJiaCCH'IeCROMY ypaBHeHHIO ( CM. 

[1, 2]) 

ds [B ... ( ...... ) ;;'I dt= x,s,t XSJ, (2) 

r.n:e MOMeHT CllJI [ jj X s] BO3HHRaeT B pe3yJinTaTe B3aHMO.ZJ:eHCTBllJI M.LJ:1\:1 
C MarHHTHJiIM IIOJieM, CO3.ZJ:aHHJiIM Bceii: COBORYIIHOCTI,IO M.LJ:M ll BHeIIIHllMll 

llCToqnnRaMn, a TaR}l{e B pe3yJinTaTe yqeTa 3JieRTpOCTaTnqecRoro B3allMO

.n:e:fiCTBllJI qacTnn: .n:pyr C .n:pyroM C IIOMOIIJ;hIO BBe.n;eHHJI a¢¢eRTllBHJiIX Ma

rHllTHJiIX IIOJie:lt 3.n:ecn B(x, s, t) - llH.ZJ:YRU:llJI cyMMapnoro aw¢eRTllBHOro 

MarHHTHoro IIOJIJI, ROToprur B COOTBeTCTBllll c [1, 2] orrpe.n;eJIJieTCJI RaR cyrrep

lIO3llI(llJI ~nernnero MarnnTnoro rroJIJI B0(x, t), MarnnTnoro rroJIJI .n:nrroJinHoro 

B3anMo.n;eficTBHJI B(x, t) n crren:naJinHliIX rroJiett, nMerom;nx.aJieRTpocTaTnqe

cRyro rr_pnpo.n:y: a¢¢eRTllBHOro MarHHTHoro IIOJIJI o6MeHHoro B3allMO.ZJ:efi

CTBllJI B1(x, t) H a¢¢eRTllBHOro MarHHTHoro IIOJIJI aHn3aTporrnn RpncTaJIJia 



i3a(s). Bo3MOlKHOCTI, mrn:caTI, BJIIDIHHC 3JICKTpHtJ:eCKHX IIOJieii Ha H3MeHCHHe 

COCTORHHR tJ:aCTHil;I>l C IIOMOIIJ;I,IO 3cpcpeKTHBHOro MarHHTHOro IIOJIR o6cym,n;a

JiaCI, B YKa3aHHOH JIHTepaType. BhlBO,Zl;hl pa60Thl crrpaBe,Zl;JIHBhl, B tJ:aCTHOCTH, 

. H ,ll;JIR CHCTCM C tJ:HCTO MarHHTHhlM B3aHMO,ll;CHCTBHCM. 

B pa6oTe H3ytJ:aeTCR OIIHCaHne caMocornacoBaHHOii ,Zl;IIHaMHKII CIIHHO

BOro COCTORHHR CHCTCMhl s(x, t) B IIOJie B(x, s, t), CBR3aHHOM C 3TOH ,Zl;IIHa

MIIKO:ii. PaccMaTpHBaIOTCR BOIIpochl KOppeKTHOCTH 3a,n;atJ:H Kornn H CBR3H 

rrpe,n;naraeMoro OIIHCaHHR HerrpephlBHOH cpe,n;hl C OIIHCaHHCM MHOrotJ:aCTHtJ:

HOll CHCTCMhl C IIOMOIIJ;I,IO KJiaCCHtJ:eCKHX ypaBHeHHH ,Zl;BHlliCHHR. 

CocTORHHe CHCTCMhl tJ:aCTHIJ; B MOMCHT BpeMeHH t 6y,n;eM orrpe,n;eJIRTI, c 

IIOMOIIJ;I,IO cpyHKIJ;HH pacrrpe,n;eJieHHR B Koop,n;HHaTHOM rrpocTpaHCTBe X = 
= ,!l X 82 

: j(x, s, t) CCTI, IIJIOTHOCTI, BCpORTHOCTH pacrrpe,n;eJieHHR tJ:aCTHIJ; 

B rrpocTpaHCTBe X B MOMCHT BpeMeHH t, T. e., eCJIH tJ:HCJIO tJ:aCTHD; CHCTCMI,I 

paBHO N, TO ,Zl;JIR JII06o:ii o6JiaCTH D E X BCJIHtJ:HHa N f f(x, s, t)dxds 
, D 

xapaKTepH3yeT tJ:HCJIO tJ:aCTHIJ;, HaXOMIIJ;HXCR B o6nacTH D rrpocTpaHCTBa 

X B MOMCHT BpeMeHH t. ITo CBOeMy CMhlCJIY cpyBKI:i;IIR J(x, s, t) ,Zl;OJI}KHa 

y,n;oBJICTBOpRTI, CJIC,n;JIOIIJ;HM Tpe6oBaHHRM: 

1) f(x,s,t) 2 0 ,Zl;JIR BCCX (x,s,t); 
2) f J(x, s, t)dxds = l rrpn BCCX t. 

X 

BBe,n;eM cn~,n;y10m;ne o6o3HatJ:eHnR: 

1. T;;( 8 2) - KacaTCJII,HaR IIJIOCKOCTI, K e,n;HHHtJ:HOH ccpepe B TOtJ:Ke s. Ha 

cipepe 8 2 Bhl6paH n cpnKcHpOBaH aTJiac H3 ,n;Byx KapT {:E1, :E2}, Koop,n;n

HaThl B KalK,Zl;OH H3 KOTOphlX o6o3HatJ:aIOTCR tJ:epe3 0"1, 0"2, TOr,n;a S = s( 0"1, 0"2). 

Bhl6op JIOKaJII,HOH CHCTCMI,I KOOp,ll;HHaT ( 0"1' 0-2) B KapTe orrpe,n;eJIReT B Ka

caTCJII,HhlX IIJIOCKOCTRX T;;(82
) B Kam,n;oii TOtJ:Ke ccpephl 6a3HC e1(s), e2(s) 

( 
... _(;;'\ _ 8s'(111,112) I a. i-1)· · 
e, s I - 811; 811; • 

2. IlpocTpaHCTBO HerrpephlBHo ,n;ncpcpepeHn;npyeMhlX k pa3 B Kam,n;oii TOtJ:Ke 

ccpephl Bem;ecTBeHHO3HatJ:HhlX cpyHKD;Hii o6o3HatJ:aeTCR tJ:epe3 Ck(82 ); BBe

,n;eHo o6o3HatJ:eHne D~ f(s' = (-8
8 )iJ(s(a1,a2)), a= 1,2, i = l,.:.,k, a ,:, J <1a 

ecJIH J(s(o-1, 0-2)) E Ck(82
). 

3. Ck(X) - MHomecTBO k pa3 HerrpephlBHO ,n;ncpcpepeHn;npye?.rnx cpyHKIJ;Hii 

Ha orpaHHtJ:eHHOM 3aMKHyToM MHomecTBe [X] (3aMhlKaHne X B R3 x 82) 

c rna,n;Koii rpaHnn;eii. 1-ho6hl orrpe,n;eJIHTl> HOPMY B rrp_ocTpaHCTBe _Ck(X), 
paCCMOTpHM IIOKphlTHe ccpephl MCHI,IIIHMH KapTaMH {:E~, :E;}, nemam;HMH 

cTporo BHYTPH coOTBeTCTBYIOIIJ;HX KapT ncxo,n;Horo rroKphlTHR. Tor,n;a orrpe

,n;eJIHM HOPMY B. Ck(X) paBeHCTBOM 
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i 
. ' 

llf(i, s)jCk(X)II = 
= max( sup ( sup ( sup ID~ D~ D~ Dt1 Dt2 f(x, s(o-1, 0-2))1))), 

a=l,2 l=O, .. ,k i1 + ... +j2=I flxE~ I 2 3 I 2 

r,n;e i1, ... , i2 - HeoTpIID;aTeJII,Hhle D;CJihle tJ:lICJia. HeTpy,n;Ho npoBepHTI,, tJ:TO 

,n;aHHOe paBCHCTBO ,n;eiiCTBHTCJII,HO onpe,n;eJIRCT HOpMy. 

4. IlycTl> Y - 6aHaxoBo npocTpaHcTBo. Tor,n;a_ Ci([O, T] x X, Y), i = 0, 1, 
ecn, COOTBCTCTBCHHO, HerrpephlBHOe 11 HenpephlBHO ,n;ncp<pepeHn;IIpyeMoe no 

coBoKynHocTll apryMeHTOB t, x, s orn6pameHne npocTpaHcTBa [O, T] x X B 

npocTpaHCTBO y. 
5. JJ:nn cpyHKIJ;IIfi f ( s) U3 C1 

( 8 2
) II ,Zl;JIR rna,n;KIIX BCKTOpHhlX IIOJiett A( s) 

Ha 8 2 
BBe,n;eM onepan;uu rpa,n;IIeHTa <pyHKn;uu V. : f ( s) -t Vs f ( s), n 

,n;nBepreHn;nn BeKTOpHoro IIOJIR A(s) -t div.A(s) ( CM. [4]). CKaJIRpHoe 

IIpOH3Be.n;eHHe BeKTOpOB ii, b CBKJIH,Zl;OBa npocTpaHCTBa Ts( 82) 060311aqa

CTCJI qepe3 ( ii, b). 

KoHKpeTH3HpyeM, RaKUM o6pa30M none B(x, s, t) 3aBHCUT OT COCTORHIIJI 

CHCTCMhl: 

B(x, s, t) = Bo(x, t) + Bm(x, t) + B1(x, t) + Ba(s), (3.1) · 

r,n;e 

l).B0(x,t) E C 1(X x [O,T],R3
) - 3a,n;anHoe Bnernnee MarnnTHoe none. 

2).Bm(i,t) = Vxf(Vxlx~Yl'M(y,t))ay + 47rM(x,t) - MarHIITHOe IIOJie, 
n . 

co3,n;annoe BCCMU MJJ:M C cpyHKD;Ueil: pacnpe,n;eJieHUJI J(x, s, t) B MOMCHT 

BpeMeHU t, r,n;e M(x, t) = J sf(x, s, t)ds - HaMarHUtJ:CHHOCTI, ,n;aHHOii cu-
52 

CTCMhl MJJ:M. JJ:aHHaR 3aBHCIIMOCTI, IIOJIR ,Zl;UIIOJII,HI,IX MOMCHTOB OT <pyHKD;IIU 

pacirpe,n;eneHHJI COOTBCTCTBYCT ypaBneHUJIM MarHIITO<;TaTIIKII ( CM. (2]). 
B ,n;eiiCTBIITCJII,HOCTU <pyHKD;UJI lx~yj, xapaKTepH3YIOIIJ;aR napnoe B3aU

Mo,n;eil:CTBUe MJJ:M, cooTBeTCTBYeT npu6numeHHOMY 3aKoHy 3Toro B3aHMO

,n;eil:cTBHJI ,n;JIR .n;Byx MJJ:M, ,n;ocTaTOtJ:Ho y,n;aneHHhlX ,n;pyr OT ,n;pyra. B3a

IIMo,n;ettcrnue .n;Byx MJJ:M, 6mi3KIIX ,n;pyr K ,n;pyry, nMeeT 6onee cnomHhlH 

xapaRTep. C ,n;pyrott CTOpOHhl, CHHrynJipHOCTI, B lIHTerpaJII,HOM onepaTope 

B <popMyJie ,Zl;JIR MarHHTHOro IIOJIJI JIBJIRCTCJI ,Zl;OIIOJIHIITCJII,HOii TPYAHOCTI,IO 

npu HCCJIC,Zl;OBanuu COOTBCTCTByIOm;eii MaTeMaTIItJ:CCKOii 3a,n;at:in. B COOTBCT

CTBlllI c 3TIIM B pa6oTe paccMaTpirnaeTcJI napHoe B3aIIMO,n;eiicrnne MJJ:M 

C HeKOTOphlM_ MO,Zl;CJil>HhlM rna,n;KIIM IIOTCHD;IIaJIOM. U(x - y), I<OTOphlii MO

lileT BO3HlIKHYTl>, HaIIpHMep, npu arrnpoKCIIMaD;IlH c_uHryirnpHoro JI,n;pa lx~yj 
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6eCKOHeqHo rna,nKHMll <l>YHKIJ;llJIMll. Ilpn 3TOM ecTeCTBeHHO IIOTpe6oBaTb, 

qTo6hl MarHIITHoe none, orrpe,neJIJieMoe c rroMOJl(bIO 3Toro Mo,nenbHoro 3a

KOHa B3allMO,neikTBilJI, JIBJIJinOCb coneHOll,nanbHhlM. qT06hl y,noBneTBOpllTb 

3TO Tpe6oBaHne, orrpe,nenHM MarHIITHoe none cncTeMhl M)lM c q>yHKIJ;ne:ii 

pacrrpe,neneHHJI J(x, s, t) q>opMyno:ii 

~m(x, t) = J {47rswu(i - ij) + v'(s, v'U(x - iJ))} J(ij, s, t)dyds, (3.2) 
X 

r.ne q>yHKIJ;Illl wu H U CBJI3aHhl q>opMyno:ii wu = b.U. Tor,na HarrpJIH<eHHOCTb 

MarHHTHoro IIOJIJI orrpe,neJIJieTCJI ITO q>opMyne H(x) = v' J (v'U(x -
n 

-ij), M (iJ) )dy, a nH,nyKn;IIJI MarHHTHoro rroJIJI - no q>opMyne B( x) = 
= H(x) + 471" J wu(i - iJ)M(iJ)dy, qTo o6ecrreqnBaeT BhlrronHeHne ycnoBIIJI 

n 
divB(x) = 0. 3aMeTilM TamKe, qTQ IIpll w(x) = 8(x) Mo,nenbHaJI 3aBHCil

MOCTb MarHHTHoro IIOJIJI OT HaMarHIIqeHHOCTil COBrra,naeT C 3aBilCilMOCTbIO, 

,naBaeMo:ii ypaBHeHHJIMH MaKcBena. 

3).B HaCTOJIJl(e:ii pa6oTe rrpe,nrronaraeTCJI Mo,nenbHaJI 3aBHCilMOCTb 3Hep

rllll o6MeHHOro B3allMO,lle:iicTBilJI E1 = J J wo(i - ij)(M(x), b.M(iJ))dydx, 
on 

3q>q>eKTHBHOe none o6MeHHOro B3aHMO,lleil:CTBHJI CBJI3aHO C q>yHKIJ;Heil: pac-

rrpe,neneHHJI COOTHOilleHHeM 

B1 = J J 6.wo(i - iJ)sf(iJ, s, t)dyds, 
s2 

r,ne w0 (x) E Cg"(B3 (0, 1), [0, +oo)), f w0 (x)dx = 1, B3(0, 1) - map 
RJ 

e,nnHHqHoro pa,nnyca c neHTpoM B Hyne B rrpocTpaHCTBe R3
, J E R ~ KOH

cTaHTa o6MeHHOro B3aHMO,neiiCTBHJI. 

IlpH w0(x). = 8(x) q>opMyna ,nJIJI o6MeHHoro rroJIJI coBrra,naeT c q>op

Mynoii:, rrpHHJITOH ,llJIJI OIIHCaHHJI o6MeHHOro B3aHMo,neil:CTBHJI, HarrpnMep, B 

ypaBHeHHH JlaH,nay-Jlnq>mnna ( CM. [2].) TaKoe orrpe,neneHne 3q>q>eKTH

BHoro IIOJIJI o6MeHHoro B3aHMo,ne:liCTBHJI OTpamaeT MHorne JIBneHHJI MarHe

Tll3Ma, O,llHaKO CTpornil: BhlBO,ll noro ypaBHeHHJI, 110-Bll,llllMOMY, OTCYTCTByeT. 

4). Ba(s) = v'V(s), r,ne V(x) E C00 (R3). 8To 3q>q>eKTHBHoe none 

BhlpamaeT q>aKT 3aBHCHMOCTH 3HeprHH V ( SJ COCTOJIHHJI S OT opHeHTaD;Hll 

s OTHOCHTenbHO oceil: KpHCTannnqecKoil: pemeTKH. )laHHOe orrpe,nenen:ne 

noJIJI Ba(s) cooTBeTcTBYeT BBO,llHMoMy B MOHorpaq>1rnx [1, 2] 3q>q>eKTHBHOMY 

rronIO aHH3aTpomm KpHCTanna. 

4 

J,fraK, ,llJIJI Kam,noil: qacTIID;hl paccMaTpHBaeMo:il: CllCTeMhl ee KOOp,llllHaThl 

ll3MeHJIIOTCJI 110 3aKOHY 

x = canst, 

as(x, t) = [B(x, s, t) x s(x, t)], 
at (4) 

r,ne B orrpe,neJIJieTcJI no q>opMynaM (3). Tor,na q>yHKD;HJI pacnpe,neneHHJI 
N 

CllCTeMhl ll3 N qacTHD; eCTb jN (x, s, t) = jj I: D(x - X;)c5(s - s;(x;, t)), r,ne 
i=l 

<l>YHKD;HJI s; ( X;, t) - pemeune ypaBHeHHJI ( 4), n HeTpy,nuo rrpoBepHTb, qTo 

f N ( x, s, t) JIBJIJieTCJI o6o6meHHhlM pemeHneM ypaBHeHHJI 

( OTMeTHM, qTo BeKTOp [ B N X s] rrpnua,nnemHT KaCaTenbHO:li rrnocKOCTH T ;( S2)) 

aJN + (~s!N, [BN ·x s]) = O 
at 

B TOM CMhlcne, qTo ,nJIJI n106oro 1/J E C1(X) crrpaBe,nnHBO paBeHCTBO 

(s). 

. ! J 1/J(x,s)JN(x,s,t)dxds = J JN(x,s,t)([BN X s], v's?/J(x,s)). 
X X . 

3,necb jjN ( x, s, t) - rronHoe 3q>q>eKTHBHOe MarHHTHOe none, COOTBeTCTByIO

mee pacrrpe,neneHHIO N qaCTHIJ; B npocTpaHCTBe X C rriIOTHOCTblO JN (x, s, t). 
Cne.nyJI 110,nxo.ny, rrpnMeHJieMoMy rrpn BhlBo,ne ypaBHeHHJI BnacoBa ( cM . 

[5]), 3aMeHHM cncTeMy N qacTnn;, onnchlBaeMhlX ypaBHeHHeM (5), HeKo

Topo:ii HerrpepbIBHO:il: cpe,no:ii, OilllCLIBaeMo:ii CHCTeMOH ypaBHeHH:li ( 6) ( CM. 

Hll}l{e). PacCMOTpHM cne,ny10my10 3a,naqy ,llJIJI Hell3Be'CTHOfi q>yHKD;llll pac

rrpe,neneHHJI j(x, 81 t): 

aJ .... . .... 
at +([Bxs], v'sf) = 0, (x, s) EX, t E [0, T], 

f(x, s, 0) = fo(i, s). 

(6.1) 

(6.2) 

MH,llyKD;llJI MarHHTHoro IlOJIJI B(x, s,t) orrpe,neJIJieTCJI no q>op~ynaM (3): 

B(x, s, t) = Bo(i, t) + v'V(s) + J w(x - iJ)sf(iJ, s, t)dyds+ 
X 
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+v' j(s,v'U(i-y))f(y,s,t)dyds=B(i,s,t;[f]), (6.3) 
X 

r,n;e 

1) [0, T] - rrpmrnBOJII.Hhl:ii oTpe3oK BpeMeHn, X - orrncaHHoe BnIIIIe Koop,n;n

HaTHOe rrpocTpaHCTBOj 

2) f ( i, s, t) E C1 ([0, T] x X, R+) - HeH3BeCTHaH q>yHKI(HR• pacrrpe,n;eneHHR 

Ha rrpocTpaHCTBe X TaKaH, 'ITO f(i, s, 0) = fo(i, s). <l>yHKI(HR fo(i, s) 
y,n;oBJieTBOpReT ycJIOBHRM: fo(i, s) E C1(X, R+); f fo(i, s)dxds = 1·, 

X 
3) q>YHKI(HR U y,n;oBJieTBopReT ycnoBHRM: b.U E Cgc'(B3(0, 1), [0, +oo)); 
f !::!.U(i)dx = 1; 

R3 

4).w(i) = Jb.w0(x) +b.U(i) E Cg'(R3 ,[0,+oo)) B cooTBeTCTBHH c orrpe

,n;eJieHHRMH IIOJie:ii MarHHTHoro ,ll;HIIOJII,Hqro ll o6MeHHoro B3aHMo,n;e:iiCTBHH. 

,ll;anee q>yHKI(llll U(i) H w(i) paccMaTpHBaIOTCR KaK He3aBHCHMhle. 

CncTeMy (6) 6y,n;eM Ha3nIBaTI. cncTeMo:ii ypaBHeHn:ii cpe.n;Hero rroJIR. 

B ,n;aHHo:ii pa6oTe n3yqaeTcR Borrpoc KoppeKTHOCTH 3a,z:i;aqn (6). KpoMe 

Toro, nonytJeH HeKoTopnI:ii pe3yn1,TaT o 6JIH30CTH perneHHR 3a,z:i;aqn (6) n 3a

,n;aqn, OIIHChlBaIOlI(eH ,n;BlllReHHe KOHetJHOro 'IHCJia ·qacTHI( (5), KOTOpnI:ii, B 

qacTHOCTH, IIO,ll;TBepm,n;aeT rrpnMeHHMOCTI, CHCTeMhl ypaBHeHHH (6) K OIIH

caHHIO RBJieHHH B MarHeTHKaX. ,ll;JIR HCCJie,n;oBaHHR 3THX rrpo6JieM aBTOp 

rrpnMeHReT Ko146nHaI(HIO MeT0,ll;0B n3yqeHHR K0ppeKTH0CTH 3a,z:i;aqn Kornn 

,ll;JIR ypaBHeHHR BnacOBa, rrpe,n;JiolReHHhlX B [5] n B [6]. 

2. O6o6ru;eHHOe pemeHHe CHCTeMhl 
~ 

ypaBHeHHH cpe,n;Hero Il0JIJI 
,ll;a,n;nM CJie,zzyrolI(ee · 

Orrpe,n;eneHne 1. <l>yHKI(HR f(i, s, t), orrpe,n;eJieHHaH Ha X x [0, T], Ha3nIBa

eTcR KJiaCCH'IeCKHM perneHHeM crnameHHOii: CHCTeMI,I (6), ecJIH 

1) f(i,s,t) E_C1 ([0,T] x X,R+), 
2) f(i, s, t) y,n;oBJieTB0pReT CHCTeMe ypaBHeHHH (6). 

3aMetJaane. HeTpy,n;ao rrpoBepnTI., 'ITO ,n;JIR KJiaccnqecKoro perneHHR 

CHcTeMnI (6) HHTerpan f f(i, s, t)dxds He 3aBHCHT OT BpeMeHH (rrocKOJII.KY 
X 

divs[B X sJ = 0). 
PaccMoTpHM rrpocTpaHCTBo M (He o6R3aTeJII.Ho 3HaKoorrpe,n;enemrnix) 

6openeBCKHX Mep Ha rrpocTpaHcTBe X. Orrpe,n;eJIHM B rrpocTpaHcTBe M 

6 

\ 
·1 
I 
' 

MeTpHKY d cooTHorneHneM: rrycTh µ, v E M, rnr,n;a 

r,n;e 

d(µ, v) = sup I j µ(dxds )f(i, s) - j v(dxds)f(i, s)I, 
JED 

X X 

D = Ulf: x - [o, 1], lf(x, sJ - J(fi, 8)1 ~ Ix - fil + Is - 81}. 

Tor,n;a MeTpHKa d rropom,n;aeT T0II0JI0nIIO CJia6oii: CX0,ll;HM0CTH B rrpo

CTpaHCTBe M: _ ,n;JIR Il0CJie,n;oBaTeJII,H0CTlI µn EM YCJI0BIIe lim d(µn,µ) = 0 
n-+oo 

3KBHBaJieHTH0 ycJI0BHIO , 

lim f µn(dxds)1/;(i,s) = J µ(dxds)1/;(i,s) ,n;JIR nro6oro 1/; E C(X) 
n-+oo X X 
( CM. [5, 6]). 

Ha q>HKcnpOBaHHOM Bhlrne oTpe3Ke [O; T] paccM0TpHM MHomecTBo cna6o . 

HerrpepnIBHhlX orn6pameHnii: C([0, T], M). 

Orrpe,n;eJieHne 2. <l>yHKI(HR µ( t, dxds) E C([0, T], M) Ha3nIBaeTcR 0606-

lI(eHHhlM pernenneM cncTeMhl ypaBHeHHii: cpe.n;Hero rronR, ecJIH oHa rrpn JII0-

6oM 1/;(i, s) E C1(X) y,n;oBJieTBopReT cne,n;yroll(eii: cncTeMe ypaBHeHn:ii (7) 
na oTpe3Ke [0, T]: · 

J 1/J(x, s)(µ(t, dxds) - µ(0, dxdt)) = 
X 

t 

= J dr j(v's1/J(x,s),[i x sJ)µ(r,dxds), 
O X 

B(x,s,t) = Bo(i,t) + v'V(s) + A(i,t) + v'cp(x,t), 

cp(i, t) = j (v'U<i - y), s)µ(t, dyds ), 
X 

A(i,t) = J w(i-y)sµ(t,dyds), 
X 

µ(+o) = µo, 

r,n;e µ0 (dxds) .E M(X) - II0JI0lRHTeJihHaH Mepa n f µ0 (dxds) = 1. 
X 
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(7.1) 

(7.2) 

(7.3) 

{7.4) 

(7.5) 



TeopeMa 1. Ilycmb 6btno.meubt c.11,eay10w,ue npeano.11,o:>1eeUUR O rpyu-

'/C'qURX w(x), V(s), U(x), Bo(x, t): Bo(x, t) E C1(X X [0, T], R3) U 

cyw,ecmeyem ma?CaR no.11,o:>1eume.11,buaR nocmoRuuaR L, "lmo 

1n:u(x)I :s; L, 1n:(u(x) - U(ff))I :s; Llx - YI V(x, y) En, 
l'vV(s)I :s; L, l'vV(s) - 'vV(a)I :s; Lis - al V(s, a) E s 2

, 

lw(x)I :s; L, lw(x) - w(y)I :s; Llx -171 V(x, y) E R3
• 

Tozaa 

1). Ec.11,u µ0 - ueompu-qamMbUllR 6ope.11,eec1CaR .Mepa, ma?CaR "lmo 

I µo( dxds) = 1, mo a.11,51, .11,106020 T > 0 cyw,ecmeyem eauucmeeuuoe 0606-
x 
w,euuoe peweuue cucme.Mbt (6), npu"le.M a.11,51, .11,106020 t E [0, T] .Mepa µ(t) 
ueompu-qame.11,bua u J µ( t, dxds) = 1. 

X 
2). Cyw,ecmeyem ma?Coe C > 0, "lmo ec.11,u µ(t) u v(t) ecmb 0606111,euubte 

peweuuR ypaeueuuR cpeaue20 noAR c ua"la.l!bUbt.Mu yc.11,oeuR.MU µ0 u v0 co

omeemcmeeuuo, mo mozaa cnpaeea.11,ueo uepaeeucmeo d(µ(t), v(t)) :s; 
:s; ectd(µ0, v0) a.11,51, ecex t E R, {µo, vo} E M(X). 

)J:oRa3aTenncTBO. 

PacCMoTpnM cpynmi:mo µ(t) E C([0, T], M). Ona orrpe,n:eJIJieT 3aBncn

MOCTb OT BpeMeHn rromI Bµ(-)(x, s, t) B COOTBeTCTBnH C cpopMynaMH 

(7.2 - 7.4). 
CornacHo rrpe,n:nonollieHmo TeopeMhl OTHOCHTennHO cpyHRU:niI U, V, w 

3a,n:aqa Kornn 

ds(x, a, t) = [Bµ(•> x sJ, t E [o, Tl, s(x, a, o) = a 
dt 

(8) 

rrpn mo6hlx (x, a) EX HMeeT Ha [0, T] e,n:nHCTBeHHOe pernenne s(x, a, tiµ(·)) 
H HCHO, qTQ 3TO perneHHe HerrpephlBHO ,D:HcpcpepeHU:HpyeMO ITO (t, x, a), T.e. 

s(x,a,tlµ(·)) E C1([0,T] xX,S2). Orrpe,n:ennM OT06pameHne Tt[µ(·)], ,n:eiI: 

cTBy10m;ee n3 C1(X) B C1(X): 
(Tt[µ(·)l1/J)(x,a) = 1/J(x,s(x,a,tlµ(·)), t E [o,TJ. 

)J:JIJI rrpon3BOnnHoro v0 E M onpe,n:ennM cpyHRU:nIO v(t) E C([0, Tl, M) 
COOTHOrneHHeM v(t) = Vo 0 Tt[µ(·)] 

(T. e. f v(t, dxds)?jJ(x, s) = f v0(dxds)(Tt[µ(·)]1/J)(x, s)). 
X X 

Tor.n;_a crrpaBe,n:nHBa cne,n:y10m;aH neMMa: 
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JleMMa. <Pyu?C-qUR µ(t) E C([0, T], M) RB.l!RemcR 0606111,euubt.M pe

weuue.M ypaeueUUR cpeaue20 no.11,51, C Ull"lll.l!bUbt.MU aaUUbt.MU µo mozaa 

U mO.l!b'/CO mozaa, 1C02aa µ(t) ecmb uenoaeu:>ICUllR mO"l'/CU omo6pa:>1eeUUR 

A: Aµ(t) = µo o Tt[µ(·)]. 

)J:oRa3aTenbCTBO: Ecnn µ ( t) HBJIJieTCH HelIO,n:BHlliHOH TOqRoiI OTo6pame

HnH A, TO µ(t), oqeBn,n:Ho, y,n:oBneTBOpH.eT COBORJIIHOCTH ycnoBnH (7). 
IlycTn cpyHRU:nH µ(t) eCTb o6o6m;eHHOe perneHne cncTeMhl (6). Pac

CMOTpnM OT06pamenne St(xlµ(·)) E C1(S2,S2) : CT - s(x,a,tlµ(·)), 
3a,n:aBaeMoe 3a,n:aqefr (8) rrpn Ralli,D:OM 3Haqennn x. HeTpy,n:Ho rrpoBepnTn, 

qTo ,n:aHHOe OT06pameHne HBJIJieTCH_ B3aHMHO O,D:H03HaqHhlM H HR06HaH ero 

paBeH 1 . ('1T06bl ,[IOKaJaTb 3TOT cpaRT, ,D:OCTaToqno y6e,n:nTbCH B TOM, qTo. 

divs[s X B(x, s, tiµ)] = 0). Cne,zi:oBaTenbHO, 3a,n:aHO o6paTHOe OT06pa

}l{eHJie s;1(xlµ(· )) E C1(S2, S2) : CT :......+ n(x, a, tiµ(·)). IlornonnRY 

s;1(xlµ(·)) o St(xlµ(·))(a) = n(x, s(x, a, tiµ(·)), tiµ(·)) = a, To <l>YHRrr:nH 

n(x,a,tlµ(·)) npn Ralli,D:OM 3HaqeHnn (x,a) EX n Ralli,D:OM i = 1,2 HBJIJI-

eTCH perneHneM 3a,n:aqn Kornn: · 

;t (n(x, s, t)); + ('v ,;(~(~, ~, t);), [~µ(->(x, s, t) x sJ) = o, (8') 
n(x, s, 0) = s, 

ROTopoe e,n:nHCTBeHHO H rrpnHa,n:JielliHT Rnaccy C1(X X [0, T], S2
) B cnny 

rrpe,n:rronollieHnH TeopeMhl. Yqnn.rBaH ypaBHeHnH (7.1) n (8'), HeTpy.n:HO IIO

Ra3aTb, qTQ ft J 1/J(x, n(x, s, tlµ(·)))µ(t, dxds) = 0 ,n:nH n106oro 1P E C1(X). 
X 

Cne,n:OBaTennHo, ,n:JIJI n106oro t E [0, T] H n106oro 1/J E C1(X) crrpaBe,n:nnBo 

paBeHCTBO 

j 1/J(x,a)µ~(dxda) = j 1/J(x,n(x,a,tlµ(·)))µ(t,dxda). 

.X X 

IlornonbRY OT06pameHne s;1(xlµ(·)) B3aHMHO O,D:H03HaqHoe rrpn nI0-

6hlX x n t, TO oTo6pamenne C1(X) - C1(X): 
1/J(x, s) -1/J(x, n(x, s, tiµ(·))) 

· HBJIJieTCH B3anMHO o,n:H03HaqHhlM rrpeo6pa3oBaHneM npocTpaHCTBa C1 
( X). 

Ilo3TOMY ,n:JIJI n106oro 0606m;eHHoro perneHnH 3a,n:aqn (6) rrpn Bcex 

1/J E C1(X) cnpaBe,n:nnBo cooTHoIIIeHne 

J 1/J( x, s( x, a, tiµ(·)) )µo( dxda) = J 1/J(~, a)µ( t, dxda ). (9) 
X X 

9 



1 • 

I . 
CJie.n;oBaTem,no, .n;JUI BCHKoro o6o6m:ennoro peIIIemrn 3a.n;a<JII (6) BhlII0JIHeHo 

ycJI0BIIe µ(t) = µo 0 Tt[µ(·)]. JleMMa ,Zl;0Ka3aHa. 

IlycTb µ(t) = µo o Tt[µ(·)l, v(t) = 110 o Tt[v(•)]. Tor.n;a 

d(µ(t), v(t)) = d(µo o Tt[µ(·)l, 110 o Tt[v(·)])::; 
::; d(µo o Tt[µ(·)l,µo o Tt[v(·)]) + d(µo o Tt[v(•)l,vo o Tt[v(·)]). 

,lJ;JU1 BToporo cJiaraeMoro crrpaBe.n;JIIIBa ou;enKa 

d(µo o Tt[v(·)], Vo o Tt[~(-)]) = eLt sup IJ(dµ 0 - dvo)e-Lt_(Tt[v(·)]f)I::; 
/ED X 

::; eLtd(µ 0 , v0 ), Tc).K KaK ecJIII f E D, TO e-Lt(Tt[v(·)]f) E D. ,D;eiicTBII-

Temno, B CIIJIY ypaBHeHIIH (8) I ft( s( x, u, t) - s(y, s, t)) I ::; L( Is( x, u, t) -
-s(y, s; t)I + Ix - y'i). J,fa II0CJie.n;nero HepaBeHcTBa H JieMMhl fponyoJIJia 

rroJiyqaeTcH Tpe6yeMoe ycJI0BHe. 

A ,ZJ;JUI rrepBoro cJiaraeMoro ·uMeeM 

d(µo o Tt[µ(·)l,µo o Tt[v(•)]) =sup/EDI J dµo(Tt[µ(·)lf -Tt[v(·)]f)::; 
X 

::; J µo(dxdo-)ls(x,u,tlµ(·))- s(x,u,tlv(•))I = >.(t), 
X 

rrocK0JibKY f E D. CJie.n;OBaTemno, B CIIJIY (9) 
t -

>.(t)::; J µo(dxdo-)1 J dr[Bµ(•)(x, s(rlµ(·)), r) x s(rlµ(·))]-
x 0 

t 

:-- J dr[Ito(i,s(rlv(•)),r) X s(rlv(•))ll::; 
0 

t .... -. ::; J J µ(r, dxds)l[Bµ(•)(x, s, r) X s1 - [B.,o(x, s, r) X sJI+ 
ox 

t 

+L J J µo(dxds)ls(rlµ(·)) - s(rlv(·.))I::; 
ox 

t t 

::; c1(L) J drd(µ(r), v(r)) + L J >.(+)dr. 
0 0 

IloaTOMY C II0M0ID:I,IO paccym.n;enu:tt, rrpHMeHHeMhlX )];JUI ,Zl;0Ka3aTeJibCTBa JieMMhl 

fponyoJIJia, M0ffiH0 II0Ka3aTI,, qTo 
t 

>.(t)::; c1(L) J dreL(t-r)d(µ(r), v(r)). 
0 . 

TaKHM o6pa3oM, d(µ(t), v(t)) ::; eLtd(µ 0 , v0 ) + 
t 

+c1 (L) fdreL(t-r)d(µ( T ), v( T )). J,fa rrocJie.n;nero HepaBeHCTBa H JieMMhl 
0 . • 

fponyoJIJia BhlTeKaeT yTBepm.n;enue 2) TeopeMhl 1. 
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IlycTb µo - HaqaJibHoe ycJI0BHe 3a.n;aqu (7). IlycTb 

Cµ = {µ(t)lµ(t) E C([O, T], M) : µ(O) = µo}. 
Ilpon3BOJihHoii: cpyHKIJ;HH µ(t) E Cµ rrocTaBnM B cooTBeTCTBIIe cpyHKIJ;HIO 

Aµ(t) = µo o Tt[µ(·)]. OT06pameHue A oT06pamaeT rrpocTpaHcTBo Cµ B 

ce6H. BBe.n;eM B rrpdcTpaHcTBe Cµ MeTpnKy: )];JUI JII06hlx µ, v E Cµ rroJiomHM 

d0 (µ(·),v(·)) = sup d(µ(t),v(t))e-"', a ER. 
tE[O,T] 

TaK HaK ( M, d) ecTb rroJIH0e MeTpnqeCKoe rrpoCTpaHCTB0 ( cM. [6]), To 

MeTpuqecKoe rrpocTpaHCTB0 ( C µ, d0 ) TaKme HBJUleTCH rroJIHhlM. 

,lJ;oKameM, qTQ oT06pameHHe A rrpoCTpancTBa (Cµ, d0 ) B ce6H rrpu .n;o

CTaToqHo 6oJibIIIHX a HBJIHeTCH cmaTHeM. ,D;eii:CTBHTeJibHO, corJiaCH0 c.n;eJiaH

HOll BhlIIIe ou;eHKe UMeeM 

d((Aµ(·))(t), (Av(·))(t)) ~ d(µ 0 o T1[µ(·)], µ0 o Tt[v(•)])::; 
t 

::; c1(L) J dreL(t-r)d(µ(r), v(r)). CJie.n;OBaTeJibHo, rrpH a> L 
0 

Ct 
d0 (Aµ(·), Av(•))::; a_ L da(µ(·), v(·)), 

qTo H .n;oKa3hlBaeT yTBepm.n;enue. 

IloaToMy oTo6pameHIIe A HMeeT e.n;nHcTBeHHYIO Herro.n;BHmHyro ToqKy 

µ ( t) E Cw CJie.n;oBaTeJibHo, cym:ecTByeT e.n;HHCTBeHHoe 0606me1rnoe peIIIe

mre ypaBHeHHH cpe.n;nero rroJIH. 

IloJiomHM B (9) VJ = 1. Tor.n;a rroJiyquM, qTQ ,ZJ;JIJI mo6oro t E [O, T] 
Mepa µ(t) HBJUleTCH Bep0HTHOCTHOll. 

TeopeMa 1 .n;oKa3aHa . 

3. KJiaCCif'CI€CKOe peIIIeHHe ypaBHeHHJI 
cpe,n;Hero noJIJI 

B 3T0M rraparpacpe rrpHB0,ZJ;HTCJI UCCJie,ZJ;0BaHne rna.n;K0CTU, peIIIeHHJI 3a~ 

.n;aqH (7) rrpH ycJI0BHH, qTo naqaJibHaJI Mepa o6Jia.n;aeT rna.n;Koit rrJI0TH0CTblO. 

PaccMoTpHM 3a.n;aqy (7) c naqaJihHoit Mepoit µ0 ( dxds) = 
= fo(x, s)dxds, r.n;e cpyHKIJ;HH fo(x, s) E C1(X) - IlJI0TH0CTb He0Tpnn;aTeJib

HO:it HOpMHp0BaHHOit Mephl. 

TeopeMa 2. Ilycmb Bbtn0.41te11.bt npeano.11,0J1Ce11.u51, meope.Mbt 1 o cooil
cmoax ,pymrn,ui1 u, V U w. Ilycmb ,pyu11::u,u51, fo(x, s} npu11.aa.11,eJ1Cum npo
cmpaucmoy C1(X). _ Toiaa 11.a ompe311:e [O, T] cyw,ecmoyem eauucmoeuuoe 

1,;.11,accu'lec11:oe pemeuue 3aaa'lu Homu (6). 
11 



,UoKa3aTeJihCTBO. ,UoKaJKeM cym;ecTBOBamie KJiaccuqecKoro pemeHHJI. 

IlycTh µ(t) - 0606:rn;eHHoe pemeaue 3a,n.aqu (6) c aatiaJibHoii Mepoit 

µ0 (dxds) = f 0 (x,s)dsdx. Ilo TeopeMe 1 :no pemeHHe cym;ecrnyeT H e,n.HH

cTBeHHo. B cm1y npe.n.noJiollieHHii TeopeMbl none Bµ(•)(i, s, t), orneqarom;ee 

3TOMY pemeHHIO, npuHa)l:JielliIIT npocTpaHCTBY C1 (X x [0, T], R3
). Cne.n.o

BaTeJibHo, 3a,n.aqa Komu (8) HMeeT e,n.HHCTBeHHoe pemeHHe 

s(i,8,tlµ(·)) E c1(x x [o,TJ,S2). 

B COOTBeTCTBlIII C yTBeplli,D.eHHeM JieMMbl µ(t) = µ 0 Tt[µ(·)], II03TOMY 

,n.JIJI nro6oro 'ljJ E C1 (X) cnpaBe,ll.JIHBo paBeHCTBo 

f µ(t, dxds)'l/;(x, s) = f f 0 (x, s)dxda'l/;(x, s(x, ii, tiµ(·)). 
X X 

OTo6paJKeHIIe st-1 (xlµ(:)) : ii -t ii(x, a, tiµ(·)) rrpH JII06bIX x E nu 

t E [0, T] JIBJIHeTCH B3aHMH0 o,n.H03HaqHbIM oTo6pallieHHeM c paBHbIM e,n.II

HIIU:e JIKo6uaHOM ( cM. neMMY), II03ToMy ecnu B nocne,n.HeM paBe~crne c.n.e

JiaTb 3aMeHy nepeMeHHbIX IIHTerpHp0BaHHJI if -t n(x, if, tiµ(·)), TO paBeH

CTBO npm,rnT BII,ll. 

j µ(t, dxds)'l/J(x, s) = j f 0 (x, ii(x, a, tiµ(·))'l/J(x, ii)dxda. 
X X 

IlornoJibKY q>yHKU:HJI ii(x,ii,tlµ(·)) JIBJIJieTCH pemeHueM 3a,n.aqII Komu 

(8'), To B cuny npe.n.noJiollieHuit TeopeMbl o q>yHKU:IIJIX U, V II w oHa npII

Ha,n.JielliIIT rrpocTpaHCTBY C1(XI X [0, T], S2
). 

Cne.n.oBaTeJibHo,' 0606:rn;eHHoe pemeHHe 3a,n.aqu (6) µ(t) IIMeeT rrnoT

HOCTb J(i, a, t) = fo(i, ii(x, a, tiµ(·)) lI f(i, s, t) E C1(Xx [0, T}, R+). To

r.n.a J '1/J(x, s)( %f-(v' .J, [BX sl))dxds = 0 ,ll.JIJI npoII3BOJlbH0ro '1/J E C1 (X), 
X 

II03TOMY q>yHKU:IIJI f(x, s, t) y,n.oBJieTBOpJieT ClICTeMe ypaBHeHIIH (6) H, CJie-

,ll.OBaTeJibHO, JIBJIHeTCJI KJiaCcIIqecKIIM pemeHIIeM 3a,n.aqu (6). 
E,n.HHCTBeHHOCTb 3Toro pemeHIIJI CJie.n.yeT II3 e,D.HHCTBeHHOCTlI pemeHIIJI 

3a,n.aq1I Komu (8'). TeopeMa 2 ,n.oKa3aHa. 

4. O6cym,neHHe pe3yJILTaT0B 
Ilpe.n.rronolliHM, qTQ Mepa µN(0) onpe,n.eJieHa q>opMynoii 

j '1/JdµN(o) = ~ ·L '1/J(x;,s;), 
X I$i$N 

r.n.e x;, Sj, j = 1, ... , N - aa6op ToqeK B npocTpaHCTBe X. 
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Tor.n.a pemeHIIe cIICTeMbl (7) c HaqaJibHofi ¥epofi µN(0) cym;ecTByeT II 

KaK HeIIO,ll.BIIlliHaJI ToqKa OT06paJKeHIIJI A onpe,n:eJIHeTCJI q>opMyJiofi 

j'l/JdµN(t) = ~ L '1/J(x;,;N(x;,s;,t)), 
I$i$N 

r.n.e ;N ( Xj' Sj' t) eCTb pemeHHe CIICTeM~ ypaBHeHIIli 

-=-N(- - 0) - -. s x;, s;, - s3 , 

DtsN(x;,s;,t) = [{v'xj ~ L (v'xjU(xj - x;),sN(x;,s;,t))+ 
I,si$N 

+ ~ L w(x; - x;)sN (x;, s;, t) + v'V(sN (x;, s;, t))+ 
1$i$N 

+Bo(x;, t)} x ;N (x;, s;, t)]. (10) 

,UaHHaJI ClICTeMa ypaBHeHIIli JIBJIHeTCJI CIICTeMOli ypaBHeHIIH ,ll.BIIllieHIIJI 

N qaCTIIU:, IIOJIO}KeHIIe B IIp0CTpaHCTBe KOT0pbIX X;, i = 1, ... , N, q>IIKCIIpO

BaHo, a MexaauqeCKIIfi MOMeHT sf (t)'II3MeHJieTCH II0 3aKOHY Dtsf (t) = 
= Ff (t); Ff (t) - MOMeH~ CIIJI, ,n.eficTByrom;IIx Ha qacTIIU:Y-

I13MeHeHIIe MexaaIIqecKoro MOMeHia sf qacTIIU:hl o6ycnoBJieaao TeM, 

qTo C HIIM CBJI3aH ,ll.IIII0JibHblfi MarHIITHblli MOMeHT mf = µsf = sf. CH

CTeMa N qaCTIIU: npe,n.cTaBJIJieT co6ott Ha6op HaX0,ll.Jlm;IIXCJI B IlOJie ,n.pyr 

.n.pyra MarHIITHbIX ,ll.IIIIOJieii, II03TOMY MOMeHT CIIJI MarHIITHOro ,ll.IIIlOJibHOro 

B3aHMo,n.eficTBIIJI i-ii q:acTIIU:bl C .n.pyrIIMII qacTIIU:aMii paBeH . . 
-N -N - -=-N Fmag(t) = [Bmag(x;, t) XS; ]. 

B q>opMyJie (10) Rp0Me CIIJI MarHIITHoro ,ll.IIIIOJibH0r0 B3aHMO~eficTBIIJI 

qacTIIU: C IlOMO:rn;blO 3q>q>eRTIIBHOro MarHIITH0rO" IlOJIH yqTeHo TaR}Ke B3aII

Mo,n.eiicTBIIe Ram,n.oro 3JieRTpoHa C aTOMaMII RpIICTaJIJIHqecRofi pemeTRII RaR 

:a:eJiblM ( cnaraeMoe V ( s)) II o6MeHaoro B3aIIMo,n.eficTBIIJI coce,n.aIIx 3JieRTpo

HOB. 

IlycTb µ 00 (t) - 0606:rn;eaaoe pemeaIIe 3a,n.aqH (6) c aaqaJII,HbIM ycno

BIIeM µ 00{0) = µ 00 • Tor,n:a H3 TeopeMbl 1 cne.n.yeT, qTo ecJIII 

lim d(µN,µ 00 ) = 0, To Jia npOII3B0JibHOM OTpe3Re [0,T] pemeHHe µN(t) 
N-oo . 
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3a,n:aq11 (7) C HaqaJibHhlM ycJI0BlleM µN cxo,n:IITCJI R pemeHIIIO ClICTeMhl (7) C 

naqaJibHOH Mepofi µ 00 B rrpocTpaHCTBe C([O, Tl, M) c MeTp1rnofi da, Ecmr 

Mepa µoo(t) lIMeeT rna,n:RyIO IIJI0TH0CTb 

f(x, s, t) = W*- lim f:j I: c5(x-xj)c5(s-s(xj, Sj, t)), TO 3Ta IIJI0TH0CTb 
. N-.oo 1'.:,j'.:,N 

JIBJIJieTCJI RJiacc11qecR11M pememreM rrpn6mrIB'.eHHoro ypaBHeHHJI (6) n co,n:ep

}l{lIT lIHq>OpMaIJJIIO 0 ,n:BH}l{eHllll peaJibHOll CIIlIHOBOll. ClICTeMhl C cpyHRU:Hefi 

pacrrpe,n:eJieHlIJI fN(X, s, t). B 3T0M CMhlCJie ypaBHeHHe (6), 0IIlIChlBaIOtu:ee 

,n:Bll}l{eHne HerrpepbIBHOll ClICTeMhl, JIBJIJieTCJI "BJiaCOBCRlIM" rrpe,11;eJI0M ypa

BHeHlIJI ,n:BH}l{eHHJI. cncTeMhl N qacTHn: (10) rrpn N - oo ( CM. [5]). 

IloJib3YIOCb B03M0}l{H0CTblO Bhlpa3lITb llCRpeHHIOIO 6Jiaro.uapHOCTb M0-

eMy HayqHoMy pyRoBo,n:nTeJIIO II.E. JKn,n:RoBy 3a rrocTaH0BRY 3a,n:aqn, rro

Jie3Hhle o6cy}l{,n:eHHJI lI BHHMaHne R pa6oTe. 
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:'CaK6aeB BJK. ·. ~ 
• 0 Ja,J:{a'le KOWH JJ.llll ypaBHellHll cpeJJ.;l~fO nonll, ·• . , 
·Qni-IChIBalO_IUero ~()JJ.enb. TBepnoro'. MameTHKa· . ' ~ C 

c.. 

P~c~MaTptteaeTCll M0~~.111, ~iiep;or~-~lrn~;HKa· KaK CMCTeMb; tta~TiiU, ·o6nan·a~· 

-KJ~mc ,M~~aHH'!eCK~M -~t~MeHT9M~ s7 ~~- S' ii Ma·;HHTHhl~ Mo~e11roM ~ ~= s;_ 
. KOTOpbie B3attM9.Ueiici;ey10-i: i:ipyr C npy_roM ·nocpeJJ.CTBOM ,~1~r~111:rttoro ~Qnll,· '!TO. 
onpenenlleT H3MeHe'1me t,1'exaHH~eCKOro MOMeHTa KrotmOH -lJ.aCTHUbl. .- . . . 
. . ' J13y4a~TCll CHCTe~a HHTerpO)]Jiclxkepet1UHaJlhHhi'x ypaiitteHHH, ~npenenlllOlllal! 

I • - ,, • • ' • ·,, ., ·,(' • ' ; ·-~ •• -- • •: ' - ' -- • 

SBOfllOUHIO OJJ.HO'laCTH'IHOH cpyHKUHH pacnpeneneHHll yKa3aHIIOH. CHCTeMbl '!aCTHU . 
. ,LloKa:faHhl TeopeMhl O cyme~TBOJ!amm H"CJJ.HIICTBeHIIOCTH 0606me1iuofo H KflaCC~'le~ . 

CKO~O pew~HHH. :ianatitt ·Kowi-t_JJ.llll na1moii CHCTeMhl ypaii,ie,mA H O Henpephrnl!OH. -, 
JaBHCHMOCTl:f 0606me11HOro peweHHll OT Ha'!anhiU,IX ycnOBHli: ,_ 

.Pii~OTa.Bbl~~~~te~~ ~Jla~6pa~~pH~ n:~~eT~~~~KOH;H3::H,~M.H;~~to~~i~6o-· 
sa011~11 __ ·~·:··' . ,.. . . •. . .. c· "· ....• •" .- . • .. · .· .... 

,:_ ~:·:·~'·· 

.,,..,_ ; 

. . =·""' -~.-, 
OntheCauchy Problem for.Mean Field Equation·:oesciibirig• __ . 
a Model of So,lid l\1agnet . . .,· . 

. · I~ 'this paper,. ihe. syst;m. of particies is consid~r~d :as.a. model ;f solid magnet·, 
0 Each parti~le' is supplied with:. an· 'ang~I~- mo~entutri <t i; e' S2 :, arid '.a. magnetic 

dipole moment ~ ~= s7Theint~action of particle with a magnetic· field induces 
the evolutionofits.angular m'oment~m: !' - . ·. . '' '. . > , _-. :. · .. · ..... 

· · ;\_'system of' integrodiffer'eritial ·'~q'uatia'ns :which· determines the· ev~lutioii 
of the one-particldlistribution function of that ·s_ystein 'of prutic.les is investigated .. 
The existence a'nd uniqueness of generaHzed and classical solutions ofthe Cauchy 
pro bi em.for this· syst~m ~arid. the continuous , dependence ·of. ge11eral i·zed · solution 
o'n.tli/initiaLco~ditions.have ·been ~stablished. . . . -· ~ . . 
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