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PaccmarpuBaercs 3aaya MaTeMaTUYECKOTO0 MOJCIMPOBAHUS M YKCIICHHOTO aHalM3a TEYEHUN BS3KON HEC)KMMaeMOM
KHUIKOCTH B OOJIACTH, TPaHHUIA KOTOPOH M3MEHSETCS C TeUEeHHEM BpeMeHH. MaTeMaTHYeCKONW MOJENBI0 CIYKUT Ha-
JampHO-KpaeBas 3afada il QYHKIMH TOKa B JBYCBsI3HOW oOmactu. [ns e€ pemieHus mpeayaraeTcs HCIOIb30BaTh
TIPUHIIMIT CYTIEPIIO3UIINN U CTPYKTYPHBIH MeTOa R-QYHKIINH C almpoKCUMAIUeil HeopeIeJIeHHONH KOMIIOHEHTHI CTPYK-
Typbl MeToAoM ["anépkuna. BeruucauTeNnbHblil SKCIIEpUMEHT MPOBENIEH AN cllyyas €AMHUYHOTO KBaApaTa C pacroio-
JKEHHBIM B HEM BpallalolIUMCs ¢ OCTOSIHHON YIJIOBOI CKOpPOCTHhIO mporesuiepoM. [locTpoeHsl mosnst ckopocTeit Teye-
HUS B pa3IMYHbIe MOMEHTHI BPEMEHH.

Knrouesvle cnosa: Hecmayuonaproe meueHue 6:3Kol JCUOKOCHU, 001ACmb ¢ NOOGUICHOU epanuyell, GYHKYUs mokd,
Mmemoo R-gynxyuil, memoo I arépkuna.
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PosrnsHyTO 33729y MaTeMaTHYHOTO MOJAETIOBAHHS 1 YHCEIHHOTO aHATI3y Tedill B’sI3K01 HECTHCIMBOI PiIMHH B 00JacCTi,
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The problem of mathematical modeling and numerical analysis of viscous incompressible fluid flows often occurs when
analyzing real flows in science and technology. Thus, there is a necessity to study the flows in which a nonstationarity
manifests not only in depending on time of the flow characteristics but also in dependence on time of area, in which the
flow is considered. An example of such flow may serve the interfusion of the mixture in a mixer with moving blades.
This paper considers the problem of mathematical modeling and numerical analysis of viscous incompressible fluid in a
region, whose boundary changes over time. The mathematical model is the initial boundary value problem for the
stream function in a doubly connected domain. The feature of the problem is in the fact that the boundary conditions
contain an unknown beforehand function of a time - the value of the stream function at the inner boundary. To
determine this function is proposed to use the integral relation, which provides the uniqueness of the pressure in the
doubly connected domain. This condition consists in zeroing taken along the inner boundary curvilinear integral of the
normal derivative of the velocity vorticity. To solve this problem, the principle of superposition and structural R-
functions method with approximation of uncertain structural components by the Galerkin method is proposed to use.
Using the principle of superposition the initial boundary value problem is reduced to the solution of two initial
boundary value problems, in the statement of which the unknown quantities are not included. For each of these two
initial-boundary value problems a complete solution structure - the functions bundle, which exactly satisfies all the



boundary conditions and includes the undefined functions - was constructed by the R-functions method. The undefined
components of the structure are proposed to approximate by the Galerkin method for time-dependent problems. In this
case, the approximation is sought as a linear combination of the coordinate functions. The coefficients of this linear
combination are the time-dependent functions, which are found from the condition of orthogonality to the first n
coordinate functions of the residual, obtained by substituting the approximate solution to the equation and the initial
condition. This yields the Cauchy problem for a system of ordinary differential equations. To solve the Cauchy problem
are encouraged to use the Runge-Kutta-Merson method. The computational experiment has been conducted for the case
of the unit square with disposed therein propeller, rotating with constant angular velocity. It is assumed that the
boundaries of the region are impermeable solid walls, the outer boundary is immovable and the flow in the region
develops from a state of rest and is caused by the rotation of the propeller with a constant angular velocity. For
numerical integration the Gauss formula with 32 nodes for each variable was used, and coordinate functions were
constructed using the Legendre polynomials. The flow velocity fields at different times were constructed. It is noticed
that the reverse flow zones formed in the deepenings between the blades. By using the R-functions method the
geometry of the area at any one time was able to take into account accurately. Moreover, the use of the Galerkin method
for approximating the indefinite components of structural formulas led to the fact that the approximate solution was
obtained in an analytical form, which facilitates its further use for finding the velocity field, pressure and other flow
characteristics.

Keywords: nonstationary viscous fluid flow, domain with movable boundary, stream function, Galerkin’s method, the
R-function method.

BBEJIEHUE

[IpoGiema MaTeMaTUYECKOTO MOJEIMPOBAHUS U YUCICHHOTO aHajIn3a TeUeHHUI BI3KON HecKuMae-
MOM KUJKOCTH YaCTO BO3HHMKAET IIPU AHAIM3€ PEAJbHBIX TEUYEHHUI B Hayke U TexHuke. Mccnenona-
HUS B 3TOM 00JaCTH CTUMYJIHPYIOTCS MOTPEOHOCTSIMH aBUAIlMU, KOpaOIecTpOeHusl, TeIIodHepre-
TUKH, Te0PU3UKH, OMOJIOTHH | Tp. 3a MOCIEeTHUE NeCATUICTHS cepa UCCICTOBAHMS U TPUMEHe-
HUS SIBJICHUM, CBA3aHHBIX C JBMKEHHUEM >KUJIKOCTH, MOCTOSHHO PAaCIIHPSETCS U OXBaThIBAE€T BEIY-
IIFi€ HAMpPaBJICHUS MPOMBIIIICHHOCTH (XMUMHUYECKUE TEXHOJOTHHU, HeTe- U razopa3paboTka, me-
TAJUTYpPTHs U T.J.) ¥ PsII €CTECTBEHHBIX HayK (Ouosorus, ¢pusuka arMocdepsl n okeana u ap.). [Ipu
3TOM BO3HHKAET HEOOXOJAMMOCTh UCCIIEIOBATH TEUEHUS, B KOTOPBIX HECTAIIMOHAPHOCTH MIPOSBISET-
Csl HE TOJIKO B 3aBUCHMOCTU OT BPEMEHH XapaKTEPUCTHK MOTOKA, HO M 3aBUCUMOCTH OT BpPEMEHU
o0iacTu, B KOTOpPOi paccMarpuBaeTcs TeueHue. [IpuMepom Takoro TeUeHUsT MOKET CIYXKHUTh Tepe-
MENIMBaHHE CMECU B MUKCEpE C JBUKYIIUMHUCS JIOTACTIMH.

Cy1ecTByeT MHOKECTBO YHCIECHHBIX METOJI0B, IPUMEHSAEMBIX IIPU pacueTe BA3KUX Te€4eHui [1 — 3
U 1p.]. B OCHOBHOM 3TH YMCIIE€HHbIE METO/bI UCIOJIB3YIOT METOJ] KOHEUHBIX PAa3HOCTEH U METOJ
KOHEUHBIX 3JIEMEHTOB. DTU METOJIbl IPOCTHI B pealin3alui, HO He 00JIaZaloT HeOOXOIMMBIM CBOIi-
CTBOM YHUBEPCAJIBLHOCTH — TIPHU IMEpPEXoJie K HOBOK 00yiacTu (0COOCHHO HEKJIACCUYECKON IreoMeT-
pHuH) HEOOXOAMMO T€HEPHUPOBATh HOBYIO CETKY, @ YacTO M 3aMEHSTH CIOXKHBIE YYACTKH TPAHMIIBI
IIPOCTBIMH, COCTaBJIIEHHBIMU, HAIIPUMED, U3 OTPE3KOB MPSIMBIX.

TouHO yuyecTh TeoMeTpUUecKyto0 HHPOPMALIMIO, BXOSIIYIO B IOCTAHOBKY 33/1a4M, MO>KHO BOCIIOJIb30-
BaBIINCh KOHCTPYKTHBHBIM ammapaToM Teopuu R-QyHKui, npemyiokeHHbIM akan. HAH Yxkpaunsr
B.JI. PBaueBbM [4] u pa3pabaTbiBaeMbIM B HACTOSIIIEE BPEMS €r0 YYEHUKaMU. 3a1a491 THAPOIUHAMHUKH
paccmarpuBamick B paborax  C.B. Komocomoii, K.B. Makcumenko-Illeiiko, W.I'. CyBopoBoii,
T.N. [eiixo, M.B. Cunoposa, A.B. Aptioxa u 1p. [S — 12]. UMy ObITH paccCMOTPEHBI TEUCHUS UJIE-
aJIbHOM JKUAKOCTHU, BSI3KOM IS CIydaeB, KOT/la MOXHO MOCTPOUTH PEIICHHE 3a CYET yJaYHOTO BBI-
60pa KOOpAMHAT (OCECUMMETPHUECKUE TEUEHUS, TeUeHHs, 00JIaarolue BUHTOBOM CUMMETpHEN, 1
T.I1.), BA3KOM B 00acTAX, IPaHUIIa KOTOPOW HE U3MEHsIeTCs ¢ TeueHHeM BpeMeHU. OHAKO Bs3KHE
TEUYEeHHsI B 00JIaCTsIX ¢ MOABMKHOMN (MEHSIOIIEH co BpeMeHeM (OopMY) TPAaHHIICH ¢ ITOMOIIBIO METO-
na R-byHKIMN HE U3ydaauch. Takum 00pa3om, pa3paboTka HOBBIX METOJOB MaTeMaTHUECKOTO MO-
JIEJIMPOBAHUSI U YMCJIEHHOTO aHAJIM3a TEUEHUN BS3KOW JKMJKOCTH 3TOTO Kjlacca Ha OCHOBE METO/A
R-pyHKIME SBIIAETCS aKTyaabHON HAyYHOH TTPOOIEMON.

Lenbto HacTosIIEH pabOTHI ABISIETCS pa3padOTKa HOBBIX METOJOB MaTeMaTHYECKOTO MOIETUpPOBa-
HUS ¥ YUCIIEHHOT'O aHAJIW3a HECTALMOHAPHBIX TEYCHUM BA3KOM HECKMMAEMOM JKHJIKOCTH B MHOTO-



CBSI3HBIX O0JIACTAX C TOJBMKHOW (MEHSIONIEH co BpeMeHeM ¢opMy) TpaHUILEd MEeToIaMu
R-pynkmuit u I'anépkuna.

Hacrosimas paboTta mpogoipkaeT uccienoBanus, HauaTtele B [13] ans cranmonapHsix 3aaad. [pen-
BapUTENbHbIE PE3YyIbTaThl Pa0OTHl ObUIM JOJI0XKEHBI Ha TPEX MEXKAYHAPOJHBIX HAy4YHBIX KOH(e-
penuusx [14 — 16].

1. IOCTAHOBKA 3AJIAYHN

PaccMoTpuM 110cKO€ HECTALIMOHAPHOE TEYCHHE BA3KOW HEC)KUMAeMOH KUIKOCTH B oOmactu (),
dhopma KOTOpOI MeHseTCs ¢ TeueHueM BpeMeHH ¢ . [Tycts obmacte (2(¢) sBISETCS ABYCBSI3HOW U €€
rpaHuna OC2(f) COCTOMT M3 BHELIHEro KOHTypa OC),, KOTOPbI OylIeM CUMUTAaTh HEM3MEHHBIM BO

BPEMEHHU, U BHYTPEHHET0 KOHTypa 0C), (¢) , popMa KOTOPOro ¢ TE€4EHHEM BPEMEHHU MOXKET MEHSTh-

cs. Jlng mpumMepa pacCMOTPHUM MPSIMOYTOJIBHYIO 00JacTh C «IIPOMENTIEpOM», BUA KOTOPOH B MO-
MeHT BpemenHu ¢ = (0 mpuBeneH Ha puc. 1. byneM cuutarh, 4To rpaHHIIbl 00JACTH SIBISIFOTCS HEMPO-
HUIIAEMBIMU TBEPJABIMU CTEHKAMU, BHEIIHSS TPaHUIlA HETIOABUKHA, a TeueHue B ((f) pa3BuUBaeTCs

U3 COCTOSIHMM MOKOS U BBI3BAHO BPAILEHUEM «IIPOINEIUIEPa» C MOCTOSHHON YIIIOBOW CKOPOCTBIO W.
Tpebyercs onpenenuts moine ckopocte (v,,v,) Teuenus B obnactu (7).

[Tycth paccMaTpuBaeMoe T€UEHHE OTHOCHUTCS K MOJ3YIIUM, TaK YTO HEJIMHEWHBIMU CIaraéMbIMH B
ypaBHeHHs1X HaBbe-CTOKca THAPOAMHAMUKY BSI3KOW KMIKOCTH MOXKHO MpeHeOpedb (3TO T.H. MpH-
ommwkxenne Ctokca) [17]. MaTemaTnyeckoe MOAETUPOBAHUE TUIOCKUX TEUEHUW yIOOHO MPOBOJUTH
C IOMOIIBI0 PYHKITUU TOKa (X, y,?), BBOIUMOW COOTHOIIECHUSIMH
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rie Re — umcne PeitHonbaca, ¢(f) — HEKOTOpast HEM3BECTHAsI PYHKIUSA OT ¢, M — BHEIIHSS HOP-
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Manb K rpasuie oonactu Q(¢), A* — GurapMoHHYecKuii oneparop, A° = 0 —+2 ? ~+ 0 -
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OyHKIUIO ¢(f) HYKHO HAaWTH U3 YCIOBHUS OJHO3HAYHOCTH JIaBJICHUSI B MHOTOCBSI3HON 001aCTH, KO-
Topoe umeer Bun [13]
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O6o03naunm 0Q(r) = 0Q, UoQ, (7).

2. METO YUCJIIEHHOI'O AHAJIU3A
s pemenust 3agauu (1) — (5) Bocmonb3yemcst MmetoaoM R-pyHkmwmii [2].

B cootBercTBUM ¢ mpuHIMIOM cyneprnio3uiuu [13] pemenue 3agaun (1) — (5) mpeacraBum B BUe
CYMMBI

\|J(x,y,t)=wo(x,y,t)+c(t)-\|fl(x,y,t), (6)

rae y,(x,y,t) — peleHne 3a1a4u
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Torna, noacraBus (6) B (5), HOTy4uM, YTO
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N3BectHo [18], uTo nns 3apaun Crokca
Ay=F B Q,
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\|I|BQ:f(S)7 A :g(S), SE@Q: (13)
on |4,

CTpYKTypa perienus (my4ok (pyHKIUN, TOYHO YAOBIETBOPSIONMIUI KpaeBbIM ycioBusM (13)) umeer
BU]T

y=/f-oD[f+g)+e0®, (14)

rne f =EC f , 2=ECg — nmponomkeHus: QyHKIIHHA f , & B Q, oneparop D, ompenensercs pa-
BEHCTBOM

BT
@ — HeomnpeneneHHasi KOMIOHEHTA CTPYKTYPBI, a GyHKIUA ®(X, y) 00Ja1aeT CBOMCTBaMU
a) =0 Ha 0Q;
0) ®>0B Q;

B) Z—wz—l Ha OC), n — BHEWHAS K O0C) HOpMaJlb.
n

OyHKIUA ®(X, V) ¢ yKa3aHHBIMH CBOMCTBAMHU MOYKET OBITh TOCTPOEHA C TTIOMOIIBI0 R-pyHKIUI 115
JIOCTaTOYHO IMIUPOKOTO Kitacca obyacteit [4].

[Tycts pyHkuMu ©=0(x,y,t), ©,=0,(x,y), ©, =0,(x,y,t), IOCTPOCHHbIE C TOMOIIbIO METOAA
R-dynkunii [4], TaKoBbI, YTO YAOBIETBOPSIOT YCIOBUAM

pu irooom £ >0 ®=0 HA OQU(¢); ®>0 B Q>¢); Z—mz—l Ha 0C)(¢),
n

o,

®,=0Ha 0Q,; ©,>08 Q)UQ, (1); —n:—l Ha 0Q),,

mpu moboMm £ >0 o, =0 Ha 0Q,(1); ® >0 B Q(1)UQ,; %:—1 na 0Q,(f).
n

Jnst paccmarpuBaemoit oonactu Q(¢) (puc. 1) pynkunn o, ®,, ®, UIMEIOT BUI:

(D()C, Yy, t) = [0)0 ()C, J’)] No [_0)1 (X, Y, t)] 5
coo(x,y){%xm—x)}o Ey(B—y)}

(’Ol ()C, yat) = [Gl (x’:y')] VO [Gz(x’= y’)]:
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coswt + >

V, — 3HaK R-TU3BIOHKIMH, UV, V=u+Vv+yu’ +v° .
Hcnonb3ys hopmyiny «ckieiikm» [4], mist 3amxay (7) — (9) u (10) — (12) momydum
o, W,

fOZO, f1: > 80 = :g1:O-
(,00+(Dl (,00+C01

3HauwuT, o ¢popmyse (14) moaydum clieayrompe CTPYKTYPhI PEIIeHUsT Ha4aJIbHO-KpaeBbIX 3a1a4 (7)
—(9)u (10)—(12):

Yy = D, (15)
(DO+(’01
Y, =—0 —coDl[ o jmzcbl, (16)
(,OO-I‘(Dl (00+(,01

rae O, O, — HeonpeaeIeHHbIE KOMIIOHEHTBI CTPYKTYP.

Wrak, Qynkumsa y, Buzpa (15) mpu mobom BeIOOpe HeonpeneneHHOW KoMIOHEeHThl @, To4HO
YIOBIIETBOPSIET KpaeBbIM ycioBHaAM (9), a dyHkuus y, Buaa (16) mpu mobom BeIOOpe Heonpee-

JIEHHOU KOMIOHEHTHI ®, TOYHO yJOBIETBOPSET KPAaeBbIM YCIOBHAM (12).

JIyst anmpoKCUMAaIiK HEOTIPeIeTICHHBIX KOMIIOHEHT B CTPYKTYpHBIX (hopmynax (15), (16) Bocmoms-
3yeMcst MeTooM ["anépkuHa Juisi HecTallMoOHapHbIX 3ada4 [19].

B 3agagax (7) — (9) u (10) — (12) caenaem COOTBETCTBEHHO 3aMEHBI

Yo =@, Uy, Y, =0¢ +u,

wow, o, o,

rae ¢, = , @ = -oD, , U, U, —HOBBIC HEM3BECTHBIE (DYHKLINU.
®, + 0, ®, + o, ®, + O,

Torma mns dynxouit u, (x,y,t), i=0,1, HoxyuumM HauvaabHO-KpaeBbIE 3aJa4d C OAHOPOJHBIMU

KpacBbIMH YCIIOBUAMU

_u LAy B () e Q) t>0, (17)
ot Re

U |t=0 = |t=0 (1 8)



=0, — =0, (19)

OAp, 1
e 0603HaueHo F, =—(P’——A2(p[, i=0,1.
ot Re

B cootBetrcTBHE ¢ MeTogoM ["amepkuHa uIsi HecTallMOHAPHBIX 3amad pemenue 3amad (17) — (19)
HIIEM B BU/IC

ui,n(xayat)chi,k(t)@k(xayat): (20)
k=1
rae ¢, ,(f) — vensBectule QyHkumu, k=1,2,..,n, ¢, (x, y,1)= o’ (x, y, )T, (X, ¥) — KOOpIHHAT-
Hble QpyHKUIMU, T,(X, ¥), k=1, 2, ..., — mobad nonnHas B L,(Q2(0)) cucrema pynkumii, i =0, 1.

®yukunu ¢, (), ..., ¢, (), i=0, 1, HalijleM U3 YCIIOBHUS OPTOrOHAIBHOCTH HEBA30K

oAu,, 1 A(p
L+ —Au ¢ (DA c  (t k
81‘ Re ,n Z zk() (pk Z zk()

R, (royt) = F LY (A%, - F,
Re 'S

HOJTy4eHHbIX noacTaHoBko# (20) B (17), nepBeIM 7 KOOPIAUHATHBIM QYHKLIUAM @, ..., @, .

DTO IPUBOJUT K CUCTEMaM OOBIKHOBEHHBIX AU(hepeHITnaIbHbIX YPaBHEHUN

OA
zcz (DA, (p])Lz(Q(t)) zcz k(t)( a;pk ) jj + (21)
L, (Q(1))

1 < . .
+R_zci,k(t)(A2(Pk7 (pj)Lz(Q(t)) = (Ea (Pj)LZ(Q(t))’ J= 1’ 2’ e B, 1= 0’ 1.

k=1

[Tpumensist mepByro u BTopyto Gopmyna ['puna [20] u yunuTbeiBas kpaeBsie yciaoBus (19), ckanspHbie
npou3BeieHus B (21) MOXHO MPUBECTH K BUJTY:
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(Fs 0 = || Fodrdy= ] a;P’cpdxdy—R— [] 20 dxdy =

Q1) Q1) Q1)

oo, 1 .
=—|| V—"Vo dxdy—— Ag,Ap dxdy——( —’,ch-j ——(A¢;, AQ;), oy i=0,1.
é[<J:> ’ Re s!-('[) ’ ot "Jow Re ’

Torna cuctemsl (21) mpuMyT BU

S 2 0 1
z Cik @ (Vo,, V(Pj )LZ(Q(t)) + z Cik (?) ( P ; V(P_;j +—(Ag,, A(Pj )I,Z(Q(t)) =
= k=1 ot Lew Re



80, 1 . .
:—(vi,v@jj —— (MA@, AP, oy S =2, i=0, 1. (22)
ot L, (Q(1))

Beegem B paccMmorpenue marpunbl  A(f) =[a jk(t)]/,’ fei? B(t)=[B].k(t)]/, (i; W BEKTODHI
L=/, O] . e.()=[c, (O] . i=0,1, 11

op 1
o () =V, VO,) a0y Bul®) :( a_tk’ V(ij +E(A(pk7 AQ;) 1,y »
L,(Q(1)

oo, 1 . .
fl.’.(t):—( —’,V(p.j ——(A(pl.,A(p.)2 e Kk, j=12,..,n,i=0,1.
J ot J L Re J 7L (Q(1)

Torma cuctembl 0OBIKHOBEHHBIX AU((epeHInanbHbIX ypaBHEeHUH (22) B MAaTpUYHOM BHJIE 3allu-
LIYTCS TaK:

A@)e,(t) +B(t)e, (1) =£,(t), i=0, 1. (23)

Havanbneie ycnosus ¢, ,(0) = cl.(f v k=1,2,..,n, ua cuctem (23) NoAy4uM M3 YCIOBUS OPTOro-

HAJIBHOCTH HCBS30K
n
(6=, 0]+l i=0.1,
k=1

nojiy4eHHoil noacraHoBkoi (20) B (18), mepBbIM 77 KOOPAUHATHBIM (QYHKLIUSAM @, ..., @, , BBIUUC-
JICHHBIM TIpH £ = 0.

OTO NPUBOAUT K CHCTEMaM JIMHEHHBIX aareOpandecKux ypaBHEHHM

2.¢.. (0o, ey o (@) = (0. 9, o n@oys J =12, i=0,1. (24)
k=1

0 0 -
Beenewm B pacemorpenue marpuiy I'=[y, ] , ;— u Bekropsl h, = [hl.,j]j:ﬂ ¢ =l ], 1=0,1,

Jrk=l,n i

e v, = (], @,

t=0)L2(Q(0)) > hi,j = _((piL:o » @,

,:o)Lz<Q<0» :
Torma cucTeMbl TMHEHHBIX aNredpandecKuxX ypaBHEHUH (24) B MATPUYHOM BHJIE 3aITUIITYTCS TaK
0 .
I'c; =h,,i=0,1. (25)

Wrax, nns waxoxnenus pynkuuii ¢, (1), ..., ¢; ,(¢), i=0,1, u3 (20) nyxno pemnts 3anauy Koru
(23), (25).

CxoauMocTh npuOIMKeHHBIX 10 ["anépkuny pereHnii K 0000IEHHBIM PELICHUSM COOTBETCTBYIO-
IIUX HaYaJbHO-KPACBBIX 33/1a4 CIENYET U3 PE3yIbTaTOB paboTh [21].

3. PE3YJIBTATBI YUCJIEHHOI'O AHAJIM3A

BrraucnutenbHbIN SKCIEPUMEHT OBLT TIpOBeieH 11 obmactu €)(¢), mpeacTaBaeHHON Ha puc. 1 mpu

A=1, B=1, a= %, b =%, c= g, d= % CkansipHble TPOU3BEICHHS, BXOAIINE B CUCTEMBI (22),

(24), cuntanuce 1o KyoaTypHoit hopmyie ["aycca ¢ 32 y3maMu 1o KaK10i U3 IEPEMEHHBIX, B Kaue-
crBe cuctemel ¢ynkimui {t,(x,y),k=1,2,3,...} Obula HCHOIb30BAaHA cCHCTEMa (QYHKIMH



{Pq (27)(— lj P (27)} - lj, q,7=0,1,2, } , rne P, (z) — nomuHoMm Jlexanapa crenenu k. 3agaun

Kommu (23), (25) pemanuch uncienHo ¢ TouHocTsio 10°° metomom Pynre-Kyrrei-Mepcona [22].

Ha puc. 2 — 7 npuBeieHsl 0JI1 CKOPOCTEN TEUEHUS B pa3IMuHble MOMEHTHI BpeMeHU. Kak BuHO, B
yrIIyOJIeHUsIX MEXIY JIONACTAMU 00pa3yroTcs 30Hbl BO3BPATHOI'O TEUEHMS.

BbIBO/IbI

B pabote BrepBbIe IpeIOKEH METO/ MaTeMaTHYeCKOro MOJCIMPOBAHMS M YMCIEHHOTO aHAJIN3a
TEUEHUW BSI3KOW HEC)KMMAEMOM JKHJIKOCTH B OOJIACTSAX C MOJBMKHOM (MEHSIOIIEH CO BpeMEHEM
dbopmy) rpanuneit. [Tpu 3Tom O1arogapst UCMOIBL30BaHUIO0 METO/Ia R-QyHKITHH (32 CUET TOCTPOCHUS
bynkuun o(x, y,t)) ynaioch TOYHO Y4eCTh F€OMETPUIO O0JIACTH B KaXKAbII MOMEHT BpEMEHH, a
UCIIOJIb30BaHMEe MeToa ['anepkuHa JUIsl anmpoOKCUMAIIIN HEOMPEIEICHHBIX KOMIIOHEHT CTPYKTYp-
HBIX (POPMYIT IPUBEIIO K TOMY, YTO MPHOIMKEHHOE PEIICHUE 3aa49H ITOTYYaeTCsl B aHATUTHYECKOU
dopme, uTo obervaeT ero AajbHENIIee HCIOIb30BAHNE IPY HAXO0XKICHUHU OISl CKOPOCTEH, J1aBie-
HUS M JPYTUX XapaKTEPUCTHK TEYCHUS. DTUM M ONpeIeIsieTcss HaydHas HOBH3HA W TPaKTHYeCKast
3HaYMUMOCTb PabOTHI.

1.0+ (/// —,__\—il 1 10}
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Puc. 2. [Tone ckopocreit mpu ¢ =0 Puc. 3. ITone ckopocteit ipu ¢ = 0,05



Puc. 6. ITone ckopocteii npu ¢ =0,2 Puc. 7. Ilone ckopocteit npu ¢ = 0,25
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