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BBEJENHE

Cnoco6HOCTh aKKyMyNIHpOBaThb ¥ TPaHC(HOPMUPOBATH IHEPTHIO H
BEILIECTBO — OJHO M3 OCHOBHBIX CBOHCTB BOJOEMOB 3aMELJICHHOTO BO-
noobmena. IlepBble MccnenoBareny 03ep CTONKHYIHCh ¢ (akToM Gec-
KOHEYHOTO pa3Hoo0pa3us 03€pHBIX 3KOCHCTEM, KOTOPbIE MOTYT CYyllle-
CTBEHHO pa3JIM4aThCs, JaXke €CIIH 03epa OJIM3KHU M0 BO3pacTy U MpPOHC-
xoxJeHu1o. Takoe pasHooOpasue OOBACHAETCA 4pe3BbIYANHOM CIIOX-
HOCTBIO 3KOCHCTEM 03€p, TAE CaMbIM TECHBIM 00pa3OM IeperuieTaloTC
dbu3nyeckue, xuMHYeckue M OHonoruyeckue mnpoieccsl. buomoruye-
CKHE SBJICHHS B Ka)(OM BOJHOM OOBCKTC CKJIAABIBAIOTCA B HTOre
CIOXHEHIIero B3aMMOACHCTBUS OIPOMHOI0 4ucia ocobell pacTeHHi,
XHMBOTHBIX, OakTecpuii, rpu0OB, NPHHAMNEKAUIHX KO MHOTHM COTHAM
HiIH Teicsyam BuoB. O3epHble GacceiHbl JOKAIM30BaHbl U pacnpene-
JIEHB] 11O TIOBCPXHOCTH CYIUM HEPAaBHOMEPHO. DTO 4Ype3BblYaiHO yc-
NOXHACT pa3paboTky ux Kiaccuurauuy. Bosuukaer Heo6Xx0aMMOCTh
BBIJICJIEHUS TE€X IMMHHYECKHX MPOLIECCOB, KOTOpBIE B NEPBYIO OYEPEab
OTPaXKalOT NMPUPOJAHBIE CBOWCTBA 03ep. JTO INpPEXAE BCEro MpOLECcCHI
IpeBpalleHNs BelecTsa U 3Heprud [Pocconumo, 1964].

Ozepo (MM BOJOXpaHWMILE) CO CBOMM BoAOcOOpOM ABILAETCA
CIIOXHOH €AMHON NPHPOAHON CHCTEMOH, B KOTOPOH B3aHMOAEHCTBYIOT
ruapodu3uyeckre, THAPOXUMHYECKHE, THIPOOHOIOrHYECKUE U CEAM-
MeHTauuoHHble npouecchl. O3epo Kak BOJOEM 3aMeIJIEHHOTO BOL000-
MEHa eCTECTBEHHOI'0 NPOHCXOXACHHA B 3HAYMTENLHOH CTEMEHH CXOA-
HO ¢ BogoxpaHunuiiamMy. OIHAKO OJHUM U3 TJIaBHbIX OTJIMYHMH ABIACT-
€4 TO, YTO BOJOXPAHUIHILA CO3/AaHBl H PETYJIHPYIOTCS YENOBEKOM, YTO
BO MHOTOM oflpejenseT 0coOblH CTaTyC HX IKOCHCTEM.

XapakTep B3aUMOCBS3H MEXIY COOCTBEHHBIMH KOMIIOHCHTaMH
03€p, a TaKKe KOMIIOHEHTAMH OKPYXXaloWKX JaHAmadTOB OINpeaenseT
0COBEHHOCTH KaXIO0Tro H3 03P M HanpaBIeHHOCTh UX pa3BuTHA. O3épa
pa3NHYyaroTcs Mo MPOMCXOXKAEHHIO HX KOTJIOBHH, MO 00BEMY BOIHOMN
MAacChl, 10 XMMMYECKOMY COCTaBY BOA M pa3HOOOPa3uio HACENAIOLIHX
HX THAPOOHOHTOB, IO XapaKTepy MOHHBIX OTJIOXKEHHH, YCIIOBHAM HX
HaKOIIEHHs ¥ APYTHM [IapaMeTpaM, 4TO BHIJENACT HX B PARY APyTHX
reocuicreM. OHM MrpaioT BaXKHYI0 POJIb B KPYrOBOPOTE BELECTBA H



SHEPTHH U ABJIAIOTCS PacX0JHO-HaKONHTEIbHBIMH CHCTCMaMHU. VIMenHo
HaKOIUICHHE BELIECTBAa B 03Epax MIpaeT BaKHEHILYIO poib B npeobpa-
30BaHUH O3EPHBIX KOTIOBHUH H 3BOJIIOLMH O3EPHBIX F€OCHCTEM.

Hacrosuiee yyebHoe nocobue NOATOTOBIEHO I CTYyACHTOB-
TH/IPOJIOrOB U MaruCTpOB B COOTBETCTBHHM C MPOrpaMMoit “IBTpodHu-
pOBaHHE 03€p U BOJOXPAaHWIMIL~ H MMEET CBOEH LEJbIO 0Ka3aTb IO-
MOIllb B NOHMMaHHH W PEIUIEHHH YKa3aHHOH mpobnemsl. Yacto oTcyT-
CTBME B3aHMOMNOHMMAHUSA MEXOY THIPOJOraMH M THIpoOHOJOraMu
3HAYHUTENILHO 3aTPYAHAET YCIELUIHOE PELICHHE KOMINIEKCHBIX MpobiieM
03ép. ABTOp, mojaras, 4TO YMTaTeNdb YXE BlaJeeT 3HAHUAMH OCHOB
03epoBeZicHHA (T'MAPONOTHH 03P U BONOXPAHMIMMI), IIOCTAPAICS AATh
HEKOTOpble HeOOXOMUMBIC CBeNeHUs M3 ruapoduonoruu. OcHoBoi Mo-
cobus aBIAeTCA KypC JICKLHMI, KOTOpBIH YHTAaETCst aBTOPOM /LI Maru-
cTpoB PoOCCHICKOr0 rocylapCTBEHHOIO T'HAPOMETEOPOJOrHYECKOrO
YHHUBEpCHTETAa B TeucHUC psja jcT. CHHCOK JIMTEpaTypbl, KOTOPbIH
NPUBOAMUTCA B KOHIIE MOCOOHS, MOXET CIY>XUTh OCHOBOH ISt yriTy0-
JICHHOTO M3y4YEeHHA paccMaTpHBaeMoi npobieMsi.

Cornacxo 'OCTy 17.1.1.01-77, ssTpoduposaunuc (38TpoduKaiius,
9BTpOQHs) BOA €CTh NOBBILICHHC OHOJOTHYECKOH MPOXYKTHBHOCTH
BOJHbIX O0BEKTOB B pe3yjbTaTe HAKOILIEHHA B BOAC OHOrCHHBIX 3JIe-
MCHTOB HOJ ACHCTBHUCM aHTPOIOTCHHBIX HJIM €CTECTBEHHBIX (IIPHPOA-
HbIX) ¢aktopoB [XpucaHoB, Ocunos, 1993]. AHTponorcHHoe 3BTpO-
(bMpOBaHHE OTHOCHTCH K 4HCIy TEX HEAABHO BO3HHKIUMX CJICACTBHM
JEATENIbHOCTH YEJIOBEKA, B NPEACTABICHUAX O KOTOPBIX COXpaHAETCA
eIE MHOTO HESICHBIX CTOPOH. CII0KHOCTB 3TOTO ABJIECHHS 3aKII0YaeTCs
B HEBO3MOXXHOCTH IIOBEPHYTh Ha3a]l YK€ HavaBLIMHCSH npoiecc. B npo-
THBOMNONOXXHOCTh OOBIYHOMY 3arpsA3HEHHIO, KOTOPOTrO MOXXHO H30e-
aTb B pe3y/bTaTe TCXHOJOIMHYECKHUX M JIPYTHX NPHEMOB, aHTPOIOreH-
HOTO 3BTpOOHMpOBaHHA H30€XKaTh YPE3BBIYAHHO CIIOXKHO, MOCKONBKY
OHO sABNsieTCA NMOGOYHBIM CICACTBHEM XO3SAHCTBEHHOH AEATENHHOCTH
4€e0BeKa, HE CTOJIBKO HAa CaMOM BOAOEME, CKOJIBKO Ha ero Bopocbope,
M HaKJIa[pIBa€TCs Ha MOCTENEHHOe H3MeHeHHe Mopdomerpun o3ep. Ho
3TO HE MCKIIOYaeT BO3MOXKHOCTH YNpPABJIEHHA 3THMH IIPOLIECCAMH U B
TO € BpeMsa TpeOyer BbIpaOOTKH KPUTEPHEB COLMAILHON OLICHKH —
CTCNIEHH COOTBETCTBMS COCTOSHHMs 03€p HHTEpecaM palMOHAIBLHOrO
NPUPOJONONb30BaHHUA.



FEereerBennoe 3Brpodhupopanue 03ép

OnHuM M3 BaKHEHIIMX MApaMETPOB, XapaKTEPH3YIOIIMX 3KOCH-
CTEMBI, TaK )K€ Kak ¥ B It060i Hayke 00 H3MEHSIOMMXCA MpoLeccax,
sBisercs GakTop BpeMEHH — BpEeMEHHOH MacwiTad, Ui KOTOpPOro yc-
TaHaBIIMBAIOTCA TC HJIM HHbIE B3aUMOCBA3H. CKOPOCTH H3MEHEHHS TOTO
WIIM HHOTO MAapaMeTpa — U3MEHCHHUA €ro 3a ONpEeNeNEHHBIN HHTEepBal
BpPEMCHH, T.€. TpaHC(opMalMs KOJIHYECTBA JHEPTHH B TEUYCHHE BEHI-
OpaHHOH €IMHHIBI BpEMEHH, HEOOXOAMUMBIH M 0043aTeNbHbIH MOKa3a-
TeJb KOCHCTEMBI. Bpemsl, 3a KOTOpoe 03epo NepexoquT W3 ONIHOM CTa-
IHH B IPYTYIO, MOXKET HCUHUCIATHCA KaK MHOTHMH BEKaMH, Tak roJlaMH
U MEcSLaMH.

Yrobbl B JaHHON MECTHOCTH BO3HHKIIO 03€pO, HEOOXOIMMO HAIH-
4yye OTPHUUATCIbHON ¢OopMbl penbeda M IOCTATOYHOrO KOJNHYECTBA
0CaJIKOB M CTOKAa, KOTOpble ODecreyar HalloJTHEHHE 03epHOH KOTIOBH-
Hbl Bomoil. O3cpo ABIAETCA CIEICTBHEM B3aUMOJACHCTBUS penbeda H
KJIMMaTa, KOTOphI€ CO3AAI0T O3EPHYIO KOTIOBHHY H COAEPXKALIYIOCS B
HeH BonHy1o Maccy. I1poToyHOCTE MM 6eCCTOYHOCTE 03€pa ONpencs-
ercs ero rcorpadu4ecKUM MOJI0KEHHEM B T'YMHIHOH WIM apUIHOH 30-
HE, a TaKKC COOTHOLIEHHEM BENIMYMH UCIApEHHs C BOXHOHM MOBEPXHO-
CTH U NpHTOKA B 03epo. OT 3THX napaMeTpoB, KaKk ¥ OT Pa3MEpPOB KOT-
JIOBHH, 3aBUCHT M BOXOOOMEHHOCTH BONOEMA, H YCIOBHS HAKOIUICHHS B
HEM MHUHEPAIBHBIX M OPraHHYECKUX BEIECTB, a TAKKC IPOAOIKHTEND-
HOCTb cyiecrBoBaHua o03¢p [Borocnoecku#i, 1960; BytopuH,1969;
SAxywko, 1981; Jloranosckuii, Manuuuu, 2004]. B pesynsrare B3au-
MOAEHCTBHA BOJHBIX MAacC C INOJACTUNAIOIIMMHM TMOPOAAMHM O3EpHOM
KOTIOBHHBI M NOJ BIMAHHEM NOBEPXHOCTHOIO CTOKA C OKPYXarOUIHX
nanawadToB Bojocbopa ¢opmupyercs ¥ (HYHKUHMOHHPYET CIIOXHas
camopa3BHBalolllascs reocucremMa o3epa [XaTuuHCOH,1969; Onym,
1975].

B o3epax HakamiMBalOTCS MPOLYKTHI XKHU3HEACATENBHOCTH pacTe-
HUH M )KMBOTHBIX, 00pa3ylolIMX O3€pHBIE IKOCHCTEMBI, HOPMHPYIOTCS
O6HOreHHbIE M XEMOTEHHbIE OCaIKU. B 03€pax yMepeHHOro KiuMaruye-
CKOTr0 Iofca B Pe3y/bTaTe HAKOIJICHHS OCANKOB M HaJBHMIaHHA CILIa-
BHH ITyOHMHBI M pa3Mepsl 03ep NMOCTENEHHO YMEHbIIAIOTCA H, B KOHLE
KOHLIOB, OHH MpeBpamaTcs B 60n0Ta unu ucuyesaior cosceM. Ckopo-
CTH 3aMOJHEHHs KOTJIOBMH HAaHOCAMM pa3lHYHbl KaK B MPOCTPAHCTBE,



TaK ¥ BO BPEMEHH, MIO3TOMY UL NO3HAHHA UCTOPHH Pa3BUTHA 03€p He-
00X0aMMO NpPHUBIEYECHHE PA3THYHBIX METONAOB MCCIEHOBAHUH, B TOM
YHCJIE NaJIEOTMMHONOTUYECKHX.

O3épa ¢ MOMEHTa CBOEro BO3HHKHOBEHMS XXMBYT H Pa3BHBAIOTCA
NOX BIMAHHEM B3aUMOACHCTBYIOUIMX KOMIOHEHTOB OKPYXaIOHIEro
nauawadTa. Ha coBpeMEHHOM ypOBHE TPYOHO IPEACTABHTH NPABHIIb-
HOe OOBACHEHHE O3EPHBIX IPOLIECCOB B OTPHIBE OT H3YYEHHS JIaHA-
magta Bogoc6opHoro Hacceiiia o3epa. B 20-x rogax nmpoiioro crose-
Tust 3. HayMaHH momeiTajcs yCTAaHOBHTH CBA3b MEXIY XHMHYECKHM
COCTaBOM MOYB BOAOCOODHOH TEPPHUTOPHH O3Ep M YPOBHEM IPOILYK-
THBHOCTH NocliefHuX. IM OpINO yCTaHOBNIEHO, YTO IJIOZOPOIHUE TOYB
Ha Boxoc6opax 03€p, MXx 60rarcTBO OHOTEHHBIMH JJIEMEHTaMH TECHO
CBSI3aHO C YpPOBHEM OHONOTHYECKOH MPOAYKTHBHOCTH BOJOEMOB.

BewecTBa, yckopsiouue pocT aBTOTPOQHBIX THAPOOGHOHTOB, MHO-
FOYMCIIEHHB!, Pa3HOOOpa3Hbl MO MPOHCXOXKIAEHHIO M COCTaBY, a TaKXKe
10 (PHU3HONOrHYECKOMY H IKOJIOTHYECKOMY 3HAYEHHIO.

[Moctymienue OHOrEHOB B 03€PO CO CTOKOM CO3JAaéT OCHOBY AJIA
pa3BUTHSA THAPOOHOHTOB B 03€pE H NPHBOIMT K €r0 HACBHILIEHHIO Opra-
HHYECKHM BELIECTBOM, YBETHYCHHUIO TPOGHOCTH U NEPEXOLY C OAHOro
TpouuecKoro ypoBHsa Ha Apyroi.

Io cxeme TunemanHa-HaymaHHa 03€pa IPOXOAAT MYTh 3BOJIIOLIHOH-
HOFO Pa3BMTHA OT OJMIOTPO(HBIX K IBTPOGHBIM H AUCTPOGHBIM BOXO-
émam. ITo C.B. Kasiecuuky [1973], «03epo — xak LenocTHoe 00pa3oBaHHe
— 3TO CHCTEMa, a CBA3b 03¢pa C JIAHIA(TOM — CBHIETEILCTBO TOTO, YTO
OHO €CTb NEMEHT IPYTOH cHcTeMbl Ootee BLICOKOTO nopsanka (lamuad-
ta)». OTclopa cleayer, YIo 03epo M BOAOCOOp — 3TO €IMHas CHCTEMa, a
U TTy6OKOr0 M BCECTOPOHHETO TMO3HAHUS ITOH CHCTEMB! HEOOXOIUMO
HE TOJNBKO M3YYMTh BCE NPOMCXOIILME B 03€pe NMPOLECCH B MX B3aUMO-
NEeHCTBHH M JUHAMUKE, HO M YCTAHOBHTB XapaKTep B3aUMOJCHCTBHIA MEX-
Iy 03epom 1 ero Bogocbopom [[Ipabkosa, Copokus, 1979].

Osepa, ABASACH cOCTaBHOH YacTbiO NaHAMA(Ta, HECOMHEHHO, OT-
paxaroT B cBoeM obinke uepThl TOH nanmuadTHOH 30HBI, B NEPBYIO
odepelb e KIMMAaTHYECKHE OTJIMYHSA, B NIpeesiax KOTOpPOH OHH pacro-
noxeHsl. YepThl, Mpucyuine TOH NPUPOIHON 30He, B KOTOPOH HAXORUTCA
03€pO, BBIPAKAKOTCA B COOTBETCTBYIOILMX CE30HHBIX KoneOaHHAX YpOB-
Hf, TEMIEPATypbl U PAaCTBOPEHHOrO B BOJE KMCIOpOAa, B OoOIIEM Ha-
npapjeHHH Onornyeckoro Gananca u T.4. Ilo marepuanam MexnayHa-
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ponHo# Guonoruyeckoi nporpammbl (MBIIT) nokasano, 4To BenMuHHa
AEPBUYHON MPOXYKIMK (PUTOIIAaHKTOHA 03€p Mupa ckoppenvpoBaHa
OTPHUATENLHO C PAaCCTOSHHEM OT 3KBaTOpPa M MOJIOXKHTENBHO C MHTEH-
CHBHOCTBIO COJIHEYHOM paJuallii U BENUYHHOMN 3JIEKTPONPOBOJHOCTH.

OnHako 30HaNbHbIE NPU3HAKK HE BCErJa INOJHOCTHIO XapaKTepH-
3yI0T Bce MHOroofpasue o3ep B mpenesiax TOH HWIM MHOH NPHPOIHOH
30Hbl. HeoOxonuM yuer cnenupuueckux a3oHaNbHbIX NPU3HAKOB, CY-
LIECTBYIOIUX Ha (oHe oOwmux 30HaNbHBIX 4epT. K yuciny a3oHanbHbIX
HPU3HAKOB OTHOCATCA BHeuiHHe (penbed M mnomans Bomocbopa, xa-
PaKTep ropHBIX MOPOI, FEOXMMHYECKHE NPOLECCHI, XapaKTep aHTPOMo-
FeHHOM HEATENLHOCTH H T. A.) H BHyTpeHHHE (pOpMa KOTJIOBHHBI, TIPO-
TOYHOCTb, BOJIOOOMEHHOCTh 03€pa, IPUTOK IPYHTOBBIX BOL).

VBenuveHHe MPOXYKTHBHOCTH 03EP NPH MX CTAPEHHH — €CTeCT-
BEHHKIH npouecc 3BTPOGHUPOBAHMS, OOBLIYHO ANUTCA Beka [XeHAEpCOH-
Cennepc, Mapxienn,1990]. Ilpouecc 3BTpodHpoBaHUs BOJOEMOB He-
M30€XEeH U 3aKOHOMEPEH B TaKOMH )€ Mepe, KaK CTApCHHE OPTaHH3MOB
H HX CMepTh. 3a BpeMs CBOEr0 CYLICCTBOBAHHS 03€p0O MEPEXOAUT OT
CTaguM BOJOEMAa C HM3pe3aHHbIMHM Oeperamu, HEpPOBHBIM IHOM, MpO-
3pavyHo#, YHUCTOH BOMAOM, GoraToil kucnoponoM u OenHON opraHuye-
CKOH XM3HBIO, K CTaJM{ 3apacTaloILEro BOJOEMa C MoJoruMH Oepera-
MH, BBIDOBHCHHBIM [HOM, Oypo#, 60raToil OpraHHYeCKHMH BELIECTBA-
mu Bopoii. Koneunoit ctanueit passutus o3epa sBnsercsa 6onoro. Hu-
)KENPHUBEICHHAs CXEMa Pa3BHTHA 03€Pa MOXKET HApyIIaThCi C U3MEHE-
HWAMH KJIMMaTa, CTOKAa H BCJICACTBHE TEKTOHUYECKHX IBHXXCHHH 3eM-
Ho# kopwl [Borocnosckuit, 1960; OnyM, 1975]. Ha puc. 1 uzobpaxkena
cXeMa IpolIecca €CTECTBEHHOr0 3BTpOGHPOBaHHA 03€pa.
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Puc. 1. Mpouecc 3BTpodupoBanus BOKOEMA — ECTECTBEHHOE Pa3BHTHE
OT OJIHTOTPOHOrO Yepe3 Me30TPOPHOE K IBTPOYHOMY COCTOAHHIO
no [Xennepcon-Cemnepce, Mapiienz, 1990].

[ - onurotpodroe 03epo ¢ MaILIM KOJIHYECTBOM GHOTCHHBIX BELIECTB, BHICOKOH KOH-
UCHTPaLHe# pacTBOPEHHOTO KHeNopoaa; 11 — me3oTpodHOe 03epo(cpentee KOMHYECTBO
6uorennnix Bewects); III 3sTpodHOE O3epo(BICOKOE comepxaHHe CHOreHHbIX Be-

ILIECTB, BO3MOXHA HHU3KaA KOHLEHTPALMA PACTBOPEHHOIO KHCIIOPOAa).
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ITo Mepe 3anonHeHHs 03€PHOH KOTIIOBMHBI OTJIOKEHHAMH KOJIbLIA
3apociel COKMMalOTCS BOKPYT HApOCTpaHCTBa cBobomnod Boasl. Co
BpEMEHEM, KOraa riyOuHa o3epa YMEHBLIUTCS, PACTCHHSA Ha BCEM €ro
NpPOCTPAaHCTBE MOXHHUMYTCS CO JHA K NMOBEPXHOCTH, “HMpOpacTyT O3e-
po”. ITocrenenno, no mepe oOMeNcHUA, OAHA PAaCTHTENbHAsd 30HA 3a
JApYro#l BhINAAaeT, NMOKa O3€PHYIO PacTUTENIbHOCTh HE CMEHHT pacTH-
TenbHOCTH 6010T. OT 3TOro Mpouecca 3apacTaHUsd 03ep NMosSCaMH IpH-
OpexHBIX PAacTeHHH OTIHYaeTCA NpolLecC HapacTaHus cmiasuH. OH
0coO€HHO XapakTepeH IUis o3ep co cnaboi MHHepaliu3aluMeH BOAB H
HebonpiuM npuboeM. B atoM cimydae ot 6eperos no noBepxHOCTU BO-
Il HAYMHAET paclpOCTPAHATHCA 3bIOKOE CIUIETCHHE U3 >KUBBIX M OT-
MepIUIMX pacTeHHH — cniaBuHa. Yallle BCETO OCHOBHYIO MAacCy TaKoOro
3p10yHa obpa3yer carHOBbIii MOX, ONHPAIOILUICS Ha KOPHEBHINA H
noberu ocok, cabesbHUKa, BaXThl, OEJOKpBIIbHUKA, mieHxuepuu. Kpaii
CIUIaBHHBl MOXET PaclpoCTPaHAThHCA OO IryOMHBI 3—4 M, H Y ee Kpas
HepeIKO HayMHaeTcd 30Ha KyOblmek H paectoB. Ilo cnaBuHe paspac-
TAlOTCA OCOKH, carHyM, KiIIOKBa, OarylbHHK, a 3aTeM M KapiIHKOBas
6epesa. 3epkanio cBOGOAHOMH BOJIBI, MOCTENEHHO COKpalasch, pacnajaa-
€TCs Ha OTHE/IbHBIE OKHA CPEAH MOXOBOro 00N0Ta M, HAKOHEL, UCYE3a-
eT coBceM. PacTurensHble OCTaTKH OCENAIOT M3 CIUIaBHHBI HA JHO, 00-
pa3ys TOpGAHUCTBIHA canmpornens, HO CIy4aeTcs, YTO CIUIAaBMHA YCIeBa-
€T 3aTAHYTb BCE 03€pPO paHbLie, YEM OHO 3aIOJIHHUTCA TOPOAHBIMH OT-
noxeuusamy. Toraa, mpy yTonaHUM 4YacTH CIUIABHHBI, BOHMKAIOT OKHA
B MaplliaX MM LieNible NpoBaibHble TOpdsaHbie o3epa. Lllupoko pacnpo-
CTpaHEHbl HaqWJIOBBIE CIUIaBHHbI, PAaCCTHIIAIOMIMECA 1O JIOBEPXHOCTH
TOJY>KHIKHX HIIOB, 3aNIOJIHAIOLINX 03€PHBIE KOTIOBHHBI.

PesyneTaTel H3ydeHHs ocoOeHHOCTEH 3apacTaHHs O3€p H CE30H-
HOHM IMHAMHKH THAPOOMOJIOTHYCCKHX M I'MAPOXHMMHYECKHX NPOLECCOB
B 03€pax NOKa3bIBAIOT INTy6OKYI0 B3aUMHYIO 00YCIIOBIEHHOCTh 6HOJNO-
TM4eCKHX H runponoruyeckux npoueccos [borocnoeekuii, 1960].

ITo Mepe HakomIEeHUs OPraHHYECKOTO BEIIECTBA 03epa NEPEXOAAT
OT ONIMTOTPO(QHOrO THIIA C HU3KHM YPOBHEM IIPOXYKTHBHOCTH K ME30-
H 3BTPO(QHOMY THIIAM CO CPEIHUM M BBICOKHM YPOBHEM IIPOXYKTHBHO-
CTH M Jlajiee K JUCTpoHOMY THITy. DTa CXEMa OCHOBELIBAETCH Ha Mpel-
CTaBJIEHHHU 06 03epe KaK aKKyMyJATOpe BEIECTBAa, KOTOPOE Y4acCTBYET
B GHONOTMYECKOM KPYyroBOPOTE H NOCTENEHHO HAKaIUIMBAaeTCA B 03ep-
HO# KOTNOBHHE.



Eciii npHHATH NEPBHYHYIO NPOYKLUHIO B OJMFOTPO(HBIX BOMO-
€Max 3a eJMHHLY, TO B Me30TpOodHBIX OHa B 3—5 pa3 Bblile, a B 3B-
TpodHBIX B 75-90 pa3 Bblle, YeM B OMMroTPOdHBIX, NPHYEM 3[ECh B
BOJHOM Macce NepBHUYHAs MPOMYKIMS NPEBHIUAET AECTPYKIHIO.

BpeMs pa3zBuTHi 03epa 1O 3TOH CXEME OYCHB CHJIBHO BapbHpYeT.
B omHuX M Tex Xe maHamadTHBIX YCIOBUAX HErlyOokue o3epa ObICT-
pee nepexonsT B CTaguio 3BTPOPUPOBaHHS.

INpouecch! NpeBpalleH)s BEILECTBA H JHEPTHM 3aMBIKAIOTCS Ha KpY-
rOBOPOTE OPraHHYECKOro BELIECTBA, KOTOPBIH 00BbemMHAET GHOXHMHYeE-
CKi€ IIPOHECCH! Ha BCEX TPOPHUYECKHX YPOBHAX KakK B BOAHOM TOJNILE, TaK
M B JIOHHBIX OTJIOXKEHIIX. BO3MOXHOCTE HCIIOIB30BaTh COOTHOILEHHE
Tpex (aKTopoB — MOCTYIUICHHE OPraHHYECKOro BELIeCTBa M3BHE, €ro 00-
pa3oBaHKe M JECTPYKIHMS B 03€pe — B KaYECTBE BaKHOIO KPUTEPHS THITH-
3auuH, Haubosee IMONHO XapaKTepPU3YIOLIETO CYIUHOCTh BOJOEMa, HEOM-
HOKpaTHO ofcyxpanace B paborax JI.JI. Poccomumo [1964, 1976]. Konu-
YECTBO HAKONHBILETOCS B BOJOEME OPraHMYECKOrO BEILIECTBA 3aBHCHT OT
COOTHOLLIECHHS POLIECCOB MPOTYKIMH H JACCTPYKIMH.

VHTEHCHBHOCTR KPYTOBOPOTa OpraHMYECKOTO BELIECTBA ONpeNenser
HE TONBKO YPOBEHb OHONOrHYECKOH MpOTYKTUBHOCTH 03€p, KOTOpbIi
CKJIaIBIBACTCA B PE3YNbTATE HUIHEACATEILHOCTH TMIPOOHOHTOB BO BCEH
CIIOXHOCTH MX MHILEBBIX OTHOLUEHWH, HO H CKOPOCTb CEJMMEHTALMH H
HaKOIUICHHA BeliecTBa B Bogoéme. Kilaccudukaimu o3ep, OCHOBaHHbIE Ha
OHOIOrHYECKOH MPOLYKTHBHOCTH, HOCAT OOLLEITMMHOIOTHYECKHH Xapak-
Tep. B 3TOM COCTOMT HMX IPEHMYILECTBO [0 CPaBHEHHIO C APYIHMH
KiaccHpHKaMAMH, IIe 32 OCHOBY 6epyTcs reoMop(onorH4eckue, THapo-
JIOTHYECKHUE, TEPMHYECKHE, XHMHYECKUE H JIPYTHE MOKA3ATEIH.

Koneunoit menbio H3ydeHHs mo60ro KOMIIOHEHTa MPUPOIBI
o6blyHO ABNAETCA pa3paboTka CHCTEMBI THIOJOTHYECKHX EAMHHL C
NOCNICAYIOINM PaifOHMPOBAaHHEM, DACKpHIBAIOIMM CYLIHOCTb, B3aH-
MOCBSI3b H B3aMMOOOYCIIOBIEHHOCTh COCTaBIAIOLIHX €ro KOMIIOHEHTOB,
BBISCHAIOIIMX HaNpaBJICHHOCTb (H3HMKO-reorpaUyecKux NpoLeccos,
XO34HCTBEHHBIA NOTEHUHAT H T.A.

Anrponoreunoe 3BTpopupoBanue ozep

Bo Bropoii nonoBure XX Beka HayuHbIH MHTEPEC K U3MEHEHHIO
TpoduH 03Ep pe3Ko BO3POC. ITO MPOH3OIUNO B CBA3H C TEM, YTO NpPO-
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LECChl IBTPOQUPOBAHUA HACTOJNBKO MHTCHCH(HLIHMPOBAIHCH, YTO [IPH-
BEIM K BCE YCUIIHMBAIOUIEMYCH YXYALICHHIO KauccTBa BOAbl. SBIeHHE
CTHXUHHOI0 aHTPONOT€HHOTO 3BTPOMUPOBAHUS NOIYUYHIIO II00aTBHBIN
XapaKTep M Pe3KO BBIPAXKCHO KaK B OJHUTOTPO(HBIX XOJOXHOBOAHBIX
o3épax Espomnsi, CeBepHOil AMEpHKH, A3HH, TaK H Ha ME30- U 3BTPOd-
HBIX BOJIOXPaHHMIIHILAX YMEPCHHBIX IHPOT. DTOT MPOUECC XapaKTepeH
TaKoKe U1 PYAOB, 3CTyapHbIX 6acCeHHOB ¥ B OTAENbHBIX ClyYasx Ui
mopeii (bantuiickoe, YépHoe).

B Hacrosuiee Bpems OOJIBIIMHCTBO O3Cp B paiHOHax C Pa3BHTBIM
CEeIbCKHM XO34iCTBOM M MPOMBILINIEHHOCTHIO [TOJBEPraloTCs 3BTpodH-
pOBaHHIO, @ B HEKOTOPBIX C:Iy4Yasx H JUCTPOGHPOBAHHIO, KOraa ocoOCH-
HO pe3KO COKpAIIaloTCA JCCTPYKIMOHHbIE MPOLCCCHl, YTO MPHUBOIMT K
Pe3KOMY YMEHBIUEHHIO IiTyOUH 03€p, a 3aTEM M K MX MCUC3HOBEHHUIO.

AHTPONOICHHOE BO3ACHCTBME HEPCIKO COIPOBOXAACTCA CTPECCO-
BBIMM H3MEHEHWIMH O3EPHBIX DKOCHCTEM. DBTPOGHpOBaHHE 03€p MOJ
BJIMSIHUEM TaKOro BO3JCHCTBUA MJET, KaK MpPaBHIIO, UHBIM IyTEM, YEM
HPUPOIHOE, XOTA 001as cxemMa pa3BUTHS COoXpaHsercs. BoT nouemy Bbl-
nensercst ocobas 06nacTb JIMMHOIOTHH — UCCICIOBAHHE aHTPONIOr€HHO-
ro 3BTpodHpPOBaHUS 03ep, 3aKOHOMEPHOCTH KOTOPOTO TPYJHO NMPOTHO-
3MpOBaTh UCXOMs TOJILKO M3 3HAHMH NPHPOJHBIX NMPOLECCOB IBOIIONMH
o3ep. BosaclicTBre x03AHCTBCHHON ACATEABHOCTH YCI0BEKA Ha BOIHBIC
00BEKTBI MPUBOJMUT K TOMY, YTO K IPHPOJHOMY pasHooOpasuio o3ep I0-
0aBNIAIOTCA 03cpa, IKOCUCTEMbI KOTOPBIX [OJBEPIKEHBI CTPECCOBBIM aH-
TPOINOTreHHbIM H3MEHEHUsM. B HamieH crpaHe nepBble HCCIIENOBaHHA
AHTPONOTEHHOIO JBTPOQUPOBaHMA BHYTPCHHHX BOJOCMOB CBA3aHbl C
paboramu cotpyaHukoB UHcTHTyTa reorpadpuu Axagemun Hayk CCCP
nox pykosoucrsoM JIJI.Pocconmumo, HauaTeiMu B 1963 .,

AHTpOnoreHHoe 3BTpodHpOBaHHE O3€p MOAPAa3yMEBAET Hpexne
BCEro YBE;IMYEHHE NOCTYIUIEHHS B BOAY OMOIEHHBIX 3JIEMEHTOB M BO3-
pacraHue OHONPOLYKTHBHOCTH BOXHBIX dKocHCTeM. ClecTBHEM 3TOrO
ABJISIETCS YBEIMYECHHE CKOPOCTH HAKOII;IEHHS OMOTEeHHBIX OCalIKOB.

B kauccTBe buoceHHbIx 31emenmo8, KOTOPbi€ KOHTPOJIIMPYIOT 3BTPO-
¢upoBanne BomoEéMa, oOILENpH3HAHBl TakHe BEIECTBA, Kak Qocdop u
a30T, a HHOTAA ¥ yriepod. [se ocHoBHble dhopmsl ¢ochopa — pacTBopEH-
HbIl oprodoctar u obwwuit docdop, BrIovarowMi Take Gocdop, co-
JEpXKallMiCs BO B3BCLIEHHOM COCTOSHUH, — OKa3bIBalOT OCHOBHOE BIIHS-
HHE Ha POCT aBTOTPOGHBIX I'HAPOOHOHTOB. OCHOBHOE NMHTATE/ILHOE 3Ha-
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YEHHE 1A 3THX OPraHU3MOB HMEIOT PaCTBOPEHHbIE MHHEPAIBHBIC HOPMBI
a30Ta — HUTPATHI, HUTPUTHI U aMMouuH. ConepxaHue pasaMuHbIX Gopm
¢ocdopa 1 a3ota B 03EPHBIX BoJaxX Konednercsa B IHUPOKUX npenenax. O
paznu4HbIX ¢popmax ¢ochopa U HX KpPyroBopoTe MOXHO MPOYMTATh B
cbopHHKe «DneMeHTh KpyroBopota dochopa B Bogoémax» [1987].

U3 BblIECKa3aHHOTO SICHO, YTO KOJHMYECTBO OMOrEHHBIX BEIECCTB
IOCTaTO4YHO orpaHuyeHo. OOHaKO HCTOYHHUKH 3BTPOPUPYIOIHX Be-
IECTB pa3HOOOpPa3Hbl, H HCHUEPIIBIBAIOLIEE 3HAHHE 3THX HCTOYHHKOB
TaKKe HEoOXOIMMO, Kak 3HaAHHE COCTaBa 3BTPOGHPYIOIMX BEWECTB H
HX POJIH B MOBBILICHHUH NIPOAYKTHBHOCTH BOJOEMOB.

Hemounuku anmponozenHbix geujecms HEMOCPEACTBEHHO CBA3aHbI
C pa3nH4YHbBIMKH (popMaMH NEATENHHOCTH YENOBEKa, U 3Ta CBA3b BhIpa-
YKCHAa B IIPOCTPAHCTBEHHOM DPa3MELICHHH, a TAKKE B CE30HHBIX M MHO-
TONETHUX H3MEHEHHUAX cocTaBa M 00bEMa 0OpasyromMXcs BCLIECTB.
Caenysa JI.JI. PocconuMo [1977], UCTOYHHUKH aHTPONMOICHHBIX 3BTPO-
GUPYIOIMX BELIECTB MOXXHO CBA3aTh C OCHOBHBIMH BHIAMH JEATENb-
HocTH obuecTBa:

— HpPOMBILUIEHHOE MPOU3BOJCTBO,

~  CEJILCKOXO03AHCTBEHHOE NPOM3BOACTBO,

~ co3JaHMe HaCeNEHHBIX MYHKTOB, BKJIIOYas Bce GOpMBbI ypOaHH-
3aLuH,

— peKpealHOHHas AeSITENbHOCTb.

Bce ucTOYHMKH MOryT OBbITh pa3sfeicHbl Ha pacCEsHHbIC, T.€. CO-
6uparonue 6HOTEHHBIE TEMEHTHl C HEKOTOPOH TUIOIAAH, H Ha TOYeu-
Hble — HCTOYHHKH, HMCIOILME BIIOJHE ONpEAEIIEHHBIE pa3Mep H pacxol,
Hanpumep Tpy0a.

IMpu nnorHocTH Hacenenus 50-150 4enoBeK/kM® B BOJOEMAX
[IBefiiapuy a30T CTOYHBIX BOJ cocTaBiser 35 % obumiero mocrymie-
Hus, a pocdop cTokoB — 50-75 %, ocTaIbHOE KOIUYECTBO OMOrEHHBIX
37€MEHTOB IOCTYNaeT C CEJIbCKOXO3AUCTBEHHBIX 3eMenb. Pocpop
CTOYHBIX BOJ INpEACTaBieH B OCHOBHOM OpPraHOre€HHbIM (ocdopom,
BBIE/IAEMBIM UYelloBekoM U (ocdopom nereprentos. Uenosek BeIaens-
eT B cyTKH OT 2 10 5 r dochopHbix coenuHennid. Komnuectso docdo-
pa, MOCTYMNaloIIero B BOXOEM, 3aBHCHT OT CTENECHH OCYLIECTBIIEMOH
OYHCTKH. B MecTax MaccoBOro oTAbIXa Ha BOAOEMax B pe3yJbTaTe Ol-
HOPAa30BOTO KYIaHHUs YeJIOBEK IOCTaBJIET B 03¢po B cpeaHeM 106 mr
obuero docdopa 1 214 Mr MuHEpanbHOro a3ora.
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U3syuenne kpyroBopora pocdopa B NpHpOOHBIX BOJAX B HACTOSA-
iee BpeMs CTaJIO0 OJHOH M3 BaKHEHIINX NpobiieM pallHOHAIBLHOIO HC-
NOJb30BaHHA U OXpaHbl. BospacTaroliee aHTPOIIOrEHHOE BO3ICHCTBHE
Ha BOJOEMBI NIPUBOAUT K M3OBITOYHOMY IOCTYIUICHHIO B HUX ¢ocdopa
U 3sTpodupoBannio. UMeetca Oonblioe KojaHYeCTBO paboTt, MOKasbl-
BAaOLIMX, KaK BiaugeT (ocopHas Harpyska Ha OHONOTHYECKYIO TMpO-
JYKTHBHOCTb 03€p, OZHAKO OOLIHE 3aBUCHMOCTH HEC BCKPBIBAIOT CaMOM
CYTH CIIOXHOTO SBIEHHA, 3aKUII0YAIOUIErocs B MOTPCOJICHUH 3JIeMeHTa
pacTeHHsAMH, TpaHC(HOPMaUMH B CHHTE3UPOBAHHOM HMH OpraHHYECKOM
BELIECTBE 1O TPOGHYECKHM LENSAM, pPEreHepalMyd M HaKOIUIEHHH B
JIOHHBIX OTIOXEHUSX.

W3BeCTHO, YTO C aHTPONOIEHHBIM 3BTPOGHPOBAHHEM BOJHBIX
00BEKTOB CBA3aHa MHOTOCTOPOHHSAS NEPECTPOHKA HX IKOCUCTEMBI. JTa
nepecTpoiika UMeeT HanpaBJIeHHBIH XapakTep, 00yCIOBJICHHbIH yBENH-
YEHHMEM NPOAYKTHBHOCTH BOAHBIX COOOHIECTB M OTCTaBaHWEM MECT-
PYKUMOHHBIX NMPOLIECCOB OT NPOAYKLIHOHHBIX, B pe3yJIbTaTe Yero opra-
HHMYECKOE BEILECTBO HAKaIUIHBAETCS B BOAHBIX o0bekTax. [Ipu cymect-
BEHHO# OOIIHOCTH Npoiecca BHIIENSIOTCA U 3aKOHOMEPHbIE OCOOEHHO-
CTH €ro pasBUTHS, ONpeAenseMbie MOPHOMETPHUYCCKIMHU NTapaMeTpamMu
BOJOEMOB, HX NPOTOYHOCTHIO, OOLIEH MHHEpaNH3aled BOIbI U COOT-
HOLLEHHEM pa3NMYHbIX HMOHOB, KOJIMYECTBOM MOCTYMAIOIEH Ha MO-
BEPXHOCTDL BOJIbI COJIHEYHOM panuanuy [Kutaes, 1984].

CKopocTh pa3BUTHS AHTPONOTEHHOTO 3BTPOQHUPOBAHUA — ONUH U3
BaXHEHLIMX NPH3HAKOB 3TOTO MpOLIECCa Kak B TEOPETHYECKOM, TaK H B
IPaKTHYECKOM acriekTe. [ ero XxapakTepuCTHKH MOTYT ObITh HCIIONb-
30BaHbl MIOOBIE NOKa3aTeNu HapyLICHAs, HO HAaJO, OQHAKO, MMETh B
BHIY, YTO B 3aBUCHMMOCTH OT YCIOBHI OHM MOTYT OOHapyXHUBAaThCA B
pa3HOoe BpeMs, B pa3HOH IOCIENOBATENFHOCTH M HapacraTh ¢ pasHOM
ckopoctslo [Pocconnmo, 1976].

CpaBHeHnne 03ép ¢ pa3zJJHIHBIM ypoBHeM
AHTPONOreHHOro BO3AelHCTrBnA

CpaBHHTCJ]LHOC H3Y4YCHHUC O3€p OCHOBLIBACTCA HA COBOKYIHOCTH
TNPHU3HAKOB, XAPAKTEPHIYKOUIHX INPHPOLY KaXXIAOro 03€pa KakK JJICMCHTa

JasAwadTHON CTPYKTYPHI.
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CylHOCTh METOAa HCCIICHOBAaHMHM 3aKIIIOYaeTCs B CPaBHEHUH
03€p, GIM3KMX MO CBOUM (H3HKO-reorpad@UUEecKMM AaHHBIM, HO Cyllic-
CTBEHHO Pa3JIMYHBIX [0 aHTPOMOTCHHOMY BO3JCHCTBUIO: 3Has COCTOS-
HHME OIHOIO M3 03EP, MOXHO CYJHTb U O IPYTHX, PACMOJIOKEHHBIX B
CXOOHBIX C HUM NapamadTHeIX ycnouax. OQHO 03epo JOKHO Xapak-
TEPU30BaTh Pa3sBUTHE B €CTECTBEHHBIX YCIIOBHSAX, JIPYroe — NpH OIpe-
JIENEHHOM aHTPOIIOT€HHOM BO3JeicTBHH. I1ocKONIBKY 3BOIIOLHA 03ED B
€CTECTBEHHBIX YC/IOBMAX TNPOUCXOOUT KpaiHE MENJICHHO, COCTOSHHE
NEPBOTO (3TAIOHHOI0) MOXKHO PacCMaTPHBaTh Kak MCXOIHOE COCTOS-
HHE IO CPABHEHHWIO C JIPYTHMM O03€POM, HaxOAALMMCS B HacTosuUice
BpeMsl O]l aHTPONOTr€HHbIM BO3[eHCTBHEM. 30€Ch MBI HMEEM CBOECOD-
Pa3HyI0 3aMCHY H3MCHEHHH BO BpeMEHH M3MEHEHUAM B IPOCTPAHCTBE.
I'naBHOE NMpeHMyLIECTBO TAKOro MOJAX0Ja 3aKI04acTCs B TOM, YTO MBI
MOXEM BHJIETh NPEeXHEE U HACTOSAILEE COCTOSHUE 03€Pa OMHOBPEMEHHO
M XapaKTepH30BaTh 3TH COCTOSHHA HEOOXOIMMBIM KOMIUIEKCOM H3ME-
penuit [AHTpONMOreHHoOE BO3/ciCTBHE Ha Mankle 03epa,1980].

Haubonbuine xe TpyIHOCTH 3aKII0OYAIOTC B noadope OAHHAKO-
BBIX IO NMPUPOJHBIM YCJIOBHAM 03Ep MpPH 3aJJaHHOM YPOBHE aHTPOIO-
reHHoro BozaedcTBus. OcHOBHble TpebOOBaHHA K noabopy mrap o3ep
CBOIMTCA K CIENYIOLIEMY .

1. O3epa momKHBI MMETH OJHHAKOBBIH BO3pacT. B psne cimydaes
3T0 TpeOOBaHHME MpeAONpenenseTcs pPacCTOSHHEM MEXTY HHMH, 4TO
XapaKTEPHO IJIA O3EPHBIX CHCTEM JIEIHUKOBOTO NMPOMCXOXICHHA, i
KOTOpBIX 3TO TpeboBaHHe Jierko ynosneTBopumo. ONHAKO HEnb3d HC-
KIIOYHTh BO3MOXKHOCTH CPaBHEHHS 03€p, HaXOMALIMXCSA HA 3HAUUTE/Ib-
HBIX PacCTOAHHAX.

2. Heo6xonuMo CpaBHEHHE O3ep CO CXOOHBIMH MopdoMeTpuye-
CKHMH XapaKTCPUCTHKaMH H C OJH3KMMHU BETHYHHAMH NPOTOYHOCTH.
YyuThIBas, YTO Ul O3epa CO CIOXHOH KOHQHIypauue#d TpyIHO HO-
noOpaTh aHaNOrH, MHOIOIUIECOBBIE 03¢Pa C MHOTOYHMCIICHHBIMH OCTpO-
BaMH M 3aJIMBaMH XKEJIaTENbHO HE PACCMAaTPHBaTh.

3. HeobxomuMo cxonctso ¢H3uKO-reorpa@uyeckux xapakTepu-
CTHK BORocOOpoB u3OMpaemsix o3ep. Ilockonbky paccMaTpuBaercs
3¢ ¢eKT aHTPONMOreHHOro BO3AEHCTBHA Ha BOHOCOOpax, COBpeMEHHOE
HX COCTOSHHE MOJKET OTJIHYATLCA BEChMA CYILECTBCHHO; B 3TOM pa3Jiu-
4YHMH M 3aKJI04aeTcs CMbICH cpaBHeHHsA. OZHAKO MCXOIHOE NMPHPOLHOE
COCTOfHHE BOJOCOOPOB HO/DKHO GBITH BO3MOXKHO Onu3kum. IlpakTrye-
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CKH 3T0 TpeOOBaHHE CBOAMTCS K CPABHEHHIO THIICOMETPHYECKHX OTME-
TOK 3epKalla 03epa H ero Boxocbopa, nmopoji, CIararlux TCPPUTOPHIO,
¥ [I0YB, a TaKXKE CTENEeHH 3a00JI04EHHOCTH BOAOCOOpOB.

4. O3épa noKHB UMETh ONM3KHA YPOBEHb MHHEPATH3ALMH U TY-
MudHKaUK BOABL, @ IPH BHICOKOH MUHEpaNU3aliuy ciaexyer eme obpa-
THTH BHUMAaHHE Ha COOTHOLLECHHUE Pa3/IMYHbIX HOHOB.

Ecnu B 03€pHBIX I'PYINax JICAHUKOBOIO MPOHCXOXICHHA yaa€Tcs
HaTH aHaIOrd no Mop(OMEeTpHYECKUM XapaKTEpUCTHKaM CpPaBHH-
TEJILHO JIEKO, TO 3HAYUTENbHbIE TPYAHOCTH BO3HHKAIOT IIPH paccMoT-
peHUH MoYB. MICTOPHYECKH CIIOMMIIOCH TaK, YTO MOJ CENbCKONO3SMCT-
BCHHbIC Yrollbs HCIONB30BATHCH Haubojee IUIOJOPOAHbIE NOYBHI, a
MaJIONIPUTOJHBIE U1 MALIHH, KaK NPaBHIIO, OCTABATUCH 3aTIECEHHBIMM.
[Moatomy maxke Ha rpaHMyalMX IPYr ¢ ApyroM BojocOopax, nmpu oue-
BHXHOM KOHTPACTE HX XO3AHCTBEHHOIrO HCIIOIB30BAHHUSA, NOYBBI MOTYT
PE3KO pa3iHyaThCs.

B HacTosee Bpems CyLIECTBEHHbIE TPYAHOCTH CBS3aHBI ¢ 1oa00-
POM YHCTBIX («3TAJIOHHBIX») 03€p, KOTOpble He ObUIK Obl MOABEPKEHBI
BO3AeHCTBHIO YenoBeka. OXHAKO, HECMOTPS HA 3HAYHUTEIbHBIE TPYIHO-
CTH B nobope nap o3ep IUIA BbIABJICHHA PE3YJILTATOB aHTPOIOT€HHOIO
BO3IEHCTBHA, 3TOT MYTh CIEAYET CHYHTATh NOCTATOYHO 3(PdEKTUBHBIM,
JaXKe €C/IH 3TAIOHHOE 03€PO HE COXPAHMIIO MOJIHOCTHIO CBOETO €CTECT-
BEHHOTO COCTOSHHA. B 9TUX clydasx NMPUXOMUTCA BECTH CPaBHEHHE MO
CTEMEHH aHTPONOICHHOr0 BO3JACHCTBHUA, 33afaBasCh OTHOCHTEIbHBIMH
TNI0Ka3aTELIMH.

Ilpu uccaemoBaHHHM €CTECTBEHHOM HIIH AHTPONOTEHHOH COCTaB-
JISIOIIMX 3BTPOPHUPOBAHUA 03EpP NMPAKTHYECKH BCETHa HCCIIENOBATENb
CTalKHBAaETCs C HEONPECIEHHOCTBIO, CBI3aHHON C HEAOCTATOYHOCTBIO
uHbopMauyy. B myumem ciyyae MMEIOTCS CBEACHHA JIMIIBb 32 OTACIb-
Hele roapl. [Ipy 3TOM aHanu3 pe3ynbTaToB M3MEpeHHH M HabmoaeHuH
HE TO3BOJIET NMPUBIEKATh U3BECTHHIE METOMbI, X B TO K€ BPEMS NpU-
XOAHUTCA MPU3HATL HEAOMYCTUMOCTh CpaBHEHHI Oe3 cobmoneHus pana
JIOMOJIHUTENBHBIX yCnoBui. HeoOxonuMocTh BBEACHUA 3THX YCIIOBHH
Onmpefensercs CICAYIOIHMMH OCHOBHBIMH TpHYHMHAMH: |)HanHuueMm
TIPUPOAHON MHOTOJIETHEH LHMITMYHOCTH CO CJIOXKHBIM CHEKTPOM Ie-
pHOJOB, B pE3yJIbTaTe 4E€ro MHOTOJETHHE U3MEHEHHUsS B OJHOM H3 MO-
TyUHMKIOB MOTYT O6bITh MHTEPNIPETHPOBAHBI KaK HaNpaBJICHHLIE aHTPO-
NOTCHHBIE U3MEHCHMS; 2)HAIMYMEM MEXTONOBLIX M BHYTPHMECSYHBIX
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kosichGaHHil BceX MPHUPOAHBIX MMAapaMETPOB, KOTOpLiE OOBLIYHO paccMaT-
PHBAIOTCA KaK Clny4alHbIA CTalMOHAPHBIH nmpolece; 3) IpKO BBIPaXCH-
HOH TONOBOHM UHMIVIMYHOCTHIO HPUPOLHBIX IPOLIECCOB, B pe3ysbTaTe
4Yero e¢AMHHYHBIE N3MEPEHHA CTAHOBATCA HECPAaBHUMBIMM, €CIIM OHH HC
NPUBCIEHBI K OXHO# (da3e rogoBoro UHKIa.

Jlns mpoueccos, MPOMCXOAAILKX B THApocdepe U atMocdepe, ro-
IOBOH LMK sBisdeTca BaxkHeHuM. OH OTYETIMBO NPOABIAETCS, U Ha
Hero Obul0 oOpauleHO Haubonbillce BHUMaHUE MCCIeOBaTeNcH, u3y-
YaIOLIHUX 3TOT BPEMEHHOH HHTEPBal H3MEHYHBOCTH.

[Ipu M3y4eHHH aHTPOMOrEeHHBIX H3MEHEHHH 03Ep, HMes HEMHOTO-
YHCIICHHBIE, YacTO CIy4aiHble HaHHblE, HEOOXOAMMO CUYHMTAThCA C
BIAMSHUCM CE30HHBIX M3MEHEHMH B CHJy CYIUECTBEHHOTO pa3nH4Hs
IAHHBIX, HAXOJALMXCA B pa3Hbix ¢a3ax ropoeoro uukna. Hexoppexr-
HOCTE CPaBHEHMS NAHHBIX, OTHOCAIIMXCA K Pa3sAMYHBIM CE30HAM, O4e-
BuHa. [lo3TOMy ecTeCTBEHHO CTpeMIIEHHE BBHINOMHKTD MOCIEXYIOLIHE
H3MEpPEHHS B TE K€ CE30HbI H JaXKe JaThl, B KOTOPbIC NMOA00HbIE H3ME-
peHus Mpou3BOaMIKMCH B mpowioM. Ho u cpaBHeHHe pe3ynbTaToB H3-
MEpEeHH, BHITIOJIHCHHBIX B ONWHAKOBBIC J1aThl Pa3HBIX JIET, BCE XKe He-
JIOCTaTOYHO KOppekTHO. Jlata ctporo xapakrepusyer ¢a3y roaoBoro
LMKJ1a IS OLCHKH aCTPOHOMHYECKHX [apaMeTPOB H TONBKO (GopMaiib-
HO U1 OONBIIMHCTBA NMPUPOAHBIX mpoueccoB. OO 3TOM CBHIETENLCT-
ByeT Gorathlit onsIT peHonoruyeckux Habmopenui. OTksioHeHue ¢a3bl
HPHPOAHOrO npouecca Ha 5-20 CyTOK — SBJICHHE XOPOLIO H3BECTHOE.

BechMa CyLIECTBEHHO, YTO B TOZB! ¢ KpaHHUMHM JaTaMH HacTyILle-
HUS KOHTPONHPYEMbIX (DEHONOTHYECKAMH HaOMIONCHUAMH SABICHUH
OTMEYAIOTCA CIIBUTH BO BPCMCHM BCEX APHPOIHBIX NPOLECCOB. XOTH
Ul BOOHBIX OOBEKTOB HE MMeeTCsA (EeHONOrH4ecKHX KaneHaapeH, Ko-
nebaHus B PasIMYHBIX CPOKaX YKHM3HEACATENbHOCTH PMAPOOHMOHTOB He
BBI3BIBAIOT COMHEHHs (HalpuMep, AaThl Havyajda LBETEHUS HEKOTOPBIX
MakKpoQHTOB, BbLIETa PAJa BUIOB HACEKOMBIX, BCIBIILKH IPOIYKTHB-
HOCTH pa3NUYHBIX TPYI MIAHKTOHA U T.I1.). CletoBaTeNsHO, BO3ZHHKA-
€T HeOOXOMMOCTE PAa3IUYATh ACTPOHOMHYECKYIO M FHAPOIOTHYECKYIO
¢a3pl rogoBoro LMKIa. B pa3nuyHOH cTeneHu rHApooruyeckyio dasy
FOIOBOI'O LHMKJIA MOTJIH OBl XapakTepH30BaTh MHOTHE NOKazaTenu. Tak,
ornpeneeHHe ruAPOJIOrHYCCKOi (pa3bl BO3MOXKHEL:

— 10 CyMMapHOMY BO3IEHCTBHMIO COJIHEYHOH pagualiM, CYuTas
OT HEKOTOPOT'0 YCIIOBHOTO HYJI,
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— MO0 CyMME TeMIIepaTyp BOJBI HIIM BO3JLyXa TAaKXKeE OT HEKOTOPO-
Ir'0 YCIOBHOIO HYJIA,

— MO MEpexoAy Kakoro-nubo ImapaMerpa 4epe3 onpenes€HHoe
3HAYCHHE, HAIIPUMED, TICPEXO TEMIIEpPaTyPhl MOBEPXHOCTH BOABI YEPE3
10 °C (“Ononoruyeckoe 1ero’),

— 1o (eHONOrHYECKUM JaTaM NMPHPOAHBIX OOBEKTOB CYIIH.

Jns cpaBHEHHA pa3oBBIX HaOMIONEHHMH JYYLIHMH SBILIIOTCS 3MM-
HUI U JIETHHH CE30HBI, KOTIa U3MEHEHHUS B rOJOBOM LIMKIIE HAUMEHb-
mue. BecbMa HexenaTelbHO CpaBHEHHE BECEHHHMX NAHHBIX, TaK KaK B
3TO BpeMsd NPOMCXOAMT OBICTpas MepecTpoiika BCEH 3KOCHCTEMBI H
HauboNBIIMM 00pa3oM H3MEHAIOTCA HEHONOTHYECKHE JaThl.

IROCHCTEMA BOAOEMA

Onepupys B NpeAbIAYHMIMX pa3fenax MOHATHEM “IKOCHCTEMA”, Mbl
CO3HATeNbHO HE AaBaNy TOYHOIO €ro OINpENeIcHMA, YTOObl YHTATEID
MHTYHTHBHO COpMyJHpOBan €ro caM. B 3ToM paszene ¢ y4€ToM yxe
NpHBEAEHHOH HHPOPMALMH PACCMOTPHM 3TOT TEPMHH Oojiee IHPOKO.

JKuBble OpraHuM3Mbl W HX HexuBoe (abHOTHUECKOE) OKpy>xeHHe
HEpas[eNnbHO CBA3aHbl APYr C APYroM M HAaXOHATCA B MOCTOSHHOM
B3aumozeicTBHH. JIi060oe eAMHCTRBO, BKIIOYAIOLIEE BCE OPraHU3MBI
(T.e. coobIecTBa) Ha JaHHOM y4YacTKe H B3aHMOJICHCTBYIOIHE ¢ QHU3H-
4eCKO# cpeaor TakuM oOpa3oM, YTO MOTOK IHEPTHM CO3HAET YETKO On-
penenEHHyI0 TPOOHUYECKYIO CTPYKTYpY, BUIOBOE pasHooOpasue H Kpy-
roBOpOT BEWIECTB (T.6. OOMEH BeLIECTBaMH MEXIY OHOTHYECKOW H
aOHOTHYECKOH YacTAMH) BHYTPH CHCTEMBI, NpeAcTaBiieT coboil 3ko-
JIOTHYECKYIO CHCTEMY, MIH 3KOCHCTEMY. 3TO OCHOBOMNOJArampouee on-
peleneHle, NpenoxeHHoe B ¢yHIaMeHTaipbHOM Tpyde IOmxuna
Onyma “ OcHoBsl 3konorun”[1975], Heo6xonMMO HOpH PaCCMOTPEHHH
BOIIPOCOB 3BTPO(HpPOBaHHA B BOJOEMAX B COOTBETCTBYIOIIEM Kypce
JUIf MarucTpOB-THAPOJIOroB. TepMHH “IKOCHCTEMA” HCHONB3YeTCd B
OCHOBHOM aBTOpaMH, NHIIYLIIMMH HA AHIVIMACKOM A3BIKE, B HaY4HOMH
JIMTEPAType Ha FTEPMAHCKUX H CIaBAHCKHX A3bIKaX yYallle MPEAnoYTeHHE
OTAaéTcsa TepMHHY “OuoreoncHos ” uinm “reobnouenos”. C To4kH 3pe-
HHA Tpoduueckux (OT rp.frophe — nMUTaHNE) OTHOLUCHHH 3KOCHCTEMaA
HMeEET JIBa KOMITIOHEHTa: 1) agmompoghHblli KOMIIOHEHT, YTO 3HAYHT Ca-
MOCTOATENBHO NMHUTAIOWMACK, WIS KOTOPOTO B OCHOBHOM XapaKTEpPHbI
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¢buxcauus CBETOBOM JHEPIrHMH, HCHONB30BaHHE IPOCTBIX HEOpraHUue-
CKHMX BCILIECTB W NOCTPOEHHE CJIOXKHBIX BEUIECTB, H 2) cemepompogh-
Hblldl KOMIIOHEHT, YTO 3HAYMT IIUTAEMblif JPYrHMH, JUIS KOTOPOIo Xa-
PaKTEpHb! YTHJIM3alMA, IIEPECTPOHKAa M pa3/IOKEHHE CIIOKHBIX Be-
IIECTB.

OKocHCTEMA €CTh OCHOBHAS (PYHKLHOHAIbHAA €HHHLIA IKOJIOTHH,
NOCKOJIBKY OHa BKJIIOHACT M OpraHU3Mbl (0MOTHYeCKHE coobiuecTBa), U
abHOTHYECKYIO Cpely, NPUYEM KaXKIas U3 9THX 4YacTeH BIHUACT Ha Jpy-
ry1o u obe HeoOXOIMMBI JUTS MOJACPKAHUS JKH3HH B TOM BUJE, B KAKOM
OHA CYIIECTBYET Ha 3emiie. AGHOTHYECKHE KOMIIOHEHTBI THMHTHPYIOT
U peryJjMpyloT CylecTBoBaHMe oprannaMoB. Ha puc.2, B3s1TOM M3 KHU-
ru }0.Oxyma, cxemaTHdyecKkH NpeAcTaBlieHa dKOocHcTeMa npynaa. WH-
TEHCHBHOCTb (YHKIHMOHHPOBAHHA IKOCHCTEMbI H €€ CTaOHIIBHOCTH 3a-
BHCAT OT NOCTYIUIEHHS COJIHEYHON 3HEPTHH, OT MOCTYIUICHUS BCILECTB
CO CTOKOM C BOA0c60pa ¥ aTMOC(HEPHBIMH OCaAKaMH.

Inepeu,
Ve Cothya
7 N

Puc 2. Cxema 3kocucTeMs! npy/a. | - opraHHyeckne H HEOpPraHH4eCKHe COCAUHEHHUA.
1l - npogyueHTs! nNpUKpennéHHas pacTHTENsHOCTH(a), duTomnankron(6), Il — mep-
BHYHbIE KOHCYMEHTHI (PaCTHTENbHOAAHbIE) NOHHBIC HOPMBI(a), TEPBHYHBIE KOHCYMEH-
TH! (PaCTUTENLHOAHBIE), 300TUIAHKTOH, I1I -- 2 - BTOpHYHbIE KOHCYMEHTbI (XHILIHHUKH),
HI- 3 TpeTHyHBle KOHCYMEHTHI (XHILHUKH BTOpOro nopsaka), IV — canpogsr  6ak-
TEPHH M rPUOBI, OCYILECTBIAIOLINE Pa3IOKEHHE.
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OpraHnyeckoe BCIIECTBO BOXOEMOB CYIUH, a TAaKKE MOpEH H
OKEaHOB MMEET IBOSKOE NPOMCXOXICHHE: agmoxmoHHoe — 00pasyio-
ieecs B CaMOM BOAOEME, U ani0XmoKHOe — NocTynarouee u3sHe. Hc-
TOYHHMKOM aBTOXTOHHOTO OPraHHMYECKOr0 BEHIECTBA ABJIAIOTCA MPOLYK-
Thl XU3HELEATEILHOCTH (HUTONNIAHKTOHA (OOBIYHO OCHOBHOIO MpEX-
CTaBUTENA BCeX rMAPOOHOHTOB BOJOEMA) M APYTHX OPraHU3MOB, a TaK-
e Mx octaTki. Bcé 3T0 moaBepraeTcs 6akTepHalbHOMY pasiiOKEHHIO-
MHHEPANHM3alKH, HO 3TOT NPOLECC 0 KOHLA HE JOXOIHUT, TaK KaK Ofi-
HOBPEMEHHO MPOTEKAaeT MPOLIECC CHHTE3a HOBOH OpraHMYeCKOH Mare-
puH (npouecc ryMHGHKaUHH).

Pasnoxenue npoucxoaut Oaaroaps HEpreTHYECKUM IMpeBpale-
HUAM B OPraHH3Max M MExXIy HHMH. DTOT mponecc abcoNoTHO Heob-
XOIMM [JIf JKH3HM, TaK Kak 6e3 HCro Bce NMHUTaTENbHbIC BELIECTBA OKa-
3a/1MCh Obl CBS3aHHBIMHM B MEPTBBIX T€NaX M HHKaKas HOBad XU3Hb HE
Moria 651 BOSHHUKHYTh.

B 6uocdepe HET BOIHBIX IKOCHCTEM, aOCOMIOTHO HE3aBHCHMBIX OT
COCEIHMX KOCHCTEM, H MO3TOMY 4Yepe3 HX TPAHMUbBI HPOUCXOIHUT NOCTO-
SHHBIH 06MCH OpraHHuYecKMMH BeuiecTpaMu. [pu 3TOM KOMMUECTBO Opra-
HHMYECKMX BCLIECTB, Y4aCTBYIOLIMX B TaKOM OOMEHeE, HCBEJIMKO IO CpaB-
HEHHMIO C MX 3a0acoM B CaMHMX 3KOCHCTeMax, otobeHHo B Mopckux. Opra-
HMYECKHE BELLECTBA B 9KOCHCTEME MOABEPralOTCA OECKOHEYHBIM TIPEBPa-
LICHHAM, KOTOpPbIC MPOHCXOAAT OO TEX MOP, I0Ka OPraHMU3MBbl NPONOIDKa-
0T XHTb ¥ BbIIEIATH SHEPTHIO, NOTpebiiss OpraHMYecKUe BEeCTBa.

Onpege.aenne nNpoaAyETHBHOCTH IKOCHCTEMbI.
PDorocunres

OcHOBHass MM nepeuyHas NPOOyKMuUEHOCMb IKOCHCTEMBI, CO0D-
HIECTBA MM 000 MX YaCTH ONpeesisieTcss Kak CKOpPOCTh, ¢ KOTOpo#
Jy4HCTas 3HEPrus YCBaMBAeTCd OPraHH3MaMH-NPOAYLEHTAMH (IJjaB-
HbIM 006pa3oM, 3enéHbIMH PacTeHUSIMH) B mpouecce GOTOCHHTE3a HIIH
XE€MOCHHTE3a, HaKaljHBaich B (OpME OPraHHYECKHX BEILECTB, KOTO-
phle 3aTeM MoryT ObITh MCIOIB30BaHbl B KadecTBe nuwu. B npouecce
NpPOMU3BOJCTBA OPraHMYECKOTO BELICCTBA CIIENYET BBIACNATH UCTHIPE
N0CJIEI0BATENbHBIX YPOBHA. Banosas nepsuunas npodykmusHocms —
31O 06mas ckopocTh POTOCHHTE3a, BKIIOUAIOUIAsA Ty OPraHuKy, KOTO-
past 3a BpeMs H3MepeHHil Oblla u3pacxoqoBaHa Ha [AbIxanue. Yucmas
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nepeuyHas npOOyKMueHOCMb — CKOPOCTh HAKOILICHHUS OPraHM4ecKoro
BEIIECTBA B PACTHUTENILHBIX TKAHAX 33 BBHIYETOM TOTO OPraHUYECKOro
BEILECTBA, KOTOPOE HCIIOIb30BAIOCH IIPU IBIXAHUH PAacTEHHH 3a H3y-
yaeMbli nepuon. Ha npakTtike, 4To6b! OLEHUTH BATOBYIO NPOLYKHHIO,
JaHHbIE MO JBIXaHUIO CKIAJIbIBAIOT C NAaHHBIMH M3MepeHHs Habmonae-
Moro $HoTocHHTE3A.

Yucmas npooykmugnocms coobujecmeéa — CKOPOCTh HaKOIUICHMS
OpPraHM4YecKoro BEIECTBa, He MOTpedieHHoro rereporpodamu (ducras
nepBUYHAs NPOXYKIHA MHHYC NoTpebiieHHe reteporpodaMu) 3a yuér-
HBIA NTEpUOJ, 0OBIYHO 32 BEr€TALIMOHHBIN IIEPHOL HIH TOJI.

Ha yeTBepTOM ypOBHE, YPOBHE KOHCYMeNmO8, GOPMHUPYETCS 6MO-
puuHas npodykmugeHocmb. KoHcymenmb: JMILIbL HCMOJB3YIOT paHee
CO3JaHHBIC MUTATEILHBIE BEILECTBA, PACXOAYS YaCTh M3 HHX Ha AbIXa-
HHE, a OCTAJIbHOE MpeBpallas B cOOCTBEHHbIE TKaHH. BTopuuHylo npo-
ILYKTHBHOCTDb HE JIENIAT Ha BAJIOBYIO H YHCTYIO.

BennynHa nepBHYHON MPORYKUHH aBTOTPOQHBIX OPraHH3MOB, B
OCHOBHOM (HMTOIUIAHKTOHZ ¥ Makpo(HTOB (BBICIUECH BOXHOH pacTH-
TENLHOCTH), Na€T NMPCACTABIEHHE O KOJIMYECTBE OPraHHYECKOro Belle-
cTBa, obpazyemoro B BojoéMax. B Hacrosiee BpeMs 0OlIENpU3HAHO,
YTO MMEETCS JBa THIA €ro HAKOIUICHUS: TIAHKTOHHBIHA (3a CUET XKHU3-
HEIeATENBHOCTH MHKPOBOJAOPOCHCH) 1 MakpO®UTHbIH (OCHOBHAs Mac-
ca OPraHMYecKOro BEIIECTBA CO3/1AaCTCH BHICLIEH BOINHOH PaCTUTEIBLHO-
ctp10). Oba nyTH ecTeCTBEHHOH 3BOJIOIHH O3EPHBIX DKOCHCTCM YObl-
CTPAIOTCA TNpPH HMHTCHCHU(HKALMK AHTPONOTCHHOH HEATEALHOCTH Ha
BoZocOOpax 03ép, B pe3ynbTaTe KOTOPOH YBEIHYHBAIOTCH GHOTEHHBIE
Harpy3kH Ha BOJOCMEI.

TepBHUHYIO MPOXYKTHBHOCTb CHCTEMBI, WIH NPOAYKIHIO KOMIO-
HEHTa NONYNALUH, OOBLIYHO HENb3S ONPENEANTh NPOCTHIM MOACYETOM H
B3BEIUMBAHHEM HMMEIOLIMXCSH OpraHu3MoB. Ecnu 6b1 Mbl HCHIONB30BAIH
CeJIbCKOXO03AHCTBEHHOE N0JIE, 3TO 6110 OB B KAKOH-TO CTENEHH BEPHO
IpH OLEHKE YHCTOH MEPBUYHOH MPOXYKTHBHOCTH, TaK KaK pa3Mepsl
OpraHM3MOB BEIIMKH M J)KHBOE BELIECTBO HEKOTOPOE BPEMs HaKaIuIdBa-
ercs, He pacXomysAch. ngd BOXHOH 3KOCHCTEMBI B CBSI3H C TEM, 4YTO
MEJIKHE OPTaHH3Mbl NPOXOAAT CBOH JKH3HEHHBIA LMK ObICTPO H, KPO-
M€ TOrO, MOCKOJIbKY OpPraHH3MBbI BCEX Pa3MEpOB 4acTO «IOTpebisroT-
Cs1» MO MEpe «IIPOH3BOACTBAY, 00LIasx Macca KHBOTO Majl0 YTO MOXKET
CKka3aTb O NPOXYKTHBHOCTH.
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[TonpoGHOE paccMOTpeHHE METOHOB HU3MEPEHHs NEPBHYHOH Npo-
OYKUHH B BOAHBIX 3KOCHCTEMaX He BXOOMT B Hamy 3agagy. Onnako,
OYEBHIHO, YTO B 3HAYMTEbLHON CTENEHH KOPPEKTHO H3MEPEHHOE 3Ha-
dyeHue OyNeT CUrHaIM3HUpOBaTh O CTeNeHH TpodHOcTH BogoéMa. Kak
yXKe yKa3blBalloCh, B HICAIBHOM CiTy4ae He0OX0IHMO M3MEPHTh NMOTOK
JHEPIUH, HIYIWMH Yepe3 CHCTEMY, HO MPAKTHYECKH CAENAaTh 3TO Kpak-
HE TPyXHO. B OOJNBIIMHCTBE METONOB HCNONB3YIOTCA KOCBEHHBIC ITOKa-
3aTesM — H3MEpAETCs, HalpUMep, KOJNIMYECTBO MPOU3BEAEHHOrO Bewle-
CTBa, KOJINYECTBO HCHOIb30BAHHOIO CHIPbS HJIM NOOOUHBIX TPOXYKTOB.

Buocdepa npeacraBnger coGoit AMHAMHAYECKYIO CHCTEMY, B KOTO-
poii MPOMUCXOIAT XMMHYECKHE NPEBPAILECHHUS 32 CUET aKTHMBHOCTH JKH-
BBIX OPraHN3MOB, MCNONL3YIOIIMX CONHEYHYIO dHepruio. ConHeyHas
JHEPrUs ABIAETCA OCHOBHBIM HCTOYHHKOM 3HEPTHH I (POTOCHHTE3H-
PYIOILMX OpPraHM3MOB B Ouocdepe M UCIONb3yeTcs KOCBEHHO 4yepes
NHIIEBBIE HEMH MHOTHMH HE CIIOCOOHBIMHM K (POTOCHHTE3Y OpraHH3Ma-
mu. [Ipu nornonieHuM KBaHTa CBETa MoJieKyna xjaopodusia Bo30yxna-
ercs, IpH 9TOM B Hee IEePeXOUT IHEPrus cBeTa. B pesynprare oT XJo-
poduisa OTHENAETCS IIEKTPOH, KOTOPBIH M SBJIACTCS MCTOYHMKOM
JHEPruH, a B pe3ysbraTte poTodocHOpHIHPOBAHUS IPOUCXOAUT CHHTES
anenosunTpudochata (ATP) — Bewecta, obnanaromero GONBIIMM
3anacoM JHEpruH, KOTOPOC BCTPEYAETCS TOJIBKO B KHBBIX KJIETKaX.

B 3amiHyTOW BOXHOW 3KOCHCTEMC OpraHHuYeckue BeLUecTBAa Mpo-
IYUHMPYIOTCA B OCHOBHOM B IIpouiecce (OoTOCHHTE3a.

[Monxoe ypaBHeHuE npouecca NPOLYKUUH UMEET BHI

1300 000 xan nyuucroi suepruu +106 CO; + 90 H,O + 16
NO;s+ 1PO, + muHepanbHble 31eMeHThI = 13 000 xan noteHumaib-
HOIf JHepIruy, 3aKa04YéHHo# B 3258 r nporonaasmsl ( 106 C, 180 H,
46 O, 16 N, 1 P, 815 r 30abHbIX BemecTB) + 154 O, + 1 287 000 kan
paccestHHo# TenJioBoii JHepruu (99 %).

3T0 ypaBHeHHME, NPHBEOEHHOE B OCHOBOMOJIAraloUIeM TPYIC
YO. Omyma «OcHOBBI 3KOJIOTHH», MOXKET OBbITH TEOPETHYECKH MpHME-
HEHO JUISl ONpEAEICHHUS NMPOXYKTHBHOCTU MyTEM M3MEPEHHS KOJIHYECT-
Ba M000ro U3 KOMNOHEHTOB YPaBHEHHS 32 HHTEPCCYIOIHMHA HAC NIePUOLT
BPEMEHH.

IlepBsiM 3TanoM BoccTaHOBJICHUS NBYyokucH yriepoaa (CO,) sB-
JIACTCA XMMHMYECKas peakuus oOpaszoBaHus 3-¢ochoriuuepHHOBOH
kucnotel (PI'K), B KOTOpYI0 BXOOUT aTOM Yriepoia M3 ABYOKHCH yT-
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nepoga. ®I'K npencrapisier coboii nepBblil CTaOUNBHEIM TPOMEKYTOU-
HbIii IPOIYKT B MPOLIECCC BOCCTAHOBIICHUS IBYOKHCH YIiepoa.

[TepBHYHBIM HOCHTEIEM JHEPIHH B OHOJIOrHYECKHX CHCTEMax SIB-
nsercs AT®. Bricokoanepreruueckue cBsazu AT BKIOYAOT JBE
bocdarnsie cBa3u. ATO BhICTYNaeT Kak NEPBHYHBIA HOCHTENb JHCP-
IMH B Pa3HOOOpa3HBIX GHOXMMHUYECKUX PEaKLHUAX, TOCKONbLKY CHHTE3
ruaponu3 AT® He 3aBHCHT OT OKHCIHTENBHO-BOCCTAHOBUTCIALHBIX 110~
TEHUMAIOB B OMOXUMHYECKHX cucTeMax. Takum obpasom, 6e3 pocgo-
pa )XU3HBb Ha 3eMJIe HEBO3MOJXKHA, U BCE OpPraHU3MbI coaepxkar dpocpop
B pas3Iu4HLIX KonudecTBax — oT 0,05 % y HexoTopbix pactenu#t 1o 6 %
Y P5/J1a MO3BOHOYHRIX B MIEPECYETE HA MAcCy CYXOro BelecTBa.

Bonopocnu oTHOCATCS K POTOCHHTE3UPYIOILUM aBTOTPOGHBIM Op-
TaHU3MaM, HCIONb3YIOIMM COMTHEYHYIO HEPIHIO IS CO3JaHHA opra-
HUYECKHX COEAUHEHHH M3 ABYOKHCH YINepoJa U BOAbI, IPH 3TOM JHCp-
THsi COJIHEYHOIo CBCTa MPEBPAILAETCsd B XMMHYECKYIO JHEpruio. Ynpo-
IIEHHOE ypaBHEHHE (DOTOCHHTE3a OMMCHIBaET 0OUlYI0 peakuio obpa-
30BaHUsl YIJICBOAOB H3 HEOPraHMYECKOro ChIpbS 33 CYET CBETOBOM
dHepruu, OeHcTByomei Ha xaopo¢umia. Ha ogHy monekyny nmorpe6-
NEHHOM YITICKHCIIOTHI BBIEIACTCA OHA MOJICKYIa KUCIIOPOAa,

800a + yanexucavii 2a3 + cgem — y2ne800bl + KUCI0POO,

Ir ocBob6oxxa€HHOrO KMcnopoaa cootseTcTByer 0,93 r cuHTe3upo-
BaHHOM rimoko3sl. TakuM 00pa3oM, 1o BhIACAEHUIO CBOOOTHOrO KH-
ciopona B npouecce GOTOCHHTE3a MOXKHO CYIMTH O KOJIHYECTBC 00pa-
30BaBLIETOCS OPraHNUYeCKOro BEIECTBA.

B 30-x rogax npownoro Beka I'.I'. Buubepr npensoxu: onpexne-
JIATh CKOPOCTh 00pa30BaHHUA M JECTPYKLUU OPraHHYECKOrO BEIIECCTBA
[0 U3MEHEHHIO COJEepXKaHHs KUCIOpOXa B 3aMKHYTOM 00BEME BOIBI,
MOMCILICHHOM B YCJIOBHS, MaKCHMaNbHO NpPUOIMIKEHHbIC K €CTECTBEH-
HbeiM. Hcnonb3yerca MeTon “‘CBETBIX ~ ¥ “TeMHBbIX ~ cocynoB. [Tonu-
JKeHHe KOHLIEHTPAaLMH KUCIOpoJa B TEMHBIX OyTbUIKAaX CIYXKHT IMOKa-
3aTesieM [bIXaHHA HaXOQHBLIMXCA B NpoOC NMPONAYUEHTOB H KOHCYMEH-
TOB, rae GOTOCHHTE3 OTCYTCTBYeT. PasHHUIa MexIy colepikaHHUCM KH-
CI0poAa B HCXONHOW BOJE B MOMCHT 3alONMHECHHA CKISHOK U €ro Co-
JEp)KaHHEM MO HCTEYEHHWH CYTOK B 3aTCMHEHHOMH CKIISIHKE COOTBETCT-
BYET MOTPEOICHHUIO KHCIIOPOJa Ha OKHCIEHHE OPraHHYECKOro BEILCCT-
Ba H COCTABJMACT ACCTPYKLHIO.
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U3MeHeHHe colepxaHHs KHCIOpOAa B CBETJIBIX OyThlIkax €CTh
Pa3sHOCTL MEXIY NMOTpebieHHeM KHCIOpOa NIPY AbIXaHHMH H €ro BhIJE-
nenueM npu ¢orocunTtese. CyMMapHOE KOTHHYECTBO KHCIIOpOAa, BhIJE-
JIMBILETOCS B CBETJION OYThIIKE H H3PACXOJOBAHHOE B TEMHOH, CIIyKHT
Mepo#i obuiel MPOAYKLHHM KHCIOPOJa, MO KOTOpOH MOXXHO IONYyYHTh
OLICHKY NEPBHYHON NPOXYKLHH B MIEPECUETE HA KATOPHH.

Pa3HocTh MexIy comepkaHHEM KHCIOPOAa B CBCTJIOW H 3aTEM-
HEHHOHM CKJISHKaX IOCHe CYTOYHOH DKCIO3HMUMH B 03€PE MOKAa3hIBACT
BJIOBYIO BETMYHHY POTOCHHTE3a PUTONIAHKTOHOM.

HauGonbuyro UeHHOCTh /ISl CPABHEHHA CTENEHH TPOGHH pa3iny-
HBIX BOAOEMOB UMEIOT JaHHbIE, IIONYYEHHBIE NPH YCTAaHOBKE CKIIAHOK Y
caMoii MMOBEPXHOCTH, TaK KaKk Ha JPYyTHX IOPH3OHTaX MHTCHCHUBHOCTD
$OTOCHHTE3a B MEPBYIO OYEpe/ib ONMPENEHAETCS KOIMUYECTBOM CBETa,
CTENEHb IPOHHKHOBEHHA KOTOPOro B BOAY BOXOEMOB HEOAMHAKOBA.

BuaoBoe pazuooopazne

W3 obuiero yucna BUIOB Kakoro-iu6o tpopHyeckoro ypoBHS WIH
coo0LIecTBa B L[EIOM OOBIYHO JIMINL HEMHOTHE UMEIOT 3HAYHTEIBHYHO
YHCJIEHHOCTH, O0NbIYyI0 6HOMaccy, NPOXYKTHBHOCTE WIH ApPYyTHE IO-
Ka3aTesid NX 3HaYMMOCTH. Bopliias ke 4acTh OTHOCHTCA K PEIKHM BH-
J1aM, T.€. MMEET HHU3KHE mnoka3zarend ‘“3Haummoctn”. Ecnm 3a notok
SHEPruH B KaXXNOH Tpo¢u4ecKoil rpynie * OTBETCTBEHHBbI” HECKOJBKO
OOBIYHBIX MIH GOMUHUDYIOWUX BUIOOB, TO 8UJ080€ pazHoobpasue Tpo-
¢duueckol rpynnel MM coobIIECTBa ONPENENAIOT, IMaBHbIM 06pasoM,
MHOT'OYHCIIEHHbIE pelkie BUIbl. COOTHOMIEHHE MEXTY YHCIIOM BHIIOB
M ToKa3aTeneM “3Ha4uMOCTH” (YHCIEHHOCTh, OHOMacca U T.I.) Ha3bl-
BacTCA nokazamenem 6u0060z0 paznoobpasus. OOBYHO BHAOBOE pa3-
HOOOpa3ue HEBENIWKO B (H3HYECKH KOHTPOJIUPYEMBIX 3KOCHCTCMaX,
T.€. B 9KOCHCTEMaxX, CHJIbHO 3aBHCAILMX OT JIMMHTHPYIOHUIMX (QH3HKO-
XHMHUYECKHUX (AKTOPOB, H BEIMKO B 3KOCHCTEMaX, KOHTPOJIHPYEMBIX
Ouonornyeckumu akTopamu.

Bunosoe pasHoobpa3ue cnaraercs U3 COBOKYNHOCTH IIapaMeTpoB,
KOTOpPbI€ MOTYT 10-pa3HOMY pEarupoBaTh Ha reorpagudeckue, 3BoOJIO-
HOHHBIC UK (pu3Hueckue GaKTOPHI.

Tpoduyeckne B3aMMOOTHOLIEHHA OHOJOTMYECKMX COOOLIECTB B
3HAYUTENIbHOW CTENEHH ONpPEAENAIOT CTPYKTYPY IKOCHCTEMBI 03€pa.
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Bce KOMNOHEHTH! CHCTEMBI: (PHTO-, GaKTEPHO- U 300IUIAHKTOH — B3aH-
MOCBS3aHBI, IPHUEM 3TH CBHA3H CIOXHBI U NaOHILHBEI U BKIIOYAIOT HE
TONBKO B3aMMOOTHOLUIEHHS COOOILECTB, HO TaKKe MEXBHUIOBHIE H
BHYTPUBUIOBLIC OTHOWIEHUS. CpaBHEHHS KayeCTBEHHBIX (BHIOBOH CO-
CTaB) ¥ KONMHYECTBEHHBIX (OHMOMacca, MPOMyKUMs, PallHOH) IoKa3aTe-
JICH OCHOBHBIX OMOJIOIHYECKHX COOOMIECTB B T€U€HUE rOJOBOTO LIMKIA
NO3BOJIIOT BBISBHTb OCOOCHHOCTH TPOQHUYECKOH CTPYKTYpPhl JaHHOH
3KOCHCTEMBL.

Xaopoguar rak norazareanr GHOMacesl
H POTOCHHTETHYCCKONH H AbIXaTeaJbHOoN
AKTHBHOCTH (PHTONIAHKETOHA

DOTOCHHTE3 HAYHHAETCA C MOMVIOLICHHS KBAHTOB CBETA NMUIMEH-
Tamu. CyliecTByeT TpH kjacca (OTOCHHTETHYECKHX NMUTMEHTOB: 3eMé-
HBIC — XJIOPO(HILIBI, KENThIE — KAPOTHHOHMIBI, CHHHE U KpacCHbIe — (PH-
koOummMHbl. Bce pactuTenbHble (GOTOCHHTE3UPYIOIME KIETKH COAEp-
*ar XJ1 «a», Ha3bIBacMbIH OCHOBHbIM NMUTMEHTOM. [IpucyrctBHe oc-
TanbHBIX (OTOCHHTE3UPYIOUIMX IMIMEHTOB, KOTOPBIE OTHOCATCA K
BCIIOMOTATENbHbIM HJIH JOTOJHHUTENbHBIM, CELMGHYHO JUIA pasiny-
HBIX CHCTEMAaTH4CCKHX IPYIIII.

Conepxanue xjopoduina no3sosnser Belpaxark 6uomMaccy Bozo-
pocnel B eIHHHLAX BaXHEHIIET0 KOMIIOHEHTA PaCTUTEIbHOH KIETKH U
LIHPOKO HCIIONB3YETC sl OHEeHKH oOunua ¢utonnaHkToHa. Heocno-
pUMOE NPEUMYINECTBO «XJIOPOGHIBLHOTO» METOJa ornpeneieHus Ouo-
Macchl 3aKJII0YaeTCs B €ro MPOCTOTE, SKCIPECCUBHOCTU U GoJjiee BBICO-
KOii (110 CPaBHEHHIO C MHKPOCKOMHYECKUM Y4YETOM BOROpOCHIEH) BOC-
HPOH3BOHMOCTBIO PE3YJIbTAaTOB.

CooTHoleHHe Mex Ry colepxanueM xaopodumna (Xi) u 6nomac-
coii ¢putornnankroHa (b) moapo6Ho 00cyxaaeTcs Bo MHOTUX mybOnuka-
uuax. Bce aBTOpB! yKa3blBalOT Ha TO, UTO YAEHABHOE COIACPKAHHE XJIO-
podumna B eauHuue 6uomaccel (Xi/ b) xonebnerca B HPOKUX nmpene-
nax. Ha 310T noka3sarens OKa3bIBalOT BIMSHHEC MHOrUE (akTopsl — Kak
6uotnueckue, Tak U aOHOTHYECKHE, T.€. BECH KOMIIIEKC JIUMHHYECKHX
YCOBHH.

3aBucuMocTs X3/ b oT conepixanus GHOreHOB mpeanonaraer H3-
MEHEHHE 3TOro MokKasareis B BOZOEMax pasHoH Tpoduu. OTHoLIeHHE
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X1/ B craHOBHTCA BbllIE B ME30TPOHBIX BOJOEMAX MO CPABHEHHIO C
OJIMrOTO(HLIMH U B BHICOKO IBTPO(HBIX 110 CPABHEHHIO C IBTPOGHBIMHU
OpH OTCYTCTBHH HOCTOBEPHBIX Pa3IMyMii MEXZY MeE30TPOPHBIMU H
3BTPOPHBIMH.

Hurepec K NpoxyKIHOHHOH CIOCOOHOCTH (PUTOMITAHKTOHA CBA3aH
C HUCTIONB30BaHUEM PAaCYETHOTO METOJA ONpEAEICHHA NEPBUYHON MpO-
OyKuuu. YaenbHas GOTOCHHTETHYECKass akKTHBHOCTh XJIOpodHILIa, HiH
aCCHMHUIIALHOHHOE 4Hcao (AY), U3HAYalbHO ONpENEIOCh KaK Mak-
CHMaNbHOE KOJHYECTBO JBYOKHCH YIJepoJa, BOCCTAHOBJICHHOro B
CIMHHIY BPEMEHHM Ha €IMHUUY KOJIMYECTBa XJIOPOQHIIA MpPHA ONTH-
MaJIbHBIX CBETOBBIX YCJIOBHSIX.

B coBpeMeHHO#H NpOXyKUHOHHOHW IrHAPOOHOIOrHH BCE Yalle ore-
pHpYIOT BeauyMHaMH AY, NOJy4YEeHHBIMH MpH Pa3iH4YHBIX YCIOBHAX
CpCHbl, BPEMEHU 3KCTIO3HLUMM, @ TAKKE NP Pa3HOM PU3HONOrHIecKoM
COCTOSIHMH M cOCTaBe (HTOIUIAHKTOHA, YTO NPHAAET UM 3KONOrHYe-
ckuit cMbicn [Bunbepr, 1960).

ACCHMHIAUMOHHYIO aKTHBHOCTh Xjopoduina oObIYHO paccmart-
puBaioT B paboTax Mo NEPBUYHOH NPOXYKLUMH, CBA3bIBas ¢ AU 3aKOHO-
MEPHOCTH NOABOJHOIO GOTOCHHTE3A.

Bonpoc o cBA3u OTOCHHTE3A C COACPIKaHHEM XJIOpodHIIIa ¢ He-
obxoxuMocTeio 00CyKIaeTcs B CBA3M C BIMSHHEM Ha AY ce30HHOTO H
TEpMHYECKOr0o aKTOpoB, 0OHIHS BOLOPOCICH U YPOBHA TPOQHH BOJIO-
éma.

Tpodgpuaeckuii ecrarye ozep m npod.Iemnl
THONHIAUHH BOIOEMOB

Onpenenexne TpodHYECKOro CTaTyca 03epa — 3ajiauya ype3Bblyaii-
HO ciokHas. Tpodudeckuii THI BoLoeMa ONpenesseTcs nokasarensiMu
¢usuyeckor, xuMuyeckod M Guonoruyeckod mpupoxasl. OueHka Tpo-
duuecKkoro craryca BOROEMA, KaK MpaBuio, 6a3upyeTcs Ha KONHYECT-
BEHHBIX 3aBHCHMOCTAX MOKa3aTellel 6HoJorn4eckoil MpoxyKTHBHOCTH
BOJ OT COJEPXKAHNA B HUX IEMEHTOB MMHEPAILHOTO NUTAHHUA (a30Ta U
docdopa), obecrieyeHHOCTh KOTOPHIMH OKa3blBACT OINpPeAE/ISIOIIEe
BIIHSHHE Ha pa3BUTHE M (oTocuHTe3 uTormnaHkroHa[Bunbepr, 1960;
Anumos, 1989; Bynson,1994].
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IepBrie Guonoruueckue wiaccuduxauu otHocares k 1920-1930 rr.
U cBsi3aHpl ¢ iMeHaMu A .Tunemanna u E.Haymanna. Knaccudbukanus
Tunemanna-HayManHa nocTpoeHa ¢ y4eTOM 30HAJBHBIX M a30HAJILHBIX
NPU3HAKOB, NONYyYHa B CBOE BPEMs LIMPOKOE MPHU3HAHHME U OKasajia
BJIMSHHE Ha COBPEMEHHYIO JHMHOJIOTHIO. B OCHOBE BBIIENEGHHBIX TH-
TNI0B 03€p JIEXHT NMOHATHE TPOPHOCTH. TpodHOCTD ABNAETCA pe3ynbTa-
TOM NPOABIECHUS 30HAJIBHBIX M a30HAJIBHBIX OCOOCHHOCTEH, MPUCYILLMX
KaXIOMy 03€epy.

A. Tunemann u 3. HaymanH pasfensior Bce o3epa Ha oucmpogh-
Hble, 36mpodrble U oauzompoguvie. K oucmpogneim otHOCATCS He-
raybokue, 6eaHble a30TOM M PochopoM BomoeMbl ¢ KHCHIOH peakuueit
BOJBI M 3HAYUTEIBHBIM CONEP)KaHHEM I'YMHHOBBIX BEILECTB. 3TH 0CO-
6EHHOCTH 3aTPYINHAIOT pa3BUTHE (HTOIUIAHKTOHA, a CIENOBaTENbHO,
PE3KO CHHXKAIOT MPOLYKTHBHOCTb. TakHe BONOEMbl XapaKTEpHbI JUIA
TYHAPOBOH U JIECHOW NMPHUPOIHBIX 30H. JempoghHble, 4alle BCEro He-
rybokue, ¢ 6oraThiM MHHEPANBHBIM MUTaHHEM 03€pa OTIMYAKOTCS ON-
THUMaJIbHBIMH YCJIOBHSAMH 11 Pa3BUTHA IIaHKTOHHBIX OPTaHH3MOB H
OTHOCATCSA K BBICOKOKOPMHBIM M PHIOOIpOIYKTHBHEIM. Pacnipocrpake-
HbI OHH I'JIaBHBIM 00pa3oM B JIECHO# M JIECOCTENHOH 30HaX YMEPEHHOTO
nosica. HakoHeu, oruzompoghnsie o3epa ¢ XOJ0ZHON NPO3PadyHOH BO-
[0H U cnabbiM pa3BUTHEM ILIAHKTOHA HanbosIee THITHMYHbI 1S BHICOKO-
ropueix obnacreid. K aTtomy ke THIy orHOCATCS Hambolee KpyIHbIE
rJ1yOOKHe 03epa JICCHOH 30HBI.

Knaccupukauus A. Tunemanna u 3. HaymanHa HEOXHOKpPATHO
MOABEPranack KPUTHKE CO CTOPOHb! JIMMHOJIOIOB, TaK KaK HEMOJHO-
CTHIO YYHThIBaJla KOMIUIEKC (u3HuKO-reorpa¢uyecKiX YCJIOBHH Kak
CcaMHX O3EpHBIX BOJOEMOB, TaK M HX BomocbopoB. Kpome Toro, camo
HNOHATHE TPOPHOCTH He ObLI0 AOCTaTOYHO OOOCHOBAHO KadeCTBEHHBI-
MH M KOJHYECTBEHHbIMH NOKa3aressiMu. [lepBoHaYanbHO 3TO JeneHHe
CBA3BIBAIOCH ¢ OOECHEYEHHOCTHIO 03ep OHOTEHHBIMH JJIEMEHTaMH.
Knaccugpuxanus TuHemanHa-HaymanHa He BHISB/ISET AMHAMHKY sIBlIE-
HMif, 00YCIIOBIMBAIOLIAX Pa3BUTHE 03ep JIEIHUKOBHIX JaHUAGTOB OT
onurorpoduu yepes 3BTpodHIO K HUCTpodPuHu. ITa KIaccupukaumns He
ABJIAETCS yHMBepcanbHOW. BeccnopHo, npas JIJI. Pocconnmo [1967],
KOTOPBIH MHCaN, YTO 3Ta TUNH3ALHUs, OyXyuHn pa3paboTaHHOH NepBOHA-
YanbHO IS €BPONCHCKUX 03€p, PacloNOXKEHHbIX B 00JIacTH pacnpo-
CTpaHEHMs YETBEPTHYHBIX OJIEACHCHHH, HE Bceraa npMMeHHMa K o3e-
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paM apyrux obnacreit M mupor. Kpome Toro, mpomyxuvoHHO-6H0s10-
rudeckast THIIONOTHS, ECTECTBEHHO, HE OXBAThIBaCT 03€pa, B KOTOPBIX
npeobnafalT MpouUecchl XMMHUCCKOrO MpPEBPAleHHd M HAaKOIUIEHMA
MHHEpaIbHBIX coJeli, 00pa3oBaHUH >keNe30MapraHUeBbiX PyA U T. 1.

[IpeIokeHHOE ITHMHM aBTOpaMH JeE/ICHHE 03ep Ha OJHUrorpod-
HBIE, Me30TpOodHbIC, 3BTPOdHBIE U AUCTpPOdHBIE MONYYHIIO B HACTOA-
Iec BpeMs IIHPOKOE pacnpocTpaHeHHe. TepMHHBI «OIHrOTPOPHBIHY,
«3BTpOdHBIH», «IUCTPOHBIH» YacTO BCTpevaroTcs B nurteparype. B
HacTosllce BpeMs B OCHOBY IONOOHOHM THMHU3ALMH 03EP NOJIOXKEHO HE
TOJIBKO ONpPEIENCHHE YPOBHSA OHOIOTHYECKOH NPOXYKTHBHOCTH BOIO-
€MOB, HO M COOTHOLICHHMS MPONYKIMOHHBIX M AECTPYKUHOHHBIX IPO-
LECCOB, KOTOPHIE MOXXHO BBIPa3HTh KOJIHUYECTBEHHO.

B ouonoruyeckoi knaccuduxanuu .. BunGepr [1983] npu BbI-
JEJIEHHH THIIOB 03€p MOHATHIO «TPOGHUYHOCTB» npuaaeT 6oJbIIoe 3Ha-
yeHHe. OCHOBOI cro kraccuukaluuu SBIAETCH KOAMYCCTBO MEpPBUY-
HOIf TIPOTYKIHH, KOTOPas COCTABJIET MepBOe 3BeHO OHOTHYECKOro Oa-
JaHca Boxoema. Bmecre ¢ TeM aBTOpP HEOJHOKPAaTHO NMOAYEPKUBACT
ponb KJIMMAaTHYECKOTo U MOp(hOMETpHIECKOro (PakTOPOB NPH BbIIEJIE-
HuM THNOB o3ep. ComocTaBUB MHOTOYHCIICHHBIE MaTepHaibl MO pa3-
HbIM 03epaM Coserckoro Corosa, I'.I'. Bunbepr [1983] pasnenser o3e-
pa Mo BeJHYHHE NEPBHYHOH NPOIYKIHH Ha YeThlpe kiacca: 1) Haubo-
Jjiee BBICOKOTMIPOAYKTHBHbBIE (MOTHTPO(dHEIE) 03epa, BalloBas NepBUYHAS
NpOAYKUHS (HUTOIUIAHKTOHA KOTOPbIX B JIETHHH INEPHOA COCTaBSET
7,5-10 r Oy/M” B cyTku, umu 2500 — 3500° kkan/m® B Toz; 2) OTHOCH-
TEJNILHO MEJIKOBOJHBIE TOMOTEPMHBIE 3BTpO(HBIE 03¢pa, PACHONOXKEH-
HbIE€ CpEIH KyJbTYPHBIX JIAHAIIA(TOB, C BBICOKMMH BEHMYHHAMHU BaJlo-
BO# MepBHYHON MPOXYKUMM (GUTOMNAHKTOHA — 2,5 — 7,5 T Oy/M” B Cy-
kM, Wi 1000 — 2500 kkan/m’ B rox; 3) me3oTpodHbBIE M BTOPHYHO
OJIMFOTPOQHBIE 03€pa C BBICOKOH MPO3PayHOCTHIO BOABI M 3HAYMTEJIb-
HbIMHU T1y6HHaMH, C KosebaHHeM BasloBOH NEPBHYHON NPOAYKUHMH QH-
TOIUIAHKTOHA B 3HAYMTENbHbIX Npeaenax —oT 1 go 7,5 0,/M* B CYTKH,
w1 npuMepHo 300-2500 kkan/m” B rox; 4) MaJIoNpOLYyKTHUBHbIE 03€Pa,
K KOTOPBIM OTHOCSTCS MESIKOBOAHbIC AUCTPOdHbIE 03epa C HU3KOH ax-
THBHOH peakuuent (pH<7), a Taike riy6okue npo3payHbie NMEPBUYHO
onuroTpodHeie o3epa. TlocnenHHe MMEIOT OYeHb HHM3KMH MOKa3aTesb
nepBu4HOH npoaykuud — 0,5-1 r Oy/M° B CyTKM, WIH McHEE
300 kkan/m” B rox.
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Bce nocnepyiomue mkanp! OTIHYAIOTCS OT BbIILE MPUBEAEHHOMN
JMIIb HE3HAYUTENHHO.

PaccMOTpMM npuYMHBI BO3HHKHOBEHHsS pPa3MYHBIX 3IKOCHCTEM
o3ep. JlomycTHB M3BECTHYIO CXEMATH3aLHIO, MOXXHO BBIACIMTL Clie-
AyIOlMe BHEIIHHE (DaKTOpHI, OKA3bIBAIOIME CYLIECTBEHHOE BIIHAHHE
Ha HaNpaBJICHHOCTh OCHOBHBIX MPOLECCOB B JKOCHCTEME — BIIHAHHE
BozocOopa, XxapakTep BHEWIHEr0 BoxooOMeHa, dopMa 03epHOH KOTIIO-
BUHB! [Poccomumo, 1976]. Boanbie 3xocucremsl popMHpYIOTCS mOx
BO3JEHCTBHEM HNPHPOIHON Cpelbl, CTPYKTypa KOTOpOH NOIBEp)KeHa
YETKO BBIPAXKEHHOH 30HaJbHOM HM3MEHYMBOCTH. 30HaNbHblE (aKTOPHI
BIJIFOYAIOT KJIMMAT, PACTHTEJIBHOCTh, THII MOYBEHHOro noxposa. Ilpu
H3yYEHHH JIMMHOTEHE3a MPEKIC BCETO BBIABIAIOTCA 30HAIBHBIE OCO-
GEHHOCTH, CBA3aHHbBIE C reorpapuieckiM pasMEIiCHHEM 03€ep: 30HaJIb-
HO H3MEHSIOTCH TEIUIO-IHEPIeTHYECKHE PECYPChl 03€PHBIX IKOCHCTEM,
a TaKKe pasMep rofoBOro CTOKa — OZHOTO U3 OCHOBHBIX KOMIIOHCHTOB
NPUPOAHOH CpElbl, Yepe3 KOTOPBIH OCYILECTBAAETCS CBA3b 03€pa C MH-
Tapomed ero BojocbopHo# mnomansio. Orcloga 30HaNEH M BOAHBIH
6anaHc o3ep, NIPOCTPAHCTBEHHOE paclpeleieHue 03ep Mo 3TOMY IoKa-
3aTENMI0 COOTBETCTBYET reorpaduueckor 30HaNbHOCTH [Borocnosckui,
1960]. Tun no4YBEHHOrO MOKPOBA 0Ka3bIBACT 3HAYUTENLHOE BIIUAHME HA
XMMHYECKHH COCTaB MMOBEPXHOCTHLIX BOI, OCOOCHHO Ha MX MHHEpaiH-
3auuio [Anekus, 1970].

ITonbITKy ydeTa pa3HOOOpa3HbBIX, IVIaBHBIM 00pa3oM, 30HaJIbHBIX
¢baxTopoB orpaxaer knaccuduxauus U.B. bapanosa [1961]. o ero
MHEHHMIO, OCHOBOH KJIAaCCHQHKAUMH JOMDKHBI CIYXHTh (H3UKO-
XMMHYeCKHE (AKTOphl M THIAPOXHMMYECKAss 30HAIBLHOCTH. Bmecre ¢
TEM OTMEYaeTCs, YTO KPYTOBOPOT BEMIECTB, CBOWCTBCHHbIM KaKIOMY
JaHHOMY THITy 03ep, B 3HaYMTEJIBHOH Mepe ompeaensercss Mophomer-
pueil. bapaHoB BblAENAET HECKOIBKO FHAPOXMMHUYECKHX 30H, KaXAasd
M3 KOTOPBIX XapaKTepu3yeTcs OCOOBIM THIIOM O3EPHBIX BOJOCMOB!
1) 30Ha HM3KOMHHEPAJIH30BAHHBIX BOJ IOIA3ONMCTO-OOJIOTHBIX NOYB;
2) 30Ha CpeIHEMHHEPATH30BaHHBIX BOJA ACPHOBO-NMOA30IHCTBIX IOYB;
3) 30Ha CpEIHENOBBIICHHO- 1 BHICOKOMHHEPAIH30BAHHBIX BON YEPHO-
3eMHBIX M KalUTAaHOBBIX NOYB; 4) 30Ha BHICOKOMHHEPAIH30BAaHHBIX BOJ
YEPHO3EMHO-KapOOHATHBIX W KalUTaHOBLIX MoyB [bapanos, 1961]. 3o-
HanbHbIE (AaKTOPbl MPHPOAHOH CPefbl ONpPENEAOT H 30HalbHbIE pa3-
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nU4Ms GHONIOTHYECKOH NPOXYKTHBHOCTH BOJOEMOB, YPOBEHb KOTOPOH
B 1I€;IOM BO3pacTacT C CeBEpa Ha IoT.

30HANBHOCTh pPacNpeeNeHUs THIOB 03€p MOXET HapyllaThCs
a30HaIbHBIMH (paxTOpamMH. 3TO NPHUBOIMT K HEOOXOOMMOCTH aHanHM3a
ycnoBuii GOpMHUPOBaHUA O3CPHBIX IKOCHCTEM MO OTACNBHBIM PErHOHAM
BHYTPH 30HbL. B mpuHuMne takoit moaxoj 6bL1 NOJIOKEH B OCHOBY pe-
ruoHansnoi runpoOuonorny 3.Haymanna. EAvHCTBY 30HIBHBIX U
a30HaIbHBIX (GaKTopoB HauboJee MMOJHO OTBEYAET FEHETHYECKH OIHO-
ponHas Teppuropus — reorpaduueckunit nanmuadt. O3epa pas3nMyHBIX
na”AwadToB UMEKT CBOH OTIMYHMTEIbHBIE 0COOEHHOCTH. Pasnnuue B
naHgmadTHOi CTPyKType BoOocOOpHBIX OaccedHOB OTpaxcacTcs Ha
XHMHYECKOM H OHONOrHYECKOM pexuMe 03ep, OMHu3KuX 1mo Mopdomno-
FHYECKUM H THAPOJIOTHYECKUM XapaKTepUCTHKaM [ApMani, 1975].

XapakTep 03epHbIX MPOLECCOB 3aBUCHT OT BCErO0 KOMILIEKCA YC-
J0BUH MOOMIM3allMM M JOCTaBKM BellleCTBa ¢ Bojxocbopa B 03epo.
JlanmagTHble YCIOBHA ONPEAEAIOT KaK KONHYECTBEHHBIH M KayecT-
BEHHBIH COCTaB AIJIOXTOHHOrO OPraHHYECKOTO BEUIECTBA, TaK ¥ aBTO-
XTOHHOTO, 3aBHCALIEr0 OT MOCTYIUIEHHS OHOrEHHBIX 3JIEMEHTOB H
MHKPO3JIEMEHTOB.

B Hacrosiuee BpemMs nmpH THNH3anMu 03€p OONBLUIOE BHHMAHHE
yZenseTcs CToKy kak ¢akropy Ouosorudeckoi npoaykrusHoctH. [lu-
POKO HCIOb3YIOTCA MOKA3aTeny yAEIbHOro BOAocHOpa M YCIIOBHOTO
BomooOMeHa. CO CTOKOM H NPOTOYHOCTLIO 03€p B 3HAYMTENLHOH CTe-
NEHH CBA3aHBI FOJOBBIE U MHOTOJETHHE KOJNIEOAHUS NMPOLYKTUBHOCTH
r1aHkToHa H 6¢Hroca [Hukonaes, 1976; Kuraes, 1984]. U3 xnaccudu-
Kaliii, MOCTPOCHHbIX B OCHOBHOM Ha a30HANbHBIX MPH3HAKaX, NPaKTH-
4yecKkoe 3HaYeHHE MMEET ruaposioryueckas wiaccudukaims b.b. Boro-
cioeckoro [1960]. B ocHoBy ec nonoxens! 0coOOEHHOCTH BOAHOTO Oa-
JlaHca, pacCMaTpUBAEMOTo B KayecTBe BeAyllero ¢axkropa npH paii-
OHHPOBAHHHM O3EPHBIX BOJOEMOB. Ba)kHEHIINM NpH3HAKOM [IpH paii-
OHHMpOBaHMH 03€p, N0 Bb.b. BorocioBckoMy, CIyXHT COOTHOLIEHHE
Iiolaau o3epa M ero Hacceitna (Bomoc6bopa). Ilo pacxomHoit 4acTH
6anaHca aBTOp BBIACNAET [JBa THIa BOJOEMOB: 1) CTOKOBBIE; 2) HCIa-
parome. B  nepBoM THme pa3nuyaloTCs NOATHIBI:  CTOKOBO-
NPUTOYHBIE; CTOKOBO-HEHTPA/IbHBIE; CTOKOBO-JOXKIEBBIE; 2 BO BTOPOM
~ HMCNAPUTENLHO-IIPUTOYHBIC; HCHAPHTENbHO-HEHTPabHbIC, HCNapH-
TENBHO-I0XKICBLIE.
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CrpasemiuBo paccMaTpuBas Mop(OMETpHYECKHE XapaKTepHCTH-
KH KaK a30HaJIbHbIH (akTop pa3BHTHA BOAHBIX dKocucTeM, B.I' Ipa6-
koBa [1986] oTMeuaer, UTO B Iipejienax OMHOro nasmwadra pa3nuyus B
3KOCHCTEMaX BOAOEMOB OOYCIOBJICHbI BEJMYMHOH BHEILIHETO BOHOOO-
MeHa, QopMoli 03epHOH KOTIOBHMHBI, IUIOLIAABIO BOJHOrO 3epKana,
riy6uHoii, o6beMoM BoxHO# Macchl. Co cTpoeHHEM 03€pHOH KOTJIOBH-
Hbl TECHEHIIUM 00Opa3oM CBsi3aHbl (OPMHUPOBAHHE BHYTPEHHErO BOIO-
obMeHa o3epa M CTPYKTypa ero BoJHOW Macchl. Ponb nuropasibHO# 30-
HBI, ONpPEIEIeMOl CTPOCHHEM KOTJIOBHHBEI, BeJHKA B (OPMHPOBAHHH
coobuiecTBa MakpoQHUTOB, YTO B CBOIO OYEPEAb MOXET ONPECIHTH
HamNpaBJIEHHOCTh Pa3BHTHA o3epa JH60 Mo QUTOMIAHKTOHHOMY, THOO
no makpodutHomy Tuny [[okposckas, Muporosa, llunskpor, 1983].
YeTko ompeAessercs TAalOKe 3aBUCHMOCTh YpOBHA Ouosnormueckoi
NPOXYKTHBHOCTH OT MOPQOMETpHH 03€p: y MEIKOBOIAHBIX 03€p 3TOT
YpOBEHb BCCra Bhlille, YeM y raybokoBoaHsix [[IpabkoBa, CopokuH,
1979].

Bonpiioe 3HayeHME a30HANBHBIX (AKTOpOB B (pOpMHPOBaHHUH H
Pa3BUTHH 03¢p 00YCIIOBHIIO TOSBIEHHE COOTBETCTBYIOILHMX KIACCHDH-
kanuit. OnHOM M3 NepBblX, HanOOJEe H3BECTHBHIX B 3TOM OTHOLICHMH,
Obina knaccudukamms I[1.d. Jompauesa [1922], ocHOBaHHAs Ha OTIH-
YHH 03ep no IiyOMHaM. ABTOp pa3zensn o3epa Ha riybokue, cpense-
I71y6OKHE M MEJIKHC, XapAKTEPHCTHKA KOTOPBIX B UEIOM COOTBETCTBYET
0;IUTOTPOGHOMY, IBTPOPHOMY H JUCTPOPHOMY THIIAM.

B 1964 r. unrepecHas kiaccudukauus Ovuta npemtoxena JILJL
Poccomumo [1964]. IM Oblin BBLABMHYT MPHHUMN 0aslaHCOBOTO HM3yde-
Hus BomoemoB. JLJI. Pocconumo yTtBepxxaan, yto 6anaHc He ABIsIETCS
TOJNbKO HTOTOBBIM BBIDOXEHHEM, HO BKIIOYaeT B cebs pa3BepHyTOE
HpeACTaBieHHe O Bcex (ha3ax W ITanax AMHAMHMKH TOrO MIH HMHOTO
3/IEMEHTa M O BCeX Mpoleccax W ABIEHHSAX, CBA3aHHBIX ¢ 3TM. [lox-
YepKHUBAJIOCh, YTO KJIACCHQHKALMA JODKHA AaTh CHCTEMY THIOJIOFHYe-
CKHX XapaKTEPUCTHK JUIS BCEro pa3sHOOOpa3Hus 03¢p HE3aBHCHMO OT HX
CBOWCTB ¥ reorpaduyeckoro nonoxenus. OCHOBaHHEM JUIS BhIAEIEHUS
THUIIOJIOTHYECKHX EIUHHIL JOJDKEH CIY)KHTh XapakTep HaKOMJIeHUs
03EPHBIX OTIOXKEHHH KaK 3aK/IIOYHTENILHOE 3BEHO B CIIOXHOM OanaHce
BEILLIECTBA U dHepruH BogoeMos. JI.JI. Pocconumo BBIAEAAS TPH OCHOB-
HBIX THIa o3ep: 1) o3epa — aKKyMyJATOpbl HAHOCOB; 2) 03epa — KOH-
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LICHTPaTOpbl PAaCTBOPEHHBIX MMHEPANbHBIX BeEllecTB, 3) o3epa —
HaKOIHMTENH OPraHU4ecKoro BemecTBa. [IpH paccCMOTPEHHHM peErHo-
HanbHeIx eauuy JI.JI.Pocconnmo yka3biBas Ha a30HaIbHBIN TNPH3HAK,
06ycoBneHHbIH npeoblafaHueM ONPEAEIEHHOTO TUIIa FOPHBIX MOPO.
B Esponeiickoit yactu Poccun o Beigensan: 1) bantuiickuit kpucTan-
JHYECKHMH IMMT — 06NacTh XKeJle30-KPEMHE3EMO-TYMYCOBOTO HAaKOILIE-
HHA; 2) 06acTh MOPEHHBIX OTNIOXKEHHN Ha Pycckoit paBHHHE, HIIH OD-
raHU4YecKoro HakoIuieHus; 3) obnacTh coneHakoreHus Ilpukacnui-
CKOM HH3MEHHOCTH.

FCTOHIHBOCTE JHMHOCHCTEMEI

B nmpouecce 3Bomonun o03epa €ro 3KOJIOrHYeckas CHCTEMa CTpe-
MHTCA K DPaBHOBECHOMY COCTOSHHIO. IlocnenoBaTensHOCTL Pa3BUTHA
3KOCHCTEM HalpaB/ieHa Ha YCIOXHEHHEe OPraHU3aLUH 3TOH CHUCTEMBI H
yCOBEpLICHCTBOBaHHE MeTabonnueckod apdekTusHocTH. U TO M Apy-
roe HOCTHraeTcs B CTaOHNMH3MPOBAHHOH 3KOCHCTEME, KOTOpas Xapak-
TEPU3YETCA MAKCMMYMOM CHMOMOTHYECKHX B3aHMOIECHCTBHH MEXIY
OpraHM3MaMH Ha CIMHHILY WUMEIOIIErocs IHEPreTHYECKOro NoToKa. Ta-
KHM 3KOCHCTEMaM MNpHCYIUH pasHooOpa3ue OpraHU3MOB, IKOHOMHY-
Hblii OOMCH BELECTB, MHOTOYUCI/IEHHbIE DHEPreTHYECKHE MYTH, CIIOXK-
HbI€ IHILEBbIC NEPEIVIETeHUA, HU3Kas 3uTponus. Bee 310 06ycnoBaH-
BAET BBICOKHE 3aLIMTHbIE CBOACTBA 3kocucTeMBI [Onym, 1975].

BnusHue 30HaNBbHBIX M a30HANBHBIX (PAKTOPOB Ha IKOCHCTEMY
03ep He BCETAa JIETKO MPOCJIECKUBAETCSA, NOCKOJILKY BHYTPEHHHUE JTHM-
HUYECKHE TNpoueccs 00/afaloT HEKOTOPOH aBTOHOMHOCTBIO. O cloXk-
HOCTH CBSA3H 03€pa C OKpY>Kalolleil cpefoll TOBOPUT pEaKLHsi BOIAHBIX
9KOCHCTEM Ha aHTpONOreHHoe npeobpa3oBanue Mx BomocOopos. IIpu
aHTPOINIOTEHHOM HM3MCHEHMH JaHAWA(THOH CTPYKTYpbl BOAOCOOpOB
(cBeneHHe Jeca, pacmallka, HCIONb30BaHHE MHHEPANBHBIX YAOOpeHHH
¥ Pa3BHTHE KMBOTHOBOJACTBA) MEHSETCSt CKOPOCTh NOCTYIUIEHHS B 03€-
pa 6uoreHHsIx aneMeHToB. [locTyruieHne MOCIeAHHX HE BCETAa BbI3bI-
BaeT NpPONOPLUHOHAIBHOE H3MEHEHHE YPOBHA OHOJNIOrHYECKOH NMPOAYyK-
THBHOCTH BOJOEMOB, YTO B 3HAYHTENbHOH CTENEHH 3aBUCHT OT BHYT-
PEHHHUX MPOLECCOB B 03€pax: OT aKKyMYJLHH OHOTEHHBIX 3JIEMEHTOB
JOHHBIMH OTJIOXXCHHAMH, CKOPOCTH HX 0060pauMBaeMOCTH, OT KayecCT-
BEHHOI'0 COCTaBa r’MAPOOHOHTOB.
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CBOHCTBEHHass 03€paM aBTOHOMHOCTb JIMMHHYECKHX MpPOLIECCOB
ofycnoBneHa rnaBHBIM 00pa3oM crneuudHkoit 6HomorHueckux 1 Ouo-
XMMHYECKHX mpoleccoB. g Bcex THAPOOHOHTOB XapaKTepHO IpH-
crnocobneHHe K M3MEHEHUAM OKpYKaIoILEeH cpelibl, OCHOBAHHOE Ha H3-
MEHEHHH MCTOYHHKOB NUTaHHA. MHOrHE BHIABl HA Pa3lIUYHbIX 3Tanax
OHTOr€He3a yJOBJIETBOPAIOT CBOH MOTPEOHOCTH MHILEH, NTOTy4aeMOH ¢
Pa3HbIX TPOPHUECKHX YPOBHEH. DTO IPHBOIMT K TOMY, 4TO, HECMOTpPA
Ha 3HaYHUTENbHbIE KOJCOaHHUA YUCIIEHHOCTH Pa3IHYHbIX THAPOOHOHTOB,
HE BCErza MPOMCXOAAT CMEHbl OHOLIEHO30B, YTO XOpOLIO OOBACHHMO,
€ClIM PaccMaTpHBaTh UX KaK caMoperyjiupympoumsecs cucreMsl. OqHaxo
o3epa He obnajzaloT OecnpenenbHOH YCTOHYMBOCTBIO. JInMMTENBHBbIE
BO3JEHCTBUA NOCTENEHHO MEPEBOJAT MX B ApyrHe Tpoduueckue Kare-
rOpHH.

IMpenensl yCTORYHMBOroO CyIIECTBOBAHHS BOAHBIX 3KOCHCTEM 3aBH-
CAT HE TONBKO OT CTaJMH Pa3BHTHUSA, THMAPOJOTHYECKHX H THIPOXHUMH-
YeCKHX 0COOEHHOCTEH 03€p, HO M OT MX 30HANIBHOIO PACIIOI0KEHHS, OT
TOro KOMIUIEKCa reorpaguyeckux (akTopoB M JTHMHOJIOTHYECKHX YC-
NoBHH, KOTOPBIH QOPMHUpPYET CTPYKTYPY U OCOOEHHOCTH 03€pHOH JKO-
cucremsl [Pocconnmo, 1976]. Ecnu paccMatpuBath 3BOJIIOLIKIO 03€D B
HCTOPHYECKOM IUIAHE, TO YKa3aHHas CX€Ma pa3BHTHA 3KOCHCTEM MO-
*eT HapyllaTbCcs NpPU M3MEHECHUH BHEIIHHX (aKTOPOB — PE3KHX KOJle-
OaHMAX KJIMMaTa, YTO BiedeT 3a coboil mepecTpoiKy JaHmwadTHOH
CTPYKTYpPbl BOZOCOOpPOB, M3MEHEHHAX MOPQOMETPUYECKHX MOKa3aTe-
JieH o3ep U T.O.

Jnsa 6uocdeps! B LENOM BaxkHeHIce 3HaYEHHE HMEET OTHOLLEHHE
TEMIIOB IIPOAYLMPOBAaHHUA M DPAa3JIOKEHHSA HE3aBUCHMO OT TOrO, KaKHe
OpraHu3Mbl MK abHOTHYECKHE MapaMeTphl ONMpefenAioT 06a 3TH npo-
uecca. OCHOBHBIM YCJIOBHEM CYLIIECTBOBaHHA BCETO )KHBOFO B HHochepe
sBIAETCS COANAaHCHPOBAHHOCTH NPOLYUMPOBAaHUA M pasioxenus. Orcra-
BaHHE YTHJIM3aLMHU BELLECTBA, MPOM3BEAEHHOIO aBTOTpOdaMH, HE TOINb-
KO obecre4nBaeT NoCTPOEHNE OHOJIOTHYECKHX CTPYKTYp, CMATYAKOILUX
CYPOBBIE YCIIOBHMA OKpY>arolleil cpefbl, HO U 00yCIOBIMBAET CYILECT-
BOBaHHE KHCIOPOAHOH aTMoc(hepsl, K KOTOPOH NPUCHIOCOOIEHb! YEIOBEK
¥ BBICUIME >XMBOTHblE. Bonblias 4acTe OpraHMYecKoro BEHIECTBa, HeE
Pa3I0XKUBILETOCA 10 TEM MJIM MHBIM IPUYMHAM, OKa3blBaeTCs MOrpe6eH-
HBbIM B MOABOJHBIX OTJIOXKCHHSAX; BOT ITOYEMY HEQTH BCTPEYAETCS TOJIBKO
TaM, IIc MECTHOCTb HAXOMMTCS MM HaXOAMIACh NPEXKIE NOA BOAOH.
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JxocucTeMsl, NOLOOHO BXOAAIINM B MX COCTaB MOMYNALHUAM H Op-
FaHH3MaM, CII0COOHBI K CAaMONOINEPIKaHUIO H CAMOPETYJTHPOBAHHIO.

OnbIT H3yUeHNs aHTPONOT€HHO H3MEHEHHBIX BONOEMOB CBHACTEIIb-
CTBYET O TOM, YTO MOX BIMAHHEM AEATEILHOCTH YEJIOBEKa M3MEHECHMA
BOJOEMOB MIYT B HampaBJIeHHH 00OrallieHHs HX BTPOPUPYIOIIHUMH JIH-
60 3arpasusIOlIMMH BellecTBaMH. Mcxons U3 NPHPORHBIX CBOWCTB M
¢0anaHCUPOBAaHHOCTH JIMMHOCHCTEMBI, BOROEM oOONamaeT yCTOMYMBO-
CTBIO K M3MeHAImMMEA BosaeicTtBuaM. [lon yemouuusocmuio nonnma-
€TCs CrIoCOOHOCTh CHCTEMBI AKTHBHO COXPaHATH CBOIO CTPYKTYDY M Xa-
pakTep (pyHKLHOHMPOBaHHUA B NPOCTPAHCTBE ¥ BO BPEMEHH NPH H3Me-
HAIOILMXCSA YCIOBHAX CpeAbl. B OCHOBE YCTOHYHBOCTH CHCTEMBI JIEXKHT
omnpeaenéHHas crneundrKa BHEUIHHX BEIECTBEHHBIX CBS3€H BONOEMA C
BOZOCGOPOM, KOHTPOIUPYIOWHMX MPOLECCH MOCTYIUICHUS U HaKOIUIEHUA
BEILIECTB B BOJIOEME, H CBsI3eH BHYTPHBOLOEMHbIX, PETYIMPYIOIIHMX IIpe-
BpallleHHE BEILECTB M JHEPIrHH B HEM. YCTOHYHBOCTH BOJOEMA €CTh MX
ocofoe CBOHCTBO, MEHAIOILIEECS TTO MEPE Pa3BHTHUA BOIOEMA.

Takas cnoco6HOCTh MNOANEPKUBACTCS DPEryJIATOPHBIMH KM
yIpaBisgOIUMHY MEXaHH3MaMHU, Habop ¥ 3HAYUMOCTh KOTOPbIX MOXET
pa3M4YaTECH y BOAOEMOB pa3IMYHOIO THMA — OJHMIOTPODHBIX M IB-
TPOdHBIX, MaIbIX U OONBILHX, ITyOOKHX H MEJKHX, C Pa3BUTOH M HE
pPa3BUTOH JTMTOpANbIO, C Pa3HbIM XHMHYECKHM COCT2BOM BOABI H T.I.
OCHOBHbIE MEXAHH3MbI YCTOHYMBOCTH-H3MEHYHBOCTH BOJOEMOB MOXK-
HO NpEeICTaBUTH B CICAYIOILIEM BUAE:

— MpPOTOYHOCTH BOXOEMA, OOYCIOBIHBAIOIAst BbIMBIBAHHE HIIH
HAKOIIEHHE NOCTYNAIOUUX BEIIECTB;

— €MKOCTh BOXHOM MacChl MO OTHOIUCHHIO K MOCTYNAKOLIUM Be-
1IeCTBaM, OlpefeNieMas pa3MepaMH BofoéMa (ero IUIOmaAbo U pac-
NpeAcneHneM riyomH;

— THOpOJMHAMHYECKHE TMpolecchl (MepeMelinBaHue, HalIU4yHe
WM OTCYTCTBHE MIOTHOCTHOH CTpaTU(HUKALMH), OT KOTOPBIX 3aBHCHUT
000pOT BeLeCTB B BOAOEME;

— AaKTHBHOCTh (POTOCMHTE3HPYIOILHUX MNPOLIECCOB, OmNpeensieMas
obecrieyeHHOCTHI0 aBTOTPOGOB GUOrEHHBIMH JJIEMEHTAMM, CBETOM H
TENoM;

— AKTHBHOCTb JIECTPYKUHOHHBIX INPOLIECCOB, CBA3aHHas ¢ obec-
NIE4EHHOCTBIO TETEPOTPO(POB OPraHMYECKUM BEILECTBOM H C TeMIlepa-
TYPHBIMH H KUCJIOPOJHBIMH YCJIOBHAMH CpEJIbI;
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— HHTCHCHBHOCTH OCaXCHMS BELIECTB M3 BOALI, 00ycCnoBIHBae-
Mas ypoBHEM TpodHH BOXOEMA M XHMHUECKHM COCTAaBOM BOJIBL;

— NPOCTPAHCTBEHHO-BpPeMEHHbIE Gapheprl: 1) nmuropais ¢ e€ ¢u-
TOLICHO3aMH U ¢€ EMKOCTHIO K IOCTYNAIOIUM C Bonocbopa BewiecTsa-
MH; 2) JOHHBIE OTIOXEHHUA M HX EMKOCTb MO OTHOIIEHHIO K OCaXKIAl0-
IIMMCS TIMTaTENAbHBIM M 3arpa3HSAIOIMM BELIECTBaM, onpelenseMas
XMMHYECKHM COCTaBOM M xapakrtepuctukamu pH, Eh u comepxannem
KHCIIOpOJia B MOTPAHHYHOM CJIOE «HJI-BOZA»; 3) XapaKTEPHCTHKH TEM-
[IepaTypHOro U MIOTHOCTHOTO CIIOEB CKA4Ka;

—I[IPOCTPAHCTBEHHOE pa3HOOOpa3ke IKOCHCTEM BOJOEMA — COYETa-
HHE JIMTOPAIBbHBIX W MENarH4ecKuX KOMIUIEKCOB, MEpPecTpoika CTPyK-
Typ OHOLICHO30B.

BO3HHKHOBEHHE HOBBIX JKONOTMYECKUX (PaKTOPOB B OKpYk aroulei
cpene, OOYCIOBIEHHBIX MOILLHBIM AHTPOMOTEHHBIM BO3ACHCTBHEM H
CHOCOOCTBYIOILMX 3BOJIIOLMH NPHPORHBIX IKOCHCTEM, ONPENCIHIIN He-
00X0IUMOCTb B LIIMPOKHX (YHIaMEHTAJIBHBIX HCCIENOBAaHUAX MHOIO-
o6pa3Hsix pyHxumi 6Hocdepsl H, B 4aCTHOCTH, THApodHocdepsl.

CornacHo uccaenoBaHuaM 03€p JlaTraneCkod BO3BBLILIEHHOCTH,
KpUTHYECKas CHTyalusd, KOT[a OCCTPYKLUS OpraHHYECKOTO BEIIECTBA
HauyMHaeT OTCTAaBaTh OT €ro NpOAYKLMHM, HACTynaer B 03épax ¢uro-
NIaHKTOHHOTO THIIA MpH KOHUEHTpaumu Py, 6onee 0,03 — 0,04 mr/n.
Iokazarens yCTOHYHBOCTH 3KOCHUCTEMB! MPHHATO OLEHHBATH COOTHO-
LIeHHeM MPOAYKUHOHHBIX A M RecTpyKuuoHHbIX D npoueccos. Ero
3HaYEHHE, TOMHMO OHOreHHOH Harpy3KH Ha 03€po, 3aBUCHT OT KJIHMa-
THYeCKMX M Mopdomerpuueckux ¢akropos. st 03€p ykazaHHOM
FPYIIIBI 3Ta 3aBUCUMOCTh HMEET BHI :

A/D = 0,00037*%t + 0,022*C/W + 0,043*P/F,,

rac A ¥ D — COOTBETCTBEHHO rOIOBbIE 3HAYECHHA NMPOXYKLHHU M JECT-
PYKUHH OPTaHHYECKOTO BEUIECTBA; ./ — CYMMa CPEIHECYTOYHOH TeM-
nepaTypsl B! 3a Mafi-aBryct, °C; C/W — nokasarenb yCIOBHOIO BO-
noobMeHa; P/F, — BHemHss Harpy3ka Ha o3epo, r/(M’rox). AHamu3
3TOM 3aBUCHMOCTH NOKa3bIBAET, YTO, PETYIHPYA YCIOBHbIH BOg0OOMEH
M BHEIIHIOK OHOTEHHYIO Harpy3kKy, MOXXHO HOOHTbCS yCTOH4YHMBOCTH
3KOCHCTEMBI NPH YCIOBHH HEHM3MEHHOCTH KJIMMaTta, H Haobopor, yc-
TOHYHBOCTH MOXXET W3MEHHTBCH, €CIH IPOMU3OHAYT KIMMATHYECKHE
H3MEHEHHA MPH HEU3MEHHON aHTPOMOTEHHOH HAarpy3ke Ha BOJOEM.
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JAumn THPpYIIOUIHEe KOMNOHEeHThLI

Huxn kaxporo dyeMeHTa B 6uoctepe CBA3aH C MOCTOAHHBIM KPY-
rOBOPOTOM BCEX 3JIEMEHTOB, B3aUMOAEHCTBYIOIIMX B XOAE EIHHOIO
XMMHYECKOTO Ipouecca. B pesynprate JOCTHraeTcs COCTOSHHE YCTOM-
YHBOrO PaBHOBECHSA, NoLAepxkHBacMoe Oaronapsi MOCTOSHHOMY IIPO-
AYUHPOBAaHAIO ¥ NOTPeONCHUI0 OHOXMMHMYECKHM BaXKHBIX BELIECTB B
6uoctepe. CoOTBETCTBEHHO NMpPH HapyIUCHHH NHKJIA XOTA Obl OQHOTO
3JIEeMEHTa HapYLIaIoTCA UMKIIBI ¥ JPYTHX 3JIEMEHTOB.

OnHO# U3 cambIX OONBIIMX TPYAHOCTEH MPH H3MEPEHHH NPOIYK-
THBHOCTH BOJHOH IKOCHCTEMBI ABJIAETCA HEOOXOOUMOCTb OTBETHUTH Ha
BOTIPOC — HAXOJMTCA JIM CHCTEMA B COCTOSIHHH IHHAMHYECKOTO PaBHO-
BECH, T.€. B YCTOHYMBOM COCTOSHHH 7 B TakoH cucteMe mocryiuieHue
BEILECTBA ¥ DHEPrHH PaBHO UX pacxoxy. [Ipomykuus HaxooMrTcs B paB-
HOBECHM C 3aMAcOM I CKOPOCTBIO TMOCTYIUICHUS AUMUMUDYIOUe20
KOMNOHeHma, T.€. KOMIIOHEHTa, HMEIOILErocs B HAaUMEHBILEM KOJIHYe-
crBe. IIpn yCTOHYHBOM COCTOSHHM NUMHMTHDYIOWEM OYyAET TO BELIECT-
BO, XOCTYNHBIE KOJHYECTBa KOTOpOro Hambosee GIM3KH K HEOOXOIH-
MOMY MHHHUMYMY. DTOT «3aKOH MHHHMYyMa» B MEHbIUEH CTEHECHHU IIpH-
JIOKUM K TEPEXOJHBIM COCTOSHHAM, KOrja GbICTPO U3MEHSIOTCS KOJIHM-
4eCTBa, @ 3HA4UT, H 3QGEKT MHOTHX COCTABJISIOLIHX.

['mnote3a o TOM, YTO YCTOHYHBOCTb 3KOCHCTEMbI HIIHM BBIHOCIIH-
BOCTb OpPraHH3Ma OMNpPEAENieTC CaMbiM cjiabbiM 3BEHOM B LEMH €ro
9KOJIOTHYECKHX moTpebHOCTel, BhiBUHYTa emé B 40-x rogax XIX Be-
ka. [Tozxke MHOrve aBTOPHl PAaCIIHPHIM 3Ty KOHLEMUHIO, BKIIOYUB B
Hee abuoTHueckHe ¢akTopbl, a Taioke ¢axrop Bpemenn. Cnenys IO.
OnyMy, paccMOTpHM TNIpUMeEp 03€pa, TA€ TIaBHbIM JIMMHTHPYIOLIHM
tdaxTopoM sBasercs asyokucs yriuepona (CO,) u npoxykruBHOCTh cha-
JIAHCHPOBaHa co ckopocTeio moctymneHus CO, u3 pasnararouierocs
OpraHH4ecKoro Beuiectsa. byneM monarate, 4yTo cBeT, a3oT H docdop
[IPH 3TOM YCTOHYMBOM COCTOSAHMM ObUIHM B HU30BITKE, T.€. HE CIYXKHIIH
nuMUTHpYowmMK ¢pakropamd. Ecnun Bo Bpems Gypu B Boze pacTBO-
PUTCA DONOJHUTEIBHOE KOJIMYECTBO ABYOKHCH YIJIEpOAa, TO CKOPOCTh
06pa30BaHUs MPOIYKIIMH U3MEHHTCSA M HaUHET 3aBHCETh TAKXKE OT APY-
rux ¢axropos. [Toka ckopocTh MeHsETCA, CTAlHOHAPHOTO COCTOSHHA
HeT U 3¢dekT MHUHHMYMa OTCYTCTBYeT. Pe3ynbTaT 3aBHCHUT OT écex (a
HE OT OAHOro) KOMNOHEHTOB. [0 Mepe pacXONOBaHMA Pa3sHBIX KOMIO-
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HEHTOB [IPOJYKTHBHOCTb OyeT OBICTPO H3MEHATLCA, 1I0KA OHH M3 HHX
HE CTaHeT JMMHUTUpPYIOMM ¢akTopoM (Bo3moxkHo, onatk CO; ). Toinb-
KO IOCJIE 3TOT0 CKOPOCTh (PYHKLMOHHPOBAHHA O3¢pHOH CHCTEMBI Oy-
JIET BHOBB PEryJIHpOBaThCA ‘“3aKOHOM MHHHUMYyMa™.

IIpu anTpOonoreHHoM 3BTPOGHPOBAHMM B MpecHLIX BOAAX CO3/a-
€Tcs B BbICLICH CTENECHH HEyCTOHYHBOE COCTOSHHME C Pe3KHMHU koneba-
HusMH (OypHOE «LBETEHHE BOJOPOCIEH» C NOCTIECAYIOLMM OTMHPaHH-
€M, IIPH KOTOPOM BBICBOOOXIAIOTCS NMHTATENbHbIE BELIECTBA, BbLI3BI-
BalOLIME OYepEeHOE «LBETCHHE»). B TakoM ciydae B KauecTBE JIMMHU-
THpPYIOILEero Gakropa Henb3s BHIABUIaTh Ha NEPBOE MECTO KAKOE-TO M3
BenecTs. Bo BpeMs Takux xonebanuit pocdop, a3or, ABYOKHCH yrIiie-
pona ¥ MHOTHE IpyrHe BELIECTBa MOTYT OBbICTPO CMEHATH APYTr Apyra
Kak JJMMHTUpYIOWHE (aKTOPhI.

B HexoTOpBIX 3BYOTHYECKHX 30HAX MEPBUYHASA NMPOXYKUHA PuTO-
MIaHKTOHA OrpaHU4YeHa W3-3a HexBaTKH (ocdaros B noctynHol ¢dop-
Me. B apyrux aBpoTHYeckux 30HaX BHYTPEHHHX BOJ BCIEICTBHE H3-
ObiTka QocharoB NPOUCXOAUT HMHTEHCHBHOE IBETCHHE BOJOPOCIEH.
Kax npasuio, B 60nbmmHCTBE OMMIrOoTpodHbIX BOX docdop cuuTaercs
JUMHTHPYIOUIHM [THTATCIbHBIM JIEMEHTOM.

Peaxius puTonnaHKTOHA Ha MPUCYTCTBHE OHMOTEHOB OmpenesseT-
cs OTHOLLICHHEM KOHLIEHTpauuu azora U ¢ocdopa. [lo BecosoMy coor-
HOILUCHUIO B BOJIE BaJOBOIO COAEpXaHus a3zora U docdhopa MOXKHO
OLICHUTB, KaKOH U3 ABYX DJIEMECHTOB JMMHUTUpPYET npogykuHio. Coor-
HouleHue BaIoBhIX BenuduH N u P B ¢puronnankToHe 1 BooOLIE B pac-
TUTENbHOH npotomnasMe = 10-15 (10-15 : 1), ono Hanbonee onru-
MaJIbHO JUI1 YCBOEHHS MX OpraHm3MamH. Passurtue Bogopocner JTHMH-
THpPOBaHO a30ToM, ecnu N/P < 10, nMeer Mecto u3beITok docopa u
HepocTaTok asora. Ilpu N/P > 15-17, cymectByer H30bITOK a30Ta U
HeJ0CTaToK docdopa, THMHTHPYIOIHA 3EMEHT — docdop.

Apaenne CYRUecCHH BHAOB B (puron.aankrone

Benyuyio ponbs B pyHKIMOHHPOBAHMH MPECHOBOIHBIX 3KOCHCTEM
MPHHALIEKHUT PUTOIUIAHKTOHY, 32 CYET (POTOCHHTE3a KOTOPOro B Kpyn-
HbIX 03épax M BONOXPAHMIMILAX CO3HAETCA GOHI OPraHUYECKOTO BELLE-
CTBa, COCTABAIOLIMA IHEPreTHYECKYIO OCHOBY 1S BCEX MOCIETYIOLMX
3TamnoB NPOIYKIMOHHOIO fporecca B BogoéMe [Bunbepr, 1960].
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CpaBHHTENIbHBIH aHAJIM3 [OJIHOTO BMIOBOIO COCTaBa (PHTOILIAHK-
TOHA 03Ep BCErAa NpeJCTaBAseT U3BECTHBIE TPYAHOCTH, TaK Kak obuiee
KOJIHYECTBO BHMIOB 3aBHCHT OT CTENICHH H3YyYEHHOCTH BOZOEMA, €ro
BEJIMYKMHBI, KOJIHYECTBA B3ATHIX NMpoO, KayecTBa MUKPOCKONA MU Haxe
KBanMpuKauuKH Hccaenosaresd. [lodToMy npH MOHHUTOpPHHIE O3€Ep
0OBIYHO MPOBOAAT MCCIIENOBaHUE Haubosee 4acTo BCTpeYaeMbIx (Mac-
COBBIX) BH/IOB, ONpPEHEIAIOT MAKCUMAIBHYIO YMCIIEHHOCTh H CYKHEC-
CHIO HX MOMYNALMH.

MaccoBbiMy, 06pa3yomiuMu GoH GUTOMIAHKTOHA B TOT WX WHOH
nepuon B 03¢pax, MOXKHO c4uTaTh 0Kono 90 BumoB. Crofa BXOIAT O0-
MHHaHThI, co3paroumme ot 20 mo 100 % Ouomace, U CyOmOMHHAHTHI.
Oxono 50 u3 Hux sBnsoTca obwHMH g paiioHoB Cesepo-3amana
Poccuu u bonbuuesemensckoil TyHapst [Tpugonosa, 1990]. Junamuka
NOMy AU MacCOBBIX BUIOB ONpenenseT THHAMUKY obmielt Ouomaccsl
¢uronnankroda. Jns toro 4roObl IOHATH NPH4MHBLI, 00YCIOBINHBaIO-
1Me rogoBoH xox obuei Guomaccel, He0OXOAMMO UMETh NpEACTaBIIe-
HHe 00 3KOJIOTHH OTIENBHBIX BUIOB U HX CYKIIECCHH.

SIBjieHUE CYKLIECCHH BHUIOB B (DUTOIUIAaHKTOHE ABIAETCS OJHHM M3
CaMbIX CIIOXKHBIX U MHTEPeCHBIX B ero akonoruu. HeobOxomumo Brine-
JIUTh JIBA THIIA CYKLIECCHHM — CE€30HHYI0, CBS3aHHYIO C IOCIIEOBaTENb-
HOHM CMEHOHN nomynauMdii B TOJOBOM LMKAE, H OCHO8HYI0, 00YCIIOBIIEH-
HYIO 3BOJIIOLMEH 03¢p. B CBA3M ¢ MHTEHCHUBHBIM AHTPOIMOTEHHBLIM 3B-
Tpo(UpOBaHHEM BOJOEMOB 3HAUHTENILHO MCHAETCA CKOPOCTH OCHOB-
HOU cykueccHu, 4To Tpedyer mpeacka3aHHe BO3MOXHOIO 3aMEIICHHUA
BUIOB B COOOILIECTBE KaXAOT'O OTAECNLHOrO BOAOEMA W IMOCIEACTBHH,
CBSI3aHHBIX C ITHM, JJIsl 3KOCUCTEMBI B LieIoM [AHTPONOreHHOE BTPO-
¢uposanue Jlagoxxckoro ozepa, 1982]. [ moHMMaHHA CYKUECCHH
BUJOB IPUBJIEKATUCh MHOTOYUCIICHHbIE B3aHMOCBs3aHHbIE (DAaKTOPHI
Cpeabl, NPCXKAE BCEro I'MAPONOTHYECKUE, TaKHe KaK MPOHHKHOBCHHE
CBETa, TEMIIEpPaTypa U AMHAMHKA BOIHBIX MAacC, COIEpKaHue OuoreH-
HBIX 3JIEMEHTOB, a TaKXKE BbleJaHHE 300TIJIAHKTOHOM, BBIIENCHHUE TOK-
CHYECKHX BEILECTB H T.[.

be3ycnoBHo, 6110 ycTaHOBNEHO, 4TO AobasiieHue dpocthopa K BO-
Ae OOMNBIIMHCTBA 03EP BEAET K YBEMHUYEHUIO 6HOMAcChl PUTOIIAHKTOHA
[Tpudonosa, 1990], 1 BO3MOXXHO NpeNCKa3aHUE YPOBHS €& MOBBILIE-
Hug. OJHaKO, KaK CHUMTACT OAMH U3 KPYNHEHIIMX COBPEMEHHBIX JIHM-
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nonoroB J[xoH JIaHA, COBEpIIEHHO HEBO3MOXKHO MpEACKa3aTh CMEHY
BHIOB M MX MaKCUMAJIbHYIO YHCIIEHHOCTS.

HecMoTps Ha TO YTO CyKIIeCCHSA BHAOB 3aBHCHT OT (JaKTOPOB Cpe-
Ibl, MacCOBOE pa3sBMTHE KaKoOro-mMbo BHIAa BBI3bIBACT W3MEHEHHE Cpe-
Ibl, TIOATOTAaBIMBAs YCIOBHs [UIA pa3sBUTHA IPYrHx opraHusmoB. Ha
paHHUX CTagusax 3BTpodHpoBaHusA 03Ep Habmoaercs yBeNnHYEHHE
YHCIEHHOCTH HIOTEHHBIX MONYNAUMH BOAOPOC/EH, AOMHHHPYIOLUX
IO 3TOTO B 03€pE, a NMO3JHEE IPOMCXOAUT CMEHA IOMHHAHTOB, NOABIIE-
HHE 9K30r€HHBIX HOIYNSANMH U CBA3aHHOE C 3THM H3MEHEHUE CE30HHON
cykueccud. Kak B cirydae ce30HHOH CyKLIECCHH, TaK U INPH OCHOBHOH
CYKIIECCHH, CBS3aHHOH C 3BOMIONMEH 03€p, BHaYale JOMUHHPYIOT Obl-
CTpopacTyLie BHHbBI, CIIOCOOHBIE XOPOLIO YCBaHBaThb MHMHEpaJIbHBIC
¢dopme! 6HOreHoB, npexie Becero pocdopa.

BHe3anHoe yBenuuyeHHEe — «BCIBIIIKa» BHIA — CBUAETEILCTBYET O
HapyUIEHHH CTaOMUABHOCTH 3KOCHCTEMBI M MOXET OBITL [OKa3aTeneM
HayanbHOW cTaauMu 3BTpodupoBaHMA. [MIOTE3a «BCHBILIKA» BHIA,
npemnoxennas B.J1.denopossiM, CYIIECTBEHHO JONOJIHACT IOHHMaHHE
MeXxaHu3Ma cyKueccud. [Ipy BehbIlIKe, T.€. MACCOBOM Pa3BHUTHUH OXHO-
ro BHIa, CKOPOCTb M3MEHEHHS CpPEHbl, BHI3BIBAEMas €r0 akKTHBHOCTBIO,
HapyiuaeT QyHKUMOHAILHOE PaBHOBECHE B COOOLIECTBE, YTO MPOSBIIS-
erca B 000CTPEHHH NHULIEBOH KOHKYPEHUMHM H H3MEHEHHHM CTPYKTYpbI
coo0IIeCTBa, YCHIIMBasi JOMUHUPOBAaHHE. «BCnbllika» He BBIrOgHa BH-
Iy, TaK KaK CBHIETENbCTBYET O PAaCTOPXXCHHU €ro CBA3H C APYTHMH
BHIaMH, KOTOpPbIE JODKHBI KOMIIEHCHPOBATh BhI3bIBAEMbIC UM H3MEHE-
HMS, U, KaK CJICACTBHE, IOArOTaBIMBACT ero yxol. Mcue3HoBeHHe 31o-
IO BH/Ia ABIAETCA BOIIPOCOM BPEMEHH.

Ha cMeHy ObICTpOpacTyUIMM MEJNKHMM BHAaM NPHUXOIAT MeMJeH-
HOpacTyliMe, Kak IIpaBUiIo, 6oJiee KpyNHBIE U MOABHXKHBIE, CIIOCOOHBIE
Hanbonee 3¢p¢PEeKTHBHO HCIONB30BATH HMEIOIUECSH MNHMTATENbHBIE pe-
Cypcsl Kak 3a C4ET MUTPAalMH M M3MEHCHHsS IUIABY4YECTH B YCIIOBHAX
yCTOHYMBOH CTparM(HKaUMH, TaK M 3a CYET MOTpeblcHHs opraHuye-
ckux ¢opm GuoresoB. B Takux ycnoBHAX OTMEYAETCsA BHICOKOE Pa3HO-
obpasue coOOUIECTB M CIIOXKHBIE KOHKYPEHTHBIE B3aHMOOTHOLICHHSA
MEXIY OTACIBHBIMU BHIAMH.

B xome MHOTOYHCIIEHHBIX CEpHH 3KCNIEPUMEHTOB C €CTECTBEHHBI-
MH CMELIAaHHBIMH NONYJIALHAME BOXOPOCIEH OBIIO YCTAHOBNEHO 3Ha-
YEeHHE MEXKBHUAOBOH KOHKYPEHIIMH 33 MUTATENbHbIE BELIECTBa, IPEXKAE

37



Bcero ¢ocdopa, a3ora H KpEMHHA, a TalOKe 3HAYCHHE COOTHOLUEHHSA
ITHX KOMIIOHEHT JUI% CyKLecCHH GUTONNIaHKTOHAa. THNbMaH C COaBTO-
paMH B CBOMX paboTax moKa3aiH, YTO B pe3yiNbTaTe KOHKYPEHLMH 3a
NUTATENbHbIE PECYPCH B CMELIAHHON MOITYJIALHH, KaK [PaBHIIO, TOJb-
KO OJMH BHJl CTRHOBUTCS JOMHHAHTOM. CTaGHNBHOE COCYILECTBOBAHHE
BMIOB BO3MOXXHO, TOJBKO €CIHM OZHOBPEMEHHO BETETHPYIOLIHE BHIBI
JIMMHUTHPYIOTCA pa3HbIMH (aKkTOpamH, T.€. HEMOCPEACTBEHHO HE KOH-
KYpHpy# ApYr ¢ ApyroM. B sxonorudeckoMm cmeicie pasHoobpasue Qu-
TOIUIAHKTOHA obecneunBaeTcs pa3HOOOpa3sHeM CHenHanTH3upPOBAHHBIX
HHILI

Haubonsmyro pons mo 6uoMacce BO Bcex 03Epax yMepeHHOH
KJIMMATHYECKOH 30HBI MIPAlOT JHATOMOBBIE, CHHE3ENEHBIE M THHODHU-
TOBBIE BOJOPOCIIH.

Huatomosrie (Aulacosira islandica subsp.helvetica, A.granulate)
npeo61analoT B MIaHKTOHE B TEYEHHE BCErO NMEPHORA OTKPLITOH BOIbI,
XOTA POJIb OTAENBHBIX BUIOB B PAa3NMUHBIC CE30HBI PA3IHYHA.

BaxxHy10 posb B 3KOJIOTHMH 3TOrO BHZa MIPAcT BEPTHKAIbHAA Typ-
6YJIEHTHOCTb Cpefbl, CIOCOOCTBYIOIAS MOJAEPKAHUIO HX BO B3BELUCH-
HOM COCTOSIHHH B (OTHYECKOH 30HE M OOOraLICHHIO BEPXHHX CIOEB
BOZHOM TONILH GHOT€HHBIMH 3IEMEHTaMH.

Cunesenénnle Bogopocnu (Anabaena, Microcystis m T.1.) TaKxe
IUHPOKO PaclpOCTPaHEHb! B IUIAHKTOHE 03ép BCeX WMpOT. MaccoBoe
HX pa3BHTHE BbI3BIBAET «IBETCHHE» BOABI B IBTPOQHBIX BomoEéMax. B
03€pax BCeX IIMPOT CHHE3EIEHbIE IPEICTABICHB! B OCHOBHOM JIETHHMH
H JIeTHEee-OCeHHMMH BuxaMu. X Beretaums, xak npaBuiIo, NpuypodyeHa
K IIEpHOXY HaubOJIBLIIErO MPOrPEBaHHs BOJbI.

CnocobHocTh ycBauWBaTh pa3nuyHbic (OpPMBI a30Ta Hapaxy co
CnocoGHOCTHIO U3MEHATH INIABYYECTh M BHIOMpATh ONTHMANbHBIE CIIOH
obHTaHMs, NO-BUAUMOMY, ONPENCIIET MOABJICHHE CHHE3EICHBIX BOIO-
pociell H X MaccoBO€ pa3BMTHE B HadalbHBIH MepHoj] 3BTpodHpOBa-
HHA, KOraa npu oborameHun pochopom, ocobeHHO B IETHHI nepHOL,
B 03€pax oTMeyaercs AeGHUHUT HHTPATHOro a3ora. CHHE3eNeHbIE CIO-
COOHBI yCBaHBaTh KaK OKHCIICHHBIC, TAK M BOCCTAHOBJICHHbIC (OPMBI
a30Ta — HATPAThl, HUTPUTbl, aMMOHHMHHBIH H CBOOONHBIA a30T, XOTH
OTHOLIEHHE K HCTOYHHMKaM a30Ta AuddEPEHIUPOBAHO Y pasHbIX BUIOB.
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JnHOQHUTOBLIE BONOPOCIM MOTYT SABJATHECA NOMHMHAHTaMH Kak
JETHETrO0 MJaHKTOHA BO BCEX THMNAX 03P YMEPEHHBIX WWHPOT (BHA
Ceratium hirundinella), Tak u 3uMHero (Bua Peridinium aciculiferum).

Pazeutie Ceratium no mepe 38TpodHpoBaHUs 03P YBEITHYUBAET-
ca. JTOT BHA MOXeT ObITh OTHECEH K BHIaM-HHAMKATOpaM Tpodude-
CKOTo CTaTyca 03€p, TaK KaK yAOBNETBOPAET OCHOBHBIM TPEOOBAHHSAM,
NPEeABABIAEMBIM K BHAaM-MHIMKATOPaM, — JIETKas HACHTH(HUKaLUA,
CPaBHHTEIBHO MPOCTOH KONWYECTBEHHDIH YHET H KOCMOIMOIHTHYECKOE
pacnpoctpaHenue. M.B. Tpudonosa [1990] npemnoxuna opHUeHTHpO-
BOYHYIO IIKaly TPOQHYECKOro THMA O3EP MO YPOBHIO MAaKCHMAaJILHOMH
gucneHHoctH Ceratium :

onurorpodHsie — < 10 ThIC. KI/N,

Me3oTpodHsie — 10-100 ThIC. K7,

ssTpodHele — > 100 ThIC. KII/1I,

BBICOKOIBTpOdHBIE — > S00 ThIC. KT/

Xononuontobussiit Bun Peridinium aciculiferum passuBaercs B
OCHOBHOM ITOJIO JIb/IOM B PAHHEBECEHHEM H MO3AHEOCEHHEM MJIAHKTOHE
BCeXx KJIMMaTHuYeckHX 30H. Haubonpiiee 3nadyenme B obpasoBanuu 00-
el GuoMacce! 3TOT BHA Onaronaps AOCTaTOYHO KPYNHBIM pa3Mepam
HMeEET B ONMIOTPOPHBIX 03Epax.

ITo Mepe HapacTaHHs ypoBHA TpodHH 03€p B OHOMacce B LENOM
YBENHYHBAETCSA POJIb CHHE3ENEHBIX M TMHO(QUTOBBIX BOJOpOCHEH, NpH-
4eM CHHE3eJICHbIC, KaK NPaBUIIO, JOMHHHPYIOT B MENKOBOIHbBIX MOJIH-
MMKTHYECKHX 03€pax, a THUHO(PHUTOBbBIE — B ITyOOKOBOAHBIX CTPAaTH(H-
L{HPOBAHHBIX.

Bonee nonHoe onucaHHe CYKUECCHM Pa3NMYHbIX BHAOB O3EPHOrO
(UTONNIAHKTOHA NPH 3BTPOQUPOBAHHU 03EP NPHUBOAMTCA B MOHOIpa-
¢uu U.C. Tpudonosoi [1990].

B npouecce 3sTpodHpoBaHus, Hapaxy ¢ OOLIMM MOBBIILIEHHEM
6romacce! (HUTOMIAHKTOHAa H CMEHOH NOMHHHDYIOIMX BHAOB, IPOHC-
XOIOMT U3MCHEHHE CE30HHOH cykueccuu ¢urornaHkrona. Osépa npo-
XOIAT Pl CTaqui, CBA3AHHBIX C 00ECNEYEHHOCTIO OHOreHaMH, Mpex-
ae Bcero ocdopa: ot onurorpodHo# ( mpeobinaganue XpH30QHUTOBBIX
U XOJIOAHOBOIHBIX NUHOGIAre AT, OAMH MakCMMyM OHOMaccChl B Be-
CEHHHMH NMEpHON) Yepe3 HECKOJIBKO ypoBHeH Me3orpodum (npeobnana-
HHE JHaTOMOBBIX, CHHE3ENEHBIX H NHHODIAremwIfT, B KadyecTBe Cy610-
MHHAHTOB-XPHU30(QHTOBLIX, HAJIMYKE JBYX WIH TPEX MHKOB GHOMaccabl

39



B TEYCHHE BEreTaluy ) K 3BTpoHOH cTamuy (IOTHOCTHIO JOMUHHPYIOT
CHHe3eNEHble BOAOPOCIH MIH AHHO(MIAre/IAThl, CYyONOMHHAHTHI —
XJIOPOKOKKOBBIE M 3BITIEHOBBIE) (PHC.3).

B Bricok0o3BTpOdHBIX 03Epax OuoMacca HE JIMMHTHPYETCA KOH-
LIEHTpalHei GHOreHOB M OCTaETCs BBICOKOH B TEUEHHE BCEro IepHoaa
OTKPBITO# BOIBI, a B OTJENBHBIX 03€pax — H 3UMOH TNIOJI0 NbJIOM.

z2/nr>
o

[ RRAERE R

T

f T

Psig v v IX XI arec

Puc. 3. 3MeHeHHe ce30HHON AMHAMHKH GHOMacchl GHTOIUIAHKTOHA
NPH NOBBILIEHHH KOHHEHTpauun obiero ¢gocgopa (Tpudorosa, 1990)

CymecTByI0T 00lIHe 3aKOHOMEPHOCTH OCHOBHOH CYKLECCHH BO-
JOpOCIIEH, CBA3aHHOM ¢ 3BOMIOLMEH 03ED, U CE30HHOH, 00y CII0BIEHHOM
CMEHOH NomyNsauHi JOMHHHPYIOILHMX BUIOB B PE3yJbTaTe H3MEHEHHSA
cpenrsl. 1 B TOM M B ApyroM Ciydae BHayajle JOMHHHPYIOT ObICTpOpa-
CTyILIHE BHJBI, CNIOCOOGHBIE XOPOLIO YCBaHBaTh MHHEPAJIbHbIE BEIECTBA
6uorenos, npexae Bcero ¢ocdopa. Kak npasuno, ato auaromeu. B
pEe3yJIbTaTe BCMBIIKH 3THX BHUAOB MHHEpAJIbHBIE BELIECTBA HCYEpINbI-
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BAIOTCS, @ B CPE/lc HAKATUIMBAIOTCS OPraHHYECKHE BCILECTBA — MPOAYK-
Tl MeTabonusma. Ha cMeHy ObIcTpOpacTyiuM MEIKHM BHIAM IPHXO-
IAT MEJUICHHOPACTYIIHE, KaK NPaBHIIo, 6onee KpyMHBIE H MOABHXKHBIE,
criocobubie Hanbosice 3¢ GEKTHBHO HCNOJIB30BAaTh HMEIOLIMECH NHTA-
TCNIBHBIE PECYPChI KaK 3a CHUET MUIPALMH W MU3MEHEHHS IUIaBYyYECTH B
YCIOBHSX YCTOWYHBOH CTpaTu(MKalMH, TaK ¥ 33 CYET norpedieHus
opraunyeckux ¢hopmM 6HOrcHoB. B TakuX yCIOBUAX OTMEYAKOTCH BHICO-
Koc pa3HooOpa3ne COOOINECTB M CIOXHBIC KOHKYPEHTHbIE B3aHMOOT-
HONICHHUS MCX/Y OTACIBHBIMH BHIAMH.

[loMumo onHroTpodHo-3BTPOPHON CyKIleCCHM CYIIECTBYIOT H
JPYI'HEe BapHAHThI YBOIIOLMH 03P, CBA3aHHbIE, Kak NMpPaBHJIO, C aHTPO-
IIOTCHHBIM BO3JCHCTBHCM, IpeXJe Bcero ¢ auupoduxauueit u sarpsas-
HeHueM. B 2THX ycnoBusx HAET Aerpagauns GUTOMIAHKTOHHBIX CO00-
IECTB.

OcCoPeHNOCTH JAHTOPAIN H MAKPOMUTHBIX 036D

[TpubpexHble MEIKOBOABLA 03EP, WIH AUMOpAib, ABISIOTCA OCO-
ObIM NIPUPOAHBIM KOMIIICKCOM C CBO€OCPa3sHbIMU MOP(HONOTHYECKHMHU
0coOGEHHOCTAMH. XapaKTEPHCTHUKA JIUTOPANbHOH 30HBI MOXET OBITH
BHIPaXKCHA BEIIMYMHOH OJHO-JBYyXMETPOBOIO MEJIKOBOAbA (B NPOLEH-
Tax oT oOueil muowaan 3epkana). Pons 3T0i 30HB 0COGEHHO BO3pac-
TaeT B MPOIIECCE aHTPONOrcHHOro 3BTpoduposanus o3ep. OHa urpaer
6apbepHyIO pojib Ha IYTH [IE€PEMCLICHHS OMOTCHHBIX 3JIEMEHTOB C BO-
nocbopa B 03epo. B o3epax apuHOH M [OJYapHIHOH 30H 3HaUYCHHE
JTATOPaNy B CBA3M CO 3HAUMTENBLHBIMU KONEeOaHHAMH YPOBHS 3THX O3€p
orpomto [Copoxun, 1988].

Bennunnia JIMTOpalIbHOM 30HBI SBJIAETCA Ba)XKHOH 3KOJOrHYECKOHN
XapaKTepUCTHKON JHMHOCHCTEM. OOBIYHO OCBELEHHOCThL JIUTOPAIH
JlocTaTo4YHa A1 GoTocHHTe3a. HukHAS rpaHuua €ro pacnpocTpaHeHHS
3aBHCHT OT FTyOHHBI IPOHUKHOBEHUA CBETa, T.€. B NIEPBYIO O¥epes OT
reorpaMuecKkoi HIMPOTHI, MECTONOJIOKEHHA 03€pa H INPO3pavyHOCTH
ero Box. YacTto ara cBetoBas 00JIacTh coBMamaeT ¢ OeperoBoil oTMe-
Jb10, OFIHAKO B MpPO3payHBIX 0O3¢pax OHa ImpocTupaercs rnybxe. Ha-
npyMep, rpaHHLia npo3payHocTH BoA B 03. HMccbik-Kyns nocturaer 20
M, B 03. bajikan oHa npesbimaet 30 M.
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JU1s nuTopany CBOHCTBEHHO NPOU3PACTaHHE KPYMHbBIX BOAOPOCIICH,
HO B MECTaX, OTKPHITHIX MPUOOIO CO CTOPOHBI LIMPOKHX ILIECOB, HA IE-
PEMBIBAEMBIX I1€CKaX HIH POCCBHIIIAX KaMHEH 3a HECKOJbKO ILTHIIEBBIX
ZIHEeH YCTIeBalOT Pa3BHTHCA JIMIIb MHKPOCKONMMYECkHe Bomopociu. Yem
Gonblie riryOMHa, TeM MEHBLIE BOJHCHHE INPEIATCTBYET 3apacTaHUIO
JHA, HO CBET U MEpEeMEILHBaHKE C/IAbEIOT M NMO3TOMY 3[¢Ch MOTYT CyILC-
CTBOBATh JIHIIb TCHEBBIHOCIAMBBIE pacTeHHsa. OT ype3a BOAbI K HH)KHEH
IPaHHIE JUTOPATH OBICTPO MEHAIOTCA YCJIOBHMSA OCBEILEHHA, CTENCHb
BO3JICHCTBMSA BOJH, COCTaB IPYHTa, TEPMHYECKHE, XHMHYECKHE U OHOI0-
ruyeckue ycnosus. IlostoMy HaceneHue npuOpexbs pacronaraercs
CTYNEH’IMM HIIM 30HAMH, OCODEHHO NMPHMETHBLIMH Oraronaps KpPymnHsIM
pacTeHuaM — makpogumam. 30Hbl 3apacTaHUs HaHOONEE OTYETIHBO Bbl-
P@KEHBI B YKPBITBIX 3alMBax KPYMHBIX 03ep H B 03epax HebGONBIIOro
pasMepa, rie paCTUTEILHOCTb NOSCaMH OXBaThIBACT NMPOyHIAANb — IITy-
OMHHYI0 06/1aCTh, B KOTOPOH BOJIHBI HENOCPEACTBCHHO HE BO3AECHCTBYIOT
Ha JHo (Hanmpumep, B 03. Cyypu Ha KapenbckoM nepeuieiike — 3TO IpH-
Ope>KHOROIHBIN MOSC TPOCTHUKOB H OCOKH, MOsAca KyObILIEK U PAECTOB,
JOHHBIX PacCTEHHH M BOAAHBIX MXOB). B 3TOM M nposBnsercs nepBUYHas
CBSA3b MEXIy MOpGOMETPHEH 03€P U IKONOTrMeH THAPOOHOHTOB.

OcobeHHOCTH NHTOpanM BbIPA0ATHIBAIOTCA IOJ BO3IAEHCTBHEM
THAPOIMHAMHYECKOro (akTopa M B CBOK OYEPENb OKa3bIBAIOT 6OMb-
II0€ BJIMAHHE Ha THIPOJMHAMHKY MENKOBOAMH. Bonbinoe 3nauenue B
GOpMHPOBaHUHM JIMTOPAIH MMEIOT COCTaB M paclpeAeieHHe IPYHTOB.
OTH KOMITIOHEHTHI CIIETYeT CYHTaTh OCHOBHBIMHU B YHCI/I€ a6MOTHYECKHX
KOMIIOHEHTOB JIMTOPAJIbHOH 3KOCHCTEMBI. XapakTepHoH 0ocobeHHO-
CTbIO MPHOPEKHBIX MENKOBOAMI CIENYET CYHTATh HX 3apacTaHHE MpH-
6pexxHo-BoHON pacTuTenbHOCTHIO. Ha puc. 4 moka3zana 3aBHCHMOCTD
MEXY MIOMAbIo MEIKOBOABA U CTETIEHBIO 3apacTaHus 03epa.

JluTopanbHBIi MPUPONHBIA KOMILNEKC MNpencraBiseT coboit 06-
7acTh TpaHcgopManHH MOCTYNAKOIMX ¢ BogocOopa BewiecTs, BKIOYas
3BTpodupylomwHe nuTaTensHoie BemecTBa. Oco6EHHOCTAM THTOpasb-
HOr0 MPHPOAHOTO KOMIUIEKCa COOTBETCTBYIOT XHMHYECKHE CBOHCTBa
UX BOA. B OoT/IMYKE OT MOBEPXHOCTHBIX BOJ NENATHAIX B IATOPANH CO-
Iep>xanve ocHoBHbIX HoHoB (HCO';, SO”,, CI',Ca”), coequnenmuii azora
H Qocdopa U OpraHHYecKOro BELIECTBA MOBBIILEHHOE. DTH Pa3INYHs
YCHIIMBAIOTCS NPH MOCTYIUIEHHH C BOJOCOOpa aHTPONOreHHBIX MHTa-
TEIBbHBIX BELIECTB.

42



N
Q
Q
IR RN

T
!

r=+0.94
Y= 142x-2.3

e

20 -
-
D S A L 1 A A
a 20 40
7-mempoboe acennobodoe, %o

T

Puc. 4. Cea3p MeXIy MIIOIAIBIO MESIKOBOABA H CTETIEHBIO 3apacTaHns 03€pa.

Iponeccyl npeBpalieHus BEIICCTBA B JIMTOPAILHOM NPHPOIHOM
KOMILJICKCE HEOMHOPOAHB! M CBA3aHb!I C MPOCTPAHCTBEHHBIMH H3MEHeE-
HHAMH ero crpykTypsl. CTpykTypa nuTopanyu otobpaxaercs B Mopdo-
METPHUECKHX II0OKA3aTENAX, B XapaKTepe NOHHBbIX OTIHOXKEHHH H BHIO-
BOM COCTaBE M IUIOTHOCTH PACTHTEIbHBIX coobmects. [To Mepe ynase-
HHA OT Oepera CTaHOBHTCS 3aMETHOH HEOJHOPOJHOCTH TIPOLIECCOB Tpe-
BPAILEHUA BCILECTB B JIUTOPAIH, 00yC/I0OBIHBAEMAad H3MEHEHHEM pAla
BaXXHEHILNX $AKTOPOB: yIaJEHHOCTH OT ype3a BOAbL, YIJIOHA AHA, TMI-
POAMHAMHYECKHX (aKTOPOB, IPOHHKHOBEHHA CBETA H 06€CTICeYEHHOCTH
AUTOPAIHLHBIX QUTOLECHO30B MTUTATEILHBIMU BELIECTBAMHU.

Boanbie pacTeHns BBIACIAIOT 3HAYHTEIbHBIC KOJIHYECTBA PacTBO-
PCHHBIX OpPraHMYECKHX BELICCTB M OMOreHOB. 3HAuUMTENbHA PONb TPO-
CTHHUKOBBIX 3apocieil B oboramennu ol ¢ocgopom.

bosnplioe 3HaYCHHE MMEET MEPEX0/l OPraHHYECKHX M OHOTEHHBIX
BEIECTB B BOAY NOCIE OTMHpaHHUS NpHOpEKHO-BOAHOH PaCTHTEIBLHO-
ctu. Hanbosbuive CKOpOCTH MOCTYIUIEHHS B BOJY PacTBOPEHHBIX Op-
FaHUYECKHX BEIIECTB IPH Pa3JIOKEHHH OCTaTKOB BBICUIMX BOIHBIX pac-
TCHUH JOCTMIalOTCs B NICPBBIE NATh AHEH. MakcuManbrHoe oboraileHune
BOJbl OHOrEHHBIMH BEILIECTBAMM HaCTYNaeT K KOHIYy BTOPOrO Mecsia
pasnoxcHus. [Ipn >TOM comepikaHue aMMOHMHHOTO a30Ta yBEJIHYUBA-
etcsa B 11-37 pa3 no cpaBHenuio ¢ GoHOBHIM, pocaTHoro docpopa —
B 14-70, xpemuus — 2 — 4 pasa.

Pasnuume Mexay BomamMu JHTOpPANbHOrO NPUPOJHOrO KOMILIEKCA U
03€pHOH nenarvajii Nno psAy Mokasaresed CIeayeT pacCMaTpUBaTh Kak
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OVHAaMHMYECKYIO0 cucTeMy obMeHa Mexixy dTvMu obnactsmu. ['opusoH-
TalbHas ¥ BEPTHKAIbHasA KOHBEKLHA ¥ JAH(P(Y3Hs OKa3BIBAIOT BJIMSHHE
Ha nepeHoc Teruia M BeuecTBa. OTHaKO OCHOBHOE 3HAYCHHE HMEIOT BET-
pOBbIE TEYCHHS, HamNpaBlIeHHE M CKOPOCTh KOTOpBIX B 001acTH NpH-
OpEe>KHBIX MEIKOBOAMH OTIHYAIOTCH OONBUIMM HEITOCTOAHCTBOM. DTHMH
TEYECHUAMH OCYILECTBIETCS OOMEH MEXIY NCAaruaibio U IUTOpaIbIo, a
TaKXKe MEXUTY OTACILHBIMHM YacTAMH H 30HaMH MTOCTICTHEN.

KauecTBeHHBIE CBS3M MexXy OHOr€HHOM Harpyskoit M OGuonpo-
JTyKTHBHOCTBIO CIIPaBEJIMBEI TONLKO JUIA TeX 03Ep, B KOTOPHIX OCHOB-
HbIM NPOAYLIEHTOM aBTOXTOHHOIO OPraHH4YECKOro BEICCTBA SABIIAETCH
¢dutonnankrod. Cpenyt 03€p 3eMHOrO 11apa UMEeTCs HeManoe Kosu4e-
CTBO Makpogummsix 03¢p, KOTOPHIC KaK NMPOLYUHPYIONIHE H IBTPOdH-
pYIOLLHECS CHCTEMb! Pa3BHBAIOTCA TJIaBHBIM 00pa3oM 3a CYET MPOAYK-
LIMOHHOM JeATCILHOCTH NOrPYXEHHBIX MakpodUTOB, a He PUTOIIAHK-
ToHa. K MakpodHTHLIM 03epaM OTHOCATCA OYEHb MENKOBOIHKIE BOMO-
€MBI, 3apacTaloIHe NOrpyXEHHOH PaCTUTENBHOCTHIO MO BCEH MIIOLATH
nHa, 1 Gonee un MeHee rTyboKHe, HHTCHCHBHO 3apacTalollHe TONBKO
B obnactn nuTopanu. B ectecTBeHHOM cOCTOSHHH MakpoGHTHEIE 03€pa
HUKOTZ@ HC “UBCTYT” M OTJIMYAIOTCA 3HAYHUTEILHOH NPO3PayHOCTHIO
BOJIbl, TaK KaK (PUTOMIAHKTOHa B HHUX Maio. B o3épax, ric upcobna-
Jaromue royOuHbl MCHBILE MM COOTBCTCIBYIOT IIPO3PAUHOCTH BO/IbI,
NOTrPY>XEHHbIE MaKPODHUTHl MOTYT LIMPOKO PACCCIBITLCH 110 JIHY H jlake
3aHMMaThb BCIO €ro miollajb. TakuMm 00pa3oM, B COOTBCTCTBHH C OlpC-
JEJIEHHBIMH MOP(OMETPHYECKUMH CBOHCTBAMH 03CPHbLIX KOTI0BUI M
naHAa@THEIMH 0COOCHHOCTAMH BOLOCOOPOB, OLIPC/ICHSIOIIAX BEIlC-
CTBEHHBIH cocTaB, 00beM M IHHAMHUKY MOBEPXHOCTHOI'O CTOKA, 03€pO
YK€ C Hayana CyIeCTBOBaHHA 00JiagaeT NOTEHUHMAILHBIMH BO3MOXHO-
CTAMH U1 OCJIEAYIOILETO NPEBPALLECHHA B IPOAYLHUPYIOUYIO CHCTEMY
HE TOJIbKO QHTOIUIAHKTOHHOTO, HO M MaKpO(HUTHOrO THIIA.

MaxkpoduTs! crioco6Hb 3aepXKHBaTh B TKAHAX IOITIOLUCHHBIE BO
BPEMs pOCTa OGMOrEHB!, IPH ITOM 3a[AECPXKMUBATHL B KOIHYECTBE, HAMHOIO
[IPEBHLIILAIONIEM YPOBEHb, HEOOXOAUMBI MM JUIA NPOH3BOACTBA MaK-
CHMaJIbHO BO3MO>KHOH B BOJOEME NPOAYKLHH. DTO 3aMeniser obopa-
YHBAEMOCTh IUTATENBHBIX BEUIECTB B BOJAOEME JaxKe B YCHOBHUSX IOJ-
HOTO NEpeMEILUBAHUS BOJHOMH TOMILH, YTO HEOIArONPHATHO CKa3blBa-
€TCS HA NPOAYKIHOHHON NEATEIbHOCTH (PUTOILIAHKTOHA.
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Oco6eHHOCTH pa3BUTHS aHTPOIIOIEHHOIO 3BTPOGUPOBaHHS B MAK-
POOHTHBIX BOJOEMAX YacTO HE YKIAAbIBAIOTCS B PAMKH CYLICCTBYIO-
IIMX 1IpeAcTaBieHuit 00 OTBCTHON peakUMH BOAOeMa Ha 3BTPOGHpPYIO-
mue BosacicTeus BoxocOopa. IlorpyxeHHble MaKpOQUTHI pearupyioT
Ha YCWJICHHC JBTPOQHPYIOIMX BO3XCHCTBHIA BomocOOpa B OCHOBHOM
HC YBEJIMYCHHEM IPOHU3BOIAMMON Ha €AMHMIYY IUIOLAAX NMPOTYKLHH, a
HapyLICHHEM E€CTCCTBCHHOM CTPYKTYpHl CBOMX (MTOLEHO30B H BKIIIO-
YCHHEM B MX COCTaB MHOPOJHOTO NPEACTABHTENA B BHIE HHMTYATBIX
Bogopociei. CrnenoBaTenbHO, HapaCTaHHE NPHUIHAKOB HapyLIEHHH B
CTPYKTYpPE MOTPYXCHHBIX (HTOLCHO30B, KaK M pacIiUpeHHUE NMPOLAYK-
[MOHHBIX BO3MOXHOCTCH HMTYATBIX BOAOPOCIHEH B HX COCTaBe, CITy»aT
OOBCKTUBHBIMH 110Ka3aTC/ISIMH YCHJICHHS 3BTPOGHMPYIONIMX BO3AEHCT-
BHif BogocO0pa Ha TMMHHHCCKYIO CHCTEMY MakpogQHTHOrO THIA.

B mporecce npucnocobaeHns K HENPEPbIBHOMY YCHIICHHIO 3BTPO-
¢bupyrolnx Bo3/cHCTBII KOJIMYCCTBO MAaCCOBBIX BHIOB Makpo(MTOB B
COCTaBE MOIPYKCHIIBIX (QUTOIEHO30B yMEHbIIaeTcs 10 MMHMMYyMa. Cpe-
I¥ HUX OCTaloTCs HaubOoJICC BRIHOCIMBBIE K H3OBITOYHOMY COJEPHKAHHUIO
BO BHEWIHEH cpeic 6uorcHoB. MaccoBoe pa3BHTHE B COCTaBE IOIPYHEH-
HBIX Makpo(HTOB BHJIOB, OCHOBHas 4acTb 3apociieil KOTODBIX MOXeET
pa3MelaTbCs Ha IMOBEPXHOCTH BOJbl, MOXHO PacCMaTpHBaTh KaK NpH-
Croco0cHKE, NMO3BOJAIOICE UM COXPAHHTH B PE3KO HApYLICHHBIX aH-
TPOTIOTEHHBIMH BO3JCHCTBUAMH YCIIOBHAX BOROEMA pPOJIb OCHOBHOrO
upoxayueHta. B to xc BpeMs Takue ocoGeHHOCTH npeobpa3oBaHHs CO-
CTaBa MOIPYXCHHBIX MaKpOQHTOB MOXHO paccMaTpHBaTh KakK I[10Ka3a-
TENb YCHUNUBAIOLICTOCH HEOJAronony4yus B HPOXYKUHOHHOM PEXHME
GyHKIHOHHpYIOmICH Ha MaKpOUTHOH OCHOBE JIMMHHYECKOH 3KOCHCTE-
MBI, KaK CBHJICTEJILCTBO GIM3KOro Mepexosa ee B KPHTHUECKOE COCTOSA-
HHE, HCYCTOMUYMBOE 10 OTHOILLEHHIO K BO3PACTAlOLIMM Harpy3kaMm OHo-
reHoB ¢ Bojiocbopa [[Tokposckast, Muponosa, Llunbkpor, 1983].

Ocobennocrn auTponoreHnoro
IBTPODUpOBANNA BOAOXPAHNIHIY

Bonoxpanuimine sBjasercs pe3ysibTaTOM LEJICHANpaBICHHOH Aes-
TECNbHOCTH 4Y€JIOBCKA, IMO3TOMY YE€JIOBEK HEIIOCPCACTBCHHO H rJ1IaBHBIM
oOpa3zoM perynMpyer rnpakTH4eCKH BCE NPOLECCH, MPOMCXOAAILIHE B
Bonoéme [Byropun, 1969; DuenviureiH, 1998]. AnTponorenHoe 3B-
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TPOGHPOBAHHE TUTAHTCKHX BONOXpaHWIHIL (Hampumep, Boimkckoro
Ui JIHempoBCKOTO KacKaZioB) MMeeT HCKIIOYHTENbHBIA HHTEpEC H
3Ha4YeHUE, TaK KaK cBoeoOpasme 3Toro mpouecca B MOJOOHBIX BOJO-
éMax OCBELICHO B MHpPOBOHM NHTepaType HexocraTouHo. OaHuM U3
IJIaBHBIX BO3JCHCTBMH Ha BOJOXPAaHHIMILE SBIAETCHA DEyJIMPOBaHME
pexumMa paboTsl THAPOCOOPYKEHHH, KOTOPOE HAYHHAET JCHCTBOBATH C
MOMEHTa BO3HHKHOBEHHsA Boo€Ma. K pyrMM HE MEHEE BaXHBIM aH-
TPONOT€HHBIM BO3JCHCTBHUAM OTHOCATCS COpOC OBITOBBIX M IPOMBIIL-
JICHHBIX CTOYHBIX BOJ, BBIHOC MHHEpPaNbHBIX yI0OpEHHH, NECTHLHIOB
M SOOXHMHKATOB C Mojei Bomoc6opa BOJOXPAaHMIIHING, OKYJIbTYPHBa-
HHE 3eMenb, BKIoYas nobepexxbs BOAOXPaHMIMINA, PEKPEallMOHHOE
KCIOJIb30BaHHE BOJOXPAHMIINILA.

BHyTpukackagHble M HIDKHHE B KacKaJe BOJOXPaHHMIIHILA IOJ-
BEPXKEHB! BIUAHHIO BBIIIEPACIIONIOKEHHBIX — CTOKY M3 HHMX CHHE3€ENE-
HBIX BOZOPOCTIEN H H3IMEHEHHOTO COJIEBOrO COCTaBa BOJBI, YTO ABJIAET-
¢l CYLIECTBEHHBIM (PaKTOPOM YCHJIEHMS «LBETCHUA». DTO SBJICHHE OT-
HOCAT K KackafHOMY (aKTopy.

YBennyeHHe KOHUCHTPALMHM XJIOpOQH/UIA B BODKCKHX BOJOXpa-
HUIHMINAX [POMCXOAWIO, KaK NPaBHIO, HHXC MOCTYIUIEHHS KPYIHBIX
NPHTOKOB, BOJbI KOTOPbIX 60raThl GHOT€HHBIMH 3JIEMEHTAMH.

PocT koHUeHTpalUuH XJIOpodHIa 0OTMEYAeTCs B 03EPOBUAHBIX, B
TOM 4YHCJIE H NPHIUVIOTHHHBIX pacuiupeHHsax Ksanbkosckoro, Kyi6sl-
esckoro, I'oppkoBckoro u CaparoBckoro BOAOXPAHHIIHIL, YTO CBsA3a-
HO C 3aMEIUICHHEM CKOPOCTEH TCUCHHS.

C6poc B BomoxpanuiHila tennooomennsix soa TAII ciocobeTBy-
€T YCH/ICHHIO “LUBETEHHUS W YBEJIMUYCHHIO €ro MPOAOKHUTCIABHOCTH.

Anrapo-EHMCEHCKHH KacKal BOZOXPAHWIIUII — CaMblil KPYIIHBIA B
Poccun. O6muii cyMMapHbIi 06BEM IOCTPOEHHBIX BOROXPaHMIIMIL
kackaga (Kpacnospckoro, CasHo-lllymcHckoro, Mpkyrckoro, Bpat-
ckoro ¥ Ycrb-UnuMmckoro) nossosser KopeHHsIM 06pa3om npeobpaso-
BATh BHYTPHIOJ0BOC PaCNpenejeHHe CTOKa pek. MHOrMM BOUMOXPaHH-
AMIIaM CBOMCTBEHHO PE3KOE yXyNUIEHHUE KauecTBa BOJb! BCIICACTBHE
cbpoca B HMX HEOUHILIEHHBIX CTOYHBIX BOJ MPOMBIILIEHHBIX NPCANPH-
ATHH M HACEJIEHHBIX MTYHKTOB, 3aMeICHHs BOJOOOMEHA U, KaK pe3yJib-
TaT, — IBETEHHE BOJAbl. MHOrMM CHOMPCKHMM BOJOXPaHHIHILAM CBOM-
CTBEHHBI NPOLECCH! 3BTPOYHUPOBaHMS, IPOTEKAIOIHIE HA Pa3HBIX BOLO-
XPaHUIHILAX C Pa3IMYHOH CTEMNEHbIO MHTEHCHBHOCTH B 3aBHCHMOCTH
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OT MPOTOYHOCTH, MOPPOMETPHUYECKHX OCODCHHOCTEH, CTENEHU aHTpO-
noreHHoro Bo3aeicTeua. Ha HpkyrckoM BogoxpaHunuiue 3BTpodHpo-
BaHME BOJOEMa Hadanoch cmycts 20 JIeT mociie ero 3amojiHeHHWs, Ha
Yerb-MnuMckoM BOJOXPaHUITHILE MOJHAs MEpecTpoiika B QUTOIUIAHK-
TOHE MPOM3OLLIA HA YETBEPTHIH OJ 3aMOMHEHHS BOJIOXPAHWIHIIA, NPH-
4éM Mpouecc JBTPO(GUPOBAHHA NMPOUCXOIMT ropaslo0 MHTCHCHBHEE B
paiioHe BIMAHHA CTOYHBIX BOA BpaTCKOro NeCOMpOMBILIIEHHOrO KOM-
IuIeKca, Tie OTMe4YeHa HanbonbILas KOHUEHTPaLH GUTOIIAHKTOHA.

3a MHOro JIeT CYNIECTBOBAHHMA H HCCICIOBAHHA BOXOXPAaHHIHIL
Tak ¥ He 6bUI0 BHIpabOTAaHO €MHOrO MHEHHS OTHOCHTEJIBHO HX MecTa
Ha Tpoduyeckux mkanax. OCHOBHbIE TPYJHOCTH OLEHKH TpoduH Hc-
KYCCTBEHHBIX BOJOEMOB CBS3BIBAIOT C MX HHTCHCHBHBIM BOJJOOOMECHOM,
MOBBILICHHBIM KOJHYECTBOM HEBONOPOCIIEBOH B3BECH, HATHYHEM T'OpH-
30HTaNbHBIX IPAJMCHTOB JMMHHUYECKHX XAapakTEPUCTHK H MYJIbCH-
PYIOILMMH NOCTYIUIEHHAMH € BOLOCOOpPa, 00YCIOBIEHHBIMH BHICOKMMH
BEIMMMHAMH OTHOLIEHUS MuIomaei bacceiiHa U 3epkana.

CyecTByeT JBa B3aHMOMCKIIIOYAIOIMX MHEHUS Ha ONpelesicHHe
ypoBHs Tpoduu. [lepBoe 3aknioyacTcs B TOM, YTO ANf BOJOXPAHHIIHI
HY>)KHa HeKas HNpPOMEXYTOYHAas THIMOJOrHs, BK/HOYAIOLIAs YCJIOBHA
MPOTOYHOCTH, HNOCTYIUIEHHS GHOr€HOB H TPOQHIO B €€ K/IaCCHYECKOM
NOHMMaHHU. BTopoe — kputepuu TpoduH, NpemIOKEHHBIE I 03€p,
NPHUTOJHbI U JJIs1 BOJOXPaHUIIHILL.

BoJBIIMHCTBO HCCenoBaTeNieii HCKYCCTBEHHBIX BOLOEMOB IONa-
raloT, YTO HeT HeoOXOOMMOCTH pa3pabaThiBaTh rpafgalHi0 TPOYHOCTH
IUISE TIPOTOYHBIX CHCTEM, B 4YaCTHOCTH BOJOTOKOB, I'Ic HHTEHCHBHOCTh
¢dhoToCHHTE3a M COACPIKAHHE XJIOPOdUIIa YKIANBIBAIOTCS B T XKE Npe-
HEJbl, 4TO U JUIA O3EPHBIX BONOEMOB.

Jnsa 6onpuinacTBa Bopoxpanunuiy 6siBuiero CCCP, nonsepxeH-
HBIX 3BTPO(QHPOBAHHIO, XapaKTEPHO TO, YTO POCT NMEPBHYHOH NPOIYK-
UMM HE CONMPOBOXAACTCS POCTOM BTOPHYHOH M KOHEYHOH IPOXyKLMH,
Hec6aJJaHCHPOBAaHHOCTh KPYrOBOPOTa BO3PAacTaeT. JTO SABJICHHE HaH-
6onee U3yyeHO Ha KacKaJe NHENPOBCKHX BOAOXPAaHWIHIL, TAE C NpO-
IBHXXEHHEM BHM3 [0 KaCKaly COIEPXKAHHE OPraHMYeCcKOro a3ora BO3-
pacTaeT, yBenuuuBaercsa 6uomMacca, mpoaykuusa. B mpHIOHHBIX Cnosax
BO3pacTaeT KONHYECTBO aMMHaka, HUTpUTOB, docdopa, CO,, ryMuHo-
BBIX BELLECTB.
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B 70-80-e roxel npouuoro Beka B BOAOXpaHuiMinax Jluenpos-
CKOTo kackajia HaOlIo#aloch MacCOBOE Pa3BHTHC CHHC3CIIEHBIX BOJO-
pocneii — «IBETEHHE» BOIbI, CBA3aHHOE ¢ U3OBLITKOM MUTATEIbHBIX BE-
1IeCTB, OCOOEHHO CcoeaMHeHHWH a3ora H ¢ocdopa («nepeckapMIiHBa-
HHE»). B IHENpOBCKHX BOZOXpaHMIMILAX CHHE3CIEHEBIC B TICPHOJ LIBC-
TeHus cocTaBisioT 80-90 % Guomaccr! GUTONIAHKTOHA M JOCTHUIAIOT B
ocHOBHOM miéce 1 kr/m’.

B kackafe BOMKCKMX BONOXPaHWIHII MPOTHKEHHOCTHIO Ooiice
2500 kM oTMe4aeTcA IUMPOKHH AHAana3oH KOHLCHTPAlHH OCHOBHOIO
(OTOCHHTETHYECKOTO IIMIMEHTa XJI0podHIINa «a», TMHAMHKA KOTOPOTO
0TpaxaeT 0COOCHHOCTH BPEMEHHOI0o pa3BUTHA M NPOCTPAHCTBCHHOTO
pacnpeacnedys GUTOMIAHKTOHA. YpoBeHb TPOYHH HCOMAHOPOJIEH, TaK
KaK CKa3blBAacTCA LIHPOKOE 30HAIBHOE NMpOCTHpaHue kKackana: KyiiOml-
meBckoe, CapatoBckoe W Bosrorpaiackoe BOJOXpaHMIIMINA pacrosio-
KEHBI B Ipe/ieNiaX I0XHOH YacTH JECOCTENHOH M CTCIHOM 30H, Yriud-
ckoe, Ppibunckoe, IBAaHBKOBCKOE — B JICCHOH BAaXHOM 30HE, I OPbKOB-
CKO€ — 3aHHMaET {IPOMEXYTOUHOE ITOJIOKEHHE H OTHOCHTCS K CMCILAH-
HOMy Tumy Bo#O€MOB. Bomoxpanmnuma p.Boirn xapakrepusyrorcs
3HAYHTEILHBIMU KOHLICHTPAUMAMH OMOTEHHBIX BELIECTB M SAPKO BbIpa-
XEHHbBIMH THIPOJMHAMHYCCKMMM mpoueccaMH. B  peunoif yacru
[IcKCHMHCKOTO BONOXpaHMJIMIA OTCYTCTBYCT OHOrCHHOC SIMMMTHPO-
BaHHe. B PhiOHHCKOM BONOXpaHHIMILE OXHHAKOBO YacTO OTMCYAacTCs
OTCYTCTBHE OMOrEHHOrO JMMHTHPOBaHHS, JIMOO HanHYHE TAaKOBOI'O MO
tdochopy. Ilocneasee TUNMYHO 1A JieTHErO (HTOMIAHKTOHa BCCH
Bepxueit Boaru. C npoapmxeHneM BHH3 HauyWMHaceT npeobianare a3or-
HO€ AMMHUTHPOBaHHE GPUTOIIAHKTOHA, OCOOCHHO CYIECTBEHHOE B ABYX
HIDKHUX BojoxpaHuauuax. B tabn. 1 npuBeaeHbl KOHLEHTPALUH XJ10-
podwuta [uIs BOOHBIX Macce BOAOXpaHWIUIL BoJIru ¢ pasnuyHbIM Tpo-
tduyeckum crarycom [Munecra, 2004).

Tubauya |
Xn “a”

Bomoxpanuunuuie Tpodus pp— %

1 2 3 4
lexcHuuckoe M 4,8+0,2 76,5+0,8
2 13,410,5 82,741,1
WBanskoBCcKoe M 6,240,335 76,8+2,1
€ 33,2432 83,6:1,4
Yrauuckoe M 4,740,4 76,0+1,6
€ ) 16,2+1,6 81,3£1,6
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okonuanue mabauyol 1

1 2 3 4
Pribunckoe M 5,5+0,1 77,7+0,3
3 21,240,5 84,3+0,3
T"opeKOBCKOC M 6,4+0,3 66,9+1,8
2 23,4+1,3 88,5+0,5
Yebokcapekoe M 5,8+,4 60,6+2,2
2 20,0+1,9 76,315
KyiibbimeBckoe M 5,840,2 65,9+1,7
3 18,4+10 84,4+13
Caparosckoe M 4,8+0,4 76,5%1,8
3 14,5422 83,5+1,2
Bosrorpaackoc M 5,9+0,2 76,4+1,4
2 18,9+2,3 86,3+1,0

Ilpumeuanue: M - mesotpodus, 3 »BTpodusa, % npoueHT ot obutero xnopodunna

Bananune aanquadpruoii ecrpysrypor
BOJXOCOOpPOB Ha BEINOC (pocdhopa

Bonburoe Hay4HOe 3HayeHHe NMpHOOperaer 3ajaya BBHIABJICHHA 3a-
KOHOMEPHOCTEH (OPMHpOBaHHSA O3EPHBIX 3KOCHCTEM B 3aBUCHMOCTH
OT JJaHAMA(THBIX YCNOBHH, a TAKOKE NMPoOIeMB! MEPECTPOHKU BOIHBIX
9KOCHCTEM B pe3y/bTaTe aHTPOMOTreHHOro BO3IECHCTBHA Ha OCHOBE Jie-
TaNBHOrO H3yYeHHs MPOIECCOB HAKOIUICHHA BeulecTBa B o3epax. Kak
ormeqan JI.C. Bepr [1947], «nanamadTel He €CTh HEYTO HEM3MEHHOE
BO BPEMEHH. .., IOHATH NAHHBIA NaHAWAdT MOXHO NUIIL TOTAR, KOra
U3BECTHO, KaK OH IPOU30ILUEN M BO YTO CO BPEMEHEM IIPEBPATHIICD.
3TO0 YTBEPXK/IEHHE B NOJHON Mepe MOXeET ObITh OTHECEHO H K NIPUPOA-
HbIM O3€PHBIM I'COCHCTEMaM, SBISIOIIUMCA COCTaBHOH 4acThIO JIAaH[I-
magra.

BonoeMsl — He 3aMKHYTBIE CHCTEMbI, OHH IOJDKHBl paccMarTp-
BAaThCA Kak 4acTb Oosiee oGmHUpHBIX BonocbopHbix Gaccernos. ScHo,
4TO BOJOCOOpHAA CHCTeMa — MHHHMAIIbHas €IHHHLA 3KOCHCTEMBI, KO-
TOPOH MOXET MPaKTHYECKW YIPABLATL (M B MOJIOKUTENBHOM, H B OT-
PHLATENBHOM CMBICIIE) YEIOBEK.

B pe3ynsTaTe aHTPONOreHHOro BO3AEHCTBUA — PaCHialllKy 3€Meb,
MENMOpaUMK U T.JA. ~ M3MEHAIOTCA CBOMCTBEHHBIE I JAHHOH Ouo-
KIMMaTHYECKOH 30Hbl OTHOUWICHHS MEXIY PacCTHTEIbHBIM M [OYBEH-
HBIM MOKpOBOM. Tak, npoBeieHHe OCYNINTENBLHON MENTHOPALHH TOpd-

49



HO-00MOTHBIX MOYB B benopyccuu BHI3BAIO pe3KOe YBCIHYCHHE CO-
JepKaHus a30Ta B BONOTOKax — 1o 1,3-2,0 mr/i.

JLJI. PocconuMo moJ4epKHuBail, 4TO «IBTPO(PHPOBAHHE OMNpECIis-
ercs He corepxaHueM GHOreHOB B BONOEME, a CKOPOCTBIO IIOCTYILIC-
HHA UX U3BHE». BaxkHo npeacTaBiasTh 3aBUCHMOCTb MEXKITY pa3sBHTHEM
npoluecca 3BTpodhHPOBaHUs 03P U M3MEHEHHUAMH Ha MX BojlocOopax,
PacTONIOXEHHBIX B Pa3HbIX JIAHAWAGTHBIX YCIOBHAX M HaXOMSIMXCA
NOA pa3HbIM AHTPONOreHHbIM BO3NEeHCTBHEM. M3BeCTHO, uTO (opmu-
POBaHHE BOIHOIO CTOKa M CTOKa OHOrEHHBIX BEINCCTB 3aBUCUT OT
nanawadTHEIX yCIOBHI Toro Bomocbopa, KOTOpsld GOPMHPYET ITOT
cToK. B ecTecTBEHHBIX YCHOBHMAX BOAOCOOPHI HCOJHOPOAHBI, a BCE
yCUIHBaOLIeecd BIMSHHE AaHTPOMOTCHHOrO (akrTopa crocoBGeTByeT
euié OoJpIeH HX HEOTHOPOHOCTH.

C TeppuTOopHH Manoro BogocOopa OHOrCHHBIE 3JIEMEHTHI MOCTY-
MAKT B COCTaBE PYCIOBOro, a TAKXKe CK/IOHOBOIO CTOKA W3 30HEI M-
MOro CMbiBa. JTa 30Ha omnpeAenseTcs MoppoMeTpuYeCKHMHU NapaMeT-
paMH INpUIETAIOIMX K O03epy CKIOHOB. ['naBHbIMM ¢dakTopamH,
BIMAIOUIMMH Ha NPHUTOK OHOrCHHBIX 3JIEMEHTOB CO CKJIOHOBBIM CTO-
KOM, SBJIIOTCS MOYBCHHBIA NMOKPOB M arpodoH. MakcumansHble KOH-
LEHTPAaLHK OTMEYAIOTCA B CTOKOBBIX BOJAX C 310M, MUHHMAJIBHBIE — C
MHoroneTHux TpaB. C TOYKH 3pEHHsI CE30HHOTO XOJa MaKCHMaJIbHbIC
KOHLIEHTpalMH OMOreHHBIX BCLICCTB BBIABICHBI A/ MEPHONOB BECEH-
HEro MoJIOBOALS H OCEHHHX MMaBOOKOB.

Teorpadsl mpemnaraloT BbUICHATH HPUPONHO-aHTPONOIEHHYIO
CTPYKTYPY O3EpHBIX BOZOCOOpPOB, MPENCTABIAIOUIMX COYETAHHUE HECU3-
MEHHBIX NPHPOAHBIX TEPPUTOPHAIBHBIX KOMIICKCOB M TEPPUTOPHAIb-
HBIX KOMILIEKCOB C MPHOOPETEHHBIMU HOBBIMH CBOHCTBaMH, NMPUPOJ-
HO-aHTPONOreHHBIX TEPPHTOPHANBHBIX KOMIUIEKCOB. Bomocbopw mon-
pa3nensioTcs Ha JBE OCHOBHBIE IPYIIBI [0 NPH3HAKy CIOXHOCTH. B
NEPBYIO BXOJAT BOXOCOODBI, COCTOSILME U3 EAUHOIO TEPPUTOPHANIBEHO-
ro KOMIIIEKCAa H Ha3blBaeMble MOHOCMPYKmMYpHoIMuU. B 3aBUCHMOCTH OT
TOrO, COCTOMT JIH BOAOCOOp LIETMKOM U3 NPHPORHOTO TEPPHTOPHAIIb-
HOTO KOMIIeKCa MM HENIMKOM M3 aHTPONOIreHHOro, neppas rpymnmna
BOJOCOOPOB NOAPa3AENIETCS Ha CIEAYIOLINE THITBI CTPYKTYPBIL:

1) MOHOCTPYKTYpHBIH NPHPOIHBIH C BADMAHTAMHU: IEC HIIH JIEC M0
CKJIOHaM OBpara, pa3MbiBaEMOro py4béM;
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2) MOHOCTPYKTYPHBIi aHTPOIOTCHHBIA C BapHAHTAMU: MALLHSA WM
cenuTebRas TeppuTOpHSL.

Bo Bropyio rpynmy BblaeleHB! BOXOCOOpBI, COCTOSALUME M3 HE-
CKOJIbKHX TEPPHTOPHAJIbLHBIX KOMIIIEKCOB, KaK NPHUPOIHBIX, TaK M aH-
TPOMNOTEeHHbIX, U Ha3bIBAEMBIX NOAUCMPYKMYPHbIMU. B 3aBUCMMOCTH OT
JaHWa@THOTO COACPKAHMS ALpa CPEOH NONUCTPYKTYPHBIX BOmocHo-
POB BBIAENAETCA TAKOke HECKONbKO THNOB. Hanmpumep, snpoMm moxer
6biTh GepésoBast poula, no nepudepHy — Iyr, NawiHg, nacTouile, Win
a1po — 6onoTHbIH MaccuB, a no nepudepun — namng ¥ 1.01. Ha ocHoge
MCCIIEOBaHHA JIOKAJIbHBIX BONOCOOPOB, NpoBeAeHHBIX Ha JlaTraiasckoi
BO3BBIILIEHHOCTH, ObITX CHCNAHBI BRIBOABI O TOM, YTO Koraa BogocGop
NpEACTaBIACT cOOOH LENUKOM pacnaxaHHYIO WIH cennTebHy1o Teppu-
TOpHIO (BTOPOH THN CTPYKTYphI), coaepkanue obuiero gocdopa B py-
ybe Hanbonbuice. Korna BonocGop NoNMCTPyKTYpHBIHA, HO SAPOM ABIISA-
€TCA MallHs WM KyJbTypHOC nactbuie, coacpxanue oduiero ¢pocdo-
pa MEHbLIE 3a CYET CI0MKHOM, MM MO3aMYHOMH, CTPYKTYph! Bofocbopa,
HO JIOCTaTOYHO BBICOKOE 3a CUET aHTponoreHHoro anpa. HakoHew, npu
HEIMKOM NPHPOAHOM Boaocbope 1 BogocOope NoNMCTPYKTYPHOM, HO €
NPUPOAHBIM SAPOM, HabN01aeTCs HaMMEHbLUAsA KOHLIEHTpauus oduiero
tochopa. CrenoBarenbHO, CTAHOBHTCA SICHBIM, Y4TO MOXHO Tak «o0y-
CTPOMTR» BOROCOOp 1O TOMY MM MHOMY THITy CTPYKTYp, YTO 3TO NpH-
BEET K yMEHBLIEHHUIO BbIHOCA OHOTEHHBIX BELIECTB PYYbEBbIM CTOKOM.
HsBectHa ponsb neca, 3a60JI0YEHHBIX HU3MH B NepexBaTe M TpaHchOp-
Manuy OHOreHHBIX BELIECTB, HO OCOOEHHO BaXXHO NPAaBHJILHO PacIo-
JIOXHTh Ha ITyTH BBIHOCHMMOTIO BELIECTBA NEPEXBATbIBAIOLIHE NPHPOI-
HBIC KOMIUIEKCBI, YMEHBIIAIOHIHUC BBIHOC.
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PHc. 5. 3aBHCHMOCTDb CPEAHEToA0BOTO BbIHOCA (pOCHOpa OT IyCTOTEI
PeUYHOMH CeTH 3aIeCEHHBIX BONOCOOPOB.
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Yem Gosnpuie cTekaomue ¢ Bogocbopa BOABI CONMPHKACAKOTCA C
HOBEPXHOCTBIO HEPACMaxaHHbIX II0YB, TEM MEHbBUIC BBIHOCHTCA UMM
¢docdopa. Brina ycTraHOBIEHA 3aBHCHMOCTH BbIHOCA (ocdopa OT rycTo-
THI PEYHOH CETH Ul YCNOBHH 3aJICCEHHBIX BOAOCOOPOB MPOBHUHLIHH
FOxHoe Ontapuo B Kanane.

ATtMmocdepHbie OCafKy, HOCTHras 3eMiH, MoryT nmbo abcopbupo-
BaTbCs Ha NOBEPXHOCTH MOYBHI, TMO0 NPOHHKATH YEPE3 Hee MOJ ACHCT-
BHMEM CHJIbI TSHKECTH, NOKA HE JOCTHTHYT BOJOHOCHBIX CJIOEB.
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Puc. 6. 3aBHCHMOCTBb CTOK2 OT HHTEHCHBHOCTH aTMOC(EPHBIX OCaIKOB
¥ BUJIOB PACTHTEIbHOCTH.

DopMHpYst TOBEPXHOCTHBIH CTOK, BOJA 3aXBaThIBAaeT OHOreHHbIE
BEILECTBA C MOACTHAAIOLICH MOBEPXHOCTH Onarojmaps pacTBOPEHHIO,
9PO3HH U CYCNEHAHPOBaHMIO. KpynmHbIe 4acTHIB! TPaHCHOPTHPYIOTCH
BOJHLIM MOTOKOM IO MOBEPXHOCTH. KOJHYECTBO B3BEIIEHHOTO MaTe-
puana, KOTopoe MOXKET ObITh CHECEHO C MOBEPXHOCTH CTOKOM, B 60Jb-
HIOH CTEMEHH 3aBUCHT OT pacturensHocTH (puc.6). CTpykTypa pacre-
HHUH HaJi MOBEPXHOCTHIO 3eMJIM — GHu3HuecKkuii Oapbep, yMeHbIIAIOUH
HHTEHCHBHOCTH MOBEPXHOCTHOro croka. KopHeBas cucreMa pacTeHHi
noa 3eMIEH CLENIAET YaCTHLIbI MOYBBI, YTO MPEAOTBPAILAET IPO3HIO.

C noxBepxeHHBIX 3pO3UHN MOYB NOCTynaer B 4 pasa Goapuie poc-
¢opa u B 30 pa3 6onblie a30Ta, 4EM C HEHapYLIEHHBIX no4s. [Ipemo-
XPaHEHHE MOYB OT IPO3HH MOXET CYIECTBEHHO CHH3HTD IOCTYIUICHHE
OGHOTCHHBIX 3JIEMEHTOB B BOIOEM.

BaxkHoe BIMAHHE OKa3blBaeT IUIOLIAJL PACHAILUKHU CENBCKOXO3AM-
CTBEHHBIX YrOoQMif Ha BLIHOC OMOTEHHBIX 3JIEMEHTOB, OCOOCHHO 3TO
3HAYUMO U1 03ED, MMEIOLIMX MaJIBId YCNbHBIA BOOCOOD.
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Murpauus docdopa B nangmadrax, He 3aTPOHYTHIX XO3AHCTBEH-
HOHM IEATENBHOCTBIO YENIOBEKA, NMPOHCXOAMT C BHYTPHUIOYBEHHBIM M
IIOBEPXHOCTHBIM CTOKOM, NPEHMMYUIECTBEHHO B HAKOH dase, B popme
BOJOPAaCTBOPUMBIX KOMIUIEKCHBIX COEOMHEHHH C OpraHHYeCKHMH H
MHHEpPaIbHBIMU KOMIOHEHTAaMH MMO4Bbl. Murpauuu docdopa B popme
tdocdarHoro noHa (camoit qOCTYNHOMN U1 OpraHu3MoB $popmel pocdo-
pa) B 3THX NaHAwadTax NPaKTHIECKH HE MPOUCXOAUT. Pacnamka Tep-
PHTOPHH, BBI3BIBAs MPOLIECC IPO3HH MOYB, CMIOCOGCTBYET YBEIHUECHHIO
murpainvu ¢pocdopa B TBepaoi (ase MOBEPXHOCTHOTO CTOKA, YTO CO3-
naér ycnoBus 1 murpauuu docdopa B ¢popme docdarHoro nowa.
[IpumeHenne MuHepanbHBIX YAOOpDEHHH, yBelIHYHBas B IOYBE 3amac
pHIXJIOCBA3aHHBIX dochaToB, NPHBOIUT K PE3KOMY YBEIHYECHHIO B 110Y-
BCHHOM pacTBOpE, a CJIENOBATE/bHO, H B MOBEPXHOCTHOM CTOKE, CO-
nepxanus pocgopa B hopme pocdarHoro noHa. Takum obpasom, pac-
MAllKa TCPPUTOPMI M NPUMEHCHHE MHHEDPAJIbHBIX yNOOpEHH NmpHBO-
AT K U3MCHEHHIO ¢opM murpaunu ¢ochopa. Pesko Bospacraer mons
MOABMKHBIX MHHCpaIbHBIX GopM docdopa B epBHUHOM rumporpadu-
4eckOW CeTH, YBCIIMuMBaeTcs BbIHOC ¢ocdopa B BOAHbIE OOBEKTHI B
NIErKO JOCTYITHOMH U BOAHBIX OPraHW3MOB MHHEPANbHOI dopme.

C CenpCKOXO3AUCTBEHHBIX YIOAMNA MPOHCXOOMUT 60Jice HHTEHCHB-
Hblit BBIHOC OHOTEHHBIX 3JIEMEHTOB, YEM C €CTECTBEHHBIX: [0 CpaBHE-
HHIO C XBOHHBIM JiecoM ¢docdopa orTyaa BEIHOCHTCA B 2—-20, a a3oTa —
1,5-5 pa3 6onbiie; Npy COMOCTaBIEHHUH C JIUCTBEHHBIM JIECOM 3Ta pa3-
HMLA MEHBHIE.

U3 CyriMHHCTBIX MOYB MMOBEPXHOCTHBIM CTOKOM OGHMOTEHHBIX 31e-
MEHTOB BBHIHOCHTCS 60JIbllIE, YEM H3 CYNECYAHBIX.

C yBenMYEHHEM IUIOLAAM PACMAILKH MPH NPOYHX PABHBIX YCIIO-
BUAX BBIHOC OHOrEHHBIX 3JIEMEHTOB BO3PACTaeT.

Banannue popmbr H pazmepoB KOT.I0BHHbI,
NpPOTOYHOCTH HAa IBTPOPHPOBAHHE 03Ep

B 30-e roger XX B. I".FO. Bepemarus ykasasa Ha onpesensiomyro
pons MoppoMETpHH ¥ MOpP(OJIOTHH KOTJIOBHHBI 03€pa B OCHOBHBIX
JIMMHHMYECKHX Tporieccax. Pa3BUTHEM 3TOTO MOAXONAa K H3Yy4YEHHMIO
MMMHHYECKHX Tpoueccos 3anumanuck JILJI Poccomumo [1964, 1976,
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1977], B.b. borocnosckwuii [1960], 1.H. Copoxun [1988], O.®. Skyiu-
ko [1981], 1. Xatyuxcou [1969] u np.

OnpezneneHns OCHOBHBIX MOPGOMETPHUYECKIX BEMYMH AaHbl Beperia-
rusbiM [1930]. M3 Gonbioro uncna MOoppOMETpHUYECKHX BEIHYHH, NIPH-
MEHAEMBIX I KOJHMYECTBEHHOH XapaKTEPHCTHKH O3E€pHBIX KOTJIOBHH,
CIIeyeT BbIACMHUTh Haubosnee BaXXHbIC, KOTOpbIE MOKa3bIBAIOT reorpaduue-
CKOE IOJIOKEHHE 03€pa, €r0 NMPOMCXOXICHHUE, THIT U CTAJMIO Pa3BUTHA,
JAI0T HEKOTOPOE, MOXKET ObITh, KOCBEHHOE, MPEJCTaBIEHHE O PEXHME
03€pa B 3aBHCUMOCTH OT MOP(OJIOTHH €r0 Yalll 1 MOTYT NPUMCHATHCS
Ha npaktuke. Hcxoas M3 2Toro, MOp(QpoMETpUYECKHE XapaKTepPHUCTHKH
03€p MOXKHO Pa3[e/UTh Ha 4 IPYIILL @) reorpadudeckoro MECTOTION0MKE-
Hus, 6) cobcrBeHHO Mopdonormdeckue; B) JTUMHO-MOPGOTrE€HETHYECKHE;
r) rugpomopdonoryyeckue. bonbiryio pois MOpHOMETPHYECKOMY MOKa-
3aTeil0 OTBOIAT B CBOMX pabGorax u Apyrue aBropsl [Bunbepr, 1983;
CopoxkuH, 1988; JIpabkosa, Copokul, 1979]. .C. 3axapenkon [1964]
€CTECTBEHHBIM FIOKA3aTENEM 03ep CYMTAET IUIOHIaAb BOJHOTO 3epKala,
a TIyOMHY OLIEHMBAET KaK IPOHM3BOJHOE OT €¢ BEIHYHMHBI. 32 OCHOBY
Mepbl TTy6HHBI OH MPUHUMAET MOILUHOCTh 3MHIHMMHHOHA. JI. XaTumH-
coH [1969] k uyMcny BaxHEHIUMX Noka3areneil KnaccHUKaUUH o3ep
OTHOCHT MOp(GOJIOTHIO KOTJIOBUH, TMHAMHKY M TEMIICPATyPHbIA PEKUM
BOJIHOM Macchl.

Ecnu nepsuyHas NpogyKums O3EPHOH IKOCHCTEMBI ONpEIC/IAETCS
I;1aBHBIM 06pa3oM MOCTYIUICHHEM OMOrEHHBIX 3JIEMEHTOB, TO YTHIM3ALHA
onpeaensercs kak MopoMeTpHeit BOLoEMa, TaK M KIMMATHYECKUMH (ak-
TopaMu. Mopdonorus o3ep ABIAETCS OJHHM M3 CYLIECTBEHHBIX IIPH3Ha-
KOB, XapaKTEpH3YyIOLIMX NPHPOAY BOLOEMA, MOCKOJBKY OTpaXaeT Ha
cebe MpoLEcCHl, MOBJIEKIME 00pa3oBaHHE 03EPHOH KOTJIOBHHBI, MOKA3bI-
BaeT Golblliee WIM MEHbLIee Pa3BUTHE MHAPOMOP(OIOrHYECKHX MPOLIECCOB,
BEQYLIMX K nepepaborke mpuOpexes U HCYE3HOBEHHIO O3EPHOH YaiuH (3au-
Jenne, 3abonayuBanme). OHa Taloke ONpeneNseT XapakTep BoLooOMeHa
noJ BO3ACHCTBHEM pAAa NPHYMH, OOYCIIOBIMBAET TUIpOQH3MYECKUC H
GHOrHAPOXMMHUECKHE OCOOEHHOCTH BOX 03epa U OTPAXKAETCA Ha COCTAaBE
ruapo6uonros [Bepewarus, 1930].

IepBonauanbHblit penped AHA 03EPHBIX KOTJIOBHH M OYEPTaHHA UX
B 1;1aHE 00yCNOBNICHDBI B 3HAYUTEIILHONH MEPE MPOUCXOKIECHHEM KOTIIO-
BHH. B nanbHeHmeM Ha 03¢pHYIO KOTJIOBHHY BO3NEHCTBYIOT BHELIHHC
(bakTOpBI U MpOLIECCH], MPOHCXOASAIINE B caMOM Bojoeme. B pesy:bta-
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T€ KOTJIOBHHBI OONBLIMHCTBA 03P HACTONBKO BUIOU3MEHSIOTCA, YTO B
HHUX COXPaHSIOTCH TOJNbKO HCKOTOPhIE YEPThl NEPBOHAYANBLHOTO pesibe-
¢da. U3 BaewHux ¢axTtopoB, NpeoOpa3yloInX KOTIOBHHBI, TNIaBHEH-
IIKMMH SBJISIOTCS TOBEPXHOCTHBIE BOMbI, BETPbI, @ B HEKOTOPbIX paii-
OHax JIEIHMKH; U3 IPOICCCOB, NPOHCXOMALIHX B BOAOEME, — BOJHEHHS,
TEYEHHS, )KU3HEACATECILHOCTh BOAHBIX PACTCHHUH M dKHBOTHBIX.

IpeoSpa3zoBanre KOTIOBHHBI MIET B ABYX HalpaBIICHHSAX: Mepe-
¢opmupoBanue 6eperoB M HaKOIIEHHE JOHHBIX oTioxeHuH. HaHochl,
NONONHSAKOIIYE JIOHHBIC OTJIOKECHHUs, NOCTYNAlT ¢ BOXOCOOPOB NpH
CTOKE M BETPOBOM CHoOce, 00pasyloTcs mpu paspylueHHH Oeperos, a
TaKoKe IPY OTMUPAHHUM BOJHOH PacTHTENBHOCTH M OpraHu3moB. Hs3-3a
IeHCTBUA MOBCPXHOCTHBIX BETPOBHIX BOJIH Ha JINTOPAJIH OTJIaraloTcs
NPEUMYILECTBEHHO KPYIHbIE YAaCTHHB! PEYHBIX H JETIOBHANBHBIX Ha-
HOCOB, NPOAYKTOB paspylicHHs OeperoB H TopQ), COCTOALIMH ITTaBHBIM
00pa3oM U3 OCTATKOB BOJAHOH pacTHTeNbHOCTH. Bonee Menkue yactu-
usl, GOPMHPYIOLLINE HiIbl, 3aMOJHAOT B MEPBYIO OYepeab YriIyOneHus
IHa, B KOTOPBIX IBIXCHUEC BOIBI 3aMemicHHO. TakuM ob6paszoM, ¢ ox-
HOH CTOPOHBI, 3aMJIMBAIOTCS BNAAWHbI B IIyOMHHOR 4acTH o3epa, a ¢
Ipyrod — Oosiee KpyNmHbBIMH OOJIOMKaMH 3aMoONIHAIOTCH MpPHOpexHbie
y4yacTki. JIHO BbIpaBHHBAETCs, BOJOEM MeEJEET, 3apOCH BBICILEH BOA-
HOHM pacTHTENBHOCTH IIOCTENICHHO NPOABUraloTCs OoT Oeperos k cepe-
JHMHE BOLOCMa, 03CPO 3apacTaeT.

Hepenko 3apacralie o3ep NPOMCXOOMT MyTeM 00pa3oBaHHsA CILIa-
BHH — 3bI0KOr0 HaCTHJIa U3 MAcChl PACTHTENBHBIX OCTATKOB, CKPEILIEH-
HBIX KOpHSAMH BIarolioOMBBIX PacTEHHH M MXaMH, PaclpOCTPaHsIO-
umxcs oT Heperos 110 BOAHOH noBepxHocTH. KOTiIOBHHBI MHOrHX 03€p
3anOJIHEHEl MacCO# [JOHHBIX OTIOXKEHHH, IPEBOCXOALIMX MO CBOeH
MOIIHOCTH B HECKOJIBKO pa3 COBPEMEHHYIO ITyOHMHY BOJBI B 3THX 03e-
pax (nanpumep, o3. Hepo, 03. MnsMens).

Ot ¢dopMbl 03EpHOI KOTIOBHHBI 3aBHCAT XapakTep U HHTEHCHB-
HOCTh NEPEMEUIMBAHMA BOJHOH MAacChl 03€pa, KOTOpbIC OKa3bIBalOT
BIHSAHHE Ha BCE CTOPOHBI JMMHHYECKOro npolecca. 1ot npouecc ody-
CIIOB/IMBAETCH HE TONBKO OOILE30HANEHBIMH KIHMATHYECKHMH YCIIOBHS-
MH, HO H COBOKYIHOCTBIO MOPGOMETPHYECKHX NOKa3aTeneH (rmy6uHoOH,
rowaneio, ko3¢ guIHeHTOM NTyOHMHHOCTH, OTKPBITOCTH H T. A.). Beab
NIpH OJHOH M TOH XKE TeMIiepaType BO3MyXa H CHJIE BETPa B IUIOCKHUX W
LIMPOKHX KOTIOBHHAX 03€p B JIE€THEE BpeMsA BOJHbIE MAacChl IIEPEMELIH-
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BaroTca 6o/ee MHTEHCHBHO W BO3HHMKAaeT T'OMOTEPMHA, a B INIyOOKHX U
YKPBITBIX ~ COXpaHAETCA 4YeTKas TeMIepaTypHas CTpaTHOHKauui |
MOLIHBIH C/IOH TMINONHMMHHOHA. IMEHHO B TMIIOJIMMHHOHE BO3ZHHKAIOT
HPOLIECCH], OTIMYAIOLIHE OHO 03€pO OT APYroro: HU3KHE TCMIICPATYPhI,
NebHUMT KHCIOPOJa, HaKOIUIEHHE YTJIEKHUCIIOTO rasa, yBEIHYEHHE MH-
Hepanu3aluH, npeobnagaHne BOCCTaHOBHUTENbHBIX peakuui, oOpasosa-
HHE OMNpENeeHHOro THIA JOHHBIX OTJIOXKEHHH W MHOroe apyroe. Bme-
CTE€ C TEM NPH MOJHOM BETPOBOM MEPEMEUIMBAHUH BOJBI U OTCYTCTBHH
cTpaTH(HKalMH BO BCEH TOJILE BOJbI BOSHHKAIOT OJHOPOAHBIE I'MAPO-
JIOrHYECKHE, THAPOXUMHYECKHE U THAPOOHONIOrHYECKHE YCIIOBUA.

Jlna 03ép Benopyccun GbliH BHISABICHBl CTATHCTHYECKH JOCTOBED-
Hbl€ KOPPENALHOHHbIE 33aBUCHMOCTH MEXITY MOPQOMETPUYECKHM Ia-
paMeTpoOM, XapaKTEpU3YIOWIMM KOTJIOBHHY 03epa (BEpPTHKAJIbHBIM
MaciTaboM JMHIMMHHOHA) H NPO3PaYHOCTHIO BOAOEMOB IO JHCKY
Cekku [PomanoB, 1991].

[Toka3zarens 3MUIMMHHOHA S ONpPEJACIAETCA CIEXYIONHM YPaBHE-
HHEM:

e

_ _ N/
1 t-a H )

S_ * max

H .., 1_(1_%)/”
max
rae H,y, — cpendsas rayOouna BonoéMa, M; Hmax — MaKcuManbHas riry6u-
Ha, M; e — MOWHOCTb SNWIHMHHOHA, M. Bennuuna f xapakrepusyer

¢ opMy KOTJIOBHHBI M BBIPaXa€eTCH ypaBHCHHEM:
P H-H ,

bl

Vg

i avg

B.I1. PoMaHOBBIM npou3BeneHa MOMNbITKa HAXOKAECHHS 3aBHCHMO-
CTeH MEXOy NOKa3aTeneM SNMIMMHHOHA H TPOQHYECKUMH TIOKa3aTe-
JIIMH 03€PHBIX BOAOEMOB, Pa3sBUBAIOILMXCA B COBPEMEHHBIX yCIIOBHAX.

B pesynbrare BhIABICHB! CTATHCTHYECKH JOCTOBEPHBIC OOpAaTHEIE 3a-
BHCHMOCTH MEXAY S H Npo3payHOCThio BOAOEMOB no aucky Cekku D.
Takue 3aBHCHMOCTH NPOCNEKMBAIOTCA UL TPEX PA3NIMYHBIX IPYII 03€p:

a) Me30TpoHO-3BTpodHEIX S = 0,53 * D™ (k=-0,78),
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6) HHU3KOMMHEpPATH3OBAHHBIX — AMCTpodHBIX S = 0,79 * D™
(k=-0,81),

B) C NPO3pauHOCTBIO K0 fHa S = 1,70 * D% (k=-0,94).

Pacyér no ypaBHEHHMAM perpeccuy “ MOTEHUHANbHOM NpPO3payHo-
cTH” 03epa S ¢ HCHO:IL30BAaHHEM TOJLKO €ro MOPHOMETPHUYECKHX Ma-
pPaMeTpOB IO3BOJISIET MPH CPaBHEHMH C PEaNIbHOM Mpo3payHoCThio D
OIIpeleNIUTh CTeNeHb aHTPOIIOTEHHON TpaHC()OPMALMK BOOEMA B BUIEC
otHoweHus D/ S.

CyuiccTByeT onpeesicHHas CBI3b MOXKAY 3HAYeHHAMH T0Ka3aTeNs
YCIIOBHOTO BOAOOOMEHA, BBIPaXXAEMOT0 KaK OTHOLICHHE CpPEeaHEro 00b-
€Ma ro/IoBOro CTOKa K cpefHeMy 00bEMY 03epa, THIAMH NPOTOYHOCTH
M HEKOTOpbIMH BHYTPCHHHMHM mNapamerpaMyu. Hanpumep, MHTEHCHB-
HOCTBH BOJJOOOMCHa 03€p OTPaXKacTCA Ha XapaKTCpe HOHHBIX OTJIOKE-
HUi. B 30Hax akTHBHOTO BOI00OMEHA KPYMHOCTh JOHHBIX OTJIOKCHHIA,
Kak IpaBHJIo, BHIILE.

Tun APUTOYHOCTH-TIPOTOYHOCTH BIMAET Ha HEOXHOPOAHOCTH
ouomaccel Genroca. B 30He naccuBHOro BonooOMeHa BenuuuHa OuO-
Maccel 0eHTOoCca 0ObIYHO OONIbLIE, YEM B 30HE AKTHBHOTO BOJOOOMEHA.

B cBol0 ouepenb BOXOOOMEH HIPAeT BaXHYIO posib B (OPMHpOBaA-
HHUH IKOJIOTHYECKOro craTyca Bofoéma. Hanpumep, Manbiil Bogoo6MeH
yKa3pIBaeT Ha cnabylo poib MPUTOKA B 03€PO U, KaK CIEACTBHE 3TOrO,
Ha pa3BHTHE aBTOXTOHHOro pexxuma B o3epe [Copokun, 1988]. Bons-
WoM BOAOOOMEH FOBOPHT O (GOPMHPOBAHHH ANIOXTOHHOIO DPEXHMA,
3aBHCSILET0 OT CBOMCTB BogocOopa.

Ha ocHOBe M3yueHHs MHOIOYMCIICHHBIX JHTEpaTypHbIX UCTOYHH-
KOB, a TaKXe AaHHBIX moJyieBbx HccnenoBaHui O.0. Axymko [1981]
Obula co3JaHa KOMIUIEKCHas JIMMHOJOro-reorpaduyeckas Kiaccugu-
Kalli¥M 03€pHBIX BogoeMoB benopyccuu, cBs3blBaioLias MaKCHMaNbHYIO
rIy6HHYy ¢ TPOQHUYECKHM CTaTyCOM 03€pa.

Coueranne Mop¢hOJIOTHYECKHX OCOOEHHOCTEH H CBA3AHHBIX C HHU-
MH IHAPOAMHAMHYECKHMX YCJIOBHH TONBKO TOrZa MONy4aeT 3Ha4YeHHE
THNOJNIOTHYECKUX MOKa3aTelel, korga oHu o0ycnoBiauBaoT GopMHpO-
BaHHUE ONpPEACNEHHBIX TMIPOJIOTHYECKHUX, T'MIAPOXHMHUUYECKHX, Guono-
rudeckux spicHuH. [ToaTOoMy 3a OCHOBY npeinaraeMod KOMIUICKCHOM
JUMHOJOro-reorpagyueckoi kiaaccHpukalud NPHHUMAETCA NATb OC-
HOBHBIX II0KA3aTENeH, pasIHMyHOE COYETaHHE KOTOPbIX OMNpeessieT
NPHHAVIEKHOCTh JAHHOIO 03€pa K TOMYy MM HHOMY THIy: 1) mopdo-
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MeTpuyeckuii; 2) reosoro-reoMopdonorudeckuii; 3) ruaposoruyc-
CKHif; 4) rTUAPOXUMHYECKUIA 1 5) GHonoruyeckuit. 3Ta kaccubuxanus
MOXET CIY)XHTb HPHMCPOM i1 CO3JAHHS PETHOHAIBHBIX O3EPHBIX
knaccubukanmii (tabn. 2).

Tabauya 2
JlumHonoro-reorpaduyeckas knaccudpukauns o3ép (Axymko, 1975)
XapaKTepHCTHKH I'my6okue | Cpeanernybokue | Hermy6okue | MenkoBonHble
03€p
Hywe M >25 1525 5-15 <5
Tpoduueckuii ypo- | Me3oTpodHsIe
BCHb ¢ npu3HakamHd | MesorpodHble | 3BTpOdHBIE | AucTpodHEIE
OJIMTOTPOQHH
H,oo M >9 6-9 3-6 OYCHb MaTbl
Bbuomacca q)uToB- 0,508 2 <7 3.5—4
MIAaHKTOHA, I/M
buomacca 3ooru§aHK- 0,1-0.25 1 4-45 1-1,5
TOHA OKOJ10, I'M
O6beM rHIONHM-
HHoHa, % BoxHOf 50 <5 BBIDaXEH BbIPaXKCH
cna6o crabo
Macchl

Bcero B Benopyccuu 6Gpisi0 BBIACICHO YeThIpe OCHOBHBIX THIIA U
Tpu noxaruna osep. K osepam [ muna O.d. Skyuiko ‘-OTHOCHT Me30-
TpodHble ¢ NpH3HaKaMH OoMUroTpoduu, rirydokue, Hebonbmme. Mak-
cuManbHas rnybuHa Gonee 25 M, cpeanss — Oonee 9 m. Ilnomane no
3 kM’. O6beM runonumunona 50 % BOMHOH Macchl. O3epHbIE KOTIIO-
BHHbI OTHOCATCA K JIOXKOHHHBIM, 3DO3HOHHBIM, CIOXHBIM. [IpoTou-
HOCTb JTMX O03€p He3Ha4YuTeNbHa, YCAOBHbIH Bomooomen 0,8-0,15.
Oxucngemocts 5~7 MrQO,/in. Obmas 6uomacca puromnankrona 0,5-0,8
r/M°. Buomacca 3oomnankrona okono 0,1-0,25 v, 3apacraeMocTh
He3HauuTenbHa. OnHAKO MakpOGHTH! IPOHMKAIOT Ha GONbIIYIO NITyOH-
HY H COCTaBJIIIOT OCHOBY MEPBUYHOH MpOXyKUHUH (MeHee | rO,/M?).

Osepa /I muna no maHHoit kiaccupUkauuyu mMe3oTpodHsle, cpen-
Hermy6oxue ¢ 6onbLIoH rwIowaaso. MakcuManbuas rinyouna 20-25 M,
cpennss — 6-9 M. Ilnowans Gonee 10 kM>. O6bEM THIIOIHMHHOHA Me-
Hee 5 % oo Maccel. O3epHBIC KOTIOBHHBI OANPYIHbIE, OKPYIJIbIC
C aCHMMETDHYHBIMH CKJIOHAMH M ciioxHble. [IpoTounocTs cnabas (yc-
JOBHBIA Bonoo6MeH He Gonee 0,38). Oxuciasemocts 5—7 mrO,/n. buo-
Macca (PUTOTIAHKTOHA OKOJIO 2 T/M’, NPeobIanaloT TMaTOMOBBIE W MH-
podutossie Bogopociu. Bromacca 300mnankToHa okono 1 r/m’.
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Ogepa /I muna 3sTpodHsie. O.P. SKyLIKO BHIENIET TPH NOATHNA,

K o3epam noomuna III, otHOcATCA 3BTpOdHBIE, Hermyboxue ¢
6onbmioit miomwanso. MakcumansHas riybuna 11-13 M, cpensss—5-6
M. [nomane 10 kM* u Gonee. I'unonuMHHON Bhipaxen c1a6o. Mporou-
HOCTh 03€p OaHHOro TUna cijadas, MokasaTeNs YCJIOBHOIO BON0OOMEHA
0,14-0,51. bromacca ¢HpUTOIIAaHKTOHA OKOJO 7 /M, npeobnajgarT cu-
He3eNneHsle BONOPOCH. BroMacca 300N1aHKTOHa 10 4 /M.

Ioomun III,. 3TpodHble, Hermybokue, Hebonbmne. MakcuMalb-
Hele T1y6uEs 10 20 M, cpeanue — 10 4-6 M. ITnomans MeHee 2 KM’
O6bem runonumanola 10-17 % Boawoli Maccnl, [IpoTOYHOCTH OT Ciia-
60it 1o xopouieii. 3apacTaeMOCTh BCIIHKA.

IToomun IIT;. DBTpOdHBIE, MENKOBOLHBIE C HPOCTHIMU KOTJIOBH-
HamH. MakcumaneHas riyOHHa 5 M M MEHee, CpelHAsi—3 M M MEHEe.
IIpoTounocTs ot ciaboit no xopowei. B ¢uronnankrone npeobnana-
IOT CHHE3eJieHble BOAOPOCIH, XOPOLIO pa3BHThl M AMaTOMOBBIC (Gonee
7 r/M*). BHoMacca 300IUIaHKTOHA 0K0:10 4,5 /0.

Ozsepa IY muna nuctpodHsie, MENKOBOIHBIE C MPOCTON KOTIOBH-
HOil. MakcuManpHble TyOHHBI NPH OYCHH MallbiX CpeIHHUX ITyOuHax
He npesbimaoT 5 M. IL1omamm pasuele, HO GompuMHCTBO 10 10 KM’
Ctpoenne noxa npocroe. O3epa /Y muna cnabonpoTo4Hbl UM BOBCE
HenpoToyHbl. JlucTpodupyomuecs 03epa OTIMYAIOTCA OUYCHb BBICOKOH
okucngemocthio 16-20 mrO,/n. buomacca QuTONUIaHKTOHa OKOMIO
3,54 I‘/M3, npeobnafarOT OAWH-IBAa BUAA CHHE3ENEHBIX BOIJOpOCICH.
Buomacca 3oonnadkToHa oxkono 1-1,5 /M.

Tepmuuecknii H CBETOBOJN pe:kHM BOAOEMa
H IBTpOMPupOoBaAHNE

Tepmuyeckue CBOWCTBA M NMPO3PavyHOCTb BOINHBIX MAacc 03ep B
3HAYUTENILHOM CTENEHH ONpeesaoT GHONIOrHYECKYIO NPOAYKTHBHOCTD
Y JPYTHE SKONOrHYECKHE OCOOEHHOCTH BOIHBIX 9KOCHCTEM, B TOM YHC-
ae ycimoBus ¢otocuHTesa [XarTumHcoH, 1969; Borocnmosckuii, 1960].
BO3HHKHOBEHHE JIEOBBIX SABJICHWH, MaKCUMAIBHBIA Temjo3anac BOJ-
HBIX MacC ¥ Apyrue TepMHueckue 0COOEHHOCTH 03Ep, HaXONALMXCA B
ONU3KKX KIHMATHYECKHX YCJIOBHAX, ONPENENSIOTCS UX MOpQOMETpHU-
YECKUMH NOKa3aTeNAMH.

HccnemoBaHus TepMHYECKOrO pekHMa 03epa HEoOXOAMMEBI Ul
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BLISBIIEHHS HANHYHSA UM OTCYTCTBHS TEpMHYECKOH CTparHpHKaLUu B
03epe, NMPOJODKHTEILHOCTH €€ CYIECTBOBAHHMS.

B cTpatHduUHpPOBaHHBIX 03€pax Ba)KHOE 3HAYCHHE HMEIOT KOJIH-
YECTBCHHBIE XapPaKTEPHCTHKH MOILHOCTH 3MHJIHMHHOHA, METATHMHHUO-
Ha ¥ TMMONMMHHOHA, BEJIHYMH TEMIIEPATyphl U UX BEPTHKAJIbHBIX Ipa-
OueHTOB. B MenkoBomHBIX 03€pax (rnmyOuHOi MeHee 5—-6 M) TepMudye-
cKas cTpaTtuduKanus B OTKPBITHIA IIEpHOM, KaK MPABHJIO, OTCYTCTBYET.
[IpoucxoouT nepemMenMBaHUE BOAHOM TOMNIIM, co3aioilee Gnaronpu-
SATHBIA KUCJIOPOJHBIH PEXUM, CMOCOOCTBYIOIMM MHHEpaIM3alHUH Op-
raHH4eCKOro BEILECTRA.

CuaponuHamMuueckuil pexuM o3epa (CTOKOBBIE H BETPOBBIC Teye-
HH#) B 3HAYUTENbHOHN CTENEHH ONPEAEIAET Er0 CAMOOYHIIAKOLLYIO CIO-
COOHOCTBD, YBE/IMYNBAs HACHIILEHUE BOJHONH MacChl KHCIOPOJOM.

Ha rtepMoaumHamMu4ecKHH pEKHM BOJOEMOB TaK)KE OKAa3bIBAKOT
BIUSHUE MOpPHOMETPHUYESCKHE XAPAaKTCPHUCTUKHM: XapaKTepHbie TOpH-
30HTaNbHbIE M BEPTHKAJIBbHbIC MACIITAOb! Yallli 03€pa ONpeeA0T BO3-
JIeHCTBHE BETpa Ha BOAHYKO TOJILY (pasrOH H IapaMerphl BOJIHCHHA,
CTeneHb NepeMelIiBaHus, TOPH3OHTaIbHbIE H BEPTUKANbHBIE CKOPOCTH
TEYEHHA); IIIOIAAb ABNACTCA MEpO 0OMeHa Maccoil U JHepruci ¢ ar-
Mocdepoit, cpenHas riybusa # 06beM — MepoH HHEPLUHMOHHOCTH IPO-
HUKHOBEHHS TeIUia BriIyOb H TEILTOHAKOIUICHHA €ro BOXHOW Maccoil U
aHoM. CyIIecTBYET NOMy3MITMpHYEcKas 3aBHCHMMOCTb, CBA3bIBAIOLIAs
BO3MOXHYIO ITTyOHHY snunuMHHMOHA (E) ¢ XxapakTepHbIM MacwiTaboMm
Bonoema (D):

E =44 D" rne D =(W+L)/2,

rae W — uMpHHa, L- 1inHa B KM.

B Menbuieii Mepe pa3paboTaHbl BONPOCH B3aMMOCBSA3CH TepMuye-
CKHMX XapaKTePHCTHK BOJHOH MacChl 1 MOpGOMETPHYECKHX TOKa3aTte-
7€l 03EpHOH KOTJIOBHHBI. BhIABIEHHE U KOJHYECTBEHHAS OLIEHKA 3aBH-
CHMOCTEH Temso3anaca BOJHOX Macchl OT ITyOHHBI 03EPHOH KOTJIOBH-
Hbl U METEOPOJOTHYECKUX YCIOBHH BO3MOXXHBI Ha 0ase cTaTrHcTHde-
CKO# 06pabOTKH MaccOBOr0 MaTepHalla HaTyPHBIX HCCIICIOBAaHH.

B neTtHuit nepuon akkyMynsuMs BOLOEMOM MOCTYNAIOLLIEro COJI-
HEYHOrO TeIUla HaXOHUTCA B MPAMOH 3aBUCHMOCTH OT FTyOHHBI 03&p-
HO# KoTioBHHBI. [locTynarouiee conHeyHOe TEIUIO pacnpenensiercs 1no
rnyOUHE B 3aBUCHMOCTH OT MOP(OMETPHYECKHX OCOOCHHOCTEH KOTNO-
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BUHbI. B BomoéMax ¢ ¢hopMOil KOTI0BHHBI OJIM3KOH K KOHYCY (C YKpBbI-
TBIM OCHOBHBIM 00BEMOM BOIHOH Macchl), AMHAMHYECKOE MEpeMelIu-
BaHME OrPaHHYEHO BEPXHHMH CIIOSMH BOJIbl, 1 OCHOBHOE TCMJO aKKY-
MyJIHpYeTCs B SNMIMMHMOHe. [Ipu 3nnMncoMaanbHbIX M napabonou-
JanbHbIX (OpMaxX KOTJIOBHHBI NOCTYMAlOLIEe COJHEYHOC TEMJIO B Iie-
JIOM PaBHOMEPHO PacHpeneNisieTCs B TOMIE BOABI, HO 3G (EKTHBHOCTD
HarpeBaHusi BOJLI B XOPOILIO MEPEMEIIMBAEMbIX BOLOEMaX 3HAYHTEb-
HO HHMXE, YeM B CTPaTHQHUIHPOBAHHBIX.

B.B. IMuotposuu [1958] uccnenosan cBs3u MophoMeETpUYECKHX
XapaKTEPUCTHK 03EP M BOJOXPAHHIIMIL C 3JIEMCHTaMH JICIOBOIO PeXH-
Ma. OTMedeHO, 4TO OT QOpPMBI H PasMEPOB O3CPHOH BIIaAHHbLI 3aBHCAT
CPOKH 3aMep3aHHs ¥ BCKPBITHA JIENOCTaBa B TCX WIM HHBIX paHOHax.
I'ny6okue o03épa 3aMep3aroT NO3JHEE, YCM MEINIKHE, TaK KaK JIETHHH
Terio3anac B HUX Oosblue. AMEPHKAaHCKHE JIMMHOJIOTH YCTaHOBHIIH
CBA3U MEXIY MOpQOMETpUYECKHMH MapaMeTpaMH M JIaTaMH BO3HHK-
HOBCHMA NICJOBbIX ABICHMI 1 03ép wrara Hero-Hopk. Jlemepc u
Kand [Demers, Kalff, 1993] BriBenu ypaBHEHHsS CBS3M 03ep MEXAY
aTaMH Hayana crpaTuukaunu kak QYHKUMH CPEJHEroJOBOH TeMIie-
paTypsl BO3MyXa, IUIOIAAM O3epa U JorapudMa OTHOLWICHHUA IUIOWAAM
MOBEPXHOCTH 03cpa K CpeAHei IiTyOHHE JUIf JUMHKTHYECKHX U MOHO-

MHUKTHYECKHX 03€p (puc.7, Tabi. 3).
Tabauya 3
YpaBHenue CBA3M Mek/y 1aTAMH HA4a.1a CTPATHGHKAMHH (AHH OT HAYANA 1'0]a)
kaK GyHKUHA cpeHeroaoBoii Temneparypsl Bo3ayxa temp.(°C), n;iomanau o3epa
(A,) 1 norapudma 0THOUIEHH IUIOLIA/IH MOBEPXHOCTH 03epa K cpeaneil raybuue (R)

Bce ozepa (n= 70
day = 162 - 6,05 temp. =060 [ P<0,001
day =159 - 5,38 temp. + 0,00089 4, #=0,65 | P<0,0001
day =160 - 5,72 temp. + 8,46 log R #=0,68 | P<0,000]
JumukTH4eckue osepa (n=47)
day = 164 - 6,03 temp. #=0,63 | P<0,0001
day = 160 - 5,38 temp. + 0,00076 4, NS
day = 160 - 5,14temp. + 5,74 log R #=0,72 | P<0,0001
MoHoMukTHYeckHe o3cpa (1 = 23)
log day = 2,1993 - 0,0251 temp. #=036 | P<0,01
log day = 1,9684 - 0,0175 temp. + 0,0854 log 4, 7#=0,55 | P<0,001
day = 123 - 3,429 temp. + 20,636 log R #=0,67 | P<0,0001
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JaTa BO3HHKHOBeHHR CTPATHPHKAUHH

-1 m,y o020

A —h A L

-2 2 6 10 14 18 r-ed

Cpennss roaoBan Temiieparypa so3xyxa, C

Puc. 7. CBasb cpeaneit ronoBoit TeMniepaTyphl BO3XyXa C AaTOH Hayalla
cTpaTHUKaUHK 118 AMMHKTHYECKHX (1 ) 1 MOHOMHKTHYCCKHUX (2) 03€p
(no Demers, Kalff, 1993 )

Kak noka3saHo Belllle, Ha BaXKHOE 3KOJIOTHYECKOE 3HAYEHHE TEMIIE-
paTypHOTO peXHMa BORHOH Macchl B (YHKIMOHMPOBaHHHM BOHOEMOB
yKa3bIBalOT MHOrHE HccienosaTend. B meHbiuelt Mepe paspaboTaHbl
BOIIPOCH! B3aHMOCBS3€H TEPMHYECKHX XapaKTEPHCTHK BOIXHOH Macchl U
MOpPQOMETPHYECKHX NOKa3aTeNnei 03EpHOI KOTIOBHHLI. BeisBieHHE U
KOJIMYECTBEHHAs OLICHKA 3aBHCHMOCTEH Temnio3anaca BOAHOH Macchl OT
riay6uHBl 03EpHOH KOTIIOBUHBI M METEOPOJIOTMYECKUX YCIOBHH BO3-
MOXHbl Ha 0asze crarucTHueckoi o6paborkm MaccoBoro marepuana
HaTYPHBIX HCCIIEIOBAHHUH.

Pa3nnyHble CBETOBBIC YCIIOBHA B 03Epax ONpEAeNsAIOT pa3HbIi Xa-
PAKTEP BEPTHKAIBHOIO pacrpee/ieHust HHTEHCHBHOCTH (HOTOCHHTE3A M
B 3HAYUTENBHOH MeEpe pasHyH BEJIHYHMHY HMHTErpajJibHOH NEPBUYHOH
npoxykuuy. CBeT HE TONBKO KHU3HEHHBIA (PakTop, HO U MUMHTHPYIO-
i, IPHYCM KaK Ha MAKCHMaJIbHOM, TaK H Ha MHHHMAaJIbHOM YPOBHE.
VIHTEHCHBHOCTL CBE€Ta, NOCTYNAIOWIEr0 Ha €AMHMYHYIO [UIOLIAAKY,
ynpaBiieT Bceil 3KOCHCTEMOH, B Ha NEPBUYHYIO NPOXYKTHBHOCTD.
M y HaseMHBIX H BOOHBIX pacTeHHH (POTOCHHTE3 CBA3aH C HHTCHCHBHO-
CTBIO CBETa JIMHEHHOH 3aBHCHMOCTBIO IO ONTHMAJBHOTO YPOBHS CBE-
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TOBOTO HACBLIICHHUA, 32 KOTOPBIM BO MHOTHX CIy4asix CIEAYyeT MaaeHue
(boTocuHTE3a PN OYEeHb CHJIBHBIX MHTEHCHBHOCTAX cBeTa. Ponn npo-
JIOJDKHUTESIBHOCTH OCBellleHUs ([UIMHa AHA — (OTONEpHO), 3aBUCSLLETO
IJIaBHBIM 00pa3oM OT LUMPOTHI MECTA, TAOKE OKa3bIBAET CYLIECTBEHHOE
BJIMAHHE Ha BOJHbIE 3KOCHCTEMbI. DOTONEPHONUYHOCTD CBA3aHA C LM~
POKO M3BECTHBIM MEXaHHU3MOM «OHOIOTHYECKHX 4acoB», 00pa3ys JIErko
HpHUCIIOCOONIEMBIA MEXaHU3M PEryNHpPOBaHMA QYyHKHHH BO BpEMEHH.

V3BecTHBI TpU THMA BEepTHKABHOrO pacnpefenenus GoTocHHTE3a
Ui pecHbIX BomoéMoB. [lepBhiii THII — HauboNee pacpoCTpaHEHHDIH,
KOrZja MaKCHMaJIbHBIH (POTOCHHTE3 OTMEYAETCH Y TIOBEPXHOCTH BOMBI, @
3aTeM ¢ rIyOHMHOU pe3ko ociabeBaeT. DTOT THII OTMEYaeTcs B Haubo-
Jee NPONYKTUBHBIX 03épax.

BTopoit THn, xoraa 4€TKO BEIpaXEHHBIH MaKCHMYM OTCYTCTBYET, a
HebonplIoH No BenuynHe (OTOCHHTE3 ¢ IiyOuHOH cnabo yObiBaer,
4acTO BCTPEUYAETC B HAUMEHEE MPOIYKTUBHBIX 038pax C BLICOKOH Mpo-
3payHOCTHIO.

Tpernit HanGonece CI0XKHBIH THN ¢ HECKONLKUMH MaKCHMyMaMH
Haubosee 4acTo BCTpeyaeTcs B cTpatHHUHpOBaHHBIX 03¢pax. Takoi
¢doTocHHTE3 CBA3aH C pachpenelieHHEM BOLOPOCICH B YCIOBUAX CTpa-
THQukanun. ONMH MakCMMyM, KaK NPaBUIIO, OTMEYAETCA B SIHIHM-
HHOHe (Ha rinybuHe 1-2 M), BTOpoH (3HaYUTENbLHO cnabec nepBoro), B
BEpXHel 4acTH MeTajMMHHOHA Ha rinybune 3—4 M. [Ipu 3TOM HHTe-
rpajbHas NepBUYHAA MPOAYKLHS MOXeET ObITh Bbllle, YeM B Oolee 9B-
TPodHBIX 03Epax.

Ipo3paunocts Boxgsl o aucky Cexku, HauMHas ¢ THHEMaHHa H
HaymanHa, npuMeHsIach Kak IMOKa3artesib Tpo(uyeckoro Tuna o3€p B
HATYPHBIX KIACCH)HKAUMOHHBIX Hikanax. [Ipo3payHocTe BOABI — 3TO
HHTErpajibHas XapaKTepHUCTHKA, Pe3yNIbTHPYIOLIass MHOXKECTBA MPOLEC-
COB, CBA3aHHBIX, B YaCTHOCTH, C Pa3BUTHEM IUIaHKTOHHBIX COOOLIECTB,
jaromas HHpopmauuoo o6 obIieM comep)aHUH CECTOHA, BKIIIOYAIOLLe-
rO B3BCIIEHHOEC OPraHHYECKOE BELIECTBO KaK aBTOXTOHHOIO, TaK U al-
JIOXTOHHOT'O NPOMCXOXAECHHUA. BO3MOXHOCTH AHMCTAHIMOHHOTO OMpe-
ZIENEHUS NPO3PayHOCTH YBEIHYUBAET NEPCIEKTUBHOCTL €€ MCIOJb30-
BaHHA [UIA onpeieieHus TPOGHUECKOro CTaTyca ¥ Ka4yecTBa BOMBI.

B 3aBHCHMOCTH OT COOTHOILIEHHA HPO3Pa4YHOCTH BOAB! B JICTHHIA
nepuon D u cpenued riyOunsl M., (k03dpuuHeHTa OTHOCHTENLHOM
npo3spayroctd) C.I1. Kuraes (1984) pasnenu: osepa Ha 5 rpynm — OT
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ONTHYECKH MEJIKOBOAHBIX (TPO3PavyHOCTh BOABI Oosee yeM B 4 pasa
MEHbLIE cpefHel INyOHHBI 03epa) J0 ONTHYECKH OYeHb IIyOOKOBOA-
HBIX (TMpo3payHoCTb BoAbl B 2 pasa Gosblue cpenneit riy6ounsr). C.II
KutaeBpiM chmenaH BBIBOL O TOM, ONTHYECKH MENKOBOJIHBIE 03€pa
HMEIOT XOpOllHe CBETOBbIE YCNIOBHA Ul GoToCHHTE3a U caMble Giaro-
NPHUATHBIE YCIOBHSA JUIA AATbHEHIIEH YTHIIN3aUHHU ero Nociae Xy ouUMH
3BeHbAMH. ONTHYECKU ITyOOKHE H OYeHb ITyOOKHe 03epa MMEIOT He-
OnaronpusTHBIE YCIOBUS IUis Pa3BUTHA QuTOMNaHkTOHa. B Takux o3e-
pax umerotcs Haubonee 61aronpHUATHLIE CBETOBBIEC YCIOBUS U5 pa3BH-
THs BBICIICH BOJHO#H pacTuTesbHOCTH. Ha ocHOBe ananu3a 3apactaHus
03€ép Bomnorozackoii 06nacTH noslyyeHa 3aBUCHMOCTH, MOXTBEpXKIAIO-
mas BbILICIPUBEAEHHOE yTBepKAeHHe. Ha puc. 9 npuBeneHo cooTHo-
UICHHE MEXAY CTEMEHBIO 3apacTaHMs 03€p H KO3PHULHEHTOM OTHOCH-
TENbHOH NMPO3pavyHOCTH.
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Puc. 8. CooTHOWIEHHE MEXTY CTEMEHBIO 3apacTaHHA 03ep H K03 PHUHEHTOM
OTHOCHTEJIBHOH NPO3PayHOCTH.

Hns ontuuecku riy6okux 03€p, rae D / Hyy > 1, cTenens 3apac-
TaHHs NPEBbILIACT NONOBHHY 03€pa.

DopvupoBanne H HAKOIIICHAE
JAOHHBIX OT.I0XeHHI

OgsepHeiii BogoeM B npenenax ero facceiiHa ClyXHT 6a3HCOM ak-
KyMYJUSILMH BIAARIOLIMX B HETO MOBEPXHOCTHBIX M NMON3EMHLIX BOJ, 4
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TAKOKE TBEPIBIX MPOAYKTOB INIOCKOCTHOTO, TIMHEHHOrO CMBIBAa U 30J10-
BO AeATenbHOCTH. B CcBOIO ouepenb, B caMOM oO3epc HPOHCXOMAT
CIIOXHbIE XUMHYECKME M OHOJOTHYECKHE MPOLECCHl, OKa3bIBAIOIIME
CYIIECTBEHHOE BIMAHHE Ha O3€pHBbIH cenuMeHTorenes. Bor nodemy c
MOMEHTa BO3HMKHOBEHHUSA 03€PO CTaHOBHTCS MECTOM NpHHOCA, HOpMH-
POBaHHs W HAaKOIUICHHSA pa3HOOOPa3HbIX OCA/IKOB, BXOAALIMX B COCTaB
JIOHHBIX OTHOXEHUH. CKOpPOCTh HX HAKOIUIEHHs, MOIMHOCTb, XUMHUE-
CKHH M MEXaHHYeCKMii cOocTaB B o0OLIeM 3aBHCAT OT (U3MKO-
reorpadH4ecKHUX ycrnoBUiH OacceHa W COBOKYMHOCTH SABJIEHUH, IPOHC-
XOIMILMX B caMOM Bojgoeme. MopdoMeTpus 03epHbIX KOTIOBHH, T.€.
ux riaybuna, muomaap, 06bEM M ApPYrMe XapaKTepPHCTHKH, ABIAETCA
OHMM M3 (aKTOPOB, ONPEACIIAIOLIHNX HAIPABICHHE YBOSIOLMH H HCTO-
pHIO Pa3BHUTHSA O3€p, BJIHACT Ha NPOHCXOAALIME B 03€pax mpouecchl. K
YHC1Yy COBPEMEHHBIX (AKTOPOB, OKa3bIBAIOIIMX CYLICCTBEHHOE BIIHA-
HHE Ha OCaJKOHAKOMJIECHHE, CIeIYyEeT OTHECTH U aHTPONOreHHYIO Acs-
TEILHOCTb.

ITo Mepe pa3BuTHA NPOLIECCOB IBTPOPHUPOBaHHS 06BEM MHUTATEb-
HBIX BEIECTB B cHUCTeMe yBenuuyuBaercsa. [Ipu Bo3pactaHmu oOnema
IIUTATEIBHBIX BELIECTB HA IEPBBIX dTaNaX COXPaHAETCS HX PaBHOBECHE
C pa3BHBAIOLIMMHUCA opraHu3MamH. Hapymenue paBHOBecHs 3KkoCH-
CTEMbl BCJIECACTBHE OrPaHHYCHHs Pa3BUTHA MONYJALHH reteporpod-
HBIX OpPTaHH3MOB (B MEPBYI0 o4epelnb OakTepuit) NPOHCXORUT MO AOC-
THXEHHHM BEPXHEro npezesia CKOPOCTH acCCHMHIALMHM UMH IHTaTENb-
HBIX BELIECTB. DTO NPUBOAMT K OTCTaBAHHIO JNECTPYKLHOHHBIX Mpoliec-
COB OT IPOAYKUHOHHBIX, a CJICAOBATEIbHO, K HHTEHCHBHOMY HaKoIlJie-
HHIO B O3epe opraHuyeckoro Belecrsa. Hapymenue cOanaHcupoBaH-
HOCTH DKOCHCTEMBI BieYeT 32 CODOM pe3kue M3MEHEHHS HHTCHCHBHO-
CTH TIPOIIECCOB HE TOJILKO B BOJHOM TOJILE, HO H B AOHHBIX OTJIOXEHH-
AX, 4YTO NMPHUBOAMT K BO3PaCTaHHIO TEMIIOB OCaJKOHAKOILJICHUSA H YBe-
JIMYEHHUIO CONEPKAaHUA OPraHUYECKOTO BEILECTBA B NOHHBIX OTIOXKEHH-
X, 0COOEHHO TaM, Iie MOCTYIIICHHE TEPPHIE€HHBIX O0CAJKOB HE3HA4H-
TeNbHO. B HIOBBIX OTJIOXKEHHAX MOXET HaKaruBathes no 50 % opra-
HHYECKOTO BEIECTBA, MOABHXHAA 4aCTh KOTOPOr0 HAXOAUTCA B JHHA-
MH4YECKOM PaBHOBECHH MEXIYy HIOBBIM PacTBOPOM U BOIHOM TOJIILIEH.

MuHepanbHble ¥ OpraHH4eCKHE BEIECTBA B 03€pE PaclpeeaIOT-
CA Ha pasiMuHbIX NIyOMHAax HE TOJBKO B 3aBUCHMMOCTH OT MECTa MX
MPHHOCA U BO3HHKHOBEHHA, HO B 3HAYHTENIbHON CTENECHHU MO BIHAHH-
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€M pa3snuyMa HX yHelbHBIX BeCOB M KpynHocTH uyactHu. [locrenenHo
9TH BEILECTBA MOKPHIBAKOTCA Oosiee MOJOABIMH OCafKaMH, H30JHPYIOT-
Cs1 OT HEMOCPEACTBEHHOTO BO3AEHCTBHS BOJbI M NPEBPALIAIOTCA B CIIE-
mduyeckue HOBOOOPA30BaHHBIE NMOPOJbl 03EPHOTO NMPOHCXOXKIACHHUI.
[MocnenHne Hepeako CTAHOBATCHA MOJE3HBIMHM MckomaeMeIMH. K HuM
OTHOCATCS O3CPHBIC INIMHbI, HECKH, H3BECTHAKH, JKEIE30MapraHueBble
pyasl, canponeny (puc. 9).

ITo cnocoby o6pazoBanuss OOBIYHO BBLIAENAIOT TEPPHIEHHBIH, Xe-
MOreHHbIH M OHOTEHHBIH THNBI JOHHBIX OTNOXEHWH. B wncroM Buae
OHH BCTPEYAIOTCA PEAKO M Ha3BaHHE IOJYYaloT Mo npeobiafaroueMy
HCTOYHHKY.

TeppureHHble ocafk¥ MOOMIH3YIOTCH B 0acceiH CEAMMEHTALMH
npoueccoM abpasuu Oeperos, IOBEPXHOCTHBIM U ITOJ3EMHBIM CTOKOM,
BETPOBOH peATenbHoCcThiO. Crabumusaunus kpynHsix (1-0,25 MM)
¢bpakuui B OCHOBHOM IIPHYPOYCHA K JIMTOPAIBHOH U CyOIMTOpaIbHON
3onaM. Haubonee pacnpoctpaneHsl 31ech NeCYaHble YacCTHIBI pas3finy-
HOHM KpYNHOCTH. 3aKOHBl MX MH(epeHIHAUMH H Pa3MELLICHHA TECHO
CBA3aHBI CO CTPOEHHEM O3€PHOH KOTIOBHHBI (0OCOOEHHOCTAMH KOH(H-
rypauvu 6eperoBod OTMeENH, pa3MeLieHHeM INIyOMH, pa3BHTHEM MpH-
OpexHON PacTUTENBHOCTH), a TAaKXKe C NpeobnajfalomiMM HanpaBleHH-
€M BETPOB H XapaKTepOM AMHAMHYECKHUX MpPOLECCOB B BOAHOH Macce
o3epa. TpaHCHOpPTHPOBaHHBIE B BOJOEM MUHEPAJIBHBIC YaCTHIbI Baph-
UPYIOT OT KPYIHbIX OOGJIOMKOB [0 MENKHX ITIMHMCTBIX M TNEIHTOBBIX
yactyll. Ilonagas B 03epo, OHH NpeTepneBalOT pAA MEXaHHYECKHX H
XHMHYECKHX H3MEHEHHUH: paCTBOPAIOTCA, HCTHPAIOTCA, HAKOHEN, MeXa-
HHYECKH MEPEPacHpeAciAlOTCsS B TFOPHU3OHTAJbHOM H BEPTHKAJIbLHOM
HanpaBieHuaX. [Tono6Ho MpuOpEeXHBIM OTIOXKEHHAM MOPCKHX mobe-
pexuit, Haubosee rpyOble KJIAaCTOreHHbIE OCaKH B 03epax CKaIUIHMBa-
IOTCSl Ha TPaHHULIE BOJBI M CYLIM, B 30He HanOonbed cuibl NpuboHHOM
BOJIHEL. I'Ty0oke BEHYMHA YacTHI YMEHBLIAETCS, NPHYEM SBHOE IIpe-
HMYLIECTBO NOJIYYalOT nmecyaHsle ocaakH. Ha rpanuue c cybnuropa-
JbIO K HHM NPHMEILHBAIOTCS aNeBpUTOBbIE YacTHIbl. ITocnenHux cra-
HOBHUTCA Bce Gonbiue, ocobeHHo npH HebonpIIKX yKioHax AHa. Hepen-
KO 3[€Ch MOABIAIOTCSA IJIMHUCTbIE U MIMCTHIE YacTHIBl. OIHAKO Takas
«KJIaccuueckas» auddepeHnuanus yacTo HapyIllaeTcs, U Ta WIH HHas
(pakuus BhINAAAET WK epeMelnaercs B ruiade [Skymko, 1975].

66



L9

OpranHyeckHe canpo-

OpraHo-MHHepaJIbHbIE
CarnponesH | Wbl

neau
=
]

WV W
3 z g
&8 1 ¢33 S,
T E |98 S
T 3 X S
RS (&8 ¢
g g 8.

V V
g~) ~ g.
~

Kpemme-
3eMHUCMblEe

Kapbonamnuie
Cmewannbie

Inunucmote

OXxele3HeHHB €

H JI Bl

Mugepas
N
3 3 3
Sz $
25 |8
3
™
Paxy

Puc. 9. Knaccugurxaunu oHHBIX oTa0XeHuUH (o SAxymxo, 1975).



OCHOBHBIM TIpOLICCCOM TpaHCGOpPMalHK OPTaHHYECKOro BELIECTBA
B JOHHBIX OTJIOXKEHUAX SBIAETCA €ro pa3pyumeHHe WIH NECTPYKLHA,
BCJIMYHHA KOTOPOH pacTeT ¢ yBENHYEHHEM MPOMXYKTHBHOCTH BOJOEMA.
Ha puc. 10 moka3zaHa 3aBHCHMOCTb adpoOHOM NECTPYKLHMH OpraHHye-
CKOr0 BCIIECTBA B JOHHBIX OTJIOKCHUAX B 33aBHCHMMOCTH OT BEJIMUMHBI
HEPBHYHON NMPOAYKLUHH IJIaHKTOHA.

rtfm %ran

14

refm “roa

o 200 400 600

Puc. 10. 3aBHcuMocTh a3poOHOR KECTPYKUMH OPraHUYECKOro BEILECTBA B JOHHBIX
OTJIOXKEHHAX B 3aBHCHMOCTH OT BEJIMYHHBI IEPBHYHOH NIPOTYKUMH MIaHKTOHA.

B npouecce paspyiieHHs OpraHHYECKOro BEIIECTBA OCBOOOXIa-
I0TCS CBA3aHHBIE B HEM COCIMHEHMS, B TOM YUCIE — COequHEeHUs doc-
dopa. Ot TOTO, rie NPOUCXOAUT AECTPYKLHSA OPraHH4YEeCKOro BELECTBA
— Ha NMOBEPXHOCTH IHA MJM B ClI0€ AOHHBIX OTJIOXKEHHH (a 3HAYMT, OT
CKOPOCTH OCaIKOHAKOILIEHHMs) 3aBHCHT AalbHeimas cynpba coenuHe-
HH# ¢ocopa. Ecnu aecTpyKuMsS OpraHHYeCKOro BEIECTBA MPOMCXO-
OUT Ha HENpepsBHO OOHOBIAIOLUEHCS MOBEPXHOCTH [HA, TO 4acTh OC-
BoGoxaaemMoro npu 3toM ¢ocdopa nocrynact B MPUAOHHYIO BOLY, a
4acTh nornouaercs (copbupyercs) NOHHBIMHM OTJIIOKEHHAMH. B naH-
HOM Cjlydae BeJMuMHa nortoka ¢ochopa co AHA B BOAY ONpPEAENACTCS
CKOPOCTbIO CEJMMEHTAUMHM M DPa3pyLICHHS aBTOXTOHHOIO OpraHHYe-
CKOroO BellecTBa (MpH NMPOYHX PaBHBIX YC/IOBHAX) H MaJIO 3aBHCHT OT
OKHCITMTETbHO-BOCCTAHOBUTENBHBIX YCIIOBHit cpenbl. bonbinoe 3Have-
HHE NPH 3TOM npuobpeTaer rmy6rHa BoA0EMa, 00BEM BOIHOH Macchl U
BOJOOOMEHHOCTD.
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IIpu necTpykuMM OpraHM4eCKOro BELUECTBa, MPOUCXOAILCH B
CJIOE OTJIOXKEHHH, pPacIiOIOKCHHOM Ha HEKOTOPOM PAcCTOAHHHU OT TO-
BEPXHOCTH IHA, Pochop HakannuBacTcs B MOPOBOM pacTBOPE H TBEP-
Ioi daze oTNOXKEHMI U OTTYJa yAalideTcs B Bogy. B atoM crnyuae Be-
JM4MHA noToka (ocdopa onpenensercs KOHUEHTpauued ¢ocpaToB B
NIOPOBOM pacTBOpE U BOJIM3HM NOBEPXHOCTH AHA. Uem MmeHbLIe rryOuHa
BOI0EMa, TEM MHTEHCHBHCE BIUAHHME noroka (ocdopa Ha Ouonoruye-
CKHE MPOLCCCH B BOAOEME.

H3BecTHO, YTO ¢ poCTOM TPOGHYECKOTO YPOBHSA BOJOEMA CEOU-
MEHTalUs OPraHUYecKOoro BECLIECTBAa H €ro adpoOHas ACCTpYKUMs Ha
JIHE BO3PACTalOT U BCJIEACTBUE 3TOTO YBEINYHUBAETCA U NOTOK (ocdopa
CO JHa B BOAY (B adpOOHBIX YCIOBHAX). ITO YBEIHYCHHE MPOHCXOTUT
He COBCEM MpONOPUHOHAIBHO POCTY HECTPYKIHHM OPraHHYECKOro Be-
IIECTBA, TAK KAK 3aBHCHUT OT (H3MKO-XMMHYECKHX CBOHCTB JOHHBIX
OTNOXEHHUH. YBenuyeHHe notoka ¢ocdopa co IHA MPAMO CBA3AHO C
HaKOIUICHUEM B NOHHBIX OTJOXEHHAX ABTOXTOHHOFO OPraHHYECKOro
BeuiecTBa. [IpH 3TOM Onpenesionlyio poib HrpacT CoAepxKaHHue opra-
HMYECKOTO BELIECTBA B OTJIOKEHHUIX, a TaKxkKe rnybuHa, EMKOCTb H
tdbopma o3épHOit KOTIOBUHBL. [IpH KpYTHIX YKIOHaX JHAa W HaTHYHM
riIy6OKOBOAHBIX M OPraHHYECKUC MBI [IEPEMEIIAIOTCS B MTOHIDKEHHS
M TUIOLUAJb KOHTAKTa UX C BOXHOM Maccoi CHHXXaeTcs.

Taxum 06pa3oM, OCHOBHas “‘ONMacHOCTb” CO CTOPOHBI TOHHBIX OT-
JIOXEHHUI KaK BHYTPEHHEro HCTOYHHKA PocdaToB B BONOEME CBA3aHa C
HaKoIUIeHHEM U ocobeHHOCTAMH TpaHchopmaLuu Gocdopcoaepxanic
4acTH OpPraHH4eCcKoro BeuecTBa. Peskoe ysenndenue noroka gocpopa
CO JAHA 4acTo HabmioaeTcs B BOJOEMAax C MEPBHYHOH NpPOAYKLHKEH
nnankrona Gonee 200 rC/MP-roX, MIMCThIE OTIOXEHHS KOTOPBIX CO-
nepxart cBble 5—6 % Copr. IUIAHKTOHHOTO MPOHCXOXKIACHHUA.

OcobenHo GonblLIOe BIMAHHC KOTJOBUHA OKa3blBaE€T Ha MPOLIECCHI
3abonrauueanus K 3amopgosevieanus ozep. Ha npumepe ozep JIuTebl
TaMomaiTHCOM M Ip. OBUIO MOKA3aHO, YTO K HACTOALIEMY BPEMEHH
NoNHOMY 3aTOpP(OBBIBAHHIO MOABEPINIHCH JMIUb TE 03€pa, NEpBHYHAS
MaKCHMalbHas ITyOuMHa KOTOpBIX HE MmpeBbluana 10 M ¥ aHIIb B OT-
HebHBIX CIy4asx gocturana 15 M. bolbIMHCTBO COBpEMEHHBIX OTMH-
paloIuX 03ep B OCHOBHOM pacloONOXEHO HA MeCTe HaubONbIIMX TiIy-
6uH nepBu4HBIX 03ep. O3epHbIe KOTNOBHHBI JIUTBB B OCHOBHOM COp-
MHPOBJIMCh B NO3AHENCIHHKOBOE M MOCIEAETHHKOBOE BpeMd, KOTJa
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ObLTH aKTHBHBI TEPMOKAPCTOBBIE MPOLECCHI, 00YCIIOBICHHBIE TaASHHEM
norpeGeHHBIX I71BI6 MEPTBOrO JIbJAa M MPOCAAKON UX OHA. DTO CBA3AHO
IJ1aBHBIM 00pa3oM ¢ alepeiCKHM KIMMaTH4eCKUM NOTEIUIEHHEM Ha
Tepputopun EBponsl. 3a BpeMs CBOEro CyuecTBoBaHHA 03epa JIUTBLI
nperepnend 6onblixe H3MEHEHHS — MO MEPE 3allOJIHEHHA O3EPHBIX
KOTJIOBMH OTJIOXCHMAMH yMEHbIIMNAch IIyOHMHa o3ep, IUIOManb H
0o6beM BOIHOH Macchl. PazBuTHe 03ep BO MHOroM Oplino 06yCIOBIEHO
Mop¢osoruel NOABOAHON YacTH NCPBMYHBIX KOTIOBHH. IlepBuuHsIe
o3epa ObUIM Pa3IMYHBIMH 110 UIOLIAAM H NIyOHHE, H NPH HAKOILICHHH
B HMX JOHHBIX OTJIOXKEHHH NOYTH OIMHAKOBOW MOLIHOCTH OHH H3MEHA-
nuck no-pasHomy. Ha Mecre GbIBLINX MEHee NTyOOKHX NEPBHYHBIX 03ED
OCTAINCh MeNKOBOAHbIE 03¢pa. O3épa cpenHeH IiryOMHBI B HACTOSLICE
BpeMs HaxoIATcs MO0 B CTafHH CTAPOCTH, MO0 yXKe MCpecTany Cylle-
CTBOBaTh Kak 03épa. OObeM BOAbl HEOOMBIIMX MNMEPBUYHBIX 03€p, MO
CPaBHEHHIO C COBPEMEHHBIMH 03€paMH, YMEHbIIMICH OT 36,2 10 99,9 %.
B 3aMkHyTBIX ¥ cnabonpoTOUHBIX HEOOJBWMX 03€pax, CO BPEMEHH HX
06pa3oBaHHs [0 HAaCTOALIErO BPEMEHH, HAKOMWIHCH MOILHBIE CJIOH
ocagkoB. MakcuManpHas Ux ToniMHa konednercs ot 7 10 12 M, a cpen-
Has — ot 2,6 1o 6,0 M. CoctaBnernsie OaTurpadu-ueckne KpHBbIE 03€p
TIOKA3bIBAIOT, YTO IO HUM HE BCErZa MOXKHO IPABHIbHO YCTAHOBUTD CTa-
Iuto pa3uTua o3ep. [IoaToMy COBpeMEHHyIO CTafHi0O pa3BUTHA 03epa
CJIEXYET ONPENENATH B OCHOBHOM II0 CTCIIEHH 3allOJIHEHMS €r0 KOTJIOBH-
HbI 03€PHBIMH OTJIOXKEHUAMH H €ro 3a00N04EHHOCTH:

Hpupaeyenne MeTroaoB naJCcoaJHMHOJIOTHH K
H3YTCHHIO TPOPHOCTH O3EP B NPOIUIOM

Tlpu neransHOM H3Y4YEHHH HCTOPHH 03ED M BBIACHEHHH BO3ICHCT-
BHS Ha BOJOEMBI aHTPONOIEHHOro (hakTOpa CYLIECTBEHHOE 3HAYeHHE
UMEIOT METOAB! MaJICOJTHMHOJIOTHYECKOTO HCCieHoBaHud. H3ydeHue
€0o061IECTB ¥ KJIMMAaTOB MPOIUIOrO MOMOraeT HaM IOHATh COBPEMEH-
Hble coobecTBa. MI3BECTHO, YTO TOHHBIC OT/IOMEHHS SIBJISAIOTCS OJHHAM
H3 OCHOBHBIX HCTOYHHKOB MH(OPMALIMH O XapakTepe ¥ TeMmax npeob-
pa3oBanusa BoxHoi cpeawl. [To MHenuwo JI.JI.Pocconumo{1976], B Ha-
KOTUICHHBIX 03EPHBIX 0cajkaX (PHKCHPYIOTCH MPOLECCHl BELECTBEHHO-
3HepreTHyeckoro obmena. TakuM o6pa3oM, JOHHBIE OTIOXKEHHA MOTYT
M0BECTBOBATH 00 HCTOPHH O3EPHBIX GacceiHOB.

70



Jlna uccnenoBanus 3aKOHOMEPHOCTEH NEPECTPORKH M 3BOTIOLIHHA
BOJOEMOB HEOOXOAMMO HMETh 110 KaXKIOMY BOAHOMY OOBEKTY COOT-
BETCTBYIOLIHC JaHHBIE O COBPEMEHHOM COCTOSIHHM 03€p, O COCTOAHHH
03€p B MICTOPUYECKOM MPOLJIOM H O HANpPaBJIEHHOCTH aHTPOINOTCHHOTO
BO3ACHCTBHUA Ha H3ydaeMble BOAHBIE 0ObekThl. Mcropnueckuii Mmeron
U3Yy4EHHs OKpYyKalolieH cpensl 0ObEKTHBHO SBAACTCS HeOOXOAHUMbIM
HHCTPYMEHTOM reorpadHueckux HCCIeAOBaHWi IUid MO3HAHHA AHHA-
MHKH TMpPUPOINHBIX MpoleccoB. [laneonumHoMOrnyeckue MaTepHaisl,
packpbIBalOIlMe OCOOCHHOCTH MCTOPHHM O3€p M YCIOBMH O03€pHOTO
OCafIKOHAKOIUIEHHs, CIOCOOCTBYIOT NOHHMMAHMIO COBPEMEHHOIO CO-
CTOSHHSI BOJHBIX F€OCHCTEM M TEX M3MEHEHMH, KOTOpbIE NPON3OLIIN C
dopMaMH O3epHBIX KOTIOBHH. YHET 3THX BaxxHeHwnx (akTopos pas-
BUTHA 03ep NO3BOJIAET 0OOCHOBAHHO OLIEHUTH COBPEMEHHOE COCTOSIHHE
03€p M MPOTHO3UPOBATh XOI MX JAJIbHECHIIEH 3BONOLMH C y4ETOM H3-
MECHEHHI BHEIIHUX YCIOBUH M NPOLECCOB, NMPOUCXOAAIUX B CaMOM
o3epe.

Metoap! naneoaHMMHOIOIHYECKOTO HCClieoBaHHs B 50-c ronsl
npourioro crojierus ycnemdo Obutn npumeneHnl H.B. Kopms. Ina
KOMILUIEKCHOTO aHalM3a MpOIeCCOB U TeMmax npeodpa3oBaHUs BOIHBIX
OaccefiHOB BO BPEMEHH NMPUMCHSAIOTCA CIEAYIOWME NaJeOIHMHOIONH-
4YEeCKHE METOIBI: OUATOMOBBIH, MANMHONOrHYECKHid U PUTOLEHOIOrH-
YECKUH, KapUHHOJOTHYECKHH, JIMTOIOTO-T€OXUMHMYECKHH M DaJHOXH-
MHYECKHUH.

Huamomoguiii anaiu3z 3aKI0YAETCA B M3YYECHHU COCTaBa JUATOMO-
BbIX BOJXOpOCJICH. DTH BOAHBIC OPraHH3Mbl ABISAIOTCSH XOPOILMMH HH-
JHKAaTOpPaMH Cpelbl H JOCTaTOYHO YETKO PEarupyloT Ha CMEHY 3KOJIO-
ruyeckoit o6cTaHoBKH. MI3MEHUHBOCTh HX COCTaBa B KOJIOHKAaX HOHHBIX
OTJIOXKEHHH CBHAETENBCTBYET O MPON3OIIENIIHX B 03€pax H3MEHEHHAX,
B TOM YHCJIE TEMIIEPATypHbIX, XMMHYECKHX M THAPOJHHAMHYECKHX.
Bonbiuoe BNUSHHE Ha Pa3BUTHE OHATOMEH OKa3BIBAET MPOLIECC IBTPO-
¢bupoBanusa BogoEMoB. Takum 06pa3oM, METOJ AHATOMOBOrO aHaNM3a —
OMH M3 BaXXHEHILHX 3BEHbEB NAJICOJIMMHOIOTMYECKOro HCCIIEeIOBaHHS.

Hanunonozuveckuti u pumoyenorozuveckul ananussl. smMeHnenue
naHmuagTHOR M KIMMAaTHYECKOH 0O6CTaHOBOK XODOILO MPOCIIEKHBAET-
CA MPH HM3YYEHHH CIIOP M NbUIbIBI B KOJOHKAX NOHHBIX OTJIOXECHHH.
[MpuMeHeHne MeTOAa CIOPOBO-NBUILHEBOTO aHanKM3a JaéT BO3MOXK-
HOCTb YCTaHOBMTH CMEHY JKOJIOrH4ecKkoH ob6cTaHoBKH, GHOCTpaTHIpa-
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¢uM ¥ Koppe:sisiuM JOHHBIX OCAJKOB Pa3/IMYHBIX BOIHBIX CHCTEM, a
TaK)Xe BO3PACTHYIO JJATHPOBKY HAIUIaCTOBAaHHs OCaJO4HBIX mopox. IIpu
HCCIIeJOBAaHUK O3EPHBIX Map MAJMHOJOIHYCCKMH MCTOA AaeT Heobxo-
JIMMble CBEJIEHUS O COINOCTaBIEHHH JIOHHBIX OTJIOXKEHHH B pa3zHoobpas-
HBIX [10 XapaKkTepy BOHoémax.

duToueHOIOrHYECKHE HaOIIOAEHHA, B YACTHOCTH H3Yy4YCHHC MO-
rpeGEnHbIX TOPPAHHKOB H BOTHOTO MXa, MMEET HEMAJIOBAXXHOE 3Haue-
HHE IpH H3YYECHHH UCTOPHH Mabix 03¢€p. Tak, HanpuMep, BOAHBIH MOX
Nonyyaer CBOC MAaKCHMAJIBHOE pa3BUTHE B 03¢pax IpH JOCTATOYHO
OONBILION MPO3PAavYHOCTH BOABI. B 3BTpodHBIX 03¢pax BOAHBIH MOX
06BI4HO [ErpagupyeT, a 3aTeM MCYe3acT B CBA3M C YMEHBLICHHEM NPO-
3payHOCTH cpenbl. B IBTpodupyrommxcs o3épax Ha rmybunax, 6nu3-
KHX K ABYM IiTyOHHaM uc4ye3HOBeHHUs nucka CeKku, BOZHBIA MOX Haxo-
JUTCA B MEPTBOM COCTOSIHMH. TakuM 06pa3oM, IO €ro OCTaTKaM B JOH-
HBIX OTJIOKEHHAX MOXHO OLECHHUTb M3MEHEHHE NPO3PaYHOCTH BOABI U
YCTaHOBHTb COCTOSHHME 03cpa B MpPOIIOM, @ TaKXXe MPOCIEAHTH Ipo-
HECC IBTPOPHPOBAHUA HCCIIETYEMOr0 BOOHOT0 OObEKTa.

Kapyunonocuueckuu anasus NpuMEHIETCs NPH U3YYEHHUH TOHHBIX
ocaakoB. HccnenoBaHus BETBHCTOYCHIX pakooOpasHbIX IaioT Npen-
CTaB/ICHHUA O CMEHC 3THX BOJHBIX OPraHHU3MOB B 3aBHCHMOCTH OT CO-
CTOSIHHA BOAHOM cpenbl. Hakamineasce B JOHHBIX OTJIOXKCHHAX B XpO-
HOJIOTHYECKOH MOCJIE0BaTeNbHOCTH, OCTATKH PaKooOpa3HbIX Crocob-
Hbl MPOAEMOHCTPHPOBATh XOJ M3MEHEHHH M OCOOCHHOCTH Pa3BHTHUA
03EPHOM 3KOCHCTEMBI B 3aBUCUMOCTH OT IIPOLICCCa IBTPOPUPOBAHUS.

Jlumonozo-zeoxumuyveckuii ananu3 TMO3BONAET HU3Y4YHMTh BELIECT-
BEHHBIH COCTaB JIOHHBIX OTJIOXEHHH 036p. AHTDOIOrEHHOE BIIHMSHHE
CKa3bIBa€TCA Ha MMHEPAJIOTMYECKOM M XMMHYECKOM COCTaBe CaMHX
ocaaxoB. M3BecTHO, YTO ycuieHHE Mpouecca NOCTYINICHU OHOTeHHBIX
3JIEMCHTOB B BOJHble OacceilHbl, BHI3bIBAIOLIEE HX IBTPOHPOBaHHE,
HEU30€XHO NPHBOAUT K U3MEHEHHIO COCTaBa OCAJKOB, OTJIAraloUIMXCs
B 03epe. BaxxHy10 ponb npH JIMTONOrO-reOXMMHYECKHX HCCIIEN0BaHHAX
UMEET U3YYEHHE MHKPOAJIEMEHTOB, BXOJILMX B COCTaB JOHHBIX OTJIO-
KEHHH.

Paouoxumuyeckue memoou:. IIpu HU3y4EHHH KOJOHOK JOHHBIX OT-
JIOXKEHUH JOCTATOYHO YETKO MOXKHO BBIACIUTb T€ XMMHUYECKHUE MPeod-
pa3oBaHMsA, KOTOpPBIE MPOTEKATH B TEYEHHE ONMPENEAEHHOrO NPOMEXYT-
Ka BpEMEHHM B M3y4aeMbIX Bogoémax. [Ipeacrasnsercs kpaiiHe HeoOXo-
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IMMBIM 3HaTh TOUHYIO IAaTHPOBKY 3THX npeobpaszosanuil. [lepcrektu-
BBl B TOM OTHOILCHHH OTKDBIBAIOT METO/bI PATHOXHMHYECKHX aHaJIH-~
30B AOHHBIX OTJIIOXKCHHH. TeMIbl CCAMMEHTALUMH MOTYT ObITh OHpeae-
JIeHBl IO KOHUEHTPALMH PaJMOaKTHBHOTO u3oTona cBuHua Pb?'’ u pa-
JHoaKTHBHOTO e3us Cs'’,

K paanoxuMuyeckoMy aHaiuu3y OTHOCHTCA Takxe M Ooiee pac-
NPOCTPAHEHHBIA CPEAH MAJICOJIMMHONOrOB PaJHOYIJICPOAHbIA aHANIH3
o C', KoTOpBI# MCTIONB3YETCS MPH U3y4EHUH NOTPEOEHHOM IpeBECH-
Hb! U TOPGAHUKOB. ITOT aHAJIH3 NO3BOJIAET COCTABUTH MPEACTABICHHE
O BPEMCHH BO3HWKHOBEHHS H OCHOBHBIX 3Tanax (GOpMHpOBaHUs 03EP U
60J0T B pa3siMuHBIX PETHOHAX, @ TAKXKE O MPOLOKUTEILHOCTH KIHMa-
THYECKHX MEPUONOB M CHOPOBO-TILUIBLEBBIX 30H B HCTOPHYECKOM
NPOIINIOM, YTO COCOOCTBYET ONPEAETACHHIO CKOPOCTH TOp(oHaKoruIe-
HHS M HAKOIUICHUS JOHHBIX OCaJIKOB.

Onpejgeaenne TpopnIecroro craryea o3ép

Tpoduueckas TUIIH3aLUA O3EPHBIX PKOCHCTCM OCHOBBIBAETCA HA
OLICHKE YPOBHS OHOOTHYECKOH NMPOAYKTHBHOCTH KaK I1aBHOM (yHK-
LMOHAJBHOM XapaKTepHCTUKH BomoéMa. Tpoduueckuil THn Bogoéma —
3TO MHTErpajlbHas M MHOTOMEpHas XapakKTepHCTHKa, Ompepelsemas
MHOXXECTBOM B3aHMOCBSI3AaHHBIX NPOHECCOB QHU3HUCCKOH, XUMHUECKOH
¥ GHonoru4ecKoit npupoasl. IBTpodHUpoBaHHE BOIOEMA OLCHHUBAIOT MO
HU3MCHEHHIO BETMYHHBl MUHEPAIM3AaLHH, COepXXaHUT OMOreHHBIX 3Jle-
MEHTOB, OMOJKETY KHCIOpOZa, NpPO3PayHOCTH, NMOKA3aTENsIM NpPOLYK-
TUBHOCTH IS Pa3IMYHbIX 3BEHBEB, pasHOOOpa3uio M CTabUIBHOCTH
coobmectB. [IpennpuHATa MONBITKA BRIAECIUTD JUIS Pa3iiH4YHbIX TPOHU-
YECKHX THIIOB BOAOEMOB OPraHH3MbI-MHAWKATOPHI YPOBHA MX TPOdHH,
rIaBHBIM 00pa3oM MHIMKAaTOpHBIE BHAB ¢utonnankroHa. C u3MeHe-
HHeM TpodHOCTH MeHseTcs pa3HooOpasue OGHOLEHO30B, KOTOPOE CHH-
’KaeTcs ¢ pOCTOM BTPOPHPOBAHHUA.

TakuMm oOpasom, crpaBeyiiBO MHeHHE Pofie, YTO MOHATHA «OJH-
rotTpodus» U «3IBTPOGHA» UMEET CMBICI OCTaBUTh HE KaK OCHOBY KJ1ac-
cHbHuKauMK, a Kak OOIIME ITOHATHA, XapaKTEPHU3YIOLIHE 03€PO B CMBIC-
ne 6orarcTBa HaceJCHUS U CIELHPHUKH COIEBOr0 COCTaBa.

3a ocHOBy n060H KiraccMPHKaLUK 03ep HCKOTOPHIMH JIMMHOJIO-
ramMm npennaraercs OpaTh HEeCKONbKO (aKTopoB, TaKHX Kak Mopdo-
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MeTpus, Tpodus, NpoayKuyus M MHHepanu3auus [TeopeTHUECKHE BO-
npocsl..., 1993]. Bonpoch! THNH3aUHH H KJaccHbHKaUMH 03€p 10 CHX
10p OCTalOTCA HauboNee aKTyalbHbIMH B JIMMHOJIOTHH, TaK Kak obue-
NPHHATOE ACICHHE HE OXBATHIBAET BCETO MX pa3HOOOpa3us.

Onpenenenue TpopHUYECKOTO CTaTyca, kak INpaBWIIO, BKIIOYAET
MCIIONIE30BaHHE KOMIUIEKCOB NPHU3HAKOB, AOMONHAIOLIMX IpYr Apyra,
HO CYIECTBYIOT TpodHyeckue TUIOHM3anMH 03Ep, Gasupyiomuecs Ha
HeGOJLIIOM YHCIIE IIOKa3aTeNel WM faxe Ha ogHoM (Tabi. 4), Hanbo-
nee HHQOPMAaTHBHOM, K KOTODBHIM, OECCHOPHO, OTHOCHTCH B :IHYHHA
niepBUYHON MPOTYKIMH KaK MEpa HHTEHCHBHOCTH Mpoliecca HOBOoOpa-
30BaHHS OPraHMYECKOro BEILECTBA B BOJXOEME — OCHOBBI BCell TPOdH-
4YecKod MHpaMHIbl. YpOBeHb OHMONOrM4ecKOH NPOLYKTHBHOCTH O03Ep
BCErJa CBA3BIBACTCA C BMOJIHE KOHKPETHBIMH JTMMHHYECKHMHU XapaKTe-
PHUCTHKaMM TOTO MJIM MHOrO TPOPHYECKOro THIIA, a TAKXKE C XapaxTe-
poM BogocOopa, 0COOEHHOCTAMM THApPOrpagHUYECKOH CETH, MPUTOKOM
Temaa U APYTMMH KOMIIOHEHTaMHM, OOBEAMHEHHBIMH B €IUHBIA KOM-
MIeKC Kak BHYTPH BOXOEMa, TaK M B CHCTeME «BOZOCOOp-03epo».
OueHka ypoBHS OHOIOrHYeCKOH NPOXYKTHBHOCTH OIpeHeNnseT He
TOJILKO TNONIOXKEHNE BOJOEMa B IBOTIOLMOHHOM DALy, HO W XapakTep
CTPYKTYPHO-(yHKLIHOHAIBHOH OPraHH3allH¥ 3KOCHCTEMBI, T.€. CIELH-
¢buKy B3aUMOCBA3EH ciaraloliux €€ KOMIOHEHTOB.

B HacTosllee BpeMs HCHONb3YIOTCS MHOTHE KJIaCCH(HUKALIMOHHbIE
ILKaJIbl, KOTOpBIE MOCTPOCHB! HA OCHOBE IOKa3aTelNei, OTHOCAIINXCA K
pa3nHYHBIM KOMIIOHEHTaM BOAHBIX 3KOocHCTeM ( cM.Tabiu. 4). OcHoBO-
HONOXXHHKaMHU TePBOi TpoQHUYECKOH THNHM3aLHUH O3EPHBIX 3KOCHCTEM,
Kak M3BECTHO, sBastoTcs TunemanH u Haymann. Mmu Obina mpemo-
)KE€Ha IPHHATAA BIOCHECACTBMM TEPMHHOJOTMSA pa3feieHHsS O03Ep Ha
onurotpodHsie, Me30TpodHsie, IBTpodHbIe. [1o3xke nosBHICA TEpMHH
— nuctpodHbie 03€épa. [ToguepkHyB KOMIUIEKCHOCTh XapaKTEPUCTHKH
TPOGHYECKOro THNA 03€pa, OHH YOEOUTENPHO NMOKa3ajiH, YTO YPOBEHb
Ouonoruyeckoit NpogyKTHBHOCTH (Tpodus) TECHO cBA3aH ¢ abHoTH4e-
CKHMH (aKTOpaMH Cpefibl, reorpadpHyeckuM MONIOKEHHEM BOAOEMaA H
THIOM BogmocHopa (cyOanbmMHCKUA M aIbNUHACKUH). XapaKTepHCTUKA
Tpoduyeckoro Tuna BonoéMa TuHeManHoM H HaymaHHOM cTpouTcs Ha
cBA3M OHosorvvecKkux IokasaTeaed c abuoTudecxkuMmy ¢akTopaMu
Cpenbl — CpeRHEH M MakCHMAbHOW riryOMHaMH, LBETOM BOJBI, MpO-
3payHOCTHI0, THIONIMMHHANBHBIM AebuunToM O,, pH 1 ap.
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Hexotopbie nokasareau Tpoduyeckoro craryca o3€pHbix IkocucTeMm (no H.I

IToka3arens ABTOp KJIaccHHKALUH TE
OJIMTOTPO(dHBIH
Copr, MI/1 Kanmuuna, Pymsanuesa, 1980 1,
3 Bunbepr, 1983 0,1 -1
Chl, mr/m Kuraes, 1984 <1,5-3
B..., /M Kuraes, 1984 <0,5-1
B o/ Muxeesa, 1969 <l,5
uror Kuraes, 1984 <0,5-1
Bsoo/erg Anpgponukosa, 1991 >4:1
Y, 0o, 10°/M° Blancher, 1984 1
YmnCIIeHHOCTD CopoxkuH, 1973 <]
6aKTepHOIIaHKTOHA, MJTH. KIL/JI Pomanenko, 1975 0,05-0,5
Wnaekc BUAOBOTO pa3HOOOpazus Annporuxosa, 1991 40-26

Ha OCHOBE BEJIHUYHH 6HOMACCHI
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CnenyoliuM 3TanoM KOJIMYECTBCHHOIO OINpcAcicHHs Tpoduuye-
CKOTr0 CTaryca 03Ep CTanM MONBITKH, MPEANPHHATHEIE BO BTOPOi 110JI0-
BuHe XX Beka, GopManM30oBaTh TPOPHYECKHE HIKAbI, 3aMIOJHMB HX
HeMpephIBHBIM PSAIOM BeaH4YHH. TakuM 0Opa3oM MOSBHIMCH pa3sHOO6-
pasHble naaekcsl Tpopuueckoro cocrosuusa (UTC), nanbonee pacnpo-
CTpaHEHHBIMH M3 KOTOPBIX MOXXHO Ha3BaTh HHJekchl Kapncona [Carl-
son, 1977], paccunteiBacMbie o copepxanuio xjaopopuana CHL, 06-
wero ¢ocdopa TR u npospaunoctu SD

Log CHL =-1,06 + 1,45 LogTR,
Ln SD =2,04 - 0,68 Ln CHL.

UTC, npensioxxennslit B.B. BynsoHoM [1985], ynauno codyetaercs
¢ KOHUEHTpauusaMHu xiuopodunna no wkane rpodHocTu I'.I.Bunbepra
[1960].

HUTC =40 + 20 Log CHL.

3nayenus UTC cocraBnger < 40 B onurorpodHsix Bonax, 4060 B
Me30TpoHBIX H > 60 B 3BTPOQHBIX MPH KOHUEHTPALKMH Xjopoduna <
1, 1-10 1 > 10 mxr/n.

Hoaysmnupnuyecrkas Teopusa IBTpoPuUPoOBanA
BOI0EMORB

K koH1y 50-x rogo XX Beka coxunocs obuiee MHEHHE, YTO OC-
HOBHBIM 3JIEMEHTOM, JINMUTHPYIOLUMM MPOXYLIHPOBAHHE BOIHBIX (PH-
TOLIEHO30B, ABsieTca docdop. ['Hnore3a o NMMHTHPOBAHUM SKOCHCTEM
BOIHBIX 00bekTOB CO, OKa3anack HECOCTOSTENIbHOH, XOTA B jabopa-
TOPHBIX JKCIIEPHMEHTAX 3TOT 3¢ ¢ekT Habmonancs. B To xxe Bpems He-
KOTOPBIMH HMCCIIEIOBATEIMU ObLJIO MOKa3aHO, YTO B JIOKAIbLHBIX BOJ-
HBIX 3KOCHCTEMAaX a30THOE JIHMHTHPOBAHHE B ONPEAEICHHBIC NIEPHOIbI
MOXeT npeobnanars. Bouio BbICKa3aHO IPEANONOXKCHHE, YTO STO B
3HaYHTENbHOH Mepe CBA3aHO CO CKOPOCTBIO BOJOOOMEHa, MOCKOJIBKY
CKOpOCTh (pHKkcanuu aTMocdepHOro a3ora FHAPOOMOHTAMHM OTHOCH-
TENIPHO HEBEJIMKA; BBICOKas KOHLeHTpauus ¢ocdopa B nputoke obec-
NeYyBaeT NOCTOSHHOE MOMOJHEHHE 3a1aCOB €ro AOCTYIHBIX (GOpPM MpH
BBICOKOH BOJOOOMEHHOCTH, B TO BpeMs KakK JOCTYNMHOCTb a30Ta OKa3a-
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nack HeNOCTaTo4yHOH. B ocHOBHOM Takoii a@dexr xapakrepeH [uis 3c-
TyapHeB ¥ BOJOXPAHUIIUIL PEYHOTO THNA.

B pesynerate omnpeneneHus ZOMHHHpyromed poinu ¢docdopa B
(HOpMHPOBaHMH HpOLIECCa aAHTPOMOTEHHOro 3BTpodHUpoBanus Obuia
€O3/1aHa MOyIMIHPUYECKass TEOpPHs 3BTPOYHPOBAHHS BOAOEMOB, MO-
3BOJIMBLIAS CBA3aTh Pa3BUTHE MPONYKUHOHHBIX NPOLIECCOB B BOMHBIX
obbekTax ¢ MOCTyIIICHHEM B HuX docdopa.

Cakamoro [Sakamoto,1966] onucan 3MIHPHYECKYIO B3aUMOCBS3b
KOHueHTpauuu obuiero docdopa ¢ xnopoduimtom “a”. [lockonsky Be-
JIMYHHA XJopodHiula “a” BecbMa YHOBIETBOPHTENBHO XapaKTepH3yeT
HHTEHCHBHOCTb MEPBHYHOrO MNpOAYLUUpOBaHHA B BoJoéMe [Bun-
6epr,1960], HaxoxIEeHHE TAaKOH B3aUMOCBA3H O3HAYaJl0, YTO KOHUEH-
Tpauus oduero dochopa B Boge o3epa (MU APYroro BOAHOrO 00BEK-
Ta) MOXET CUHUTATHCSH NT0KA3aTENEM YPOBHSA TPOGHH BOAOEMA.

Jlpyro#i oOmien3BECTHbIH NOKa3aTedb TPOYHYECKOTO COCTOSHHS
o3epa — KOHHEHTpalMsa Kuciopoaa B Boge [Thienemann, 1928; Pocco-
numo, 1977] — okazanoce TpynHee GOpMaNH30BaHO CBA3aTh C BHCILHH-
MH YCIIOBHSIMH, B YaCTHOCTH C MOCTyIUIeHHEM H3BHE docdopa. Bonb-
IIYI0 NMPaKTHYECKYIO BaXXHOCTb NPH OLICHKE IOCIEACTBHI IBTPOdHpO-
BaHHA 03&p MMeeT nMpobieMa BO3HUKHOBEHHS TMMNONMMHHANIBHOIO Je-
¢dbunura kucnopona. IlepBrie pacuérsl otHocaTcs k 30-M rogaM npo-
LIJIOTO BEKa, OJHAKO M B MOCIEOHEE BPEMA €ro pacCMaTpHBAIOT Kak
Ba)kHelllee IOCICICTBHE AHTPOIIOTEHHOIO BO3JCHCTBHS Ha €CTECT-
BEHHBIE BOMOEMBI — KIIOY K MPOrHO3HPOBAHHIO HE TONBKO KayecTBa
03EPHO# BOIBI, HO U COCTOSHMA BCEH 3KocHcTeMbl B LieyioM. B 80-e ro-
Jbl MPOLLJIOTO BeKa MOSBMIMCH paboThl, OCBEIlalOIME PacCMarpHBae-
MBbIHi BONPOC C Pa3/IHYHBIX No3uLui. CrenaHbl NONBITKH YCTaHOBUTH
KOPPEILMOHHYIO 3aBHCHMOCTb MEXy AebHLHTOM KHcioposa H doc-
¢dopHoOIT Harpy3koH, NPOBeAEH NEeTanbHbli aHAIH3 BIUSHUA TMIIOIHM-
HVMOHA, NPOXYKTHBHOCTH M CBOWCTB JOHHBIX OCaJKOB Ha BENHYHHY J€-
¢uuura kuciaopona. Ilpym BBeNEHHH THIONOTHMYECKUX HHIEKCOB HC-
MOJIb30BaHbl COOTHOLICHMS BEIHYHH TPOXYKLHH B JMHIMMHHOHE H
neduuHTa KHCIOpOoaa B TMIOIHMHHOHE.

[Tocne NMpUHATHA THIOTE3Bl O TOM, YTO KOHLEHTpauus obuiero
¢doctopa B BoAe ABIAETCA NOKA3aTENEM YPOBHS TpopHUHU BOAOEMA, OKa-
3aJI0Ch BO3MOXCHBIM pa3paboTaTh METOABI pacyeTa COCTOSHHS BOAOEMA
IOpH TeX WIM HHBIX BHELUHHUX YCJIOBHAX, YCTAHOBHTb KPHTHYECKHE
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YPOBHH, Onpenensiounme cMeny tpodudeckoro cocrosuus. Ipusnanue
nonyuun Mmeron Ponnensaiinepa [Vollenweider, 1968], B coorBerct-
BHH C KOTOPHIM JIeTKO ONpCAENHTh Tpodudeckuit ypoBeHb BOIOEMa,
3Has BEJMYHHY MOCTYIUIEHUA B Hero dochopa (hocdopHyio Harpysky).
Briocnencreuu 6bi1 pa3paboTaH paj CBA3eH, KOTOpHIE MO3BOIMIN NPO-
CIIEANTDH Y€ BCIO LIEMOYKY — OT MOKa3aTeNeH X03sHCTBEHHOM AeATeNb-
HOCTH O YPOBHA TpodHH BOZOEMOB. B 11e10M MOXXHO rOBOPHTH, YTO
6blna co3laHa NMONYIMIUPHIECKAs TEOPUS IBTPOGHPOBAHHS BOLOEMOB,
BKJIIOYAIOIAas HECKOJIBbKO NOMYIUEHHH M pacy€THBINA anmnapar, MHOTO-
KPaTHO YTOYHSIOIMICA. B OCHOBHOM MHOECTBO 3aBUCHMOCTESH MEX-
Iy xnopodHiuioM «a» u pochopHoi Harpy3koii win obiwmm Gocdopom
1 ¢ochopHOil Harpy3koi Ha 03epo U ero MOpHOMETPHUECKHMH XapaK-
TEPUCTUKaMH HMMEET PErHOHANIbHBIH XapakTep, K03¢G(ULHEHTHI, BXO-
JslHe B HUX OMNPEHAENAIOTCA ONMBITHBIM IIyTEM Ha OCHOBE HAaTypPHBIX
HaOMoNeHNH Ha KOHKPETHBIX o3epax. OQHAaKO CTPYKTypa 3THX 3MIIH-
PHYECKHX 3aBHCHMOCTEH IIPEACTaBILIET HHTEpPEC NPH CO3NaHUU aHaNo-
TUYHBIX YpPaBHEHMH Ha H3ydaeMbIX BojoéMax. J[BeHamuaTh TUIIOB CBS-
3¢ M OMIMPHYECKUX YPAaBHEHMH JUIL Pa3iH4HBIX PETHOHOB 3EMIH
npuBoauTcs B pabore «3JBomonus Kpyrosopora ¢docdopa u 3BTpodH-
pOBaHHe NPHPOIHBIX BoA», [1988].

C0oXH:I0Ch [1BA METOAMYECKHX IOAXOAA, NMO3BOJISIOMIMX CBA3bI-
BaTh KOMH4eCTBO hocdopa, MOCTYNAIOEro B 03€p0, C KOHLIEHTpaLei
¢docdopa B HeM. IlepBblit MONXOX OCHOBAaH Ha NPEACTABICHHH O Ha-
rpy3ske o3epa $pocdopoM, T.e. €ro KOJIHYECTBE, MOCTYNAIOLIEM 33 €U~
HULly BpeMeHH (0OBIYHO TOX) Ha €HMHHLY €ro IUIOIIARH; NPH BTOPOM
NIOAXOJE MCXOMHOH BEIMYHMHOMN U1 pacuy€TOB ABIAETCA CpPEIHSS IONO-
Bas KOHUEHTpalUHsA pochopa B BoJe, NOCTyNaIoIEH B 03€pO.

ITepBbIfi MOXXOA MONYYH/ IIHPOKOE paclpoCTpaHEHHe B paboTax,
OTHOCAIMXCA K GonpwinM K ManbiM o3épam CHIA, Kananel, 3anaxnoi
u Bocrouno#i Esponsl. McxonHo#t paboToii B 3TOM psixy Obua cTaThs
P. ®onnenBaiinepa [Vollenweider, 1968], a 3aTeM mupokoe mpuMeHe-
HHEe monyyuna dQopmyna, npemiaoxeHHas JwuioHoM M Purnepom
[Dillon, Rigler, 1975] u npencrasnstomas coboi Moaubukaumio ¢op-
mynsl Dosnexsaiinepa. Popmyna Posensaiinepa [Vollenweider,
1968] cBaA3bIBa€T KOMMYECTBO IMOCTYMAIOINMX B BOXOEM OHOTE€HHBIX
BELLECTB, 06BEM BOJ 03€pa H FOIOBOM CTOK M3 03€epa:
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aX I pplpw o1t
dt vV

rae P —xonuvecTBo noctynaromero B BonoéM docdopa; I, — xonude-
cTBO ocdopa, NOCTYNAILEro B BOAOEM € Bogocbopa; I,, — Konuuect-
BO (ochopa, MOCTYNAIOWEro B BONOEM C OCAAKaMHU; /,, — KOIHYECTBO
dochopa aHTPONOrEHHOrO NMPOUCXOXKIACHHS; V— 00bEM 03epa; S — cKo-
pocTs ocaxcaenus; r = O/V, O — ronoBoi cTok u3 o3epa.

®opmyna umiona u Purnepa

p_LU-R)
z-p

rne P — konuentpauus docdopa B osepe, r/M’; L — dochophas Ha-
rpy3Ka Ha 03epo, I/M’ ; z — CpeHss ryOuHa 03epa, M; p — KodhdHIH-
EHT YCNIOBHOrO BOnOO6MeHa, rox '; R — kodbduument ynepxaHus
docdopa, paccuuTeiBacMBli 10 3MIUpHYECKOi Gopmyne:

R = 0,426 exp(-0,271q) + 0,574exp(-0,00949q),

rae g — BOJHas Harpys3ka — KOJHYECTBO BOIbI, MOCTYNAKOIIEE HA €OM-
HMIY TJIOIIAAM 03€pa 3a rod. BeisicHunock, yto 3ta dopmyna nmprume-
HHMa AJ1s1 HEOOMBIIHX MPOTOYHBIX 03€p, a 1A OONbIIKX 03ED € 3aMen-
JICHHBIM BOAOOOMEHOM 6osiee JOCTOBEPHBIE PE3YNbTaThl AAET OXHA U3
IMNHMpHYecKuX Qopmyn, mnpemnoxerHsix Octpobckum (Ostrofsky,
1978):

R =24/(30+q).

BrepBeie KOMMYeCTBEHHas OlEHKAa COOTHOIIEHHA Mexay Ouo-
TeHHOH Harpy3kod M TpoHYeCKUM ypOBHEM BOJOEMa Obuia chenaHa
®dosnnensaiinepom B 1968 r. VIm Ormina paspaboraHa auarpamma,
CMBICJI KOTOPOH COCTOS1 B PErNIaMCHTALMM PAaHHYHBLIX YPOBHEH Ha-
Ipy3KH MeXAy ONUroTpo@HLIMH K 3BTPOOHBIMH 03epamu. Benuuuna
CaMO#H Harpy3KH ¢ pacCUHTBIBaach KaK OTHOILEHHE CYyMMbI NOCTYI-
nenui ¢ocdopa (M a3zoTa) 3a rof K IUIOWAAM 3€pKalla BOJOEMa
[r P /(M* " rom)].

B c6opHuke «3ieMeHTsl Kpyrosopora ¢ocdopa B BOLOEMAxX»
[1987] mpuBomarca undopmaTuBHble rpaduku. O3Epa CXOOHBIX TPO-
¢uvecKkuX COCTOAHHI pacmoIoXHAHCL B 00wmx obnactax rpaduka c
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JIOrapuPMUYECKUMH OCSMH: BEPTHKAIBHOH OCbIO — dochopHoi Ha-
rpy3KOit M TOPH3OHTATbLHOH OCBIO — CpEeAHCH riy6uHoi BogoéMa (Kak
mepbl 006béMa) (puc. 11, a).

01 0.0¢4
1 10 /200 1 0 100 -

Puc. 11. Ilonoxenue 03€p Ha Auarpamme CBA3H
1—sBTpodHsIE 03€pa, 2 ~ Me30TPODHBIE 03EPa, 3 — ONMrOTPOQHEIE 03EPa. ITo ocu
opamHat — L- ocdopHas Harpyska; o ocH abeumce — cpeanss ry6una(A,B),
BoxHas Harpy3ska(b).

To stoit auarpamMe o3epa OblIM CIpYNIUPOBAHBI B TPH CTaH-
JapTHBIX TPOGUYECKHX YPOBHs (OMHroTpodHbIE, MC3OTPOQHBIC H 3B-
Tpodusie). HrKHAA THHHA, “IOMyCTUMAs, O3HAYAET yPOBCHb Harpys-
KU, KOTODPYIO [AaHHBIH BOJOEM MOXET BHIACPXKATh, COXPAHHB OIHIO-
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TpodHbIi cTaTyc. BepxHss rpaHHYHasA NUHUA, «M30HITOYHASA», onpee-
JISIeT YPOBEHBb Harpy3KH, NPH MOBIILIEHHH KOTOPOTO BOXOEMY YrpoxKa-
€T OIIACHOCTH CTaTh IBTPOQHBIM.

OTa 4pesBbIYaitHO NpocTas guarpamMma PoseHBanepa cpasy nana
BO3MOXXHOCTB CHEJIaTh 3aCTy>KHBAIOIIHE JOBEPHSA OLIEHKH TPOPHUECKOTO
COCTOSIHHA 03Ep, MO3BOJIMBIIHE pa3paboTaTs MEPONPHATHA 1O YITyYile-
HHMIO Ka4yeCTBa UX BOABI ITyTeM CHIbKeHHA GocdopHOi Harpy3kH.

HccnenoBauus, NpoBeAEHHbBIE B [OCIEAHHE FOMBI, NTOKa3alH, YTO
BENMYHMHA KPHUTHYECKON KOHUEHTpauuu obuero ¢ocdopa (20 mxr/m),
BBenéHHas DonneHBaiinepoM Ha ocHoBe uccaenoanuit Coiiepa, npu-
MEHHTEIBHO K KPYIHBIM XOJIOAHOBOJHBIM 03€paM ¢ 3aMEJUIEHHBIM BO-
I00OMEHOM, TakuM, Kak Bemnkue aMepHkaHCKHe 03epa, IO/KHA ObIThH
yBenu4yeHa 10 25 mkr/a [OneMeHThl Kpyrosoporta ¢ocdopa B BOJO-
émax, 1987].

BoNBUIHHCTBO 03€p YMEPEHHOH KJIMMATHYECKOH 30HBI — OHMHK-
THYECKHE, T.€. XapaKTCPU3YIOTCHA MOJHBIM IEPEMECUIMBAHHEM BOJ IO
BEPTHKAJIM ABAXAbI B rOJl IPH AOCTHXKEHHH TeMneparypsl Boasl 4 °C -
TeMnepaTypsl Haubonbiel miuotHocTH. Ilpouecc cBo6oaHOM KOHBEK-
MM NPHUBOAMT K TOMY, 4TO Bech Gocdop, nocTynawmuii ¢ sogocbopa
3a rog, 6onee WM MeHee PaBHOMEPHO paciipeie/IfeTcs 110 Bcel BOIHON
TOJIIIE, ONpENENAs CPEHErOfOBYI0 KOHUeHTpauuio ¢ocdopa. ITpun-
HUIIHAJIBHO KPUTEPHH nepexola BOZOEMa K 3BTPOGHOMY COCTOSHUIO
MOXCET pacCMaTpHBaTbhCcA KaK QyHKUMA CpenHeH FiyOHHB! H BPEMCHH
BonoobmeHa. [Ipu 3TOM npuHHMaETCs DOMYILEHHE O MOJIHOM IMEpeEMe-
WIMBaHMM BOJOEMA, paBEHCTBE KOHIEHTpauuH ¢ocopa B cToke H B
BOJIC 03€pa, IKBUBAJICHTHOCTH BOJHBIX IIPHTOKA M CTOKA, HE3aBUCHMO-
ctH gocdopHOi HArpy3KH OT NOCTYINIEHHH P M3 JOHHBIX OTIOXKEHHHA U
NPONOPLHOHATILHOCTH CeAMMEHTauMn P ero comepxanHuio B 03EpHOH
Boze. [ToaTroMy 06bEMHas Harpyska NpeCTaBIIETCH HE MEHEE [I0Ka3a-
TENbHbIM KPHTEPHEM NPH OLEHKE TPOQYHYECKOrO YPOBHA O3ep, 4YeM
obutenpuHATas g. JIng y4éra mupokoro cnekrpa o3ep OblT NocTpoeH
rpadMK COOTHOWIEHHS KO3 (HLHEHTa yCIOBHOTO BOL0OOMEHa (OTHO-
weHue 06bEMa rooBOro NMpHUToKa k 06hEMy o3epa) k 0ObEMHOMN Ha-
rpy3ske (puc. 12) [I'ycaxos, 1987].
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Puc. 12. [TomoxkeRHe 03€p Ha AHATPAMME CBA3H.
Hassanusg o3ep: | Aiicnec, 2 — bnekxok, 3 - bpayuu,4 Banbno, 5 - BamunrToH, 6
Beiip, 7 - Bunrpa, 8 - Bupmxunng, 9 Dxopax, 10 - Jau Xonnoy, 11 Horduuw,
12 Kawmenor, 13 Kananaparo, 14 - Keittora, 15 Kokc Xomnoy, 16 - Kanxays, 17
JIam6, 18 - Menne, 19 - Mennora, 20 - MuHHeTOHKa, 21 — Muunray, 22 PaacroyH,
23 Cannu, 24 - Cammamuiy, 25 - Crroapt, 26 Cenap, 27 -Taxo, 28 Taun Banw,
29 - Xoppwor, 30 1arasa, 31 - Jlagoxkcekoe, 32 Osexckoe, 33 - Banpgerckoe, 34
Bonenckoe, 35 - Berepu, 36 ~ Berteps, 37 — I'peitdense, 38 - Xenenckoe, 39 -- Me-
napeH, 40 - [Ibepuxepunse, 41 - Tyaepse, 42 XampBunbckoe, 43 == Orepuse, 44
BepxHee, 45 - 'ypon, 46 - DOpu, 47 Oxrapuo, 48 benoe, 49 — Unemens, 50 -
Tckosckoe, 51 Yynckoe, 53 Tlyunyc (Kpachoe).
ITo ocu opounam  bocdopHas Harpyska; no ocu abeyucc - Ko3bppuUHEHT
YCSI0BHOIO BOAOOOMEHaA.
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Ha puc. 12 HaHeceHB! XapakTCPUCTHKH 52 03€p yMEpEeHHOH KJIH-
MAaTHYECKO# 30HbI, BKJIIOYas CBpPONCHCKHUe 03Epa, o3épa Kananer, CLLIA
u Poccun, Tpoduueckuii craTyc KoTopbix H3BecTeH. Hekotoprie o3epa
COBNANAIOT [0 CBOMM XapaKTEPUCTHKaM, MOJTOMY MOKa3aHbl OXHOH
TOYKOH. DBTpOo(dHBIE 03épa AOCTATOYHO CTPOTO OTHENAIOTCS I'PaHHY-
HOM NMHMeH co 3Hadennem 100 mMr P/ M°, rpanmua mexay me3orpod-
HBIMH M OJHIOTPOQHBIMH ONpEENICTCA JAMHHEH CO 3HAYEHHUEM
50 Mr P/ M’

Kputnueckas (nmpenensHas) cymma nocrymiennit pocgopa B Bo-
oeM(T/Tol1), IpH NPEBBLIILIEHHH KOTOPOH 03€p0 MOXET NEpPEHTH B 3B-
TPOGHYIO CTafMIO, ONpENCIAETCA BENHYMHON KPUTHYECKOH KOHIEH-
tpauuH (100mkr/n) docdopa B cymMmapHOM NPHTOKE U 06BEMOM roj10-
BOTO MPHTOKA Opp KM,

2 Py =100 Q.

COOTBETCTBEHHO AOIMYCTHMBIM, [IPH KOTOPOM 03epo OyHeT coxpa-
HATH CBOH ONIMFOTPOQHBIA CTAaTyC, MOXHO f10J1araTh YpOBEHb MOCTYII-
JICHHH

2P zon =50 Orp.

IIpn ucnone3oBaHMM TakoH pacy€THOH GOpMyNbl NOABISETCA
BO3MOXHOCTb Y4€CTh BOAHOCTb IoJa, T.€. H3MEHCHHE 00bEMa obulero
NPUTOKA OT r0Zia K FoJy WK B pa3Hble HEPUOJBI BOXHOCTH.

Ipu ecrectBeHHOM cocTosHMH BoAocbopHoro bacceiina romosas
cymMma mnocryimleHus ¢ocdopa B 03epo NpoONopuUHOHANbHA 06BEMY
BOJHOTO TIPHTOKA, a CPEAHAA KOHUEHTpauus ¢pocdopa B MPUTOKE MNPH
3TOM NpakTH4YeCKH noctosHHa. ClleqoBaTenbHO, HA TOCTOSHHOM ypOB-
HE HaXOJHTCA M KOHUEHTpauus ¢ocdopa B 03EpHOH BOLE, 10 KpaHHEH
Mepe, B TEYCHHE JUTHTEIBHOTO NEPHOA.

IIpy aHTPOMOTEHHOM BO3AEHCTBUH MOJIOKEHHE MEHAETCA KapAu-
HanbHO. [losBNseTrcs psja MCTOYHHKOB 3HAYMTENBHOTO MOCTYINJICHUS
¢docdopa B BONOEM, HHTCHCUBHOCTb KOTOPhIX HE 3aBHCHT OT BOXHOCTH
roja, Npu4éM s 03€P ¢ Pa3BUTOH XO3AHCTBEHHOH NEATENBLHOCTBIO Ha
BOAOCOOpE aHTPOMOreHHbIC HCTOYHHUKH COCTAB/IAIOT OCHOBHYIO JOJIO
obmiero mocrynnenus ¢ocdopa. B ManoBoaubie rofbl WIH MEPHOABI,
PE3KOM CHI)KEHHMH 00BEMa BOIHOIO NMPHTOKA KPUTHYECKAs BEJHYHHA
KOHIeHTpauun ¢ocdopa B npuroke (100 MKr/m) MOXKET ObITh NpEBbI-
miena. [ToaToMy KpHTHYECKYIO CyMMy MOCTyIUIEHHH docdopa B BOIO-
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éM HeoOXOAMMO OLIEHHBATh, MCXOAi M3 00bEMa BOJAHOrO NMPHTOKA B
MaJlOBOJHBIE TOAbI WM B CPEOHHMH 33 MaNOBOJHBI NEPHOA B LIEIIOM
ron. Pasymeercs, o senuuune 06b€Ma NPUTOKA KPHTHYECKHH YPOBEHD
noctymiaeHui ¢ocdopa, pacCYMTaHHbIH IUIA CPEOHETO IO BOAHOCTH
rona, KaKk 3TO MOKa3aHO BhIIE, YCTAHABIMBAETCS Ha 6ojee BBICOKOM
yPOBHE, HO Takas CyMMa IOCTYIUICHHH B MAalOBOXHBIH NEPHOJ OKa-
XKeTcs [ BogotMa H30BITOYHOM M NMPHBENET K ero ObICTpOMY 3BTPO-
¢dhupoBaHHIO.

HccnenoBaHHIo CBAI3H MEXAY TPODHYECKHM CTaTyCOM 03Cpa H Mo-
crymnenneM ¢ocdopa B o3epo noceswena pabora O. Casepa [Saether,
1979], rae nmoxa3aHo, 4TO Ha TPOGHUYECKHUH cTaTyc o3cpa BIMSAET, MO-
MHMO dochopHOH Harpys3ku, u rirybuHa o3epa. ABTOp yCTAHOBHUI 3a-
BUCHMOCTb TPOQHUYECKOTO YPOBHA 03€pa OT cpemueil TmyOuHBI (pHC.
13). Ha BeprrkansHOH OCH rpeyeckMMu OykBaMHM OTMEYEH Tpoduuye-
cKHuif craryc o3epa, 6onee BBICOKHH ypOBEeHb TPO(PHOCTH O3epa COOT-
BCTCTBYeT Bo3pacTaHuio OykB no andaButy. Ha ropusoHTanbHoit ocH
Ha BEPXHEM DHCYHKEe 0003HauY€HO CyMMapHOE mocryieHne ¢ocdopa,
HOPDMHPOBAHHOE Ha CPEAHIO NTyOMHY; Ha FOpPHU30HTANBHOH OCH Ha
HIDKHEM PHCYHKE 0003HaueHO COAepKaHHeM XJopoduina B 03EpHOH
BOJIE, HOPMHPOBAHOIO Ha CpeHION riaybuny. Cei3b He NHHEHHasA, Ha
TIEPBLIX CTafMsX nocTymienns docdopa or 0 mo 4 mr 'n 'm ' crenens
TpodHOCTH 03€p pe3ko yBenuuuBaercs. [Ipu nanpHeHuieM Bo3pacTa-
HUM nocTymneHus ¢ocopa creneHs TPOPHOCTH 03P yBENUYHUBACTCA
He3HayuTenbHo. Tak, MpH HU3KOM nocTymieHuu docdopa o3. BepxHee
onMroTpodHo, TOTAA KaK YBENHYEHHE J3TOH BEIHYMHBI Oonce yeMm B 6
pa3 ykasplBaeT Ha 3BTPOGHOCTH 03. DpH. AHAJIOTHYHEIE BBIBOILI MOX-
HO cJeJjlaTh O 3aBUCHMOCTH TPO(HYECKOro craryca o3€p OT comepxka-
HHs XJ10podHIIIa B 03EPHOH BOAE, HOPMHPOBAHHOTO Ha CPEIHIOKO TITy-
OunHy.

CoBpeMeHHBIC TOIXO0bl K OLEHKE KPUTHYECKHX Harpy3oK Ha BO-
ZIoéMb! paccmatpuBatoTcs B pabore JI. Xakancona[2001].
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Puc. 13. Cea3b Mexay TpoPHUECKHM CTATYCOM 03€pa ¥ CYMMapHBIM IOCTYIUIEHHEM
doctopa (a) u conepkannem xnopoduia B 03épHoi Boze (6), HOpPMHPOBAHBIX Ha
cpeaHioio ry6uny (o O.A. Saether, 1979).
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Bananue anrponorenHosi nepecrpoiikm
BOIAHBIX IKOCHCTEM HA JeJ0BeKa
H ero JeAre.abHocTb

BoHbie 3KOCHCTEMbI B MPOLIECCE AaHTPOMOIeHHOro 3BTPOHpOBa-
HMS NPETEPIEBalOT BECbMa CYLIECTBEHHBIE H3MEHEHHS, KOTOPhIE B Ka-
KOH-TO CTENEHH JOSDKHBI 3aTparBaTh U MHTEPECH! 4ejloBeKa. Bolger-
CTCA YETHIpE HaNpaBieHHS HETMOCPEACTBEHHOrO BJIUAHHUSA aHTPOIOrEH-
HOH MepecTPONKH BOIHBIX IKOCHCTEM Ha YENIOBEKA U €T0 JEATENBHOCTD
[3Bontonus kpyrosopora pocdopa u ssTpoduposanue...,1988]:

— BO3EHCTBHME Ha CaMOro uenoBeka (CaHMTapHO-THTHEHHYECKHH
acIeKT),

— BO3JEHCTBHE HA CENILCKOXO3ANCTBEHHBIX U AMKHX XHBOTHBIX,

— H3MCHEHUs phIOONPOYKTHBHOCTH BHYTPCHHUX BOJOEMOB,

— IOMOJHUTCIbHBIC BOJOXO3SICTBEHHbIE HH)XCHEPHO-
TEXHUYECKHE MEPONIPHATHA.

BosjeficTBHEe Ha YenoBEKa BBIPAXAETCH B TOM, YTO Ha IO3IHHX
CTaJHAX aHTPONOTrE€HHOTO IBTPOGUPOBaHMA 03€D, TMMaHOB U BOZOXpa-
HHJIMLI NpH LBETEHHH” BOAb! ObIIM 0OHApYsKeHb! TOKCHHBI. DTOH Mpo-
6:;1eMe nocBsiieHa oOLIMpHAas JIMTepaTypa, bepyluas Hayano OT HEMEL-
KHUX MequuMHCKuX uccnenoBanui 20-x rogoB XX Beka. bouta noapo6-
HO onucaHa 6one3Hb, NOMy4KBIUas HazBaHue rapdckas (0T HEMELKOro
das Haff- numan), kotopas sei3biBasIach TokcuHamu. [lossnenue B Boxe
COBNAJIAJIO C MEPHOAAMM «UBETEHHS» BOApl. Jrta Oone3ns y mopei
0ObIYHO CB#3aHa C yrnoTpebleHHEM B NHIIY IUIAHKTOHOSIHBIX PBIO,
HaKaIUIMBAIOUIMX TOKCHHBI B CBOMX TKaHSAX.

«LlBeTeHne» BOAB!I HMEET M KOCBEHHbIH 3¢deKT, mockonabky nmpu
MacCOBOM pa3BHTHH Bozxopocied yBeianuyuBaetca pH Boawl M pacteT co-
Jep)KaHHe OpraHWYECKHX BELIECTB B PacTBOPCHHOH, KOJUIOMZHOH H
B3BewleHHOH ¢opMmax. [MoauienauynBaHue BOIBI M HAKOIUICHHE B BOIE
OPraHHYECKOro BEILECTBA CO3AAIOT OIAroNpHUATHBIC YCIIOBHA U1 pa3BHU-~
THA MaToreHHoM Mukpoduiopel. C 3THM CBA3BIBAIOT MENKOOYaroBble
BCIBILIKK 3aboneBanuii xonepoit dne-Top B 1970-1971 rr., oxBatus-
mux 35 crpan. OTMedasoch, 4TO BO MHOTHMX CIIy4asX BCHBIILIKH XOJEphl
Onp-Top 6buH NpUYpOYEHBbl K O3EPHBIM paiiOHaM, NPUMOPCKUM TOpO-
JaM HJH K y4acTKaM PeK C 3aMEUICHHBIM BOJOOOMEHOM, H 3TO MPOMC-
XOJWI0 B HanOosiee TEIUIbIE MECALBI B MIEPUObI KUBETCHUA BOAbI». H3-
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BECTHO, YTO XOJICPHBIH 3MOpHOH COXpaHAeTca B 3BTPOQHBIX Cabornpo-
TOYHBIX BOJOEMAX OCOOEHHO RONTO. DKCIEPHMEHTANBHO JOKA3aHO, YTO
npH noOaBjicHUH B BOJY OHOrEHHBIX BELIECTB BEDKHBAEMOCThL XOJIEPHO-
ro 3MOpHOHa CYIECTBEHHO Bo3pacTaer. TakuM oOpa3oM, aHTpOITOreH-
HOE 3BTpPOdQMpOBaHHE BOJ CYILH HE TOJIBKO YXYILIaeT 00LIee COCTOSHHE
9KOCHCTEMbI BOJHOIO OOBEKTa, HO M MpEACTABIAET Ha ONMpPENCIEHHBIX
CTaJUAX Pa3BUTUA MPOLIECCAa ONACHOCTD I YEIIOBEKa.

JKuBOoTHBIE 4YacTO OBIBaIOT BBLIHYX/JICHBI [MOJL30BAaTHCA BOIOM
“uBeTywux” BOKOEMOB. YHCIIO W3BECTHBIX CIyYaeB MacCOBOW rudenu
HMBOTHBIX OT 3TOH NPHYHHBI 3HAYMTENIBHO NPEBOCXONUT HM3BECTHHIC
cny4vau 3abonesanuii mozeit. Byutk onuMcansl Cilyyau MaccoBoi rubenu
KPYIIHOTO pOTaToro CKOTa Kak B A3MM, ABCTpalHH, Tak U B EBporme u
Amepuke. M3BecTHsI cityyan rubeny AMKHX )KUBOTHBIX.

OueBHIHBIH POCT MPOXYKTUBHOCTH BOAHBIX COOOILECTB OMpEAE/Is-
€T M YBENHYEHHC pHIOONpONyKTHBHOCTH 03Ep. IlomeiTka yCTaHOBHTH
3HAYEHUA TOJOBOTO BbIXOJA PHIOHON NMPOIYKUMH Ui 03€p PasaMyYHOro
ypoBHs TpodUH MOKa3ana, YTo IS ONMroTPO(GHBIX OHH COCTaBJIAIOT 33,
it Me3otpodHbIX — 55, s 3BTpodHbIX — 70 Kr/ra. OqHako yBeaude-
HHE pBIOOMPOTYKTHBHOCTH 03€p B MPOLIECCE X aHTPONOTCHHOIO 3BTPO-
¢upoBaHus — sABIEHHE d(eMepHOE, TIOCKONBbKY B Pe3yNIbTAaTe Pa3BHTHA
nedunura KUCIOPOAa HA ONpPeNe]EHHOM 3Tane Pa3sBUTHA Mpolecca Ha-
YUHAIOTCA CHCTEMAaTHYECKHE 3aMOpbl, KOTOPBIC HMPHYHHAIOT PLIOHOMY
XO3MHCTBY CYUIECTBEHHbIH YpOH. AHTpPONOreHHoe 3BTPOGHUPOBAHUE
BOJHBIX OOBEKTOB BIIEUET 3a OO0 NMEpecTpOiKy BHIOBOrO COCTaBa MX-
THoLeHo3a. Ha panHux cTaausax 9BTpohHpOBaHHA M3 BOAHOro coobuile-
CTBa BBINAJAIOT JIOCOCEBBIE H CUTOBBIE PHIOLY, @ B JaJIbHEHIIIEM HCUE3aET
CyImak. DTOT MPOLECC XapaKTepeH IaBHbIM 06pa3oM s BOJ0EMOB EB-
pornisl 1 CeBepHOif AMepHKM B TeYCHHMe mocieauux aecsarunernit XX
Beka. I3MeHeHHe BUIOBOTO COCTaBa MPOMCXOIUT YKe Ha PaHHUX CTalH-
six 9BTpodupoBanui. CHIKEHHE Ke PhIOONPOTYKTHBHOCTH CBS3aHO, KAk
HPaBHIO, C IBTPOGHBIM U THIIEPTPOPHBIM COCTOSHHEM BOJIOEMOB, KOTAA
TIOABJISIETCA AEDHLUT KHCIIOPOa.

AHTpONIOreHHOE 3BTPOGHPOBAHHE BOMHBIX OOBEKTOB BJEYET 32 CO-
60 HapylIeHHe HOPMAJILHOTO PHTMa paboTh! BOAONPOBOJOB H BOJOOUYH-
CTHBIX COOPYXEHHMH, OKa3bIBasi CYILIECTBEHHOC BO3JEHCTBHC HA IKOHOMM-
Ky MHTHEBOTO M TEXHHMYECKOrO BOJOCHabeHus. YBenuueHHe 6MoMaccel
({HUTOIIAHKTOHA B HCTIONB3yeMOH BOLE YAOPOXAET OUYMCTKY BOZBI, HE ra-
PaHTHPYs MPH 3TOM IIOJIHOTO OCBOOOMXICHHA €€ OT KIECTOK BOOPOCIIEH H

87



ux MetabonutoB. B nepros «LBeTeHUs» BOAbI B 3aBUCHMOCTH OT BHIOBO-
ro coctaBa yaaércs yaamrb oT 11 go 71 % Bomopocnei. Ilpu «usere-
HHM» BOJIBI HAHOCHTCS TAIOKE YPOH TEXHHYECKOMY BomocHabxenHto. Ko-
ria KOHUEHTpalus B3Beceil 3aMETHO BO3PACTAET, Ha CTEHKAX TPYOOK Ten-
JI006MEHHBIX YCTPOHCTB oceiacT 10 3—6 T BEIECTBA B CYTKH.

Takum o00pa3oM, pa3sBHTHE aHTPOIOIEHHOIO 3BTPO(HPOBaHHSA
NPUPOAHBIX BOJ HAHOCHT CEPbE3HBIH COLMAIBHO-3KOHOMHYECKHI
yuwep6, B KOTOpPOM 3aTpaTsl Ha AONOJIHHMTENIbHBIE JOKAJIbHbIE BOJOXO-
3AHCTBEHHBIC HHXEHEPHO-TEXHHYECKHE MEPOMPHATHA HE SBIAIOTCH
ONpeNeNsAIOMMMH, XOTS H JOCTATOYHO XOPOIIO MOJNAIOTCS KOMHYECT-
BEHHOH oneHke. OCHOBHOE X€ BHHMAaHHE CIENYET COCPENOTOYHThH Ha
obecrieyeHNH KayeCTBCHHBIX IIOKa3aTelsiedl MPUPOAHBIX BOA, OMNpene-
JSIOUIMX 3LOPOBbE NIONEH, KHBOTHBIX W MEPCHEKTHBLI pHIGONpPOIYK-
THBHOCTH BOJOCEMOB CYLIH.

OcrnoBHubIe HNPpHHUHIBI H CTPATEerHa
BOCCTAHOBJCHHA IKOCHCTEM MaJabIx 036”

Heobpartumble HM3MEHEHHS OKpYXKalOUICH HNPHPONHOH Cpenbl BBI-
3BaHbl BO3PaCTAHHEM HCIIONL30BaHMs NAXOTHBIX 3EMEJlb, HAKOIJICHHEM
TOKCHKaHTOB B cpefie. B 3THX yci10BHAX HeoOxonuM HOBBIH NMOAXOA K
OTHOLIEHHAM CO CpelloH, TpeOyo1uii BbIpaOOTKH HOBBIX TEXHOJIOTHH H
BOCCTAaHOBJICHHS HApYLICHHBIX 3KOCHCTEM. [[s BOCCTaHOBNIEHHS 3B-
TPOQHPOBAHHBIX B PE3yJIbTaTe AHTPONMOTEHHOHN HEATENLHOCTH BOO-
€MOB HEO0XOAMMO NEPMAHEHTHOE AHTPOIIOrEHHOE BMEMIATENbCTBO B
61OreoXMMHYECKHE NPOLECCHI.

AHTpONIOT€HHbIE JKOCHCTEMB! XapaKTEpH3yIOTCA ciabsIMH, Heyc-
TOMYMBBIMH CBA3AMH, XapaKTEPHBIMH A’ PAHHHUX CTAIHil CYKLIECCHH;
OHU OTJIMYAIOTCA TNOHIKEHHON YCTOMYUBOCTHIO. BiusAs Ha MOTOK Be-
LIECTB M JHEPTHUH B MPUPOAHLIX IKOCHCTEMAX, YEIOBEK MOXET YCKO-
PATh CYKLIECCHOHHBIE NPOLECCHI.

DKOCHCTEMBI MOTYT KaK YHHYTOXaThCA MOJ BO3IAECHCTBHEM NpO-
IPECCHPYIOILETO BAHSHHMSA aHTPOMOIEHHLIX HMIIM NPHUPOAHBIX CTpECCO-
POB (M3BATHA PECYpCOB, 3arpA3HEHHs, QU3HYECKOro pa3pyIlLUEeHHUs cpe-
Ibl, MHTPOXYKIUMH MOCTOPOHHMX BHIOB, SKCTPEMANbHbIX KIHMaTHYe-
CKHX CHTyallWil), TaK M BOCCTAHABIHBATHCA IOCJIE CTPECCOBOrO CO-
CTOSIHHA, IPHHHMas, OMHAK0, OTJHYHOE OT NPEABIAYILETO COCTOSHHUE.
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IMockoneky B 3KOCHCTEMax, NOIBEPKEHHbIX aHTPONOIEHHOMY
BO3JCHCTBHIO, BOCCTAHOBUTEJIbHBIE MPOLECCH MPOHCXOAAT INpPH MPO-
JIOJDKAKOIIEMCS aHTPONIOreHHOM Iipecce, 0COOEHHOCTH MOCIERHEro OMn-
PeOeNAIOT KOHEYHOE COCTOSIHHUE dKocHcTeMbl. OHU, B YaCTHOCTH, 3aBU-
CAT OT JOMHHHPOBAHHS HHTEPECOB TEX HIIM MHBIX COLMAILHLIX HHCTH-
TYTOB (NIPaBOBbIX, SKOHOMHYECKHX, AIMHUHHCTPAaTHBHbLIX). B KOHEUHOM
HUTOTE CXEMBI BOCCTAHOBJIEHHUS HApYIIEHHbIX 9KOCHCTEM MOMAAAIOT MOX
KOHTPOJIb 0DIIIECTBEHHOCTH; BHIOOp H aKTHBHOE IIPOBEIEHHE B )KU3Hb
cxeM, 00ecneyHBalOUIMX HMHTCHCHBHOE BOCCTAaHOBJICHHE, SBJIAIOTCA
ONTHMaJILHOH ITOJIMTHKOHN KaK ¢ IIPHPOJOOXPaHHOH, TAK H C COLMAJIb-
HOM TOYKHM 3peHHsA. OOHMM M3 TJIaBHBIX TE3HCOB NPH PaIlMOHAILHOM
BOJONONB30BAHHH CIIEAYET MPHHATH CIECAYIOMHH: MPOQHIAKTHKA 3B~
TpodupoBaHHUs Gosee LenecoobpasHa, YeM ero JICHEHHE.

B ocHOBY Hay4HOH KOHUEILHH BOCCTAHOBJIEHHA O3EPHBIX KOCH-
CTEM [IOJUKHbl OBITH MOJOXEHBI CIACAYIOIUHE OCHOBHBIE MPUHLIUIIBI
{IIpbiTKOBA, 2002].

1. O3epo sABNIAETCSA 3MEMEHTOM OKPYIKalOUIEH €ro NpUpPOIHOH Cpensl,
HM3MEHEHHOM B TOH MM HHOH CTENEHH XO3SHCTBEHHON NEATENBHOCTHIO.

Osepo 3aMbIkaeT NPUPOJHYIO CHCTEMY «BOROCOOp — 03€po» M Mo-
Jy4aeT ¢ BogocbopHoro 6accelHa ¢ MOBEPXHOCTHBIM H MOA3EMHBIM CTO-
KOM B3BELICHHbIE, OHOTeHHBIE H 3arpa3HAloNHe BeuecTBa. CBA3b o3epa
¢ BogocOopoM mposiBisieTcsa Yepe3 Bce BUAb 6anaHCcOB (BOJHOrO, cenu-
MEHTAIMOHHOTO, cosieBoro). Jlns Manbix 03€p NMOBEPXHOCTHBIN CTOK 4Ya-
L€ BCETO SABJIAETCH INIABHOM COCTaBJAIONIEH NPUXOAHOM 4acTH BOOHOTO
1 docdopHoro H6anancos. Ero BennyrHa, KpoMe KIMMAaTHYECKHX PaKTo-
pPOB, B 3HAYMTEILHOH CTENEHH 3aBHCHT OT XapakTepa BOAOCOOpHOTo
Gacceiina — penneda, CTeeHH pacHaxaHHOCTH, 3aJeCEHHOCTH, 3a00J0-
YEHHOCTH, 03EpHOCTH, I'PYHTOB M T.A. Hanpumep, «uBeTeHHE» BOIBI B
o3epe WM MHTEHCHBHOE 3apacTaHue O3€p BbICINEi BOJAHON pPacTHTENb-
HOCTBIO SIBIACTCA CJIENCTBUEM aHTPOIOTEHHOIO 3BTPOGHPOBaHUA O3ED.
Torpma kak MPUYHHOMH SABJIAETCA MOCTYIUICHHE B 03€PO U3OBITOYHOrO KO-
JuYecTBa OHMOreHHBIX BewlecTB. [1o3TOMY mpexae Bcero clieAyer orpa-
HWYHTH (WJIH COBCEM MPEKPATHTH) NMOCTYIUIEHHE OHOrEHHBIX JJIEMEHTOB
B 03€p0 U JIMIIB [OCJIE 3TOT0 OCYLIECTBIATL BOCCTAHOBHUTEIBHBIE MEPO-
npusTHA B caMoM o3epe. Ocoboe 3Ha4YeHHE TPH BOCCTaHOBJIEHHH 03€p-
HBIX 3KOCHCTEM CICAYET IPHIABaTh BOAOOXPAHHLIM MEPOIPHUATHAM Ha
BOOCGOpHOM GacceliHe, OCYILECTBIEHHE KOTOPBIX ABACTCS HEOOXOAH-
MBIM YCJIOBHEM I BBIMIOJHEHHSA MEPOMPUATHH B CAMOM O3€pe H A
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ycuneHus 3¢dekTHBHOCTH mocienHux. BoccranoBneHue 03EpHOM 3KO-
CHCTEMBI JOJDKHO OBITh HAaNpaBJICHO HA YCTPAaHEHME NPHYHHBI €€ Hapy-
LIEHHUA B3aMeH 6opbbe ¢ NoCneACTBUAMH HapyILUEHHS.

2. CocrosHue 03EpPHOH 3KOCHCTEMBI, KaK COBPEMEHHOE, TaK H
NpeRLIECTBYIOIIEE AHTPONOTEHHOMY BO3JCHCTBHIO, HE3aBHCHMO OT
BH/Ja XO34HCTBEHHOTO HCIIONb30BAHUA 03€pPa XapaKTEPH3YETCs €€ TPO-
(bHYECKUM CTaTYCOM.

CocTossHHE 03€pHOH JIKOCHCTEMbl HEJb3S OLEHHBATL TONBLKO IO
THAPOXMMHYECKHM NOKa3aTeNiM M MX NpEJeNbHO AONYCTHMBIM KOH-
uentpauuam (I1JK). Heo6xoammo ucnonb30BaTh KOMILUIEKCHBIH IPHH-
LIMI, OCHOBaHHBIH Ha NOHATHH TPOPHUECKOro CTaTyca, CBA3aHHOTO C
cofep)xandeM OuoreHHsix anemeHToB (pochopa) B 03EpHOH BOXE H
CBOHCTBax BOJbI, BUAOBOM pa3HO0Opa3uu ruApoOHOHTOB U HX KOJIHYe-
CTBEHHBIX [10KA3aTENAX.

3. HavanpHoe (ecTeCTBEHHOE) COCTOAHHME 03€pa XapaKTepH3YyeT
€r0 NPHPOIHBIA MOTEHLIHAIL.

IpuponnbIii noTeHIMan o3epa — OHOreHHasl Harpy3ka Ha 03€po NpH
€CTECTBCHHOM COCTOSHMM BOROCOOpHOro GaccelHa IO3BONAET OLCHHUTH
o0mmii BKIad aHTPONOreHHbIX (PAKTOPOB B COBPEMEHHYIO OGHOrEHHYIO
Harpy3ky Ha o3epo. Hampumep, ans Jlem6onosckoro osepa na Kapenb-
ckoM nepemeiike M 03.Pymymickoro sHa JlaTranbckoit BO3BBIILIEHHOCTH
774 u 23,7 % coBpeMeHHOH OHOre€HHOM HArpy3KM MMEIOT aHTPOINOreH-
HbIi xapakrtep. [ToaTomMy nepsoe 03epo MO CPaBHEHMIO CO BTOPBIM Haxo-
ourcs B Gonee THKENIOM JKOJOTHYECKOM COCTOSIHHHM H XapaKTepH3YeTcs
HMHTEHCHBHBIM 3apacTaHHEM ero OTHENbHBIX YacTeH, OONBLIMM comepia-
HHEM OHOTEHHBIX JIEMEHTOB B HOHHBLIX OTJIOKEHHAX, “IBETEHHEM  BOJIbI
B JICTHHH NIepHO, U 3aMopaMH pbIOs! 3uMoH. IIpupoaHbI# noTeHuMan o3e-
pa MOXXET OBITh YCTAHOBIIEH HAa OCHOBE MaJICOIMMHOIOTHYECKOTO aHaIH3a
KOJIOHOK OTJIO)KCHHH WJIM ITyTEM PEKOHCTPYKIMM BOJHOTO M OMOreHHOTO
6aJ1aHCOB NPH ECTECTBEHHOM COCTOSIHMH BOROCOOpa.

4. O3épHyro IKOCHCTEMY HEOOXOIHMO BOCCTAHABIHBATH B LIEIOM
KaK €IMHCTBO aOHOTHYECKUX U OHOTHYECKHUX KOMIIOHEHTOB.

BoccraHoBneHHE 03epHOH 9KOCHCTEMbI JAODKHO OCYLIECTBIATHCH
KaK C BOCCTaHOBIICHHA MOPQOMETPHYECKHX XapaKTEPHUCTUK ((PopMbl
KOTJIOBHHBI, pacnpelieyieHus riryOuH, 6eperoBof JIMHUH), THAPOXUMHH
BOMOEMA, TaK H C BO3MOXKHOTO MCKYCCTBEHHOTO BCEJICHHS paHee Cyiue-
CTBOBABILUMX BHJOB, €C/IH HE MPOHCXOAUT CTHXHHHOTO BOCCTaHOBJICHUA
HEHapyIIeHHOM 6noTHyeckoi yacTu o3epa.
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5. Heob6xonumbiM yciioBreM QyHKIHOHHPOBAHHA 03EPHOH IKOCH-
CTEMBl TOCIe €€ BOCCTAHOBJIEHHA ABIAETCA cOanaHCUPOBAHHOCTD, YC-
TOHYHUBOCTh S3KOCHCTEMBI.

JKxocucTeMa J0DKHA aKTHBHO COXPaHSATh CBOIO CTPYKTYPY H Xa-
pakTep (YHKLHOHHPOBAHMA NPH H3MCHSIOIMXCA YCJIOBHAX CpeEbl.
KonuuecTBeHHBIM NOKa3aTesleM YCTOHYHBOCTH 3IKOCHCTEMBI MOXET
OBITH COOTHOIICHHE MEXAY rOJOBbLIMHM 3HAYEHMAMH NEPBUYHOH IMpO-
OYKUHH W JECTPYKIMH OPraHU4YecKoro BELIECTBA B BOAOEME, 3aBHCH-
miee OT KJIMMAaTHYECKHUX, THAPOAMHAMHUYECKHX (aKkTopoB 1 GHonornye-
cKOH Harpy3ku Ha BomoéM. CoctosHue cOalaHCHPOBAaHHOCTH O3€PHOM
9KOCHCTEMBI COOTBETCTBYET PAaBEHCTBY NPOXYKLUHH U AECTPYKUHH Op-
FaHUYECKOTO BELIECTBA B BOJOEME.

Crtparerns BOCCTaHOBJIEHHUSA O3EPHOH 3KOCHCTEMEBI JIOJDKHA OCHO-
BBIBaTHCA HA NOHHUMaHHH (AKTOPOB H NPOLECCOB, PErYIHPYIOHIHX CO-
CTaB, CTPYKTYPY M JHHAMHKY O3EPHBIX COOOWIECTB. YCIeX BOCCTAHOBH-
TEJIbHbIX MEPOTIPHATHH 3aBHUCHUT B 3HAUHTENHHOH CTENEHU OT OpraHHu3a-
LHMH H BBIOJHEHHS TNOATOTOBHTENbLHBIX paboT. Bo-nepsoix, Heobxomm-
MO BBIIOJIHUTH MOHMTOPHHI 03€pa U ero BonocOopa B MPEANPOEKTHBIN
NEPHOJ, BO BPEMA OCYLIECCTBIEHHSA BOCCTAHOBHUTENbHBIX MEPONIPUATHH H
HOCJIE HX OCYILECTBICHHA. MOHHUTOPHHT 03€pa H ero Bogocbopa ABIET-
cs Haubosiee BaXKHOM 4acThIO NMPEANPOEKTHBIX paboT, Tak Kak obecnedn-
BaET MPOEKT HCOOXOMMMBIMH JaHHBIMH O COBPEMEHHOM COCTOSIHHH BO-
IIoéMa, 0 BHYTPHIKOCUCTEMHBIX CBa3iax. Ha 3TroM nepBoM stane Heob6xo-
JUMO BBbIABIIEHHE 03EP-aHANOTOB JUIS YCTaHOBJIEHHMSA B3aUMOCBA3EH Me-
XY OTHENBHBIMH XapaKTEPUCTHKaMH BOZOCOOpHOro 6acceiiHa, MeXmTy
KOMIIOHEHTaMH BOJHOH CpeJibl, MapaMeTPaMH THAPOJIOFHYECKOTO PEXH-
Ma. O6o6meHe MOpGOMETPHIECKHX XapaKTEPHCTHK MO 03EpaM IIpH-
POIHOrO paHoHa OCOOCHHO BaXKHO, €CNIH NPOEKTHpyeTcs yrirybneHue
HJIH U3MCHEHHE YPOBHs BOJLI B BOCCTaHAaBIIMBAEMOM 03€pE, TO XE OTHO-
cuTcs K 000DOLIEHHIO APYTHX XapaKTEepHUCTHK MO 03épaM, B TOM YKCIIE H
ruzposnoruyeckux. KpoMe Toro, HeHapylleHHBIE 03Epa-aHaJOTH MOTYT
SIBJIATHCS 3TAJIOHOM I BOCCTaHABJIMBAEMOTO 03€pa.

[TpomomKUTENPHOCTS MOHHTOPDHHIA B INPEANPOCKTHBIA MepUOI
coCTaBlgeT He MeHee 2—3 JIeT, OXBaThIBAOILUX Ol pa3HOH BOJHOCTH
[MIpeiTkoBa, 2002]. Llesibl0 MOHMTOPMHIAa B NEPHOJ OCYLIECTBICHHA
BOCCTaHOBHTE/IbHBIX MEPOIIPHATHH U TIOC/IE MX OKOHYAaHHS SABJIAETCA
OTClIeXXHBAHHE U3MEHCHHUH B DKOCHCTEME 03€pa M0 FHAPONIOTHYCCKHM,
THAPOXUMUYECKUM U FUAPOOHONOTHYECKHM OKA3ATENM.
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Bropo# 3tan — 310 MOAEIMpPOBaHHE O3EPHOH 3KOCHCTEMBI, OCHO-
BaHHOC Ha MCTOJMB30BAHMH IOYYEHHBIX B PE3yJIbTaTE MOHHTOPHHTA
JaHHBIX 06 o3epe M ero BomocOope. ITOT 3Tan Haubosee CIOXKEH, TaK
KaK TpebyeT yCTaHOBJICHHS HE TOJBKO Ka4eCTBEHHBIX B3aMMOCBS3EH,
HO M KOJIMYECTBEHHBIX BBIPOKEHHH, HEOOXOAMMBIX VIS MaTeMaTHye-
CKOr'0 OMHCAHHUA BCEH 3KOCHCTEMBI. B Hacrodiiee BpeMs CyIECTBYIOT
JMIIb HEMHOTOYHCICHHOE KOJIMYECTBO YMPOIUEHHBIX MOJENIEH He-
CIOXHBIX 3kocucreM. Moxno ykasare Ha pabory JI. XakancoHa u
P. Ierepca[1995] «IlporHocTuyeckas JIMMHOOTHSA», TA€ MPECTABIECH
psn Moxened sxocucreM 03€p. [IoaToMy Ha NMpaKkTHKE 4Yalle BCETo HC-
NOJNB3YIOTCA IMIMPHYECKHE CBA3H MEXIY OHOTHYECKHMH K abHoTHYe-
CKHMH 2/IEMEHTaMH 3KOCHCTEMBI.

Ha ocHoBe nMeroIuxcs MojJesneil WK 3MIIMPHYECKHX CBA3EH Clle-
Iyer pa3paboTare Ha TPETbEM 3Tale NPOrHO3 Pa3BMTHA SKOCHCTEMBI
o3epa Ha Ommxaimue 3-5 ner, no KpaHe#H Mepe, B JBYyX BapHaHTax:
NpH COXpaHEHHH AHTPOIIOTEHHOro BO3JAEHCTBHA HA 03€po H INOCIE
OCYLUECTBIEHNS BOCCTAaHOBHUTENbHBIX MEPONPHATHH. JKOJOrHYECKHM
NpOTrHO3 ABJAETCA COCTaBHOM YacThIO 3KOJIOTHYECKOIO MPOEKTa, KOTO-
phlif COEPXKHT HayyHoe 0OOCHOBaHHE HEOOXOZMMOCTH BOCCTaHOBJIE-
HHSA 03EPHOH IKOCHCTEMBI C YYETOM €€ 3HAYHMOCTH IJIA OKpY>KaroleH
Cpelbl H B IPOU3BOACTBE OOLIECTBEHHO I0JE3HOrO NPOIYKTa.

Mepr1 no 1e3BTPOPHPOBAHHIO
H O310pOB.ICHHIO BOJOEMORB

BbI60p METOIOB BOCCTAHOBJIEHHS O3EPHBIX 3KOCHCTEM OCHOBAH Ha
OLIEHKE HX IKONOTH4ECKOH 3()(EeKTUBHOCTH, KOTHYECTBEHHBIM I10Ka3a-
TeJeM KOTOPOH MOXET SBJIAThCS M3MEHEHHE (YMEHbILEHUE) COMepKa-
HHs OHOTCHHBIX M/IM 3arpA3HAIOLIMX BELIECTB B BOJE TNPHTOKOB, B
03€pHOM BOAE (MJIM HAarpy3KH Ha 03€pO) IO CPABHEHHIO C HUX HA4Yallb-
HBIMM ( IO NPOHM3BOACTBA BOCCTaHOBHTENbHBIX pabOT) 3HAYEHHAMM.
O} exTUBHOCTE MEPONPHATHH BHIPAXKACTCA B E€OMHHLIAX H3MEPEHHS
KOHLEHTPALIMH, HaTPY3KH, B JONAX €IMHHLBI WM NPOLIEHTax. B cnydae
OCYILECTBECHHA HECKONBKHX MEPOMPUATHH HX 00mas 3Konorumyeckas
3 PeKTHBHOCTD MOKET GBITH BhIpaXKEHa B CIEAYIOLIEM BHIE :

1-go=(1—) (1) "....." (1-Gn),
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roe Go— obwas 3peKTHBHOCTS; G, Gy, ...Gs — IPPEKTHBHOCTL OTAENB-
HBIX MEPONPHSATHH.

Hepenko B nuTepaType MPUBOAMTCH MWL KAaYeCTBEHHas OLIEHKA
TOrO MJIM HHOTO MEPONPHUATHA B BUAE «COCTOAHHE YJIYHILIMIOCH» HMIM
«cnaboe ymy4ymeHue». OfHaKO KONHYECTBEHHBbIH pacueT 3¢ dexTHBHO-
CTH'MOXXET J1aTh COMHHTENIBHBIH Pe3yNbTaT U €ro He06XO0AUMO MPOBO-
IUTh C OCTOPOXXHOCTBIO, MTOCKONbKY, Hanpumep, 3pPeKTHBHOCTL OYH-
CTKHM CTOYHBIX BOJ 3aBHCHT HE TOJHKO OT COCOOOB OYMCTKH, HO M OT
HX COCTaBa, TEMIIEpaTypsl U pH.

Kak o3mopaBnuBatk U ne3BTpodHpOBaTH IBTPOHBIC BOXOEMBI,
T.€. BOJOEMBI, Ile KPHTHYECKHE YPOBHH Harpy3ok NpeBBILICHEI U MPO-
SIBJIIETCS MPOLIECC FITyOOKOro HapylleHust BOAHBIX 3KkocucteM? Omny6-
JIMKOBaHHbIE MAaTEpHalbl CBHUAETEILCTBYIOT, YTO B KoHue XX Beka B
MHPOBOH NPaKTHKE YAAIOCh O3[OPOBHTH, CHATb HIM OCNabHTh Hera-
THBHBIE MOCJIEACTBUS aHTPONOTEHHOTO 3BTPOPHPOBaHUA Oonee YeM Ha
700 BONOEMOB, NPEHMYIIECTBEHHO HEOOJBIIMX O3Ep MIH MpPYIOB C
IUIOILA/ABI0 aKBATOPHH, HE MPEBBIAOIIEH HECKONBKO COT reKkTapos. B
YHCJIE MCTIONIB30BaHHBIX METONOB ObUTH:

— npekpalleHue copoca CTOYHBIX BOJX M OTBOJ MX 3a Npenenbl aK-
BaTOPHH;

— mpekpauenre copoca docdopa 3a CYET 3aKOHOAATENBHOIO OT-
paHMYEHUs €ro HCNOAL30BaHHA (HalpUMEP, B COCTaBE MOIOILHX
CpeACTB), yaanenue pochopa U3 CTOYHBIX BOJ, a TaKKe MOCIENYIOILE-
IO CBS3BIBAHMA U OCAXJEHHS €ro B BOJOEMAX;

— HCIIONIb30BAHUE MCKYCCTBEHHOM adpali BOAbI C MOMOLUBIO BO3-
IyXa MIM KHCJIOpOAa UL YCHJIEHHMS OKHCJIMTENBHOH MMHEpalIn3aluH
OpraHHUYECKOro BELECTBA;

— MCMONB30BAHHE XUMHYECKMX CPEACTB (albTHIMIOB, KOAryisH-
TOB) JUIA NOAABICHUS XHM3HENCATENLHOCTH BOJAOPOCIEH U OCBETICHHUA
BOJIbI;

— cbpoc 0060raieHHOro NMUTAaTEILHBIMH BEILECTBAMH THIIOIHM-
HHOHa 03€p,

— CTPOMTENBLCTBO OyhepHbIX BOAOEMOB, 3aIEPKUBAIOILUX MOCTYI-
JIcHHe OMOTCHHBIX 3/ICMEHTOB B BaXXHEHLIIHE BOXOEMBI;

— cOpoc M yllajieHHE CKOIUICHHUH BOJOPOCIIEH H APYTUX PacTEHHH C
NOCIIETYIOMHUM HX HCHONIb30BAHUEM HITH YHHUTOXKEHHEM.
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JARNIOYEHHE

B Hacrosiiee BpeMs HaKoIUIEH OOraThlii ONBIT B H3Y4EHHH KpYII-
HBIX 03€p. YCTaHOBNEHbl OCHOBHBIE MOPGQOMETPHYECKHE H JIMMHOIKO-
JIOTHYECKHE XAPAKTEPHCTHKH KpYNHEHImHX BOXOEMOB Mupa. OmHako
M3YYEHHOCTh GONBIIMHCTBA CPEAHMX H MaJbIX O3€p MIaHETH! NOKA He-
JOCTaTO4HA. B TO ke BpeMs BHISBJICHHE PErHOHANBHBIX 0cOOEHHOCTEN
03€p, YMCIO KOTOPBIX Ha 3eMJie COCTaBJISCT HECKONBKO MHILIMOHOB,
OYEeHb TPYHOEMKO, NO3TOMY TpeOyeTcs pPasBHTHE HOBBIX MOIXOJOB C
HCTIOJIb30BaHHEM MHCTAHLUHOHHBIX METOJOB M CTaTUCTHYECKOM oOpa-
60TKH NMEIOIMXCA NaHHBIX.

Kak ycraHoBieHo B Hacrosuiee Bpems, jJaHmwadTHeie ¥ MOpgo-
METPHYECKHE XapaKTEPHCTHKH 03€p B ONpPEICICHHON Mepe MpeAonpe-
JENAIOT 3KOJOTHYECKHEe OCOOCHHOCTH BONOEMOB, HX COBPEMEHHBIH
Tpoduyeckuit cratyc. Hanpumep, 3Had mmowais, MakCMMalbHYIO H
CpEenHIO IIyOHHBI, MOXXHO MOJEJIHPOBAaTh GOPMY KOTIOBHHBI 03€pa.
Ha ocxoBe Tonorpaduyeckoii KapTsl — ONPEJCANTh JJIMHY U H3pE3aH-
HOCTb O€peroBoi IMHHH, 03E€PHOCTb TEPPHTOPMH, YKIIOHBI M pacdie-
HEHHOCThH penbeda U pAx Apyrux ¢usuko-reorpadpH4ecKUx Hapamer-
POB H UX COOTHOMIECHHH.

HoBsle JOCTHXKEHHS HAYKH M TEXHHKHM NMPHMEHHUTENBHO K H3yde-
HHMIO 03Ep MO3BOJVIIOT MEPEHTH OT HEMOCPEACTBEHHBIX HU3MEPEHHMH H
HaOmoAeHHH Ha BOXOEMAX K AMCTAHUHOHHOMY 3OHIMPOBaHHMIO M Of-
pENENeHHI0 Pa3IHYHbIX NapaMETPOB BOJHOH Cpelbl C HCNONb30BAHHEM
a’POKOCMHMYECKHX METONOB. AIPOKOCMHYECKHE METOXABI MO3BOJIAIOT
onpenenuTh rrybuHy, Mpo3payHOCTh, TEMIEPATYpy MOBEPXHOCTH BO-
noéMa, cojiepikanue xinopoduiia B BOJE, MOBEPXHOCTHbIE 3arpsa3HEeHHs
W Pl APyrHx NapaMeTpOB, XapaKTEpH3YIOLIUX COCTOSHHUE 03€p B pas-
JIMYHBIE CE30HB! FOJA.

CnenosarenbHo, 3Has COBpEMEHHbIE MOP(OMETpPHYECKHE Xapak-
TEPUCTUKH 03Ep, MOXKHO JaTh NMPOTHO3HbIE OLEHKH HX Tpoduyeckoro
cTaTyca u kayectBa Boxasl. OmpeneneHue 3aBUCHMOCTEH MEXAy pas-
HBIMH MOp{OMETPHUECKMMH XapaKTEPHCTHKaMH 03€p MO3BOJIAET yCTa-
HOBHTb MX KOPPEIALMIO C IKOJIOTHYECKHM COCTOSHHEM BOAHBIX 9KOCH-
CTeM, PaCIIMPHTh MaciTaObl F€03KONIOFHYECKOH OLICHKH HEZOCTATOY-
HO HU3Y4YEHHbIX BOJOEMOB MO HX MOP(POMETPHUECKHM NapaMeTpam.
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