®(0) = 0.5; N;(m,m,0) =
) 1(my,my,0) oy (8a)
a, ucxofs us (4), umeem
m;—m
@(%} =1;Ng(mj,mg,0)=0_  (86)

Pemenue ypaBHeHust (7) c yuetom (8a) 1 (80) mpuHU-
MaeT BUI

Med =m; —v0.5nc , 9)

BI)I60pO‘IHa$I MearuaHa UMECT NUCIICPCUIO

2
D(Med):“zi. (10)
n

M3 (9) u (10) cnenyeT, YTO CMELLIEHHOCTb U 3h(heKTUB-
HOCTb BEIOOPOYHOI MeAMAHbI HE3aBUCUMBI OT Pa3HO-

ctu (m; —mg) = pby(q—1). DTO NO3BONAET yTBEPXK-
JlaTh, YTO BHIOOPOYHAs MeaHa nHBapruaHTHa K KT
oYy.

AJITOPUTM BBIUUCJICHUSI BLIOOPOYHOM MeAraHbl TpU
PaBHOBEPOATHOM ITOSBJIIEHUY CUTHAJIOB U ; 13 KJIACCOB
Sk, k=0,1, uMeeT BUL,

Med =med(u, K, u,_op)= O.S[u(m) +u(m+1)] .(11)

3nech u'” ectp i-it 10 Be/IMUMHE 31EMEHT BHIGOPKHL.
Hckomoe PII s paznuuenus JIC npuHuMaeT BUI

Sy

>

u; Med .

<

So
3. Pe3yabTaThl CTATUCTHYECKOTO MOETMPOBAHNSA

B xauectBe meprl 3dpdexkTuBHOCTY anroputMa (11) mo
CpaBHEHMUIO C (2) MCIIOJIb30BaJIOCh OTHOIIICHUE

2

M=

1
A S(MH -

J= R, ( ' ml)
R 2
Z(Medr _ml)

r=l1

Il
LK

1
R
rae H, 1 Med, — COOTBETCTBEHHO OLIEHKU ITOPOTOB (2)

u (11), moydyeHHBIE B I-M OIbITe; R — 4YMC10 OMBITOB,
R=10000. B xaxx10M OITbITE MOIETNPOBAIICH BEIOOPKI

pasmepan=41pu m, =1, m; =2 . Pe3ynsTaTsl MOOEIHN-
poBaHUS ISl psiia OTHOLIEHWN CUrHasl/moMmexa

G =20 lg((mo +mp)/ \/Ec) MPUBEAEHDI B TAOIHLIE.

14 | 16 | 18 | 20 | 22 | 24 | 26 | 28
J 109 |14 )23 |38 77|83 |125]|13.1

AHaIN3 pe3yJIbTaTOB MOIEIMPOBAHMSI ITO3BOJISIET CIE-
JIaTb BBIBOJ O TOM, 4YTO 3((HEKTUBHOCTh aIropuT™Ma
(11) Beire, yem (2) ipu n=4 u G>16. Crie1oBaTeNbHO,
anroput™ (11) MoXeT OBITh UCITOIb30BaH AJISI OLICHM -
BaHMs1 mopora paznmuaeHus I C B yCIOoBUSIX HEOpee-
JneHHoctu OY.

Jluteparypa: 1. Jlesun b. P. TeopeTuuecKue OCHOBBI CTa-
TUCTHYECKOM pamnotexHuku. M.: Cos. panuo, 1968. 594 c.
2. Iononckuii A.J]. inBapmaHTHast ajnreOpa paHTOBBIX
TIPEIUKATOB JUISI CHMHTE3a KOHTWMHYaJbHBIX HEWPOHHBIX
ceteit // TTpobnembl Guonuku. 2001. Ne 55. C. 23-29.

IMoctynuna B peakosuieruto 14.10.2002
Penensent: 1-p ¢pus.-mat. Hayk, npod. Bopodses I'.C.

IMononckmii Anekcanap JImurpueBud, KaH. TEXH. HAYK,
JNOKTOpPaHT Kadeapbl UCKYCCTBEHHOrO WHTEJIeKTa
XHYPB. HayuyHble MHTEpeChl: MHBapMAHTHBIE CUCTE-
Mbl. Anpec: Ykpanna, 40007, Cymsr, yi. Kuposa-163,
140, kB. 41, Ten. 279-975.
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IMPUBJVKEHHBIN METO/I
PACUETA MHOTOCBS3HBIX
BA3KWUX TEYEHUN

CHIIOPOB M.B.

PaccmatpuBaeTcs 3agaya pacyeta T€YEHUM BSIBKOM He-
CXKMMaeMOM XHUAKOCTU B MHOTOCBSI3HOH obnactu. [lpen-
JlaraeTcsl NpUOIVKEHHBIM METOJ €€ pelIeHUs], OCHOBaH-
HbIil Ha MpUMEHeHUU MeToaa R-(yHKimii.

Beenenne

ITpy nocTpoeHNYM YMCITEHHBIX AITOPUTMOB PEILIEHUS
33724 IBUXKECHUS BSI3KOW HECXKMMAECMBINA XUIKOCTU
HauboJsiee YacTo MCIOJb3yeTCsl CUCTEMA YPaBHEHU M
Hagbe-Ctokca B mepeMeHHBIX «(YHKIIMS ToKa —
BUXPb» UJIM 9KBUBAJIEHTHOE €1l ypaBHEeHME 1151 DyH-
KLU ToKa. OHaKO MPUMEHEHUE ITUX ypaBHEHUI A1
pelleHMs 3a1a4 B MHOTOCBSI3HBIX 00J1aCTsIX 3aTPYTHEHO
TE€M 00CTOSITEIbCTBOM, UTO, TPUHSIB 3HaUeHUE PYHK-
LMY TOKA HAa OJHOM M3 TpaHMI paBHBIM HEKOTOPOM
TMOCTOSTHHOW BEJIMYMHE, Mbl HE MOXEM OIPEIEIUTh
¢yHKIIMIO TOKA Ha ApYyTUX rpaHuIax. B cBs3u ¢ aTuM
BO3HUMKAIOT OIpee/IeHHbIe TPYAHOCTA YMCIEHHOTO
pelleHus] ypaBHEHUMA.
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1. ITocTaHoBKa 3agayn

PaccMoTpuM cTalilmOHApHOE TEUEHWE BS3KOW HECKU -
MaeMoii KMIKOCTH B (n + 1) -CBSI3HOM IJIOCKOM 00J1a-~
CTU ) C BHEIHEW rpaHuLei 0C)( U BHYTPEHHUMHU
rpaHuLamMu 0Qq, 0€Q,, ..., 0€, (Ipearnoaaraem, 4To
MaccoBble CWJIbl OTCYTCTBYIOT). Ilojie ckopocTeil B
obact ) OyneM ONUChIBaTh ypaBHEHUEM YETBEPTOTO

nopsika s yHKImMU Toka y(x, y):

Lo 0oy, | 0oy
ReA"’_ax[ayA"’J ay(axA"’j- (M

KOMIOHEHTBI CKOPOCTH V| M V) BBIPAXAIOTCS COOT-
HOLLIEHUAMA

oy 0
Vi=—> vp=-T
oy ox
Torma yciaoBuUS HENPOTEKAHUSI M MPUJIUAIIAHUS Ha
HETIOABMIKHBIX TBEPJIBIX CTEHKAX 0C); , i = 0, n , 1AIOT

U1 Yo cieayronme rpaHnYHbIC YCIIOBUS:

n
a—\V:O a—\I]:O, (x,y)e@QzU@Qi’ )

ot * On i=0

P . 0
rie - — MPOM3BOIHAs BAOTb KACATENbHOM; — - —

. n

MMPOU3BOIHAS BIOJIb HOPMAJIK K H() .
PU, 2003, Ne 1



H3zBectHO [ 1], 4TO pyHKI1IMS TOKA \u(x, y) olnpejaeneHa

C TOYHOCTBIO JO HECYILIECTBEHHOM MOCTOSIHHOM, O~
3TOMY Ha OJHOM YaCTU TPAHULIBI MOXXHO MOJ0XUTh

\V(x, y)= 0 npu (x, y)e 0Qy . 3)
M3 nepBoro u3 yciaoBuii (2) moayyum
v(x,y)=c; npn (x,y)edQ;, i=Ln, (4
€ ¢; = const , HO 9TU ITOCTOSHHbIE HE 3a[aHBbI.

IMocrosHHbIe ¢; U3 (4) MOJYYUM U3 YCTIOBUS OTHO-
3HAYHOTO OIpee/eHUs JaBJIeHUs B MHOTOCBSI3HOM
obyactu Q).

M3BecTHO [2], 4TO OMHO3HAYHOCTH JAaBJICHUS pABHO-
CUJIbHA YCIOBUSIM

§ %dx+%dy=0, i=Ln, (5

0
W, YYUTBIBAs CBA3b MEXKIY KpHBOHHHeﬁHBIMI/I NH-

TerpajiaMu 1-ro u 2-ro ponos, (5) MOXHO 3anucaTh B
BUIE

(vpoks= § Pas iy,
o0, a0, ot

ITockonbky [2, 3]

ap_ 1 OAy

ot Re on ’

TO OKOHYAaTCJIbHO ITOJy4acM yCJIOBHUE (5) B BUIEC

iaA—st=O, i=Ln. (6)
o0 on
ITycTb ygacTKu rpaHuIel 0QY; , i = L_n , HETIOBUXKHBI,
ayyacTok 0Q( (BECb WM TOJIBKO YaCTh) IMOJBUXEH.
Torma MbI TPUXOANM K 3aa4e MHTETPUPOBAHUS YPaB-
HeHus (1) B obnactTu Q ¢ KpaeBbIMU YCIOBUSIMU

_ oy
Voo, =0 £} =fo; 7
Vo, =c, 2 Z0, i=in, ®
on |aq,

1 IOIIOJTHUTEIbHBIMU YCIOBUSIMU (6).
2. MeTona pemeHus

3amauy (1), (6)-(8) OymeM peraTh, IpUMeHSIST UTepa-
LIMOHHBIH TTPOLIECC MOCIeA0BATEIbHBIX MPUOINKEHUM
M0 HEJTMHEWHOCTH, T.e. pelllas 3aJadyy Ha KaXKIoM

(m +1)-m ware:
(m) (m)

12y ) i{aw_w(m)}%[%w(m)}

®

Re " x| oy

a\v(mﬂ)

on

\V(m+l)

b

Qp

PH, 2003, Ne 1

(m+1)

W an 1> 6[] s ’ s
§ Y ds=0, i=Ln. (12

b
o, On
HavanbHoe npuokeH1ue MOXeT ObITh BRIOPAHO ITpo-

HU3BOJIBHO, HAIIPUMED, B KAYECTBE \V(O) MOXHO B35ITh
Teyenue CTokca.

O003HaYNM

(m) (m)
Pl y)= 2 [a\gy A\l,(m)J_ ° {a\gx Aw(m)}

Pewenue 3amgauu (9)-(12) Oyaem uckatb B BUIe

) = ylmet) ilciui : (13)

rae ¢, i=1,n,— KOHCTaHThI U3 (4). 3nech GyHKIUS
(rn+1)

UO — PEUICHME 3aJa4Yun
1
EAZUS‘““) =Fn B 0, (14)
S| e .
0 s A — 10>
a0 on
20
1
aug)m‘i' ) ~ ' —
an - 0 , 1= 1, n, (15)
2Q;
a GYHKUUM U, i= I,_n, — pelleHue 3a1a49n
Au;=0 B O, (16)
ou:
Uilagian, =00 Uilag, =1 El =0..a7
' ' oQ

Takum obpaszoM, ¢pyHkumu u;, i=Ln, B (13) or
HOMepa WUTepallii He 3aBUCAT W TIPM peau3aliiu

BBIUMCJIMTEIBHOTO MIPOLIECCAa HAXOMSITCS JIUILIb OMUH
pas.

OueBUIHO, UTO ITPU TAKOM BbIOOPE (DYHKLIUIA ugmﬂ) ,

u;, i:L_n, byHKLIMA \V(m“) puga (13) Oymer

YIOBJIETBOPSATH YpaBHEHMIO (9) 1 KpaeBbIM YCIIOBUSIM

(10), (11), kpoMe TOrO, PyHKLIMM u0m+1

OyIyT TMHEWHO-HE3aBUCUMBIMU.

,Uuj,i=1n,

IloncraBuB Temeps (13) B (12) mis ompenereHUs
IIOCTOSIHHBIX C;, i=1, n , TOJYYUM CUCTEMY JIMHEM -
HBIX AJITeOpandecKruX ypaBHEHUIA

(m+1)

n
Y § %ds=—§ —0 s
k=1 o On oo, On

, 1=1,n.

Hna pewenus 3anay (14), (15) u (16), (17) MoxHO
BOCIIOJIb30BaThCsI MeTOAOM R-dyHkimii [4].
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ITycts pyHKIIMS coi(x, y), 1= ﬁ , YIOBJIETBOPSIET
YCIIOBUSIM:

®; >0 B Q, o; =0 Ha 0Q;, Vooi|=1 Ha 0Q);;
Torna QyHKIus
O =0y Ay O Ag O Ag .. Ag O (18)

OyIeT yIoBJIeTBOPSITh TAKUM YCIOBUSIM:

®>0BQ, 0=0 Ha 0Q, [Vo|=1 Ha oQ.

B cootBercTBUM ¢ MeTOIOM R-(yHKIIMIT MOXKHO ITOCT-
POUTH CTPYKTYPHI pellieHUsI KpaeBbix 3amau (14), (15)
u (16), (17).

CrpykTypa pellieHus KpaeBoii 3agauu (14), (15) umeer
BUI

ugmﬂ) __ waIOJ_o N Cl)2(ng+1) — G + wzq)gmﬂ)
k=0

a CTPYKTypa pellieHrs KpaeBoii 3amaun (16), (17) nmeeT
BUI

n n
u; =c0i_1/ Zcolzl —ng)(oai_l / Zw£1)+m2®i =

3necy f =ECfy — npomomxenue B 00JacTb (Q
¢dynkumy £y (EC — oneparop Npoao/KeHUs TpaHny -
HBIX YCJIOBUIA); dbgmﬂ , Dy, i= L_n , — HEOIpeAeIeH-
HbIE KOMITIOHEHTBI CTPYKTYPHI;

® ox ox Oy dy -

st anmmpokcuManiy HeorpeaeJIeHHbIX KOMIIOHEHT B
(19), (20) MOXHO BOCIIOJIb30BATHCS JIIOOBIM MPOEKIIU -
OHHBIM METOIOM.

D(l) :8_(08_+8_(1)8

Jlureparypa: 1. Jloiyauckuii JI.I. MexaHUKa XUJKOCTU U
raza. M.: Hayka, 1987. 840 c. 2. Pearson C.E. Acomputational
method for viscous flow problems // J. Fluid Mech. 1965.
21, Ne4. P.611-622. 3. Babuwesuy I1. H. MeTon (GUKTUBHBIX
obGnacreii B MatemaTuueckoi ¢pusuke. M.: Uzn-so MI'Y,
1991. 156 c. 4. Peaues B.JI. Teopus R-dyHKIMI 1 HEKOTO-
pbie ee mpunoxenus. K.: Hayk. nymka, 1982. 552 c.

IMoctynuna B peaxosuteruio 19.11.2002
Penensent: 1-p ¢us.-mat. Hayk, npod. Konocor A.W.

Cunopos Makcum Bukroposuy, acriupaHT Kad. mpuKia-
Hoit matematuku XHYPD. HayuHble uHTEpechl: MaTeMa-
TUYECKOE MOJeIMpoBaHMe, MareMmaTtuyeckasi dusuka,
Teopusi R-QyHKIMI M ee MPWIOXKECHMS. YBICUCHUS U

k=0 k=0 X000u: ucTopust KyJIbTypbl. Aipec: YkpanHa, 61166, Xapb-
=; + 0)2(13- ] (20)  KoB, 1Ip. Jlenuna, 14, Ten. (0572) 702-14-36.
1 1

YK 519.673+519.3

00JIE€ TOUHBIE PACYETBL, a TAKIXKE ITO3BOJISUIN [IPOBOIUTD
INPUMEHEHUWUE METOIA MPOTHOCTUYECKHE PACYETHI ITs GoJiee TIOJTHOTO KJiacca
TAJIEPKMHA K PACYETY BHEITHUX YCIIOBUIA, ABIIAETCS aKTYaIbHOIMA.

1. ITocTaHoBKa 3aga4n
BEPTUKAJIBHOTI'O

BepTUKaIbHOE pacipoCTpaHEHHUE OCEAAIOLLEN IPUME-
PACITPOCTPAHEHNA TPUMECH B CH OT MTHOBEHHOTO KICTOYHHMKA MOIIHOCTH Q , HAXO-
HECTAIIMOHAPHOM ISIIETOCs Ha BHICOTE h , ONMCHIBAETCS MTOJIYIMITAPH-
YCTOFIqHB OM IIOTPAHUYHOM YyeCKMM ypaBHEHMEM TypOyieHTHOM nuddy3un [1]
CJIOE ATMOC®EPBI a_0f ), ,q O

ot o0z 0z 0z’

BbBIXOJ/IIIEB E.H.

PaccmarpuBaetcst 3amava pacueTa BepTHKAIbHOTO pac-
MPOCTPaHEHMST TIPUMECH OT TPU3EMHOTO MCTOYHMKA B
HECTAallMOHAPHOM YCTOWYMBOM IOIPAHWYHOM CJIO€ arT-
Mocdepsl. st mpuOIMKEHHOTO pelIeHMs] 3TON 3agadu
TpeiaraeTcsl UCToib3oBath Meton [anepkuHa. IIpenia-
raemasi BBIYMCIUTEbHAsI CXeMa TECTUPYETCS Ha MOJEIb-
HOU 3amaye, Ui KOTOPO M3BECTHO TOYHOE pellcHUe.

Beenenne

PazBuTas cTpyKTypa u 3HaUMTEJIbHBIE 00BEMbI IPOU3-
BOJICTBA, TPAHCTIOPTA M XpaHEHUSI HU3KOTEMITEPATYp-
HBIX BEILIECTB ITPEICTABIISIET MOBBILIEHHYIO OMACHOCTh
JUTS OKpy>Katollieid cpeibl U yesioBeka. CyllecTByOLIMe
METOIMKM pacyeTa MOCIeACTBUI aBapUNHBIX CUTYa-
LM, CBSI3aHHBIX C pa3/IMBaMu, BLIOpOCAMU U yTeUKaMu
HU3KOTEeMIIEpaTyPHbIX BEILIECTB B OKPYKAIOIIYIO Cpe-
Iy, 4aCTO AAIOT CUJIbHO 3aBbIILIEHHbIE PE3YIbTAaThl, YTO
MPUBOAUT K JOMTOJTHUTEIbHBIM 3aTpaTaM MpU COCTaB-
JIEHUU TU1aHa JIMKBUJALIMUA TMOCJEACTBUMI aBapuu.
IToaToMy paspaboTka METOAMK, KOTOPbIE TaBav Obl

44

Toe q — CpelmHssl KOHICHTpaIus MpUMecH; w —
CKOPOCTb IPaBUTALIMOHHOTO OcelaHus yacTuL; k, —
BEPTUKATbHBIN KODOUIIUEHT TypOyJIeHTHON nud-

(ysuu. YpaBHeHue (1) gornosHsIeTcs CleayOIIUMU
HavyaJIbHBIMU 1 KPaeBBIMU YCIOBUSIMMU:

q o =Q 8(z—h), (2)

Lo 4,

b

z=2 Z

0

koo + (v =Pl =0, @
z=H

3[eCh 3 — CKOPOCTh CYXOTO OCaXIeHUs (XapaKTepu-
CTHKAa B3aMMOJEMCTBUS YACTHUILL IIPUMECH C TTOACTHIA-
IOILIEN TOBEPXHOCTHIO); Z() — MapaMeTp LIEPOXOBATO-
cru; H = H(t) — BBICOTA BEPXHEW rPaHU LBl HECTALIM -
OHAPHOT'0 YCTOMYMBOI0 IOTPAHUYHOTO CJIOSI aTMOC(e-
pPBI; h — BBICOTa UCTOYHMKA IIPUMECH.

HaubGonee moaHbIi 0030p M3BECTHBIX TOYHBIX PEIIIE-
HUI 3a1a4uy puBeaeH B [1].
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