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N CCJIEJOBAHNE 3BOJIIOIIN IIOIIEPEYHOI PYCJIOBOI IIPOPE3U
IO AEMCTBUEM TPAH3UTHOI'O 'MJAPOANHAMMNYECKOI'O IIOTOKA!

B pabote npejiozkeHa 0/IHOMEpHAsI [0 IPOCTPAHCTBY PYyCJIOBasi MaTeMaThudeckasi MoJiesib. B Mozenn ucrossb-
30BaHA OPUIMHAJbHAS PABHOBECHAs (POPMYJIa IBUKEHHS BJIEKOMBIX HAHOCOB, YYUTHIBAIONIAs BJIUSHUE MOD-
donorun jHA, PUBKKO-MEXAHUYECKUX ¥ IPAHYJIOMETPUYECKUX HAPAMETPOB JOHHOIO MATEPUAJIA HA [IPOIECC
TPAHCIIOPTA, BJIEKOMBIX HAHOCOB. PopMmysia He COAEPKUT B cebe HOBBIX (DEHOMEHOJIOTHIECKUX ITaPAMETPOB.
luapoanHaMu9gecKnii MOTOK ONMKUCHIBAETCS CTAIMOHAPHBIMYU YPABHEHUSIMY IBUKEHUS B PAMKAX TEOPUH «MEJI-
KOIt BOZbI». IIpe/toskeH IuC/IeH DI aJITOPUTM PEITeHus] YPABHEHUH MaTEMATHIECKON MOCTAHOBKHU METOIOM
KOHTPOJIbHBIX 00beMoB. B kadecTBe BepudrKanum mpejioKeHHON MO PACCMOTPEeHa 3a1a9a 00 n3MeHe-
HUU TEOMETPUU HOLEPEYHOH PYCI0BON IPOPE3U MPU JBUKEHUU HAJL HEW TPAH3UTHOIO MUAPOIMHAMUIECKOIO
[OTOKA. BBIMOIHEHO CpaBHEHME IOy Y€HHBIX PELIEHUN C IKCIEPUMEHTAIbHBIMY JAHHBIMU U PACYETAMU JPY-
rux aBTopos. IIpeamaraemas Mo/ I€Ib XOPOIIIO BOCCTAHABINBAET (DPOHT ABUKEHUS TIOJBETPEHHON U HATIOPHOM
JacTeil KaBepHBI U ee IyIyOuHy. B cpesiHeM 1o 00J1acTH IOJYyYeHO BBICOKOE COIJIACOBAHHE PE3YJIbTATOB HHC-
JIEHHBIX PACYETOB C IKCIEPUMEHTAJIHHBIMU JAHHBIME, CPEIHsIsT OTHOCHTE/bHAS MOTPEITHOCTD MOJIYI€HHBIX
JIAHHBIX OTHOCHTE/IbHO SKCIEPUMEHTAIbHBIX JaHHbIX Oau3ka K 5 %. o pesynbraram sBepudukanmuu npeio-
JKEHHOM MOJIEJIH CJIEJIAH BBIBOJ, O TOM, YTO MATEMATHIECKAs MOJIEIb KA9€CTBEHHO M KOJTMYECTBEHHO OIUCHIBAET
mporiece AedopMaluu JOHHOM MOBEPXHOCTH MO, I€HCTBUEM T'HIPOINHAMUIECKOTO MOTOKA.

Karouesnie caoea: onepednast pycioBas Tpope3b, TPAHCIOPT JOHHBIX HAHOCOB, PYCJIOBBIE MPOIECCHI.

BBenenue

B pabore npemjioxkena ojHOMepHAs PYC/A0Bas MaTeMaTUYeCKas MOJEJb, YIUTHIBAIOIIAS TPAHC-
[IOPT JIOHHOT'O MaTePUaJ/Ia BO BJEKOMOM U B3BEIIIEHHOM COCTOdHUU. B OT/indne 0T aHAJIOTUYHBIX MOJIE-
Jieit Apyrux aBTopoB |1-4| mpeioXKenHas MOIENb He COJEPKUT B cebe HOBBIX (DEHOMEHOTOMTIECKIX
[IapaMeTpoB, CBA3AHHBIX C MOpdOorndecKkuM nporeccom. B kadecTBe TPAHCIOPTHONO ypPaBHEHUsI
BJICKOMBIX HAHOCOB HCIIOJIB3YeTCsl (DOpMYyJIa, Mpe/IozkKeHHasd B paboTe |5 1 XOpoIo 3apeKOMeHI0BaB-
iast cebst B paborax [6,7]. @opmysia yunreiBaer BiausHue Mopdosioruu JHa, GU3NKO-MeXaHUYeCKUX
¥ IPaHyJ/IOMETPUYECKUX [IAPAMETPOB JIOHHOI'O MAaTepPUaJia Ha IPOIECC TPAHCIOPTA BJAEKOMbBIX HAHO-
coB. B kauecTBe Bepudukaluu Mojiesin pacCMOTpeHa 3a/1ada 006 U3MEHEHUHN IeOMEeTPUH OIEePEeIHON
PYCJI0BOIT IPOPE3U [IPU JABUKEHUN HAJT HEW MUIPOAMHAMUYECKOr0 ITOTOKA,. BhiosiHeHo cpaBuenue pe-
3yJIBTATOB YUCAEHHOTO YKCIEPUMEHTA IO IPEJIOKEHHON MOIENN C SKCIePUMEHTATBHBIMIA JAHHBIMA
¥ pacderaMu JAPyIrux aBTOPOB.

§ 1. Maremaruvyeckass MOJEJb 3324

IIpennokeHHag MaTeMaTHIECKasd MOIEIL PYCJIOBOIO MOTOKA BK/IIOUAET B CeOs:
— ypaBHeHue MeJIKOi BoJbl [§]

%29

— ypaBHEHUE [1ePEHOCA B3BEIIEHHbIX HAHOCOB [2,9]

o [(U?
(35+7) + 7 =0 Q=UH; 1)
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'PaGora Beimommena npu noggepxke dbomma PODU (rpanr Ne 12-01-98518-p Bocrok (a)) m douma IBO PAH
(rpamr X9 12-I11-A-03-034).

(Ss = 9); (2)
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— ypaBaenue Diicuepa [5]

o¢ oG w
(1_6)'0554_% = —@ﬁ(s* - S). (3)
Maremarnueckas nocranoska (1)—(3) 3aMblKaeTCs HAYAJILHBIMU YCJAOBUAMU
C(LL’,O) = CO(‘T)7 S(‘Tv 0) = S*(x) (4)
Y TPAHMYHBIME YCJIOBUSMME
_0¢ 0 40

31ech x,t — TPOCTpAHCTBEHHAS U BpeMeHHAas KOOD/MHATHI cOOTBeTcTBeHHO, U — ocpejHeHHas 110
IyOuHe CKOPOCTh 1moToKa, H — riybuna moroka, () = const — pacxon noroka, n = H + ( —
yPOBeHb CBODO/IHO# MOBEPXHOCTH, ( — yPOBEHb [IOHHOI ITOBEPXHOCTH, T — MPUJIOHHBIE KACATe/IbHbIe
HAIPSKEHUS, P, — IUIOTHOCTH BObI, Ps — ILJIOTHOCTH II€CKA, § — YCKOPEHUEe CBODOIHOTO A eHus,
S — cpennss cybcraHIUaIbHAS MYTHOCTH (HAXOMMasi IMyTeM OCPEIHEHUs MYTHOCTH IO YKHBOMY
CeYeHMI0 NOTOKa 0e3 ydera CKOPOCTH Tedenusi), Sy — TPAHCIOPTUPYIOIAs CIOCOOHOCTH MOTOKA,
W — rumpasindeckas KpyIHOCTD, d — JUAMETP UACTHUIL, € — MOPUCTOCTH TOHHOTO Marepuaia, G —
YIeJIbHBIN MACCOBBIN PACX0/l BJIEKOMBIX HAHOCOB, J — OCHOBHOII YKJIOH JIOHHOM IIOBEPXHOCTH, G —
V/IeIbHBI MaCCOBBIH PACXOJ BJIEKOMBIX HAHOCOB Ha BXOJe B pacueTHyio obsactb, H' — raybuna
[IOTOKA HA BBIXOJIE U3 PacdeTHOil objacTu.

Tpancrnoprupyforias ClocOOHOCTh MOTOKA, Sy 3aBUCUT OT CKOPOCTU TedeHus BOjbl U, riyOuHbI
H u rugpasiumdeckoit kpynHocru W, a TakKe OT yC/IOBUS B3MYyJHBAHUS / OCAXK/CHUS JTOHHBIX da-
cru, [9]

U3
2 . T
So={ Ypgm Ve w = | (6)
0, W > u,, Pw

rZLHS{ orpejgeieHud HaHpS{)KeHI/Iﬁ TUAPAB/INYICCKOrO COIIPOTUBJICHUA HOTOKy T HCHOHBByeTCH (bop—
myia [lesn [10]
U? 1 1
T = PudFg C =—Hs, (7)

Ns

B KOTOPO#H KO(MMUIIMEHT MIEPOXOBATOCTHA Mg BHIPAXKAECTCA KAK

(H")5 VT

ng = 0
[Torok Biekombix HaHocos G oupesensiercs 1o dopmysie [Terposa [5]
3 1 x\ 0C
G=Gyrm2 |(1-x)— — (1 - —) =, 8
0T [( X) tgp cos~y 2 83;] (®)
4 pPs M { 1, x<1
Go == , m= ’ ’
T 3 hy/Pulps — pu)gtepcosy 0, x>1,
T _ 3K%d(ps — pu)gtgpcosy (©)

X =1\ = T
T’ 8 Co

TJE Ty — KPUTUIECKOE IIPUIOHHOE KACATEIbHOE HAIPSKEHUE, Y — YI0JI BHYyTPEHHEI0 TPEHUs YaCTHlI,
Cy — J000BOE COIPOTHUB/IEHUE YACTHI], ¥ — OCTPBIA YrOJI MEXKJy HOPMAJIbIO K IIOBEPXHOCTH J[HA
¥ BepTuKa/IbHOM Jjnnueii, K = 0.4 — nocrosinnas Kapvana.
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§ 2. AsroputrM perireHus 3a4a4n

Bagada (1)—(9) perraercs ¢ mOMOIBIO METOIa KOHEYHBIX pasHocreiil. [locTtpoum saBHYIO AByX-
CJIOMHYIO 110 BPEMEHM M CUMMETPUYHYIO 110 MPOCTPAHCTBY PA3HOCTHYIO cxemy. Bocnosb3yemcs pas-
HOMEPHOI CeTKO# MO MpOCTpaHCTBY ¢ y3aamu z; = (Ax, ¢ = 0,..., N u marom Azx = ﬁ, HA
KOTOPOIT OIpeJIesieHbl OCHOBHBbIe HewsBecTHble Besmaubabl H, U, S, (. Ucnosb3yercs Tak»xKe BCIO-
MoraTe/ibHas CeTKa L0 MPOCTPAHCTBY C y3AaMI T, 1 = (1 +0.5)Az, 0 < i < N — 1, Ha Koropoii
OIIPEJIEIEHBI BCIIOMOTATE/IbHbIE HEM3BECTHbIE Bejinuubbl T, X, G, G. CeTka 110 BpeMEHU COCTOUT U3
cinoeB t, = nAt, n=0,..., Ny c marom At = %, rae Ny — KOJIM9IeCTBO BpPeMEeHHBIX CjioeB, 1 —
XapaKTePHOE BpeMs HaOJIIOIeHMS.

Unjexc BpeMeHHOr0 ¢j10si (n + 1) OIycKaeTcs TaM, Ijie 9T0 He BbI3bIBAET [POTUBOPEYNii.

s pererus 3a/ia9u ObLT TPEJJIONKEH CJIEAYIOMNUI aIrOPUTM
1. BBogum mapamerpbl TUAPOJAMHAMUKA W JOHHOTO MaTepHUaia.
2. YcranasimBaeM HadasbHble ycoBud 1ad ¢ u H uz (4).

3. Hauunas ¢ (N — 1)-0ro u 3akaH4mBasi 1-bIM NPOCTPAHCTBEHHBIM Y3JI0M, BBIIOJHSIEM DEIIeHUe
3a/1a90 TUIPOIMHAMUKN MeToZ0M obparHoro xoza [11]:

(a) mexomg u3 yenosus Hy = HY, Beramcyigem riyOHHy Ha Ipe/blIyTeM TIPOCTPAHCTBEHHOM
y3Jjie 1o dpopmyJie

Gi —ACz'—1 " AFR - ,
H; 1 =H;+Ax L ;o Fri=——, A= Z5;
1—Fr; (1 _ 3)\A$> gHi 02
¢ 2H;
(b) 3Has MOCTOSHHBIA MO OOJACTH PACXOJ| MMOTOKA, BBIUUC/SIEM CKOPOCTH IMOTOKA B TOM 2Ke
y3ie:
Q
U,_1 = .
H; 4

4. [Ins pemienus pycC/IOBOM 4acCTH MOJE/IM BbIYMC/IAEM 3HAUYCHUs 1apaMeTpOB T; +1 Tairdls Xitl
1o cienyommm popMyIam:

U? [T ~ 3k%d(ps — pu)g tg p cos
Ti—ngﬁa Xi = ;7 T*i—g o s
A
A
COS V; <

VA (G - G)E
1 = 0.5(7'2' + T,’+1), T-_% = 0-5(7'i + Ti—1)7

3 7

Xip1 =050 + Xiv1), X1 = 0506 + Xi-1)-

Tit

5. Boruucisiem TeKyIryo TPaHCIOPTUPYIONIYIO CIIOCOOHOCTH MMOTOKA:

%
S 7
0, W > uy,

6. Boraucisiem cpesHioro cyOcraHIMaIbHy0 MyTHOCTD B y3/1aX CETKH PACYeTHON obsiacru ¢ uc-
I0JIb30BAHUEM CXeMbl Oerymrero cuera |9, 11]:
1 At

Sp+Urt Esﬁf + At

w
H?H—l

(S5 =81

n+1 __ i
5= A

1+ Uin+ Az
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7. Boramcisgem 3HadMeHnsT MacCOBOTO YAEJIBHOIO PACXOa BJIEKOMBIX HAHOCOB B y3JIaX CETKH Pac-
4eTHO objracTu 1o (popmysIam

G 4 psm (1 — Xi-i—%) 1, Xitd <1,
0. - = s =
3 3Ry/Ps(ps — puw)gtepcosy 0, Xp1>1,
3 1 Xitd\ Giy1 — G
oy =0,y g |0 xep) e (1-°57) “5 )

8. PaccuurbhiBaeM ypoBeHb JIOHHOI IOBEPXHOCTU B y3JjaX CETKH pacdeTHON objacTu:

(N =(n-1+ Az J,

At G} — G} w
n+l _ ~n _ ) -1 "W on _ gn
Cz' - Cz ps(l — 5) < AJL‘ HZn (S*Z Z—‘rl)) .

9. IloBTOpsiem aeificTBUS AJTOPATMA C 1.3 70 II. 8, MOKa He J0MIeM [0 MOCIEIHEr0 BPEMEHHOTO
y3J71a, TO eCTh [IOKa He BBIMOJHUTCS ycaoBue (n + 1) = Ny.

§ 3. Pe3yuibrarnl uccjieqoBaHuii

st mpuMepa NIPUMEHUMOCTH MOJE/IM B PYCJIOBBIX pacuerax ObLjia pelieHa 3ajada 00 n3MeHeHU!
FEeOMEeTPUH IIOTIEPEYHO PYC/IOBOI MPOPe3n IPHU JIBUKEHUU HAJL Hell TUAPOAUHAMUYECKOrO MOTOKA.
leomerpusi pacuernoit obsiactu nokazana Ha pucynke 1, rme Ly = 5 M, Ly = Ly = Ly = 1.5 wm,
Ls =10.5 M, ykjion na yuacrkax Lo u Ly cocrasisier 1:10.

A2 1

L, |L L

Puc. 1. Pacuernaga obsacrs

(DI/ISI/IKO-MeXa,HI/ILIeCKI/Ie n FpaHyﬂOMeTqueCKHe ImapaMeTpbl 3ada49n 6bIJTI/I B34TbI U3 9KCIIEPUMECH-
TaspHOI pabore! [12]: L = 20 M; H = 0.255 M; U = 0.18 m/c; d = 0.0001 m; J = 0.0002; ¢ = 30°;
cz = 0.3; £ = 0.4; W = 0.001 m/c; ps = 2650 kr/m3; p, = 1000 kr/m3; o = 1.7.
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B kauecrBe TeCTOBOI st 1IPEJJIOKEHHON MATEMATUYECKONH MOJE/IM MCI0/Ib30BAJIACh 33/a4a 110
OIIPEJIeJICHIIO 9BOJIIOUN JOHHOI ITIOBEPXHOCTU PYCJA0BOI IIPOPE3u O NeiiCTBUEM IIPOTEeKAaIOIIeil Hal
ueit Bozbl. [IpejcraBiennbie HA PUCYHKE 2 TaHHBIE, OMPE/IE/IAONIe HAYaIbHBIN YPOBEHb JTHA U YPO-
BeHb JiHa cirycTsi 10 4acoB (TouedHoe MHOXKECTBO), B3siThl U3 9KClIepuMeHTaibHOil pabors [12]. Ipes-
JoKeHHbIe B paborax |12, 13| MaremaTwaeckie MOIEIN TO3BOJIMIN IOy YUTh TOIHKO KAIeCTBEHHOE
COoIVIaCOBaHME C 9KCIEPUMCHTAJIbHBIMU JTaHHBIMHA (HyHKTI/IpHaﬂ " KUPpHad HTPUXITYHKTUPHAA JIA-
uun). U3 cpaBHEHUsST KPUBBIX C TOYEYHBIM MHOYKECTBOM BHJIHO, YTO DEIICHHUs, MOJIYICHHBIE IO MO-
Jle/IsIM, [IPEYIOKEHHBIM B paborax [12,13], He MOryr npaBu/IbHO BOCCTAHABIMBATH (DPOHTAIBHOE
JIBU2KEHUE T0/[BETPEHHOI0 CKJIOHA KABEPHbI, a TAKKE [T0Ka3bIBAIOT N3OBITOYHBIN PA3MbIB JIHA HAIIOD-
HOI'0 CKJIOHA KaBEPHBI.

Pacuersl, BBINO/IHEHHBIE 110 IPEJJIO2KEHHON B paboTe MaTeMATUIECKO MOJIE/IHN, IPE/ICTABICHHbIE
CILJIOLIHOW JINHUE, UMEIOT XOPOIIlee COIJIACOBAHUE C IKCIIEpUMEHTa/IbHbIMU JlaHHbIMuU. [Ipyu Menbiiiem
KOJIMYECTBe IIapaMeTpPOB MOJIEIHU IIpejaraeMas MOJIe/Ib XOPOIIO0 BOCCTAHAB/IUBAET (DPOHT JBUKEHUS
[10/IBETPEHHON 1 HAIIOPHOW 4acrell KaBepHbl, ee [VIyOuHy U He HPUBOJIUT K U3DbITOYHOMY DPa3MbIBY
HaIIOPHOI'O CKJIOHA KaBEPHbI 1 OCHOBHOM BbIXO,ZI;HOI../'I YaCTHU KaHaJla.

KonuyecTBeHHO U3 CPABHUTEIHLHOTO aHAJN3A CJIEIYeT, 9TO B CPEJHeM 110 00/1aCTU COIJIaCcOBAHUE
9KCIIEPUMEHTAJJIbHBIX JTaHHBIX C PEHICHUEM, IOJIy1C€HHBIM I10 Hpe,ZI;J'[O)KeHHOI../'I MO/1eJi, BbICOKOE. OT—
HOCHTe/IbHAsI MOMPENIHOCTh He MpeBbImaer 5 %, 4ro O6JIU3K0 K CHCTEMATHIECKONH TOYHOCTH IKCIEpU-
MEHTAJbHBIX JaHHBIX. [Ipegmaraemast MOIE/b SIBASIETCA OJHOMEPHOM, W aJrOPUTM PEIIeHnsT 33, 1aTh
0 Heil 3HAYUTEIBHO MpOoITe, YeM B Mozeax [12,13]. Oxnako perrenus, morydaembie o Moesn |12]
u 1o mogesu [13], upu cpaBHEHMH C SKCIEPUMEHTAIbHBIMU JIAHHBIMU UMEIOT OTHOCUTEIbHYIO 110-
rpemHocTh B cpenueM 1o 15-20 %. OrmernM, aro momens [12] u momens 13| aBasorcs aBymep-
HBIMU U HEPABHOBECHBIMU Mojessivu. Kpome Toro, mojess [13] yuurbiBaer BiusiHue B3BELIEHHBIX
U BJIEKOMbBIX HAHOCOB, JIABUHHBIN CXOJ JOHHOTO MATEPHA/Id, BKJOYAET YCPEIHEHHYIO 10 [VIyOuHe
OUPKYJISIIAOHHYIO MOJE/b U CHEKTPAJIBHYIO MO/e/b TPAHCHOPMAIMH BOJIH.

¢
0.14
& 0.12
[+
jas ]
=
2 0.1 4
L
M
a
£ 0.08
0.06- HaYaIbHBIN YPOBEHb THA
4 & 8 10 12 L

paccrogHue [m]

Puc. 2. CpaBHeHHE KCIEPUMEHTAIBHBIX JAHHBIX (TOUEYHOEe MHOXKECTBO) € pacdeTHbIME AaHHbIMU [12] (KupHas
IITPUXILy HKTUPHAS JIMHUA ), PACIeTHBIMU JaHHBIME [13] (myHKTHpHAs JIMHWUS) ¥ PACYETHBIMU JAHHBIME 110
LIPe/YIOKEHHOM Mozesu (Clulomnas auuus) ciycrs 10

s MOJIy9YE€HHBIX DPaCdYeToB CjeAyeT, 4TO BOJIHbI Ha IOBEPXHOCTU BO/bI, JIABUHHOE O6py1_HeHI/Ie
JOHHOT'O MaT€pHuaJia H IIPOHECC DEMUPKYIAINKN 2KUJIKOCTHU IIPDHU JaHHBIX YC/JIOBHAX HE OKa3bIBaIOT
SHQUUTEC/JIbHOI'O BJIMAHUA Ha IIPOLECC N3MECHEHUA ,ZLOHHOI';I ITOBEPXHOCTH.

3akJiroueHue
Hpe,Z[J'IO?KeHa MaTeMaTH4dIeCKadad MOJEJIb py(ZJIOBOFO HOTOK&, MOJeJIb BJICKOMBIX HaHOCOB B KOTO-
poil He Cco/iepKUT B HOBBIX (DEHOMEHOJIOrmYecKkux mapamerpos. Mouesip BKIOUaeT B ceds Ciemy-
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IOIe YPABHEHUS: CTAIIMOHAPHOE ypPaBHEHME JIBUKEHUSI BOJHOI'O IOTOKA, OIPEJE/IEHHOEe B paMKax
npub/IMKEHUs MeJIKOW BO/Ibl; HEDABHOBECHOE YPaBHEHUE ITEPEHOCA B3BENIEHHBIX HAHOCOB; YPaBHEHUE
BJIEKOMBIX HAQHOCOB, yYUTHIBAIOIIEE N€OMETPUIO /IHA, U ypaBHEHUE Oa/iaHCa HAHOCOB, OIPE/IE/IIONIee
9BOJIIOINAIO '€OMETPUM JIOHHOH ITOBEPXHOCTH.

st Bepudukaiuu mpe;yi02KeHHONl MOJIe/IN PellleHa 3a/1a4a 006 N3MeHeHUN T'eOMETPUN [IOTIePEYHOil
PYCJIOBOIT IPOpE3X 1PU JBUKEHUM HAJL, HEil I IpOojumHAMUYIECKOro noroka. [lomyyennbie pacyernbie
JIAHHBIE XOPOIIIO COIVIACYIOTCH C U3BECTHBIMU SKCIEPUMEHTAJbHBIMU JAHHBIMUA B 00JIACTU KABEPHDI.
CpesHsist OTHOCHTEIbHAS MTOMPENTHOCTh PACYETHBIX JaHHbIX 0JM3Ka K 5 %, 94TO COOTBETCTBYET TOY-
HOCTH 3KCIIEPUMEHTAJIbHbIX JaHHBIX.

ITo pesynbraram BepuduKaluy NPEJIOKEHHON MO MOYXKHO C/€JaTh BBIBOJL O TOM, YTO Ma-
TeMaTudecKas MOJIe/Ib KA4eCTBEHHO U KOJIMYECTBEHHO OMUCHIBAET IpOliecc edOpMalii JIOHHON 110~
BEPXHOCTH TO/[[ JIECTBUEM TI'UJIPOIMHAMUYIECKOrO MOTOKA. 1l0Ka3aHO, 9TO BOJIHBI HA [TOBEPXHOCTU
BOJIbI U JIABUHHOE OOpYIIIEHUe JOHHOIO MATepHasa B PACCMOTPEHHON 3ajade He OKA3bIBAIOT 3HAYU-
TEJLHOI'O BJIUSHUS HA MIPOIecc popMupoBaHus JTOHHON TOBEPXHOCTH.
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The paper presents a river-bed mathematical model that is one-dimensional in space. In the model we use the
original equilibrium formula of bed-load sediment motion, which takes into account the influence of bottom
morphology, physical and mechanical parameters of the bottom material on bed-load sediment transport
process is used. The formula does not contain new phenomenological parameters. The hydrodynamic flow is
described by the steady motion equations within the bounds of the “shallow water” theory. The numerical
algorithm for the solution of the governing equations by the control volume method is proposed. The problem
of changing geometry of a cross-channel trench when moving over it transit hydrodynamic flow is considered as
a verification of the model. The obtained solutions are compared with an experimental data and calculations
of other authors. The movement front of the downstream and upstream trench regions, as well as the trench
depth, are well-restored due to the model proposed. On average, we obtained a high degree of agreement
between the numerical results and experimental data in the region, the mean-relative error between the
calculated and measured data is close to 5 %. According to the verification results of the proposed model we
have concluded that the mathematical model quantitatively and qualitatively describes the process of bottom
surface deformation under the influence of hydrodynamic flow.

REFERENCES

1. Goncharov V.N. Dinamika ruslovykh potokov (Channel flow dynamics), Leningrad: Gidrometeoizdat,
1962, 367 p.

2. Karaushev A.V. Teoriya i metody rascheta rechnykh nanosov (The theory and methods of river sediment
calculating), Leningrad: Gidrometeoizdat, 1977, 272 p.

3. Bagnold R.A. An approach to the sediment transport problem from general physics, U.S. Geological
Survey Professional Paper 422-1, 1966, 37 p.

4. Shulyak B.A. Fizika voln na poverkhnosti sypuchei sredy i zhidkosti (Physics of waves on the granular
and liquid surface), Moscow: Nauka, 1971.

5. Petrov P.G. Motion of a bed load, Journal of Applied Mechanics and Technical Physics, 1991, vol. 32,
issue 9, pp. 717-721.

6. Potapov LI., Shchekacheva M.A. Determination of the coastal rate of erosion for the rivers with sandy
bottom, Vestn. Udmurt. Univ. Mat. Mekh. Komp’yut. Nauki, 2011, no. 4, pp. 116-120 (in Russian).

7. Krat Yu.G., Potapov L.I. Stochastic model of development of bed forms, Vestn. Udmurt. Univ. Mat.
Mekh. Komp’yut. Nauki, 2013, no. 2, pp. 85-91 (in Russian).

8. Kartvelishvili N.A. Potoki v nedeformiruemykh ruslakh (Flows in unyielding channels), Leningrad:
Gidrometeoizdat, 1973, 279 p.

9. Belolipetskii V.M., Genova S.N. The computational algorithm for determining the suspended and
bottom sediments dynamics in channel, Vychisl. Tekhnol., 2004, vol. 9, no. 2, pp. 9-25 (in Russian).

10. Grishanin K.V. Ustoichivost’ rusel rek i kanalov (Sustainability of rivers and channels), Leningrad:
Gidrometeoizdat, 1974, 143 p.

11. Potapov LI., Snigur K.S. The ground deformations analysis of the incoherent bottom of the channel
in lower hydrosite bief, Vychisl. Tekhnol., 2011, vol. 16, no. 4, pp. 114-119 (in Russian).

12. van Rijn L.C. Sedimentation of dredged channels by currents and waves, Journal of Waterway, Port,
Coastal and Ocean Engineering, 1986, vol. 112, no. 5, pp. 541-559.

13. Sanchez A., Wu W. A non-equilibrium sediment transport model for coastal inlets and navigation
channels, Journal of Coastal Research, 2011, Special Issue 59, pp. 39-48.

Received 01.12.2013

Potapov Igor’ Ivanovich, Doctor of Physics and Mathematics, Head of the Laboratory of Computational
Mechanics, Computer Center, Far Eastern Branch of the Russian Academy of Sciences, ul. Kim Yu Chena,
65, Khabarovsk, 680000, Russia.

E-mail: potapovii@rambler.ru

Snigur Kseniya Sergeevna, Technicist, Laboratory of Computational Mechanics, Computer Center, Far
Eastern Branch of the Russian Academy of Sciences, ul. Kim Yu Chena, 65, Khabarovsk, 680000, Russia.
E-mail: snigur ks@rambler.ru



