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KOHEYHO-PASHOCTHA4A CXEMA I'POM
AJId PEINIEHNA IBYMEPHON KBASUNIN®®Y3NOHHOU CUCTEMBI
ITEPEHOCA TEIIJIOBOI'O N3JIVUHEHNA

C. A. I'paboBenckas, B. B. 3asbamos, A. A. [Ilectakos
(POAI-BHUNT®, r. CHeKUHCK)

PaccmarpuBaerca nuHeiiHAas mapaMeTpHYeCcKas KOHEUHO-PA3HOCTHAS CXEMA, IIJIs YHUCJIEH-
HOTO PEIIEeHUs HECTAIMOHAPHON CHCTEMBI yPABHEHWI IIEPEHOCA, TEIJIOBOTO M3JIyYeHUs KBa-
3uaudy3uoHHbIM MeTomoM. [lpu peleHnM KMHETHYECKOTO yPaBHEHHUS HPUMEHSETCS CXe-
ma tuma TVD. Jlna urepanmoHHOro peuieHuns HeJmHERHOM cucreMmbl KBa3uauddy3n0HHBIX
ypaBuenwuit ucnosnb3yerca BJIM-meron. IIpuBomgarca pe3ynbTaThl YACIEHHBIX PACIETOB Te-
CTOBBIX 33Ja9.

Kaovesvie caosa:  kBa3uaud@y3WOHHBIH METOJ, IEPEHOC U3IYIEHHUHA, KOHEIHO-
Pa3HOCTHAS CXeMa.

BBenenune

[Ipu MomenwpoBaHWE HECTAIMOHAPHOTO IEPEHOCA U3JIyUIeHWT MHOTOTPYIIOBOE KHHETUYECKOe mpudIIn-
JKeHUe ABJISgeTCd HamboJiee PeCypCOeMKO# MOJeIbi0, MOTOMY HA MPAKTUKE KETATEIhHO HCIOTH30BATH
Bosiee mpocThie NPUOJIMIKEHNs], B 9JACTHOCTH, MHOIOrpynoBoe kBaszuauddysunonnoe npubnuxenue [1]. B
aHHOU paboTe mepeHoC U3IydeHnusd PACCUNTHIBAETCI HA OCHOBAHUY HECTAIIMOHAPHON CHCTEMBI KBa3ugud-
¢dy3uoHHBIX ypaBHEHWH, B KOTOpOil Mmarpura auddy3uoHHbIX KOID@PUINEHTOB U IPAHUYHBIX YCJIOBUR
OOHOBJISIETCH Yepe3 3aJaHHOE KOJMYECTBO BPEMEHHBIX IIArOB HA, ITAIE PEIIeHUs KUHETUIECKOrO ypPaBHe-
Hud. [lpu 5TOM mpaBad 9acTh KHHETHIECKOTO yPABHEHU, IPEICTABILIONIAd CyMMy HHTEIPAJia PaACCedHns
7 ucTouHuKa B Buje pynkiuu [lnanka, 6epercsa ¢ mpeaplayero BpeMenHoro mara. OQ4YeBuIHO, 9TO mpu
TaKOM IIOZXO/Ie HEJIb3d TOBOPUTH O MOJHON KBUBAJEHTHOCTU KMHETHIECKOHN u KBasuAuddy3uoHHON MO-
meneii. Ho, Kak CcBUZETEIbCTBYeT MPAKTHKA MHOTOJETHHX PACIETOB OJHOMEDHBIX M IBYMEPHBIX 3a]ad
IEPEeH0Ca M3JIy9YeHus, PACCMAaTPUBaeMad MOJeIb KBa3uauddy3un JaeT BIOJHE HPUEMJIEMbIE U COTJIACY-
IOIHecsd ¢ KHHETUIECKUM MOAXOJ0M pe3yibrarsl [1—13].

Jlna mecrammonapHOil 3amadu MeTo KBazuauddy3un OIPUBOAUT K IUrepbOInIecKoil CHCTeMe ypaBHEe-
uuit. U3 Teopemsr ['ogyHOBa M3BECTHO, UTO Mg TUIEPOOTUIECKON CHCTEMBI HE CYIIECTBYeT MOHOTOHHON
CXeMBbI BTOPOTO MOPSKa B KJIACCe JUHENHBIX cxeM. Fcim mpenebpedbh BPEeMEHHOH MPOU3BOAHON OT IIOTOKA,
U3IydeHNd, TO TUM CUCTEMbI M3MEHUTCHA C THIepOOJInIecKoro Ha mapabonudeckuii. g mapabommaecko-
0 YpaBHEHHS C MOCTOAHHBIME KO3 dumueHTamMu KBas3uauddy3un BO3MOXKHO MIOCTPOEHHE MOHOTOHHOMN
CXeMBbI BTOPOTO MOPSiJIKa TOYHOCTHU IO MPOCTPAHCTBY. B ciydae mepeMeHHBIX KO3(MD@MUIMEHTOB 3TO ITPO-
6nemarwaro. OpHUM W3 TyTedl MOCTPOEHWT MOHOTOHHOW CXEMBI MOBBIIIEHHOIO MTOPHKA TOYHOCTH I
runepboInIecKux ypaBHEHUil sBisgercsa ucnosnb3oBanue upeosormm 1VD-cxem [13—15]. B [13] TVD-
PEKOHCTPYKIUs TPUMEHSJIACh K PA3HOCTHBIM IICeBaouHBapuanTamM. OIHAKO peanu3alns HOJ00HBIX CXEM
YCJIOKHSAETCH JJId MHOIOMEDHBIX T€OMeTPHi.

B pabore [12] mokazano, uro napamerpudeckas cxema POMB u3 [8, 16, 17] moxer 6bITh HeycTOWIHBA
s kBasuauddysmonnoit mogenn. Tam xe npegoxkena cxema 'POM (T'ubpugasiit POMG6), B xoTOpO#
BBINIOJIHSIOTCS YCJIOBUS YCTORYUBOCTHU, MOJIOKUTEIBHOCTH ¥ MOHOTOHHOCTH pellleHui KBas3uauddy3noH-
HOI MOZeIn mJjid IJIOCKON M ceprhuecKu-CUMMETPUIHON reoMerpuii. JIjisd BBINMOJHEHWA STHX YCIOBHH B
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cxeme ['POM npuMeHeHBI pa3indHbIE COOTHOIIEHNUS CBSI3U JJI IJIOTHOCTU U3JIy9YEHUsS B PA3HBIX YpaBHE-
HUAX CHCTEMBI KBaBHﬂH(b(byBI/II/I, KOTOPBIE OTJINIAIOTCA B Xyl[IlIeM Cﬂyqae Ha BeJII/I‘-II/IHy OIepBOro MOpAJKa
ANIPOKCUMAIN U HE HapyIlIa,IOT KOHCE€PBATUBHOCTU CXEMBI.

B mamnoit pabore omromepuas cxema ['POM o060buieHa Ha IBYyMEpPHBIH OCECUMMETPUYHBINR CIIyJai.

ITocranoBka 3agaum

Cucrema ypaBHEHU, ONMUCHIBAIONIAS PACIPOCTPAHEHUE TEIJIOBOTO W3JLy4YEHUsi, COCTOUT U3 CIHEKTPAJIb-
HOI'0O KMHEeTHUYIECKOI'O YpaBHEHUd IlepeHoca, OIUCHIBAIONIErO IIEPEHOC, IOITIOIeHNe U PacCedHre TeIJIOBOTO
W3JIy9EHUd, U YPABHEHUA YHEPTUH CPEJIBI, XaPAKTEPUIYIONIET0 U3MEHEHNE TEMIIEPATYPHI BEIIECTBA 33, CIET
TOTJIONTEHUS ¥ UCHYCKaHUd UM (POTOHOB. B MHOTOrpynmoBoMm npubiauKeHWn [Jid ABYMEPHONH OCECHMMET-
pUUHOM reOMeTpUN B MUJINHIPUIECKON CHCTeMe KOOpAUHAT 6e3 yueTa ABUKEHUHA CPE/Ibl [1JId N30TPOITHOTO
paccedHus JAaHHAA CHCTEMA, YPABHEHUU BBIMVIAIAT CJEAYIONUM 0Opa30M:

pd (I Oleg Qg
r2 (28 Qv I,=—=B,+ —=Uy,;
cdt<p>+ Vi T aglg dr 9 T g 9

dE (1)
P% = ; aeg (Ug — By) Agg + pQ.

Baecy p(r,t) — maorHOCTH BemecTBa; r = (7r,2) — pagmyc-BEKTOP; t — BpeMs; § — HUHIEKC dHEP-
rermdaeckolt rpymmet (g =1,...,9); €4 — sneprus dboronos rpymmsr g, Agy = €411/ — £g_1/2; X =

= (§ =+/1—p2cosp, n =+/1 —pu2sin¢p, u = cos 0) — eIUHUYHBIA BEKTOD B HAIIPABJIEHUH IIOJETa (Po-

ToHAa, Tae § — yroa Mexay (2 u ocblo Z, ¢ — yrojl Mexy Hmpoekiueil r u npoekmnuei () Ha MJIOCKOCTH,

10
IepIeHauKynapryo ocu Z; Iy (r, Q,t) — cuexkTpaabHas HHTEHCHBHOCTD n3aydenns; VI, = "o (r&lg)+
r or

10 10
+ . (rply) — 96 (nIy) — omeparop mepenoca; ag (T, p) = g + g — KO3bDuIMEnT OcIabIeH S,
r oz r

rge T (r,t) — Temmeparypa Cpezbl, Qg (T, p) — kod3bdunuenT noriomenns, agy (p) — KodpbummenT
paccesinust; By (T) — mHTEHCHBHOCTH paBHOBecHOro usiydenus (dynknus [Lnanka); Uy (r,t) = [ I,d2 —
Q

CIeKTpaJbHASA IJIOTHOCTH YHEPIWU W3JIydeHWus, yMHOXKEHHas Ha CKOpocTh cera ¢; E (T, p) — ymenbHas
BHYTDEHHSd dHeprus Beuiectsa; () (r,t) — BHEIIHU NCTOYHUK.

Jlna cucremsl ypasmermit (1) B obmactu I' ¢ 3amMkmEyTO# Tpanumeii ' pemraerca cMemIaHHAs 3a]a€a CO
CIIeYIONUIUMY HaYaJIbHBIMUA U 'DAHUYHBIMU YCJIOBUAMMA:

Ij(r,2,t=0)=1)(r,Q); I (reT,nQ<0,t)=I7 (reT,Q¢t); T(r,t=0)=T°(r),
rle N — BHEIIHAA HOPMAaJlb K T.B CHJIy OCEBOIl CHMMETPHU CIPaBEJJIUBO YCIOBHUE

Ig (7’:072,H7¢7t) :Ig (T:07Z7H727T_¢7t)7

O3TOMY paccMaTpuBaercd TOIbko obsacts 3HadeHudl —1 < pu < 1; 0 < ¢ < w. B kadgecTBe rpaHUIHOrO
YCJIOBUS HA OCH CHMMETPHUHU UCIOJIB3yeTCHd YCAOBHE CAMMETPUIHOTO IIEPEHOCA

Ig(TZO,Z,u,¢,t>:Ig(r:07z7:u‘77r_¢7t)7 OSQSSg

Bo3moxkHBI ycii0BuS 3€PKAJIBHOIO OTPAaKEHU HA ILIOCKOCTH Z = const:
I, (r,z = const, u, ¢, t) = I, (r,z = const, —p, p,t), —1<p <1
Ob6o3naunm gepes B, = [ QI;dS) cnekrpanpHbIi TOTOK SHEpruu U3ayderus. lIpomarerpuposas (1) mo
Q

Q2 ¢ Becamu 1, ¢, p, moaydmM cucTeMy ypaBHeHui kpazumuddysuu
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+ aegUg = aegBy;

U\  10(rd1,) 9%,
( )+r or * 0z

o 1[0 d
(_g) + ; [E (TDlU)g + & (TD?,U)Q + (2D179 + D2vg - 1) Ug + Q’g(I)l,g = 0;

(2)

R ol oln
o &l &

3 179 )
<ﬂ> +- [— (rDsU), + 5 (ngU)g] + ay®yy = 0;

cdt \ p or
dE
PE = Z Qg (Ug - Bg) A‘gg +pQ,
g

rae D34 — kBasuauddysnonnse Ko3phumuenTo:

1 1 1
Dy = i / ¢21,dQ; Dy, = T, / p?I,dQ; Dsg = i / péI,dS;
Q Q Q

D4,
§g = 9 , @179 = /fIgdﬂ, @2,9 = /'ngdﬂ
P2g Q Q

COOTBeTCTBYIOH_[I/Ie Ha4YaJIbHBbIE€ U I'PAHUYHBIE YCJIOBHUA MMEIOT BHU[

Ug(r,t =0) =Ug (r), ®g(r,t=0)=g(r); T(r,t=0)=T"(r);
agUy — By (n®y) = o4, reT.
3zmece ag, Bg, g — HapaMeTphl TPAHMIHBIX yCJIOBHH, IpudaeM oy > 0, Eg >0, ag + Bg > 0.
1
B cayusae mommoit msorponuu mamydenua Dyg = Doy = —, D3, = 0 u nomydaerca cucrema ypas-

Hennit P-npubnmxennd. IIpomuddepennuposas B cucreme (2) umenst ¢ Di:34Ugy, MOXKHO IOTydIHTH
HEeIWBEPreHTHYI0 (OPMY ypaBHEHHS IJId ITOTOKA, KOTOpad Oojee ymoOHA Jid 9WCJIEHHOW peasin3alluu.
2D1,g + D2vg -1

r

Torma B P;-upubiukeHuun nCIe3aeT 9IeH
A POKCUMAIAIO.

K coxamenuto, B kBazuaudHy3noHHON CHCTEME ITOT WIEH MPUCYTCTBYET, IOITOMY AINIPOKCHMAINAA IPA
r — 0 Tpebyer ocoboro BamManus. COOTBETCTBEHHO mEpexon K Pj-npubimkeHuto — OfuH u3 HamboJee
OYeBHUIHBIX CIOCOOOB yCTpaHeHHs AaHHOU ocobenHocTu. [lpm sTOM He HapyIlmaeTcd KOHCEPBATHBHOCTH
CXeMbl, TaK KaK B ypaBHeHHEe 0OajaHCa BXOIWT TOJIBKO II€PBOE yDAaBHEHWE CHCTEMBI (2), 3aImMCaHHOE B
JIIMBEPreHTHON (popMe, a MOTOKM HA IPAHAX B ypaBHEHHMHU OAJIaHCA COKPAIIAIOTCS.

B mepueprenTHO# dopme mig moToka cucreMa KBasuaudy3UOHHBIX ypaBHeHWIl (2) uMmeeT BuT

Bi & + 18 (7‘@179) + 8@2
cdt \ p r or 0z

Uy, xoroperit npu r — 0 MOXKeT yXyaImaTh

Vg _ .
+ acgUg = acyBy;

Bpd (@
— 7" + DyVU, + ay®, + P,U, = 0.
3zmecn
oU, oU,
D D Dl,g—g + D3,g—g
_ ]-vg 3vg . _ a’r‘ az
D, = ;o DgVU, = o o ;
1)37 Dg, D -9 D =9
I I 39" o 2979
P 2D Dy,—1 0D 0D D 0D oD
Pg — l’g , P]_,g — ]-vg + 2vg + ]-vg + 3vg, P g — 3vg + 3vg 279
Py, r or 0z or 0z
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B cucreme (3) BBemen muddy3unonnsiii mapamerp 3, KOTOPbIil OHPeAeIIeT BUJ NPUOINKEHUS:
B =1 — runepbosnueckas KBa3uandy3noOHHAT CUCTEMA, YPABHEHUI;
B = 0 — napabosnndeckada kBazuaudPy3uoHHAT CUCTEMA yPaBHEHUN;

B=1,D14y= Doy = ~; D34 =0 — P -npubnmKenne, CicTeMa TUIepOOIHIECKAsT;

B=0;Dy4=Dsy=; D34=0— nmuddysmonnoe npubamxenne, cucreMa mapabonrmaecKad.

C»Jll—\w

W3 acumnroruku KoaddunuenTos Ksasuauddysun opu oy — 00 ClIefyeT HX cTpemieHne K auddy-
3MOHHOMY mpefeny. Heum3oTpomHOCTH W3TydeHHS IPUBOAUT K CJIOXKHOMY MOBEIEHUIO KO(P(UIUEHTOB
kBasuauddy3un B onrudecku miIOTHBIX cpemax. [lomyaaembre koaddurnuents kBa3uguddy3un oTanda-
IOTCA OT IpeJesbHBIX 3HAYEHUH, 9TO MOXKET OTPA3UThCA HA TOYHOCTH BBIYUCJIEHWH ILIOTHOCTH U MOTOKA
u3aydenus, ocobenno BOau3u ocu Z npu 7 — 0.

PaznocrHas anmpokcuManus

Cucrema ypaBHEHWI NEPEHOCA HU3JIyUYEHUs] PEIIAeTCd B 00JIacTw (to,tﬁ) x I'(t), rme (to,tﬁ) — WUH-
repsas Bpemenu (n =0,...,n); I' — mosoBuHA cedYeHUs Tesla BPAINEHHS MJIOCKOCTHIO, MPOXOLIIEH de-
pe3 ochb Z, pacHoJIOKeHHAsd B IOJYIIOCKOCTH (—00 < 2z < 00, r > 0). CuerHas 006JaCTh MOKPHIBAET-
CA PeryldpHO# CETKOH M3 4YeThIPeXyTOJbHUKOB (pHC. 1), BEPIINHBI KOTOPBIX 33JaI0TCA KOOPAMHATAMU

rij, 2ij |\t =0,...,4, 7=0,... ,j). [Ipu umaTerpupoBanum ypaBHeHU# KBasugudy3un mo ddeiike pas-

HocTHO# cerku I';; (c memTpom B Touke (i 4+ 1/2, j + 1/2)) Oymem 0OXOZUTH ee IO JaCOBOI CTpeIKe,
npuMmeHsdsd npu 3ToM dopmyay ['puHa m mpocreiinine KBaapaTypHble (DOPMYJIHI.
Bsenem HekoTOpbBIE BEIUYIUHBI U COOTHOIIEHNU, UCIOIb3yeMbIe aJlee:

1
AV;j = /rdrdz = 5 (ri+re+r3)[ri(z2 —23) +1r2(23 —21) +7r3(21 — 22)] +

1
+5 (r1+ 73 +7a)[r1 (23 —24) + 73 (24 — 21) + 74 (21 — 23)];
Sy = [ drds = =0,5(ra = ra) (21 = 20) + (12 = ) (22 = )]
iy
(Ajz)i = Azi = (Zj_|_1 — Zj)i = Z3 — Z4; AZj = (Zi_|_1 — Zi)]- = Z1 — 24,

1 1
(Ajz)i+1/2 = Azip12 = (zj41 — Zj)i+1/2 D) [(Zj-I-l —2j); + (241 — Zj)i-i—l] D) (23 — 24 + 22 — 21);

Av () = (g — Oy AP = Ar? + AZ2

AR

i+l — |

i+12
j
Tivinsjvin
ONAIR
1
i it 1n /i+1

v

Puc. 1. dgeiika pa3HocTHO# ceTkKu
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3mecy u masee i yOpOUIEHUs WHIEKCH { + 1/2, j 4+ 1/2) Kak mpaBmiio, OmyCKarTCs.
WNuTerpupys ypaBuenns kBasuaudy3uun no gueiike CETKYU U IPUMEHAd HEABHYIO ANIPOKCUMAIINIO Iep-
BOI'0 IIOpAAKa IO BPEMEHU C HIaroM 7, IOJIy9aeM CHCTEMY HMHTETrPDAJbHBIX 3aKOHOB COXPaHEHUA
n+1 U
0 n+1 ntl _ P g
(goUg)" " + Vpdptt = — (=2
cT p

nt1 ﬁpn-i-l P n
(9%)"" + Dy VU™ 4 PR = == (=2 ) (4)

c

n
n+1 pn+1.
) +ag By

n-l—lE ntl E" n+1 n+1 n+1
P =Nl (U — By)" T Aey + (pQ)"

T
9

Bpewmennoit mamexc n + 1, Kak ¥ Apyrme WHAEKCHI, He BBI3BIBAIOLINE COMHEHHIl, TakxKe OymeM OIyCKaTh.
Ilycs (nAl); = (Ajz,—Ajr); (nAl); = (—Az, Ajr); — KOMIOHEHTB CYeTHBIX HOpMaseifi (cM. puc. 1),
TOrAa

1 B 1
1
ViU = AS ((nAl)i+l/2 AU + (nAl);4q AjU) 5
DV, = Dy ((Ajz)i+l/2 AU —(Aiz) 119 AJU) +Ds ((_Ajr>i+1/2 AU+ (A jo AjU)
WU=-= |
AS \ Dy ((AJZ)m/z Al =(Riz) 1172 AJ'U) D ((_Ajr>"+1/2 AU (Bar)ja 2 AjU)
1 AS
Py = 55 (8i(D18z = DsAr) + A, (~D1Az + DsAr) ) + 157 (2D1 4Dy — 1)
P —L(Ar(D Az — DyAr) + A; (—D3Az + Dy A ))+£D
2= pg\fi(PsAz = Dhar j 38z T LLar AV

BBO,I[EI 0003HAYEHN T HOPMAaJIBHBIX KOMIIOHEHT BEKTOpPa TEIJIOBOI'O IIOTOKA

Wi1+1/2 =@ (nAl)i+1/2 =& (Ajz)i+1/2 — & (Ajr)i+1/2;

w? j+1/2 = =P, (n Al)j+1/2 = (_Aiz)j+1/2 + @, (Air)j+1/27
IIOJIy9a€M KOHEYTHO-PA3HOCTHYIO CXEMY B TEPMHHAX HOPMAJIBHBIX COCTABJIAIONINX IIOTOKA:

p (Ug\"
U + AV (Ai (ngl) +A; (ng2)) = (f) + g By;

1
4 Wy + AS

CT

wi\"
(Mit1/2,68:Ug — Mj11/2,48iUg) + Nit1/2,4Ug = - (79) | ®)

CT

w2\"
agWs + AS( Lit1/2,48iUg + Lj11/2,48iUg) + Njj1/24Ug = £<Tg> :

B ypaBrerumsx (5) mcmosb3yioTcs Takke Caeayionme 0003HAUCHAS:

Mii1/2 = D1 iv1/2,j+1/2 (Ajz)?+1/2 + Dyiv1/2,5+1/2 (Ajr>?+1/2 — (D3A1)i41/9,541/25

Mj+1/2 = Dl,i+1/2,j+1/2 (Aiz)j+1/2 (Ajz)i+1/2 + D2,i+1/2,j+1/2 (AiT)j_q.l/z (Ajr)i+1/2 -
- (DSAS)i+1/2,j+1/2 )

M;i = D1,i (Aj2); (Aj2); 115 + D2,i (Aj7); (A7), q /2 — Dsi (Ad); s

M; =Dy ; (A; z) (A Z)H_l/2 + Do ; (A 7') (A T)Z+1/2 — D3 (A5)j;

Miy1 = Diit1 (Bj2);11 (Bj2); 119 + D2t (A57) ;1 (Agr); 412 — Dajivr (Ad) gy

Mj1 = D1 (Biz) 11 (A52)i4 /o + Dagrn (Bir) i (A7) 10 = D31 (Bs) 415
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Lii12 = D1iy1/2,541/2 (AjZ)i+1/2 (Aiz) ;1170 + Dajit12,5+1/2 (Ajr)i+1/2 (Air)jy12 —
— (D3A3)i11/2,j41/25

Lit1/2 = Dyit1/2,j+1/2 (Aiz)§+1/2 + Dait1/2,541/2 (Air)§+1/2 — (D3l2)i11/2,541/25

L; = (D1Ajz), (Asz) + (D24Ajr), (A-r)j+1/2 — (D3Ag); ;

Lj = (DIA‘Z) (A )]+1/2 (D24 7’) (A 7’)]+1/2 - (D3A7) j )

Liyy = (DlA 2)2_1_1 (A; )j+1/2 + (D2Aj7’)i+1 (Air)j+1/2 (D3A6)z+1 )

Ljy1 = (D14 Z)J+ (A )j+1/2 + (D2Ai7’)j+1 (Air)j+1/2 (Ds

A =2 (Ajr)i+1/2 (Ajz)i+1/2 ; Ay =2 (Air)j+1/2 (Aiz)j+1/2 ;

Az = (Air)j+1/2 (A 'Z)i+1/2 + (Asz) j+1/2 (Ajr)i+1/2 g

j+1/2

)]+1;

(A4)i = (A'T) (A Z)z+1/2 + (Ajz)z( J )z—|—1/2’
(A5)j = (4 )J (4 Z)H-l/z + (Azz)] (A; )z+1/2’
(A6); = (Ajr), (A )]+1/2 (Ajz); (A )]+1/27
(A7)j =(A 17')]( )]-1-1/2 (Azz)]( i )]+1/2'

Perrerune cucreMbl Pa3HOCTHBIX ypPaBHEHUMN

Cucrema ypasaennii (5) sBisercsa HesamkryToi. [lng ee 3ambikanus B cxeme POMB [8, 16, 17] upume-
HAIOTCS COOTHOIIeHns, cBaspBafomme U, W1, W2 B nmenTpax dueex ¢ WX 3HAUEHHSME HA IDaHAX. Taxme
COOTHOIIEHUS CBA3U HE MO3BOJILIOT MOJYIUTh MOHOTOHHBIE W MOJIOXKUTEIbHBIE PEIIEHNd JJId YpaBHEHUT
kBasuauddysun. B manHON pabore mCmonb3ylTCs COOTHOEHUs U3 [12], yuydimmaromme MOIOXKATENb-
HOCTB PeIleHus.

Cucrema (5) pemaerca ureparmuonHo. Ha Ka)XOM BPEMEHHOM Iare OPraHU3yeTCd IWKJ BHEIIHUX
urepanuii (¢ MHAEKCOM V) MO HEJWHEHHOCTH BEJWYUH, 3aBUCAIIMX OT TEMIePATypPbl. BberauciaurenbHbIi
IpOIeCcC BHYTPU STOTO IWKJIA OPraHU30BAH B J[BA JTAIA!

1) pemaerca JTHHEapU30BAHHOE ypaBHEHHE SHEPIUH, M3 KOTOPOTO IomydaeM Temmeparypy TV 11

2) pemraercs MHOTOIPYIIOBas CHCTEMa KBa3naud @ y3MOHHBIX yPABHEHUH METOIOM CTaOMIN3UPYIOmei

[MOTMPABKY C YIYETOM TEMIEPATYPHI, TOJLYIEHHON HA MPEIbIAYIIEM dTAIe.

[lo menmueitnocTn BHyTpenneit smeprum E m dbynknum I[Inamka By npumenserca meroxn Hepioroma, mo
HeJInHeHHOCTH KO3 PunuenTa ., — IpocThie uTepanuu. B manbreiimem naaekc v+ 1 MoXkeT omycKaThCd,
uHIEKC w Oymer ob6o3HAYATh UTEpauu Merona paciiemienns no HampasaerusMm ADI (Altenating Direct
Implicit).

Cucrema ypaBHeHHIi mepBoro srama uMmeer Buj (c4eT BAosib crouabua j + 1/2 pasHocTHOH! ceTkn)

VrTWw 1 ) W P U, v
QUG A (v ) = - (v )+—(—9> +a¥,BYTY,

AV g et \ p g

1\
1vyrl,w+1/2 H‘1/2A w+1/2 N w+1/2 — ]+1/2A w p’B % .
99" W, +—xg AU+ N Ao AiUs + e

Wl w+1/2 _ 0,5 (Wl w+1/2 + le{.filﬂ) + 91+1/2A Uw 1/2 (6)

Uw+l/2 — 0,5 (Uw+1/2 n Uw:r+11/2) i 5,+1/2Ainl’w+l/2;

w+1/2 _ w+1/2 w+1/2 Lwtl/2
Ul,g %Ug,i + (1 —) Ug,i+1 +Cz+1/2Ain w+1/2
Cucrema ypaBHeHUi BTOpOro sramna (C4eT BIoJb CTPOKH ¢ + 1/2 pa3HOCTHOM ceTkwm):

U n
0 virw+l —A 2w+l _ ——A 1,w+1/2 P (Yg o?, BVt
U™+ Ay (W) = — &y (rgs?) + o\ p
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n

2
1vyi2,w+1 +1/2A wtl 4 w+1 i+1/2A, w+1 @ % .
49 Wy + AS U™+ NaUy AS Ug 7 + or p ;
w 2,w+1 2 w1 w
W2t =05 (W LW ) + 0%, AU (7)

1 w 1 w—+1 2 1
vt =05 (Ugft + Usth) +5]+1/2A 2t

Uw+1 — ,yJUw-l-l (1 o ’7]) g]+1 + CJ+]_/2A W ,u)+l

B oburem ciygae pa3HOCTD MIOTHOCTEN U3IyUYeHUS B [EHTPE d9efKU, B3ATHIX U3 000WX COOTHOIIEHUH
CBsI3H, MMeeT HepBblil mopanok masoctu, upu v = 0,5; § = O (h); ¢ = O (h) 3Ta pa3HOCTH MMeeT BTOPOi
nopsiok magoctu, a npu y = 0,5; § = ( obpamaerca B Hyab. XOTs BTOPOE W TpeThe ypaBHeHus (2)
aIlIpPOKCHMHPYIOTCA B HEKOHCEPBAaTHBHOW (opme ¢ pa3iumvalolUMUCA COOTHOUIeHMAMH cBa3u And U,
9TO He HapyLIAeT KOHCEPBATHBHOCTH CXEMbI, TAK KAK B ypaBHeHHH OAJAaHCA YIACTBYET TOJIHKO IIEPBOE
yPaBHEHME C MIOTOKAMHU Ha I'DAHIX.

[TomcraBisgs COOTHOLIEHWSI C WTEPAIMOHHBIM HHIEKCOM w + 1/2 B (6), mosy4aem Ha IEepBOM IJTare
meroga ADI ypaBHeHust, KOTOpBIE PEIIAIOTCS METOIOM BCTPEYHOM MPOroHKu. [locje mporoHok mepBoro u
BTOPOTO STAIIOB [0 BEIYHCIEHHLIM Ha pebpax 3nadenuam U, W1, W2 maxogum U¥! u3 nepsoro ypasuenus
cucremsr (7) m momaraem UYH1/2 = yett,

Jlna Beraunciiennsa temneparypsl npumensem B/IM-meron. Temuneparypy onpexpensem mo dpopmyire

Tza — By) Ay +p [(B" — BY) +7Q]

TX_H:TX X X

~v+1/2 0B, OE\"’

e B

rae
n o ~v+l1/2 . ; v+1/2 ~v+1/2 v . ) v+1/2
et (B ek (s Y R (b Y
Cqu’ P qg’ azAV a]AV qg’ azAV CL]AV

a;, aj, b;, bj — K03 bunMeRTELI, 3aBuUCANIEE OT IPOrOHKH U IeOMeTPHYIECKHX BEeJHYHH; OHH BHIOMpaIOTCH
anasorngro [12]. ITocse cxogmmocTn HPIOTOHOBCKHX mTepanuii (KM COOTBETCTBYET MHIEKC A) IOJydaeM
remmeparypy TV 1! = T2, Ilo moBoil TeMIepaType HAXOLUM B IEHTpPE TUCHKH ByT!, a 3arem — HOBOE

smagenne Uy ™ mo dopuye

~v+1/2

v+l 1/+12
Uttt = Ut 24y,

(By™ — By)-

Bremawne nrepanun v 3aKaHIMBAIOTCA MO YCJIOBUIO cxomumocTtu mad UYL mwom TV,
I y 2 naa Uy

YucseHHbIE pacyueThbl

B kagecTBe TecToB mCIONAB3yIOTCH [BE 33129, c(HOPMYIUPOBAHHbIE HA OCHOBE pabors! [21]. s gquc-
JIEHHOT'O MOJeJUpOBaHus 3a7ad u3 [21] B aBymepHO#l ocecHMMeTPHYHON MOCTAHOBKE ILIOCKUI CJIOH 3a-
MeHeH Ha cdepy ¢ BoipesaHubM meHTpoM (0 < 9 < m; lem < r < bem, r = Vr2 + 22), rme ¥ — yron
MeXJy PajmycoM-BeKTOopoM I 1 ockio Z. Ha cdepe r = 1 cm 3amaH0 n3irydeHne MJIaHKOBCKOTO HCTOTHUKA,
¢ remneparypoit 1 k3B, Ha cdepe r = 5cm — ycaoBue ceob60dnol noseprrocmu. [lomaramocs E = 0,817,
T° =15B; p=1r/cm; azg = 0.

Kosddunmenr mormomenuns B 3amade 1

27¢, 3 (1—e /T, lem <r < 3cwm (obmacts 1); 3,4cem < r < 5cm (obaacts 3);

10 00069_3 (1- e_Eg/T) , 3cm <r < 34cm (obmacTs 2).
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Kunernueckoe ypaBHEHUE PEIIAIOCh METOAOM AUCKPETHBIX OPAMHAT o cxeMe Tuna 1'VD moBbImeHHOTO
HOpsAJKa alIpoKcuManuu ¢ orpanmuureneM Bam Annbaza [14, 15] u xBagparypoii ESi¢. Ilo sHeprum
6pasocs 15 rpymn: ¢, = 0,15; 0,45; 0,7; 1; 1,35; 1,65; 2,1; 2,55; 2,85; 3,5; 4,5; 6; 8; 10; 13 x3B. 3azaun
CUUTAJUCH C TOCTOAHHBIM BPEMEHHBIM IIIArOM: 7 = 2- 10~ ¢ gua 3amadn 1, 7= 10712 ¢ mua 3amaun 2. Io
Hanpasienuto Z B3garo 30 sueek. Cerka mo paamycy mepasHoMepras: 11 = 1; 1,004; 1,04; ry = 1,15 .. .;
roo = 2,9 (Ar = 0,1); rog = 2,987; 2,999; 3; 3,001; 3,004; 3,013; ro9 = 3,04; ...; r37 = 3,36 (Ar = 0,04);
rss = 3,396; 3,4; 3,404; 3,44; r40 = 3,5; ...; r57 = 5(Ar =0,1). 'panuunsie yciaoBusa B3aTh u3 [1].
Pacuers! Besuch 70 MomenTa Bpemenu t = 1,2-1078 ¢, xorja pemmenne BHIXOAUT HA CTAIMOHADHBIH PEIKIM.
CxoAuMOCTh OIIpejieNdiach yCIOBAeM ‘T” tL_7v ‘ <1070 (1+ 171,

Ha puc. 2 mpuBemeHo mpoCcTpaHCTBEHHOE paclpeesieHne TeMIepaTyphl B 3ajade 1, pacCAuTaHHOE Ha
moment t = 5 - 107 ¢ mo cxeme TPOM. Buguo, ato jy4ueBoit 3pdeKT, CBOHCTBEHHBIH AUCKPETHOCTH
IpPOCTPAHCTBA HANPABJIEHUH], HA TEeMIIepaTypy BiausdeT ciabo.

Ha puc. 3 npuBenens pacupeeeHus TEMIEPATYPhI BEIECTBA BAOJb IIEHTPATIBLHOTO CTOJOIA Pa3HOCT-
HO# cerkn Ha MoMeHThI Bpemern t = 5-10710c ut = 1,2- 1078 ¢, monyguennsie B pa3ubIx HpUOIMKEHIIAX.
U3 pucyHka BEJHO, 9TO B ONTHIECKH Ipo3padHoit obaacru 1 (r € [1,3]) na srane nporpesa kBasugubdy-
3MOHHBIA METOJ, JaeT peuieHne, bojee OAM3KOEe K KMHETHIECKOMYy, deM P;-mpubnmxkenme. Habmromaercsa
xopoiiee coryiacue KBazuaudPy3nOHHON U KUHETHIECKON MOeIei.

Kunernueckuit stan B meroze xBasuaudDy3un MOKET PACCINTHIBATHLCA IO PA3HBIM CxeMaM. boee
TOrO, IIPU HCHOJIL30BAHUU MeTOna KBasuaud@y3uu MOKHO pellaTh YOPOUIEHHYIO CHCTEMY Hapabosnde-
ckoro tuma. CoOTBETCTBYIOIINE PACIPEIEIEHNS TEMIEPATY PhI BEIIECTBA HA TE YK€ MOMEHTHI BDEMEHH, UTO
u Ha puc. 3, mpezacrasiensl Ha puc. 4. MoxHO cenaTs BBIBOA O TOM, 9TO B JAHHOM PacdeTe Pe3ysIbTaThl,
OJIydeHHbIe 0 Hapabonndeckoil U runepbosnndeckoit Mogenam kBasunuddysuu, copnagaoT. OueBumHO,
9TO UCHOJIB30BAHUE CXEMbI IIEPBOI'0 IIOPAJKA TOYHOCTU BO3MOZKHO, HO PpEHMIEHUE HECKOJIBKO YXYAIIAE€TCA
B OITUYECKU MPO3padHoii obrmacrtu r € [1,3] HA STame mporpeBa CHCTEMBI, YTO 3aMETHO DU CPABHEHUU
C MOYHbLM PEIeHneM, MOJYIEeHHBIM 10 KHHETUIEeCKOH MOJEeJU B Pe3yIbTaTe pacieTOB HA CXOAUMOCTD.
OTMeTnM TakKe XOPOIllee COrIACOBAHUE PE3YIIHTATOB C TOYHBIM PEIIEHUEM.

B rabaune npuBemeHo cpeaHee UmMCIO WTEpPANUN 33 OAWH MIAr IPHA CYeTe C MOCTOAHHBIM IIIArOM II0
spemenn 1o t = 2 - 1079 ¢ (3aBepmaerca mporpes obmactm 1 m mpomcxoauT HOPMHPOBAHEE BOJTHBI B
obsacTu 2) B 3aBUCHMOCTH OT Pa3Mepa ITOTO IIara u CeTKH no npocrpanctsy. [locre nporpesa obmactu 1
quCcaI0 urepanuil 6pICTpO yMeHbinaeTca no 2. llpu mcciemoBaHUy CXOAMMOCTY WTEPAIU UCXOMHATI CETKA
IpoOMIach TOJBKO MO PAgUyCy, B ABA U YETHIpE pa3a.

Y.
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Puc. 2. 3anmaga 1. Pacupenenenne Temueparypsl Bemecrsa, paccuuranaoe no cxeme ['POM
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R, cm

5

Puc. 3. 3agaua 1. TemmepaTypa BelecTsa BAOIb IEHTPAILHOTO CTOIONA CETKH Ha MOMeHTHI BpeMenn ¢ = 5-10710 ¢

(Hmt=1,2-10"8c (2): o — xBasuauddysuonnsIit Merom; (] — KuHeTHIECKAA MOJIENb; * — P)-npubimKkenne

R, cm

5

Puc. 4. 3agaga 1. Temneparypa BemecTsa Ha MoMeHTHI Bpemeru ¢t = 5-10710¢ (1) mt = 1,2-10~8 ¢ (2) mpu pacuerax
kBa3uaudY3NOHHBIM METOAOM: O — KHHETHYeCKwil dtam mo cxeme tuna 1 VD, cucrema rumepbonugeckas; [1 —
KuHeTHYeCKu# Tam mo cxeme tuna TVD, cucrema mapabonudeckas; * — KHUHETHYECKHH ITAI MO CXEME IEPBOTO

MOPSIIKA, CHCTEMA rUIepOoImIecKast; — TOYHOE pelleHue
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3agaua 1. CpeaHee 4mMcjIo UTepanuii 3a OJUH IHAr

Yucio gueek ceTkn 1o ocu R r=2-10"10¢ r=2-10"11¢ T=2-10"12¢
56 58 14 6
112 93 21 8
224 100 35 10

W3 rabauipl BUIHO, 9TO KOJIMIECTBO UTEPANMI MPIMO IPONOPIUOHAJIBHO IIIAry O BPEMEHW u 00PAaTHO
IPOMOPIIMOHATIHHO MIATY TPOCTPAHCTBEHHON CETKH.

3azaga 2 npeacTaBigeT coboit MOAUMUKAINMIO MPEIbIAYINEN 3aa9Yl MOCPEICTBOM BBEJIEHUT B ILIOTHYIO
obstacTh 2 miesum u3 omrmdeckum mpo3padHoit obnactu. I[llens orpanmYeHa TPAMBIMA, BBIXOAANIAMEU W3
Havajla KoopauHaT mox yruamu 7 /3, 2w /3 Kk ocu OZ. B 5TOM ciiydae pelieHne CTAHOBUTCH CYIIECTBEHHO
JIByMepHBIM u O0jiee CIOXKHBIM IS MOAEJTUPOBAHUA.

Ha puc. 5, 6 npuBegensl pacipeesieHusi TEMIEPATYPhl BELIECTBA, MoJydeHHbIe M0 cxemam POMB u
I'POM ma moment Bpemenu t = 2,8 - 10~ ¢. ITo cxeme POMB 3azady 2 yaaaoch pacuauTaTh TOIBKO [0
9TOTO MOMEHTa, TaK Kak Haumaag ¢ t = 2,8-107!! ¢ Bo3HEKAIOT HeOrpaHMIEeHHO BO3PACTAIONITE OCIIILIIAN
PaCYI€THBIX BEJINIHNH.

W3 puc. 5, 6 cmexyer, 9To aja perneHus aByMepHON kBasumuddy3noHHON crcTeMbl HEOOXOAMMO MpU-
MeHaTh auHelnyo cxemy 'POM u ureparuonssiit BJIM-meTos.

3akJrouyeHue

Jlna auciieHHOrO pelreHns CUCTeMbl KBa3uaudPy3nOHHBIX YPABHEHUN B IBYMEPHON O0CECHMMETPUIHON
TeOMEeTPHUH HUCIOJb3yeTCd HedBHAd KOHEYHO-pasdHocTHad cxema ['POM c¢ yaydureHHBIMEH MOHOTOHHBIMU
cBoiicrBamu 1o cpasHeHuio co cxemoit POMB, aBastomasics o6obuennem ogqaoMepHoii cxems! [12]. Cxema
'POM — nmapamerpuueckas W UMEET IEPBBIM MOPAIOK TOYHOCTU MO BPEMEHM U BTOPOH MOPSAIOK II0
mpocTpaHncTBy. [lapamMeTpsl cxeMbl BHIOMPAIOTCA C yIETOM CBOUCTB CPeIbl, M B 9TOM CMBIC/IE OHA ABIAETCA

snuueiinoii. [lpeaycMoTpeHa BO3MOXKHOCTH PacdeTOB MO THIEPOOIUYECKON U mapaboJudecKoil Momeasam
kBazuauddy3um.
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Puc. 5. 3agmaga 2. Temneparypa BemecrBa, noisydennas no cxeme POMB
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Puc. 6. 3agmaga 2. Temneparypa BemecrBa, nosydennas no cxeme ['POM

OcobeHHOCTHIO pacCMATPUBAEMOM ANMPOKCUMAINN ABJISETCAd HeAWBEpTreHTHad (popMa ypaBHEHW g
KOMIIOHEHT ITOTOKA W PA3JIMIHbIE COOTHOIIEHUS CBA3U JJid IJIOTHOCTU HU3IyUYeHWH B PA3HBIX YPABHEHUAX
CHUCTEMBI. 9’1‘0 MIO3BOJIET YJIYYIINUTH KQa9€CTBa CXEMBI, COXPaHAd €€ KOHCEPBATUBHOCTD. HpI/I pacdere Be-
JINYUH JJd CUCTeMbl KBa3uaud@y3un Ha dTale pelleHnsd KHHETUIECKOTO yPaBHEHUT IPUMEHSIETCA CXeMa
tuna TVD nosbimenHoro mopska annpokcumanuu [14, 15|, 9ro Takke yaydiaeT pelieHue 10 CPABHEHTIO
CO CcxeMO#l mepBoro mopazaka. Jljig mrepanuoHHOrO pemieHns HeJWHEHHOW cucTeMbl KBa3uauddy3nOHHBIX
ypaBHenwuit npumensgerca BJIM-meTon, ncnoas30BaBIIniica paHee B KHHETUIECKUX U JudDY3UOHHBIX MO-
nensx [18—20].

Cuoucok Jaureparypsbl

1. Toavdun B. A. Ksazupuddysuonnsiit Meroy permenus kuaeTudeckoro ypasaenns // 2KypHau Bbl-
quca. MaT. u mar. dus. 1964. T. 4, Ne 6. C. 1078—1087.

2. Tpowués B. E. Pemenne KuHeTH9IECKOro ypaBHEHUS U yPaBHEeHUA KBa3uauddy3un 1m0 COrIaCOBAH-
HBIM Pa3HOCTHBIM cxemaM // UucieHHbIE MeTOABI PelleHUWs 334ad MareMarndeckoil dpusukm. M.:

Hayka, 1966. C. 177—185.

3. Yemsepywrur Bb. H. Maremaruueckoe MOAeIupOBaHUE 337a9 AUHAMUKHA W3JIy9afomero ra3a. M.:
Hayxka, 1985.

4. Hemuunos U. B., Ceemuyos B. B., Illysasos B. B. Pemenne 3amadum 0 pacupoCTPaHEHUH CHUJIb-
HBIX MHTEHCHUBHO H3JIyYalOIUX YAAPHBLIX BOJH B BO3AyXe METOIOM OCPEIHEHHUS YPABHEHUH MEPEeHOCa

manyuenna. M.: BAT'O, 1977. C. 47—809.

5. Aumonenxo 3. M., Jloszoaésa I. B., Kpynuna C. H. Ilporpamma pacdera OZHOMEDPHBIX 3a/a4
nmazepuoro Tepmosaeproro cuaresa (SND) // Bompocer aromuoit Hayku u texuauku. Cep. Marema-
THYECKOe MojenpoBanue (pusnueckux mnpomeccos. 1994. Bem. 3. C. 3—9.

6. 3yes A. U., Kapavizanos H. I'. Meron pemennsa ypaBHEHHN paJnallmOHHO-KOHIYKTHBHOTO TEILIO-
nepenoca // ZKypuan Bbraucs. mar. u mar. ¢us. 1983. T. 23, Ne 4. C. 910—921.

7. Apucmosa E. H., Toavdun B. 4., Koanaxos A. B. Ilepenoc uziydueHus 4epe3 KOJIBIEBYIO IIE/H B
resie Bpamenus // Maremarudeckoe mopenuposanume. 1997. T. 9, Ne 4. C. 1—10.

— 57 —



C. A. I'pabosenckas, B. B. 3aBpsios, A. A. IllecrakoB

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tadocues A. /., Ceaesnée B. H., Pomanosa E. M., Illecmaxos A. A. Meroguka TOM4-K/I mna
MaTeMaTUIECKOIO MOJIEJUPOBAHNS JBYMEPHBIX YPABHEHUH MEPEHOCA U3JLyUYEHUs] B MHOTOTPYIIIIOBOM
kBasuguddysnonnom npubimxkennn // Bompocs! atromuoil Hayku u rexuuku. Cep. Maremarndae-
ckoe MopenupoBanue dpusmdeckux mporeccos. 2001. Bem. 4. C. 48—59.

Kapavizarnos H. I'. llpumenenne meroma Kpasumuddy3uu s PeIIeHHs 33049 MEPEHOCA HM3JIyde-

uug // Tam xe. 2010. Bem. 1. C. 32—38.

Kapavzanoe H. I., Ypaxosa A. B., Hlnumxo C. A. llpumenenue meroma kBasumudpy3uu g
pellleHnd 3aad MePEeHOCa U3IyUeHns B CIeKTPAJbHON KHHETUIECKOH TOCTAHOBKE B IBYMEPHOM OCe-
CHMMETPHYHOM CiIydae Ha KBazparHoil cerke // Tam xke. 2011. Bem. 2. C. 33—43.

Hcarosa A. C., Kapavizanos H. I'. CpaBHUTEIbHBIN aHAIN3 KBa3UAUMPY3UOHHOTO MOIX0/IA U METO-
aa ycpeﬂHeHHI)IX KOCI/IHYCOB AJId PEIIeHUnd KHHETHYIECKOro ypa,BHeHI/IH nepeHoca I/I3J1yquI/IH // Ta,M

xe. 2013. Brim. 3. C. 16—29.

I'pabosencran C. A., Illecmaxoe A. A. AHaIN3 HEKOTOPBIX CXEM JIJId PENIEHUS yPABHEHUS TEPEHOCA
u3nydenns kpasuauddysuonasiM merogom // Tam xe. 2011. Bum. 4. C. 3—15.

Tadorcues A. /., I'pabosencran C. A., 3asvanos B. B., Illecmaxoe A. A. [lpumenenue TVD-noxxona
K DEIIeHUIO yPABHEHNs IEPEHOCA TEIIOBOro u3iaydenns kBasuauddy3unonubim meromaoM // Tam xe.
2010. Bem. 3. C. 3—14.

Tadocues A. JI., 3aevansros B. B., Illecmaxos A. A. llpumenenne TVD-nogxoma k DS,-meromy
pelleHnsl yPaBHEHUs IepeHoca TensoBoro uiaydenus // Tam xe. 2009. Bom. 2. C. 37—48.

adorcuee A. /., 3aevsansos B. B. ecmaxos A. A. Ilpumenenn -IIOJIX K -MeT
Tao A , 3 B. B., I A. A. llpumenenne TVD-mogxoma xk D.S,-meTo
pelleHNsl ypaBHEHHsI IEPEHOCA TEIIOBOTO M3JIydeHus B ocecummerpudHoit RZ-reomerpun // Tam

xe. 2010. Bwim. 2. C. 30—39.

Tadocues A. /., Hucapes B. H. Heasublii koHeuHO-pa3HOCTHBIN Meron "Pom6" mjsa guciaenHOro
pellleHns ypaBHEHUii ra30Boil JUHAMUKHU C TEIIONPOBOAHOCTHIO // 2KypHAs BBIYMCI. MaT. W MAT.

duz. 1979. T. 19, Ne 5. C. 1288—1303.

Hucapes B. H. O mapamerpudeckom cemeiictBe cxem POMDB g menuHeiiHOro ypaBHEHHUS TeILIO-
nposozpsoctu // Bompocsr aromuoit Hayku u Texauku. Cep. MeToguku u nporpaMmsl 9UCIEHHOTO
periennd 3amad MareMaradeckoil pusuku. 1986. Beim. 3. C. 44—52.

TIyces B. FO., Kosamanos M. FO., Pawunos E. B. Metoy pelienns: HesiBHBIX Pa3HOCTHBIX yPaBHEHMUIA,
ANIPOKCHMUPYIOIUX CUCTEMBI ypaBHeHuil nepenoca u nuddysuu udnydenus // 2KypHana Berauci.

MaT. u MaT. dus. 1984. T. 24 Ne 12. C. 1842—1849.

T'adocues A. JI., Cenesnés B. H., Illecmaxoe A. A. DS,-MeTOn ¢ UCKYCCTBEHHOH AMCCHUIIAIIENH
u BJIM-merTon yckopeHus urepanuii [Jid 9UCJIEHHOIO PENIEHWH IBYMEDPHOIO yPABHEHUH IEPEHOCA
TEIJIOBOTO M3JlyYeHusl B KuHeTH4ecKoil mozenn // Bompocer aromuoil Hayku u rexnuku. Cep. Ma-
TeMaTHIeckoe MojeaunpoBanue pusundeckux mpoueccos. 2003. Beim. 2. C. 33—46.

Tadowcues A. /., Illecmaxos A. A. Meron BblaesieHUS OMArOHAJBHOW MATPULBI AJid YUCIEHHOIO
pellleHns ypaBHEHUs IepeHoca u3inydenud B Pj-npubiauxkennu no cxeme POMB // Tam xe. 2006.
Bom. 1. C. 3—13.

Fleck J. A., Cummings J. D. An implicit Monte Carlo scheme for calculating time and frequency
dependent nonlinear radiation transport // J. Comp. Phys. 1971. Vol. 8(3). P. 313—342.

Crarbsa nmocrynuia B pegakiuo 12.11.13.




