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Hasedeno pesynomamu nposedenoco mamemamuyHoco MOOeno8aHHs
HEeNIHIUHUX X8UTb HA NOBEPXHI WNII6KU PIOUHU, WO CMIKAE, 3d O00NOMO20I0
3acmocysanns npoepamuozo komnaekcy Matlab. Onucano piensHHs npuxop-
00HHO20 WAPY, BUOLIEHUL ONMUMATLHUL XEUTbOBULL PediCUM, NPU IKOMY GUM-
pama piounu Mae MaKCUMAaibHe 3HA4eHHs.

Knrouoei cnoea: mamemamuuni MoOento6auHA HENIHIUHUX X6UTb, NAI6-
Ko8a meuis, HeiHiliHe X6ULeYMBOPEHHS.

Ilpugedensl pesynbmamsi NPOBEOEHHO20 MAMEMAMUYECKO20 MOOeNU-
POBAHUS HENIUHEHbIX 80IH HA NOBEPXHOCMU CeKarowel NAeHKU HCUOKOCTU C
HOMOWBIO NPUMEHEHUsI NPoepamMmHozo kKomnaekca Matlab. Onucanvt ypaghe-
HUS NOZPAHUYHO20 CJI0S, 8blOeNeH ONMUMANbHBIL BOJIHOBOU PEXHCUM, NPU KOO~
POM pACX00 HCUOKOCHU UMeem MAKCUMATbHOe 3HAYEeHUe.

Kntouesvie cnosa: mamemamuueckue MOOeIUPOBAHUE HENUHELIHbIX
60JIH, NIEHOYHOE meyenue, HeTUHelHoe 80THO00pazosanue.

The paper includes results of the mathematical modeling of nonlinear
waves on the surface of a flowing liquid film are presented using the Matlab
software package. The equations of the boundary layer are described, the
optimum wave regime is selected, at which the liquid flow rate has the
maximum value.

Keywords: mathematical modeling of nonlinear waves, film flow,
nonlinear wave formation.

BBezle}me. MatemaTtHueckoe MOACIMPOBAHUC ABJISACTCA B HACTOAIICE
BpEMsA OAHUM H3 CaMbIX aKTYaJIbHBIX HaHpaBJIeHI/Iﬁ B Hay4YHBLIX HCCIICIOBa-
HUAX.
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Bbibop Tex WM WHBIX MaTEeMaTHUECKUX MOJENICH NpU OMHCAHWH U
WCCIIEIOBAaHNN (PU3UYECKHX TPOIECCOB U OOBEKTOB 3aBHUCUT OT UX OCOOEH-
HOCTEW M XapaKTEpUCTHUK.

AKTyalIbHOCTb. VccrenoBanue IMOBEACHUS HETWHEHHBIX BOJH Ha
MOBEPXHOCTH CTEKAoIIel IJIeHKH J>KUAKOCTH IyTeM OpraHU3aIllh JKCIe-
PUMEHTOB Ha 0a3ze MpPOBENEHUS MATEMAaTHYECKOTO MOJIEIMPOBAHMS SBIISAETCS
aKTyaJIbHOW 3aJaueil JUIsi COBPEMEHHOW HAayKH, B YaCTHOCTH, B 00JIACTH THJIPO-
TMTHAMHKH.

Heas padotel. [IpuMenenne nporpamMmHOro komiviekca Matlab u
anmapaTa MaTEMaTH4YeCKOrO MOJETUPOBAHUA Ui HCCIENOBAHUS IOBEIECHUS
HEJIMHEITHBIX BOJH Ha TOBEPXHOCTHU CTEKAIOIIEH TUIEHKU KHUIKOCTH.

OcHoBHO#I MaTepuaa. TedeHME TOHKOTO CIIOS BSI3KOHM KUIKOCTHA T10
HaKJIOHHOM TOBEpXHOCTH (pHcC.]l) omuchIBaeTCsl ypaBHEHHUSIMH ITOTPAHHYHOTO

cnos [152] (1) 1 (2).

Puc. 1. Cxema niénouno2o mevenus

YpaBHEHUS IBUKEHUS

—tu—+ =————+0_—+gsin
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['panuunble ycaoBus npu y = A(t,x) ©IMEIOT BUJ

oh oh . 0*h . Ou
vV=—+U 5 +0—5 = s — =0 - (3)
or lox PTGy

Ha wnaxmonnoit moBepxHocTH mpu y = (0 UMeEET MECTO YCIIOBUE
NPUIIMTIAHUS

u=v=_0 4

VYpasuenusa (1)-(2) m rpanuynsie ycioBus (3)-(4) mociae COOTBET-
CTBYIOIIMX TMpeoOpazoBanuii [3] cBomsTCs K ABYM AH(QepeHIInaIbHBIM YpaB-

h
HEHUSIM OTHOCHTEIBHO HEU3BECTHBIX (YHKIHI q(t,x)= J' udy — Ppacxoxn
0

KUIKOCTH U h = h(t,x) — TOKalbHAs TOJIIMHA TUIEHKH

3
h2(2;1+2,4qh2z—1,2q222=2h3§;—3vq—gh3(2flccosﬁ—sinﬁ)’ ®)
oh 09 _,. (©6)
ot 0x

[IpuBons obe3pasMepuBaHue AaHHOW cucTeMbl (5)-(6) mus craiuo-
HapHBIX BOJIH, UMeeM A(&E) = h(x — ¢ 1), ¢(&) = q(x — ¢ ©).

Hns npoduns Bomuel H = H(x;) umeem crnenymwomiee auddepeHin-
anpHOE ypaBHEeHHE [4], comepikaiiee Tpu mapamerpa A, Du @

_py 3 _ 7
H”’+A{6(1 Lz)) —Dz—wH}H#H DH3+D*1=O' )
H H

BbiienuM onTUMalbHBIA BOJIHOBOM pEXKHUM, MpPH KOTOPOM pPacxol
XKHUAKOCTH UMEET MaKCHMAaJIbHOE 3HaYeHHEe (MMEHHO TOT PeKUM Habro1aercs
MIPH SKCIIEPUMEHTE).

B pesynbrare 3a1aya MaTEMAaTHYECKOIO MOJEIMPOBAHMS HEJTUHEHHBIX
BOJIHOOOpa30BaHUM CBOMUTCS K 3amade Komm mpu yclioBHH MEpHOANIHOCTH
( A — mMHA BOJHBI)

H(0)=H(A), H'(0)=H'(1), H"(0)=H"(1)- )

Havanpnas touka & = O BeIOMpaercs B COOTBETCTBHH C BEPIIMHOU

soruel ipu & =0, H'(0)=0.
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Huddepennmansuoe ypapaenue (7) CBOAUTCS K cHCTEMe TPEX ypaB-
HEHUI TEepBOTrO MOPSAKA, YHCICHHOE DPEUIeHHEe KOTOPOM HIIETCS MEeTOJ0M
Pynre-Kyrra (pemarens ode45 cucremMbl KOMIBIOTEpHOW MaTteMaTHKud Mat
Lab).

Jid BBISABIEHUS NEPHUOJUYECKOTO pEIIeHUS MPOBOJUTCS BBIYHCIIH-
TEIbHBIN KCIIEPUMEHT.

Heunssectupie Benuuunbl  [(0), H"(0) MOIOMPAIOTCS TaK, YTOOBI
HeBsisku  H(0)— H(A), H'(0)-H'(1), H"(0)—H"(A) IOCTUTagX HAMMEHBIINX
3HAYEHUH.

B xavecTBe HauaJIbHOrO MPUONMIKEHUS UCHONB30BAINCE A U D > 3
JUTS TIOJIOXKUTEIILHOIO COJIUTOHA TpU A = oo [3]. 3aTeM pelieHre mpoaoKa-
ercsl B CTOPOHY MEHBIIHNX A.

Pe3ynbTaThl YUCIEHHBIX SKCIEPHUMEHTOB TPEICTABICHBI HA PUCYHKAX
2-5 st hopmbl cBoOOHOIM moBepxHOCcTH H = H(&)

LB=90°, y=4868,1, p=0

Re=14.9517, D=73l, A=0.06

H(0) = 2.98971, H’(0) =0, H’(0) = - 0,404
H(L)=2.9903, H’(A)=0,0338, H’(A)=-0,455
Hyin = 0.7001, %= 21,3497

L

P

H(E)

=]

0
Puc. 2. Yeon naxnona nosepxnocmu 90

ILB=60", y=5107.2, ¢=12573
Re=14.9517, D=1731, A=0.059

H(0) = 2.8977, H’(0) =0, H(0)=-04
H(L) =2.8982, H’(L)=0,0214, H”(L) =-0,4416
Huin = 0.7129, A= 16,9426
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H{g)

0
Puc. 3. Yeon naxnona nogepxrnocmu 60

L p=45", y=54643, ¢=2.1778

Re=14.9517, D=73l, A=0.0577
H(0) =2.6166, H(0)=0, H>’(0) = - 0,4009

H(L) =2.6125, H(A)=-0,0173, H’())=-0,6474
Hyiw = 0.8384, A= 13,949

15 =

0
Puc. 4. Yeon naxnona nosepxnocmu 45

IV. B=30°, y=6133.4, ¢=3.772
Re =14.9517, D=731, A=0.0556
H(0)=2.5491, H’(0)=0, H’(0)=-0,5
H(A)=2.5142, H(L)=0,0049, H”(L)=-0,51
Hpmin = 0.808, L =189612

0
Puc. 5. Yeon naxnona nosepxrnocmu 30
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BeiBoabl. U3 pucynkoB 1-5 BHAHO, YTO HENWHEHHBIE BOTHOOOpa3o-

BaHHA HMMEIOT COJUTOHHBIA XapakTep MpH OONBIIMX YIiaxX HAKIOHA, MpPH
ManbiX yraax HakiaoHa (B < 45 °) HenuHeiiHble BONHOOOPA30BAHMS MMEIOT
(dopMy KaTsAmuxcs BOJIH OOJIBIIONH aMILTUTY/IBL.

[Mpy npoekTHpoBaHUH IIEHOYHBIX TEIIOMACCOOOMEHHBIX arlapaToB

HCOGXO}II/IMO HMETb B BUAY, YTO MaJIbIC YyIJIbl HAKJIOHA MOBEPXHOCTU MOI'YT
MPHUBOJIUTh K WHTEHCHBHOMY KaIUIEYHOCY JKUJIKOCTH M3 paboveil 30HBI arma-
paTa ¥ HEyCTOWYMBOCTH TUIEHKH YKUJIKOCTH ¢ 00pa30oBaHUEM OCYIIEHHOW YacTH
paboueii MOBEPXHOCTH.
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