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IlpeacraBieHst BepTHKAJbHBE -TPObHIH, PA3peskl, MOJA CKOPOCTel H 3aBHCHMOCTH
AU pacueTa OCPeJHERNHIX BO : BPEMEHH KHHEMATHUECKHX XaDaKTEpHCTHK BETPOBEIX,
CefiUIeBBIX H CTOKOBHIX TedueHHH. IIpHBefieHBl pe3y/bTaThl HATYPHBIX HCCJAELOBAHHIH
H MeTONBl pacuera BIOJbOEPErOBHIX TEUeHHH HA OEPEroBHIX OTMENAX BOLOEMOB,
CBEJCHHA H METOMBl pacyeTa MYTHOCTH BOJBI H KOJHYECTBA HAHOCOB, IEpeMeIlaeMbIX
BIOJL Oepera.

Paccudtana Ha rujipoJIOroB, H3bICKaTedel, S5KOJIOTOB H CHEUHANHCTOB [0 HCNOMb-
30BaHAI0 H OXpaHe BOIHBIX DECYPCOB. Mozxer GHTb nosesHa AN CTYNCHTOB H aCIH-y
PAaHTOB, CHeNHaJU3HPYOIIHXCSt B O0O6JACTH JHMHOJIOTHH, JHHAMHKH H Mopq)onorml,v7
OeperoBoli 30HBL BOJIOEMOB.

The monograph “Dynamic Events in Water Bodies” by A. S. Sudolsky des-li(\n
cribes the mechanism of formation and quantitative characteristics of dynamic®?
events and processes in lakes and reservoirs. A structure of water motion ise?
described, beginning from the trajectory of individual particles up to macro-
circulations, in the conditions of wind wave effect and various currents influence.
Vertical prof11es and cross-sections are presented as well as velocity distribution
and dependences for the computation of time-averaged kinematic characteristics
of wind waves, seiches and flows. The results of field observations are shown as
well as.the methods for a computation of water flows along the shores on the
coastal shallow-water area in lakes and reservoirs; information and methodology
for the computation of sediments concentration in water and amounts of sedi-
ments moving along the shore are given.

The monograph is intended for hydrologists, ecologists and for specialists
engaged in the water resources protection and development. It may be useful
for students and post-graduates trained in limnology, dynamics and morphology
of the coastal zone in lakes and reservoirs.

i Grinid

.reTE

L\ KER Hy-7.

‘qﬂpo‘u"’“"\)?dmu nu

b/iDﬂMOT

o |
A-n 195196 Manooxranc: L B -
WQG-M © A. C. Cynonsckuii, 199‘1 r.”

ISBN 5—286—00005—3 . L



' 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: . -
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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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|

1

: 1
/* 7Y

4

t < /

I
|
1
-~ i
|
]
T
]

T

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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