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napamempos

B800HbIX  pecypcog8 npu  paspabomke  cucmembl
CeH-BeHaHa, modes, meopusi

ModesupogaHusi ~ daem  B803MOJXMCHOCMb  OYeHUMb

KayecmeeHHble u Ko/lu4ecmeeHHble U3MeHeHus

napamempog NomoKa no d/uHe U WUPUHe PyCad, PeXCUMbl
KaHa.ia U noseo/siem  onpedeaAumb  NpOeKMHble
coopyxceHull U  yAy4WUMb
3KCN/yamayuoHHble napamempbol UMerWuxcs
2udpomexHu4YecKux CoOpyHceHul.

napamempbol HOBbIX

Jna CO3JaHudA TaKoOM CHUCTEMBI IIOTOKA IO WHWpHUHe pyces. [ad MHOIUX

MOJIeJIMPOBAaHUSI ~ HE06XoAMMO  GyJeT BO/I0XO3SIHCTBEHHBIX OO'BEKTOB 0O0JIbIIOE
YCOBEPLIEHCTBOBATb CYULIECTBYIOIIHME U

pa3paboTaTb HOBble MaTeMaTHYeCKHe

3HaYeHHe UMEeKT XapaKTEPUCTUKHU MOTOKA
He TOJIbKO MO [JIMHe, HO U LIUPHUHE,
MoJe/ld W aJrOPUTMbl MOZEJUPOBaAHUSA 0COOEHHO, B pyc/iax peK U BOAO0XPaHUJIHUILL
IIPOLECCOB B BO/JI0X03IMCTBEHHBIX

K o0coGeHHOCTSIM pyces OTHOCATCH WX
06'beKTax C YYE€TOM JIByMEPHOr0 TeueHHs

CJIOXKHDbIE (1)0pr1, HMeriue I/I3FI/I6bl, d

BOJIHOTO IIOTOK HHOCTeH K
O/IHOTO OTOKA, 0COGEHHOCTEH pyces pe TaKXXe pyKaBa U HaJIMuMe B HUX Pa3JIMYHbIX

7 KaHaJIOB TU/IPOTEXHUYECKUX
o AP 6epero3alUTHBIX, eperopakKUBaLUX U
COOpY>KeHHUH Ha HUX U Ap. Jlo HacTos1ero o o
BO/I03a00pHBIX COOPYKEHUM pas3IMYHOU
BpeMeHU B OCHOBHOM CUCTEMBI
p KOHCTPYKIIMM U  KOMIIOHOBKH. YUeT

MOAEJINPOBAHHUA paBpa6aTbIBaJH/ICb AJ1d
ITOTOKa B

MHOTOMEPHOCTHU IMapaMeTpPOB 00'bEKTOB B

OOHOMEPHOTIO TedyeHUud

IPOCTPAHCTBE M JMUHAMHUKH IEpPeXOJHbIX
pecypcoB  mpu
IPOEKTUPOBAHUK U IKCIUIyaTallUd HMHU

BOAOXOBHFICTBGHHI:IX O6'beKTaX, KOTOphbI€
ImponeccoB BOJHBIX

YYUTbIBAKOT TOJIBKO OJIHY

[MPOCTPAHCTBEHHYIO IIepeMeHHYy1o, T.€.
BHOCHUT CylIeCTBEHHbI€ TPYAHOCTHU IIPpHU

AJINHY B/JOJIb PyC/la KdHaJla UJIHW y4aCTKa
YCOBEpHIEHCTBOBAHHNHU CYIIECTBYKOIIUX U

PEKH. [lo aTUM cucTemam pPaCCYNTBIBAOTCA

pa3paboTke  HOBBIX MaTeMaTHYECKUX

XdpaKTEPHUCTHUKHU IIOTOKA TOJIBKO I10 AJINHE
pyces 1 He YHUTbIBAKTCA XapaKTEPUCTUKHU

MO,Z[eJ'[eI\/II H aJITOPHUTMOB MO €/JIMPOBAHUA B
BOAOXOSHﬁCTBeHHbIX 00'bEeKTax.
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MeToAbl U pe3yJIbTaThl

B  ozHOMepHOM  ciyd4ae
HEYCTAaHOBUBLIErocs  JBUXKEHHUsS  BOJbI
(Cen-BenaHa) umeet BUJ,

ypaBHEHUU

ot ox
ﬁ(%ﬂv%) i [17(%)2} %’Z‘ - {i +%(%l<))h:const }(%)2 - % ’ (1)

Ba—z+6qu

rae: Q=Q(x ,t) - pacxon Boabl; z=z(x, t) -
OpAVHAaTa CBOOOJHON NOBEPXHOCTH; g-
rpaBUTALMOHHAS MOCTOSIHHASA; [ — YKJIOH
JH3; B=B(z) - wmupuHa MNOTOKa IO
IOBEPXHOCTH KMBOTO CeUYeHUsT; w= w(z) -
IJIOIIA/b >KMBOTO CeYeHUs1 OTOKA; c=c(Z) -
CKOpPOCTb pacnpoCTpPaHEHUsI MaJsbIX BOJIH;
K=K(z) - moaysb pacxoaa.

CymiecTBeHHBIM
OJITHOMEpPHBIX THJIPABJIUYECKUX MoJiesen
SBJSIETC WX yHUBepcaJbHOCTb. OHHU
IPpUMEHUMBbl KaK NPU NPOEKTHUPOBAHUH,
TaK W MPU 3KCIUIyaTalMU YY4acTKOB peK U
KaHajsoB. TakuM o06pa3om,
rUJpaBJUdYecKue MOJeNU NpPeJCTaBISIOT
HaWOOJIBIIUN UHTEPEC AJIs1 UCCIe/JOBAaHUS

MpenuMyLeCTBOM

HNMEHHO

JAVHaMHU4YeCKUX NpOLeCCOB B
BO/I0X031MCTBEHHBIX 00'beKTax v
CUCTEMaX.

[IpuBeseHHBbIE MOJieJIu MOXHO
KJAacCUPUIUPOBATh 1O UCHOJIb3YEMbIM
MeToLaM pelueHud. CywecTtByroue

MeTo/bl pelleHUs ypaBHeHUM CeH-BeHaHa
YCJIOBHO pa3rpaHUYeHbl Ha Tpu rpynibl. K
epBOU OTHOCATCS pelleHUs], oJTyYeHHbIe
B pe3yJbTaTe IMOMNbITOK HAWTU OOLUH
vHTerpas ypaBHeHUd CeH-BenHaHa ¢
IOMOLIbI0 CTPOTOTO MaTeMaTH4YeCKOTO
aHa/iM3a, KOrja TpUMEHSIETCI METO/,
IuddepeHUANbHBIX XapPaKTEPUCTUK C
NOC/eAYIOIIUM
ypaBHEHUU B KOHEYHBIX PA3HOCTSIX.

BTopyio rpynmy cocTaB/sSIOT pelleHus,
HaWJeHHbIE C TOMOILLbI0 MaTEMATUYECKOTO

HCII0JIb3OBAHHNEM

aHa/u3a C NpUBJEeYEHUEM TeOPUHU BOJIH
MaJIO¥ aMILJINTY/bl.
K TpeTbell rpynmne OTHOCATCA pelleHUs,

NoJIyYeHHbIe B pesyJsbTaTe
NPUOGJIMIKEHHOTO VHTEerpupoBaHus
ypaBHEHUH CeH-Benana C
npeJiBapUTeJbHOU 3aMeHOoM 1504

ypPaBHEHUSIMHU B KOHEUHbIX PA3HOCTSIX.
Mopenyd, OCHOBaHHble Ha  pelieHUuU
MOAMPUIUPOBAHHBIX OJJHOMEPHBIX

ypaBHEHUH CeH-BeHaHa [10].
KonBekyuoHHo-guddysHas Mo/ eJb
OCHOBBIBAETCs Ha T[peHeOpexeHHe

HMHEPIHOHHBbIX YJICHOB ypaBHeHI/If/’I H UMEEeT
BU/J,
@+(Q aK)aQ K? 0%Q

o (K onh

ox  2bjQ ax®

,(2)
rae K - mogyaib pacxopa.
B ciyyae nipeHebpexeHUs] YKJIOHOM
CcBOOOJHOM
ypaBHEHUE KUHEMATU4YeCKOU BOJIHbI
a_a) + @ =0

ot 0

X
Q= ocyRi 3)

Mopenu Teopuu BOJIH MaIO¥ aMILIUTYZbI
[9] npexanmosaraloT, 4YTO BCe HU3MEHEHUS
TUJIpaBJINYEeCKUX

IOBEPXHOCTH, MMoJIy4uM

3JIEMEHTOB,
00yC/IOBJIEHHbIE BOJIHOBBIM JIBUXKEHUEM,
0 CyTU BeJMYMHBl MaJjble, TaK 4YTO
KBaZpaTaMM 3THX BEeJIMYMH, 4 PAaBHO U UX
IpPOM3BEJIEHUSIMU MOXHO IpeHeOpeyb.
Jluneapusysa CeH-BenaHna
OKO0JIO YCTAQHOBUBILETO JIB>KEeHHUA
NPUBOJUTCA K JIMHEMHbIM ypaBHEHUAM
runep60JM4ecKoro TUMa C NOCTOSHHBbIMU

ypaBHeHHe

k0o3dPUIMeHTaMH, 3HAYeHUs1 KOTOPBIX
onpeJesTCs npu HayaJbHOM
paBHOMEPHOM pEXHUME.

JloCTOMHCTBOM BbILIENPUBEIEHHbIX
MozeJsien
He6O0JIbLIOr0 KOJIMYecTBa O6LIENPUHATHIX

anpo6UpOBaHHbIX

ABJIAEeTCA HCIIOJIb30BaHHE

H HEOAHOKPATHO
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MCXOJHBIX NOJIOXKEHWH, SICHas U CTporas
MaTeMaTHh4ecKas dbopmyMpoBKa
BO3HHUKAIOILUX 3a/1a4.

HepocTaTku rujijpaBiavdyecKux Mojiesiedl B
OCHOBHOM CB$I3aHbI C IPOLECCAMU B pycJiax
peK, rZie HabJ/1toJaeTCsd BOSHUKHOBEHUE TaK
Ha3blBaeMbIX  HETPAH3UTHbIX 30H -
3aKyCTapeHHbIX WJHU [JPYruxX y4acTKOB
peku, rje BoJa NOYTU He [JBUXKETCS.
HeTpaH3uTHble 30HBI HWUIpPalOT  pOJIb
aKKyMyJIUPYIOLUIMX €MKOCTeW, M03TOMY
TaKkhe 30Hbl HE JOJKHbl YUUTBHIBAThCS B
MeTo b1
BblJleJIEHUs] TPaH3UTHBIX 30H IMOKa He
pa3paboTaHbl, BCJeJCTBUE 4Yero OHU He

YYUTBIBAKOTCA B 06BIYHO HCIIOJIb3YyEeMbIX

KHNBOM Ce4YeHHUH IOTOKa.

OJITHOMEpPHBbIX  YpPaBHEHHUSX
BOJbl. B KaHajmax mNpM NpaBUJIbHOM
TEXHUYECKOM OOCJY)KMBAaHUHU TMOSIBJIEHUE
HETPaAH3UTHBIX 30H [IOYTH He
HabJIroJaeTcs,

JIBHXKEHUS

BCJIE€/ICTBUE 4ero
yKa3aHHble HeJOCTAaTKU TUApPaBJIUYECKUX
Mo/ieJiel ABJISIOTCA HeCylleCTBEeHHbIMHU.

Bo MHorux cjaydyagx Ha  OCHOBe
TUPOAMHAMUYECKOU TeOpUuu
OKa3bIBAeTCA BO3MOXHbIM  BBINIOJHUTb
JleTaJIN3MPOBaHHbIe pacyeThl IPOTEeKaHUs
COOTBETCTBYIOLIMX QU3NYECKUX ABJIEHUH B
MHOTOMEPHOU
06J1acTH M BO BpeMeHHU. [I[puMepoM Takoro
YCIEUIHOTO NPUJI0KEHUA TEOPUHU CJYXKAT
pacyeThbl ABUXKEHUS BOJbI B BUJie JJIMHHBIX
BOJIH. Cpe/i¥ JIVIMHHOBOJIHOBBIX JAIBUKEHUH,

MPOCTPAHCTBEHHOM

noapasaesjdeMbIX I1o JAUHAaMHW4YE€CKHUM
I[IpHU3HaKaM, IMpaKTH4YeCKH HauboJiee
3HAYUMbIMH ABJIAOTCA ABYMEpPHbIE

IpOIecChl B IMHUPOKHUX PyCJaX peK, 03epax,
KaHaJIOB ¥ BOJOXPAaHHUJIMIIAX.

MHoromMepHbIe TUJPOJJUHAMUYECKHE
IpOIecChl, XapaKTepuaymwliuecs: AJAHHO-
BOJIHOBbIMH  BO3MYIIEHUSMH, HaAXOJSAT
Pa3/IMYHBIX

MEXaHHUKH H FGOCI)I/ISI/IKI/I, dKYyCTHKE,

dHaJIOTHUI0 B ob6J1acTax

ra3oBoy JMHAMHUKe, TM/|paBJIKKe,
MeTeOpOJIOTHUH, CEMCMOJIOTUM U B JIPYTUX

HaIlpaBJIEHUAX HAYKH.

Teopus AJUHHBIX BOJIH NPUHAAJIENKUT K
KJIACCUYECKHUM pa3jiesiaM M poJUHaAMUKH.
HcxoHBIM M0J10KEHUEM TEOPUU SABJSIETCS
TUAPOCTAaTUYECKUU 3aKOH JIJ15 aBJIEHUSA

p(X, y) = ,Og(f(X, y) - Z(Xv y)) + pO (Xv y)
, (4)

r/le X, y TOpPHU30HTa/IbHble KOOPAUHATHI,
KOOpAMHaTHas 0cKkocTb XOY coBnagaer c
HEeBO3MYILlEeHHOHU
BepTUKa/bHasi 0Cb Z
HamnpaBJieHa BBepX; & - IpeBblllIeHUE
YPOBHS BO/IbI Hag, PaBHOBECHBIM
NOJIO)KEHUEM, P - IJIOTHOCTb BOJBI, g -

MMOBEPXHOCTBIO
KHNJKOCTH,

YCKOpPEHHE CUJIbI TAXKECTH. Tak kak p Be3je
INOCTOAHHAA, YTO IIO3BOJIAET UCKJIIIOYHUTDb U3
pacCMOTpeHHA BHYTPEHHHE BOJIHBI.

JonyiieHue 0 TUJIPOCTaTUYHOCTH
JlaBJIeHHUS B c/y4yae UjeaJbHOU KUAKOCTH,
MMeeT CBOUM CJIe/ICTBUEM HE3aBHCUMOCTD
OT Z TOPU30HTAIbHBIX YCKOPEHUH YACTHUILbI
KUJKOCTHU (a ceJl0BaTeJIbHO, u
rOPU30HTAJIbHBIX COCTaBJISIIOLIUX
CKOPOCTH, eCJIU JIBUKeHHe HAauMHaeTCs U3
nokosi). IlpeHebpexeHue
BepPTUKaJbHbIM YCKOpEHHEM IMPUBOJUT K
3aKOHY THUJPOCTAaTHKU. ITa TMO3BOJISIET

COCTOAHUA

YMEHBIIUTb pa3MePHOCTb IPOCTPAHCTBA, B
IpoLecc, u
paccMaTpuUBaTh [ABWXXEHHE B JByYMEpHOU
mnockoctu XOY.

KOTOpOM HN3y4daeTcd

Haubosbiee YU CJI0 NPUJIOKEHHUH,
pellleHHbIX 33/ja4, [EHHbIX Pe3yJIbTaTOB C
MOMOIIbI0 TEOPHUM JBYMEPHBIX AJUHHBIX
BOJIH [JIOCTUTHYTO, HECOMHEHHO, TIpHU
M3y4YEeHUH aCTPOHOMUYECKHUX MPUJIUBOB B
oKeaHe. Bcs ucTopusi pa3BUTHs TeopuU
NPUJIHUBOB co BpeMeH HeloToHa

npeacraBJjdeT cobou NocTerneHHoe
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yCJI0KHEHHEe MaTeMaTU4YeCKOro OMHCaHUS,
ONHpaoIerocs Ha
Heu3MeHHble GU3NYECKHe MPUHIUIIBL. YKe
B  CTaTU4YeCKOH

HEKOTOpbIe
TEOPUH  NPUJIHBOB
CoJlep>KaTCsl OCHOBHbBIE MOCTYJIAThl TEOPUU
MeJIKOW BOJIbl, U YpaBHEHHUS B 3TOM CJay4yae
BbIpAKalOT paBHOBeCHE T'OPU30HTAJbHBIX
NPOEKIMH CUJIbI TpaZiieHTa AaBJeHUs U
NpUIMBOOOpA3yoUIeil  CUJIBIL.
TEeOpUH U ee MaTeMaTHh4ecKasl
dbopMyIMpoBKa o CYLIeCTBY He
usMenuauc) 3a 200 JsieT  cBoero
cyuiecTBoBaHMus. OJHaKo pa3HooOpasue,
XapaKTep M CJ0XXHOCTb IOCTaBJIEHHBIX
33/lad U METOJIOB WX pelleHHUs [IeJalT
HeJIETKUM JJaXKe MPOCTOe MepeyrcaeHue.

OcCHOBBI

Camble paHHHE HJAeH, OTHOCALUecd K
W3YYEHUI0 [ABYMEPHbIX TeUYeHHUH BOJbI C
MIOMOIIbIO amnmnapara HbIOTOHOBCKOH
MeXaHUKH, MPUHAJJIeXKAT, HECOMHEHHO,
camoMy HblTOHY, cdopMyrpoBaBlIIEMY
OCHOBHbIE CTaTHYECKOH
TeopHU. IpU CHOpPMYJIMPOBAT MHOXKECTBO
33/lad O CBOOOAHBIX UM BBIHYX/EHHBIX
NPUJIMBHBIX BOJIHAX B U/l€aJIM3UPOBAHHbIX

fpacceriHax.

ITOJIOKEHUA

O6H_[aﬂ INIOCTAHOBKA MHOT'OMEPHbIX 3a1d4
pacinpoCTpaHeHUuA OJIMHHbIX BOJIH, €CJIM HE
npearnoJiaraTb ABUXEHHE IIEPUOJUYECKUM
BO Bp€eMeHH, INIPUBOAHUT K KpaeBbIM

3a7a4yaM LTSI runepo6oJndecKux
ypaBHeHUH. PelieHue runep6oMdecKux
ypaBHEHUM  MpeJCTaBJseTCs, BOOOIIe

roBopsi, 0OoJjiee yAOOHBIM, MOCKOJbKY
HapsAy C YCTAaHOBUBIIUMCS KoJieGaHHEM
JJAaHHOW 4YaCTOThbI, BO3HUKAIOLUM IO/
BO3/IEUCTBUEM MEPUOAUYECKON BHEUIHEH
CWUJIbl WJIM TPAHUYHOTO PEXHUMa, OHO
JIONyCKaeT

BKJIIOYAlOILIee

OIMHMCaHHe ABJIEHHA,

nepexosiHble  MPOIECChI
MEeXJly HayaJIbHbIM W YCTAHOBUBIIUMCS

COCTOAHHUAMMU.

CaMble mpoCTble C/aAy4ald [ABHKEHUS
IPUBOJAT K BOJIHOBOMY ypaBHEHHUI U
rpymnmna 3a/ia4y
YA0BJIETBOPUTENBHO pelllaeMasi Ha OCHOBe

nMmeeTCcAa

TAKOro YNpolleHHOro onucanus. OJHako,
OOJILIIMHCTBO  33Jay, B  KOTOPBIX
CylLleCTBEHHA HEJIMHEUHOCTb U K TOYHOCTH
pe3ysbTaTa MNpPeAbABIAIOTCA  BbICOKHE
Tpeb6oBaHUsA, QOPMYJUPYIOTCI B BHUJE
CMelllaHHbIX 33Jay /i KBa3WJUHEWHBIX
runepboM4eckux cucreM. Takue 3aZauu
HauboJsiee TPYAHBIX, U UX NOSIBJIEHUE B
3TOM HalpaBJieHWHU 03HaMeHOBaJIO Hayaslo
COBPEMEHHOTO 3Talla UCCcle,0BaHUH.

M3MeHeHHs, KOTOpble IpeTepleBaeT B
HacTosilllee BpeMs KJlIacCHYecKass Teopus
JJIMHHBIX BOJIH, 3aTparuBalT CcaMble
pa3JinyHbIe ee
['vapoAuHaMHUYEeCKUHA aHaJu3 Mpolecca
npuBes K 6oJjiee 001eMy noAxoAy MpH
V3Y4YEeHUHU JJIMHHOBOJIHOBBIX JIBUKEHUHW Ha

CTOPOHBI.

OCHOBE MeJKOH BOJbI.
UccnenoBanusa Courant [27], cBsi3aHHbIE C
noBeJleHueM
runepb6oJn4ecKux ypaBHEeHUH, O3BOJIUIN

MNoJIy4YuTb [AJid CHCTEM ypaBHEHI/If/'I C

TEOpUH

KBa3UJMHEHHbIX

CUMMETPUYHBIMU MaTPULLAMHU, K KOTOPBIM,
B YaCTHOCTH, OTHOCATCS YpaBHEHHUs,
OMUChIBAOIHE ABUKEHHUE BOJIH HA MEJIKOU
BO/ie, YCJIOBHSI KOPPEKTHOCTHU MOCTAHOBKHU
[Iporpecc
BBIYMCJIWUTENbHON TEXHUKU U YHCJIEHHBIX
MeTO/I0B MHTErpyupoBaHUs
nuddepeHUaTBbHBIX ypaBHEHUU
obecrieyns OCHOBY [iJJIs IpOBeJeHUs
IIUPOKUX HCCAEJOBAaHUNW M0 CO3/JaHUI0

CMeIlaHHOU 3aJay4yM.

MaTeMaTHYeCKUX MoeJsien
COOTBETCTBYIOLIUX reopU3nYeCKUX
ABJIEHUH. HakoHel, B obJiacTu
NpaKTHYECKOU peasM3anuu TEOpHUH

COBEepIeHCTBOBAHHUE METOAUKHU N TEXHHUKHU
ruapoMeTeopoJIOrn4eCKux Ha6ﬂ}OAEHHfI
OHH caeJsajin BO3MOKHbIM Co3JaHHe
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TUpOJMHAMUYECKHX MEeTOJ0B pacueTa
3THUX SIBJIEHUH B pPa3/IMYHBbIX pPeabHbIX
PaccMoTpum noZpo6Hee
HEKOTOpbIE U3 3TUX BOIIPOCOB.

YyC/10BHUAX.

W3 ypaBHeHUA HepaspbIBHOCTH  JJiA
HeCKMMaeMOM XKUAKOCTH

divV=0, (5)
rae V — BEeKTOp CKOPOCTH.

Hcnosib3oBanue
TEOPUM MeJIKOM BOAbl JJi pelLleHUs
pas3JMyHOro poja MpaKTUYeCKUX 3ajay
CBAA3aHO ¢ (QOpPMYJMPOBKOM HX KakK
HEKOTOPBIX KpaeBbIX 3aJay A/l CUCTEMBI
nudoepeHManbHbIX  ypaBHeHUH. [Ipu
3TOM C [JIOCTaTOYHOHW MOAPOGHOCTHIO

TUAPOJAUHAMUYECKOU

JIOJDKHBl  3ajlaBaTbcl  MopdomeTpus
BOJl0€Ma, BbIHY>KJaloliye U
JICCUIIaTHBHbIE CUJIBI, HayaJIbHOe
COCTOsIHUE npouecca BO BCeH

IPOCTPAHCTBEHHOW 00J1IaCTH, a TaKxe
JloJDKeH ObITb NpeJJloKeH HEeKOTOpbIH
MeTO/i, HaXOX/leHUsl pelleHUs1 YpaBHEHUH.
COBOKYNHOCTb 3THUX
XapaKTepusyeT MaTeMaTHYeCKyl MoOJeJsb

3JIEMEHTOB

M3y4yaeMoro fIBJEHUSIX, M IMOCKOJIbKY
peiieHue auddepeHMATBHON CUCTEMBI
JIOJDKHO  HENpepbIBHO  3aBUCETb  OT
K03QPUIIMEHTOB  ypaBHEHUW, MpaBOH
4YacTH, HA4YaJIbHbIX U TPAHUYHBIX YCJOBUH,
TO CTAaHOBUTCS HOHSITHBIM, 4YTO
3pPEeKTUBHOCTD U TOYHOCTb MOJIeJU
ornpe/esIII0TCS dakTopamMu

MaTeMaTHu4eCKoro, ruapoJjioru4eckoro u

MHOT'MMH

METEeOpPOJIOTHIECKOI'0 XapaKTepa.

BMecte ¢ TeM BBUAY  CJOXHOCTH
NPUPOAHBIX SIBJEHHUH QYHKIIMOHAJIbHOE
3a/laHle COOTBETCTBYIOIIUX (GAKTOPOB U
HaxoXJleHHe aHaJIUTHUYeCKHUX pelleHUH B
OOJIbLIIMHCTBE CJy4aeB He Y/0BJIETBOPSIU
Tpe6OBaHUSAM NPAKTUKU. ITO, HAIPUMep, U
npex/e BCEro OTHOCUTCS, K 3JIeMeHTaM

060CHOBaHUS TUJIPOTEXHUYECKOTO
IpPOEKTUPOBAaHUSA U K
MEeTO/I0B MPOrHO3a KoJieGaHUN ypPOBHSA

BO/JibI, CBA3aHHbIX C

IOCTPOEHHIO

pas3IMYHBIMU
Bo3MylleHUsAMU. CiieiyeT MNOJYEPKHYTH,
CPaBHEHHUIO C  JIpyTMMHU
OKeaHOJIOTUYeCKUMHU 3ajlayaMu
uccjel0BaHusA 0 JJIMHHOBOJIHOBBIX
BO3MYLIEHUAX OKa3aJIUCh B
06/1arOoNpyUATHOM IOJIOXKEHUU. B camoMm
Jlesle, CO3/laHHe HOBBIX METOJ0B pacyeTa

4To Ino

TU/IPOMETEOPOIOTUYECKUX ABJIEHUH
06513aHO ycrnexam COOCTBEHHO
TUIpOAMHAMHUYECKOMN TEeopUHr U
COBEPIIEHCTBOBAHHUIO METOJUKH U

TeXHUKU HaOJIOJAeHUNH. YO0eaUuTeJlbHbIM
NpUMEPOM TAaKUX UCCIeJOBAHUH ABJISIOTCS
JIOCTHIKEHUS METO/I0B
nporxHosa norojibl. UMeHHo 3/1eCh BliepBble
HalJIU BOILJIOLLIEHHE MPUHIIUIIBI
«Aepapxuu» IpoLeccoB B aTrMochepe U

YU CJIEHHbIX

OTPUIBTPOBbIBAHHUE M3 OOIENH CHCTEMbI
ypaBHEHUU HY>KHbIX 3P PEeKTOB.

/IBr>KeHUe [JMHHOW BOJIHBL (puc. 1),
auddepeHIMaTbHBIM
ypaBHeHueM (Ctokep, 1959)

OIINCbIBAE€TCA

d_U =F-gV¢

dt (6)
rae U = {uxyt), vixy,t)} u F = {Fx(xy,t), Fy
(xy,t),} - CKOpPOCTb BHEIIHEH CHUJbI Ha

e/JUHUIY MacChl, U BEKTOP BHEIUHUX CHJI,
KOTOpble He 3aBUCSAT OT BePTHUKAJbHOU
KOOpJAWHATbl, g - YCKOpPEHHE CUJIbI
TsDKecTH, & - TpeBbIlIEHHE YPOBHSA
YKUJIKOCTH HaJi ee  paBHOBECHBIM

IMOJIOKEHHU EM.
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y \
~— NOBEPXHOCHIb

h cpeW@/ ~

v

Puc. Cxema jBW>XeHUe JJIMHHOW BOJIHBI B
ocAx koopauHat XYZ..

YpaBHeHuUEe (3) BbIpaXkaeT 3aKOH
COXpaHeHHUsl KoJsindyecTBa JABWkeHUsA. OHO
MOJIy4yaeTcss U3 OCHOBHOTO YpaBHEHWUS
MEeXaHUKHU CIJIOIIHBIX CpeJ

Nt Lt

a p )

rae” = P (xyt) - mioTHOCTB, V = {U,V,0} -
CKOPOCTb YaCTHIIb], f — BHEIIHASA CUJIa

B NIpeAIoJI0XKEeHUU
TaHTeHLMaJIbHbIX HaNpsKeHUU il
TeH30pa HalpsKeHU N T,
XapaKTepHU3YyIOIero peakLUio cpejbl Ha
BHYTPEHHUE CUJIbI; CUCTeMa HallPSXKEeHUH B

OTCYTCTBHUA

JIIOOOM TOYKE IKHMJIKOCTH CBOJMUTCI K
paBHOMEPHOMY JaBJieHHI0 (CXKAaTHIO) U
ypaBHeHue (6) moJiy4aeTcs, eCJid NPUHATh
JUIsT  BeJMYUHBbl 3TOTO JABJEHHUA P
TMAPOCTAaTUYECKUH 3aKOH U3MEHEHU S

p=pg(&-12) +pa (8)

(pa - armocdhepHOe JlaBJieHHE Ha
CBOOO/IHOM MOBOPXHOCTH) U MOJIOKUTD p =
const.

BHeLIHUMHU CU1aMU AJIA paCCMaTpPpHUBA€EMBIX
3ala4 ABJAKOTCA, KpoMe CHUJIbl TAXKECTH,
CHJIa TPEHHUA BeTpa (0] BOJHYIO
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IIOBEPXHOCTb, TPEHHE BOJbI O IHO, 6epera u
atMocpepHoe  JaBjieHHe. ITH  CUJIbI
3a/jal0TCcsA Kak byHKIMK
IPOCTPAHCTBEHHBIX KOOpAHHAT U
BpeMeHU, OHHU [JO/DKHbI BXOJUTH B
"Opa BHEIIHUX cuJa F B
npaBod yacTu ypaBHeHus (3). OTHeceM
YCKOpEeHHe 4YaCTUIbl KUJKOCTH B 3ITOM
ypaBHEHUU K
HEeIoJBUXKHO
3aMeHUB JIeBYI0 4YacTb YpaBHeEHHS Ha

d—U+2a)XU

(w - BEKTOp yTJIOBOM CKOPOCTHU

BbIpaXeHue a1 x

cucremMe OTCYETa,

CBA3aHHON ¢ 3eMJieH,

BpallleHUs
ypaBHeHHe - YypaBHeHHWe OJijepa - B
NpUOIMKEHUN

3emun). [TonyyeHHoe
TUIPOCTAaTUYECKOM
OMUCBhIBAET ABH)XEHHE AJMHHOW BOJIHBI B
HjeajJbHON HEC)KHMAeMOM KHMJAKOCTH C
ydyeToM cuibl Kopuosvca. HeusBecTHble
ébynkuuu U = {u, v} u € onpeaenstoTcs npu
HEKOTOPbIX HaYaJbHbIX U YCJOBHUSX U3
ypaBHEHHUS (3) u ypaBHEHUs
Hepa3pbIBHOCTH, BbIpaXKawlIllero 3aKoH
COXpaHeHHUs] MacChl B MPU3MATUYECKOM
CTO0JI0€ JKUJKOCTH MexJy O6eCKOHEeuYHO
06JIM3KMMU BEPTHUKAIbHBIMH MJIOCKOCTSIMH,

@—I—QHU—FEHV:O
ot OX oy 9)

rae H(xyt) = h+ ¢

h (xy) - HeBo3MylleHHas TIJyOHWHA
YKUJIKOCTH.

HUcnonbays popmyia
d_U = % + (UV)U
dt ot ) (10)

3anuiieM NpoeKuuu ypaBHeHus (3) Ha ocH
KOOpJIMHATaM:

au+8u ou oH
, (11)
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, (12)

r/ie BEKTOp
Q={Dy, By} =F-20xU+gVh (13)

B  panbHeiimieM Mbl  OyJeM  4acTo
MCII0JIb30BaTh YJIOOHYI 3aMUCh CHUCTEMbI
ypaBHeHud (4), (5) B BHUAe OJHOTO
BEKTOPHOI'0 ypaBHEHHS

M, aY, gY g

ot ot oy (14)
3aech

u 0 g v 0 0
U=|v A=/0 u 0 B=|0 v ¢

Ecnu AB He 3aBucat ot U, a BekTop @
3aBUCMT oT U He/luHeHHO, cuHcTeMa
ypaBHeHUMM (14) HasbiBaeTcs MOYTH
JUHeHHOW. B o6umem ciaydae, Korja
MaTpuLbl A U B 3aBUCAT OT KOMIIOHEHTOB
BEKTOP U, (14) npeacTaBJseT
KBa3WJIMHEMHYI0 CHUCTEMY ypaBHeHUU
runep60JM4eCKOro TUMa.

/IBymMmepHoe
ONMChIBaOILHe
Te4YyeHHe BOJbl B OTKPBITBHIX pyCJax

a—h+a(Uh)+M+i =0,

ypaBHeHUs CeH-BeHaHa,
HeyCTaHOBUBIIEeCs

ot ox oy

o(uh) o(u?h) L ouvh) g o(h*/2) _ gh(S. —S,)
ot X oy OX o

owh) a(vzh) _ Ouvh) g o(h*/2) _ gh(S, —S,)
ot oy oX oy v

(16)

31ech X — KOOpAMHATA OCH MO JJIMHE; ) —
KOOpPAMHATA OCH IO IIHWPHUHE; t — BpeMs;
h=h(xy,t) - rny6briHa BOJJHO! NOBEPXHOCTH;
u=u(xy,t) - TnpojoJibHasi COCTaBJISAMOIIAS
CKOPOCTU BOJHOTO TMOTOKa; V=v(xyt) -
nornepeyHasl COCTABJSAOIAS  CKOPOCTH
BOJIHOTO MOTOKA; Sax — YKJIOH JiHA IO OCH X,

Sey - YKJIOH JHA 1O OCH Y, Six - YKJIOH
CBOOO/IHOM MOBEPXHOCTH BOJbI 11O OCH X, Sf
- YKJIOH CBOGO/JTHOM MMOBEPXHOCTH BO/IbI 11O
OCH J; g - yCKOPEHUE CUJIbI TIKECTH; i(X,),t)
- UHTEHCHUBHOCTb MOCTYIJIEHUH BO/JIbI.

OpauHaTa AHA KaHausla 3a7jaeTcsd QyHKIMen

Zo(xy), TOrja  YKJIOHBl  JHA 1O

COOTBETCTByI-OU.U/IM KOOp,E[I/IHaTaM
onpenesioTCs
oz 15/4
SaX = ao ) Say = O ]
X oy (17)

C nmomouibio popMysibl MaHHUHTA TOJYYUM
YKJIOHBI CBOGOJHBIX IOBEPXHOCTEH IO

OpZiMHaTaM.
n2u(u2 +V2)1/2
W =
h4/3

nZV(UZ +V2)1/2
Sfy = h4/3 :

(18)

YpaBHeHue (16) OTHOCUTCS K JJByMEpPHbIM
ypaBHEHHUSIM
ypaBHEHUSIM rUNepO0oMYeCKOro TUIA.

KBa3UJIMHEHHbIM

BBesieM 3aMeHy NepeMeHHbIX p=uh, q=vh.
Torpa ypaBHeHue (16) uMeeT BUJ,

8_h+@+a_q+|:0
ot ox oy
PO R I 0By gy g POTEE)
ot ox h 27 oy ' h OxX %
h

1
2 2\2
(%thfaz" +gn27p(ID +a)

o, 0 Z ogh? L0

OX =0
(19)

3anuceiBasg 3TH YpaBHEHUS B BEKTOPHOU
dopm™me, nosy4yum
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@+%+@+D=O
ot ox oy
(20)
rae U,F,G u D BeKTOpbI yHKIUHU
p
p
h 2 g2
_ B L PO
U{(ﬂ F=| -+ &= +
d a? , on?
h 2
(21)
i
1
2+ 2\ 2
D- gh% gn’ p(p 701) |
OX he
1
2+ 2y\2
ghai+ 0?2 q(p”+4a°)
oy 7
h3
(22)

Tak kak ¢yHkuuu F(U) u G(U) 3aBUCAT OT
¢ynkuuu U, ypaBHeHue (21) 3anuuieM B
c/leiyIolleM BU/jie

o oFoU oG ouU
—+——+——+D=0

o4 oUox oU oy _ (23)
OkoHuaTe/IbHO 3anUIlIeM YypaBHeHUe (23) B
BEKTOPHO-MaTpUYHOHN PpopMe.

U + A& +B oy +D=0

a ax g : (24)

rje

www.in-academy.uz

0 1 0
2
A= K =| - p_z +gh 2p 0|
ouU h h
_ P9 9 4
h® h h
0 0 1
LG _|_p g
oU h h
2
- 2—2 +gh O ZFq
(25)
be3  y4yeTa  HWHEpIMOHHBIX  YJIEHOB
ypaBHeHHUe (16) uMeeT BUJ,
an, ouh) L avh) ;g
ot ox oy
oh s S
xR
oh S S
——=Say - )
% Y (26)
JlanHoe ypaBHEHUe OTHOCHUTCA K

JIByMepHbIM
napaboJiM4ecKoro TUma

YPaBHEHUAM

Takum o6pa3oM, JByMepHOe ypaBHEHUE
CeH-BeHaHa, omnuchIBalollee
HEYyCTAaHOBUBIIeeCs TedyeHHUs1 BOJAbl B
OTKPBITBIX pyCJiaX, B BEKTOPHO-MaTPUUHOHU
dbopme nMeeT BU/

@+A@+B@+D=O
o x (%) €Q(27)

rae U={h, p, q}.
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p=uh=p(xy,t) - 1poJoJibHas1 COCTABJSIOIIAS
pacxoJia BOAHOrO MOTOKa; q=vh=q(xyt) -
nomepeyHasl  CoCTaBJjsiouias  pacxoja
BOJIHOTO MOTOKA; U= u(x,y,t) - npoAo/bHas
COCTaBJISIIOIIASS CKOPOCTU BOJIbl BOJHOTO
NOTOKa; v=y(x,),t) - nonepevyHas
COCTaBJISIIOIAS CKOPOCTHU BOJTHOTO MOTOKA;

020/0x -y OX KJIOH [jHA 10 OCH X, 0z0/0y-
YKJOH JHA MO OCHU Y, N - KO3QPUIUEHT
HIEPOXOBATOCTH, g - YCKOpPEHUEe CUJIbI
TSOKeCTH;  i(xy,t) -  HUHTEHCUBHOCTb
NOCTYIJIEHUS BO/IbI.

o

|

Ne

o
S|l o

o =

3aK/IloueHue

[\ J—

9 [Ipepsiaraemas Hayy4yHas paboTa

|
+
(@)
=
o

HampaB/JieHa Ha  pelleHHe  Hay4Ho-
TeXHUYEeCKOH npo6JseMbl
COBepLIEeHCTBOBaHUE ynpaBJieHUs
BOJAHBIMHU pecypcaMHU NPOCTPAHCTBEHHO
pacnpeziesieHHbIX BO/10X035IMCTBEHHbIX
00beKTOB (LIMPOKHE Yy4YacCTKU peK H
, p(pz +q2)% KPYIHbIX KaHaJIoB, a TaKxe
BOJIOXpAHUJIMIL).  YIpaBJeHHE  TaKUX

h% BO/I0X035IMCTBEHHbIX 00'bEKTOB
3aTpyAHseTCS 13-3a 3HAUYUTEJbHON
aZO 5 q(pz +q2)% NpPOCTPAaHCTBEHHOM  pacnpe/ieJIeHHOCTH
gh—=+gn 7 00bEKTOB )1 pas/JIM4YHbIX
oy hé rujiporexuuyeckux coopyxeHuit (I'TC u

5 h@zo
o e o

HWHEPUOHUOHHOCTH IePEXOAHBIX ITPOLECCOB.

3/iecb X — KOOpZAUHATAa OCH M0 JJIMHE; § —
KOoOpAMHaTa OCH IO IIMpHHe; t — BpeMd;
h=h(xy,t) - raybuHa BOJHOrO IOTOKa;
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