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BBEJEHUE

Boma 3anmmaer Gomee 70% mnosepxHOCTH 3eMiM, B MOXET
CIIOXKHTHCA BIICYATIICHHE O BOJE KaK O BEIUSCTBE KU3HEHHO HEOOXOMMOM,
HO HMKOIJA He HecakaromeM, BeuHoM. OHako ¢ POCTOM HAapOIOHACCICHHS
HallleH IUIAHETHI, C Pa3BHTHEM NPOMBIIUICHHOCTH M CEBCKOIO XO3IHCTBA
MOTPeOHOCTh B TPECHOM BOZE PE3KO BO3POCHA, M CCHUAC HEXBATKA BOBI
OILIYINACTCA BO MHOTHX paiioHax 3emm. B mocmeanwe 20-30 mer zamersio
OOOCTPHITHCH MPOOTIEMSI, CBA3AHHDIE C POTHBOPEUFSMI MEXY PAcTy-1AMHA
MOTPEOHOCTSIMH Ye/IOBEYECTBA U IPUPOJHBIME pecypcamu. K uucy Takux
nipobiieM OTHOCHTCS MpolnieMa 3arps3HEHAS. BOX YENIOBEKOM H 00eCIIcHeHHE
HACENCHAA IMTHEBOM BOJNOH TOMHOLECHHOIO KawectBa. Hemocratok B
NIPECHOI BOJIE OTMEYACTCS HA TEPPHTOPHH, COCTaBipoeH okono 60%
Beel mioma cymm 3emmm. Bo MHOrHX paifoHax 3emimi BOAHBIH (HaKTOp
HAYWHACT CHACPKABATh Pa3BHUTHE NPOMBILUICHHOCTH M  CEIBCKOTO
xoasricrea. Tak, ecrm uemoBeKy TpeOyeTcs Ha TIMTHEBBIC M XO3SHCTBEHHBIC
Hyxasl okono 300400 1 Bogsl B CYTKH, TO Ha IPOH3BOACTBO 1 T caxapa
pacxoayercs 100 Teic.n, crams — 150 Thic., a mia BepampBanms 1 kr
pacrarensHOH mumy Heobxommmo B cpempeM 2000 m Bomel. Ilo maHHBIM
BeeMHApHOH OpraHM3aIH 3APABOOXpaHCHUS TPAMEpHO 1,2 MummHapAa
YETIOBEK CTPAJAIOT OT HEXBATKH NMATHEBOH Bombl. Ocobyro 03ab09eHHOCTS
BBI3LIBAIOT (DaKTHl YXYMUICHHA THIHCHA-YECKHX TOKA3ATE/EH MHTHEBOM
BOMB, YTO OTPHIATEIBHO CKA3HIBAETCA HA COCTOSHHH 3A0pPOBbA
3HAYMTENPHBIX IO YHCIEHHOCTH TIpYOI HAaceNeHHs B  PAne
Pa3BHBAIOIIMXCA W PA3sBHTHIX IOCYHAPCTS M TPeOyeT IOGTOMY CPOYHBIX U
PELUMTENBHBIX Mep JUIA HCIPABJICHUS CO3NABIIEIOCS NOMOKeHus. Muorue

'PEKHA U 03€pa 3arpsA3HCHBI HACTOIBKO, YTO HE TOJIBKO HEIb3sl MHUTh U3

HUX BOAY, HO B HHX HENb3A Jake KymarbCi. MOXHO BCIOMHHTH
«yMHparomue» Korga-to Bennkue amepukaHckue o3epa.

Xopomas Boa CTAHOBUTECS NPEAMETOM 3kCHopra. Tak, Hampumep,
9HCTHIE TIyOWHHBIE BoAbl 03epa Baitkan mpopatorcs B 'epmanmio u
Snormro. Ho mpexae, yeM NOMyddTh JHIEH3HIO Ha MPOAaxKy JTOMH
BOJEBI, HY>KHO OBITO AOKa3aTh, YTO €€ Haxo Opare ¢ rirybun Oonee
200 M, urober obecmeunTs HeOOXOAMMOE e KadectBo. B I'oHKOHT
ZOCTABIIIOT BOAY HO CHCHHANBHEIM TpybompoBomaM m3 Kuras, a B
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3aCyITABBIC TOIBI I 3TOI0 HCTIONB3YEOTCA TAHKEPHL. B HeKOTOPBIX CTpaHax
EBpoIlbl  paccMaTpUBAOTCA IIPOEKTHI 3aKYIKH NPeCHOHM BOMBL. 1Ak,
HAMPHMEP, HMMEIOTCA NPOCKTHI N0 TPAHCIOPTHPOBKS Box OHEXKCKOIO H
Jagoxckoro osep. IlamareEl Taroke rpamaMosHBIE HpoekTsr 80-X TONOB
XX B. 10 TEpepacTPENCTCHAI0 BOOHBIX pecypcoB. [Ipu 31om BakHO 3HATH
M3MCEHEHUS. BOJHOTO H TEIUIOBOTO OaaHca, M3MEHEHIS THAPOPHINIECKIX 1
XHAMHKO-OHONIOTMHYECKUX  XapaKTEPUCTHK. A 3HAHHE O9TO JOIDKHO ObITh
OCHOBAHO Ha TIOHMMAHWH THAPOQH3HUECKHUX, IHAPOIHHAMUYECKHX TIPOLIEC-
COB H ABJICHHH H ()YHKITHOHHPOBAHHS SKOCHCTEMBI BOZIOCMOB.

Ecmnn B31Th BCE NpecHbIE BO30OHOBISEMEIE BOTHEIE PECYPCHI, KO-
TOPBIE MOXKHO HCIIO/IB30BATh A YETOBEKA, TO B MHpE HMX, Ka3aioCh
6sr, He Tak W Mano. Cefiuac Ha vyenoBeka mpuxoaurcs okono 5700
NETPOB BoAH B JcHb. Kaxerca oueHs MHOro. OaHako B peasbHOCTH
yaaercs noObiTh W JaTh MOTPeCHTEN0 NpuMEpHO He Gomee 5-10 %
AMEIOLIMXCA BOAHBIX 3amacoB. Jlns mpuvepa B EC ucmonssyercs B
JEHb Ha 4YejoBeKa I JOMAUIHUX UeleH okono 566 MATPOB B JACHD, a
B CHIA — 1422. B nacrosmee BpeMs H3 BO30OHOBISEMbIX HCTOYHH-
KOB M3BIMAacTCa B Tof B riod0ansHoM Macirabe okono 30 %, a B mep-
CIICKTHBE 10 pa3HKIM nporsozam K 2025 r. Oyaer mcrmons3oBaThCs
oko710 40 %, mpH 3TOM 0€3BO3BPATHO HCIONB3YEMEIE BOABI COCTABIIA-
10T cerogas yxe okono 15 %. [Ipu 31oM, IPOMEIINIICHHOCTh BO3Bpa-
maer npumepHo 70-90 % HCIIONB3yeMBIX BOA, a CENbCKOE XO3HUCTBO,
uppurauus — 30-70 %. 3a mocneanue cro ieT moTpebneHHe BOAH
pospocno ¢ 1000 zo 2000 nuTpoB Ha venosexa B aeHb. Ho pacnpene-
JeHHE TIOTpeONIeHHs BOAEI B MHPE OYEHb HEpaBHOMEpHO. B ommmx
cTpaHax npuxoamTcs Beero 30 11 B IeHp Ha YENOBEKA, KaK, HAPUMED,
B Kygeiite, B CIIIA — 24 420, a B Poccun 6onbiue BCero B MUpPE:+—
84 235 1. CkonbKO K€ BOABL AOCTATO4HO s Beex Hyxx? LlIsexckuii
yueHsIE M. Pdankemapk BBEN NOHATHE TaK Ha3kLIBAEMOrO «HHHEKCA
BORHOTO cTpecca». Ha OCHOBE aHanM3a WMEIOWAXCA JAHHBIX' OH
OPEIJIONKHIT YCTAHOBUTh MHHHMAIIBHBIH YPOBEHB, HEOOXOXMMBIH s
Gonee AT MEHEE HOPMATBLHOH JKH3HEACATENPHOCTH B Pa3BUBAKSIIAX-
s cTpaHaxX. B COOTBETCTBHE C €ro MPEAIOKEHHAMH TETOBEKY 'HEO0-
xoguMo exenHeBHO 100 11 BOABI JUIA NMATHEBBIX M APYIHX OGHTOBHIX
enei, KpoMe TOro BoAa HYXHA [JIi BEIPALHBAHHA CEIIbCKOXOMMHCT-
BEHHOM MpPOAYKUHM, TMPOH3BOACTBA TIPOMBHIIEHHOH NPONYKHHH H
aHeprum. TaxuM 00pa3oM, YeIoBeKy HYXKHO He MeHee 4660 i BOABI B
nenb. Ecnm pecypcst maror MeHbIIE 3TOrO YPOBHS, TO HAacENECHHE MO-
JKET HCTBITHIBATh OMPEACICHHBIM CTPECC OT HEXBATKH Boxpl. KpurH-
4ecKHMil MHHEMYM Boasl — Menee 2740 1., a meHee 1370 i gpnsercs
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aBGCoMIOTHHIM MHHUMYMOM JJIs BBDKHBaHHs HaceneHus. [Ipm Taxmx
CTPECCOBHIX YCIOBHAX B MHPE IPOXHBAIOT okono 3,7% HaceneHus.
Boga cranoBHTBCS BCe Gonbuie B GOKyCe HE TONBKO MPAKTHYECKHX,
IKOHOMHYECKHX, HO ¥ MONHTHYECKHX MHTEPECOB B MHpE. B Gyaymem
B MHPC BO3MOXHBI CEPhE3HBIC KOHQIHKTHI, B HE HCKIIOYAIOTCA JaXKE
Boiusl. [To manrEiM MupoBoro 6aHka Takue BOMHBI BIIOJHE BO3MOX-
Hel B XXI Beke. brepr JlomGepr B cBoeii kaure «CrenmTHyecKuit HH-
BaifpomenTanuct» (Skeptical environmentalist, 2001) ormeuaer, 4ro B
OyAymeM HE HCKIIOYAIOTCA KOH(IHKTH M, BO3MOXKHO, BOHHHEI H3-33
BoAbl. Tomeko 3a 1918-1994 rr. npomsowmno okono 412 Takux Mex-
JAYHApOAHBIX KPH3HCOB H KoH(pnukTOB. JINA MpeaoTBpaiieHHs BO3-
MOXKHBIX KOH(IHKTOB B MApe GBIIO 3aKII0YEHO Yxke okoino 3600 co-
ITIAlECHAH 0 MEeXXKAYHAPOJHBIX BoAax. B mpomom Beke Opu10 mopmH-
caHo 149 takux corjameHni Mex Ay Pa3sHbIMH IOCYAAPCTBAMH.

B T0 x& Bpems, BOCHHBIE KOH(IMKTH MOTYT IOPOXKAaTh Npobie-
Mu ¢ Bomo#. Tak, Hanpumep, npu Heaasaux Gombapauposkax IOro-
cnapuu Boiickama HATO 611 HaHeceH ceppe3HbrH ymepb Bogam Jy-
Hat H BogoeMaM. [lomobGHoe mpoucxommno Bo Bpems BoiHsl CIIIA
nporus BeetHama u Kambomku. O curyanms B Mupe Ml nHmeM He
NpOCTO JIA CpPAaBHEHHA, YTOOBI MOKa3aTh HAIE OTHOCHTENbHOE Ona-
rONOMY4He C 00bEMOM BOIHEIX PECYPCOB, 3 H B CBA3H C YIrIyOneHueM
mpomnecca rirobanu3alyi, Korga MAP MOXET HEY3HABAEMO M3MEHHTH-
ci k 2050-2100 rr. mo cpaBHeHHIO ¢ HacTosuM. BeranyT npobnemst
TepepacnpesicNieHHs PeCypcoB, a HpoAaxka BOABI Aaxe Ha Oonbroue
PACCTOAHHS CTaHeT BechMa akryanbHoM. [Ipuuem Bce aTH mpoGrnemst
eme Gonee 06OCTPAIOTCA POCTOM HACENCHHS, H3MECHEHHEM KIIMMATa.
Ilpu 3TOM OTMETHM, YTO CYLIECTBYET M PSAX CEPHE3HEIX MpoOIEM, KO-
TOpBIC CBA3aHEI ¢ BOXOH. B Mmpe rnoruGaetT HECKOIBKO MHIITHOHOB
YENOBEK B TOX M3-3a TAKHMX ABJICHHH, NPOHCXOMIMAX HA BOJOEMAX U
peKkax, Kak HaBOAHCHHA, IABOAKH, IITOPMOBHIE HAT'OHKEI, H IAPYTHE.
Taxam oOpa3oM, MOMHMO HAYYHOTO HHTEPECA, KOTOPHIHA NPEACTABIIA-
K0T BOJHHBIE OOBEKTH, M3y4YEHHE HX MIPACT M BAXKHOE IPAKTHIECKOE
3HAYCHHE. ,

Hsygenne ruapodH3pyeckHxX IPOLECCOB JAcT BO3MOXHOCTB
NOo3HaHAA (H3AYECKOH OCHOBHI pEXHMAa BOAHEIX o0ObekToB. B
OCOOCHHOCTH BaKHH HCCICAOBAHHA TAaKMX THAPOPHIHIECKHX
IPOLIECCOB, KOTOPHIE YYAaCTBYIOT B MEPEHOCE, IMEPEpacHpeieIcHHH,
NCPEMEITNBAHAH  TIOCTYNAIOMMAX BOJ, XHMHYECKHX BEIIECTB H
rugpoOrnoHTOB. OHH ONpEeAENAIOT TaKk HA3bkBAEMBIE MPOLECCH
CaMOOYHILEHAS BOAOEMOB, BIMAIOT HAa (YHKIIHOHHPOBAHHE O3CPHOH
9KOCHCTEMBI.
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raapobrosToB. OHH ONpeJeIAoT TaK Ha3HBACMBIC IPOLECCH CaMo-
OYHIIEHHSA BOAOEMOB, BINHAIOT Ha QYHKUHOHHPOBAHUE O3EPHOH KO-
CHCTEMBI. :

B KHHre, Hapsay ¢ H3NOXKECHHEM OPHTMHATHHEIX HCCICAOBaHHR
aBTOpOB B 00JIACTH THAPOPH3HNKH, THAPOAUHAMHAKH 03€P, AaHAITH30M H
obobimennemM mocineHAX PabOT POCCHHACKHX M 3apyOeKHBIX HCCIE-
JOBaTeneH BOWIMH pPaboTel, MO KOTOPHIM 3a MOCHENHHE TOABI
MOJIYYCHBI JOCTATOYHQ HOBHIC OPHTHHANBHBEIE pPe3ynsraTsl. B mepsoit
I7aBe KPAaTKO M3M0XCHA HMCTOPHA pPAasBHTHA THAPOPH3IHIECKOrO
HAIPaBJICHAS B TAMHOJIOTHH. S A

B pabory BxmiodcHBI Takue KJIACCHUYECKHE PA3ACIbl, KOTOPEIC
OORIYHO TPHBOAATCA B y4eOHBIX MOCOOHAX (OmMHCAHHE KOTIOBHHEL,
BOXHEIH u TeruoBod Gamanc). FiMeHHO ocoGeHHOCTH o03epHOH
KOTJIOBHHBI, reorpaduueckoe MONOXKEHHE 03ep MX MopdoMeTpus Bo
MHOTOM ONpEACHAIOT XapaKTep NpPOTEKaHHMA THAPOPHUIHICCKUX
IPOLIECCOB | ABJEHHM (cM. Hanpamep, Panocun, 1999). Ita Bonpocs:
PacCMOTpPEHBI BO BTOPOM M TpeTheH rnasax. BrioyeHRne B KHATY 3THX
JOCTaTOYHO XOPOIIO M3BECTHBIX BOIPOCOB ABISETCH TAKOKE IIOJIE3-
HHIM H3 CHeAyomux coobpaxenuii: Bo-mepBHIX, H3IOKCHHE PAna
o0mux TIOJIOKEHHH reorpaHdecKoro W rHApOQHU3MUECKOro ILIaHa
obnergaeT paccMOTpEHHME TaKHX CIOXHBIX OOBEKTOB, KaKAMH
SBJIAIOTCS 03€pa, IOKA3HIBACT HEOOXOAMMOCTH KOMIIEKCHOTO IOZ-
XOfa K HM3YYCHHIO 03¢p M BOJOXPAHHIHMIN, B OCOGEHHOCTH [iA
HOHMMAHHU (POPMHPOBAHHA KPYNHOMACINTAOHOH NHPKYIANHMH BOZ,
TonorpadMYECKUX BOJH, KOTEPEHTHBIX CTPYKTyp, TepMobapa H
anBesIHHTOB. BO-BTOPHIX, H3MOKEHHE ITHX IONOXKEHHH AenaeT Gonee
LENbHBIM HCCIIEAOBAHUA MO THAPOQH3NKE BOAOESMOB C IPHMECHEHHEM
I'MC-rexnomnoruii, MOZENTHPOBAHAL " JAUCTAHIMOH-HBIX
a3POKOCMHYECKHX METOJOB, KOTOPHIE PaHEE HE PacCMATPUBAJIHCH B
yaeOHBIX TOCOOMSIX, 4TO, TakuM oOpasoM, paCHMpAeT Xpyr
HOTCHIHANLHEIX YHTaTeNeH. B werseproii riasBe KHHTH, COOpaHBI
CBEIEHHA 00 M3MEHYHBOCTH TEUCHHH, IOKA3aHBI OOIIHE, THIHMYHBIC
AU 03¢p OCOOCHHOCTH. BEIABICHE! OCHOBHBIE 3AKOHOMEPHOCTH TIpH
Pa3sHOOBPA3HOM  KOMILIEKCE ~ THAPOMETEOPONOTMHYECKHX  YCIIOBHH.
Hanwdme HECKOMBKAX WCTOYHHKOB SHEPrOCHAOXKEHHS HPHBOIMT K
(opMHEpOBaHMIO IWMPOKOro CHEKTpa TYPOYICHTHHX ABIKCHHH B
osepax. B pa6ore cHCTeMATH3MpOBAaHE CBEACHHA O (opmupoBaHHH
snuiuMENOHA (azanor okeanckoro BKC), meramumuHOHa (TEpMO-
KJIHHA), TepMobapa, TepMIIECKOi MAKPOCTPYKTYDH! M aliBEIIIHHTA.

MHOTONETHIOI HCTOPHIO AMEET H3YYCHHE BONHOBBIX ABHDKCHHI
o3ep — Haubonee NOCTYNHBIX AJS HEMOCPEACTBEHHBIX HAOMIOACHHI.
Ocobenno GombmIOH NPOTrpecc JOCTHTHYT B HOHAMAHHH CTOSYHMX
BONH — cefim. OHAKO, HECMOTPA Ha KAXKYLIYIOCH HPOCTOTY HCCIe-
JIOBAaHHA, JO CHX IIOp HMEETCA MHOrO0 HEACHBIX BONpPOCOB
(opmHpOBaHHS, pa3BHTHA BETPOBHIX BOIH, OCOGEHHO B THTOPAJIBHOM
30He. JloCTaTOYHO XOpOIIO TEOPETHYECKH pa3paboTaHBI BOMPOCH!
TCOPHH BHYTPeHHHX BONH. C BHCAPCHHEM B JIMMHONOTHYECKHE
HCCCAOBAHHS METOAOB OXONOMHPOBAHHSA, TEPMO30OHAOB, TEPMOKOC,
PacHpeAeNcHHBIX NaTdHKOB B 3TOM HAaNpaBlICHHH ObIA JOCTHTHYT
CYHIECTBCHHBIH Iporpecc. ITHM BOXXHBIM pa3feiaM HOCBALICHA FlIaBa
4 xuwru. [Ipobnemsl onucauns. GyHKUHMOHHPOBAHUS BOXHBIX CHCTEM,
IHAPOTEXHHYECKOTO  CTPOHMTENLCTBA, pacdyéTa PacHpOCTPAHEHHA
CTOYHBIX BOX H MHOIHE ApyrHe TpeOyIOT HaJeXHBIX CBEACHHH O
IUPKY/LMH BOJbI, TOPH3OHTAJILHOM U BEPTHKATBHOM TypOy-
TEHTHOM TIEPEMEITHBAHHH, H3MEHYHBOCTH AMHAMHYIECKHX NPOLECCOB
BO BPEMEHH H B mpocTpaxcrse. [IpHMeHCHHE NPCLM3HOHHON 30HAHU-
pyromel M OykcupyeMOH anmapaTypel INO3BOJIMJIO BBIABHTH PAX
HOBBHIX, PaHEC HCH3BECTHBIX OCOOCHHOCTEH B AMHAMHYECKOM PEKHME
BOA, 03¢p, B TOM YHCJIC TOHKOH TEPMHYECKOH CTPYKTYPH, BEPTH-
KanpHOH NEPEeMEXKACMOCTH TyYpPOYJNCHTHOCTH, KPYNHBIX OXMHOYHBIX
BHYTPCHHHX BOJH. OJTH CBEACHHA  CYIIECTBEHHO  MCHSIOT
CIIOKHBLIHECH paHee MPEACTABACHHA O IMPOIECCaX NMEPEMEUIHBAHUA,
pacnpelencHdy XUMHIECKHX DJIEMEHTOB H T'HAPOOHOHTOB B 03€pax.
HeobOxopumo Owiio 00OOIIATE KAYEGCTBCHHO HOBHIE CBEACHHA O
CTPYKType TEpPMOJHHAMHYECKHX MPOLECCOB B 03¢PaX, IOXy4CHHBIC B
NMOCNECAHAE TOABI B  PE3YNbTaTe HCIONB30BAHHA BBICOKOYYB-
CTBHTENBHOH  ammapaTypsl U H3MEPEHHA THAPO(PH3HYECKUX
rapaMeTpoB (TypOyIHMETPOB, TEPMO30HAOB, TEPMOKOC, BRICOKOYAC-
TOTHHIX O3XONOTOB H JPYroH ammaparypsi), HOCTaHOBKH CETH
AaBTOHOMHBIX CTaHIH, a Taxke Onarojaps MHPOKOMY BHEAPCHHIO
BRIYHCIHTENBHBIX METOAOB B MaTeMaTHYecKuXx Moeneit. IMerHo 3TH
pa3mensl NpeACTaBICHH B TIiaBax 5 W 6 paborel. Pan paszmenos
rEapodH3MKH, TAKHE KAK HCOApeHHe, IeA000pa30BaHKE, H HEKOTOPhHIE
JIDYTHE, IO KOTOPhIM C TOYKH 3DEHHA aBTOPOB HE NOIYYEHO
OPHHIMOMATIGHO HOBBIX PE3yJIBTaTOB, B Hacrosgmed pabore He
mpeacrasieHH. [lo 3THM pa3fenaM MH  OTCHUIAEM YHTaTeNs K
KIaCCHYCCKMM Yy4eOHBIM 10coOMAM, MoOHOrpagHsM B KOTOPHIX
COOTBETCTBYIOIHE pa3deibl TMAPOGH3MKH H3IMOKEHH BECBMA IIO-
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apobuo  (Xamuuwcown, 1961; 3aiixos, 1955, Muwon, 1983;
O0poea,1979 u np.).

B rnase 5 xHurm Gombmioe BHHMAHME YHAENCHO AOCTATOYHO
HOBOMY HAIPAB/ICHHIO —— HM3YYCHHIO BIHAHHS M3MEHCHHH KIAMAaTa
Ha BOAHBIC CHCTEMBl H, B IICPBYIO OYepelb, Ha OCOOEHHOCTH
IPOTeKARUA THAPODH3AICCKHX POLECCOB H SBJICHHIM.

H, Haxomen, B 6-if riaBe KHArH PaCCMOTPEHBI TAKHE BOMPOCHI
COBPEMEHHOM THMHOJOTHH, KaK AWCTAHIHOHHEE, a3POKOCMHYECKHE,
reoMAH(OPMANMONHLIE TEXHOJIOrHY, NPHMEHEHHE HHTEPHETA, a
TAIOKE COBPEMCHHBIC IIOAXOAB! MPH MOJETHPOBAHHH rHAPodH-
3HYECKHX SABICHHH H 3KocHCTeM. [IpH npOrHO3MpOBaHAM BO3MOXKHBIX
H3MCHEHHH DEXHMA BOXOEMOB M HX SKONOFHUECCKHX CHCTEM MOX
BIIUSHACM AQHTPOMOTCHHHIX M KIMMAaTHYECKHX BO3ACHCTBHH B
TIOCTICAHEE BPEMs YCHEINHO HCITONB3YIOTCS METOMBI MaTEMaTHIECKOTO
Mmozemposarus (Pyxosey, Menwymxun, u ap. 2000; Cmpawxpaba,
1991 u mp. ).

Ilpy Hanmcanwu MoHOrpaHH HCIONB30BAHEI PE3YNIBTATHI
9KCIIEPHMEHTOB, NOJIyYCHHBIC ABTOPAMH HIM IIPH HX Y4YaCTHH Ha
Jlanoxckom u OnexckoM osepax, Cepane, Onrapuo, Heccu-Spen, a

TAKXKE MNAHHBIC HApYTrHUxX HCCIICAOBATENEH 1O APyruM BOAHBIM -

oObekTaM. B KHHre H3NaraloTCs TEOPETHYECKHE ACHEKTH THAPO-
(QH3MYECKAX NPONECCOB ¥ HX  IPOCTPAHCTBEHHO-BPEMEHHOH
HU3MEHYHBOCTH, NPHBOMATCA HX MATEMATHYECKHE MOZEIH, a TakKKe
00CYKIaloTCs  3aKOHOMEDHOCTH H3MEHYHBOCTH HPOLECCOB MO
JAHHEIM HATYPHBIX OKCICPHMEHTANbHHX Habmozenuid. Ilpu sTom
KpPYTHOE, ryboKoe 036p0 MOJKET PacCMATPHBATECA H KaK IMPHPOAHAS
MOJENb OKEaHa, Ha KOTOPOH MOXHO 0oiee AETaNbHO HCCIEAOBATH
CBOMCTBA TaKHWX SBICHHIH, KaK TypOyNeHTHOCTb, BHyTPEHHHE BOJIHEI,
HHEPIHOHHbIC KOIeGaHHs, TOHKAS TEPMHYECKas CTPYKTypa, OTpa-
GoTraTe METONMKY HCCHCAOBAHHA IO JAHHBIM JHCTAHIHOHHBIX
a’poKocMHYEeCKAX Habmionenmii. Bmecte ¢ TeM ruapodmsmka
THIAPOJHHAMUKA IyOOKHX 03¢p HMEIOT pAA  CHCHH(HYECKHX,
TPHCYIIHX TONBKO IPECHBIM BogoeMaM ocobeHHocTeH. Bo-mepBrix, B
OONBINMHCTBE 03€P OTCYTCTBYET CONEHOCTh, YTO NPHBOAMT K
OTMHYHOMY OT OK€aHa Xapakrepy (OPMHPOBAHHA IIOTHOCTH BOX M
OTCYTCTBMIO MEXaHW3Ma JABOHHOM auddy3um, XxapakTepHOMY ML
okeaHa. Bo-BTOpHIX, CYIECTBEHHOE BIHSHHE Ha AMHAMHUKY BOA 03€p
OKa3bIBaeT CTOK pek, pembed AHa H OeperoB. A OTHOCHTENBEHO
HebompImHe pasMepsl BOJOEMOB JAIOT BO3MOXKHOCTh HE YUHTHIBATH
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tak HaseiBaeMoro OeTa-addexra — HIMCHEHHA Iapamerpa
Kopnonnca ¢ IIEpOTOH MECTa,. »
Bonblmoe BHHAMAHHE B KHHTE YACICHO TEYECHHAM, KpynHOMAc-

-mTabHOM IMPKYIALMH BOX, IIOKA3aHO CYLIECTBOBAHHE LHKIOHH-

yeCcKOM IMPKY/ISUHH BOJA, OXBATHIBAIONICH 3HAYHTEIBHYIO YacCTh
BOZOEMA H JAHO TEOPETHUECKOE OOOCHOBAHHE 3TOH LHMPKYIALHH.
Tpuuem panee (Mopmumep, 1974; Qunamos, 1981 1 ap.) cunranocs,
9T0 B IIyOOKHX 03¢paX AOMHHHPYET 3TOT BHJ LHPKYIALHH BOI B
neprOX JNeTHeH cTpaTHQHKAMEA. JTO OKA3aNOCh CHPABENIHBBIM UL
TAKMX JMMHKTHYECKHX o3ep, Kak Jlapoxkckoe, Omexckoe, Cesaw,
Baiikan, KOTOpPHIC 3HAYHTENBHYIO 4YacTh IOAA HOKPHITH JICASHBIM
nokposom. IIpH 3TOM I7TIaBHEIM MeXaHH3MOM (opMHpOBaHHA 3 {0)7
IEPKy/AUAE OBUI0 B3aHMOACHCTBHE 6apOKTMHHOCTH H pem.ed_)a JHA.
Ho B mocneaHAe robl OBUIO TIOKA3aHO, YTO JAKE B 3UMHHH NEPHOA,
KOorza ociabeBacT NpsMas TepPMHMECKAs CTpaTH(HKAIHs, TakKe
JOMHHHDYET ~ UHKIOHHYECKAH THN UMPKYIAUMH BOX, IpHYEM
HHTCHCHBHOCTb 3TOM HHMPKy/SIAH BBIIIE, Y6M B JIETHAH IEPHON
(Beletsky, Schwab, Saylor, 1999). OG6ycmosneno 3t0 OGomnee
MHTCHCHBHOH BETPOBOM JESTENbHOCTBIO B 3HMHHUH MEPHOA rofa Io
CPABHEHHIO C JICTHAM NEPHOIOM CTPATH(UKALIH.

B kHHre JOCTaTOYHO TOAPOOHO PACCMOTPEHB H3MECHEHHA
0COOCHHOCTEH NMpoTeKaHUA (PH3HHECKHX NPOLECCOB IPH M3MCHEHHAX
KJIMMaTa, TIPH KOTOPHIX, B YACTHOCTH, MOTYT IPOM30HTH M3MCHCHHS
rIyGHHBI TIEPEMELIMBAHMA BOA, BPEMEHH JIEIOCTaBa, CTpaTH(HKAHH
BOX, KOTODHIC TOBIASIOT B KOHCYHOM HTOTe Ha (PYHKIMOHHPOBAHHE
skocucTembl. OmNMcaH TIpOTrpecc, AOCTHTHYTHIM B JIHMHOJNOIHH H
THIPONOrAH B CBA3H C BHEAPCHHEM [UCTAHIHOHHHIX, B TOM 4HCIC
CIlyTHHKOBHIX ~ CPEACTB, KOTOpHIE  IO3BONHIIM  OCYIIECTBIIATH
JIONTOBPEMEHHBIH KOHTPONb 33 COCTOAHHMEM O3¢P, AHMHAMHYCCKHMH
TIpoLEccaMy, KONCOAHHIAME YPOBHS, TCUCHHAMH, PACTPOCTPAHCHHEM
IOCTYIAIOIIAX BOJA, BHIABHTH 30HHI AIBEIUTHHra, (PPOHTOB, KPYNHEIX
suxpeit (Kondratyev, Filatov, Ed., 1999).
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KPATKHHM OYEPK HCTOPHH
HCCJIEOBAHHSA O3EP

OsepoBenieHue (TMMHONOrMA) — KOMIUIGKCHAS Hayka, LeNb
KOTOpOit ~—— BCECTOPOHHEE H3YYeHHWEe BHYTPEHHHX BOJ H BONOEMOB B
CIOKHOM B3aMMOJEHCTBHH NpPOHCXOAAMMX B HRHX (H3HYECKHX,
XHMITIECKHX H GHONOrHgecKHX mpoLeccoB ¢ YUeTOM aHTPONOTeHHOO
B/IHSHAS. 3Ta KOMIUVIEKCHAA HayKa 1O 3a/1a48M H CIPYKType CXO/HA C
oKeaHo/orued,, Ho HMeeT CBOMH 00BEKT HccnenoBaHHA — 03epa M
BOJIOXpaHWIMING. B JMMHOnOrHM, B mepBhle TOIK €€ Pa3BHTHA,
BEIIC/LUICA TIO3HABATCHLHBI H JNaHAMWAQTHEG KOMIOHEHTH H3Y-
YeHHs MHOTOOOpa3sHd TNPOHCXOAMIUMX NpPONECCOB H ARNIeHui. B
COBPEMEHHOH JHMMHONOTHH BHIIENAETCA IPOXYKUHOHHO-IKOJOTH:
yeckoe HanpasjIeHMe, H3ydalomee KpyroBOpOT BEIECTBa H SHEPIHH B
BOZOeMaXx, GanaHc BemecTBa, IPOLYKTHBHOCTH, (YHKITMOHHPOBAHHE
9KOCHCTEM, HCCIeAOBaHME TpPOGM4ECKOrO COCTOSHMS, 3BTPOodupo-
BaHMA H TOKCHYecKoro 3arpasHeHmsa. Ocoboe 3HaUeHHE B OCHCHHE
20 ner mpuobpeno u3ydeHHe QYHKIMOHHPOBAHHA BOIHMIX CHCTEM
NpH AHTPONOTCHHBIX M ECTECTBEHHBIX H3MCHeHMsX. Baxmelimryio
polb B H3MEHEHHM COCTOSHHA O3€PHOH SKOCHCTEMB HIrpaloT

MOPOHCXORMIIHE B BOAOeMaX (PM3HYECKHE, B JACTHOCTH, TEPMOTHAPO-

JUHAMHYECKHE TPOLECCH M KBJIEHHA. JTO TaKMe NpPOIecCH Kak
KPyNHOMAcIITabHEle TeWeHMs, IMPKYJIAIHA BOX B DIMPOKOM
HanasoHe 9acTOT, BOJIHOBEIE H TypOyJeHTHEIE NPOLIECCH, BHXPH,
KOICpeHTHEIE CTPYKTYPhI, PPOHTH, KOTOPHE BO MHOIOM OIIPEACIIAIOT
(opMHpOBaHHE, paclpoCTpaHeHHe H TpPAHCHOPMAIHIO XHMMKO-
6HONOrIIeCKIX NPOLIECCOB M NOJICH.

Hcropun cTaHoBNeHMs M pa3sBHTHS JIHMHONOTHH NOCBSIISHEL
HCCICIOBAHMY MHOrMX YYCHBIX, H 3[eCh MLl JIIOp KpaTko ocTa-
HOBHMCS Ha HEKOTOPHIX MOMeHTaX. OCHOBOTIONOMHHKOM O03€po-

BE[ICHHA 3aCITy’KEHHO CUMTAeTCs Mupeifapckmii yuensii @.A. Po-’

penb. OcHOBH pyccKolf IIKONK O3epOBEACHHA 3an0XeHH paboramm
A. H. Anyuwna, JI. C. Bepra, A.H. Boeiikora, I"JO.Bepemaruna,
B.B.Moimaanosa, B.JI. 3aiikosa, B.b. Borociosckoro, C.Jl. Mypa-
Befickoro, JI. JI. Poccommimo, M.A.Qoptynarosa, C.B.KanecHuxa,
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B.B.Xamuna, I"..I'anasus, I'.T.Bun6epra, M.M.Koxosa 1 O.M.Ko-
xoBoH, O.A.Anexuna, A.®.Amimosa, I'.T Maprancouna, A.B. 1llnuar-
HuKoBa. M3 3apyGexHbix yYeHBIX HeoGXOMHMO OTMETHTb, B NEPBYIO
ouepens, A.Tunemana u O. Haymana, xoropsie 80 ner Hasan B 1922
I. co3fam obseiHHeHHe YICHBIX-THMHOJIONOB — JIMMHOJIOTHYECKO®
obmecTBo, KoTOpOe Ha3bIBaETCA Teneph MexIyHapoaHad acco-
UaIMs TEOpeTHYecKod N mpHxiagHoi JumHonoruy («International
Association of Theoretical and Applied Limnology» wm «Societas
Internationalis Limnologie-SIL»), koropoe perynspHo cobupano
JTHMHOJIOTHYECKHME Che3f[bl (KOHTpeccaMH OHH CTANM Ha3bIBaTHCA C
1948 r.). Cpeau ApyrMxX H3BECTHBIX 3apYOeXXHBIX JHMHOJIOIOB
ormerum B.Pone, X:Mopramepa, [ Xarumncona, I1.Xejinenona,
B.One, 3.bepmxa, M. Crpamkpa6y, P.Betuens 4 MHOTHX apyTHUX.

HccnenoBaHds O3ep Ha BCEX JTalaX MCTOPHH OGYCIOBJIEHBI
notpeGHOCTAME YenoBeyeckoro ofmecrsa B HX Hcnons3osanuy. Ilo
Mepe pa3sBHTHA O0INecTBa PacHIMpAETCS MCHONB30BAHUE ITPHPOIHBIX
PECYpPCOB, B TOM THCJIE H 03€p, IPH 3TOM NpexbsBIIOTCH Bce Goee
BhICOKME TpeboBaHHMA K HMX HCCNIENOBAHHIO. Pa3BuTHe JHMHOJIOTMH
(o3epoBenieHHA) MPOUCXOANT B TECHOM KOHTAKTe C PAAOM CMEXHEIX
Hayk: rupgponorueii, Guonorueii, ¢u3mKoH, XuHMmHel, reodu3HKOIL,
reoiorueii, mereoposormeli, Maremaruxod, HHpopMaTHko#, a B
NOCNENHHE TOAL H C Pa3sBHTHEM HOBHIX HH(OPMAlLMOHHBIX TEXHO-
noruii (MHTEpHeT, reoMHOPMALMOHHEIE CHCTEMBI). '

B ncropuu ozeposepenns b.b. borocnosckuit (1961) ormeuan
TPH NCPHONA Pa3BHTHI. . :

Havamsusii nepuon orHocHTes K 90-M rr. XIX Beka, xoraa ose-
POBEJICHHE Pa3BHBAJIOCH B CBA3M C 3aIIpOCAMM PHIGOIOBCTBA, BOAHOTO
TPaHCNIOpTa M Pa3pabOTKAMM COJIMHBIX NPOMEICJIOB. OTOT INEPHON
Pa3sBHTHA HE OT/IMMAICS CHCTEMaTHIHOCTHIO, HCCJIEROBaHHA NpPOBO-
AAIHCH TONYTHO C reorpadudeckumn paGoramn. Ileperie o3epHHE
BOZIOMEPHBIE OCTH B Poccun 6butH OTKPHITE! yxe B 1724 r. Ha Jla-
AOXCKOM 03€pe B CBI3H €O CTPOHTEILCTBOM CTaponajoXCKHX KaHa-
J0B, a Takoke Ha Bampaiickux osepax. B XIX Beke GsUIH OTKPHITHI
Bonomepusie noctsl Ha Kacrmm, Cemurepe, Hismene, Batixane, Ce-.
BaHe, Calimaa, Bexux AMEPHKAHCKHX O3epax.

BeuIH Oprasu30BaHbl H CHEUAILHEIE 3KCIIEAUIMH I H3ydeHHA
o3ep, BHIMBJICHMA BO3MOXHOCTe# HX XO34MCTBEHHOrO MCHONb-
30BaHMA. Oco6eHHO MHTEpecHB TakHe paboThl 3TOro IepHOAa, Kak
kiura H. Osepenkosckoro ,JIyremecrsne no osepam Jlagoxcko-
My, Onexckomy” (1785 r.), a Taloke paGorsl Ha OnexckoM o3zepe H.
CrabpoBckoro (1854-1857 rr.), ob6Hapyxusmero ceiimu. Omnpene-



12 I'nasa j

NeHHBle 3HaHHA 00 o3epax HaeT TpyA Ilhyxen6epra «Tupporpadus
Poccniickoro rocyaapcrsay.

B 1844.r. Axanemueii Hayk M HCYMC/eHHH npoctpancTea Poc-
CHM 110 T'yGepHHAM M HX ye3/ilaM OBUIH ONpeJie/IeHB IIOLIAMM M KOJH-
4ecTBO 03ep  JMatoB. 1o pesynsraram stoi paborei B 1859 r. G-
14 onmcaHsl ,,[naBHble o3epa M yMMansl Poccuiickoit mnepun”. B
ocHoBy 65U1a IONIOXEHA CrieIMaTbHas Kapra B MacmrraGe. 1 : 420000.
Bo Bpems 5THX paGoT GBUIM HCCIIENOBAaHEI 03€pa, ONpENeNeHBl HX
pasMephi, komuecTso. OcHoBannoe B 1845 r. Pycckoe reorpadpuue-
ckoe 00IIecTBO BCKOpe MPHCTYNAeT K COCTAaBRICHHIO H H3faHHIo I'eo-
rpa¢ugecko-craTucTHYecKoro cioBapsa Poccuiickoii Imnepuu, koTo-
phili GbUT M3BECTEH TOA COKPAICHHBIM HassaHMeM I'eorpadmieckoro

cnoeapa I1. CemeHoBa. B Hem Hamna otpaxenne Hupopmaius o6

o3epax. KpynHeM coGbiTHeM B MCTOpHH reorpaduu H xaprorpadun
Poccuu 6510 cocrarnerse B 1874 r. HoBo#i kapTsl Esponetickoit Poc-
cun. Torna 6BUM BHMHMC/ICHB IVIOMAIM 03ep MO IyOepHHsM H HX ye3-
JIaM, ¢ OTAC/IBHRIM OTIpe/ie/ICHHEM OCTPOBOB H 036P B KKIOM M3 HHX.
Hensaa He ynomaHyTs akcnemuipno A. I1. Annpeesa na Jlanox-
CKOE 03€po, B pe3yisTaTe KoTOpo# 6bUla HarmmcaHa QyHAaMeHTAIb-

Has MoHorpadus «JIanoxckoe ozepo» (1892 r.).
Knaccuueckumu paboramMu B NepBblii MEpPHOJ Pa3BHTHA JMMHO-

norad 65Ut paGotel ocHoBarens ymmHoNoruH @.A.Qopens Ha Ke-
HeBCKOM o3epe. HIM ke HamucaHa mepBas nporpaMma iAo Hccie-
ZoBaHui 03€p.

TlepBsie o3¢pHBIe cTaHIK B Poccul Gbut opraHusoBansl B 1888
r. Ha KocHHCKHX 03epax nox MockBoii.

1885 r. cumralor roaoM o¢oOpMICHHA JMMHOJOIHM KaK camo-
CTOSTEeNHHOM OTpacim Haykd. B' 3ToM rogy Ha MeXIyHapoAHOM
reorpagpuieckom koHrpecce B Jlonmone ®.A. ®opens chopMyTHpo-
BaJI IEIM H 3ajaud JHEMHOJIorHH. KpynHEli BKIan B 03epoBeicHHE
caenan pycckuii ydersiii-reorpad, xmmaronor A.H. Boefikos, xoto-
peni Hamucan kuury «KjiMMaTel 3eMHOro mapa, B OCOGEHHOCTH
Poccum» (1884 r.).

Co BpemereM Bce Golbmie BO3PacTaM 3aNpoOChl MCIIOJIB30BaHUA
o3ep min pubopazBeNcHMs, THAPO3HEPreTHKH H pPEry/JHpOBaHMA
croka. Heob6xomumo OTMETHTP KOMIUIEKCHBIH reorpapmaeckuit
Xapakrep, koTophii Hocwm HccaegoBanua JI.C. bepra Ha Apans-
ckoM Mope (1889—-1902 rr.). 3ToT NEpHOA ONpPEAEIAETCE OTKPHTHEM
MHOIHX JHMHOJIOTMYECKHX CTaHIHMi B pa3HBIX cTpaHax. B 1891 r.
MockoBckoe o6ImecTBO MOOHTENEH eCTECTBO3HAHHA, aHTPOMOJIOrHH
# 3THOrpadHM OTKPHUIO NEpPBYIO PYCCKYI0 'HAPOGHONOrH9ecKyro-

<
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NIPECHOBOJHYIO CTaHIMIO Ha o3epe I'myGokom (MockoBckas ry6.), a B
1896 r. npodeccop ML.II. Boponuu ocrosan Ha BomorosckoM osepe
CTaHIMIO, HA3BAHHYIO 3aT€M B €ro YecTh bopoaunckoil. Dta cranuus
6BU1a BIIOCICACTBHY IIEPEHeceHa Ha 03. CeHrep.

Oco6yio pones B pa3BUTHH JHHAMHYECKOTO HANDABICHHS O3EpO-
BefieHus coirpan paboral E.A. Bepmwka (CILIIA), koTopslii Brephie
Ha4aJ IHPOKO npnuem B 03€POBEJICHHH METOIBI, Pa3sBHTHIC B
OKEaHOJIOTHH,

@. A. ®opess, 06001MB MaTEpHAIEI MHOTONETHHX HaGMIOREHMI
Ha JKenesckoMm o3epe, H3nan B 1891 r. ¢yHmameHTansHyio MoHO-
rpapuio;, a B 1901 r. B pyKOBOACTBO MO JIMMHOJOFMH. Pycckuii
yuensti J{. H. Anyunn Hamican xuvury (1896) “Boxami cynm. Ozepa”.

Tpernii neprox pa3surua aumHonorud B.5. BorocmoBckwmit
CBA3BIBAI C pa3BUTHEM OOmeH KOMIUIEKCHOCTH THAPOJOrHYECKHX,
THIPOXHMHYECKHX M THAPOOHOIOTHIECKHX HecenoBanuit. [Ipy 3ToM
yCWIHnach mudQepeHIHAaLIS HCCeA0BaHMH. B Teuenue Beero nepuona
TIPOBOJIATCA KOMIUIEKCHBIE HCCIIE/IOBAHHA 03€P H O3€PHBIX palOHOB, WA
ux Hanboee 3 PeXTHBHOrO X03AHCTBEHHOrO HCTIOIB30BAHHS.

B 10T nepHon Heo6xoauMO oTMETHTH paboTEL, MPOBOAMMEE B
Kapeimu ¢ 1919 r. Ononeuxo#t skcumemuumesi, I'ocyaapcrseHHbIM
THAPONOrHYecKHM HMHCTHTYTOM. B 20-x rogax B Kapenum paGoran
I''1O Bepemarun. OcobeHno yCHIHIHCH JIMMHOJOTHYECKHE HCCIeR0-
BaHHA B CBs3H ¢ opraumsaimeii B CCCP B 1929 r. I'mmpomereo-
cayx6st. B 1921 r. 611 06pasoean I'HapoxuMMYecKHii HHCTHTYT B
Hosouepkaccke. B 20-30-x rr. 6bumH 0GoGImeHsl u Omy6IHKOBAaHBI
tpymst ITH B cepum “Hccnenosamms ozep CCCP”, a ¢ 1931 r
IIPOBOAMTCA pa3paboTka BOAHOTO KajacTpa.

C pa3sBHTHeM 3HEPTeTHKHM HaYaIMCH elne GoJsiee MMpoKHe HCcie-
AOBaHHA 03€p. YIIOMIHEM 3/ech opraHu3aimio B 1926 r. Cepanckoro
ruapomereoGiopo mox pykosoacreom JI. K. Jlassinosa, B 1928 r. —
Baiikaisckolf JIHMHONIOTHYECKOH CTaHIMM [OJ  PYKOBOJACTBOM
I'}O. Bepemarnna, a B 1931 r. — Kapensckoli HaydgHo-Hccie-
AOBaTeNbCKOH priboxo3siicTBeHHOM cTaHiym B [TetposaBoacke.

CylnecTBeHHBIH BKJIa@ B pAa3BHTHE JIAMHOJIOTHM BHECIH
Mexnynaponnbie JIHMHonoradyeckue KOHrpecchl M BcecoiosHele
TH/IPOJIOTHYECKHE CHE3/bI, NIOCAECAHHE HadalH cBolo pabory B 1924 r.
JInmuonornyeckue konrpeccsl B Poccuu (CCCP) cocrosumics B 1924
1 1971 r. Ilocneanuit nuMuonoruveckuti konrpecc 8 CCCP coBnan ¢
opranu3aumeii B 1971 B r. Jlenunrpane HucTHTyTA 03epoBenenns AH
CCCP non pykoBoacTBom akagemuka C.B.KanecHuka m AMMHOO-
ru4eckoH cTaHIuM Ha o3epe Kpachoe (ITynnyc).
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AKXTHBHBIE HCCJIEIOBAHHA THADOJIOTHH 03€p TpOBOZUIHCE B
Hameil ctpaHe o M BO BpemA Benmuxo#i OredecrBeHHOH BOHHEI, OHH
enonHanucy ITH, 'maponpoexroM H APYrHMHM OpraHH3aLMAMM.
MoXHO BCHOMHMTH KIacCHYeCKHe wuccaefioBaHus (OHEXCKOro H
Jlanokckoro o3ep, oGoGmeHHsle M OmyGIMKOBaHHBIE IIO. PYKO-
porcTtBoM B.B.Monuasora. HccenoBaHusa TEpMAYECKHX MPOLIECCOB,
OUHAMAKH H JIEAOBOTO peXHMa, DPOBEACHHEIE NOA  €ro
PYKOBOJCTBOM, JIErNIA B OCHOBY OOOCHOBAHHMA CO3JaHHA M 3KCILTY-
araipm "Jlopori xwmsHH" 1o aeXy Jlapokckoro o3sepa, koTopas
Crac/a XXH3Hb MHOTHM >kuresiaM Gokansoro JleHHHrpana.

OcoOblif MepHO HMCTOPHH O3€pOBEACHMA CBS3aH C paseuTHEM

JHEPreTHKM, HCC/IEJOBAHHEM M CO3JaHHEM BOJOXPAHWIMI. 3TO
paborei Ha JfHenpoBckoM, PribuHckoM, Ilumiamckom, Bparckom u
HpKyTCKOM H Ap. BOROXpAaHWIMINAX. YYHTHIBasA B&XHOCTH H3ydYEeHHA
BOJOXpaHwTHi, Ha PpiGunckoM Bojoxpamwimame Obul CO3aH TIOA
pyxosoacteoM H.J1. [Tananuna MHCTHTYT 6HONOrHH BHYTPEHHMX BOX
AH CCCP. B 3T0oT nepuox CO3RalOTCA MHCTHTYTHI H naboparopum
JIMMHOJIOTHH BO MHOTHX CTpaHaXx.

YerBepThlii nepHOx pa3BHTHA JIMMHONOTMM C HameHd TOUKH
3peHHs Hadaica ¢ 60-x rogoe XX Beka. B 310 Bpems cymecTeeHno
BO3pOCJIO aHTPOIIOr€HHOE BO3JCHCTBHE Ha o3cpa. B 3TH roxmst
BO3pOCJIA aHTPONOreHHas Harpy3ka OT FOpojoB, B GoibImoM KO-
gectBe crpowmmck I'0C, kavamsl, IIBK. Ilocnemume tpeboBamu
OrPOMHOE KOJIMHECTBO BOAR JULA POH3BOJICTBA LEIUTION03bI, 6ymarn.
ITocTeneHHo CTano OUEBHAHO, 9TO 38 OYEHb KOPOTKHIi IEPHOJ| AKTHB-
HOTO HCHONB30BAHHA 03€p HAYAIACh MX MHTEHCHBHAs Aerpajany.
HanomaumMm 3BTpodHpoBaHue, 3arps3HeHne Benuxux AMepHKaHCKHX
o3ep, B ocobeHBOCTH 03¢pa JpH, KOTOPOE CTAIH HA3HBATh YMHpa-
tomuM. Havanocs 3prpoduposanue Jlanoxckoro osepa. Ha Geperax
psna osep M Bomoxpauwwnu B 70-80-x ropax Gwum TIOCTPOEHE!
aTomusie 3nekTpocTaHid (AJDC), KOTOpHIE HCHONB3OBAIM BOIHBIE
06BeKTH Kak BofoeMmi-oxjagurend. IIpu 3roM mpowmcxommio "ren-
JoBoe" 3arps3HEHHE 03€p, OTMEYANIOCH YCWICHHE 3BTpodHpoBaHHi. B
3T0T nepHox Conbimoe 3HaUEHME CTAIO0 YACIATHCA M3YHEHHIO
pacmpocTpaHeHHA H TPARHC(OpPMAIUM CTOYHBIX BOJ, OLCHKE BIIMAHHA
aHTponoreHHoro ¢akropa Ha GyHKIHMOHHPOBAHHE BOJHBIX CHCTEM.

Kpymueie mpobnembl 6bumH pemeHm s 3aja4, CBA3AHHBIX C
nepepacipe/ie/iecHieM BOAHBIX pecypcoB. I'paHAMO3HEIE O Mac-
mTabaM MpoexTsl Hpeanonaraiock ocymecTsHrs B 80-90-x romax B
CCCP c¢ "nepebpockoit" croka pex Esponefickoil vacti crpanst u
Cubupu. OTH 3a71a4d OKa3aloCh BO3MOXXHBIM OLIEHHTH TOJBKO C
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MOMOIIEBIO  KPYNHOMACIUTaOHBIX KOMIUIEKCHBIX HCC/ICHOBA-HME M
CHCTEMHOTO NOAXOJA € HMCMO/NB3OBAHHEM MaTeMATHHECKOTO Moje-
mupoBanus. Han atoii npo6Giiemoit paGoramu necsTku OpraHH-3aluii.
Beumn  cobpaHEl  rpynmel  yueHsx, cosman Pl Hayd4HO-HCClle-
AOBATENLCKHX LEHTPOB. B 0bnacty cucremHoro nccnenosanus o3ep H
BOAOXPaHWITHIN AKTHBHO PabOTaTH IpyIIbl y4eHbIX B TAKHX KPYIHBIX
LEHTpaX Kak MHCTHTYT HpHKIagHOrO CHCTEMHOro aHanHsa B ABCT-
puu, Llentp uccnenosanms Bemacux osep (Buckoncun, CIIIA), na6o-
paropuds B MaccauycerckoM TeXHONMOTHYECKOM sncruryre (CLIA),
Hewrp B PoctockoM yHuBepcuTeTe. Brum OTKPBITHl HOBHIC HHCTHTYTEI
(Macruryt Bomseix ipo6nem AH CCP, Mockea) 1 MHOTMe fpyTHE.

B 80-x rogax akTMBHO cTamM BHEJIPATBCA HOBbIE KOMIBIOTEpHEIE
TEXHOIOTHH M JHCTAHIMOHHBEIE, B TOM YHCIE a3POKOCMHYECKHE
MeTOZIBL. BBUT OTKpEIT pan 1a6opaTopmii AMCTaHLHOHHEIX METOZOB.
Takaa naGoparopus 6nura, B HacTHOCTH, co3faHa B MHucruryte
oseposenierns AH CCCP noa pyxoBonctom akamemuka K.SL.Kon-
ApaTbera.

H, HakoHeN, MOXXHO BBIIEIHTD TICPHOA, CBA3aHHLIA ¢ pabGoramu
MO pEUICHHIO IIHPOKOrO KOMIUIEKCa 3KONOTMYecKHX mpobreM,
OXpaHE! BOJOEMOB H HX BOCCTaHOBJICHHIO. B 310T Mepron — Havano
90-x romoB 6sUM cO3maHEL MHCTHTYTHl B pAJi¢ pPerHOHoB Poccuu
(MuacTHTYT BomHBIX mpoGiem Cesepa Kapessckoro HI| PAH B
IerposaBoncke, MHCTHTYTH BOAHO-3KOMOrHYECKHX npobnem PAH s
Xa6aposcke, Bapuayne, Ha Boure). KpynHpie ycuexu B m3yueHuH
PARa HanpaBJIeHHH JIMMHOIOTHH GBUIM ROCTHTHYTHI IOCHE CO3JAHHS B
1991 r. Ha 6ase JIuMHONMOrHIECKOTO uHcTHTYTa CO PAH Baitkans-
CKOro MEXIYHAPOAHOIO SKOJOTHYECKOr0 LEHTPa NOA PYKOBOACTBOM
‘WeHa-koppecnonaenta PAH M.A I'pauepa.

PasBuTie JMMHONOrMM Ha CcoBpeMeHHOM JTame CBS3aHO ¢
PCUICHHEM PAJa 3aja4 PalHOHANBHOIO HCIO/Ib30BAHHA H OXDAHHI
03¢pHEIX BOA. M3yueHMe NHMHAMHYECKHX OpPOLECCOB HaeT BO3MOXK-
HOCTh NO3HAHHA (HIUYECKOH OCHOBAI pexkuma riy6okux o3ep.
IIpo6nemer ruaporexaHueckoro CTPOHTEJIBCTBA, NepepacnpeeieHHe
BOJIHLIX PECYPCOB, PACYET PACTIPEE/ICHHS CTOMHEIX BOJ M MHOTHME
APYTHE TPeOYIOT HAJEXHBIX CBEACHMH O IHPKYIALMH BOJ B o3epe,
TOPHIOHTANLHOM H BEPTHKATRHOM TYpGYJIeHTHOM TepeMCIIHBAHMY,
HSMCHTMBOCTH [MHAMMYECKHX NPOLECCOB BO BPEMEHH M B IIpo-
CTpaHcTBe. IIpd NPOrHO3HPOBAHMH BO3MOXKHBIX M3MEHEHMI pexHmMa
BOZOEMOB M HMX 3KOJOTHYECKHX CHCTEM IIOX BIIMAHMEM aHTpo-
TOTCHHRIX BOS/ICHCTBHI B IOC/IE/{HES BPEMS YCTIEMIHO HCTIONB3YIOTCS
METOIBI MaTEMAaTHYECKOrO U GPH3IUIECKOrO MOJETHPOBAHHS.
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. Cpenu oGoOmarommx HCCIENOBaHUMA, B KOTOPHIX JOCTATOYHO
noApoGHO OCBEMAIOTCS KaK 0COOEHHOCTH AMHAMMYECKHX ITPOLECCOB
B ITyOOKHX oO3epaX, TaK H HCNONB3yeMble VI MX ONHCAHHH
MaTeMaTHYeCKHe MOJIEH, MOXKHO YNOMAHYTH Cliefyiomue paGoTsi:
«JIumuonorna» (M. Xarauncon, 1957), «Teuenms B baitxarey
(B.M.Bep6onos u nap., 1977), «HA3MeHIHBOCT: IARPOQPHIHIECKHX
noneii B osepax» (mox. pea. H.A.JIaGzoeckoro, 1978), «Typ6y-
JIEHTHOCTh B pekax M o3epax» (Smith, 1975), «TypbynenTrocTs H
nepememmeanve B o3epe Jlox-Hecc» (Thorpe, 1977), «Tepmonu-
HAMHYECKHe Mpoueccs B Drybokux osepax» (10.J.Muxaiinos u ap.,
1981), a Taioke paborsi K. Mopramepa (Mortimer, 1978, 1985) u
I'. Kcanamu (Chanady, 1981), T.CailiMonca (Saimons, 1987),
M.M. Aitn6ynna (1988), B.A. 3namencxoro (1981), E: A. I{eToBoit
(2000), H.H. ®unarosa (1983, 1991).

[lpuMenenre TIPEUM3HOHHOA 30HMpyIOmMEH H 6yxcnpyeMon
anMapaTypH I BCCISOBAHMS 03€p NO3BONKNC BEIABHTS PAJ| HOBBIX,
paHee HEH3BECTHBIX OCOOCHHOCTEH B NHHAMHYECKOM pPEXHUME BOX
o3ep, B TOM uHcle (POHTH, TOHKYIO TEPMHYECKYIO CTPYKTYPY,
BEPTHKANBHYIO  TEPEMEXAeMOCTs  TypOyJeHTHOCTH,  KpymNHEIE
ONMHOYHBIE BHYTPEHHHE BOJIHBI-COTMTOHBI, KOTEPEHTHEIE CTPYKTYPBL.
OTH cBeleHMd CYIIECTBEHHO MEHAIOT CJIOKHBIIMECH paHee
NPEACTARIEHH O TpoHeccax IlepeMEHINBAHMA, pacTipene/ieHHH
XMMHYECKHX 3JIEMEHTOB H rHAPOOHOHTOB B 03¢pax. ’

‘O3ep0 MOXET paccMaTpuBaThCd M KaK MpHpOAHasd MOAeNb
. OKeaHa, Ha KOTOpOi MOXXHO 6oJice JIETAIbHO HCCIIEOBAaTh CBOMCTBA
TAKAX SABJECHHHA, Kak TypOyNeHTHOCTs, BHYTPCHHHE BOJIHHI,
HHEPUMOHHBIE KoNeGanud, TOHKad TepMHYecKasd CTpYKTypa. Bmecte ¢
TEM, NMHAMHKA BOJ IiyGoxux o3ep WMeeT pAx cremHHIECKHX,
TIPHCYIIHX TOJIBKO MPECHOMY nonoeuy ocoﬁemiomii (Konnparses u
ap., 1991).

CymecTBeHHBIE yCTIeXHM B H3YJEHMH THAPOQH3AKH BOZOEMOB
JNOCTHTHYTH B [OCNEHHE IOAb NPH pealH3aldM pAjia KPynmHBIX
HALMOHAJILHEIX M MEX/YHapOJHHIX NPOEKTOB Ha O3epax, TAKHX KaK
Baiixan (M.H. I'paue u np., 2000; M.H. Illnmapaes u np.2000),
Benmopckoe (A.JO.Tepxenuk u ap., 2000), Bermkux AMepHKaHCKHX

(/1. Penenxuii, JI. 1isa6 u np., 2000), Onexckom (H.H.Dunaros, -

1991, 2000), JTanoxckom (JLA. Pyxosen u np., 2000). Baenpenue
HOBBLIX COBPEMEHHBIX TEXHONOryi B MPAKTHKY H3ydCHHSA O3ep HaHUIO
OTpWKCHHE B paborax mocneauux Jjer (“Limnology and Remote
- sensing. A contemporary approach. KKondratJev N Filatov et al,
1999).

TJAABA 2
O3EPHASI KOTJIOBHHA

OsepHOH KOTIOBMHOH Ha3bIBaeTCd YIJTyONeHHE NOBEPXHOCTH
CYUIH, 3alOJIHEHHOE JI0 HEKOTOporo yposHsA Bofod. KomiosuHa o3ep,
BOJIOXPAHH/IHH] OKA3BIBACT 3HaUMTE/IbHOE BIIMAHHE Ha TEPMHYECCKHE H
rHOpOAMHAMHYecKUe nporeccsl B Bonoemax (Kozocaosckuii, 1960).

Pa3Mepsi 03epHBIX KOTJIOBHH pa3muuHbl. B Tabn. 2.1 npuseneHs!
JIaHHbIE O HEKOTOPBIX KPYNHEHIIMX 03epax Mupa.

Tabmma 2.1. Kpynaelimue o3epa Mupa

Haspamme » Tlnom nCPm‘m’m HaunGonnuas
THIC, yposns, M abc. r.v;yﬁmu, M
Pocena
Kacnutickoe 3950 -28 980
Baiixan 30,5 455 : 1741
Jlagoxcxoe 17,7 4 225
Onexcxoc ' 9,9 33 1120
3anazuas Espona
Benepu 55 44 89
Berrepn 1,9 88 119
XKenescxoe 0,6 376 309
Banaron 0,6 s 4
Asmn '
Kyxynop 42 3205 ) 38
Ban 3,7 1662 —
Meprsoe Mope 1,0 -392 356
Adpuxa
Buxropus 69,4 1134 80
Tanransuka 329 773 1435
Hesaca 30,8 472 406
Yan 22,0-11,0 240 7-4
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Hassaune -rue.m % oTMeTKA mﬁ:‘:ﬂn
| yposnrs, m abe, )
Cen. Amepnxa
Bepxsice 82,4 183 393
TI'ypon 59,6 177 228
Muravran 58,0 177 281
Bonsmoe Measexne 31,0 119 137
Bomnoe Heponkamane 30,3 150 140
Opu : 25,7 174 64
| Busmumer 23,5 217 19
OwntapHo 19,5 75 237
IOxnag Amepuia
THTHKaKA 18,3 [3812 [304
Ascrpanns
iip 8.2 12 -

OzepHble KOTIOBHHBI MMEIOT, Kak TpaBWIO, CIOXHYIO (GopMmy.
O6erHO B 03€pax BRUICIAIOT CNEAYIOIIHE OTHE/bHBIE YACTH: IUIECH,
3aHBEL, 6yXTHI, Iy0BI, IATOpamy, npodyHAAIM.

IInec —— wacts o3epa, obocobGnennas oueprannem Oeperop H
penmsepoM nHa. YacTo rHApoNOrHYecKHi peXHM IUIECOB O3epa
3HAYMTEJIBHO OTJIMYAETCA APYT OT APYTa.

3anus, 6yxra, ry6a — 9acT o3epa, BAAIOIHMECA B Cylny. Xapak-
Tep BoooGMeHa ¢ o3epom obycnasmiBaer ocoGbie CBOHCTBA MX pe-
JKHMa.

ByXThi OT/IHY2I0TCS OT 3/IMBa T€M, 9TO OHH OTHENIOTCS OT 03epa
CPaBHHTE/IHO Y3KHM NpOiHMBOM H Gonee sammmneHs! or AeHcrBus

‘BOJTH H BeTpa. I'yb6a — crnemmdudeckoe Ha3BaHue 3a/IHBa, B BEPIIHHE
KOTOPOro pacnioyiozkeHO YCThe PEKH.

IepBoHayanbhbiit penbed IHA o3epa OOYCHOBJIEH IIPOHCXOXK-
neameM kowioBuHBL. Ilox peiicrBmem BHemHHX ¢akTOpoB M BHYT-
PEHHUX NPOLIECCOB, IMPOHCXOMAIMX B O3epe, H3MEHAETCA KOTIOBHHA
oszepa. K pHemHHM ¢akTopaM OTHOCATCA: BETEp, TEYEHHE BOJIHI,
NBIKeHHe Jibaa. K BHYyTpeHHHM mpoleccaM, OKa3bIBAIOIHM BIIHASHHE
Ha (OpMH-pOBaHHE KOTJIOBHHBI, OTHOCATCA: TEYEHMA, BOJHBI, OCall-
koo6pa3oBaHHe, XKH3HEAEATETSHOCTS PACTEHHE H JKMBOTHBIX.

Ilpeo6pa3opanne KOTIIOBHHBI 03epa HAET B IBYX HallpaBICHHSAX.
Bo-nepBhix, rmox peicTBHEeM BOXB M TeYEHMiH NpoHCXoaMT (opMH-

- poBaHHe 6eperoB, H3MeHeHHe ouepranmus GeperoBoii munum. Tax xak
BOJIHBI H TEYESHHH Pa3sMBIBAIOT BHICTYTIAIOMME 4aCTH Gepera (MbICh), 8

aKkKyMynauus npeobmamaer B OyXrax, To € TeYCHHEM BPCMCHH
GeperoBas JIMHHS CTaHOBHTCH BCe Gonee CIJIOKERHOMH, — HCYe3al0T
ry6okoBalomuecs B Geper 3aMMBLI M PE3KO BHCTYTIAIONINE MBICKHL.

Bo-BTOpBIX, aHANIOTHYHBIM 00pa3oM MEHACTCHA (crnaxwuBaercs) H
penbed Ana osepa. Hakomnenue AOHHBIX OTJIOKEHHH NPOHCXOMMT B
Geperopoil 30He H B YTJIyONeHHAX (HA, T0 HPHBOZMT K BEIPABHH-
BaHMIO [HA, TOCTENICHHOMY ABIKeHMIO Geperos k riy6okoBoHOH
4acTH o3€epa. .

KoTnoBMHBI MHOTMX 03€p 3anlOJHEHbl Maccod AOHHBIX OTJO-
JKEHHH, MOUIHOCTH KOTOpHIX MPEBOCXOAMT COBPEMEHHYIO TTyGHHY
ozep. '

Tpanchopmais 03epa M3MCHACT €ro IHAPOTIOrHYECKHIA,
FHAPOXMMHYECKHH H TEPMHYECKHH PEXHMBI, H3MEHAIOTCH YCIOBHA
cymectsoBanmus 6HOTH. KoneuHo# cragueii pa3BUTHA 03€pa ABIACTCA
onoro. Kone6arus KIMMaTa, CTOKa B 03€p0, TEKTOHHIECKHE TPOLIeC-
Chl, AHTPOMOrEHHbIE BO3NCHCTBHA MOTYT HApYIIMTh MpPOLCCCHI
pa3BHTHA 03€pa. .

B o3epax OOBYHO BHIENSMIOT TPH 30HLI, KOTOPHE Pa3IHIAIOTCH
XapaKTepuCTMKAMH H PeXHMMaMH BOJHBIX MACC H YCIOBHAMH
XHW3HEJIEATENIEHOCTH opraHmiMoB. Jluropams — npubpexHad 9acTe
o3epa, B KOTOpOH JHO NOABEPKEHO BO3NACHCTBHIO BOJH. Bricuias
BOXHAS PACTHTENBHOCTH COCpefioToYeHa Ha nuropane. Ilpodyrmams
WIH Nejarsanms — IyOHHHAad 9YacTs 03¢pa, B KOTOPOH BOJNHBI HE
posgeiicteytlor Ha ado. Cy6nuropans ABISETCA NEPEXOAHBIM
YYACTKOM MEXAY NpodyHAAIBIO H JIATOPAIBIO.

B Poccun nepsoe BomoxpaHwnmme (Anamaesckoe) ObulO
noctpoero B 1704 r. Ha pexe Heiise oxono ExarepunGypra i
CE30HHOTO PEry/NHPOBAHMS CTOKA C Lenbio obecriedeHHs BONOH
sasopa. B 1719 r. 6suto mocTpoeHO BhLIIIHEBOJIOWKOE BOJOXpa-
HuHme B AonuHax peku Lilmumst u ({1 y Boimsero Bonouka it
o6omHenns pex McTel M Teepipsl Ha BOAHOM ITyTH, COSIMHAIOIICM
Bonry u Cankr-IlerepGypr.

VCKOpeHHBIH POCT BOXOXpaHWIMI B PocCHH Ha4aics B CBS3H C
peamzammeii rwiana anexrpudmkammy (TODJIPO). HamGomsummit
POCT 4YHMC/a TEXHOTEHHHIX BOIOSMOB Ha Teppuropu Pocchu
npuméncs Ha 1960-1980 rr. B sTor mepuon 6nuto 3aBepiIEHO
cTpouTenscTBO  Bomkcko-Kamckoro — kackaja — BOJOXpaHHWIHIL,
Caparopckoro # CTamHHrpaACKoro BOJOXpAHWIMII Ha Bonre,
TIOCTPOEHE! KacKa/isl BONOXpaHHNHI] Ha Exmcee, Anrape H Jip.

CpasHenue gucna sopoxpamwmm Poccun u CIIIA noxasssaer
(dsaxan A.A., 1999), aro Poccuiickas depepauus, HMes IUIOWAND
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IpHMEpPHO B JBa pasa Gomsmyio mwiomamu CIIIA, umeer umcio
BONIOXpaHWIHI NPUMEPHO B NATH pa3 MeHsme. CyMMHpPOBaHHBIN
nonesusiit 06ém Bosoxparmmmmny CIHIA npumepro na 40% Gonbine
065&Ma BofoXpaHITHIN Poccun. Bo3MOXHOCTS ynpaRieHHs peqHbIM
crokoM B CIIIA Takoke MHOrO Brme; Tak Ko3dduipeHT EMKOCTH,
PaBHEIH OTHOIICHHIO 06BEMa BCEX BOAOXPAHHIMIN K CPEAHETOIOBOMY
peunomMy ctoky B CIIIA, npumepHo, B 4-5 pas enne, yeM B Poccun.

KoT0BHHEI BOXOXpaHIIMIN, Kak MPaBHIIO, PE3KO OTAHYAIOTCS OT
KOTJIOBHH o03¢p. KoTmoBHHamMM o03ep 4acTO CiryXaT KOTJIOBHHBI
TIOMIIPYXKEHHBIX 03€p, YYaCTKH peuHbIX JonmuH. OGHYHO BHIAENHAIOT
KOTJIOBHHBl 0O3€PHOrO M peqHoro tiuna. KoTnoeuHHI 03epHOro THna
GopMHpYIOTCS B 03€POBHAHBIX DAaCUIMPEHMAX PEUHBIX AONMH HIH
NOANpPY>XE€HHBIX KOTIOBHHAX 03ep. KoTJIOBHHEI peunoro Tura GopMu-
PYIOTCA Ha CPaBHMTCNBHO Y3KHMX Y4YacTKaX PEYHBIX JOJMH, OHH
NIO/Ipa3ne/qIOTCA HA ABAa MOATHNA. JIONMHHEIA THII BO3HHMKAeT IIPH
3aTomigHHH Bced moiiMel. Ecnu 3arommsercs tomsko HeGonsmias
9ACTH NOHMBI W PYClIa, KOTJIOBHHA OTHOCHTCA K PYCIIOBOMY THITY (CM.
paborei K.K. Dnensmrreiina, A.H Epmosoit u ap.).

B BoOXpaHWIMINAX BEUIEIMIOT PAA YYACTKOB, OTIMYAIONHXCS 110
PEXHMY BOJHEIX MAacC H MOP(QONIOrHYECKHM 0COOEHHOCTAM.

HrpkHss WM OPUIVIOTHHHAL 94CTE OCTAETCA ITyGOKOBOHOM MpH
Jmoboii oT™MeTke ypoBHi. Bo/Henne B Heit CHIBHee, 4eM B OCTAIBHBIX
JacTaX BoxoxpaHwiMma. Ilpoucxomur akTuBHOE QopmupoBanue Ge-
peros. Teuenue cnabee, 32 HCK/NOYeHHEM MOMEHTOB TOMYCKOB BOEL
Yyepe3s IUIOTHHY.

Cpemifs WM 03epHO-peYHAds uyacTh SBIAETCH ITTyGOKOBOXHOM
TONBKO MPH BHICOKHX YPOBHAX, B O3EPHO-PEYHON 4aCTH JaKe NpH
SHAaYMTENLHOH CPaboTke 9acTh MOKHMEI OCTaeTCS 3aTOIUICHHOK. Bon-
HEHHE JIOCTATOYHO CHIIbHOE, TeUeHNA Gollee CHIIbHEIE, YeM B IPHIUIO-
THHHOH 49acTH BomOXpaHWTHINa. Bepxmas MWIH pedHad vacTs
BONOXPAaHWIHIA UPH BbICOKHX YPOBHAX IIpe/CTaBIieT co6oi
MEJIKOBOJHBIH 03€POBHIHBIN BOJOEM, a NPH HH3KMX YPOBHAX —
orpanmumBactTcs pycioM. Ilocnepmmii cmemugwudeckmii  ydacTox
BONOXpaHWIMIIA -—— YYaCTOK BBIKTHHMBAHMA TOATIOPA —
XapPaKTEPH3YIOCTCA TEM, YTO €I0 PEXKHM CHIBHO 3aBHCHT OT PEKHMA
pabotel '9C H rHAPONOrHYECcKOro Ce30Ha.

XapakrepHCTHKH HEKOTOPbIX sonoxpammmn, CO3JaHHBIX B
CCCP, TpHBENICHEI B Tabu. 2.2.

Ta6numua 2.2, Kpynuefimue Bogoxpanusuma Poccan (V — obrem, S — mno-
maaw, Hy, — Maxcumanuaas rry6msa, L — pmsa w1 K, — xosbumdenT (nokaza-
Tenb) BofooOMeHa, paBubLi OTHOICHHIO 06beMa CPEHErONOBOTO CTOKA K CPEHEMY
o6seMy Boaoxpanumuma) (Jdexvuumeiin K K., 1998)

Hassannre Ton Vem® | S, | Hom | L xu K,
Bparckoc 1967 169,7 5467 150 1020 . | 0,5
KpacHospcxoe 1972 | 733 2000 101 388 1,2
3eiicxoe 1975 | 68,4 2119 93 225 0,3
Vers-HmmMckoe 1977 | 58,9 1922 97 290 1,7
Ky#i6smiescxoe 1957 | 57,3 5900 41 ‘510 4,2
Bunoiickoe 1970 | 35,9 2176 69 460 0,5
Bonrorpanckoe 1961 31,4 3z 41 524 8,0
Casno-lllymesckoe | 1978 31,3 621 113 320 1,5
Pribunckoe 1941 | 254 4550 28 112 1,4
IumasHCcKoe 1952 | 23,9 2700 35 180 1,0
Xanralickoe 1975 | 23,7 2120 57 100 0,8
Caparoscxoe 1969 12,9 1831 33 336 19,1
Kamcxoe. . 1954 12,2 1915 30 300 |42
Bepxuetynomckoe 1964 1,5 .| 745 40 120 0,5
HMangposcxoe 1936 11,2 876 67 120 0,3
Kypeitckoe - 10,0 558 70 160 2,0
BoTtxunckoe 1966 9,4 1120 28 1 365 5,7
Toprkonckoe 1955 |88 1590 22 430 6,0
Hoeocubupcxoe 1959 | 88 1070 25 | 185 59
TlekcunHckoe 1964 | 6,5 1670 17 167 0,8

Ha 3emne noctpoeHo OrpoMHO€ 4HCIO BONOXpaHWIHIN. MakcH-
MaJIbHOE KOJIA4ECTBO BOXOXpaHIWTHIN 6BUIO co3aaHo Ha 3emie B 60-e
rogel XX Bexa. Ce#yac TeMmmbl BBOAAa HOBBIX BOJOXPAaHHITHIL
YMEHBIIWINCh, 4YTO0 OOYCJIOBJICHO, MNpEXIE BCEro, HCMONb30BaH-
HOCTBIO IIEPCIIEKTHBHBIX JUIA CO3/IaHHA BOJOXPAHHHLI YYaCTKOB peK.
B Tabn. 2.3 npuBemenst nauusic (deaxan A.A., 1999), xapakre-
PH3YIONIHE JHHAMHUKY H3MEHEHHS YHCIIa H 0056MOB BOAOXPaHHIIHIN,

JU1s KONMUYECTBEHHOro OMHMCaHHA (GOPM H pasMEpOB KOT/IOBHH
o3ep, obbeMa BOAHOH MacChl B HHX MCNOJB3YIOTCS MOpdoMeTpH-
YecKHe noka3aTenH. [lepeuyncnM OCHOBHBIC H3 HHX.

JimHa o3epa — kpardaifimee paccTosHHe MexAy HauGonee
YAaneHHBIMH JPYT OT Apyra TOYKAMH OeperoBoi JIMHMH, H3MEPEHHOE
IO IOBEPXHOCTH 03€epa. .
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Cpennas mHPHHA O3epa paBHA YacTHOMY OT JeNEHHA IUIOINAXH
3epKajia o3epa Ha ero MIMHy. MakcuManbHas IIHPHHA O3€pa paBHa
HaHOONbIIEMY PacCTOSHHIO MEXXy ero Geperamu mo mnepneHIM-
Kynspy K muuHe o3epa. Jiniana GeperoBoi IMHMH H3MEpSeTCs MO
HyneBoil u3o6ate. Cpeanas rryGHHa o3epa olpefensercs 1o oTHoume-
HHIo ofbema oO3epa K IUIOWANM €ro 3epkana. Jiid ONMCAHHMS
pacnpenencHus NybuH HCnons3ylorcs GaTHrpaguyeckue obneMHbic
KpHMBEI€. : ‘

Tabmuua 2.3. JMEAMEKS POCTA YHCAS (YHCAMTENS) W 06BeMoB (3namm‘rens)
1’ Bogoxpanuanm (>0,1 xcm”)

oo [1901- [1951-  [1961- J1971- [1981-  [1991~ Jcymma
1900 1.}1950 rr. }1960 rr. 11970 rr. [1980rr. }1990rr. {2000 rT. ,
Ha 3emrie B neioM ’ )
41/14 |540/520 [525/1150 |700/1840 |600/1400 J360/1000 J70/500 [2836/6380
CILIA
2218 [286/260 [130110 170210 [som0  frane  Jum [r02r700
Poccnn
32 |awso [sorz20 [21350 20190 a1 |- f105/840
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Baturpaguyeckas KpHBas ONpenesseT CBA3b MEX/y ITyOHHAMH H
IUIOIIA/IAMH, OKOHTYPSHHBIMH COOTBETCTBYIOUIHMH H300aTamu.
O6seMnad XpHUBad Onpeie/IAeT CBA3b MEXITY 065eMOM BOIHOH MacCH
03€epa H ero YpOBHEM. ‘

Kraccaprxaneg 03epHBIX KOTIOBHH

CylmecTByeT HECKONBKO THIIOB KJIAaCCHQHMKAlMH  O3epHBIX
xotnoBHH. - Haubonee pacmpocTpaHeHHOH SBIETCS TIeHETHYECKas
KnaccH(HKalMsa KOTIOBHMH, KOTOPYI0O MBI M M3NOXHM. ITpomcxox-
JIEHHE O3€pHBIX KOTIOBHH MOJXeT OBIThb YCTAHOBIEHO N0 PpAgy
NPHU3HAKOB, TaKHM KaK IeOJIOTHYEecKOe CTpOoeHHe, peibed OKpyxa-
Iolmero paiiona, reojiormdeckas ucropusa 6acceiina.

TekToHMYeCKHe KOTIOBHHEI 0Opa3yioTci B NOHHXKEHWAX, KOTO-
pele BO3HHKAIOT B pe3ynbTaTe TEKTOHHYECKHX MBIDKCHHH 3eMHOM
kopel. O3epa C TEKTOHHYECKHMH KOTIOBHHAMH XapaKTepH3YyIOTCS
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GoNBIIAMHA TIyGHHAMH, KPYThIMH CKIoHaMu Geperos. KpymHeiume
TEKTOHHUYECKHE 03¢pa PACIIONOKEHE! B 30HaX TCKTOHHYECKHX CIBH-
ros. B ropueix ofmactax obpasyiorca HeQonbHIHE O3epa TEKTO-
HHYECKOro rpoucxoxaeHns. [Ipumepamis 03ep ¢ KOTIOBHHaMM TEKTO-
HMYECKOTO THma cuyxar bakikan, Kacmmii, Heenix-Kyms, Opy,
Ownrapuo, I'ypon.

OG6pasoBaHHe 03epHBIX KOTIOBHH JIEJ(HUKOBOTO THIA HPOHCXOANT
110 AHCTBHEM JIEAHUKOB. JleTHMKOBLIE KOTIOBHHBI NOPA3ACAIOTCA
Ha [BE NOJrPYNIEl: PO3HOHHBIE H aKKyMYJISTHBHEIE. JPO3HOHHBIC
KOTJIOBHHBEI OGYCIIOBJIEHBI, MpEXE BCETO, 3PO3MOHHOH NEATENb-
HOCTBIO JieIHHKOB. KapcToBbie (KpecoBHHHbIE 03epa) o6pasyioTca B
pe3yJIbTaTe 3pO3HOHHOM AEATENLHOCTH JIEAHHKOB B FOPHBIX paioHax.
AKKYMYJATHBHEIE KOTJIOBHHBI BO3HHMKAIOT CPEJM MOPEHHBIX OTJIO-
seHHH nexuukoB. O3epa Takoro THINA PacHpoCTpaHEeHbl B 30HaX
npesHero onepeHenus. B GopmupoBanuM JIEXHHKOBBIX KOTJIOBHH
MOTYT Y4YacTBOBaThL ofHOBpeMeHHO ob6a ¢axropa. MHuorue osepa
Konbckoro nomyoctposa B Kapennu BOZHHKIA HMEHHO Tak.

K BOAHO-3PO3HOHHOMY H BOJHO-aKKyMYJISTHBHOMY THITy OTHO-
CATCA 03€pa PEYHOr0 M MOPCKOrO IpPOMCXOXJEHMA CICHYIOLHX
NIOJTHIIOB: CTApHIIBL, IUIECOBBIE, NE/ILTOBLIE, JIATYHHBIC M JIHMaHHBIC,
¢uopnosrle.

CTapHIIbl IIHPOKO PAaCHPOCTPAHEHH! B peuHbIX AonuHax. Mnecco-
BHIE O3epa TpEACTABIIOT co6oi pa3oOlieHHBIC B MEXEHb ILUIECHI
nepechixalommx pek. JlenbToBEIC o3epa (GOPMHPYIOTCS B HeAbTax
KPYTIHBIX peK B pe3yJIbTaTe B3aHMOJCHCTBHS MOPCKMX M PEYIHBIX BOA.
[IpuMepaMH [eTBTOBBIX 03€P CIY)KAaT BOJDKCKHE WIBMEHH, 03¢pa B
KyOaHCKHX IUIaBHAX.

JarysHble M JTMMaHHBIE 03€pa MOPCKHX NoGepexwii ¢opmu-
PYIOTCA B pe3y/IbTaTe OT/€JIeHHs HAHOCaMH 3aIMBoB oT Mops. Osepa
TAKOTO THIIA LIMPOKO pPacmpocTpaHeHsl Ha mobGepexse YepHoro H
Benoro Mopeil. OuOpHOBBIE O3€pa BO3HHKAIOT B PpE3ynbTaTe
oTaeneHus GUOPAOB OT MOPS HAHOCaMM HITH 3aBallaMH.

K npoBaisHOMY THITy O3€p OTHOCATCS KapCTOBBIE, IIPOCAJIOYHbIE
H TepMokapcToBbie o3epa. KapcToBbie 03epa BOHMKAIOT B paioHaxX
PacHpOCTpaHeHHs MOYB, CONEPXKAIIMX MATepHAILl KOTOpHIE JIErKO
NOAAAIOTCA PACTBOPEHHMIO (M3BECTHAKH, THICHI, AonomuTsl). Kapcro-
BEIE KOTJIOBHHEI MMEIOT OOBIYHO BOPOHKOOOpasHyio ¢opmy Gonbiion
riy6uns ¥ HeGombwoii mromany. Heobxomumeiv ycnoeuem oGpa-
30BaHMA KApPCTOBOrO O3epa SABJLIETCA HANMYHE TaK Ha3bIBAEMOTO
TBEPIOr0 CTOK4, KOTOPHIH TOKPHIBAET IHO M CTCHKH BOPOHKH.
TrepapLil CTOK MPENATCTBYeT GUIBTPAMH BOABI BITyOb IOPOMbI.
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IIpocagounsie (cy¢o3HoHHBIE) 03epa BO3HHKAIOT B Pe3yNbTaTe
PacTBOPEHHA H BBIMBIBAHHMA TOA3EMHBLIMH BOJAMH M3 TPYHTOB
HEKOTOPBIX COJIeH, LleMEHTHpYIOmHX rpyHTsl. KoTaoBMHR Hpocanos-
HBIX 03¢p OOLMHO MMEIOT OKPYTJIbie OPMEI C IIONIOrHMH GeperaMH.

TepmokapcroBrie O3epa (arackl) BOSHHKAIOT HAa YHacTKax
TIPOTaHBaHHA BEHHOH Mep3/oTH. KOTIOBHHEI HMEIOT, Kak Npasulo,
okpyrmy1o GopMy u HeGobIIHE FTyOHHEL

Bynxanuyeckue o3epa ofbpasyiorcs B xpa'repax uoryxumx
BYJIKAHOB MJIH CpeJH JIaBOBBIX NOJICH.

3aBanbHble 03epa 06pasyloTcA B pesynsTaTe FOPHBIX 0GBAIOB,
NpErpaxjalolMX PEKH, NPOTEKAIOmUe B TFOPHBIX JOJMHAaX. SIpKuM
TIpAMEpPOM  03¢pa 3aBalBHOro THNA sBiserca Capesckoe 03epo,
obpasorasiueecs Ha [Tamupe B 1911 r. mocne o6sana, nepekpLIBIIero
pyciio pexu Mypra6.

Jo/I0BEIe 03¢pa BO3HMKAIOT B KOTIOBMHAX BBHITYBAaHHA WIH
MeXIy JoHamH. Bropuumele o3epa ¢QopmupyloTcs Ha MecTe
3apocIuUX o3ep H Ha Gonorax.

TJABA 3
BO/THBIA BAJIAHC

Bomubiif 6anaHc ompenenser BeIHYHHY BOXHOH Macchl 03€p H
BONOXPaHWIMIN, ee HM3MEHYHBOCTh BO BpeMcHH. Bonammlii Ganmanc
ompefeNseTcs COOTHOIEHMEM MOCTYIDIEHHA M pacxofa BOJb
pogoeMoM. Ozepa M BOJOXpaHWIMIIA @ONYYAalOT BOXY M3
aTMOc(epHBIX OCaIKOB, KOTOPHIE BHITIANAIOT HAa BOJHYIO IOBEPXHOCTH
WIH Ha NOBEPXHOCTs BofocGopHeix OGacceiinoB. Konnencamus napos
BOJILI HAa BOJHYIO [TIOBEPXHOCTh 03¢pPa HJIH BONOXPaHWIHIMA OOBIYHO
MHOTO MEHBIIE OCaZKOB H CTOKa M €10 OOBIYHO TpeHeOperaror.
ATMoc(epHBie OCaikH, BHINABUIME Ha MOBEPXHOCTh OGacceiHOB,
NOCTYTIAIOT B 03€pa B BHIE NIOBEPXHOCTHOTO HJIH IIOA3E€MHOT0 CTOKA.

Jina KonMeCTBEHHOM ONICHKH CBA3H 03€pa WM BOAOXPaHWIHINA
¢ BopocOopHBEIM OacceHiHOM MCHONB3yeTCs IOKa3aTenh YAEHBHOIO
sogoc6Gopa A, paBHEI OTHOMIEHHIO IUTOINaneH Bogocbopa F u ozepa
(BonoxpaHwiMna) f: >

A=F/f. @B.1D

IToxazatens ymensHoro BogooGMena A MeHseTcds B OYEHb
Gonsmmx npepenax. C.II. Kuraep Ha ocnose ananmsa 2000 soasbIx
06BEKTOB PamIMYHBIX NMPHPOMHBIX 30H OOHADYXII, YTO MOKas3aTellb
yaensHoro Bopocbopa A mensercs ot 0,6 no 135000. OcHosnas
Macca 03ep MMeeT MOKa3aTelIH y[elbHOro Bonoobmena or 8 no 32.
Jnsa no/MHHBIX BOJOXPAHHIIMIY XAPAKTEepHbiC 3HaueHHA A paBHbI
100-200, w14 GoNBLLUIMHCTBA 03€p MOKa3aTelb YAENLHOro Bojo3bopa
4 mense 20.

Jpyroit BaxXHO# XapaKTEPHCTHKOH BOOEMA ABNISETCA IOKA3aTENb
ycnosroro BogootmeHna ‘K, paBHbIH OTHOUICHHIO 0OBEMa cpezmero—
JoBOro CToKa V k cpenneMy obnemy osepa W:

K=V/W. (3.2)

Benmuunsa K mokasbIBaeT, CKOJBKO pa3 B TEUEHHe roja MWIU
HEKOTOpOr0 MHTepBala BpEMEHM CMEHAETCS BOJHAd Macca 03epa.
O6parnoe K cootHomenue (W/V) onpenenser Bpems, B TeUCHHE
KOTOpPOro MPOMCXOJMT HOJHBLIA BOKOOGMEH, H Ha3BIBAETCA NEPHONOM
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BofooOMeHa. {11 XxapaKTepHCTHKH W3MEHYHBOCTH BOJHOIO peXHMa
HCIIONL3YIOT, HAnpuMep, cpeAHeMecsuHele 3HadeHud. Ilokasarens
YCIIOBHOTO - BOJOOOMEHa MEHAETCs OT THICAYHBIX JoNeH Jio
Heckonbkux coreH. HauGonee xapakrepHble 3Hauenus K nexaT B
unrepsane 0,5-4. Jina Baiikana nokazarem ycnoBHOro BojjoobmeHa
pasen 0,003, a nepuon Bogoobmena — 300 ner. s Jlagoxckoro u
Onexckoro o3ep nepHox BogooOmeHa pasen 12-15 ser (K = 0,05-
0,07).

Osepa c GonpllHM noOKa3aTeneM yAenbHoro Bopocbopa M
OonbliMM NOKa3aTeleM YCIOBHOrO BOZOOOMEHa SARIAIOTCA IUICCAMH
NPOTEKAOIMHUX 4Yepe3 HHX pek. B 3aBucuMocTd oT Benwumubl K

npeobiajaeT TpaH3HT Bojiki (K>100) wi ee akxymynsims (K < 4).

Cnenys b.b. borociosckomy (1960, 1980), namum xnaccuduka-
IMI0 O3¢p no BogHoMy Oanancy. Bce ozepa mompaspensrorcs Ha
GeccTouHble M CTOYHBIE. beccToOYHbIE HE HMEIOT. HM nonepxnoc'moro
HM NOJ3€MHOT'0 CTOKa.

Ocoby10 rpymnimy COCTaBIAIOT 03€pa C NEPEMEKAIOLIMMCH CTOKOM,
KOTOpbIE SBIFIOTCA CTOYHBIMH BO BPEMA BHICOKOH BOZBI, B MEXEHb
CTOK H3 03epa He NPOHCXOJIHT.

B rpynne cTOYHBIX 03€p BRIJC/IAIOT IPOTOYHBIE 03€pa, B KOTOPBIX
CTOK COCTaBJET 3HAYMTEIEHYIO YacTh 00'beMa BOMHOM MacChl.

VYpasuenne BopHoro 6anaHca MoOXeT OBITH TNpPENCTaBIEHO B

crnenymoueit popme:

2P-2YR=34, (3.3)
rae 2P — cymMMa NPHXOJHBIX COCTARIAIONMX YPAaBHEHHE BOHOIO
Gananca, 2R — CyMMa pacXOIHBLIX COCTAR/JAIOHIHX BOJHOIO

6ananca, 2.4 — CyMMa aKKyMYJIATHBHBIX COCTAB/IIONTHX.
YpaBHeHHe BoxHOro OanaHca BMewWIaeT BCE MPHUXOAHLIE H
PacXolHEIE COCTABJIAIONIHE 33 ONPENC/ACHHBIH MEPHOR BPEMEHH.
YpaBHenue BogHoro OamaHca CTOYHOroO o3epa HMeeT CIEXYIOLIMM
B .
| X+ Y+ Y+ X - Yo - Y- Z=AV, (3.4)

rae X — OCajlKM Ha 3epKaio o3epa, ¥; — MOBEpPXHOCTHEIH MPUTOK B
03epo, Y, -—— mnoA3eMHbIH NPHTOK B 03epo, X; — KOHICHCALMS
BOJIHOrO Napa Ha BOJHYIO IIOBEPXHOCTB, Yy — IIOBEpXHOCTHBIN CTOK
K3 o3epa, Yy — uaeTpaims (nmoxseMHbIH CTOK M3 o3epa), Z —
HCIIapEeHHs C BOAHON MOBEPXHOCTH, AV — u3MeHeHHe 06BbEMa BOMRI
3a paccMaTpHBacMbIli BpDEMEHHOM MHTEepBan. B ypaBHeHMH BOXHOro

BOJIHBIN BAJIAHC 27

fanaHca BCE COCTaBIITIOMIME BHIPAKAIOTCA B €IMHMIAX 00BEMA WIIH B -
eJUHMLAX JIHHBI (B 3TOM ciayuyae AV 3amensercs Ha Ah,
ompele/IIEMYI0  M3MEHEHHEM  YPOBHA  BOAH).  Bemuunnoif
KOHACHCAMH Ha BOAHYKO IOBEPXHOCTh 03€pa IO CPABHEHHIO C
ApYTHMH WIeHaMH YpaBHEHHA BojHoro OamaHca  OOGBIMHO
npeHebperator.

Jlna 6eccTounoro o3epa ypaBHeHHe BOTHOr0 GanaHca IpHHAMAeET
cheRYIONIHHA BUI;

X+Y,+7Y, +Xk Z=AV

Ecnn ypaBHeHMe BOHOTO 6anaﬂca COCTABJISETCA U1 CE30HA HWIH
1O MECsLaM, TO HeoOXOHMO Y4ecTh NOTEPH 3a CUET OCeNaHus Jibaa
Ha bepery. pd NMORYDKEHMM YPOBHA H NOCTYIUIEHHE BOJLI OT TadHUA
nena. B ciaydyae cocraBneHus ypaBHeHHA BogHOrO OanaHca Ha roj 3TH
COCTABIIAIOLIHE B3aUMHO KOMNEHCHPYIOTCH.

VpaBpenne BopHoro OanaHca JUIA BONOXPaHWIHINA HMeEeET
nonoOHBIA BUA, QAHAKO, B HEM NOABISIOTCA CASAYIOUIME OTIHYHA:
HOBEPXHOCTHBIH CTOK 3aMEHACTCH cOpPocOM uepes NNOTHHY H
MOITYCKaMH 4Yepe3 THAPOCHJIOBYIO YCTaHOBKY; IOABSIOTCS “WICHE,
OIMCHIBAIOIIHE BOJAONOTPEOICHHE H PazjiMdHble BHALL (pHILTPALMH
(uepes Gopra M NOXE BOAOXPAHWIMILA, YEPE3 CHAPOTEXHHYECKHE
COOpY>KEHHUA H JIp.), & TaKKe WICHB! OMMCHIBaIOLIHE MIPHTOK M cOpocH
4epe3 rHAPOTEXHHYECKUE COOPYIKECHHUA.

Cocrasmmomue Boasoro 6anamca (3.4) MoryT GHITH onpeneNneHs!
Ha OCHOBE NOJIEBBIX HCCJefoBaHMH Wi pacu€ros. IlocTymnenwe B
BOXOEMBI C BOAOCOOPOB IO peKaM pacCYMTHIBAETCA Ha OCHOBE
rHApoOMeTpHYecKHX AaHHBIX. U1 BOmOXpaHWIMINA, BXOHAINENO B
KacKal rHApO3/1eKTPOCTAaHIMI, TOCTYIUICHHE MOoXeT OBITh onpene-
J€HO N0 CTOKy H3 BBIIECPACHONOXKEHHBIX THAPOCOOPYKEHMIE.
BoxoBas MPUTOYHOCTH NPH HATHYMH FHAPOCTEOPOB ONpPEHEIeTCs 110
FHAPOMETPHYECKHM JaHHBIM WIM KOCBEHHBIMH MeTofaMH. OmnbxH B
OTpe/e/ieHHH NPHTOKA COCTARJIAIOT A1 PaBHHHHEBIX PeK OKOMo 5%,
ms ropupix — a0 20%. Oumbku B ompeneneHHH CTOKA M3
BONOXPaHWIMII CHIBHO 3aBHMCAT OT pPa3MEpPOB BOJOXPAHWIMIN H
cocrapnaior 2-10%.

Bennuyuna ucnapenns E onpenensercsa gopMmyitoi ).Iam,'rona

E=C(e—e),
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rae C — osmmmpudeckuii  Kod(QHUMEHT, ey — YNpPYrocTh
HACHIHICHHOTO BOAAHOrO napa, e — (QakTHYecKas YOPYrocTsh
BOJIEHOTrO Napa B BO3/yXe. ®

Jina olleHXH BENHYMHEI MCTIAPEHHA HCIIONB3YIOTCA NaHHME Nps-
MEBIX H3MEpERHil, KOCBEHHBIC METORBI, OCHOBAHHEIC HA NPHMEHCHHH
ypaBHeHu# BOAHOrO H TemioBoro OanancoB. Hambonee mmpoxo
HCIIONB3YIOTCS SMITHpHIeCKHe GopMyTHL. E

Merton BogHoro GamaHca JA OUEHKM BETHYHHBI WCIIADEHHSA C
BOJIOEMA 3aKJIIOYACTCS B TOM, 4YTO BEJHMYHHA HCIIAPEHHA OIpe-
Jendercs Kak OCTaTOYHBIA WICH YpaBHCHHs, INpPeACTaBIAIOMEro
coboii amreOpanuecKyl0 CyMMy HPHXOQHOH M PacXOANHOH 4YacTe
poxHoro Oananca. HecMoTps Ha KaXylylocs OpOCTOTY METOA3, €ro
NPUMEHEHHE 3aTPYJHEHO CJIOKHOCTHIO H3MEPCHHA  COCTABIIRIONIMX
BoaHoro GanaHca.

Meron BoaHBIX HCIIapHTeNnci OCHOBaH Ha: NPAMBIX H3MEPCHHAX
HCHapeHHs C MOBEPXHOCTH CHELMANbHbBIX HCTIaDHTENBHBIX 6acceHHOB.
JUia u3sMepeHHs MCIapeHMs C BOJHOH IMOBEPXHOSTH MCHAPHTEILHBIA
GacceliH MOMeHIacTCA Ha crelHaibHBIH IaBaomuit mwior. flo Bcei
teppuropun CCCP 6ru10 pazmemeno 6oee 500 BomoHcnapHTenbHBIX
mwromaaok (3 HUX 13 Ha ozepax), o60pyNOBaHHBIX CTAHNAPTHHIMM
H3MEpUTEIAMM HCTapeHWi, M HCHapHTEIbHBIMH  OacceifHamu,
KoTOpBie GhutH paspaboransl B I ocynapc'meuﬁou TH/XPOJIOTHYECKOM
HHCTHTYTE. -

HcnapeHnne MeEXAy cpokamMd HaGmoaeHuii BhIYHCHAETCA H3
ypaBHeHHA BojgHOro OamaHca HCHapHTeNs HIH HCNApHTEILHOrO
Gacceiina. Jlns mepexosa OT OUEHKH MCHapeHMH ¢ mMOBepXHOCTH
HCIapHTeNd K ONEHKAM HCNApeHHA C MOBEPXHOCTH BOJOEMa IIpH-
MEHAIOTCA TiepecyeTHbIE (POPMYJIHL, YUMTHIBAIOMME NPOJOIDKHTEIb-
HOCTh [HA, BBICOTY BONH M T.I. MeTox BOJHRIX HCHapeHHH
MpHMEHSETeA I OLCHKH HCIIAPEHHH 3a JUIHTENbHBIE NPOMEXYTKH
BpPEMEHH — MeCALBI WM Gonee.

IlpuMenenue MeTOAa TEIUIOBOro 6anaHCa OCHOBaHO Ha MCHOJB30-
BaHHH COOTHOIIEHHA BoysHa Mexy TypOyJsieHTHBIM TemrooOMeHOM
M 3aTpaTaMM Teluia Ha HcmapeHue. Hamw6Gomnee mpocTodi BHA COOTHO-
IIeHHEe HMEeT TPH IPEINIONIOKCHHM O PaBEHCTBE K03()(HUHEHTOB
o6OMeHa BJIaTH H TeIUla B IPHBOJHOM CJIO€ aTMOC(EpEI.

JUia pacuera HCIapeHHd C BOJHOH NOBEPXHOCTH TaK ke
npHMeHdeTcs MeTol TypOyneuTtHoi mupdysun. B stoMm ciyuae
BenuuuHa E onpepenserca cneayomeii GopMynon:

E=-pK.dq/dz,

rAe P — IUIOTHOCTL BO3MyXa, K, — ko3¢¢uumesT TypOyleHTHOrO
obMeHa Bnary, dq / dz — rpaaHeHT KOHIEHTpaLMH BOJAHOTO Napa B
arMocdepe.

Ilpu pacyerax o6bBMHO npuHHMaercs, uro Ko3ddHUMEHT
TypOyneHTHoro  mepeHoca  BnarM  paseH  koddduumenty
TypOyneHTHOro NepeHoca UMIybca (Typ6yneHTHOH BA3KOCTH).

Jng . vsMmepeHHs BenMYHHBI Mcnapenua E  Mcnonesyercs
Iy IECALHOHHBIA METOA!

E=pw'q',

rfe p — IUIOTHOCTL BO3JyXa, W’ ¥ g — IyNbcallii BepTHKANBHOM
COCTABJIAIOLIEH CKOPOCTH H BJIKHOCTH, COOTBETCTBEHHO.

Onnako HauGolee IIMPOKO A TONYYEHHMA OLIEHOK HCIIapeHHs
HCIIOJIB3YI0TCA IMITApHYEcKUe GpopMynsl. [ pacyeToB HcnapeHus £
NPUMEHAOTCS  (OPMYJIEI, CBA3BIBAIOINME MCMApEHHe C MeETeopo-
JIOTHYECKMMH 3/IEMEHTaMH Ha JIBYX TOpPHM30HTaX Z), Z; — CKOPOCTH
BeTpa V u Bnaxxoctd ¢. OOGBIYHO 3a ypoBeHb Z; NpHHUMAETCH
YPOBEHB BOAHOH MOBEPXHOCTH, Z; /14 03€p H BOAOXPAHHIHILY OOBIYHO
paBen 2 M. KoskperHbii BuA oaHoH w3 ¢opMmyn mis pacdyera
HCIIapCHUA NIPUBEZICH HIDKE:

E=0,15 (e —e3) (1+o 72V;) mm/eyr,

rae ey — YNPYrocre BOASHOIO Napa IIpH TeMIEpaType BOHHOM
MIOBEPXHOCTH, €, — YNpPYI'OCTh BOAAHOTO TIapa Ha BBICOTE Z; = 2 M,
¥, — cpennas ckopocTh BeTpa Ha BBICOTE Z; = 2 M.

Hcnapense BoaHOM MMOBEPXHOCTH 3aBUCHT OT MHHEPAIH3AUHHA —
C PpOCTOM KOHLEHTpallMM pacTBOPOB MCIapeHHe yMeHbIIaeTcs.
Hanpumep, npu Bospacranmu coneHoctr ¢ 10 10 70 %o Hcnapenme
yMeHblaercsd Ha 5%. VcrapeHue ¢ NOBEpXHOCTH PacCOJIOB BHICOKOM
KOHIIEHTpaHH 3HAYMTEIBHO MEHBUIE MCIApeHUs ¢ TOBEPXHOCTH
npecHOBoAHBIX BojoemoB. Ha o3epe OybTOH NpM KOHUEHTpaLHMH
pacteopa 200 %o ucrapeHMe MeHbIIE HCTIAPEHHA C NPECHOBOJHOrO
BoioeMa Ha 90%. Ha ucnapeHue ¢ MOBEPXHOCTH PaccOIOB COMAHBIX
03ep BIHAET TAKXKE COCTaB PacTBOpA.

Ha xpynneix Bogoemax Hapany ¢ auddy3HsIM HCIApEHHEM HMEET
MECTO Tak Ha3bIBaeMOE€ MEXaHH4YeCKoe MchapeHme. B 3ToM ciyuae
TIPOMCXOAMT BBIHOC YAcTHI] BOABI B BO3AYX H HX HMCIAapeHHE YXe B
BO3[fyxe. MexaHH4eCKOE HCMAPEHHE MOXKET [PEBOCXOJHTH OOBIYHOE
HCIIapeHue.
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B  HebonbMX BOMOeMaX, TMOKPHITBIX  PACTHTENBHOCTBIO,
HeOoOXOMMMO YYHTHIBATD TPAHCIUPALMIO BOJHOM PACTHTENIBHOCTRIO.
PacTeHHs ¢ ILIaBalOIMMH NHCTBAMH (PACKA, KyBINHHKA, KyObilUKa)
HE3HAYMTENILHO YMEHBINAIOT Hcnapenue. [lomynorpyxeHHas BoaHas
pacTHTENPHOCTL (KaMbllll, TPOCTHHK, pOro3 M [Ip.) YBEIHYMBAET
HCHapeHHe, B OTACABbHBIX CiTy4yasx Ha 100%.

Crpykrypa BoaHoro 6anaHca o3ep HIM COOTHOLICHHA MEXIY
coboii cocTaBIAOMMX BOJHOrO GaaHca 3aBHCAT OT reorpaguyeckoit
30HaBHOCTH. B BOogHOM Ganance o3ep, paclONOXEHHEIX B
H36LITOYHO M JOCTATOYHO YBIOKHEHHBIX TEPPUTOPHUSX, B IIPUXOLHOMH
YaCTH JOMHHHPYET PeYHOH NpHTOK ¢ BOJOCOOpOB, a B PacXOmHOH
YacTH —— CTOK. OTH cocrapasgiomue jgocturailor 70-90% ot
OpHXOAHOM H pacxonHOH dactedl BoaHoro Oanadca. B BomHoM
banaHce o3ep, paCIONOXKEHHBIX B paiioHaX HeJZOCTATOYHOro
YBIDKHEHHsA, B PacXo[HOH wyacTH npeobnamaer mcnapenme. Ozepa
NYCTHIHB, TOYITyCThIHE H CyXHX CTeleif, kak npaswio, 6eccrounsl. B
MIPHUXOHOH 4acTH 6anaHca 3THX 03ep MOXKET mpeobiafaTh MPUTOK
WM atMochepHeie ocanaku. Ha puc.3.1 npuseaenst noxasarenu
BOJIHBIX 6a1aHCOB HEKOTOPBIX 03€p.

Hapsany ¢ reorpaduyeckoii 30HAIBHOCTEIO BaXHOE BIHAHHE HA
CTPYKTypy BojgHoro Oananca OKa3bIBAlOT a30HaIbHbIE (HaKTOPEI,
Ipexze Bcero MoppoMeTpuieckHe 0COOEHHOCTH 03ep B BOA0COOpOB.

Ilokazarens ynmemsHoro BogocOopa A Xapakrepusyer CTereHb
3TOrO BJIMAHHA Ha CIPYKTypy BogHoro Oananca, UeM Gonslue A4, TeM
CHIbHEE BO3ACHCTBHE BoJocOopHoro GacceilHa Ha BOAHBIM OanaHc,
TeM Oonblue oA MPUTOKA B NPHXOAHOH yYacTH. C BeITMUHMOM
yaejssHoro Bomoc6opa CBA3aHO CYLIECTBOBAHHE CTOYHBIX H
Geccroynsix osep. Hampumep, B BoguoM Gamance Ilaoszepa (moka-
3areNb yAenbHoro Bogocbopa 4 = 20,5) no cosgaHus B HEM IOAMIOpa
AOpuToK AaBan 91% npuxonnolt yactd, a crok — 91% pacxoaHoii.
dna  Onexckoro o3epa, pacrnojoXeHHOro B  IOZOGHEIX
reorpagHyecKuX ycnoBusx (4 = 5,3), npHTOK M CTOK COCTABISAIOT 72
u 84%, cooTBETCTBEHHO.

CooTHollleHHe COCTaBIIAIOIIMX BOZHOro 6OajnaHca NOJIOKEHO B
OCHOBY BOJHO-6aj1aHCOBOH Kiaccudukanun o3ep. [lo cooTHoWeHHIO
COCTaBJISIOIIMX PACXOJHOH YaCTH o3epa MOrYyT ObITH pasielieHbl Ha
ABE TPYIMKbI — CTOKOBBIE M Mcnapsiomue. B o3epax nepso# rpymmsi
CTOK NpEBBHIIIAET HCMApPEeHHEe C HX BOAHOH moBepxHoctH. B o3epax
- BTOPO# Ipyniibl McriapeHHe npeobiagaeT Hax crokoM. Osepa Kaxmoi
HX 3THX IPyNN B CBOIO OYepelb MOAPa3fe/fioTcAd HAa TPH THIA B
3aBHCHMOCTH OT CTPYKTYPHl NpPHXOXHOH 4YacCTH: NpPHTOYHEIE,
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HeWTpansHble, qoxXAeBbie. Kak cregyer vz HasBaHHs, B IIPHTOYHBIX
o3epax B MPHXOJHOH YaCTH BojgHoro 6anaHca npeobnaiaeTr NPUTOK ¢
pooc6opa, B HOXKAEBBIX — B NPHXONHOW YacTH MpeobrajaoT
ocaJlki, B HEHTPaIBHBIX — MMEET NPEHMYNIECTBEHHOE PaBEHCTBO
[PHUTOKA H OCAJIKOB. -

Nsosepo OHexckoe Jown BanaToH
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Puc. 3.1. Boausiii 6aanc HEKOTOPHIX 03€P MHPA (B IPOLEHTaX OT NPUXO0Ia H
pacxoaa); / — nNpHTOK B 03epa ¢ BOAOC6OPOB; 2 — aTMOCHEpHBIE OCAKH Ha
3¢pKano o3ep; 3 — CTOK M3 03ep; 4 — HCIIAPEHHE ¢ BOAHOM ITOBEPXHOCTH 03€p
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Takum ob6pasoM, CTOkoBasd rpylna BKIIOHAECT CTOKOBO-
OpPHTOYHBIE, CTOKOBO-HEHTpaIbHbIE, CTOKOBO-IOXAEBHIE 03¢pa. A B
HCIAPAIOULYIO TPYNIYy BXOJAAT MCHAPHTENbHO-IPHTOYHEIE, HCIa-
PHTENBHO-HEHTpabHbIC, HCIIAPHTENBHO-IMKEBBIE 03€pa.

CTokoBble O3epa ABIAIOTCA  XapaKTEPHBIM  BHAOM  Juls
YRI2KHEHHBIX TEpPHTOPHH, HCNapAIOMHe — A 3aCyLUIHBBIX.

CooTHOINEHHE COCTaBIAOIMX BOAHOro OamaHca M HX
abCoOMOTHBIE 3HAYEHHA HCTIBITHIBAIOT KOJIeOaHMA, KaK MO CE30HaM,
TAK M 1O roaaM. OTH KojeOaHus OOYCIOBJIICHBI H3MEHEHHAMH
rupoMeTeoposiornyeckux ycnosuid. Hampumep, npurox B Jlamox-
CKOe 03epo B MHOTOBOZHOM 1938 . coctaBun 90 kv’ (peBbineHHe
cpeaHero MHoroneTHero Ha 32%), crok u3 o3epa poctur 100 KM
(npeBbIlIeHHMe cpegHero MHorojetHero Ha 35%). B mamoBomHOM
1940 r. mpurok He npesbmnan 38 M (55% or cpeaHero
MHOTOJIETHET0), 2 CTOK — 42°kM’ (57% OT CPEHEro MHOTO/NETHETO).

OcobeHHOCTH CTPYKTYpPHl BojgHOro ©OanaHca BOXOXpaHUIHI
00yC/lIOBIeHBl CHIBHBIM BO3JCHCTBHEM AHTPOMOreHHBIX (aKTOpOB,
HMMEHHO OHHM OINpelesioT XapakTep pacXomHo# uacth Gananca. B
OTJIMYHE OT 03€p CTPYKTypa BOAHOro 6anaHca BOROXPaHHW/IMIIN HE TaK
CHILHO CBsf3aHa ¢ reorpaduyeckoi 30HAIBHOCTEIO. COOTHOIICHHEM
NPUXOOHONM H PacXOHOH YacTel BomHOro OanaHca ONpenenAlOTCs
OBa OCOOBIX MepHofa B TONOBOM LHMKIE BOJHOrO peXHMa BOJO-
XpaHWIMII, — HAIoJHeHue U cpaborka. Harnomenne ocyiecTaisercs B
MEpPHOJ TOJIOBOAMH, B OCTA/IbHOE BpeMs HMeeT Mecto cpaborka. Ecimu
BOJNOXPAaHWIMINA MCNOJB3YIOTCE B OCHOBHOM J/Uli OpOLICHHSA, TO
cpaboTka AOCTHraeT MaKCHMMyMa B BETETAI[HOHHBIH IIEpHOI, B
Bopoxpanwiniax I'IC cpaborka MakcHMallbHa B 3HMHHIA IIEPHOJL.

Osepa ¥ BOAOXpaHWIHMINA OKA3bIBAIOT BJIHAHHE Ha CTOK. JTO
BIMSIHHE 3aKIOYaETCA B PETyIMPOBaHMH CTOKa, 4YTO CBA3aHO C
aKKyMyJiLMeil BOABI B KOTIOBUHE O3€pa HIH  BOAOXPaHHIIMING,
HM3MEHEHHEM BEHYHMHEBI CTOKa, 9TO 00YCIIOBJICHO JONONHHTEIBHBIMH
TIOTEPAMH Ha HClapeHHe ¢ BOJHOH NOBepxHocTH. B mepuon
NOJIOBOJHIA 03epa M BOAOXPaHWIMIIA 3a[acaioT 3HAYHUTENBHYIO 4acTh
obsemMa Bonsl. B MexxeHHBIH NepHoj 3aNaceHHad BOJA NOCTyHaeT B
pEKH, DOBbIINAasg 3HAYCHHE MHHHMAILHOTO CTOKa. BimsHHe o3ep H
BONOXPAaHWIMI Ha CTOK CHIBHO 3aBHCHT OT COOTHOLICHHA HX
pazMepoB ¢ pasmepamu BojaHoro bacceiiHa. B Tabn. 3.1. npuBeaeHs!
BOAHBIE 6alaHChl HEKOTOPBIX BOXOXPaHHMITHIL.

BonHo-6anancoBas THIM3alMs BOJAOXPAHWIHII OTIHYaeTcs OT
TunMzammy  o38p. 11 BomOXpaHWIMIN  XapakTepHO Gonbmas
BHYTPUIOOBas M3MEHYMBOCTh BOAHOro OasaHca 1o CPaBHEHMIO C
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Ta6nuna 3.1. Boaustii 6ananc HeKOTOPLIX BOAOXPAHHIHIL MHDA
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konebanuaMu MX cpenHeropossix 3HaueHud. Cormacmo K. K.
Openswmreitny  (1998) Bopoxpamwmama Poccum moryr 6bITh
paszieieHbl Ha 4 BOQHO-6AIaHCOBBIX THNA:

1) rmy60Koro ce30HHOTO peryIMpOBaHHA CTOKa;

2) YMEpEHHO CE30HHOIO PeryTHpOBaHHS;

3) Hery60Koro ce30HHOTO pery/MpOBaHHA,

4) HeCyImEeCTBEHHOr0 CE30HHOTO PeryJIMpOBaHuUA.

Paspesnenne NpOBOAMTCS MO MaKCHMAILHOM MeCIyHOM none
aKKyMyJATMBHOH COCTaBJIMIONICH BoaHOoro 6ananca. Bonoxpanunnina
Ka)XIIOro THIIA B CBOIO OYEpeb MOAPA3NeNIIOTCA Ha 3 MOATHIA: 1O
COOTHOUIEHHIO MHTEHCHBHOCTH BEPTHKAILHOIO H IOPH3OHTANIBHOIO
obMeHa. JlonoHUTENbHAS THITH3ALMA MOXET OHITh OCYILECTBIEHA 110
BPEMEHH HACTYIUICHHA BOJHOIO pEeXXMMa — BECEHHEro HaroJHEeHHA,
BECEHHE-IETHETO HANOJTHEHUA H CPabOTKH.

Jina oneHKkH 06BEMa BOAOXPAHHITHIN HCTIONB3YeTCH Ko3ddHIHEHT
yCJIOBHOTO BoooOMeHa Kp, paBHBIiN OTHOIIEHHIO CpelHEH BENHIHHEI
pacxona BOABI B TPaH3HTHOM MOTOKE BOABI, HBHXKYywe#cs mo
BONOXPaHW/HILYY, H cpefHeMy OOBEMY BOABI B HEM B TedeHHe
pacu€THOro nepuoAa (roJ WIH €ro 4acTh)

_0.+0,
Wo+”’t,

rae O, — 06BEM BoABI, MocTynatlomui ¢ Bogoc6opa, O, — 00BEM
BOJIbl, cpabaTeiBacMO#i M3 BOAOXpaHWIHINA B HIKHHH Obed, Wo 1 Wr
— 00BEM BoIbI, HAXOMUBIIMICS B BOJOXPAHHIHIIE B Hayaie ¥ KOHIIE
Ppacy€THOro BPEMEHH COOTBETCTBEHHO. Jl4 ycTaHOBHBIIErocs TpaH-
3uTHOTO paBeHcTBa O, = O, Wo = W = const, noatomy Kz = O/ W.
Kos¢duunent Kz noxazsiBaer ckonbko pa3 B roJ (WM 3a pacyeTHOe
BpeMA) MEHSAETCA 3amac BOABI B BoJoXpaHwnuule. B aTom ciyuae

OpeAnoaaraeTcs, YTo ponib HCNapeHHs M 0CaJKoB B BOAHOM Oamance
MaJa. '

B

Kosie6anns yposas Boab:

Xapaxrep xoneGaHHA ypoBHA BOABE B 03epax ¥ BOAOXpaHHIHIIAX
3aBHCHT oT JelicTBylomux ¢akropoB. KoneGannsa ypoBHA mipo-
HCXOJAT BCJCACTBHE JBIKEHHS BOABL (BOJNHBI pa3sHBIX BHJIOB,
TEYEHHA, CTOHBI M HAroHBl), M W3-3a M3MEHEHMA o0beMa BOAB B
BOZOEMe, KOTophle O0yCIIOBJICHEI, B CBOIO OYepellb, XOOM COCTaB-
naomux BopHoro OGananca. Komebanms ypoBHA, 0GyclOBIEHHBIC

HU3MeHeHMeM BogHoro GamaHca, JI.C. bepr Haspaq 3BCTaTHYCCKHMH.
J{B¥DKEHUs BOXBI BHI3HIBAIOT ACHUBEALMM — OTKIOHEHU] YPOBHA OT
FOPH30HTANILHOTO MONOXKEHHA TPH BOJHOBBIX JIBIDKEHUSX, CTOHaX H
naroHax. B stom cryuae xonebanus OyayT pasnMUHBIMH B Pa3HBIX
YacTAX BOJOEMa.

VposeHs BOObl B O3epaX MEHICTCH MOA BO3€HCTBHEM
npupozHsix (axropos. B oramume OT 03ep, BOAHBIA OamaHC M
ypoBeHb BOAbl B BOXOXPAHWIMIUAX OMNpEJEJIAIOTCH, B OCHOBHOM,
aHTPONOreHHBLIMH (hakTOpaMH.

B KpymHBIX BOJOEMAaX Ha €ro pPa3IMYHBIX Y4acTKaX YPOBHH
NOBEPXHOCTH PaaTHYAIOTCA MEXIY co60i 13-3a JIeHHBEIALMA  pa-
muusoli mpupopsl. IlycTs IUiowaxs BOJOEMa paBHA fy, a MIOWAIE:
aKBaropuit — fi, f2, ...., fo. FI3MEHEHHA YPOBHA Ha ITHX Y4acTKaX
oboszHaumm kak AHy AH,......... , AH, Cpennuii ypoBeHE B BOJ0OEME
H, Moxer GriTh onpeaenes no gopmyne:

H.=fi | f(H.+ AHy) + flfo (Ho+ AHp) +........ + flfo (H:+ AH,).

Tlpy HaNMYMH pANa M3MEpPEHMi /Ul XapaKTEPHCTHKH pexHMa
YpOBHei#i HCIIOJB3YIOT CPeAHHI H XapaKTepHbIe YPOBHH, ONpPECIAIOT
WX TOBTOpAEMOCTb M obecredeHHoCTs. J{id ypOBHEH o3ep Xapak-
TepeH BHYTpHTOHOBOH XOJI, a TAaKKe MHOTOJIETHHE M BEKOBEIC
xonebanus. KoneGanus ypoBHeH ¢ BHYTPMIOJIOBRIM XOJIOM oOIlpeje-
JIMOTCA  reorpaguueckoil 30HANBHOCTHIO H BEPTHKATBHOH mosc-
gocThio. KojiebaHHs xauMara oOyC/IaBIHBAIOT MHOrOJNCTHHE H
BEKOBbIe Konebanns 03ep. ‘

Kpome reorpadueckoii 30HaNBHOCTH, KOJCOaHHA YpOBHEi# o3ep
3aBHCAT OT MOPQOMETpHYECKHX OCOGEHHOCTeH BOJIOEMOB, NpPEXAe
BCEro BeNHMGMHBI yAeasHoro Bomocbopa A = F/f. B o3epax co
3HAYMTEbHBIMM BenHuMHaMH AF aMmuuTyns! KoneOaHMil ypOBHA
Gonbime, ueM B O3epax C OTHOCHTENLHO Manol BenHYHHOMH AF.
Hanpumep, cpeaHerofoBad amiUIMTyfa kojleGaHMi ypoOBHA Onex-
cKOro osepa, IUIowajgs Bofocbopa KOTOPOro B WIECTE pa3 Gombmie
IUIoLIa/H 3epKana, He npeseimaet 1 M. B Ky6erckom osepe, Iutomans
BonocGopa koroporo B 40 pas Gomeme momanM 3epkana,
cpenHeroforas aMIUIHTY/a KoneGaHuii ypoBHA HOCTHIaCT yKe 3,5Mm.
Ha puc. 3.2 npHBeOeHHl 3aBHCHMOCTH CPeIHETONOBBIX aMILTHTYN
KoneGamuii ypoBHEH BONEI O3ep OT yAeNBHMIX BOA0CGOpoB. JTH
JAHHEIE [OKA3bIBAIOT, 4T0 bojiee CHNbHas 3aBACHMOCTL AMILTHTYHBI
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FOIOBOr0 XOfa OT yHeJb-
HBIX BOJOCGOPOB Habmo-
A3eTCA B pErHOHax co cia-
60 3apermupoBaHHEIM pey-
HBIM CTOKOM,

HJna . BopoxpanwiMm
onpefenseTcs Leuslit pan
IIPOEKTHBIX YPOBHEiA,
ompefieideMbix  (pazaMH
THAPOJIOrHYECKOr0 . PeXKH-
Ma popoxpauwmum. Hop-
MaNbHbIH NOAROPHBIH ypo-

02 6101418222630 34 364246  DBeHb (TOH3OHT) moxeT

AF=F/f, BBUAEPXMBaTLCA IUIOTHHON

JUIMTENEHOE BpeMA, 3TOro

Puc. 3.2. 3asucuMocTH cpeqHMX TOfOBLIX aM- YPOBHA  BOZOXPaHMIHIIE

nHTy R koneGanuil ypopHeH BoaLI (Ap) OT BenM-  IOJKHO — IOCTMIaTh K
YHH YIEIbHBIX BOAOCOOpOB ( AF ) 03 CHTpa

esporneiickoii garu CCCIE ¢ ),( Hpu)6ame5xﬁ g)p " : O;ﬂgnﬁ : anoTHeRHa B

Kapeno-Koxnsckoro pationa (3) pen © BOMHOCTH TOA.

VYposens dopcupoBKH

MPEBHIIIACT HOPMAIBLHEINA

NOANOPHEIA ypoBeHs Ha 0,5—1M H MOXeT MoIepXHBAaTECA B TeUCHHE

KOpOTKOro BPEeMEHH. YPOBHH CPaGOTKH ONpPENENSIOTCA ClIEXyIOHM

obpazoM. VpoBeHb exeromHoM, Tak Ha3LIBAEMOl JHCreTYepcKoi

CpaGoTKH, BOAOXpaHWIHUIE AOCTHTaeT NPH HOPMAIBHOM IKCILTY-

aTallid B CpefiHMA 0O BOAHOCTH rof. IlpoexTHblii ypoBeHS

Haubonpme#l cpaGOTKH AOCTHIaeTCs TONBKO B MAJOBOXHEIE FOMbL.
YpoBeHs naHGONBIIEH TeXHUYECKH NOMyCTHMOH CpaboTKH — 3T0
YPOBEHb, CpabOTKa HMXKE KOTOPOrO NPHBOAMT K HapyLICHHIO
HopManeHOH paGotel I'3C. YpoBeHs HaMGONBHIETO - BO3MOMHOIO
ONOPOXKHEHHMA  JIOCTHTAaeTCs [PH OTKPBITMH BCEX BOAOCGPOCOB
IUIOTHHEL,

B coorBercTBHH C oOnpeneneHHRIMH yYpOBHAMH Bech OOBEM
BOJIOXPaHHIIMINA JAENMICS HA HECKONBKO YacTed, KOTOpble OrpaHH-
IMBAIOTCA OnpeJieNeHHbIMM Bbime ypoBHAMH. OGbeM GopcuposkH
PacloNioXeH MeXAy YPOBHEM (JOPCHPOBKM M  HOPMAbHBIM
NOANOpHEIM  ypoBHeM. Ilonesunit o6BeM, 3aKMOMEHHBIH MeXKy
HOPMaJBHLIM TOMMIOPHBIM YPOBHEM H ypOBHEM Hambospued
TEXHH4ECKH JOIyCKaeMOH CpaGOTKH, HCIONB3YETCA A peryJiu-
POBaHHA CTOKAa. MepTBEIii 00TeM, KOTOpBIH paclioIOKEH HHKE
YPOBHS HanGONbIIEH TEXHMYECKH NOIMyCTHMO cpaboTKH, HeoGXonHuM
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s TOAAEpPXKaHMs MHHUMaTpHOro Hamopa Ha ['OC, CynoxomHeiX
riry6uH, obecniedenns paGoThi BONOXPAHWIHINHLIX COOPYIKEHMH.

Hapsgy ¢ nmpoexTHsIMH YPOBHAMH [UIA ONHCaHHA PEXKMMa BOJO-
€MOB NPHUMEHSAIOTCA XapaKTepHBIC YPOBHH, K KOTOPHIM OTHOCATCS
ypoBHH HauGonbiueH 3umHel cpaboTKH, Hauana U MAKCHMyMa BeceH-
HEro HanoJIHEHMA, MAKCHMAJILHLIH H MHHHMAIbHBIH YPOBHM HaBH-
ralMOHHOTO NEpHOAA.

Baxseiimas oco0eHHOCT BOAHOIO PeXXHMa BOJOXPAaHWIHIN 1O
CPaBHEHMIO C O3¢paMH 3aKiiodaeTcd B TOM, 4YTO pasmax
BHYTPHIOZOBBIX KoneGanuii ypoBHA BOJIBI CYIECTBEHHO Gonbine, YeMm
MHOTOJICTHHE M3MEHEHHMS CpeAHero YpPoBH4. Jra ocobeHBOCTH
ofycnoBnena TeXHOJIOTHYECKHM PETYIHPOBAHHEM IHIPOY3/IOM BHEI-
HEro BOAOOOMEHA M CTPYKTYps BogHoro OamaHca. Jlpyro# Baxkso#
0c00EHHOCTHIO BOJOXPAHMWIMII N0 CPAaBHEHHIO C O3€paMH ABJISETCA
dopMa BoIHON NOBEPXHOCTH, MpeACTaBIsOmas coGol KpuByIO
JMHAMHYECKOTO IOANIOpa BOABI OT THApoy:ia. B BepXxoBbax
BOJNOXPAHWIHII YKJIOH BOJHOM IOBEPXHOCTH HMeeT HaHOONBIIYIO
BeNMYHHY. PaiMepsl o6nacteil BLIKIMHHMBAHHMA AHHAMHYECKOTO
MOANOpa M KBAa3HCTATHYECKOTO MOINOpPA 3aBHCAT OT PacXoia BOJE,
MAcCH BOJBI B BOJOXPaHHIMIIE M MOpdosorndeckux ocobeHHOCTEH
BOOXpaHWIMImA. B o0jacTH BRIIMHWBaHHA JAHHAMMYECKOTO
MoANopa B IHHAMHKE BOJO-
ofMeHa onpeaensIomyI0 poiib
HTPAaeT CTOKOBOE TEYEHHE, II0-
TOMY JMama3oHBl KoneGanmit
YPOBHEH BONHOM IOBEPXHOCTH
B 00nacTH BROCMHMBAHHA TOK-
nopa 3aBUCAT OT KojebaHHs
pacxoia M H3MEHCHMA [ole-
pEYHOrO0 Ce4YeHHA MOTOKA B
BOJOXpaHWIIHINE. Puc.3.3
(Poenvumenun KK., 1998))
HOSCHSAET CKa3aHHOe. B CHNBHO  pyc. 3.3. Munpommurammacckue obnacTu
BHITAHYTHIX [JOJMHHHBIX BOZO-  BOAOXPaHWMINA: BHIKIHHHBAHMA JMHa-
XpPaHWIMUIaX OONacTh  Bel-  MHMECKOro noanopa (a), Kasucrardic-
s ToWOpA MOXET SO 01 R
MHOrOKpaTHO npe:a OCXORHTH nonxenns (/) u s erc,: xoune (2)

JUIMHY TIPMIUIOTMHHOM 4acT —
o61acTH KBa3HCTATHYECKOTO NIOATIOPa.

Cornacro K K. Onenmsurreitny (1998) Tunmsanus ypOBHEBOro
pexuMa BOJOXPaHWIMI MOXeT ObiTh NpPOBEACHA CJIETYIOMHM
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obpasoM. Hcxomd M3 IJIaBHOrO HA3HAYEHHS BOAOXPAHWIMIL —
HaKalUTHBaTh BOAY, B OCHOBY THNM3auHH KoJieOaHHH ypoBHS BOMBI
ClIeyeT NONOKMTSH JIEJICHHE BOJHOIO peskMMa Ha THII 1o yHcay das B
rOJIOBOM IHKJTE.

OnnopasHbli THN peXXHMa XapaKTEpH3YeTcs B TE4EHHE BCETO
roma oAHOH# (asoil paBHOBeCHA C HeGONBIIMMH HeperyJApHbIMH
KOJIEOaHHAMH CPEeJIHETONOBOTO YPOBHA BOIM3M HOPMANBHOTO MOJ-
nopHoro ypoeHs. OnHoda3sHblll pexkHm XapakTepeH i HOMHHHBIX
BOJIOXPAHWIMII PYCIOBOTO THNA, TakuX Kak Bopomesxckoe H
ITepepenckoe u ap.

HByxdasupiii THn pexxuMa Xapakrepusyercs JByms (hazamu
HalOJIHCHHA W CpaboTkH. DTOT THN peXkwma ypOBHell XapakTepeH i
KPYTHBIX  BOMOXpaHPUIMI TIJIYOOKO CE30HHOIO M MHOIOJIETHEro
peryjMpoBaHMd CTOKA. ‘ ‘ '

Tpexdasuelii pexnm mofpasfensercds Ha veTsipe HOXTHIIA,
KOTODHI€ Da3jIMYalOTCA COOTHOIIEHHEM MexIy (a3oi HaronHeHHs,
cpaboTku M PaBHOBECHA BOITH3M KaKOro-ubo ypoBHS (HOpManbHOIO
HOAMOPHOro YPOBHS WIH YPOBHA HaHOOIBIIEH POeKTHOM cpaboTkH).
OTOT peXHM XapaKTepeH Ui KPYNHBIX BOJOXPAHHIIHIL CE3OHHOIO
peryJIMpoBaHMs B COCTaBe TMAPOIHEPreTHYECKHX KACKaA0B,

Yersipexdasupiffi pexxuM Taloke TOAPA3ACIACTCA Ha  YeTsipe
TIOATHINA, Pa3IHYalOMIHECS COOTHOIICHHMAMH MeXAy ¢asoii Hanon-
HeHHs, BTOpOH ¢asoli HanonHeHHs, cpabGoTKH, - paBHOBECHS.
IMonudasHei#t THN ypoBHEHHOrO pexuma ¢ 4ncioM ¢as Gomsmre S.
SroT pexuM peamusyerca Ha CTATHHIPAICKOM BOJOXPaHHITHIE.

PasHple mogTHOBI YeTHIpeX(asHOro pekKHUMa peanM3yloTcs Ha

KPYHIHBIX BOJIOXPAaHWIHUIAX MHOTOJIETHETO H Iiy6OKO CE30HHOIro
perynupoBanus (PeiGuuckoe, KyiiGemmenckoe) ' Ha HeGonbinux
BOAUXPAHWIHINAGX B COCTaBe CYAOXOAHBIX MyTell (BONOXpaHWIMINA HA
KaHate HM. Mockssi, Ha Bonro-J[onckom kxanaine).

TFJIABA 4

TEPMO-THAPOPHINIECKHE IIPOIIECCI)I
B O3EPAX

4.1. TIpocTpancTBeHHEO-BpeMeHAbIe MACIITAGHI
THAPO$HIEIECKHEX HPONECCOB

OcHoBHBIE (aKTophl, ONpeJCIAOHKE THHAMHKY O3CPHBIX BOJ,
MOXHO KIacCHHIMPORAaT: Ha BHEUIHHE H BHyTpeHHHME. BHemnue
(akTOphI TOAPA3AENAIOTCS HA IOCTOSHHO M BPEMEHHO EACTBYIONIME.
K nocrosnHo peficTByrompM (akropaM OTHOCATCA BpallieHHe 3emin
BOKpYT CBO€ii OCH, IIPWIHBOOOPA3yIOM¥E CUIIBI, KOTOPHIE IO CPaBHe-
HMIO C JPYTMMH ONpe/ENSiOMHMH (HaKTOpaMH He OKa3bIBAlOT 3aMeT-
HOTO BITHAHMA Ha (JOpMHMpOBaHHME JHHAMHKH BOA B o3epaX. Ilpencra-
BMM CXEMAaTHYHO OCHOBHBIE TMJPOQHIMYECKHE NMpOLECCH B 03epax
(puc. 4.1.1.).

JonronepHonnbie KIHMaTHYeCKHE Koje0aHHA ¢ BPEMCHHBIMH
macurrabamy 20-30 u 6-8 ner, KoTophle POSBILIOTCS B H3IMEHYHBO-
CTH YPOBHA M 3JIEMEHTOB BOJHOIo Gananca 03ep, TakKe OKa3piBAIOT
BO3AeHCTBHE HA NPOTEKAHHE MHAPOJMHAMH'ECKUX POLECCOB. Kone-
GaHus YPOBHS 03€p C ITHMH BPEMEHHBIMH MaclITabamMi OTMEYEHH! Ha
o3epax OHexckoM, JIanoxckoM, Caiima, Ba.nxam, Yaum! ¥ Ha Benn-
KMX AMEPHKAaHCKHX 03¢paX. BEIARICHH OHH GhLIM 1O JAHHBIM JUTH-
TensHBIX (0x0m0 100 ner) Haﬁnmneﬂuu 3a yPOBHEM 03ep ¥ MX MpPHTO-
KOM H cTOKOM. HekoTOpEIE aBTOPHI CYHTAIOT, UTO 3TH KoebaHud CTa-
THCTHYecKH He3HaunMsl. He ocranasnmBasch noapo6HO Ha 5TOM JuC-
KYCCHOHHOM BOMNpOCE, OTMETHM, YTO [0 NEPEUHCIICHHLIM BBILIE O3€-
paM BepOATHOCTHBIE OHEHKH II0JIy4CHB! 110 BPEMEHHBIM pslaM Ipo-
NODKUTENLHOCTBIO okoyio 100 ner, a unorna m Gonee, a Jna psajga
Tako# NpOJO/DKUTENLHOCTH YCTaHORICHHEIE 3a 68 1 20-30 net uuk-
JIMYHOCTH SBIAIOTCA B BEPOSTHOCTHOM CMBIC/IE 3HAYHMBIMH.

OTH AONrONepHOAHbIe KOMeOaHUA HETOCPEICTBEHHO HE TeHEepH-
PYIOT JUHaMHYECKHX IIPOLIECCOB B 03€pe, 3 OTPAKAIOTCA HAa M3MEHYH-
BOCTH [IPHTOKA ¥ CTOKa peK, B KOJI€OaHHMAX YPOBHA 03€p, MEHSA NPH
3ToM (GOpMY H pa3Mephl BOAOEMA, YTO MOXKET IIPHBECTH K K3MEHEHHIO
ocoGeHHOCTel LUPKyIsUMy BOA B 03€pe, BOJooOMeHa M NepeMelllH-
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Nenrmioposckn
ot o

[IHo o3epa

Pac 4.1.1. CxemaTiyHOE NPEACTABICHNE OCHOBHEIX THAPOPHIMIECKHX MPO-
LeCCOB M ABJIcHHH B 03¢pax: | — CoNHCYHAd Paxualud, 2 — HANPSKCHAE TPEHHS
BETPa, 3 — NOBEPXHOCTHLIE BONHEL, 4 — CIBHI CKOPOCTH NOToKa, 5 — oGpymenHe
BHYTPEHHHX BOJH, 6 — 0OMEH Boja-nHO, 7 — TypOYNEHTHOCTS, 8 — LMPKyIALHHA
Jlenrmiopa, 9 — HHEPLUHOHHEIE TedeHun, 10 — peqHEIe OTOKK

BaHWA BOJX MEXMY OTIAEILHLIMH €r0 YaCTAMH H B KOHEYHOM HTOre K
H3MEHEHMIO 3KOCHCTEMEI 03€pa, Kak 310 Habynonanocs Ha o3epax Ce-
. Ban, Banxam, Yaue, ' ' o

Hpyroii BaxHsifi daxrop GopMApoBaHMs TeucHMii B 03epax —
3TO HeperyJsspHeie, HENOCTOSHHO AeHCTBYIOIHE BHENTHHE HCTOYHH-
KH, K KOTODbIM OTHOCATCH HAaNpsDKCHHE TPEHHSA BETpa, JOKAIBHBIA
TEPMOAMHAMHYECKMI 0OMEH Yepe3 MOBEPXHOCTH BOAOEMA, CTOK peK.
HIMeHHO 3TH $aKTOpHI OMpenendioT BEPOATHOCTHEIMA, CTOXACTHYECKHHI
XapaKTep H3MEHYHBOCTH JMHAMMKY O3EPHBIX BOJ.

BHYTpeHHHMH HCTOYHMKAMH JHHAMHYECKHX MPOLECCOB SBIIAFOT-
€A HEOAHOPORHOCTH mNojeH IUIoTHOCTH (6apOKIMHHOCTH) BMECTE C
6apoKIMHHOH W GapOTPONHOH HEYCTONYMBOCTHIO, 3 TAKXKE BIHAHHME
MopdoMeTpHH AHa U Geperos.

B3aumoneiicTBHEe BHEIIHAX H BHYTPEHHHX (pakTOpOB NPHBOAMT K
(OpMHPOBAHMIO CIIOXKHOIO CIEKTpa AMHAMMKH BOJ C HECKOIBKHMH
MakcuMymaMH. CToxacTH4YecKHii xapakrep koneGaHHM NO3BONMA B
csoe Bpems P.B. Osmunony (1968) tpakroBath criexTpsl ABIKEHHH ¢

NO3HIMI TypOyNEeHTHOCTH C BbIJENCHHEM B CHEKTPe KPYMHO-, Cpel-
He- # MenkoMacTabHBIX ABwkeHMit. IT0 Tak HasbiBaeMbIH TypOy-
JICHTHBIH NOAXO/ K ONHCAHMIO MTHAPOAMHAMHIECCKHX ABIKEHHH B MO-
pe H o3epe. AHAIM3 MHOTOYMCIEHHBIX HATYPHBIX JaHHBIX IOKa3as
HAJIHYME KBA3HIIOCTOAHHEIX 30H B CHEKTPAaX TeUYeHHHA H TEMIEpaTyphl
BOJ{bI, KOTOpBIE BO3MOXHO HACHTHPAMPOBATH C BONHOBHIMH ABHXKE-
HusimA. CrieKTphl ABHKCHMIH B 03epe MOXKHO pacCMaTpHBaTh H C NO-
3UIMH ,,BOJHOBOTO Hoxona” (puc. 4.1.2).

Bce pa3snoo6pa3ne BONMHOBRIX ABIDKEHHIA, HabmoaaeMsbIX B o3epe,
MOXKHO pa3fieNuTh Ha KaNWUIAPHBIE, HHCPUHOHHO-TPABUTALIMOHHBIE,
HHEpPLMOHHBIE, THPOCKONUYECKHE, MTHHRBIEC MPaBHTaIMOHHEIE (Bapo-
TponHsle ¥ GapoKiMHHEBIE), TonorpadHyeckne BonHs Poccbu, 3axsa-

e

| @ 6 ¢ )
93(2 uKn 2 9 e

100 cyT. 24 412y 10¢c 1c
L1 1 1 1

Puc. 4.1.2. Cnextp BonHoO-
BBIX nBwkcHuit (Jle-baow,
Maiicex, 1981). Boamm:
a— Poccbu, Kenspuna, 6 4
¢ — uHepuuonnwie (ITyan-
Kape) M TIPHITMBHBIE KOJIE-
r Gayma, 2 — 38108, 0 —
BETPOBLIE, € — Kami-
nApHEHE

i A A

7 65 4 3 2 104 g T

YeHHBIC meb(oBhIe H CTOS4YHE BONHL — CeHinH. XapakTepHbIC MH-
HHMAUIBHBIC [IPOCTPAHCTBEHHO-BPEMEHHEIE - MACINTA0Bl IOBEPXHOCT-
HBEIX BOJIH B 03epax OrpaHHYHBAIOTCS KaNHWUPHBIMH BONHaMH. B
KPYHHBIX O3epaX MHHHMANbHBIC 3acTOTH BHYTPHMBOJIHOBBIX ABHXKE-
HUH @ MoryTt GbITh MEHBIIE JIOKANbHOH HHEPLHOHHOH 4acTOTH f.
Cpeas HHM3KOYAaCTOTHHIX HAOIONAIOTCH OTHOCHTENBHO [OJITONEPH-
onHEble (HECKONBKO CYTOK) BoyiHBI KellbBHHA B Tonorpaduyeckue.

Kopotkonepuonssle BOJHbBI — KAlWUIAPHBIE, BETPOBHIE, MO-
BEPXHOCTHBIE M MejkoMaciuTabHas TypOyJIeHTHOCTE He OKa3bIBalOT
CYILIECTBEHHOI'O RIHAHMA Ha 00LIyT0 LIMPKYJIALHIO.

. B o3epax HabmogaloTcs He TOJBKO BOJIHOBHIE JBHXKCHHSA, HO H
BHXpM C IIPOCTPaHCTBEHHBIMM MaciuTabami, CpaBHMMEIMH C pa3Me-
pamu GacceifHa WM ero 4acrel, MOHO- M JMTIONH WX IrpHOOBHIHEIC
obpasoBanua, Meawjpel (ocobeHHo Ha ¢poHTe — TepMmobape),
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CTpyiiHbie TeueHus, Hutetidbl U ¢pakensl BOJ Pa3sHOOOpa3HOro MPOMC-
XOXAeHHA (B TOM YHclle 00pa3oBaHHBIC PeYHBIMY MOTOKamy). Onu-
CHIBATh 3TH JBHXEHHA HEOOXOAMMO: C APYTHX, HE ,BOIHOBHIX”, O3HU-

Kak mokasamu HabmIOJeHHI 3a TEUCHHAMH M PAj KOCBEHHBIX
¢akTopoB, cyliecTBeHHas M3MEHYHBOCTh NHHAMHYECKHX IIPOLECCOB
ApHYpOYeHa K paiioHaM CO CJIOXKHOH reoMeTpHeii Ha U 6eperos. OTH
Tororpadguyeckie OCOGEHHOCTH IPOSBIMOTCE B Q)Opmnposaﬂnn
BHXpeil H MEaHIpHPOBaHHH [IOTOKOB.

CriexTp HaOMOJAIOMMXCS B 03€PaX BHXPEBLIX H BOSHOBBIX JBH-
xeHuil (puc. 4.1.3) WKMPOK U BPOCTHPaeTCs OT MHKPOBHXPEH, IPHBO-
JQSIIHX K QMCCHINALMH 3HEPTHH, 0 KPYNHOMAcITabHBX BHXpeH —
LMpKYJIAIIHA, OXBaTHIBAIOMHX Bce o3epo. OmHcaHue KpyIHOMAac-
ITabHBIX TonorpapHYeckMX BHXpEeH BO3MOXHO € HCIONB30BAHHUEM
3aKOHA COXpaHEeHMs IOTEHIHMaILHOro BHXp. B HacTosmeM uccnemo-
BaHWH MBI He JaeM TOYHOTO TEOPETHYECKOro ONMCaHHMA psaxa oOHa-
PYXXEHHbIX B 03epax NBMDKCHHI, a JTMWIb NOKa3biBacM pa3sHoobpasue
HX NpPOSABJICHHHN JUIi KOHKPETHBIX O3€p B PasHBIX reorpaH4ecKux

Heck.
Mecaueq ’ I Ofwwan unprynALna
[ KpyrnHomaciluTabHan LIHDKE'
1 Mec. , DPOHTHL, TepMOGap]
- [ PeyHble NoTokm ]
1oyt Buxpu, MeaHapbl
BuyTpeHH1e BosTHbI,
HHE PLIMOHHbBIE ABWXK.
14y
[TypﬁyneHTHble NATHa ]
l Unpkynaipn Nerrmiopa l
1 MUH.
‘o [ MosepxHoCTHLIe BOMHbI |

10 1000 10000 100000 ™

Pxc. 4.1.3. IIpocTpaHCcTBEHHO-BPEMEHHKE MACINTa0bl JHHAMHYECKHX
MpOUECCOB H ABJICHUI B 03epax
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30HaX MPH H3MEHYHBOM KOMIUIEKCE FHAPOMETEOPOJIOrHYECKHX yCIIo-
BHH, TeM Gonee 4To Mg psiga oOHapyXeHHLIX AMHAMHYECKHX sBJIE-
HHHA B 03epax HeT CTPOroro TEOpPETHYECKOro 0O BACHEHHU.

Jina nabnroneHna OTAENBHBIX SBACHUH B o3epax (BuXxpeii, ¢poH-
TOB, LMPKY/AIAHM, BOJNH) Mbl NPHBIEKIH 110 BO3MOXHOCTH BCE
HMeIOIHeCs Cpe/ICTBA, KOHTAKTHBIE B JIUCTAHIIHOHHEIE, B TOM 4YHCIIE
M CITyTHHKOBBIE. A BOT [UI1 TCOPETHYECKOTO OMMCAHHA KpYNMHOMAC-
mTabHoH NMPKYNAIHH BoJ ObUIa MCIIONL30BaHA M'MAPOAMHAMUYECKAS
06paboTka naHHBIX HabmoOAeHHH, WIH AHArHO3 LHPKYIAUHH IO Ha-
TYPHBIM JaHHBIM, XOTA M3BECTHH H ApPYTHE METOAbI, KOTOphle A
CpaBHEHHMsS 34eck Takoke Oyayr mnpencraeineHsl. Ilpu jamarHo-
CTHYECKHX pacyerax BO3HHKaeT NpobiieMa HECHHXPOHHOCTH AaHHBIX
HabmoneHu ¥ HEJOCTATOYHOCTH NPOCTPAaHCTBEHHOrO pa3peuIeHHs
HMEIOIUXCA HaO/MOASHMI 1711 PacYETOR, B CBA3H C 9€M MCIIOJIb30Ba-
JIOCH COIVIaCOBaHHUE MOJICH BeTpa, TeMIlepaTypsl BOJsI H penbeda gHa
¢ dunsTpanMesi, T.€. CriIKUBaHHEM HAaTYPHBIX HabmoaeHui. 3710 TaKk
Ha3LIBaEMBIH afanTalMOHHBIN noaxon, paspaboranneiii A.C. Capku-
caHoM (1986) s okeana, a 3aTeM HCMOJB30BaBLIMCA U1 Mopel H
o3ep.

JuMarHocTHyecke M aJaNTallHOHHBIE PAcuUeTHl BIEPBBIE IPOBE-
neHbl Wi o3ep OHexckoro, Jlagoxckoro, Cesan, Hecusapeu (Qura-
moe, 1991; @unamos, [Jemun, Capxxyna u np., 1989).

CymecTBeHHBIM NPEUMYIIECTBOM NPHHATOXO NIOZX0/A B OT/IH4HE
OT APYTHX MoZeNeH OnUMcaHHA JHHAMHKH O3€pHBIX BOJ ABJIAETCA Ma-
Jas 3aBHCHMOCTh CKOPOCTH PacCYMTaHHBIX Ha MOJEJAX TEYeHH#H OT
TOYHOCTH MapaMeTpH3alHM [OJCETO4HBIX MPONIECCOB, HWIH TypOy-
nenrHoctd. Kak 3amerun [Dx.Ilennocku (1984) moGas aunamudeckas
TeOpHiA, KOTOpas peIlalolIHM 00pa3oM 3aBHCHT OT KOHKPETHOro 3Ha-
yenus kod(puumeHtTa TypOylJeHTHOH BA3KOCTH, Ha CaMOM jele
JIOJDKHA paCCMATPHBATECK KAK HMEIOH[as 1IaTKoe OCHOBaHME.

BrinonHeHHOE Ha OCHOBe H3MepeHHi 0600meHye nokasano, 9ro
MaKCHMa/bHble BpeMEHHble MacIITabhl LHPKYJIALHM BOI B O3epax
OrPaHHYHBAIOTCS [BIDKCHHAMH C BpPeMEHHBIMH MaciuTabaMH ot He-
CKOJIBKHX CYTOK JI0 HECKOJIBKHX JXECATKOB CyTOK (CM. pHc. 4.1.3.).

B cambIX KpyNHBIX O3€pax MHpPa OBHXKCHMH Cc OONBIIMMH Bpe-
MEHHBIMH MacirTabaMM HeT, Kak HeT TIOCTOAHHBIX HPKYJULMHA, [Ho-
IOOHBIX OKeaHW4ecKHM, TakuM kak [omsgerpum u Kypocuo. Osepo,
C TOYKM 3pEHHSA AMHAMHKH €ro BoJ, He MMeeT KiIMMaTa. J{uHamuka
BOZl oO3cpa MNpencramifeTcd cyneprnozuiyed sBneHu# (BONHOBBIX,
BUXPEBBIX) CHHONTHYECKOTO H MCHBILIEro MaciuraboB, XOTs KiIHMa-
THYECKas M3MEHYMBOCTH MOXET MPOSBIATECS B KOJIEGAHUAX YPOBHA H
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3N1EMEHTOB BoAHOro 6aranca. Biian pasnuanbx ¢akropos B GopMH-
pOBaHHAE JHHAMHKH BOJ| 03€p BaphHpPYETCA B 3aBHCHMOCTH OT $OpMBI
H pasmepoB Gacceiita, 0coGeHHOCTe#H CTpaTHQMKALMEA, HAMEHIHBOCTH
noneii Berpa. CrieKTpsl TedcHHH H TeMNEpaTYpPhi BORK MEHMOTCA OT
O4eHb TpOcTHIX GopM, ¢ 1-2 AOMUHMDYIOIIMMH MAKCHMMyMamH Ha
HU3KOH HacToTe I MAIbIX 03€p, A0 MONMIHKIAYECKMX 4 KpyD-
_ HbIX NTyGOKMX CTpaTHHUMPQBaHHEIX BOJOEMOB 03€p. JT0 pa3Ho006-
pasue JBHKEHMI{ A4 03ep pa3HEIX NPHPOIHLIX 30H M pasMepoB OynAeT
NPOWUTIOCTPMPOBAHO TAHHBIMH HATYPHBIX HaOTI0ACHHHA.

TIposBneHHs pa3MUHBLIX JBIDKEHHA B 03€paX, KaK M B OKEaHe,
MHOIZIA HeJIb38 OTHECTH HH K BOJTHOBHIM, HH K nnxpeum, H B 9TOM
Clydae MX ONpENENAIOT KaK BOMHEI-BHXpH. B ocoBemocty  sTo
OTHOCMTCS K ABHJKEHUSM B menbgoBoil 30He 03ep HAX HEPOBHOCTAMH
nua (Hanpamep, Tonorpaduueckue BONHE-BHXpH). CymecTseHHas
0cobeHHOCTs reodU3MYecKOl TMAPOJMHAMHKH -— HENTHHEHHOCTH
GONBLIIMHCTBA €e HCXOAHBIX ypaBHeHMi. Oxa3anoch, YTO B OJHHX
NpOCTPaHCTBEHHO-BPEMEHHBIX MacinTabax ¢opMHpyloTCs yCTOM-
YHBEIC [HHAMUYECKHE CTPYKTYphl, @ B APYIMX TAKHE CIPYKTYphl
HEYCTOMYIMBEL. JTO TaK Ha3biBaeMO€ SBJICHHE CaMOOpraHM3alluK
reopusuyeckux noyed (Monun, Ozmudos, 1981).

o2(f)

Puc. 4. 1.4, YacroTHo-BpeMeHHO# criexTp Jlamoxckoro o3epa: @ — 4aCTOTHO-
BPEMEHHOM CIICKTD TCUEHHUI § (m,t) ; 6 — OCpeIHCHHEII 10 ancabmo peanusaluii
9ACTOTHEI CIIEKTD; 8 — MIMCHEHAE KHHETHUCCKOH JHCPIHH BO BDEMCHH
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Hmeerca eme HECKONBKO NPOABIEHHH CaMOOpPraHW3alHH [HHa-
MHMYECKHX IPOLIECCOB, XapaKTepHBIX, KaK [JI1 OKeaHa, TaK U Uid 03ep:
HanpuMep, 3ddekT oTpunarensHoit Baskoctu (Cmapp,1971), xorna
MaJikie BO3MYLIEHHA NEpe/ialoT SHepruio 6onee KpynHbIM; Bo30yxae-
HMe cnabbIMH BHELTHAMH CHIHAIAMH MOLUHBIX KOeOaHUH CHCTEMBI,
KOHBEKIIMS M NOXYHHCHUE OJHHMX JBWKEHWH ApPyrMMH. XapaKTepHO
BCE 3TO H IJI1 03€P; HECMOTPS Ha KaXXYIIyIOCsd HeNpPepBIBHOCTh CIIEK-
TPOB TCHEHHH, MEIKAY MUKAMH CIIEKTPOB B CHHONITHYECKOM MaciuTabe
(HECKONBKO JECATKOB YacOB) H B MEHBIIMX MaciuTabax (4ackl-
MHHYTHI) oTME4YaeTcs MUHUMYM (puc. 4.1.4).

Ognnako, XOTA B CEKTpax TEYEHHH CYUIECTBYET 30Ha ¢ fonsuei
SHeprueii, HeMpaBOMEPHO rOBOPHTL O IJIaBHOM dakrope $opMHpo-
BaHHA O36¢pHOH IMpPKyAUHMM. Tak, HapUMep, paHee JOKa3bIBAJIOCH,
YTO IJIaBHBIM (pakTOpoM popMHpOBaRUS HPKYJIALMH BOA B KPYIHBIX
o3€pax ARJISETCA BETEP WIH €ro HEOZHOPOJHOCTh HAJl aKBaTopHei
nu6o coBMecTHBIHA 3¢ ekt bapoxnmuHHOCTH M penbeda aHa M (Win)
peTpa. Brinsnenue riasHoro ¢axropa SBIAETCS HENPABOMEPHEIM B
CHITY HeJIUHEHHOT O XapaKTepa OpoLeccoB.

4.2. Tentosoii 6ananc

IporexaHHe TEIUIOBBIX NPOLECCOB B 03€paX ¥ BOJOXPAHIWINILAX
onpefenserca nornomesHeM 3HeprHH ConHna, sHeprooGMeHOM ¢
atMoc(epoli H JHOM BOJOeMa, IepepaclipelieJieHHeM Tervia
BCIICICTBHE MEPEHOCa TCYEHHAMH H NepeMelnBaHieM. TepMudecKkui
peXKMM o03ep H BOJOXPAHHIMIN ONpPEACIACTCA COBOKYITHOCTEHIO
B3aHMOCBA3aHHBIX TEILUTOBHIX NporeccoB. OnMcaHMe COBOKYITHOTO
ACHCTBHA TEIUIOBBIX MpOLIECCOB Ha BOAHEIM 0Onexr [aercs
ypaBHEHHMEM TETIOBOro Gaanca, BEIPOKAIOMIETO 3aKOH COXPaHEHHA
M IpeBpaujeHHs SHeprHM. OCHOBHEIMM HCTOYHHKaMH TeIUla
ABJIAIOTCA: IIOTJIOIEHAE BOAOH CYMMAapHOHM JIy9HCTOH 3SHEpruM
ConHna, nocTyluleHMe Temna M3 arMochepnl B pesynbrare
TypOynentHoro o6MeHa W KOHJCHCAllHH BOAAHOIO Iapa, MPHTOK
Temnna U3 rpyHTa H TeIUIBIX TedeHHH. OxnakaeHHe BOABI IPOHCXOMUT
B pesynstare 3(PQPCKTUBHOIrO M3Iy4eHHs BOJHON IOBEPXHOCTH,
HCIIapeHMs, TEIUIOOTAa4YH arMocdepe H IPYHTy [HA, XOJNOMHEIX
TeueHuit. J[ngd BOAHOH Macchl o3epa ypaBHEHHME TerutoBoro Oanamca
UMeeT ClieyIoLMi BUI:

+RELE+P+ Qu—Ont Ot Oyt Q=+ AW,, (42.1)



46 ' TS nasa 4

rae R — panuauMoHHBIH GanaHc, paBHBIA Pa3HOCTH IPOHHKAIOIICH
panvanun ¥ Sbdexrusfioro  umydenwus, +LE '~ saTparel Ha
HCHapeHMe WM MPHTOK TelUTa IpH KOHAEHCAHY BOoxgHOro napa Ha
MIOBEPXHOCTh 03¢pa, P — TypOylneHTHEIH TEnU000MeH NOBEpXHOCTH
ozepa ¢ armocdepoii, O, — IOCTYIUICHHE Teéfpia C pEYHBIM
npUTOKOM, Oc; — OTTOK TEIUIA 3a CUET PEYHOro ¢Toka, O, — TeIo,
MOCTYNIMBIIEE B 03€pO TIPH BBUICICHHH OCAAKOB, (), — TEILIO,
TepsieMoe 3a cyeT o6pa3oBaHMd WIM TasHMA JAbAa, O — TeIUIO,
TIOCTYNIHMBIIEE B pe3yJIbTaTe TEII000MEHa ¢ IOHHBIMA ocamkamu, AW,
— M3MEHEHHE TeIU103anaca BOAHOM MacChl BOIOEMa.

B ypaeHenuu Temwnosoro OamaHca, B obmeM ciyuae, MOIyT
NIPUCYTCTBOBATH H APYIHE COCTARJAIONINE, MMEIOMHUE, KaK NpaBHIIo,
MEHBUIYIO pONb, HanpHMep, TEIUIOBOH NMPHTOK 32 CYET NOAZEMHOrO
nuTaHds 4 GWIBTpanuH BOAHI yepe3 Gopra Boaoema, WM IOTEPH
COJIHEYHO# 3HEepruy Ha Gmonormyeckue npoueccel H gpyrue. Onnaxo
BKJIAJ 3THX MOMOJHHTENLHBIX COCTABJISIOMUX Teruiosoro Oanamca
OOBIMHO MaJl 10 CPaBHEHMIO C OCHOBHEIMH COCTaBJISIOIIHMH,
NpHBEACHHBIMHY BBILIE, H COCTABJAET AOJH NPOLIEHTA, Y IENbHEIA BeC
COCTABJIAIONAX TEIUIOBOrO GamaHca MEHSeTCS B 3aBHCHMOCTH OT
TMAPOMETEOYCOBHH, 4YTO MAOMyCKaeT YNPOIICHHE YpaBHEHHS
TEeIUI0BOro OaJlanca IIpU pacCMOTPEHHH KOHKPETHBIX 3a1aY.

Terutosanac BOQHON Macchl onpenensercs o gopmyie:

W, = p,CoTuH, , (422)

rae p, — IIOTHOCTH BOAbl, C, — yZAelbHad TeIUIOEMKOCT BOIbI, T,
— cpenHss TeMiieparypa Boasl, H, — cpenHas riybnuna BopoeMa.

PaccMOTpHM Kparko OCHOBHBIE COCTamRIfIOIHE TEILIOBOIO
Gananca (Bozocnoscxuii, 1960; Tuxomupos, 1982). PanuaupoHHBIH
6ananc paBeH PasHOCTH IOINOIaeMOM COINHEYHOH paJHAIMM M
3¢ ¢eKTHBHOTO H3Ty4CHHS BOJIBL:

R=0(1-A)—Euy, (423),

roe (O, — CyMMapHas COJHeYHas paJMalua, MOocTylalwomas Ha
BOJIHYIO TOBEPXHOCTh, A — OTpa@KaTeJbHas crnocoGHOCTh, ankbeno
BOAHOM MOBEPXHOCTH, E,; — 3>(PQEeKTHBHOE H3MydyeHHE BOAHOH
nosepxHocTH. CyMMapHas colHeuHas paguauus (), MEHIeTCS B
3aBHCHMOCTM OT BpPEMEHH roja, OGNAYHOCTH H IPOBPaYHOCTH
arMocepsl, WHPOTHOTO HOMOXeHus BoaoeMa. IlomyaeHHas BricoTa
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ConHua onpenenseT BeJHYMHY MAaKCHMAILHO BO3MOXHOrO NOCTY-
IUICHHA CyMMapHOH palMaliiy M NOYTH JIHHEHHO 3aBHCHT OT HIKPOTHL.

Anamenxo u ap. (1991) mpHBOZAT pasnHYHEIE 3MIMPUYECKHE
COOTHOIIEHHA IUIA PanMalHOHHOro OanaHca o3ep B 3aBHCHMOCTH OT
CYMMapHOH CONHEYHOH pammanmH (), npuxoasmed Ha cymy,
reorpajryeckoil MHMPOTHI ¢, IUIOMWAXM BOAOEMOB S, ansbeno A.
IlpuBeneM oxHO H3 TAKHX IMITUPHYECKMX COOTHOLLEHHM:

R = (1,468 — 0,0095¢ — 0,00964)Q - (0,294 — 0,0035¢) S** (4.2.4)

BenuunHa cyMMapHO# COJNHEYHOH pajualdM, NpUXondniei Ha
MOBEPXHOCTE BOAOEMOB, MOXET OTJIHYaThCA OT CyMMapHOi
COJIHEYHOH paJ{MalliH, NPHXOAAIICH Ha OKpY>KaloIHil BOKOEM CyIIy.
JTa pa3sHHIA B BENHYMHE CYMMAapHOH COJIHEYHOH paaHanuu
BO3HMKAET, €CIM pa3Mep BOAOEMAa INPEBOCXOAMT HEKOTOPBIH
XapaKTepHBIii MacmiTal B HECKOJILKO MECATKOB KHJIOMETPOB, H
00ycloB/ICcHa pa3THYHBIM pPEXMMOM OONAaYHOCTH HAJ BOLOEMOM H
cymwei. B jeTHnii meprox cymMMapHad paiHalHd Hal BOJOEMOM
Gonbme, vuwem Haan cymedl. Han kpynHeIMH o3epaMH M
BOIOXPaHWIHILAMH 06JIaYHOCTL MEHbIIe oGnaqucm Haj cymeii Ha
5-10 %.

Ha Benukux aMepHKaHCKMX 03¢paX CyMMapHas COJHEYHas
panMalMd NpeBHINAET PaAHALMIO Hajl CyIneii B JIETHHE Mecsl A0 1,5
pa3. '

Bompmas MpO3pavHOCTs BO3AYUWIHBIX MACC HAj{ KpPYMHBIMU
BOZOEMaMH NPUBOAMT K POCTY NpPSMOi paguMauHu H YMEHBUICHHIO
PaccesHHOH, B pe3yNibTaTe HabmonaeTca pocT CyMMapHOi pajiHalHH.
C npyroii CTOpoHEI, POCT BIIAroCOAep>KaHHA aTMocdepsl Hap BOIHOM
NIOBEPXHOCTEIO 00yclaBnuBaeT yMeHhIIeHHE Npo3padHocTH. OxHaKo
3TO0 YMEHBIICHHE NPO3pavYHOCTH H3-3a POCTa BIAXHOCTM Tropasjio
MeEHBIIe YMEHBIOICHHA [PO3pPaYHOCTH Haj cylled, oOyCclIoBIEHHOro
BIIHAHHEM adpo30jicH. MeHsmas a3po30/bHas MyTHOCTD HaJi 03€paMH
ofycnaBnHBaeT yBeIHYCHHEe CyMMapHOH paauMalldM Haj O3epaMH Ha
2-5 % no cpaBHeHHIO C Cyme.

Benwupna cyMmapHoi conHeYHOR pagmauuM Moxer OBITH
paccyHTaHa no gopmye:

Qn = QO[ 1- (1 - k)n]9 (425)’
rae Qo — cymMMapHas conHevHas panuauus npu 6ezobnaunom Hebe,
n — cpenuas obmaumocts B Oawmax, k — xo3dpuuMenT,

OMNpENENAIONIMA TIPOX0XACHHE COJIHEYHOMN pamuanuH depe3 obiaka.
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CymectByer menblii psa SMIHpHueCKHX ¢opMyn mis pacuera On,
YUMTHIBAIOMHX cnomnym cmympy oGnmmm Ha pa:muqm,rx
ropmmax sk

Ams6eno soaHolH nonepxnocru CHJILHO 38BHCHT oOT Bpemeﬂn
roga. J[ins o3ep B JlerHne MecALb 35aYeHHe ansbeno Mensme 10 %, a
B 3UMHHE Mecsupl mocruraetr 70 %. B 1abn. 4.2.1 npuseseHs!
cpeHeMecauHbIe 3Ha4eHns ansbeno Jlagoxcekoro u Ouexckoro ozep
B iepuox 1957-1962 rr. (Tuxomupos, 1982) .

TaGnuua 4.2.1. Aanbeno (%) Jianoxcxoro 1 OHemckoro o3ep
B 1957-1962 rr. (Tuxomupos, 1982)

‘ Mecai e
Os3epo 1 2 3 4 5 6 7. 18 9 o i1 12

Jlanora (39 144 {50 (31 f10 9 |9 g {10 {10 15 |26
Ouero 59 67 [69 144 |19 6 6 |7 |8 |1 [13 32

Kak cnexyer u3 npuBeneHHBIX B Ta0uMue AaHHBIX, ansbeno
pe3ko BO3pacTaeT ¢ 06pa30BaBHEM JIbJA M OCTAETCA BHICOKMM A0 €ro
paspymenns. bosnee BricokHe 3HaueHHs ansbeno OHexXCKoro osepa B
3UMHHH mnepHoa o06ycnoBieHbl 6ollee paHHHM JIENOCTABOM IIO
cpaBHeHHIO ¢ Jlajoxkckum o3epoM, Gonpmiel 3acHEXEHHOCTHIO €ro
TOBEPXHOCTH H MECHBbINEH OTHOCHTENIEHOH ILIOINAABIO NOJILIHEH.

Ilpoctas c¢opmyna nns onpenencHus ansbeno, 3aBHCAINAs
TONLKO OT OJHOrO 3MNHPHYECKOro MapaMeTpa, [MOMy4YcHa
IMusoBaposeM u Ap. (1972):

a
“Fren(i)’ (4.2.6),

rae hc — Beicota Connila, @ ¥ b — 3MIAPHIECKHE KOHCTAHTHL.

B obmem ciydae, 3agaua ompepeiienns ansbemo sBiIsAETCH
JIOBOJIBHO CJIOXHOM, TaK KaK ero BeJM9HHa onpejensercs Gonpuimm
KONMYeCTBOM mnapaMerpoB. Hampumep, Anamenko u gp. (1991)
OPUBOJAT ClIEAYIOUIee YpaBHEHHe s ansberio 4:

A=22,4+0,02hc-0,6n—2,2h—-0,005M— 1,9 Z, - 0,07G, (4.2.7)
rae hc — Beicora Connua, n — o6na4ynocTs, # — BBICOTA Bonuembl

Ha TIOBEPXHOCTH BojoeMa, M . — MyTHOCTE BOJOEMa, Z; —
Hpo3payHOCTh Mo 6enoMy nmucky, G — HBETHOCT, BOABL. Bonbmmas

YaCTH MApaMeTPOB, BXOAAIIMX B 3TO YPaBHEHHE, B HACTOALIEE BPEMA
MOkeT OBiTH ~ ONpefesieHa . AMCTAHIMOHHBIMH  METOJaMH, 4TO
TO3BOJIAET nony‘la'rb Oonee noc'ronepkmc OHEHKH YWICHOB TEIUIOBOTO
6ananca.

CymmapHas CONHEuHad panuanus, nocrynaxouxax Ha BOJHYIO
[IOBEPXHOCT, HMEET APKO BBIPAKEHHEIA cesoHHBIA Xox. Uit o3ep
CpEefHMX IMMPOT MaKCHMATLHOE 3HaYeHHE npuxonmcx Ha HMIOHb H
HIONIb, MHHHMAJILHOE Ha 3BMHUI IIEPHOJL.

PammauMoHHBLA pexXHM 03ep H ONHCaHHE METOOB ero pacyeToB
nioapoGHO paccMoTpeno B MoHorpadmu Anamenko, KoHpmpareesa u
ap. (1991).

Oddextunroe uzTyyeHHe —— PpasHOCTL MEXIY BCTPEHEIM
V3ITY4CHHEM ‘aTMoChepsl M cch'rBem-mm KTy YeHHEM BOIHOM
noaepxuoc'm BCTpeuHoe MATy4eHHEe MHOTO MEHBINE cobcTBEHHOTO

. M3JyYeHMA, TOITOMY NOTOK sthdexrusrOroO WanyueHys HanpasieH

pBepX. DddexTuBHOE H3TyHeHHE 3aBACHT OT CBOHCTB MITydalomeH
BOJHOM TOBEPXHOCTH, OGJIAYHOCTH, HPO3PauYHOCTH aTMOChepsL.
S dexTHEROE H3TyYeHHE ONpEEIeTCs CleMyIonmM 06pasom:

E.y=Ew3fin, T, €)= (Ew—E)A(n, T,e), (4.2.8)

rae Eoy — 3ddexTnBHOE M3MyYeHHE TpH OTCYTCTBHM o6naxos, E,,
E, — IJIMHHOBOJHOBOE H3IyseHHE BOAHOMH MOBEPXHOCTH B 0611aKo0B,
cooTBeTcTBeHHO, fln, T, €) — yHKimd, yunTbiBalOad BIHIHHE Ha
spdexrusroe m3TydeHue oOmagHOCTH n, Temnepatryps I ®
BIKHOCTH aTMocdeps e. 3Ha4YeHHe AIMHHOBOIHOBOTO M3Ny4eHMS
BOJHOH  NOBEPXHOCTH  ONpelenieTcs dopmynoit  Credana—
Bonsiumana:

U=60cT", \ 4.2.9)

rie & — OTHOCHTeNbHAS H3/TyYarelbHad CHocobHOCTh, 0 —
nocrosusas CredaHa-bonsimana, T — abcomoTHad TeMImeparypa
H3Ty4aonieii IoBeEpXHOCTH.

Ilpsmoe onpepeneHve TypOyneHTHBIX IIOTOKOB TEIUIO- M
snaroobMeHa ¢ arMmocdepoii TpebyloT cBelieHHH O MIHOBEHHBIX
3HaueHUsAX moneidl Temneparypsl M BaakHocTH. Ha ocHoBe noiry-
SMITMPHUYECKOH TEOPHH TypOYJCHTHBIC TMOTOKHM BHIPAKAIOTCA [epes
Monexynspume K03 pHIMeHTE, KOIpPUIMEHTH TypOynenTHOro
o6MeHa M rpalMeHTH COOTBETCTBYIOMX BeqM9YHH. [uroresa
KBa3HCTAIMOHAPHOCTM IIOTOKOB  [O3BOJMIET ~MNepeATH K HX
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ONPEACNICHHIO Hepe3 CPEHHE BEIMYMHEI HA [BYX TOpU3OHTEX.
Hmenno 10T MeTox nomyunn naubonsiee PAacIpoCTpaHeHHe.

3a“TpaTm TeILIa Ha UCTIapEHHE W KOHACHCAITHIO BOAAHOIO Napa Ha
BOJIHOH MOBEPXHOCTH Onpenensiorcs GopMyIoi Buaa

LE=LCi(e-e)1+CY,), (4.2.10),"

rae L — koddomument ynenssHoro napooGpasoBanus, e, —
MaKCHManbHad aGCOMOTHAS RNWKHOCTL NpH TeMTlepaType paBHO
TeMOEpaType MOBEPXHOCTH BOABL, €; — abGCOMOTHAS RIAKHOCTS HA
BEICOTE 2, V; — CpeiHAd CKOpOCTh BeTpa Ha 3ToM XKe Bricore, C), C,
— IMnHpuyeckue koG uumenTsl. 3aTpars Tera na HCnapeHHe s
HErOOKMX 03¢p HMEIOT HauGOmbIME 3HAYEHMA B HepHONa
MAKCMMABHOTO. IPOIpeRa. MIOHE—aBryct. Ji riy6oKsx 'kpynHex
03¢p YMEPCHHOH 30HBI MAKCHMAIBHEIE IIOTEPH HA McHapeHHe
HabmozaioTcs B ocenHee BpeMs. B neprox CHAPONOTHYECKOH BECHEI,
KOF/la TepMOGap NEUT 03epO Ha TEIVIOAKTHBHYIO H TEIVIOMHEPTHYIO
obnacTH, B TEIUIOaKTHBHOM 06acTH IIPOHCXOAMT ncnapanne, asB
TEIUIOHHEPTHON — KOH/ICHCALHA Napa H3 aTMocdepsl.

Typ6ynenTubiii Ternoobmen mexmy atMocepoli U BomoeMoM
paccuMTHIBacTCH 1o Gopmyrie Buga

P=C(L-TX1+C?*¥), ) 42.11)>

rae ¥V, — cpemuis ckopocTs BeTpa Ha BEICOTE z, Ty ,T, TeMneparypa
Ha IOBEPXHOCTH BOJBI M Ha BHICOTE Z, cOOTBeTCTBEHHO, C' , C 2 —
amnupHieckue ko3¢ uumentsl. Hanparienne notoka Terna 3aBHCHT

OT pasHOCTH TeMIlepaTyp BOABI K Bo3ayxa. Taxum o6pasom, kpymisie

03¢pa B TCYCHHE BCEro MEpHOAA HArpeBaHHMA NOMYYAlOT TEIUI0 W3
8TMOC()EpEl, a OTHAIOT €ro TONLKO B XONOAHKIH nepuon. Hebonsmmue
03€pa MOJTy4aloT TeIUIO 3a CYET TYPOYJIEHTHOro TeIwI006MeHa TOMbLKO
B Hadale BECCHHETO MEPHOJA, M BCE OCTAlBHOE BpeMsA /0
HACTYIUICHHA JIe0CTaBa 03epa MIEpPeiatoT TemwIo B aTMocepy.
Temnosoit npurok O, W TemnoBo# crOK O 3aBHCAT OT
CYMMapHOro IpHTOK2 H CTOKa BOJABI H €€ TeMIeparypsl. Bomsmyio
acThb IepHOAa OTCYTCTBHA /bAa PEYHEIC BOABI TEILUIEE O3EPHBIX BOJ.
MaxcumansHEI TeruioBoif mpurok B JlamoxckoMm m Onexckom
03epax MPUXOMMTCA Ha MaH-aBrycT. B mMae pocT TerwioBoro nprroka
obecnieuMBaeTCs, B OCHOBHOM, yBenuieHueM obreMa BOALI, a B HIO-
HO-MIONC — YBENMYEHMEM TEMNepaTypl peuHoil Bonwl. Jlis
KPYMHBIX ~ MENIKOBOINHBLIX 03€p M BOJOXPAHHIHMIL XapaKTepeH
MaKkCHMalBHBLIA [PUTOK XONOAHOH BOAB B ampene Mae w

TEPMO-THAPOPHU3IHYECKHE ITPOLIECCHI B O3EPAX 51

npeobnafjaHHe CTOKa DOporpeTofi BOAbl HaJ IPUTOKOM B
[OCNEMYIOMHUiA IEPHOL,.

Konnuecteo TerwioTsl, BeifenuBuleiics Npd oOpa3oBaHMM /baa
TOJILMHOM /1, MOXHO ONIpENeATh N0 GopMmyine:

0s= puhLa (4.2.12),

TA€ Py — IUIOTHOCTb JIbAA, L, — y/ieNbHasd TEIUIOTa IUIaBJICHUA JIbJA.

OnpeneneHde TEIIOCOACPIKAHHA OCAAKOB . (J,c JAOBOJIBHO
CnoKHAs 3ajaya. JTo 0OyC/IOBIEHO, NMpekAe BCEro, TPYAHOCTHIO
ompeAeneHus TEMIEpaTyphl M KOJMYECTBA OCAAKOB, CHIBHOM
[IPOCTPAHCTBEHHO BPEMEHHOH HEOJHOPOJHOCTBIO HX BHINAJCHHA.
Onenkd (Tuxomupos, 1982) noxaspiBaloT, 4T0 BEJIMYHHA 3TOrO WicHa
MHOro MEHBHIE MAPYIHX COCTABIMIOIIMX YpPaBHEHHA TEIUIOBOIO
GanaHca. ,

B ¢opMHpOBaHHH TEIUIOBBIX PEXMMOB HETIYOOKMX BOJOEMOB
BAKHYIO pONb WIpacT TeIUIOOOMEH BOOHBIX MAcC C BOXHBIMH
0CaJIKaMH H rpym‘om. OcobeHHO BeJIMKa poNb 3TOr0 B3aHMOJEHCTBHA
B TpeUIefOCTaBHbIH M 3uMHMA nepuonsl. BemwumHa 3TOro
TEIUI00OMeHa OMpelle/AeTCs ePEHOCOM TeIUla TEIUIONPOBOAHOCTHIO
M TIEpEeHOCOM TeIUla TIPYHTOBRIMH BojamMH. B mpenmenax
TETUIOAKTHBHOTO CJIOA JOHHBEIX OCAJIKOB TEMIIEpaTypa NepHOXHUECKH
U3MEHAETCSA, B NEPHOJ HarpeBaHWA MPOUCXOIHT aKKyMY/ALMA TeIvla
ocaJlkaMH M mepegadya TeIla BOJHOM Macce oO3epa B TNEpHOA
oxnaxaeHus. 'nmy6ke TEMIOaKTHBHOIO CJOA TEMIIEpPaTypa OCaKOB
H3MEHIETCA He3HauHTENBHO. B Hermyboxux o3epax
TEIIOCOAEPKAHKE JOHHBIX OTJIOKEHHH HMTPaeT CYIEeCTBEHHYIO pojb
B uMXx TerwoBoM  Ganance. OHCHHTR  TEIUIOCOAEpPXKAHME
TEIUIOAKTHBHOTO CJIOA OHHBIX O0CaikoB AQ; MOXXHO N0 ClieayommeH

dopmyne:
AQy=CyTihy, - (4.2.13),

rae C, — yZHeasHasd TEIUVIOEMKOCTh HOHHBIX OTIOXeHwH, T, —
CpelHAA TEMIIEpaTypa ClIOS [OHHBIX OCAaJKOB TOJINMHOH Ay,
Bennyuna TerioBOro IOTOKa OT J[HA BOJOEMa MOXET OBITh
BEIpaKeHAa depe3 TIpPajMEeHT TeMmuepatypsl I, B TIpyHTe H
K03 PHUIHEHT TEIUIONPOBOAHOCTH I'PyHTa:

O = M (dT, /dz). (4.2.14).
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Jns KpynHBIX O3€p OCHOBHEIMH COCTAaBJISION[HMM TEIUIOBOrO
GanaHca ABNAIOTCA paiMAUMOHBIH OanaRc, 3aTparel Teruia Ha
HeTapenne H TypOyneHTHsIH Terioo6MEH BOIHOMN NMOBEPXHOCTH C
arMocepoii. TlogpoGHoe oImcaHHe COCTABNSIONAX TEIJIOBOrO
6anaHca xpymHeIX o3ep (npexae Bcero A OHEXCKOro H
Jlagoxckoro osepa) BhimonHeHo TuxomuposbiM (1982). AmtOp
NOJyYW] OTHOIIEHHWA OCHOBHBIX COCTABIMAIOLIMX TEIUIOBOro OanaHca
32 rofi, 3a NEpHOA HATPEBAHHA H IIEPHOH OXJAXKACHMSA K BEIHYHHE
paaHalHoHHOro Gananca. 3a cueT pagMalMOHHOro 6anaHca B TEYEHHE
rojia B Xpynusie osepa rnoctynaer 10 90 % reruia. OcHoBHbIe noTEpH
TEIUIA MPOHCXOAAT 3a CYeT McnapeHHs — 10 75% oT rogoBoro
3HaYeHHd pagHammMoHHoro Gananca. Temnossle 3arpath Ha
HCIIapeHne B MEPHOJ OXJIKACHHA Ha KPYNHBIX 03€paX COCTABIISIOT
1o 50 % roxoBoro 3HaUeHHA pagUalIHOHHOTO Gananca, 4To IPUMEPHO
B 2-2,5 pa3a BBHINE TEIVIOBBIX NOTePh Ha MCHIApeHHe B IEPHON
HarpepaHus. JlId CpeHMX M MENKMX O3ep YMEPEHHOW 30HBI
MaKCHMAaJIbHbIE TCIUIOBBIE 3aTpaThl Ha MCNapeHMe NPHUXOAATCA Ha
JIETHHE MECALIBL.

TypbynenrHeiii o6MeH ¢ aTMocdepoii 3a roi COCTaBIISET OKOJO
25 % romoBOro 3Ha4eHHs paJUaALMOHHOro 6aaHca.

Hcnone3ys OCHOBHBIE COCTaBJIMIONME TemwloBoro OanaHca,
TuxomupoB ciexyromum o6pazoM omnpenenser nepHo HarpeBaHHA M
OXJIAXJEHUA 03ep. Eciin BeNHYnHA CyMMEI OCHOBHBIX COCTABISIOMIMX
TEIUIOBOro OaaHca ABIAETCA NOJIOXKHTENbHOM, HMEeeT MeCTO MepHOx
HarpeBaHHs, €C/lH CyMMa 3THX WICHOB CTaHOBUTCA OTPHLATENbHOMH,
HAYMHACTCA NEPHOA OXJaxJAcHHA. UHTepecHO OTMETHTD, YTO NEPHON
Harpesanns Ha baiikane HauMHaeTca B Mapre, a 3aKaH4YMBaeTCA B
cenribpe. Ha JlanoxckoM H OHEXCKOM O3epe MEpHOA HarpeBaHHS
MeHbIIE Ha JBa Mecdlla OH HaYHHAeTCs B amlpelie M 3aKaHYHBaeTcs B
aBrycre. .

B 3zawmoueHne pasfieia INpHBENEM TEPMHYECKYIO KIacCH-
(HKaUMIO TIPECHOBOAHBIX o03ep. CymecTBYIOT MHOTOYHMCIIEHHBIE
TepmAdeckue Kiaccudukamun — Popens, Homamypri, XaTunHcona
u Jlepdnepa, Tuxomuposa u ap. Bce oHH, B TOM HIM MHOM cTeneHH
HCTIONB3YIOT CYHIECTBOBAaHHE TEMIIEPAaTyphl MaKCHMMalbHOM ILIOT-
HOCTH mnpecHOH BoAabl. OcCTaHOBMMCA Ha OIHOH M3 MOCJIEAHHX
KnaccuHKaumii, npuHamIexaweil Pamwkuny (1994), xoropsiit mpo-
BeJl aHaMM3 TEPMHYECKHX CTPYKTyp o3ep CeBepHOro mojymapus H

HCCJIEIOBAJT MX 3aBHCHMOCTB OT reorpatuueckoif INHPOTHL B BBICOTHI
Haj ypOBHEM MOpsL.

Osepa fensdrcs Ha TPH OCHOBHBIX Kjacca IO OTHOUICHHIO
3KCTpEMANBHBIX TEMIIEPaTYp B TOAOBOM IMKIE K TEMIEpaType
MaKCHMZIBHOM TUIOTHOCTH TpecHoi Boxsl — 4 °C. JroT KpUTEpHH,
HECMOTpS Ha CBOIO MpOCTOTY, ONpENe/NseT YHCIO IOMHBIX
KOHBEKTMBHBIX Il€peMeLUMBaHMi BOJHOW MacChl 03cpa IpH
MaKCHMabHOM IUIOTHOCTH B TOI0BOM Ipiute. O3epa noapa3fensoTcs
tia xonoaHsble (Tmax < 4 °C), Temibie (4 °C < Thin ), ymepeHHbI€ (Tmin <
4 °C < Tpnax)-

C npyroii CTOpOHEI, Bce 03epa NOAPa3AeN0TCA Ha 3aMep3aomue
M He3aMep3aloIKe B rOJ0BOM IHKIIE.

MOJKHO  BBIICMMTH  4YeThipe  BPEMEHHBIX  MPOMEXYTKA,
XapaKTepU3YIOIUXCA npeobnajaHHeM — pasMiHBIX duzHYecKHX
MEXaHH3MOB (POPMUPOBAHHUS TEPMHYECKOH CTPYKTYPHI 03¢pa. Iepuon
BecEHHe-JIETHETO NporpeBa HaYHHAETCs € MOMEHTa OKOHYMaHHA
tepMobapa M 3aKaHYMBACTCHA NPH MaKCHMAaJIbHOH B TOJIOBOM IMKIIE
TemnepaType noBepxHocTH Bomsl. [Iporper BOJHOM Macchi 03epa
MPOMCXOAMT NPH HOJNOKHTENBHBIX MOTOKAX Temia H IIaBy9ECTH.
@OopMHUPYIOIIMICA B ITOT IEPHOA CE30HHBH TCPMOKIHH 3ariTy-
6iseTca npH cTabHIH3HPYIOIEM ACHCTBHM MOTOKA IUTABYHECTH. Ha
IpaHHIE O03¢PO—JIHO NOTOK TeIUIa HANpaBlicH W3 BOAHOH Macchl B
JOHHEIE OCAJKH, MPOMCXOMMT POCT Terulo3amaca AOHHBIX OCANKOB.
IlepHoA JETHE-OCEHHETO OXJIAKACHHA HAYMHACTCA MOCAE AOCTH-
JEHHA MaKCHMyMa TOBEPXHOCTHOH TeMIepaTyphl H 3akaHIMBACTCH
TpH OCeHHeM TepMobape. OxJIKA¢HHE 03€pa HPOHCXOMMT [P OTPH-
[aTeNBHBIX OTOKAX TelUia M 1aBydecTd. Ilponcxoaur JanbHefinee
3arTy6nenMe TepMOKIHHA. JIOHHbIE OCAJKHM TNPOAOIDKAIOT HArpe-
BATHCA 0 MOMEHTA HACTYIUICHHA OCEHHEH BEPTHKANBHONH H30TEPMHA
-BOJHOM Macchl. IlepHOZ 3MMHETO OXJAXICHHA XapaKTepH3YeTCi

NaTbHeHIIMM OXJIAXEHHEM TIOBEPXHOCTH 03€pa NPH OTPHULIATEILHOM
[IOTOKE TeILIa H TOJIOKATENBHOM NOTOKE IUIABYYECTH. B 310T Nepuox
[IOTOK TeIUla Ha FPaHulle 03¢po—IHO HANPABICH W3 JOHHBIX OCAJIKOB B
BOAHYIO Maccy. IlepHon 3MMHE-BECCHHETO NpOrpeBa XapakTepu-
3yeTcs MONOXKMTENLHBIM IOTOKOM TeIUla H OTPHIATE/IbHEIM [OTOKOM
[UIaBy4ecTH. DTOT MEPHOJL 33KAHYMBAETCA B MOMEHT NPOXOXICHUA
BeceHHero Tepmobapa.
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4.3. mpxynsnuas Box B 03epax u ee MOJeIAPOBAHEE

4.3.1. OcHoBHEbIE ypaBHEHHS THAPOTEPMOIHEAMHEKH

OCHOBHEIM (PH3HYECKHM HAPHHLMIIOM VIS OMMCAHUS TedeHHil B
03¢pax SBJIAETCA HCMONb3OBAHHE 3aKOHOB COXPAHEHHA MAcCCHl, HM-
oynnca M 3Heprud. Baxdeinme rumponumammuveckde SBICHHA B
03epaX MOTYT GbITh ONMCAHEI HA OCHOBE yPaBHEHHH THIPOTEPMO-
JAHAMHKH. ‘ _

IlpepctaBuM, - cornmacHo KoHUenmumH PeiiHonpica, IaBHBIE
COCTaBIMION(He B ypaBHeHusx Haese-Croxca B BHE OCHOBHOH H
TypOynentHol  uacrei: y=u+y', v=v+v, w=w+w',
P=P+P', T=T+T'.

Hcnonesyem [u1i ONMCaHHA 03€p OCHOBHEIE NPUGIKECHHA,
[IPHEMJIEMEIE U JU1A MOPA:

npubmwkenue BycchHecka, KOTOpoe 3aKmOYaeTcs B TOM, WIO
BapHAUMAMH IUIOTHOCTH p' MOXKHO NpeHeOpeds N0 CPaBHEHHIO CO

3HAYCHAAMH IUTIOTHOCTH BOJbI Py H IIO3TOMY IUIOTHOCTE B

YPaBHEHMAX ABHKCHHA MOXKHO CUHTATDH NOCTOSHHOIM;

NpHOMDKEHHe IHAPOCTATHKH, CMBICT KOTOPOTO COCTOHMT B TOM,
YTO BEPTHKAIbLHAA COCTAB/AIOMAs CKOPOCTH Mana M B 3TOM Ciydae
YCKOpEHHE 0 z HaMHOIO MEHbIIE, YeM IPaBHTALMOHHOE YCKOPEHHE;

‘TIpHOITHIKEHNE HECKMMAEMOCTH KHAKOCTH;

Gera-adpdexrom  mpeneGperaem (B =0), Tak = xaK
TOPH30OHTANIbHEIE pa3sMeph! 03¢pa HE HACTONBKO BEJHKH, YTOOHI
M3MEHEHHA Napamerpa KopHomuca ¢ mupoToi GhUlH CylmecTBeHHsI,
T. €. beta-3¢dexr He yuuTHIBaETCA.

VpaBHeHHA IBHXEHHS JUIs O3€p, KaK M JUIA OKEaHa 3alMChl-
BalOTCA B CIIEYIOLIEM BHJIE:

du 1 op O ou
——fr= - 4 + —|v=1,
PEEA S e az(vaz)
dv 1 8p o( ou
—t+fu=-——= 4 + =|v=|.
N az("az)

YpaBHeHue HepasphiBHOocTH (6Ge3 yyeta 3ddexToB CxmMMa-
€MOCTH): :
ou Ov ow
—+—+—=0.
ox Oy 0z

TEPMO-THAPOOUIHYECKHE INTPOIIECCEHI B O3EPAX 35
VpaBHeHHe THAPOCTATHKH:
dp _
dz &

VpaBHEHHA [BIDKEHHS M TeIUla 3aMBIKAlOTCA BBEICHHEM KO3¢-
driupenToB TYpOyneHTHOro obMeHa

-5 7 ou 7 7 ou -7 ou
u'u =—kL—a;, uv=—k —,u'w =——kz-a—z—,
ov ; o - ov
! ’='— > V'V =—k > VW=—'k "
=k re r
e 2 Tk 2 i, 2
wu= L ax ’ - L @/ H Z az ?
= oT T = oT
"u'=— s T’vl=_ T T W= —y
T;“ 4, o _ 'L 2 5
TJi€ U, V, W — KOMINOHEHTHI ckopocTH, ' — TeMneparypa, { — BpeMd,
p, — cpemuss miotHocts, f -— mapamerp Kopuonuca

(f = 2wsing; @ — MHAPOTa MeCcTa; @ — 'YIrNoBas CKOpPOCTH
BpameHus 3eMiH), g§ — YCKOPEeHHE CHBl TsDkecTH; Kk, , k,, A, M

A, — Kxo3$(HIMEHTH TOPM3OHTAIBHOH H BW}HQﬁ
Typ6ynenTHo# xuddy3HH KOTHYIECTBa ABIDKEHHA B Teruia. [lomaraem
OpH 3TOM, YTO PeXHM TypOyNeHTHRIX (mOKTyauud W30TPONCH B
FOPM3OHTAIBHOM IDIOCKOCTH M aHH30TPONEH B  BEPTHKANBHOM.
Beenenne koadduumenros TypOynentHoro obmena k, u k,,
Ge3ycnoBHO, He CaMblii JyHIMH crnoco0 3aMBIKAHHMA CHCTEMBI
ypaBHEHWH, HO NpHeMIEMBI /11 NPAKTHUECKOro pelieHMs 3anay
uHpkyisiy BoA. Ecimm xoadduImMeHTs ropusoHTankHoro ofMeHa
KOJIMMECTBOM J(BIDKCHHMS M TeIUIa B GONBIIAHCTBE CIIy4acB IOJIaratoT
NOCTOSHHBIMH, TO BEPTMKANBHHINA OOMeH MoXeT OBITB 3aaH Kak
bynxums rIyGHHBI BOJOEMa H CKOPOCTH BeETpa, ILIOTHOCTHOM
YCTOMYHBOCTH M HHTEHCHBHOCTH TypOyJneHTHoCTH (HampuMep,
napaMeTpusais MaHka-AHAEPCOHA) WM KaK (YHKIMA MHOTHX
NapaMeTpoB — Tak Ha3blBaeMas OIHO- HIM JByXnapaMeTpHuecKas
Mopens TypOynentHocT (Keon, 1979).

MonexynspHoit muddysuel MOXXHO rpeHebpeys, T.K. €€ BIHIHHE
N0 CPABHEHHIO C NEPEHOCOM 3a cuer TypOyneHTHBIX dmykTyaumii
npenedpexxUTENsHO MaJlo.

VYpaBHeuue epeHoca TeIia UMeeT BUJ
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g+u_a_T+v§Z+w_a_T_—_?_Azg+_a_Arg+£ ?_]_'4. Q
a & & & @'a & ax &y ey pC,

1

rne T — Temnepatrypa; (J — NpHXOJ TelNa H3BHE, HalpHMEp, OT
conHeyHod pammanuu; C,-—— TeWIOBad : HOCTOSHHAs  BOMbI.

TypOyneHTHBI# NEpPEeHOC KOMMYECTBa ABIDKEHMA u'u', v'iu', u'w H

Teruia w'T’ BeIpaXKaeTcs Yepes CpeiHHe 3HAYCHHUA.
YpaBHeHHE COCTOSHHA UMEET BHA

p = f(T, P, §);

TAe p — IUIOTHOCTH Boasl; T — TeMneparypa, P — naenenue, S —
MHHepanu3anm.

TepMoauHaMHIECKUMH napaMeTpamH, OTIpe/ICIAIOIIUMH
COCTOSHHE BOA NPECHOTO BOJOEMa, SBJSAIOTCA Temneparypa 7,
AaBieHde P, MuHepanM3alMd S, IUIOTHOCTh O3EPHBIX BOA p.

Haubonee nonHoe ypaBHeHME COCTOSHHSA TIPECHBIX BOJ MOIYHYEHO
YenoMm u Munepom:
PY!
Pp =po|l - —]| >

K

rae K=19652,17+148,113 T-2,293 T2+1,256x1072 T°-4,18x107°
T*+(3,2726-2,147x10™* T+1,128x10™ T%)P +(53,238-0,313 T
+5,728 x10‘3P)S, rae P — fpaejeHHe, S —— COJIEHOCTD.

Haubonee wacto B npakTHyeckux 3asavax JUIs IIPECHBIX o3ep

ucnonesyercs npemnoxenHoe T.CaliMOHCOM ypaBHEHHE COCTOAHMA,
anmpoKCHMHUpYIOIIee BEIpaKeHHE JUIA IVIOTHOCTH 6e3 ydyera BIMAHUA
rnyOMHEI H MHHepaiM3alWH, COpaBe/UIMBOe JUIA  JHana3oHa
Temnepatyp 518 °C. Ono uMeer BUL

p = po[1-0,68:10°(T-4)’].

MaxkcumanpHasd IUIOTHOCTP O3EGPHBIX BOJ OTMEYaeTci HpH
Temueparype 3.98 °C (pmc. 4.3.1). OTa 3aBUCHMOCTH ILIOTHOCTH
O3epHBIX BOJ OT TeMMEpaTypsl NPHBOAMT K pAXY CHEIH(HYECKHX,
OpHCYIMX TONLKO o3epaM smicHuil. Haubonee sameuarensHoe us
HHX — TepMo0ap, Win QpPOHTANBHEIN pa3fieN, KOTOPBIHA AEIMT 03epo
Kak OB Ha [Be JHHAMHYECKHE 30HBI: OAHY HOpHOpexHyIO
CTpaTHOHIMPOBAHHYIO H JAPYTYI0 FOMOTEPMHMHYHYIO ITyGOKOBOIHYIO

P=-po)lpyr107° o1 2 3 4 5t
TN aff 6
-05F ' '
_1l0 ‘O-‘r
15 \
-2,0 \ 1.0

2,5 \
\
15

0 5 10 15 20¢-C H,km

Puc. 4.3.1. 3aBHCHMOCTE IJIOTHOCTH NPECHEIX BOJ OT TEMNEPATYPhl BOXH (@) H
TEMNEPaTyPH MaKCHMAILHOA IIOTHOCTH OT ri1y6uAsI (6)

(0OBIMHO B 03€pax yMEPEHHOr0 KIIMMaTa BeCHOi TepMO6Gap Bo3HHMKaeT
B Mae, a MCYe3aeT B KOHIUE HMIOHA—Hayane Hiojis, OCeHpIo TepMobap
BO3HHMKaeT B OKT#0pe M HcyesaeT B Aekabpe—saHBape). B sTux 3omax
Bofoema Habmrogaercd cBoeoOpasHeIi auHaMHyeckuii pexuM. B
npubpexso#i  (ctpaTHduiMpoBaHHOH) 30He B  (OPMHPOBaHMH
TEYeHHI BaXHYIO pOjib JO/DKHBI HIpaTh OGapoximmHbie 3QQeKxTsi,
pemsed aHa, BaMsHMe Oepera M peyHO# CTOK; 3Aech HabmoparoTcs
BHYTPEHHME BOJIHEI, KOTOPHIE ABIAIOTCS HCTOYHHKOM TYpOyJieHTHOro
nepeMelMBaHMss B Tomme BoA. B riybokoBopHo#t (Hecrpa-
THOMIMpPOBAHHOH) 30HE O3€pa JWHAMHYECKHE IIPOLECCH MeHee
WHTEHCHBHBI. 3[€Ch OCHOBHYIO poib B (POPMHPOBaHMH TeYECHHH
Wrpaer BO3/ICHCTBHE BETpa HA IOBEPXHOCTh, a B 30HE (POHTa
CYLIECTBEHHOE 3HAYEHHE MPHHAJUIC)KMT KOHBEKTHBHBIM IPOLIECCAM.
Jina o3ep ¢ rOpH3OHTANBHBIMH pa3Mepamu [ >>H ypaBHEHHA

IBIKEHUS MOryT OBITh 3HAYHTEIBHO YIPOIIEHHI, OCKOJIBKY B 3TOM
ClTy4ae rpafiMeHThl JaBJICHH] H IPaBHTALMOHHBIE CHIIbI JOMHHHPYIOT.
Ilpu  HecnoxHbIX  Mpeo0Opa3oBaHUAX H  THAPOCTATHYCCKOM
NpuO/IMKEHHM ypaBHEHME IS BEPTHKAILHOM CKOPOCTH HAaXOAMTCS
HHTETPAPOBaHHEM YDaBHEHHS HEPa3pHIBHOCTH OT JHa oO3€pa [0
[IPOM3BOJILHOH ITyOHHBI:
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PacyeThi TedeHUI B 03¢paX Ha OCHOBE NPHMBELCHHOH CHCTEMBI
yPaBHEHHi BHINOHAIOTCA C FPAHHYHBIMHM U HAYaIbHBIMH YCNIOBHSIMH
M YOPOLICHUAMY, ONpENe/iCHHEe KOTOPBIX 3aBHCHT OT - Xapakrepa
pelzaeMoil 3ajayW, 'Pa3MEpPOB 03epa M €ro TI'HAPOJIOTHYECKOro
pexuMa, a TaxoKe BHIOOpAa HHCIEHHBIX METOJIOB H BO3MOXHOCTEH
3BM. . :
IIpy orTHomeHHMH THYOHHBI 03€pa K €ro /UIMHE, DaBHOM

I% <<, M DpH YCIOBHH OZHOPOZHOCTH XHAKOCTH, T.C.

p = const, OITACAHHE TEYEHHHA B 03epaX BHINONHACTCA Ha OCHOBE
»TeOpuH Menkod Boxael”. IlpeamnosnoxeHue o HECKMMAEMOCTH
XKHMOKOCTM M  TNOCTOAHCTBE IUIOTHOCTH  BOASI  pasfenser
TEPMOIMHAMHUKY H THIPOHHAMHKY .

H3y4eHHe QUHAMHKH O3€PHBIX BOJA HAa OCHOBE ,,TEOPHH MEJIKOM
BOABI” TIpHEMJIEMO UIS MEJIKOBOAHBIX OJHOPOMHBIX IO IUIOTHOCTH
BOIOEMOB, Takux Kak Benoe, KybeHckoe u mp. osepa, Pribumckoe,
Monxkaiickoe u ap. BopoXpaHwiHma. HckmoyeHne cocTasisioT o3epa
B NEPHOJ CTPAaTH(HKAIMH, KOTOpas B pANE BOJOEMOB INOCTATOYHO
CHJIEHA B JICTHHH [IEPHO.

BaxHpiM 118 TIOHMMaHMA THAPOAMHAMHYECKHX IIPpOLECCOB B
03epax ABJIAETCS MOHATHE COXPaHEHHA NOTCHIHATLHOIO BHXPA.

ov ou
ECJIH wz =——— Ha3bIBACTCA OTHOCHTEJILHBIM BPD(pCM, a
ox

f=2msin@ —— mIaHeTapHBIM, TO HX CyMMa MpeACTaB/IseT coboit
a6CONMIOTHHIA BHXPS.
Tak kax JyI1 03ep BEIMUMHA f MOXET CUHTATHCH IOCTOSHHOH,

TO H3MEHEHHE BUXPA PaBHO
154

a\ H

IlpH nBHOKEHMH KaXAOro cToiba >XMIAKOCTH BENHYHHA IOTEH-
LMATBHOTO BUXPA COXpaHAETCS

H=22—i—f—=const.
H
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4.3.2. Knaccadpuaxanus Mogenek

MaremaTHyeckue MOJENIH MOXKHO KIAaCCHQHLUMPOBaTh @O
HECKOJIbKHM MNPH3HAKaM, HalpHMEP, 10 MX MEPHOCTH: OAHOMEPHBIE
(no BepTHKAIH WIM IO TOPH3OHTAIH), AByXMepHbIe ([0 BepTHKAJIM
WIH 10 TOPH3OHTAIHM) M TpexMepHele Moaend. HauGonee mpoctsie,
OJIHOMEpHBIE, MOJIENH OOBMHO HCTONB3YIOTCS A4 MOACTHPOBAHMA
PEUHEIX TIOTOKOB. J{ByXM€pHbIE MOJIETH NPUMEHAIOTCA VI M3YYCHHA
BETPOBBIX ¥ CEHIIEBBIX TEYCHWH, LUTOPMOBLIX HaroHoB M jp. Ilpu
MOJICTIAPOBAHUH 00IeH IHPKYIALHMY 03epa IPUMEHAIOT ABYXMEpPHEIE
B FOPH3OHTAIBHOM ILIOCKOCTH MOJEIH, a NMPH U3YYEHHH TEYEHHI B
3QMBAX ¥ 3CTYAPHIAX — ABYXMEpHbIE B BEPTHKANLHOMN IUIOCKOCTH.

OG6BI4HO |, MCTIONBE3YIOTCS  CIERYIOIUHE BHABI MAaTEMATHYECKHMX
MoJe/ieH BEeTpOBBIX TeYEHMH: 1) MHTerpaibHbie MOJENH (MONHBIX
HOTOKOB), C HOMOIMBIO KOTOPBIX YYHTBIBAIOTCA TOJNBKO IIPOHH-
TErPUPOBAHHBIE 10 BEPTHKAJIM TEYEHHS M HEe MOJeUpYyeTcs BepTH-
KalbHBIA NpodHIb TeueHHH; 2) cTallMOHAapHBIE MOJAENH BETPOBLIX
TEYEHHH [JI1 [OCTOAHHOH M IIEPEMEHHOHM IUIOTHOCTH BOX; 3)
HECTaUMOHAPHBIE MOJEH U1 6apOTPONHOro M 6apOKIIMHHOTO 03€p.

Mopems, ucnone3yeMbie I H3y4eHHMA BETPOBBIX TEYEHHH
TAKOKEe MOAPA3AEAAIOTCA Ha 3KMAHOBCKME, IIPOHHTErPHPOBAHHEIE 110
BEPTHKaNM, MHOTOCJIOHHBIE H MHOTOYpPOBHEBEIE MoJieH. Kpome stux
MoziesieH U141 pacyeTa TeYeHHH B 03epe HCNOJB3YIOT AHHAMHYECKU
METOA H pavIMyHble TPEXMEPHBIE TEPMOTHAPOAHBAMHUIECCKHE
MoJienu. '

Ilpn MomempoBaHMH NPHHATO BBIAEJNATH ABa Kiacca 3a4ad —
NPOrHOCTHYECKMH M JMarHOCTHYecKWi. B mpepeoM ciyyae mope-
nvMpyercd  (OpMHpPOBaHHE B3aMMOCBA3aHHBIX MOJieH TEYEHHId,
TeMIIepaTyphbl U NOrpaHHYHBIX clIoeB atMoctepsl W o3epa. Peiuenue
3afaq4 3TOro Kjiacca COMpsHKEHO C OOoNbUIMMH  TPYAHOCTAMM
YHCJIEHHOTO pacyeTa CHCTeMbl HECTAlHOHApHBIX HEJHHEHHBIX
nudpdepeHNHANLHBIX  YpaBHCHMH.  3HAYMTENEHO  yNpowaercs
penrenye 3aza4 o IMPKYJISIHH B 03cpax MPH HCIONb30BAHHH NaHHEIX,
NONTyYEeHHBIX MPH HaOMOAEHUM TOJICH TeMIepaTyphl (ILIOTHOCTH) H
BeTpa (maBieHus). B 3TOM 3akmodaeTcs CMBICH AHANHOCTHYECKHX
pelIeHMH, KOTOphHIC HanUIM IHPOKOE IPHMEHeHMe B Clly4yae
OKEaHOJNIOTHYeCKMX 3aiad, a BIOCJCACTBHM H yIA HCCIIEOBaHUA
Te4eHHH B NIyOOKHX CTpaTH(HIMPOBAaHHBIX O3epax.

K cneupansHOMy KJaccy MOXHO OTHECTH MOMENH, HMHTH-
pylompe Me3oMacinTabHble IBIDKCHHA, TaKHe KaK HHEPLMOHHEIE
koneOauus, ceifiueBble TeueHud, BoaHbl Kenbkuna, Tonorpaduyeckue
u Ilyankape, TedeHHs B 30He TIIpUOPEXXHOro AalBeJUIMHra,
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KOTEPEHTHBIE CTPYKTYPHI, LupKyisauuu Jlenrmiopa, ocofeHHOCTH
TepMOTHIPOAMHAMUYECKHX MpoueccoB Ha TepMobape. Illupokoe
HMCNOJB30BaHHEe B MOICNMPOBAaHMM JMHAMPKHM ~BOJA 03¢p, B
ocoOEHHOCTM  KpYNHBIX H  riybOKHX, nonytmrm MOJIEJTH,
paspa6oTafHbie NEPBOHAYAIEHO /1A OKeaHa. :

BONBIIMHCTBO  KPYTIHBIX ctpam«bnuuposammx osep, 3a
HcKmoYeHHeM HeGonbiioro Kommuecrsa (bamxam, Herix-Kynb u 1p. ),
MMEIOT TNpPECHYIO BOHY, 3aMEYaTeNbHBIM CBOHCTBOM KOTOpOH
ABNAETCA HANWMY¥e MaKCHMANBHOM IUIOTHOCTH NpH TeMiepaTrype
okono 4 °C, yro npuBoaMT K GOpMHUpOBaHHIO TepMoBapa, B 3Ha4H-
TENLHOM CTeNeHH OnpeeNIonero AMHAMHKKY BOJl 03€pa, a TakKe €ro
XHMHKO-GHONOrnyecKkuit pexxuM. Bakrbl cpanﬂmenﬁho nebonpmme
pasMepsl 03epa, 00YCNIOBITHBAIOMHE HE3HAYUTENLHOCT NPHIHBOB H
Gera-3(dexTa H OTCYTCTBHE H3-32 3TOrO B 03¢pax BonH Poccbu, Th-
MAYHBIX U191 OKeaHa. BMecTe ¢ TéM HEOZHOPOXHOCTH pemseda AHa
croco6CTBYIOT (OPMHPOBaHHIO B 03€pax TONOrpapHYECKHX BOJH
Pocc6u — aHanoroB oxeanuyeckux PoccObu-ponn. CymnecreeHHYIO
POJIb MrpaloT B 3aMKHYTHIX GacceiiHax cTOsYMe BOJIHBI — CEHIIM,
KOTOpBIe TPH JOCTaTOYHO GONLINMX pasMepax 03ep PacIMefUIAIOTCSA
Ha MoJibl ¢ o6pazoBanmeM BoiH KenpsuHa u [lyanxape.

CrnexTphsl KMHETHYECKOH SHEprHM JABIKEHHM B OKeaHe H
KPYIHEIX 03epaX BO MHOroM MoxokH. B 3THX cnekrpax oTmedarorca
MaKCHMYMBI, CBS3aHHbIE C HHCPIMOHHBIMH, CEHleBHIMH, CYTOYHBIMA
M CHHONTHYECKHMH KoyiebaHuaMy, TonorpapMIecKHMH BOJIHaMH,
ponHamMu Kemspuna M Ilyankape. B oszepax odeHp cmabel Taroke
npwineHele koneGanus. - HecMotps Ha oTHocHTensHO HeGonbuine
pa3Mepsl KPYIHEIX O03€p, XApPaKTepHbIE 3HAYCHHs OCHOBHBIX IMIIpO-
(QHU3UIECKHX XapaKTEPHCTHK (CKOPOCTh TEYEHHA, rPaJMeHTHl TeMIIe-
paTyphl, FPaaMeHTH YPOBHS H JIp.) CPABHHMBI C OKeaHWIeckuMH. H3
Tabn. 4.3.1 BMAHO, YTO BEMYMHEI OCHOBHBIX 6e3pa3MEpHBIX Mapa-
meTpoB (yucna DkMaHa, PoccOH H T.1.) IMHAMMKH BOJ 03¢p H OKeaHa
GNH3KH WIM palTHYalOTCA TOJILKO Ha OAMH MIOPSJIOK.

OCHOBLIBajACh Ha TNONYYEHHBIX OLEHKax (Tabm. 4.3.1),
OITMCaHHs TMHAMHEKH BOJI KPYITHEIX 03€p BO3MOXXHO IPHMEHATE T€ XK€
MOZENH, 4TO0 M A okeaHa. OTIHYMA MOJeNeH 3aKMOYaloTCs B
CIIeYIOIEM: yYHTHIBAETCS WIA He y4UTHIBAETCA COJICHOCTD, NIpHUMe-
HAIOTCA YPaBHEHHS COCTOSHMA [UIA MPECHOH MITH 11 COJICHOH BOMBI,
HMEIOT CBOM 0COOEHHOCTH PazIHYHMA NapaMETPH3alHM TIOACETOYHBIX
npoueccoB M T.JA. Bonbme Toro, BHIONHEHHBIE HCCIIEOBAHHA
MOKa3aJli, YTO pa3spabaThiBaeMble /i OKeaHa MOJENMH MOryT OBITh
nposepeHsl B GoJiee HalexHO BepuMIMpPOBaHb Ha NpHMEpe 03epa.
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Bee BoumenepedmcnenHoe IPHBENO K pa3paGoOTKe MOANPOrpaMMEL
»03€po, Kak Mojens OKkeaHa” (BOKHBLIMH [PEHMYINECTBAMH
HPOBE/ICHMSA TaKMX MCCIENOBAHMA B O3epax SABIAIOTCA Gonbmiad
TEXHHYECKAs OpOCTOTa M IOpasfio MeHbINas cmuMocn, OCHOBHBIX
pabot): 1) nierde opraH#30BaTh H IIPOBECTH HATYPHEIE KCTIEPHMEHTHI
H JIONTOBpEMEHHBIC HabIIOAeHUA TEMIIEPATYPhl H TEYEHHH, BKIIOYAs
BO3MOXKHOCTb MOOHIIEHEIX H B TO XK€ BpPEeMst JOCTATOYHO JOJITHX IO
BPEMEHH M OOLIHPHKIX IO MPOCTPAHCTBY (IIpH HEOGXOIUMOCTH M JyIA
Bcero GacceilHa) MOCTAHOBOK CETH aBTOHOMHBIX GYHKOBBIX CTaHIMi
(Heo6xOAMMBIX KaK UL MCCIEAOBaHHUs 0COBEHHOCTEH NMHAMHKH, TaK
H i BepudHKaam mMoneneil); 2) mpome cozaaHHe GaHKOB NaHHBIX
Habmomenuit  (MomyyaeMBIX ~ KaK =~ KOHTaKTHBIMH, Tak H
AMCTAHIMOHHBEIMH MeToAaMH); 3) IOCTymnHee pa3paboTka METOXMK
JUIA WMCTIONB30BaHMA CIYTHHKOBOM HHQOPMAUMM [PH YHCIECHHOM
MOZIEIMpOBaHUM; 4) JUIi NPOBEACHHS YHCIECHHBIX 3KCHEPHUMEHTOB,
NpUYeM HE TONBLKO H3-33 MaJIBIX Pa3sMepoB, HO M BCJIEJICTBHE OTHO-
CHUTEJILHO OY€Hb ,,KOPOTKOH MaMATH” 03ep, 0COOEHHO 3aMep3aloIuX,
TpebyioTCs ropaszio MEHbIINE CPOKH HHTErPMPOBAHHA [10 BpEMEHH BO
MHOTHMX 3aflajaX W OCOOCHHO I TMOJY4YCHHS CTalHOHAPHBIX
pelleHnH; 5) 3ajlaHMe TIpaHHYHBIX YCJIOBHH INpomie B YCIOBHAX
3aMKHYTBIX BOJIOEMOB (pacXo/lbl pex B Cliydae HeOOXONHUMOCTH HX
yJera, KaK IIPABHIIO, XOPOILO M3BECTHRI M JOCTYIIHEI).

Taxum 06pa3oM, CXOACTBO OCHOBHBIX AMHAMHYECKHX NPOLECCOB
MO3BOJIAET B YCIOBHAX XOPOIIO KOHTPOIMPYEMEIX BHENHHX M
BHYTPEHHHX [IapaMeTpoB HeGONBLIIAX 3aMKHYTHIX 6acceifHoB ropaszo

‘6onee mpocTo, 5SKOHOMHYHO M IENICHANPABIEHHO NPOBOAHTE HE06X0-

HMbie HCCENOBaHMA. METON0NOTHYeCKOH OCHOBOH IIPOBOIHMBIX
cefiyac WCCNeNOBAHMH ABIAETCS KOMIUIEKCHBIH HOMXON, NPEATo-
nararoluii Kak YHCICHHOE MOIETMPOBAHME, TaK H CBA3aHHYIO C HHM
CHCTeMy HeOOXONMMEIX HabmoJeHMH, BKIIOYAs THAPOIOrHYECKHe
CheMKH, ByHKOBBIE TIOCTAHOBKM, METEOHAGIIONEHHS, HabmoneH! 32
ypoBHeM. B xauecTBe ocHoBHOro 6acceiiHa s uccieqopaHmii 65010
Henons3oBano OHexckoe o3epo (Puramos, Beneyxuii, 3aiiyes, 1990).
IlepBrie 1Ba KOMIUIEKCHBIX THAPOGH3HIECCKUX IKCIIEPUMEHTA HA
OnexckoM o3epe IOKa3aiH Ka4eCTBEHHOE COOTBETCTBHE MOAEIBHBIX
pacuetoB H Habmonenuii. [lonesHsiMu U1 BepudHKanum moaenei
OKa3aJIMCh Pe3y/IbTaThl HaOMOJCHHH He TOJIBKO 33 TEUYCHHAMH, HO H
32 ypoBHEM 03epa (laHHBIE METeonocToB). B To >ke BpeMs BhiiB-
namce mpobnemel, cBA3aHHBIE C o6paboTkoH M mIbTpanmeit
HaTYpHBIX JaHHBIX [ NapaMeTPH3alMK M BepU(HKALMH MOJENIEH.
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MaremaTH4eCKHE MOJENM NMHAMHKH BOJ pasfengiorcs He
TOJMIBKO B 3aBMCHMOCTH OT pelllaeMpiX 3aja4, HO H IO MIpHHUHIY
TIOJTHOTHI HCMONB3YeMBIX YpasHenmii. Ha npakrHke NpHMEHAETCH
HepapXua Mojiefiel, HaYMHAsA OT mpocTeiMX B rHAPOAMHAMUYECKOM
CMBIC/IE KBa3HIeOoCTPOHIECKHX N0 HauGonee MONHBIX, OCHOBAHHBIX
Ha “DPYMATHBHBIX” HCXONHBIX YPABHEHHSX JBHXKeHHA. B HEKOTOPRIX
Clyd4asX IpHMEHEHHE HEINONHBIX ypaBHEHMH C MCKIIIOUCHHEM,
TpEANONONHAM, TapaMeTpa Kopomuca, HenMHEHHBIX <WIEHOB HIH
FOPU3OHTANLHOTO TypOyJCHTHOro of6MeHa MOXeT IpHBECTH X

HCAZICKBAaTHBIM IIpHpOLE pesyJu:TaTaM B 0COOEHHOCTH IS CIOMHBIX )

C TOYKM 3peHHS TONOrpadHH GaccefiHOB H NpH pelleHHH
HPOrHOCTHYECKHX 3aja4. IIo3TOMYy COBpeMEHHEIE MOZEIH BHICOKOrO
YPOBHSL OCHOBaHLI Ha CHCTEME IIONHBIX, HEYNpPOLIEHHBIX YpaBHEHUH
reopu3Hyeckoil ruapoauHaMHKH. TTockonbky 06RIMHO HCHONB3YIOTCH
OJIMHAKOBELIE MCXOMHBIE YPABHEHHA reo(U3H4ecKoi ruApoaHHAMHKHY,
B OonplmIMHCTBE Mopeneil AONYcCKaeTCs BapbHPOBaHHME KpPaeBhIX
YCNOBHI, B CBSIM C 3THM palliHdhe TakHX Mojeneil 3axrodaercs
rMaBHbIM  06pa3oM B  METOJax MNpPOCTPaHCTBEHHO-BPEMEHHOM
JVCKPETH3allMH HCXOOHBIX JH(depeHIHANbHEIX YDaBHEHHR H B
cnocobax napameTpH3alMH IMOACETOYHBIX TYPOYJIEHTHBIX IPOLIECCOB.
Ka4ecTBO pa3sHOCTHBIX CX€M HMeeT CYHIECTBEHHOE S3HA4Y€HHE, B
0COOCHHOCTH YCTOHYMBOCTL ¥ ~ KOHCEPBAaTHBHBIE CBOMCTBa, 4TO
CYWIECTBCHHO MNpH IMTEJIBHOM DNpoOLECCe HHTErPUPOBaHUA IT0
BpPEMEHH B MPOrHOCTHYECKHX 32/a49aX.

Kak Bummo u3 Tabn. 4.3.1, 4.3.2, wmuorme mapamerphi,
CYIECTBEHHO paziMYaloTcs A o3epa M NaGoparopHoit Mogenu. B
CBA3M C 3THM IPHMEHHMOCTb NaGOpaTOPHOro MOJEAHPOBAHMA IUIA
HCCIIEOBAHHS THAPOJMHAMHKH 03ep, B OCOGEHHOCTH KpYIHBIX
cTpaTHULUMPOBaHHBIX, orpaHndeHa. JIaGopatopHoe MOJIeMpOBaHHe
MpHeMJIEMO VIS OIUCAHHA CEHINEBBIX M CTOKOBBIX TEUCHUH 1A 03€p,
B KOTOpHIX 3¢d)emua BpAlICHAs MOXHO npeHeGpeus. B 3TOM
ClIy4dae 03€po pacCMaTpHBAETCA KaK y3Koe€. »

Bo Bcex Benuxux aMepHKaHCKHMX 03epaXx, a Takoke B JlaoxkcKkoMm,
OmnexckoM, baiikan, Hcchik-Kyns # oTHOCHTENEHO HEGOMBIIOM 03,
Hecmapsu 3ddexrsl  BpalmieHds Baxabl a1 dopMHMpOBaHHMA
JHHAMHYECKMX ABJICHHHA.

TaGnuua 4.3.1 SIBNeHHS H NPOLECCH! B OKEAHAX H 03epax
(+, — NOKA3BIBAIOT €CTH UK HET ONPEAECHHOTO BHAA ABICHHA HITH nporecc)

IIpouiecc, ABNCHHE, BHI ABMKCHHAM Oxean rnyﬁoxmc o3epa
(L = 10%km, (L =10 xm,
, H=4x10°m) | H=10?m)

Bounnsl Poccbu + -

BHyTpenH®e rpaB.BOTHE! + +

CoNMTOHE! - + +

Boumisi Kenbauna + +
Tonorpaguyeckue BoIHEL + +

Crosuue BoHLI-CeANIK + +

Axquccine BOJIHbI + +

KanwuispHbie # I'paBHT. BOJHEI + 4

HpwimsHKie qBIOKCHUA + -
CHHONTHYECKHE BUXPH ‘ + —

IpubpexHble notoky, crpyu + +
MenkomacirrabHad TypOyieHTHOCTS | + + ‘
MHEKpOCTPYKTYpHEIE + +, OTCYTCTBYET MEXAHH3M
HEOJHOPOJHOCTH ApoitHo# 1uddysuu
Crparnduxaims + + , OTCYTCTBYeT

TIOCTOSHHELA TepMOKIHH

OponTH + +

TIpubpexHbie anpenuHry + +

Tabnuua 4.3.2. XapaxTepanie 3a4eHUR Ge3pamepBLIX IAPAMETPOD

IMapamerp Oxkean Ozepo
LH 10* 10*
Yncno Dxmana ’
E=K1? 107 10
E~K lfH 107 1072
Uncno Pocc6u Ro=u/fL 1072 102
Tapamerp HecTaumonapHoCTH 107 102107
E=f/1f
Pagnyc nedopmarum Poccou:
GapoTponumi 1000 xm 100 xm
GapoxmmHsIi 30 xm I xm

. Otnomenwve R/L 0,03 0,03
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IlenecoobpasHeiM ~ gBIJETCS  IMIMPOKOE  HMCIO/b30BaHHE
naGopaTtopHbIX (GHIUYECKHX MOJENeH I OMMCaHHs pAja ABJICHHIA:
TepMobapa, IMpKy Lk JlenrmMiopa, GpoHTOB U Ap.

Modenu sxmanoeckozo muna. TeopeTnuecKre OCHOBBEI Moe/eH
BETPOBBIX TEYeHHMIi pa3paboTa’el A rnyGoKOro, OXHOPOAHOro IO
IWIOTHOCTH MOpA DKMaHOM, [ Menkoro mops CeepapynoM, a JUis
o3epa Benanzepom. .

OkMaH pemdn  3aJa4¥  YHCTO  HpeHdOBEIX  TECUCHMH,
B030y)XaeMbIX PaBHOMEDHBIM BETPOM, TIPafiMCHTHBIX TECHCHUHN,
00yC/OBNEHHEIX HAKIIOHOM TIOBEPXHOCTH M, HAKOHeL|, BETPOBBIX
TeYyeHUH KaK CYMMBI AByX NpEABITYIHX.

Jins rirybGokmx o3ep MofielIH 3KMaHOBCKOrO THINA NPHMEHAIHCH
Benanpepom (Welander,1968). B Mopensx 3Toro THna HoOJaratot
00BI4HO, YTO OTHOMIEHHE TAyOHHBI K IHpHHE 1 cno PoccOn Masl,
npHeMIIeMO TNpUOIKEHHe TFHAPOCTATHKH, a TOPH30HTAIBHEIM
TypOyJleHTHbIM OOMEHOM M HeJNHHEHHBIMM WIEHAMH MOXHO
npenebperats. BepTukansHeiii TypOyneHTHBIH 0OMEH napameT-
pusyerca xoadduumenramn TypOyneHTHOCTH. Pacnpenenenue cko-
POCTH TeuyeHMit TIO BEepTHKANM NONYYAETCs H3 aHAJMTHYCCKHMX
peleHuil Yepes 3a/laHHE HaNPsHKEHHS TPEHHMA BETPa O MOBEPXHOCTH
ozepa. ['pagueHTHl NaBJeHHA ONPENCHAIOTCS  UYHCICHHO M3
[IPOMHTETPHPOBAHHBIX 1O MTyOHHE ypaBHEHHIA.

3ajaud 3KMaHOBCKOrO THNA PemIaloTcs W aHanuTHYeckd. [Ipu
3TOM PacCYMTHIBAETCA NOJNHBIA NOTOK WM CyMMapHRIH NIEPEHOC Mace
BOJIBI 1O BEpTHKaTH. BBomar ¢pyHxumio moaHoro moroka. HMsonmmus

3TOH (YHKUMH ecTh JIHHHA TOKA Ul NOJHOrO TIOTOKA, Pa3sHOCT .

3HavYeHMM (yHKIMH NONMHOro MOTOKAa B ABYX TOYKaX OIpefenseT
pacxof Bogsl. Ber4HMCcIHTL NOHBIE IOTOKH MOXHO, IPOMHTEIPBPOBAB
YPaBHEHHA OT HEBO3MYINCHHOH IOBEPXHOCTH A0 JHA, IIOCIE Yero
MOJy4aeM TPaHHYHOE YCIOBHE JUIL pacyeTa ypoBHS 03€pa, a 3aTeM
ompenenseM  TedeHHWs HAa  COOTBETCTBYIOHIAX  TOPH3OHTaX
TIOBEpXHOCTH M iHa 0o3epa. Tax HaskiBacMas NTyOMHA TPEHHA DKMaHa
D = g, Ha XOTOopoil TEYCHHE HANpaBJICHO B CTOPOHY,

MPOTUBOIIONOKHYIO TIOBEPXHOCTHOMY TEYEHHIO, roe

a= 1/ ,/2 f/(2K;) — onpenensier TONHHY MOTPaHHYHOTO CIIO.
Ipu g << H Mope (03epo) NPUHATO HA3BIBATH ITyOOKHM. n
B cnmoe Q<z<D KpoMe TeocTpOHMYECKOro CYIIECTBEHHYIO

pons mrpaioT apeii¢oBble TeueHHS, IIPH 3TOM NPOQUIL CKOPOCTH B
3TOM CJI0€ THIIMYEH UIA 3KMaHOBCKOTO NOTPaHAYHOro cios. Y AHa B
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cioe D (H>z> H—D), TAe oTcyTCTBYeT apeiidoBulil NepeHoc u
CyIIeCTBYET  NpPHOOHHOE - TpeHHe,  obpasyercds  NPHAOHHBIH
HKMaHOBCKHH IMOrpaHHYHEIH CIOH.

+ COrNnacHo  KJIaCCHYECKOH TeopHH OKMaHa, NPH TOCTOSHHOM
3HAaYeHHH ‘K, CKOPOCTh TeYeHWH OSKCIOHEHIMANBHO YOHIBaeT C
riIyOMHOM, a BEKTOp TeYeHRil PaBHOMEPHO ITOBOPAUHBAETCA BIIPABO
(npH. >0 ) ot HanpapneHus BeTpa. TeopeTHIECKH Yros OTKIOHEHHS
Ha IIOBEPXHOCTH cocTaBisier 45°. Butren u Tomac  o6oOGmmmu
3KMAHOBCKYIO MOJENb JULA 03€p ¢ NePeMEHHBIMH K03 HuIHEHTaMH
TypOynenrHoro obmeHa. Himu ofnapyxeHo Ha 3Toil Moaenn
yBEJIHYEHHE CKOPOCTH TEUECHHI Ha HEKOTOPOM PacCTOAHMH OT Gepera
(cTpyisiif mpubpexHbid motok wiM Coastal Jet) m nocrenensoe
3aTyXaHHe CKOPOCTH B IeHTpanbHOH wactH o3epa. Bce 3To
COIJIacyeTCs ¢ pe3y/bTaTaMH HaTypHBIX Habmogenuii. Kpome Toro,
BurreHom H. TomacoM OBUIM INpeNNPHHATH IIONBITKH YCOBep-
IEHCTBOBATh MOJIE/Ib 3KMAHOBCKOrO THIA € YYETOM CTpaTH(HKaluu
BOJ NpPH NMOMOIM 00BeIMHEHHA JBYX MOJENEeH 3KMaHOBCKOTO THIIA.
OnHa ¥3 HAX ONMCHIBACT STWIMMHHOH, A APYTaf — IEIIOJIMMHMOH.

OTH Mojend NONYYWIH pacHpoOCTpaHeHHe JUIi ONMCAHHA
OTHENBHBIX YacTed O3epa WIH 03€p C MPOCTHIM penpedoM OHA M
6eperos. :

_ JIna Gaccejina ¢ peansHolf MOpGOMETpPHEH H C YUETOM CTOKA peK
AN. ®ennzenbaym (1960) paspaGoran ruipoIMHaMHYECKYIO MOZIEIIH
pacdera CTAUMOHAPHOH BETPOBOH LMPKYNAHH NpPH IIEPEMEHHOM
3HAYeHHH . K03huUHEHTa BepTHKanbHOro TypOyneHTHOro o6MeHa.
Ilpn H<h w E, <L B ciy4ae Menxoro Mops (o3epa) CKOpOCTbH
TEYEHUH PacCUHTHIBAETCA MO mpocTod ¢opmyne. B atoMm ciydae
a¢ddexT BpameHHs CUMTaeTCA HECYIIECTBEHHBIM. | OpH3OHTANBHBII
TypOyneHTHIH OOMEH He yYMTHIBAETCS; BETEP B  MOJIENH
®enp3enbayma MoxeT ObITh 3aJaH MOCTOSHHBIM 1O MOXY/IO M
HEOHOPOAHEIM Mo NipocTpancTBy. Ha puc. 4.3.2. nokasaH npumep
pacuera TeyeHuid Jlamoskckoro osepa Ha ceTKe C maroM 7 K,
BKTIOYaloeif 326 BHYTPEHHX Y3/IOB, BETEP CO CKOPOCTHIO 5 B 8 M/c
AN pa3IMYHEIX HalpaBJIeHWH 3alaBajicad IO HaGMONEHHAM HA OATH
o3epHEIX ruapoMereocTaHiMAX (OI'MC). Ilpurox ¥ CTOK 3afaHBI Kak
cpeanue MHoronerHue. Ilpumep MHTerpaibHON LMPKYIALMH BOX B
03¢pe MPHBEACH MPH CEBEPO-CEBEPO-BOCTOYHOM BETPE, HMMEIOIIEM
ckopocth 8 M/c. BuIHO HalHIME TPEX OCHOBHBIX KPYTOBOPOTOB:
OHOr0 HHKJIOHANTBHOTO, OXBaTHIBAIOIEr0 LEHTPAILHYIO, 3aNaHyIO H
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Puc.4.3.2. Cxema unrerpam.noit uupkynsim o Jlanoxckoro o3epa

IOXHYIO acTH 03¢pa, W ABYX AHTHUMKJIOHAIBHBIX B CEBEPHOM M
BOCTOYHOM 4¥acTaX osepa. lIpu NpOTHBONONOXKHOM HanpaBIEHHH
BETpa XapaKTep UMPKY/ALHH Pe3Ko oTiHYaercs. C OMOUIBIO JaHHOM
MOZEJTH MOXKHO PacCUMTHIBATH BETPOBBIE TEYEHHA B MlyGoKkmx o3epax
B IICPHOABI PaHHEH IHAPONOTHYECKOM BECHBI H TIO3MHEH OCceHH npH
TEPMHYECKHX YCIIOBHAX, GIIM3KHX K FOMOTEPMHH. :

OTK/IOHEHHE BEKTOPOB TeUeHMH 10 JAHHBIM HaTYpHBIX
Hab/mofeHui OT MOZIEbHBIX cocTarmseT yroa 20-90°, K HenocraTkam
AQHHOH MOJIENIM OTHOCSTCA HENOYYeT HENMHEHHBIX 5QEKTOB, CHIBI
Kopuonuca, 6okosoro Typ6ynentHoro obmena, TPEHHA O IHO H
NPHHATHE 'IUIOTHOCTH O3€PHBIX BOA MNOCTOSHHOM. M, Haxomer,
HEY/IOBNETBOPHTENLHOM NpeacTanigeTcs POPMyna Ans ompeeneHus
K,, ocHoBaHHas Ha HeNoATBEpIMBIIEHCS THIIOTE3e O 3aBHCUMOCTH
KO3 umenTa OT [IyGHHBL H CKOPOCTH BETpa. Ilpn ucnonssosanum
mozeneH mnoao6HOro BuAa HabGMIOKAETCA JOCTATOYHO npocras
KapTHHA TeyeHHii 6e3 5KMaHOBCKOro MOTOKA € TeYeHHeM “Iio BeTpy”
B BEPXHEM M NIPOTHBOTEYEHHEM B HIDKHEM CJIOSX BOJIBL.

Hi
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Humezpanvuvie (Ogyxmeprvie) modenu meyenui. OnucaHue
UMPKY/IALMA BOJ B 03€pax 3HAYMTEJILHO YNpOUJaeTca B Ciydae
pacueTa MHTErpalbHOFO [0 BEPTHKANK nepeHoca Bod. Hccnenosanue
HHTErpaJIbHOH IMpPKyJAlMH BoJ Hadanoch ¢ pabor B.b. lllroxMana
[10 TEOPHH TIOJIHBIX NIOTOKOB. . :

O.A. Anppeepa u JI.B. BopobbeBa paccyuTand HHTErpajbHYIO
uMpKyJIsiaio BoA Jlajoxckoro o3epa NpH HEPaBHOMEPHOM IoOje
BETpA, IMHEHHO MCHAIONIEM HAaNpaBJICHHE C I0Ta Ha CeBep.

Ilpu ucnonp3oBaHHH JMHEHHOH MoxenM Kak Hawbonee mpocTOH
NOJTy4alOTCA HEAOCTATOYHO Y/AOBJICTBOPHTE/BHEIE PE3yNbTaThi I
MHTETrpaJbHOH ckopocTH. HenuuefiHas Mojenb B ciyyae Gonpmmx
CKOpOCTe# TedeHUH M CPaBHHTEIbHO MaJIbiX IIYOHH 03epa 3aBHIINAET
s¢pext TpeHua o AHO. Kak KoMIIpOMHCC MOXET ObITE HCIIONB3OBAHA
KBa3WIMHEHHAA MOJCNB, KOTOPYIO OOBIMHO NPUMEHSIOT Ul pacyera
KojieOaHWii YpPOBHS [IPH IITOPMOBBIX HaroHax H I OLCHKH
UMPKYISUMM TIPM Pa3NHYHLIX 3aBHXPEHHOCTAX nons Berpa. Ovm
roKa3aliy, 4TO 3a cyeT OeperoB H yyera TpeHHs O qHO HabmopaoTcsa
HCKpPHBJICHHE JIMHUH TOKa U Hebospmue BUXpeBble o6pazopanus. [Ipu
HATHYAM BeTpa YKa3aHHOTO HanpaBlieHHsA TedyeHHd (CTOKOBbIE H
BETPOBbIE) ABMXKYTCA B IOKHOH M LIEHTPATbHOH 4acTAX oO3epa IO
LMKJIOHAJIBHOMY KPYrOBOPOTY, a IIPH OTCYTCTBHH BETPa HMEIOT MECTO
cinabele CTOKOBHIE TedeHus, obpasyiolmue OOMMIA LMKIOHAIBHBIH
KPYroBOpPOT ¢ MaKCHMAJIBHBIMH pacxojaMd BJOJNL 3allafHOro H
BOCTO4HOTO 6eperos. ‘

HurerpaibHele MOACIHN € YCIIEXOM NPUMEHAINCh H JJis pacdeTa
INTOPMOBBIX HAaroHoB B o3epaX Onrapuwo H MmuunradH, ®unHCKOM
sanuBe (Knesaunwviti, 1999) u ap. Bogoemax. OnHako, yuuTsiBas, 4T0
GonbuIyi0 YacTh HaBHrallHOHHOTO IlepHoja IyGokHMe o3epa cTpa-
THGULIMPOBAHEBI, NPEANONOKEHAE O IOCTOSHHOH IUIOTHOCTH BOJK
HexoppekTHo. B opMHpoBanuM TeueHmit BaXKHOe 3HayeHHE HMEET
B3aHMHO€ BJIMAHME NOJIEH CKOPOCTH ¥ IJIOTHOCTH.

Jina MHOrMX nDpakTHYecKMX 3afiay TMpEICTaBiseT HHTEpec
H3yYeHHEe TPeXMEpHOH CTPYKTYpHl MONs CKOpOCTH, O0COOEHHO NpH
MOJIEIMPOBABHH 3KOCHCTEM. ' o

Muozoypogennvie Mmodenu. Mopen 310r0 Knacca OBUIM
paspaGoTaHBl JUIA pacdeTa HUPKYIAIMH arMocephl, a 3aTeM HalLTH
NpuMeHeHHE NPH MOXEIHPOBAHAM LHPKYJIALMHA OKeaHa H 03¢p.

PaccMoTpum Hambollee nNpOCTyi0 ABYXCNOMHYI0 MOAEND,
ONMCHIBAIOULYIO BEpXHHIl (MMIMMHHOH) U HIDKHHM (THIIOJIAMHUOH)
CJIOM Y3KOTO 03€pa HIH 3aJIMBa, H MOJIe)Ib, ONUCHIBAIOLIYIO CTPYKTYPY
TeYEHHI 11 TIONEepeyHOro CeYeHHs o3epa.
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Ipoanamuznpyem ABYXCIIOHHYIO TEPMHUECKYIO CTPYKTYPY 03€pa
C XOpowIo MepemMellaHHbIMM 31H- H THIIOMHMHHOHAMH, HMEIOHIUMH B
KOKAOM ~ C10e  HOCTOSHHYIO  TeMmeparypy. MeraluMEHOH

TpencTasnser coGoi GeckoHeuwo ToHkwHi cno#, Ha KOTOpOM
TeMIIepaTypa M IUIOTHOCTh MEHAIOTCS ckaukoM. IIpH 3TOM okasanock,
"ITO TIPH OTHOCKHTENBHO HEGOMBINOM HAKIOHE [HA CYIIECTBYET TeH-
ACHIMA K yBENIHICHHIO PacCTOSHHA NPHGPEXHOro OToKa OT Gepera u
K PaclIMpCHHIO 30HEI MPHGPEXHOr0 NMOrpaHMYHOrO ClIOA. Cpennss
CKOPOCTE TEHEHHH YBEIMIMBACTCH OT BECHBI K JeTy 3a CHer
GapoxmmaHocTy. Henuueiinsie 3pdexTrt He HMerOT Gonbmoro
SHaYCHHA [IPH pacyeTe CKOPOCTH JUIA ABYXCIIOMHBIX MOJENEIH.

Pyc. 4.3.3. Cxema Teuenmit ma HonepeyHoM paspese gepes 03, OHTapHo,
PAacCINTaHHEIX 1O MHOTrocnoliHo# Moaenu Beuuera. adpu Ha rpapuxe —

CKOPOCTH TeUeHMH, cm/c. TlonoXkuTensHEIE 3HAYEHHA — TeyeHMR HampasieHH Ha
YHTATENA.

MHoroyposenHas MOeL BETPOBHIX Tedenuii Gbuia pa3paGorana
Bernerom ans 03. Onrapuo (puc. 4.3.3). UM 6s11a nocrarnena 3anava
BBUICHMTE poimb Tomorpapuu jHa u Geperop u TEPMHYECKOIH
cTparAdukam B GOpMHpOBAHMM TeweHmii. B YPaBHEHHAX
OBWKEHMM  JyId ABYXCIIOMHOH  KHIIKOCTH  YYTeHEI napamerp
Kopronuca u menumeiinsie wiemn. Tewenus BO30yXnatoTcs
TOPHIOHTA/ILHO OIHOPONHEIM BETPOM. Pesynkrathi pacyera B Buue
TNOMHBIX MOTOKOB MOKa3aHBl Ha [PHMEPE TMONEPEHHOTO0 CEYeHHS
o3epa. - :

UMCNEHHBIE SKCHEPHMEHTH C 3TOH MOJEbIO TIOKa3anH, YTo
CIPyKTypa TedeHMHA Kak /14 OAHOPOZHOTO, TaK M Iy
CTPaTHQMUMPOBAHHOrO oO3epa OfMHAKOBa. B MEJIKOBOJHBIX
NpHODEXHEIX palioHAaX NpH BHONEGEpEroBoM HalipaBJIeHHH BeTpa
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OTMEYaeTCd MEPEHOC MacC BOXBI MO BETPY C YCHWICHHEM CKOPOCTH
TeqeHMH Ha  HekoTopoM  (NOpAjKa BHYTPEHHEro  pajadyca
AedopMallHH, HECKONBKO KHJIOMETPOB) paccTosHMH oT Oepera. B
rryGOKOBOIHO# 30HE 03epa HMEET MECTO NepeHOC BOJ, oOpaTHBIH
npubpexHoMy notoky. Ilpu crparmdunmposansoM o3epe mMpHHA
30HBI TipuOpexsHoro moroka (coastal jet) yBenwumBaeTrcs Mo
CPaBHEHHIO C OJHOPOAHBIM BOJoeMOM. IIpH  OTHOCHTEIBHO
HeOONBIIOM HAKIOHE [HA CYINECTBYET TERNCHLHA K YBEIHHEHMIO
paccTOSAHHA NPHOPEKHOTO NOTOKa OT Gepera H K pacIIHPEHHIO 30HBI
npuOpeKHOro NOrpaHUYHOTO CIOA.

Cpennas CKOpOCTh TEUCHHN YBEIHYHBAETCA OT BECHBI K JIETy 3a
cyer OGapoxmHHOcTH. HenuHeilinsie 3¢dextnl He mmeroT Gomsinoro
3Ha4YEHHA TIPH pacyeTe CKOPOCTH JUIS IBYXCIIOHHBIX MOAEIEH.

Tpexmepuvie modenu ounamuxu 600 o3ep. IIpa MoRenHpOBaHHM
NpoLeccOB B KpynHeHmMX o3epax Amepuxu (Bepxuee, I'ypos,
Muuurad, Opun u Onrapno), Esponsr (Jlamoxxckom m Omnexckom),
Asun (bafikan, Hcceik-Kyne) u A¢puxu (TanraHbuka) BakHO
yYMTHIBATH CTpaTH(UKAIMIO BOJ, HAMHYHE TepMobapa, alBe/LIHHIOB
¥ ayHBEJUIMHIOB, BHYTpeHHHX BoiH KenbBuHa, [lyankape u apyrae
3¢ deKTsl, a WA NPAKTHYECKHX PacyeToB HeOOXOAUMO ONpEeNeIITh
BEPTHKAJIBHYI0 COCTABIMIONIYI0 CKopocTH. i 3THX  Ueei
TpeOyeTcs nNpHMEHAT: TpexmepHble Moaemd. Hx  moxso
TIOpa3/AE/INTh Ha AHArHOCTHYECKHE M MPOTHOCTHYECKHE, B KOTOPHIX
Ha NIOBEPXHOCTH BOJOEMA B Ka4eCTBE IPAaHAYHOrO YCJIOBMS 3a1aeTca
MOTOK Temia. PaspaGoraHsl Taxke M NMOMYIIPOTHOCTHYECKHE MOAEIIH,
B HHX Ha TIOBEPXHOCTH 03€pa TeMIlepaTypa BOIbI 3a1aeTC4, a B TOJIIE
BOI pPAacCUYMTHIBAETCA C MCHOJB30BAHMEM YPaBHEHMA IUIA TeIUIa.
CospaHpl Taxke AMHAMMKO-CTOXACTHYECKHE MOJIENIH C YCBOCHHMEM
AaHHLIX HaOmoneHMH W Tak Ha3biBaeMbiii YETHIPEXMEPHBIN aHANM3,
Hanie[IKe NPUMECHEHAE V14 OKeaHa.

OcraHoBBMCH NOAPOOHEE HAa PAAC TPEXMEPHBIX MATEMATHYECKHX
Mozeneid, pazpaboTaHHBIX U1 pacyeTOB AHHAMHKH BOJ O3€p. ‘

HauGonsee pacnpocTpanenne nomywwiH Moaem T. Caiimonca,
NpuMeHeHHble 1 Bemmxux ozep Amepukd, osep JKeHeBckoro
(IlIsefinapus) ® Hecuspen (OumisHmss). Hm  paspaGoransl
AOCTaTOMHO YHHBEpPCAJIbHBIE MHOTOCIOHHBLIE H MHOrOypOBEHHKIE
MozelM B OPOTHOCTHYECKOM M AMATHOCTHMYECKOM BapuaHTaX. B
Mogenax CaliMOHCAa  HCHONIB3YETCA  OTHOCHTEJNBHO  CIOXHAA
napaMeTpH3alis Vs onucaHus TypOyJeHTHOro obMeHa MeXIy ClIo-
MM, PacCUMTBHIBACTCA HHTerpaikHas (yHKIHMA MOJHBIX ITOTOKOB,
onpesie/icHUe KOTOPOH HOCTaTOYHO HENpPOCTO Ijid HEONHOCBA3HBIX
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obnacreii, T.e. WA 03ep ¢ ocrposamu. B mogensx A.C. Capkucsna,
KOJI. Ilemuna u P.A. HM6paesa (1991) mpemnaraercs B KauecTse
MHTErpanbHO# (QYHKIMM MCHONL3OBATE BO3BHIICHME CBOGOIHOM
NOBEPXHOCTH ‘03€pa. ITO yHpolNaer pacyeT s HEOTHOCBAIHBIX
obnacteil W nossonger BepupMIMpPOBATE MOJENL HE TONBKO MO
H3IMEHEHHAM TOPH3OHTANLHON COCTaBNAIOMIEH CKOPOCTH (BEpTH-
KAIBHYIO COCTAB/BIIONIYIO H3IMEPHTh I10Ka OCTATOYHO CJIOXKHO), HO H
A0 3anmuCH KoneGaHWH YpORHA, MONy4eHHOM JMMHOrpagamMu Ha
OCTPOBHBIX, G€peroBeIX CTAHIMAX H Ha ABTOHOMHBIX CTAHIMAX B
OTKPHLITOM O3€pe.

‘Mopensabie pacderst T.CaiiMonca, A.Capkucana, 0.Jemuna u
P.H6paepa, - u- EllseroBolf BHINONHANMMCE ¢ OTHOCHUTENBHO
HeGOJBLIMMM NIAFOM 1O BPEMEHH — ‘OT HECKOJBKMX MHHYT HO
HECKOJIBKHX /IECATKOB MUHYT. BEIYHCIEHHA BesTUCh N0 YCTAHOBIEHHUA,
KOTOpOE KOHTPOJIHPOBANIOCH XOIOM KHHETHUECKOH JHEPruH TeUeHHI
33 BpeMs NOPAAKA HECKOJILKHX CYTOK, T.€. 32 CHHOIITHYECKHIA IEPHOA.
Hna o3ep noj CHHONTHYECKMM IIEPHOAOM TIOHHMAeTCH BpeEMI,
XapaKTepHOe JUIA  METEOPOJIOrMYeCKHX  IPOLIECCOB,  PaBHOE
€CTECTBCHHOMY CHHOITHYECKOMY TEPHOMY, KOTOpPBIf COCTaBIIAET
HECKOJILKO CYTOK.

B Hucruryre MateMaTHkH H 3koHOMHKH PAH (J1.A4.Pyxosey u
ap., 2000) pa3paboTaHa mnpOrHOCTHYECKass MOLENb, C HOMOIILIO
" KOTOpPO# BOCIPOM3BOMMTCA TOAOBas IKJIHMATHYECKas LHPKYJIAIHAA
ry6oKoro crpaTHpHIHPOBaHHOrO 03epa. [iis 3TOH MOENH AOJDKHBI
TOYHO BHINOJHATLCA 3aKOHBI COXpPaHEHHA Terla M Macch. Ha
MOBEPXHOCTH BOJOEMAa 3afaeTCA NOTOK Tema. [IpMHIMNHATEHBIM
BOIPOCOM B MOJIENIAX 3TOT0 THNA SBJISETCH COOIOACHHE MUCKPETHBIX
aHANOroB 3aKOHOB COXDaHEHHdA, YTO HeoOXOQHMO NpM pacuerax Ha
IJIATENLHOE BpeMs, B JaHHOM cCiiydae Ha MHOrWe ropsl. Jlna
NIOJTyYeHH TIEPHOAMYECKOTO peleHHs OLUTH BRITIOJIHEHB! pacueTsl Ha
15 ner u 6onee Ko NOABNEHMA IEPHOANYHOCTH Y KPHBOI TeIUro3amnaca
o3epa. : :

IlpupnexarensHbl Mojeny, paspaGorannnie B KBomom, oxHako
UM  HMCNOJIB3YeTCS JXOCTAaTOYHO CIIOXKHAs IapaMeTpuH3aiusi, B
JactHocTH K-g-Mofienns  TypOyneHTHOCTH, ObecneudTs KOTOpYIO
AOCTaTOYHO 060CHOBAHAO HE NMPEACTABIAETCA MOKA BO3MOXKHBIM H3-
32 OTCYTCTBHA HEOOXONMMBIX 3KCHEPHMEHTAIBHBLIX 3aBHCHMOCTEH
Ui 03ep.

O6meii TeRaeHUMEH NPY YHUCIIEHHOM MOAETHPOBAHMM OKEAHOB
03€p ABIAETCA MCIOJL30BaHHE Bce Oonee MENKHX CeTOK s
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OIMCAaHMA MONCETOYHBIX MpOLIECCOB, TeM Oojice YTO COBpEMEHHBIE
SBM 1o3BOJMIOT 3TO JCTaTh.

TpexmepHas MporHocrudeckas Mofens (OpMHpPOBaHMA IOJEH
TedeHHik 1A Ce30HHBIX H3MeHeHui Gbuta paspaborana E.A.1lpeTopoii
s o3epa baiikan. Ero ucnonb3oBancs NpMHUMIT pacUIEIUICHHA IO
(u3MIECKHUM TIPOIIECCAM, CYIIHOCTh KOTOPOro COCTOMT B TOM, 4TO
CIIOXKHAS 3a/1a4a Npeobpa3oBbiBAach K pemenmio 6onee mpocTeix. B
YaCTHOCTH, PEICHHE COCTOAN0 M3 TpPeX 3TanoB — MEPeHOC IIo
tpackropusM, nuddysms u cormacopande noned. Hcrmonesosanme
METOJIOB pacUIeIUICHHd Y BAapHAIHOHHOTO TNpPHHIMNA IO3BONIAET
HOJMy4HTh 3KOHOMMYHBIA anroputM A pacyeros Ha OBM. Ilo
pesy/nbTaTaM HabmiofeHuil 3a CKOPOCTBIO M HalpaBJICHHEM BETpa,
TeMIlepaTypoii BO3AyXa pPacCUMTHIBAIOTCS THIOBBIE NONA 3THX
XapAaKTEPHCTHK, a HX 4Yepe/oBaHHE M  NPOAO/DKHUTENLHOCT
onpenemsotT MerogoM Monre-Kapro.

B 1980-90 rr. mmpokoe pacnpoOCTPAHEHHE NOMyYWIA IH-
arHOCTHYECKHE M aJlalTAMOHHBIE MOJIEJIH, MO3BOJLAIOLIHE [0 3aJ[aH-
HBIM Ha OCHOBAHHM HaGIONEHMIA OJIAM BETpa, penbeda AHa BoAoeMa
M IVIOTHOCTH BOJBI ONpeAesiATh none tedenuit. CyTs 37T0r0 moaxoaa
3aKI09a€TCd B CHHTE3€ HYHCACHHOTO MOJC/IHPOBAaHMA H JaHHBIX
HabmoxeHMH. ,,YicToe”, WIH NPOrHOCTHYECKOE, MOICIHpOBaHHE M3~
332 C/IOXKHOCTH KOPPEKTHOro COOMIONEHHA 3aKOHOB COXpaHEHMH,
HEOJHO3HAYHOCTH [apaMeTpPH3alliH TOJCETOYHBIX IIPOLIECCOB H
HeaJIeKBaTHOCTH obecrieyeHns Moieiel HabmoICHUAMH TI0Ka eIne He
HalllM IDMPOKOTO NPHMEHEHHI. MerToamka pacdera OCHOBaHa Ha
NOCNEeROBATEIIFHOM MPHMEHCHHM IMarHOCTHYECKHX Hu
IPOrHOCTHYECKHX MOJENel. AnanTala noiei ceg3ana ¢ 6LICTPEIMU
BOJIHOBEIMM Tporecca. B cpemHMX IMpOTaX — 3TO HMHEPIHMOHHO-
IPaBHTALMOHHEIC BOJHBI, HHMOMMPYEMBbIC ITYMOM HCXOJHBIX MoJeH.
[TostoMy BpeMs HHTErpHpPOBaHHs NPOTHOCTHYECKOH  MOJCNH
OTHOCHTE/ILHO HEBEJHKO — IS MOPEH H KPYIHBIX 03€p CPEIHHX
mmpor He Gonee 2-3 cyT. POPMANBHEIM KPHTEPHEM 3aBEPIICHHS
ajanTauMM SBIA€TCA HAYAILHLIA II€PHOJ HHTEHCHBHOIO Criaja
KHHETHYECKOH SHEPrMH, COINpPOBOXIAIOMIMACE 3aTyXaHHeM ee
BOJHOOGpa3HbIX KoNeOaHMif, MPOMCXOAAINMX B CPeJHHX IIMPOTAX
IpMMEpHO Ha HWHEPIHMOHHOH w4actore. HeBsizka mno CKOPOCTH,
IOcTMraeMad B KOHLIE aJalTalid, COBMAJaeT C MOTy4yacMOH B JH-
arHOCTHYECKOM BapHaHTe MOICIIH.
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Mopenn, npumensemble mia wccnenosaHus JMHaMHKH O3ep,
ABJAIOTCH, KaK MPABHIO, MOAM(HMKALMAME MOIENEH IMHAMHKH OKe-
ana. Illupokoe npumenenue MOJyYH/Ia TaK HasbiBacMasd [PHHCTOH-
Ckad MoJlelIh pacieTa B peanbHOM Macmitabe Bpemenu (cM. Belecki,
Shwab, 2000). -

4.3.3. {unamMuaka BoJ KpynsbIx o3ep :

OmsH w3 HemocTarowHo M3yweHHEIX BOIIPOCOB  (pyHKIH-
OHHPOBAHHSA O3EPHOH CHCTEMBI — MeXaHM3MBI dopMupoBaHHa M
YCTOHYHBOCTE TeYeHH i B KpYNHBIX 03epax. C OfHON CTOPOHE aHAIH3
MHOTOYHCIICHHBIX UIMTENbHBIX HaOIONeHHH HAa BETHKHX o3epax
MHPpa CBHACTE/IECTBYET O LIMPOKOM CHEKTPe H3MEHHHBOCTH TeYEHHi
M TEMIIEpaTypbl BOXBI, KOTOPHIi XapaKTepH3YeTCA MONHLUMKIHIECKHM
CHCKTPOM C HECKOJILKHMH JHEPTOHECYLMMH 30HAMH, COOTBETCTBY-
IOIIHM BpEeMEHHBIM MacinTabam CHHONTHYECKHX, HHEPUHOHHEIX,
CEHINEBEIX M APYrHX KoneGanmii (puc. 4.3.4).

C npyroit cropors — nonyuens Pe3yNIbTaThl, KOTOPHIE MOKa-
3BIBAIOT CYIIECTBOBAHHE KBAa3HIOCTOAHHOTO LMKIOHHYECKOIO Kpyro-
Bopora. O6obwmenHbie 3a AIHTENLHBI CPOK HHCTpYMEHTAJILHEIE
H3MCPECHUA TedeHHA 3a 1969-74 rr. wa Jlagoxckom o3epe H

%y PacCyYMTaHHBIE HAa MX OCHO-
00 105 20 10 4 BE IIOBTOPAEMOCTL Hamnpas-
! ' MeHHit W MOAYNS CKOPOCTH
TEUCHHH CBH/ICTE/LCTBYIOT
O npeofnanaHuH B o03epe
IMpKYJIAIMH BOA, Hampas-
JICHHOH @IpOTMB 4acoBoii
cTpenku (pHc. 4.3.5).

Merononormyeckoii oc-
HOBOH MNpPOBOJAMMBIX HC-
ClIeI0BaHMI ABIAETCA KOMII-
JeKCHRIA MONXOX, Mpemo-
JaraloiMi Kak YHCIEHHOE
MOJEIHpOBaHHe, TaKk M
J — a2 2 CBA3aHHYIO C HHM CHCTEMY

fog @, y-1 HeobxomumeIx  HaGmione-
HuH, BKIIOYas THAPOJIOrH-

&

Puc. 4.3.4. Jluneiusi unBaprant CHMMETpHY-
HOH 4acTH TEH30pa CNEXTPANEHOH ILIOTHOCTH
Teqesuit Onexckoro osepa. OTkperas gacrs
o3epa. ['opusoHT H3mepennii 20 M

YECKHE CHEMKH, IOCTAHOBKY
OYHKOBBIX CTaHIM, MeTeo-
Habmonmenus, HabGmoneuns
32 ypoBHeM. B kavectse
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Puc. 4.3.5. OcpenHesnsie 3a auurenbHbi nepuon 1969-1974 1. nanmsie o
TeyeHUAX (HanpaBieHHA H cKkopocTH) Jlanoxkckoro osepa

OMHMAIILHOrO ¢ TOYKH 3peHWs oprarm3aiuu pabor Oacceiina i
HccrenoBadmnii  BeIOpaHO OHexXckoe '03ep0  BBHAY TOrO, 4TO
XapaKTepHbIe pa3Mephl 3TOTO 03€pa MO3BOJLAIH NPOBECTH KBA3HCHH-
XPOHHYIO M TIOBTOpPHEIC CHEMKH HoNeH TEMIIEPaTYpPhl BOAB! Ha CeTKe
CTaHuMit ¢ mmaroM 1-3 KM 3a nepHoJ MEHbIIHH CHHOIITHYECKOTO, T.€.
MeHee, yeM 3a 3 CyTok. B To BpemMA Kak nonoOHBie ChHEMKH Ha
Jlanore, Ontapuo wim baiikane tpebyror 5-7 m Gonee nmmeit. [lns
BLIABJICHHA MEXaHM3MOB (popMHpoBaHms, TpaHchopMary IPoOLECCOB
NepeHoca B KpynHeHIIHMX o3epax Ha OHexckoM o3epe ObUT BHINONHEH
KOMIUTEKCHBIM SKCriepuMeHT “OHero”, He MMeloUMii N0 NONHOTE U
TIPOJOJDKHMTENLHOCTH aHANIOrOB Ha JPYrux o3epax. I'chlonmonanue B
paborax mno BepuduxaiMu pasHooOpasHeIX Mogenell Ha npumepe
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Onexckoro osepa no mnporpamme ,Pa3pe3s” CTHMYJIHpPOBAIO
H3Y4YEeHHEe THAPOJMHAMHKM BOJOEMOB M TMO3BOJIMIO OINpPEAEIHTh
Han6olee ONTUMANLHEIE MOJIE/IM IS 03€p C Pa3HBIMH PA3MEPaMH M
THAPONIOrAYecKHMH pexumamu (Belescky, et.al.,1994).

IlonesHpiMu 1A BepudHKaUMH Mozeneii OKa3aluch Pe3y/bTaThl
Hab/oieHHA He TOJBKO 32 TCYEHWAMH, HO M 33 YPOBHEM 03epa Mo
JaHHBIM METEOIIOCTOB, B CBA3M C TE€M, YTO B MOMAEIAX aAaNTAlHH H
AMarHo3a B Ka4yeCTBE HHTETPAbHOM XapaKTePHCTHKH PacCYMTHIBA-
J10Ck BO3BBILIEHHE CBOGOHOM NOBEPXHOCTH. B TO Xe BpeMs BBIARIA-
muck NpobneMei, CBa3aHHbIe ¢ 06paGoTkoit M QHIbTPalHeil HATYPHBIX
AaHHBIX JUI1 NapaMeTpH3aluMH U Bepudukanun Monenei. Ilpu npose-
JEHHM HCCNenoBaHuii GOPMHPOBAaHHUA TeueHHWi B MacmaTabax oT cu-
HOINTHYECKOro 0 KIMMATHIECKOTO BHINONHAINCEH CIEAyIoLMe pabo-
THI: a) BHE/PCHHE COBPEMEHHBIX METONOB CIEKTPAILHOrO aHANH3a
HaboNeHMI C y4eToM BEKTOPHOrO XapakTepa Npoueccos; 6) Mc-
TNO/Ib30BaHUE METONOB KIACCH(OHKAlMM (CerMeHTaluH, KlacTepH3a-
UMM, HACHTH(HKALHH M T.1.) GH3HIECKHX NPOLECCOB; B) OLEHKA IIPO-
TPECCHBHBEIX H KBa3HCTOAYMX BO3MYINCHMH M B3aHMOCBS3CH pa3HBIX
TMPOLIECCOB; I) BLIACHEHHE BOIPOCOB, CBS3aHHBIX C IOTOKAMH SHEPTHH
10 CNEKTPY; A) OLEHKH [apaMeTPHYECcKOH JyBCTBHTENLHOCTH MOJE-
JIeH.,

Ilpy u3ydgeHMW AUHAMHKM BOI O3epa NPHUMEHAIACH HepapXHs
MoJeliedl, HaYHHaA OT MPOCTEHIIMX B rHAPOAMHAMHYECKOM CMBICIE
KBa3sHreOCTpOQUUECKHX OO Hauboliee MONHBIX, ANANTALMOHHLIX M
NPOrHOCTHYECKHUX, OCHOBAHHBIX Ha ,JIPUMHTHBHBIX” ypaBHEHMAX

apwkenud  (Capkucan, W np., 1986). VYpaBHeHMA OBHKEHHS,

HEPa3pEIBHOCTH M COCTOSHHA paccMaTpuBamHch B pasgene 4.3.1.
['pasu4HEbIe yCIOBHA MOrYT 33aBaThCA B CHEAYIOMIEM BHASH"
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Bono nokazaHo (Jemun, Punamos, 1989), 4To B HEKOTOPBIX
cydyasX NpHMEHEHHe HENONHBIX ypaBHEHHH (C HCKITIOUEHHEM,
npeanonoxuM, napamverpa Kopuonuca, HenMHEAHBIX WICHOB HIH
rOpU3OHTAIBHOrO TypOy/NeHTHOro ofMena) MPUBOAMT K HeEaJieKBaT-
HpIM TpHpORe pesynsraraM. B ocobeHnocTd 3T0 CBOMCTBEHHO Uis
CIOXKHBIX C TOUKM 3penus Tomorpadmu Gaccefinor (Puiamos, 1991;
Filatov at.al.1989). IMostomy mis Onexckoro M Jlagoxckoro osep
NPUMEHANHCE MOJENH BBHICOKOTO YPOBHS, OCHOBAaHHEIE HA CHCTEME
NONHBIX, HEYNpPOIUEHHKIX YpaBHeHHN reodu3HYecKod Iuapo-
nuHamukH. Tlockomsky OOBIMHO  HCMONB3YIOTCA  OAHHAKOBbIE
HCXOJIHBIE  ypaBHEHMs reodusHyeckof  IHAPOJHHAMHKH, B
GONBINMHCTBE = CNMydaeB JOIyCKanoch BaphbHpOBaHME = KpAaeBHIX
yCJIOBHH, B CBS3M C 5THM padiMyMe TaKkux MOAeneH 3aKmoYAeTCA
rMaBHEIM  00pazoM B MeToZax MPOCTPAHCTBEHHO-BPEMEHHOMH
JUCKPETH3AUMH HCXOMHBIX AHdepeHIManbHEIX ypaBHEHHA H B
cnocobax mnapaMeTpM3alMM NOACETOYHBIX npoueccon.j Bri6op
xoaumenTor TypGyneHTHOrO ob6MeHa OCYUIECTBIIUICS HA OCHOBE
uMelolmuxca Aanakix (Puramos, 1983; Murthy, Filatov,1981), Ho nns
JMarHOCTHYECKUX H aJanTaldOHHBIX MOZend HX BeIbop He uUMen
NpUHUMITHAEHOTO 3HauyeHHA. Pacuersl Ha JHArHOCTHYECKHX H
ananTaioHHeIX Mojenax (Jemun, Hépaes, 1989) npoBoxuince ana
BO3BBILIEHHUS CBOOOAHOM NOBEPXHOCTH BOAKI.

Janee npuseaeM pesynbTaThl aHanM3a [MoJieH TeYeHMH,
TEMIIEPATYpPH BOABI [0 JAHHBIM JHATHOCTHYECKOTO MOJICIINPOBAHMA,
nanpeix HK-Habmonesmii ¢ camonera naboparopud, a Talkoke
cuyrnuka HOAA 3a 1969-1989 rr. mis BeceHHero mepuona. Ilpu
Tepmobape B Mae—HIOHE CKa3bIBAETCSA NpeqhIalaHHe LMKIOHHeCKOM
LMPKY/SIMM BOA B cTpaTH®HUMpOBaHHOH obnactH Jlamoxkckoro H
Onexckoro ozep. ITo gaunniM perymsphbix 20-neraux HabmoneHui
CO CHYyTHHKOB H camonera-naboparopu Obuia onpeseneHa
NOBTOPAEMOCTb, BpeMs TEHEPallHH, pENAKCAIMH 3KMaHOBCKHMX
NPUGpPEXHBIX ANBEJUIMHIOB H HMX MECTONOJIOXKEHMA UI1 PasHOro
KOMIUTEKCA = YCNIOBHMi:  CHHONTHYECKOH  CMTyalldH, CE30Ha,
ocobeHHOCTel cTpaTHQHKALMH BOA.

JleroM UMpKyJALHS ‘BOA CTAaHOBMTCS HeycToiumpol. Ilpm
H3MEHEHHAX MOJIA BETpa ¢ CHHONTHYIECKUM MacinTabom Habmonaercs
CHHXpOHHAs TepecTpodiKa IONeH TeMIeparyphl BOXBLI M CKOPOCTH
TeyeHuit. OTH COCTOAHHMA TEPMOIHMAPOAMHAMHYCCKMX MOJAEH 110
aHanordm ¢ armocdepod Hazopem “rorofioii”. CocToaHHA,
OCpe/IHEHHEIE 3a Iepuo/l GONBLINH CHHONTHYECKOrO — CE30H, OB
WIH MHOTOJE€THHM MepHod — Ha30BEM  “KIMMaTHYECKOH”
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uMpKysauen Box (pHc. 4.3.6.). CBoeo6pa3zHsIM HHAMKATOPOM CMEHBI
THOPOJIOTMYECKOM HOrofibl BBICTYNAIOT 3KMaHOBCKHE NpHOpexXHbIE
ansejutiard  (OITA). B onpegenesHsie nepHoasl OHH - MOTYT
oxsathiBath A0 20-30 % axsaropmu ozep. IlpomomkurensHOCTh
JKHM3HH SKMAHOBCKHX NpHOPEXKHBEIX AaNBE/UIMHIOB  COCTABJIACT
HECKOJIBKO CYTOK, @ MpPOLECC HX 3BOMIOUHH MOXET OBITh OIHCaH
‘Tpems ¢asamu: reHepauHs, YCTaHOBEHHe, penakcanus. [Ipayem npu
cmene (a3 Habmopaercs nepecTpoiika LMPKY/ALMH BOX B O3€pe.
HabmoneHus ® 4HCIICHHBIE 3KcriepuMeHTHE Ha OHexXckoM H
JlapoxxckoM oO3epax ITOKa3biBalOT, YTO 3KMaHOBCKHE NPHOpPEKHEIE

a ) 6 8

Puc. 4.3.6. Cxema uHTerpansHoif udpKymauwm Boj Jlazoxckoro ozepa mis
PasNMYHLIX CE30HOB TOfa IO JaHHEIM MHOTOJCTHHX HaOmoaeHMH cO CIyTHMKOB,
camoiera ¥ MOICIHPOBaHHMA Ha IMArHOCTHYECKOH Moxemn: ! — HanpaBneHue
IMPKYJIALMH BOJ, 2 — HANpaBIeHUE CKOPOCTH BeTpa HO JAHHEIM
THAPOMETEOCTAHIMA
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anBeJUTHHTH BO3HHKAIOT CITyCTA HECKONLKO 4acOB 110C/Ie BO3ACHCTBUA
peTpa OIPEEIeHHOro HANpaBIeHHs, MPONO/DKATENLHOCTHIO ‘Gonee
0JIOBHHBI HHEPLIHOHHOTO NEPHOAA.

B seTHH#i nepHon B oO3epe HauMHaeT (POPMHPOBATLCA
ABYXfYeHKOBaA WHDPKYJALMS BOZA, OTIMMTE/]BHOH - 0COOEHHOCTBIO
HocyienHeil ABILETCA HAIMIHE Y3KHX, NOpA/Ka COTeH METPOB BAOJB
feperoBbIX MOTOKOB M (onee IIMPOKOro, HO MeHEe WHTEHCHBHOTO
BO3BPaTHOTO TEYEHHA B TIIIyDOKOBOAHOM HaCTH 03epa. Mpopon-
KUTENLHOCTb ()a3bl reHepaliy 00bIYHO COCTABISET HECKOIBKO CyTOK.
3a 3TOT MEPHON TeYeHHs B O3epe BBIXOJST HA CTALMOHAPHBIH
ycraHoBuBLIeHcA pexum. Oco6EIi HHTEPEC BEI3HIBAIOT CITyHaH, Kora
o1 BO3NEHCTBHEM CHIBHBIX BETPOB CO CKOpocThi0 Gonee 5 M/c
TEPMOKJIMH BBIXOAMT Ha IOBEPXHOCTE H obpazyerca QpoHT
anBesurunra (puc. 4.3.7).
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Puc. 4.3.7. PacnpenesicHMe TEMIEPaTypH H TedeHHH OHexckoro o3epa Ha
ropusonTte 10 M B JICTHHHA NEPHO IPH ANBEIUTMHTE. Ho nammem HabmoncHuH 1

PacycToB Ha JUATHOCTHYECKOH MOJACITH

PasmpiBanuMe W/HIHA TI0JIHOe pa3lpylleHHe TEpMOKIMHA Ha
3HaYMTENLHOM YacTH O3ep B NPOLECCE anBeJUIMHIa MPHUBOAMT K
YCHWICHHIO BOJOOOMEHa MEXIY MOBEPXHOCTHHIMH M TTyOHHHEIMH
CTOAMHM 03epa, CIEACTBHEM Hero ABIAETCS “BEHTHISUMA TONIM BOA
M HacBHIICHME €€ KHCIIOpPOAOM, a Takke nepepacnpeleicHme
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OHOreHHsIX BemecTs. Takum o6pa3oM, NpUOPEKHbIE aNBEUIMHTH
ABIAIOTCA  BAKHCHIUIMM  3IEMEHTOM, ONPEAC/IAIOMHMM  (YHKUM-
OHHMPOBAaHHE IKOCHCTEMBI GosIbIIOro o3epa. e

Ipu ocnabnenuu uiH npexpamenny Berpa HaYHHAeTCS npouecc
penaKcanuy SKMaHOBCKHX NPHOpEXHBIX aNBEIUIMHIOB, B PE3yNbTaTe
KOTOPOro HaGNIOAaeTCH BOCCTAHOBIIEHHE TEPMOKIIMHA H OC/ablienHe
TIPOLIECCOB OOMEHa MEXITY SMM- M IMIONMMHHOHAMM. I'pajueHThI
TeMICpaTypbl BOABI 'Ha TNOBEPXHOCTH BO (POHTE aINBEJUIMHIA
cocraraioT 0 2,50 °C/km. Lupkynsuus Box B o3epe B 310T nepHoj
COCTOHT M3 HECKOJIBKHX KPYrOBOPOTOB, Hau0oJiee 3HAYHTE/BHbIC U3
KOTOPBIX HOCAT LMKIOHMYECKHH - Xapaktep. OpPOHT alBeJUIHHTA
TPOABHraICA BHONL . BOCTOYHOTO .:Oepera o3epa Ha ceBep B
HalpaBjiecHHH PpACHPOCTpaHEHMA BONHBI KenkBuHa, BeITeCHAs
XONOAHYI0 BORY, MOCTYNHBUIYI0 B BEPXHME CJOM 03€pa NpH
ansejivhre.  IIpn  aTOoM  oTmeuaerca  TeHmeHIMA  ycwieHHs
LMKIIOHHYECKOH IHPKYIALMHM BOJ, OXBAaTHIBalomlell GOMBIIYIO YacTh
o3epa. B neHTpansHOi 4acTh osepa B pesynsTare MEaHIPHPOBAHUSA
¢ponta amBennmumra obpasosancs IMKIOHHYECKMH BHXph C
TOPH3OHTANbLHEIMH pa3MEPaMH OPSIKA HECKOIBKHX KHWIOMETPOB.

Ilpy penaxcamum anBe/TMHra NPOMCXOZMT BOCCTAHORIEHHS
KynoJa XonoaHLIX BoA. Beneacteue sroro B riepuon crparuduxarym
B OHEXCKOMH 03epe KaK H JIpyrHX KPYIHEIX 03€pax: AMepHKaHCKHX
BesHKHX (Bennett, 1978; Csanady, 1977); Baiixan (Hohmann, Kipfer,
atal. 1997) cymecrByer ycroifuMBas TeHmeHIMs dopmupoBanna
UMpKYNIALUMK BOA LMKIOHMYECKOro THma. OTa TEeHAEHUHA Oyaer
TIpOABNIATECS NpH Gosblem MacTabe OCpe/HEHHA MONS TedeHwmH,
YeM CHHONTHYECKHIA,

4.3.4. HexoTopble 3aK0HOMEPHOCTE B3MEATHBOCTH
AMHAMBKH BOX B PA3HOTHHHLIX 03pax

B xpynmmeix ray6okmx osepax, mmeromux NpOCTPaHCTBEHHEIE
macmrabsl L> R, rae R, — BHyTpennmii panuyc medopmarmuu
PoccOH, MOMHHMPYIOT HpOLECCH], BpeMeHHBIE MACIITAGH! KOTOPBIX
Oonbie HECKONLKHX CyTOK H GIM3KH K JIOKIBHOMN HHEPLUHOHHOMK
9acrote ~f, mug cpeanux mmpor (@ = 40-60°) 5TH BpeMeHHbIe
MacmrTabhl cocTaBisior 14-17 4. S

Jns H3ydenns ocobeHHoCTel THIPONHHAMHKH 03ep HaMH ORLTH
HCC/ICNIOBaHE! PAJl 03¢P, OTIMYAIOUIMXCA 110 CBOH NapaMeTpaM. Ilpn
3TOM OBLIH TIPOBEAEHBI KaK H3MEPEHHME HA ABTOHOMHBIX 6y#HKOBBIX
CTRHUMAX, TaK M MojemupoBanue. [IpuMenancs mmpokmii kiacc
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Mmojieiiel (JTAarHOCTHYECKHE, aNaNTalHOHHEIe, POrHOCTHYecKKe). B
tabn. 4.3.3 mnpenacraBiaeHbl HEKOTOpLIE NapaMeTphl HCCHEXYeMBIX

o3ep. B

Ta6mma 4.3.3. XapaxrepHnie paimepst liccnenyenux 03¢P ¥ OMEHKH
$a3onoli cxopoctn B paauyca nedopmannn Pocchn

Pazme; Cpennsis ®a3opas CKOPOCTD
[ O ntli)\?’ ' rn§'6nna, H panuyc aedopmaruu PoccGu
M .
6apoTponHas 6apoK/IHHHAR
Cy, M/c o 1 Cy,Mc | R, xm
anoxckoe | 200x1 .51 22 7220 7 016 ] '2-5
Onexckoe 100x30 30 18, 180 O,I_f 24
bonsmo# 30x25 25 14 40 0,08 137
Cenan, - ] |
ApMenus
Hecuspsy, 15x10 15 20 100 . 0,14 2-5
Ouus ’
](pacﬂoﬂel,m‘l Tx1 - 10 10 100 0,04 0.5-1
Kapemcxuit
nepemeex,
Poccua
PribuncKoOE 40x20 8 9 90 0,03 1,0
BOZOXPAHHITH ,
e,
Poccns

W3 tabmuiel MOXHO CHENAaTh BBIBOA, YTO B O3epax BpPSM JIH
BO3MOXKHO CyllecTBOoBaHMe GaporpomHkix BonH PoccbH, Tak Kkak
6aporponusiii panuyc medopmamuu Pocc6r conocTaBMM C xapak-
TEPHBIMM TOPH3OHTAIBHBIMH pa3MepaMu  BoJOeMa, a cbgsonme
CKOPOCTH  CTPaTHQHUMpOBAHHLIX JBIDKEHMH B NPHGpexkHOH 30He
JOCTaTOYHO MaBl H COCTABIIAIOT IS BOZOEMOB Pa3sHbIX pa3MepoB 3—
14 cm/c. IlpubpexHbie cTpaTHQHIHPOBAHHEIE JBHKCHHMA COCpe-
ROTOYHBAIOTCA MO NPHBEACHHBIM OLEHKaM GapOKIHHHOro pajHyca
Aedopmauuu Pocc6u Ha paccrosrmm 0,5~5 km ot Gepera.

ITox nmpubpexoil 30HOM, BBHAY OTCYTCTBHA CTPOIrOro ee omnpe-
AeNeHMs, IPH PacCMOTPEHHM rHAPOIHHAMMKH o3¢p GyaeM moHMMaTh
o6nacts, B KOTOpPO# CYIMECTBYIOT BHYTPEHHHE BOJHBI Kem.mm?, 3a-
XBadeHHsie Web(OBBIEe BOXHEL, NprOpexHsIH notok (coastal jet) ¢
OTHOCHTE/IEHO BBICOKOH ckopocThio. Illwpuny 3T0#t 30HEI YCIIOBHO
CYHTaloT paBHOi Ry, B JETHHH NEPHOX OHA COCTABRJISET HECKOJIBKO
KHJIOMETPOB U BapBHPYET B 3aBHCHMOCTH OT HaKioHa lienbda H Xa-
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paxTepa cTpaTH@uKaUMK. B OTKpEITOi HERTpaNLHOMN YacTH o3epa 3~
MEH'YHMBOCTb TEYCHHH M TeMIlepaTyphl BOXBI BHI3BaHA B OCHOBHOM
BHYTPHBOJHOBLIMH [BIDKEHHAMM THNa BonH [lyankape. B npuGpex-
HO 30HE 3TH BOJIHE! BCTPEHAIOTCA PEIKO, TAK KAK IIECh CYIECTBYIOT
CHIBHEE TeeHHS, HaGMIONAOTCA PEBEPCHBHEIE NOTOKH M JOMHHY-

PY10T Ge3pucriepcHele Boips Kestspuma, KOTOpbI€ pacnpOCTPAHAIOTCH

B0j1s GeperoBoif UMM NPOTHB YacoBoli cTpenku. B xpynHsix riy-
GOKHX O3epax B HMIKOYACTOTHOH 0ONACTH CIeKTpa OTMEYalOTCH TaK-
xe GapoTpomHbIe TONorpadHyeckue BOJHEL, NEPHOIL KOTOPLIX MOXET
MHOTZia GBITH 630K K TMepHONy BHyTpeHHnX BoinH Keabeuna, B 3a-
BHCHMOCTH OT HakIOHa JIHA U G€peroB CKOPOCTH PacnpOCTPaHEHHS
BonH Kenseuna m Tonorpadmueckux somn MOryT He coBmajgars. B
NpHGPEXHOA 30HE KPYIHLIX riIy6oKmx 03ep B BEPXHEM CJIOE IIPOSB-
JBIOTCA CYTOWHBIE KOJNeGaHMA pajIHALMOHHOTO NPOHCXOXeHHS. B
06nacTu YacToT @ > f oTMeualoTCA KoNeGaHK ¢ YaCTOTAMH, KPaTHEI-
MH ©, CBAAHHEIC CO CTOSTHMH BHYTPEHHHMH BOJHAMH, IIEPHOR KO-
TOPBIX MOXET GbiTh GIM3OK K NEpHOXY GapOTPONHBIX CTOSIMX BOJH.
ITO TAK HA3EIBAEMbIC BONHE IIEPBOIO pona. BHyTpennue ceitinu Bro-
POTO poJia HMEIOT MEPHO, B HECKONBKO pa3 Gonbimit, uem NoBepXx-
HocTHble (Marununa, 1966), Ho 61u3KyI0 K NOBepXHOCTHEIM UTHHY
BONHEL. B o3epax, pasMepbl KOTOPHIX MEHBINE HECKOMBKHX R, ¢
ry6usamu H < 10 M BonmbI Ilyanxape Beipaxens! cinabo u CymecT-
BYIOT B T€4€HHE BCEr0 1-2 HHEPIHOHHBIX NEPHOOB. _
~ JluHaMHKa 3j1eMeHTOB CNEXTPaNnbHOH CTPYKTYPH TEHeHHil
PasHOTHIHBIX o3ep Gputa IIPOaHATH3HPOBaHA C MpPHMEHEHMEM
annapara TEOPHH HECTAUMOHAPHBIX ClTydaliHBIX Oymxumit,. K
TPHHIHITHATLHLIM MOXKHO OTHECTH CHERYIOHIHE BLIBOZH O CHEK-
TPaIbHOH CTPYKType TeueHHii: :

1. AMIIMTY R OCHOBHBIX 3HepreTHYeCKHX KoneGarmii MeHseTcs
BO BPEMEHM C CHHONITHYECKHMM TIEPHOOM.

2. CreneHs aHH30TPONMH OCHOBHEIX 3HEProHeCYIIHX KojeGaHuit
BO3pacTaeT ¢ yBEIMEHHEM 3HEPIHM KoneGanuii,

3. Ormeuaerca HexorepeHTHOE H3MeHenMe SHEPTHH OCHOBHBIX
Konebanmii. '

B vacTHOCTH, dasoBre caBAIrM cHHOIMIECKIX U HHEPLMOHHEIX
ABIDKEHHH yKa3HBAlOT KOCBEHHO Ha BO3MOXHBIC HEJIMHEHHBIE B3au-
MONEHCTBHA MEXAY CHEKTPAIHHBLIMH COCTaB/IIOIMMH; HMEET MECTO
»[ICPEKAYKA” IHEPIUH U3 ONHON o6nacTH CHIEKTpa B PyTyIO, HANIPH-
MEp, NPH OC/NA0/ICHHH CHHONTHYECKHX H HHEPLMOHHBIX IBIDKECHHI
YBEIMHBACTCA SHEPTHA CYTOYHBIX Ko/eGanMil. B BHICOKOTaCTOTHOM
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061acTH CIIEKTPa MPH ® > f HET OTHOCHTENBHO NMOCTOAHHbIX MAKCH-
MyMOB. 3/IeCh CIIEKTPbI TEMIIEPATYPEI BOABI H Bep’rm;anbﬂbrx cmelne-
HHUi TEPMOKIHHA aNNPOKCHMHPYIOTCA HakioHoM o (a =1,7-2,5) u
COTTACYIOTCS C MORENbIO BHyTpeHHMX BojH I'appera—Manka ma
OKeaHOB, HO YPOBEHb HX SHEPTHH JUIX 03€p CYLIECTBEHHO MeHEIIE 5.
B 3UMHHH neproj KMHeTHYecKas SHeprus konebaHui teueHmit B cu-
HOIITHYECKOM M Me3omacuiTabax NoyTH Ha NMOPANOK MEHbIIE, YeM B
nepHojl JieTHeH crpamxbmgauun, YTO yKasbIBaeT Ha BaXHYIO POJIb
BHYTPHBOJIHOBEIX JBUJKEHHH B 03epax.

4.3.5. O Bepapaxanan queneii TeYennH

B Hactosmiee BpeMms pa3paboTaHa HepapXHsi MaTeMaTHYECKHMX
Mojie/ieil TEePMOTHAPOJAMHAMHYECKHX IPOLECCOB, OMHCHBAIOHMINX
IMHPOKHUI CHEKTp ABJCHHH, NPOHCXOMAINMX B PEalbHBIX BOJIOEMaX.
He Bcerma ypmaercs OJHO3HAYHO HMHTEPIIPETHPOBATh pPE3YJILTATH
YHCJIEHHBIX 3KCIEPHMEHTOB M OUEHWTh WX IO JAHHLIM HAaTyPHBIX
nabmoneHuii.  Ycmemmsoe — pemeHde  3aNaud  BepHHKALMH
MaTeMaTHYEeCKHX MOJIeJeil 3aBUCUT OT YETKOCTH TOCTAaHOBKH 3afayu
H SCHOTO OMNpe/e/IeHW! MOHATHH, KOTOPBIMH - ONEPHPYIOT NpH
BepU(MKAIIMH, OT TOrO, B KAKOM BHJIE NPECTARIAIOTCA HaOMOAeHNA,
TIEPUON MX OCPEHHEHHMA M CrocoObI QMILTpauMH [UIs CpaBHEHHS C
pesynbTaTaMHd  YHMCHEHHBIX JKCIIEPHMEHTOB. le-lmumv nepuqm:
LMPYEMOCTH PacCMaTpPHBAacTCH, BO-TIEPBEIX, KaK KPHTEpHH HaydHOM
OCMEICTICHHOCTH B 3TOM Ka4eCTBE OH MOJVICKHT aHANH3Y B paMKaX
OHI0CO(CKHUX KaTeropHii, a BO-BTOPHIX, KaK KPUTepHil MCTHHHOCTH
WM JIOKHOCTH HpPEACTaBJICHHA, MOTy4eHHBIX Ha MOJeNaX.

Cornaco ¢miocodcKUM olpeNiejieHHIM, HH OIHA TEOpHA He
MoXer OBITh 3MIMPHYECKM MpOBepeHa ImyTeM mnepebopa Bcex
BO3MOXHBIX ciry4aee. Hexoropsie drnocodsl nerranuch pa's,?aéma'rb
KPHTEpHH OLEHKH HCXOIS M3 BEPOATHOCTH €€ ,,MCTHHHOCTH” B CBETE
HUMEIOAXCA JKCIIEPHMEHTANBHEIX JaHHBIX. Tak pa3pabareiBanack
CHCTEMa HMHAYKTHBHOH JIOTHKH, KoTOpas Mo3pomwia  Obl
HCCIIEIOBATEN0 C MAaKCHMAaJbHOH OOBEKTHBHOCTBIO AeNarh BHIOOP
MEXIY CONEPHMYAIOUIMMH TEOPHAMH M CHCTEMaMHM OOBbACHEHHIA.
PaspaGorka Taxoif JIOTHKM NOQTBEPXKACHHS HATANKHBA/IACH HA J(BE
TPYAHOCTH: HepBas Obula CBfA3aHa CO crocofoMm ompenesex
NOAXOMAIMX TNPOBEPOUHBIX MCHBITAHMIA IS PacCMAaTPHBaeMOMi
THMOTE3Bl, a BTopai — ¢ pa3paborkoii HHJYKTHBHBIX MpaBii, C
MOMOIIBIO KOTOPHIX MOXKHO Obuio OB TipHITMCaTB 3TOM rUnoTese
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HEKOTOPYIO CTeneHb mnoareepxkneHHocTH. O6e 3TH 3ajayu Tak U
OCTAJIHCh /10 KOHIIA HE peIleHHBIMH.

CywmectByer Talke ,,0MXeBHOpHCTCKas™® TOYKA 3pEHHA Ha
npobneMy BepHQHKAaLMH, COMIACHO KOTOPOH = TpHHATHE MM
HENPUHATHE THIOTE3B — 3TO CKopee jieo yOexaeHHus, YeM JIOTHKH.
Iponeypa BepHHKALHY SBNAETCA THIIL 3BeHOM B CHCTEME IIPABHIL,
KOTOPYIO NPH3HAIOT KaK 4acTh Npeobanaroieil napaaurmbl CHCTEMBI.
3HaHMH, TOITOMY NPHXOLHTCA 3aHUMATHCA JHIIL TEMH 3a/la4yaMH,
KOTOpbl€ MOryT OBITH pelieHbl B paMKaxX JaHHOH CHCTEMBl NPaBHIL.
»lonTBepxaenne” JOCTHraeTcs myTeM HCITONIb30BaHUA
OMpeNENeHHbIX 3BPHCTHYCCKHX INpaBUN. OTH IpaBHia YCTaHaBIM-
BAlOTCA B COOTBETCTBHHM C CHCTEMaMHM 3HaHMH, CyIECTBYIOMIMX Ha
JaHHOM YypoBHe. TpynHocTH BepH(MKALMH COCTOAT B OTCYTCTBHHM
CTporoii HHXyKTHBHOMH JIOTHKH J0Ka3aTeJbCTBA HCTHHHOCTH MOJE/H
(runote3snl). IlosToMy mpouecc BepH(HKaMHM 3aBHCHT OT YETKOrO
NpejCTaBlieHHs O TOM, YTO AaHHasd MOJENb OIMCHIBAET H YTO
NOJY4aeTcd B XOJA€ HATYPHBIX SKCIEPHMEHTOB, T.C.' 3HaHHE
3aKOHOMEPHOCTEH, B YaCTHOCTH, MCCIJIELYEMBIX HaMH AWHAMHYECKMX
MpPOLECCOB, NOMYYEHHOE B pe3yJibTaTe aHanmu3a MHOTOJICTHHX
HATYPHBIX HabmoleHMH IyTeM H3y4eHHS OLEHOK BEPOSTHOCTHBIX
XapaKTepHCTHK TeYeHHH IpH pa3sHOM KOMIUIEKCE YCJIOBHiA,
no3ponmwio obocHoBaTe BHIOOp NepHona OCpeIHEHHS HaHHBIX M
METO0B (PHIIBTPALMH OTIPEAENICHHBIX BHAOB JBIKSHMH.

ITpu Bepuduxanuu Monened BAXHO HMETh COOTBETCTBHE MEXIY
NPOCTPAaHCTBEHHHIMM H BpeMEHHBHIMM IIaraM IpH YHCICHHBIX
pacuetax. Tak, NOCTaTOYHO Manbiii BpPEMEHHON IIar YMCICHHOMH
monemd ¢ < 10-30 MMH npu AMarHOCTHYECKMX pacyerax Jaer
BO3MOXHOCTb OMHCATh (TIPH COXPAHEHHH COOTBETCTBYIOIIHX WISHOB
B ypaBHEHHAX  [BIDKCHMH) WHepIMOHHBle  KosebanHmd, a
MPOCTPAHCTBEHHBI mar, IPH KOTOPOM BHINOJIHEHB! PACYETH], PABHBIH
5 wm 10 xM, He NMO3BOJIIET OIMCATE 3TH )K€ [JBIDKEHHS, TAK Kak
XapaxTepHble FOPH3OHTAJIBHBIE pa3sMepbl STHX KosieOaHuH TedeHMi
coorBercTByror 1 kM. Ha puc. 4.3.8. mokazaHbl H3MepeHHEIE NONA
TEMIIEpATypel BOALI HA IOBEPXHOCTH OHEXKCKOTo 03€pa M pacyeTsl
TE€YEHHH Ha IHArHOCTHYECKOH MOAEITH.

CnumkoMm 6Gonsmolf mar cerku (nopsaka 5 xM u Gomee) He
HO3BOJIET Ppa3peluuTh NpHOpEeXXHYI0 30HY, HMEIOINYIO0 YCJIOBHO
pa3Mepsl 6apoxmHHOro paauyca negopmaruu Poccobu. B kpymHbix
CTpaTHQHIMPOBAHHBIX 03€paX B IEPHOJ MMAPONIOrHYECKOrO JIeTa OH
COCTaBJAET HECKOJBbKO KwroMeTpoB. Takum ofpasoM, He ynaercs
OlHcaTe KoppekTHO OapoknuHHbie BOJNHBEI KenbBHHA, TEeYEHHA,

TEPMO-THJIPOOU3UYECKHE IMPOLIECCHI B O3EPAX 83

velproac™

RIPPPIEE LD

P
s s qe

Puc. 4.3.8. HamepeuHsie mons TEMNEPATYpHl BOAW HA MOBEPXHOCTH Onex-
CKOT'0 03€pa M PacdeThl TCUCHHA Ha JUArHOCTHIECKOH MOJIEIH

CBs3aHHblE C NPHGPEXHBLIM MOTOKOM (coastal jet) M TedeHus B y3KOH
¢ponTansHO#M 30HE TepMobapa, B TO BpeMs Kak B IIPHBJIEKAEMBIX JUIA
BepHOMKAIIMH HATYPHBIX JAaHHBIX OTH OCOGEHHOCTH HAXOMAT
OTpaXKeHHE.

B CBs3 ¢ 3THM 14 CpPaBHEHHs pe3y]bTaToB TpebyeTcs myyinee
paspelieHHe ceTodHOM o6nacTsio NpubGpesHoii 30HH. B Hacrosmee
BPEMA VI KPYNHBIX [TyGOKOBOJHBEIX O3€p HAWIy4Yllee paspellieHHe
NPY HCNONB30BAHMM NAaHHBIX HabGMIONEHHI 3a NONIMH TEMIEPaTyps!
nomyyeno s OHEXCKOro 03epa, IJ€ NpPOCTPAHCTBEHHBIA IIar
m3Mepenuii coctant 4 kM. s 03. Cepal mar ceTkd Gbut 1 KM, HO
IpH 5TOM HaJA0 y4ecTh, 4T0 OHO B 9 pa3 no IIomajgH MEHbHIE
OHeXCKOTO, a HHTEPIOLUMA 3HAYCHMA TeMIepaTyphl BOJBI
BHITIONHAIACh B CETOYHBIX oOMacTix Bcero mo 2-3 fecsTkam TOYeK
Habmopmenuii, B TOo BpeMa Kkak mis Omexckoro o3epa
HenocpeICTBeHHEe HabMOJEHHA TeMnepaTypl BOJbI MOMyYCHB! B
TeYeHHe OAHOM cheMKH (T.e. 3a 1 cyT) s 248 todek (puc. 4.3.9).

[o pe3y/sTaTaM TaKHX MOJPOOHBIX U3MEPCHUH YAAIOCh OLICHHTD
Me3oMacIuTabHble CTPYKTYpbl, BBISBHTL HeGonblmMe BHUXPEBbIC
HEOJJHOPOXHOCTH.

ITpu Bepudukalyy pacyeToB TedeHHH OHEXCKOro 03¢pa Ha IH-
arHOCTHYEeCKMX H aJalTalMOHHBIX MOJENAX YYHTHIBAICA ONBIT
BepUMKALHH MOJAEIIEH, HAKOIUIEHHBIA 11 BelHKMX aMepHKaHCKHMX
o3ep. B wyacTHOCTH, NPWHMMAIaCh BO BHHMaHME OTHOCHTE/IbHAS
NpocTOTa NMPKYJAUMH BOJ ©03¢p B mepuod romorepmuu. Tak,
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Puc. 4.3.9. Pacnpenenenus TeMneparypsl BoAsl Ha NOBEPXHOCTH OHEXCKOTO
o03epa 1 Ha ropu3onre 10 M, no pe3yrsTaTaM NoAPoGHOM CHEMKY C TPEX CYA0B

T.CaiiMOHC BBINOJTHH CpaBHEHHE PE3YNIBTATOB PACYETOB TEYEHHI B
3UMHHHA nepuoj Ha 03. OHTapHO, KOra LMpKYJAIMA BOA OIpene-
JIIeTCA B OCHOBHOM IOJIEM BeTpa H peasedoM aHa. B 310 Bpems Her
BmsHKuA 6apoxiuaHOocTH. Ha oqHOM H3 nonepedHsix pa3pe3oB OpuH
ycranopneHsl ABC (aBroHoMHble OyHKOBBIE CTaHIHH) C H3MEPH-
Te/iAMH TeveHuH. IlpudeM Haubonbimee BHMMaHME YHENAIOCH
npubpexHolt 30He o3epa. J[pyrMMH HCCIEAOBATENSMH BHINOTHEHA
BepH(HKaHs MOJENLHBIX PacuyeToB [UIA MEPHOAA TOMOTEPMHM H3
HEPEryJApHOH CeTKe CTaHLHI, YCTAHOBIEHHBIX Ha aKBaTOPHAX O3€p
Onrapuo ¥ Muduran /18 onMcaHMsA JOMHMHHPYIOUIMX B 3TO BpPeMsA
rofa 6aporponHsix Tonorpaduyeckux ABwkeHuit. CxeMa pacCTaHOB-
ki ABC yuuTHBaNa MMeromMecsd CBEJEHHS, IONYYCHHBIE @O
pe3yJbTaTaM aHaIM3a Te4eHu#, maMmepennsix Ha ABC B Bemuxux
aMepUKaHCKHX 03epaX, B OCOGEHHOCTH B CE30H MOJIEBBIX HCCIENO-
Bauui 1972 r. (IFYGL), a Taxke MO pe3yibTaTaM BBIIOMHEHHBIX
paHee YHCIIEHHBIX pacyeTOB TEYECHHH.

Hamu ObDra mocraBneHa 3ajaya OCYLIECTBUTH BepHAQMKaIMIo
pacyeToB TEYCHAN Ha MOJENAX HA JIOCTATOMHO CTpPOrod OCHOBE.
Panee npopeneHHbIe CPaBHEHHS pacCYMTaHHBIX Ha AHATHOCTHYECKHX
M aJlaiTallHOHHBIX MOJENAX TeYeHHH C NaHHBIMM HATYPHBIX Ha-
6aronennit s o3ep CeBan, Jlajoxckoro u HecHsapeu 0CHOBBIBAITHCH
Ha OTHOCHTE/ILHO CiTy4aifHO paccraBieHHOH cetke ABC ¢ mManeIM Hx
konuyecTBoM (5—8), 4ro HEeIOCTaTOYHO I HAAE)KHOH BepH(PHUKALIMH.
Ilpa 3ToM BaxHO ObIIO BHIOpPaTP BOAOEM C XapaKTEPHBIMH

TEPMO-FPIIIPO<DH3H‘IECKPIE TTPOLIECCHI B O3EPAX 85

ocOBEHBOCTAMH, TMPHUCYIIMMHA [HHAMHKE BOA KpPYIHOro rny6og:r1;2
oszepa. B TO e BpeMi pa3MepEl_3T0ro BOZIOEMA J1OJDKHEI Ouire
OTHOCHTENBHO HEOONBLIMMA, yrobpl cOOpaTh CBEACHHA oHOme
TeMIIEPaTypbl B OTHOCHTENBHO KOPOTKHE CpOKH u ycra
romarossi ABC ¢ BO3MOXKHO MEHBIITHM KOJTHYECTBOM cTaHmméomme |
JlajoXCKOE ©03€po, KOTOPOe TMOoYrH B JBa paza ;
OHEXCKOro, GBUIO 1A 3THX ILieNeH HEenpHeMIIEMO, TaK xaxnﬁ
Jlalo’CKOro 03epa TpYAHO 6BLI0  TIOJYYHTh HgMeprmHHOIrm-
TeMIIEpaTyp BOABI 3a NEPHONL, CYHICCTBEHHO MEHBIIMH C Horrrw
4ecKOro, M YCTAHOBHIH IOIHIOHbI ABC c u3MepenueM Te ;m;,
KOTOpHIE T103BOJIATH GBI OMHCHIBATE 0co0EeHHOCTH Teqeoném B g 1; H
He HOIXOAMTH U1 paboT 1o BepudAKALAH ¥ 03¢pa IOLJOVHBIE eB "
u HecuspBd, HMEIOUHE CJIOKHYIO dopMy, xorr%paa cymecm:x:;lM
onpenenser OCOGEHHOCTH [MPKYIAUHMH BOL. cnxznoc T
napbosee NpUEMEMbIM M3 IEPEYHCACHHBIX OKasaloch HEX!
03epo, MMelouee BCe oc606enﬂocm FHAPOJMHAMHYECKOrO PEXKHMA,
FIyGOKHM O3€paM. 3
ﬂpncggllgﬁkpnzng:meﬁ}elc usyqexmilx CTOpPOH YHCIICHHBIX MOJIEJIeH
IHMPKYIALMH BOX B KPYNHBIX cTpaTH(HIMPOBaHHBIX BOXOEMAX
JRISETCS MX HALEKHOCTh., 3HAYHTEILHBIE CTIOXHOCTH B NPOBEACHHH
JUIMTENBHBIX HaOMIoneHuHA 32 TeHCHHAMA npeonpee/IwIA T0, YTO B
HacToAIIee BpeMsA OCYIIECTBJICHO JMUIE HECKOIBKO JKCIIEPUMEHTOB
10 IpOBEpKe HANEXHOCTH MOJENCH HHUPKYJALMK BOL. ITpaxTHYecKH
Bce MONOGHBIE DKCIEPUMEHTH! MPOBOJWIHCH C HCIIOMB3OBAHACM
IPOrHOCTHYECKHX MojeneH, B KOTOPHIX O TeMIepaTypsl H
i HAIOTCS BO BPEMEHH. 5
Teqegmnaiiﬁ:meﬁ pa6o'repncnom>3ye'rcx Tozxon, paspabaTpiBaeMbIH
A.C. CapKuCSHOM C COABTOPaMH, OCHOBAHHEIA Ha CHHTE3€ YHCIIEH-
HOrO MOJIC/IApOBaHHA M JAHHBIX naGJ?oneﬂnn. B xaqecrsesnepnoro
wara s NpoOBEPKH JHATHOCTHYECKOH MOJCIH B 1986 r. 6sum Hc-
HOB30BaH! JAHHBE KBa3HCHHXDOHHOW TEMIIEPATypPHOH CHLEMKH
Omnexckoro osepa, a TaKke pabmonenus Ha aByx ABC B xone
HaTypHOro 3KCIIEPUMEHTa ,,Onero”. B mocnemyiomeM SKCIEPUMCHTE
,OHero” (19871989 rr.) GbUIH BBHINONHEHE H3MEPEHHA TECUEHHH M
TeMnepaTypsl BOABl HA INECTH ABC, pacnofoxeHHBIX Ha paspese B
i yacTH o3epa.
uemlPI;Jg:,;eunue quc:‘x)emme 3KCIIEPHMEHTEI TIOKa3bIBAIOT JOBOJIE-
HO CJIOXKHYFO KapTHHY LHPKYJ/IALMH BOJ B OHEeXCKOM 03epe B JICTHHH
nepuon. B BepxHeM 5-METPOBOM cnoevsamemo CHWILHOE BIIMAHHE
BeTpa Ha (OPMHpOBAHME TIOJIA TEUCHHMH, XOpOILO OpOCIHEKHBACTCS
sxManoBcKas crpans. C DIyOHHOH Bo3pacTaeT poiib 6apoKIMHHEIX
sddexros ® penbeda [HA, NPH ITOM LMPKyIALMI BOA B 03€pe
npencrapiser co6ol pAa KPyroBOpOTOB. Haubonee KpyNHLH U3 HUX,
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LMK/IOHHYECKHH, pacliofiaraeTcs B meHTpaibHOM gactH OHexckoro
03¢pa, ¢ [ora K HeMy NPHMBIKACT aHTHLHIJIOHMYECKHH KPyroBOpoT.
OrMernMm, 4ro 06a KpYroBOpOTa 'pacripoCTPaHAIOTCA 0 JHA H
HAaXOJAT CBOE OTPaXCHWE B IOBEACHHH YPOBEHHOH MOBEPXHOCTH
(puc. 4.3.10). Cxopoctn Teuenmii Ha mepudepHu KpYroBOpPOTOB
ROCTHTalOT Ha NOBEPXHOCTH 18 cM/c, a cpeanss cKOpOCTh TeweHwmit
YMEHBINACTCA OT MOBEPXHOCTH A0 AHA ¢ 7,5 no 2,5 cm/c. 3ousr
anBeJ/UIMHIa M NayHBEJUIMHIa JIOKATH30BaHEl B MECTaX MX Hanbonee
BEPOATHOrO NPOSBICHHS.
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Puc.4.3.10. Tunamuxa Box OHexckoro 03¢pa. YpOBEHHaA MOBEPXHOCTH [0 HaH-
HBIM JKCTIEpHMEHTa ,,OHero-87". Mosens: @ — IMAarHoCTHYecKad, 6 — aanTany-
OHHAX; 6 — TeICHMA Ha ropusonte 10 m; ABC: /— 1986-1987 rr., I/ — 1988 r.,
Ir-—1989r.
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OTH 0COBEHHOCTH TEPMHYECKOH CTPYKTYphl 03epa HaXOAAT CBOE
OTpP@KEHHE npex/ie Bcero B 6apoxsiMHHOM BapuaHTe. CpaBHHBad €ro
¢ 6apOTPOIHEIM, OTMETHM, YTO B HEKOTOPHIX paifoHaX 03€pa TeUeHHs
HAMpaBIEHEl B IPOTHBOMOJIOKHBIE CTOPOHBI. JTa 0COOEHHOCTH
NpHBOAMT K TOMY, 4YTO B IOJIHOM JHAarHOCTHMYECKOM BapHaHTe B
npuOpeXHOH 30He npeobajatoT YepTsl 6apoTPONTHON LHPKY/IALMH, &
B IIyboKoBOgHOH — 6apoKIHHHON. B nome BepTHKaNbHOH CKOPOCTH
npocieXnBaeTcs OOIHPHBIH 3KMaHOBCKHH alBEJUIMHT y 3aMagHOro
fepera, a Takoke OTHAENILHbIC 00NacTH MOABbEMa BOJ B LICHTPAIBHbIX
yacTAX o03epa, o0ycioBneHHble TomorpapuyeckuMu 3¢ ¢eKTaMH.
Pe3yJIbTaTEl pacyeToB IO alalTaAlMOHHOA MOJENH BechMa OJIM3KM K
JMarHOCTHYECKHM, TONBKO Oomnee criakeHHBI.

IIpoananusupyeM pons pasinuyHbIX (AaKTOPOB, ONPEHENAIOMMX
LMPKyIALUHI0 Boj OHEXCKOro o3epa B IlepHON THAPOIOTHYECKOH
cheMKH. [l 3TOr0 MOXHO HCIONL3OBaTh NAaHHBIE O CPEIAHEH
KHHETHYECKO# 3HEPTHH TEYeHHi B 03epe, KoTopas cocTaByeT 3, 12,
15 u 14 oM¥c? pa 6apoxymHHOro, 6GaporponHoro, HONHOrO AH-
arHOCTHYECKOrO H aJaNTallHOHHOrO BAapHAHTOB COOTBETCTBCHHO.
IpuBencHHble 3HAYEHWA YKasbIBalOT Ha TO, YTO BETpoBas
LUHPKY/IAMd MOJKET MrpaTh BecbMa CYIIECTBEHHYIO POib B OOmMEH
UMPKY/SIAM B TEPHOX YCTAHOBHMBUIEHCA CTpaTHHKALmMH Ha
HOPOTAKEHHH  HECKONbkMX cyrok. KocBeHno 3ror  ¢akr
NOATBEPXKAAETCA TAKOKe NPAKTHYECKH HOCTOSHHO CYHIECTBYIOIIHMH B
OnexckoM O3epe BETPOBBIMH alBEJUIHHIAaMH, KOTODHIE B IIEPHON
0COGEHHO CHIILHBIX BETPOB MOFYT 3aHMMATh Iwiomanb o 30 % or
obmed mmomamm ozepa. ns oOOCHOBaHMS 3TOro  BHIBOAA
paccMoTpuM OGonee noApoOHO BKJIAA Ppa3zNIHYHBIX ClIaraeMbiX B
YPaBHEHHA [JIA MONHEIX IIOTOKOB, YTO MO3BOJIMT OLIEHUTh OTHOIICHHE
BCEX 'WICHOB K 3aJJaBHOMY HaNpsDKEHMIO TpeHHs BeTpa.
TponHTerpupoBaHHsle OT MOBEPXHOCTH A0 AHA M OCPEOHEHHHIE IO
aKBaTOPHH O3€epa CllaraeéMbieé B YPaBHEHWAX MABWKEHHA CBH-
AETENBCTBYIOT, YTO CYINECTBYIOT TPH NPHOIM3UTENHHO OUHAKOBHIE
COCTaB/IAIONIME, ONpPEREIAIOIIME HHTEIPAILHYI0 LHMPKY/ULHAIO B
o3epe: wieH, yuuThiBaloiyii ciiy Kopronuca, ueTerpan ot JaBneHds
H KacarelpHOe HampsDkeHue BeTpa. Henmumeiinbie cnaraemble H
FOpH3OHTaIbHEINH TypOy/NeHTHBIH OOMEH OKasaHch Ha IOPANOK
MEHbILe OCTaIbHBIX C/IaraeéMEIX, OJHAKO PacyeThl MMOKA3BIBAIOT, YTO
HX poib O0COGEHHO BaXKHa B NPHOPEXHBIX paiioHaX, rAe 3HAYECHHA
STHX mNapaMeTpoB BO3PACTAOT HAa MOPANOK IO CPaBHEHHMIO CO
CpemHMMH. 37O, NO-BUAMMOMY, HAaXOQHT CBOE OTPKEHHE H B
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CYLUSCTBOBAHMM CHJIBHBIX TpDajUeHTOB YPOBHS Yy BOCTOYHOIO H
sanagHoro Geperos ozepa. = '

OtmeTHM ellle OHO OGCTOATENHLCTBO, KOTOPOE ClIEAYET NPHHATH
BO BHHMaHME: paCCUMTAaHHbIE Ha [POTHOCTHYECKMX MOJENIX
rPaMEHThI ILTOTHOCTH HE B TIOJIHOM Mepe OTpaXkaloT BEChMa MeCTpylo
KapTHHY TI0/11 IVIOTHOCTH B O3epe, KoTopas HabmonaeTcs B o3epax. B
YaCTHOCTH, H3 PacCMOTPEHHMs BBIIAJAIOT 30HBI PE3KHX IIEpenajioB
TEMIIEPAaTyp B paHOHAaX amnBe/UTMHTAa M Me3oMacuiTabHBIX BHXpeEH,
KOTOpHIE HE MOIYYaloTCS HA NPOTHOCTHYECKHX MOJENAX KIMMa-
THYeCKoro Macmraba, a Taloke N0 JaHHbIM HaTypHBIX Habmo/eHui
IIPH ChEMKE T0JIeH ¢ CyA0B C 1f1arom ceTkd 10x10 kM.

AHanus nokasan, YT0 B H3MEHYHBOCTH TEMIICPATyphl BOABI M Te-
YEHHH CYHIECTBEHHYIO DOJb MIPalOT BHYTPEHHHME HMHEPLHOHHO-
rPaBHTalMOHHbIE BOJIHBI C NIEPHOAOM, GJIM3KHM K UHepLHMOHHOMY. B
LeIIX QUIbTpaliH STHX ABIDKCHHH HaOMOJCHMA 33 TEYEHUAMHM YcC-
PENHAUIMCE 32 HEPHOA okono 1,5 cyT, Yro npubOIM3UTEIIFHO COOTBET-
CTBOBAIO BPEMEHH TIPOBEJEHUA TMIPONOrHYECKOM CHeMKH B paHoHe
IIOJIATOHAa C M3MEPHTE/IMH TeyeHHH. MOMENN KayecTBEHHO BEPHO
ONHCHIBAIOT BpallleHAES TCYEHHH NPOTUB YAaCOBOI CTPENKM OT 3amaj-
HOro k BocTtouHoMy 6epery. Cpennss ommbka B onpelencHHH Ha-
TNpaBJIeHHs TeUCHHM, KaK JUIS AHArHOCTHYECKOM, TaK M JUI aJanTaiy-
OHHOHM MozAenM He npesbiaeT 35°, a MOLY/IH CKOPOCTH IO pacderam
Ha MOJIEJM JIalOT 3aHIKEHHbBIE 3HaYeHUA, YTO MOXKHO OOBACHHTH MO-
TPELIHOCTAMH B 33JJaHHM HCXOIHBIX NOJIEH TEMIIEPATyPHI.

4.4. IlpunoHHbIE TE9EHHSA B 03¢paX H BOAOXPAHHIAIMIAX

IlpunonHsle TEYeHWd, pacIpOCTPaHAIOMHKECH IO CJIOSAMH BOJ
MeHbllIeH TUIOTHOCTH B 03epaX H BOJOXPaHWIMINAX, OKa3bBAlOT Cy-
IECTBEHHOE BJIMAHHE HA THAPOJIOTHYECKOE ¥ IKOJIOTHYECKOE COCTOS-
Hue BogoemoB. Ha kadenpe ¢puznku Mopa M BoA cymd QU3HIECKOro
dakynsTera MI'Y nox pyxosoacrsom Camomo6osa B.M. B TedeHue
paia JieT MpOBOAATCS KOMILTEKCHBIE HUCIEIOBaHMA NPHAOHHBIX IUIOT-
HOCTHBIX NOTOKOB B 03epax M Bopoxpanunumax. [loapobxoe ommca-
HHME HCCIENOBaHHH INPHAOHHBIX IUIOTHOCTHBIX TIOTOKOB IIPOBENH
H.A. ITanemnn (1999), .M. Camomo6oB (1999). Cnenys 3taM pabo-
TaM, TIPHBEIEM KpPaTKHE CBEACHHA O NIPHAOHHEBIX IUIOTHOCTHBIX TI0TO-
KaX B 03epax M BOJAOXPAHHIMINAX.

IpuosHsle MWIOTHOCTHBIE [TOTOKH, Pa3BHBasA CKOPOCTH OT €IH-
HHI{ KO NECATKOB CAaHTHMETPOB B CEKYHAY B NPHIOHHBIX CNOAX C
TOJIIMHAMH JI0 HECKOJIBKHMX JECATKOB METPOB, 00JajaloT BBICOKOH
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TPaHCIIOPTHpYIOLIeH, 3POIHPYIOMEH M pa3pyuIMTENbHOM cnocobHo-
crbio. Uccnenopanys NpAXOHHBIX TEYSHUH CBA3aHBI C PELICHHEM psi-
[a NPHKIAHBIX 33]a4:

POTHO3 3arpS3HEHHA BOJIOEMOB ECTECTBEHHBIMH H TCXHOTCHHBI-
Mi HPHMECSMH, KOTOPBIE MEPEHOCUT TeYeHHe, BKII0YAd MPOMYKTEHI
NIOHHOH 3PO3HH; , 3

pacyeT MepeHoca HaHOCOB 3 MPHOPEXHbIX 0bacTeH B rTy6HH-
ppie 00J1aCTH 03€p H BOAOXPAHHIIMIL,

IPOrHO3 pacnpejeieHHi TuAPOGU3NIECKUX H THIPOXUMIHECKAX
XapaKTepPHCTHK B BOZOEMaX.

CJI0)KHOCTH = M3Y4YEHHUS NPHIOHHBIX MOTOKOB CBA3aHLI C MHOTO-
oGpasuem GopM HX NpOsABIEHU M NCHCTBHEM pasHooGpasHbIx Gusm-
qeCKHX MEXaHH3MOB NpH UX (GOpPMHPOBaHHH H pacnpOCTPaHCHHH.
MaccooGMeH B MOrPaHUHHBIX CNIOSX H B CIIOAX CMEIIEHWH IUIOTHOCT-
HBIX MOTOKOB C OKPYXAIOIMMH BOJIaMH OMNPEJIENAETCA, NPEAIE BCe-
ro, TypOyJIeHTHBIM IIEPEHOCOM W BHYTPEHHHUMH BONHAMH. Baxxuy1to
POJIB B Pa3BATHH [UIOTHOCTHBIX TIOTOKOB MIPAioT IPOLECCHI BOBJIEHE-
HESA BbIIIE/IEXAUIMX BOJ M JOHHBIX HAHOCOB B IUIOTHOCTHOH NIOTOK.

IIpunoHHBIE IUIOTHOCTHBIE TEYEHHs OTHOCATCA K YHCIY OCHOB-
HBIX (JOPM PAcHpOCTPaHeHHs [IYOMHHBIX BOJA MOpEH M OKCaHOB.
BaKHYIO pojib NIPUAOHHBIE [JIOTHOCHBIE TIOTOKH HIPAIOT H B 03€pax
BojoXpaHmIHIax. I1o cocTaBy ABIXKYIIMX CH1 STH IOTOKH IpHHAA-
JI€XaT K KJIacCy MPaBUTALMOHHEIX. Y CTOHYHBOCTE ONPENEACTCA pas-
HOCTBHIO IUIOTHOCTEH XXHIAKOCTEH B
nortoke 4 Haj HEM. IL1oTHOCTHOE
paccioeHde Boj 0O0ecrneuMBaeTCs
TePMHYECKOH, COJIEHOCTHOH M CyC-
IIeH3MOHHOH cTpaTHpuKanueii. B
TUIOTHOCTHOM IIOTOKE pa3sBHBAlOTCA
TypOyneHTHblE, BOJIHOBBIE H BH-
XpeBrle CTpyKTYphl. HIHTeHCHBHOE
nepeMenMBaHue B TOJNLIE TEHEHHA
CMeHseTcss pe3KuM rameHuem 06-
MEHA B CJIO€ CMEIICHMA MOTOKa C
BRHILIEJIEKAIMMHE BOJAMH, YTO CITO-
co0CTBYeT pacTIpOCTPaHERHIO ITHX
TEYEHHMH Ha PacCTOAHHA JO THICAY
KHIOMETPOB. Puc. 4.4.1 Cxema BEPTHKANBHBIX

CTpyKTypa OPHAOHHOTO CTpa- pac?pencnemm Pa3HOCTH m:;r:(;
THOUUMPOBAHHOTO TeHEHUd cxeMa- 75" 4p (I) m CKOPOCTH TeHe
(2) B WIOTHOCTHOM IOTOKE
THYHO MpeficTaBieHa Ha puc. 4.4.1.

0 Apm Bpm*BApy  Ap
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Ha cxeme: Ap = p(z) — p(z,) — pazHOCTb IUIOTHOCTEH XHIKOCTEH
B TMOTOKE M HaT HUM, Apy = Ap(zy,), Apa = p(20) — P(Zm), 2o — BHICOTA
JIHHAMHYECKOH 1EPOXOBATOCTH, Z, — TOJIIHHA [OTOKA, Z» — YpPO-
BeHb MakcuMyMa ckopocTH Up = U(zm), Ur = U(2;) — CKOPOCTSH CITYT-
HOI'O TEYECHHS. '

Teopernueckoe onucanHe NOZOGHBIX NMOTOKOB JOBOJILHO CJIOXK-
HO, TaK Kak Tpebyer ydera B3ammopeicCTBHA mpolLeccoB oOMEHa B
CNOAX CMELICHHA (zw' + 2,) ¥ IPUOOHHOM IOTPAHHYHOM (Z < Zy), Yc-
TOMYHBOCTH CTPaTH(QHKALMH, W3MEHEHHs TYpOYJCHTHOro Hanps-
SKEHHA C BHICOTOH.

B npubnwkeHHH NOrpaHHYHOTO CJIOS YpPaBHEHHA THIpOJHHA-
MHKH ILIOTHOCTHOIO TedeHHs, Gananca TypOy/neHTHOH 3HepruH, Temn-
Ja, IpUMecH H B3BecH umeloT BuA (Camomobos B.H. (1999)):

AU + UGU + v3U + WU fo = (Ap/p)gx ~ (1/0) 8P + (1/p) 8%,

4.4.1)

av+ Uguv + vdv + Wo,v + fU = (Ap/p)g,—~ (1/9) 8P + (1/p) 8.7,
(44.2)

- AU+ 3v+aW=0, (443)

ab + Ugb + véb + Wb = (1/p)1.aU + (1/p) 1.5,0— € —
- @Bx - @By— @Bz—g(AP'W')’P » (444)

PCA(A0+ UAO+ v30+ WAE = Q.- 4Gs - 3G, - 4G,, (4.45)
p(éci + Udci + b3 + Wic) = Ri—GHy,~ gHy—- gH,, (4.4.6)
asSi + UGS, + vgsS; + (W— ap)8S; = —-GMy - My — M, (4.4.7)

3nech f — BpeMs, KOOPAHMHATH! X, ¥ OTCYHTHIBAIOTCA BOJL [HA; Op-
JUHATA Z HallpaBjleHa OT JHa K OTKPEITOH momepxmoctd; U, v, W —
KOMIIOHEHTH] CPEIHEH CKOPOCTH; gy, €y — COOTBETCTBYIOHIHE KOMIIO-
HEHTHI YCKOpeHHs cpoboquoro nmaneHus. B (4.4.1)(4.4.4) 7., 7, —
KOMIIOHEHTHI TeH30pa TypOY/IeHTHBIX Hanpsokenuit, P, 4P — KoM-
TIOHCHTHI IpafiMeNTa AaBneHus; f = 2Q);sing; — mapamerp Kopuomnuca,
) — yrnosad ckopocTh BpaleHus 3eMJH, ¢; — reorpadudyeckas
mupora. B (4.4.4) mrpuxamu 0603HaueHs! myJscauny, b =(U? + v? +
+ W'%) / 2 — ynensHas TypOyJeHTHas SHEpPrus; € —— JUCCUTIALIEA
MyNeCAUMOHHOM SHeprud, B,, B,, B, — KOMIIOHEHTHI IOTOKA
3HepruM b.
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B (4.4.5) 6 — cpegusts noteHumanbHas Temneparypa;, C, —
TEIUIOEMKOCTS IIPH IIOCTOSHHOM AasneHHH; G, Gy, G, — KOMIIOHEHTBI
TypOyJIeHTHOro moTtoka Temia, Q, — YyAeNbHBIH MPHTOK TeIlUia OT
XHMHYECKUX peaxuuii. B (4.4.6) ¢; — KOHLeHTpalMs i-ii KOMINOHEHTHI
npumecH; R; u H,, H,, H, — ynenbHas CKOpPOCTh IOIJIOIUEHHS
(TOpOXKAECHHA) H KOMIOHEHTHI TypOyNEHTHOro MOTOKA IPHMECH CO-
orercTBeHHO. B (44.7) S W ®; — cpeAHAd KOHOEHTpalud M
rdapaBlIHYeckas KPYIHOCTL B3BEHIEHHBIX YacTHI| pasMmepa a, M,
My, M;; — xOMIIOHEHTHI TYPOYIEHTHOTO NOTOKA B3BECH.

3HaveHHs Ap OIpeeNAIOTCs YPaBHEHHEM COCTOAHUA

Ap = BrA® + Budc;+ (ps — P)AS/ps, (4.4.8)
rae Br=0gp, P = O.p, ps — IUIOTHOCTH MaTepuana B3BecH. B npu-
6mwxennu byccunecka 3HadYeHms Ap CYIIECTBEHHBI JIMIL B Cliara-
eMbIX YPaBHEHHH ¢ IIPOM3BEICHUAMH Apg.

3amrikanue cucremsl (4.4.1) — (4.4.8) nposoauTcs 06BIYHO IO
moznemaM 1-ro pona (k, £), 2-ro pona (b- £, k-€) u MeTonamu Gonee
BBICOKOT'O ITOpAJKA.

ITo MHEHMIO pAZa aBTOPOB METOAMKA AHAJIMTHYECKOrO OIMCAHHA
CONEHOCTHHRIX T'PaBMTALMOHHBIX TedeHWM MOXKeT ObITh NpUMEHEHa
TIOYTH MOJNHOCTBIO K CYCIICH3HOHHBIM [OTOKaM B NPHOMIDKCHMH HX
KBa3HCTAlHOHAPHOCTH M FOPH3OHTAIBLHOH KBasHOAHOpomHocTH. OT-
JMYHSA CYyCIIEH3HOHHOIO TE€YEHHS OT APYTHX IUIOTHOCTHBIX TEYCHHH
3aKIIOYalOTCs B MeXaHH3Max ero (OpMHpOBaHHA H pacmpocTpa-
HeHHA. CorflacHO MoZeJIbHBIM pacdeTaM, yMEHbLICHHE pa3MepoB Yac-
THII B3BecH oT 50 fo 1 MKM NPHBOIMT K ITOALEMY YPOBHA MAKCHMyMa
Ha npoduiie ckopocTH TeueHHd Ha 40%. Baxneduyio posis B quHa-
MHKE IUIOTHOCTHLIX MOTOKOB MIPaeT MX NepeMEIIHBAHME C BhIICIIC-
XallMMH BOJAMH, KOTOPEIC MOTYT BOBJICKAThCA B NPHAOHHOE Tede-
Hue. Bnuauue B3BecH Ha TypOyICHTHOCTP — INpPHYHHA “aHOMANb-
HBIX” CBOHCTB KBa3HOAHOPOAHBIX MO IUIOTHOCTH NPHAOHHKIX Hedeo-
HIHBIX CJIOEB. -

ITnoTHoCTHBIE TeyeHHS C JOMHHMpYIOIIeH crpaTHQHKaumei
XHMAKOCTH B3BECHIO (MM CYCNIEH3HOHHBIE OTOKH) BBI3BIBAIOT MOBBI-
IIEHHBIH HHTEpEC B CBA3M C HX 3HAYMTENBHBIMH CKOPOCTAMH M CIIO-
COGHOCTBIO PacIPOCTPAHATHCA HA 3HAYUTENIbHEIE PACCTOSAHHA.

Hecmotps Ha BaxHOCTE H3YYEHHA NMPOLIECCOB 3aPOXKAECHUA H pas-
BHTHS [PHIOHHBEIX IUTOTHOCTHBIX TE€UEHHH, NaHHBIE AETAILHBIX HC-
CnenoBaHuii HTHX ABACHHH MalOYHcneHHbl. Takoe cocTosHue Hccie-
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JOBaHMHA ONpENENAETCS CNOXKHOCTBIO TPOBEACHHA KOMILIEKCHBIX
ruapodu3NyecKuX H3IMEPEHHH, a Taloke HEOOXOXHMOCTBIO yUeTa Bee-
ro MHOroobpasusa NOpOMKAAIOUIUX STH TEYESHHS CHIL.

Mompo6Has knaccupuKalys TPHAOHHBIX IUIOTHOCTHBIX TEHEHHH
1o npupoAe, THNaM H Macintabam npopeneHa Camomo6oBeiM (1999).
Ota enuHad KiacCH(UKaLHA OXBaThIBaeT NPUJOHHBIC NIOTOKM MOpeH
¥ o3ep. PasHooOpasue NpHAOHHBIX TIOTOKOB B 03epaX M BOJOXPaHH-
JMIIAaX, KOHEYHO, MHOro MeHbite. Tem He MeHee, NpUBEEM KJIACCH-
¢uxanmo aBTopa, Kak oAHy M3 HanbGonee ymadneix. Ilo npapone re-
YeHHH H MEXaHH3MaM UX (POPMHPOBAHHUA BHIAENIEHO 9 THIOB NPHAOH-
HEBIX TUIOTHOCTHEIX TIOTOKOB:

1) TepMuyeckue, CONEHOCTHBIE, B3BECCHECYINME B PaiOHaX IJI0-
GanbHOM UMPKYNIALMH BOJ OKEaHa, YCHIICHHbIE B IIEPHOABI TypOUIuT-
HBIX IITOPMOB BIIMAHHEM CHHOITTHYECKUX BHXpEi;

2) CONICHOCTHbIE B3BECEHECYLIME W CYCIIEH3HOHHEBIE, CHOPMHpO-
BaHHEIE CTOKOM 4Y€pe3 MPOJHBEI M3 6acceHOB OCONOHEHHS Y 3po3HeH
AHa,

3) TeyeHUs MOrpy>XaloMMXCA Ha YHO BOX, OXJIDKACHHBIX M OCO-
JIOHEHHBIX TIpH JNHJ000pa30OBaHHH, HACHIUICHHBIX B3BECHIO 3a CHET
pa3MbIBa JHa;

4) mOTOKHM, BHI3BaHHBIE ceHIaMH, cxpamxbmmponanﬂme B3BE-
CBIO IIPH CKOPOCTSX, JOCTAaTOYHBIX 11 IOHHOH 3pO3HH;

5) MyTeEBBIE ITOTOKH, 06eCIIEYEHHBIE IITOPMOBBIM B3MYYHBaHH-
eM OpHOpeXHBIX BOX 3a CYET IEpexXoAa JOHHBIX OTJIOKEHHH BO
B3BECH;

6) cycrnieH3MOHHBIE TeYeHHs, OOpa3yrouMecs npH 3po3HM JHA Ha '
menp¢e BHYTPEHHHMY BOJTHAMH MPHIMBHOMN NMPHpPOIK;

7) CycHeH3HOHHEIE TEYEHMsA, TOPOXACHHbIE TBEPABIM CTOKOM
peK;

8) MyTbEBEIE NOTOKH, NOABIAIONIHECH HA 3aBEPUIAIONHX CTAAHAX
Pa3BHTHA OMON3HEH (NMEPEeXO rPABUTHTOB B TYPOUIMTEI,

9) TepMpYECKHM CTPAaTH(HIMPOBAHHOE TEUCHHE FOX MOTOKOM Te-
IUTBIX THOPOTEPMAILHBIX BOJ.

MunHMalbHas pa3sHOCTh TUTOTHOCTEH XKMAKOCTeH B npnnom{om
[TIOTOKE M HaJ ero BepXxHeHd rpaHMUCH OLEHHMBAeTCA KaK Apmpp = 10*
r/cM’. Dta BeNMUMHA pacCMATPHBAETCH KaK JOCTATOMHAs JUIf YCTO#-
YHBOrO TEYECHHA.

B oTMyMe oT MOPCKHMX M OKEAHWYECKHX IUIOTHOCTHBIE TIOTOKH B
03epax M BOXOXPAaHWIMINAX B MEHBINEH Mepe MOABEP)KEHbI BIMSHHIO
BHemHUX (axTopoB. TONIIHHBEI, Pa3HOCTA IUIOTHOCTEHM >KHIKOCTEH

{
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Ap H CKOPOCTH NPHAOHHBIX NMOTOKOB B 03¢pax H BOAOXPaHWIHIAX

OnM3KH 10 NOPAAKY BEIMHMHMH K aHAJIOTHYHBIM MapaMeTpaM MOPCKHX
M OKEaHHYECKHX MOTOKOB, MCKJIIO4As THraHTcKHe. [103TOMY TuioTHO-
CTHBIC TIOTOKH B 03€paX M BOAOXPaHWIMINAX NPEICTABIAIOT HHTEpEC
HE TOJILKO I TMMHOJIOTHH, HO H JUIS OKEQHOJIOTHH KakK KpyIHOMac-
1TabHble €CTECTBEHHBIE MOJIENTH MOAOOHBIX IIPOLIECCOB.

Pacnipenenenus CkOPOCTH H IUIOTHOCTH XKHMAKOCTH B TIPHIOHHOM
CTpaTHUIMPOBAHHOM NOTOKE GOPMHPYIOTCA 10J] BIHSHHEM npouec-
cop 0OMeHa, pa3BHBAIOMHUXCA y JAHA, B ApE U CIIOe CMEIIEHUA Tede-
HUS C BBIMENEKAMKUMHU BofaMH. CreuMduka CTpyKTyp TedeHHH c
pasHBIMM THIIAMH CTpaTH(HKALMH onpelendeTcd OCOOEHHOCTAMM
Mmexann3MoB obmeHa. Ha ocnosanum pemienus cucreMsl (4.4.1)—
(44.8) B Momensx TNONYHalOT pacnpeieieHHd IapaMeTpoB
MPUAOHHBIX NIOTOKOB NIPH H3MEHEHHH PE)KHMOB TEUECHHUH.

TIpo¢unu cKOpOCTH IWIOTHOCTHBIX NOTOKOB B GONBLIMHCTBE CITy-
YyaeB MOMy4eHBI JMOO TONMBKO B CJIOE CMEHICHHA, NU00 Y OHA TOA
YPOBHEM MaKCHMYMa CKOPOCTH. B 3TOif CBA3M MHTEpECHBI pe3yibTa-
Thl KCCIENOBAHUH NMPUIOHHBIX TEYCHHWH B O3epaX H BOJOXPaHHIIHU-
max, TAe npoBeeHb noapobHele npoduibHble H3Mepenus (Camonio-
60¢ B.H., 1999). Haubonee metanbHple MCCIEIOBaHHA NPHIOHHOIO
CTPaTH(GHIMPOBaHHOTO, T€UYeHHs NpoBeneHbl Ha HypekckoM Bozo-
xpanwmme (puc. 4.4.2). OTH H3MEPEHHA N0 KOMIUIEKCHOCTH HCCJIe-
JOBaHMH, MX MOJHOTE M NPOIOJDKHTENBHOCTH SBJIAIOTCA YHHKAJIb-
HBIMH. ABTOpaMH BBIABJIEHK XapaKTepHsle (HOpMBI IpodHiIeit cKopo-
CTH M TUIOTHOCTH XXHIKOCTH HAa OCHOBHBIX dTallax Te4CHHA IPH €ro
PazIMYHBIX peXHMaX, 0OHapykeHbl BHyTpeHHHE TEYEHHS B OTOKE H
YCTaHOBJICHO, YTO 0Opa3oBaHHE NBYX- M TPEXBAAEPHBIX CTPYKTYp
Te4yeHHUS BBI3BIBAaETCS BHyTpeHHEH BONHOH W 3pozuedt aua. Paspabo-
TaHHas MaTeMaTH4ecKas MOJENb XOpOUIO OMMCHIBAET OCOOEHHOCTH
pacnpocTpaHeHHd NOTOKa. '

H3meHeHHd napaMeTpoB IUVIOTHOCTHBIX IIOTOKOB BO BPEMEHH CBsi-
3aHbI ¢ HeCTaOHIBLHOCTHIO MPOLIECCOB, OOECIeYNBAIOIIMX NOBLIICHHUE
TUIOTHOCTH JKHIKOCTH Y AHA TIPH 3a8POXKIACHHH NOTOKA, ¥ C BAMAHHEM
BHEIHHX (aKTOPOB, HANIPUMED, NPHIMBHEIX BONH H CEAIEBRIX KOJIE-
Oanmii. HaTypubie u3sMepenns ¥ MOIEbHBIE pacyeThl MOATBEPXKIAIOT
Mexanu3M (GopMHpoBaHMS DIYOHHHBIX Te4eHHH 3a cyeT nepefaum
SHEpruH BeTpa BHyTpeHHEH BOIHOM Ha ITyOOKOBOIHBIE FOPH3OHTHI.
Pacnipoctpanenue (0T MOBEPXHOCTH O JHA) HMITYIIECa FOPH3OHTANIE-
HOro BO3MYILEHHs, 3a1aHHOTO HA NIOBEPXHOCTH K BLI3BAHHOTO HeCTa-
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Puc. 4.4.2. TIpodrnu nna (pensved), paznocru mwiorHocret Ap (1) u ckopocrn
Teuenua U usmepennsie (2) u teoperuueckue (3). Paspes snnonsed na Hy-
PEKCKOM BOJOXpAHMTHILE

IMOHAPHBIM BETPOM, pPacCCMATPHBAETCA B paMKaX TEOPHH THHHBIX
BHYTPEHHHX BOJIH.

HMeer MecTo reHepauus IUVIOTHOCTHBIX TEYEHMEl NOJ BIMAHMEM
BETpa M BHYTpeHHHX BOIH. Ilpemnaraercs ciemyrommii Mexanusm
3TOro mpouecca: aTMocdepHbie BO3MYIIEHHS BBI3HIBAIOT BHYTPEHHHE
BOJIHbI Ha YacTOTaX, O/IH3KHMX K HHEPLIMOHHBIM, PACTIPOCTPAHAIOIIHE-
cs KO Hy. B pesynsTare TypOy/IeHTHOro NepeMeUIHBAHHS BO3HHKAET
KBa3HOZHOPOIHEIA CJIOH, IOC/IE FPaBHTALMOHHOrO KOJUIanca KoTopo-
ro ¢opMHpyercs HHTPY3HOHHOE TeYEHHe, pacIpOCTpaHsIomeecs B
OKpY>KalolIyI0 >KHAKOCTh; Ha NepeAHeM (pOHTE IUIOTHOCTHOTO NOTO-
Ka reHepHpYIOTCS CTapIiye MOIbI BHYTPEHHHX BOJIH.

BeprukansHbiii 06MeH B NPUAOHHBIX CEpaTHOHLMPOBAHHEIX Te-
YEHHUAX XapaKTepH3yeTCd BCTPEUHBIM PacnpOCTPaHEHHEM 3aBHXPEH-
HOCTH, TeHEpHPYEMOH Ha rpaHMiax, B AApo noTtoxa. Bo3aeiicTeue Ha
3TOT NPOLECC BHYTPEHHHX BONH MPUBORUT K OOpPAa30OBaHMIO BHXpe-
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BOJIHOBBIX CTPYKTYp. IToABNSIOTCS NONOIHATENLHBIE MAKCHMYMBI Ha
npoUIAX CKOPOCTH, METPHPYIOIIME B TOJILE [TOTOKA 061aka MyTHO-
CTH, HHBEPCHH TeMIiepaTypsi (pHuc. 4.4.3).

HosepxaocTs

T pamma IVIOTHOCTHOrO

m—— OcHOBHOH rpanmaﬁnonnuii motok (Uy)

E=5 Bmxpenoanosnie posmymenns (Uy)

B Bropuunoe Benuixnpalomee Tegenne (1)

Puc. 4.4.3. Cxema n1OTHOCTHOTO NOTOKa C BHYTPEHHE# BOJHOH H BTOPHYHEIM
TeuenneM. O603HaYCHHA: TOHKas CIUIOIIHAY KpuBad — npoduns ckopocty U,
HYHKTHP — NpoGiIb Pa3HOCTH IVIOTHOCTEH XKHIKOCTH B OTOXE U HAJl HUIM Ap.

C BHXpe-BOJHOBBIMH TpOLIECCaMH CBA3aHBI 3¢ deKThl CHILHOrO
B3aHMOIEHUCTBYS TEYECHHH ¢ THOM M BBIICICKALMHMH CJIOSMM BOJBI,
0cobeHHO CyLIeCTBEHHbIE B NMPHIOHHHIX NOTOKaX. B 3THX 30Hax Ha-
Onoparorcs MolIHble HedenoHAHBIE CIOHM, C YAaCTHIAMH, KOTOpHIE
NOCTYNaloT B MOTOK 33 CYeT JOHHOH 3pPO3HM WIM BHOCATCA PEKaMHM C
AocTaTogHo GonblMM TBepAbIM CTOKOM. OOMeH B TakuX CIOAX Ha-
CTONBKO 3¢peKTHBEH, ITO Ha MPOQIIAX KOHUEHTPAIHH YaCTHI BMe-
CTO y6hIBaHMA CONEp)KaHHA B3BECH C BBICOTOH HabmopaloTcs KBasu-
OHOPOJIHBIE YYACTKH H JIOKAJIbHBIE MAKCHMYMBI (06J1aka MyTHOCTH).

Ilpu u3yveHuu npoueccoB o6MeHa B NPHAOHHBIX IOTOKAX BECh-
Ma 3¢deKTHBEH aHAIH3 CINEKTPOB Pa3sMEPOB YaCTHL COBMECTHO C
NpoduIAMHM CKOPOCTH ¥ KOHIIEHTPALIUM B3BECH.

HecMoTps Ha aKTHBHBIE MCCICIOBAHHA IUIOTHOCTHBIX TOTOKOB,
NaHHBIE CTPYKTYPHBIX M3MEPEHHH NapaMeTpoB IUIOTHOCTHBIX Tewe-
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Puc. 4.4.4. BepTHKanbHBiC PacupelCneHHs NApaMeTPOB IUICTHOCTHONO TeHeHHs,
3apErMCTPHPOBARHOIO Ha MPOAOIBHOM paspesc B MBaHBKOBCKOM BOIOXpaHHIHING
(mom 1998 r.). Ha pHcyHke noxasamei wamepesmmie U n TeOpeTHIeCKH
paccyutantslie [° 3HAaYCHHA CKOPOCTH TEUEHHS, BEPTHKAILHBIE npodHIM pasHOCTH
IUIOTHOCTCH XHMAKOCTH Ap B TIOTOKE M HAX HUM, KOHUCHTPALMH S H TEMNEPATyphi
T, a Tawke peased aua u cooTseTCTBYIOmME TIy6HEE H(x), rae x — paccrosnue
BJIOIIE TIO TOTOKY. [ KaTOHM BepTHKANH CTPENKOH I0KA3aHO HANPABIEHHE BETPA

‘W

HHUl B IIPOTOYHEIX OacceiHax, B TOM YHCHE BOJOXPAHWIHINGX, YHH-
KanbHbl. Hccnenosanne 3BONMIOIMH TaKOTO TedeHHS MPOBENEHO B
HeanbxoBckoM Bonoxpaxnwmie (Cavonobos, 1999, 2000). ITo wm-
HE BOI0EMA CYIIECTBYIOT HPUAOHHEIE CTPaTH(OHUIIMPOBAHHEIE IOTOKH,
NOABEP)KCHHBIE BIMAHMIO BHYTPCHHHX BOJH, APEHMOBEIX TEYCHHH U
TOMorpapHu.

Oco6riit MHTEpEC NpejCTaBIseT BHIABACHHEIA Ha pa3pese 3TOro
TeueHus (puc. 4.4.4) MexaHu3M (OPMHpPOBAHHA IUIOTHOCTHOTO TIOTO-
Ka NPH B3aWMOIEACTBHM BCTPEYHOTO BETPA CO CTOKOBHIM TEYECHHEM.
MexanusM 3akmoyaercs B ciemyiomeM: 1) TopmoxeHHe nOBEPX-
HOCTHBIX CJIOCB BOMBI, —> 2) CMEIIEHHE MaKCHMMyMa Ha npoduie
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CKOPOCTH XapaKTepHOro A1 TUIOTHOCTHOIrO NOTOKAa CJIOA CMELICHHA
Ha npodmie ckopoctH. [Ipy cMeHe HampaBlieHHs BeTpa IPOHCXOIHT
paspylIEHHE CIIOS CMELICHHA Ha YYacTKaX C yKJIOHaMH JIHA, MCHb-
(MH yMeperHoro (<107%) (sepraxanu 7, 8). 3atem ¢ pocToM YKiIoHa
JHA IUIOTHOCTHOE TedeHHe omnepexkaeT npeddoBoe M ABHXKETCA IO
BOJIOXPAHMIHIIY, TPAHCTIOPTHPYS NOCTYHAIOMME B HETO IIPHMECH.
COBMECTHOE BO3/ICHICTBHE 3THX IPHMECEHl B TepMHYECKOH cTpatndu-
KaIM Ha pacmpejieieHde IUVIOTHOCTH NPHBOJAMT K HOABJICHHIO BTO-
pHMHBIX TeueHnH. Takue Tedenns o6pasyloTCs 3a CYET IIOTHOCTHOTO
PacclOCHHS OCHOBHOrO (HECPBHYHOrO) NOTOKA Taloke, KaK 3TOT Oc-
HOBHOM — 3apopamics B mosHo# Tomme Bop Gacceiina. Bansuue Bro-
PUHHBIX TeYEHHI IPOCIEXHUBACTCA 10 JIOKATHHBIM MaKCHMYMaM HIH
no obnactsaMm cTabmamMzauy¥ Ha NPOQWISX CKOPOCTH Y HA NIPH Z
< 0,25z,. BropyqHOMY TE4ECHHMIO COOTBETCTBYeT HedeJOHIHEIA CIIOH,
orunbatomuit HeoHOpoHOCTH peibeda npa. lpu peskux usMeHeHH-
aX penbeda HaGMONANUCH YTOMOEHAN HepEJIOUHOrO CI0sA ¥ BHIOpO-
cbl 00JIaKOB MyTHOCTH B BHILIE/ICKAIIHE BOJBI.

Pa3puTue BHYTPEHHHX BOJIH B 3TOM TEYCHHM 3apErMCTPHPOBAHO
OpH aHauM3e pe3yNbTaTOB CepHii 30HAMPOBAHHH Ha CTaHIMAX
(puc.4.4.5). OcobeHHOCTH 3BOMIOHH CTPYKTYP HOJIEl TeMneparypsi,
CKOPOCTH T€YeHHsA M KOHLIEHTPAIlHH B3BECH COOTBETCTBYIOT nipeobpa-
30BaHMAM IUIOTHOCTHOTO IIOTOKA TI0J{ BIMSHMEM BHYTPECHHE#H BOIHBI
ceiitmeBoii npupoas:. Konebanus H30Tax, a Taloke B NPHIOBEPXHOCT-
HOM H NPHIOHHOM CJIOSX XapaKTepHbl VLA BTOPO# MozBl BONHEL. BhI-
ABIIeH 3¢ deKT nepenaun UMITYJIbCa BHYTpEeHHEH BONHOM oT Apeido-
BOrO TeueHHd K npuponHoMy. OOGHapy)keHa KBaJgpaTH4YHas 3aBHCH-
MOCTb BOJIHOBBIX BO3MYIIECHH#H T€UEHHS OT CKOPOCTH BETPa, KOTOpHIH
YCH/IMBAJICA BO BpeMs H3MepeHHH. MakcHMyMBl BOMYILICHHH CKOPO-
CTH B cJIo€ CMellleHHs MPHAOHHOTO MOTOKA pacnofiarajlich Ha Iry6u-
HaX, MPONOPIHOBAILHAIX INPOM3BEAEHHIO YaCTOTHI IUIaBY4YEeCTH Ha
ckopocts Berpa. [lonokeHMs MaKCHMYyMOB COBHAJAIOT ¢ MpodiuieM
BHYTPEHHEH BOJTHEL

B ocoly1o rpymity MOXHO BBIIENHTE LMPKYJALMOHHBIE TIPHAOH-
Hbie IUIOTHOCTHBIE MOTOKH, NOPOXIaeMEIe Apeii¢OBEIMH TEYEHHAMH,
a Taxke 0OMEHOM MeXIy OTIACABHBIMH YaCTAMHM BORXOEMa CO CJIOXK-
HOH Tomorpadueii. HecMOTps Ha MHTEHCHBHOE M3yYeHME TaKHMX IIO-
TOKOB, OCTAIOTCH HE BIIOJIHE ACHHIMM MEXaHH3MLI MX pacIpocTpaHe-
Hus. OTO B 3HAYHTENBHONW MEpe CBA3aHO CO CIIOPAJUMHOCTBIO TOSB-
J€HUs TedyeHHi, 00yClIOBIEHHBIX HHTPY3HAMH JXHAKOCTH TIOBBIINICH-
"ol rutotHoctd. [Ipu mposeneHMM HccremoBanuit Ha Moxaiickom
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Puc. 4.4.5. I'padaku 3asucumoctedt ckopocru serpa U, (cnnoumHas KpuBas) ¥ us-
TErpanbHOro uwcna Pudapacona Ri, (IyHKTHp) OT BpeMEHH { (a) M COGTBETCTBYIO-
e npeoGpasoBanms pacripenencHuii KoHuenTpauuu B3secn C, (6), ckopoctu Te-
YeHus U (B) ¥ Temnepatypsl Boabl T () BO BPEMEHH [ U IO BHICOTE Hall YPOBHEM
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Puic. 4.4.6. BepruxankHule Npoduiu CKopocTH Tedenus U, Temneparypst Boust T 1
KOHLEHTpanuH B3BecH C

BOJOXpaHUNMIIE OOHApyXeH TEPMHYECKH CTpaTH(MIMPOBAHHBIA
NPUIOHHBIA MOTOK TOMIMHOM 3+5M co ckopoctsio 10 13 cm/c, BhI-
3BaHHEIA J0XeBbIM NaBoakoM (pHc. 4.4.6). PacnipocTpaHeHHe Tede-
HHA CONPOBOXAANOCH ABWKEHHEM BHH3 110 CKJIOHY XONOJHOH MpH-
JOHHOIM JHH3bI MPOTAKEHHOCTHIO NOPA/IKA TPeX KHIOMETPOB. Boiis-
JIeHa 3BOJIIOIMA Te4yeHMs B ero anpe M 3aqHeit QpoHTAILHOH 30HE
(puc.4.4.7). 3aperucTpupoBaH MOXLEM B3BECH BHYTPEHHEH BOIHOM U3
TIPHAOHHOM 00acTH. AHANOIM TAKMX ITOTOKOB HIMPOKO pacmpocTpa-
HEHbl B MOpAX M OK€aHaX B paHOHAX ANBEJUIMHTOBHIX TEYCHMH, NPH
PacnpOCTpaHeHHH OCOJIOHCHHBIX IIPH MCHApeHHH BOJ, 3aXBaY€HHBIX
OTVIMBaMH H3 JIATYH; IPH BTOP)KEHHH CPE/IU3EMHOMOPCKHX BOJ B AT-
naHTHUeCKHi okeaH yepe3 ['mGpanTapckuit nponus H B paje .npymx
NOAOOHBIX CHTYAaLIMiA.

He cMOTps Ha aKTHBHO MPOJOJDKAIOIIMECS HCCIECIOBAHMA CTpa-
THOUUHKPOBAHHBIX TeueHHH emE He pa3paGoTaHBl JKOCTATOYHO
COBepIlUCHHbIE METOBl TEOPETHYECKOro ONMMCAHUA pacnpeleeHuit
CKOPOCTH M IUIOTHOCTH JKHIAKOCTH 110 TOJIINHHE H JUIMHE TEUYCHHH C
YYETOM B3aHMOJICHCTBHS CABHTOBBIX CJIOEB, BIHAHHA CTpaTH-
¢uKanuy, BTOPUYHEIX MOTOKOB M BHYTPEHHHX BOJIH, TIOJBIKHOCTH
OKpy’KaroleHl JUIKOCTH M reocTpopHYecKHX 3¢ deKToB.
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Prc. 4.4.7. Pacnipesenenus TEMIIEPATYPLI, CKOPOCTH TEYEHUS U KOHUCHTpaUHH
B3BECH 110- BBICOTC HAX IHOM H BO BPEMEHHM B HHTPY3HOHHOM TeUeHUM

OcTaioTest  HepacKpbITHIME MEXAHU3MbI mubdysuu npumeceii B
CABHIOBEIX CNOSX M SPE TedeHMs MpH B3aUMONEHCTBUH 3THX

TIPOLECCOB NepeHOCa M BHYTPEHHHX BONH B MOTOKAX c pa3HbIMH
THNAMH TIOTHOCTHOH CTpaTudUKanuH. '
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4.5. BorsoBbIe IBHKEHHES B 03epax

BonHoBBIE [BHXEHHMA B O3epaX NpeAcTaBLiloT coboii Bo3my-
[ieHHs HEKOTOpPOro YCTOHYMBOrO COCTOSHHS H CTPEMJICHHE
BEPHYTBCA B HCXONHOE MOJOMEHHE ITyTEM BOCCTAHABIHBAIONMIETO
JCACTBAS TIOBEPXHOCTHOTO HATKEHWs, rpaBuTanyM, cwisi Kopmo-
JHCa H MOMEHTa, CBI3aHHOTO C COXPaHEHWEM NOTEHLUHANLHOMN 3aBUX-
peHHOCTH. B BO/H 3aBHCHT OT BHIHYXKIAIOIHMX CU, ocobenHocTel
cTpaTH(HKAlMK, XapaKTEpHBIX pasMepoB H ¢opMbi o3epa. BonHel,
cBA3aHHBIE C TpaBHTalMel, OTHOCATCA X BOJHAM IIEPBOrO KJacca, a
BOJIHBI, 00yCOBNEHHEIE BpalcHHEM, ko BTopoMy. Kak yxe ynomu-
HAJIOCh, H3-33 OTHOCHTENLHO HEGONLINHX PasMEPOB 03P M TOCTOSH-
crsa mapamerpa Kopuomaca (f = 0) B HHX OTCYTCTBYIOT
JUTMHHOIIEpHO/IHbIe BONHBI PoccOH, HO HEOAHOPOAHOCTH penbeda AHa
M COXpaHEHHE MOTCHIMAILHOH 3aBHXPEHHOCTH  ONpPEAENsIoT
¢opMupoBaHHe B 03epax Tonorpaguaecknx Boin Poccou.

Takum 06pa3oM, THHAMHKY O3ep OHNPEACIMIOT CICAYIOMHE Kiac-
CBI BOJIHOBBIX JABMIKCHHIA:

1) xamanaspueie BoxHBI ¢ mepHofamu MeHee 0,1 c;

2) rpaBHTALIHOHHEIE W MH(parpaBMTANMOHHLIE C MEPHONAMH
1-30¢;

3) HHEpUMOHHO-IPABMTALMOHHBIEC T < T, ;

4) uHepuHoHHsIe H BosHI Ilyankape ¢ t=~ £

5) 3axBayeHHsle Geperom ¥ BoHb KenbBuHa;
6) TonorpadHIECKHE BOHBL.

B 3aBHCHMOCTH OT AeHCTBYIOIIMX CHJI BHIAENSAIOT CBOGOIHBIE W
BEIHY>KJI€HHbIE BOJHEL. K IEpBEIM OTHOCATCS BOJHMI 3616 M cefinm,
KO BTOPHIM — BETPOBBIC M NpHIMBHbIE. [IpHyeM MpuiIHBHbIE BOMHEL,
XOTA H OTMEYCHB! Ha CAMBIX KPYIHBIX 03epaX, CylCCTBeHHOH ponH B
AMHAMHKE BOJ HE HrpaioT, TAK KaK MX aMIUITHTY/ia COCTABJIAET BCETO
HECKOJILKO CaHTHMETPOB. BOJHEL, XapaKTepHCTHKH KOTOPBHIX HE 3aBH-
CAT OT TEMMEpaTypHOH CTPaTR(HKALMH, HMEIOHHE MAKCHMAILHYIO
aMIUIMTY/y Ha TIOBEPXHOCTH 03€pa, Ha3hiBaloT 6apOTPONHBLIMHE, a BOJI-
HEI, rapaMeTpbl KOTOPHIX ABIMIOTCH (yHKuMe#H IIOTHOCTH, 6apo-
KIMHHBIMH, WM BHYTpeHHHMH. BHyTpeHHue BoNHEI, HMelOmue IEph-
0]l, NIpUXOAANIMICS Ha J{Hana3oH JOKaIbHoMi yacToTh Baiicans—bpen-
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T4, H HHEPLHMOHHbIH NEPHOA T, +7, , HA3bIBAIOT KOPOTKOMEPHO-
HBIMH, a BOJIHbI, IEPHOJ KOTOPEIX Gonbine 7, , ANTMHHONEPHOXHBIMH.

BapoTtponHsie BOJMHBI HOApasAaensioT Ha kopoTkhe (A << H) #
anvsHeble (A > H ) BORHHI ,,MEJKOM BOIBL”. i

BonHEI XapaKTepH3YIOTCH KOHCEPBATHBHBIMHM JHEPreTHYECKHMH
COOTHONIEHHAMH MEXy Pa3NHYHBIMH (OpMaMH SHEPrUM: HalpHMep,
B 3BYKOBBIX BOJIHAX — MEXAY 3HEprueH ynpyrocTd ¥ KHHETHUECKO#H
SHEPrHeH, B HHEPLMOHHBIX BOJIHAX — MEX/y SHEPIUSIMH BpameHvus H
TepeHoca. )

H3yueHHIo BOJHOBBIX ABIDKEHHI B MOPSX M OKeaHaX MOCBAIIEHA
obumpHas MTepatypa. B nocneanue roasr Gonpinoe BHUMaHHE yae-
JIIETCA TEOPHH BONHOBLIX ABMXKEHHiA B o3epax. HecmoTps Ha nmonryio
HCTOPHIO HCCIIEIOBAHHSA BOJIH M KAKYLIYIOCH IIPOCTOTY ABJICHAN H MX
OIMMCaHMUsA, CYMIECCTBYIOIHE TEOPHH HE NO3BOJIAIOT, HAPUMEP, TOYHO
1 Ge3 nporuBopeuHii O6GBACHHTE MPOHECC PA3BUTHA BETPOBHIX BOJIH
KOHEYHOH aMIUTHTYJIBI, Nepepacpe/ic/ieHHe SHEPIUH MEXAY BOJIHO-
BBIMH COCTAaBJIIOIMMH, TEHEPaUMIo U 3aTyXaHue BosH. Ha riry6okmx
o3epax aKTHBHO HMCCJIEQYIOTCA BHYTPEHHUE BOJIHBI, KOTODHIE SBJIA-
IOTCA OJHHM H3 IJIABHBIX MCTOYHHMKOB IEPEMEIIABAHMA B TOJLIE BOX
H OKa3plBAaIOT 3HAYHMTEBHOE BIHAHME Ha FHAPOQH3HYECKHE K 3KOJIO-
radeckue mpouecchl. Hanbonee m3yveHsl TeopeTHyeckd H 3KCHOEPH-
MEHTAIBHO CTOSYHE BOJHBI, WIH Ceiilid. YuurhiBas HeGOMbLUOMH
o6seM KaHHOH MOHOrpadHMH M pasHooOpasHe BOJHOBBIX MPOLIECCOB B
o3epax, nopo6HOE MX ONMHCAHHE He MNPEACTaBIAETCS BO3MOXKHBIM.

IosToMy B manHOM pasfene GyayT JIMINB KPATKO HIIOXKEHBI BOMPOCHI :

TEOPMH BOJH M TPMBENCHHI pPe3yNbTaThl HCCIENOBAHMI BOJHOBBIX
ABIKEHHH B pa3sHoo6pasHeix o3epax Poccuu.

4.5.1. Anannsie 6apoTponBbie BOTHBI

OnuuM H3 Hanbonee H3yYeHHBIX BHIOB ABFOKEHHH O3€pHBIX BOJ
ABJIAIOTCA CEHIIH — CTofuMe INepHoauvecKkHe KoyieGaHws BOIHOH
Mmaccel. Ilocne BospelicTBMA HexoTopoit cwisl (Berep, mepenajsi
JaBJICHUA, CHILHBIH NOXAb M Ap.) BOAHAs Macca, BbIBEGHHasA W3
IIONIOXXCHAS paBHOBecHd, Oymer coBepmath cBobonmable KonebaHmi,
KOTOpHIE€ 3aTyXalOT [MOCTENeHHO IO HEHACTBHEM CHI TPEHHS.
Konebanms BopmHO#M Macchl oO3€pa NPOMCXOOAT OTHOCHUTENBHO
HEKOTOpOH y3/10BOH (MM Y3UIOBBIX) JIMHHH, TOJIOKEHHE KOTOpOH
ornpeaesieTcs TONbKO GopMoit 03epHOM KOTIOBHHEL.
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OCHOBHbIE YpaBHEHHS YIS OTIHCAHHS CEHIll MMEIOT CIICAYIOLIHMIH BHT:

u_._ Co
a P Ha ™
», 5= C% 4.5.1
5+ﬁ4- Hay_Hy’ (4.5.1)
H[Q'Fév')‘*'E:O’

ox oy ot

rne ¢ — BO3BbLILIEHHE CBOOOMHOM MOBCPXHOCTH, T, n ‘[y - BHCIHI-

Hii Cwia, BbI3BaBmas ceiuM; C=./gH — ckopocTs pacmpo-
CTpaHEeHHA JVIMHHbIX BOJIH, H — rirybuHa BOJIoEMa, f=22Q sing.

Pemenye 3THX ypaBHeHHii GyIeT CyINECTBEHHO OTIHYATHCSH IIA
o03ep pasHoit ¢popmbl. PaccMoTpHM 6apoTpONHEIE CeHUIH.

B nnuuHOM M y3xk0M o3epe (Hanpumep, Jlox-Hecc) MoxHO npeHe-
Gpeus reocTpodprdeckuMH 3P PeKTaMH U BEPTHKANBHEIM YCKOPEHHEM
npu ycnosud, yro H/L << 1, Torja peuwleHMe ypaBHEHMiH i
CKOPOCTH TeueHwit (v — momepevynad cocrasmomas Gyzmer
npeHeGpexuMo Mana), BO3BHIIEHMS CBOGOJHON MOBEPXHOCTH M
NepHo/a ceiIny MOXHO HOY4HTE 1o (Gopmynam

u = up,,sin(mnx/L) sin(2nt/7,), 4.52)
¢ = Agcos(mmx/L) cos(2nt/7.), (4.5.3)
1, = 2L/(n gH), (4.5.4)

rae u,,, — MaKCHMAalIbHas CKOPOCTh TCUCHHH; 4 — amIuHMTyZa
ceHuI y KOHLIOB 03€pa; 7 — KOJHYECTBO Y3/IOB CEHINH.

®opmyna (4.5.4) npencrarnser coboi Xxopomo H3BECTHYIO
¢dopmyny Mepuana, koTopas IOKa3bIBacT, YTO MIEPHOM CEHIN B Y3KOM
03epe 3aBHCHT OT JUIHHBI 03¢pa U €0 TITyOHHEL.

JUia OGoNblIMX HIMPOKMX O3€p MOHepedHas COCTABIAIOINad

ckopoct v #20. Torna pemenne ypasnenni (4.5.1) uia wmpokoro
0O3epa IPUMET BHJL:
u = up,sin(mnx/L) cos(nmy/B) sin(2mt/1;), 455)
v = upcos(mnx/L) sin(nmny/B) sin(21tt/‘c,~),’ o

rae B — mupuHa o3epa. Y Geperos o3epa y=0 mpu x=0 ¥ x=L,
a y=0 mpu y=0 H y=B-
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BosBbileHne ypoBHS paccYdTBIBaeTcA N0 Gopmyre:
¢ = A, cos(nmx/L) cos(nmy/B) cos(2mt/x;)- (4.5.6)
Tlepuon celinis LTHPOKMX 03€p MOXHO PACCHHTATH 10 GopMyne

) 1
n? n*):2

el P

(@45.7)

B Ta6n.4.5.1. npuBeneHH 3HAYECHHA NEPHONOB OJHOY3/IOBOH
MoJbl (ceifliH) HeKOTOpBIX IITyOokux o3ep. HaGmonaemerii mepuox
Celilll, OHAKO, OT/IMYAeTCd OT paccyuTaHHOro no dopmyne (4.5.7).

dopMa KOTJIOBHHBI

O3€pa  H3MCHACT  HEPHOX. Cymecmym

pasHooOpasHbie dopMynsl U4 pacyera NEpHOAa CeilluM ¢ yderoM
(opMBI 03€pHOI KOTIOBHHEI,

Tabmmua 4.5.1. XapaxrepHeruxn npofoasuolt oqHoy3 1080 Moas! 03ep

Oaepo OcHoBHO# neprox AMIUMTY 3 , CM
MpOAONBHON celinn, 9
Enpona '
Jlanoxckoe 45 Jlo8
Onexckoe 43 Jlo8
Benoe 3,2 Jo8
Jlox-Hecc 0,5 -
" Cesan 2,0 -
Kpacnoe 1,0 2
Azus
Baitxan 4.6 5
busa 1,2 -
Amepuxa
Bepxuee 8,0 6-8
Meuruuras 9,1 -
3pu 14,3 10
Owurapno 48 -
AscTpamis
Moxopmx 2,2 -

MakcumanbHble CKOPOCTH TeUeHui Habmomalorcs B y3JIOBBIX
JIHHMAX CeHIM B NIEPBOH M TPEThEH YETBEPTAX Mepuoaa konebanui, a
MaKCHMaNbLHbIE aMIUTMTYARl — Y KOHIIOB 03€pa HIH B ,,yYHOCTAX"

ceum.
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Puc.4.5.1. Cnextp xoneGanuii yposns Jlanoxcxoro osepa Juld WHPOKOro
JMana3loHa 4acToT

Kak wHTEpecHBIt (AaKT OTMETHM, HYTO B 03€pax Baiikan,
TlagoxckoM, OHexckoM ¥ OHTapHO NEPHOAB OHOY3JIOBOM CeHIn
COBMANAIOT. YUMTHIBas H3MEHUMBEIH BO BPEMEHH KOMIUIEKC YCIIOBHI
¥ TO, YTO CEilM CYIMecTBYIOT BMECTE ¢ APYTHMH BUXaMHU konebanui,
NpeICTaBUM M3MEHEHHA YPOBHA 03€pa Kak BEPOSTHOCTHEIN mpoliecc.
[MoxaxeMm BKIaA cedim B crekTp KojneGanmid yporHs Jlamoxckoro
o3epa VA IIHPOKOro JiHanasoHa 9YacTOT OT HECKOJNBKMX JIET JO
HeckoJbkMX dacoB. Cmextp (puc. 4.5.1) paccumMraH MO METOAHKE
pacueTa ,cKieeHHOro" criektpa. Ceillin B 3TOM CHEKTpe XapaKTe-
pHU3YyIOTCA Y3KHM IIHKOM Ha 4acToTe, COOTBETCTBYIOICH LHKJIHY-
HOoCTAM 4,5 H 2 4, TUIIMYHLIM JJI BOJHOBBIX NBIKCHUHA, a DHEPrug
CellmeBBIX JBIKEHHH Ha 2-3 IOpAfKa MeHble SHEprHM Haubolnee
MOIHBIX CE30HHBIX KoNeOaHWi ypOBHA M CHHOIITHYECKHMX CrOHHO-
HAFOHHBIX KoJeGaHHii, IMEIOIHX BpeMeHHsIe MaclTabhl okono 2-4
cyr. Ha cnextpe MAeHTHQHUMPYETCS HECKONLKO MOJ GapoTtpomnHoit
CeiiIM, 3 BMECTE C HUMHM BBIIEJIAIOTCS KoneGaHus ypOBHS, CEA3aHHbIe
C NOMyCYTOYHHIMM M CYTOUHBIMH TpHIMBaMH, M HeGonbuime
KoneGaHHs YPOBHS METEOPOJIOrHYECKOro NMPOHCXOXKICHHA (TepHon
50-70 g). 4 , .

B o3epax co cloxHOH KOHQuUrypaumeil qua ¥ Geperop cnexTp
Kone6aHHii ypOBHS MHOTOMOJIOBBIH. 3Ha4MTeBHO NPOIIE CTAHOBUTCA
criexTp koneGaHuil ypoBHA B 03€paX NPOCTOH ¢dopMBl C POBHBIM
IHOM, KaK, HanmpuMep, B o3epax Benoe m Kpacnoe. Ha puc. 45.2.
IpHBe/ieH crieKTp KoneGanmil ypoBHA o3epa benoe, B KOTOPOM 4eTKO
BBUIEJLIIOTCS OCHOBHBIE CEHIIIA.
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Puc. 4.5.2. Cnextp koneGannit yposns o3epa Beioro. IITrpuxosxoii
BEUICACHSI CelIIeBsic koneGauus nepBoid Mok

B kpymuex rry6okux osepax Hens3s npenebperats sddexramu
BpameHud. B 3TOM cilyyae pemenme ypaBHEHMI MOXHO NOTYYHTH B
TaKOM BHJE:

_fL nny
U= e COS| cos(wr), (4.5.8)
_fL nmy) .
v = YOS\ —= sin(at),
e o = \/ 12 +n2n2C2/ I — vacToTa BONHOBHIX KoneGaHHuil.

Tun gBwKeHMii, ONMHCAHHBIX B YpaBHeHHsX (4.5.8), zasucuT ot
B&JIMIHHBI COOTHOWCHMA f1/C. B ToMm ciydae, ecnu 310 coorHo-
wenre Mo, T.e. fL/C <<1, 3¢}pexTsl BpaleHHs HEIHAYHTENBHBI |
4acToTa Konebauuit o =nnC/L . OnMcanHEle BHIIE NBIKCHHS npen-

CTaBJIAIOT CO60H peBEpCHBHYIO OTHOY3NOBYIO Ceifiny B Y3KOM o3epe.
Ilpu 310M aMIIMTYna IPOAONLHOM COCTABNMIOWEH 1 3HAYHTEIBHO
Gonbime, yeM aMruMTyAa NonepeqHo# cocTaBmAOmei v. B ciyy4ae,

ecmd  fL/C>>1, 4acToThl @, CBOGOAHBIX CTOFUMX KO/IeGaHHMil
NpuONWKAIOTCA K ,,AHEPUHMOHHON” YacToTe S > OpHu 3TOM Y=y, a

OpOHTBl FOPH3OHTAIBHEIX JBHKEHHI CTaHOBSTCA OMH3KMMH K KpY-
roBeIM. Bpalense 4acTHI )KHAKOCTH C IEPHOZIOM 27t/ f MPENCTaBIA-
er coboii ogun W3 Haubosee CHOXHLIX BHAOB JBIKEHHHA —

HHEpPLMOHHEIE KonebaHus.
B ozepax Baiikan, Cepan, Onrapno, JlanoxckoM, OHExCKOM H

page APYTHX BIHAHMEM Bpamenns 3emmn (mapamerp f () Ha
JVIHHHBIE FPAaBHTAIHOHHbLIC BOJIHBI, OYEBMIHO, MpeHeOpedYh HeNb3A.
Ecmn f#0, 10 BONHOBBIE JBIDKEHHS YXe He OyAyT HpeicTaBlATh
coboii IpocThie crosure KoneGaHua. B o3epe npu 3T0M CymecTByeT
cnoxHas cucrema BonH KeneBuna u Ilyankape, pacmpocTpass-

IOMUXCA B TOJIOXKHTENFHOM (TIPOTHB 9acOBOH CTpeJIKH) M OTpH-
LaTeJLHOM HampaBieHusX. Bo3MokHble 4acTOThl COOCTBEHHBIX KOJIE-

GaHHH BOX 03epa B 3aBUCHMOCTH OT COOTHOWIECHMA f/w, TOKa3aHBI
Ha puc. 4.5.3 s uneamsupoBannbx 6acceinos. IIpy orcyTcTBEM
BpauieHHA ( f/w = () OTHOWIEHME BO3MOXHBIX 4aCTOT COGCTBEH-
HpIX XojebaHMii ¢) K 4acTOTe OCHOBHOH OAHOY3JIOBOH CeHIIH @),
paeHo 1. B 3TOM CiTyuae oTMEYAlOTCSA TONBKO CTOAYHE CEHIM. A MpH

20
2
15 .
ao
~N
3
Lo N
3
1
as - -
0 ] i 4 1
0 as 10 15 2,0 25

t/ o

" Puc.4.5.3. 3aBucHMOCTL 49acToTH! COOCTBEHMEBIX kojneOammif o3epa  OT
OTHOWEHAY f/w, A4 KBANPATHOro (I u 2) u npamoyronsHoro Gacceiina NpH
OTHOMEHHMM pauAH cropoH 1/2. Kpueuie I, 3 COOTBETCTBYIOT HH3IIAM
AHTHCHMMETPHYHEIM  NOJIOKHTCIEHEIM  MONaM, KpuBas 2 —  HM3MICH
OTPHIATENLHOH aHHTHCHMMETPHIHOH Moie
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flw, = 2,5 (6mu3ko x coorHomenmsM mia o3ep Jlamoxckoro,
Batikan, Onrapuo) ans osepa npamoyrossnoit opmsl ofw, = 0,7,
T.€. NIepHOA COOCTBEHRBIX KoneGanmit ozepa Gyaer HeMHOro Gombine
paccunTanHoro no ¢opmynam (4.5.4) wim (4.5.7). B stom ciayuae
Habmonaercs cucreMa Bon Iyanxape.

Biusnue Bpamenus 3emim Ha coGcreenmsle  GaporponHbie
Kone6GaHUA BOJ O3epa HAEATH3HPOBAHHONH GOPMEI (KBAAPATHOTO WK
NpAMOYTOJILHOIO C IOCTOAHHOM riy6uHoi) uccnegopaHo Jle Brnorom
1 Maiicexom, a s peansHoro 03. Bepxsero paccumrano I1. Xam-
GIIMHOM. Croboanbie xonebanmns Husuiei Mozsl (Haubonee monrome-
PHOIHbIC) HallpaBlieHbl NPOTHB 4acoBoii cTpenk:. B ueHtpe osepa
BO3BBILIEHH CBOGONHOM NOBEPXHOCTH paBHBl HymoO (¢=0), a y
GeperoB MakCUMalIbLHEL

B orkpeToi wactu ozepa dopmupyrorca Bomet Ilyankape,
MpeNeNbHBIA Cyyail KOTOPBIX — HHEPLHOHHEIC BOJHBI C FOpH-
3OHTAIBHBIMH IPeGHAMA. JUIA BOJIH C rOPU3OHTANILHBIMH TPeGHAMM,
Korja R=co, a nepuoJ BOJHBI GJIM30K K MOJIOBHHE MAaATHHKOBEIX

CYTOK, T.€. 7=, , IPEJIAracTcA CJEAYIOIee pemeHne ypaBHEeH i
(4.5.1):

¢=0,
x t 2zy '
= S 2 — e — _— > 4.5.9
U = Uy, O 7:[/1 Tm) exp( /'L) (4.5.9)
v =u, sin| 2z x_r ex (g—”l)

Bapotponsbie Bonas! KebBHHa He NPOsRIAIOTCS B KPYIHBIX riIy-
Goxux o3epaX, Tak Kak m1d HMX 6apoTpomHEIi paguyc R 6onbme
pa3sMepoB o3ep.

4.5.2. IapKyasnEd BOJ, CBA3AHHLIE C TonorpadgpHIECKHME
Ipdexramn

Panee 6ru10 0TMEUEHO, YTO B 03epax H3-3a MANlOCTH M3MEHEHHIT
napamerpa KopHonuca ¢ mIMpOTOi OTCYTCTBYIOT CBOGONHEBIE BONHEI
Pocc6u. OnHako B 3aMKHYTOM BOJOEME CO CIIOMHBIM penbedom Ha
BO3HHKAIOT Tonorpaduyieckie BHXPH, WAPKYJIALMHY, WIH BOJHEI Poc-
c6u. Tonorpaduueckue BoHu Heenenosanucs Kcanagu u Maiicexom
AU BONOEMOB C HICATLHBIMM GopMoii B pensedom aua. B peansHoM
Gacceiine, HMeIOIEM CIOXHYIO (OpMY M penved nHA M Heonau-
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HaKOBBIH HalIOH Geperos, GOpPMHpYeTCs MMPOKHMIA CIEKTP BOJIHOBBIX
pewxenni, Bonusl KenbeuHa M Tonorpapuueckue (B TOM HHCIE H
,,FHOpUAHEIE” BOJHBI, KAK PE3YJIHTAT B3aMMOACHCTBHA 6apOKITHHHBIX
sosiH KenbBuua u GapoTponHex Tomorpadmdeckux). B osepe, npu
TIepUOAAX JBWKEHMH (KOTOphie OGYCIORNEHBI TONOTpadHueCKUMH
s¢dexraMu), GONBIIMX HHEPUMOHHOrO NEPHOAA, TPaBUTALMOHHBIE
CHJIBI YCTYNAIOT CBOIO XOMHHHPYIOIIYIO pOJIb B JHHAMHKE d(Qdexram,
CBA3aHHBIM C AU depeHIMaNbHEM BpalieHHeM. bapoTponHsIie BOJHEL
CTAHOBATCS IUIAHETAPHBIMH H BBHIABIAIOTCA B BHAC MEIJIEHHO
pacpOCTPaHSAIOIIMXCS KpynHoMacmTabupix Teuenuid. OGHapyxuBa-
I0TCA OHHM HE N0 Koje0aHWIM YPOBHA, a NO M3MEHUMBOCTH IOpH-.
30HTATBHOTO N0JI1 CKOPOCTH. ‘ ,
OcobenHoctd  Tonorpagun  (HEOMHOPOJHOCTH penbeda AHA,
Hax/IOH GeperoBoii 30HBI M 3aMKHYTOCTh KOTJIOBHHBI) 03€pa OKa3bl-
BAIOT pelnaloiee BIMsSHAE Ha GOpPMHUPOBAHHE O3CPHOHM LHPKYJIALMH.
Xapakrep LHMpKYJAIMHA BOJA B O3€pe THIHMYEH JUIA NOrpaHMYHBIX
cnoeB. IlpmueM HMeloTCA OCOOEHHOCTH, KaK XapakKTepHbie i
npuOpeXHOM 30HBI, OrpaHHYeHHOM pacCTOsHUEM NopAnKa 6apoKInH-
Horo paamyca Aedopmaimn Poccbu (,coastal jet”, 3axpaueHHsie
BOJMIHBL, BonHBI KenbBHHA), Tak H creuH(HYecKkHe, CBA3aHHEIE C
Tonorpapuyeckumu 3¢ deKTaMH, KOTOPEIE HAXOAAT OTPWKECHHE H B
OTKPHITOH YacTH 03epa B BAJIE TONOTPapHUECKHX BOIH-LMPKYIALHH.
PaccMoTpumM Tonorpaduueckue JBIDKCHHA B 03€PE C peanbHBEIMH
dopmoit u  pensedoM naHa Ha npHMepe OHEXCKOro o03epa,
BOCIIOJIb30BaBIIHCH HMEIOUIMMHCA AWATHOCTHYECKMMH MOJIEIIAIMH.
VYyTEIBak, YTO MpH CWIBHEIX INTOPMOBBLIX BETpaX Habmonaercs
noYTH GapoTPONHEIA OTKIMK 03¢pa Ha BHIHYXKAAIOUIYID CHIY,
HCHIONL3YEM HEJIHMHEHHYIO [IMArHOCTHYECKYI0O MoOAeNs. Pacders
TI0Ka3aJId, YTO MPH I0ro-BOCTOYHOM BETPE CO CKOpocThio Gonee 8 M/S
y 3anagHoro nobepexns OHEXKCKOro 03epa BOZHMKACT IKMAHOBCKHMHA
NpHOpeXHbi# anmBe/UTHHT W (GOpMHApYeTCd HECKONBKO LMPKYJISALMH,
HMEIOIMX HUKIOHHYECKOS M aHTHLMIIOHHYECKOE BpalleHue. Ecmu
K03 QHLMEHTH rOPU3OHTAIBHOIO H BEPTHKAILHOro TypOyneHTHOro

o6MeHa 3a7aBANICh PaBHHMH cooTercTBenHO §-10° cm?/c u 107 em/c
(mpu Ax =2 kM W Af = 20 MHH, TO KHHETHYECKad SHEPrHA

KoneGaHwii Tevermii 52 Grula pasHa 129 cm?/c?, a yepes 2 cyT m3-3a
IOMCCHIIATMBHBIX ~ CHJI  TPOHMCXOJWIO  3aTyXaHue 'reqezmxzﬁ,
KHHETHYeCcKas SHeprud KOTOPHIX COCTaBiIAIa Bcero okono 1 cm/c” .
Tlpu 3TOM B 10XKHOI YAaCTH O3epa W3-3a MEHBLIMX IMyOHH AMccHnanus
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BOSHHKIIKX ABHXXCHHH NpPOHCXOAWIA CylleCTBEHHO OBICTpee, YeM B
CEBEepHOH 4acTH o3epa.

OcobeHHOCTH 6apOTPONHBIX ABWKEHHH HCCAEHOBAIMCH IYTEM
KOHTpOJIA 32 (popMoii penbeda Bo3BHIEHHH CBOGOAHOM OBEPXHOCTH
Ha pa3HBIX BPEMEHHBIX JTafnax pacuera. Yepes 5 4 nociie OKOHYaHMA
BO3[EHCTBHA BETpa B 03€pe HMEIH MECTO TPH OCHOBHBIC IMPKYJIALIHH,
a mnepenax yposHsa B Bonbmom Osero u y octpoBa Bacwimcun
aocturan 16-10 mm. Yepes 1 cyT mepenan ypoBHS COCTaBIAUI BCEro
8-10 MM, a yepe3 2 cyT — 2 Mm. CKOpPOCTh TEYEHHIE B BEPXHEM ClIoe
¢ 15-20 cm/c mapaer no 1 cm/c. Yepes 1 cyr mocne BosaeicTBHA
BETpa YK€ 3aMETHO pa3sBHTHE JABIXEHMil, HMEIOIMX TECHACHLMIO K
BpAIlleHHIO TIPOTHB YacoBOH cTpenkH. OCHOBHBIE BUXPH pacnajaloTcs
H (OpMHpPYIOTCS B OTHOCHTEJIEHO HeGOBIINE KPYTOBOPOTH C TOpH-
3OHTAIBHEIMH Pa3sMEpaMH NOPA/IKa HECKOJNBKHMX Kuwiomerpop. Yacto-
TEl TOmorpagHYeckHX BonH H OGapoxmmuneix BonH KenosuHa He
COBINIAJAIOT, YTO OOYCI/IOB/IEHO HEOAWHAKOBHIM HAKIOHOM IHa M Ge-
Peroe B 3amajHOM M BOCTOYHOH 4actax osepa. Iloatomy Tomorpa-
¢uueckue BOJHEI y BOCTOYHOTO Gepera onepexalor BoiHb KenbBrHa,
a B CHEKTpax KojieOaHHii TeueHHH B HU3KOYACTOTHOM ofNacTu oTMe-
YaloTCd JBa MaKCHMMyMa 3HEPrHH, COOTBETCTBYIOIMX YKa3aHHBIM
JBIDKEHHAM.

4.5.3. BEyTpenHHEE BOJIHH

BHyTpenHMe, wiH 6apOKIHHHBIC, BOJHBI CYIIECTBYIOT B 03€pax
OPH HAMMYHH YCTOWYMBOM MIOTHOCTHOM crpaTudukaipn. Ocoben-
HOCTH 3THX BOJIH 3aBUCAT B OCHOBHOM OT XapaKTepa CTpPaTU(HKALMU
H yCTORYMBOCTH BoA. Ecnu nox xelicTBHeM Kakux-ITHGO CHJI CTpaTH-
¢duumpoBanHas BogHad Macca OyZeT BEIBe[icHA M3 COCTOSHHA pas-
HOBECHA, TO Pa3sHOCTD IUIOTHOCTEH HaCTHI] BOJHI NPHBEJET K BOSHHK-
HOBEHMIO apXMMEAOBOH CHUIBI, BO3Bpamalomeif CHCTeMY B COCTOSHHE
pasHoBecua. Ilon meficTBHEM CHJI MHEPLMH YACTHI{BI BOABI MPOHAYT
NOI0XKeHHE paBHOBeCHA M GyXyT xone6aThcs OKOJIO TOYKH PaBHO-
BECHA A0 TeX MOp, IIOKa MoK ASHCTBHEM CHUT BHYTPEHHETO TPEHHS HX
3Heprus He AuccHMpyeT. IockoNbKy “acTMILI BOAB CBA3aHEI, KOJIC-
GaHuMA pacnpOCTPaHAIOTCA B IPOCTPAHCTBE B-BU/E BHYTPEHHHUX BOJH.

Ha puc. 4.5.4 npuseneHs! pHMEPHI 3aNHCH TEMIIEPATYPhl BOABL B
OHeXCKOM 03€pe, Ha KOTOPHIX BHAHEI KOJEOaHHMA, CBA3aHHBIE C
BHYTPEHHHMH BOJTHAMH.

IpuymHel, BBI3bIBAIOINME BHYTPEHHHME BOMHBI B O3epaX, MOTYT
6bITH pa3IUIHBIMH:

1) xonebanus atMoc¢epHOro AarIEHHS;
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Havano 12.00 ‘ Paccroanue, kM Koney 15.15
0 .

~ae &N

o

Puc. 4.5.4. Pacnpenenenne Temieparypsi BoAs! B OHEXKCKOM 03epe ¢ npoxsnen:aem
Bon Kenesuna u [Tyankape. Yucna psaoM ¢ KpHBEIMH — TEMNEpaTypa BOXH, C

1) NOBEPXHOCTHBIE BOJIHEI, CEHIIH;
* 2) HeyCTOMYHMBOCT IKMAHOBCKOTO CII0Of M INapaMeTpuveckas
HEYCTOHYABOCTE;
3) casHuroBas HEYCTOHYMBOCTE;
4) obTexaHHe IOTOKOM HEPOBHOCTEH JHa;
5) MeXBONHOBBIE B3aHMONEHCTBHA.

[lo cpaBHEHMIO C MOpAMH CrelMdHyecKue oSoﬁeHHoc‘m rese-
pAllMH BHYTPCHHUX BOJHi B 03€paX, B 3HAYHTEIBHOH MEPE, CBA3AHMI C
pacrionoxeHHeM GNM3KO K MOBEPXHOCTH TEPMOK/IHHA H C BIHIHHEM
HEpOBHOCTel AHa M 6eperoB.

JUI4 TeopeTHHECKOro ONMCAHMA BHYTPCHHHMX BOJNH B 03€pax MC-
NOJBL3YIOT ABA MOAX0Aa: JH6O B BUJE CHCTEMEl YPaBHEHHH JUIA [BYX
(wiu Gonee) cioeB BOABI C TIOCTOSHHOH IUIOTHOCTEIO, HA TPaHMIE
pasfena KOTOPBIX BO3HMKAIOT BOJHBI, qu6o B BHAE YpaBHCHHA,
NpeoGpasOBAHHOrO /U1 BEPTHKANBHOH COCTABIAIOMICH CKOPOCTH W.
OcHoBHbIe cBOMCTBA BHYTPEHHMX BOJH, MNOJYHYCHHBIC ITyTeM
MaTeMaTHyecKkoro OMMCAHMA HpoLecca Jepe3 MOCIOHHYIO CTPYKTYPY
HIIA Yepe3 MOZeNb C HENMPEPHIBHOM IVIOTHOCTBIO, OKA3auCh B obmeM
OJIMHAKOBBIMH M MOATBEPXAAIOTCS HATY PHEIMU JAHHBIMH.

CBojicTBa BHYTPEHHHX BOJIH 3aBHCAT OT 4aCTOTHI

N=- |[8%0 (4.5.10)
Py Oz
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Ha3biBaeMOW 4yacToTodl Baiicans—BpenTa, wiH 4acTOTOH IVIaBYyHECTH.
Yacrora Baiicans-bpeHra sBngercs npenenbHOH s BHYTPEHHHX
rpaBHTaLMOHHBIX BOJIH.

ITpu uccnenoBaHuu CBOGOAHBIX BHYTPEHHHX BOJIH YPaBHEHHE 1A

FapMOHHYECKOH BO BPEMEHH M NIPOCTPAHCTBE BOJHEI MMEET BHJY: ;
w=C, exp[i(a)t-—kx—ny)]. (4.5.11)

B3auMoielicTBHE BHYTPEHHHX M NOBEPXHOCTHEIX BOJIH JENaeT
BHYTpeHHHE BOJIHEI (BHIMMBIMM» 10 MX HpOSABJICHHAM Ha TOBEp-
XHOCTH H JaeT BO3MOXHOCTH OLIEHHTb NapaMeTPhl BHYTPEHHHX BOJH
AHCTAHLHOHHBIMH METOAMH. , '

YpaBHenue 1S BEPTHKANLHOM COCTAaBIAIONIEH CKOPOCTH W IIPH

HeKmodeHnn Gera-3¢dekra (u3-3a HeGoNBIIMX pa3sMepoB  03ep)
3anuiIeM B BUJIE:

Pw  Now ¥ (¥ -0?)
622 g oz m2 _ f2

Ecni oueHATs NOPANOK WIEHOB B ypaBHeHMH (4.5.12), To MOXHO
yOenuTECa, YTO BTOPOH WiEH B 3TOM YPaBHEHHMH HAMHOIO MEHBILE
nepsoro H Tpetnero. Takoe NpHOIIDKEHWE COOTBETCTBYyeT NpHMOIIH-
XKeHHI0O ByccHHecka, NpH KOTOpOM B ypaBHEHHSX ABHXKEHHS IUIA
TOPH3OHTAJILHBIX KOOPAHHAT MOAAraoT 1/p = 1/p, .

Ilpu pemenuu ypasnenmd (4.5.12) craBaT cliefyiolime rpaHH4-
HEIE YCJIOBHSA:

1) Ha moBepxHOCTH w=( — YyC/IOBHE ,)KECTKOH KpHIHKH”,
KOTOpO€ OTGHILTPOBBIBAET IOBEPXHOCTHbIE BOJIHB;

2) Ha qHe o3epa w=( — yCJIOBHE HENPOTEKaHHs.

B osrom cnydae ypaBHenme (4.5.12) npexncraBnser coGoit
JIMHEAHOE OHOPOIHOE YPaBHEHHE BTOPOr'o NOPSJKA C NEPeMEHHBIMH
xoaptumentaMu N = N(z). Do ypaBHeHHe pemaior 0GEMHO Iph
APOCTHIX AMMPOKCHMANMEX PACHpEeReNeHMs HaCTOTHI N(z) o riy-
6une. Hanpumep, ipn N(z) = const, 9TO COOTBETCTBYET SKCMIOHEH-

UMANBEHOMY YBEJIHYEHHIO IUIOTHOCTH BOABI C Tiiy6umoli, pelmenue
ypaBHeHHA (4.5.12) umeer BUL: '

w=0. (4.5.12)

w = Gyexp(hz) + Cyexp(hz), (4.5.13)

TRe [, , — KOpHH XapaKTePHCTHYECKOIO YPaBHEHHA
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N? +o?
w? — f2

U3 ypasuenus (4.5.13) cnemyer, 4To | MOXeET OLITE MHUMBIM
YHCJIOM TONBKO NPH YCIOBHH:

11’2 = il

M >0. (4.5.149)
w? — fz
Vpasrenne (4.5.14) onpenenser — yCNOBHA CYIECTBOBAHHA
BHYTPEHHHX BOJIH. :
C yueToM rpaHHYHOTO YC/IOBHS Ha IIOBEPXHOCTH C,=C, mpous-
BeieM HeKOTopbie mpeobpasoBakus ypasHerus (4.5.12), Torna

. inz
w = 2C;sin—, (4.5.15)
H
rie /H BEPTHKAILHOE BOIHOBOE HHCIO 1 i — HOMEP MO/Ib! BHY-

TpeHHe#l BONHBI, KOTOPBIH MOKA3LIBAET KOIHHECTBO 3KCTPEMYMOB B
BEpTHKaNBHOM pacnpenencHun w . Hanpumep, it nepBodi MOJBI
MeXIy TOBEPXHOCTHIO H JTHOM 03€pa YKIabIBaeTCA MONOBHHA BOJIHEL
¢ MakCHMyMOM Ha rirybune z = H/2.

B Gonee CTpOroii MaTeMaTHYECKOH IIOCTAaHOBKE peIlIeHHE
ypaeHenus (4.5.12) cBonMTCs K 3aa4e Ha OTHICKAHHE cOOCTBEHHBIX
3HaveHuH ¥ cOBCTBEHHBIX GyHKIWH H K IOCTPOSHHIO 0606IEeHHOTO

pana Pypre Mo cucTeMe 3THX GyHKIHH.
JlucnepcHOHHOE YpaBHEHHME, ONpEAe/oMmee BHI cBoDOHBIX

BHYTPCHHHX BOJIH B 03¢pax, HMEET BU:

2 _ mfy + N2 (4.5.16)
m? +n?
Vpasnenue (4.5.16) onMCHIBACT HHEPLMOHHO-TPABHTAIMOHHLIC
Bonusl. EC/IH nepuoyi BOIH MEHbIIE HHEPIHOHHOTO 7, , TO YCIOBHE
CYlEeCTBOBaHHA BHYTPCHHHX BOJH Oy €T ClIEyIOLHM:

w<N. 4.5.17)

Vpasnenue (4.5.16) TOKasbiBaeT, YTO BHYTPEHHHC BOJIHBI C
yacroroi 6onpme N He MOTYT CYIIeCTBOBATH.

IIpn m? >> n* (4TO BHINOJHAETCH IJIs HECKONBKUX MEPBBIX MOJ),
A2 5> H? ¥ pa3BHBAIOTCH [UIMHHBIC HHEPIMOHHO-TPABHTAIMOHHEIE
BOJIHBI B BUE BoaH [lyaHkape

(]
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NZp? A
o’ = f24 — (4.5.18)
m
Yucto HHCPLHOHHBIE BOJIHBI BBIACIAIOTCA B TOM Cirydae, eciu

@* >> N*n?[/m?, torma: @, = f2.

B cmyuae, xorma w? << N2p? / m? , CymecTByIOT JUIMHHBIE BHYT-
PEHHHE IPaBHTALMOHHLIEC BOJIHEI C YaCTOTOM

o= Nn/m (4.5.19)

H (a30B0if cKOPOCTHIO
OTH BOJIHEL He HMEIOT JUCTIEPCHH.

Y, naxonen, npu m? << n? Beuensorcs KOpOTKHE HHEPLMOHHO-
TPaBUTALMOHHEIC BHYTPEHHHE BOJIHEL

22
2 f'm
O =4, 4521
n*+N? ( )
Hix aszosas ckopocts npu N2 >> f2m? /5? pasna
C=N/n. (45.22)

Taxum obpazom, yem Gonsine gacTora IaBydectTd N M IUiHHa
BONHEL, TeMm Gombme cxopocts PacnpoCTpaHeHHs KOPOTKHX
I'PaBUTAIHOMHBIX BOJIH.

4.5.4. Baytpennge ceimm B 03epax i

B pamxax pByxcroiiHo#i Momenu rwIoTHOCTB O3EPHBIX = BOX
CUMTAacTCi MOCTOSHHOH B BEpXHEM (SMWIMMHHMOHE) H HIDKHEM
(runonumuMone) cnosx. 3amava ans BHYTPEHHHX CEAI B Y3KOM H
IIMPOKOM 03epax B paMKaX ABYXCIOHHOH MojieNd Gsula pemieHa
Ilpaynmenom. Ilpusenem pemenue 3anaum s npocToro cirydas
y3Koro riayGokoro osepa, B KOTOPOM HCIIONB3yeTcs JBYXCIIOHHAs
TUIOTHOCTHAS MOZENS ( oy H p, ).

O6vem Bomsl, mnepememaiomuiics B BepxHeM cioe, Gymer
NpU6/IM3UTENEHO paBeH 06BeMy BOIBI, NepeMeInalomeMycs B HIDK-
HeM cnoe. Ho atu cnom Bcerma 6ynyT asuratsca B IIPOTHBO-
DONIOXHBIX  HanpapinenusX. Ilockomexy Tedenms B gmByx cnosx
[IPOTHBOTIONIOXKHEI IO HAIIPAB/IEHHIO, TO M YCKOPEHHA B 3THX CIOSX
Taroke TpOTHBOTIONOXKHEL. Clle0BaTeNHO, FOPH3OHTANLHBIE IPajy-
CHTBI NIaBJICHUs BCETAA MIPOTHBOTIONOXKHEI [0 HAIIPABJIEHHMIO, B 3TOM
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CJy4Yae HaKIOHBI CBOOOJHOH NOBEPXHOCTH W NOBEPXHOCTH pa3phiBa
taioke OYZyT NpOTHBONOJIOXKHEI 10 HAMPABJICHHIO.
Bosebnenns cBO60AHO# MOBEPXHOCTH ¢, AOKHBI OBITH HAMHO-

ro MeHBIIE ¢, , T.6. aMIUIMTY/Ia BHYTpeHHHMX BONH 6onsie amrumuTy-
bl TIOBEPXHOCTHBIX, 8 TOPH30HTAIBHEIEC IPaJHeHTH MeHbIIe. OTcI0Aa
OYEBH/IHO, YTO MEPHOJL BHYTPEHHHX Ceifm JOJDKeH OBITE 3HAYMTENBHO
Gonbllle NMEpHOJa MOBEPXHOCTHLIX. He mpuBONS AOBONBHO MPOCTHIX
BBIBOZIOB, 3alIMIIIeM ypaBHEHHUA JULS TapaMeTPOB BHYTPEHHMX CEHII:

1/2
M,
—or |~ 11 , (4.5.23)
e [pz-pl g \h'h
S__P (Hﬁ); u__h (4.5.24)
2 PP h) w

IMepuon BHyTpeHHHMX ceiiml, Kak BHAHO U3 ypaBHeHuA (4.5.23),
onpeJeNnseTcs rpagueHTaMH IVIOTHOCTH H TONIAHOMN SMWIMMHBHOHA M
rUnoauMHAoHa. ECiiM NpHHSTE XapaKTepHble 3HAYeHHs TOJIIIHH 5THX
C/IOEB M THNMYHBIC TIPaJHEHTHl IUIOTHOCTH JUIA JIETHEH cCrpaTH-
¢$uxauun, To no gopmyse (4.5.23) MOXKHO OLCHHTH NIEPHOIBI BHYT-
PeHHMX ceMli JUi1 HekoTtopsix o3ep (T1abn. 4.5.2). Ilomyuenubie
JaHHbIC MOOTBEP>KAAIOT TOT (akT, ITO V1A IKCHCPHMEHTATBHOIO HC-
ClleOBaHMA BHYTPEHHHX OJHOY3NIOBBIX ceiill HeoOXOIMMBI OYEHB
AJMTENBHBIE PAMBI HaOMONCHHH 3a TeICHHAMH H TeMIleparypoii (Wi
IUIOTHOCTBIO) BOmbL A Jlamoxkckoro o3depa oxono 100 cyr, a mna
JXenencxkoro o3epa eue Gonpne.

Tabnuua 4. 5.2. Tlepaoasl BHyTpeRHMX cefim B o3epax

Ozepo HponomkHTeIbHOCTS NIEpHONA
Jlox-Hecc 564

Kenenckoe 94
Jlagoxckoe 304

Omnexckoe T4

ﬂacnoe Jlanoxcxoe 30 Muu

4.5.5. Bayrpennnde Boasbl Keassana

3axBayeHHsie GeperoM BOJHBI, PacIpOCTpaHAIOIIMECT B O3epax
OPOTHB YacoBOM CTPENKH BAONL Oepera M MMeEIOIMHE BpeMEHHbLIC
macmrabel, kak mpaBwio, Gonswe 1/ f, aBnaorcs BonHamHu Keus-

BHHa (puc. 4.5.5).
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Puc. 4.5.5. Crpyxrypa somisi Kenspuna

B ToM cnywae, ecim momepeunas cocramnsiomas  TedeHwmii
OTCYTCTBYET, a reoctpoduueckne 3¢dexrsl cOXpaHSIOTCH, B o3epax
MOTYT BO3HMKaTh BHYTPeHHMe Bo/HbI Kenesupa. B pamkax mpyx-
CIIOHHOH TEPMHUYECKOH CTPYKTYpHI 1Ierko MOMyYHTh yPABHEHUS KOJIe-
GaHuif B(:aBbIlﬂelmﬁ TOBCPXHOCTH M TPaHHUBI pa3fiefia, a TaKKe
CKOPOCTEH /11 BHYTPEHHHX H NOBEPXHOCTHHIX BONH Kenbsuna.

Ckopocts pacmpoctpanenns Bonn Kenspuma Ha NOBEPXHOCTH

paBHa
Ci=yg(h+h), (4.5.25)

4 Ha TpaHHIIE pa3gena

1/2
lli_~)| ghh
C, [(1 pz) ——thJ . (4.5.26)

Taxum o6pazom, cxopocts PacnpoCTpaHEeHHs BHYTPEHHHMX BOJIH
Kensruna snauurensno MEHBIIE, YeM NOBEPXHOCTHHIX. Pamuyc Poc-
COH Ui BHYTPEHHMX BOIH, HIH 6apOKIMHHEIH paguyc nedopmanm,
MOXXHO OfIPENE/IUTH A3 BHIPaKECHUS
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» 2
g(p2—p) by , (4.527)

| L Pea(hen)

JInis XapaKTepHBIX IPAMEHTOB IUIOTHOCTH paiMyC R, B ciydae
riry6okHX o3ep paBeH NpHOIH3HTENBHO 2—10 M. BHyTpeHHHME BOMHBI
KenpBuHa 0OHApYXEHEI Ha MHOTHX ITyGoKux o3epax.

IMpu ovenr Mansix paguycax nedopmaumn Poccou Bomaet Keib-
BHHA CTAHOBATCA YYBCTBHTENLHBIMM K H3pe3aHHOCTH OeperoBoil
JHHMH M CHIBHO TpaHCHOPMHPYIOTCS B NpuUOpexHO# 30He, UTO ABJLA-
ercs IpHYHHON 06pa30BaHAs IMPOKOFO CIEKTPa KOPOTKONEPHOMHBIX
BOJIH B O3€pax.

4.5.6.9xcnepEMEHTAILEBIC HCC/ICAOBANNS BHYTPEHHHX BOJIH

HaTypHEIM H 1a60OpaTOPHBIM MCCNEAOBAHMSM BHYTPEHHHX BOJH
B TIOCTIefHAE To/bl OBUM mocBAmeHb MHOTHE paboTsl. OcTaHOBHMCH
nofpoOHee Ha pe3ynsraraX H3y4YeHHd BHYTPEHHHMX BOJH, IONY-
YeHHBIX B NOCHeAHMe roabl Ha osepax Poccmm (Jlapoxckom, Kpac-
HoM, OHexckoM, baiikan). B 3T0T nepuoz o HaTypHbIM JaHHBIM GpLI
MOMy4eH P/ HOBBIX CBEACHMH M [0 HMM PacCYMTaHbl CIIEKTPhI BOJH .
B 03epaX pa3sHBIX pa3sMepoB H NPHPOAHBIX 30H; BHINOJHEHA
HapaMeTpH3alHA CIIEKTPOB BHYTPEHHHX BOJH B 03€paXx, Kak 310 6bU10
CHNeJIAaHO paHee MIi oOKeaHa. HaMH craBWiach 3ajava OLIEHHTH
MEXAaHH3MBI TE€HEpalMH M JHCCHIIALMM BHYTPCHHHX BOJIH B Pa3sHO-
06pa3HBIX O3¢pax; BHYTPCHHHE BOJIHBI M3YyHalHCh B KOMIUIEKCE C
ApYTMMH BAJIAMH [IBHXXEHHH, HabmoNaeMBIX B 03epax .

OCHOBHEIMM MaTepHalaMH i1 M3YYeHHA BHYTPCHHHX BOJIH
TMOCTYXHITH IaHHEIE O TCYCHHAX M TEMIEPaType BOIH, CoOpaHHbIe Ha
ABTOHOMHBIX OyiKoBBIX craHmax ¢ w3mepurensMu AITATT. Kpome
TOTO, BHIMOJHAIMCE HabmoneHus npoduieli TemiepaTyps BoIbL M
3aIHCH TEMIIEPATYPHl BOMBI TEPMOKOCOH, a TaloKe 3XONOIMPOBAHHE
BoxHO# TommH. Ui MccileqoBaHHA BHYTPEHHMX BONH KenbBuHa M
Ilyankape Ha OHexXCKOM o3epe GbUI IPOBENEH MHOTONETHHH JKCIIe-
puMeHT ,,OHero”. BepoATHOCTHEB aHanM3 W3MEpEeHHH O3BOMHI
BRISBHTE  clenyomue ocobeHHocTH. ChHeKTpel TeueHMH H
TeMnepaTypsl Bogsl B OHEXCKOM O3epe NpH yAaleHHH oT Gepera
Tpancopmupytorcs (Puramos, 1991). B6nusu Gepera Ha paccTos-
HuH 1-2 xM B cmektpe S(w,f) MMeeTCS MaKCHMyM Ha 4acToTe,

CoorBercTBYIOmEH 4 CyT, a, Aajiee, Ha pacCTOAHMH 4 KM ot Gepera,
SHeprus 9THX ‘(QumokTyauMil mnagaeT. AMIUIMTYHAAa KoJeGaHHH
H3MEHSeTCA M0 JKCIIOHEHTE, YTO COINIACYeTCs C TEOPETHYECKHMH
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OLUeHKaMH 1A BHYyTpeHHHX BoiH KensBuHa. B ueHTpe o3epa, Ha
paccrosnun Gonee 7 kM OT Gepera, duuokTyalHH TedeHHil Ha JTOM
4acToTe OTCYTCTBYIOT. 34€Ch JOMHHHMpPYIOT KONeGaHMA TeHeHHH H

TeMIIEPATYpHl BOABI C 9YacTOTOM, O/u3koi kK MHepLMOHHOM. TakkM-

ofpazom, cnextp §(w,f) U3 NONHIMKITHYECKOrO B NpUGpexHOi 30HE

B LIEHTPAJIbHOH 30HE BEIPOXKJACTCA B JBYXMORAILHBIH.

Ilpn ananuse B3aMMHOH KOPPENAMOHHON (DYHKIHH BEKTOPHOIO
H CKANAPDHOTO IMpOLECCOB, Kﬁ(f)‘ (TeveHnii H TeMmmeparypsi) ANA
UEHTPAILHOH 9acTH 03epa MOXKHO 3aMETHTB, YTO IOMHHHPYIOT ¢UIIOK-
TYaUHH, HMEIONMHE BpAaNMICHHE BEKTOpa MO 4acOBOM CTpENKe C
mnepuooM 13,5 4, T.€. ¢ HHEPLHMOHHBIM nepHonoM. IIposBMIOTCs OHR
B BepTHKANBLHBIX KonebaHMAX cnos Bojgsl. Takue ocoGeHHOCTH
THOMYHEI JUil BHYTpeHHHX BosH Ilyankape. AMIUIMTYa 3THX BOJIH B
METAIMHMHHOHE, OLIEHEHHAaA 10 CIIeKTpaM S(a), t), U MIONIA — aB-

rycra cOCTaBiseT 1-2 M, OCEHBIO OHM BHIPOXIAIOTCH B TOPH30H-
TalbHBIC (IIOKTYaldH IONA CKOPOCTH, T.6. CTAHOBATCA YHCTO
HHEPLHOHHBIMH KoNebaHHAMH. B mpuGpexHoii 30He o3epa B3aMMHAA

CBA3b TEYEHHH H  Temneparypsl Bomsl K..(7r) oOyciorneHa
P ’r y

BHyTpeHHMMH BonHamu KeneBhna. Bexrop Teuenmdi sjeck mmeer
TCHJCHIMIO K LMKJIOHHYECKOMY Bpamenuio (puc. 4.5.6). Anamms
pasHocTH $a3 mexny OyHKOBLIMM CTRHIMAMH TIO3BOJMI OLCHMTE
HANPABIIEHME M CKOPOCTH TeucHmit. ITomydeHo, YTo BONHA pacmpo-

CTpanseTcs BOJMb Gepera IPOTHB 4acOBO# CTPENKHA CO CKOPOCTHIO 15

cM/c. H3-3a u3pesaHHOCTH GeperoBoil JMMHHM M HEOAHOPOXHOCTEH

penbeda JHA MapaMeTps BHYTPEHHHX BOH KeNnsBuHa BapLHPYIOT 10
nepuMeTpy o3cpa. BonHel 0OBIMHO paspymaloTcss, HE COBEPIIHB M
HECKOJIbKHX 1HKJIOB, T.6. BPEMA HMX CYIIECTBOBAHHMA CPABHHMO C
XapaKTepHHM IICPHONOM CHHONTHYECKHMX (IIOKTYAllMH arMoc(epht.
BepoSTHOCTHEIH aHATH3 TeYeHHHt U CKOPOCTH BETPA NOKA3LIBAET, YTO
TeHEPHPYIOTCS BHyTpeHHHe BOMHH KensBuHa armocepHBIMH
TpOLIECCaMH. I '

B cnextpax Tevenuit S(w,r) npuGpexmoit u riyGokosomHoH
vacreli o3epa HabGmonaloTcs AONTONEpHOAHEIE XoJjeOaHHA C Bpe-
MEHHEIMHM MacmITabaMu, GIM3KMMH K BPEMEHHbIM MaciuTabam BHYT-
peHnux BoidH KemsuHa. O@Hako OBM He NPOARIAIOTCA BO
¢dmokTyammax Temuepatypsi Bonsl. Takue BONHEI HMEIOT TEHICHIMIO
pacnpoCTpaHATECA NTPOTHB HaCOBOH CTpeSIkH. OTH HaTypHBie (aKTsl,
2’ Taloke Pe3yNbTaTH YHCIICHHOTO MOJETHPOBaHMs NOKA3HIBAIOT, YTO
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Puc.4.5.6. BaauMuas KOppE/AMMORHAL QYHKIMA TeUeHUH H TCMIEpaTyphi BOAL B
riy6okoBoaHo#K (a) M nprGpexuoi (6) 30Hax o3epa

obHapyXKeHHble  BOJHBI  IIPEACTaBISIOT coboif  GaporpornHbie
TonorpadHieCKue BOJIHBIL.

B cnextpax TedeHMA M TEMIEpaTypsl BOJBL Omnexckoro o3epa
TaloKe CyWECTBYIOT GIOKTYallMH, IO BPEMEHHEIM Macirrabam
npubmwkatompuecs K- 6apoTPONHbIM ceiimaM. TedeHHA Ha HeHT-
panbHOM paspese Ha wacrore @ > 0,1 pam/4 AMEIOT PEBEpPCHRHBIM
xapakrep. B 3710ii 4acTH 03cpa OTMEYalOTCA 30HBI MHTCHCHBHOIO
3KMAHOBCKORO MPHOPEXHOTO anBe/UTMHra. BeposTHOH MpHIHHOH
06Hapy)KeHHBIX (IIOKTYalHA CKOPOCTH H TEMICPATyphl MOIyT OHITH
noBepXHOCTHHe ceiimu. PaHee oTMevancs BOIMOXHBIM MEXaHH3M
reHepalH BHyTPEHHHX CEAIll NOBEPXHOCTHRIMH CEHIIAMH.

MccenoBaTh IKCIIEPHMEHTAbHO OCOGEHHOCTH ~ BHYTPEHHHX
BOJIH B O3¢pe CIOXHOH (JOPMBI NPENICTARNACTCA BEChMa HENPOCTHIM
JI€JIOM, TPAKTOBKA NOJIy4EHHBIX Pe3y/IbTaTOB HEOAHO3HAIHA. Topasno
3¢ ¢exrupuee BonHbl KeJbBHHA IMyaHkape MOryT 6HITh H3Yy4YCHBI B
o3epe mpocToli (POPMEL, KAKHM, HATIPUMED, ABIACTCH Bonsmoit Cesas,
MMEIOLMH POBHOE JHO H MOYTH HACATEHO KPYTIYIO dopmy. B Takom
O3epe 3HAYMTENHLHO MCEHBIUEC ¢akTopoB, BIHAIONMX Ha Xapakre-
DMCTMKH BHYTPEHHHX BOJH, M OTCYTCTBYIOT TonorpadHIeCKHE
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(v), M2/ (pap/u) 3ajaya coOpaTh KaK MOXHO
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10} BaHHA TEX WIH HHBIX BHJIOB

10' 20 BHYTpeHHHMX BoaH. Ha oszepax

H'3£ pasHoro pasmepa, Gopmsl H

10° : IIPH Pa3HOM KOMIUICKCE CHApPO-

METEOPOJIOrHYECKHX  YCIIOBHH

10-1 — BaXHO YCTAaHOBHTh 0OCOGEH-
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-"\ BOJIH. '

\ Jna pemienusa 3THX 3ama4

6BUIM  MOCTaBNEHBI  3KCIIEPH-
MeHTHl Ha JlapoxckoM, OHex-
ckoM u KpacHom o3epax. B
0COOEHHOCTH NOJIE3HBIMH OKa-
3aiuch HabmoaeHHdT Ha o03.
Bonewoii CepaH.

Jna m3ydenns ocobenHo-
6une 9acToThl Bificans-Bpenta ans ose-  creii BHYTPHBOJIHOBBIX J{BHDKE-
pa Cenan Huii B 03. Cepan 65Tl paccan-

TaHEl UACTOTHHIE S (a)) "

107" 10° 10" @, pagsu

Puc. 4.57. Coexrpst BepTHKANEHBIX
CMCIICHUH M30TEPM B 03€pax M30TEPM B
o3epax Cepan (/) n KpachHom (2) u Mo-
zensusrii cnexrp F'M-75 (3).

Ha Bpeaxe nano pacnpenenenue no riy-

HaCTOTHO-BPEMECHHbIE CNCKTPHl KoeOaHWH TeueHHH, TeMIepaTypsl
Bomst S, (w,f) # ry6ums saneramms wsorepm (puc. 4.5.7). Tlo
HaGoZieHHAM 3a TeMIepaTypol BOXBI PAacCUMTHIBANIOCH pacripe-
AeNieHHe YaCTOTH N(z), a N0 AHCHEPCHOHHOMY COOTHOMIEHHIO —

NapaMeTpsl BHYTPEHHHMX BOJIH, BOJHOBHIE YHC/Ia, aMIUTHTY[A, JUIHHA
BONHSL, (pa30Bad ¥ OpOHTANBEHAS CKOPOCTH BOJIH.

B 4acTHOCTH, BeECHO TepMUtecKas CTpaTHuKalUs B o3epe
BhIpaXeHa cnaGo, 3aMeTHBIX B}iylpnaonnonblx IBIDKCHHH B 3TOT
nepuon Her. HaGmopaemele B Mae koneGanus Teuenmit ¢ nepuonom
7 = 18 4, 6nuskuM K MHEpuMOHHOMY (18,4 ), NpexcTaBIMOT coBoi
YMCTO HHEPIHOHHBIC KOneGanus TeueHHH, reHepUPOBaHHBIE PE3KHMH
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(IOKTYaLMAMA CKOPOCTH: BETPa, BpEMeHHble MacliTalbl KOTOpBIX
meHblie 18 4. JHeprus MHEPUHOHHEIX KoJle6aHHH yMEHbIIACTCS BHU3
OT TIOBEPXHOCTH. , , ,

JleroM npu  (GOpMHpPOBaHHM . YCTOH4MBOH  TepMHYecKOH
crpaTHHKAIEM BOJI OTMEYalOTCA HeGoNbIIOE yBe/IHYEHHE CKOPOCTH
TedeHHH (MEPHOMN OCPENHEHHA 5 CYT) M CYLIECTBEHHOE YBEIHYCHHE
JIMCTIEPCHH KMHETHYECKOH SHEpruM TeueHwil §, KOTopas B aBrycre
pospactaer ¢ 20 1o 200 cm’/c’. TIpd 3TOM aHanW3 BEPOATHOCTHBIX
XapaKTEPHCTHK BETPa —  YacTOTHO-BPEMEHHOrO  HHBapHaHTa

A (a),t), Cpejisieli CKOPOCTH V¥, 33 CHHONTMYECKMH TiepHOA M

KHHETHYECKOH JHEprHH CKOPOCTH BETpa 6;? noKa3aJl, YTO HeT TeH-
JEHIMH K YBEJIMYEHHIO 33 3TOT XK€ INPOMEXKYTOK BPEMEHH XapaKTe-
PHCTHK Va H 53. Boasure Toro, aucnepcus Koje6aHHH CKOPOCTH
BeTpa CO BpeMeHeM Haxe yMeHbuiaetcs’ Jlucmepcus KoneGaHmuii
TeMrepaTypbl BOABI B O3epe HMeeT TpeHA, Ha (oHe KoToporo
OTMeYaloTCH KoneGaHusd C CHHONTHYECKHM repuonaoM (mopsaka 10
CyT). ‘ '

Panee 6puto noxasaHo (Punamos, 1991), wro Berep oka3bIBaeT
BIHAHHE Ha KBa3sHIEPHOMMYECKOE YCHJIEHMe oOmmeH LMpKYIIIMHA B
ocHOBHOH Toime BoA o3epa (0-20 M) ¢ CHHONTHYECKHM NEPHOAOM.
IIps 3TOM B LEHTpaJIbHOM YacTH O3epa NPOHMCXOAMT obocTpenne
TepmokiHHa (Ap/Az > 1 °C/m), a B JleTHHI NIEPHOA Y BOCTOYHOIO
Oepera 03. CeBaH OTMEYAIOTCA 30HBI ATIBEJUIHHTA IMHPHHOM HECKOJIB-
KO KWIOMeTpoB. B rmiepHojx paHHero JieTa, Xoraa KOHTPacThl
TEMOEPAaTyPH IOBEPXHOCTH BOABI H BO3AyXa CYINCCTBEHHEI, B
BEPXHEM CJI0€ 03epa B CNEKTpe KkojeGaHMi TEMIIEpaTypsl BOAR H
TedeHHII OTMEYAIOTCH CYTOYHbIe (IOKTyalMu, a MO3/Hee, KOrZa
HEOHOPOAHOCTH TEMIICPATYpPhl BOJbI H BO3[yXa BLIDABHHBAIOTCH, B
CIIEKTpe OTMEYAIOTCA NOMYCyTo4uHbE GpmoKTyalmy. B urone Tommnusa
KBa3HOAHOPORHOIO C/I0A (3MAIHMMHHOHA) HEBENMUKA, BCErO OKOJIO S5M,
a B cnekTpe xoneGaHMH TedeHHMH M TEMIEPATYPHl OTCYTCTBYIOT
CyTouHble ¢uokTyallus. B nermmii nepuoa Hpd HalMYMHM CyIIECT-
BEHHOHM cTpaTHHUKAIMH BOJ B CIEKTpe S(a),t) OTMEYAIOTCH
SHEproHecylue 30HbI, COOTBETCTBYIOUIME JOKANBLHOH HHEPLHOHHOM
Hactore f,. OTH KoyebaHHA NpeACTaBIAOT cobOii MHEpIHOHHO-
rpaBHTAlMOHHBIe BONHE! THna BonH Ilyamkape, OHH MoryT

NPOSRIATHCA B H3IMEHEHHH KaK TEMITEPaTyphl BOJBI, TaK H B CKOPOCTH
Teuenmit. KonebaHus ¢ IEpHOAOM OKOJIO 8 4 ABIAOTCA B 3TOM Cliydae
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obepToHaMu HHEPLHOHHBIX ABHXKCHHIH, a NPH OTCYTCTBHH IOCIEIHHX
— monamu BouH [lyarkape.

Takum o6pasoM, B BeceHHMH NepHoj B cnekTpe KoiaeOaHWMi
TeucHHIl W TeMIepaTypsl BOABI HA HacTOTe f, MOTYT MOABMATHCA
YHCTO MHEPIIMOHHEIE KONeGaHNs TedeHuit, a B ieTHee BpeMA (HIOHb—
ABryCT) — HHEPUHOHHO-TPABHTALMOHHEIC BHYTPEHHHE BOJHEL ¢
HEpHONOM, ONM3KHM K JIOKANBHOMY MHEPLMOHHOMY. YCHWIEHHE

o6meil LMPKYJIAHMH BOJX LMKIOHHYECKOro' Xapakrepa NPHBOIMT K

obocTpeHMIo TepMOKIMHA [IPH NOAbEME TIMIIOMMHHOHA, B 3TOT
MOMEHT HET CYUIECTBEHHBIX BHYTPHBOJHOBBIX ABHXKCHHMH. A IpH
ocnabaeHMH LMKIOHHYECKOH NMPKYJIALMY TeHEPHUPYIOTCS Ha TEPMO-
KIMHE BHYTPEHHME BOJNHBI C MEpHOAOM, ONM3KMM K 7, , KOTOphie
CYIIECTBYIOT Bcero 1-2 nepuoia MHEpIMH, 3aTeM paspyLialoTcsd M
NOPOXKIAIOT KACKaJl KOPOTKHX BHYTPEHHHX BOJTH.

-B nponuse mexnay ManeiM v Bonbmum CeBanom y nHa, Ha
ropusonre 15 M, B cnekrpe Kojie6aHHH KpoM€ HHM3KOYaCTOTHBIX
KoneOaHui CyIMECTBYIOT BHYTPHBOJHOBBHIE IBHXCHMA C LMKIHY-
HOCTBIO OKkoJIo 2,5 u 6 4. Bonee KOpOTKONMEPHOAHBIE BHYTPEHHHE
BOJIHBI CBfA3aHEI, BEpOATHEE BCEro, C NOBEPXHOCTHHIMH CeiillIaMHy,
HMEIOIMMMH TaKoH ke nepuon. [Ipu 3mroM Touka HabGmonenwmii Gbula
pacnoiokeHa B Yy3/€ MNpOJONBHOH OJHOY3NOBOH cefilmM, rae u
JO/KHEI HaHOoJiee SpKO DPOABIATECA KoneDaHMA TeueHHH H
TeMIlepaTypbl BOXEI, BpI3BaHHEIC ceiimmamMu. Ha paccumraHBIX
cnekTpax kojebanuit ypoBHs 03. CeBaH BBHUIENAIOTCH KoneGaHus
CeHIIeBOro MPOHCXOXKIACHAA C NEPHOAOM 2,5 4; BHYTPEHHHE BOJIHEI
C MIEPHOAOM OKOJ10 6 4 Ckopee BCEro CBA3aHLI C reHepauyeii BOJIH IpH
HaferaHMH NMOTOKA HAa MpENATCTBHE, TaK Kak B PACCMATPHBAEMOM
cliy4yae B MPOJHBE JEHCTBHTENBHO CYNIECTBYET HEOONBINOM MOABEM
- OHa.

Ycunienne obuieii GHPKyY/ISAUHH BOX HHKIOHHYECKOTO XapaKTepa
CBA3aHO H C reHepauMel B o3epe UIMHHBIX OAPOKIMHHEIX BOJIH
KensBnHa. OTH BOJHBI NPOABIIOTCS Ha PacCTOSHMM OT Gepera,
paBHOM pajuycy nedopmaimm PoccOu u cocrarisiomeM B NEPHOX C
HIONIA MO aBrycT HECKOJIBKO KwioMeTpoB. [losroMy B chekrpe
KonebaHuit TeMnepaTypsl BOAB! M TedeHHH B IPHOPEXHO 30He o3epa
XOpOLIO BBIPAXKEHL! MHOroCcyTO4HBIE ¢umokTyaunH (1o 10 cyTt), B
UCHTPANBHBIX 4YacTAX O3epa OHH BHIpaKEHBI MeHee sipko. Kore-
PEHTHOCTE — pa3HOCTh (a3 B ITHX ABIKEHHAX B pa3HBIX TOYKAX
o3epa — CBHIACTENLCTBYET O paclpOCTPaHEHHHM BONH pac-

R
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Prc. 4.5.8. IIpumep 3ammcy 0AMHOTHOH BOJHE! (CM. FOPH3OHT 25 M)

CMaTPHBaEMOro BH/(a BIONb OeperoBoi 30HLI 03epa, MPOTUB YacoBOH
CTPEJIKH. .

KpoMme Takux ROJTONEpHOAMBIX BOJIH, Kak BOJHBI KempBHnHa M
WHEPLHOHHBIE, B 03€paX BCTpEYalOTCs OAHHOYHBIE BOJIHBI
(conuTonsl) ¢ Oompmo#t ammuTynod. BomHel 3TOro THnRA
HAIIOMHHAIOT ,,60p”, OHM OOHapyXeHB! B psAde o3ep, HalpHMep, B
Jlamowckom (puc. 4.5.8). Ilocie mpoxowaenns 6opa B o3epe
OTMEYAIMCh . KOPOTKHE BHYTPEHHME BOJIHBI, KOTOpHIE OBICTpO (32
BpeMa 1 <, ) 3aryxanu. [lonobHoe seneHne mccnenosanocs ¥ Ha

ApYyrux osepax, Hanpumep, babun. [locne npoxoxaeHus opHHOUYHOH
BOJIHEI 3i€Ch OB110 06HapyXeHo 3arny6nenue repmoxinHa ¢ 10 no 20
M. BHavasie aMmnMTya BHYTpEHHHX BOJH OblIa HeGONBINOH, HO H3-3a
HeJMHeHHBIX 3¢dekToB MpodWwIs BOJHBI CTAl ACHMMETPHYHBIM C
pe3xum ¢ponroM. O6mactk 3a dpoHTOM HoroHseT obnacte mepen
¢poHTOM. OTO ABJICHHE HA3BIBAETCA CBEPXKPHTHIECKUM TEUCHHEM.
CnextpH kosneOanmii m3orepMm B o3epax Cepan H JlamoxkckoM
6b1TH paccUMTaHB! JUIA pasHBIX MecsaneB. B nuanasone wacror ot f o
N OHH aNnNpOKCHMHMpYIOTCS NpPAMOH C NOKa3aTeleM CTENeHH n,
mMensmnomemcs ot 1,7 no 3. Hanrune cxoaHsIx SHEproHeCcyImmx 30H
B CHEKTPaX M O/IMHAKOBOrO HAKJIOHA CNEKTPOB INPH HEKOTOPOM
CTATHCTHYECKOM pasHooOpasHu S(co,t) no3sonder oboOIHUTE
OYHKIMM  CHOEKTPAIBHOH IUIOTHOCTM JUIA  PaccMaTpHBAEMOrO
JHMAaNa30Ha 4YacTOT M IOCTPOMTE MOJAENb A1 BHYTPEHHHX BOJIH,
cxoxyio ¢ monensmu [appera-Manka u Cabunmna-Illynenosa mis
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okeaHa. CornacHO 3THM MOJEIIAM, CIEKTP BEPTMKATBHBIX CMELICHHI
S, (@) AnA BHYTPEHHHX BOIH MOXET GBITH NPEACTARICH B BUJIE:

S, (@)=CN"\(2) fo3\o? - £2, (4.5.28)

rae C = 204 Mo, Jf;— MHeplUHOHHAaR 4YacToTa; @ — TeKyllad
qacToTa; N (z) —— NIOKaNbHAaA 4acToTa Baticsans — Bpenra.
Ha pucd.5.7 npexcramnen cextp S, () BepTHKambHbIX

CMEIICHHH M30TePM, PacCCYMTaHHBIA IT0 HabmogenusaM Ha 03. CesaH,
nokasaHa amnnpoxcuMauus Iappera-Manka (I'M-75), mpu 3Tom
OTMCTHM, 4YTO YpOBeHb OSHeprum cnexrpa [Iappera—Manka-75
OKa3aJiC HECKOJIbKO BHILLE YPOBHA 3HEPIHM CHEKTPa BHYTPEHHHMX
BoMH B 03. CeBaH. AnmpoxcHMalHA noiydaercs Goiee ynoBner-
BODHTEJIBHOH B TOM Clly4Yae, e€clld IPEJCTAaBHTh CIEKTP B O3epe B

BHIE:
S (w)=EN"Y(z) futJu?—f2, (4.5.29)

npH 3ToM KoHctauTa E pasma 11 MY/+’. Bemmumna C B ¢dopmyne
(4.5.28) 3aBHCHT OT NpPOCTPaHCTBEHHBIX pa3sMepoB M XapakTepa
cTpaTHdHKaMM BOA B O3€pe, MOITOMY WA KaKIOro osepa Gymer
HHIMBHIYAIIBHOM.

HeycToOHYMBOCTP BHYTPEHHHX BOJH BO3HHKAET B CIydae 3HAYH-
TENPHOTO FPajMEeHTa CKOPOCTH Yy €€ BEpIIMHBI, T.e. OpOHMTANbHAsA
CKOPOCTh JOJ/DKHA MpEBHINATh (a30ByI0 CKOPOCTH BonHK. HanGonee
BEPOATHBIH MEXaHH3M Ppa3pyIleHHd BHYTPEHHHMX BOJH — He-
YCTOHYHBOCTB, NPHBOAAIIAA K NOCTENECHHOMY IEpepacnpeeicHHIO
3HEPTrHM BHYTPEHHMX BOJH K GoJiee BHICOKOYACTOTHBIM KOJIEOaHHAM.
Tlpu paspymesnu BHYTPEHHHX BOJIH CoBepliaeTcsi paGora IpOTHB
CHN IUIaBYYeCTH, 32 CYET ITOrO pacTeT NOTeHIMANbHAA HEPrus
cTonba BoJxI. -

YMeHbImeHHe DHCIIEPCHH MpOLIECCa M COOTBETCTBEHHOE YBEIH-
YCHHE YI7Ia HakjAOHA CHEKTpa H NOTCHNWaNbHOH SHeprum cronba
BOJBI CBMICTEJBCTBYIOT O paspymleHHH BHYTPEHHHX BOJIH, NpMBO-
AAEM K BEPTHKATILHOMY IIEpeMeIIMBAHHIO.

B npubpexHoif 30He o3zepa mpH onpeReNeHHHX YKIOHAX JHA
BHYTPEHHHC BOJIHHI MOTYT OOpYIUMBATHECA M TEHEPHPOBAThH MEJIKO-
MaciTabHy1o Typ6yneHTHOCTS. BHyTpeHHHE IPaBHTAMOHHBIE BONHEL
C YaCTOTOH (@ HAMHHAIOT pa3spymaTtscs IpH sind >n/N, rae § —
yron HakioHa naHa. IlpoBeneHHble B TCYEHHE TpeX CE30HOB
HCCIe0BaHHA B NpuOpexHoit 30He JIaMOXKCKOro o3epa CBHIE-

TENBCTBYIOT O TOM, YTO pa3pyllcHHEe BHYTPEHHMX IpaBUTallMOHHBIX
BOJIH ¢ YacToTaMi @ = 0,02 pan/c H @ = 0,05 paj/c BLINIONHAETCS NIPH
sin@ = 0,09.

Bonpinoii WHTEpeC NPEACTABISET B3aHMOACHCTBHE BHYTPEHHHX
BONH M TepMoOapa. Habmonenuns nokasanM, 470 B 30He Tepmobapa
npU NpuUOMDKEHHMH K TaKk Ha3biBacMOH TOYKE [OBOPOTa KOPOTKO-
NEPHONIHBIE BHYTPEHHHE BONHEI C 4YacTOTOH, Onu3koi Kk dacrore
IU1aBY4eCTH, YBEJIMYUBAIOTCA JIO aMILUIHTYAE N0 2 pa3 U YMEHb-
waroTcs no AiuHe B 1,5-2 pasa. B 3ome, orpaHHueHHOH Geperom u
TepmMoGapoM, MOryT BO3HHKaTh CBOeOOpa3Hble JIOBYINKH Ui
BHYTpEHHMX BOJH. Tak, #3 00NacTH C JIOKAILHHIM MaKCHMYyMOM
yacTOoTH Bsiicang—bpeHra BHyTpeHHHE BOJIHBI, YaCTOTa KOTOPBIX
Gonmpime WM paBHa N;, HE MOTYT BBIATH. B 10 Xe Bpems,
HaTalKMBajsch Ha Tepmo0ap, BHYTpEHHHME BOJHBI CIIOCOOCTBYIOT
TypOy/M3auMH ~ XHIAKOCTH B 30He 0apa, BOBJEYCHHIO BOA
(pOHTANLHON 30HBI ¥ NPOABIKEHHMIO MX B ITyGb 03epa.

K ocHOBHBIM 0COOEHHOCTAM NpPOABJICHHA BHYTPEHHHX BOJH B
maioM osepe (03. KpacHOM) MOXHO OTHECTH OTCYTCTBHE BOJNH
Kenpeuna u Ilyankape. B cnextpe koneGaHMA TeMmmepaTypsl BOABI
3aech NOMHHHMPYIOT (UIOKTyalu C BpPEMEHHBIMH MacluTabamu
CyTOYHbIX KosebaHmit, BcTpeyaloTcs U Gojiee KOPOTKONEPHOAHBIE —
C BpeMeHHHIMH MacmrTabamMu okono 4-5 4, 4WTO CB43aHO C
¢opMHpOBaHHEM B O3€pe MOMEPEIHBIX BHYTPEHHHX ceiiul. HaknoHsl
CIIEKTPOB BO BPEMEHHBIX MaciiTabax ot 1 ¢yt a0 1 4 i Manoro
03epa HECKOJIBKO Kpyde, YeM 1A KpymHsIX o3ep ( 7 > 2 +3). Ces3ano
910 ¢ Gosiee OHICTPEIM MepepacipeieNicHHEM JHEPIHH [10 CIIEKTPY H ¢
ee muccumanued B MenkoMmaciurabHo# o6mactH, Tem Gonee 4uTO B
Mme3omMaciiTabHol 06nacTd CIEKIpoB B CiyYae MaJjoro O3epa HeT
TIOANATKY 3HEPrHeil Me3oMacITabHBIX JBKCHHM, TAKMX KAK BOJIHBI
IMyaukape. Criekrpsi konebanuii n3orepm B o3epax Cesan u KpacHoMm
TIPH CXO[CTBE HAKJIOHOB YPOBEHb 3HEPIHA B KPYIIHOM 03epe, O[IHaKO,
HECKOJIbKO HWKE, a2 B MAJIOM CYIIECTBEHHO, Ha 1— 2 mnopsaaxa, HIDKe,
YeM B OKeaHe.

4.6. BerpoBhie BOJHBI

4.6.1. Boaxymuasiil HOTOK HAJ BOJHOMH NOBEPXHOCTHIO

Berep, Ayowmii HaJ{ BOAHOHA NOBEPXHOCTHIO, SBIIAETCS HCTOYHH-
KOM 3HEPrHM U1 BETPOBBIX BOJH. BeTpoBele BOJIHBI, BO3HMKIIHE Ha
IIEpBOHAYAILHO HETOABMKHON BOJHOW MOBEPXHOCTH, CAMH OKa3bl-



126 I'masa 4

TEPMO-THAPOPHIUYECKHUE ITPOLIECCHI B O3EPAX - 127

BAIOT 3HaYMTE/ILHOE BJIHJHHE Ha BETPOBOM MOTOK, KOTOPHIA BCIIECT-
BHE GONBINMX IPagHEHTOB CKOPOCTH B MOTPAHWYHOM CIIOE, SBIAETCA
TypOyneHTHEIM. B npesiesiax NorpaHUYHOrO C/10s XapakTep JBIKEHUS
onpeneseTCA CHIOA TPEeHHA Ha moAcTHnarowel nopepxHocth. [Totokx
MMIy/IbCa 7 B NpejieiaX TIOTPAHHYHOIO CII0S COXPAHAET CBOIO Be-

JMYHHY H BBIPAKAETCA CIERAYIOIHM 00pa3om:
7o/ Py ='W =U2 =C,V2, (4.6.1.1)

rae p, —— IUIOTHOCTh BO3MAYXa; u'w TOPH3OHTANBHA! M BEPTH-
KalbHAs COCTABJIAIOUIME MyJIbCalMH CkopocTH Berpa, U, — muBaMu-
YeCKad CKOPOCT WIM CKOpoCcTes TpeHMs; C,  Koodguumenrt
CONpOTHBIICHH, V; — CpeHAA CKOPOCTH Ha BhICOTE Z.

B nmpaktuke o0bndHO Hcnomssyercs  koadduument Cig,
cooTBeTCTBylomui Bhicore 10 M Hajg HeBO3MyIIEHHOM BOAHOM
nosepxHocTsio. I1pu pacyerax ckopocTH BeTpa Haj BoJIO# B 03epax M
BOJIOXPAHHIIHIIAX HCIIOJIB3Y€ETCH TAKOKe BEICOTa 2 M. Jlna BO3AyLIHOTO
NIOTOKA HaJ{ WIEPOXOBATOH BORHOM MOBEPXHOCTEIO HPOGHIB CKOPOCTH
BETpa HMEeT BHI: . :

W(Z) = (UJ9nZ/Z, * (4.6.12)

rie Zo— [apaMeTp IEpPOXOBAaTOCTH, + — NOCToAHHAs Kapmana.
Ha puc. 4.6.1 nokasans! NpodHIH CKOPOCTH BeTpa, H3MEPEHHEIE
B HaTypHbIX ycnoBusx. Mz mpusogumbx Bhime dopmyn 4.6.1.1 u
4.6.1.2 cnexyer cpasp MeXAY mapaMeTpoM Zo M ko3(dQHumeHTOM
conpotusinenus C,:
C:=(UJV;} =(8/nZIZ). (4.6.13)

Kosdummenr compoTHRiIeHNs M mapaMeTp . EpOXOBATOCTH
3aBUCAT OT Pa3’rOHA M NPOROJDKHTENBHOCTH AeHCTBHS BETpa H €ro
ckopocTH. OTmeueHo, 4To KOI((HMIMEHT CONPOTHBICHHS pacTer
folee MHTEHCMBHO B CTajMM 3apOXKAAIONIErOCS BOJHEHHS, 9eM B
NOCNeNYIOmEH CTaJ My PAa3sBHBAIOINErOCH BOJIHEHHA.

CyIecTBYIOT MHOTOYMCIICHHBIE 3MIHPHYECKHE COOTHOMICHHS,
ONpeJENAIOMAE 3aBUCHMOCTh KO3(QHIHEHTa CONPOTHMBIECHHS OT
CKOPOCTH B€Tpa M YC/IOBHH CTpaTHQMKAIMH NPHBOZHOrO CJIOS.
IlpusenieM omHy M3 5THX 3aBMcHMOCTel, monydenHyio B ITH, mia
HeHTPAIBHBIX YCNOBHHf cTpaTu(HKauMu BO3LYNIHONO NOTOKA M
HEGOMNBIIMX PasrOHOB, KOTOPHE XApaKTEPHHI A O3ep H BOXOXpa-
HIIHLUL: A

Cio=(1,15+0,05V30) 107 (4.6.1.4)

12 V. wic
Puc. 4.6.1. Iipodumm cpeaneit ckopocTH BeTpa o H3MEPERMAM Ha o3epe Bceenyr

Hcnonmeays (4.6.1.1) 1 (4.6.1.4), monmyuum BBIpOKEHHE JUIA
KacaTeJbHOTO HANPMKCHHA BETPa B BHJC:

7o = pa(L15+0,05%;0 ) V5107 . (4.6.1.5)

[pu ofTexkaHMu a3pOAMHAMHYECKH WICPOXOBATOM MOBEPXHOCTH
3aBHCHMOCTL Zy OT CKOpoCTH TpeHma U, onpepemsercd (opMynoi

YapHoka:
Zy~ Ullg,. (4.6.1.6)

rne g — YyckopeHme cBoGomsoro nmnagenMs. Hsmepenus B
nabopaTOpHEIX H HAaTYpHBIX YCIOBMAX TIOATBEPXKIAOT Cy-
pIecTBOBaHHe HanHOM 3aBucHMocTH (pHc  4.6.2). Hampumep,
U3MepeHHs, TpoBeJcHHRle Ha o3epe Bceemyr B  ycnoBuax
OrpaHHYEHHBIX pa3rOHOB, [alIM CIeAylouee BHIp@XEHHE JUIg
napameTpa LepoX0BaTOCTH:
Zo=BUXIg ,

rae B — KoHcTaHTa.

HenpepsBHOCTE HANPSDKEHW TPEHHA Ha TpaHHIE pasjiena
BO3AyX—BOJa NPHBOAMT K DasBUTHIO CIBMTOBOTO CIOS B
TIPHITOBEPXHOCTHOM CJ10€ BOMIBL. MakcHManbHOe 3HaYeHHe CKOpOCTH
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T€YeHHA B NPHIIOBEPXHOCTHOM
cll10e BOABI COCTaBJIAET OKOJIO
3% or cpeAHEH CKOpPOCTH
Berpa V,. OmHako CKOPOCTB
TE4EHHA B PHIIOBEPXHOCTHOM
CIIOE€ XapaKTepHu3yeTcd CHJIb-
HO# TIPOCTPaHCTBEHHO — Bpe-
MEHHOM H3MEHYHBOCTHIO. JTO,
B YaCTHOCTH, CBA3aHO C M3-
MEHEHHEM COOTHOIICHHSA MeX-
Iy BOJHOBOH M 4HCTO Apei-
¢oBoii cocraBnAOmEd NpH-
MOBEPXHOCTHOH CKOPOCTH.
Yacro u3sMepeHRs CKOPOCTH
BETpa NpOBOAAT Ha 6epery, B
3TOM  CHyyae  BO3HMKAeT
HeoOXOAMMOCTE TNEpeHTH OT
CKOPOCTH BETpa, HU3MEPEHHOH
Ha Gepery, Kk ckopocTH BeTpa
HaJl BONHOH NIOBEPXHOCTHIO.
3HaueHHs MONpPaBOYHBIX K03~
($HIHEHTOB OOBIYHO TIONYYaloT
SMIIMPHYECKH, OHH OKa3blBa-
IOTCS  3aBHCHMBIMH OT CKO-
POCTH BeTpa, YCJIOBHH H3Me-
penMs Ha Oepery (Hard4dHne
OEpeBbeB, CTPOSHMH H T.IL).
Ha6monaercs Taioke CyTOYHas
H Ce30HHad 3aBHCHMOCTH IIO-
PaBOYHBIX K03 PHIHECHTOB.
IIpn pememm MpaKTHYECKHX 3aJa4 [0 HCIOJB30BaHMIO
BOAOEMOB HeoOXomHMBbi CBeficHHA 00 H3MCHEHMH XapaKTCPHCTHK
CKOPOCTH BeTpa 3a JUIHTENBHBIA NPOMEXYToK BpemMeHH. B 3ToM
CJIy4ae MCHONB3YIOTCH PeXKMMHBIC XapaKTEPUCTHK BETpa HaJl BOJHOM
akBaTopuedl. PexxnMHbIE XapaKTepHCTHK BETpa MOXHO NOJIYYHTh M3
aHaJM3a MOBTOPAEMOCTH CKOPOCTH H HaNpaBJIeHHS Berpa. Tabnuup!
MOBTOPAEMOCTH CKOPOCTH BETpa IPHBOIATCA B YacTHOCTH, B
CHpPaBOYHHKAX [10 THAPOMETEOPOJIOTHYECKOMY DEXHMMY O3€p H
Bopoxpanuauul. Ilo naHHEIM NOBTOpAEMOCTH BEHYMH H Hampas-
JICHUS CKOPOCTH BETpa CTPOAT MHTETPAIbHBIC KPHBBIE OOecreyYeH-

1077}

1072

103

10

Puc. 4.6.2. 3aBucuMocTE napamerpa Iiec-
POXOBATOCTH Zo OT AHHAMMYECKOH CKOpO-
cTH BeTpa. /-3 — M3MepeHMA B a3pOTH.-
poxaHane, pasrod pased 1,3; 3,6; 9,0 M
COOTBETCTBEHHO. 4 — H3MEPEHAA Ha 03€-
pe Beenyr
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HOCTH, C [OMOWIBIO KOTOPHIX YXKE ONpeeNAIOTCA pacyeTHEIE
XapaKTEpHCTHKH CKOPOCTH BeTpa.

4.6.2. CTaTACTHYECKAS H CHEKTPAJLHAS CTPYKTYpa
BETPOBOTO BONHEHAN

MeTozz1 pacdeToB CTATHCTHYECKUX M CNIEKTPaJIBHBIX XapAKTEpH-
CTHK BETPOBOIO BOJIHEHHA MOAPOOHO paccMOTPeHBI B MOHOrpagmsax
H.H. lasunana, J1.H. Jlonaryxuna, B.A. Poxxkosa (1978, 1985). Cra-
THCTHYECKHUE H CIEKTPANIbHBIE XapaKTCPHCTHKY BETPOBOTO BOJHEHHA
Ha 03€pax B BOJOXPaHWIHINAX OTIMYAKOTCA OT XapaKTEpPHCTHUK BETPO-
BOTO BOJIHCHHA B MOPCKHX YCNOBHAX, MPEXJAE BCEro IOTOMY, 4TO
BETPOBOC BOJIHCHME B 03€PaX M BOJOXPAaHWIHMIAX (OpMHUpYyeTca, Kak
IpPaBHIIO, IPH OrpaHMYEHHBIX pa3srOHaX H Ha MENKOBOALE. B ycnoBu-
sx GomsImHX ITyOHH, rA€ B3aUMONEHCTBHE MEXIY CIEKTPaIbHBIMH
COCTABJIMIOUIMMH HEBEJIMKO, IUIOTHOCTh pacIpeleeHHs OpAMHATEI
B3BOJTHOBAHHOM IIOBEPXHOCTH ¢ MOXKET OBITh C JOCTATOYHOH TOYHO-
CTBIO omMcaHa KpuBoii ['aycca:

=\2
B(s)= (27:0')"”2 exp ———(;—252—)— (4.6.2.1)

TAe £ — CpellHee 3HAUCHHE, O — CPEJHEKBANPATHYHOE OTKJIO-
HeHHe. B mMenxoBosiHO# 30He HabmonaeTcs 3HaYMTeNbHAS TpaHCHOp-
MalAs BOJIHOBOrO npodwis, rpeGHM BONH CTAaHOBATCA OCTpee,
BOaMHE — Oojiee MIOCKMMH, B 3TOM Ciydae Habmopalorcs
OTKJIOHEHHA OT pacmpenenenus [aycca. Pacnpenenenme opmuHar
B3BOJIHOBAHHOHA IIOBEPXHOCTH Jydllle B 3TOM Cly4Yae ONMCHIBAETCA
dynkupeii I'pamma—Illapnse:

P(g) = Pl + (n3NH((s ~5)/0) +(r2 / 4V H) (6 - )/ 0) +.]

rae Poc) onpemenserca ¢opmymoit (4.62.1), 11 = /o -
Koazpcbmme}rr acnmmerpma Y = ot — k03¢ duienT 3Kcuecca,
Hy(x)=x*—3x; Hix)=x"—6x"+3.

Omnupudeckue QYHKIHH PacTpe/ie/icCHHs CMEIUEHMS BOJHOBOM
MOBEPXHOCTH, MOJyYCHHBIE MO H3MEDPEHHAM B MENIKOBOIHOM 30HE
PLIGMHCKOrO BOZOXpaHWIMING, Jy4Yllle COIJIACYIOTCA C pacmpe-
nenénueM - I'pamma-Illapnee, 4YemM c pacnpeneneswem [aycca
(Kononxosa I'.E., Iloxazees K.B., 1985). Jina aHanmusa ¢yHkumit
pacnpenenenus ObUIO HCMIONB30BaHO 13 3amMceit  pasBuTOrO
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BETPOBOI0 BOJIHEHHMH, C KaxJoM 3amucu Obulo cHato Oonee 1500
opAHHaT. 3Hayenus }’ V11 HOPMAILHOTO PACTIpeNEJieHHS TIPH UHCIe
cTeneHeil BLIOOpKHM, paBHOM 9, okasanoch 86, B TO Bpema wiA
pacnpenenenus I'pamma-1llapase.oxono 19.

_ B ciyuyae HopMmanbHOrO pacnpefiefieHMs OPOMHAT M Y3KOTO
3HEPreTHYECKOro CIEKTpa pacnpeicicHue aMIUVIMTYZBl BOJIH NOXYH-
HAETCA 3aKOHy Penes:

P (a)=(ald) exp[-—az/(Zoz)] (4.6.2.2)
Ecnmu cumrats, 4yro BhicoTa BOJMHBL H paBHa YOBOEHHOMY

3HAYCHHIO ~aMIUTMTYXBI, TO ‘MOXKHO IIOJMYYMTb A  IUIOTHOCTH

pacnpeneneHus BEICOT BOJH CEAYIOIIEE BhIpakeHHe: ,

B H\ w(HY?
pun=5 2o 57

Tak kak H = (27" , To BEpaxenue (4.6.2.3) Moxer GHITH mpea-
CTaBJICHO B ciexyomed ¢opme:

P(H) = (H/Ac?) exp[-1/8(H/o)?]. (4.6.2.4)

‘Hcnons3ys cpemHexBapaTH4ecKOe 3HAYEHHE BHICOT BONH H,
=2J2¢ , P(H) moxer GpIT TIpeaicTaBneH B Gpopme:

P(H) =2H/H,* exp [-(H/H,)"].

Cnexyer umeTh B BHAY, 4TO pacnpefencHue Penes npumeHHMO K
OIMCAHUIO paClpe/ie/ieHHss BBHICOT BETPOBHIX BOJNH TOJBKO B TOM
cityqae, ecnu H = 2a. 3710 COOTHOLIEHHE HE BHIIONHAETCS, Mpexe
BCero, B NpHOpexHOH 30He, T.e. TaM, IAe KojeOaHWA BOJHOH
MOBEPXHOCTH OTHOCHTE/IbHO HEBO3MYIEHHOIO YPOBHA 3aBEIOMO
HECHMMETPHYHEl OTHOCHTEIBHO HEBO3MYINEHHOro YypoBHA. /[l
OITHCAHMA paclpefiefieHUs BBICOT BOJH B YCJIOBHAX MEJIKOBOAbA
| MHOTa MCHIONB3YIOT pacnpeaenenne Beiibynna, koropoe mpu
omnpeieNieHHBIX YCJIOBUAX MTEpeXONHT B pacnpenenenns Pesnes.

®yHKHEA 06ecnieYeHHOCTH BHICOT BETPOBBIX BOJIH, Npeio-
XKeHHas I'myxoBckuM eme B 1966 r., yuurbiBaer Henocpezxc'memio
rny6m1y BOXIBI h:

(4.6.2.3) -

i
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F)=exp| ——— 2/} 4.62.5
() =exp [ 4(1+n“/\/5?:)(11 )] ( )

rae N =H/ i ,n = H /M, npauem 0,5 >n">0.

B 3apy6exHEIX HCCNENOBaHHAX V1A ONMCAHMA COCTOSHHSA BETPO-
BOrO BOJHEHHA HApALy CO CpelHedl BHICOTOM [ ILIMPOKO MCIIOJbL-
3ylOT IOHATHE XapaKTepHOH WIM 3HAaYMMOH BBICOTHI BOJHB .
BenwuuHa XapakTepHOH BRICOTHI BONHBI H, ompefenserca Kak
cpeaHss Beicota 1/3 cambix BrICOKMX BosH. HetpynHo noka3sars, 4ro

H,=~ 16H.

Bropoii paxHeiluell XapakTepuCTHKOI BETPOBOrO BOJIHEHHS AB-
nseTcs neproj BeTpoBrix BomH. IlepHos BonHeHMA onpenensercs Kak
UHTEPBAI MEXAY IOCHENOBAaTENBHBIMH IIEPECEYCHHAMHA BOJHOBOMH
HIOBEPXHOCTHIO CPEeIHEro HEBO3MYUIEHHOTO YPOBHA, IIPH 5TOM mepe-
XOJi Yepe3 CPEeHHIi YPOBeHb COBEPIIAETCA B OMHAKOBOH da3e.

B cmydae, ecnu pacnpeneneHHe OpIHHAT B3BOJHOBaHHOH IO-
BEePXHOCTH ONHCBHIBacTcs KpuBOH [aycca, cpeaHHMil mepHoA BOJIHBI
paBeH: _

T=2[my/m]", (4.6.2.6)
rae n-i MOMEHT YacTOTHOIO cnekTpa BoiaHenus S(w ) uMeeT BHLI;

m, = [ @"S(w)dw;n=0,L,...

Cymectsytor MHOI‘O'{HCIICHHHe MOJIEI  CIIEKTPOB BETPOBBIX
BonH. O6Imeil 4eproif Bcex Mopelieil ABNACTCA NCNONb30BaHHE THIIO-
te3pl O.M. Gumnca o6 uHTepBane paBHOBecud. CornacHO rumorese
Ounmmca B 06IACTH YACTOT CHEKTpa, BbILIE, Y€M JaCTOTa MAKCHMyMa
@ CyIeCTBYET MHTepBal paBHOBecHd, B KOTOpoM ¢opma criextpa
HMEET CICTYIONMiA BUL:

S(o) = ag’o”,
rAie 0. — Ge3pa3MepHas MOCTOAHHAL, 3aBHCAINAd, B 00LIEM Clydae, OT

GespasmepHOro pasroHa:.. B ciyuae orpasMYeHHBIX ITyOHH BBIpa-
xenne (4.6.2.7) TpanchopMHpyeTCs creayrommm 06pazom:

S (@) = ag’ & °r(B),
rae H(B) = (1/£B)) {1+2p* AB)/sh[2B* AB)],

arcth[kh], kK — BonHOBOE ¥KCHIO.

> a, (4.62.7)

(4.6.2.8)
B =avhg , fip) =
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Ha OGonpmmx rnybunax d¢opmyna (4.6.2.8) mnepexoaur B
BhIpakeHde DUIIHIICA, 2 Ha HeOONbIIKX NTy0HHAX CIIEKTP IIPUHHMAET
Gopmy:

S(o)y= (112)agha™ . (4.6.2.9)

VMenHO 3aBHCHMOCTE @° dacTo HaGmofaeTcs B CHEKTpax
BETPOBLIX BOJNIH Ha MeEJNKOBOALe. B yclnoBMAX OrpaHHYEeHHBIX
PasMEpoB U1 CNekTpa Pa3sBHBAIOUIMXCA BETPOBBIX BOJH MOXeT OBITH
HCIOJNIb30BaHa cliefyomas GhopMyna:

S(@) = ag’ & exp[(4/5) ¥l w)' Ty, (4.6.2.10)

rne r = exp[~@-a)/-28’w.’}, 8 = 0,07 npn @y > w, &= 0,09 TpH ®
2ax, ¥ =3,3. a sengercs Gynkumeii 6espasmepHoro pasrona. Xors 3ta
dopmyna srepeeie Gbula monmyyena B skcnepumentre JONSWAP B
CeBepHoM Mope, B JaNbHeHIleM OHa- MOJY4YWIa XOPOINEE MOA-
TBEPXXACHHE B YCIOBHAX 03€p M BOAOXPAHIIHIL,

JUia o3ep B BONOXPaHHIHIL CIIEKTP BETPOBOTO BOJHEHHS 4acTo
XapaKTepH3yeTcd HATMYHEM HE OJHOTO, a JBYX NMKOB. Bo3HMkHOBe-
HHe JIBYX IHKOB B CIIEKTpe BOJIH 00yC/OBIIEHO AeHCTBUEM Pa3IHYHBIX
MEXAHW3MOB Pa3BMTHA BETPOBOro BoiHeHmMs. OnHo#i u3 Haubonee
LIHPOKO HCHONb3yeMBIX MORCACH NBYXIHKOBLIX CIIEKTPOB ABIACTCA
mozens Crpekanosa 1 Maccena (1971 r.). Onucanue 31oM Moaemm
HaMH He IPUBOJMTCA TOJIBKO H3-32 €€ TPOMO3IKOCTH.

Onuimem HEKOTOPHIE Pe3yBTaThi HCCIEAOBAHHUS BETPOBOrO BOJ-
HeHHs Ha PHIGMHCKOM BOJOXpaHWIMINE B YCIOBHSX HOCTOSHHOTO
BeTpa, Ayromero c¢ 6epera (Kononxosa I'.E., Iloxazees K.B., 1985)."
PerucTpaipia Bo3BHINEHHOH NOBEPXHOCTH MPOBOAWIACH B 9 TOUKaAX ¢
pasroHamu ot 17 no 320 m. Ha puc. 4.6.3 nokasaHs! CITeKTpsI BOJIH,
H3MEPCHHBIE IIPH HECKOJbKHUX pasroHax. Ha Bcex cmexrpax xopommo
BHIpOKEHBl 1Ba MakCuMyma. [Ipy muHammyeckoit cxopoctu U, =
23 cM/c ¢azoBas cKOPOCTh CICKTPAIBHBIX COCTARIAIOIIAX HH3KOYAC-
TOTHOrO MakcHMyMma parHa 3,3 M/c. CpeHAa CKOPOCTh BETpPA Ha BbI-
core 10 M Han BogHOM NMOBEPXHOCTHIO paBHa 3,6 m/c. Ipu quHammde-
CKOH ckopocTH BeTpa 11 cM/c (pa3oBas CKOPOCTb COCTARIAIOMIHX HH3-
KOYaCTOTHOrO MakCHMyma OBuIa OK0JI0 2 M/C, a CKOPOCTh BeTpa Ha
BbicoTe 10 M paBranace 1,7 m/c. Takum o6pasom, dasoBas ckopocTsh
CNIEKTPANBHBIX COCTAB/IIONMX HH3KOYAaCTOTHOTO MaKCHMyMa ¢ yHe-
TOM OINMOKH M3MEPEHHI OKa3anach paBHOM CpelHeH CKOPOCTH BeTpa
Ha BpicoTe 10 M. T

S(w), on?.clpag
030 | a

025} %

3

0,20

0,15

0,10

0,05

S(w)-
6

Puc. 4.6.3. CnexTpal pa3susalome-
rocs BETPOBOIO BOMHEHHMS TNpPH MNO-
CTOSHHOH CKOPOCTH BeTpa, Aylolme-
ro ¢ Gepera:

a — Uy = 23 cm/c, pasron paseH
17,35; 50; 100; 150; 200; 320 M
(xpusrie 1-7);

6 — U, =11 cm/c, pasrou paeeH 50,
100, 150, 200 M (xpuBBIE [—4)

ITpu yBenyaeHHH pasroHa JacToTa HU3KO4acTOTHOrO MaKcHMyMa
HE M3MEHSETCS, @ BEIMYHHBI CIIEKTPAJIBHBIX COCTABIAIONMIMX JIHHEHAHO
pacTyT, T.€. pa3sBHTHE HH3KOYACTOTHBIX CHEKTPaNbHBIX COCTABJIAIO-
IMX MPOMCXOJUT B COOTBETCTBHM C PE30HAHCHBIM MeXaHH3MOM -
numca. Bricoxo4aCTOTHRI MAaKCHMyM IIpH YBEJHYCHHHM pPa3roHa
cMmernaercs B obrmacTh HH3KMX 4acToT. POCT cnekTpanbHBIX cOCTaB-
JIAIOIMX B 3TO YacTH CIEKTpa NPOHCXOAMT B COOTBETCTBHH C MeXa-
HHM3MOM HeycTORYMBOCTH Maiiiica o 3KCNOHEHIHAIBLHOMY 3aKoHy. B
JanbHEeHIIeM IPOBCXOMHUT ClIHAHNE 060MX MakcHMyMOB. ONEHKH TIo-
Ka3bIBalOT, YTO Ha HayaILHOM CTaJMH pa3BHTHA BOJH JEHCTBHEM nuc-
CHINAIMH ¥ He/IMHEHHBIMM MEXAHH3MAMH MOXHO npeHeOpeys. C yuyeTom
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YCJIOBHS CTAaLMOHAPHOCTH CIIEKTpaibHas (opMma ypaBHeHMs GanaHca BON-
HOBOH 3Hepriy MOXKeT GHIT 3aImcaHa B cieytomeii opme:

C oS(w)dx = a + PS(w), (4.6.2.11)
rae C, — rpymnnosas CKOpPOCTh, O, — wWieH (YHKUMH UCTOYHHKA,
onMcHIBAlONMA JeficTBue Mexanmsma Dunmnca, BS(w) — wien

byHKLMM NCTOYHMKA, ONMCHIBAIOMIMIA JeHcTBHE Mexanu3Ma Malbica.
s HH3KOYaCTOTHOrO MAaKCHMYMa CHEKTpa POCT CHECKTPAIBHBIX
COCTABJIAIOLIMX C Pa3TOHOM X TIPOMCXOMHT IO THHCHHOMY 3aKOHY.

S(@) =X/ C,

Bropoii wied B npasoii yactu (4.6.2.11) obycnasnuBaer sxcmo-
HEHUHAILHBIA POCT CNEKTPAJILHBIX COCTABIIAIOMMX.

Pa3sBuTHe BETPOBOrO BOJIHEHHS MOXHO NPEACTABHTD CIIEAYIOIHM
obpasom. Ha nepBoHa4ansHO HENMOABMIKHON TIOBEPXHOCTH BOJBI BOJI-
HBI BO3HMKAIOT MOJ{ JeficCTBHEM pa3OHAaHCHOro MexaHu3Ma Quimmca.
CnexTpanbHBIE COCTAaBISAIOUMIHE PACTYT NPONOPLHHOHAIBHO BPEMEHH.
3aTeM HaYMHACTCA MEPEXOA K IKCIIOBEHIHANbHOMY pocty. B ormens-
HBIX CJTy4asiX IPOMCXOAMT pa3BHMTHE ABYX BOJIHOBRIX CHCTEM, COOT-
BETCTBYIOLIMX ACHCTBHIO ABYX MEXaHM3MOB reHepalud BonH. Pa3Bu-
THE COCTABJIAIONIHX CTIEKTPa HAa YacTOTAX BBIINE YACTOTHl MaKCUMyMa
HPOMCXOJHT C IPEBBIIIEHHEM PaBHOBECHOTO 3HAYECHHS, IIPH ITOM Ka-
KJasd CIeKTpajibHas COCTaBJIAIONIad HOCTHracT MaKCHMYMa, 3aTeM
YMEHBIIAETCS 10 MMHMMYMa, H, HAKOHEII, BHIXOAHT Ha PaBHOBECHOE
3HauyeHHe. OToT 3¢dekr HaseiBaerca 3¢dexrom npessinerus. On
6bL1 BLIABJICH IO M3MEPEHHMIM B HATYPHBIX U J1AOOPAaTOPHBIX YCIIOBHY
sx. Ilepennuii ydactok cmektpa ¢opMHpyeTcs BCICACTBHE 3IKCIIO-
HEHIIHAJIBHOTO Pa3BHTHA €ro COCTABJIAIOMIMX M MEXaHM3Ma HesuHeH-
HOTO TIepEpacTpeielieHUs SHEPTHM MEXKIY CHeXTpaJbHbIMH COCTaB-
nmoumMH. YpaBHeHue GaaHca BeTpoBOii 3HepruM noapobHo pac-
cmorpeno B moHorpapmuax MLH. [lasunana, JLH. Jlonatyxuna, B.A.
Poxxora (1978, 1985). Ilocienuue nccienoBanys poiH HeMHEAHBIX
MeXaHu3MOB B (GOpPMHpOBAaHHH CIIEKTpa BETPOBBIX BOJH H3y4YCHBI
JlaBpenorsimM U.B. (1998).

4.6.3. Boannl Ha Te1eHEEX

J11 MHOTHX 03ep H BOAOXPaHW/IMLL XapaKTepHO HaJM4YHE 30H, B
KOTOPBIX MMEIOTCA TOBEPXHOCTHBIE TEYEHMA TOI0 MIH HMHOIO
NIPOMCXOXKACHHS H MOBEPXHOCTHLIE BONHEIL. B Taxux obnactsax moxer
Habmo#arbCs B3aMMOJCHCTBAE TEYEHHH H TIOBEPXHOCTHHIX BOJH,

NpHBOJiAlliee K M3MEHEHHIO XapaKTepucTHK nociexHuX. Ilpu stom
MOXKHO BBIAENTMTH /1Ba Pa3/IMYHBIX, HO B3aHMOCBSA3aHHBIX IIpoiiecca.

Ileperiii npouecc — 310 TpaHchopMaLma BoJH (BETPOBBIX BOJIH,
36I0H) HA NPOCTPAHCTBEHHO HEOAHOPORHOM TeueHuH. M3MeHeHme
CKOPOCTH TE€YEHHS MOXET OBITh BBI3BaHO pa3IMYHBIMHM TPHYMHAMH,
HaNpHMeEp, W3MEHEHHEM TOMOrpadHH JHa WM NONECPEYHOIO CCYECHHMA
akparopud. K IpOSRIEHMIO 3TOro mnpolecca OTHOCHTCH XOPOLIO
U3BECTHOE ABJICHME CYJOd, 3aKiiovalolieecs B TpaHC(OpMaMK
BETPOBLIX BOJIH Ha IMPOCTPAHCTBEHHO HEOINHOPOAHBIX TEYCHHAX, KaK
NpaBWiIoO, NPWIHBHOrO npoucxokaenus. Cynom xopomo Habio-
HaloTCH NpH YCTAHOBHBUIMXCHA TEYCHHMAX, KOIJa BEeTE€p H CKOPOCTB
HanpasJeHs! HABCTpeuy ApYr Apyry. BomHEL B cyoe KOpoye U Kpyde,
4eM OOLIYHBIE BETPOBBIE BOJIHBL, OHH 60/iee aCHMMETPHYHBL.

JpyruM, Xopolo M3BECTHBIM IPHMEPOM TpaHcgopMalMM BOJH
Ha HEOIHOPOIHOM TCYEHMHM, ABIsSeTcs GOpMHpPOBAHHE B pe3yibTare
B3aMMOJIEHCTBHA BETPOBBIX BOJH M BCTPEYHOrO AryJbicOBa TCYCHHA
y I0ro-BOCTOYHHIX OeperoB AQpuUK# THTaHTCKHMX BOJH aHOMAILHOMN
BBICOTHI, IOyYHBIINX Y MOPSKOB CIIEHATLHOE Ha3BaHHE — «BOJHBI-
yOuitp». BomHbI 37€Ch MOTYT JOCTHraTh BbICOTHI 15-20 M mpm
OTHOCHTENLHO CIIOKOHHOM Mope. AHOMAILHOCTE BOJIH 3aK/IIOYacTCs B
HX aCHMMETPHYHOCTH, HEOOBIMHO OoMblIOi BHICOTE H KDYTH3HE.
Bo3aeiicTBue TakuMX BOJIH JaKe Ha COBPEMEHHBIE Cy/Ja NMPHBOAMT K
TParm4ecKHM MOCIICACTBHAM.

Bropo#i nponecc 3aKioyaeTcs B FreHEpanMH BETPOBEIX BOJH Ha
TeyeHMIX. B 3TOM ciiyyae nmapaMeTphi BO3HHMKAIOIIHMX BETPOBBIX BOJH
OKa3bIBAIOTCA OTIMYHBIMH OT BETPOBBIX BOJIH, FE€HEPHPYEMBIX IPH
TaKMX > YCIOBHAX BONHooOpasoBanms, Ho 6Ge3 Teuyenmil. I[lpu
reHepalidd BONH Ha BCTPEYHBIX TEYEHWAX BOJNHBI BBIONE H Kpyde
OObIYHBIX, Ha CIyTHOM Te4YeHWH Habmomaercs NPOTHBONONOMKHAA
KapTHHA. ' ~

B npupoaHBIX YCNOBHAX OTACITHTH npouecc reHepalyH BOJH Ha
TeYeHHH OT HX TPAHC(HOPMAIHH HA NPOCTPAHCTBEHHO HEOHOPOIHOM
TEUEHHH 3a4acTyIO HEBO3MOXHO. Pasgenars >1H IiBa SBJICHHA MOXKHO
TONBKO B 1aGOpaTOPHEIX YCIIOBHAX.

OnucanHbie BhHINE SABJIEHUS TEHEpalAM BOJIH HAa TEYEHHAX H
TpaHc(hOpMAIHH BOH Ha MPOCTPAHCTBEHHO HEOAROPOMHEIX TEUCHHSAX
4acTo HaGMIoNaIOTCA B 03épax M BoXOXpaHWIMIIaX. XOTH B3aMMO-
IeHcTBMEe BOJH M TeyeHWH B 3TOM ciiydae He (OPMHpYeT TaKHMX
ONAcHLIX BOJIH KaK B OKEaHE, yYeT MX B3aMMOJEHCTBHA 4acTO OY€Hb
BaXXEH, TAK KaK MOXKET NPHBOAWTE K (OPMHPOBAHHIO BONH, AENalO-
IIMX TPOBOJKY CYNOB (PEYHOTO M O3€pHOr0 THIIZ) HEBO3MOXKHOM.
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Otot 3ddext xopomo 3HakoM pedyHukaM. [IpakTHka CyHOBOXKHCHHA
NoKa3ana, YTo NPH CHIBHOM BETPE, HAIIPaB/ICHHOM I10 TEYEHHIO PEKH,
IOPOBOAKA CYJOB BO3MOXHA. Berep Takoit ske cKOpOoCTH Ha BCTPEYHOM
TeyeHHH (QOPMHPYET KpyThle H BHICOKHE BOJIHBIL, [eNaloIMe
HEBO3MOKHBIM TIPOBOAKY CYHOB.

Bonnwt na npocmpancmeenno neoonopoonom mevenuu. Pac-
CMOTPHM pacrpOCTPaHEHHE BOJAH Ha CTALMOHAPHOM IIPOCTPaH-
CTBEHHO HEONHOPOAHOM Te4YeHMH. CKOpOCTh TeyeHHs CHHTaeTcs
HEU3MEHHOH No BepTHKATH. IlycTh BONHEBI pacnpocTpaHAIOTCA B TOM
K€ HANPaBICHHH, B KOTOPOM HMEETCH TpaJMeHT CKOPOCTH.
Benencreue  crallHOHApHOCTH mpoHecca YacToTa BOJAH B HeETO-
BIDKHOM CHCTeMe KOOpAMHAT Oymer HewsMeHHoil. W3 ypaBHeHus
COXpaHEHHS BOMH CNERYET:

aXk) + kU(xy= ax = const, (4.6.3.1)

TAe @y — YacTOTa BOJIH Ha rotoke B Touke U = 0, axk) — vacTora
BOJIH B CONPOBOXIAIOIUECH CHCTEME KOOPAMHAT, T.€. B CHCTEME
KOOpMHAT ABMXKYLIEHCS CO CKOpOCThIO noToka. Hcmonslys @ = ck
BeIpaxeHHe (4.6.3.1) 3armmmueM B Buae:

K + Ux)) = koco . (4.63.2)

IIpumenss ypaBHeHue 111 $a30BOi CKOPOCTH IPaBHTALAOHHBIX
BONH Ha rmy6okoit Bome ¢ = (g/k)'%, co = (g/ko)'” BeIpaxenue
(4.6.3.2) TpascopMHpYeTCS B KBaIpaTHOE ypaBHerHe M (c/co)

(cleo)* = ko/k = cleo + Ulcy . (4.6.3.3)

b

Pemenne (4.6.3.3) nmeert Bux;
(cle)y= 12 £ 12(1+4UIc)'? . (4.6.3.4)

M3 (4.6.3.4) cnemyer, 4TO BOJHBI HE PacHpPOCTPAHAIOTCA B
obnacts | U > cy/4. B KPHTHYECKOH TOYKE CKOPOCTh TeYEHHA paBHa U
DPOTHBOMOJIOKHO HallpaBji€Ha IpymnmoBo#l ckopoctd BONH. Takum
obpaszoM, B 3Tl TO4KE rpynmoBas CKOPOCTb BOJH oOpamaerca B
HOJb. 3Ta KPHTHYECKas TOYKA Ha3bIBAaeTCA TOYKOH GJIOKHMpOBKH, B
Hell IPOMCXO/IHT HE TOJILKO OCTAHOBKA BOJIH, HO H €€ OTPaXeHHe —
BOJIHBI HaYWHAIOT PaCHPOCTPaHATHCA B JAPYryio cropony. Mmenno
3TOH OTpakeHHOM (HWIH 06paTHOM BOJHE) BOJHE COOTBETCTBYET 3HAK
MHHYC B ypaBHeHHH (4.6.3.4). 3HaK IUTIOC COOTBETCTBYeT MpPAMOA
BosiHe. JlicnepcHoBHOe COOTHOmEHHE s TPAaBHTAIMOHHEIX BOIH Ha
BCTPEHYHOM TEYEHMM mokazaHo Ha pHC. 4.6.4. Yacrote
COOTBETCTBYIOT JIBe BOJHEL, Geryipue BieBo. Pa3oBbie CKOPOCTH BONH

HMEIOT OJMHAKOBOE HAIlpaBJICHHE, ®
a TrpymnoBeie —  NPOTHBO-
nonoxuoe. J{na Bomsl / (yactora
paBHa ax, BOJIHOBOE YMCIO PaBHO

ki) rpymmoBas ckopoctk Gosbiie 3

Hysa. [{na Bonnst 2 (YacToTa paBHa oy} 1o TS 2__

@y BOJIHOBOE 4YHCIO paBHO k2) Al NI
TPYINOBas CKOPOCTh OTPHLIATENb- Ky K2 N\

Has. Bonmna [ sBigercas npsAMoit
WM Najaromeil BOMHOHK, BONHA 2
gBiserca obpaTHOH Win OTpaxeH-
HOH. CIIE[lyeT OTMETHTS, HTO TPO- Puc. 4.6.4. JIHCTIEPCHOHHOE COOTHO-
NOIDKHTEIHOE BPEMA HEORHOSHAY-  yo ™ o onm. moms
HOCTh pemieHust (4.6.3.4) HWIHO- 5 perpeanom Tedenmn. B — Touxa
PHPOBANACH, CYHTAIOCH, YTO peuIe- 6noxupopky: [ — mnpAMad BOJNHA
HHE CO 3HAKOM MMHYC He wMeeT  (¢>0), 2 — orpaxeHHas BOlHa
¢usmgeckoro cmeicna.  OnHaKko
IKCIIepUMEHTaIBHBIC  MCCIEOBAHMA  JOKa3ald  PealbHOCTh
OTPaXXEHHBIX BOJH.

W3 (4.6.3.3) u (4.6.3.4) cnexyeT BHIPOKCHHE U U3MEHEHHUs [UT-
MHBI BOJIHBI Ha HEOJHOPOTHOM TEYECHHH:

Mio=1/4[1 £ (1 + 4Ulcy) P . (4.6.3.5)

H3MeHeHne aMIUTATYABI HWIH BBICOTEI BOJIHbI MOXKHO MOMYYMTh U3
YPaBHEHHs COXPAHCHHMA BOJIHOBOTO EHCTBHA, KOTOPOE BCIEACTBHE
CTAMOHAPHOCTH NPHHHMAET BHA:

dIE((U + c))l @)ldx = 0,

rae E IUIOTHOCTH BONHOBOM 3HEPTHM, ¢, —— IpYNIoBas CKOPOCTh

BOJIHEL.
Jins rpaBATAMOHHBIX BOJIH Ha Iify6oKo# BOJle ypaBHEeHHMe cOXpa-
HEHHA BOJIHOBOTO ACHCTBHA NPUHMAMAET BUJ!

E(U+ c/2)’ = Ey ¢’ /2 = const, (4.6.3.6)

OTKYZa N0JTyYaeM HIMEHEHHE AMILTHTY b
alay= co / [c(c +20)]". (4.63.7)

B Boipaxenmsx (4.6.3.6) u (4.6.3.7) E,, ao COOTBETCTBYIOT
IUIOTHOCTH SHEPrHH M amMIUTHTY/le BOJH npu U= 0.
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HsMeHeHHe aMIUTHTYABI BOJH Ha HEOXHOPOAHOM TEYEHHH C
y4eToM B3auMoJeHCTBHA BOJH H Te4eRHH ObUIO BNEpBLIE MOTy4YeHO
Jlonre-XurruucoM u CtioaproM. OfHaKo, cliexyeT HMETh B BHIY, YTO
[pHBeleHHBIE BBIIE pPE3yNbTaTH CHpPAaBELTMBBL  TOJMBKO  IJiA
rapMOHMYECKMX BOJH MalOH aMIUIATYAbl. HeluHEeHHOCTs, Crek-
TpaIbHBIH COCTAB BOJHEHHSA, KAMLLAPHOCTD, P (EKThl AUCCHIIAUK
IPUBOIAT K CYIUSCTBCHHOMY OTJIHYMIO 3aKOHOB M3MEHEHMA IIapa-
METPOB BOJIH OT 32KOHOB M3MEHEHHMA FapMOHHYECKHX BOJIH MaJoH
aMIUTHTYIBI Ha TEYEHUH.

ITonpaBky k CKOPOCTH T€YEHHS, BBI3BIBaIONEH O10KHPOBKY BOJH
KOHEYHOH AaMIUIMTYIbl, MOXHO [IOJyYHTh Ha OCHOBE BBIPOKEHHA
rPyNIOBOH CKOPOCTH TIPaBHTALHOHHBIX BOJIH, YYHMTBIBAIOIHX
KpyTH3HY BOJH (ak):

e = U+ 1/2(glk)"* (1 + 312 (ak)) (4.6.3.8)

Ilpu 610xupoBke BoIH ¢ = (), MO3TOMY I BOJIH TIpENENIbHOM
KpPYTH3HEI IIpH (ak)’=0,2 ckopocTh 610kupoBKH cocTaBiseT — 0,32¢.
Bonee tounsie pacdeTsl noka3eiBawT, 410 Us; = — 0,3¢p. Or1a Benu-
YHHA CYIECTBEHHO OT/IHYaeTcs OT 3HAa4Y€HHA CKOPOCTH GJIOKMPOBKH
BoJH 6eckoneqno Mano# ammmryabl (Us, = — 0,25¢).

PaccMoTpum pesynbTaTel  1abOpaTOpHBIX HCCIICIOBaHHMH, B
KOTOPBIX 3KCHEPUMEHTAILHO OBUTIO MOKa3aHO CYINECTBOBaHHE
OTpPaKEHHbIX BONMH M sABMeHMA OyokupoBkH. B skcnepumeHTax
H3Y4alnoch  PacHpOCTPaHCHHE  PEryJpHbIX  IpPaBHTALlHOHHO-
KaIMWUIAPHBIX BOJH Ha OAHOPOIHBIX M IUIAaBHO HEOAHOPOIHEIX BJOJb
HAlIpaBJIeHAA paclpoCTPAaHEHHS BOJH TEYCHHAX H  ABJICHHE |
6nokupoBkH. ONBITH POBOAWINCE B CTEKJITHHOM JIOTKE JUIHHO#K 670
cMm, Beicorod 40 cM u nmpuHoi 20 cM. BonHompoxyxTop
TeHEPHPOBANI IUIOCKHE CHHYCOHAANBHBIC BOJIHBI C YacTOTOH OoT 2 RO
11 I'n ¢ HavaneHOM ammumrygoii or 0,1 mo 10 mm. HMmmynscHsrit
MaHHIYJIFTOP, BKIIOMCHHBIH B UeNb NHTaHHA BOJHOMPOXYKTOPA,
MO3BO/NAJL TFEHEPHPOBaTH BOJNHOBBIC IIaKETHl M3  HECKONBKMX
KonebaHuii ocHOBHOM 4YacroTel. J{Is H3MepeHHe MapaMeTpoB BOJH
HCIIO/TF30BAJIACH CHCTEMAa JJIEKTPOAHBIX BonHorpados. I[Ipodunu
CpelHEl CKOpPOCTH M3MEpAIHCH MHKPOBEPTYHIKAMH, CKOPOCTH
MOBEPXHOCTHOTO TEYCHHMd —— TIPM TNOMOIM MMHHATIOPHBIX
MEHOIUTACTOBBIX  mIapukoB. Ilynbcaimmu CKOPOCTH  H3MEpIMCH
TepMOaHeEMOMETpoM. HM3sMepeHHs NPOBOAMWIIHCH B TPEX pekKHMaX: Ha
cnokoitHoit Boxe (U = (), Ha NOCTOAHHOM TEUYECHHH, HA TCHYCHUM,
CKOpOCTh KOTOpOrO MEHs/Iach BJOJb JIOTKA. Benuumna ckopocTH

teyenua U(x) wu3MeHsnack myrem TpaHCchopManMM IUIOMAAM
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TOTIEPEYHOTO cedeHns NoTka. M3MepeHns nokasaiy, Hro H3IMEHEHHEM
CKOPOCTH TedeHus ¢ riyOHHOH B HpejienaX BOIHOBOTO CJOA MOXKHO
npeHebpeds. B GoNbLIMHCTBE IKCNEPUMEHTOB NpOCTpaHCTBEHHLIA
MacIITa6 M3MeHEeHHA CKOPOCTH TedeHHd Gbul MHOTO Gonbile JUTHHEL
BOJIHBL. DTO NO3BOMAET HCTIONB30BATh annabaTHIeckoe npuOIIKeHHe
1A BOJIH Ha OTACHbHBIX YYacTKaX TEYCHHA. HzMmendas MOJIOKEHHE
BOJIHONPOAYKTOPa OTHOCHTENLHO JIOTKA, MOXMHO 6su10 co3nasath
BOJIHBI HA CHYTHOM H BCTPEYHOM TEYCHHMAX. Ouenka IpynmoBoH
CKOpOCTH BOJIH GbUIa TIOTyYeHa U3 BpEMEHHOM 3a/lepHKH orubarouei
BOJIHOBOTO NaKeTa, OlleHKa ()a30BOH CKOPOCTH — MO BEIMHHMHC
dasoBoro cipura MeXuy 3alMCIMH BO3BBIIICHUH NOBEPXHOCTH JIBYX
BOJHOrpadoB, PAacrONOKEHHBIX Ha PACCTOAHHH, COM3MEPUMOM c
JUTMHO# BOMHBL [N TOBBINIEHHS TOYHOCTH H3MCPCHHH OJMH u3
J[ATUMKOB TIEpEMEIaICA, pH 3TOM (UKCHPOBANICA MOMCHT H3MEHC-
HuA ¢a3el Ha 180° Ha CTPOBOCKOIMHUECKOM OCLIAIIIOCKONE HIH C

ouibto Guryp Jluccaxy.
HOMI/lllslmep?Hmrypnoxas::ﬁyalor, yto coorHomenue (4.6.3.5) xopouio
BLIIOJNIHAETCA VIS CHHYCOMJAJIBHEIX BONH Ha TOCTOAHHBIX CITyTHBIX
WIH BCTPEYHBIX TEUCHHAX (puc.4.6.5q). Ilpu pacnpoCTpaHeHHH BOJIH
Ha [UIABHO HEOJHOPOHOM TEUCHHH U3MEPEHHA XOPOLIO COTIACYIOTCA
C pac4eTamH, IPOBEJCHHBIMH B amuabatiueckoM npuomokeruy. Ha
puc. 4.6.56 pUBEICHD! IAHHBIC 06 H3MEHEHUH JUTHH BOJIH pa3/IHIHRX
YaCTOT, PACHpOCTPaHSIOIMXCA M3 obnacTH CHOKOHHOH BOABI Ha
BCTpEYHOE TEYEHHE.

[lpu ydere KamWUISPHOCTH AHMCIICPCHOHHOE COOTHOLICHHE
(4.6.3.1) npeobpasyercs:

(gk+ (of p) Y'* + Ux)k = an = const,  (4.6.3.9)

e o — Ko3(hUUMEHT OBEPXHOCTHOTO HATKEHUA, O — yAenbHas
[UIOTHOCTh BOHbl. CeMeiiCTBO KPHMBBIX, PaccdMTaHHBIX 10 STOM
(bopmyne, npueexeno ma puc. 4.6.6a. Lludpri, noCTaRICHHME Y
KPHMBBIX, COOTBETCTBYIOT =BEIM{UHE CKOPOCTE B CM/C. IMonoxu-
TeNbHBIM 3HAYCHMSM HACTOTHI COOTBETCTBYIOT BOJHEL KOTOpLIC
pacnpocTpaHAloTcA NPOTHB Te4yeHHd, 3 OTPHLATEIILHBIM 3HAUCHUAM
4aCTOTH! — BOJHBI, PACTIPACTPAHSIOUIAECA IO TEHEHHIO.

IlycTs BONHOBOH MARET ¢ YACTOTON F = 1,5 I'n pactipocTpaHseTcs
Ha BCTPEYHOM TEHEHHH, . CKOPOCTh KOTOPOro ILIaBHO pacTer.
Hazouactota F = 1,5 I'n m300paxeHa Ha puc. 4.6.6a  MyHKTHpHOHA
yuErei. HauansHoMmy monoxkenmo U = 0 (Ha puCYHKE He NOKa3aHO)
COOTBETCTBYET AJIMHA BOJIHBI A = 70 cm. Tlo jvxepe H3MEHEHHA

CKOPOCTH BCTPEYHOTO TeUeHUs [IEPEXOJMM € OAHOH JAMCIIEPCHOHHOH
KpHBOH Ha Jpyryio, NpH OTOM BeIMIHHA rpyIIIOBOH CKOPOCTH
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Puc. 4.6.5. 3aBucuMOcTs MK BoMH oT 1acToTH M CKOPOCTH T€4ECHHA I/ ONHO-
PonHOro (a) ¥ HeoTHOPOAHOTO () TeyenHuit. Cxopocts B cM/c yxasana uuppamu
Y KPHMBBIX, 4acToTa B I'll HaHECCHA Ha KpHBRIC

YMEHBIIACTCSA, BOJHOBOE 4HCIO pacTeT. B Touke 2 (U= —26¢cm/c)
TIPOHCXONMT TIONHAsA OCTaHOBKA M OTPaKEHHE BOMH (c; = 0).

B obnacty, rae ckopocTs TeyeHus menpme 26 cM/c, CymecTByIOT
ABE BOJIHBL: pacCMOTPCHHas paHee mpsMad BOJHA, MMEOLIas
TPYIHIOBYIO CKOPOCTH Gonbie Hyns ¢, >0 (06nacTs jieBee TOUKH 2u
OTpaxXeHHad BoNHa (06macTh mpasee Touku 2). dasopas CKOpOCTh
OTP@KEHHOH BOJIHEI TIOJIOXHTENbHA, 2 TPyIIOBas — OTPHLIATENbHA,
oru6alomas BOJHOBOIO MOTOKA ABWXKETCA MO noroxy. Bonnosoe
HCJI0 OTPaXXCHHOH BOJNHBI NPH YMEHBIIEHHH CKOPOCTH Tedenms U
pacret (CM. mepexon OT TOYKM 3 K TOYKe 4). B Touke 4 mpu U =
20 cm/c mponcxoaMT 6MOKMpOBKa OTPaXXEHHOHM BOJIHBI, OHAa B CBOIO
OHCPENlb OTpakaeTCs, mpespalliasch B MNPAMYIO BONHY (o6macTh
npasee Touky 4). Ilpu yuere kamunnaprocts B (4.6.3.9) nosensrorcs
ABE TOUYKH, B KOTOPHIX ¢; = (). O1a 0COBCHHOCTE NPUBONT K ABJICHHIO
ABOHHOH G6nokupoBkH. Puc. 4.6.6.6 cxemartudecky moscrser TpaHc-
¢opMamiro gnMH W Hanpasnenmii pacnpocTpaHeHHs BONH NpH
THHEHHOM 3aKOHE H3MEHEHMI CKOPOCTH BCTPEYHOIO TEYEHMA C
paccrosnueM. BumHo Hammaune Tpex obnacreil. B o6nacTil (<20
CM/C) CYIIECTBYET TONBKO mpamas BOJIHA, COOTBETCTBYIOIIAA

Y
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Puc. 4.6.6. a — nucriepCHOHHEIC KPHBLIE BOJH HA BCTpewyHOM TedcHHH. Lludpst y
KpHBEIX 0603Ba4atoT ckopocTs B eM/c. ITyHkrap 1 — H304acTOTa 1,5 I'n. Ilynxrap 11
— u3ovacrora —1,5 ', 2, 4, 7 — Touxu 61OKHpOBKY; & — cXeMa TpaHchopMalHKu
BOJIH
rpaBMTAlIHOHHOM BeTBH. B o6mactu 3, rae |U] = 26 cm/c, CymieCTBYeT
TOJILKO NpsAMas BOJHA, COOTBETCTBYIOMIasd KanmWUISPHOH BeTBu. B
obacTd 2 pacrnpoCTpPaHAIOTCA ABE MpPsAMBIE M OAHA OTPaXKEHHHIE
sonubl. [lpu nepexone u3 obnacra U = 0 B ob1acte 3 JIMHA BOJIHBI
uiMeHdercs Oonmee 4YeM Ha [aBa nopsaka. PaccmarpwBad nocie-
JIOBaTeNbHOE MOJOXKEHHe TOYeK mepecedyeHus u3omuauu F = —1.5 'y
(yHKTHpHas KpuBas 2) C HOHCICPCHOHHBIMHM KDHBBIMH, MOXKHO
TIONTYYHTh KapTHHY TPaHCGOpMAlliK JUTHH BOJIH Ha CITyTHOM Te4YeHUH.,
B 3TOM CiTy4ae noiy4aeM OfHy TOUKY GJIOKHPOBKH 7.

Ha puc.4.6.7 npuseneHa Qortorpadusa BOJH HAa BCTPEYHOM
TeueHMH B 06NacTH 6noxkupoBku. Xopouo BHAHBL o6imactd I u 3,

obnacTte 2 MaJyia ¥ He BHUHA.
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Puc. 4.6.7. BrokupoBka BojiH Ha BCTPEYHOM TeueHnu, Boua pacrpocTpaHsercs
CJIeBa HAIIPaBO

Yuer KanuWISPHOCTA MPHBOAMT K CYIIECTBEHHOMY YCHJIEHMIO
a(dexta GIOKUPOBKM IPaBHTALMOHHO-KANWLIAPHLIX BONH. Broku-
POBKAa NPUHHMACT JBOMHOH BHJ, MOABISIOTCA OrPAHMYEHUS IO
CKOPOCTH H 4acTOTe G6JIOKHPOBKH: BOJIHBI C 4acTOTOH Bhiie 2,65 Iy
He GJIoKMpyeTCs, CKOPOCTh TeueHHs Mewblie 17,8 cM/c BooGuIe He
BBI3BIBAET OIOKUPOBKH HHKAKHMX 4acTOT.

OueHuTs 3HauYEHMA MaKCHMalbHOM aMIUIMTYAM BONHBI B
OKPECTHOCTH TOYKH 610KMPOBKH MOXHO 110 GopMyne:

anlay = 4,27 (a/dUldx) . (4.6.3.10)

Pacuersi, npoBenennsie o 210i PpopMyre, GBITH CONOCTABNCHBI
C pe3yibTaTaMy JIabOPAaTOPHBIX IKCTIEPHMEHTOB M JaM 3HAYEHMS,
3aBbiicAHble B 1,5-2 pasa no cpaBHenmio c - pesynpTaramu
3KCHEPUMEHTOB. ‘O6BACHUTL ‘HabNIONAEMOe PACXOXKACHHE TEOPHH H
OKCMEpUMEHTA MOXKHO TEM, YTO B TEOPETHYECKOM Momenuw He
YHUHMTBIBAETCS BS3KAs NMCCHMALMs, KOTOpas WrPaeT B OKPECTHOCTH
TOYKM GIIOKHPOBKH GOBILIYIO POTb.

Ha BcTpeunoM TeueHuu JeHCTBYyeT NBa MexaHm3Ma, onpene-
JAIOLIME U3MEPEHUE aMITMTYAbI BOMHEL C OXHON CTOPOHBI Mpouc-
XOIMT €€ BO3paCTaHWe B COOTBETCTBHE € Qopmynoit (4.6.3.7), ¢
APYrod CTOPOHBI 3HAYMTENbHOE YBEIHYEHHE BOJIHOBOFO WYMC/A

ofycnaBiuBaer pocT BA3KOro 3aryXaHHi. JQGeKT MONeKyJIspHOH
BA3KOCTH NPH ABMXEHHAM BOJHEI B TOUKY OJIOKMPOBKH MOXeET OBITH
oleHeH no dopmyne:

x o
v= |2k vdx/c, (4.6.3.11)
0

rie vV — KHMHEMaTHYeCKMid Kodd¢uuueHT BA3KocTH. B aToM
BEIDOKEHHH IPYIIIOBas CKOPOCTH C; H BOJIHOBOE YHCIO Kk, ABISIOTCA
yHKOMeR KOOPAHHATEL M CKOPOCTH TeYeHHs. PacyeThl, BPOBECHHbIE
IS YCNoBMH nabopaTOpHOro JKCIEpPUMEHTa, IIOKa3bIBAIOT, YTO
JAEKPEMEHT 3aTyXaHHs yBeIMYHBacTCs B 5—20 pa3s mo CPaBHEHHMIO CO 4
criokoiiHo#i Bogoiil. Ha puc. 4.6.8. nokasaHbl pe3y/nbTaThl H3IMEPEHHA
BBICOT BOJIH PAa3IMYHOM 9aCTOTHl B OKPECTHOCTH TOUKA GIIOKHPOBKH.
B HE3KOYACTOTHOM YyYacTKe pPaccMaTpuBaeMoro AuamasoHa (F <
2,5 ') Ha BCTPEYHOM TEYEHHM B KPUTHHeCKOH TOuke GIIOKMPOBKH
HaGmofiaercs poct BoiH B 3—4

paza. Jlna OGonee BBHICOKMX n/ng

gactoT (Boime 4 I'm) Habumo- 4l .

maerca  ObicTpoe  3aTyXaHHe 3t

BOJIH, OOYC/IOBJIICHHOE pPOCTOM 5l ./'\. /

BOJIHOBOTO 4YMCJIa H YMEHb- % /\'

HICHHH TPYIIIOBOH CKOPOCTH. 10k - Fmr X7 .
Takum ofpa3om, B OKpecT- ' e N

HOCTH Touku Onoxmposku mns 0.6t

HM3KMX  9aCTOT M3MEHEHMe 4 \

BHICOTH! BOJIHbI OMNpeAesercs, \

B OCHOBHOM, B3aMMOZAEHCTBHEM (2} A

BOJIE C TedeHHeM, Ha Oonee \ ) ‘

BEICOKMX 49acToTax npeobia- 0550 6080 1'90 X, CM

naer 3ddexr - NHCCHOALMH.
JHeiicTBre 3THX MEXAHH3IMOB
no3pojiier OOGBACHHTE Habmo-
JaBImeecs B - JKCNEPHMEHTAX  Puc. 4.6.8. HameHenme OTHOCHTENLHOA
H3MEHEHHE CIIEKTPAJBHOTO CO-  BHICOTHI BOJH Ha BCTPCYHOM JIHHEHHO pac-
CTaBa BOJHOBHIX NaKkeroB mno  Tywem Teyewnu: 2 I'n (V), 3 Tu (o),
Mepe HX pacnpoctpaHesma co 4TH(x)5Tu(e)

cnokoiiHoH pBonbl B obnacth

6noxuporkn. B cirydae pacnpo-

CTpPaHEHMA BOJHOBOrQ NAKETa HAa BCTPEUHOM TeueHHH 3ddexr
GNIOKHPOBKH BHIMIAAMT CIEXYIOMMM 06pa3oM: no NOCTIKEHMH MeCTa,

0 4 8 12 16 20 U cm/c
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TA€ BBIMONHACTCA YCHOBHE GNIOKMPOBKH I NAHHOW CIIEKTPaibHOMN
COCTaB/IsIOIed, OHAa OCTAHaBIHBAETCA H OTPAXKAETCH, OCTAIBHEIE
COCTaBIAOIME MPOJODKAIOT ABIKEHHE JO OuepeHOM 610KMpoBKH.
Beniencteue Takoi /IOKanbHOM GI0KHPOBKH IPOHCXOIMT M3MEHEHHE
CHEKTPAILHOTO COCTaBa (COBMI B O6NACTh HM3KHX YacTOT).
PasyHoe 3aTyxaHWe CHEKTPaNBHBIX COCTABIAIOMMX elle GONbIIE
OCJIOXHSAET KapTHHY.

4.7. Mapkynsanan Jlearmiopa

Habmonenns nokassiBaior, 4Toc BO MHOIHX reopH3nIECKHX
TCUCHHIX B aTMocdepe u raapocdepe B NOT'PAaHHYHEIX CNOAX YACTO
BO3HHKAIOT XOpOLIO OpraHM3OBaHHEIE BHXpeBbie O06pazoBaHMA,
KOTOpBI¢ TMONMYy4YWIH Ha3BaHHME KorepeHTHEIX crpyktyp (KC).
Ipamepom KC sBismotes mupxymsuu Jlenrmiopa (IPI), koropsie
MHOr/la Ha3BIBAIOT TAKKE BUXPAMHU Jlenrmiopa. OHM TPEACTaBIAIOT
Coboii pa3HOHaNpaBICHHLIE KOTEDEHTHEIE BUXPEBHIE CTPYKTYPHI C
TOPH3OHTATILHEIMH ~ OCAMH, TapaUICABHBIMA  HANPABICHHIO
npasojHoro serpa. LI renepupyror oco6biii rumpodmsHueckuil,
THAPOXUMMYECKHH H THAPOGHONOIHYECKHHi PEXMMEI B BEPXHHX
CIIOAX OkeaHOB, MOpCH, osep W Bomoxpamwmm (Thorpe, 1984;
Filatov, Rjangin, Zaitcev, 1981; Panocun 2000; bBaoxuna,
Opoanosuu, 2000).

IVI B okeaHaX, MOpAX M oO3epaX MPeACTABIMOT COGOH

OTHOCHTEJIBHO Y3KHE [II0JOCHI IE€HBI Ha IIOBEPXHOCTH BOJAOEMa,

KOTOPEIC BBICTPaHBAIOTCA BAOJS HalpaBieHHd NPHBOJHOTO BETPA.
IUI craHOBATCS 3aMETHBIMH NpPH JOCTIDKEHHH CKOPOCTBIO BeTpa
HEKOTOPHIX KDHTHYECKHX 3HA4EHMH Gonee 3 m/c. 30HbI KOHBep-
TCHIMH MapKAPYIOTCA NEHOM, My3biphKaMH, BOXOPOCIAMH, PasHBIMH
1aCTHIAMH — TaK BO3HHKAIOT noiocs! (puc. 4.7.1,a).

ITonock! OGKIYHO BBITAHYTEI NApaJLIENLHO HAIPABICHHIO BeTpa.
HBe cocenume nonocsl orpaHMHBAIOT IHPKYJIAIHOHHYIO f4eiiKy. B
ITHX SYCHKAX BOSHMKAIOT 4YePeAyIOmMecs MpaBo- H JIEBOCTOPOHHHE
BUXpH C NPORONBHBIMA OCsMH. IIpu sTOM BHXpH B sueiikax I[JI
ACHMMCTpHYHEI H3-3a TOTrO0, YTO HUCXOAALIIHEC KOMINOHEHTH] CKOpOCTH
6onpme ‘BOCXOZIAIHX M HMEIOT TOT XKe NOPANOK, YTQO U I OPHU30H-
TAJIbHBIC KOMITIOHEHTHI. BMecTe C OCHOBHBIMH I110JIOCaMH KOHBEp-
TeHIWH HAOMONAIOTCA BTOpHYHBIE nNOJOCH. IlpemmonoxwurensHo
paccMaTpHBaeMble KOT€PeHTHBIe CTPYKTYpsl wiu IUI mmumior Ha
0COGEHHOCTH (POPMUPOBAHHA PUIMKO-XHMHUECKHH M GHONOTMYECKHit

1
10V,, wc

Puc. 4.7.1. CxemaTHuecKHil BHJ KOICPEHTHBIX CTPYKTYp —LIMPKYIALMH
JlenrmMiopa B BepxHeM cinoe o3epa (a), 3aBHCHMOCTh BEPTHKaIbHOMH
cocras/somed CkopocTH TedeHUH B HUPKY Iuuax JIeHMIopa OT ckopocTH BeTpa
Ha NOBEPXHOCTH BogoeMma (6)

peXHMBI B BepXHeM cjoe BopoeMa. OHU CyIIECTBYIOT B IIMPOKOM
IHanazoHe THOPOMETEOPOJIOTHYECKMX ycioBuil. BEUto ycranosneHo,
YTO IOPOroBHIE 3HAYECHHS CKOPOCTH 3—5 M/C WIHM KacarelbHBIE
Hanpsokenus Berpa 0,15 nuw/cM’, HeobXommmble A HX
BO3HMKHOBeHUR (Panowcun, Muponos, 1985), xoHTposHpyIOTCA
Ha4ansHOH THAPOCTATHYECKOH YCTOMYHBOCTBIO BEPXHEro CJIOA H
MOTOKOM IUIaBy4YecTH 4epe3 MOBEpPXHOCTh BojoeMa. OmHako npH
BBICOKHX CKOPOCTSX BeTpa, Gonee 15 m/c, 3TM monocel oOblMHO He
HaGmonaloTcs, a KOrepeHTHble CTpYKTyphl paspymatorcs. Ilo
H3MEpPEHHAM KOMMNOHEHTH BEPTHKANBHOM COCTAaBIAIOIGEH TedeHMi B
NoJIocaX OmyckaHWA MoryT jocturate 4-8 cm/c. Ilpamepsr
ocobennocreit LI npy pa3sHbIX ycnoBHsAX HpUBEeEHb HAMM B pasjielie
6.3 xHHrH. )

B ponocax 1V orMeqatoTcs M M3MEeHeHHA TEMIIEPaTypsl BOXBI,
kotopsie cocraimmor 0,2-0,3 °C. HzpectHO, 4r0 BEpTHKAIbHAA
COCTAB/IOIN@A CKOPOCTH TeHEeHHA W 3aBHCHT OT CKOPOCTH BeTpa
(puc. 4.7.1,6), aHanWTHYeCKHH BMJl 3aBHCHMOCTH TNpE/CTABIEH
crepyiome# popmynoii:

W 0o=a Vb,
rae a ¥ b — xoHcTaHTEI, paBHBIE COOTBETCTBEHHO 3,6 - 1072 u 0,7 npu

6eapaznuuHoli cTpaTHUKAIMM IIPHBOAHOIO CI0% ¥ @ = 6,0 - 1072, b=
0,6 ripu ycroiunBOi.
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Ilo sxcnepuMeHTanbHBIM AaHHEM B JlagokckoM H OHEXCKOM
ozepax OBUIO I10Ka3aHO, WTO pacCTOSHHE MEXKAY OCHOBHBIMH
A4eHiKaMH NPHMEPHO PaBHO TOMIMHE 3MHJIMMHHOHA, OJHAKO 3TO He
BCerjaa COOTBETCTBYET AEHCTBHTENbHOCTH. Tak, HallpHMeEp, B 03epe
Baiixan npy ToJIIHHE SNMINMHHOHA 0K0j10 70 M pacCTOAHHE MEXIY
syeiikaMi coctapnano Bcero 10 m. [Ipu AOCTHXXEHMH KOrepPEeHTHBIMH
CTPYKTYpPaMM JIHa IIPOMCXOAHT YBeJIMYCHHE TIOPM3OHTAIBHBIX
pa3MepoB sucek. IIpH BayMyMM TepMOKIMHA 3TH JBHXEHHS MOTYT
CHOCOGCTBOBATE rEeHEpaUMH BHYTPEHHHX BOJH.  MeXaHH3MBI
¢dopMmupoBaHHd 3THX CTPYKTYP B OKeaHe H 03epaX pacCMOTPEHEI
MHOTMMH crenuandcramu. Hanpamep, ux reHepaums obGbacHsercs
CIBHIOBOM HEYCTOHYHBOCTBIO B 3KMaHOBCKOM IoToke, A. C.MOHHH H
B.B. Kpacuukuii nokasamn, yro s resepaumu LU we obs3arensua
HETHHEHHOCTh NOBEPXHOCTHBIX BOJH, CO3/AIONIaA CTOKCOB MEPEHOC.
bonee Toro, Bo3MoxHEI o6pazopanms 1|JI u 6e3 MOBEpXHOCTHBIX
BosiH. Pazpymenne IJJI MoXeT TIpHBOAMTE K TeHepalHd
MenkomacutabHo# TypOyneHTHocTH. Ilupkynsaumu Jlewrmiopa, kak
OKa3ajnoch, MOIYT CYINECTBEHHO BIMATH Ha pacnpelesieHHe
IVIZHKTOHA H XapaKTep NpOTeKaHHI OHOXMMMYECKHX IIPOLECCOB B
osepe. Xappuc moxasan, 9ro B o3epe OHrapuo npu Hammuuy LI
pasHOCTb conepkaHus xnopopwuia B cmoe (-5 M CraHOBHTCH
3Ha4YHTENIPHO MCHBINE NpPH YBEJIMYCHUM CKOPOCTH BeTpa ¢ 4 HO
10 M/c, a MakcHMyM KOHIEHTpauuH Xjaopopwuia OTMEYaeTcs B
nonocax cxoxaeHusa (omyckanus) IUI. C nomomsio cnemmanbsHoO
CKOHCTPYHPOBAHHBIX  MOIUIABKOB  HEHTpasbHOM  ILIaBy4ecTH
(Psnxcun, 1977) B pa3snu4HBIX (OHOBBIX METEOPOJIOFMYECKHX
YCTIOBHAX H3MEPAIHCh BEPTHKAILHBIE HHCXOJAIIME CKOpocTH W B
nonocax kousepreHuuH IJ1. Oka3zanoce, 9T0 CKOPOCTH OIyCKaHMA
(BepTHIKTBHAs COCTABIAIOMAs CKOPOCTH TEYEHHI) IIONOXKHTENLHO
KOPpPEeNHMpYIOT CO CpeaHei ckopocThio Berpa. Ilo pesynsraram sTHX
H3MEpEHHH OBUTH paccUHTaHBI COOTBETCTBYIOINHE JIMHEHHBIE
(Panocun, 1977) u crenennsie (Panoicun, 1980; Pduramoe u np.,
1980) perpeccum W ot V, KOTopbie OKa3ajMCh pa3ziM4YHbLIMM B
3aBMCHMOCTH OT 3HaKa 9Mciia PHuapacoHa B IPHBOXHOM cioe. 3atem
B NpPE/IIONIOKEHHH, YTO B YCIOBHMAX HAYaIbHOH I'MAPOCTaTHYECKOM
YCTOHYMBOCTH BEpXHEro cjios osepa (4acrora Bsdicans—Bpanra N )
BCA DJHEPrHs BEPTUKAILHOrO HMCXOAAIIETO IHOTOKA B I0JI0CaX
koHBeprennuH 1)1 tparurcs Ha mpeomoneHHe 3TOH YCTOMYMBOCTH,
Gru1a BEIBEZIEHA MOTYSMIHAPHYECKAs 3aBUCHMOCTD TIIYOHMHBI IPOHMK-
nHosenusa IIJI or ckopoctu Berpa M wactoTel N. Amnanoruysas
3aBHCHMOCTh  BBiBelieHa mid  KoddduiMeHTa  BepTHKanbHOM

TypOynentHocTH  napamerpusyiomero  dpdexr IUI  Ha
nepemeniMBaHue SmwiMMHHOHA (Panocun, 1979,1980;, duamos n
ap., 1980).

Jina obwvacHenus npupoasl IUI m3BecTHE TpH pasIMYHBIX
MEXaHH3Ma, KOTOPHIC YCIIOBHO MOXXHO Ha3BaTh TEPMHYECKOH HIH
rPaBHTALMOHHON KOHBEKHMEH, SKMaHOBCKON HEYCTOHYHBOCTBIO H
BETPO-BOJHOBBIM MeXaHU3MOM (Psanowcun, 2000).

B HekoTopoM aManasoHe umcell Penes KOHBEKTHBHBIE sS4CHKH
Benapa BeICTpaHBalOTCS BJOJIb CPEJHETO MOTOKA H 00pa3yIoT, TaKHUM
o6pazoM, cTpykTyphl, odenr HanoMuuatonme I[JI. ITosromy 6nin
NPEIOXKEH  MeXaHM3M ~ TepMuyeckod  komeexumd.  Opsako
NpOBEACHHBIE HA O3epax HarypHele Habmopmenwms (Pawocun, 1980;
Pauxcun, Muporos, 1985; Kenney, 1977) noxaszamu, uro IJJI
06pasyloTca B yCnOBMAX YCTOH4YMBO# cTpaTndHKallMH BEPXHETO CIOS
BOAOEMa M CTalCWIH3HDYIOUIEro IOTOKA IUIaBYYeCTH Ha TI'paHHUe
BOJIa—BO3ayX. TakuM 0Opa3oM, TepMmHYeckas HEyCTOHYMBOCTE He
ABJIAETCA TJaBHBIM A reHepauuu I[J1 mexanusmoM. B kauecte
JIPYroro paccCMaTpHBaeTCA MEXAHH3M 3KMaHOBCKOH HEYyCTOHYHMBOCTH,
[PH KOTOpOH NpPH BO3JEHCTBHH BETpa B CJIO¢ TPEHMs BO3HHKAIOT
YNOpsiNOYEHHBIE BHXPH C TOPHM3OHTaJILHBIMH ocaiMH (bnoxuna,
Opoanoseuy, 2000). B armocdepe 3TH YNOpAROYEHHBIE BUXPH
Ha3pBAlOT «o0mauHbIMH  yimuuamMm». Crneayer OTMETHTb, YTO
ynopsjiodeHHble BHXpH HaOmiomamuce Ha (QoHe pa3BHTOH 3K-
MaHOBCKO} crmpand B okeaHe. CylleCTBEHHBIM HEHOCTaTKOM 3TO#
ranore3sl (GOpMHMPOBAHMS KOTEPEHTHBIX CTPYKTYP 3aK/OYaeTcs B
3HAYATEIFHOM PavIM4YMHM XapakTepHBIX BpeMEHHHIX Macimrabax
KMaHOBCKOH HEYCTOHYMBOCTH M CAMMX IMpKYsnuit JleHrMIopa.

Tpermit = H3BecTHBI  MeXxaHW3M  (OpPMHMPOBaHMA  3THX
KOrepeHTHHIX CTPYKTYp naH Kpajixom—JlefiGopuuem (cM. Pamxwn,
2000). O1H aBTOpHI NMpeIaraloT Ase Moxugukalyu cBoeil TeopHu.
IIpHBOMIMAIEHOK OCOOEHHOCTBIO pPEAIH3alMM 3THX MEXAHH3MOB
SABJIAETCA IOABNCHHE (BHXPEBOH CIWIBD» B Pe3yNIbTATe HEIHHEHHOro
B3aHMOJEICTBHS CABHIOBOIO BETPOBOIO TEYEHHS H CTOKCOBa Jpeiida
MOBEPXHOCTHBIX TPaBHTAIHOHHLIX BETPOBBIX BoJH. O6a MexaHH3Ma
BOCIIPOM3BOJAT MHOIHE SMIIMPHYECKH YCTAHORIEHHBIC OCOOCHHOCTH
I1. Oanako AansHeiinuas NpoBEpKAa aNeKBATHOCTH -IPEIIOKEHHBIX
MEXaHM3MOB 3aTpy[HeHa TEM, YTO NOKa emie He OLUIM MpoBeNEHBI
HaTypHbie H j1aGopaTopHbie 3KCIEPHMEHTHI, BOCIPOH3BOMANINE 3TH
MEXaHU3MBL.

Kak nokassiBator pacdersl (Panorcun, 1999, Baoxuna,
Opdanoeuu, 2000) 4 naHHsle HAOMIONESHHI Ha PaIMYHBIX BOJOEMAX,
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OCHOBHOH npu4uHO# Bo3Gyxaenus LI smisroTca moToku Temia ¢
TOBEPXHOCTH BOJB! B aTMOC(EpY 3a CUET TeINIOOOMEHA H HCTIAPEHHMH,
KOTOpEIC NPHBOJAT K OXJIAXKACHHMIO NOBEPXHOCTH H BO3GYXNEHMIO
kouBexkuuu. [peiipoBoe Teuenme, BosmmMKaromce IpH 3TOM B
BOROEME, BBICTPAMBAET KOHBEKTHBHEIE BUXDH BJOJNb HATIPAB/ICHHUS
BeTpa. '
Cnenys H.C.Broxumois, A.E.OpnanoBauy u O.C.CapenbeBoii
. (2000), paccmoTpum mompoGHee Monens KOI'€PEHTHBIX CTPYKTYp
(KC), paspaborannyio A.E.Opnanoeuyem. Ota momens omupaercy,
[peXic BCcero, Ha OTMEYEHHOE MHOIMMH aBTOPaMH CXOACTBO
KOT€PEeHTHBIX CTPYKTYp B pasiMYHBIX TypOYyJIGHTHBIX NOTOKaX H
BTOPHYHBIX TEYCHHH, BO3HMKAIONIMX [PH MOTEPE YCTONYHMBOCTH
COOTBETCTBYIOMMX JIAMHHAPHBIX [OTOKOB M MpPEIECTBYIOUIMX
TIEpEXONy K TYPOYJNEHTHOCTH. 3TO JaeT BO3MOXKHOCTE MCIIOJIB30BATE
Molens TypOyNeHTHOro moTOKa M paccMaTpUBaTh €ro MeNKo-
MaciTabHyl0 YacTe Kak HeKOTOpyio BA3KYIO Cpely C 0COGBIMH
CBOMCTBAMHM, B KOTOpOM 33 cCuer jeHcTBuS OnpeReNeHHBIX
MEXaHH3MOB HEYCTOHYHBOCTH pa3BHMBAIOTCA KPYIIHOMacIITaGHpIE
BTOpHYHBIE Te4YeHHA. BropHuHBle TeweHMs B  jgameHelimem
OKa3blBAIOTCA KOTEPEHTHBIMH CTPYKTYpaMH.

PaccMoTpEM nBimKenne xuaKOCTH B TOPU3OHTAJILHOM Hanpags-
nenuyu B cioe ry6unoit H. Tlponeccsl B Boje ONMMCHIBaeT CHCTEMA
YPaBHEHHH TEPMOTHAPOIMHAMHUKM B IPHOIMKEHHH byccunecka B
CHCTEMe KOOpAHHAT Oxix>x; . Ock Ox, HalpaBlieHa BJIONb BETpa, OCh
Ox; — BepTHKaIBLHO BBEpPX OT Havana oTcyera Ha aHe. Bopa B

BOZIOEMe HMeeT TeMnepatypy I M CKOPOCTH %, V, W, HalpaBleHHSIE |

BIIOJIb © COOTBETCTBYIOIMX oced koopauHar. Hapn  coGommoii

TIOBCPXHOCTHIO BOHOEMAa MOyeT NOCTOSHHBIA IO BENHYHHE H
HanpaB/ICHHAIO BeTep co ckopocThio V. Ha BepxHeit rpanmme 3anaercs
ycrosHe TBeploii kpeimxH, T.e. Us(H) = 0. B pe3yisTate
BO3ACHCTBHA BEeTpa HAa IIOBEPXHOCTh BO3ZHHMKAeT KacaTebHOe
Hanpskende 7 = p,CyV>. Yepes rpaHHIly NPOXOMHT MOTOK SBHOIO
Temna QJs=c,p.Cr (I-T;)V ¥ IOTOK CKpHITOro Teruia (3a cuer
ucniapenns) O;=LC, (9—q.)V. Ha nosepxmocts BombI BO3JICHCTBYeT
TAOKE  pafMAlMOHHEIA 1OTok Temwna Qp Kak o06srgno, Cv-

koddppunment conporusnenns, Cr u C; — wuncna CreHTOHa M
JlaNibTOHa, COOTBETCTBEHHO, 0, M C, — IUIOTHOCTS M TEIUIOEMKOCTS
BO3AyXa NpPH MOCTOIHHOM JaBleHMH, L — cxpbitas Terviora

napoobpasosanms, T, 4 q, — TEMIEpaTypa M yIebHas BIaKHOCTD
BO3MYXa, T — TeMmepaTypa Bombl H g = q(T) — wacenuaromas
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BIAXKHOCTh BO3[yXa TpPH TeMIIEpaType moBepXHOCTH Boabl. Ha nue
BOJIOEMaA 3ajaeTci MOcToAHHas Temneparypa I' = I, W ycnoBus
NPUWIMIIAHHA. H HETIPOTEKAHUA 1A CKOPOCTH.

Kpatko MeTomuka BblENEHHS KOTEPEHTHBIX CIPYKTYp B
TypGyJienTHOM cpefie 3aKmodaeTcs B clenyiomeM. Bee HeM3BeCTHBIE
MPeACTABNAIOTCA B BUJE TPEX KOMIIOHEHT:

a=a+a+a.

B 3ToM BhIpaKeHMM @ — cpefHee B OOBIYHOM CMEICIE
MaTeMaTHYeCKOEe OXXHAAHHE BEJIMYMH B NAHHOH Toyke B JaHHBIH
MOMEHT BPEMEHM; (( OMMCHIBAaeT KpynHoMacmraOHble yMOpafo4eH-
HBlE CTPYKTYpSl -H XapakTepusyeT MaTeMaTHYeckoe OXHIaHHe
BENHYMH (L NpH YC/IOBHH MPEBAPHUTENHHOIO BBEIOOpa CHCTEMBI
OTCYETA, CBA3AHHOW C reoMeTpHell HCCeXyeMOro ymopAmo4eHHOro
00pa3oBaHUS M BPEMEHH ero pa3sBHTHA, 32 BEIYETOM CPeHEro O ; O
OIMCBIBAET OTKJIOHEHHE OT CPEIHEr0 M YNOPAJOYECHHOTO JBIDKEHHAA, a
COOTBETCTBYIOIIEE IBHKECHHE HHTEPNpPETApPYETCH Kak
menkoMmacwitabras TypOyneHTHoCTh. CuMTaercd, 4ro MeJaKoMac-
mrabHas TypOYJEeHTHOCTh HE KOppe/lMpOBaHHa CO CpelHMM H
YHOPAJOYEHHRIM IBIDKEHMEM. OTO MpEANOJOXKCHHE ABJIAETCA
HEJIOCTATOYHO OGOCHOBAHBIM.

B wrore momy4atoTcsa ABe CHCTEMBI YypaBHEHHH THIIA ypaBHEHHH
Peiinoneaca: ans cpenHero ABWKEHHS — JIpeH(OBOro TeHCHHA H
YNOPAJOYEHHOTO [BHXXKECHHSA, W JUIi ONHCAHHA MeJIKoMacmTabHoH
TypOynenrHoctd. IlomydeHHble nepsbie ABE CHCTEMSHI YpaBHEHHH
COZIEPXKHT aHAJIOTH PEHHOJILICOBLIX HANPSHKEHHH I H TypOyIeHTHBIX
IOTOKOB  Tewla ¢, KOTOpBIE  YYHMTHIBAIOT  BO3JeHCTBHE
MenkomaciTabHoll  TypOynmeHTHOCTM  Ha = OCPEHCHHOE  H
YHOPAAOUCHHOE ABWKEHUe. B nanpHelimeM ypaBHeHHS 411 ONMCAHMSA
MmenkoMmaciuTabHo#l  TypOyJIEeHTHOCTH He MCHONB3YIOTCS, a A
OMnpeNeieHAs PEHHONBACOBLIX HAOpPHKCHHH M 3aMBIKAHHS MMEPBBHIX
JBYX cucTeM ypaBHenuii PefiHonbica, cnenys runorese byccunecka,
BBOJATCA Ko3d¢uieHTHl TypOynenTtsoro obmenav, u A, . s
yHpoIleHus CyuTaeTcs, yro kodddunuentst TypOyneHTHOrO 0o6MeHa

DOCTOSHHBI M MHOrO GONblIe COOTBETCTBYIOIIMX MOJIEKYIAPHBIX
3HayeHwit, a TypOynentHoe uuciao Ilpanarns pasro enuanne ( A, =
Vy). 3Havenne koaddurmenta TypbyneHTHOro o6MeHa HaXOAMUTCA U3
COOTHOILUEHMS, CBA3LIBAIONIET0 CKOPOCTh MAMCCHNAIMH JHEPrHy
MenKkoMacuTabHoll TypOyNeHTHOCTH M XapaKTCpHBIH HHEHHBIH
macmrab TypOynentHelXx o6pa3zoBaHmii. BemwuMHa  ckopocTH
OWCCHMIIALMM  SHEeprmHd  MeJIKkoMacmTabHo#  TypOyseHTHOCTH
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HaXOMTCA U3 ypaBHEHHs OasaHca 3Heprud 4 MenKkoMaclTabHoi
cocTaparomeii TypOyIeHTHOTO NOTOKA.
B xa4ectse Ge3pasmepHBIX €AHHHUL] PHHATHL: EAHHHMIBI JUTHHE -

Lx=H; cxopocrn Berpa ~U,,=V/\/gH ; BPEMEHH 1, =.[H/ g ; TeMnepa-

Typsl — ©y=1/Bo; notoxos Tenna ), =cop0\/_g71- /Bg- 3mecn o —
K03 PHIMEHT TEMNEpaTypHOTO paciuMpeHus Boawl, A = d/H —
Ge3pa3MepREIi NIEPHOA NOBTOPEHHA KOTEPEHTHBIX CTPYKTYp B
TOPH3OHTANIBHOM HanpaeneHmw; W = vr/ H.[gH — Ge3pasmepHsiif
ko3¢ duument Typbynertroro obmena; R = Ox/Q,, — Ge3pasmepHsit
panHalMOHHEIH TOTOK Temna, rue Macmraﬁom TIOTOKA SIBIAETCA ¥ =
paCx/pO’ ®0“‘ BO(T b a)

Bepuduxauus Momend NpOBOAWIACE IO JAHHBIM HATYPHEBIX
H3MEPEHHH HPKYNAUMH JIeHrMIOpa B HECKONBKHX KCIEIHIMAX Ha
Moxaiickom Bogoxpanunamie. Bsumn oTo6panb cepun HabmroneHui,
KOTra HaIMYHE NEHHBIX MOJIOC OBUIO OCOOEHHO MPOIOIIKHTEIBHO H
Apko BeipaxeHo. ITo naHHBIM rHapoMeTeoponorMYeckux Habmone-
HHi 3a 3TH CPOKH OBUIO OTMEYEHO, YTO BEPXHHI KBAa3HOJHOPORHBI
CIIOH  yCTOHYHBO OXTKIANCA, Tepss Hepes NOBEPXHOCTH BOAOEMA
okono 100 Br/m’. Ilpa sToM TemnepaTypa BORB YMEHBINATACEH
PaBHOMEPHO 10 BCEMY CNOIO, YTO CBHIETENBCTBYET 00 MHTEHCHBHOM
nepeMemIMBaHHN cog. Mcroms3ys npH MOMNENTHPOBAHHMH JaHHEIC
Habmonenuii (CKOPOCTH BeTpa, OTHOCHTENIBHYIO BIKHOCTh BO3AyXa,
TEMIIepaTypy BO3QyXa H BOIbI Ha HIDKHEH I'paHHLE NEepeMEaHHoro
cnos, panMauMOHHBIE TOTOKH ' TeIUla) OBUIM LONyYeHB NpoQuIH
CKOPOCTH H TEMIICpaTypbl ApeH(OBOro Te4YeHHAs, a TaKkKe
XapaKTepUCTHKH LHUPKYAIui JIeHrMiopa — mOMA paclipefefieHHs
TEMIEpaTypsl, TNPOROJIbHEIE, ~ BEPTUKAIBHBIE M - IONEpeYHbIe
COCTaBJISIOMME CKOPOCTH B KOHBEKTHBHOM BHXpe, KO3(pdHIHMEHT
TypOyneHTHOM BA3KOCTH M Apyrde XapaKrepdcTukd. Hekoroprie H3
3THX pe3yJibTaTOB PAcYeTOB MOXHO CONOCTABHTL C JAAHHBIMH
HaTypHbiX Habmozenmi. PesynsraThl TaKOTO  COIOCTABRICHHASN
NO3BOJMIIOT CYMTaTh, YTO B HEJIOM MaTeMaTH4YecKas MoOJelb
mMpKynsuuii  JleHrMiopa, OCHOBaHHaA HAa TEOPMH KOTE€PEHTHBIX
CIPYKTYp B TypOYJEHTHBIX IOTOKaX, MpPaBWILHO ONHCHIBAET
peanbHble NpOABICHAA LIMPKy aLuii JleHrmiopa.

Broxuna ® OppaHoBMY HpOBeNM MCCNENOBAaHHE  YCIOBHH
BO3HMKHOBEHHMS M OLEHKy mapamerpoB IUI npH pasiMyHeBIX
THAPOMETEOPONIOTHYECKHX YCIOBHAX M TIOBEPXHOCTHRIX 3arps3He-
HAsiX. Mopenuposanue L)l mpu pasnMuHBIX THAPOMETEOPOIOTH-

YECKHX YCJOBHSX [O3BOJMIWIO TONYYHTh XapaKTEPHCTHKH Kak
CpeIHMX TEYeHMHt, Tak ¥ KOTepPeHTHBIX CTPyKTyp. B 3aBucuMocTs oT
stux ycnosmit 1] cymecrsosamu Jo ckopocteit Betpa 7-14 m/c. B
MOJENBHBIX pacyeTax Habmopanach OTMeYeHHas HEOQHOKpaTHoO B
SKCIIEPUMEHTaX M HaTypHbIX HabMONEHHIX acCHMMETPHs BHXPEBBIX
CTpYKTYp. 30Ha, B KOTOPOH HPOMCXOAMT MOJBEM XXHUJAKOCTH B
IMPKYJALMIX, IWHpe obnacTH olyckaHud. LIEHTpHl UHpKy/IALMH
JleHrMiopa cMelleHbl K BepXHeii rpaHHIie B K 061acTH KOHBEPIeHLIHH.
Bépmxanmas COCTAaBJIIOMad CKOPOCTH IBHXKEHHSA JKHIKOCTH B
MEcTaX KOHBEPreHUMH uMeeT Oolblilee 3HAYECHHE, YeM B 06NacTH
nogbeMa. B 30HaX KOHBepreHUUH XMAKOCTD 60JIee X00oJHas Ha BCeX
ropusoHTax. CKOPOCTH BEPTHKAILHOIO BHXKCHHA B BUXPAX U JApYTHE
XapaKTepHCTHKH JOCTHIaloT MakCHMyYMa NpH CKOpOCTAX Betpa 3-6
m/c (puc.4.7.2) B 3aBHCHMOCTH OT THIPOMETEOPOJIOTHYECKHX
YCHOBHIA. A\l

Hanuune MakcuMyma napameTpoB LUJI obwacHsercs TeM, 4TO
yBENIMYEHUE CKOPOCTH BETpa IPHBOOMT K POCTY HHTEHCHBHOCTH
MeJKoMacinTabHOM

Us, cM/c
TypOyJI€HTHOCTH H K pOCTY 2
ko3¢dbrumenta TypOyleHTHOTO 1
obmena. Ilpm 3HAYHTENBHBIX 1,6
CKOPOCTAX BETpa NPOHCXOMMT |
YBEJIMUCHHE [IOTOKOB CKPRITOro ’
H SBHOTO Te[Ula, OfHAKO Typ- 08| 2
OyneHTHBIH OOMEH CTAHOBHTCA N
HACTOJILKO = OONBINHM,  YTO 0,4 v e
KOHBEKUMS IOJHOCTBIO  HO- ob— s

JaBAeTCA.

C noMouEIO OTHCaHHOM
MOAENH ORUTH CMOAETUPOBAHBI
pexkuMB, npH Kotopeix I

BOZHHMKANM IPH TEMIepaType

0 2 4 6 8 10 12 14

Pic. 4.7.2 MakCHMalbHaS BEPTHKATHHAA
cxopocts U; B mmpxynsumsx Jlenrmiopa
B 3aBHCUMOCTH OT CKOPOCTH Berpa V.

BO3yXa Gonbmie TeMIIepaTyphl

Boasl. Kpupas 2 nHa.pnrc.4.7.2

COOTBETCTBYET HMEHHO 3ITOMY CIy4alo (nepeuan 'remnepa'ryp BOAa-
BO3AYX cocrasin AT= -2 ©C). KpuBas / cOOTBETCTBYET nepenamy
AT = 2°C. Bupno, uro npu AT = -2 °C LI npexpamaior cBO€
CyIIECTBOBaHME NP MEHBIIHX CKOPOCTAX BETpax, YeM BO BTOPOM
ciayqae. BUXpH B HEpBOM ciTyyae MEHEE HHTCHCHBHBL. Makcumansnas
BEPTHKaNbHAsA CKOPOCTH NMOXBEMa BOIAbI NPUOIM3HTENLHO B 2,5 pasa
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MeHbIIe, YeMm B ciyyae AT= 2 °C. MakcuMyM HHTEHCHBHOCTH [BH-
xeHus Buxpeit nmpu AT = -2 °C cMemaercd B CTOPOHY MEHBIIHX
CKOpOCTEH BeTpa. ‘

Boiin mpoBeZieHb! Takoke CEpHH pacyeTOB NPH PABHOMEPHOM H
HEpaBHOMEPHOM PACIIpE/IE/ICHAH IUIEHOK 3arpA3HEHHI N0 MOBEPXHO-
CTH BOAOEMa JUI Pa3/IMYHBIX CKOpocTeif Berpa. IlomydeHs! OLEHKH
BJIMAHHA [UICHOK Pa3/IMYHOIrO BMJA Ha 3apOoXKAeHHe ¥ (OPMHUPORaHHE
IHpKYJanuii Jlerrmiopa.

4.8. Tepmobap B o3epax

3amedaTeNbHEIM sABJICHAEM, KOoTOpoe HabmiojaercA B osepax,
asnsercs Tepmobap (TB) mmm  ¢pomranbHeIl pasgen, KoTopsiit
paszenser o3epo Ha Jise yacTH. PopMupoBaHe TepmMoOapa B MPecHBIX
BOZI0OEMAX CBfA3aHO C AaHOMAJIBLHBIM COCTOSHHMEM MpECHBIX BOL —
MaKCHMa/lbHOM TUIOTHOCTBIO BOA mnpu Temmeparype 3,98 °C.
Tepmobap moxer HopMHPOBaTECA B BeCEHHMI H OCEHHM#M MEPHOJBL
Brniepeeie 310 sBlICHHE OBUIO ONMMCAHO OCHOBATENEM JIMMHOJIOTHH
B.A.®openem, a moroM Gomee ofcrosrensHo — B paboTax
A H.Tuxomuposa (1957) u K.Pomxepca (1966). Ixcrnepumentansso
TB 6bL1 H3y4eH Ha o3epax Mwuunran (Noble and Anderson, 1968;
Beer, 1971), Bepxuee (Hubbard and Spain, 1973; Spain et al., 1976),
Onrapro (Csanady, 1972, 1974; Rodgers, 1971; Rodgers and Sato,
1970), Jlanoxcxom (Tuxomupos, 1957; Malm et al., 1993, 1994; Nau-
menko and Karetnikov, 1998). Bonsinoe BHUMAHHME TOMY ABJEHHIO
6outo yneneHo B 80-90-x rogax B paborax M.A.Haymenko,
A.JO.Tepxepuxa, A.Manma, H.C.Bnoxunoii, A. A.OpaaHosrya u ap.

JlaboparopHsie 3kcniepuMeHTH no m3yveHHio TB ocymecrsmnu
Ommuort (Elliott and Elliott (1969, 1970), u K. J Kpeiiman ¢
C.C.3wmarunkeswaem (Zilitinkevich and Kreiman (1989), uncnenHsie
9KCMEPHMEHTHI Ha ABYX- M TPEXMEPHBIX MOAENSX ObUIM BEHIMTOTHEHEI
Kcanagu (Csanady, 1971), Xyanrom (Huang, 1971, 1972), Bennerom
(Bennett, 1971), Bpokcom, Jlukom u ap. (Brooks and Lick, 1972),
10.J1. lemunev, H.H. ®unarosim (1991) 1 ap. U3 pabor nocnegsux
ner ynomsHem pabGorer C.C. 3wmrunkeBuua, A.JO. Tepxkepuka
(Zilitinkevich and Terzhevik, 1992; Zilitinkevich 1991, Zilitinkevich et
al, 1992). JlocrarouHo mONHEIA 0630p COCTOSHHS HMCCIEAOBAHMI
aroro Aenenus aan C.B.Pawxun (B xu. “Limnology and remote sens-
ing”, 1999).

B nepxon BeceHHero mporpeBa (WM OCEHHETO OXJIAXKICHHA) B
MPECHOBOAHBIX AMMHKTHYECKHX 03€paX 30HBI YMEPSHHOTO KiIMMaTa
dopmupyercs dponraneheii paspen (TB), pasmemaroumii p3epo Ha
aee w3onuposanHble obnactH. Ilpupona Tepmobapa B BeceHHMH me-
PHOX CBA3aHA ¢ KOHBEKLHEH NPH JOCTIDKEHHH HAa MEJIKOBORBE TEM-
meparypsl Boasl Hauboabumel mwIoTHOCTH okono-4 °C. B 3T10# 30He
Gonee Temislie, HO IUIOTHBIE BOABI OIyCKAlOTCA O JHA, (HOPMHPYA

Bepxuuii cnoit Huxmuii cnoi

Puc. 4.8.1. Cxema o6welt upkynswim Box pH repmoGape. Ha nonepedHoM
paspesc Noxa3aHs! BEPTHKaIbHBIC ABHXCHIA TepMobapa

¢ponTanbHbii pasnen (Tepmobap), B Koropom Habmonaercs HHCXO-
[siiee Te4eHHe, COCPENOTOYEHHOE B OTHOCHTENIBHO Y3KO# monoce
(puc. 4.8.1).

ITpn 5TOM TOpH3OHTAIbLHEIA OOMEH Mexay 3THMM obnacTAMH
orcyrcTByeT. TemmnepaTypHuii ¢poHT dopmupyerca BOMH3H Gepera
M, pacrojiarasch, Kak IPaBWIO, MapajUIeNbHO €My, TOCTENEHHO
npoABMraeTca K LEHTPy o3epa. Bpems cymectsoBaHus Th moxer
OBITH OT HECKOJBKMX CYTOK J0 JABYX-TpEX MecsileB. B BeceHHHWH M
OCeHHHMH mNepuofsl TepMoGap OKaskiBaeT GoNBIIOE BIHAHHE Ha
riepepacnpe/e/icHde Tellla, EpEMEIUBAHME BOJHBIX MacC H JpyTHe
TEPMOTrHAPOMHAMHYECKHE TpOIecCHl B Bopoemax. OrpaHmumBas
rOPU30HTA/ILHOE TNepeMelnHBaHue Boj, BeceHunii Th pmuser Ha
HAKOIUIEHHE OMOrEHHBIX 3JIEMEHTOB H PaslMYHOro poja 3arpAs-
HeHMii B npuOpexHsix paHOHaX, M TeM CcaMBIM CHOCOOCTBYeT
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YXy/HIIEHHIO CAHMTAPHOIO cOCTOsHMA Bopoemos. Cnennduka TepMo-
TMAPOAMHAMHMYECKHMX TNPOLECCOB B 03¢paxX B BECCHHHMH M OCEHHHH
NepHOJBl, CBA3aHHAas C BO3HHKHOBeHHeM TB, npuBoAMT K GhicTpoMy
PacnpoCcTpaHeHHIO 3arpA3HEHHH OT NOBEPXHOCTH 10 /lHAa B 30HE
CXOXICHHM KOHBEKTHBHBHIX sdeeK. B CBA3M C I3THM H3ydeHHe
TEPMOAMHAMMYECKUMX TIpoueccos, mnpoTekaromux BOmasu T,
npeacTaBisier GONBINOH Hay4yHblH H NPaKTHYECKMH HHTEpec.
TepmoauHaMHYeCKHe NpolUecChl B kuAKocTH BO6MM3M TepMobapa
MoeaMpylotcss  cnegyomuM  obpasom. Crenys  bnoxunoit u
OpaasoBudy (2000), npuBeieM pe3ynbTaThl MOIAEIMPOBAHHS TEPMO-
Gapa. J[BHkeHHe HEC)KHMAEMOIl BA3KOH >KHIKOCTH, HAXOAAUIEHCA B
nojie CWIBl TSDKECTH B Bojoeme rinyouHod H ¢ oTHomeHueM
BEPTHKAILHOTO pa3Mepa K ropusoHTanbHOMY I/L, onuchiBaeTcs
cucremoil ypasuennii Haere-Crokca B npubmibkenun Byccunecka u
YPaBHEHHEM TEIUIONPOBOJAHOCTH, B KOTOpPOM mpeHeOperaercs
YJIeHaMH, COOTBETCTBYIOIMMH JHUCCHUITAIMH SHEPTHH B TEIUIO 32 CYET
TpeHus. BepXHsad rpaHuua Bomoema cuuTaercs cBobomHoH. 3amaua

pelmanachk B CHCTeMe KOOpAMHATOx;, Ox,, Ox;. Hawano orcyera
noMemaercs B JieBbli HwkHAH yron. Ock Ox; HanpaelieHa BepTH-
kaneHO BBepX. Och Ox; HampamieHa BAOMb Th. 3aBHCHMOCTH IUIOT-

HOCTH BOZJBI OT TEMIIEPATYPHl B paiiOHE TeMIIepaTyphl MAKCAMAILHOH
IUIOTHOCTH OMHCHIBAETCSA BHIPAXKCHHEM:

() =po(4°CY1-Y(T -4°C)?), y=0,75 - 10 rpan’”

HypkHAs rpaHMIIa MOZXEIHPYEMOrO «BOAOEMA» (.x3 =0) cuuTanace

xecTkoi. Ha meit 3amaBaymch ycnosra npuwmnanus (U= Up=0) u
geniporexanus (Us=0). Temneparypa AHa CUHTAeTCs HOCTOSHHOM H
paBHOM TeMmmepaType MaKCHMAalbHOH MNOTHOCTH Boanl T = 4 °C.
Bepxuasa rpamuua (x,= H) cuuranace cesobonHod. Ha meit
HKCIIONB30BANIOCE YCIIOBHE «TBEpHOH Kpblukm», U, / dx; =0, Us=0, a
TAaKKe 33/[aBaICA NOTOK TEIUIa, NPHBOAHMBIIMH K pPaBHOMEPHOMY
HarpeBaHMIO MOBEPXHOCTH BOOEMa. YNOPANOYEHHOE KOHBEKTHBHOE
IBIDKEHME, BO3HHKAIOUIee B BofoeMe B paiione Tb, pa3BuBaercd Ha
¢done Typ6ynu3oBaHHOI'O MOTOKA.

B pesyneraTe nomy4aercs CHCTeMa YpaBHEHMH Ui KOHBEK-
THBHBIX YTIOPSHOYEHHBIX CTPYKTYpP H MeJkomacmTabHO# cocrasiis-
rome#i noroka. Ilocne ocpenHenns ypaBHeHHH TEpMOJHHAMMKH OT
TPEXMEPHOH CHCTEMBI YpaBHEHMii OCYMIECTBIACTCA IIEPEXOX K

TEPMO-TUIPOPHU3UIECKHUE ITPOLIECCHI B O3EPAX 155

ABYXMEpHO#H. B nanbHeiiem 3aja4a pemaercs B IVIOCKOCTH x,x; (ij
=2,3): ‘ :

a0, , ; 30, oUU;)  10P . &0,

+ + =—— vt 4 gy (T +T' -4 C)*5,5,
J
ot &, o po O ok, '
7o o oru 2F ,
E.*.Uj_ﬂ_.p ( J>=ﬂ, 5 T 5 5U' =0.
a &; b ok &,

- Jlnsa 3aMBIKaHHS CHCTEMbl YPaBHEHMH BBOIMTCA KO3(QHIHEHT
TypOYJIEHTHON BA3KOCTH Vi M TEMIIEPaTYPONPOBOAHOCTH Ar. B masb-
HefmeM  ucmone3yercs psa  ympomrenmif. Cuwraercs, 4TO
ko3 puument TypbyneHTHOro 06MeHa OCTOSHHEIN BO Beelt cpesie U
MHOTO GOINbIe COOTBETCTBYIOIMX MOJIEKYNAPHBIX 3HadYeHUH, a
TypbynentHoe umcno Ilpanprns paBHo eguuuue (vr = Ap). s
onMcaHuA ko3¢ HIMEHTOB 0OMeHa HCIIONB3YETCA COOTHOEHHE

vy =Ce3HY?

rae g — CpelHAsd CKOPOCTh AUCCHIAIMM TypOyJieHTHOH 3Hepruu, H
—  XapakTepHbIi  NHHEHHBIA pasMep  KpyNHOMAacIITaGHBIX
obpasopanmii, C — JSMIHpuyeckad KoHCTaHTa. Kak TONEKO
Temieparypa BOmu3H «Oepera» (mpaBas TIpaHMLA) CTAaHOBHUTCA
Gonblue TemMnepaTypsl MaKCHMANILHOH IUIOTHOCTH BOJBI, BO3HHMKAET
TepMHYCCKMH 6ap, KOTOpbI HaYHHACT OPOIABHTaThCA K LEHTPY
«somoeMa». Yem Gonbine nporpeBaeTcs BOAOEM, TEM HHTEHCHBHEE
craHoBMTCS BMXph. OOnacTe paszjendercd Ha [Be H3OJHPOBAHHEIE
YaCTH, MEXAY KOTOPHIMH He INpPOHCXOAMT OOMEH BEIIECTBOM H
aneprueil. C ‘DpoismkeHueM TepMobapa K LEHTPY BOJOEMa OKOJO
Gepera Bo3HHKaeT 00)IaCTh ¢ yCTONYMBOH cTpaTHHKaLmei.

[To onenxam pa3HBIX aBTOPOB MOXYYEHO, YTO CKOPOCTEH pacIpo-
CTpaHeHHs MoJenupyemoro TtepMobGapa npumepHo paeHa 0,16
KM/CYTKH, YTO YAOBJIECTBOPHTENHLHO COBINANAET C NAHHBIMHM HATYPHBIX
Habmonenuii. Ha JlanoxkckoM o3zepe mo onenkam A.M.Tuxomuposa,
M.A Haymenko, A.JO.Tepxxepuka, mNOJNyYyeHHbHIM B pa3Hble TOIBI
CKOPOCTh pacnpocTpaHeHus TepMobapa cocTaBiia NPHOINZHTENLHO
0,5-1 xm/cyr. Ecnmu ydects CKOPOCTH IMEepeMelICHHA MOJEILHOro
Tepmobapa M NpeanoNIONKMTb, YTO OH HepeMelaeTcsi B BOZOEME
pa3MepoM NopsjKa 5 KM JIMIIbL B JHEBHOE BpeMs, TO BpeMs €ro
CYIIECTBOBAHHA TNPHONM3ATENLHO paBHO 90 cyTok. OTo Takke
XOpOLIO COTIacyeTcs ¢ AaHHBIMM HaTypHBIX HabmoneHnH Ha Jlagore,
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rae tepmoGap nabmonancst ot 1 no 2,5 Mecsaues, B 3aBHCUMOCTH OT
FHIPOMETEOPOJIOrHYeckHX YCoBUH. Pe3ynbTaThl pacyeToB ropusoH-
tanbHo#t (V) u BepTHKanbHOH (V) ckopocTeil ABHXKEHHMS BOIb!I B
paitoHe TepMmoOapa MoKaszany, 4TO OHM paBHbL: V. = 2,9-3,8 cm/c,
V,=0,29-0,41 cM/c. OTH 3Ha4YEHHs TaK xe ONU3KM KaK K PE3y/ib-
TaTaM HaTypHbIX HabmoneHuii Ha JlanoxxckoM o3epe (Duramos u ap.
1983), rme 3auUKCHPOBAHHBI MaKCHMANIbHbIE TOPU3OHTAJILHBIE
CKOpoCTH TeueHHs BOIM3H TepMobapa, paBHeie 6 cM/c. CornacHo mo-
nensHbiM pacueram C.C. 3unutunkeBuya, A.JO. Tepxeruka (1991)
GespasMepHas ckopocTh cMeleHus TB yBeHUYHBAETCS MOHOTOHHO.
M.A. Haymenko u C.A.Kaperuukos (1998) no naHHbIM JIHTENBHBIX
HaONMIONCHUI NOMYYWIM pPErpecHOHHOE YPaBHEHHME ISl CKOPOCTH
NPOABIXEHU TepMoGapa 1 riTyOHHbI MECTA €ro JIOKAIM3alKK B 3aBH-
CHMMMOCTH OT TEKYILEi TeMnepaTypsl U o0LIero noToka Temia Ha 1o-
BEPXHOCTh 03€pa

Fo(t)=101,126+4,801¢ +0,0282¢> — 0,0005209¢>
H(t,x)=0,0766¢+0,0237¢2, ’

rae Fy(f) usmepeHo B KamcM® J€Hb |, ! — wuciao mHel mocne 20
anpens. Ilpu 3TOoM OTMEYEHO NPOrpECCHPYIONIEE YBEIHYEHHE
CKOpocTH npojswikeHus Th Bo BpeMeHH.

LAKE LADOGA CH4+CHS 10 BITS
NOAR~7, 84-06~21, 1316 GMT

ULAKE LADOGA CHa+CHS 10 B1Ts -
-NOAR~-7, Re-O5-26, 1338 GMT

Puc. 4.8.2. Pazutue tepmobapa B Jlagoxckom osepe no gaHHsiM HOAA
(Malm and Jonsson, 1993)

JMCTaHIMOHHBIMA METOJAMH XOPOLIO BBISBIIAIOTCS 0COGEHHOCTH
pasBuTHUi W TpoABHKeHuda tepmobapa. Ha puc.4.8.2. mokazanwt
nannele co cnyTHuka HOAA, koTopbie CBHACTENBCTBYIOT O Pa3BUTHH
TepMobapa U ero NpoABWIKEHUH B LIEHTPAJILHYIO YacTh 03epa.

TJIABA 5

M3MEHEHWS KIAMATA
7 BOJHBIE CHCTEMBT')

NsmMeneHHs 3KONOrHYECKOT0o COCTOSAHHA BOAOCMOB B Hocaeanuc

JIeCATHIETHS TIPOMCXOMMIH Ha (OHE CYIICCTBEHHOH KIMMATHYECKOH

HecTaGHILHOCTH KaK B PErHOHAX, Tak M Ha Iuianere. MMeercs mocra-
TOYHO MHOTO JaHHHIX O rMOoOAIEHOM MOTEIUIEHNH, B TO %€ BpeMs NpH-
BOJATCS CBEACHNMA O NpeobIalaHiy BHY TPHBEKOBON H3MEHYHBOCTH HaJl
JOCTATOYHO VTMTEIHBIMH TEHACHIMAMH M3MeHeHus kumara. To, 4ro
o3epa OTp@KAIOT HM3MEHEHMs KIMMaTa — O3TO OYCBUJHO. Moxuo
BCTIOMHMTD CJIoBa BoeiikoBa 0 TOM, YTO 03€pa 3TO NMPOJYKT KIMMAaTa.
OnHAaKo B PasHEIX PErHOHAX MHPA 3TH U3MCHEHHA 110 pa3sHOMY NpOAB-
NSGOTCS B M3MEHEHHM SKOCHCTEM 03ep, Hanpumep B o3epe Baiikan, Be-
JIMKHX aMEePHKAHCKHX 03epax WiH B JIanomckoM B OHEXCKOM. )

M3 amanu3a JaHHBIX O NPH3EMHOM TemIiepaType BO3jAyXa padoHa
KpymHeimmx o3ep EBporsl # BelMKkuX aMEpHKaHCKUX 03€p 33 NOCIEN-
mue 100 ner crexpyet, 9ro K 40-M rr. XX CcTONeTHs 3aKOHYHIOCH HH-
TEHCHBHOE TIOTEIUVIEHHE, OHO CMEHH/IOCh OTHOCHTENILHO KOPOTKHMM IIO-
XONOJAHMEM, TIPOJIoJDKABIIMMCS 10 Hauana 1960-x romos (Dunamos,
1997). C cepenuun 1960-x u B 1990-x rojax BHOBL OTMEHACTCA NOTeNT-
nenme (puc.5.1).

Sta HECTAGMABHOCTH BHI3BAHA IPOLIECCAMH NEPECTPOiKH (M3-
MEHUMBOCTM ¥ M3MEHeHHs) rioGaibHOrO KJIMMATa, MO-BHIMMOMY, B
CTOpOHY €ro OGIIero NoTerUieHHs. YNOMHHABIINECH Xe BEIIEC KpaT-
KOBpEMEHHHIE TOXOJIONaHKA GhulH 06yCIOBIIEHE! €CTECTBEHHOH W3-
meruuBocTio ([Inumnuxos, 1968), aKTHBH3allHEH BYJIKaHUMCCKOH
JEATENLHOCTH B ONpe/ieIeHHbIE IEPHO/IbI, H KaK CIIEACTBHe — CYIIe-
CTBEHHBIM CHIDKCHHEM YPOBHS IIOCTynaroulell COMHEYHOH paaHaliy
}i3-33 CHIDKGHHA MPO3PavHOCTH aTMOCGepsl. PerHOHaNbHEIC H3MeHe-
HHS KTMMAaTa B padoHax BelMKHX aMEpPHKaHCKHX 03¢p H KpyIHEH-
mux o3ep EBporsl npn o6mel cxoxkeH TEHICHIMH HMEIOT H CyLIeCT-
BEHHBIE OTJIHUMS B €T0 H3MEHYHBOCTH BO BHYTPHBEKOBOM MacmTabe.

*) I'nara nanucana npu ysactau JLE. Hasaposoi n 10.A. Cano.
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1860 18 100 1920 140 1960 D% 2000

Puc. 5.1, Hameners em;
OHE KpyIHeAmX o3ep E&%H BOI B PobasHoM Macurrabe (a) u p paii-

a6 HIISC; YaCTHOCTH, ¢ KOHUa 1970-x ronoe Ha ceBepo-3anane Poccuu
y ABCTCA BLICOKHH YPOREHS OCA/IKOB U NMOBBILICHHS YPOBHS 03ep,
go emgnenne TIPONOJLKHTENEHOCTH IIEpHONA CHEKHOrO MOKpOBa H;
. AOCOOpE, CHIDKEHHE BpEMEHH JeasHOro nokpoea B Banruiickom u
. :pg:gesg: MOpAX (Xybnapsan w np., 1996). B rmo6ansHoMm Macrra-
1990-1911 HBIM aHAJIH3a OCPeNHEHHOMN TEMIEpaTypHl Bo3dyxa 3a
98 rr.) B KOHIE 90X TOLOB OTMEYACTCH TEH/CHIMA YBeHYe-
:n; OT:Tngnepzt'Iypm BO3Nlyxa, B ocobennocT s 1997 r., B TO BpEMS Kak
HOH DeHHockaHaun (paiione KpYIHEHIUHX o3ep EBponrr)
Tpu oGme#t TeHgeRumM moBhILIeHHs TeMIIEPATYPEI BO3NYXa 3TH ke
;‘301;::1 no TIpH3eMHO# Temneparype BO3/yxa 6buIH B HOpMe (puc.5.2).
AIHOM HaCTH CEBEPHOTO MHOMyImapys Ha HpoTax Bemuknx ame-

W
Pl R Y 2 P2 3 = o~
1001- sl 3 oINS ‘.‘."""'. ,-"‘._ S el "._:':. d A n o Y

%]
v e ae OO S W
v 5 b, Wy

0 Lhd CAAALALE LU A0S AL SR LALY LARS LLLE BALY LA LAAY LD REA) RAA) LLI LA LASE REAT RAL) MRS LU LLLREAE) (200 RLLSS

1891 1925 1949 1973 1997 Year

Puc. 5.2. KoneGarma ypoens Bemnox amepukancxkux ozep (1 — I'ypon, 2 — 3pu, u
xpymmeimmx osep Espornt (3 — Catimaa, 4 — Onexckoro, 5 — JIanoxckoro) 3a mne-
pHox 18801989 T

PHKAHCKHX 03€p TEHJEHLHS K IOTEIVIEHHIO IJI0B/IBHOTO KITHMATa [Ipo-
AB/IAJIACH B 3TOT NEPHOJ B MOBBHIIICHHH TeMIIEPaTyphl BO3MyXa BO Bce
CE30HBI O/, YBEIHUCHHH CKOPOCTH HCIIAPEHMA, KaK C IOBEPXHOCTH
ozep, Tak ¥ Bofocbopa (Bolsenga, Norton, 1993). B 1980-1996 rT. B
M3MEHEHMAX YPOBHA B aMEPHKAHCKHX W €BpOICHCKIX 03epaXx OoTMe4a-
IOTCA ONpeAeieHHBIC CXOXKHME TEHICHIMH, CPEIHEroJoBble 3HA4CHMA
ypoReHeH BOJ B 3THX 03epax B konme 1990-x ronos O6sU1H OYEHb BHICO-
KHMH, B HEKOTOPBIX CIIy4asX JOCTUTas PeKOpPAHBIX 3HAYEHWH 3a BCIO
HcTopHIo HabmoneHuit (DQwiamos, 1997).

CnexTpsl KOe6aHMI IMAPOMETEOPOJIOTHYECKHX 3JIEMEHTOB CO-
JIEpXKAT COCTaB/INONME C BPEMEHHEIMA MaCIUTabaMM OT CEeKyHA O He-
CKONBKHX ThICA4eNneTwil. PaccMoTpuM 31eck Gonnee noapo6HO ce3oHHbIe
Kone6aHus 311€eMEHTOB BORHOrO OanaHca H ypOBHA H HEAOCTATOYHO XO-
POILO H3YYEHHBIE MEXTOJ0Bbie Konebauus. M3MeHIHBOCT: 3THX Mac-
urraoB npencTaBIfeT HAHOOMNBINMI MHTEPEC C TOYKH 3peHHs AONTO-
CPOYHOTO NMpPOrHO3MPOBAHMA B MacmTabax OT HECKOJBKHX JIET 10 He-
CKOJIBKHMX AECSTKOB JIET.

Tlpn ananuse ypoBHA BOJ Pa3HBIX 1O pasMepaM H IIyGHHE BoJo-
€MOB, HaXONAIMXCA B ONVHAKOBBIX JJIMMATHYECKHX YCNOBHAX, M Ha-
XOJAIIMXCA Ha OJHOM BoZIocOOpe, HanpuMmep, N nap osep Jlanoxcko-
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;:;le?lnexccxoe u CaiiMaa wi Typon u 3pu, JOIDKHEI OTMedaThCS Or-
naﬂcezu‘:;xz ::;nqm H3-3a 0cobeHHOCTeH COOTHOIMEH:S B BOJHOM Ga-
. Ocobennoctu mamenenus wmmara g pakiore Bennxux amepuxan-
ng:)t( osefgn 3Ifone‘GaImx ux YPOBHs paccmorpens! B paborax (Bolsenga,
N on, 1993; Kite, 1992; Mortsch, Quinn, 1996; Tushingham, 1992).
0;:;:;1:::) emr;p:;:xgﬂn,exax M KpyrHefiume osepa Espomsi, mmeror
SennalOBOC 1 (OKTEHHE, cosna,zxaer'npem HX obpa3oBanus, us-
e = )I/_Ip:Bm MOIYT OBITH CBS3aHEI M C TOCTIENE AHUKOBBIMH

HATHAMMY. PE3YJIbTaTaM aHaNH3a JAHHEIX rycTolf ceTn JIMMHH-
rpadHeIX HaGmoneHui, YCTaHOBNeHHOH Ha Bemukux aMEPHKAHCKHX
03€pax, yNanock NoKa3aTk, YTO H3OCTATHYECKHE HM3MEHEHHA HMEIOT He-
PABHOMEpHbIE MONHITHA. CeBepHble Gepera o3ep mMmeror cxopocts
gguﬂxmx nopsaka 400 MM/100 rer, a sorxHbIe 100-200. Cymecmp;mm
He:;z:;rr}:::;:ﬁt(i)nna);xgamu YPOBH: 03ep, ofyciornennse ume-
o CPUOIIMMCCKHE BHYTPHBEKOBBIMH, a Taioke

PETPECCHOHHBIMH KOMIIOHCHTaMR).

AHaH3 cpenHEromoBEIX KonebaHuii ypoBHs KpynHeAmumx ozep

Ozepa Jlanoxckoe, Onexckoe u Caiimaa, Haunnasg ¢ 40-x rr XX
;:one’m;G MMEIOT MONOXHTENLHBI TpeHa B KoneGamusx yposni. Hame-
HUA, OOYCIIORNEHHBIE perynHpoBanmem YPOBEHHOTO pexxsMa o3ep

Caiimaa u Osexckoro, ¢ Havana 50-x TO/IOB COCTABISIOT CAHTHMETpHY, ¢
¢

B TO BpeMd Kak "ecrecTBeHHEIE"
Gryxryamm umeror aMILUTHTYZy no-

Gamu nopsinka 30 u 6-7 ner.
B3
xpoﬂnoaumm,le Kopgenmmomme $yHkumn K(t) nokaspmaior CHH-
*por CTb BapHauMH YPOBHA 03€p B ORHON CHCTeMe (B amepuxanciax
4 ponencmxv o3epax), o yem CBH/ICTENTLCTBYET MAKCHMAITE HELi CHBHT
(%), xoTOpEIT HaXOMMTCR HA HYJIEBOM CJIBHTE T,

. aﬁl-lflx TIOMOIISIO KOPPE/MIMOHHOrO H CHIEKTpANBHOIO aHaNM3oB Ciry-

TIPOLIECCOB B pacCMaTpPHBAEMBIX BHILIIE paborax 6su1a BhisRIEHA
CTPYKTYPa IMIDOMETEOPOIOTHYECKHX 3/IeMeHTOR: KonebaHuit peyroro

CTOKa, YPOBHA 03€p, KOTOpHIE MOMKHO NMPEACTABHTL KAK TOMMLMKIHYE-
CKHE C XApaKTepHBIMM BpeMEHHBIMH Maciurabamu 2, 5-7 # 25-30 ner.
Otn pesynprarsl 6bUIH NOMYHEHS! B OPCATIONOKEHHH O CTAHOHAPHO-
ctu npoueccos. Kax yxe yxashBanocb, METos! BepOSTHOCTHOIO aHa-
JIM3a CTAlMOHAPHELIX PAAOB NO3BOJIMIOT M3YYHTH CTPYKTYpPY Ipoliecca,
BBIENIMTh OCHOBHBIC IHKIMHMECKHE COCTARIAIOMIME, ONHAKO OHM He
JaloT BO3MOXHOCTH BBIABHTH H3MEHYMBOCTH OLIEHOK BEPOSTHOCTHBIX
XapaKTepHCTHK BO BpeMeHH. B KauecTBe OCHOBHBIX BEPOSTHOCTHBIX
XapaKTEePHCTHK HECTAIHOHAPHBIX NPOLIECCOB UCMONB3YIOTCA MaTeMa-
THYeCKOoe OupaHue m(f), aBTO- M B3aUMHBIE KOPPENALUMOHHbIE
¢byuxumu K(t, f), aBTo- M B3aUMHBIE€ 4aCTOTHO-BpeMeHHble S(w, 1) U
IBYX4acTOTHBIE CIiEKTpayibHBle 1WioTHOCTH S(®, Q). Ha ocHoBe B3a-
HUMHOI'0 KOPPENANMOHHOIO ¥ CIIEKTPAITLHOIO aHAMM3OB YCTAHOBNICHO,
YTO MEXXrof0Bas H3MEHUYHBOCTh CTOKA PEK H YPOBHA 03€p cCOrjacyer-
¢4 C KoNIeOaHHAMH TEMIEePaTyphl BO3AyXa, aTMOCHEPHBIMH 0CaIKaMH
H HHIeKcaMH aTMoc¢epHodt mupkynsumd. Ilo HecTanHOHapHHIM
cnexrpam S(, f), MOMYYEHHBIM N0 YYACTKAM TPOJO/DKUTENEHOCTHIO
128 net, nokasaHo, YTo JJONA JUCTIEPCHH, NPHXOAAMAACH Ha BHICOKHE
YacTOTHI, MTOCTOAHHA AJIA BCEro Iepuoia HabmoneHwWit, B TO Bpems
KaK U1 OTHOCUTENHFHO KOPOTKOMEPHONHBIX REKaJHBIX M 30-neTHmx
Kone6aHmil IPOUCXOMUT Nepepacipeie/IecHNe SHEPIHH BO BpEMEHH.
Bce BpeMeHHbIE CeueHHA HECTALOHAPHOTO JaCTOTHO-BPEMEHHOIO
CIIEKTpa NpEeICTAaRILIOT CoGOl nonuim- ~
KIHYeCKHH clyvaifHeIH *npouecc €
MHOTOBEPIIMHHEIM  CIIEKTpoM ~ (pHc.
5.3). Bxiiag HM3KO4acTOTHBIX GIyKTy-
arpii ¢ BpeMeHHBIMH MaciITabamu 20—
30 ner usmensercs Bo Bpemenn. g
ypoBns JIanoxckoro osepa BIan 3THX
xonebanmit u3menseTca ot 28 no 54%,
a B cpemuem cocrarmier 40%; i
ypoBus o3. CaiiMmaa — 21-30%, npu
cpenHeM — 25%. Biuian konebanuit B Prc. 53. Cnexrp koneSamsi
nuanasone gacror 0,10-0,50 pan/ron  yoonug Janoexoro oscpa, pac-
MCHBIE, 10 CpaBHCHHIO C paHee CYUTAHHEIA METONOM MAKCHMAIL-
PaccMOTpeHHBIMH KoJieDaHHAMH OH He  Ho# omrpomm (MMD). 1 — mo-
npesocxogur 20% npm  CpexHeM g&moglg;?;f ;
3HavenuM g Jlagoskckoro ozepa 12%, 1o xe ans Onexcxoro osepa, 3 —
CaitMaa — 10%. J[lons Bkiaga  Moaems 1-ro nopaaxa anx Jlanox-
biyKxTyapi c BPEMECHHBIMH

PN S ST e

000 0,10 020 020 0,40 1/year

CKOIo 03epa
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MaciurabaMu OKOJIO IISTH JIET B 061Iy0 H3MEHYMBOCTE COCTABIIAET I/1A
Jlapoxcxoro o3epa 23%, UTO CBHAETENLCTBYET O 3HAYMTENHLHOH PONH
3THX KkoneGaHmit. OLleHKa HH3IKOYACTOTHHIX QUIYKTYAaLHH C BPEMCHHEL-
MH Mmacumrrabamu 20-30 ner B cmektpax ypoeHa o3ep Jlanoxkckoe
Onexckoe u Caiimaa no uMelomeics peatu3aluy He ABIeTCS nocra:
To4yHo HanexHoi. IloaroMy mpeacTarnserca nenecooOpazHLIM OLICHHTE
z::x:;panbnyxo TUTOTHOCTh M3MeHeHMil ypoeHA Jlanoxkckoro u OHex-
s I;'::lef HENapaMeTPHYECKHM METOJIOM — METOJIOM MaKCHMAIBHOH
Jna cymmapHoro npuroka B Jlaojkckoe 03epo XapakTepHO, HTO
BHYTPH 1OJla HMEIOTCS Kosie6anMs pa3HOro 4acTOTHOTO HMHTEpBaia: Bec-
HOH ~— pE3KHH Y3KONOJIOCHBIH MaKCHMYM, O0YCJIOBJICHHBIH Bece;{mlM
nc;)HJI.OBouLem; OCEHHHMH MAaKCHMyM — C MEHBIIEH CTEICHBIO perynspHo-
H%;;;::‘I:mme rofibl OAB/IAETCS eLIE BCIUIECK, CBA3AHHBINA ¢ ICTHUMH
Oco6eHHOCTh paccCMaTpHBaeMbIX BpEMEHHBIX pealH3alMii COCTOHT B
TOM, YTO T'OX OT rofia HaboaaeTcs onpeseeHHas NOBTOPAEMOCTh
necca. IlpryeM rnaBHOH 4epToid nocieaHell SBNSETCH MOINYJIALMA I?:c:-
NabneHHe WIM YCWICHHE) BHYTPMTOZOBBIX IMKIOB, YETKO IPOSBILIO-
LIasACA B 03€pax, IT0 CBUACTENBCTBYET O Hecmxmouapﬁocm npolecca, a
€EroIHas MOBTOPIEMOCT CE30HHBIX Koneﬁarmm B CBOIO OYepeib, —
O TOM, YTO €My MOXCT COOTBETCTBOBATh NEPHOMHMECKH xoppem;po-
BaxmsmB Mcﬂn{;{t::;x:m npouecc (TIKCII) (Poacxos, Ipanesnuxos, 1988).
YaCTOT, COOTBETCTBYIOIIMX MEKTOAOBOH H3MEHIHBO-
CTH, XapaKTep CIEKTPaJIbHOM CTPYKTYpHl CYIIECTBEHHO oTIH4acTcs. He
Hagmonaxo'rcx PE3KO BEIPOXKEHHBIE Y3KOIOJIOCHKIE Maxcmuyum BI;IOO- i
KOH HHTEHCHMBHOCTH. Brinemserca Habop pasMHrm IIMKOB C BPEMEH-
HbIMH MIEPHOZIAMHA S—Z n okoino 30 ner. B cnektpe oTpaxkeHo, 4TO BMe-
;::: goﬁazaﬂ?{mmmmﬁ BHYTPHI'OZIOBBIX KOJIeOaHHH B yKa-
I MEXIOZ0BAL H3MEHIHBOCTS ¢opmupyetcs
IyTeM HAJIOKEHHS ClydJalHBIX HEYHOPAMOYEHHBIX Konebanmii (THna
KPacHOro IIyMa HIH HH3KOYaCTOTHOIO TpeHZAa) M LMKIOB C BpeMEH-
HbIMH Mactrrabamu ot 2 o 30 ner. peven
. Jlna mporHosa ypoBHA 03ep BaXKHO OLICHMTH €ro CBA3b ¢ (akropa-
o , OlpeNeIOMMMH ero U3MeHYHBOCTb. Jing Jlamoxckoro a1 OHex- -
m::ro m;);e];, KaK u ;m: ApYTHX NPOTOYHBIX BOJOEMOB 6opeannHOi 30~
o Mnnmcepe amoc;)neepﬂﬁocmm TIPHTOK, CTOK H3 BOOEMa M, B
veHb s PHBbIE OCAJIKH H HCIapeHHe C BOAHOM MOBepX-
mﬂ% oal;m lz:::gmqscm BO3JCHCTBHH Ha BOAOEMBI BAXKHBIM
aHUI YpOBHA BOJOEMOB, Kak WHTErpajlbHOro

okasaTens W3MeneHMi. [Ui1 H3ydeHHs YpOBHA BOJIOEMOB  LLIUPOKO
HpHAMEHAJIACH pasHooOpasHbie MOJEIH, OCHOBAHHEIC HA AHAIM3E JIH-
HelHOro ypaBHeHMs BOJHOIO Gananca ¥ MCHOJIB30BAHMH MoZeleH aB-
TOperpeccud Aif TaKHX GeccTouHbIX BofioeMoB kak Kacrmickoe M
Apaibckoe MOps, 03epa Bamxam 1 Hccsik-Kyms (Ipusansckuil, 1985,
Pamxoeuy, 1993), a Taloke JUIS CTOYHBIX 03€P (My3vines, IIpusanvcxui,
Pamxoeuy, 1982). B pabore Patkopiya (1993) cripaBeITHBO MOKA3aHO,
4TO IOCKONBKY YPOBEHB BOJOEMA OTpKACT HHTErpanbHOE BIIMAHUE
[IPHTOKa, CTOKA, OCA/IKOB, HCMApeHyi, peakiio COGCTBEHHOH TepMO-
rUAPOJMHAMHYECKOH CHCTEMBI, €TI0 [oBeileHHe 11enecoobpasHo
ONMCHIBATH NyTEM U3YHEHHS BEPOSTHOCTHBIX XapaKTepHCTHK BOJ-
Horo GanaHca. ‘

YpoBeHb BONOEMOB HMECT BHICOKYIO CTeleHb KOppeIvpoBan-
pocTh, 70 0,9, 4To NOKAa3hIBACT NPUCYTCTBHE JUTMTENGHBIX CEPUI BBICO-
KuX ¥ Hu3KMX ypoBHei. Takum obpa3som, JienaeTcs BHIBOI O 6eccMBIC-
JIEBHOCTH TIPHRJICYEHHA [UIl [POTHO3A JUTHTEIIBHBIX CepHii HaGmose-
HM} YPOBHA, COAepKalluX MHOPOYHC/IEHHbIe TorpewHocTy. Jlywme
NpUMEHAT VI 3THX wesiell naHHEIe 00 3JIeMEHTaX BOJHOIO HanaHca,
penpe3eHTaTHBHOCTS KOTOPEIX BBILIC, yem yposus BofoemoB. K Tomy
»ke 3IeMEHTHI BOIHOTO Oanasca UMeIoT MEHBIIYIO cTeneHb aBTOKOppe-
muposansocTd. IIo aHHBEIM paboTsl (Pamxosuy,1993), aBTOKOppeILi-
M COCTABJIACT Y15 HCTIApEHHS — 0,4-0,5, ocazKoB — 0,1, a croka —
0,3. CTOXacTHUeCKHH XapakTep KxonebGaHm|il 3THX 3JIEMEHTOB NpeAroia-
FaeT TOJIbKO BEPOSTHOCTHOE OIMCAHME NPOLeCcCa. IMocneqoBaTeIEHOCTD
JHAUeHHs MPUTOKA K BOJIOEMY, OCAJIKOB H HCTIapeHHA 3aJaloTcs CTo-
XaCTHUCCKHMH MOJEMSIMH. JTO Tak Ha3bIBaeMBIi KIacCc JAHHAMMKO-
CTOXaCTHHECKHX MojieJied. Mo/ierin 3T0ro BHAa KnaccH(HIMpPYIOTCA [0
HECKOJIBKMM TPH3HAKaM. JTO MOTYT 6bITH NHHEHHBIE W HETMHEHHBIE
MOJIEITH, C OJIHMM WJIH HECKObKIMH BXOJIAMH, ¢ KOppe/UpPOBAHHBIMH K
HEKOpPEUTHPOBaHHBIMH BXO/IAMH. OcTaHOBMMCA 3[iECh Ha pe3ynbTa-
TaXx, TOY4YEHHBIX C HCTIOTb30BAHHCEM 3THX MOJIENeH.

[Ipu BepOATHOCTHOM ONHCAHHMH BPEMEHHBIX PAJOB THJPOJIO-
[MYecKMX JAHHBIX ¥ AalbHEHIIEM HCIOIE30BaHHH PasIMYHBIX BEPOSAT-
HOCTHBIX Mojeneil uid MHOruX rapaMeTpoB TaKHX Mopened TpyAHO
yCTaHOBHTH HX (pupgeckuii CMBICI, B TO Bpemsi Kak JUis JHMHAMHAKO-
CTOXAaCTHUeCKHMX OH fAceH. [IpHMEHEHHBIC JUIA nporuosa yposHs Kac-
[Miickoro MOps JIMHEHHBIE MOJIENH JTOrO THIA H TIOTy4eHHBIE pe3yJib-
Tarhl OpHILIA B MPOTHBOPESUHE C TeHZEHUMEH pe3Koro MOBBIICHAA
YPOBHA 3TOTO BOJOEMA B Hayase 80-x romgos. To, yro MpHUMEHEHHAsA B
paborax (ITpusansckui, 1985, Ratkovich, 1993) meromyKa BEPOATHO-
CTHOTO MPOTHO3a C HCNO/B30BaHAEM JMHeMHBIX Mopeneit BoaHoro 6a-
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JlaHca [y mporao3a xosebanuii ypoens Kacnmiickoro Mops MnpHBeJo
onmbke B 1,67 M, HECMOTPA Ha TO, YTO BEPOATHOCTH TakoH OLIHOKH 110
pacgeraM (Pamxosuy, 1993) 6su1a OYeHsL HM3KA, BCETO 7x10™. Taxmm
06pa3zoM, NpHMeHEHHBIH TMHEHHBIN THII MOZieNel 11 AaHHbIX TIpollec-
COB HE MpHEMJIEM. ‘

B pa6ore M.I'. Xy6napsHa /Ui OLCHKH ypOBHS BOJIOEMA YUHTEIBA-
JMCh HeJMHEHHbIC (U3MYECKHEe MEXAaHU3MBI B CHCTeMe, pacCMaTpH-
BaloleH BIMAHHE CITyqaifHBIX BHEIIHMX CH/I Ha NMOBEeAEHHE HENIHHEH-
HBIX JMHAMHYECKHX cHCTeM. Mcromb30Banach TeOpHs Tak Ha3bIBAEMBIX
HHIYLHPOBAHHLIX LTyMOB-TepexoioB. BonoeM npeacrarincs Hepas-
HOBECHOM CHCTEMOM C MHOTOYHCIIEHHBIMH HETHHEMHBIMY CBI3AMH, TIPH
KOTOPEIX MOTyT NMOPOXAATLCA KPYIHbIE (UIyKTYallMd B CHCTEME H, KAk
3aMeYaroT aBTOpHl YKa3aHHOi paboTEI, BOJXOEM B 3TOM Cilyyae ABIAETCA
HJCANbHBIM OOBEKTOM C TOYKH 3PE€HHMS CHH3PreTHKM. JTO JaeT BO3-
MOXHOCTB IIPeyCMOTPETh BO3MOXKHOCTH TIOSIBIEHUA B CUCTEME HOBBIX
CTAlMOHAPHBIX COCTOSHHM, KOTOpEIE He NOSARIIAIOTCA B paMKax JIHHEH-
HOro MOAXOJa, ¥ OIHKCATh Pe3KHe KoJieOaHHA YPOBHA BOJOEMOB, IpO-
Hexonsmue Ha (GoHe MeJUICHHBIX M3MeHeHmil kiumarta. Cioii ucnape-
HHMA C IIOBEPXHOCTH BOJIOEMa, BBIDDKEHHBIH 4epe3 Temmeparypy Mo-
BEPXHOCTH BOJBI, 3aBHCHT OT [TyOHHEI Bofoema. Ilpu 3ToM BO3MOXKHSI
6udypkay, o0ycnoBNeHHEIE TEIUVIOBHIM MEXAHM3MOM Kojebanuii
YPOBHA BOZIOEMOB. B pesyibTare cesiaH NpHHIMIHAIBHO BaXHBIH BbI-
BOJI O TOM, YTO BOJOEMBI H3-32 MHOXKECTBEHHOCTH PaBHOBECHBIX YpOB-
Heli-TIepeXOX0B MEXKAY HHMH MOTYT BOBCE He ABJIATHCA HHAMKATOPOM
KIMMaTHICCKHX M3MEHEHHMH, a OTpaXkaTh COOCTBEHHYKO HEJMHEHHYIOH
JMHaMHMKy BogHOro 6ananca. BeIBOZbI, OCHOBaHHBIE Ha Heili, Npe/CTaB-
JIIOTCA BECbMa OPHUTHHAMHEHBIMH H MOTYT OOBACHMTH MHOIOJIETHIOIO
“3arajKy NPHPOABI” H YCTAHOBHTH MEXAHH3M Pe3KHX KoseOaHmil ypos-
HA BOJIOEMOB, IPOHCXONAIMX Ha GoHe cnabbIX W MEJUIEHHbIX H3MEHE-
HMIA

PaccMOTpHM M3MEHYHMBOCTH KJIMMATa M €ro BO3JCHCTBHE Ha BOJ-
HBI€ CHCTEMBI Ha NpUMepe paioHa kpynHeHnmx o3ep Esponel. Ipuse-
JleM HM3BECTHEI PHCYHOK, XapaKTCpH3YIOIMH H3MCHEHHMA KIMMaTa
(puc. 5.4). IlorewreHne MocneHUX JieT OOBIMHO TPAKTyeTCd KaK pe-
3yNbTaT aHTPONOTeHHOro BoszeHcTBHA. CymlIECTBYIOT M TIPOTHBONO-
- JIOXXHBIE MHEHHA O TOM, YTO 3TH H3MEHEHHA 00yC/IOBIEHE! MPHPOIHbI-
MU ocobeHHocTamu (Bopucenxos, 1988; Kondpamees, 1999; Adamen-
ko, Konopamves, 1999). B cBs3u ¢ 3THM aKTyalBHOM ABNAETCA 337a4a
[POIOIDKHMTE MCCIIEOBAHHA M3MEHYMBOCTH PErHOHATEHOIO KIHMaTa H
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Puc. 5.4. UsMeHUMBOCTS aHOMAJHIE TEMIIEpaTYphl BO3XAYX2a B ra00abHBIX
Macirrabax 3a 1000 ner (kpHBast) K JIHHEHHbIA TPEHA TEMIICPATYPEI BO3IYXa

peaKiy BOJHEIX CHCTEM, KaK [0 [aHHEIM Ha6monermifl:’ TaKk ¥ Mojie-
JMpoBaHEsL. PacCMOTPHM Pe3yJIBTAThl STHX HCCIC/I0BAHNH HA npHMepe
paiiona kpyrHekumx ozep Epporist (Hazaposa, Cano, Qunamos, 2001).
AHATM3 OCHOBHBIX TEHJEHIHH B HONIOCPOMHBIX w?mmqecm %
OrMYeCKHX BPEMEHHBIX PAfiaX M0 CEBEpO-3aNa/iHOH HacTH Po::cpm
pauuHas ¢ 1880 1o 1999 IT. BB HATHYHE TIONOKHTENBHBIX IMHEAHBIX
TPEH/IOB IOZIOBBIX TEMIIEPATYp BO3AYXa (D), ocanxos (P), obwiero mcnape-
mn (E) ¥ pedHOro CTOKa VIS BCEX KPYIHBIX (Gonee HECKONMBKHMX THICAT
KBAJ[PATHBIX KWIOMETPOB) BOXOCOOpOB. B HcceyeMoM PertHoHe, TakK Xe,
KAK H [0 BceMy ceBepo-3anay Pocchn, ¢ KOHIa 1970-x rr. OpUIH OTMEYE-
HE1 BHICOKHE TOZIOBEIC CYMMEI OCB/IKOB H YBE/IHYCHHE YPOBHS BOJIBI B 03¢-
pax. 3ameTHbie KTMMATHYECKHE H3MCHEHHA B PETHOHE B ITH TOJTb1 MPOSIBH-
JIHCh TAIOKE B YMEHBIIEHHH TIPOIO/DKUTENBHOCTH NIEpHOIA C YCTOHIHBLIM
CHEKHEIM TIOKDOBOM M YBEJIHYEHHM GeaellHOro reproja Ha 03cpax H
YMEHBIIEHHE BPEMEHH COTHEHOTO CHAHMS.

BzauMHBI KOPPEALMOHHbIH aHAIM3 NOTYYEHHBIX THAPOMETCO-
PONOTHYECKUX PAJIOB BELBHII BBICOKYIO KOPPEAIYIO MEXIy OCHOB-
HEIMH 3J€MeHTaMH KIAMaTa M BoaHoro Ganasca. CrexTpalbHbIM H
KOPPEJHAIHOHHDBIA AHAMA3E! BPEMEHHBIX PAIIOB MOKa3all HAIMHE HH3-
KO- H BBICOKOYACTOTHBIX KBa3MIICPHOIMHUECKHX KojeOGaHHH C paimd-
HEIMHM BPEMEHHBIMH MacIuTabaMu OKOJIO 20-30, 6-8 u 2-3 net. Kone-
Ganms ypOBHA BOABI, PEYHOTO CTOKA KPyNHEHIIMX 03¢p Espormi (J1a-
noxckoro, OHeXCKoro # CaitMa) Taxoke cofiepikaT NoJoOHbIe KBasHIIe-
PHOIUYECKHE KOMIIOHEHTBI.
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Puc.5.5. Paifon nccnenosasmii u pacnonoxeume
€THBIX y3-
7os Mosiern ECHAMH B npenesnax lﬂxccnezxyemoie‘ll)';‘w;)pm'mpxal)x:l3

Beiasneno mnusuue KpynHednmx osep Esponst — Jlagoxkckoro

H QHeochoro HA WINMATHIECKHE XapaKTEPHCTHKH permoHa. Bojis-
IO HHTCpEC NPEACTABJIAET OLEHKA MHOTONETHHX TCHACHIMH Bax:-
HEHIINX rHApOdH3IHYecKuX XapaKTePUCTHK — TeMIIEPATYDHI BOBI
H coneHocTH — B Benom mope, aksaropus KOTOPOrO Takxe BXOAMUT
B paloH MccneoBaHui, .
eTcﬂOcﬁmee YBENMCHHE TEMIEPATYPH BOIEI 3 3TOT NEPHOL Coracy-
TEHACHUMAMH II06aNbHBIX H3MEHEHHI TEMIIEPATYPHl BOJHI B
Okeane. [Torennenue nposensercs Takxke B YMEHBIICHHH IWIOMagK
7bAos B BapeHuesom u Bamruiickom mopax (Koudpamves, Hoxan-
Hecen, 1995). B ofmem ciyyae ysenmuenue OCaJIkOB ¥ nox;mmeﬂue
TOIOBOM TeMIIEpaTypEl BO3AYXa NPHBOIHT K BO3paCTaHHIO CymMap-
HOTO HCTIapeHHs C TeppHTOpHH, KOTOpOE BCE K€ HE KOMIIEHCHpYeT
HONHOCTBIO yBE/NHYCHHE NPHXOAHOH YaCTH BOIOHOro 6Gamauca. Ilo
NOYMCHHBIM Pe3ysbTaTaM HeNb3s CHeNaTh OQHO3HAYHBIA BEIBOA O
TOM, H4TO H3IMCHEHHA KJIMMaTa B pErMoHe, a TakkKe Peakuus Ha 3TH

H3MEHEHMsl YPOBHA W JJIEMEHTOB BOJHOro 0ajiaHca o3ep ompenens-
I0TC4 aHTPOMOreHHLIMH KIMMATHYCCKMMH H3MECHEHHAMH, BHI3BaH-
HBIMH "napHMKOBBHIM" 3¢dekToM. MexpekoBas H BHYTPUBEKOBas -
H3MEHYHBOCTh THAPOMETCOPOJIOTHYECKHX MONIel CYINECTBEHHO
BJIHAIOT Ha COCTOSHHE NMPHPOAHOTO (POHA, HA KOTOPOM NPOHCXONHUT
GyHKUHOHHPOBaHHE BOXHBIX IKOCHCTEM.

JI1s OLIEHKH BO3MOXKHBIX M3MEHEHHH OCHOBHBIX XapaKTepHCTHK
KJIHMaTa ¥ 3/1€EMEHTOB BOJHOro Oajamca HCCIeXyeMoil TeppHTOpUH
ObUIM HCIOJIB30BaHBl PE3YJILTATHl YHCIIEHHOIO MOJEIHPOBaHMA Ha
MozenH rinobansHOM IMpKynsmuu atmMocdeprl U okeana (GCM),
paspaboranHo#t B MeTeoponorudeckoM HHCTHTYyTe Maxkca IlnaHka,
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Puc. 5.6. HameHnenus temmepatrypsl Bo3gyxa no Bocrounoit ®enno-
ckangud 3a nepuox 1880-1999 rr. (cpemneromopnie H 15-meTHHE
CKONB3AMIHE CPeHHE 3HAYCHHA) .
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Puc. 5.7. Tonossie cymmnt ocaakos (1), cymmaproe ucnapenne (2) # peuHoi
cTok (3) nns HccaeRyeMol TEppHTOPRH
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I'epManmna. JleranbHoe onucanHe MopnenH, NONYYMBIUEH HHIEKC
ECHAM-4, nano J1. BerrrccoHoM (Bengtsson, 1997).

B ocHoBe Monemu neXHT cucTeMa ypaBHemil reodHIMuecKol
THAPOAHHAMMKH. PacHeTHBIe YPABHEHHSA MOTY4eHbl Ul CETKH € MPO-
CTPaHCTBEHHBIM pasperuenmeM 2,8°x2,8° no mupore u 10ATOTE H OT
3eMHO# nosepxHocTH 10 10 ypoBHam 10 30 kM (1o BeicoTs! 10 rlla) mo
BEPTHKAIA JUIA BCEro 3eMHOrO apa. MuHMMATEHO BO3MOXKHBIH Bpe-
MerHOH war mogers ECHAM-4 cocransier 24 MuH, OXHAKO B HalleM
ClTy4ae MCHOMb30BATHCE Pe3y/BTATEl MOJEMMPOBAHMS CpeHEMECHd-
HBIX 3HaYEHMH MOZJEIMpyeMBIx mapamerpoB. ITonoxenue yanoe pac-

YETHON CETKM MOJIEIH Ha TEPPHUTOPUH palfoHA HALUMX UCC/IEIOBAHMIL

NI0Ka3aHO Ha PUC.3.5. B KayecTBe CLieHapHeB HMCIIONIB30BANHCH OUEHKH
BO3MOXHOT0 TIOCTENICHHOTO YBEIMYEHHS TaDHUKOBBIX I430B, TIPHHATHIE
npH pazpaboTke M NMpoBepke M3BECTHON MOJENH IOGATEHOrO LHpPKY-
naumonHoro mexanusma IPCC (Houghton w np., 1995). B nepsom city-
uae (cuenapuii G) mpenmonaraeTcs yABOGHHE CONEpKAHES YTIeKHCIoro
Iasa ¥ IpyTuX NapHHKOBBIX ra3os B atMocdepe 3emmu Ha nepuox 2000—
2100 rr., Bo BropoM (GA) CleHapMH JONOJHHMTENBHO YUMTBIBaCTCH
YBE/MHEHHE a3po30iei TEXHOrEHHOro npocxoxaerus (Hzpasnn, 1999).

JU11 OLEHKH COOTBETCTBHA JAaHHBLIX HaGMIOACHHH W MOJETHHBIX
PacyieToB MECTYHBIX M FOJOBBIX OCANKOB H TEMIIEPaTyphl BO3IyXa, TIo-
JHEHHBIX UL OTHENBHBIX METEOCTAHIMH, OBLI0 POBEAEHO CpaBHCHAE
C AaHHBIMH B HauGonee GNU3KO PACTIONOKEHHBIX y3IaX MOAENH. AHa-
JH3 H3MEPEHHBIX W MOZEJbHBIX NaHHBIX )1 OTAENBHBIX CTAHLMMH I0-
Kasalr xopollee COOTBETCTBHE CPeIHEMECTIHBIX 3HAYCHUH TEMIepary-
PBI BO3MlyXa, OZHAKO, U1 MECSMHBIX CYMM OCAJKOB CBA3b HEy/IOBIIe-
TBOPHTENBHA, KaK 3TO BUAHO, Hampumep, Ha puc. 5.8. I.C. TonHupiH,
JLK. Edumosa u np. (2000) Bemonmum aHanms QakTuHeckux H Mo-
ACIBHBIX NaHHEBIX, NOMYYeHHBIX 1o 18 pazmaunsiM GCM, Bimoyas Mo-
aems ECHAM-4, s ronocGopa Jlagokckoro o3epa, NpaBia 3aMeTHM,
110 TaHHLIM, HE OXBAaTHIBAIOLTH IEPHOJ NOCTEAHUX, 12 net. Onu nomy-
YA TaKKEe XOPOIIYIO COFJIaCOBAHHOCTh M3MEPEHHBIX M MOJCTBHBIX
AAHHBIX CPeJHEMECTYHOM TEMIIEpAaTypHl BO3AYXa M HHM3KYIO COIJIACO-
BaHHOCTE MECAYHBIX CYMM OCA/IKOB, T.€. pe3y/bTaThl MOAOGHbLIE UId
Halllero 3KCIICpMMEHTa. )

+ 14 rofIoBEIX 3HAYEHMH, PACCYMTAHHBIX B LIEJIOM M0 KDKIOH TEp-
PHUTOPHH, MOJIENbHEIC JAHHBIE XOPOLIO COINIACYETCH C H3MEPEHHBIMH
3HAYCHUAMM.

B coOTBeTCTBHM C pe3synsTATAMH MOJCTHPOBAHHA Ha MOLENH
ECHAM-4 B u3ywaemoM paiioHe BO3MOXKHBI 3aMETHEIE M3MEHEHHS
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Puc. 5.8. axruueckue (1o 1999 r.,uepHas THHHA) H MOJACIBHLIC PANL TEMIEpa-
TYPHI BO3LYXa U 0Cankos mo cueHapHio G (cepas nunns) 4 GA (cepast npepeisu-
cTas AMHHA) 1nx Teppuropuy Kapemin (15-neTHre cxons3smue cpeauue)

KJIHMMaTa M ruaposoraueckoro pexuma. s Konsckoro nomyoct-
poBa D0 00OMM CLEHapHiM HOPMa roJ0BOH TeMIIepaTypsl BO3JyXxa
MoxeT yBenuauThes ot — 0,7 mo 2°C, TO/I0BBIE CYMMBI OCajIkOB B
CPERHMX MHOTOJIETHHX 3HAYCHHAX BO3PAcTYT OT 461 MM jo 482-
486 mM. AHanorM4Hble H3MCHEHHA BO3MOXHHI M B Kapenun.
CyMMapuBbIii peqnoﬁ;;:cfr_ox IPH HOBBIX KIHMaTHIECKHX YCIOBHSAX
MOXET yMeHBUIMTECS, COrnacHO MOACIBLHBIM. IaHHBIM BO3MOMKHE!
3HAYMTENbHbE H3MEHCHHA B PaClpENENCHUH CPEHEMECHIHBIX
Temnepatyp Bo3fyxa: B Kapenuu mecaup! ¢ Mag o okta6ps cTanyT
Gosee TEMIBIMH, YeM B HacTosee BpeMs, Ha Konkckom momyoctpose
BCE MecAL! GY/IyT SHAYHTEIBHO Temiee. o
'TH OLEHKM NOKa3bIBAIOT, YTO BCE 3NIEMEHTH BomHoro Gamamca
Teppuropyr Kapenuu, KpoMe PedHOTO CTOKa, B HOBBIX KITHMATHYECKHX
ycsopusx 1o obonm cuenapwim OynyT Bospacrath. Haubonee nuren-
cuBHO, B 1,2-1,3 pasa wnn Ha 60-80 MM B CpaBHEHMH C IEpPHOJIOM
1950-1999 rr., BO3pacTeT CyMMapHOE HCIIapeHHE C TEPPUTOpHH. JTa
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OIICHKa XOPOIIO COITIACYETCH ¢ MOIENbHBIMH JaHHBIMH, MOTyYeHHBIMH
no apyrum pacueraM no GCM (Bycaposa, I'yces, 1995). Ocanxu B
cnexyronge 50 ser OYAYT yBeNMMMBATHCA He3HAUHTEBHO Ha 4-8 %. B
pe3ynbTaTe 3TOro peqyHo# CTOK, onpelesseMblii Kak pasHOCTh MEXIY
ocajkamMi ¥ o6uM ucriapeHHeM R = P — E, HeCKONbKO YMEHBIIHTCS,
ot 319 MM (Hopma i meprona 1950-1999 rr.) no 287 mm.

AHanu3 noy4eHHBIX pe3yJIbTaToOB NOKa3all, YTO NpU HOBBIX KIH-
MaTHYECKHX YCJIOBHAX H3MCHATCA HE TONBKO IOJIOBBIC 3HAYCHMA KIIH-
MaTHeCKHX M FHAPOJIOTHYECKMX XapaKTepPHCTHK, HO M MX CE30HHOE H
BHYTPHroJOBOe pacnpenenedde. [Ipu yBeHIeHHH TeMIIEpaTypsl BO3-
AyXa 3a cYeT BO3PaCTaHWA KOHUCHTPALMM YIJICKHCIIOro rasa B aTMo-
cepe, T.e. Npu napHUKOBOM 3(dexre, B paccMaTpHBaeMbIX paifoHax
Benukux aMepHKaHCKHX 03ep H KpynHeHmux ozep EBpons! mpousoit-
IyT TIPOTHUBOIONIOXKHBIC u3MeHeHHa (Punamos, 1997, Mortsch, Quinn,
1996).

ITpuBemeM olLeHKH W3MEHEHHI B paiioHe BemMkux aMepHKaHCKHX
o3ep, NONYYCHHBIE Ha Mofenax mDiobancHoro kmumara (MIK)
(Mortsch, Quinn, 1996). Ilpu yBenuuyennn CO, B ABa pa3a B paiioHe
Benukux amepukaHCKHX 03ep Ha mMpoTtax 42—47 ° 6yner nabimrogarscs
YMCHBIICHHE OCAIKOB H CTOKA PEK, a MPH BO3PACTAHHH TEMIIEPATyph
HIDKHETOo c/1os atMoc(ephl — yBenuuelne ucnapenus. H, kak cieacr-
BHE, CHH3HTCA YPOBCHb BOIOEMOB H YBEJIMYHMTCA TeMnepaTypa HX IO-
BepxHocTH. HanMeHbIIHEe W3MEHEHHs MOTYT TIpOM3OMTH Ha 03. Bepx-
Hee. [Ipu Bo3pacTaHuM TeMnepaTyphl BOALI o3ep OyayT 3aMeTHEI cyme-
CTBEHHbIC H3MCHCHHA B COCTOSHHH MX JiefisHoro mokpora. Hauboree
KPYyTIHOE NajicHMe YPOBHA o3ep (Ha 1-2,5 M ) mo pe3ynsraTam MoJeiu-
poBanms Gyner ormedarscs Ha osepax I'ypon, Muumuran u Opu. Ilo-
CKOJIBKY 3KOHOMHKA perHoHa BejMKHMX amepUKaHCKHX 03ep CyLecT-
BEHHO ONpeAe/IAeTCA BOHBIMH pecypcaMH, HCIIONB30BAHHEM 03ep IS
HYXI THIPOSHEPIeTHKH, BOAOCHAGXEHHS, TPAHCHIOPTA, PEKpPEAIHH,
ROGBIYA MMHEpANEHBIX PeCYPCOB H Kak NPHEMHHKOB CTOMHBIX BOJI, B
TOM 9HCJIE TIONOrPETHIX BOJ ATOMHLIX CTAHLMH, TO NPH CHIDKCHHH
YPOBHJ 03ep KOHOMHKE peruoHa Bennkux ameprkaHckix osep 6yaer
HaHeCeH CyINeCTBeHHBIH yiepb.

B paifone xpynneiinmx o3ep EBponsl 3a TOT e IEPHOJ, TIO pacHe-
TaM Ha mozenax mnpH yasoerHH CO, mua Teppuropud OHIAHAEM H
Kapeymu, xomriecTBo atMocthepHBIX ocaakoB GyaeT Bo3pacTars Ha 5—
15 %, 4o npuBeaeT K HeGONBINOMY NOBBLULEHHMIO YPOBHS 3THX 03€p.

Konebanus Bo Bpemenn konmMyecTsa 0CazkoB MPUBEIYT K BapHa-
LMAM CTOKA, BPEMEHHM HACTYTUICHHS M MHTEHCHBHOCTH NIaBOZKOB, TEM-
IepaTypsl BOJKI 03€p, HCNApeHHA M, B KOHEYHOM MTOre, NOBIHMIOT Ha
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skocHcTeMy B menom. Kmimar B paiione KpynHe#imHx o3ep Esporst
craHer 6051€¢ MOPCKHM, @ CEBEPHBIX — KOHTHHEHTANIBHEBIM. Ilpu yBe-
JIAYECHHH TEMNEPaTyphl BO3AyXa MOBLICHTCA TEMIIEpaTypa BOAH 03€p, B
Cpe/lHeM Ha HECKOJBKO HEJIENh BO3PACTET MepHo/i BpEMEHH, KOT/a BO-
10eM cBoGoJIeH OT JelsHOro nokposa. CoxpailieHne epro/a JieNocTa-
Ba Ha BofioeMax 6y/ieT ciocoGCTBOBATE MOBBIIEHHIO TEMIIEPATYPhl BO-
161, Gonee MHTEHCHBHOM JMHAMMKE BOJHBIX Macc, YMEHBIICHHIO NMpH-
JOHHOTO CJIOA — IHIIOJIMMHHMOHA. Bce 5T0 MpHUBEACT K obeaHeHuIo
03€pHBIX BOJ PACTBOPEHHBIM KHCJIOPOIOM 0,. Omi npuuusbt 6yayT
croco6eTBoRaTh emie 6oasleMy 38TpodupoBaHmio Bonoemos. C rio- '
BLITIEHHEM BBHOCA B BOZOEMBI MHHEPANBHBIX COJIEH CTaHEeT 00eHATE-
Cs1 TIOBEPXHOCTHBIH NOUBEHHbIHA MOKPOB. A npu yBe/THYEHHH TOCTYTLIe-
HHA OpPraHMKM M GHOICHHBIX BEINECTB C poiocGopa BO3pacCTET M CKO-
pPOCTE NIpOAYKLMH Gaxrepuil M GHTOIIAHKTOHA. B o3epax 6yner 60mp-
HI€ 300MUTaHKTOHA TIPH MEHBIIEM €ro pasHoo6pasHH H YBENHMUTCA KO-
TMHECTBO CHHE-3€NeHbIX Bogopocneil. Otu dakropsl 6yayT crocobeT-
BOBaTh M3MEHEHHIO BUIOBOTO cOcTaBa HXxTHODayHB! (Punamos, 1997).
Taxum 0Gpa3om, NOKA3aHO UTO, cepepHee 60 ° ¢.m. B EBporie npo-
M30MIYT 0GpaTHbIE [0 CPABHEHUIO C paioHOM BeJHKHIX aMEPHKaHCKHX
03ep H3MEHEHHS B 0CAJIKaX, CTOKE PEK H yPOBHE 03€p. B 3T0M NpHHIM-
NUaIbHble OTIHYMA B M3MEHEHWSIX YPOBHSA M 3JICMEHTOB BOAHOIO 6a-
naHca KpynHe#mmx o3ep Espommr H Bemmkux aMepHKaHCKHX 03€p.
TeMnepaTypHble M3MCHEHHA M1 06€HX BOIHBIX CHCTEM OyayT MMETh
OJIAHAKOBBIH 3HAK, ONHAKO aMIUIMTyJXa M3MEHEHMI TeMmmepaTypsl I1o-
BEPXHOCTH BOA KpymHefmmx osep Esporst GyneT ToOYTH B [Ba pasa
MeHBIIe, ueM /Uil Bemukux aMepukaHckux osep. Kimmaririeckue w3-
MEHEHHS TIPOSBIISIOTCA B KOKIOH CHCTEME KBASHCHHXPOHHO.
TTocnencTBHs STHX TeHIEHUM pasHOOOpasHBl B CHILy MCKIIIO'H-
TEeNEHOM CTOKHOCTH SKOCHCTEM BEJTHKMX aMEpHKAHCKHX 03¢p H KpyIl-
pedmux o3ep EBpONsI, HAIMYAA B HMX MHOTOYMC/ICHHEIX NPAMBIX H
0o6paTHBIX CBsi3ei, HEONHO3HAYHOCTH PEaKLMH OTACIBHLIX HX aJieMEH-
TOB HA TIOBBIIEHHE TEMIIEPATYPH B NPU3EMHOM BO3IyXe H BOJIOCMC,
nepecTpoiiki aTMoC)ePHBIX LHPKY/IAMOHHBIX NPOLECCOB, HSMEHEHHUA
MHTEHCHBHOCTH M CITEKTPAILHOIO COCTaBa COJHEYHOH pajHaliH, MpH-
xoaguei K MOBEPXHOCTH 3emym, ¥ T.. MOXHO OTMETHTB, ITO, HE-
CMOTpSL Ha OMNpENENICHHYIO0 CXO0XKECThb ¢$opMHUpOBaBMA KOTJIOBMH, IEp-
BHYHO OJMMTOTPOGHBIH Xapakrep STHX JHMHKTHYECKHX 03€p Cepepnoit
Epporkl u CeBepHOli AMEPHKH Pa3BHTHE SKOCHCTEM NPOXONUT JocTa-
TOUHO cBOEOGPasHO, B 0COOEHHOCTH B MOCTIE/THEE CTONETHE.
Bonbilie TOro, pa3sBHTHE MPOLECCOB IBTPOQUPOBRAHHA, TOKCHYC-
CKOFO 3arpA3HEHHs PasHBIX 03¢p Jaxke B OJHOH CHCTEME CYLIECTBEHHO
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pasmuyarotcs. OGyCNOBIEHO 3T0 Kak OCOGEHHOCTAMH JIMMHOTEHe3a,
MopdomeTpHH, cBoeoOpa3HeM NPOTEKaHHA TEPMOrHAPOIMHAMHYECKHX
MPOLIECCOB, MpoLieccaMy Ha Bogocbape, Tak M cnerM$HKON 3aKOHOAA-
TeJIBHOH OCHOBHI IO YMPAaBJICHHIO M OXpaHe 03ep, MHBECTHLHMAMM Ha
TIPOBE/ICHHE OXPaHHEIX MEPOIPHATHIH, BORXOXO3SWHCTBEHHOH MEATENh-
HOCTBIO Ha aKBaTOpHH M Bojocbope ozep B Poccuu, CIIIA u Kauapne.
CylecTBeHHble OTIMYHAI HUMCIOTCA M B NPOTEKAHMH JIMMHUYECKUX
NpoNeccoB B IKOCHCTEMaX BeNHKHMX aMepHKaHCKMX 03ep M KpYIHei-

. X 03ep EBpOMEI, KOTOpble HAGMIOAAIOTCA H3-3a PA3HON PEAKIMH CHC-
TEM Ha BO3JIcHCTBHA KIIMMaTa.

To, uyro paccMaTpHBaeMEBIE 9KOCHCTEMBI B ONPENENEHHON CTENECHA
HE JBIAIOTCA HE3aBUCHMBIMH, CBHACTENHCTBYIOT MHBA3HM TAKHX BHJIOB,
XapakTepHeIX it paiiona Kacnmiickoro u bamrufickoro mopeii, xak
MOJUIIOCK JApeHCeHa WM JICHHMKOBBIN penukt Bythotrephes cederstro-

+ emi u3 Jlafgoxckoro o3epa, o6Hapy»xeHHbIH B Benrkyux amepruKkaHCKux
osepax emie B 1980 r. (Maclsaac, Grigorovich, 1999). Tlpudunoii 31ux
NOCTyIUIeHHH MoryT OmiTh OantactHele Bogwl cynoB. OpHako, pawxe
NPHHATHIE 3aLIUTHEIE MEPHI, KOTOPhIE MPeIyCMAaTPHBAIOT [IPH 3aX0A€ B
Benukue amepukaHCKHe o3epa 3allONIHEHHE TAaHKOB CyHOB COJIEHO
OKEeaHCKOH BOJOH B KayecTBe Oa/Utacta, He CTANM MPENATCTBHEM IS
MHBa3HH. Bo3MOXHO B3pOC/TEIE BHJIBI HE BBDKMBAIOT, a JUIL HKPHI 3Ta
Mepa He ABIIETCS HANEKHbIM GapbepoM. MnBaszuH aBAoTCa He 6e30-
NACHBIMU JUI YCTORYHMBOIO Pa3BUTHA DKOCHCTEM 03€p, NOCKOIBKY OHM
MOTYT HIPATh 3HAYHTE/ILHYIO PO/b B MHIIEBHIX LEMNIX, H KaK 3aMeYaloT
Maclsaac, Grigorovich (1999) mectrsie pribaku Ha Bemuxux Amepn-
KaHCKMX 03epaX MOIYT O:KMAATh Bce Golee 3HaUMTENBHEIE YNIOBH HH-'
TPOAYLHPOBAHBIX JK30THYECKMX BHIOB M3 EBpazun, ueMm ppi0 THmiy-
HBIX JUI COOCTBEHHBIX BOIOEMOB.

Beuneykasannas npo6neMa HOKa3bIBaeT YTO, HECMOTPSA Ha TO, YTO
Besnmkue aMepukanckue o3epa, KpymHeiiinde ozepa Espomst u Kac-
IM¥CKOe MOpe yAa/eHbl IPYF OT JPYra Ha 3HAYMTENbHbIE PACCTOSHHA,
3TH BOJOEMBI CBA3aHLI BO3JEHCTBHEM IIOOATHHEIX M3MEHEHMH KITMMa-
T2 4 TEXHOI'€HHO, HATIPAMEP Yepe3 MHBA3HM.

Hexotoprie IocJeqCTBEN BIMSHAS H3IMEHCHEI KJIHMATA Ha
BOAHbLIE CHCTeMBbI peraona Bocrounoi ®ennockannma

HsmeneHHe ximMaTa Kak 3a cuer AHTPOIIOTCHHOI0 HAKOIUTCHMS
NTAPHUKOBBIX Ta30B, TAK H IIPH €CTECTBEHHBIX H3MEHEHHAX MOXET IPH:
BECTH K H3MEHEHHAM BOITHBIX ¥ HA3EMHEBIX DKOCHCTEM.

H3meHeHHn TeMnepaTyPhl BoAbl BoX0eMOB. BrigeieHa cymie-
CTBEHHasl HECTALMOHAPHOCTh THAPOJNIOTHYECKOr0 peXHMa o3ep,
3J7IEMEHTOB BOZHOTO GanaHca M YPOBHs KpynHeHmuX o3ep EBpornet
B 33aBUCHMOCTH OT H3MCHCHHH KiuMara. [Ipy yBeTHIEeHHH TeMIiepa-
TYpbl BO3AYXa BO3pacTeT TEMIIEpaTypa Bojsl 03ep DEHHOCKAH/HH, C
7 no 8-9 MecsueB Bo3pacTeT Oe3nenocTaBHEI NEPHOJ, KOTHYECTBO
aTMOC(EPHBIX 0CaKOB YBEJIMUHUTCA, YTO [IOBAEYET 3a COOOH MOBHI-
weHwe ypoBHs osep (Puiamos, 1997; Kuusisto, 1992). Takue n3-
MEHEHHS THAPOMETEOPOJIOTHYECKHX XapaKTEPUCTHK TMPUBERYT K
BO3/IEHCTBHIO HAa BOJAHBIE M Ha3eMHBIE SKOCHCTEMBI, KOTOPbie MOX-
HO OLICHMTDH I KPYNHEHIIMX 03ep Ha TPEXMEPHBIX TePMOTHAPOAH-
HaMHYeCKUX Mozesx, pa3paboTaHHBIX, HanpuMmep,
JLA. Pyxoseuem, [.A. ActpaxanuessiM, u ap. (2000), a ms mHoro-
YHCIECHHBIX HeOONBIIMX 03€p, THIMYHBIX 41 BocrogHoit deHHocKaH-
mvn — Ha ogHomepHsix (cM. The Finnish Research Programme, 1996)
C MCTIONB30BAHMEM, TONYYEHHBIX B HacTosiled paboTe peyisTaToB
CLiEHapHEeB W3MCHEHHA KIMMATA.

H3mMenedns QEPKY/JISNHE BOJl, IepeMEMABAaHAS B BOJ0OEMAX.
VMeHbIIEHHE NIEPHO/A JIE0CTaBa Ha BOOeMaX Oy/ieT criocobcTBoBaTh
TIOBBIHICHHIO TEMIIEPATYpsI BOJIbL, 60Jlee MHTEHCUBHOMY NepeMelInBa-
HMIO BOJAHEIX Macc 03ep, YTOHBIICHHIO TIPH 3TOM XONIO[HOrO NpHIIOH-
HOTO /108 (FUIOMMMHHOHA) M KaK Pe3y/bTaT — K O6€(HEHHIO BOJ 03¢
xucnopofom. [lepuon crparudukamuy Bospacrer. Ilpu TakoM paseH-
THH BO3MOXKHBI H cepbe3Hbie H3MEHEHHA rHAPOAMHAMMKY KPYTTHCHIIAX
o3ep Espornl. IIpy BeIICYKa3aHHBIX YCTIOBHAX BO3MOMHO YBETHICHHE
MHTeHCHHKALMH TEUCHHMH, MepeMelnHBanHs. EcM B HacTosilee BpeMA
NpH KIMMaTH4ecKOM MacumiTabe OCpelHEHMs OCHOBHOM MEXaHW3M
dopmupoBanns 0OIEH IMPKYIIAUME BOI LMKIOHHIECKOro Xapakrepa
BHOCAT LIMPKYJIALMS BOJ B BECEHHE-OCEHHMH MEPUOJ (3a CYET COBMECT-
Horo >¢dexta 6apoKIMHHOCTH, BeTpa M penbeda IHa), TO NPH ToTeN-
JICHMM KIMMaTa B COOTBETCTBHHM C PAaCCUMTAHHBIMH 3HAYECHWAMH, BO3-
PACTET MHTEHCHBHOCTh LHPKYNIiiu 3uMOi. [Ipu 3TOM NpH MIHTENDb-
HOM BO3JiiCTBMM Betpa B 03¢pax (opMHpyeTcs «aByXAveHKoBas»
1upKynsipst Bog. CyllieCTBEHHO BO3pACTET Kak H-B Be:mm{x amepH-
KAaHCKMX 03epaxX IUPKYJAIsA BOJ, NEPEMENINBaHUE B 3UMHHH NEPHO/.
Bce 310 CKaXKeTcs W Ha M3MEHeHHA (QYHKIMOHHPOBAHHA O3€PHBIX CHC-
TeM. TIpowueccsl mepeHoca M NepeMelMBaHiA (TEpMOTHAPOIHHAMMYC-
CKHE) B ONpENesIeHHOM CTENeHH CXOXKH JUIA KPYITHBIX JUMHKTHYECKHX
osep (Puramos, 1991). Kak nokaszaniy NOCNEAHHE HCCIENOBaHAL
(Beletsky etal., 1999) B Bemakux aMepHKaHCKMX O3epaX MHTEHCHB-
HOCTB [IMPKYJIALMA 9TOrO BHJA BhIIIE B 3UMHHIN MEpHO]], TIOCKOJIBKY B
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3TO BpeMA OHM HE 3aMEP3aloT, 32 HCKMoYeHHeM o3epa Opu. B To Bpems
KaK KpynHeiiuge o3epa EBponsl noiHOCTHIO WM YaCTHYHO B 3UMHUMN
TIEPHOJ OKPLIBAIOTCS JIEAAHBIM NIOKPOBOM, OTMeHaeTcA ciiabad HHTeH-
CHBHOCTb JHHAMHKH BOJ M MEpEMELIMBAHAA, YTO CKa3hIBacTCA HA CKO-
POCTH HpOTEKAHHs 3BTPO(YHKAMOHHEBIX TIPOLECCOB H 3arPA3HEHHA 03€p
B KpynHeHux o3epax Epponki u Ceeproii AMepuxu.

Hsmenenns GyHKOHOHHPOBAHHA BOAHBIX cHcTeM. OueHHBas
HOCNICACTBHA HANOMKEHAA B3aUMOJICHCTBHS KIHMATHYECKHX BapHaruii
H aHTPONOreHHOro NpeccyHra Ha kpynHeiuue osepa Esponst (KOE) u
Bennkue amepukanckue ozepa (BAO) 3a nocnenume 40 ner, craHOBHT-
Cs OYEBH/IHEIM, YTO XO3AHCTBEHHAN JICATEILHOCT YelOBeKa OKasana 3a
STOT NEPHO/ TIPEBATHPYIOLIEE BIMAHHE Ha AHHAMHUKY 3THX JIBYX KpyTi-
HBIX 3KOCHCTEM, TIPH TOM, YTO B H3MEHEHHAX KIMMaTa, [0 BCell BHIM-
MocTH, npeobanana ecTecTBeHHad, IPHPOJHAS H3MEHYHMBOCTS. TeM He
Menee, B Oy/lyllieM NPH YCITOBHM CHIDKEHMS aHTPOIIOreHHOM Harpy3ku
POJb KJIMMAaTHYeCKHX (axTopoB B (OPMHPOBAHMH NMHAMHKH 3KOCH-
crem KOE u BAO moxer okasarscs onpesenstomeit. ITpu ysenuenmm
TEMIIEpaTyphl BO3yXa 3a CYET BO3PACTaHUS KOHLIEHTPAMH YIIEKHCIO-
Fo rasa B atmocdepe, T.e. NIpH APHUKOBOM 3 dekTe B paccMaTpuBae-
MbiX paiiodax BAO n KOE npou3oioyT npOTHBONONOXHEIE M3MEHE-
uua (DPunamos,1997;, Mortsch, Quinn, 1996). Npu yeenuuennu CO, B
IBa pasa B paiione BAO ma mmuporax 42-47° Gyner Habmonarscs
YMEHBLUICHHE OCaZkOB H CTOKA PEK, a [P BO3PACTAHWH TEMIEPaTyphl
HIDKHETO C/oA aTMoc(ephl — yBenudeHMe Hcmapenus. (Mortsch,
Quinn, 1996) M kak clieCTBHE, CHU3HTCA YPOBEHL BOAOEMOB U YBEIM-
HUTCA TEMIEPaTypa MX MOBEPXHOCTH. IIpH CHWKEHHH YpPOBHS o3€ep
akoHoMHuKe pernoda BAO Gyner HaHeceH cymecTBerubIi yimep6.

B paitore KOE 3a ToT € mepuon, no pacueraM Ha MOAENAX HpH
yneoenuu CO, s Teppuropun Dwansmuyu 1 Kapenus, KomauecTso
arMocepHBIX 0caJKOB OyZieT BO3pacTaTh, YTO NPHBEJET K HeOOIBIIO-
MY TOBBUIIEHHIO YPOBHA 3THX o3ep. [locmeacTBus 3THX TeHmEHIMH
Ppa3H0006pa3sHLl B CHITy HCKIIOYHTENLHOM CIIOXHOCTH 3kocHcTeM BAO u
KOE. CymecTennsie OTIMYMA MMEIOTCA W B MPOTEKAHHH JIHMHHYE-
cxux npoueccos B 3kocucteMax KOE n BAO, koropsie Rabmonatores
U3-3a pa3sHO# peakiMH CHCTEM Ha BO3AEHCTBHA KIIAMATa.

OcobernocTn onpeRe/ieHRs KIHMATHIECKE 3HATAMBIX
IapaMeTPOB BOAOEMOB

Ounexxa BK/IaJia aHTPONIOrEHHBIX ¥ MPHPOHBIX (GAaKTOPOB B H3Me-
HeHMd KIIMMAaTa ¥ BOAHBIX CHCTEM sBNSeTCA 3ajayel, IO CHX IOp He

pelneHHOH. B nocnenHue rofp! CymeCTBEHHO CHM3HWIHCE BO3MOXKHOCTH
crexeHms (MOHUTOPHHIA) BOJTHBIX M HA3EMHBIX CHCTEM B Poccun nz-3a
CJIOHOCTH TpPOBEJIeHAA CTAHOHAPHBIX Ha0MmoJeHHH Ha CTaHIAAX H
paspe3ax. KpoMe TOro, yquThiBast CIOXKHbIIH XapaKrep H3MeHEHHH KIH-
MaTa, X perHOHaTbHbIe 0cOOEHHOCTH, Heo6XoMMo 0coGoe BHIMAaHHE
YIENUTh HOBbIM COBPEMEHHBIM CpPEJCTBAM MOHMTOPMHIA, M3YyucHMS
TIPUPOHOIL cpeisl. B IepBylo ouepenp 3TO AMCTAHLMOHHBIE a3POKOC-
MHYECKHE METOIBIL, HCIIONB3YIOLHE Pa3Hble NPHHUMIE HaGmoeHuH
(Kondratjev, Filatov, 1999). B s1oii paboTe M3-32 OrpaHH4CHHOCTH €€
06BeMa HEBO3MOXKHO NOAPOOHO OCTAHOBHTECA Ha Tpobnieme KIMMaTH-
YecKH 3HaYMMBIX NIapaMeTpPoB OKeaHa, MOpei, KPYMNHbIX 03¢p H BOJIO-
c60poB. 31ech MBI JIMILG YTIOMAHEM 3Ty NpobieMy Kak BaXHYIO, KOTO-
pOif Clle{yeT yAe/HTh CeLMalbHOe BHUMAaHKE Y TIPOJOIDKHMTE Ha4YaTy1o
®epoporsi u OctpoeckuM (1986) pabory. Kpome yrmomsaHyThIX B HX
pa6oTe napameTpoB onpepeAeMsIx co cryTHuKoB, TI1O, yposens Mo-
PA H 03€p; BeCbMa NEPCHEKTUBHBIMH [UTA H3yYeHHs KIIUMaTa ABIAIOTCA
HCCIE/IOBAaHHA M3MEHEHHH JIEAAHOro MoKpoBa APKTHKHM M Gompmmux
ozep Mo naHHeM SAR, a Taloke OLCHKH H3MEHEHHA xiopoduuia-a,
PACTBODEHHOM OpraHUKHM, NPONYKTHBHOCTH C HNOMOINBIO JaHHBIX
SeaWifs, B 0cOGEHHOCTH NIGPCHEKTHBHBIX V1A HeOOMBIIMX MOPEH THITa
Benor)? WK KpPYIHEIX 03€p. :
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COBPEMEHHBIE METOI[BI
BJIAMHOJIOTHHA

6.1. Mamepenne rajipodgH3EIECKAX xapaxrepnc’rmc
BOAHBIX 00BEKTOB

MzyyeHne BOIHBIX OOBEKTOB HEBO3MOXKHO 6€3 PETYIApHBIX CHC-
TEMaTHYeCKHX H3MEepeHMH TIuapoH3WvecKHX BEIMYMH, XapaKTepH-
3YIOUIMX COCTOSHHE BOXHBIX OOBEKTOB H IPOIECCH MBMEHYHBOCTH HX
COCTOSHHA, Ha OCHOBE IIHPOKOrO HCIOJIb30BaHHS M3MEPHTENLHOM an-
rapaTypel.

OCHOBHBIM HCTOYHHKOM HOJYYEHHS TMAPOJIOTHYECKOH H Tipo-
dusuyeckoit uHdopmaimy o6 o3epax sBnseTcs HabmonaTensHas CeTh
Pocrunpomera ¥ HaGMOAECHUS M SKCIIEPAMEHTEI, BHITIOHIEMBIE MHCTH-
Tyramd PAH, yHuBepcHTeTAMH M IpyrUMH opraHusaimsami. B nocnen-
HHE Tofsl BO3MOXKHOCTH Pocrunpomera mo msmepeHMIO rMApOOrHye-
CKHMX NapaMeTpOB OrpaHAYMBAIOTCA HabymozenneM HeGonbimoro Habo-
pa napaMeTpoB, H OCHOBHBIE THAPO(H3HIECKHE HCCIISAOBAHMSA MPOBO-

narca Poccuiickoll akaneMueil Hayk u yHuBepcHreramu. OpxHako mo

CHX TIOp CHCTEMA KOMIUIEKCHOrO MOHHTOPHHI'a MOpeii M KpYTIHBIX 03ep
PO cocrour H3 ceTH MOPCKHX, NPHOPEXHBIX, OCTPOBHLIX H YCTHEBbIX
CTaHIMii, CeTH BEKOBBIX H CTaHIApTHBIX Pa3pe3oB, CYAOBBIX HaOmone-
HMI B CHCTEMOH JUCTAHLMOHHBIX HaGJIONECHHMI 3a COCTOSHUEM BOAHBIX
00BEKTOB.

Kparko pacCMOTpHM CBe/IcHHA 00 OCHOBHBIX, IIPEX/AE BCETO aBTO-
HOMHBIX CpPEICTBAX M3MEPCHHA I'MAPOQUMZHIECKMX BEIHYHH, HCNOMb-
3yeMBIX y HAC B CTpaHe H 3a pybekoM M (PM3MYECKHX NpHEHIMIAX Ha
KOTOpHIX OHH OCHOBaHBI (Kosuun H.C., 1991). B o3epax u BogoxpaHH-
JHINAaX Haubojiee BHIPDKEHEI Me30MacmTabHEIe MPOLECcCH, HMEIoLIHE
BPEMEHHEBIE MacmTabbl OT HECKOJILKMX 4acOB JO HECKOJIBKHX CYTOK, a
NPOCTPAHCTBEHHBIE — OT HECKOJIbKO JECATKOB METPOB JIO AECATKOB
KHJIOMeTpoB. [l1a HccrefoBaHMUs TAKKMX MPOIIECCOB Haubosiee panmo-
HAJIBHO HKCNOJB30BATh aBTOMATHYECKYIO H3MEPHTENBHYIO allaparTy-
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PY, YCTaHOBJIEHHYIO Ha GyiixoBsx cranumsx. [IpuMeHeHHe 3TUX NpU-
60poB BO3MOXKHO H IS MCCICAOBaHHMSA NPOLECCOB APYTMX MacllTa-
60B, HaNpUMep CHHONTHYECKHX, KOTOPHIE 3aHHMAIOT POCTPAHCTRO B
COTHH KWJIOMETPOB H BpEMi B HECKOJILKO MECSAIEB.

K umciy usmepseMBIX napaMeTpoB 0GBIMHO OTHOCATCA CKOPOCTH Te-
YyeHus (ee BeJIMuMHA VW Hampasliienue o), Temreparypa I, 3neKrporpo-
BOOUMOCTE R, ruapocTaTyeckoe qariiere P, ckopocts 3ByKa C; .

ABTOHOMHBIE CPE[CTBa H3MEpPEHHA MOXHO pa3[edTh Ha Clle-
AyIOIHe TPYHNEL PA3IMYHBIX [0 Ha3HAYECHHIO NPUOOPOB: H3MEPHUTEH
ckopoctH; CTD-HM3MepHTENM — H3MEPHUTENH 3JIEKTPHUYECKOH IPOBO-
JAHMOCTH, TEMITEPATYPhl, IIyOHHEL; CAMONKCIH! YPOBHA.

PaccMoTpHM KpaTko OCHOBHBIE MPUOOPHI YKa3aHHEIX TPYIIL.

ITpubopst AITUT u ALIUT-A npenmna3HadeHbl [ HW3MEPCHMA
TEMIIEPATYPhI, CONIEHOCTH, CKOPOCTH U HanpaBleHUd TCYECHHSA, TMAPO-
craruyeckoro narieHus. B AllMITe B kayecTBe 4yBCTBUTEBHBIX 3Jle-
MEHTOB WCIIO/B30BaH ' [UIATHHOBBIA TEPMOPE3HCTOP, HMHIYKTHBHBIN
nipeoGpasoBarets ANEeKTPUIECKOH MPOBOJMMOCTH, JaTIHK JABICHUS Ha
OCHOBE MaHOMeTpHUuecKOH TpyOxu BypaoHa, IByXKOMITIOHEHTHBIH IpO-
TIEJUICPHBIH ATYHK CKOPOCTH.

B AllHTe Tak ke NMPOM3BOAMTCH H3MEPEHHE YINIA OTKIOHEHHSA
KOpmyca npubopa OT BEPTHKAIM C LETBI0 KOPPEKUHU H3MEPECHHS CKO-
poctu. MHdopmaima ¢ ananoro-umdpororo npeobpazoBaTesii 3alBCchi-
BaeTCA Ha MarHUTHYIO JICHTY H MOXET IEPE/IaBaThes 0 THAPOaKyCTH-
YECKOMY KaHalTy CBSI3H.

ALIHUT-Y-01 (BexTOpHEIH H3MEPHTEIh CKOPOCTH TEUEHMA) MpeN-
Ha3Ha%eH U1 H3MEPEHHA BEKTOpPa CKOPOCTH TEYECHHA C 3alHChIO IH-
POTHOH M MEPHIHOHAILHOH COCTABJAIOIIHX BEKTOpPa CKOPOCTH Ha
NOJTYTIPOBOAHMKOBEIH HOCHTENb, & TaKKe Iiepeayd MH(OPMAIMH 110
rugpoakycruueckomy kaHamy cBasH. B AllUTe-Y-01 wmcnons3oBan
JABYXKOMIIOHEHTHBIM ApONEUIePHBIH JATYHK CKOPOCTH BOJHOTO IO-
TOKAa ¥ MATHMTHBIA KOMIIAC C eMKOCTHHIM npeobpasoBarenieM a3uMy-
TaJIBHOTO yIJIa. :

ALIUT-Y-02 saengerca CTD—npnGopOM B Hem B kauecTBe mep-
BHYHBIX Mpeobpa3oBaresnell MCHONB30BAH IUIATMHOBHIA TepMOpE3H-
CTOp, TPEeX3NEeKTPOAHBIH KOHIYKTHBHOMETpHYECKHMH npeobpasona-
TENb 3JIEKTPONPOBOJHOCTH, TEH30METPHYECKHH mnpeobpasorarens
THAPOCTATHYECKOTO HaBJICHHA. 3alHCh JAHHBIX IIPOBOJHTCA B IOJY-
MPOBOJTHUKOBYIO TAMSATE. '

Henocratkn, cBoiicrsensble AIIMT-Y, yctpanens: B mpuGope
«Bexrop-2», paspaboranHomM B AAHHUU. OH npegnasHadeH Ajis aBToO-
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HOMHOTO M3MEpeHUs Tedenuit Ha OyitkoBsix cTaHmsx. Ilpubop numeer
CHCTEMY OMpOCa JaTYHKOB CKOPOCTH H HAlpaBIeHHA TEUYCHHI C 9acTo-
TOM, npesbimalomeif YacToTy aBmwxenni 6ys W BonH. B BhitaBaeMo#
HHQOpMALMH IApaMETPBl 3THX OMPOCOB HHTErPHPYIOTCS METOAOM
CIIOKEHHs] BEKTOPOB M TEM CaMbIM HCKITIOYAIOTCA MOrPEeIIHOCTH H3Me-
PEHHI CKOPOCTH.

Hamepurens «Ilotok-2M» npennasHaded U1 H3MEPEHHA BEKTOpa
CKOPOCTH M TeMmeparypsl Bozpl. CHcTeMa mojBeckH obecrneumBaeT
OpHEHTALHIO TIPHOOpa B MOTOKE C MOMOIIBIO XBOCTOBOTO obTeKaTes.
Janusle 3amMCHIBAIOTCH B MOIYIIPOBOJHHKOBYIO NaMATh. B kayecTse
MEepPBHYHOTO Npeobpa3oBare/id CKOPOCTH TCUECHHA MCIONB3YeTCs Mpo-
neiep. BpameHve BHHTa 4epe3 MarHMTHyl0 Mydry nepenaerca
BHYTpB Kopryca npubopa. B kauecTBe koMIaca MCIone3yeTca JHCKO-
BB ONTOR/IEKTPOHHLIH npeoOpa3oBarens yrjla MOBOPOTa KaTyHIKH B
uopoBoil KoA. JINg H3MepeHHs TeMIepaTyphl HCHIONB3yeTcs KBaple-
BBIi NbE30KPUCTAJUTHYECKHUIH Npeobpa3zoBarens.

B 10NrOBpeMEHHOM H3MEPHTENH TeuyeHus M Temneparypsi MIHM
1301 (JJUCK) B xauecTBe JaTyHKa TeMnepaTyphl IPHMEHEH MEINHBIA
Tepmope3ucTop. OpuenTaims npubopa B NMOTOKE OCYLIECTBICTCH Py-
NEBBIMH TUIACTHHAaMHU. YeTsIpEXIIONacTHOM UMIEIUIep HCTIONB3YETCS B
KayecTse NEPBHYHOrO MpeobpazoBaresis cKopocTH notoka. [Ipeobpaso-
BaHMe BpaIIeHHA UMIICIUIEPA B SNIEKTPHYECKHH CHIHAI IPOH3BOJMTCH C
MOMOIIBIO MarHHTONHOAOB. M3MepeHHe Hanpas/ieHHs TedYeHHs OCylle-
CTBJISETCA NOTCHIMOMETPMYSCKUM KOMIIaCOM.

ITpuGop cepmu 135-M ¢upmbl «Interocean» npenHasHayeH A
H3MEpPEHHA TEUCHHA, TEMIICPATyphl, IEKTPONPOBOAMMOCTH M THAPOY
CTAaTH4ECKOro JaBlieHua. B noroke Koprmyc npubopa opueHTHpYETCA ¢
HOMOIIEI0 cTabKNM3aTopa. YyBCTBUTENLHBIM JIEMEHTOM CKOPOCTH AB-
nsercs porop CaBoHMYyca, HanpaB/IEHHE TEYCHUS OMpeze/ercs ¢ no-
MOIIBI0 MArHUTHOTO KOMIIaca. B KauecTse YyBCTBUTE/IBHOIO 3JIEMEHTA
npeoGpazoBarend TeMIepaTyphl HCHOJB3YeTcs TEPMMCTOpP, a COJIEHO-
CTH — MHIYKTHBHBIA npeo6pa3oBaTeNh 3MEKTPHUECKOH MPOBOIMMO-
cTH. 3armch HHpOpMaUMH NPOU3BOAMTCA HA MATHUTHYIO JIEHTY.

Ilpubop 196-RM Toii sxe HUpMBEI U3MEpSET MIMPOKHH KOMIUIEKC
THIAPOMH3HYECKMX BEMYMH: CKOPOCTh M HAaIpaBJICHHE TEYCHMs, TEM-
NIEPaTypy, YACNBHYIO 3JIeKTPOIMPOBOAHMOCTS, AARJICHHE, CKOPOCTH 3BY-
Ka, PaCTBOpPEHHBI KMCIIOpOZ, BOAOpOxaHBIH rokasatrens PH, cremens
HOHM3AIMHA MOPCKOH BOJIbI.

@upma «Interocean» BBHIMYCKAET 3MEKTPOMArHUTHEIH H3MEPHTEND
CKOPOCTH T€YeHHA S4 ¢ kaHaJIaMH M3MEpPEHHUS TEMIEPATyphI, 31€KTPO-
TIPOBOJIMMOCTH M JiaBNieHus. MHpopMaima 3anMceiBacTCA B NOMYNpPO-

BOJHHKOBYIO naMate. Cpok aBTOHOMROH paboThi 3TOro0 npubopa npu
MEPHOAMYHOCTH H3MepeHHH 15 MMH. JocTHTaeT OHOTO roja.

ITpu6oper RCM4S, RCMS5, RCM7, RCM8 ¢upmsr «Aanderaa In-
struments)» M3IMEPAIOT TEMNEPATypy, 3JICKTPONPOBOAHOCTD, AABIICHHE,
CKOPOCTEL H HamnpamieHHe TeueHHA. B xauecTse UyBCTBHTENHLHOTO 3JIe-
MEHTa NEPBHYHOrO npeoGpasoBaTeisi CKOPOCTH HCNOIB3YETCS POTOP
Casonmyca, nasneHus — Tpybka Bypnosa, TeMneparypsl — TepMmu-
CTOP, 3JIEKTPONPOBOJHOCTH — MHIYKTHUBHEIH NIpeoGpa3oBarelb.

Camoncupt ypopus Mopt WLRS, WLR7 ¢upmer «Aanderaa In-
struments» OCHalUEHBl KBApLEBHIM INEPBHYHBIM nNpeobpasoBaTeneM
AABJICHHA PE3UCTOPHOTO THIIA M TEPMHCTOPHBIM npeobpasoBaTesieM
TEeMIEpaTyphl. 3allCh MPOBOAUTCA HAa MATHUTHYIO JICHTY MM TOMY-
MPOBOJTHHKOBYIO NaMsATh. Bo3smMokHa nepefaya HHOOpMaIMM MO THI-
POaKyCTHYECKOMY. KaHaly.

Hsmepenne ypoBHS BOJHOI MOBEPXHOCTH HCIIONB3YETCH, B YacT-
HOCTH, TIPH M3MEPEHHH BETPOBOro BONHEeHHA, OOBIMHO MCIIONB3YIOTCS
akcenepomerpuyeckue OyiikoBoie BonHorpagel, paGoraiole Ha
TNIPUHIMATIE AKYCTHYECKOTO 9XO0JI0Ta H BOIHOrpadbl rHAPOCTATHYECKOTO
THna. IIpy H3MepeHMH BETPOBOrO BOJHCHHA OOBIMHO H3MEPSIOTCS
CpeHAsd H MaKCHMaJIbHas BHICOTa BOJIH, CPe/IHHIA IEpHO/ U JUIMHA BOJI-
HBbI, YaCTOTHBIH CHEKTP BOJIHEHUA.,

B akceniepoMeTpHYECKOM BONHOIpade 31eMEHTH! BOJHEHUA OIIpe-
JEIKI0TCA ITyTeM ABOHHOIO HHTEIrPHPOBAaHHMS CHTHANA, TIOYy4aeMOoro ot
aKcesiepomeTpudeckoro narunka. HaubGonee pacnpoctpaneHHsle 3apy-
Gexcble BOTHOrpa(p! YCTPOEHB! HMEHHO IO TAKOMY MpHHIMITY. IIpuH-
I JefiCTBHA THAPOCTATHYECKHX BONHOIPad)oB OCHOBAH Ha CBS3M
TMAPOCTAaTHYECKMX KojieOaHHi Ha HEKOTOpOil NIyOHHE C xapalgrepn-
CTHKaMH KosieGaHHi BOIHOBO ITOBEPXHOCTH.

IXONOKAIMS HCIIONB3YETCS NPH 30HIUPOBAHHM MIHOBEHHBIX 3Ha-
YeHHH BHICOTHI BO3BHIICHWS BOXHOH IOBEPXHOCTH €O CBOGOAHOMIIA-
BalOLIETO 3asKOopeHHoro Oys (psamoi sxonor). BoHorpadst, npusip
NeHCTBHA KOTOPHIX OCHOBAH Ha OOPATHOM 3X0JIOKAIMH, OCYLUECTBIAIOT
30HAMPOBaHHE IPaHMIIB! Pasfena BoAa—BO3/lyX H3-TI0/L BOMBI.

B Hacrosinee BpeMs Hapsoy ¢ TPAJMIMOHHBIMH H3MEPHTE/IIMH
Te4eHHH, pasMelaeMbIX Ha OT/EIBHBIX FOPH30HTAX, INHPOKOE NpHME-
HEHUE MONYYWTH aBTOHOMHBIE aKyCTHYeCKHe mpoguiorpadsi ckopo-
CTH TeueHus, paboTa KOTOPEIX OCHOBaHA Ha BEPTHKANbLHOM 30HAMpOBa-
HHH npodwis BoxHol Macchl. IlpuHipan pefcTBus 31X npubopos 3a-
KINOYaeTCd B H3MEPEHHH JIOIUICPOBCKOTO CIIBAT'a JACTOTHI MEX/Y 30H-
JWMPYIOLIMM CHTHATIOM ¥ CHTHAJIOM, OTPaXEHHBIM OT 06:Ty4aeMBIX clio-
B BO/BL. 30HAMpOBaHHE BOAHOM MACCHI MPOBOAMTCA IO YETHIPEM Ha-
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NpaBJICHHAM, pacIoNOKEHHEIM B IIpocTpaHcTBe nox yrioM 90 ° apyr x
Apyry. B npodmiorpade mpou3BoaMTCcs onpeiesicHHe CABHTOB YacTo-
THI, BOSHHKAIOIKX 1O BCEM YEThIpeM HanpasjieHWIM. B pesynstare ux
coBMecTHOI 06paboTKH B MAKPOIpPOLECCOpHOM GlIoke BBIIENAeTCS HC-
XOMast CKOpOCTE Ha HECKOJIBKHX FOpH30HTAX.

Axycrigeckue npopunorpadsr dpupMer «RD-Instruments» nozeo-
JISIOT ONpEeNeNUTh CKOPOCTh TeueHus Ha 128 ropusoHTaX, mpH 3TOM
TOJIMHA FOPH30HTa MOXKET W3MEHATHCA OT 1 1o 30 M.

B 3kcnemuumonHbx paGorax Ha Jlagore B 1998-99 rr. Hamu uc-
none30Baica aKycTHyeckui npodunorpad. PaGora npubopa ocymecr-
BJLUIACh B JIBYX peXXHMMaX: B 3ajsKOpeHHOM M OykcupyemoM. B mepsom
CJTy4ae PerucTpUpOBaNCa NPOQUIH CKOPOCTH B OHOM TOUKE, BO BTOPOM
— TOMYHaJICA TIPOCTPAHCTBEHHBIN paspes 10 CKOPOCTH, NPHYEM TIpo-
¢utorpad GuUT conpsbieH ¢ cucteMoi onpezenenus koopmunar GPS.

Kommnekc "T'pud" npennasHaveH I HCCNEAOBaHHS IPOCTPAHCT-
BEHHOM TepeMeXacMOCTH TypOyJieHTHOCTH Ha W3OpaHHOM rOpH3OHTE.
KoMruiexe OcHameH HaTIHKamMy IyIbCalMil CKOPOCTH, aKCeNepoMET-
paMH, MMKDOTEpPMOMETPAMM M MHKPOKOHAYKTOMeTpaMH. B cocras
OykcHpyeMOH CHCTEMBI BXOIWT 3 Tejla — HOCHTEb NATYMKOB, MOM-
NepXUBAOIMHA 6yH H YTiTyGUTENs, paclofioXeHHLIe TakiM 06pa3oM,
4T0o6BI OC/IAOUTE BO3EHCTBHE Ka4yKH HA JBIKEHHE MUKPOCTPYKTYPHO-
ro 3oHma. CHrHanmsl OT BceX [aT4MKOB onudpoBsiBaloTcs 16-
paspsabiv AL ¥ ¢ noMomIpIo BCTPOEHHOTO MHKpONPOLIECCOpa nepe-
AAIOTCA TI0 PaHOYaCTOTHOMY Kabelb-Tpocy Ha GOpTOBOi KOMIIBIOTED.
MaxciaManpHoe 4MCIO KaHanoB — 32, wacrora ompoca — 110
500 Bs160pox/cex.

- Jina A3MepenHa ITOTHOCTHOM crpamtpmmm U C/IBHTA CKOPOCTH

TEYECHMH B COCTaBe KOMILIEKCa NPH HEOOXOMUMOCTH [ONOSHHTENHHO
YCTaHOBJIMBAIOTCA aBTOHOMHO JICHCTBYIOIHE NpHGOpEL

Ceo6omno nanatomui soux-TypGymeMerp «baknan» pa6oraer as-
TOHOMHO. «bakjIaH» OCHAIIEH TaKMMH Xe JaTuukamy, kak B «['pud».
Jiti Bo3BpameHAs 30H1a Ha GOPT HCMOB3yeTcA KanpoHoBkiit dan. Mpu
30HAMPOBAHMH (asl He HATPYXKEH U MO3TOMY He BO3JCHCTBYET Ha JBH-
xKeHre 30HAa. CKOpPOCTH MorpyxeHua cocrasiser 70cm/c. Muxpo-
CTPYKTYPHbLIE JaTYHKH IEPEMEHHOIO COCTaBa BBHICTABJIEHHI BHEpEl H
PacnonoXeHsl 0CECHMMETPHYHO 110 KpYTY AnaMmerpa 15cM Ha ommHa-
KOBOM Y/IaJIEHMH OT KOpITyca. AKCeepoMeTphl H JaTIHK JaBJeHHA Ha-
X0n4TCs BHYTpH Kopryca. ITpomoymkuTensHOCTh perucTpamui I1po-
rpaMMHpYETCH, a 3aIlyCK OCYLIECTRISETCSA ¢ OMOLIBI0 MarHHTa M rep-
KoHa. IlaMaTH 30HAa OCTATOYHO HA HECKOJIBKO JECATKOB MHHYT He-
TIPEPHIBHON perucTparyH.
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Puc.6.1.1. TIpuMep perucTpalMy CKOPOCTH TEYEHMA aKycTHYeckuM npodurorpa-
¢om B pexxume Gykcuporky. HamepeHns ckopocTH Ha 30 ropu3oHTax BbINOJHEHS!
Ha Jlanore 12.07.1999 r., cnoif ocpennenmus paseH 1 M. Ha pucyuxe ykazanrr 10
TOPH3OHTOB, B BepxHeH YacTH NMpHRe/ieH MacTab ckopocTH, BHM3Y — npotuns
IHa

K nepcnekrHBHBIM CpeCTBaM HCCENOBAHMA OTHOCATCS ApH¢Te-
pHl. ABTOHOMHBle CBOGOAHO JpeiidyloNTHe CTAHIMH MpeXHa3HAYEHEI
IL1% M3MEpEHHs TeYeH i, TeMIepaTyphi BOIB U arMocgepHOro Niase-
Hus. [JlpudTepsl SRIMIOTCA MATOCTOMMOCTHEIMHM H3MEPHTEIILHBIMA
npubopaMH CaMOJIETHO-CY/IOBOTO PasBEPTLIBAHMA, CIIOCOGHBIMHE paGo-
TaTh HE MEHee rofia B HeoOCy)KHBacMOM. pexxame. B npudrrephbix 6y-
AX HCTIONB3YIOTCA M3MEPCHHA [IapAMETPOB BOJILI H BO3AYXa C TIOMOIUBIO
COOTBETCTBYIOIIMX JaTYMKOB M M3MEPHTE/IbHBIX KAHAIOB, H3MEpeHHe
NapaMeTPOB TEYEHHI OCYILIECTBISETCS CIyTHHKOBHIMH MeTonamMH. B
HACTOsillee BpeMs IOMPOKOEC NPHMEHEHME HAXOIAT 30HAMpYIOINUE
apudreprbie Gyn, KOTOpBIE TAXKe ABISIOTCS MaJlOCTOMMOCTHBIMH TIO-
BEPXHOCTHHIMH GysAMH, CNOCOGHEIMH K IIEPHOXMHYECKUM 30HAHPOBAHH-
M U1 M3YYEeHHs BEPTHKAIBHOH CTPYKTYPHI rHApodM3HYecKHX HoJel.
Hndopmaims, kak npaewio, obpabarteiBaercs BHyTpH Oys nepen ceal-
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COM Iiepeiayy Yepe3 CIyTHHKOBYIO CBs3b. PexkiiM H BpeMA NOIpyKeHHA
6ys mporpaMMupyeTcs Iepe/i €r0 3allyCKOM.

: lla'nnmi rHAPOdHIATIECKAX BETHIRH

B naryukax ragpo¢H3HYecKHX BEIMYMH MPOUCXOAMT INEPBHYHOE
npeobpasopanue HIMEPAEMBIX MHAPOGUINIECKHX BEJHYHH, KaK NPaBH-
710, B 3MeKTpHYeckuit curHal. Pa6oTa JaT4MKOB, B 3HAYMTEILHOM CTe-
nenw, ompenenser pabory usmepuTesbHoro npubopa. K OCHOBHEIM
rHapo¢U3NYECKMM BEHYHHAM OTHOCATCA TEMIIEpATypa, 3JIEKTPOIpo-
BOJHMOCTE M COJIEHOCTh BOJBI, CKOPOCTE H HaNpaBlcHHE TeUEHHA, CKO-
POCTH 3BYyKa, aBJieHHe, KOHLIEHTPALHs B3BECEH M PaCTBOPEHHBIX B BO-
ne ra3oB. PacCMOTpHM KpaTko (H3HYECKHME NPHHLHIBI [OCTPOCHHA
JIaTYMKOB TEMIIEpaTyphl, 3JIEKTPOIPOBOJHOCTH, NABRICHMA, CKOPOCTH,
_ AaTYMKOB OPHEHTAlMH.

Hau6onblnee pacrpocTpaHeHHe B COBPEMEHHBIX NAT4YMKaX TeMIIe-

" paTypsl MOXYYWIH CJIEAYIOIIME YyBCTBHTEIBHBLIE JJIEMEHTEL: TEpMOpe-
3UCTOpHI, IIOJYIMPOBOAHHKOBRIE TEPMHMCTOPHI, KBapLEBBIC IHE30OKpH-
CTAJUIHYECKHE PE30HATOPBI.

B Poccus mmpokoe IpUMEHCHHE NOMYYIIM IUTATHHOBBIC TEpMOpe-
3HCTOpSI, IPHHIMMII ACHCTBHA KOTOPBIX OCHOBAH Ha MCIIONIB30BaHHM O~
HO3HAYHOM 3aBMCHMOCTH 3JIEKTPHYECKOTO CONPOTHRIECHHA R IUIaTHHBI
OT TemmepaTypsl. TemIiepaTypHas 3aBMCHMOCTb CONPOTHBIICHHA XHMH-
9eCKM YHCTOM TUIATHHEI OT TEMIEpaTyphl BLIDXACTCS CIIEAYIONAM
3MITUDHYECKHM YPaBHCHUCM:

R=Ry(1 + AT+ BT?),

rae Ry — conporusieHse tepmosiaTiuka npu 0 °C; 4, B — nocrosH-
Hele ko3¢ puimentsl. B mmanasone Temnepatypsl or — 4 mo +38°C
IUIA TUIATMHOBBIX IpeoOpasoBaTelsied 4acTo HCIOMB3yeTcs JHHEHHOe
BBIP&KEHHE:

R=R0(l +aTT)’

rae or=13,92 x 10~ K — remneparypHbiif k03¢ GHIMEHT IUIaTHHBL

O6BI9HO IUIATHHOBBIE PE3UCTOPHI BHINIONHAOTCA B POpPME HKTYTa H3
TOHKOTO NPOBOAA, NOMEIIEHHOr0 B repMETH3HPYIOWYIO MHIB3Y, KOTO-
pas 3anoJNHAETCs TEIVIONpOBOAsAINel macTod: 4 CHIDKeHHA HHIYK-
THBHOCTH >KTyTa MCTIONE3yercs Gudmnapnas obMorka. Takue Tepmope-
3MCTOPHI, B MPHH-LMNIE, CIIOCOOHBI 00eCNIeYHTs H3MEpEHHS TEMIICpPaTy-
pHl Boan ¢ TognOCTRIO no 0,01 °C, nmocrosHHas BPEMEHH COCTaBJIAET
coTHu Mc. TepMope3ncTop nonoGHOM KOHCTPYKIMHA npmueﬂeu B INpH-
‘6opax ALTUT, MARK-III (cMm. puc.6.1.2).

INpeobpazoBanye COMPOTHBICHAA TEPMHCTOpAa B DMEKTPHYECKHIA
CHMrHaJl TIPOBOIMHMTCS C MOMOMIBIO MOCTOBBIX CXeM IOCTOSHHOTO HIIH
nepeMeHHoro Toka. IlomynpoBOAHMKOBEIE TEPMHCTOPHI (TEpMOpe3H-
CTOPHI), BHITIONIHEHHBIE H3 FEPMaHHA, KPEMHHA HIH OKHCJIOB METAJLIOB,
ofecnieymBaloT U3MepeHus ¢ norpemHocTsio mopsaka 0,05 °C u obna-
J@loT mocTosHHoM BpeMern 2050 mc.

3aBHCHMOCTD COTNPOTHRIEHUS TIOYNIPOBOAHHKA OT TEMIEPaTyphl
HUMeeT BHI: '

R =Ry exp (BIT).

OTHOCHTENILHO BBICOKHMH TeMIepaTypHbiii koddduument (mopsaxa
10°K) 1 60mbimoe yaemsHOe CONPOTHRIIEHHE HOMYNPOBOAHHKOB TO3BO-
JSIOT CO3AaBaTh TEPMOMETPHI C BBICOKOH YYBCTBUTEJIBHOCTBIO H Ma-
JILIMH pa3MepaMH.

COBMECTHOE HCIOJIB30BaHHE  I[UIATH-
HOBBIX M HONYNPOBONHHKOBBIX TepMoOpe-
3gcTopoB B mpubopax  mosBosser
MPOM3BOAHTS KOPPEKUMIO IHHAMHYECKHX
XapaKTepHCTMK  TepMomeTpoB.  Takoit
DPUHUMIL  MCTIOJB30BaH, Hanpumep, B
temnieparypHom KaHane CTD-m3mepurens
npubopa MARK-III. 3Oto mo3ssonser
KOHCTPYHMpPOBaTh TEPMOMETpPhl, HMEIOIIHE
BpEMEHHHE INOCTOsHHEE, Omm3kHe K
BpPEMEHHBIM  TIOCTOSHHBIM  IIOJyTIpO-
BOJHHKOBBIX TEPMOPE3HCTOPOB, H BRICOKYIO
JIONINOBPEMEHHYI0  CTaGWIBHOCTB, Xapak-
TEpHYIO JUIA IUTATHHOBBLIX TEPMOPE3UCTOPOB.
Jlunamudeckye  CBOMCTBa  IUTAaTHHOBBIX
TEPMOPE3HCTOPOB MOTYT OBITH OIMMCAHBI
JIMHEHHOH MOJIEIIBIO:

o (T, diy=T,~T,

rae T,, T — w3mepeHHad ¥ ACHCTBHTE/IbHASL
TEMIIEPaTypbl, COOTBETCTBEHHO. T, — Puc. 6.1.2. Ilmarumossit
NOCTOSHHAA  BPEMEHH  TEpMOJaTdHKa, -PMOPCSHCTop AllHTa.

" 1 — Xryr w3 ruarMHOBOH
KOTOpas ONpeZlleNdeTcs €ro MacCod M,  1ooponoiy: 2 —samprrimii
IUIOINAZBIO S, YAENBbHON TEIUIOEMKOCTHIO Cpy . xoyx; 3 — repMenmu-
H Xo3Q}HIMEHTOM o . KOHBEKTHBHOTO  PYloma nwmsa; 4 — pryn-

. ;5 — C H3MEpHTE-
TerwiooOMeHa AaTIMKa co CpefoH: ,,K:’ 6— p';?';,’;ic Br.m?m
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w=MC,/as.

Jins u3sMepeHHs TeMIepaTyphbi BOZIBI TAIOKe HCTIONB3YIOTCS TEPMO-
METPHI C KBapIIEBbIMH [The30KPUCTA/UIMISCKUMH PE30HATOPHBIMH Mpe-
obpasosarensamu. PaGota 3THX npeoOpasoBarencii ocHOBaHA HA 3aBH-
CHMOCTH YNPYTHX CBOMCTB IUIACTHHB! KBAaplia OT TeMIeparyphbl. 3aBH-
CHMOCTE COOCTBEHHO# YacTOTHI KBapLEBOTO PE3HCTOpa OT TEMINEpaTy-
PBI OIMCHIBACTCA BHIPOKECHHEM BH/A:

fi=f (4 K (T-To)+ K (T- Ty} + K (T- To))),

rae Kj, K3, K3 — k03¢ pHIpeHTE TEpMOYYBCTBHTENBHOCTH KBapua, Ty
— Haqa/lbHas TeMIIepaTypa, COOTBETCTBYIOIAs HayalbHOH 4YacToTe
KBapLEBOro pe3ncTopa fy. BaxHEIM OCTOMHCTBOM KBapLEBOIO JaTHM-
Ka TEMIIEpaTyphl ABISETCA BO3MOXKHOCTB IPAMOTo LM POBOro BHIXOJa
3TOr0 H3MEPHTENLHOTO KaHaa.

Keapuiesbie pesncTophl NpUMEHEHb B H3MepuTelle, «[ToTok», Tep-
MOYYBCTBHTENBHOCTE Mpeobpasosates okono 1000 'K,

JU11 H3MEpEHHUS 3IIEKTPHYECKOH NMPOBOAMMOCTH BOJBI HCIIOB3Y-
10T HHAYKTUBHEIE NIpeobpa3oBaTen (6eCKOHTAKTHEIH MeTol M3Mepe-
HHA) M 4eThIPEX WM TPEX 3JICKTPOJHbIE KOHXYKTOMETPHYECKHE 3JIe-
MEHTHI (KOHTaKTHHIH METO M3MepeHHd). B oTedecTBEHHBIX CpeAcT-
BaX U3MEPEHHUS 3JIeKTPONIPOBOJHOCTH, KaK IPaBHIIO, UCMOJb3YIOTCA
HHIYKTHBHBIE IIEpBUYHblE NpPe0Opa30BaTe/i Ha TOPOUAANILHBIX (ep-
pUMTOBBIX cepaednnkaX. CeplleYHUKM CBA3aHbl MEXXY COOOH BHTKOM
okl Ilpunmmm neficTBus Takoro MHIYKTMBHOrO npeoGpa3zoBaTes
OCHOBaH Ha 3aBHCHMOCTH B3aHMHOH 3JIEKTPOMAarHUTHOH CBA3H BHT-

KOB OT 3JIEKTPUYECKOH NPOBOJMMOCTH OXBATHIBAIOWIETO X BMTKA

(puc.6.1.3). /

Tp1 Tp2

Puc. 6.1.3. Manyxrususni npeoGpasoBarens dEKTPOHHOM MPOBOJHMOCTH

BrixonHoe ranpsikenue Ha BHIXOe MHAYKTHBHOrO mpeobpasosa-
TeNd 3NCKTPHYECKOR NMPOBOXHMOCTH OJHOBPEMEHHO 3aBHCHT OT JJIEK-
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TPUYECKOH NPOBOJMMOCTH g 3IKBHBAIEHTHOIO BUTKA BOJALI B MeCTe
PACTIONOKEHHS NATUMKA;

U=U Afg ‘W2/ Wi,

rae U, f— HanpsbkeHHs W YacTOTHI TOKA, TI0AaBaeMOTO Ha 06MOTKy ¢
9UCIIOM BUTKOB W), W, — HYHCNO BHTKOB BBIXOIHOH OOMOTKH, g —
3NIeKTPHYECKasd IPOBOAMMOCTD IKBUBAIEHTHOTO BUTKA BOJbI, 4 — KOH-
CTaHTa, 3aBHCAMIAA OT pPa3sMEPOB JaTyhMkKa M MarHHTHBIX CBOMCTB HC-
MOJE3Y€MbIX MaTCpPHAJIOB.

B KOHIyKTOMETpHYECKHX 3JIEMEHTaX [JaT4MKOB 3JIEKTPONpPOBOA-
HOCTH KCIONB3YeTCs 3aBUCUMOCTD CONPOTHBIIEHHA 3JIEMEHTA OT 3JIEK-
TPOTIPOBOAHOCTH KHIKOCTH, 3ATIOIHOLIEH MKy IEKTPONHbIH 06b-
em. KonaykromMerpyieckne JaT9uKH HMEIOT Hollee BRICOKYIO YyBCTBH-
TENBHOCTD, YeM HHIYKTHBHBIE. OJHaKO KOHTYKTOMETPHYECKHE JaT4u-
KH H3-32 HeCTaOWIBHOCTH MEePEeXOJHOro COMPOTHBJICHHA IEKTPOLOB
PeAIH3YIOTCS HE B MPOCTEHINEM JBYXIJIEKTPOAHOM BapHaHTE, a C Tpe-
Mt WIH YETHIPEMS 3EKTPOAAMH.

B AIMT-Y-02 npumeHeHa TPeXdJIeKTPOAHAs AYECHKA MEKTpHYe-
CKOM NpOBOAUMOCTH. YeTHIpeX3ieKTpoAHRIHA npeobpa3oBaTenk npUMe-
sHeH B mpubopax MARK-II, 195M, 196RM. KonaykromMeTpHiecKkum
JaTYHKaM TIPHCYLL” peiid XapaKTepuCTHK, KOTOPBIA BBHI3BIBAETCH OT-
J0XKeHHeM KapGoHaTa Kanblis Ha dNektponax. Jljis ycTpaHenus 3Tux
OT/IOKEHHM HeoOXOAHMMa perynspHas 06paboTka 3/1eKTpooB AIEHKH.

JUI M3MepeHHMA THIPOCTATHYECKOrO MIaBJICHHA HMCNONL3YIOTCH
BUGPOTPOHHbIE, TEH3OMETPHUECKHUE ATUMKH H H3MEPHTEIBHBIC Tpeos-
pasOBaTeNH JaBJICHHA C MaHOMETpHYCCKMMM TpyOkamu Bypnona. M-
MepeHHe THAPOCTaTHYECKOrO JaBjIeHHA HeOOX0AMMO JUIs ONpEIE/IEHHA
DIyGHHBI TONOKEHHs NpHOOpa, B I pacyeToB pAia MNHAPONOrHIECKHX
BEJTMYUH — COJIEHOCTH M IUIOTHOCTH BOZBI, CKOPOCTH 3ByKa. Ecym rimy-
6HHA NOIOXKEHH NpHGopa 3aGHUKCHPOBaHA, TO 3HAYEHHS THAPOCTATH-
YEeCKOro JaBICHUA MOXKHO MCHOIB30BaTh I H3MEPECHHA YPOBHA BOABI
HJIH TApaMeTpOB BOJH. ' ‘ '

Pa60Ta NaTYMKOB JaBRJICHHS TEH30METPHYECKOroO THIIa OCHOBaHa Ha
3aBMCHMOCTH COTIPOTHBIICHMA TEH30DE3UCTOpa R OT H3IMEHCHHMA €ro
JIHHEHHBIX pa3MepoB, KOTOPHIE BLI3HIBAIOTCA NCHCTBUEM JaBlIeHHA. 3a-
BHCHMOCTS CONpoTHRIEHHS R oT JieopMalMM ONHMCHIBAETCA HEIMHEH-
HLIM ypaBHEHHEM BHAA!

R=R (1+a1g+a2§2),f

rie Ry conpoTHBIICHHe HEHArpy>KEHHOTO TeH30Pe3ucTOpa, a;, a, — KO-



186 I'naBa 6

3¢ duupeHTHl TEH30YYBCTBUTENHOCTH, § — OTHOCHTENBHAL nedopma-
uua MemOpansl. OTHOCHTENIBHAs AedopMals CBA3aHA © JEHCTBYIO-
UM HamnpshkeHHeM o 3akoHoM I'yka:

E=o/E,

rae £ — monyns FOHra.

TemsoMerpideckue Npeobpa3oBaTeNM THAPOCTATHYECKOTO AABJICHUS
MOI'YT HCTIONIE30BaTh IPOBONIOYHBIC HITH IOIYNPOBOIHHKOBBIE TEH3OPE-
sucropel. HanGonee nepcrieKTMBHBIMU SBIAIOTCSA NONYTIPOBOIXHHKOBEIE
Tensope3ucToprl. OHU 06/1anaroT Gonee BHICOKOM TYBCTBHTENBHOCTHIO K
JAedopMmaliiy, HeM NpoBoJiodHbie. [la KOpPEeKIMH HEMMHEHHBIX Xapak-
TEPHCTHK TEH30PE3HUCTOPHI BIUIOHAIOT B YETHIPEXIUNEYEBOH MOCT.

BubpoTtpoHHBIe npeobpa3oBaTesd NaBICHHS MCNIOMB3YIOT 3aBHCH-
MOCTB 4aCTOTHI f COOCTBEHHBIX Koe6aHuit HATAHYTOH CTPYHH! BHOpO-
TPOHHOTO Mpeobpa3oBaTens OT MEXAHHIECKOTO HANIPSDKEHHA G

f=Q/2Xa/p)",

rae | — [umMHa CTpyHbI, p — IUIOTHOCTH MarepHaia cTpyHel. Hamps-
’ECHHE © 3aBACHT OT BHEIIHErO MHAPOCTATHYECKOro JaBleHMd, AekcT-
BYIOIIETO Ha guadparMy maryuka. B PoccHu mmpoxo MCHons3yrorcs
Bubpoctepxkuersie faTunku O/IB u I1IB. OcHOBY KOHCTpYKUMM Jart-
yuka THa [IJ{B coctapnder MOHONMTHBIH YyBCTBHTEJBHbIA 3JIEMEHT
U3 BHICOKOKAYECTBEHHOM NPY>KHHHOMH CTA/M, KOTOPHIH COACPXHT AMa-
¢parMy, BOCIIpHHMMAIOLYIO BHEIUHEE JaBICHHE U JICHTOYHYIO CTPYHY,
pacTAHYTYI0O Mexay ZAepxarensamd. Jnma Bo3byxiaeHHs KoseOaHHiH

CTpyHBI B NaT4YHKE HMeEETCs deKTpoMarHuT. Jlns crATEA KoneOaHmii

CTPYHBI HMEETCA NOMOHHTENBHEIA d/ieKTpoMarHuT. [Ipu Bo3aeticTin
Ha AradparMy BHEIIHEro NaRJIECHHMA OHA M3rH0aeTCs H Pa3BOMHMT B CTO-
POHBI JICPXKATEIH CTpPYHLL. B pe3ynsrare H3MeHAETCA HANPHKEHHE B
CTpyHe ¥ coOCTBEHHaA YacToTa ee Kojiebanmii f. 3aBHCAMOCTS 4acTOTHI
KonebGaHuii oT nasneHuns P Beipaxaercs GpopMyno# Buna

f=fQ+b P+b,PH"

TAE fo — YacToTa [PU HyJNEBOM AABIEHHM, by, by —— MNOCTOSHHBIE KO-
3¢prmpenTEI, 3aBUcsIIHME OT KOHKPETHRIX 0COOEHHOCTEH AaTUnKa.
Konctpyxima satumka nasnenus I1JIB noxasana Ha puc. 6.1.4.
Jlna obecnieyeHus BEICOKOTOUHBIX M3MEPEHHH HIPOCTATHYECKO-
IO JIaBJICHHA MCIIONB3YIOTCS Mbe30KBaplEBble Pe30HaHCHBIE Mpeobpa-
3oBatesd. Ilpamenenye nee3okBapuesrix npeobpaszopareneii (nbeso-
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s ekt kBapua) criocobHo obecneyHTs H3Mepenue konebaHuit ypos-
Hi Ha riryOune Gonee 1000 M ¢ morpewHocTsIo He 6osnee 1 oM.,

P
- I ) Puc. 6.1.4. BubpocTepiucBoi
1""1 ! 4acTOTHEI MpeoGpasosarems
nasnennn I1JIB. / — xopnyc;
y 2 — nuadparma; 3 — anek-
2 77 TPOMATHHT; 4 -— JEPXKaTe/H,
e it 7% § — crpyna
3 27 ﬂ 3m1
4 — 3 i

Ilpunimn peficTBHA Takux npeobpasoBareneii OCHOBaH Ha 3aBHU-
CHMOCTH COOCTBEHHOH pe30HAaHCHOH YacTOThHI KBAapLIEBOH IUTaCTHHHI,
KOTOpas CITy’KHT YyBCTBHTEIBLHBIM 3JIEMEHTOM, OT H3MEPAEMOTO JaB-
nenus. [Ipe3oksapieBsle Mpeobpa3oBaTeNM XapaKTepH3YIOTCA BBICO-
KO BpeMeHHOH cTabWIBHOCTHIO napaMeTpoB. Ilbe3okBaplieBbIe ITpe-
obpasoparenu ¢upmsl «XpronerT [akkapn» obecrieunBaroT norpem-
HOCTh M3MepeHHd ypoBHA Ha rimybune 5000 m He Gonee 1 cM.

BuGpoTpoHHEle U NEE30KBaplEBEIe Npeobpa3zoBaTe NaBJICHAA
nalot uHopMammio B ¢opMe LUGPOBOro CHrHaNa, YTIO ABIAETCH
BOXHBIM IPCHMYLIECTBOM. '

IInpoxoe pacnpocTpaHEHHe I H3MEPEHHA NaBAECHHA IOy YHIH
NaTYMKH C YyBCTBHTENBHBIM JJIeMeHTOB B BHzie C-06pa3Hoit TpyOxn
Bypriona. B TakoM npeoGpasoBatene fABIEHUE H3MEHSET NONOKEHHE
He3aKpeIUIEHHOro KoHua Tpy6xu. Takum obpasom, H3MepeHHe faBie-
HHA CBOJHMTCA K H3MEPEHHIO BEJIMYHHBEI NCPEMELIEHH] MM yrna Io-
BOpOTA. ,

B xauecrse npeobpasoBaTens NHHCHHBIX NEpeMEIICHHMH KOHIa
Tpy6XM OOBIYHO MPHMEHAIOT HHAYKTHBHEIE Npeobpa3oBaTely, BKIIIO-
yeHHBIE B MOCTOBLIe TpaHchopMaTophsie cxembl. Tak B AIlUTe B
JaT4HKe TyOHHBI peaM30BaHa KOHCTPYKIHS HHAYKTHBHOTO mpeob-
pazoparesisi ¢ EppPUTOBEIM CEPIECYHMKOM YallleYHOro THMA, 3aKperl-
JICHHBIM Ha nojBeuIeHHOM KoHLEe Tpybku Bypnona. Ilpu niMeHeHHH
JIaBJIEHUA POMCXOAMT CMeLIeHHe KOHIa TpyOKH, H3MeHAETCS HHIYK-
THBHOCTH TIpeobpa3oBaTend U, KaK CIeICTBHE, HA BEIXOJE MOCTa BO3-
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HUKaeT Hamps)XeHHe pa3balaHca, 3aBUCALIEE OT BXORHOIO JABJICHHA
(puc. 6.1.5).

gl o Sy 7 ~
A0, 3 Lp
. Ua bix | anvn'
. L L, (
Lp

Puc. 6.1.5. [laTuuk ruapocTaTHYeckoro AaBneHus Ha ocHose C-06pasHoii
TpyOku Bypnona (/) ¢ mHayxTMBHEIM (eppuToBriM npeobpasosareneM (2)
M MocToBasi TpaHchoMaTopHas cxema (3)

Tax xak CKOpoCTh Te4eHHS ABISECTCA BEKTOPHOH BENHYMHOM, He-
06XOIMMO H3MEPUTH MOZYJb CKOPOCTH M HAMpABNeHHMsS, WIH H3Me-
PHTH KOMIIOHEHTHI CKOPOCTH OTHOCHTENBLHO OIpelelieMBIX Ocei.
Jns nomydenns MHGOPMalMK O MOIYJIE CKOPOCTH B COCTAB H3MEPH-
TelleH TEYEHHA BXOIAT MEPBHUHBLIE Mpeobpa3oBaTesld CKOPOCTH IBH-
KEHHA BOAHOro moroka. IlonoxeHHe B MPOCTPaHCTBE caMoro mnep-
BHYHOTO Ipeobpa3oBaTens ONpeleNndercs ¢ IMOMOINBI0 KOMIIACOB H
JIaTYHKOB BEPTHKAJIbHOW OPHMEHTALMM Koplyca npubopa. B Hacros-
nee BpeMs HCHONB3YIOTCS MEPBUYHBIE Npeobpa3zoBaTesy, AeHCTBHE
KOTOPHIX OCHOBaHO HAa TMAPOJHMHAMHYECKOM, SIEKTPOMarHUTHOM H
aKyCTHYECKOM MeTonax H3Mepenns. U3 npeobpasosarened rugponu-
HAMMYECKOTO THIA Haubobllee PaclpoCcTpaHEeHUE MOy YWIH BEPTY-
uevHbie TNpeoOpa3oBareny, Kak HaHMeHee HenuHeHHbie. B Bepry-
LIeYHBIX Npeobpa3oBarensX HCIoNb3yIoTcs potopsl CaBoHHyCa, 1po-
neJuiephl, KpEUIATKY, BHHTH ApXHMena.

[lpunuun nelicTens BepTymedHbix npeobpazosatesneil ocHOBaH
Ha CO30aHMM HaOeraiomMM IOTOKOM BOABI T'MAPOJHHAMHYECKOTO
MOMEHTA, BBI3BIBAOLIETO BpallleHHE BEPTYWIKH. 3aBHCHMOCTH CKOPO-
cTH Haberaromero noToxka ¥ M 4acTOThl BPAIUEHHA BEPTYIUKH f, OH-

ceiBaerca ypasHenuem HliMunra:
V=af,+ (b +0)'"

rae a, 8, ¢ — MOCTOAHHBIE KOIQUIMEHTEI, OTIPEACIIEMBIE KOHKPET-
HbIMH 0COOEHHOCTAMM BEPTYIIKH. BriGOpoM KOHCTPYKUMH [aT4yHKa B
IHafa3oHe H3MepAeMBIX CKOpocTel cBa3k Mexay V H f, oOprHO CBO-
JAT K JIMHCHHOH:

.V= kvf;+ VO,

rae k, — rugpoMeTpHYeCKHi 1ar BUHTa UM poTopa, Vo — koaddu-
LIMEHT, ONpEAENAIOIMA HaYaIbHbIi COBUI paJyUpOBOYHOH 3aBHCH-
MocTH InpeoOpazoBarens. BakHOH XxapaxTepHCTHKOH IEpBHYHBIX
npeobpazoparenell CKOPOCTH BEPTYLIEYHOro THNA ABJIAETCS Hayallb-
HBIH MOPOr YyBCTBHTEABHOCTH, PaBHBIH CKOPOCTH MOTOKA ¢ KOTOPO#H
HAYHHAETCA YCTOH4YMBOE BpallieHWE poTopa WIH Iponemiepa. Porop-
Hble Tpeo0pa3oBaTe/ll HMEIOT KPYTOBYIO JHArpaMMy HarpaBle€HHO-
CTH, TIO9TOMY OHM MOTYT OBITh NPOH3BOJILHO OPMEHTHPOBAHHEI OTHO-
CHTEJIbHO HarnpaBJieHus BofHoro rortoka. [Iponennepssie npeobpaso-
BATEIH, MMEIOLME UATPaMMY HAIPaBNEHHOCTH, OJIM3KYIO K KOCHHY-
COMANBHOM, 0OBIYHO OPHEHTHPYIOTCA TIO TTOTOKY TaK, YToOBI HX OCh
BpallleHMs COBIIAJaiia C HalpaBJieHHeM TeyeHHA. J{d IpornesnepHbIX
npeoGpa3zoBareliei AMEET MECTO CieAylomas 3aBHCHMOCTh THApO-
METPHYECKOro mara k, OT yria (¢ MexTy HalpaB/ICHHEM IOTOKa M
OCBIO BpalleHU Ipore/iepa:

k,=kocosq,

rae Ky — 3HaueHue rHIpoMeTpUyecKkoro mara npu ¢ = 0.

Ha ocHose 3asucuMocTH k, = k, (¢) ocHopaHa pa3paboTka ByXKOM-
TIOHEHTHBIX TipeoOpasoBarenicii CKOpocTH TedeHHA. B Byxxomrio-
HEHTHBIX Tpeobpa3oBATEIAX B CePHIHON KOHCTPYKUMH OObEIHHEHBL /1Ba
nponeUiepa, MMEIOLIME NEPNCHIMKYIApHBIe OCH BpauleHus. J[Byxkom-
TNIOHEHTHBIE NPOMNEJUIEPHBIE JaT4HKH Heno3ytoTes B ALl Te, AllATe-
V-01, VMCM. CxeMsi AByXKOMIIOHEHTHBIX NpeobpasoBaTene#t ckopo-
CTH NoKa3aHBI Ha puc. 6.1.6. B zapy6exabx npubopax (RCM-4, SLSH,
VACM) NpHMEHSIOTCS, B OCHOBHOM, pOTOpbl CaBOHMYCa.

Ipuauan fedcTBHA NEPBHYHBIX NpeoGpa3oBaTenell CKOPOCTH
3NIEKTPOMArHUTHOrO THIIA OCHOBaH Ha BO3HMKHOBeHuH DJIC mpu ne-
peMeleHHH IPOBOASAIEH Cpe/ibl Yepes anieKTpoMaruuTHoe noine. [lo-
3TOMy NpuGOpHI ¢ NATYMKOM 3JIEKTPOMATHMTHOIO THma paboTaioT
TOJLKO B BOJOEMaX, B KOTOPBHIX BojAa obiajaeT omnpeeSTeHHBIMH
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3NEKTPOIIPOBOASIIMMH  CBOH-
cTBaMH. B coBepiieHHO Iipec-
HOoH Boje pabora »neKTpo-
MarHMTHBIX  JaT4HKOB  He
Bo3moxna. Hasogumas JJIC
E, nponopuuoHanbHas CcKo-
poctH Teyenus V H Mar-
HUTHOK HMHAYyKUuMd B, mis
6azsl /| (I TOCTOAHHOTO
MAarH4THOFO ITOJIA):

E = BVicos o,

34
rae ¢ — Yroil - MeExXay
HarpaB/IeHHEM TEUCHHUA H
HampaBleHUEM  MArHHTHOIO
nons.
Puc. 6.1.6. JByXKOMNOHEHTHEIE B npp]GQpH},]x paspa-
HPONENNCPHBIC npeoﬁpa?.onal‘cnu CKO- GOTKaX 0651‘“‘{0 HCﬂOﬂL3y-
poct Tewenma: a — AIUT, b —
VMCM; / — xopnyc mmepurens; 2 —  CTC# TEPEMEHHOE MarHMTHO®
o6Texarens; 3 — NONACTHOM BUHT ToJe, CO31aBacMoe INEKTPO-
MarHMTamH, pa3sMeUICHHBIMH
BHYTPH Kopiyca mpubopa.
Ilpy nBMXKEeHHH BONBI OTHOCHTENBLHO MPHOOpa Ha 3NMEKTPOAAX €ro
naT4ukoB BosHMKaeT DJIC. YUyBCTBMTENIBHOCTh SNIEKTPOMArHHTHBIX
npeoGpasopareneif CoCTaRNzeT HECKOILKO COT MKB Ha M/c nipm anune
6a3sr B 0,1 M.
IMpunimn neHcTBUs aKyCTHYECKHX JAaTYMKOB OCHOBaH Ha 3¢ dek-
Te H3MEHEHHSA CKOPOCTH PacnpOCTpaHeHHs koje6aHuil B BOJIE B 3aBH-
CHMOCTH OT CKOPOCTH ABMXKEHMA cpenbl. Ilpu 3ToM peanmsyrotcs
CRERYIOLIHE METONBL AOIUIEPOBCKHIA, (a30-HMIyIbCHBIH, $a3oBsIii,
IpHYEeM MOC/Ne/{HHIH NOTy4n HaHOoNbLIee PacpOCTPaHEHHE KaK ca-
MBI SKOHOMHYHBIA. B npp6opax, ocHOBaHHBIX Ha (h)a30BOM MeTO[E,
CKOPOCTb TEYCHHs ONPEAENIeTCs [10 Pa3sHOCTH (a3 MexIy H3IMepeH-
HBIM H TIDHHATBIM aKyCTHYECKAM CHIrHaJiOM, BO3HHKLIMM IIPH HPOXO-
HXCHHH OIIPENENIEHHOr0 PAcCTOSHHS MEXITY NPHEMHHKOM M Nepe-
AaTavKoM. [iis onpesenenns nonokeHnus NpuOOPOB B OTOKE CITYKaT
MAarHMTHBIE KOMNAachl M CIleUMaJbHble JATYHKM OpHEHTauMH. Mar-
HHATHBIE KOMIIACH (MEXaHH4ECKOTo H (eppO30HAOBOIO THIIA) HCTIONL-
3YI0TCA JUIA NIONy4YeHHUA HaHHBIX 06 OpHEeHTauuu IPUGOPOB B MarHHUT-
HOM rtoJie 3eMin.
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IMpuHuMn ReACTBHA MEXAHWYECKHX KOMIIACOB 3aKIIOYAETCHA B
cBOGOIHOM OpHEHTAlMH BJONb CWIOBBIX MArHMTHBIX JIHHHMHA 3emin
HOBIDKHOIO MArHMTa KApTYLIKH Kommnaca. Pazmausbivu criocobamu
yroj1 nosopora TpaHchopmupyercs B mMQpPOBOi CHrHal, B MpOCTei-
HIEM CIyuae 3T0 MoXeT OBITH MPOBOJIOYHBIH PeOXOpil C MOJBIKHEIM
3nexTpoAoM. Peppo3CHIOBBIA KOMIIAC 0COGEHHO MIHPOKO NPHMEHSET-
cf B 3apyGexHbIX MOAENAX M3MepuTesell Teyenni. JleHCTBHS Takoro
KOMIUIEKCA OCHOBAHO HA W3MEPEHHMM JIBYX OPTOTOHANBHEIX TOPH3OH-
TATBHBIX COCTABIAIOMIMX HAIPDKEHHOCTH MEOMarHHTHOI'O 101,

IMockoneky B $eppo30HAOBBIX JATHMKAX a3HMYTAILHOrO Harpas-
NEHMA OTCYTCTBYIOT [BIDKYLIHECH HaCTH, TaKOH NaT4yMK NpaKTHIeCcKH
GesumepipoHed U QuxcHpyeT Ge3 aeMndupoBanys Bce xoneGaHHUs U3-
MepHTesicH TeYeHUHA.

6.2. I‘eorpa«buqecxhe BEGOpPMANHOBHLIE CHCTEMBI
B TAMHOJIOTHH

JInMHONIOrMA NpeacTaniseT cObOH KOMILIEKCHYIO HayKy, B KOTO-
poil MCIIONB3YIOTCA MeTonbl cOopa, aHaIk3a NMPOCTPAHCTBEHHO-pac-
npeneieHHol MHGOPMaLMH, MOEIMPOBaHHA, co3laHua 6a3, xapru-
pOBaHHs, T.e. BCE T€ KOMIMOHEHTEI, KOTOpHIE COCTABIAIOT COBPEMEH-
Hele reoundopmaimonHsie cucTeMbi- THC. Heobxomumocts peine-
HHS KOMIUIEKCHBIX MHOTOJMCIMIUVIHHAPHBIX THMHONOTHYECKHX 33134
¢ 0co60il ocTPOTOM MOCTaBWIa BOIPOCH pPa3paboTKH TEOPETHECKUX
OCHOB M aNTOPHTMOB CHCTEM COBMECTHMOCTH MHOJKeCTBa 6a3 aHHbIX
u 6a3 3Hanwi. [IpHUBeneM MHIIB HEKOTOPHIC OCHOBHHIE OTIPENENICHHUA,
s Gonee monHoro osHaxomneHus ¢ TAC m mrdopMauMoHHEIMA
CHCTEMaMH OTChUIaeM THTAaTeNIeH K CeLHaIM3HPOBAHHBIM H3/IAHHAM.
3mech XK€ Nocie ONpENETCHHH JalHM TIPHMEPHI HCIIONB30BAHMS reo-
HH(POPMAIMOHHBIX CHCTEM V1A PEIIEHMA JIAMHOTOTHYCCKHX 3a1aY.

Teozpagunecxan ungopmayuonnan cucmema (T'AC) — avro-
MATH3HPOBAHHAA CHCTeMa Ui paboThl ¢ rpadurieckuMu 1 Temarnde-
cKMMH 0a3aMM JaHHBEIX, BHUTONHMIOMAN (QYHKIMH MOJCITHPOBAHMA H
pacyeTa, CO3/IaHHA TEMATHYECKMX KapT M &T/1acoB, CHYKAUMX A
TIPHHATHS Pa3HOOOPa3HBIX pellleHuil 1 ocymecTaienus kourpons. 'HC
N03BONAET GHICTPO MPOU3BOAMTE NOHUCK JIaHHBIX, COBMELATE KOCMUYE-
ckoe (mnm aspodororpaduyeckoe) H306paKeHHE M KapTy, NMPOM3BO-
JUTH TPAHCQOPMALMIO CHHMKOB, N€OMETPHHYECKYIO KOPPEKIHIO, 06be-
[MHSATH, CHHTE3HpoBaTh GonblIne 06BeMbI HHGOPMalHH, TI0 JKEIAHHIO
TOJIB30BATENA H3MEHATH NPOCKUMIO ¥ MaciiTab, npeobpa3oBbIBaTh KO-
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OpPIMHATEL, ONIPEIE/ATE H MOKa3hIBAaTh HA JKPaHe JUICIVIes KOMIbIoTepa
MIPOCTPAHCTBEHHBIC B3AHMOCBA3H, MPHUMEHss A 3TOH LIeJiM pasHooD-
pasHble Mozens. Ha puc. 6.2.1 noxasans ocnosuble Gpyuxipau [UC.

Hns npencrarnenus fanHex B TAC uenonesytor ase ocHOBHEIE
TEXHOJIOTHH: BEKTOPHYIO H PacTPOBYIO.

Habmoaeune
Usmepenne Onumcanve
DyHKUUN
e
O6bsicHenve : Mpeackazasue

lMernuposauue‘ |

PeuieHne I

Puc. 6.2.1. Ocuosnsle ¢pynxuuu T'HC

&~

Bexmoprnaa THC-TeXxHONOTHA HCHONB3yeT CEpPHIO  TO4YEK,
HMEIOLIMX KOOPAHHATEL, KOTOPHIE IPH COeJHHEHMHM NPSIMBIMH JIH-
HHAMH faioT rpadHdeckuit 06pa3 obnekra. JlaHHEIE 0 MECTOINOIOXKE-
HUH OOBEKTOB MOTYT OBITh JONONHEHB! HH(OpMALHEH o CBOMCTBAX
00BEKTOB, KOTOPhIE XPAHATCA B CHEHMAIBHON 6aze mamnsix. Tak, Ha-
NpHMEp, BEKTOpHas kapra (cioif) o3ep, mMoxeT GBITh COEIMHEHA CO
cnosMu pex, GeperoBoi 30HbI MOpeli ¥ COTPSDKEHa CO CBEJCHHAMH O
Ha3BaHMH 3THX 0OBEKTOB, LIMPHHE PeK M T.II.

Pacmposan TexHoNnorus NpeCTARIAET JaHHbIE O NPOCTPAHCTBEH-
HOM PacIIOJIONKEHHH OQREKTOB B BU/IE COBOKYIIHOCTH SYEEK.

CoortsercTByIomas TEXHONOIHA BHIGHpaeTCs B 3aBHCHMOCTH OT
pemaemsix 3ana4. Tax, HanpuMep, IIpH Co3JaHMM LHPOBEIX KapT MC-
none3yerca Bexropubir THn AC. /lng ananusa criyTHHKOBBIX M aspo-
¢orocHuMKOB npuMenserca pactpossii Tun THC. A i oGHoRerus
TONOTpaMIECKHX KapT nﬁmaegfm'r COBMELIEHHE PacTPOBOIO H BEK-
TopHOro gopmaros nanmerx. Ilpu 3TOM pactpoBas ocHopa (aspodoTo-
WM KOCMHYECKHE CHUMKH) MCIIONE3YETCH B KAYECTBE “IOJIIONKH”,

BaxHBIM TNOHATHEM B TeOMH(OPMATHKE SBIACTCA MOCHOUHOE
npedcmasnenue, Win npuryun oseprees. [locroiHoe Npe/cTaRIeHHE
TIPOCTPAHCTBEHHBIX OOBLEKTOB MMECT MPAMBIE aHAJOTHH C TI03/IEMEHT-
HBIM Pa3/IelIeHHEM CONEpXKAHUA KapT. :

Ha puc. 6.2.2 B kauecTse nipramepa nokasaHs! HHOPMAIMOHHEIE HC-

TOYHHKU M CJIOH Tororpadu4eckoi KapThl, ¢ NOMOIIBIO KOTOPBIX CO-
3Mal0TCA TeMaTHdeckHe KapThl. [Io OTHeBHOCTH HAKIANBIBAIOT HMEIO-
1Hecsi CJIOH, HANPUMEp, PeKH, 03epa, rpaHHIEI BogocOopoBs, Geperosyio
30HY MOpe#, YT0 COCTABIIAET BOJHBIC CHCTEMBI, ¥ 3Ty OCHOBY JIONOJIHAIOT
HOBBIM CJIOEM, XAPAKTEPH3YIOIMM, K npHMeEpy, KadecTBo BoA. ComMe-
Iasi BCE TEPEUMCIIEHHRIE CHIOH, NONYYaloT TEMAaTHICCKYIO KapTy «Kage-
CTBa BOI.

Baza oannsix (b)) ecTh COBOKYIHOCTH JAHHBIX, OPTraHA30BaHHbIX
1o onpefeNieHHbM npaswiaM. Bauk oannsix (bu]l) — aBroMaTH3Mpo-
paHHad UHQOPMAIMOHHAS CHCTEMAa lIEHTPATM30BAHHOIO XPaHEHHs H
KOJUIEKTHBHOTO MCIONB30BaHHA JaHHRIX. B cocras Bu]l Bxomur onHa
Wi Heckonbko BJl, CrpaBOYHMK, CIIOBAPH, OHOIHOTEKH 3anpPOCOB M
NpUKNaJHBIX IPOrpaMM, a Taioke cucrema ynpasienus BJ — CYB/L.
3 MHOTHX NPHUHIMIIOB opranu3alid bH/{ OCHOBHEIMH ABIAIOTCA MH-
terpauss BJ| ¥ meHTpanulauMa yripapieHds umd. IIpuHomn ues-
TpalM3alluH ABASETCS OCHOBOH OpraHH3alMH H GyHKIHOHHPOBaHHA
CYBJl. CMBIC/T HHTErpalMH [aHHBIX COCTOMT B OOBEIHHCHHH B
eJHHOE IIeJI0e Pa3HOOOpPa3HBIX JaHHBIX, KOTOPHIE NPENCTaBIAIOT
obmuit uHPOPMALMOHHBIH MacCHB, YTO JA€T BO3MOXHOCTBH O0Jer-
YYTH MOMCK B3aHMOCBA3AHHBIX AHHBIX H UX 06paboTKYy.

WCTONHMK faHHBIX jneuem(mou) :

AARHUE
TEMATHYCCXNE KD

Tonowpaduyessuve / Pexu,03epa,nopa

Kapms} F
/‘ panui 8odocbopos

Fudpowemdannase — Town wamps so3dyxa Yesaxuenue
\ ‘ _ meppumopuy
‘ /?eadm,ucmpmm
{Toveennnle dannue
\ Tuns! nove, Coemonnue
' - SEARORMKOLMb..cosens / novye

Jamisss enymuwukossis_ 7 §oiss eianonan
o ‘NHOR0IONAALYIR

ChEMKU

- GewUPPpup oAy

enipybky aecoe,
xaqeemeo eod

fudporpadun

Knaccuduragor

aecos

Kisedsrws

A:pod»dmoubmm/

floneerie ehenxy ——

Puc.6.2.2. VicroMHMKY 115 CO3HAHHMA TEMATHICCKHX KapT
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OcnoBubIMH QYHKUHAMH BH]] asnsiorcs:

cOop, XxpaHEHHE JaHHBIX;

HeoOX0{MMOe M3MEHEHHE M NOMOJIHEHHE, T.€. OOHOBIECHHE
JNaHHBIX;

TIOMCK H 0TOOp JaHHBIX MO 3aNpocaMm;

06paboTka H NpEACTaBIIeHHE NaHHBIX (BBIBOX PE3yJBTATOB
B olpelieNICHHOH ¢opme).

CYBJl — COBOKYNHOCTb OpOrPaMM H S3BIKOBBIX CpEJCTB,
NPEeAHA3HAYCHHBIX JUIA CO3XaHMA, BEIEHHA H MCTIOJIb30BAHHUS JAHHBIX.
CVYB/] — 3T0 nakeT NpHKIAHBIX IPOrPaMM, PaCIIHPSIOLIMX BO3MOX-
HOCTH OTIEpallHOHHOH CHCTeMBI N0 00paboTke AaHHbIX. ARsice cped-
crBom octyna k bJI, CYB]] He BBINONHAET HUKaKHX IPHKNAIHBIX pac-
YETOB, OHH TIPOM3BOMAATCA MPHKIaHBIMHM nporpammamu. s uxbop-
MAITHOHHOM CHCTEMBI XapaKTepHbl JBa criocofa nNpeiCTaRieHHs aH-
HBIX: Ipadudeckuii U TabNHYHBIA. B HacTosmee BpeMs HCIIONE3YIOTCH
TPH OCHOBHBIE JIOPHYECKHE MOJICITH OPraHH3alMK JaHHBIX: HepapXHye-
CKYI0, CETERYIO M pelsupoHHy10. Hepapxuyeckue Bl ocHOBaHEI Ha HC-
o/ib30BaHuM rpagoB. B onepamuonno#i cucreme MS-DOS u apyrux
HCIONB3yeTCss MMEHHO 3TOT npHHIMI. Cemesas MoIens, 1O CpaBHe-
HHIO C uepapxuyecKkod, obaBiser NONOMHMTENBHBIE CBA3H. B Ha-
cTosIee BpeMA 06¢ ITH MOZIENH PEKO MCIIONB3YIOTCS B COBPEMEHHBIX
TAC. Ot Bcex orpanHyeHHi{ Ha CBA36 AAHHBIX, OPraHU3ALMIO XPAHEHHS
cBOGOAHEI JIMING penAyuonnsie 6azs nauueix. Ilonssosarens I'HC B
3TOM CITy4ae MMEET AEJI0 C MPOCTHIMH TabMHYHBIMK JaHHBEIMH. OHH T10-
3poisoT OBICTPO OCBOMTECA ¢ cHCTeMoi. Kaxnas ctpoka B Tabnaue
COOTBETCTBYET 3aIHCH B (aiiiie, KOTOPYIO CToOLpl pa3GHBAIOT Ha 10-
na. ITyreM xoMOMHAILMM TaGNMII MOJIL30BATEE MOXET CO3JATh HOBBIE.
Ilpu Takoi#t opranmsanmy BJ{ HEONBITHBIHA 10/130BaTENE MOXET GBICT-
pee OCBOHTECA C reOHH(POPMAIMOHHOM CHCTEMOA.

HeonpasganHo cozganue BceobreMmomeit JTMMHONIONHYECKOH 6a-
3Bl JaHHBIX, OXBATHIBAIOLIEH BCIO MBICIAMYIO 3KOJIOTHYECKYI0 HH(Op-
Maupro. MoxkHO rOBOPHTE O CHCTEME B3aHMOJEHCTBYIOLHMX, B3aHMO-
CBA3aHHBIX TEMAaTHYECKHX 6a3, HapHMEp HMAPOJIOTHYECKHX, I'HIpo-
XUMHI$ECKHX HWIM THAPOGHONOrHYECKHX, MEXIy KOTOPBIMM yCTaHOB-
JieHa NpYHUIMIHaIEHasd cucreMa cBs3u. IIpu pabote B ceTsx BosHukaer
creLManbHas npobeMa CO3NaHMS YCIOBHH B3auMooGMeHa H corocTa-
BHMOCTH MH(popmauuH. CIHIIKOM 3a0praHM3OBaHHad CHCTEMa HEyc-
TOHYHBA M3-32 YPE3MEPHOrO «IOPSAIKAY, A CIMIUKOM J€30pPraHH30BaH-
Hasd — CTaHOBHTHCS HEYCTOMYMBOH B CHIy Manod(pQeKTHBHOCTH pe-
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o6pa3oBaHus BHemHeH MH(pOpMALMM NpH GONBIIOM BHEIHEM LOyMe.
Ba3bl JaHHBIX, KaK H JHOAH, OyIyT H Aanee roBOPHTH Ha pa3sHBIX A3bl-
kax. JUia noHmManua HeoOXoguM MHHHMMYM 6asoBBIX CJiOB, OTOOpa-
XKAOIMX «INIOBATBHBIE)» XAPAKTEPHCTHKH. TakuMK rnobamsHBIMH Xa-
PaKTEepPHCTHKAMH, KOTOPHIE HCIIOJIB3YIOTCA BO BCEX NIPOCTPAHCTBEHHBIX,
T.e. B reOHH(OpPMAIMOHHEIX CHCTEMAX, ABJIIOTCA — reorpadmieckne
KOOpPZAHHATH W reorpaduyeckue Hasanui. B urore Bosumxaer curya-
1M, IPH KOTOpo# coOMpaemas TeKyluas HHpopMalHs OTCTaeT OT Tpe-
6yeMoro kayecrTsa, HeOGXOMMMOro NpH NPHHATHH pelrenuid. IlosTomy
BaOXHO HCIO/Ib30BaTh NOJCHCTEMBI, CIIOCOOHbBIE BIUIOYATh B ce0 HO-
Brle mepeMeHHble, s 9ero B CYB/] ncnons3yroT crieliHanusHpoBaH-
HBIE S3BIKH IIPOrpaMMHPOBAHHA.

Cas3p MeXJy NPOCTPAaHCTBEHHBIMH H ONHMCATEIbHEIMH OazaMu
nanHeIX obecneunsaercs B THC mononozuveckumu cenzamu. Tono-
102U8 — 3T0 $uKcalHA reorpadMyeckux 0OBEKTOB KaK y3JIOB, LeNo-
gek M Kosell (IIOJIMFOHOB) H MX B3aHMOCBA3EH, T.€. ONpPEACICHHE KO-
OpIHHAT Y370B, CBS3BIBAIOIMX LIETIH H TeX lenei, KOTopbie CBA3bI-
BAIOT KOJIBIIA.

‘OmHo3HaYHas CBA3b MECTONONIONKEHAS 00BEKTa ¢ ero aTpubyTHs-
HbIMH [JAHHBIMM HA3bIBACTCA 2e0PE/IAYUONHOU Cmpykmypoli. Ota
CTPYKTypa HO3BOJISET HaHeCTH Ha KapTy JIMIIL Te OOLEKTEI, KOTOphIE
obnajalor 3aMaHHEIMH (HY>XHEIMM aBTOpY) NpA3HaKaMH. Kakmeni sme-
MEHT, XpaHsuiicst B 6aze, JO/DKEH GBITH 10 BCEMY MHOXECTBY IpH-
3HAKOB HACHTH(HIMPOBAH OJHO3HAYHO. Babl JAHHBIX, OTKPHITHE K
HOBOM MudopMaIpH, CIoCOGHEIE M3BMEHATH CBOIO CTPYKTYpY, HOMy'H-
JM Ha3BaHWE MHTEpaKTHBHBIX. IIpH 3TOM B 6Gase BEIIE/IAIOTCS KIACCHL
obpexToB (MMeHa), KNacckl OTHOIICHMH (MpeIMKATHI), NPOCTPAHCTBA
[PH3HAKOB, OMMCHIBAIOIIAX OOBEKT. XpaHeHMEe PACTPOBBIX AaHHBIX

(KOCMHYecKHX H aapmbarocmmxon ¢ororpaduit) obecneumBaeTcs B

TaK Ha3bIBAEMOH MepapXudecKkoi 6a3e NaHHEIX.

Jns  orobpaxeHds pasHOOOpasHEIX ocobGeHHOCTeH NpPUPORHOMH
cpemsl THC cTposTes Ha NPHHIMNAX COMPXKEHHOCTH kapgorpadmye-
CKOii, TpagHyecKoi MHGOPMALMH M ONHCATENHHBIX 6a3 paHHRIX. OTH
pasHoOGpasHbie cBEIEHHS TOJDKHB! OBITh 3aImMCcaHbl B ONpPEeeNeHHOM
dopmare B namstrn IBM. 3Hats 3TO HeobGXomuMO B CBS3H € BEIGOpOM
TOUHOCTH TipH 3aHeceHMH MHGopMamvm B BJI, obMeHOM MamHHBIMH C
apyriavu TUC.

- dopmam — criocob NPeCTABICHUS NaHHBIX, OH XapaKTepH3y-
eTcsl ONpeMIENeHHBIM TOPAAKOM 3aITUCH, YHCIIOM CTPOK, CHMBOJIOB H
1.1. Hanbonee nomyJspHBIMH PacTpOBEIMH (pOpMaTaMu SBILAIOTCA:
PCX — naubonee npocroii, GIF — 6onee s3¢dexTHBHBIN npH Cxa-
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T MHGOPMAIHHM 110 cpaBHEHMIO ¢ nmpeasayumM, TIFF — naunbonee
TIOJIHEIH M3 IIPUMEHAEMBIX B FreONH(OPManMOHHBIX cHeTeMaX. TexHu-
yeckue cpeactsa cobpemerHsx TMC noyokabl obecnieunsars pabory,
co3ganue, OOMEHB! H KOHBEPTHPOBaHHE TONONOIHYECKHX BEKTOPHBIX,
LIEMOYHO-Y31I0BEIX BEKTOPHBIX, BEKTOPHO-PE/ALIMOHHBIX (hOpPMATOB
(VRF), a taxxe pacTpoBBIX H MaTpH4HBIX (opMartoB. TexcToBasd HH-
¢dopmarms 3anmckiBactca Jame Bcero B ASCII xone — craHIapTHOM
aMepHKaHCKOM kozie obmeHa uHdopmanuei. B coppemennsix I'MC
MMEIOTCA CrielHaIbHBle MOATPOrPaMME], MO3BOJNAIOIIHE [EPEBOMHTH
AaHHBIe H3 ofHoro hopMmata B Ipyrue. BekTopHble 1 pacTpoBhIE AaH-
HbIE COIPOBOXKIAIOTCA TaK Ha3bIBAEMBIM pacliMpeHueM. PaciiupeHu-

€M HMEHH Ha3blBaeTcs dJieMeHT cneundukaumu ¢aiia, onpenesso-

M ero THIL : ‘

I'eoundopmaloHHBIe CHCTeMb!I 06€CneYHBalOT BHINMOJHEHHE aHA-
JIMTHYECKMX MPONEAYP, TAKMX KAK HAIIOKEHHE CJIOEB KapT AId CO3/a-
HHA HOBBIX, pacyeT IUIOIAeH, IepPHMETPOB M MOHCKa GI30CcTH 00Bek-
TOB, KpaT4aifliHX H/WIH ONTUMAJIBHBIX PACCTOAHUMH, NIPOBEAICHHA CETe-
BOT'O aHATH3A.

Bce MHOrootpasue aHaNnMTHYECKMX ONEpalMi 3TH )K€ aBTOPEI
MIOAPa3/AEIIAIOT Ha:

® repeBop NaHHBIX U3 ¢opMara B GopMaT, U3 BEKTOPHOH B pac-

TPOBYIO OpMy WIH Hao60poOT;

e TpaHchoOpMaLEIO NPOSKIMH U IIEPEPAcYET B IPYTHE CHCTEMBI

. KoopamHar; '

®  METO/Ibl BEIYHUCIHUTEILHOH MEOMETPHH;

* paboty co cnosMH (HAIOKEHHE CIIOEB);

®  aHATHTHYECKHE, rpad)oaHANMTUYECKHE METONBI U METOABI MO-

JeTUpOBaHHS. ) ,

Baxno#t MaremaTHueckoil omepaimeil B reoHHGOpMalMOHHBIX
CHCTEMax sBifeTca Kiaccupukanus obbextoB. Knaccuuxayus —
3TO CHCTEMA pacHlpeleNcHH 0OBEKTOB, ABNEHHH, NPOIIECCOB H HOHA-
THH MO KIaccaM B COOTBETCTBMM C OIIpe/le/ICHHBIMH IPH3HAKaMH.
Baxao npu ki1accu¢pyKanymy npaBWIbHO 3aaTh, BEIOpaTh HHTEPBAIbL
UL ONpe/ieNIeHHbIX Ki1accoB. JUIA MCKIIFOYSHHA HITHUIHUX JeTallcH ¢
KapTorpagu4eckHx HCTOYHHKOB, HalIpHMEP, KOCMHYECKHX CHHMKOB,
OPHUMEHSAIOT TaK Ha3bIBaeMblH METOM INIABHBIX KOMIIOHEHT, PH KOTO-
POM INpPENCTARIAIOT HCXOAHYIO HHGOPMALHIO B C)KaTOM BHAE H OTpa-
XalOT ee B BHJE KapT-pacnpejencHHil. JlanbHedmee criakuaBaHHe,
CXKATHE MCXOIHEIX JaHHBIX MPOM3BOJUTHCA C MOMOLHBIO KIIACTEPHOrO
aHaTM3a, IPH KOTOPOM 3HAYEHHMA [TIaBHBIX KOMIIOHEHT 0TOGpaXKaloTes
HE B reorpa¢M4eckoM NPOCTPAHCTBE, a B IIPOCTPAHCTBE, OrPAaHHYCH-
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HOM OCSMHM TJIABHEIX KOMIIOHEHTOB. B 3TOM ciiyvae NOKa3BIBAlOT
TPYTIE 06HEKTOB, HMEIONIHE CXONHBIE 3HaYeHus. [Ipn cooTHECCHUM
3THX KJIACTEPHBIX TPYIUT C eAHMHHIAMH KIaCCHHUKALHOHHBIX CHCTEM
NOTydHTCs elie Gonee cxkaTas HHGOPMALHA.

OcHoBHBie TpeGOBaHMS K KIacCH(HKALMM CBOIATCA K CIENYIO-
memy:

e CHCTEMATH3AIMA CBeJeHHMH 06 06BeKkTax WiH caMux obhek-

TOB B K/AaccHl, OGmajaromme CyUIECTBEHHBIMH CBOMCTBAMH
WM [pU3HAKAMH;

e eIHHOE OCHOBaHME CHCTEMATH3allMH cBeleHHH 00 obmexrax
WIM 0GBEKTOB HA KAXIAOM yPOBHE KilacCHHKALMH;

e COpasMEPHOCTb OPraHM3alMM 3JIEMEHTOB, HX B3aMMOHCKIIIO-
9aeMOCTh; : ' ‘

® He3aBHCHMOCTh OCHOBaHMI CHCTEMAaTH3al[AM Ha PasHBIX
YPOBHAX; ,

e  YCTOIYMBOCTH KIaCCHQHKALAU C TOUKH 3PEHMs MOABJICHHA
HOBBIX OOBEKTOB M 3a1a4 HCNOIL30BaHUA,;

e  yuer TpalMuMii, COBMEIIAEMOCTD C HHBIMH OGIICIPHHATEIMH
KnaccHpuKaMaMH  (TeHETHYESCKHMH,  THIIONOrHYECKHMH,
MOP(ONIOTHIECKHMH, AHHAMHYECKHMH H T.1IL.).

KiraccHuKalus IPHMEHACTCA B CBI3H ¢ HEOOXOMHMOCTEIO yCT-
PaHEHHA BTOPOCTENEHHBIX JIeTalleH, B IPOTHBHOM CIy4ae BOCIIPHHH-
MAaTh JeiCTBHTELHOCTh OKA3LIBAETCA OYeHb CHOXHO. OcoGeHHO Ha-
[IAAHA onepaiys KIACCHQHKAUMM KOCMHYECKHX u300paKeHHH A
HX AemupUpOBAHKA. .

Knaccadukamyy KOCMHYECKHX CHHMKOB IpPEIICCTBYIOT TaKHe
BaKHBIC JICHCTBHS KaK TE€OMETPHUECKOe H APKOCTHOe mpeobpasosa-
HHE CHHMMKOB, ONpe/ie/IeHHe COOTBETCTBUS SPKOCTHBIX H JPYTHX Xa-
PAKTEpHCTHK CHUMKOB OOBeKTaM Ha MECTHOCTH (HanpuMep, ApKOCTh
BOIHBIX 0OBEKTOB, JIECHBHIX MAaCCHBOB, 6onor ¥ npoumx). I'eomeTpn-
yeckoe npeobpaszoBaHHe HEOOXOAMMO B CBH3H C TeM, YTO CHHUMKH
MMEIOT HCKMKEHHA, MX HeoOXOOUMO IPHBA3aTh K reorpaduyecKuM
KOOD/IMHATAM 10 OTIOPHBIM TOYKaM H TPaHCHOPMHpOBATH u300paxe-
HuA. Jlannas onepaiys He SBIETCA NMPOCTOH H BBINONHSAETCA Ce-
unankcToM-reorpadoM. SIpKOCTHBIE TpeoOpas’oBaHMs HCIONB3YIOT
IIpH YCTpaHEHHMH MOMeX, /i GoJiee YETKOro BEUIENCHHS KOHTYpPOB
06BEKTOB, KORTPAaCTHPOBAHHA.

Jlemudpuposarue Ha OBM MOXET BHIONHATECA KaK aBTOMATH-
YECKH, TAaK M C yYaCTHeM CHCIMAIMCTa B MHTEPAKTHBHOM PEXHME,
1IPH 5TOM TOBBIIIAETCS Pe3yNbTATHBHOCTE Mpolecca. [l asTOMaTH-
YecKOH KIACCHYHKAIMM OOBEKTOB MCHOJB3YIOTCS METOJBI TEOPHH
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pacnosHaBaHua oOpasos. IIpn nemudpupoBanum 1MGPOBBIX KOCMH-
YeCKMX CHMMKOB MCHONB3YIOT 3HAHHMA O CIEKTPaJbHBIX NPHU3HAKaX
obbexra. MIMHTAaLHOHHOE MOICIHPOBaHME IIO3BONAET ONPENCHMTH
KPHTHYECKYIO HArpy3Ky Ha BOJIOEM, IPH KOTOpO#i 03epo Nepeier Ha
Ipyroii Tpopuyeckuii yposens. Jiis Mofieneli Takoro BHAa npeacTas-
NAIOT MHTEPEC NPOCTPAHCTBEHHbIE XAPAKTEPHCTHKH 00bexTa: 00Be-
MBl, 3arpa3sHECHHBbIC IwIomazi. IIpH 3ToM, NIpUBA3Ka K CHCTEME KOOp-
ITHHAT, POCKIMH HEe HMECT BAXHOTO 3Ha¥eHHA. B pajge 3amadv, cea-
3aHHBIX C MOJICJTHPOBaHMEM 30H 3aTOIUICHHS TIPH CTPOHTEJILCTBE THA-
PO3/IEKTPOCTARIMMN, NIPOCTPAHCTBEHHAA NpPHBA3KAa W HHpOpPMaLHA O
penbede MECTHOCTH KpaiiHe Baknbl, bnoku mopenuposanms THC
MOTYT ColepXKarh IPo0NIEMHO-OPHEHTHPOBAHHBIE BCTPOCHHBIE OMG-
JIMOTEKM TporpaMM, kak Hanpumep, B Arcinfo, Intergraph. B Gons-
WIMHCTBE CITyYaeB JUId PelieHUs NPaKTHYSCKUX BOMPOCOB, U KOTO-
PHIX HET CTPOrodl cXeMbl MpOBENCHHMS HCCIENOBaHMH, M3GMpaercs
OJTHH WJIH HECKOJIBKO M3 H3BECTHBIX METOOB, MOZIeNicH. B Takux cimy-
YasgX MPHIOKEHHA CO3AIOTCS NOIB30BATEIIEM.

Hmeronmaecs nporpaMMBl AAlOT BO3MOXKHOCTh PEHIATh 3aiauyl
«MHBEHTapH3allUd-aHAJIM3-yNpaBjicHHey. OHAKO YHCIO 3a]a9 H CO-
OTBETCTBYIOIIMX BHJIOB MOJIe/IeH CTONb Bemuko, Mto HH ofqHa TUC ne
MOXET NPEeNYCMOTPETh BCEro MHOrooGpasHs BapHAHTOB, IJIA YEro B
Haubonee coppemennnix I'HC npeaycMoTpena onepaips nepexofia B

APYTYIO «IPOTPaMMHYIO CPEAy», 3 MOC/]E NPOBENCHHK PacueToB —

BO3BpalllcHHE B NIEPBOHAYANbHYIO IPOrpaMMy.
- Cpempansgeiii  KIacC MOJENEH COCTABAAIOT MATeMaTHKO-

kaprorpapuaeckue Monems (MKM). Ilpuseaem npaMep HeKOTOPBIX
. - HauboJIee M3BECTHBIX MeXAYHapoRHbIX [HC-npoexToB, KOTOpHE Ha-
HUTH WM MOTYT HaifiTH IIpAMEHEHHE B Ipakruxe pabotel Ha Cesepo-
3amane Poccun. Ilpexme Bcero ormMetM MexayHapoauyio reocde-
po-6nocdepHyio nporpammy (MI'BIT) «Global Changes» («I'no6ams-
HEle H3MEHECHHMA»), KOTOpas CyIUECTBYET H COBEPIIEHCTBYETCH B Te-
YeHHe 25 ner. OTa NporpaMMa OKasala cepbe3HOe BIMSHME Ha reo-
rpadudecKHe M xaprorpad)mecxue paboTsl MIO6GANBHOrO M peruo-
HaJlbHOTO MacIITaboB. |

Jina peanwzaumm OJHOM M3 HCCIEAOBATENLCKHX ueseit MIBIT —
«O6cnenopanye, MOHMTOPMHI M MHBEHTapH3aLMs HA3eMHBIX KOCH-
creM», co3faH «IlIpoext rioGanbHol Gassl naHHBEX» (Global Database
Planning Project), xotopsiii Bxmodaer «Muposyio 6a3y naHHBIX A
Hayk o6 okpyxaomeii cpexe» (WDDES Project) u «nobanshyio
HH(pOpPMAHOHHO-pecypcHYI0 Ha3y naunsix» (GRID).
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K nporpamMmaM, nmpeACTaBISIOMAM HHTEpeC IS JMMHONOIHH,
MmoxuO oTHectn ciexyiomme: CORINE, WDDES, GRID, BGIS,
UGIS — nporpamMmst co3JjaHis riio6anpHoro HMGpoBOro ariaca ox-
pyXaiomiei cpejisl, HApPOBBIX MOYBEHHEIX, FEOIOrHICCKHX H APYTHX
KapT MHpa, rHgposioruyeckyio mporpammy HAPEX, pax xocmirie-
cxux npoexroB NASA. Hudopmammonnas cucreMa Erponeiickoro
sxoHoMHueckoro coobmecrsa CORINE (Coordinated Information on
the Environment in the European Community) CTaBHT CBOCH HENBIO
c6op aHHBIX Ui H3ydYeHHs COCTOAHHA NMPHPOXHON cpelbl H obecne-
yeHHe NPUPONOOXpaHHOM cTpareruu crpaH EQC, 3amury 6Horonos,
OLEHKY 3arpa3HeHHMs arMoc(epsl B pe3yibTaTe BHIOPOCOB M TpaHC-
rpaHMgHOro repeHoca. CucreMa npeaHasHaueHa g cGopa mudpo-
BHIX JAHHBIX 00 okpyxaromneii cpefe M3 pasTHYHLIX HCTOYHHKOB
(xaprorpagudeckne, a3pOKOCMHYECKHE, CTATHCTHIECKHE MaTEpHANE,
NaHHLIe HATYPHBIX HaOmomeHwif), MX XpaHeHMA B 6a3ax JaHHBIX,
obecnedeHHa ROCTyna K 3THM JaHHBIM CTPaH-Y4aCTHHKOB MEXXyHa-
ponHoro cooflecTsa I OUEHKH PEFHOHAIBHBIX 3KONOTHYECKHX
npoGJieM, aHANM3a B CHHTE3a JaHHBIX Ha [JI00QIBHOM, PErHOHAILHOM
H HaIMOHAIBHOM YPOBHSIX, nccnenonamm B LIEJIIX pean3aliiH IpH-
POIOOXPaHHBIX NPOEKTOB.

Juis Esponeiickoro CeBepa 0cOOeHHO aKTyalbHBI NpOGiEMSI,
CBA3aHHBIE C H3MEHEHHAMH NPH TPAHCTPAHWYHEIX MEPEHOCAX, 3aKHMC-
neHHH BOJ, necoB ¥ no4s. Kpymaemv npoexrom I'HC cxanymasckux
roCyAapcTB H CTpaH GanTHiiCKOro pernoHa spasercs npoexr BGIS
(Basic Geographic Information of .the Baltic Drinage Basin) — oc-
HOBHas reoMH(popMalMOHHas CHCTeMa BofocGopHoro Gacceita ban-
kM. MHuorouenesas THC, B 3ana4y koropoit Bxoaur c6op, ynudn-
Kalus JaHHBIX 06 OKpyXxalouied cpene Ha Bojocbope barruiickoro
MOpS V14 YTIPAR/ICHHS W IIPHHATHA PEHICHHH pa3HOOOpa3HLIMM MONb-
30BaTENAMH.

Cpenu HamGonee mOMyMAPHBIX FeHH(GOPMAIMOHHEIX MPOXYKTOB
acnome3yerca  monHodysxkuponansHas THUC Arc/Info, nomynspHbt
TaKKe OTHOCHTEILHO Hezoporue nporpammel ArcViewGIS, Maplnfo,
IDRISI, ERDAS, umerouue 60npmoi Habop yTHIHTOB, a VIS aTpH-
6yTuBHOM MHpopmaimn: Paradox, dBase, Access, Lotus u apyrue. C
[IOMOIIBIO TexHonorui Internet MOXHO NOMyYHTH AOCTYN K 6a3ze gaH-
HBIX. YuMTHIBasd IIMpOKOE HCIIONB3OBAHHE JTHX TEXHOJIOFHH, BO3-
MOXHOCTS OIIEPaTHBHOIO AOCTYNA K Pa3HOOOpa3HBIM 6a3aM JaHHBIX,
paspabaThiBaeTcsi HOBBIH HPOEKT IO HCMIONB30BAHMIO HHOPMAIHOH-
HBIX PECYPCOB NO OKPYXKAlOWIEH Ccpefie pernoHa banruiickoro Mops
gepes mupokoe BHeapeHHe Internet. Dtor MpOeKT HasbiBaeTCA
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“BALLERINA” (BALtic Sea Region On-Line Envifonmental Infor-
mation Resources for Internet Access).

Joa opranmsaipi 6a3 JaHHEIX GbUTH CO3/IaHbI pasfIHYHbIE CHCTe-
Mb1. Hanpumep, 14 oxeaHoB B Mopeii — MupoBast 6a3a fasubix B O6-
HUHCKe; V11 KAIaCTPa BORHBIX PECYPCOB — aBTOMATH3HPOBAHHAA CHC-
TeMa rocyaapcteenHoro soasoro kanacrtpa AHC I'BK B Iocynaper-
BEHHOM THAPONOrMYEcKOM HHCTHTyTe. OHAKO MOYTH BCE OHH HE OT-

BeYanH TpeOoBaHMA, MpeabiABNdeMsiM i coBpeMennsix [HIC. Brep- .

Boie B POCCHH KpYITHBIE FeOMH(POPMAMOHHBIE CHCTEME! ObUTH OPTaHH-
30BaHbl 10 nocraHoBieHMIo [IpasurenscTBa Poccun B 1993 r. Takux
THC B Hacrosuee BpeMs naTh: JBe obmepoccuiickue — «l'ocrpanu-
na» ¥ «OpraHe! yrpaBJIeHHA», U TpH perHoHaibHEIe — «Cesepy, «Pa-
3aHb» M «balikany.

lpacbnueckne
Tatnuynuie AdHHLIS AAHHbIE ANCTAHHUOHHBLIX
RaNHbIE CLONOK
CUCTEML! YIIPABREHMA
BAJAMM _ JIAHHLDC B THC TpsGosannn
cYsfi nonL3oBatenA
/ PTBS, SXEMb Cramcinyeckie
Temu amacon rpad e

8 =

Puc. 6.2.3. Ipumep cucrems! ynpasinesmst bJ|

C noMonero noIy4eHHo# HHGOpMAIMH BBIIOMTHAETCA CHCTEMHBIN
KOMIUTEKCHBIH aHAJIH3 C HCIOIb30BAHUEM PA3HOTO YPOBHA CJIOXKHOCTH
NPOrpaMMHBIX CPEACTB H METOIOB OLIEHKH BO3JIEHCTBHS Ha OKpY>Kaio-
UIy0 Cpefy: OT NPOCTCHIINX 3KCIIEPTHBIX OLCHOK, IO CIOXHBIX MMH-
TalHOHHBIX MaTeMaTH4Yeckux mozeneii. Ha Tak HaspiBaeMOM HIDKHEM
YPOBHE HCHONB3YIOTCS C/IOXHble pasHooOpasueie 'MC, Takue Kak
ARC/INFO, MapGrafix, Mapinfo u gpyrue. Ha BepxneM e ypoBHe,

YPOBHE PYKOBOJHTEIEH, MPHHHMAIOLIMX PELICHHUs, HCIIONB3YIOTCS, KaK
NPaBHJIO, 3KCHIEPTHBIE CHCTEMBL. DKCIIEPTHAA CHCTEMa B 3TOM Clly4yae
npexcraBiser coboil Habop MaTeMaTHueckuX MopjeneH, IKCIepHMeH-
TaIbHBIX NaHHBIX, H CIICIHAILHBIX KPHTEPHEB, [IPaBHII, ONPEAEICHHBIX
SKCIepTaMH-ciielanicTaMy. [ KaKaoro Tuna JaHHBIX 00 OKpy-
xarommel cpeze coznaercs Habop (6aHk) MaremariHgeckux Mozencii. Ha
MepBOM 3Tane mo0as MOAENL paccMaTpHUBaeTCs Kak rumoresa. B tom
Cly4ae, ecJIH MOZE/b OTBEpraercs No 3KCIICpHMEHTANBHBIX JaHHbIM H
NIPOTHBOPEYHT H3BECTHHIM (haKTaM, IIPOHCXOIHMT IIEPEXOX K APYrHM
MoJe/IIM. ANPHOPHBIC 3HAHWUA NPHHUMAIOTCS YIS [UIAHHPOBaHUA JKC-
NIepHMeHTa, BLIOOpa MoJiesieif U3 MHOXKECTBA, MPUIOAHBIX IUId OMHCa-
HMA M3y4aemoro oosexTa H BbiGopa KpHTEpHeB Ui 0OOCHOBaHHMS, Ka-
KHE MOJIE/IH M3 HMCIOIIHXCA JyJllie HCIOJb30BaTh B TOM HWIH HHOM
ciyuae. JIaHHBIE, Pe3Y/ILTAThl MOJETUPOBAHHUS NPOBEPSIOTCA HA AOCTO-
BEPHOCTh B paMKaX TOH WJIH HHOH CTaTMCTHYECKOM POLIEAYPHI.

VipoleHHbsie METOAMYECKHE HOAXOABI HCTIONB3YIOTCS [yl NPHHA-
THA DEUICHHH, B JAaCTHOCTH, B CHCTEME OpraHM3alMH SKOJOTHYECKOH
6e3onacHocTH. 11lMpoxo NpHMeEHAEMOH CTalla METOIHKA «OLICHKH BO3-
JeHCTBHA Ha oKpYkaromyio cpexy» (OBOC), HanpaBiesHad Ha BbLABJIC-
HME M POrHO3NPOBAHHE OXKH/IAEMOT0 BITMSHHA Ha cpefy obHTanus, 310-
POBBE HACEJICHMA CO CTOPOHBI pasHBIX MEPOIMPHATHH, KOTOpblE MOTYT
TIOBJIMATH Ha COCTOAHHE OKPYKAIOIEH Cpelipl.

Ocobennocra Benoab3osanns I'HC-rexnonornn ais Internet

Internet-GIS BaxomuTcsa Ha 3Tane craHosiieHHs. B pesynbrare uH-
Terpaumy TexHosoruit Web u GIS MOXer B YaCTHOCTH peaTH30BaTECA
CeyIOmuit CLEHAPHIA: MOTB30BATelb 3aIlyCKAET MporpaMMy-6paysep
(w1a 0630pa), Hanpumep Netscape Navigator, HaXOIHUT CTPaHHILY ¢ HH-
TEpAKTHBHOM KapTo#i H 3a0bIBaeT 0 TOM, 4TO ABJISETCA KTHEHTOM Inter-
net, TO ecTs HayMHaeT paborars ¢ KapTofi B pexxMe OOBIYHOMN HACTONE-
soii THC. JlaHHOro pesybTata MOXHO HOOMTBCS ABYMA criocobamu —
60 «HayuuTs» Web-cepeep, Ha KOTOPOM pacrionaraeTcsi Kapra, oc-
noBubiM THC-OyHxkimsaM, ymbo paspaborTaTe CHENHATM3HPOBAaHHbIH
6paysep, obnanatonmit GynximonansHeM Habopom HactonsHoH THC.
B >1oM cnywae 3a WEB-cepepoM oCTaHyTCs TOJIBEKO KOMMYHHKAIH-
OHHbIE QYHKIMH.

Kaxnapni criocob uMeeT CBOM AOCTOMHCTBA H HeflocTaTkH. Ilepena-
ya TAC-$ynxumit Web-ceppepy 3aMeUIseT ero paboTy ¥ yBeIHIHBAET
BpeMsA OXMIAHKA Ha 3aNpoC KIIMEHTa, B TO XK€ BpeMs B JIaHHOM Cllydae
B KAuecTBE KIMEHTOB MPEANONIaracTCs HCIONB30BaTh CTAHJAPTHHIE
6pay3epel, 9TO HEOTPAHHYEHHO pACIUMPSET KPYT MOTEHIMAIbLHBIX
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none3osareneii, Mcnons3osanue crenpansHoro Opaysepa yMeHpInaer
KOJHYECTBO BO3MOXHBIX TIONB30BATENEH, HO 3aT0 OBICTPONEHCTBHE
BCEH CHCTeMEI 3aMETHO YJTy4lliaeTcs.

B nacrosimee BpeMa pa3smealorcs o0a HanpasiieHHs. B xauectse
cnepmansHoro Opaysepa Moxer ucnonssoBarscs ArcExplorer, mpen-
crasnsnoman coboit ceepxnpoctyro F'HMC n cnyxauryto mnd npocmoTtpa
3MIEKTPOHHBIX K4PT, PACTIONIOKEHHBIX KAK Ha JIOKAJIBHOM JMCKE, TaK H B
Internet. ArcExplorer BEmMOHsAeT BU3yaM3auio KapT, HPOCMOTp ar-
pHOYTHBHBIX AaHHBIX, BHIGOPKY OOBEKTOB 1O aTpHOYTaM, a TaKoKe KO-
MHpOBaHHE 3JIEKTPOHHOH KapThl C cepBepa Ha JIOKambHBIH guck. He-
JOCTaTOK 3TOM IMPOrpaMMbl— OTHOCHTENIEHO Malad (PyHKIMOHAIb-
HOCTh. JUIA paciMpeHHst BO3MOXXHOCTEH paboTh! C pacTpOBHIMH H30-
OpakeHHsAMH — KOCMHYECKHMH CHHMKAMH, ¥ TIPH OTCYTCTBHH JPYTHX
NPOrpaMMHLIX IIPOYKTOB MOXXHO NOPEKOMEHIOBAaTH MPOCTYIO Ipo-
rpammy ERDAS MapSheet express. Ota nporpamma nossoinser pa6o-
Tath CO MHOTMMH (OpMAaTAMH PACTPOBBIX HM30DpaxeHMH, obGnanaer
MHOTHMH H3MEPHTEILHBIMH (QYHKIMAMM, MPHCYIIMMH IOJHOHHCTPY-
MeHTansHoM THC, HO, KOHEYHO, HMEET M Cephe3Hbie OTPRHHYCHUA I
pellleHs HayYHBIX M NPaKTHYeckuX 3agad. Hampumep, Takux kax reo-
TpaHchopMalms, kiaccudukaipa obnexroB H ap. s 3Toro umerorcs
CreLMAM3HPOBAHHbIC TIPOrpPaMMBbI I'I/IC KoTopble OyAyT OmmcaHbl
HIDKe.

Bropoe HanpasieHue NpeACTaBIeHO Gosiee MHPOKO, TOMBKO (up-
ma ESRI umeer aBe paspaborku B AanHO#M o6iactH: ArcView Internet
Map Server u MapObject Internet Map Server.

O1u paspaborky npeanoaaraioT, ¥ro [MC-pynkimm, ¢ noMomsio
KOTOpBIX (POPMHPYETCK OTBET Ha 3alpoC KIHEHTa, BHUIONHAIOTCA HE
HEIOCpeACTBEHHO Ha Web-cepeepe, 2 Ha HEKOTOPOM YIATEHHOM Cep-
Bepe. Web-cepBep B naHHOM ciiyyae GyzeT BHICTYNaTh B Ka4ecTBe cep-
Bepa-nocpeJHHKA, obecniequBaromero CBA3s MEKAY KIHEHTAMH M YAa-
neHHbIMH cepBepaMi. DyHKIMA TOCPENHHMKA MOXET PEeali30BaATHCA
CTAHIAPTHBIMH CEPBEPAMH C NOMOIUBIO CIELMATBHEIX NPEYIAraeMbIX
CKPHIITOB.

B xavecTBe ypmaneHHOro cepsepa MOXXeT BBICTyNaTe ArcView 3 ¢
pacminperneM ArcView IMS niu nprwioxkenHe, HAIMCAaHHOE Ha OMHOM
H3 CTaH/IaPTHBIX A3LIKOB IIPOrPaMMHPOBAHHS.

ArcView IMS — npozpamma, ¢ nomowpio xomopoi moboiu
nonb3oeament UMeEIOWUI MUKUMANbHYe Haguiku pabomul ¢ ArcView
GIS 3.0, moxcem pasmecmumv ceou xapmu @ Internet. Ina sroro
JOCTAaTOYHO yKa3aTh afipec Web-cepBepa, B COCTaB CEpBHCOB KOTOPOTo
BXOIHUT ONMH " M3 BHIE IIepeqMCIIEHHBIX CKpurroB, mMs HTML-

CTpaHMLBl, co3nats Bun c kaproi, KoTopylo mpemonaraercs BbiCTa-
BHTH Ha cepsep. B cocra ArcView IMS sxomar Java Applet MapCafe
— peammyromii  MuTepdeiic [HC-srioBepa (npocmrrpoamuca) "
Co3/alONMH y KIHEHTA, paboTalomero ¢ HHTCPaKTHBHOM KapToH, wi-
mo3mo pabots ¢ obpikHoBeHHOH I'HIC. MapCafe aBToMaTH4ecKkd pas-
Mmemiaercs Ha HTML-crpasutie, uma xqropoil 6810 3a7aH0 B Havane
paboTH.

B xayecrse 6payaepa KIHEHT MOXET Hcrons3oBars Internet Ex-
plorer wmm Netscape Navigator. JlocrourctsoM ArcView IMS genserca
TPOCTOTA €r0 FKCIVTYATALMH, K HEJIOCTATKAM CIICAYET OTHECTH MATyIo
(byHKIMOHAILHOCTS.

AsnprepHatuBoii ArcView IMS sBnsercs mprioXeHHe, HalHcaH-
Hoe ¢ nomomkio Map Object IMS. TpumepoM Takoro nojgxoma Moxer
6erms mHGopMamoHHas cucreMa «O3epa u peku Kapeswm», paspa6o-
tanHas B Kapermckom naydanom nenrpe PAH (MBIIC). OchoBHBIMM
HEZIOCTaTKAMH AAHHOIO BapHAHTa ARIIOTCA TPYNOEMKOCTh CO3NAHMA
MIPHIOXKEHHSA M CBA3AHHOIO ¢ HUM Java-applet.

PaspaGorannnni mo nanHo#H Texxonorwu IMS, Bo-nepBeix, Gyner
paborate Ha nopsfok 6nictpee, yem ArcView IMS, Bo-BTOphHIX, ero
GyHKIMOHAIBHEIE BO3MOXHOCTH OyQyT OrpaHHYeHbl TONBKO HHCTPY-
MeHTAIBHBIM coctaBoM Map®bject, koropsiii noctosnHo o6HoBMsETCH,
B-TPETHHX MMEETCA BO3MOXKHOCTh CAMOCTOSTENEHO paspaboTats M Ha-
MHCaTh NOIB30BATENILCKHH HHTEpdetic. Bribop Toro wim uHoro cpen-
CTBa NO/DKEH ONPENEIATHCA KOHKPETHO#H 3a/iadeil, KOTopyIO CTaBHT rie-
pen coboii paspabormax Web-ceppepa, u nipeanonaraeMsIMH yCIIOBUSA-
MH SKCIUTYRTalliH: KOJIHISCTBOM TOTCHIHANBHEX KIHEHTOB, O(HOBpe-
MEHHBIX ofpamenuit # T. ., & TAIOKE BpEMeHeM H q)mmnconmmn 503-
MOXKHOCTAMH.

Ecii npeyiokeHHbIE TEXHHYECKHE PEllCHHA C HCIIOIB30BaHHEM
cepsepa-TiocpeHUKa H yAajieHHoro IMS He momxomst, uMeercda BO3-
MOHOCTB € NMOMOITBIO HHCTPYMEHTANLHOro Cpeaictea MapObiject cos-
Iare API-monyns, peanmmsyronmii Heobxonumere [HC-pynxamn. [lan-
HOE pelieHye TPeJCTaBIseTCH MeHee THOKMM, YeM C YAaneHHBIM cep-
BepoM, Tak kak API-MOAyjis — 370 HacTs cepBepa, HATHCAHHASA TPH-
KJIaJIHBIM [IPOrPAMMHACTOM, KOTOpasi KOMIDIHPYeTCsS H coOHpaerca Bo-
emuHo ¢ Web-cepepoM, Ho HeoOXxoauMocTh pa3pabOTKH MOMyYIIA MO-
XeT BOSHMKHYTH JUIA obecriedeHHs B3auMOAECHCTBHA C OPYTHMHA MOAY-
NAMH.

Hoctynsocrs nnqmpmmn AN ArcViewGIS qepes Internet
JaHHsle, KOTOphIE MOTYT HMCIIOJNB30BaThCA C ArcView, clesiaHsl
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JOCTYTHBIMH Yepe3 Internet MHOrHMY opraHu3aumMamH. [IpesocxonHas
oTnpaBHast Touka — web-cTpanmia @enepansroro Komurera CHIA no
Teorpaduueckum [annbiM (US Federal Geographic Data Committee)
http.//www.fgdc.gov. Ha 310l cTpaHHLie COACPIKATCA CBA3H ¢ COTHAMH
OpraHM3alMii, MOANEPXHBAIOUHX H obecneunpatonmx Rauubie TAC, u
B CHIIA u Bo Bcem Mupe. B HeKOTOpBIX CiTy4asX BBl MOXKETE 3arpyKarb
JlaHHBIE HETIOCPEACTBEHHO JUIA MCHONb30BaHua B ArcView. CtpanHia
web ESRI (http://www.esri.com) Taioke CONEPHHT CBS3H C OpraHu3a-
LMAMH, OAEPKUBAIOMMH M obecrieyusatonmmy fannsie [C ESRI
ArcView Internet Map Server. YxaxeM elnie Takue NoIyJiApHEIe CTpa-
nuipl, kak Mapinfo — http://www. mapmfo com/ u Autodesk Map
Guide— http://www.mapqguide.cony.

C BEIXOZIOM HOBOrO GeCIUIATHOTO NPOrPAMMHOTO MPOIYKTa OT
ESRI — ArcExplorer, s 3akazumkxa HH(pOpMalMH 0 OKPHITHH CHHM-
KaMH, He