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' IIPEJHCJIOBHE

IIpn noarotoBKe HacTosiuled MOHOrpaHH aBTOp CTPEMHJCS 0606-
LUIMTh W NPEACTABUTH B CHCTEMAaTH3MPOBAHHOM BHAE BO3MOXKHO GOJib-
lllee KOJIMYECTBO HOJYYEHHEIX Ha BOAHBIX 00bEKTaX CBEIACHHH O AWHA-
MHYECKHX SIBJICHHAX H OeperoBbX mpoleccax, NoKasaTb BaXKHOCTb pe-
3YJbTATOB HCCJeNOBaHUE AJsl PELIEHHs NPAaKTHYECKHX 3a[adY, CTEeNCHb
HX HaJleXKHOCTH H COINIACOBAHHOCTH C TOJYYCHHBHIMH DaHee AaHHLIMA
U, B YaCTHOCTH, C Pe3yJbTaTaMH HCCJAeNOBaHHA MopeH H Teopemqe-
CKMMH pa3paboTKaMH.

B rsaBe 1, KOTOpYIO MOXKHO CYHTaTbh BCTYNHTEJNLHOH, KpaTKO pac-
CMATPHUBAIOTCS TPOUECCH U BOJHOBHIE sIBJeHUst, KOTOPhle 06yCJA0BIU-
BAIOT H COIIYCTBYIOT NePEeHOCY M NepeMeUIMBAHHIO BOA: BETep, BETPO-
Bbie BOJIHE, CTOSUHE BOJIHB, BHYTPEHHUWE  BOJIHB, CrOHBI-HarOHLE
ypoBHf. Hapsny ¢ 3THM IpHUBONATCS HMEIOLIHecs JUTePaTypHEIE CBe-
JeHus O mpHunHax (opMupOBaHHS M MacwiTabax AMHAMHUYECKHX sIBJe-
HHHA, a TakXke CBeJeHUS 00 HCHOJb3yeMBIX Ha NpakTHKe NPHHLIMIAX
H MEeTOJax W3yYeHWs CJOXKHBIX NPUPOAHBIX SBJAEHHA M HpOLECCOB.

3HauMTe/]bHOE BHHMaHHUe B MOHOTpaduu yAeleHO KJIaCCHUKAUHH
W THIH32IHH PACCMATPHBAIOUIUXCS CJOXKHBIX TNPHPOAHBIX NPOIECCOB
H sBJEHHH, a TaKXe pa3paboTKaM Ha SMIUPHYECKOH OCHOBE MHIKEHep-
HBIX METOJOB OIpejeJeHHs KOJHUYeCTBEHHHIX XapaKTePHCTHK AHHAMH-
HeCKHMX ABJCHHH M TIPOIIECCOB: BETPOBHLIX H CeilleBHX TeUECHHH, BJOJb-
GeperoBsIX TeueHHH B 30He MPHOPEKHOTO MEJKOBOAbS. M Ha 6eperosmx
OTMEJAX, MYTHOCTH BOABL, NepEMEIleHHs BAOJDb Gepera B3BeHmIEHHBIX
H JOHHEIX HAHOCOB, BE€DPTHKAJbHOH TYypOYJeHTHOH BSI3KOCTH M MHOTOrO
ppyroro. JleralbHOMY PacCMOTPEHHIO NOABEPTHYTH IOJyYeHHEE B pe-
3yJbTaTe MHOTOUHC/AEHHHX J1a6opaTOpPHBIX H OOIIHPHBIX HATYDPHHIX HC-
CJefOBaHHUH, BHIIONHEHHEIX TOJ DPYKOBOJACTBOM HJU IIPH HENOCPEACT-
BEHHOM YYaCTHH aBTOpa, CBEAEHHS O CJOXKHOH CTPYKType BHXPEBOIG
U UHMPKYJSLHOHHOrO ABMXKEHHS, HAUHHAS C BOJTHOBHIX TPaeKkTOpHEl OT-
IeNbHBIX YACTHIl XKMIKOCTH YW KOHYAS MAKPONMUPKYJIANHAMU, OXBAThHI-
BaIOILMMH 3HAYUTeJbHbLIE IO MJOUIAAH YUYaCTKU aKBaTOPHHY, 6eperOBy10
30HY WJIH BeCh BOJOEM.

ABTOp He CuHMTaeT, uTO NpeJCTaBJEeHHbE B MOHOrpaduu 3aBUCH-
MOCTH, pacueTHble (GODMYJbl, KJacCHOHKALMH H MHEHHs NOJHOCTBIO
HCYEpNBIBAIOT BCe MHOrooGpasue, B3aHMOCBSI3b M B3aHMOOOYCIOBIEH-
HOCTb BOJIHOBHIX JBHXKEHMH B BoJoeMax M 4YTO CBEACHHS NO Mexa-
HHU3MY * sIBJIEHMH B [eTaJdX COOTBETCTBYIOT (hH3HUecKo#l CYIMHOCTH
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HpHpOILHbIX npomecco. Muorie DaHHEe, Ge3yCIOBHO, GYAYT [IOHOJI-
HATbCS U yTOuHAThCHA. OJHAKO HMEIOTCS OCHOBAHMS HafedaThCcd Ha IO-
JIe3HOCTb NpPUBEAEHHBIX B KHHIE Pe3yJbTaTOB HCCAEROBAHHM AJs I'M[-
pOJIOroB WHPOKOro Nmpoduis, U3plCKaTeeld U THAPOTEXHHKOB, KOTOpPHIE
3aHMMAIOTCA H3yYeHHeM BOJOEMOB, BHINOJHSIOT HHKeHepHO-THIAPOJIO-
ru4yeckKue pacueThl LJst nenaei FTHEAPOTEXHNUYCCKOIO CTPOUTEJNIBCTBA, pas-
pabaTHBAOT NIPHPOACOXPAHHBIE MEPONPHATHS HJH pellaloT Apyrue 3a-

-JlauH XO3STHCTBEHHOT'O HCIIOJIb30BAHUS BOAHBIX PECYpCOB.

Ilpu opranusalmyud M MOCTAaHOBKe HCCAENOBAHHH, a TakKe UPH
aHa/Ju3e MaTepHaJsOB, OCOOEHHO Ha MePBHIX 3Tamax paboT, aBTOp
NOJb30BAJCS COBETAMH U TEOPETHYeCKUMM pa3paboTKaMu CBOHX Ha-
yunbix pykoBogMrene#i H. E. Kouapartbesa, B. M. MakkaseeBa, u
A. B. KapayweBa, 3a 4TO MM Upe3BHYAHHO I[IpH3HATENEH. ABTop
TaKxe Onarofape BCeM, KTO HA MPOTSKEHHH Tpex necmmemn no-
MoraJz emy B pa60Te , . ,



BBEJIEHHE

Cpenu 60/bIIOr0 pasHoo6pa3us NMPOIECCOB ‘H SiBJAeHHH, HaOMI04a10~ -
UMXCS B 03€pax H BOJOXpaHUJHIAX, 0ocof0e MECTO MO CJIOXKHOCTH,
MHOrooGpa3nio H BAaXHOCTH [J/s LeJied NPaKTHKH W NO3HAHHS 3aKO-
HOMepHOCTell AHHAMHKH BOJ NMPHHAJJIEKHT NPOHCXOASIMIAM MOJ MJIOC-
KO (rOpH30HTAJbHOH) WHJH B3BOJIHOBAHHOH IIOBEDXHOCTHIO MpOILEC-
caM nepeHoca M nepeMelllnBaHHS BOA. OGHYHO OHH BO3HHKAIOT W MPO-
TeKaloT MoJ AeHACTBHEM KacaTeJIbHBIX HanpskeHHH BeTpa Ha BOLHYIO
MOBEPXHOCTh U CONPOBOXKJAAIOTCS BETPOBEIMH BOJIHAMH, CEHINEBHIMH H
CrOHHO-HATOHHEIMH KOJICOAHHSMH YPOBHS, IJIMHHLIMH BOMHAMH M M-
‘penajaMmu ypoBHS.

Kaxjaoe U3 mepeuyucIeHHBIX SBJEHHH xapaKTepnsyeTcsi IPHCYILHMH
€My 3aKOHOMEDHOCTSIMH BOJIHOBHLIX ABMKEHHH, KOTODHIe IIpH HaslOXKe-
HHM JPYrC Ha Jpyra OCJOXKHSIOT IpOIecChl IepeHoca H IepeMemHBa- -
HHS BOJA KaK Ha CTAJAHH PAa3BHTHS M CTa0UNM3aLVH, TaK H Ha CTajuU
satyxaHus. OC/NOXHEHHS CTPYKTypbl H KHHeMaTHKa [OTOKa CO3Aal0T
Oousibline 3aTPYAHEHHS DY M3MEPEHHH CKOPOCTH TeYeHHS! M Perucrpa-
LUM YPOBHS BOABI, YTO B CBOIO OYepelb sBJsieTcs TP HYHHOM HeyBepeH-
HOCTH B OTHOUIEHHH HaJeXHOCTH 06p360TKPI MaTepnanos, o0606u1enns
U afiaau3a TOJyYeHHBIX JaHHBIX, -

‘B Takoii 06cTaHOBKe GOJBIIYIO HEHHOCTb npnoﬁpeTaiOT Hau6oee
JOCTOBepHbIe CBeREHHs, NoJyyaeMble, HanpuMmep, B Ja6OPaTOPHEIX yC- .
JIOBHAX IIPH OTCYTCTBHH HCKaXaloOUIHX (akToOpoB, a B HAaTypHHX yc-
JIOBHSX — NIPH . OTYETJIHMBO BbIPAXEHHOM IpeobsiafdaHuH Hcc.nenyeMoro;
SIBJICHHS HJIH IPOLeCcCaMHu.

B HEKOTOpHIX CJYYasix YBEPEHHOCTb B JOCTOBEPHOCTH MOJYYEHHBIX
B HATYPHBIX YCJOBHSIX MAaTepHa/JOB CO3/laeT HX COIJIaCOBAHHOCTh
€ TEOPETHYECKHMH INpeACTaBJeHHUAMH HJH JHTEpAaTYpHBIMH SMOHpHUe-
CKHMHM JaHHBIMH, TOJIY4eHHBIMH Ha JADYIHX BOJHHIX OGBEKTax B aHa-
JIOTHYHBEIX YCHOBHAX. B CBSISH C 3THM OYeBHAHA NOJb3A OT HaTypHBIX
HCCAefOBaHUH B Pa3sHOOOpA3HBIX YCJOBHSAX, ‘a TaKxke NOIb3a OT CKO-
pefilliero OCBELIeHHS pe3yJbTaTOB HCCAEJOBAHUH.

B noc/eiHHe KECATHJICTHS CBEJeHHS O JHHAMMHUECKMX SBJEHHSX H
Tponeccax, NpPOTEKAKOUUX B BOAOEMAaX, MHOTOKPAaTHO pPacCUIHPHJHCH
u yraybuanuch Gaarofaps Ny6GJMKalMHM B Halllel CTpaHe MHOTHX CO-
TeH Hay4YHBIX. CTAaT€li W HECKOJNIbKHX JecATKOB MoHorpaduii. B 60-e
‘'TOABl TEKYLIEro CTOJIETHS GblJIM OMyOJKMKOBAHBI II€pBHE JBE MOHOIpa-
¢un no oseposefenuro: b. M. 3aiikoBa [51] u B. B. Borocnoscxoro
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[19] B 70—80-¢ TOJIBl — €Ile HECKOJBKO MoHorpaduii, nocBsleHHBIX
sroit ke Teme: J. XaTuumcona [208], T. B. Oxposoit [134], H. H. ®u-

aarosa [202], B. Xengepca-Censiepca [209], HeCKONIbKO MOHOrpaguit

IO THAPOMETEOPOJIOrHYeCKOMY peXHuMy 03€p ¥ BOJOXPAHUIUL] U . MO
OTHeNbHBIM 3J€MEeHTaM pexuMa BOJOEeMOB, HampuMep, TaKue, Kak
«Teuenuss B Dalikane» [23, 24]. B 3HaunTespbHOM umcie MOHOrpaduit
paccMOTpeHbl BONPOCH Hcc/aAelOBAaHMH ‘BeTpoBOro BoNHeHus [31, 154,
195], mopcko#i Typ6yseHTHocTu [135, 210], Mopckux TteueHudt [152,
200}, nunamuxu 6eperoBoff 30HBI BHyTPeHHHX BofoeMOB {141] u mopei
[2, 6, 11, 216}, ipon3BoAcTBa H3MepeHnH U 06pabOTKH NAaHHEIX HaGJI0-
denuii [13, 63]. Bo MHorux- MmoHorpagusix ¥ Hay4YHbIX CTaTbsX, B KO-
TOPHIX NPUBOJSATCS HOBBIE TeOpeTHUeCKHe pa3paboTKH, LEeHHbe SMIH-

© pHAYeCKHE€ NPHYUHHO-CJCACTBCHHbLIE 3aBUCHMOCTH HJIH BaXHble IJdA

IPaKTHYECKOTO MHCIOJAb30BAHUS XapaKTePHCTHKH T'HIPOMETEOpOJOTH-
4eCKOro  peX¥uMa BOJoeMOB, ofpalllaeTcsi BHUMaHHE Ha OrpaHHYeH-
HOCTb MJH IIOYTH NOJTHOE OTCYTCTBHE MaTepuajoB HabJiogeHHH, pas-
HOD@YHBOCTb MHEHHI N0 KOHKDETHHIM BOIpOCAM, HEJOCTAaTOYHYIO oOcC-
HalleHHOCTb HccJenoBaTesel H3M€pPITeJIbeIMPI CpPeACTBAMH M ApYyTHE
HEJIOCTATKH.

B TeueHme Gosee yem 30 JeT NoJ PYKOBOACTBOM HJH IIPH HEHO-
CpeJCTBEHHOM yYacTHH aBTOpa HacToAlled MOHOrpaduH NPOBOAMJIHCH
HaTypHBEIE ¥ J1a60paTOpHble HCCAENOBaHUS AMHAMHUKH BOJA M 6eperoBhIX
NpOLECCOB B Pa3/IHUYHBIX BHYTDEHHHX BOJOeMax NPHMEHHTEJLHO K pe-
LIeHHIO 3ajay NPOEKTHPOBAHUS, CTPOHTEIbCTBA M IKCIJyaTalHH KOH-

KPETHBIX T'HJIPOTEXHHYECKHX COODYXKEHHH HJH palUOHAaJbHOTO XO3sM-

CTBEHHOrO HCIOJIb30BAHHUSI BOJOEMOB B uenom. JlabopaTopHble unccie-
IOBAaHUS ~ ITPOBOJAMJHCL HAa  NPOCTPAHCTBEHHBIX  I'MAPABJHYECKHX
MOJe/AX BOAHEIX OGBEKTOB, B a3POTHAPABAMYECKHX JOTKax Hau Oac-
cefinax. HatypHble uccieoBaHMA B OJQHUX C/ydasX OBLIH KDPaTKOBpe-

’ MEHHBIMH U NPOAOJAXKAMUCE OT HECKOJBKHX HEIeNb A0 OILHOI‘O-EBYX Me-

CHII,GB a B JIpYrHX cJydasiX OXBaThiBaJUu HECKOJIbKO CE30HOB.

HccnenoraHus B pa3Hble TOALI HpOBOJ.II/IJII/ICb Ha TaKHX KpYHOHBIX .

osepax, kak Daiixan, Baaxaw, Jlagoxckoe u- bejoe, a TakXke Ha
He6OIbLINX O3epax, HanpuMep BoubiioM fposoM B AujrafickoM Kpae
u Bospmiom CumarunckoM Ha KapesbckoM nepelllefike. auTenbHbE
Ha6JI0JIcHHsS 3a 3JeMEeHTaMH TIHIpOMeTeOpOJIOIHYECKOro peXumMa M
HCCIeOBaHNs JTUHAMHKY OGeperoBOH 30HHEI BeJHCH JKCIEAUIIHOHHBIMH
orpsigamu I'TH moia pykoBOACTBOM aBTOpa Ha TakKHX BOJOXPaHHJH-
max, Kak Kafipakkymckoe Ha' p. Cripnapbe, KaxoBckoe u .Kpemen-
yyrckoe Ha p. IlHenpe. KpaTkoBpeMeHHBIE HCCAeJIOBAHUS GeperoBhIX
IPOLECCOB BHIMOJHANNCH B KasantunckoM u ApaGaTcKoM 3aJuBax
Asosckoro mopst u Ha [opbkoBckoM, KyiiGuimeBckoM, LluMasiHCKOM H

. APYrHX BOAOXpaHHJJHIILAX.

Pe3ynbTaTel HCCAeLOBAHHMH, NOJYUYeHHEE HA  MEPeYlCJeHHEX BOJ-
HEIX 00BEKTaX, ONYGJHKOBAHBE YaCTHUYHO B CTATHSAX ABTOpPA U CTAThSX
pa6oTraBIIHX BMeCTe ¢ HUM cOTpyAHHKOB I'TH miu BKJIIOUEHH B Hayy-
HO-TexHHYecKHe OTueTH. OJHAKO MHOTHE Hu3 NOJy4eHHEX CBeleHUH
OCTaJINCh 3a NpejiesaMu ny6.nuxa1mn.



I'nasa 1

BO3JENCTBHE BETPA
H BOJIHOBBIE ITPOLIECCHI!

1.1. -Met0dor usy4enusn e3aumodeiicrayrouiux
CAOHCHBIX ABAERULL U NPOYECCos

[IpakTuuecks Bce SIBJEHHS H IPOUECCH], IPOHCXOASLIME BO BHYT-
PEHHUX BOJOeMax, OOYCNOBJMBAIOTCH H MPOTEKAIOT HOJX HemocpeicT-
BeHHHM BosjelicTsueM artmocdepbl. Haubosee OTUeT/IHBO BHIPAXKEHO
BOsfelicTeHe aTMoceprl Ha TOJLLY BOAB B IpelejaX TrpaHHUbl pas-
JAesa, a TUPH3HAKOM BO3LEHCTBHS ABJSCTCA H3MEHYHBOCTh CTPYKTYPHI
A OCpeIHEeHHBIX KOJHYECTBEHHBIX XapaKTepUCTHK BeTpa. BosieiicTBue
BeTPa Ha BOJHYIO MOBEPXHOCTb NPOABJIAETCA B (hopMHPOBaHHH pas-
JHYHBIX JHHAMHYECKUX' SIBACHHH M IIPOLECCOB, OJAHH M3  KOTODHIX
BHAHBl Ha NOBEPXHOCTH, a ADYrHe NPOTEKaloT B BOAHO# TOJIle U MO-
IyT GBITh OGHAPYXKEHBI TOJBKO CIELHANbHEIMH H3MEPHTENbHbIMH Cpel-

. CTBaMH.

Cam mpouecc BO3feHcTBHS BeTpa OOGLIYHO OLLEHHMBAIOT 1O PSAY KO-
JIHYECTBEHHBIX XapaKTEepPUCTHK, U3 KOTODBIX OCHOBHBEIMH CUHTAIOTCS:
CKOPOCTb, KO3((HUHEHT a3pPOAHHAMHUECKOTO CONMPOTHBJIEHHS, Kaca-
TeJbHOE HANpsKeHHe Ha BOJHOH IOBEPXHOCTH, IIEPOXOBATOCTL IIOA-
cTusaouiell IOBEPXHOCTH, pacHpefe/eHHe CKODOCTH IO BePTHKAJM.
JLasl pellleHHs MHOTHX THAPOJIOTHYECKUX 3a/lad HeOOXOJAHMBl CBEACHUS
0 MHOBTOPSAEMOCTH BeTpa IO .CKOPOCTH H HampasJeHHIO, NPOJOJINKH-
TeJBHOCTH HeHCTBUSA HITOPMOB pa3jiM4HOH CHJIB, H3MEHEHHH CKODOCTH
BeTpa IO MecsLaM, Ce30HaM M jaxe 10 rojaM. BosgelictBue Berpa HA
IIOBEPXHOCTH BOAOEMA IIPOSIBJAAETCS B T'eHepalWy BETPOBEIX H CTOSYHX
BOJIH, JpefiOBBIX' ¥ KOMIEGHCAUHOHHBEIX TedeHHH, CrOHOB-HATOHOB
YPOBHS H JADYTHX SIBJEHWH, KaXXAOMY U3 KOTOPHIX IPHCYLIH Olpele-
JIeHHble MacluTabbl U cneunquecxne YepThl H3MEHYHBOCTHU BO Bpe-
MEHH U UpOCTPaHCTBe. Hu OAHO U3 HA3BAHHHIX SIBJEHHH HE MOXET Cy-
LWeCTBOBATb B JIPHPOJAHBLIX YCIOBUAX 6e3 B3aUMOAEHCTBHS C APYrHMH
SIBJIEHHAMH H 6e3 CBSA3H ¢ MODP(OJOTHEH KOTJIOBHHBEL, B KOTOPOH IpO-
TEeKaloT Npoueccul. B cBA3KM ¢ 3TuM Ha a1060# CTaAMH H3YUEHHS NPHU-
POJHOTO fIBJICHHUsI TMPHUXOAUTCS CYUTATHCA H C €r0 CJAOXKHOCTBIO, H
¢ MHOroof6pasHeM NpOLLECCOB, NPOTEKAOUIUX OAHOBPEMEHHO H BJIHSIO-
IMHX HA KHHEMATHKY NOTOKA B IEOM.

B nosHO# H30MSLMM OT OKPY’KAKOUIeH Cpeynl yKasaHHble Bhilile SIB-
JieHHsI MOTYT OBbITb pPacCMOTPEHB TOJBKO C MOMOILBIO MaTeMaTHye-
CKOro amiapaTta. 3HaYWTeJbHOH H3OJSUMH PACCMATPHUBAEMOIO sIBJE-
HHSL HWJIM TpOIecca MOXKHO JOCTHYL H B J1a60OpaTOPHBIX YCIIOBHSX.
IIpumepsr Takoro poja uccjeloBaHUH paCCManI/IBaIOTCH B Hacrosiel
KHHTE.



Hapﬁny C NEepeuncCJCHHBIMH METOLaMH, HU3ydyeHue JANHaMHKH BHYT-
PEHHHX BOJOEMOB OCYLIECTBJISIIOT TaKikKe NYyTeM NOCTAaHOBKH MJHTE]b-
HbIX HaOJIIOAEHHH H IIOCJAEeAYIONEro YCTAaHOBJEHHS PEeXHMHBIX Xapak-
TEPUCTHK. MHOTOUYHC/EHHbIe IpPHMEPbl HCIOJb30BaHHS 3TOIC METOAa
IJ51 BHISICHEHHS CYIIHOCTH pacCMaTpPHBAEMBbIX HUIXKe SIBJIEHHH COZep-
}KaTcd B HECKOJbKHX IJaBax.

s ONMCAHHS NBHMXKEHHH NpPH HM3YUEHHH BO3JEHCTBHA BeTpa Ha
BOJHYIO NOBEPXHOCTb K BOJHOBHIX INPOHECCOB HCIOJb3OBAJCS METOJ
Ofjiepa, 'OCHOBaHHBIH, KaK H3BeCTHO, Ha (HKCALlMH XapaKTEePHUCTHK
B TOuYKe WJH Ha BepTHKasad. OTIeabHBle BHAH ABHIKEHHH, IpeHMYylle-
CTBEHHO CBsI3aHHBI€ C BHIICHEHHEM IPOCTPAHCTBEHHOH CTPYKTYpH HO-
TOKa, H3YYalMCh IYTeM C/EXKEHHs 3a OTACJbHHIMH YacTHIaMH, T. €.
MeTooM JlarpaHxa. : )

1.2. Macwurabor dunamuieckux aeaenuii

IMpakTuyecku B JM1060M BHYTpPEHHEM BOAOEME HabJIOfaeMble IH~
HaMHYECKHe sIBJEHHS MOXKHO pas3fieJUThb Ha IpPYINbl HJIH CTPYKTYPHBIE
YPOBHH, XapaKTepH3yIOHIHecs OIpejefeHHHMH (PH3HUECKHMH CBOMNCT-
BaMH H HMelOlllMe OpHUCYLIHe HM ‘BpeMeHHbIe H IPOCTpaHCTBEHHEIE
MacliTabbl, fIBJeHUs, HMelOllHe CYILNeCTBEHHO pa3HEle MmaciiTabbl, MO-
I'yT (GOpMHpPOBATbCA H JeHCTBOBATb CAMOCTOSTEIbHO MJH COBMECTHO
¢ sIBJeHHsIMH 00Jiee BEICOKOIO nn 6ojie€  HHU3KOro- CTPYKTYpPHOTO

YPOBHSL. .

Pasjesnenne JHHAMHYeCKHX fABJEHHH [O UX MacliTabaM WJH CTPYK-
TYpPHHIM YPOBHAM KpaHHe HeOGXOAMMO NpH OpPraHHU3aUUH HATYpPHHIX
HaGaoneHni, o6paboTKe NaHHBIX PETHCTPAIHM H BHIOJHEHHU pacue-
TOB C IeJbI0 " YCTAHOBJIEHHS] OCHOBHBLIX 3JIEMEHTOB He TOJIBKO CaMOTro
sIBJIEHHS], HO U OOYCJIOBJEHHBIX MM IpoueccoB, IlJg NoJayueHHs: XOCTO-
BEPHOH KOJHYECTBEHHOH XapaKTeDHUCTHKH, HANpHMeEp, BOJHOBOTO SIB-
JIEHHS ¢ BpeMeHHBIM MacuiTaGoM oOKoJo 1 ¢, Heo6xoJHMa HenpephiB-
Hasl perucTpauisi KojJeGaHUs YPOBHS B TEUEHHE HECKOJbKHX AECATKOB
cekyHZ. Eciau BpeMeHHOH MacliTaG BOJHOBOIO SIBJEHHS COCTaBASET
HECKOJIBKO 4acoOB, TO €ro XapaKTePUCTHKH MOXKHO NOJYYHTb IO JaH-
HBIM perucTpali B TeYeHHe HeCKOJbKHX CYTOK.

DusudecKue 3aKOHOMEPHOCTH, CBOMCTBEHHLIC SIBJIGHHAM Omnpeje-
JIEHHOro Macmraba, HeJb3si pAacOpOCTPAHATb HA  ABJEHHs  APYroro
macmiraGa WM APYroro cTpyKTypHoro ypoBHs. Ilpomeccel mepenoca
H TepeMellluBaH¥s BOA B BojoeMax OGHIYHO OGYCJOBJIUBAIOTCH HJIH
COTNpPOBOXKIAIOTCA  pa3HOMAcCIITaGHEIMH  BOJIHOBBIMH SIBJEHHSIMH
U pa3HOMacIITaOHBIMH BHXPEBHIMH 0Gpa30BaHUAMH. - :

K HanGojee cnenucpHUHBIM OTHOCATCH CJCAYIOHMINE - BHAB  BOJH:
KaHJAJAApHEE, BEeTPOBHE H 3u6b, CY/OBHeE, CTOiUNE U BHYTPEHHUE.
 Buxpeshe oﬁpasosamm B BOJO€MAax HE HMEIOT CTOJb YeTKOro Je-
JieHHs ¥ Ha3BaHHH, KaK BOJHOBHIE SIBJIEHHS, HO OHH 6/1M3KH IO JHa-
Ta30Hy H3MeHeHHsl MacIuTaGoB.

Kanuasrapuple 604HH. ~ BO3HHKAIOT npn BHE3allHOM BO3AeHCTBHH
BeTpa Ha BOJHYIO NMOBEPXHOCTb M CYHIECTBYIOT HENPOROJKHTENbHOE
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BpeMmsi; OGHIYHO HMEIOT BLICOTY INOPSiAKA HECKOJbKHX MHJIHMETPOB.
IpenespHasi TeopeTHyeckas AJHHA 3THX BOJH HAOCTHrAeT NPUMEpHO
20 MM [165]. - , _

Betpososie 8oanb. 00bIYHO HAGJI0AAIOTCS Ha MOBEPXHOCTH BHYTpCH-
HHX BOZOEMOB GOJBIIYI0 4acTh GeslefocTaBHOIO NepuoAa. BricoTa -
. 5THX BOJIH MOXeT H3MEHSIThCSI OT HECKOJbKHX CaHTHMETPOB A0 He-
CKOJILKHX MeTpOB. IIpakrHueckoe 3HaueHHe HMEIOT BOJHEI BBHICOTOH 60-
Jgee 0,2 M, HJIHHON OKOJO.2 M M mepuHoAoM oxoJjo 1 c. Jliuna Hau-
6OMBbIINX BETPOBBIX BOJH B KPYIHBIX BOJOEMax MOXeT MJOCTHraTh.
30—40 M, a cpeanuii nepuof oGbUHO He mpeBHlaer 5—6 c. B yka-
3aHible AHANa30Hb YKJIAIBIBAIOTCS H pasMephl BOJIH 3BHIOH.

Crosiude BOJIHBI BO3HHKAIOT IPAKTHYECKH™ B JIIOOOM BOZOEME,
a B HEKOTOPHIX BOAOEMax HaGIoRaloTcs MOYTH MOCTOsHHO. X TpyAHO -
00HapYyXHUTb BH3YaJbHO, HO Ha XpOHOrpaMMax YpPOBHsS OHH OTYeT-
JuBO BHJAHH. Hau6oJbllasi BHCOTa CTOAYMX BOJHOBHIX  KoJe6aHHH
B BOZOEMax Halllefi CTpaHBl MOXeT AOCTHrath mpumepHo 1 m [8, 208].
INepuoa crosuux BOJIH B HEGOJBIIMX BOJOEMAX MOXKET MEHAThCA
OT HECKOJbKHX ‘MHUHYT IO HECKOJbKHX J[AECATKOB MHHYT, a B Kpym-
HEIX BOJOEMAax — OT HECKOJbKHX YacOB MO HECKOJbKHX JIECSITKOB
4acosB. : ; i

BHyTpeHHue BOJIHE BO3HHKAlOT Ha TpaHMIE pasjiesia CJOEB C pas-
JHYHOM IJIOTHOCTbIO, OOBLIYHO HMMEIOT TEpPHOJBL, - YKJaJAbBalOUiHeCs
B IHaNa30H M3MeHEHMst NePHOJOB CTOSYHX BOJH MJH HECKOJIbKO Mpe-
BHILIAIOmKe 3TOT JuanasoH [104, 202]. :

Macmta6sl BuxpeBHIX 00pa30BaHHH, BO3SHHKAWIIMX B BOJOeMax:
B YCJIOBHSIX IIepeHOCa BOJA, MOTYT HU3MEHATBHCS B KOHKPETHOM BOJZOEME
IIpUMEpPHO B TaKHX XKe Ipefesax, Kak H MacliTabbl BOJHOBHIX SB-
JIeHHUH.

Haumenpmye Macmita®Gel HMeIOT BHXDH, KOTOpPHIC BO3HHKAIOT 3a
MEJKHMH BBICTylaMH JOHHOH LIEpOXOBATOCTH, M Te, U€pe3 KOTOpHE
OCYIIeCTBJSICTCS pacceMBaHHe 3HeprHH IIOTOKa IyTeM Ilepexofa KH-
HETHUYECKOH SHepTHH ABHIKEHHS B TeIJIOBYIO SHeprHio. S

Ilonepeunble pa3meprl HauboJiee KPYNHHIX BHXpe#l, M3 yucja TexX,
KOTOpHE onpefesiOT BepTHKaJbHBIE TypOyJ/ICHTHBIEI OOMEH B IIOTOKE,
MOTYT IOCTUraTh pa3MepoB IJyGuHB NOoTOKa. IIpojosnbHEIE pasMeph
TaKuX BHXpefl MOTYT TIpeBHILIATh TYOHHY B HECKOJBKO. pas.

HauGouabme BuxpeBHe 00pa3oBaHUS € BEPTHKAJbHOH OCBIO H
MpPOCTPAaHCTBEHHBIE MAaKPOIHUPKYJAINHH, OXBATHIBAIOUIHE BEChb BOAOEM
HIH OTHesbHBIE ero. 4acTH, (POPMHPYIOTCS BETPOBHIMH H CeHIIeBBHIMHU
TeyeHusIMH. [InaHOBHE pasMepbl TaKHX BHXpeHl U . MaKpOUUPKYJISIHH
3aBHCSIT OT pa3Mepa BoOJoeMa HJM €r0 4YacTH, OXBaueHHOH BETPOM.
Hx BpemeHHEle MacmITaGbl MOTYT H3MEHSTbCS OT HECKOJBbKHX MHHYT
HJIE JEeCATKOB MHHYT B MaJibIX BOJOeMax N0 HECKOJbKHX JeCATKOB ua-
COB B KPYNHBHIX BOJOEMaX.

OueHKy BpEeMEHHHIX M IPOCTPaHCTBEHHBIX MacIUTab60B AHHAMHYe-
CKHUX SIBJICHHH KOHKDETHOTO BOJO€Ma MOXKHO IOJYYHTb Ha OCHOBaHHH
JUTepaTypPHBIX HCTOYHHKOB 10 CHelHaJbHBIM Tabauuam HJIH rpadH-
kaMm [68, 202], no aHaJjJorHM C H3YYEeHHBIMH BOJOEMaMH HJH NyTeM
pacyeroB C HCIOJb30BAHNEM INpHBEJEHHBIX HHXKe 3aBHCHMOCTEH.
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1.3.- IIpusurer Qunamuqeckux aeaeHuil

[NepeuncieHHble Bhllle AMHAMHYECKHE SIBJEHHS M MPOLECCH B BO-
JoeMe SIBJISIOTCS NPEHMYIIECTBEHHO pe3yJbTaTOM IOIJIOIEHHSA COJI-
HeuHOH pajHall¥i, a TakXe HeNOCPEACTBEHHOIO. BO3JAEHCTBUA aTMO-
cepHOTrO maBJNeHUS K BeTpa Ha BOJAHYIO [IOBEPXHOCTDb. .

3a cuerT 3HEPruHM BeTpa INPOHUCXOAHMT -00pa3oBaHMe KaNHJJISAPHBIX
H BETPOBHIX BOJIH, CTOHOB-HATOHOB BOJbl, BETPOBHIX TeueHHH. Hepenko
BeTEp SBJIAETCA OCHOBHOM NPHUMHOH BEPTHKAJBHOTO IlepeMellHBaHHS
BOJ, a MHOTJA M CTOSYHX BOJHOBHIX KOJeGaHWH ypPOBHA M Jaxke BHYT-
PEHHHUX BOJIH. -

HepasHoMepHOe MOrJioNieHHE CONHEUHOH paAHallMM IO aKBaTOPHH
BOZI0EMa — 3a4aCTYIO I‘JIaBHLLﬂI‘/’I dakTop (OpMHPOBAHHsI MNJIOTHOCTHOTO
TeueHHss W KOHBEKTHBHOTO NéepeMelINBaHUS BoJ. BeseacTsue HepaBHO-
MEpPHOTO TOTJIOIIEHHs] COJIHEYHON palJHaldy [0 BePTHKAaJH (OPMHPY-
eTcss TeMmmepaTypHas crpaTu¢ukauus BoA. Ha rpaHume BbIpa)KeH-
HOTO CKAauKa TeMIIepaTyphl B YCJOBHSX HapylleHHs paBHOBeCHs: BOL,
HanpHMep, [oJ AeHCTBHEM BeTPa YacTO BO3HHMKAIOT  BHYTpEHHHE
BOJIHBL. [leficTBUe 3THX BOJIH IPHBOJHT K BEPTHKAJBHOMY MepeMellis-
BAHMIO BOJ C Pa3jHUHOH TEMIEPAaTypOH H CIOCOOCTBYeT 3araybJeHHIO
HI2KHeH rpaHHuLbl TEPMOKJIHHA. :

CBoeo6pa3Has CHCTéMa .IlepeHOoca BOJ MOXKET cQOopMHpPOBaTHCS
B BOJZOEeMe IIpH HaJIMYMH INepenajga ypoBHs, OGYCJIOBJIEHHOIO INIPHUTO-
KOM peYHBIX BOJA HJIM OTTOKOM BOJ. Boibl mpuToKa MOTYyT cPOopMHpPO-
BaTh B BOJOEMe 3aTyXaloHyI0 IO IYTH JBUXKEHHS U MeaHADUPYIOULYIO
O TOPH3OHTAJH CTPYIO HJH TPAH3UTHBIA NOTOK € INPHMBIKAIONINMH
K HeMy BOJOBOPOTHHIMH 30HAMH. ‘

PeuHasi cTpys WJIM TPaH3UTHBIH I[OTOK B BOJOEME NpPaKTHYECKU
HNOCTOSHHO, O0COOEHHO B 06€3/]1eJOCTaBHLII NepHOol, NOABEprarorcs Ael-
CTBUIO BOJIHOBBIX SIBJEHHH, BETPOBBIX, CEHIIEBBIX HJIH IJIOTHOCTHBIX
TeueHult. B peaysbTate 3TOro H3MeHsAeTCs HaNpaBjJeHHe IIepeHOca
peYHBIX BOJ, NPOMCXOJAHUT 4YacTHYHas HJH I[oJHas TpaHchopManus
CTPYH MJH TPaH3UTHOro moToka. CJjenoBaTesnbHO, BO3ZeHCTBUe BeTpa
Ha BOJHYIO MMOBEPXHOCTb M BOJIHOBHIX SIBJIEHHH Ha IpPOLECCH NepeHOca
H IepeMellliBaHUs BOJ HeOOXOJAHMMO YUYHTHIBATD He TOJBKO B HEIpO-
TOUHBIX BOJOE€MaX, HO U B BOJOeMaX ¢ OTUETJHBO BHIpAXKEHHOU NpO-
TOYHOCTBIO. ‘

14, Berep nad 80010l n0BEPXHOCTHIO

14.1. Ocnostvie KoautecTBeRHble XAPAKTEPUCTUKY

B pesyabraTe BO3AEHCTBHS BeTpa Ha BOJHYIO IIOBEPXHOCTb B. BO-
Hoeme (OPMUPYIOTCS, KaK OTMEUEHO BEIIIE, BOJHOBHIE fABJIEHHS pa3-
HBIX MaclITab0B M OCYILIECTBJSIIOTCS CJOMKHBIE IMPOLIECCH -TlepeHoca U
nepeMelUInBaHus BOX. MexaHu3M B3aUMOIEHCTBHSI MEXKAY BO3LYIIHBIM
IIOTOKOM WU MOACTUJIAIONIEH BOJAHOH IOBEPXHOCTBIO OTJHUAETCH 60Jb-
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KM pd3HoobpasueM H CJOXKHOCTbIO, YTO He yJaeTcs MNpeACTaBUTH
B YIPOLIEHHOM H 3aBepIIEHHOM BHJE.

B Hacrosiliee BpeMs HCC/IeLOBATENSIMH [31 86, 191] npusmaercs
BO3MOXKHOCTH OJHOBPEMEHHOTO [eHCTBHSI TpPeX MeXaHH3MOB B3aMMO-
JNefcTBUsl BeTpa ¢ MOACTHJAMOWedl BOAHOH IIOBEPXHOCTbIO: DE30OHAHCA
MEXIY CAy4yaiHBIMH (PJIIOKTYaLHsSIMH AaBJEeHHS BO3JyXa Hall NOBEpX-
HOCTBIO BOJAbl M TNOBEPXHOCTHBIMH BOJHAMH; HaJHYHS CBSSH MeXIY
BETPOBLIMH BOJIHAMH M WHLYLHMPOBaHHEIMH HMH KO/IeGaHUSMH JaBJle-
HHSL BO3JYXa; OTHOCHTE/NLHO GHICTPOH nepenaun SHepI‘I/IH BeTpa KO-
POTKHM KPYTBIM BOJHAM C noc.nenylomen nepenaveil ee Gojee IJIHH-
HBIM BOJIHAM.

[Tpu pellleHHH MHOTHX NpPAaKTHYeCKHX 3a[ay CJIOXKHBIA MeXaHU3M
B3aUMOJAEHCTBHS BeTpa U BOJH OOBIYHO CTAparTCs NPEACTaBUTh KOMII-
JIGKCOM J[OCT2TOYHO XOpPOIIO H3BECTHHIX KOJIHYECTBEHHBIX XapakTepH-
CTHK, MOAJAIOIIUXCS OLEHKaM. B KOMIJeKC TaKHX XapaKTepPHCTHK,
OGLIYHO BKJIIOYAIOT: a3pOJHHAMHYECKOe COMNPOTHBJAEHHE BOAHOH MO-
BEPXHOCTH, KacaTesJbHBIE HaNpsiXKEeHUS, pachnpefeieHHe  CKODOCTH
BeTpa IO BLICOTEe, H3MEHEHNE CKOPOCTH BeTpa NpH Iepexolie C CyUIH .
Ha BOZOEM, NIOBTOPSIEMOCTH BETPOB PAa3JHYHOH CKODOCTH MO Hanpas-
JIEHHSIM H DAacUeTHbIE 3HaYEHHSI CKODOCTH.

IlepBble TpW W3 MEpPEUHCHEHHBIX XapaKTePUCTHK  IPEACTaBJISIOT
HaHGOJIBIINA HHTEpeC [PH BHIIOJHEHHH MaTEeMaTHYeCKOTO MOLEJNHpPO-
BaHMsI BETPOBBIX TEUEHHH, CTOHOB-HArOHOB YPOBHSI U pacueTax BeTpoO-
Boro BoJiHeHHs. CBelleHHs O MOBTOPSIEMOCTH BETPOB DAa3JIHUHOH CKO-
POCTH NO HampaBJIEHHAM KpalHe HEOGXOAHMBI, HampHMep, AJs Ole-
HOK BHYTPEHHEro BOJOOOMeHA MeXIy COCeJHHMM YacTsIMH BOJ0OEMa,
npu paspabOTKax NPOTHO30B BJOALGEDPEroBOrO IMepeHOCa HAHOCOB M
33HOCHMOCTH THAPOTEXHHUYECKHX COOpYHeHHUH.

PaccMoTpuM moJydeHHBe KOJHYECTBEHHBIE OLIEHKH MepeuHCJeHHBIX
XapaKTePUCTHK BeTpa NPHMEHHTEJbHO K BHYTDEHHHM BOJOEMaM.

. 14.2. Kosppuyuenr aspodunamudecxozo conporusrenus

'Kosdduuuenr  aspoAHHAMHYECKOrO COMPOTHBJEHHS BOLHOHR IIO-
BepxHOocTH C, OGHIYHO ONpenensioT mo 3asucumoctu [20, 26, 41, 140,
245]

Ca = Tnoa/paW?O = (U*/W10)2, (1 . 1)

Ile Pa — IUVIOTHOCTH BO3JYXa; Tpop — KacCaTeJbHOe HaNpsikeHHe BO3-,
AYUIHOro IMOTOKA Ha BOJAHOH NOBepXHOCTH; Wio— CKOpOCTh BeTpa Ha

BeicoTe 100 M Hajl BOAHOH IOBEPXHOCTBIO; Vs = 4/Tyon/Pa — CKOPOCTH
TPEHUs], HJIH AHHAMHUECKAsl CKOPOCTb.

[Tapamerpsl, Bxogsmue B 3asucumoctb (1.1), wame Bcero onpene-
JSIT [0 JaHHEIM O paclnpeleNeHUH CKOPOCTH BeTpa MO BHICOTE HJIH
XapakTepUCTHKAX ero nyJascanuu. Meronuxa U3MEPEHHS ITHX BeJIH-
YHH DPUBOAUTCH B pabotax [20, 31, 247]. .

BrnonHe HajgeXHBIE OUEHKH Koatbtbnunema Cs MOXHO TakKXKe IO-
JIy4HTh METOAOM ODKMaHa, OCHOBAaHHBIM Ha HCIIOJIb30BAHHH CBeNEHHH
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O MepeKoCax YpPOBHs B BOJAHEIX OaccedHax IpH DasjHYHOH CKOpPOCTH
BeTpa [26, 236]. OOmee HanpsixKeHHe TpeHHS BETPa O BOAHYIO MO-
BEPXHOCTb B GacceiiHe NOCTOSIHHO# ry6unbl (Hcp) M IJIOTHOCTH (Qsx)
B MeTojJe DKMaHa NPeLCTaBASIOT 3aBUCHMOCTHIO ‘

Tnos=1n=]pmchpa | ’ (1 2}

rie rn—HanmeeHHe TpeHHs Ha JHe OaccefiHa; 1————YKJIOH BOllHOPI
HOBerHOCTH g — yCKOpeHMe cBOOOAHOTO NajeHHsl.

; f

G108

b

: ] ! 1 | ! ] }
I 2 - 4 g -8 0 - 72 Wiy m/c

Puc. .1.1. dmnuprueckne 3sapucuMoctH Ca=f(Wo), N0 JaHHHM pasHHX aBTO-
poB [41]

1 — Takaxawu, 2 — Ilennapa, 3 — JlukoH, 4 — Jdukod u Y366, 5 — Poab, 6——1Hermap;1 (no
duanuncy), 7 —C, A, 3y6Koacan u T. K. Kparuenko, § — B. Y. MaKona, 9 — By, 10 —oc¢-
pesnenne no I'TO, 11— O. A: Kysuenoe; ] — raajgkoe o6rexanne, /I n II] — pacuern mno
dopmyae ‘-!epnoxa—SmmcoHa

B pacuerax BeqnuMHOH T; OGBIYHO NpeHeGperaioT, cyutas ee He-
3HAUHTENbHOH (YTO MPAaBOMEPHO MJIsl YCJOBHH I1y6OKOH BOJAHL M orpa-
HUYEHHOH rJIyﬁngI HO INPUBOAMT K HEKOTODHIM IOTpElIHOCTSAM AJA
yCcI0BHH MeJKOH BOJB) IO CPAaBHEHHIO ¢ HaNpsXKeHHEM Tuos [236],
H Kos(duumueHT aapon,HHaMuquKoro CONPOTHBJICHHs ONpPEAESIOT O
Bpra}KeHI/IIO

_C, —lp chp/Pan- (1.3)

, HccienoBaHus mo onpefeneHnio kosdguuuenta C, B HaTypHBIX
H Ja6OpaTOpPHHIX YCJAOBHSIX, a TaKKe TeOpeTHYeCKHe pa3paboTKH aTOro
BoIpoca M OGOOIIEHHS HAKONJIEHHBIX MAaTepHaJIOB BHINOJNHSAIOTCS H
B HacToOsIee BPeMs.
- MHorouyucaeHHble OleHKY Koagduuuenra C, npuseleHH B palo-
Tax oreuecTBeHHEIX [20, 31, 113] u 3apyGexnnix [26, 41, 238, 246]
HccaenoBaTeset.

Jas mpuMepa Ha puc. 1.1 TpeAcTaBieHH HeKOTOpHE H3 IOJYYeH-
HbiX 3aBucHMOcTel Kospduuuenta C, oT ckopocT: Berpa. PucyHox
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y6eanTeNbHO NOKAa3HBaeT DPAas3JiiiudAs B 3aKOHOMEPHOCTSX H3MEHEHUS
¥ UHC/NOBHIX 3HAauYeHHsX Kod(pouuuenta C,. IIpHynHO# €TOMB GOMBIIHX
PACXOXKAEHHH NOJYueHHBIX Pe3yJabTaTOB N0 oLeHKaM C, HCCleA0Ba-
TeJM CYUHTAIOT OTCYTCTBHE yuyeTa IIepOXOBaTOCTH -fIOACTHJAIOIIEH KO-
BEPXHOCTH, CTENEHH NOABHKHOCTH BHICTYNOB, DA3JIMYUs TEMIIEPATYpHl
BOAB M BO3Ayxa H Apyrux ¢akropos [20, 31]. HocTurHyTsl ompeae-
JIeHHBIe YCNEXH B y4eTe BJHSAHHA HEKOTODHIX H3 IepPEeUHCEeHHHX (ak-

o108
20
. ) ’ o
7,5 i . * d . )
" O
o - .0 r’“’;"f/
70t . g.w . o o1
/ » PR . ° Z )
. . Q
! 1 1 ] 1 ] | | 1
Rl N 8 10 Wy e

Puc. 1.2. 3aBucumocth Ca=](W)0), NOCTPOEHHAA MO HAAHHLIM HCCJIEAOBaHUI
NepekoCOB YPOBHsL B a9pOrHAPaBJHYECKHX JOTKaX.
Hanna jgorka: 1 —30 M, 2 —40 M.

TOPOB Ha 3aKOHOMEDHOCTH H3MeHEHHs W aCGOJIIOTHHE 3HAUCHHS KO-
¢unuenra. ) ‘ o .

Tak, manpuMep, B MoHorpaduu 3. K. Brorep [20] yGeaurennHo
NOKa3aHO BJIMsSHHE BBICOTH M KPYTH3HH .BOJMH 3HIOH Ha H3MEHEHHE
ko3(pduunenta C, NpH pasNMUHOM CKOPOCTH Berpa. B  pa6orax
C. C. CrpekanoBa u JApyrux corpyanukos CowosMmopHuunpoerra [31]
Ko3¢p¢unuent C, npeicTaBJeH B 3aBHCHMOCTH OT uucja Pelinosbiaca
B BHIe

Ca= (29,4 — 3,831g Re) ™, (1.4)
rie o , '
Re=mo3/(gv,), - . (L)

U,— AVHAMHYECKAsl CKOPOCTb BO3AYIIHOTO® IOTOKA, Vs — KHHEMaTH-
ueckasl BSI3KOCTb BO3JyXa, HpHHSTas pasHO#t 1,5-1075 wm2/c; me—
KOHCTaHTa, paBHas 2,1 1072 .

. -Ilo ytBepxieHno aBTOpoB paborhl [31], HajgexHble HAGMIOLEHHEIE
. JaHHBIE OTKJOHSIOTCS OT BBIYHCJAEHHBIX HO 3aBUCHMOCTH (l.4) ue 6o-
Jee ueM Ha 20 %. -

B I'TH 6unu npoBefieHbl CEPHH SKCNEPHMEHTOB IO OllEHKE KO3(-
¢bunventa C, Ha OCHOBAHMH CBeJEHHHl O Iepekocax YpOBHs B -Gac-
CeiiHe M JIOTKaX pasHBIX pa3MepoB. ‘CKOpocTb BeTpa, NpHBeeHHAS
K BHcore 10 M, sajaBajacb B 3KCIepHMEHTax paBHoii 2,5—12 wm/c,
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a ray6uHa 2,7—5,0 cm. [daHHBle 3KCOEPHMEHTOB TPEACTaBJECHH Ha
puc. 1.2. Ocpennennas npsiMasi Ha PHCYHKE MOXKeT ObITb aHAJUTHUC-
CKM BHIpAaXK€HA B BUIE

Ca.= (0,80 4- 0,05W ;) - 10> (1.6)

Xon »>Tolt 3aBUCUMOCTH HauboJjiee GJM30K K 3aBHCHMOCTSM Xafiid
n Ilnefita, By, Kafimerana [41] u ap. C yueTom 3tOro oGcrositenib-
CTBa W TOrO, YTO 3KCIepHUMEHTH B Oaccefine u sotkax I'TH mposozH-
JIUCh TPEHMYINECTBCHHO HPH OYeHb MaJjblX pa3Mepax BETPOBBIX BOJH,

i Hlon? \ S
2L At
e
vy o~
- A4
. o4
o4
1+ v7
1. M
x g ]
| . ) x ;_'v,:'-’/v o AX i ‘ ) X ¢
=t °" | Y U S N )
0 2 4 5§ 8 10 12 Wymb

- Puc. -1.3. DMIupuyecKie . 3aBUCHMOCTH KACATEJbHBIX HANPAKEHAR Tros HA
NIOBEPXHOCTH BOJAB OT. cKopocTH Berpa Wio.

I — ocpenHeHHble NAHHBIE O MEPEeKocaxX YPOBHSI B a3POTHAPABAHYECKUX JOTKAaX IPH
ray6uue 0,03—0,50 m (1—9); I —no Bad-Uopuy; I/l —no pmanueim O. II. Bunorpa-
' IOBOIl O MyJbCAUHSIX CKOPOCTH.

BBHITIOJIHEHO OcpefHeHHe AaHHbXx I'TH ¥ HaHHBIX Ha3BaHHBIX aBTOPOB,
U 3aBucuMocthb (1.6) mpeacraB/jieHa B CJeAYIOLIeM YTOYHEHHOM BHIE:

Ca=(1,15 4 0,05W,,) - 107", (.7)

B 3TO#f 3aBHCHMOCTH, KaK BHAHO, He YYHTHIBACTCS BLICOTA H CTe-
IeHb IOJABHKHOCTH BLICTYNOB IIEpOXOBATOCTH, IIOSTOMY €€ MOXKHO
HCIIOJb30BaTh AJIs1 pellleHHs 3afay NPHMEHHTEJNbHO K BOJOeMaM C He-
60JIbIIHMMH PasrOHaMHu. ‘

1.4.3. Kacareavuoie nanpaxenun serpa

N

[ToBepxXHOCTHOE - KacaTe/JbHOE HampsiXeHHe BeTpa Ha OCHOBAaHHH
dopmyn (1.1) u (1.6) MOXKHO NPEACTABUTL B BUJE

Taos = 0, (0,80 + 0,05W ) W%, - 102, (1.8)
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~a Ha ocHoBaHuu ¢opmys (1.1)—(1.7) —B BHJE
nos = 0 (1,15 4 0,08W ) W%, 10—, - (19)

3aBHCHMOCTh (19) XOPOLIO COTrJIacyeTcsi ¢ 3aBHCHMOCThIO BaH-
Hopna 26, 41], O. Il. Buxorpanoso# [27] v UlonTunra [41, 245], uto
BUAHO Ha puc. 1.3.

144. Hpbdm/lu seTpa u ux rpancopmayus nad nodcrurarouiei
nosepxHoCcTsI0

Has YCTaHOBUBIIETOCA  MOJHOCTBLIO Typ6YJIeHTHOI‘0 BOSI[YH.IHOI‘O
IOTOKa HaJj LIepOXOBATBIMH IMOBEDXHOCTSAMH B YCJOBHAX HePlTpaJIbHOPI
YCTOH‘{HBOCTH JIaﬁOpaTOprIe Hu HaTyprIe HCCael0BaHusg L30T IIpo-
CTO€ COOTHOLIEHHMe MEXJY BEPTHKaJbHBIMH TpaiHERTaMH CKOpOCTH
KHAKOCTH W HalpsAXKEeHHeM CABHTA: N

oW /(02 =10,/(Kz), (1.10)

rae W — cpeiHsisi CKOPOCTb BETpPa Ha BBICOTE 2; Ux = 4/Tgon/Pa — CKO-
pOCTh TPeHHus; K — nocrossunas KapmaHna, npuHEMaeMas OGLIYHO paB-
noi 0,40.

I/IHTerpHpOBaHHe (1.10) naer pJas cjosl C IOCTOSHHBIM Kacarelsb-
HbiM HaNpsiXKeHHEeM JorapuMHUUeCKH# 32KOH pacnpeseseHus CKOpo-
" CTH BeTpa

W =uv,In(z/C)K, (1.11)

rae C — NOCTOAHHAS HHTErPHPOBAHH.

Jlnsi 11epoXoBaTHIX MOBEPXHOCTEH KacaTebHOE HANPSKEHHE HA He-
3aTps3HeHHOH MNJIOCKOH IMOBEPXHOCTH IpeHeGpexXNMO MaJjo [0 CpaB-
HEHHIO C TPeHHEM 3a cYeT 3JeMeHTOB BeicTYno M (l.11) npunumaer
BHAL -

W =u,1n(2/zy)/K, - (1.12)

rae 2p— lapameTp IIEPOXOBATOCTH, -ABJSIOIIMIACA NOCTOSHHEIM JJIs
NOBEPXHOCTe# CO CpPaBHUTEJBbHO OZHOPOJAHBIMH MEJKHMH BBICTYaMH,
HO M3MEeHAIOUIWHACSH B WHMPOKHX npenesax: OT 0,1 cM aJs coBeplUEHHO
rnangkoro cHera a0 100 cm aas gecuctoin MectHoct [20, 31, 41].
HMccnenoBaHUsAMH YCTaHOBJIEHA BO3MOXKHOCTL Pa3JHYHBIX PeXKH-
MOB ABHXXE€HHs BO3AYIUIHOTO IOTOKAa Haj BOAHOH TIOBEPXHOCTBIO: TJIajl-
KOTO, IJIaJKOro TYpGYJEeHTHOro, ¢ pa3BUBaIOLIEficsl LIePOXOBATOCThIO
H TOJHOCTBIO LIepox0oBaToro. Iljiss HEKOTOPHIX PeXHMOB ABHXKEHHS H
00TeKaHHsa BO3AYIUHHIM IIOTOKOM BHICTYNOB ILIEpOXOBAaTOCTH HaHAeHE
aHaJINTHYeCKHe BEIpaXKeHHS.
" B ycaoBuax HeliTpanbHOH crpaTHdHKanuu atMocdepbl M pexHMa
r1ajKoro TypOyJEeHTHOTO ABHIKEHHs BO3AYIIHOTO NOTOKa OTHOCHTEJb-

~

Hplf NapaMeTp LIEDOXOBATOCTH 2o BHIPAXKAETC 3aBHCUMOCTHIO [26,
31, 245]

2,— 43053, (1.13)
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rae 6e3pa3MepHaﬂ ANHaMH4eCKasa CKOPOCTh

 dy=u/4 v | (1.14)

H3MeHenHss peXMMa [ABHXKEHHSI M CKOPOCTH BO3AYIIHOIO MMOTOKa
Hal NOACTUJaKLIeH MOBEPXHOCTHIO OOBIUHO BeChbMa CYLIECTBEHHO OT-
paxarTcs Ha xapakTepe pachpefe/eHHs] IO BepTHKAJH He TOJbKO
nyJabcalllii CKOPOCTH, HO H OCpPeJHEHHBIX BO BpeMeHH 3HaueHui, [lpu
pellleHHH INpaKTHYeCKHX 3ajay, HalpuMep JMJs IepecyeTa CKOPOCTH

M Yueno Hobnwdenul
50— 1325 3225 21 22 IM
a) v 20,0 —
L 6)
) S
10—
50 —
05 -
o1 . 10+ *
[ ! | | [ 04 L | L [ |
0 2 4 6§ & 10 "0 2 4 6 8 Wmfc

KPHC; 1.4. Tlpoduau ckopocTs Betpa Hax MenxopoabeM (a) [41] m OTKpEITEIM
(CeBepuniM) mopem (6) [41, 193].

C OJHOTO TOPH30HTa Ha APYrofi, OGBIYHO HCIOJb3YIOT IMIMPHYECKHE
3HaueHUs] KO3(pbunueHTa.

Kos¢dounuent nepexopa ot OCpelIHeHHOIrI 10 MHOTOYHCJIEHHBIM H3-
MEPEHHSM CKOPOCTH BeTpa Ha BHICOTe 2,0 M K CKOpPOCTH BeTpa Ha

“ BeicoTe 10 M HajJ BOAHOH NMOBEPXHOCTHIO MpHHHMAaJCA panee [51, 154]

paBHEM 1,25, Ilpu onenke ko3pduuueHta nepexoxa no AZHHBIM CpPOY-
HBIX H3MepeHHH BeTpa OGHapyXKHBaeTCs HEKOTOpOe BJHSHHEe Ha Hero
aGCOJIIOTHOR CKOPOCTH BeTpa. IDTO . 0OCTOATEJNbCTBO BHAHO IIDH pac-
CMOTpEHHH TIpoduiel, MNOJy4YeHHBIX Haj MeJKoBoJbeM Pojsiom
{puc. 1.4a) [41] u oTkpBITEHIM MopeM.Bpokcom (pHc 1.46) [41, 193]
HecMoTpst- Ha pasJsnuns B. paclpefesNeHHH CKOpPoOCTel, cpelHee 3Haye-
HHe Ko3(pduLHenTa Nepexofa MeXAy YKa3aHHEIMH TOpH3OHTAMH H3Me-
peH#si IPH HCIOJb30BAaHHH [AaHHBIX CPOYHHIX HabJIOJeHHH 6e3 60Jb-
IO MOTPEelIHOCTH MOXKeT GBITh HpHHATO paBHEIM 1,17. He uckaoueHo,
4YTO 3TO 3HayeHHe -OyAeT YTOUHEHO Ha OCHOBAHHH MaTepHaJoB HabJlo-

JIeHHH Ha BHYTPpEHHHX BOJOE€MaxXx pa3J/IMYHBIX THIIOB H pPa3MepoB.

Muoro pa6oT NOCBSILEHO OIEHKaM Ko3Gh(UINEeHTOB MJs Iepe-
cueTa CKODOCTH BeTpa, H3MepeHHOI Ha Oepery, K CKOPOCTH BeTpa Haj
BoxHO# mopepxHOCThIO. PaHee, Ha ocHoBauHMH HccaefoBauuii I'TO H
I'TH [154], koa¢dunuenT nepexoga OoT NaHHBIX H3MepeHHH (JaiorepoMm

- Ha ypoOBHE BEPIUIHH. AECPEBbEB . K BOJHOU NIOBECPXHOCTH NpHHUMAJCA
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_paBebEM 3,0, a A/ Tiepexoia OT LAaHHBIX Hsmepeﬁun (bmorepom Ha

OTKPHITOM POBHOM Gepery — paBHEIM 1,1.

MBorouuc/eHHble CHHXPDOHHbIE H3MEPEHHsI CKOPOCTH BeTpa Ha Ge-
perax HeCKOJIbKMX BOZOeMOB (osepa Basaxam, Benoe, Bousblmoe $Ipo-
BO€, Bojoxpanunuma Kafipakkymckoe, KaxoBckoe erMquyrcxoe)
BBIIOJHEHHBIE 3KcneAuuHoHHEIME rpynnamu I'TH B nepuoa ¢ 1960 mo
1985 r., mokasaju BO3MOXKHOCTb HCNOJNb3OBAHHA NAHHBIX GeperoBhIX

~.

L : ,
23 4 swwe . 0 4 & 2 6 A X4

Puc. 1.5. 3aBHcuMOCTB Koscbcbnunen'ra nepexo,ua kw==Wx/W: OT ckopocT: Berpa Ha
6eperoseix myakrax (W,) u Hag BopHOH moBepxHocTbio (Ws) Hosocubupckoro Bogo-
xpanmauma [155]. . ‘

Piic. 1.6. VaMeHeHHe ocpefHEHHHX Ko3hhHIMEeHTOR Nepexoaa kw Ha Hosocu6upcxom
BOLOXDaHH/INIE B TeUeHHe CYTOK B PasJuyHHE ce30HH roia [155].
1 — Becna, 2 — nero, 3 — oceHb

NHKTOB, PAaCHONOMKEHHHIX HAa DOBHOH H HesalHIIeHHOf MEeCTHOCTH,
AJisl XapaKTePUCTHKH BeTpa HaJ BOJHOH NMOBEPXHOCTHIO IIPEHMYIUIECT-
BeHHO 6e3 BBeJEHHS IONPABOYHBIX KO2(DOHUIHEHTOB. .
OGcrosTenbHble  pe3ynabTaTel AuddepeHnHPOBAHHOTO paccMoTpe-
HHs aTOro Bompoca mosyuensl 3. JI. Cepruenkosoit [155] Ha ocHoBa-
HUY CONOCTaBJEHHI NAaHHBIX PErHCTPALUHM BeTpa Ha ABYX O6eperoBhX
H OCTPOBHBIX NyHKTax HoOBOCHOMDPCKOTO BoAOXpaHHauIla. OHH MOKa-
3BIBAIOT, YTO paccMaTpHBaeMblii BeTPOBOH KO3G(HIMEHT 3HAUUTEEeH
TONbKO MNpH caabklx Berpax M yMeHburaerca fo 1,0 mpu cxopocrH

Berpa Gosee 5 M/c (puc. 1.5). BecbMa OTYeT/IMBO BBIpaXK€H CYTOYHBIH -

H Ce30HHHIH XOA K03((HUIHEHTOB nepexofa. B cyTouHOM Xoje K03(-
GHUIVEHTOB B BECEHHHE H JIETHHE MeCAIB OTMeYalTcs ONMH MAaKCH-
MyM (OpuMepHO B 4—5 4) K ONMH MUHEUMYM (B 13—15 q). B ocen-
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Hue Mecsausl . (puc. 1.6) Bripaxenw asa MakcuMmyma (B 5 u 21 1)
-OJlHH MUHHUMYM (B 14 u).

Hepelko BO3HHKaeT Heoﬁxolmmocn: OLlEHKH MAaKCHMAaJbHOH CKO-
POCTH BeTpa NO NaHHBIM CPOYHBIX HAGJIOJEHHH B MyHKTax, 06opy-
JOBaHHBIX ¢uorepamu. MccaenoBaHUSIMH y3Ke HAaBHO YCTaHOBJIEHO,
YTO MaKCHMaJbHasi CKOPOCTh BETPAa, 3aperupCcrpHpOBaHHAsT CaMOIHKC-
IeM HeNpepHBHOIO HAeHCTBHs, OOGBIYHO NpEBHHIAET MaKCHMaJbHYIO
CKOPOCTb, M3MEPEHHYIO 1Mo (JIIOrepy B yCTaHOBJAEHHbHE CpokH. B pa-
6ote [108] mpuBeneHH KO3(QOHUUHEHTH AJs ONpeleNeHHsT MaKCHMaJ/b-
HOH MeCS4HOH CKODOCTH 1O AaHHBIM UeThIpeX- H BOCHMHCPOUYHLIX Hal-
JIOJeHHl B DYHKTax, o60pyaoBaHBbIX duorepamMu. O6paboTke OBLIH
noxBeprayTel  3—10-neTHHe psiAB HabmoeHHA 1o 64 craHUHAM.
YcTaHOBJIEHO, YTO JOCTOBEPHAST MaKCHMaJbHash MeCAYHas CKOPOCTh
BeTpa IpeBbIIIaeT MAKCHMAaJbHYIO - MECAYHYIO CKODOCTb, H3MepeHHYIO
npu 4- u 8-cpouHnix Habmwaesusx, B 1,25—1,20 pasa npu ckopoctu
Berpa 8—11.M/c u B 1,10 pasa npu ckopoctu 16—19 m/c.

" Takum 06pa3oM, TIpH UCIOJb30BAHHM MaHHBIX HaGa0feHHH 3a
BeTPOM 10 GeperoBoMy IIYHKTY AJIS PacuyeToB. JHHAMHYECKHX SIBJEHHMI
B BOJOeMe HeOOXONHMMO YuecTh BO3MOXKHYIO 3alIUIIEHHOCTh H3MEpPH-
TeJbHBIX YCTPOHCTB; OCYUIECTBUTH MEPECUeT CKOPOCTH OT TOPH3OHTA.
H3MepeHHs K CTaHgapTHo# Bmlcote 10 M Hajx NOBEPXHOCTBHIO CYIIH;
yuecTb BO3MOKHOe H3MEHEHHe CKODOCTH MEXAYy MeCTOM pasMellieHHs
BeTPOU3MEPHUTEJNbHHX NPHUOOpOB Ha Oepery M OTKPHITOH BOAHOH MO-
BEPXHOCTBIO; YYeCTb INepeXof OT INEPHOJHUYECKH BBIIOJHAEMBIX CPOY-
HEIX H3MepeHHH K HeNpephIBHOH perucTpaluy:

HexkoToprie 13 nepeuyunc/eHHBIX XapaKTePUCTHK BeTpa TPUMEHH-
TEJbHO K KPYIHHM BHYTPEHHHM. BOAOEMaM MOTYT OBITb YTOYHEHH Ha
OCHOBaHMH peKOMeHIaluu#l paGorhl [31].

1.4.5. Pescumnsie craTucTuseckue u pacuernsie xapatcrepucrutcu
serpa

Pewenne TUAPOJIOTHYECKHX 3a/1a4 IO MCIONb30BAHHIO BOJOEMOB
JUIs] X03aHCTBEHHHIX Llesell oYeHb 4acTo 6asupyercsd Ha HAHHBIX O pe-
XHUMHBIX U pacyeTHHIX XapakKTepHCTHKax Berpa. Haubosee aerasbHblE
CBeJeHHs] O peXMMe BeTpa MOXKHO MOJYYHTh Ha OCHOBAHHH aHaJu3a
TabJHL NOBTOPSIEMOCTH BETpa Da3JIHUHOH CKOPOCTH H HAIPaBJEHHS,
Tague Tabauupl AJs CyXONYTHHX cTaHnuil npuBogarcs B «CmpaBod-
HUKax MO KJAMMAaTy», «MaTepuasnax Habmonenuil Ha o3epax H BOJO-
XpaHuNHlax», ~COpaBouHWKax * «[mapomereoposornueckui  pexuMm
03¢p H BOAOXPAHWJHIL» H JPYrHX CHElHAJbHBIX HU3TaHUX.

B nepeunciaeHHBIX BHAaX H3AaHUH MOMXKHO HaHTH - 060GIIEHHBIE
CBEJleHHs 3a BCe TOABI HaOJIOJEHHH IO OTHEJbHBIM MecslaM H Ce30-
HaM, a Takxe NOApOOHble NaHHLElEe 33 BeCh ToJ HJH ONpeJejeHHbIH
mecal. TaM Xe NpUBOAATCH CPeJHHE 3HAUEHHS CKOPOCTH, CBEIEHHS
0 HenpepbBHOA MPOAOJKHUTENBHOCTH HeHCTBHSA BETPOB  pasJHyHOM
ckopoctu-u Ap. Ilo naHHBIM O NOBTOPSIEMOCTH BETPOB Pa3JHYHBIX rpa-
Jauufl CKOPOCTH IO HAaNpaBJeHHSM, COCTABJEHHBIM MIJS OTACIbHHIX
MecsleB, MOXeT OHTb coCTaBJeHa TabJaHIla NOBTOPSEMOCTEH BeTpa
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3a Becb 0e3/IeJOCTaBHBIH MEpHOA HJH 32 OTHAEJbHBIE €ro  Ce30HBL
(BecHa, Jero, oceHb) Haunyumas ¢opma o600ileHHBX Tabaun Ta-
Kast, B KOTOpPOH MOBTOPSIEMOCTH BeTpa pacnpefeseHsl no 16 pyM6aM,
a nHa6JjrojJeHHBId AUAaa30H CKOPOCTH pa36GuT Ha 5—7 rpanamm gepes
2,0 M/c uu B KpafiHem cayuae yepes 3,0 M/c.

Jns pelleHust HEKOTOPBIX NMPOCTHIX 3afad AOCTATOYHO HMeTb Tab-
JIMIBI C pachpefeleHHeM MOBTOpsieMocTell 1o 8 pym6aM, HO ¢ cOXpa-
HeHHEM YKa3aHHOTO 4Ydcjaa rpajauuit ckopocTd. [Io maHHBIM TabJHIL
O TMOBTOPSEMOCTH BeTpa PAa3JHYHON CKODOCTH M HampaBileHHH MOXHO
TIOCTPOUTHL HHTErpaJbHble KpHBbIE O00eCNeueHHOCTH CKOPOCTH Berpa
U KpHBbLIE pacrnpejeseHHs] BETPOB [0 HANpPABJICHHSIM. ‘

WurerpanbHble KpHBble O00ECNeYeHHOCTH B LEJAAX CIPAMJIEHHS
CTPOST HA CHENHAJbHBIX JorapudpMHUecKHX KJeruaTkax [198], a mo-
BTOpsieMOCTb Py paccMaTpHBaeMbix ckopocTeir Berpa Wi onpene-
JSI0T o (opmyJie

»

Py = 100/(nwNy), (1.15)

TAe Nw — YHCJO JIeT, B TEeYeHHEe KOTOPHIX OAHMH pa3 B ONMH M3 CTaH-
AApTHBIX CPOKOB CHCTEMATHYECKHX €XKeCYTOYHHIX HaOJIOfleHdH CKO--
PoCTh BeTpa MOXET OKasaTbCsl paBHO# 3afaHHOMY 3HaueHHI0o Wi
WJIM TpeBHICHTb ero; Ny —uncio CcpouHbX HaO/IONeHHI 3a BeTpOM
B TOJAY. ' -

Has onpepeneHdsi pacyeTHBIX XapaKTEPUCTHK BeTpa C NOMOMLIBIO
MHTErpanbHblX KPUBHIX 00eCIeueHHOCTH CYIIEeCTBYIOT pasJjiMyHbIE Me-
Tofabl. IlpHeMieMBIMH CUHMTAIOTCS T€ M3 HHUX, KOTOpHIE. BKJIOYEHH!
B CHulIl [166] u B yrBepxaenunie 'occrpoem CCCP MeXBeIOMCTBEH-
Hble HOpMATHBHBIE HOKYMEHTHl IO pPacyeTy THAPOJOTHYECKHX HJH Me-
TEOPOJIOTHUECKHUX XaPaAKTEePUCTHK.

B HekoTOpHIX CJIyuasgX BO3HHKaeT HEOOGXOAMMOCTH OIEHHTb XOJ
TOrO WM WHOrO THAPOJOTHUYECKOTO SIBJIEHHS BO BPEMEHH, HampuMep,
onpeleanTh 06bEeMBl NepeMelileHHsl BOJ uepe3 CTBOp BOAOeMa, 06beMB
NOCTYIJIEHUSI HAHOCOB K COOPY:KEHMIO MJIH 3aHOCHMOCTb COOpPYIKEHHS.
HOns pelleHust Takux 3azay HeOGXOAHMO pacrosaraTh CBEIEHHSMH
O NOBTOPSIEMOCTH BeTpa 3a ‘OTHAeJbHBIE MeCsiibl, Ce30Hb TOAa HJH 3a
KaXAbH GessenocTaBHblfl nepuold. IlepedncieHHble CBeLEHHS MOXKHO
MOJYYUTh IYTeM OOpabOTKH AAHHBIX CPOYHBIX HAaOJWONEHHH, NAHHBIX
HelpepblBHOH perucTpalMH BeTpa WM JaHHBIX OlojjeTeHeli 3a oOT-
ReJbHBIE MECSIIBI.

- 1.5. Berpoesie soanbl

1.5.1. Hpuuuner 803nuKHOBEHUR 8OAH

Boanbl eTHOCATCS K TaKOMY BHAY HEyCTaHOBHBILErocs nepuojnye-
CKOIo IBHMXKEHHS CpPeNHl, IDH KOTOPOM CKODOCTb NepeMelleHHs] (OpME -
cpefnl OGBLIYHO NpeBHINAeT CKOPOCTH HaHOOJBUINX NepeMelleHUH dYa-
cruil cpelnt. ITocpencTBoM nepHOAHYECKHX KOJeOaTeNbHBIX ABUKEHHH
‘B IPHUPOJE pacClIpOCTPaHSAIOTCS HE TOJbKO KaNWJJsSpHble W I'pDaBUTA-
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IITHOHHbBIE BOJIHBI, HO H 3BYK, CBeT, 3Heprm{ CoJqHua u Apyrue BHUIBE-

MAaTEpHH.
eTp0BbIMI/I BOJIHAMH OGHUHO HA3BLIBAIOT NOPOXKJAEHHHE BETPOM Ha
BOJHO/ NOBEPXHOCTH HENMPEPHIBHO MEHSIOUINECS BO BPEMEHH I IO MyTH

J],BPI}KeHI/IH yepenyrouyecs Mexay co0oft rpeGHM KW BIAaLMHBL CJOXKHOM . -

pelICTaBJIeHI/Iﬂ O MeXaHH3Me 3aPOXKIEHUS] ¥ Pa3BUTHs BETPOBHIX.
%o.;m JO cer0 BpEMEHH OKOHYATEeJbHO He BHDAaOOTaHHI, XOTS .3THM
BONpOCaM elle B KOHIe IPOINIOro BeKa 3aHHMAJHCh TAKHEe KPyNHBIE
yueHble, Kak KejbBHH I‘EJIbMFOJIbI‘{mHOI‘He ucciefonatenu |31,
195] cyuTaloOT, uTO BO3HMKAIIUHE BOJHLI 0O6PasyloT CIEKTD OMHOH Cu-
CTeMEl, AJMHB BOJH B KOTODOH YBEJHUHBAIOTCS C YBEJWYEHHEM BHI-
COTHl BOJIH IO Mepe POCTa CKOPOCTH BeTpa M JAJNHHHI pasrowa. Mexa-
HH3M 3apOXKAEHHs] HAYAJbHBIX BOJH OOGBUHO IIPEACTABJSIETCS HO-pas3-
Homy. II. H. Ycnenckuit [226], mampumep, 0oGbACHSET 3apoxjeHHe
HayaJbHBIX BOJH KOJEeGAaHUAMH AaBJEHHS B NOBEPXHOCTHOM CJIO€, BHI-
3BIBAEMBIMH MEJKHMH 3aBUXPEHHSIMH BO3AYILIHOIO mOTOKa. K. K. De-
nsteBckuit [111] cunran, 410 3apOXKAEHUIO TPABUTAIMOHHEIX BOJH CIO~
COGCTBYIOT Kanu/JisipHBle BOJHBEI H YTO. H3 BCETO CIEKTpPa BOJH pas-
BHBAIOTCSI T€, KOTOpHIE BO3HHK/IH IEPBHIMH H CKOPOCTb pacIpoCTpa-
HEeHHsI ¢ KOTODBIX paHblle, 4eM APYIHX, AOCTHTaeT COOTHOUIEHHUS

c=0,78W, \ - (1.16)

rae W -— cKOpoCTb BeTpa Haj BOLHOH IOBEPXHOCTHIO.
B. B. llyneiikus [226] ucxXoaua u3 NPEANOJOKEHHS; 4YTO pPOCT
BOJIH. CBsI3aH C yBeJUUeHueM.  OpOHTaJbHEIX cKopocTed. Ilpumenus
K ABHXKYUIMMCS 4aCTHLAM TeODEeMYy O MOMEHTe KOJHMYeCTBa [BUKEHHS,

OH HOJIYHHJI aHaJUTHYECKOE Bpra)KeHI/Ie CBSI3H BLICOTHl BOJIHH C €€ 3

JJUHOHA B BHIle .
Ry = 0,278 (/%) + 0,722 (M), (1.17)

rae hg B Ao— COOTBETCTBEHHO BLICOTA M JJHHA BOJHLL B MOMEHT JO-
CTHKeHHUs] MAaKCHMaJbHOH KDYTH3HEL, @ A U A-—Te XKe 3JeMeHTH BOJH
B J1I060H APYroif MOMEHT.

- OpurHHaJbHYIO TOUKY 3peHHS Ha pa3BUTHE BETPOBHIX BOJIH BHI-
ckasan H. E. KounpatbeB [90]. OH ucxoaua u3 Teopuu BOJH MaJsoi

aMINUATYyAb U NpyileJ K BBIBOAY, UTO «C NPUTOKOM 3HEPrHU OT BETpa-

MOXKHO CBfI3BIBaThb TOJBKO POCT BOJHEI B BBICOTY M HeEJb3si CBSI3HIBATH
C IPHTOKOM SHEPTHH POCT BOJHE! B AJMHY». 3aPOXKJAIOLIHECs BOJNHEH,
corjiacHo rumorese KoHjpaTbeBa, HIMeIOT HEKOTOPYIO KOHEUHYIO AJIUHY
H oueHb MaJylo BHCOTY. [Io myTu pacmpocTpaHeHHsI IPOMCXOAHT IO-
CTENleHHOEe YBeJHUYeHHEe BBICOTH BOJIHEI §e3 3aMETHHIX H3MeHeHud ee
AnuHbl. [To Mepe HOCTHXKeHHS BOJHAMH JAHHOH CHCTEMB NpeleabHOM
KPYTH3HBL OHM HauHHAIOT paspymiaThcsi. Bmecro paspymaomefics cH-
CTeMBl BOJIH NPeJeNbHON KPYTU3HBl HA MOBEPXHOCTH BOLH! MOSIBJISETCS
cucreMa G6oJiee NOJNOTHX H IJHHHBIX BOJH, CIOCOGHBIX -IIOTIJIOIATh
SHEPTHIO BETpa M PasBUBATBHCS B BHICOTY.
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B 60-x romax Gmnim paspaGoTaHb Ccyry6o TEOpeTHYECKHE CXEeMEE
pasBHUTHSI BETPOBBIX BOJH, 6a3upylolmHecst Ha KJAaCCHUECKHX MPEACTaB-
nennsix KeabBuHa M [ensMrossna ¥ He HPOTHBOpeYallWe ypaBHEHUIO
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“. asesener

20 — } _ ‘
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Puc. 1.7. sMeHeHue 57eMeHTOB BETPOBHIX BOJH H CKODOCTH BeTpa
B TeueHHe CyTOK Ha KaHpaKKyMCKOM BOJOXDaHHJHILE.

PaccrosHue or Gepera: I — 0,7 KM, 2—2,8 kM, 3— 7,3 kM, 4 — 11,4 xuM,
5—21 kM; T — cpennui TEPHOR, BOJHBY, ' Ay oo — MaKCHMadbHas BHCOTA
BOJIHEI, hl %~ BBICOTA BOAHBEL 1 %-i oﬁéf:nequHOCTu, W5 — CKOpoCTb BETPa

Haj BOJAHOH NOBEPXHOCTBIO (2,0 M).

6ananca BoJHOBOH 3Heprum B. M. MaxkaseeBa [111]. B ogmmoit usz
cxeM, npensoxenHoit Ouaauncom [205, 243), B KauecTBe OCHOBHOTO:
HCTOYHHMKA TeHepallHH BETPOBHIX BOJH INPHHHMAIOTCA  HOpMaJibHble
¢daokTyanun gaBieHus TypOyJeHTHOTO BeTpa. B cxeMe, mpemsoxeH-
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#HOI Maiinzom [31], MexaHU3M reHepallud BETPOBHIX BOJH OCHOBAH Ha
‘TEOPHUH HEYCTOHYHUBOCTH TPaHHUILEI pasjena BO3JyX—BOAa B YCJOBHSAX
JeHCTBHS NOTOKa BO3AyXa ¢ TPAXMEHTOM CKOPOCTH B HOIpDaHHYHOM
cji0e. JIoHre-XUITHHC NPENJIOKHI CXeMY Pa3BUTHSI BETPOBHIX BOJH, OC-
HOBAHHYIO HA yuyeTe CBOHACTBa BETpa CPaBHHTEJIBHO OBICTPO mepefa-
BaThb 9Heprmo KOPOTKHM BOJHaM C nocneﬂy}omen nepeﬂaqen 3HauHu-
'TeJILHOH ee uacTH GoJiee JJIHHHBIM BOJHAM,

K HacrosimeMmy BpeMeHH ONpefeeHO 3HAYHTENBHOE KOJHYECTBO
‘CIIEKTPOB Pa3BHBAIOLIErOCsT BOJHEHHs, KOTOpble MOJATBEPKAAIOT OT-
JeJbHBIE 5AEMEHTHl IepeuyHCHeHHBIX TEeOpeTHYECKHX CXeM, HO, K COo-
2KaJIeHNIO, CHHXDOHHO He IIOJYYEHBl CHEKTpaJbHble XapaKTEePHCTHKH
BETpa B NPHUBOJAHOM MOrPAHHYHOM CJIOE. M3-32 3TOTO HENMb3s OTAATDH
IIpeJHOYTEHUs] HH OJHOH H3 TeOpHH. ¢

Jast - pelleHHss MHOTHX NpPaKTHHECKHX 3ajad HaHGOJBIIYIO [eH-
HOCTb NpPEACTaBJSIOT CBeJeHHs 06 HHTEHCHBHOCTH ¥ OGIIel NMpOLOJIKH-

“TeJILHOCTH HapacTaHWsl BOJHEHHs KaK BO BPeMeHH B (DHKCHPOBaHHOH

‘TOYKe BOZOEMa, TaK H [0 HaNpaBJeHHIO pa3roHa BoJH. CBeleHHS MO
'3THM BOIIPOCAaM MOXKHO IOJYYHTb Ha OCHOBAHHH CIEIHaJbHBIX HATYp-
HBIX MCC/IEJOBAHMA W IO MarepuasjaM JaGopaTOPHBIX 3KCIEPHMEHTOB
31, 249} .

3HAUNTC/BHE 06beM HaTypHBIX HCCJAEJOBAHHH Ipolecca pas3BH-
‘THS1 BeTPOBOTO BOJHEHHs BbInoJjHeH skcnepuuueli 'TH na Kaiipak-
KyMCKOM BOJOXDaHMJHLLE, TAe AJs .STOTO = HCIOJb30Bajach aBHa-
CbeMKa BOJIH [O. NPOAOJBHOH OCH U MO IONepeyHHKaM, JJIHTeIbHBIE
CHHXDOHHblC HAG/IONEHHS B YeTHPEeX-NATH NYHKTaX Ha pasJHYHOM
paccTOsHHN OT Gepera W peryJsipHble HaG/IOJEHHs UM PErHCTpalus
BOJIH B OJHOM-ABYX NyHKTax [169]. Hekoropoe mpencrasieHue 06 u3-
'MEHEeHHH 3JICMEHTOB' BOJH BO BPeMEHH Ha DasjIHYHOM pAacCTOSHHHU OT
TOABETPEHHOro Oepera pAaer puc. 1.7, Ha KOTOpPOM HPEJACTABJIEHH
pe3y/IbTaThl HUHCTPYMEHTAJNbHBIX H MOJYHHCTPYMEHT4JbHBIX ‘H3Mepe-
HMH BOJIH B ISTH TOYKaX BOROXpaHusauma. M3 pucyHKa Xopolio
BUAHO, UYTO IPOJLOJIKHTEJbHOCTb MepHOJa HaPacTaHHA BOJHEHHUS H
BJIEMEHTHl BOJIH. YBEJHYUBAIOTCA C YBeJIHYEHHEM JJHHBI Da3sTOHa BOJH.
Ananus BCex APYrHX MaTepHasoB II0 Ha3BaHHOMY OGBEKTY MOKasall,
4YTO HapacTaHHe BOJH OTCTaeT OT HAapaCTaHHsl BeTpa TeM GoJblie,
yeM GOJIblIE CKOPOCTh BETPA H PACCTOSTHHE OT MeCTa HabJIojeHHH 10
Oepera. ToJabKO NpPH OYeHb NJIABHOM HapacTaHHH IITOPMa HapacTaHHe
‘3JIEMEHTOB BOJIH CJeAyeT 3a HapacTaHUueM CKOPOCTH BeTpa.

1.5.2. Kaaccudurayus 6oan u ux 3nementos
' BoJiHBI, BO3HHKZIOIIHE HAa IIOBEPXHOCTH BOAB - IOJ ﬂeﬁCTBHeM
BETPA, AJAT HA CJEAYIONIHe BHJH:

KAnuAAfpHole 80AKbL, WIN BeTpoBasi psbb, (OPpMHPOBaHME KOTO-
PBHIX ONpEAe/sercss CHIAMH IOBEDPXHOCTHOrO HaTskeHHs. IlpenenbHble
‘pasMepnl 3THX BOJH: anuHa 1,7 cM, ¢asoBasa ckopoctb 23 cm/c;

2pasuTayuontble B04HbL, (HOpMa, BHA W JApPYrHe XapaKTepHCTHKH
KOTOPBIX OIpeACHAlOTCs AEHCTBHEM CHJBL TSIKECTH NMPH YCJIOBHH Ipe-
HeOpeKUMO MaJIOro BJHMAHHS CHJIBl MOBEPXHOCTHOTO HATHAXKEHHS.

=
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BerpoBble BOJIHBI, NOABEPKEHHBIE ACHCTBHIO BETpPa, OTHOCAT K B8bl-
ﬂywcéeﬂnbm 804HAM, a 3bi0b, PACNpPOCTPAHSIOULYIOCS 3a IPEAEJEE
30HBI JEHCTBHS BeTpa HJIU nencmyromylo nocJe 3aTyXaHus BeTpa, —
K C80000HbIM BOAHAM.

ITo craguu pa3BUTHSI BETPOBOE BOJHEHHE AeJAT Ha ClAeAyIOUIHe TPH
BHJA: pa36uUBANOUjeecs, YCTAHOBUBUIEECS W 3ATYXArOUee, XapakTepH-
3YIOIHECs] COOTBETCTBEHHO HAapacTaHHEM, HEH3MEHHOCTbIO HJIH yOBIBa-
HHEM CPeIHUX 3HAUeHHUH 2JeMeHTOB BOJH BO Bpemex-m/{

1 23 405 _ o :
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-Puc. 1.8. IIpoduan BOJHH H ee 3JEMEHTH.

! — cratuvyeckuii ypoBeHb, 2 — CpejfHAA BOMHOBAS JHHHS, 3 — npoduaAbL BOJHHL, 4—
BepPUIMHA BOJIHBI, § — rpe6eHp BOJHBI, 6 — MOAOUIBA BOJHB, 7 — JOXOGHHA BOJHEHI; i
A — AJHHA BOJHBI, A, — JJHHA rpe61-m, Ay — AnUHA JOXOHHB, h — BEICOTa BOJHBI,

h, -~ BricOTa TrpeGusa, Ay — sarnyGiieHHe NMOAOLIBEI.

Berposrle BOJMHBI NpPHM [AHHBIX YCJAOBHSX HA paccMaTpHBaeMO
4acTH aKBaTODHH BOAOeMa 06pas3yloT CHCTEMY BOJIH, KOTOPYIO MOXKHO
0XapaKTePH30BaTh OCPeIHEHHBIMH H TpeJelbHBIMH 3HAaYeHHSMH OC-
‘HOBHEIX -5/IEMEHTOB BOJIH, DaclpeleleHHeM SJEMEHTOB H CIeKTpalb-
HBIMH XapaKTepHUCTHKAMH.

KaXay1o' BOJIHY B OTAENbHOCTH XapaKTePH3YIOT TPEMs OCHOBHHIMH
3JIEMEHTaMHU: BBICOTOH A, AJHMHOH A M nepuojoM t. MHorpa x wucay
OCHOBHBIX 3JIEMEHTOB OTHOCSIT TaKXe€ CKOPOCTb MEePEMeLIeHHs BOJH,
HasplBaeMylo uHOrZa (hasoBoil CKOPOCTHIO.

Ha npodune sossm (puc. 1.8), NP eJCTaBSIONIEM COGOH JIHHHIO
nepeceyeHus MOBEPXHOCTH [BYXMEDPHOH BOJIHBI N0 HAMpABJEHHIO ee
Jy4a C BePTHKaJbHOH IJIOCKOCTbIO, OOBIYHO BBIAEJISIOT  CJAEAYIOIIHE
qacTH: :
| CpeOHIon - 80AHOBYIO . /luHufO—I‘OpI/IsoHTaJIbHle JHHHIO, Tepece-
Kalollyo npodHIb BOJHE TaKHM o6pa30M YTO IJIOILAaJH BhHIIE W
HHXKE ee OLUHAKOBHI;

2pebeny B0AHbL— YaCTh BOJHH, pacnoyioXeHHol BHIIIe cpenHeil
BOJIHOBOMH JIMHUH;

BepULUKY BOAHbL— HAUBLICIIYIO TOUKY rpe6GHS BOJIHLL;

./lO()IC6tu BO/LftbL—qaCTb BOJIHH, PAaCIIOJOKEHHYIO HHXKe cpelHel
BOJIHOBOH JIMHUH;

nodouisy 80AHbL — HAUHU3IIYIO TOUKY JIOKGHHDI BOJIHEL;

KpPYTU3HY 80AHbL — OTHOIIEHHE BHICOTH BOJIHEI K €€ AJIHHE;

nO./LOZOCTb B80/AHBL — OTHOUIEHHE JJIUHBI BOJIHBI K €€’ BLICOTe.

Ha BsBosHOBaHHOH BOlIHOPI HOBerHOCTH BbIJIe.HﬂIOT cienyonue
SJICMEHTHI: . -

2%



qbpour 80/HbL — JINHHUIO, HpOBeILeHHyIO IO TOYKaM BEpUIHHBI rpeﬁﬂﬂ
J2HHOH BOJIHHI;

AY% BOAHbL— JIUHUIO HA B3BOJHOBAHHOH IOBEPXHOCTH, TPOBEAEH-
HyI0 N0 HOpMaJju K (pOHTY BOJHB B HANpaBJeHHH ee pacmpocTpa-
HeHHus. ' ,

B BojoeMe MO XapaKTeDHCTHKAM JeHCTBYIONIMX B HX Opefeaax
'BETPOBLIX BOJH BHJENSIOT CJIELYIOLINe YeTHIPe 30HH;

2ayb0Kk0800HYyr0 — ¢ rnybunamu H > A/2, rae aHO BOJl0OEMa TPAK-
THYECKH He BJHSET Ha BOJIHOBOE ABHIKEHHE BOJI;

Meaxo8odnyw —c A/2 > H > Hxp, Tlle BOJIHEI HCIBITEBAIOT BJHSA-
‘HHE COLIpPOTHBJICHHUS AHA;

npubolinyro —c¢ H < Hyp, Tae cospamTes YCJIOBHS: AJISl BO3SHHKHO-
BEHHS W 3aBeplIeHUS Mpollecca pas3pylIeHHUs BOJIH;

npuypes3osyro, B KOTOPOH paspyllaloliHecs: BOJHBEL IEPEXONAT B IO-
“TOK HAK4Ta, NepHOAHYECKH HaGeralolni HA MJSK.

B 3aBuCHMOCTH OT 30HBHI AeHCTBHS BOJIHBI. AEJSAT Ha CJeAyloLIHe.
BUABL: TMIyGOKOBOAHBIE, AeHCTByloulne B 30He ¢ A/2 << H; Meakosol-
#©ble, B 30He ¢ Hyp << M2 << H; npu6oitHble — TpaHChOpMUpYIOLIHECT
BOJIHBI, KOTOpBEIE JBHXKYTCS IO HANPABJEHUIO YMEHBUIAIOUIHXCA IJY-
-6WH ¢ neHAIMMca GypyHOM Ha mepeiHEM CKJOHeE.

BHyTpeHHHe BOLOEMHl JesAT IO NpeobialaloIiuM Ha HX aKsaTo-
PHH IITOPMOBLIM BOJHAM Ha CJEAYIONIHE BUABL: myﬁoxosomme C BOJI-
HaMu JUIAHOR A/2 << H; MeJKOBOAHBIE C _BOJHAMH AJHHOR A/2 = H.

- Mlnorza BBHIAeNAIOT BOAOEMBl HJIH YYACTKH C. OFpPAHMYEHHBIMH TIJy-
OuHaMHU, HA KOTODHIX NPH IITOPMOBBIX YCJOBHSIX BHIIOJHSETCS COOT-
HoweHue A/2~ H. r>

1.5.3. Pacuer anemenros 6eTposuix 80AH
U yuer ux UsMeNwusoCTU

IIpuctynmasg X H3y4YeHHIO BETPOBOTO BOJIHEHHA B HATYpPHHIX YCJO-
BUAX WIH K PAacueTaM 3JIEMEHTOB BOJIH AJist KOHKPETHHX YCAOBHH, He-
O0XOIUMO YYHTHIBATh H3MEHYHBOCTH 3JeMeHTOB BoJH. OOGBHYHO YYH-
THIBAIOT JBa BHUIA H3MEHUHBOCTH BOJIH: B CHCTEME H B peXHMe.

H3MeHUMBOCTb BOJIH B CHCTeMe OGBIYHO ONpelesloT Mo oGo6uieH-
“HBIM 3HauYeHHAM (YHKUME pacHpeleseHHs,, NpPeICTaBJSEMHX B BHIE
TpadukoB uin Tabaun. Takue rpaduku ¥ Tabauunbl OGHYHO MOJAYYAIOT
TyTeM COOTBETCTBYIOLIEH 06pabOTKH BOJHOTPAMM HJH IYTEM PacyeroB
TI0 TEOPETHYECKUM 3aBHCHMOCTSIM. ,

* B CHull «Harpysku u BO3feficTBHS Ha THAPOTEXHHUECKHE CO-
OpyxeHus» [166] ¢pyHKUHE pacnpefeneHus NMpeACTaBJAEHE B BUJE

' = (DW= (gH/W"), oy

- THe h;—BBICOTA KOHKPETHOH BOJHBI, M; /i — cpelHSS BBHICOTA BOJIHH
‘B cucreMe, M; D — qJuHa pasroHa, M.

.

N

Hdas ycnoBmit rayGoko# Boam (H/A > 0,5) u ycraHoBuBIIErocs
-BOJIHEHHS 3HauYeHMs 3THX XKe (QyHkuuil npupefeHsl B Tabu. 1.1
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C ueapio conocramieHuit B Taba. 1.1 NoMelieHH Takxe OCpelHEeH-

Hble 3HaueHHsI COOTHOWIEHHH Hh;/h, T;/v M Ai/A, mONyYeHHBIE MO MHO-
FUM cepusaM 3anuceil Ha KpeMeHUyrckoM BojoxpaHuauiie, 03. Banxam
<M B a3pOrHAPaBJHYECKOM JIOTKe (NpH JJHHE DasroHa BOJH 25 M W
rayGune 0,3 M). M3 naunbix Ta6a. 1.1 BHAHO, YTO BO BHYTPEHHHX BO-

Tabauya 1.1° . ) -
3unauenus- GyHKUHA pacnpelieneHnss BhICOTHI, NEePHOAA M NJIHHB! BOJH

N
OGecneyenHocTe, Y
DJieMenT -

BOJIHE!

1 | s 10 % 50 |. 7 | 9 | 9 | e

CHuIT 2.06.04—82

hi/h 2,42 | 1,95 1,71 1,39 0,94 0,55 } 0,37 | 0,27 | 0,28
Ti/T 1,63 1,46 1,37 1,23 | 1,01 0,78 | 0,63 | 0,563 | 0,48

KpeMeHuyrckoe  BoJOX paHH/HILE (97 cepuii)

hifh 2,25 1,84 1,66 1,31 0,95 0,64 | 0,40 | 0,31 | 0,26
TifT 1,50 |- 1,37 1,29 1,15 0,9 | 0,84 | 0,70 0,63 [ 0,58

03. Bajxam (8 cepuit)

hi/h 2,10 | . 1,72 1,36 1,27 1,06 0,66 | 0,42 0,32} 0,28
T/ 1,83 1,52 1,39 1,20 0,97 0,76 | 0,52 0,43 | 0,38

Asporunpasanueckuii JoTOK (8 Cepuit)

hi/E 1,80 | 1,58.] 1,43 | 1,19 | 0,98 | 0,74 | 0,57 | 0,46 | 0,40
Ai/A 1,54 | 1,8 | 1,27 | 1,18 | 0,98 | 0,83 | 0,75 0,60 | 0,55

JoeMax NpH AJHHE Pas3roHa. OT HECKOJbKHX KHJIOMETPOB 0 HECKOJb-
KX JeCATKOB KHJIOMETPOB (YHKIMH paclpefesieHHs] 3JeMEeHTOB BeT-
POBHIX BOJIH MOTYT 3aMETHO Pas/IHYaThCsl, 0COGEHHO B 06JacTH MaJoif
obecneyeHHOCTH, OT 3HaueHu#, npunsaTeix B CHull [166]. Ato o6eros-
TeBCTBO HEOGXOLHMO YUHTHIBATb NPH pellleHMH WHXKEHEPHBIX 3ajal.

Jast pacyeta cpejHell BEICOTH U CPE/HEro MepHOJA BETPOBBIX. BOJH
B rJy00OKOBOZHOH 30He H. 30HAX € OTPaHMYEHHHIMH TIJyOHHaMH
B CHull [31, 166] PEKOMEHAYETCS N0Nb30BATbCS KPHBBIMH, TpHBE- -
JleHHBIMH Ha puc. 1.9.

Ilo BbIYHC/IEHHOMY cpelHeMy NepHOAY BOJH MOXKHO ONpefe/HTh
CPEHIO: JJIHHY BOJH-TIO (opMmyJie

4

A=g%/2n). (1.19)

HekoTopoe mnpejcrabieHne O BO3MOXHBIX NOTPELIHOCTSIX pacde-
TOB 3JICMEHTOB BOJH B Ty6okeBoiHOH 30He xaer puc. 1.10. HauGo-
Jee 3aMeTHO npeBblllenHe AaHHbiXx CHull Hax HaGaOXeHHBIMH 3Haue-
HHAMH B o6jacTu Goablinx 3Hauennit gD/W2 B o6JjacTH MaJHX 3Ha-
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Puc. 1.9. HomorpaMma Aast onpejiesieHHst 3/1eMEHTOB BeT
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HOH rayGuHH [166].

POBBEIX BOJIH B FJIYGOKOBOHHOP'K 30HE€ H B 30He OTrpaHUuYeH-



yenuit gD/W? onnn BabJoJeHHble 3HAYCHHs COBIAfaKlT ¢ orubawiel
kpusoii CHull, a gpyrue pacnosarailorcs Kak BbIllle, TaK H HHUXXe KpH-
Boi. M3 3TOro ciefyeT, YyTO NpU pellleHHH 3aAay Xe3HCTBEHHOTO HC-
NOJIb30BaHHsI BOJOEMOB pe3yJbTaThi pacyeToB BOJH uenecooépasﬂcr
KODPEKTHPOBATh IO JaHHBIM HaTYPHbIX Haémoneﬂnn
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Puc. 1.10. Conocrapnenye npefenbHHX CPEAHHX BHICOT BOJH TIPH 3aJaHHHX Pa3roHax.
H CKOPOCTH BeTpa, TMOJYYEHHHX MyTeM 5KCIEPHMEHTOB H PACYeTOB.

1 — CHull 2.06.04—82; pacuetst mo A. TIl. BpaciaBckoMy npu 3Hauenusx Wy 2— 10 m/c, 3 —
20 m/c, 4 — 30 m/c, 5—40 m/c; HaMepeHHs Ha KalpaKKyMckoM Boxoxpauuaumle [169] ma paccros-
HHH: 6 — B 7,3 KM oT BojHorpada Bcex sxemenTtoB BoJH, I1. I1. Kokoynuua (BSBK), 7 — B 2,8 kM

OT MaKCHMaJbHO-MHHMMAaNbHOH BOAHOMEPHON Bexn (MMBB), 8 —B 0,7 kM or MMBB, 9 — usme~
perus ma KyhGplmeBcKoM BoAoXparuiuule [199]; nsmepennﬁ B aspomnpannnqecxnx JAOTKax [174]

10 — 40X 1,2X1,0 M, 11 — 30X%0,6%0,5 M, 12 —8X0,2X0,2 M.

B CHull naercs MeTOII pacuera 3JIEMEHTOB BETPOBHIX BOJH OT-
JleJIbHO JJIST MeJIKOBOJHOH U NpuOOIHOMN 30H.

Bricory Boanm i %-#t o6ecneyeHHOCTH A; (M) B MeJKOBOIHOH 30HE:
¢ yknosamu AHa 0,002 u Gosee peKoMeHAyercs olpeaensiTh mno dop-

MyJe
hiM. 3= kapkrlkiﬁM. 33 (1 20)‘

rae kr;— KoadduunesT tpaHchopMaunu; kp — KodpouuueHT pedppak-
IHH; kH—Koaq)cpHuneHT 06O0IIEBHRIX NOTEPh; R; — KO3 DHIIMEHT ne-
pexoja OT cpeJHeH BBHICOTH BOJHB K BHICOTE BOJIHBI Tpeéyemon obec---
IEYEHBOCTH.

Koaq)tbnunemm kr H ky ONpeNeNsioT 10 Ta6J1 1.2 ana sapaHHOH
OTHOCHTE/IbHOH Tay6uanl H/)A. Cpenuufi nepHoN BOJH B Ipeaenax MeJ-
KOBOJHOM 30HH NPHHHMAIOT PaBHBIM CpeJHeMy INepHOAY Ha ray6o-
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KOH BoZe u omnpeleaainoT nmo puc. 1.9. Kosddunment &, ompepensiior
no pexomenaaunusm CHull [166]- a B cayuae moaxoma BOJH HO HOp-
MaJH K JUHHY Oepera MJM OTK/IOHeHHsAx Jo 10—15° ot Hee mpuHH-
MaloT paBHHIM eJuHuHe. 3HaueHHe KoapduuueHTa k; AN BHelIHeH
TPaHHLUB MEJKOBOJAHOH 30HBIL MOXeT GHITh NPHHATO mo Ttabma. 1.1,

Tabauya 1.2 .
-BHavennsn KOS(bd)HllHeHTOB, YYuTbIBaeMbIX NMPH pacyeTax BbICOTHI BOJH
‘B BOJOeMe .
) MenkoBogHas 30HA IIpu6Goiinas 3ona
- h q,/(€7?) npu-ykaoHe
HIA ~ k.. NIpH 3a1aHHOM npl %
/ r;p:ﬂz%n;ge h;[(g7%) T o;ﬁome};ﬂﬂ Ana
,02—0,002 T
1/ (&%) 00 | <002
1 2 3 4 5 6
=0,5 1,00 0,0080 1,0 0,0273 0,0273
0,4 0,98 0,0073 . 0,98 0,0270 0,0265
0,3 0,95 0,0062 0,95 0,0258 0,0250
0,2 0,92 0,0048 0,92 0,0226 0,0213 -
0,1 0,86 0,0052 0,93 0,0130 - 0,0120
0,08 0,84 0,0062 0,95 0,0108 0,0096
- 0,06 0,81 0,0075 0,99 0,0084 0,0072
0,04 0,78 0,0104 1,06 0,0058 0,0050
0,03 0,76 0,0127 1,12 0,0045 0,0039
0,02 0,72 0,0167 ° 1,22 0,0032 0,0026
0,01 0,66 0,0252 1,43 0,0016 0,0011

a JJIs1 30HBI OTPaHMYEHHBIX DIYy6HH —rno pekomenaanusM CHull
[166]. _
HnvHa BOJH B MENKOBOAHOH 30He TNpPH 3aJaHHBIX 3HAYEHUSX

Hihw s 1 b, %/(g'—v—z) OnpeiessoT Mo kpusuiM I puc. 1.11.
B npuGofiHOH 30He BHICOTY pa3pyLIAlOHIHXCS BETPOBBIX BOJIH MpH
3aJlaHHOM YKJIOHe JHa omnpejensior no taba. 1.2. Oas storo mo ot-

HowleHno /A (A — cpefHssl AJHHA BOMH Ha BHELIHeH TpaHHUeE NpH-
‘GOFHON 30HBI) H-JaHHBIM rpadsl 5 wau 6 Taba. 1.2 HaxomAT COOT-

BETCTBYIOILlee 3HAUEHHE A /{gt), a mo HeMmy, OpH YCJOBHH paBeH-

mp 1 %

,-CTBAa CpefHero Inepuojia B nNpuOOiiHOH 30He W Ha TIJIyGOKOH BOHe, -

‘OIPeeiAloT BEICOTY NPUOOHHONR BOJHEL Agp. S
JnuHy BOJIHBL B NpHGOHHOH. 30HE Mpioy B CHuIl . [166] pekoMen-

Jtyetcsl ONpefResTh IO BepxHef - omdaromen KpuBO# (Kpupas I) Ha
puc. 1.11. Insa oTMenefi BHYTPEHHHX BOJZOEMOB €€ MOXKHO ONpEeREHTb
no Kpusoi 2 3T0ro Xe pucyHka. [Tockonbky Kpusble 2 u I pasninua-
10TCSI He3HAUHTENBHO, TO YKa3aHHYI0O PEKOMEHRAIMI0 MOXKHO CUHTaTh
BIIOJIHE TIPHEMJIEMOH. -

TIpn paspaGoTke paccMOTPeHHBIX pexomeﬂnaunn N0 ONpeJeeHUIO
3JIeMEHTOB BOJIH, TPaHCHOPMHUPYIOMUXCS H Pa3pyHIAIONINXCS B MEJKO-
BOJHOH M NpHOOHHOH 30HAX, UCNOJB30BAaJHCh NPEHMYIIECTBEHHO HaH-
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#ble HaGmaoneHuit Ha Mopax. IloarBepxkieHHe 0GOCHOBAHHOCTH ~PEKO-
wmenganuit CHull -[166] BmocieACTBUH OBLJIO NOJYYEHO, B YAaCTHOCTH,
TO0 JaHHBIM MHOTOYHCJEHHBIX HCCJAeJOBAHH{ TpPaHCPOpPMALUK BOJH
ga orMensix Yepuoro mopsi [69]. OueHp MaJO aHAJOTHYHHX HAHHBIX
ZJia Geperosbix OTMeJIel BOJOXPaHMJIHIL U 03ep.

Ep B2
Ars Apg Reaf1ss” \Pealyg
‘ 50 I / |_2| I 7,0
: | R fgTi=0018 T |
09 . a7« S Y,
, oo L7Z= T
a % ’
/ ‘l/(ﬁ) 07
7,
- 06
05
_ 04
—_—2
—e—J 03
N 4,2 - 0,2

007 002 003 00% 00500801 02 03 H/hey

Puc. 1.11. PacuerHnie u SMIHPHYECKHE 3aBHCHMOCTH OTHO-
CHTEJIbHHIX 3HauyeHuil BRICOTH H AJHHA TpaHC(HOPMHPYIOUIHX

BOJIH OT OTHOCHTEJbHOH IIyOUHH Hfhrx.
{—pannpte CHuII [166]; 2 — ocpeanennnie sHavenns (A;fApy) 1%—

=f(Hmrn) mo wusMmepennsiM [170]; 3 — ocpexHeHHBle 3HauCHHA

(hifhry) 1 %=f(lT/}.,m) o uamepenusam [170]; )\, —AdHHA BOJH Ha
ryGoKoit Bone.

OnpenejeHHoe KOJHYECTBO MaTepHana 10 TpaHCHOPMAaUHH BOJH
noayueso sxcneaunueii 'TH Ha Geperosrix orMensix KakpakkyMckoro
BOJOXPAaHUJHNILA, IJe NPHUMeHsJIach CHHXDOHHAsi PerucTpauMs ¢ Hc-
nojnp3opaHueM BosHOrpada [154], HeckoJbkHX (3—6) 5JeKTPOKOH-
TaKTHBIX BeX U KMHOCheMKa Ha (POHe BOJIHOMEDHOH CeTKH, NOKa3aH-
HO# Ha puc. 1.12. Tlo ganHBIM 3THX HcclefoBanuit [170] BhIuKMC/IeHB!
OCpellHeHHBIe 3HaYeHHs 3JeMeHTOB BOJIH, YaCTHYHO NpPHBeAEHHbIe Ha
puc. 1.11. Tpancthopmanuio IJIUHBE BOJIHBI XapakTepHusyeT, Kak YIO-
MSHYTO BHIINe, KDHBaf 2, PaCHOJOXeHHas HECKOJIBKO Bhillle BepXHed
orubarnomuieil KpUBOH CHull [166]. ’

Ha puc. 1.11 HaHeceHa TaKXe OCpelHEHHas KpHBas Tpchq)op-
MauuHu BHCOT BOJH (KpHBas 3). TeHIeHUMs H3MEHEHHSI 3TOH. KPUBOK
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'HE3HAUMTEJBHO OTJMUYAETCA OT H3IMeHEHHS OTHOUIEHHs h npen-

mp 1%’

CTaBJIEHHOTO B Tpade 6 tab. 12 q4TO yOeKAaeT B UPHUEMAEMOCTH ee .

AJIst pacueTosB.

Puc. 1.12. TpascpopManus u paspylleHHe BeTPOBBIX BOJH Ha OeperoBof
OTMEJH BOJOXPAHMWJIHINA B CTBOpe, 0OOpPYJAOBAHHOM BOJHOMEDHOH ceT-
KO# (siwefiky 10 X 10 cM), 3/IeKTPOKOHTAKTHEIMH BEXaMH. H BOJIHorpa(DOM
Becex azeMenToB BoaiH BBOBK [154, 169]. ‘

1.6. Crosauue soarnot

1.6.1. Hpuyunst 803HUKHOGERUS

Ctosiuast BOJIHA BO3HHKAeT B pe3yJbTaTe HAJOXKEHHs HAPYr Ha
Ipyra [ABYX OAHHAKOBHIX BCTPEUHBIX MIJHMHHBIX BOJH. Takue BOJHEL
HaGbJI0JlaeMble B O3€pe, BOJOXPAHUJIUIIE MU KaHAJE, OOBIYHO Ha3Hl-
BaloT cefilmaMi. BO3HHKHOBeHHe cefilll B BOJOEMax MOXKeT ObiTb BhI-
3BAHO CJAeAVIOHMIUMH NPHUHHAMU:

a) HepaBHOMEPHBIM pacIpelesieHHeM aTMOC(epHOTo AaBJeHUs Hal
aKBaTOpHell HJU ero NepHOAHYECKHM H3MeHEHHeM BO BPEMEHH;

6) nelficTBHEM BeTpa Ha BOAHYIO IIOBEDXHOCTD;

B) Pe3KHMH NOBHIIICHHAMH HJIH TOHHXEHHSMH YDOBHS B KaKoO#-
160 YacTH BOLOEMA 3a CUET IPHTOKA WM OTTOKA PEYHBIX BOJ, BHINa-
IeHHeM NOXKIA WU rpaja;

T) cefcMHYECKHMH KoJeGaHUSIMH 3€MHOH KODHI.

B HexoTOpHIX Cjyuasx ceHlIM B BOJOEMax BO3BHMKAIOT B pe3yib-
TaTe COBMECTHOTO NEHCTBHS ABYX HJIHM Jake TpPeX DasHBIX (akTOPOB.
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Hau6osee oruersuBo ceillieBble KOJeGaHHST YPOBHS BBIpaXKeHB IIPH
OTCYTCTBHH JIEJTHOTO MOKPOBA. '

Bo muorux Bojoemax cefiuin meficTBy®T B Teuenue 30—50 % npo-
JOJKHTEILHOCTH Ge3/IefOCTaBHOTO NEepHONa, & B TaKHX 03epax, Kak |
Baiikan u Basxai, cyMMapHas NPOJOJIAKHTENbHOCTh HX ACHCTBHS MO-
XeT mocTHrath faxe 80—90 Y [189]

P
{
§
i

2h MM ‘
7 _‘ o/

: At
Puc. 1.13. 3aBucuMOCTb BHICOTH cefilue- 02
BEIX KOJIeOaHHE YPOBHSI OT CKOPOCTH Berpa o3
# OXBaueHHOR uM IJIOLIAAM -BOILHOﬁ no- V4
BEPXHOCTH.
{OXBaT IJIOLIAAH BORHOM nosepxuocm 1 — 100 %, I I
%. 5 Wwm/e

2—40%, 3—20%, 4—10

-CefilieBple KoJie0aHHst YPOBHS HEH3MEHHO CONPOBOXKIAIOTCS cefi-
1IeBEIMH TeYEHHAMH, OCYWIECTB/AOMHAMHE IepeHoC H NepeMelllHBaHHE
BOL U B CBfI3H C 3THM HePeJKO OKAa3bIBAIOLINMH 3aMETHOe . BJHSHHE
Ha (popMHpOBaHHMe BOAHBIX MacC €O CHelH(UUECKUMH YEpTaMH XHMH-
YeCKOro W OHOJIOTHYECKOro COCTaBa HJH TepMH4yeckoro pexuma. [lo
STHM IIPHYHHAM H3YHEHHIO CeHIIEeBHIX fBJEHHH HEOOGXOLHUMO YIeJsITh
JOJIKHOe BHUMAaHHe. A

B HarypHHIX yCI0BHSIX 10 HACTOSILUErO BpPeMeHH He ynajoch IIo-
JYYHTb HAJeXHBIX JAHHBIX O BO3HHKHOBEHHH Cefll W HX 3aBHCHMO- -
CTH 0T omnpeleisiomux (akropos. HacTh Takux AaHHBIX NOJYyYeHa Ny-
TE€M 3KCHepHMEHTaNbHbIX HCCAEeLOBAaHHE B a3pOTHAPABJIHYECKOM JIOTKE
[174]. OxcnepuMeHTH NOKasajiH, B YaCTHOCTH, YTO BHICOTa CeHIEBHIX
Koneéaﬂnn YPOBHSI 3aMETHO YBE/JIHUHMBAETCS C yBeJHYEHHEM CKOPOCTH
BeTpa HO MPH NOCTOSHHOM BETPE OKA3LIBACTCS MPAKTHYECKH OJMHA-
xosol npu oxsare BeTpoM 100, 40, 20 u 10 % BozHO# mOBepXHOCTH
(puc. 1.13). DToT 3KCIEpHMEHTAJbHBIH PE3yJabTaT NMOATBEPKAACT II0-
JIY4eHHBIE DaHee TeOPeTHYeCKHM IyTeM NpeICTaBJAEHHS O He3HAuH-
TEJbHBIX 34TpPaTax 5SHePrHH Ha BO30OyXAeHHe CTOSYHX BOJH H y6e-
3KJaeT B TOM, UTO AaXe B KPYMHBIX BHYTPEHHHX BOAOEMAaX BO3SMOXKHO
BO3OyXKJeHHe CeHIl MojJ AeHCTBHEM MeCTHHIX BETPOB MJIH .BHYTpHMAac-
COBBIX HIKBAJIHCTHIX BETPOB. ‘ .

DKCnepUMEeHTaNbHHIM  IIYTEM BBIACHEHO BJHSIHHE HHTCHCHBHOCTH
HapacTaHHsl CKOPOCTH BeTPa Ha BHICOTY CeHllleBHx KOJieGaHHH ypOBHS,
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a TakXe onpefeseHbl COOTHOWIEHHS MeXKJy ceHIUeBBHIMH KoJaeBaHHsIMA

'ypOBHH H yCTaHOBUBIOHMHUCH CTOHAMH-HATOHAMH YPOBHS.

CkopocTh BeTpa Ha 3IKCIEPHMEHTAJbHON YCTAaHOBKE NpPHHEMAaJgach
HapacTamouefi OT HyJg [0 3aJaHHOTO 3HAUEHHS 3a TPOMEXYTKH Bpe-
MeHn Ty, BhHIpaxeHHHle OTHOCHTEJbHO NepHOAA o;moye.nonou celily
(T1=65 c) u pasubie Ty, T4/2, T1/4 n T1/30. .. T4/60.

2k, MM
5__

] | — ! I ! 1 !
0 0 20 30 40 50 60 7lye

Puc. 1.14. 3aBucHMOCTb BHICOTH CeHIEBHIX KoOJie-
Ganuil ypoBHs OT HPOJZOJIKMTEJIBHOCTH NepHOAa
Hapacrarus Betpa Tw M ero ckopocth W.
3navenna W: 1) 1,6—2,5 M/c, 2) 4,0—~4,2 m/c, 3) 5,7—
6.0 m/c.

DKCHEpUMEHTH NPOBEJAEHBl NPH- TPEX AMana30HaX CKOPOCTH BeTpa:
1,6—2,5, 4,0—4,2 u 5,7—6,0 m/c. Oxazanoch, 4TO BHICOTA CEHIIEBBIX
KoJle6aHHH YPOBHSI YBEJIHYHUBAETCS C YMEHBIIEHHEM NPOMEXYTKa Bpe-
MeHH HapacTaHHs CKODOCTH BeTpa H TeM HHTEHCHBHe#, uem Gojblle
CKOpOCTh BeTpa {pHC: 114) Hapsiny ¢ »tuM, cefilleBrle KoJebanus
IpeBHIIAJH YCTAHOBUBIUUACH CroOH-HAFOH YpOBHS, IOKasaHHWE Ha
puc. 1.14 wWTpHXOBOH ropu3OHTaJbHOH JHMHHEH, NpuUMEpHO B 2 pasa
npu crabuix BeTpax B B 3 pasa npu Hambosee CHJIBHOM H3 BOCIIPOH3-
BEJICHHOTO Ha JKCIEepHMEHTaJbHON ycTaHOBKe Berpe. Ecau Bocmpous-
BOJVMHIH BeTep 3ajaBajcs MyJbCHPYIOLIMM BO BPEMEHH H COBIafAaio-
muM. 0o ¢asze ¢ XOAOM YpOBHSH, TO BHICOTY ceflleBrX KoJebanuil yaa-
BaJioCh YBEJUYUTD 32 CYET pe30HaHCa B HECKOJIbKO pas.

©1.6.2. Ocnosnsie sneMentvL 60AK U UX ARAAUTUNECKOE SHIPAKCENUE

K OCHOBHBHIM 3JIeMEHTAM CTOSUMX BOJIH OTHOCSTCS: IEPHOL KOJe-
Ganu#i, BHCOTa KoJefaHu#l YPOBHS, UMCJO Y3JIOB H CKOPOCTb TEUEHHS.
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[Ipu u3yueHWn AMHAMHKH KOHKDETHEIX BOLOEMOB, HapsAy C IepeuHc-
JICHHBIMH 3JIEMeHTaMH, YCTaHABJIHBAIOT MECTONONOKEHHE Y3J0B H MydY-
HOCTel, pacnpefesneHne BHICOTH KOJeGaHUR H CKOPOCTH TE€YCHHs BLOJb
BOZOEMa HJIH II0 ero akKBaTOPHH.

"letranbHEle. OPECTaBJACHHS O pacnpeleleHHH CTOAYMX - BOJHOBBIX
KoJie6anuil ypOBHS BIOJB OCH BOZOEMa NPSIMOYTrOJbHOH HOPMBI MOXKHO
NOJYYHTh Ha OCHOBaHMH PACCMOTPEHHS] YpaBHEHHS NPOQHJS BOJHH,

f Vi i /2
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Puc. 1.15. Tlpoduib crosueit BOJHH.

1, 2 — npodune BoJHL; 3 — y3en BOJHb; 4 — NYYHOCTb BOJIHEI; h’ — BBICOT2 BOJ-
Hbl, A — AnMHA BOJHBHI.

"KOTOpOe B YCJOBHAX IMy6oko#i Boan (H=o0) u orpaaneHHon ray-
6unr (H=const) nMeeT Buj [86, 95, 191]

§ = I sin'{kxs) sin (ot), a2

AY .
rae k=2n/A; 6=2xn/T; h’— aMnauTyna, paBHas INOJOBHHe OG6uIeH
BBICOTHI KOJIe6aHHS YPOBHA. ’
" B MomeHT, Korja sinof==+1, npodunp crosiueli BOJHBI Olpefe-
JsIeTCA YpaBHEHUEM CHHYCOHJIHI

£ =1’ sin (kxy), 129

a B MOMEHT, Korja sin (ct) =0, COBNajaeT C OCbIO X.

"Touxu npoduis crosuell BOJHH, B KOTOPHX & BCeraa paBHbI HYJIIO,
HaselBaloTcs ysjamu (puc. 1.15). A6cuHccm Y3JI0B ONpeAessAIoTes yc-
JgosueMm sin (kxo) = =1, KOTOpOE BHIIOJHSAETCS TPH RXo==nd, TLe n=
=0; 1; 2; 3.

BeanKaJm nepecekaiolne Npopuiab CTosyeH BOMHB, Ha KOTOPHIX
B MOMEHTHl Sin (0f) = =+1 3HaueHUs E ROCTHUraloT +h’, HasBIBAIOTCS
nyysocraMH. X a6cuuccel onpepeasioTcss  YCJOBHEM DaBeHCTBA
sin (kxo) = =1, KoTOpOe BHIMOJHSETCA NpU kxo=mn/2+4+nn/2. Caeno-
BaTeNbHO, - MYYHOCTH paclojaramoTcs BAOJb OCH X HA pacCTOSHHH
Xmya= =% (A4+nh/2) (puc. 1.15).

DKCIepUMEHTAJbHEIMA HCCJAENOBAHUAMY, MPOBOAUBIIHMUCS B IpS-
MOYTOJIbHEIX GaccefiHax ¢ niockuM jgHoM [49] m Meromom DT A [86],
HNOATBEPKAEHO TEOPETHUECKOe IOJOXKEeHHe O CHHYCOHAAaJbHOCTH MpO-
¢uas crosiyux BOJH. MeCTONOJIOXKEHHe Y3J]a JaKe B YCJHOBHSIX OXHO-
Y3/I0BBIX KOJieGaHHi NepHOLHYECKH OTKJOHSETCS BIPAaBO H BJEBO OT

3 3axas Ne 263 ’ . 33



nornepeyHoit ocu Gaccefina. OTHOBPEMEHHO C 3THM OTMEUaeTCs HECHM-
METPHYHOCTh BOJIHOBOTO NpOdHJs, IpHYeM B MOMEHT Iiepexofa uepe3’
CTaTHCTHYECKUHA YpOBeHb OH He MNPHOGpETacT BHAA TOPH3OHTAJALHON
auHuK [49], a BhicoTa KojleGaHMH B IMYyYHOCTAX Tak Ke, KaK H MeCTO-
IIOJIOXKEHHe y3Ja, MOABepraercss MepHOJUYECKHM H3MeHeHHSM.

Ias BojoeMa THma KaHa/a, HCXOIsS H3 BBIpaxEeHHs NOTEHHHAJA
CKOPOCTH CTOSAYeH BOJIHHI, .IIONYyYaIOT BEIPAXKeHHUsS JIf COCTABJSIOIIHX
CKOPOCTH, ypaBHeHHH [BHXKCHHA H JJIHH TPacKTOPHH IepeMelleHHs
KUAKHX yacTHL. CoCTaB/AIOLINe CKOPOCTH IBHXKEHHS XKHIKHX YacTHIL
NpH YCJAOBHY ' OrDAHHYEHHO! IyOHHB! KaHajJa ONWCHIBAIOTCS B pelle-
HHAX NePBOro NPHOINKEHHS TOYHOCTH ypaBHEHHSMH:

_ 2h'gk (z4+ H)

ook (kY008 (kx) - cos (o?), - (1.23)
20" gk Hy . : - '
U = _—/l?g(ijl-—._) sin (kx)-cos (of). - (1.29)

ypaBHeHI/IH JABUXKECHHUS KUAKHX YacTUl ¢ Ha‘{a.ﬂbeIMI/I KOOpAHHAa-
TaMHu Xp H 2p IPEACTaBJATCA B BUAE:

. , chlk H .
X= x4 24 —C—[—ﬂfi(“k—;-i cos (kx) - sin (ot); (1.25)
, sh . .
2=z, 2k %)—H)—Lsm (kx) - sin (o), (1.26)
a JIJHHBl TPAeKTOPHH nepeMHemeHHﬂ 4acTHL — B BHIE
A (kH) /ST (2  H)] T co¥” (k). (1.27)

Uz qopmyas (1.27) BHAHO, UTO AAMHA TPaeKTOpHH, a cJeJ0Ba-
TeJbHO H CKOPOCTb HBHXKEHHS UY4CTHL, yOBIBaeT OT ysﬂa K nquocm
BOJIHBI ¥ OT IOBEPXHOCTH BOABI KO JIHY.

~

1.6.3. Hepuodeot celimessix Korebanui yposns

BonHas Macca moboro Bojoema, OyIAydud BBIBELECHHOH H3 COCTOSI-
HHSI NIOKOsI, COBepHIaeT KoJieGaTesnbHble ABHXKEHHS, KaK U Jiobas (u-
3uYecKas CHCTeMa, MMelolilas ONpeAe/JeHHYIO CTeleHb CBOGOABI, OKOJIO
IIOJIOXKEHHSI CBOETO  YCTOHYHBOIO PABHOBECHS C HEPHOLOM, onpenesse-
MBIM CBOHCTBAMH CHCTEMHBI

J1st OUEHKH MepPHONOB CTOSYHX KOJNeGaHWH YPOBHS B THAPOJOTH-
YecKOH NPAaKTHUKE UCIOJB3YIOT Pa3JIHYHBIE PAaCUeTHHIE METOAM H METOA
¢usuueckoro MofeaupoBaHHus. HauGosblllee pacopocTpaHeHHE MOJY-
‘YU pacyeTHble Meroidnl Mepuana, [io6ya, Hedanra, Kpucramia,
JI. K. Jassimosa, A. H. Komeesa.

ITo merony Mepuana [8, 133] mepuona OAHOY3/JOBOH CeHluy ompe-
nfensercs hopMyJoi R o

Tx = 2L/’\/chp, ' ’ (l 28)
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rie [ — AJdua oceBOH JHHHHM BOJAOEMAa, paBHas-NOJOBHHE JJIUHBL Of-
Hoy3JoBO# cefimin; Hqp — cpennss ray6una Bopoema.

B meroge Hio6ya [8] oceBas JuHuUS AeJUTCs Ha r. Y4acTKOB MJIH-
HOM Ax, a mepHOJ OJNHOY3JOBOH celiHlu ompejessiercs no (opmyse

i=h

T, ——(4/«/g)z Ax/(w/Hz+«/H,+1) (1.29)

i=0

rae H; u Hiy—ray6una BOJII:I B TOYKax IepeceyeHHsi OCeBON JHHUH
C IepeuHcJeHHBIMH CTBOpPaMH, pacnpefeseHHHMH paBHOMEpHO - IO
JJIYHE BOZOEMa.

B yCOBeplLIeHCTBOBaHHOM MeToze ,Hloﬁya [8] npuBenenne Gaccelina
nepeMeHHOH IUMPHHBI H TITyOMHB K OaccefiHy IOCTOSIHHOrO CeYeHud
OCYLIEeCTBJASETCS NyTeM BHIPaXeHHsl TJIYOMHE B pPasjJWyYHBIX CTBOpax
yepes WHMPHHY B; 1 mjomafp BOJHOIO ceueHHs F; B cmope, a Takxe
BBEIIEHHEM B pacueTHyIo GOpMyJy IJIOIanu Bojoema 2, B; Ax Bmecte
ero anunb. PacueTHas ¢opMyJia 3TOro MeTola HMeeT BHJ

i=n

T.—(2/«/g ) B: Ax/«/B F, (1.30)
i=0

rie Ax— pacc'ro;ume MeXJy COCeIHHMH CTBOPAMH BJOJb OCEBOH

JIMHHH. ’

Mepuoasl ceiilll, BHMHCAEHHBle 10" 5THM (OPMYJaM, KaK NPaBuJo,
OKa3BIBAalOTCSt BeCbMa OJNH3KMMH K H3MEPEHHHIM B HaType 3HAueHHSM
H K 3HaYeHHsM, NOJYYeHHHIM Ha OCHOBaHHH J1abOpaTOpPHBHIX HCCIEAO-
BaHu#. HasBaHHble comnocTaBjeHHsl NPOBOJHMJHNCH IO MaTepHajaM Hc-
CTeJOBAaHNUH TaKWX BOJHHX OOGBEKTOB, Kak o3epa Dafixan [171] n
Baaxam [189] u KaxoBckoe Bogoxpanuaume. [184].

B 3apy6exHOll NpakTHKe NOJYYHJIH DaCHpPOCTpPaHEHHE . IPOCTHE
¢dopMyJBl, KaxAas U3 KOTOPHIX NPHMEHHMa K BOJOeMaM OnpeeseH-
HBIX OUePTaHuH B TJaHe H ONpefleeHHOR GOpMBI YaliM BOJOeMa.
CBozka 3THX DeKOMeHAauuil HuMeeTcs, HanpuMep, B «OkeaHorpadu-
qecKol SHIHKJonexHH» [197].

Ilepuozn cefim ¢ uncjom ysnoB Gojee OZHOTO 1aCTO NPUHHMAIOT
TNPONOPUHOHAJBHBIME ~ [POCTOMY TapMOHHYeCKOMY psapy 1, /s, 1fs,
Y3, 4, ..., 1/n. DTH COOTHOIUEHNS BHINOJHSIOTCS OOGBIYHO JIMUIb AJIS
NPAMOYroJbHEIX OacCeHHOB ¢ NMOCTOSHHOH rayGuuo#. Jlas BOROEMOB
CJI02KHOH (HOpMHEI OHM He 00ecneuHBaIOT NMONYYEHHS HALCKHBIX peBleb-
TaTOoB.

[TpuGauKeHHBIA MeTOJ OLEHKH NEPHOJOB MHOF0y3JTOBbIX cefitr no
HU3BECTHOMY -IIepHOJY OFHO- HJK [ABYXY3JOBOH CeHllH BIepBHe GhHLI
upennoxen Kpucranmom [8, 133], xoToprii 0TKasajes OT HCHOJB30-
BaHMs COOTHONIEHHH NPOCTOro TapMOHWYECKOro PSJa ¥ NPUMEHHJ JJst
Tex Xe neselt GopMysay crenyiollero Buxa:

To T, =A/TF X/ F %, (1.31)
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rge y-— 6espasMepHas BeJMYMHA, 3aBUCAIIAs OT (bopMH npO(pHJm
AHA; 11— YUCJI0 y3J0B CeHnIlH.

Ecau no naHHBIM HaOJIOLEHHH H3BECTHHL HepHOlIbI Ty u Tz 1O 1O
¢dopmyse (1.31) nerxko BHYHC/IHTL 3HAUEHHe ¥ U ONpELENHTb IIEPHOLHI
CefilIn C YHCAOM Y3/10B Gosee ABYX. DTHM XKe CIOCOOOM MOKHO BOC-
II0Jb30BAThCA, €CJAH T1 u T2 onpeneseHbl Ha OCHOBAaHUU MOAEJAbHBIX
HCCJIeJOBAHHUH, UTO OKa3blBAETCH BeCbMa YAOOHBIM, NOCKOJBKY BOCIPO-
H3BCJACHHE Ha MOILeJJaAX fpexstIOBbe H YeTBIPEXYy3J0BBIX cefinl cBs-
3aHO C HEKOTOPBIMH 3aTPYAHEHHSIMH M UYacTo He OOecleYHBaeT Tpe-
6yeMOH TOYHOCTH Pe3yJbTATOB.’

1.64. 3aryxanue croaux KoaeGanul yposus 80 epemedu

CBOGOIHBIE CTOSUHE KOJIEOAHHs YPOBHS B BOJOEMAaX, KakK H KOJe-
6aHus J1060H PU3HYECKOH CHCTEMBI, 3aTyXalOT M0 9KCHOHeHHHaJIbHOMy

jsaKOHy

hy= Iy exp {—d[(t: — t)/T1} cos [2m (t: — t)/T]. (1.32)

Hast MomeHTOB BpeMeHH ¢; — fo=EkT cos [2n(t;—to)/T]—l H BH-
paxeHHe JekpeMeHTa (kosddunuenra) saryxanus O, HCXOAA 13
(1.32), npuBOAXTCH K BUAY

d=(lg by —lg by)/lg {e[(t: — t)/T]}, T (L.33)
noxasbmalomemy HHTEHCHUBHOCTb 3aTyXaHHs KoJeGaHui - ypOBHH 3a
BpeMsi, paBHOe TIepHOAY CEHlW. 3aTyxaHHe KONeOAHHH MOXKET GbiTb
oIpele/eH0 U 3a eIHHHULY BpeMeHH (CeKyHZa, MUHYTa, 4ac), 4To G6o-
Jee ynob6HO INpPH COINOCTABJIEHHH HHTEHCHBHOCTH saTyxaHH;{ B BOJO-
eMax ¢ pa3HEBIMH epHoJaMH cefilleBbIX KoaeOaHHH.

Crenyer 3aMeTHTh, YTO OIpeJesieHHe HHTEHCHBHOCTH 3aTYXaHUSA
CBOOGOJHEX cefillleBBIX KoseOaHUH ypOBHS B BojOeMax 10 NaHHBIM
CaMONHCHEB BeCbMa 3aTPYAHEHO H3-3a BJAHSHHA PasjWUHBIX HCKaXKalo-
muX (aKTOPOB HJH H3-3a CTOJb CJaGHIX 3aTyXaHui, uTo OHH He 00-
HapyXHBAIOTCS Ha 3alUCAX Aaxe IIPH HX NJIHTEJIbHOCTH B HECKOJIbKO
cyTOK. JlagHble 3KCIepHMEHTaJbHBIX HCCJAENOBAHHH IIOKA3HIBAIOT CY-
HIeCTBEHHOE YMeHblICHHEe HHTEHCHBHOCTH  3aTyXaHHd  KoJeGaHui
YPOBHA ¢ yBesnuyeHHeM ruyOuHbl. IleficTBUTe/bHO, 3HaueHHe &, OTHe-
ceHHoe K eAuHHUe BpeMeHHM (1 MHH), YMEHbIIAJOCh MO NAHHBIM 3KC-
IepHMeHTOB. B OeTOHHOM JOTKe pasMepamu 30X0,6X2,0 m (mupuna)
or 0,50 mpu Hep=2,7 cm no 0,067 npu Hep=28 cM, T. e. ofpatHo
IPONOPLUHOHANBHO I'1yOHHE.

3Hauyenre O I/ ABYXY3JOBOH ceHIlM Ha KaxoBckoM BOZOXpa-
Hunume (Hep=8 ™) paBHO okoso 15-107% a mias AByxy3/0BO#
ceflun na 03. bafixan (Hcp=780 M) — okomo 23-1077. Dtu uudps
MOKa3bIBAIOT, YTO CBOGOMHOE 3aTyXaHHe CeHlleBbIX KONeGaHHH YPOBHS
IpH MaJoi rayOuHe B SKCHepHMeHTaJILHOM JIOTKe NpPOHCXOAUT B Te-
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YyeHHe HECKOJbKHX [ECATKOB MHHYT, a NpH riyGuHe okono 30 cm —
B teuenue 1,0—1,5 u. Jng saryxanus cedimt Ha KaxoeckoM Bogoxpa-

HUJALIEe HeoOXOAMMO 2—4 cyT, a Ha 03. Bafikajg — HeCKOJIbKO Mecs-

-neB. OHAKO B BOJOEMAax MPOLECChl CBOGOAHOrO 3aTyXaHus KoJeGaHHH

YpOBHSI OOBIYHO HApyWAOTCA HCKaXaloWUMH (aKTOpaMH H PeAKO
NPOAOJIKAIOTCS HEelpephIBHO GoJiee HECKOJBKHX CYTOK.

3aryxaHue CBOOOJHEIX .cefllleBBIX KoJle6aHUHl ypOBHS npoucxoam{

B OCHOBHOM 3a C4YeT AOHHOI'0O U BHYTPEHHEI'C TpEHHA, 06YC.HOB.HeHHOFO |

tuspyeckoit BA3KOCTHIO. [TOCKOJBKY HOJsE AOHHCTO TPEHHS YMEHbIHA- ~

€TCSl ¢ yBeJuueHueM rJyOuHB faccediHa, TO 3TO CIOCOOCTBYyeT CHHXKe-
HUIO HMHTEHCHUBHOCTH 3aTyxaHHsl celiili B TJYOGOKOBOLHEIX BOJOEMaX,
UTO W IIOJATBEPKAAETCS NOJNYYEeHHBIMH pe3y/JbTaTaMH 3KCHepHMEeHTaJlb-

HBIX HCCJAENOBAHME M NaHHBIMH HATYpHBIX HabaojeHnit. B npupoa-

HBHIX YCJOBHSIX HA HHTEHCHBHOCTb 3aTyXaHHs Cedll M ceHllleOGpa3HBIX

SIBJICHUH MOXKET OKa3blBaThb BJAHWsIHHE ellle OAKH (haKTop — TpeHue, o6y-
CJIOBJIEHHOE TYPGYNEHTHON BS3KOCTBIO.

BausHHEe BOJHOBOTO HepeMeI_HI/IBaHHﬂ W BETPOBOro TEUEHHUA HA .

3aTyxaHue cefiml M- cefmieo06pa3HBIX KoJeO0aHHUH YPOBHS OTYETJNHBO
IIPpOCJ/AEXKHNBACTCA Ha 3KCISpUMEHTaJIbHbBIX YCTaHOBKAX, HanpuMmep IIpH
H3MEepeHHH CKODOCTH BeTpPa M PasMepoB BETPOBBIX BoJH. [To u3BeCT-
HEIM 3HAYEeHHSIM HHTEHCHBHOCTH 3aTYXaHHsS BOJHOBHIX KOJeGaHHM
YPOBHS, IOJYYEHHBIM IIPH DA3JHYHOH CKODOCTH BETpa, MOXKHO BBIYHC-
JATh, KaK IOKazaHo B pabore [208], - xoahduunuent TypOyneHTHOR
BA3KOCTH, COOTBETCTBYIOILHH 3a/aBaeMblM B KCIIEPUMEHTax YCJIOBHIM
TYypOYJEeHTHOTO IepeMelINBaAHUS BOJ,.

1.7. Buyrpetiritie 8016l

- BHyTpeHHHe BOJIHBl BO3HHKAIOT B 03epax M BOXOXDAHHJHINAX IDH
Ha/JIMYHH BbIPAaXKEHHOH M JOCTATOYHO YCTOHYHUBOH ILJIOTHOCTHOH crparn-
duKanuu.

VCTOYHHKOM BO3HHKHOBEHHS! BHYTPEHHHX BOJIH 06b1qu ABJISICTCS

MeEeCTHOE HapymeHHe COCTOsSJHUSA DABHOBECHS Ha IpaHulle pasneJda BOIL'

paS.HI/I'-IHOI/I IIJIOTHOCTH. I'IEICTI/II_U:I XKHUJAKOCTH, 6}7Ily‘-II/I BbIBEACHHBIMH H3
COCTOSIHUSA paBHOBECHH, HaYUHAKT KOJe6aThCsl MHOJA AeHCTBHEM CHJH
TAXKECTH H CHJBI ApXI/IMe}.Ia OKOJIO IIOJIOXKEHHA DAaBHOBECHA U yia-
JISITBCA OT HCTOYHHKA BO3MYIIEHHS, - OXBATHIBAS YaCTHUYHO COCG,U,HPIe
CJIou C pa3.HI/I‘{HOI/I MIJIOTHOCTBIO.

HICTOUHHKOM MECTHOTO BO3MYIIEHHS, HNPHBOASILErO K BOSHHKHOBE- |
HHIO BHYTPEHHHX BOJIH, MOIryT OHITL KOJeGaHHs aTMOCHEpHOro AaBJe-

HHsA, PE3KOE€ H3MEHEeHHe IIpUTOKa B(ﬁ[ B BOJOEM HJIH .OTTOKA HX U3
Hero,;” oﬁpymeHHe 6eper0130ro CKJIOHA, IleI/ICTBI/Ie MOBEPXHOCTHBIX BOJIH
w np. [104, 202].

BHYTpeHHI/Ie BOJIHBI OKa3bIBAIOT O0JbIIOE BJIUSAHUE Ha [IpOILeCCHI
BepTHKaJbHOIrO H TOPpHU3OHTAJBHOTO 06MeHa HO3TOMY HX H3Y4YeHHe

BaXHO IJs IeJeH I‘I/I,leO6I/IOJIOI‘I/II/I FHIlpOXHMHH U obuieit 9KOJIOFHH
BOJAOEMA.
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Cunraercsi ycTaHOBJeHHBIM, uTo BhepBeie B XVIII B. BHyTpeHHHE
BOJIHBI HAGMIONaJT aMePUKAHCKul yyeHHH PpaHK/IHH Ha IPOCTON SKC-
NEePHMEHTAJbHOH yCTAaHOBKE, HMeBLIeH BHMJ €MKOCTH, 3alOJIHEHHOH
IBYMs. BUALAMH He .CMeIIHBAIOIIUXCS MeXAy cOGOH KHAKOCTEH .pasind-
HOM IJIOTHOCTH. B HPHPOAHEIX YCNOBUSIX BHYTPEHHUE -BOJIHBL OHLIH
o0HapyXKeHB BHauaJje B aTMocdepe no ¢popMupoBanuio 06aayHbx Ga-
palikoB. MBICIb O BO3MOMKHOCTH CYLIECTBOBAaHHS BHYTPEHHHX BOJH
B OKeaHe BIepBble Oblla BbICKasaHa HOJIHprIM uccaegoBarenem Han-
cerom [104].

Puc. 1.16. BHyrpeHHss BoJHE
B CTpaTH(UUHPOBaHHOM BOJOEME.

- 7/ \voNTmL Nl .
-7y Y - / \ ~ 1 — HanpaBJicHH€ IBHXXE€HHS BOJHEI; 2 —
/ \ / \ TPaeKTOPHH BOJIHOBLIX ABHKeHuH; 3, 4 —
-— 7 * N 7 4 N npoduan BOJHEL B pasiu3Hbie dasml; 5 —
- N~ S BEPOSATHOE MECTO pa3MellleHHs 30HBI KOH-

’ sepreduuu  (KoH); 6 — BepoaTHOoE MeCTO
) pasMelleHHs 30HB pupepreHnun (Mms).

Bo BHyTpeHHHX BOAOEMAaxX CJIOH Pas3JHYHOM IIOTHOCTH (OpMHpY-
I0TCA B pe3y/bTaTe HEPAaBHOMEPHOTO NpOrpesaHus BOABL. PasHuna
TEMIepaTypel B COCENHHX CJOSX caabQ IepeMeUINBaeMEIX 03ep MO-
XKer jgocrurath JeroM 10—15°C. B BomoxpaHuJuIlax IpH UWTHIEBRIX
YCJIOBHSIX BHIPAXKEHHBIH CKayOK TeMmmepatyps ¢ nepenagom 5—7°C,
a uHoria u 10—12°C moxer chopMHpPOBATbCA B XKAPKYIO IOTOLY 3a
HecKoJMbKO yacoB. Ha rpanuie ckayka TemmepaTyphl NpPH 3TOM MO-
I'yT BO3HUKHYTb BHYTPEHHHE BOJIHHL.

Buyrpennne BONHBI MOTyT ObITh BHIHYMIEHHEIMU ‘B CBOGOIHHIMH,
Gerymumu u crosyuMu. KaxaoMmy BHAY BHyTpeHHeH BOJIHBHI NpHCyIla
onpeleneHHas BHYTpeHHss cTpykrypa [104]. B Geryuie#i Bosne, Ha-
IpuMep, YacTHIb Ha rpefHe IepeMelllaloTCs NPOTHB  XO4a  BOJIHHI,
T. €. [I0 4acoBOfl CTpeJKe, ec/¥ BOJNHa ABHIKETCS BJIeBO, KaK I0Ka3aHO
Ha puc. 1.16. [IpuxeHHe wacTul B 00JacTy JOXKOHHH BOJHH Hallpas-
JIEHO TI0 €€ XOAY, T. €. POTHB YaCOBOH CTPEJIKH. '

B pesysbTaTe BCTPEUHBIX NBHMKEHHH YaCTHL H HX pacxoXAeHnk
topmupyroTcs nodas KOHBepreHuHH (Kon) u  nmuBeprenuun (Ilus)
(puc. 1.16). Ha BOXHON MOBEPXHOCTH MeCTa Pa3MEILEHHS 30H KOHBEp-
TeHIMH W AVBEPreHIUH NPOABJISIOTCS IO JOBOJBHO OTYETJIHBO BHIpA- -
JKEHHBIM TJIaJKUM mojocaM (CJIMKaM) HJH NoJocaM INOBHINeHHOH Ille-
poxosaroctd. HaGarofeHus 3a. MOBeAcHHEM IOJNOC <«TJIaJKOH BOABI» -
H II0JI0C TOBBILIEHHON HIEPOXOBATOCTH NOKa3biBaeT, 4TO BHYTPEHHHE
BOJIHEL Ha MEJKOBOAbE MOryT JH(pparupoBarth: HAH TpaHCHOPMHpPO-
BaThCH MOJOGHO IOBEPXHOCTHEIM BOJIHAM. , .

38



Crosiuve BHYTpeHHHE BOJHEI OGHapyXKHBalOTCA MO NOABJSIOUMMCS
H HCYe3alOlMHM Ha HOBEPXHOCTH BOJBI CJAHKAaM Uepe3 NPOMEXKYTKH Bpe-
MeHH, paBHble IepHOAY KoJeGaHufi. CJIMKH NOABJIAIOTCA NPH 3TOM
B MecTax pasMeLleHHs NyYyHOCTeHi B MOMEHTH], KOrja ABHXKeHHe Ya-
CTHI HanpaBJeHO OT MOBEDPXHOCTH B IIyOHHY.

BHyTpeHHHe BOJIHB PA3JHYHBIX BHAOB YacTO INPHUBOLAT K BO3HHK-
HOBEHMIO TYpOYJEHTHBIX BUXpeH, KOTOphie CIOCOOCTBYIOT B CBOIO Oue-
peib TpaHchOpPMalUMH H JAaXe paspylleHHIO BOJHOBBIX KOJeOaHui.
C BHYTpPEHHHMH BOJIHAMH CBA34HO TakKKe ABJECHHE, KOTOPOE MOJNYYHJIO
Ha3BaHHe «MepTBas BOJa» H3-3a DPE3KOr0 CONPOTHBJIEHHS JABHKEHHIO
CyJAHa, OKa3BIBAeMOI'0 MECTHEIM BCTPEUHBIM epeHOCOM BOJBL -

BHyTpeHHHe BOJIHEI B BOJOeMax HYacTO BO3HHKalOT IIOTOMY, UTO
Ha ux (QOpPMHpOBaHHe 3aTpauuBaercs B JIECATKH U Jaxe COTHH pas
MeHblle 5HEPTHH, 4eM Ha (OpMHPOBAHHE MOBEPXHOCTHOM -BOJHEI PaB-
HOH BHICOTEL ILeficTBUTE/IBHO, COOTHOILIEHHE MeXJY BBICOTAMH YKa3aH-
HbIX BOJIH MOXHO 3aNHCaTh B BHJIeE '

Ay =.hnoap2/(92 - pl) == AnoaPaf AP, . (1-34)

The hps— BHICOTA BHYTpeHHeH BOJHBIL, fpos — BBICOTA MOBEPXHOCTHOH

(BeTpoBO#) BOJHBL; P1, P2 — IVIOTHOCTb BOJbI COOTBETCTBEHHO Bepxx-xero

U HUKHEro CJIOS. :
M3 Bupaxerus (1.34) caeayer, 4To ecau IJIOTHOCTh BOAB B CO-

Ce[IHHX CJIOAX pasiuyaercs Bcero Ha 0,012 r/cM®, To BHYTpeHHAS BOMHA

TipeBBIIIaeT IOBEPXHOCTHYIO BOJIHY B 100 pas.

[ ‘-IaCTg]Ta BHYTPEHHHX BOJIH Ompellessercs no Qopmyre Baucsum

202, 20

Nuw=1[g Bofo A2)]"2, (1.35)

TAe Ap — HM3MeHeHHe IJIOTHOCTH BOJABI, COOTBETCTBYIOLiee H3MeHEHHIO
Tay6unsl Az.

st ycaosuii okeaHa Ng; uMeeT mopsimok 103 — 1074 ¢t (co-

- OTBETCTBYeT AMaNasoHy nepuoxoB 1,7—17 u). MakcumanbHble 3Haue-

HUs Ngs B BepxHeM CJI0€ CKadKa IJIOTHOCTH HMEIT mopsiok 102 ¢t
(cooTsercTByIOT MepuoAy okoJso 10 mun) [67].

B KpynHBIX O3epax NepHOAbl BHYTPEHHHX BOJH TaKXkKe YKJIa,H,bIBa-
10TCS B YKa3aHHBIe IpejeJbr

'TBH.C=2L[&_1" 213 +'1 )]1/2' : ,(1.36)

Ao g 2r

Tae L — mauna BojoeMa; 2z, — TOJILHHA SMHJANMHHOHA; 2r — TOJIIHHA
THOOJHMHHOHA; AQ— Da3HOCTb . NJIOTHOCTH BOJBI THIOJAMHHOHA H
SMUJUMHHOHA; Pr— MJIOTHOCTb BOJBI THIONMMHUOHA.

B KpynmHHIX BHYTPEHHHX BOJOEMax HEOAHOKPAaTHO Ha6JIIOJIaJII/ICB
BHYTpPeHHHe BOJIHBI C INI€DHOAOM, COOTBETCTBOBABLIHM HHEPIHOHHOMY
TlepHONly, onpejenseMomy AeficTBheM cuinl KopHosuca u paBHOMY

Ta=nj@sing) ~12sing; - (1.37)
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: /
TAe » — yrjoBas CKOpPOCTb BpallleHHs 3eMJH, paBHas 7,29- 10 S ol
¢ — LIHpOTa MecTa; w=3J,14.

OznHako yame HaGJIIOJIaIOTCH BHYTpEHHHE BOJIHBI, IIEPHOJ, KOTOPHIX
B IIeJI0€ YHCJI0-Pa3 MeHblle HHEePLHOHHOrO:

Tan = Tuy/ M- ) (1.38)

®asoBasi CKOPOCTb [JHUHHEIX BHYTPEHHHX BOJIH B CJyuae, €cjau
BEPXHUI CJOH 2, UMEET MJOTHOCTb 0, @ HUXKHHH CJIOH zr — GoJjiee BHI-
COKYI0 IIOTHOCTb pp IpH oOWiell riay6une sojoema H=z;+2, npen-
craBasercs B Buie [67, 202]

eBH={gAP_(_1__+~ ! )}”2. ~(1.39)

0 23 2r
Ecnu TtosmuHa cnosi z, HAaMHOTO MeEHBLIE TOMMUHHE CIOA 2, TO
dopmyaa (1.39) npeoépasyeTcsI B BUJI
= (g Apz,/p:

JHcrnepcuoHHOe COOTHOUIeHHe MJMHHBIX BHYTPEHHUX BOJH MHpel-
crapasiior o6byHO B BuAe [104, 206]

)2,  (1.40)

o = gHk® + 40 mpu kH <1, (1.41)
4 KOPOTKHX BHYTPEHHHX BOJH ’
o’=gk npu kH > 1, » (1.42)

rle k- BOJHOBOE UHCJIO, paBHOe 2m/A; A — AJIMHA BOJHHL

Ilepuogbl BHYTPeHHHX ceHil B BOJOEeMax ¢ pa3MepaMu B IJaHe
A0 HECKOJbKHX [ECSITKOB KHJIOMETPOB MOTYT COCTABJATH, II0 HMEIO-
muMcst ouenkaM. [202], HECKOJNBKO AeCATKOB YWACOB, a B KPYMHEHLIMX
03eépax ‘MHpa MOLYT HOCTHIaTb HECKOJbKHUX JECATKOB CYTOK,

B gpynHBHIX BHYTpeHHHX BOJOeMax JAJHHHBIC BHYTPEHHHE BOJHHI,
KaK ¥ JJHEHBE rpaBHTAllHOHHEIE BOJHB HAa IOBEPXHOCTH, MOTYT HOJ-
"BeprathCsl BJMAHMIO -BpallleHHs 3eMan. HekoToprle ' HccaenoBaTesn
CUHTAIOT, 4TO TaKHM YCJOBHSM COOTBETCTBYEeT (DOpMHPOBaAHHE CJOXK-
HO¥ cucremnl BoaH Kenbpuna u Ilyangape [104}, koropeie moryr ne-
“pEMeIAaThCs - BAOJAb  KOHTYpa BOJOEMa B HANpPaBJEHHH YacOBO#
CTPENKH UM B IPOTHBONOJOXKHYIO cTOpoHY. CKOpPOCTH IepeMelleHHs

IIOBEPXHOCTHEIX BOJIH KenbBHHA jocTHraer MakcuMyMma (ck=+/gH)
;)Y KOHTypa Gepera, a’ 'MHHHMYMa — B LEHTpe BOJOeMa HIH Y IPOTUBO-
nosoxHoro Gepera.
. B. pesyabTaTe npuypOYEHHOCTH HAHGOJBIIMX BO3AEHCTBHH BOJH
. KenbBHHA K KOHTYpY BOJOeMa B GeperoBoil 30HE IPH OMpelNeNEHHBEIX
" YCJOBHAX BePTHKAJbHOTO paclpefieleHHs] TeMmepaTyphl HaOJI0faercs
IOABEM BOABl U3 HHIKHHX CJIOEB K NOBEPXHOCTH, T. €. IPOHUCXOAUT TaK
. HaspiBaeMH#t annBesyusr [104, 202].

Ilepros BOJIHOBHX KoJeOaHUH, OOYCJIOBJIEHHBIX [JEHCTBHEM BOJH
KenbBuHA, OOBIYHO NpEBHIIAET NEPHOL OLHOY3JOBOH CeHIIH, BHIUHC-
JIeHHBIH, HanpuMep, 1o Gpopmyne.Mepuana [8, 197].

40




B BomoeMax cO CJIOKHBIMH OYEpPTAHHSIMH JIHHHM Oepera u cyiie-
CTBEHHO MeHsIOUIelcs M0 MOABOJAHOMY CKJOHY IJIyGHHOH [OBEPXHOCT-
Hbie BOJIHB KesnbBHHA TPaHCPOPMHPYIOTCS M MPUBOAAT K (OpMHPO-
BaHWIO NOBEPXHOCTHHIX BOJIH IlyaHKape, HMEIOMMX MPaKTHYECKH MpH-
MoJuHelHEe rpebHu (paguyc R~y oo) U NepHOJB], MPHOIHKAIOLIHECS
K IIOJIOBHHE MasITHHKOBBIX CYTOK.

MHorue cpofictBa BosiH IlyaHkape W HX BJHSIHMe Ha IMHaMHUKY
1 (GOpMHPOBAHHE BOLHHIX MacC B BOAOEMaXx OCTAlOTCA IOKa HEBBISIC:
HEeHHBIMH.

1.8. Czonno-nazonnoie A8ieHUA

B BomoeMe JiI0OBIX pasMepoB ¥ (opMHl IpH AeHCTBHH BeTpa H
BOJIH NPaKTHUECKH BCeria HaGJIONalOTCsl CrOHbI-HAroHe yposHs. Ha-
“rOHHBIE $IBJIEHHMS OTMEUaloTCs y HaBeTpeHHoro a CroEHbE —y MNOA-
BeTpeHHoro Gepera [56, 72, 208]. )

CroHHO-HarOHHHE $sIBJe€HHUS OOGYCJOBJHBAIOTCA  JAeHCTBHeM  JBYX
¢$axkTOpOB: BOJHOBOrO IepeHOca BOJ U IlepeHoca BOJA, 00YCJOBJIEHHOrO
JeficTBHeM BeTPOBHIX TeueHHHl. BoJsHOBOII mepeHoc BOA MOXKeT OHITh
BBHIUHCJIEH 1O TEOPHH BOJH 6OJBIIOH BEHICOTH, pa3paboraHHoil CTOKCOM
[95, 165]. DnementapHBIl pacxoL BOAH gy Ha eﬂ.HHHuy BOJIHOBOT'O
$poHTa B €AWHULY BPEMEHH PaBEH:

Gs= a5 V/2E /2, )

rlie @y — NOJIOBHHA BBEICOTH BOJHM (h/2); k=2mn/A — BoJaHOBOE uyHCIIO.
CxopocTh BOJHOBOTO HepeHoca Up YGBIBAeT IO Mepe 3arayOJeHHS
[OJ YPOBEHb IO SKCIMOHEHIHAJNBHOMY 3aKOHY

vy = a2 4/ gk exp(—2kz2), (1.44)

rie z—3arayOJieHHe paccMaTpHBAaeMOIO TOPH30HTA I[OJ MOBEpX-
HOCTB BOJHI.

W3 dopmyarsr (1.44) caeayer, 4TO OCpelHEHHAasl II0 BEPTHUKAJH
CKOPOCTb 3aBHCHT OT COOTHOIIGHHS MeXJy IMyOWHON BOJOEMa H 3Je-
MEHTaMH BOJH. DTy XapaKTEePUCTHKY YacTO NPEACTaBJSIOT B BHIE
¢$yHKUHHE OTHOLICHHS r1yOHHBI BOJOEMA HJH yiacTKa K CpelHell AJaHHE

BoJH, T. e. H/L C yBenuuenuem orHoileHusi H/A o6bIUHO OTMeuaeTcs
YMeHblIeHHe CpefHeH MO IVIyGHHe CKOPOCTH BOJIHOBOI'O TeUeHHs, YTO
IPHBOJHT B CBOIO OYepelb K YMEHBIIEHHIO BOJHOBOTO CroHa-HaroHa
ypoBHa. Takum 06pa3om, BOJHOBOH CTOH-HATOH YPOBHS IpH OJIHHAKO-7
BLIX pasMepax BOJIH B MeJIKOBOJAHOM. BOJOeMe OyAeT GO/bLIHM, ueM|
B I‘JIY60KOBO}1HOM BOfoeMe. BoJIHOBOA CroH-HaroH ypoBHs, He HCKa-!
XKeHHBIA KaKUMH-A160 ApYyrUMH dakropamu, Habmonaercs npu Ael-|
CcTBUH 3bI6H. B ycinoBuAX AeficTBHA BeTpa H BEBPOBBIX BOJH CrOH-HA-
TOH YPOBHS ONpENe/IseTCss COBMECTHEIM BJIHSHHEM BETPOBOTO TeUeHHS
¥ BoJiHOBOro nepeHoca. IlockosbKy mepeHOC NpH BeTPOBOM TeUeHHH
BO MHOro pa3 060J/bllle BOJHOBOTO [epeHoca, TO M CYMMapHHIH CroH-
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HaroH ypoOBHSI OIIpEHEJIsIETCS B OCHOBHOM BETPOBBIM TCUCHHUEM. B stom
HETPYAHO yO6eluThCsl, eCIH COIOCTAaBHTh BOJHOBOfl IePeHOC BOABI, BHI-
yncjeHEHd no ¢opmyae (1.43), ¢ mepeHOCOM BOAE BETPOBBHIM OJHO-
HanpaBJIeHHHIM TeueHHEeM; IOJyYeHHHM B paborte [176] mast ogHOHa-
IpaBJIEHHOIO IO I'1yOHHEe BETPOBOTO T€UEHHS B BHAE

o =~ 0,012W10H, (1.45)

a nJjsa paBHOHaHpaBJIeHHOI‘O no FJIy6HHe BETPOBOr0 TEYECHHSI B BHIAEC
l qpl ~ 0,0035W ,H, _  (1.46)

rae Wig— CKOPOCThL BeTpa Ha Bhicote 10 M Haj BOZHOR IOBEPXHOCTBHIO.

AH mm 3
75 — ‘
10— ]
2.
5__
CoVB 1
0 ; — ’ ~
I mr———
0 5 10 15, s 20 25 Lm

Puc. 1.17. OxcnepuMeHTaIbHEE NPOGHIH BOAHON NOBEPXHOCTH TPH DAasJHy-
HON CKOPOCTH BeTpa B YCJOBUSAX HeHCTBHS BOJH Ha ray0oKoK m MeaxoR
BOJE.

1 — cna6oiii Berep, BOAHB Ha FIyGOKOH Boje; 2 — Berep cpeiHed CHJbI, BOJAHE Ha Y-
6okoli BOJE Yy MOABETPEHHOH YACTH, MOABEPralOTCS BANAHHIO AHA B HABETPEHHON YaCTH;
3 — cuabHBIN BeTep, 'BOJIHH Ha MeJlKoﬁ BOJRE.

Brinmo/iHeHHEIE OLEHKH NOKa3aJiH, YTO OTHOWICHHS §o/gs H ¢p/ds NO
- - .

-

JaHHHM J1a6opaTOPHEIX HCCIeIOBaHUH B aspOrHAPABIMYECKHX JOTKAX
yalle BCero yKJAajAhBaloTCs B npefedn 2—6, a mo JaHHEIM H3Mepe-
HHA B BoJoOeMax ¢ riybmHOi 5—20 M mocruraior 10—40 u paxe Go-.
“nee [172].

' Ilepeuncnennsie o6eTosTeNBCTBA NOKa3BIBAIOT, YTO CTOH ypOBHH
y TOABETPEHHOrO Oepera BoJoeMa B peasbHBIX YCJAOBHUSAX JOJNXKeEH OblTh
MeHblle, YeM HAroH ypOBHs y HaBeTpeHHoOro Gepera. Tosbko B riy6o-
KOBOJHOM -BOJloeMe Npo(du/b BOLHOH NOBEPXHOCTH IPH CrOHe-HATOHE
uMeer B[, GJIHM3KME K npsMol (puc. 1.17), cron mpHMepHO paBeH Ha-
TOHY, a OTMETKa YPOBHS B lIEHTPE paBHOBeCHsI NPHMEDPHO paBHA OT-
MeTKe CIOKONHHOIrO ypPOBHS.

B MesnKOBOAHHIX BOJOEMax H BOJAOEMAxX C yMeHblUuaiomedcs ray6u-
HOM IO HANpaBJIEHHIO DAasroHa BOJH INpOodHJIb CrOHHO-HATOHHOTO
ypoBHs nmpuobperaer cjokHble ouepraHHs (puc. 1.17), ocoberHo npu
CHJIBHBIX BeTpax: y NOJABeTpeHHOro Oepera BOAHAS NOBEPXHOCTb II0-
YTH NPSMOJIMHEAHa, y HeHTpa paBHOBecHsl ciabo BOTHYTa, y HaBeT-
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peHHoro Gepera BOTHYTOCTb HauGoJblias. Popma npoduiast OOHYHO
3aMETHO HM3MeHSIETCS C H3MEHEHHEM CKOPOCTH BeTpa H 3JeMEeHTOB
BOJIH. DTH OGCTOATENBCTBA CYIHECTBEHHO OCJOXKHSAKIT OIEHKY CrOHOB-
HarOHOB YPOBHS [0 JAHHEIM HATYDHHIX HaGJIONEHHH, 0COGeHHO B BO-
Joemax CJA0XKHOH (opMEI ¢ MeHsiomefics ryOHHOH, a Takxe B ycJso-
BHSIX HAJIOKEHHS Ha CTOH-HArOH ceHINeBHIX KOJeGaHH.
.. JHnas cpaBHUTeNBHO HaJeXHOR ONEHKH CroHa-HaroHa YpOBHS
B IMyGOKOBOAHOM BOJOeMe MpPOCTHIX OuepTaHHH KedaTelbHO HMETh
3alHCH YPOBH#A B TpEeX-YeTHIPEX NYHKTAX, PACNOOMEHHBIX B HEMOCpes-
CTBEHHOH GJHM30CTH. OT NOJBETPEHHOrO M HABETPEHHOrO GeperoB H Ha
HEKOTOpPOM YJHaJeHWH OT leHTPa PaBHOBECHS B CTOPOHY K MOJBET-
penHomy Gepery Hau B NPOTHBOINOJOXKHOM HampaBieHHWH. B Boloeme
CJIOXKHBIX OuepTaHuil B NJaHe H BoJoeMe C MeHHIOIIleHCﬂ o1y GHHOH
Tpebyercs MAThb—CeMb NYHKTOB HaG/IOJeHHH. :
INockosbKy -pacyeraMy 3aTPYAHHTEIbHO HajeXHO YYecTb BJHSHHE
CJIOKHBIX OYepTaHHii H pejbeda KOTJIOBHHBI BOJOEMa, a TaKxkKe BO3-
MOXKHBIE H3MEHEHHs KacaTeJbHHIX HalpsXKeHHH BeTpa Ha BOJHOH IO-
Bepxuoct, T0 B CHull [166] croHbl-HarOHbH peKOMEHAYETCS OLeHH-
" BaThb TO NAHHBIM HATYpHBIX Ha6mofeHHH. IIpH OTCYTCTBHH JdaHHBIX
HabmiofeHn#i Haron ypomsHsa AHy pomyckaercs ONpeNessTh MEeTOLOM.
TIOC/Ie0BATENBHEIX HpPIGJIH}KeHPIH no dopmyJse .

AH,— kyW3L cos aw/lg (H + AH)], (1.47).

rae Wi, — pacueTHas CKOpOCTh Berpa Ha Bhicore 10 M Haja BORHOH
IIOBEPXHOCTBIO, M/c; L —paccTosiHHe OT ypesa HOABeTpeHHoro Oepera
JO paccMaTpHBaeMOH TOYKH N0 ‘HampamJeHHIO AeHCTBHs Berpa; H —
.cpellusis ray6uHa BoJoeMa; kw — Ko3(h(UIHMeHT, NpHHUMAaeMBb# pap-
#piM 2,1-107% mpu ckopoct Berpa 20 M/c u 3,0- 107® mpu ckopocTH
30 M/c; aw — yron mexny HampaBJeHHEM BeTpa H OChIO BOZOEMA.

Jas npubauKeHHOro BBIYHCJEHHS PAa3sHOCTH  CrOHHO-HAOHHOTO
ypoBHs B BomoeMme A. B. KapaymesnM [72] 6blnia mpeasoxeHa cie-
Ryomas Qgopmyaa:

AHy= (34 108) - 107 (L/H) W} cosaw, (1.48)

rje i — BBICOTA BOJIHBI, M. , ‘
Pacuersl BeTpPOBHIX HAaroHoB B BojJoeMax CJOXHO# ¢opmer Kapa-
yUIEeB HpeJJaraer BHIIOJHSATh HOCIENOBATEIbHO IO yuacTkam ¢ yue-
TOM THApAaBJHYECKHX conpoTHBAeHHH [72). ‘
Has pacyeta HaroHOB- B KaHa/jax W BOJOEMax pasMepoM OT He-
CKOJTbKUX JAECSATKOB MeTPOB M0 -HecKoabkux kuiaoMmerpoB A. C. Cy-
JOJILCKHM NpefjioKeHa GopMyJa CIefyIOLUIero BUAA:

AH,=[k W3 Lo, (0,80 + 0,05W ;) cos a,] f(ogH), (1.49)

" rae ky— kospdunument, pasunit 1,0- 1073
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. IlpumeHuTENBHO K MOpPSM H KDYNHBEIM -BOJOEMaM C HAaKJOHHBEIM
IHoM B pabore [31] mpemnoxXena caepyromasi GopMyna IJsi pacuera
BHICOTHI LITOPMOBOTO HaroHa:

AH = {(Tos + va) In[H\/(H, + AH )Y/ [owg (H, — Hy — .

- — AHL)} + AH,, (1.50)

rae H, u Hé—FJIyﬁHHa COOTBETCTBEHHO B HaudaJjJie H KOHIE ydacTKa '
C TOCTOSIHHBIM YKJOHOM JHa; AH, — cTaTHCTHYECKHH NOABEM YDPOBHS

Tabauya 1.3 -

TloTOopsiemocTh NMpoAONKHTENbHOCTEH CTOAHUS CrOHHO-HATOHHBIX YpPOBHEN
B HoBocuGupck oM BopoxpaHWIUILe NO rpafalusdM. MaKCHMaJdbHBIX sﬂaqeﬂnﬁ,
% obmell MpPoAONIKUTENbHOCTH Nepuola crodauda HIOY ;

IIpO DO KHTENBHOCTE CTOAHNUA, 4

I'iar’;;lﬂ‘ RAroH - cron
ypOBHS,
cM

2-10 | 11-20| 21-30 | 31-70 | 3P o | 2—-10 | 11—20 | 21—60 | =P g,

“nrr Bepxuuit Boed

35 1,061,811 0,30 | — 3,26] 0,73 | 3,04 | —

3,77
6—10 | 0,85 | 2,77 | 1,64 1,20 6,46 | 0,10 1,53 0,37 2,00
11—20 | 0,21 | 1,11 1,07 1,06 3,45 — 0,20 — 0,20
21—30 - 10,29 0,75 0,8 | 1,56 — — — —
31—70 — (0,69 | — — 0,93 —_ . — — —
P % }2,12|6,57 | 3,8 3,12 | 15,66 | 0,83 4,77 0,37 5,95

. ¢. Cnupuno

3—5 — | 0,52 — — 0,52 | 0,75 0,96 0,34 2,05
6—10 { 0,39 3,60 | 0,37 0,54 4,90 | 1,16 2,35 0,42 3,93
11—20 — {1,07] 0,34 0,52 1,93 | 0,13 1,93 2,65 4,71
21—30 — — —— — — 0,16 0,29 0,81 1,26
31—70 | — — — — — — 0,31 2,09 2,40

2P 9 10,39 5,19 0,71 1,06 |- 7,35} 2,20 5,84 6,31 | 14,35

3a cueT OTKJOHEeHHMs aTMOC(hepHOro AaBJjeHHS OT CpefHero 3HaueHHsd;
Tmos — T@HIeHIMANbHOEC HAIPSAXKEHHE HA NOBEPXHOCTH; Ty — TaHICHHH-
aJbHOE Hanps2KeHHe V IHa,

_ApTope  Qopmyasl (1.50) yrBepKIalT, Y4TO OHa O6ecHeuHBaeT
JIYYINYI0 COTJIaCOBAHHOCTh C AAHHBEIMH Ha0JIOJeHHH, ueM ADYTHe H3-
BecTHHe (Gopmyinl. OAHaKO NPHMEHHUTENBHO K He(OJbIIUM BHYTpEH-
HHM BOJZOEMaM 3TO yTBepxKJAeHHe HyXJaeTcsl B IIPOBepKe.

'H3 3TOro KpaTKOro paccMOTDeHMs CJelyeT, YTO CrOHHO-HAarOHHBIE
-SIBJIeHHs] B BOJO€Max H3yuyeHHl ‘HeJAOCTATOYHO NOJHO M 4YTO CYyIIecT-
ByIOLlMe DacyeTHHe 3aBHCHMOCTH He JAal0T BO3MOXKHOCTH HaJeKHO
OIIpe/leISITh €r0 KOJHUECTBEHHbIE XapaKTepPUCTUKH.

JI7ii HEKOTOPHIX BOJOEMOB IOJYYeHEl BIOJHE OGBEKTHBHHIE CBEE-
HYST O CrOHax-HaroHax Ha OCHOBAHHH OOGPabOTKH JIEHT CaMOIUCUEB
YpOBHA.
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B xauectBe npumepa B TabJ. 1.3 npuBeleHB NOBTOPSEMOCTH CTOH-
HO-HaroOHHEIX YpOBHel pas3/IHYHOH NpPOAOJ/IXKUTENBHOCTH IO TpaZauusiM
MaKCHMaJbHBIX 3HaueHHH HaroHa M croHa B ABYX nyHkTax Hosocu-
6upckoro Bogoxpanunuma. OQuH U3 nyHKTOoB — BepxHnuii Bred — pac-
nosaraercs y miotuusl [3C, a Bropoli — é. CnHpHHO — B 30He BHIKJH-
HUBaHHUA NOJNOpA BOKOXpaHWIMIE, npumMepHo B 140 XM oT mjoTHHH
I'3C. U3 panabix tabna. 1.3 BuaHO, uto y niaotuHu I'DC yame Haburo-
IaloTCs HATOHBL, a B 30HE BEIKJIMHHBAHUS — CrOHEl YPOBHS, YTO BHI-
3BaHO nNpeobJyajaHWeM BeTPOB, HalpaBJeHHBHX OT BEPXOBbs BOZOXpa-
Huauma x maorue I'DC.

MakcuMasbHEIE HAarOHB YPOBHA Y MJoTHHE ['DC M MakcuMaJbHbIE .
croisl y ¢. CHUpPUHO JOCTHraJH, [0 JaHHBIM HaGJIOLEHHH 32 TPH JeT- :
HUX Ce30Ha, okoso 70 cM, B TO BpeMsl KaK MaKCHMaJbHBle HaroHhl
y c¢. CnupuHo M MakchMaJ/bHBE CroHn y motdHe ['DC He mnpegH-
magu 20 cM. h



I'naea 2

' IIPOCTPAHCTBEHHAS CTPYKTYPA IEPEHOCA
BOJ[ TEYEHHIMH

2.1. Muozoobpasue eudos dsuxcenuii u macurabos
nPOCTPAHCTBEHHBIX CTPYKTYP ,

Boapl. 03ep W BOJOXPaHUJHIN NPAKTHYECKH NOCTOSHHO HAXOLATCS
B JpuxXeHuu. JIsuxKeHneM oOxBaueHa BCS ToJINa BOAB B mnpenesax
Bceil KOTJIOBHHBEL. B NpUpOAHEIX yCJAOBUSX OUeHb PEJKO MOXKeT HabJlo-
IaThCs KAKOH-IHG0 OLMH M3 YCTAHOBHBIIHMXCS BHAOB ABMKeHHHA. Jlaxe
B 3UMHHH TEPHOJ, INOA JeASHBIM NOKPOBOM, KOHBEKTHBHBIE LHPKYJIs-
LHH B BOJOEMe MOTYT CONPOBOXKAATbCHA, HAPUMED, 3aTyXAOUINMU BET-
POBEIMH, CeHIIEBBHIMH WJIH CTOKOBBIMH TeueHHsMH. B GessmemocTaBHBIH
MepHOK COBMECTHOE fAefCTBHEe HA3BAHHBEIX TeYeHHH OOLIYHO YCHJIHUBA-
€TCsi 110 CPaBHEHHIO ¢ 3HMHHM II€PUOAOM Ha HECKOJbKO IOPSIAKOB H
K HeMy n06aBJSIIOTCS CYLIECTBEHHO H3MEHSIOLIHECs BO BPEMEHH H MO
aKBATOPUHU JBHIKEHHs, OOYC/JOBJIEHHblE BETPOBBIMH, CTOSTYHMH U BHYT-
DCHHHMH BOJHAMH, MENKHMH BHXDAMH, CpeiHe- H KpymHOMacIiTab-
HBIMH LHPKYJSALUSIMH, BPeMEHHEIE XapaKTEPHCTHKH KOTOPHIX H3MEH:-
10TCS, KaK OTMEUYeHOo B IVI. 1, oT JoJjed ceKyHIL L0 HECKOJbKHX CYTOK
u jaxe 6oJee.

BosaHOBBle ABHIKEHHUSs, OOBIYHO HauboJee BHIpaXKEHHLIE B BerHPIX

‘CJIOHX, ‘KaK IIpaBHJO, HAKJ/JAABIBAIOTCs Ha IIep€HOCHOe TeYeHHEe Ka-

KOro-nu00 BHAA HJIH HAa CyMMapHOe TeyeHue. BumecTe ¢ HHMH OHH
PopMupyIOT HMelOmUe CAyUaHHBIA XapakTep UAPKYJAANHOHHEE ABHXKe-
HHSI. DTH ABMXKEHHS OOBIYHO HMEIOT CJOXKHYIO IPOCTPAHCTBEHHYIO
¢opmy. B BepTHKaNBLHOH MJOCKOCTH NpPH JEHCTBHH BOJH M .nepeHoc-
HOTO TEYEeHHS OTHUETJUBO NPOSBASIOTCH HHPKY/JISLHOHHBIE ABUXKEHHSA
B BHJAE BHXpeH C rOpPU30HTAJ/JbHOH HJHU BEPTHKAJBLHOH OCBIO.

C/io#f BOJTHOBBIX OpOUTANBHBIX IBHMKEHHH B YC/JIOBHSX OZMHAKOBOH

IJIOTHOCTH BOXEI NO IMyOHWHE M IPH HAJUYHH BBIPaXKEHHOH cTpaTHOH--

KalHH IJIOTHOCTH MOXKET OXBAThIBATHCS TAK HA3BIBAEMBIMH LHDPKYJS-
UHOHHBIMK ABHKeHHAMH Jlenrmiopa [202]. Ouun mpeAcTaBJsOT coGoi

naphl YepeAyIoIIHXCs MEXAY CoO0H NHUIHHADHYECKHX BUXPEH C IPaBoO-

H JIeBOCTOPOHHHM [BHKCHHEM, OCYIIECTB/ISEMbIM OTHOCHTE/IBHO TOpH-
BOHTANBHBEIX OCeH, Mapa//eJbHbIX APYT APYTY H HalpapJeHHbIX MpH-
MepHO IO HOpMaJH K (PPOHTY BETPOBBIX BOJH. IIpH3HaKOM WHPKYJsi-
uuh, JlenrMiopa B BoJOeMe CUHTAeTCs Ha/JHuue IMOJOC W3 ITEHB HJIH
«JOPOXKeK» U3 IJABAOHIMX NpeJMETOB HAa BOJLHON NHOBepxHOCTH. Ilo
STOMY NPH3HAKY YCTAHOBJIEHO, YTO DACCTOSIHHE MENKAY LEHTpaMH CO-
CeHUX Tap BHXpEH MOXKET H3MEHSTbCS OT HECKOJIbKHX JECSATKOB can-
THMETPOB- 0 HECKOJIbKIX IeCATKOB MeTpoB [150, 202]
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[Tox neficTBHeM BeTpPOBBIX, CEHINEBHIX HJH CTOKOBHIX TeYeHHH B BO-
loeMax MOryT (GOpMHPOBAaThCi MAaKPOUHPKYJsSLHOHHblE  JBUKEHH,
pa3Mephl KOTOPHIX B IJIaHE COM3MEpPHUMBHl C pa3MepaMH BOAOEMa HJIH
pasMepaMH ero YacCTHYHO OOOCOGJEHHBIX YUYaCTKOB. [lepeurcieHHbIe
BHIIIIe BHXPH W BOJIHOBble OpPOMTaJbHBIE ABHXXEHHS BKJIIOUAKTCA OPH
3TOM B MaKpPOUHMPKYJAUMH KaK UX COCTaBHas 4acTb.

CBoeo6pasHble CHCTeMbl LHDPKYJSLHH MOTYT BO3HHKHYTb Ha TIpa-
HHLle pa3fieNa BOA C Pa3/JHYHOH MJIOTHOCTBIO B YCJOBHAX AeHCTBHA
BHYTDEHHHX BOJ, HO HX H3y4YeHHE TOJbKO HauuHaeTcs.

MsMepeHHble : B peasbHBIX YCJAOBHSIX XapaKTEPHUCTHKH TeueHHH,
TypOyaeHTHOR ANDGY3HR U APYTUX AMHAMHUUYECKHX SIBJEHHH IpeAcTaB-
JAITCA KaK cyMMapHHH 3d@eKT Bcex HNeHCTBYIOIIMX Ha HNOTOK (ak-
TOPOB H Mop(oJOorHH BOJOeMa B TOM HHCJAE. DTH O6CTOSATEJALCTBA H
ABJAIOTCS OCHOBHBIMH IpHYMHAMM 3aTPYyAHEHHH B NOJYYeHHH JAOCTO-
BEPHBIX XapaKTePHCTHK CTPYKTYDHl OTZEJbHO B3ATOrO SIBJEHHS, He HC-
KaXXeHHOTO BJHMSAHHEeM KakKux-aubo Apyrux dakropoB. B cBsisu ¢ mepe-
9HCJACHHBIMA OGCTOATENbCTBAMY, BHISIBJACHHE OCHOBHBIX BHJOB Tpaek-
TODHH  BOJIHOBHIX  JBHMIJKeHHH XXMAKOCTH H KaueCTBEHHON KapTHHHI
CTPYKTYPH NepeHoca BOA OTHENbHEIMH BHAAMH Te4eHHi OCYIIECTBJS-
Jocb B I'TH na naGopaTopHEIX ycTaHOBKax myreM OGeCleueHHs] HaH-
MEHbIIEro BJHAHHA McKaxawowux ¢akropoB. Hekorophle . cBeneHust
0 KaueCTBEHHOH CTPYKTYpe IleDeHOca BOZ INOJNYyYeHH NyTeM o06Go6Iie-
HHSl JAHHHIX HATYPHBIX H3MepeHMH M, B YaCTHOCTH, aBHACBEMOK ‘Te-
yeHUH.

[IpuBenenHble HuXKe CBeNEHHST O IPOCTPAHCTBEHHOH CTPYKType
cleLyerT paccMarpMBaTh KAaK ODHEHTHPOBOYHBIE M HYKJA2IOU[Hecs
B JajbHefilleM BOCHOJHEHHHM HJH YTOYHEHHH Ha -OCHOBAHHH HOBHIX
JaHHBIX HCCJAENOBAaHHUI. ‘

2.2. Tpaexropuu Osuncenuti wacruy mwudxocru
npu coemecTHOM OelicTéUU 80AH U TedeHul

PaccMoTpenne KaueCTBEHHOM KapTHHBI JBHKEHMH 4YacTHI, XKHAKO-
CTH HayHeM ¢ OpOMTaJbHHIX BOJHOBBIX TpPaeKTOpHUil, NOCKOJbLKY Ha
MHOTHX BHYTPEHHHX BOJOEMax CyMMapHas MNPOAOJIKHTEJBbHOCTb Aefi-
CTBHUSl BOJIHEHHS] pasNHuYHO¥ CHJB MoxeT Jocturate 80—90 % mpo-
JOJXHTENbHOCTH 6e3JIeJOCTaBHOIO HEepHOoJa M BOJHOBHE TIPOIECCH
OKa3blBAIOT 3aMeTHOE BJMsSHHE HAa KHHEMAaTHKY H CTPYKTYpY NepeHOCa
BOA. YuTeM H TO OGCTOSITENbCTBO, YTO C BOJHOBLIMH  JABHYKCHUSMH,
00yCJ/IOBJICHHBIMH BETPOBBIMH BOJIHAMH H 3bI6bI0, HEOGXONMMO CHH-
TaTbCsi NPH OPraHU3allMH HCCACNOBAHHH BOJOEMa, NpH H3MEpeHUsX
TeUeHHH ¥ AMGQYsHH, IPH HHTEpPIpPETallHM NaHHBIX 00paGoTKH H3Me-
PeHH#, a TaK¥Ke IIDH DelUeHHH MHOTHX NpaKTHYeckux 3azau [103].

" TpaexTOopHH BOJHOBBIX [IBHXKEHHH YaCTHI XHIKOCTH HMEIOT HaH-
GoJsiee mpocTO# M Hambosee OJAM3KHA K TEOPETHUECKOMY BHI B YCJO-
BHAX JeHCcTBUA 3bIOH IIPH OTCYTCTBHH IIEPEHOCHOrO TeuyeHusd. B ycio-
BUAX TAyGOKOH BOAH TPAEKTOPUsS BOJHOBHIX JABHKEHHH YaCTHIL
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BBIPAXKAETCs, COTJIACHO TEOPHH BOJH MaJjo# BEICOTH [95, 165], ypaBue-
HHEeM OKPYKHOCTH B BHILE

(x — x0)* + (z — 20" = [h exp (k2,)/2T, (2.1)

IOKa3bIBaIOMIEM, YTO PaAUyChl r OKPYXKHOCTeH yObIBAIOT IO Mepe yBe-
JIUUeHHS 3arayGJieHHs 2zp [0J YPOBEHb MO SKCHOHeHU,IrIaJIbHOMy 3a-
KOHY

r=hexp(kz;)/2, | 2. 2)

rje k= 2n/A; X — UpOROJBHAS, a Z—BepTI/IKaJIbHaH KOOpJHHATa 4Ya-
CTHIBI; i — BBICOTA BOJIHEL.

CocraBadioliie CKOPOCTEH YacTUI, TI0 OCAM X M 2 BBIPAXKalTCs
3aBUCHMOCTSIMH:

u=dx/dt =0 (h/2) exf) (kz) cos (kx — ot);
w = dz/dt = o (h/2) exp (k2) sin (kx — ot), (2.3)

rie ¢ =2m/T; T— OepHOJ BOJHBI; [ — TEKYyILee BpeMsl.
B yca0BHSIX OTpaHHYEHHOH TJyOWHBEI TPAEKTOPHH BOJHOBHIX [IBH-
JKeHHH YacTHII MMEIOT BMJ SJUIRICOB H BHIPAXKAIOTCH ypaBHEHUEM

(x— xoP/a2 + (2 — 2P /b2 =1, (2.4)

rae - ao— IOpH3QHTAaJbHaA, a bo—BepTI/IKaJIbHaH rnoJayocu 23JJIHIICA,
oIpeneJsseMble YPaBHCHUSAMMU:

qn = N chlko+H)] .

07" "9 T sh(kH) ’
(2.5)

bo— Pt shik(zo+H)I

07" "9 sh (RH) *

Ha aunuu. noBepxHOCTH BOAB, TZe z20=0, IOJNYOCH - 3JIMICA
paBHBHL: . ‘ -

Qonos = (A/2) cth BH; by nos =h/2. (2.6)
Ha sunnn n#a B ycaoBusX 20=—F BEIpaXeHHs LIS IOJNYOCH 3J-

JIUIICA HUMCEIOT BUL .
box = h/[2 sh (kH)]; Boy=0. 2.7)

CocTapJsiiomue OpGHTaNbHBIX CKOPOCTell B YCIOBHAX OrpaHnYeH-
HBIX IVTyGHH BHIpaXKaoTCs 3aBHCHMOCTSIMU: . -

gkh_ _ch [k (20 4 H)]

U= ch (¢H)

cos (kx, — ot);

@2.8)
gkh  sh [k (2o +H)] »

U= ch (BH)

-sin (kx, — ot).
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Wsmenenne ¢opMbl U pa3MepoB BOJHOBHIX OpPOHT IO BepTHKANIH
B yCJOBHSIX FyGOKOH BOAK M OrpaHAYEHHOH TJyOMHBI IIOKa3aHO Ha
puc. 2.1. Ha puc. 2.2 nsobpaxKeHBl TPAeKTOPHH JABHXXEHHS 4aCTHI|
Y .KPYTOTO IOJBOJHOTO CKJOHA, MOJYYeHHHIE METOLOM CTalHOHAapHOU
¢otocheMKH (¢ O6TIOpaTOpOM) IpH AeHCTBHH J1aGOpaTOPHBIX  BOJH
tTHna 3u6n. Bce OpGHUTH IPH 3TOM HMEIOT 3JJMIICOBHAHYIO (opmy

Puc. 2.1. BeprukaabHoe pacHpese- :
JeHHe pPasMepoB = BOJNHOBHIX OpGHT » ' : L
fIpH Pa3JHYHOH OTHOCHTEJbHOH riy-

GuHe. 0L ' .
o R 77777777777
2 — ycnosua TayGoxoii Bogbl [86], 6 — 2/” H/A=1 . /7,/7‘ = 017 ]

DrpaHuyenHast rayGHHa.

C yBe/MYHBAWOIIMMCS IO HANpaBJEHHIO KO AHY SKCIEHTDHCHTETOM H
YMEHpLIAIMYMHUCH FrOPH30HTAJBHEIMY OCSIMH 3JIIHIICOB.

B ycioBHSIX COBMECTHOrO AeHCTBHS BOJH M TEUEHHH KpPYroBhHe H -
3JIIMNTAYECKHEe OPOHTH BOJNHOBBIX® ABHKeHHH mnprHoOpeTanOT BHA IHK-
JouA. Lyknouasl o6palleHb BepIINHAMHE K IIOBEDXHOCTH BOJBI, €CJH
HamnpaBJ/ieHWe TedeHMs COBNAJae€T C HalpaBJeHHEM paclIpOCTpaHeHHs
BOJIH. B cilyuae BcTpeuHOro HampaBJIeHHS BOJH H IIEDEHOCHOTO Te-
YeHHA IHUKJIOHAANbHBIE TPAaeKTOpUH OO6paileHE! BepIIMHAMH KO IHY,
Kak II0Ka3aHo Ha puc. 2.3.

Bup 0uK/IOMIAJbHBEIX TPAEKTOPHH MNBHKEHH YacTHIl H3MEHseTcs
B 3aBHCHMOCTH OT COOTHOIUEHHS MeXJAy CKOPOCTbIO II€PEHOCHOrO Te-
YEHHSI Uy H CKOPOCTBHIO BOJIHOBOTO OpOUTAJNBHOTO IBHXKEHHS Uop. 11pH
Ur << Ugp TPAEKTODHH BOJHOBHIX ABHKEHHH YacCTHI, HUMEIOT BHJ yIJIH-
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HEHHBIX LMKJOMJ, C XapakTepHeIMH merasimu (puc. 2.36,8). Ecuam
Up A Uop, TO TPACKTODHH YaCTHL NPHOOGPETAOT BHA OOGBIKHOBEHHEIX
IMKNOHA CO CBOHCTBEHHHMH WM TOYKAMH BO3BpATa, COOTBETCTBYIO-
HIEMH MOMEHTaM II0JIHOTO paBeHCTBa CKOpOCTePl HMEIONHX BCTPEYHOe
HanpaBsJieHYe JBUKEHHUS.

B ycaoBusix, Koraa ur > Uop, TpaeKTopHH BOJIHOBLIX [BUIKEHHH
HacTHIL npHOGpeTanT BHI, Hanomnaammnn YKOpOUCHHHE IHKIOUAH

[y
el -

Puc. 2.2 Pacnpez[e.neﬂne BOJIHOBHX OpPGHT y NOABOAHOTO
oTKoca (MO JaHHHM CTauHOHapﬂon dorocreMkH ¢ ofriopa-
TOpOM) 1

(puc. 2.36,8). STOT BHJ, TPaeKTOPHI BO3HHKaeT B CBSI3H C TEM, 4TO
NpOXOJIbHEIE COCTABJSIOIINE Pe3YJbTHPYIOIINX CKOPOCTell B BepxHel
nosioBuHe opOurel 06oJjbllle, a B HHXHeH IOJOBHHE OPOUTH MEHbIIe,
‘YeM TNpOJOJIbHBIE COCTABJISIOI(HE BOJIHOBOH - OpOHTANbHOM CKOPOCTH,
Ha CKOpOCThb IepeHocHoro teuenus [103].

3HaHHe paccMOTPeHHO# KJaccu(HMKanHu TPAeKTOPDHH  BOJHOBHX
JBUXKEHHA YacTHI NO3BOJISIET OCYLIECTBJAATh 06paGoTKy (OTO- U KHHO-
CHHMKOB C LeJIbI0 OLEHKH OOGLIMX YepT KapTHHH J[BHXKEHHS INOTOKa
u omnpefeseHHst ero KUHEMATHYECKHX XxapakTepuctuk. Ilo  cHHMEKawm,
HanpuMep, JIETKO ONpeAeJHTb KOHTYPH BHXPEBHIX. o6pasoBanuil, Ha-
npaBJieHHe BpalleHHs, OTHOCHTeJbHEE CKOpOcTH M 1Ap. B o6iactm
JIHCTBHSI BUXpell TPaeKTOPHH BOJHOBHIX [IBHXEHHH HMMEIOT BUJ IHK-
Jouf. B cekrope, rie HampaBJeHHe BpalleHHst COBmajaeT C HaNpaB-
JIEHHEM paclpocTPaHeHHs BOJH, LHKJIOHAH -00palleHB  BeplIHHAMH
K IIOBEPXHOCTH BOJHl, a B AMaMETPaJbHO IPOTHBONOJOXKHOM CEKTOope —
BepIIHHAMH KO IHY IIOTOKA, KaK TIOKa3aHO Ha puc. 2.3 2.

! Ha prc. 2.2 u TOMOGHHX eMy TDACKTOpHH [ABHXXKEHHS YaCTHIL B BOLHOM IOTOKe
H3o6paxeHH (B OTJIHYME OT ODHUTHHAJbHEIX CHHMKOB) HYHKTHPOM UYepHOIO, IBETA HJAHK
CIIJIOIUHEIMH JIHHHSIMH. :
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Prc. 2.3. OCHOBHEIE BHAL TPAeKTOPHH YaCTHL JKHXKOCTH IPH pasnﬂqnux Hanpas-
JIEHWSIX H COOTHOIUGHHAX CKOPOCTH TedeHHst (Ur) H CKOPOCTH OpPOHTAJBHOTO ARH-
KeHus (Uop).

a — ouenn caaBGoe TeueHue, 6 — MoOmMyTHOe TeUeHue, 8 — BCTPeYHOE TedeHue, z — BHXpeEBOE 06-
pasopanue Ha OrpaHHYeHHOMH r.nyGnue npy cNaGoM TEeYeHHH.

2.3. Bepruxaavias CTpYKTYpa 8erposuix Tenenuls
HA cTaduu 803HUKHOBEHUS U PA3BUTUS

PaccmoTpeHHas BHlie kJaccudukanus TpaekTopuli  JABHIKCHUA
4acTHh, RaeT OCHOBAHHE 3aKJIOUHTb, YTO IIPH BO3SHHKHOBEHHH BeTpO-
BOro TCUEHHS M BETPOBHIX BOJH NOJA AcHCTBHEM KacaTeJbHHIX Halpas-
JeHHH BeTpa B BepXHeM cJoe -JTI000ro BojoeMa YacCTHUH JOJKHB Of-
HOBDEMEHHO y4acTBOBaTbh B JABYX OCHOBHHX BHAAX ABHMKEHu# — co-
BepIIaTe BOJHOBHE KOJeGaHHs H IepeMeIlaTbCsi NO HaNpaBJeHHIO
BO3HHKIIEro TeyeHHs. B peficTBUTENbHOCTH TaKk M TNPOHCXOAHMT,. HO .
TOJIBKO B HauboJee HPOCTHIX ycJOBHsAX. Yallle BCEro YacCTHIH OJHO-
BPEMEHHO yYacCTBYIOT TaKxKe B BHXPEBOM BPaUIaTeJLHOM [BHKEHHH.
PaccMoTpuM 3T0 Ha npuMepe Pa3BHTHS BETPOBOTO TEUEHHS.
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B nepBble MOMEHTH AEHCTBHS BOSAYUIHOTO HOTOKA, KOTJa MOBEPX-—
HOCTb BOJBl COXpaHseTcs IVIafKOH, B ABMXKeHHE IIPUXOAHUT JHUIL TOH-
KHH TIOBEPXHOCTHBIH CJIOH, COCTaBJAIOIUI HECKOJbKO MHUJJIMMETPOB..
JlaGopaTopHble  3KCHEepHMEHTH  yGeAUTeNbHO MOKa3hIBAlOT, 4TO Ha
 TpaHHuLe NpHIUeANIeT0 B ABYIKEHHE CJIOS KHAKOCTH H HENOJBHAKHOH
TOJINIM BOJABl HeT (He BUJHO HH BH3yaJsbHO, HH Ha KaApax CTallHOHap-
"HOH KHHOCHEMKH) KAKHX-1HO0 BHXOPbKOB, HO OTYETJHBO BbIparKeHbI
BpallleHHsI OTHOCHTEJIBHO CBOHMX IIEHTPOB BH3YaJM3HPYIOIHMX IOTOK.
TBepABIX dacTHL. B mociaelylolipe MOMEHTHI, KOrAa Ha NOBEPXHOCTH
BOJbl BO3HHUKAIOT BeTpOBast psiOb U MeJKHe BeTPOBbie BOJIHHI, Hapsaxy
C MHTEHCHBHBIM NepeHOCOM BOAB B NOBEPXHOCTHOM CJO€ N0 Hanpas-
JIEHHIO BeTpa, B IIYOHHHBIX CJIOSIX BO3HHMKaeT CJabblfl KOMIEHCAIMOH-
HBIfl IepeHoC, HampaBJeHHbIH HaBCTpeuy BeTpy. B TakUX YCJAOBHAX Ha
rpaHyuLe pasfena NPSIMOrO M KOMIEHCAIHOHHOrO IOTOKOB HOSIBJSIOTCA
MeJIKMe BHXPH NPeHMYLIeCTBeHHO KPYIrOBBIX M SJJHNTHYECKHX OouepTa-
HHH C TOPHU30HTAJBHOHN Ocblo BpauieHus (puc. 2.4 a). [lonepeunnie pas-
Mepbl BHXpel M HPOAOJKHUTEJSBHOCTh CYIIECTBOBAHHS KaXKAOTO U3 HHX
yBEJIMUHBAIOTCA 1O MEpe YBEIHIEHHA IPOLOJKHTENBHOCTH JefCcTBUS
BETPa W HapacTaHHUs BOJHEHHS.

Korna HuxKHsIS rpaHuna ApeddoBOro TeyeHHs ONyckKaeTcs MIpH--
MepHO fio ropusonTa 0,3H, momepeunkie pasMephl HanGoJee KPYIHBIX-
BUXpeH MOCTHMalOT NPHMEpPHO INOJOBHHBL I'MIyOMHBE 1OTOKa [, a mpo-
AOJIKHTEJNBHOCTb. MX CYIIECTBOBAHHS Ha SKCIEPHMEHTaJbHOH ycTa-
HoBKe ¢ ray6uno#i 0,3—0,5 M cocramasier B cpenneM 2—5 c.

Ilpn npajpHelilleM yBENHYEHHH  NPOJOJIKHTEJBHOCTH  AeHCTBUS
BeTpa HMXHAA TpaHHLaA OpeH(pOBOro TedeHHs] INPOAOJKAeT 3ariays-
JSAThCS, a INONepeuHble pa3Mepbl BHUXPEBHIX 0OpasoBaHUE yBeJHUHBA-
IOTCSt M. HauGoJbLIME H3 HHUX OXBaTbiBalOT BCIO TOJILY BOABI
(puc. 2.46, 6). HekoTophle H3 BHXpeli MOTYT CYIIECTBOBATb IpH yxa-
3aHHOH iy6uHe noToka A0 10—20 c. MeXAy KPYNHBIMH BUXDEBHIMH
06pa30BaHUSMH NPAKTHYECKH BCETAa BO3HHKAIOT 6oJiee MeJKHe BUXDH,.
nonepeyHbie pasMepsl U NPOJOJIKHUTEIbHOCTh CYLIECTBOBAHHS KOTOPHX
NPUMEPHO Ha TOPANOK MEHbIUE, YeM KPYMHHIX BHXped. BoapuInHCTBO-
MeJIKHX BUXPeH NPUYPOUYEHO K NMPHAOHHOMY CJIOIO.

C MoMeHTa oxBaTa IIOTOKOM IIPSIMOrO HampaBJeHHS BCel TO.HI.U.I/I.
BOJAB HEKOTOpHIE 3aBHXPeHHs HeOOJBUIMX Da3MepoB OGHAPYKHBAIOTCS
JUIIb B OTAEJbHHIX MeCTax NPHAOHHOro cJnosl. B OCHOBHOM  ToJIIEe
NOTOKAa Ha OJHHX KaJpax CTallMOHADHOH KUHOCHEMKH NPH 3TOM BUIHEL
IJIaBHO BOCXOAAIIME, a Ha APYTHX — HHUCXOJsILINe TPAeKTOPHUH YACTHIL -
(puc. 2.42). CyAs 1O HaKJIOHY TPaeKTOpHH K JIMHHH HHAa M CKOPOCTH
IJOTOKa, X NPOJAOJBHEIE pPa3Mepbl B HECKOJBKO pPa3 MpPEBHIAIOT IJy-
OHHY NOTOKAa, a HaHOOJbILINE IONepeYHble pa3Mephl PaBHbBI MOCJAeAHeH.

ITH AaHHBE JAIOT OCHOBaHME TOJIAaraTh, UTO B GIHOHAIDAaBJEHHOM

Puc. 2.4. Usmenerue TPAeKTOpHH dYacTHy H o0OILIero Bpma BHXpeBHIX 06pasoBanuit
(c ropusoHTaNbHEIMH OCAMH BpAallleHHsi) B IIpouecce PA3BHUTHS OJHOHAIDABJECHHOTO.
no ray6HHe BETPOBOrO TEeUeHHs HA 3KCNEPHMEHTAJbHOH yCTaHOBKe.

Bpems OT Hayasla HOSIBJEHHs Berpa ¥ BOJH: &—35 ¢, 6 —1 MuH 40 ¢, 8 —1 MHH 50 ¢, 2—-
3 mMuH 50 c.

,

53



BETPOBOM TEUCHHH, HAXOAAIIEMCA B KBa3HyCTAHOBHBLIEMCA COCTOS-
HHH, CTPYKTYpHBle 006pa30BaHUs C TOPH3OHTAJBHOH OCBIO BpALIEHHS
OJH3KH K pasMepaM CTPYKTYPHHIX 00pasoBaHHMH B sKCIepUMeHTalb-

e Lk S - R S 2 .
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Puc. 2.5 VIsMeHeHne TpaekTopuii uacTM, M OOHIETO BHJA BHXPEBEIX 06pasoBaHH#
{c ropusoHTaNBHHIMH OCSIMH BpaHIEHHs) B IpoOIecce PasBUTHS PA3HOHANPABJEHHOTO
no riy6ule BeTPOBOTO TeUEHMs Ha SKCHEPUMEHTAJIBHOR yCTaHOBKe. -

‘Bpems 0T Hayaa MOBJEHUA BeTPAa u BOMH: a—5 ¢, 6 —10¢, 6 —15 ¢, 2— 22 c.

HOM PYCJIOBOM IIOTOKE, T. €. YTO HX IIONEpEeYHBle OCH HOCTHraloT IJy-
-Guunl moroka H, a npopoJibabie — (6... 10)H [81]:Onnako pasa nogay-
yeHNsi 6oJee HaJleXKHBIX NPEICTaBJAeHHE O BHXPEBOH CTPYKType Takoro
TIOTOKA HeOGXOMMMO TPOBeJeHUEe CKOJb3sled KHHOCBEMKH, NMOJ00HOH
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To#, kotopywo npuMensy A..B. Knasen [81, 82] npn skcnepumenTanb-
HEIX HCCJIEJOBaHHAX PYCJOBOrO NOTOKA. -

- B npefi¢poBoM TeueHHH, OXBATHIBAKOLIEM BCIO rayOuRy, Hapamy
C BHXpAMH C I‘OpI/IBOHTaJIbHOIrI OCbl0, BO3HHKAIOT BHXDH C BepTHKAaJb-
HOI JM60 HAKJOHHOH OCHIO BpalleHHsd. 3HAUHTEAbHO 0oJiee CIOXKHYIO:
CTPYKTYPY HpHOGpETalOT BETPOBHIE TE€UEHHs, KOTOphle NpH CBOEM pas-
BHTHH (OPMHPYIOT pa3HOHaNpaBNeHHbIA IO TraybuHe MepeHoc —Io- -
BETDY B BEPXHEM CJIO€ H BO BCTPEYHOM HANPaBIEHHH B NPHAOHHOM K
ryOHHHOM CJIOSIX.

Buxpeseie 06pa3oBaHUs B paSHOHal’IpaBJIeHHOM no raybuHe Teye-
HHMY 4Yalllé BCEero NPHYpoueHH K TIpaHHuIle pasfieNia NMOTOKOB, KOTOpast
B BEPTHKAJBHOM IIOCKOCTH NaXe B MEPHOJ PASBHTHS TEUEHHT HMEET
BHJ W3BMJIMCTOM JIMHUH, @ B INPOCTPAHCTBE — BHJ CJOXKHON B3BOJHO-

‘B aHHOH IIOBEPXHOCTH.

IIpu BO3HUKHOBEHHH HaHGOJee KDYIHBEIX BHXDEBBIX o6pa303aﬂnn '
C TOPH3OHTAJbHOH OCbI0 BpalleHHsl IPaHMLa pasjela NOTOKOB B yc-
JIOBHSIX DA3BHTHsI MOXET ONyCKaTbCsl mpHMepHO Ao ropusonra 0,5H,
a B HEKOTOpPHIX CJydasx Aaxe Ao ropusonta 0,7H oT NOBePXHOCTH
BoJAH (puc. 2.5). B MOMeHTH, KOria KacaTeJbHble HaNpsXKeHUs BETpa
Ha BOLHOH NMOBEPXHOCTH M CKOPOCTH ApeH(OBOro TedeHHs yMeHbIIa-
I0TCSl, TPaHHLa NOTOKOB OOLIYHO CMEIIAeTCS K MOBEPXHOCTH.

B pasHoHampaBJIeHHOM BeTPOBOM TEUCHHH Yallle, YeéM B OJHOHA-
NpaBJCHHOM, BO3HHKAIOT BUXpeBbie 00pa30BaHUS C BePTHKAJIbHOH HJIH
HaKJOHHOH OCbIO BpallleHHs. boJiee OTYET/IHBO OHM BhIpaXKeHBl H yalie
BO3HHKAIOT B 30He MNeHCTBHS KOMIEHCALHOHHOTo NoToKa. Haubouee
KPYHHbIe U3 BHXPEBHIX 00pa3oBaHHH C BepTHKAaJbHOH OCbI0 BpAIleHUSE
NPOHU3LIBAIOT BCIO TOJINY 30HHI AEHCTBHS KOMIICHCAILMOMHOIO TEUCHHS
(puc. 2.5) ¥ maxe YAaCTHUHO NPOHHKAIOT B 30HY NeHCTBHS ApelihoBOrs
TeUCHHS.

2.4. Beprukaarsonas cTpYKTYpa K8A3UYCTAHOSUSUIUXCS
8eTposuIX TeveHull

Brile 6nlJ0 MOKa3aHO, 4TO Ha 3aBEepIIAIOIIHX CTaJUSX Pa3BHTHS
OJHOHANPaBJCHHOTO IO IAy6HHe BETPOBOTO TEUEHHS B BOJHOH TOJIe
NPOHUCXOAMT (OPMHPOBAHHE 3JJHNTHYECKHX BHXpEH, KOTOpble MOTYT
OXBaTbiBaTh BCIO TOJILY IIOTOKA, a B NPOAOJbHOM HamnpamJeHHH B 8—
10 pas mpeBHILIAIOT - rAyGUHY. Hapfmy ¢ 3TUMH HauboJjiee KpYyDHLIMH

_ CTPYKTYPHBIMH 00pa3oBaHHAMH B NOTOKe (opMmupyiorcs 6ojee Mel-

K1e BHXPH C TOPH30HTAJbHOH OCBIO, 3aNMOJHSIOIIHE MPOCTPAHCTBO, BHY-
TPH-KPYNHBIX BUXpeH H IO HX KOHTYPY, a TaKXKe BHXDPH Pa3HBIX pas-
MEepPOB C BeDTHKAaJbHLIMH HJH HAKJIOHHBIMH OCSIMH BpamleHus. [Ipeu-
MYILIECTBEHHO TaKHe K€ YepPThl CTPYKTYpH Npeo6alaloT B OJHOHA-
NpAaBJCHHbLIX BETPOBLIX TEUCHHSX M HA KBA3HYCTAHOBHBIIEHCS CTalWH
Pa3BUTHS Ipolecca.

B Pa3HOHANPABJICHHHX MO my6m—xe BETPOBHIX TEUEHHAX, NOCTHUT-
IIMX KBa3WyCTaHOBHBINEHCS CTafHM Da3BUTHS, BEepTHKANbHas BHXpe--

‘Basg  CTPYKTypa CYUICCTBEHHO H3MEHSECTCSA ¢ H3MEHeHUeM l"JIy,6PIHbI,
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'MHTEHCHBHOCTH TeYeHMY, CTENeHH IMyO60KOBOAHOCTH BETPOBLIX BOJIH H
Jpyrux (akTopoB. DTO 06CTOATENBCTBO OTYETJIHBO HpPOSBJAAJIOCH HA
" 9KCIIEpUMEHTAJ/JbHOH YCTAHOBKE KaK IPH BH3YaJbHOM HaGJIOJCHUH
. Ipomecca, TaKk ¥ IIPH pPacCMOTPEHHH JAHHBIX CTallMOHApPHOH KHHO-
«cbeMKH. IIpOCMOTp MHOIHX COTEH CHHMKOB MOJell CKOPDOCTH B BEepTH-
KaJIbHOH IJIOCKOCTH IIO3BOJIMJ BBIIBHTb M IIPeACTaBUThL Ha puc. 2.6
HauboJee THIHYHBIE YePTHl CTPYKTYPH IIOTOKA, CBOACTBEHHHLIE Olpefe-
JIEHHBIM BHEIIHUM YCJOBHSM. .
CrpykTypa -ABHXKEHHS YacTHL, KHUAKOCTH, [pEeACTaBJeHHAss Ha
puc. 2.6 a, xapakrepusyercs npeo6aagaHueM NpsMOJHHEHHBIX, NpeH-
MYILLEeCTBEHHO INapaJ/ieJbHBIX [HY TPaeKTOPHH B 30He JeHCTBHA Kak
JApefihoBOro, Tak U KOMIEHCALHOHHOrO TeueHHs, a TaKxKe HajJnuyueM
HeOOJBIINX BHXPEBHX 0Opa30BaHUH IJJNUNTHUYECKOR UAM KpYroBOH
«pOpMBl Ha TpaHMlle pasjesna. Buxpesole 06pa3oBaHUsA HE3HAUUTEJb-
HBIX PA3MEDOB BO3HHKAIOT TaKke B IPHAOHHOM cCJOe, HO OHH Cylie-
CTBYIOT HENPOJOJIKUTEIbHOE BPEMSI H PEAKO NPOHHKAIOT B TOJILY KOM-
IleHcanuoHHoro TeueHus. IlomoOHas kapTuHa ualle Bcero HabJI0Aa-
-€TCS B YCJOBHsIX cnaboro BeTpa INPH BHPaXKeHHOH TIJyOOKOBOLHOCTH
.BOJIH, T. €. IpH [ > A.
CTpykTypa [ABMMXKEHHS 4YacCTHL XUAKOCTH, u300paxkeHHas ~ Ha

puc. 2.6 6, COOTBETCTBYeT NpuMepHO ycaoBusiM H = A u xapakrepH-
3yeTcsl IpHMEpPHO TEMH. XKe depTaMH, 4TO M B PacCMOTPEHHOM BHIIIE
gjydae, HO OTJHYaeTcss OT Hee GOJBIIMMH pa3MepaMH BHXDEBHIX 00-
‘pasoBaHHH B 30He AeHCTBHs [Apei(OBOrO TEYEHHS H Ha €ro HHXKHEH
rpanuie. HekoTophle U3 BHXpeBHX OOpa30BaHHH IIPOHHKAIOT B 30HY
IeHACTBUSL KOMIIEHCALIMOHHOTO TeYeHUs, OCYLLeCTB/AsAS TeM CaMbIM MeCT-
‘HBII BEePTHKAJBHBIH BOJOOOMEH MEXAY HHUMH.

K unc/y THNWYHBIX OTHECEHAa TakXe CTPYKTypa JIBHMKEHHI YACTHIIL,
JIPH KOTOPOH BHXpeBHe 06pa30BaHyA Pa3/IMUHBIX PasMepoB H (HOPMHI,
HO IPEHMYIIECTBEHHO KPYrOBbi€ M 3JJIMITHYECKHE C' HEGOJBIINM 3KC-
ILEHTPUCHTETOM, 3aNMOJHSAIOT BCIO ToJUly NOTOKa (pHc. 2.68). Haubo-
~Jiee MeJIKHe M3 3THX 00pa3oBaHMA BO3HHMKAIOT Yallle, YeM KPYIHbE, HO
- -CYLIeCTBYIOT HEIPOAOJIKHTEeJbHOE BpeMsi. Haubosee kpynHsle o6paso-
BaHus Gosee YCTOHUMBLHI KaK BO BpPeMeHH, TaK H B IIPOCTPAHCTBe IIO-
“TOK4 — OHH HEPEeAKO BHIHE Ha MHOTHX IOCJAENOBATENbHBIX KaApax
'KHHOCBEMKH, OCOGEHHO B SKCIEPUMEHTaX CO CaGbiM BETPOM H CpaB-

_HATEbHO r1yOOKOBOAHLIME BoJHaME (H = 1). :
XapakTepHOH OCOGEHHOCTBIO CTPYKTYPHl BETPOBOTO TEUEHHS, He-

‘pelKO BO3HHKAKOUIeH B YCJOBHSIX MEJNKOBOJHBIX BOJH (H <L), siBJsA-
<@TCA pas3fieJileHHe IIOTOKAa IO JJIMHEe Ha OTAeJbHble «A4eHKH», B Kaxk-
0 H3 KOTOPHIX HeHCTBYIOT Kak OBl UAaCTUYHO 000COOJEeHHBIE BEpTH-
‘KaJbHble HUPKYJAUMH. [IpojonbHBle pasMepbl 3THX -fAUeeK OOBIUHO
‘B 3—5 pas mpeBnIIAOT IIYyOHUHY, @ B OTJEABHEIX CJAYUYasiX JOCTHUTAIOT
-8—10 ray6uH, T. e. NIPUOJHKAIOTCA K pa3MepaM 3JJIHOTHYECKHUX BUX-
pefi B OfHOHAIIpABJEHHOM II0 IyOWHE BETPOBOM TEUEHHH H B pPYCJO-
BoM noroke. C HaBeTpeHHOH CTOPOHH B suefikax HpeofjagamoT KpyTo
"BOCXOJSIIINEe K IOBEPXHOCTH Tpaekropuu (puc. 2.62), a ¢ NOABETPEH-
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HOH CTOPOHBl — IJIABHO HMCXOHSIIME TPAaeKTOPHH. BHYTpH KpyIHBIX
CTPYKTYDHBIX s4eeK pa3MellaloTcs GoJiee MeskHe 06Da30OBaHHS Kpy-
FOBOH HJIH 3JIJIMNTHYECKOH (DOPMBI C HOMEepeyHBIMH PasMepamH, 3HAUH-
TEJbHO MeHBIINMH, yeM ray6uHa nmotoka. O6pauiaer Ha cebsi BHUMAa-
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- Puc. 2.6. OcHOBHHE THNE BePTHKANbHHX BHXPEBHX CTPYKTYD B Pa3HOHampas-’
JIeHHHIX 6 Ty0uHe B KBa3WYCTAHOBMBUIHXCA BO BPEMEHH BETPOBHX TeUCHHAX.
a—2 — CM. TIOSICHEHHSI B TEeKCTe.
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HHE K TO OGCTOSATENLCTBO, UTO siUefiKi COXPaHSIOT CBOE MeCTOIOJIOXKe-
HHUE B IOTOKE JUIHTEJIbHOE BpeMs M JIHIIb WX KOHLEBBIE YYaCTKH IyJb-
‘CHPYIOT BO BDEMEHH, TO COKpamas, TO YAJHHAS OOWIYIO MpOTHKEH-
"HOCTb fdeeK BAOJb OCH NMOTOKa.

PaccmoTpeHHBle BHAB BHXPEBBIX CTPYKTYD BETPOBHIX TEUEHHH XOTSH
¥ SBJASIOTCS THNHYHBIMH, HO He MCUEPIBIBAIOT BCEr0 BO3MOXKHOIO MHO-
TOO0pasHsl IPOLecCa ABHKEHHA YACTHIl Nake JJIsi YKA3aHHBIX BETPO-
‘BBIX U BOJIHOBBHIX ycaoBHE [237].

5

2.5. Koauuecrsennsle XAPAKTEPUCTUKI BePTUKANLHLX
suxpesvix 06pa3osanuLil

Ilpu u3yuyeHHd BepTHKAJbHOH CTPYKTYPHl BETPOBBIX TeueHHH HaH-
6oJblliee BHHMAHHE NPUXOAUTCS . yAeNATh HauboJiee KPYNMHEIM BHXpe-

BBIM 00pa30BaHUAM, [TOCKONBKY OHH 00/afaloT HauGoJbllel sHepruel

JIBUIKEHHS M OIpEeAeNsioOT, HalpHMep, TakKHe IpPOLECCH, Kak BepTH-
KaJbHOe nepeMemnBanue oz [10, 124, 205, 210]. s
HauGosiee peranpHBle CBeJeHHS O KPYNHBIX BHXpeBHIX 06pasoBa-
HUSIX TOJy4YeHBl B JabopaTopHbix skcnepumentax ITH [177, 180] maa
'pa3HOHANPAaBJCHHBIX IO TJyOHHe BeTPOBHIX TeUeHHH. JTO 0Kas3asoCh
BO3MOJKHBIM B CBSI3H € TEM, YTO KBa3HWYCTAHOBUBLIMCSH TeYeHHUAM
3TOro Bujla NPHUCYILM BHXPeBhle 00pa30BaHHs C BEPTHKAJbHOH H TOPH-
30HTAJbHOH OCSIMH BpalIeHUd, KOTOpHIe CPABHUTENLHO JIETKO BBHIABJSA-
I0TCSl HAa Kafpax CTAaUHOHAPHON KHHOCHEMKH 6J1arou.apﬂ MaJIoH mo-

* JIBUIKHOCTH M OTUETJHBOCTH UX QOpM.

O6paboTke ObLIM NOABEPTHYTH MaTepHaJIbl *CeMH axcnepHMeHTOB
B KaX/JOM H3 KOTOPHIX CBEMKa IIOJIefl CKOPOCTH OCYHIeCTBJsIAChH B Te-

~ yegue 5—50 muu (ta6Ga. 2.1). Pasmepsl OcBellEeHHOH IJOCKHM CBe-
"TOM OCEBOH YacTH IOTOKa HpH IupuHe Jotka 100 cM u raybuHe Ha-

nosnuenusi 50 cM cocrasasin  50X5X75* cm. CienoBatesbHO, Ha
‘KaZpax KHHOCHEMKH (HKCHPOBAJIMCH JHUIb T€ CTPYKTYpHBEIE 00pa30Ba-
"HUS, KOTOPBle NepeMeniaJuch B OCEBOH YaCTH IIOTOKAa HJH IlepecekalNu
-e€ MOJI HEKOTOPBIM YIJIOM.

B KaX/J0M SKCIepHMEHTe 32 YKa3aHHOE Bhillie BPeMsi PEruCTpaIUH
TIOJIE CKOPOCTH GBLIO 3atuKCHpOBaHO M BhedeHo mo 10—20 crpyk-
“TYpHBIX 00pa30BaHUN C BEPTHKAJbHOH ¥ TOPH3OHTAJBHOH OCAMH Bpa-
mennsa. CpeiHHe pasMepsl 3THX O6pasOBAaHMH  COCTaBJAJNH  OKOJO
0,5H, a mauboseline gocruranu */sH (tabma. 2.1), npuueM B ORHHX
SKCHepHMeHTax INpeobaajanu BHXpeBHe OGPa30BaHUA C BePTHKAJb-
"HOH, a B JpYrHX-—C TODM3OHTaJbHOH OCHIO BpalleHHs. BHXpeBHe

-06pa30BaHUsi C BEPTHKAJbHOH OCHIO BpAUIEHHSI CYLIECTBOBAJU B Cpel-

Hem okoJio 20 ¢, a BUXpeBble 00pasoBaHUA C TOPH30HTAJBLHOH OCbIO
BpaueHusi — okosio 10 ¢. BuxpeBHIM 00pasoBaHHSAM C BEPTHKAJIbHOH
-OChI0 BpallleHHs 0Ka3aJach CBOHCTBeHHA OGJbIIas IMOABIKHOCTb, YEM
BUXPEBBIM OGPAa30BaHHAM C TI'OPHU3OHTAJBHOH OCBIO BpAllleHUS, U OHH

* Nauna.
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yaile BLIXOZHJAH 3a NpeJesbl NOJSI CheMKH, YTO NPHBOJIHJO K HEKO-
TOPOMY 3aHHXKEHHUIO JaHHHEIX O BpEMeHH HX CyLIeCTBOBAHHS. -

O6mas NpOLOKHUTENbHOCTh CYUICCTBOBAaHHS BHXPEBHIX 06pasopa-
. HUHi, BHpaXeHHasl B MPONEHTaX OT MPONOKHTEILHOCTH DErucTpanus
noJis CKOpOCTeH H3MeHslack B LIHpokux npepenax: or 0,3 po 50 %
AJs BHXpeH ropnsomanbﬂon ocbio BpameHus u or 8,4 mo 23,1 %
I/ BEXpeH ¢ BepTHKaJbHOH ocbio BpameHus (cM. Tabu. 2.1). Ecaw

Tabauya 2.1

KonuyecTBennsie xapaxrepucrnxn anpenux 06pa3oBanyil B 9KCHEPHMEHTAX
C pasHOHaNpaBJIeHHBIMH N0 raybune BETPOBLIMU TeYeHHAMH

Yueso ¥ MapaMeTphl KPYMHBIX BHXPeBHIX 06pazosanuit

:E‘d‘ C FOPH3OHTAJIBLHON OCBIO ¢ BePTHKANLHOM OCBIO

2]

=

o ™

| 2|51 & 1% | % 3 |3
£ 2 = a » ] '“UQ » 2 a®
sl Blsle | £ & |57 2| g |8
= o = T a Sl E 1% sl . £
o a, = s o A% Iy O s o
@ & el @ o] E1E] 5% e SIE B8
E S| E [ Eo | & HES g8 £ S|E | 28
g = S S o 29 58 o ) =8
o g1 8 Eo | 5% als X3 55 | gla | %8
a g | & S | o8 5 g6 |=|=]| o5 | = 3o |5 =
1 818 |3:|58) & sz | 5ls| 58| 8 £z | 8ls
£ | S |& | €5 | 5s g |~ 1= 58 g |~ F
P | 6,2 401,44 6| 36/— | 88|36 | 7 [3223]18,5]| 9.0 -
P. |'8,8{ 6,0} 1,21 3 34/— 14,56 | 3,6 10 {22/17] 21,2 | 17,4
P; |11,0| 8,0]1,60| — — — — 22 123/19] 22,7 | 22,7
P, 112,3(11,0( 2,89 2 41/— 4,0 0,3 15 | 386/—| 18,3 ,4-
1 3,0] 1,0] 0,62 7 35/20 19,3 {122,0 —_ — — —
2 5,3| 2,4{ 0,31 10 { 25/17,5 | 15,2 |50,0 — — — —
3 9,91 7,3] 0,86 3 30/28 5,1 0,65 11 35/26| 17,9 | 23,1

NPOJOJIKHTEJILHOCTD .CYH.[CCTBOB&HHH yIOpsilOYeHHEIX BUXPEBHIX 06pa-
30BaHHMH paccMaTpyUBaTh He MO HPOLOJKHTENLHOCTH HX HAXOXKIEHHST:
B IpefiesiaX TPAHMUIL TIOJISI CheMKH, a 10 NPOJOJKHTEJIbHOCTH pPerucTpa-
LUK CKOPOCTeH B KOHKDETHHIX TOUKAX IOTOKA, TO yKasaHHOe oﬁmee;
OTHOCHTEJIbHOE BPEMsI MOXKET OhiTh yMeHblleHo B 5—10 pas.

s KBasHYCTaHOBHBUIHXCS OJHOHANPABJEHHHIX BETPOBHIX Teye-
HHE TPONOJIXKHTENLHOCTb CYIECTBOBAHHSI KPYMHBEIX BHXPEBHIX 06paso-
BaHHA oOKaszajgach OJNH3KOH K MpHBeAEHHHIM BHIle CPEXHAM 3Haue-
HUSIM, HO 3TH CBeI€HHs Tpy6o NPHO/IMIKEHHH, NOCKOJbKY MOJYYEHH
nyTeM MOJcYeTa YHCJAA KaJpOB CHEMKH C OTYETJMBO BHIPAXKEHHBHIMA
BOCXOJASIWUIHMH 1 HHCXOASIIIIMMH TPAEKTOPHIMM YaCTHIL.

' Ha ocHOBaHMM NaHHHIX SKCIEPHMEHTOB MOXHO YTBEpPXAaTh, UTO-
KpyIHble U cpellHHe N0 pa3MepaM BHXPEBbHe 06pa3OBaHHS CBA3AHB.
C pa3MepaMHu NOTOKA H XapaKTePUCTHKAMH TPaJHEHTOB €ro CKOPOCTH..
06 atoMm _CBHIETeJLCTBYET TO, YTO PasMepbl KPYNHHIX BUXPEBHX OG-
pasoBaHMii COMSMEPHMEI C PasMepaMH CJIOS, OXBAUEHHOIO BOJIHOBHIMH
ABHIKCHHSIMH, a BpeMs HX CyIIeCTBOBAHHs NPUMEPHO Ha 1—2 mopsaxa:
H GoJiee NPEBHILIAIOT CPEAHUH MEPHON, BOJIH.
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3

Ilocnennee NOATBEPXKAAET NMPABOMEPHOCTh THIOTE3Bl O He3HAUHM:
“TeJIbHOM BJIMSHHH BOJIHOBBIX IBMXKEHHII Ha TypOYJEHTHOCTh BETPOBOTO
“TeUeHHs] B H30TEPMUUECKOM CJIo€ MOps. DTa rHHOoTe3a Oblia BbIABH-
uyra C. A. Kura#iroponckum [78] Ha ocHOBaHuM aHa/ju3a ypaBHEHHUs

HalaHca SHePTUH (IIOKTYAHHOHHBIX - IBUIKEHHH = NPHMEHUTEALHO

K MOPCKHM YCJOBHSAM. HeKOTOpre KOCBE€HHbI€ NOATBEPXKACHHA CHIIO-

‘Te3bl €e aBTOpP MOJYUYWJ Ha OCHOBAHWM aHanu3a AaHHHX B. B. Edu-

mosa u I'. H. Xpucrodopora [46] no nyabcauusMm CKOpocTeH U AaH-
Heix A. [O. Bennnosa u B. H. ®emowxkuna [124] no ¢aokTyanuam

JTEMIEpAarypbl BOAbI B BEPXHEM CJIOE MODS.

2.6. Maxpoyuprxyrayusn 600 6 eoaoeme :
' npu 8eTPOBBLX TeHeHUsX ‘
-

PaccMOTpeHHEIe BEIIE UEPTHI CTPYKTYPBL BETPOBBIX pasBHBam-

uxeda u KBaSI/IyCTaHOBI/IBU.IHXCS‘} TeueHHH HauGoJiee OTYETJIHUBO BbIpa-

2KeHBl B BEPTHKaJIbHOR MPOJOJBHOH MJOCKOCTH —TAKHX HATYPHBIX
00BEKTOB, KaK KaHalbl H 03€pa YIJIHHEHHOH bopMel, B yciaoBusx Aefi-

-CTBHA BCTpa BAOJDb l'IpOJ_IOJIbHOI/I ocH. B BojpoemMax coO CJI0XKHBIM pesb-

eoM KOTJIOBUHBI IpH JJIUTEJSbHOM NCHCTBHH YCTOHUHBOrO BeTpa (ap-
MHUPYIOTCH, KaK IOKa3bIBalOT AaHHBE JaGOPaTOPHLIX HCCAENOBAHUH U
HATYPHBIX HaOJIIOJeHUl, TUPKYJIALHOHHbBIE ABUKEHHsA, OXBaThIBAKOLIHE
BeCh BOJAOEM HJH €ro dYacTHuHO 060Co0JeHHble B MOPGHOJOTHYECKOM

-QTHOIWeHHH VyiacTkh. Ilyrem o6Go6LieHHs MaTepnaJ/JlOB MHOTLOYHCJEH-

HBIX 9KCIepUMeHTOB, nposojusuinxcs B I'THM Ha npocTpaHCTBEHHBIX
IUApaBAHYECKHX MOJEJSX HEeCKOJbKHX BOLHBIX 00BLEKTOB M MaTepHa-

.JIOB HCCJELOBAHUN HA o3epax H BOAOXpaHHUJMHIIAX, YAaJO0Chb BLIABUTDH

HEKOTOpble XapaKTepHble 4epTHl M OCOGEHHOCTH YKa3aHHBIX MakKpo-

TUUPKYJAAnui. XapakTepHble YepTHl MaKPOUMPKYJISHUH pacCMOTpeHb

NPUMEHUTENBHO K IIPOCTHIM YCJIOBHSIM: BOJOEM HMEeT YAJHHEeHHYIO

«pOpMY ¢ TJIAaBHBIMH OUepTaHHAMH OeperoBofl JIHHHH H IJIAaBHHIM pellb-
~.ethoM HHa; BeTep YCTOHYHMB IO HANpPAaBJEHHIO H CKODOCTH; IJIOTHOCTB

BOAbI OAKMHAaKOBa IO Bceﬁ I‘.HY6I/IH6 H He MEHSETCd IO aKBaTOPHH. ,H,.HH

“TAKHX YCJOBHIl BBIAEJNEHO LECHTHb Ham60J1ee XapakKTepHEX CXeM Mak-
‘POLHUPKYNSIUHKA BOL (pHC. 2.7).

MaxkpoudpKkyasuus, npeicraBiacHHHe cxemamu [—VI, chopmupo-

.BaHbl BETpaMH, ﬂeﬁCTBy}OIHHMH NPpEeUMYyLIeCTBEHHO  BAOJDb BOAOEMA,

a MAKpPOUMPKYJSAUHH, nNpefcTaBieHHEle cxemMamu VI/I[—X,— Berpamy,
HalpaB/JeHHbBIMY IOTepex BojoeMa (puc. 2.7).

-Hoapo6GHoe onucanHe KaXKHOH U3 BBAEGJNEHHBIX CXeM JaeTcs B pa-
6orax [176]. Crneuncuueckue uepTH OTAEJIBHBIX IPOCTPAHCTBEHHBIX
UUPKYJISAUUA JOBOJBHHO OTYETJHBO BMAHEL Ha puc. 2.7. Ilpeacramuis-

-eTCs BO3MOXKHBIM OOBEAHHHTL OJH3KHe NO OOUIMM  YepTaM CXeMH

B OTHeJbHBlE THUIBl LUPKYJISUMEH, KaXXAOMY H3 KOTOPBIX MPUCYLIH OG-
mHe  OCHOBHBIE YEepPTBH HepeHOca BOA B BOJOEMAax I[PH HECKOJbKHX
XapaKTepHHX BETPOBHIX CHTYalUSX.

OTYeT/IHBO BBLLACISIOTCS, 0 HALNIEMY MHEHHIO, CJAELYIOUIHE OCHOB-
Hble ‘THOBl BEPTHKAJbHOH M TOPHU3OHTAJIbHOH MAaKPOUMDPKY/IAIHH BOJ

‘B BOJAOeMax:
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Tun 1 — xapakrepuayercs npeobsajaHueM MaKpPOUMPKYJISUHA BOK
B BEPTHUKaJbHOH IJIOCKOCTH, IpPH KOTOpOH ApeddoBoe TeueHHe, BHI-.
3BaHHOE BeTPOM H COBNAjAiollee ¢ HUM IO HANPaBJEHHIO, COCPEROTO-
YEeHO B BEPXHHUX CJOSIX, a KOMIIEHCAIMOHHOE TeueHHE, HANpaBJeHHOE
TIperMyIIecTBEHHO HAaBCTPeUy BeTPY,— B IJYOMHHBIX H MPHLOHHBEIX
' .CJI0SIX BOZOEMA. DTOT THI BepPTHKAJbHOH MaKPOUHDKYJISLHH BOL HaH-
GoJiee NoJiHO oToGpaxkaerca cxemaMu [ u VII;

THII 2 — WHPKYJSAINsT BOL OCYLIeCTBJseTCs NPerMyIleCTBEeHHO B rO-
PH3OHTANBHONH IJIOCKOCTH K OXBaThiBAeT Bech BojoeM. [Ipeobsanaro-
IIM# [epeHoC BOL B COCEAHHX YacTAX BOJAOEMa, DACHONOXKEHHBIX MO
06e CTOPOHBI OT €r0 OCH, HMEEeT IIPOTHBOIOJOXKHOe HanpasJeHue. Tede-
HHs 3TOr0 THNa (OPMHUPYIOTCA B BOJOEMAaX IPHM BETPOBBIX CHTyalHAX
W OCOGEHHOCTSiX pesbeda IHA, yKa3aHHBIX Ha cxemax [[—IV, VI u
VI, . ’ . .

THI 3 — XapakTepu3yeTcs HaJHYHeM TPAH3UTHOH CTPYH W NIPHMHE-
KAIOIUX K Hell TOpH3OHTAJNbHBIX MAKPOUMPKYJIANMH, B mpejenax Ko-
TOPHIX Ha BEPTHKAJSX Npeo6aafaloT OXHOHANpAaBJeHHBE HO IMIyOHHE

Tegenus. LlUpKyJasiumu 3TOro THmA  IPEACTABJIEHB cxeMaMu V,
IXunX.

Takum o6pasoM, YKCIO TUNOB MAKPOUHUPKYJAALUWA BOA TIPH BeTpo-
‘BEIX TE€UEHHsX B BOZOEME INPOCTHIX OUEPTAHHH OKa3aJOoCh 3HAUUTE]BHO
'MeHbllle yHcJa NpeAcTaBJeHHBIX Ha pHuc. 2.7 BeTPOBBIX CHUTyalUui, 4TO
NO3BOJISIET H3YUYHThb HX IIyTeM [OCTAHOBKH HATYDHHIX H3MepeHHH HJIH
TIyTeM J1a60opaTOpPHBIX HCCJAENOBaHME Ha IPOCTPAHCTBEHHBIX MOAEJSX
BOJ0EMOB.

Jlns GOMBIIMHCTBA CXeM UUPKYJSLMH BOJA, NPEACTABJEHHBIX Ha
puc. 2.7, xapakTepHo npeobiafaHue OZHOHANPABJEHHOIO MO TIYOHHE
TedeHHs ¢ He3HauuTeNbHBHIMH (K0 30°) OTK/IOHeHHsMH Hampas/eHHH
Ha OTLeJbHHIX TIOPH30HTAX OT HaNpPap/JeHUs NpeoOaajaroliero mepe-
HOCa HJId PA3HOHANPABJEHHOrO TEUEHHS, NPH KOTOPOM HepeHOC B IJIy-
6MHHEIX HJIM NPHJOHHBIX CJOSIX OCYyHiecTBJAsieTcs MOx yriaom 150—210°
IO OTHOLIGHHIO K HANDPAaBJEHHIO MNOBEPXHOCTHOTO TeueHHs. OIHOHA-
TpaBJleHHOe TeueHHe mpeobjajaer, Hanpumep, Ha -cxemax [V, IX u
X. Ha cxemax / u VI] npeo6nanaioT pasHOHAampaBJeHHBIE 1O IJIy-
Hune Teuenus. Ha cxemax [/, [I] u VI xaxauii U3 yKa3aHHBIX BUIOB
TeUeHHH OXBAaTHIBAeT NPHMepHO OT /s Ko 23 akBaTopum BOAOEMa,
a Ha 1epexojHble BHIH paclpefeseHHs TEUeHHH NPHXOAMUTCS BCEro
Juuis o 10—20 % niaomany BomoeMma.,

M3 paccMOTpeHHOro CcJefyer, yTo OT OOWell  MaKpOUMPKYNALHH
BOJ| 3aBHCHT pacnpefleJieHHe CKOPOCTH IO BEPTUKANHM M IOJOKeHHe
TPaHULBl pasfiena ApedoBOro 1 KOMNEHCAIMOHHOTO TeYyeHHH, HaIlpaB-
JieHHe npeobaafalollero IepeHoca BOX B PA3JHUYHLIX 30HAX BOAOEMa
U JpyrHe XapakTepuCTHKH TeueHu#. OUeBHIHO TakXKe, YTO HaXKe NpH-
OnvKeHHBIe CBeJleHUs 006 OOIleH MakpPOUMPKYJSUMH BOJ B BOJOEME
06JIeryaT  OCymecTBJIATb, HANpHMep, OGOCHOBAHHBI BHOOD Mecra
B3aHMHOTO pasMelleHHs BONO3a0OPHHX M BOJAOCGPOCHBIX COOpYIKe-
HHH, OPHEHTUPYIOT B BhIOOpe Haubosee 3PHEKTHBHEIX METOLOB W CPO-
KOB M3yYeHHs TeYeHHH, B pasMEIleHHH CTBOPOB M BepTHKaJell IO
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Puc. 2.7. OCHOBHHE CXeMH MaKpPONMPKYJAIHME BOJA B BOZOeMe IPOCTHIX ouepranui i
1 — manpaBieRue BeTpa; HanpaB/lleRHe TeUeRHs: 2 — IOBEPXHOCTHOTO, 8 ~~ NPRROHHOTrO, 4 — npeot
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. / o
aKBaTOPHH, 4 Takke B BHI6OpE METOJOB pacuera CKOPOCTEH, mpHeMJe-
MBIX AJs KaXKJOH M3 pacCMaTpUBAaeMBIX 30H BOJOeMa MPH THIHYHBIX

BETPOBBIX CHTYyaHUsIX.

2.7. Maxpoyuprxyaayusn 600 6 saause
npu 6€TPOBLIX TeHeHUAX

B sanuBax u GyxTax noj JAe#icTBHEM BeTpa (GOPMHpYIOTCS CaMo-
CTOSATe/IbHBIE MAKPOUUDPKYJNAUMH BOJ, MJH MaKPOUHMPKYJSLHH, B3aUMO-
JefCTBYIOINHE ¢ TeueHHAMH BojoeMma. [IpenmmymlecTBeHHO caMOCTOsA-
TeJIbHBEIE CHCTeMbl MaKpDOUMPKYJAAUMH BOJA (GOpPMHPYIOTCS B KDYNHBIX
3a/IHBaX, KOTOphle COOGILIAIOTCS C BOJOEGMOM Y3KMMH MDOJHBAMH.

B y3kux 3anmBax npeo6aanaroT celillieBble M IDaJHEHTHHIE Teue-
HHs, KOTOpble BO3HHKAIOT IIPH HAJWYHH IIepeNajoB yPOBHS MEXIY BO-
JOEMOM H 3JIMBOM M ACHCTBYIOT NPEHMYIIECTBEHHO BJIOJb NPOAOID-
HOli ocu 3anuBa. Posb BeTPOBBIX TEUEHHH B TAKUX YCHOBHSIX HesHa-
yuTeNbHA, 0COGCHHO NP HAJUYHH BHICOKAX 6EpEeros.

B IIHPOKHMX OTKPHITEIX 3aJUdBdX, CBOOGOAHO COOGLIAOMIHXCA C BO-
LOeMOM, Ipomecchl IlepeHoca BOAHBIX MacCc OOBIYHO ONpeAeadrTcs
BeTpoBHIMH TeueHHAMH. [lon neficTBmeM BeTpa, BOJH H BETPOBLIX Te-
yeHHH BOJOeMa B TAKHX 3ajJuBax (OPMHPYIOTCA BEChbMa csoeoépas-
HBlE CHCTEMBl MAKPOLUPKYJISAIKH BOL.

Ha oCHOBaHHH aHAH3a W OGOGLICHHS MaTepuanoB H3yquHH BeT-
poBEIX TeueHH#i B BuToBckoM 3ajuBe Kpemesuyrckoro BOAOXpaHH-
Juima, B KasawtunckoM H ApabaTckoM 3anuBax As3OBCKOro Mops,
B CBUpCcKOM 3anuBe JlajoXCKOro o3epa H HEKOTOPHIX AaHHHIX J1a00-
paTopHBIX HccaeqosaHu#i B paGore [144] BblAeseHbl TDH XapaKTepHbIe
CX€Mbl MAaKpOUHPKYJANHM BOA B IIHPOKOM OTKDHITOM = 3aJIUBE
(puc. 2.8):

cxema 1 (puc. 2.8 a)-—Berep AelcTBYyeT NPHUMEPHO BJOJbL TeHe-
paJibHOTO HaNpaBJeHHus JMHHH fOepera BOJOEMa M IO HOpPMaJd X Ipo-
JOJBHOH OCH-3a/MHBA. 3a/lHB MEJKOBOAHKIHA C NJaBHEIM pelbedoM IHA.

eTpoBbie BOJIHBL, (POPMHUpYIOLINECs B OTKPHITOM BOJOEMe, HUPparu-
pPYIOT Y BX0Ja B 3aJuB H pedparupyroT Ha ero orMenaax. Broabbepe-
roBoe TeueHHe NPOHHKaeT H3 BOJOEMa B 3a/UB, CJeAyeT BAOJL €ro
noiBeTpeHHOro Gepera, IOCTENEeHHO 3aTyXas 110 HANpAaBJEHHWIO K Bep-
WrHe 3aJHBa U OTKJOHSSCH K HaBeTpeHHOMy Gepery. Brosb naBer-
peHHOro Gepera 3ajuBa npeoBJafaloLIuil NEPeHOC BOJ, OCYIIeCTBIs-
€TCs B CTOPOHY BOJOEMA; '
, cxema II (puc. 2.86) — Berep HampamJeH ¢ BOJOEMAa HNPHUMEpPHO

HOX yrjoMm 45° K IPOAOJLHOH OCH MEJKOBOJHOTO 3aJIMBa, HMEIOIIErO
mnasHBE penbed AHa. [loBepxHOCTHOE TeueHHe, BTOprawlileecs ¢ BO-
JIOEMa, CJelyeT IpedMyHIeCTBEHHO BROJL IIOABETPEHHOro Gepera H |
LOCTHTaeT BepIIMHEI 3a/7uBa. IIpHAOHHOE TeueHHe OTKJIOHSEeTCs OT
TOr0 HampasJeHHs B CTOPOHY OCH 3aJuBa H TeM OoJblle, YeM
fosbllle OHO yjaJsieTcsd OT NOJBeTpeHHOro Gepera. Mexay HaserpeH-
HbpIM OeperoM H IPOJAOJNBHOM OCHIO 32JMBA NPHIAOHHBIE ~TEUECHHS
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Puc. 2.8. OcHOBHEIE CXeMH MaKpDOUMPKYJALMH BOA B 3ajJuBe NPOCTHX O4YEDPTAHHI
C IJAaBHHM pejbeOM AHA NPH THAMYHHIX BETPOBHX CHTYalMAX Haj €ro akKBaTo-
pHefi.

Vcn 06031-1 CcM. Ha pnc 2.7.
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C1eAyIOT MPerMYIeCTBEHHO B CTOPOHY BHIXOJa B BOJLOEM, a IOBEpX-
HOCTHEIE TeueHHWs HMMEIT HeyCTOHUWBOe. HANpaBJjeHHe H CJAEAYIT TO
K HaBeTPEHHOMY Gepery, TO B CTOPOHY BOZOEMA,;

-cxema I (puc. 2.88) — ycrofunsbiin paBHOMeprIH BeTep peficr-
ByeT CO CTOPOHBl BOZOEMa BJAOJb HPOXOJBHOH OCH MEJNKOBOZHOTO 3a-
JUBa, HMEIOMIEro NJaBHBIH penbed AHa. BeTpoBoe TeueHme B -IpH-
OpeXHbIX 30HAX y 06GOHX 6eperoB 3aJjuBa C/eJyeT N0 HaNpaBJeHHUIO
BeTpa K BepIIHHE 3a/MBa, 4 KOMIIEHCALMOHHOE TEYEeHHE BCTPEYHOIO
HaIpaBJIEHHs IPUYPOUEHO K OCEBOH YacTh 3a/HBa.

'2.8. Huepyuonnsle u cunontuseckue suxpu ,

B03MOXKHOCTh CYILECTBOBAHHS MEPHOAHYECKHX KoaeGaHHH TedeHHH
C WHepIMOHHEIM II€PHOAOM BIEpBble OblIa oNpefeieHa DKMaHOM Teo-
peTHYECKUM METOIOM B HauvaJje Tekyliero croJerus. [lo Marepuanam
HaTypHBIX HAGJMIOLEHHA TaKhe JABHKEHHst Obliu OGHapy:KeHbl BHa-
yaje B ATVIAHTHYECKOM OKeaHe, a MO3JHee — BO MHOIHX KDYHHBIX 03€-
pax [67, 206]. K unepyuonHomy K0aebaHutO0 OTHOCAT TAKOE ABIKEHHE .
YacTHYHO 060COGIEHHOr0 o6beMa BOABL, KOTOPOE OCYILECTBJISIETCS . [0
HHepUHH NOcJe MpeKpalleHus AeficTBUS BO3MyIlawInedl cUiabl U CTpe-
MUTCSI K COXpaHEHHIO 3aJaHHOIO HalpaBJ/eHHUs [BHXKEHHUS B IIPO- -
cTpaHcTBe. Bompoc 0 MexaHH3Me BO3HHKHOBEHHS HHEPIHMOHHBIX KOJE-
fGaHuil TeueHHH A0 HACTOSIIETO. BPEMEHH He TIOIYYHJ HaJeXHOTO pe-
menusi. OLHH HCCAEHOBATeNH CUMTAIOT, YTO, HANpUMeEp, B BEPXHEM
CJIoe BOZOEMa HHEpPUUOHHBle KoJeOaHHA BO3OYXKAAIOTCA B pesyJbTaTe
H3MeHEHHH BeTPOBOTO IOJIA HaJ BOAHOH MOBEPXHOCTHIO, a ApDYrHe BH-
ST NIPUYHHY BO B3aWMOACHCTBHH MeXIy BBHICOKOYACTOTHBIMH TI'DaBH-
TAIHOHHBIMH BOJIHaMu. WHepIHOHHBIE ABHXKEHHS B BepxXHEM ORHODOJ-
HOM CJOe OOBIYHO HMeIOT BepTHUKAaJbHEIe Maclutalbl NOpsigKa He-
CKOJIbKHX  JeCATKOB METPOB, a TOPH30HTAJbHbiC NOpsika 1—3 KMm.
JBuxeHne mpu STOM OCYILECTBJSeTCS MO CHHPatH HJIH KPyry B Ha-
NpaBJeHHH BpalleHds1 uyacoBo# crpesaku. [lepuox nosHOro o6opoTa
TACTHI 110 KPYTY HJH N0 COHPAJH paBeH IOJOBHHEe MAasTHHKOBHIX CY-
TOK U BBIpaMKaercsi 3aBucHMOcTbio [202, 206]

Tun == 71/(0 SIN @) & > 12/sin g, / (2.9)

Ie  — yrJoBas CKOpPOCTb BpAalleHHsn 3eMJH, paBHas 7,29- 107° ¢
@ — mHpoTa MecTa; mi=23,14.

Wz (2.9) caenyer, uTo nepruoj HWHEPUHOHHEIX KoJeOaHWi TedueHHH
cocraBjsieT 12 u y IOJIOCOB K YBeJMYHBAETCS BO MHOIO pas C IpH-
O6/1MKeHHEM K 9KBaTOpY.

Paguyc xpyra uHepLuu

rie v — CKOPOCTb BpamlaTeJbHOTr0 ABUKCHHA. . .
I/IHepuHOHHbIe ABHKEHUA BOJ OTUETJHBO HPOCJCKHUBAKTCA Ha IPO-

rPECCUBHO-BEKTOPHBIX  AHArpaMMmax, NOCTPOSHHBIX N0 AAHHBIM MIJH- .
TeJIbHOM perucTpamui TeueHHH caMONHCUAMH. ECJaH uepe3 TOUKy pe-
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TECTPAlHK NPOXOAUT ABAa—TPH WJAH NATb—CEMb BHXPEH, TO IpOrpec-
CHBHO-BEKTOpHas . AMarpamma mnpuobperaer BHA LENOYKH HKKIOU
[63, 98].

B mnpouecce nBHXKeHHsi OGBIYHO HabOJIOfdeTCs 3aTyxaHue WHTeH-
CHBHOCTH JBYJKE€HHs WHEPUHOHHHIX BUXpeH. [IpHUMHOK 3aTyXaHHS CUH-
TAIOT AMBEPTEHIHIO IEPEHOCHOrO TeueHHus, TypOyJIeHTHOe TPEHHE, BOJ-
HOBHLIE. IBUXKEHUS U [p. B peasbHHX yCJOBHAX OueHb 4acTo HabJioxa-
eTcsl HEeCOOTBETCTBHE W3MEPEHHBIX H TEOPeTHUECKHX XaDaKTeDUCTHK
HHEPIUOHHbIX TeueHHH. [lepuoArl peasibHbIX HHEPUUOHHBIX TeUCHHH
YacTo NMPEeBHIUAIOT TeOPEeTHUECKOe 3HayeHHE, BHIYHCJEHHOE IO 3aBHCHU-
moctu (2.9), na 1—3 u. [Iponecc 3aTyxaHHus TeueHHH B BHXpe MOXKeT
CMeHsSITbCS TIPOLECCOM HapacTaHHs, a BpaliaTeabHoe ABHXKeHHe B Ce-
BEPHOM MOJYLIapuH MOXeT GbITb HaNpaBJIeHO HaABCTpeuy 4YacOBOH
crpeiike. B cBsi3W ¢ OTMeUeHHHIMH OOCTOATENbCTBAMH  HAKOIUICHHE
cBeJieHHil 06 HHEPLHOHHBIX TEYeHHsIX B BOJOEMaX pAa3/HYHBIX THIIOB
NpPeNCTaBJASIOT 0OJbLUIONH IpaKTHYECKHH W HayYHHIH HHTepec.

Cunonruneckue suxpu OBLIM OTKPHITHL B OKeaHe H ONHCAaHHBl CO-
BETCKMMH OKeaHoJsioraMu B HauaJie 70-x rogos [68].

K CHHONTHYECKHM BHXPAM OTHOCAT Takhe NPOCTPAHCTBEHHHEe 00-
pa3oBaHMs, BpeMeHHBIE MaclITabbl KOTOPHX H3MEHHIOTCS B OKeaHe OT
Hefelb JO MeCsIEB, & FOPH30HTAJbHBIE MacluTalhl — OT JECHTKOB A0
mepBbHXx cOTeH KHAOMeTpoB. CpelHHH nepHox CHHONTHYECKOTO BHXPS
BHIpaxaeTcs 3aBUCHMOCThIO [68] :

: Terg = 2 (BRCHH)—l» | ] - o (21 1)

rie P -—mnpoussonHas mo napamerpy  Kopuonuca,  paBHas
2.1078 kM™!. ¢™; Reus — PaZHyC CHHONTHYECKONO BHXPA.
Pajyyc CHHONTHYECKOTO BHXDSI OLEHUBAIOT BbIpakKeHHEM

Rom=N/Q)H, (@19

roae H —raybuHa; N —cpeiHsas no ray6uHe dacroTa Bsaficana—
BpeHTa npuHHMaeMasi pasuoit 1073 ¢ Q—mnapamerp Kopuodauca,
paBHHH 20 sin @.

BoamoxHOH NpUYMHOH (bopanoaaHHﬂ CHHONTHYECKHX BHXpeH HC-
cJefioBaTe M CUYUTAlOT B3auMOZeHAcTBHe BOJH Poccbu c prm-xomac-
wTabHOH KBa3UTeoCTpOdHYeCKOH TypOyaeHTHOCTBIO [68].

HccnenoBaHUsiME YCTAHOBJIEHO, YTO CHHONTHYECKHE BUXPU B OKe-
aHe IepeMellalOTCsl €O CKOPOCTBIO MOPAAKA HECKOJNbKHX KHJIOMETpPOB
B cyTkH. CKODOCTb BpallaTesNbHbIX IBHKEHHH OOBIUHO  IpeBHILIAET
CKOPOCTh IIEPEHOCHOTO TeueHHUs H HepelXO JocTHraer B okeaHe 0,5—
0,6 M/c.

CpaBHUTENbHO HEAABHO B OKeaHe o6HapyXeHbl BHXPH HECKOJBLKO
MEHBIUHX Pa3MepPOB, YeM CHHONTHYeCKHe, M INOJYYHBIIHE Ha3BaHHUE
tonorpaguyeckux. Ilpuunno#t ux GOpPMHUDOBAHUS CUHTAETCS] B3aUMO-
IeHCTBHE TeOCTPO(PHUYECKOTO HJAH  KBA3UTeOCTPODUUECKOT0  TeueHHs
¢ OJUHOYHBIMH HOJABOJHBIMH BO3BBILUEHHOCTSIMH HJH INOABOJZHBIMH
xpebramu [67, 68]. K tonorpaduueckum oTHOcAT BuxpH Teisopa,
IBOHHBIE, CATeJJHTH, HHBEDCHOHHBlE M AP. B yC/I0BUAX :MeaHAPUPO-

'
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BaHHS TAKHX KDPYIHBIX TeueHuit, kak losandcrpum u Kypocuo, npu
CIpSIMJAEHHH OTHEeNbHBIX MeaHAp BO3HHUKAIOT KpyIHOMAcCIITAGHEE
BHXPHU-PHHTH C HalpaBJ/ieHHEM BpaIleHHs, IPOTHBOIOJOKHEM HallpaB-
JICHWIO OCHOBHOTO MOTOKA., JTH BUXPH HCCJENOBATENH OTHOCAT MHOTAA
K CHHOITHYECKHM, HHOTJa — K Tonorpaguueckum [124].

_ B awtepaType nosBHANCL NepBble YKa3aHUA O CYLIECTBOBAHHH CH-
HONTHYECKUX BHUXpell BO BHYTpeHHHX BomoeMmax [202], HO HafeXRHBIX
cBeJleHHH 06 3TOM SIBJEHHH ellle He MOJyUYeHO. ,

L . 2.9. Popmuposanue yupKyAfyUlL TPARIUTHOIM NOTOKOM
u 3aryxaroujeil pedHol crpyeti

i IIpakruyecku J060e J1abopaTopHOEe HCCAENOBaHHE TeUeHHH HA MO-
‘ JeNqy TPOTOYHOIO BOJOEMa, BHINOJHABIIEECS ' DA3HHIMU - aBTOPAMH
b (H. M. DBepraznckuii, B. B. Ilpockypskos, B. B. KysHeuos,
3 U. M. KonosaJsios [11, 215] u MHOrHe npyrue), HeH3MEHHO TPHBOILHIO

- Puc. 2.9. BropuuHbie TeueHus HA CXeMaTH3HPOBAHHBIX runpasﬂnqecmx MOILEJIHX
ABYX BOILOEMOB C TPaH3UTHHIM HOTOKOM.
a — MOZeNb OKPYTJBIX OuepTaHH#, 6 — Momenb 3nnunmqecxon dopmer [72].
K (OpMUPOBAHHIO quKyﬂﬂuHH OXBAaTHIBaBIIHX ~HEKOTOPYIO  4acTh
-KOTJIOBUHLL. XOpOLIO H3BECTHH pe3yJbTaThl HCCAELOBAHHH Ha3BaH-
HOro sBJeHusi, nojyueHHwle A. B. KapayuesniM Ha AByX cxeMaTH3H-
POBAHHBIX THAPABAHYECKHX MoZensax -[72]. PaccMoTpuM HX ¢ yueroM
NPHEeMEeMOCTH JJIfl HATYPHEIX YCJIOBUI.

Ha rugpaBnnueckodl MOAENH OKPYIVIBIX OUYEPTAHHH OTHOCHUTENBHO
MOIUHHIH TPAH3HTHHI IIOTOK CO3IaeT ABEe OIPOMHBIE IUPKYJSIKH, TPO-
cTHpalomuecss IO BHEUIHHX IpaHUIl BOAOeMa. DTH LIHPKYISHHH IPH-
HSTO HAa3bIBATb BTOPHUYHBIMEH TeueHusiMu [215]. Ckopoctd TeueHus no
NyTH TPaH3UTHOrO IOTOKA H3MEHANHCh HE3HAYUTENIbHO, a B LUPKYJIs-
IMUOHHBIX 30HAX YMeHbHIAJHCh 110 HaIPaBJeHUIO OT Nepudepuu K IeH-
-Tpy. IlpencraBiaennaa Ha puc. 2.9 KapTHHA TeUeHHH He HCHBITHIBA/IA
B 3KCIOEPUMEHTaX 3aMeTHBIX H3MeHEHHH HU BO BpemeHH HY IO IO-
BEPXHOCTH MOMEJH. :
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B skcnepuMeHTax, NPOBOAMBIINXCS Ha MOJNETH BOZOeMa SJIHITH-
4ecKof (hOPMBI, TPaH3HTHAS CTPYs HCKPHBJSIACH B IJIaHe, NEPHOAH-
4eCcKd NepeMeniasach B IOHepeyHOM HampaB/jeHUH H IIPHBOJAHJIA
K (OpMHUDOBAHHIO TPEX OTYETJHMBO BBHIPaXKEHHBIX HHMPKYJSLHH, KaK II0-
Ka3aHo Ha puc. 2.96..Ecay TpaH3UTHYK CTPYK y BXOJLHOI'O OTBEPCTHA
HCKYCCTBEHHO OTKJIOHSIIH BJIEBO, KaK YTBEPXKAAeT aBTOD SKCIEPHMEH-
'TOB, TO HallpaBJjieH¥e BpAallleHHS BO BCEX TPeX HUPKY/IANHAX MEHATOCH
Ha MPOTHBONOJIOXKHOE. ’

Puc. 2.10. Meanapuposanue 3aTyxamolleli peyHOH CTPYH HA THApaBJnye-
CKOH MOJENH BOAOEMa C IIOJOTHM LHOM. ’ : :

! — Havaso 3KcOepUMeHTa; BPEMS OT Hauajia sxcﬁepameﬂ'ra: 2—1,25 muH, 3—
2,60 MuH, 4 — 3,75 muH, 5 — 5,00 MuH. .

IlpencraB/ieHHBle XapaKTePUCTHKH WHPKYJISAIUME OTHOCATCS K BOJO-
eMaMm, 006/1aJalolyM O4YeHb BBICOKHM KO3((HINEHTOM BHELIHEr0 BOAO-
obMeHa, HasplBaeMbIM HHOIAa K03(D(GHIMEHTOM €MKOCTH BOAOXpaHH-
JUIIa 4 DaBHBIM OTHOHIEHHIO O00beMa ero Yalld K o6BeMy IpPHTOKa
(nin cTOKa) BOAKI 32 paccMaTpHBaeMbIH HHTepBaJ BpeMeHH. B kpyn-
HBIX BOJOEMax, HMEWOUINX Da3Mephl B IUIaHE A0 HECKOJBKHX HECATKOB
WK HECKOJbKHX COTEH KHJIOMETDOB, TPAH3HTHBEIHl NMOTOK OGHIUHO (op-
MHPYeT LHDPKYJSIHH TOJbKO B YCTbeBOH 30HE HJIH B HENOCPEACT-
BEHHO# 6AM30CTH OT HCTOKa pekH. Marepuansl n1aGopaTOpHBIX 3KC-
[IEPHMEHTOB H HATYPHHIX HaOJIONeHUH NOATBEPXIAT 3T0 06CTOs-
TeJbCTBO.

B kpymHbIX BomOeMax 3aTYXalOMIYI TPaH3UTHYIO CTPYIO OGHapy-
KHUBAIOT Ha paccTosHuu 1—3 KM, pexe 4—5 KM OT BXOZHOTO CTBODa
[3, 144, 148]. :

B ycnosusx coBepilieHHO CBOGOJAHOTO PacIpOCTpaHEHHS Typ6y-
JIEHTHOH CTPYH M IPH OTDAHHYEHHOM PAacCTOSHHH ee OT Gepera OHa
HCIIBITEIBAET ~ BOJIHOBble KoJieOaTe/bHble NBHIKEHHS H HCKDHBJISETCS |
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B IJlaHe; HepeNKOo NpuobpeTas uyepThl MeaHAPHPYIOLIEro M NOCTENEeHHO
paclInpsIOILerocs mo nyTH notoka (puc. 2.10).

B 30He ocjab/eHds] TPaH3UTHOIO. IIOTOKA IPOUCXOJAUT YBEJAHUCHHE
mara MeaHAp U RaxKe OTYJeHeHHe HEKOTOPHIX M3 HHX. M3 oTuseHuB-
IIUXCA OT TPAH3UTHOH CTpyH MeaHAP GOPMHPYIOTCS LHMPKYJISLHHM, Bpa-
miarouigecss HapcTpeuy crpye. Takue THPKYJISLHH, HMEIOIIMe OOomepey-
HBIE pa3MePbl B- HECKOJHKO HECATKOB KHJIOMETPOB, Ha3BAHH B OKEaHO-
JIOTHUECKOH JHTepaType, Kak OblJIO OTMEUEHO BhIlle, PHHTaMH.

2.10. Crpyxrypa celitesoix redenuil-

CefillleBHIM TeUeHHsIM CBOHCTBEeHHBI, KaK OTMeYeHO B IJ. 1, BO3--
BpaTHO-KoJle0aTesibHble NepeMellleHHs] BOAbl BJACJb OCH KOJeOaHusd
YPOBHSI U CHHYCOUJAJIbHOE H3MeHEHHe CKOPOCTH BO BpeMeHH B JIOOOH
TOUKEe BOJOEMa, a TakXe [0 HampaBJjeHHI0 0T Y3JO0BOTO CTBOPa IO
cTBopa nyuHocTH. [losst ceflleBbIX TeyeHHH B BOLOEMAax IPOCTHIX
OuepTaHUR B MJiaHe XapaKTepU3YIOTCs,, B CHJY NEepEUHCIEHHBIX YepT,
IPEeUMYIIECTBEHHO MPSAMOJHHEHHBIMH TPAEeKTOPHAMHU ABHIKEHHSI, OpH-
E€HTHPOBAHHBIMH HapaJjjeNbHO OCH KojJeGaHHMS YPOBHSI H  IIABHO
YMEHBIIAIOMMMHC OT Y3/I0BBIX CTBOPOB K  CTBOpaM ny4HOCTER
(puc. 2.11 a). B Boxoemax. co cJA0XKHOHA (HOPMOH KOTJIOBUHL IJIABHOCTD
M3MeHEHHS] TPAEKTOPHH JBHACHHS BOL Hapyllaercs noj NeRCTBHEM
TeueHH# APYTUX BUIOB, a TakxKe OOKOBOIO H JOHHOTO TPECHHS.

BaxHoH# 0COGEHHOCTbIO AEHCTBHsI CeHIIeBLIX TEUCHHH, Kak MNOKa-
‘3aJIM UCCJefOBAHHS Ha THIPABJIMYECKHX MOJENAX HEeCKOJbKHX BOJO-
eMOB, SBJIsSI€TCS TO, YTO OHH NPHUBOAAT K (GOPMHUPOBAHHIO KPYHHOMAcC-
WTabHEIX UHPKYJIALKH, KOTOpHe AJ5 KPATKOCTH YCJIOBHO MOXKHO Ha-
3BaTb CeflIeBEIMH LHUPKyJAsUusMH. Kaxkpas UMpKyJslusa pacnoJara-

_eTcs B ONpele/leHHOM MeCTe BOJOeMa U CYIIeCTBYeT KaK CTPYKTYpHOe

ofpasoBaHue, caab0 B3auMOIEHCTBYICIlEE C COCEXHHMH HHPKYJIALHU-
samu. Heckospko KpymHOMaciUTaOHBIX UHUPKYJSLHH, pacnonaraloniuxcs
B OIpeJJIeHHOH YacTH BOAOeMa, OOBIUHO 06pa3yioT CHCTEMY LHUPKYJsS-
nuft. F'opusoHTa bHBEIE pa3Mepbl HaubOJBIINX LUPKYJAIHUA MOTYT IIpH-
OMKaThCsl K IIONEPEYHBIM pasMepaM Bojaoema. Haumenplline 3 OT-
YeTJMBO BBIAESIOUINXCS LUPKYJAsiOull cocTaB/sioT npuMepHo 8—10 %
pasMepoB HauboJiee KPYMHBIX HUPKYJASuuf. LIUpKyIANHOHHBIM IBHIKE-
HHEM BOJ, KaK U CEeHIIEBBIMH TeUeHWSIMH, OOBIYHO OXBATHIBAETCS BCS
TOJIla BOALl B BOJOEME, NIPHUEM He TOJbKO Ha cTaluu HopMHUpOBa-
HUS, HO W Ha CTaJuM 3aTyxaHus cefll.

Hupxynsuuu oO6bIYHO .MaJO 3aMETHH B NEPUOAB, KOTHA CKOPOCTH
BO3BPATHO-KOJeGaTebHBIX  CEHLIEBHIX JABHXKEHHH 3HAUHUTEIbHBI, HO
BECbMA OTUETIHBO NPOABJAIOTCA B YCJIOBHSAX MOUTH MOJHOTO 3aTyxa-
HHS ceHlIeBHIX TeUeHHH:

CeilileBpie LHPKYJASLHM B. ORHHX CJYyYasix NOABEPTAIOTCS IIOCTE-
NEHHOMY 3aTyXaHHMIO, a B APYIHX caydasx — packauke [118, 169]. 3a-.
TyXaHHe LHPKYMIUUA NPOUCXOAUT MOJ AeHCTBHEM AOHHOIO, GOKOBOIO
U BHYTpEHHero TpeHus. LHTEHCUBHOCTb 3aTyYXaHUA HUPKYJISALHE
00bIUHO 6JM3Ka MJIU NPUMEPHO paBHA HHTEHCHBHOCTH 3aTYXaHHS ceH-
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weBHX KoJeOaHUHl YPOBHS B pAacCMaTpHBAeMOM BOAOEME H  MOXKeT
ONpelensThCs -C MOMOLIbI0 H3BECTHOTO BhIpaXKeHUs KodduiuHeHTa
(nexpumeHnTa) satyxanusa [8, 133].

HauGonee BepOSITHHIMHM NPHYMHAMH PACKauYKH CeflleBHIX IUPKYJIA-
Ul MOXKeT 6BITh COBIAJEHME 4aCTOT KoJeGaHHH CKOPOCTH BO3BPAaTHO-
[OCTymaTe bHBIX CeHIIeBEIX TeueHMH ¢ 4acTOTaMH KoJeOaHHH CcKOpo-

T HuxHeadrapex -

HuskHeaHrapck

Puc. 2.11. PacnpepesieHnie BO3BPATHO-NOCTYNATEIbHEX ABHXKEHUH BOL IO AKBAToO-
pun 03. Bafikan npu [JelicTBHM OAHOY370BOfl cefiliM (@) M CXeMbl JHCKPETHHIX
KpylnHOMaciuTaGHHIX BHXpeHl INIPpH OJHODOAHOH IJIOTHOCTH BOAM (6) H HAJHUHK
crpaTHdHKANHH IJIOTHOCTH 1O IJyOHHe (8). :

1 — nBuxeHue y [OBEPXHOCTH, 2 -— ABHXEHHE B I‘JIYGHHHBIX CoAX.
CTH BpaulaTeJbHBIX MABUIKEHHH OTILeJIbeIX JHCKPeTHEIX BHXpel,
a TakxkKe HaJWyue 3aMETHONO PA3JHYHMs CKOPOCTH NPSIMOrO M 06pat-
HOro ceflIeBOrO TeyeHMs, YTO HauboJee OTYETAHBO BBIpaxaercs
B MEJKOBOAHBEIX BOJOEMax CO CJOXKHOH MOpDGhOJNOTHEH KOTJOBHHHL.

SiBjieHUe pacKaukW KpYNHOMAacWITaOHLIX BHXpeH MmOKa NOATBEp-
JKAEeHO TOJNBbKO MaTepHa/aMH Jab0OpaTOPHHIX HCC/AeROBaHMH Ha mpo-
CTPAHCTBEHHBIX THAPABJHYCCKHX MOJEAAX BOAHBIX OODBEKTOB.

B HaTypHBIX YCJOBHSAX AO CEro BpeMeHH He YIaJaoch nposecm
UeJMeHANMPaBJAEHHBIX HCCAeNOBAHMA IO BLIABJCHHIO HHDKYJIALUH HIH
BUXpeH, 06yCNOBJAeHHBIX cefilaMy. O HaJMYHM TAKHX SIBJEHHH HOKA'
MPUXOAUTCA CYLHTb HA OCHOB2ZHHHM MAaTepPHAJ/OB 4aBHACBHEeMOK TeueHHE
MO OTAE/NLHBIM CTBODAM, NO SAMUCAM OJMHOYHBIX CAMONHCIEB Teue-
HUH MJIM N0 KOCBEHHBIM IIPH3HAKAM..
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PaccMOTpuM OCHOBHEIC XapaKTEPHCTHKH CEHIICBEIX HHDKYJIALHOH-
HBIX JABHMKEHHH, MOJyYeHHbIE IO MaTepHanaM ucejelOBaHull Ha np0~
CTPAHCTBEHHBIX THAPABIHICCKHX MOARJISAX.

HccnenoBanus ceflleBBX siBJeHHH 03. bBafikan nposomumcx; Ha
THAPABJHYECKOH MOJE/H, BBIOJIHEHHON B MacliTaGax: rOpH3OHTaJb-
neiif 1 : 100 000, BepTukanbHb 1 : 5000 [171]. :

Cefimin B 03. Bafikan AeficTBYIOT B Ge3/1e0CTABHBI NMEPHON MpH-
mepHO 90 % mpemenu [160, 161]. OxHOy3/0BBEIE CEHLIM HMEIOT NEPHOL
0K0JI0 b 4, a HauOoJbIIyIO BEICOTY KoJebGaHus ypoBHA okoso 0,2 M.
Han6oJsplline u3 cpefHHUX CKOpoOCcTeH ceflUeBBIX TeyeHHH B Y3JOBBIX
CTBOpax COCTaBJSIOT 2—4 cM/c, a -MakKCHMaJsbHble JOCTHralOT 7—
10 cm/c [171]. ITossi MOBEPXHOCTHHIX CeHIIEBBIX TeueHHH OOBIYHO Xa-
paKTepH3YIOTCS -IPAMOJHHEHHEIME TPAEKTOPHAMH, OPHEHTHPOBAHHLIMHE:
BIOJb NPOJOJBHOI ocH o3epa (puc. 2.11a). B oraeabHEIX MecTax
. aKBAaTOPHH 03epa, NPHYPOUYEHHBIX K BHICTYIaM H Pe3KHUM H3rubam Jiu-
Hun Gepera, OTMevaloTCsl HCKDUBJEHHA JBHKEHHS IIOTOKA, KOTOpHIe:
MHOTZA INIPHBOAST K (POPMHPOBAHHIO KPYNMHOMAacHITAOHBIX LHUKJIOHAJb-
HBIX HJIH AHTHIHKJIOHAJbHBIX BHXpeH. B oTAeNbHBIX uacTsax o03epa
IPYIIBI TaKHX BUXpell o6BeAyHsAIOTCS B cucTeMHl. IIpu cBoboiHOM 3a-
TYXaHHM MOIUHBIX CeHII BHXPEBHIM [BHIKEHHeM OXBaTEIBaeTCs O60Jb-
Iasi YacTh aKBATODHM IOXKHOH YacTH o03epa, Kak IOKd3aHO, HaNpH-
Mep, Ha pHc. 2.116 pns ycaoBuii OAHOPOAHOH RJOTHOCTH BOJAbLI MO
BepPTHKAJH. _ ,

CucteMBl KpYHHOMAacIUTAaGHBIX BHXpeHl B YCJOBHAX OAHODOLHOH
OJOTHOCTH XKHUAKOCTH BO3HHKAIOT TaKXKe B IEHTpaJbHON H CeBepHOR
yacTsax osepa. [lomepeuHble pa3mepbl 3THX KPYNHOMACIITaOHBIX BHX-
pefi gocturaior 30—50 KM, a NepuOAB BpAllleHHS H3MEHSIOTCA NpeH-
mymectseHHo ot 1,5 a0 10 cyt. HauGosnee moimHee BUXpeBble 06pa30-
BaHHUSI pacHoJiaraloTcsl B HeHTPasbHO# uacth o3epa. OpOUTaNbHBIE CKO-
POCTH B BHXpPSX, BO3HHKAIIIUX B 3TOH YacTH 03epa, MOTYT JOCTH-
ratb 5—20 cM/c, a o6mast DPOROJKHTENPHOCTh HX CYLIeCTBOBAHHS -
B YCJOBHAX CBOBGOZHOTO 3aTyxaHpm MozkeT cocTaBasate 20—30 cyT
_Aaxe GoJee.

Ilpu Hanuduu CTpaTH(bHKaunn IJOTHOCTH HO BepTHKaJ/H, 4TO z0-
CTHraJIOCh B 3KCIEpHMEHTax [YTeM 3anoJHeHus GoJblliell 4acTd THI-
paBJHYECKOH MoJenu NOACOJNEHHOH BOLOHN ¢ AobamjeHHeM Kpacsllero
BEIeCTBA, a BEPXHEro CJIOS — YHCTOH HpeCHOH BOJOH, OTMEYaJOoCh 3a-
MeTHOe H3MeHeHHe (GOpMBl M pa3MepoB KpynHOMacwmiTaGHBIX BHXpeEH,
HO 6€3 3aMeTHBIX M3MEHeHHH HX MepHOAOB, OpOHTaJbHOH CKOPOCTH H
NPOAOJKHUTENBHOCTH CYIIECTBOBAHUS. MHOrHe KpynHEE BHXPU. mpuoG-.
peTaju BHA UMIHHAPOOGPASHBIX TeJ BPAIICHHS CO CKOPOCTBIO, He3Ha-
YUTEJbHO H3MeHsomelics no ray6une (puc. 2.118).

TakuM 06pasoM, KpynHOMacluTabusie BUXpu B 03. BalikaJ BecbMa
3aMeTHO OTJMYAJUCh OT PACCMOTPEHHBIX BbIIIe MHEPHHOHHMLIX, CHHOI-
THUECKHUX, TolorpaHueckux H APYTHX BHXpeH KakK IO YCJOBHAM (Gop-
MHPOBaHHUA, TaK M IO KOJHMYCCTBEHHBIM XxapakTepuctukaMm. O6Hapy-
¥EeHO HEKOTOPOe CXOACTBO 3KCIIEPHMEHTAJbHOH CTPYKTYPHL CeHIIeBHIX
BUXpEH C IMPKYJSAUUSAMH - TeocTpOGHUECKHX TeYeHHH,  NOJYYeHHBIX

A. Kporopoii [99] nunaMHYecKUM METOAOM, H CXeMOH LHpKYJIALHU,
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noayuennoit B. U. BepGososeim [23, 24] Ha ocHOBaHMEH O0GOGLIEHHSA
MHOTOJIETHHX 3alucell TeueHWH B Pa3JUUHBIX IYHKTaX 03epa. '

HccanenoBanus celillesblx TeueHHi 03. Baaxall W cucrem KpynHO-
MaclTaGHBIX BHXpeH NPOBOJMJIHCH HA NpOCTPAHCTBEHHO! THApABJH-
YeCKOH MOJeJH, BEIIOJHEHHOH B MacmTabax: TIOpHU3OHTAJIbHBIH
1:50 000, sepruxanpueifi 1: 100. MecnenoBaHel ABYX- W Tpexy3JoBbie
cefilly B YCJOBHAX OJHOPOAHOH MJIOTHOCTH BOABI IO BePTHKAJH [189].

KpynHomacuitaGHble  MHPKYJIALUH HauGoJiee OTYETJIMBO IIPOABJI-
NuCh Ha THApaBJAudeckodl Mopean 03. Baaxaw, Kak u Ha MOJEIH
©03. BaifxaJ, npakTHYECKH IPH IOJHOM 3aTyXaHWH BO3BPATHO- KoJseba-
TeJbHBIX ABHXKeHHH. Buxpu HauGosplinx pasMepoB B IJ1aHe, JOCTH-
raplilie B mepecuere Ha HaTypy 40 KM, (DOpPMHPOBANHCH B 3aIIaILHOM
Banxawe. B Bocroudom Basxaiuie (popMHpOBaNHCh BUXPH ¢ HanGOJb-
WM pasmepamu B nnane oxonao 20 km. HaumenbllHe H3 OTYETJIHBO
BBLICJABUINXCS BUXPEH B 03epe W NpoJ. Y3yHapasa (IMpHHA OKOJO
4,0 kM, cpenssis rayGuHa npu oTMeTke 341 M okosao 4,0 m), B yacr-
HOCTH, HMeJH B IIaHe pasMephl nopsaka 3—4 kM. CucreMBl BHXpEH,
cOpMHpPOBaHHEIE IBYX- H TPEXY3JOBBIMH CeHIIaMH, pas3JHYadnCh
oueHp MaJjo (puc. 2.126).

Op6uTajibHble CKOPOCTH B BHXPSX pelKo NOCTHraix 5—6 cwm/c,
a yamie Opu ceillliax ¢ BHICOTOH KoseOauus ypoBHs okojo 0,2—0,3 M
He MpeBblIIaJIH 1—3 cm/c.

B. 03. Banxam aefictBue KpynmHOMaclITaOHBIX unpxymunu 1o-
BOJIbHO OTYETJHBO IIPOSIBJAAJOCH Ha IPOTPECCHBHO-BEKTOPHBLIX JHa-
rpaMMax, IOCTPOEHHHX N0 3amucsaM camonucues BIIB u wactuuno Ha
cxeMax aBHacheMOK Teuenu# [181]. _

HccnepoBanus ceiiileBblx fiBJAeHHE KaxOBCKOTO BOZOXpaHMJIHINA
BHIMTOJIHSANUCE HA I'HADABIUYECKOH MOJesH, MMeBlUIell Maciltabvl — ro-
pusoHTaJbHEE 1: 25000, BepTukaapubiit 1: 100 (puc. 2.13). Ha stom
BONOXpaHUJHINe HauboJjee yacTo Habaojaercs ABYX-, TPeX- H UeTH-
pexysJjoBble cefillH, cyMMapHas MOBTOPSeMOCTh KOTODHIX B JIeTHe-
oceHrne mecsnbl cocrasisier 30—45 Y% [184]. Ilpu 3aryxanuu nByx-
Y3J0BLIX CeHIll MpaKTUYeCKH Ha BCeH akBaTOPHH O3E€POBHIHOH YacTH
BOAOXpaHWIHIA (OPMHUPYIOTCA YaCTHYHO B3aHMMOAEHCTBYIOHIHE MEXIY
Cco00H cucTeMbl KpynmHoMmacWITaGHBIX Buxpedt (puc. 2.14). Hekotopole
H3 HUX COBHAJAIOT MO MeCTy .(hOpMHDOBAaHMS M HAalpaBJeHHIO Bpalle-
HHS C HUPKYJALUAME, GOpPMHPYEeMBIMH YCTaHOBHBUIMMCS. CTOKOBBIM
TeuenneM [188], HO GONBUIHHCTBO APYTHX BYXPeH HMEIOT HEKOTOpbie
cnenuduyeckre -4epThl. B wacTHOCTH, HauboJbllasi opGuTasbHash CKO-
'POCTb BHXPS GBlIa NPHUMEPHO Ha MOPSIOK MEHbIIE CKOPOCTH cehiule- -
BHIX TEUEHHH B Y3JIOBHIX CTBOPax M cocTaBJ/sia 5—7 cM/C, B, pelKHX
caydasx pocrurana 10—12 cm/c. Buxpu cpenHHX pa3sMepoB uMeNy Ie-
puoab okoa0 10—20 u, a mepuonw HauGosee KPYNHBIX BHUXpe# co-
craasnu 30—50 u. ITpoJOMKHTENbHOCTh CYLIECTBOBAHHS KPYIHO-
MacliTaGHBIX BHXpDEH OOBLIYHO He INpPEBHIUANa HECKOJbKHX  IepBHIX
HeCATKOB 4acOB, a HMHOIJ@ COCTaBJsijlia BCEro JIMIIb  HECKOJbKO
4acos. :

IefictBre BHXpefl B HATYPHBIX YCJOBHSX HOATBEPKAAeTCH MaTe-
puajlaMy perHCTPAlMH TedeHHH, MOJYYeHHBHIMH C MOMOILIbI MPHGOPOB
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Puc. 2.12. Cxembl AHCKpeTHHX KpynHoMacluraGHBIX - Buxpell B 03. Banxaw, cpopmupoBaHHBIE ABYXY3/10BOH (a) X
TPEXysJIOBOK (6) cefiliaMu NPH QAHOPOAHOH IVIOTHOCTH BOAHI, : ’
/ — y3JI0BEIE CTBOPEI CeHLI,



BIIB-2 y rpasuubl MeXAY LEHTPaJbHBIM M BOCTOYHBIM IJlecaMu BOZO-
XpaHUW/INIA, a TaKXke aBHacCheMKaMH TeUeHHH IO OTHe/NbHBIM CTBO-
pam [181].

Puc. 2.13. O6mufi BHA NPOCTPAHCTBEHHON THIPABJIHYECKOH
mofean KaxoBckoro BoJOXpaHuaHila, pasMElIeHHOR Ha
- CHennanbHOd MOABHKHOA (epme.

Ha oTaenbHBIX aBHACHEMOUHHIX CTBOPAX JOBOJILHO OTUETJIHUBO BULHA
COIJIaCOBAHHOCTL HAmpaBjeHUH BEKTOPOB CyMMapHBIX TeUeHHH C Bek-
TOpaMH Ha BHXPSX, cHOPMHPOBAHHBIX 3aTYyXalOUMMH ceflllaMH Ha
ruapaBaudeckofl Mmojenu (puc. 2.14).
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Puc. 2.14. Cucremm ,uncxpeTthx KPYIHOMACIITAOHBIX BHXpeH, IOoJyYeHHBle Ha THAPABAHYECKOH Moiein Kaxosckoro BOJOXPaHHJHIE
H BeKTOpr ITOBEPXHOCTHBIX TEeUEeHHH Ha aBHaCheMOYHBIX CTBOpax.
© | — BEKTOPB! [0 aBHAChEMKE, 2 — TPAaeKTOPUM ABWIKEHHH MO AAHHBIM THAPABAHYECKOTO MOIEJAMPOBAaHHA Ceilll,



- | TI'naea 3

KHHEMATHKA BETPOBBIX H CYMMAPHBIX
TEYEHHHA

3.1. CosepuercTeosanue npedcTasrenuil 0 Kunemaruxe TeweHuil

- Bcero HeckoJbKO JecATHJETHH Hasal JaHHble Ja)ke eJMHHYHBIX
H3MepeHHI TeueHMH, BHIIOJHEHHHIX, Hanpumep, npuGopom BMM - [63]
¢ Gopra cyigHa, pacCMaTpHBAJHCh KaK JOCTOBEPHEHE XapaKTepUCTHKH
nepeHoca BojJ B BoZoeMe. Hepenko naHHbIE OJMHOYHBIX H3MepeHHUiT
HCIIOJB30BAJIMCh [JJsl COCTABJEHMS CXeM TeueHHH BOjoeMa HJH €ro
yuacTka. Takue cXeMbl TeYeHHH CUHTAJ/IMCb BIOJHE HAJeXHLIMH ‘I
OpUeMJeMBIMH KakK . JJsg pellleHuil NpakTHYECKHX 3axad, Tak H i
anpo6auuy MeTONOB pacuera TeueHuH. HoBble JaHHBHIe HaGJI0feHHH,
0cOGeHHO Te, KOTOphle IIOJy4eHH C IIOMOHIBIO CAMOINHCLEB TedeHHUM
IJINTeIbHOTO HeHCTBHA M aBHAChEMOK OTrPOMHEIX aKBaTOpPHH, IOKa-
3aJi4, 4TO NepPeHOC BOJ BO BHYTPEHHHX BOJOeMaXx, Kak U B MOpPSX, OCY-
LIECTBJsAETCS ITyTeM B3aHMOJEHACTBHSI CJOKHOH COBOKYNMHOCTH pasJing-
HBIX [0 NPOCTPAHCTBEHHHIM MaculitabaM, WUHTEHCHBHOCTH HeHCTBHA .H
nepuojaM BHUXPeOOpasHBIX H BOJHOOOGpa3sHHX (QopMHpOBaHHH, HakJa-
JbIBAIOLIMXCs] HAa OTHOCHTEJNbLHO IJIaBHBEIE NEepeMelleHusl BOZA, 06ycaoB-
JIeHHble CHHONTHYCCKUMH SIBJAEHHSIMH, H3MEHEHUIMH pexXuMa IPHUTOKa-
CTOKa M JAPYTHMMH IJIAaBHO M3MEHAIIIMMMCS BO BPEMEHHM H MpPOCTpaH-
ctBe ¢axropamu. Pasnomacimita6HOCTb TedeHMl, ux GoJbllias H3MEH-
YHBOCTb BO BPEMEHM H INPOCTPAHCTBE SIBJSIOTCS OAHHMH H3 TJaBHBIX
NPHYKH, 3aTPYAHAIOUINX H3yueHHe NPHPOJHEIX MPOLECCOB H NPEMSTCT-
BYIOIUHX YCTAHOBJEHHIO (GYHKIMOHAJBHHIX  [PUYHHHO-CJIEACTBEHHEIX
CBsi3ed MeXAYy XapaKTePHCTHKAMH TeYeHHH H ONpeJeNIOMUME HX
dbaxTopamu. :

JIns ycTpaHeHHs S5THX 3aTpyAHEHHH nOTpe6OBaJOCh AJHTeNbHOE
COBepIIEHCTBOBAHNE  METOAMKH  H3MEePeHHH H  H3MePUTeNbHEIX
yCTPOMCTB, MeTOANKH 06paboTKH H O06OOLIEHHST MaTepHaloB, BHIIOJHE-
HHe [eJeHanpaBJ/eHHbIX Jab0paTOpHHX HCCAeNOBaHUH H paspaboTka
TEOPETHYECKHX MOJeNell fABJeHUs. B pellleHusix npoGjieMbl H3yYeHHS
IMHAMHYECKHX sIBJIEHAH BO BHYTPEHHHX BOJOeMax, Kak H B MOpsX,
BaXXHOE MECTO 32HHMaJI0O BHIICHEHHe MeXaHH3Ma INlepeHoca M lepe-
MelllHBaHHS BOJ, YCTAHOBJEeHHe KHHEMAaTHUECKHX XapaKTePHCTHK Te-
YeHHs DasHHX BHJAOB, NPHYEM KaK Ha CTAXWM MX pPa3BHTHS, TaK H
B KBA3MyCTAHOBHBILEMCS COCTOSHHH, ‘

ITepBble HcCiefOBaHHS KHHEMATHKH - BETPOBBIX TeueHuii Kacmui-
CKOTO MOpPA C HCIIOJb30BAHHEM MODCKHMX BepTYIIeK Obl1a BHIIOJHEHHI
B. b. IlItokmanom B 1935—1936 rr. [223, 225], a mepshie HcciaenoBa-
HHUS TEUEHHH C HCNOJb30BaHHeM 2JIeKTPOHHOH ammapaTypsl —

77



‘A. T. KoaecuukosniM,, H. A. HaHTeJIeeBbIM u apyrumMu B 1957 1.
[87].

OZHOBpeMEeHHO ¢ HCCJAefOBAHHUAMHU TeUeHHsI B HATYPHBIX YCJHOBHAX
HayaJ U TPOBOAUTLCA JN1abOpaTOpHBIE HCCHelOBaHHSA TeyeHHi [37, 55,
132]. Tlpu uccAefOBAHHsIX BHYTPEHHHX BOJZOEMOB MHOTO BHHMAHHSA
VAENSIJIOCh H3YUYEHHI0 H3MeHEHHS BSI3KOCTH JKHJIKOCTH B TOPH3OHTAJb-
HOH mJ0cKOCTH (TrOpH3OHTasdbHas BA3KOCTh) [b, 63, 135]. B mocaen-
HHe JAeCSATUJIETHS NHANasoH HCCAeNOBaHUH TeUeHHH CyLIeCTBEHHO. pac-
UIHPUJICSH H OXBAaTHJ BCce BaxKHeHIIHe CTOPOHLI 5TOTO ABJEHHS.

K macrosiuieMy BpeMeHH yAa/0Ch CYHIECTBEHHO PACLIHPHTH Ipea-
cTaBjieHHst 0 (pU3UYeCKOH CYLUIHOCTH M MexaHH3Me IlepeHoca BOJ, HO-
JYYUTb BaXKHble KOJUYECTBEHHBle H DeXHMHble XaDaKTePHCTHKH Te-
venu#i. Hapsiny ¢ THM, 06HApy:keHBE TakHe [IPONECCH, KOTOpble A0J-
JKHEI OBITh HCCJAEAOBAHHB M 06s3aTe/lbHO YUHTHIBATbCA KaK IPH XO3sH-
CTBEHHOM HCIONB30BAHHH BOAOEMOB, TaK H IPH HAYYHBIX pa3paboTKax
HOBHIX MdTeMAaTHYECKHX MoJejell AWHAMHUeCKUX = fArjJeHHi. K wucay
TAKUX [POIECCOB MO-IpeKHEMY OTHOCHTCSI H3MEHUHBOCTH CKOPOCTEH
¥ HANpaBJieHUH TeueHHH BO BpPEeMEHH U 10 aKBAaTOPHH BOAOEMA. ’

‘ BonbuinHerso uccienoBatesei B HaCTOsIIlee BPEMs CUHTAIOT, UTO
- TypOyJieHTHOE ABUKEHHE MOJAEpXKHBAETCS CPEJHHM IIOTOKOM H H3Me-
HsleTCsl BMeCTe ¢ HHM M UTO NyJbCAIMH CKOPOCTH NPHMEPHO HA IO-
PSIOK MeHblle ocpelHeHHOH ckopocTH noroka [130, 210]. [Ipyras
rpynmna wuccaefoBaTes]ell. AONYCKaeT, HalpHMEpP, BO3MOMKHOCTbL MNepe-
HOCa 5Heprud OT BUXpPel K cpefHeMy moTokKy [124, 147] u BO3MOXK-
HOCTb NOSABJEHHA B INOTOKE IYJbCAUHH CKOPOCTH, GJH3KHX K OCpel-
HeHHO# ckopoctt [10, 205]. TypOyneHTHast BSI3KOCTb CUHUTAETCS
3aBUCAMIEH OT pa3MepoB W MHTEHCUBHOCTH [JIBHXKEHHH B  IIOTOKe
IPOCTPAHCTBEHHBIX CTPYKTYPHHIX 00pa3oBaHHil, B CBA3H C 4eM pasJu-
YaloT BEPTHKAJNBHYIO U TOPH30HTANBHYIO BSI3KOCTD.

BepTtukanpHasi TypOyJeHTHas BA3KOCTb, KOTOpas xapakTepHsyeT
MyJIbCALMOHHBIH TepeHOC MacC JKHUAKOCTH BUXPSIMH B BePTHKAJbHOM
HanpasJ/JeHHH, NOpOXKAaeTcs, IO MHEHHIO HcciaeaoBareaelt [67, 78],
B OCHOBHOM BEeTPOBBLIMH BOJHAMH U BETPOBHIMH TCUEHHSIMH, 34BHCH-
IIMMH B CBOIO OYepelb OT CKOPOCTH BeTpa U IMIYGHHE, a B YCJIOBHSIX
rAy6OKOBOAHBIX BOJOEMOB TaK¥Xe H OT CTeleHU CTPaTU(UKALUH BOA.

TF'opusontanpHasi TypOyJdeHTHas: BS3KOCTb, XapaKTepU3YIOUlas
NyJAbCANHOHHLIA MepeHOC XXUAKOCTH BHUXPSIMH B TOPH30HTAJbLHOM Ha-
IpaBJeHUH, 3aBHCHT OT Makpo- H Me30MacWTabHLIX CTPYKTYPHBIX
o6pa3oBaHu#, a- HHOTRA omnpeje/seTcss NUPKYIANHSIMH, OXBaTHBAIO-
LIMMHU BeChb BOJOEM HJIH ero OTAenbHble yacTu [127, 135].

Hpess mnpakTHYeCKOro UCIOJIb30BAHUS CBEAEHUH O TYpOYJIAeHTHOH
'BA3KOCTH Obljla BhICKa3aHa JkMaHoM eme B 1905 r. [10]. B macros-
Liee BpeMs CBELEHHUS O KUHeMAaTHKe H TypOyJeHTHOH BSI3KOCTH Tedue-
HUH IIHPOKO HCHOOJNB3YIOT NpH pelleHWH TAKHX HHXKEHEePHBIX 347ay,
KaK pasfapjieHHe 3arps3HSIOUIUX BOJOEMBl BelleCTB, B3MyUHBaHHE H
IepeHoC B3BelleHHBIX HAaHOCOB, paclpejeseHne TeMIepaTypHl. U IJIOT-
HOCTH BOJIHI.

Jast obecnedeHUss BO3MOXKHOCTH 6bICTpeHIHeI‘O NOJIyYeHHS HOBBIX
CBeleHHH 0 KHHeMaTHKe TeueHHH B BOLOeMax HeOOXOZHMO JOCTHIKe-

78



HHE EIUHCTBA METOJMKH H3MepeHWH TedeHu# H énuHCTBa CrocOGOB
06paGoTKH MaTepHaJjoB H3MepeHud. l'IepBbm M3 3THX BOIPOCOB pe-
nlaeTcs MyTeM BHEADEHHs B NPAKTHKY €AHHOH CHCTeMBl METPOJIOTHUE-
cKoro ofecreuenus H3MepureJbHbXx cpeacts [230], a BTOpO#H — myTeM
NpHMEHEHHs PH 00pabOTKe MaTepHaJoB METOLOB TEOPHH BEDOFTHO-
CTH ¥ MaTeMaTHuecKOH cratuctuku [13, 63]. B Hacrosalie# riase yno-
MSIHYTHIE BONPOCH I€TAJbHO HE pacCMaTPUBAIOTCS, JaeTcs JHIIb KpaT-
KOoe OIIHCAaHHe MEeTOJHYEeCKOH YacTH SKCHepHMEHTaJbHBIX HCCJEeL0Ba-
HHUH, a OCHOBHOE BHHMaHHe COCPeLOTOYEHO ‘Ha MOJYUYeHHBIX pe3yJ/ibTa-
tax. [10ApoOHO 03HAKOMHTbCS C METOJIMKOH HCC/IeJOBAHHH TeueHHH
MOXHO TO JIUTEPATYPHEIM HCTOYHHKAM CHENHaJbHOr0. Ha3HauEeHHS
[13, 230].

3.2. Meroder uccredosanuii KunemaTuxy Tesenus

HenpeMennbiM TpeGoBaHHeM _IIpH OpraHU3allMH ¥ NOCTAHOBKE HC-
cJIefOBAHUA TeueHHH B BOZOEMe, Ha THIAPABJIHYECKOH MOZENH BOJO-
eMa ¥ Ha JaGopaTOpPHOH yCTAaHOBKE JI060ro THUHA sABJAETCS Y4eT BO3-
MOXKHOTO JHama30Ha T[POCTPAHCTBEHHBIX M BPEMEHHEIX MaclTabos
SIBJIeHUH, BEI6OD HauboJsiee NOAXOAAIINX H3MEPUTENbHBIX CPEACTB H CIO-
cOGOB MX YCTAHOBKH Ha BEPTHKaJH WJIH B TOUKE, OLEHKAa NPOLOJKH-
TEJBHOCTH W AUCKPETHOCTH PETHCTPAllid H3YYaeMbiX XapaKTepPHCTHK,
BEIGOp HauGoJee 3¢ pexTHBHOA MeTOANKH 00pabOTKH AaHHHX 3KCIEpPH-
MEHTOB U pellleHHe APYTUX CONYTCTBYIOIIMX BONDPOCOB. B HaTypHHIX
VCJIOBHSAX, HaUpHMep, H3MEHUYHBOCTb TeYeHHH MOXKeT O06YCJOBJH-
BAaTBHCSA, C ORHOM CTODOHBI, MeJKOMAacWITaOHBIMH BHUXPAMH C Ionepeu-
HEIMH pasMepaMH I[OpSAJAKAa HECKOJbKUX CAHTHMETPOB U IEpPHOAAMH
nopsajakKa jfoJe#l ceKyHAH, a ¢ APYToi CTOPOHEI, UHPKYJMSALUHAMH, OXBa-
THIBAIOINUMH BEChb BOJOEM HJH €ro OTJeJbHble YHaCTKH U HMEIOUHMH
HnonepeyHble pa3Mepsl JO HECKOJNbKHX AECATKOB KHJIOMETPOB, a IlepH-
OBl — 0 HECKOJbKHX CYTOK..

O6uas nNpoAOJIKHTEJbHOCTb. PEFUCTPallUl TeYeHHUs, N0 CYyLIeCTBYIO-
UM npeacraBiaeHusiM [13, 24], nomxkHa B—Heckoapko (7—10) pas
NPEBOCXOAHUTHh INepHOd KoJeGaHMH SBJEHHS, H3YYaeMOTO C  LEJbIO
ONpeJeJIeHHsl  CTaTHCTHYECKHX H CIEKTPaJbHBIX XaPaKTEPUCTHK MpH
H30PaHHBIX YCJAOBUSAX AEHCTBUSI CHCTEMBI mepeHoca. Boa. IaiA mosyue-
HHS1 HaJeXHBIX DEeXMMHBIX XapakTEPHUCTHK DsJ H3MepeHHH JOJKeH
VAOBJETBOPATL CJEAYIOIIMM TpeOOBaHHAM: a) oOllee UYHCIO 4YJEHOB
psAna LOJXKHO OBITh JOCTATOYHBLIM [JIsl BHIUHUCJEHUS TAKMX CTATHCTHYE-
CKHUX apaMeTpOB, KakK KO3(GhHIHEeHTH acHMMETPHH U BapHallUH,
6) H3MEpEeHHSIMH AOJIXKHBI OXBATBHIBAThCA BCe (Dasbl THAPOJOTHYECKOTO
pexuma Bojoema, HanpuMep (daswe nogvema, cnajga M Ccrabuau3anuf
YPOBHS; B) Psibl AOJXKHE ObITh PeNpe3eHTATHBHBIMH M OZLHOPOAHBIMHU
B CTaTHCTHYECKOM OTHOILEHHH.

OnmbiT ucclefloBaHUs TeueHH!l NOKasbBaeT, uTo HauboJee 3ddek-
THBHBIM CIIOCOGOM OpraHH3alHu HaGJIOLeHUHl BO BHYTPEHHHX BOJO-
eMax ABJsAETCA COueTaHHe AJHTENLHOH -HelpepbiBHOH — perucTpanuy
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C pEryJspHBIMH H 3MH30BMYECKHMH HAOJIOAEHHSMH Ha OTHEJbHHIX
BEPTHKAJNAX HJIH CheMKaMH II0 CTBOpaM. BepTHKaJH LI OCYLIeCTBJIE-
'HHSl- pErMCTpaluH W HaGMIOJeHHH IIpU 3TOM JOJKHBl pacno/ararbes
B XapakTepHbIX Mecrax BojoeMa. [lpu u3yuyeHuH, HampuMmep, céfille-
BHIX TeUEHHH BePTHKAJH Hesnecoobpa3HO pacnojararh B Y3JOBLIX CTBO-
pax 4 B MeCTax CyXeHHs BOJOeMad, a NpHU M3YuUeHUH BETPOBHIX Teye-
HHA — Ha NPAMOJMHEHAHBIX y4YaCTKax HaBeTDPEeHHHX Oeperos, IpHYEM
KaK B 30Hax OOGHIMPHEIX pacHUIMpEHHH BoOJOeMa, TaK M B CYKCHHSX.

JuTe/IbHYI0 HeNpephIBHYIO PEruCTpPaLHio. TEUEHHE B BOJOEME MO-
JKHO OCYIIeCTBJISITb TaKMUMHU npubopamy, -kak BIIB-2, CT, ALIMTT
[63, 164]. DTu npuGOpPH LOJMKHH 3aKPemJATbCA HAa OTHOCHTEJIBHO He-
HOJABHIKHOM OCHOBAHHM: Ha YCTAHOBJIEHHOH Ha JHE TpPeHOre MJH IH-
pamuie, moaromieHHoMm Gye, 3a6uUTOil B AHO cBae W T. m. [63, 144].

C HeJbiO YCTAHOBJIEHHS CBsI3ell MeXy TeueHHsSMH B COCEJHHX TOY-
Kax CaMOIMCIEl TeYeHHH pacroJgaraiT IpylIaMH, HaupuMep B BepilH-
Hax TPEYroJbHHKA HJIH MHOTOYTOJbHHKA C 3aJdHHBIMH pasMepamiu
cropoH. Tagoii cnoco6 pasmellenus npn6op03 HA3BIBAIOT H3MEpH-
TeJbHBIM [OJHTOHOM.

PeryJsipubie SIH30/IHIECKHE M3MeDEeHHs TeYeHWl Ha OTHE/bHBIX
BEPTHKATAX MOXKHO OCYLIECTBJSATh TaKUMu INpubopamu, kak BMM
[63, 164], TP-42 [63], ray6unnble nomiaasku [144]. BMM u I'P-42
MOI'YT O0€CHEeYUTh IOJYUeHHE HaJeXKHbIX CBeIeHHH TOJbKO B clyvyae
OTCYTCTBHSI KoJeGaHUil M PHICKaHHH CylHA, C KOTOPOrO OCYIIECTBJSIOT
H3MEpeHHs, U NPH H3MepeHHsX Ha IOPHU30HTAX, He OXBAauCHHBIX BOJI-
'HOBBIMH KOJIeGaTeNbHBIMU JBHKEHHUSMH. ‘

B NPAKTHKE MOPCKHX HCCJIeJOBAHNH HCIIOJb3YIOT I[OIJIABKH HEH-
TPaJbHOK IJIaBY4YeCTH, BBOAMMbLIE B IMOTOK PaJMOAKTHBHbIE BELIECTBA,
MHKDOBEDTYIIKH, TepMOaHEMOMETDH M H3MepHTeJbHBIC Npeobpasosa-
TN, perHCTpprxom;He KOJIeGaHUsl JaBJEHHS B IIOTOKE, 3JCKTPHYe-
CKOH WM MarHuTHOH mnposoauMoctu [230].

[TpuemaeMble pa3oBBle H3MEpEeHHS TeUeHHH MOTYT OBITb- BHIIOJ-
HEHBl TVyOUHHBIMA ‘M IOBEDXHOCTHBIMH ION/IaBKaMH pasJUYHOM KOH-
crpykuun. IIpenouTenne oTAaeTcss TeM M3 CBOGOLHOIIABAIOIHX HJIH
NPHUBSISHBIX IOIIABKOB, KOTODhle MEHbIIE, ueM JPYrHe, MOLBEpIKeHb
BJHSHUWIO BeTpa W APYTUX HcKaxawumux gakropon [144]:

B /1a60paTOpHBEIX YC/AOBHAX TeYeHH:A DasHLIX BHAOB MOXKHO H3Y-
YaTs Ha IPOCTPAHCTBEHHBIX THAPABIMYECKHX MOMEIAX KOHKPETHBIX
BOIHbIX OGBEKTOB, HAa CXEMAaTH3UPOBAHHBIX THAPABJHYECKHX MOIEIAX
U a3pOTHApABIHYECKHX YCTAHOBKAX pas3HBIX THIOB (puc. 3.1).

Ha npocTpaHCTBEHHBIX THADABJIHYECKHX MOJIENAX CKODPOCTH 'BOC-
MPOM3BOAUMBIX BETPOBBIX W CeHIIEBHIX TeUeHHil OGEIYHO COCTaBJSIOT
noau cantuMerpa B 1 c. Takue TeueHusi yiaeTcss M3MepUThb IOIJIAB-
KaMH pas3HoH KOHCTPYKIHH, TeDMOaHEMOMETpaMH {34, 87] WJIK [0 [BH-
" JKeHHIO NoAkpalleHHofl Kuakoctu [185].

B npaxruke J1aG0paTOPHBIX H3YUeHHH DasIHYHBIX JMHAMHYECKHX
siBJIeHn, 0COGEHHO TaKHX, KAK BETPOBOE BOJIHEHHE H BeTPOBHIe Teye-
HUs, CefIlIN, CTOHBLI-HATOHbl YPOBHS, IIMPOKO HCIIOJB3YIOT a3pOrHApaB-
JUYecKHe YCTaHOBKH,. MOoA0GHEIEe m206pakeHnoll Ha puc. 3.1. I'saBHOR
KOHCTPYKTHUBHO!I 4epTON TAKOH YCTAHOBKH . ABJSIETCS BO3IMOXKHOCTH
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BOCIPOU3BENEHUS] JHHAMHUYECKUX sBJEHHH, TPOUCXOASALINX B BOJLO-
eMax, - BO3MOXHOCTh BU3ya/bHBIX HAOMIOLCHHA 34 NPOUCXOASIIMMH
npoueccaMu (yepes OCTekJeHHble GOKOBble CTEHKH) M (PHKCALUM 3THUX
JIPOLECCOB MeTOAaMH (POTO- U KHHOCBEMKH BBOAMMBIX B IIOTOK 4YacTHI
gefitpanpHof miaByuectd {81, 174] wiam ApyrUMH HM3MEepHTeJbHBHIMA
cpeactBamu. Ha ycraHOBKax paccMaTpHBAaeMOro THHa OBUIM INOJY-
YeHBl NPUBeJeHHEE BHIIle CBeJeHH:d [0 BePTHKAJAbHOH BHXPeBOH
CTPYKType TeueHUH H TPAEKTOPHSIM BOJIHOBBIX =~ JBHIKEHHH YACTHI,
a Takxke NMPUBOLMMBEIE HHXKE CBeJeHHs 1[I0 KHHeMaTHKe M TypOyJeHT-
HOCTHU TeUeHHH. -

B gauecTBe uacTHi, HeATpaJbHOH NJAaBY4eCTH B SKCIepHMEHTax
I'TU ucnosnbszoBaiuch NMpeABapUTEIbHO OTKAJHOpPOBAaHHbIE YACTHIBL
comosuMepa. YacTnilaMu <«HACHIILAJACS» BeCh IUPKYJIHPOBABUIMH BHY-
TPH JIOTKA IIOTOK. - .

KuHocheMKa YacTHI OCYILIeCTBJAJAach OOGLIYHO KHHOANNapaTOM
KCP-1IM «KonBacs», Jas mosnydeHHs noJeli CKOPOCTH BepTHKaJbHas
ocepasi MJOCKOCTb a3pPOTHAPAaBJHYECKOTO JOTKA OCBellatach QoHapem
meeBoro csera. CheMKO# OXBAThIBajgach BCSl TOJIIA NOTOKA HA npo-
TaxeHud 2—I10 ruy6uH (BIOJB NPONOJBHOH OCH JIOTKA) MMM KaKoH-
Ju60 H3 BBIGPAHHBIX CJIOEB INOTOKA (NPHAOHHBIH, NOBEPXHOCTHHIH HJIH
LeHTpaJbHBIH). ‘ ' ‘

3.3. Meroduxa o6paborku 3anuceil reseril

[lo matepuanam peFHCTpaLLHH TeyeHu# camonucuamu tuna bIIB-2
u OCT o6bYHO MOJYYAIOT XPOHOTPAMMEL CKOPOCTH M HampaBJeHUs
TEUeHHs, KOTOpPhIE MOXKHO NOABEPTHYTh 006pabOTKe C I1IeJbl0 MOJyue-
HHsI TpeGyeMBIX KOJHUECTBeHHBIX XapaKTepucTuk [13, 63].

ITocTpoeHne XpoHOTpaMM OKasbIBaeTCsi BeCbMa  NOJISHBIM  JJIS
YCTaHOBJIEHHs] XaPaKTEPHBIX YePT M OCOOEHHOCTeH TeueHMs, A BbI-
SICHEHHS] €ro NPOHMCXOK/JEHHS, CTAIUH PA3BUTHS U JAPYTHX KAUeCTBEH-
HBEIX NPU3HAKOB. -

B copaBefJMBOCTH TAKOro MHEHHS MOXKHO YOeAHTbCS NPH pac-
CMOTpEHHMH XxpoHorpamMm (puc. 3.2) nJjs Tpex pasHbIX o3ep: Jlagox-
ckoro, besoro u banxam. Ha aByx mepBBIX 03epax B NEepPHOA PErHCT-
pauud npeoGaafalii BETPOBLEIE T€UEHHS OTHOCHTEJNLHO YCTOMYUBBIX Ha-
npasjenuit (puc. 3.2a, 6), a Ha TpeTbeM 03epe — ceHllIeBEle TeueHUs
c ImepHomoM, Ha3MeHaBWHMca oT 3 g0 12 u (puc. 3.2). Ha pcex xpowo-
rpaMMax OTYETJHBO BHipaxkeHH KoJeOaHHS CKOPOCTH W HaNpaBJIeHHUS
TeYEeHHs, HeCMOTPS Ha TO UTO IepBasi M3 3THX XapaKTEPHCTHK OCpes-
Hssnach 3a 176 c¢. [IpencTaBiieHHBle XPOHOTPAMMEI NO3BOJSIIOT 3aKJIIO-
YHUTh, YTO MCHOBEHHEIE CKOPOCTH B HATYDHBHIX YCJOBHAX H3MEHSIOTCS
- eme B 6oJiee WIMPOKHX Ipefenax, ueM NOKasaHo Ha puc. 3.2. OgHaxko
HNOJy4eHHe MTHOBEHHBIX 3HAUEHMH CKODOCTH M HaIlpaBJeHUs TeueHHs
B HATyDHBIX YC/IOBHSIX, OCOGEHHO B 30HE BOJIHOBBIX KOJIeGaTebHBIX
JIBHKEHHH, BeCbMa 3aTPYAHEHO.

Takne XapaKTepHCTHKH CPaBHHTEJNBHO JIETKO MOKHO MOJYYUTb Ha
SKCIEPUMEHTA/IbHOH YCTaHOBKE TaKOTO THIA; KaK II0KasaHO Ha
prc. 3.1, myTeM HCNOJB30BAHHUST METOJA KHHOCHEMKH (C 06TIOPAaTOPOM )
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yacTuy HefATpasbHOH mnuaaBydecTd. HauMeHblllee BpeMs 3KCIO3ULUM
npy 3TOM MoOxXKeT OmThb jaoBeneHo po 0,010,005 c. Oxnako mpu.He-
GOJIbIIOH CKOPOCTH TEUEHHH CHEMKA CO CTOJB MAaJOH  SKCHO3HNHEH
OKa3mBaeTcss HepanuoHaabHOH. HepauuonanpHo ucnoJb3osaHHe KHHO-
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Puc. 3.2. UsMenuuBocTs BO BpeMeHH ckopocTd (v) u manpaBienus (A) Teue-
uuit (perucrpauusi npubopamu BITB-2 Ha orpaHmueHHOH ray6HHE).
Osepa: .a — Jlagoxckoe, 6 — Besoe, 8 — Baaxam.

CBHEMKH C MaJiofl 3KCHnosuiuefi ¥ B CJI0€ BOJHOBBIX KOJAe6aTeNbHBIX
JBUXKEHHUH B c/Iydasix, ec/ld NpH 06pabOTKe MaTepHaloB CbeMKH Heol-
XONHMO HCKJIOYATb CKOPOCTH BOJHOBBIX OPOGHTA/IbHBIX . ABHMKEHHH, HO
HaJl0 YYUTHIBATH CKOPOCTH NEPEHOCHOro TedeHHs. MHUHHMaJbHBIE 1po-
MEXKYTOK BpeMeHH oOuiefi IKCIIO3WMIHH KaXKIOr0o Kajpa B Ha3BAHHOM
clyuae JOJKeH OBITb He MeHee HOJIOBHHBI IIepDHOLA BOJIHBI, a Jydlle ——
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paBHBIM MepHOAY BOJHH. Tpaekropuu 3a NEPUOL BOJHH MOTYT GHITh
pasjie/ieHbl JONONHUTENBHO Ha HECKOJIbKO uactedr (5—10), HATpUMep
OyTeM HCHOJB30BaHHs 00TIOpaTOpa, Bpalialoierocs ¢ 3aZaHHOH CKO-
" POCTBIO "Hepe]; O0OBEKTHBOM KHHOKaMepr CocraBasiomyro mepesoc-

&

Puc. 3.3. TpaexTopHH BOJIHOBOrO ABHIKEHHS YaCTHI H BhHJeJleHHe Ha HHX
COCTaBJAIOIIUX AKTYaJbHOH CKODOCTH H CKOPOCTH IEPEHOCHOTO TeYyeHHs
- 32 BpeMs 3KCIO3HIUH Kajapa.

IITpuxoBoil AuHHeH IOKasaHa Da3GUBKa TPAEKTODHH Ha .OTPE3KH ¢ NOMOMIbIO 06-
TIOparopa.

U

HOTO TeweHHs (OpOJOJBHYIO v; M BepTHKaJbHYIO u”) 3a BpeMsa Af

 MOXKHO ONpeJeJHTh TaK, KaK NOKa3aHo Ha puc. 3.3, T. €.

0: = Ax/AL;
, 3.1)
u; = Az/Af.
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AHaJIOI‘H'-IHbIM nyTeM, HO 3a CYLICCTBCHHO MEHbLIIHE HpOMe}KYTKI/l'
BpeMeHPI MOXKHO OIIpeAeJHUTb H MrHOBEHHBIE 3Ha4Y€HHS cymmaprlx
aKTyaJbHbIX CKOpOCTef/’I TeUeHHUs, BKJAOUYAKIIHX CKOPOCTb BOJHOBOIO:
CTOKCOBa I@epeHoca uUcr, CKOPOCTb Op6HTaJIbHOI‘O BOJIHOBOTO JBHXKE-
HHA Uop, CKOPOCTH llpeI/I(I)OBOI‘O TeYCHHUS Uﬂp H CKOpOCTb IyJbCauu-
OHHOro JABHIKEHHSA v’ OGYCJIOBJIGHHy}O AelicTBHEM BUXPEBLIX 06pa30~
BaHHUHA U CJIy‘IaI/IHbIX BOSMYH.IGHI/II/I, T. €.

Ua = AXa[At = Ucr + Uop 4 vgp + 75
(3.2)

Uy = AZ[At =ticr + top + tgp + 1.

BoinonHuB 06paGoOTKy TpaeKTOPHH 4acTHIl Ha IIO0C/JeA0BATENbHBIX
KaJpaXx KHHOCBEMKH, MOXKHO COCTaBHTb XPOHOJIOIMYECKHE PsAbl Tedye-
HHH COCTABJSIONHX CKOPOCTEH IepeHOCHOrO TEUEHHS HJIH COCTaBJSIO-
IIHX aKTyaJbHHIX ckopocrefi. Takue pAAb, Kak H PSAHL, NOJydYeHHEIE
¢ IOMOMIBIO CAMOTHCIEB TeYeHUsI, MOTYT OHITb IpPEACTaBJECHH B BHJE:
XpOHOTPaMM .CKOPOCTH (HJIH €e COCTaBJAIOIIMX, KaK MOKasaHo Ha
puc. 3.4) u nmojBeprHyTH 06pabOTKe CTATHCTHYECKMMH H CHEKTpaJb-
HBIMH MeTOAaMH. IJsi BO3MOXKHOCTH HCIOJIb30BAaHUS 3TOTO amnmapara
06paBOTKH psAbl 3alHCel TeUeHHH HOJKHBl YAOBJETBOPATb CBOHCT-
BaM CTALlMOHADHOCTH H SPrOJUYHOCTH.

Psap mabaofeHUH cuuTaeTcss OTBEYAIOIIMM CBOHCTBAM CTalHOHap-
HOCTH B CJyyasix, €cJH AJist JIOOBIX €r0 yJaCTKOB BBHINOJHSIOTCSA CJle-
Lyiolixe TpeGoBaHHS: a) -00ecledyeHO PaBEHCTBO OCPEJHEHHHIX 3HAye-
HHHA CKODOCTH H CDeIHHX KBa/paTHYECKHX OTKJOHEHHH IyJ/bCcal{ioH-
HBIX 3HaueHH# ckopocTH; 0) COXpaHHeTCH HAEHTHYHOCTb aBTOKOppe-

JSIHOHHBIX (YHKUHUHA,

‘ Psap cunraercss yAOBJAETBOPSAIONINM CBOHCTBAM 3PTOJHYHOCTH, €CHM
AJst MOGBIX €ro y4acTKOB O6eCleyHBaeTcsl CTpeMJieHHe aBTOKOppess-
UHOHHBIX (DYHKUMH K HYJIO B YCJOBHSX YBEJHUEHHs CABHra psjd BO:
Bpemend [13, 125].

K. psimaM HaHHBIX H3MepeHHH TeueHUH Ha IKCIEDPHUMEHTAJbHBIX yC-
TAHOBKAax NPEABABJSIOT MeHbllie TpeGOBaHMH, 4eM K psajAaM HaTyp-
HEIX JaHHBIX. JlaGopaTopHble JaHHbIe, NOJyYyeHHBIe HaJeXKHBIM CIIOCO-
60M, OOBIYHO He HYXKAAITCA B QUABTPAUMH AJA HCKJIIOUEHHS BHICOKO-
YAaCTOTHHIX CAYYaHHBIX BHIGPOCOB M HH3KOYaCTOTHHIX TPeHAOB. OOBIUHO:
He Tpebyercs mHpeJBapuTe/]bHasl IpoBepKa TaKHX pPSAAOB Ha CTalllo=
HapHocTb npouecca. Ilo psizaM KCIepHMeHTaJpHEX AAHHBIX Ha 3Tale
UX NpelBapHTeNbHOH INOATOTOBKH Ie1ecO06pasHO CTPOHTh, KaK H IO
HAaTypHBEIM JaHHBIM, XpPOHOTPAaMMEl CKODOCTH, OCYUIECTBJSATL BH3Yyajb-
HH KOHTPOJb, HUCIOPABJATb HJIH HCKIIOUATb OTAesbHBle OIIUBOYHBIE
H3MepeHHs] U BHINOJHAThL APYTHE ONEpalllH, peKOMeHAYyeMble, HalpH-
Mep, B paborax [13, 24] npUMEHHTEIbHO K HATYPHLIM  JaHHBIM.

IIpakTuuecku M060H psAJ H3MEPEHHHIX 3HAYEHHH CKOpOCTeH M Ha-
NpaBJjeBUH TeuyeHHs IIpelCcTaBlseT cO60H pealu3alHI0 OTPaHHUCHHOH
OPOJOJKUTENLHOCTH BO BPEMEHH M BKJIOYAaeT NpHCYIIHe H3MEepHTeJb-
HOMY CpEACTBY IIOrpeliHOCTH. B CBA3H C STHM IO TakKuM psAAaM H3-
MEpEeHHH BMECTO HCTHHHBIX BEDOSTHOCTHBIX XapaKT€PHCTHK SIBJICHHUS
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TIOJIYYaIOT HX CTATHCTHYECKHE OleHKH, 0603HaYaeMble 3HAKOM ,. B Ka-
HeCTBEe OCHOBHBIX BEDOSITHOCTHBIX XapaKTePHCTHK BEKTOPHbIX npouec-
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Puc. 3.4. Mi3MeHUHBOCTb BO BpeMeHH NpPOAOJBHEIX (/) W BepPTHKAJBbHBIX
(2) cocTaBasoWMX CKOPOCTH KBa3HYCTAHOBHEILErOCS BETPOBOrO TEYEHHs
Ha Da3/HYHBIX TOPH3OHTAX.

OB, HCIOJb3YeMBIX NpH 06pabOTKe M3MepeHHHl TeUeHHH, B ClellHalb-
Holl surepatype [13, 125] pexoMeHAyeTcs OmpesensTh B NEPBYIO Ode-
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pellb: BEKTOpP MaTeMaTHUeCKOIO OXHAAHHSA My, KOPPEJSIHUOHHBIA TeH-

30p ky, TEH30p CHEKTPa/JbHON MJOTHOCTH, a TaKXe MX HHBADHAHTHL,

T. €. BeJHYHHbI, HE3ABUCHMbIe OT BHIGOpA CHCTEMBI KOODJAHMHAT.
“OueHka MaTeMaTHYeCKOTO OXHAAHHUS NPEACTaBJseTcs B BHAe

T

mi¢, = | n@-vit -7, 2)dr. (3.3)

—T;

OueHKY KOPPeJSIIHOHHON (QYHKHHHM B HPEMNOJNOXKEHHH CTalHoHap-
HOCTH MCCJEAYEMOTO psfa NPeACTaBJAlTCA B BHIE

T—1

By (1) = (S) v (). v (t + 1) dr, (3.4)

v

a OHeHKH cneKTpa.anoﬁ IIJIOTHOCTH — B BHJAE

Tmake ‘ - .

St@=— | (1) k(o) cos(or)dr, (3.5)
0 . .

re 1) — BecoBasg (QYHKIHA; Tyaxc — TOUKA YCEUEHHA KOPPEJOrpamMMBbL
k% (-); T — uHTepBaj OCpPeIHEHHUS.

BaxHefime#i yacTblo 06pabOTKH AAHHBIX H3MEDPEHHH TeUYeHHH SIB-
JsieTCsl BEIAeJEHUe TPEHJOB, OOYCJIOBJCHHHIX AeHCTBHEM HH3KOYacTOT-
HBIX MPOIECCOB, TAKHX, KaK H3MEHEHHS CHHONTHYECKOH OOCTaHOBKH
uJau 6oJiee BHICOKOYACTOTHBIX IIPOLECCOB, KaK OpHU3bl M ceflleBble sB-
Jennsi. TpeHa Kak OUEHKA NEDEMEHHOTO MAaTEMAaTHYECKOrO OXHIAHUA
m*(¢{) posKeH OHTb BHAETEH NyTeM (UIbTPALHH psiAa MO BBIpaxe-

HHIO (3.3) ¥ UEHTPHPOBAHHs BCEX UJIEHOB psijia IO BHIPaKeHHIO
Volt, 2)=vi{t, 2) —mg(4, 2). - (3.6)

HoJsronepronnble KOMIIOHEHTH B psjgax HaOMaoneHHH OOBIYHO BHI-
eS0T ¥ HCKJIIOUaloT, HalpuMmep, ¢ Homomipio ¢uibtpa DBatepropra,
OTHOCSILErocs K KJAaccy NOJUHOMHHAJbHEIX ¢uabTpos [13].

B npaxTuke o0paGOTKH JaHHBIX U3MepeHHH TeueHHH IIMPOKO HC-
NOJIL3YeTCs Takxe (HAbTpAUUsl PAAOB C NOMOINBIO KOCHHYC-(PUIbTpa
Toioku, GuHOMHHaAbHOrO OuabTpa, ¢uabtpa bepraerra u ap. [13,
202]. ChyualiHele TOTPeLIHOCTH H3MEPEHHH MOTYT OHITh. HCKJIOUEHBL
METOJOM BBHICOKOYACTOTHOH (puUAbTpALMH C HCHONb30BaHHEM OIepalHi
' BECOBOTO CKOJIb3s1L1ero ocpejHenus [13].

- ITpumeps mocrpoenus KOPPE/IAUHOHHEIX H CIEKTPaNbHBIX QYHKUHMA
HO JaHHBIM DeTHCTpalMH TeueHMHA Ha 03. bajxaml mpefcraBiieHBl Ha
puc. 3.5. Ha wmuorux kpuBmix (puc. 3.5a), KaK H Ha XpOHOrpamme:
TedeHHHA (puc. 3.28), OTUETNAHBO BbIpaXeHa UUKIMIHOCTb XO/a,CKOPO-
cTell, oOycJOBJIEHHAsI [eHCTBHEM CeHIeBHIX SIBJEHHH, XOTA KaMXIHiA
pAL NpeABapUTEJbHO NOJABEprajcs 'CrJaXHBaHUIO C HCIOJb30BaHHEM
KocuHyc-¢puapTpa TelokH. Ha XpHUBBHIX  CHeKTpanbHOH - IJIOTHOCTH
(puc. 3.5) OTYETIMBO BHAHO paclpejelieHHe IO 4aCTOTaM_HalpaBJeH-
HEIX Koneéa}mu CKOpOCTH TeueHHs. ‘Ha HecKOJbKHX  CHEKTpaJ/bHBIX
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KpuBHX HamOoJbluelt dHepruefl 06/afaloT KoJebaHHs CKODOCTH C Me-
PHOZOM OK0.I0 8—12 u, COOTBETCTBYIOIIHE UYETLIPEXY3JIOBHIM ceHliaMm
BCEro 03€pa M TPeXY3JOBHIM cefillaM B OTAEJbHBIX ero dacrsax [189].

Iasa obecredeHuss 06bEKTHBHOCTH aHa/JM3a H OOOOLIEHHS Pe3yJib-
TaToB KoppemuHOHHon M CHEeKTpaJbHOH 06paGOTKH NaHHBIX H3Mepe-
Hiil TeueHHH HepeJKO OKAa3BIBAeTCHA IeJeco06pa3HLIM HOPMHPOBaHHE
HoJyyaeMblx (pYyHKIHA Ha AHCIEpCHIO npomecca. B cayuasdx paccMor-
pPEHHs] CKaJspHOro ' Ipolecca HOPMUDOBAHHE CBOJAMTCA K KEJIeHHIO:
aBTO- W B32HMHBIX KODDEJSIHOHHBIX QYHKUWH, @ TakKe CIeKTpajb-
HBEIX TJIOTHOCTEH Ha COOTBETCTBYIOIIHME 3HAYEHHs AHUcnepCHH. B-kaue-
CTBE JMCHEPCHH BEKTOPHOro npoiecca v(f) NpHHAMAaercs MaTeMaTH-
JecKoe OXHJaHHe TeH30pHOro KBaApaTa BEKTOPOB

Dy= M {v (t)-v ()} G

[Tpn u3yyeHun CBOHCTB BEKTODHOrO Hpoilecca B COCEHHX TOYKAX
BOJHOr0 NPOCTPAHCTBA Ieeco00pasHO HCNONb30BATh TEH30DHl B3aMM-
HOH KOppeJsUMOHHOH dOYyHKINW W B3aMMHOH CNEeKTpaJbHOH NJOTHOCTH,
(QYHKIMH KOTepeHTHOCTH M CIeKTpasabHOH (a3, a TakKe HHBADHAHTHL
3TUX TeHsopos [13, 125].

3.4. Ouenra KunemaTu“ecKux XapaKTePUCTUK

Hocxom:xy cxopocn; H HanpaBJieHHe TeYEHHs H3MEHSIOTCS BO Bpe-
MeHH, TO OGBEKTHBHBEIE XaPAKTEPUCTHKH TEHEHHS B TOYKE MOIKHO MO~
JYYHTb, KAK OTMEeYeHO BHILIE, C HCHOJb30BAHUEM CTATHCTHYECKUX Me-
- TogoB. Hleno o6paboTkH MaTepHasoB ellle  GOJbllle  OCJIOXKHAETCS,.
KOTJia BO3HHKAeT HEOOXOAMMOCTb MOJYdYeHHS HaJ€XKHBIX OIeHOK Bep-
THKaJBbHOIO pachpellefleHdss XapaKTeDHCTHK  TEUeHHSs;  Hampumep-
B Hpefesax OT NOBEPXHOCTH BOJHL KO AHA BOZOEMa, 0COGEHHO B yCJO-
BHSIX 3HAauYHTEJbHBEIX HM3MCHEHUH CKOPOCTH W HaNpaBJCHHS TedYeHHS.
BeprukanbHoe pacnpefeseHHe MOXKHO NPeACTAaBHTb B BHIE SMIOPHL
OCpelHEHHBIX CKopocTefl. B BuZe smiop MOryr GHITH HpeICTaBJECHBE
npegespHbBle, 3HaYeHUs] (MaKCHMAaJbHble H MHHHMAJbHEIE) COCTABJSIO-
WAX NyJdbCaltHOHHBIX cxopOCTeﬁ HIH UX OTHOCHTEJbHBIE - BEJHUHMHBL
(UIIV!aKC /ng, Mm;/UCP’ iMaKc [vep, ull\n/m/vop)'

B kagecTBe KMHEMaTHUYECKHX XapaKTEPHCTHK TYpGYJEHTHOro Teye-
HUS yalle BCEro MCIOJb3YIOT MaTeMaTHYecKoe OXHAAHHe, HHUCTepCHIO,
CpefHHEe KBaApaTHYeCKHe OTKJOHEHHS NMYJhCAIHOHHBIX COCTABJSIOIIHX
CKOpOCTell, OTHOCHTE/bHble 3HAYeHHs HHTEHCUBHOCTH TYpOYJEHTHOCTH,
MOMEHTHl KOPPEJISIHH W DHEPTHIO NMYJbCAIMOHHLIX COCTaBJAIOMUX CKO-
pocreil,

Puc. 3.5. ABToxoppesnsuHoHHHE (a) W cnekvpadnHbe (6) QyHKUuH CYMMapHEIX Tede-
Hull B post. Yaymapan os. Bamxam (perserpanus npuGopamu BIIB-2 ma oceBoi BEp-
TukaJy, 1981 r.).

1—5 — HOMepa XpOHOTpaMM.
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Maremaruueckoe oscudanue psiia HaGIIOJEHHBIX AAHHHIX OOBLIYHO
OUPEeJeTAT 34 IPOMEXYTOK BPEMEHH, KOTODBIE B HECKOJLKO pas
JpeBHINAeT 3aperiCTPHPOBAHHLIA MepHOk KOMeOaHHH CKOPOCTH Teue-
aus. [lpw o6paboTKe, HanmpuMep, AAHHBX JabOpPaTOPHBIX HCCIAEAOBa-
HUH TeyeHHH Ha MPOCTPAHCTBEHHOH THAPABJHYECKOH MOJENH BOJO-
-€Ma WJIK B a3pPOTHIpPaBJAHYECKOM JIOTKE 3TOT IIPOMEXYTOK BPEMEHH MO-
JKET COCTABJ/ATh HECKONDLKO .LeCATKOB CeKyHH, a IIpH o6paboTke 3aiu- -
ceit BIIB nau ALMTT, nonyueHHBIX B HATYpHBIX YCJHOBUSX, MOXKET
"MEHATbCA OT HECKOJbKHX YacoB IO HECKOJBKHX JECATKOB M Jaxe Co-
“TeH 4YacoB.

-Hapany ¢ 3TuM, M OPAaKTHYECKHX IleJell MOXKHO BBIYHCIATH pe-
JXHMHBIE XapaKTeDUCTHKH N0 LaHHBIM HaOJIIOleHHH, HalpuMep, 3a OT-
JeJIbHE Ce30H, TOA WM PsAl JIET, a TaKke CHCKTDasbHble xapakre-
'PHCTHKH, Yallle BCEro 10 AAHHHIM HelpepLBHOM perucTpamny TeUeHHH
32 TICPHOABI PA3MHYHOM JTHTEIILHOCTH,

Mepy unrencusrocTu TYpOYAEHTHOCTU TeueHHs] OOBIYHO OLCHHBAIOT
JAucnepcuet Dy, BHIYHCASEMOH [O BBIpaXKeHHIO (3.7), U CpPEAHMMH
KBaJpaTHYeCKUMH OTKJOHEHHSMH MPOJOJMbHEIX (v’) ¥ BepTHKAJbHBIX
(4”) CocTaBJIAIOMHUX CKOPOCTH IO BBIPAXKCHHIM:

- w By Y -
Uu = /\/ u, — u ,\/(u/)z

3HaueHHs Gy U Oy, OYLYUH HpeILCTaBJIeHHbIMH B BHJE 3I0p, A3I0T
‘HarJIgJHOe NpeJCTaBJeHUE O BePTHKAJbHOM -paclpeleseHdH MyJbca-
1MH CKOPOCTH, YTO BHAHO Ha puc. 3.6 u 3.7, MOJyueHHBIX 10 JaHHBIM

(3.8)

9KCIICPHMECHTOB B adpOruApaB/jHYeCKHX JOTKAaX.

B HeKOTOpHIX Caydasix [Js Uejell CONOCTaBJeHHs AAHHBIX PasJny-
HBIX SKCHEPUMEHTOB WHTEHCHBHOCTH TYPOYJEHTHOCTH HODMHDYIOT Ha

-CPEJHIOI B IIpefenaax FJIY@I/IHI)I CKOpPOCTH Te€4YeHHUA U, T. €. IIPEACTaB-
JIAIOT B BHAE!

K'v == 00/5; .
3.9)

Ky =04/0

‘M HAa3HIBAIOT CTENEHbI0 TYpOYJAEHTHOCTH, HJAH yucaoM Kapmana.
Mouxient roppeasyuu, paBHBIH IPOH3BEACGHHIO NYJbCALHOHHBIX CO-
.CTABJSIIOUINX CKOPOCTH ©v’u’, MOXKeT GBITh BLIYUCJIEH MO JAHHHIM 06-
paGOTKH KHHOCBHEMKH TPaeKTODHH J[BUKEHHA YACTHL, M NO 3aNUCAM
npu6opoB, 06eCHeynBaIOIUX CHHXPOHHYIO PerHCTPalMIO MOLYJS MIHO-
‘BEHHOH CKODOCTH, BePTHKAJbHOTO ¥ . TOPH30HTAJbHOIO BEKTOPOB Tede-

~ Huit, s KaxkJA0ro rOpH30HTa OGBIYHO BBIUHCJSIOT ocpe/:LHeHHblﬁ MoO-

MeHT Koppensauus |v'u’|, a ana Beel BepTHKanH——cpenHee 3HAUeHHe

|o7u| [174
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SHBpBGTLL‘leCICue XAPAaKTepucTUKil BETPOBBIX TequHﬁ, B KauecTse:
KOTOpHIX OOBITHO HUCIOJIL3YIOT 3HEPrui0 OCPEAHEHHOr0 M MyJbCalHOH-'
HOTO OBHKEHHUH, ABJSIIOTCA HE TOJNBKO BaXHBIMH IIOKasaTeJsAMH CTe-
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Puc. 3.6.. BepTukanpbHoe paclpefieieHHe KHHEMATHYECKHX XapaKTePHCTHK B Pas-
HOHANpPAaBJEHHOM IO TJyOHHe BETPOBOM TeUeHHH IPH pPas3/HYHBIX YCJIOBHSIX.

a) H=0,5 u, W=38 mjc, HA=53, hi q,=10 cm; 6) H=0,3 u, Wie=12,0 mjc, H/A=0,69,
hg =76 cm -

IeHH 3HEPTOHACHIUEHHOCTH NOTOKA B IEJOM HJH ero 4actu (audde-
PEHLHPOBAHHO IO BEePTHKAJNU), HO ¥ HPEACTABASIOT OUEBMAHHIA HHTe-
pec, HalpuMep, NpH BHACHEHHH NPUYHH TYDPOYIAH3aIUM.

or



~CpemHiol0 KHHETHYECKYIO 3SHEPrHio TypOy/aeHTHOCTH Ej, oTHeceH-
HYI0 K efuHHIE Macchl (cM%/c?), MOXKHO pe/CTaBUTh B ‘BHIE MOJY-
CYMMbI KBaZpaTOB IIy/IbCALMOHHEIX 3HaUeHHUH CKOPOCTH:

E,=0,5[(v") + @) + @), - (3.10)
0 O 1z 3 4 §5E
#A H i
oAA’E7 "/f_o—( l r
Sif,
0,2 Ly
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Puc. 3.7. BepTHKaJpHOE pacHpefelieHle KHHeMaTHYCCKHX XapaKTePHCTHK B OJHO- .
HanpagJieHHOM II0 I'iy0uHe BeTPOBOM TeYeHHH TpH PASHYHBIX YCIAOBHAX.

@) onwsit 0—1, H=0,45 M, Wio=3,7 M/c, HIA=7,03 cm, h1 4, =0,7 cM; 6) ompiT O-4, H=045 m,
Wi=13,0 m/c,HA=1,07, hy g =T7,5 cm.

a YAeNbHYI0O KHHETHYECKYIO' 35HEePTHI0 OCPEIHEHHOro ABHXKeHHWsa E —
B BUIE - ) Co

- . E=05d, ) N @.11)
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[Tockonpky 1O MaTepmasaM 3KCIePHMEHTOB, TIPOBOJMBILHXCA
B I'THU [177, 182], ompenensiuch TOJMBKO IyJbCAlHOHHBIE 3HAUYEHHS
npoodbHO# (v') u BepTHKaAbHOH (#') COCTABJASIOMHX CKOPOCTH U
AJIS- KaXKJ0TO TOPH30HTA Ha BePTHKAJH BBIUMCJANACH CPelHHEe KBalpa-
THYECKHE 3HAUEHHS, TO YIAeNbHAs KUHETHYECKasl SHeprusi IyJbCalHOH-
HOrO JBHIKEHHS OlUEHHBAJach 10 QopMyJe

E,=0,5[@) + @F]=0,5(0% +o}) (3.12)
u no dopmyne ' -
E,=0,5 (203 + ), 8.13)

no.nyquHon Ha OCHOBAaHHH IMPEAITOJONKEeHHS O PABEHCTBE NPOJOJbHHIX
(v’) u monepeunslx (w’) NyJbCAUMOHHBIX COCTABJSIOWIMX CKOPOCTH.

3.5. Hamenetiue MeAKOMACIUTAGHOIX ny/zbcatguu cKopocru

80 epesMeHl U no 2aydune .

‘Hcrounukn, npuBojsive K IyJbCALHAM CKOPOCTH BETPOBOIO Te-

- yeHusl, NefiCTBYIOT NpeHMYLIeCTBEHHO yepe3 BOIHYIO NOBEPXHOCTH HJIH

BO3HMKAIOT B BEPXHHX CJOSAX. B CBSA3M C 3THM €CTECTBEHHO OXKHIATb
TIpHYpPOUYEHHOCTH HAUOOMBIIMX NMYJbCALMH CKODOCTH TaKXe K BepXHHM
CJIOSIM, DTO OGCTOSITE/NLCTBO JEHCTBUTEJNBHO HMEET MECTO W IIOLTBep-
KJlaeTCs JlAHHBIMH BCeX J1a0OpATOPHEIX SKCHEPHMEHTOB H HEKOTO-
PHIMH JaHHEIMH HATYPHBIX H3MepeHHH.

MaMepeHust, BEIIOJHEHHBE B HATYPHBIX YCJIOBHAX, NOKA3HBAIOT,
YTO IIpHU. HEDABHOMEDHOM - BeTpe NYJIbCALHH CKOPOCTH BETPOBOIO Teye-
HHUS BCErZa OTMeUaloTCsl B BEPDXHEM CJIoe H HMEIOT ‘TeM GOJBbIIHA pas-
Max, 4yem B 6oJee WIHPOKHX Npefe/laX M3MEHSeTCs CKOPOCTh BeTpa
[172 176]. Bepxuuil c/10fi BOABI, KaK MPaBUJO, BEChbMA HYBCTBHTE/CH
K HM3MEHCHHAM CKODOCTH BeTpa. BHIABHTD XKe peakuuto ~TIyGHHHEIX
CJI0EB HATYPHBIX NMOTOKOB HA JeHCTBHE KOPOTKONEDPHOAHBIX M3MeHeHUH
CKOPOCTH 'BeTpa HOBOJbLHO 3aTPYJHHTENbHO @O TEXHHUECKHM IpH-
qyHAM. , _

Ha naGopaTtopHbIx ycraHOBKax IO RaHHBIM KHHOCHEMOK TBEPIBIX
YacTud HeHATpasbHON NJaBYYECTH NYJbCAllMd CKOPOCTH  JOCTATOYHO
HaJeXHO BHIABJAIOTCS He TOJBKO B BEPXHEM CJIOe, HO M IO BCeH
TOJIE BETPOBOTO TeYeHHs. TaKue NaHHEIE NOKasbIBAIOT, YTO pasMax
nyJdbcallufl NPOJOJMbHBIX COCTABJSAIOUIMX CKOPOCTH BETPOBOIO TEUYEHHS
MaJlo H3MeHAeTCs BO BPEMEHH B OTJHYHE OT HATYpPHBEIX YCJOBHH, HO
3aMeTHO yYMeHbIIaeTCs IO HaNpaBJeHHIO - OT NOBEPXHOCTH BOAH KO
nuy. Bo Bcex 3KcIepHMeHTax ¢ pasHOHANpaBJAeHHHIM (cM. puc. 3.4
¥ 3.6) H omHOHAampaBJieHHKM (CM. puc. 3.7) TeueHueM pasmax Koie-
OaHuB. NPOJOJNBHEIX COCTaB/SIOIHX CKOPOCTH B IEHTPaJbHOH yacTH
noroxka B 1,5—3,0 pasa mennlne, a B npunoraOM citoe B 2,0—4,0 pasa
MeHbllie, UeM B BepXHEM CJIOe,

B onHOHanpaBJeHHOM BETPOBOM TEUEHHH NPW MENKOBOJHLIX BOJ-
HaxX ¥ IIEpOXOBATOM JIHE OTMeHaeTcss MeCTHOe YBENTHUEHHE MyJIbCcamiit

93



CKOPOCTH B NIPUAOHHOM cJjoe. I1pu oTHOCHTeJBHON IiyOuHe NOpAAKa

H/h=a0,5 myJapcallui IpPOAOJbHHIX COCTABJAIUMX CKODOCTH B IpHU-
JOHHOM U BepxHeM CJOSIX OKa3bBIBAIOTCS IPHMEPHO OJIMHAKOBEIMH K
B HEKOTOPHIX skcnepumenrax B 1,3—2,0 pasa npesmialoT Hy.)'lbcaU.HPI
B HEHTPaJbHBIX CJOSX IOTOKA.

[lyabcanuy BepTHKAJbHBIX COCTABJSIOIIHX CKOPOCTH H3MEHAIOTCS
B MeHee UIMPOKHX Mpefejax H pacnpelensioTcss no raybruHe OoJiee
paBHOMEpHO, YeM IyJbCallMH NPOAOJBHBIX cocTaBasgomux. Ilpu 3Ha-

YHTEeNBbHON OTHOCUTeNbHOH riybuHe (H/A = 2,0) B oAHO- H pa3HOHa-
NpaBJIeHHHX BETPOBBIX TEUeHHAX pa3Max DyJabcanMi  coxpaHsercs
[NpHMepHO OAMHAKOBHIM MO TMIyOHHE H HECKOJbKO YMEHbIUAETCS TOJNBKO
B HEMNOCPEACTBEHHOH OJIH30CTH OTO JHAa M K IIOBEPXHOCTH BOAH. Ilpu

MaJiofi oTHocHTenbHol raybune (H/A=~0,5) nHaunGosbplime HyJIbcaLIHI/E
BEPTHKAJTLHBIX COCTABJSIOUINX CKOPOCTH HpHypoueHHl K cjiow (0,1..
0,3)H. Ilo nampaBJeHHI0O K MOBEPXHOCTH M KO JAHY OHH HOCTeneHHo
YMeHpIIAI0TCS.

[lepuoauuHOCTE mMyJabCcalliii CKOPOCTH IO NAHHBIM 3KCIEPHMEHTOB:
I'THU peranbHO He BHAcHsJach. OAHAKO JaxKe Ha OCHOBAHHMH OTpaHH-
YEeHHOrO PACCMOTPEHHS 3TOTO BOIPOCA BHJHO, 4YTO NYJbCAUHH HMET
IPEUMYILECTBEHHO CAyYaHHBII XapakTep, NepUOJ NyAbCaUUil H3MEHs-
ercs B LIIMPOKOM [HATa30He, a WX CpeJHHE 3HAUEHHS YBEJHUHBAIOTCS
C yBeJHUeHHeM TJyOHHB TNoTOKa. [lo. MaTrepHajaM — HCCIeJOBaHHl
B 8-MeTpoBOM JOTKe Ipu raybune 10 cm HanboJee yacTo OOHAPYKH-
BaJiUCch KosmeOamusi CKOPOCTH C IepHoAoM 3—6 ¢, a 10 MarepuHaiam
ucenenopanuil B 40-MeTpoBoM JOTKe NpH T1y6une 50 CM—KOJIe6aHHﬂ
¢ neprogom 5—30 c.

B 0IHOM H3 3KCIEpHMEHTOB CO cna6bIM BETPOM H OJHOHAIpaBJEH-
HBIM 1[0 TJayOuHe TeueHHeM OOGHApyKeHO  HAJOXeHHe NyJbCalui
¢ nepuoiom 5—10 ¢ Ha myabcaunu ¢ nepuogom 50—80 c.

3.6. Hsmenenue cpednux xeadparuieckux sHadenui
NYA6CAYUOHHBLX COCTABAAIOUUX CKOPOCTU

PaccMOTpeHHEBIE BHIILE XapaKTePUCTHKH XOJA COCTABJAIONIMX CKO-
POCTH BO BpEMEHH, XOTs M ABJSIOTCS OOBeKTHBHHIMYU M HAIVISIHBIMH,
HO HeJOCTATOYHO YAOOHEI [Jsl CONOCTaBJeHHMH U AJsl IOHCKOB DasJ/iuy-
HOTO pOJa CBsI3eH MeXAy TypOy/JHM3allHefl NOTOKA M ONpEeAessIOmUMU
ee ¢axropamu. [losTOMy B NPAKTHKE SKCIEPHMEHTAJbHHIX HCCIel0Ba-
HU#l HIEPOKO HCHOJb3YIOT TaKHe XapaKTePHCTHKH, KaK CPEJHHE KBaj-

‘paTHyeCcKHe OTKJOHEHHs NYJbCalMOHHBIX 3HAYEeHHUH CKOPOCTH U HUX OT-

HocHTeNbHble 3Hauenus, CpeiHWe KBajpaTHuecKHe OTKJOHEHHS IPO-
HONBHBIX (0v) M BEPTHKANbHBIX- (Oy) COCTABJSIOUIUX CKOPOCTH BbI:
yuCcJIeHBl, KaK OTMEUYEHO BEILIE, 70 JAaHHEIM BCEX 3KCIEDHMEHTOB IS
KaXKJ0T0 U3 CJOEB, Ha KOTOpBE pas3GuBajcs MOTOK NO TayOuHe.
IIpenesvHHE 3HAUEHUs] 0y B SKCIEPHUMEHTaxX C Da3HOHANpaBJeH-

HBIM BETPOBHIM TEYEHHEM CO CKOpOCThIO |v|cp oT 0,30 o 3,50 cm/c
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‘u3MeHsauch ot 0,18 1o 4,34 cm/c, a cpeanune Ha Beptukaad — oT 0,58
Jo 3,10 cm/c. B ogHOHaIpaBJeHHOM 10 riyOHHE TeueHHH CO. CKOpO-
cthio ot 2,80 po 10,1 cMm/c mpenesbHble 3HAUEHHS] O, H3MEHSJIHCH OT
0,38 mo 2,85 cm/c, a cpennue Ha BepTHKasu — oT 0,66 mo 1,68 cwm/c.

Ilo BepTHKaJgu 3HAUEHUHA O, H3MEHAJHCH CAELYIOIHM 06pasoM,
B pazHOHaNnpaB/eHHOM BETPOBOM TeUeHHH MO OOJBUIMHCTBY 3KCHepHU-
MeHTOB 00HapyXKHBaJ/JOCh peE3KOe YMeHbIUeHHE Oy OT IOBEPXHOCTH
Boanl g0 ropusoHta (0,2... 0,3)H u njasHOe yMeHblleHHe IO Mepe
3aray0JeHHs NOJA ypoBeHb, BIJIOTH A0 AHa (puc. 3.6). B HekoTophIX
3KCIEPHMEHTAX IOJYYEHO IJIaBHOE YOBIBAHHE G, OT IOBEPXHOCTH [0
JHa WJIH e O4eHb pe3Koe yOLIBaHHE B BEpPXHEM CJ0Oe H IOCTOSHCTBO
3HAYCHWH B UEHTPAJbHOM H HPHIOHHOM CJI0AX. B OTAeJbHBIX clydYasx
B TOHKOM NOBEDXHOCTHOM CJIO€ OTMEUEHbl MeHbIUHE 3HAYEHHS Oy, YeM
B GIMKaIIMX BEPXHHX CI0SAX. DTOT pesy/abTaT He OTpakaeT (HaKTH-
4eCKOro Ipouecca IBUXKEHHS H OOYCJOBJEH, KaK NOKa3blBaeT aHaJH3
HMEIOUIHXCA  JAHHBIX, HaJdUYHeM YKODOUEHHBIX II0 TEeXHHYeCKHM MpHU-
YuHaM psAAOB, KOTOpPble He OxBaThIBANHM BCero AHanasoHa nynbcauuﬁ
CKOPOCTH B pedy/bTaTe BBIXOAA YACTHL 3a IPEAE/bl OCBEIABLICHCS
IeJieBbIM CBETOM 30HH IIOTOXA. )

B oxnoHanmpaBieHHOM BETPOBOM TEUEHHH OTYETNHBO OOHapy:KuBa-
JIOCb M3MeHeHHe DacCIpeleseHHs Op II0 BEPTHKAJH C HU3MEHEHHEeM OT-

nowenus H/h Tlpu H/A > 1,0 3Ha4eHns 0, yMEeHbLIANHCh OT MOBEPX-
HOCTH BOJAbl, rAe OHH ObJIKM HauOOJBIIHMH, OO ropusoHra (0,2...
0,4)H, a saTeM yMEHbUIANACh OYeHb IVIABHO WM NPAKTHYECKH HE ‘Me-

HSIIACh BIJIOTh A0 AHA (cM. puc. 3.7). 3HaueHHs O, IpH H/?» ~ 1,0
IJI4BHO yMEHpHIANHCh OT I[OBEPXHOCTH Ho ropusoHTa (0,5... 0,8)H,
2 3aTeM IVIABHO YBEJHYHMBAJHCH IO HANpaBJEHHIO KO OHY, Tak, 4TO
Y TOBEDXHOCTH M Yy JAHA OHH OKA3LIBAJWUCH OJIM3KUMH W [aXKe paB-

HbiMH. [lasbHeHlllee yMmeHblleHue H/A no 0,4—0,6 npusoiuI0 K BHI-
PABHUBAHHUIO paclpeleleHUs Oy, 0 BEPTHKANH. .

CpenHne KBajpaTHUYeCKHE OTKJOHEHHS BEPTHKAJbLHBIX COCTABJSIO-
IIHX CKOPOCTH G, OGBLIYHO HECKOJBKO MEHbLIUE Gy H pa3JIanIOTCH no
pacnpeleneHyio Ha BEPTHKAJH,

B skcnepumeHTax c paSHOHaHpaBHeHHbIM TeUEHHEM NpeleJbHBIE
3HaueHHd o, H3MeHstuch ot 0,10 mo 3,20 cwm/c, a cpeanne Ha BepTH-
kaan — ot 0,20 go 2,20 cm/c. B sxcrnepuMeHTax ¢ OJHOHAIpABJCHHBIM
TEeUeHHEeM NpeJenbHble 3Ha4eHUa o, H3MeHanuch or 0,13 mo 2,0 cm/c,
a cpeanme Ha BepTukaad —ot 0,29 no 1,15 cm/c (raba. 3.1). Cpen-
HHe B Ipe/ie]laX BePTHKAJH 3HAa4YeHHS Oycp OBLIM MeHbIIE CpPeIHHX
3HQYEeHHH Oyep: B  PA3HOHANpaBJdeHHOM TeueHuu B 1,3—1,6 pa3a,,.
a B OflHOHaNpaBaeHHBIX B 1,2—1,9 pa3a (raba. 3.1). "

MakcuMasbHEIE 3HAYEHHS Oy B PA3HOHANPABJEHHOM TEUeHHH qame
Bcero Oniu npuypouedsl x caow (0,1... 0,2)H; no Hanpapaeuuio
K NOBEPXHOCTH BOJAB 3HAYEHHS O, YMEHbIIAJHCh BMOJHE OIIYTHMO,
a [0 HANpaBJEHHIO KO AHY 3aMETHO yMEHbIIAJUCh B npenenax KoJTe-
Gauuit rpaHULE! pasiesa IOTOKOB H MajO MEHAJHCh B 30HE I[eI/ICTBI/IH
KOMIICHCALHOHHOTO NOTOKA.
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& Tabauyg 3.1

lpenenbuble ¥ CPefHHE H3 NPEAENbHBIX Ha BePTHKAJIH KMHEMATHYECKHE XapaKTepPUCTHKH SKCIEPHMEHTaJIbHbIX BETPOBLIX
TedeHHll B a9POTHAPABIHYECKUX JOTKAX .

Ymp %ep o, : Unp ‘ Uep oy
. Homep - -
sxcnepn- H Hyh U0m -
MeHTa ' MHHH- | MaKCH- | MHUM- | MaKcH- | MMHM-| MaKcH- | MHHM- | MAKCH- | MHHM- | MaKcH- | MHHH- | MAKCH-
MyM MyM MyM MyM MyM MyM MyM MyM MyM MyM MYM MyM
. PasnonanpaBieHHble 110 rayGuHe Teyenus
1 50 5,40 2;1 —1,4 6,2 |—I1,2 1,6 0,35 1,38 |—1,4 1,0 1—1,0 0,6 0,20 | 0,42
2 50 2,18 3;4 —2,0 7,6 {—1,6] 0,5 0,24 1,64 |—1,2] 2,8 |—0,6 1,1 0,18 0,73
P-4 | 50 0,73 7,6 —6,0| 14,1 |—4,6 5,2 1,28 3,567 |—5,6 4,6 [—4,0 4,0 0,71 | 2,49
7 30,5 3,60 3,4 —2,3 6,5 —1,2 2,0 0,34 1,7é —1,5 2,2 |—1,2 1,1 9,24 | 0,51
10 29,5 0,78 7,0 —5,5]. 16,7 |—2,9 5,2 0,60 2,45 |—4,2 4,5 {—2,6 3,2 0,78 | 1,72
16 10,6 0,59 5,3 —2,3 5,4 |—0,6f 0,650,456 ‘ 2,98 |—1,1}.1,6 |—0,1 1,0 0,21 1,33
OnHOHanpaBJieHHbIe no raybuse TeYenusl
0O-1 45 7,03 3,6 0,4 6,4 0,6 2,2 0,17 0,83 |—1i,1 1,2 |—0,7 0,7 0,134 0,45
0-2 45 2,80 3,4 0,2 76,6 1,4 3,9 0,421 1,00 {—2,0 1,2 |—2,6 2,0 0,42 0,60
0-4 45 1,07 14,1 4,41 20,0 6,7 13,8 0,98 2,40 |—4,6 4,2 |—3,2 2,5 0,54 | 1,26
5 10 0,77 ‘ 6,0 1,4 9,4 2,1 6,2 0,61 1,44 |—1,6 1,2 {—1,1 0,8 0,35 | 0,50
7 10 0,65 - 8,2 2,41 15,8 3,81 10,0 0,92 2,40 |—1,2 2,0 |—I1,1 1,3 0,44 { 0,72
12 30 1,94 h 6,9 1,2 20,6 2,5] 6,2 0,46 2,85 |—1,6 2,2 |—1,0 1,3 0,32 | 0,64

IIpumevanue. vgp—npefesbHas (Ha BePTHKAIH) NPOAOMBHARL, & Unp — NPEfeIbHAS BEPTHKAIbHAT COCTABJSAIOMNE cKo-
pocm, Ucp H lUcp — CPefHHE U3 NPefesbHBIX HAa BePTHKA/AH COCTABJAIOIIUX CKOPOCTEH.



Bo MHOTHX 3SKCIE€pHMEHTax C OJHO- H paB-HOHaHpaBJIeHH-bIM 're'le-b

' HHEM TNpH H/)\ > 0,5 3nauenns Ou yMeHbUIaNHCh OYEHp IJIABHO NpakK-
THUECKH OT BEPXHErO A0 MPHAOHHOrO, cios (puc. 3.6a).

OKcnepHMeHTaJbENeE AaHHbBIE, MO3BOJIMIA  PacCMOTPETh Bonpoc

O UHCJIOBHIX 3HAUEHHHX H H3MEeHEHHH 1O IVIyOHHe XapaKTepHCTHK HH-

o/ vl S ~
40 : —TT— -
. N 4 .
20— &\ et
/ A R
\L
sol_e 1l ey AN
0’8:A2 No N[ wde- by N1 .
- A3 N o =3 d . \{
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o 5 N9 //, \\
04— 0 p +
vo = -7
- ) _a— m= +
0’2 ;.D'B“?" r::
i 1T
3 82 0304 0,5 o,aj,a 2 3 456‘H/K

Puc. 3.8. 3aBucuMocTH cpe,zmux 3HayeHHH Uv/Ucp—

—f(H/A) 10 JA2HHBIM . 9KCHEpHMEHTOB C. pa3HOHampa-
BJAEHHHMH (/) W opHoHanpasjieHHnMH (/]) no rayGune
BETPOBHIMH TeYeRHSIMH.

1) H=0,09 M, pasMepn JoTka 8 (RAuRa)X0,2 (BBICOTa)X0,2
(wupuua) M; 2) H=0,3 m, 30x0,6x0,5 m; 3J) H=0,05 m, 30X
%X0,60,5 M; 4) H~—015 M, 30%0,6X0,6 M; 5) H=0,5 M, 30X
"%0,6%2(0,8) M; 6) H=0,1 m, 30X0,6%2(0,8) m; 7) H=03 w,
300, 6><2(0 8) m; 8) H= 045 M, 40)(1 2X1 ,0{0,5) M.

TEHCHBHOCTH Typﬁy.neﬂmocm Kv H Ku, BHIUKCJABIIHXCS IO Bbxpame-
Huto (3.9). Pacnpenenenne snauennit K, u K, no riy6use nojaHocTsio
NOBTOPSIET, KaK 3TO OYEBHJAHO, paclpefieNieHde Oy B Oy H II0OITOMY HE
TpebyeT Kakux-1u60 JONOJHHTeNbHHIX NoscHeHH#A. UTo kacaercs OT-
HOIIEHHS Oy/Ucp, TO OHO YBEIHUHBAETCS C YBEJHUEHHEM OTHOCHTEJb-

HO# TyGunb- H/A Ast onnonanpan.neunblx ¥ YMeHbIIAIOTCS AJs ‘pas-
HOHaNpaBJeHHHX MO ray6une Tevewuii (puc. 3.8). 3TH 3aBHCHMOCTH
BBIpaXKeHHl aHAJMUTHYECKH B BHAE:

AJis1 ORHOHANpaBJEeHHHX MO ITy6HHe TeueHu

Ko= (04 /acp) =020y Hj&; 3.14)
Aa49 paSHOHarIpaBJIeHHbe no I‘leﬁm-le TequHH .
Ku—(oullvlcp) —1i2/VEn @)
= Jep '

7 ‘3axas M 263 o - v 4
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' 3.7.- Beprukxaasnoe pacnpedenenue -momenros tcoppe/mquu
8 BETPOBLIX TEHEHUAX t

MouenTs! KOpPeJIALHH, NPEACTaBAfIOHe CO60#f  OCpeJHEHHBIEC
MIPOH3BEAEHHS MYJIbCAUHOHHBIX COCTABJAIIAX  CKOPOCTH  TeYEHHSA

v'u’, OTHOCATCS K YHCJAY BaMKHEHUIMX XapaKTepPUCTHK TypGy/aeHTHO-
CTH TeYeHHS, MOCKOJbKY OHH ONpeAeJSIOT CTeNeHb CTAaTHCTHYECKOH
CBSI3H MeXAYy NYyJbCAalHOHHBIMH 3HAYEHHUAMH TPOLOJbHBIX H BEpTH-
KaJIbHbIX COCTABJIIOLIMX CKOPOCTeH M ORHOBPEMEHHO SBJIAIOTCS MOKa-
3aTesieM NepeHoca KOJUYeCTBa ABUMKEHHS.

ITo naHHBIM YNOMSIHYTBIX BhiUE JaBOpaTOPHBIX HCC/IeNOBaHHl BeT-
POBBIX TEYEHHH MOJyYeHbi JlOBOJIbHO HeTasbHBle CBeAeHHs 06 3TOH Xxa-
PaKTepHCTHKE. '

B pasHOHampaBJieHHOM IO FAyGHHE BeTPOBOM . TeUEHHH HaHGOJIb-

Iive 3HaueHHs mpoussefennit {v’u’| npUypoOuUEHB NpeHMyllecTBEHHO
K BepxHeMy cJo010, yamle Bcero k cnowo (0,1... 0,2)H. Ilo Hampas.e-

HHIO OT 3TOrO CJIOSl K IIOBEPXHOCTH BOABI 3HaueHusi [v'u’| yMmeHbina-
I0TCS1 OGBIYHO HE3HAUHTEJbHO, a N0 HampaBJeHHI0 K AHY — BHauase
PesKo, a 3aTeM O4YeHb IVIABHO W/ HPAKTHYECKH He MEHsAIoTeA (CM.
pnc 3.6) [174].

HeKOTOpOE . yMeHDbIICHHE MOMEHTOB KOPPESMHH Y MOBEPXHOCTH
IIPOUCXOJHT, HO-BHAUMOMY, B pe3y/ibTaTe HEe3HAUMTEJNbHOTO yMeHblIe-
HUS BEPTHKAJbHBIX COCTABJSIOIINX YaCTUL, ABUKYLIUXCS K IOBEpPXHO-
CTH BOJABI, HO PU 3aMETHOM YBEJHYEHHH IPOXOJDBHBIX COCTABJSIOMIHX
YaCTHI H MaJlO MEHSIOUIMXCS IO rJyGHHE BePXHEro CJOs BepTHKAJb-
HBIX COCTaBJAIOMHMX YaCTHI, ABHIKYIIHXCA OT uonepxnocm BOJbI
B IJ1y6b MOTOKA.

B 0XHOHANpaBJEHHHX M0 [yGHHE BETPOBBIX TeYeHHsX MpH Aeii-

CTBHH BOJH Ha riyGokoli Boge . (H/A=s2... 4) 3uavenus |v'u’|
YMEHbIIAIOTCS MJIABHO OT NMOBEPXHOCTH BO}II:I RO LHa (puc. 3.7). Ilpu

H/?»~05 . 0,8 3HaueHus |v u | ymeHbmaxoTc;I- OT [OBepPXHOCTH
BOJBL - 10 ropnsoma (0,6... 0,8) H u.pmajiee 3aMeTHO YBEJIHYHBAIOTCS
NpPaKTHYECKH BIJIOTH A0 AHA.

IlonyueHHble B 9KCIepUMEHTAax CBeHEHHS IO pacipefeeHHI0 3Ha-

yeHui |o'u’| IPeJICTaBJIAIOTCA BHOJIHe npueMaeMbiMH. OHH NOATBEp-
XKA10T -QUeBHAHBIA [/ BETPOBBIX TeueHHA (aKT mepefaun SHeprHH
KacaTeJbHBIX HaNpsXeHHHl BeTpa 4epe3 NOBEPXHOCTh BOAB H (aKT
yBEJHYEHHS BJHAHHA JAOHHOH HWIEPOXOBATOCTH Ha BeTPOBOE TeueHHe

IpH. yMeHbLIEeHHH OTHOWeHust H/A.

CpenHne Ha BepTHKaJM 3HaueHHs |v'u’| yBenumumsarworcs nmo aau-
HBIM BHITOJTHEHHBIX 3KcnepumeHToB or 0,13 mo 5,0 cm?/c2 mo mepe

YMeHbUIEHHS OTHOCHTENbHOH my6ngI H/\ u YBEeNHYCHHS CKOpPOCTH
BeTpa HaXl BOXHOH IIOBerHOCTbIO
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3uavenns |v’u’|, GyAyuH HOPMHDOBAHHHIMH Ha CDEJHIOI CKO-
POCTb TOTOKA, ABJSAIOTCS YAOGHHIMH NOKa3aTeJsMH CTeNeHH TypGOyJH-
3dUHH CPaBHHBAeMHX MEXAy CO60H MOTOKOB Das3JjHYHOTO BHAA. DTO
06CTOATENBCTBO NOATBEPKNAETCS NPEACTaBNEHHHIMH B taba. 3.2 naH-
HEIMH YeThlpeX BHJOB TeYEHHH: OJHOHANPaBJEHHOrO ¥ pa3HOHANpaB-
JIEHHOTO MO0 TIJyOHHe BeTPOBHIX TeYeHHH, PYCJOBOro NOTOKAa C IJaf-
kuM [81] u 1wepoxoBaTeiM [82] nHOM. B oJHOHanpaBJieHHOM NO TJIy-
6GuHe BeTPOBOM TeYeHHH OCpeJHEHHble HODMHPOBAHHLIE 3HA4YE€HHS MO-
MEHTOB KOppeasiuyu okasaauch papHeiMu 0,08—0,09, uro B 7—12 pas
MeHbllle, YeM B pa3HOHANpPaBJIeHHOM MO IJyOHHe BETPOBOM TEYEHHH,
HO BecbMa GJH3KO K 3HAYEHHsIM 3TOH XapaKTePHUCTHKH AJs PYCJ0BOrQ
OTOKA ¢ [VIaJKHM JHOM H B 3 pa3a MeHblle aHaJIOTHYHOrO IOKasa-
Teqs. Ans pyc.noaoro NOTOKa C E€pOX0oBaTHIM JHOM [177].

3.8. auepeeruvtectcue xapam'epucruxu eerpoabtx rewenuii
no 0auubtm IKCnepUMenTOo8™

Bce paCCMOTpeHHbIe Bhlllle KHHEMAaTHYecKHe XapaKTepHCTHhH -B€T-
pOBbIX Te4YeHHUH, NOJIy4YeHHble NO JaHHBIM  3KCIIEpDHMEHTOB, Y6811H-
TEJbHO CBHIAETEJABCTBYIOT O CymeCT’BeHl-IOM pasJangun OILHOHaHpaBJIeH-
HbIX H pa3HOHAaINpaBJ€HHHX IIO FﬂYﬁHHe TequPII;'I, a TakK¥Xe O 3aMeT-

HOM “BJIMSIHHH CTENeHH IMyGOKOBOAHOCTH BEeTPOBHIX BosaH H/A Ha H3-
MeHeHHe pacnpefleseHHs] 0 BEPTHKAJNH M abGCOJIOTHBIE 3HAYEHHS 5THX
xapakrepuctuk. Enle 6osee mokasarTeNbHH B 3TOM OTHOLIEHHH SHepre-
THYECKHE XapaKTePHCTHKH TeYeHHH, BBHIYHCISABIIHECS IO BHIPaKeHHSM
(3.1); (3.12) u (3:13). S

- . Cpennss Ha BepTHKaAH yne.m;naa KHHETHUeCKasi SHepris ocpe-
HEHHOTO JpuXKeHus E¢, B OAHOHANpaBJEHHHX BeTPOBHIX TEUEHHSX,
N0 AaHHBIM KCIepUMeHTOB, H3MeHsnach oT 1,13 mo 52,0 cm?/c?, sHep-
FHSl NyJNbCALMOHHEIX ABHKEHHH - Esep — o1 0,30 no 4,40 cm2/c2 Tlpn
3TOM CpejlHsia” Ha BEPTHKAJIH y].leJIb'Haﬂ 3Heprusa NyJbCalHOHHBIX ABH-
KeHHH Eicp cocraasinia 3—16 %, a Esep 5—27 % ynmearHo#t KnHerH-
YeCKOH 9HEPrHH OCPEAHEHHOro TeueHHs Ecp. MakcnMasbHas Ha BepTH-
KaJii yAenbHas SHePrys NYJbCAUHOHHBIX IBUMKEHHH Ejyanc COCTaBJANA
5—b2 %, a sHeprus NYJbCAUHOHHHIX ABHXKEHHA Eoyaxe 11-—100 %
yAeNbHOH SHEPrHH OCPeNHEHHOro TeueHus (Tabu. 3.3).

IockonpKy sHeprusi NyJbCallHOHHHIX ABHXKEHHN B OJHOHaNpaBJeH-
HOM BeTPOBOM TeUeHHH NPEHMYIECTBEHHO MeHble SHEPrHH OCpeRHEH-
HOro TeueHHs, TO 3TO OOCTOSITENbCTBO MOMHO pacCMaTPHBATh KakK
NOATBepKAeHHe NpaBOMEPHOCTH "BhABHHYTOro paHee A. H. Kosamoro:
posbiM [88] moJioXKeHHs O nepeflaye IHEPTHH OCPEAHEHHOrO TEUEHHS
HyJIbCalHOHHOMY IBHXEHHIO IO KacKaly BHXpeH: 0T KpymHoMacuiTas-
HBIX Yepe3 cpelHeMaclITabHBe K MEJKOMAacIITaOHbIM,

Hau6osnplnag ynaenbHasi KHHETHUECKAs! SHEPTHS  NYJbCalHOHHBIX
JBHXEHHH B OJHOHANPABJEHHOM BETPOBOM TEUYEHHH TaKXKe NPHYpO-
YeHa K BepXHeMy CJOIO, Iie OHa IpeBHIIaeT CpPefHHE Ha BEPTHKAJH
sHavenus B 1,5—3,0 pasa (cM. puc. 3.7). YnenbHas KuHeTHYecKas
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CpejHue M MaKCHMAJbHble 3HAYEHHA XaPAKTEPUCTHUK TYPOYTEHTHOCTH TeUeHHA DPAJTMYHBIX BHAOB

Koniuectso . 3 i o | © 3 (v)ep (fotutly

chni%ﬁmeH- Hem 1y g CM Wi cm CPCSJ/CCP) %MM/%KC ,,téMM/iKc —m Ky cp Ky cp vcpcp
. : OILHOHanpaBJI‘eHHbIe no riyGHHe BeTpPOBLIE TEYEHHS . ‘

6 °9,2—10,0 0,8—-2,6 3,6—7,0 3,9—10,1 2,41 2,00 1,86 0,19 - 0,10 0,08

5 28,8—30,0 0,9’—2,2. 4,8—6,7 2,8——6,5 2,85 1,09 1,85 0,24 0,13 0,09

4 45,0 0,7—6,5 | 3,7—13,0 | 1,4—10,4 | 2,40 1,2 1,23 0,2t | 0,18 | - 0,08

o PasHonanpasiennsle no IMy6GHHe BETPOBhle TeUeHHS

‘5 9,0—10,6 1,0—-3,0 | 5,4—13,8 1,0—~3,5 4,30 3,20 1,50 0,75 0,50 0,68

5 ) 29,5—-30.,5 1,1—-7,6 5,1—12,0 0,5—1,6 2,50 1,70 1,47 1,13 0,76 0,71

7. : 50,0 1,0—~11,0 | 3,0—12,3 0,6—1,8 3,57 2,49 1,33 0,86 0,67 ‘0,97

PycnoBofi motok ¢ riaakuM AuoM (mo aauHeM paGorhl [81] u ApY)

1 5,0 —_— — 55,1 — _ 2,20 0,07 0,03 0,12

1‘ 20,0 — - 19,2 3,62 1,18 2,10 O,If ‘0,05 0,06

1 . 30,0 — — 20,0 2,85 v 1,62 1,78 0,10 0,06 0,07
. Pyc.noaoﬁ MOTOK ¢ LWePoxoBaThiM AHOM (mO AamseiM paborh [82]) 5

4 — —_ : 0,27

5,0,

'54,0—-56,0‘ 11,0 I 5,20 ‘ 2,10 l 0,11 l 0\,05



SHepTHs OCPEJXHEHHOTO JBHKEHHS B BEPXHEM CJioe IpeBbIlIaeT Cpel-
HIOIO Ha BepPTHKA/JH 3HEpPruio NyJbCAIlMOHHBIX JBHXKeHHH B 1,2—

1,5 pasa npu H/A << 1,0 u B 4—8 pas npu H/A=3... 4. d1u cege-
_HHS 06 SHEPreTHYEeCKHX. XapaKTePHCTHKAX OJHOHAMPABJEHHBIX BETPO-
BBIX TEUEHHH MOMXKHO PaCCMaTPUBATh KaK CBHAETENBCTBO BO3MOXKHOCTH

T a6/lu4a 3.3

YaenbHasl KHHeTHYECKAas SHEePrusl BeTPOBLIX TeueHHi
MO JAAHHBIM SKCHEPHMeHTOB, cmZ/c? :

Ecpk E, ) E,

HouMep - ’ - E, E,
skcneph- | H cM HIA — —
MeHTa MakcH- | cpen- | maxcu- | cpen- | makcu- | cpen- | Eep | Ecp
MaJibHasi | HAA | MaJbHas | HAS | ManbHas|. HAs

PasnonanpabsienHble 0 rayOHHE TeYeHHS
1 50 -} 5,40 | 4,3 0,4 1,0 0,3 2,7 ) 0,4 10,8 1,2
2 50 | 2,18 5,8 0,5 1,3 0,2 2,0 0,5 | 0,5 1,0
3 1 B0 1,16 21,8 1.4 5,7 2,3 11,1 3,3 |.1,6 2,3
P-2 50 1,04 26,2 1,8 6,3 2,0 1 10,8 3,2 | 1,1 1,8
4 5 0,37 0,5 0,1 0,7 0,3 1,2 1.0,5 ] 3,6 |6,2
7 15 0,71 4,5 0,5 1,2 0,4 3,1 0,7 | 1,0 1,6
-9 15 0,57 2,3 0,5 3,6 | 0,6 7,0 1,2 (1,4 | 2,4
11 15 0,37 7,4 0,9 4,9 2,7 8,6 4,6 |13,1715,3

OpnHoHat PaBJeHHBE [0 IYOHHE TEYeHHS -
i 10 1,43 13,8 8,3 0,8 0,5 1,6.{ 0,8 | 0,06 0,09
6 10 0,80 | 22,4.]16,2 2,4 0,9 4,61 1,6 {0,061{0,10
9 | 30 3,53 29,4 4,8 2,5 0,4 | .5,0 0,7 | 0,08 % 0,15
12 30 1,94 { 44,2 9,7 4,1 0,6 8,2 1,3 { 0,06 | 0,14
0O-1 45 7,03 6,2 1,1 0,4 }.0,2 0,8 10,31]0,16]0,26
0-3 45 1,43 33,8 | 14,3 2,2 0,8 | 4,4 1,5 | 0,05 0,11
0O-4 45 1,07 99,4 5,2 3,7 1,6 6,5.] 2,7 | 0,031} 0,05

TypOy/HM3allHH NOTOKAa 3a CYET HE TOJbKO OCPEJHEHHOTO IBHXKEHHS,
HO M KacaTeJIbHBIX HaNpsiXKeHHH BeTpa Ha BOAHYIO NMOBEPXHOCTb, H H3-
MEHYHBOCTH 3JIeMEHTOB BETPOBBIX BOJIH, :

B pasHonanpaB/ieHHOM 10 IVIyGHHe BeTPOBOM TEYEHHH YaAeJbHas
KHHETHYECKasl SHePrHs OCPeJHEHHOTO TeueHHS MeHblle, a J0Js 3Hep-
THH TNYJbCAIlHOHHBIX ABHMKEHHH O6oJibllle, 4eM B OXHOHANpaBJEHHOM
TEUEHHH IIPH NPOYHX PABHBIX YCJOBHAX (CKOPOCTb BeTpa, 3JEMEHTHI
BOJIH, ry6uHa). Tax, mo JaHHBIM SKCIEDHMEHTOB, B Pa3HOHANpaB-
JIEHHHX M0 TJIyOHHEe TedeHHSX CPeJHSsS Ha BEPTHKAJNH . yAeJbHas
sHeprusi usMmensanace ot 0,08 mo 7,35 cm?/c?, sHeprus Eicp — ot 0,21
o 8,20 cm?/c?, a smeprusi Escp — ot 0,37 o 15,4 cm2/c2 (taba. 3.3).
Cpennsis Ha BepTHKa/n 3Heprus Eiqp cocraBasina 50-—360 %, a smep-
rust Escp 80—600 % sHeprum ocpedHeHHOro TeueHHs. MakcumanabHast
fia BepTHKANU 3HepTHs. FEiyaxe MocTHrasa 900 %, a Faoyaxe 1700 %
YHe/NbHOM SHEprHM OCPEHEHHOro TedyeHHs, yro B 10—20- pas Gosbire
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.
lIOJIPI Hy.)]bC&H,PIOHHOI/I SHEpPruu B OI[HOHaHpaBJIeHHbIX BeTpOBbIX Te-
UeHHSIX.

DHepreTHuecKHe XaPAKTEPUCTHKH pAa3HOHANPABJICHHBIX = TEYeHHH
CYIECTBEHHO MeHSIIOTCS II0 BepTHKAJH. [lo HaHHBIM SKCHepI/IMEHTOB

B YCJOBHSX BOJH Ha myéoxoﬂ Bofe (H/A=2... 6) mosyyeHo peskoe
yMeHblleHHe 3HaueHH#i Ecp, E1 u E; mo Hanpaanex—m}o OT NOBEpPXHO-
cTi BoAbl X0 ropusonra (0,10... 0,15)H u cpaBHHTENbHO NJaBHOE
yMeHblIeHHe HJH He3HauHTejlbHble M3MeHEHHS B TIJyOUHHBIX H IIpH-

JOHHBEIX cnosx (cM. puc. 3.6 a). Ilpn H/A~0,4... 0,6 sHeprernueckue
XapaKTepHCTHKH MYJbCALHOHHLIX JBHXKEHHH YBeJUUYHBAIOTCS IO Ha-
NpaBJeHHI0 OT IoBepxHOcTH A0 ropusoHra (0,2... 0,3)H, 3areM
yMeHbLIAIOTCsl BHayaJe OUYeHb Pe3KO, a JaJee IIaBHO BIIOTH JIo JHa
(cM. puc. 3.66).

Ha ocHoBaHHM 3THX JaHHBIX MOXKHO 3aKJIOYHTh, YTO pa3x—10HanpaB-
JICHHOMY BeTpPOBOMY TeueHHIO ellle B GOJbliell CTeleHH, 4eM ONHOHa-
NpaBJeHHOMY, CBOHCTBEHHA Iepejaya HEKOTOPOIO KOJHYECTBA 3Hep-
PHH IyJbCALMOHHOTO ILMKEHHS Uepe3 HOBEPXHOCTh BOAH. OMHAKO H
B PA3HOHANpPABJEHHOM TEYEHHH OCTAETCS CYIIeCTBEHHBIM BKJaj Hep-
THH OCPEeJHEHHOrO JABMXKEHHS B SHEPI'HIO NYJbCAIlMOHHBIX JBHXKEHHH.
Honst sHepruu NyJbCALHOHHBIX JABHXKEHHH yBeNHUHBAETCS B 3THX YC-
JIOBUSIX IO CPAaBHEHHIO C OJHOHANPABJEHHHIMH TeUeHUSIMH B pe3yJb-
TaTe B3aHMOJEHCTBHS OCpEeJHEHHBIX IIOTOKOB IIPOTHBOIIOJIOKHOTO Ha-
NpaBJeHHs, T. e. ApeH(OBOro H KOMIEHCAHOHHOTO TeUeHHH.

|

N

- 3.9.. Koac]:dmtguenrbt 8epTUKANbHOT Typ6y/teﬂmou 643K0CTU
u meroau ux oyenku~ -

-Koatp(pnuHeHTbI BEPTUKAJbLHOR TYpOyJTeHTHOH BSISKOCTH Ha IpakK-
THKe Yalle BCEro ONpeNessIoT HO JAaHHBIM DErHCTpAallHH TeYeHHH HJIH
10 JaHHHIM O AHGGYSHH HCKYCCTBEHHO BBOAHMEHIX B IIOTOK NpHMecel
[135, 232, 233]. HsBecTHrr 1 npyrue crnoco6el {10, 210], HO oHH mpuMe-
HSIOTCSI pexe, YeM YIOMSHYTHIE.

PaccMoTpuM pesy/bTaTh. OLEHOK K03 (HIHNEHTOB BepTHKaJbHOH
‘TypOyJIeHTHOH BSI3KOCTH IO JAaHHBIM 3KCIEPUMEHTOB, IPOBOAHBIIHXCS
B a5pOrHAPABIMYECKHX JIOTKAaX Da3HHIX DasMepOB MeToiaMu (OTo-
H KHHOCBEMKH 4YacTHI HeHTpaJbHOH mNJaByuecTH [174, 177] u myTeM
‘perHCTpaluy Au(PYy3uH CTpyH HENpepELIBHOrO HCTOYHHKA, »

[Io naHHBIM peruCTPAaLMH TeYeHHH KO3(Q(HIHEHT BepTHKaIbHOH
TypOy/NeHTHOH BSA3KOCTH A MOXKHO ONpENeJHTh OZHHM H3 CJIeNyIOIHX
Meron0B: Byccunecka, Kapmana, DfiHiuTefiHa, 3pTeds 1 Ap.

B metone Dyccunecka kos¢pduunent A Ha paCCManHBaeMOM ro-

" PH3OHTe 2z npejcTanJgsercs B Bufe [76, 147]

A= 1/(3v/d2), 6 16)
Ille T— KacaTeNbHOe HaNpsKeHHe: 4 '
= ol 7 B.17)
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0v/0z — BepTUKa/NbHBIH T'paJHEHT OCPEAHEHHOH CKOpPOCTH Ha TOpH-
30HTE 2. DTOT METOA CPaBHHUTEbHO JIETKO peaJju30BaTb NpPH HaJHYHH
AaHHBIX (OTO- HJIH KHHOCBEMKH YacTHIL, O KOTOPHIM MOKHO olpee-
JIUTb BEPTHKAJIbHYIO (#) ¥ ropu30HTalbHYIO (V) COCTaBJsAIOLINE JBH-
JeHHs KaxJOH yacTHUHL.

B wmetome KapmaHa PICIIOJIb3yeMOM LJISl pelUeHHsl, B YAaCTHOCTH,
3ajau Mopcko# TypGyseHTHocTH [76, 78], Koaq)(puunem TypOyJiIeHT-
HOH BSI3KOCTH HpEACTaBJIsIeTCs B BHIE

A= p,00* (Ou)02)/(@0[02%), (3.18)

rle ® — yHUBepcaJbHas TypéyneHTHaﬂ nocrosBHass KapmaHa, npH-
HUMaeMasi gailie Bcero paBHo# okoJo 0,40.

' ditHwteliH eme B 1905 r. mpemJIOXHI METOR OLlCHKH KO3 dHILH-
eHta AUGEOY3HH XKHAKOCTH [O COCTABJSIONIAM  [IBHXKEHHH  4YacTHI
{139].-DT1OT MeTOn yXe HaBHO HayaJH HCMOJb30BATb JAJIsi OUEHKH KO-
a¢pduuuertoB TypO6yJseHTHOH = Audysun. IlpH HaauykuM CBeleHHH
0 NyJbCAUUSIX BEPTHKAJbHOH COCTABJASIOLIEH CKOPOCTH BHIpaXeHHE
JJIsl OUEHKH JHHaMuuecKoro kosbdunueHTa TYpOYJeHTHOH BS3KOCTH
OGLIYHO MpeJCTaBASETCA B BUAL

o a = w220, | ’_(3.19)

rie B YMC/IHTENe YKa3aHa CyMMa KBaJpaTOB BEPTHKAaJbHBIX INyJbca-
IHOHHBIX COCTABJAIOUINX ABHMEHUS YacTHL, & B 3HaMeHaTeJe — CyM-
MapHOe ‘BPeMsl, 3a KOTOpOe MOJCYHTHIBAIOT BepPTHKaJbHbE NepeMelle-
HHS YaCTHIL.

QopMyJIE TAKOTO Ke Bpm,a nosjgHee GbIIM MOJyueHb PuuapicoHOM,
Teftmopom u LIMuaTOM, HO Ha OCHOBAHMH IAPYrHX, ueM y DHHIITeliHa,
npeanoceiok. Kennepom y6e;mTeJIbHo NOKa3aH CTaTHCTHYECKHH Xa-
pakrep ¢opmyas (3.19).

ITockoabky TypOyJIeHTHbI 06MEE o Bepmxa.rm MOMKET yBeJmlm-
BaThCsl NOJ, JeHCTBHEM INyJbCallMHd HPOAOJBHEIX COCTABJSIOUINX - CKO-
POCTH, TO 5TO OOCTOATENbCTBO MOXKHO Y4YeCcTb IyTeM npeo6pasoBaum
¢opmyan (3.19) B BUA

=Y er+ 2 (u')2]/(4 Z.t)= [ + @Fl/a . (320

dra ¢opmyaa XapaKTepusyer OCpeHEHHBIH BO BpeMeHH Ko3(dH-
IMEeHT BEPTHKaJbHOH TYPOYJNEHTHOH BSISKOCTH, OCYCJOBJIEHHBIA CO-
BMECTHHIM JleHCTBHEM  BEPTHKAJbHEIX H HpOI.IOJIbeIX Iy/JIbCalOHHBIX
COCTABJISIONMX CKOPOCTH. C 3HEPreTHUECKOH TOUYKH -3peHHs (dopMmynaa
(3.20) xapakTepusyeT KHHETHYECKYIO SHEPIHIO TYypOY/NEHTHOCTH €K~
HAIBI MacChl IUIOCKOro mortoka. Hapsay co cmoco6aMu oumeHKH Ko3¢-
q)mmeHTOB TypOYJIeHTHOH BS3KOCTH IO [AAHHEIM DErHCTPAlMH Tede-
HuM, B MHXEHEPHOH NpPaKTHKe HEPEIKO BO3HHKAeT HeOGXOAHMOCThb
pacueros xosdduurenta A Ha OCHOBAHWH YueTa ONpENENIOMHX (ak-
‘TOPOB C HCIOJIb30BAHHEM TeopeTmecxﬂx i MOJIy3MIHPHYECKHX 3a-
'BHCHMOCTEH. SR
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K HacroslieMy BpeMeHH .pa3paboTaHO HECKOJDbKO AeCsTKOB 3aBH-
cuMocTell AJs pacyeToB KoaddulueHTa BEPTHKaJbHOH TypGyJeHTHOM
BSI3KOCTH. MHOrse 3 5THX 3aBHCHMOCTEH CYIECTBCHHO Da3JIHYalOTCS
KaK [0 BHAY H YHCJY ONpelessIOUX TYpOYyJeHTHYIO BASKOCTh (ak-
TOPOB, T4aK W [0 CTENeHH BJHAHHSA Pa3HBIX ¢akropoB Ha TypOy.IeHT-
HoCTh, [10, 210}]. :

B pa6ore [182] mHorue us cynJ,eCTBy}ome 3aBHCHUMOCTeH pa3sze-
JIeHB 110 BHAY M 9HCJY YUHTHIBaeMbIX (pakTopoB Ha naTh rpynmn. Hanm-
Gosiee 0GOCHOBAHHBLIMH C (PU3MUECKOH TOUKH 3DEHHsI NPH3HAHBI IPYNIEL
3aBHCHMOCTEl, B KOTOPHIX YYUTHIBAIOTCS 3JIeMEHTHl BOJIH HJIH 3TH 3Je-
MEHTHl M TJy0HHA, a TakkKe 3aBHCHMOCTH, YYHTHIBAIOIIHE 3JEMEHTH
BOJMIH M CKODOCTb TeUeHHs (BOJHOBOTO HJIM BeTPOBOro). K Taxum 3a-
BHCHMOCTSIM  OTHeceHn  paspaborku C. B. Jlo6pokaoHckoro [44],
K. ®. Baynena [10], A. M. )Kykosua [48], I'. C. Bawkuposa [l1,
12}, Q. O. Ile6amnna [220], oxna us saBucuMocredt A. B KapaymeBa
" 1p.

C TOUKH 3peHHSI NPHEMAEMOCTH pacyera Ko3(pQHIHEHTOB BEpTH-
KaJbHOH u TypOyJeHTHOH BfA3KOCTH HaunboJee 3(O(PEKTHBHBIMH JJIs
YCJIOBHII COBMECTHOTrO AE€HCTBHSI BeTPOBBIX BOJIH M TeUeHHMH IpH orpa-
HUYeHHOH rJyGuHe oKasanuch 3aBHcuMmoctH B. A, Iluxynosa [213] u ~
I'. C. BamgnpoBa [l2] ¢ yTouHeHHLIM .3HaYyeHHEeM OLHOTO H3 SMIHPH-
yecKHX K03(p(HIUEeHTOB, a TaKKe - 3aBHCHMOCTH, INpeAJIONKEHHHE
A. C. Cyzoanckum [182].

3aBucuMocTb, npennoxkeHHas IIUMKYHOBHIM JJIsT OLEHKH CpeLHero
B Ipe/esnax cJOs BOJHOBOTO IepEMEIIHBAaHHS 3HAYEHHsS BepTHKAJ/b-
HOro Ko3(duuuenta TypOyJeHTHOH BsisKocTH A (cM2/c), HMeeT BHA
[213}

Acp=3,14-10%he, (3.21)

.TAe h — BHICOTA BOJIHH; ¢ — CKOPOCTb BOJIHBL.

3aBuCHMOCTD, OpeMJIOXeHHass DalIKHPOBHIM AJsi  OHEHKH Agp
(cM?/c) B yCJOBHSIX COBMECTHOTO JAEHCTBHUS BOJIH K IIEDEHOCHOTO Te-
YEHHS, HMEeT BHJ , ’

"Acp = kuvcpx/40, ] | (3.22)

rae k,=0,02... 0,04 — HHTEHCHBHOCTD Typﬁyneﬂmocm, h—cpemum
IJIAHA BOJIH (B CHCTeMe)

[IpneMaeMble A/Is NPAKTHYCCKOrO HCIONb30BAHHS DE3YJIbTATHL pac-
4eToB Agp M0 3aBUCHMOCTH Bamkuposa (3.22) MOXHO NOJNYYHTD, €CJH
3HaUeHHe Ky, B COOTBETCTBHH C 3JKCIE€PHMeHTa/JbHHIMH HAHHLHIMH pa-
6otnl [182], mpunars pasubim 0,80 451 pasHOHampaBJIEHHOTO NO Iy~
OHHe BeTpCBOTO TedeHHs H paBHHIM 0,12 ans OlIHOHaHpaBJIeHHOI‘O Te-
YeHHst B Ipejesnax Bcell IMyOHHBL

3aBHCHMOCTb, MPEAJIOKEHHAS KapaymeBmM [73] mns orpaHnuen-
HBIX TVIY6HH B YCJAOBHSX COBMECTHOTO HEHCTBHS BOJIH U TIEPEHOCHOro
-Te4eHHs (B npuﬁpexmon 30HE), HMEET BHI

A= (ch + nHo,)d;’*/(by H)' /3, E (3.23)
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rie ¢— CKOPOCTb BOJIHBI, M/C; h— BbicOTa BOJHHI 1 Y-f o6ecneuen-
HoctH, M; bk =700 — KoapduuuentT; dp— 3hGdEKTUBHHIH AHAMETD
JOHHHIX OTJIOXeHHH, MM; H —rayOuHa B paccMaTpHBaeMOH 30He, M;
n1=3,14; vcp — CpelHssT CKOPOCTb BETPOBOrO TEUEHHs, M/C.

- B pa6ore [182] nckmounTesIbHO Ha MaTepHasaX 3KCIHepHMeHTaJb-
HBIX HCCJeJOBAaHU® W C HCMOJb30BaHHEM MeTOJa Pa3MepHOCTH MNOJy-
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Puc. 3.9. 3aBHCHMOCTH CpIHHX 3HaueHHH A/g oT OT-

HocHTEIbHOH INIyGHHE H/A IO JAaHHBIM SKCNIEpHMEHTOB
¢ pasHOHanpaB/JeHHHMH (/) H OAHOHaNpaBJeHHBIMH
(/1) no rnyGuHe 'BeTPOBLIMH TEUEHHSIMH.

¥Yeca. oGosu. cMm. puc. 3.8 '

YeHbl 3aBUCHMOCTH JJISl OLEHKH CpelHerc (B mpeiesax IJyGHHEI) 3Ha-
YeHus1 KO3 (PUNUeHTa BepTHKAaJIbHOH TypOYJeHTHOH BSI3KOCTH B YCJO-
BHSIX COBMECTHOrO JeHCTBHsS BeTPOBBHIX BOJH H BeTPOBOIO TeUEHHS
pasHoro Buza (puc. 3.9). Hanbosee npocrast ananutuveckas gopma
3THX 3aBHUCHMOCTel c/efyomas:: :

IJ1s1 OJHOHAIPABJIEHHOTO 110 IJIyOHHe TeUeHHs

-

Acp= 0,60 - 1020,,%; (3.24)
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LISt pasaomnpaaneaaom 1o ryGHHE TeYeHusl

Acp_-220 107 o1y ‘5H-°5 - (3.25)

=

3aBuCHMOCTH (3. 24) (3 25) HpHMeHHMbI IJ51 BOAOEMOB HJH HX
Y4acTKOB, HMEIOUIMX NPEHMYLIECTBEHHO OrpaHHYEHHbIe IMyGHHB B yC-
JIOBHSIX JefiCTBHsSI BHXDEBHIX OOpa3OBaHHH C BPEMEHHEIMM MacliTa-
6amu npumepHo ot 0,1 mo 10° c. Cpexnee no.‘ray6uHe 3HaueHHe
ko3¢ dunuenTa. Acp IpH COBMECTHOM JeHCTBHHM BETPOBHIX BOJH H BeT-
POBBIX TeYeHHH. MOXKeT :COCTaBJATb, KaK NOKa3blBalOT BHINOJHEHHBIE
pacueTH no HauGosee npHeMJIeMbIM JJIs 3TOH LeJH 3aBHCHMOCTSAM,
50—100 cm*/c npu Berpe ckopoctsio 10. M/c n 100—200 cwm?/c npu
BeTpe ckopocTbio 20 M/c [182, 183]. ]

IlepeunciieHHble 3aBHCHMOCTH He/b3s HCIONIb30BaTh /IS pacueTa
ko3 Puurerra A B rayGOKOBOAHBIX BOJAOEMAax, OCOOEHHO NpPH BHIpa-
JKeHHOH cTpaTH(HKALUKK TJIOTHOCTH BOABI [0 IVIyOHHE. '

’

3.10. Pacnpedenenue xoad)quueura eepruxa/mnoﬁ
TYp6YAeHTHOL 8AIKOCTU

- Jlo Hacrosillero BpeMeHH y HCCIeloBaTellei HeT €IHHOTO MHEHHS
0 pacnpefeseHuH MO TayGHHE KO3(pQHWHeHTa TypGy/JeHTHOH BA3KO-
ctu. C. B. HoGpoknonckuit- [44], I'. C. Bamkupos [11, 12} u apyrue
HCCJIeOBATEIH CYHTAIOT, YTO KO3 duuuenT A yMeHbLIAETCS IO 3KC-
NOHEHTE OT MAaKCHMAaJbHOIO 3HaueHHs Ha NMOBePXHOCTH BOJAM J0 OJH3-
KOTO K HyJIO 3HaueHHs Ha TpaHHIle 3aTyXaHHs BOJHOBBIX OPOHTAIb-
HBIX JBHXKeHHH.

IMo IlukynoBy [213], sHauenue A yBequHBaeTcs{ [0 HaNpaBJeHHIO
OT MOBEPXHOCTH BOJAH 10 TIOPH30HTa, 3arJy0/JeHHOro Ha YyABOEHHYIO
BBICOTY BOJIHBI, a TVIY0XKe — pe3KO yMeHbIIalTcs A0 OJH3KHX K HYJIO
3HAYEHHHA Yy TpaHUIBl 3aTyXaHUS BOJHOBBIX OPGHTANBHBIX HBHXKEHHH.

Hmeiorcst pacyetHsle MeTOJbl, B KOTOPHIX 3HaueHHe A npunnMa-
ercs, 10 KpaiiHeH Mepe HJsI 30H C OrpaHHUeHHOH TIJIyGHHOM, NJIaBHO
YMEHbUIAIOIHMCSI OT MaKCHMyMa Ha NMOBEPXHOCTH BOJBI A0 MHHHMyMa
y nHa [225].

B cBSI3H CO CTOJb CYLIECTBEHHBIMH DasJHYUAMH IIpeACcTaBJIeHHH
0 OJHOMY H TOMY e BONpocy npu o6paboTKe AaHHBIX 3KCIIEPHMeH-
TOB, NIPOBOAMBIIHXCS B a3pPOTHAPABJIHYECKHX JOTKaX, cepbe3HOe BHH-
‘MaHHe YAeNasJoCh YCTaHOBJEHHIO pacnpeleneHns A no rayGHHe NpH
IIHPOKOM AManasoHe H3MeHEHHs oNpelessIoliuX HakTopos.

Pesysbratel 40  9KCIOEpUMEHTOB 10 pacmpeieneHnio A’ /Acp H

A7[Acp B OHO- M pasHOHANPABJEHHBIX MO Iy6HHE BEeTPOBBIX Teye-

HUAX NpH pasJiMuHOH cTeneHH MeJKOBOZHOCTH BeTPOBBIX BOJH HfA
npeicrasjenbl Ha pHc. 3.10 ofo6IeHHHIME KpuUBHIMH. Ilpu paccMot-
PEHHH 3TOr0 PHCYHKa OTYeTJNHBO BMAHO DasjHuHe KDPHBHIX, NOCTPOEH-
HBIX Ha OCHOBaHHHU yqua no ¢dopmysae (3.19) ToabKO BepTHKAJIbHBIX
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COCTaBJISIIOIUX CKOpocTH (KpuBble I Ha puc. 3.10a) u yvera no ¢op-
MyJse (3.20) BepTHKaJbHBIX M MPOAOJBHBIX COCTABJSIOUIUX CKOPOCTH
(xpusbie 2 Ha puc. 3.106). He MeHee OTUETIMBO BHJAHO BJIMsSIHHE Ha
pacnpenenenne KoadpHuHEeHTOB A CTeNeHH MeJKOBOAHOCTH BeTPOBHIX

Boar H/A.
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Puc. 3.10. OGo6uieHHEe KpHBhle pacHpeie/eHHs 0 BePTHKAJH
OTHOCHTeNBHBIX 3HaueHHH (AifAcp) KHHEMATHYECKHX KO09(-
¢uureHTOB TYpOyNEHTHOH BS3KOCTH NO HAHHEIM 3KCHEpPHMEH-
TOB C OJHOHANPABJEHHHMH (@) W PasHOHaNpapJeHHEMU (6) MO
ryOHHe BETPOBHIMU TEUEHHAMH NDH DA3JHYHOH OTHOCHTeJb-
HOH rayGune H/A. .

1—A, 24"

Kpupble Ha puc. 3.10 NOCTPOEHH! [0 OrpAHHYEHHOMY YHC/Iy SKCHeE- -
PHMEHTOB, IIOSTOMY IPH HCIOJb30BAaHHH HX IJISi BBIIOJHEHHS HHXKe-
HEPHBIX PacyeToB HeOOXOAHMMO YUMTHIBATH BO3MOXKHOCTH HONYUIEHHS
HorpelHocTe . : ‘
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C meablo ofnpefeneHdss Kosdpounuenta TypGyJeHTHOH -~ B3KOCTH
KaKHMH-JAU60 . JpYTUMH, He3aBHCHMBIMU  MeXIy. COG0H  METoAaMH
B I'TH BrIMOJMHEH pAA SKCIEPHMEHTOB € NOCIEAYIOLIHM ONpe/eeHHeM
AudepeHUUPOBAHHOrO 1o raybuHe Kosddunuenta A MeTOIOM ‘AHb-
¢ysun npumecd. B asporuapasiiHueckoM JOTKe npu ray6une 0,45 m
HpOBefieHO dYeThipe CePHUH JKCIePHMEHTOB € pericTpauHell  mpu mo-
MOIHH KUHOCBEMKH IM(pODY3HH CTPYU HENPEPHIBHOTO HCTOUHHKA B OJ-

i

0 02 04 06 08Acm%

| ‘/| +/] IA | S . “ o
~.. Puc. 3.11. PacnpeueJleHHe K03 bHIHeH-
o TOB BEPTHKAJABHOH TYpOY/EHTHOH Bs3-

; KOCTH B“OJHOHANpaBJEHHHX IO r1yGHHe

15 - BETPOBHIX TEUEHHsX, MOMYYEHHHIX 110 Me-

©ropy AnbdysHn CTPYH OT HEIpPEPLHIBHO

AeACTBYIOWEro * HCTOYHHKA IPH IOCTO-

SHHOH TJly6HHE B apOTHAPABIHYECKOM

norke (H =045 M) u pasJHYHHX
' BHeIUHHX YCJIOBHSX.

1) Ww=37 mlc, =07 cM, HA=71;"

>+ @0
DU~

30 \
\ 1o,

/ 2) Wu=52 wfe, k| g =22 oM, H/A=2.8;
' A/ 3) Wie=9,8 mJc, h1 %=3,9 cM,  HiA=1,40;

45 7 7 4) Wu=13,0 m/e, k, , =75 e, HjA=1,07.
Hom | k L E T T %

o

HOHaHpaBJ'IeHHOM 1o ray6uHe BeTpOBOM TedeHnu [177]. Kosdpuuent
KHHeMaTHYecKOH TypOyJeHTHOH BA3KOCTH BHIYHC/ISACH IO JAaHHLIM
0 pasbaBJeHHH CTPYH. IACCHBHOH IPHMECH "OT HENPEepHBHOTO TOUeY-
HOTO MCTOYHHKA C HcnoJjb3oBandeM ¢dopmynn A, Jl. peutaepa [17,
71), umeroeit BUA

A=R5/(121), (3.26)

~

‘THe R—pajuyc KOHyca CTPYH NACCHBHOM NDHMECH HA DACCTOSHHH

[ OT TOYEYHOTO HCTOUHHKA; ’U—OCpeIlHeHHaH CKODOCTh HOTOKAa Ha ro-
PH3OHTe IBHIKEHHs CTPYH MDHMECH.

[lo maHHBIM Bcex CepHUH IKCIEPHMEHTOB C perucrpaunuelt auddy-
3WM PHUMECH B CTPye HENpepHIBHOTO MCTOYHHKA, KaK H B SKCIEpHMEH-
Tax C KHHOCHEMKOH YaCTHll HeHTpaJbHOR [NJaBYUYeCTH, NOJYUEHO
yMeHbllleBHe Ko3bdunuenta A OT NOBEPXHOCTH  BOABL KO  JHY
(puc. 3.11). B HeROTOPHIX CEpUSX IKCIEPHMEHTOB OTMEeYasoCh He3Ha-
uyHTEeJbHOE yBenuueHue koadduuuerta A B npupoHHOM cjaoe. B Hemo-
CpelCTBeHHOH GJIM30CTH OTO JHA BO BCEX 3KCIepHMEHTax HOJyYeHO
3aMeTHOe YyMeHbIIeHHe BepTHKaJbHOLO oOOMeHa, Oonee  OJH3KOe
K oueHkaM kospoumuenra A no dopmyse (3.19) ¢ yueToM TOJNBKO
BEPTHKAJBHBIX COCTABJISIOIIUX CKOPOCTH TEUEHHSI.

HarypHble ucclefoBaHHS IO OLEeHKe pacnpefeseHHs Koatpq)mm-
eHTa Typ6yJ1eHTHon BSI3KOCTH IO TJyOGHHE NPOBOJAHJHCHE B IpHOpEX-
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HHX 30Hax osep Jlagoxckoro u baaxaw. B nccienosaHusix ucnosbso-
BaJicad crnoco6 oneHku AHGY3HH npuMecH B 06jlake MIHOBEHHOIO TO-
YeYHOro HCTOYHHKA. [ljist 3TOH ueny NPpHUMEHEHO CIIELHAJbHOE YCTpOH-
'CTBO, ‘HaNOMHMHAIOUlee N0 KOHCTPYKUKH NPHBZ3HOM TIyOGHHHBIA Honja-
BOK, CcHaGXeHHHH -nepdopupoBaHHOH  €MKOCTBIO  [1Jsd = BBOJAA
B Hee nouxpameHHon ®upkoctu (puc. 3.12). Cpenenus o xofie AHQ-

(ysHH NOAKpALUEHHOH KHAKOCTH BHYTPH MepOpHPOBAHHOM "EMKOCTH
nepefaloTcsl 1o TMOGKOH JHHWM CBSI3H HA PErHCTPHPYIOLIHH mpHOOD,.
- pa3MemaeMbiit Ha CyHe WJIH cnenuaJjbHOl maatdopme [183].-

C ‘nomompio YKa3aHHOTO ycrpofictBa Ha osepax JlajoxckoM H
Banxaw nposeaeHo 14 cepuii skcrepumentoB (rabua. 3.4). B kamno#
CepUy 3KCNEepPHMEHTOB perHCTpa,uHﬂ ‘Auddy3un NpuMecH OCYLIECTBJS-
Jlacb Ha NATH—BOCbMH TOPH30OHTaX M NMpOJOJIXKaJach Ha KaXJOM rO-
‘PH3OHTE OT HECKOJbKHX MHHYT JO NepBHX MeCATKOB MHHYT. Takum-
-06pa3oM, Hcc/iefoBaHHEM Gl OXBaueHbl TPOLECCH, 0GyC/IOBICHHEIE
" IPEHMYINECTBEHHO JAeHCTBHEM MeJIKomaCUJTaﬁﬂbe BHXpeH, BETPOBHIX
BOJIH ¥ H3MEHYHBOCTBIO KacaTeanmx Halpsi2KeHuiH BeTpa Ha BOXHOH
' [IOBEPXHOCTH.

Koa(p(bnunem BepTHKaJIbHOH TypOyIeHTHOH BSI3KOCTH Ha OCHOBa-
HAM - JaHHBIX HaTYPHBIX 3KCIEPHMEHTOB BHIYHCJSAJCH IO HECKOJbKUM
“Gopmynam [30, 183], u3 koroprix HamGosee (HH3HUECKH OGOCHOBAH-
'HOlf MOXHO CuHMTaTb (OpMyJy, TOJYYCHHYIO NyTeM mnpeolbpa3oBaHHsA
-(opmyan Ipemaesa [71] aas c¢aydas HCTOLLEHHS 06J1aKa MTHOBEH-
HOTO TOYEYHOTO HCTOYHHKA H HMEIOIIYI0 BHA :

A= QIR (4t @)

rae y —o6beM XKHAKOCTH B €MKOCTH TOUYEUYHOrO MCTOYHMKA; §o

{ — COOTBETCTBEHHO HauaJbHAsh M pe3yJbTHPYIOIIAasi KOHUEHTpalHs
OpHMeCH B €MKOCTH TOYEYHOTO HCTOYHMKA; [ — HPOJOIKHUTEJILHOCTD
nponecca TypbynentHolt Auddyann KUAKOCTH; n'—xosdx:bnunem 3a-
MeenHs O6MeHa XHIAKOCTH C OKpyXalomeH Cpenoii B pesyJbTaTe
nep(OpHpOBaHUs €MKOCTH YCTPOHCTBA, NPHHATHIH, IO OPHEHTHPOBOY-
HBIM OLleHKaM, paBHHIM 607. -

o panubiM nsmepenuit B nmpuGpexnofi 30He JlamoKckoro osepa,
NPOBOJMBIUMXCS IIPEHMYIIeCTBEHHO npu ciaabom Berpe (Wio=1,0..
4,0 M/c) u cnabux TeueHHAX (vep=10,02... 0,04 M/c), 3HaueHue Acp,
BHUHCJEHHOE 10 Gopmydie (3.27), H3MEHANOCH B npegenax 2-—4cmzfc
(rabm. 3.4). Ilpn 3TOM B SKCIEPHMEHTAX HOJYYeHO YOHIBaHHE KO3(-
¢unuenTa A OT NOBEPXHOCTH BOAB KO IHY HJIM NpPaKTHYeCKH ORMHA-
KOBble 3HAaUeHUS B npeneﬂax - G6osbliel  YACTH TOJILH BOAH

(puc. 3.13).
OKcIepHMEHTH Ha 03. Basxaw npoBoxuauch npu BeTpe CKOPOCTBIO
3,0—4,5 M/c u caabom BOJHEHHH (hyq,=0,10...0,25 m)., Teuenus

‘6L HATpaBJAeHH TOA YIJIOM 30—120° K HalpaBJIEeHHIO pacnpocTpa-
HeHHSI BOJIH U HMEJH -CPEeJHIO0 CKOPOCTb B JHaNasoHe 0,02—a0, 14 M/c
(cMm. Taba. 3.4). .
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Prc. 3.12. YCTponcho st onpeneneuuﬂ KHHEMATHUECKOA BSASKOCTH BETPOBHX TeueHHH ‘To metoay auddysnn obnaka
MrHOBEHHOTO TOUEUHOTO HCTOYHHKA, ‘

‘g — OCHOBHBIE V3Jbl H 23JIEMEHTHl KOHCTPYKIHHM, 6 —O0GwHE BHA; I — doTodneMeHt, 2 — nepd)opuponauuaﬁ eMKOCTb, J ~— HCTOYHHK

cBeta, 4 — BAMIMTHBIM KOMXKYX DesepByapa, 5 — JKECTKMH KapKac, 6 — ruGkafg TDPYOGKa, 7 — MOANMDYKHHEHHBI! 3aXKHM, 8§ — peaepByap
c oxpame}moﬁ KHIAKOCTBIO, 9, 10 — MJACTHHHI,

11 — nonnaBoK, 12 — HHTL ynpasjenus saxkHMaMi, I3 — ruGkaa JHHHA cBA3H, 14—
aKKyMyJsTOpHas Gatapes, 15— YCHINTENAb, 16 — PEerHcTpaTop.



PacxoxaeHne MeX[y HanpaBjieHHeM BOJIH H TeYeHHH SBHJIOCBH, IIO-
BHAMMOMY, OZHOH M3 NpHYMH NOJyueHHS IJs o3. Banaxam cymiect-
BeHHO GOJblIMX 3HaueHHH Koaddpuuventa Acp, ueM Anas o3. Jlamox-
ckoro. Cpeatee mno riay6uHe 3HaueHHe Acp H3MEHSIOCH, 1O JaHHBIM
JKCIepHMEHTOB Ha 03. Basxam, ot 16,5 no 47,2 cm?/c. He uckaioueso,
YyTO Ha 3TH K03 (QHIMEHTH IIOBJMAJNO BHECEHHE HE3HAYHTENbHBIX H3-

Tabauya 3.4

3uavenns xodddunrenta BepTHHaNbHOH TypGyreHTHOH BA3KOCTH A.p,

noJNyueHHbIE .Ha 03epaXx MeTOAOM AHQQYInH mpuMecH B o6JaKe MrHOBEHHOrO
TOYEYHOr0 HCTOYHHKA :

Yenopusa skeneprmenta
Howmep. -
A 2
s";g:.?:' Wio M/c HwM < By 9, A M ' Tc Yep cm/fe ¢p eMife
. _ ~ 03. Jlanomckoe R
1 4,7 2,3 0,35 4,0 1,6 3,0 4,0
2 4,1 3,5 0,75 7,0 2,6 3,5 4,2
3 3,0 3,6 0,18 4,0 1,4 3.8 3,2
4 1,0 3,4 0,20 4,5 2,0 2,2 2,6
5 1,1 3,4 0,10 1,5 1,5 4,2 1,8
6 - 4,0 3,2 0,55 6,5 3,0 7,2 6,0
7 1,5 4,5 . 0,10 4,0 2,2 3,0 3,6
03.. Banxam

1 4,5 2,5 0,25 |..3,0 — 7,2 47,2
2 4,0 2,2 0,15 1,6 1,1 7,0 35,6
3 3,5 2,6 0,12 1,5 1,3 - 1,7 20,8
4 3,2 2,8 0,10 | 1,3 1,4 4,8 17,6
5 3,0 3,8 0,20 | 2,5 1,6 5,8 36,4
6 4,5 3,8 0,20 3,0 1,8 2,6 16,5
7 3,4 4,0 0,18 |. 24 1,6 13,5 34,7

MeHEHHH B KOHCTPYKUHMIO 1ep$HOPHPOBABHOH €MKOCTH H3MEDHTENbHOTO
ycrpoiictBa [183], uso6paKennoro sa puc. 3.12.

[To paHHBIM HECKOJNbKHX 3KCHEPHMMEHTOB Ha 03. Basxaml mosyueno,
4TO MaKCUMyM kKos(dunuenra -4 NpUYpOUYeH K. CJIOI0 (0,2... 0,3)H,
WM YTO MNOBbILICHHBIE 3HaueHns A CBOHCTBEHHHI OI.[HOBpeMeHHO H
BEpXHEMY, H NPUAOHHOMY CJOI0 IPU HAJHYHH OTYETJHBO BBHIPaKEHHOH.
30Hbl MHHHMaJIbHHX 3Ha4YeHH#l A B LEHTPaJbHOH YacCTH NOTOKA, KakK
noKasaHo Ha puc. 3.136. '

TakuM 06pa3oM, pe3yJbTaThl HATYPHBIX SKCIIEPHMEHTOB IO pac-
npefeseHHI0 Koa¢pduurenta A okazanuch BecbMa GJHSKHMH K Pe3yJb-
TaTaM, NOJyYeHHHM B JaGOpaTOPHBHIX YCTAHOBKax ABYMs pasHbIMH
meroaaMu (puc. 3.10, 3.11). .
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Puc. 3.13. Pacnpegenenue k03¢ uiieHTOB BepTHKAJIBHOH TYpOyJeHTHOR
BS3KOCTH B TNpHOpEXHHX -30Hax o3ep Jlagomckoro (o) u Banxam (6),
TMOJyYeHHBIX NO MeTony Auddysun: oﬁnaxa ‘MTCHOBEHHOTO TOYE4YHOT'0
HCTOYHHKA. .

YcnoBHa SKcnepuMeHTOB /7 cM. Ta6a. 3.4..

3.11; Oyenka xostpquueum 20pU3ONTANbHOTE
| TYpOYAEHTHOU 8A3KOCTU

OueHKa KO3()(HUHEHTa TOPH3OHTANBHOH TypOY/JEHTHOH BSI3KOCTH
‘B HAacCTOslllee BpEMsl MPOH3BOLHTICH IyTE€M COOTBETCTBYIOUiell o6pa-
GOTKH MaTepHaJoB HATypHBIX HaO/IOfeHUH, HanpHMep C HCNOJb3OBa-
HHeM PacCMOTPEHHOro B m. 3.3 METOfa M NyTEM PacyeTos MO CYUIECT-
BYIOIMM 34aBHCHMOCTSIM H4 OCHOBAHUM CBEJCHHH 00 onpenenmomnx
NpOIleCChl MepeMelInBaHus (haKTopax. )

PaccMOTpPHM TpH CpPaBHHTEJIBHO MPOCTHIX K NPAKTHUECKHX MpHeMa
06paBoTKH MaTepHa/OB HaGJIOZEHUE 32 TEUCHUSIMH. DTH NIPHEMBl MO-
ryT GHIThb peaji30BaHH HaKe B IIOJIEBHIX YCJOBHAX IyTeM DY4HOH 006-
pa60TKH HaHubiXx, llepBbifi M3 NpHeMOB, BIepBHE HCIIOIb30BAHHEIH
B Hame#t crpane B. B. IltokmanoM [223],6a3upyercsi HA MOJOKEHHAX
DpTesist ¥ COCTOUT B BHIYUC/ACHHH CASAYIOUIHX TPEX TEH30POB:
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B HanpaBJIeHUH OCH X | ,
Apy = pytt'l; : +(3.28)

B HanpaBJICHHH OCH Y

Ay =0l (3.29)
KOMOGUHHUPOBaHHLIE 3HAYCHHA: : c

Y ‘ (3.30)

Ay = pxtt’ly, " : - (3.31)

rae. &’ u v’ — nyJabcalHOHHBIE COCTaBSIOIHE BEKTOPa CKOPOCTH; Ix
‘# |y — KOMIIOHEHTHl TIyTH CMelleHHs Macc XulAKocTH B cmucae IIpana-
T4, onpefenaseMble no ¢popmyae Jlerray:

t+T,

1=05 j wat, " ‘ (3.32)

TAe T;— [POMEXKYTOK Bpemenﬂ B Teqerme KOTOpOTO - COXpaHsercs
3HaK MyJAbCAaLHOHHBIX OTK/IOHeHHH #’. :

OTtBercTBeHHOH onepaumell 06pabOTKH pAKOB HaOMIOAEHHH ABJS-
ercsi pa3bMBKa HMX Ha IPYNNbl NO. 3HAKY OTKJIOHEHHH C.COXpaHeHHeM
BpeMeHHOH mocJef0BaTebHOCTH OTKJIOHeHHH. Bce wieHn KaXAOH BH-
JeJICHHOH TPYNIE IO COCTABJSIOIMHM CYMMHpPYIOT B Ipelesax OT Iep-

T n n

BOTO AO n-rO- WieHa, T. €. ompelessieTcs Z u' u Z v’, a sareM BO3-

BO}IHT B KBajpat H nenm Ha 4HCJIO quHOB OTKJIOHEHHH B KaxXJIo#h
rpynne 3aTeM HpOHSBOlIHT CYMMHpOBaHHE CpEeIHHX 3HaYCHUH

(2 ' )2/n u (Z v )Z/n 1o BCeMy YHCAY rpynn (0603HayeHHOMY ue-

pe3 2N) n YMHO}KeHPIe MOJIYYeHHEIX 3HAYEHHA Ha BpeMs T, paBHOe
cpefHeMy mepHony myabcanné. Ha oCHOBaHMH MONYYEHHHX TaKHX Iy-
TeM 3HayeHUH BHIUHCJAAIOT KO3hOdULHEHTH TypOyJIeHTHOMH, BI3KOCTH 110

dopmynam:
2N n 2 b .
Al,;=,[-c/(2N)Z|:(‘Z u’)/n : . (333
W n <@
Ay =T(N)] Z[(Z v’)/ w0 @39
. 1 : 1 . e

iu'.z’iv’ /nx ; (3.35)
1 ! -
Y By
Yuw v /ny , (3.36)
-1 1 .

8 3akas Ne 263 . 113

-

2N,

Ay =TeI@N 1)
- 1

2Ny

Apyr =Tt/@N )] Z




TAE My W 7ly — YHCJIO WICHOB B KaXJOH Ipymme COCTABJSIOMHX OTKJIO-
HeHHH BenMuuyuH u’ H v COOTBETCTBEHHO; 2Ny u 2Ny —uucsio rpynmn
10 3HaKy myabcanui u’ u v’.

Ha ocHoBaHMH BLIYHCJIEHHBIX 3HauYeHHH Ko3(pduuHeHTa A; MOKHO
COCTaBHTb ypaBHEHHe 3JUIMINCa O6MeHa sl CJyuas, KOTAa ero LeHTp
COBMajaer C HAYajJaOM CHCTEMB KOODIHHAT:

Ax? 4 2Axy=yxxy -+ Ayy2 =1. (3.37)
o MakcumanbHEIE 3HaUYeHHs
R © Ko3((HUHeHTa TOpPHU30HTAJb-
' HOH TypOyJeHTHOH BSI3KOCTH
COOTBETCTBYIOT MAaJIbIM OCSIM,
a MUHUMAaJbHBIE — GOJBIIHM

OCAIM 3JITTHIICA. o
Gy 18507 Aw—037 10° MHorue Hayynbie yupex-
B ¢ A€HHs, KOTOpHE 3aHHMAIOTCH
by=t10-10° ’Aly 83570 H3yueHHeM  TypGYJeHTHOCTH
TeYeHHH, pacnoJgaralnT Xopo-
HIO - OTJIa’KeHHBIMH IIPOrpam-
MaMu 4151 06paborku 3anucelt
teyeHu#i ‘Ha DLBM. Hcnouab-
wx,_gg 10"' Agar=12:70° 30BaHue 3LIBM cyiecTBeHHO
=110 Aygy=69-10° CHUXKAET TPYNIOEMKOCTB obpa-
- OGOTKM Marepuajos HabJione-
'~ HHH, a Takxe obecrneyuBaer
ONMEPAaTHRHOCTb CaMOTO TpO-
mecca o6paborku. Pesyuab-
r i Tarel pacuera Kosdduunenra
rOPH30HTAJNbHOH  TypOyJNeHT-

HOH BSI3KOCTH MeTOJIOM 3p-

sT€Is W TIOCTPOEHUS COOTBET-
72 CTBYIOUIIMX 3JJTHIICOB AJS Of-
HOTO M3 CTBODOB IIpoJ. ¥3y-

}
Tpi=161-107% Ay =038
byr=15-107% Ay =47-10

Puc. 3.14. Dnauncel obMeHa u 3Ha-

geHHst K03(p@HUUHEHTOB  TOPH3OH-

TaabHOH TYpOYJEHTHOCTH BS3KOCTH

: . B npoa. ¥Ysysapan o03. Bauaxawm

E ; ; 77 (naHHElE DerHCTPAUHH TeueHHH INpH-
o Gopamu BIIB-2). .

HapaJ Ha 03. BaJIxam noxkasaHul Ha puc. 3.14. Koadpdunuenr A, B pac-
CMaTpUBaeMbIX npuMepax uaMensics or 0,37 no 0,45- 106 cm?/c, a Koad-
tdunuedT A;y—or 46,0- 106 no 88,5 106 cM?/c. Hamnbonbline 3Haue-
HUA KO3(D(UUHEHTOB BA3KOCTH B 3THX IIpUMepax COOTBETCTBYIOT Ha-
IpaBJEHHAM MaJblX ocefl 3JJIUNCOB (OPHEHTHPOBAHHBIX BAOJbL Oepera)
u pocrurawor 108 cm?/c, a manGoanline, paBHbIE. OKOJIO 0,5- 108 cm?/c,
COOTBETCTBYIOT HanpaBJeHHAM G6OJIBUINX OCeH 3JJIHMICOB, T. €. opreH-
THPOBaHbl NPHMEPHO N0 HOPMAJIH K JIHHHH Oepera.
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B HEKOTOPHIX CJIy4asiXx I/s OLEHKH K03((HLUEHTOB TOpH30OHTAb-
HOH TypOy/NEHTHO! BSASKOCTH YHOGHO NOJb30BaThC MeTOAOM Xeccelsb-
Gepra [5, 50}, B xoTopoMm BHIpAMEHHST 17 Ay u Ajy mpeacrasasioTcs
B BH,ZIe.

A= px7 (@)*/4; (3.38)
A= px (0')"/4, (3.39)

rAe T—CpeAHHH MepHOA TYpOYJEHTHHIX NYJbCAUKH TeYeHHS; (u")?

a (v )? — OCpeAHEHHbIe 3HaYeHHs KBaJAPaTOB NYJIbCALHOHHBIX OTKJIOHE-
'HHUHA COCTaBJIMIOLIUX CKOPOCTH. ,

C momomplo Merona XecceibOepra HEKOTOpHE — HCCJIEOBATENH
{50] noayuunu BrOJMHEe npHeMJeMble pe3yJbTaThl.

JlocraTouHo TOYHBIE Pe3yJbTATH OLEHOK KO3((HLHEHTOB rOPH3OH-
TaJbHOi TypGyJeHTHOH BA3KOCTH HO HAHHHIM aBHACHEMOK [OMN/IaBKOB
MOKHO MOJIYYHTb'C NMOMOIIbIO BhipaKeHHs, OCHOBAHHOrO Ha pPEUICHHH
ypaBuenus auddysun PuuyapacoHa u umelolmero BecbMa NMpocTOH BHI,
aHaJIOTHYHBIN BHAY ypaBHeHus (3.19), 1. e.

Asy= (P2 A, - @40)

rie Al— H3MeHeHHe PACCTOSHHS MeX/JYy PacCMaTpPHBAaeMBIMH MOIJIAB-
KaMH 3a NPOMEXKYTOK BpeMeHH Af.

"DTOT METOA HCNOJL30BAJCS AJIsl U3YYeHHs] TOPH3OHTANbHOH Typ6y-
JIeHTHOCTH B Mopsx ‘[124, 135], sanusax [127, 196] u o3sepax. Takue
e HceseloBaHHS GbIIH MpOBeleHb Ha 03. BaJjxall npenMyliecTBeHHO
npu caabom Berpe (2—4 M/c), HO mpH AeHCTBHM CeHIUEBBIX TeYeHHH
co cxopocteio 10—20 cm/c. Kospduuuent ropusonHtaspHoH TypOy-
JICHTHOH BSI3KOCTH NpPH YKa3aHHBIX YCJOBHSX H BpPeMeHHBIX Maclira-.
6ax sBJEHHS TOPAAKA HECKOJBKHX NEeCATKOB MHHYT H - pa3Mepax
B niaHe nopsigka 0,1—2,0 kM H3MeHsIcs mpeumyuiecTseHHo ot 103
no 10% cm?/c, T. e. Gt NPUMEPHO Ha [BA-TPH MODsAKA MeHbIIe, uyeM
O NMPHBE/ICHHBIM Bhillle NAHHHIM BIIB 3a nepuoabl mefcTsBHSI BETpPOB
cpenneft cuab (5—7 M/c) NpH ckopocTH TeueHs 20—50 cm/c ans
'BpeMEHHEIX MaclITaGoB $IBJIEHHS OT HECKOJbKHUX YacOB JO HEeCKOJbKHX
JLeCSTKOB 4acoB.

Ipy pelleHHH MHXEHEPHHX 3aJau, CBA3AHHEIX, HAIPHMeEp, C OLEH-
KO pa30aB/ieHHS CTOYHBIX BOJ, B YCJOBHSX NOJIHOrO OTCYTCTBHS HJIH
OTPAHHMYEHHOCTH JAHHBIX HaO/MIOfeHHIl 3a TEUeHHSAMH K03(hGHUIHEHT
-TOPH30HTAJbHOH TypOy/JeHTHON BSI3KOCTH MNPUXOJAUTCA ONPEAeSATDH
C NOMOIMIBIO SMIHPHYECKHX 3aBHCHMOCTEH WJIM Jaxe OUEHHBATb rpy6o
IpHOJMXKEHHO 110 aHaJOTHH ¢ Apyrumu BogoemaMu. Tak, B. M. Bep-
GonosbiM {23, 24] mo nanHeIM HabaojeHH# Ha 03. Bafikan noJsyuena
" 3aBHCHMOCTb ko3¢ ¢uuuenta A; (cM?/c) or macmraba siBienus [ (cM)
B BHJE

A, =0,0241"%, (3.41)
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C. T. Tyumnckum [196], no maunpiM HabaofeHu#i na MoxafickoM
BOJOXPaHMJHILE NP TOPH3OHTAJbHHIX MacuiTabax ssjeHHs or 150
Ao 1200 M, 3aBHCHMOCTD LPEACTAB/ICHA B BHIE

Ay =19-107°1*%, - (3.42)

©JI. II. AnekceeB [5] mcnoJb3oBaJ JaHHble PErHCTpauMH TedyeHHH

npubopamu BIIB-2 B 30Hax .orpaHnueHHO#i rayOuWHE Ha 03. Daiikand
d TpeiacTaBua Bequuuny A; (M%/c) B GYHKUIHH OCpeXHEHHOH CKOPCCTH
v (M/c) 3a HECKOJIbKO CYTOK WJIH OJHM CYTKH B BHIE

A; = 1000* 4/H]g, ' © o (3.49)

riae H—cpem{m{ rayGuHa Ha paCCManHBaeMOM yuacTke BOLOEMa, M;
g — YCKOpeHHe CBOOOHOTO NMafeHHus, M/c2,

PdcueTs ¢ HCNIOJNb30BaHHEM HMEIOIIHXCS 3aBHCHMOCTEH [127 196}
NOKa3aJ/H, YTO IPH YBEJIMYECHHH TOPH3OHTA/IBHEIX MaCIITa6oB sABJEHHS
I"or 10 no {10 cm kosddunuent A; yseamunBaercs or 102 - po
10° cm%/c n maxe o 108 cm2/c. Ilpu rOpH3OHTAJBHEIX Maciraax
A¥HAaMHYECKHX ABJeHHH, nocturaomux 107—108 cm, kosdpodunuent A,
0 pe3yJbTaTaM HCC/IEZOBAHHH B MOpPSIX M OKeaHax, MOMKeT COCTaB-
aste 108—108 cm?/c [10, 124]. CaenoBaTesbHO, OpHBeJleHHBIE BhIlIe

_3HaveHusd Al N0 AaHHBIM HCC.HelIOBaHHH B 03. Daaxam BecbMa OGJIH3KH

K 3HaueHHSM A;, NoJydyeHHHM B OKeaHaX H Mopsax. B mesom nosayuen--
HEle Ha 03. Danxam 3HaueHus A; NpeBHILIAIOT AHANa30H H3MeHeHus A;
Ha NPYIHX KDYNHBIX 03epax, YTO OGYCIIOBJIEHO, IO-BHAWMOMY, 3HAuH-
TEJILHOH H3MeHUMBOCTBIO HalpaB/IeHHi M. mpeoGiajlaHieM 3HaYHTENb-
Ho#t (mo 0,8—1,2 M/c) ckopOCTH TeueHHil B palOHe H3MepEHHH.



I'nasa 4

BETPOBBIE TEYEHHS B YCJIOBHAX PA3BHTHSA
H CTABHJIH3ALHH | |

4.1. Coeeptueucmosanue npeacras/zenuu o paseuruu
8ETPOBHIX Teuenuu _ , , .

Hccarenopatenn yxe RaBHO obpaijajy BHAMaHHe Ha H3MeHEeHHS
CKOPOCTH JApefipoBOro TeueHHs B NPOLECCe HapacTaHus CKOPOCTH
Berpa. [lepBbie MOmBITKH paspaboraTh TEOPHIO -DA3BHTHSA BETPOBOIO
TEYEHHS] W CTOHHO-HATOHHHBIX SIBJEeHHH. ITyGOKOBOJHOIO MOpS, KaK OT-
Meuaercsi B paGorax [9, 226], nmpuHainexar dkmany. B Hauase 30-x
TOI0B 3TOT XKe BONPOC paccMaTpuBaics J[lxedppucoM, a mosjnee —
akapemukom JI. C. Jla#i6ensonom [105].

[IprMeHHTENbPHO K MEJKOBOAHBIM BOJOEMAaM .IIPOLECC  DPa3BHTHS -
BETPOBOI'O TEUEHHs NPH CrOHHO-HAarOHHBIX KoJebaHMAX YPOBHA pac-
cvorped H. A. BarpoBuiM  [9] myTeM pelleHHs ypaBHEHHS HABHKCHHS
JKHJKOCTH B YCJOBHsAX ee mpuaunanus (v=0 npu z=H). On noay-
YHJ BecbMa HHTepecHble pe3yJbTaThl, NIOKa3HBAIOLIME, YTO pa3BHTHE
BETPOBOTO TEUYEHHs CONPOBOKAACTCS NEPHOJWYECKH MEHSIOMMMHCS 110
HaNPABJEHHIO M CKODOCTH TeYeHHSIMH  CeHINEBOrO -THIA, BO3HHKAIO-
IMMH B De3yJIbTaTé CrOHHO-HAFOHHBIX KoJeGamuil ypoBua. Ilo mepe
. 3aTyXaHHs CTOHHO-HAarOHHBIX KoJIe0aHMiH YPOBHs NOJX [AeHCTBHEM CHJHI
TPeHHsl BETPOBOE TeueHHe MpuoOpeTaer YepPTH KBa3HyCTaHOBHBLIE-
rocs mpouecca. B KBasuycTaHOBHBLIEMCS BETPOBOM TeUeHHY IPUMEPHO
BEDXHIOIO TpeTh IMIyGMHBE OXBaThlBaeT ApelioBoe TeueHHe, HanpaBJe-
HHe KOTOpOro COBNajaeT ¢ HalpaBJeHHeM BHI3BABLIEI'O €ro . BeTpa,
a B HHXHHX JABYX TpeTaX TIIyOuHH -Habaopaercs KOMHeHcaumHHoe
TeYeHHe BCTPEYHOr0 HaIpaBJeHHUSI.

PésyabraTh, noaydyeHHele BarpoBeiM s cxemaTnsupOBaHHoro BO-
foeMa, HUMEIOIETo pasMephl A30BCKOro ‘Mopst (6es  Taramporckoro
3aJmBa) OpeAcTaBJieHH Ha puc. 4.1.

‘BaxkHbe cBefleHMS O Pa3BHTHH JpeH(OBHX M I'DaJHEHTHO-KOHBEK-
TUBHBIX TeueHu# B GapoksuHHOM Mope noJayuennl II..C. JInHEAKHHBIM
[106] nyTem coBMecTHOro pellieHHs YpaBHeHMH ABHXKeHHs, Hepasphip-
HOCTH H IIOTHOCTHOH Auddy3un. YCTaHOBJNEHO, B YAaCTHOCTH, UTO IPO-
JOJMXKHTENbHOCTh II€PHOJA  HApaCTaHUsl IOBEPXHOCTHOH  CKOPOCTH
ApeioBOro TeueHHs cocraBiaseT OKoMo 20 4, a IPONONIKHTEIbHOCTh
HapacTaHHs CKOPOCTH I'PafiMeHTHO-KOHBEKTHBHOIO TEUEHHMS, OXBATHI-
Batomero ToJuy BoAbl 10 1000—1200 m, — okojio 80—120 u.

OGmwupHble pacueThl pa3BuTHs TeueHus Ha DBLIM BrmoOJHEHH
H. A. Japtan [39] ana pala cxeMaTH3HPOBAHHEIX BOJOEMOB C HCIIOJb-
sopaHueM Merofa A. B. Kapayilepa. PesysibraTel 0JHOrO U3 pacue-
‘TOB DPa3BHTHS BETPOBOTO TeUeHHS .B CXeMaTH3HPOBAHHOM — BOJOEMeE
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¢ pasmepamu 03. Daiikasa npexacraBien Ha pHc. 4.2. OHH MOKa3H-
BalOT, B YACTHOCTH, 4TO IIpH Berpe .cKopocthio 10,5 M/c mpomosxu-
TeJIbHOCTb PA3BHTHSI BETPOBOrO TeueHHs B 03. Bafikan (Hqp=750 M,
L =680 kM) cocraeasier 60—110 4. B BogoeMe ray6unoit 10 M u
AJHHOH 50 KM TeuyeHHe JOCTHraer KBA3HYCTaHOBHBINEIOCH COCTOSHHS, -
1o AaHHEIM 3TOrO aBTOpa, yepes 7 u.

02

04

08

08

;’5,, 777 7 e

Puc: 4.1. HsmeHeHne paclpefefieHuss OTHOCHTENbHBIX
3HAUYEHHA CKOPOCTH H HANpaB/ieHHsi Pa3BHBAIOLIETOCH
BETPOBOrO TEUEHHs B MEJKOBOXHOM BopoeMe [9].

Y KpHBBIX — BpeMs T or MOMeHT4 IOABJEHHS BeTpa.

‘Ilpu comocraBnenuun puc. 4.1 u 4.2 OTYETJHBO BHIAHBI pa3JIHYHSI
B pacnpe/ieeHHH 110 BEPTHKAIH CKOPOCTH PasBHBAIOLIEroCs BETPOBOrO
TeueHHs], O6YCIOBJIEHHbIE IPHUHATHEM Pa3JHYHBIX FPAHHYHBIX YCJIOBHH:
yCJIOBHSI OpUJMNAHHS B MeTolde bBarpoBa m  ycioBHS  CKOJIbXKEHHS
B Merone Kapayega.

OKcnepUMeHTabHbIE HCCEJ0OBaHHS BETPOBHIX TeUEHHH BIEPBLIE
npOBOJMINCH, No-BuauMomy, P. H. HMiBanoBeiM [55] B KoJbLEBOM Ka-
Hajie.- CKOPOCTh TeuYeHHsT B 3THX HCC/IeJOBAaHHUSIX H3Mepaaach C IIo-
MOIIBIO MOBEPXHOCTHEIX M IVIYGHHHBIX IONJABKOB LIapOBHAHOH H Kpe-
cTo06pa3Hoil GopMH, a TakkKe MO ABHKEHHIO OKDAlUeHHOH XHIKOCTH.
PasBuTHe TeueHHUs 3TOT aBTOP HJJIIQCTPHUPYET BCErO OLHHM rpadHKOM,
NOKa3bIBAIOLIUM, YTO NpH IMyOHHe HaNOJHEHHs KaHana 2,4 M M CKO-
pPOCTH BO3AYyIIHOro noroka 13,5 M/c NPOROMKHUTENLHOCTh HapaCTaHHA
CKOPOCTH B IIOBEPXHOCTHOM CJIO€ COCTaBJISIET OKOJIO 15 MHH.

TTo manBbIM H3MepeHHH. B npubpexuoii sone mopsi, P. H. HsaHos
u A. JI. BoraaHoBa HOJYYHIH NPOAOJIKHTENBHOCTh Pa3BHTHS BeETPO-
BOTO TeueHHsT paBHOH 6 u [57].

HatypHble HaGJiOfeHNs 32 Pa3BHUTHEM BETPOBHIX TeUeHHH IPOBO-
AUJUCh CHJIaMU 3KcnequuuoHHBIX rpynn I'THl Ha pasanuHBIX BOJLHBIX
o6bexkrax B nepuon ¢ 1959 mo 1978 r. OxHako Haubojee AeTalibHEIC
H HaJleXXHble CBelleHHs] 06 5TOM SIBJIEHHH MOJYYEHH IyTeM JaGopaTop-
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HBIX- HccaefoBaHuil. Pe3ysbTaThl HCCIeNOBaHHN CTPYKTYPHl pa3BHBaIO-
IMUXCSI TeYeHHH PACCMOTPeHH B IV. 2, HYXKe NPHUBOAHTCS YacThb CBe-
JeHu#t 06 H3MeHeHHH XapaKTepHCTHK pa3BHBAIOLIUXCS Tetxeﬂnn
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Puc. 4.2, HaMeHeHHe pacnpelesieHHs CKOPOCTH H Ha-
OpaBJieHHsi Pa3BHBAIOIIETOCH BETPOBOTO  TEUEHHSA
B rayGokoBonHoM Bopoeme (pacuerwt H. A. JlaBrsH
[39] nmo metony A. B. Kapaymesa).

.BpeMms' or mavana peiictBus Berpa: J— 1,33 u, 2—233 vy,
3—338 4, 4—6y, 5—104y, 6—159, 7—20 4, 8—30 u,
9—40 4, 10-=50 u, 11 —60 u.

4.2. Iponurnosenue paaauaarougeeocn 8eTP08020
Tedenusn 8 2aybuny

OZHOK U3 KOJWYCCTBEHHBIX XapaKTeDUCTHK pas3BUTHS BETPOBOTC
TeyeHHs], NPeACTaBISIONNX HayUYHBIH M NpaKTHYeCKHH HHTepec, sBJs-
eTcsd yBeJHYeHHe BO BPEMEHH CJOS BOABI, OXBAa4eHHOro ApeH(OBHIM
TeyeHHeM. CBefleHHsS IO 3TOMY BONPOCY IOJYYEHH B a3POTHApPaBJIH-
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YecKHMX JIOTKax pycJosod JjaGoparopuu I'TH no MaTepHaiaM KHHO-
CbEMOK TIOTOKa, BH3yaJIH3Hp0BaHHOFO 9aCTHILAMH HenTpaanon l'IJIaBy-
gectn [174].

Ipu NPOM3BOACTBE  IKCIEPHMEHTOB CPIHXpOHHO C perucrpanued
JBHXKeHHs] 4acTHL, HeHTpaJbHOH MJIaBydyeCcTH OCYLIECTBJANACh Deru-
CTPallHsl 3JEMCHTOB BETPOBHIX BOJH. JlaHHBIe TaKHX 3KCIEPHMEHTOB
MOATBEPAHNH BBHIBOAB, IIOJyYeHHble IO MaTepHaJaM HCCHeA0BaHHH
BHXPEBOH CTPYKTYPHl Pa3BHBAIOLIErocsl TeYeHHs, O MJIaBHOM yBeJHue-
HHH TOJIINMHB! CJIOA, OXBaueHHOro ApeH(oBBIM TeueHHeM, NPH HAJHIMH
rJafkofl BOJHOH MOBEPXHOCTH H O PE3KOM €e YBeJHYEHHH C MOMEHTa
BO3HHKHOBEHHS! BOJIH. DTO siBJeHHe OTMEYaJoCh BO BCeX 3KCIepPHMeH-

 Tax HE3aBHCHMO OT CKOPOCTH BO3IAYHIHOTO IIOTOKa Haj BOJHOH IIO-

BepxHOCThbIO. [10 Mepe NpuONHMKEHHS BOJHEHHs K YCTaHOBHBIIeHCS
CTaJUH NPOHHKHOBEHHe Apei(OoBOTO TeueHHs B IVIYOHUHY 3aMelIsJ0Ch,
a 3aTeM npeKpamiajocb coBceM. OZHAKO H B YCJOBHSX YCTaHOBHBIUe-.
rocsl BOJHEHHS rpaHHLA MeXAy ApeH¢oBHIM H KOMIIEHCAIHOHHBIM Te-
YeHHSIMH HepelJKO HCIOBITHIBAJa BepTHKaJbHHeE KoJeGaHHs INOJ BJHA-
HiueM BHXpeBBIX oOpasoBaHui. Eciim ocu BuxpeBHX 06pa3oBaHHi pas-
MeIaJINCh HEeCKOJbKO HHXKe HNOCTHIHYTOro K HAAaHHOMY MOMEHTY Io-
JIOXKEHHIO IpaHHIB pasjesa, TO NPOHCXOAHJO 3arjy6JeHue HHXKHeR
rpaHUIB ApeH(OBOro TeueHHs, B NPOTHBOMNOJIOXKHOM cjyyae oHa IpH-
GJiHXKaJach K NIOBEPXHOCTH BOABL.

B kavecTBe mpuMepa Ha pHC. 4.3 xupHOH JuHHEH H300paXKeH xon
OCpefiHeHHOro, a LITPHXOBOH — MPeAeJbHOTO TOJOXKeHHS  HHXHef
rpaHuIBl ApeidOBOrO TeueHHs B IIOJle CHEMKH, pasMepbl KOTOPOro
BXOJIb. OCEBOH IJIOCKOCTH JIOTKA OBIIM IIpHUMEDHO paBHBL OOIUEeH TIJy-
6une notoka. KosneGaHus HHXKHel rpaHuubl ApefdOBOro TeueHus yse-
JIMYHBAJIHMCh B CJyYasiX yBeJH4eHHs pa3MepoB BHXPEBBIX 00pa30BaHHH
H NIpH HAJOXEHHH passnaaxomerocx BETPOBOrO TEYEHHs Ha OCTATO4-
HOe TeueHHue.

DKcnepHMeHTaMH YCTaHOBJIEHO, YTO 3arJ1y6J1eHne HH3KHeH TpaHHLb
Ipef(poBOro TeueHHs] HA HayaJbHBIX CTAJHSIX €ro Da3BHUTHS He 3aBH-
CHT OT TOro, Kako# BHJ BeTPOBOTO TeYeHHs cOpPMHpyeTcss Ha KOHeu-
HOH CTajuu IpOIlecCa — OJHOHANPABJIEHHOE HJIM DPAa3HOHANpPABJIEHHOE

no ray6ule. Passnnune B xoJe mpoliecCOB pa3BHTHS NOSABJISETCS B Mo-
MEHT, KOrJla B NEPBOM H3 HA3BAHHBIX BHIOB TEYEHHs BJHSHHE KOM-
HEeHCAlHOHHOTO IlepeHoca BOJH Ha JApelioBoe TeueHHe HAUYHHAET
yMeHBLIAThCS M 3aTE€M MOJHOCTBIO IpPEKpallaeTcs, a BO BTOPOM BHJe
TeueHHs] ero BJIHSHHE NPOJOJKAeT BO3PACTaTb H, CAeNOBaTeNbHO, 3a-
Me[JIsTeT HapacTaHHe CKODOCTH ApeH(OBOro TeueHHs B CBSI3H C yBe-
JIMYHBAIOLINMHCS MOTEePSIMH 3HEPIHH IIOTOKa Ha BHYTpeHHee TpeHue.
[locseaHee nNpHBOAMT K TOMY, UTO IpHpallleHHe CKOPOCTH 34 OJHMHAaKO-
Bble NIPOMEKYTKH BpeMeHH Yy (OpMHpPYIOLIErocs OLHOHANpaBJEHHOI'O

‘TeYeHHs OKasbiBaeTcsi GoJsiblie, 4eM y GOpMHPYIOLIErocs pasHOHAMPaB-

JIEHHOTO 10 ray6uHe TeyeHus. ITosromy . miast hopMupOBaHHS GOJNBIIErO
no ckopocty (B 2—4 pasa) yCTaHOBHBIIErocst ORHOHANpaBJIEHHOTO -
TeUeHHs TP OJMHAKOBOH CKODOCTH BeTpa H PaBHHX HPOYHX YCJOBUSX
TpebyeTcss NpHMEPHO CTOJILKO JKe BPEMEHH, CKOJbKO M IJisi (hOpMHpO-
BaHHS" MEHbLIEro II0 CKOPOCTH YCTAaHOBHBIUErOCS - pa3HOHANpaBJIeH-
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HOro mo TJAyGHHE BETPOBOTO TeueHHs. B sKcmepuMeHTax co: c1aGbIM

BEeTPOM H BOJHAMH Ha rayGoko# Bome (H/A>>0,5), mpomonxurelb-
HOCTb pAa3BHTHS TeYeHHs NpEeBHIIaJa BpPeMs HapacTaHHs BOJHEHHS
8 3—5 pas, a B KCIEPHMEHTAX C CHJIbHEIM BETPOM MPOROJIKHTENb-
HOCTb 3THX NPOIECCOB OKashlBajaCh OAHHAKOBOH. :
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Puc. 4.3. ViameHeHne Bo BpeMeHH NOJIOXKEHHs IDaHHLEl pasjiena
MeX1y ApefioBbIM H KOMIICHCALHOHHNM TEUeHHAMH B Mpomecce
Pa3BHTHA OPH PasHOH CKOPOCTH Be'rpa (aapormpamﬂqecxnﬁ
JnoToK pasmepamu 100 X 1,2 X 1,0 M, H = 0,65 M).’

3Hauenus Wi a— 2,4 M/c, 6~ 3,9 M/c.

Hanuune nieHKM oKucileHHS W. 3arpSASHAIONIME BElIECTBA Ha BOJ-
HOH INIOBEPXHOCTH IIPENSTCTBOBAJH INOSIBIEHHIO BETPOBHIX BOJH H 3a-
MEJUISINIE MPOUECC HX HapacTaHHs, B CBA3H C 4eM DA3JIHYHS NPOAOJ-
_XKHTEJIbHOCTH HApacTaHHs BOJHEHHS M TedeHHH YMeHbIIAMHCD . faXe
B yCJIOBHSX BOJIH Ha IMIYGOKOH BoZe.

4.3. Hameuenqe pacnpedenenus no 6epTUKAAU CKOPOCTU
' passuearouyezocs 6eTpo6ozo Tewenus

- OTMeYeHHble BhIIE OCOGEHHOCTH Pa3BHTHs BETPOBBIX TEUEHHH XO-
POLIO HPOCJIEeKHBAIOTCS MO H3MEHEHHIO 3MIOp .CKOpocTH. IlpH pa3BH-
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THH DPa3HOHAIIPaB/JCHHOIO NO TIyOHHe BETPOBOI'O TEYEHHS INpaKTHYe-
CKH OJIHOBDEMEHHO C BO3HHKHOBEHHEM B BepXHeM caoe jpelidosoro
TedeHHsl 'y JAHa OOHapyXHBaeTcsi  KOMIIEHCAaHOHHOE TeYeHHe
(puc. 4.4qa). JanbHefilllee HapacTaHue 3TOro TeYEHHS IPOMCXOLHT
TOYTH CHHXDOHHO C HapacTaHHeM ApeH(OBOrO TeueHWs, MPHYEM BepX-
HsAS TpaHula KOMIEHCAIIOHHOTO TedeHHs IOCTENEeHHO cMeliaeTcs M0
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Prc. 4.4, VisMeHenne BO BPEMEHH paclpenesieHusi MO BePTHKaJH CKOPOCTH PAa3BH-
BAIOIIErocsi-No Iiy6HHe BETPOBOrO TEYEHHS. :

.4 — pasHOHanpaBJNeHHOE TedeHHe, a>PoruApaBandecKHit Jotok. 100X1,2X1,0 M, H=0,55 M;
.6 — ojHOHANMpaBJEHHOE TeYeHHe, asporuppabauvecknit jgorok 30X0,6X2,0 (0,8) M, H=029 M,
Wi=6,5 M/c; BPEeMs oT Hadaja jelcTBus serpa: a) I —4—16 ¢, 2 —44—58 ¢, 3 — 86-96 c,
4 —164—180 ¢, 5—322-333 ¢; 6) 1 —12 mun, 2—2,0 Muu, 3—3,6 mun, ¢—50 MuH,
5 —6,7 MuH, 6 — 7,5 Mun, 7 — >10 MHH.

BEPTHKAJIH B CTOPOHY IIOBEDXHOCTH BOJH, a HHXHSA IpaHHUA Apei-
<poBOro. TeueHust — 10 HampaBJieHHI0 KO AHYy. CkopocTb npefioBoro
TeYEeHHs] B BEPXHEM CJIOE HEPEIKO JOCTHUraeT. CKOPOCTH YCTaHOBHBILE-
rocs TedeHust B 5—10- pas OnicTpee, ueM CpeAHAs CKOPOCTb Ha . Bep-
“THKAJIH. ~ - :

PasBuTHe OJHOHANPABJEHHOrO IO TJyOHHE BeTPOBOIO TEUEHHS Ha
‘HauaJbHON CTafUH I[pOILecca CONPOBOXKAAETCS Pe3KHM YBeJHYEHHEM
«CKODOCTH B BEpXHEM CJO€ U IMOSBJCHHEM OGDAaTHOrO MNepeHoca  BOZ,
KaK OTMEYeHO Bhllle, B NIyGuHHHIX cjosix (puc. 4.4 6). ITo Mepe pajb-
HeflIero YBEJIHUYEHHST CKODOCTH- NPSIMOTO IepeHOCHOIO TeUeHHS KOM-
TIEHCALMOHHBIA [IePEHOC BOJ MOCTENEHHO yMEHbIIAeTCs, a 3aTeM . HoJ-
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HOCTBIO Tpekpamiaercs. B BepxHeHd uacTH NMOTOKA NPH 3TOM TpoOwC-
XOIHT TOCTENEeHHOE YyMeHbllleHHe TpajfHeHTd CKOPOCTH IO Tay6uHe,
a B TPUAOHHOM cJoe — ero yBeauuenne (puc. 4.46). Pacnpenenenue

Prc. 4.5. HameHeHHe BO BpeMEHH Cpef-
Helf Ha BePTHKaJH CKODOCTH pa3BHBAIO-
merocs: OAHOHANPABAEHHOr0 MO IIyGuHe
BETPOBOI'0 TeuyeHHs (a3pOrHApaBJHye-
ckuit sorox 30 X 0,6 X 2,0 (0,8) m).

Ne 2:
=0,29 u,

H=0,09 u,
Wie=4,0 m/c.

W1io=6,9 Mm/c;

vch_/c,_ S .
10— o N2
_ ( | e
8‘7! R
s

‘.)),_—6

L 1 i
4 & 8 Tmuw

Ne 5: H=

no ray6uHe CKODOCTH Pa3BHBAIOLIErOCs TeYeHHsi OGBIYHO BEIPAXKAETCS
HEMOCTATOYHO IJIaBHBIMH 3miopaMH. [1N1aBHO H3MeHSIeTCS BO BpPEMEHH
-~ CpeAHsAsA B Ipejesdax BEPTHKaAJAH CKOpDOCTBb p,a3BPIBaIOIU.eI‘:OCﬂ TEYeHHsd,
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Puc. 4.6. ismerenHe BO BpeMeHH CKOPOCTH NOBEPXHOCTHOTO
CKOpPOCTH BeTpa (2) Haj BOAHOH MOBEPXHOCTHIO.

a, 6 — 03. Bosbimoe CuMaruuckoe cooTBercTBeHHO 28 ceHTAGPs 1967 r. u 2 wmiona 1968 r.;
@ — KaxoBckoe BOoAoXpaHMauile 29 aBrycra 1968 r, ,

-

TeueHHss (f) u

YTO BHJHO HA pHC. 4.5, rie mpeicTaBsieHH pe3yabTaThl ABYX 3KCNEPH-

MEHTOB.

CBeJieHHs1 0 Pa3sBHTHH BeTPOBHIX TeyeHUH, MOJYUEHHBIE [0 MaTepH-
anaM Js1a6opaTOPHBIX HCCJENOBaHHH, IOATBEPKAAIOTCS AAHHBIMH Ha-
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TYpHBIX Habmiofenu#t. [To nanumM Habaioneny#t Ha KaklipakkyMckoMm H
KaxoBckoM BOAOXpaHMJMIIAX, a TakXe Ha o03. DBoapmoM Cumarus-
CKOM, YCTaHOBJIEHO, B YaCTHOCTH, YTO Das3Jid4yHe BETPOBOIO TEYeHHS
B BepxHeMm cioe (0,1—0,2 M) caelyer mpakTHYECKH 3a HapacTaHHeM
cKopocry Berpa (puc. 4.6). PasBuTHe BETPOBOrO TE€YeHHS B IVIyGHH-
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Puc. 4.7. WiameneHne BO ‘BpeMeHH CKOPOCTH DA3BHMBAIOIIErOCH BETPOBOrO
TeYyeHHH Ha PAa3JHYHBIX FOPH30OHTax npHOpexHOR 3ombn KafpakkyMckoro
BOAOXPaHHJHILA.

a — BeTep HanpasJieH B cTopoHy I'DC, ll aBryc-ra 1961 r.; 6 — Berep HamnpasJeH oOT
T'3C, 28 asrycra 1961 r.

HBIX W NPHUOHHBIX CJOAX OTCTAeT OT Pa3BHTHA NOBEPXHOCTHOIO Teue-
HHA ¥ TeM OoJblle, yeM GoJblle rJyOMHa BOJAOEMa W pe3ue Hapacraer
‘CKOpPOCTh IITOpMOBOro BeTpd - (puc. 4.7). DTH CBeAeHHS IOJYYeHH
B npn6pe>¥Hoﬁ 30He, HA BEPTHKAJAX C ray6unoli 3—5 M. JleranbHEIX
CBeJleHHH O XOJe PAa3BHUTHS TedeHHH B IJyGOKOBOJAHLIX 30HAX H 0CO-
6GEHHO Ha 3HAUHTENLHOM yHajeHHH OT Gepera B paMKax paccMaTpH-
BaeMOl paGOTH MOJYYUTH HE YAAJOCh.
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44. Hamenenue 6o spemenu cpedneil ckopocru
paseusarowyezocs 8eTpo802o TeYenun

O6o6uieHHbIe XapaKTePHCTHKH [POLECCa Pa3BHTHS TEYeHHH. M0JY-
YeHbl 10 JaHHBIM 06 H3MeHeHHHM CpeJHHX MO BepTHKaJH CKOpOcTel
HJIH 2JIEeMEHTapHBIX PAacXOO0B ¢. DTH HaHHHE BHpaMXeHH B Ge3pas-
MEpHOM BHAe M HpelCTaBjeHbH Ha pHC. 4.8 B Bile 3aBHCHMOCTH
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Puc. 4.8. 3aBHCHMOCTL OTHOCHTEJBHHX ~3JEMEHTapHBIX PACXOLOB
BETPOBOTO TEYEHHR §:if/gy OT OTHOCHTENLHOIO BPEMEHH pa3BUTHA
TTy.

I — pacyerst H. A, Jlanrtau; 2 — uaMepeHusi Ha KaﬁpaKKyMcKom nonoxpaun-
JIHILE; axcnepumemu B JIOTKaX: 3-— 100X 1,2X1,0 M 4 — 30X0,6%0,5 M

rae qz——aneMeﬂTaprIﬁ pacxox yepes BepT‘nKam) B MoMeHT Tj
a gy — 3JeMeHTapHbIH pacxox mpu KBA3HYCTAaHOBUBIUCHCH CTAJHH pPas-
BuTHSA TeueHua Ty.

H3 puc. 4.8 BHAHO, YTO XOJ HapacTaHHs CKOPOCTH BETPOBOIO Te-
YeHHs CYNIECTBEHHO H3MeHsieTcs Bo BpeMenun. K momentry T=0,5Ty
CpelHHH 3JleMEHTApHHA pacxol (HaHM cpelHsisl CKOPOCTb) AOCTHTaeT
npumepHo 80 % pacxoma (MM CpeaHel CKOPOCTH) KBa3HYyCTaHOBHB-
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merocss TeyeHust. Ilo mepe nanbHefurero yBequeHHﬂ TIPOOJKHUTEIb-
HOCTH JeHCTBHS BeTpa pasBUTHE TEUEHHs 3aMeljsiercs Bce 6OJbIIE H
6oJbllie, NpHOGpeTas THIMYHO IKCIOHEHUHANbHEIA XapaKTep. Hocnen—
Hee OGCTOATENBCTBO 3aMETHO 3aTPYAHAET ONpEeAeeHue 3Hauyenudt Ty
U sBJsIeTCSH, NO-BHANMOMY, OAHOH H3 MNPHYMH HEKOTOPOTro pa36poca
Touek Ha puc. 4.8. Ha 3TOT pPHCYHOK, KpOMe SMIIMPHYECKHX NAHHBIX,
HaHeCeHBl TOYKH, NOJYUeHHBle Ha OCHOBAHHH pacCyeTa Pa3BHTHS BET-
poBoro TeueHus, BhinoJHeHHoro HasrsH [39] Meromom Kapaywesa.
PacyeTHbie TOYKH YAOBJETBOPHTENBHO COINIACYIOTCA C NAHHBIMH Ha-
TYpHHIX HaGJIofeHHA ¥ J1ab60paTOPHBIX HCC/IeJOBAHHH, YTO MOXKHO pac-
CMaTpHBATb KaK AONOJIHHTENbHOE CBHIETENBCTBO NOCTOBEPHOCTH NOJY-
YeHHBIX “HAMH, MATEPHAJIOB IO Pa3BHTHIO BETPOBOTO TEUSHHMSL.

Ocpe;mmomaﬂ SMIHMPHYECKasi KpUBas ¢ HOCTATOHHOH AJs JIpaKTH-
YeCKHX Iesiefl TOYHOCTBIO amipOKCHMHpYeTCs aHaJIMTHYECKHM BHIpa-
JKEeHHEM ,

Gilgy =1 — {1 — T @y

MeToabl ONpeAE]EHHs TPOLONKHTEJIbHOCTH Da3BHTHS TeueHus Ty
M 3JieMEHTapHBIX pacXOJ0B YCTAHOBHBLIETOCSl TeYeHH: gy paccMaTpH-
BalOTCST HUXKe. , :

4.5. IIpodoarcuresbHOCTS PA3BUTUS BETPOBOZO TELEHUSA

TIpomonKuTebHOCTL Pa3BUTHSl BETPOBOTO TeUeHHS B MOpPSX € IMy-
O6UHOH [0 HECKOJIbKHX COTeH MeTPOB  COCTaBJseT, N0 OUeHKaM
I1. C. Jlunefixnaa [106] u A. 1. Pennzenbayma [200], BHecKoaIBKO CY-
Tok. B pabore [148] mpoAo/KHTENBHOCTb INEepHOAA pA3BHTHA Teue-
HHsl AJi DPHOGPeXHOH 30HB MOpS NpHHHMaercs paBHOH IPOJOJIXKH-
TEJLHOCTH Pa3BHTHSI BETPOBOIO BOJNHEHHS.

Bo BHyTpeHHHX BOJOeMax B YCJOBHSIX HeGOJbLIOH TAyGHHB NpPH
NJIaBHOM HapaCTaHHH BeTpa OTMedYaercs YLOBJETBODHTeNbHas cOrja-
COBaHHOCTb XOJAA DPAa3BHTHs BETPOBOTO TeueHHss M BoaHenus [176].
CHHXpPOHHOCTb 3THX NPOLECCOB Hapymae'rcx O Mepe YBeJHUeHHs IJy-
61HBl BOJOEMOB.

HJist noHOTrO pa3BHTHS BETPOBOIO TeYEHUS B OTJHYHE OT BOJHEHHST
Heo6XOAKMO, YyTOOBl BCS BOJHAS -Macca BOJAOeMa NpHILIa B ABHXeHHe
B COOTBETCTBHH C HOCTYIJIEHHEM 3HEPIHH BeTpa H IOTEePSMH 3HEepTHH
Ha TpeHHe B BOAHOH ToJuie. IlosToMy npH. OAHHAKOBOH CKODOCTH
BeTpa H NPOYHX PaBHBIX YCJOBHSIX NMPOAONIKHTEJNbHOCTH PA3BHTHS BET-
posoro TeueHuss Oyner OoJsplile B TOM H3 BOLOEMOB, B  KOTOPOM
Gosbille Ty6HHA, a BpeMs HapacTaHHs BOJHEHHS B 3THX BOJOeMax
OyZeT NpHMEpPHO OAMHAKOBEIM. DTO OOCTOATEJLCTBO MOXKHO IOATBED-
IAUTH TPUMEPOM. HpOllOJIX(HTeJIbHOCTb Pa3BHTHS BETPOBOTO TEYEHHS,
nanpuMmep, B 03. DBafixan (Hqp=730 M) 1npu Berpe cxopocnﬂo’
10,5 M/c, coriacHO yNOMSIHYTHIM Bblille pacderam [39], cocrapaser
60—110 4, a2 TPOAOIKHTENLHOCTD PASBUTHS BOJHEHHUS )mﬂ ueHTpaJIb—
HOTO CTBOPA, MO A2HKHIM pabors [100], oxomo 18 w.- - :
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Bo BHyTpeHHHX BoJOeMax M Ha J1abopaToOpHHIX yCTaHOBKaxX OTMe-
yaercs Takxe HECOOTBETCTBHE MEXIY IPOAOJINKUTENBHOCTLIO PAa3BUTHSA
BETPOBOTO TEYEHHS H MPOJOJIKHTENbHOCTbIO (OPMHUPOBAHHS CrOHHO-
HArOHHOI'O YPOBHS IIPAaKTHYECKH NpH J000# cKOpOCTH BeTpa. 310 06Y-
CJIOBJIEHO Te€M, YTO 33 HEKOTOPHIH HavaJbHbIH NepHOJ DasBHUTHS BerT-
POBOTO TEeUYEHHs] B BEDXHEM CJO€ INEDEHOCHTCS -TaKoe KOJIHYeCTBO
BOJHI, KOTOpPOE€ OKa3bIBaeTcsl BIOJHE NOCTATOYHBIM HJs (POPMHpPOBAHUSA
CrOHHO-HAarOHHOTO MNpPOGUJIS YpPOBHS, COOTBETCTBYIOUIEIO CHJE Kaca-
TeJbHOrO HANPSXKEHHs BeTpa M OOILIMM NOTEpsAM 3HEpPTHH Ha TpeHHe.
IIpoo/MKUTEeNILHOCTL Pa3BUTHS BETPOBOTO HAaroHa Ha JaGopaTOpHBIX
YCTAaHOBKAX B YCJOBHSX OTYETJHBO BblpaXKeHHOH MeJKOBOZHOCTH BO-

noema (H/A <C0,5) npemepHO paBHa MPOROJIKHTEJBHOCTH Pa3BUTHS
BETPOBOTO TeYeHHsA. B yClOBHAX JeHCTBHA BOJH Ha IIyOOKOH BoOJe,

HanpuMmep npH H/A=3... 5, IPONOJIKHTEJIbHOCTb IOJHOTO PAa3BHTHUS
TedeHHs] OOBIYHO NpEBHINIAET  NPOJOJIKHTEJIbHOCTb  CTaGHIH3ALHH
CrOHHO-HAaTOHHOI'O YPOBHS B HECKOJIbKO Das.

[IpoJonKuTebHOCTD  PA3BHTHS . BETPOBOTC TEUEHHS MOXET ObITh
fIpUHSTA 3aBHCAINEH OT CJAEAYIOIIUX ONpeeNsOIux (GakTopoB: CKO-
poctu Berpa W M CKOPOCTH BeTpPOBOIO TeYEHHS v, pa3Mepa B IJIaHe
(L) u ray6ussl (H) BogoeMa, NVIOTHOCTH BOAH (Px) H BO3AyXa (Pa).
Ecnu B KauecTBe XapaKTeDHCTHK TEYEHHS HCIOJb30BATh 3J€MeHTap-
Helfi PacxXof BOJAH 4Yepe3 BepTHKaJb §, PaBHBIH NPOH3BeNeHHIO UcpH,
M Yy4ecTb INOCTOSHCTBO OTHOIUCHHS Qs /Pa, TO YHCJIO  OIPEREJISIOUMX
¢aKTOpOB MOXKHO COKDAaTHTb RO 4eTBIpEX: . .

f(T, g, W, Ly=0. (4.3)

Hns oTbickaHus 6e3pa3MepHBIX KPHTEDHEB CBS3H MeXIy Olpene-
JAIOWUMY - (hakTOpaMH BoOcHoJb3yeMmcs s-reopeMoit [176]. Coraacho

eil, U3 YeThipex MapaMeTPOB MOXHO COCTABUTb [Ba OCHOBHHIX M JBa
BCIIOMOTATEJNbHbIX KPRTEpHS:

OCHOBHBIE: ’ .
m=WT/L; ‘ (4.9
t,=q/(WL); ‘ (4.5)
BCIIOMOI'aTeJbHEIE,
ng == gT[L? v " (4.6)
] m=gq/TW). 4.7)

Bynem HckaTb cBs3h MeXLy OCHOBHBIMH KpHTEpHAMH. B ofuiem
BHJie 3TY CBSI3b MOXHO NPEACTABUTH CAEAYIOLIHM 06DPa30M:

WT|L=mg/(WL). “.8)

Iast_ycraHoBsieHus 3aBHCHMOCTH T OT ONpeREJSIOmHX (haKTOPOB
A. C. Cynonbcxkum [176] Hcnob30BaHBl JaHHEIE SKCIEPHMEHTOB Ha
JlabopaTopHbix ycraHoBKax (16 3mauenmit), nambbie no KafipakkyM:
CKOMY BojoxpaHuwauiny (7 3nadenui#t) u naHHbie pacueros JlaBTsH
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meronoM Kapaymesa ansd 03. bafikan u cxeMaTH3UpPOBAaHHBIX BOJAOEMOB:
¢ ray6uno#t 50--100 m (5 3navenu#t). [laHHBle H3MepeHMH H pacue-
TOB PAaClOJIOXKHJUCh Ha JOrapupMHUECKOH KJIeTYaTKe BIOJb NpSIMOH
mog yraom 4b° x ocam koopauHaT (puc. 4.9). Ha 3toM ocHOBaHHH BH-

. paxeHue (4.8) MOXKHO YyNPOCTHTb W IIPEACTABHUThH B BHIE

T = mq/W>. o (4.9)
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Puc. 49. BaBHCHMOCTb npo,uo.nx(menbnocm NOJIHOTO Da3BHTHSI BETPOBOTC

. Teuerns Ty ot OTHOWeHHs [q |/ Wm

1— HamepeHHs Ha Ka#pakkyMcKoM BOXOXPAHHJHLILE; IKCIEPHMEHTH B JOTKAX: 2 —
100%X1,2%1,0 m, H=0,55 m; 3 —30X0,6X0,5 m, H<=030 m;_4—30X06x2,0 m, He=
=0,05... 0,30 M; § — pacuerst H. A. HaBraH.

Takum o6pa3oM, B OTJHYHE OT IPHHATOrO BHayaje MPEANOJONKE-
HUs 06 onpeaessiolux (pakTopax ybexaaeMcsi, YTO NPOXOJKUTENb~
HOCTh Da3BHTHS BETPOBOrO TeUEeHHS NPSMO NPONOPIHOHAJIbLHA 3JeMeH-
TAPHOMY pacxoly BOAH, 06paTHO IPONOPIHOHAJBHA KBaApaTy CKOpO-
CTH BeTPa M HE 3aBHCHT OT Pa3MePOB BOJOeMa B NiaHe (eCiH BeTep
ONHOBPEMEHHO NeficTBYeT Hajl Beek ero aKBaTopneH)
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OTHOcHTeIbHOE CpelHee KBaJApaTHYECKOe OTKJIOHEHHE JaHHBIX Ha-
TYPHBIX H JaGOpaTOPHEIX HM3MepEeHHH NPOAOJNKHTENLHOCTH MNEpHOAa
Pa3BUTHS BETPOBHIX TEUEHHH OT OCpeAHsIOmEed NPSIMOH COCTaBUJIO
18 9% . Haunboabilee oTHOCUTE/IbHOE OTKAOHeHHe paBHO 52 Y. DTH oOT-
KJIOHEHUs1 TPEACTABJAIOTCS BHOJHE NpHeMJAEMBIMH JJIsi OLEHKH CTOJb
CJIOKHOTO ¥ MAaJIOM3YYEHHOTO IpOLecca, KAaKHM SIBJISETCS pa3BHTHE
BETPOBOrO TEUeHHUsI.

3aBucumocTe Ty OT oOmpefeldiomuX  (AKTOPOB  NpeACTaBjeHa
B BHJe

Ty=1,0- 10°%,H/W?, @10

rie Ty BBIDAXKeHO B CEKyHAAX, gy — B KBaJpaTHEX Merpax B | ¢ 3a-
MeHeHO NpousBeneHueM vcpH; Wi — B merpax B 1 c.

B ciyuae pasHOHANpaB/IEHHOIrO MO IJyGWHE TeueHHS aJIeMeHTap-
HBIl PACXOA ¢y NPUHUMAETCsl PAaBHHIM CyMMe a6COJIIOTHBIX 3HAYEHHH

SNIEMEHTapHHIX PacX0A0B ApeligoBoro (gx) H TrpaXHeHTHOrO gr Teue-
HHH, T.e. -

H

Gy=1qx1+14:]- (4.11)

Ecau Ty BEIpazkaeTcs B yacax, a OCTajibHBle 3JIEMEHTEl 3aBHCHMO-
ctu (4.9) B yKasaHHBIX BBHIIE €AMHUIAX, TO NMOCTOSHHBINA KO3(HUIH-
€HT 1M OKa3blBaercs paBHBIM 277.

4.6. Hamenenue cKopoCTu 6eTpOB020.TeHeHUR
ne nyru paseona 80AH

Ha unaGopatopheix ycranoBkax I'TH mnpoBeneHH aKCIEPUMEHTH
C LeJabl0 BHISICHEHHS BONpoca 00 H3MEHEeHHH CKOPOCTH BETPOBOTO Te-
YeHHA u OOLIMX XapaKTePHCTHK JBHMKeHHs BOABI C yBeJUUeHHeM pac-
CTOSHHA 110 HaNpaBJCHHIO BeTpPa M IO HaNpaBJEeHHIO pa3roHa BOJIH.
DKCNepUMeHTE INPOBOAKJINChL B Aa5POTHAPABJIHYECKHX JOTKAX [IJIH-
" Ho#t 30 u 40 M.

Perucrpauua cxopocTell. TeueHHS B SKCIEPHMEHTaX OCYNIECTBJIfA-
Jlacb METOAOM KHHOCBEMKH TBeDJABIX YaCTHUIl HeHTpaJbHOH NJaByue-
CTH, II0 JABHXKEHHIO OKpAallleHHOH XKHUJKOCTH, BBOAHWBIIEHCS B MOTOK
. CemUaNbHEIMH yerpolictBamu [185], wiau mo JBYMKEHHIO TBEPJBIX ya-
" CTHL, 3aCeKaBIIHXCH BU3YyaJbHO Ha (POHE MPUCTABHBIX KOOPAHUHATHBHIX
CeTOK, T. €. NMOJNYHHCTPYMeHTaabHO. CKOpOCTh TEUeHHs ONpefeNanach
Ha yeTbipeX—IUECTH BEPTHKAJAX, a SJeMeHTH BOJH (BBICOTa, AJHHA H
NepHOJ) — Ha UeTHIpeX—BOCbMH BePTHKANSX IO AJuHe Jotka. [Ipu
OmnpejeJieHHH CKOPOCTH TeUeHHs MO JBHXKEHHIO OKpallleHHON KHMIKOCTH
M TBEpIBIX YacTHI HeHATpaJ/bHON INJaBy4ecTH H3MepeHHs Ha KaxIoh
BEepPTHKAJH OCYLIECTBJAJINCh HA 1IeCTH—BOCbMH FODH30HTaX C MHOIO-
KDATHEIM IIOBTOpeHHeM. B CBfI3H C HM3MEHUYHBOCTBIO CKOPOCTH BO Bpe-
MEHH pe3yJbTaThl TaKHX U3MEpeHHUH cjelyeT paccMaTpUBaTh Kak IpHu-

6aKeHHEIE. .
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B pasHOHampaB/JeHHOM. BeTPOBOM TeUEHHH, KaK I[OKAa3aJdH HCCe-
HOBAaHHS, XapAKTEPUCTHKY CKODOCTH IPAKTHUECKH HE MEHSJIHCH C yBe-
JHYeHHeM pasroHa BoJH. Tak, Ha BCex BepTHKaJsAX IOJydYeHA IIpH-
MepHO OJHHAKOBasg IIOBEPXHOCTHAs CKOPOCTh ApeH(oBOTO TeyeHud,
O/lMHAKOBHIE 3IIOPH paclpele/eHnss CKOPOCTH TeyeHHs IO BEPTHKAJH
¥ He3HAUHTeJbHble H3MEHEHHS OCPEIHEHHOIO IOJOKEHHs TpaHHIbI
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Puc. 4.10. MisMenenue BAOJb OCH JIOTKA XapaKTePHCTHK CKOPOCTH, 3Je-
. MEHTOB BOJIH H K03()PUOHEHTOB TYypOyJEHTHON BA3KOCTH B PasHOHAINpa-
BJICHHOM IIO I'NIy0HHE BeTPOBOM TEUEHHH.

pasiea MexXIy ApeiOBEIM U KOMIEHCAIUOHHBIM TedeHusimu. Cpen-
HMe ¥ HaubOoJbplIHE CKOPOCTH KOMIIEHCAIIMOHHOTO TEUEHHS] OKa3aJuch
O6u3kuMH MEXAY coOO0H, XOTH B OLHOM H3 3KcnepuMeHTOB (pHc. 4.10)
OTMeYeHO HEeKOTOpOe yBeJHYeHHe CKOPOCTH KOMIIEHCALHOHHOTO Teue-
HYs 10 HANpaBJeHUIO OT LEHTPaJbHOH 4acTd JIOTKA K ero HaBeTpeH-
HOMY H NOJABeTpeHHOMY Topuam. Hapsiay c¢ aTUM, BO BCeX 3KCHEpH-
MEHTAX OTYET/IMBO INPOSBJASJIOCH VYBEIHUEHHE NYJAbCALHH CKOPOCTH
Te4eHUs] H TypOy/JH3aluy BOJHOH TOJIIM B LEJIOM IIC. HANPABJIEHHIO
pa3roHa BETPOBBIX BOJIH, YTO BHAHO IIO H3MeHeHHI0 Ha puc. 4.10 xo-
3¢ ¢uirerTa BepTUKAABHON TYpOYIEHTHON BI3KOCTH. ‘

OnHOHaNpaBJIeHHBIE BETPOBLIE TEUEHHS HCCAELOBAJHCh, KaK OT-
MeuaJoCh BHIIE, ‘Ha YCTAHOBKE, KOHCTDYKLHEH KOTOPOH Npefonpefe-
Jsa0ch GOpMHPOBaHUE IOJ, JeACTBHEM BETpa HUPKYJSIUH BOAHB B rO-
PH30HTANBHOU MIOCKOCTH [177].
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CKOpOCTb TOBEPXHOCTHOrO BETPOBOTO TEUEHHS B Npejesax G6oJib-
ulell yactTu JJIMHB JOTKA NP KaXKA0H 3aJaHHOH B 3KCHEDHMEHTE CKO-
POCTH BeTpa OCTaBaJach IPHMEPHO OAMHaKOBOH. HesnauuresnbHoe
MECTHOE YyBeJMUeHHEe IIOBEDXHOCTHOH CKOPOCTH HalJi0Aanoch y mnoj-
BETPEHHOTO TOpIla JOTKA, a MECTHOE yMeHbLICHHE NOBEPXHOCTHOH CKO-
poctu —y HaseTpeHHoro Topua. CpelHss Ha BEPTHKaJH CKOPOCTDb
BETPOBOTO TEUEHHs TaKXKe IIPAKTHYECKH He MeHsjlacb TIo  AJHHe
aorka. I[lynbcaumuu ckopocTedt M TypOyJausauus OJHOHANPaBJEHHOTO
' TeUEHHS YBEJIWYWBAJNCH N0 HANpaBJEHHIO Pa3rOHa BOJIH 3HAUHTENbHO
MeHbllle, UeM B pa3HOHANpaBJeHHOM MO TJy6HHe BEeTPOBOM TEUCHHH.

Cieflyer 3aMeTHTb, 4TO M 3apyOeXHBIM HCCJEJOBaTeNsM He yaa-
JIOCh BHISIBUTH KAKMX-JAH60 ONpefejeHHBIX 3aKOHOMepHOCTeH H3MeHe-
HHS CKOPOCTH BETPOBHIX Te€UEHHI Ha 3KCIePHMEHTaJbHHEX YCTaHOBKaX
no nmyt¥ pasroHa BosH. HecMorpsi Ha 310 [Ixkeiimc [42], manpumep,
CUMT4eT, YTO B OKeaHe CKOPOCTb BeTPOBHIX TeYEeHHH YBeJHUMBAETCH
. C yBeJIMYEHHEM PacCCTOSHHS 110 HaOpaBJeHHIO BeTpa W PasMepoB BOJH.
CymecTBeHHEH BKJaj B (OpPMHPOBAaHHE BETPOBLIX TEUEHMH 3TOT. aB-
TOp MpHIHUCBIBAET npomeccy 3abypyHHBaHHS rpeOHeH BOJIH, CUHTas,
YTO «C KaXKAbIM paspyllieHHeM rpeOHsl 3HAUYHTeJbHOE KOJHYECTBO BOJH
IPOABHTAETCs BHEPELs.

JlaGopaTopHEle MCCAeLOBAaHUS He NOATBEPKAAIOT 3THX IOJIOXKEHHH,
OCOBEHHO MOCJAeIHEro.

4.7. CoorHowenue mexdy cKOPOCTAMU 6eTPOB0ZO
Te4enus U 8eTpa |

4.7.1. Hcxodnele noaosenus

M3 MHOXKeCTBa METOJOB OIEHKH KOJHUECTBEHHBIX XapaKTepHUCTHK
BETPOBHIX TeueHHH HauGoJbillee pacnpoCTpaHeHHe INOJYYHJH METOAHI,
OCHOBAHHbIE ‘HAa YHCTO SMIHPHYECKHX JAAHHBIX. B ofHOM M3 Takux Me-
TOJOB CKOPOCTb TMOBEPXHOCTHOrO TEUEHHS BBIpaXKaeTcs, CJefys Npei-
JOXeHHUsIM DKMaHa, B 3aBHCHUMOCTH OT CKOPOCTH BeTpa W M MIMpPOTH
MecTa @, T. €.

Vnon = kwW /4/sin . (4.12)

JJ1s OTHeNbHEIX PafiOHOB MOps, TAe HMIHPOTa MecTa MOXKeT OHITb
HPHUHATA TIOCTOSTHHOM, HCNOJB3YIOTCS JUHEHHBIE 3aBHCHMOCTH Unmos OT

W B BUIE . T

Unios = kyW. ‘ (413)

ocrosiHublll KO3 duuuenT kw B dopmyae (4.12) o6bUHO Ha3HI-
BAlOT BETPOBHIM KO3((}HUHEHTOM H NPHHHMAIOT DPaBHHM OTHOLICHHIO
CKOPOCTH TIQBEPXHOCTHOTO TEUeHHS K CKOPOCTH BeTpa. HUucjoBoe 3Ha-
qeHHe Ry INOJYUYalOT KaK cpejHee apumeTnyeckoe M3 6OJBIIOTO KO-
JMYeCTBA pe3yJabTaToOB IPOH3BEJCHHBIX B HaType u3MepeHuil. B mpak-
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THKE PACUETOB Yallle BCErc CKOPOCTh TEUEHHs! BEIPAXKAIOT B CAHTHMET-
pax B 1 ¢, a CKOpOCTb BeTpa — B MeTpax B 1 ¢, T. €. CKOPOCTb Tede-
HHSl [IPeJCTaBJSIOT B IPOUEHTAX OT CKOPOCTH BeTpa. 3HAK MPOLEHTa
(%) vy 3HadeHHs BeTPOBOrO KO3(GHNHEHTA yallle BCEro OMyCKAaloT.

K HacrosiieMy BpeMeHH HAaKOIJIEHO OrPOMHOE€ KOJHMUYECTBO CBefle-
HU# 0 BeTpoBOM Ko3dunuente. [1o TaHHBIM Pa30BBIX H3MEPEHHH, KO-

. 3QQUUHEHT Ry MOMKET H3MEHAThCA NPaKTHUECKH OT HyJs B Hayasb-
'HBIe MOMEHTHL pa3BuTHA BETPOBOI'O TCUEHUSA- 1O GeCKOHEYHO OGOJIbIINX

3HaUeHHH B MOMEHTEl De3KOro 3aTyXaHHs BeTpa.

Ha orjenbHble W OCPeIHEHHHIC 3HAUEHWSH Ry 3aAMETHOE BJIMSHNE
MOTYT OKAa3blBaTh TaKHe (PAKTODPHl, KaK TJyGWHA BOJOeMa, HalpaBJe-
HHe Oepera OTHOCHTENbHO HAaNpaBJeHHUs] BeTpa H TedeHHs, yAaJjeH-
HOCTb MYHKTOB H3MepeHHs OT Oepera, a TakKKe Das3/JIH4YHAg B METOLHU-
KaX W HCIOJb3yeMBIX CpelCTBaxX U3MepeHHuH BeTpa U TeUeHHH.

Tlpu ananuse AAHHBIX ‘OCYLIECTBJEH TepecueT H3MEPEHHBIX 3Haye-
HHH CKODOCTH 3a IpexkKHHe roJbl Ha HOBYI0O MEXAYHApOAHYK IDKaJy,
HO He YUTeHO BJHSIHHE Ha IOoJydaeMble pe3yJbTaThl PasUuHON MeTo-
JUKH H3MepeHHH M pasAuuMil: UCHOJb30BABIIHXCA  TEXHHUUYECKUX
cpezcrs. ITocnennue 06CTOATENHCTBA U ABUJHUCD, NMO-BUAUMOMY, OAHOA
M3 OCHOBHBIX IIPHYHH PaCXOXKAEHHUI 3Haqum4 paCCManHBaeMbIX HUXe
BETPOBHIX KO2(Q(HIIHEHTOB.

EZMHCTBO METOAMKHM H HCIOJb30BABIUHXCS TEXHHUYECKHX - CpelICTB
obecneunBajock TOJIbKO B padorax I'TH, BHnonHABMIMXCA B HepHOX
¢ 1960 mo 1983 r. Ha ceMu pas3JHYHBIX Bojoemax. Paccmorpum momy-
4eHHble Pe3yJbTaTh. : :

4.7.2. Berposoii Koahuyuent din npubpexcrolx 30K
Mopetl 1 0Keanos .

OG6pa6oTKa RaHHBIX MHOTOYHCJEHHBIX H3MepeHHIl TeueHH#l B NpH-
OpeXHBIX 30HAX Mopell ¥ okeaHOB BbiNoJHAAach paHee M. C. Hcas-
MoBeIM [62]),A. M. Muxanesckum [123], H. H. CprHCKHM [192],
O. M. Majuaureiv [115], M. M. Cockuneim [163], A. B. CmupHoBo#
[162], H. A. CkpunryuoBeim [157, 159]. BoabIuHCTBO STHX aBTOpOB
noaseprau o6paboTke U aHalu3dy oT 1,2 Thic. 1o 8,5 THIC. M3MepeHHH
(ra6a. 4.1). HauGosbliee KOJUYECTBO RAHHBIX Haﬁmoaeﬂnﬁ—'—oxmlo
100 Thic. — 6BlI0 co6pano ManuHUHBIM. 3Ha4yeHHsS BETPOBOTO KO3(d-
¢unueHTa, NOJYUYEeHHble IepPeyHCAeHHBIMI aBTOPAMH, YTOYHEHB, KakK
OTMEYEeHO BHIIIE, NyTeM IepecyeTa CKOPOCTH BETpPa Ha EAMHYI0 MEXAy-
HapOAHyIO IIKaJy. 3HaueHHs] OKa3a/JHCh BecbMa GJIM3KHMU MEXIy CO-
6off M u3MeHsIOTCS NpeumylnecTBeHHo ot 1,20 mo 1,75, a mpenens-
Hble — ot 0,74—1,09 (namnne CmupHoBofl) g0 2,41 (mauubie Ckpul-
TyHOBa) (ta6J. 4.1). B yxkasauunie npenessl \yKJIaILbIB'aIOTCH U JaHHBIE

. MHOTHX 3apyGeKHBIX HCcaemoBaTesel.

OcpenneHnoe 3HaUeHHE BETPOBOTO K03()UIHEHTA, N0 JaHHLIM OTe-
HecTBEHHBIX HccaenoBaTenel (23,5 Toic. HaOMOAeHH ), 0Ka3aJ0Ch paB-
HeIM 1,71 Ges yuera mupoTsl Mecra u 1,51 ¢ yyeToM LIHPOTH MecTa.

Takum ob6pasoM, npuBefeHHbe B TabJ. 4.1 ocpeJHEHHBle 3HAYCHHS
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Tabaruya 4.1

Yrounennbie! ocpelHeHHble 3HAUEHHs! BETPOBOro Kosddulpenra B MopaX M saluBax

Be_Tpoaoﬁ Ko hhHUHEHT

. Tny6una Cnoco6 Yucno
AsTOp Boublit 06BEKT HA BepTH- H3MeHeHHs H3Mepe- Yhon ITpumeyanue
KaJii, M TeYeHHs guﬁ, THIC. 'kW=_W——‘100 Ry f\/sin [
U. C. Ucaamor Basaruiickoe mope 9—15 NI 1,45 1,82 1,66 JluGasckuil mMask
A. Y. Muxanesckuii | Kacnuiickoe mope 8,2 nnx 1,26 2,09 1,75 IlnaBmasiku
H. H. Crpyiickuit ” » 3,6—11 o 4,83 1,48 1,20 | Mesxosomse
. M. ManuruH . Tuxu#t okean, mnoGe- | 10—30 Ilect 100,0 2,09 1,79 IoGepexne, CHIA -
pexbe : L
A. T1. Moposos. Banruiickoe mMope 15 . I 2,8 . 2,10 1,92 | TlpuGpexnas 30Ha
H. M. Cockan . . | 35 nm 8,6 1,66 1,54 . .
A. B.. Cmupuosa DunCKHi} 3a1HB 20—22. 1 oo, BepT. 3,2 0,92 0,86 " "
H. A. CxpuntyHoB Kacnuiickoe mope 4—5 I, BepT. 1,8’ 2,84, 2,41 CeBepHOe MEJKOBOJbE
B. B. Berun DUHCKHEH 3a7HB - niJa 0,07 1,64 1,51 fOx{Haﬂ 4aCThb
Tannuuuckul 3ajiuB — - o, 0,11 1,87 1,54 Becp 3aauB
. aBHAMETOJ,
I1. B. IlanTeseen Puxckuit 3anus — Apnameron, 0,06 1,68 1,54 Becb 3anmB

IIpuMeuaHue INNJ— NOMIABKH, BEPT. — BePTYIIKH.

! TIytem nmepexoiia K MeXAYHaponmoil uikaje Berpa.




BETPOBOro KO3$pduuueHTa BechbMa OJU3KM K 3HAYEHHSIM, KOTOpHE
Yaile BCEro NPUBOAATCSA B JHUTEPaTYyPHBIX HCTOUHHMKAX.

PaccMoTpeHre H3MeHeHHH BeTPOBOrO KO3 GHUHMEHTa B 3aBUCHMO-
CTH OT HaIpaBJieHHsI BeTPa OTHOCHTEJNBHO JHHHA Gepera u OT IVIyGUHBL
BEpPTUKAJH, Ha KOTOPOH IPOH3BOAMJIOCH H3MepeHHe CKODOCTH Teue-
HHsI, 1OKas3ago ciaenyiollee, CpeanHufi BeTpPoBOH KOI(PQHUHEAT OpH
BIOJbOEPEroBLIX BeTpax, Mo JaHHBIM Mopo3oBa, pased 2,28, no nau-
arim Cockuna — 1,95, a mo nanuslM CwmupHoBOH — 0,74, T. e. mpH-
MepHO B 3 pasa MeHbIe, 4eM 110 JaHHHIM IepBOro u3 asTopos. llpu
BeTpe, AEHCTBYIOILEM IO HOPMaJu K Oepery, 3HaueHHs BeTPOBOIC KO-
s(hdunrenTa, Mo MaHHBIM 3THX AaBTOPOB, OKa3aJHChb BecbMa OGJH3-
KEMH MeXJy co60H H cocraBuju cootBerctsenHo 1,28, 0,97 u 1,09
-(rabda. 4.1).

BertpoBoil kosdduunent Ads BepTHRased ¢ -Mmadaoi (3, 6—50 M}
ray6uno#i, no panneM Crpyfickoro, cocraBua 0,87, a 1o AaHHEM
Cxpuntysosa — 2,41. - .

B pacuernom merone TOMHa [148] Berposoil ko3 duuKeHT, B Ya-
CTHOCTH AJIsl NPHOPEKHBIX PAHOHOB MOps ¢ rayouHOd 10 40 M, usme-
HSETCSI B 3aBHCHMOCTH OT HAalpaBJeHHs BeTpPa IO OTHOUIGHHIO K JH-
nuy Gepera W OT rayOuubl. Hanpumep, npu ymeHbIeHHH TIJyGHHbE
c 30 10 8 M 3nauenme kw yseauwunsaercst ot 1,05 no 1,57 npu neicr-
BHY BETPOB IO HOpPMaJH K JIUHHH 6epera €O CTOPOHb Mopsl U OT 2,47
10 4,02 npu BAOAb6GeperosrXx BeTpax. Pacuerom yunThiBaercsl Takke
OTKJIOHEHHe HanpaBJeHHs TeUeHHs! OT  HalpaBJeHHs BeTpd IOA AeH-
- cTBueM cuibl KopuoJinca.

Metonom ["OMHa M0OxHO NOAB30BATHCS, NO- BHI[I/IMOMy, v IJs pac-
9eTOB CKOPOCTH IIOBEPXHOCTHBIX BETPOBBIX TeueHHH B PHOPEKHBIX
30HaX BHYTPEHHHX BOJOEMOB OO0JIBLINX Pa3MepOB. JTO MHEHHE BBICKa-
3aHO B HECKOJbKUX paborax [63, 149].

4.7.3. Berposoii xoahpuyuent 0an mMopckux 30441608

CBelleHHsl O TeYeHHSX B 3a/HBAX, KPOME DACCMOTPEHHBEIX AAHHBIX
A. B. CmupHosol, umeores B pa6orax B. B. Beruna u I1. B. Ilan-
teseeBa . [14, 16]. OHu noayuyeHs cnocob6oM a3podOTOCHEMKY MOBEPX-
HOCTHBIX IONJIABKOB M KpacuTess (ypaHHHA) C WCNOJb30BAHHEM B Ka-
yecTBe HAYaJdbHBIX TOUEK OTCYETa 3afKOPEHHBIX HJIHM OTHOCHTEIBLHO
ycTofiunBuix (cHabxeHHBIX Jemndepamu) 6yiikos. V3 MHoroumcjeH-
HEIX RAHHBIX 3THX aBTOpoB Mo ®Puackomy, Pumxckomy u Tasnumu-
CKOMY 3asuBaM bBasnTuiickoro Mops HaMH HCIOJB30BAHBl AJS BHYUMC-
JIEHUSI 3HAYeHHH Kw JIMLIb CKODOCTH TeUeHWs, H3MepeHHEIE [PH CKO-
poctu BeTpa 6osaee 3,0 M/c H IDH TOM TOJBKO Te, B KOTOPHIX Hallpap-
JIeHHe TeueHH#l OTKJOHAJIOCH OT HampaBJeHHS BeTpa He ‘Gojee HeMm
Ha 90°. MckiwoueHH TakXke OTJeJNbHbE M3MEPEHHs, 3HaUeHus Ky IO
KOTODBIM  He - ykJIaAwBaJjguch B hpefenbl 0,3 < kw <74,5, B cBsA3n
¢ BJHSHHEeM Ha BETPOBBIe TEYEHHs OCTATOUHHIX TEUeHHH U TedeHHH,
06yCJIOBNEHHBIX CTOHHO-HATOHHBIMH SIBJIEHHSI M.

BruiuncneHHble - cpeJIHHE 3HAYCHHs] BETPOBOro KosdduumeHra mno
3TuM TpeM oObexTam (Taba. 4.1) okasasuch GIH3KHMU MEXAY COGOMH

-
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{1,51—1,72 ¢ ydyeTOoM IIHPOTH MeCTd) H K. 3HaYCHHSIM Koacb(ppmn-
©€HTA, TIOJYYEHHBIM AJIs an6pe>KHblx 30H MOPS.

4.7.4. Berposoi rcosz]nﬁuquenr 0afl 8HYTPEHHUX 8000eM08

HanGosee paHHHe CBeleHHS O TCUEHHAX BO BHYTPEHHHX BOJOEMAax
npusoaarcs B paGorax B. K. Hdasemosa [40] u A. B. Kapayuesa
[70], a 0630p maHHBIX MO TeueHusM — B MoHorpaduu B. JI. 3aiixosa
[51]. -

Dospioe KOMHYECTBO HAAHHBIX HATYPHBIX H3MEpeHHH BETPOBHIX Te-
yennii mnoayueso Hucrurytom (JlaGopartopueit) osepoBenenuss AH
CCCP na Jlagoxckom u Omnexckom osepax. O6o0uieHHe maTepHa-
JoB 31X HaGmojenu#, BuinonHennoe A, H. Oxnonkoso#t [138], mo--
K43aJ10, 4TO BETPOBOH KOIP(MHIMEHT AJS OTHOCHUTENHHO YCTOHUMBBHIX
TeyeHH# OTKpHITOH yacTH OHexckoro osepa uamensercs ot 1,30 mo
3,95, a B cpegueM paBeH okoJjio 2,40, T. e. HECKOJBKO IpeBHIIIaeT 3HA-
YeHHS Koacpq)HuHeHTa NOJNYyUeHHble 110 HaBAJEHUSM B npnﬁpe}KHbe
30HaX MOpeH u MODCKHX 3a/MBaXx.

C 1e/BI0O YTOYHEHHS BETPOBOTO - KO3(phHiHEeHTa B pa60Te [172]
HCHOJIb30BAHE! JaHHbe HAG/IOACHNH, NOJyYeHHBe HA PA3/HUHBIX BOA-
HbIX 00beKTax 3KcneJlHHHOHHBIMY rpynnamu I'TH. '

K ananusy mnpusJ/euenbl faHHble Gosee 900 n3mepenuii. 3Haue-
HHS BETPOBOTO KO3 QuilHeHTa, BHYHCICHHBIE MO HHM, H3MEHSIOTCA
or 0,2 mo 12.

Cpennnii BeTpoBofl KO2((HIIMEHT, BHYHMC/JEHHBIH 6e3 yuera WIM-

- POTH MeCTa U HSMepeHI/Iﬁ npu HaJUYHHA BJAHSAHHUA CTOKOBBIX W KOMIICH-

CAllAOHHHIX TeUYeHuil, AJA OTHACAbHLHIX BOJOEMOB 0Ka3a/icsi paBHHIM:
KasipakkyMmckoe Bogoxpanuaumie — 1,72, KaxoBckoe — 1,51, I'opbkos-
cxoe — 1,70, 03. DBoabumoce ' fposoe — 1,42, 03. Bossuice Cumarus-
ckoe — 1,57, Jlamoxkckoe 03epo— 1,92 (taba. 4.2). OGoGiieHHBIH
CpefHu#i BeTpOBO#l Koa(hOUIMeHT Ahs NoBepxHOocTHOro cqost (0,0—
0,2 M), mo HaOMIOAEHHAM Ha ILIECTH BOJZOEMax (C Y4eTOM CAyyaeB
JeficTeus cnaboro riayGUHHOrO IPOTHBOTeUeHHS Ha KaxoBCKOM BOJO-
XpaHuauIe), paBed 1,75, a c .yyeToM WIMPOTHl MeCTa H3MEpEHHS —
1,55, \1. e. okasajncs OJH3KHM K OCpPeAHEHHHIM 3HaUYEHHAM, nonyqu-
HbIM /Il IPHOPEXKHBIX 30H MOPEH H MOPCKHX 3aJHBOB.

. Hapany c¢ ocpeiHeHHBIMUH 3HAYEHHSIMH, BL{UHCJCHB 3HAYEHHS] BET-
posoro ko3¢ uuyenta, guddepeHpoBaHHEe 10 CKOPOCTH BeTpa NpH
OJMHAKOBOH WJH MaJlo MeHsIOleHcsa TiyOuHe, a TaKXKe NPU HAJUUAH
U OTCYTCTBHH IMIYGHHHHIX NpPOTHBOTeueHHH. [lo ZaHHBIM [OMJIAaBOYHLIX
usMepenu# Ha KafipakkyMckoM n ['OPbKOBCKOM BOJOXPAHHJIHLIAX IIO-
JY4eHO yMeHbILICHHEe BeTPOBOTO KO3(OHIMEHTA ¢ YBEJIHYEHHEM CKO-
pocTH BeTpa, UTO MOXKHO OOBACHHTD, NO-BUANMOMY, BO3DACTAHHUEM IIO-
Tepb SHEPIHH BETPOBOTO TEUYEHHSI HA BHYTPEHHEe TDPEHHE, IPOHCXOASA-

MM B pe3yJbTaTe YMEHbLICHHMS OTHOCHUTENbHON IIyGHHEL H/A.
BerpoBoit ‘kK03Q(UIHEHT CYIIECTBEHHO 3aBHCHT OT TOTO BJIHSHHS,

KOTOpOe OKa3HBalOT IMIyOHHHBIE TedeHHs B BOJOeMax Ha npemposble

TeyeHus. B cayuasx coBmafeHus HaIpaBjeHus ApefidoBOre TeueHHs
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C HalpaBJeHHeM CcJaboro CTOKOBOrO TeueHHs Ha KalipakkyMckom
BOZOXPAHMJILIE NOJYYEHB HAaHGOJbILIME OCPEeIHEHHblE 3HAUEHHs BeT-
posoro koa¢¢duurenta (kw=195), a npu AeficTBMU BCTPEYHBIX I[JIY-
6unEbIX TeueHHH (03. Bonbmoe CuMmaruHckoe) — HauMeHblIHe (Ry =
=0,89).

Tabaruya 4.2

Yucno usmepeHuil BeTPOBLIX TeyeHHH (UHCIMTENb) H CPEAHHE 3HAUEHHS
BETpPOBOro Kod(duuuenTa (3HaMeHaTelNb), MOJNydeHHbIe HA BONXOXPAaHHAHILAX
M 03epax ApH Pas3qHIHOH CKOPOCTH BeTpa: -

Ckopoctb | Kaiipakkym- | TopbkoBekoe | 03, ‘Bosb- Kaxosckoe 03,>BOJ|bmoe
peTpa CKoe BOJO- BOLOXPAaHH - moe BONOXPA- | Cumarunckoe |©3- Jladoxckoe
Wi M/c XpaHuaume Jiie sipoBoe HUJHIILE
3—5 —_ 9/1,83 — 18/1,61 57/1,84 - 164/1,9%4
5—7 '43/1,86 34/1,75 18/1,27 | 5/1,64 92/1,23 118/2,02
7—9 60/1,68 7/1,34 4/1,56 5/1,34 40/1,04 24/1,31
9—I11 71/1,66 — 8/1,62 | 3/0,97 5/0,69 -
11 20/1,72 —_ 4/1,54 s — — L
3—15 203/1,72 50/1,70 34/1,42 | 31/1,51 | 194/1,35 406/1,92

4.8. Oyenxa saunAHUA HA NOBEPXHOCTHOE BeTPOBOE Tederue
2aybunsL U wepoxosarocTu dna eodoema

JJ1s1 BRISICHEHMS] BJMAHUSA TJyOHHB MeCTa M3MEPEHHUS Ha CKOPOCTEH
NOBEPXHOCTHOI'O BETPOBOTO TedeHus B pabote [178] ucmosbn3oBaHH Ma-
TepUaJbl SKCIEPUMEHTAJbHBIX  HCCIEAOBAHUI  pa3HOHAIpPaBJEHHBIX
BETPOBBLIX TeUCHHH, MOJYUCHHBIE B a3POTHApaBJMYECKHX JIOTKaX pas-
JUYHBIX pa3MepoB ¢ OETOHHBIM H CTEKJsHHbIM AHOM. OHH MOKa3aJfiu,
YTO pe3yJabTATH KaKAOH CEPHH 3KCHEpHMEHTOB, NPOBEACHHLIX NpPH
onpejeneHHON TiaybuHe M IIepOXOBATOCTH [JHA, pacHoJaraloTcs Ha No-
JiysaorapupMUYecKoM rpaduke 3aBUCHMOCTU

Z)nors/vym'“—“f’(lH/i, C) : ‘ (414}

B BHIE IDYNI TOYCK, MO KaXKJOH M3 KOTOPHIX MOMKHO NPOBECTH INpd-
MYI0, KaK I0KasaHo Ha puc. 4.11. . )

STH npsiMBe NPHMepHO NapaJJejbHBl MeXAy coGoi, YTO NO3BO-
JisleT allIPOKCHMHPOBATb HX OAHOH aHAJMTHYECKOH 3aBHCHMOCTBIO

Onon = K, [0,33 1g H/A 4+ (0,008C + 0,35)°] W, (4.15)
7
rie kp — K030 dunKenT, paBHbii 1,4 1072, eCiH Unop B Wio BHIpaKEHH

BMerpaxBlc, Hu A B metrpax; C — xkoa¢pdunuent lean.
© Haa onpenenenuss xkosddunuenta Ilesy C MOKHO  BOCIOJB3O-
BaThes, HANIpuUMep, popmy.aoli MannuHra B Buje [73, 215]

C = H"/n,. B , (4.16)
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Koaddumiest mepoxoBaToCcTH 7y HelecooGpasHo onpeneJm’rb
no-puauMoMy, no tabaume M. ®. Cpubroro [210] HJIM JpYrHM aHa-
JIOTUYHBIM TabJHmam.

OKcIepUMEHTaNbHBIX JaHHBIX 00 OJHOHANpaBJEHHBIX BeTpOBbIX Te-
YeHHAX MNOJYYEHO HENOCTATOYHO [IJSI NOCTPOEHHS 3aBHCHMOCTEH Ber-
poBOro K03 puIHeHTa OT ONPeReIAOIUX (PAaKTOPOB. ‘Onuako npu pas-

}anB/M/70 . ' ' 7
14 - :
T L
12 ' = -
/i/ ot ‘//‘/’\—
- pd ! i ./ e
10 - / b
? ’/' 7
: = s Gy
-1 jag S =7 -
: A=y I 9 g T,
s R
0)6 — 2= //\‘-‘//',’// -
L N Ll
T b L 4
’ -¢€_.--— V/}" ‘\' o 7
014 ’\ /-‘-" 7 [ 7 V. A 2
/‘;' —\l‘f/ "”
=F =T v.d
02 S ——— A4
R +5 |-
ol - . _
o7 0,2 03 064 05060768 10 2 3 4 SH/A

Puc. 411 3aBHCUMOCTb Unon/Wio == f(H/?») 10 JaHHBLIM HCCJSAOBAHHH pa3HOHA-
NpPABJEHHBIX 10 T/yOHHE BEeTPOBHIX TeUeHHH B a3POTHAPABAHYECKHX JIOTKAX PaSHHIX
pasMepos.

1—8%02x0,2 m, H=0,00 wm;

JIOTOK 30X0,6><0,5 M: 2—H=03 M,
=0,05 m; 5§ —40X1,2X1,0 M,

3 — H=0,15 n,
H=0,5 M.

4—-H=

HO# ryyOuHE M OJMHAKOBOH IIEpOXOBATOCTH AHA BETPOBOH KO3(du-
UHEHT B YCNOBHSX OJHOHANPABJEHHBIX BETPOBBIX TEUEHHi OKa3ajcs
B CpellHeM B 3,0 pasa GoJblle, YeM B YCJIOBHSX pasHOHANpaBIEHHbIX
Tedennit. C ygerom 3TOrO q)aKTa opmyJia (4.15) myg CKOpOCTH OX-
HOHANpaBJ/IEHHBIX BETPOBHIX TeyeHW#H (M/c) IpeobpasoBaHa B BUJL

Unos = &, [0, 1 lﬁlg H/} <+ (0,008C + 0,35)°]1W ,,, (4.17)
The ko — K03(pdunuenT; papuuit 2,7 - 1072,
@opmyan (4.15) u (4.17) mno3BoasOT cymeCTBeHHo YTOUHHTh

pacdeThl CKODOCTH .IIOBEPXHOCTHBIX BETPOBHIX TEUEHHI IO CpaBHEHHIO
C OLEHKOH HX 1O NPHBEJNEHHEIM BHIIEe OCpefHEHHHIM 3HAUYEHHSM BET-
poBoro kosdduuueHra. ATH (OPMYJIBl MOXKHO Tak¥Ke HCIONb30BAaTh
AJIsl pacyeToOB. CpeflHeH Ha BEPTHKAJH CKOPOCTH BETPOBLIX TeueHHH,

HO TOJIbKO B YCJIOBHSIX OTpaHHYEHHOH TJyOHHB U NpH yyeTe KO3pdu-

[{HeHTa epexoja OT NOBEPXHOCTHOH K cpefHell CKOPOCTH.
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4.9. Hpeae/zbuoe NPOHUKHOGENIE BETPOBOZO Te4eHUs
8 24y6uny

B Mopcko#i MHXKeHeDHOH NpaKTHKe NpeLeJbHOE IPOHUKHOBEHHE
BETPOBOTO TedeHHsl B IMyOHHY 4acTO HA3LIBAIOT INTyOHHOH TpeHHsT Hip
U CBA3HBAIOT, cjaelys NpeAJoXeHHSM IDkMaHa [42, 67], ¢ nuHamuye-
CKUM KOSQ)Q)HuHeHTOM TypOYJIEHTHOH BASKOCTH nyTeM HpeILCTaBJIeHI/IR
ee B BUle

TFWKA/(@;W, o (4.18)

TAe Yym— YAeTbHHE 06beM BOAB; A — K03pHUHEHT' TypOy/IeHTHOM
BSI3KOCTH; ® — YIJIOBAsl CKOPOCTb BpalleHusi 3eMJH, paBHas 7,29X
X103 c‘1 ¢ — IHpOTa MecTa. ~

B. B. IlIYJIeHKHHI:IM [226] mpenJsoxkeno BbxpameHHe TS onpeﬂeJIe—
Bus Hqyp (M) B BUle ;

Hop=17,6W/4/sinq. | (4.19y
vaI/IHI/IMaH;
e ‘ Unox==0,0127W/4/5T0 g, o (4.20)
a @ =45°, lllynefikuH NOJIYYHI, YTO
. Hp = 600005 | (4.21)

ITo E. I'. Huxudoposy [131], nocrosiuuH# k03¢ dunuet B ¢op-
myJte (4.21) paBen 427 u OTHOLIeHWEe cpelHEH IJIHMHE BOJHBEF K Hyp
cocrasisier 0,94. PapenctBo BequunHbl Hypp CpelHEll [JHHE BETPOBBIX
BOJIH mpuHuMaercs B pacuerax H. A. Jla6sosckoro [101], B. A. Llu-
kynopa [213], C.-A. Kura#iroponckoro [79], B. A. Karana [64, 65]
H Ip. : :

K. A. Yexorunano [214] nonyunn Hyp = 0,42, 9T0 NOATBEpKAAETCH,
C €ro TOYKH 3PCHHS, YAOBJETBOPHTENLHBIM COBIIaJleHHEM STOH IJIy-

OUHBl ¢ HabJIONeHHOH TJIyOUHOH PacIOJIOXEHHs CJIOS TEeMIIepaTypHOro.

CKauKa B OKeaHe.

_ ITo onenkam II. C. Jlumefixuna [106], B Gapok/JIHMHHOM MOpe
B cpeiHeM Hpp=45 M, HO yBeJHYHBaeTCH C yBeJHYEHHEM TOPH30H-
TaJbHOr0 TYpOyJNeHTHOrOo ofMeHa W Da3MepOB AaKBATOPHH BOLOEMA.
I'pafineHTHO-KOHBEKIHOHHEE TeUeHHsI NPOHUKAIOT, [0 MHEHMIO 3TOrO
aBTOpa, B CpeiHeM Ha ray6uny 1100 m.

Pacueramu . M. ®uaunnosa [204] y(ZTaHOBJIeHO B 9acTHOCTH,
4TO BETPOBHIE TeYEHHs B LEHTPAIbHEIX paiiorax UepHOro Mops oxsa-
THBAIOT cJ1oH 1o 100 M, a B npubpexXHbx pafioHax — 10 1500 M.

3. @. I'ypuxoBo# [36] oOHapyKEHO cOXpaHeHHe HEKOTOpHhIX Xapak-
TEPHUCTHK CTPYKTYPH HOBEPXHOCTHHIX TedYeHMii B ceBepHOH uactu Tu-
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xoro. okeana po ray6uasl H500—600 M, a NpPOHMKHOBEHHE [BHXKEHHSA
Boja — g0 ray6uusl 2000—3000 m.

HuxHsis TpaHuIa BO3GYXKIaeMOr0 BeTPOM TEUEHHS B CEBEpPHOH
yacTH ATJaHTHUECKOrO OKeaHa pacroJaraercs, IO JaHHBIM DPacyeToB
JI. M. ®omuna [207], ma ray6use 1000—1500 M. JI. M. ®omun mpu-
ey K y6eXACHHI0, YTO TEOPeTHYeCKH B MOpe C OJHODOLHOH KHJKO-
CTbIO BETPOBHIE TEUEHHsS MOTYT OXBAThIBaTb BCIO TOJILY BOIBI OT IIO-
BEPXHOCTH JO AHA.

Pemenne 3ajgaud O NPOHHKHOBEHHH KBa3HYCTaHOBPIBLHeFOCH BeT-
POBOTO TeUEHUs] B MEJIKOBOJHOM BOJOeMe BIepBbie ObLIO MpeNToXKeHO
B. B. llltokmanom [224]. B pelllenny He yYHTHIBA/JOCh BJMSHAE CHJIBL
Kopuosinca, He HaK/IaJbBAJHCh OrpaHHYeBHMss Ha IJIyOHHY BOLOEMOB
W NMPUHUMAJNKCh HEKOTOPble JONYIIEHHS [pH HAa3sHAYEHHH TPAHHYHBIX
- ycnosuit. HecMoTpsi Ha 3TO, NOJIyuyeHHBIE MM BBIBOABI OKa3ajucCh [O-
CcTaToyHo npapponofo6ueiMu, OHM MOKa3asu, 4TO B BOJOEME yAJIHHEH-
HO# (OpMEl BETPOBOE TeUeHHEe, OXBATHIBAIOLlee BCHO TOJILY BOAbI, IIPH-
KUMaeTcss K TOMY H3 Geperos, BAOJb KOTOPOro AeHCTByeT BeTep 60Jb-
el CKOPOCTH, a KOMIIEHCAIMOHHOe TeueHHe [IPUYpPOUYEHO K IPOTHUBO-
MOJNIOXKHOMY Gepery W Tak JXe, Kak H Apei(oBOe TeyeHHe, OXBATHIBAET
BCIO TOJAILy BOABL. ComocTaB/ieHHe pPe3y/IbTaTOB pAacyeToB METOLOM
1llTokMana ¢ JaHHBIMH H3MepeHHil, BHNoOJHeHHOe I'. B. Pxenaunckum
{146], mokasano yaOBJeTBOpHTeJbHOE COBNAACHHe TPAHHLULl MeXAy
JpeliOBHIM M KOMIIEHCALHOHHBIM T€YEHMAMH AJs HECKOJIbKHX CTBO-
poB CesepHoro Kacnus, rie ray6una gocruraga 200 M U B HECKOJBKO
pa3 npesblllaga rAyOGHHY TPEHHS, BBIUHCHEHHYIO, Hanpumep, no ¢op-
mydse (4.21).

K. H. ®enopos npuiles K BLBOLY, 41O npHMeHeHHe MeToAa Wroxk-
MaHa JAJs ONpele/feHHs MNOJOXEHHA HYJIeBOH H30Taxd IO OCEBOMY
CTBOPY ONpPABAAHO TOJBKO AJS BOJOEMOB C. IMyOHHOH MeHblue 20 M.

[IpuMeHHTEeNBHO K BHYTpPEHHHM BOAOeMaM BejuuuHy H.p onpene-
Jsn Kcewenu [209], npencraBass ee Kak yHKIHIO Koaq)(pHuHeHTa
BEPTHKAJIBLHON TypOyJeHTHOH BA3KOCTH (AJA CpelHHX yCJIOBHH paB-
Horo 1072 M2/c) u mapamerpa Kopuosuca (pasuoro 107% ¢~t). IToay-
YyeHHOe UM 3HaueHHe Hyp 0Ka3aaoch paBHEIM 14 M.

M3 storo kpaTkoro o0630pa BHIHO O6OJIbLIOE pas3JjHuHe nOsTyyen-
HBIX OLIEHOK IMPeNeNbHOro HpOHI/IKHOBeHI/IH BETPOBBIX Teqemm B TJy-
OuHY.

Ha ocrnoBanun HCCJIGJIOBaHHH BpinoIHEHHBIX B ITH B HaTypHBIX
YCJIOBHAX, Ha THUAPABJIMYECKUX MOJAE/SX BHYTPEHHUX BOJOEMOB U JIOT-
KaX, IPEACTaBJSCTCS OYEBHAHHIM, UTO 35Ta XapaKTEPHCTHKA MOXKET
ObITb OAHO3HAYHOH TOJbLKO B BHITSHYTOM IIPSMOYTOJbHOM GacceiiHe
OpH AeHCTBHH BeTpa BAOJbL NMPOAOJbHOH ocH. B peanbHBIX BOmOemax
TIPOCTOH H CJHOXKHOH (POPMEI IPHU OLHOPONHOH IJIOTHOCTH BOJBL IIOJIO-
KeHHe Hfl)KHeﬁ rpadunbl ApeddoBoro TeueHus omnpenensercs copmu-
POBAHHOH B KOHKDTHBIX YC/NOBHAX LMDKYJsuHel BOJL, KaK IOKA3aHO
"B TJl. 2, U OOBIYHO OKasplBaeTcs pasHOH B pasHbIX MecTax BOJOeMa

{176].

B oTHOLleHuy 3HaueHHH paccMaTpHUBaeMOH XapaKkTEPHCTHKH B .yc-
JIOBUSIX CTpPaTH(UKALMH BOJA BO BHYTPEHHHX BOJOeMax TOKa CKa3aTh
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4yT0-11060 ONpeleneHHOe 3aTPYAHHUTeNbHO. OAHAKO HOBHIE JaHHBIE HC-
CleJOBaHHl CBHAETE]bCTBYIOT O TPOHMKHOBEHHH BETPOBBLIX TeueHHH
B IpUAOHHHIE CJIOH B YCJOBHSX BHPaxKEHHOH CTpaTHOHKAaUHH - BOI
‘Jaxe B TakKOM TJyGOKOBOLHOM O3epe, KakuM apjisercs Balixaa[3, 23].

4.10. OTxaoneRus Hanpagaenul 6eTpOBLLX TeUeHul
OT Hanpasaenns serpa ~ ‘

CoryiacHO TeOpEeTHYECKHM IIpeJCTaBJeHHAM, BpalieHne 3eMJH XOJ-

JKHO OTpaxkaTbCsA Ha HaIpaBJCHHH TEUCHUA BCJACACTBHE JeHCTBHS:

cunel Kopuoauca. JeficTBHe 3TOH CHJIBI HA EIMHHLY MAcchl OGBIYHO
- MEHbLIe, 4eM HeHCTBHE COCTaBJSIIOILeH CHJLI TAXKECTH, 00YCAOBJICHHOR
HaJINYHEeM  YKJIOHA BOJHOH IIOBEPXHOCTH, MEHbllle AeHCTBYIOUIEH CHJIBL
TpeHHS W He JOCTHTaeT M3MeHEHUs KOJHYecTBa ABHKEeHHS. B ymepen-
HBIX M BBICOKMX INMPOTAX 3€MHOH IOBEPXHOCTH BJMsHHE CHJIBl Ko-
pHoJinca, HanpaBJCHHOH IO HOPMAaJM K HaNpaBJ/JEHHIO NOTOKA; MOXKeT
JOCTHIaTh, N0 HMelomuMesa oneHkaMm [208, 209],-20 % kaxpnoi us me-
pEYHCAEHHHX Bhlllle NCHCTBYIOLWIMX cu/l. B cBA3M ¢ 3THM HanpaBieHHe

BETPOBOTO TEUEHHSI OTKJOHSETCA OT HanpaBJICHHS BeTpa IO 7acoBOH -

crpeske B CeBeDHOM NOJYLIaDHH W NPOTHB YacOBOH CTpedakH — B FOxK-

HOM HoJiylIapHH. ¥Yroa OTKJOHEHHSI TeYeHHs COCTaBJas€T, COrJaacHo -

pelleHusiM DKMaHa [226], 45° B NOBEPXHOCTHOM CJI0€ M HOCTHUTAET
180° na rayOuHe, paBHOH riybune TpeHusi Hypp. ViMeloTcs pemenus,
NOKas3bBaWwIlue, YTO B MOpPe H OKeaHEe yroJ MeXAy HalpaBNeHHIMHU
BeTpa M IOBEPXHOCTHOIO TedeHHusl cocramisier 25, 15,3 uaum 11° [209].
Hekoroprle ucciefioBaTeln CYUTAIOT, B YACTHOCTH, YTO C YBEJHUYECHHEM
‘CKODOCTH BeTpPa M CBS3aHHOTO C HHM KO3(dHIHEHTa BepTHKAJbHOR
TYpOyJIeHTHOH BSI3KOCTH -yTOJI MEXAY HalpaBJeHHEM MOBEepPXHOCTHOIC
TeueHHUs] M BeTpa yMeHblIaeTcd AO HECKOJBKHX rpagycoB [209]. -

He AOCTHTHYTO eIMHCTBA B3TJSALOB MO PAacCCMaTPHBAEMOMY BOIPOCY
¥ TIpUMEHHTEJNbHO K BHYTDEHHHM BOAOeMaM. DOJBIINHCTBO HcciaenoBa-
TeJied NPUAEPKUBAIOTCS ‘MHEHHS, YTO BO BHYTPEHHHX BOJOEMax BJIHS-
HHe OTKJOHSIOWIEH CH/B BpalleHUs 3eMJH Ha TEYeHHs] MeEHbLIe, yeM
B MOpAX M -okeaHax. Tak, A. H. OxJsonkosa [165] npuiiaa x BEIBOAY,
uro B JIaJ0XXCKOM O3epe yros OTKJOHEHHS HOBEPXHOCTHBIX TedeHHH
OT HallpaBJeHHS BeTpa 0ObYHO He pocturaer 45°. Tlo oGobimeHusm
CBeJleHHH O TedeHHsX B 03. Balikan ycraHoBieHO nmpeoGaamaHue mepe-
HOca BOJI; HalpaB/leHHOTo BAoJb Gepera {3, 24]. IlepeHocH BOL BAOJIB
Gepera Ha0JI04al0TCS KAaK B 30HaX ¢ IMy6uHO#A 10—70 M, Tak u B paii-
OHax IOJABOJHLIX CKJOHOB KOTJOBHHEI 03epa, The IAy6GHHA COCTaBMAeT
15—1000 M. DT pesyabTaThl HaGJIIOAEHHH, OUYEBHAHO, IIOJHOCTBHIO
NOATBEPKAAIOT NPABOMEPHOCT PACCMOTPEHHBIX B IMl. 2 CX€M BETPO-
BBHIX TeYEHHUH B BOJ0eMax ¢ IpocToll PopMoil KOTIOBHHHI. )

TeopernueckoMy pacCMOTPEHHIO BOIPOCA O BJUSIHHH  BpallleHus
3emiu Ha HamnpaBJeHHe TeueHHil B 03. Bafikaj mnocssmeHna pa6ora
[32]. B Hefi nokasbiBaeTcs, 4TO TeyeHHs] B O3epe NPAKTHUECKH He
HCNIBITHIBAIOT AefcTBUS cuabl Kopuoauca.
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ITo marepuanam H3yuYeHHH BETPOBLIX TEUEHHH, MOJYUEHHBIM 3KC-
nefvUHOHHBIMU rpyonamMu I'THM Ha Takux BHYTpEHHHX o03epaX, Kak
Boasmoe Slposoe, Bospmoe CumaruHckoe, Besnoe, u Ha Takux BOJO-
xpaHuinmax, kak KalipakkyMmckoe, Kaxosckoe u Kpemenuyrckoe,
CleNaHbl CJEeAYIONHe BLIBOJb: TeUeHHS B IIOBEPXHOCTHOM cJjoe OOLIUHO
CJeLyIOT HO HAaNpaBJeHHIO BeTpa, HO MOTYT OTKJOHATbCA MOIUHBIMH
ITyGHHHBIMH TEUEHASMHA (BETPOBEIMH KOMIIEHCALHOHHBIMH, CTOKOBEIMH
HJIA cellieBHIMH) Ha JII060# yroJ, BIJIOTh Ko 180°.

B KBa3HyCTaHOBHBIIEMCS COCTOSHHH HaNpaBJIeHHE HOBerHOCTHoro
TeUeHHSI B KaXXJOH KOHKPETHOH 4acTH BOAOEMa onpefeNaeTcs ob11eit
MaKpoquKmeuneH BOZ, 0OYCJIOBJIEHHOH CHHONTHYECKOH 06CTaHOBKOPI
HaJ akBaTopuedl ¥ mopdosaoriieli KOTJIOBUHEL BOJOEMA.

W3 3T0r0 KPaTKOrO paccMOTpeHHs CJeLyeT, YTO BETPOBHIE TEUeHHS .
B MeJKOBOIHBIX BHYTPEHHHX BOJOeMax OGEIYHO COBCEM He IOJBep-
JKeHbl HJIM TOJBepXKeHEl OYeHb MaJo BJIHAHHIO cuib Kopuosauca.

4.11. Teoperuueckue pewenus s3adaqu
0 8epPTUKANbHOM pacnpede/zeuuu cKopocTu -
8erposvlx TeneHul

CymecTByIOIlMe MaTeMaTHieCKHe MOJEJH  BeTPOBBIX  TeUeHHH
OGBIYHO BKJIOYAIOT DelleHHe 3aJauu O paclnpeesJeHHH CKODOCTH IO
BePTHKAJNHU 1 HauboJsee NpocThiXx ycaoBril. K uncay orosapuBaeMbix
NPOCTHIX YCJAOBUH OTHOCATCSI: BOJOEM HMeeT BHJ [NJIHHHOTO KaHaJa;
BeTep Haj BOXHOH NOBEPXHOCTHIO PAaBHOMEPEH; HJOTHOCTH KHUAKOCTH
" He MeHsSeTcs IO BepTHKAaJH.

Pemenus yaine BCEro OCHOBHIBAIOTCS Ha PaccMOTpeHuH AH(pepen-
LUHaJBHOTO YypaBHEHUS JBHXKEHHS YCTAaHOBHBUIErocs TYypGyJeHTHOrO
II0OTOKA, HO Pa3jnyaloTCsa NO YCAOBHAM Ha rpaHumax BojoeMa. B pe-
wenun A. B. KapaymeBa [73], HanpuMep, CKOpOCTb MOTOKA Ha JHE
NPHHATA PaBHOH HEKOTOPOMY KOHKDETHOMY 3Hau€HHIO, YTO COOTBETCT-
ByeT TaK Ha3bBAeMOMY YCJOBHIO CKOJbXeHHs NOToka. PesyibTaTH
pacyera paclpefieJleHHss CKOPOCTH IO BEPTHKAJH, NOJYy4YeHHHIE ¢ HC-
noJb30BaHMeM Meroja Kapaylieea NIpHMeHHTeNbHO K 03. Daiikas,
paccmartpuBaiorcss B pabore [39] u uwacTuuHO Ilpe,lICTaBJIeHbI Ha
puc. 4.2.

H_IHpoxo M3BECTEH METOJ pacuera BeTpOBbIX Teuenuii, paspaboran-
el B. B. llltokmanom [225], pas yCJIOBHH NDPUJIHNAHHA NoToKa (T. e.
NPHHATHS CKOPOCTH Ha JHE DaBHOH HyJ0). BeprukasibHOe pacmpene-
JIEHHE CKOPOCTH M I0JIOXKEHHMe IpaHHIBl ApefipOBOro TEU4eHHS B 5TOM
MeToJle CYIeCTBEHHO H3MEHSIOTCS B 3aBUCHMOCTH OT IPHHHMAeMOTo
3aKOHa pacnpeiesnenns kosddunueHta TypOYJeHTHOH BS3KOCTH, UTO
OTYeT/IMBO BHAHO Ha pHC. 4.12.

BuusiHue TeMmmepaTypHOH CTPaTHOHKALME ¥ CHJH Kopuoauca na
BePTHKAaJbHOE pacrnpefiesieHne CKOPOCTH  JETajJbHO  HCCIeLOBAaHO
B. T. Barepom n B. B. CHMOHOBHIM. Pe3y/bTaTel pacueToB NOKa3aHHI
B pabore [22] u Ha puc. 4.13.

HimeeTcs1 HeCKONBKO peHIeHHi 344aun O pacrnpenesieHu CKOpOCTH,
no.nyquHbe 3apyOeKHBIMH HCCAELOBATENSIMH.
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Hast menkoBoABbix BogoemoB Cmur [209] Hpe,U.CTaBI/I.H pacmpenme-

JICHHE CKOPOCTHU B BHJAE

v(2)=5 75W/CM lg (302'/2,),

0,25 |-

0,50 —

075

100
z/H

(4.22)

Puc. 4.12. VaMeHeHHe paclpejelleHus 10 Bep-
THKAaJH CKODOCTH BEeTPOBOFO TeYeHWsl IIPH pas-
AHYHBIX 3aKOHAX pacHpejesneH#s KoshduiHeH-

TOB TYpOYJeHTHOK BASKOCTH [225].

1 — A=const;
HEHHO OT IMOBEPXHOCTH BOABI

2 — gHauenust A YMEHbIIAOTCH JIH-
3—d,—

rape Zl—paCCTOHHI/Ie [0 BepTHKAaJIM, OTCUHUTAHHOE OT [AHA; Zp—Iapa-

MEeTp IIE€POXOBATOCTH, NPHHATELIA paBHHIM 10 MM,
IHapamerp Wy BEHUHCISICTCSH 1O BHPAXKEHHUIO

W ey = 0,40505k* A exp [ E* (H — A)],

rae H — I‘.IIy6PIHa BOJOEMA.

Puc. 4.13. Vsmenenue pachpejelieHust
CKOPOCTH BETPOBOT'O T€YEHHS IO BEPTH-
kanu (I} Onpw pasjMyHBIX 3aKOHAX pac-
apejesneHns Kos(hPHIHeHTOB TypOyJIeHT-
HO#  BaskoctH ([} - M TeMmmeparyph
Bogel (no B. T. Barepy # B. B. CumMo-
HOBY).
1 — GosblIasi HeEYCTOHUHBOCTh, 2 — CPemHAA

HeYCTONUYHBOCTR, J — HeHTpanbHasd CTpPaTudu-
KaIHs.

(4.23)

0,2
04
a6

08

7,0
z/H

HapaMeTp k* sBiseTcsi B. CBOIO Odepelib cbyHKuHeH WHPOTH Me-

cTa ¢ u ckopoctd Betpa Wi Jus ¢ =56°
*=6W
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Toamuza NOTPaHUYHOIO CJ04 A npupuMaeTcqa paBHOﬁ

A=0,083WLY, . (4.25)

Omnupuueckue Ko3(pUUHEHTH H HapaMeTphl, BXOAsIIHe B (op-
Mynel CMuTa, IOJTyYeHHl N0 MaTepHasiaM HCCAEAOBaHHA.

4.12, Pacnpeae.aeuue cKopocTu xsasuycmnosusmuxcn
8eTposLLX Teweruii no OAHHOIM FKCREePUMERTO8

Pacnpepenenne OJHOHANPABJIEHHLIX IO IAy6HHE KBa3HyCTAHOBUB-
IIMXCA BETPOBBHIX Te4eHHH,  I[O-BUAMMOMY, ~ BIE€DBble  IIOJYYEHO
P. H. VBaHoBuiM [55] B KOJBLIEBOM IITOPMOBOM OaccefiHe, a paclpe-
IeJNeHue  pasHOHanpasJjeHHBX  TeueHuH — E. I. HuxudopopnM H
I'. H. TpodpumoseiM [132] no matepuasaM JabopaTOpHEIX HcCJeL0Ba-
HuH B 9-MeTpOBOM a3pOruApaBJHYECKOM JOTKE. CKOPOCTH TeueHus,
NlepeYnCeHHEle aBTOPOM, . U3MepAJIH NPeHMYLIeCTBEHHO NOMJIaBKaMH,
BePTYHMIKAMH H IO - ABMKEHHIO OKpalleHHOH XKHAKOCTH, BBOAUBLIEHCS
B NOTOK. B KOJBLEBOM IITOPMOBOM OaccefiHe MO TEeXHUYECKHM INPpHUH-
HaM H3MepeHHsIMH He OXBaTHBaJach BCSl HPHUIAOHHAS TOJIIA IOTOKA
(mo 1,0 M Hanxo fHOM).

B ITH paa BosicHeHMs pacnpelefeHHs CKOPOCTH IO - BEPTHKAJIH
UCIOAb30BaHEl JaHHBIe YIIOMHHABIIMXCS B NPeABIAYIIUX IJaBax JKCIe-
PHMEHTOB C OJHO- U pasﬂonanpaBneHHHMH 10 riy6HHE BETPOBEIMH
TegeHusiMu [174, 177].

Ilo naHHHIM 3SKCHEpHMEHTOB ¢ pa3H0HanpaBJ1eHHb1MH no ruyGuue
BETPOBLIMH TEUEHHSAMH HOJY4YeHH NPEUMYIIECTBEHHO GIU3KHE IO BUAY
SMIOPHI paclpejesieHns ocpeHeHHOH cKopocTH. OHH XapaKTepUsyloTcst
HanboJiee HHTEHCHBHBIM YMeHbIIEHHEM CKOPOCTH ApeH(pOBOr0 TeyeHUS
ot mosepxHoctu jgo ropusonra (0,1... 0,2) A, a B HEKOTOPHX 3KCIEpH-
MeHTax Jaxe 10 TOYKH Ilepexofa CKODOCTH yepe3 HyJib, IJIABHEIM yBe-
JIHYEHHEM CKODOCTH KOMIIGHCALIMOHHOTO TeyeHus ¢ ropusonra (0,30...
0,35)H no ropusonta (0,5... 0,7)H, HalHYHEM MaKCUMyMa CKOPOCTH
KOMIIEHCALMOHHOTO TeyeHus Ha ropusonre (0,6... 0,8)H u peskum
yMeHbIIeHHeM CKOpOCTH ¢ ropusoHta (0,90... 0,95)H mo mma. dro
XOpOollo BHAHO Ha 0606uleHHON smiope (puc. 4.14), cocrTaBleHHOH MO
JAaHHBEIM 15 3KCIIeDHMEHTOB, KOTOpbleé [0 OTHOCHTEJNBHOH  rJy6HHe

VKaagpiBaloTcs B AuanaszoH 1,0 << H/A << 6,0. HesnauureabHo OTJH-
yaloTest 0T 0600ienHol (puc. 4.14) Toabko Te TIOPEHI, KOTOPHE NOMY-
YeHH TO 3KcmepuMeHTaM ¢ H/A << 1,0. Has nux XapaKTepHO HEKO-
TOpPOE CMeLleHHe KO IHY MakCHMyMa cxopocm KOMIEHCAIHOHHOTO Te-
9eHUs,

OG6ob6uennas smiopa cxopocm noJIyuenHas SKCNIEPHMEHTabHO,
HauboJiee GJH3Ka TIO BHAY K TEOPETHYECKOH omope (KpHBaH 2 Ha
puc. 4.13), npusenenHofi B paGorte [22] mjas ycjaoBuit cpegHefi ycroii-
YMBOCTH CTpaTHQMKauuu njoTHocTH. Kpusas 3 Ha puc. 4.13, coort-
BeTCTByWOINasi B pabore [22] ycaoBHAM HeHTpanbHOH CTpaTHOHKADMH
IJIOTHOCTH, Haubosee 6JM3Ka K BHAY 3SKCIEDHMEHTAJbHHIX 3MIOP CKO-
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poctd, moaydeHHslx npu H/A=0,3... 0,5. To 06crosaTenscTso, uTO
00001LIeHHAsE  3KCNePUMeHTaJbHAasl 3MIOpa  CKOPOCTH, MOJy4YeHHast
B YCJOBUSAX HeHTpanbHO# CTparuduKanuy IJIOTHOCTH, Jyulle COTJacy-

€TCST ¢ TEOPETHYECKO# 3IOpOH, COOTBETCTBYIOIIEH YCIOBHIO CpeaHeit

HEYCTOMYMBOCTH, OOGYCJIOBJNEHO, MO HAIUeMy MHEHHIO, pasJHIHIMH
B pacnpefe/ieHHH MO TIyOWHe BepPTHKAJIbHOro Kosdduunesra typoy-
JICHTHO¥ BfSKOCTH. B’ TeopeTHuecKHX pacuerax; Kak 3T0 BMAHO Ha
puc. 4.13, 310 KO3(QHUUMEHTH yMEHBIIAIOTCA OT MAKCHMyMa Ha TOpH-
sonte (0,4... 0,5)H 10 HyJa Ha MOBEPXHOCTH M Ha JHE, a B SKCIEpH-

MEHTAX HX paclpefeseHye H3IMEHSETCS,

52,5 0 25 uy/Il;; ~ KAaK IIOKA3aHO B IMI. 3, C H3MEHEHHeM
| 1

H/)\, npuyem abCcoJiOTHHE 3HAYEHHS
‘ Ko3(h¢dunrenra TypOYJAEHTHOH BI3KOCTH
025 - B IIOBEDXHOCTHOM cJoe GoJble, YeM
B IPUIOHHOM CJIOE. ‘
TToBepxHOCTHASl CKOPOCTb BETPOBOTO

'0150_‘ » TE€UYCHUA YMECHBIUAECTCA II0 CPABHEHHIO

N o
CO cpenHeH CKOpPOCTbI0O HA BEPTHKAJH,

Puc. 4.14. OGoOmennas OespasMepHas 500pa
o CKOpOCTeHl pasHOHANPABJIEHHOrO Mo riayOHHE BeT-
- DOBOro TeueHHs (HaHHEE J1a0OPAaTOPHBIX 3KCIE-
1,00 77rrr PHMEHTOB).
H ‘ v i

O LaHHBIM TEOPETMYECKHX pacueToB [22], C yBeJHUCHHEM HEYCTOHUU-
BOCTH cTpaTHHKAUMK IJIOTHOCTH, @ IO JAAHHBIM 3KCIEPHMEHTOB, —

¢ ymenbluenneM H/A. Tak, Hanpumep, oTHoweHHe |v|cp/Vnos, 1O “AaH-
- —

~

HBIM SKCIEDHMEHTOB, cocraBaser 0,20—0,25 mpu H/p~38... 5 u

0,45—0,50 npu H/A=0,3... 0,5. [Io naHHBIM BCeX SKCIEPUMEHTOB
C pPa3HOHANpAaBJEHHBIMU MO Ty6GHHe BETPOBHIMH TEUEHHSIMH, CPEILHSSA
Ha BepTHKaJu abCOMIOTHASl CKOPOCTh CBfi3aHa € MOBEPXHOCTHOH CKO-

' POCTBIO MPHOIHKEHHBIM COOTHOIICHHEM - ]
|9 |ep == 0,3100n (4.26) -
— 5 ,

— -

B oaHoHanpas/eHHOM IO IMyGHHE BETPOBOM TEUYEHHH BEPTHKAJb-
HOe pacmpejesieHHe CKODOCTH 3aMETHO H3MEHseTCs C H3MeHeHHeM

CKOpPOCTH BO3AYLIHOIO MOTOKA H OCHOBHBIX 3JEMEHTOB BETPOBBIX BOJIH.

C yBeJmyeHWeM CKOPOCTH BO3IYIUHOIO NIOTOKa K Pa3MePOB BETPOBBHIX
BOJIH TPOUCXOJHT YMeHbLIEHHE BepTHKAJbHBIX I'DafHeHTOB CKOPOCTH
TeUeHHs MPAKTHUECKH IO BCE TOJIIe MOTOKA, 3a HCKJIOYeHUEeM IMpu-
JOHHOTO CJIOsi, Ile CKOPOCTh OGBIYHO YyBeJHYHBaETCS. DTO 00CTOATE b=
CTBO OTYETJMBO BWAHO Ha Ge3pasMepHBIX 3MIOPaX CKOPCCTH  KBa3H-
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YCTAaHOBHBIIETOCS TEUEHHs], IOCTPOEHHBIX IO AAHHBIM 3KCMEPUMEHTOB
(puc. 4.15). TlockKonbKy AJIS NMOCTPOEHHA 3THX 3MIOpP HCIOJIb30BAHO
CPaBHHTENBHO  HEGOJBIIOE — UHCIO IKCIEDPUMEHTOB, TO OHH HMMEIOT
B- ONpefeseHHOH Mepe HJIJIIOCTpaTHBHbIPI xapakrep. OfHaKo IpH OT-
CYTCTBUH [LAHHBIX H3MepeHHH MMH MOKHO BOCIOJIb30BATbCS [Jsl MPHU-
6JMKeHHOH OLIEHKH paclipefie/leHust CKOPOCTH IO BEPTHUKANH B YCJIO-
BHSIX OTCYTCTBMs CTpaTH(UKAUMM IJOTHOCTH B BOJOEME M JHamna3oHe

u3Menenus H/A mpuMepHO OT. g 05 10 15 /Y

0,4 1o 4,0. T l/////‘
Ilo paHHBIM J1a6opaTop-, b -

HBIX HCCJI€AOBAHHMH NOJyYeHA - H/A*Qfdﬁl,f? 4

SMIHPHYECKass  3aBUCHMOCTH
cpeaHell HA BEPTHKAJH CKO-
POCTH . OJHOHANpaBJIEHHOTO
BETPOBOTO TeYEHHS OT NOBEPX-
HOCTHOH CKOPOCTH M OTHOCH- 050}

T

025

Puc. 4.15. OGoGueHHEle Ge3pa3mep- 075
Hbie 3IMIOPHEI CKOPOCTeH OJHOHAmpaB-
MeHHOTO MO TJyGHHe BETPOBOTO Te-

YyeHus IPH DAasJMYHOHX OTHOCHTEJb-
HOl ray6une H/fA.

7

100
z/H

TeJbHOH TIAyOGHHBL 3Jrta 3aBHCHMOCTb NpencraBieHa B Buae [178]
Uep=0,35050s [2 — lg (H/A)]. (4.27)

B HaTypHBIX yeJOBUSIX BETPOBble TeUeHHS 4acTO HapyllaloTcs ceff-
UIeBHIMH, CTOKOBBIMM MJIM OCTATOUHBIMH TeYEHHsMHU. B CBfA3H ¢ 9TUM
MO JaHHBIM H3MepeHHH peAKO YyJaeTcs MOJYYHTh 3MIOPH C IJIaBHBIM
H3MEHEHHeM CKOPOCTH [0 BePTHKa/JH M YCTOHUHBHIM BO BpEMEHH Ha-
IpaBJieHMeM TeUeHHs Ha pasHbIX ropusoHTax. ToJMbBKO B cayuasix,
KOrja TeueHHsl Ha OTACJbHBIX BEPTHKAJAX H3MEpSIOTCs MPOAOJIKHU-
“TeIbHOe BPEMSI M STH H3MEepEeHHs] CONPOBOXKAAIOTCS perucrpauues -
BeTpa, YPOBHA BOJBl M BOJIHEHHS, M3 MHOTHX 5IIOpP yxaercs BHIGPATb
TaKue, KOTOpble OTBEYalOT YCJOBHSIM KBAa3HYCTAaHOBHBLIMXCS BETPOBBIX
TeueHH#. MaMepeHuss Takoro poja NPOBOAMJHCH 3KCHEeJHLHOHHBIMH
rpynnamu I'TH na KafipakkymckoM, Kaxosckom u KpemeHuyrckom
BOAOXpaHMW/JMIAX M Ha HECKOJbKHX HeGOJbLIMX o3epax. Heckoibko
3MI0p, NOJYYeHHBIX NO JAAHHBIM 3THX H3MepeHWH, [OOKaszaHoO ~ Ha
puc. 4.16. Haubospline BepTHKaJbHBIE TPAfAHEHTHl CKOPOCTH Ha 60JIb-
LIMHCTBE 3THX 300D NPHUYPOUEHH K NOBEPXHOCTHOMY H NPHAOHHOMY
¢JI05IM, 2 HauMeHbllHe — K LeHTPaJbHON YacTH MOTOKA.

Ha BePTHKAJSX B 30HAX NORHATHH JHA UM y BHEUIHed rpaHuubl Ge-
peroBHIX OTMesleffl B YCJOBHSIX CHJBHBIX LITOPMOB YacCTO . OGHAPYKH-
BaeTCs CPaBHHUTEJbHO IJIABHOE - YMEHbIIEHHE CKODOCTH BETPOBOrO

10 3axas Ne: 263 . 145
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TeYeHHs! OT NOBEPXHOCTH BOJEI A0 BepXHefl I'PAHHILLI NPHIOHHOTO CJIOS.
DNIOpH CKOPOCTH B CJIyYasix COYETaHUS BETPOBOrO TeUeHHs C BOJ-

HaMu Ha Mmeakoil Boge (H/A< 0,5) 6an3ky HO BHAY K DEYHBIM 3IIO-
pam [73, 215] 1 OTAMYAIOTCA OT HHX Ha/JHYHEM YBE/JHYEHHBIX BEpTH-
KaJbHEIX TPaJIUEHTOB CKODOCTH B IOBEPXHOCTHOM CJO€ H HaHGOJb-
WIHX paj{eHTOB B NPHAOHHOM cjoe (puc. 4.166). :

B ycnoBusx coueTaHus BOJH Ha ray6okodt Bome (H/A >0,5)
C OIHOHATpaBJIEHHBIM TEPEHOCOM BOX paclipefiejieHne CKOPOCTH Teye-
HUsl OGBIYHO XapaKTepU3YeTcsl CYIIeCTBEHHO YBETHUYCHHBLIMH BEPTH-
KaJbHBIMH IpajJHeHTaMH CKOPOCTH B IOBEDXHOCTHOM CJIO€ II0 CpaBHe-
HUI0O C HEHTPAJbHON 4YacTbi0 [IOTOKAa H. TPHAOHHBIM  CJIOEM
(puc. 4.16 8).

B ycaosusix nmelctBusi paSHOHaHpaB.HEHHbIX no ray6uHe TeueHHH
SMIOPEI CKOPOCTH HMEIOT BHJ, 6/IM3KHE K BHLY 0600IIeHHON 3KCHepH-
MEHTaJIbHOH 3MIOpHl CKOPOCTH, MpeACTaBJeHHON Ha puc. 4.14. Oanako
HUXKHAS TpaHWDa JpeddOBOro TeueHUS IIPH 3TOM MOXKET pacloJa-
ratecsl He TosbKO Ha ropusonte (0,30... 0,35)H 0T mNOBEpPXHOCTH
BOABI, KakK B Aa3POTHAPABJHMYECKHX JOTKaxX, HO M Ha TOPH30HTaX
(0,1... 0,5)H (puc. 4.162, d), uto ompesensercs OOLIMMH YepTaMH
MaKpOIUPKYJIALHE BOJA K MeCTOIOJIOXeHHEM BePTHKaJHn B BOJOEMeE.
Hanpuwmep, B ciayuae RefiCTBHSI MaKpOUHMPKY/AUHH ¢ NpeobiagaHHeEM
OJIHOHAIPaBJIEHHOrO IO ryOuHe BEeTPOBOrO TeUeHHs y OAHOro Gepera .
Ha BEPTHKAJSX y TPOTHBONOJOXKHOTO Oepera, TAe npeoGiajaer KOM-
NEeHCALMOHHBIA TepeHoC “BOM, "HHXKHsIA TPaHHIA Aped(OBOro TeyeHHs
HEepeIKO pacloJjaraeTcss Ha TOPU3OHTE OKOJIO 0 1H, a mpH CHIBHOM
BeTpe — faxe Ha ropusoHTte 0,05H.

Hpennpm—mmanncx; NONBITKE HOJydYeHHsl 10 JaHHBIM H3MepeHHH
TeYeHHH B MEJKOBOJHBIX BOJAOEMax OOGOOLIEHHBIX SNIOp  CKODOCTH.
OjHa ¥3 TaKHX IIOIBITOK, YBeHUaBIIAscs IIOJAYYCHHEM CpaBHUTENBHO
yOeluTebHEIX pe3ynbTaToB, Obla npeanpunara B I'TH npu obpa-
6OTKe JNaHHBIX H3MepeHHil TeueHuit B 03. Dasxall, BHIOJHABUIMXCHA
C CyJOB IPUBA3HBIMH TJyOUHHBIMH TOIJaBKaMH. PaccMOTpeHHIO MOJ-
Bepruyto 1230 smiop. OHE pa3feseHH O XapakKTepy H3MEHEHHs CKO-

.POCTH Ha DNATh OCHOBHBEIX rpynn. HauGoaplllee uHC/I0 H3MEPEHHBIX
3MI0D XapaKTepH30BaJIOCh OUEHb MJABHBIM HJAH OTHOCHTEJBHO IJIAB-
HBIM ' yMEHBUIEHHEM CKODOCTH TeUYeHHs ‘B IpeJeiax OT MOBEPXHOCTH
BOABI 1O NPHAOHHOTO CJOS H pe3KUM yGHIBAHHEM CKOPOCTH B MPHIOH-
HOM cJoe. DMIOpH TaKHX BHAOB cocTaBuau 64 %, yTo MOXHO pac-
CMaTpUBATh KaK Pe3y/bTaT CYIIeCTBEHHOTO BJMSHUSI Ha uxX (hopMmupo-
BaHHe cefillleBHIX TeUeHHH, MMEOINUX B 03. Bajxam 3HayuTeJbHYIO
nosropsiemocts [181, 189]. Dmiopel ¢ 4eTKO BEHIpaXKEHHHEIM PAa3HOHA-

Puc. 4.16. XapakTepHble BHIB paclpeiejieHUs] CKOPOCTH U HaNpaBJEHHS BETPOBHIX Te-
yenul Ha Beprukansx Kafipakkymckoro, I'opbkoBckoro 1 KaxoBCKOro BOLOXpaHUJIHIL,
a Takxe Ha 03. Bospmiom CHMAarpHCKOM.

a, 6 — HepeHOC B OAHOM HaNpPaBJeHHUH; 8 — H3MEHEHHE HANPABJIEHHA [IepeHOoca B npepenax Ao 90

2 — npec6iafaHne PA3HOHANDABJIEHHOTO MO TJIyOHHe TeYeHHd; § — npeoGiafiaHHe CJAOKHOTO pac-
fpeAeNeHAS TEeYeHHI,
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npapJieHHBIM N0 TJyOHHE IlepeHOCOM BOJ cocTaBuau  Bcero 3 %,
a SMIODEl, KOTOpHIE HENb3s OTHECTH HH K OJHOMY H3 BHIOPaHHHIX BH-
nos, 11 % (ra6a. 4.3).

Tabauya 4.3

Pacnpejenenye JAHHbIX TNONJABOYHBIX M3MepeHnit Teuenmi
B 03, baaxan nmo BUAY 3MIOp CKOPOCTH:

=pUpyDFY

fTopadkoberl
Howep

Yucno snop 430 357 - 123 48 37 /35

8 % om obiyezo . \ )
Konuvecmba 35 29 70 72 3 /4
(1230¢3) . :

‘ ,

B rnyGokOBOAHHIX BOJOEMax paclpeeleHHe CKOPOCTH TeueHHs
06LIYHO BecbMa CYLIECTBEHHO CJIOXKHee, ueM CpPaBHUTENBHO IMPOCTOE
pacmpejiesieHue CKODOCTH B a3POTHIPaBAHYECKHX JOTKAX H MEJKO-
BOJHbIX Bojoemax. Tak, B 03. Dalfikan npy HaJuyuu BHpaXKeHHOMH
cTpaTHdUKANUK [JIOTHOCTH MO IJyOHHE HaHMeEHbHIYe CKOPOCTH Teue-
HUS OTMeuarorcsi, no nHHEM B. M. BepGosoBa [23, 24], B 30He Tep-
'MOKJIHHA, a HauGOJbLIHE — Ha TOPU30HTAX HECKOJNbKO HHXKE TepMOo-
KIUHA H BO.JH3H AHA. BOABIIORN CJIOXKHOCTBIO OTAHYAETCS H BepTHKAJb-
HOe pachpefesieHHe HANpaBieHHUs TEUEHHs, YTO MNPENsTCTBYeT ycTa-
HOBJICHHIO 0GOOLIEHHBIX 3IIOP.

4.13. Ilepenoc 800 uepes BepT-uK(lftb -

[TepeHoc Boa uepe3 BepTHKAJb, KOTOPHIH MOMKHO XapaKTepu3oBaTh
aGCOTIOTHEIM 3J1eMEHTaPHBIM. PACXOJOM |g|, 3aBHCHT, KaK M CKOPOCTb
BETPOBOI'O TEYCHHMsI, B OCHOBHOM OT CKOPOCTH BeTpa W, rJIyGHHEI BO-
joema H, yckopeHHs cBOGOAHOTO NafeHHs] g, IJIOTHOCTH BOIBL (D)
H BO3Ayxa (Pa), T. €. '

flgl, W, H; g, 0w 0=0. (4.28)

JIAs NONyYeHHs < KOJNUUECTBEHHBIX XapAKTePHCTHK paccMaTpHBae-
MOro sIBJIE€HHA B pa60Te [176] ucnonb3oBaHB MaTepHaJ bl HATYPHBIX
HaMepeHu#l TeueHull H na6oOpaTOPHBIX HKCNEpHMEHTOB.

Otobpano Gosee 500 smiop TeweHM#, AOCTHIIIHX B CBOEM pasBH-
THH KBasWyCTaHOBUBLICHCS craiuu. [Ipn KpuTHYeCKOM mpocMoTpe Ma-
TepHAJOB OOHApyXeHbl OILYTHMHE pAa3/]uudd 3JeMeHTapHBIX pacxo-
JIOB OJHOHANpaBJEHHBIX U pa3HOHANDABJEHHHX IO NMyGHHE BETPOBHIX
Teyeyu#l [176]. K rpynme c opHOHanpaBJeHHEIM 1O rayOuHe IepeHo-
COM OTHECEHBI [I0YTH BCe M3MepeHusl, MoayyeHHEIe Ha Kafpakkymckom,
T'opbKOBCKOM H erMquyI‘CKOM (BI/ITOBCKHH 3a/1MB)  BOAOXPaHUJIH-
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nmax ¥ #Ha o3. DosbuioM $IpoBOM, a TaKKe M3MepERUs, BHIOJHEHHBIE
B TMIDABIHYECKHX JOTKAX, B KOTODEIX NPAMOH H KOMIEeHCallHOHHBIH
NIOTOKH pa3/eIAAuCh HENPOHHIAeMOH NPOAOJNBHOH CTEHKOH.

B rpynny ¢ pasHOHAanmpaBJEHHLIM TEUEHHEM BKJIOUEHB H3MepeHHS,
TOJIyYeHHbe B a5POrMAPABJHUECKHX JOTKAX IpH BO3CYHNCHUH LMD~
KyJSIUE B BePTHKAJBbHOH IJIOCKOCTH, 60/blIast 4yacTb H3MEPEHMH, BbI-
NOMHEHHBIX Ha NMPOCTPAHCTBEHHBEIX MOJENsX BOAHBIX 06BEKTOB, H 60Jb-
Hlas yacTb H3MepeHui Ha 03. bospuwiom CuMarusECKOM.

3aBHCHMOCTb BENHYHMHH || OT mepeunc/eHHHIX Bhillle ONPeAe/Isio-
mHx (GakTOpoB YCTAHOBJNEHA CJENYIOIMM 06pasoM. Y4TEHO NOCTOSH-
CTBO OTHOIUEHUS Qu/0a M COKpAlleHO YHUCJO ONpefessiomux (PpaxkTopos.
B poipaxenun (4.28) 1o yerwipex:

Flql, W, H, gy=0. (4.29)

C NnOMOMIBIO 7i-TeOPEeMbl COCTABJEHE KPUTEPHUH:
OCHOBHble! ’ ‘ .
n=g|q|IW? . (4.30y
= gH/Wz; ) (4.31)

BCIIOMOraTeJibHbBIC! _

- m=|q|((WH), (4.32)
=glq|H/W". (4.33)

3aBHCHMOCTh MeXJAYy OCHOBHEIMH KPHUTCPHAMH IIpeICTaBJeHa
B BHAE

gl =i @HWY. (434

Jljis ycTaHOBJIeHUS] 3aBHCHMOCTH JaHHBIE M3MEDEHHHI HaHeCeHH Ha
JorapudMuyeckyio kaeryarky (puc. 4.17). Ilo ToukaM H3MepeHHN
‘TIPOBE/EHHE OCPEAHSIOUIHE NHpsSIMBle: BEPXHSAS — IO TOYKAM H3MepeHUir
IpeddoBbiX TedeHui, OXBATHBAIOMIUX BCIO TOJILY BOXBI, a HHIKHAS —
N0 TOYKAM H3MEDPeHHs DA3HOHANPABJEHHEIX NO IIy6uHE BETPOBBIX
TeueHuH.

Ha xaeruaTky HaHeceHbl TaKXKe pacyeTHble TOUKH, IIOJydYeHHbIEe:
H. A. JlaBTsaH AJs CXeMaTH3HPOBAHHOTO BOJOeMa C . pasMepaMmu
03. ba#ixaa npu ray6use 730 M ¥ ckopoctH Berpa 10,5 M/c, a TakXKe
AJisi CXeMaTH3HPOBaHHBIX BOJLOEMOB C riIyGuHo# 50 m 100 M mpu cxo-
poctu ‘Betpa 10 u 20 m/c. OHu pacno/oXunuch B BepXHEM IPaBOM:
YIy KJeTyaTKu, Ha ee JuaroHajn. Takoll pesysnbTaT, ec/iH pacueTh:
CYHTATh HAAEKHBIMH, MO3BOJAET 3aKJIOUHTh, UTO B TJYGOKOBOZHBIX
BOJlOEMaX 3JIeMEHTapHBie PAaCXOAbl OJHO- ¥ Pa3HOHANPABJEHHOIO BET-
pPOBOro TeueHHsl NpH NPOYHMX PABHBIX YCJAOBHAX OJHU3KH MEXKIAY COGOil..
CriezioBaTe/IbHO, MOXKHO YTBEPXKAATh, 4TO SMIHpHYECKHe NpSIMblE Ha.
puc. 4.17, pacnonaraiouiyecs NpHMepHO NapaefbHO APYT APYry NMpH
MaJblX U CpPelHHX 3HaueHUsx gH/W?2 NOJXHH NepexOLuTh B KpHBbIE
n c6auxaTees B obaacTh Goabmux suavyenuit gH/W2,

14%
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Puc. 4.17. 3aBucuMocTh Ge3pasMepHBIX KpHTEpPHeEB g]q|/W?0=f(gH/W/%o I OAHO-

HANpaBAEHHHX ¥ DAa3HOHANPABJCHHHX MO rAyOHHe BEeTPOBHIX TEYEHHH.

1—5 — natypuple HaGmiofenus; 6 — pacuerst H. A. JlaBran; 7—8 — pesyJbTaThl HCCAEROBaHUH
#a THAPABAMYECKHX MoJensix 03. Baitkanm; 9—I2 — pesynbTaThl HCCHAENOBaHU# B adPOrHAPaB-
JHYECKHX JIOTKaX DasHBIX Pa3Mepos.
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3aBHCHMOCTb MeXJAy KDUTEPHaJbHBIMH BEJMYMHAMH BBIDAXKEHHS
(4.34) B o6nacTH NpPSAMOJHHEHHBIX YYaCTKOB MOXKHO IIpeJCTaBHTHL
B CJEAYIOUIEM BHIE: ’

g (glqiW) =nlg(gH/W?) +lgm. (4.35)

TTocKOMBKY OpsIMBlE HAKJAOHEHH TMOJA YTJaoM 45° K ocsiM KOOpAMHAT,
TO 3HaueHHe n B BolpaxeHHH (4.35) mpuUHMMAaeTcs PaBHBIM €AUHHUIE
(xoTa (akTHUeCKH /I BepXHeH NpsAMOH OHO HECKOJIbKO OoJblie,
a g HHXKHeH NpsAMOM — HeCKOJbKO MeHblle eluHMUB). Toraa aJje-
MEHTapHBIH pacxold ¢ ApeH(pOBOTO TeUEeHUs, OXBATHIBAMILEr0 BCKr
TOJILLY BOJAHI, OyAET

lq|=0,012WH, . (4.36)

a SJIeMeHTaprIﬁ pacxoJ pasHOHAaIIpaBJICHHOTO BETPOBOTO- TEUEHHUST -

| g ]=0,0035WH. ' (4.37)

Otcoia cienyerT, Y10 CpeAHHH 3JeMeHTapHHH pacxoj ApeldoBoro
TeUeHHs, OXBATHIBAIOUIETO BCIO TOJILY BOJABI, NPU IIPOUHX paBHBEIX yC-
JoBusiXx B 3,43 pasa Gosiplie aGCOMIOTHOTO 3JEMEHTAPHOTO pPacxoia
pasHOHANpaBJeHHOTO BETPOBOrO TeUEHHH, T. €.

gep=3,43 I_q_l =3,43( gz g:])- (4’38)

-

M3 aToro cooTHOLIeHus cjelyeT, 4TO IpH (OPMHPOBAHHH  OJHO-
HanpaBJeHHOTO BETPOBOTO TeueHHsi BJAOJAbL ONHOTO U3 OeperoB BOLO-
eMa IIHpHHA OXBAYEHHOH WM 30HHI JOJXKHa OBITb B HECKOJBKO pasd
MeHbllle LIHPUHLI 30HH JeHCTBHA TpafHEHTHOIO TeYeHHd, a CyMMap-
Hasi IJIOIIAJb CeYeHUs, oxpauyeHHas ApelH(dOBLIM TeueHHEM, MeHbIlle
OJIOLIAJH CeYeHHsl, OXBAYeHHOH TIpaJHeHTHHIM TeJYeHHEM BCTPEYHOrO
HalpaBJeHHUs. e

KonvuecTBeHHblEe  COOTHOLIEHHS MEXJAY STHMH BeIMUMHAMH JJIS
JI000H cXeMBl LMPKYJSLUHH, NpeJCTaBJeHHOH B -IV. 2, MOXKHO IIOJY-
YNUTh, MCXOAs M3 YPaBHEHHs HePa3phIBHOCTH M C YY€TOM BHIpaKeHHd
(4.38). Tlosb3ysch - TaKHM NIPHEMOM, HETPYAHO YGEAMTHLCS, UYTO IUH-
puHa' 30HBI, OXBAYEHHOH pa3HOHANPaBJeHHBIM IIO TJy0uHe BeTPOBHIM
TeueHHeM, O6huHO B 4—6 pa3 mpeBbillaeT IMUPHHY 30HL, OXBAueH-
HOH, HalpHMep, Y HaBeTpeHHOro Oepera ONHOHANpaBJEHHHIM N0 TJIY-
6rHe BeTpPOBBIM TeueHHeM. Ilomajab ceyeHHs, OXBauyeHHasi TpafueHT-
HEIM TedyeHHeM B TaKHX YCJOBUAX, OKa3mBaeTca B 2,0—2,5 pasa
6oabille, yeM MNJAOIIAaAb CeYeHHs, OXBaueHHas ApeH(dOBEHIM TeueHHEM.
[IpuyrHaMH - Ha3BaHHBIX pPa3JU4YUi SBJSIOTCS pAa3jJHYHA B CTeleHH
‘TypOy/IM3alHK TEYEHHS — 3HAUHTENbHO O6Ojbllasi B 30He MEeHCTBHSA
PA3HOHANPABJAEHHOTO HO TAYOWHE TEUEHHs, YeM B 30He AeHCTBHSA Of-
HOHAIIPpaBJEHHOTO TeUeHHsI.
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4.14. BsaumodeiicTeue 8eTposoix, CTOKO08OLX
u cetiuiesolx TeueHull

BerpoBble TeueH#ss B BOAOXpaHHUJNHUIIAX, NPOTOYHBIX 03€pax, 3a-
JIHBAX U JIMMaHaX NPAaKTHYECKU BCErAa B3aHMOLEHCTBYIOT CO CTOKO-
BHIMH HJIH CelllIeBHIMH TEYCHHSMH. HpH 5TOM OHHM H3MEHSIOT pacipe-
JeJeHpe CKODOCTH CTOKOBBIX HJIHM CeHINEBHIX TeUeHMH M0 BepTHKAJH,
a B HEKOTODBIX CJydasix AaxKe CO3JAIOT CBOCOOpA3HbIE CHCTEMBI LHP-
KyJSI¥H BOA B KaKOM-IHO60 pafioHe HJIH NaXe BO BCEM BOLOEME.

MaTepHaJIbI M3YUEHHs! TEYEHUH B HATYPHBIX YCJIOBHSIX H Ha J1a6o-
‘PATOPHBIX "yCTAHOBKAX IIOKA3BIBAIOT, YTO CTENCHb BJHAHHS BETPOBOrO
‘TeqeHHs] HAa CTOKOBOe YBEJHYUBAETCA NP NPOYHX PaBHHIX YC/JIOBHSIX
€ YBE/IMYEHHEM CKODOCTH BETpA M C yMEHbIIEHHEM CKOPOCTH CTOKO-
BOTO HJ/IH CeHIIEeBOro Te4eHHs .

Berep, mONyTHHIH CTOKOBOMY HJIH CEHIIEBOMY TEUEHHIO, NPHBOXUT
K YBeJUUYECHHIO abCOJIOTHHX 3HAUCHHH CKOPOCTH M K YBeJIHYEHHIO rpa-
JUEHTOB CKODOCTH INPEHMYLIECTBEHHO B BepxHHX cJosix. HaubGosee
-OTYETJIMBO BJUSHHE BETPa HA paclpeleseHHe CKOPOCTH II0 BEPTHKAJIH
BU/JHO B IIEPUOAE Pa3BUTUS BETPOBOrO TeueHHs. I'pajueHTHl CKOPOCTH
B BEPXHEM CJIO€ NIPH 3TOM JOCTHUraloT HauboJbllux 3HaueHui. I1o mepe
PasBUTHS BETPOBOTO TeYEHHS U NPHOJIMKEHHs ero K KBa3HyCTaHOBUB-
IIeMyCcsl  COCTOSIHMIO- paclpefie/ieHHe CKOPOCTH II0 BepTHKaJH He-
CKOJIbKO BBIDABHHBAETCS, HO NOBLILIEHHbIE IPA/MEHTE B BEPXHEM CJI0€
COXPaHAOTC. )

BeTphl, neficTByIolle HaBCTpedy CTOKOBOMY HJM CeHIIEBOMY Te-
YEHHIO, MOTYT 3aMeAJUTb NepeHOC B BEDXHEM CJloe, NMPUBECTH K BO3-
HUKHOBEHHIO OGpPaTHOTO IlepeHoca B HeM HJIM jAaxe B CJO¢ 3HauM-

TeJIbHOH MOLLHOCTH, BBI3BaTh OGpAaTHBIil IIepEHOC BO BCEH TOJILE BOJHL

O6paTHBIH epeHOC B BEpXHEM CJIOe NOJ AeHCTBHEM BCTPEUHOTO BeTpa
BO3HHKA€T B CJIy4asix, KOTJa BO3MOXKHAs NPH AaHHOM BeTPe CKOPOCTb

 BeTPOBOrO TCUCHUSA HNPHMEPHO paBHa HJIH HE3HaYHTEJBbHO HOPEBOCXO-
JUT CKOPOCTb CTOKOBOI'O HJIH CeHIIeBOrO TeUeHuUs .

VsMeHenne HampaBleHHs IepeHOCAa BOX BO Bcedl ToJme Ha6iiofia-
€TCs B C/Iyd4asix, KOrJa BO3MOXKHas CKODOCTb BETPOBOTO TeUeHHs Cy-
IIeCTBEHHO INpeBHILIAeT CKOPOCTb CTOKOBOTO HJIM CeHINeBOr0 TeYeHHSI.
XapaxTepHO#l 0cOGEHHOCTBIO TAKOTO TEUeHHs SBJIAETCS HajJuuue 00Jb-
IHX MyJbCAUUH CKOPOCTH H JOBOJBHO pe3Koe yébmax-me OCpefHeHHOH
BO BPEMEHHU CKOPOCTH B IIPHAOHHOM CJIOE.

PaccMOTpHM H3MEHEHHS KaYeCTBEHHOM KapTHHBI H KOJHMYCCTBEH-
HbIX XapaKTeDUCTHK CTOKOBBIX TEUECHHH moj JeHCTBHEM BETPOB pas-
JHYHOH cHJBl Ha npumepe Kaxoeckoro Bogoxpanusaumia. Ha Bojoxpa-
HUJIMLIE B CBSI3H C CYUIECTBEHHBIMH BHYTPHCYTOUYHBIMM H3MeHEHHSIMU
pacxonos Boabl Ha I'SC u moj BJAWsIHMEM BOJH [IONYCKOB H BOJIH cpa-
OOTKH MepHOJUYECKH H3MEHSCTCS CKOPOCTb M HalpaBJ/eHHe HepéHoca
BoZ ¢ npsMoro (k Kaxosckoii I'DC) na obpartHoe (k Huempol'2Cy)..
Tlepuon HenpephIBHOrO [AeHCTBUST TeUeHHH [pPSMOro  HAIpaBJIEHHS
B Jerune Mecsun npu HITY o6vruno cocraBasier 6—12 u, a cpenusst
cgopoctb 4—10 cMm/c. O6paTHble TeueHHs 0e3 CMeHBl HalpaBJIeHUs
ganle Bcero JAeHcTBYIOT 4—6 u, a HX CpPeNHSIST CKOPOCTb COCTaBJISIET
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2—5 cm/c [188].Berep uaMeHsieT 3TH XapaKTEPHUCTHKH. BCTpeyHwlfi B~
Tep NPHBOAHT K YBEJIHYEHHIO IPOJOKHTEIBHOCTH HENPePHLIBHOIO JeH-
cTBHSA OOpaTHBEIX TeUeHHH H K YBeJHUYEHHIO - a6COJIOTHHIX 3HayeHHH
OCpeAHEHHON CKOPOCTH KaK Ha OTJeNbHHIX BePTHKaJAX, TaK M Ha pas-
pe3ax uepes BCe BOJAOXpaHu/IHIIe. AGCOJIOTHble 3HauYeHHs. CpelHeH
CYTOYHO#i CKOPOCTH CYMMapHOrO TeUeHHs NPsSMOr0 HaNpapBJeHHs Ha
OJHOH M3 BepTHKaJeH B MeCTe CyXeHHs BOJAOXPaHHJHIIA YBEJHYHBa-
JHChb N0 CpaBHEHHWIO CO CKOpPOCTbIO B MITW/EBYK norogy B 1,5—
2,0 pasa Tpu BCTPEYHOM BeTpe CKOpocThlo b—6 M/c U B 3—4 pasa
IIpH BCTpeyHOM BeTpe ckopoctbio 10—12 m/c. I1pomoJKHTeNbHOCTD-
HeNpePHIBHOTO AeACTBUsl OCPATHBIX TeYeHWii NpH BCTPEUHOM BETPE:
Oosibllell” H3 HA3BaHHEIX rpajianuil CKOPOCTH TaKXe YBeJIHYMBA/IACH
B 1,5—2,0 paza.

HOHyTHbIe BETPHl YBEJHYHMBAJIH cxopocn; npaMelx tedenuit B Ka-
XOBCKOM BOJOXDAaHWJIHILE H 3aMeIJsi/Ii CKOPOCTb WJIH INOJHOCTBIO Ta-
cwin oOpaTHHE TeueHHd. B CBf3M C 9THM NPOHCXOAHJO YBeJHUYeHHE:
[epHOAOB HelpPepHIBHOTO AEHCTBHS TeUYEHHH NpPAMOILO HaNpap/eHHA M
'YMEHBIIEHHE NePHOAOB neﬁcmuﬂ 0o6paTHEIX TeueHHi.

BausHne Berpa Ha cefiliieBble TeUeHHs JOBOJLHO OTYETJIHMBO IpO-
ApisieTcss Ha 03. Dajxam. 310 06CTOSATENBCTBO HJTIOCTPHPOBAJIOCH-
BBILIfe JaHHBLIMH Ta6u. 4.3, MOKa3HBaIOIEH, 4TO npumepHo B 30—35 9%
caydasx ceHlleBoe TeYeHHE HCKaXKaercsi BETPOBBIM TEUEHHEM: IONMYyT-
HBIC BETDBI  YBEJWYMBAKT CKOPOCTH - B BEpXHeM cioe (smopa &
B Taba. 4.3); BCTpequm BeTep 3aMeTHO CHHXAeT NOBEPXHOCTHYIO-
cxopocTb (3mopa 4 B Taba. 4.3), NIPUBOAUT K (HOPMHUPOBAHHIO Pa3HO-
HaNnpaBJIeHHOTO.NO TIJy0HHe mepeHoca (smiopa 5 B Ta6a. 4.3) uau He-
BepOSITHO HCKakaeT paclpeleseHue ckopoctd (smopa 6 B taba. 4.3).

4.15. Coornowenue nepenocos 80dor dpeiiposoim
Il BONHOBHIM TeHEHUAMU

[Tepenoc BOAB g uepe3 BepTHKAJb B YCJOBHSIX COBMECTHOIO eH-
CTBHs BeTPa M BOJH OOBIYHO NPUHHMAETCs] PaBHBIM CYMMeE OT/eJb:
HBEIX II€PEHOCOB: '

9=qs+ g, o (439

TAe ¢n— NepeHoc BOAB ApeH(OBBIM TeUeHHEM, o6ycn03.neﬂﬂblﬁ JIel--
CTBHEM KacaTeJbHHX - HANPSKEHHH BeTpa; gcz — BOJIHOBOH II€PEHOC,.
HashBaeMbId HHOTZAA N0 HMEHH aBTOpa BOJIHOBOH TEOpHH CroKca
CTOKCOBHIM IIEPEHOCOM,

~ CkopocTb cTOKCOBa nepeﬂoca BOJbl Ha TOPH30HTE Z OT MOBEPXHO-
CTH BOJAH NpuHuMaercs paBHo# [90, 95]

Uer == a2 '\/ gk exp (—2k2), ’ (4.40):

rae a = h/2 — NOJIOBHHA BBHICOTHl BOJHHEL, £ = 2m/A; A — JJHHA BOJHEL
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BoJ/iHOBO# mepeHoc BOAB Yepe3 BEPTHKAJb Ha €AHHHLY BOJHOBOTO
dbpounra NPHHAMAETCs], COTMIACHO TEOPHH Crokca, paBHOif

gcr = a® A/ gk/2. : (4.41)

Ilns menefl NpaKTHKH BEJIHUHHA (op YaLle BCEro NPHHUMAETCS CO-
OTBETCTBYIOLLEH MepeHoCy, o6ycaoBIeHHOMY AeficrBueM 3bi6H. B ycio-
‘BHSIX JeHCTBUSI BETPOBBIX BOJH BeJHYHHA gy OAHHMH HCCAeHOBaTE-
JISIMH - CUHTAeTCsl  He3HAauHTeJIbHOH H JAaxke cpopMa.anoﬁ [65, 67],
@ JDYTHMH HCC/IeNOBATENAMHI — BEChMa CYLIeCTBEHHOH M JAaxe pas-
HOH H3MEpeHHBIM B HATYPHBIX YCJOBHSIX IepeHocaM BOAH [56, 101].

B c¢Bsi3n ¢ pacxoxKJeHHeM B3IVIAA0B IO CTOJb BaXKHOMY BOIPOCY
B I'TH Gbliu NpeanpHHATHl HCCAEAOBAHHUS 110 YTOUHEHHIO OLEHOK CO-
OTHOILIEHUH MeXKJAY BBIYHCJEHHBIMH 3HAYEHHSIMH. BOJHOBOTO IlepeHoCca
U 3HAYCHUSMH, U3MepeHHBIMH B BOZOEMax IIPH COBMECTHOM JCHCTBHH
BeTpa M BOJH. K HccielOBaHUAM IIPHBJCYECHH MaTepHalibl SKCIEPH-
‘MEHTOB, MPOBOJUBIINXCS B a3pOrWApPaBJHUYECKHX JOTKAX PasHBIX pas-
MepOB, W NaHHBle HATYpHBIX HaO6J/I0JeHHH, [OJY4eHHBlE B YCJOBHSAX
HE3HAYNTEJbHOrO BJHSHUS Ha CYMMapHBIE TeUeHHsI TakUX (akTOpOB,
KaK CTOKOBOe U cefillleBOe TCUCHHE.

BuIIOMHEHHEEIE OLEHKH [OKAa3aJHd, YTO H3MepeHHble B BEDXHEM CJIOe
Ha JaBopaTopHo#t ycraHOBKe (Taba. 4.4) H B HaTYPHBIX YCJOBHAX

Tabauya 44

«COOTHOIIEHHS MeXJy H3MepeHHHIMH B JOTKe

H BBIYHCAEHHBIMH (BOJHOBBIMH) CKOPOCTAMH TeYeHHd

M 9JeMEHTAPHBIMH pPACX0JaMU BOJb! :
{asporunpasiuyeckuii Jorox 100X1,2X1,0 M, H =0,55 m)

HaMepeHHue BetuncsieHHbIE
Homep w P i ) 3HaY eHHs 3HAYEHHs O, q
3KChepH- . M/? ou oM HIA 7’”_ _q_"_i
MeHTa Oya Tys - vcr acr Cr Cr
cM/c cM?fc cM/c cM2/c
la 5,81 1,2 |17 3,24 | 4,5 25,0 | 2,5 3,4 1,8 7,4
2a 4,81 0,9 |15 3,67 | 4,3 22,0 1,7 2,1 2,5 | 10,5
4 4,41 0,8 | 13,514,071} 3,8 |-21,5 1,6 | 1,6 2,4 13,5
5 3,6 0,6 |10 5,50 | 3,6 17,5 1,4 1,1 2,6 15,9
6 5,81 1,3 | 21 2,62 | 4,1 21,5 2,2 3,6 1,9 /| 6,0
. 7 6,8 1,9 |32 1,72 | 5,5 23,5 2.4 7,9 2,8 3,0
10 10,3 | 3,5 | 65 0,85 | 6,0 28,5 | 2,9 14,9 2,1 1,9

lMpumeuanne. 3aech 4 B Tabl 4.5 Uy; — NOBEPXHOCTHAs CKOPOCTb H3Me-
Pennas; U, — MOBEPXHOCTHAA CKOPOCTb, BuluMcieHHas no dopmyne Crokca (4.41).

(ra6n. 4.5) cKOpOGCTH OpPEBHIIAIOT BBIYUCJEHHBIE CKOPOCTH BOJIHOBOTO
nepeoca B 1,0—2,5 pasa. MsmepeHHBle 3JieMEHTapHBIE PAaCXOAH
ApedioBOro TeueHus MPEBHINAIOT BBIYHCICHHBIE IPEUMYNIECTBEHHO
B 10—30 pas, a B ormedbHHIX cayuasx paxe B 40—b50-pas: Ecau
B KAyeCTBE H3MEPEHHEIX 3JeMEHTAaPHBIX .pACXOAOB B JaGODPaTOPHBIX
OKCIEPUMEHTaX HpI/IHHTb CyMMapHble pacxolisl ApeH(pOBOrO u KOM-
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N

NEeHCAllMOHHOTO TeYEHHH, TO OTHOLICHMS @u/gy YBEJHYATCS IO CpaB-
- HEHHIO C NpHBelleHHBIMH B TabJg. 4.4 3HayeHHAMH B 2 pas3a u NMpHOGIH-
35TCS K 3HAYeHUAM, NMOJyYeHHBHIM Ha HaTypHHIX OObeKkTax AMs Jpei-
¢$oBEIX TeueHHH, OXBAaTHIBAIOIHX BCIO TOJILY BOAH (Tabi. 4.5).

Tabauya 4.5
CooTHOHIEHH MeXXJAYy M3MEpPeHHbIMH B HAType
U BBbIYHCJACHHBbIMH (BOJHOBBIMH) CKOPOCTSIMH TeyeHHs N
H JIEM2HTAapHBIMH pPacXoJaMH BOJbI -
H3aMepennble BeiuHCJIeHEBIE
ILa'ra / W 3HAYEHUH 3HAYeHUA v q
naMmepe- | H M M;g h oM AM 7'13— H3
AHA Yy4s yus YCr acr Cr qcr
M/c m2/c M/c M2/e
o Kalipakkymckoe BojxoXpanuauiie, 1961 r.
15/VI 4,7110,0 0,28 5,5 | 0,16:] 0,52 |0,07 | 0,032 | 2,3 | 15,7
15/VI 6,810,0;0,28} 5,5 { 0,15 0,72 ]0,07 | 0,032 | 2,1 22,6
23/VI 6,5 8,5|0,25| 4,5 | 0,17 0,86 [0,08 | 0,030 | 2,1 28,6
26/VI1 4,0 | 10,0/ 0,22 3,8 { 0,11-| 0,40 °|0,08 0,024 1,4 | 16,7
26/V1 6,2110,0{0,224 3,8 [ 0,16 0,75 10,08 | 0,024 | 2,0 } 31,3
19/VII 5,3110,210,25| 4,8 | 0,17 | 0,72 ]0,07 0,028 2,4 25,8
. 03. Boanbmoe Cumarnnckoe, 1967 r.

1g/vIIry 11,5 6,710,101} 1,3 | 0,11 | 0,44 [0,008] 0,009 | 1,4 | 49,0
12/vIIll{ 9,5 6,8 0,10- 1,3 | 0,08 0,01* (0,08 | 0,009 [ 1,0 1,1
12/VIiIl}| 4,0 5,7(0,06 | 0,7 { 0,07} 0,13 |0,05 | 0,003 | 1,4 | 43,4
23/X 10,8} 7,5[0,12 1,6 }{ 0,09 | 0,22 |0,09 | 0,011 1,0 | 20,0
23/X 9,4 6,510,121 1,6 | 0,05% 0,01 }{0,09 | .0,011 0,6 0,9

2/X1 11,0} 9,5/0,07| 0,9 | 0,08} 0,16 0 07 | 0,005 1,1 32,1

* Hasnuune HHTEHCHBHOTO KOMHeHCauHOHHOFO Teqemm

V3MepeHHBle NOBEDXHOCTHEIE CKODOCTH M 3JieMEHTapHbe PacXOJbE
NOJNYYHNUCh OJHM3KHMH K BBHIYMCJICHHBIM 3HAaueHHSM BOJHOBOTO Iepe--
HOCa TOJBKO B CJyYasix -AeHCTBHSI HHTEHCHBHBIX KOMII€HCAI[MOHHBIX.
TeueHu#, OXBATHIBAIOWIMX GOJBIIYIO 9acTh TOJMMM BoAb. Ha naGopa-
TOPHBEIX YCTAHOBKAaX AaHAJOTHUHBIA De3yJbTaT MOJYyYeH B YCJIOBHSX,.
KaK CBHUAETENbCTBYIOT JaHHble Taba. 4.4, Npu BecbMa BhHIpaxkKeHHOH.

MeJIKOBOJHOCTH BoJl0eMa, T. e. npH H/A < 1,0.

[lpusenennble pesyabTaThl He NPOTHBOPEUAT BHIBOLAM aBTOPOB pa-
GoTel [23, 24], KoTOphle yTBEPKAAIOT, YTO Ha MEJKOBOAbe 03. balikasr:
IpH BeTpax, HAlPaBJEHHBIX K Oepery, pacCUHTaHHBIE CKOPOCTH BOJHO--
BOr0 I€PEHOCA MPAKTHYECKH COBNAAAIOT C H3MEPEHHBIMH CKOPOCTSMH,.
a NpH BeTpax, JlePICTBYIOIlIHX c 6epera .coctasasoT auuk 20—60 %
H3MEepeHHEIX 3HAYeHHUH. -

TakuM 06pa3oM, Ha OCHOBAHHH BHIINOJHEHHHIX OLLEHOK MOXKHO NpH--
3HaTh Npeo6Jajalollylo poJb BeTpa B HIpoleccax :(POpMUPOBAaHUS Te-
YyeHHWH BO BHYTPEHHHX BOJOEMAaxX H CUYMTATh HENPAaBOMEDHHIM OTO-
JKJIECTBJIEHHE H3MEpeHHBIX B BOJOEME BETPOBHIX TeueHH#  (mpw

Hix > 1) ¢ BOJHOBHIM HEPEHOCOM BOZX.
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4.16. Ycranosaenue pewcumnux CTATUCTUYECKUX xapamepucrutc
Teueruil - :

4.16.1. Ipodoarxcurensrocre nepuoda u rpebyroujeecs 4ucao
HAOA00enull 30 Tedenuamu

[Tonyyaemble Ha NpakTHKe PsiAbl HaGMIOAeHHH 3a TeUEHUSIMH OYEHDb
Y3CTO OKA3LIBAIOTCA HENOCTATQUHO JJIHHHBIMH HJIH HE yIlOB.HeTBOpﬂIOT
TpeGOBaHHAM CTAllHOHAPHOCTH M SPrOAMYHOCTH.

Vmeromyecss B Hacrosillee BpeMsl DeKOMEHAaLUMH 110 AJHTEIbHO-
CTH, Ka4eCTBY M AHCKPETHOCTH HaG/IOAEHHH OTHOCATCS IPeHMyMLIecT-
BEHHO K MODCKHM TEUEHHSIM, HO W OHH MO HEKOTODHIM MO3HIHUAM He
coBnananwT Mexay coboii. VicciaenoBaHus ANUTENbHBIX 3aNUCEH Teue-
HHIl 1I0Ka3aJ10, B YACTHOCTH, YTO CBSI3b MEXKAY CKODOCTAMH TeUeHHH
IPaKTHYECKH OTCYTCTBYeT  (KO3(hdHULHeHT = KOoppeadauuH  OJH30K
K HYJHO) B cJaydae, ecjH MHTepBaJ BPEeMeHHM MEXAY H3MepeHHsMH pa-
Ben 6.9 .[94, 158]. ITpu yMeHblUIeHMH HHTepBasta A0 2 4 Ko3hdunu-
EHT KODpEeJNsiMH MeXAYy COCEAHHMH 3HaueHHAMH CKODOCTH MOBHIIUA-
ercsi 1o 0,4—0,5, 4TO cuMTaeTCcs AOCTATOUHLIM IIPU HUCNOJE30BAHHHU Psi-
J0B HaOMIOJEHHH [JIA YCTAHOBJEHHS DEXHMHBIX XapaKTepPHUCTHK Te-

uveHu#i [94].

C HEJbK NOJYUCHUS Halle}KHOI‘O 3HaUeHHUA ocpem—xex—u—xou CKOpPOCTH

‘TeyeHHs C TOTPEIIHOCTBIO o 1 cMm/c u BepoaTHocThiO 95 % Tpebyercs

1200 nabmomeHu#i. B caydae nDpHHATHS AONYCTUMOH IOrPEIHGCTH
B npenenax 2 cm/c TpebyemMoe KOJHUeCTBO HaOJMIOLeHHH HpPH BEPOST-
HoctH 95 9% ymenbiraercs mo 370 [94]. M3 sToro caemyer, 4TO MH-
HHUMaJbHAS NPOJOJ/IKHUTENBHOCTL NepHoja HabJIONeHHH 3a TeUeHHSAMH
IpH JONYCTUMO# IIOTPeIlHOCTH H3MepeHHH 10 2 cM/c OOJKHA pas-
Hatees 1,3 MecAna, a OpH AONyCTHMOH mHOrpemHocTH 1 cMm/c—
3,3 Mmecsina. Ecam uHTepBAJ BpeMeHH MeXAY OuepelHBIMM H3MepeHH-
AMH TPHHHMAETCS pPaBHBIM 6 4, TO NpPOAOJKHTEJbHOCTb IE€PHOMOB
HaGMIOJEHH# 32 TEeUeHHSIMH COOTBETCTBeHHO cocTaBuT 3,1 m 10 Mecs-
nes [93, 94]. das npuG/uXeHHOrO ONPENeTeHHs KOJHUeCTBa HabM0fe-
HHi 3a. TEUEHHSAMH. My, HEOOXOZUMOTO IJIS IHOJYUeHHs cpelHell CKOpo-
CTH_C 3aJaHHOH TOYHOCTBIO Az B psfe pabor peKomeHnyeTCH HOJIb30-
BaThesl HOpMyi0fi BEIGOPOUHOTO METOAA :

n, =126 J[(N, — 1) A2 + t20?], (4.42)

Tae Nr— 06beM reHepaJbHOH COBOKYIHOCTH; 6 — CpefiHee KBaApaTH-
YecKoe OTKJIOHEHME; fz— IapaMerp, OIPEeAcsIONHi BepOSTHOCTh I10-
JiyueHHs CPefHero ¢ 3aflaHHOH TOYHOCTbIO (mpu fp=2 Pr=95 %, npu
ts=3 P;=99,7 %); As;— TOUHOCTb OIpeAeJeHHS CPENHEero 3HaueHHs.

KoJsnuecTBo HaGMOACHHR nu, Tpefylouleecs AJIs ONpeleseHHs Re-.
POATHOCTH TeueHHss P ¢ TOYHOCTBIO AgP, BBIUHCJHsIETCS MO 3aBHCH-
MOCTH

MP=yPO=Pym 443

Paccuurannrle 3HaUeHUS TOUHOCTH H3MepeHUuH, KoauuecTBa HabJIio-
JeHul M ApyTHe XapaKTEPUCTHKH DPsIOB, IOJyYaeMble C HCIOJb30Ba-

156



urem Qopmyn (4.42) u (4.43), oxasniBaloTCs BecbMa OJH3KUMH K pe-
3yJabrataM pacueros, nmojyueHHbiM H. A. Cxpuntynosnim [158].

Lasi-o6ecneueHus: NONMYyCTHMBIX NOTPEIIHOCTeH H3MepeHHH Heo06Xo-
JMMO pacmoJsiaraTb TaKXe HAaJEXHbIM H3MepHTEJAbHBIM - CPEJCTBOM,
NPUTOAHBIM K HCIOJb30BAHUIO B NpeAelax BCEro BO3MOXHOIO AHana-
30Ha CKOPOCTH M HANpaBJEHHS TEUEHHs, a Takxe anpoOHpOBaHHOH Ha
IpakTHKe METOAHKOH H3MepeHHUH. :

4.16.2, Buibop ynxyui pacnpederenus cKopocru Tedenus
npi 02PAHUYEHRBIX OAHNBIX HODAIOOEHUL

CraTHCTHYECKHE XapaKTePHCTUKH CKOPOCTH TeUeHHH  pa3/HYHOH
©00eCIIeueHHOCTH B C/lyuae HaJH4YHs CPABHHTEJNbHO KOPOTKHX psAOB
HaGJIOeHUH MOXHO IOJYYUTb Ha OCHOBAHHH- TEOPETHUECKHX  HJH
YCTaHOBJEHHBIX paHee IO HaOJIONeHHSM Ha JAPYrux BoJoeMax (yHK-
LHH pacnpefeeHus: '

B pabore [148] npuMeHHTeIbHO K MOPCKHM NOGepeXbsiM pPeKOMeH-
JAyeTcsl JBa pas3HHIX psja (YHKUMH paclpefeseHHs: AJS  yYaCTKOB,
- rie HabmogaeMbie CKOpoCTH TeueHuli Menee 0,2 m Gosee 0,2 m/c
(ra6a. 4.6). :

Tabauya 4.6 - )

BespasmepHbie GpyHKIHY MOBEPXHOCTHOH CKOPOCTH TeueHHS (?;/Dcp)
pasnuyHoil obecneyeHHOCTH (B pexume)

CpenHas : OGecne4yeHHOCTD, % )

TI0BEPXHOCT -

HAs CKOPOCTh

TeyeHus, M/C 1 5 10 30 50 70 l 90 -
<0,2 3,2 2,5 2,2 1,5 1,1 0,8 0,6
>0,2 2,5 2,3 1,8 1,3 1,1 . 0,9 0,5

Yro6r y6eQuTbCS B  BO3MOXKHOCTH HUCHOJb30BAHHUS NaHHBIX -
Taba. 4.6 01 ONpefeseHHs CKOPOCTH TeYeHHS DA3JHUHOH obecreueH-
HOCTH (B peXHMe) B 30HaX NPHOPEXKHOIO MEJKOBOAbS BHYTDEHHHX
BOZOEMOB, HEOOXOAUMBI OOCIIHpHBEIE JAaHHBlE HATYPHBIX HaGMIOeHUM.
TlockonbKy Takux HaHHEIX HEJOCTATOYHO, TO IPEJACTABJSETCA BO3-
MOXHBIM HCIIOJIb30BATb JJIS1 TOH Ke LETH CTAaTHCTHUYECKHE XapakTe-
PHCTHKH BeTpa. DTH XapaKTePHCTHKH, KaK H3BECTHO, WIUPOKO HCHOJb-
3yIOTCS B NPAKTHKE DACYeTOB 3JEMEHTOB BOJIH U COAEp:XKaTcs B Jei-
creylomeM HopMatuBHOM gokyMeHnTe CHull 2.06.04—82 [166]. Ouu
JaBHO HCIOJIB3YIOTCS TaK¥e IJIS pacueToB nepedopMuposanus Gepe-
roB M BJOJbOEpEroBHX IepeMellleHHH HAHOCOB Ha GEPEroBBIX OTMe- -
Jsx [175] u BHyTpeHHETO Bogoo6Mena [176). ‘

~ Crartrucrryeckne XapaKTePHCTHKH BeTpa B BHAe Tabaun obecie-
YEHHOCTH Da3JUYHBIX Tpajaluii BeTpa IO HANpPABJEHHAM MOXKHO IO-
JIYUHTb IyTeM 00paboTKM AaHHBIX HaG/IIONeHHI Mo GauxKaliuemy pe-
TIpE3eHTATUBHOMY NMYHKTY HJIH COCTaBHTh Ha OCHOBAHWH COOTBETCTBYIO-
wux tabaun «CnpaBounnka no kauMaty CCCP», u. III (serep). Ta-
KHe JlaHHBle JOCTAaTOYHO HaJeXHBl B CBA3H C MCIOJNb30BAHHEM JJSA HMX
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Prc. 4.18. MHTerpanpHsie KpUBBE OGECHEUEHHOCTH OTHOCHTEJBHOH CKOPOCTH BETpa IO JAHHEIM HabJoAeHu .

BeperoBhie HYHKTB! Bonoema 1, 8 — Hesckai ryfa, 2 — AsoBcKoe Mope, 3 — o3. Boasinoe siposoe, 5 — Kaiipakkymckoe popoxpanuaunie, 6 — Kaxos-
CKOg BOLOXDaHHAHILE; 7 — Kpemenuyrckoe sojoxpauuauine; 4 — A3HHEIC H3MEPEHH Teqeuﬂu B l\at,uuﬁcxom Mope, BLIIOJIHEHHEE H A. CKpHOTY -



0060CHOBaHUA [JIUTENBHEIX psfoB Hab/ar0feHHH. De3ycnoBHO, B HEKo-
TOpPBIX CJayyasix TpeGyeTcsl YUHTHIBATb HM3MeHEHHS CKOPOCTH BeTpa Me-
XKLy OeperoBelM NYHKTOM H OTKPHITOH. BOJHOH NIOBEPXHOCTHIO.

"OfeceyeHHOCTL pacueTHOH CKOPOCTH BeTPa M0 MHTerpaJbHOH KpH-
BOH oO0ecHeueHHOCTH oOIlpegesieTcss no (opMmyJne, peKOMeHIyeMO#
~CHull 2.06.04—82 [166]: ’

P, = 4,17y /(Nent - pw), (4.44)

rae  Twa— HenpepbiBHAS NPOJOJKHTENbHOCTh HeHCTBHA BeTpa, 4;
N — npoLoJIKHTEeIbHOCTh 6e3/IeIoCTaBHOro0 IepHoia, CyT; 1 — 3alaH-
HOe YHCJIO JIET; pw — IIOBTOPSEMOCTh BeTpa 3ajaHHOrO HailpaBJieHHd
(B moNsIX CyMMBI IOBTOPSIEMOCTH BCeX HalDaBJIEHHI).

3Hauenue Tyyy NPUHUMAETCS PABHBIM HHTEPBaJy BPEMEHH MEXIy
CcpokaMH uaMepeHusi BeTpa (8, 6 wim 3 4) HIH BpeMeHH, HEOOXOAH-
MOMY AJSl HOJIHOIO Pa3BUTHSI BETPOBOrO TEYEHHS B KOHKPETHBIX YCJIO-
BUAX. Beanuuso#l - Py MOXKHO Y4YeCTb IOBTODSIEMOCTb BETPOB OLHOTO
WJIH HEeCKOJbKUX DYMOOB, UpH ACHCTBHH KOTODBIX, HalpHUMep, BO3HH-
KaeT IepeHoc BoJ BAOJbL Oepera.

Jas BrisicHeHus: Bonpoca 00 M3MeHEHUH XapaKTepHCTHK BeTpa He
3a Becb I'OJ, Kak 3TO clesqaHo B paGorax [23, 119], a 3a Ge3snemocras-

HBIE TIepUOABI 06paboTanbl faHHble HaOGIIONeHN 10 HECKOJbKAM NYHK- -

TaM, paclnoJioXeHHBIM Ha WIeCTH BOAHBIX 0o0bekTax. Ilo BceM mnyHK-
TaM, 32 HCKJIIOUEHHeM IyHKTa Ha KalfipakkyMcKOM BOJOXPaHMJHIIE,
HCIOJb30BaHbl JaHHBIE CPOUHBIX HabsiofieHuil 3a mepuonst 11—38 jeT.
C mensio CONOCTABJEHUS HHTErpasibHEE KPHBHE 06ECICUEeHHOCTH CKO-
POCTH BeTpa 3a 0e3JIe[JOCTABHLIH MNepHOoJ [0 BCeM HalpaBJeHHSM.
OpelCTaBJNEHEl B BHAe 0Ge3pasMepHHIX (GYHKUUA 06eCleyeHHOCTH
(puc. 4.18). - ‘ :

BoJbIIHHCTBO  KPHBBIX YHOBJIETBOPHTENBHO  COIJIACYIOTCS MENKAY
coboii. Tonpko mo myHKTy Ha KafipakkyMckOM BOZOXPaHRJIHINE C KO-
POTKHM pAnoM HabuiofeHu# (27 mecsieB) W 1O OYHKTY Ha KpemeH-
YyrCKOM BOAOXpaHMJMILE, I'Ae (DIOrepsl YacTHYHO 3allMIIEHEH, [10JY-
YeHbl HECKOJbKO 3aHHXKeHHble 6Ge3pasMepHule QYHKUMH Manaoi obec-
neuyenHoctd. HecMoTps Ha 3To, HaHHBlE 1O 3THM NYHKTaM YYTEHBl IIPH
BBIYHCJICHUH OCPENHEHHBIX 3HAaYeHHH Oe3pasMepHHIX GYHKUHMH pasJiny-
HO# obecleyeHHOCTH, IpeRCTaBAEHHEX B TabJ. 4.7.

Ocpenuennble 3naueHuss Wi/Wp okasajince BecbMa  GJIH3KHMH
K 3HAUEHHUSIM U;/Ucp, monyuennslM H. A. CkpunryHoBhIM [158] mo pe-
sysnbrataM 00pabOTKH HaHHBIX MHOTOJIETHHX HAaGJIOJEHHH 3a Teue-
HuAmu Ha Kacnuiickom Mope. Pacxoxzenwe Mex[y 3HAUeHHSIMH
Wi/Wep 1 vi/vep YKI2ABIBAIOTCS IPEHMYLIECTBEHHO B mpefens -3—8 Y
U TOJbKO NpH 60JblIOH obecriedeHHOCTH mAocturaioT 30—50 9%. 3aBwl-
LIeHHe 3HAYEHHH U;/Ucp IO CPAaBHEHHIO cO 3HaueHusimu Wi/ W, 06y-
CJIOBJIEHE!, IO HAllleMy MHEHHIO, BJHSHHEM Ha BeTPOBHIE TEUEHHA OCTa-
TOUHBIX TeueHHH, 4To HauboJjee OTYETIHBO BHUJAHO IPH CONOCTABJE-
HHM Ko3PpduuuenToB Taba. 4.6 U 4.7 npu GONBIIOH 0GeCHeYeHHOCTH.
Pesyibrarel, 6au3KHe K KaHHBIM Tabua. 4.6, 6BIH IOJYYeHH TakiKe
WM. 3. Konosasosoir [94], H. 1. Knesuoso#i [84] u apyrumu ucciaeno-
Bateasmu [50, 121, 222], 3aHIMaBIIMMHCA 00OOLICHHEM JAHHHIX Hab-
159
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Tabaruua 4.7

Ocpeauennble 3HaYenus Geapasmepubix dyHKUMA cxopocreit Betpa (W;/Wcp)
¥ TeyeHu#t (v;/Ucp) PasINIHON 06eCIEedeHHOCTH 3a §e3je]loCTaBHBIR MepHox

OfecneyesHocTb, Y
i M ! # \
Bua dbyskunit ecTo H‘awepeﬂﬂ ol . 5 " 2
Wi/Wep = | Beperosie myHKTsl 3,78 | 2,91 | 2,23 | 1,91 | 1,54
(mects uaMepenui) ' .
VifVcp 03. Banxami — |8,06|2,10]1,80 (1,48
O6ecneueHHOCTb, Y
it M A ] .
Bua dynKuHit €CTO H3MepeHH 2 0 & 10 90
Wi/Wep Beperoebie myskTe. | 1,29 | 1,09 | 0,95 | 0,60 | 0,26
(umecTb u3mepenuii)
Ui/Ucp 03. Banxam - 1,24 11,05 | 0,90 { 0,57 0,27

JIOfEHUH 32 TeUeHHSIMH B npn6pe>xﬂmx sonax Baarmiickoro, UepHoro
1 Kacnuiickoro Mopefi.

BespasMepHble (YHKIHH CKOpPOCTH BeTpa BIIOJIHE YAOBJIETBODH-
TEJbHO COMVIACYIOTCSI ¢ (YHKUHSMH CKOPOCTell CyMMapHBHIX TeueHwui,
3aperucTpupoBaHuux npubGopamu BIIB-2 na paccrosuuu 1,9—2,0 xm
oT Gepera 03. Basnxam u o6paboTaHHBIX C HHTepBajJaMH HAHCKDPETHO-
cty 6 w12 u. HanGosbliMe pacxoXKAEHHS MeXAy Ha3BaHHHIMH 6e3-
pasMepHBIMH (YHKIUSAME ONpelefleHHON o0ecledyeHHOCTH He IpPeBH-
HIal0T, K4K BHIHO H3 NaHHHX Taba. 4.7, 5%, uro MOXCHO CHHTATh
BIIOJIHE TIPHEMJIEMBIM. ,

Jocratouno HajxexHBe pemnMbee CTaTHCTHUECKHE XapaKTepH-
CTHKH CKOPDOCTH BETPOBOTO T€YeHHS MOXKHO MNOJYYHTb IyTeM NpHBe-
JIleHHs KOPOTKOIO psiia HaOJI0oJeHuH 3a CKOpPOCTbIO TeYeHHd K JJIHH-
HOMY DSIAY C HCIOJb30BaHHEM SMIHPHYECKOH KPHBOH oGecleueHHO-.
CTH CKOPOCTH BeTpPa 3a MHOTOJIETHHH mepuoi. DTOT cnocob mnpenso-
¥ua . A, Anekcee [4] A5 TeXx THAPOJOrHMUYECKHX BeJHUYHH, MEXKIY
KOTODHIMH HMeEeTcsl BHICOKasl CTeNleHb KOppelsiTHBHOH cBsizu. CrelleHb
3TOfl CBA3H B paccMaTpHBaeMOM CJyyaé YCTaHaB/IMBAaKT II0 KOpOT-
KOMY pSAAY CHHXDOHHHIX HAOJIONEHHH 3a CKOPOCTBIO- BETPOBOIO Tede-
HHUSl ¥ CKOPOCTBIC BETPa, a CKOPOCTH TeUeHHS 3aJaHHOH obecreuyeH-
HOCTH OHpPEJeNAI0T N[0 SMIHMPHYECKOH KPHBOH OOECIeueHHOCTH CKO-
POCTH BeTpa 3a MHOTOJETHUH [epHOJ C HCHOJL30BAHHEM YpaBHEHHS
Perpeccuy, COCTaBJECHHOTO HA OCHOBAHHH KOPOTKOTO pfAJA CHHXPOH-
HBIX HaOMIOJeHHH# W HMeloniero oOGBIYHO BHI JHHeHHON GYHKIHH.

PaccmarprBaembll crioco6 npumeHeH B pabore [222] nns mpuse-
JIleHUs] KDUBBHIX paclpefle/leHHs] CKOPOCTH TEeUEHHUS 10 KOPOTKHM psifiam
HabaiofeHHH B PUXCKOM 3a/MBe K AJMHHOMY psiny. [losyueHsl Bnosne
npHeMJeMble Pe3yJAbTaTHL.
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4.17. Buyrpetnui 800006met npu 6eTPOGHIX TEHEHUAX

K HacrosiiieMy BpeMeHH pa3pafoTaHO HECKOJIbKO METOJ0B OLEHKH
BHYTPEHHEr0 BOJOOOMEHA Yepe3 paccMaTpHBaeMEIHl CTBOp BOAOEMA
B peEsyJbTare ,ZleI/ICTBPIH TeueHUH KaKoro-au60 OJHOro BHAA WJIH CYM-
MapHbix TeueHuH. Uame- Bcero pacquHbIe CTBOpPHl PacCHoJiaraioT B Me-
CTax CYyXKeHHl BojoeMa. :

¥Yxer paBHO " HAJs pacquOB BHYTPEHHETO Bonooémeﬂa MEXAY. co-
CeJIHUMH YACTSIMH BOAOEMA: HAYaJH HMCIONb30BATH. METOA BOLHOIrO Ga-
nanca. [1o3e GBUIH TIPEAJIONKEHH - APYTHE METOAbI, CCHOBAaHHHIC; Ha
yuere IMHAMHUYECKHX H3MeHeHuft o6beMa BOA B.paccMaTpHBaeMOH ya-
CTH BOJOEMa M IepenafoB-yPOBHA MEXKAY COCeAHHMH YacTsMH BOJO-
eMa; Ha JaHHbBIX H3MEpeHHH TeueHHHA B paccMaTpHBQeMCOM CTBOPE; HA
HCIIOJIb30BAHMH JAHHBIX O peXMMe BeTpa, CXeM MaKDOHHUDKYJISIHUY BOJ,
H 3aBHCHMOCTEH Mexmy pacxoiaMy BOABl H ONpeAeJsIOHMH HX (ak-
TOpPaMHu. :

Pacuer BHyTpeHHero BOZ0OGMEHA - METOIOM - BOAHOTO GasnaHca He-
HOJB3YIOT [JIs1 3HAYHTENbHBIX HMHTEPBAJOB BpeMeHH, 4ToObl obecme-
YUTh BO3MOMKHO MeHbLIHE NOrPEelIHOCTH NpH ONpefe]eHHH OTAeNbHBIX
COCTAaBJISIIONHX OPUTOKA M OTTOKA BOA.

YpaBHeHUe BOAHOTO GanaHca OGBIYHO MPEACTABJAIOT B BHAE

Qp'n+Qn6+Qc+P—E —QO_ASBZO (445)

riae Qp.n—PEeYHOH NpPUTOK; Q. 6——110113eMHb1H OPUTOK uepe3 6Oepera
U JHO KOTJOBHHHL, Qc——npmox BOJi uyepe3 CTBOpP C COcelHeH YacTH
BOJOEMaA; Qo—-—OTTOK BOJ uepe3 CTBOP 3a Mpelesl paCCManHBaeMOH
yactu BojoeMa; Py—ocalxy Ha NOBEPXHOCTb paCCManHBaeMOH 4a-
ctH; Ep— HCnapeHue ¢ TOBEPXHOCTH paccMaTpHBaEeMOH YacTH BOJAO-
eMa; ASy;—H3MeHeHHe 3amacoB BOAB B pacCcMaTpUBaeMOd 4YacCTH
BOJOEMA. ' _ '

B Meroje, OCHOBaHHOM Ha yueTe AMHAMHYECKHX H3MEHEHHH 06b-
eMa BOA, CPeIHHH pacxoZ BOAH uepe3 paccMaTpUBaeMHd CTBOp 3a
uHTepBan T, B TEUEHHE KOTOPOTro COXpaHsercs TEHIEHUHS H3MeHeHHs
ypoBHS' OT y 10 H,, mpeacTaB/derTcs B BHAE

Qi=F(H,— Hy)T,. - : (4.46)

rae F — njoiajb paccMaTpuBaeMoil YacTH BOJOEMa.

3ToT MeToA ucmoJb3osadca B. A. 3nameHckum [53, 54] maia one-
HOK BHYTpeHHero sojoobmena Mexny Hescko# ryGoi n duHckum 3a-
JUBOM, a TakK¥Ke 'MEXLY I0KHOH H LeHTpasbHO# uacTaAMH 03. BafikaJ.
YTOuHeHHHI-BapHaHT MeTOAa pacueTa oGHEMOB lepeHoca BOJ IO JaH-
HbIM O KoJebaHHsSX ypoBHA Obll OpHMEHEH B JIMMHOJIOTHYECKOM HH-
cruryre AH CCCP u onucan-B pabore B. U. BepGososa (23].

Metop pacuera: BOxooOGMEHa MO HepeKoCy YPOBHS MOXKeT OHTh
UCIOJNB30BaH KaK AJS.MaJblX, TaK M AJd KPYIHBIX BORoemOB. OIHAKO
B CJydYasiX, KOTJa NPOJIHB C DAacyeTHLHIM CTBOPOM COeJHHsieT ABa Kpym-
HbIX BOJOEMa, HapsAy .C yyeTOM IepeNaja YpPOBHA MeXJy HHUMH, He-
006X0JUMO YUYHTBHIBATH H TNepemaf aTM9c(1)epHoro nasjenns. K rakomy
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suBoay npuires A.'A. Teopoposuu [194] mpu pelleHuH 3ajauH BOXO-
ob6mena Mexay UeprbiM 1 A30BCKHM MOPSMH uepes. Kepqencmu
IIPOJINB.

" PacueThl BHYTpPEeHHero BOJOOOMEHa MO AAHHBIM H3MEpEHHH Teye-
HHUii BHINOJIHSJIMCh PaHee ABYMsI PAa3JIMYHBIMU CHOCOBaMH.

Opun u3 c1oco6oB, NPUMEHEHHBIH AJIS OUEHKH BOJOOOMEHa MeXIy
COCEHHMH YacTsSMH 03. Dafikas, OCHOBaH Ha MCIHOJb30BAHUHM HaHHBIX
‘AJUTE/NLHOH pErHCTpPalyH TeueHHH CaMONHCLAaMH, KOTOpble ycTaHaB-
JUBAJIHCh HA 3aJlaHHBIX TOPH3OHTAX HA HECKONbKHX BEPTHKAJAX [3].
Ilo pmaunmm™ cratuctHueckoii 06paGOTKH 3amucell TeYeHHH B.TOYKax
YCTaHOBKH CaMOIMCIEB INPOBOASITCS HM30JHHMH CKOPOCTH M BBIYMC/ISA-
I0TCSL CpellHHe DACXOABI BOJABI JJIsl XapaKTepHBIX nepHomos. Ilo xa-
PAKTEPHBIM pPaCXOJaM BBIUHMC/IAIOTCH OOBEMBl MepeHoca BOA AJs OT-
JeNBHBIX NEPHONOB, & 3aTeM AJIA OTAIBHEIX MECALEB, CE30HOB H BCEro
roza.

ITo BTOopOoMy crocofy H3MepeHHs! TeUeHHH NMPOBOJAATCS C HCIOJb30-

BaHHEM JJIHTEJbHON peruCTpAlM B HECKOJbKHX peNpe3eHTaTHBHLIX
TOYKAX CTBOPA U NETaJbHBIX SHH3OAUYECKHX CBEMOK TEYEHHH IO
CTBOPY C ceMblo—JecAThi0 BepTHKaJsiMu. [lo paHHBIM  H3MepeHHH,
€CJIH UX KOJHYECTBO JOCTATOYHO, CTPOUTCS 3aBHCHMOCTb H3MepeHHHIX
IO CTBOPY PacxOAOB BOABI OT CKODOCTH B peNpe3eHTAaTHBHLIX TOYKAX
cTBOpa. Moryt GBITH NOCTPOEHHI JBe HJH 60Jjiee 3aBHCHMOCTH, KaXJaas
H3  KOTOPBHIX MpHCYyIa OIpelesyeHHOH TI'HAPOMETEOPOJOTHYECKOH CH-
TyanuH.
. OOmpem. nepeHoca BOJBI Yepe3 CTBOP B 3aJaHHOM HAIpABJCHHH 32
OTPE30K BPEMEHH CO. CPABHMTENLHO YCTOHYHBOH T'MADOMETEODOJIOTHYE-
CKOH CHTyauueH. BHIYHC/SETCS JIO CKOPOCTH TeU4EHHS B pelpe3eHTaTHB-
HOH TOYKe U COOTBETCTBYIOLIEMY €My PacXOAy BOJEL

O6wmu#t o6beM mepeHoca BOJBI Yepe3 CTBOD, Hampumep, 3a GesJe-
JOCTAaBHEIH HEepHOJ BBIYHCJASETCS  MIyTeM- CYMMHDOBAaHHs OGBEMOB Iie-
PpeHoca 3a OTAeJbHBE OTpe3kH BpeMeHH. Takum cnocobom B I'TH owe-
HeH . BOJOOOMeH MeXxJy 3amajHbeM H BOCTO‘-IHI:IM Banxamem uepes.
TpoJI. Y3yHapaJ.

PacueThl BOf0OOGMEHa C. HCIONb30BAaHHEM CBeleHHll O MOBTOpsAEMO-
cTd BeTpa (WJM CHHONTHYECKHX CHTyaluil), 3aBUCHMOCTeH MEXLYy CKO-
{pOCTBIO TEUCHHS M ONpEeAeNSIOMUMH (BaxTopamu, a Takke 06006IIeH-
HBIX CX€M MaKPOUMPKYJSILHH BOJ HCIOJb30Bajduch B ITH misa petre-
HHs PasHBbIX 3aJady. - '

[Tpu pelleHun 3ajgaud BOAOOOMeHa MexJAy I0XKHOH M LEHTPaJbHOH
yacTsiMH 03. Ballkasl moBTOPSEMOCTb XapaKTepHbIX CHHONTHYECKHX CH-
Tyauui . Haj  03epoM- NPUHHMaJach Nmo AanHbiM HMpkyrckruapomera,
3JIeMEHTapHble ~PACXOAbl BOABI -ONPEEeNANHCh IO 3MIHPHYECKHM ™
saBucumoctaM g=Ff(W, H) u3 pabors [178], a cxemnl MaKpPOLHPKY-
JISAIMH YCTaHABJIMBAJIMCH [0 JAHHBIM HCCJIe0BaHUM BETPOBLIX TEUEHMH
Ha [POCTpaHCTBeHHOH ruApaB/indecKoll Mogenu osepa [181]. Pacuer-
HeiM Metonom B I'TH ompexesneno pacnpejienenie BHYTPEHHEr0 BOJO-
o6MeHa 1o AJauHe 03. Basxam mpu eficTBUH BeTPOBHIX TeueHHil. dTa
3ajlaya pelllajach ¢ HUCNOJb30BAHHEM - C/eyIOIHX MaTepHAJIOB: CBelLe-
"HAH 0 MOBTOPSIEMOCTH BETPOB Pa3/JIMYHOH CKOPOCTH M Pa3HOTO Hampas-
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JIEHHsI; 3aBHCUMOCTeH CKOPOCTH BETPOBOFO TEUECHHH OT ONPEAeSIOIHUX
¢dakTopos, npenacraBaeHHHX dopMyaamu (4.13), - (4.15), (4.24) mn
(4.25); THOOBBIX CXeM MaKPOUHUDKYJSLHMH BOL B .BOJOEME IIPOCTHIX |
ouepTaHuii, NpPEACTaBJEHHHX K B..IVL. 2. PesyapTaThl 3THX pacueToB
paccMaTpuBaloTcg B I .5 COBMECTHO, C Pe3ybTaTaMu pacueros BHy'r-
perHero BOILOOﬁMeHa nox ,IIeHCTBHeM celflleBHX TeYEHHH.

+

" 4.18. Modeauposarueé seTposoix Teueruii

4,181 Obuue: coedenun.o modesuposanust . . .. .- -
s omTersd L

. B nacrosiiee Bpemst. 60.Hbl.IIHHCTBO HccneﬂosaTe.nen AUHAMUAKH BO-
JOEMOB  IIPH3HAKOT, ~UTO, npencu:asaemm; :0_CJIOXKHBIX JHHAMHYECKHX SIB-
JIEHHSIX H MPOLELCAX::YAaJOCh €YUIECTBEHHO IONOMHHTD W PACUIHPHTH
B..peayapTare. IIHPOKOro. -HCHOJpIOBAHNS - MATEMATHYECKOTO MOJAENHPO-
Banus. HauGosee.: WIMPOKO B AQGIeIHUE. AECATHNETHS paspaGaTuBa-
JIICh M COBEPUICHCTBOBANCE MaTeMaTH4eCKHe MOJETH, npennasnaqeu—
HBle JJI51:PACYeTOB: TUSHHH M. CQNYCTBYIOIHX HM spJeHul. OnnaKo
Pa3BHTHE ;YYeHHUT: O BOAOEMAX H MHQTHE pellleHHs BO3HHKABUIMX Npax-
THYECKHX 3aJay He OrpaHMUMBAJMCh pa3pabOTKOH MATeMaTHYECKHX
MOJlefell ¥ BHIIOJHEHHEM YHCAGHHBIX. :9KCIIEDHMEHTOB. Hapsaay ¢ stum
HanpaBJeHHEM, HPOJO/KAJIOCH COBEPIICHCTBOBAHHE METONOB Gbusunue-
CKOLO MOJEJHMPORAHUA. AUHAMHNECKUX sBIcHUHH. Du3nuecKoe MOAENH-
pOBaHHe NIpH 3TOM BHINOJMHSIETCS: HA. imayXMeprIx YCTaHOBKAX TUNA Ka-
. HAJIOB: MJIH -25POTHAPABIMUECKUX IOTKOB, 2 TAKKe Ha TPEXMEepHHIX
(mpocTpaHCTBEHHEIX)::' MOAEAX: :KOHKPETHBIX BOJAHBIX O0GBEKTOB.

JLJist  OCYIIeCTBJIEHHs UHCAECHHBIX- - 9KCIEPHMEHTOB H BHINOJHEHHS
($Hu3MuecKOr0 MOJAENHPOBAHHS TeyeHHH B.-BOJOEMax - Bcerja . KpafiHe
BaXXHBIMH ABJISIOTCA: ‘MHOTHE HCXOJHBIE..[IapaMeTpH Npoilecca, KOTO-
pble  gallle  BCero: NPHXQAUTES . JIOJLyYaTh . IYTeM HATYPHEIX Haba0Ag-
HUfl MM PACUYETOB € HCIOJb30BAaHHEM AAHHEIX HabJIOfeHuil. MaTepH-
aJibl ‘HaTYpPHEIX HAOMIOZEHUH OOBMHO ABJISIOTCS TakxXKe HauboJiee -Ha-
HAeXKHBIM CPEJACTBOM . Jifist: BepU(PUKaliy, MaTeMaTHYECKHX MOAeJel K
JUIS. TapUpOBAaHMSA HCCAEAYEMBIX. [IPOIIECCOB Ha qmsmecxnx npOCTpaH-
CTBEHHBIX MOJEJISIX BOAHBIX OGBHEKTOB. :

~B cBSI3M c.-3TMM HaTYpHEIE HaHHEIE-O::TEUCHHAX H B “TIepBYIO oue-
.pe;u: CBEJIeHHs] O .IIPOCTPAHCTBEHHOH IUPKYJAUME BOA H THAPOMETED
POJIOTHYECKOM DeKMMe: UMEIOT INepBOCTENEHHOe 3HaueHue JJs Ilefeh
MojenupoBaHus. He MeHbUIYIO LEHHOCTH AJIsS. MOAEJIHDOBAHMA Npen-
CTaBJISIOT CBEJeHHs O MOP(OJIOrHM M peibede KOTIOBHHH BOJOEMA,
-4 Tak)ke JAeTajibHble CBEAEHUS] O THIIOBHIX CHHONTHYECKHX CHTYalHsIX
HaJll pa#OHOM BOJOEMa, O NMOBTOPAEMOCTAX CKOPOCTH M HallpaBJeHUS
:BETPa U O TEPMHYECKOM-PEKHME. v ,

OTMeueHHBIE  06CTOATENBCTBA, HAPSIAY-, MHOTHMH = JPYTHMH,
KpaliHe BaXHO YUMTHIBATE HA CTajHH opraﬂnsaunu paboT mo Mmoje-
JMPOBAHHIO TeUEHHH ¥ IDH Bb160pe Haﬂdo.nee PallUOHAJIBHBIX -METOJAO0B -
MORENHPOBAHHS., .~ =e 5 oz e
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4.18.2. Maresmaruseckue modeau Tewenul
B npumepbst ux_peaausayun

'

K HaCTosmemy BPEMEHH yIKe CO3JaHO TaKoe KOMMUEeCTBO MareMa-

THYECKHX MOJeJed TeueHHH, yTo mnoTpeGoBasnach MX KiaacCHpHKaUUA
N0 pa3/HYHBIM NpH3HakaM. B paGore [43] mMaTeMaTHYECKHE MOJEJIH
pasjiesieHB [0 MPU3HAKY MOJHOTHl MPEACTABJICHHS PaccMaTpHBAEMOTO
TeYeHHS] Ha CJAeRyIOllHe BHABI: OJHOMEpHHe (no BEPTHKAJH HJH IO-
DH30HTA/IH), AByXMepHHe (B TOPH3OHTAAbLHOH MM BEePTHKAJIbHOH
ILTOCKOCTH) H TPexMepHble (IpOCTpaHCTBEHHEbIE). ’

Kaxpasi U3 3THX BHIOB MaTEMaTHYECKHX MoOJeJed MOXKeT mpel-
Ha3HayaThCsl A PACCMOTPEHHS TeUEHUH PAa3/NYHOrO BHAA: CTOKOBBIK,
cefillieBHX, BETPOBLIX HJH CYMMapHBIX.
 MareMaTHYeCKHe MOJEJH BETPOBHIX TeUeHH# 3apyOexHble HCC/e-
RoBaTenu kjaaccuuuupyor [202] mo mpu3HakaM yCTOHUHBOCTH M YUH-
THIBAEMOTO NEPEHOCA BOABI M [eJAT Ha CJAeAyIOLIHe BHAbI: MHTErpaJb-
Hble, B KOTOPBIX paCcCMaTPHBAETCH MOJHBIA NEPEHOC BOJ MO BEPTHKAJIH

0e3 - paCCMOTPEHHH BepTHKaJIbHOPO H{)OQ)HJIH TeuyeHuni; CTaU,I/IOHaprIe .

AJIS1 yCJIOBHE TOCTOSTHHOH ‘H NEepeMeHHOH MJIOTHOCTH BOJ M HECTAIHO-
HapHble A/ 6apoTPONHBIX (OAHOPOAHBIX MO IJIOTHOCTH) H 6apox/uH-
HBIX (C BBHIpA)EHHBIM CKA4YKOM INIOTHOCTH no BEPTHKaJH) YCJIOBHH
‘B BOJO€eMe. .
" HWsBectHa W Apyras KjiacCHUKAamUsi MaTeMaTHYeCKHX MojeJeit
BETPOBBIX TeueHH# [202], B KoTOpOH TeyeHHs JeJAT IO IPH3HAKAM
paccMaTpuBaeMBlX 3ajay Ha CAeAYIOUHe BHJB: 3KMAHOBCKHE, HHTE-
TpaJibHble, MHOTOC/IOHHEIE H: MHOrOYPOBEHHHLE, ‘

‘C NOMOUIbI0O MaTeMaTHUYECKHX MOJesell TeueHHil, N0 ONpeAC/ICHHUIO
A. C. Capkucana [152], MoXHO peiaTh 3aJlayH JABYX pa3JHUYHBIX
*KJIACCOB: JHArHOCTHYECKHE H 3BOJIONHOHHBIE. ‘

" Pemlenne AMarHoCTHYeCKHX 3af5a4 OCHOBBIBAETCA HA HCIOJb30Ba-
'HUH HATYpHBIX [JaHHBIX, HaAMpHMep NoJjel TeMmnepartyps, Berpa. [lpu-
'MEPOM JMArHOCTHYECKHX MOAeJel ABJNSAETCH TaK HasbiBaE€MblH AHHAMH-
YecKHll MeTOf.

MaremaTHUECKHMH MOJeJSAMH 3BOJIOIHOHHOIO KJjacca pelllaIOTCf{
3anaun GHopMHpPOBaHHS B3aHMOCBA3AHHBIX INOJell TeueHull, Temmepa-
TYPBl H NOTPAaHHYHEIX CJIOEB aTMoc(epa-—BOJa, B CBASH C 4eM -OHH
OKashIBAIOTCS Haubojee CJAOKHBIMH H HaKHGoJee TPYJOEMKHMH,

PasppiME MaTeMaTHUYeCKHMH MOJE/SMH YUYHTBIBAETCS = Pa3/iMYHOe
‘qHCJIO OMpefessonux nepeHoc ol ¢axropos. [1lo gavunm H. H. ®u-

natoBa, [202], xOTOpHIH BBHINOJHHJ aHAJIH3 -MaTeMaTHYECKHX MOJesel

TIO ‘3TOMY IHOKa3aTesio, HauOoOJbllIee YHCIO ONpeleqsiomux (pakTopos
YUHTBIBAIOT TPEXMEPHBIE THAPOJHHAMHUECKHE MOJE/NH [POrHOCTHYE-
CKOro KJjacca, a HauMeHblIee 4YHC/IO (paKTopoa——B JHHAMHYECKOM
MeTOJeE.

PaccmoTpum ocHOBHbIE [0JIOKEHHS HeKOTOprX MaTeMaTHIeCKHX
'MOfiesieft, HX JOCTOMHCTBA M HENOCTATKH, a TaKKe OTJeJbHble pesy/b-
'TaTHl PaCyeToB.

Junamuueckur merod HCHONb3YeTCS JJIS pacuyeTa Tak Has3bBae-
MOI0 TreoCTPO(HYECKOIO TeYeHHS, KoTOpoe ‘opmupyercss B KpynmHOM

e
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ray0OKOBOZHOM BOJO€Me TOJ JHeHCTBHEM TpaJHEHTa JaBJEHHS, CHI
TsikecTd, KopuoJnca u tpeHus.

Ecau TpeHHe He YYHTBIBAIOT, 4 YCKOpEHHe CUHTAIOT IIpeHe(GpexHMO
MaJIbIM, TO CKOPOCTb TI'eOCTPO(HYECKOTO TeYeHHs B TOPHU3OHTAJbHOM
‘HaIpaBJEHHH Uy, BHIpAXKaloT B BHAe [42]

0= [1/(20 510 ¢p] (APJA), B YY)

rle ® — yIJoBasi CKOPOCTbH 'BpallleHus 3eMJHu; ¢ — reocTpoduyeckas
. LIHPOTa MeCcTa; pm—nnomocn BOJbL; AP/An—ropuaoHTa.ﬂbem rpa-
IHEeHT JaBJeHus. .

TeocTpoduueckoe TeueHHe HanpasJeHO BIIOJIb uzobap Tak, 4TO
o6/acTp NOBHILIEHHOrO YPOBHS pachnoJiaraercsi clpaBa OT. 3TOro Ha-
npasjaeHus. TOJIUUHY €O BOABI MEXIY . CTAHLAPTHBIMH IOBEPXHO-
'CTSIMH JaBJeHHs] pacCMaTPHBAeMOTO IYHKTa BOJoeMa OOLIUHO Onpeje-

JISIIOT MCXOJAS H3 YpaBHEHHs THAPOCTATHUECKOrO Hamnopa, NpeicTaBJse-
"MOTO B BHJIE

AP =p.g Az, (4.48)

rie Az — pa3HOCTb TOJIDIMHBI CJIOEB B COCERHHX INYHKTaX BQAOEMA.

CKOpOCThL reocTpohHUECKOTO TeueHHsT Ha HaHHOH H306apuuecKoi
TOBEPXHOCTH MOXHO ONpeleNHTh TakXKe NyteM OoObeIHHEHHS ypaBHe-
HHUSI TeoCTPO(HYECKOr0 [BHXKEHHS € YpaBHEHHEM THJPOCTaTHYECKOrO
Hanopa

o = [2/(20 sin ¢)] (Az/An) P. (4.49)

Bbxpameﬂne (4.49) MOxHO NpeACTaBHTb B BHAE Pa3HOCTH IMIYGHHHI
JaHHOH n306apnqec1<ou HOBEPXHOCTH B JBYX TO‘IKaX OTCTOAMHUX ApPYyT
OT Jipyra Ha paccTosiHMe L, T. e.

opu—lg/Cosin O [(za— zayL1P.  (450)

Ecau cuny TsxXecTH, H3MEHSIOYIOCS OT OXHOrO NMYHKTa K APY-
TOMy, 3aMeHHMTb Ha IeONOTEeHLHaJ, KOTOpPBH BeIpaxaer paboTy Ha
€[MHHIy MacCH IDOTHB CHJ TSKECTH H He 3aBHCHT OT IUIHPOTHl Me-
CTa, TO CKOPOCTb reocTpOHYECKOro TEUeHHs BHIPA3HTCSI B BHJE

Ugu=(AD s — ADp)/(Lw sin ¢) = ADJ(Lo sin ¢), (4.51)

rae AD — IHHAMHYeCKAS TOJIKHA HHTepBaJIa AaBJICHHA MEXIy TOY-
*KaMHu ToukaMu A u B.

Yro6nl Hakity AD, HCIIOJB3YIOT BepTHKAJbHBEIE NPO(HJIH ‘TeMIepa-
Typel H MHHEpaJu3allu¥ JJs pacyeTa JaBJeHHS IO CYMMHPOBaHHBIM
3HAYEHHSIM Beca BCETO CTONGa BOABI M €ro yAeJbHOTO0 o6beMa. Bhrumc-
-JIHHBIE TaKUM NYT€M CKODOCTH CBOWHCTBEHHEI'BEDXHEeMY CJIOIO M SBJS-
I0TCSI OTHOCHTE/IbHEIMH BeJIMYHHAMH 110 OTHOIIEHHMIO K. HYJEBOH MmoBepx-
HOCTH, I'le HeT ABHXKeHHs. ITOCKONIbKY Takofi NOBepXHOCTH B NMpPHpPOJE
He CYLIeCTBYeT, TO pACCUHTAHHble CKOPOCTH reocTpodHUUeCKOro Tteye-
HH] ABJAIOTCA BechbMa NpHOMHXKeHHBIMH. HecMoTps Ha 3ToT HelocTa-*
TOK'H HEBO3MOXKHOCTh PacueToB ApPEH(POBHIX TeueHHH, NHHAMHYECKHM
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v= O npH z—H— ycnom»te [IpHJIHIAHHS,
riae

MeTOZOM TIOJyYeHbl CXeMbl TEUeHHH AJIst MHOTHX. prmmx BOZIOEMOB
[149 202].

Hau6osee o6cTosiTeNbHEIE pacquH reOCTpotpnqecxux TeueHUH - BH-
nonnens B. A. Kporopoit [99] mo cbeMkaM TemIepaTypbl BOABL
B 03. Baiixan. OGHapyXeHH HEKOTOphIE ofuiye 4epTE pacCYHTaHHHIX

TeOCTPODUYECKHX LHUPKYJSIUHA ¢ MpeoGIajalomuMy  LUHPKYJIANUAMH,

MOJIyYeHHBIMH 110 JAHHBIM O0OOLIeHHH MaTepHaJsioB AJHTEJIbHOH peru-
CTpauHu TeyeHHH B o3epe. B OTAe/NbHHIX , 30HAX 03epa OTMEYaloTCs
PacXOXAeHHss MeX1y reocTpoduueckoil U npeobJaparomled LHPKYJsi-
IHsIMH, HO OHHM YKJa[bIBAIOTCS B NpeJiesbl PeasbHEIX. IOrPelIHOCTeH
pacyera, KOTOpble KoJeGaoTcs, 1o oueHkam Kporopoi, or 7 1o
140 % [99]. , :

IKMAHOBCKUE MaATEMATUHECK e Mode/m npeHasHAYeHHl - IS pac—

yeTa. BETPOBHIX TeYeHHH H OIEHOK. pAacnpoCTpaHeH!s -CTOUHBIX BOJ.
HAmelorcss  MoAHGUKAIHH 3THX Mojenell, paspaboTaHHHeE npUMEHH-

TeJIbHO K YCJIOBHSIM TJIyGOKOro, OZHOPOAHOTO IO  IVIOTHOCTH — MOpS,.
MeJKOBOXHOro Mopsi u osepa [21, 65, 107]. Ckopoctb TeueHus B K-
MaHOBCKHX MOJENsX NpPeINCTaBJseTCs B BHAE CYNepmo3uiuu Apefido-
BOH COCTaBJISIONIEH JBHXKEHUs, OOYCIOBJCHHOH KacaTe/bHBIM Hamps-

A)KeHI/IeM BeTpa T, H I‘paILI/IEHTHOPI COCTaBJISIIOH.leH 06YCJIOBJIGHHOPI neu-
;CTBI/IeM I‘OpHSOHTaJIbHOI‘O rpaJmeHTa JlaBJIeHHﬂ PB BHIIe

—_ tsh[p(H—2)1. ,[A;_ ch (uz) . e
=——agm L (MH)] - 452
BepTHKaJ[bHaﬂ COCTaBJsSIIONL A ST TeyeHHH- B MOJAEJIX onpeneasaeTcs
Bblpa}KeHHeM

z . a

N ST _T_ch(uH)—dl[u(H—z)] gP
__§)d1vv—d1vv{ 7 ki + i ><

el S

‘,HpI/I CJAeRYIOMHUX I'PaHHYHBIX YCJOBHAX: .

p,anv/Gz—?—-'r npu z—-O e _ (4:54)

b= «/f/(2A)(1+t) )

bbf — napaMeTp Kopuonuca paBHbIPI 20 sin @; A— K05(pGUIHEHT Bep-

THKAJbHOH TypOyJeHTHOH BSI3KOCTH, H—my6HHa MeECTa; z—ropn-

.30HT, M .OT HOBerHOCTH BOJHI.

B cooTBercTBUH C Bbxpame}meM (4.52), -CKOpOCTb TeyeHHsI yébnsaeT

.-C TIyOHHOH O SKCTIOHEHUHAJbHOMY 3aKOHY, a BEKTOP TEUEHHs IOBO-
. pau¥BaeT BIPABO OT ‘HAIpPaBJEHHS BeTpa, Kak B paCCManHBaeMOM
~BHIIIE CJydae TeOCTPOPHUECKOTO TEeUeHH .

K qUCay HauboJiee CYHIECTBCHHbIX He,IIOCTaTKOB 3KMAaHOBCKHX MO- :

-:JieJielt OTHOCAT NpeHeGpeXKeHHe TOPU3OHTAbHBIM TypOYJEHTHHM = 06-

MCHOM, INpUHATHE }KI/I,IIKOC’I‘PI O,E[HOpOJIHOH KOSq)q)I/IU,I/IeHTa BEPTHKAJIb-
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Horo TypOyJieHTHOro - 06MeHa [OCTOSHHBIM, 2 oG1iero ﬂ,BH)Kemls{—
COOTBETCTBYIOUINM I'eOCTPODHUECKOMY.

TpexmepHoie 6apoxiurHole MaTemaTudeckue MmoOesy THHaMHYe-
CKOTO W IPOTHOCTHYECKOTO KJacCOB CUMTAIOTCS Hanbojiee CIIOXMHBIMH .
M TPYHOEMKHMH JUIS NPAKTHYECKOTO HCNONb3OBAHUA. MareMaTHueCKO#H
OCHOBOH TpexMepHBIX MojeJsell ABJAIOTCA ypaBHEHHE HEPaspbIBHOCTH
M ypaBHeHusl ABHKeHus. K 3THM ypaBHeHHSIM [J0O0aBJSIOTCS ypaBHe-
HHe JUIsl ONHCAHHs YPOBEHHOH MOBEDXHOCTH M YDaBHEHHE COCTOSHHS.

B kauecTBe TpaHMYHBIX YCJOBHH 3ajaeTcs KacaTeJlbHOe Hampsike-
HHe Ha BOJHOH MOBEPXHOCTH, YCJOBHe HEPOHHIAEMOH MOBEPXHOCTH
u nHa. Ha nHe W GOKOBHIX TPaHHIAX 3aJdeTCsl YCJOBHE NMpHJHIIAHHSA.
Tlapamerp Kopuosnca o6bYHO NPMHHMAaETCS MOCTOSHHBIM [JIsi BCeH -
aKBATODHH BOJOEMa, a peibed KOTJIOBHHHI BOAOEMa — pealbHBIM.

Jas o03. Bafikan tpexMepHas OapoTponHas M 0apOKJHHHbE MO-
Heau paspabaTbiBanuch COTpyAHHKaMH CuHGHPCKOro (OTAeNeHks AH
CCCP.

B TpexmepHo#i 6apOKJHEBHOR MOJeNH, pa3spaboTaHHOH H HCIOJb30-
BanHo#l E. A. lipetoBoit [212], q)opMHpOBaHne BETPOBOTO TEUEHHsI OCY-
IECTBJISJIOCh NPH HENpPephIBHOM BO3AEHCTBHHM aTMOChephl Ha BOAHYIO
nosepxHocTb o3epa. [Ipu 3TOM yuuThIBaJach MOBTOPSIEMOCTb M Mpe-
€MCTBEHHOCTD. THIIOBHIX IOJIeHl BeTpa.

lar no BpeMeHH NpHHHMAJCs PaBHHIM 3 4, a KacaTeJbHOe Hanpi-
.JKeHHe BeTpa Ha BOJHON NOBEPpXHOCTH BHIYHCIAAOCH -1O  (dopMmyJe
H. A. 1aBTsH, npeACTaBJeHHO! B BHIE '

T=02(0,69+0,107| W) 10° W W], (4.56)

rie W — BeKTOD CKOPOCTH BeTpa.

B pesysbTare BHIIOJHEHHBIX PACUETOB IOJYUYEHB PE3Y/bTUDPYIOLIHE
CXeMBl IHMPKYJSUMH BOJ Ha KOHeI KaXJoro M3 pacCMaTpPHBAaeMEIX OT-
DPEe3KOB BpeMeHH C THIIOBOH CHHONTHYECKOH CHTyalMefi: HeKOTOphIe
H3 3THX CXeM HMeIOT OOIIHe 4epThl CO CXEMOH reoCTpopHUECKHX Te-
yenuli, coctasiaenHofi B. A. Kporosoii [99], u co cxemamu mpeobJia-
JaloWux  TeueHHuH, cocraBaeHHBIX paHee B. M. CoKOJbHHUKOBHIM,
M. M. Aiu6ynom [3] u B. M. BepGososeim [24].

OrtMmeueHHOe BceJisieT YBEPEHHOCTb B 1e/1eC006PasHOCTH HCTIOJTB30-
BaHHs /IS PAcUeTOB TeUeHHH Kak HaHOoJee NPOCTHIX, TAaK W CAOKHBIX
MaTeMaTHYeCKHX MOlIeJIeI/I

4.18.3. ¢u3u!tec1coe modeauposanue

. Hcnonb3oBanus (u3HuecKUx MoAeJeH AJMs H3YUEHHS LUPKYJIALHU
KHAKOCTH B pesyJbTaTe JAeHCTBHs pas/HYHHX (akTopos OB Ha-
yaTel OoyeHb AaBHO. OfHaKo pasHoOOpasHble IeJeHanpaBJieHHbIE HC-
CJIeIOBAHHS BETPOBHIX TeueHHH B OaccefiHax, KaHa/jgaX M Ha NpPOCTpaH-
-CTBEHHHIX MOJe/fX BOJHHIX 0OBEKTOB OBIIM pa3BepHYTH B . Halllefi
CTpaHe JIMHIb B IIOCJeBOeHHBble oAbl [38] 1 IpOAONKAIOTCS A0 HAIIMX .
AHel. MeroJHKa 3THX HCCIEJNOBAHMH HENPEPHIBHO COBEpLICHCTBYETCS.
B uccnenoBanusax ,BeTpoBbXx TeueHHH, mpoBoiusmuxcs P. H. Hsano-
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BuIM [55] B kpyroBom luTopMoBOM Gaccefine Mopckoro ruapodusnye-
ckoro mHcruryta AH CCCP, u B uccaenoanuax E. I'. Huxugpoposa
[131], npoBOAMBIUMXCS B OCTEKJECHHOM JIOTKE, CKOPOCTb TeuUeHHs H3-
MepsIIach IO - ABHXKEHHIO TyOHHHBIX M IIOBEPXHOCTHBIX :NIONJIABKOB,
a B 6oJiec MO3JHHX HCCAENOBAHHAX IKCHEPHMEHTATOPAMH HCIIOJIb30-
BaJMCh, KAK OTMEYAJOCh BHIIe, 6ojiee. COBEPIUEHHbIC H3MEPHTEJNbHbIE
CPEeACTBA: MAPOMETPHYECKHE BepTYLIKH, TypOYJHMETPHI, TepMOaHEMO-
METpB! H Ap. '

‘OueHp BaXXHble CBENEHHS O BETPOBBIX M CeHLIeBHIX TEUEHHHAX IIO-
JYU4eHB Ha MPOCTPAHCTBEHHEIX (DH3HYECKHX MOMAECJAX  KOHKPETHBIX
BOJI0EMOB.

‘ B I'TH, B yacTHOCTH, TakHue HCCJAENOBAHHS BBLINONHSANUCH HA INPO-
CTpaHCTBEHHBIX Mojensix o3ep bafikan [37, 171], banxaw [18]1,

189], Jlykomubckoro [b4]; Ha Mopensx BojoxpaHuiuml [184] u 3a-
auBoB (®Puuckoro u Puxckoro) [57] U ApyrHX BOIHBHIX OGTBHEKTOB.
ITo marepuasaM 3THX HCCJIeJOBAaHMH MOJYYeHBl TaKOrO poJa CBeje-
HHsl, KOTOpHle He yIaBaJoCh MOJAYUYUTh AJAUTEIbHOE BDEMs HH B HATYp-
HBIX YCJOBHUAX, HH IYTEM MaTeMaTHYeCKOTO0 MOJe/JHDOBAHHS.

Ias oGecneyenuss GU3NIECKOTO0 MOJEJTHPOBAHUSI BETPOBHIX TeUeHHH
HeOOXOAMMO paclojaraTh CJAEAYVIOUMMH CBEJEHHSIMH:  IIOJBOJHBIM
penbetOoM KOTJOBHHEL B BHAE NJIaHA WM KapThl; CXeMOH XapaKTepHBIX
noJieft BeTpa HaJ 'BOLOEMOM B 0e3Jie[loOCTaBHBEIH NepHOA; Tabuumell mo
BTOpsieMOCTell BeTpa pPas3/fiiuHOH CKOPOCTH IO HaNpaBJeHHSM; CXeMOH
BETPOBBIX TEUEHHH M pPEXKHMHBIMH XapaKTEpPUCTHKAMH TeueHHWH B OT-
JleJIbHBIX YacTsX BOAOEMA.

Janst BocnponsBeneHHs HajJ BOAHOH HOBEPXHOCTBIO MOJLEJNH THIIHY-
HBEIX BETPOBHIX CHTyalHI HeOGXOAHMMO paclo/arath HaGopoM BEHTHJIS-
TOPOB Pa3JIMYHOH- MOIIHOCTH U YCTpOHCTBAMU JJisi H3MEpPeHUH xapak-
TEPUCTUK BETPa, CKOPOCTH M HAIpaBJIeHUH TedeHUH, KoJeGaHUNA ypOBHS
U JApPYrHX JAHHAMHYECKHX 3JjieMeHTOB. Hss mnepecuera ¢ Mozend Ha
HaTypy CKOpOCTEH BETPOBLIX TEUEHHH HCHOJNb3YIOT pas3Hble METOMABL.
Hau6o.siee npocroit meron npepioxen H. E. KouaparbeBrim u 6azupy-
€TCSl Ha HCIOJNb30BAHHM O60OILEHHOr0 BETPOBOro KOs GbUIHEHTA HJIH
SMIUPHYECKOH KPHBOR 3aBHCHMOCTH Unos={ (W), mocTpoeHHo#t mo
JaHHBIM H3MepeHMH TeueHHH B HaTypHLIX ycaoBusx [37, 38]. [lpu
3TOM NOCTYNAIOT CJeAyIoIUM o6pasoM. Tlo BeTpoBomMy KO3 PHIHEHTY
M/ 9MNHUPHYECKOH KPUBOH Unoz=/(W) BEIUMCJAAIOT CKOpPOCTbH Teye-
HHS, COOTBETCTBYIOUIYIO BOCIDOHM3BEAEHHOMY HAaA MpPOCTPAHCTBEHHON
MOJIEUIbIO BETPY. DTy CKOPOCTb TEUEHHS CUHTAIOT PABHOM CpelHel CKO-
pOCTH TeueHHA Ha MOJEJNH IPH BOCIHPOH3BEJACHHOM BeTpe, a4 CKOPOCTh
“T€UeHHs] B PAa3/IMUHBIX MeCcTax MOJEJH ONpelefsioT MyTeM YMHOMXKEHHS
‘€pefiHed CKOPOCTH Ha OTHOLIEHHE H3MEDPEHHOTO BEKTOpPa CKOPOCTH
K BEKTOPY CKOPOCTH, COOTBETCTBYIOIEMY OCPEAHEHHOMY 3HaueHHIO
BEKTOPa B paccMaTpHBaeMOM 3KclepuMeHTe. Hapsaay ¢ naanuuem
IIPOCTOr0 MeToJa OLCHKH CKOpPOCTeH BEeTPOBBIX TEUEHHH O AAHHBIM
SKCHEPHMEHTOB Ha IPOCTPAaHCTBEHHON MOJeNH BOJHOTO O6BEKTA, HMe-
10TCSl KPUTEPUH MOJEJUPOBAHHSA, paspaboTaHHBe Ha CTPOTOH Teope-
THYECKOH OcHOBe. K umciy TakuX pa3paGoOTOK OTHOCHTCS, HalpuMep,
merox A: B. Kapaymesa [74] u H. A. Hastsu [38].
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A. B. Kapaymep ([74] BBIBes' KDHTEDHH MOJEJHPOBaHMs BETPOBHIX
TEUEHHH Ha OCHOBE COBMECTHOTO pacCMOTpeHHsl Au(depeHnHasbHOro
ypaBHeHHst TypOYJEeHTHOTrO NBHXKEHHs NOTOKA M BBHIpaXKeHHs Kaca-
TeJILHOro HalpsiXKeHHusi BeTpa Ha BOAHOH moBepxHOCTH. IIpu sToM OH
mpulllen K BHIBOAY, YTO AMHAMHYECKOE [OJOGHE BOAHOTO  NOTOKa,
copMHPOBAHHOTO Ha HEHCKaXKeHHOH THAPAaBJMYECKOH MOJeNH BOJO-
eMa 1oj JAeHcTBHEM BeTpa obecreynBaeTcsl NpH BHIIOJHEHHUH CJAEAYIO-
AUHX TPeX PaBEHCTB:

F‘rg = Fry;
Nuy=N,; . (4.57)
DM = DH’

rle MHAEKCOM <«H» OGO3HauyeHH HapaMeTphl HaTYPHOro 0ODbEKTa,
a MHIEKCOM «M>» — COOTBETCTBYIOIHHE NapaMeTPhl Ha IPOCTPaHCTBEH-
HOH THJpaBIHYECKOH MOJEJIH.

XapakTepHUCTHYECKHE KPHTEpHaJbHBIE BEJHYMHB IIDH 3TOM OIpe-
LeJISIIOTCS BBIp aXKEeHHSIMH: ‘

. =02, /(gH ep); - (a88)
N = yue, H[(gAcp)s ' (4.59)
D =0} [(khy W5, ); — (4.60)

rae H, vep, Wep, Icp B Aucp — COOTBETCTBEHHO CPEIHHe 3HAYEHHS Ty-
6HMHBI, CKOPOCTH TEUEHHs, CKOPOCTH BETpa, YKJIOHA BOJHOH mOBepX-
HOCTH ¥ 6e3pas3mMepHO BBICOTHl BOJIHBI, PaBHOM OTHOUIEHHIO BBICOTHI
'BOJIHBL Ha BOJHOM OOBbeKTe K BBICOTE BOJHBL | M; y— IJIOTHOCTH
BOJAH; k— ko3 duuuent, paBuni 1,4+ 1078, A — koadbdunuent Typ6y-
JIGHTHOH BS3KOCTH, YYHMTHIBAIOIIMH BJIMSHAE BOJIHOBOTO I[epeMellHBa-
HHS: g

- A=[y(ch+ ﬂv.H)‘ dii3] /(bognH'13); -(4.61) A

A — BHICOTA BOJIHBL, M; C— CKOPOCTb BOJIHB, M/C; U— CKOPOCTb BET-
POBOrO TeueHHd, M/c bo — nOCTOSHHHA KO3((HIHEHT, COrJacHO OlEeH-
kaM [183], paBHBI 100 ds — 5ppexTUBHLIE JHaMeTp qacmu JOHHBIX
OTJIOKEHHHA, MM.

CucTeMa KpUTepHaJbHEIX ypaBHeHWH MacmitaboB AJs obecneve-
HUSl (PU3HYECKOrO MOAEJHPOBAHHMs BETPOBHIX TEUEHHH Ha HEHCKaXKeH-
HBIX THAPAaBJAHYECKHX MOJAENAX HpEILCTaBJIeHa KapaYIJ.IEBbIM B BHIE

. a0, =a2
—a ol/3
Oy, =0, (xH/, (4.62)
2 20—
0f, =oalo!,

rae ap=Hy/Hy o;=Jullyy =104/t aw =Wy /Wy on=~"yhy;
A. B. KapayiieB oTmeyaer, 4TO OJMHAKOBHE 3HaueHus W He
Bceraa 00ecleuyHuBaloOTCS MO KaXJAOMY H3 TPeX BLIBEAEHHBIX HM KpH-
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i TepueB. nd npuHHATHS HanGoJjee 060CHOBAHHOrO 3HAUEHHS CKOPOCTH
BeTpa Haj MOJeJbl0 HeOOXOAMMBbI HATypHBlE AaHHBle H JajbHedllee
COBEPUICHCTBOBAHHE METOLMKU J1a6OPaTOPHEIX IKCIIePHMEHTOB. °
Kpurepuu MOAEIHPOBaHHS BETPOBEIX TEUEHHH Ha HCKAXKEHHBIX IO
| MacuiTabam NPOCTPAHCTBEHHBIX MOJENAX paspaGoraus [lapTsn |38},
! VICXO[sl M3 ypaBHEeHHH TypOyJeHTHOIO ABHIKEHHS H NPHHATHS CJAEAYIO-
OIUX YCJAOBHH: NJOTHOCTE KHAKOCTH MO IAyOHHE NOCTOSIHHA; BEpTH-
KanabHBIH mepeHoc orcyTcTByeT. KosdhduuuenT TypOyneHTHOH BA3KOCTH
‘ NOCTOSIHEH B Npeflelax MeXJy NOBEPXHOCTbIO W JHOM Bojoema. [lus
| HaTypHOTO H MOJEJbHOTO OOGBEKTOB MPHHATA TOMXKAECTBEHHOCTH CJe-
pytouux uucen: Crpyxaas (Sh), Pocc6u -(Ro), Siinepa (Eu),
®pyna (Fr) m mapameTpOB, XapaxTepH3YIOUIHX BO3JEHCTBHA BeTpa
Ha BOI.[HyIO HOBerHOCTb (D) u Typ6YJIeHTHOCTb NOTOKA, (N) B BHJAE:

JL=Sh; o, /(oL)=Ro; gPacp/\vvip) Bu;.

cp ép
(4 63)
S = Fr i
vcp/(chp)_Fr’ YU cp/(gTO ch) D; Yvcx) p/(gAch)_
Hcxons ns (4.63), nonyueHsl cnenylomne 3aBHCHMOCTH:
. 11 HEHCKAXeHHOTO MONeNMPOBAHUA
2 2
Aol o o a ao;
LT T . T T oL (4.64)
o QoL oy Gy G ®q ’
IJIsl MCKAXKEHHOTO MOJIEJIHPOBAHHUS |
: ; 2 ) ' . .
Quig_, Oy _ %p Oy GOy GOy Oy —1 (4.65)
ay 7 az . %y .0 aq 0L T .

Tle o A oy — Maclltalbl COOTBETCTBEHHO BepPTHKAJbBHEIX # TOPH30H-
TaJbHHIX Pa3MepOB KOTJIOBHHH BOJOEMA; iy H Oy — MAacilTabbl COOT-
BETCTBEHHO BPEMEHH H. CKOPOCTH; Qo — Maclitab napamerpa Kopuo-
JIHCA; Oy — MaclITa6 KacaTeJbHOTO HaNpsKeHMs; op-— MacluTab AaB-
JeHHS; Q4 — Maclitab Ko3dpduuueHTa TypOYJIeHTHOR . BI3KOCTH. ’

Kputepuaaensie cootHolllenus (4.64) u (4.65) MOXKHO yHOBJIETBO-
pPITb TOJIBKO Ha MOJeNH, MacliTa6 KOTOPOH OTHOCHTCS K HaType, Kak

- 1:1. Bo Bcex Apyrux ciaydasx IPHXOAHTCS orpaHHqHBaTbc;i KaKHMH-

Jm60 JABYMS MJIM TPEMS KPHTEDUSIMHU. :

JIs1 HEeHCKaXXeHHOTO H HCKaXXKeHHOTO MOlleJII/IpOBaHHH HaBTsH pe-
KOMeHIyeT o6ecneyuBaTh YAOBAETBOpPEHHEe ABYX ycnoBufi: Fry=Fry u
Dy=Dy, a Takxe A06HBaTbCcs Ha MOAENH POpPMUPOBAHHSA I'PABUTALH-
OHHEIX BOJIH, COXPaHATh IJy6OKOBOAHOCTb IO YCJOBHAM BOJHEHMs H
Typ6y.neHTHbm peXuM NOTOKAa 10 CKOPOCTAM TEUEHHS.

'OCHOBHBIE COOTHOIIEHHsI [/l HeliCKaXKeHHOro MOﬂ,e.HI/IpOBaHHH npu
3TOM CBOJATCH K CJICAYIOUINM:

Uy == 0y «/ or; _ (4.66)
) Ta==Ty0r, : (4.67)
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a':_,_ILJISIf H(_:Kg)KEHHOI‘O MOJeJHpOBaHUSA . ]
S " Up = Uy A O (4.68)
T == TuOH- (4.69)

[Ipn mopenupoBaHuM YyckopeHuss KopuoJiuca YIJIOBYIO CKOPOCThb
BpallleHHs] THIPABJHYECKOH MOJEIH ONpPele/sIoT M3 YC/IOBHS NMOKOGHS
pajuyCcOB BpAIEHHS op H LIHPOTHI MECTa ¢ IO BHPAXKEHHIO

O, =000 O (4.70)
- Ha ocHoBanun paccMOTpeHHs! MPeJJIOXKEHHBIX METONOB YCTaHOBJe-
HHsl KPUTEPHAJBHBIX COOTHOIIEHHH BHAHO, 4TO (pU3HYECKOe MOIENHPO-
-BaHHE BETPOBHIX TEUEHHH SBJSETCS BeCbMa TPYJOeMKHM JeJIOM B OT-
HOLIEHHH KaK TeXHHKH 3KCIepHMEeHTOB, Tak ¥ IepecyeTa AaHHHX MoO-
XeNUpPOBaHHS K HaTypHHIM ycaoBHsM. OAHAKO BHINOJHEHHHIE paHee
axkcnepuMedTH {37, 185] moka3wuBalOT, 4TO 3aTpaThl TPYAAa H CPEACTB
yalle BCero OKYMAwTCs GOJBIION LEHHOCTHIO NOJyYaeMbIX MaTepHa-
JIOB. ’



TI'nasa 5

CEMIIEBBHIE TEYEHHA

5.1. OcHosnole weprvl U 0COOEHHOCTY Celiwesblx Tewenull

B ra. 1 Ha OCHOBaHMH DACCMOTDCHHS YpaBHEHHH NBHXKEHHS IPH
CTOSTYMX BOJNHOBHIX KOJIeGaHUSIX YPOBHs B GacceiiHe NpHUBeJeHH BHI-
| paxeHHs MJIs COCTABJ/SIOIIUX CKOPOCTH cefileBoro TedeHus. Ilpu atom
OTMEYEHO, 4TO CKOPOCTb CeHUIEBOro TeueHMs B OaccefiHe U KaHaje
IPSMOYTrOJIbHOH (hOpMBI OCHIUHO YBEJHYMBAETCSH II0 3aKOHY CHHyca OT
HyJIEBBIX 3HaUeHH{ B IYYHOCTH N0 MAaKCHMaJbHBIX 3HaYeHHH B y3J0-
BOM cTBOpe. TaM Ke MOKas3aHBl pe3ysabTaThi HCCJAEAOBaHHN BO36Yxae:
HUSI CTOSTYHX BOJIHOBBIX KOJeOaHHH W OTMedYeHa 3HAYHTeJbHAs MNOBTO-
psAEeMOCTh ceHIlIeBHX IBJEHHH B BOJOeMax.

K BojoeMaM CJIOXKHOH (OpPMEI €O CIOXKHEIM MOABOJHEIM De/bedoM
He yAaercs INPHMEHUTb MHOTHE M3 CYIIECTBYIOLIHX HeTaJbHBIX Teope-
THYeCKHX paspaorox. HaubGospline 3aTpylJHEHHA BO3HHKAIOT NpH
ONpele/eHnH MeCTOIIOI0XKeHHs] Y3JOBBIX CTBOPOB H CTBOPOB NYYHO-
cTefl, IPU YCTAHOBJEHHH paclpeleseHHusl [0 aKBAaTOPHH BBHICOTHI CeH-
IIEeBBIX KOJe6aHUH YPOBHS H CKOPOCTH CeHINGBOTO TEUEHHS.

He noppmaroTcst pacyeTy BHICOTa CeHIUEBBIX KOJeGAHHH YpOBHS H
CKOPOCTb CeHIIeBOr0 TeUeHHs, a TeM O6oJiee CBeACHHs O MOBTOPSIEMO-
CTH ceflll, YTO MOXKET HMeTb HauOOJbIIYI0 NPaKTHYeCKYI) LEeHHOCTh.
HasBaHHble CBEJCHUS CPABHUTEABHO JIETKO MOXKHO IIOJYYHTb B HATyp-
HBIX YCJIOBHSIX NyTeM IIOCTAHOBKH JJHMTEbHLIX HabJI0JeHHH C HCIOJb-
30BaHHEM CIEIHAJbHBIX M3MEPHTENbHHIX CPeACTB, HO MJs 3TOrO Tpe-
6yeTcsl JOBOJIbHO MHOIO BPEMEHH.

H3-3a TexHHYECKUX TPYAHOCTEH H HELOCTaTKOB CPEACTB B NPEABO-
eHHBIE TOABI HMCCJAeAOBAHUAM OBl HOJABEPTHYTH CEHHIM BCEro JHILUb
HECKOJIbKHX BOxoeMoB: 03. Dafikan [160, 161], Apasbckoro mops u
HECKOJbKHX APYTHX 03ep. B mocieBoeHHBIE TOABl HATYPHBIE HCCIAENO-
BaHMA CefllleBHIX fABJEHHH B 0O3epax 3aMeTHO aKTHBH3HPOBAJIHCh.
B 1963 r. 6blau onyGaHKOBaHBl NepBble OOOOLIEHHBIE CBENEHHS O-pe-
XKUMe Cefilll B KPYyNHBIX o3epax Ha Teppuropun CCCP [8]. Muorue Ho-
BB CBeAEHHs O ceHllax OLIIH MOJNYYEHH B CBSI3H C MOATOTOBKOH H
U3JaHHeM KallUTa/JbHOTO TPYAa IO THAPOJNOTHH «BonHble pecypch H
BoAHHH GasnaHc Teppuropur CCCP», a TakXe MHOrHX MoHOTpadui 1o
BOJHOMY pexXHMy OTAe]bHBIX pafioHoB Teppuropun CCCP u koHkper-
HBIX BOJoeMOB. Oanako B ony6JHKOBaHHEIX MaTepuajax COLEDPIKaJIOCh
OYeHb MaJIO CBEeHHH O CefilIeBBIX TEUEHHAX, XOTSd K 3TOMY BpeMeHH
y®e OBbLJO XOPOUIO M3BECTHO, YTO 3TH TEeYEeHHS HEOGXOJAMMO YUHTHI-
BaTb IIPH Da3JHYHBIX BHAAX XO3AHCTBEHHOIO HCIIOJH30BAHUS BOIO-
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€MOB, 0COBGEHHO NpHU BHIOOpe MeCT pa3MelleHHs] H THIOB KOHCTPYKIHH
BON03a00OpHEIX H BOJOCOPOCHBIX COOPYKEHHH A LeJell yuyera pac-
OPOCTPaHEHHs] ¥ pa3baB/eHHs 3arpA3HSIOLINX BEUIECTB MM YCTAHOB-
JIeHV5 BO3MOXKHBIX H3MeHEeHHH OHJIOTHYeCKOTo peXuMma.

CeiilleBble TeuyeHHs!, HaGJiOflaeMble B peasbHBIX YCJAOBHSX, 00Ja-
LaloT pALOM xapaKTeprlx qepT, 6J1arouap;1 'KOTOPBIM -~ HX  MOXKHO
CPaBHHTEJLHO NPOCTO OTJIMUMTb OT TedueHHH Apyrux BuAoB. K stum
qepTaM OTHOCHTCH CI/IHYCOI/IILa.HbeIH X0 CKOpPOCTH BG BpPEMEHH, Iie-
PHOAMYECKAs CMeHa HaIpaBJeHHs npuMepHO Ha 180° nm QyHKIHMOHANb-
Hasi CBsSI3b XO/la CKOPOCTH C' XOAOM YpPOBHs. BJaaropfaps nepeuucjieH-
HBIM uepTaM ceflUEBEE TEUEHHS] HEPENKO YAAETCs HE TOJBKO JErKo
o6HapyXHBAaTh Ha 3aNHUCAX, HO U BHAEAATH M3 COCTaBa. BECbMA CJIOXK-
HbIX CYMMapHBIX TeUEHHH. ;

" MHorue xauecTBeHHble H KOJMYECTBEHHBIE XapAKTEPUCTHKH CeHIle-
‘BBIX TeUeHHI yXaeTcs YCTaHABJMBATb IyTeM IIOCTAHOBKH HCCJIEN0BA-
HHUH Ha NPOCTPAHCTBEHHBEIX I'MPaBJHUYCCKHX MOJEJAX.

Hepem(o OKa3BIBA€TCs, YTO METOA TMAPABJIMIECKOrO MOLENHPOBA-
HHS ceHil GoJiee ‘oG GdeKTUBEH, UeM MeTOL HATYyDHEIX HcCJIeJOBaHHH.
OznHako ¢ MOMOWIBIO T'HAPABAMYECKOH MOLEJH HEBO3IMOMHO IIOJYUHTH
pPEeXHMHBIE  XapaKTEepPUCTHKH, [O3TOMY HauboJee NpHeMJeMbIM I
NPAKTHYeCKOTO HCHOJb3OBAHUS SIBJASIETCS METOJA COUYeTaHHs- FHApaB-
JINYECKOTO MOJEJHPOBaHUS ¢ HATYPHBIMH HCCIeJOBaHMAMH H pacuye-
TaMH, T. €. KOMIJIEKCHBIR MeToA. Ilpu 3Tom ymaercsl NOJYy4YHTb BCe He-
06X0HMEIe 3JIeMEHTHl CeHILI MW BHIIBUTb. KaUeCTBCHHBLIE XapakTepH-
CTHKH MpoieccoB (OpPMHPOBAaRHSA, B3aHMOJEHCTBHS H 3aTYXaHHS CeHIl
B BOJOEMaXx NPOCTOH M CJOXKHOH (OPMBL. DTO- MOKA3aHO HUXKE Ha IPH-
Mepax TAaKHX BOJA0eMOB, Kak osepa bakikanm m basaxaw, Kaxosckoe u
Hosocubupckoe BOJOXPaHUIHINA. :

5.2 Merodet oyenru cropocru cetinie602o-Tewenus

HMewolyecss B JUTEPATYPHBIX HMCTOYHHKAX CBEJEHHS O CKOPOCTH
CellllIeBHIX TEYEHHH OTHOCATCS NMPEUMYIIECTBEHHO K NpOJHMBAM U IPHU-
OpeXHHIM 30HaM. YTBePXKIAeTCsl, UTO CKOPOCTh- T€YeHHs] B Y3KHX IpO-
JUBAX BOJOEMOB MOXET AOCTHraTb 2—3 M/cC, a B IIMPOKHUX OGBIYHO
He npesniuaer 1,0 m/c[8, 19, 208]. B npnépe}xﬂmx 30HaX KPYNMHBIX
BHYTPEHHUX BOJOEMOB OBLLTH H3MEpEeHH cxopocm CefillIeBBIX TEYEHHH,
papnsie 0,2—0,3 m/c.

Ouenp MaNo CBEeNeHHH O CeHIUeBHX TeYeHWSAX Ha O’I‘KprTbIX 1 ynra-
JIEHHHIX OT Oeperos IpocTpaHcTBax BogoeMoB. OLEHKY CKOPOCTH I/
TaKMX PalOHOB: IPUXOAMTCS NPOUSBOJIUTHL C HCIOJNb30BAHHEM pacqer-
HBIX opMy.J.

ot pacuera cpenHeit cxopocm CefIIeBOTO .Te€UeHHUsT B IMPSIMO-
yronbHoM OacceliHe NOCTOSIHHOH TryOMHB H UW- LJHHB L OpH BbicoTe
"‘KoJeGaHus yposﬂﬂ.hc'pexomeﬂnyemﬂ dopmysa [8, 80, 133]

= 2heL /(T Hey), , (6.1)
KoTopas nonyqex—xa NIyTeM pelleHHs ,unq)(bepeﬂunanbﬂoro ypaBHeHHsd
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IBHIKEHUS H C YYETOM' Bblpa)KeHHﬂ nepnoua cefillx 1O Mepnnnany
(T1=2L/+/gH) npnsonmcx K BHAY.

Go = he 1/g/H | 6

A1y ¢opmysy BHepBbie HCIOJb30BAJ s NPAKTHIECKUX HeJeH,

no-suaumomy, Ilpayamed. On ycranosui, 4T0 B OfHOM 3 o3ep . LHor-
JIAH/MH, UMelolleM MIHHY 50. KM M cpeHiolo ray6uny 60 M, mpu Bb-
coTe cefimepbXx KosieOaHuii ypoBHs okosio 0,1 M cpe;umﬂ CKOPOCTh
CefileBOro TeUeHHs COCTABJISIET OKOJIO. 4 cM/C.

- Bauskyue K peasJbHBIM 3HA4YeHHA CpeJHeH CKOPOCTH CeHIIeBBLIX Te-
YeHHH MOJyYeHB! ¢ HCIOJNb30BaHHEM opMyanl (5.2) aBTopaMH MOHO-
rpaqmn [8]. UmMu Obuin ompenefeHbl CpejHHe 3HaueHHs ~ CKODOCTH
cefilleBHIX TEUEHHH I/ HECKONbKHX BHYTPEHHHX BOJOEMOB: ApaJb-
ckoe Mmope — 15,4 cMm/c mpu he=0,2 M; 03. Baitkanr—2,5 cm/c npu
he=0,17 M; 03. Banxam —6,1 cm/c npr h.=0,05. Tak kak mo ¢op-
myse (5.2) He ymaercs yuecTb MOP(QOJOIHIO BOJOeMa H Pas3jH4Hs
B pachnpefieleHHH BHICOTH CeHIICBHIX KOJE€GAHMI YPOBHs, CPeAHIONI
CKOPOCTb ,ceHIlIeBOro TeueHHst B paborax [144, 171] mpennoxeHo oue-

“HHBaTh. IIO nepe.nmaalomHMcg Oﬁ’beMaM JKUAKOCTH C HCHOJb30BaHHEM

BbIpaXKeHHA
ac=4si§,~/(T‘Fk,-=‘43J/(TF,-),\ B - (6.3)

rae F;— nuomaie NONEpeyHOro CeyeHHst BOJOeMa- o cTBopy; I —
HepHol CeHeBHX KoJeDaHUK ypOBHSA; S;— maollagb ITOBEPXHOCTH
BOJOEMAa, 3aKJIOYeHHAs MeXJAYy PacueTHBIM CTBOPOM H CTBOpOM OJH-
JKafled ny4YHOCTH; §; — cpefHee NpeBHIICHHe CeHlIeBOro YPOBHSA Hal
CTaTHYeCKHM YpOBHEM B Npefie/lax paccMaTpHBaeMOro ydacTka BOJO-
eMa; [ miaomaxb OCeBOH MJIOCKOCTH, 3aKJIOWEHHAss MeXAy celillle-

BbIM H CTaTHYCCKHM ypOBHﬂMI/I B Ipenedax Me)KIly pacueTHBIM CTBO-'

pOM 4 cTBOpOM OnukaHIlell NMyyHOCTH. .-

ITo Boipaxenuio (5.3) MOXHO BHIYHCJHTH CPEAHION CKOPOCTH Celi-
IIEBOTO TeyeHHs B JIOGOM CTBOPe BojoeMa NpH HAJHYHH CBEJEHHH IO
MOpGOJIOTHH H O paclpejefeHHH BEICOTH  CeHlleBhbIX Koneﬁaﬂnﬁ
YDPOBHSA BJAOJb OCH BOJOeMa HJH IO €r0 aKBaTOPHHU.

MoxXHO He COMHEBATbCS, YTO BBIYHMCJEHHBIE TAKHM METOAOM KOJH-

' ‘YeCTBeHHBIE XapaKTepHCTHKI/I TeueHHHd OoJiee MOJHBLI U HaJeXHB], YeM

pe3yJIbTaTHl BBIYHC/IeHHA no dopmyne (5.2), ucnonab3oBasiieficst BIep-
Brie [Ipayamenom. B I'TH ¢ momorpio Q)opmynbl (5.3) ~moayueHb

- AOCTATOYHO JeTaJibHblie CBEJEHHA O cpem—xen CKODOCTH celllleBbIX Te-

YeHHH JJI51 HeCKOJBKMX KpYNHBIX BomoeMoB. OHH  cOMOCTABJSIHCH
TaKXe ¢ JAHHBIMH HCCIeJOBaHMH Ha HPOCTPAHCTBEHHHIX THApaBJHYe-
CKHX MOJeJsIX H OKa3aJUCh BIOJHe TIpHEMJIEMBIMH Ui ODaKTHYe-
CKOr0 HCIIOJB30BaHHUS, YTO MOKA3aHO HHIKE. '

- B ciyyae HeO6XOAMMOCTH TIOJyHeHHsT AeTalbHBIX CBeNeHHH o ceii-
IIEBHIX TEYCHHUAX B BOJOEMe HJHM OTAEJBHOM ero 4acTH, JOCTaTOYHO
060Cc006JIeHHOH OT BOAOEeMa, HNPHUXOAHTCS 00paumaThCl K THAPaBJHUE-
CKOMY MofeaupoBanuioo. CielyeT OTMETHTb, 4YTO HepBHE HCCJIEl0BA-
HUSl CeHIIeBBIX SIBJEHHH B Halllefl CTpaHe IPOBOJAHMJHNCH HA T'MAPABJH-
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geckoil Moaenu o3. Bafikan [160,.161]. Asropamu sTHX, HecJIei0BaHmH
6bi1a MOKa3aHa BO3MOXHOCTb HCHOJb30BAHHA, AJs 3TOTO MEJNKOMAc-
ITaGHBIX MOJeJel, B yaCTHOCTH B Macurrabe 1 : 500 000. -

[TockosbKy NpH MOAENHPOBAHHM CeHUICBLIX SABJEHHA ONpeessio-
IMHMH  SBJIAIOTCS CHJIBL . TAXKECTH, . TO HAa MOAEH («M») ‘M B HaType
(«H») JOMKHO ‘GHTH OGeCHeyeHo . paBeHCTBO yuces Ppyna, npencTas-
NseMBbIX, HanpuMep, B Bue [217] o . - '

1/2 . . 1/2 \ ’
[ore) "l = lot@L)"h - (5.4)

x

rjae v—xapaKTepHaﬂ CKOpOCTb L — XapakTepHulii’ JIMHeAHb; i pasmepf

B caiyyae BocnponssefeHus pesibeda: KOTIOBHHbI . BOJHOr0 .06beKTa
6e3 HCKaXKeHHsi- TeOMeTPHYECKHX ‘Pa3MePOB: BHIPAKEHHsA JIsi BBIYHCIIE-,
HHSl CKOPOCTH," pacxona BO,llbI . Bpemerm HpelICTaBJlHIOTCH COOTBET-.
CTBEHHO B Bpme [217]: :

‘ . —--‘UM (LH/LM)”2 o ’ (55)
Q. QM(LH/LM)S’Q ; »(5.6);
’ =T 6

) B’ sTux Bpra}KeHPIHX xapaKTepHmn I‘OpPISOHTaJ]beIH pasMep MO-.
Aedu Ly uprHMMAaeTcs paBHBIM €luidne, a Ly MOKa3hBaeT KPaTHOCTH
NpeBhIIeHHst pasmepos HaTypHOI‘O oé'bema HaJ pasmepaMn 06'beKTOB:
Ha MOJIeJIH. : :

Ilph crpouTenbcrBe rn,upaBqueCKnx MOZeJIeH ' MeJIKOBOXHBIX BOJO-
€MOB OOBLIUHO TPHXOAHTCS JOMYCKATH HCKaXeHHE reOMeTpHYeCKUX pas-
MepOB, Yallle BCETO NyTeM BOCHPOHM3BeZeHUs BePTHKAJbHBIX Pa3MepoB:
peibepa KOTNIOBHHH B GoJiee KpymHOM MaciuTabe, yeM TODH3OHTaJb-
HEIX. Pa3sMeph 0GBeKTOB, ~H3MEPEHHBE - 0 ropusoHTatm - (X),
OpH 3TOM HEe COOTBETCTBYKT pasMepaM, H3MepPEeHHHM 10 BepTH-
Kaju (Z). I'mppaBanueckas MOJeNb BOJHOTO OOBEKTa XapaKTepH3Y-
eTcs OByMs MacmTabaMu: FOpH3OHTAJBHBIM B BHJI¢ OTHOUIEHHs XM/XH
Y BeDPTHKAJbHEIM B BHJE OTHOMIEHHS Zy/Zx. -

s nepecyera B HaTypHHE YCJIOBHS THIPABJIHYECKHX xapamepu-
CTHK. HCCJIELYyeMOro Ha HCKaXXeHHOH MOJEJNH: SIBJEHHS .HCIOJb3YIOT
C/leNyIOlIHe BEIpAXKeHUs! LIS cxopocm TEUEHHs, PacxXojia BOALL U Bpe-
MEHH:- .

Uy ‘= Upn (ZH/ZM)IIQ; S (5 8)
QH = QM (XH/XM) (ZH/ZM)3/2; . (59)
Tu=Tu (Xo/Xs) (Z0/Z:)". (5.10)

Bopaxenns (5.8)—(5.10) obecneunBaior nosyuyeHHe ACCTATOUHO
HaJleKHBIX KOJMYECTBEHHBIX XapaKTePHCTHK CeHlll NO AaHHHIM. MOZe-
JaupoBanus. IlepecueTy Ha HaTypHble YCJIOBHSI MOTYT GHTb NOABEpT-
HYTBl He TOJIbKO, OCPEJAHEHHbIC, HO M MTIHOBEHHBIE XapaKTEPHUCTHKH.
B pesysbraTe MOXKer GHITh NMOJNYYEHO, HANPHMep, pacupereNeHHe CKO-
pOCTH CeillIeBOro TeUeHHs M ero HanpaBJeHHs 110 aKBATOPHUH ngyyae-
MOTO BOJOEMa HJIH yYacTKa.

]
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5.3. Pacnpedenenue ceumeamx Teuenuu
no axsaropun sodoema = '

Hepenxo nJisi pelIeHHs] BONPOCOB XO3SHCTBEHHOTO HCHOJL30BAHUS

BOJOEMA MJH C IeJbi0 OUEHKH BJAHAHUS XO3SHCTBEHHOH AeATeNbLHOCTH
Ha 2KOJOTHUECKYI0 OGCTAHOBKY mepel, U3BICKaTeJsM CTABHTCH 3ajaya
BHISIBUTb H3MEHEHHsI XapaKTePHCTHK CeHIl MO aKBaTOPHH BOAOEMA.
HauGosbmui uHTEpec NpH 3TOM OOGBIMHO NPEACTaBJSIOT CBEeAEHHS
0 pacnpelefieHun cefiieBbix TedeHu#. Takue cBelleHHs B Hacrosllee
'BPEMsl MOXHO [MOJIyYHTb HECKOJBKHMH MeTOAaMH: pacyeramu C HC-
HOJIb30BAHHEM TMOAXOJALINX MaTEMATHYECKHX - MOJGJEeH, NOCTaHOBKOH,
HabMofeHA B HAType d JaG0opaTOpPHLIMHM HCCJIeJOBAHHAMH Ha THA-
PaBJIHYECKOH MOJENH UJIH KOMIJIEKCHBIM METOJOM.
- CaMhIM TpOCTHIM H JOCTYNHeIM npH Hamumuuu ILIBM u paspabo-
TaHHHX TNPOTPAMM CYHTAETCSi METOJ MaTeMaTHUYECKOro MOJeNUpOoBa--
Bus. OAHAKO pe3yJabTaThl MaTeMaTHYeCKOTO MOAEIHPOBaHUs OOBIYHO
1enecoo6pasHo BepHUIHPOBATH IYTEM CONMOCTABJEHHS XOTs# OBl ya-
CTH HX C JaHHBIMH HATYDHBIX ‘HabmioZeHu#: B 3TOM H COCTOHT rjaB-
HOe 3aTPyJHCHHEe NpPH HCIONb30BAHHM  MAaTeMaTHYECKOH  MOJEJH.
Kpome 5TOro, AJjsi YHCJAEHHOrO pelleHHs 3ajaud OTAelbHble HCXOIHBIC
CBEJIGHHST MPUXONHTICS TaKXKe ONpelessiTb. N0 JaHHLIM — HATYpHBIX
"HaG/I0/IeHHH, YTO He BCerja OKa3blBAeTCs BBIIOJHHMBIM.

CBeleHHsI O paclpefieieHHH CeflieBBIX TeueHHi MO CTBOPAM BO-
JoeMa WM OTIeJbHBIM €r0 YacTAM. B HATYPHBIX YCIOBHAX MOKHO IO-
JY4UTh N0 JaHHBIM .aBUACBEMOK TEYeHHH M IyTeM H3MepeHHH C CyJlOB.

Hunst monyuenust pacnpenesieHus MOBEpXHOCTHBIX TeUeHHH IO CTBO-
paM HJIH OTAEJbHBIM YacTsM BOJoeMa HauGoJee NpHeMJeMOH CyHMTa-
eTCsl aBHaCbheMKa. ABHACHEMKH MOBEPXHOCTHBIX TEYEHHH BBINOJHSIHCD
Ha o3epax Dai#ikan, Jlagoxkckom, Banxam u MHorux Apyrux [3, 24,
137]. Ulupoxo uCHOJb30BAJICS 3TOT METOA M Ha BOJAOXPAHUJHILAX
[188], 4TO Hem3MeHHO CIOCOGCTBOBAJIO nonyqenmo BeCbMa .00 BEKTUB-
HHIX MaTepHasloB, OCOGEHHO B CJIyYasiXx HaJeXKHOM NPUBA3KHM MapIIpy-
TOB CheMKH K 0eperoBEIM OpHEHTHpPAM.

ITo marepuasam aBHaCheMOK MOJIYYEHO paclpeesenue CefilleBHIX
TeueHMil MO HEeCKOAbKHM cTBOpaM 3amaaHoro Basixama. MatepuaJsl
OJHOH M3 CHEMOK, BbIMOJHsABLIeHCs B 1982 r. mpu AelCTBHH ABYXY3JIO-
BOH cefllW W BeTpa CKOPoCTbio 3—4 M/c, npexcTaBJeHbl AJS MpH-
Mepa Ha puc. 5.1. Haubonblline CKOpOCTH CeHIIEBRIX TEUEHHH MOJY-
YeHBl B cTBOpax 2—2 u 6—H; nepBhfl U3 KOTOPHIX. PACMOJOKEH B V3-
KoM (0KOJIO 4 KM) IpOJ. Y3yHapaJI ¥a BTOpOH — nmpuMepHo B 20 KM
K IOTY OT CTBOpA JABYXY3JIOBO# ceilin,

HauGosiee meTaibHble CBECHHS O PACHpPENeIEHHH MO CTBOPAM IO-
BepXHOCTHBIX M TJYOUHHBIX ‘TeUeHHE MOMyUeHB Ha 03. Baxam c cy-
OB TVIyGHHHBIME NP HBSI3HBIMU nonyaskamu. [lo Marepuanam mnomia-
BOYHbIX H3MepeHHH B crBOpax o03. Bajxalll ycraHoBieHa, B 4YacTHO-
CTH, Pa3NuYHAs CTENEHb H3MEHEHHs CKODOCTH C YAajlcHHEM OT Ge-
PEeroB — He3HAUUTEJIbHAST [IPH MaJbIX CKOPOCTSIX W B€ChbMa CYyIIecTBeH-
Hasl IpH OOJBLINX CKOPOCTSIX.
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JleranbHble CBeleHHSI O pacHpefe/eHHH CeHIlIeBHIX TeueHHH OMHO-
BpeMeHHO IO BCeHl aKBATOPHH BOJAOEMa "MOXKHO nonqub TOJIBKO: IPH
HCI0Jb30BaHUH mnpasnuqecxon MOJJIH.

Ha ruxpaBinueckofl ‘MOJeNH CPaBHHTEJNBHO -JIETKO OINpenessercs
He TOJBKO pacnpefesNeHHe KOJHUCCTBEHHBIX XAapaKTepHCTHK IO
CTBOpAM, 4acTSIM H BCeH aKBATODHH BOJZOEMAa, HO U JOBOJIBHO HaJEXHO

271X 19822.

29 1X 1982e.

.0 03 06 09m/c
N S N :

a 10 20 30km
| S U

Puc. 5.1. PacnpezneneHne BEKTOpPOB cefilIeBBIX TeueHHi 10 cTBopaM 3anagHoro Bau-
xawa npu caabom Berpe (aBuacbemka 1982 r.).

BBISIBJAIOTCS OCHOBHBIE KayeCTBEHHBIE UYEPTHI TeUeHHH, 0COGeHHO- Me-
CTa 3aBUXPEHHH IOTOKa M MecTa (OPMHUPOBAHHS KPYIHOMACIITAGHBIX
- IUPKyJAALu#. XapakTepHCTHKH TAaKHX IIPOCTPAHCTBEHHHIX (hOpMHpO-
BaHHH, BHISIBJEHHBIE HA T[HAPABIHYECKHX MOJENSX HECKOJbKHX BOIO-
€MOB, NpHBeJeHH B IVI. 2. 34eCh e IONYTHO OTMETHM, YTO C(OpMH-
poBaHHBIe B 03. Dasxall MakpONHPKYJNSLIHH OGHADYXKEHB B MOCJHEI-
Hee BpeMs Ha KOCMHYECKHX CHUMKaxX. DTH JaHHBIE BCEJSIOT yBepeH-
HOCTH B TOM, YTO W [JIsi APYTHX BOXOEMOB, PACCMOTPEHHHIX B IVi. 2,
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Oyzer TNOATBEPXKAEHA BO3MOXHOCTb dopMupoBanHS MaKpOquKYJIH—
HHi B YCJAOBHSAX 3aTyXaHUsl CeflleBBIX TEUCHHH.
Tepefizem x GoJsee AeTaNbHOMY - PatCMOTpPEHHIO XapaKTepHCTHK
. Cefilll KOHKPETHEIX BOJOEMOB, MOJIYYEHHEIX C HCIOJIb30BAaHHEM ORHOTO,
ABYX W J23Ke TPEX 3 NePeunCACHHEIX MeTOZI0B. :

5.4. Ceumesbte Teueuuﬂ 8 03. Baiixaa

B o3. baiikan (IIJIOHlalII: BOJHOH moBepxuoctu 31,5 TeIC. KM% cpel-
HAst ray6una 730 M) cefiuin AefCTBYIOT nOYTH HenpephisHo. HaunGous-
Wyi0 MOBTOPSIEMOCTb HMEIOT, COTJIaCHO JaHHBIM paboTh (161}, omno-
y3JoBee koseGanus (84 % NpoOAOIKUTEIBHQCTH 6e3J1e110¢TaBHoro ne-
puojaa), c NePHOJIOM OKOJIO 4 4y 30 mus [I7I] ™

Il 5THX CefIl Ha NPOCTPAHCTBEHHOH THAPaBAHUECKOH MOJENH,
BHINOJIHEHHOH ¢ . ropu3oHTanbHeIM Macwita6om 1:100 000 u Bepru-
Ka/JbHbIM Maciirabom 1:5000, monyyeHE! cxeMbl TOBEpXHOCTHEIX Te-
genn#. OfHA H3 TaKHX CXeM C H306pa}KeHHﬂMH TPaeKTOpHH BO3BpaT-
HO-KOJIe6aTeJbHbIX HEPEMEIeHH NOBEPXHOCTHBIX [ONJIABKOB INpeA-
craBieHa Ha puc. 2.11. OTueTnInBO BHAHO, UYTO 30HA C HaHOOJBLIMME
BO3BpPATHO-KOJNe6aTebHBIMY CeHllieBHIMH  IBHXEHHMAMH COBMelleHa
¢ CeJIeHIrMHCKHM TOIHATHEM JHA H 4TO BTOpas 30HA YBEJIHUYCHHBIX KO-

- B oTHeJabHBIX MECTaX CXeMBl OTUETJHBO BHIHHI HU3MEHeHus OpI/IeHTle

JeGaBuii paciojiaraercs HajJ INOABOAHBIM AKaJeMHYeCKHM XpeGTOM. -

POBKH HaHpaBJIeHI/IH BO3BpaTHO- -KoJiebaTeNbHBIX H,BH}KGHHH B HeKOTO-' ;

PHIX CHIy4asiX OTKJOHEHMs TPAEKTOPHHA NBHXEHHs OT NPSAMOJHHEHHBIX -
ABJISIOTC HCTOYHHKOM (OpMHPOBAHHs, KaK OTMeYasaochk B IM. 2, Mak-
POLUUPKYJSIHHOHHBIX BHXpel, moJyuawmux Haubosee  OTUETJNHBHIE
4epThl Ha CTalMH 3aTyXaHHS . BO3BPATHO- -KoJe6aTeNbHbIX JBHMKEHHH.
HaumeHblasi cKOPOCTb CeHIIEBHIX TeUEHUH NpPH OJHOY3J0BOH -cefluie
HaGmIoLaeTcst Ha KOHIEBHIX yJacTKax 03epa, NPHMBIKAWOMMX K Hace-
JeHHBIM  nyHKTaM HuxkHeaurapcky u KyJaTyky, @ TakKe B:LEHTpaJib-
HOH 4YacTH o3epa, Tle IJIOMIaJ{ HONEepPeyHBIX CeUeHHUH CTBOPOB [OCTH-
rarot 50—60 kM2 , -

Ilpencrasiennas Ha puc. 2.11 .cxemMa MOBEPXHOCTHBIX CEHIIEBEIX
TeyeHUl BNOJIHE YAOBJETBOPHUTEJNBHO COTJIACYeTCs € paclpeieeHueM
[0 AJIMHEe 03epa OCPeIHEHHBIX IO CTBOpAaM CKOpOCTed 3a BpeMsl, paB-
HOe IIOJIOBHMHE NepHOAa ceHlun. PacnpejeneHne TakuX CKOpOCTeH mo-
JYYeHO nyTeM pacderoB no ¢dopmyte (5.3) ¢ yueroM YCTaHOBJEHHOTO
Ha OCHOBAHHH MOMeJbHLIX HCCJAEROBAHHH paclpeiefeHHs [0 HJHHE
03epa BHICOTHI celillieBEIX KoseGaHu#l ypoBHsa [171]. Pacuern Bmimo.-
HEHHl JJs JABYX 3afaHHEIX 3HAaueHHH BBICOTH CeHIIEBHIX KoJeGaHHM
yposusa: 0,20 u 0,30 m (puc. 5.2). OcpelnHeHHbBle 3HAYEHHS CKOPOCTH
npu cefilleBHx KoJjebGanusax ypoBHs 0,30 M JocTHralOT NpPHMEPHO
4,0 ¢M/c B CcTBOpe CeJNEHTHHCKOTO NOAHATHS HHa M okojo 1,0 cm/c
B cTBOpe Hal AxajgemuueckuM xpebroM. Ilpu cefimeBrix KomeBaHHAX
yposHs, paBHEX 0,20 M, ocpelHeHHass CKOpPOCTL B YKa3aHHEIX CTBO-
pax_cocraBuia coOTBeTCTBEHHO 2,1 u 0,6 cm/c. B nentpanabHo#l wacrn
03. Dafixas ocpefiHeHHast CKOPOCTh NIPH YKA3aHHBIX 3HAYEHHAX BHICOTHI
KoJie6anuii ypoBHsi cocTaBisiu okoao 0,03—0,05 cm/c.
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Ha ocHOBaHME M3BEeCTHBIX OCpPeIHEHHHIX CKOPOCTeil ceHIeBHIX Te-
YeHHWA H ePHOJA OJHOY3JOBOH CEHIIH JIETKO BBIYHCIHMTH Dacmpenese-
HHE BJOJb OCH 03epa BO3BPATHO-IOCTYNATENBHOTO NepeHoca BOJ Ceil-
HIeBHIMHU TeYCHUAMH. [TepeHoc BOX paBeH

l.=o.T/2. : (5.11)

o 700 200 300 400 500 600 680 L xm

Puc. 5.2. Pacnpepesenue no aJjune o3. Bajikan oTHOCHTeNbHOH
) BHCOTHL cefillieBHX KoJeGaHH# yDOBHA (@), CKOpOCTH cefilue-
- BHX TedyeHHE (6) M MopdoMeTpHYecKHX XapaKTepHCTHK (8).

3uavenua Ry,pet [—~0,30 M, 2—0,20 M; L — paccTosiHMe OT IOX¥HOH
OKOHEYHOCTH 03€pa.

Crnemyer 3aMeTHTb, 4TO [OCKOJBKY CKOPOCTb CEHIIEBOTO TeYeHHs
H3MEHAETCA BO BPEMEHH IO 3aKOHY CHHyca, TO MagcuMaJjbHasl CKO-
poCThb  IpeBHINaeT ~ COOTBETCTBYIOLIee  OCpeflHEHHOe  3HAueHHe
B8 1,57 pasa. D10 06CTOSTENbCTBO HCHOJb30OBAHO NPH COCTABJEHHH
Taba. 5.1, B KoTOpoOi# NPHBE/ICHE!  TAKXKE OCPEJHEHHBIE 3HAUYEHHUS CKO-
POCTH H IlepeHOCa BOJ CeHIeBEIMM TeUeHHSIMM Ha Pa3JHYHOM paccrosi-
HUH OT IOXKHOH OKOHeYHOCTH o3epa. Ta6auma 5.1 cocTaBieHa myrem
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Tabauia 5.1

Cropoctp ceiileBBIX TeYeHHH U NYyTh BO3BPATHO-NIOCTYNATEIbHOTO IEPEHOCE
BOJ.B LleHTPaJbHOH uwacTH 03. Balixan npu pasinyHOH BBICOTE OLHOYSJIOBHIX
ceilieBhIX KoJeGaHUl YpOBHSA

Pacerosi- ) Bricora Ko.1eGaHuil ypOBHS, M )

towHoR 0,10 0,15 0,20

OKOHey- .

:;e”a" Yep Umake l %ep Oumaxe l %ep “Make | !
KS" cM/c cm/c M cm/e cM/fe M ceM /e cM/c M
210 2,12 3,33 172 3,18 5,00 260 4,26 6,70 345
290 0,71 1,12 58 1,06 1,67 86 1,41 2,21 114
340 | 0,28 0,44 23 0,42 | 0,66 34 { 0,67 0,90 46
400 0,68 1,07 55 0,99. 1,65 80 1,34 | 2,10 108

nepecyera Ha HaTypy nio npasuwiy ®pyra [217] RaHHLIX HCCJefOBa-
Huil, MOJyYeHHHIX Ha IPOCTPAHCTBEHHOH THApPaBJIMYECKOH  MOJend
- 03epa.

5.5. Cetiesvte rewenus 8 03. Baaxaw

B 03. Banxam (mromaib BOAHOH moBepxHOCTH 0KOMO 18,0 ThHIC. KMZ,
cpefHsas ray6una 6,2 m [8, 189]) cefilin meficTBYKOT, KaK OTMEYa/OCh
BhIlle, B cpefHeM oOkojio 60 Y BpeMeHH, a B OTJe/bHble MecAlbl Ges-
JeNOCTaBHOTO IlepHoja CYMMapHOE - BpeMs HX AeHCTBHS JOCTHraer
. 80.9% [181]. BricoTa xoJseGaHuil YPOBHS H CKOPOCTb CCHIUEBHIX Teye-
HUH IIpH 3TOM CYINECTBEHHO IIPEBHILAIOT COOTBETCTBYIONIME XapakTe-
pHCTHKU cefill 03. Bafikxasa. [fo aTolf MpHUYHHEe M B CBSA3U C MEJKOBOM-
HOCTBbIO 03epa cefllleBble TEUEHUs UIPAIOT BAaXKHYIO DOJb B IPOHEC-
cax IlepeHoca U IlepeMelIMBaHUs BOA, B (OpMHPOBAHHE cIenHpuye-
CKHX "4epT. TMAPOXHMUYECKOr0 H TUAPOOHOJOrHIecKoro pekuMa.

HeranbHble HCCAeNOBaHHUSI CelilieBBIX TeueHHit 03. DBaaxam Onn
BhiosiHeHB coTpyauukamu ['TH B 1981—1983 rr. K sTum rogam or-
HOCSITCSI O6HIMpHBIE JTabopaTOpHBIE HCCAeROBaHHSA, NPOBOJUBIIMECS HA
IIPOCTPAHCTBEHHOH THApPaBAMYEeCKOH MOJeM 03epa, HMeBLIel Mac-
mrabsul: naaHoBH# 1 : 50 000, Beprukanbeil 1:50 (puc. 5.3). Bouab-
mo# 06beM HCCAEACBAHUE BHIIIOJNHEH B HATYPHBIX YCJAOBHSIX C HCHOJb-
30BaHHEM aBHaMeTOJOB, MJIHTENbLHOH perucTpanud TedeHHH npubo-
pamu BIIB-2, peryaspHBX H3MepeHHH TJyOHHHEIMM IIOIJIaBKAMH Ha
pefJiOBhIX BePTHKAJIAX H 5NU30JHYECKUX CHEMOK C CYIOB [0 CTBOpaM
3anagHoro banxama u npoJ. ¥syHapasa. PacecMOTpuM HekoTOpHE M3
TIOJIYYEHHBIX TAKMM OYTEM PE3yJAbTaTOB.

Ilo naHHEIM aBHACBEMOK, IPOBOAHUBIIMXCH [OPEHMYHIECTBEHHO IMpPH
cnaboM. BeTpe, cefillieBble TEUCHHS B Ipelejax BceH aKBAaTOpUH 3a-
najnoro bBaJxania neficTBoBa/id B OXHOM HaNpaB/JeHHH, TO K IPOJL.
YsynapaJa, To oT Hero. TakoH BHJ HepeHOCa BOA COOTBETCTBYET Hei-
CTBMIO JBYXY3J0BOH cefilin. PesysnbpraTel 0HOH H3 CBEMOK HpeJCTaB-
JICHH Ha pHC. 5.1.
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HaunGonee peranbHble CBeleHHsl O paclpeieleHnH CeHIIeBHX Teue-
HUH 110 aKBaTOPHHM 03epa NPU AEHCTBHH CeHLI ¢ pAa3JUYHBIM UHCJIOM:
y3JI0B TOJYYEHBl Ha THApaBJHYecKod Mojend. lccieloBaHWIO NOA-
BEPTHYTHl CEHIIH, OXBATHBAIOIKE BCE 03€pO, U CeHllH, AeHCTBYIOLIHE:
TOJBKO B mpelenax 3anafHoro uaum Bocrounoro banxama. [locaen-
Hee JOCTHMCAJOCh IIYTEM pacu/eHeHHs O3epa Ha JBe YacTH MO CTBOPY
npoJs. YsyHapaJ. llpumeprl TakKuX IOJeH TeueHHH HOKa3aHm B pa-
6orte [189].

Puc. 5.3. O6mu#l Buj HpOCTPAHCTBEHHON THAPABIHYECKOH Mojenu o3.. Baxa-
Xaw B pycjoBo# naboparopun I'TH (Bug cBepxy).

Marepuasbpl 3KCIepHMEHTOB IOKa3aJii MJABHOE, CHHYCOHAAJBHOTO
BHJla YMEHbLICHHE CKOPOCTH CeHHIEBBIX TEYEHHH OT Y3JIOBEIX CTBODOB
IO HaNpapJeHUI0 K G6JMKaAIMM NYyYHOCTSIM, a TaKkKe HE3HAUUTEJb-
HBle H3MeHEHHUs BO3BPAaTHO-NOCTYNATEIbHEIX JABIXKEHMH IO LINpHHE
o3epa. Hapsny c aTuMm, B OTHefbHBIX MeCTax TpPaeKTOPUH mpHOGpe-
Tajgyu 3uUr3aroobpasHeie OUEPTaHWs MW IJIaBHbIE WCKPUBJIEHHS, CBH-
JeTebCTBYIOIHE O IONEpPeYHOM CMEIIEHHH YacTHi KUIKOCTH W 3a-
BHXPEHHOCTH J[BHXKeHMs. Uallle BCero TaKue HCKa)X€HUs TPAeKTOPHH
OTMeuaJ/IuCh Y MBICOB, Pe3KHX MCKPHBJEHHH HampaBJ/eHus Gepera
03epa MJH NOABOJHOrO CKJOHA. B6AHM3H TaKMX MecT damle Bcero op-
MHPYIOTCSl KPyIHOMAaciUTaOHbBle HNUDPKYJSLHN, PACCMOTpEHHEE B I 2.
JocTaTouHo feTasibHblE CBEACHUS O PACHPEAENEHHH OCPEAHEHHON CKO-
pPOCTH cefIIEBLIX TeueHUH BAOJb OCH O3epa IIOJydYeHEl NIyTeM pacde-
ToB 10 dopmyJse (5.3) ¢ ucnonb3oBaHHeM HaGJMIONEHHBIX NaHHBIX O Ile-
pHOJax cefll ¥ 3KCOEPUMEHTAJNbHBIX AAHHEIX. O pacOpeleseHHH Bhl-
COTHl ceHllleBREIX KOJeOaHHH YPOBHA. DTH CBelleHHs AJd TpeX OCHOB-
HEIX BHAOB CeHlll Bcero osepa . (IByX-, TPeX- ¥ UYETHIPEXY3JIOBhIX)
HpelcTaBjieHll B OTHOCUTEJBHOM  BHIPaXKEHHH — N0  OTHOINEHUIO
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K OCpeAHCHHOMY 3HAYCHUIO B IIpeheJsaax OJHOTO H3 Y3J0BBIX CTBOPOB

- 03¢pa, 3a BpeMs, paBHOE IOJJOBHHE IepHOAa CEfII.HI/I, HO HauGoJiblilee

fI0 CPaBHEHHIO C JPYTHMH Y3JIOBBIMH CTBOPAMHM IIPH pacCMaTpHBaeMOM
BHIe CeHlll, © YCJAOBHH, 4TO BbicOTa CeHUIeBEIX KoOJeOaHHA ypQBHS
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Puc. 5.4. Pacnpenenenne 1o JJHHe 03. Bajxalll OTHOCHT@JBHOH BHICOTHI Cefi-

1meBHX KoJjeGaHHE YpoBHA (I) H CKOPOCTH cefflleBHIX TeueHHi (2) mpu
: JeficTBHH CeAln. -

CeflllIN: @ — ABYXY3JOBBIE, 6 — TPEXY3JIOBLIE, 8 — YeThIPeXy3aonble; 2 — MOPGOMETPH-

YecKHe XapaKTepHCTHKH: B — IIHDHHA o3epa, F — miollafb BOJHOIO CEeYeHHs IO
crBopaM; L — paccTosiiHe OT 3amafiHOX OKOHEYHOCTH O3€epa. )

B OJHOM ~ H3 CTBOPOB NYyYHOCTH paBHa 1,0 M, a hcifhc, maxe =10
(puc. 5.4).

Tlo KpuBHIM Ha pHC. 5.4 JeTKO ONpeaenuTb MOp(HOMETpHUECKHE
XapakTepHCTHKA CTBOpa (mjolmiaAb cedeHus F o WHpHHY B) Ha Jio-
60oM 3alaHHOM PAaCCTOSIHHH OT €ro IXKHOH OKOHEYHOCTH, OTHOCHTEJIb-
HEle OCPE/IHCHHbIC CKODOCTH CefillIeBOr0 TEUEHHS Uci/Ve. maxe W OTHO-
CHTEJNBHYIO BHICOTY CeHIIEBOTO KoJeGaHHA YpOBHA Hciffc. sane. ABCO-
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JIOTHBHIE 3HAUEHHsI OCPeJHEHHOH CKOPOCTH CeHIUeBBIX TeYeHHH, HampH-
Mep IpH ABYXY3J0BOH cefillle, HMeIOIlllell BHICOTY KOJeOaHHUA YPOBHs,:
paeHy0 1,0 M B cTBOpe nmyuHoCcTH Ha paccTossHMH 300 KM 0T I0XKHOH
OKOHEYHOCTH 03epa, PpaBHBl Ha.OCHOBAHHWH. PHC. 5.4 ciaenylomeMy:
B Y3J0BOM CTBOpe Ha pacCTOSIHHM 165:KM OT I0XKHOH OKOHEUYHOCTH,
rae hm/hc Maxc—-—OO Ucz/Uc M;mc—O 25 Uc1—0 65 0 25= 0, 16 M/C'
B NpoJ. Y3yHapaJ Ha pacCTOsHHH 255 KM OT I0XKHOMH -OKOHEUHOCTH
osepa, rae Hci/hc. maxe =0,65, Uci/Ve. maxe = 1,25, vcz—O 65.1,25=
-=0,81 Mm/c.

JlaHHEMH pHC. 5.4 MOXHO BOCIHOJB30BaThCS lIJIﬂ orfipe/leIeHUsT
06beMOB IlepeHOCa BOJA CeHINEBHIMH TEUEHHSMH 32 pacueTHble NepH-
0B M1060i ILJII/ITeJIbHOCTH "4To 6y1LeT [0Ka3aHO HuXe.

5 6. Ceumeebte :retteuuﬂ 8 Kaxoscrco.u sodoxpauu/mzqe

CelilieBHEe H cymmapnbxe TeUeHHs B KaXOBCKOM BOJOXp aHHJIHILE
(nnomagr BomHOH mnoBepxHOCTH 2150 kM2, cpemusii ray6uHa 8,5-M)
HCCHeA0BaJNHCh 3KeneJuuuoHHEIME rpynnamu I'TM B 1969—1971 rr.
TeMH e MeTOJaMH, UTO W HpH paborax Ha 03. Banxam. Caepenus
0 pacnpeleJIeHHH CeHIlleBHIX TeYeHHH MO aKBATOPHH O3CPOBHAHBIX IIe-
COB BOJOXPAHMJIHIIA MOJYyYeHHB 1O AaHHBIM aBHACHEMOK H nadopaTop-
HBIX 3KCIHECPHMEHTOB. -

Bo Bpems aBHCBHeMOK, Hapsily ¢ ceHlleBHIMH TEUEHHSIMH, AEHCTBO-
BaJIl CTOKOBBEIE M OUYEHb Clabble. BETPOBLIE TEYeHHs. DTO o6cTosTEb-
CTBO 3aTPYAHHJO OCBeLIeHHe NOJS CeHIeBHIX TeYeHHH B HATypHBHIX
yciaoBusix. HenckaXkeHHBle 1oJis ceHlIeBHIX TEYeHHMH NOJYYeHB Ha
. IPOCTPAHCTBEHHOH TMAPABJINYECKOH MOJEJH, BHINOJHEHHOH B MacuITa-
6ax: naanoswifl 1:25000; Beprukanbunt 1:100 (cM. puc. 2.13).
~ HauGosbluee BHHMaHHe B HCCJAEIOBAHHSAX OLLIO YACNEHO ONHOY3-
JIOBBIM [BYXY3JIOBLIM CelfllaM, HMeEIOIIMM B HATYPHBIX YC/IOBHSAX Ie-
pHOAbI, paBHBIE COOTBETCTBeHHO 13 u 24 Mun u 7 u 18 Mum.

CefilieBrle TeueHHs Haubosiee OTUETIHBO BLHIpAXKEHH B MeCTax CY-
KEHHH BOJOXPaHH/IUILA, Pa3Ae]sIONHX. er0 Ha O3eDOBHAHEBIE INIECH.
Ha nnecax CKOpOCTb CefllleBHIX TeueHWH B 2—3 pasa MeHbllle, 4eM
B MeCTax CyXKeHHH, a MoJs TeyeHHH INOYTH NOBCEMECTHO OCJIOXKHEHHI,
Kax I0Ka3aHo B IJ. 2, KPYNHOMaclUTaGHBIMH BHXPEBEIMH o6pa303a-
HHAMH (cM. puc. 2.14). Takne o6pasoBaHusi ZOCTHraloT HauboJbllei
BHpaXKeHHOCTH B BONOXpAHWJHIIe B Mpa3gHHYHEIE M BHIXOAHBIE IHH,
koria typ6unm Kaxosckoit I'DC u Iduenposckoit I'DC um. B. H. Jle-
HUHAa paboTaloT B YC/IOBHAX OYeHb MaJblX IOCTOSHHBIX HArpysoK WJH
NOJIHOCTBIO OTKJIOUEHH.

B ycnousx paboTH TYpOHH Ha IOJHYIO HATPY3Ky H NpW HAJHUHH
JOTIOJHUTEAbHEIX XOJOCTHX COPOCOB Yepe3 BOJOCTHBHL CEHIEBHie Te-
YeHHs 4Yallle BCEro BhIpaXXeHHl €labo HJH AaXe NOJHOCTHIO JHKBUAU-
PYIOTCS MOIUHBLIMH CTOKOBBIMH TEUEHHAMH.

Pacnpenenenne ocpexHeHHOH 110 CTBODAM CKOPOCTH 3a OTpESKH
BPEMEHH, paBHBle NOJIOBHHE MNEPHOAA CEHIUH, NOJYYIeHO MO MAHHEIM
pacyeroB c HCHOJb30BaHHEM 3IKCNEDHMEHTAJIbHEIX CBeleHHH 06 H3Me-
HEHHH BJOJIb BOJAOXPAHMJIMINA BBHICOTH CeHIIeBHIX KoJeGaHHH ypOBHSI.
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PesyapraThl pacueToB B BHIAE - a6COMIOTHBIX 3HAYEHHH OCPeAHEHHOH
‘CKOPDOCTH, COOTBETCTBYIOIIMX ceHlleBbIM KOjeGaHuAM ypoBHsi y Ka-
xoBckoit - I'DC, paBubiM 1,0 M,npexcraBjaeHbl Ha puc. 5.5. Xopouwo
BH/JHO, YTO OCpPEeJHEHHAs! CKOPOCTb CeHIeBBIX TEYeHHH NpH OAHOY3JO-
BHIX KOJIeOQHHSIX = B CYXKeHHSX BOAOXpaHuauma pocruraer 0,55—
0,58 M/c, 2 B 03epOBHAHBIX pacIIMpeHHSX- yMeHbmaercs go 0,1—
0,3 m/c. OcpenHenHast CKOPOCTb CeHIEBLIX TeUYeHHH NpPH ABYXY3JOBOH

ha/ hn‘mam .
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Puc. 5.5. Pacnpenenerne no pgaune KaxoBckoro Bopo-

XPaHUJHIA OTHOCHTEJbHOH BBICOTH CeHIueBHIX Koseba-

HAH ypoBHA (a) H cpelHell CKOPOCTH ceHIIEBHX Teye-
HuH (6)

1 — opgHOysnoBele  KoJseGaHusi, : 2 — ABYXY3J0BEHIe KoJdeGaHHs;
L — paccrosinue ot miaotuHel KaxoBckolt I'dC.

cefilile ‘BOLOXpaHWJAMIIA B CyXenusax Jocruraer 0,30—0,38 wm/c,
.4 B 03epPOBHJHBIX pacIHpeHHsAX ymeHplraercs no 0,15—0,20 m/c.
JlaHHEIMH pHC. 5.5 MOXKHO BOCIOJb30BATHCS [Js YCTAHOBJEHHS
‘OCDEJHEHHOH CKODOCTH CeHIIeBBIX TE4YeHHH, COOTBETCTBYIOHIeH pas-
JIMYHOH 3aJaHHOH BHICOTe KoJebaHu#i ypoBHA. LEcju BBICOTa ceiillie-
BHIX -KOJie6aHUH ypoBH# 6yner paBHa, Haupumep, 0,5 uau 0,25 M, TO
npUBCLeHHEIe Ha PHC. 5.5 3HAYeHHS OCPeJHEHHOH CKOPOCTH CeHIIEBHIX
" TeueHHH JOJIKHEL GEIThb yMEeHbIIEHB! COOTBETCTBEHHO B 2 miH 4 pasa.

5.7. Pexcumnbie xapakrepucruxy ceiu

ILnst pelieHHs MHOTHX IPaKTHYECKHX 3aAady PACCMOTDEHHBIX BBILIE
CBeJleHH# O cefilllax OKa3bIBAETCS HEJOCTATOYHO, YaCTO BO3HHKAET He-
06X0MMOCTb B YCTAHOBJIEHHH DEXHMHBIX XapaKTeDHCTHK cefim. Ta-
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KHX XapaKTepUCTHK B JUTEPATYPHBIX KHCTOUHHKAX OueHb Masjo, a. ux
onpejle/ieHHe IyTeM NOCTAHOBKH HATYpPHBIX HCCJELOBaHHH OOHYHO AB-
JseTcsa BecbMa TPYAOEMKHMM JesoM: HekoTopble.laHHBE O IPOLOJIKH-
TEJbHOCTH JAefCTBUA Celilll yaaJjgoch O6HapyXKHTb JIHIUbL IJIsi HECKOJb-
Kix BofoemoB. Tak, B paGore [138] ykasmBaercd, uto B OHeXCKOM
osepe ‘cefilln ¢ mepHoaoM l—4 u u cpeauefl BEICOTON 5—7 cM B JeT-
HHe Mecsbl AeficTBYIOT oT 5 Ao 10 cyT, B 3MMHHe Mecilbl —OT 4
Jo 7 cyr. Ha Apanbckom Mope [140] celiiln u cefiuleoOpasubie KoJje-
6anus ypoBHs BeicoTOl 10—12 cM Haba0Aa/HCh paHee NPAKTHYECKH
IOCTOSIHHO, & B OZHOM M3 CJyuaeB OHH IIPOLO0JKAaJUCh HENpephLIBHO:
B Teyenue 22 cyr. Ha 03. Hccrk-Kyab cefllun MHOTZa NPOLOJNKAIOTCSA
HenpepblBHO B TeueHne 40—65 u, a Ha 03. bBenoMm B oTHeJbHHE Ce-
30HBl OHH CTOJIb YACTH, YTO TPYLHO HaHTH CYTOYHYIO JIHMHHIDAMMY,
Ha KOTOpO# He ObliM OBl BHIpAaXKEHH ~ OepHoJHYyeckHe KoJebaHus,
- 6JIu3KHe o BUAY K cefiuleBpiM [8].

B nocnepnue pecarunerus B T nonyqubl JOBOJILHO - AETaJlb-
HEle peXKUMHBle XapaKTEeDPUCTHKH CeHIl AJNS HECKOJbKHX BOJOEMOB.
PaccMoTpuM wacTe 3TuX cBeAeHHUE B KaueCTBE NPHUMEPOB, NOKA3LIBAIO-
IUX BO3MOXKHBIE NHANA30HbBI H3MEHYHBOCTH H BEPOSTHOCTH OTHEJb-
HBEIX DJIEMEHTOB cefilll, a2 TaKXKe CJHOXKHOCTD SIBJEHHS.

Haun6onee sHauutenbHble cefiiieBele KoJeGaHHS YPOBHS W ceillie-
Bble TEUEHHs MOJNYdYeHH Ha 03. DaJjxall, a HauMeHbUIHe — Ha HoBo-
CUOUPCKOM BOLOXPAaHUJIHIIIE.

B 03. Baaxaw cymmapHas HpOlIOJI}KHTeJIbHOCTb CeHLICBHIX ABJEHHI
B OTHAeJbHBIE MECSIBl COCTaBJSIET, KAK OTMedajoch phile, 50—80 %,
a B cpefHeM 3a OeanefocTaBHBH nepHol — okojo 61 %. Cefiun xa-
PaxTepU3YIOTCsT MHTEHCHBHBIM 3aTyXaHHEM — BHICOTA KaxKJOTO NOCae-
noyiomero xoJjeGanus Hepedko Ha 20—40 % MeHblle, 4eM npeabIAy-
Hiero. ]

1 ycTaHOBJEHHsT PEXXHMHBIX XapaKTEPHCTHK CeHll 3Toro o3epa
MCIIOJIb30BaHbl JaHHble HaGJMI0JeHUH MECTHOH I'HApOMeTeo6CcepBaTOpHH
H JaHHble, noayuyendule skcnepuuuess I'TH. Tlo stum mawumMm ycra-
HOBJIEHO, 4TO Ha TrujpoJoraueckoM nocty I'MO DBausxaum, pacnoso- -
XKeHHOM BOAu3M r. Daaxam, uwamie Bcero HabJ0LaI0TCST KOJeOaHHUST
ypoBHs B AunanasodHe oT 6 no 15 cm. Cefiiin ¢ BhICOTOH KOJNEeGaHUSA
6osmee 20 cm Habmopalores B 23 Y cayuaeB, a ¢ BHICOTOH OoJsee
40 cm — Bcero B 1,62 % cayuaeB (ta6a. 5.2).

- Ilepronsl cefilieBHX Ko/e6AHHE Ha THAPOJOTHUECKOM INOCTY I‘MO
Banxaw wuwame Bcero coctramasitor 23—26 u (32,37 %), 19—22 u
(22 %) u 15—18 4 (20,0 %). KoneGanus ¢ nmepuomom 11—14 u Ha-
6monarorcs npumepHo B 10 % cayuaes. ITosyueHHble 3HAYeHHS CBH-
ETENIECTBYIOT O HpeOGJIalIaHHPI B YKa3aHHOM NyHKTe ABYX- H Tpex-
Y3JIOBBHIX CeHI, lIeI/ICTBYlOLU.I/IX B Ipelesax BCEro 03epa, H OJHO- WIH
ABYXY3JOBHX cefilll — B npelenax 3ananHoro Baaxaiua.

BricoTa cefilleBHX KoJle6aHHH YPOBHSI H3MeHsIeTCsl IO JJIHHE 03epa
B mipokux npefenax. B TMO baaxaw, nynkrax Mueinapans u Uwura-
Hak B 1981 u 1982 rr. 6uutn: 3aperucTPHPOBAHbl KOJIEGaHHS, BEICOTA
KoTOphix pocturaa 60 cm. B paitone o. Tacapas u nyHkra Capblma~
raH B YKasaHHBIE TOXBI HaGJI}OlIaJIaCb HaHMeHbIIast BEICOTA KoJieGa-
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Tabaruya 5.2

TloBTOpsieMOCTh NEPHOLOB Ceilll MO rpajallksiM BHICOTHI KoJeGaHMi YpOBHSA
‘Ha ruApoJiornueckom mocry 'MO Baaxam !, %

Tlepnopy xoneGauuit, u
Bricora -
KoJieGaHus 1 Cymma, %
YPOBHS, CM 28 9—10 H—14 15—18 1922 2326 >27
1—5 0,82 1,22 1,23 1,22 1,43 1,83 — 7,75
6—10 0,61 | 2,86 4,69 7,35} 5,11 6,73 | 1,22 28,57
11—15 0,61 0,82 3,05 5,52 5,66 8,71 1,63 - 26,00
16—20 0,20 0,61 0,40 3,06 3,67 5,08 1,63 14,65
21—25 — — — 1,83 2,45 4,31 0,61 9,20
26—30 — 0,20 0,20 0,20 1,84 3,47 {- 1,02 6,93
3135 — — 0,61 0,81 0,81 0,81 0,61 3,65
36—40 - — 0,40 — 0,61 0,41 0,20 1,62
41—45 — - - — 0,20 0,20 | — . 0,40
46—55 — - - — — 0,41 —_ 0,41
55 — — Lo — 0,41 0,41 — - 0,82
- Cymma, % | 2,24 5,71 }10,68 | 19,99 | 22,19 | 32,37 | 6,92 100,00

119711974, 1981 rr., ofimee uucao ceifm — 491.

HuH ypoBHsi. He HCK/II0OYEHO, YTO PaCCMOTPEHHHIMH JAaHHBIMH Ha0JIio-
JEHHHA OXBATHIBAJNCH HE BeChb BO3MOMKHBIA NUanasoH KoJeOaHHH, INo-
CKOJIBKY IIpH HauOOJBIIMX H3MEHEHHSX YPOBHS NOIJIABKH HJH TPY3H-
NPOTHBOBECH CaMONHCHEB OOLIYHO ONyCKaJHCh Ha JHo o3epa. Cie-
JAyeT 3aMeTHTb, YTO DeXHMHBIC XaPaKTepUCTHUKH, MpeACTaBJeHHHE
B tabs. 5.2 1 Ha puc. 5.4, UCNOJBL30BAHH AJA ONpefesieHUs NPHUBOJLH-
MBIX HHXe OGBEeMOB MepeHOCA BOJ CeHIIEBHIMH TEUCHHAMH .uepes
-CTBODHI 03epa. : ,

B  Kaxogckom eodoxpanuauuje B 1970 u 1971 rr. oxHOY3JOBHE
cefilliy’ BO3HUKANH OOLIYHO 2—4 pasa B MeCHll, a 3aTyXxaHHe KaXAOH
‘M3 HHX IPOHCXOAMJIO B TedyeHHe 1,5—2,0 cyr.. IIByxysJjoBele cefuin
¢ BBICOTOH KoJeOaHHs YypoBHS 2—H cM B 6e3/71eJOCTAaBHEIA ~ IEePHOX
"BO3HMKaNM® 4—6 pa3 B Mecsl, a 3aryxa/lu B TeyeHHe 2—3 CyT.

JoBosbHO wacTo HaOMIORAJHCh TPeX- M UYeTHIPEXY3JOBBE - CEHINH
. BBICOTOIl KOJeGaHusi ypoBHs 3—5 cM, pexe 7—I10 cMm. ¥ crBOpa
paBHOBecHsl BOAOXpaHmaumia (r. DHeprojgap) Hanbosee yacto HabJo-
JaJuch JBYX- H TpexysJoBhle ceHlln M- cefllleobpasHble KoJgeGaHHs
¢ nepuojgoMm 5,0—8,5 u 2,8—4,9 u. O6miasg NpPONONIKHUTENLHOCTL BCEX
TIEPHOAMYECKHX KoJeOaHHH YpPOBHS 3a JeTHHe Mecaudl 1970 r. cocTa-
BHJa -975 4, a 3a TOT XKe mepHox 1971 r.— 1329 4y, yro pasHO 30—
45 % o6uiell TPOAO/IKHTENBHOCTH. Ce30Ha, OXBAUYEHHOIO H3MepeHHSIMH
(Taba. 5.3). C

B Hosocubupckom  soloxparusuuje, Jjusa xKoroporo 165 xm,
a cpenHsist ray6una 8,2 M (npu HITY), mepuoan ceiil, BHYHCACHHbIE
no ¢opmyne MepuaHa, cOCTaB/IAIOT: OfgHOy3J0Basi — 10,2 u, mBYX-
-yajaosast —35,1 u, Tpexysaosas—3,3 4, ueTnipexyssoeas — 2,5 u. Cge-
JeHHsT O NepHOJe H BHICOTE CeHllIeBHIX KOJeOaHHH YPOBHSA 3TOro’ BOAO-
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Tabruya 5.3

Yucao 1 o0mas NPORXOIIKHTENLHOCTh CEHIIEBbIX xoneGaHnﬁ YpoOBHSs
Pas3IHYHOTO mepuoja B HeHTpaJbHOH yacTH KaXOBCKOro BONOXpaHHIHILA
3a netHHe mecsnbi 1970 u 1971 rr.

. 1970 T, C1971 T,
7 hépﬂoﬂ; 1 qu:no npo;-lomxm'enb- YHCIIO npononmm‘enb- '
Kone6aHuk HOCTh, Y Kojebanui HOCTb. y "
9145 13 156 12 144
5,0—8,5 - 37 251 67 456
'2,8—-4,9 : 120 504 164 640 -
2,0—2,7 14+ 33 11 26
1,0 1,9. 21 - 31 42 63
CyMM3 A T 975 1329
'XpaHI/I.HHHla nonyqenbx B I‘I‘PI HYTeM 06p8.60TKPI JICHT ~ CaMOITHCLEB

ypoBHs 3a Tpu 6esnenocraBHuX nepuoma (1976, 1978 w 1980 rr.). -
¥ nmjoruanl I'2C (Bepxuuit  Boed) ymopspoueHHnle KoJeGaHus
YPOBHSI -yalle BCero HMeT Hepuoj oxkojao 1,5—2,0 4, a BRICOTY KoJe-
6anui — okoJ0 -1;56-+2,0 - cM. ‘B oTReNbHbIE MecAUL 6e3J/IeA0CTaBHOTO
nepuojia AOBOJbHO YacTO BO3HHKAIOT KoJe(aHHS YPOBHSI C IEPHOJIOM
-3—5 u, cocrasasomue 3—6 cM, pexe 8-—10 cm. Quenb peiko y IJIO-
taan ['DC Ha6JIIOIEa}OTCﬂ cemneoépas}rble Koneéaﬁnﬂ c nepuonom
6——7 ' 8—10 g H
i B+ pycsIoBO#  yacTH: Bonoxpammnma 'KOTOpaSL XapaKTepI/IsyeTCH
llaHHbIMH THApoJiorHYeckux - nocTtoB .OpauHckoe H ChHpHHO, yalie
‘Bcero HabamogaloTcd cefillleBbie KojeGaHHS ¢ mepuoiom: 1—2 4 u Ko-
-J1e6a}mﬁ C IepuosioM 3—5 4, HMelollHe BbICOTy 2—4 cM. Ko.neéamm

- Ta6/uu;a 54 S ' -
KonnuecTeennbie xapamepncmxn cefimentIx ceﬁmeBungu KoneGanuit o

ypoBHsi B pasnuunbix nynkrax HomocuGupckero. Bonoxpaﬂunnma
_,(no HJanHbIM 1976, 1978 u 1980 rr.) ) }

Tepuoa. Konebanuii,
1—2 35 67 8—10
[MyHKT @ 2 0~ g o g e E—;’

S s | €3 [ o= |8 £8 g |g | 28 | oS | 28 | ¢

e | BE | 24 |og| B¢ | ¢ |og| B¢ |54 |eu| B | g6
-rgep&()lmﬁ 68 [1,8/5 |1,66| 63 | 3/10 |4,10| 2 |4,7/5]0,21| 2 | 5/6 | 0,29

-bped. - X . R .
“Cnupuno 032 .3/6 10,78 18 12,6/6(1,17| 4 3/5 10,42] 4 4,_7 0,59
- Coxo._noaq’ {41 2/3]0,10{ 3| 3/6 0,20 2 3/4,5 0,21 —| — | —

I'I puMeuanue. B uncaurene anBeneHa Cpe,lIHﬂH BHICOTA Koneﬁamm ypOB-

Hl, B 3HAMEHaTeJe — MakCHMasbHas. IToBTOPAEMOCTb cefiill BHUHCJEHA B IIPOLEH-

- TaX ‘oOwel TPOJOIKHTENBHOCTH BPEMEHH, ‘32 KOTOPOEe NOABEPrHYTH 06pa6ome
xpororpaMmel yposus npu HITY
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¢ nepuofom 6—7 u 8—10 u u BHCOTOH RO 5—7 cM HaﬁJIXOLLaXOTCH
B 6eanegocraBhbiil nepuon npu HITY —no 1—2 pasa.

B 30He BHIKJIMHHBAHHA NOANOpPa BOAOXPAaHHJHINA, xapaKTepnsye-
'MOH JaHHBIMH THAPOJOrHYecKoro nocra CokosoBO, B 6€3/ef0CTaBHbIA
nepuon npu HITY na6aopaeTcst BCero OAMH-ABA KOJeGAHHS C MEpHO-
JoM 1—2, 3—5 u 6—7 4, HMEIOIKX BHICOTY MOPSAKA 2 CM H PEIKO
Jocrurammux 6—7-cum.
~ Taxum o6pasom, pQSyJIbTaTbI 06paGOTKH 3amHcell YpOBHsA NOKa-
3/, YTO IOBTOPSIEMOCTh CeHlleBHIX KoJeGaHHi YpOBHs yOHBaeT IO
Jaune Hosocu6upckoro sogoxpanuiuma ot 6,3 % y mnorussr 'DC
10 3,0% y Cnupuro u g0 04 % y CoK0J1080 (traba. 5.4). Bucora
celllieBBIX KOJeGaHMH YpOBHS IPH 3TOM 4Yallle BCEro COCTaBJjser 2—
3 cM, a naubospliaa aocturaer 8—I10 cMm. H3 artoro caepyer, uto
celiliepule siBAeHus1 B HoBocuGupcKkoM BOAOXPaHHJ/HILE HE MOTYT OKa-
3aTh CYILIeCTBEHHOTO BJHSHHS Ha AHHAMHKY BOJ H YCJOBHS (POpPMHpO-
BAHHS BOZHBIX MACC C PA3JHYHBIMH (DU3HKO-XMMHYECKHMH H OGHOJOTH-
YECKUMH CBOHCTBaMH.

5.8. O6semsi nepernoca 600 celimesbimil TeyeHUAMU .
Jns pellleHus HpakTHYECKHX 3ahay, CBSI3aHHBIX, HalpHMeEp, ¢ BHI-
sSICHEHHEM INPHYUH V3MeHeHHs MHHepaJ/JH3aHMH HJHU JIOKAJHM3aHHH 3a-
TPSASHSIOLINX BEIIECTB B OTJAEJNBHBEIX YaCTSIX BOAOEMa, KpaiiHe Baxk-
HBIMH SIBJISIIOTCSI OLIEHKH O0bE€MOB [E€peHOCAa BOJA TEUeHHSIMH pasuy-
HEIX BHAOB U B TOM YHCJe IepeHoca BOJA cefilleBbiMH TeueHHsMH. Ilo-
CJIeflHee MOKHO OCYLIECTBHTH NMPH HaJHUYHK PEKHMHBIX XapaKTepHCTHK
.cefflll, cBeAeHHH 0 MOp¢OJIOTHH BOJOEMAa W paclpeleseHHH BJAOJL BO-
J0eMa BHICOTHl celllleBBIX KOJleOaHHH YDOBHSI H CKOPOCTH CeHIIEBHIX
Teuenndd. Takue cBepenusi 6up moayuensl I'TH ans 03. Baaxaw, uro
# [O3BOJISET BOCHNOJIb3OBATHCS HMH B KauyecTBe HpHMepa HPH OCBelle-
HHH PaccMaTpHBaeMOro BOMPOcCa.
~ O6mbeM mepeHoca BOAB yepes J1060H paccMaTpUBAaeMHil CTBOP
03epa NpH KOHKPETHOH BHICOTe CeHlEBHX KOJeGAaHHH YPOBHS MOXHO
'BbI‘IHCJIHTb no gopmyJae

\Q——_—F;’ZUC, cpitig (512)

Tae F;— naolllailp BOAHOTO CeUEHHs IO paCCManHBaeMOMy CTBOPY;
"V, cpi — CPeAHAS CKOpOCTb cefillIeBOro TEUEHHS M0 pacCMaTpHBAEMOMY
«CTBOPY HpPH KaXJ0H Yy4uTbiBaeMOH# BHICOTE KoJeGaHHs ypOBHS; f; —
OPOJNOJIKHUTEILHOCTL AeHCTBHS Cefill YYHTHIBAEMOrO BUAA M BHICOTHL
Cpemusisi CKOPOCTh CeHIUEBOTO TEUEHHS Ug. cpi NPH PaccMaTpHBae-
‘MBIX YCJIOBHAIX BBIYHCJSETCS 110 (bopMyJIe (5.3) uam cummaercs ¢ rpa-
‘buka (cMm. _puc. 5.4) c mocJjenymonieffi KOpPEKTHPOBKOH NPHMEHUTENHHO
K 3aJJaHHOH BHICOTE KOJMEeGAHHH YPOBHH,
-~ B pacyerax o6wemoB nepeHoca B 03. Baaxaim npunsaro ciaenyio-
nlee: S
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— B KayeCTBe OCHOBHBIX BHIQB-— ABYX-, TPEX- U UETHIPEXy3JOBLiE
celillld, OXBATHIBAIOIIME BCE 03€PO H HMEIOIIHe IepHOJ, COOTBETCT-
BeHHO paBHbIft 24,0, 15,5 u 12,0 u;

— IIOBTOPAEMOCTb BCEX OCHOBHBHIX BHJIOB cedll — pasHo# 60,7 %
TUPOAOJIKHUTENBHOCTH  Ge3/1eA0CTaBHOIO neproza (215 cyr), a mosTo-

~ PACMOCTD KaXJIOro YUHTHIBAEMOTO BHJAA CeHII — COOTBETCTBEHHO paB-
Hoit 25,0, 13,4 u 6,6 % (cefimu c yHcaAOM Y3JI0B GoJsiee deTHIpeXx H He-
ynopsijoueHHBe Ccedllly OO0wed NoBTOPSAEMOCTH okxoj0 16 Y% wuckiio-
YyeHBl H3 PaCCMOTpPEHHS ) ;

Q kmYxm 6p. nonocs!
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Puc. 5.6. Mamenenne o6bemMoB MepeHoca Bobl Q yepes CTBOpH 03. Bajxam 3a
©$e3siel0CTaBHLIH NePHOA B pe3yJabTare JeHCTBHS TeueHHH (@) B CONOCTaB/ICHHH
€ H3MeHeHHeM MOpOhOMETPHYECKHX XaPakTepHCTHK (6).

Teuenus: ! — BeTpoOBble, 2 — cefimennle, 3 — cyMMapunie; 4 — LIHDHHA o03e€pa, 5 — maomans
BOJHOTO cedeHHd; L — paccTosiHue OT 3anafHON OKOHEYHOCTH O3epa.

— YuYeTy NOABEPrHyTH cefiieBble Kosebanus ypoess 50 %-i obec-
TIe4eHHOCTH, BHICOTA KOTOPHIX B CTBOpax mywyHocted 3anansoro Badg-
Xawa JAs ceflll yyuThblBaeMBbIX BHUAOB IPUHSTA Ha OCHOB2HWH HalbJio-
Jenu#t cooTseTcTBeHHO pasHo# 0,16, 0,14 u 0,11 M;

~— pacnpejieieHHe 10 JJHHe 03epa OTHOCHTENbHOH BBICOTH Cel-
LIEBBIX KOJIEOAHHI YDOBHSI M CKODOCTH CeHLIeBBIX TeYEHHH B3ATO IO
puc. 5.4 ¥ nanuelM pa6oTe [189].

PesysnbraTel pacueToB 06beMOB IiepeHOCAa BOMBl CEHIUEBHIMH Teue-
HHAMH Yepe3 CTBOPHI 03epa 3a 0e3sieoCTaBHHIH NEPHOJ NpEeACTaBJIEHH
Ha puc. 5.6. Ha pucynke BuAHO, yTo HaiboJblINi 06beM mNepeHOCA
BOJAbl CEHIIEBHIMH TeYeHHSIMH uepe3 OJIHH W3 CTBOPOB BocTouHOro
Banxama pocruraer 140 kM3, a uepe3 OAHH H3 CTBOPOB 3amafHOro
bBajsxama —okono 110 kMm% Omxue H3 cTBOPOB, TZe 06bEM NepeHOCa
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6JIM30K K HauMeHblIeMY H COCTaBJsieT 3a. 0e3Jief0CTaBHBI - [IepHOR
0KoJI0 22 KM%, pacmosiaraercsi IpuMepHO B 45 KM BOCTOYHEE NPOJI. ¥3y+
HapaJ/. DTOT CTBOP pacmoJjiaraercs BOJAM3Y MecTa pa3MelleHHs Iy4Ho:
cTell - ABYX- U YeTHIPeXY3JIOBOH cefilll, KOTOphe. H- SAIBJAAIOTCA TPHUHHOH
CHHXKeHHsl o0beMOB nepeHoca BofA. CieayeT 3aMeTHTbh, YTO NOJYUeH=
Hble II0 .pacyeTaM OObEeMBl IEPEHOCA BOJA - CEHILICBHIMH TEYCHHUAMU
B 03: Banxaul 8 2—3 pa3a npeBbIaT 06bEMBl JBYXCTODPOHHErO -1le~
PeHOca BOJX BETPOBHIMH TeYEHHSIMH H B JECSATKH pPas npeBblmamT BO3~
MOXHBIHl TaK HasbiBaeMbili 6aaHCOBHIH 1€PETOK BOA,




T'naea 6

TEYEHHA B 30HE IPHBPEXHOIo MEJIKOBOZ b
H HA BEPETOBBIX OTMEJAX

6.1. Ocnosrivie wepTol dunamuxu 600

IIpu6GpeKHEIM MEJKOBOAbLEM IIPHHATO CYMTATh SOHY, KOTOpas

OKaliMJIsleT CyIly ¥ pacloJoXeHa B npegenax Iybun 0,50 = H >
> Hyp, T. €. CO cTOPOHH Gepera orpaHuyeHa BHelllHeH rpaHHueH NpH-
GOfHON 30HEL, '@ CO CTOPOHBI OTKPHITOrO BOJOeMa — IJyOuHAMH, HAUH-
Hasi ¢ KOTOpHIX Ha [BMXKEHHH IITOPMOBHIX BOJIH OLIyIAeTCs BJHSHHE
aHa. BeperoBasi oTMelb co CTOpOHEL Gepera orpaHuyeHa ypesoM BOJEHL,
a CO CTOPOHEI BOJAOEMAa — IPaHHUeHl MPHGPEXHOro MenKOBOLbA, T. €.
OXBaTHIBAaeT 30HY, B TIpefenax KOTOpO# IPOHCXOAUT HHTCHCHBHASA
TPaHCPOPMalUHA H OKOHUATENbHOE DaspylIeHHe BETPOBLIX BOJIH.

IupuHa 308K NpHOPEKHOrO MEJIKOBOJAbS 3aBHCHT OT YKJIOHA [HA
¥ H3MEHSIeTCH OT HECKOJbKUX JEecsITKOB MeTPOB Ha yyacTkax c 60Jb-
WHMH YKJIOHAMH [IOABOJXHOTO CKJOHA A0 HECKOJbKHX KHJIOMETPOB Ha
yyacTKax ¢ O4YeHb NoJoruM AHOM. Ha ywyacTkax OTHOCHTENBHO NpH-
rayboro Gepera OeperoBas I'paHHLa 30HBL pacnosaraercs BOJH3H
ypesa, a Ha y4acTKax € OTYETVIHBO BblpaXKeHHLIMH OTMeJNSMH MpaKTH-
YeCcKH COBMelllaeTcsi C BHEIIHHM CKJIOHOM OTMEJH.

B 30He TpuHOpeXHOrO MENKOBOJAbS MOIYT JAeHCTBOBAThH JIOGble H3
(OpMHUDPYIOIIAXCA B BOAOEMAX BHAOB -TeUeHUH — BETPOBLIE, BOJIHOBHIE,
CTOKOBHIE, CefillleBBle H NJOTHOCTHEE. (OLHAKO IO Mepe NPOJBUKEHHUS
K Oepery M ¢ yMeHblIeHHeM IJyOHHB! CTOKOBBIE, cefillieBble H IJIOTHO-
CTHble TeyeHUsA OOGBLIYHO 3aTYXalOT, a BETPOBHIE U BOJHOBBEIE H3MEHS-
I0TCS1 He3HAUHTEJbHO HJIM Aaxe YCHAHBAIOTCA. ECIH B OTKPHITOM BO-
JloeMe CKODOCTH CTOKOBBIX H CeHIIeBBIX TeueHHH HEe3HAUYHTEJbHH, TO
B paccMaTpHBaeMOll 30He INPOLECCH NepeHOca BOJ TPAaKTHUYECKH I0JI-
HOCTBIO OIpeJe/ISIOTCA BETPOBHIMH H BOJIHOBBIMH TeuyeHHAMH. CTOKO-
Bble TEYeHHSI OTYETIMBO BHIPAXKEHH HA Te€X YYacCTKaxX, B NPEAeJbl KOTO-
PBIX BMAJalOT CPaBHUTENBHO KDPYIHBIE IPUTOKH.

B Becennne Mecsunl B 30He npuépexmoro MEJIKOBOALS HEKOTOPBIX
BOJIOEMOB IIPH HAJIMYUH BBHIPAXKEHHOH CTpaTHGHUKAUMY IJIOTHOCTH MO-
ryT HabuaoxaTeCsa GapOKNHHHBIE BOJHBL THNA BoJH KesbBHHA, compo-
_ BOXK/AIOUIYECS MECTHHM NEePEHOCOM M NMOLBEMOM IIYGHHHBIX BOJ, KO-
TOpoe HasniBaeTcs amnsedsaunrom [203, 208]. Hapsapy ¢ AnuHHOmEpH-
‘OHLIMH BOJIHAMH, B 30HY NpPHODPEXHOro MeJKOBOAbS WHOIAA BTOpra-
10TCSl CPaBHHTEJBHO KOPOTKOIEPHOAHEIE BOJIHHI . THIIA :BOJH IlyaHKape
[10, 67],rakke CONMPOBOXKIAIOINHECS MECTHBIMH TOPH3OHTAJBLHBEIMH H
BEPTHKAJbHBIMH NEPEHOCAMH BOJ. C o
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- Hapany. ¢ yHOMHHyTbIMH SIBJICHUSIMH, B 30HE npu6pexmoro MEeJKO-
BOJle LOBOJIHO OTYETJIMBO BbIpPaXKeHBI CIIe/yIOUIHe TPOECCH: a) pe-
(Gpakuus BeTPOBHIX BOJH; 0) NOCTENEHHBIH NepexOA KPYroBHIX BOJ-
HOBBIX opém B S/LIHNTHYCCKHE HIH YJIMHCHHBIX UHKJIONJAJbHEIX Tpa- |
eKTopym B YKOpOYEHHBIe; B)-IOCTeNEHHB pPa3BopoT ApeAdOBHX
TeueHHH ‘KOCOTO HampaBJeHHs (K Oepery) M Inepexojux Bo BRoJbbepe-
roBble TeueHHs; T'). QOPMHPOBAHHE B YCJAOBHAX - [IOAX0A - BETPOBHIX
BOJIH 10 HOpMaJju K Oepery KOMIEHCAIlMOHHLIX TeueHHH B BHAE pac-
[IJIACTAHHOrO MOTOKAa HJH COCPELOTOUEHHOH CTpPyH, OXBaThiRAOLIEH
BCI TOJINY BOABI; 1) NOCTENEHHOe yBe/JHUeHHe TYpOyJNH3aLMH BOL IO
Mepe NpPOABHAKEHHS] K Oepery B CBsA3H C paspylleHHeM 3a0ypyHHBaIO-
Huxcs rpeGHeil BOJIH, B3auMopedicTBHeM ApeHbOBOro ¥ KOMIIEHCAIH-
OHHOTG TeUEeHUH, YBEJHUeHHeM LIEPOXOBATOCTH AHA M Ap.; €} B3MYUH-
BaHHe M MECTHbIe [epeMellenus AOHHBIX OTJA0XKEeHHH.

B paccmartpuBaeMoii 30He BO3MOKHO ()ODMHPOBaHHE H HEKOTODHIX
JIPYTHX - SIBJIEHWH, HO NEpeYHCAeHEBle SBJIEHUS W NPOLECCH HUMEIT 60-
Jee BaXKHOe 3HaueHHe, HANpHUMep Mg XO3sHCTBEHHOTO HCHOJb30BA-
HUSA 3TO¥ 30HBL

Han 6eperoBofl oTMesbilo Haubosiee OTUETIHBO BHIpAXKEHH CleLyl0-
e XapaKTepHble YepThi: a) MHTEHCHBHO 3a6ypYHHBAIOLIMECS BOJIHEL
3aBepUIalOT mpouecc pedppakihi, OKOHUATeJbHO paspyllalTcs u 06-
pPasyloT IMOTOK Hakara; 0) BOJHOBLle KoJeGaHHSA 4YacCTHIL MMEIOT Xa-
paxTep BO3BPATHO-IOCTYNATENbHHIX [BHIKEHHH, a TpaeKTOpUH ABHXKe-
HHA B YCJOBUAX BNOJbGEpErOBOrO TedeHHs IOXO0XKH HA CHJIOIEHHbIe
crMpatyu WiaM 3uraarooGpasHble KPHBBHIE; B) IEPEHOC BOJ NPOMCXOAHT

'3a -CYeT SHEPTHH DPa3pylUaroiuXcsa BOJH  H OCYLIECTBJAACTCA IIpeuMy-

HIeCTBEHHO BAOJbL Oepera OpH KOCOM NOJAXOJe BOJH K OTMENH HJIU
B CTOpPOHY BOJOEeMa B BHJE COCPENOTOYEHHBLIX M pacljacTaHHEIX CTpYH
IpHY MOAXOJEe BOJIH IO HOPMAaJH K JHMHHH Oepera; r) TypOy/aH3aunus
BOA JOCTHUraeT HauGOJBLIEr0 pa3BUTHS IPEMMYIIECTBEHHO 3d CcUeT
3a6ypyHHBaHUSA H pa3pylleHHs BOJH, a TakKXe KCHUEHTpPaluu BO3-
BPAaTHO-NOCTYMATEIbHOTO BOJHOBOTO IOTOKA H B3aUMOAEHCTBHS €ro
¢ BHOJbOEpPEroBBHIM W KOMIEHCAIMOHHBLIM TEUeHHSIMHU; 1) NOA mAeHCT-
BHEM BOJIHOBBIX - KOJeGaTeqbHBIX ABUNKEHHH U [ePEHOCHBIX TEYEHHH
NPOMCXOANT MHTEHCHBHOE B3MY4YHBaHHE TBEPABIX YaCTHIL H BO3HHKAIOT
TaKHe AKKYMYJSTHBHBIE (PODMBI, Kak 3HaKu pﬂﬁn pHdeny, NoABOL-
HBlE BaJbl, KOCH M [p.; €) NOA AeHCTBHEM TeYeHHH NPOMCXOAHT mepe-
HOC HaHOCOB BJOJIb 6epera H YaCTHYHBIH BHIHOC HX 3a& npefennl 6Gepe-
rOBOH OTMeJIH. :

6.2, Teuenusn 8 30ne npuOPeE*HO20 MEAKOBOObA

6.2.1. Ocnosnvie wepTol yupkyarayuu 600

BerpoBhle 1 BOJIHOBEHIE TeueHHMs, NpeobJaajaloliue B 30He NPUOpex-
HOTO MEJIKOBOAbSI, (POPMHUPYIOT CBOEOGpA3HBIE CHCTEMBI LHPKYJIAUHH
BOJ, KaX/as H3 KOTOPHIX CBOMCTBEHHA ONpeJle/IeHHOMY BETPY M BOA-
HEHHUIO.
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Ha ocHoBauum 0600611eHHs1 MHOTOUHCJEHHBIX CHEMOK TEUeHHH, Bhl-
NOJMHEHHBIX SKcneAunuoBHbiMYU rpynnamu I'TH Ha Heckosbkux BOA-
HBIX OObeKTax IpH Pa3MYHBIX CHTyallUsiX, COCTABJEHO NATh. THIHY-
HBIX CXeM WHPKYJAUHH. PaCCMOTpHM OCHOBHbIE 4EpPTHI Kamnon ‘H3
S5THX CXeM.

1. BeTep JeficTByeT ¢ BOJGEMa NPHMEPHO NO HOPMAJH K JHHHH
IPSIMOJIMHEHHOrO 6epera [puc. 6.1 a—s]. [lpu 3TOM BETpEe BO3MONKHO-
dopmupoBaHHe ONHOH M3 CJAEAYKIIHX TpeX CXeM IHUDKYJSAUHH BOA:

a) NMEPeHOC BOA B BEPXHHX CJIOAX HaNpPaBJCH NPEUMYIIECTBEHHO
K Gepery, a KOMNEHCAIHOHHBIA NEPEHOC B IPHAOHHBIX CJIOSX — OT Ge-
pera, T. e. IHPKYJSAUHSA OCYHIECTBJAACTC B BEPTHKAJbHOH INJIOCKOCTH
(puc. 6.1 a). Takas HHPKYJAAUMs BOA 4alle BCEro (OPMHpYeTCs INpH
caaboM BeTpe ¥ pexke NpH BeTpe cpejHell CUJIb;

6) NOBEPXHOCTHBle TEeYEHHsI HAIllpaBJeHEl NPEHMYIIECTBEHHO K Ge-
pery, a NpUAOHHBIE NOCTENeHHO OTKJOHSAIOTCSA OT 3TOI0 HAalpaBJeHHUs
B Kakylo-1H60 CTOPOHY M Ha (eperoBod TPAaHHUE 30HHI CJEAyeT NpPH-
MepHO BAOJb Gepera (puc.. 6.16). Dra cxema nepeHoca BOJ uaile
BCero (OpMHpYeTCs HpU CPaBHUTENBHO c1abOM, HO NPOAOJKHTEIbHOM
10 -BpEMEHH BETpE, KOrja B NPHOOHHOH- 30HE [JEHCTBYET WM NEPHOLH-
YeCKH BO3HHKaeT BLOJNbOEeperopoe TeyeHHe;™

B) TeyeHHe Ha OJHHX YYacTKax 30HH HanpaBneHo K Gepery u Ox-
BaTHIBAE€T BCIO TOJILY BOJABl, a HAa COCEJHHX YyuyacTKax B INpelelax
BCeHl TOJIUIH BOALI [EHCTBYET B CTOPOHY ,BHELUIHEHd TIpaHMIB 30HEL
.B BHJEe TaK Ha3bBAE€MOTO pa3pBIBHOTO. TeueHHs (puc. 6.18). Ira
cXeMa IepeHoca BOJ uaile Bcero ¢GopMuUpyeTCs BO BpeMs CHABHBEIX
IITOPMOB.

2. Berep gelicTByeT ¢ BomoeMma mnoj OCprIM yriom (npnmepﬂol
B AuanasoHax 5—85 uim 275—355°) K HOpMaJaH, BOCCTAHOBJEHHOM
K FeHepajlbHOMY HalpaBJEHHIO JHHHM Gepera (puc. 6.1e). Iloeepx-
HOCTHBIE TeYeHHs Y BHeLIHeH TpaHHUIBl: 30HE NIPHMEPHO COBNANAIOT
C HanpaBJIEHHEM BETDA, HO IOCTENleHHO OTKJOHAIOTCA OT 3TOrO0 Ha-
. IpaBJIeHUs] ¥ ABHXKYTCs NapaJilesbHo Gepery Ha Geperogoli rpaHuie
- 30HHI.

[lpupoHHble TedeHHs OTKJIOHAIOTCS OT HANpaBJCHUS BeTpa
B CTOPOHY OCH BOJO€Ma Ha GOJbIIHH YroJj, yeM IIOBEPXHOCTHHIE Teue-
HHS,, ¥ B HEHTPAJNbHOH 9acTH 30HbI, a TeM GoJee Ha ee Geperopoii rpa-
HHIE, HMEIOT COCTaBJANILYIO, HalpaBJeHHYIO oT Gepera [179]. B pe-
3yJIbTATE PAacXOXKJEHUs NOBEPXHOCTHEIX U IPHJIOHHEIX CTPYH I[OTOKA
B’ paccMaTpPHUBAEMOH 30He BO3HHKAaeT LHPKYJSAIHS BOL OTHOCHTEJbHO
FOPH30HTaJbHOR OCH, HallpaBJIeHHOH BAOJL yIMHUK Oepera. Ha ¢op-
MHPOBaHHE TAKHX CXeM LHUPKYJIAUHH BOXL OOBIYHO HOPHXOAUTCH OKOJO

[OJIOBHHLI BCE€X CJyuyaeB HabJIONEeHHS] TeUeHUH Ha INpaMOJHHEHHBIX
yqaCTKax 6epera

3. Berep geficTByeT MpUMEPHO BIOJb T'€HEPANbHOTO HanpaBJIeHHH
JuHuH Gepera (yroJ OTHOCHTENBHO HODMAaJH K JIUHHHM 6Gepera cCoCTas-
aser 85—95 mam 265—275°). BerpoBoe TeueHWe NpPH 3TOM BeTpe
NPaKTHYECKH COBNAJAaeT C HalpaBJeHHEM JIHHHH Gepera ¥ HampabJe-
Huem Betpa. Tosbko y 6eperoBoil I'DaHHUB 30HBH NOBEPXHOCTHHE Te-
YeHHsl MHOT[la HMEIOT COCTABMASIOLIYIO, HANpaBJeHHYI0 K Gepery, a
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Pue. 6.1, OCHOBHble THOBI NPOCTPAHCTBEHHOH HHUPKYJSHHH BOJ B 30HE npﬂ6pe>x
HOTO MEJKOBOAbSI M Ha OeperoBHIX OTMeJSX MPH BEeTPax DA3HBIX HaNpaB/eHUH OT-
HOCHTEJBbHO Oepera.

.l — HaupaBJleHHE BeTpa 2 -— MOBEDXHOCTHOS TEYEHHE, 3 — NPHAOHHOE TeueHHe, £ — TeyeHHe
Hap GeperoBo#l oTMesblo, 5 — JHHMS ype3a, § — BHEIUHAR TPaHHLA 6eperosoﬁ OTMEJIH.



IPHPOJIHbIE TeUeHHs1 — COCTABJSIOINYIO, HAIIPABJACHHYIO OT 6epera B CTO-
POHY BHEWIHel rPaHHIEl 30HE (puc. 6.10).

4, Berep peficTByeT ¢ cylld Noj OCTPHIM YIJOM K JHHHH Gepera
(yroq1 oTHOCHTeNLHO HOpPMaJH K JHHHH Oepera paBeH NPUMepHO 95—
135 uan 225—265°). lupxyasuuss BOL B 30He NPHOPEKHOrO MEJKO-
BOZLbsl NPH JaHHOM BeTpe OOBIYHO OOYCJOBJEHAa MaKpOUHPKYJsALHEH,
OXBaTHIBalOIIell Bech BOLOEM HJu ero 060co6/eHHYIO 4acTh, U CYILIeCT-
BEHHO 3aBHCHT, OCOGEHHO BO BpeMs CHJBHEIX LITOPMOB, OT CKODOCTH
H HampaBJeHHS BOJHOBOTO IepeHoea BOABL. Pe3ysbTHPYIOIHHA IepeHoC
BOA Ha GeperoBoH rpaHHIle 30HBEl uallle BCEro HalpaBJeH NpHMepHO
BIOJbL Gepera, a Ha BHelllHeH rpaHHMUe 30HB — IPHMEPHO IO JAHaro-
HaJ# yrJia MeXIy BeKTOPOM BeTpa M HampaBJ/eHHeM JHHHH Gepera
(puc. 6.1¢). [IpunonHoe TeueHue Ha Oeperopoii rpaHuile 30HE OOBIUHO
HanpaBJ/eHo oT Gepera NIpHMepHO BHOJb (poHTAa pedparupyromux
BOJIH, B UEHTpaJbHOH yacTH 30HH — OT Oepera K BHelllHeH TrpaHHIe
30Hbl. Ha BHellHell rpaHuile 30HBL YoM MeXKAY BEKTOPOM IOBEPX-
HOCTHOTO ¥ NPHJOHHOTO TEUEHHH MOMKeT COCTaBJATh OKoJO ‘110--140°.

Hanpapienue npuaoHHOTO TeueHHs NpH caaboM BeTpe B Ipeje-
Jax BCcel -30HBI MOXKeT COBNAAaTh ¢ HalpaBJeHHEM BeTpa.

Y BOTHYTOrO B IJIaHE yyacTKa, 0COOEHHO TAaxOro, KOTOpHIH cOCTaB-
JseT YacTh BOJZOEMa KDPYTOBOTO HJIHM JIJHITHYECKOrO OYEPTaHHS, NpH-
JOHHBIE TeyeHUsI NIPH PacCMaTpPUBAEMOM BeTpe CJAEAYIOT B HalpasJjie-
HWM TOH 4acTH BOAOeMa, C JHHHeH Oepera KOTOPHIH BEKTOp BeTpa Hal
axBaTOpHell BOZOeMa cOCTaBJsleT OCTPHIH yroJ.

5. Berep HampaBJeH ¢ cyuld NpHMepHO MO HOpMaJu K JUHHH Ge-
pera. IloBepXHOCTHBIE TeueHHs B 30HE NPHUOPEKHOrO-MEJIKOBOABS NPU
3TOM BeTpe CJAEAYIOT NPeMMYIIeCTBEHHO II0 HallpaBJIEHHIO - BeTpa,
a NpUIOHHble TeUeHHs HMEIOT MPOTHBONOJOXKHOE HampapJeHHe HJIH
HEACTBYIOT NMPUMEPHO BAOJb Gepera, 4To ONpejensieTcss UMPKYJsmued
BOJ Bcero Bofoema (puc. 6.1 o).

6.2.2. IlosTopReMOCTs PASAULHBIX TUNOS YUPKYALLUYL 600

- Ananus MaTepI/faJIOB CBEMOK TeueHuH, IIOleLIeHHbIX N0 JaHHBIM
" M3MepeHMH B NMPHOPEXHBIX 30HAX HECKOJbKHX YNIOMHMHABIIMXCS BhILIe
BOJI0OEMOB, NIOKa3aJ, YTO Ha NpPSIMOJHHEHHBIX yuacTKax 6epera BOXO-
€MOB, HMeIOLIMX YAJHHeHHYI0O (OopMy B IJaHe, HauGoJee BepOSITHO
q)opMHpOBa}me UUPKYJAUMH BOJA NO cxeme Ha puc. 6.1e. B ycuosusx.
NPAMEPHO OAMHAKOBOH IOBTOPSIEMOCTH BeTpa pPAa3JHYHBIX HalpaBJe-
HHH Ha. JOJI0 TOH CXeMH NPHXOXHTCH okono 60—70 9, cayuaes, Ha
JOJII0 UMPKYJAALKMH N0 cxeMe Ha puc. 6.1 d —okogo 15—20 Y cayuaes,
a Ha JOJIO TpeX THNOB LUPKYJAIWH IO cXeMaM Ha puc. 6.1a—s—
yaue Bcero 5—8 Y caywaes. B Bonoemax ynjauHeHHOH (HOPMBI TOBTO-
PSIEMOCTb LMPKYJALUM BOA IO THIY cXeMHl Ha puc. 6.19 moxer co-
craBaath 8—10 %, a mo Tunmy cxeMbl Ha puc. 6.1 ¢ — Bcero 3—5 9.

B BojoeMax snnuntiuueckod GpopMbl H OKPYIJILIX OYepTaHHI NOBTO-
pseMOCTb HHPKYJISIUMH O THIY cXeMsl Ha puc. 6.10 ymenbuiaercs,
a 1o THOy cxeMbl Ha puc. 6.1 yBeqHuHMBaeTCs IO CPaBHEHHIO C yKa-
3aHHBIMH 3HAYEHHUSMH 1JIs BOJOEMOB YAJMHEHHOH QOpMHL
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Puc. 6.2. Posnl BetpoB (/) u Tewenuil (2), no: naHHHM HaGaioneHuft Ha o03. JlagoxckoMm (a) u B KasanrusckoM 3aanse A30B-
e cxoro Mops (6).



B prHHbe HIMPOKHX 3a/MBax, CB060ILHO COOBIIAIONINXCS C BO-
J0eMOM, UHDKYJIALMA BOA N0 THNY CXeMbl Ha puc. 6.12 mpeoGrazaer
y 6eperos, OPHEHTHPOBAHHBIX IPHMEPHO NapaJJeNbHO MPOAOJBHOM
OcH 3aJMBa, a 110 THIaM cxeM Ha puc. 6.1a,6 —B BeplllnHe 3a/uBa.

Hekoropoe noaTeep:KieHHe NpHBEAEHHBIM 3HAUEHHSIM MOBTOpsie-
MOCTH pas3JiM4HbIX THIOB UHPKYJALHH BOA MOXKHO HaHTH IIpH COBMe-
CTHOM DACCMOTPEHHH HAHHBIX JJIUTEJBHOH DETHCTpALMH TeUeHHH NpH-

Gopamu BIIB-2 [164] u perucTpauun BeTpa Ha Gepery, Hampumep,

anemopymborpadom M-12 [164]. Takas cuHHXpOHHAass  perucTpauus
YKa3aHHBIX 3JEMEHTOB T'HADOMETEOPOJIOTHYECKOT0 peXnMa OCyIlecT-
BAAAach sKcneAulinonHbiMu rpynnami I'TH Ha BocTounOM NoGepexnbe
Jlanoxckoro osepa u B -KaszantuuckoM 3anuBe A30BCKOTO Mops, Ha
OTAeabHBEIX ydactkax o3ep Demnoro m baaxam. [laa mpumepa Ha
puc. 6.2 mokasaHBl PO3bl BETPOB H TeUYeHHH, MOJYYEHHBIE MO AAHHBIM
CUHXPOHHOH perucTpaluuH pacCMaTpUBaeMblX XapaKTEpHCTHK COCTaB-
asna 1—2 wmecana. Ha puCYHKe OTUET/IHBO NpOCJeKHBaeTcs Npeob-
JajaHue BAOJNBOEpEroBHX TeUeHHH Kak Ha ONHOM, TaK H Ha JApPYrom
BOjloeMEe. YKa3aHHOe 06CTOSITeNbCTBO MOXKHO pacCMaTpHBATh KaK MOJA-
TBEPKJEHHE DACCMOTPEHHBIX BHIILE CBeACHHT 0 mnpeobiajaHHH Ha
IpSIMOJIMHERHBIX yyacTKax Gepera cUCTEM quKyJI;mHH BOA NO THIAM,
yKasaHHbIM Ha puc. 6.12,0 u e.

6.2.3. Pacnpedenenue cxopocri Tesenus no 2aybune

M3 paccmoTpeHHsi mpeACTaBJEHHBIX BBIIIE THIIOB LHDKYJSLHH BOJ
U HMX NOBTOPSIEMOCTH CJEJYeT, YTO B 30He NPHGPEKHOr0 MeJKOBOAbS
0oGHYHO NpeoGjafaroT MOBEPXHOCTHBIE M NPHAOHHEIE TeUeHHs, Xapak-
Tepuaylolirecss He3HAYHTEJbHBIMH DacxoXJeHusiMmu Hanpasseduii. o-
BOJIbHO 4aCTO. Hab/IofaloTcad TakXkKe TeUeHHs, HanpaBJeHHe KOTOPHIX
CPaBHHUTEJBHO IJIABHO H3MeHseTcs 0 rJyOHHe NPHMEPHO B Opeaesax
a0 30—50°. OTo 06CTOATENBCTBO OTYETJIMBO BHJHO HAa MHOTHX paspe-
3aX TeueHHH, MOJYUYEHHHX 110 U3MepeHUAM skcnepunueir ['TU, manpu-
Mep, B npubOpexHOil 30He JlanmoKckoro o3epa ¢ JAOBOABHO CJOKHOM
dopwmoit npoduns gua (puc. 6.3).

C uenplo ycTaHOBJEHHS OGOOLIEHHBIX XapaKTEPUCTHK pachpejese-
HHSl CKOpDOCTH TedeHHH Io ruybuse B pabore [179] ucmosbsosama
151 smiopa, mosyyeHHass B 30HaX NPHUGPERHOr0 MeNKOBOAbA Jlamomx-
- CKOro u besioro osep myTeM Kak CbeMOK IO CTBOPaM, TakK W DEryJsip-
HBIX HabJIONCHHH Ha peHNOBEIX BepTHKaAAX. [lo BCEM OIMHOUHBIM
SMIOPaM BBIUHCJICHBI KOODAMHATH TOYEK o6o6umenHolt Ge3apasmepHOil
3II0PHI, HpelICTaBJIeHHOH Ha pHC. 6.4 COBMECTHO C TpeleNbHBIMH 3HA-
- UEHHSIMH OTKJIOHeHHH OTHOCHTEeNBHO! ckopoctu. [Ipu paccMoTpeHHH
puc. 6.4 BHAHO, UTO pacipelesieHHe CKOPOCTH CyMMAapHBIX TedeHHit,
06ycJIOBJIEHHEIX AeHCTBHEM BeTpa M BOJH, XaDaKTepH3yeTcs 3HauU-
TeJbHHIMU BePTHKAJbHBIMH TI'DafueHTaMH, HKOCTHTAIOIMMH Han60Jb-
IIHX 3HAa4YeHHH B NpUJAOHHOM cioe. Toyka, COOTBETCTBYIOMIasi CpenHe

CKOPOCTH TeYeHHs, pacmoJaraercss Ha ropusonte 0,58 H. TosepxHocT-.

v

Hasg CKOPOCTh TeueHHs NpHMePHO B 2,4 pasa Gosbllle cpemHell CKO-

pocTH, UTO CYIIECTBECHHO IIpEBHIMIAET OTHOCI/ITeJIbHLIe 3HAYeHHd'
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Puc. 6.3. Pacnpenenenue XapaKTeDHCTHK TEUEHHH B CTBODE 30HHI an6pe}KHoro MeJI-
KOBOAbsA 03. JIANOKCKOrO NpH BeTpe, HANpPABJCHHOM BLONL Oepera (@) ® 1o HOp-
MaJu K HeMy (6).

3[“0pr OOCTpOEHbl MO MOAYJAAM CKOPOCTH, a Hanpasne}me Te4eHHI Ha TOPH30HTaX Hamepeﬂuﬂ
YKa3aHO CTPEeJKOH y KaxKxol BepTHKAJH.

; : Puc. 6.4. OGobuienHas sno-
20 Vz/Vs,  pa orHOCHTENBHBIX cKOpOCTEl
P _==7T CcyMmapHBIX TeueHHE B 30-
Hax  IpHOGPEXHOro  MEeJKO-
BOAbsl 03ep Jlajgoxcekoro o
Besoro npu aeHcTBHH BETPOB
pa3JIHYHOA CKOPOCTH H pas-
" HHIX HanpasJeHHH.

HITpHXOBBIMH JIHHHAMH M0oKa3aHbf
npefesibHbIe 3HAYEHHSA [0 * PAKAM

I H3MepeHHi.




NOBEPXHOCTHHIX CKOpOCTeHl B PyCJOBBIX IIOTOKAaxX H KaHajax. Hpene.nb-
_ HBle OTKJOHEHHS M3MEPEHHOH CKOPOCTH TeYeHHs OT OCPeJHEHHO# CKO-
pocTH Ha KaXX0M M3 FOPH3OHTOB AOCTHIAiOT HauGoJbUINX 3HAYEHUH
B BEDXHEM CJ/O€, B OCTaJbHOH YacTH TNOTOKA OHH NPHMEPHO OJH-
HaKOBHI.

O6061eHHas 3N0pa OTHOCHTENbHBIX 3HAaYeHHH cpemmx CKOpOCTeH
pMeeT Buj, GIH3KHA X BHAY OGOOLIEHHOH SMIOPHL, IOJYYEHHOH paHee
B pa6oTe [144] mo JaHHBIM McC/IeJOBaHHH BETPOBBIX TEUEHHH B a’po-
THAPABAWYECKHX JIOTKAX NpPH OTHOLIEHHH TJAYOHHBI K CpeRHed JJuHe

BosHbl H/M, pPaBHOM OKOJIO 10—12 [locaennee CBHUJCTENILCTBYET
0 TOM, uUTO GOJbIIAS YaCTh HATYPHBIX H3MepeHHH BETPOBBIX TeueHHH
ObuIa MpOBeJleHa NMPH CPABHHTEJBHO- CIaGOM M CpeiHell CHJbl BETpE,
a Takke O TOM, YTO Pe3y/bTaThl JaGOPaTOPHBIX HCCJENOBAHHH pac-
npeneseHus CKOPOCTH TeyeHHs MO rjiyOuHe, IOJydYeHHble M MpHU 3Ha-

yenuax H/A, He BXOAAIIMX B YKa3aHHBIH AManasoH, MOTYT OHITb pac-
NpocTpaHeHbl Ha HaTypHble ycaoBud. CaefoBaTenbHO, 06OOLIEHHOH
3mopoi puc. 6.4 u smopamu paborel [198] MOXKHO moMB30BATBCA AJS
" mepexopa.OT cpeliHel HJIH NMOBEPXHOCTHOH CKOPOCTH K CKODOCTH Te-
YeHHs] Ha JI060M APYrOM TOPH3OHTE.

OmnpefeeHHBIE HHTEpeC NMpeACTaBJSET H TO OGCTOATENbCTBO, UTO
o6obiiennast smopa Ha puc. 6.4 HOBOJBHO CYUIECTBEHHO OTJIHYAELTCS
OT 51Op, NOJYYEHHBIX 110 H3MEPEHHAM B 03. Banxauw B ycJoBHAX npe-
o0/naflaHusi CeANIEBEIX TeYeHHH, HO 6JH3KA K SMIOPAM, MONYYCHHBIM MO
H3MEDEHHSM B YCJOBHAX NEHCTBHS BETPOBBIX TeUeHHH B BOZOEMax
C OrpaHHYeHHOH my6nHon

6.24. Hameueﬂue CKOPOCTU TeueHUus No wiupuse 30H6L

JoBOJIEHO MHOroumc/eHHble CBeleHHs 06 H3MeHeHHH MOBEPXHOCT-
HOH CKODOCTH BETDOBBIX TeYeHHH B 30HaX NpHOPEXHBIX MEJTKOBOAMH
nonyuyensl B I'TUW [178] npeumyliecTBeHHO Mo MarepuastaM aBHaH3Me-
peHufl, a cBelleHuss 06 M3MeHEHUH CpelHeH Ha BePTHKAJAX CKOPOCTH —
IO JaHHBEIM H3MepeHHH TyyOHHHBIMU TONJIABKAMHM C JOLOK. BrINOJIHEH-
HBIH paHee aHAJH3 NOKa3aJj, 4TO GOJBUIMHCTBO H3MepeHUH CBUIETENb-
CTBYeT O HE3HAYHTEJbHOM H3MEHEHHH CKODOCTH BETPOBLIX TEUEHHH: NO.
wupuHe 30Hbl [178). Oanaxo npu auddepeHUIUPOBaHHOM paccMOTpe-
HHU TIOJYUYECHHBIX paHee H HOBBIX JaHHBIX MU3MepPEeHHIl TeUeHHH yaajoch
BLISIBUTHL PAa3JMyHsl B TEHACHUHSAX M3MEHEHHS CKODOCTH NO LIMpHHE
30HBI NPHUOPERKHOrO MEJKOBOAbS NpPH pPa3HBIX HaNpaBJeHHSIX BETpa.
OTHOCHTENbHO JHHUHK Oepera.

IloBepxHOCTHBIE CKOPOCTH BETPOBBIX TeueHW Haubojiee CyLIeCT-
BEHHO- YBENWYHBAIOTCS OT OeperoBoii. K BHeLIHeH IpaHHILE 30HbH NpPH
BETpe, AEeHCTBYIOLIEM C CyUIH NPUMEpPHO IO HOpMAJH K JUHUM Gepera.
ITpu BeTpe, HampaBJieHHe KOTOPOTO COCTABJSAET OCTpPhIA yroa (20—
70 nan 290—340°) ¢ HOpMaJbIO K JHHUM Gepera, MOBEPXHOCTHEIE CKO-
pOCTH YBEJHYHBAKIOTCA MeXNy YKa3aHHBIMH TPaHHLAMH [IPHMEDHO
B 2,0 pasa, T .e. HECKOJIbKO MeHblle, Y4eM B PaCCMOTDEHHOM BhILIE CJIy-
yae (Ta6a. 6.1). Berep, meficTByromui BILOJIb 6epera, u CpaBHHTeJIbHO
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Tabauya 6.1

OTHOCHTENbHbIE MOBEPXHOCTHEIE CKOPOCTH BeTPOBLIX TeYeHHH v{/Vcp

Ha pa3JIHYHOM PACCTOAHHM OT GeperoBoii rpaHHLB! 30HB! NPHGPEKHOTO
MEJKOBOJbS NpPH Pa3JIHYHOM HANpPaBIEHHH BeTpa

OTHOCHTeNIbHOE PACCTOSIHHE OT Geperosoil rpaHHusl 30HK [/ L

Yron Mexay HampasJe-
HHEM BETpPA H HOPMAJbIO
K JHHHH Gepera

0,0 0,2 0,4 0,6 0,8 1,0

0—20, 340—360° | 0,61 0,87 | 1,05 1,08 1,08 1,08
20—70, 290—340° | 0,58 0,86 0,97 |- 1,06 1,14 1,18
70—110, 250—290° | 0,71 0,9 1,03 1,05 1,05 1,05.
140—180, 180—220° | 0,60 0,81 0,93 1,07 | 1,19 1,34

IMpumeuanune. L—mupuna Bceli Geperosodl somsl, [-— paccTosiuue OT
ypesa BOABI L0 TOUKH H3MepeHHH.

cJabblll BeTep, HeHCTBYIOIIHH ¢ BOJoeMa IO HOpMaJdH K. JuUHHH Oe-
pera, (GOpMHPYIOT TeueHHs, IOBEDPXHOCTHble CKOPOCTH KOTOPBIX HpH-
MepHO OAHMHAKOBBHI Ha BHeLIHCH MOJIOBHHE -30HB, HO yMEHbIUAIOTCA Ha
20—40 9% or ueHTpasbHOH YacTH 30HB 0 €€ 6eperosou FpaHHHbI
(taba. 6.1).- :

6.2.5. KoaudecToennsle XapaKTepucTuki cKopocTy Tewenus

s uenefl x031HCTBEHHOrO HCIOJMb30BAHHS 30HBl [PHOPEXKHOrO
MeJKOBOJbs OOJbLIION NpaKTHYECKUH HHTepec NpeACcTaBJAT, HApAAY
C pacCMOTPEHHBIMH BHILIE CBeJEHHSIMHY, KOJHUYECTBEHHBIE XapaKTepH-
CTHUKH CKOPOCTH T€UEHHsI H HaJle’KHble pacueTHble 3aBUCHMOCTH. B ciay-
yae npeobJasaHus BeTpOBbIX TEUEHUH OHEeHKa IOBEPXHOCTHHEIX CKOpO-
crefl B paccMaTpuBaeMOHl 30He MOXeT OBITb OCYHISCTBJEHa C IO-
MOULIBIO OCpefHEHHBIX 3HayeHHH BETPOBOrO Ko3pdunuenra. B ra. 4
OTMeyaJsoch, B HAacCTHOCTH, YTO MHOTHE HCC/AENOBaTeNH  Olpelessyin
OoCpellHeHHEIE 3HAUEHHA BETPOBOTO KO3(PGHUIHEHTA 1O JAHHBIM H3Me-
peHHH TeueHHH B NpUOPEXHBIX 30HaX MOpeH, OKEaHOB M KpPYIHBIX
3a71MBOB. JDTO OOGCTOSTENBCTBO TIO3BOJSET HCIOJNb30BATH HEKOTOpOE
H3 MOJYYEHHBIX paHee pe3yJbTaTOB AJS BHYTPEHHHUX BoAoeMoOB. llpu
3TOM HeOOXOAMMO YUYHTHIBATb, UYTO KaXKJABIH M3 HCCAeNOBaTeJed MOJib-
30BAJICSL CBOUMH - CHeHH(MUUYECKHMH H3MEpHTeJIbHBIMU CPeACTBAMH H
crentrUieckol MeTONUKOH H3MepeHHs, 4TO NpHBE/NO K CYIIeCTBeH-
HBIM pacXOXIEeHUSM OTHEJNbHBIX Pe3yJbTATOB.

HauGosiee 060CHOBaHHBIMH [/l NPHOPEXKHOH 30HHI MOpH MOKHO
CYHTAThb. 3HA4YeHHS BETPOBOIO - KO3 PUUHEHTa, YCTAaHOBJEHHHIE
H. M. CockuubiM [148, 163]. OTebHBIE aBTOPHL CUMTAIOT BO3MOKHBEIM
ucnosb3oBanue Meroaa CockuHa [JJIsi PacyeTOB TeUEHHH BHYTPEHHHX
BoJoeMOB [63, 149]. MmeroTest M CIpaBEANMBbiE BO3paXEHUsS Ha 3TOT
CYET, B KOTOPBIX OTMEYaeTCs HENPHEMJIEMOCTh /IS BHYTPEHHHX BOJO-
€MOB CJIHIIKOM NPEeyBEJTHUCHHOTO. BNHAHUS BpalleHust 3eMIH Ha pac-
YeTHble 3HAYEHHS CKOpOCTeH. JIyulllMM B HaJeXKHbIM pelleHHeM 3TOro
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sornpoca GblI0 GH MOJNYYeHHe AAaHHBIX BO3MOXKHO GOJBIIEro Yyucsia Hs-
MepeHHH TeyeHHH B NPHOpEXHHIX 30HaX DPAa3JHUHBEIX IO pasMepaM Hd
MOp(}OJIOrHH BHYTPEHHHX BOJOEMOB, OJHAKO TaKHe M3MepPEHHs BeCbMa
OrpaHHYeHHBbL. . o

' 2kcneaunuonneimu rpynnaMu I'TH B TeueHHe HOCHeAHHX HECSATH-
JIeTHH H3MepeHHsi, HeOOXOAHUMBle AJA pelleHHs] IOCTaBJEHHOTO BO-
npoca; 6blIH MPOBENEHB Ha HECKOJbKHX BHYTPeHHHX Bojoemax. Hau-
GoJbliiee KOJIMYECTBO AAHHBIX MoJyyeHo Ha Jlagoxkckom u besom
03€epax, HO OHH XapaKTEePH3YIOT YCJOBHS HAeHCTBHSA NPEHMYILECTBEHHO
cnaboro Berpa (ra6a. 6.2).-OcpenHeHHbIH BeTPOBOH KO3(QUIUHEHT,
BHIYHC/ICHHBIE 0e3 yuyeTa HMIHPOTH MecTa MO JaHHHIM Taba. 6.2, moay-
umJcs paBHbM 1,85, a ¢ yueToM WIHPOTH Mecra (sin ¢ =0,87) — pas-
ueim 1,60, T. e, MOYTH COBHNAfaeT CO 3HAUCHUSMH, NOJYUYEHHBIMH MO
~ JlaHHBIM H3MEpeHHil B YAaJEHHHIX OT GeperoB 30HaX BOJOEMOB. i

Ta6auya 6.2

" OcpenHeHHble 3HAYCHHS BETPOBOTO Ko3(pduuHenTa Ky

Jlapnowckoe 03epo BeJsice osepo
CKopocTh -

BeTD:/-ngo». qmggﬂxﬁme- Ky quc.gcéﬂx:&me- , Ky
1—3 — — 138 2,30
3—5 ' 264 ° 1,94 114~ 1,29
5—7 - 118 2,02 ) 26 1,05
7—9 24 1,31 3 0,74
—9 ! 406 1,92 281 1,75

B ‘HaTypHBEIX YCJOBHSIX He YJAaJOCh BHINOJHHTb JOCTATOYHOTO KO-
JIMYECTBA H3MepeHHil TeueHH! NpPH 3HAUUTENBHOM H CUJBHOM BeETpe.
Mano usmepeHMii BLINOJHEHO U C ONpelesNeHHEM CpelHeH Ha BepTH-
KaJu CKOpOCTH. , ~

Ecau TeyeHns B 30He NPHOGPEXHOTO MENKOBOLbS CGHOPMHPOBAHBI
NOA [eHCTBHEM BeTpa H BOJH, TO MOBEPXHOCTHYIO CKOPOCTb MOKHO
BBIYUCJIUTB, Hampumep, mo gopmyie (4.17) ¢ yderom xoahuuueHTa

IMesu C u oTHOCHTeNbHON Ty6uubnl H/A (H — ray6uHa BepTHKaJH,

a A—cpelHas HJHHA BeTpPOBHIX BoJH). [lpu Haanuyum  cBeAeHHi

‘0 CKOPOCTH MOBEPXHOCTHOTO TeUEHHUs1 CPEAHIOI0 Ha BEPTHKAJH CKO-.

POCTh MOXKHO BBIYHCJAHTL 1O ¢opmyse (4.27) paxe pias ycJIoBHi, npH
KOTOPBIX BO3MOXHBI DacXoXJeHHs HanpaBJeHHH IepeHoca BOX Y IO-
BEPXHOCTH H B-NPUJAOHHOM CJIOSIX Ha yroa po 30—40°

O600611eHne 3HAYHTENHHOrO KOJHYECTBA AAHHBIX H3MEpeHHH cpen-
Hel Ha BEPTHKAJIM CKOPOCTH TeuyeHHsi, OOYCJOBJEHHOrO HeHCTBHEeM
BeTpa M BoJH, BHNoJgHeHo B I'TH. Mcnonpsosanbl HaTypHBlE HaHHbe
no Kaiipakkymckomy u. ['opbkoBCKOMY BomoxpaHuaumiam, Jlamox-
CKOMY 03epy H IO J1abopaTOpHHIM 3KcleprMenTaMm [178].
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Puc. 6.5. 3aBuCHMOCTb cpefiled Ha Bepm'KaJm~ CKOPOCTH BETPOBOTO TeYeHHs OT
otHoweHnss WAH.
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. 03epo, 4 — 3KCIepHMEHTaJbHble YCTAaHOBKH. ’
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Puc. 6.6. 3aBucHMocTH cpegHed Ha Bep-

THKAJIH CKOPOCTH W OXHOHANPaBJIEHHOTO

_ 0 ray6uHe BETPOBOTO TEUEHHs] OT CKO-
POCTH BeTpa NPH Pa3HHIX [JyGHHAX.

Tny6una: I —0,1 M, 2—0,3 M, 3—0,45 M.




HOJIy‘leHHbIe CBeACHHUSA Hpe,lICTaBJIeHbI Ha pHuc. 6.5 B BI/Iﬂe 3aBHCH-
MOCTH

= : Vep=1 (W’m, MH). ‘ 6.1)

Ocpemmroulaﬂ KpuBas 3TOH 3aBUCHMOCTH npeacrapjaeHa aHaJHUTH-
YeCKH B BHJAE

» Uep=Ka. vwlox/H ;7 (62) v
riae ks n— Ko3pdunueHt, pasuolil 2,5- 10272 ecan uep u Wig BBIpa-

JKeHBl B MeTpax Bl c, a A u H— B Metpax.

B paGore [178] mjas ycTaHOBIEHHS CBS3U Mexﬂy cpenHell cko-
POCTBIO BETPOBOTO TeUeHHsl MPH OTPaHHYEHHOH JyGHHE HCMOJNb30OBAHBI
HCKJIOUHTEIbHO [aHHble Ja6opaTOpHbIX 3sKcoepumeHToB. Ilo noay-
YeHHbIM JAHHBIM IIOCTPOEHH 3aBHCHMOCTH (pHc. 6.6). Ha ocnoBanuu
puc. 6.6 u KosbdunHeHTa Nepexoja OT KCHEPHMEHTAJLHBIX YCJIOBHH
K HaTyprIM CpelHsisi HA BEPTHKAIHM CKOPOCTb TeUeHHS, 0GyC/OBJIeH-
HOro JeHCTBHEM BETpPa M BOJH B YCJOBHSIX OTpaHHYEHHOH IMyOuHBHI,
npeACTaBJeHa B BHAE

ep=ko.r (0,70 — 0,33 1g H) W15, - (6.3)

rae ko.r— Ko3thduuuent, papupli 1072, ecim vep M Wi BoipaXKeHs
B MeTpax B 1 ¢, a raybuna H — B meTpax.

Bripaxkenne (6.3) mo cTemeHH BJHSHUS BeTpa Ha CKOPOCTh Teue-
- HUS B YCJOBMSIX OTpaHHYEHHOH IVIYOMHBI COBHAJaeT C BhlpaxeHHeM,
TIOJyUCHHBIM paHee P. H. ViBanoBeiM [b5] 0 MaTepuasaMm ucCCaAeL0Ba-
HUfl BETPOBEIX TeUeHHil B aspomﬂpasnnquKOM GacceliHe npu ray6uHe
2,4 m.

BiusiHEe HampapJieHHs] BeTpa Ha CKOPOCTb TeYeHHsI B 30HE TpH-
GpexRHOro MeNKOBOJAbS MOXKHO YYeCThb NyTeM YMHOMKeHHs npaBof ya-
cTH Bhipaxenuit (6.2) u (6.3) Ha cHHyc yrJja aw MeXAy HampaaJje-
HUeM BETpa M HOpMaJbio. K JuHHM Oepera. Ilpu stom, Hampmmep, BbI-
paxenue (6.2) HpH06peTaeT BUJ

=k u ’\/WIO?»/H sin oyp. - (6.4)

YueT HazBaHHOro (axkTopa 0OcOOEHHO HeOOXOAHMM B CJydYasx pac-
YeTOB TeueHH# B BOAOEMAax, UMEIOLIUX OeperoByi0 30HY HeGOJbHIONH
HIUPHHBL, U B pacyeTax TeYeHHH Ha BEPTHKAJAX, paclOJOXEeHHbIX y be-
PEroBoi rpaHuIbl OGWHPHLIX METKOBOAHBIX 30H.

6.2.6. Pescumnole crarucruteckue XapaKIepucTUKU
crcopoc:ru TeueHud

st ycraHoBieHHs HAIEKHEIX PEXHMHBIX XapaKTePHCTHK CKOpO-
CTH TeYeHHs B 30He NPHOPEKHOTO MENKOBOAbS HEOOXOIHMO PacnoJa-
raTh IJIMHHBIMH PSIaMH H3MEPEHHUs TeueHUH, YIOBJETBODSIOMUMHU Tpe-
60OBaHMAM CTAUMOHapHOCTH W 3proamunoctu [13, 23]. Ecau mas 3om
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NPUOPEKHOrO MEJKOBOIbS IPHHATH Pe3yJbTaThl OLEHOK, NOJyueRHbE
H. A. Ckpunrynoseim [158, 159] u M. 3. KonosanoBoii [93, 94], To
IpH INPOH3BOJACTBE H3MEPEHHMH uepes 2 4 AJs ONpeJeJcHHs cpelueil
CKOpOCTH TEYEHHsi C MOrpelUHOCThIO He Gojiee 2 cM/c H BepOSITHOCTbI
95 9% HeoOXo#UM psil, KaKk OTMeuyeHO B IJ. 4, u3 370 ujeHOB, a Aad
obecrieyeHyst MOrpelIHOCTH He GoJee 1. cMm/c—psag u3 1200 uienos.
Heo6xoaumo Takxke, 4TOOB IpUMeHseMOe CPeJACTBO 06eCneuuBals H3-
MepeHHe CKOPOCTH BO BCEM BO3MOMKHOM [Malla3oHe ‘ee H3MEHEHHH,
T. €. HayWMHas C HYyJeBHX 3HAaUeHUH W [AO. 3HAYeHMi nopaika 1,0—
1,6 ‘M/c, 4TO 3aTpyNHHTENbHO OOecrneduThb IIPH HCIOJb30BAHHH NPH-
Gopa DIIB-2 Ha orpaHuueHHON riy6uHe B YCJIOBUAX HAeHCTBMs Iepe-
MEHHOTO BOJIHOBOTO JaBJieHUs. [lo 3TUM HpPHYMHAM NPHUXOAHTCA HC- -
KaTb JpYyTHe OyTH, XOTs OBl JJs NPpUONHIKEHHOro OIpeleseHHsl pe-
HKHUMHBIX XapaKTEPHCTHK CKODOCTH TedeHus. * -

K uneay rakux nytell oTHOCSTCS: '

1) ucmosnn3oBaHue Hpe,U,JIO)KeHI/II/I pa3paGOTaHHEIX NPHMEHHTELHO
K NpuGpeKHbIM 30HaM Mopei [92, 158];

2) ucrnonbzopaHne 0GOOIIEHHbIX Ge3pa3MepHbix (yHKUUA obecne-
YeHHOCTH CKOPOCTH BETPA, PACCMOTPEHHHBIX B L. 4;

3) ynnuHenHe KOPOTKHX PSiIIOB Ha6J11011eHHH C MCHOJNB30BAHUEM
cnoco6a I'. A. AnekceeBa [4];

4) mosydYeHWe CTATHCTHYECKHX XapaKTEPHUCTHK mo  psAaM  AJIH-
TeJNbHBIX HAOMI0NeHUH. ‘

[lepBrie TPH MyTH HYXKAAKOTCS B AONOJHHTEIbHBIX oéocaoaamm u
nposepkax. HanGosee Hafle’KHBIM MOIKHO CUMTATb MOC/TCAHHN H3 yKa-
3aHHHIX NIyTeH, HO OH OTHOCHTCH K Haubo/ee TPYAOEMKHM H He JiH-

-~ JUEHHbIM 3HAYHTEJbHbIX HOFpeHIHOCTeH H3-32 KOHCTDPYKTHUBHBIX - HEAO-

CTATKOB H3MEPHTENbHBEIX CPEACTB HJH pPa3JHYMA METOLUKH paloT.
K HacrosilieMy BpeMeHH B JIHTEpaType He YAaJoCh OOHAPYKHTb IOJ-
HOCTBIO HaJE€KHBIX CTATHCTHYECKHX XAPAKTEPUCTHK TeUeHHH HAH 0606-
IMIeHHBIX GYHKOUA CKOPOCTH AJS 30H TNPHUOPEKHOTO  MEJKOBOABA.
B cBSI3M ¢ 3THM OrpaHHYMMCS PacCMOTPeHHeM HEKOTOPBLIX pe3yJbTa-,
TOB HcCaenoBaHuH, noayueHHXx B 'TM nmo naHHbIM perucTpaumH Te-
yenn#t npubopamu BIIB-2 u nauubix momnaBouHbix u3MepeHuil. K ana-
JIM3y IIPUBJIEUEHB! JaHHBle MO TpeM O3epaM: Jlagomckomy, Besomy u
Banxaw. M3 nMeBluxcs AaHHEIX' BHIGpaHbl Takdue HaGJIONEHHS, ‘KO-
TOpBIE NPOBOJAH/HCH uepe3 3, 6, 8 wu 12 u u umenu psgel ot 230
J0 560 ujeHOB.

HauGosiee MMpPOKUI [MANA30H H3MEHEHHs MOJY4YeH MO PsALy Ha-

6aopennii 'y o. Tacapan ma 03. Danxalr ajis riyGHHHBEIX -TEUEHHI,

a HauMEHDbIUWH — IO JaHHBIM H3MepeHHH . IIOBEPXHOCTHBHIX TedueHUH
B 30He NPUOPERHOro MeJKOBOIbsi Ha 03. Dejom (taba. 6.3).

[To nmaHHbBIM H3MepeHUH NOBEPXHOCTHBIX TeYeHHH B TPUOPEXKHBIX
30Hax osep Jlagoxkckoro H Denoro mosyueHbl JOBOJILHO OGJH3KHE Me-
KAy coboit 3HaueHus: Ge3pasMepHbIXx (YHKUHH, HO HECKONBKO MEHb-
He, 4eM Ha 03. banxail

Onno¥ M3 NPUYHH HEKOTOPOro 3aHHXKEHHs 3HauyeHHH GespasMmep-
HBEIX. OYHKUMHA, MOJYy4eHHBIX IO JAHHBIM H3MepeHHH MOBEPXHOCTHHIX
TeUeHH#, ABJSeTCA HeJOCTaTOYHas MJHMHAa pAAOB Habawogenui. Ilo

204 . -~



Tabruya 6.3

BespasmepHble 3HAYCHHs] PYHKUMHE CKOPOCTH MOBEPXHOCTHBIX TeyeHHH
H TeueHn#t Ha ropusonte 0,7 H B-30HaX mpHOPEWHOr0 MEJIKOBOIbS
Ne AaHHBIM M3MEpeHHi Ha PasHbIX BojOoeMax

’ QbecneyeHHoCTs, %

Oaepo 1 ’ 5 l 10

20 30 50 ~ 70

90 l 95

HOBerHOCTHbIe TEYECHNA

Jlagoxckoe 2,70' 1,98 11,73]1,39| 1,16 | 0,88 | 0,64 I 0,34 l 0,26

BeJllloe I 2,42 12,10 | 1,82 |'»1,49 1,23.| 0,92 ' 0,62 | 0,34 | 0,24
Teuenne va ropusoure 0,7 o

i : Y o. Tacapaa, B 500 M oT Gepera

Basxam \| 3,88 | 2,70 | 2,15 | 1,61 | 1,24 0,79 | 0,45 | 0,14 | 0,10

Ilpon. Ysywapas, B 500 M ot Gepera .
I 3,65 I 2,48 I 2,00 I 1,52 ‘ 1,18 | Q,SO |0,50 l O,'2§ I Q,’25 .

3TOH Ke NpPUUHHE AAHHBIE H3MepDeHHiI He NMO3BOJNMJIHK BbISIBUTb BJIHf-
Hie Ha QYHKUWM pacnopeleleRus Takux (PakTopoB, Kak raybuHa BO-
JloeMa H ero pasmepbl, CKOpOCTb Be€Tpa H CKOPOCTDb TeYeHUH.

6.3. Teuénus na Gepezogolx OTMENAX

6.3.1. Hpuwuner sosnuxnosenus Tewenuii

-HccaenoBarenu yxe aBHO NPHILIM K BHIBOLY, YTO BAOJbGEpero-
Bbi¢ TeYCHHS HA OTMeJsX MOpeHl M BOAOEMOB BO3HHKAIOT IOJ, JeHCT-
BHEM TpPaHC(HOPMHPYIOUIMXCS H Pa3pyLIAlOIUUXCsS BOJH, HaMpaBJeHHe
IOAXO0Ja K OTMEJH KOTOPBIX COCTABJSET HEKOTOPBIH OCTpBIH . . yrod
¢ Junuell Gepera. IIo OCHOBHOH NpHUYHHE BO3HUKHOBEHHS 3TH TEUEHHS
HHOrJla Ha3uBalOT 3Heprerwueckumu [109, 216] 1 oTyiHyalOT OT BLOJDL-
©OEperoBHX IPaJMEHTHEIX TeueHHH, BOZHHKAIOMWKX HA yyacTKax C He-
PaBHOMEpDHBIM pesibeOM JAHA NOA HEHCTBHEM TIPaZHEHTOB YPOBHS.
H. ®. Ulanpun [216], HanGosee deranbHO HCCAELOBABIUNI TPadyeHT-
HBle TeYEHHs W NPEAJNOXKHBIIHE (OPMYJIY IS KX pacuera, CUHTaerT,
YTO NPHYMHOH BO3HHKHOBEHHs TDAJMEHTOB YPOBHS SIBJISIETCS] HEpaBHO-
. MEDHOCTb BOJIHOBOI'O HAarOHa BHAOJb JHHUU Oepera-— 6dJbluasi Ha
yyacTKax NOJHATHA JHa ¥ MEHbLIAS HA y4YacTKaxX MOHMMKEHHH AHA.
ITo muennio llanpuna, HepaBHOMEpHOCTb IMYGHHBI BAOML Gepera co-
3LaeTCst B Pe3yJbTaTe MCKPUBJEHHH HOABOAHBIX BAJIOB B IJIaHE H H3-
BUJAHCTOCTH JAUHHH ype3a. -

Bo3HnKHOBEHHIO BAO/BGEPErOBBIX TEYEHHH Ha GEpEroBLIX OTMeJsX
CIIOCOGCTBYIOT U BETPOBbIC TEUEHHS B 30HEe MPHOPERHOrO MEIKOBOIbS,
HO HX pOJIb OueHHuBaercsa BecbMa pasauuno. H. A. A#6ynaros [1, 2],
B 9aCTHOCTH, OTMEUaeT, YTO «HAalpaBJeHHe H CKOPOCTb BETpAa CYILIECT-
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BEHHO BJHSIOT Ha CKOPOCTh BAOJAbOeperoBnlx TeueHuii». [loxasarefp-
CTBOM IIP2BOMEDHOCTH 3TOro INOJOXKEHHS OH  CUHTAaeT, BO-NEPBLIX,
60J1b1IYI0 CKOPOCTh TEUeHHs NpPH HE3HAUHTENLHOM BOJHCHUH H CHJb-
HOM BeTpe, MeHcTByIOLleM BAOJNbL Gepera H, Hao6OpOT, cjaboe BAQJb-
f6eperopoe TeueHHe NPH OGOJBIINX BOJHAaX 3bI6H; BO-BTOPbLIX, 0OJbLINE
pasauuust B CKopocTH BrosabOeperosoro tederust (0,30 u 1,5 m/c) Had
rpefHeM NEPBOTrO OT ype3a NMOJABOAHOTrO BaJa IPH OJAMHAKOBOH BBHICOTE
pa3bHBAIOIMXCS HaZ 3THM BaJIOM BOJIH, HO CYMIeCTBEHHO pasJjudaro-
mefcas CKOpOCTH BeTpa W pas3HOH BHICOTE BOJH Ha HOJAXOXE K OTMEJH.

WU. ©. lagpun [216] cyuTaer, UYTO «MAKCHMaJbHBIE CKOPOCTH
BJ10JIbGEPErOBOrO- BOJHOBOrO TEYEHH B 3—5 paz 6oJbllle MakCHMaJb-
HOIl CKOPOCTH BETPOBOTO TeueHHs] B GeperoBoil 30HE NMpPH MOOHIX YI-
Jax MmoAaxojna BOJMH H Berpa». CKOpOCTb BETPOBOIO TeueHHs, IO MHe-
HHUIO 3TOrO aBTOpa, HHYTOXKHA NpH JIOOBIX YCJAOBHAX B anypesoBoﬁ
30He, JOCTHraeT HEeCKOJbKHX NPOIEHTOB OT CKOPOCTH BOJIHOBOIO Te-
YeHUs] B 30He pa3GHBaHUS BOJH H CTAHOBHMTCS. PaBHOH CKOPOCTH BOJ-
" 'HOBOTO TedYeHHS JHIIbL Ha HeKOTOpOM yAaJeHH: OT 30HBI pasOHBaHMsL
BOJIH B CTOPOHY BOJOEMA.

SHepmﬂ pa3OHBAIOIKXCS BONH NPHHHMAeTCs B KadecTBe eXHHCT-
BeHHOH MNPHYMHBE BO3HMKHOBEHHsl BJA0JbOEPEroBOro TeUeHHss Ha OT-
Meau B MeTofe, paspaboranHoM Ilyrmamom, MyHnkom u Tpeilsopom
{77, 168, 227], u B APYTUX pacyeTHHX MeTOAax. Taxkoe e MHeHHe O
TOMY BOIpoOCy Ipeo6jajaeT U B HAYUYHBIX paboTax, B' KOTOPHIX HPH-
BOJASITCA pPe3yJbTaThl HAOJIOACHUH H [al0TCAd KAa4YeCTBEHHbIe XapakTe-
PUCTHKM TeueHHil Ha oTMensx. Uro KacaeTcsi MPHBEAEHHHIX BHILE
cephesHbIX Bo3paxkeHuil AlfyJsaTroBa, TO Yalle BCEr0 OHH OCTANTCH
0e3 BHUMAaHHS WJIM K€ OTBepraiorcs 6e3 yOeaHTeNbHBIX 000CHOBAHHH.

[lo HaumeMy MHeHHIO, K OGBSCHEHHI0 INpPHYHMH  BOSHHUKHOBEHHS
BIONLOEPEroBLIX Te4YeHHH HEOGXOAMMO INOAXOAHTL AHDdepeHnUpO-
BaHHO, ¢ Y4eTOM CJeIYIMHUX ¢GakTopoB: obuiell HMIHpHHBI GeperoBoit
OTMeNH H ee pesbeda, CKOPOCTH BeTpa M €ro HalpasBJeHus N0 OT-
. HOLIEHHWIO K JHHHUH 6epera 3JeMEHTOB BOJH Ha TIMYOOKOI BOIEe H
B 30He OrpaHHYEHHOH MIYOHHBI, a TakXKe C yYeTOM mpolecca TpaHc-
- (OpMalHK BOJH. ‘ - :

Ha yskux. ormensx, umupuHOd mnopsiaka 10—20 M, ocHOBHOI,
a 4acTo M eAHHCTBEHHON, NPHYMHOH BOSHUKHOBEHUS BAOJLGEDErOBHIX
TEUEHUH SBJSETCS  SHEPTHSA pa3pyllalomuxcs BoJH. EanHune obbema
BOJbl B €IMHHIY BpPeMEHH Ha TaKHX OTMEJsX IiepelaeTcs HOpH IIPOYHX
PaBHEIX YCJOBHSIX 3HAUHTEJbHO GOJibLIiee KOJHYECTBO BOJHOBOH 3Hep-
FHH, 4eM Ha IHPOKHX OTMeJsX. B cBsi3au ¢ 3THM IepeHoC BOJ Ha Y3~
KHX OTMeJgX 0O0yCJIOBJHBAETCSH BOJHOBHIMM IIpOLlECCAMH, a OTHOCH-
TeNbHBIN BKJAJ IPYruxX (akTopos H, B YACTHOCTH, KACATENbHBIX Hd-
NpsXKeHnH BETPa Ha BOJHYIO TOBEPXHOCTb OKA3HIBAETCH HE3HAUM-
TeJIbHBIM.

Ha mupoKHX GEperoBbiX OTMEJsIX, OCOBEHHO HA TeX, KOTOpbie
NIABHO CONpPSAITalOTCSl C NMPUOPEXRHBIM MEJKOBOABEM, pOJIb BOJHOBOH
5HEepPrHMH B BO3HHKHOBEHUH BIOJbOEPEroBbIX TECUEHHH yMeHbLIaeTcs,
a- SHeprHM BeTpa U APeH(OBHIX TeUeHHH VBeJHUHBaeTcs.. BiusiHue
BeTpa Ha TeUeHHs YCHUAMBAaeTCs [0 Mepe YMEHbLIEHHS yivia MEXIYy
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€ro HanpaBJeHHeM H JuHHeH Gepera, uemy crnocofcTByer GoJbluasi
1IEpOXOBATOCTb BOAHOH IIOBEPXHOCTH, OOYyCJIOBJeHHAs Hajuuuem Oy-
PYHOB, U cBoeoGpasne xapakTepa OOTekaHHA rpeCHeH BOJH BO3AYuI-
HBIM NMOTOKOM. FIMeloTCS HEKOTOphle OCHOBAHHs MOJaraTh, YTO Hampd-
JKeHue TPeHHS BO3AYIIHOTO NOTOKA O BOAHYIO IOBEPXHOCTh B 30HAX
3a0ypyHUBaHUsi ¥ pa3CGuUBAHHS BOJH, OCOOEHHO NpH BeTpe, ACHCTBYIO-
1leM MOJA OCTPLIM YIJIOM K rpe6HsM BoJH, MoxeT B 1,6—2,0 pasa
IIpeBHIIIaTh HANpsKeHHe TPEHHA IIPH BOJHAX, PacIpOCTPaHsIOUIHAXCS
TIONYTHO BeTpYy. MOXHO MO3TOMY OXKHAATh, YUTO H CKODOCTb BETPOBOTO
TeueHHs1 Ha INHPOKOH OeperoBod OTMeJNH IpH BeTpe, HanpaBJeHHOM
BIOJb Gepera uad MOA HebOJbLIMM OCTPHIM YIVIOM K HeMy, TakXe Oy-
JeT CYIeCTBEHHO IIpeBhILIAaTE CKOPOCTb BETPOBOIO TEUEHHUS B TIAy6oO-
KOBOJHBIX 30Hax Boaoema. OTpenbHblé H3MEpEHHS I[IOKa3hBAIOT, UTO.
. CKOPOCTb BJOJIbGEPErOBOr0 TEUEHHS] YBEJHUYHBAETCS INPH pPacCMaTpH-
BaeMbIX YCJOBHsIX 3a cueT Bo3ZelicTBHsI BeTpa Ha 40—60 %, a mpu
CHJIBHBIX ' LITOPMOBBIX BeTpax paxe Ha 100—300 % mno cpaBHeHH:O
€O CKOPOCTBIO SHEPIeTHUECKOTO TeUeHMUS. o :

_Bnosb6eperoBble 3HepreTHYeCKHe TeUeHHS IPH HEKOTOPHX YCJO-
BHSX YCWIHBAKWTCS H MOAJEPMUBAIOTCS 3a CYET TIPaJHeHTHBIX HIH
‘ApeiioBBIX TeueHUH, NEHCTBYIONIHX KaK B IMyGOKOBOAHBLIX 30HAX, TaK
U B 30HaX NpHOpeXHOro MesakoBoJbsi. Haumbo/ee OT4eTIHBO BJHsHHE
3THX' TeYEHHMH BBHIDAXKEHO Ha BJAMOLIUXCS B BOJOEM YYacTKax B YyCJO-
BHAX; KOTHa BOJIHB TOAXOAAT HPHMEPHO IO HOpMaJu K JHHHH Oe-
pera, a rpajueHTHble HWiu ApefihoBbie TeyeHHs AeHCTBYIOT BHOJL Oe-
pera. CxopocTh BAOJbGEPErOBOr0 TeueHHs HPH TaKUX YCJOBHSAX TeM
foJblle, 4eM KOpodue y4acTOK u3rnba JuHHH Oepera, BAallIelcs
B BOZOEM. . : : : S

Ha ocHoBaHHM H3JI0XKEHHOTO MOXKHO 3aKJIOUUTb, 4YTO CKOPOCTb

BIOJbOEPErOBOTO TEUEHHS] Ha OTMEJNH HeODXOZHMO paccMaTpHBaTh
B BHAE CYMMBI CKODOCTe#l Tpex BHAOB TeYeHHH: 3HepPreTHYEeCKOro;
BETPOBOTO, BOZHUKAIOLIEro Ha OTMEJH; ApeH(OBOro MM TpaJHUEeHTHOTrO,
NpOHMKaollero Ha 6GEeperoByi OTMeJb H3 30HBl IPHOPEKHOIO MEJKO-
BO/JIbS1. :

6.3.2. Pacnpedenenue cxopocTu 6dorvbepezogozo Teuenus

CkopocTb BHO/MBGEPErOBOTO TEUEHHs! NPU YCTAHOBHBLIEMCS BOJIHE-
. HUH, KaK [OpaBHJIO, H3MEHseTcs II0 IUHpHHE OeperoBoH oTMend. ITO
BBI3BAHO HEPABHOMEPHOCTbIO pacrpefe/eHHs] BOJHOBOH 3HepTHH, HIY-
Imed Ha oOpasoBaHUe TeueHMH, H HEPaBHOMEDHOCTHIO THAPOLHHAMHYE-
CKOro conpoTuBjieHusi AHa. OZHAKO IIpU paBeHCTBE ONpPeAENSIONIHX
pakTopoB, TakuxX, Kak peabed AHA, rAyOHHA, LIHPHHA OTMEJH, 3Je-
MEHTBl BOJH W HANpaBJeHWe NOAXOAa BOJMH K Oepery, B pacmpefene-
HUH CKOPOCTH Ha 0eperoBod OTMe/H OOHAPYXKHBAIOTCS OGIIHE YepPTHl.
OTO 06CTOATENBCTBO H HEOGXOAMMOCTb Pa3pabOTKH PACYETHHIX METO-
ZJoB MOGYXIAWT HCCeloBaTe/lefl K BEISBJCHHIO THIHYHBIX 4epT -pac-
NpefiesieHUsi CKOPOCTH BAOJBOEperoBoro Teuenus. B paGore [168] na
OCHOBAaHHM aHa/jH3a MaTepHaJOB H3MeDeHUs] TeUeHHH Ha y3Kux (O
25 m) ormensx KalipakkyMcKOro BOZOXpaHHIIHINA BBLAEJEHO UYeTHIpe
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OCHOBHHIX TuIa pacmpelenenusi ckopoctu. E. H. Cadponosa [142,
211], ucnosb3ysi NMpeHMYLIECTBEHHO AaHHBlEe NalopaTOpHBIX HCCJIeAOo-
BaHUH, NPULLIA K BHIBOAY O CYIIECTBOBAHHH TOJbHKO OJHOTO THIA pac-
npelesieHusi MOBEPXHOCTHOH CKOpPOCTH BAOJbLOEPEroBOro TedeHusd, KO-
TOpOE MpPEACTABJEHO B BHAE

Ui/Umaxc='\/l - bi/bmaxc, » - (65)

TA€ Uyaxc — CKOPOCTb TeUeHHs B 30He Da3pYLICHHs BOJIH Ha PaccTos-
HHH buyaxe OT BepXHEH IDAaHHIBI HAKATa; U; — CKOPOCTb TEYEHHs B JIO-
60/l TOUKE Ha PaCcCTOSIHUH b; OT TOH Ke IPaHMIbL.

BecbMa opHrHHaJNbHOe pellieHHe 3afauyd paclpefieJeHHs CKOPOCTH
BIOJNbGEPEroBOr0 TEYeHHS MO INMpHHe Oeperopofl OTMENH  NOJYYHJI
Jlonre-Xurrunc [241]. B ero pacueTHOM MeToJe CKOPOCTb BJOJbLGEpe-
rOBOTO T€YeHHS B YCJOBHSX pa3pyLIeHHs BOJIH Ha OeperoBoll OTMeENH
NPEACTABJIACTCS B GYHKIHH HOPMAJLHOTO HANPSIKEHHS NOTOKAa Ty M
TOPH3OHTAJIbHOM TYpPOYJIEHTHOH BSIBKOCTH P), BHpaxaeMblx B BHJE:

1, = [ 1,250y, (gh)**2 sina]/c; (6.6)
Pi=n(gh)", (6.7)

Ille @ — NOCTOSIHHAsl BEJMYMHa, paBHas okKoao 0,01; Y — IIOTHOCTH
BOJBI; Z-— TPaJHeHT MeCTHOH raybuunl (z=dH/dx), 6auszkufi ¥ yk-

 JIOHy pAHa OeperoBoit oTMeaH; c¢= (gH)'» — mecTHas cKopocTb BOJH
Ha MeJIKOH BOJe; o — MEeCTHBII yroJ INOAXOAa BOJH K Gepery; H —
rnyOHHa; g — yCKOpeHHe cBOGOAHOrO mnajaeHHus; 71— Oe3pasmepHas
IOCTOSIHHAsA BeJHUHHA, H3MeHsomasica B npelenax 0 << n << 0,016.

i O6wmas cBsI3b CKOPOCTH TEUEHHS C onpenenmoummn cpaKTopaxvm
TIpeJCcTaBJsieTCsl B BHAE

£ amN -2, —x an0<x<1 :
( ) * ’U_{ 0 apul < x < oo, ©.8)

rie INepeMeHHble BeJHUYHMHBI - IIpeJCTaBJCHB B 6Ge3pasMepHOM BHJE:

v=0;/Vep, X=2Xi/Xcp, @ CKOPOCTb BHAOJLOEPErOBOTO TEYEHHUS Ucp H
OTHOCHTE/IbHOE 3HAUEHHE TOPH3OHTAJILHOTO MepeMelnuBaHus P, suipa-
XKEHBl B BHIE:

5t

Vep = - _f}; (gH,) %z sin a; (6.9)
Pi=(/2) [2n/(aCu)], - (6.10)

rne HB—zxcp

Ha ocHoBamuh peuwenus ypasHenus (6.8) c ykasaHHbIMH mapa-
METPaMH U HEKOTOPHIMH JIOINOJHHUTENbHHIMH YCJIOBHAMH HOJYICHO pac-
npeliejieHHe OTHOCHTENbHOH CKOPOCTH BAOJBOEPErOBOTO TedEHHs MNpH
pa3iuMyHLIX 3HauyeHHsiXx nNapameTpa nepeMelluBanus P; (puc. 6.7).
Ha pucyHke BHAHO, YTO B YCJOBHSIX, KOTJa IapaMmerp P; sHauuTéseH,
_CKOPOCTb BHOJbOEPEroBoro TeueHHss MaJa, a ee MAaKCHUMyM paciloJa-
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raeTcs B IpHype3osoli 3ome. B ycaopmsix, xoraa P;— 0, mecronono-
) ) ~

JKeHHEe MaKCHMYMa CKODOCTH NPHOJMXKAETCs K BEPTHKANH, I Xaaxc—>
~ ! : o~

— 1, a Umaxc— 1. B ychaoBusx, korga P;— 0o, BEJHYHMHB Xyaxc H

~

Unaxe CTPEMATCA K HYJIIO, a B
 Dyaxe 3£M§KC/5' ) 6.11)

PeayJ:bTaTbl'paCCMOTpeH'ﬁoro TEOPeTHUECKOTO  pPelIeHUs- JOBOJBLHO
YAOBJIETBOPUTE/NBLHO COTIACYIOTCS ¢ NaHHBIMH JaG0paTOPHBIX 3KCIEpH-
MeHTOB [234], HO TosIBKO IpH P;=0,1 1 0,4.

Fal
)
10
08
06

04

07

—=

0 05 1,0 75 0% -

»

Puc. 6.7. TeopeTHyeckue KPUBbIE PACIpele/eHHs] CKOPOCTH TeueHHsi Ha Gepero-

BOil OTMeJH NpH Pas/UYHbIX 3HAYEHHAX Napamerpa P, (no merony Jlonre-Xur-
runca [241)).

O corJacoBaHMHM TEOPETHYECKOrO pachnpejeeHdst CKOPOCTH C Ha-
TYPHHIMH JaHHBIMH ONpefeNeHHBIHl BHBOL CAENAaTh 3aTPYAHUTENBHO,
[IOCKOJIbKY TIOJIYdeHHBI€ De3yJbTaThl XapaKTepH3YIOTCs pPasHBIMH 1na-
pamerpaMH. '

JlaHHBle HATYpPHBIX H3MEpPeHH#l TeueHHH, MoJyueHHbIe Ha OTMeJsX
Kaxosckoro u KpemeHuyrckoro BOLOXpaHHMHUIL, Ha 03epax DoJblIoM
SIpoBoM u JlamoxckoMm, a Takke Ha A30BCKOM Mope, MOATBEPIHJIH
BHBOJ O MHOrooGpasuyu pachpefeseHHs CKOPOCTH TeuYeHHs H no3Bo-
JIUJIA YTOYHAThH NPEACTaBJeHHs 10 9TOMY BOHPOCY. ’

HauGonee npocroe pacnpefeseHne CKOPOCTH BILOJIbﬁepeI‘OBOI‘O
TeueHNst HaGJIIOLAeTCst Ha IIOJOTHX OTMEJAX B YCJOBHUSX MOCTEHEHHOMH
TpaHchopMaunn BoJiH, a Haubogee cJ0XKHOe—Ha GeperoBbX OTMEJsiX
€ OJWHOYHHLIMH TOABOAHLIMM BajaMu M KPYNHBIMH rpsmaxvm NpH BHI-
paKeHHO!H HepaBHOMEPHOCTH TpaHCcHOPMAaNHK BOJH.

IlyreMm aHanau3a 223 3MI0p CKOPOCTH, I[OJYYEHHBIX TI0 H3MepeHHSIM
Ha GeperoBHIX OTMeNfIX IEpeYHCJEeHHBIX BHIIIE BOXOEMOB, B paboTe
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[144] BBIAeneHO UYeTblpe OCHOBHHIX THIMA - PaCIpefliesieHHS CKODOCTH
BA0JbGeperoporo TeueHus (puc. 6.8).

Tun 1 xapakTepusyeTcsi OTUETIMBO BHIPAXKEHHBIM ' MaKCHMYMOM
CKOPOCTH, NPHYPOUEHHBIM K TNpHype3oBofi 3oHe. PacmnpefesncHue CKO-
pPOCTH TeYEHHsI [0 3TOMY THIY HaOMIOJaeTcsl B CAydasx, KOTAa TJy-
6uHa Ha OTMeJH MpeBHINAeT BBICOTY HaHGOJbIUUX BOJH H OHH, He-
3HAYHTEJNBBQ TpPaHCHOPMUPYSCh, AOCTHTalOT ype3a H pa3buUBalOTCA

Puc. 6.8. OCHOBHbE THIE ‘pacnpesieieHuss OTHOCHTEJNbHOR
TIOBEPXHOCTHON CKOPOCTH BAOJbOEPEroBoro TeueHus Ha Oe-
PeroBHIX OTMeEJAX C DAa3NHYHOH (opmoil mpoduis xHa. :

b — paccTOstHMe . OT ypesa [0 TOYKH - u3MepeHui, B — mHpuHa
OTMeJIH. -

BO3JIe HEro, mepelaBas TOCTENEHHO BAOJNBLGEPErOBOMY TCUCHHIO HEKO-
TOPYIO YacTh cBOel sHepruu. MakcumalibHasi CKOPOCTb TeueHHsl B 30HE
pa3buBaHUs BOJH TIPH 3TOM IpeBLILIAECT OCPeJHEHHYIO CKOPOCTh B 2—
4 pasa, a B HEKOTODBIX CJyuasix— gaxe B 5—7 pas. K Tumy I orHe-
ceHo 35,4 % smIOp CKOPOCTH, NMOJYUEHHBIX HOPEeUMYLIeCTBEHHO Ha Oe-
perobix orTMeasix KaxoBckoro u KpemeHuyrckoro — BOAOXpaHHJIHIL
(Tabn. 6.4).

Tun 11 XapaKTepusyerca HaJIH4ieM OLHOM, OTUETJIHBO Bblpa}KeHHOI/I
' 30HBI MOBBIMIEHHOH CKOPOCTH, pacloJaraiolnefics B HEHTPaJbHOM HIIH
npuEGPOBOYHON uyacTH GeperoBOH OTMeNH M COBMellalolieficss ¢ 30HOH
pa3buBaHusi HauOOJBLUINX U CPEAHUX II0 BEHICOTE BETPOBLIX BOJH. Halle
BCEro paclpefeseHHe CKOPOCTH TeUEHHs II0 3TOMY THIY HabJIofaercs
Ha y3KHX OeperoBHIX OTMEJSX H OTMeJAX cpelHeH. IIHPHUHEl B VCJIO-
BHAX, KOTJa rjy6uHa HaJ OpPOBKOH 6eperoBofi OTMe/ M He3HAYHTEJNLHO
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Tabruya 64

Yucno ciyyaeB pacnpejelieHHsi CKOPOCTH BAOJLGEperoBoro TeyeHus

Ha GeperoBbIX OTMENSAX pasHbIX BOJOEMOB . .
‘o = = o Tun pacnpegéneﬁuﬂ
= . o o CKOPOCTH
b5 = Z 25
o, E > g <
s z > &
Bozxoem 8 .8 = ,% g
= g g Sel r{mjmjivig
= fe-} o, = = I
85 = & 3% 3
=44 = 9 XE g
Kaiipakkymekoe 1959—1961 7—95 10,2—0,4| 5514 (25 | — |14 | 2
BOJLOX PAHUJTHIIE
Kaxosckoe Bomo- | 1966—1967 25—35 {0,3—0,4] 1212 (5 |1 [4 j—
X PanusHIme, :

¢. JlioGumoska -
Kaxosckoe Bomo- | 1969—1971 25—80 {0,3—0,7] 61130 |3 |4 22 |2
X PAaHHJIHILE :
r. Sueprojap
Kpemenuyrcxoe 1972—1973 | 60—100 |0,56—~1,0| 66427 [2 [7 (30 | —

BOJIOX PaHHJHILE ,

c. Butosoe . : .

Asosckoe mope, | 1975—1976 | 100—150 [1,2—1,8] 18} 6 | — |5 {3 |4

¢. MuicoBoe v

Jlanomckoe osepo | 1976—1977 | 150—350 [0,4~1,21 8| — | —| — |3 |2

03. Bosbinoe SIpo- 1966 340 0,7—0,9] 8| —| —1—16 |—
BO€ o : .

Cymma - 293179 [35 |17 |82 |10

% 10035,4(15,7| 7,6(36,8| 4,5

NPEBLIIACT WIH NPUMEPHO paBHa BHICOTE HaH60JIbH_IHX I.LITOpMOBbIX
BOJIH.

"MaxkcumanbHasg CKOPOCTb TeueHHs, KakK H B Tune I, o6wluHO mHpe-
BHIIAET CPEAHIOI0 CKOPOCTh B 2—4 pasa, yTo ABJSETCS CBHAETEJb-
CTBOM OCHOBHOTO BKJaJa BOJHOBOH SHEPTHH B IIPOHECCH BO3HHKHOBE-
HUS M NMOAJAepKaHHUS BAOJAbOEPEroBOro Te4eHHs Ha 6eperosof1 OTMeJH.
K tuny II otueceno 15,7 % smiop cKOpOCTH.

Tun III (cM. puc. 6.8) XapaKTepusyeTcs HajluuHeM Ha Geperopok
OTMeJH ABYX 30H C TOBHIUIEHHOH CKOPOCTBIO TEUEHHs, OJHA H3 KOTO-
PBHIX pacnoJsiaraercs BOJH3SH ypesa, a BTOpas — B LEHTPaJbHON YacTH
Uy y 6poBku ormenau. Takoe pacnpeneseHde HaGJIoAaeTcs OpH HeCO-
OTBETCTBHH INpoduass GeperoBoli oTMeJu OCGBIUHOMY XOAYy Iipolecca
TpaHC(opMauHH H pasOUBAHHSA BOJH HJIH TIPH OJHOBPEMEHHOM pasbu-
BaHHM BOJIH JIBYX 3aMETHO DasjMyaiolIuXCs cHcreM. MakcuMaJgbHas
CKOpPOCTb B IIpHYPE30BOH 30He NpPEeBEIIAEeT CPeIHIOI CKOPOCThb B 1,5—
2,5 pasa, a B LeHTpaJbHOH 4YacTu OeperoBod OTMeNH—B [,2—
1,8 pasa. K rtuny III orueceno 76 % 3MIOp CKOPOCTH H3 YHCJIA pac-
CMOTpeHHBIX (TabJ. 6.4).

Tun IV — ckopocTs TedeHHs npaKTquCKH He MEHSETCS B npene-
Jax Oeperopoil OTMeaH. IDTOT THIF paclHpefesNeHHs CKOPOCTH uYalle
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BCEr0 HalbJ/I0faeTcsl Ha MOJOTHX WHPOKHX OTMENAX IPH IIaBHOH
. TpaHC(HOPMALMK BOJH, ‘@ Ha JAPYTHX OTMEJAX — IPH CYIIECTBEHHOM
BKJIaJe BETpa B MpONeCCH (POPMHPOBAHHS BAOJbGEPEroBOTO TEUeHHS.
INonoGHblit xapakTep pacnpeieseHHss CKOPOCTH HabJ/I0faeTcsl U Ha 1o-
JIOTHX GEeperoBbIX OTMEJSX ¢ GONbIUMM guciaoM (5—9) MOABOLHBIX
Banos. K tuny IV orneceno 36,8 % smiop cxopocru (raba. 6.4).

Menee 5 9% 3m0p CKOPOCTH He yAaJ0Ch OTHECTH HHU K OXHOMY “H3
pPACCMOTPEHHEBIX THIOB. B UX 4HC/I0 BOIWIK 3MIOPH € TPEMSA-4ETHIPbMS
. 30HAMH MOBBLIMICHHOH CKOPOCTH, & TakKKe 3TIOPH C PEe3KUM H3MeHe-
HHEM CKOPOCTH B KaKoH-nu60 yactu 6eperoBoii OTMeJi.

PaccMoTpeHHbIe' JaHHBIE [JalOT OCHOBaHHE CYHTATb, YTO (DOPMHPO-
BaHHe BAOJBGEPErOBOTO TEYEHHSI B OCBELeHHBIX HalJIIOMACHHAMH YCJIO-
BHSIX OPOHCXOAUNO TOJA AeHCTBHEM IPEHMYINEeCTBEHHO BOJIHOBEIX IIpO-
L[ECCOB, B CBSI3H C 4eM 30HA pa3MeLleHHs MaKCHMyMa CKODOCTH Tede-
HHSI COBMEINAJach C 30HOH HauGoJIBIIEro pPacXONOBaHHS  BOJHOBOH
suepruu. K Takum ycjiosusim otaocsarcs tumbl [—II1. '

Ha dopmupoBaHue pacnpefelieHHss CKOPOCTH  BAOJbOEPETrOBOTO
TeueHuss o tuny IV, Hapsay ¢ nJaaBHBIM pacXOJOBaHHEM BOJIHOBOH
SHeprHH, 3aMeTHOe BJIHSHHE OKAa3blBaJH HPOLECCH HeNoCpeiCTBEHHOTO
' BO3JEHCTBHSI BeTpPa Ha BOAHYIO NoBepxHOcThb. [lo sTo#l mpuuuHe mpo-
HCXOAMJIO CIVIaXKHBaHHe SMIOD CKOPOCTH TeueHHs, a abCoMIOTHBIE 3HA-
YeHHs CKODOCTH 3aMeTHO YBeJHUHJHCh NIPH BJAOJBLGEPEroBbIX BeTpax
M0 CPABHEHHIO CO 3HAUEHHSMH, KOTOPHIE MOLJIH OHTb oﬁycnomeam
TOJIbKO COCTABJAIOIIER BOJHOBOH 3HEPTHU.

HanGosiee 3HAYHTENBHOE YBEIWYECHWE CKOPOCTH TEUEHHS 3a CUET
BJAUSTHUA BETpa Habmai0fanoch Ha o3epax JlamoxkckoM u DBoJbmom
SIposom, a Takxke Ha AsoBckom Mope. M3 srtoro ciexayer, uto AJs
pacuera CKOPOCTH BAOJLGEPErOBOTO TEUEHHs HA INOJOTHX OeperoBhix
oTMeax Goabwoil mupuHe (0onee 80—100 M), Hapaay ¢ cOCTaBJANIO-
miefl BOJIHOBOEH 3HEPTHH, HEOOXOMMMO YUHMTHIBATH HENOCPeACTBEHHOE
BO3JeficTBHe BeTpa Ha BOAHYIO TIOBepXHOCTh. [lJis pacyera CKOpOCTH
BIOJBLOEPEroBEIX TeUeHHH Ha ys3kux oTMensx (mo 80—100. m) mocra-
TOYHO YUYHMTHIBATH BOJIHOBYIO COCTAaBJSAIOLIYIO SHEPIHM, TAK Kak BJIHSI-
HHE BeTPa H rPaLNEeHTOB YPOBHSA NPOSIBJAAETCH Ha HUX caafo.

. 6.3.3. Pacuer cpeduner ckopocri adonsbepez06ozo revents

HanGosee paHHMe NONBITKH pacyeTa TeYeHHH Ha. OTMEJSIX - BHYT-
PEeHHHX ‘BOJAOeMOB 6a3upOBaJHCh HAa HCIOJL30BAHHH METOJAOB, paspa-
GoTaHHBIX MJst  MOpcKux ycaoBu#l. C 310H Ueabplo OpoBoaUsIOCh
CONOCTABJICHAE HM3MEDEHHBIX 3HAYeHHH CKOPOCTH C BBHIYUCJIEHHBIMH.
" TmatenbHo# . mpoBepke OBLIH MOJBEPrHYTH pacueTHLlE METOIH,
npenJfioXKeHHele, B uacTHOcTH, IlyrHamom, Mankom wu Tpeliaepom
[168, 227]. Tipu stom O6BLIA2 yCTAaHOBJNEHA HEOGXOAMMOCTH YTOYHEHHUS
SMIOHPHYECKHX KO3(PHUIUEHTOB, BXOAAIIHX B pacueTHble (HOPMYJHL
A. C. CynosbcKUM Ha OCHOBAHUM AaHAJH3a JAHHBIX M3MEPEHHH Teye-
Hufl Ha y3KRHX OTMensx Ka#pakkKymMCcKOro BOJOXPAHHJHILA ObLIO MO-

JYUYeHO BBIPA:KEHHE [Js1 OJHOTO H3 IIOCTOSHHBIX K03(GHIHEHTOB,-
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C Yu4eTOM KOTOPOro (opmy./ia, OCHOBAHHAS HA BHIUHCICHHH 6aJIcha
SHEPTHH B NPHOOAHON 30HE, NOJYUHIA BHA

Uep == 8543”?1 5 I (2)/T, . (6.12)

rfe | — YKJIOH OTMenu; A, , — BeicoTa BoaHBL 1 %-i oGecneyeHHOCTH

1%
Ha GpPOBKEe OTMEJH; T— CpPeJHHH IepHOA BOJH, C; S— 4acTb SHEPTHH
BOJIH (OT ofuleli SHEPrHMH BOJIH, IBHXKYIIMXCS IapajjieqbHo Oepery);
KoTopas BO36yxKAaer BAOJNLOeperoBoe TeYeHHe; o — yrod  Mexay
(hpOHTOM BOJIHBl Y 30HBI pa36uUBaHHS M HanpaBJeHHEM JHHUH Oepera.

®opwmyaa ITyrsama, MyHka n Tpeisiepa, oCHOBaHHasi Ha BBHIYHC/Ie-
HAHM MOMEHTa KOJHYECTBA ABHKEHMS, C YUeTOM YKa3aHHOTO Koa(bcbn-
uMeHTa 6ba mpeAcTasseHa B BHIe [168]

ep=cSina — %/(2,61h , cosa) (6.13)

}’
IJie ¢ — CKOPOCTb BOJIHBL. -

Jlyuiiee coBmajfeHne ¢ H3MEPEHHLIMH SHAUCHHAMH CKOPOCTH Teue-
- HHsI jaBajia meppasi u3 5Tux dopmys. OZHAKO NPH HCHNONB3OBAHHU ee
IJs OTMeNeH GOoJblIel IMMPUHE, yeM Ha KafpakkyMCKOM BOJOXPaHH-
JIMIHE, OHa MPWBOLHJIA K 3aBHILIEHHIO CKOPOCTH. " OTO 3aBhILIEHHE
YMEHbIIA/IOCh NP YMEHbIICHHH KO3 QuuKeHTa S, HO nO J2HHBIM H3-

MepeHHH He yAaJoCh IOJYYHTb HAZEXKHOH 3aBHCHMOCTH 3TOrO K03(-
¢HUHEeHTa OT ONpeNe/dIoIHX - (PakTOPOB. :

[Tyrem mpeobpasoBanus Gopmyasl (6.12), ocHoBaHHOK Ha BEIYHCIIC-
wun Ganadca sHepruu, Cynoabckum [168] moayueHa jfpyras, Goaee

npocras ¢popmyaa , _
vep = khy  [sin (20)/(TB)]'"*, (6.14)
rie B— UIMpHHA YacTH OTMEJH MeXAy, JUHHell pas6uBaHus BOJH
ypesoM BOABI, M; k — kosppuunenr, pasHel  7,2; h L o, — BBICOT2
BOMHBL 1 Y- 06eCHEYeHHOCTH, H3MepEHHAS! B 30He DA3GHBAHHSI.

Ota ¢Qopmyna obecneunBasa XOpPOWIYIO CXOAHMOCTb H3MEPEHHBIX
U BBIYMC/AEHHHX 3HAYEHHH CKOPOCTH IIpH IIHPHHE OTMEJH OT b H HpH-
MepHO &0 50 M. DMnupuHuecKHM Ko3(pQPHLHEHTOM k 3Zech YaCTHYHO
_ YYUTHIBAJIOCH * BJHSIHHE MOpP(]POJOTHUECKHX 0COGEHHOCTeH Geperoshix
OTMeJlel, Ha KOTOPbIX NPOBOAKINCH H3MEPEHHS TeueHHIl.

B cayuae ucnonbzoBanus cdopmyas (6.14) mias mpOTHOCTHYECKHX
ueJsedf Co3qalTcs HEKOTOPHIE 3aTPYAHEHHS NPH ONPENeJeHHH BHICOTH
BOJIHbI B 30He pa3buBaHHsS M yIvia NOJXOAa BOJH, H3-32 HEro HETOYHO
onpeaenasercs CKOPOCTb TeueHMsi, HauGosblive NOrpeliHOCTH BO3HH-
KaloT B CJAy4asAX, KOTAa NPHXOIMTCSH BBEIYHCHSNTL CKOPOCTb TEUEHHS
TIPH BeTpe, HefCTBYIOIIEeM BJOJb Gepera WAH C CYIIH, NOJ HeGOJIbIIHM
OCTPBIM YIJIOM K JHHHH Oepera, a TakXe NpH HaJuYHH pedpakuuu
BETPOBBIX ‘BOJIH.

Uro6er n3bexaThb STHX 3aTPYAHEHHH, B pacueTHOH ¢opmyse B Ka-
YeCTBEe ONpee/]sIOIMX (haKTOPOB 2KeJaTeNbHO YUHTHIBATH. BHICOTY
BOJIH Ha NoJxoJe K OeperoBoHl OTMeNH, a Yrosa IOAXOAa ONpENeNsiTh
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10 HalpaBJEHHIO PACHPOCTPAHEHHS BOJH Ha TJyboKOH BOAE, KOTOpoe
MOXKHO NPHHUMaTbh COBNAJAIOIUM C HanpasJeHueM Berpa. dopmyna
C TaKHMH ONpeNeNsIOIHMH NapaMeTpaMu IpepsoxeHa B pabore

, '[190]. O6ocHoBanuEe GOpPMYIBI pa60TbI [190] ocymecTBreHO —myTeM

aHagusa 230 H3MepeHHBIX MO e€AHHON MeTOAMKEe Ha HECKOJbKHX BOJO-
XpaHHJIHUIIAX 3MI0p pacnpefes]eHHss CKOPOCTH BAOJAbOEDEroBbix Teue-
Hufl. HanMeHbllag MWIHpuHA OTMesell IO CTBOPY H3MepeHHHA B pPaccMOT-
PEHHBIX MaTepHaJjax coctamisija b M, a Haubosbllias — 0koJ0 100 M.

ITo 3TMM JaHHBIM yCTaHOBJIEHA, B YAaCTHOCTH, 3aBHCHMOCTb CKOPO-
CTH BAOJLGEPEroBOrO TeueHHsi OT UIHPHHBI OTMENH H HalpaBJIeHHs
pacnpocTpaHeHHs BOJH NPHU IIPOYHX NOCTOAHHHIX ¢akropax. Oxasa-
JIOCh, YTO NPH YBEJHYEHHH LIHPHHBI OTMeJH H IIPOYHX INOCTOSHHHIX
takTopax CKOpOCTh TeueHHs YMEHbIIAeTCs NPHUMEPHO MO 3KCIOHEHIH-
aJpHOMY 3akKoHy. MameHeHue cKopocTH BIOJNBGEPErOBOrO - TEYEHHUS
B 3aBMCHMOCTH OT yrjia MeXJy HampaBJeHHeM PaclnpOCTpaHeHHs BOJH
Ha riy6oKo# BOJZe M HaNpaBJeHHEM HOpPMaJH K JUHHH Oepera B pa-
6ote [190] mpoHCXOXHT NO" 3aKOHY CHHYyca JHlIb B Iperenax 0--90°.

" Ipu yraax, Goaswimx 90°, cKOpPOCTh BAOJNLGEPErOBOrO. TEYEHHS . IPH-

HSTa IJaBHO yMeHbpllalouleficd 10 HyJEBbIX 3HAUEHHH HNPUMEPHO HPH
yraax 135° Ha npsaMosauHeAHBIX yyacTKax Gepera u go 120 u 150° co-
OTBETCTBEHHO H4 BOTHYTHIX M BBUIYKJBIX (C paJHyCOM KPHBH3HH 1—
3 kM) yuacTkax 6epera [190]. R

Pe3yJsbTaTH IOCHCLYIOUIEro aHaIN3a HMEBIIAXCS paHee U HOBHIX
JaHHBIX HATYpHBIX H3MepeHHH MOKa3aju, YTO H3MEHEHHe BejHuMHbl
f(2) u B mpepenax yrioB 0-—90°° He COOTBETCTBYET 3aKOHY CHHYCA.
HauGonpline -OTKIOHEHUsT 3Ha4YeHHH [(@) ,0T COOTBETCTBYIONIMX 3a-
KOHy cuHyca oOHapyxKuBaloTca npu Maawmx (10—30°). yrmax o, Tlo-
9TOMY [0 JaHHBIM MH3MepeHHHA cocTaBjeHa Taba. 6.5 ocpeiHeHHBIX
3HauyeHnl f(o), oxmarpiBaomas Bech JHAIMa30H. H3MeHEHHH VIJOB o,
IIpY KOTOPHX .BO3MOXKHO (pOpMUPOBaHHE BIOJLOEpPErOBOr0 TEUEHHS Ha
GeperoBEiX OTMeENISIX HPSIMOJHHENHbIX, BOTHYTHX H BBIOIYKJBIX B IJaHe
yuacTkax bepera.
Ta6auya 6.5

3navenue napamerpa f (o) B opmyuae (6.15)
IpH- PasiMYHBIX yriax NOAXOKA BOJH K Oepery
H Pa3’NYHBIX OYepTaHUSX Gepera B miaHe

Yroa n01X0Aa BOJIH K Gepery
Ouepranne -

Gepera 0° 10° 20° 30° 40° 50° 70° 90° | 110° | 130°
Brinyraenit 0,0 | 0,600,801 0,94| 0,98 1 0]0,97]0,8 | 0,65 | 0,35
TTpamoan- 0,0.{0,60]0,80|0,94 0,98} 1,0 10,951 0,8 | 0,65 |.0,15
HeHHBIH » !

BoruyTei 0,0 { 0,60 (0,80(0,94]0,98{ 1,0 | 0,94 | 0,78 | 0,44 | 0,00

Cpennsas B npenenax GeperoBofi OTMeNH CKOPOCTb BIOJABGEpero- -

‘BOI'O TeyeHus HpelICTaBJIeHa B BHUJIE
=kl o f (@) exp[—(0,014B — 0 5Hoo), (6.15)
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rzxe B — o6ias mupuHa GeperoBoit OTMeJH, M; h — BBICOTA BOJIHBI

1 %-#t oGecreueHHOCTH (B CHCTeMe), HSMepeHHaH Ha  IOAXoJe
K 6pOBKe OTMeNH, M; Hcp——cpeﬂ.ﬂﬂﬂ rjyOuHa Ha GeperoBoi OTMeJH, M;
f(a) — napamerp, 3aBUCALIHA OT yriaa o MEXIy JY4OM BOJIHBE H
HOpMaJIbi0 K JIMHHH Gepera onpenenasieMblit 1o Taba. 6.5; ksy-— Ko--
s¢pduuuedT, npuHuMaeMblii paBHeiM 1,0. ,

Qopmyaoit (6.15) MOXKHO NOAb30BAThLCHA AAA pacqua CKOPOCTI/I
BLOJIbOEPErOBOr0 TeueHHs Ha GeperoBHX OTMeJsX INMPHHOK o 80—
100 M. Ona ofecneyuBaeT Jy4IIYI0 CXOLMMOCTb C JAHHBIMH HATYPHBIX
usMmepenu#i, yeM ¢dopmysna Hucturyra rugpomexanukn AH CCCP
[141, 142] u popmyaa A. 5. Illsapuman [218, 219]. -

IIp pacuerax CKOPOCTH BJOJbOEPErOBbIX -TEUEHHH JJisi MOJOTHX
IHMPOKHX OeperoBblx OTMesned HeOOXOAMMO YYHTBHIBATH BJHSAHHE CKO-
pocTu BeTpa. DTO BJAMSHHE MOXKHO yyecTb (popmysamu (6.2) u (6.3),
NOJYYECHHEIME IS OAHOHANPABJEHHOTO O TIJyGHHE BETPOBOTO Tede-
wusa. C yuerom ¢opmysasl (6.3) BbpakeHue NIsi cpezmen CKOpOCTH
BIOJIbGEPErOBOrO TeueHusl NpuobperaeT BUA

Up=kyhy o (@) exp[—(0,014B —0,5H )] +
+1072 (0,70 + 0,33 lg H_ ) W!g sinay,, | (6.16)

tae Wi — ckopocTh BeTpa Ha BheicoTe 10 - M Hajy BOLHOH  NOBepX-
HOCTBIO, M/C; Oy — YrOJ MEXKIy HalpapJeHHeM BeTpa U Hopmamﬂo
K JuBHuH Gepera.

[pu Hajuyuu CBefieHUH O AJIHHAX BOJH CPELHIO CKOPOCTb BLOJb-
6eperosoro TEeYeHHs] MOKHO NPEJCTaBUTh B BUIE :

oaltt o (@) exp[—(0,014B —0,5H )] +
42,5107 AW A/H sinay. (6.17)

Ilo ¢opmynam (6.15)—(6.17) MOxKHO ompenesuTh HE. TOJBKO
CPEJHIOI0 CKOPOCTb TIPH KOHKDETHBIX YCJOBHAX, HO U BBIUHCJHTH pe-
JKHMHbBle XapaKTepUCTHKH-BLOJbGEPEeroBslx TeueHu#.

[MorpemsocTu pacyera ckopocTd nmo  ¢opmyaam . (6.15)—(6.17)
yame BCEr0 VKAAALIBAIOTCH, KaK [OKAa3BIBAIOT CONOCTABJIEHHS ¢ JaH-
HHIMu HabMogenun#, B npefensl 15—30 %. Hauboasmne norpeltnocTu,
Jocruraomue 40—50 % wH3MepeHHBIX 3HaYeHHH, OGHIYHO OTHOCATCH
K clyuasim Magawix (2—10°) YIJIOB TOAXOAA BOJH K 6epery M K cay-
yasgM (OPMHPOBAHHUs TeUEHHH B yCJOBHAX AeACTBHS Berpa C CyuH
TIOX OCTPBIM YIJIOM K JIMHHH Gepera.



T'nasa 7

" [IEPEMEIEHHE HAHOCOB
. HA BEPETOBBIX OTMEJIIX

7.1. O6wue csedenusn o nepemeueHunx HANOCO8

Ha6J11011eHHﬁMH yiXKe AaBHO yCTaHOBJleHO yTO 00bEeMH Iepemelle-
HUH HAHOCOB Ha GEpEeroBbIX OTMEJSAX 03ep H BOJAOXPAHHJIHMLL 3aMeTHO
MeHblile, 4yeM Ha Mopsx. HelicTBuTe/BHO, ec/y, HanpuMep, 06beMHl IIe-
peMelieHUi TpaBHsl W raJbKH Ha COYHHCKOM rnobepexbe HepHOro mops
cocraBasior 32 Tteic, M® B rox [47, 52], a mepeMelleHus @mecka Ha
Basnruiickom no6epexnve — okosno 500 Teic. M3 B roi H JOCTHraioT
B oTjeJbHBE roasl 1 man m® :[6, 52, 85, 109], To nepememieHusa UJIH-
CTO-ECYaHBIX HAHOCOB Ha OeperoBbHIX OTMeJsiX, BOJOXPAHHUJHULL CO-
craBasioT 5—15 Teic. M® B ron [167, 190, 229], a Ha KpYNHBIX 03epax
JOCTHUraloT, N0 NPUOTHKEHHHM oueHKaM okoso 50—80 TeIC. M¥/ron
[52, 97, 186].

Ha Bojoxpauuinmax BAOJbOEpPEroBOHl MepeHOC HAHOCOB MPOHCXO-
JUT [ajKe B MEPHOJ 34MOJHEHHS ero Yalld K OOBIYHO yBEeJNHYHBAeTCA
1o Mepe (OPMHPOBAHHUS OTMENell U BHIpaBHHBaHUA OeperoBOH JHHHH.
IT0 06CTOATENBCTBO OBIIO 3aMeUeHO IPH 3aMOJHEHUH INePBLIX BOLO-
xpaHunny 219, 229] u noATBEpKAECHO MHOTHMH HOCJAEAYIOIIMMH HC-
ciaegoBanuamu [190, 228]. -

B mepBble ToAbl CYILECTBOBAHHMS BOJOXPaHM/IHLL OOLIYHO HabJI0-
JlaeTcss HHTEHCHBHOE 3aHeCeHHe 3aTOIJIEHHLIX NPHYCThEBHIX Y4aCTKOB
peK, OBparoB, 6aJioK H APYTHX INOHUKeHHH penabeda. Baarosaps sTomy
VBeHYHBAeTCsS AJIHHA YYacTKOB TPAH3UTHOro JABHKEHHS, 4TO B CBOIO
. oYepeib CIIOCOOCTBYET YBEJHUYEHHIO pacxOfoB HaHOCOB.  IlpoTaxen-
- HOCTb YYaCTKOB IepeMelleHHsT HAHOCOB Ha BHOBb CO3JaHHBIX BOJOXPa-
HUJHIIAX OOBIYHO COCTABJSAET COTHH METPOB, @ 4Yepe3 HECKOJBbKO JeT
CYLIECTBOBAHUS BOJAOXPaHH/MIL 32 CYET 3aHECeHHS OTPMUATENbHBIX
¢dopM nomBofHOro peiibeda yBeJHUMBAETCS IO HECKOJIBKHX KHJIOMET-
po. Ha kpynHbIX 03epaX, Kak M Ha NOGepekbAX MHOTHX MOpeil,
JIJMHA Y4acTKOB TPaH3UTHOrO [BHXKEHHS HAHOCOB HEPEAKO AOCTHTaer
JEeCATKOB KUJIOMETpPOB.

Ilo mepe QopMHpOBaBHS OTMeJell H BpraBHI/IBaHI/IH 6eperoson
JUHHH Ha BOAOXPAHUJHILAX NPOHCXOAUT H3MEHEHHE CTENeHH BJIHS-
HUS BOJIH pa3JIHuHOH BBICOTH Ha OO0BeMHBl B3My4HUBaHUs, BUL U GOPMY
TPAHCMOPTHPYEMBIX HAHOCOB. Ec/i HA HAYAJIBHBIX CTAJUAX (POPMHpO-
BaHHSI OTMeEJIEH NIepeHOC HAHOCOB OCYINECTBJSIIOT KAaK CaMble MaJjble,
Tax U IITOPMOBBIE BOJIHBI CpelHell W GOJbLWIOA BHICOTH, TO Ha GoJsee
NO3JHAX CTaAusAX A POJb NePBHX YMeHbIIaeTcs, a pOJb LITOPMOBHIX
BOJIH YBeJUUYHBaeTCH.
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Hanocel B npelesnax 6eper01351x OoTMeJieli NepeMeNlaloTcs BO B3Be—
IIEHHOM COCTOSIHHH, IyTeM CajJbTallHM M BJeyeHHs 10 AHYy. Bspeiuen-
Hbie HAHOCBHL MOTYT MepeMeHiaThcsi, KaK CHpaBeAJHMBO YKa3bBaJOCh
B paborax [2; 109], npakTHuecKH CO CKOpPOCTbIO BLOJbOEPEroBOro:
teyennsi. CKOPOCTb BAO/AbGEpEeroBoro nepeMelletts rajeysblXx HaHOCOB
Ha MOpPCKuX Oeperax B MepHOJAH LITOPMOB OGBIYHO He INpeBhILIaeT’
HEeCKOJIbKMX JAecsAiTKOB MeTpoB 3a 1 u [47] Tako#t xe nopsaiok o6BIYHO-
HMeeT CKOPOCTh BJIOJbGEPEroBOro mepeMellledHs JOHHBIX HAHOCOB Ha:
oTMmessix Bopoxpanuaui [167, 175, 229].

JIpr>XeHHe HaHOCOB OOBIYHO COMPOBOXKAAETCsl BO3HHKHOBEHHEM ua
OTMeJH AHCKPETHBIX AKKYMYJAATHBHBIX (POPM DAa3JHYHOTO CTPYKTYp-
HOTO YPOBHSI: 3HAKOB PsAOHM; MEJKHX Tpsf, NOAOOGHEIX PYCJIOBHM MHUK-
podopMaM; KPYHHBIX Tpsifi, MPHMBIKAIOMHUX K Gepery H IpHAAIOLIUX
ypesy NJaBHO M3BUJHCTHIE ouepTaHus B miane [167, 190, 228]. B mpu--
ype30Boll 30He MJsKA HHOTAA BO3HHKAIOT TaKHe BeChbMa HeyCTOHUMBLHIE
(opMEl, KaK IJsIKeBble (PECTOHB, & Ha OTMeJsX, NOCTUIUIMX CTajuu

OTHOCHTE/IHOTO JHHAMHYECKOrO DaBHOBECHS, (DOPMHPYIOTCS MOABOA-
' HBble BaJIbl, KOTOPEIE MOXHO OTHECTH K HauGoJee' yCTOHUMBHIM 06paso--
BAHHSIM.

7.2. Merodu usyvenus nepemeujenus HaROCO8

JJisi u3yuyeHuss BAOJAbLOEPEroBbIX MepeMellleHHH HAHOCOB B CBA3K
C pasjuyusiM¥ BHAOB U (OpM NepeHoca TBepABX UaCTHL, a TaKKe
C YYeTOM pasJiMuds 3aJay HCCJAEJOBAHHH NPHUMEHAIOTCS METOAB MH-
HepaJIOrHyeckoro u MopdoJiorayeckoro asajgmusa [b2], MeTom oxpa-
IIHBaHUS TBEPABIX YacTHL JiomMuHOpopamu [52, 120] uau obayuenus
UX paJHOaKTHBHBIMH u3otonaMu [52], oObeMHEIl, THIPOAHHAMHYUE-
ckuil [109] u rugpomerpuueckuit [2, 6, 167] meronsl.

Meroa  MHHepaJOrHYeCKOrO aHaJM3a MCIOJNb3yeTcss B OCHOBHOM
IJiS BBISICHEHHS HamnpaBjeHHsl 4 JaJbHOCTH IepeMeIleHHs HaHOCOB.
Metox Mmopdosorayeckoro anajmusa H OOBEMHEINl JaIOT BO3MOXHOCTE
ONpeAeNsiTh He TOJBLKO HANpaBJeHHe IepeMellleHus, HO U O00DbeMBI
AKKyMyJsILMH HaHOCOB 3a HEKOTOPBIE, JOCTATOYHO NPOAOJIKHTENbHbIE:
npoMeXyTkH BpeMeHu. Cjefyer -3aMeTHTh, YTO B 3apyGexHmx pabo-
T4X OCHOBHOEe BHHMaHHe yledsieTcsl H3ydeHHio Aedopmauuii mHa u
OlleHKaM BJAOJbOEPEroBbiX INepeMelleHHH HAHOCOB OOBEMHBIM METO-
AOM. DTO CBI3aHO C TeM, YTO B HHOCTDAHHON JuTepatype (IpuueM He
TOJbKO B OTAEJbHBIX HAYYHBIX CTaThsX, HO M B MoHorpadpuax [60,
77]), BbICKa3blBaeTCs MHEHHE O HEBO3MOMKHOCTH HENOCPeACTBEHHOTO:
H3MepeHHsl PacXOAOB HAHOCOB M CYLIECTBEHHO NpeyMeHblaeTcs ponb.
B3BelIeHHEIX HAHOCOB.

[Ipumenenne «MeueHHBIX» JNIOMHHOPOPMAMU WJIH H30TONAMH TBEp--
ABIX YaCTHI[ NO3BOJISET. ONpPENAeNUTh CKOPOCTb, HanpaBJieHHe W pas-
Mephl 30H INepeMelleHHs HAHOCOB, a COBMECTHO C J@aHHBIMH O CJioe:
nedopmanuii — o6beMbl NepeMelieHHH HaHOCOR [H2].

B ruapoAHHaMHYeCKOM MeToje, paspaboraHHoMm B. B. JIoHrHHO--
BoiM [109}, nanocoaBuxylee AefiCTBHe BOJIHEHHS M NPHGOHHOrO NO-
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"TOK4 OlpeJe/sieTcss MQ AAHHBIM O UHCJOBHIX. 3HAUEHHSX H CYMMapHOH
WIOBTOPSI€MOCTH TOPU3OHTAJbHBIX BOJHOBBIX AaBJEHHI B HPHAOHHOM
«€JIoe C y9eTOM COCTaBa JOHHBIX OTJOXKEHHIH U CIBHIAIOUIMX CKOPOCTEH.

Fmapomerpunyeckuii MeTon 0OasHpyeTcs Ha ONpele]eHUH pacxoja
“HAHOCOB IO JaHHBIM O pacxofe M MYTHOCTH BOJbl. Brmepsbie oH 6BIIT
TpuMeHern Ha YepHomopckoit cranuuu HHcTHTyTa OKeamonoruu AH
CCCP. B crBope, 060pyfOBaHHOM IOABECHOH JIIOJNBKOH, NPOU3BOAH-
JIHCb H3MEPEHHS CKODOCTH TeueHHst M OTOHpaJuch NpoGH BOAHBI Ha
MyTHOCTb [2]. D1OT MeTOA HauboJiee LIHPOKO HCIONb3OBAJCH H B HC-
-CJIeJOBaHHAX, NPOBOAMBIINXCS 3IKCHeAUUNOHHBIME rpynmamu I'THU nHa
BHYTpEHHHX BoZoemax. llocleqHuii oT/iuuasdcs OT YKA3aHHOTO Bhille
‘MEeTOAa TOJBKO TEM, 4TO H3MepeHHe CKOPOCTH TedeHHs U oT6Oop mpob

Puc. 7.1.. BpeMenHas 3CTaKaja, HOCTPOEHHAs Ha KpeMeHYyrcKOM BOZOXpaHMIHILE
JJIs H3yueHHst RUHaMuKu. Oeperosoit 3o0Hbl (ofmas aauHa 80 M, HauGoablias
- raybuHa 2,2 M).

’

C e

‘BOABI Ha MYTHOCTb NPOHM3BOAMJIUCL HE TOJbKO C NOMOIILbIO AUCTAHIH-
“OHHOTO TPOCOBOT'O YCTPOHCTBA, HO TaKKe M ¢ 3CTaKaAbl, JOAKH HJIH
BOpon [190, 227]. JucTaHnHOHHBIM ycTpoiicTBOM (C NpoJeToM OT 25
A0 127 M) 6vL10 0GOpYyNOBaHO TpU CTBOpa Ha KallpakkKyMCKOM BOJO-
XpaHUJIHILEe W OJUH CTBOP (c mposerom 156 M) Ha ASOBCKOM MOpE,
.a acrakajzofl (mporsKeHHOCTh 80 M) — ofHMH cTBOp Ha KpemeHuyr-
:CKOM BojJoxpaHuauime [186, 190] (puc. 7.1). Ilpo6wl BOABL HaA MYT-
HOCTb OpH  K2XKAOM H3MepeHHH OTOHpaJuch OGBIYHO Ha INecTH—
BOCbMH BEpPTHKaJfAX. UHCIO TOUeK H3MepeHHsI Ha BepTHKAaJU COCTaB-
IS0 JBE-—HEThIpE.

B npuypesoBofi 30He npoOHl OT6HpaJIHCb HHTErpalHOHHO IO Bep- .
‘tuxaqu. Ilast oT6opa Mpo6 OGHIYHO HCHOMb30OBATHCH GATOMETPHL AJIH-
"“TeJIbHOTO  HallOJHeHHs — 6aToMeTp-OyThlIka Ha ILITAaHre HJIH TPOCE
-[164]. Bo Bpemst paGor Ha KaxoBckoM n KpeMmeHuyrckoM BOZOXpa-
HHJIMINAX HIMPOKO HCHOJBb30BAJICS 'MHTETPALHOHHE (Mo IIHpHHE OT-
iMeJd) crnocof or6opa npo6 BOABL, NMPH KOTOPOM O CpPefiHeH B CTBOpE
"MYTHOCTH CYIHJIH [0 OAMHOYHEIM Opo6aM, OTOHpaBIIUMCS U3 BEPXHEro
i TIPHIOHHOTO CJIOEB B IIpejesax MeXAy ype3oM M BHeLIHeH rpanuuei
“30HBI MYTHOCTH [173]. B HerOTOpBIX CIyuasgx ONPEeHeasijoch MIHOBEH-
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HOe paclpefeJeHne MYTHOCTH Boubl no BepTukaau. s orGopa mpo6-
BOJEI CO B3BEIEHHHIMH HAHOCAMH NPHUMEHSJIHCh CTaHAapTHhE 6aTo--
MeTphl # OaToMeTpHl, paspaboransble: A. C. CymoJbCKHM: NJaBYYHH
6aTOMETpP-HHTETPATOP, NPHLOHHBIH 6aTOMETP-HHTErpaTOp u GaToMerp-
nuddepernnatop [173],n0kasaHHbe HA DHC. 7.2.

YA ATAT Y e
ASSSSITCSNRRY

Puc. 7.2. BaToMeTpH AJg B3ATHS OPOG BOXH CO B3BEUICHHEIMH HAHOCAMM B NpH--
' Goitrofi 30He.

a — G6atoMeTp-auddepeHHaTOP MTHOBEHHOTO HANOJHEHHS, 6 — IJAaBYYHH GaTOMeTp-lUHTerpa-
TOP, 8 — NPHIAOHHBIH GaToOMETP-HHTErpaTop. .

[as n3MepeHu# pacxoA0B AOHHBIX HAHOCOB HCIOJb30BAJHCH JIO--
BymIkM [167], KoTOpHE 3araybasaauch A0 YPOBHS AHA M MOITOMY He:
BHI3BIBAJHM 3aMETHHIX HapyUIeHHH MOTOKA W IepeMelleHHs HaHOCOB.
OD/leMeHTH BOJIH BO BpeMsi paboT Ha GeperoBEIX OTMeEJsIX PETHCTPHPO--
Ba/JMCh 3JAEKTPOMEXaHHYECKHM BOJHOrpadoM, MexaHHYEeCKHMH pEeru--
CTpaTOpaMu BOJHOBBIX KOJeOaHHI YDOBHSi C IIOMOILBIO 3JEKTPOKOH--
TaKTHBIX Bex [154, 169], a 3a BpeMsi M3MepeHHs pacxoja HaHOCOB.
UJH - OTAeJbHBIH IUTODM ONpeleJsIHCh O MaKCHMaJbHO-MHHMMAJb--
HBIM BOJHOMeDHHIM BexaM, YCTaHaBJHBAeMBIM [JIsi 3Tofi Ueadd Ha
6poBke OeperoBoif OTMENH.
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Ilupuna GeperoBHX OTMeJeH Ha BOJHBIX O6bekTax  cocraBANa
5—25 m na KafipakkymckoM Bogoxpasuiume u 150—300 M ma Jla-
MOMKCKOM oO3epe. 3a BpeMs-pafOT Ha BCeX YKA3aHHBIX BBIIIE BOAHBIX
-06bekTax 6buio uaMepeHo 0kojao 200 .pacxof0oB B3BELICHHBIX HAHOCOB
M 0KoJIo 50 pacxoXoB AOHHBLIX HAHOCOB,

7.3. Ocnosnble HepTol MeXAHU3MA NepeMeljerus HAHOCOE

Hccnenosareny AnHaMHKH GeperoBoHl 30HB MOpeH H BHYTDEHHHX
'BOJOEMOB YK€ JaBHO YCTaHOBMJIH HEKOTOpble OfIlMe 4yepThl BO3AEHCT-
BUA IBHKYyLleficsd BONH Ha YaCTHIB HAHOCOB B DYCJOBOM H BOJHOBOM
morokax. ‘Ha oCHOBaHMH 5TOro AOCTHXKEHHS NUHAMHKH DYCJOBHIX [O-
“TOKOB MOXKHO pacnpoCTpaHsiTh Ha 006/1acTb OGeperosuHx INpPOIECCOB

B BOJoeMax H HaobGopoT. Hapsay ¢ TakduMH MHEHHSIMH, BBICKa3bl-

BaloTCA COOOpaXKeHUsT O 3HAUYUTENbHOM DAasJHYUH I[POIECCOB B BOJHO-
BBIX M PYCJOBHX II0TOKaxX. MHOrHe BONIpOCH B3BeUIMBAHHWS M MepeMe-
IIEeHHs] HAaHOCOB JO HACTOsILEro BPEMeHH OCTATCH  HepelleHHBIMH,
BrickasrniBaercss JaXKe MHEHHe, YTO B HacTosilee BpPeMsl CYLIeCTBYeT
:CTOJbKO TEOPHH ABHXKECHHS HAHOCOB, CKOJBKO HCCHeROBaTeNell 3aHH-
MaeTcst 3TUMM Bonpocamu. ILjsi A0Kas3aTeNbCTBa TaKOro IIOJIOXKEHHS
JieJ, KpOMe IIPDOTHBOPEUHBBHIX NPEJCTABJICHHHA O IBHMKEHHH TBEPABIX
YaCTHI, CCHJIAIOTCS Ha pasHooGpasue IpeACTaBJeHHH O BOJHOBHIX KO-

-.JiebaTeJbHBIX llBI/I}KeHI/IHX; NEepEHOCHBIX TEUEHUAX, LHDPKYJIALUHUU -BOALI

¥ TypOyJEHTHOCTH IOTOKOB.
JleficTBUTENBHO, MO BONpPOCAM J[ABHXKEHHS BOJ B BOJIHOBBIX TOTO-
‘KaX, XOTd OHHM H ONpeeNAI0T B3BelIHBaHHe H NepeMelleHHe HaHOCOB,

He BBIpaGoTaHBl OGIIENPHHATHIE koHuennuu |6, 25, 33, 52, 61, 109]-

Tio 3Tofi mpuYHHE OCHOBHBIMH (DaKTOPAMH, ONPEAENSIONMMH B3Belll-
BaHHE H [ePeMelleHHe HAaHOCOB, ONHM HCC/IEAOBATENH CUHUTAIOT BOJI-
HOBBHIE KoOJjieGaTesbHble [ABHKEHHS, Apyrue — NMEPEeHOCHble ~ TeueHus,
a4 TPeTbU — COBMECTHOE [elCTBHEe BOJIHOBBIX JABHIKCHHH H IepPeHOCHBIX
-teyenui. B. B. Jlourunos [109], B uacrHocTH, ompeaensiiomiuM (ak-
"TOPOM CUHTAET BOJIHOBBIEe KoseGaTesbHble ABHMKEHHS, a BTOPOCTENEH-

t

‘HBIMH — BILOJIbﬁEPEI‘OBbIe H KOMOEHCalHoHHBle TeueHus, OTMmeuass OT-

CYTCTBHE CBeJleHHH O TypOYJIEHTHOCTH B BOJHOBOM NOTOKE, 3TOT aBTOP
TipejnoJiaraeT, YTO BO3BPATHO-IOCTYNATeNbHEE BOJIHOBblE ABHIKEHUS
'He MOIYT CIOCOGCTBOBAThH PA3BHTHIO CKOJIbKO-HUOYAb YCTOHYMBOH Typ-
HyJEeHTHOCTH U OTCIOJa JeJaeT BHIBOJ, YTO TYpOYyJeHTHOCTh HEe OTHO-
CHTCS K ONpeAesdAOlIHM B3BELIMBAaHHE HAaHOCOB (akTopam.

st obecrnieueHusi pasMblBa AOHHBIX OTVIOXKEHHH H B3BelIMBAHMUS
TBepJbIX YaCTHI B MEPBYIO ouepelb. HEOOXOAUMO, YTOGH CKOPOCTDL TIO-
‘TOKa HE3aBHCHMO OT €ro BHIAA (BOJHOBBEE KOJIeOaHHSA, CPABHHTENBHO
YCTOHYHBOE BAOJNbOEPErOBOe TeYeHHe MM NMyJbCALHOHHBIE JABHKEHHS)
IpeBHINaja pasMbIBAIOUIYI0 CKODOCTbL AJsl rpyHTOB. CJelOBATENBHO,

" TIpu pelleHHH BONPOCOB JAMHAMUKH HAHOCOB  GeperoBOii 30HH - BOJO-

‘€MOB OCHOBHOE€ BHHMaHHe HEOOXOAUMO YACJATb TAKHM BHAAM JBHXKe-
HU# BOIbI, CKOPOCTb KOTOprX B KOHKPETHBIX YCJIOBHAX MOXKET JOCTH-
TaTb HauOOJBIINX 3HAUEHHH U OCYLIECTBJISITL pasMbiB U B3BEUIHBaHUHE
TBepILbIX qacTull. -
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HanGoJspuryo ¢KOpOCTb B BOJHOBOM IOTOKE MMEIOT BOJIHOBBIE KO-
JebarenbHble JBHXKeHHs. B NpHOGOHHOH 30HE BHYTPEHHHX BOLOEMOB.
OHH MOTYT JOCTHTAThb B 3aBUCHMOCTU OT cuJjibl wropMa 3—>5 m/c. Cxo-
POCTh NYNbCAIMOHHBIX JABHXEHHH B YCJHOBHAX [ABHXKEHHS BOJH Ha
ry6oko#l BoJe OOBLIYHO HA MOPAJAOK MeHbLIe CKOPOCTH, BOJIHOBBIX:
KoMeGaTesbHbX JBMKeHWH. OLHAKO B ‘30HAX HHTEHCHBHOTO 3a6ypy-
HUBAHUA W pa36UBaHUsS BOJH NpefebHBE 3HAUEHHUA NYJAbCAUHH CKO-
POCTH MOTYT NpHGJMKATbCA K CKODOCTH BOJIHOBBIX KOJIeGaTe/bHbIX.
IBHKEHHE M, HaApsAy C MOCJAEIHMMH, OKa3blBaTh  CYLIECTBEHHOE:
BJIMSIHHE Ha OpOIlecCHl B3MYUYHMBAHMS TBePABIX YACTHI, M NOAJAepHKanue:
HX BO B3BellieHHOM cocrtosinuu [7, 52, 89, 109, 239]. Cxopocts nepe-
" HOCHBIX TedyeHHH, K KOTOPHIM OTHOCATCA BAOJbOeperoBbie H KOMIEH--
CalHOHHBIE TEUYEHHs, MPH LITOPMAxX cpejHel CHIB OOBIYHO COCTABJAET
0,1—0,5- M/c, a Tpd nrropmMax wauboJblled CHABI MOXKeT AOCTHUraTh.
1,0—1,5 M/c. DTH TeueHHs OCYLIECTBJAIOT B OCHOBHOM I€pEHOC HAHO-
COB, B3BELIHBAaeMBIX" B pe3yJbTaTe BOJHOBBIX H INyJbCALHOHHHIX ABH~
JXKeHHH, HO HepelIKO NpH LITOpMax cpefHedl M 6OJbLIOH CHIBL OHU MO-
IyT pasMBIBaTh JHO M 3aMETHO BJHATH Ha POLECCH B3BELIHBAHUSL
TBEPABIX YaCTHIL. !

Coueranue BOJIHOBBIX KOJNeBaTeJbHBIX U nynbcaunonﬂux JBUIKSHHIL
C TIePEHOCHBIM TEYeHHEeM INPHUBOJAUT K TOMY, UTO TPACKTOPHUH HACTHI
JKHJAKOCTH B BOJIHOBOM IIOTOKE Haj GeperoBodl oTMesplo mpHOGpeTaoT
BeCbMa CJNOXHBIH BHA (CM. IVI. 2), CYIIECTBEHHO OTJHYAIOUIHICA OT
BHJIa TPAaeKTOPHI NBHKeHMs dYacTHL B peuyHoM notoke. Hecmorps Ha
3TO, B BOJHOBOM IIOTOKE, KaK M B PYCJOBOM, HaGalojaercs TPH BUAA
nepeMelleHHs TBepAbIX YACTHI: BO B3BEUIEHHOM COCTOSTHHH, CaJbTa-
nuell u BaevenneM. OAHAKO KaXKABIH U3 3TUX BUAOB IBHXKEHHE OTJIM-
gyaercss GoJiblllefl  CJIOKHOCTBIO H'pasﬂooépa-sneM, 4eM B PYCJOBOM
NIOTOKE:;

Ha Geperosbix OTMe/ifix BHYTPEHHHX BOJOEMOB BbIlIeJIHIOT TPH Ka--
YECTBEHHO DAa3JWYHBIX DeXHMa JBHXKEHHS BJECKOMBIX HAHOCOB: pH-
¢denbHbIf, TPANOBHIN U [JTaLKUE.

Pugenvnoi pexcum Osuscerus Hanocos HabM0faeTcs B YCJIOBHAX
CPABHHTENBHO C€J1a60T0 ‘M JAOCTATOYHO  YMNOPSIOYEHHOrO  BOJHOBOTO
BO3JIcHCTBHSL Ha JIOHHBIE OTJOXKeHHuA. IIpu IpoxoxKIeHHH rpebHell BOJH
IO AeHCTBHEM BOJHOBBIX ABMIKEHMH TBepJble YaCTHIBI [epeKaThiBa-
I0TCS MJIH CKOJb3AT IO JIOGOBBIM CKJOHAM pHbesnel, 3aTeM CpHBa--
I0Tcsi ¢ rpe6Hefl U nonafarT B 06JACTb BHUXpPEH Hal NOABAJBAMH, THE-
BO3HHKAIOT BaJblLbl C PE3KO NOBHILEHHBIM COJEpPIKaHHEM TBEpABIX Ya-
crull. Basbupl wacTo pacnosaralTcs napasJieJdbHBIMH pAjaMH H He--
-~ PEIKO NpOCJeKUBAIOTC BAOJb pn(be.nen Ha HECKOJbKO MeTpoB. TBep-
ABle 4acTHIL U3 00JIacTH BHXpel YaCTHYHO TMEPexonsT B 0671acTh NO-
TOKa, a YaCTHYHO BHIIAZAlOT Ha rpebHu cocepnux puceseir. INomas-
mxe B 00J1aCTb IIOTOKA B3BElLUEHHbIE YACTHUB HPH KOCOM NOAXOZE-
BOJIH K Oepery ABHXKYTCH 10 3Ur3aroo6pasHbiM TpaeKTopm{M U OOBIUHO -
CMEeUjaloTCs BAOb 6epera NepeHOCHHIM TeueHHeM.

T'padoseli pescum Osudcerus HAHOCO8 HAGNIONAETCS B YCJAOBHSIX -
HHTEHCHBHBIX BJOJIbGEperoBex TeueHmit. Ilom ux nefictBueM Ha Gepe-
FOBBIX OTMeJISiX, CJIOXKEHHBIX MeCKaMH, BO3HHUKAIOT TpsAb, OJH3KHe-
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110 popMe K OOGBIUHBIM pYCJI0BHM. Yalie Bcero OHM pacnosararoTcs
‘MeKIy 30HOH pas3busaHHs BOMH M ypesoM. Ha ysxux oTmenax (15—
20 M) Kaiipakkymckoro BORZOXpaHHJ/MINA IIPH CKOPOCTH BAOJbGepero-
‘BOro Teuenus oxoqo 0,7--0,9 wm/c B mepuHoj HCCIeJOBAHUN YacTo
Ha6JII0AaJIUCh TPEXMEpHBIE I'PSABl PYCJAOBOTO THIA AJAHHOH 1,56—2,0 M
‘u Buicotoit 0,10—0,12 M. Ha noBepXHOCTH 3THX KPYNHBIX IPAN OOBIYHO
IepeMellasinch Oosee Mesxue Ipsibl ¢ pasMepaMH IPUMepPHO Ha IO-
PALOK MEHbUWHMH, YeM Y KPYNHBIX rpsfA. I'paipl GOJbIIMX ¥ MaJblX
‘pPaaMepoB 0GHYHO MOJHOCTBIO HCYE3allH 1o Mepe 3aTyXaHHs HITOpMA .
_ W BAOJBOEperoBaro TeueHus.

Ha mupoxux GeperoBbix OTMeJsx A30BCKOro MopH, .Hanomcxoro
‘n OHeXKCKOTO 03ep MPU BAOJLOEPErOBBIX TEUEHHSIX BO3SHHKAJH TPSAbI
JLJIMHOH IO HECKOJIbKHX MAeCTKOB MeTpoB. M BEICOTOH o 0,2—0,3 m.
Yame Bcero Ux yjAaBasJochb HaGMIOKaTh Ha BBHIIYK/bIX B IJIaHe yda-

~CcTKax Gepera, rae BAOJbOEPErOBble TEUEHUS NPH KOCOM MOAXOJAe BOJIH

Toyua u HauboJbllee pa3suTHe. KpynHbBle TpexMepHple Ipsifbl Ha
HMIMPOKHX OTMENHAX HEPEeAKO COXpPaHAJIHCh, JaCTHYHO TpaHCHOPMHUDY-
'Cb, B TEYEHHE HECKOJbKHX ILITOPMOB CPaBHHMTEJbHO  HeBGOJBLIOH
«cuaibl. CuJibHBIE WTOPMBI BBI3LIBAJH KOPEHHYIO IepecTpOHKy pefbeda
:6eperoBOH OTMEJM H MEHSJIH pexHM JBHKEHHS HaHOCOB. B ycioBusx
npeo6agaHus] NOCTeNeHHOH TpaHcOopMalny BOJH ¥ BAOJbOEPEroBbIX
“TeUEHHIl Ha OTMeJsAX BOJAOEMOB CO CJIOXKHLIM ~ CTPOCHHEM  JOHHOTO
penveda (puc. 7.3) HaGMIOAAJ0CH COUeTaHHE ABYX M Aaxke Tpex pe-
JKMMOB JIBHKeHUs HaHocoB. HauboJsiee OTUETNHBO NpHU 3TOM OBIJIU BbI-
paxKeHBl IPANOBLIA M pHEIbHbIE  peXUMBl. PUGEbHBIA peXuMm [ABH-
JKeHHsT HaHOCOB 4Yalile Bcero HaG/I0aJCTd B IOJBAJbSX NPHUMKHYBLIUX
‘K ype3y KPYNHHIX Tpsf, a TpsLOBHI — B 30He Haubojee HHTEHCHB-
‘HOT'O BAOJIbGEPEroBOro TeUeHns.

Tradkuil pescum O8uscenus HAHOCOS HA GEperoBbiX OTMeJSX BHYT-
PEHHHX BOLOEMOB HalJ/I0faeTcsi NPU CHJAbHBIX ILITOpMax H G6OJbLIOH
‘CKOPOCTH BAOJbOeperoBblx TeueHHH. Ha Geperoselx ormensx, chopmu-
POBaHHBEIX y Tpurayoro Gepera, 6JaronpUATHLIE YCJIOBHS AJA TaKOTO
‘pexKuMa NBHIKEHHUs] HAHOCOB CO3JAIOTCS B CyYasX, KOILd LITOPMOBLIE
BOJIHH TMOYTH IIOJHOCTBIO pPa3pyulIarTcs y OpOBKK oTMeJH. BrosbGe-
perosoe TedeHHe NPH 3TOM NEPHOAHMYECKH, HO HE3HAYHTEJBHO, Hapy-
maercs IOTOKAMH HakKaTa, He HCKaXKaIOUWHMH CyLUleCTBEHHO MOCTyma-
“TeJIbHOTO NepPeMeIeHHs] BOA U HaHOCOB. KOHIUEHTpalus TBeplblX ya-
CTHL B NPUAOHHOM CJIO€ B TAKHX YCJOBHSAX AOCTHraeT OOJbIIMX 3Ha-
‘YEHUH, 4TO M CO3ZAeT BlleUaTJeHHe O ABHXKEHUH HAHOCOB B BHAE CJOS.
B rmeficTBUTEJBLHOCTH;, KaK I0Ka3biBaloT HaOGMIONEHHS, TOA . CJ0eM
‘B3BEIIEHHBIX U CaJbTHPYIOLIMX YaCTHI BLICOKOH KOHIEHTpPAUHH MAOH-
‘Hble OTJIOXKEHHS] HAXOAATCS B HENOABHIKHOM COCTOSIHHH.'

JIBuKeHHe TBepPABIX YACTHULL NMPOUCXONHUT U NPU NPAKTUUECKH NJOC-
ko# -hopMe mHa GeperoBhix oTMeseil. IIpH NPOXOXKASHHH BOJH HaJ
NJOCKAM IHOM TBepAble YACTHIBl NepeKATHIBAIOTCS WJIH CKOJMB3SAT MO
HEMY, CaJbTHPYIOT WM NEePeXOAsiT BO B3BeLIEHHOE COCTOSIHHE B 3aBH-
‘CHMOCTH OT BBICOTH BOJIHBI H CKOPOCTH I€PEHOCHOr0 TedyeHHs. OT-
PHIBY M B3BEUIMBAHHIO TBEPABIX HacTHL OJaronpHsATCTBYIOT, I[10-BH-
JuMoMy, KoJe6aHns GUIbTPANHOHHOTO JAaBJCHHS .B IHOpax TrpyHTa,
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xoTopple yunthiBaer H. E. Konapatses [90] B cBoedt TeoperTHueckoi
CXeMe JABHXKEHHS HAHOCOB TpH (HOPMHPOBAaHHM GepEroBHIX OTMeJek.

Ha ocuoBauuu Ha6aiofieHu#i 3aTPYAHUTENbHO BBISICHUTh, KaKOH H3:
G akTOpOB — U3MeHenue GUALTPALKOHHOTO NABJNEHHs WIH aCHMMeETpHs
BOJIHOBBIX JBHKEHHH — ONpejesieT OTPHIB OTO JAHAa H B3BeIIMBaHHE:

j 7\)*))>>)>)/)<)'>>)>>) >
)3 13935 ) >>>%))))>>”7>))))§)
NN 3% >>>9>>>Y>>W>>)A> Yy

Pac. 7.3. ®opmul aoHHOTO pesbeda GeperoBoil OTMeNH, XapaKTepHble AU YCAOBHI
GOKOBOTO NOAXOAd IVIABHO TPAHCHOPMHPYIOIIHXCS BOJH.

a — naaH, 6 -— pa3pe3 no JuHuu A—B; [ — ypes, 2 — 6poBKka Geperopoil ormesH, 3 — GPOHT

BOJIHBI, 4 — KPYNHble 4ewydyaTele (JIEHTOYHBIE) TIPSABI PYCJIOBOro THIA, , 5 — HANPABIEHUE:

BAO/NLGEPErOBOI0 ' TEUEHHUS, 6 — NPUMKHYBIIHE K Gepery KpyNHble FPsiinl € PHMEASMH PYyCao-
Boro (7) H BosHOBOro (8) THNOB. :

TBEPABIX 4YacTHL. MOXKHO NpPEANONOXKHTb, YTO HA OTMEJAX, CJOXKEH--
HBIX MEJKO3ePHHCTHIMU ME€CKaMH,. HPOLECCH OTPEIBA YACTHL, MPOHCXO--
IAT TPEHUMYLIECTBEHHO B pe3y/bTaTe ACHMMETPHH BOJHOBHIX -KOJe--
GaresbHbIX JBUXKEHHH, a Ha OTMeaax ¢ npeobJajaHHeM rpaBUilHO-ra--
JeYHBIX  NOPOA-—B  pesyJbTaTe H3MeHeHHH  (GHIABTPAUHOHHOTO-
Hasyienust. ONHaKO HaJexXHble ZaHHBIE IO STOMY BONPOCY.elle He JI0-
JIy4eHHI. : '

74. Pacnpedeaenue myrnocTu 60061 no eepruxaru

CsefieHus 0 pacnpeieNleHHH MYTHOCTH BOJABI 10 BEPTHKaJu HeoO--
XOJHMMBI AJISl ONpefesIeHUs PAaCXOAOB HAHOCOB, OLEHKH 34HOCHMOCTH
npopesel, Kapbepos, BOJ03a6OPOB H [PYTHX COOPYKEHHH;, a TakxKe
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JUIST YCTaHOBJIEHHSI KayecTBa BOAbI B NPHODEXHOH 30HEe M IJIS COBEp-
JIIeHCTBOBAHHSA cymeCTBymme Teopemqecmx MoJeneil pacyera Ha-
HOCOB.

[T0CKOJBbKY MIHOBEHHbIE 3HAYEHHS npmmHHon CKOPOCTH B npHOO#-
‘HOH 30HE H3MEHSAIOTCS] NPH KaXAOM AaHHOM LITOpMe B INMPOKHX Hpe-
JeJiax, TO 5TO NPHBOIUT K CYUIeCTBEHHBIM H3MEHEHHMAM MYTHOCTH . BO
BpeMeHH Ha pasHbIX ropusonrax. Hauuble usmepenuit I'TH, monyuen-
Hhle ¢ moMolbio GaTomerpa-mubdepenunaropa [167], nokasaau, urto
Ja¥e B YCJAOBHSX YCTAHOBHBIIEIOCSI BOJIHEHHS H BAOJbGEPEroBOro Te-
YeHHUs] MTHOBEHHBle 3HAYEHHS MYTHOCTH Ha BePTHKAJ/JIH HEPEAKO H3Me-
HAwTcs: B 4—6 u maxe B 10 pa3. Eme B Gosee mWMpORHX mHpefienax
H3MEHSIOTCS MIHOBEHHBIC 3HAYeHHs] MYTHOCTH Ha OTHAEJbHBIX FOPH30H-
tTaXx. B CBsI3M ¢ 3THM pachpefeseHHe MYTHOCTH Ha BePTHKAJ/IM LeJe-
.c006pa3Ho OmpeAe/siTh MO AAHHBIM H3MepeHHH, OCyLiecTB/IseMbIX 6a-
“TOMETPAMH IJHTENBbHOIO HaNOJHEeHUs, HanpuMep 6aroMeTpaMHu-6yThiJI-
KaMH. : ‘

JaHHble M3MepeHHH, BBINOJHEHHHIX (GaTOMeTpaMH, IOKasaJjH, 4To
B, GOJTBIIMHCTBE CJydaeB Ha BePTHKaJAAX NPUOCHHOHA 30HBI rpajHeHThi
MYTHOCTH YBEJHYHBAIOTCS MO HaHpaBJIeHHIO OT [OBEPXHOCTH BOAHI KO
Jny (puc. 7.46).

TIpugonHass MyTHOCTb HEepEAKO B 5—15 pa3 u GoJiee mpeBHIILALT T10-
BEPXHOCTHYIO MYTHOCTb.. Pazjuyusi Mexny NPUAOHHOH H NOBEPXHOCT-
HOH MYTHOCTBIO YBEJIHYHBAIOTCHA € YBEJHUCHHEM KPYNHOCTH B3BelIHBae-
MBbIX TBEPABIX YACTHIl, YTO COTJIacyeTcs ¢ AAaHHBIMH TEOPETHUECKHX pe-
wenn# [11, 25, 35], naunmmu HaGaOJeHUN B PYCJOBRIX NOTOKax {25,
33, 75] n ma mopckux ormensx [2, 6, 7). Hekotropoe BhipaBHUBaHHE
MYTHOCTH MO BEPTHKAJH OTMEYaeTcsl MPH HAAW4Yud B MOPOJAX OTMEJH
HJHCTHIX M TJMHUCTHX uacTui. HanGosee OTYETIMBO OHO BBIpaXKaercs
B 30HE OC/Ia6JIeHHbIX BOJIHOBBLIX BO3JEHCTBUI HA NOHHBE OT/IOXKEHHS,
‘HanpuMmep -y OPOBKM OTMEJH B TeX Ciayuasx, Koria pasﬁnsaﬂne BOJIH
IpoucXoAuT BOJIH3Y ype3a (puc. 7.4).

Jast pacyetoB pacnpeeneHns MyTHOCTH Ha BepTHKame Gepero-
-pofr ormesn A. B, Kapaymes [13, 15] npeisoXua HUCHONb30BaTh Me-
. Tol, paspaGoTaHHBIH MM  NPUMEHHTEJBHO K PYCJIOBHM HOTOKAaM, HO
'.¢ yueToM JefCTBHA BOJIHEHHS.. MyTHOCTb B 5TOM MeTOJe IIpElCTaB-
JieHa B (PYHKIHH HECKOJBKHX ONpeAessIomUX (aKTOpOB: cocTaBa AOH-
HBIX OTJIOXKEHHH, TUIpaBJAHYeCKOH KPYMIHOCTH TBEPALIX HACTHL, CKO-
POCTH MEPEHOCHOTO TEYEHHS, BOJHOBHX OpPOHMTAJbHBIX CKOpDOCTeH,
rayGuHbl, CTenmeHd - MIepoxXoBaToCTH JAHa M Ap. Ilockoabky uacTs
TepeurcJAeHHBX (aKTOPOB He MOXKeT GBITh YCTAHOBJIEHA I/ KOHKPET-
‘HBIX YCJIOBHH ¢ 6OJbUIOH TOYHOCTBIO, pAaCCUHTAHHbIE 3HAYEHHA MYTHOCTH
OTJIMYAIOTCSl MHOTZA OT U3MEPEHHBIX 3HAYCHHH B HECKOJbKO pa3 [227]
Tague pacxomxAeHHS] NMpPeJCTaBJAAIOTCST BIOJHE HPHEMJIEMBIMH IJst pe-
1IeHHs] MHOTHX 3a7a4 B CJIy4asaxX OTCYTCTBHS NAHHBEIX HaTYpHBIX Hal-
JIOAeHHH, 0COOEHHO C YY4eTOM TOro OGCTOATeNbCTBA, YTO H3MepeHHbe
aGCOJMIOTHble 3HAUEHHS CpeJHed MYTHOCTH H XapaKTePHCTHKH pacipe-
IeJNeHHsT ee MO BEepPTHKaJH HepeAKo pasnauualorces B 1,5—2,0 pasa H,
CIeZOBATENbHO, He II03BOJISIOT HAJEXKHO OLEHHTb MNOIPElIHOCTH pac-
4YeTHOro MeToja.
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Puc. 7.4. Pacnpesiesiene CKOPOCTH BJO/bGEPEroBOro TeUeHHs, MYTHOCTH BOAH H

HJIEMEHTAPHEIX PACXOJOB B3BEIUEHHBIX HAHOCOB Ha GeperoBOH OTMENH IIPH COCPERO-

. TOUGHHOM pa3buBaH¥M BOJH Y OPOBKH (@) W B paclylaCTaHHOH 30He mpu pasbusa-
HUH BOJIH Y LieHTpaJbHOl 4actu oTMenu (6). .
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JlocTaTouHO HaleXHble XapakKTepHUCTHKH paclupeiesieHus] MYTHO-
CTH 11O BepTHKAJH IJA KOHKDETHBIX y4acTKOB BOJOEMOB MOXKHO MOJY-
YATb 110 JLAHHBIM HAaTypHBIX HabJofeHHH. DTOT BHIBOX NOJyUHJIa
B. M. Knasen [83] Ha ocHoBanuu aHa/au3a umeBwuxca B I'TH pan-
HBIM 1[I0 MYTHOCTH Ha HECKOJIbKHX Y4acTKaX pa3JHYHBIX BOJOEMOB.

Tlo sTuM MmaTepuasaM onpefeleHo OTHOCHTeNbHast MYTHOCTB (0i/Qcp)
Ha BEPTHKAJIH AJIS TPeX PASTHYHBIX O COCTaBY IPYHTOB GEpEroBBIX
ormenefi (raba. 7.1). Ananusy OBJIH TOABEPTHYTH AaHHBIE H3MeEpe-
HU#l Ha BepTHKaJgx ¢ TiayOuHOH npeumymectseHHo oT 0,4 no 1,0 M
¥ OTHOCHTENBHON Taybunolt A/H ot 0,3 no 0,8.

Tabruya 7.1

Pacnpejenenne 10 BepPTHKANH OTHOCHTEJIbHBIX ‘0CDEIHEHHbIX BHaYeHHH
MYTHOCTH (0;/Pcp) NPH PA3THYHOM COCTaBe I'PYHTOB Geperosol oTMenu

XapaKTePHCTHKH COCTaBa I'DYHTOB . Topusont 2/H
nHa, MM O] 7
d. dyo dys dys 0,10 0,30 0,50 0,70 0,80 0,90 0,95
P

0,02 { 0,01 | 0,01 | 0,16 - :
0,68 | 0,74 | 0,823 1,027 1,21 | 1,69 | 1,90

0,15 | 0,01 0,02 | 0,20

0,10 | 0,08 | 0,09 | 0,18 :
0,65 { 0,64 | 0,77 } 1,11 | 1,40 | 1,87 ] 2,30

0,18 | 0,16 | 0,21 | 0,34
0,13 | 0,09 | 0,12 | 0,25

0,23 | 0,12 | 0,16 | 0,36

0,40 | 0,52 | 0,74 | 1,16 { 1,50 { 2,20 { 2,90

W3 nanpeix Taba. 7.1 BUAHO, 4TO NpeAEaBl H3MEHEHHS OCDEeAHEeH-
HbIX 3HAYEeHHH MYTHOCTU IO BepTHUKaJH Ha OeperoBHIX OTMEJAX, CJIO~

*JKEHHBIX  NeCYaHbBIMH TPYHTAMH C BEKJAIOYCHHAMH  HJIHCTBHIX  HACTHIL,.

MEeHBIIE, yeM Ha OGeperoBblX OTMEJISIX, CJAOXKEHHBIX TOJIbKO pasHO3ep-
HHCTHIMH neckaMu. [IpuBeneHHON TabmuIell MOXKHO HOJAb30BATHCH JHJIS
ODHEHTHPOBOYHOH OUEHKH pAacnpeNeseHHss MYTHOCTH 110 BePTHKaJIH
OpY pelleHny HEeKOTOPbLIX HHXKEeHepHLIX 3ajJau.

TIpubauKeHHOe 3HayeHHe MYTHOCTH Ha PAsJHYHBIX TOPH3OHTAX
BEPTHKAJH p; MOXKHO BBHIYHGJIHTh TakKXke [O NpPeAJOXKEHHOH B pabore
[144] dopmy.e

01 =topep [(H — 2)/2] " 7.1y

rie mo=0,83 u n,=0,37 mas GeperoBbx OTMeJell, CMOKEHHHIX Iec-

KaM¥; Pep — MYTHOCTb, OCpPeJHEHHAas BO BPEMEHH MU -1I0 BEPTHKAJH;
2 — paccTosHUe TO BEPTUKAJH OT HNOBEPXHOCTH BOABL IO PaCYETHOTO
ropusonra; H — o6mas ray6uHa BepTHKAJH.

Hanave ta6a. 7.1 u gopmyna (7.1) xapakTepH3ylOT pacrpepene-
HHe OCpeJHeHHBIX 3HAUYeHHH MYTHOCTH BOJABl IO BePTHKAJH IPH yKa-
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3aHHOM COCTaBe JOHHBIX TPYHTOB B YCJOBHSX pa3OuBaHHs Ha Gepe-

. TOBBIX OTMe€JISAX BETPOBBIX BOJH [PEUMYHIECTBCHHO HeOoAbiOH U Cpeh-

Hell BHICOTH. [Ipu APYrux yc/I0BHAX, KaK NOKa3bIBAlOT JaHHBIE HATYp-
HBIX W3MepeHUH W abopaTOpPHEIX HcclefioBaHUH [187], Bo3mMOXKHH CY-
TECTBEHHble H3MEHEHHsI paclpefeeHds] MYTHOCTH IO BePTHKaJH.

DKCIepHMEHTANbHBIME HCCJAEI0BAHHSMH  B3BEIIHBAHHS  HAaHOCOB
TOJ JefiCTBHEM CTOSTYMX BOJIH IOATBEpIKAEHH pe3yabTAThl HaTypHHIX
HabmoneHud. O6HapyKeHO, B Y4ACTHOCTH, HE3HAYHTE/NbHOE H3MeHEHHE
MYTHOCTH MO BepTHKAJIH OPH HA/IHYMH B TPYHTax JHA MeJKO3ePHH-
CTHIX YACTHII H BeChbMa CYHIECTBeHHBIE H3MeHEeHHsI — B cJIydYasix, KOTAa
IPYHTH JHA TPEACTaBJeHB OTCOPTHPOBAHHBIMH KDYNHO- H cpelHe3ep-
HUCTHIMH TeCKaMH, DTH 3KCIEepHMEHTHl NPOBOAMJHUCL B PYCJHOBOH Ja-
iGopatopun I'TY B BOJHOBHIX JOTKax pasMepamu 1,15X0,54X0,2 u
2,0x1,2x1,0 m npu ray6use 0,3 u 0,5 .M coorsérctseHHO. Bricora
BOJHOBLIX KOJMeGaHWil YDOBHS B 5KCIepHMeHTax 3agasBanach or 0,1
o 0,25 m [187]. B To#i yacTu aKcnepuMeHTOB, I'le npeobJagalu LOH-
Hbl¢ vacTHusl pasmepom 0,2—1,0 MM (=98 %), comepkaHue MesKo-
3epHHuCTHIX uactuil KpynHocteio 0,1—0,01 MM cocTaBJ/sijio . 0KOJO
1,6 %; B mpumouHom cjoe (Mexpy Junueld nHa u Touko# 0,8H) co-
CPelOTOUYHBAJOCh IipuMepHO 95 % B3BemeHHRX yacTHL. CpeaHss MyT-
HOCTb, TIpHypOdYeHHast K ropusoHty (0,82... 0,85)H, mpeBrmana IpH
3TOM MOBEPXHOCTHYIO MYTHOCTh B 8—15 pasa u BO CTONBKO ke pas
‘Opl1a MeHblIe MyTHOCTH B Touke 0,95H. :

Ecnu B cocraBe rpyHTOB AHa cogepxkanock 5—6 % wactun xpym-

“HocThio 0,1—0,01 MM, TO CcpeHSii MYTHOCTh IIpEBHILIAJA [OBEPXHOCT-

HyI0 MYTHOCTb BCero Juillb B 1,2—1,3 pasa u 6pl1a MeHbIIEe MYTHO-
ctd B Touke 0,95H mnpumepno B 2 pasa. Touka, COOTBETCTByIOLIas
‘CpelHeli MYTHOCTH, pacloJarajacb OpH 3TOM Ha ropusoHte (0,75...
0,80) H 0T NoBepXHOCTH BOAHL

Ecan cofiepkanue 4acTHI KPYNHOCTBIO MeHee 0,1 MM B _cocrase
TPYHTOB [OHa nosblmasocs po 10—20 %, To mpoucxoxmio naJIbHen
luee BHIDABHHBAHHE pacmpejieieHus MyTHocTd. Touka, COOTBETCTBYIO-
mas CpeiHed  MYTHOCTH, pacmoJjaraiach Ha ropusonte (0,65...
,70)H. Cpelnss MyTHOCTb NpeBHIIIasa MOBEPXHOCTHYIO ~ BCEro
B 1,05—1,15 pasa u 6buia B 1,50—1,25 pasa MeHbllIe MY’I‘HOCTI/I Ha
ropusonTte 0,95H.

HepellI/ICJIeHHbIe JlaHHblE B KAYECTBEHHOM OTHOLIEHHH YJIOBJIeTBO-
PHUTENBHO. COrJIACYIOTCA ‘¢ JAAHHBIMH IO paclpelefieHHIO B3BElleHHBIX
HaHOCOB Ha BEPTHKAJAX MPHOPEKHON 30HHI MOpH HOJIy4eHRBIMH C TIO-
MOHIbI0 6aTOMeTpOB-HaKonuTe el [6].

C.nenyeT 3aMETHTb TaK¥Xe, YTO MO JaHHBIM HATYPHBIX HCCJIe0Ba-
Huit [175, 227] 06Hapy>KeHo H3MeHEeHHe paclipelleJieHHs] MYTHOCTH
MO BEPTHKA/M HE TOJbKO B pe3yJbTaTe H3MEHEHHs COCTaBa JOHHBIX
‘OTVIOXKEHHH W THAPOJAHAMHYECKHX YCJOBHH KX B3BCILHUBAHHUSN, HO H
‘B Pe3yNbTaTe BHHOCA MEJKO3epHHCTEIX YACTHI ITOTOKOM. Ha  omHOM
M3 y4acTKOB KpeMeHYyrckoro BOZOXPaHWJIHILA, B YaCTHOCTH, 32 He-
CKOJIbKO YacOB JeHCTBHs WITODMA M -BAOJBOEPEroBOTO TEUEHHS, HA,
HJIECTO-IVIMHUCTON ' [IOBEDXHOCTH HHA 6eper030ﬁ OTMEJH . q)opMHpo-
BAJICsI CJIOH IeCYaHblX OTJIOKEHHH, KOTOPHI sallfIlall HIKeNexaliue

15% 997



WJINCTHIE TPYHTBl OT BOJHOBHIX BO3AeHcTBuA. B pesyiwTare s1oro
YMeHbIIaJINCh a6COI0OTHbIE 3HaueHUsT MYTHOCTH H YBEJHYHBAJHChL I'pa-
JHEeHThi MYTHOCTH 1O BepTHKaJH. IIpu 1abopaTOpHBEIX HCCAeNOBaHHAX
aHaJOrMyHOe siBJEHHE AOCTHIAJOCh IyTeM cOpoca BOABI, colepXKallel
MEJIKO3ePHHCThIE B3BEIIEHHBIe HaCTHUDL, U NO4AYA Ha IKCIEPUMEHTANb-.
HYIO YCTaHOBKY OCBETJICHHOH BOJHL.

CeeieHHs1 O BepTHKAJbHOM pacnpejeseHHH B3BEUICHHHIX HAHOCOB
Ha GeperoBhIX OTMeJNSX BHYTPEHHUX- BOACEMOB B OTHEJbHHX CAydasx
BIIOJIHE YAOBJETBOPHTENBHO COIMIACYIOTCHA C NaHHBIMH HabJiofenuii Ha
GeperoBeIX OTMeJsIX MOpel M, B YaCTHOCTH, ¢ AAHHBLIMH, NOJYYEHHBIMH
H. B. Ilpixoseim  [6], P. JI. Kocbsnom [6 7], O. B. Boiinexopuuem
[29]. Tlocnennn#i M3 mepeuHcJeHHBIX aBTOPOB NpPEACTAaBHJ DE3YJBTATH
HCCIEeIOBAHUHA BepPTHKAJBLHOLG paclpeleneBuss MYTHOCTH B CeBepo-
3anajHo# uacty YepHOro MoOps 3SKCMOHEHIHAJBHOH  3a2BHCHMOCTLIC
CJIeAYIONIero BUAA:

or="paexp—a(z/H), 7.2)

‘TIe g~ MYTHOCTb BOAB Ha ropusoute 0,05 M or nHa; 2 -— sMIOHpH-

decku#i KosouuueHt, pasubiii 2,0—2,4 B yCJAOBHSAX NJaBHOH TpaHC-
¢gopManun BOJH HAa NECUYAHO-PAKYUIEYHHX OCpPEroBHIX OTMENAX H
0koJ10 0,5 TpH cocpefoTOUeHHOM pa3GUBaHUK BOJH.

TIpuaonnyo MyTHOCTh BoflexoBud pekOMeHAyeT OUEHHBATH IO 3a-
BHCHMOCTH, TNOJYUEeHHON MM Ha OCHOBaHHU OOOOIIEHHS MaTepHaJsoB
HaGmionerud H. B. IleixoBa u P. . KocbsHa B npejcraBiieHHOH UM
B BHJE ;

=k (A/H)"- 207514 o (7.3)

rie ky— KO3PHLHEHT, paBHbIﬁ 0,185- 1078 dso— Menuauubi jua-
METp AOHHBIX omomemm MM; di—xapaKTeprm ﬂnameTp, paBHBIA

1 MmM; A— cpemmﬂ ,ZIJIHHa TpaHcHOpMHPYIOUHXCS BOJH.

IlJm YCTaHOBJIEHHs] BO3MOXKHBIX Horpeminocrefi ¢opmya (7.2) u
(7.3) npu HCHOJB30BAHWM HMX [Js1 .pacyeToB MYTHOCTH B GeperoBoi
30He BHYTPEHHHX BOZOEMOB, 6e3yCa0BHO, NOTPebyOTCS AadbHeHlline
COTIOCTABJEHHUS C UMEIOUIUMHCS TAHHBIMU HaTyprIX H3MepeHui u cne-
UHABHBEIX IKCIEPHMEHTOB.

7.5. Pacnpedenenue myrnocru 6odwn
no wupune 6epezosoil ormeau

B3pemluBaHHe TBepAbIX YACTHI, HA OTMEJSIX HNPOUCXOAUT, KaK OT-
MeyeHO BHILle, B pe3yJbTaTe COBMECTHOrC AeHCTBUA Ha  AOHHBIE
TPYHTH ~ BOJHOBHIX  KOJebaTeJbHEIX HBHXKEHHUH, HEYNOPSNOYeHHBIX
NyJbCalHi CKOPOCTH H IEpPeHOCHBIX TeueHUH. [TOCKOJIBKY HHTEHCHB-
HOCTb 3THX ABHIKEGHHI MeHfAeTCA NO IINPHHE OTMeJH, TO 3TO OTpaXKa-

“ercs Ha ‘COAepXKaHHH B3BEUICHHBIX TBEPABIX YacTHIL B BOJHOBOM

IIOTOKE.
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30Hbl HAHOGOJBINETO B3MYYHBAHHS OGBLIYHO COBMEIAIOTCS C 30HAMH
HanGOoJbIINX . BO3AEHCTBHH Ha AOHHBIE TPYHTHl 'BOJIHOBBIX 'ABHKEHHH,
HOyJAbCaNUHA CKOPOCTH ¥ HMEPEHOCHBIX ‘TeUeHHH, T. e. yallle BCEro ¢ 30-
‘HamM pa30HMBaHHs BOJIH, MECTONOJIOXKEHHe KOTOPBIX Ha Geperopoii or-
MeNH MEHSIeTCs] C H3MeHeHHeM CHJIBl LITOpMa, IMyOHHH, YKJIOHA [AHa
u Apyrux ¢akropos (cM. puc. 7. 4) -

[To- maTepuaftam- H3MEpEeHHH Ha OTMEJsX pPAasJHUYHBIX BOJLOEMOB
B paGore [144] BbIAEJNEHO YETHIpE xapaKTeprlx THOA pacnpeﬂeﬂeﬂm
MYTHOCTH 1O LIMpHHE OTMEJH.

Tun 1 xapakrepusyerca npnypoquHocmo OTYETJIHBO BBIPaKeH-
HOro MaKCHMyMa MYTHOCTH K IIPHYPe30BOH 30He U IIIaBHBIM YMeHb-
flleHHeM MYTHOCTH OT BHelIHeH I'paHHIbl OPHYpPe30BOH 30HB K GpOBKe
oTMenu. MyTHOCTb B NPHYpe30BOll 30HE 3HAYHTEJbHO (HHOrZa A0 5—
15 pa3) O6oJblle, 4eM HaJ LEHTPaJbHOH 4acTbi0 OeperoBoil OTMeEJH,
4T0 00YCJOBJEHO NMPHUYPOUYSHHOCTHIO MeCTa pa30HBaHMUS BOJH M MeCTa
pasMellleHHst MaKCHMyMa CKOPOCTH BIOJNbGEPEroBoro TeUeHHs K 5Toi
30He, a TaKke JefiCTBHEM IIOTOKOB HAaKaTa-OTKaTa BOJH NpH Masol
ray6uHe.

Tun II—~MaKCHMYM MYTHOCTH pacnonaraeTCﬂ B LEHTpaJbHOH Ua-
CTH OTMEJH HJH Aaxe CMEIIeH K ¢ee GpoBKe. B cOCefHHX 4acTdax OT-
Mesn MyTHOCTh B 1,5—2,0 pasa MeHbille, ueM B 30HE MakKCHMyMa, H
IJIaBHO YMeHbIIaeTcsl I10- HalPaBJeHHIO K ype3dy H GpoBKe Oeperopoii
ormenn. Hame Bcero HaOMIOLAETCs HA IOJIOTHX OTMeNsX HeGOMbLIOH
HIMPDHHBL ODH COBMCIIEHHH 30HBL MaKCHMyMa CKOPOCTH BI[OJIbﬁepeFO-
BOTO TeYEHHs! C 30HOH COCPeNlOTOYEHHOrO pa3GUBaHUs BOJH.

Tun III — oTmeyaroTcsi ABe OTUETVIHBO BbIpaXKEHHbIE 30HBI IOBBI-
UIeHHOH MYTHOCTH, OJHa H3 KOTOPBIX pacloJiaraercs y ypesa, a BTO-
pas — B LEHTPAJ/bHON 4YaCTH OTMeJaH MM y ee OpoBku. Ha ormensx
C IJIOCKHM ‘CJaGOHAKJOHHBEIM JHOM TaKO€ paclpeleseHHe MYTHOCTH
yalle BCero HabJIIORAeTCs B YCNOBHSIX, KOTJA BOJHB HAHOOJbLIEH BhHI-
COTBHl OCHOBHOH CHCTeMBl Pa3bGHBAlOTCSl B HEHTPaJbHON 4YacTH OTMeJH,
a BOJIHBl BTOPOCTEINEHHBIX CHCTeM M YacCTHUYHO TPaHC(HOpPMHPOBAHHLIE
BOJIHBL — Y ypesa. Ha oTMeasix ¢ OTYeT/IMBO BHIpaXKeHHHIM IIOJBOJAHBIM
BA/JIOM aHaJOTHUYHOE paclpeleseHHe MYTHOCTH - HaGJIOZAaeTcss . Ipu
{WTOpMax cpelHedl u GONBIUOH CHJIBI, KOTLa BOJNHBI OCHOBHOf CHCTEMBI
pasbuBalOTCs Ha rpe6He NMOXBOAHOTO Baja, a MOIUHbIE IIOTOKH HAKaTa
JOCTHTAIOT ype3a U BO3AEACTBYIOT HA ILIAK,

Tun IV xapakrepusyercsi IJIaBHO MEHSIOMIEHACS MY IOYTH OJHHA-
KOBOM MYTHOCTBIO B Ipefiefax BceHl ormenu. Habuawogaercs Ha moJo-
THX OTMeJIsiX ¢ PaBHOMEPHBIM YKJOHOM JHa B YCJOBHSX IIOCTelleHHOH
Tpch<bopMauHH BOJH 6e3 COCPeJOTOYEHHOrO pasBUBaHUs M OLHHAKO-
BOH CKOPOCTH BJ0JIbGEPErOBOrO TeueHHs B HpejetaX OT GPOBKH OT-
MeJIn JI0 ypesa.

[To naHHBIM H3MepeHHIl YCTAHOBJEHO, YTO Ha Y3KHX oTMensx Kaii-
PAKKYMCKOro BOJOXpaHH/HUINA NpeoOaafasto paclpeieseHHe MYyTHO-
cru no tanam II u III, a Ha Gosee mmporux OTMeJIAX APYTHX BOLO-
€MOB — pacIrpejesenne no tamy I (taba. 7.2).

K tuny 1V oTHecero 7 H3MepeHHBIX SIIOp MYTHOCTH, a K APYTHM
HeXapakTepHbIM THIOAM — 6 3m0p MYTHOCTH H3 133 mOABEPrHYTHIX
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Tabauya 7.2 S ~

Pacnpepenenne ynciaa ciyyaeB (#2) H3MEpPEHHBIX SMIOp MYTHOCTH BOJbI
H 3IEMEHTAPHLIX PACXOROB BIBEUICHHBIX HAHOCOB MO THNAM Ha PASHBIX
BOJAGEMaxX

THIBl SMOP MyTHOCTH - Tunsl 3MOpP 3NEMEHTAPHHX pac-
XOOO0B B yHcJAe Clyuaes
Bojxoem ) .
o o
~l=lslz& E|-]=|B|n|E&|F&

Kafipakkymckoe 3 6 7 —|—1 161 3 7 |6 — |1 16
BOJOX PaHUJIHIIE 5 7 7 1 — 1 .20 5 .11 | 3 1 — | 20
- n 8 (13 (14 1 — 36 ( 8 (18 9 1 — 36

% . 22.,2(36,1|38,9| 2,8 — | 100 |22,2|50,0(25,0| 2,8 — | 100
Kaxosckoe Bomo- | 4 | — | 1 ol 513 | —|2 | —|— 5
X PaHRJHALLE 12 1 9.1 — 1|6 28| 4 |11 7 5 11 28

17 — | 4 — 11— 1 21 (13 2 3 1 12 21

Sn 33 1 114 — | 6 54 |20 (13 |12 | 6 |3 54

% 61,2| 1,8/25,9] — [11,1] 100 |37,0|24,1}22,1]11,1{6,6| 100
Kpemenuyrckoe 7 —_— - — - 713 3 1 — | — 7
BOJOX PaHHJIHLIE 14" 2 4 5 (—| 25(12-{7 |2 |4 (—1{ 25

>n 21- 1 2 4 5 -— 32|15 110 3 4 — 32

% o 65,7| 6,2|12,5/15,6f — | 100 |46,8|31,2| 9,4]12,5 — | 100
AsoBckoe mope: ‘

zn 5 {1 |4 |1 |—| 11|44 3| —|—| 1

% 45,4| 9,1|36,4| 9;1f — | 100 |36,4|36,3|27,3} — | — 100
O6uwee wncIo ) :
CJIYYaeB:

sn 67 |17 |36 | 7 |6 | 133 |47 |45 |27 |11 |3 | 1383

F/ : 50,4} 12,8/ 27,0] 5,3} 4,5| 100 |35,3| 33,8/ 20,3} 8,3/2,3| 100

aHanusy. Ciefyer 3aMeTHTh, YTO Ha IIHPOKHMX NOJOTHX GeperopbixX
orMenax ¢ GoapmiuM (4—12) YHCAOM CpPaBHHTEALHO HEBBICOKMX IIOX-
BOJHBIX BaJOB HaOJI0NaJjOCh IJaBHOEe H3MeHEeHHe MYTHOCTH, Oe3 3a-
METHOTO €e yBeJHYeHHss Haj rpeGHSMH H YMeHbIUCHHs Hak JOXKOH-
HaMu BaJioB. Takue AaHHBIe NOJyueHH Ha JlafoKckoM o3epe, HO OHH
He BKJOueHH B Taba. 7.2,

7.6. Caﬂsb npPudOHHOI U NOBEPXHOCTHO mymocru

co cpedHeil MYTHOCTHIO

Ha pmeranbpHBle U3MEpeHHsS MYTHOCTH BOARI - B INpHOOHHOH 30HE
OGBIUHO 3aTpAUMBAETCS HECKOJBKO 4acoB pabouero BpeMeHH. BecoMma
TPYAOEMKHUMH SIBJISIIOTCS H TOCJAenyHoliHe nabopaTopHble W BLIUHCJH-
TeJbHBIe pabGoTH. B NepHOABl CUJBHBIX IUTOPMOB H3MepeHHS MYTHO-
CTH HepeiKO CBs3aHB C PHCKOM HJIH' OKAa3bIBAIOTCS HEBO3MOKHBIMIL
B cBfizn ¢ 3THMH OOGCTOSTEJbCTBAMH 3aTpyAHseTCSl HakomJeHHe AaH-
HBIX -0 MYTHOCTH, CHIXKAeTCsi ONepaTHBHOCTb, @ HHOTAA H TOYHOCTb
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HaTypHBIX n3MepeHnil. C LeNbl0 yCTpaHEHHs HEKOTOPHIX H3 MEpPevHuc-
JIEHHBIX HEJIOCTaTKOB A. C. Cymonsckum [173]. 6b11 npelJioKeH HHTe-
TPaHHOHHBIA CNOCOG H3MEPEeHHSI MyTHOCTH.

CyILIHOCTb 3TOTO coco6a COCTOUT B TOM, YTO O MYTHOCTH CYAAT 0O
ONMHOYHbLIM Hpo6aM, B3ITHM HHTErPallHOHHO H3 IOBEPXHOCTHOrO HJIH
NPHAOHHOrO CJOS B Hpeldesax MeXIy TpaHuleil HHTEHCHBHOro 3aly-
pYHHBAHHS BOJAH H Ype3oM WAE MeXAYy OpOBKOH OTMEJH H YPE3OM.

JAns peanusanud cnocoGa paspaGoTaHsl, KaK OTMeueHO BHlle,” /Ba
THOA HM3MEpPUTEJbHBIX YCTPOHCTB: HNaBy4Hil GaTOMETp-MHTerpaTop H
NpUAOHHBIA GaToMeTp-uHTErpaTop (cm. pHc. 7.2). Ha nepsmbix sramax
paboT HHTerpalHOHHBIE H3MepeHHs MYTHOCTH IIPOBOJMJUCH CHHXPOHHO
¢ HeTaJbHHIMH H3MEPEHHAMH MYTHOCTH, YTO [O3BOJIHJIO ONpENeNHTh
KO3 HUIMEHTH NepexoXa OT eXHHUYHBIX 3HaYeHHH MYTHOCTH B BepX-
HeM (p% ) ¥ NPHAOHHOM (p ) c108Xx K cpefHe#t MyTHOCTH (p*)

B BoJIHONpHOOHHOH 30He [187]. Olm OKa3aJIHChb PaBHBIMH:

. Px == 21489?538; (7.4)
=0,880F ; . (7.5) -
p*=0,64 (p?ifos + ox)- (7.6)

7

BrificHeHO TaKXe, 4TO Ha INepexoAHble KO3(QHIHEHTH CymecT-
BeHHOe BJIMSIHHEe OKa3bIBaeT COCTaB JOHHBIX OTJIOXKeHHH,

Kos¢ddunueHTs yBeNHYHBAIOTCA C yBeJIHYEHHEM KDYINHOCTH [OH-
HBIX OTJOXEHHHi M C yMeHbLIEHHeM COAepKaHHs MEJKO3EPHHCTHIX
BKIoyeHHH. Tak, HanpuMmep, k03dpHIHEHT nepexofa OT MNOBEPXHOCT-
HOH K CpeJHeH MYTHOCTH IO NAaHHBIM H3MepeHHH Ha KaxosckoM Bo-
JoxpaHuauule, riAe d¢p MeHsyioch B mpepenax 0,12—0,26 mm, 3a
1970 r. okasancsa pasHbiM 2,64, a 3a 1971 r.—2,02. Ha Kpemenuyr-
CKOM BOJOXPaHWJ/IHILE, I'Ae dep MeHsIOCH B npexenax 0,02—0,15 M,
Ko3bduuneHT mepexoma 3a 1972 r. okasancs pasueiM 2,27, a 3a
1973 r., xorna OeperoBast oTMesib GBHLIA YAaCTHYHO anKprTa HJIUC-
THIMH rpyHTaMH — 1,10.

7.7. 3aemenraprole pacxodsl 836eUIEHHBIX HAHOCOB

Ins penlenus 3afay 3aHOCHMOCTH THAPOTEXHHYECKHX COOPYIKEHHMH
H. IPYTHX BHJIOB XO3fHCTBEHHOI'O HCIOJB30BaHHsS OeperoBoii 30HH BO-
JOEeMOB  HEOGXOAMMBI  CBelleHHS O pacrnpefese€HUH HHTEHCHBHOCTH
BJOJIbOEPErOBEIX IIePeMEHIeHHH HaHOCOB TO IIHpHHe GeperoBoil oT-
Meian. B kadecTBe MepH HHTEHCHBHOCTH IepeMellenns B3BelleHHbIX
HaHOCOB HeJ1eco00pa3HO MCIOJbL30BATh snemeHTaprm pacxonx HaHO-
coB (r=puH) B Kr/(M-c)), KOTODHH sBJIsieTcss OAHOH M3 OBOGIIEH-
HBIX XapaKTEePHCTHK INHHaMHKH OeperoBoil 30HBI, TOCKOJBKY Ompene-
Jsiercs MO cpefHell MYTHOCTH, CpefHell CKODOCTH TedeHHsS Ha BepTH-
Kaau u riayOune. IlosToMy, B 4acTHOCTH, pachnpefesieHHE 3JieMEHTap- -

. -
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K HyJeBBIM 3HA4YeHHSM, TaK H K 30He paspyllleHHs BOJH, Ile OHa
cocrabaser 5—20 % MaKCHMAaJbHOIO 3HaYeHHS. )

Ha GeperoBrix oTMeNstX € HOABOXHEIM BaJOM HJIH C FOPH3OHTAJb-
HOIl TOABORHOH. Teppacoil 30HAa MaKCHMAaJbHOTO IlepeMelleHHsT HaHo-
COB pacnoJiaraercs Ha paccTosiHHM OT ypesa, paBHoMm 0,1Bxp. Han
rpebHeM NOABOJHOrO Baja 3JeMeHTapHble PACXOAbl HAHOCOB IIPH 3TOM
“cocraBasior 20—40 Y MakcmMaJbHBIX 3HAYeHUH, a B NMepPBOH JIOXK-
6uHe W HaX NOABOJIHOH Teppacoit — Bcero 5—20 9% MaKCHMAaJbHBIX
3HaYeHUH Npu JIOOLX KOHKPETHBIX YCAOBHSIX.

7.8. 3asucumocre cpedrell myrHoeTu
oT onpedeasatowux (arkropos

MyTHOCTH BOAB B NpHOOHHOH 30He 3aBHCHT, KaK IIOKa3bIBAIOT HC-
CJIelOBaHHUS, MPEMMYLIECTBEHHO OT CKOPOCTH BOJHONO MOTOKA H Me-
XaHHYeCKOTO cocTaBa IPYHTOB JHA.

JHeficTBHe BOZHOrO IMOTOKa Ha ,lIOHHbIe OTJIOKeHHs B NpHGORHOMN .
30He oIlpeleJseTcs B OCHOBHOM, KaK OTMEYEHO BHIIIE, BOJHOBHLIMH
KOJIe6aTeJbHbIMH [BHKEHHSIMH, BBICOTA KOTODHIX B NpPHUIOHHOM CJO€
3aBHCHT OT pa3MepOB BOJH M IVIyOHHBEI BOJABI, a TaKXe OT IapaMeTpoB
GeperoBoil OTMeNH, ONpeAesIOIiMX IIPOHEeCCH TpaHCHOPMALHH BOJH.

MexaHnyeckni cocTaB IPYHTOB OTMNH NH ONpENC/NCHHH MYTHO-
CTH MOXKHO y4eCTb THADABJHYECKOH KPYIHOCTBIO KaXKAOH (pakuuu
" l‘lpOH,eHTHbIM conepxkanueM (pakumit. Takum o06pasoM, CPEIHIIO
MYTHOCTb 0™ Ha 6eperoBoil OTMeNH MOXKHO NPeACTaBHUTb KaK (YHKUHIO
CJEAYIOIINX BEJHYHH: BBICOTHL BOJIHHL A, cpeiHe# ray6uunl Hep, HH-
puHE GeperoBol oTMenu B, THApaBANYECKOH KPYNHOCTH Wy H COJep-
JKaHUs YacTHL p B IPYHTaX OTMeJH, T. €.

p*=f(h! Hpr B) wry p)- (7.7)

Jns onpeneneHuss XapaKTepHCTHK TPYHTOB GeperoBofl  OTMeJH,
MMEIOLIHX CJOXKHBIH COCTAB, <BOCHOJb3YEMCs CPeIHeB3BEIICHHBIM IIO-
KasaTeJeM THAPAaBJAHYECKOH KPYMHOCTH YacTHI, MpPeJACTaBHB. €ro
B BHIE

Wy =W P +0up,+... + wmﬁn, v o (7.8)

rie Wr, Wre, ..., @Wrn-— CHAPABANYECKAS KPYNHOCTb; P1, P2, ..., Pn
cojepxkanne (B A0JAX €AMHHUIIEI) Kaxnoﬁ YUHTEIBaeMOH (pakuuu Ha--
HOCOB B I'PYHTax 6eperoBOil OTMeJIH,

TIpu OUeHKAaX MYTHOCTH BOAbl Ha GeperoBHX .OTMENSX BHYTDPEHHHX
BOJIOEMOB YueTy MHOJAJeXaT He Bce (PpakUUM HAHOCOB, KOTOPBHIMH CJIO-
KeHbl GeperoBble OTMEJH, a JHIIb MEJKO3epHHCThIe TPYHTH. Bbimos-
Hennole B 'TH uccnenosanus [167, 175] mokasanu, ur0 Ha GeperoBHIX
OTMeJIAX BO B3BELICHHOE COCTOSIHHE IIePEXOAAT MPEHMYIIECTBEHHO
MeJIKO3epPHUCTHIE YaCTHUE pasmepom MeHee 0,2 mMm. Yacruisl pasme-
poM GoJjee 0,2 MM nepexolsT BO B3BeCb Ha KOPOTKHE NEPUOIH IpeH-
MYILIECTBEHHO B NPHUAOHHOM CJIOE M He OKa3BIBAKT, KaK yxe GBHIO OT-
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MEYeHO BbIlIE, CYHIECTBEHHOIO BJIHHHHH‘ Ha . MYTHOCTB, 0COOEHHO

B YCJOBHAX JAEHCTBHA CPAaBHHTEJHHO CNabbiX H YMEPEHHBIX LITOPMOB.

DTOT BHIBOJ XOPOILO COIJIaCyeTcsl ¢ MHEHHSMH TaKuX HccJeloBaTe-
Jel, kak Yorre, Bernoann [77], Uura [60] u ap.

Cpemﬂoxo MYTHOCTb BOJbl B 30He OeperoBOf ormemn ¢ yquOM
CPEeZHEB3BEIIEHHOr0 MOKa3aTelss MIADABJHYECKOH KDYNHOCTH JOHHBHIX
TPYHTOB MOXKHO NPeACTABHTL B (DYBKIHH CIEAYIOUHX ONpeleNioluX
- (hakTOpOB:

={f(h, Hep, B, Wy). (7.9)
B pesy/ibraTe COBMECTHOIO PacCCMOTpEHHS JAAHHBIX MO BCEM YNO-
MAHYTHM Bbillle BojoeMaM (okosao 250 cepuil u3MepeHuH) € ydeToM

IMHPHHBI GeperoBeIX OTMeJNeH B u pacuerHHX CPeIHEB3BEUICHHBIX IO-
Kasarelell rHAPaBJHUECKOH KPYHNHOCTH HOHHBIX OTJOXKEHHH Wy IO-

Tabauya 7.3

U3mepenHbie (YHCIHTENb) H BbIYHCIECHHbIE (3HAMEHATelb)
cpefiHMe 3HayeHHsi MYTHOCTH BOJAbI Ha OeperoBbIX OTMENNAX, Kr/m®

Lilupyua Brigota BOJIH i} o M
Gepero-
Bonoem BOI1 OT-
Meau
B, M 0,2 0,4 0,6 0,8 1,0 1,2
Kafipakkymckoe 6,5 1,7 5,8 — — — —
BOJOX PaHMJIAILE 0,83 2,32 ;
13,5 0,42 1,30 2,30 — — —
0,43 | 1,21 | 2,24 |. ’

23,0 |-0,27 | 0,75 | 1,80 | 1,9 — —
0.23 | 0,64 | 1,20 | 1,8

Kpemenuyrckoe 80,0 0,06 | 0,20 | 0,45 | 0,70 | 1,00 .| 1,30

BOJLOX PaHHJIRLIE 0,08 0,22 0,42 0,61 0,90 | 1,20

T'opnkoBcKoe 45,0 0,10 0,32 0,55 0,85 1,12 1,45

BOIOX PaHHJIHIIE 0,11 | 0,32 | 0,60 | 0,92 | 1.28 | 1,69

Kaxosckoe Bopmo- '
X panuJanie )

cteop IX 100 0,05 | 0,00 { 0,20 | 0,38 | 0,56 | 0,80

: 0,06 | 0,16 | 0,29 | 0,45 | 0,61 | 0,83

ereop VI - | 55 0,08 [ 0,09 | 0,20 | 0,37 | 0,55 | 0,66

0,08 | 0,24 | 0,46 | 0,70 | 0,98 | 1,30

Asosckoe Mope 115 0,04 { 0,12 | 0,20 | 0,30 | 0,42 | 0,55

‘ 0,03 | 0,10 | 0,18 | 0,28 | 0,39 | 0,51

Besoe 03epo 100 | 0,08 | 0,22 | 0,40 | 0,68 | 0,88 | —

{ 0,08 0,22 0,40 0,62 0,86
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Jy4eHo 000GIIeHHOe BhIpaMKeHHe /sl pacuera cpeiHell MyTHOCTH:

o% = kW2 [(H_ Bw P, (7.10)

0T %

rae ko — ko3 duuuent, papubii 0,27, eciu wrp BHPaXKeHO B MeTpax
Blc h , Hou B—B Merpax, a p* —B Kujorpammax s 1 m%

OTkNOHEHUST BHIYUCJIEHHBIX 10 3aBucumoctu (7.10) sHaueHHil MyT-
HOCTH OT OCpEJHEHHBIX H3MEeDEeHHBIX Ha BOJHBEIX 00beKTax He IpeBbl-
maer npeumymecrseHHo 15 % (raba. 7.3). Tospko mnas oZHOrO H3
yaactkoB KafipakKyMCKOro BOZOXpaHWJHIIA, IAe IIHPHHA GEeperoBbX
OTMeJIell cOCTaBJIsIa 0KoJo 6,5 M 1 BO BpeMsl BOJHEHHsT HaGJIOLANHCh
006pylLIeHHS CYIVIHHHCTBIX I'PYHTOB Oepera, u3MepeHHBlE 3HAYEHHS MYT-
HOCTH IIPEeBBICHJIM BBIYMCJIEHHBIE NOYTH B 2 pa3a. Ha ocHoBaHHH 3TOrO
MOXKHO 3aKMIOYHTh, 4TO 3aBHCHMOCTb (7.10) BHOJIHe MpuemieMa AJs
pacyeToB MYTHOCTH BOJH Ha GeperoBbIX OTME/SIX BHYTPEHHHX BOJLO-
eMOB.

7.9. Pacxodv: donnolx HAHOCO8 U Uux CBﬂ3b
CO 838eUIEHHBIMU nauocamu

BosiHOBBIe KOJieGaTeNbHBlE ABWUIKEHHS KUAKOCTH B IPUAOHHOM
cJioe npuGOHHOM 30HBI BBHI3BIBAIOT, KAK OTMEUYA/OCh Bbillle, NOJABUNKKH
JOHHBIX OTJIOXKEHHH -H CIIOCOOCTBYIOT He TOJIbKO B3MYUHBAHHIO TBep-
AbIX 4aCTHI, HO ¥ HX NEPEKATHIBAHHIO HJIM CANbTALHH. Tlon mefictBueM
BOJIHOBBHIX KoJieDaTeJbHBIX ABHMKEHHH BO3MOXKEH YHCTO BOJIHOBOH Iie-
peHoC [OHHBIX yacTHL. BoJHOBO NepeHOC MOHHBIX YaCTHI[ OGBIYHO
yMeHblIaeTCsl ¢ yBeJNHYEHHEeM MIMPHHBI NPHGOHHON 30HH, YTO 06YCJOB-
JIeHO YBeJUYeHHeM CTerneHH pedparkuuu TpaHCHOPMUPYIOUIUXCA U pas-
6uBalouuxcsa ‘Ha OTMeqH BOJMH. OXHAKO TOJNBKO HA Y3KHX OTMEIAX
[P YCJOBHH NOAXOAa BOJH IOA OCTPHIM YIJIOM BILIOTH A0 ype3a
BOJIHOBO#I IepeHOC [NOHHBIX YAaCTHI, BAOJL 6epera B pe3yJabTaTe HX
IBMXKEHUS MO NHKJOHAAJbHBEIM TPaeKTOPUAM MoXKeT OBIThb BeCbMa Cy-
MeCTBEHHBIM II0 OTHOLIEHHIO K OOIlLeMy IepeHOCY TBEpPAOro MaTepH-
ana BAoJb Oepera, Ha mupokux GEperoBEIX OTMeNsIX BAOJbOEpEroBoi
TepeHoC JOHHBIX HAHOCOB OOGYCJOBJHBAaeTCs BAOJALOEPErOBHIMH Teye-
HHAMHY, MOCKOJBKY IUTOPMOBLIE BOJHH B Hpefesiax MEXKAY 30HOH pas-
6¥BaHUsl ¥ Ype3oM JBHKYTCs HPEHMYILECTBEHHO [0 HOPMAaJH K JIH-
HHU 0epera U He MOTYT BBI3bIBaTh IEPEHOC HAHOCOB 33 CYET BOJHOBBIX
IBHXKeHuH. -‘Pacxombl MOHHBIX HAHOCOB VBEJHYHBAIOTCS, KaK IOKA3BI-
BaloT ganHble uaMepenuil Ha Kafipakkymckom, Kaxosckom u Kpemen-
YYICKOM BOJOXDAHMIHINAX, C YBEJUYEHHEM CKOPOCTH BLOJbOEpEro-
BOTO TEYEHHs, YTO BUAHO MO OCPELHEHHBHIM 3HAYEHHSM, peACTABIEH-
HBIM B TadJa. 7.4.

paCXOI[bI JAOHHBIX HAaHOCOB YBEJHYHBAIOTCA IIPH IPOYUX pABHBIX.YC-

JIOBHSIX TaKkKe C yBeJHUCHHEM DasMepoB Oeperosnix oTMesefi. Hanpu-

Mep, IPpU cpelHell CKOpOCTH BAOJbOeperosoro Teuenus 0,3 M/c pacxon .

ZIOHHBIX HaHOCOB Ha KalipakkyMckoM BojoxpaHuiuile (B=>5... 26 )

cocraJsta 20,5 T/cyt, a Ha Kpemenuyrckom (B=60... 90 m) 95 T/cyT.
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Tabaruna 7.4

OCpe,lIHeHHble pacxonbl JIOHHBIX HaHOCOB Ha 6eperOBb|x OTMENAAX
BOOOXPAaHUJHIL, NPH Pa3auyHON CKOPOCTH BJIOJIbﬁepel'OBOFO TquHHﬂ, T/CYT

Kosnu- CKOPOCTH BAONLOEPEroBoro TeyeHHs, M/cC

. yecTBO
Bonoxpanuauuge usme-
PEHHbIX

PAcXoLoB 0,1 0,2 0,3 0,4 0,5 0,6 0,7

KaitpakkymMmckoe 54 4,3 | 12,1 | 20,5 | 33,07 47,7 | 67,0 | 95,0

Kaxosckoe 21 12,5 | 31,7 | 71,0. — — - —

Kpemenuyrckoe 12 26,0 | 58,0 | 95,0 [ 144,0| — — —

CKOpOCTb TeyeHHs BJIHSET He TOJbKO Ha OOIHA pacxol AOHHBIX
H4HOCOB, HO W Ha paclpejeseHHe IepeMelieHHs MOHHBIX HAHOCOB IO
upHHe 6eperoBoil OTMeJH. MaKCHMyM MepeHoca 3THX HAHOCOB Yallle
BCETO pacrnoJiaraercs B IIPHYPE30BOH 30HE HJIH Yy 30HB pa3CHBaHHsA
BOJIH, €C/I K He#i MPHypOuYeH MaKCHMyM CKOpPOCTH TeueHusi [144, 190,
229]. B Tex cayyasix, KOria CKOpPOCTb TEUEeHMS B Ipelesax 6eper03014
OTMEJIH TPAaKTHIeCKH OJMHAKOB&, OOBIYHO OTMEYAeTCs IVIaBHOE YBeJH-
yeHHe IepeHOca JOHHBIX HAHOCOB IO HaNpaBJeHHIO OT 30HH 3a6ypy-
HHBAHHUS BOJIH. K Ype3y, 4To OGYCJ/IOBJMBAETCS, MO-BHAMMOMY, YBeJH-
YEHHEM CKODOCTH BOJHOBBIX JBHXKEHHH M NEDPEHOCHOTO TeueHHS B IPH-
AOHHOM CJIOE B CBSI3H C YMeHBbIIEHHEM TJIyOHHEL

B o6uem BlIOJIbﬁepeFOBOM nepeHoce TBEPHOrO Marepuana AoJas
JOHHBIX HAHOCOB YMEHbIIAETCS C YBeJHYeHHeM CKOPOCTH BHOJbOepe-
" roBoro Tteuenust {175, 190] u BHICOTH BOJIH, €CJH OHH MOAXOMUSAT Imox’
OCTPBIM YIVIOM K JIHHHH Oepera. Tak, mo AaHHBIM. H3MepeHHH Ha OTMe-
Jsax Kaxosckoro n KpeMeHUyrckoro BOJOXpaHHJIHII, PaCXOABl JOHHBIX
HaHOCOB NPHUMEPHO DaBHAJHCh PAacxoJaM B3BeLIEHHHIX HAHOCOB INpH
¢1200M BOJIHEHHHM W HeOOJbLIOH CKODPOCTH TEUYeHHS, HO. COCTaBJAJIH
Jumb - 2—4 Y% pacxofoB B3BellleHHBIX HAHOCOB B YCJAOBHSX, KOTHa
IITOPMOBBIE BOJIHBl NOAXOAUJIH IIOZ OCTPHIM YIVIOM K JIHHHH Gepera,

a CKOPOCTH BJOJbGEpPEroBOro . TeYeHHS - OBUIH  3HAYHTEJIbHBIMH
{Taba. 7.5). '

Talé/ulu;a 7.5

OTHOCHTelIbHBIE pacxonbl IIOHHHX HaHOCOB -
TIpH pPa3iHYHOH BBICOTE BOJH, % pﬂCXOlIOB B3BeIIeHHBIX HAHOCOB

BblcoTa BOJH, M

Bopoxpauudiniie
0,25 0,50 0,75- 1,0 - 1,%
Kaxosckoe 98 40 15 6, 2,0
K pemeHuyrckoe ‘93 - 44 18 7, 4,0
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BJan3KHe K 9THM pe3yJbTaTH IOJYYEHHl M N0 AaHHBIM H3MepeHHHE
Ha y3kuX oTMmeasix KafipakKyMCKOro BOAOXPaHHJHINA. Pacxomnl HoH-
HbIX HAaHOCOB COCTaBHJH 3lech B cpeneM okomo 12 9% pacxonma Bsse-
IIeHHEIX HaHOCOB. i

[Tonyuennble pe3y/bTaThi MOXKHO HCNOJNb30BATH /ISl OLEHKH BJOJb-
GeperoBoro mepeHoca TBEPAOTO MaTepHaja Ha OTMEJsX, CJIOXKEHHBIX
NPEHMYMIECTBEHHO NECKAMH H/IH NECKaMH C HEGOJIBUIAM KOJIHYECTBOM
BKJIIOYEHHH HJIHCTBIX H TVIHBHCTBIX YaCTHIL. ‘ )

7.10.. Pacuer gdoabbepezosozo nepenoca
T8epA020 MaATepuara

TlpakThHKa THAPOTEXHUYECKOTO CTPOHTEJbCTBA OYeHb JABHO CTa-
BHJIA TIepe] HCCHAENOBATENAMN 3aJady OLEHKH NepeMelleHHH HaHOCOB
Ha nobepexbax Mopeﬁ Oauako JHUIIbL HECKOJbKO AECATHJETHH TOMY
HasaJ| TOSIBHJHCh INepBble IPeNIOKEeHHs 110 NPHUONHKEHHOH OLEHKE,
HO He KOJIMYeCTBa, a TOJIbKO HalpaBJIeHHS npeoﬁnaﬂafomero nepeHoca
TBEPJAOT0 MaTepHaJa. ’

IlepBbie mpeJIOKeRHsT MO OUEHKE OTHOCHTENLHOTO HOCTynJIeHHH
HAHOCOB K TMIPOTEXHMYECKHM COOPYXKEHHSM, YCTbSM PeK HJH GyXTam
6n1n paspaboranbn B. I. TuyHIKOBBIM M [OYTH -OLHOBpeMeHHO MyHX-
ITerepconom [52]. B masbHelillleM aHaJOTHYHBIE IPEAJNONKEHHs ObIH
paspaborann uau yrousensl A. M. XKpanoswmm [47], P. 5. Kuancom
[85], B. A. Mpimkuaem [141] u ap. Co BTOpo# N0JOBHHE 50-X rojoB -
HayaTa paspaboTKa KOJHYECTBEHHHIX METONOB OICGHKH NepeMeIleHHH
HaHocoB. [losBuauce pacuersne 3apucumoctd H. . Ilnmosa [221],
I'. ®©. Kpacnoxona [97] u MHOTHX 3apybexHBIX HccleaoBareseir [60,
61, 77, 239]. 3aBUCHUMOCTH DAacXOJOB HAHOCOB OJLHHMY H3 3THX aBTO-
POB OLITH TOJYYEeHH IO LAHHBIM JaGOpaTOPHBIX HCCAEIOBAHUI H He
obecneunBaju yZAOBJAETBOPHTEJNBHOH COrJIACOBAHHOCTH DPACCYHTAHHBIX
_3HAaYeHHl ¢ NAHHBIMM HATYDHBIX HM3MepeHHH, a 3aBHCHMOCTH IPYIHX
@BTOPOB BKJIOYaJH HEHU3BECTHBIE KO3(G(MUIHEHTH HJIH OKa3aJlHCh pe-
ruoHaJbHEIMH, B CBSI3H ¢ 3THM NIPOLOJIXKAJNIOCh JalbHEHIIee COBEpLIEH-.
‘CTBOBaHHE DPaCYeTHHIX METOJOB NyTeM O0oJee IOJHOIO YyeTa OCHOB-
HBIX ONpeleNsiomux (GaKTopoB. YTOUHSJIHCH, B YAaCTHOCTH, CIIOCOGHI
BHIYUC/IEHH 5HEPreTHYeCKHX XapaKTepHCTHK BOJHOBOIO peXMMa mpH-
OpexHo#l 30Hbl [244] U ycTaHaBJHBAJHCb HOBble 3aBHCHMOCTH BHOJIb-
Oeperopblx mepeMelleHHH HaHOCOB OT BOJHOBOH aHeprum [229, 234]
Hecko/nbKo pacueTHBIX 3aBHcHMOCTell 6bLJIO paspaborano B MHcrutyTe
ruapomexanuku (MI'M) AH YCCP u 8 ITH.

- B. JI. Makcumuyk u B. 3. ABepun [142], ucxoas us meroma pas-
MEDHOCTH, NIPeCTaBHIH PacXo] HaHOCOB R B BHAE

R=1, 2+ 107 A} hra (g/dep)* sin 2, (7.11)

rie HArz, Arg— COOTBETCTBEHHO BHICOTA H JJIHHA BeTpOBbIX BOJIH Ha
ray 60Koi BOIle, M (6Ge3 ykaszaHMA HX 00eCNneuyeHHOCTH); o — YroJ Me-
XAy JYYOM BOJHBL H HOPMAaJbl0 K JIMHHH Oepera, rpaaycol; dep—
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cpe,tm;m KDYNHOCTb HaCTHL IPYHTa, M; g — yexopenue CBo6onHoro na-
JeHus, M/c?,

B. A. INeuukun [141] yuen BiausHHe Ha paCXOL HaHOCOB HaKJ/OHA
otmenn my=ctgp u Bopaxenue (7.11) mpeacrasun B CJIe,U.YIOLLleM

BHAE:
R__l()—‘*(hmxm/mo ) (g/dep) 11 (20). C(7.12)

Ha ocHOBaHHH JaHHBIX MO 3aHOCHMOCTH OJHOH W3 Impopesed Ha Oe-
peroroit otmesin Kaxosckoro Bogoxpannauma E. C. LlafiTi BBe B BHI-
paxenue (7.12) KOS(M)nuHeHT 1,12.

Aproph 3apucumocteit (7. 11) u (7.12) He AaloT TOYHBIX YKa3aHHH
B OTHOIICHHH BHJA ONpEAe/sieMblX HAHOCOB.

VTouHenne M H3MeHeHHe Buma 3aBucumoctn UM AH YCCP
npojoJKanoch u B nocieaywolnee spems [114]. Haubonee cymecTtsen-
Hble W3MeHeHHsi BHeceHH B. JI. MakcHMyykoM, KOTOpHIH NpeacTaBuJ
pacxon HaHOcOB (M3/c) B BHAe

R=0,968-10~° 2/1133 .“")4’3(dfp)”2( O )(i'——cpT)X

my Ye — Px _
X [sin (2e) sin a]?, ' (7.13)

rie fg — K03¢p(UIKEHT; YUUTHIBAIOMINA LIepOXOBATOCTh AHA U NPOHHU-
1aeMOCTb JOHHBIX TPYHTOB; O, Ym — COOTBETCTBEHHO IJIOTHOCTh BOJIH
U HAHOCOB; (p— AapaMeTp <«TYpOYJEHTHOCTH MOBEAEHHS HAHOCOB»
(3HayeHHs1 He yKazaHH); 06eCHeYyeHHOCThb 3JeMEHTOB BOJH Argy H Au,
H3MEpEeHHbIX Ha BHeWIHeH rpaHulie’6eperosofl OTMeNH, He YKa3aHHL

B I'TU sasucuMOCTH JJs pacueTa pacxoja HaHOCOB paspaboraHHl
A. B. Kapaymepwm u A. §. IIpapuman [218, 219] a  TaKxe
A. C. Cynoabrckum [144, 198].

A. B. Kapaywes u A. . IlIBapumaH {75, 219] HPEILCTaBI/IJII/I pac-
XOZI HaHOCOB (Kr/c) B BHjE

Ry =0,150¢, (1 — 0,74/H ) (1,3/4/ Hep 4 Exvep)’ NK[‘B, (7.14)

rjie cpellHsis CKOpPOCTb TeueHus (M/c) paBHa

' g114/3h sin (2a) - -
% =\/ 0.1+ 800i2, /B d\°B ’ - (7.19)
Tk = (3C — M)/(3C); , - (7.16)
Ngx=MCl/g; ' (117
M=0,7C +6; . _ (7.18)

.I‘—'rnnpomexaﬂnqecxnn napaMeTp HaHOCOB, 3aBUCSILUH OT Kdéd)(pn-
paertra lesu C uw Benuuunbl G* W onpenensieMbii 1o cneuna.nbﬂon
Taémme

Gt — @ /(Uep + 0s); . @.19)
Us == qu/Hcp;- (7.20)
g, = hc/x, ‘ (7.21):
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riae wr—cpelmﬂﬁ TUApABIMUECKAS KPYIHOCTb B3BEIUEHHBIX (paxuui
HanocoB; Hgp— cpednsis ray6uHa B npuéonﬁou 30H€; h — BHCOT2
BOJIHB Iepel paspyllleHHeM; B —iuMpuHa BCei OTMENH WIH €e 4a-
CTH, OXBaYeHHOH Bﬂ.OJ‘IbﬁepeI‘OBbIM TeueHneM; dp — 3 (PeKTUBHEIN Aua-
MeTp HOHHBIX OTJIOXKEHHH, MM; C— CKODOCTb BOJIHH; ¢n — 3J€MEHTap-
HEBIl BOJIHOBOH pacXoj; vs — CKOpOCTb BOJIHOBOIO IlepeHoca.

B paborax [190, 229] npeacraBneHbl pe3yJbTaThl CONMOCTABJIEHHS
'MHOT'OYHCJIEHHEIX H3MepEeHHBIX pacXOAOB B3BellleHHBIX HAHOCOB C pac-
CUMTAHHBIMH 11O 3aBHCHMOCTH YKa3aHHHBIX Bhillle 3apyGexKHBIX HCCJe-
poparenell u no sasucumoctsam (7.12) u (7.14). K comocraBaeruio
npuBJeYeHb AaHHBIe H3MepeHH# Ha y3kux (5—26 M) ormensax Kaii-
. PAKKYMCKOro BOJOXpaHMJHILA, Ha OTMeJAX.cpeiHell WupuHH (60—
90 M) Kaxosckoro u KpeMeHUYrckoro BOJOXPAHHJIHIL M HA OTMENAX
3HayuTeabHOH HInpuHbl (100—300 M) AsoBckoro mops u JlaJoxKcKOro
osepa. [laHHble cOmoOCTaBJEHHH NOKasaJjd, YTO HH OJHA H3 CYHIECT-
“BYIOIIMX pacueTHHX 3aBHCHMOCTEH He ABJsAETCS yYHHBEPCAJbHOH, XOTH
IpHY HEKOTOPBIX YCJOBHSIX M 00ecHeudBa€eT BIIOJHE YAOBJETBOPHUTE]b-
HYI0 CXOAMMOCTb C H3MEPEHHBIMH O €UHOH METOIHKE pacXOfaMH Ha-
HocoB. Tak, HanpyuMep, pacXOAbl HAHOCOB, BHIYNCJEHHBIE IT0 3aBHCHMO-~
cram (7.11) u (7.12), B GoJblUIHHCTBE CJIyyaes OKa3aJHCh 3aBhIllICH-
HBIMH B 3—5, a uHorja u B-7—10 pas mo cpaBHEHHIO C HU3MEPEHHLIMH
pacxofamu. MHorue pacxoAbl HaHOCOB, BEIYHCJIEHHbIE [0 3aBHCHMOCTH
(7.14), okaszanucy GIU3KHMH K H3MepeHHBIM Ha KpeMeHUyrckoM BOJO-
XpaHMJHILE, HO B HECKOJBLKO pa3 MpeBHIIAJH PACXOJH, H3MepeHHme
Ha LIHPOKHX GeperoBeIX oTMeasAX A30BCKOro Mopsi. .

B 1963 r. 8 ITH O6r1a paspaboTaHa 3aBHCUMOCTb JJISt pacxolla
B3BelIEHHEIX HAHOCOB Ha OCHOBAHHU YTOYHEHHS TEOPETHUECKOi 3aBH-
CHMOCTH  CKOPOCTH BJ0JbGEPEroBoro - TeyeHus, npeanoxenHoi Ilyrma-
HOM, MyHkoM u Tpaij0poM, U IMIHPHYECKOH 3aBUCUMOCTH AJIs Cpel-
"Heft MyTHoctH. Pacxox B3BellleHHBIX HAHOCOB (Krfc) Hpe}lCTaBJIHeTCS{

B BHAE
R, _031 10%4} o, pi/3 4/5i0 Qa)/(ZBY) . - - (7.22)

- Pacxoapl HaHOCOB, BHIUHC/ICHHEE 110 9TOf 3aBHCHMOCTH, XOpoIlIo
"COTJIaCOBAJIHCh C PAaCXOLaMH, H3MEDEHHBIMH Ha Y3KHX oTmessix Kaii-
| PAKKYMCKOTO BOJOXPAHHJ/IHINA, HO HEPeJKO OTJHYaguch B 2—4 pasa
‘OT PACXOMOB, H3MepPEHHHIX Ha (oJiee IIHPOKHX OTMeNSX APYTHX BOLO-
. emoB. C -yueToM 3TOro 0O6CTOATENbCTBA OblIa MPEANPHHATA MNOILITKa
JaapHeHIero yTouHeHHs pacueTHO# 3aBHCHMOCTH MyTeM IPHUBJEYCHUS
' HOBBIX JAHHBIX H3MEpeHHH U YTOUHEHHS IpeJCTaBJeHHHR 0 Tpouecce

JBHXKEHHS] HaHOCOB.
O6wmuil (6e3 yyera paCTBOpeHHbIX BellleCTB) pacxoz.: HaHOCOB ue- *
pe3  CTBOp R, IpEACTaBJEH B BHAe CYMME PacX0ON0B B3BEMICHHBIX
(Re) u monueix (Ry) HaHOCOB, T. e.

Re=Ry+ Ry, - (7.23)
TAE-
Ry =1, Fp*. (7.24)
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CpenHsisi Ha GeperoBoi oTMeH CKOPOCTh BILOJIbﬁepeI‘OBOI‘O Teye-
HUS Uop NPHHHMAETCA DABHOW NPOH3BEJEHHIO CPEAHell MOBEPXHOCTHOH'
CKODOCTH, BBIYHCJIEHHO! o ¢opmyse (6.15) uan (6.16) (cm. riasy 6)
Ha xo3¢pduunent 0,83). CpexHiol0 MyTHOCTH BOAH Ha OTMeJaH ¥
npejJjiaraercss OupeiesiTb To q)opMy.ne (7.10), a mmomame ceueHHs
£ B cTBOpPE OTMeNH NPHHHUMATDH PAaBHOI :

F=BH.. . . (7.25)

[locne TNOXCTAHOBKH BHIpaMKeHHH IJiA Uep, p* u F B dopmyay
(7.24) nast Geperopeix oTmesnei mupnHOH MeHee 100 M pacxonm B3se-
IIeHHEIX HAHOCOB (Kr/c) BHIPA3HTCHA B BHJIE

o R8=kpwr—2/3hfi{/§H%3BI/3f (o) exp[—(0,014B — 0,5H )], (7.26)
rae ko, — Kosbduuuent, pasuni 0,22, ecau h1 o Hep m B BBIpaKeHb

B MeTpax, d Wr, — B MeTpax B 1 c.

Pacxoj [OOHHBIX HaHOCOB R; NpH KaXAOM pacueTHOM 3HaYeHHH
BEICOTHl BOJIHBl /1, MOMKHO ONpENEJHTb IO NaHHEIM TabJ. 7.5 win

NpUGJHKEHHO YUecTb B OOMIeM pacxoje TBEPIAOro MaTepHasia yMHO-
JKEHHEM Dacxoja B3BeleHHBIX HAaHOCOB Ha OCpelLHeHHbIH nepexozu-lbm
Kostpqmuﬂem :

R.—1,12R,.. - - (7.27)

[Tyrem comocTaB/ieHHH BBIYHCJAEHHBIX U M3MEPEHHEIX PacXOIOB Ha-
HOCOB YCTaHOBJIEHO, UYTO 3aBHCHMOCTb (7.26) oGecneuuBaer JyqLIyiO
CXONHMOCTh H3MEDEHHEIX H BBHIYHC/ICHHBIX PacXOLOB HAHOCOB, 4eM
3aBucuMocty (7.11) u (7.14).

IIpn BHIUHMCHIEHHH DPAaCXOJOB HAHOCOB HA OTMEJAX UIHPHHOH Gostee
100 M Heo6XOAHMO YYHTHIBATH BETPOBYIO H0OGaBKY K CpeIHeH CKOpO-
CTH BAOJbOEPEroBOre TeueHHs no BhpaxeHuaMm (6.16) uam (6.17).
STHM. JOCTHTaeTcs Jyulliasi CXOAHMOCTb H3MEDEHHBIX H BEIYHCIIEHHBIX
PacxofioB HaHOCOB. >

. 3aBucHMOCTBIO (7.26) MOXKHO NOJB30OBATHCS H ILJIH onpeneneﬂnﬂ
KOJHYECTBA HAHOCOB, NepEeHOCHMBIX Yepe3 CTBOP 0eperoBoi OTMENH
B TeueHHe Ge3MeNOCTABHOIO 1epHojAa HJH OTHeJbHHIX Ce30HOB. ILas
3TOro HeoOXOAHMO pacHojaraTb CBEACHHSIMH O [IOBTODPSIEMOCTH HJIH
NPOJAOIKHUTEILHOCTH AEHCTBHSI BETPOB Da3/IHUHBIX Ipalaliii CKOpOCTH
1O HafpaBJIeHHAM, KOTOpble MOXHO B35iTh H3 «CIpaBOYHHKA O KJH-
maty CCCP», noiyuuts mytem o6paGoTKu JeHT aHeMopyMGorpada
HJIH METEOPOJIOTHYECKHX Tabsull. OCHOBHBIE 5/€MEHTH BETPOBBIX BOJIH
ZJIsi PACUETHOTrO CTBOPA BHIYHC/SIOTCS B COOTBETCTBHH C TpeBGOBaHH-
avu CHull 2.06.04—82 [166], a yrib moaxoga BOJH K Gepery npH-
HHMAIOTCS PaBHHIMH yIJiaM MeXKJAy HalpaBJeHHSIMH PaclpoCTpaHeHHS
BOJH H HOpMasbio K JHHHH Gepera. Ilapamerprl Geperosoit oTmenu
B u Hep onpesenisioTes: N0 JaHHHIM HATYDHBIX HaOJIOLEHHUH, a COCTaB
AOHHBIX OTJIOXKEHHH — IO JaHHEIM J1a0OpaTOPHEIX AHAIH30B TPYHTOB
GeperoBoit ormenu. IIpoJOMKHTENBHOCTD MAEHCTBHS BOJIHEHHS KaX-
JIOTO AHANa30Ha M. KaxkJoro HalpaBJeHHs NPHHAMARTCS PaBHOH Mpo-
JOJKUTENbHOCTH AEHCTBHS COOTBETCTBYIOI(ero HM Berpa [144, 198].
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CekyHaHble pacxojbl HaHOCOB, BHIYHC/JCHHHE AAs KaxKIOro auamna-
30Ha BOJIH N0 KaXjAOMYy HalpaBJeHHI H YMHOKEHHblE Ha COOTBETCT-
BYIOIHEe UM NPOJOJIKHTENBHOCTH TEPHONOB AEHCTBHA BOJH HAKOT KO-
JMYECTBO HAHOCOB, NMepeMeliaeMblx BIOJb Gepera. Ilyrem cymMMHpOBa-
HHUSI 3HAYeHHH 3TOH BEJHYHHB ONpejesseTcss O6MMUHA nepeHoc HaHOCOB
IS KaXJAOro M3 BO3MOXHBIX HANpaBJeHHH paclpocTpaHeHHs BOJH H
pe3yJabTHPYIOIIME IepeHOCH CNpaBa M cJeBa OT PacyeTHOro. CTBOpa.
Ha" ocnoBanuu comocraB/eHusl Pe3yJbTHPYIOLIHX IEpEHOCOB CJeBa. H
clipaBa OT CTBOpa YCTaHaBJHBAaeTCs .HalpasJjesye IpeobJaialouero
nepeHoca HAHOCOB 33 pacCMaTpHBAEMBIH IPOMEXYTOK BPEMEHH H
. ompejeNseTcsl ero YncJA0BOe 3HaUeHHUE. . ‘

AHajoruunble CBENEHHSI MOMKHO  NOJYYHTb, HCIIOJAB3YSE  HOMO-
rpamMMy, IIOCTPOEHHYIO Ha -OCHOBAHMH H3MePeHHBIX pacXO[OB HaHOCOB
B cTBOpe GeperoBoll OTMENH y4YacTKa BOJOEMa NpH pa3J/HYHOH CKOpO-
CTH WM HampaBjeHHH Berpa. [Ipumep TakOH HOMOrpaMMBEl, IIOCTPOECH-
HOH 10 AaHHHIM H3MepEHHMH PacxXoJOB HAHOCOB Ha OJIHOM M3 yYacCTKOB
KaxoBckoro pogoxpanuiuina, fad 8 pabore [175].

BrosbGeperopbie nepeMelleHNsl HAHOCOB Ha GeperoBhiX OTMEJAX
BHYTPEHHHX BOJOEMOB MOIYT H3MEHATbCS, ,KAK INOKA3LIBAIOT BHITIOJ-
HenHbie B 'TH pacyersl, OT HECKOJBKHX THICSY 0 HECKOJBKHX HECHT-
KOB THICSY TOHH 3a roi. Haumenbline 06beMbl NepeMelieHUNE HAHOCOB
_NOJYYeHHl JJS  CPaBHHTENbHO- HeGoJblioro no pasmepam (11,0
X 7,0 kM%) o3epa Boabiioe fIposoe. - O6muil nepeHOC HAHOCOB B CeBep-
HOHM yacTH 3TOro o3epa cocrarua 1,80 Teic. T/Tol, a pPe3yJbTHPYIOUIKE
(¥ BOCTOKY) — 1,36 ThHIC. T/ron. HamnbGospiline nepeMellieHHSI HAHOCOB
ompenesensl Ha 3anajaHom Gepery Kasautumckoro 3anusa A30BCKOro
Mops. OG6mu#l mepeHoc Ha 3TOM ydYacTKe cocTaBud 294 Teic. T/ron,
a pesyJbTHPYIOLIMA B ceBepo-3anaJHOM HampaBJacHuH — 226,8 THC.

Tabauya 7.6

Baoab6eperospie mepeMeileHus HaHOCOB Ha GeperoBhIX OTMENsiX
PasNHUHBIX BOJOEMOB, ThIC. T/FOJ

HanpasJjieHne mepeHoca HAHOCOB 4epe3 CTBOD

B v ' A
R e mmeso | empamo | CYNMAP- fpedvibT-
KaxoBckoe Bopo- |r. Duepronap 3,68 5,99 (k 9,67 2,31
X PaHHNIIEe (x B—BIOB)| C3—BCB) , (x C3)
Kpemenuyrckoe ¢. Buroso 28,5 17,2 - 45,7 11,3
BOJOX PRHIJIKIIE ‘ “(x IOB) (x C3) (x IOB)
03. Bouasluoe r. Caasropoj 0,22 1,58 . 1,80 1,36
siposoe ‘ . (x 3) (x B) (x B)
AsoBckoe Mope Kasaﬂ'mncxﬂn, 67,3 226,8 294,1 159,5
3aJIUB, (x IOB) (k C3) ' (k C3)
¢. Mucosoe : »
ApaGartckuii 66,6 62,9 129,5 3,7
3aJ1B, (x CB) (x 103) (x CB)
¢.- CemeHOBKa
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T/ron (raba. 7.6). Ha KaxosckoMm BoZOXpaHmIMIle y r. DHeproiapa
oblee nepeMellleHHe HAaHOCOB cocraBHao 9,67 ThIC. T/rOA, a Ha Kpe-
MEHUYYTCKOM BOJLOXpaHHJIHINEe — 45,7 THIC. T/TOX (?aﬁ.n. 7.6).

7.11. Ce3zonnasn u mexncz0008aa U3MEHHUBOCTH
80oabbepe206bLx nepemelyenuli HAHOCO8

CgelleHnst 0 BA0/bGEpPEroBLX NMepeMelleHHsIX HaHOCOB, MoJyyaeMble
10 OCPEJHEHHBIM 32 MHOTOJIETHHE IEePHOAbl THAPOMETEOPOJIOTHYECKHM
XapaKTepUCTHKAM, B OTJAEJbHBEIX CJyyasiX:He YAOBJETBOPSIOT 3aMpOCH
npakTHKH. Takoe MOMOXKEHHe BOZHHKAET, HalpuMep, B CIydyasx, KOraa
HEOBXOAUMO ONpPENENHTh 3aHOCHMOCTb KaKHX-IHGO COOpYXeHHH, yc-
JIOBHS CTPOUTENBCTBA MJIH SKCIUIyaTAlHH KOTOPHIX OO6YCJOBJIHBAIOTCH
06beMaMH NepeMelleHnii HaHOCOB 3a OTHeJbHbE Ce30HH HJH OTHelb-
HBle TOJB C MOBHIIIEHHOH BETPOBOH aKTHBHOCTBIO.. I10CKOJBKY BETpO-
BOJIHOBAsI aKTHBHOCTb MEHsIETCSl OT Ce30HA K Ce30HY H OT rojla K rony,
AN pellieHHsi NMOCTABJEHHOTO BONpOca HeOOXOAMMO BHINOJIHHTH pac-
YeTH MepeMellleHHH HaHOCOB PaCCMOTPEHHBIM BhILIe METOJOM, HCIOJIb-
3ysl CBeNeHHs O NOBTOPSIEMOCTH BeTpa DAa3JIMUHBIX TpajalHil CKOpO-
‘CTH 10 HAINpPaBJEHUAM 32 COOTBETCTBYIOIIME IePHOIHL
st mosyueHusi CBelEeHHH O CE30HHBIX H3MEHEHMsX NepeMelleHHH
HAHOCOB B 3aBHCHMOCTH OT IOCTaBJIEHHOH 3aMaiyd MOTYT OBITh HMCIOJIb-
30BaHBI CpeJHHEe MHOTOJEeTHHe NaHHBEIE HJIM JaHHble 34 KaxKIblH Ce30H
. paccmaTpHBaeMbix JeT HaGmojeHui. Bo BTOpOM ciayyae MOXKHO MOJY-
YHTb CBeJleHHsl O MpelelbHHX IMepeMelleHNsX HAHOCOB 3a KOHKpeT-
HBEle Ce30HBI KaXKAOro roga. Jljs mojyveHus CBeJeHHH O MeXKTONOBHIX
H3MEHeHHUsIX NepeMellleHHH HAHOCOB B pacueTax HCIOJb3YIOTCH CBeje-
HHS O MOBTOPSIEMOCTH BeTpa 3a 0(e3JiefOCTABHEIE MEPHOMEI KaMKIOTO
KOHKPETHOTO rofa.
PaccMoTpuM MeXKroJOBYIO H3MEHYMBOCTb MNepeMelleHHH HaHOCOB
Ha  npuMepe .KaxoBCKOTO, BOJOXpaHHAWINA, a CE30HHYIO H3MEHYH-
BOCTb — Ha HpHMepe A30BCKOTO MODS. oo
Inst onHoro M3 cTBOpOoB KaxOBCkOro BOAOXpaHHJIMIIA MO OCPEX-
 HEeHHBIM 3a MHOTOJIETHHMH IIepHOJ THAPOMETeOPOJOTHYECKHM Xapak-
TEPUCTHKAM NOJYYEHH cJelyloliye oO0beMB H HaNpaBJeHHsS NepeMe-
LIeHU TBEPAOro Marepuaja: ofuyi nepenoc — 9,67 Teic. T/roj, me-
penoc cnesa — 3,68 TeIC. T/roj, mepeHoc cmpasa— 5,99 TeIC. T/TOR.
TlockoJbKy 5TH [JaHHble He JAOT BO3MOXKHOCTH ONPEAENHThH Mpeaeib-
HBElE TOAOBHIE NepeMelleHdsi HAHOCOB M HX HalpaBJIeHHe, PacyeThl Bhi-
HOJIHEHbl OTHENBHO JJIS KaxkaAoro u3 14 Jjer HabJiofeHu#l 3a BeTpPOM.
Onu moKasajH, 4TO CyMMapHOe IepeMellleHHe TBEpPAOr0 MartepHasa
B rOAbl MOBHIIEHHOH IITOPMOBOH JesitenbHOCTH (1957—1958) npu-
MepHO B 2 pasa GoJibllie, a B rOAbl OCNaGJEHHO!H IITOPMOBOH HesATeNhb-
Hoctn (1968) npumepHo B 3 pasa MeHblle 3HaueHHHl, NONYUYEHHHIX 10
CpPElHHM MHOTOJIETHUM JdaHHBIM O MOBTOPSIEMOCTH BeTpa pa3JHUHBIX
rpajauni CKOpOCTH Mo HampaBJeHusiM. IIpeoGiajnaHue nepememeHust
TBEPJOro MaTepHaja ClipaBa OTMeYaJoch B TeueHHe 6 JieT; CTOJBKO
JKe JIeT NepeMelleHNs cJeBa M cIpaBa ObIH NPHMEPHO OXMHAKOBBIMH.
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B Teuenue 2 jer (1957 u 1970) npeoé.na,naﬂo nepememeﬂne HaHOCOB
-cJieBa OT cTBopa (pHc. 7.6).

Has onpenenenus nepeMem;eHHH HaHOCOB Ha ASOBCKOM Mope 3&
OTAeJbHbIE CE30HBl Iojla HaMH HCOOJb30BaHH JaHHbe HaOJofeHuH

A, mele.m/20d

L0
15
10
I \
5= 7
gl | 1 L
1956 1960 1962 1964 - 1966 1968 7970

Puc. 7.6. MameHenHe o roxaM BAOJbOEperoBHX Ie-
peMelleHn# i HAHOCOB yepe3 CTBOP GeperoBofl OTMeNH
Kaxosckoro BOJOXP2HHJIHILA.

1 — cyMMapHuIi nepeHoc, 2——nepeHoc K cepepy, 3 — mepe-
HOC K IOTY.

Betpa 3a 39-JeTHHIi NepHOA. YuTeHa HpO}IOJI}KI/ITeJIbHOCTb HepuoAz
JielocTaBa, paBHasi 45 cyTKaM:

Pacuersl mokasaju, uro B Ka3aHTHICKOM 3aJjuBe BO Bce Ce30HbE
rofa npeobaajgaeT mepeHOC HaHOCOB BJIEBO OT CTBOpA, T. €. K CeBepo-
sanany. HanGoablllee konuyecTso HaHocos (93,8 THC. T) nepemeima-
eTcsl BeCHOH, a HauMeHbllee (524 THC. T) — JeToM (tabua. 7.7).

Ta6/zuua 7.7 -

Broab6eperosbie nepemMeiieHnsl HAHOCOB Yepe3 pacyeTHble CTBOPBI
3a1uBOB A30BCKOro MOpPsi 3a OTAedbHbIe CE€30HbI U BeCh Ge3lenocTaBHLI
nepuoj roxa, Thic. T .

‘HanpasJienne nepexHoca ‘ 3uma Becna Jlero OceHnb Bech rof,

Kasantunckuil 3aius

Brpaso , ‘ 10,3 13,9 19,0 24,1 67,3
- Bneso : 55,0 79,9 34,4 58,5 226,8
Cymma 65,3 93,8 52,4 82,6 294,1
Peaynbmpylomnu nepeHoc ) 44,7 66,0 14,4 34,4 159,5
: ApabGatckuii 3aaus -
Bnpaso . 7,0 17,56 18,2 20,2 62,9
Baeso } 6,9 14,8 24,4 20,5 66,6
CymMma 13,9 |- 32,3 42,6 40,7 129,56
Peay.nbmpyzomuﬁ- nepenoc - | —0,1 —2,7 6,2 0,3 3,7

II p nMeyaHue. 3daKk ,MHHYC" yxasbeaeT Ha npeo6JlaJJ.amIe nepeHoca HaHo~
COB BIPaBO OT CTBOpA HaB.I0eRMIL
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B ApaGaTckoM 3ajMBe BO BCe CE30HEI rOXa BIPaBO H BJEBO-Ilepe-
Mellaercsl IPUMePHO OJMHAKOBOE KOJHYeCTBO HAHOCOB, HO CyMMapHBbIii
nepeHoc 3a JeroM B 3 pasa Goablle (42,6 THC. T), YeM 3a 3UMY
(13,9 THIC. T) (32 BHIUETOM JejocTaBHOro nepHona). Ilepememenue
HAHOCOB 32 BECeHHHe MeCSIBl cocTaphasier 32,3 ThiC. T, a 3a OCEHHHe
mecsus — 40,7 toic. T (raba. 7.7).

TlpuBeneHHble NpHMEpH YOEAMTEJbHO MNOKAa3HIBAIOT, 110 HAIleMy
MHEHHIO, YTO HaJHYHEe aHaJOTHYHbIX CBE€ACHHH TIO3BOJIAECT HAAEXKHEE
OLlEHHBAThb BEPOSITHOCTb 3aHOCHMOCTH TI'MAPOTEXHHYECKHX COOPYIKEHHH
M NpUHUMAaTb 00OCHOBAHHBIE pelleHHs, HampuMep, NO BHIGOPY CPOKOB
CTPOHTE/IbHBIX HJAH DEMOHTHBIX paboT B npuOpe:XHOH 30HE BHYTpEH-

. HHX BOJIOEMOB. ‘ '
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