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YUCJEHHOE MOJAEJIMPOBAHUE PACITPOCTPAHEHUA
JJIMHHBIX BOJIH B ITPOJIUBE BOC®OP

KananoBast Mozienb MOBEpXHOCTHBIX JUIMHHBIX BOJIH IIPMMEHEHA ISl OTMCAHUs pac-
IIPOCTPAHEHUSI OJUHOYHBIX JMHEHHBIX BOJIH B KaHAJIaX IEPEMEHHOro cedeHus. Beimon-
HEH YMCJICHHBIM aHaIW3 KOHEYHO-Pa3HOCTHBIM METOJOM WU3MEHEHUS aMILTUTYABI BOJHBI
IIPY pacnpocTpaHeHny depes npoius bocdop u3 YepHoro mops B MpamopHoe 1 Hao000-
pot. Ha otnenpHbIX yyacTkax npoiusa bocop BO3MOXKHO yBenndeHHE BBICOTHI BOJHEI B
nonTopa pasa. PocT 1 ymeHbIIEHNE BEICOTHI BOJIHBI B3aMMOCBSI3aHbI ¢ U3MEHEHUSMH I'e0-
METPUH NONEPEYHOT0 CEUEHHS IPOJIUBA.

KUIIOUEBBLIE CJIOBA: 00uHouHble ONUHHbIE BONHbI, PACNPOCMPAHEHUE, KAHAbL Ne-
PEMEHHO20 NONEPEYHO20 CEHeHUs, KAHANOB8AS MOOeb, PeueHus Yucaennble, npoaus bocgop.

BBenenne. Mopckue npoiIHBEI IPEICTABISIIOT CO00H BOIHOE MPOCTPAHCTBO
MEXIy IBYMS y4acTKaMu CYIIM, COCIMHSIOIIEE CMEXKHBIC BOJHBIC 0acCEHHBI.
DTO palloOHBl aKTUBHOT'O CYJIOXOJCTBA, CBSA3aHHOTO C HEMaJbIM pHCKOM. Yacto
TPOJIHMBEI SIBJISIFOTCSl 30HAMU MHTCHCHBHBIX TEUCHUH M BOTHOBBIX MPOLIECCOB, YTO
TOBOPHUT O Ba)KHOCTH BCECTOPOHHET0 M3Y4YEHHs TMHAMHKH MOPCKOW Cpe/ibl B Ta-
KUX JIMHAMHYECKU aKTUBHBIX paiioHax MUpoBOro okeaHa.

Hwxke paccmaTpuBaercss pacnpoCTpaHEHHE OAWHOYHOW IOBEPXHOCTHOM
JUIMHHOW BOJIHBI B KaHaJe IEPEMEHHOrO CEYCHUS, MOJCIHPYIOIIETO IMPOJIHB
Bocdop. s onucanus pacrpocTpaHeHHs JTMHEHHBIX JUTMHHBIX BOJIH MPUMEHEHA
KaHaJIOBasi TEOpHsl, KOTOpas OMEPUPYET C OCPEAHEHHBIMHU IO TOMEPEYHOMY Ce-
YEHHIO KaHajla TOPU30HTAIBHON CKOPOCTBIO U CMEIICHUSIMH YPOBHSI Mops [1, 2].

KananoBas Teopusi [JUIMHHBIX BOJIH M €€ OCHOBHBIC IIPHHLMITEI HALIUTA CBOE
NPUMEHEHNE B TEOPUH MPHIUBOB [3], IpU OnmcaHuy pacrpocTpaHEeHHs BOJIH TH-
na IyHaMH B KaHaJllax MePEeMEHHOro ce4eHus [4], NpUIMBHBIX BOJIH B YCTHAX PEK
[5], moBepxHOCTHBIX [6] M BHYTpeHHUX (IBYXCIIOWHAs KUAKOCTB) [7] ceim u ap.
JIoCTOMHCTBO KaHAJIOBOH TEOPUH — 3aMEHa JIByMEPHOH BOJHOBOW 3aJa4M OIHO-
MepHOii. PacnpocTpaHeHne mepHoIUuecKuX BOJH B KaHallaX MOJCIBHOW M pe-
aTbHOM T€OMETPUU paccMOTpeHo B padore [8].

MartemMaTH4Yeckasi IOCTAHOBKA 3afauyM. B TropH30HTaIbHOH INIOCKOCTH
Oxy (X, Y — nmexapToBbl KOOPAMHATHI TOYKH HA IUIOCKOCTH) pacCMaTpUBAETCS
KpPHUBOJHMHEHHBINA KaHan (npoiuB bocdop), mokasannsii Ha puc.l. Kanan xapak-
Tepu3yercsl [UIMHOM L, u3MeHsromeiics BI0Ib OCH KaHalla JIOKAJIbHON MHPHHON
3epkana D(X), mepeMeHHONW MaKCHMMAJBHOH TIIyOMHOW B TIONEPEYHOM CEYCHUH
kaHana H(X), HakoHell, TIOmAaAbI0 onepeyHoro ceueHus S(X), rae X — KpUBOJIH-
HeliHasi KOOpAMHATA BJIOJIb OCH KaHaJa.

B nuHeliHOM NpUOIKEHHH PaCCMOTPHM PacIpOCTPAHEHHE B TAKOM KaHale
OJIMHOYHOW BOJIHBI, BXOzsieil B mponuB B Touke X = 0 (U€pHoe Mope) U BBIXO-
Jsiie U3 kaHana B Touke X = L (MpamopHoe mope) 1, Haobopot, u3 MpamopHo-
ro mops B Uéproe. [Ipu MopenupoBaHiy pacripoCTpaHEHHsI BOJIHBI BOCIIONIB3YEM-
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Puc.1.IlpomuB Bocdop, coexmusrommii
Yepuoe (X = 0) u Mpamopsoe (X = L) MopsL.

Cs1 KaHAJIOBOM TEOpHEW IIMHHBIX BOJIH
[1, 2], omepupyromieii ¢ ocpeaHeHHOM
[0 TOMEPEYHOMY CEYCHHIO KaHaia ro-
PH3OHTAIBHOM CKOPOCThIO U = U(X, t) 1
OCPEITHECHHBIMH TIOMEpPeK KaHana (o
HOPMAJIbHOM K OCH KaHaja KOOpIHHATEe
Y) cMemnieHusIMH CBOOOTHOM MOBEPXHO-
cru xuakoctu § = ¢(X, t).

B pamkax 3Toro moaxoma JIHHEH-
HOE JIBIDKEHHE )KUIKOCTH B KaHAJIE OITH-
CBIBAETCSI CHCTEMOM JIBYX YpaBHEHUN

u__jac e 1o g

- H
ot ox ot b ox
Ecnu  MCKITIOYUTH TIPOIONBHYIO CKO-
pocth U u3 cucremsl (1), To mpumem K
BOJIHOBOMY YPaBHEHHIO C 3aBUCAIIMMHU

0T X KO3 PHUIIHEHTaMHU:

0’ 900

— - —|S=|=0. (2
ot°  box\ ox

Cucremy ypaBHeHuii (1) HEOOXOAMMO JOMONHUTH HAYAIbHBIMU U TPaHUY-

HBIMHU YCJIOBHAMH. HavaibHbBIE yCIOBUS MPEANONararoT OTCYTCTBHE BO3MYIICHHMA

MOJSI CKOPOCTH M CMEIIEHUI CBOOOAHOM MOBEPXHOCTH B HAYaIbHBIA MOMEHT
Bpemenu t = 0, IMEHHO

u=0, ¢=0 (t=0). 3)

[Ipu paccMoTpeHHH pacHpOCTpaHEHUs OJMHOYHOW BOJIHBI 4epe3 MpPOIUB
Bbocdop u3 Uéproro Mopst B MpaMopHOe Ha IpaHHULAaX MPOJIKBA 33aBalluCh yc-
JIOBUsI CBOOOZHOTO BXO/[a B TIPOJIMB BOJHBI 3a1aHHOM (hOpMBI (IOTYBOIHA CHHY-
COM/IbI) ¥ CBOOOIHOrO BBIXOJIA M3 HErO BOJIH, TOCTHIIIMX MpPaMOPHOTo MOpS:

C=aosin(§j, u=\/%§ (x=0, 0<t<T), @)

au gS du
—=.-—— (x=0, T<), 5
ot b ox ( ) ©)
au gS au
—=/—— (x=L, t>0), 6
ot b ox ( ) ©)

rae T — JUIUTETbHOCTh OJTMHOYHON BOJHBI HA BXOJIC B TIPOJIUB.

[Ipu paccMoTpeHUU pacnpoCTpaHEHUs OAMHOYHOW BOJHBI 4Yepe3 MPOJIUB
Bocdop u3 Mpamoproro Mopst B UépHoe Ha rpaHMIIaX MPOJIMBA YCIOBUS CBO-
00IHOT0 BXOZa M BBIXOZA BOJHBI 33JaI0TCSl aHAJIOTMYHBIM O00pa3oM C y4EeTOM
HMHOT'0 HAaIpaBJICHUs paCIIPOCTPAHEHUS BOJIHBI HA BXOJIEC B KaHAI.
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Puc.?2.Pacnpenenenus BHoib
ocu nponuBa bocdop morepeu-
HOIM mmpuHbl 3epkana b(X) (a),
MakcuManpHOM rayouHer H(X)
(6), mnomwagM monepeyHoro ce-
yenus S(X) ().
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3amaya (1), (3) — (6) pemanacy YUCICHHO METOJOM KOHEYHBIX Pa3HOCTEH 110
SIBHO-HESIBHOW CXEME Ha Pa3HECEHHBIX JUIs Mmojed U u ( HepaBHOMEPHBIX CETKax
[9]. Pacnpenenenusi reoMeTpruueCcKUX XapaKTepUCTUK mpoiuBa bocop mokasa-
HBI Ha pHC.2.

OHHM HaHIICHBI C UCIOJIB30BAaHHEM KYCOYHO-JIMHEHHON WHTEPIONSIMH IIH-
pHHBI mponuBa (puc.2, a), ero MaKCUMajabHOU TIIyOMHBI (pHC.2, 6) W TUIOIIAAN
MONEepeYHoro ceueHusi (puc.2, ) MO 3HAYCHUSM B 54 TOMEPEYHBIX CEUYCHHSIX
npoiuBa. Bxon B nmponus u3 YepHOro Mopst COOTBETCTBYeT Touke x = 0, mpomuB
3akaHuMBaeTcs B MpamopHoM Mope (Touka X = L). M3MeHeHus Bcex BETUYUH
HEPETrYISIPHBI, XapaKTePU3yITCS y4acTKaMu Bo3pacTaHus M yObiBaHus. [lmiHa
nponuBa 31,5 kM, Haumenpas mupuHa 750 M, HaMMeHbIIas TIYOHHA CyJ0XOA-
HOH "acTH 33 M.

YuciaeHnble OIEHKH aMIUTUTYAHBIX XaPAKTEPUCTHK BOJHBI B/I0Jb MPO-
auBa Bocgop. Anroputm pemenus 3anauu (1), (3) — (6) TecTupoBan Ha KaHaax
npocToit reomerpun [8].

PaccmotpumM pacnipocTpaHeHue JIHMHHON BOJNHBEI U3 YepHoro mopsi B Mpa-
MopHoe uepe3 nponuB bocdop. Takas BoiHa, B 4aCTHOCTH, MOXKET OBITh BhI3BaHA
CeCMHUYECKMMH (I[yHaMHM) WJIM METEOPOJIOTHYECKUMHU (METEOIyHaMU) UCTOYHH-
KaMH BO3MYIIICHH B aKkBaTOpUH YepHOro Mopsi.

OpuHOYHAs BOJIHA, BO3HUKIIIAS HA YEPHOMOPCKOM BXOJIE B IPOJIHB, PacIpo-
CTpaHSETCs C MEPEMEHHOH CKOPOCTBIO BIOJIb MPOJIMBA, U3MEHSISI BBICOTY, JIHHY
u ¢opmy. PacrpenerneHne MakcMMalbHO BO3MOXKHBIX BBICOT IOBEPXHOCTHOU
BOJIHBI BJIOJIb OCH IIPOJIMBA TTOKAa3aHO Ha pHc.3 s TPEeX 3HAYCHH TIePBOHAYAIb-
HOH JUTWHBI BOJTHBIL.

XapakTep pacrpeielieHHs BBICOT BOJH BJIOJb IPOJMBA 3aBUCHUT OT JUTUHBI
BXOJISILEH B MPOJHB BOJHBI, TO €CTh (PAKTUYECKH OT COOTHOIICHHS MEKIY [UTH-
HOI BOJHBI M XapaKTEpHBIM MacIITaboM HEperyIsspHOCTeH reOMEeTPUYECKHX Ma-
paMerpoB KaHaia. Ha OTJenpHBIX ydacTKaxX MpPOJIMBA BO3MOXKHO IOJyTOPaKpart-
HOE yBEJIMYEHHE BBICOT BOJIH. Kak mpaBuiio, JTIOKaIbHOE YCHIICHUE BOJH CBSI3aHO C
JIOKaJIbHBIM YMEHBILICHHEM IIMPUHBI TPOJIMBA, YBETHYCHUEM TITyOWHBI B YMEHb-
IICHUEM TUIOIIA/IM MOMEPEYHOr0 CEYCHUSI MPOJIMBA, a TAKXKE OT TOTrO, HACKOIBKO
PE3KO M3MEHSIOTCS 9T T€OMETPUYCCKUE XapaKTEPUCTHKU. Takue jke BOTHOBBIC
3 eKTHI MPOSIBISUIUCH B KaHAJIaX MOJENbHOW reomerpuu [8]. Uem mmmHHEE BOII-
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Puc.3.Pacnpenenenus BIois ocu nposinBa bocdop MakcHManbHO BO3MOMKHBIX BBICOT
BOJIH TIPU PACHpOCTPaHCHHU BIONb mponuBa u3 YepHoro B Mpamopnoe mope (a) u u3
Mpamopsoro B Ueproe Mope (6) OMMHOYHBIX BOIH Pa3IM4IHON IEPBOHAYATBHON JTHHEL.

Ha, TEM MEHee OUIYTHUMO BIMSHUE HAa Hee M3MEHEHHH (OpMBI MPONKBA, XOTS B
LEeOM ISl BCEX TPeX [UIMH BOJH XapaKTep M3MEHEHHUS BBICOTHI BOJIHBI KadecT-
BEHHO OJJMHAKOBBIH.

MOXHO paccCMOTpeTh U M3MEHEHUS BBHICOTHI BOJHBI MPH PaCIpPOCTPaHEHUN
u3 MpamopHoro B UepHoe Mope. s Tpex 3HAa4YeHUil JJTMHBI BOJHBI Ha BXOJE B
MPOJIMB TAKHE 3aBUCHUMOCTH MPEICTaBIeHbl Ha puUC.3, 0.

Kak u B mpenpiaymiem cirydae, XapakTep pacrupenelieHUs! BEICOT BOJIH BAOJb
MPOJIMBA 3aBUCHT OT AJMHBI BXOASALICH B MPOJIUB BOJIHBI, TO €CTh (PAKTUYECKH OT
COOTHOUICHUS! MEXIY [UIMHOW BOJHBI U MPOTSHKEHHOCTBIO JIOKAJIBHBIX HEpery-
JSPHOCTEW TEOMETPHUH TOMEPEYHOro ceyeHus nponusa. Ha oTaenbHBIX yyacTkax
MPOMBAa BO3MOXKHO YBEJIMYECHHE BBICOTHI BOMHBI B 1,3 pasa, YTO HECKOJIBKO
MEHBLIE TI0 CPABHEHUIO C MPEIbIAYIIMM ciydaeM. UeM JIMHHEee BOJIHA, TEM Me-
Hee BBIPaXEHO BJIMSHUE HA Hee M3MEHEHHH MeOMETPUH MPOJIUBA, XOTS B LIEIOM
JUIA BCEX TpeX [UIMH BOJH XapaKTep M3MEHEHHs BBICOTHI BOJHBI Ka4eCTBEHHO
OJMHAKOBBIN, KaK ¥ B IPEIBIAYIIEM Cllydae.

3axiouenue. KananoBass Monens JUIMHHBIX ITOBEPXHOCTHBIX BOJH MpPUMeE-
HEeHa JUIs aHaIM3a paclpocTpaHEHHsI OAWHOYHBIX BOJNH B mponuBe bocdop s
TaOJIMYHO 3aJaHHBIX B 54 TMONEPEYHBIX CEYCHUSX T€OMETPUUYECKUX ITapaMeTPOB
mponuBa. 3ajada pemanach YMCIEHHO C HCIONB30BaHMEM METOAa KOHEYHBIX
pasHocrei.

Paccmotpeno pacnpocTpanenue JUIMHHOM BONHBI U3 YepHoro mopst B Mpa-
MopHoe 1 Hao0opoT. [lokazaHo, uTo mpu AnuHax BoiH 2 — 10 kM pacnpeneneHus
BBICOT BOJIH BJIOJIb OCH TIPOJIMBA KAYECTBEHHO MOXO0XH, HO HECKOJIBKO ociabeBa-
10T C pOCTOM JUIMHBI BOJIHBEL. B cimydae pacnpoctpanenus BoiHB U3 YepHOro mMo-
psl ee ycuJieHne JOCTHUraeT MOoIyTopa pa3, uYTo CBSI3aHO C PE3KUM YMEHBIICHHEM
TUTOIIA/IY TIOTIEPEYHOTr0 CEUEHHsI B CepenHe MponuBa. HeckoinbKo MeHbIee yBe-
JMYeHNe aMIUTMTyabpl BonmHbl (B 1,3 pasa) HaOmomaeTcss Ipu pacnpoCTpaHCHUU
BONHBI U3 MpamopHoro mops B YUepHoe. Kak mpaBuio, JoKanbHOE yCHIICHHE
BOJIH CBSI3aHO C JIOKaJbHBIM YMEHBLICHHEM HIMPHHBI KaHajla, YBETHUYCHHEM €ro
TIIyOMHBI ¥ YMEHBIIEHHEM IUIOLIaIU IOMEPEYHOro CEYCHUs! MPOJMBa, KaK 3TO
ClIeAyeT U3 COMoCTaBJIeHNus puc.2 — 3.
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Martepuan noctynui B pepaknguio 10.07.2013 r.

AHOTAIIA Mopenb KaHAJOBUX IMOBEPXHEBUX JIOBTUX XBWUIb 3ACTOCOBAHA JIJIS OMHCY
PO3IOBCIO/KEHHS OAMHOYHUX JIHIHHUX XBWIb B KaHajaX 3MiHHOTO repepisy. Bukonano
YUCENIbHUM aHalli3 KiHIEBO-PI3HMIIEBUM METOJOM 3MIiHM aMIUNTYAW XBWI TIpH
nommpeHHi yepe3 npotoky bocdop 3 Hoproro mopst B Mapmypose i HaBmaku. Ha okpe-
MUX JUTIHKaX MpoToku bocdop MoxkimBe 301IbIIEeHHS BUCOTH XBUII B ITIiBTOpA pas3u. Pict
1 3MCHIICHHS BHCOTH XBWJI B3a€MOIIOB'S3aHE 31 3MiHAMHM TeOMETpii ITOIepedHOro
nepepi3y IpOTOKH.

ABSTRACT Channel model of surface long waves is used to describe the propagation of
linear waves in the channels of variable cross section. The numerical analysis by the
finite-difference method of changing the amplitude of the wave propagating through the
Bosporus from the Black Sea to the Marmara, and vice versa was carried out. On some
parts of the Bosporus is possible to increase the height of the wave in the half. Growth
and reducing the height of the waves is correlated with changes in cross-sectional
geometry of the strait.
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