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BBEJIEHUE

BTopoit ToM KHHTH NOCBSIEH 3Kojoruu osep. Ilpw Hammcanuu
3TOr0 TOMa aBTOPBl YYUTHIBAIIM TO, YTO 3Ta KHUTA NPEHA3HAYAETCA B
IEPBYIO O4Yepesb Ul IMAPOGU3UKOB ¥ HHXEHEPOB MO YIPABIECHHIO
KAYyeCTBOM BOJIBI, IOITOMY UHMTAaTeNb 3[€Ch MIOYTH HE HAWIET JAaTHH-
CKMX HA3BaHWH BHJIOB JKMBOTHBIX M PAaCTCHHH MIN CIENHPUYIECKHX
TEPMUHOB aJIbTOJIOTHH, MaJIaKOJIOTHH HJIM MXTHONOTHH. besycnosHo,
pabora He MpeTeHAYeT Ha TO, YTOOBI JaTh UCUEPMBIBAKOIME OTBETHI,
NPUMEPH! JUld WUIIOCTPalUH pPa3sHBIX CTOPOH (PYHKIMOHHDOBAHMSA
03€PHBIX SKOCHCTEM, KOJIOTHH 03ep. 3AeCh THLIb MPUBOJAATCA HEoO-
XOJIUMbIE TIOHATHS O KayecTBe BOJ W HOPMHPOBAHMIO, JaHbl HEKOTO-
pble IPMHIMITE] MOHHTOPHHTA U YIIPaBIIeHHs pecypcaMu 03ep, obmue
CBEJEHUS 10 OCOOEHHOCTAM (YHKUHOHMPOBAHHA O3CPHBIX CHCTEM.
TToxa3aHp! MOAXOMBI ¥ TIPUBEIECHB! IIPUMEPBI MOJAECTMPOBAHUA JKOCH-
creM. B paGoTe maHbl CBEICHHS B OCHOBHOM 110 Pa3HOOOPa3HBIM O3e-
pam Poccun unmn Teppuropun ObiBiiero CCCP. Onnako, 3pech HET
CBEJEHHUM MO BechbMa CBOCOOpa3HBIM O3epam, HAIpHMED, O 03EpY
Baiikan — yHHKaIbHOMY BOLOEMY IO I'ybuHe, 06beMy BOJ, OCOOEH-
HOCTSM IIPOTEKAHHUS XMMHKO-OMONOTHYECKHX W THIPO(QH3HIECKHX
IPOLIECCOB, HAMYMS B HEM SHAEMUYHBIX BHJIOB M B IEJIOM YHUKAJIb-
HOCTH 3KOCHCTEMBL 3aHHTEPECOBAHHOTO YUTATENA MBI OTIIPaBIIeM K
paboTaM, MOCBAIICHHBIM 3TOMY o3epy. I'JlaBHas 3ajaya, KOTOPYIO
CTaBMJIY aBTOPBL, — OIHCATh, NMPOMIIIOCTPHPOBATH TO, O€2 yero He-
BO3MOYKHO HAaMTH OOIMH S3bIK MeXAy ruapodu3uKaMu M rmpodec-
CHOHAJBHBLIME THAPOOHOIOraMH, TTOCKONIBKY TOJBKO B3aUMONICHCTBHE
UcceoBaTeNieil 3THX CHELMATLHOCTEN MOXKET IPUBECTH K ITPOrpeccy
B NOHMMaHMY [POLECCOB, TPOHCXOAAIINX B O3EPHBIX SKOCHCTEMAX U,



4 BBE/JIEHUE

4TO CaMo€ rIaBHOE, B Ka4eCTBe pe3ysbTaTta — K 3¢ QeKTHBHOMY CO-
XpaHEeHHUIO, PalMOHAILHOMY HCIMOJBb30BAHUIO U YIPABIEHHIO pecyp-
caMH 03ep, O 4eM rOBOPHIIOCH BO BBEACHHH K [IEPBOMY TOMY.

Kuura mnpennasHauena s THAPOMHU3MKOB, CIEHUAIMCTOB II0
YIPABICHHIO KAaYeCTBOM BOAEI, THJPOJIOrOB, JUMHOJOIOB, a4 TaKKe
CTYJEHTOB H aCIIMPaHTOB COOTBETCTBYIOLIUX crielManbHocTeil. Hane-
€MCs, YTO OHa OyJeT Noje3Ha ¥ CHEHUATHCTaM-0MoJIoraM, KOTOPBIE
CMOFYT, MBI HaAeeMCs, HaliTH NOJE3HbIE CBEJCHUA NO ruapodH3uKe
03€ep, ONBITY MOJIEIIMPOBAHUS Pa3BOOOPA3HEIX 03CPHBIX 3KOCHCTEM.

Tnasa 1

BBEJIEHUE B 5KOJIOI'MIO O3EP

1.1. HexoTopble o01me NOHATHS IKOJIOTHH

CyurecTByOT pa3jinuHble HNOHATHS TepMuHa 3konorua. CornacHo
KITaCCHYECKOMY OIPEIEIICHHUIO, DKOIOTHS KaK caMOCTOsATENbHAs HayKa
otHocuTcs K Ouonoruy. Tepmun "skonorus” ObUI NPEATIOKEH HEMEN-
kM OuonmoroM-marepuanucroM J. 'exxemeM. OH CUHMTan 3KOJIOTHIO
HayKo# 00 OTHOLICHWH OPTaHH3MOB K OKpyxawowmeH cpene. [lepeson
C rpeyeckoro gaet: oikos — noM, logos — yuenue. TakuM o6pa3om,
3KOJIOTHS — 3TO HayKa O cpejie oOuTaHuA. JKONOrHUs H3ydaeT He OT-
HOUIEHHE OT/AENbHBIX OPTaHH3MOB K BHEIIHEH CpENE, a paccMaTpHBa-
€T coodulecTBa pacTeHUH, KUBOTHBIX B MX B3aHMOJEHCTBUH C BHELI-
Hell cpenoil. B 3TOM B3aMMOJEHCTBHMH NMPOUCXOAUT TpaHCHOpMaLHA
3Hepruu M BemecTBa. COBpEMEHHAsA 3KOJNOTHs MIMPOKO HCIOIB3YET
METOIB! MCCNIENOBAaHUS CHOXHBIX cHCTeM. C OHONOTHYECKOH TOYKH
3pEeHHS JKOJIOTHSA H3YyHaeT OpraHH3aliui0 U (yHKUHOHMPOBAHHE Ha-
JIOPTaHU3MEHHBIX CHCTEM Pa3IM4HBIX YPOBHEH CJIOKHOCTH.

Hapsany ¢ Takum "OHoIOTHYECKHM" ONpEAEICHUEM 3KOJOTHH Cy-
IIECTBYET MOHATHE KOJOTMH Kak IpPEACTaBiIeHUe 00 YpOBHE TEXHO-
TeHHOrO 3arpsi3HEHUs OKPYKaloLIeH cpelbl, WK KaK O Hayke, 3aHH-
Marolleiics u3ydyeHHEeM aHTPOIIOI€HHOro BO3JEHCTBHSA HA OKpYXaro-
Y0 cpeny ¥ pa3paboTKOH METONOB YMEHbIIEHHs TaKOro BO3JEHCT-
BHA. TeHIIEHUMS OTOXXECTBIICHHUS JKOJIOTHH C HayKaMH, 3aHHMaIOLIH-
MHCA KOMILIEKCOM Npo0jeM B3aMMOJIEHCTBHS YEIOBEKA C OKPYXKaro-
el cpenoi, xapakTepHa, npexue Beero, s He 6uonoros. CymecT-
BYeT OPHUCHTAIMs Ha BBLICIICHHE SKONOTHH U3 KOMIIIeKca Guonoruye-
CKHMX HayK u 000COOJIEHHE €€ B €CTECTBCHHO-HaYYHYIO JTUCLMILIHHY,
3amayedl KOTOpoM sABIseTcs wuccienoBanue 6uocteprl. IlonoOHbIe
npeAcTaBiieHHs 00 3KOJIOTHH SBJIAIOTCS HauOolee LIMPOKO pacrpo-
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CTpaHeHHbIMUM CPEAM HCCIENOBATENel, 3aHUMAIOIUXCS TPHKIIAHEI-
MU HCCIIENOBAHUSIMHU.

Hpyroe noHsTHE 3KOJOTHH BO3ZHHKIO HA OCHOBE TEOPHH CHCTEM,
TCPMOJMHAMHUKA OTKPBLITBIX CHCTEM W ABNAETCS Hambonee ¢usnue-
ckuMm (I'ampumn, bopucos, 1995; Tpyxun, Ilokasees, Llpeiinep,
2001). Takoe ompenencuue Bocxoaut K paboram A.A. Bormanosa,
B.H. Bepuaackoro. A.A. bornanoB B Hawaie XX Beka BbICKa3al
MBICIIb O TOM, YTO 3aKOHbl OPIaHH3AlM{ JOJKHE JAEHCTBOBATH HE
TONBKO B JKMBOH, HO ¥ B HEXHBOM mpupoje. Hamuuune ctpykryp, op-
raHM30BaHHOCTh — 3TO B@XHEHLIME YEPTHl NPUPOJLL. BepHajackuii,
pa3BuBas CBOE yueHue o buochepe u Hoocdepe, UCIOABL30BAI TOHS-
THE OPraHv30BaHHOCTH I 0003HAYCHUs BaYKHEHIIIETO CBONCTBA Ma-
TEepUANBHBIX ¥ SHEPreTHYECKUX dacTeld Ouocdepnl.

Ha ocnoBe 1mojjo6GHBIX MPEACTABICHUN 3KOJOTHI0 MOXHO OIpeje-
JHTh Kak HayKy 00 OpraHu3alMy H 3BONIOLUKM OHOCHEPHBIX CHCTEM
Pa3HeIX YPOBHEH CJIOXHOCTH (B TOM 4HCHE Bceit Ouocdepsl), usy-
YaOLIYI0 CBA3H U NPEBPALCHUA B TakuxX cuctemax. [Ipobiemsl Ko-
JIOTHH 3aK/II0YAI0TCS B YCTAHOBJICHHH MPUYMH U YCJIOBHUH BO3HHKHO-
BCHHA U pa3BUTHA OHOCHEPHBIX CHCTEM Pa3iTHYHOrO YPOBHS CIICHKHO-
CTH, U3Y4EHHE YCTOHYUBOCTH 3THX CHCTEM.

B cBs3M ¢ pa3BUTHEM TEPMOJHHAMHUKH OTKPBITBIX CHCTEM, H3yUe-
HHEM [IPOLIECCOB CAaMOOPIraHU3aluM B HEPABHOBECHBIX CHCTEMAaX CTa-
71 NOHATHBIMK $HM3UYECKHE IIPUUMHBI CAMOOPTaHH3alHU B XKHUBOH H
HEXMBOMN NPHPOAE. DIEMEHTh WIH CUCTEMBI )XUBOI M HEXXHUBOH TIpH-
pOABI ABIAIOTCA OTKPHITBIMU TEPMOJUHAMHUYECKUMH CHCTEMaMH, [a-
JEKHMH OT COCTOSIHHS PaBHOBECHA, HX IPOHM3BIBAIOT II0TOKH 2HEp-
THH U BEIIECTBA U MO3TOMY B HUX U MPOUCXOMAT HPOLECCHI CTPYKTY-
pH3auMy ¥ caMmoopraHusaluy. Takum o0pa3zoM, camMOOpraHH3alHs
CHCTeM B npupoje Oa3upyercss Ha (yHIaMEHTANbHBIX (PUIHYECKHX
OpUHIMIIAX.

OcHOBHBIE HayiHBIE PE3YJIBTAThl, NONYUYEHHBIE B TEPMOAMHAMUKE
BO BTOpoH mojoBuHe XX BeKa, IIPEACTABIAIOT 3HAYUTEIBHBIA HHTE-
pec, Tak Kak IPHBOJAT K BbIBOJAM, KOTOPHIE COBEPLICHHO 110 HOBOMY
ONKCBIBAIOT CTPOCHHE MHpA M MECTO yesioBeKa B HeM. K cosnatensam
COBPEMEHHOH TEPMOJHHAMUKH OTHOCATCH, Ipexae Bcero, JI. OHzarep
(HoGenepckuit naypear 1968 r.) u W. Ilpuroxun (HoGenesckuit may-
peat 1977 r.). HanoMHHM OCHOBHEIE MOJIOKEHHS KJIACCHUYECKOH Tep-
MOJMHAMHKH U JaJIUM KPaTKHE CBEACHMS O BAXKHEHIIUX TTOIOMKEHUAX
HENMHEHHOH HepaBHOBeCHOH TepMoanHamuku (D0enusr, 1979; [pu-
roxuH, 2001; I'pabos, Tpodumora , 1999).
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OCHOBHEIM OOBEKTOM HM3YUCHHS KJIACCHYECKOH TEPMOJMHAMHUKH
ABJIAIOTCA M30JIMpOBaHHbIe cucTeMbl. CHCTeMa Ha3bIBAETCA H30JIMPO-
BaHHOM, €CJIX OHA He OOMEHUBAETCS C BHEIIHUMHM TEJIAMH HU SHEPTH-
eil, HY BelecTBOM (B TOM YHCIie M U3nydeHHeM). B xmaccudeckoi
TEPMOIHHAMUKE ITOCTYIHPYETCS, YTO M30JMPOBaHHAs CHCTEMa C Te-
YEHHEM BPEMEHH IEPEHIIET B COCTOSHHE TEPMOAUHAMMYECKOTO pas-
HOBECHs, MPUYEM OHA HUKOT/]Aa CAMOIIPOU3BOJIBHO M3 3TOTO COCTOS-
HHA BBIATH He cMOXeT. COCTOSHHME CHCTEMB, IIPH KOTOPOM TEPMOJIH-
HaMUYeCKUe mapameTpsl (HampuMmep, Temieparypa I, daBlenue p),
OTIpE/ICNIAIONIHE €€ COCTOSHHE, HE 3aBUCAT OT BPEMEHH, HA3BIBACTCA
COCTOSHHEM TEPMOJMHAMHIUECKOTO PABHOBECHS.

K OCHOBHBIM MOHATHAM KJIACCHYECKOH TEPMOJUHAMHKA OTHOCHTCH
NpeJICTaBIcHHe O PaBHOBECHOM INIpOIECCE, NMPH KOTOPOM BCe mapa-
METPB CHCTEMBI U3MEHSIOTCS OECKOHEYHO MEIUIEHHO, TaK YTO BCE
BpeMsi CHCTEMA HAXOAUTCS B PABHOBECHEIX COCTOSHHSIX.

BaxHEHIIUM 1apaMeTpoM, XapaKTepH3YIOIIHM COCTOAHHE TEPMO-
JVHAMAYECKOH CHCTeMBI, SIBISIETCS TeMilepaTypa. Hacro yTeepxie-
HHE O CYIICCTBOBAHHHU TEMIIEPATyphl Ha3pIBA€TCHA HYJIEBHIM HAYalloM
(3aKOHOM) TEPMOAMHAMHUKH.

[TepBrlif 3aK0H (Ha4ano) TEPMOJMHAMHKHA YTBEPKIACT, YTO KOJIHU-
4ecTBO TEIIOTHl 0Q, COOOIIEHHOE CHUCTEME, HIET HA U3MCHEHHE €
BHyTpeHHel sHepruy dU u Ha coBepILeHHE PaboThl CHCTEMOM JA:

8Q = dU + 8A.

BTopoii 3aKOH TEPMOAWHAMHKH ONPEAE/AET HANPABJICHHE MPOTe-
KaHMA NPOIECCOB B 3aMKHYTOH cucreMe. OxHa u3 (QOPMYIHPOBOK
BTOPOro Havaja OmpelesisieT U3MEHEHHE BO BPEMEHM SHTPOIHMH S B
3aMKHYTOH CHCTEME:

ds = 0.

B 3aMKHYTOH cucTeMe SHTponHs S He yObIBaeT, OCTaBasCh MOCTO-
SHHOM B 0OPaTHMBIX IPOLECCax, U BO3pacTacT B HeoOpaTuMBbIX. B oT-
KPBITBIX CHCTEMaX M3MEHEHME JHTPOIMH HE MMEET OIPEACICHHOTO
3HAKa, OHO MOXKET OBITh KaK ITOJIOKUTEIBHBIM, TAK H OTPHUATENLHBIM,
B 3aBHCHMOCTH OT TeI1000MeHa U 0OMeHa BELECTBOM CHCTEMEI C OK-
PYKarOIIMM ITPOCTPAHCTBOM.

U3 mepasenctBa Kiaysnyca—Kapuo dS=8Q/T cnemyer, 4ro moa-
BOJI TEIla yBEJIMYMBACT OECIOPAIOK, a OTBOA Teruia (yMEHbIIEHHE
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AHTPONMHM) yBEIHYHBAET Nopsagok. Obpa3oBaHHe CTPYKTYp IIPH OTBO-
e Tellla ABiseTcs o6muM CBOHCTBOM MaTepHH. XOpOIO H3BECTHBIM
NPHUMEPOM NOBBIIICHUA YIIOPANOYECHHOCTH ABNAETCA MEPEXOH Tel B
KPUCTAIUINYECKOE COCTOAHME NpH oxjaxaeHuu. Ha 3emine peanusyer-
cs Ipyro# crnoco® 3KCIOpTa SHTPOMHHM — TEIJIO OTBOAUTCA 3eMieit
npu 6onee HU3KOH TeMneparype, YeM HOABOAMTCA K Hed. DHTPOIHSA
CHCTEMBI MOXET YMEHBIIATHCA, €CHH JKCIOPT SHTPOIMUH B EAMHHILY
BPEMEHU U3 CHCTEMBI dS, MPEBBIIAET IPOH3BOACTBO SHTPOIIMH BHYT-
PH CUCTEMBI dS;

dS <0, ecnun |dS.| > dS; > 0.

CornacHo TpeTheMy 3aKOHY TEPMOAHWHAMHKH IIPH CTPEMIIEHHH
TEMIIEPATyphl CHCTEMBI K aOCONIOTHOMY HYNIO €€ 3HTPONHUS TaKKe
CTPEMHTHCS K HYJIIO.

OCHOBHBIE 3aKOHBl KJIACCHYECKOH TEPMOOWHAMHUKHU SIBISIOTCS
060011IeHHeM IMIMPUYIECKH YCTAHOBIEHHBIX CBS3EH, CTaTHCTHUECKAs
(U3HKa CITYKHT TEOPETHYECKHMM OCHOBAHHEM KJIACCHYECKOH TEepMoO-
quHaMukd. OHa yCTaHaBIHBaeT (QUIMYECKYIO MPUPOAY TEPMOAMHA-
MHYECKHX HapaMeTPOB, KOTOPHIC SBISIOTCS CPEAHMMH 3HAYECHHSMH
MHKPOCKOIIMYECKHIX MapaMETPOB CHCTEMBI.

CornacHo CTaTUCTHYECKOH (hU3MKE SHTPOMHUS S NPONOPIHOHAIBHA
norapudpmMy TepMOAMHAMHYECKOH BeposTHocT W (TepMoauHaMude-
cKas BepOATHOCTE W — 3TO 4MCIO pPa3sNUUHBIX MHKPOCOCTOSHUM, KO-
TOPBIMH MOXKET OBITh pEaNN30BaHO AAHHOE MaKPOCOCTOSHUE):

S = kinW,

rae k — nocrosuHag bonpMana.

Kak yXe roBopui1och, OCHOBHBIE 33KOHBI KJIACCHYECKOH TEPMOIH-
HaMHKM KacalOTCs H30JMPOBAaHHBIX CHCTEM. BONBIIMHCTBO TPHUPOA-
HBIX CHCTEM, B 4aCTHOCTH, B Onocdepe u Bcs 6nocdepa, He ABIAIOTCA
M30JIMPOBAaHHBIMU — OHH SBIAIOTCSA OTKPHITBIMH cucTemamu. Hempa-
BOMEPHOE INIPUMEHEHHE 3aKOHOB KJIACCHYECKOH TEPMOAMHAMHUKH K
OTKpBITBIM MM HEOTPAaHUYEHHBIM CHCTEMaM NMPUBOAUT K HEBEPHBIM
BoIBOJaM. Kiaccuueckas TepMOAMHAMMKa He MO3BOJISAET ONPEACIHTE
HaIlpaBJICHHE SBOJIIOLMH NIPUPOIHBIX CHCTEM.

CornacHo BTOpPOMY Hadany TEPMOIWHAMHKH 3BOIIONMS JOJDKHA
COCTOATH B Tepexojie K OJHOPOXHOCTH M PaBHOBECHIO, K XaoCy, IpU
KOTOPOM BO BCEX 4aCTAX CHCTeMBbI OyIeT oanHaKoBas TEMIIEPATypa.
TepMOIHHAMUYECKHH BBIBOJ O HATIPABICHHOCTH 3BOJIOLHMH HE COIIa-
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cyercs ¢ peajibHOM Ouonorudeckoi aponionuei Ha 3emie, Tae passu-
THE HIET OT IPOCTOro K cloxHOMy. Knaccuyeckas TepMOIUHAMHKA
He MOXET 00BACHUTb NPUYHHY CTPYKTYPUpPOBaHHs, HabJ101aeMoro B
XUBOH U HEXMBOI NPUPOLE.

TepmoarHamMuka MMEET OrpaHHYEHHUs Ha MaciuTabbl paccMaTpH-
BAaCMBIX SBICHUH KaK CHH3Y, TaK U CBEpXY. 3aKOHBI KNACCHUYCCKOM
TEPMOJMHAMMKH HEIPHMEHHMBI K MHKDOCHCTEMaM, pa3Mepbl KOTO-
PBIX CPAaBHUMEI ¢ pasMepaMH Mosekyl. C Jpyroit cTOpPOHBI, BEPXHSIs
[IPUMEHMMOCTh 3aKOHOB TEPMOJMHAMHKH ONpENENISETCS rajakTHye-
CKHMHM pa3sMepamy, IPpH KOTOPBIX ONPEACISIONIYIO PONb UTPAIOT Ipa-
BUTALMOHHBIC CHITBL.

HenpaBomepHoe ncnonb3oBaHUE BTOPOro Hadajla TEPMOIHHAMUKH
IUI PacCCMOTPEHHs IpPOoLiecCOB BO BceneHHOW NpHBENO K CO3MaHMIO
TEOPHH «TeIyioBoi cMepTu» Bceenennoil. CormacHo 3TOH TeopHH
Bcenennas paHo WM Mo3IHO TIPHUIAET B COCTOSHUE TEPMOJHHAMUYE-
CKOI'O PaBHOBECHS, IPH KOTOPOM BCE IPOIECCH NPEKPATATCS U MUP
HOTPY3HUTICA B COCTOSHUE TEILIOBOH cMmepTmy. Kimaysuyc nucan: «OHep-
I'Ms MHpa OCTaeTcs ITOCTOSHHOM, SHTPONHSA MHPA CTPEMHTCS K MaKcu-
MYyMY».

C Touku 3peHus coBpeMeHHOM (H3uku BceneHnas mpeacTaBiser
co0OH pacIIHpAIONIYIO CHCTEMY, TO €CTh HECTAlMOHAPHYIO CHCTEMY,
MO3TOMY 3a8KOHBI TEPMOAUHAMHKH HE MOTYT OBITh K HEH IIPHMEHEHE,

Knaccuueckas TepMOIMHAMUKA M3Y4aeT PABHOBECHbBIE MM KBa3H-
PaBHOBECHBIE TIPOLECCHI, TO €CTh IPOLECCH], MpoTeKaroume Gecko-
HeyHO MemieHHO. TakuMm o6pa3oM, KiaccHdeckas TEpMOAHMHAMHKA
SIBJIAETCS 1O CYTH TEPMOCTATHKOM M OHa HE MOXKET PEHIaTh BOIPOCHI,
CBS3aHHBIE C OMNpPEIEeNCHUEM CKOPOCTH HJIM BPEMEHH IPOTEKAHUA
TEPMOJUHAMHYECKUX MPOIECCOB.

INepelineM K KpaTKOMY PacCMOTPEHHIO OCHOBHBIX ITOJIOXKEHHH He-
JIMHEHHON HepaBHOBECHOH TEpPMOJAMHAaMHKH. B Hel yxke paccMarpu-
BAIOTCSl CHCTEMBI, HAXOIALINUECS B COCTOSIHUY, JANEKOM OT TEPMOIH-
HaMHYECKOTr0 paBHOBecHd. TepMOAMHAMHUYECKHE IapaMeTphl, TAKHE
KaK JAaBIICHUEC W TEMIIepaTypa, Y)KE He SBIAIOTCS XapaKTepUCTUKaMHU
BCEH CHCTEMBI, @ MOTYT MEHATHCS B Pa3sIMYHBIX YACTIX CHCTEMBI H BO
BpEMEHHU:

p=px,y,2,8), T=T(x,y,z,1).

CocTosHHE CHCTEMbl Ha3bIBaeTCs CTalMOHApHBIM, €CIIU TCPMOIHU-
HaMHYCCKUE MMapaMeTpbl HC 3aBHCAT OT BPEMEHH. B CTallHOHApHOM
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COCTOSIHHH B CUCTEME CYIIECTBYIOT HOTOKH, 00yCIOBIHBAIOLINE PO~
CTPAHCTBEHHOE pacrpe/ieleHre TepMOAMHAMHYECKUX TlapamMeTpos. B
OT/IMYHE OT TEPMOCTATUKK B COBPEMEHHOH TEPMOJMHAMHKE 3aKOHEI
BBIpaKarTcsA B AuddepeHimanbHoi (JlokanpHo#) Gopme.
HuddepenmansHas GopMa NepBoro 3akoHa OIPENEAAET, YTO CKO-
POCTh U3MEHEHHS TUIOTHOCTH Hepru € = dE/dV (rne E — sHeprus
cuctemsl, V — ee 00beM) B K&KI0H TOUKE CHCTEMBI paBHA JUBEPIeH-
(MK [IOTHOCTH TIOTOKA SHEPTHH J = £V (¥ — CKOPOCTh IIOTOKA), B3s-

TOW ¢ 06PAaTHBIM 3HAKOM:
deldt = — div .

TepMoAUHAMHYECKHE TPOIECCHl B HEPABHOBECHBIX CHCTEMAX IPO-
UCXOMAT TakK, YTO B KaKIOW TOYKE CHCTEMBI CKOPOCTh IPOU3BOACTBA
IIOTHOCTH 3HTporMH s = dS/dV (S — sHTpomys cucteMsl) OoblIe
HyIs:

(dsldr)i >0.

Tak KaK IMOJIHOE H3MEHEHHE IOTHOCTH SHTPOIIUH ONPEAENIETCS HE
TOJILKO MMPOU3BOJCTBOM IUIOTHOCTH 3HTPOIHH, HO U HOTOKAMH IIOT-
HOCTH JHTPOIMH, BTOpOE HayaJlo TEPMOJMHAMUKM B IHG(epeHuu-
aJIBHOM (popMe UMeET BUJ

ds/dt = - div J, + (dsldb)i,

rae j,= sV — IUIOTHOCTh MOTOKA dHTponuH. 3Hak div j; Mosxer

OBITH KAaK IOJIOKHTENBHBIM, TAK U OTPHULATENLHBIM, HO 3HAK (ds/dt);
BCErAa IOJIOKHTENBHBIH, YTO YKa3blBacT HA KOHEYHOCTH CKOPOCTH
TEPMOJAHHAMUYECKHUX TIPOLIECCOB.

CKopoCTb MPOM3BOJCTBA INIOTHOCTH SHTPONUM BBIPAXKAETCS 4epes
IUIOTHOCTh TIOTOKA j; M TEPMOAHHAMHYECKYIO CHIY X CIEAYIOLIUM
obOpazom:

(ds/dt)i = jir Xi

B 3aMKHYTBIX TCPMOJIMHAMHUYCCKHAX CUCTEMAX SHTPONHUA CTPEMHUTCA
K MaKcUMaJlbHOMY 3HA4YCHMIO, IIPU 3TOM CKOPOCTH H3MCHCHHA SHTPO-
NUHU CTPEMUTCA K HYIIO. OTH COOTHOLUEHHS ONpPEACIIAIOT IBOJIIOILIMIO
3aMKHYTBIX CHCTEM.

BBEJEHHWE B DKOJIOT'HIO O3EP 11

H. puroxun (Ilpuroxus, 2001) nokasai, 4ro B paMKax juHeHHOH
TepMOAMHAMHUKY (B JNUHEHHOM TEpMOIMHAMHKE TEPMOIMHAMHYCCKHE
MOTOKH JMHEGHHO CBSA3aHBI C TEPMOJWHAMHYECKUMH  CHIaMH

J, =2Lk, X;), rtme Ly — kuHeruyeckue KOMPHUIIMEHTH)
!

TEPMOJAMHAMHUYECKAs CHUCTEMa JBONIOLUMOHMPYET K COCTOSHHMIO C
HaWMEHBIIEH M3 BO3MOXHBIX B JaHHBIX YCIIOBHAX CKOPOCTBIO
IPOM3BOJICTBA JHTponMH. TakuM 00pa3oM, TepMOAWHAMHYECKAs
CHCTEMA CIPEMHTICI K CTaUMOHAPHOMY, HO HE PABHOBECHOMY
COCTOSIHUIO. DBOJIOLMOHHBIH KPUTEPUH OTKPBITOH CHCTEMBI, TaKUM
06pa3oM, OTIHYAETCA OT IBOJIIOLMOHHOTO KPUTEPUS 3aMKHYTOH CHCTE-
MelIpupoiHeie cHCTEMBI XapaKTEPH3YIOTCSl 3HAYUTEIBHBIM OTKIOHEHH-
€M OT PaBHOBECHOT'O COCTOSHMI.

ToJIBKO B 3THX yCNOBHSAX MOMKET BBIOJHATECS YCIOBUE IIPEBBIICHNS
9KCIIOPTA JHTPOIUH Haj ee npousBoacTeoM. OOpazoBaHUE CTPYKTYD B
CHCTEME HAYMHAETCA MOCNE TOro, KaK OTBOJ] IHTPOIIMH MIPEBBICHT HEKO-
TOpOE KpUTHYecKoe 3HayeHne. OTBOJ 3HTPONMH B CUCTEME MPOUCXOAUT
MOA IeHCTBHEM TaK Ha3BIBAEMOIO «IHTPOIMMHOIO HAacoCa». DHTPOIHH-
HBIE HACOCHI MOT'YT OBITH PacONOKEHbI KaK BHYTPH, TaK ¥ BHE CHCTEMBI.
IMTaccuBHBIE CTPYKTYpOOOpPa3yIOIHe CHCTEMB! CBA3AHBI CO CPEIOH, B KO-
TOPOH HAXOJATCSA SHTPONMUHBIC HACOCHL AKTHBHBIE CIpyKTypooOpa-
3YIOIIHE CHCTEMBI COACPXKAT BHYTPH cedst SHTpoNuiHbIE Hacockl [Ipu
JOCTIKEHHH OIpeieSIeHHBIX KPUTHUYECKMX 3HAYEHMH BHENIHHUX Iapa-
METPOB CHCTEMa MOXKET IIEPEXOJHTH B KaueCTBEHHO HOBOE COCTOSIHHE,
JTO HOBOE COCTOSHUE XapaKTepusyercs 0oliee BEICOKMM YPOBHEM CaAMO-
OpraHU3allky, BOBHUKHOBEHHUEM B CHCTEME MAKPOCKOIMYECKHX CTPYK-
TYp, KOTOPBIC Ha3bIBAIOTCS AMCCUIIATHBHBIMU CTpyKTypamu. IIpocreii-
UIMM TUIOM JMCCHIIATMBHBIX CTPYKTYP SBJLAIOTCA CTAlMOHApHBIE AMC-
CHIIATUBHBIE CTPYKTYPbI, HE H3MEHAIOMINECS BO BPEMEHH, JUI KOTOPBIX
Np¥H TIOCTOSHHBIX BHELTHUX YCIOBUAX

dS = dS, + dS; = 0,
ds, = - dS; < 0.

CucreMa OTHAET SHTPONHIO, YTOOBI KOMIIEHCHPOBATh €€ MPOH3BOJCT-
BO BHYTPH CHCTEMBL.

TTOCTOSHHBIA 3KCIOPT SHTPOIMH SABNAETCS HEOOXOIMMBIM TEpMOIH-
HaMUYECKHM YCJIOBHEM caMoopraHmsaimy. Hauanmo nporecca camoop-
rauu3anuy o0yCcIaBIUBAETCA HEYCTOHYMBOCTBIO TOTO WM HHOTO BHAA.
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Maxkpockonudeckre CTpPYKTypbl GOpMHUPYIOTCS NPH YCHICHHU MHKPO-
ckommuecKuX GuykTyaui. TepMoavHaMUYECKHe HEYCTOHYMBOCTH HI-
Py BOXXHYIO pOJIb HA PAHHMX JTanax dBOMIOLKMHK 3eMnH. PasBuTHe He-
YCTOWYMBOCTH 00YCIaBIMBACTCA TEM, YTO NPOCTPAHCTBECHHO CTPYKTYPH-
poBaHHas KoHGHUTYpawuys SHepreTHdecky 6oee BEINOIHA, YeM OHOPOI-
HOe pacnpenenenve. CHcTeMa ABIAETCS HEyCTOHYHMBOA, ecri oHa obna-
JAcT BO3MOMKHOCTBIO K OIITHMH3AIMH TEPMOAHHAMHYECKOTO COCTOSHHMA,
HAIPMMEP ITyTeM paszfeneHus Ha ¢asbl. PassuTHe HEYCTOHUHMBOCTH H
(GopMHUpOBaHME CTPYKTYP HacTO HaOMIOAaeTcss B THAPOAMHAMHYECKUX
CHCTEMAX, KOTOPBIE MOIYYAIOT SHEPTHIO OT BHELUHUX HCTOUYHHMKOB M Ha-
XOIATCA BJANMK OT COCTOSHHA paBHOBeCHs. XOpOIIO H3BECTHBIMM TIDH-
Mepamyl TAKHX THAPONMHAMUYECKMX CHCTEM SBJLIIOTCS, HAIllpUMEp, Te-
YeHHs, BOIHUKAIOIIHE MEX/Y BpallalOILIMMHICS LIHIMHIPAMH HITH CTPYK-
Typa Te4eHu#, BOSHUKAIOIMX NP OOTEKAHUH IIMIHHAPA IIOTOKOM XKHJ-
KocTH. B mocnemHem citydae, B 3aBHCHMOCTH OT uHcla PelHOnbiaca
(Re = dv/p, roe d — muamMeTp MIIAHAPA, V — CKOPOCTb, |{ — KHHEMATH-
yeckui K03(hGUIHEHT BA3KOCTH) CTPYKTYpa T€USHHsE MEHAeTcs OT CTa-
IIMOHAPHOTO, OCECHMMETPHYHOT0, OE30TPBIBHOIO K CTallHOHapHOMY He-
OCECUMMETPHYHOMY, aJie€ HeCTALMOHAPHOMY, IEPHOANYIECKOMY H, Ha-
KOHell, K TypOyJIeHTHOMY.

Jlnst HenvHeHHBIX AWHAMHYECKHAX CHCTEM XapaKTepHO Haluiue
KPHUTHYECKUX YIPABIAIOIIMX NAapaMeTpoB Mpolnecca, MpH MpeBbIle-
HUH KOTOPBIX MOBEJEHHE CHCTEMBI pe3ko m3Mmensercd. Hampumep, B
ciydae KOHBEKIMH OT TEIUIOBBIX HCTOYHHKOB YMPABISIOIMM I1apa-
METPOM SIBJIAETCS MOIUIHOCTE Harpesarens. Jjis TOYe4HOro HCTOUHHMKA
TeIUIa OpPH JOKPUTHYECKUX 3HAYEHHUSX MOABOAMMON MOLIHOCTH BO-
KpYT Harpesatens oGpasyercs CJIOH MPOrPeTOi XUAKOCTH C HE3HATH-
TENLHBIMM TPAJMEHTaMK TeMnepatypsi W ToTHocTH (Hamedkws,
1999). DOrta o00nacTh H3Ny4YaeT JMHEHHYX IHCCHNATHBHO-
IPABUTALHOHHYIO BONHY. IIpH yBEIMYEHHH MOIIHOCTH TEIUIOBOIO H3-
NydeHHs PacTeT CKOpPOCTh MHIYIHPOBAHHOTO TeyeHus. Ilpu mpesbl-
IIEHNY KPHTHYECKOrO 3HAUYCHUS MOIMIHOCTH INPOMCXOIHT PE3KOE H3-
MEHEHHE CTPYKTYPhI KOHBEKTHBHOIO TEUCHMs -— HaJ HarpeBaTelleM
(bopMupyeTCs BCIUIBIBAOLIAs CTPYs, BOKPYT KOTOPOH BO3HHKAET Ky-
O TIOrpyKarouefics KUAKOCTH. UHCIO KOHBEKTHUBHBIX CIOCB WIM
Ayeek, 00pa3yromuxcd Mpu GOPMHUPOBAHHH KOHBEKTHBHOIO JIBHIKE-
HUS OT TOYEYHOTO HWCTOYHHKA, 3aBMCUT OT IOABOJMMOM MOUIHOCTH.
Peanusyetcs HabOp KPUTHUECKHX 3HAUEHHM MOLIHOCTH, NPH MPEBEI-
IIEHUM KOTOPBIX YMC/IO KOHBEKTHBHBIX SYEEK YBEMMYNBACTCS HA €U~

HUILLY.

BBEJIEHUE B 3KOJIOT'MIO O3EP 13

Ilpn noCTHXEHHHU ONPENENeHHBIX KPUTHYECKHX 3HAYEHMH BHEIIHHX
[NapaMeTpoB CHCTEMA MOXET IIEPEXOUTEL B KAYECTBEHHO HOBOE COCTOS-
HHE. DTO HOBOE COCTOSHME XapaKTepu3yeIcsi Gosiee BHICOKMM YPOBHEM
CaMOOPraHM3alyy, BO3HMKHOBEHHMEM B CHCTEME MAaKPOCKOTIHYECKHX
CTPYKTYP, KOTOPbI€ HA3BIBAIOTCA JUCCHIIATHBHBIMU CTPYKTypamu. [lepe-
XOJ] CHCTEMBI B HOBOE COCTOSIHME IIPOHCXOIUT CKAYKOM TIPH HEKOTOPBIX
KPUTHYECKUX 3HAYEHHUAX NapaMeTpoB. [IpUHIMIHANEHO BaXKHO, UTO CHC-
TEMa MEHSET CBOC COCTOAHHE BEPOATHOCTHBIM 00pa3om. J{HarpamMma 3a-
BHCHMOCTH CKOPOCTH IPOM3BOACTBA 3HTPOIMY OT TEPMOJHHAMHYECKO#
CHUIBI COCTOMT M3 AByX obmacreii (cM. puc. 1.1).

B niepsoii 06nactH, rie CKOPOCTH NPOM3BOACTBA SHTPonMK obecre-
YMBAETCH XAOTHYECKHAM IOBEHECHHEM YaCTHI|, COCTABJAIOUINX CHCTE-
MYy, TIOBEJCHHE TEPMOJHMHAMHYECKONH CHCTEMBI ONUCHIBAETCA IHHEII-
HOH TepMOJMHaMHUKOH. Bo BTOpo# 06sacTH, B KOTOPO# CylIeCTBYIOT
NHMCCHUNATHBHBIE CTPYKTYPEI, ¥ IPOM3BOJCTBO SHTPOIHH 0GecrieunBa-
eTCsl MaKpOCKONMYECKHMH TpONeccaMy, ITOBCACHUE CHCTEMBI YiKe
OIMCHIBAETCA HEITUHEHHON TepMoanHaMukoil. Takoi mepexon oT oa-
HOT'O PEXUMa NPOM3BOJACTBA SHTPOIMY K JPYroMy HMEET MECTO, Ha-
TIPHMED, IIPH CMEHE JIAMHUHAPHOTO ABIDKEHUS Ha TypOyNeHTHOE WM
npy 06pa3oBaHMH KOHBEKTHBHBIX siueeK beHapa B )UAKOCTH B Ciiydae
YBEIUYEHN TPAJHEHTa TEMIIEPATyPHl.

e‘%ii\

. N
>
Xk X
Puc. 1.1. YnuBepcamphas juarpamma
9BOJIOLMM CHUCTEMBL. | — ofnacts Tep-

MOJMHAMHMYECKMX CHJI, TIPH KOTOPBIX
HPOH3BOACTBO 3HTPOIIMH OGECIeYUBaETCS
Xd0THYECKHM IIOBEJCHHEM 3JIEMEHTOB
cdcremsl; II — obnacts cymecrsosanus
JIMCCUIIATUBHBIX CTPYKTYp, THE IpOH3-
BOJICTBO JHTPOIMH 06ecreynBaeTCs Mak-
POCKOTIHYECKHMH TIpoLieccaMu
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KnaccuyeckuM MpHMEpPOM JMCCHIIATHBHBIX CTPYKTYP SBISIOTCA
LMPKYJIALUOHHbIE suelikn Benapa. IlpexcrasuM cebe CIEXYIONIYIO
KapTuHy. JKuAKOCTh, HalHTas B MIMPOKHHA IUIOCKUH KPYTIBIA cocyn,
HOJOTPEBAETCS CHU3Y, OXJIAXKAAeTCcid CBEpXy. bylem CdUuTaTh, 4TO
TUIOTHOCTh JINHEHHO 3aBHCHT OT TEMIIEPATyphl, BA3KOCTh H K03ddu-
IIHEHT TEIIONPOBOJHOCTH OT TEMIIEpATYPHI He 3aBHUCAT. TeMieparypa
Ha JHE ¥ TeMIIepaTypa Ha MOBEPXHOCTH XKHIKOCTH MOJAEPKHBAKOTC
HOCTOSHHBIMHM, @ Pa3sHOCTh TEMIIEPATYp [HA H IOBEPXHOCTH MOXHO
MeJAJIeHHO U3MeHATH (puc. 1.2).

T,

T,

Puc. 1.2. Obpasopanue sdeex
Benapa (a), Bug c6oxy. Sueit-
k1 benapa: Bug cepxy (6)

PaccMoTpuM moBeieHHE HEKOTOPOro Majnoro o0bema >KHAKOCTH
IIpY M3MEHEHUH eTo TeMmepatypsl. Ecnu temmepartypa 3toro o6bema
paBHa TeMIIEpaType OKPYXKAIOIIEH JXHIKOCTH, TO OH OyeT HaXOIUTh-
cq ¢ Hel B paBHoBecun. Ecnu B pesynbrare QurykTyaruii paccMarpu-
BaeMBIH 00BEM JKUIKOCTH MEPEMECTIUICS BBEPX, TO OH OKaXETCs cpe-
Ju Goee XONOAHON XHAKOCTH, ¥ Ha Hero OyZeT feHCTBOBATH BHITAJI-
kuBaromas cuna. [Ton aefictBueM 310# cuibl 06bEM KHAKOCTH fepe-
MECTHTCS elle BbIIe, BHITANKUBAIONIAs CHIAa BO3pacTeT U Tak JAajee.
O6pa3zyeTcs NONOXKUTENbHAass OOpaTHas CBS3b. AHAJIOTHYHO, TNPH
CMeIIEeHH: BooOpakaeMoro o0beMa >XKHIKOCTH BHH3 BO3HHKAeT IO-
JIOXHTeNbHas o0paTHas CBsA3b, NMPHBOIAIIAS K elle Oonee CHILHOMY
3arayOneHuro xugkocTd. Hapamy ¢ MexaHW3MaMM HOJNOXKHTENBHOM
00paTHOH CBSA3U CYIIECTBYIOT MEXaHH3MBl OTPHLIATENHHON 06paTHOM
CBs3H, 00YCIOBICHHbIE BA3KOCThIO M And dy3uel Tema.

ByneM yBennuuBath pasHOCTE TEMIIEPATYpP MEXIY AHOM H MOBEPX-
HOCTBIO JKMIKOCTH. [locie TOro, Kak rpafueHT TeMNepaTypsl B XKHI-
KOCTH TIPEBBICHT HEKOTOPOE KPUTHYECKOE 3HAYEHHE, BCS KUIKOCTH B
cocyae pa3buBaeTcs Ha CUCTEMY T'€KCarOHaJIbHBIX HUPKYIALHOHHBIX
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syeeK. B ueHTpanbHOlM 9acTu s4elKH KUIKOCT NOJHAMACTCS, a B 110-
TPaHWYHBIX GOKOBBIX IPAHAX OINyCKAeTCs. B MOBEPXHOCTHOM Cloe
KHIKOCTh PAacTeKaeTCs OT LEHTPa K KpasM, a B NPUIOHHOM — Ha060-
POT. B 3aBMCHMOCTH OT 3HaKa TEMINEPATYPHOIl 3aBHCHMOCTH k03 hu-
IIMCHTa MOJICKYJISPHOH BSI3KOCTA OT TEMIIEPATYpHI HATIPABIICHUE [BH-
KCHMA B SYCHKAX M3MeHseTcs Ha oGpartHoe. ITpn MIOAOTPEBAHNH TOH-
KOI'0 TNPOTSKCHHOTO CIIOS BO3MOXHO BO3HHKHOBEHHE KOHBEKTHBHBIX
sueeK B (popMe Banos. IT0BEPXHOCTHOE HATSIKEHHE KHIKOCTH BCIEICT-
BHC 3aBUCHMOCTH KO3 ()HIMEHTA IOBEPXHOCTHOTO HATHKEHUA OT TeM-
TEPATyPhl MOXET OCINOXHUTP SBJICHUE. BO3HMKHOBEHHME LMPKYJIALH-
OHHBIX fYeeK obecrneunBaeT mepefady GONBILErO TEMIOBOro HOTOKA B
KMIIKOCTH TI0 CPABHEHHIO C TEIUIOBbIM NOTOKOM, KOTOPbIH mepeaBacst
TOJIBKO 33 CYET MONCKYJIAPHOH TeronposoaHoctd (puc. 1.3). urant-
CKasl CTPYKTypa TakuX sigeek Habmonaercs na CoNHIe, ABHKEHHE Ma-
TEPUKOB 00YCIIOB/IEHO KOHBEKTUBHBIMH TIPOLIECCAMH B 3eMile,

@ilk

. 7
(grad T), (grad T)

Puc. 1.3. 3aBHCHMOCTD CKOPOCTH 11po-
M3BOJICTBA JHTPOIIMM B JKMIKOCTH OT
BEPTHKAJIBHO HATIPABJIEHHOTO IPaHEH-
Ta Temneparypsl. 1 — o6nacTp xaoTH-
HECKOro ABMXEHUS MOJeKyI; 11 — 06-
J1aCTh KOHBEKTHBHAIX TOTOKOB

Ecin 310T ke cocyn, He Harpesas ero CHH3y, 3aCTABUTD BUOpHpO-
BaTh, TO B XMAKOCTH NPH ONPENEICHHBIX YaCTOTaX BUOPALMH MOrYT
BO3HHUKATH YIIOPANOYCHHBIC CTPYKTYpBI, 00YCIOBIEHHBIE YK BHELI-
HUM MEXAHUYECKHUM BO3AEHCTBUEM.

IIpuBeseM OueHKY 3KCIIOpTa SHTPONMM Juis sueek Bewapa (oM.
O6enunr, 1979). Ilycts Temneparypa HUKHEH FOBEPXHOCTH paBHa T,
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a TEMIIEpaTypa BEPXHEH MOBEPXHOCTH paBHa 1z, @ B €AHHHIY BpeMEHH
OT HIKHell IOBEPXHOCTH K BEpXHeH NocTymaeT NOTOK TeIIa ¢. B sTom
Cllyyae MOJIHBIM MOTOK 3HTPONHM 4Yepe3 IPaHUUYHYIO MOBEPXHOCTH CHC-
TEMBI paBeH:

ds./dt = q (T, - 1/Ty) = q(T, - T\ T, T,<0.

Taxum 06pa3oM, cHCTeMa SKCIOPTHPYeET SHTponuio. Yucno Panes,
XapakTepu3yIollee Mepy OTKJIOHEHHSA OT IOJIOXKEHHS PaBHOBECH,
paBHO:

Ra = gaph*/xp,

rfie g — yCKopeHue CBOGOIHOro nageHus, h — TomuHa cios, B —
IPaJMEHT TEMIIEPATYPhI, 0 — K03 (UIHEHT 06BEMHOIO PACHIMPEHHS,
K — K03 QHUHUEHT TEMIONPOBOJHOCTH, i — KOIPPHLIMEHT KHHEMA-
tHueckoi Baskoctu. Yucino Hyccenbra Na, Xapakrepusyroliee Mepy
OTKJIOHEHHS OT JIMHEHHOTO peXMMa, PaBHO OTHOIIECHMIO MOJIHOrO Te-
IJIOBOI'0 MOTOKA U Y4aCTH TEIUIOBOTO MOTOKA, 00yCIOBIEHHOrO TEILIO-
npoBoaHocTeto. Ha 3aBucumoctn Na oT Ra CymecTByeT HECKOJIBKO
1370MOB. IIpH COOTBETCTBYIONIMX KPHTHYECKUX 3HaYeHMAX Ra mpo-
HCXOAUT MEPECTPOIKA XapaKTepa KOHBEKTUBHBIX JIBMKEHUH, H3MCHS-
€TCsl CKOPOCTh IPOU3BOACTBA IHTPOIIMH.

B peanbHBIX YCIOBHSX NPOTEKaHHe sfBIeHMA beHapa MHOTO CIOX-
Hee. 3HAYMTENBHYIO POJIb HIPAIOT 3aBUCMMOCTb NIOBEPXHOCTHOTO Ha-
TSOKEHHS OT TEMIIEPATYPbI M HEYCTOHIHBOCTH MapaHroHH.

TIpuMeHHUTENBHO K CUCTEME BOAa—aTMO(Epa MOXKHO IIPUBECTH ClIe-
AyIOlMe IPUMEPHI: MHKPOKOHBEKTHUBHbIE sueiiku MapaHroHH, Bo3-
HUKAIOIHMe B MHJUIMMETPOBOM IOBEPXHOCTHOM CIIO€ BOJBI; KPYITHO-
MacmTabHBIE CTPYKTYpBI, TaKue KaK OOJauyHbIE CUCTEMEI, YparaHel u
Tal(yHbl, BO3HUKAIOIHE HA TPaHHNIE pasfena IByX HEPaBHOBECHBIX
Cpell; LMpKYJISIHOHHBIE CTPYKTYps! Jlenrmiopa u Tepmobap. Iponec-
cbl HOpMHpOBaHMS M OJBONIOLMHM HEPABHOBECHBIX [HCCHITATHBHBIX
CHCTEM [0 HACTOSILErO BPEMEHM OCTAIOTCA Majno H3yueHHeIMH. Ha-
XOJACh B TEPMUIECKH HEPABHOBECHOM COCTOSHHH, OKEaH U aTMoche-
pa o6MenuBaroTcs dHepruell u Maccoit. M B arMocdepe, 1 B OKeaHe
npH 3TOM (POPMHUPYIOTCH YCIOBHA, NPUBOISAILIME K BOSHUKHOBEHHIO
KPYNHOMACIITaOHBIX ABMXKECHUH BO3IYLIHBIX M BOJHBIX Macc, KOTO-
PBIE U COCTABNAOT OOLLYIO HUPKYIALHIO aTMOC(EPEI H OKeaHa.

Liupxynauuu JleHrmiopa, IOBCEMECTHO HabJIIOaeMble B IIUPOKOM
JMANa3oHe TUAPOMETEOPOIOrHYECKHX YCIOBHH Ha MOBEPXHOCTH MO-
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pedl H 03ep, TaKXKE ABIAIOTCA NPHMEPOM JHCCHIIATHBHBIX CTPYKTYP.
BosunkHoBenne LUpKyasauuii Jlenrmiopa obecreuusaer Gonee HH-
TCHCUBHOE BEPTUKANBHOE IIEPepaclipe/ie/iCHHe Tella U HMIyJibca B
IPUIIOBEPXHOCTHOM ciioe Bofjoema. Llupkymsimu Jledrmiopa oGecne-
YMBAIOT HMHTCHCHBHOE BEPTHKAIBLHOC MEpepacTpeseiedHe Tella H
UMIIyJ/IbCa B BEPXHEM IPHUIIOBEPXHOCTHOM clioe (M. mogpobHee pas-
zen 4.7, om 1 HacTosue kHury).

Hupkynamyu Jlenrmiopa, KOTOpble HHOTAA HA3BIBAIOT TAKKE BUX-
psamu Jlenrmiopa, mpencTaBisior coboil pasHOHanpaBieHHBIE KOTe-
PEHTHBIC BUXPEBBIE CTPYKTYPBI C TOPU3OHTAIBHBIMHU OCSMH, Iapai-
JIeNbHBIMHA HAaIPaBJIEHHIO NPHBOJHOTO BeTpa. Llnpkynsuuu Jlenrmro-
pa co3qarT 0coOBI THAPOPU3NIECKUH, THIPOXUMHYECKHH H THAPO-
OHONOTMYECKHH PEXHMBI B BEPXHHX CIOAX OKCAHOB, MOPEH, 03€p U
Bojoxpanunu (Psmxkug, 1999 cMm. k. Kondratyev, Filatov, 1999;
IToxazees, ®unatos, 2002).

JpyruM sBjIeHHEM, KOTOPOE MOXHO TPAaKTOBAaTh, KaK [POSBJIECHHE
NUCCUIIATUBHEIX CTPYKTYp fABAseTCA TepMudeckuil Gap (TepixeBuk,
1995; Haymesnko, 1996; Iokazees, ®unaros, 2002).

Tepmobap mnu QpoHTANBHBIA pa3fien pa3je/sieT BOAOEM Ha JIBE
yacTd. PopmupoBaHre TepMobapa B NPECHBIX BOJOEMAaX CBA3AHO C
aHOMAaNbHBIM COCTOSIHHEM IPECHBIX BOJ — MaKCHMAJIBHOM ILIOTHO-
cTei0 BoA npu Temnepatype 3,98 °C. Tepmobap Moxer (popmupo-
BaTbCs B BECEHHUH U OCCHHHUH NEPHO/IBL.

B nepuon Becennero nporpesa (Wi OCEHHET0 OXJIAX/ICHHSA) B Ipe-
CHOBOJHBIX 03€pax 30HbI YMEPEHHOro KIUMata GopMupyercs GpoH-
TanbHBIH paznen. Ilpupona Tepmobapa B BECEHHHU HEPHOJ CBA3aHA C
KOHBEKIHEH NMPH AOCTH)KEHHM HAa MEIKOBOJABE TEMIEPATYPHI BOJBI
HAMOONbIIEH IIOTHOCTH. B 370i 30He Gonee Terwiple, HO IUIOTHBIE
BOJIBI OIyCKaIOTCH 10 AHA, GopMupys GpoHTaNbHEIN pa3aen (TepMo-
6ap), B KOTOPOM HaOJIIOAAETC HUCXOAALIEE TEUEHHE, COCPEIOTOUCH-
HOE€ B OTHOCHTEJBHO Y3KOH nosoce. IIpu 3ToM ropusoHTaibHbIH 06-
MEH MEXIy 3TUMHU 00NacTsIMH OTCYTCTBYeT. TemreparypHblit GpOHT
dopmupyercs BOnM3M Gepera u, pacnonarasch, Kak IpaBuwiio, mapai-
JIEJIBHO €My, MOCTENEHHO NMPOABUIacTCs K LEHTPY o3epa. Bpems cy-
IECTBOBaHUA TepMo6apa MOKET ObITh OT HECKOJIBKHX CYTOK 0 ABYX-
TpexX Mecs1eB. B BeceHHHH U OCEHHUI neproabl TepMobap OKa3bIBaeT
fonplOe BIHMSHHME Ha TepepaclpesesieHde Teria, IepeMenIHBaHue
BOJHBIX Macc 1 APyrue TEPMOTHAPOANHAMUYECKHE MPOLIECCH B BOJO-
emax. Orpann4uBas ropU30HTANEHOE [TepeMellIMBaHIE BOJ, BECEHHHI
TepMOOap BIMACT HAa HAKOIUIEHHE OHOrE€HHBIX 3JIEMEHTOB W pa3iiiy-
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HOTO pojia 3arpsA3HEHHH B NPUOPEKHBIX PAHOHAX, M TEM CAMBIM CIIO-
cobcTBYeT YXyZLIEHHIO CAHUTAPHOTO COCTOAHMS BOAOEMOB. Cnexvm-
¢uKa TEpPMOrMAPOANHAMUYECKUX MPOLECCOB B 03¢Pax B BECEHHHH U
OCEHHHIT TIEpPHOJIB, CBS3aHHAs ¢ BOSHHKHOBEHHEM TepMo0Gapa, IpHBO-
JUT K GBICTPOMY PaclipOCTPaHEHHIO 3aTPASHEHUE OT ITOBEPXHOCTH 10
JIHA B 30HE CXOKI€HHUS KOHBEKTHBHBIX AYCEK.

CyIecTBYIOT POCTPAHCTBEHHBIE, BPEMEHHBIE M NPOCTPAaHCTBEHHO-
BPEMEHHBIE JIMCCUTIATHBHBIC CTPYKTYpPbL. BpeMeHHbIE ¥ IPOCTPaHCTBEH-
HO-BPEMEHHBIE JACCHTIATHBHBIE CTPYKTYDPbl BO3HHKAIOT, HAPUMED, NPH
TIPOTEKAHHUU HEKOTOPHIX HENMMHEHHBIX XMMUYCCKHX PEaKIIUH.

XOpOIIo U3BECTHBIM IIPHMEPOM TAKHMX PEAKLUH ABIAIOTCSA PEAKIIHH
Benoycosa (puc. 1.4). B 1951 r. benoycoB nokasal, 410 B CMECH JH-
MOHHO# KucnoTs), 6Gpomata kamus KBrO; u cynehara uepus Ce(SO4)2
TPOUCXOMNT PEaKls BOCCTAHOBIICHHS LIEPUSL:

Ce**— Ce** + Br~

M peaKiis OKUCIICHHA NEPYAL

Prc. 1.4. KoHIeHTpaloHHbIE BOJHEI B peakuuu benoycosa (a), BJOXCHHBIE
BONHHI B peakuuy benoycosa (6)

Peakuus oxucieHus UECpHUs ABISAECTCH aBTOKaTaHHTH‘{CCKOﬁ, TO €CTh
NpOAYKTHI peaKIUU SBJIAIOTCA €e KarajJlu3aTopaMu. Cuauana IPOTEKA-
€T MeUICHHAas peaKIus BOCCTAHOBJICHHA LCpHs, TaK KaK Br JCUCTBY-
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eT Kak CWIbHBIA 3amemutens. [locne mpespamenus Bcero Ce'' B
Ce**nauunaerca 6picTpas peaxmus okuciuenus Ce’*. 3arem mpowuecc
noBTOpsieTca CHavana. Tak kak u36bITok Ce’*okpanrMBaeT pacTBOp B
KpacHbIi 1uBeT, a u3bprox Ce*' okpammBaer pactsop B CHHMH, Ha-
OmogaeTcs MEPUOAMYECKOe M3MEHEHHE LBera pacrBopa. Konebanus
OyZyT MPOHCXOIUTH [0 TEX IOp, MOKa He OYIyT H3PacXomOBaHbI BCE
peakTBbl peakuuH. IIpy nmpoTekaHHM 3THX XHMHUYECKHX PEaKLuii B
TOHKOM coe OyfeT MMeTh MecTo 06pasoBaHHE NPOCTPAHCTBEHHO-
BPEMEHHBIX CTPYKTYP, KOTOpBIE UMEIOT (GOPMY KOJBIEBBIX HIH CITH-
panpHbIX BOAH. CrupasnbHble BOJNHBI 06pasyloTcs NpH pasphbiBe IUIo-
CKHX HIIM KOJBUEBBIX BOJIH. VICTOYHMKH KONBLEBBIX BOJIH Ha3BIBAIOT-
Csl BEAYLIMMH LIEHTPAMH, KOTOPbIE BO3HHKAIOT B pe3yNbTaTe CIIydai-
HBIX QIIyKTyaluni KOHICHTPALH.

O6mmuM B Iponeccax caMOOpraHi3alUy ABIAETCS COBMECTHOE K
KOTEpEHTHOE JBHXKEHHE OONBIIOrO 4HCHa 3JIEMEHTOB CHCTeMBL. [Jlis
TaKUX HPOLECCOB CAMOOPraHU3aLMH HCHOJb3YETCAd TEPMUH «CHHEp-
TETHKa», NPOUCXOIAIUN OT IPEYECKOr0 Synergeia, 4TO 3HAYUT CO-
BMECTHOE HJIH KOONEepaTuBHoe AekcTBHe. IIpupoza mporeccoB caMo-
OpraHH3aLlMH 3aKII0YaeTCs B TOM, 4TO TEPMOJHHAMHYECKAs CHCTEMA,
Haxosuasicsd BAAIM OT paBHOBECHOI'O COCTOSHHA B HEJNHHEHHOH 06-
JaCTH TepAeT YCTOMYHMBOCTD M MOZA AeHCTBHEM MaibIX (QIyKTyauuii
[IEPEXOIUT B HOBOE COCTOSHME, IPH KOTOPOM B CHCTEME peau3yeTcs
KOOIIEpaTHBHOE JBIKEHHE MAKPOCKOIIMUECKHX YaCTHL] CHCTEMEL.

BeiBoa HENMHEHHOM TEpPMOIMHAMHUKM O BO3MOXKHOCTH 00pa3oBa-
HHS CTPYKTYP, TO €CThb O BO3MOXHOCTH CaMOpa3BUTHS CHCTEMBI 6e3
BHELIHUX OPraHU3YIOWHX (HaKTOPOB SABAACTCS NPHHLHUIHAIBHO BaX-
HBIM, TaK KaK [IPUBOIUT K BO3MOXHOCTH 00pa3oBaHUsA KH3HU €CTECT-
BEHHBIM ITyTeM, 0€3 BMEIIaTe/IbCTBAa CTOPOHHHX CHIL.

OCHOBHBIM HCTOYHMKOM 3HEPIHH, [IOCTYNAOUIeH Ha 3eMIt0, SBIs-
ercsa Connue. ConHeuHoe u3ay4eHUue GopMUpyercs B pe3ysibTaTe HH-
TEHCHBHOI'O B3aHMOJEHCTBHA C BEILECTBOM B BepxHHX ciosx Connua
¥ HaxoIUTCA C HUM B PaBHOBECHH. DJIEKTPOMATHUTHOE H3JyYeHHE
CoslHIIa MOXHO XapaKTepH30BaTh ABYMs TEMIIEPAaTypaMy — SHepre-
THYeCKOH, koTopas onpexpensercd 3akoHoM CredaHa-bonplmMana u
CIEKTPaJIBHOM, ompeaensaeMoit U3 3akoHa BuHa. s paBHOBECHOIO
M3ITy4eHHs 9TH TeMIIepaTypsl paBHHL. [TokazareneM HEPaBHOBECHOCTH
U3TYYEHHUS MOXET CIYXHUTh Pa3HOCTh SHEPreTHYCCKOH U CIEKTpaib-
HoH Temmepatyp. Ilo mepe ynaneHus ot noBepxHocTH CosHIa ssep-
reTHYecKast TeMIIeparypa NaiaeT, a CIeKTpaibHas TeMIeparypa ocTa-
erca 6e3 n3MeHeHus. Takum oOpa3oM, HEPABHOBECHOCTb M3JIyUEHHs
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1o mepe yaanenns or ConHna Bo3pactaeT. [Io3ToMy ¢ yBenvueHnem
paccrosiaus ot ConHua co3jarorcs Gonee 61arompUATHBIE YCIOBUSA
JUIS TIPOLIECCOB CaMOOPTaHM3allM{, KOTOPBIE MIPOTEKAIOT B HEPABHO-
BeCHbIX yCsoBusiX. C Ipyroit CTOPOHLI, CIOXKHOCTh 00pa3yeMBIX CHC-
TEM 3aBUCHT OT Temmepatypsl. C yBennuenuem pacctosHus oT Cons-
I1a TemIeparypa lajaer, No3TOMY CYLIECTBYET HEKOTOPOE ONTHMANIb-
HOE PacCTOSHHE, Ha KOTOPOM BO3MOXHO 00pasoBaHHE CHCTEM Mak-
CHMANBHOW CIIOKHOCTH. YPOBEHb CaMOOPraHH3alldd CHCTEMBI OIIpe-
JenseTca CTENeHbIO OTKJIOHCHHS OT DPaBHOBECHOTO COCTOSHUSA H
YPOBHEM CIIOXHOCTH. B conmHewHoli cucreme Hauboliee ONTUMANBHOE
COYETaHWE HA3BaHHBIX IAPAMETPOB HAOIIOJAETCS HA PACCTOSHUAX,
cootBeTcTByronMXx opbure 3emnu. Takum obpasom, B Conneunoi
cucTeMe HaubOMbIIMI YPOBEHb CAaMOOPTaHHW3AIUH MOXKET OBITH 0C-
TUTHYT Ha 3eMIIE.

3eMIli HAXOMWTCS B COCTOSHHWM JHEPreTHYECKOTO PABHOBECHS C
IPHXOAIINM COMTHEYHBIM H3TydeHueM. Cpeanss Temieparypa 3eMiiu
MOYTH HE H3MEHAETCS yIKE HECKONIBKO MIIIIMOHOB JieT. CrieKTpabHas
W3JIydaresbHas CocoOHOCTh CONHEYHOro M3IyYeHHA ONM3Ka K Tem-
neparype abcomorHo gepHoro Tena rnpu 6000° K u cymiectBenno ot-
AMYaeTcs OT aHAJIOTMYHOM XapaKTePUCTHKY 3€MHOTO M3Jy4eHus. JTO
00yCIIOBICHO TEM, 4TO CPEAHAA TEMIEpaTtypa 3eMiM ropasfio HUXe
— oxkono 300° K. ITpu paBeHCTBE MOIIHOCTH NaJaloNIEro Ha 3eMIIIO 1
MCIyCKaeMOro eif u3jiydeHus H TaKOM pasiMYHH CIEKTPAIBHBIX Xa-
PaKkTepUCTUK 3eMis n3y4aer npuMepHo B 20 pa3 Gonbie GpoToHOB,
yeM OHa MX nornomaer. IIOTHOCTh 3HTPOIMH M3NyYEHHS IPONOP-
(MOHAILHA IUIOTHOCTH (OTOHOB, 3HAYMT, 3EMJIA M3Ny4YacT SHTPOIHH
B 20 pa3 Gosbire, yeM nonydaeT. To ecTb 3emis ABJIACTCA MOLIHBIM
reHepaTopoM SHTPOIHU. DTOT POCT CKOPOCTH HPOM3BOJACTBA SHTPO-
nuH 00ECEYnBAETCS NUCCHIIATHBHBIME CTPYKTYypaMH, CYyLIECTBYO-
UMK Ha Hame# miarete, B 6uocdepe. OMHNM M3 OCHOBHBIX NIPH3HA-
KOB CaMOOPTaHU3YIOILEHCS CHCTEMBI SBJIACTCA KOTEPEHTHOE MOBEIE-
HKe ee 27eMeHTOB. [IpUMEepOM KOrepeHTHOTO NOBEACHHMS ABIAIOTCA
KpynHoMacuTabHble TeYEHUs U BUXPeBble 00pa3oBaHus B aTMocdepe,
okeane u o3epax. J[yisA )KUBBIX CYHIECTB TAKXKE XapaKTEPHO KOTEPEHT-
HOe MOBEJEHHE, KOTOpOe B 3TOM ciiydyae oOecreyuBaercs TeHeTHYe-
CKHM KOJOM HIIH CTEPEOTHIIAMH IIOBEACHHA.

IlpuBeneM OLIEHKY 9SKCHIOpPTa 3HTpomHMy Ha 3emiue. IlnoTHOCTH
IHEPrHH abCONIOTHO YEPHOTO M3ITydeHHs paBHa: I, = oT*, a mior-
HOCTb 3HTPONHUHN — [ = (4/3)T°. Beipaxast I uepes I,, nonaydum:
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I, =(4/3) 1, /T.
Taxum 06pa3oM, CKOPOCTh IIPOU3BOCTBA IHTPONMHU HA 3EMIIE paBHA:
ds.ldt = (4/3) I,(1/T. - 1/T3),

rge T, — TeMIieparypa COJHEYHOTO M3NydeHus, T3 — CpeaHss TeM-
neparypa noepxHoctd 3emid. [loacTaBuB COOTBETCTBYIOLIME IHb-
PBL, IonyunM, uto dS,/dt = —6x10"* B1/K. Onenxy 3KcIopTa 3HTpO-
OMH 33 CYET Pa3HOCTH TEMIIEPATYpP BHYTPEHHHX M IOBEPXHOCTHBIX
clI0eB 3eMIIM JaeT BeIWYMHY HA TPH MOpAAKa MeHbUIylo. Takum 06-
Pa3oM, OCHOBHYIO pOJIb B 3KCIIOPTE SHTPOIHH MIpacT KOPOTKOBOJIHO-
BOC CONHEYHOE H3ITyYeHHE. DKCIOPT JHTPONHU 00eCIEeYHBacT KOM-
TICHCAIMIO €€ IPOMU3BOJACTBA B 36MHBIX o0osioukax. Kiimmarndeckue u
MOTOHbIE MPOLIECCH] ABJIAIOTCA Hanbonee 3HTponuitHO eMKuMH. Kos-
BEKTHBHBIE MarMaTHYeCKHE MpOLEcCH ABIAOTCS (OpMOH Auccuna-
THUBHBIX CTPYKTYP, IIOROOHBIX suelikaM benapa. Onenku yncia Penes
JUIS MarMbl Jal0T HaJkpuTHdeckde 3HaueHus. CTpyKTypa BO3HHKAIO-
IHX KOHBEKTHUBHBIX SYEEK 3HAYHUTEIHHO OCIJIOXKHAECTCS BCIIEACTBUE
Bpamenus 3emiau. CortacHO HEKOTOPBIM MOJENsIM Apei( KOHTHHEH-
TOB 00YCJIOBJIEH MIMCHHO KOHBEKTHBHBIMHU TeYeHUSMH. CHCTEMBI T'H-
FaHTCKUX atMoc@epHbIX sdeek Xommu, Deppens, MOJAPHLIE TYCHKH
hOpMHUPYIOTCA H3-332 Pa3HOCTH TEMIIepaTyp M JeHCTBHS OTKJIOHSIO-
et cunel Kopuosnmca.

ITocne 3TOrO KpaTKOro BBEAEHHS OCTAHOBHMCS HA OIPEACICHUH
3KOJIOTHH, KOTOPOE ABJIAETCA, C OQHOH CTOPOHBI, Haubonee obumm, a
¢ Apyroi cropoHsl — Haubounee "dusndeckum”. IIpu 3TOM 3Komorus
TIOHMMAeTCsd KaK Hayka, W3y4aroimas IPOLEeCChl CaMOOPraHU3allut K
3BOJIIOIMK CHUCTEM B KHUBOU M HEXHMBOH mpupope. [Ipu Takom ompe-
JCJIEHHH X0powo BuaHa ocobas poib GU3MKKM B M3yYEHHWH BaKHEH-
M npo6iieM sKoorud. Kpyr 3THX BOIpPocoB MOXXET OBITH BBIAEIEH
B 0co0yI0 oTpacis QU3MKH — 3KONOrH4Yeckyro ¢usuky. I'eopusuka
(dbusmka 3emnu), u3yyarowas, B YaCTHOCTH, GH3NYECKHE MPOLECCH B
matoctepe, ruapochepe, aTMochepe, Mo CyTH, HCCIEAYeT (usnde-
ckhe npoueccel B Guocoepe. Duzuka, Hakonupmas OoraTeHiimi
OIBIT HCCIIEAOBAHHS 3aKOHOMEPHOCTEH (HU3MIECKHX IPOLECCOB, IIPO-
TeKaroumx B 0000ukax 3eMITH, Ha CTHIKE KOTOPBIX ¥ (HOPMHPYIOTCS
KH3HEHHO-BaXHBIE 3KOCHCTEMBI, TOBEPKEHHbIC BIMAHHIO TEO3BO-
JIFOLHOHHOTO ¥ KaTacTpO(QHUUYECKH BO3PACTAIOLIEr0 aHTPOIOIE€HHOro
dbakTopa, MOXKET B3aTh Ha ce0s pelreHHe psaga NpobineM, CBA3aHHBIX C
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037I0POBJIEHHEM OKpYKaromei cpepl. LIIMpokuii crieKTp Ppu3HIecKux
METOOB U3Y4YCHHUS BEIIECTBA JIOJDKEH HaWTH NPHMEHEHHE B CO3NaHHH
3¢ EKTHBHBIX CPEJICTB MOHHTOPHHTa 3KOCUCTEM Pa3iIMYHOIO YPOBHS.
OrmeiT pa3paboTku PUINKO-MATEMATHYECKMX MOJENEH NPHPOIHBIX
HPOIECCOB TAKKE MOXET OBITh MOJIE3HBIM B MCCHECHOBAHUH BJIHAHHS
AHTPOMOreHHBIX BO3JACHCTBUHI HA QYHKIMOHUPOBAHHME JKOCHCTEM.
Bce mepeyncieHHBIE HAnpaBlEHHS MOTYT ObITH OTHECEHBI K chepe
MHTEPECOB HOBOH pa3BuBarouIciics oONaCcTH HAayKH, HaxonsIeics Ha
CTBIKE KOJIOTHH U QU3UKH, — JKoJorudeckoi pusuku. Comepxanue
9T0H 06J1aCTH elle YeTKO HE OIPEEsIeHO M HAXOAUTCI B CTAAUH CTa-
HOBJIEHHS, O YeM CBHCTENBECTBYIOT MaTepHalsl Tpex Beepoccuiickux
koudepenimi «Pusndyeckre TPoOIEMBl SKOJIOTUWY, MPOBEICHHEBIC B
1997, 1999, 2001 rr. s MI'Y.

1.2. OcHOBHBIE NOHATHS IKOJTOTHH 03ep

DKOJIOTUSl MMEET CIOXHYI0 CTpykTypy. Hanpumep, H.®. Peiimepc
(1994) nacuuTtsiBan okono 150 3K0NMOrHUeCKUX HayK. Bolieaum Toiib-
KO OCHOBHBIE OJIOKM €ro IoJApa3fencHus, B KOTOPBIE BXOOUT MHOIO
OTHENbHBIX HAYYHBLIX HANpaBICHUH: 3KOJOrUs CHCTEMATHYECKHX
TPYIIN, 3KOJIOTHS MEPAPXUH KUBOTO, GaKTOpaNbHas IKOJIOTHS, IKONO-
TUs cpeal OOUTaHUS, XPOHOBKOJIOIHSA, IKCIIEPUMEHTAIBHAS KOOI U,
3KOJIOTHS YEIOBEKA, IPUKIIAHAS 3KOJIOTHs, IKOIOTHsA KYJIbTYD.

ITo mmpoTe 0XBaTa 3KOJOTHs CMBIKAETCA ¢ HayKaMH, U3yJaroIUMHI
ouocdepy 3emnn. Briepssie TepMuH 6uocdepa Obu1 BBEJCH I€0JI0roM
3rocom. B.U. Bepuaackuii no CyTH HAIOIHUI 3TOT TEPMHUH HOBBIM
conepxxanueM. brochepa — croxHas TEPMOAUHAMUYCCKH OTKPbITas
CHCTEMa, BKIIOYaromasi B cebs BepXHHE CIIOM 36MHOH KODBI, THIPO-
chepy, armocepy, BMECTE C HACEAIOLIMMY HX )XHBBIMH OpraHU3Ma-
mu. CornacHo B.Y. BepHaackomy, B GopMupoBanuu 6uocdepsl Hr-
pana u WrpaeT BaxHeHuIylo ponp upas npupona. Ilousa, mHorue
OcafloYHbIE IOPOAEI, arMochepa SBIAIOTCS NPOLYKTOM >KM3HEHEes-
TENBHOCTH YKUBOH NPHPOJIEL

YenoBek CYMIECTBEHHO H3MEHMI XapaKTep B3aUMOOTHOIICHUH KHU-
BOIl M HeXUBOH NMpupoAsl. B HacTosmee BpeMs 00bEM IOPHBIX BBIPa-
00TOK 110 MacmTaby cOM3MEpHM ¢ 06BEMOM TOPHBIX MOPOJ, NepeMe-
maeMsIx npu 3emierpscenuax. IIpyu no6pue TONBKO YEPHBIX ¥ IBET-
HBIX METAJUIOB €XEroJHO B MHDE B OTXOAaX OTKJIA/BIBACTCS OKOJIO
3 MIpA. M° XBOCTOB (HPO(ECCHOHATBHBIA TEPMUH, 0003HAYAIOIIMH
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OTXOZbl B TOPHOZOOBIBAIOIIEH MPOMBIILIEHHOCTH), ExXeronusiii 00b-
eM He(TeNpOoAyKTOB, NOCTYNAIOINX B MHPOBOH OKEaH, yXe MpeBbl-
maer o6bem HE(TH, MOCTYNAOMWMH U3 HEAP B OKEaH €CTECTBEHHBIM
myteM. TeXHOTEHHBIE NOTOKH PAa XHMHYECKUX 3JIEMEHTOB B OHO-
cdepe mpeBBIIAIOT eCTECTBEHHBIE TIOTOKH ITHX K¢ dJeMeHToB. Ha-
[IpEMEp, TOJBKO 33 CUET COKUTaHHs YIS B OKPYKAKOUIYIO CpEely Io-
crynaet prytd B 8700, mpiubsaka B 12, ypana B 60, kagmus B 40, Oe-
puHs ¥ nupkoHus B 10, onoBa u BaHazus B 4 pasa OoJiblie, 4eM HX
TIOCTYTaeT B PE3YJIBTATE €CTECTBEHHOI'0 OMOTEOXHMUYECKOTO KpPYro-
BopoTa. B psane passursix ctpaH 3aperympoBano ao 60-70 % peuno-
ro cToka. I'MraHTCKo# BeNHYMHB! JOCTHT BHIOPOC MapHHKOBBIX a30B
B aTMoc(epy, NPUBOAAIIMH, COITIACHO HEKOTOPhIM OLICHKaM, K TJIO-
OanpHOMY noOTeILIeHHK. B 6uocdepy nocrymaer Bce Gonblie XuMH-
4eCKHUX COEIWHEHHI, He UMEIOIIUX €CTECTBEHHBIX IPOLIECCOB YTHIIH-
3allUM, OCKOJIBKY 3TH COCAMHEHUS He 00pa3yroTcsl B NPUPOIE ecTe-
CTBEHHBIM IyTEM. SICHO, YTO 3TOT HEpedYeHb, NAIOLMH HEKOTOPOe
IpeCcTaB/ICHHE O MaciiTabax aHTPOMOTeHHOTO BO3JEHCTBUS Ha OHO-
chepy, MOKeT ObITH NPOJIOIIKEH.

Baxxneieli mpo6ieMoH IS 4eI0BEYeCTBa ABISCTCS ONPEAENeHHE
ycnoBui ycroifumBocta Ouocdeprl. CHavyana HamOMHHM, Kak Ipo-
O1eMa yCTOMYHBOCTH PEIIAETCS B TEPMOAMHAMIKe. B n3011poBanHOiM
CHCTeMe DHTpPOIHS NpPH HEPaBHOBECHBIX IpoHeccax OydeT Bozpac-
TaTh. IloCiie MPEeKpaieHHus 3THX NPOLECCOB HACTYNAET yCTOMUYHMBOE
paBHOBECHE, IIPU KOTOPOM SHTPONHMS CHCTEMBI OyIeT MaKCHMallbHa U
paBHa Sy. OOLIMM YCIIOBHEM YCTOHYMBOIO PaBHOBECHUS M30IMPOBaH-
HOHM CHCTeMBl ABIAETCH MAKCUMAaIbHOCTh BHTponuH. B HepaBHOBec-
HOM COCTOSIHHH CUCTEMa UMeeT SHTpOImio, paBHyo S. Ilpuyem

AS =S - S0<0.

Tak kak Sy — MakCUMaJIbHOE 3HAUY€HHE DHTPOINUH, TO NEpBas Ba-
puanus suTponun dS = 0, a BTOpas 825 < 0. DTH yCIIOBHS ONpPEEIAIOT
HEOOXOANMOE M JOCTATOYHOE YCJIOBUS DABHOBECHS M30IMPOBAHHOM
CHCTEMBI.

Ipuniun Jle-llarense-bpayna onpenenser o6LIMEe YCIOBHs YcC-
TOMYMBOrO paBHOBecHs T€PMOAMHaMu4eckux cucreM. OH ObuI ycTa-
nosneH Jle [Jarense B 1884 r. u obocuosan B 1887 r. bpaynoM. Co-
IJTaCHO 3TOMY IPHHIMITY BHELIHEE BO3JCHCTBHE, BHIBOJAIICE CHCTEMY
U3 COCTOSIHHSI PABHOBECHS, BBI3BIBACT B 3TOM CHCTEME TAKHE IIPOLEC-
CBI, KOTOpbIe 0CIabA0T 3TN Bo3aercTeus. [Ipunnun Jle-lUlarense—-
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bpayna saBnseTcs TepMOAMHAMHYECKUM aHATIOTOM XOPOILO 3HAKOMOrO
3aKOHA 3JIEKTPOMAarHHTHONW UHAYKIMH ¥ 06061maeT ero. OH no3pounser
NPEACKa3aTh HAIIPABICHUE, B KOTOPOM MOJ| BIUSHUEM BHEIUHErO BO3-
JECHCTBUS U3MEHATCS TEPMOAMHAMHYECKUE MPOHECCH], NPOTEKAIONIHe
B cucreme. Opgnako npuHuun Jle-IHatense-Bpayna He mosBosser
JaTh KOJIMYECTBEHHBIX 3aKIIOYEHHI O MOBEJEHUH CHCTEME]. [IpHHIH-
nom Jle-Illarense—bpayna ofycnaBiuBaercss yCTOHYMBOCTH paBHO-
BECHOTO COCTOsiHMA. Ecniu 651 BCAKUH EPBHYHBIN MPOLECC YCHIHBAN-
cs eme Gonpie 6marofaps BEI3BAHHOMY MM BTOPHYHOMY HPONECCY,
TO 3TO BBIBENO OBl cHCTeMy U3 paBHOBecusA. Hamuuue ycroitumBoro
PaBHOBECHSA Y CUCTEMBI SBIAETCSA HEOOXOIMUMBIM YCIOBHEM MIPUMEHE-
Hus npuHuuna Jle-1larense-bpayna.

Ha ocHoBe TOro, uro 6uoTa MOAAEPKUBACT OIPEACICHHBIH XMMH-
YEeCKHH COCTaB OKPYKArOUIEH cpefpl, CIeAyeT, YTo 6MoTa MOAYHHAET-
ca npuHuuny Jle-1latense—bpayHa. [Ipy BOZHHKHOBEHHH BHEIIHHX
BO3MYILEHHH, HApYIIAIOMMX DPAaBHOBECHOE cocTOsHUe Onocdepsi, B
Heil BO3HHMKAIOT BHYTPEHHHE TMPOLECCHl, KOMICHCUPYIOIIHE 3TO
BHelIHee Bo3jeHcTBue. Ceifyac MHOTO TOBOpHTCS 00 M30BITOYHOH Be-
mnyude CO, B atmocdepe. [lna 6uocteps: npunnun Jle-Ularense—
BpayHa BblpakacTcsi B TOM, YTO CKOPOCTH IOTJIOIIEHMs YTJiepona
OKOTOM MPONOPIHOHANBEHA NPHUPOCTY KOHLIEHTPALUHMH YIJNEpPOAa Iio
OTHOLICHHIO K HEBO3MYLIEHHOMY COCTOsHHI0. Ha ocHOBe aHanusa
BEIOPOCOB MCKOMAEMOTo Yriepoiia M HaKOIUIEHUs ero B arMocdepe
nokasano, 4ro B 6uochepe npunuun Jle-lllatense-bpayHa Beimon-
Hancs 1o Havana XX Beka. C Havana npouoro Beka 61oTa cymu me-
pecTana mornowmaTs H306ITOK yriepoaa B arMochepe. Onxako 601b-
IIMHCTBO YYEHBIX CYHTAET, YTO COBPEMEHHOE COCTOSIHHE GHochepsl
00paTUMO, NIPH YMEHBIIEHUH aHTPOIIOTEHHOTO BO3/eHCTBHS ‘Oroche-
pa MOXET elle BEPHYTLCS B YCTONYNBOE COCTOSHHUE.

Cmpykmypa 6uocgepbt

Brocdepy, kak MecTo 06UTaHHA OPraHU3MOB BMECTE C CAMHMH Op-
raHM3MaMH, MOXKHO Pas3NeNuTh Ha TpU moxcdepsl: aspobuocdepy,
ruppobuoctepy, reodbuocthepy. Aspobuoctepa Hacenena adpobHo-
HTamu. Pakropam, ONpeesIOMUMH BO3ZMOXHOCTD CYILIECTBOBAHHS
B Hell XKHBBIX 0OBEKTOB, SABIAIOTCS HATHYHE Kamelb BOBL, a3po3onei,
NOJIOKUTENbHbIE TeMOEpaTyphl. Aspobuoctepa noipasfensercs Ha
Tponobuoctepy, anprodruocdepy, napaduochepy.
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I'mapobuochepa Baoyaer B ce6s BCro BOJY IUIAHETHI 332 HCKJIK0Ye-
HHUEM MOA3eMHBIX BOA. ObuTatenu ruapobuochepsl — rHAPOGHOHTEL
I'napoGrocdepa BrIrOUaeT B ce6s KOHTUHEHTANIBHDIE BOJIBI (aKBaGHO-
coepa), Mops (MapuHOGHOChEpa). Mapuno6uocdepa, B cBoro oue-
penk, moxpaspenserca Ha gotocdepy, nucrochepy (B KOTOpyIo m0-
cTymaet mMeHee | % comHeyHO#H 3Heprum), adorocdepy (Her cpera).
Mapunobuocdepa noxpasnensercs Ha 4acTH B 3aBHCUMOCTH OT Xa-
pakTepa NpoTeKaHus B Hell (pM3UYECKOro mporecca — pacrpesee-
HHS CBETOBOY SHEPTUH IO IIIyOHHE.

F'eobuocepa nonpasnenserca Ha crenyroume noacoepsl: Teppa-
6uochepy, runoteppabuochepy, Teitypobuocdepy, runobuocdepy,
metabuocdepy. [loxpobHoe onucauue sTHX nozacdep MOXHO HalTH B
y4eOHMKax 1o skonorud, Hampumep I.A. BornaHoBckuit (1994);
I".B. Cragauuxuit, A. Y. Ponxonos (1996).

brocepa umeer cnoxuyio cTpykrypy, B Heii (GYHKLMOHUPYIOT
MOCTaTOYHO 0GOCOGNEHHBIE CHCTEMBI, TaK HA3BIBAEMBIE 3KOCHCTEMEL
MM GMOTeOLieHO3bI, BKIIOYAKOIINE B ce0s1 COOBIIECTBA SKUBBIX opra-
HU3MOB U MX cpelly obutanns. B Guocdepe, nmerHo Gmaronaps nes-
TEILHOCTH SKOCHCTEM, NPOMCXOJUT TOTJIOMICHHE CONHEYHOH JHep-
THH, €& TPaHCHOpMaLKs, C IOMOIIBIO IKOCHCTEM NpeobpasyeTcs Be-
LIECTBO 3eMITH,

Buoreouenos (3xocucrema) — SBNAETCS BaXKHEHIIMM 3IEMEHTOM
Onocdepsl, OCHOBHBIM (YHKIMOHANBHBIM SIEMEHTOM. DKOCHCTEMA
0OBENMHAET BCE OPraHW3MBl, OOMTAIOI(ME Ha NAHHOMN TEPPUTOPHH.
BsaumoneiicTBie GMOTHYECKOTO €OOBMmECTBA CO cpemoii obpasyer
OuoTHUECKHE CTPYKTYDBI, KDYTOBOPOT BEIECTBA MEXTy JKHBOM U He-
KMBOH 4acTio 5KocucTeMsL IToHsaTHe GHOreoneHo3a BO3HUKIO B 30
TOABI MPOIIIOTO Beka. AHIIMiickui reo6oTannk TrHCIH ompesemni
OHOreoIeHO3 KaK LENOCTHOE OOpasOBaHUE B Onocdepe, B KoTopom
OpraHu3MBbl W HEOPraHWYECKHe (HaKTOPH! BHICTYIIAIOT KOMITOHEHTAMH
B OTHOCHTENIEHO YCTONYHBOM COCTOSIHHH.

Baxcueifiinmu cBoictBamu GHOCdeps! ABIKIOTCS MOTOKH 3HEPrHU
H BEWECTBA. MHTEHCHBHOCTE OGMEHa BELIECTB M SHEPTHYM BHYTDH U
BHE OMOreoneHO3a TO3BONAET YCTAHOBMTH MX IPAHHMLbBI, OTHETHTH
OIMH GHOreOLEHO3 OT APYroro. DKOCKCTEMa, KaK CeAyeT U3 obmieit
TEOpHM CHCTEM, OGiafaeT OOMWMMH CBOWCTBAMM CNOXHBIX CHCTEM,
TaKMMH KaK 3MEpIDKEHTHOCTh, YCTOHYMBOCTD, 3BOMIOLMS U ap. ITox
IMEPIKEHTHOCTBIO MOHMMAETCA HECBOAMMOCTL CBOMCTB CHCTEMBI K
CBOHCTBAaM COCTaBJIAOILHX €€ 3IEMEHTOB, TO €CTh CBOCTBA CHCTEMbI
3aBHCAT HE TOJNBKO OT CBOHCTB COCTABIAIOLINX €€ 3JEMEHTOB, HO H OT
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0coBeHHOCTeH B3aHUMOJCHCTBHSA MEXJY 3JEMEHTaMH. Y CTOHYHMBOCTS
CHCTEMBI OIlpeaeNseTcs npeobnananueM 3HEPTUH BHYTPEHHHX B3au-
MOJIeHiCTBHIA yacTeH Haj BHEIIHUM Bo3aelcTBHEM. B mpoTHBHOM city-
4ae B CUCTEME MOTYT IPOU30HTH HEOOpaTHMBIE M3MEHEHMUS.

VYunuThiBas BaXKHOCTh MOHATHS OHOTEOLEHO03a, IPUBEJAEM EIIE OTHO
ompefesieHHe,  [PUHAIIEKALIEE  HalleMy  COOTEHYECTBEHHMKY
B.U. Cykauesy. "buoreorieHo3 — y4acTok 3eMHOH ITOBEPXHOCTH, I'IE
HA M3BECTHOM MPOTSDKEHHY OHOLEHO3 H OTBEYAIOIMHE €MY Y4YacTKH
armocdepsl, turochepsl, ruapocdepsl, negocdepsl (IIOYBLI) OCTAIOT-
Csl OTHOPOHBIMH, TECHO CBS3aHHBIMHU MEXy c000i ¥ no3toMy obpa-
3yI0T B COBOKYITHOCTH €HHBIH B3aHMOOOYCIIOBIEHHBIH KOMILIEKC".

Buornenos npencrasnser coboi GHONOIMYECKY0 CHCTEMY, KOTOpas
SBIAETCH COBOKYTHOCTRIO MOMYNSLIMM pasIM4HbBIX BUIOB PacTeHUM,
JKMBOTHBIX H MUKPOOPTraHH3MOB, OOUTAIOMIMX Ha ONpeleeHHOH Tep-
purtopud. buoueHo3 Bximouaet B ce6s GOTOLEHO3, 300LEH03, MUKDPO-
6uoneno3. TakuM oOpa3oM, OHOreoLEeHO3 NpelCcTaBiIseT co0oM enu-
HOe 1esioe GHOLeHO3a U ero cpenpl oOuTaHusd — OHOTONA, IpUYEM
OHOLEHO3 UrpaeT BAKHYIO POJb B GOPMHUPOBAHUH, CO3NAHMH CPEIBI
CBOEro oOuTaHus. »

Bce Guoreonenossl MMEIOT OJUHAKOBYIO cTpykrypy. C Tpodude-
CKo#l (OT rpedyeckoro trophe — MUTAaHKME) TOYKH 3PEHHUA CTPYKTYypa
SKOCHCTEMBl BKJIIOYAET JIBA YPOBHS: BEPXHHH — aBTOTPOQHBIH (ca-
MOCTOSTEIbHO NHUTAIOUINICA), HIKHUH — reTepoTpodHblil (mMTae-
MBI 3a cyeT Apyrux). B oCHOBe Kaxa0ro OMOreoLeHo3a Jexar aBTo-
Tpo(dHbIE OPraHU3MBl WM NPOAYLEHTBl — 3TO PAacTEHMs, KOTOPHIC B
npornecce POTOCHHTE3a CO3MAOT opraHuyeckue coexunenus. (Heob-
XOZMMO OTMETHUTH CYILIECTBOBaHHE OHOIeOLeHO30B, B OCHOBE KOTO-
PBIX JIEKHT XEMOCHHTe3. Takue CHCTEMBI, B YaCTHOCTH, pacrpocTpa-
HEHBI HA OKEAHCKUX IIyOMHAX W XapaKTEPH3YIOTCS OYEHb BBICOKOM
GHONPOAYKTHBHOCTBIO.) Jlfiee B 9KOCHUCTEME DHEPTHs MO IMHUILEBOH
(Tpodmueckoi) uenu mepenacTcs reTepoTpo(HEIM OPraHM3MaM —
9TO pacTUTEILHOAAHBIE XHBOTHBIE. Ha TpeTbeM TpoduueckoM ypoB-
HE HAXOIATCS YK€ ILIOTOSANHBIC XUBOTHBIE. OTMEPILHE OPraHU3MBI,
pacTeHHs pa3aralTCs carpoTpodamH, KOTOPhIE TaKXKe Ha3bIBAIOTCS
peNylEeHTaMH, Ha MUHEPAJbHBIC BEILECTBA, B JAJBHCHIIEM HCIIOIb-
3yeMble JUIS MUTaHUs pacTeHHH. OTH MHHEpaIbHEIE BEIICCTBA HA3bI-
BalOTCA CcyOCTpaTaMH IMKIA, HapsAdy € KOTOPHIMH CYIIECTBYIOT
BHEIIHKE CyOCTpaThl, NOCTYNAONME U3 BHEIIHEH Cpelbl B S9KOCHUCTE-
my. Canporpodsl nompa3aeisoTcs Ha canpodHTh! (paCTeHHs) U ca-
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npodaru (kuBele opraHusMbl). CxeMa 3KOCHCTEMBI NpMBEACHA HA
puc. 1.5.

hv

MpoayueHT:

PeayueHTbl

MuHepanbHbie conu

\_

Puc. 1.5. CrpykTypa SKOCHCTEMSI, BKITIO-
Yawuas MOTOK 3HEPTMH (IBOHas KOH-
TypHas CTpeJKa) M JiBa KPYroBOpOTa Be-
ILECTB: TBEPABIX (TOJCTAs CTPENKA) W Tra-
3000pa3HbIX (ToHKas crpenxa). Tomkoi
TIPEPBIBUCTOMN CTPENIKOH MOKA3aHOo y4acThe
B KpyrOBOPOTE aHa3pOOHBIX GaxTepHii

Oueprus, BEHMICCTBO B TPEMENaX KOCHCTEMBI IIEPENAETCS C OHOTO
TPO(QHIECKOro ypoBHs Ha APyroii. C Kaxoro TpopU4eCKoro yposHs Ha
CIIEMYIOLIMH MepefacTcs TONbKo HeOOMbIas YacTh SHEPIUM MIIH BEIIE-
cra. CTpykTypa ypoBHEH 3HEPruu M BeliecTBa 00pasyeT TaK Ha3hIBae-
Mbl€ TTUpaMuAbl OnbToHA. MIMEIOTCS pasiyHble KaTEropHHd 9KOJIOrHIe-
CKHX IMpaMuI: NUpaMHIa YHCE] — ONpeesseT Yucio ocobeil Ha Kax-
I0M YPOBHE ITHINEBOH [ENH; MpamMuia GHOMACCh! — OMPERCNAET KOJIH-
YE€CTBO OPTaHUYECKOro BEIIECTBA HAa KaXIEOM YPOBHE, IUPaMUIa SHEP-
T'Hif — YCTaHABIMBAET KOJIMYECTBO UCIIONB3YEMOH YHEPrUH Ha KAKIOM
ypOBHE. BbicoTa mupamuIs! onpeaensercs [IMHOM MHIeBoi nend. Yem
JUIMHHEE TUIIEBas IIenb, TEM MEHbIICE 3Ha4YCHHE Mo OHoMacce, YUCTy
0cobedl wiu noTpebAeMoit IHEPTHH HMEIOT IUIOTOSHBIE HA BEPIIMHE
nupamMubl. B yueOHuKaX O 9KOJOrHH NPUBEJEHO MHOKECTBO IPUME-
POB, WILIIOCTPHPYIOIUMX CBOKCTBA 3Konoruyeckux nupamun (Peiimepc,
1993; Bormanosckui, 1994; Cragauxwuii, Poguonos, 1996).

PaccMOTpUM HEKOTOpBIE BHEPTETHYECCKUE XAPAKTCPHCTHKH SKOCH-
creM. Banosas neperyHas npogykuus P — 3TO KOJMYECTBO OpraHu-
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YeCKOro BEILECTBA, BO3HHKIIEro B mpouecce ¢oTocuHTesa. B Bano-
BYIO NEPBUUYHYIO NPONYKLHUIO BKIIIOYAETCA 4acTh, KOTOpas Pacxopy-
eTcs Ha JpIxaHue 6uomacce! R. Hucras mepBUYHas INpOJYKLHUA paBHA
Py = P — R. Koadduuuent r3dgdexrneaoctr HoTOCHHTE3a PABEH OT-
HOLICHHKO YUCTOH MEepBUYHOM NPOAYKIMH K BaJIOBOM:

K = (P-R)/P.

BaXHBIMU XapaKTEpUCTUKaMM sBJISIOTCA oTHoiuenwus P/B, Py /B,
rne B — sueprus 6uomaccel. Hanpumep, s QUTOMIIAHKTOHA TOI0-
Bas NPOAYKUHA BO MHOTO pa3s npesslmiaer B, mid neca P/B MHOro
MeHbLIE eIHHULBI, I N0J ONHONETHUX TpaB P/B npubmu3utensHO
paBHO eAMHUIIEC. BropuyHas MpoayKUMs HpencTaBnsieT cOO0H HaKOII-
JIEHHs! OPraHHYECKOro BEINECTBA Ha YPOBHE KOHCYMEHTOB. B 3aBucH-
MOCTH OT YPOBHS BTOpMYHAsA MpORyKIMA oOo3Havaercd xak P, Ps,
P,... Unctas npoaykuus coobmecta (HaIMuHas GuoMacca Wik ypo-
*all Ha KOpHIO) paBHa Py — (P, + P3+ P4 +...). Bce yka3aHHble Xapak-
TEPUCTUKY BBIPAXKAIOTCA B €IMHUUAX MAaCChl WM SHEPTHH, MIPUXOHA-
HIecs Ha eAVHUITY [UIOIaJH U BpeMeHHu. B xauecTBe Mephl TepMOIu-
HaMHUYeCKOil YNOPAJOUYEHHOCTH AJI 3KOCHCTEM HCIONB3yeTcs OTHO-
HICHHE SHEPruM R, pacxomyeMoH Ha AbIXaHHE, ¥ JHEPTHH, 3aKIFOUCH-
Hoii B GuoMacce B, — R/B.

OHeprus U OMoMacca OPraHHYECKOTO BEMIECTBA IIPU NEPEX0le C
OJTHON JKONOTMYECKOH CTYIIeHH Ha JIPYTYIO YMEHBIIAIOTCs, OXHAKO
17151 HEKOTOPBIX BelllecTB Habmogaercs obparHas KapTHHA — IPOMC-
XOJUT WX KOHLEHTPALMS IIPH NEPEXOfe Ha BHICIINE CTYNEHH. DTO SAB-
JIeHHE OTpenesseTCs NMPaBIIOM OHOIOTHYECKOrO yCHICHHA. Hampu-
Mep, KOHLEHTpauus HeCTHUIHIOB, NONAaBIIMX B MOPCKOH 3aJIUB, BO3-
pacTaer mo Mepe nepeAady Mo Uenoyke: IUIAHKTOH—TIIaHKTOHO-(Garn—
PBIOBI-BO/IOTLIABAIONINE [TTHIIBL.

Ixonozuueckue axmoput

IMox sxomoruyeckuM GakTOpOM ITOHUMAETCS BO3NEHCTBUE OIpEJie-
JICHHOTO poAa Ha OMONEHO3 SKOCUCTEMBI MIIH €ro dJIEMEHTHl. Peakuus
’KMBOTO OpraHM3Ma wiu 6HOIEeHO3a SKOCHCTEMSI Ha JeicTBHE (aKTo-
pa HasniBaeTcs ajamrauveil wim npucnocobnenueM. K sxomornue-
CKHM (paKTopaM OTHOCATCS:

e muTaTencHele (OHOTeHHBIE) 3IEMEHTHI,
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HO4YBa U €e COCTAB,

TeMIIepaTypa,

SJICKTPOMArHUTHO® H3lydeHue (CBeT),

BOJA,

CKOpOCTb TEYEHHs B BOJE U BETPa B aTMOC(epe,
®  BIAXHOCTE.

Hapsany ¢ stumu daxropamu, B kaxknom KOHKPETHOM CITy4ae MOTyT
ObITh HA3BaHBI M APYyrUe tbakTopsl, yunTeiBaoiie cnenuuKy 3KOCH-
cTembl. Heobxonumo ykasats, 9TO 3HAYUTENBHOE YHCIO SKONOTHUE-
CKHX (PaKTOPOB MMeECT (U3MUECKYIO npupoay. Muorue oco6eHHOCTH
BOS/EHCTBUsT (QU3MYECKNX (AKTOPOB Ha IIEMEHTHI HKOCHCTEMEI He
uccnenoBansl. PHU3MUECKHe MPOLECCH B Guocdepe, neiicteue KoTo-
PEIX H2 SKOCHCTCMbI ONTUCHIBACTCA B BHJIC KONIOTHYECKUX (HAKTOPOB,
TaKKe TPeOyIOT AalbHeHIMX ucclenoBatmil. DKONOrHIECKe thaxTo-
PBI pU3NIECKOl NPUPOMIBI TaKIKe MOTYT OBbITh OTHECEHHI K chepe HH-
TepeCcoB (PU3NIECKOM IKOIOrHH.

CoBOKYNHOCTE (aKkTOPOB, 0GECHEYNBAIONIHX YCTOHUYUBOE CYHIECT-
BOBaHHE TOr0 WIIM HHOTO BHJA KMBOTHBIX UM PACTEHHI HA3BIBACTCS
OKOJIOTH4ECKOH HUMIEH. JpYyrUMH CIOBaMH 3KONOrMYECKAs HUMIA —
9T0 COBOKYMHOCTb YCNOBHH XXHM3HU BHYTPH 3KOCHCTEMBI, IPEIBSB-
JIAEMBIX K HEM TEM MIIM MHBIM BHUIOM. DKOIOTHUECKHE (akroper noxa-
PasaenAloTCs Ha abMOTHYECKHe, CBA3AHHBIE C HEXKHBOMN IIPUPOAOHA,
HalpuMeEp, CBET,  OMOTHYECKHE, ONpeseNIeMsle B3aUMONEHCTBIEM
PasIMYHBIX XKUBBIX OPraHU3MOB APYT Ha apyra (puc. 1.6). ITo Xapak-
TePy ACHCTBHS 3KONOrMYECKHe (GaKTOPBI MOAPA3AEAIOTC Ha dakro-
Bl M30UPATENBHOTO JEHCTBHS, O6IIEro AeiCTBHS, MEPUOIUYECKUE U
HCTIEPHUOIUYECKHE. 3HAYMTENbHAS YACTh AOMOTHUECKIX taxropos
HMEET reOQU3HIECKYI0 IPUPOLY (TemIiepaTypa, BI&)XHOCTb, CKOPOCTH
BETpa U T.1.).

Hapsiny ¢ wusnoxenHod Belme TpaguumonHoii KIaccupuKanuei
OKOJIOTHYECKNX (DAKTOPOB, CYMIECTBYIOT M APYTHE COCOGH MX KiIac-
cuduxanun. FMcxons u3 cnocoGa BIMAHUSA dKONOIHUECKUX (akTopos
Ha JXMBBIC OPraHW3MBI, BCE JKOJOTUYECKHE (AKTOPH MOTYT GBITH
TOJIpa3Ae/ICHbl HA BUTAIBHBIC, WIH 3HEPreTHUYECKHE, U CHTHAILHBIE.
IKonorHdecKre (GaKTopsl NEPBOH TPYIIIBI HEMTOCPEACTBEHHO OKa3bl-
BAlOT BJIMSHUE Ha JKU3HEACATENIPHOCTh OPTaHU3MOB. DKOJIOrHYECKHe
(aKTOPBI BTOPOH IpymIbl HeCyT HHDOPMALKIO 06 H3MEHEHHHU 3Hepre-
THHECKMX napameTpoB. Hekotopeie daxTops! 06mataoT kak suepre-
THYCCKUM, TaK H CUTHANIbHBIM JICHCTBHEM, HaNpuMep, cBeT. K mepsoit
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rpynmne SKOI0rH4ecKHx $HakTopoB MOXeT OBbITh OTHECCHA TeMIIepaTy-
pa, KO BTOPO# rpymnie — IPOAOJDKHTENBHOCTE CBETOBOTO JTHA.

3KONOTUYECKUE PAKTOPDI

N

BuoTtnueckune ABuoTUdeckue
Voo b

AHTpONO- Mpupoa-| |Mpupoa-| |AxTpONO-
reHHbie Hbl€ Hbl€ reHHble

Puc. 1.6. Knaccuguxanms 3K0N0rHIecKux pakTopos

CymecTByeT KiaccH(prKalnus IKOIOrM4eCKiX (HakTopos, B OCHOBY
KOTOpPOH MOJI0kEeHa OLIEHKa PeaKIMi OpraHu3Ma Ha BO3AEHCTBUE 3THX
daktopos. B aroit knaccudukamuy skonoruueckue Gpakropsl moapas-
JENSI0TCS Ha CACIYIOLINE TPYIIIBL:

e INEpBUYHBIC EPHOIUYECKHE QAKTOPEI;
e  BTOPUYHBIE IEPUOAUYECKHE (AKTOPHI,
e  HemepHoAuYecKUe GaxTOpHI.

K nepBruYHbIM NEPHOAUYECKIM DAaKTOpaM OTHOCATCA FEMIICPATypa,
OCBELICHHOCTb, YPOBEHb BOABL [lepBHYHBIE IIEPHONHYECKHE (PAKTOPBI
OTIpeeNAOT IIOMIAM apeaia BUIOB. MisMeHeHHe BTOPHYHBIX (aKTo-
poB 0GycrnoBieHO jeiicTBHeM mnepBuuHbIX (akTopos. Hampumep,
BIQXKHOCTh, PACTHTENLHOCTH OTHOCATCS KO BTOPO# rpyrnne (pakTopos.
BTopuuHble MEPHOAHYECKHE (AKTOPBI OKA3BIBAIOT BAMSHHE HA 9HC-
JIEHHOCTh BHIOB B Ipejenax MX apeano. JeHCTBHE HemepHomaude-
CKMX (DAKTOB OKA3LIBAET BIWSHME HA YHCICHHOCTh 0COOEH Ha JaHHON
TEPPUTOPHH. , §

JleHcTBHE SKOJOIHYECKOro (paKTopa CKasblBAeTCA B TOW WM MHOU
dopMe Ha yCIOBHSIX KM3HENEATENBHOCTH OpraHu3MoB. Ilpu u3Mene-
HUH UHTEHCUBHOCTH SKOJIOTHYECKOTO (akTopa B ONpeRe/ICHHBIX Mpe-
Je7ax CO3MAalTCS ONTHMANbHBIE YCIOBHS CYLIECTBOBAHHS TOTO WM
uHOro Buna. Hapsay ¢ 3THM HHTEPBAIOM ONTHMAJIBHBIX YCIOBHH CY-
[ECTBYET MHTEPBAJ 3HAYCHUN BKONOTHYECKOTO pakropa, B KOTOPOM
BHJl MOET CyIIeCTBOBaTh. IIpH BBIXO[E 3HAYEHHI IKOJOrHYECKOro
dakTOpa 3a 3TH TpEHENBl, YCTOBHS CyLUECTBOBaHHA HapylIaroTcd,
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YHUCJICHHOCTh BHAA YMEHBIIAETCA. DKONOTHYECKAas TONEPAHTHOCTH
OXBAaTHIBACT [[MANa30H 3HAYEHUH IKOJOTHYECKOro GaKTopa OT HIKHE-
o npenena CymCCTBOBaHMA BUa 10 BEPXHEro npejaena. 3aKoH Tole-
pantHocTH [llendopna ycranaBnuBaeT TUMUTHPYIOHIYIO POJIb MaKCH-
MaJIBHOTO ¥ MWHHMAaJAbHOIO 3HAYEHUH 3Konormyeckoro ¢akropa. B
KauecTBe NPUMEPa OTIMCAHHBIX CBOHCTB, MOXXHO HAIlOMHWUTh O peak-
uun obutareneif MOPCKUX MIM MPECHOBOJHBIX BOXOEMOB HAa M3MEHE-
HHE CONCHOCTH. JKHBOW OpraHHM3M MOXKET UMETh IIMPOKHMA JHana3oH
TONEPAHTHOCTH B OTHOILIEHHH OJHOro (JakTopa ¥ Y3KHi -—— B OTHO-
meHud apyroro. Hanbonee pacnpocrpanens! opraHu3Mbl ¢ IIHPOKUM
AHATa30HOM TOJIEPAHTHOCTH MO OTHOIICHHIO K HAaUGONBILEMY YHCITY
9KOJIOTUYECKUX (BakTOpoB. JMama3oH TONEPAHTHOCTH MEHAETCHA IO
Mepe pa3BUTHSA Oprasu3Ma.

Jhro6oit (axtop, npHOIMKAOIMIACA K [PE/ENy TONEPAaHTHOCTH, Ha-
3bIBAETCS JTUMUTHPYOWHM (akTopoM. B 1840 r. JIubux cpopmyn-
poBaj IPUHLMII, HAa3BaHHBIA NO3JHEE 3aKOHOM MHHHMyMa JluGuxa,
KOTOPBIM 3BYYMT Tak. BeulecTBOM, HAXOAAUMMCI B MHHHMYME,
YOPAaBNAETCA YpoXKall M ONMpeensercs BEINYHHA M YCTOMYHBOCTh
ypoxas BO BpeMeHU. JIubux copMynupoBan cBOi 3aKOH NHUIIb ISt
XMMHYECKUX IMEMEHTOB (IMTATENLHBIX BEUIECTB).

Slcho, 9TO Ul pasBUTHSA KUBBIX OPraHU3MOB BXHBI H IPYTHE KO-
norudeckue GakToprl. 3aKOH JIHMUTHPYIOUMX (aKTOPOB paccMaTpy-
BAET BIMAHHE BceX (AaKTOPOB Ha OHOLIEHO3 DKOCHCTEMBI, COTJIACHO
eMy JIF000H KOJIOrHYeCcKuii (HaKTOp, HAXOAAIIMIACS B MUHIMYME, OIl-
penenseT cocTosHne OuoreHo3a.

B npouecce pa3BUTHS S5KOCUCTEMBI IIPOUCXOANT MOCIEI0BATENBHAS
CMEHA TIPUPOJHBIX COOOIIECTB 3KOCHCTEMbI, H3MEHEHHE CPenI 06u-
TaHMs WM 6HOTOMa. DTOT MPOLECC HA3BIBAETCH IKOJOMMYECKON CyK-
neccue. PaznnyaroT nepBu4HYIO ¥ BTOPHYHYIO CyKlieccuto. Ilepsuu-
Has CyKLECCHs HAUMHAETCs Ha y4acTKe, KOTOPBIH He GbLT 3aHAT NEpel
3aCeIeHUEM KakuM-nubo coobmecTBoM. Bropuunas cykueccust pas-
BUBAETCA HA TUIOWAJM, C KOTOPOM OBLIO NpeABapUTENbHO YIaneHO
paHee cylecTBoBaBLIce coolmiecTo. [Ipumepom MepeUUHOM CyKiec-
CHH MOXET CIYXUTh PA3BUTUE IKOCHCTEMBI Ha OCTPORE, BOSHHKILIEM B
pe3yJipTaTe MOJBOAHOIO HM3BEPKEHHS BylkaHa. [IpuMepoM BTOpHY-
HOH CYKLIECCHH MOXET CIIy)KHTh Pa3BHTHE SKOCHUCTEMBI Ha BBIpyOKe
neca win 3a0pomieHHOM mnose. BTopuuyHas cykueccus MpoTeKaeT
06b14HO Gonee OBICTPO, Tak KAaK B 3TOM Cilyuyae Tepputopus Gonee
OnaronpusiTHA Ui pa3sBUTHA COOOLIECTBA, HA HEH UMEIOTCA YXKe He-
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KOTOpbIE OpraHu3MEL. HarnsaHelM npuMepoM CYKUECCHH B BOJAHOH
cpefie SABNAETCS Pa3BHTHE HCKYCCTBEHHOTO BOJOEMA.

KynbMuHaued pasBHTHS JKOCHCTEMBI SABIACTCS (POPMHPOBAHHE
3peNiod WK KIMMAaKCHOH 3KOCUCTEMBI, Ul KOTOPOH XapaKTepHa Mak-
cuMaibHas Ouomacca. 3penas SKocHcTeMa 0ONafaeT MaKCHMAaJIbHOM
YCTOMYHMBOCTBIO, CIOCOGHOCTRIO CTAGHIM3HPOBATh HEKOTOPBIE (PU3H-
yeckue (GaKTOpbl OKPYXKAIOIEH cpenpl, NPOTHBOCTOSThL BHELIHHM
BO3JEHCTBUSAM M COXPAHATh COCTOSHHE PAaBHOBECHS.

Hapsiny ¢ ecTecTBEeHHBIMH 3KOCHCTEMAaMH CYLIECTBYHOT HCKYCCT-
BEHHBIE 3KOCHCTEMBI, KOTOPHIE XapaKTepU3YIOTCS 3HAYUTEILHO
MEHBIIMM BHAOBBIM pa3HOOOpazdeM U OOBIYHO HCIOMB3YHOTCA Ha
paHHMX CTAAWSIX Pa3BHTHA. MCKyCCTBEHHBIE CHCTEMBI IUMPOKO HC-
HOJIL3YIOTCS B CEJICKOM XO3AHCTBE. JTU CHUCTEMBI MIOIYYar0T JOMOJ-
HUTENBHOE KONHWYECTBO 3JHEPrHH TpH oOpaboTke MOUYBLI, B BHE
yIa0OpEeHHH, TecTHINIOB. JJOMUHHPYIOIINE BHIBl PACTEHUA H XKHUBOT-
HBIX B arpO3KOCHCTEMax IHOJIYYEeHB! IyT€M HCKYCCTBEHHOTO, a HE eC-
TECTBEHHOTO 0TOOPA, KaK 3TO UMEET MECTO B IIPUPOJHBIX CHCTEMAX. B
HACTOsIEE BpeMsl MOJ{ arpo3KOCUCTEMaMH 3aHATO 0koao 30 % mio-
WAy CyIH, U3 KOTOPBIX MaxoTHbIE 3eMiy 3anumaror 10 %, non na-
crbuia ucnonssyiores 20 %.

PaccMOTpHM HEKOTOpbIE KJIACCHYECKUE 3a1a4H JKOJOTHH HIIH 3BO-
JMIOUHOHHBIA OHOJIOTHH, YCIEIIHO NPUMEHIEMbIE Ul OMCAHUA 4KC-
JIEHHOCTHU BHIOB B 3KocucTeMe (Anekcees B.B., 1978; INaupmun B.A,
Bopucos A.T'., 1995; Pyoun A.B., 1994).

[ToHATUE BUIA OTHOCHTCS K OJHOMY M3 rjlaBHEimx B Onomoruu. K
YHCIy OCHOBHBIX XapaKTEPHUCTHK BHAA OTHOCATCA CIOCOGHOCTBH OCO-
Oeil BUAA K CKPEIMBAHHIO ¥ COXPAHEHHIO ITOH CTMOCOOHOCTH y TIO-
TOMCTBA, BHEIIHEE CXOACTBO HHIAMBHJIOB, TOJOOHBIE B3aHMOACHCTBUS
¢ 6uoToit 1 abuoTuueckoi cpenoi. Ocobu oAHOTrO BHUAA, OOUTAIOLIKE
Ha OIpeIeIIEHHOM TeppHTOPHH, 0Opa3ytoT nomymsanuy. [lomynsuus —
3TO CIOXMBIIAACA YCTOWYMBAs COBOKYMHOCTH 0COOEH OJHOro BHAA,
XapaxkTepu3yeMasi ONPEACICHHBIMUA BHYTPEHHUMH CBS35IMH, OTHOCH-
TEJIBHO OJHOPOIHBIMU YCIOBUAMH MecTooGuTanus. [Tomymnamuu, o6u-
TaolIMe Ha 00IIEH TEpPATOPHH, 00pa3yIoT cOOOLIECTBA.

PaccMOTpuM CHavaia pa3BUTHE TIOMyJSALMH OfHOTO BHaa. Eciu B
3aMKHYTOM CHCTEME MMEETCS MOMYIALMA TOIBKO OJHOr0 BUAA C YKC-
JI0M 0¢06€eil X U KOMHUECTBO UMM OrPaHHYEHHO, TO H3MEHEHHE YHC-
na ocobell BO BpeMeHH t ONUChIBaeTCs ypaBHeHHEM Peprionbera (Wiu
JIOTUCTHYECKUM YPABHCHUEM):
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ﬂzex—hxz.
dt

UsieH ex ONMUCHIBAET MPUPOCT 3@ CYET NPEBBIMICHUS POKIAEMOCTH
HaJl CMEPTHOCTRIO, YiteH hx’ onuceiBaer BHYTPHBHUIOBYIO KOHKYPEH-
LMI0 M3-3a IHMIK, MECTa M T.IM. Pemenue ypaBHenus Deprionbcra
HMEET BHA:

XpX,

X, + (x, — x,)exp(—et)

x(t) =

Ota GyHKUHMS BBIpaXaeT POCT IONMYJIALMA OT HAYAILHOM 4HCIEH-
HOCTH Xy IO HACBIIIECHUA X, = e/h.

Ecm & << e ¥ KOJKYECTBO IHIIM HE OrpaHHYEHO, HAOIIOAaeTCs
SKCIIOHEHIHAIBHBIA POCT yHcaa ocobei momynanuy (3akoH Manety-
ca):

x(t) =x,explet).

Ota nepaas MOJIeNb, ONUCHIBAIONIAS YHCICHHOCTE MOMYJISAIHUH, Obl-
na npeanoxkena T. ManbsTycoMm emie B koHue 18 Beka aisd omucaHus
npolecca U3MEHEHHs YHCIEHHOCTH HaceleHus. Tak Kak ycioBHS He-
OTPaHUYEHHOCTH PECYPCOB B IPHPOAE He HaGMIONAIOTCSA, HITH HaOIIro-
JIAI0TCS HAa OTPAHUYCHHBIX BPEMEHHBIX MHTEPBANAX U TEPPUTOPHSIX,
Mozaens Manbryca sBisercs npubmmxernoil. T. Manstyc nokasan ee
[IPHMEHMMOCTb JUISl aHAIM3a AMHAMUKH NONyIanuil konoHucTos Ce-
BepHOH AMepHKH. 3akOH ManpTyca XOpOILO ONHCBIBAE€T JUHAMHKY
MCKYCCTBEHHBIX CHCTEM, Pa3BUTHE NOMYJSAIMI Ha HaYalbHOM 3Tare,
[IOKa YHCJIEHHOCTD MOy HEBEIIHKA.

B n0rucTH4eckoM ypaBHEHMH YI€H, ONMCHIBAIOIMN NPUPOCT II0-
MYJSIUMY, HPONMOPIMOHANIECH YHCICHHOCTH INOMYJISIMA. DTO BEPHO
TOJIBKO B CcIydae 0ecriodoBOro pa3MHOXKEHHS, HATIpUMeD, i1 MUKPO-
OpraHu3MoB. B ciydae pa3sHONONOH MOMYJISLUH JUIS HEeOrPaHHIECHHBIX
PECYPCOB CKOPOCTh PasMHOKEHHS ONpeneNiieTcad 4HCIOM BCTped
CaMIIOB M CaMOK M KBaJIpaTH4HO 3aBHCHT OT 4Y¥cCia ocobeit:

dx 2
—=r".
dt
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B ciyyae GonpINX MIOTHOCTEH MOMYNALMH CKOPOCTh PasMHOMeE-
HHS OIpaHMYMBACTCSA HE YHCIOM BCTPEY CAMILOB M CaMOK, 3 YHCIIOM
caMOK B Tomnynsuuu. TakuMm o6pa3oM ypaBHEHHE, ONPEACTAIOmee
CKOPOCTb M3MEHEHHs YHCIIEHHOCTH HOITY/IAIIHH, NPHHAMACT BHA:

dc  px?
—=a—.
dt B+

Ec/y YHCAEHHOCTE NOMYJISAIHHA X YHaJeT HKe HEKOTOPOH KpHTH-
YecKO# BeTMYHHB], IPH KOTOPOH CpefiHee BpeMs, B TEYEHHE KOTOPO-
rO HPOMCXOAHT OMIOJOTBOPEHHE, CTAHOBMTHCA OONBINC CPEAHETO
BPEMEHH, B TeueHHE KOTOPOro ocobb COXpaHseT CHOCOOHOCTH K
Pa3MHOXEHHIO, TO IPOU30HAET rHOENb NOMYIAIKU. YIeT 3T0ro 3¢-
deKTa MOXHO NPOBECTH, BKIIOYHMB B NPEABIAYLICS YPABHCHHE 4ICH
BHAA4 — X, T.€. CMEPTHOCTh NPONOPIHOHANEHA YHCICHHOCTH OCO-

ou:

dx Bx?
.__=a
dt B+tx

—yx.

dx
CTaLII/IOHapHI:.Ie peUIeHHA 3TOro ypaBHCHHA —d-t— =0 | UMEIOT BUL!

x, =0,

B

X3 = ————— =M.
P ap-y

IlepBoe pelueHne yCTOHYNBO, BTOPOE — HET, TO €CTh IIPU X < 1 110~
MyJIAlAS BBIPOXKIACTCA, €€ YMCIEHHOCTh CTPEMHTBCA K HYIIO. IIpu
X > 1 YACIEHHOCTE Oy MY PacTeT HEOTPAHHICHHO.

PealbHbIC NOMY/IAUMM B HPAPONHBIX YCIOBHSAX JOIDKHBI ObITH Or-
PaHIYEHBI TI0 YHCAEHHOCTH H CBEPXY — B Cilydae OONBIIMX IIOTHO-
cTel NoNyasAlUKi CKOPOCTh PA3MHOXEHHS ClIaJacT 13-3a BHYTPHBHJIO-
BOH KOHKYPEHIIHH. . 5

VpaBHeH¥e, ONMCHIBAIOIIEE NMHAMHKY pPa3HOIONOU TOMYJIALHH
IpH y4YeTe OrPAHMICHHOCTH NOMyJIAUMH CBEPXY ¥ CHU3Y, UMECT BUA!
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. 2
—~=ocBL—yx—cx2.
dt B+1x

HaHHOe ypaBHEHHE WMeeT YK€ TPH CTallHOHAPHBIX pPELICHHMS:
X1 =0, x = n, x3 = k. [lepBoe 1 TPETbE PELICHHUS ABIAKOTCS YCTOMIH-
BBIMH, BTOPOE — HET. B 3aBHCUMOCTH OT HauaJbHBIX 3HAYCHUH YHC-
JICHHOCTH MOMYJIALMH, TIOMyJIALHUs 100 BhIpoXaaeTcs (ecay HaYalb-
Has YUCIEHHOCTb MEHbUIE n), JUOO TPU HAYANBHON YHUCIEHHOCTH
Oonblueit n pasBUBAETCSA W JOCTHTAET MAKCUMAIBHOIO 3HAYCHHS, PaB-
Horo k. Ha puc. 1.7 noxa3aHsl 3aBUCHMOCTb YHCIEHHOCTH MOMYJIALHH
OT BPCMEHM Y 3aBHCHMOCTH CKOPOCTH POCTa MONYJALUHU OT YHUCIIEH-
HocTH nonynsaiun (Pyoun A.B., 1994).

X dx]

KF—=r— o=~ dt
{ 1 T 6

- / »
t n K

Puc. 1.7. 3aBHCHMOCTS YHCIIEHHOCTH TIOMYJISIUHHA OT BPEMEHH (a) U
CKOpOCTH pOCTa NONYAALHH OT e uncneHnoctH (6). Hltpuxoskoit
00603Ha9eHa 00NIACTE BHIPOXKACHNS O IALHH

Yuer BO3pacTHOH CTPYKTypbl OCOOEH, BXOASINHMX B IOMYJIALMIO,
yTIOTPEOIICHHS OB, BEIpabaThIBAEMBIX B IIPOLIECCE KUIHEAEATEBHO-
CTH, MPUBOJMT K HM3MEHEHMIO 3aBHCHMOCTH X(f) — B JTOM Clydae
BO3MOXHBI KONEOaHMs YMCIEHHOCTH OcCo0ei, yMeHbIUEHHE YHCIa
ocobeit U rubens MONYAIMY B CIydae HAKOIUICHUS A10B.

bonee uHTEpECHBIE peieHHU MTOTYYalOTCS B CIyYae CHCTEMbI, B KO-
TOPOH UMeEIOTCS JBa MK OoJee B3aUMOJCHCTBYIOMMX BUaa (Aekce-
eB, 1978; Pybun, 1994). K sToMy cny4aro OTHOCHTCA H M3BECTHAS 3a-
Jlaya O B3aHMOJCHCTBHMHM B CHCTEME (XHIIHHK—KEPTBA», OMHCAHHAA
A. Jlotkoit n B. Bonbrepa. IlycTh B CHCTeMe MMeeTCs KepTBa, Ha-
OpuMep 3aiibl, YuCI0 ocobeH KOTOpeIX paBHO x. [luma y 3aiiues
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HMeeTCs B HEOTPaHHYEHHOM KONM4YecTBe., XHIHHKOB, HAIPUMED phi-
cell, B cHCcTEME — Yy, OHH NHTAIOTCA TOJBKO 3alillaMH. YpaBHEHHS,
ONMCBHIBAKOIINE H3MCHEHHS YHCIIEHHOCTH IOMyNAIHH 3aiilieB U phicei
HMEIOT BUI:

dx

—-:k —kxy’
dt 1

dy

L =kyxy—kyy.
dt 3 2)

MHoXuTenb k;, ONUCHIBACT Pa3MHOXEHHUE XKePTB, kK ~- UX yOBUIL B
pe3ynbTaTe B3aUMOICHCTBUS C XUIIHUKAMH, k3 — Pa3sMHOXKEHHUE, a kp
yOBUIb XUIHUKOB.

CucremMa HaXOJUTCH B CTAllMOHAPHOM COCTOSHHH mpu dx/dt = 0,
dy/dt = 0. B 3toM cly4ae 0Ha IPUHHUMAET BHJ;

kix — kxy =0,
kixy — kay =0,

u umeer pemenns x = 0; y = 0 u xo = ka/k3; yo= ki/k. CocrosiHue
CHCTEMBI «XUIHUK—KEPTBa» yI0OHO M300paXkaTh Ha IUIOCKOCTH XV
(ananorus a3oBO¥ MIOCKOCTH — KOOPAUHATA, CKOPOCTH WIH KOOp-
[IUHATa, WMOyibc). Ha minockoct XV TpaekTOpHH, ONHCHIBAIOMIYE
pa3BUTHE CHCTEMBI BO BPEMEHH, UMEIOT BHJ 3aMKHYTBIX KPHMBBLIX BO-
KPYT CTallMOHAPHBIX TOUEK Xg, Yo

Pa3menuB BTOpoe ypaBHEHHE CHCTEMBI Ha IIEPBOE MOJYYHM YpaB-
HEeHHe

_‘_12’_ _ Ykyx—ky)
dx  x(ky—ky)
OTo ypaBHEHHE ¢ pa3ie/SIONMMH IePEMEHHBIMU HMeeT oOIuuii UHTe-
rpain
kix — kxlnx + ky — kIlny = const,

rae const — KOHCTAaHTa, NEPHOA ABWKEHMS BOKPYI CTAllMOHAPHOH
TOYKHM OHpeAeNieTcs CaeayomuM o0pasom:
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T =2m/(k ky)"2.

HncneHHocTh monynsumit X, y HCHBITEIBaeT NEPHONYECKHE KOe-
Oanus ¢ nepuogoMm 7, CMEINEHHBIE IIO daze (Puc. 1.8, Anekcees,
1978). Cpenune 3nauenus pasHbI X, Yo- Konebarensurie u3menenus
HHCIICHHOCTH TONYJIALMH B IOKOGHOH CHCTEME XOpOLIO W3BECTHO TIO
pe3ymbTaTaM HaTypHEIX Habnronenuii. BrelHee Bo3Mymienue, Bo3-
ACHCTBYIONIEE HA CHCTEMY, MOXET MEPEBECTH €€ Ha APYTYIO TPACKTO-
PHIO IBIDKCHHS BOKPYT CTAallMOHAPHOM TOYKHM, KOJNEOAHUS YUCICHHO-

CTH XHIIHAKOB y H X€PTB X OyyT NPOUCXONHTH [P 3TOM C APYTHMH
aMIUIUTYAAMH.,

X15 X2

Puc. 1.8. Umxmueckue koneGanms B
CHCTEME «XHUIHMK—KEPTRA» HA [IPUMEPE

Asyx wHdysopuitt 1 -— paramecium
caudatum (keptBa), 2 — ditinium
rllgs;gt)um (xumuux) (Anexcees B.B.,

OBONIOLMA MOMYANMH BOIN3H CTAMOHAPHOTO COCTOSHUS B cuy-
Ja€ PaBHOMEPHOTO U MPONOPHUOHATILHOTO M3MEHEHHS YHCICHHOCTH
BHJIOB (OTNIOB, 0X0Ta) dx = axdt, dy =b ydt MOXET ObITh OIHCaHa
CJICMIYIOLIEH CHCTEMOM YpaBHEHHIA:

dx

Z ok —a)x—

" (ky —a)x — kxy,
dy

—=kyxy—(k, +b)y.
oY (ky +b)y

Ecm k; —a > 0, xapaktep pelieHuii He H3MEHHUTCS, HO CpeHHE
(craumoHapsie coctosHus 6yayT ApyTHe):
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_ky+b k-a

0 3 Yo = -
3

k

[TonyyeHHOE U3MEHEHHE YMCICHHOCTH Xo, Yo BHIPAXKAET U3BECTHBIH
pe3yNbTaT, TAK HA3bIBAEMBIH 3aKOH M3MEHEHHs CPEAHHMX: ‘eciM JIBa
BHJIa HCTPEOIIAIOTCS PABHOMEPHO H NPONOPUHOHAIBHO UX YHCIICHHO-
CTH, TO CpeAHee YHUCIOo ocobel KepTB BO3PACTaeT, a YUCHIo ocobeit
XUIHUKOB YObiBaeT. JlaHHBIH 3aKOH MMEET MHOTOYMCIIEHHBIC MOJA-
TBEPXKACHHUA B IIPUPOJE.

Mogens “xuiHuk—xkeprsa” JloTku—BonbTepa cnpaBeainBa TOJIBKO
IIpY HU3KMX KOHLCHTPALMAX B3AUMONEHCTBYIOLIMX NOMYISILMH, At
nepexo/a K peabHbIM CHCTEMAM BaXKEH TaKOKe y4eT OrpaHHIeHHOCTH
NHMIIM y XKEPTB, OAHAKO CABUTH N0 Qase xonebaHui 9uCIa XKEPTB U
XMIIHWKOB COXPAHATCA U B OTUX CIydasX.

Jlna yaydiieHHs MOZIETH MOXKHO YYeCTh CaMOOrpaHHYeHHe pocTa
NOMYNAUMEA TyTeM [00aBNEHUs WIEHOB NPOTOPLUOHANBHBIX KBA/Ipa-
TY YUCIICHHOCTH BHJIOB.

dx 2
—=lkx—kxy-— ,
7 kxy -y x

dy 2
=k —kay— .
7 3XY — Ky Y —Y2¥

UneHs! Y} Y, OTPaXaloT BHYTPUBHIOBYIO KOHKYPEHIWIO. Haxe

n00aBKka HEOONMBIIMX HEUHEHHBIX YICHOB MOXET BbI3BaTH KauecT-
BeHHOE W3MEHEHNE NPOIEcCcoB B chcreme. Hampumep, Ha (a30Boi
IUIOCKOCTH BO3MOKEH IIEPEXO OT 0cO0OOH TOYKM THma LEHTp B 0CO-
6yio Touky Thma Gokyc wmm y3en. Puc. 1.9-1.12 paiot npumepsl pac-
yetoB Ha s3bike STELLA CHCTEMEI «XHITHUK—KEPTBaY.

V4eT npOCTPAHCTBEHHOTO IEPEMEIICHHs XEPTB M XHUINHMKOB
0GBIYHO MPOM3BOMTCS [IyTeM BKIOYEHHS B MOJENb AU dy3HOHHBIX
YJIEHOB, OIMCHIBAIONINX CiTy4aiiHbie Omyxaanus ocobeH.
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=@

= XOUT2 GAWMAI
Ki
" )
qi—//)? T
XIN '
=
K
Y
‘ 260
YN YouT
= =
K2 K3 &)
GAMMAZ

Puc. 1.9. Brox-cxema Mofent «XuuiHHK—keprBa» Ha s3bike STELLA. X — xepTsel,
Y — xwmmnuky, ofo3HageHns ko3GdUUMeHTOR KaK B CHCTeME ypaBHEHUI

-

1] 20 40 0 20 o 40

X X
PHASE DIAGR AWM PHASE DIAGRAWM
Puc. 1.10. ®azoBas muarpamma BBIXOZA Puc. 1.11. ®a3osas guarpamMma BBIXOZA
CHCTEMBl «XMINHHUK—KEPTBa» HA YCTOM- CHUCTEMBI (XHILHHK-)KEPTBa» Ha YCTOM-

YHBOE COCTOSIHHE 9UBEIA UK
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307 ......................................................................................

50.00 75.00 100.00
Days D8:46 7 mar 2004

Puc. 1.12. Hepuoauyeckue KoneGaHust MOICIH (XHIIHAK-KEPTBA»

B 9TOM ClTydae CUCTEMA yPaBHEHUH PUMET BHA

ox 9%x
—=kx—ky+D—,
ot * 18r2
Ay 3%y
= =kxy—kyy+D)—5.
at 3 34 28r2

B stux dopmynax D;, D, — xosdpuunents Murpatiu ocobelt B

npesienax apeaja pacnpocTpaHeHus. ECin apean orpaHutieH, kaaect-
BeHHasi KaPTMHA M3MEHEHHs YHCIEHHOCTH TOMyJAUMH COXPAHACTCA.
OnHaKo, €y apean He OrpaHW4eH, TO BO3MOXHO BO3SHMKHOBECHHC
pellleHHH THIa BOTH. BaXHBIM CBOACTBOM MPOCTPaHCTBEHHOIO TOBE-
JEHHS. CHCTEMbl XHIHHK-XEPTBA ABJSETCS BOSHUKHOBCHMC IIpO-
CTPAaHCTBEHHBIX HEOJHOPOJHOCTEH INIOTHOCTH pacrpeiesieHUs oco-
Geil — Tak HA3HIBAEMbBIX NUCCHIIATHBHBIX CTPYKTYp. TakuM o0pasom,
eCIIM B 204EUHBIX MOACIAX HaGMIOakTCs aBTOKoNE0aTeIbHbIE PEXKM-
MBI, TO B IIPOCTPAHCTBEHHO PACIIPEENCHHBIX CHCTEMaX UMEIOT MECTO

JUCCUITaTUBHBIE CTPYKTYPBI.
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Hapsiny ¢ B3aUMOIEHCTBHAMHM THIA “XUUIHMK—-KEPTBA  CYIIECTBY-
0T M ApYTHE BHBI TAPHBIX B3aUMOACHCTBHIA. '

e He#Tpanusm — Ha3BaHHUE HE TpeOyeT MOACHEHHIA.

e AMeHCaiu3M — B 3TOM CIy4Yae OAWH BHJ IIPENATCTBYET
Pa3sBHTHIO JPYroro, a 00paTHOE BIHSHUE OTCYTCTBYET.

e KoMMeHCaH3M — IpH 3TOM BHJE B3aMMONEHCTBHI OIHH
BHJI IOJIOXHUTEIBHO BO3JEHCTBYET Ha BTOPOM, NMPH 3TOM
MEPBLIA BHJ| BIUAHUA BTOPOTO HE UCTIBITHIBACT.

e KomkypeHuus — [IBa BHIA BIMSAIOT ApPYr Ha Jpyra
OTPHUILIATEIHHO.

e MyryanusM — JABa BHAA BIHMAIOT Apyr Ha JApyra
TIOJIOKUTENBHO.

THIIBI MapHBIX MEXBHIOBBIX B3aUMOJCHCTBHI NPUBENEHE! HIKE B
Tabi. 1.1.

Ta6u. 1.1. TvIB NapHBIX MEXXBHAOBBIX B3aUMOMIEHCTBHIA

Tun B3aumozeiicTsus | BnvsHMe | Buaa Ha 2 BIMsIHME 2 BYaa Ha 1
XHIHNK—KEPTBA. -1 +1
aMEHCaNu3M -1 0
KOMMEHCTIH3M +1 0
KOHKYPCHIIUA -1 ~1
MYTyalTH3M +1 +1
HEHTpaTH3M 0 0

HecMoTps Ha npoCTOTY, M3JI0KEHHbBIE BBIIE MOJAEAM ONHCHIBAIOT
HEKOTOpPhIE BaXKHEHINHME 4epThl NPOCTEHIIMX 3KkocucTeM. [Ipusenem
OOMH TIpUMep U3 Hepanekoro npomuoro. B 1987 r. B YepHoM mope
Oblm OOHApY)KeHBl OTHENbHBIE JK3EMIUIAPHl peOHEeBHKAa MHEMHOI-
cuca. 'pebHEeBHK MHEMHOIICHC OOHTAET B JlaryHaX Ha ATJIaHTHIECKOM
nobepexkse CHIA. UHCIEeHHOCTD €ro B 3THX €CTECTBEHHBIX YCIOBHAX
orpanmnueHa. Beposarno B UepHoe MOpe oH ObLI 3aBe3€H CIy4adHO €
GamacTHeIMH Bofamu cy0B. B UepHoM Mope y Hero Her ecTecTBeH-
HBIX BparoB, HOAOOHBIX TE€M, KOTOpBIE BOAATCA B JlaryHaX AT/IaHTH-
yeckoro mobepexes. I'peOHEBUK OKazancs Ha OAHOM TPOGHYECKOM
YpOBHE C Meay30i aypenued U oaepxan nobeqy B KOHKYPEHTHOH
boprbe. 3a 2-3 roaa MNOTHOCTL Mey3 B UepHOM MOpe YMEHBIIHWIAChH
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no4tu B 10 pa3, yMEHBIIHIIUCh H CPEIHAE pa3sMepsl MeAy3 IPUMEPHO
B 4—6 pa3. O6mas Macca MHEeMHoTNcruca gocturia 900 muH. T., 4TO B
10 pa3 npeBeILaeT Bech roJloBoi ynos B Mope. Ho rpebueBuk HaHec
yJap He TOJIBKO Mey3aM, YHHUTOXKCHHE 300IUIaHKTOHA IPeOHEBHKOM
IPHBENO K COKPAILECHHIO NUINEBOH 6a3bl IPOMBICIOBBIX PBIO M IPYTHX
oburarenel Mopia. B pesynbraTe pe3ko ynaja BBUIOB IIPOMBICTIOBBIX
PBIO ~— XaMCBhI, THOJIBKH, IIIIPOT U JIp.

Takas curyamusa mpogomkanace 1o 1999 r. B 1999 r. npownzonmna
nHBasus B UepHoe Mope HOBOTO rpebHeBrKa — Gepoe. Tlpeanonoxu-
TEeJIbHO IpeOHEBUK Oepoe momnasn ¢ TeIIbIMHA BOAAMHU H3 CPeIU3eMHO-
Mopckoro OGaccedHa wiam ObUT 3aBe3€H 10A0OHO MHEMHOICHCY C Oa-
JTacTHBIMH BoJaMHu. I'peOHeBHK 6epoe MuUTaeTcs rpeOHEBUKOM MHe-
muoncuc. Brenpenve u pa3sutue 6epoe NPUBENO K PE3KOMY YMEHb-
meHHIo 6MoMacchl MHEMHOIICHCA W, KaK CIEACTBHE, K POCTy 300-
IUTAHKTOHA ¥ JIMYUHOK PHIO, a Mo3/Hee U 3aacoB MelarH4ecKuX phio.
MaccoBoe pasBuTHE 6epoe B UepHOM MOpe NMPUBENO K CHIKEHHIO
TPO(HUUECKOro Ipecca MHEMHOIICHCAa Ha IUIAHKTOHHOE COOOMIECTBO.
TlapHoe cyimecTBoBaHuMe rpeOHEBUKOB B APYTHX MOPCKUX Oacceiinax
MHPOBOTO OKeaHa 00ecnieuyHBacT NPUPOAHOE PABHOBCCHE MX YHCIIEH-
Hoctd. Hanpumep, y OeperoB AMepukd B ATIAaHTHYECKOM OKEaHE
oburarot Mnemiopsis leidyi u Beroe cucumis, yHUUTOXafOWHH Nep-
BBIH BuA. TakuMm oOpasom, B UepHOM MOpE MOCIIE HHBA3UU IpeOHEBH-
Ka bepoe pa3BHBACTCS CHUTyalusd, MOA0OHAs CYLIECTBYIOLIMM B IpY-
I'UX perHoHax OKeaHa.

Psn Bunos nponuk B 6acceitn GUHCKOTO 3a1MBa B pe3ynbTaTe He-
cnydyaiiHbIX, & HaMEpeHHbIX HHTpoaykuui. Tak, BceneHue Galkaib-
CKOW aMbunoApl TMENTHHOUIECA B psAA BoAoeMOB JIeHHHIpascko# 00-
nacTu B Hagane 1970-x rr. OpUt0 npoBeaeHo 6€3 yuera TaKHX BaXKHBIX
Ouonoruueckux 0coOEHHOCTEH 3TOro GaiiKalbCKOTo payka, Kak CIo-
COOHOCTB K XHIIHOMY ITHTaHHUIO H aKTHBHOMY caMopacceneHHo. Bee-
ro 10 ner noHaxoOMIOCE 3TOMY HEOONBIIOMY XHIIHOMY PadKy, 4TO-
051 U3 o3ep Kapenbckoro nepeiueiika MpoHUKHYTh B Jlagoxxckoe o3e-
po u mupoko TaMm paccenutscs (Ilanos, 1994). B Hactosmee BpeMs
I'MEIMHOUAEC SIBNSETCA CAMBIM MHOTOYHCIICHHBIM IIPEACTaBHTEIEM
¢bayHbl npuOpexHOH 30HBI 3TOro KpynHeimero B EBpone o3epa u
JPYTHX KpynmHBIX BogoeMoB (Uyackoe 03epo, BEpXHEBOIKCKUE BOAO-
XpaHWIUINA), MpHYeM HaONI0JaeTcs IPOLECC BHITECHEHHUS MECTHBIX
BHAOB OECHMO3BOHOYHBIX JKHBOTHBIX, ¥, KaK pPe3yJbTaT, YIPOLICHUE
CTPYKTYPHI H CHI)KEHHE BUIOBOr0 pazHoobpasus (ayHbl.
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Henasuee 3aHecenue ¢ OannacTHBIMHM Bojgamu cynoB B (DHHCKMH
3aJIUB IOHTO-KACIMHCKOH XWIMHOM Kiajouepsl nepkonaruca (Cerco-
pagispengoi) MOXeT IIPUBECTH K 3HAYUTENBHBIM H3MEHECHUAM B I€fa-
FUYECKUX COOOIIECTBaX ¥ yXe NPHUBENO K CYHMIECTBEHHBIM 3KOHOMH-
4eCKUM MOTepAM Jiig npubpeskHoro peibonoscTea. B 1995 r. nepko-
Maruc B OONBINMX KONMHYECTBaxX OBUI BIEpBBIE HaleH B BOCTOYHOMR
gacTd DuHCcKoro 3anuBa. B (DUHCKOM 3anuvBe B IOCNENHEE BpeMs
pe3Kko Bo3pocio yucno «npumensuesy (I1anos, 2002). B pexe Byokca
obHapyxeH kuTalickuii moxnowmormii kpab, B Komopcko#t rybe —
Opeticcena. Bee 3710 sABNAETCS CIEICTBHEM HEKOHTPOIHMPYEMOIO BBI-
nycka OaymacTHeiX Boj. Ilnanmpyemoe pacHIMpPEHHE CyAOXOACTBA,
CBA3aHHOE CO CTPOUTENHCTBOM HOBBIX IIOPTOB MOXET HAHECTH HEIO-
rpaBUMBIH BpeJ axocucteMme OHUHCKOTO 3aaHBa.

JIpuMep U3MEHEHHSA HKOCHCTEM 3a CUET MHBA3HU (BHENPEHUS) NaH
Hamu s Jlagosxckoro osepa B pasgene 5.1 macrosme# kuury. Ilo-
NoOHBIE SBJICHNA HAOII0ONAI0TCs BO MHOTUX BOAHBIX OacceifHax.

Hapsiny ¢ uHBa3sHAMH, KOTOPHIC NPUBOJAT K KaTaCTPOPHIECKHM
HOCJIEICTBUSM, UMEIOT MECTO, Ka3aloch Obl, IOJOKUTENbHbBIE IIPUMeE-
Pl UCKYCCTBEHHBIX WHBA3UM, HAIPUMEp, YCIIEIIHOE BCEICHHE KaM-
yarckoro kpaba B bapennieBo mope. OJHako B MOCIEIHHE TOIBI KaM-
YATCKH# Kpab® CHILHO pasMHOXKWIICA M IPHBENI K HAPYILIEHWIO CTa-
OUIIBHOCTH DKOcHCTeMbI Bapentiesa Mopst (Martumos, 2003).

PaccMOTpUM MaTeMaTH4YecKY0 MOJEb CHCTEMBI, COOTBETCTBYIO-
I THI NAPHOTO MEXBHAOBOTO B3aUMOACHCTBHA — KOHKYDEHUHA.
ITycts 06mas Macca Menys M, a Macca rpebHeBuka M,. O6umii 3a-
mac numm M. Torma cucteMy ypaBHEHHH, ONHCHIBAIOMIYIO H3MEHe-
HHE Macc M| u M, MOXKHO 3anicaTh B BUIE:

dM,

— =y M My - M,
I Y1y Mo — &My
dM X '
_”_dtz =Y, My My~ M.

YneHsl §.M; 1 €M,. OMUCHIBAIOT YObUTL BHIOB M) U M,, COOTBET-
cTBeHHO. Pa3jienM nepBoe ypaBHEeHHe Ha Y1 MM, BTopoe Ha YoMoM),
BLIYTEM BTOPOE YpaBHEHHE M3 [IEPBOTO M IPOMHTErpupyem. B pe-
3YJIBTATE MOTYIHUM:
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—— =const exp[(g—2 - El—)] .
— Y2 Y1

Ecnu Eg—)i, T0 M, 6ynet pacty, M, yMenbiuatbes. Ecnn El—)iz—,
Y2 M1 Y1 Y2

TO ¢ POCTOM BpeMeHH mpeobnanats Oyaer Macca M,, a M, 6yner
CTPEMHTBCA K HyJI0. FIMEHHO 3TOT nocieHHH clydail peanusyercs B
cucteMe Menysa aypenus — rpebHEBHK muemuoncuc (Puc. 1.13).
I'pebHEBUK, KaK HMEIONIMI MEHBILYI0 CMEPTHOCTh ¥ NOTPEONAIOUIHI
OoJbIliee KOJHYECTBO NHILH, IOYTH IOMHOCTBIO BBITECHHI MENy3y
aypenwro. Bmecte ¢ TeM, Mbl IIOIYYHIH U3BECTHYIO TeopHIO Bonbre-
pa: eClM BUABI KUBYT B OMHOU 3KONOIHYECKON HHUILE, TO OFHH H3 HUX
BCEr/{a BHITECHAIOT OCTaNIbHBIE.

X0, Y1)

Puc. 1.13. DpomoLys nomyIsuui aByx
BMJIOB B YCNIOBHSX KOHKYDEHIHH: Me-
Iy3a Aypenus — X, rpeOHEBHK MHe-
muoncuc — Y

Mopenu, nosoGHEIE ONMCAHHOM BBILIE, UCTIONB3YIOTCS IJIS OTHCa-
HHMs KOHKYpPEHTHO# GOpb0BI B yCHOBUSX PBIHOYHOTO IpPOHU3BOJCTEA.
MOXHO cenats BBIBOJ, YTO MOJHAS peanu3alys IPaBUl PHIHOYHOrO
MPOM3BOJCTBA JOJDKHA NPHBECTH K YCTAHOBJICHHUIO MOHOIIOJIHH OJIHO-
'O TIPOU3BOIUTEN.
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1.3. JkocHucTeMBI 03€p

B o3epHOH 3KONOrMYeckOW CHUCTEME BBIACIAIOTCA CIEIYIOIIHE
OCHOBHbIE OHOTOIBI : nenazuany, aumopans U Gewmans (puc. 1.14).
Ion nenarnajipro MOHUMAETCs BCA TONIIA BOTHOM MacChl 03epa, Mo
IuTOpaneld — npubpexusle obnactH  (00bluHO g0 TIYOHH
MPOHMKHOBEHMS COJHEYHOr0 CBeTa A0 JAHAa MIH J0 DIyOHUHB
IIPOHMKHOBEHUS BJIMAHUS TTIOBEPXHOCTHBIX BOJIH), @ 1101 OEHTANBI0 —
OHO Bojoema. Bcee opraHm3mel, oOWTalOmHe B 03epe, HA3BIBAIOTCS
eudpobuonmamu. TUApOOHMOHTE, OOWTAIOMIME B INEJardand H
JHIIEHHBIE BO3MOXHOCTH aKTHBHO IIEpeMEINaThCsi B BOJMHOH Cpefie
COCTaBIAIOT Mmaawkmox. I'uipoOHORTEI, OOUTAIOIINE B TIejlardaid H
MOrylye aKTMBHO IepeMEINaTbCsl B BOXHOM cpene COCTaBIAIOT
HexmoH. I'nApOOHOHTH, OOHMTAIOUIME HAa JHE BOIOEMAa COCTABIAIOT
benmoc. CyLIeCTBYeT elie rpyIa OPraHu3MOB, KOTOpble OOUTAIOT Ha
caMoOll IOBEPXHOCTH O3€pa, Ha CaMOHM TpaHHIE MEXAy BOJOH U
atMocdepoil. O1a rpynna Ha3bIBaeTCs NAEUCHOH.

SrMAMMHMOH

Puc. 1.14. OcHoBHEIE 30HBI 03€PHOH KOJOTHYECKON CHcTeMBl. B npaBo#
4acTH PUCYHKA — BEPTHKAIBHBIA HPOQMIIb TEMIEPATyphi BO BpeMs JIET-
HeH CTarHaluH :

anpHax IKOJIOTHYeCKas CHCTEMA, KaK M BCAKasd IKOJOIrHYCCKas
CHCTEMa, XapakTCpU3yeTCca TEM, 4YTO I €€ CyINECTBOBaHHA
HCO6XOI[HMO MNOCTYIUICHHE JHEPrHu, T.6. C TOYKH 3PCHHA
TCPMOAMHAMMKY, O3CpHAadA JKOJIOrH4eckKas CUCTEMa — 3TO BCeErja
OTKphITad CUCTCMA. Hctounnkom SHEPTrHUU AJI1 O3€PHBIX 3KOCHCTEM,
KaK IIpaBHUJIO ABJIACTCA ISHEPrus COJTHEYHOH paguannH, KOTOpas
obecrieunBacT cO3JaHUe HOBOIO OpPraHU4eCcKOro BEIUECTBA IIpHU
MMOMOIIH peaKLnu qﬁOmOCtIHiﬂé&’d. He uckimodero uCrnonb30BaHHUE B
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O3€PHBIX JKOCHCTEMAaX OJHEPTMH XHMHMYECKHX DPEakuuii (sABleHHE
Xemocunme3a), HO 3TO DpeAKOoe HCKIIIOUEHHE — HanpuMep,
(OpMHUPOBAaHHE THAPOTEPMANBHBIX YKOCHCTEM, NMOJOOHBIM TEM, 4TO
HaiineHsl HA JIHE OKEeaHa, BO3MOXKHO MPOUCXOINT Ha AHE baiikana.

OCHOBHBIMM TPOAYLIEHTAMH B KDPYNHBIX O3€PHBIX IKOCHCTEMax
SIBJIAIOTCA OJHOKIETOYHbIE BOAOPOCHH — ¢humonnankmon. (Bunbepr,
1960, Bynwon, 1983). B nebGonbmmx 03epax CYIECTBEHHYIO PONb B
00pa3oBaHUK NEPBUYHOH MPOLYKIMHA MOTYT HTPaTh MHOTOKJIETOYHEIE
BOJOPOCHH (HAIIpUMEP, KaMBIIIH WIM TPOCTHHKH, PpacTymue M0
Geperam o3ep, PACCTHI MIIM Xapbl, OOUTAIOIME B BOAC HA HEOONBIINX
ray6unax). OT0, Tak Ha3plBaeMsle, Mmakpogumer. K mnpoayneHram
OTHOCUTCA ¥ nepugpumor — COODILECTBA MENKHMX OpPraHU3MOB,
TIOKPHIBAIOIIMX TOHKOM TIUICHKOH CTBOJNBI MaKpOQHTOB, KaMHH H
IPYTHE MPEeAMEThI B JUTOPATIH 03€pa.

OUTONNAHKTOH B 03€paXx OOBIYHO MNPEACTABICH MOBOJIBHO
CJIOXKHBIM COOOLIECTBOM, KOTOpPOE HACUMTBHIBET B CBOEM COCTaBe
coTHH BUAOB. OCHOBHYIO POJIb B (PUTOILIAHKTOHHBIX COOOMIECTBAX
UIPalOT Ouamomoseble W CUHe-3eleHble BOROPOCIH. JinaTtoMoBble
BOJIOPOCIT HMMEIOT KPEMHHEBBIH CKEIET W JUIA CBOCTO pasBUTHS,
NOMUMO OOBIYHEIX OWOTEHHBIX 3NEMeHTOB — a3ora u docdopa,
TpeOyIoT elle 1 KPEMHHUH.

Cune-3eneHble BOAOPOCITH, CTPOrO TOBOps, Aake HE BOAODOCIIH,
MOCKONBKY MX KJIETKM JIHMIIeHBl sgep (OHM  OTHOCATCS K
IPOKApHOTaM), OJHAKO 3TO HE MELIAeT UM HIpaTh 6OJbuIy0 pOINb B
AHM3HH BOJOEMA, TIOCKOJIBKY OHH OYEHB OBICTPO Pa3sMHOMXKAKOTCs MPH
JOCTATOYHO BBICOKOH TeMmeparype BOIbI, o0nafas, IpH HEKOTOPBIX
YCIOBUAX, CBOHCTBOM HETOCPENCTBCHHOTO YCBOCHHMS a3oTa H3
pacTBOPEHHOrO B BOJE Bo3AyXxa. Kpome 3TOro, HEKOTOphIC CHHE-
3¢JIeHble MMEIOT Ta30Bble BAaKyOJIH, YTO IIO3BOJIIET MM COBEpLIATh
CYTOYHBIE BEPTHKAIBHbIE MMIPAliiM, & 3TO JAeT WM BO3MOXHOCTB
5((EKTHBHO HKCIIONb30BaTh CBETOBBIE M OHMOTEHHbIE PECYPCHI
BOJOEMa. 3aMETHM, YTO MHOTME CHHE-3€N€HbIe M TPOMYKTHI HX
pacnaga oOOnamalOT TOKCHMYECKUMH CBOWCTBAMM, 4YTO O4YCHB
CyIIECTBEHHO IIPH OLIEHKe KadecTsa Boabl (Cuperko, 1972).

CoBpeMeHHBIE METOJbl ONpeneieHus GuoMaccel (UTOILIAHKTOHA
OCHOBaHbl HAa OMNpEJIETIEHMH KOHLEHTpauuH xmopodumia "a"
(Golterman, 1975) nyTeM KOHLEHTpALMY TAHKTOHA Ha MEMOPaHHBIX
unpTpax npu BakyyMHoit dunsrpaunu. Ilocnenyrolmee onpenencHue
POU3BOAUTCA CHEKTPOGOTOMETPHUECKUMH WM (IyOpPOMETpUYe-
CKHMH METOJJaMHU. .
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IlepBnunas npogyKuHs GHTOIUIAHKTOHA B 03€pax M3MEPAETCH NpH
[IOMOINM KHCIOPOJHOTO M PafgHOyriepoAHOro MerofoB. CyHIHOCTH
HEepBOTO METOJA 3aKIKOYacTCss B CPAaBHEHHM H3MEHEHHS KOHIEHTpa-
L#M KHCJIOPOHAa B CBETIION W 3areHennoi OGanke. Ilonaraercs, yro 3a
BpeMs 3KCIo3uLMy (00bI9HO 1 CyTKH) §OTOCHHTE3 HACT TOJBKO B
cBeTION OaHKe, a MPOLECCH IbixaHus B 000MX OaHKaX OXMHAKOBEL
CymHOoCTh paiuOyINepOIHOro METOMA 3aKITI0YAETCA B H3MEPEHHH ac-
CHMMJIMDOBAHHOTO (UTONNIAHKTOHOM MedeHHoro yriepoma ('C) B
CKISHKE 3a BpeMsA 3KCHo3uimu. CpaBHEHHIO M OOCY:KICHHUIO MHTEp-
NpeTalMH JaHHBIX M3MEPEHHMH 3THMMH METOJaMH NOCBAlleHa OOmIMp-
Has JINTepaTypa, KpaTkMi 0630p KOTOpOH €cTb, HalpHMEp, B MOHO-
rpa¢uu B.B. Bynsona (1994).

Tabn. 1.2. Benmunnst nepmﬂﬂbﬁ HPONYKIMH B HEKOTOPBIX o3epax (BynboH, 1983)

Ozepo Tox MecTononoxeHue g%;nzy:;l:f;
Kpyrnoe 1968 Koneckuit m-oB 4
CeBaH 1959 ApmeHust 75
Onexckoe 1961 Kapenns 27
baiikan 1970 Cubups 190
Hccrik-Kynb 1983 Kuprusns 170
Batopun 1973 Benopyccus 1300
Msctpo 1973 benopyccus 1160
Hapous 1973 Benopycens ‘ 430

Benwunse!l rofoBeIX NPOAYKIXH (HUTOMIAHKTOHAa HEKOTOPHIX 03ep
npuBeeHs! B Tabnuie 1.2. PasHuna Mexy nepBUYHOM NpoayKiIKei B
apKTHYECKOM O3epe KpyrioM u HepBHYHOM NMpoAyKUHe# B 3BTPod-
HBIX 03epax benopyccuy BechMa Benuka. B Baiixane nepsuunas npo-
IOyKUHs HU3KA B €qUHANE 06BEMa, HO BRICOKA B PacyeTe Ha eIHHHMILY
nom@au o3epa U3-3a 60nbLIOH po3payHocTH BoAs! (10 41M 1o auc-
Ky Cekkn).
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Temneps nepeiieM K KOHCYMEHTaM, T.€. IIOTPEOHTENAM IIEPBUIHON
NpPOAYKUMM  O3€PHOr0  BojoeMa.  HemoCpeACTBEHHO — KICTKH
(QUTONNAHKTOHA NOTPEONAIOTCS I[UIAHKTOHHBIMM  (PUIBTPATOPaMH,
OCHOBHYIO MacCy KOTODBIX IIPEACTABAAIOT MeNkHe pakoobpasusie. I1o
yhclmy ~— BMAOB  300IUIAHKTOHHBIE — COOOMIECTBA  YCTYMAIOT
¢puromnankronnsM (Ilugraitko, 1984). Crnoxnyio H BaXHYHO s
DOHMMaHMsl Bcell JMHAMHKH O03€PHOM JKOCHCTeMbl mpobiemy
NpeACTaBisieT  B3aUMOAEHCTBHME  (GUTO- W 300MJIAaHKTOHA
(TyrensMaxep, 1989, MBanoBa, 1984). Jleno OCIOXHACTCSA TEM, 4TO
nporecc GUALTPAMM  CYHMIECTBEHHO 33aBUCHT OT  Pa3MepoB
(GHIBTPyeMBIX 9ACTHIL. 300TUIAHKTOHHEIE (HIBTPATOPHI MOTPEOIAIOT
HE TOJBKO XMBBIE KISTKH (HUTOIIAHKTOHA, HO M B3BELIEHHBIE B BOJE
YaCTULBI MEPTBOTO OPTaHUYECKOro BEIIECTBA (IETPHTA), KOTOPHIH
obpasyeTcsi B pe3yinsraTe OTMHpaHus QuromiankToHa. Taxum
00pa3oM, 300MIAHKTOH BKJIIOYACTCA B JBE TPOPHYECKHE LEMH —
(UTONNAHKTOHHYIO H [OETPUTHYIO, 3HAaYUMOCTh KOTOPBIX MOXET
CHIIEHO ~BapbUpOBaTh, KAK B 33aBHCHMOCTH OT THNA O3€PHOM
JKOCHCTEMBI, TAK H OT BPEMEHH IoJa.

B cOCTaB 03epHOr0 300IUIAHKTOHA OOBIYHO BXOAAT XHLIHBIC BUIEL,
KOTOpHIE THTAlOTCA Oonee  MenakuMu  GopMamH, HampHuMmep
[UIAaHKTOHHBEIMH KOJIOBPAaTKaMH MM pavykaMHd Ha PaHHUX CTagusx
cBOero paspuTus (Hampumep, HaymwinycamH). Jla ¥ caMu XHIIHHKA
NepexoIAT Ha XUUIHBIH 00pa3 )KU3HHU TOJIBKO BO B3POCJIOM COCTOSHMHY,
HO3TOMY B 300IUIAHKTOHHOM COOOIIECTBE HE peIKd Clydau
KaHHHOAIN3MA.

JluHaMuKa Pa3BUTHA O3CPHOTO 300IUIAHKTOHA OCHOKHSETCH €ro
MOCTOSIHHBIMM TIEPEMELIEHUSIMI BMECTE C BOLHBIMH Maccamy, a TaK
€ CYTOYHBIMU H CE30HHBIMHU BEPTHKAJIbHBIMH MUTDALHAMH.

I[IpoayKIMOHHBIE CBOKCTBA 300IUTAHKTOHHBIX NOMY/ISIMHA U3YYCHBI
pocratouno noapobuo (Iuaraiiko, 1984, Meanosa,1985, I'misipos,
1987, Tlonumyk, 1987). He 6yneM NpuBOANTE MHOTOUYHCIIEHHBIC 3M-
nupuyeckue (HopMyJibl, KOTOPBIE CBA3BIBAIOT MHTCHCHBHOCTH AbIXa-
HHS ¢ MACCOil 0coOM 1 TeMIlepaTypoil, IpOJOMKHTEILHOCTE Pa3BUTHA
B JAHHOM CTaiu# C TEMIEPAaTypoH H KOPMOBBIMH YCIOBHSAMH H T.IL
Tlono6HbIe AaHHBIE MOKHO HAaWTH B CHEUUANBHBIX U3JAHUAX, HAIIPU-
Mep «OCHOBBI M3Y4CHHS MPECHOBOAHBIX 9KOCHCTEM» IOA PefaKIner
I'.T". BunGepra (1981) unn «Tpoduyeckue CBA3M U MX POJIB B IPO-
JYKTHBHOCTH NIPUPOJHBIX BOXOEMOB) TIOJ ero xe penaxuuei (1983).

Bentoc o3ep ObiBaeT MPEACTAaBIEH MAOUIETUHKOBHIMU 4EPBAMU
(onuroxeramu), JUYMHKAMM HACEKOMBIX (XMPOHOMH[, PYYEHHHKOB,
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CTPEKO3, IMIOJEHOK U Ap.), MOJLIIOCKaMH (O6PIOXOHOTHMH U JIBYCTBOD-
YaThIMH), HU3MIMMHU U BBICIIHMH PaKooOPa3sHbIMH, MHABKAMH U IpY-
THMH XHBOTHBIMH, O KOTOPBIX MOXHO ITOAPOOHO Y3HATh B CHELHUAb-
HBIX PYKOBOACTBaX (HampuMmep, NATHTOMHOE H3gaHue «Ku3Hb mnpe-
cueix Bog CCCP» mon penmakuueil B.U. Xamuna (1940-1957) wmm
A.H. Jlunnna «Ilpecnple Boabl U ux xusHb» (1950). 3meck obpatum
BHHUMAHHE TOJNBKO Ha (DYHKIHOHAIBHBIE XapPAaKTEPUCTHKH OEHTOCHBIX
TIOTYJIALINiA, KOTOPBIE BaXKHBI U1 IOHMMAaHHUS YCTPOHCTBA BCeit 03ep-
HO¥W 9KOCHCTEMBL

PaccMoTpuM MoKosieHHEe WK KOTOPTY, T.€. TAKOE MHOMXKECTBO OCO-
0Oeid, B KOTOPOM MPOMCXOJUT TONBKO yOBUTH yucnenuoct (N) u poct
cpenned mMacce! ocobu (W). Toraa cocTOsHHE KOrOpThI B MOMEHT !
OIpeJe/sieTCs YPAaBHECHUAMH:

dN aw
DN, Yo,
dt Wy dt

rae P — KodQQUIHEHT CMepPTHOCTH, A — KO3DDHUIMEHT CKOPOCTH
pocra. bromacca onpenensercss Kak OPOU3BEAEHHE CPEAHEH MacChl
0CO0HU Ha YHCICHHOCTH KOTOPTHI (B = WN). M3MeHeHue 6MOMaccsl BO
BPCMEHH OIpeessaeTcs KaK:

dB d
dt dt dt dt

IlepBrlii uieH B 3TOM BBIP@XEHHHM HasblBaeTcad npoaykuueid (P), a
BTOpOH anumuHaruei (£). ITo moBoxy npakTH4ecKoro onpenesneHus
NPOAYKIMHU THIPOOHOHTOB €CTh CHENHAIbHOE PyKOBOACTBO («MeTo-
OBl OfpeleneHus NMpOAYKIMM BOAHBIX XHBOTHBIX» Munck, 1968).
Haubonbiee pacnpocrpalcHue nonyuun MeTon Boitcen-encena:

W +W,
2At,-1)

3neck Ny, N,, Wi, W, — 9HCICHHOCTH M CPEIHHE MACCHl B IBa MOCJIe-
JloBaTeNbHble MOMEHTa BPEMEHH ! U f;. 3aMeTHM, YTO NPOIAYKLHSA
MMEET Pa3sMEpHOCTh [Macca BPeMs ' |, MO3TOMy CKIIAJBIBAT €€ ¢ GHo-
Macco#, KaK 3T0 4acTo JeJal0T, HUKaK HEIb34.

Hpyroil pacnpocTpaHEHHBIH METON ONpEHAEIeHHs TIPOAYKIUH
(«dusnonornueckuity) OCHOBAH Ha YHEpreTHYECKoM Oanance ocodu

P=(N;-N,)
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K
= —R)= NR—2—.
P=NwC-R) K,

3nech u — kodhduuenT ycBoenus mumu, C — pauon (xonunue-
CTBO THMIMM TIOTPEONEHHOE B EAWHHUILY BpeMerH), R — TpaThl Ha 00-
meH (HHTEHCHBHOCTD JbiXanus), Ko — K03(QHUIUEHT HCIIONB30BaHNA
mau Ha pocT (K, = AW/(uC)). Tpatel Ha 00MEH OIPEIAEIAIOTCS
KCIICPHMEHTATLHO WK BEIYHCIITIOTCS 110 hopMye XeMMUHICEHa :

n
R=aW",
i€ a ¥ i — YMIIMPHYECKHE KOIDPULHEHTHI.

Ta6n. 1.3. Koadduuments: P/B ( cyr’!) u nponosKUTEBHO-
ot sxu3ad T (CYT.) HEKOTOPRIX THAPOGHOHTOB (3auka, 1974)

P/B T

Tpocreiiume | Wadysopma | 0.5-8 .5 1

Konospatkn | AcruiaHxHa 0.5 6.5

Pakoobpasubie| Jabuus 0.21-0.45 20-30

Bocmuna 0.1-0.15 27-36

IMonronopes 0.01 400-450
Mosunockn AnajioHTa 0.00054 3600
Pri0b1 Psmrynixa 0.0021 4000

Jlem 0.0071 5000

BaXHbIM IAPaMETPOM SBISETCS OTHOLICHHE IPORYKLHH KOTOPTHI
WM TIONyTIALMM K cpenHed Grnomacce (k03P PuLIHEHT P{B), KOTOPBIH
“MeeT Pa3MEpPHOCTD [Bpems']. B aHIIIOA3BIMHON HAYYHOU J:IPITipaType
OBBIYHO MONB3YIOTCS OOPATHOH BETMYMHOMN (“turnover time”).. Jlnst
GakTepuiii i GUTOIIAHKTOHA KOI(QUIMEHT P/B MOXeT JOCTHTaTh CO-
TeH roj ', st TVIAHKTOHHBIX PakooOpasHbIX 3Ta BEMMHHMHA COCTABIA-
et ot 5 10 20, 11s 6enroca 3-5, a 11 peld MOKET ObITh MEHBLIE &1~
auipt. Kosdouupents! P/B none3Hsl TeM, 40 1O JaHHBIM HU3MEPEHUA
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6UOMAcCChl TIO3BOJIAIOT OLICHHTH MPOAYKIIMOHHEIE CBOWCTBA ITOIYJIA-
LWH, BXOJAIIMX B 03EPHYI0 3KOJIOTHYECKYIO cucTteMy. B Tabmuie 1.3.
NpHUBEJCHEl OPHEHTHPOBOYHBIE 3HAYEHHs KkoadduumeHroB P/B u
IPOAOIKUTENHHOCTEH )KU3HH HEKOTOPBIX obHTaTenel o3ep.

Bssatue npo6 GeHToca OOBIYHO OCYIIECTBISETCA IPH ITOMOIIH
JHOoYepnaresiedl pa3smuYHOH KOHCTPYKUHMH (0fHa M3 Hauboiee pac-
MPOCTPAHEHHBIX KOHCTPYKLUHMH — JHOYeprarens ODKMaHa-bep/pka).
Opnaxo nHOYepnaTenH paboTaIOT XOPOIIO TONBKO HAa MATKHX IMecda-
HBIX W HJIMCTBIX TPYHTAaX, Ha KAMEHHCTHIX TPYHTaX, KPYThIX CKIOHAX U
B 3apOCJIAX MaKpO(HUTOB NPUXOAWTCA TPHMEHATH APYTHE METOHBI,
HanpuMep ¢ UCIOJIb30BAHHUEM AKBANAHTHCTOR.

Hzydenue nomynsuuit 1 coobuiecTs pl0, KOTOpbIE 0OUTAIOT B 03€-
pax, BCEra HECKOJBKO OTIMHATIOCh OT U3y4eHHs BOXHBIX Oecro3Bo-
HOYHBIX HE TOJIBKO B CHY CIELU(HUKU CaMoro o0bEeKTa H3yYeHUs, HO
W M3-33 TPUBA3AHHOCTH K IMPOMBICIY PBIOBI, Kak ApeBHEH X03gHcT-
BEHHOH JesATeNbHOCTH YenoBeka. 1[o3ToMy B OTHOIIEHMH K pBIOE BCe-
ra CTaBWICS BOIPOC HE TOJBKO O €CTECTBEHHOH (W), HO M IPOMBI-
coBOK cMepTHOCTH (). s YHCICHHOCTH PBIO OOBIYHO MHIIETCS
ypaBHEHHUE

%¥=4u+@Ny N(t) = N(Q)e H+o"

Ipenmnonaras, mus MPOCTOTH, TEMIN POCTa DPHIOBI JTHHEHHBIM
(W = af) MOXHO TIOJIyYHUTh BEIPAXKEHHE IS BBIIOBA PHIOBL:

Y = [ NWdt =agN(0) [ e+ P dr =
4 Y

~-(u+o),
= agN(0)< gr—2 |
TR p+o

rae f; — BO3pacT, C KOTOPOro pbida JOCTUTaeT IPOMBICIOBOTO pa3Me-
pa u noaeepraercsa o0soBy, N(0) — HauanpHas YUCIEHHOCTh HOMY-
nauuy win nonondenue. Ilpu ¢ = 0 (T.e. koraa o0naBIUBaeTCA BCA
NOMyJIANMA) HETPYIHO ITIOKAa3aTb, YTO HAHOONBLIMH BBIIOB MOXET
OBITH JOCTUTHYT B TOM CIY4a€, KOTIa MPOMBICIIOBas CMEPTHOCTh PaB-
Ha ectectBeHHOM (¢ = p). .. bapanos (1918) pennn aHaINTHYECKH
CXOIHYIO 33a7auy 06 ONTHMAaJbHOM BBUIOBE B NMPEANONOXKEHHH O Ky-
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Guueckoit popme QyHKuMH pocta peiber (W = or’), a buBepToH H
Xonr (1957) pacHpOCTpaHUIK TOT pe3yNbTaT Ha ciydadl PyHKUHH

3
pocta mo ¢opmyne beprananddu (W =W, [l—e—k('_")] . Ha artom,

COOCTBEHHO, KOHYMJICA aHATUTHICCKUH 3Tan B TEOPHH AWHAMHKH I10-
Oynsiui peid 1 Hayasucs MEPHOA MMUTAMOHHOTO MOJCIHPOBAHHUS, O
yem OyzeT cka3aHo B IIaBe 6.

CoobniecTBa puib B 03epax GOPMUPYIOTCS HANIEKO HE CIyYAWHBIM
o6pasom. Hampumep, ecii B kakoM-11Go o3epe cesepo-3anazna Poc-
cuu GyneT obHapykeHa KpacHOIepKa I IHHb, TO MOXKHO € MOJHOH
YBEPEHHOCTHIO YTBEPHK/ATh, YTO B ITOM K€ 03epe 00s3aTenbHO Oy Ay T
Hai{IeHB! OKYHb, IUIOTBA U IiyKa. A BOT 0OpaTHOE yTBEPXKACHHE CO-
BEpIICHHO HE BEPHO — HAJMYHE B 03€pe OKYHs HE HECET NMOYTH HU-
KaKoil HH(OPMALNK O CTPYKTYyPEe MXTHOLEHO33, KOTOPBIA MOXET CO-
JIEpXKaTh ele AECATOK APYTUX BUIOB PHIO Wi OKYHb OyJeT eNuHCT-
BEHHBIM NPEACTABUTENEM MXTHO(AYHBI JaHHOrO BOJ0EMa. 3aKOHO-
MepHOCTH (POPMUPOBaHMs COOOIIECTB PbIO B 03epax ObLIM H3yYeHBI
JLA. Xaxoseim (1984). Ha puc. 1.15 npesacraeieHa AeBApPOrpaMMa
CTPYKTYp MXTHOLEHO30B 03ep Bonoroackoil obnactu. lpu momoutu
KJIACTEPHOTO aHANM3a YAAJOCh BBIIEIHUTD «AAPO» HXTHOLEHO3a U €0
nepudepuHecKyro YacThb.

Nsyuenne uxTHobhayHbl o3ep 0asupyercs, npexiae BCEro, Ha pe-
3yNBTATAX MPOMBICIOBOTO W HAYYHOTO JIOBA DA3NM4HBIMU THITAMH
opyauii moBa. KpoMe 3Toro mpuMeHsieTcss MedeHue phi0, y4eT HKpU-
HOK ¥ KJIAJOK, THAPOAKYCTHYECKUE ¥ APYrue METOMbL. Y BBUIOBIEH-
HBIX PBIG KpOMe MOPHOMETPHHECKUX U BECOBBIX M3MEPCHUM, OOBIYHO
OTIpe/IeNAETCs BO3PACT (10 Yemlye Wil OTONMTaM), CTENCHb TIONOBOH
3penoCTH, WHAUBUAYAIbHAs IIOOBUTOCTH, HCCIERYETCS COACPXKAHHE
HKEITYKOB.

[Tocne oYeHb KPaTKOTro H JAJIEKOro OT IOJHOTHI paCCMOTPEHUS OT-
JeNbHBIX 9ACTel 03epHOMN SKONOIHIeCKOH CHCTEMbI IIEpeHieM K pac-
CMOTPEHHIO 3TOM CHUCTEMBI KaK €IMHOro uenoro. Kaes o TOM, 4TO
03ep0 MpeACTaBigeT COOOM HEKOTOPBIH «MHKPOKOCM», OPraHu3M
BBHICIIEr0 MOpSAKAa BOCXOAUT K KoHuly XIX nayany XX-ro Bexa
(®op6c, 1887, Haymann, 1927), HO TONBKO € pa3BUTHEM ofuiei Teo-
PHM CHCTEM M TIOSIBJIEHHEM KOMIIBIOTEPHBIX TEXHOJIOTHH HCCIIEN0Ba-
HUs ¥ YIPABIEHNS TAKUMH CHCTEMaMH [Ipe/iCTapjienne 06 osepe U ero
BOf0COOpE Kak O €JUHOMN IIEJTOCTHOH CHCTEME MOMYy4YHIO KOHCTPYK-
THBHOE Pa3BUTHE.
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Puc. 1.15. [lenaporpamma cCTPYKTYp HXTHOLEHO30B Bonorogckoif obmactu
(276 o3ep). Ha mixane — 3Hauenus koaduimentos xoppessiuu (FKakos, 1984)

IlepBocTeneHHoe 3HaYeHUE B MOHUMAHMY JUHAMHKA U Pa3BUTHUA
O3EPHBIX JKOJNOTMUYECKUX CHCTEM MIPAlOT JUINTENBHEBIC HETIPEPHIBHbIC
pAnsl HabmoaeHUH U oGOpMIIEHHE Pe3yNIbTATOB 3THX HaOMIOJeHHH B
BHJIe KOMIIbIOTepHBIX 0as u GaHkoB janHbix. Hampumep, mo osepy
MennoTa B wrarte Buckoncun (CLLIA) takoit pgn cocrasiseT Gonee
100 ner (Carpenter, 2003). Co3nans! GaHKH JaHHBIX [0 03¢py baiikan
(T'paueB u mp. 1999) u Jlanoxckomy ozepy (Psamxun, 2000). B kage-
CTBE IIpUMepa HCIIONH30BAHUA IMHHBIX pANOB HAONIONCHUH Hax
03€pHOI IKOCHUCTEMOH NIPUBEIAEM HEKOTOpHIE JlanHble 00paboTku 40-
neTHUX HabmoneHui wa oszepe ManeHem (Kamuarka) (Kporuyc u ap.
1987). U3BecTHO, YTO NPH KOPOTKONEPHOIHBIX HAOIIOAEHHIX HCCe-
JIOBATeM CTAJKUBAIOTCA C OONBIIMMH TPYAHOCTAMH B ONpPEIEICHHH
BEPTHKANBHOTO k03hdHuLueHTa TypOynentHoi muddys3un (cM. Tom |
HacTosiiedt kHury). OOHAKo, pacmojiarast JIMHHBIM HEIPepHIBHBIM
psIoM H3MepeHH TeMrepatypsl (3a 37 sietr e ObUIO HU OAHOIO MPO-
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MycKa CPOKOB HAGJIIOOECHHUIT) MPOCTHIM AENEHHEM TETIOBOrO MOTOKA
Ha TEPMHUYECKHH TPAAHCHT YAAJOCh IOIYYHTh PaclpeleseHne Kodd-
GHUIMEHTOR BePTUKANBHOU TypOyJNEHTHOCTH KaK BO BPEMEHH, Taxk U
no rayoune (puc. 1.16). D1y naHHbIe 0Ka3aauch HEOOXOAUMBIMH IS
NPOTHO3a MEPBUYHON NPOAYKUHMH 03€pa, KOTOpas CYLMIECTBEHHO 3aBH-
CHT OT HHTCHCHBHOCTH BECEHHETO W OCCHHEr0O IEPEMENIMBAHUS, U B
KOHEYHOM CueTe, IMPOMBICIOBOTO IPOTHO3a COCTOSHUS CTaja HEpKH
— IalbHEBOCTOYHOTO JIOCOCH.

=
'R EER

i

#53.0 JN226.0 :

! oo v Ve VI vilE IX X X X

Puc. 1.16. 3aBucimocTs k03¢ dUIMEHTa BEpTHKANLHOM TypOynenTHOH nudpdy3un
(eM? ¢') ot rnyGuusl (OpaMHaTa) H Bpemenn (opAnHaTa) B o3epe Jansrem (Kam-
4aTKa) N0 MHOrOJeTHUM JauHbiM (1937-1974 rr.)

B kauecTBe Apyroro npumepa MCHONb30BaHHA JUIMHHBIX BPEMEH-
HBIX PSIOB, TP PACCMOTPEHHH O3EPHOM JKOCHCTEMBI KaK €IMHOTO
IIEJIOr0, MOKHO IIPUBECTH CXEMY KOPPENALMOHHBIX CBA3CH B TOM XK€
osepe JMansuem (puc. 1.17). Y3 3T¥X DaHHBIX CHEMYET, YTO MPOJYK-
M GUTOIUIAHKTOHA 3HAYUMO KOPpENMpPYeT ¢ KOHUEHTPALUAMH He-
opranuueckoro (ocdopa TONBKO B IMOMIEAHBIA NEPHOA (AHBApb—
Maif), a C NEeTHUMH KOHLEHTPAUMAMH TaKOH KOppensluH HeT. 3aTo
CYLIECTBYET OTpULATeNbHasA KOPPENANNA U WHTEHCHBHOCTH NEPBHY-
HOM NPOAYKLHHK ¢ KOHIEHTPAIHIMI KPEMHHUS B OCEHHHUE MECSLbI, YTO
HE YAUBHUTENHHO, OCKOJIBKY B (DHTOIIAHKTOHE 03epa [lanbHero no-
MHHHPYIOT JMATOMOBBIE BOJOPOCIH NOTPEONAIONIHE KDEMHHUM.
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Puc. 1.17. Koppenanuonnsie cBsasu B o3epe HansHeMm (Kamyarka) mo MHOTOJIET-
HUM JaHHBIM (1937-1974 rr.). [IpuBeneHs! CTaTHCTHYECKH 3HAYHMEIE KO3(du-
IHMEHTHI KOPPEJIAIME MEXIY OTKIOHEHHAMH OT CPEAHHX 3HAYCHHH

00600menneM 3HaHUH 0 QYHKIMOHHPOBAHHH O3€PHOW SKOJIOTHYe-
CKOU CHCTEMBI MOXKET CITY)KUTH CX€Ma IIOTOKOB 3HEPTHH, BBEICHHAS B
obuxon sxonoruueckux 3Hanuil FO. Onymom. ITogobHas cxema s
aKocucTeMbl o3epa Jlpussatsl (benopyccus) npuseneHa Ha puc. 1.18.
IocTpoenune mogobHOM cxeMbl TpeOyeT COBMECTHOrO U IieJIeHAIpaB-
JIEHHOTO TPy/Ja LEJIOoro KOJUIEKTHBA UCCleqoBaTeNleil OT GUTOILTaHK-
TOHOJIOTOB JI0 MXTHOJIOTOB, IIO3TOMY, BO3MOXXHO, OHH IyOJIHKYIOTCS
OTHOCHTEJIBHO peaxo. CaMoe TPYIHOE NMPH CO3/IaHuH NOTOOHBIX CXeM
— 3TO AOOUTHCA COTTACOBAHHOCTH TIOTOKOB SHEPTHH HA PANTHYHBIX
Tpoudeckux ypoBHAX. JIOBOJIBHO THUITHYHBIM SABJIACTCS ClIy4al, Ipu
KOTOpPOM NOTpeOJicHHe SHEPTHH 300IUIAHKTOHOM OKas3blBaeTcsa 00Jb-
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me, 4eM MNPOXYKuMs (UTOIIaHKTOHA. Takas KOMIU3MA HMCET, I0
kpaiiHell Mepe, ABa pemeHus. [lepsoe, xapakTepHOE U1 aPKTHYCCKHUX
03ep, 3aKITI0YAETCA B TOM, 4TO B 036PO BHOCHTCA MHOTO aJLTOXTOHHOH
OpraHuKHM, KOTOpas B IepepaboTaHHOM OakTepHs MM BHAE SBISETCS
WCTOYHHKOM IIHILH It 300TIaHKTOHa. BTOpoe 3akiroyaeTcs B Cymie-
CTBEHHOM OmMOKe NPH ONPEACICHHH IEPBUYHON NPOAYKIHH, HAIpH-
Mep HEJOY4ET NPOAYKIHH HAHHONIAHKTOHA, KOTOPBIA B IUIAHKTOH-
HBle CeTKU He nomaaaer. ClielyeT cKas3aTbk, YTO LEHHOCTh COITAco-
BAHHO# CXEMBI [IOTOKOB JHEPIHH (& ellie yYlie ¥ NOTOKOB BEIIECTBA)
B 03CPHOM DKOCHCTEME 3aKIF0YAETCA B TOM, YTO OHA SABJIAETCA HANEK-
HBIM OCHOBAHHMEM U1 IIOCTPOCHHSA MOJEIM SKOCHCTEMBI 03€pa, O 4eM
6yzer ckasaHo B riase 6. K mpumepy, no AaHHBIM, TIPEACTABICHHBIM
Ha puc. 1.18, Obina co3jmaHa MOJENb SKOCHCTEMBI 03€pa JpuBATHI
(MenurykTkrH, YMHOB, 1970).

OUTONJIAHKTOH
MAKPOOUTDI b a

OUNBTPATOPbI

XULUHBI
300MAHKTOH

BONBLIAE
MOTIOCKN

BEHTOC

XHUHBIE
PbiBbl

Puc. 1.18. TToroku 3HeprHK B 3Kx0cucTEME 03epa JIpHBATSI (Bm{6epri
1970) . 1 — 6uomacca B KKan M2, 2 — TpaThl Ha OOMEH B KKaj M

- = -1
ce30H ™, 3 — MponyKLMH, PALIMOHB! H OTMHPAHHE B KKATT M~ CE30H
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Bce, yTo roBopunocs BeiiIe 00 03€pPHBIX 3KOCHCTEMAX, OTHOCHIOCH
K OJHOA TAaKOH CHCTEMe, BHE CBI3H C Jpyrumu. [losTomy
HeNecoobpazHo MEPEHTH K pacCCMOTPEHHK) MHOKECTBA MM aHCaMOis
03EpHBIX 9KOCHCTEM HEKOTOporo pervona. IIpu takom noaxoje cpazy
BO3HMKAaeT MnpobneMa  KIACCUQUKAIMU  O3€PHBIX  IKOCHCTEM.
HaunbGonee pacnpocTtpaneHa cucrema Kiaccupukaupu Tpo(QHOCTH
03ep, Brepsele BBeAeHas Haymannom u TuHeMaHOM ¢ BBIIEIEHHEM
onUroTpodHpIX U BTPOQHBIX BOJOEMOB. JIuTeparypa 1Mo THIOJOTHH
03¢p TrpoMaJHa, pa3sHOOOpasHBIX INKaN, Tabmui H TEPMUHOB
IpeUIOKHO MHOro. B kauecTBe mpumepa mnpuBeneMm KiaccH(uka-
IMOHRYIO Tabnuuy, npeanoxennyo C.IT. Kuraeoim (1984).

Tabn. 1.4. Knaccudnkarms ozep o C.I1. Kuraeny (1984)

Tun 03epHOI 3KOCHCTEMBL
Onurorpo i M i i
Xepaxrepictia poHblii | Mesotpodubiii |  OBTpodHbIi rmepq_)
[DBTPOP-
a p A B a B HL}E

' Xtopo
agdr‘i’;”?: <15 | 153 | 36 | 6-12 | 1224 | 2448 | >48
bromacca
nronmamcrora (1) <05 | 05-1 | 12 | 24 | 48 | 816 | >16
[epBrdHas npoyKiws 0.125-
a2y <0.125| T 00 1025-05| 05-1 | 12 | 24 | >4
it
(rzp;’f;’r‘;i’fgp‘mym”" <125 [12.5-25| 25-50 | 50-100 {100~200{200—400] > 400
I3
(r";g§cca Gexrroca <125 [125-2.5| 2.5-5 | 5-10 | 1020 | 2040 | >40
broma
300ma°}{°; o eary | <125 |125-25| 2555 | 510 | 10-20 | 2040 | >40
Bromacca
o o (eard) | 05|05 | 12 | 24 48 | 816 | > 16
HxTHomacc
(e 12 a <125 [12.5-25| 25-50 | 50-100 {100-200{200—400] >400
Pri6onponykums
(K”a_}; AYKIL <25 | 25-5 | 5-10 | 10-20 | 2040 | 4080 | >80

Hamo ckasats, yTo KiaccHdukanms no tabmuie 1.4 manexo He 06-
mwenpuHsras, Hanpumep .. Bunbepr (1960) mo nepBu4HOH NpoayK-
IV TIPUBOJMT HECKOJILKO MHBIE 3Ha4eHus. bonee Toro, sTa Kiaccudu-
Kalys NPOTHBOPEUHBA — HEOJHOKPATHO B JIUTEpPAType IPHBOJMINCH
TIPHMEPBI, KOTAA [0 OIHHM IIOKA3aTelsiM 03epO0 OTHOCHTCA K ONMIO-
TpoHOMY THIy, IO JAPYTHM K ME30TpoHOMY, a IO TPETbUM K 3B-
tpoduomy (Carpenter, 2003). PaspaGoranbl U Apyrue CHCTEMBI Kiac-
cU(UKAIMH 03EPHBIX YKOCHCTEM, HAIpUMeEp, Mo CTPYKTYpe CoodIecT-
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Ba pei0 (AOpocoB, 1982), M0 XMMHYECKOMY COCTaBy BOZBI (AJIEKHH,
1970), BupoBoMy cocTaBy 6eHTOCA WM JOHHBIM OTJIONKEHHAM. Bee aTu
K1acCH(HUKAIMK CTPAfaloT OJHUM HEJOCTATKOM — OHH HCIOJIb3YIOT
OZIHY WJH, B JIydlIeM Cllyqae, JABE-TPH XapaKTEPHCTHUKH O3€pHOM 3KO-
JOTHYECKOH CHCTeMBI (IIPMMEPHO TaK )K€ MOJKHO AENUTh BCEX JIonei
Ha XOJIEpHKOB, CAHTBHHHKOB, MEJIaHXOJIMKOB U (uierMaTukoB). B 3anma-
4e TUIOJIOTHH 03€pP HECOMHEHHO NPHHAIEXHUT OOoNbLIoe OyAyniee mMe-
TOJaM HEYEeTKOTO KJIAaCTepHOTO aHAIH3a M TCOPMH PacIio3HaBaHWUA 00-
pa3oB, KOTOpBIE ONEPUPYIOT C MHOTOMEPHBIMH OOBEKTaMH.

Jipyroif acniexT pacCMOTPEHHS MHOXECTBA O3€PHBIX dKOCHCTEM —
3TO YCTAHOBJICHHE OOIMX 3aKOHOMEPHOCTEH, XapaKTePHBIX IS 3THX
o6wextoB. Hanpumep A.®D. Anumos (2000) NpuBOOMT UETYIO CEPHIO
3MIIUPHYECKUX YPABHCHHUH CBA3BIBAIOLIMX OTACIBHBIE JJIEMEHTHI 610-
THYECKOTr'0 6aJlaHCca 03EPHBIX IKOCHCTEM:

B, =0.099P%5"
B, =0.701P>*
B, =150.43B;°7%

By =0.069P0",

rae P, — nepsu4Has NPOAYKLHSA S3KOCHCTEMBI (KKall m2ron™), B, —
OuoMacca 300I1aHKTOHA (T M 2), B, — Guomacca 3006eHTOCa (rm 2,
Br — 6uomacca puIo (kT ra™"), Py, — GuoMacca 0aKTepHOIUIaHKTOHA
(xkan M2). He MeHee WHTEpECHHI IMIMPHUECKHME 06OGIICHHS
B.B. bynbon (1994), xoropbie KacaloTcs, B OCHOBHOM, NEPBHYHOMN
HPOIYKIMH BOZOEMOB.

Jas uxtuomaccsl C.I1. KuraeseiM (1994) BriBenieHa BHymIUTENbHAS
cepHsl SMIUPUYECKUX GOPMYJI, CBA3BIBAIOUIMX 3TY BEIHYHHY C pas-
JIMYHBIMH XapaKTEPUCTHKAMH O3EPHbBIX SKOCUCTEM.

He mmest BO3MOXXKHOCTH HPHUBECTH BCE IMIIUpHYECKHE (HOPMYIBI
C.II. Kuraesa, orpanuuumcs o01ieil cxeMoi cBf3eil, KOTOPYIO MOXHO
HOCTPOUTH HA OCHOBE €ro uccnenosanuil (puc. 1.19). He BoaBasce B
HHTEepeCHBIE MOAPOOHOCTH, 3aMETHM, YTO ITa CXeMa JODKHA HArJIAA-
HO TOKa3aTh, YTO O3epHas 3KOJIOTHYECKas CHCTEMa — ITO ACHCTBH-
TENBHO CJIO)KHAs CHCTEMa B TOM CMBIC/Ie, KOTOPBIH BKJIaJbIBAETCS B
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9TOT TepMHH obwlelt Teopuet cucrem (Kussesa, Kyparomos, 1999).
ConocraBus cxemy, cocraBieHHy0 no padoram C.I1. Kuraesa ¢ ana-
JOTHYHON cxemoH (puc. 1.20), cocTaBineHHol o COBEPUIEHHO He3a-
BUCHUMBIM, COOCTBEHHBIM MartepuanaM JI.A. Xakosa (1987), moxuo
NPUATH K 3aKITOYEHHIO O TOM, YTO O3€PHBIE SKOCHCTEMBI — 3TO JeH-
CTBHTCILHO CHIBHO CBSA3AHHBIC CHCTEMBI, JOCTOHHBIE TOTO, YTOGHI
HMU 3aHMMANach efuHas HayKa — JIMMHONOTHA. BrpoueM, 310 uH-
TYHTHBHO 3HalM €LIE OCHOBOINOJIOXHHKY JIMMHONOTUH, TONBKO B HX

pacropsHKeHUr He OBUIO TCOPETHYCCKUX U TEXHHYECKUX CpE€ACTB HC-
CJIICAOBAHHUA TaAKUX CHCTEM.
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Puc. 1.19. Cratuctuueckue casasu B O3€PHBIX 3KOCHCTEMaX ceBepo-3amana Poc-
¢y (1o nanneM Kuraesa, 1986). MOH — Mopdosnaduyeckuii ungexc (oTHO-
LUEHHE CyMMBI HOHOB K cpelHeH riy6une o3epa), @ — koadibuunent ycnossoro
BOI0OOMEHa, & — yJIeNbHAs MPO3PAuHOCTD (upospaunocts no Cekkw, AesleHHas
Ha CPENIHION TTyOKHY 03€pa). 3HAK «+» YKA3BIBAET HA TIPOIOKHTENBHOCTD CBA3H,

«—» Ha OTPULATE/IbHOCTh, COUETAHUE ITUX 3HAKOB COOTBETCTBYCT MHOI'O3HA4YHbIM
CBA3sIM

B 3akilouenne 5T0ro pasgena OCTAaHOBHMCA Ha B3aHMOIEHCTBUM
BOJHOTO Tena o3epa ¥ ero Bofoc6opa. OTHOWIECHWE MIOMANK BOIO-
cb0pa K NOBEPXHOCTH 03epa HA3BIBACTCA YAETBHBIM BoJlocOopoM. Be-
JIMYMHA JTa Konebnerca B IMMPOKUX Npefenax. Hanpumep, s Jla-
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IOXKCKOro osepa 14.6, mns Benukux AmMepuxaHckux o3ep 1.6-3.4
s osepa Janpuero Ha Kamuatke 8.3, a o3zepa Hepo Spocnasckoi
obnactu 21.4. J{nsa OUEHKU BIMAHUS BOZOCOOpa Ha 03E€PHYIO DKOCH-
CTeMy BaXHA He CTOJNBKO €ro IUIOI@Ab H YAENbHBIH BOJOCOOD,
CKONBKO TE TPOIECCH, KOTOPHIE Ha HEM IPOMCXOAAT ¥ QOPMHUPYIOT
Ka4eCTBO BOJ, KOTOpHIE NOCTYNAIOT B 03€pO KaK NpH IOMOILIH I10-
BEPXHOCTHOTO, TaK M MOA3EMHOro croka. B cBow ouepenh o03epo
BIIMSET Ha Te MPOLIECCHI, KOTOPbIE OMPEAENIIOT THHAMHUKY Bojocbopa,
HanpuMep, y4acTBys B (POpPMHMPOBaHMH KIMMATHYECKHX YCIOBHUH.
WHBIMH CITOBaMH, 03€pO SBISIETCS HEOTHEMIIEMBIM 3JEMEHTOM JIaHA-
madyTa, Kak LEIOCTHOH MPUPORHOH cucteMnbl (Apmang, 1975). B ka-
yecTBe mnpuMepa obpatMMcs K yKe LUTHPOBaHHOH pabore
JI.A. Kaxoga (1984), B KOTOpo#l He TONBKO THAPOXUMHYECKUE K THJ-
pobuonoruyeckrue 0COOEHHOCTH BONOTOACKAX 03€P, HO H THI HXTHO-
LEH032 TIPIAMO CBA3BIBAETCS C [EOJIOTHMYECKUM M reoMopdonorude-
CKHM CTPOCHHEM NaHamadTa.
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Puc. 1.20. Koppensuuonssie CB3M B 3kocHcTeMax Bomoromcxux ozep (Bcero
276 o3ep) no marepuanam JLA. XKaxosa (1984). [IpuBeneHB! TONBLKO CTATUCTHYE-
CKH 3HaYMMble K03 QHLUMEHTEI THHEHHOR KOppensuuu
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Oco6oe 3nauenne npuobperaeT NaHAWA(THOE HANPABIIEHHE B H3y-
YCHHUU IKOCHCTEM O3€p TIPH CHIBHOM aHTPOIMOI'eHHOM BO3NEHCTBHH
Ha 3TH CHCTEMbL. YIIpaBIEeHHE Ka4eCTBOM BOAB! B 03epax (ri. 3) He-
BO3MOXXHO 0€3 3HaHMS M AKTMBHOTO BMELIATENLCTBA B IIPOIECCHI,
TIPOHCXOAANIHME Ha BogocOope.
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[m— .
NOA3IEMHbIN CTOK

Puc. 1.21. Cxema o3epa, Kax 3)1eMeHTa aHTPOIOTEHHOM JaHIIAdTHON CHCTEMB

Ha puc. 1.21 uzobpaxena cxema o3epa, Kak dJeMeHTa JaHmmagr-
HOHM aHTponoreHHoH cuctemsi. IloapoOHO npobnemsr 3arps3HeHus
o3ep 6yAyT 3aTPOHYTHI B [II. 2, a METOIBI MOJEITHPOBAHHUSA NPOLIECCOB
Ha Bogocbope o3epa OyayT paccMOTpeHHl B Iil. 6. Buemnss docdop-
Has HAarpys3ka, Kak BaXHEHILMH mapamMeTp aHTPOIOreHHOro 3BTPOdu-
poBanus, 0OBIYHO LENMKOM PopMHpPYeTCs Ha BOJ0GOpE, ITO ke OTHO-
CUTCA Y K MCTOYHHKAM 3arpsasHeHui. ITo3ToMy paccMorpenue ozep-
HOHM JKOCHMCTEMBI, HE M30MPOBAHO, a B COBOKYIHOCTH ¢ JaHawmadr-
HOM CHCTEMOM BoiocOopa ABASIETCA OIHHUM M3 BRKHEHIINX HAIpaBlie-
HMH THMHOJIOIMYECKUX HCCIIEOBAHUI.
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AHTPOIIOTEHHBIE BO3EUCTBUA HA O3EPA
1 TTPOBJIEMBI KAYECTBA BO/]

2.1. 3arpsizHeHUs1 BOOEMOB

3arpa3HeHUEM Cpelbl CUMTACTCS BHECCHHE B HEE HOBBIX, HE CBOH-
CTBEHHBIX € (PU3UYECKUX, XMMHYECKUX, OHOIOrHYECKHX COCTaB-
JNAIOMIMX WIH [PEBBINEHUE ECTECTBEHHOIO CPEAHEro YpOBHs 3a MHO-
TONETHUH Mepuo 3THX COCTABIAIONUX B cpese. OCHOBHBIE ONpene-
JIEHHsl HACTOSIIeH TNaBbl M3JIOXeHbl, ciaemys paboram (Bormanos-
ckuit, 1994; Craguuuxuit, Ponuonos, 1996; Ckypnaros, 1994; [lanu-
nos-Jlanumesy, 1997; Iokasees, Mengsenes, 1998).

[TocTyrenune 3arpsa3HeHUH M3MEHSAET (GYHKIHOHHPOBAHHE 3KOCH-
creMbl. VI3MeHSIOTCA OTOKH 3HEPTUH M BELECTBA, IPOLYKTHUBHOCTD,
YRCJIEHHOCTh MOMYJIAUMA U T.1. 3arps3HEHHE NPUPOJHON CPEIBI MO-
JET TPOMUCXOJUTh KaK OT CCTECTBEHHBIX HCTOYHUKOB (M HABOJHE-
HUM, OOpYIICHHH GEpEros, H T.A.), TaK H B PE3YNbTATe YENOBEYECKOH
nearenbHOCTH. TakuM 00pas3oM, criedyeT pasivudyare NMPUPOJAHBIE H
AHTPOIIOrEHHBIC 3ATPA3HEHHS. 3arps3HEHHe MOXET HUMETb (usuie-
CKY10, XHMUYECKYIO, GHONIOrAYECKYI0 IPUPOIY.

TIpuBeneM ONpERENeHHe 3arpsA3HEHHsA, KOTopoe Gbuio chopmyu-
POBAHO TPYIION SKCHEPTOB MO HAyYHOH TpoliieMe rI06anbHOro 3a-
rpsi3uenns Mopedt mpn OOH. Xots ompenenenne kacaetcs MOpeH,
OHO NMPHEMIIEMO U IJIA 03€p. «3arpsA3HEHHE 03HAYACT BHECCHUE Y€II0-
BEKOM TIPAMO WM KOCBEHHO, BEILECTBA MIIK IHEPTHU B MOPCKYIO Cpe-
Jly, B pesylbTaTe 4ero BO3HHMKAIOT TaKHe NOCIENCTBHUSA, KaK ymwepo
XKHBBIM pECypcaM, OMACHOCTh I 3/10POBbs HUENOBEKA, M3MEHCHHE
T0JIE3HBIX CBOUCTB BOZHOIO 00BEKTAY.

B 6uonoruueckoM HIMKIONEANYECKOM CJIOBApe 3arps3HEHHe Orl-
penenserca cnenyromum obpasom. K sarpsasuerusm 6uocdepsl 0THO-
CATCA TIOCTYIJIEHHE W HAKOMJICHHE KAK CTOWKUX 3arpA3HAIONIMX BE-
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IIECTB, KOTOPhIE MTOYTH HE Pa3pyIIAlOTCS B NMPHUPOAHBIX cpeiax (Ha-
npumep, JI/IT), Tak ¥ BEIIECTB, UMEIONNX €CTECTBEHHBIE MEXAHU3MBI
pasMHOXEHHA M yCcBOeHHs (Hampumep, ynoOpeHHs) B KOJIHYECTBAX,
TPEBBILIAIOMKX CIIOCOOHOCTD GHocheps! k UX mepepaboTKe W Hapy-
HIAIOIINX CJIOKMBIIKMECH B XON€ [UIUTENBHOH 3BOJIOLUM TIPHPOIHbIE
CHCTEMBI M CBA3M B OHOcepe U MOAPHIBAIOLIMX CIIOCOOHOCTL HpH-
POJIHBIX KOMIIOHEHTOB K CAMOPETyISIHH,

®usnvecKoe 3arpA3HEHHE CBA3AHO C M3MCHEHHEM (U3MYECKHX I1a-
pPaMETpOB: TEIUIOBBIX, CBETOBBIX, 3JIEKTPOMATHHUTHBIX, PaqHallMOH-
HBIX, 3BYKOBEIX H JIp.

TennoBoe 3arpsasHeHHe 0OBIYHO CBA3aHO C NMPOMBINUIEHHBIMH BbI-
OpocaMH Teruioi BOJIbI, HATIPUMEP OT ATOMHBIX CTaHUui. TemioBoe
3arpA3HEHHE BOJOEMOB MOXKET yCHIIMBATh 3BTPOPHUKAIIHIO 03€p.

XMMHYECKOe 3arpsa3HEHHE NpEACTaBIAeT COOOH MOCTYIUIEHHE B
9KOCHUCTEMY T€X WJIU WHBIX BEMIECTB, KOJIWYECTBEHHO MJIH KAueCTBEH-
HO 9y>KIbIX 3KOCHCTEME. IIp¥ 3TOM HU3MEHAIOTCS HE TOJBKO XUMHYUE-
CKHE CBOMCTBA CPEAbl, HO MOXXET HAPYIIMTHCH (QYHKIOHHPOBAHHE
9KOCHCTEMBI. Ue0BeK MOCTABIACT B OKPYXKAIOLIYIO CPERy COeIHHE-
HHA, KOTOPBIX paHbIle B HEH He Opu10. [To3TOMY OTCYTCTBYET ecTecT-
BEHHBIH (ITPUPOAHBIN) MyTh UX HelTpaausaiuu. [IpumepamMu xumude-
CKOro 3arpsi3HEHMS ABJIOTCS 3arps3HEHHA TSDKEIBIMU METAJUIaMHU,
necTHIWIaMy, XxJopOubunuiamu u nap. OTpHULATENbHBIE BIHSHUAA
XMMHYECKUX 3arpA3HEHUH HAa MeTa0O0IHU3M XKHUBBIX OPraHU3MOB Ha3bI-
BAlOT «DKOJOTHYECKMMH JIOBYLIKaMu». B kauecTBe TakoH JIOBYIIKH
MOXHO YIIOMSHYTH SIBJICHHME HAKOILIEHHS METHIPTYTH B OpraHu3Me
yenoBeka (Oose3Hs MuHaMaTa — 1O Ha3BaHUIO MecTHOCTH B Smo-
HUH, rje 3ta Oone3ns Oblia BriepBble 00HapyxeHa). OTXO0bI MpOou3-
BOJICTBA, COJICP KaIllM€ METHIPTYTh, COPACHIBAIIICH B BOJIOEM, OTKY1a
C NPOXYKTAaMH, BBUIOBIEHHBIMH pblOakaMH, NOCTYNald B OPraHH3M
genoBeka. bomee 40 yer moHamoOHIOCE MPUPOAE IS TOro, YTOOHI
YCTPaHHUTh TOCHEACTBHS COPOCOB AAOBHTHIX OTXOMOB B 3amuB. Hako-
IUIeHHE XHUMHYECKHX BEIIECTB B MUIIEBOH IIEMH HA3BIBAETCA KOHIICH-
TPUPOBaHHMEM B TMIIEBOH Lenu wiM 6uoHakomiaenueM. OcoOeHHO
OIACHO 3TO SBJICHHE B OTHOLICHHH HEKOTOPBIX YCTOMYHBHIX K Pasio-
XKEHHIO TECTHIUIOB H PaJHOHYKIHUIOB, KOTOPBIE HCIONB3YIOTCA B
Hebonplmx KkoHUeHTpauusax. Hanmpumep, npeacrarum cebe mocTyn-
nenne JJIT B Bogoem. Ilo Tpoduueckoit nemu cuavana JAT npenaer-
sl IpoJyLeHTaM (BOIHBIM PACTEHHUAM), 3aTeM pbibe (TpaBOSAHOM), na-
nee XWIIHOM phiOe u, HaKOHEW, xumHoil nruue. IIpu nepexone ¢ nep-
BOr0 Ha BTOpoH Tpoduueckuil yposenb konnentpauus JAT Bospacra-
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et B 250 pas, nipu niepexosie co BTOporo Ha TpeTuit — emte B 1200 pas,
a ¢ TpeTbero Ha 4yeTBepThid — emle B 1800 pa3. CunbHoE BIMAHKE
JT oxaseiBaer Ha momyisud ntul. IToctynnenue JJAT B opranusm
rIepHATHIX HapylaeT o0pa3oBaHHE AWYHOH CKOPNYIBI, YTO Hapymaer
pa3sBUTHE NTEHIOB M MOXET IPUBECTH K COKPAILEHHIO MM JaXKe TH-
Oenu nonynsuuu. [logo6HeM 06pasoM CieAOBBIe KONUYECTBA paHo-
aKTUBHBIX DJIEMEHTOB, MOCTYNAIONMX B BOJOEMBI C MpEINPHATHH
ATOMHOM IIPOMBIIUIEHHOCTH, KOHLIEHTPUPYIOTCS B TKaHAX PbIO U
OTHL, W TPEICTAaBISIOT OMACHOCTh Ui 4eloBeKa. KilaccHueckum
IPUMEPOM TAKOro OTNIACHOTO BO3AEHCTBHS sABNAETCA 03epo Kapayaii B
YenaOMHCKOHN 00NacTH, KOTOPOE MHOIO JIET HAKAILIHMBAIO PajHOaK-
THBHBIE CTOKH.

Buonoruueckoe 3arps3HEHHE SBISAETCS HE MEHee ONACHBIM, YEM
XMMHYECKOE 3arps3HeHue. PacrpocTpaHeHHE NaTOTEHHBIX OpraHus3-
MOB CO CTOYHBIMM BOJAaMH 4acTO SABJISUTHCH M MPOJOIDKAIOT SABJIATHCS
IpHUYMHAMY SMHIEMHI pafa Gone3Hel, HalpUMep Tako¥ OIMacHOM Kak
remaTur.

CryyaifHoe mepecesicHHE XUBOTHBIX HJIH PACTEHHH B 9KOCHCTEMBI
MOJXKET IIPHBECTH K 3HAYUTEILHOMY HapYIUCHHIO HX QyHKUHOHHPOBA-
HHA. DTO sSBJIEHME TaK Ha3biBaeMOW MHBa3WH. I'peOHEBMK MHEMHUOI-
cHc, IONABIIMH ¢ 0aJUTaCTHBLIMA Bolamu B UepHOE MOpe, A€ OH OKa-
3arcs Gollee KMBYYHM, [0 CPABHEHHIO C MECTHBIMH OOHMTaTENAMH B
TOM e Tpoduueckoll 1eny, HaHec OrpoMHBIH yniepd sKOCHCTEME MO-
ps. TlonoGuble BeeseHs! 3amedeHs! B banruiickom mMope, Jlagoxckom
o3epe, Bennknx AMEpHKaHCKHX 03€pax.

Pasnenenue sarpasHennii Ha (QU3HUYECKHE, XMMHYECKUE, OHOIOTH-
YecKHe MMEET OMpEeJENeHHYI0 YCIOBHOCTH M Orpanu4eHHocTs. Ha-
npuUMep, TEIUIOBOE 3arps3HEHHE BONOEMA, BO3HHKAIOMIES IPH HCHIONb-
30BaHUH BOJBI [T OTBOAA M30BITOYHOrO TEIIA, OTHOCHTCS K Qu3Hnye-
ckOoMy 3arpsisHeHHI0. OHAKO TEIUIOBOE 3arpsA3HEHHe NPUBOIHUT K MH-
TeHCU(MKALUY U [IEPECTPONKE MPOLECCOB OMOTHIECKOW KOMITOHEHTBI
JKOCHCTEMBI, HApYILAIOTCS MPOLECCH IEPEHOCA XHMHYECKHX Be-
IIECTB, M3MEHACTCA BHIOBOH cocTaB. TakuM 00pa3oM, BO3HHKAET
BTOPHYHOE XMMHYECKoe M OHonmorudeckoe sarpsasHenue. Kmaccude-
CKHM IIPUMEPOM BTOPHYHOIO 3arpsA3HEeHMs NP M3MEHEHHH (u3HYe-
CKHX TIpOLIECCOB B 03epe siBisieTcs o3epo CeBaH B ApmeHuu. B Teye-
HHE MHOPHX JIET B JIOHHBIX OTJIOXKEHMSX HAKAIUIMBAJIUCh PasjIH4HbIC
BEIECTBA. A NpH N3JCHUM YPOBHS 03epa Ha 18 MeTpOB BCIEACTBHE
MCIIONB30BaHUA BOJ Ha HYX/Ibl THAPOIHEPTETHKH IIPOU3OIUIIO KaTacT-
poduuecKoe M3MEHEHHE 3KOCHCTEMBI o3epa. YacTh o3epa — boib-
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mod CeBaH CTall OTHOCHTENBHO MENKOBOJAHBIM, U B HOBBIX YCIOBHSX
NpY YMEHBILEHUY [IyOMHB! 03¢pa MepeMelIuBaHue BOX HOCTUTANO
Aua. IIpu 3TOM CTaNo oTMeuaThCs SBNEHUE PECYCIICHCHH — TOABEMA
M3 JOHHBIX OTJIOXCHHH BEUIECTB, KOTOPBIE NPHUBENX K BTOPHYHOMY
3arpA3HEHHIO 3TOro Bogoema (Prmaros, 1991).

Apyroii npumep. Ilocrynnenue HedTENPOAYKTOB Ha MOBEPXHOCTH
BoJoeMa — XMMH4YECKoe sarpsasHenue. Ho pacnpenpenesne medre-
IPOAYKTOB MO TIOBEPXHOCTH HAPyLIAeT NPOLECCH ra3oo0MeHa, Ucla-
peHus, TerooOMeHa BogoeMa ¢ aTMochepoil. IToBepXHOCTHBIE IEH-
K{ U3MCHAIOT NapaMeTpbl BETPOBLIX BOJIH, KaK CIEACTBHE IPOKUCXO-
AWT TalleHHWe WiM OcnabneHHe KOPOTKOBOJHOBBIX COCTABIISIOMIAX
BOJIHOBOTO criekTpa. M3MeHeHns napamMeTpoB MOBEPXHOCTHBIX BOJH B
CBOIO 0MEPE/Ib BIUAIOT HA CTPYKTYPY NPHBOJHOTO CJI0S aTMOChephl 1
NPUIIOBEPXHOCTHOrO CJI0S BOAOEMA — H3MCHSIOTCS IPOQIITH CKOPO-
CTH BETPA M TEYCHHs], BEPTUKAIbHBIE PACTIPEAENCHHS Mybcanuit. [Ipu
3TOM H3MCHSIOTCSH IIOTOKH SHEPIHH M HMIyJhCa MEXAY arMocdepoii
U BOJIOEMOM, TO €CThb MMEET MECTO U3MEHEHHE JHHAMMUYECCKOTO B3aH-
MOJIEHCTBHS OTPaHMYHBIX CIOEB aTMOcdEpH! U BogoeMa. Hamomunm,
4TO B OCHOBE OTOrO CJIOXHOIO KaCKaJa Bapualdii (QH3UKO-
XUMHYECKUX TMPOLECCOB JIEKHT XMMHMYECKOE 3arpa3HEHHe BOJHOlM
[IOBEPXHOCTH.

Crioco6HOCTE MPUPOAHON Cpebl K CAMOOUHIIEHHUIO 3aBHCHT OT Xa-
PAKTEPUCTUK 3arPA3HAOMICTO BellecTBa U Guonenosa. [lpu arpssne-
HUH, HalPUMED, BOAHBIX OOBEKTOB MOCTYMAIOLINE BEUICCTBA MOXKHO
[OApa3feuTh Ha ciefyoumue rpynnsl (Ckypnaros, 1994). B nepsyio
TPyIy BXOAAT KOHCEPBATHBHbIE 3arPA3HAIOIINE BELIECTBA, KOTOPHIC
HE pas3yaraloTCs WM PasnaraloTci B HPUPOJHOM Cpele OueHb Mel-
neHHo. CHWXEHUE KOHUEHTPAIMM KOHCEPBATHBHBIX 3arpA3HAIOLINX
BELICCTB MPONCXOMUT 3a CYeT NMPOLECCOB pa3baBieHUs, Maccorepe-
HOca, copbuuu, GuoHakomieHus u ap. CaMOOUYMIEHHE B 3TOM ciyyac
MMEeT KaXYIIMIACS XapaKTep, TaK Kak IPOHCXOJUT TONBKO Mepepac-
Tpejie/IeHHe U pacCesHUE KOHCEPBATHBHBIX 3arPA3HSAIONIMX BELIECTB B
OKpy»Karuen cpesie. JIOKanpHOE 3arps3HeHHe YMEHBIIAETCA 32 CUET
pacumpenust 00NacTH 3arpA3HEHUSA 33 CYET TEYEHHHd, MepeMEeNInBa-
Hus, 1 oys3un. Oblee KOJIMYECTBO 3arpA3HAIOMMX BEIIECTB HE W3-
MeHseTcsa. Bo BTopyio rpymiry oTHocATcst GHOTeHHBIE 3arpsa3HAIONIHe
BEIIECTBA, KOTOPBIE YYaCTBYIOT B OHOMOrHYeCKOM Kpyrosopote. Ca-
MOOYHIEHHE [PHUPOJHOHN "CpEJbl NPOMCXOAUT 33 cYeT OHOXMUMHUC-
CKHUX TIPOLIECCOB.
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B Tpersio rpynmy MOTYT GbITH OTHECEHBI BOZXHOPACTBOPHMBIE Be-
HIECTBa, HE YYacTBYIOIME B GHonormyeckoM kpyrosopore. Camo-
OYHMILEHHE OT ITHX 3aTPA3HSAIOIINX BEILECTB NPOMCXOAMT MYTEM XH-
MHYECKOH ¥ MEKPOOHONOrH4eckoi TpaHcopManuy.

Peaknpus 3KOCHCTEMBI Ha BHECEHHE Pa3HOTO BHMA 3arpA3HAIOMIMX
BEILLECTB B 3KOocHcTeMy Oyzer pasnuuHoii. [Ipy yBenu4eHHH KOHIEH-
TpauUM 3arpA3HAIOMMX BEUIECTB, YYACTBYIOMMX B OGHONOrHYECKOM
KpyroBopoTe, HalniofaeTcs NepBOHauYaNbHOE yBenuwuenme Ouompo-
IYKTHBHOCTH 3KOCHCTEMBI, IPH JalbHEHIIEM DPOCTE KOHLEHTPALMH
3arpA3HAIOIMX BEMECTB NPOUCXOAMT MaJiCHHE NPOXYKTHBHOCTH H
BO3MOXHO I'H0€IIb SKOCHCTEMBI.

AHTpONOreHHsle 3arps3HEHNS MMEIOT, KaK NPaBHJIO, JOKAIBHBIH
XapakTep MOCTYIUIEHUS B Cpely. AHTPOIIOIE€HHOE 3arpsA3HEHHE 03€p
OTMEYAETCs KaK OT TOYEYHBIX HCTOYHHMKOB, HAIPHMED, OT FOPOACKUX
CTOKOB, TaK H pacmpejencHHoe wiu auddy3Hoe OT CTOKa B 03epa
ynoGpeHuii OT cenbXo3npennpuaTHi unu u3 arMochepsl. Kak moxa-
3pIBAIOT TIOCHENHUE HaOMIofeHus, TOCTYIUIEHUE B KpPYIHBIE 03€pa
6uoreHoB MoxeT gocturate 40 % ot obmero (Cabbinuna, 1999). A
3aKuCiIeHHe HeOonpmHX 03ep, HanprMep, o3ep CKaHAMHABHUH KK
Konbckoro mosiyocTpoBa MPOUCXOMUT B OCHOBHOM C aTMOC()ePHBIMH
MCTOUHHKAMH TPH BHIOPOCAX CEpOCOAECPKAMMX COCJHHEHHH IIpO-
MBIIUICHHBIME Tipeanpustysimu (Mouceenxko, 2003).

3arpasHAOIIME BEMIECTBA, TOCTYNAOIHE B aTMOC(EpPY, YUaCTBYIOT
B r106anbHOM aTMochepHOi mupKy iy, OcaxaeHne aTMOCPEPHBIX
3arPA3HAIONMX BEIIECTB HA IIOBEPXHOCTh BOAHBIX OOBEKTOB IPHBO-
IMT He TONBKO K 3aKMCIIEHHMIO, H3MEHEHHIO peakuuy pH, ynpoueH#io
9KOCHCTEMBI, MMOENH EHHBIX MOPOX phl0 M TOMMHHPOBAHHUIO B 9KO-
CHCTEME «COPHBIX» TOPOJ, HO M HX 3arpA3HEHHMIO. 3arpsAsHsIoLIne
BEIIECTBA, MOCTYIHUBINME B BOAHBIH OOBEKT, YIaCTBYIOT B LIAPKYJIs-
[IMH BOAHOM Macchl. 3a CYET WUCHAPEHHUsS BOJBI MOXET IPOMCXOAUTH
3arpsAsHeHne aTMocQepsl, Nepexo 3arpA3HEHHON BOJIBI B MOYBY HIIH
6HOTY BHI3BIBAET UX U3MEHEHHE.

IMogo6s6M 06pa3oM MOXKHO TIEPEYHCIIATh, KAaK 3arps3HAIOIIUe Be-
'MIECTBA, MOCTYNHBINKE NEPBOHAYANLHO B OHOTY WM Ha MOBEPXHOCTH
CYIIM, BEI3BIBAIOT 3arpsi3HeHue atmocdeps u rumpocdepsl. bermoe
PacCMOTpeHHE IPOLECCOB MHTPAlMM 3aTPA3HAIONIMX BELIECTB TOKa-
3pIBAET, 4TO (PU3MYECKHE IIPOLECCHI MaCCONEPEHOCa HIPAlOT BaX-
Hellllylo pojib B pacrpOCTPAHEHHH 3arpsisHeHuH. OcoGeHHO Benuka
ponb (QU3NYECKHX MEXaHW3MOB Ha IpaHHMUax pasaena (as, B Morpa-
HMYHBIX CIOAX.

AHTPOIIOTEHHBIE BO3/IEMCTBUSA HA O3EPA 67

MHOXECTBEHHOCTS MyTEH MUTPAMHU 3arPA3HAIOIMX BEILECTB PH-
BOJUT K HEOOXOAMMOCTH KOMILIEKCHOTO IOAX0Aa K M3YYCHHIO 3TOTO
nponecca. PemmTh 3amady nmepeHoca 3arps3HeHuit TOJBKO B paMKax
HCCNEeNOBaHus (PU3HYECKHX, XUMHYIECKHX WM OHOJIOrHYECKHX IpO-
IIECCOB HEBO3MOJKHO.

YnomsHeM, 4T, B 3aBHCHMOCTH OT MacIuTaboB pacrpelencHus 3a-
TPA3HEHMH, BBIICIAIOT I1006aIbHbIe, PErHOHAIBHBIE U JIOKANbHBIE 3a-
rpsasHenus. ['moGanbHele 3arpA3HEHUs HA3BIBAIOT Takke GuocdepHsI-
mH. IIpuMepaMu rno6anbHbIX 3arpsA3HEHUH ClIyKaT 3arpsA3HEHHs 030~
HOpPa3pylIAKIKUMK BELeCTBaMH aTMoc(epsl, 3arpsa3HEHHE BOJOEMOB
HeTENPONYKTaMH, PafHOaKTHBHOE 3arpsa3HeHue, 3arpszHenne T
Ouocheprl. C Hauana KOCMHYECKOH 3pbl OBUIO 3aMyLIEHO OKOJIO
24000 o6wektoB, u3 Hux 16000 yxe mpeKpaTHIH CBOE CYLIECTBOBA-
HHe, OCTAIbHBIC €Ile HaxoJiITcsa Ha opburax. [JlaBHBIE HCTOYHHKH
3arpA3HEHHMs OT 3THX 00BEKTOB — OCTATKU TOIUIMBA K MATEPUAIIOB OT
KOCMMYECKHX allllapaToB M pakeT-Hocuteneid. OcBoeHHe KocMHUYe-
CKOr0 MPOCTPaHCTBA NPUBOJHUT TakXKe K 3arpA3HEHHIO BEPXHEH aTMO-
cdepsl M 3¢MHOH TMOBEPXHOCTH, B TOM YHKCIE BOJOEMOB MPOAYKTAMU
CropaHus TOIUTUBA (XMMHYECKOE 3arps3HeHue), hparMeHTaMu KOCMH-
4ECKMX aNfaparoB, PaAHOaKTHBHOMY 3arps3HCHUIO B pe3yJibTaTe HC-
HOJIB30BaHUS OOPTOBHIX SJEPHBIX HCTOYHHUKOB U 3IEKTPOMArHUTHOMY
3arpA3HEHHUIO.

OKOHOMUYECKas M XO3AHCTBEHHAs NEATENBHOCTh NPHUBOMAT K pac-
TyIieMy [OCTYIUICHHIO 3arps3HEHHIl B BOJOEM, KOTOPHIE SBJIAKOTCS
€CTECTBCHHBIMH NIPHEMHUKaMU. B o3epax ¥ menphOBBIX MOPSX BIIHSA-
HHe 3arpA3HEHHH MpOosBIsAETCS CHIbHEe, YeM B okeaHe. Komiuiekc-
HEIH XapaKkTep POLECCOB, ONPENEIAIOUINX 3arpI3HEHUE 03€p, HeaeT
OYEHb CJIOXKHBIM IPOBEJCHHE aHaIU3a HX 3KOJOTHYECKOTO COCTOs-
Hud, paspalorky 3$GEeKTUBHBIX METONOB GOPHOBI C 3arpA3HEHUEM.
3arps3HAIOILMe BelecTBa oOpa3yloT 0ONacTH MOBBIILEHHOH 3arpss-
HEHHOCTH B JINTOPaNbHOH 30HE, B 30HaX QPOHTOB, U B 3BOOTHYECKOM
ClIoe, Ha TPaHMIaX pa3fesioB, TO €CTb TaM, IA€ NPOTEKAIOT AKTHBHBIE
6uosoruueckre Npoueccs X COCPEAOTOYEHa OCHOBHAA Macca XKHBBIX
oprann3MoB. HanOonblIy0 OMacHOCTh W3 MHOXKECTBA BEIIECTB, IO-
CTYNaIOIIMX B 03€pa, Pe/ICTABIIAIOT XJIOPHPOBAHHBIE YIJIEBOAOPOIBI,
PafHOHYKIMIBI, THKENbie MeTawipl. ITocTyrUleHu#t MHOTHX BHIOB
3arps3HEHMH YMEHBIIAeT, IIPEXJE BCEro, MNEPBUYHYIO IPOLYKIMIO
¢durormanktona. Cnexyer OTMETHTD, YTO MHOTOUHC/IEHHBIE IECCHMH-
CTHYECKHE MIPOrHO3bI YPOBHA 3arpsa3HeHHs], CENaHHbIe B KOHIIE Mpo-
HUIOr0 BEKa OKa3aJIMCh OINMOOYHBIMH, BCJIEICTBHE HEAOOLEHKH ac-
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CHMMIISAIMOHHOTO MOTEHLMANa OKEaHOB M 03€D M INPHMHTHBHOCTH
HIPOTHOCTHYECKUX MOJIENEH, NCIONBb30BAHHBIX A POTHO3a U HeHa-
JEKHOCTH JAHHBIX 00 YPOBHSX 3arps3HEHHil, NOLy4YeHHBIX B pa3HOe
BpeMsl.

Hau6oabmas yacte 3arpsa3Hennil B 6HOreHHBIX BEHIECTR MONANaloT
B 03€pa C PEYHBIM CTOKOM, 4TO 00ycClIlaBnMBaeT 3BTpOQUKaNHIO Ha
(40-45 %). BTopbIM M0 3HAYMMOCTH MCTOYHHKOM 3arps3HeHHH, mpu-
MEPHO PaBHBIM JONIE TIOCTYIUIEHHUS 3arpA3HEHHH C PEYHBIM CTOKOM,
sBusercss arMocdepHbli neperoc. Ha Ttpersem Mecte (npumepHO
20 %) Haxo#ATCHd MECTHBIE WCTOYHMKH 3arpa3HEHHs, BKIIOYAIOIIHE
KOMMYHAaJbHBIE CTOKH, CMBIB IIPOMBIILIEHHBIX OTXOJOB U T.II

Hosepxnocmno-akmusu ble geuiecmea

B o3epHBIX BOax OOHAPYKHUBAIOTCS CHHTCTHYECKHE TTOBEPXHOCT-
Ho-axTHBHBIE BemecTBa (ILAB). B mpoMbIIUIEeHHOCTH U OBITY IpHUMe-
HAeTCs OONBIOE KOJNUYECTBO AETEPreHTOB, MCHIOIb3YEMBIX KaK MOIO-
IIUEe CPeCTBa, CTaOMIN3aTOPOB MEH M 3MYJbCHM, 3aMeAnuTeNel mc-
mapenys u T.4. [lomagas co CTOYHBIMH BOJaMH B BOJIOEM, OHU TaKXKe
y4acTBYIOT B OOpa30BaHHH TNOBEPXHOCTHO-AKTHBHBIX IUICHOK. OTH
BELIECTBA BECOMO Pa3HOOOpa3HBI M0 COCTaBY, K HUM OTHOCATCA ail-
Kwicynsdarsl ¥ cynbhOHATH, anKunbeH3oncyabhoHaTsl (¢ AIHHON
e 12-16 artomoB yriepoza), NONUIGUPBHI OKCHAITHIMPOBAHHBIX
CIHPTOB W T.A. B OCHOBHOM BCE 3TH BELIECTBA ABJIAIOTCH XOPOLIO
PaCTBOPHMBIMH B BOJIE.

Elle olHIM HCTOYHHUKOM TIOCTYIUIEHHS aHTPOIOTEHHBIX 3arps3He-
HHH sBigercs agcopbuusa u3 armocepsl, U3 TaK Ha3bIBAEMOH 30II0-
BOW B3BECH — TMBUIEBBIX YaCTHIl, MepeHOCHMBIX BeTpoM. ObpasoBa-
HUe HaTypHBIX [IAB MOXeET mpoucxoAuTh OHOr€HHBIM MYTEM 3@ CYET
KU3HEAEATENBHOCTH 300IUIAHKTOHA, (PUTOILUIAHKTOHA M APYTHX. Opra-
HHU3MOB M pacteHuit. HecMoTps Ha TO, YTO OHONPOAYKTHBHOCTE MaK-
CHMalbHa B TOJIIE BOJ, NIPOMCXOHUT BBHIHOC B3BEIUCHHBIX M PACTBO-
peHHBIX OWoreHHeix [IAB Ha mMOBEpPXHOCTB My3bIPPKAMH BO3AYyXa.
Marepuan CcT€HOK Iy3bIPBKOB, HACBHIIEHHBIX aJCOpPOUPOBAHHBIMH
ITAB, nepexonuT B NOBEPXHOCTHBIE TUICHKH.

HeranpHble XMMHYECKHE aHATH3bI OMOreHHBIX Opranuyeckux I1AB
J0 CHX TIOp He TpoBeleHbl. XOTS JaBHO H3BECTHO, 4TO (U3HYECKHE
CBOMCTBA €CTECTBEHHBIX IUICHOK M3 Pa3iUYHBIX NPOO CXOAHBI. JTO
BHIHO M3 3aBHCUMOCTEH IOBEPXHOCTHOTO JABJICHUA, YTO, KOCBEHHO,
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MOXET CIYXKUTP MOJTBEPKACHHEM HACHTUYHOCTH uX cocTasa. C Ipy-
TOi CTOPOHBI, (U3HNYECKHE CBOWCTBA THIHMYHBIX MPOO €CTECTBEHHBIX
IUIEHOK OTJIHYAIOTCA OT CBOMCTB COCTABISAIOIIUX MX COCAHHEHHH. DTO
MOJXXET [IPOUCXO/NTh 3a CYET TOTO, YTO €CTECTBEHHBIE [UICHKH IIpej-
CTaBIAIOT coboM CIOXHyI0 cMmeck mupokoro Habopa ITAB. Kpome
TOr0, ECTECTBEHHBIE IIEHKH YacTO NpeJICTABIAIOT COOOH ol mopsa-
Ka HECKONBKHUX JECATKOB Pa3MepOB MOJIEKYIL.

N3 pesynbraToB ananmza npod ecrecTBeHHBIX muieHOK IIAB u3Bect-
HO, YTO WX COCTABJIAIOT CJIO)KHBIE KOMIUIEKCHl M3 OCHOBHBIX KIIACCOB
OPraHMYECKHX COEAMHEHHI: JIMIHIbI, TPOTEHHSBI, YIIEBOABI U Ap. (Ha-
IpUMeEp, CTEPOIB], I'YMHUHOBBIE BellecTBa). Mexay kiaaccaMu oOHapy-
XKEHO IPMMEPHOE pACIpeneNeHre: IpoTeHHs! — ~ 50 %, yrneBomsl —
~30 %, nunuasr — ~12 %. Pa3buenue no npoleHTHOMY COCTaBy HOCHT
YCIIOBHBIA Xapaktep, IOCKONBKY B €CTECTBEHHOH IUIEHKE OpraHude-
CKH€ BEUIECTBA HAXOAITCS HE B YHCTOM BUJE, 4 B BU/E CIOXKHBIX KOM-
wiekcoB. OTmeyaeTcs, 4To Aaxke Manas B00OaBKa JIMMUOB MOXeET OKa-
3pIBaTh CYLIECTBCHHOE BIIMSHHE Ha [MOBEPXHOCTHOE JABJICHHE B IUICH-
ke. CpaBHEHHE €CTECTBEHHBIX IUIEHOK C HCKYCCTBEHHO COCTABICHHBIMH
U3 H3BECTHBIX KOMIIOHEHT II0Ka3alno, 4To Haubonee CTaGHIBHBIMH
KOMIOHEHTAMH SABJIAIOTCS )KHPHBIE KUCIIOTHI ¥ HX 3(UpPbl ¥ B MEHBILCH
CTEleH! IPOTEHHBI, YITIEBO/IbI U YTACBOIOPO/IBL.

[Ipeobnananve B €CTECTBEHHBIX IUIEHKAaX HACHILEHHBIX KapOOHO-
BBIX KHCJOT T'OBOPHT O TOM, YTO y MOBEPXHOCTH pa3jesa akKyMyJH-
pyroTcs xuMuyeckn crabuneasie IIAB. HecMorps Ha TO, 4TO OHH CO-
JepXKaTcsi B MOPCKHX OpraHM3Max B MEHBIIUX KOJIMYECTBAX, 4eM He-
HACBIICHHBIE KHUCIOTHI, X OOJBIIAs CTOMKOCTH K MHUKpOOHMOIOruye-
CKUM B (POTOXHMMHYECKUM BO3ACHCTBUAM IIPHUBOAUT K HaOMI0HaeMOMY
Ganascy. 3aMeTHM, 910 Ay 6GuoreHHsIX wieHok IIAB B cuity Mx mpo-
UCXOXKACHHS XapaKTepHBI CE30HHBIE BAPHALIMM COCTaBaA.

Hapsany ¢ nnenkamu oco0yr0 OMacHOCTb AJIs BOAOEMOB MPEICTaB-
JISFOT 3arpsA3HEHHs, CKOHICHTPUPOBAHHBIE B TIOBEPXHOCTHOM MHKpO-
CIIO€ BOABI, B KOTOPOM COCPEIOTOUEHO OIPOMHOE KOJIHYECTBO MUKPO-
oprann3MoB. KoHleHTpanus 3arpa3sHeHuil B MUKpoctoe oliee 4yeM Ha
HOPAZIOK MPEBHIIAET KOHLUEHTPALHIO B HIDKEIEKAIMX CIOAX, YTO
MO)KET MPHBOAUTH K MaryOGHBIM MOCNEACTBHAM Ui 3KOcHCTeM. Ilo-
BBIILICHHOE COAEPXKaHHE HETAHBIX 3arps3HEHU HabmMoAaeTCs TaKkxe
Ha IpaHuLE pa3jiesa BOJa—B3BECh, HAXONSAIIEHCS B NPUJOHHON 4acTH
BOJIOEMA.

TToBepXHOCTHBIE 3arpPsA3HEHUs MPOSABIAIOTCS B (POPME CIUKOB —
YYACTKOB BBIFMIAKCHHOH BOAHON MOBEpXHOCTH. 3arpsA3HEHHs YMEHb-
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IIAI0T BBICOKOYAaCTOTHBIE COCTABJIOLME BETPOBOTO  BOJHEHHS.
YMEHbIIEHHE BHICOKOYAaCTOTHBIX KOMIIOHEHT CIIEKTPa MOBEPXHOCTHBIX
BOJIH MPOSABIAETCA B BHIIVIAKHBAHHH BOAHOH moBepxHOCTH. IToBepxno-
CTHOE HATSPKCHHE B €CTECTBEHHBIX IUICHKaX (B OTCYTCTBHE BHIUMOTO
CJIMKA) IIOHIDKEHO OTHOCHTEIBHO 4MCTOM Boawel Ha 0,5-1,5 mun/cM, a
JUIS BUIMMOTO CIIMKa Ha 6-9 muu/cM. B oTaensHbix ciyyasx Gonmbmmmx
3arpsA3HeHuil HabNIIOMAIOTCA ¥ MEHBIIME 3HaYeHHs Ko3(UIMeHTa mo-
BEPXHOCTHOTO HaTsDKeHHs. CyILeCTBEHHOE MOHKEHHE TIOBEPXHOCTHO-
ro HaTsDKeHus: OOHAPYXEHO B MPUOPEXHBIX pailoHaxX M B 30HaX MHTEH-
CHBHOTO CYHOXOACTBA. IIpHyeM 3TO MOHHXKEHHE XOPOLIO KOPPEIHpyeT
¢ KoHUeHTpauue# cuarernyeckux [IAB B noBepxaoctHoM croe. Ecre-
CTBEHHBIC IUICHKH, B OCHOBHOM, CYLIECTBYIOT NpPH TIOBEPXHOCTHBIX
JABJICHUAX HIDKE KPUTHUYECKOro. B HaTYPHBIX YCIOBUSAX OHH CIIOCOGHEI
COXpAHATHCA TIpH Betpe o 5—7 m/c. IIpu Gonmpomx CKOpoCTSX BeTpa
IUICHKA Pa3pyLIaeTcs ¥ MOXET BOCCTAHABIMBATHCA IIPU IPEKPAICHUH
JEUCTBUA QMCHEPrupylomero $axkropa, B 3aBHCHMOCTH OT BHJA BO3-
JeicTBus M cocTaBa reHkd, dyepes 10 c~10 MuH. YuureiBas ToT (axT,
YTO CpPeAHsst CKOPOCTh BETPa B 03€PaX COCTABIIET HECKONBKO M/C, TIO-
BHAMMOMY, MOXKHO CUHTATh, uTo IuieHKH [IAB B BogHO# cpene Haxo-
JATCS B PACCESHHOM COCTOSHHH, MCKIKOYAasi, €CTECTBEHHO, PaifOHEI
AHTPOTIOreHHBIX 3arps3HEHUH, BEICOKOH OHONPONYKTHBHOCTH U OIH3-
KHX K UITHIIO YCJIOBHH. B 3TOM COCTOSIHUM MX ynpyrocTb HEAOCTa-
TOYHA /I OKa3aHHs racsilero Bo3AeHCTBHA Ha BOIHBI M 00pa3zoBaHue
cnnkoB. TeM He MeHee, BOSHMKHOBEHHE IUIOTHO YNAKOBAHHBIX Iljie-
HOK ¥ TIOABJIEHHE CIMKOB BO3MOXXHO B MECTax KOHBEpreHIIMH Teye-
HUH (HampuMep, 3a CYEeT BHYTPEHHHX BOJH WM LMPKYJIAIMH JleH-
I'MIOpPa) ¥ BETPOBBIX HarOHOB.

s’

Hegmsarnvie 3azpasnenusn

Hapsany ¢ IIAB aHTponmoreHHoro npoMcxXoXIaeHus, €CTECTBEHHBIMU
ITAB, mnpencTaBIAOIMMU COOOM NPOAYKTHI JKH3HEACATEIBHOCTH
MOPCKHX OPraHH3MOB, M JIETEpreHTaMH, HE(Th SABIAETCH OCHOBHBLIM
MCTOYHHKOM 3arpsi3HEHHs! NTOBepXHOCTH. OTMETHUM, YTO KpyIHEHIIHE
o3epa MHpa: AMEpHKaHCKHE BEJIMKHE, KpynHedmue osepa EBporsi:
Jlangoxkckoe u OHEXKCKOE SBISIOTCS KPYIIHBIMHM TPAaHCIIOPTHBIMH apTe-
PUSIMH, YTO SIBIISETCS WCTOYHUKOM IIOCTYIUIEHHSI HEQTENIPOAYKTOB B
BOJOEMBl (TIPOMBIBHBIC BOABI, JOKOBAHHE, YTEUKH, MOIPY304HO-
pasrpy3oussie paboThl U T.A.) — 35 %; NPOMBILLIEHHBIE CTOKH —

AHTPOIIOTEHHBIE BO3JIEHCTBUSA HA O3EPA 71

13 %; peunoit ctok — 32 %; mocryrieHue u3 atmocdepst — 10 %;
TIPHPOIHbIE UCTOYHUKH TOCTYILIEHHAs HedhTH — okoso 10 %. Ananus
KOCMHYECKUX CHUMKOB BOJTHOM MOBEPXHOCTH MMOKAa3bIBAcT, YTO obinac-
TH HE(TAHOTO 3arpsi3HEHMS COBIAIAIOT C TPaccaMH NEPEBO30OK U yCTh-
sMH KpyrnHeHmmx pex. HedTh, Kak €CTECTBEHHBIA MPOAYKT OHOTHI,
YYacTBYET B OMOr€OXMMHYECKHMX IMKIaX MHTPAlMH BELIECTB Ha IIPO-
TSOKEHUH MIITHOHOB JieT. OCHOBHYIO €€ Maccy COCTaBIIIOT YIJIEBOJIO-
ponsl. [lytem doTocunTesa B OKeaHax ¥ 03epax NPOU3BOAUTCS ONpEJe-
JIEHHBIH 00BEM YTNIEBOJIOPOOB. B mpolecce ANMTENBHOM JBOIIOLMH
CIIOXMJIMCh MEXaHH3MEBI aCCHMHIILMH, CaMOOYHIICHHS BOJOEMOB OT
YTIE€BOOPOIOB.

HedTe B BoE MOXET HaXOAUTHCS B BH/E IUIEHOK Pa3IMYHOH TOJI-
IMHBI, 3MYJILCHH, B PACTBOPEHHOM BHJE U B (hopMme crycTkoB. Teope-
THYECKU HE(Th MOXKET pacTeKaThbCs 10 MOHOMOJIEKYJIPHBIX CIIOEB,
OJTHAKO B PEATBHBIX YCJIOBHSX HE(TAHBIE IUICHKM COAEPXAT THICIYH
MOJIEKYJIAPHBIX CJIOEB. PasMepbl yacTHll HE(TH B 3MYJIbCHH MEHEE

3+ 104 mM. PactBopHMOCTh He(TH 3aBHCHT OT MHOTHX (AKTOPOB H
JEXUT B nipezenax ot 2 o 100 mr/n. Ha umcrtoii nosepxHOCTH 6€3 BeT-
pa, BONH M TedyeHHH He(Th pacTekaercs AOBOJIbHO ObicTpo. Hanpumep,

1m3 CpeTHEBOCTOUHOM chIpoil HedTH 32 10 MHH pacmpocTpaHseTcs B
npejenax Kpyra paauycom okono 25 M. Uepes 1,5 yaca paguyc ysemm-
YHUBACTCA BJABOC, CPEMHSAN TOJINHHA IUIEHKM IIPH 3TOM COCTaBJIAET
0,1 MmxM. B nenoM cympba He(TIHOTO CJIMKA XaPAKTEPH3YETCS COBO-
KYNHOCTBIO CHEIYIOIMX IPOLECCOB: HCMApeHHe, SMYNbIHPOBaHHE,
PacTBOPUMOCTD, OKHMCIIEHHE, 00pa30BAHHE arperaTos, CEMMEHTAIMA 1
Ouojerpazanys, BKIIOYAOIIas MUKPOOHOE paspylleHHe M aCCHMMIIA-
LMIO IUIAHKTOHHBIMM M OEHTOCHBIMH OpraHM3MaMH. Mcnapenue serty-
ux (pakuuii B 3HAYMTENABHON CTENICHH 3aBUCHT OT HPHPOALI HE(TH,
TEMIIEPATyphi, BETPOBOH H BOJIHOBOM IEATEIBHOCTH M MOXKET COCTaB-
a7 10 40 % nepBOHAYANBEHOTO 00bEMa. .

Tlpy HanMUMK KMCIOPOA U OTCYTCTBUM WHTMOUTOPOB YINIEBOMO-
POJBI OKUCIIAIOTCS JOBOJIBHO OBICTPO. bombInoe BIMAHKE Ha CKOPOCTH
OKHMCIIMTENLHBIX PEakiuil OKa3blBaeT TeMIlepaTypa BOABL. Tak IpH
cHWXKeHHH TeMieparypsl ¢ 20° 10 5°C cKopocTh peaKkuui yMEHbIla-
ercs B 2,5 pa3a, a MpH NMOBBILIEHUM Temmnepatypsl Ha 10°C ckopocthb
OKHCIMTENBHBIX peakiuil yBenauuuBaercs B 2 pasa. Takum obpasom,
nonajanyde He(TEPOAYKTOB B 03epa C XOJOTHBIM KIMMATOM elle
fonee omacHo, 4eM ¢ TerbiM. Ha doroxumuueckoe okucinenve Hed-
TEMPOAYKTOB 10J ACHCTBHEM COJNHEYHOTO CBETA 3aMETHOC BIMSHHE
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OKa3bIBaeT TOJILMHA TUIEHKH M cocTaB BOABL IIpoaykThl poTOXHMH-
YECKOTO M MHMKPOOHOJIOTMYECKOr0 OKHCIIEHHS YMEHBINAKT Ko3hdu-
UMEHT HATSDKEHHS YTIIEBOAOPOJHON IUIEHKH, CKOPOCTH HCIIAPEHUS
BOABI uepes MeHKy (o 10 pa3s) ¥ yBeIMYHBAIOT CKOPOCTh PaCTEKaHUs
UICHKH Ha MOBEPXHOCTH BOJBL.

Jlaxxe mocnie HCHE3HOBEHUS HEPTH C BOJHOM IIOBEPXHOCTH €€
BpEHOE JeHCTBHE Ha DKOCHCTEMBI HPOAOJKAET COXPAHATHCH JUIU-
tenpHOe Bpems. Hampumep, BrOpoc HedTH B npuOpexHOH 30HE Ha
3a00JIOUEHHBIX YYaCTKaX MOXET COXPAHATCS HECKOJNBKO IeT. Yda-
CTOK, HNOKDBITBIH KPYIHOH rajabkol, coxpanseT HedTaHOE 3arpssHe-
HME B TE€UEHHE 2 JIET, 8 CKATHCTBIN y4acTOK HE COAEpsKall 3arps3He-
HUM yKe yepe3 2 Mecsna.

PaccMOTpUM KpaTKO AMHAMUKY HedTsHOro ciuka. Ecnam pasinus-
mascs HedTh HA MMOBEPXHOCTH BOJOEMa HE NOABEPracTCs ICHCTBHIO
BOJIH, BETPA U TEYCHHUH, TO OCHOBHYIO POJIb B (POPMHPOBAHUM 001aCTH
He(TAHOrO pas3IuBa CHayala UrpaeT CHia THKECTH. 3aT€M HAYMHAIOT
npeoOnafaTh CHIBI OBEPXHOCTHOTO HATSXKEHHMS, BA3KOCTH M MHED-
IMH. B 3aBUCHMOCTH OT COOTHOIIEHUS CHJI, HTPAIOIIUX TTaBHYIO POJIb
B pacOpocTpaHeHHH HedTH, BBIENAIOT TPM CTafuH B mpouecce ¢op-
MHpOBaHHs HeQTIHOrO 3arpssHenus. Ha neppoii craguu (rpaButau-
OHHO-HHEPLUOHHBI MM MHEPUMOHHBIH PEXHMbI PACTCKAHHS) OIIpe-
JETSIOIYI0 POJib UIPAIOT CHIbl TSKECTH M uHepuuu. Ha Bropoit cra-
IUM — Ha3bIBaéMOW T'PaBUTAllMOHHO-BI3KUM DEXHMOM — OIpele-
NSIONIYIO POJIb UIPAIOT CUIIBI TSHXKECTH M BA3KOCTH, HA TPETheH — CH-
JIbl TIOBEPXHOCTHOTO HATSUKEHHS M BA3KOCTH.

PaguaneHeii pasMep 001acTH pacTekaHHs He(TH Ha MEpBOW CTa-
JIM IMEET BU:

1
r=C,(gVt*A)*,

rae C, — KOHCTaHTa, IPUMEPHO PaBHAs 1, g — ycKopeHHe CHIIBI Ts-

., Pw —P
xecTH, V — 06beM HEQTSHON [UIEHKH, ¢ — BpeMs, A = w0 o,
Pw

P9 — IUIOTHOCTB BOJBI H He(bm, COOTBCTCTBCHHO.
B TpaBATAllHOHHO-BA3KOM PEXKUME PACTCKaAHMA
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11 1

r=C,g EVSthEA ,

rae — ko3 OUIUESHT KHHEMATHYECKOH BA3KOCTH BOJIBI, C=15.

HaKOHeH, B PEXHME NOBCPXHOCTHOI'O HATSKCHHUSA UMEEM

s 1
r=C302t% /p2v4,

rie C3 =2,3.

Benuuuna r sABAsSETCA CyMMAapHOW BEIHYMHON MOBEPXHOCTHOTO

HaTsOKEHUA IUICHKW Ha BoAE: O0=0G,,, —0,q —O,40, THE Oy, G0

0,0 — COOTBETCTBEHHO KO3 PUUMEHTH HOBEPXHOCTHOTO HATSDKECHUSA
Ha rpaHULax pasjelnia Boga—Bo3IyX, Boja—He(dTh, BO3AyX—He(dTb.

ITpuBeneHHOE pasfeneHue pexHMOB pacTekaHHs HEDTH SABIAETCH
NEepBHIM TPHUOIIDKEHUEM K HM3ydaeMoMy mpoueccy. McciaenoBanus
MOKAa3bIBAIOT, YTO BA3KOCTh HE(TH BIMACT Ha KOAGGHIUEHT COIpO-
THBIICHHS MEXIYy CIOSMHM He()TH M BOIBI H CKOPOCTh pPAacTeKaHHS
HedTH B rPaBHTAaLHOHHO-UHEPLHOHHOM PEXHME.

ITpoROMKUTENBHOCTE PEXUMOB PACTEKAHHUS 3aBUCHT OT IEPBOHA-
qanpHoro obvema Hedru. [IpnunHOM npekpaueHus pacTekaHus Hed-
TH ABJSIETCA YMEHBIIEHHE W W3MEHCHHE 3Haka Kodd¢unmeHra mo-
BEPXHOCTHOTO HATSXKEHHMsA IUICHKH Ha Boje. OQHaKo ompeneneHue
9TOM I'PaHULBI ABISETCA OYEHB CIIOKHOH 3afaueif BBUAY TOFO, YTO B
cocTaB HE(TH BXOAHT MHOTO OPraHHYECKUX BELIECTB, BIMAIOIIMX Ha
BEJINUMHY KOI(PPHUITHEHTA MOBEPXHOCTHOTO HATSKEHHSL.

[Mepememenne (apetid) HedTAHOH IUIEHKH KaK LETOro B OTIHYHE
OT pacTEeKaHUs OINpEJEIIeTCsl BHEUIHUMH CHIIaMU: BETPOM, TEYCHMs-
MM, NIOBEPXHOCTHBIME BonHaMH. Ecmu mpeiid renku vedTH mpowuc-
XOJUT MO/ JEUCTBHEM BETpa U TEUCHUM, HE BHI3BAHHBIX NPAMBIM A€i-
CTBHEM BETPa, CKOPOCTH Apeiida paBHa apudMeTHIECKOH cyMMe CKO-
pocteit

U=U, + 0,56 U,,
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rae U,, — CKoOpocTb BeTpoBoro apeiipa, U, — ckopocTs apeiida,

BBI3BAHHOTO TeueHMsME. Onpenensionyo ponb B Apekde mieHku
urpaetr BeTpoBoMl Apeiid. CkopocTs BeTpoBOro apedda cocTaBnfer
okono 3 % ot ckopoctd Berpa. ITox nefictBueM cunsl Kopuonuca Ha-
npaBieHHe Apeiida OTKIOHAETCA OT HalpaBJIeHHs CKOPOCTH BETpa,
yron oTkioHeHus coctamiser oT 0 no 100°. Ilocne npexpamenus
pacTekaHus, NATbHEHIIHHA pocT Iomaayu He(TAHOro 3arpsA3HEeHHs
Oyner MpOMCXONUTH mojx neiicTBueM TypOyneHTHOH muddysHu.
Judoysus HedTSHbIX 3arps3HEHMHE oTiHu4aeTcs oT Auddy3uu KOH-
CEPBATHBHBIX MACCHBHBIX NMpuMeceil. HexoncepBaTuBHOCTL HedTAHOM
ek ofycIloBIeHa HCIAapeHHEM, pacTBOpeHHeM HedTH u Ouone-
rpaxaieii, B mpouecce AU Qy3HH MPOUCXOANT H3MEHEHHE XHUMHUYE-
CKOro cocraBa tuieHKH. [ToaToMy HeoOXoAMMO MOAXOIMTH € OCTO-
POXKHOCTBIO K TEPEHECCHHUIO PE3YNIBTATOB ONBITOB 110 TOPU3OHTANb-
HO¥ TypOyneHTHOH AudPy3un ¢ Pa3THYHBIME KPACHTENAMH Ha UG-
¢ysuro HedTsHOro msitHA. ClexyeT OTMETUTh, YTO B Cilydae HeTH-
HOM MJIEHKH MMEET MECTO OpU30OHTaNbHAS Auddy3usd, a Wi HePTH B
JIMCTIEPTHPOBAHHOM COCTOSHIY — MU dy3us OyAET TPEXMEPHOM.

TToBepXHOCTHBIE BOJHBI OKA3bIBAIOT 3HAYHTEIIBHOE BIMAHUE Ha
HedTAHbIE 3arps3HEHHA. BONHBI ABIAIOTCA NPHYMHON BOJHOBOTO
Apeiia, BBI3BIBAIOT NepeMelBaHie HedTH NpH OOPYLICHHH BOJIH,
W3MEHSIOT TONIIKHY HEQTAHOrO CIMKa Hal PasNMYHBIMH YYACTKAMHU
BOJHEL. BOJIHOBOE JABIKEHHE CO3JA€T B NPHUIOBEPXHOCTHOM CJIOC
BOJIHOBOE TeueHHe, 00yclIoBineHHoe HenuHeHHbIME Y dekTamu. Cxo-
pOCTh TeYeHus onpenensercs popmynon Crokca.

IToBepXHOCTh BOAOEMA MpPU OIPENCICHHBIX BETPOBBIX YCIOBHAX
MOKPHITA 3HAYUTENIBHBIM YHCIOM OOPYIIMBAIOMIKXCA BOJIH, KOTOpbIC
BIMAIOT Ha MepeMeIMBaHne He(TH U pacruibiBaHNE HEQTIHBIX CIH-
K0B. B cBOI0 Ouepenp HeTAHBIC CIMKH YMEHBIIAOT 4acToTy OOpY-
IIeHHs BoJH. PaspylueHHe BOJHBI Ha HE(QTAHOM CIMKE MPHUBOJUT K
nepeMelIMBaHHIO He(TH B BOASHOM CTONOE, MIIaBy4eCcTh YacTHIL He(-
TH BBI3BIBAET MMOJHEM €€ YacTHL Ha MOBEPXHOCTb. bamanc cun, mpu-
BOJAIIMX K 3arNyOJCHHUI0 M K HOXbeMy HE(TH, ONpEnenseT BpeMs
HaxOXkAEHUA ee YacTHL B Boje. HemocpeACTBEHHO BIHAHME 3arpss-
HAIOIIMX BENIECTB, B YaCTHOCTH HedTH, HA 0OpyllIEeHHE BONH COXpa-
HAETCA IO TEX II0p, N0KA He HapyIleHa LeOCTHOCTh MOBEPXHOCTHBIX
nnenoK. ITpy CHITBHBIX BETPaxX NMOBEPXHOCTHBIN CIMK pa3pyluacTcs, B
CJ10€ BETPOBOTO IepeMelInBanis o0pasyercs sMyJ/bCHs HEQTU B BO-
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Ie, BIUAHKHE KOTOPOH Ha OOpYILICHHE BOJH HE3HAYHTENbHO. YBeluue-
HHE BA3KOCTH B IPUIIOBEPXHOCTHOM CIOE€ H3-3a 00pa3OBaHUS IMYJib-
CHH TIPUBOIUT K HE3HAYHTENILHOMY OCHA0JEHHIO BBICOKOYACTOTHBIX
COCTABIIIOMHX CHEKTPa BOJH. IIpoHMKHOBeHWe HedTH B TIIyOUHY
CONMPOBOXIACTCA MPOCTPAHCTBEHHON IHbdepeHIHanmeif gacTv
HehTH 10 pasMepam ¥ HeTAHBIX YITIEBOJZOPONOB TIO XHMHYECKOMY
COCTaBy.

Bouxbl CiocoGHB! H3MEHSTH TONWMHY HEPTAHOTO CITHKA HAJ HUMH.
HM3mepenus TommumHbI c1ost HeTH HaJ BONTHOBO#M MOBEPXHOCTHIO (€c-
4 TOMIMHA ¢1105 6osee 1 MM) B 1aGOPATOPHBIX U HATYPHBIX YCHOBU-
AX TIOKa3aNH, 4TO CIOH HeTH CTaHOBUTCA GoJee TOJCTHIM Haj rpeb-
HAMH BOJIH M yMCHbLIAETCA HaJ BaguHaMu. OTot 3 dexT Obin ycTa-
HOBJIEH B Cily4ae BOJH Oe3 BeTpa. MccieioBanus IOKA3BIBAIOT, UTO
HaNpsSOKEHNE TPEHUS Y JABJICHHS B BETPOBOM IOTOKE MOTYT MPHBO-
AWTH K NEPepacrpenesieHnio clos HedTH Hal BOJHOBOH IOBEPXHO-
crpi0. CIMK, AMEIOMUH GONbIINE IPOCTPAHCTBEHHBIE Pa3MEph!, MPH-
BOJUT K U3MEHEHHIO XapaKTEPUCTHK IOrPAHUYHOTrO MPUBOAHOIO CIOS
—— U3MEHSIETCS LEPOXOBATOCTh BOAHOM NMOBEPXHOCTH, KOG HUMEHT
COMIPOTHBICHUA, CKOPOCTH TPEHMSH, CKOPOCTH BETPa B IPHBOIHOM
cnoe. B pesyinbTare M3MEHSETCS MOCTYIUICHHE SHEPTHHM OT BETpa K
MOBEPXHOCTHBIM BOJHAM H TE€UEHHSIM, HAPYLIAIOTCA ra3o00MeH U Bia-
rooGMeH MorpaHuYHEIX ciioeB. Takum 06pa3oM IJICHOYHBIE 3arpsA3He-
HUs 3HAUMTENIbHBIX aKBATOPHE MOTYT CYIIECTBEHHO HApPYIIHMTh MeXa-
HM3MBI B3aUMOAEHCTBUA aTMOC(EPhI U BOJOEMA.

Ilpu pacmpocTpaneHnH HeQTENPOLYKTOB B BOAOEME BAXKHO YUHTHI-
BaTh M Jpyrue ruapodusngeckue spnenus. Ilpn noctymienue nedre-
TPOAYKTOB ¢ MOBEPXHOCTU B THIIOIMMHWOH, OHN HAYMHAIOT HaKaIlU-
BareCsd B JIOHHBIX OTJIOXKCHHAX, NEPeMELIaThCs MPUIOHHBIMM Tede-
uusamu. [lpusenem 3nece npumep no OnexckoMy o3epy. Ceppes3Has
aBapus mpousouuia Ha OHEKXCKOM o3epe B 3uMmHMii nepuoxn 2001 r.,
korga HedTenpomykThl monanu nox nex. Ouu ws3-3a cnabocTy Teye-
HUH B 3UMHMH NepHOZ (CKOPOCTH TeYeHHH MeHee 3 ¢M/C) JMOCTUIIH
nHa (npy rmy6use mecra nopsaaka 30 M) H B BeCeHHE-JIETHHI MEPHOK
2001 u 2002 r. non neictBueM Tedenuit u TypOysenTHoM auddysun
3TH HEQTAHBIC 3arPSI3HEHHUS, COAEPXKAIINECS B BOJE M JOHHBIX OTIIO-
XKEHHAX PacrpoCTPaHUINCD BIONE 6epera (puc. 2.1).

I[Tpu 5TOM BO3HHMKIA ONACHOCTH MONAAAHUS HE(PTEPOIYKTOB B IO-
PONCKOH BOJ03a00p, B PE3YJIbTATE Yero MOTJIA BO3HHKHYThH YpE3BhI-
YaiiHasA CUTyalMs U1 HCTOYHHKA MUTHEBOrO BoAOcHAOeHus I. IleT-
pozaBojcka — croiuuel PecrryOnuku Kapenua. Oxsako o6hem mo-
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CTYNUBINKX 3arps3HEHUH M Majas HHTEHCHUBHOCTh TMADOAMHAMHYE-
CKHX NPOIIECCOB B NMPHUIOHHOM 06/1aCTH HE Jaid BO3MOXHOCTH Aajlb-
HEHIIEro NPOABIKEHUS IATHA 3arPA3HEHMs, a MPOIECCHl CaMOOYH-
IIEHHUS OPEeJOTBPATHIH BO3MOXHYIO aBapuio. IIpu 3TOM Hajlo y4ecTs,

04-815
ns.nr

Puc. 2.1. Pacnipenenenne HeTAHBIX
YIIEBOJOPOIOB B JOHHBIX OTIIONKE-
Huax TletposaBosckoit ryGel OHExX-
ckoro osepa B miome 2001 1. (),
mtone 2002 r. (6) u mMae 2003 1. (8).
X — ropoackoiit Bonosabop; * —
paiion Hedrebasel. (o naHHBIM
x.6.1. H.A. Benkunoi, 2003)
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uro ropoj Ilerpo3aBoack He HUMEET anbTEPHATHBHBEIX HCTOYHHKOB
OUTBEBOTO BOAOCHaOxeHHA. BaxHBIM ABIeHHEM, KOTOpOe HEOOXOMH-
MO YYHTBIBaTh TIPH OLICHKE OCOOEHHOCTEN pacnpocTpaHeHHs Hedre-
NPOIYKTOB B 03€pax sBnsercs tepMobap. Masectuo, yro B CeBepHOM
nonymapuy npH Tepmobape (Punaros, 1991) Teuenus, uMpKyISIUL
BOJI B MPUOPEXHOH 30HE M MexAy (QPOHTOM TepmoGapa HMEIOT Ha-
[paBIICHHUE NPOTUB YaCOBOH cTpenkH (puc. 2.2). Hanpasnenue teue-
HU#H, MHTErPAILHOTO TIEPEHOCA BOJ B 30HE MeXIy TepmobapoM u Ge-
perom mokasaHo crpenkamu. Ipu nocTymiennn HeTenpoAyKTOB IpH
aBapuu TaHkepa B 80-x rr. XX B. MBITAIHCL OFPAHHYHTD PACTEKaHHE
He(TH IMyTeM YCTaHOBKH OOHOBBIX 3arpaxaenuil. Ho memanock 3to
0e3 yuera ocobeHHOCTE T'HAPOPUIMICCKUX NPOLIECCOB. B yactHOCTH,
OOHOBBIC 3arpa)IeHHA JOCTa-

TOYHO OBUIO YCTaHOBHUTH Ha Iy-

TH pacmpocTpaHenus Hedre- ;

NIPOJYKTOB, T.€. BIOJb Oepera u

ceBepHee pacnpoCTpaHEHUs O S

nAatHa Mexxy 6eperoM u dpon- !
ToM Tepmobapa (puc. 2.2). Ta-

KMM 00pa3oM, 3HaHue (usHuye-
CKHX MPOIIECCOB, MOTIIO OBI OTI-
TUMU3UPOBATh, COKPATUTh Clia-

carenbHEIe paboTBl OT 3arpss- 8N /0

HEHHs, OBICTPEE HX JIOKAIH30- '\
BaTh 1 cobpath. He Obu10 HEOO-

XOJMMOCTH YCTaHABIHBATh HE Ny d
HYXHBIE 3arpakXIeHus ot Hed- )’
TETIPONYKTOB Ha 10T, YCTAaHOBKA X
KOTOPBIX OTHSJIO BPEMS U CPeJl- 4
CTBa ¥ 3aMEJIHIIO MIpOLecc
OOpPBOELI C 3aTPI3HEHHEM,

Ha ocHoBe mMMeronmxcs 3Ha-
HHUH ruapodU3HYecKuX MpoLec-
COB U HX MOJEITHPOBAHUH MOXK-
HO OIIEHMTh PAacupOCTPAHCHHE Puc. . 2.2, Hanpasnenue TeyeHui
HedTenpoaykToB U BLHIpaboOTaTh (ctpenkamn) B OHEXCKOM 03€pe BO
onyi0 Cxey GopiGu ¢ HE e Tty g
paciopocTpaHeHHeM — 3arps3He-

THMaJIBHOE MECTO JUIs YCTAaHOBICHHE
HUA g m000ro  KoMILUIEKca OOHOB U MPENOTBPAIICHHS PACIPO-

YCIIOBHH, BPEMEHH rOJ1a. cTpaneHus ety (6)
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HsmeneHnne XapakTepHCTHK aTMocdepsl, Tpormocdepsl, Hapaay ¢
YKa3aHHBIMH BBIILIE OCOOCHHOCTSMH, MOXKET IPUBECTH K BO3AECHCTBHIO
Ha BogoeM. Hanpumep, u3MeHeHHE 030HOBOIO CJIOS MOXKET BO3ICHCT-
BOBAaTh Ha 3KOCHCTEMY 03€p

O30H — ra3, ABMAIOIIMIICA OYEHb XOPOLIHM OKUCIIUTENCM, U €ro
[IPAaKTHYECKHM HET B HIDKHHX cnodx Tporocdepsl. Cioit aTMochepsl
Ha3pBaeTcsi 030HOBEIM (10—40 KM) TONBKO MOTOMY, YTO B Mpejenax
9TOro CJI0s HAONIOAAETCA OTHOCUTENBHO OOMblias KOHLEHTPAaLWs
030Ha. B mpenenax 030HOBOTO CJlosA TOJNBKO OHHA Mojekyna u3 100
000 sBasercs Monekynoi o3oHa. Ofliee coaepxaHHe 030HA B aTMO-

chepe HUYTONXKHO — 4 107 % ot macch atMocdepsl. Bmecte ¢ TeM,
BIMSHHE O30HA Ha paJualHOHHbIE, TEPMOJUHAMHYECKHE, LUPKYJIA-
[HOHHBIE ABJICHUS B aTMOC(epe U passiMuHbIE Mpouecch B buochepe
¥, B HACTHOCTH Ha 03epa, ZOCTaTO4HO Benuka. O30H, moriomas yianpT-
paduoneToBoe H3NMyYEHHE C TMHON BOJIHBI 0Koji0 0,3 MKM (M3nTyye-
Hue YO-b, YO-C), BoinonHseT poiab SKkpaHa OHOTHI OT ryOHTEIBHOIO
n3nyuenus. O30H SBIAETCH TAKXKe MAPHUKOBBIM Ia30M, NOCKOJIBKY OH
noromiaer HHYPaKpacHoe U3TyICHHUE. '

Oouiee comepxkaHue 030Ha B arMochepe olpeaensercs KaK KOIH-
YECTBO 030HA, HAXOAAIETOCA B BEPTHKANBHOM CTON0E C OCHOBaHHEM

1 cM2. TunMuHOE 3HAYEHHKE OBIIEro CONEPIKAHUS 030HA, BHIPAKACMO-
r0 B CHEHUANBHBIX €IMHHMLAX LIKaibl BBICOT, COCTaBiseT okoso 300
enunun lo6coHa. UHTEHCHBHOCTD peakiyi, ONpeACIAIOMNX YCIOBUsA
00pa30BaHus ¥ pa3pylIeHUs 030HA, U3MEHIETCA C BBICOTOH, MO3TOMY
CYWIECTBYET BBICOTa Ha KOTOPOH KOHIEHTpauus 030Ha OyJer Makcu-
MainpHON (oKon0 25 kM). Beicota MakCMMaabHOH KOHLEHTPALUH 3a-
BHCHT OT reorpa@u4eckoi IMUpOTHl ¥ BPEMEHH.

OpHa U3 NpUMHMH U3MEHYMBOCTH O30HOBOTO CJIOS — BO3AEHCTBHE
030HOpa3pymarmuxX BewecTs. K HUM OTHOCATCA BelleCTBa COLEp-
xaipe xJop u/unm 6pom: xnopdropyriepoast, 6pomdropyriepossl,
YETHIPEXXJIOPUCTHIA YIIIepoA, METHIOPOMHUI, TUAPOXIOpOTOpYyTIIe-
poaBl. DTH BelllecTBA MIMPOKO HCIONB3YIOTCA B IMPOMBIILIEHHOCTH U
ObITY B KayecTBe NeHOOOPa3yonuX MaTEpUaoB, XJIai0r€HTOB, a3po-
30neii, pactBopureneld. JloctaTouHOo MHOro padoT MOCBAMIEHO «030-
HOBOI» npobneMe B CTaThAX, OIYOJMKOBaHHBIX B MaTepHajgax KOH-
dbepennuii «Puznueckue mnpobaemsl dkonorum» (cMm. 1997, 1999,

2001).
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Ocnabnenne 030H0BOro cnos Mosxer NPHBECTH, MPEXIE BCETO, K
YCHIICHHIO YJIKTPaQHONETOBOrO H3NyYEHHs B AMAMA30HE OKOIO 290—
320 aM (Tax Ha3zbIBaeMBIH Y®-b). Ionarator, uto yIbTpadHONETOBOC
H3My4CHHC 9TOTO AMAlla30HA OKa3bIBAET BIMAHUE Ha Mostekynstr JIHK,
TIEPEAAIOLINE MEHETHIECKUI KO, YCHICHHE MHTCHCUBHOCTH ydIbTpa-
(hHONETOBOro M3ITyYeHHs NPUBOAUT K POCTY BEPOSTHOCTH BOZHUKHO-
BCHHS DAaKOBBIX 3a00NEBAaHUM KOXH, CHMKAET YPOXaMHOCTL HEKOTO-
PBIX Bpmoxz CeNIbCKOXO3SHCTBEHHBIX PACTEHHH, OKA3hIBACT ryouTein-
HOC BOSACHCTBHE HA ONHOKJICTOYHBIC H MUKPOOPTaHHU3MEI B HOBEPX-
HOCTHOM clioe o3ep. Ilocnennee Moxer HapylMTH NUIIEBbIC Leny B
o3epe.

O6cynum BosneiicTare YIbTpadHoNeTOBOrO M3NydYeHus Ha buory.
CymmapHas ynstpaduonerosas paauanus y 3eMHOH IOBEPXHOCTH
OTPEACIACTCS HE TONBKO 3 HEKTHBHOCTHIO 030HOBOT'O CIIOS, HO CHITh-
HO 33BMCHT W OT IpYruX (AKTOPOB, MPEXAEC BCErO0 OT COCTOSHHS
atMochepel, ee COCTaBa M NMPUMeECei. IMostoMy ymenbienue obuiero
COZteprxaHus 030HA He 00s3aTenbHO OyAeT NPUBONUTE K POCTY YJBT-
paduoneroBoro uamyuenus. CornacHo (Kpyuenuukuit, Beprokos, Ile-
poB, 1998), B mHacrosuiee Bpems Her yOEMUTENbHBIX CBUAETENBCTB
TONOKUTENBHBIX TPeHAOB Y®-b u Y®-C paguanuu, xots nomobHsie
TIOJIOXHTENBHEIE TPEH/IBI OOIIETO COMEPKAHHS 030HA MMEIoTcs. He-
00XOIMMO TIOYEPKHYTE, YTO 030HOBbIiL nepunur Habmoxaercs, Kak
TIPaBAJIO, BECHOW WIIM 3MMOH, KOT/la BCIECTBHE HU3KOTO IOTOKEHHS
Connia, Hemb3s OXHIATH BBICOKMX 3HAYCHH yIsTpaguoneToBoit
papnanyu. B pa6orax B.B. 3yesa (3yes u ap. 2003) moxasaHa 3aBu-
CHMOCTb NPONYKTUBHOCTH 03€pa, BBUIOBA PHIOBI B JIamomckoM H
Omnexckom o3epax or koneGamuii o30HOC(heprl. Ha ocHoBe mHuOro-
nerHux Habmozennit JI.A. Kynepckoro 65110 TI0Ka3aHo, YTO PAJ peIO-
IIAHKTOHO(Aros, 4eTKO pearupyioT Ha H3MeHEHHe Ouomponyxiuyu B
3aBUCHUMOCTH OT YpoBHs Y®-b paguanuu us-3a xoneGaHuii 030HOBO-
ro cnos, ysenuyeHue Y®-Bb pajnuaimu yraeraome BO3/eliCTBYeT Ha
pa3BuTHE QuTOnIaHKTOHa. JlaHHble 06 ynoBax PHIOBI UMEKOT BBICO-
Ky KOPPEINSIHIO ¢ COAEPKAHUEM 030Ha B CTpatochepe.

Ilpu 3TOM HEOOX0AUMO OTMETHTH, YTO nabopaToOpHbIE ¥ HATYPHbIE
OKCNICPUMEHTBI ITOKA3BIBAIOT, YTO PACTECHHS, KUBEIE OPTAHH3MBEI 06-
JIAZIAk0T 3aIUTHEIMM MEXAHU3MAMH, KOTOPEIE, BEPOSTHO, ObUTH BhIpa-
6;T8.HLI B IpOLECCE JBOMIOUMM HA DAHHMX CTaJuAX PAa3sBUTHS GHO-
ceprl.
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2.2. Kputepuu ¥ HOpMBbI Ka4eCTBa BOJABI B 03epax

BaxxneliuM nokazareneM npu ONpeneseHHH HAarpy3oK Ha OKpy-
MAMOLIYIO Cpejly fABISETCS MOHATHE Kavecmea cpedwl. KayecTBo cpe-
Apl — COBOKYITHOCTH MapaMeTpoB, YAOBJIETBOPSIOIINX YCIOBUIM CY-
[ICCTBOBAHMS HENOBEKA (PKOJIOTHYECKAs! HUINA) M YCIOBHAM CYIIECT-
BOBaHUS 4YEJIOBEYECKOro oduiecTBa. B kayecTBe KpUTEPHEB KayecTBa
cpelsl MOTYT OBITh HCIONB30BaHbl OHONOTHMYECKas: NPONYKTHBHOCTD
IKOCHCTEMBI, COOTHOIIICHHE BHIOB, COCTOSIHHUS TPOYUUECKUX CHCTEM
1 1.11. KauecTBO BOZBI 3aBUCHT OT XMMHYECKOTO COCTaBa BOJIBI, (husnye-
CKHX CBOMCTB — LIBETa, BKyCa U 3amaxa — 1 OHONOTMIeCKUX 0COOEHHO-
crell Bozil. TepMuH "KaduecTBO Boabl" ynoTpebnseTCcs B KOHTEKCTE
OTIPEAENICHHOI0 acleKTa ee Hcmnojiab3oBaHus. CylmiecTByeT MHO-
XECTBO LENCH MCIONB30BAHKA BOJBL: IJIf MHThA, KyNaHMs, yJale-
HUs OTXOJOB, PEKpeaLny, [I0NNBa, B PA3JIMYHBIX [IPOU3BOACTBEHHBIX
npoieccax. O4eBUIHO, YTO HE UMEETCS YHHUBEPCABHOTO WK OOIenpu-
HiAtoro Habopa TpeGoBanuit K KadectBy BOmbpl. st Kaxmoil Qopmbl
UCTIONB30BAHUA NIPUMEHSIIOTCS CBOM CTaHIapTHl KauecTBa. Kax mpasuio,
3TH CTaHIAPThI POPMYIHPYIOTCS B BUAE KPHTHUYECKHX YPOBHEH orpe-
JIGTICHHOT'O CBOWCTBA BOJIbI, KOTOPBIE HE JIOJDKHBI OBITH MpeBbieHsl. [lo-
3TOMY, K IIPUMEPY, BOJA, KOTOPasi CUUTAETCS HEIPUTONHON JJIs TUThE-
BBIX IIeJiel, BHOJIHE MOXET HUCIIONB30BAThCA AN OPOLICHUS WM Jaxe
kyraaus. [Ipu 51oM oTMerrM, 9TO BOZIa 3T0 BO30OHOBIIEMBIH pecypc, OHa
cr1ocobHAa K BOCCTaHOBJICHHIO, CAMOOUHILIEHHIO.

BonapiM komexcom Poccmiickoil Penmepanyu onpeAcnsOTCs Tak
Ha3bIBaéMble HOPMATHBbI NPEAENbHO JAOIYCTUMBIX BPEAHBIX BO3JEH-
creuii (TIABB). Oanako ocTaeTcs OTKPHITBIM BOIIPOC O TPEAEIBHO
JOIYCTHMBIX 3HAUEHWAX 3THX IapamerpoB. MeXaHu3M CHCTEMHOI
YBSI3KH 3KOJNIOTHYECKOTO HOPMHUPOBAHUS, IKOJIOTHYECKON IKCIIEPTH3bI,
NpPOrpaMMHO-LENIEBOT0 MOAX0Aa M 3KOJOTMYECKOTO0 MOHMTODHHIA K
PEIIeHHIO IKONOTUYECKHX TPobIeM JienaeT MpoLece yrpasieHus 6o-
7ee UETOCTHBIM U 3 (EKTHBHBIM.

HopmaTuBe! KauecTBa BOAHBIX 0OBEKTOB YCTAaHABIMBAIOTCSA B (Op-
M€ TMpeneNbHO JOIYCTUMBIX KOHICHTpaluH BpEeIHBIX BEIIECTB
(ITAK). TIJK — xOHUeHTpalus BEIECTBa B BOAE, NPH IPEBBILCHUM
KOTOPOH BO/B! CTAHOBSTCS HETPHUIOAHBIMU JUISl OJHOIO MM HECKOJb-
KUX BHUZOB Bopomonb3oBaHusd. Bemnumna ITJJK — 310 9kcnepumen-
TaJbHO YCTAaHOBJICHHOC M OPHIHANBEHO YTBEPKACHHOE MaKCHUMAIIbHO

AHTPOTIOTEHHBIE BO3JIEIICTBUS HA O3EPA 81

AOIyCTHMOE MOCTOSHHOE CONEPKAHIE KOHKPETHOrO BpPEAHOIO Belie-
CTBa B BOJIaX BOJHOTI0 00LEKTA.

Bopoem cunuraercs 3arpA3HEHHBIM, €CITH MOKA3aTENH KauecTBa BO-
ABl USMEHUITHCH B PE3YJIbTATe aHTPONOTEHHOTO BO3NEHCTBHA M BOJIA
CTalla HeTIPUTOHOH XOTs OBI /I OAHOTO U3 BHIOB BOJIOIONIHL30BaHUSA
Wi Bojaonorpebaenns. Crenens IPEAENBHO JOMyCTHMOrO 3arps3He-
HUA BOJIBL ONPENETACTCS IPEAETBHO IOy CTHMOM HarpysKoi, KoTopas
3aBUCHT OT BHJA HCTIONIL30BAaHHS BOAHOTO 00bekTa. B Poccuu HOp-
MHPOBAHHE Ka4ECTBA BOJbI BOAOEMOB H BOJOTOKOB OCYNIECTBIISIETCS B
3aBHCHUMOCTH OT BHIOB BOJIOTIONIB30BAHHUS:

— XO3SHCTBEHHO-NHUTEEBOE BOLOMNONB30BAHKE — UCIIONIb30BAaHUE
BOJHBIX OOBEKTOB B KAYECTBE MCTOYHHKOB XO3SIHCTBEHHO-TIUTHEBOrO
BOJOCHA0XKEHHS,

— KOMMYHaJIbHO-OBITOBOE BOJIOTIONB30OBAHUE — HCIOJIb30BaHKE
BOJIHBIX OGBEKTOB JUIS KYIIAHMS, 3aHATHS CIIOPTOM H OT/IBIXa HAacele-
HHS,

;

— PBIOOX03AHCTBEHHOE BOIOIIONB30BAHAE — HCIIONL30BANME BOA-
HBIX OOBEKTOB U1 OOUTAHHSA, PA3SMHOKCHUS U MUTPaluK peib U jIpy-
THX BOJHBIX OPTaHU3MOB.

HJK nns passeix kateropuit CYWECTBEHHO pa3nuyarorcs. Hampu-
mep, ITJAK nns ammuaka B Bomoemax 1-if KaTeropuu cocTaBiser
2 Mr/n, a ans BomoeMoB 2-i kareropuu oH pasen 0,05 mr/n. IIJIK mns
He(PTENpoLyKTOB B Bofoemax 1-it KaTeropuu paseH 0,3 mr/m, a B Bo-
moemax 2-i xateropun — 0,05 mr/n. Jlna Bonoemos 1-it KaTeropuu
ycranosnens IJK 6onee uem mas 1700 BELICCTB, M1 BOJOEMOB 2-if
Kareropun — nouru 11 1000. Onenka kagectBa BOA IO IIIK ne
YHUTBIBACT PasHbIil TPOGHUECKHH CTATYC SKOCHCTEM, CE30HHBIE 0CO-
OCHHOCTH MPUPOAHBIX (HaKTOPOB, Ha (ome xoToprIx mposBiserca
TOKCHYHOCTD 3arpssusiomux BemecTs. OUeHKa CTeNeHn 3arpsasHeHus
BOJJHOTO 00BEKTa [0 OTAECIBHBIM BEIECTBAM OPOBOJMTCS C UCTIONb-
sosanuem xpurepus IIJIK u OBYB (opuenTtnpoBouHo-6e30macHb
YPOBEHb BO3ACHCTBHSA) sl PEIGOXO3SHCTBEHHEIX BOSOCMOB (O606-
LUCHHBIH 1epedeHs..., 1990), a Takke QOHOBBIX PETHOHANBHEIX KOH-
UCHTPAIMH BEWECTB ~— KCeHOOHOTHKOB. B pabote (JIo3oBuK, 1998)
OTMCYACTCA, YTO HaubONEe YACTO MCTONB3YeMBIH B OTEUECTBEHHON
npaktuke kpurepud ITJIK u pacuers: Ha ero ocrose CYMMAapHOTO WH-
ACKCA 3arpA3HEHHOCTH HE YYHTBIBAIOT PETHOHANBHBIX 0COOEHHOCTEN 1
[PEAOTPCACTSIOT B KAKOH-TO CTENEHH HEOOXOMMMOCTD ONpeeNeHHUs
BONBIIOro YKCIa HOPMUPYEMBIX KOMIIOHEHTOB.
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Ecnu BoAHBIH 00BEKT HMeeT MHOrO(QYHKIMOHAIBHOE HUCIIOIb30Ba-
HHUE, MPUMEHACTCS [I0Ka3aTelb BPEAHOCTH, OTPAXAIOIMHA IPHOPHTET-
HOCTh TpeOGOBaHHH K Ka4eCTBY BOJBI, OH SBIAETCS JHMUTHPYHOUIUM
ToKasaTeneM. 3arps3sHeHne BOJbl MOXKET OBITh 00YCIOBIEHO HE TOJb-
KO TOKCHUYHBIMH BEIECCTBAMH, HO U H3MEHEHHEM OPTaHOJENTHIECKUX
mokasatenei (3amax BOJIbl HU3MEHSETCS OT ITOCTYIUICHHS HETOKCHY-
HBIX, HO JiypHO MAaxHYIIHX BELIECTB) U JPYTUX (PU3UKO-XUMHYECKHX
XapaKTePUCTHK, K HWM OTHOCATCH: COJAEPXKaHHE B3BELICHHBIX Be-
IECTB, MUHEPAIBHBII COCTaB, pACTBOPHMBIH KHCIOPOJ, TEMITEPATYPA,
1BET, Moka3zarenb pH u ap.

IIpyu HOPMHPOBAHKMH 3ATPS3HAOIIMX BEMIECTB HEOOXOUMO UMETD B
BH/Ly, 4TO MHOTHE BELIECTBA 00NANAI0T CXONHBIM TOKCHYHBIM HEHCT-
BHEM, B 3THX CllydyasX CyMMapHas KOHIEHTPAIHs TaKHX BEUIECTB MO-
)KET MPEBBILATD IPeJeTbHO AOMYCTHMYIO KOHUEHTpPAaUMIO AJis OT-
HelbHBIX BemecTB. HekoTophle 3arpsa3sHsiollye BellecTBa 00IaaaroT
CUHEPreTUYECKUM 3()PEKTOM, TO €CTh TOKCHYHOCTH OJHOTO B IPH-
CYTCTBHHM JIPYTOTO MOXET MHOTOKPATHO BO3pacTaTb. JGeKT CyMmu-
POBaHMA JEHCTBHSA 3arpA3HAIOIIMX BEIIECTB HEOOXOAUMO YUHTHIBATh
[pH CIOKHOM CIEKTPE 3arpA3HSIONIMX BEUIECTB.

ITpuBeaeHHOE ONMCaHHE TOKAa3bIBAET, YTO HOPMHPOBAHHE 3arpss-
HeHuii B BOJC ABIAETCS OUEHb CIOKHOHM mpobnemoi. CoBpeMeHHas
CHCTEMa HOPMMPOBAHMs He yYMTBIBAET 0COOEHHOCTEH BOAHOTO 00H-
eKTa KaK 7KocHcTeMbl. Hapsany ¢ M3MOXKEHHBIM BBILIE IIOAXOAOM, B
MHpPOBOH NPaKTHKE JOCTATOYHO IIMPOKO PacpOCTPAHEHO HOPMMPO-
BAaHHUE 3aTPA3HAIONIMX BEIIECTB, 0a3upyOLeecs Ha MOHATHH aCCUMMU-
nsuoHHOTO TIoTeHuMana (Uspasns, 2002). B atom ciyyae moctymie-
HHE 3arpA3HAIONIMX BEMIECTB OT NPEANPUATHH TOIKHO OBITH TaKuM,
4TOObI STH MOCTYIICHHMS HE HAPYULMIM 3KOCHCTEMY B UENOM. AccH-
MHJISILMOHHBIN MOTEHIMAT KaK pa3 M MOKa3bIBACT, KAKOEe KOIMIECTBO
3arpA3HSION(MX BELIECTB MOXET MOIVIOTHTH Ta WM MHasd SKOCHCTEMa
Ge3 ymepba s csoero cocrosuusa. Onpenenus ACCHMIIAIIMOHHBIN
[TOTeHIHaN, JajJee MOKHO YCTAHOBMTH NpEIeIbHBIE HOPMBI Ha COpo-
CBl 3ArPs3HAIONMX BEUIECTB OTACIBHBIMH NPEANPHUATHIME. IKOJIOTH-
4ecKOe HOPMUPOBaHHE HEOOXOMMMO MPOBOJUTH € YYETOM MHOXKECT-
BEHHOCTH TIyTell 3arpA3HEHHs U CAMOOYHIIEHHS DIEMEHTOB 6rocde-
psl. HopMupoBaHue aHTPOIIOTEHHBIX BO3ACHCTBHH NPOBOAMTCA Ha
OCHOBE OLICHOK HMX BIMAHMS Ha MIPUPOAHBIE CHCTEMBI. BaKHBIM MO-
MEHTOM TIp¥ 0BOCHOBaHHMH 3KONOTHYECKOTO HOPMUPOBAHMS ABIACTCH
nouck Haubosee cIabblX WIH «KPUTHYECKHX» 3BEHBEB OHOCQEPHL.
[Ipy aHaNH3e aJaNTaUMOHHBIX BOIMOXHOCTEH GHOC(eps! K aHTPOmO-
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I€HHBIM BO3JCHCTBUAM Ba)XXEH YYET SKOJOTMYECKOrO pe3epsa, Ompe-
JENAIOILETrO MO0 BO30OHOBASEMBIX NPHPOAHLIX PECYPCOB, KOTOPYIO
MOXHO U3bATh U3 OHocepsl Oe3 HapyLUIeHHs ee OCHOBHBIX CBOMCTB.
OKONOTHYECKHH pe3epB HEPa3PBhIBHO CBS3aH C MOHATHEM YCTOMYMBO-
CTH CHCTeMbl. Jlns HOPManbHOro ()yHKIMOHMPOBAHHUS DKOCHCTEMBI
(6e3 notepu ee yCTOHYMBOCTH) aHTPOTIOTCHHBIE HATPY3KH HE JOJKHBI
HPEBHILIATH [IPEIENIEHO A0MyCTUMBIE 3KOJIOTHYECKHE HATPY3KH.

Jnst KOMILIEKCHOM OLEHKM Ka4ecTBa MPUPOAHOM Cpeasl HCIOMb3Y-
€TCs OMOMOHHMTOPHHT, KOTOPBIi OCHOBAH HA BBICOKOHM 4yBCTBHUTENb-
HOCTH Psiia )KUBOTHBIX W PaCTEHHH K 3arpsisHeHusM. Hampumep, pas-
pabaThiBaeTCS MOHHTOPHUHI KadecTBa BOJ BOJOEMOB MO GHOXHMHYE-
CKHM OCOGEHHOCTSM OPTraHU3MOB, o6uTarouuM B HeM (CHIOPOB 1 1p.
2000). To ecTb cocTOSIHUE OpPraHU3Ma 3aBUCHUT OT CPelbl OOUTAHHMA.

Kpurepuii 3arps3HeHHOCTH BOABI — YXY/ILIEHHE KA4eCTBA BCIIEACT-
BHC U3MEHEHHS OpPTaHoJEIITHYECKHX CBOHCTB (3amax, IBeT) M MOsBJIe-
HUS BEHMIECTB, BPEIHBIX I YEJIOBEKa, YKUBOTHBIX, NITHL, PO, KOPMO-
BbIX U IIPOMBICIIOBBIX OPTAHHU3MOB, & TAKKE H3MEHSIOIIECH YCIIOBHS [
HOPMAJIbHOM XXU3HEAEATEIbHOCTH BOJHBIX OPraHU3MOB.

MoOXHO IPEACTaBUTH 3KOCHCTEMY BOROEMA COCTOAWICH M3 ABYX

KOMIOHEHTOB. OfMH — OpraHHUYecKHH, NOpPEACTABIAIOWIMNA KOM-
IUICKC BHJOB, B KOTOPOH OCYINECTBIAETCA KPYTrOBOPOT BEUIECTB
(6uoueHo03), ApYyroit -— HEOPraHWYECKUi, MAIOMMI MPUCTAHMILE

OuoueHO03y M Ha3bpIBaeMbIi 6mororiom. Toria ompeaeneHue CoOCTos-
HHS 3KOCHUCTEMBI OyneT caenyromum. « Cocmosnue 800HOU 3KoCU-
cmeMmbl 3mMO ee XapaKmepucmuka no COBOKYNHOCMU KONUYECMEEH-
HbIX U KAYECMBEHHbIX OUOZEHHbIX, AOUOLEHHBIX U AHMPONO2EHHbIX
noxasameneu npumenumensHo K sudam 600ononvzosanus”. Ipu sTom
OTMETHM, 4TO 3KOCHCTeMa 00namaer TEHICHIMEeH pPa3BHBATLCA B HA-
HpaBlIeHUH K 3penoil 3Kocucreme, HMeIIeH Oonee ycToitumBoe co-
crosiave. Kak nokasana npaxkTHka, IIpy 3arpsA3HEHHH BOTHOIO OOBEKTA,
HPOUCXOJAT U3MEHEHHS B GH3UYECKOM U XHUMHYECKOM COCTOSIHMH BO-
JbI, KOTOpOE NMPUBOJUT K HApYIICHHIO JKOJNOTHYESCKOro OajaHca CHC-
TEMBI, NP KOTOPOM HaOIIOJACTCA COKpALIeHHe BHIOBOTO COCTaBa
cooOIIeCTBa U YBEJNHYEHHE YUCIECHHOCTH YCTOHuUMBBIX BHIAOB (KuM-
cray, 1993).

K HacrosmieMy BpeMEHH c(OPMHPOBAIOCH B4 OCHOBHBIX CIOCo6Ga
OLEHKH COCTOSIHHSL BOJHBIX OOBEKTOB, XapaKTEPHU3YEMOro KauecTBOM
MX BOJA MO THAPOOHONOTHMECKUM U FTHIPOXUMHUYECKUM TOKA3aTeISIM.

H3meHeHns B 3KOCHUCTEME MOXHO OXapakTepU30BaTh C IIOMO-
wbl0 GYHKIME pacnpeneneHus BUAOB MO OOHJIHIO M pacyeToM T.H.
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HHJICKCOB, HE CBA3aHHBIX C ONPEHEICHHbIM CTaTHCTHYECKUM pacrpe-
JeJiecHHeM. OTH UHIEKCHI SBISIOTCH QYHKLIMEH BUIOBON CTPYKTYpPHI H
MX Ha3bIBAOT MHJEKCaMu pasnooOpasud. C uX MOMOMIBIO XapaKTepu-
3yHOT MHOTOKOMITOHEHTHYIO BHAOBYIO CTPYKTYpY COOOILECTBAa OJXHHUM
9HCIIOM. DTHX MHIEKCOB pa3paboTaHO A0CTaTOYHO MHOTO, CPEIU HHX
orMeTHM Hamubosee gacto ynorpednsemble uuaekcol Hlennona, Hlesn-
nona, Mapranada u apyrue (AbaxymoB, 1978). Mnnexc Illennona
XapaKTEepH3YeT CHCTEMY C TOYKH 3penas Xaoca H yHNOPsIOYeHHOCTH.
CocTosHIE BOAHOTO 0OBEKTA MOXKET GBITH OLEHEHO 10 JAHHBIM IOJie-
BbIX HaOnrofeHWH TUApOOHOHTOB B CPAaBHEHMH C pe3yNbTaTaMM H3-
BECTHBIMH ISl HE3arpA3HEHHBIX BOJHBIX OOBEKTOB @HAJIOTUYHOIO TH-
na. Ha mpaktuxe 1 oneHku 6uopasnoobpasus osep unaekc lllenno-
Ha HalleJ [MKPOKOe NPUMEHEHHe B McClefoBaHuAX (AnuMoB, 1992;
Kypamos, 1994). Onxako st kpynHbeIx o3ep (Jlagoxckoro n OHex-
CKOr0) 3TOT WHJIEKC pa3HooOpasusi HE MOXKET CIYXHTb HaJeXKHBIM
KpuTepueM uHAUKalmu cocrosians (Kypairos, 1994).

KauecTBO BOJ MOXHO OLEHHMBATH M C [OMONIBIO KnaccHGUKaUMH,
MHTErPANbHBIX OLEHOK KadectBa BOAB! (MHJEKCOB KauecTBa BOJIBL).
WHpexchl — 3T0 (OpMaM30BaHHbBIE TIOKA3aTENU 3arps3HEHHOCTH BO-
11, oboOmaronme Oojiee MKUPOKKE TPYNIBI MOKa3aTesel, ¢ BRICOKOH
CTENEHBK0 OOBEKTUBHOCTH YUMTHIBAIOIIUE PA3IHIHEIC CTOPOHE! OlIEHH-
BaeMoro o0bekta. MHIeKe 3T0 BENMYHHA, ABJIAIOIIAACA MEPOH COCTOS-
HUA M M3MEHCHWH IJIaBHBIX (DU3MUECKHMX, XUMHMYECKMX M Ouoio-
TMYECKHX KOMIOHEHT OKpyKawomeh cpeasl. Kak 1mokaszaHo
I.T. ®pymunsM (1998) mna npeacTaBienys KauecTBa BOJ B BUIE €M~
HOM OIIEHKH TIOKa3aresin HeoOXOOUMO BBHIOHpATh HE3aBHCHMO OT JIMMH-
THMPYIOLIEr0 NpU3HAKa BPEAHOCTH; a IIPH «PAaBEHCTBE KOHLEHTPALMHA
PEANOYTEHHE OTAACTCS BEIECTBAM, MMEIOIIMM TOKCHKOJIOTMYECKUN
TMPU3HAK BpEAHOCTH». KadecTBO BOX MOXKHO OIMpPEeensTh [0 CTaHAapT-
HBEIM THIPOMETECOPONIOrHYECKUM HM3MEPEHUAM C MOMOINBIO T.H. UH-
JeKCa 3arPA3HEHHOCTH BOJ, KOTOPBHIH PACCYMTHIBAECTCSA MO HECKONb-
KVMM 3aTpPASHSAIOIMM BEIIECTBAM, KOHLEHTPAIHsA KOTOPHIX HaHOOJNb-
mas (Opymun, 1998). MHpexc 3arpa3HeHHOCTH BOA J mpeaaraeTcs
PacCUHTHIBATH 110 6 MOKA3ATEIIM:
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rae C; — KOHIEHTpauMsa i 3arpssssiouero semectsa u ero ITJK;.
Knaccudukaiys BOA MO CTENEHH 3arpA3HEHHOCTH, OLEHEHHOH II0
W3B npusenexa B Tabd. 2.1.

Konnentpauust BEmeCTB B BOJIC HE OTPAXKAET TOKCHKOJIOTHUECKYIO
Harpysky Ha 3KOCHCTEMY, TaK KaK HE YYHTHIBA€T MPOIIECCH aKKyMY-
JSIIMH BEriecTB B OHONOrnYeckux 00BEKTax M JOHHBIX OTIOXKEHHIX
(Hukauopos u ap., 1988).

Tabmuna 2.1. Kinaccel kadecTBa BOJBI B 3aBHCHMOCTH OT Beanyud U3B
(171 TOBEPXHOCTHBIX BOJ, CYLIH)

XapaxkTepHCTHKA U KJIacC Ka4ecTBa BO- Bemnarina U3B
I — "ouens uncrag" <0,2

II — "yucrasa" >0,2-1

Il — "ymepeHnHo 3arpsisHeHHaq" >1-2

IV — "zarpsa3Hennas” >2-4

V — "rpazuas” >4-6

VI — "oueHs rps3Has” >6-10

VII — "4pe3BbyaiiHo rps3nas” >10

BuoMHAMKAIMA BOJ IIPOBOJMTCA IO PA3IHYHBIM TPO(QUUECKUM
3BeHbAM (OakTepuo-, (GUTO- M 300IUTAHKTOH, Makpo3oobeHToc) H
BKJIIOYAET OMNpeJesICHHE BHUIOBOr0 pazsHoOOpasus, OMOMAcChl U 4HC-
JIEHHOCTH THAPOOHOHTOB, HA OCHOBaHHM KOTOPBIX YCTaHABIMBAIOTCS
ypOBEHB TPOGHH BOAOEMA, CTPYKTYPHO-(PYHKIIHOHAIBHBIE H3MEHEHHS
OGHOTHI BO BpeMeHH. J[Jis OLIEHKHM KadecTBA BOABI MPHMEHSIETCS H3-
BECTHBIH MeToA canmpoOHBIX MHAMKATOPOB C YYETOM DPETHOHAJBHBIX
ocobennocreit pyHKUMOHMpOBaHUA TIuapobuoneHo3oB (Kynmkoaa,
1983; Kyxapes, 1986). DKkoI0ro-TOKCHKOJIOTHYECKHH KOHTDPOJb 32
CTOYHBIMH BOJAMH OCYLIECTBIISETCA METOJaMH OHOTECTHPOBAHHA C
HCHONIB30BAHNEM OOBIYHO 2-X BHAOB TecT-00bekTOB — Daphnia
magna Straus u Simocephalus serrulatus Koch.

B rocnenHue roasl OpH pa3sBUTHM BBIMUCIHTENBHON TEXHHKH, I10-
3BOJSIONEH OMEPUPOBATH C OrPOMHBIMM OOBEMaMM JKCIEPHMEH-
TaIbHBIX JAHHBIX, 6a3aMH JaHHBIX, OTKPHIBAIOTCS HOBBIE BO3MOXHO-
CTH IS HCCIIEN0BAHMS POJH PA3IMYHBIX ()aKTOPOB B M3MEHEHHHU 3KO-
JIOTMYECKOTO COCTOSHHSA BOJAOEMOB C IIOMOIIBIO pasHBIX Klaccuduka-
uuii. Knaccudukanus 310 cHCTeMa pacnpeneneHus oObeKTOB, sBje-
HHi, TIPOLIECCOB MO KJIACCAM B COOTBETCTBHHU C ONPENCIEHHBIMHU TIPH-
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3HaKaM¥. BO3MOXXHO BBITIONHHTH OLEHKY KadecTBa BOJBI IO COBO-
KYHHOCTH (PH3UKO-XHMHUYECKHX M OHonormdeckux napamerpos. Ha-
npumMep s Kinaccubukaiuy BOXHBIX 00bekToB Kapenuu mo coBo-
KYITHOCTH I1apaMeTPOB HMCIIOIB30BATMCEH CIEAYIOIHE XapaKTePHCTHKH
(JIozoBHK u ap., 1999):

1. MuHepanuzauus, 3JeKTPOIPOBOXHOCTh U HOHHBIH COCTaB BOIBI
(Ca™, Mg™, Na*, K*, HCO5, SO, CI", R-COO").

2. Opranuueckoe BemecTBO (UBETHOCTD, [10, Coyr, BIIKS).

3. buorenssie 21eMeHTHI (Py., Posis NHs", NO2™, Nopr).

4. Muxkposnementsl (Fe, Mn, Si, F).

5. Xnopoduisn a.

6. Pacteopennsie rassl (CO,, O;) 1 pH Boasl.

7. 3arpA3HAIOMINHE, TOKCHUECKUE BEIIECTBA.

Conepxanue B Bojie OHOreHHBIX 3JIEMEHTOB ~— OUEHb BKHBIH JIMM-
HOJIOTHYECKHH MOKa3aTens. OT UX KOJMHYECTBA B 3HAYMTENBHOM CTere-
HM 3aBHCHT MPOAYKLHS B BOJOEME U ONpPEAEIAeTCs ero TpOohHIECKHI
craryc. B ecTecTBEHHOM COCTOSIHMH YPOBEHBb TPOGMH MOXET H3Me-
HSATBECS OT OJIUTO- (HU3KONPOLYKTHUBHBIX) JO ME30- (CpEeIHENPOLyKTHB-
HBIX) ¥ 3BTPO(QHBIX (BBICOKONPORYKTHUBHBIX). Takue KiaccHbHKaLMH
NpPOBEIEM Ha MpHMepe MHOroducneHHbIX o3ep Kapenuu. Ilpu stom
paccMaTpHBaIKCh OCOOEHHOCTH BOJ, OTpaKalollue NPHPOJHOE €€ Ka-
4eCTBO, TPOPHUIECKOE COCTOAHHE BOJOEMOB U HX 3arpsA3HEHHE, C yde-
TOM HOPMATHBOB 110 MCIIONB30BAHMIO BOAB! JUII MMHTHEBOTO BOJOCHA0-
JKEHHA U PHIGOX03iCTBEHHBIX 1eneif. C yueToM 3Toro 6bUI0 BBIAEIEHO
HECKOJIBKO KJIACCOB BOJ| Pa3HOIO Ka4yecTBa: BBICOKOE, XOpoILEe, YIO0B-
JIETBOPHTENLHOE, HU3KOE, 4 TAKKE 3arPA3HEHHBIE BOJBL

K KaTeropuu 6s1c0Kk020 XKa4ecTBa BOJ OTHECEHBI BCE BOJIBI, HMEIO-
mue nseTHocTh 10 40 rpan. u onurorpodHsle (Posy 20 12 Mxr/m, xio-
podwit a — 10 3 Mkr/x) BogHele 00beKTHl ¢ comepxannem Fe no
0.2 mr/n, pH — 6.5-8.0 u HacsimeHHeM Bonpl KucropogoM 80-
105 %. ITpu cobmoneHnH THX IapaMeTPOB 03€pO THUCTOE C BHICOKOM
[PO3PAYHOCTHIO, BOZOPOCIH HE OrPaHUYHBAIOT HCIIONB30BAHKME BOJIBI
IUist BceX (GOpM HCIIONB30BaHHA.

K kateropum Xopouiezo KauecTBa BOJ OTHECEHBI BOJBI C LIBETHO-
cteio 30-120 rpan, omuro- 1 Me30TpodHbie (Pogy 8~25 MKr/n, Xy0po-
dunn a — go 10 mxr/m) ¢ Bemmuunoit pH 6.2-8.5, conepxanueM Fe
0.1-0.5 (Bo3moxxHO 10 0.75 MI/i1 MpH yCIOBHY HHU3KOTO CONEPIKAHHS
Posu ¥ IBeTHOCTH MeHee 120 rpaz.), HachIIEHHEM BOJABI KHCIOPOAOM
60-120 %. BomoeM TIOUTH B €CTECTBEHHOM COCTOSHHHM, C BBICOKOM
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[PO3PavHOCTHIO BOJ, OYEHB Cl1ab0 3BTPOQUpPOBaHHBIH, €r0 BOABI IIPH-
TOAHBI AJ1s BceX ($OpM UCTIONb30BaHM.

K yooenemeopumensnomy KadeCTBY OTHECEHBI BCE BOJHBIE
obwekThl ¢ BemmuuHoM PpH 5.5-6.2, a Takke 3BTpOdHBIC
(30 < Py < 50 Mir/i1, 10 < xnopogusut @ < 30 MKI/i1), HE3aBUCHMO OT
OCTaNbHEIX [OKa3aTeneil, 1 momurymMo3ssie ¢ pH > 6.5, ¢ conepxanu-
eM xeneza ot 0.5 go 1.5 mr/n u usetHOCTHIO HO 200 rpax. Bomoem
cnabo 3BTPOQHUPOBAH B pe3yibTaTe NMOCTYIUVIEHHUs CTOYHBIX BOJ, pac-
CpENOTOYCHHON Harpy3kd 3arps3HAIONIMMH BEIECTBAMH U APYToro
aHTPOIIOTeHHOro Bo3AciicTBHA. OTMEYaeTcs 3aMETHOE yMEHBIICHHE
MPO3pPaYHOCTH, BIMSHHE BOAOPOCIHECH Ha YXYNIIEHHE KAaueCTBO BOZ.
ConepxaHue BpeAHBIX BEHIECTB B BOJE, JOHHBIX OTJIONCHHSIX HIH
OEHTOCHBIX OpPraHH3MaX MOTYT HECKOJBKO MpEBHINATh (OHOBBIC
NpUPOAHBIE KOHIEHTpaui. BonoeM NoaxoauT [l pasiInuHbIX Lenel
HCIOJIL30BAHUSA C OTIPE/C/ICHHBIMU OTPAHHYEHHSMH.

K Huzxkomy xauecTBy BOJ OTHECEHBI BCE BOXHBIE OOBEKTHI C KUCION
peaknueit (pH < 5.5), He3aBHCHMO OT OCTAIBHBIX IOKa3aTeNeH, U 1M0-'
aurymosnsle ¢ pH > 6.5, ¢ conepxanuem xenesa 6onee 0.7 mr/n, a
TaKxe BbICOKO 3BTpodHbIe Mus ycaoBuH Kapenuu osepa (Posy > 40,
xnopodwrt a > 30 mkr/n). Boxoem cnabo 3BTpodHpOBaH, 3aMETHO
BIIMSAHHE CTOYHBIX BOJ, Majas MpO3payHOCTh, YXYALIAOTCA OpraHo-
JENITHYECKHe CBoitcTBa. KOHIlEHTpallMM BpeAHBIX BEILECTB B BOJE,
JIOHHBIX OTJIOXKEHHAX H 3000€HTOCE CYILECTBEHHO MPEBBIAIOT (POHO-
BHIE 3HaueHMs. B Bogoemax ¢ TMMHMCTBIM I'PYHTOM B JIMTOPalbHOM
30He 3HaueHus pH BOAb! MOTYT OBITh OYEHh HU3KMMH B TEUCHHE 3Ha-
YUTENBHOTO MEPHOJa BPEMEHH, B PE3yJIbTaTe Yero NepHOANIECKH Ha-
OIro/jaeTCs MOBBIIEHHAS CMEPTHOCTH PHIO npH 3akucieHuu. Boobe
BOJIOEM IOAXOMUT JjIs HCTIONb30BAaHMSA, TONBKO KOIa MMEIOTCS HH3-
KHe TpeOOBaHUA K Ka4eCcTBY BOJbI.

K 3a2pasnennsim TPUIHCICHBL BCE BOAHBIE OOBEKTHI (MM y4acT-
KH), SABJIAIOIMECS NPUEMHHKAMH CTOYHBIX BOA. JIIs 3THX BOJOEMOB
XapakTepHo npesbiuierue nokasarener (Posy, BIIK, HedTenpomykTos,
K, Li, TsoKensIx METaJUIOB M JIp.) TI0 cpaBHEHHIO ¢ GoHOBBIMH. Bon-
HbIH Gacceiid HCropyueH CTOYHBIME BOAAMH, 3arpasHenueM. Bogopoc-
JM YacTO MPENATCTBYeT HCIONb30BAHUIO BOABI JUIA PasHbIX LENCH.
U3-3a 3BTpOoGHpPOBaHHs KHCIOPOJHBIA PEXUM MOXKET ObITb HECTa-
OunpHeIM. KoHIIEHTpauuy BPeIHBIX BEIUECTB B BOJAE, IOHHBIX OTIIO-
MKEHUSX M 3000€HTOCE MOTYT AOCTHTaTh TOTO YPOBHS, KOTZa NOSBIs-
eTCs peajbHas ONAcHOCTh IS SKOCHCTEMBI H HCIOIb30BAHHS BOJBI
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4enoBekoM. Vicnonms30BaHHE TakoH BOABI CYIIECTBEHHO OTPaHUYECHO
JUIs BCEX BHIOB BOJOTIONIB30BAHUS.

Ha ocHOBe yka3aHHEBIX BbII€ KPUTEPHEB ObUIa MOCTPOEHA CPEICT-
Bamu T'UC knaccuduxanus Box Kapemuu no kauecty Bof (puc. 2.3).

BLICOKOE

Xopowee

YAOBRCTECPHTENHOE

I8P RIHEHHDI BOAR

Puc. 2.3. Kapra xauectBa Boa Kapenuu o cOBOKYNHOCTH XMUMHKO-GHONO-
THYECKUX ITapaMeTPOB
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B sToM pasgene nanel gumb obuiue mpexcrasieHus o6 3BTpo-
¢upoBanuun, a Gonee moapoGHO OHO OyAeT pPacCMOTPEHO B Iiia-
Be 4.1. OBTpodupOBaHHE — 3ITO «cTapeHHey» o3epa. OHO pasnuya-
€TCA Ha €CTECTBEHHOE M aHTpoIoreHHoe. EcrectBeHHOe 3BTpOodH-
pPOBaHHE pa3sBUBAETCA B MpeAeiax TeOJOrHYecKUX MepHodOB Bpe-
MeHH. «Mononoe» o3epo aBnsercs OOBIYHO ONUTOTPOQHBIM, CO-
JepkaluM HeOOoNbIIoe KOMMYECTBO OHOTCHHBIX (JAIOMIMX XKHU3HB,
0661910 370 ocdop, a30T, KpeMHUI) BEWECTB, KOTOPOE CIIOCOOHO
DOJAEPKUBATh TOJIKO HU3KHUI ypoBeHb OnoMacchl. Co BpEMEHEM B
o3epe uaer ob6pa3oBaHHE KA, CO CKOPOCTHIO OKOJIO 3 MM/TOf, a B
HEKOTOPHIX BOJOXPAHUIIMINAX 3Ta CKOpOCTh gocruraer 1 m/rox. Io
MEpEe Pa3BHTHS OCaIKOHAKOIUICHHs I'TyOHHA 03€pa yMEHBIIAeTCs,
03€p0 IPOXOJUT 4Yepe3 CPOAHIO CcTaauio (Me30TpodHYI) H, B
KOHLIE KOHI[OB, CTAaHOBHTCS «CTapbiM» 3BTpOQHEIM BogoeMoM. B
3BTPO(HOM 03epe BOJa HU3KOro KauecTa, oOeZHEHHas pacTBOpe-
HBIM KHCIIOPOHOM H HMMeroleM u36bITouHyl0 6HoMmaccy. B reomno-
rHyeckoM macmrabe BpeMEHH 03epo MCUE3aeT, IpeBpamaick B 6o-
1010. Ecniu 03epo mepeHachleHo 0HoreHaMu, TO OHO CTAHOBHTCH
TUnEpTpodHBIM U POCT BOAOPOCTEH B HEM OrpaHHYMBaeTCs (JIMMH-
THPYETCS) CBETOM H/WJIM TEMIIEPATypOil. DKOCHUCTEMBl TaKMX 03€p
HMEIOT HEYCTOWYMBOE COCTOSHME, KOTOPOE HHOIAA CONMPOBOXKAACT-
¢ «xaractpodam». IBTpodHPOBAHNE, PA3BUBAETCA UHTCHCUBHEE B
BOJOEMax C MEJJICHHbIM BOJZOOOMEHHOM, CO CIIabbIMH TEUYEHHUIMH,
HepeMeNIMBAHNHEM; DK 3TOM JUI PEK U 3CTyapHeB HeNb3s MpHMe-
HSTH MOHATHE «BO3PACT», KaK IUIA 03€p M BOAOXPAHWIHIL. AHTPO-
HOreHHOE 3BTPO(UpPOBaHNE MOXET NPOTEKATh CYLIECTBEHHO Oolee
OBICTPBHIMH TEMIIAMH — BCET'O HECKOIBKO JIET, HECKOJIBKO AECATKOB
7er. 3a CYET WHTEHCHBHOrO NOCTYIUIEHHS OHOrEHHBIX BEIUECTB OT
npexnpuaTHi (B 0COGEHHOCTH ANTIOMHHHEBOW NPOMBIILIEHHOCTH),
CEeNIbCKOr0 XO03diicTBa, ropofoB. Tak, Hampumep, B JlagoXckoM
o3epe unu ozepe Jpu (CeBepHas Amepuka) 3TOT IPOLECC pa3BH-
BaJIC] MHTEHCHBHO 32 JBa IECATHIIETHS, 32 5TO BpEMs 03€pO HIIH
€ro OTAEe/NbHbIE YaCTH MEPELUIH U3 oNMuroTpoduoro B Me3oTpodHoE
COCTSIHHE.

B pa6ore Xennepcona—-Cemiepca u Mapkianzga (1990) nokasa-
HO, YTO pa3eNieHHEe BOJOEMOB Ha ONUTOTPO(HBIE, 3BTPOQHBIC,
Me30TpodHbIE SABJIAETCA CYOBEKTHBHBIM, U BECbMa OTHOCHTEILHBIM.
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Tak KaKk pa3HbIC CIEIHATHCTHI M0-Pa3HOMY KIaCCHQUIHUPYIOT BOJO-
€Mbl, BBHIYy TOrO, YTO KaTeropus «TpoGHOCTH» AOJDKHO BKJIIOYAET
perroHanbHbie ocobenHocTu. Hampumep, o3epo Bepxuee B Cesep-
HOM AMepHKe O0OBIYHO CUHTAIOT OJNMIOTPOPHBIM, a DpH — 3IBTPOD-
HBEIM, H J2X€ B CBOEC BPEMS CUMTANOCH THIEPTPOdHBIM, OJHAKO 110
€BpOIEHCKHM CTAHAAPTaM 3TO 03€PO MOXET OBITh OTHECEHO K ME30-
tpodHEM. Bee neno B ToM, 4TO 03€pa, KOTOpBIE MOTYT OBITH Kiac-
cuHUUHPOBaHbl KaK 3BTPoGHBIE M0 KOHIEHTpaluu dochopa, us-3a
OrPaHHYEHHON MEPBHYHON NPOAYKIMH, ONPEIENIeMON 10 KOHIEH-
TpalyH XI0podIIIa «a», JODKHBI OHITE OTHECEHBI K ME30TPOMHBIM.

OnmT MCcCIeqoBaHUil pa3HbBIX CTpPaH IIOKa3all, YTO MOryT OBITh
HPHHSATHI CIEIYIOMIHE KPUTEPHH 3BTPO(PUPOBAHUS 03€D:

e  yBeIMYCHHE KOHLIEHTpPANUU OMOreHHBIX BEILECTB;

. IOC/IEI0BATENBHAS CMeHa MONyJIsANHeH BOXOPOCIEH C mpe-
ofrnafanneM CHHeE-3CICHBIX W 3ENCHBIX BOAOPOCICH;

e  YMEHbUICHHE KOHLEHTPAIMH PACTBOPEHHOTO KHUCIOpOJa B
TUIOTMMHHOHE;

e  yBEIMYEHHE COACPXKAHHMS B3BECHICHHBIX YAaCTHI, OCOOEHHO
OpraHNYECKOro BEeUleCTBa;

‘e yMCHbBINEHME TPOHHKHOBEHHS CBeTa (MM YBEIHUYCHHE
MYTHOCTH BOXHOH CPEABI);

e  yBenMyeHHe KoHUEeHTpauuu (ochopa B JOHHBIX OTIOXKeE-
HHAX.

IMockonsky mponecc 3BTpodHPOBAHHA CBA3aH C OOOrameHuem
BOJ OHOTEHHBIMM BELIECTBAMM, YacTO IIEPBBIM AOKA3aTEIbCTBOM
3TOr0 BIMAHHUSA ABIsETCS OMoMacca BojoeMa. B cpele ¢ 3amacamu
OHMOTEHHBIX BEIIECTB TEOPETHYECKH POCT JOJDKEH BO3PACTATH JKC-
HOHEHIHANBHO, HO B JAEHCTBUTENHFHOCTH 3TOT0 HE IPOHCXOIMT.
Vuer BBICAAHWS WU JHUMHTHUPOBAHHA-OTPAHMYEHHUS pPOCTa B pe-
3y/]bTATE UCTONIEHHUS 3aMACOB KaKoro-mubo oJHOro M3 OHOreHHBIX
BEIIECTB MOMET OTPaHUYUBATL TAKOH POCT JO YPOBHS IOTCHIHU-
anpHoOM cnocobrocTu» dKocucTeMbl. IIpu 3ToM m060H BHA MOXeET
CTaTh HEYCTONYMBBIM M NOrHOHYTH, MO3BONAS APYTHM BHIAM aK-
TUBHO pa3BuBaThci. OrpaHnyeHue pocTa KaKk pe3ybTaT JOCTYIHO-
cTu cneuuduyeckoro GHOTeHHOrO BELIECTBA ABNACTCA KIIIOUEBOH B
KoHUenuuu TpodpHocTH Bomoema. OOBIYHO B 03epax YMEpPEHHOH
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30HBI pOCT OHOMAacCHl caepxuBaeTcs HexocrarkoM docdopa. Kon-
Hennusi TpOoQHUECKOro COCTOSHHS IIpeAcTaBiseT Cco0OH KadecT-
BEHHOE OIIMCAaHHE BOJHOW Macchl ollpejerieHHBIM HaGopoM mapa-
MeTpoB. Hanpumep, yBennyeHue CTENEHH TPO(HH, BEPOATHO, MPH-
BOJHUT K BO3pacTaHHIO OMOMACCHI, ONpeAeNseMO MO H3MEHEHHUIO
KOJHYECTBA XJOPODHIUIA «a» WIH B KaKOH-TO CTETEHH IPO3payHo-
CTH BOJBI, ompejenseMol mo riybuHe BuaUMoCTH AucKa CeKKH.
VMeHbIIeHHEe KOHLEHTPAHH pPACTBOPEHHOrO KHCIOpPOAa B THIIO-
JUMHHOHE IpPEICTaBIAET coboH Apyro#t xopomui MHAMKATOP TPO-
dudecKoro cocTosHMSA, CBHACTENLCTBYIONMM O TCHACHUUM 3BTPO-
dupoBanus. K coxaneHuio, Koppensunus Mexay STHMH OTAEeNbHbI-
MH HHAMKaTOpaMH TpOoQHOCTH BOIHOHM Cpeabl HE BCErAa JOCTaTO4d-
Ha ¥ 03ep0 MOXET OBITh, HAIPUMEP, OTHECEHO K IBTPOQHOMY, KO-
IZla UCNOJB3YIOT OJAHWH W3 MHIMKATOPOB. DTO NPHUBOJUT K HE0OXO-
JUMOCTH KOMOHUHHPOBAHUS JBYX HIIM 0oJiee MHAHUKATOPOB B OJUH
JUISL OLICHKH MHZEKca TPOoPUUECKOro COCTOSHUS Bogoema. [lns 3To-
TO COCTaBIAIOTCS IIPOCThIE MOAENH C ONHUM WM HECKOJIBKO MHIHM-
karopaMu. [locnenHue BBOAATCH 3aTe€M B IMIIMPHYECKYIO 3aBHCH-
MOCTh IJI pacdeTa HHAEKCa TPO(HUECKOr0 COCTOSHHUS BOJOEMA.
OpHako, yHUKaJbHBIE PUPOAHbIE 0COOCHHOCTH Ka)A0ro BOJOEMa
JieNaeT NOYTH HEeBO3MOXKHOW pa3paboTKy yHUBEPCAIbHOIO HHAEKCA
COCTOSIHUA BOOHOTO oObekTa. [loaTOMy omeHka TpodHOCTH BOZO-
eMa TPaJAWLIHOHHO AOCTHraeTcs UCIMOJIb30BAHHEM HECKONBKUX UH-
JIEKCOB II0 OTAENBHOCTH MIIM B COYETaHHH, IIyTEM pacdera oOmiei
OLIEHKH 110 OTACIbHBIM HHAUKATOPAM.

U3 MHOXeCcTBAa HHAMKATOPOB, KOTOPEIMH MOXXHO OTpPa3UThb TpO-
¢buyeckoe COCTOSHHE BOAOEMOB, Hambojiee NPHEMIEMBl ClENyo-
mue:

HMocrymnenne cnenupuueckux O6uoreHHeix BemecTB. CKOpoOCTh
MCTOLIEHUS KUCJIOPOAa B IMIONMMHHMOHE, C pa3sBHUTHEM 3BTPOGH-
POBaHHA MpPONOPLHOHATBHO YBEJIHYNBAOTCS MOTEPH KHCIOPOAa B
BOJAX runonvMHuoHa. [TpuBeseM mpumep rpagauuii Tpoduuecko-
ro COCTOSHHMA BOJOEMa, MPEIUIOKEHHBIH B pabore XeHAepcoHa—
Cennepca u Mapxnang (1990).
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Tabu. 2.2. Kareropuy TpohH4eCKOro COCTOSAHHSA 03ep

Cp. o Kounuertpanuu TyGara sun-
Tpoduueckoe p. noctym- HerTpan 3 MOCTH JIHCKa
nenue $oc- Xnd-a, Mr/m,
COCTOsIHHE 3 Cexxn, M
dopa, Mr/m Cp. 3HaUCHUA
Cp. 3HAYCHHA
'Y nsTpaomrorpodHOE <4.0 <1.0 >12.0
OmurorpodHoe <10.0 <25 >6,0
Me3sorpodHoe 10-35 2,5-8,0 3-6
3BTpodHOE 35-100 8-25 1,5-3
Funeprpoduoe > 100 =25 <L5

OtMeTHM, 4TO IpHBEECHHbIE TPaHHLBI IS Pa3HBIX 03€p HE ABIS-
IOTCS KECTKHUMH. OTH JaHHBIE MOTYT IOJE3HBIM OPUEHTHPOM, AJLA
TeX, KTO 3aHMMAETCs YIPaBICHHEM Ka4eCTBa BOJ O3€p.

Ipocteie Momenn 3BTpodupoBanus, yuutbBaomue pocdopryro
HAarpy3Ky, MOryT OBITh NPEIOCTABIECHBI KaK YEPHBIH SAINUK U pac-
CMAaTpUBaIOT TOJIBKO [TOCTYIUIEHHE, BBIHOC 1 0011yi0 Maccy pocdopa
B 03epe. Moenu BXola — BBIXOJIa YaCTO OCHOBBIBAIOTCS HA OPHUIH-
HajbHOU pabore P. @omnensaiinepa. Ota Mozaens Oblna NepBoi, B
KOTOpPO# CBA3aHB! BCE MEPEMEHHbIE, KAacaloIUecs 3BTpOo(pUpOBaHH
BOHOEMOB, B IPENIIONIOKEHNH, YTO Bce OMOreHHbIe BemecTsa OyayT
xoporro nepeMewansl. Kak u g 6oiee clnoxHBIX MozeseH, ee oc-
HOBO# sBiisierca Oananc maccel. QomneHBalziep yCTaHOBHI CBS3b
MEXIy €KErogHBIM MOCTYIUICHHEM OHOTeHHBIX BEILECTB U CPEAHEH
rnyOuHOM o03epa HpH €ro COOTBETCTBYIOIIEM TPO(MHUYECKOM CO-
crosuud (puc. 2.4). Ilpu stom docdopHas Harpyzka P MoxeT
UMEThb BU:

P = L/z(ro + ro)l,

rae L — dochopHas Harpyska, r/(M*-TOX); 7 — cpe/HAs riy6uHa 03e-
pa, M; ro — CKOPOCTb OCaXKICHHS B JONAX €KErOTHOTO OCAKIACHHS
obero Gochopa, rox 5 r, — KOIDQHIMEHT HANONHEHHS, WU CKO-
POCTb THPABIXYECKOTO BOA0OGMEHa, ron .
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DTOT NOAXOJ MOXKET PACCMATPHUBATHCA Kak NepBas XOpollas OLeHKa
IBTPO(HUPOBaHHS BOJOEMOB, MCIOJB3YIOIIAs KOHLEMIIHIO «IIepeMe-
[IMBaEMOI0 PEaKTOPa» M OTCYTCTBUS aBTOXTOHHOM OHMOTCHHOH Ha-
Ipy3KH. OTH MPOCTEIE MOAEIH MOTYT HCHOJb30BAaTLCA MPH IKCIIEP-
TH3¢ Ha PaHHHX CTaIuAX IUTAHWPOBAHMS YNpaBIeHUS BOJHBIMH
obbexTaM. [lng Gonee neranpHBIX HCCIEAOBAHMM, OAHAKO, TpeOy-
IOTCSl CYIIECTBEHHO 0oJiee CNOKHBIE KOMITBIOTEpHBIE MOJEIH, KO-
TOpHIE H OyNyT IPEACTaBNEHBI B IIaBe 6 HACTOSLIEH KHUTH.

Jnsa kpymubix rnyOokux ozep, manpumep Jlagoxckoro u OHex-
CKOI0, KPHTEPUH KadecTBa BOA, TPOPHUUECKOTO YPOBHS pa3pabaTsi-
BalOTC] Ha AOCTaTO4YHO GosblneM Matepuane. M3BectHo, 9To Goyee
50 % wu3 momajarIiMX B 03€PO BEILECTB YIEPKHBACTCS B KAaKOM-
HUOYAb U3 3BEHBEB 03epHOIt akocucteMsl (I'ycakos u Ap., 1992).

10,0

1,0

0,1 L
5 10 50 100 500 zwMm

Puc. 2.4 3apucumocTs KpuTHYECKOH GochopHoit Ha-
rpy3ku oT riay6uns BogoeMa no ®onensaiinepy (oM.
Xennepccon—Cennepc, 1989);

a — 3BTPOOHLIH, 6 — ME30TPOQHLIH, 6 — 3BTPOG-
HEIH BojoeM (10 BepTHKaIBHOH ocu — Qocdopuas
Harpyska BT M > Tox ')

B Tabn. 2.3. npencraBieHbl CBEASHUS Uil OLEHKH cocTosnMs Jla-
JIOKCKOTO 03€pa, 110 paxy napamerpos (cM. ['ycakos u ap., 1992).
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Tabauua 2.3. Kpurepun yposHs Tpodun skocHcTeMul JIafokcKoro o3epa

Bepxusas rpauu- | Ilepexon k
IToxasatesnb 11a OUTOTPO- 9BTPOGHH.
¢un. Jonycru- Kputnueckoe
MOE COCTOSIHME | COCTOSHHUE
Konuentpanus obuiero dpocgopa B cymmap- 50 100
HOM MpuTOKe, MKT P/t
Konnentpanus obero ¢ocdopa B Boge 15 25
o3epa, MKT P/ir
CpeaHeNneTHss NIpo3payHOCTh BOIBI IO 4 2
macky Cekky, M.
MakcumansHsble 3Hauenus pH 8 9.5
MakcuMalibHas YHCIEHHOCTh (PUTOILTAHK-
TOHA, MJIH Ki1./1;
npHOpPEXHAs M JeKTHHAIBHAS 30HBI 1 50
npodyHIaLHasA ¥ yasTpanpodyHIanpHas
30HBI. 0/7 20
Conepxanve xnopodmina "a" B IETHEM 1 3
IJIAHKTOHE, MKI/JI
[Tepeuynas npoxykuus GUTONIAHKTOHA 33 10 50
BEreTalMOHHBIN mepuoj, I C/m?
MaxkcumanbHas YHCIEHHOCTb GaKkTepHo- 500 2500
IUIAHKTOHA, THIC. KIL/J
Makcumanbuaas BennunHa GakTepHaNbHOH 20 200
JectpykunH, Mxr C/(1 cyT)
MakcumalnbsHas BenuyuHa GaKTepruanbHOH 5 100
OpoRyKIHH, MKT C/(11 cyT)
Jnana3oH Mexce3oHHBIX KoNeOanmii (B % 5 25
OT CPEJHETOAOBOTO) COAEPKaHHA O0IIEro
Cunr B IIyOOKOBOJHBIX 30HaX (/11 IepHoaa
JecTa0HiIH3aIHM 3KOCHCTEMEI XapaKTepHa
GosbIuas aMIUTUTY A U3MEHEHHH
Jloas 1abMIEHOTrO OPraHMYEeCcKOro yriepo- 4 25
na, % ot obutero Copr
KoHuenTpanus kuciaopoja B Bozae, Mr /1 10-12 7
CKOPOCTh YMEHbIUIEHUS COOEPIKAHHUS KK~ 0.036
CIIOpOfia B THHOJMMHHOHE JCKIHHATBHOK 0.017
30HEL, M O/ (M cyT)
MakcHManbHas YHCICHHOCTh JJMACTIOp 1 10
BOIHBIX IpHGOB, THIC. KIL/JI
MaxkcHManbHas YHCIEHHOCTD 300ILIaHKTO- 300 1500
Ha, THIC. 9K3./M
OrtHotteHue uncnentocty Cope- 55/45 30/70

poda/Cladocera, %

Ipusoantes ¢ paspewenns H.A. Iletposoii, A.JO. Tepixesuxa — pea. KHu-
ru B.I'. T'ycaxosa u zp. «JIanoxckoe o3epo. Kpurepuu cocTogHHA 9KOCHCTe-
Moi». CI16. Hayka. 1992
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Ecnu anTponorernoe Bo3neHCTBHE HE NMPEBHIIAET ONPeAETIEHHOTO
Ipesiena v MpoLecChl B 3KOCHCTEME YCTOHYMBDI, TOrMa OTKIIOHEHHUS OT
"HOPMBI" HE BBIXOJAT 32 PAMKH MEXIOZOBBIX KojleOaHMH, M OHA CO-
XpaHAeT CHoCOOHOCTh K CaMOBOCCTAHOBJECHHIO MyTEM CaMOOYHILE-
HUs. OTO ycTOHYHMBOE, CTaOWIIBHOE COCTOSIHHE MOXKET HapyIIUTHCS,
IpU IIPEBBIIEHHH HEKOTO MpeAecia aHTPOIIOTCHHOrO cTpecca. YkKa-
3aHHBIMH aBTOpPaMH ITOKa3aHo, YTO OCHOBHAs 3aJada 3KOJIOTHIECKOrO
HOPMHPOBAHUSI COCTOMT B BBUIBJICHHM TEHACHUMH K HeOnarompHsar-
HBIM HM3MEHEHHMAM B O3€pHOH CHCTEME Ha PaHHEH CTaJud pa3BUTHA
JeCTabUIHM3UPYIOLHMX TIPOLIECCOB, & IPH STOM HEOOXOIUMO OIpese-
JUTh TPAHMIBI U1 DIEMEHTOB 3KOCHCTEMBI, IPH KOTOPBIX 3KOCH-
CTeMa COXpaHfAeT CHOCOOHOCTh K CaMOBOCCTAHOBJIEHMIO. B kHHTe
«Jlapoxckoe  o3epo. KpUTepuum  COCTOSIHMS  OKOCHCTEMBI»
(B.T'. T'ycakoB u ap., 1992) Ha OCHOBaHHH ONBITA MHOTOJIETHUX HC-
CNeJOBAHUH BBIIENAIOTCSA 3TH I1apaMeTpsl, KOTOPLIE CBENEHbI B CIIe-
muaneHyo tabauny (radn. 2.3). IIpu 3ToM aBTOpHI paboThl OTMEYa-
10T, uTo dochopHas Harpyska, KoHLeHTpauus Gocdopa B Boze, co-
nepxanue xjaopodunna "a", nepBUUHAs MPOAYKLHUs, MOTpebneHHEe
KHCJIOPOJia B THIIOJINMHHOHE SBJISIOTCS OCHOBHBIMHM, a OCTAJIbHBIC
(6onee 10) mapaMeTphl SBISIOTCS AONONMHUTEABHBIMU.
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MOHUTOPUHTI 1 VIIPABJIEHUE
COCTOAHMEM BOJHBIX OBBEKTOB

3.1. O0mue NPUHIUNLI OPraHU3anui MOHUTOPHUHTA
1 YIpaBJIEHHS] pecypcaMH BOIHBIX 00bEKTOB

Monumopunz

Onpezenenne Ka4ecTsa BOJ, HOPMHUPOBAHUE 3aTPA3HEHHH OCHOBBI-
BAIOTCA Ha MOHHTOpHHrE. [0 MOHUTOPHHIOM OKPYXKAIOILEH Cpebl
HOHMMAIOT KOMIUIEKC MEPOIPHATHH IO ONpPENEICHHIO CTENEHH 3a-
IPA3HEHHOCTH JKOCHCTEM HIH 3JIEMEHTOB Onochepsl, HaOMIONEHHIO
32 HapyIUEHUsIMH 3KOJIOrHYeckoro paBHoBecus. Muoraa nox Moxuro-
PHHIOM MOHMMAIOT MHGOPMALMOHHYIO CHCTEMY HaONIONCHHS U aHa-
NM3a COCTOSIHHMS INPHUPOAHOH Cpemsl, NMpeXJe BCEro HabmoJeHMs
ypoBHe# 3arps3HeHHs u 3(QeKToB, BEI3BIBAEMBIX MMM B OHOCdepe
WK €e 4acTax. MOHHTOPHHI Mpe[CTaBiIseT coO0H MHOIOLEEBYIO
cHCTEMY, HHPOPMUPYIOMIYIO O COCTOSHUY Ouocepsl, 0 CTENEHU aH-
TPOHOreHHOro BO3JEHCTBHUS Ha OKPYXKAIOUIY) CPERY, 00 HCTOYHMKAX
AHTPONOTEHHOTO BO3JEHCTBUS. MOHHTOPUHT Kak cucTeMa Habione-
HMS 1 KOHTpPOJIA BKJIIOYaeT B cebst HabmoJeHHe, OLICHKY COCTOSHUS U
IIPOTHO3 BO3MOXHBIX H3MEHEHHI cOCTOsSHUA 6HoChepsl MM ee Jne-
MeHTOB. [Ipu 3TOM HYXXHO IIPOU3BOAUTE M3MEPEHHE TaKHX IapameT-
POB, HA OCHOBE KOTOPBIX MOXXHO ITOJIyYHTh OLEHKY COCTOSHHS OKpY-
arole# cpeapl. s MOCTPOCHHS IPOTHO3a COCTOSHUA HEOGX0MMO
3HAHHME 3aKOHOMEPHOCTEH M3MEHEHHUs COCTOSHMS OKDPYXKalOWIEH cpe-
JBI TIOJT IEHCTBHEM TEX WM HHBIX (aKTOpOB.

MOHHUTOPHHT 3TO CHCTEMA MOBTOPSIOMIUXCSA HAOMIONEHHH OTHOTO
uny 0oyiee 3JIEMEHTOB OKPY’KAaloUIeH Cpeabl B MPOCTPAHCTBE H BO
BPEMEHH C ONPENENCHHBIMU LENIMH M B COOTBETCTBHHU C 3apanee
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HOArOTOBJIEHHOW TporpaMmoit (M3pasns, 1979). Monuropusr obec-
[IeYHBAET MH(OPMAUKEH O COBPEMEHHOM COCTOSHHH OKPYKaroIeH
cpenbl, TeHAeHIUAX u3MeHeHna, OH HOMKEH BKIIOYaTh HAOIIoAeHUS
3a (pakTOpamu, BO3NEHCTBYIOMINUMH Ha OKPYXAIOUIYIO CPELY U €€ CO-
CTOAHMEM JANA NPOTHO3a M3MEHCHWH M yNPaBJeHMS YKOCHCTEMaMM.
[To macurraBy, OXBaTy TEPPUTOPHH MOHUTOPHHI TIOAPA3AENsAeTC Ha:
2106aNbHbIU, PEZUOHANbHBIE (HAYUOHANLHBIN) U NOKANbHbIE (Wl UM-
RAKMHBLL).

o GopMHpOBaHKs OPraHOB OXPaHbl OKPYKAIOWIEH Cpebl B HalIeH
CTpaHE MOHHTOPUHI BBIIONHAI ['OCYAapCTBEHHBIH KOMHTET IO T'HMA-
pomerteoponorud (B HacTodllee BpeMs ‘‘Pockomeudpomem”™). Tlo-
CHEAHMH HpOJOIDKAaeT ¥ cefyac BBLINONHATL 3TH (QYHKIMH, HO npu
y4actHd MHUHOPUPOB! M HAYYHEIX OpraHu3anui. MOHUTOPHHT - cHC-
TeMa HalONIONEHUH, MO3BONAIOMNX BBIACIHUTL U3MEHEHHs GHOCheph!
10J BAUAHHAEM YETOBEYECKOH JIeaTeNbHOCTH. DTa CHCTeMa Habmro/e-
HHI BKITIOYAET U3MEPEHH, OLIEHKY COCTOSHHMS, [TPOTHO3 aHTPOIOTeH-
HBIX U3MEHEHNH. MOHHTODHHT, 1O ONPEAESICHHIO ATEHCTBA 110 0Xpa-
He oxpyxarome#t cpeapl CIIIA, — cucteMa nonyuenus uudopMaruu
0 Ka4yeCTBE BOJABI BO BPEMEHH M MPOCTPAHCTBE 10 OTHOIIEHHIO K Iie-
NAM yTpaBieHus B 061acTu Kadectsa BOBL. [Ipy 3TOM HHTEpECyeT He
nr06as nHGOpMaIHs, a Ta, KOTOpasi HyXKHa JUI ypaBJIeHus.

MounuTopunr no onpexeneauo JOHECKO — nepuoauueckoe u
(unmM) MOCTOAHHOE U3MEPEHHE, OLEHKA M ONpedelieHHe I1apamMeTpoB
oxpanbl cpenst (OC) n (unu) ypoBHeH 3arpsA3HEHUS € LENbIO0 PEoT-
BpaIEHMs OTPHLATENBLHOrO Bo3seiicTBusS Ha OC. MOHHTOPHHT BKITIO-
YaeT TaKXKe IPOrHO3UPOBaHHE BO3MOXKHEIX U3MEHCHHI,

B cootserctBun ¢ BonueiM konekcom P® TocynapctBeHHbIN MO-
HUTOPHHT BOAHBIX 00BekTOB (TMBO) npescraBiser coboil cuctemy
peryJsApHbIX HAGIIONEHHH 32 THAPOIOTHIECKUMH MM [HAPOTEOIOTH-
YECKUMH H THAPOXUMHUYECKHMH TMOKa3aTeAMH UX COCTOSHHS, o0ec-
neyuBas ux cbop, nepenady ¥ o6paboTKy NOMy4eHHOH MHPOPMALUH
B LENAIX CBOEBPEMEHHOTO BBLIABICHHS HETAaTHBHBIX MPOLECCOB, MPO-
THO3UPOBAHHS UX Pa3BUTH, NPEAOTBPALIEHUS BPEAHBIX IOCTIEACTBHI
U OompefieNneHue CTeneny 3QHEKTHBHOCTH OCYINECTBISEMBIX BOJOOX-
paHHBIX Meponpustiid. B 3ToM onpenenennu 'MBO npucyrtcryior
uen MOHUTOpUHra. CnaboCTh 3TOrO ONpenesieHyss B TOM, YTO B HEM
OTCYTCTBYIOT THIPOOHONOTHYECKHE CBEIEHHA O COCTOSHMHM BOJOEMA.
I'MBO Bkirouaer B ce0st cCUCTEMY HaOIIOJEHMI 33 KOJNMYECTBEHHbI-
MU, Ka4ECTBEHHBIMH H PEXXHMHBIMH NOKa3aTeNIMH BOAHBIX 00HLEKTOB,
bopmupoBanre 6a3 maHHBIX ¢ HCnojib3oBanueM I UC-TexHONOTHE 1
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[IPOTHOCTMYECKHX MOJIeieH, MOATOTOBKY YIPABIAIOIMMX PELICHHH.
Momnwurtopunr BO conpsixeH ¢ BOZOXO3IHCTBEHHLIM H 3KOJIOIHYCCKUM
MoHuTOpHHIrOM. B Poccum 10 CHX IOp HET €IMHOH JEHCTBYIOUIEH
cuctembl 'MBO (Bapeu6oiim, 1998). 3agaua denepanabHbIX OpraHoB
— obecreyeHue HOPMaTHBHO-METOMUECKOH U MpaBoBOH 6a30# mns
¢yHKuHOHMpOBaHUA rocymapcTBeHHON cucreM BO 6acceidHOBOro u
pervoHangbHoro Macimrabos. Jlo CHUX Mop He pa3paboTaH THIIOBOM
TexHH4ecKuil npoekt MBO.

BaxxHeHIINH MPUHLMIT 3KOJIOTHYECKOro MOHMTOPHHTA 3aKJIH04ACT-
Cs B pealH3alMy NPUHLUNA “TIPOGIEMHON OPHEHTALMH”, T.€. B BBI-
MOJNHEHHH HaOJIOICHUH 1O ONpPEACICHHYIO 3KOJOIHYECKyIo 3a7a4y.
3a7ayM IKOJIOIHYECKOT0 MOHKTOpHHTA (DM) BBITEKAIOT U3 €0 POJIK K
MecTa B CHCTEME MEPONPHATHH IO 00ECICYCHHIO 3KOIOrHYECKON
OezonacHoCTH. DM — cucrema HaOMIOACHHM, OLIEHKY, TIPOTrHO3a COo-
CTOSIHMA OKpyXaleil cpexsl ¥ HHPOPMAUMOHHOro obecrneyeHus
TIPOLIECCA MOATOTOBKA M NPHHATHSA YIPABIEHYECKUX PEIIeHHH. JKo-
JOTMYECKH MOHHUTOPHHT OTHOCHUTCA K MEDONPHATHAM, HalOpaBiCH-
HBIM Ha MH(GOPMALMOHHYIO MOIEPXKKY 33Jay 10 00ECTICYEHHIO KO-
JIoruueckoi Oesomnacuoctu (puc. 3.1).

[ ]
HaGmonenusi sa OneHKa COCTONHUS
ucTouHMxamu, daxTopamnu oxpyxammeit cpens,
BOSHeRCTBUN, peaxume DKONOIMYECKOTO pucKa
SuoTn
NporuosupoBanne Ouenxa nNpPorsosMpoOBaHMS
AHTPONOT@HHUX COCTORHMS OKPYXAMER
BOBRENCTEMA, COCTORHMS cpems ¥  IKOJIOIMI@CKOTO
oxpy=xaxmeit Cpems pucka

"AMYC “Dkouorieckan
- Begonaciocts Poccun”.

LAHYC,npymi;énomm?

Puc. 3.1. Biiok-cXeMa 3KOJOTHYECKOI0 MOHHTOPHHTA
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Ha puc. 3.1 npencrasnena 610k-cxema M. Ha Heit BHAHO, YTO 5TO
HE TOJIbKO M HE CTONBKO HAOMIONEHHS, a eIle U OlleHKa peaKkunu Guo-
Thl Ha aHTPOIOTCHHBbIE U MPUPOXHEIE H3MEHEeHHHA., MareMaTHdeckas
(bopManm3anHsa JaHHBIX HE MOXET B HONHOH Mepe GLITH YHOBIETBO-
PHUTENIBHOW NpH NPHHATHH pemeHuH Ge3 yrry6GlnenHoro aHaausa pe-
akuu¥ OMOTBI Ha M3MEHEHHs Cpelbl. B 3aBHCHMOCTH OT PEaKIHH OC-
HOBHBIX COCTaBJIAIOLIMX OHOCcheEph! CYIMECTBYIOT re0(H3UYECKHH H
GHOTOrHYeCKHi MOHUTOPUHTH (COOTBETCTBEHHO, ITM u BM). TM —
3TO HaOMIONEHHMS, aHANM3, IPOTHO3 COCTOSHUS COBOKYMHOCTH (H3H-
YECKHX I1apaMETPOB, T.€. aOHOTHYECKMX COCTaBISIOUIMX, & TAaKKe
CIIC)KCHHE 33 3arpA3HAIONMMH HHTPEIHEHTAMH W HM3MEHCHHAMH
KPYIHBIX CHCTEM (TIOrofsl U KuMara). OCHOBHas 3a1a4a GHONOrHYe-
ckoro monuropunra (BM) — omnpenenenue cocTosHuit GHOTHYECKOM
cocrasisronieit 6Mochepsl U ee peakuyu Ha MOJNIEKYJISPHOM, KIEeTOd-
HOM, OPTaHH3MEHHOM, IOMTYJISLIMOHHOM M YPOBHE COOOMIECTR.

Takum 06pa3oM, COBOKYITHOCTb re0(pH3nIECKOro U GHOIOTHYECKO-
r0 MOHHUTOPHHIOB, a TAK)KE HCTOYHHKOB Bo3AecicTeug (MHB) cocras-
IIAI0T KOMIUIEKCHBIH IKOJIOrHIecKUdl MOHUTOPHHT (KOM):

I'M + BM = OM,
SM + MHUB = KOM.

3aauy MOHMTOPHHIA BEITEKAIOT U3 XapaKTePa U COJAEPIKAHMUS KO-
JIOTHYECKHX NpobleM IIobabHOro, PerHOHAIBHOTO M JIOKAILHOIO
MacmTaboB. ['mo6anbHas cucTeMa MOHHTOPHHTA OKPYXKAIOLIEH cpe/ipl
cokpauieHro HasbiBaercs J CMOC, a poccuiickas — Obwezocydap-
CMBERHAA CYIHCOA HAOMIOOCH UL 1 KOHMPORA 3 YDOBHEM 3AZPAZHEHUA
npupoonoi cpedvt — OI'CHK. CepbesHoil sBisercs mpobiema noc-
Tyna u obMeHa pa3HooOpasHbIx 6a3 gaHHbIX (B/]) B P®. He cmotps
Ha JCKJIapHPYEMYKO JOCTYNHOCTb, OTKPBITOCTh M mepeaady HHGpOp-
MalH OIO0/PKETHBIM OpraHM3aulusIM Ha 0e3BO3ME3sIHOM OCHOBE, Kak
MOKAa3bIBAET MPAKTHKA, 3TH MPHHLMIIBI JO CHX MOP HE PEaM3yHTCA.
Jpyrumu BaXHBIMH NPHHIMIIAMH PETHOHAIBLHOTO 3JKOJOTHYECKOrO
MoHHTOpUHTa (POM) sBisitoTcsa: omkpeimocms (B TOM umcie uHdop-
MalL{OHHas), yerocmuocms, onepamugrnocms. CHCTEMa MOHUTOPHHTA
TECHO CBsi3aHa ¢ reorpadu4eCKUMU MHPOPMAIIMOHHBIMHA CHCTEMAaMH.
Tak, nanpumep, opranuzosannast IOHECKO rno6ansHas cucrema 6a3
JaHHBIX 1o okpyxatoweil cpeae (GRID), namparnena Ha opranm3za-
1uio cbopa, XpaHeHHs, aHaIM3a, MPOTHO3a M MPHHATHS PELICHHUI, Hc-
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nons3yeT pasnuunsie texuonorun ['MC. Jlnsa opranuzamuu 6a3 naH-
HBIX CO3/aHBbl Pa3JIMuHbIe CHCTeMBbI. Hampumep, [l OKeaHOB U MOper
0asa naHHBIX, KOTOpas mojuepxusaerca B MuposoM Lentpe JanabiM
B r. OOHHHCKE; /Ui KaJacTpa BOAHBIX PECYPCOB — aBTOMATH3UPO-
BaHHas CHCTEMa rocyaapcrBeHHoro BojgHoro kajgacrtpa AWC I'BK B
Tl'ocynapCTBEHHOM I'HAPOIOTHYECKOM HHCTHTYTE.

Ipu hopMUpPOBaHUH NPOrpaMMbl MOHHTOPHHIA OUEBHIHO HEO0XO-
auMO CHOPMYIIMPOBATH TaK Ha3bIBAEMBIE DKOJIOTHYECKHE ‘‘PHCKH”,
KOTOpBIE TaKke He0OXoauMo oTciexuBats. Ha rnobainsHoM ypoBHE K
TAaKHM TIpo0ieMaM (PUCKaM) OTHOCSTCS:

*  U3MEHEeHHUA NI0GALHOTO KIIMMAaTa;
®  JCTOLIEHNE 030HOBOIO CIIOL;
e notepsa Ouopa3nooOpasus, cCoKpalieHHe reHooHAa.

B nro6oit pernoHansHO#M reoMH(OPMALMOHHOH cHCTEME HOJDKHO
obecneunBaThes pelenye cneayomux 3agad (Pactockyes, 1996):

e 000CHOBaHME ONTHMAJIBHOH CETH HAOMIONCHUI MOHHUTO-
pHHTa NPHPOJHON CPEABI;

® HakorUieHHe, 0OpaboTKa W aHany3 JIaHHBIX, BBISBIICHHUE
napameTpos HanbOoJiee UyBCTBUTENBHBIX K aHTPONOTECH-
HBIM BO3/ICHCTBUSAM;

® AHAJU3 W3MEHYMBOCTH IapaMeTPOB OKpYXKalomleH cpe-
JIbl, BBIABIIEHHE TPEHJOB M MAaTEMATHYECKOE MOAEIHPO-
BaHHE C EJIBI0 IPOTHO3UPOBAHUS,

®  CO3/IaHHE KapT, CXeM, B TOM YHCJIE H SJIEKTPOHHBIX LU]-
POBBIX, Haubosee ONEPaTUBHO, 10 CPABHEHHIO C Tpaju-
IHOHHLIMH OyMaXXHBIMH KapTaMH, OTPaXaIOIMMH H3-
MEHEHUS B OKPYKAIOUICH cpeae;

® MOArOTOBKY HH(OpPMAalMKM O COCTOSHHH OKpYXKAarOLIEH
cpensl, MPOrHO3 BIHSAHUA XO3AMCTBEHHON NEATENLHOCTH
Ha NPHPOAY H Pa3paboTKy peKOMEHAALUH MO 3KOJOIH-
yeckd 0e30IIacHOMY pa3BUTHIO DErHOHA A CHCTEM
HNOJEPXKKY MIPUHATHS PELICHUH;

e o0MeH HHpOpMaLHeH O COCTOSHHH OKPYKAIOIIEH Cpesibl
(MMIIOPT-3KCIIOPT AAHHBIX) ¢ MHPOPMANMOHHBIMHI CHC-
TeMaMH B JpYTHX peruoHax Poccuu u Apyrux cTpanax.

o

CrpykTypHas CXeMa pPerMOHAIBHON IKONOTMYECKOH HMH(popmanuu
JODKHA COCTOATH U3 TPEX YPOBHEH:
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1. HabmopeHus u nepBu4Has o0paboTka pe3ysabTaTOB MO-
HHTOPHHIA.

2. CucremHpll aHan¥3 HHPOPMALHK O COCTOSHHHM OKpY-
)Karoulei cpennl.

3. TloxnepKka NPHHATHA pEIICHHH.

C nomouipio MoJiy4eHHOH HH(pOpMauyH BBIIOJHSIETCS CHCTEMHBIN
KOMIUJIEKCHBIH aHAJIU3 C HCHOJIE30BAHHEM Pa3HOI'O YPOBHSI CIIOKHOCTH
NPOTPAaMMHBIX CPEICTB M METONOB OLEHKHM BO3JEHCTBHA Ha OKpY-
KAIOLIYIO Cpely: OT MPOCTEHIIMX IKCHEPMHBIX OYeHOK, IO CIIOKHBIX
UMUMAYUOHHBIX Mamemamudeckux moodened. Ha Tak Ha3bIBaeMOM
HIDKHEM YPOBHE, HCIHONB3YIOTCS COXKHBIe pazHooOpasHele IHC. Ha
BEPXHEM K€ ypOBHE, YPOBHE pyKOBOAMTENEH, IPUHUMAIOIIUX pelle-
HHS, HCTIONIB3YIOTCS CBEACHUS, MTOTYICHHbIE C TIOMOIIBIO SKCHEPMHBLX
cucmem. JKCUEpTHAs CHUCTEMa IpejcTaBiser coboii Habop Marema-
THYECKUX MOJeJeH, IKCIePHMEHTAIbHBIX NAHHBIX, ¥ CIEIMaJIBHBIX
KpUTEpUEB, TIPaBWJI, OIPEAENIEHHBIX SKCIepTaMHU-ClICIUAIHCTaMH.
Jns kakmoro Tma HaHHBIX 00 okpyxaromel cpene cosnaerca Habop
(bank) maremarndeckux monencit. Ha nepBoM stame mobas Monenb
paccMaTpHBaeTCs Kak IMnoresa. B Tom ciyuae, ecind MOJCHb OTBED-
raercs 1o SKCIEePUMEHTANBHBIM JAaHHBIM, [IPOTUBOPEYHT U3BECTHBIM
dakTaM, POMCXOAUT TEPEX0] K APYrUM MOAENSAM. ANPHOpPHEIC 3Ha-
HHS IPUHUMAIOTCS JUIA IUTAHUPOBaHHS SKCIEPUMEHTa, BrIOopa Moje-
7iell U3 MHOXECTBA IIPUTOJHBIX sl OMMCAHKS U3y4aeMoro oObekTa u
BBEIOOpa KpUTEpUEB I 00OCHOBaHMUS, KAKHE MOJEIH M3 HUMEIOLIMXCS
Jydllie MCIIOIb30BaTh B TOM IIM MHOM cilydae. Pe3ynerarsl Moaemu-
pOBaHHs NpPOBEPSAIOTCS HA JOCTOBEPHOCTL B paMKax TOH HIM HHOH
CTaTUCTHYECKOH POLETYPEL.

YnpouieHHsle METOANYECKHE TTOAXOAB! I NPHHATHS PELICHUH B,
YaCTHOCTH, B CHCTEME OPraHH3al[MU JKOJIOTHYECKOH Oe3omacHocTH,
IIHPOKO MPUMEHAEMOH W B IPHPOJOOXPAHHBIX OpraHU3alMsAX, HA3bl-
BalOTCS "OLGHKH BO3JEHCTBHsA Ha OKpyxaoomyo cpexy" (OBOC).
OHM HamnpaBleHHb Ha BBIABICHAE M NMPOTHO3MPOBAHUE OXKHAAEMOTO
BIHAHHA Ha Cpexy oOMTaHMs, 3M0POBbE HACENEHUS, CO CTOPOHBI pa3-
HBIX MEPOIPHUATHIA, KOTOpPbIE MOTYT IOBIHMATH HA COCTOSAHHE OKpY-
KAIoLeH Cpesl.

B METOMOJOrMYecKOM IUIAHE MOXKHO [OBOPHTH 00 MMeEIoLIeMCs B
HACTOSAILEE BpeMsl CYLICCTBEHHOM pa3phiBe MEXIY IPOBEICHHEM HC-
ClIeIOBaHui, BeIcHHEM DKOIOTHYECKOr0 MOHHTOPHMHIA U NMPUHATHEM
YIpaBJIEHYECKHX pelIieHnH B cdepe mprpoaonop30BaHHus.
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3TOT paspbiB ABISETCS XAPAKTEPHBIM Ui IPOAOIKAIOMIEH NOMUHY-
pOBaTh B COBPEMEHHOM MHPE MapagHIMel IPHPOAOINONbL30BAHHSA, KOTO-
past 3aKiIoyYaeTcs B TOM, YTO BHAYale OCYLIECTBILIETCA MaciuTabHas u
32YacCTyI0 IUIOXO KOHTPOJIMpYyeMas NesSTelbHOCTh, BBI3BIBAIOILAs IPY-
Oble pedopManie B OKpyxawlle# cpene. Tonpko Mocie 3TOro, Kak
[PaBWIO, B MOJIHOH Mepe OCO3HAETCA HeOOXOAMMOCTh HAOMIONCHUH H
WCCHEIOBaHNH, MIET OCMBICIEHHE CHTYalHH, H MPUHUMAIOTCS MEpHI
. U1t CHYDKEHWS YPOBHS aHTPOTIOTEHHBIX BO3JICHCTBUI U CHATHS OCTpO-
THI SKOJIOTMYECKHX NpobiieM (He pelaeMbIX, BIIPOYEM, 0 KOHHA).

CyTh e BOIpOCa 3aKII04aeTcs B TOM, YTO MOHHTODHHT BO3JEHCT-
BHs HA OKPYIXKAIOIIYIO CPEly OCYLIECTBISIETCA B HACTOSALIEE BpEMS B
JOCTAaTOYHO Y3KO# o6nactu. ['ocynmapcTBEHHOE yNpaBICHHE IPUPO-
JOTIONIB30BAHUS OCYIIIECTBIAETCA UMEHHO [0 MEXaHH3MY HOPMHPOBa-
HHS NpeJieIbHO JOMYCTUMBIX BO3JCHCTBHH, a HEe 10 MEXaHH3MY YCTa-
HOBJICHHS] KPUTHIECKUX TIOPOrOB COCTOSHUS NPHPOAHBIX Cpex U Ouo-
THI (T.€. PaKTHIECKH HAOII0HaeMbIX IPHPOIHBIX 00BEKTOB). Jpyrumu
CIIOBAMH, JAXe eCId MOHHUTOPHHI NOKaKeT HalM4HMe HEeTraTMBHBIX
TEHAEHIMHU B U3MEHEHUM COCTOSHHS IPUPOIHBIX OOBEKTOB U IKOCH-
CTe€M, TO MPHHATH [O-HACTOAUIEMY 3(GEKTUBHOE H IOPUAUYECKH
000OCHOBaHHOE YIPABICHYECKOE PEIICHHE B paMKaX CTapod CHCTEMBI
HOPMHpPOBaHHS TPEIENbHO JOMYCTHMBIX BO3JEHCTBHH OKa3bIBACTCS
MIPaKTUYECKH O4EHb TPYIHBIM.

Takum 00pa3oM, U3 IPHUBEJECHHOTO BBIIIE AHANH3A MOXHO CHENaTh
oOMH BBIBOJI, YTO PA3BUTHE CHCTEMBI SKOJOTHUIECKOTO MOHUTOPHH-
T3, KaK ¥ CHCTEMBI yIpaBieHus NPHPOJONONBE30BaHUEM B LIENOM, Clie-
IyeT YBA3BIBATEL HE CTOJBKO C CYIECTBYIONIEH CHCTEMOH HOPMHUPOBa-~
HHA MpENeNbHO HOMYCTHMBIX BO3ACHCTBUM Ha OKPYXAIOLIYIO Cpeny,
CKOJILKO ¢ MEPEX0A0M K HOBOH CHCTEME HOPMHPOBAHHSA, @ IMEHHO K
CHCTEME HOPMUPOBAHUA NPEOENbHbIX COCMOSHUU NPUPOOHBIX 06beEK-
MO8 U IKOCUCTEM PABTIUYHBIX MAKCOHOMULECKUX DAH208.

CucTeMy 3KOJIOMHYECKOTO0 MOHHTOPHHIA MOXHO IIPH 9TOM ofpe/e-
JIMTH KaK LEJIOCTHYK ¥ B3aMMOYBS3aHHYHO COBOKYITHOCTD CJICHYIOLIUX
OCHOBHBIX (PyHKIMOHANbLHBIX 3eMeHTOB (bapenGoim, 1998; Kum-
crag, 1993):

® [PABOBBIX HOPM M YIPAaBJIEHUYECKUX PELICHHH, ompene-
JAIOIUX  CO3RaHue, (GYHKIHOHMPOBAHHE M DPa3BHTHE
CHCTEMBI (T.€. «IIPaBUII UIPBI»);

®  OpraHM3allHOHHBIX CTPYKTYp, BKIIOUYas OpPraHbl yIpasie-
HUs, CIIY)KObI HaOMIONEHUS M KOHTDOJIS, aKKPeIMTOBaH-
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Hble aHauTH4YeCKue iaboparopud, HHPOPMAHOHHO-
aHAJIMTUYECKHUE LIEHTPHI U p.;

® KOMIUIEKCA TEXHHYECKHX CPEACTB BEAEHHA MOHHTODHH-
ra, BKIOYas CTaHUMU M IOCTHl HaONIONCHHA, a TaKKe
cpeacTs npueMa, 06paboTkH ¥ nepefaur HHPOpMAaLHH;

® MeTonoB HabmoneHHH U 06pabOTKM JaHHBIX, METPOJIO-
THYECKOTO ODOecrieueHus, MOACIEH COCTOAHHS OOBEKTOB
MOHHMTODHHIA, a TaK)Ke MOJCNEeH aHalu3a CHTyanud u
IIPOTHO3UPOBAHUS,;

®  1MH(QOPMaLHOHHBIX PECYpPCOB;

®  (MHAHCOBBIX ¥ KaJPOBHIX PECYPCOB.

Habnronenns 3a 3arps3HeHHEM HOBEPXHOCTHHIX BoA B PO B mo-
CIIEHHE TOJBI MO TMAPOXHMHYECKHM I[IOKA3aTeNsiM IPOBOJIINCE Ha
1132 Bomnbx 06beKTaX, 0100p npob BemonHsUIcs B 1788 myHkTax Ha
2454 ctBopax. HabmiofeHus 3a 3arps3HEHHEM IOBEPXHOCTHBIX BOJ
1O FHAPOOHOAOTHYECKUM ITOKa3aTeNsIM OCYILECTBIUIUCE Ha 120 Box-
HBIX 00BbekTax, ordop mpobd nposomwics B 156 mynkrax. Cerb KOM-
IUIEKCHOTO MOHHTOPHHIA 3arpsi3HEHHH NPHPOJHOH CPEmbl U COCTOfA-
HHA pacTHTeNbHOCTH BKMouaeT 30 mocroB. KOHTponp XuMMHYECKOTO
COCTaBa OCAaJKOB, HX KHUCIOTHOCTH OCyIlecTBiIsercs Ha 131 craHuuu
tbenepanpHOro ypoBHsa. KOHTPONL 3arpsA3HEHUS CHEKHOTO TOKpPOBA
poBOAUTCA B 484 mIyHKTaX.

Exeronno B P® wmzpaerca moknan «O COCTOSHHM OKpYXKAOIIECH
npupoano cpensl Poccuiickoit Penepamu», KpomMe TOro, COKpauieH-
HBIH BapUaHT JIOKJIafa oObIYHO IyOIuKyeTcs B rasere «3ejeHbld MUY,
YTO JENAaeT €ro JOCTYMHBIM JUIs IMIHpOKOH obwmectBeHHocTH. [0 naH-
HBIM 3TOTO M3JaHMsA, Ka4ECTBO BOJbI OOJBIINHCTBA BOAHBIX 0OBEKTOB B
P® ue orBevano HopmaruBHEIM TpeGoBanusM. HauGonee pacmpocrpa-
HEHHBIMH 3aTrPA3HEHHAMH BOIHBIX OOBEKTOB ABILIOTCA HE(TEIPOLYK-
ThI, (PEHOJIBI, COSMHEHMS META/LIOB, OpraHHYecKue BemecTsa. B mo-
ClleHHAE TOMBl H3-32 3KOHOMHYECKON CHTYallMU COXpaHAETCs YCTONUH-
Bas TEHACHLMA COKpaIleHus Bofo3abopa, obmiero cbpoca HCHIOIB30-
BAaHHBIX BOJI, OJJHAKO TIPU 3TOM COPOC 3arpA3HEHHBIX BOJ MPaKTHYECKH
HE M3MEHMIICA. B paze perioHoB cOpoC 3arpA3HEHHbBIX BOJ JaXKe BBIPOC
3a CUeT TAaKUX OTpacliiedl, KaK LBETHas METaLTyprus, He(TenoOpiBaro-
mas 4 HedrenmepepabaTbIBaOLasd INPOMbIUUICHHOCTh. [Ipn obmem
YMEHBILEHHH BOJOOTBEJCHHMS JONA 3arps3HeHHbIX BoJ| Bospocna. Cro-
JKUBIIAACS CHTyalLlys C 3arpA3HCHUEM BOJHBIX OOBEKTOB OOBSCHAETCA
HETOCTATOYHOH 3(PPEKTUBHOCTHIO CYIIECTBYIOLIMX YCTapEBIIMX OYM-
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CTHBIX COOPY’KEHHH, PE3KHM COKpAIEHHEM BBEJEHHS B CTPOH HOBBIX
OYHCTHBIX COOPYXXEHHH. Bonbias 4acTh BOLBI, IIOCTABIIAEMAsA HACEJIE-
Hio PO, Gepercs U3 NOBEepXHOCTHRIX HCTOYHUKOB. BBICOKOE copepika-
HHE XJIOPUIIOB U CYIb(}HaToB B MUTHEBOM BOIE NPHBOJMT K pocTy 3a60-
JIeBaHHH CEePAEYHO-COCYHCTOH CHCTEMBI, PACIIPOCTPAHEHMIO KEIYHO-
KaMeHHOH 007€3HH M IpyruM 3a601€BaHUAM.

KoHeuHasi 1€ MOHMTOPHHIA 3aKIFOYACTCS B pealu3aliy Mepo-
TpUATHIA (Ha3bIBaEMBIX 9KOJOTHYECKHM HOPMHDOBAHHMEM), HarpaB-
JICHHBIX HAa OTPAHUYECHHS AHTPONOTEHHOTO BO3ACHCTBHSA HAa 3KOCH-
creMbl Wik 6uocepy B menoM.

B vHQOpMAIHOHHBIX CUCTEMAaX MOHHUTOPHHIA B 3allajiHbIX M, B 9a-
CTHOCTH, B CKaHIUHABCKMX CTpaHaX OpraHM30BaHBI “‘CBEpXy” — TIO-
CyIapcTBOM, B TO BpeMs Kak B Hauleii crpane — “cuusy” (Ecological
information.., 1996). I'magnas nexs EIT'COM — ynydiinTe COBMECTH-
MOCTh H3MEPEHHH ¥ KOOPAMHALMH MOHHMTOPHHTa Ha (elepanbHOM,
TEPPUTOPUANBHOM U MECTHOM YPOBHAX, & TAKXKE BHYTPH OTpacied
npoMsliUIeHHOCTH. Jpyras 3agada — yJdydIIHTh MHTETPALUIO U aHa-
nm3 gaHHbIX. Jl0 CHMX MOp MUIOXO OPTaHU30BAH Aake NMEPBBIH BaXKHbINA
5Tan HHPOPMALMOHHBIX CHUCTEM — METaba3bl AAHHBIX (JAHHBIE O
JIAHHBIX ), CBOAAIMX BOEAMHO BCIO HMEIOIYIOCS HHGOPMALMIO, MOJTY-
YEHHYI0 B PasHBIX MUHHCTEPCTBAX, BEJOMCTBAX OpraHmsamusx. Pas-
paboTKa IOCTYMHBIX CHCTEM MeTanHQOPMAIMK NOJKHA GBITH T1EPBO-
OYepeHOW MpU pa3paboTKe M Pa3sBUTHH WHTETPUPOBAHHBIX K Jy4ILC
CKOODAMHUPOBAHHBIX cucTeM. CHCTEMA MOHHTOPHHIA TECHO CBA3aHa
¢ reorpadpuIecKUMH HHGOPMALMOHHBIMHM CHCTEMaMHU

Hexomopbie opzanu3ayuonnble nPURKUNDL U npoéedenue
KOMRJIEKCHO20 IKOI02UHECK020 MORUMOPUH2A HA npumepe
o3ep Kapenuu

C uenplo moBbiLicHHs 3(QPEKTUBHOCTH PabOT MO COXPAHCHUIO U
YITyHINEHHI0 COCTOSIHUS OKpYXXaromeH IpupoJHOH cpesl, obecnede-
HHUIO SKoJoruueckoil Gesonacuoctd IIpaBurenscTBo Poccuiickoit ®e-
nepanuu IToctanosnenneM ot 24.11.93 N1229 "O cosnanun Eausoi
roCyJapCTBEHHOM  CHCTEMBl  3KONOTHYECKOr0  MOHHTOPHHIa"
(ETCOM) ompeienuno HopsfAoK OpraHM3aluK CHCTEMBI HabII0AEeHUs
3a COCTOSIHMEM OKpyKarolueii mpuponuo cpeasl B Poccuu. I'ocynap-
CTBEHHBIN MOHUTOPHUHT BOAHBIX 06bekToB ('MBO) nposoauTcs B co-
oTBeTcTBUM ¢ Bomaem xomekcoM Poccuiickoit ®Penepanun u Iocra-
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HosnenueM [Ipasutenscra PO Ne 307 ot 14 mapra 1997 “O6 yTBep-
xkneHun I[loJoXeHHs O BEHEHWH T'OCYAapCTBEHHOTO MOHHTOPHHIA
BOJHBIX 00BEKTOB”.

IocymapcTBeHHBIH MOHUTOPHHT BOIHBIX OOBEKTOB BKIFOYAET:

®  peryaspHble HaOMIOJEHHS 33 COCTOSHHEM BOJHBIX O0B-
€KTOB, KOJIMYECTBEHHBIMH M Ka4ECTBEHHBIMU ITOKa3aTe-
JSIMH;

®  Cco3JaHME M BeJieHne OAHKOB JaHHbBIX
OUEHKY M MPOrHO3MPOBAHHE H3MEHEHUH COCTOSHUA
BOJHBIX OOBEKTOB, KOINHYESCTBEHHBIX M Kau€CTBEHHBIX
IOKa3aTeNeH IIOBEPXHOCTHRIX M MOA3EMHBIX BOJ.

I'MBO sBasercss COCTaBHOH 9acThI0 CHCTEMBI I'OCYIApCTBEHHOIO
MoOHHUTOpHHTa OKpyxaomel cpeasl (HoBocenosa,1995). Or cocrout
u3:

¢ MOHMUTOPHHIA IIOBEPXHOCTHBIX BOJHBIX OOBEKTOB CYIIH
U MOpeH;

®  MOHHTOPHHIA OA3EMHBIX BOJHBIX 0OBEKTOB;
MOHHUTOPHHTZ BOJOX03AHCTBEHHBIX CHCTEM M COOpPYXe-
HUH.

I'MBO ocymectisgerca ¢ 1997 r. MHUHHCTEPCTBOM IIPUPOIHBIX
pecypcoB Poccuiickoit @enepanun (MITP P®) cosmectno ¢ Pefe-
panbHo#l ciyx06oi Poccun 1o ruapoOMETEOpONOTHN ¥ MOHHTOPHHTY
okpyskatomen cpens! (Pocruzpomer) ¥ ApyruMd CHENHANbHO YIOJ-
HOMOYEHHBIMM TFOCYAAPCTBEHHBIMKM OPTaHaMH B O0JIACTH OXpaHbl OK-
pyXarouieil IPUpOAHOH Cpeasl Ha eAUHON IeOMH(POPMALMOHHON OC-
HOBE.

Hanpumep, B Pecriybnvike Kapenus, B KOTOpOH HaxoQMTCsA OKOJIO
60 000 o3ep u 27 000 pex HabGmomaTenbHas ceTh COCTOMT U3 20 rua-
pomeTreocTanuui, okono 100 ruxponoruyeckux nocros (B 80-X IT. UX
6110 Gosiee 200). HabmoneHus 3a Ka4€CTBOM BOJABI OCYLIECTBIIAIOTCA
Ha 40 0OBeKTaX MOHUTOPHHTA. '

B 1994 r. Mun#cTepcTBO 0XpaHbl OKpyxaroniei Cpebl ¥ nIpupo-
HBIX pecypcoB PO pemmio, yro B pane peruoHo PD Gyxer cosnausl
PETHOHAIIBHBIE CHCTEMBl JKONOTMYECKOTO MOHHUTOpHHTA. B KoM-
IIEeKCHBIHM 3Kkonorunyeckii MOHUTOPUHT BO OBLIH BOBJICYEHE! HHCTH-
TyThl PAH, 4TO CynIecTBEHHO PaCIIMPHIO BOSMOKHOCTH Pealu3aiiy
stoii cucTempl. Cetnto Habmoxennit B 1992-2002 rr. B Kapenun 651
710 oxBa4eHo okoyo 100 BOZHEIX 00BEKTOB, MMEIOIIHX puMepHO 190
crannuii (ctBopos) nabmopenuit (CoBpemeHHOe COCTOSHHE. .., 1998).
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Ha y1oxkansHOM ypOBHE MOHHTOPHHI BOAHBIX OOBEKTOB OCYILECTBIIS-
10T BOJIONOJB30BATENH, KOTOPhIe BEAYT CUCTEMATHYECKHE HAOIIOIE-
HUS 32 BOJHBIMH OOBEKTaMH B TOPSKE, ONPENCIAEMOM TEPPHTOPH-
anpHbIMH opraHamu MIIP P® u npencraBnsior nanHsie HaGI0AeHUH
B YKa3aHHBIE OpPTaHbl.

Momnuroprar 03ep oCylIECTBIIETCS O HECKOIBKAM HalpaBIeHHAM:
MOHMTOPHHI Ka4eCTBA BOJBI, CTEHEHH 3arps3HEHHs W TPOPHYECKOro
COCTOSAHHMS BOJOEMOB M0 XHMHYECKUM U OHOJIOTHYECKHM [IOKA3aTENAM,
MOHUTOPHHI BOJOXO3AMCTBEHHBIX CHCTEM M COOPYXXEHMI H 3KOJIOIrO-
TOKCHKOJIOPMYECKHI KOHTPOJb CTOYHBIX BOA. KOHTpON®s 3a XumHye-
CKHM COCTaBOM BOJB! H JOHHBIX OTJIOKEHHH BKJIFOMAET ONpEeIeHUE
HX OCHOBHBIX (U3MKO-XMMHYECKHX [apaMeTpoB (MHHEPAIM3ALus,
9NIEKTPOIPOBOAHOCTD, HOHHBIH COCTaB BOJbI, OPrAHMYECKOE BEILECTBO,
OMOTCHHBIE 3JIEMEHTBI, MHKPO3NIEMEHThI, XJIOPOGQHILT «a@», PacTBOpPEH-
HBIE Ta3bl), a TAKOKe 3arpsA3HAIOINMX BEMECTB (HEQTENPOLYKTHI, THKE-
Jble MeTalulbl, Geronsl, bypdypos, auraocynsdonatel). brounauka-
M BOJ IIPOBOJUTCA IO Pa3NM4YHBIM TpoduUecKHM 3BeHbsAM (6akre-
puo-, PUTO- U 300IUIAHKTOH, MaKpO300OSHTOC) M BKIIIOYAET OIpeelie-
HHE BHIOBOTO pazHO0Opasus, OMOMAcchl M YHCICHHOCTH THAPOOHO-
HTOB, HA OCHOBAaHHH KOTODBIX YCTaHAaBJIMBAIOTCSA YPOBEHb TPOPHH BO-
J0€Ma, CTPYKTYPHO-(YHKLMOHANbLHBIE H3MCHEHHUS OHOTHI BO BPEMEHH.
Jns OLeHKHM KadyecTBa BOABI NIPUMEHSETCS METOJ CanpOOHBIX MHAHKA-
TOPOB € YYETOM DPErHOHANIBHBIX OCOOCHHOCTEH (YHKIHMOHHPOBAHMS
THIPOOHOLEHO30B, C H3MEHEHHUAMH U JOTIOJHEHHAMH st ycnoui Ka-
pemn  (Kynukosa, 1983;  Kyxapes, 1986).  Okomnoro-
TOKCHKOJIOTMYECKUI KOHTPOJb 32 CTOYHBLIMH BOJAMH OCYLIECTBILETCS
METOAaMH OHOTECTHPOBAHMS C HCIONB30BAaHHEM 2-X BHAOB TECT-
00bexToB — Daphnia magna Straus u Simocephalus serrulatus Koch.

MOHHTOPHHT TOBEPXHOCTHBIX BOJHBIX OOBEKTOB OCYINECTBISETCS
N0 XMMHMYECKHM, TMAPONOTHYECKUM, IMIPOOHONOTHYECKHM II0Ka3a-
TEISIM, @ B OTAENBHBIX CIYyYasX H3y4yaroTCs JAOHHBIE OTIOXEHHS BOJ-
HBIX 00bekTOB. KOHTPO/IB XMMHYECKOTO COCTaBa BOABI M XOHHBIX OT-
JIO)KEHUH BKITIOYAET OIPEAECNICHHE OCHOBHBIX MApaMeTpOB X KayecT-
Ba (JIo3oBux u ap., 1998). B Kapenunu I'MBO runpobuonoruueckue
MCCJIEJOBaHHS NTPOBOASTCS 110 OCHOBHBIM TPOPHUECKHM 3BEHBSM.

H3MmepeHus BKIIOYAIOT:

DuuKo-xumuseckue napamempol.:

Temnepatypa, snexrponposoaHocts, pH, Eh, mpo3paurocts, B3Be-
WIeHHBIE BENIECTBA, IBETHOCTH; CyMMa HoHOB, Ca*’, Mg*, Na*!, K*!,
HCO3™, SO, CI'', dbropunst, CO?, O,, NpOUEHT HACBILICHUS KU-

CIIOpPO/IOM, TNepMaHraHaTHas okucnsemocts, BIIKS, opranuueckuit
yraepon (C), ®eronsl, HedTENPOAYKTSHI, JUrHOCYIbbaHaThl, Pochop
(P) o6mmit, MHHEpaNbHBIA, B3BEUWICHHBIH; a30T (N) OpraHMYECKUM,
aMMOHHMHEIM, HUTPATHBIM, HATPUTHBIH; xenezo (Fe) obmee u
B3BEIIEHHOE; KpeMuuid (Si), mapranen (Mn), muru# (Li), anroMuHUA
(AD), Tsxensie Meramst: Zn, Cu, Pb, Cd, Ni, Cr

buomuueckue napamempeor:

BakTepHOIUIaHKTOH: YHUCICHHOCTh, KOIIMYECTBO CAnpoduUTOB, KOIU-
uHjekc. DUTOIUIAHKTOH M 300IUTAaHKTOH: YHCJIEHHOCTb, OHOMacca,
KOJIMYECTBO BUIOB, CampoOHbIi KO3(QHUIIHMEHT, OCHOBHBIE TAKCOHO-
MHYECKHE IPYIITB] M BUIBI JOMUHAHTHI.

BeHToC: 4MCIeHHOCTh, OnoMacca, canpoOHBIH KO3Q(QUIMEHT WM
uHAekc ByauBucca, OCHOBHbIE JOMMHHMPYIOIUME TIPYINIBI K BHIbI-
HHTUKATOPBL

IMeproanuHOCTs HabGIIOACHHH ONpPEAENAETCS KOHKPETHO UL KaX-
JIOTO BOJHOTO 0OBEKTA.

INapasiensHo ¢ MOHUTOPHHIOM BOJHBIX OOBEKTOB OCYIIECTBILIICH
MOHHMTOPHMHI BOJOXO3SHCTBEHHBIX CHCTEM H COOPYKEHMH BEAOMCT-
BEHHBIMH J1a00PaTOPHSAMH, MOXOTUYETHEIMA MMHHCTEPCTBY 3KOJIOTHU
U TPHUPOIHBIX pecypcoB Pecnybnuku Kapenus, B COOTBETCTBHH C
IIPUHATOM cucTeMol cratoTdeTHocTH 1o Gopme 2-TII BOJAXO3.

Ynpaenenue

OcHOBHO# (pyHKIMENH YIpaBIeHUS ABIAETCA OOECIIeYeHHE Hajle-
KAIEro KOJMYECTBA BOJAbI COOTBETCTBYIOIETO KayecTBa Ui pas-
JMYHBIX T10J1b30BaTeNel 0e3 HaHeceH s ylepOa oKpyxaromeit cpene
(Guidelines of Lake Management, 1997). [lna perynaupoBanus yrnpas-
JIEHUA MCTIONB3YIOT Pasid4HbIe CTAHIAPTHBIC IIPHHLMIIB! SKOJIOTHYECKOH
HONUTHKH, B TOM YHCJ€ MPUHLIUIBI 3aMKHYTOCTH 3KOJIOTHYECCKOH
CHCTEMBI, KPUTHYECKHX HArpy30K, NPEBEHTHBHBIX MEp, 3aMEIleHU,
HCTONIb30BAHME HAWITYYIIMX FMEIOLMXCS TEXHOJOIHH, a TAKOKE PHHIIMI
«3arpsA3HUTEIbY TUIATHT.

B Boauom Konexce Poccuiickort @enepammu (1995) onpeneneHs
OCHOBHBIE INPHHIHIIB [OCYAaPCTBEHHOTO YIpaBieHHs B cepe Hc-
TI0/IB30BAHMSA U OXPaHBI BOJIHBIX 00BEKTOB!

e VYcroiuuBoe pa3BuTHE (cOanaHCHPOBAaHHOE PasBUTHC
9KOHOMHKM W VIY4YUIEHHE COCTOSHHMSA OKDPYXaKIIEH
IPUPOAHON CpeIbl);



108 I'masa 3

e CouyeraHue DalMOHAJBHOTO HCIOJIB30BAaHHA M OXPaHBI
Bcero OacceiiHa BogHOro 06bEKTa U ero 4acteii B mpese-
Jax TEPPUTOpPHH OTAENbHEIX CyObekTOoB Poccuickoin
®enepauuu (coucraHue 6acCeHHOBOrO U aAMHHHCTpA-
THBHO-TEPPUTOPHAIIBHOTO MPUHLIHIIOB).

IMpu paspaborke cHCTEM YyIpaBIE€HHsA KauecTBOM BOABI B BomHoi
Hupextuse EC nexnapupyercs BaxHedwuii npudmnumn: «Boga He -
JsieTcsl KOMMEpPYECKOH Belbio IOJO0HO APYI'HM, a cCKOpee HacielH-
€M, KOTOpOe HeOOXOMUMO OXPaHATh, 3alUINATh H 0OPaIaThCs ¢ HUM
COOTBETCTBEHHOY». OZIHAKO, Ha CaMOM JeJie, BOAA UMEET LIEHY, €€ OX-
paHa, pallOHANBHOE HCIONB30BaHHUE, BOAOMOArOTOBKA CTOAT HOCTa-
TOYHO J0POTO.

OO0BeKkTaMu U LEHIMU YIPABICHUSA MOTYT OBITH BOLHBIE PECYpPCBI,
BOJIOXO3HCTBEHHBIE CHCTEMBI, KAYECTBO BOJBL.

J11 coxpaHEHHs KayecTBa BOJ CYLIECTBYET KOHLEIHLMS KPHTHYE-
CKHX Harpy3oK, KOTOpas NoApasyMeBaeT HEAOIyCTUMOCTh IPEBBILIE-
HUsl ONpPEICIICHHOTO YPOBHA BO3HEHCTBHS Ha cpely, B NIpeaenax Ko-
TOPOTO OTCYTCTBYeT yuieph asis okpyskatouleil cpeapl. BaxkasiM Tpe-
6oBaHHEM ABISETCS BHEAPEHUE COBPEMCHHBIX TEXHOJIOTHH I Mpe-
JOTBpAllEHHs, WIM MHHHUMHU3ALMH BO3IACHCTBHA Ha OKPYXAIOLIYIO
cpeny. llupoko HCHONB3YETCS MPHHLMII «3arpA3HUTENb IUIATHT).
OcHoBHOH 3ajadell BOAHOM OTpaciu B LIMPOKOM CMBICIE SBILIETCS
YIIpaBJICHHE U KOHTPOJb 3a THAPOJOTHYECKUM LMKIOM Uit obecrie-
YeHUs Bcex Bojomonb3oparencd. COBpeMEHHOE yNnpaBlIeHHE WIH Me-
HEDKMEHT KauecTBa BOAbI Oaszvpyercs HA KOMOMHAIMK KOHOMMYE-
CKHUX M MOJUTHYECKUX MEXaHH3MOB C LIENbI0 JOCTH)KEHHS ONTHMYyMa
MEXTy peLICHHEM [TOCTAaBIEHHBIX 33/1a4 U 3G (EKTHBHOCTBIO C TOUYKH
3peHHs 3aTpar Ha MX perieHue. [ peanuzanuy 3TOro Heobxomuma
COOTBETCTBYIOIIas 3aKoHoxarensHas 6as3a. TTonoxenus Boxnoro Ko-
Jekca Poccuiickolt @enepanuy npeaycMaTpUBAiOT cleqyromue Heob-
XOIUMBIE 3Talbl: FOCYJapCTBEHHBIH KOHTPOJIb, MOHUTOPHHT, HOPMH-
poBaHue, BeJeHHE BOAHOrO KafacTpa u ap.

Jns npuHSATHA YIIPaBICHYECKHX PEIICHUI Ha pasHOM Hepapxude-
CKOM ypoBHe (cTpaHbl, 6acceiiHa, Bogoema) TpeGyeTcs ro3TamHas Je-
TalM3alHs [UIAHOB IO YIPABJICHUIO BOJOIONB30BaHHEM, YTO OIpEAe-
JS€T UCTIONB30BAHUE COOTBETCTBYIOLIMX ITOAXOJO0B, MATEMAaTHYECKUX
Mozenei pa3Hoil xeransHOCTH. Ha BepxHeM ypoBHe (PEruoH, KpyI-
HBIH pedHo# GaccedH) OOBIYHO HCIIONB3YIOTCSA OLEHOYHBIE MOIEIH.
ITpu 3TOM yuHTBIBAIOTCS JIHIIL OCHOBHBIEC 3aBUCHMOCTH MEXIY apa-
METpaMH, YTO II03BOJISET, TEM HE MEHee, TPOBECTH MHOTOBapHaHTHBIE
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pacdeTsl H CONOCTaBHUTH MHOXECTBO AJbTEPHATHB. ArperMpOBaHHbIH
XapaKkTep MCXOAHBIX AAaHHLIX TaKUX Mojeneil 00yCIOBIHBAET YIpO-
LieHHe OONMBIIMHCTBA MAPAMETPUYECKUX CBA3EH M MX JIMHEapU3aLHIo,
a [l KOHKPETHBIX BOJHBIX 0OBEKTOB NPHMEHSIOTCS pa3HooOpa3Hble
(ToyeuHkIe, OHO- BY- U TpexMmepHble) moaenu (Tlpsokutckas, 2002).
B nacrosmee Bpems noxxon 6acceHHOBOTO YpOBHS SBISAETCA OCHOB-
HBIM B ynpaBjieHHH. /{1 panuOHAIBHOIO HCIOIb30BAHHA, BOCCTA-
HOBIICHHMsI M OXpaHbl BOJHBIX 00BekTOB B Poccuiickoit denepaiuu
CYLIECTBYIOT OacceiiHOBbIE ClENHANBHO YIONHOMOYEHHbIE TOCYAap-
CTBEHHBIE OPraHbl YNpaBJIECHHs 3a MCIOIB30BaHHEM M OXPaHOH BOA-
Horo goxaa. CpeacTBOM M NpaBOBOH OCHOBOH pealv3alluyl YIIpaBIIe-
nus sBisgercs bacceitnoBoe CornanieHne 0 BOCCTAHOBICHHH H OXpaHe
BOIHBIX OOBEKTOB, KOTOPOE 3aKITIOUACTCS MEXIY CHEHUAIBHO YIOJN-
HOMOYEHHBIM TOCYAApPCTBEHHBIM OPraHOM YIPABJIEHUsS HCIIOIb30Ba-
HHEM U OXpaHOH BoJHOTC (POHZA M OpraHaMH HMCIONHUTEILHOH Bila-
cTu cyOpexToB Poccuiickoit ®enepaliuy, pacnolOXKEHHBIX B IIPEAenax
Haccelina BOAHOTO 00bEKTa.

CucTeMBbl peryasapHOro MOHHTOPHHIA CIYXaT MEXaHHU3MOM ¢ 00-
paTHOU CBS3bI0 KaK JJIs NMPHUHATHS OIEPATHUBHBIX pelleHuH (HAmpH-
Mep, [0 BbIAa4e pa3peilieHui), Tak U Ui BRIpabOTKH CTPaTerHIECKHX
MOJUTHYECKHUX PEIIeHHIH.

IIpo6aeMbl BOJHOTO XO3AHCTBA MEXANCLIMILTMHAPHEL H B CHJLy 3TO-
IO CIOXHBI AN MaTeMaTHUYeCKoro (OpMalH30BAHHOTO ONHCAHHS.
CoBpeMeHHBIM ammapaToM I U3y4YeHUs MoJOOHEIX mpobiaeM ciy-
KHUT CHCTEMHBIH aHaIM3, KOTOPBIH CHHTE3MPYET pa3lHUYHBIE MaTe-
MaTHYECKHE METOJIbl, CPEACTBA YHCIEHHON pealn3alliy MOAEIEH U
cniocoOnl 06paGorkn uHbopmauuy. PazpaboraHo MHOro Mojenei
U pelieHUs BOJOXO3SHCTBEHHBIX 3a/1a4, CBA3aHHBIX C U3MEHEHHE
CHCTEMBI YIPaBJICHHS BOOHBIMU PECYPCaMU B YCIOBUAX yXyALIEHUS
KayecTBa MPHUPOIHBIX BOJ ¥ TEPECTPOHKH IKOHOMUYECKOH M IOIUTH-
4eCKOH CTPYKTYpHI TocydapcTa. Kpome moneneit uig BOAHBIX 005~
€KTOB CYLICCTBYIOT MOJeNH BOAOXO3sicTBeHHBIX cucteM (BXC),
KOTOpBIE MOT'YT OXBATHIBAaTh OOJNBIIME PETHOHBI, BKITIOYAIOLIME B CE-
0 CaMOCTOATEIbHBIE aMUHUCTPATUBHBIC €IHHMLBI U OTPACIEBbIE
CTPYKTYphl. B mactosmei pabore Mbl He OyAeM KacaThCs 3TOrO
Kiacca mogeneii. [To atoMy BoIpocy uMeeTcst 00IupHast JINTEPATy-
pa cM., Hanpumep, pa6oTsl [Ipsxunckoi (2002).

PaccMOTpUM OCOOEHHOCTH YHPABJICHUS BOJHBIMH OOBEKTaMH Ha
COBpPEMEHHOM 3Tane. HecMOTpsl Ha OIpeleseHHOe CHIXKCHHE B I10-
crieJee BpeMs 3KOHOMHYECKOH akKTHBHOCTH B paliOHE KPYNHBIX 03€p
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P®, 3aMeTHBIX yny4lICHHH Ka4ecTBa UX BOIBI He oTMedaercs. B pe-
3yNbTaTe CTAI0 OYEBMIHBIM, YTO BMECTE C aAMHHHUCTPATUBHBIMH Me-
pamMH Heo6X0oAUMO BbIpabOTaTh IKOHOMHYECKHE MEXaHH3MBI OLEHKH
HAarpy3kH Ha NPHPOJHYIO CpeAy W Ha OCHOBE 3TOTO OCYLIECTBIATH
ynpaBJieHHs pecypcaMu M KadecTBOM Box. Jlns sTux penei paspabo-
TaHbl DKOHOMHYECKHE OLEHKH yuiepba OT 3arpsa3HeHHs NPHPOIHON
cpensl. Paspaboransl noaxoabl SKOHOMHYECKOW OLIEHKH aCCHMMWIIS-
LHOHHOTO IIOTCHHMAla NPHPOOHOH cpenmsl, BBEJCHHOTO paHee
10.A. Uzpasnem (2002). Cnenyer OTMETHTB, 9TO aCCHMHUIAMOHHAS
CMOCOOHOCTD IKONOTHYECKHUX CHCTEM 10 OTHOLICHHIO K 3aTrPA3HEHUI0
ABJIACTCS. OJHHUM M3 CYIIECTBEHHBIX (DaKTOpPOB MOAJEPIKAHUSA YCTOH-
YMBOCTH HX pa3BUTHA. llepeducnensble BbIll€ IOHATHSA CBA3aHBI C
npobaeMoit HOpMHPOBAHHUSA KauecTBa OKpykaromei cpenst. [Togxons
K HODMHMPOBAHHIO KauecTBa BOA ObLIM MpeNCTaBlIeHb B pasjgene 2.2.
IIpu aToM oTMeTHM, uTO OrpanudcHus [1JIK TakoBbl, 4TO MHOTAA CHA-
THE 3THUX OrPaHUYCHHH 3SKOHOMHYCCKHMHU METOJAMH YIPABICHHMSA
TPYAHO BbIIOIHUMBEIMH. COBPEMEHHBIM SIBISCTCH MOJXOA C HCIONb-
30BaHHEM HOPMATHBOB IpenensHo pomycTuMsbix copocoB (IIJC) u
BpPEMEHHO coriacoBaHHbIX cOpocoB (BCC), xoTopble HyXHAKwTCs B
PErMOHANILHON MpUBs3Ke ¥ 060CHOBAHHM 111 KOHKPETHBIX BOJOEMOB.
Onu, Kak mpaBuio, GOPMHUPYIOTCH I KOKAOTO OTACIBHO B3STOrO
UCTOYHHKA. BakHOHW LEeNpI0 ympaBleHHsS sBAfeTCS BbIOOp Hay4HO
00OCHOBaHHBIX 3HAYEHMH KIIOYEBLIX NAapaMeTPOB B SKOHOMHYECKOM
MEXaHH3ME UCIIOb30BaHUS NIPUPOJHBIX PECypCOB KpyNHBIX 03ep. K
sTuM napameTpam Hapany ¢ IIJIC u BCC orHocsarcs Bce 6a3oBbie
HOPMATHBHI IUIATEXeH 3a cOpOC 3arpA3HEHUH W MCTIONB30BAHUE BOJ-
HBIX PECYPCOB. B 3TOM clyuae MCTIONBL3yrOTCA pa3Hble MaTeMaTHde-
CKHE MOJIENIH — pacIpOCTPAHEHHUs 3arpsI3HEHHH, S3KOCHCTEM Ui OIl-
peleneHus peabHbIX Harpy30K M0 KaKMM-TO I1apaMeTpaM Ha BOJOEM.
A nanee Mo MOMY4EHHBIM pacyeTaM BbIpabaTHIBAIOTCS NPOTHO3HBIE
OLEHKH COCTOSIHUA BOAOEMOB NPH Pa3HOH HArpy3ke H yCTaHOBIICHHIO
pa3MepoB IuiaTexxed ¥ HOPMaTtHBoB Ha cOpockl. Hampumep, kxomek-
THBOM aBTOpPOB TOx pykoBojacTBoM JLA. PyxoBua (Pyxosen u np.
2003) 6pina paspaboTaHa MareMaTHyeckas MOZIENb IKOCHCTeMBl Jla-
JIOKCKOIO 03epa, KOTOpas BOCHPOHM3BOIMT KPyIJIOrogvyHoe GyHK-
LIMOHHPOBAHHUE IKOCHCTEMBI BOJOEMa IIPH 33aIaHHOW GHOTEHHOH Ha-
rpy3Kke Ha BojoeM. B kauecTBe TakoH Harpy3Kd B MOAENH HCIIONb3y-
eTCs BeAMYMHA TOJOBOTO MOCTYIUICHUs obuiero docdopa 3a rox ¢ 3a-
JIaHHBIM TIOMECSIYHBIM pactpezencuueM. Iokaszano, uto Gyner ¢ Bo-
JI0OEMOM, KaK HU3MEHHUTHCS €ro SKOCHCTEMa IIpU pa3sHOH Harpyske. Yc-
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TAHOBJICHBI IIPEIESIBI, P KOTOPBIX He OyJeT IpOUCXOAUTh IBTPOGH-
poBaHue o3epa. [laloTcsd peKOMEHJALHMM 110 COKPALIEHHUIO TOCTYILIE-
HHA OHOreHHOM Harpy3kd. M, HakoHel, IPHHHMAIOTCA YIIpaBlE€HYE-
CKHE pellieHns /Ui oTpaciei, IPeANPUITHHA 10 COKPanIeHHIO Harpys-
k. C noMonipio Mojesnel pacipoCTpaHEHHA npuMeced pacCUUTHIBA-
eTcsl pacrpeleleHie KOHLEHTPALUi 3arpA3HAOIIMX BEIIECTB, TAKHX
KaK eHonbl, HedTenponyKThI, XIOPOPraHUYECKHE COSTUHEHUS U TA-
HKEJIbIe METaJUIBI.

BaXHBIM SBJIAETCS ONPEJETICHHE 3KOJNOTHYECKHX IOCIECACTBHH
PaccUUTaHHOHW aHTPOMOIEHHON Harpys3kd. B cBA3M C TeM, 4TO BpeMs
peakIuy 3KOCHCTeMbl Takux OONBIIMX BOmoemoB, kak Jlamoxckoe
win OHEXCKOE 03epo, Ha W3MEHEHHE aHTPOIOIeHHOH HarpyskH H3-
MepseTcs FOlaMK, BpeMs NIPOBEACHNA NIPOTHOCTHYECKHX PACUETOB HE
JOJDKHO OBITH MEHBIIIE CPOKA, Ha KOTOPBIH mpearonaraeTcs 3aQHuKcH-
pOBATh perjiaMeHThl BOJOMOJB30BaHUA. Ha OCHOBE HM3BECTHBIX JAaH-
HBIX HaOMIOJEHHH M 1apaMeTpoB KOCHCTEMBI, MOJIYYEHHBIX B pe-
3yJIbTaTe PacyeToB, MOTYT OBITh ONpEJeIeHbl HHAUKATOPHBIC XapaK-
TEPUCTHKH YPOBHS TPOQUH M 3arPA3HEHHUS MO CIEAYIOUIMM MapaMeT-
pam: OHOreHHass Harpy3ka ¢ YYETOM YCJIOBHOTO BOZOOOMEHA; IIpO-
3padHoOCTh MO AucKy CeKky; rofoBas NepBHYHAs NPOAYKLHsS (uTo-
[U1aHKTOHA; CKOPOCTh YMCHBUICHHUS COACPXaHHsA KHCIOpOJAa B THUIO-
numHHOHE M 1p. CrereHb 3arpa3HeHHs MOXeT ObITh OLEHEHa M s
OTJENBHEIX aKBATOPHA BONOEMA, YTO MOKET YTOUHUTE IPUHATHE Pe-
LICHUH.

VipaBneH4eckue pelleHus, OCHOBAHHBIE Ha JKOHOMHYECKHX Me-
XaHM3Max, TPeOYIOT ONpeneNeHHs Pa3sMEPOB IUIATEXEH € HCIONb30-
BaHHEM HMEIOIUXCS KOMIBIOTEPHBIX MOAeneid. OaHako Ais peanu-
3alMM 3TOTO TOAXO0/la KpOMe MaTeMaTH4ECKMX MOJelei Tpebyercs
cooTBeTcTByWOllas uHbOpManronHas 0a3a, OCHOBaHHAs HA MOHHTO-
punre, MOHHTOPUHT ABJSETCS HEMOCPEACTBEHHBIM 3BEHOM CHCTEMBI
yIIpaBIeHHS. ‘

IKonozuueckan IKcnepmuia

TIpoBOZA T MM MHbIE MCPOTIPUATHS, CBS3AHHBIE C BO3ACHCTBHEM
Ha OKPYXaIOLLyl0 Cpefy, HeoOXoauMo elle Ha MPEANpOeKTHON Cra-
JIMH OLICHWUTH BO3MOMHBIE IOCIEACTBHS PEeaTH3allMi IPEAoIaraemMo-
ro npoexrta. Jlns 3TOrO MPOBOMMTCS IKONOTHYECKAs IKCIEPTH3A —
KOMIIJIEKC MEPONPHATHH, MPENHA3HAUYEHHBIX VIS MPOBEPKH COOTBET-
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CTBHS XO3IHCTBEHHOM NEATENBHOCTH (WIM HHOH JEATENHLHOCTH) Tpe-
60BaHHAM 3KOIOTHYECKOH 6€30MacHOCTH. DKONOTHYECKAs 3KCIePTH-
3a gBIIeTCA 00A3aTEeIbHOM Mepoi OXpaHbl OKpYKaromeil MPUPOAHOH
Cpensl, TPEIUECTBYIOILEH IPUHATHIO XO3SHCTBECHHOTO pEMICHHS.
[ens 3KONOTHYECKOH 3KCTIEPTH3B! 3aKIIIOMAETCA B TOM, YTOOBI Ipe-
JOTBPATHTh WM MUHUMH3UPOBATH yIEepO NMpUpogHOii cpene.

OKoNorHyecKas JKCIEpTH3a NPH3BAHA JaTh OLEHKY BIMSAHHA CO-
opyxaeMoro o0BeKTa Ha 3IKOJIOTHYECKHE HHUILUY JKUBBIX OPIaHH3MOB,
HaXOJIMXCS B 30HE BO3AEHCTBUS 00BbEKTa, HA COBOKYITHOCTh 3KOJIO-
rH4ecKuX (PakTopoB M HX HM3MEHEHHE. B pesynpTaTe 3KCIEPTH3BI
JOIDKHBI OBITh TAaKXKE TONYYEHbI OLECHKM HM3MEHEHHs JaHAmMagTOB,
CTPYKTYDHl 3KOJIOFHYECKHX CHCTEM, M3MEHEHHs NOMYJIALMH MXHBBIX
OpraHM3MOB, OLICHKH BO3MOXHBIX INTOOAJIBHBIX HOCIEICTBHH.

Bce 3T0 yKa3pIBaeT, YTO IKONOrUYeCcKas IKCIIEPTH3A SIBIACTCH KOM-
TUIEKCOM MEPOIIPUSTHH pa3IHYHOro ypoBHS CcI0XHOCTH. OHa BKIO-
4aeT JKCNEPTHHIC OLIEHKH, MaTeMaTHieckoe ¥ (pu3ndeckoe MoJenH-
pOBaHHE KOCHCTEM WM OTAECNIBHBEIX NPOLIECCOB B HHUX, HATYpHEIE
IKCIIEPUMEHTHI.

Tocynapcreennas pkomnorudeckasi sxkcneprusa (I'D3) mpoBoauTtes
9KCIIEPTHBIMH KOMHCCHSIMH, KOTOpbIE CO3Aal0TCA ["'0Cy 1apCTBEHHBIMU
opranamu Poccuiickoii depepann UX PErHOHANBHBIMM [IPEICTABH-
TENBCTBAMH C LIENBIO NMPOBEPKH COOTBETCTBHS XO3AHCTBEHHOH Jes-
TeJAbHOCTH TpeOOBaHMAM SKONOTHYecKoi OGezomacHocTH. I'ocymapcer-
BEHHAs JKOJOTMYECKas SKCIEPTH3a OCYILECTBIACTCA HA NPHHIMIAX
00532TeIBHOCTH, HAY4HO# 060CHOBaHHOCTH, 3aKOHHOCTH €€ BBIBOJIOB
W pEKOMEHJanunil, He3aBUCHMOCTH, IJTaCHOCTH, BHEBEIOMCTBEHHOCTH
H HIUPOKOTO y4acTHs 0OLIECTBEHHOCTH.

OTH MPUHUMIIBL JOKHBI 00ECIEYNTh JEHCTBEHHOCTh SKCIIEPTHU3EL.
Hapymenne ux NpHUBOAUT K HEraTHBHBIM MOCIEICTBHSAM, IMOJPEIBAET
y Jofiei Bepy B Liesecoobpa3HocTh ee npoeneHus. Hapany ¢ OO u
00LIeCTBEHHOM AKOJIOrHYECKON 3KCIEPTH30H BBIAEIAIOT OLIEHKY BO3-
nercTust Ha okpyxaromyio cpeay (OBOC). OBOC nanpasiiena Iipe-
*KJIe BCEro Ha BBIABJICHHE HEJOCTATKOB IPOCKTA, NMPHUHATHE MEP MO
YIYYIIEHHIO SKOJIOTHYECKHX ITOKasaTesiell TEXHHYECKOTO 3aJlaHHs.
[TpUHIMITBL SKOJIOTHYECKOH 3KCMEepTH3Bl M OLCHKH BO3JACHCTBHS Ha
OKPYKaloINYIO Cpelly 3aKperuieHsl B 3akoHax P® «O6 oxpaHe okpy-
xaroledl npupoaHoH cpenp» U «OO IKOTOTHUECKOH IKCIIEPTH3EN.
'3, OBOC mn o0mecTBeHHas KOIOTHIecKas SKCIEPTH3A JOTIONHs-
IOT JpYyr Jpyra W SBJISIOTCS Pa3HBIMH CTOPOHAMH 3KOJOIMYECKOH
JKCHEPTHU3BL.
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IIpn npoBeaeHUH 3KOJOrMYECKOH IKCIIEPTH3bI OCHOBHOE BHHMAHHE
YAENAETCd aHaIM3y TEXHHUYECKOro OOOCHOBAHHS NPOEKTa H OLEHKE
9KOJIOTHYECKUX MOCIENCTBHH ero peaau3aivi. YMeHbUIEHHE JKOJIO-
TMYECKMX TIOCHAEICTBUH MOXET 3HAYMTEIHHO YBETMYMTH I[I€PBOHA-
YaIbHYIO CTOMMOCTB poekTa. IIpu 3kcneprH3e nenecoobpasHo cpas-
HMBATh IPOEKTHI C JYYHIHMMH 00pa3LaMM, UMEIOIUMH MHHUMATbHOE
9KOJIOTUYECKOE BO3AEHCTRHE Ha OKPYXKAIOLIYIO CPELy.

3.2. O0mme npeacTaBiieHHs 06 YNPaBJICHHH KA4eCTBOM
BOJIbI

ITpobnema parMOHaNBHOTO YHPABICHHS HNPUPOAHBIMHM PECYPCAMH
03epa, JOCTaTOYHO akTyanbHa (Straskraba, Tundisi, 1999). 3aga4a omn-
THMAJIBHOI'O YIPaBJICHHS 3KOCHCTEMOH 03epa MOXHO TNpPEINCTAaBHTH
KaK HaXOX/CHHE TaKUX 3HA4YEHHH YTIPaBIIEMBIX BO3JCHCTBHH Ha

skonoruueckyro cucremy ('), koropoie 6v1 obecneynnu npu ompe-

JeeHHbIX HEYNpaBIfeMbIX Bo3jeiicTBHAX Ha 3kocuctemy ( P) moc-
THOKEHHMA MaKCHMyMa Hekoropol ¢yHkimu 3¢ dexTusHocTH (Q) B Te-
YeHHE AOCTATOYHO AJIMTENBHOTO IpoMexyTka Bpemend (Atkinson
et.al., 1997). Bxoasi, BEIXOJbl H COCTOSHHE 3KOCHCTEMBI IOJAaracM
BEKTOPHBIMU BETMYHHAMH, [TOCKONBKY, AaXe B IPOCTEHIIMX CITyYasXx,
OHH COCTOSAT U3 HECKOJIbKHX KOMIOHEHTOB. OyHKIHA 5 PeKTHBHOCTH
MOXET OBITH OLpe/iesieHa KaKk CyMMa pa3sHOCTeH MEXIy JHOXOHOM I0-
JTy4YEHHBIM OT JKCILTyaTAlMH O3EPHOH KOCHCTEMOH M 3aTpaTaMH Ha
OCYILECTBIICHHE YIIPABISIOIICIO BO3ACHCTBHS:

t

3

ax

Q = (ry - ¥-¢),
t=1
rae I' — monesHslif BRIXOJ 3KOCHCTEMBI, ¥ — BEKTOp CTOMMOCTEH
KOMITOHEHTOB BBIXOZa, ¢ — BEKTOp 3aTpaT Ha OCYIIECTBICHHE

YIIPaBJIIEMOTO BXOJa, ! — BPEMS, #Max — MPOMEXYTOK BPEMEHH, 3a
KOTODBIN NPOM3BOAUTCS onpeaeeHne QyHKuuH 3G QeKTUBHOCTH.

Jins peleHus MOCTaBAEHHOH 3ajayu HEoOXOAMMO pacroJaraTsb
MOJIENBI0 IKOJIOTMYECKOH CHMCTEMBI, KoTopas Obl CBS3pIBAJIA €€ CO-

CTosiHHE B Oynymuid MOMEHT BpeMeHH ( C,,; ) C COCTOSHHMEM B TEKY-
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muif MomeHT (O,) H COCTOSHHEM YIPAaBIAEMOTO (P) u

HEYIPaBIsIEMOI0 BXO0 (i)) :
B ( L) |Le-1)|Te) |TE-1| K@) [Nt |NE-2) [

dﬁ_l:E(dt,‘Pt, (Dt)a AI_
rge & — QyHKIus MepexoioB. =
KpOMC(ba}’IFOI‘O Hanopmarb 3aBHCHMOCTb COCTOSIHHS BBIXOJa OT CO- @ El’ — X }" %IIT; M | ﬁ
CTOSHYUSA CaMOM 3KOCHCTEMBI H BO3JCHCTBHH Ha Hee: {B
} ) S = 3
I=0(@w, ¥, ), L = N le
- —
I' — ¢ynxums Bexonos. c |- L ) Pl 3y
Bompocsl, cBs3aHHBIE ¢ TOCTPOEHUEM MOJENH O3CPHOH 3KOCH- = . I
cTeMs!, OyayT moapoOHO paccCMOTpPEHHBI B riase 6, a B HacCTOANIEM —\ "_l;.\;‘l -y
paszene Ha JOCTaTOYHO abCTPaKTHOM MPHMEPE MOKAXEM METOIBI U ‘—I; il . b :]
pe3ynbTaThl PENICHHA 33/lauyd ONTHMAJIbHOIO YNMpPAaBJICHHUs SKOJOTHU- ‘ T ) |
qyeckol cucteMoi o3epa. IToCKONBKy 34€Ch MPECNenyIOTCS HCKIIIO- ’_—’IZ

YUTENIbHO WILTIOCTPATHBHBIE U METOIUYECKHE HEIH, TO UMEET CMBICI

BOCIIOJIb30BaThCS MAKCHMAIBGHO YIPOIIEHHOH MOMENBIO 3KOCHCTE-

MBI, OTpaXarolllell B KayecTBEHHOH ¢opMe TONBKO camble oOmiue

4epTsl MoieupyeMoro oosexra. O6paTuMcs K almapaTy pa3MBITOH

JIOTHKH C ONpeJe/IeHHEM EPEMEHHBIX B BUJE NEHCTBUTEIbHBIX YH-

cen onpeneneHHbix B uuTepsaie ot 0 go 1 (Klir, Folger, 1988)
KoHuenryaibHas cxeMa MoJeiH mpenctasneHa Ha puc. 3.2. Co-

CTOSTHHE YKOJIOTHYECKOH CHCTEMBI 03epa (d, ) oTIpenenseTcs ypoBHEM Puc. 3.2. Bok-cxeMa JIOTHYECKol MOJIETH YIIpaBIeHHs IKOCHCTeModt osepa. @
— Heynpasisemblii Bxoj (4 — arMocdepHble Ocanku, B — TemmnepaTypa BO3/y-

[ [~

+ J 1 ] J
Lt L) [TE1)|T) | K1) Nt1)[N(t-1) [ dite)

Boan! (L), Temneparypoit Bozsl (T), koHueHTpanueit 6uorenos (K) u

. xa, V — BETpOBbIE YCIOBHA), g ynpasiseMsiii Bxox (C — cpabaTbiBanue
obumieM p pionoro nacenenus (N). Bpemernoit war mozeny nonara- yposHs, D — ¢6poc NPOMBILUIEHHBIX CTOKOB, E — ppi60soBcTBO, F — phifopas-
eTcs paBHBIM OJHOMY rofy. HeympasisieMoe BO3/€HCTBHE Ha 9KOCH- penene), T — mexon sxocHcTemst (Q — BHIPAGOTK SMCKTPOSHEpTHH, Z —
CTeEMY (&)) onpeaensieTcs BOAHOCTRIO WM KOIHYECTBOM BBINIABUINX BBLIOB pbIObI, ¥ — TypuaM U — BoMHBIH TpaHcnopt), O — COCTORHHE IKOCH-
ocanxoB (A), Temreparypod Bo3gyxa (B) M BETPOBBIMHM yCIOBHSAMM cTembl B MOMenT ! (L —ypOBeHb Bofibl, T — TemriepaTypa BOAbI, K — KOHIeH-

Tpanus 6uoreHos, N— 4HCICHHOCTb MPOMEBIC/IOBOH PBIOEI), MPOMEKYTOUHBIC Me-
pemennble; X —ucnapesne, G — pasBuUTHE (QHUTONNAHKTOHA, | — TeMIl pocTa

CUCTEMY O3€pa (‘—I:‘ ) mpejCTaBieHB! B BUAE CPabOTKH YPOBHS BOJBI pEIGBL, J —pasBUTHE 300IUIAHKTOHA, M — IononHeRKe nonyasuun peid, P —
JUTSL TIOTYHEHH S 3J1eKTPOIHEPIHU (©), C6pOC B BOJOEM IIPOMBILLLICH- BLUIOB pBi0bI, R — HHTEHCHBHOCTD PEreHeparuy GHOreHOB)

HeIX CTOKOB (D), peibonoBcTBO (£) M ppIOOpasBEeACHUE C BBIITYyCKOM

Mooy peib B 03epo (F).

Hajl TOBEPXHOCTHIO BogoeMa (V). Yipasisembie BO3ACHCTBHSA Ha IKO-
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NHTEHCHBHOCTS MCHAPEHHS BOABI C [IOBEPXHOCTH 03¢pa (X) cTaHo-
BHTCS BRICOKHM IIPH NOBBILIEHHON TeMIepaType Bosayxa (B), cyme-
CTBEHHOM CKOpOCTH BeTpa (V) U 3HaUUTENbHOM OBEPXHOCTH 3€pKana
BOJBI, YTO CBS33aHO C BBICOKMM YPOBHEM B MNPEABIAYIMHHA MOMEHT
Bpemenu (L.;). Ha s3pike anre6pbl JIOTHKH 3TO YTBEpKIECHHE
BBITJIAINUT TaK:

X=BAVAL,,_,

rJle A — CHMBOJ KOHBIOHKIHHY.

YpoBeHb BOfBI (L;) B 03epe BLICOK B TOM Cily4ae, KOI/Ja BEIHK CTOK
B 03€p0 M HET CpabaTbIBaHUS YPOBHS THAPOINEKTPOCTAHIMEN MIIH,
KOT/la YpOBEHb B NIPEABIIYILHH MOMEHT BpeMEeHH OB BBICOK, U pabo-
Ta THIPOY3J1a KOMIIEHCHPOBAJIACh OONBIIUM CTOKOM. YPOBEHD BOJBI B
BOJOCME MOXET CHM3UTHECA TIPH CHIIBHOM UCIAPEHUH C ero TOBepx-
HOCTH:

Li=(AA—=C)v (= CAL 4 A=-X)VAACAL_,

rje — — CHMBOJ OTPHIIAHHS K V — CHMBOJI JH3BIOHKIHH.

Temnepatypa Boasl 414 ycnoBuil riry6okoro osepa (H = 1) Bbime
CBOET0 CPEHEro 3HayeHMA ObIBAaeT TOrJa, KOrja Majio BETPOBOE Iie-
PEMENIMBAHUE U BBICOKA TEMIIEpaTypa Bo3ayxa. JIpyras BO3MOXKHOCTb
TNOBBIIEHHS TEMIEPATYpPBl MUJIMMHHOHA CBs3aHA C CWIBHBIM IIepe-
MEIIMBAaHUEM NIPH OOJBIIOM 3arace TeIUIa B THUIIONMMHHUOHE OT IIpe-
Ieitymiero roga. ins menkoBoguoro Bogoxpanunuma (H = 0) Berpo-
BOH pEeXHM HE CKa3bIBAETCS Ha TEPMHKE BOLOEMA, TaK KaK Ipe/roJa-
TaeTcs, 4TO B 3TOM CIIy4ae BCEraa HMEET MECTO XOpOIlee nepeMelin-
BaHHeE.

T, =(BA=VYV(VAT_1AH)v (BA-H).

HurencuBHOE pa3Buthe QuTomnankTona (G,) MOIaraeTcs BO3ZMOX-
HBEIM TOJIBKO IPH IOBBILIEHHOHM TeMIIEpaType BOABI M HOCTATOYHBIM
3amacoB 6HOr€HOB, OCTABIIUXCS OT NpeasAyero roga (K, ;) :

Gt = Tt A Kt—l'
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Bynmem cumrtarh, 4TO AJNA HOCTHIKCHHSA BBICOKUX 6uomacc 300-
mnankToda (J;) Heo6XOAMMO COYETAaHHE MOBBILICHHOW TEMIIEPATYPHI
BOJIBI, 06MIMS (QHTOIUIAHKTOHA M OTCYTCTBHE B BOJE 3arpA3HSIIOLINX
npumeceit (D)):

J,=Gt/\Tt/\_‘Dl~

[TpeanonoxuM, 4T0 B BogoeMe OOHTaeT OJMH MAacCOBBIH MPOMBI-
CITOBBIH BHA PbIOBI C ABYXJICTHHM LUKJIOM pa3BHUTHs (HampHMeEp, CHe-
tok). Ha obmnue momnonHeHus 3Toi momynsuuM (M,) BOMAIOT cie-
ayromye HakTopsl: MHOTOYHCIEHHOCTh HEPECTOBOIO CTA/d, BHICOKUI
ypOBeHb BOABI, YTOObI HE OTOJANMCH MECTa HEPECTA, U MOBBILICHHAS
TeMmepatrypa BoAbl. s yCHemHoro Hepecta MpearonaraeTcs 10cta-
TOYHBIM BBINOJIHEHHE ABYX M3 NEPEUHCICHHBIX BhIIIE yclnoBHH. Kpo-
ME 3TOr0 HEPECT HE MOXET OBITh YCICIUHBIM B Clly4ae 3arps3HEHMs
BOJbL. ITOMOIHEHHE MOXET OCYLIECTBIATHCA U MCKYCCTBEHHO ITyTEM
pribopasBeneHus (F):

M, =Dy oA ((NecaALig) v (NeaATin) v
(Liea A Tio2) v F).

HWHTeHcHBHBI pocT poiObl (I;) Bo3MOXeH mpu obumuu kopMa (J;)
HUIH B CITy4ae MaJIOYHCIEHHOCTH noTpebureneit kopma (N,1):

II = J'V — N;_l.

KonudecTBo BHITOBJIEHHOMN prIObI (P;) Oyner 60MbIIIM TONBKO TIPH
ee ycunenHowm Boutose (E,) 1 06unuy camoi peiObI:

Ptth—l/\Et~

ITocne BOSHCﬁCTBHH MIPOMBICJIa B BOAOXPAHHUJIMIIE OCTAHCTCI MHO-
ro pBIGBI TOJIBKO B TOM Cly4ae, €CJIi BbLIOB ObLI HEBEIHK, a NOIIoJI-
HEHUE 3HAYHUTCIIBHO!

N,=ﬁPt/\M[.

Perenepauus GuorenoB B o3epe (R,) B pesynbTare NEATENLHOCTH
GaxTepnit GyJeT MHTCHCTBHOM NpPH OBMIMM OTMHparOWero Quro- u
300IUIAHKTOHA, a TaK JKe TIPH BBICOKOM TeMIiepaType BOJIBL
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Ri=T, A (J, V Gy).

Konnenrpanua 6uoredos B o3epe (K;) Gyner BbICOKA IpHU X HH-
TEHCHUBHOM PETeHEPALM WIH NPpH OOMIIBHOM MOCTYTIIEHMM C PEUHBIM
¥ IOBEPXHOCTHBIM CTOKOM:

K., =R, VA,

COBOKYNHOCTb MPUBEJICHHBIX BbIE (GopMyil anreOphl TOTHKH CO-
CTaBJIAIOT cojepxaHue (YyHKUUHM IIEpeX0J0B MOAENU 3KOCHCTEMBI
(£). Teneps nepeitnem k onucaHuio GYHKIKK BBIXOOB ().

BripaboTka snexTposnepruu Benuka (Q1) B TOM citydae, eclii ypo-
BEHBb BOJBI CpabaThIBaeTCA OT BHICOKOTO 3HAYEHHS JO HHU3KOrO, NMpHU-
9eM 3TO NODKHO MPOHCXOJUTHL B pe3yJibTaTe MPOINYCKa BOABI 4Yepes
TypOuHBI, a2 HE B PE3yJIbTaTe UHTEHCHBHOTO MCIApEHUS C MNOBEPXHO-
CTH BOJOEMA.

Q1=C/\Lt_1/\"’1Lt/\ﬁX;.

BripaboTka 3JIEKTPOIHEPTUN HAXOMHUTCS Ha cpegHeM yposHe (Q2),
€CIIH YPOBEHb BOIBI COXPAHIETCA HA BBICOKOM YPOBHE, HO 3TO COIIPO-
BOXKJjaeTcs OOUNBHBIM CTOKOM. [{pyroil BapuaHT NOAJECPXKAHUS BbIpa-
OOTKH SMEKTPOIHEPTHH HA CpeJHEM YPOBHE 3aKII0YacTCs B cpabaThl-
BaHHUH YPOBHS B MAJIOBOAHBIE T'OZBI IIPH YCIOBHM TOFO, YTO YPOBEHE B
npeap Ay Uit rof ObL1 BEICOKUM.

02 =(Li. AL AA)YV (LioyAa = LinCy).

Bo Bcex OCTalBHBIX CiIy4asx BHIPaOOTKa 37IE€KTPO3IHEPIUM II0jara-
€TCsi HU3KOH.

Macca BbUIOBIEHHOW phiObi Benuka (Z1) B ciaydae cOYeTaHHs
OOMIIBHOTO BBLIOBA M XOPOIIETO TEMIIa POCTa PHIOBI.

Z1 =P, A I,

Macca BBEUIOBJIEHHOM PBIOBI OLeHHBaeTCs Kak cpeausas (Z2), ecnu
OAMH U3 (aKTOpOB, €€ ONpeNeIONNi, HaXOAUTCd Ha HU3KOM YPOB-
He:

Z2=(PiA= 1) V(=P AL).

B ocTanpHEIX CIy4asX Macca BLUIOBJIEHHOMN pBIOb] Majia.
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Hcnons3oBanue o3epa B kauectBe oObekra Typusma (Y) Oyzer ye-
MEIHBIM TOBKO B TOM CIYYae, €CIIH BOJA HE 3arpA3HACTCS MPOMBIII-
JICHHBIMH CTOKAMH, B 03epe MHOrO peiObl, BOja B HEM TeIulas u Oepe-
ra He OTOJIEHBI U3-3a ONYCKAHHA YpPOBHA. VI3 MocneaHux Tpex ycio-
BUH OTHO MOXKET CUUTATHCH HE 00A3aTEBHbIM:

Y=< D ANAT)YV(N,AL)V(T,A L)

Hcnonb3oBanue o3epa i Hyx X BogHoro tpacropra (U) mpen-
TI0JIAracT TOJBKO MOCTOSHCTBO BBICOKOT'O YPOBHS BOMBL.

Peanusanusa QyHKIMA HEYETKON JIOTHKH MpEATONaraiachk B ABYX
BapHaHTaX, MpuBeAcHHbIX B Tabn. 3.1. Ilpm mccnemoBaHuU CBOHCTB
Mozenyu oba BapuaHTa NpeCTaBieHHA (GYHKIMA HEYETKOW JIOTHKH
MOKA3aIM CXOJHbIE PE3yNIHTATHl, OJHAKO MOPOTOBBI BAPHAHT MPUBO-
JHI K CTYNEHYaTOMY BHAY QyHKUUH 3G (PEeKTHBHOCTH, YTO CO3JaBajlo
U3BECTHBIE 3aTPyJHEHHS HpPU TIOHUCKE 3KCTpeMyMa 3Toi (QyHKUHMH
(MOSIBISUINCH JTOKANBHBIE MAKCHMYMBI, BEIXOJJUTH U3 KOTOPBIX MPHXO~
JIAIOCh METOAOM CITyuaiiHOro mowcka). Bce nmpHBEAeHHBIE HWDKE pe-
3yJbTAThl UCCIICOAOBAHUA MOIOCIIH IONIy4€HbBI IIPH BCpOﬂTHOCTHOfI HH-~
TepupeTanyy GYHKIMH HEUSTKOH JTOTHKH, XOTA NIPUMEHEHHUE OPOro-
BO HHTEPIIPETAINH 410 KaYECTBEHHO TAKHE JKE€ Pe3YNbTaThL.

Tat6nuua 3.1. Peanusauus GyHKIHH HEUETKOH JIOTHKH

TToporosblii BapHaHT BeposTHOCTHBIH Bapu-
Otpunanue (z = — X) z=1-x Z=1-x
JIu3bioHKIHA (Z = X V' Y) Z =max (X, y) Z=x+y-Xxy
KOHBIOHKINA (Z =X A Y) Z =min (x, y) Z=xy

Ipu uccnenoBanuy CO3NAHHOH MOJENH BpeMs OLEHKH 3(HeKTUB-
HOCTH YNPaBIeHHS (fmax) YCTAHABINBAIOCH papHbiM 100 ronam. B Ha-
Y4aTbHOM COCTOSHHHU BCE JIOTHYECKHE MEPEeMEHHBIC, OINpeAcAIomHe
COCTOSIHHE CHCTEMBI, MPUHUMAIK HeWTpanpHoe 3HayeHue (L = 0.5,
T=0.5, K=0.5, N=0.5). MakcumyM ¢yuxiuu 3¢ dexruBHOCTH (L)
HAaXOOWICA NpH TOMOLIM METOAA rpajueHTHoro cmycka (Venzel,
1980).

B Ttabn. 3.2 mpuBeneHBl PE3YNbTaThl HAXOKAEHHS ONTUMANBHBIX
PEXHMOB IIPH TTOCTOSHHBIX CTOMMOCTSX €JMHHIL yNPaBJIAIOILIETO BO3-
JEHCTBHUA M MOJIE3HOrO BBIXOJA dKocHucTeMbl. O6IIas TeHIEHIHs NpH
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BCEX BapHalMAX NPUPOJHBIX YCJIOBHH 3aKIIOYAETCS B TOM, YTO IMPH
OPHHATEIX 3HAYEHMAX HApPaMeTpPoB CleAyeT oOsA3aTeNbHO MOIICPIKH-
BaTh BBEICOKHH YPOBEHB BOJBI B 03€p€, @ HCKYCCTBEHHOE pa3BEACHHE
peIOBL B GONBIIMHCTBE CIIy4yaeB OKa3bIBAacTCs HepeHTaOenbHbIM. Mc-
KJIIOYEHHE COCTABJIAET JIMILEL BAPHAHT 3, KOTOPBIA COOTBETCTBYET pe3-
KOMY MOTEIJIEHHIO KIIMMaTa B COYECTAHMM C YMEHBUICHHEM KOJIHYECT-
Ba aTMOC(EPHBIX OCAAKOB H CHIXKEHHIO CpeIHEH CKOPOCTH BeTpa Hajl
IIOBEPXHOCTBIO 03epa. Haubonee BHITOAHBIM B 3KOHOMHYECKOM OT-
HOIIEHHH OKa3bIBACTCA CLEHapUH 7, KOTOPBIH IpEeNyCMaTpHUBAET OJ-
HOBPEMEHHOE IIOBBIUIEHHE BOIAHOCTH M TEMIIEPaTyphl BO3QyXa NpH
YMEHBUICHHH CKOpPOCTH Berpa. Hamxynmee coderaHHe npHpORHBIX
BO3JCHCTBUH Ha SKOCHCTEMY o3epa (BapuaHT 4 Tabun. 3.2) npoucXoauT
IPH COYETAHHM YMEHBIICHHS aTMOC(EPHBIX OCAJKOB C IOBHIIICHHEM
TEMIIEpaTyphl BO3/lyXa H CKOpOCTH BeTpa. BripaboTka anexrpodnep-
THH B 9TOM CIIy4ae CYUIECTBEHHO COKpaIaeTcs, HO cpabarsiBaTh ypo-
BEHB BCE )K€ OKAa3bIBACTCSA HEBBITOJHBIM, YTOOBI HE MOJOPBATH JIOXO-
IbI OT pHIOOTIOBCTBA, TYPU3Ma H TPAHCIIOPTA.

Tabmurza 3.2. OnTHManbHEIE PEKUMBI 3KCIUTYaTalll 3KOCHCTEMBI 03epa IPH
¢ C=5, $ D=50, ¢ E=5, ¢ F=50, y Q=50, y Z=70, Y Y=50, y U=50

Cuenapuif [ A B \Y C D E F Q
1 0.0 | 00 | 0.0 0.0 044 | 022 0.0 | 140
2 00 | 00 1.0 0.0 045 | 070 | 005 {101
3 0.0 | 1.0 0.0 0.0 029 | 057 | 030 | 130
4 00 | 10 1.0 0.0 046 | 046 | 0.09 | 45
5 1.0 | 0.0 0.0 0.0 0,48 0.45 0.0 143
6 1.0 | 0.0 1.0 0.0 0.22 0.38 0.19 | 159
7 1.0 | 1O 0.0 0.0 047 | 027 | 005 | 194
8 1.0 1.0 1.0 0.0 0.37 0.31 0.04 | 186

* OGo3HaueHHs CM. Ha pHC. 3.2
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IIpu Bcex cleHapusaX KIMMAaTHIECKUX H3MEHEHHUH, PACCMOTPEHHBIX
B Ta0n. 3.2, OKa3bIBa€TCS BHIFOAHBIM OYHLIATH IPHMBIILUIEHHEIE CTOKH
cOpaceiBaeMele B 03epo (D), COKpaTHTH 3aTPaThl HA OYUCTKY CTOYHBIX
BOJl BO3MOXHO TOJIBKO B CIy4ae YBENIHYEHHsA CTOKA B COYETAHMHU C
YCHIEHHMEM CpelHeH ckopocTH Berpa (Bapuant 6 Tabn. 3.2). Peko-
MCHAyeMas MHTCHCUBHOCTL MpOMBICHa peiOb! (E) konebrercs B -
POKHX npenesiaXx U MakCUMaslbHa B CHUTYalusaX HeOnaronpuATHBIX It
BBIPaGOTKH GOJNBIIOrO KOIHIECTBA 3IEKTPOIHEPIHH.

Ilpu u3MEHEHHH CTOMMOCTEH BbIPaOaTHIBAEMOM 3NEKTPOSHEPIUH,
BBUIOBJICHHO! PBIOBI MIM JIOXONOB OT TypH3Ma, ONTHUMAIbHEIE PEKH-
MBI 3KCIUTyaTallHHd 9KOCHCTEMBI BOAOEMA MOTYT PE3KO H3MEHHTLCA T10
CPaBHEHHIO C TEM, YTO PacCMaTpHMBAIOCh Beime. B Tabi. 3.3 mpuse-
JEeHBI PE3yNbTaThl HAXOXKACHUS ONTHMANBHEIX PEKHMOB MPH IOCTO-
SIHHOM HEYIPAaBIACMOM BXOJE 3KOCUCTEMBI, TPU H3MEHEHHUH CTOMMO-
CTEH EJMHHUI] YIIPABIAIOUIETO BO3ACHCTBHSA M MOJIE3HOTO BBIXOMA 3KO-
cucrembl. CueHapuii 1 COOTBETCTBYET Cily4yaro, PaCCMOTPEHHOMY B
tabn. 3.2, HO NpU HEHTPATBHBIX NPUPOAHBIX BO3JAEHCTBHAX. Ecin
03€p0  HCTIONB3YETCA HCKIIOYUTENBHO JUI HYXA THAPOIHEPreTHKH
(cueHapuii 2), TO OYMCTKY NPOMBIIUIEHHBIX CTOKOB CIEAYET MpeKpa-
THTh (D = 1.0), a peiby He JOBUTH U He pa3BoaMTh. Mcmons3oBanue
BOJIOXPAHUIHIIA MCKIIIOYHTENBHO B PHIGONPOMEBICIOBBIX Hensx (Clie-
Hapuil 3) 3acTaBisgeT OUMIIATH MPOMBIIUIEHHBIE CTOKH, HO PHIGOpA3-
BEJEHUE INIPY MPHUATHIX BEAMYMHAX 3aTPaT HA €ro NMPOBEACHHE U B
3TOM CHIy4ae OKa3bIBAETCS HEPEHTAOCTBHEIM,

Hcnonp3oBanue 03epa MCKIIOYMTENBHO KaKk OObEKTa TypusMma
(cuenapmit 4, Tabn. 3.3) npeaycMaTpuBaeT TIyOOKYIO OYHMCTKY CTOY-
HBIX BOJI, HO NPH NPUHATON IIKaJle CTOMMOCTEH — 3TO HAUMEHEE BbI-
rofHEIH croco6 uCmoNbp30BaHU 03€pHOI sKocuctembl. Haubonee pa-
LMOHAJIbHBIM, H3 BCEX PACCMOTPEHHBIX CIIy4aeB, SBJIAETCS KOMILIEKC-
HOE HCIHONIb30BaHHE NPUPOAHBIX PECYPCOB IKOCHCTEMBI BOLOXpaHH-
yua (cueHapwuit 1, taba. 3.3).

B cydae pe3KOTO yIOPOKaHHS 3aTPaT Ha OYHCTKY HNPOMBIIUIEH-
HBIX CTOKOB IIPH KOMIUIEKCHOM HCIIONh30BaHHE JKOCHCTEMBI BOJIO-
XpaHWIHILA (cueHapui 6, Tabi. 3.3), OuKCTKa CTOYHBIX BOJ| BCE PaBHO
OCTaeTcs HeoOXONMMOMH, IpHYeM YOBITKM OT 3aTpaT Ha OYHMCTHBIE CO-
OpY)XEHHS ILeNecoo0pa3HO KOMIEHCHPOBATh YCHUIICHHEM IPOMBICIA
pBIOEBI ¢ BBeAEHHUEM pblOOpa3BeACHH. Y IeHIeBIeHUE CPEICTB OUHCT-
KU MPOMBINUIEHHBIX CTOKOB (CLeHapuil 7) Mo3BOJIAET COKPATHThL HH-
TEHCHBHOCTb 3KCILUTyaTalMM DBIOHBIX 3amacoB o3epa. EciM CHU3UTH
CTOMMOCTB 3aTpaT Ha pbI00Pa3BOIHBIE MEPONPHATHS (CLEHApHit 8), TO
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passelenye peIObI CTaHET peHTaOENbHBIM B JOXOIBI OT PLIGOIOBCTBA
CYILIECTBEHHO BO3PACTYT.

Ta6anna 3.3. OnTiMansHbIe PEXHMBL 3KCIUYaTalHH 3KOCHCTEMBI 03€pa
mpu A=0.5,B=05, V=05

§2.6¢C¢D¢E¢F YQ|yZiyY|yU| ¢| p| E| F| @
puit

1 5 |50 |5 {50 |50 {70 |50 |50 [0.09]046(0.04| 0.0| 174

2 5 150 }5 {50 |100 (0 0 0 10.07| LO{ 0.0{ 0.0} 100

3 5 |50 ({5 |50 {0 [100}0 0 10.14}0.83|0.17}0.04| 93

4 5 [50 |5 (500 |0 [100] 0 (0.25{0.3310.20{0.02| 44

5 5 [50 |5 (50 |0 0 0 (100 (0.28|1.00| 0.0| 0.0] 77

6 5 {100} 5 150 {50 {70 {50 |50 10.07{0.49|0.60{0.11| 148

7 5 5 5 |50 {50 [70 {150 |50 [0.34{0.16{0.14] 0.0| 194

8 5 |50 |5 5 |50 {70 |50 |50 [0.36(0.490.41|0.64] 174

ITpumeps! ONTUMH3ALNM PEXXUMOB IKCIUTYaTalUH 3KOCHCTEMBI BO-
JOXPaHMIMIIA HA OCHOBE CO3AaHHON MOJENH MOXHO ObINO ObI 3HAYH-
TEABHO PACUIMPHTh 33 CUET PACCMOTPEHHS BXOMAOB, KaK CITy4YaHHBIX
(GyHKUMH BpeMEHH, WM MOCTABUTH BHIGOp YIPABIAEMBIX BO3ACHCT-
BUH B 3aBHCHMOCTB OT TEKYIIETO COCTOSIHMS CHCTEMBI U HeymnpasJise-
MBIX BXOJOB (3T0 OyIyT yKe€ CTPATETHH YIIpaBIE€HUsA), OJHAKO I
HILTKOCTPALMK CaMOH MU ONTUMAJIBHOTO YIpAaBJICHHS PUPOIAHBIMH
pecypcaMH BOAOXPAHUIIMIY PaCCMOTPEHHBIX IPUMEPOB BIIOJHE HOC-
TaTOYHO.

B nocneanne necatuneTus uHTEpeC K MpobiaeMe yIpaBaeHHus KO-
JIOTHYECKHMH CHCTEMaMHM 3HagHTelbHO Bo3poc (Walker, Cuff, 1988,
Grant u np. 1997), oT TeopeTrueckux coOOpaXKeHHI HCCIEA0BATENN
HaJald NEPEXOJUTh K BONPOCAM ONTHMAJIBHOTO YIPABIEHHS KOH-
KPETHBIMH TNpHpOAHbIMH obBekTaMu (Grasso, 1995). K npobneme
ynpaBleHMs NPUPOIHEIME pecypcaMi 06paTHINCh CHENHaNMCThI 10
maxposkoHoMuke (Atkinson etal. 1997). Cyas mo UMTHpPOBaHHBIM
BBILIE ¥ MHOTHM JPYTHMM paboTaM, Bce OOJIbille YKPEIUIIETCS MHEHHE
0 TOM, YTO JJIsl YBEPEHHOTO YIIPABIEHUS MPHUPOLHON IKONOTHYECKOH
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CHCTEMOH B MEPBYIO O4Yepeb HY’KHA aJeKBaTHas MOJIEIb 3TOH CHCTe-
MBI, Taxum 06pa3zom, 3KOJIOTHYECKOE MOJEIHUPOBAHHE CTAHOBHUTCA U3
abCTPaKTHOro Hay4yHOro HampaBieHHsA, KakuMm oHo Obino 20-30 met
Ha3aJl, NPUKJIAJHON JUCIUIUIHHON, 6€3 KOTOpPOro HEMBICIMMO pelle-
HHYE TNPAKTHYECKHUX 33184 COXpaHEHHs M UCIONb30BAHHE MPHPOAHBIX
pecypcoB. C fpyroit CTOPOHBI, IMEHHO OTBETCTBEHHOCTb 3a IIPUHATHE
T€X WJIM HHBIX pEIICHUH B OTHOLIEHWH BO3JCHCTBHS Ha OKPYKAIOWIYIO
Cpeny, 3aCTaBIAET TOANEPKHUBATH IKOJOTHUECKOE MOJECTUPOBAHKE Ha
BBICOKOM TEOPETHYECKOM YpOBHE, MCIOJNBb3Ysi COBPEMEHHBIE HOCTH-
YKEHHs SKOJIOTHH, IPHKIAJHON MAaTEMaTHKH H HHQOPMATHKH.

3.3. Posib MOHHTOPHHTA M HAYYHBIX HCCJIEAOBAHMI pH
yIpaBJIeHUH 03€PHOIH IKOCHCTEMOM

B npeasiayuiemM pasnene, npu pacCMOTPEHHUH NMPOOIEMEI yIpaBlie-
HHS OPUPOJHBIMH PECYpPCaMu 03epa, MPEAIONaranoch, YTO COCTOSHHE
00BEeKTa ynpaBieHus MOJTHOCThIO W3BECTHO. OIHAKO B IMMHONIOTHYE-
CKOM TIpaKTHKE Jen0 OOCTOMT coBCeM He Tak. O COCTOSAHMM YIpaB-
JSIEMOM 3KOCHCTEMBI MOXHO CYAWTH TOJNBKO MO JAHHBIM Habmone-
HHH, KOTOpble HMUKOTAA He OBIBAIOT MOJHBIMHU M HCYEPIBIBAIOIIMMA.
Bosnee Toro, B OMHCaHUH SKOJOTUYECKOH CUCTEMBI 03€Pa MHOTO BEIIH-
9KH, KOTOpbIe BOOOIIE HE MOANAIOTCA HEIOCPEACTBEHHOMY H3MEpe-
auro. Hanpumep, kosddunuent BeprvkansHoro TypOyneHTHOro 06-
MeHa MM CMEPTHOCTH MOJIOAM pPBIO Ha PaHHUX CTa[MAX Pa3BUTHUAL
DTU BENUYMHBI, OYEHb BaYKHBIE UL NOHHMaHUA QYHKIMOHHPOBAHUA
03€pHOM 3KOCHCTEMBl U IPOTHOSHPOBAHHMS €€ MOBENEHHs, OOBIYHO
ONPEJENIOT KOCBEHHBIM MyTeM Ha OCHOBE (QYHIAMEHTAIBHBIX JIMM-
HOJIOTMYECKHX 3HaHWH. B HacrosmeM pasfene Ha IPOCTOM MOJENb-
HOM IIPEMeEpE BBISICHHM POJIb HEMOCPEACTBEHHBIX HAOMIOACHHH 38 CO-
CTOAHHEM 03epa (MOHUTOPHMHIA) ¥ (PYHKIMOHANBHBIX MPENCTaBICHUH
06 ycTpoiicTBe naHHON 03epHON 3KOCHCTEMBI B JIENE ONTMMAILHOTO
ympasieHHs e€ NPHPOJHBIMHE PECYPCAMHU.

[TpeanonokumM, 4To CTPYKTypa yIPaBAIeMOH 036PHOH SKOCHCTEMBI
HMeeT Buj, M30bpaxeHHsit Ha puc. 3.3. Ouromnankron (Phy) mo-
Tpe6IsieT IS CBOETO Pa3sBUTHA BellecTa (6uorensl) N1 u N2, koTo-
pble HEOOXORUMBI I CHHTE3a2 BHOMAcCCHl B ONMPEAEICHHOM COOTHO-
IEHMU. DTH BELIECTBA MOrYT IMOCTYNATh B 03¢pO BMECTE CO CTOYHBI-
MH BOJaMH, KOTOPHIE, BECbMA YCIIOBHO, IPUBS3BIBAIOTCS K CTOKY 1 1
cToky 2. KpoMe sTOro GHOreHsl MOTYT pereHepupoBaTthcs Oakrepus-
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mu (Bac) npu pa3snoXEHHH MEpPTBOW OPTaHMKH (Det). 300HHaHuKTOH
(Zoo) noTpe6aseT PUTOTLTAHKTOH M ACTPHUT H CaM CITYXKHT MHILEH 1A
MJTA[MIKX BO3PACTHBIX rpynn (F1 u F2) MpoMBICIOBOH pbi6s1. Crap-
mMe BO3pacTHBIE Ipymnsl (F3, F4 u F5) muratorcss GeHTOCOM (Ben).
Ha coctosaue peIbHBIX 3a1aCOB BOJOEMa OKa3bIBACT BIMAHHUEC €r0 KH-
ciopoabi pexum (Ox) u Temmepatypa Boas! (7). Mojenp peainso-
BaHA C TOMOILBIO aIapaTa PasMbBITOH JIOIHMKH, KOTOPBIA HCIOMb30-
BaJICA B NpeAbIIYILEM paszierne.

Mogent 3KOCUCTEMbI 03ePa

|

OpraH,
FIPHHHMSIO WA
pewerue of
YNpasNAWEM
BO3RENCT BN -~
A €— KpuTepui

Ha 3KacUCcTEMY

athpexTUBHOCTH
I WMCNONL30BAHWA

SKOCUCTEMDI

3aTpaTbl HA
dyHaaMEHTaANbHbIE
WCCNBADB&HNA

3aTpartol Ha
nposepeHe

MOHWUTOPUHIE l PoibopassepeHne
i

Puc. 3.3. CxeMma yIpaBieHHs 03epHOH 3KOCHCTEMOH

Bo3eiicTBHE Ha SKOCHCTEMY MOKHO OKa3blBaTh, PEryIupys cOpoc
1, c6poc 2, BHIIyCKas B 03¢po MOJIOAb npomeIcioBoii peiosr (C3) u
BBUIABJHBAsA B3pOCIYIO peIOy (C4).

D HEKTHBHOCTE HMCIONB30BAHUS IKOCHCTEMBI OLCHHBACTCA IO
JBYM IIpKa3aTelaM — KauieCTBY BOJBI B 03€pe (Q) ¥ BBUIOBY DPBIOBI
(Y). KayecTBO BOABI ONPEACIACTCS KOHLEHTpaLyeil PHTOIUIAHKTOHA U
JIeTpHTa, a TaK Xe 6roreHa N2, KOTOpbIi NPH BHICOKUX KOHHICHTpalK-
SIX MOXXET BbI3BaTh TOKCHYHOCTH BOJIBL.
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Lens ynpasneHns 3akiodaeTcs B TOM, 4toObl MOROOpAaTh Takue
ynpasmsirouipe  Bosgedcreus  (Cl, C2, C3 wu (C4), xoropsie
00ecneynBarOT MakCHMAansHOE 3HaueHHe KPUTepHs 3(PQPEKTHBHOCTH,
KOTOPBIH, B IAHHOM CJTydae, BEIYUCIIIICA IO GopMyJre :

E=aY-B(l- Q) - (y, Cl +y2 C2 + y3 C3 + y4 C4),

rae Y — BbIIOB pbiObl, Q — KauecTBO Boabl, C1 — MOMIHOCTE OYHCT-
HBIX COOpPYXeHHi 1, C2 — MOIIHOCTL OYHCTHBIX COOpYeHuit 2, C3 —
MHTEHCHBHOCTH phIGopasBefeHus, C4 — WHTEHCHBHOCTb IIPOMEBICHA, O
— CTOMMOCTH BBUIaBIMBAacMOH pbIOBI, B — oueHka ymepba or yxyu-
HIEHHS Ka4yeCTBa BOAKI, Y; — 3aTpaTsl Ha OYHCTKY cOpoca 1, y, — 3a-
TpPaThl Ha OYHCTKY cbpoca 2, y3 — 3aTpaThl Ha prIOOpa3BeieHHE, Yy —
3aTpaThbl Ha IPOMBICE].

Tabmuna 3.4. Pe3ynsTaThl MOAEBHBIX IKCIEPUMEHTOB [0 YIIPABIECHHIO
03€pHOH SKOCHCTEMOH

Crparerns ynpasnenus| Kayectso sogst Q | Buutos puifb Y | Sddexrnsrocts E
1 0.90 0.07 - 35
2 0.03 0.98 - 64
3 0.96 0.0 -4
4 0.02 0.13 -123
5 0.98 0.81 +74
6 0.93 0.79 + 64
7 0.96 0.83 +59

B tabn. 3.4 npuBeneHsl pe3yNbTaThl HEKOTOPBIX 3KCIIEPHMEHTOB C
co3ganHo#l cucremoi. Crparerus | npefycMaTrpuBaer MOCTOSHHOE
yAepKaHMe BCEX YNPABISIOIMX BO3JEHCTBHH Ha CpeHEM YpPOBHE
(C1=05,C2=05,C3=0.5, C4=0.5). Pesynbrar ynpasnaesus no-
Jy4aeTcs He CIMIIKOM yIa4YHbIM — BBUIOB PHIOBI HE BEJHK, @ 3aTPaThl
Ha pHIOOBOACTBO M wTpadsl 3a yXyIUIEHHE Ka4ECTBa BOJBI CYIIECT-
BeHHBL I[lonbiTka BO3MEHCTBHSA HA 03€PHYIO 9KOJIOTHYECKYI0 CHCTEMY
MaKCHMAaJIBHO BO3MOXKHEIM 00pa3oM (ctparerns 2 — C1 =0, C2 =0,
C3 =1, C4 =1) npusonur k eme 6osee XyIuuM pe3yabraTtaM. XoTs
YJIOBBI BO3PAcTaloT, HO 0€3HaekKHO YXYIAeTcs KaAY4eCTBO BOJbI. 3a-
IPET BCAKOrO BO3JACHCTBUA Ha 9KOCUCTEMY (CTpaTerus 3), eCTECTBEH-
HO, YJIy4IIaeT MOJ0KEeHHe ¢ KaYECTBOM BOMEL.

Ecnn oTka3atbcs 0T 0YUCTKH COpOCOB, HO pa3BUBATh PHIOONIOBCT-
BO M phIfopa3Benenne Ha cpeaHeM yposue (ctparerns 4 — C1 =0,
C2=0, C3 =0.5, C4 =0.5) TO pe3ynbTar OKaXeTCs HaUXYAWNUM U3
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BCEX PAaCCMOTPEHHBIX — HU3KOE KAueCTBO BOJBI OTPUIATENBHO CKa-
3BIBAETCS Ha Pa3BUTHE PHIObI U CpeICTBA MOTPAYEHHbIE HA pHIOOpas3-
BeJieHHE ponajarT 3psa. Hammy4usm, KOHEYHO TONBKO IPH IPUHA-
TOH KOHCTPYKLIHH MOJeE/IM W MapaMeTpOB, OKa3hlBaeTCA, BApHaHT
IpH HOJHOW OYHCTKE BCEX CTOKOB M YCHJIEHHOM phIOOIOBCTBE
(ctparerus 5).

Bce paccMOTpEHHbIE BBILIE CTPATETHH OBLIM KECTKUMH, T.€. HUKAK
He yYMTHIBAJIM TEKylllee COCTOSHUE ympaBisiemoro oopekra. Crpare-
rus 6 IpeiycMaTpHBacT BIIIOYEHWE OYHMCTHBIX YCTPOHWCTB TONBKO B
TEX CIydasx, KOTAa Mpo3payHOCTh BOAKI B 03epe (S) CHUXAETCA HUXKE
CpemHHX 3Ha4eHWH. Pe3ynbraThl MPUMEHEHH TaKOH CTPATErMH yI0B-
JIETBOPHTENBHEIE, HO caMa [0 cebe Takas CTpaTerusa Majio pealucTuy-
HA, T.K. B 9KCIUTYaTallMl OYMCTHBIX COOPY>KEHHH OCHOBHYIO PONb HI-
paloT 3aTpaThl Ha CO3JAHHE CAMHUX COOPYXEHHH, a JKCILTyaTaluoH-
HbIE PaCXObl UMEIOT BTOpocTeNenHoe 3Hauenue. Crparerns 7 npemy-
cMarpuBaeT rubKoe yIpaBlieHHE PHIOHBIM XO3AMCTBOM BOAOEMAa —
[P CHIKEHHH BBUIOBOB YCW/IMBAETCs ppIOOpa3BEdEHHE.

Bcee ckazaHHOE ClEoyeT pacCMaTpHBaTh TONBKO KaK HIIIOCTPATHB-
HBIH MPUMEp, MOKa3bIBAIOMINH, YTO YIIPaBIEHHE 036PHON KOIOruye-
CKOM cHCTeMOH (Kak, TOJIOKUM, U BCAKOH CJIOXKHOH CHCTEMOH, H30-
OWIIyIOLIEN HEMMHEHHOCTAMH H OOPATHBIMHM CBA3AMH) JEJIO TPYAHOE U
o0mel pekoMeHjamuei SBISETCS CO3JAHME MOJENH YIPABIAEMON
cucremnl (Kuszena, Kypaiomos, 1994).

Bonpocel MOJIENMPOBaHHUS O3€PHBIX 3KOCHCTEM OyHyT MOAPOOHO
paccMOTpeH I B TaBe 6, 31ech 6yaeT pasoOpaHo TONTBEKO MECTO U 3HA-
YeHHe MOJIeH TIPY YIIPaBIeHUH 3KOCUCTEMOH. B cucreme, mpeacras-
JIEHHOM Ha pHc. 3.3. CTPYKTypa MOJEIH 0TOOpaXaeT ypoBEHb JIUMHO-
JIOTHYECKUX 3HAHHWM, a JaHHBIE TEKYNMX HabmoAeHUH — pa3BUTHE
MOHHMTOpHHIa. Y CJIOBHO, IPEANONAraeTcs, 9To HabIoAeHNI0 JOCTYI-
HBl JHIIb Temmeparypa soasl B o3epe (T), mpo3pauHocTh (S) ¥ KOH-
HEHTpalys PacTBOPEHHOro B Boxe kucnoporaa (Ox). Bee octanbhbie
XapaKTEPUCTUKH IKOCHCTEMBI ((PUTOIIAHKTOH, 300ILIAHKTOH, GEHTOC
¥ GaxkTepuu) NOJIAraloTcsi HEJOCTYNHBIMHM JUIS HENOCPEACTBEHHOTO
HabIIo[eHMs, 9TO OGIU3KO K peaipHON CHUTyaluH Ui OOJBbIIMHCTBA
o3ep.

B pesynerare HCCICAOBAHHA MOJAEIH MOXKHO HOTyYUTh HE TOJIBKO
CBEJICHUS O COCTOSHUM XapaKTePHCTHK, HEAOCTYIHBIX HAONIOACHHUIO,
HO U YCTaHOBHUTH HaHOOJIEE BBIFOJHBIA PEXHMM aKTHBHOIO BO3IEHCT-
BUA Ha cucreMy. Takum oOpa3oM, 3 ¢EeKTHBHOCTE HCIOJIb30BAHHS
9KOCHUCTEMBI CTAHOBUTCS 3aBHCALICH OT CTSNEHH aJeKBATHOCTH OTO-
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OpaXeHust COCTOAHMA M AMHAMHYECKHX XaPaKTEPUCTHK SKCIITyaTH-
PYEMO# 3KOCHCTEMB! B CO3JIaHHOH Mojaend. B cBow ouepens, ToY-
HOCTb OMHCAHUA CBOMCTB PEAIbHOIN 03€pHON IKOCHCTEMEI €€ MOIe-
JBIO 3aBHCHT KaK OT JOCTOBEPHOCTH TEOPETHYECKHX CBEACHMH, I0-
JIOKCHHBIX B OCHOBY MOJEIM, TaK U OT TOYHOCTH ONEPAaTHBHOM HH-
(popmalMH 0 COCTOAHUHM peasIbHOTO 03epa.

Hanbretiuee H3n0XKEHHE MOCBAIIEHO BBISACHEHHIO BOIIPOCA O TOM, B
KakOM COOTHOIICHWH JIOJDKHA HaXOJUTHCS TEOpEeTHYECKas M orepa-
THBHas HH(OpMauus 06 d3KoCHCTeMe ISl JOCTIKEHHS Haubosee -
(eKTHBHOTO €€ MCTIOIb30BAHKS IPH OTPAHAYEHHBIX CPEICTBAX H BO3-
MOXHOCTAX NOJNy4eHHs Takod wuHpopMaruu (Menmytkuy, 1972).
Hocrasnennyro 3anagqy Oynem perats myTem cosganus monens (M),
KOTOpasi HaXOIWTCS IMOJHOCTHIO B PAcIOPSDKEHHH OpraHa, yIpas-
JAOUIEro 3KOCUCTEMOM, KaK 3TO MOKa3aHo Ha puc.3.3. Ponp peaibHO-
IO 03epa B 3TOM KCCIIeNOBAHUH OyZIeT Urpath 0CHOBHAs Mogeins (L).

Tlo cBoeit cTpykType momenb M moBTOpseT CTpykTypy mozenn L,
OHAKO CBA3H MEKAY IEPEMEHHBIMH B Monend M mojaararorcs ore-
HEHHBIMM C HEKOTOPOI OLIMOKOH, MO CPaBHEHHIO ¢ AHAIOTMYHEIMM
CBA3AMH B peasibHoi cucreme (Momenu L). 3T1a omubka TeM MeHblLe,
4YEM J0CTOBEPHEE HallW 3HAHUS 00 03epHOH HKOJIOTHYECKOM CHCTEME,
IPUYEM 3Ta JOCTOBEPHOCTh CTABUTCS B MPAMYIO 3aBHCUMOCTB OT 3a-
TpaT Ha (yHAAMEHTAJIbHBIC HCCIEAOBAHMS B OOGIACTH JMMHOJNOTHU
(MM).

Tounocrts oneparuBHOH MHGbOpPMALHHM, IO KOTOPOH HACTPAHBAETCH
MOJIENb AaHHOIO KOHKPETHOTO 03epa, 3aBHCHMT OT 3aTpaT Ha OpraHu-
3annio MoHuTOpHHra (RR). B maHHOM HCClleOBaHHM MOIPEUIHOCTH
MOHHMTOPHHIa MMHTHPOBAIUCH BBEACHHEM B KaHAN CBSI3U MEXIy MO-
nensro L u Monensio M 11yMa, HHTEHCHBHOCTh KOTOPOrO ObLia TeM
Oonblre, 4eM MeHblie 3aTpaThl Ha MPOBEAEHME MOHMTOpHMHra. Ha-
npHMep, Nepeiaya CBeEHUH 0 TeMnepaType BoAbl B Moaeins M mpej-
CTaBJISLIach KaK:

Ty =T, (1 + (1 -exp(-1/RR)) (RND - 0.5) Tp,

rae Ty — Temneparypa BoAsl B Mojenu M, T, Temmeparypa Bogsl B
monemu L, Tp — MakcuManbHas JuUcliepcHs Temieparypsi, RND —
TICEBOCTy4aliHoe yncno ¢ pacupenenenueM ot 0 xo 1. Takum o6pa-
30M 1pu OonbIMX RR B MOJEIb MOJAETCS MOYTH HCTHHHOE 3HAYCHHUE
TEMIIEPaTypbl, @ IPU MaJIbIX 3aTPaTax Ha MOHUTOPUHT OLIMOKA MOXET
JIOCTUraTh BeIHYHHB! Tp/2.
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HMMuTanMOHHBIE 3KCIEPHMEHTHl NPOBOAMWINCH TPH CIy4aHHBIX
BHEHNIHHX BO3ACHCTBHAX HA S9KOCHCTEMY, YTO BBIPAXanock B nobasiie-
HHMH CTOXaCTHYECKOH KOMIIOHEHTHI B BEJIMYHHB! TEMIEPaTyphl K Iep-
BUYHOH npoaykuuy Mojenu L. TIpoaomKuTensHOCTh KaXkaoro dKcre-
puMeHTa npoforpkanack 40 et npu ware B oaud rog. Jng ymnponre-
HHS 331244 ONTHMH3AaLUUH HOABEPrajiicA TONMBKO OJWUH IapaMeTp —
HHTEHCHBHOCTb Ipombicia peiObl (C4). Tlouck makcumyma dddex-
THBHOCTU HCIIOJNIB30BaHMA KOCHCTEMBI HAXOJMUICS METOJOM CILIOLI-
Horo nepebopa.

Kputepuit 3¢ dexTUBHOCTH CHCTEMBI YIpaBICHHS 3KOCHCTEMOi
MOXET OBITh 3aIUCal KaK

El=1-ABS(EO - E) | EO,

rae £ — 3¢ dexTHBHOCTD HCIONB30BaHUA IKOCHCTEMEI ¢ IPUMEHEHH-
€M MOJENH C IIyMSIUUMH [apaMeTpamMH, KOTOPbIE COOTBETCTBYIOT
JAaHHOMY YPOBHIO 3aTpaT Ha MOHMTOPUHT M (yHIaMEHTaJbHBIE HC-
ciepoBanus, £EOQ — 30QEKTUBHOCTE KCIONB30BAHHS 3KOCHCTEMBI C
TIPYMEHEHHEM «abCoNMIOTHO TOYHOW» MOJENH, KOTOpas MOXKET ObITh
HOJIy4YeHa Npd OECKOHEYHO OONBINNX BIIOKEHHSAX B MOHUTODHHT M
(byHnaMeHTaNbHBIE HCCIENOBAaHUA. 3aBHCHMOCTh 3(QeKTUBHOCTH
yIpaBIEeHHUs 03epHOH IKOCUCTEMOM OT 3aTpaT Ha MOHHTOPHHT (RR) u
Ha QyHmameHTanpHbIe MccaenoBanus (MM) npuseneHa Ha puc. 3.4,
CrnaxeHnsle KpuBble paBHOH addextuBHocTH (E1 = const) B Koop-
muHaTaX MM-RR uMEOT BHI aCHMMETPHYHBIX runepboi, KoTopsie
fonee TecHO MpHIIETAIOT K OCH MM, yeM K ocu RR. DTO 03Ha4aeT, 4To
yBEJIMYEHHE 3aTpaT Ha (QYHIAMEHTAJIbHBIE HCCIEN0OBAaHUS U MOHHTO-
PHHT JJa€T HONOKHUTENBHBIN 3P(EKT TONBKO JI0 H3BECTHOTO IpeJeaa U
JaJbHeWIIee yBENUUYCHHE 3aTPaT NPUHOCHT HE3HAYMUTENbHBIC YIIyd-
LIEHUS B JaHHOH KOHKpeTHON curyanuu. C Ipyro# CTOPOHBI, aCHM-
METPHYHOCTh KPHBBIX CBHAETENBCTBYET O TOM, UTO OOCMUICEHUA Bbl-
CoKUX 3ghhexmusHocmel YnpasneHuss 3K0CUCmeMamu 20pazto eaic-
Hee 8KIa0bl6amb CpedCcmead 8 (yHOaAMeHMANbHble UCCIE008AHUS, He-
Jrcenu 8 ycogepuleHcmeosanue moHumopunea. boee Toro, TocTHxe-
HHE 3(P(DEKTHBHOrO YIPAaBIEHHS O3EPHOH IKOCHCTEMOH IMPOCTO He-
BO3MOXHO 0€3 HEKOTOPOr0 MOPOrOBOro Pa3BUTHA QYHAAMEHTAIBHBIX
HCCIIEA0BAHUH IPH HAXE CAMOM COBEPLICHHOM MOHHTODHHTE.
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Puc. 3.4, 3aBucuMocTb 3PPEKTHBHOCTH yIpaBlieHHs 03ep-
HOM 3kocucremoit (E1) ot 3aTpar Ha MOHUTOpHHT (RR) u
dyHnamenransHpte uccnenoBanusa (MM). lllkans B ycio-
BHBIX €IHHHLIAX

OCHOBHOH CMBIC]I HACTOAILETO PA3J€Na B TOM, YTO IOKa3aHA BO3-
MOXXHOCTb IIDUMEHEHHs METOJ0B TEOPHH HCCIEHOBaHHS ONepalii
(Benuens, 1980) k npobnemam HaOMIOAECHHMSA, H3yYECHHS H YIPABICHHU
03€pHBIMH 3KOCHCTeMaMu. XOTs NMOoJ00Has BO3MOXHOCTH TIPOJAEMOH-
CTPHpOBAHA HA OYEHB IPOCTOM H JOCTATOYHO aGCTPAKTHOM MpPHMEpE,
paspaboTaHHas cXxeMa MOJX0Aa MOXeT ObITh NPHMEHEHa W K yNpaB-
JICHHIO MPHPOJHBEIMHM pecypcaMi KOHKPETHBIX 03€p, YTO, eCTECTBEH-
HO, COMPSDKEHO ¢ HEMATBIME TPY AHOCTSAMH.
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COCTOAHUE O3EP U BOAOXPAHWIIUIII.
TEHAEHLIMN PA3BUTUSA

4.1. OBTpodupoBanme 03ep

OBTpodupOBaHKUEM 03ep HA3BIBACTCS HEPEXO]] 0O3EPHON IKOTIOrHYe-
CKO#f CHCTEMBI H3 OJMTOTPO(HOrO COCTOSHHSA B 3BTPodHOE' . DBTPO-
¢upoBanue OBIBacT €CTECTBEHHBIM M AHTPONOTEHHBHIM. B mepBoM
ciy4ae, MPOUCXOAAIIME B 03€PHOH IKOCHCTEME HPOLECCHI, HMKAK HE
CBSI3aHBI C XO34KMCTBEHHON 1 HHOM JEATENBHOCTBIO YeloBeka Ha 03epe
U ero BopocOope, a BO BTOPOM — SIBISIIOTCA NPSAMBIM CIIEACTBHEM
TaKOH AEATEIbHOCTH.

IlepBonavanpHo, KOra Boja 3aMONHAET TEM WM HHBIM CIIOCOOOM
00pa30BaBLIyIOCS KOTJIOBHUHY, 03€pO CTAHOBHUTCA OJHUTOTPOGHBIM
(«mepBHYHO ONMUroTpodHBIMY»). ECnM ecTecTBEHHOE MOCTYIUIEHHE B
Hero OMOr€HOB M opraHukd OyneT HU3KHMM, TO 0Opa3oBaHHE aBTO-
XTOHHOH OpraHuKH OygeT TIONHOCTHIO YpPaBHOBENIMBAThHCA CeIUMEH-
TalMeH, a, BOBMOXKHO, M CTOKOM. [IpuMepamMu Takux o3ep MOTYT CIy-
KHTb BBICOKOTOPHEIE 03¢pa. Ecnmu BomocOop o3epa BENMK M MOKPHIT
OOUIBHOH PaCTUTENHFHOCTBIO, TO NOCTYIUIEHHE OMOreHOB W OpraHHKH
YK€ He MOXET KOMITEHCHPOBAaThCA CeIUMEHTAIMeH M 03epo MocTe-
IIEHHO (B TEUEHHE COTEH HJIM JAXE THICSY JIET) MEPEXOJUT B IBTPOd-
HOE cocTosHME, JlanpHelee pa3BUTHE TAKOTO BOJOEMA CONIPSKEHO C
3apacTaHHeM MakpoduTaMH W mpeBpaiieHieM B 6onoto. Eciu B cro-
K€ MHOrO T'YMHHOBBIX BEIIECTB M Mano OHOTeHOB B pacTBOPEHHOM

! 3amerum, uto sumuosor JLJI. Poccommo (1977), xotops#t epBbIil HAYaNl H3y4aTh
ABJCHHE IBTpOodHKaMH 03ep Poccuu, mucal 3TOT TEPMHH Kak «eBTPOQHpOBaHUEY,
MOTHBUPYS TaKy TPAaHCKPHUIIHIO IPEYECKOTo CJIOBA “eu” (XOpOLIO) 110 aHAJIOTHH C
TEPMHHOM «EBrEHHKa» HIH MMeHeMm Eprenni. «Bens He muureM ke Mbl OBreuui
OneruH!» — HEOMHOKPATHO OBOPHI B MELTY mosemuky Jleonnn Jleonnnosny. Ho B
HAay4YHOH JIUTEpaType YTBEPJMIIHCh TEPMHHBL «3IBTPOQUPOBAHHE», «IBTPORHLIH
(nanpumep, beikoB B.A. Oxonoruyeckuii cnosaps. 1987) 1 MEHATH UX HET CMEICHA.
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BHUJIE, TO MOJYYaOTCA BOJOEMbl AUCTPO(GHOrO THIIA, KOTOPHIE TAK JKE
C TeYEHHEM BpEMEHH MpeBpaIlarTcsa B OonoTa. Peuyb, KOHEYHO, HAET
00 OTHOCHTENILHO MENKHX BOJOEMAaxX, €CJIH Xe TyOHHBl U3MEPAIOTCS
COTHSIMH METpPOB, TO 03€pa MOIYT CYyIIECTBOBaTh O4YECHb JOAT0 —
MUJITHOHBI JieT. TakoBa eCTeCTBEHHask SBONIOLMSA 03¢p B 30HaX HM30bI-
TOYHOTO YBJIJKHEHHUS (Hanpumep, B 30HC Tailru). B ycnosusax Hegoc-
TaTKa BOJK! (apHIHBIX 30HAX), rae CONBIIYIO PONIb UTPAET UCIIAPEHHE
C TIOBEPXHOCTH 03€pa, 4acTO MPOUCXOAWT MOBBILIEHHUE MUHEPAIN3a-
MM BOJKI (3aCOJIOHEHHE) [0 IOSBIEHHs HACBHIIEHHBIX DPacTBOPOB.
Takue o3epa xapaxTepHsl, HanpuMep, s ceBepHoi yactu Kasaxcra-
Ha. AHTPONIOreHHOE 3BTPOPHPOBAHUE TMPOUCXOJHUT ropazgo OvICTpee
€CTECTBEHHOr0 (CUeT WJCT Ha TOHBI, a He Ha JIECATKU M COTHH JIET) U
CBS3aHO B IIEPBYIO O4Y€pEIb CO CTPEMUTENBHEIM POCTOM HACEIEHHS Ha
TEPPUTOPHUH BOAOCOOpPa, PA3BUTHEM FOPOAOB U METaloIHCOB, IOBbI-
[ICHUEM POJIM MHHEPAJIbHBIX YAOOpPEHHIl B CENBCKOM XO3SIHCTBE, a
TAK)Ke PAa3BUTHEM TEX OTpacieil NPOMBILUICHHOCTH, B cOpocax KoTo-
PBIX MPUCYTCTBYIOT a30T U pocdop (Poccomumo, 1977, Kajak, 1998).
Tlpumep pes3koro Bo3pacTaHus OHOMAacchl (UTOIUIAHKTOHA BCIEACT-
BHE AHTPOIOrEHHOr0 3BTPOGHPOBaHHUs NpHBeAeH Ha puc. 4.1. Pocr
KOHIIEHTpaLMK OHOTEHOB B BOJE 03€pa NPUBOAMT K YBEJIHUYEHUIO [IEP-
BUYHOHM MPOAYKUHMM (UTOIUIAHKTOHA. [IpH 3TOM CyILECTBEHHO M3Me-
HAETCS BHAOBOM cOCTaB (PUTOMIAHKTOHHOrO cooduecTsa. Bmecro
JMATOMOBBIX BOJOPOCIICH, XapaKTEPHBIX Ui OMMIOTPO(QHBIX BOIO-
€MOB, JOMHHHPYIOIIYIO pONb HAYHHAKOT UTPAaTh CHHE—3€JIEHBIE BOO-
pociu. Hactymaer Tak Ha3pIBaeMOE «UBETCHHE» BOABL, IIPH KOTOPOM
6uomMacca (pUTOIUTAHKTOHA MOXXET JOCTUTaTh AECATKOB MHUILIMTPaMM
B siutpe. Poct Gnomaccel (QUTOIIAHKTOHA CONPOBOXKAAETCA YMEHB-
UIEHMEM HPO3PayHOCTH BOABI, 3 MHTEHCUBHOE OTMHUPAHHE BOIOPOC-
Jiel NPUBOAMT K YBEIHYEHHUIO NpoAykumu Oaxrepuil. Bakrepuu, B
CBOIO O4Yepefb, MoTpedIsatoT OO0JIBIIOE KOIHYECTBO PACTBOPEHHOIO B
BOJIE KHCJIOpOJa, YTO, OOBIYHO, IPHBOAMT K 3aMOPHBIM SIBJICHUSM.
3aMOpbI MOTYT MOSIBIATHCS JIETOM B T'MIIONIMMHHOHE, 8 B MENKHX XO-
POILIO MEPEMEIIHBAEMBIX 03€Pax, 3aMOPBI MOABIAIOTCA B 3UMHEE Bpe-
M, KOT/Ia KOHTAaKT ¢ aTMoc(epoil 3aTpyJHEH H3—3a HANH4Hs JEIAHO-
ro mokpoBa. OTMeuanuch AaXe CYTOYHbIE NEHHIMTHI KHCIOPOAa,
IPUYpPOUEHHBIE K HOUHOMY BPEMCHM, KOTa NoTpebIeHne KHCIopoa
MaKCHMaJbHO, a BHIAENCHHME KUCIOPOIa B pe3yibTaTe (POTOCHUHTE3A
oTcyTCTBYeT. M3MeHeHHEe KHCIOPOJHOTO peXXUMa 03epa CYIIECTBEHHO
CKa3bIBAETCA Ha BCEX O3JEMEHTaX O3KONOrHYECKOH CHCTEMEL 300-
[UIaHKTOHHOE cOOOIECTBO Pearupyer Ha 3BTPO(HKAILHIO YBEIIMYEHH-
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eM obuieli 6moMaccel H M3MEHEHHEM BHJOBOTO cocraBa. Ecimu mns
ONMTOTPOQHBIX 03€p XapaKTEPHO NMpeodnananye KOMenon, To A 3B-
TpodHbIX — mpeobnananue Kiagouep. DBTpoHUpOBaHUE CKA3bIBACT-
csi ¥ Ha cocTtaBe U GuoMacce Genroca. OT yXynuieHUs: KUCIOPOIHBIX
YCTIOBHH, B NEPBYIO OYepeldb, CTPAAlOT PEJIMKTOBBIC pakooOpas3Hbie
(moHTONIOpEs, MU3H/IbI) M JINYMHKH PYUYECHHHUKOB, HX MECTO 3aHHMaeT
KpacHeIit MOTEUI {Chironomus plumosus) n onuroxetsl. Ha coobuie-
cTBe phib mporecc 3BTPOPHUPOBAHHS CKA3BIBACTCA HAa BBHINANCHHH U3
UXTHOLIEHO30B TaKMX phIO Kax Jocock, Gopens, pamymka. Ha mpome-
KYTOYHBIX CTaHsAX 3BTPOGHUPOBAHUS OCMOACTBYIOT JICIIEBBIE H CY-
JakoBele coobInecTBa, a Ha 3aKNMIOYUTEIBHOH —  OKYHEBO-
IUTOTBUYHBIE, H, IPH CHIIBHBIX 3aMOPaX — KapaceBhle THUIBI MXTHOLE-
HO30B. B mpouecce 3BTOGHPOBaHUSA, U3-32 CHHIKEHHS IPO3PayHOCTH
BOJIbI, OGBIYHO MMPOMAAAIOT [IOTPYKEHHBIE BBICIIHE BOIHBIE PACTEHH,
a MHTEHCHBHO Pa3sBHBAIOTCA HA JTUTOPAIU PACTEHHS C IUIABAIOIIHUMH H
BO3YIIHBIMU JHCTHMH (PACKA, KaMBILI, 3/101ed U Ap.), Ha CTEOIIX
KOTOPBIX pa3sBHUBaeTCs NEPUPUTOH.

Vi Vi will [X

Puc. 4.1. IuHamuka 6uomacchl HHTOTUIAHKTOHA B 03€pe
MuxkonatickoM ([Tonema) B 1963 u 1972 . (Kajak,
1998)
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KpaiitnuM nposiBieHneM 3BTpOQHUPOBaHUA SBIACTCS IOABICHHE B
BOJIE 03€Pa CEPOBOAOPOAA, NMPHYEM, OOBIYHO, CEPOBOMOPOIHAs 30HA
HAa4YMHAET Pa3BUBAThLCS B IPUAOHHBIX CIIOSIX BOJEI.

TaxoBa xauecTBeHHas M OYEHb CXEMATHYHAS KAPTHHA IPOLECCA IB-
Tpoduposanus o3ep. KoHKpeTHbIH mpuMep 3sTOpodupoBanus Jla-
JIOXXCKOT'O 03€pa IPHUBEJeH B pazjene 5.1.

IIpouecc aHTPONOreHHOro 3BTPOMHPOBAHHS ABIAETCA JJOMHHH-
pytomum i 6onbminHcTBa 03¢p EBpornsl 1 CeepHoit AMepHKH, O
HaKO €CTb PENKHE MCKIIOYEHMS, BBIPAXKCHHBIC B aHTPOIIOrEHHOM ne-
3BTpodHKaimi. Peds uaer o Nococerbix o3epax Kamuatku n Bpuran-
ckoit Konym6buu (Kanapa). B 3TuX 03epax OCHOBHEIM HCTOYHHKOM
ocdopa aBseTCH pa3NOKEHHE TPYHOB OTMHPAIOLIMX TIOCHE HEPECTA
THXOOKEaHCKHX Jiococeil. C poCTOM HHTEHCHBHOCTH IPOMBICIIA JIOCO-
cell 5TH 03€pa CTall UCHBITBIBATH HeJOCTaTOK dochopa, YTO IMPHUBEIO
UX K ONHMToTpodH3alMH ¥ CHIDKEHHIO MPOAYKIMHK. JNis moanepxaHus
HPOTYKIMOHHBIX CBOHCTB 3THX 03€p IPHIILIOCh, B HEKOTOPBIX CiIyda-
X, IPEMEHHTH HCKYCCTBEHHOE BHECEHHE B HUX ¢ocdopa u a3oTa —
3T0, Tak Ha3piBaeMas eprunusanus osep (Kporuyc u ap. 1987).

Camoli cymecTBeHHOI HayYHOH TIpoOIeMOH, CBA3HHO# ¢ IBTpOodhH-
pOBaHMEM O3€p, SABIAETCA YMEHHE NPEACKA3bIBATE X0 ITOTO MPOLec-
Cca H, €ClH 3TO BO3MOXHO, IIPHHATH TaKHE MEPBI, 4T0OBI H30eXaTh ero
HEraTHBHBIX MIOCNEACTBHI B BHAE YXYyIIIECHUS KadyecTBa BOABI M CHH-
xenus peibonpoaykruBHocTH (Carpenter, 2003). Tyt He u3bexats
TIPUMEHEHHS B TOH WIM HHOH CTENICHH MPHMEHEHUA MOJENeH, 0 KOTO-
PBIX OAPOOHO pedb HOMIeT B IIaBe 6, 34eCh )K€ OTPAHHIHMCSH CaMbl-
MH o0mumH coobpaxenusamu. Ha puc. 4.2 u3obpaxena obmas cxema
B3aMMOJICHCTBHS 3JIEMEHTOB 3KOCHCTEMBI B IpoHecce 3BTpodHpOBa-
Hus. OrpaHHYUMCS PaCCMOTPEHHEM BCETO JIBYX MEPEMEHHbIX — (u-
TOTUTAHKTOHA (A) ¥ 300IUIaHKTOHA (Z) NPH BXOAHBIX BO3AEHCTBUAX B
Bune ¢pocdopuoii Harpysku (P) ¥ BO3AEHCTBUA HA 300IUIAHKTOH PhIO-
wiaakTogaros (F). ) '

= KauecTBeHHO KapTHHA TaKOrO B3aHMMOJCHCTBHA INpPEACTaBlIEHA Ha
puc. 4.3. Ilpu Hu3kux ¢ochopHBIX HArpy3Kax M OTCYTCTBHH Ipecca
CO CTOPOHBI XHIIHBIX PBHIO B 03€pe JOCTHIraercs BHICOKAs YHCIICH-
HOCTb PBIO-IUTaHKTO(aroB, KOTOPHIE MOAABIAIOT PAa3BUTHE 300IUIAHK-
TOHHBIX (QuIBETpaTopoB. [Ipy HU3KOH aKTHBHOCTH (QUILTPATOPOB CO3-
JAK0TCS YCIIOBHS [is MOBBIIIEHHS GHOMACCH! QHTOMIAHKTOHA.

[Mpu Hamuyuu B 03epe XHMIIHBIX PO Takue XKe WIK Aaxe Oonblune
dochopHbie HAarpy3KkH MOFYT NIPUBOHUTE K Gosiee HU3KUM 6HOMaccam
(GHTONIAHKTOHA, MOCKOJIBKY Majasd YHCIEHHOCTh phIO-TUIaHKTO(haroB
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CIOCOOCTBYET NMOBBLIMEHHIO YHCIEHHOCTH 300IUTAHKTOHHBIX QUIBTpa-
TOPOB, 0COOEHHO Kilafomep.

$OCHOP B NOYBE

CTOK B O3€pPO

NEPBUHHAA NROAYKLMA
1 I 1 - BUTONNAHKTOH
CTOK 13 03608 | HOCHOP B BOJE
= O3EPA GUnbTRaLMA
T APODGIMYECKUE 300NNAHKTOH
5]
MAPOXUMMUYECKE BOCNPOWU3BOACTEO
cepumeHTauma KAPAKTEPUCTHUKIA
O3EPA PblBbt
MNAHKTO®ATIA
B3MYyYMBaHWE T
] JIMTOPANDB
J Aupdysna
BOCHOP D XMUHBE PHIBI
JAOHHDBIX
OTAOMEHW AX

Puc. 4.2. CxeMa cBsA3eH B 3KOCHCTEME 03€Pa, CYLIECTBEHHBIX NIPH O0BSICHEHHH
TipoLecca 3BTPOGUPOBAHUT

IIpencTaBuM pacCMOTPEHHYIO CHUTYaIlMIO B BHAE IPOCTOH CXEMBI
(puc. 4.4). CocrosHue Ka0ro 3neMeHTa OyeM OLEHUBATh 110 TPeX-
6anpHoi wkane: 0 — mano, 1 — cpenue, 2 — MHoro. JluHamMuka crc-
TEMBI OIIPEIEIIETC COOTHOMEHHSAMH:

A(t+1) = ¢ (A1), P(1), Z(t)) u
Z(t+1) = y(Z(1), A(1), F(1)),

rae A(t+1) — cocTosHHE (PUTOMNIAHKTOHA B MOMEHT BpeMeHH 7+1,
A(f) — cocrosHHe (QUTONIAHKTOHA B MOMEHT BpeMeHH f, Z(t+1) —
COCTOSIHHE 300IUIAHKTOHA B MOMEHT BpeMeHH 7+1, Z(f) — cocTosiHue
300IJTAHKTOHa B MOMEHT BpeMeHH !, P(f) — ¢ocdopHas Harpyska,
F(t) — npecc ps10 — nnankTodaros. OyHKIUK @ U Y PEICTABICHbI
Ha puc. 4.5. Hanpumep, 3nauenue ¢ (1, 2, 0) = 2 o3nayaer, 4To €U
Onomacca GHTOIIIAHKTOHA HAXOWIACk Ha Cpe/iHeM YPOBHE (A(f) = 1),
dochopHas Harpyska Benuka (P(f) = 2), a 6uomacca 300IUIaHKTOHA
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mu3ka (Z(t) = 0), ro buomacca QUTOIIAHKTOHA BO3PACTET K CIEAYIO-
1ieMy MOMEHTY BPEMEHH 0 BBICOKHMX 3HaueHuH (A(t+1) = 2).

BUOMACCA OHUTOMNATKTOHA

ek

[ S

®OCOOPHASA HAIPY3KA

Puc. 4.3. KonnenTyajibHas ¢XeMa, MOKa3bIBAIONIAA CBA3b MexIy ¢ocdopHoit
HArpy3koil U 6HoMaccoil QUTOILIAHKTOHA [IPH HATHYHHK B 03¢pe XMUIHBIX PHIO
(HWKHAA JIMHMA), M Ta XK€ CBA3b NPH OTCYTCTBHM B 03€pe XHMIIHBIX PbIO
(epxuss unus) (Carpenter, 2003)

P

A

Puc. 4.4. DnementapHas CXeMa B3aHMOZEHCTBHA ¢UTomTaHKTOHa (4) H
300TUIaHKTOHa (Z) MpH pa3auyHo# docdopHoH Harpyske (P) u npecce pwil-
mwiankrodaros (F)
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P A
01 2 012
0f1]2 o[1]2

Av|1]2(21Z=0 | z1]1[1][27]F=
2222 21212
0 0f1]1

A1yofti1Z=1 § z4|o|1|2]F=t
21|22 2[112]2
0lofo afo4

Avtofoli]z=2 | z1{ol1[1]F=2 ’
210111 142
A Z

Puc. 4.5. MatpuuHoe npeacraBieHne ¢yHKIMH
nepexonoB ¢uromnanktoHa A(t+l) = ¢ (A@),
P(1), Z(1)) 1 dyHKuMH TepexoJ0B 300ILIAHKTOHA
Z(r+1) = y(Z(), A(), F(1))

@yHKuMsA NEPEX00B 300IUIAHKTOHA (Y) OTOOpaXkaeT MpoLeccH
IIMTaHMsA, Pa3MHOKEHHUSI U CMEPTHOCTH IUIAHKTOHHBIX PaKOOOPa3HEIX.
Hanpumep, 3Hauenune y(0, 2, 1) = 1 coOTBETCTBYET NPEACTABICHHUIO O
TOM, YTO IPH HU3KOH HCXOAHON GuoMacce 300IUIaHKTOHA, TIPH BBICO-
Ko# Gnomacce QUTOMIAHKTOHA M CPEHEM HMPECCE CO CTOPOHBI PhIO-
IIaHKTOdaros, 6HOMAacca 300MUIAHKTOHA YBEJIMYMBAETCS 10 CPEAHETO
YPOBHS.

B npunnmne, 10 MccneoBaHHS PacCMaTPUBAEMOMN CHCTEMBI HH-
KaKOH BBIYMCIIMTENBHOM TEXHUKHM HE HYXXHO — MOXHO 00OHWTHCEH Ka-
paHJaloM H THCTOM OyMaru, Xxots paboTaTh ¢ IporpaMMoi yaobHee,
Na ¥ omH60K 6yAeT MEHBIIIE, a HaNHUCATh TAKYI0 MPOrpaMMy UIs rep-
COHAILHOTO KOMIILIOTEPA IO CHJIAaM HIKOJBHUKY CTapUIMX KJIAaCCOB.
[IpuMepsl QYHKIMOHHPOBAHHUA CHCTEMBI (DHTOIIAHKTOH~300ILUIAHK-
TOH mpuBefeHsl Ha puc. 4.6. Ilpu HU3KOH (ocdopHO Harpyske U
MOOBIX BO3JEHCTBUSX CO CTOPOHBI PHIO CHCTEMA HMEET yCTOWUMBOE
COCTOSIHME, COOTBETCTBYIOLIEE HU3KOH OUOMacce HUTO- U 300IUIaHK-
TOH&, YTO COOTBETCTBYET ONUTrOTPOdHBIM ycioBUAM. [loBbIICHME
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(hochopHOH HAarpy3KH NMPU COXPAHEHUH HU3KOTO Ipecca phIb, mpHBO-
JMT TaK Xe K YCTOHYMBOMY COCTOSHHIO IpH cpeaHeil OnomMacce BoJo-
pocneit u obunun 300miankrona (C Ha puc. 4.6). CpeqHue 3HaYCHHS
(ochopHON HATPY3KH H Hpecca peld MPUBOIAT K MOTEpPE yCTOHUHUBO-
CTH CHCTEMBI H BO3HHKHOBEHHIO aBTOKONeOanuii (B Ha puc. 4.6). Oto
JOCTaTOYHO XApaKTEPHBIH pEKUM, ONHCAHHBIH, Hanpumep Kapnenre-
poMm (Carpenter, 2003) mns o3zep Mennora u Bect Jlonr Jleiik. 310t
PEXHM MpHU JanbHeHmeM Bo3pacTaHuu GochOpHON Harpy3KH NpHBO-
IHMT K PEe3KOMY Iepexojly BojoeMa B dBTOpodHOE cocrosnue (4 Ha
puc. 4.6). Jlna uccnenopanus mpouecca 3TpodupoBanus Kapnentep
(Carpenter, 2003) ucnonesyer ropasfo Goyice CIOKHYI MOJENb, HO
VI IEMOHCTpaLy CYHIECTBA AEJa NMPHBEACHHOE YIIPOIIEHHE BIIOIHE
JOCTaTOYHO H, KPOME TOTO, MO3BOISIET NPOAEMOHCTPHPOBATh MIPHME-
HEHHE B TMMHOIOTUH METOAOB TUCKPETOH MaTeMaTHKH.

2 — A
N 2 A
X
60 1 2 3 4 5 86 7 8 9 10 11 12
] z
0 - a{\B
0 1 2 3 4 5 6 7 8 9 10 11 12
2 — z
1 - A
0 — C

LI LI
0 1 2 3 4 5 6 7 8 9 10 11 12

Puc. 4.6. Junamuxa cHCTEMBI QHTOIIIAHKTOH (4) — 300TUIAHK-
ToH (Z) mpu pasnnuHoi Qocdoproii Harpyske (P) u npecce
peib-manktodaros (F). A — Beicokas docdopHas Harpyska
(P=1) 1 um3kuii npecc xumuukos (F=0), B — cpennss doc-
dopuas narpysxa (P=1) u cpennnit npecc xumuukos (F=1), C
— BpIcokas (docdopHas Harpyska (P=2) u HHM3KHH mnpecc
xuIEuKoB (F=0)
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4.2, IlocjaeacTBUA YCHJIEHHOH IKCIIYaTalHH NPHPOAHBIX
pecypcoB o3epa

B macrosiuem passaene paccMarpHBaeTcs NpoOiaeMa H3NHIIHE HH-
TEHCHBHOH 3KCIUTyaTallMd PHIOHBIX 3alacoB (TaK Ha3bIBAEMOrO «Iie-
penoBa puIObY) B 03epax. B caMoM obuieM BHIe 3TOT BONpOC Obla
satponytr B rnaBe 1 (1.3). Kiaccumueckas Teopust pribonoBcTBa
(Beverton, Holt, 1957) HeoqHOKpaTHO MPUMEHSIACH K 3a/a4aM 03€ep-
Horo petbonoscTBa (Koutopun, 1986), omHako, 31ech M3 BCErO MHO-
roo6pasus mnpobieM, CBSI3aHHBIX C MPOMBICIOM PoIOBI M pHIOOpa3Be-
JIEHHEM, OCTAHOBHMCS TOJBKO HA acleKTe M3MEHEHHUS TeHeTHYECKOH
CTPYKTYpBI OOJNIAaBIMBAEMON MOMYJISIUK PO MO BO3JEHCTBHEM ce-
JIEKTUBHOTO rpoMbicna. CyInecTBo Aena 3aKiI04aeTcs B TOM, YTO Ce-
JIEKTUBHEI ITPOMBICE]I ASHCTBYET Ha MONYISALMIO IPUMEPHO TaK XK€,
KaK MCKYCCTBEHHBIH 0TOOp, TONBKO 0TOHPAKOTCA HE yYIIHE II0 CBOHM
pa3MepHO-BECOBBIM KayecTBaM Oco0H, a, Ha0O0pOT, caMmble XyIILIHE,
KOTOpBIC HE oAl B opyaus jioBa. [ momyssiiuy JadbHEeBOCTOY-
HBIX JIOCOCEH, B YaCTHOCTH HEPKH, CEJIEKTUBHBIH BBUIOB KPYIHBIX
ocobeit AMOHCKMM NPOMBICIIOM OTPAasHics B BUAE IpeobiamaHus B He-
PECTOBOM CTafe paHHEHEpeCTYIoUMX ocobell M COKpaumieHUeM Ipo-
JOJDKATENHHOCTH MOPCKOTO TIepHoa XKU3HHU, YTO MPHUBENIO K FeHETHYe-
CKUM M3MeHeHusM B camoit nomyisinu (Kporuyc u mp. 1987). B Ha-
CTOAAIIEM pa3lielle PacCMaTpHUBaeTCs MpOoCcTeHiui cirydail obnaBnuBac-
MO nomyJsiiH, 0cobu koTopol 061afaroT CBOHMCTBOM IepelaBaThb
TaKoe CBOUCTBO, KAK BO3PACT NOJOBOTO CO3pPEBAaHMA IO HACICACTBY.
Ecnu B npeapIyiuX pa3aenax pacCMOTPEHHE BEJIOCh Ha YPOBHE TaKHUX
0000IIEHHBIX JKONOTHYECKHX OOBEKTOB KaK (HTOIUIAHKTOH, 300-
[UTAHKTOH, TO B JAHHOM CJIy4ae MPUAETCs OIyCTHThCA A0 CaMOro HU3-
KOT'O YPOBHS B HEPAPXHUYECKOH CHCTEME 3KOJOIHYECKHX TTOHATHH — /0
ocobu. IIpeanonaoxuM, 4ro Kaxmas ocoOb peIOBI OOnajaer crieayro-
HIAMK CBOWCTBAMM: MOJIOM, Pa3sMepOM, BO3PacTOM U CTEHEHBIO TI0JI0-
BOit 3penoctd. OTH CBo¥cTBa OOBEOMHSAIOTCA TEPMHHOM (DEHOTHIL
IIpenmosnaraercs, 4T0 0coOb PHIOBI MOXKET AOCTHraTh BO3pacTa 8+ M
y4acTBOBAaTh B HEpECTe HauuHas ¢ Bo3pacTta 3+. Ocobu B momymsauuu
OTJIMYAIOTCS ApPYT OT ApYyra CpoKaMH II0JIOBOro cospeBaHus. Beero B
MOJE/H BBIIENEHO 5 (PEHOTUMUYECKUX TPYIIT OT PAHHEHEPECTYIOLINX
(P = 0). mo mo3aHoHepectyromux (P = 4). IIpeanonaraercs, 4ro cro-
COOHOCTh K paHHEMY KM TIO3JHEMY HCPECTY ONpenesseTcs I'€HeTHU-
4eCKH, M HTO CBOHCTBO MEpenaeTcs 1o HacleACTBY. B naHHOH MOJeH
IPUHATO, YTO CBOMCTBO CKOPOCTH IIOJIOBOTO CO3PEBAHUA KOJUPYETCSA
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[pH IOMOIIH YETHIPEX JBYXAJICNBHBIX TE€HOB, T.€. KX I'€H MOXET
npuHuMaTh 3Ha4eHns 0 umu 1. Tpu 3ToM HaGop reHOB CUMTAETCS IU-
IUTOUAHBIM. 371€Ch TIPHIETCS OCTAHOBHTHCS M CHenaTh HEOOXOomuMble
TIOSICHEHMS!, CYILECTBEHHRIE U YHTATENeH ¢ HeOHONIOTHYECKHM 00-
paszoBanueM. (ITogpobHOE H cTporoe U3NOKEHHE MOXKHO HAHTH B CIie-
LMAIBHBIX PYKOBOACTBAX, HanpuMep, Jlobamos, 1988) Uudopmanus,
nepenaBaeMasi OT POAMTENEH K IOTOMCTBY, KOJTHPYETCA B TE€HOME,
IpUYeM B JMCKpETHOH dopMe. Enunnneil reHoMa gBisercs reH, KO-
TOpBIA MOXET NPHUHUMATh Pa3M4YHbIe COCTOSHHSA — ajuiend. B pan-
HOM CIIy4ae pacCMaTPHUBAIOTCA TOJBKO ABYXalJIeTIbHbIE FEHBl, IPHYEM
UX coCTOsiHMA Koaupyiotes Kak 0 u 1. Kaxaplidt npuszHak ocobu (B
JIAHHOM CIIy4ae — 3TO BO3PACT HACTYIUICHHS MOJIOBOH 3PENOCTH) KO-
JUpYyeTCcs OOHHUM MM HECKONBKHMH TeHaMH (B HameM clydae de-
TBIPHMsI, HO OBIBAET, YTO U OJHUM, a OBIBAET UTO JECATKAMH U COTHS-
MH TeHOB)., Y pbIO, Kak ¥ OOJIBIIMHCTBA APYTHX SKHBOTHBIX, T'€HBI
ny6nupoBanel B Buae qumionaueix HabopoB (Gl u G2 na puc. 4.7).
ITpy OIUIOAOTBOPEHMH MKPHHKH MOJIOKaMH 0co0b IOTOMCTBa Geper
omun HabOp TEHOB OT camMia, a JpYyrod OT caMKH, IpHYEeM Kakoi
MMEHHO OT CaMLIa, a KAKOH OT CaMKH OlpeAessiercs caydaiHbpM oOpa-
30M.

Puc. 4.7. CxeMa niepeJjaqun HacJeICTBEHHOM HHDOPMaIIUK OT POIUTENEH
(A) x notomctBy (B)
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Ilocne ToOro, xak TreHOM MOTOMCTBa CHOPMHPOBaH, CleayeT pac-
nMQpoBaTh MOMYYEHHYIO OT PORHMTENed WUH(POPMALMIO U IIPEBPATHTH
€€ B CBOMCTBa 0cobeit. B peanbHOCTH 3TOT MpoLece 04€eHb CIOXKEH H A0
CHX IIOpP BO MHOTOM HEIIOHATEH COBPEMEHHOH Hayke. B qaHHOM ciydae
NPOCTO NPHHATO COTJIALMIEHHE O TOM, YTO COCTOSHHSA I'€HOB B Ka)KIOM
JIOKYC€ HaZlo CIIOXKHUTBD 110 JIOTHYECKOMY MPABHITy AU3BIOHKUHH (B reHe-
THKE 3TO Ha3bIBAaCTCs JOMHMHHUDOBAHHEM), a IMONyYEHHBIE PE3YJILTAThI
CIIOXHATEL apupmeTHIecKH. [Ipu 3TOM MOryT moy4nThCa 3Ha9enus ot 0
no 4. 3to u 6yayT pasnu4HbIE IPAfalK CTAPOCTH MOJIOBOTO CO3pEBa-
HuA. 3HaveHne O COOTBETCTBYeT Haubolee paHO HEPECTYIOLIMM OCO-
6sM, a 4 — Haubonee no3aHO HepecTyromuM (puc. 4.8).

Puc. 4.8. Cxema pacmndpOBKH reHETHYECKON HMH-
¢opMalM B OTHOILIEHHH CBOMCTBA CKOPOCTH MOJO-
Boro cospesaHus. P =0 — ocobu y4acTByIOT B He-
pecTe HauMHas ¢ Bo3pacta 3+, P=1 — Haumnasg c
Bo3pacTa 4+, P =2 — HauMHas ¢ Bo3pacta 4+, P=3
~ Ha9MHAA ¢ Bo3pacTa 5+, P =4 — HauHHai ¢ BO3-
pacra 6+. Ha cxeme npuBeeHEI JaneKo He Bee BO3-
MOXHbIE KOMOHHALHH COCTOSHHII TCHOB B TCHOME

Te coGrITHS, KOTOPBIE OBUIM PACCMOTPEHBI BHIILE, OTHOCATCS TOJBKO
K OJIHOH Mape NPOM3BOJMTENEH M OJHOM BBDKMBINEH HKpUHKE. B mro-
601, 6osee UM MEHEE PEAIBHON MONMYIAMHU PG ROKHBI GBITH COT-
HM MM ThIcAun ocobei. IloatoMy cpasy BHAHO, 4TO KapaHZAUIOM M
OyMaxkoii, kak 310 OBUIO B MpENBINyILEM pa3feiie, HUKaK He 00OH-
THCh ¥ HEMHHYEMO — OOpallleHHe K KOMIBIOTEPHBIM TEXHOJIOTHUSM.
[Togpo6Ho BOmpoc 0 MOMEIUPOBAHKY B 3KOJIOrHM PaCCMOTPEH B IJla-
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BE 6, 3MeCh HE KacasCh TEXHHYECKOH CTOPOHEI Jiena, OTMETHM, YTO
paccMarpuBaeMasl MOJENb OCTPOEHA C HCIONb30BaHMEM IIPHHLHUIIOB
UHIMBMIYaJIbHOTO MOJENUPOBAHYSA, KOTOPOE B ITOCIIEJHEE BpeMs NO-
JIy4HMJI0 JOCTaTOYHO IMPOKOe IpuMeHenue B axonoru (DeAngeles,
Gross, 1992). IlpumepoM MozmenH, B KOTOPOH OIUCHIBACTCH M3MEHE-
HHE TEHETHYECKOH CTPYKTYPHI MOIYJIALUH, MOXET CIYXHTh HCCIENO-
BaHHE, MOCBALIEHHOE KIACCHMYECKOMY TEHETHYEKOMYy OOBEKTY —
npozoduie (Loebel et.all., 1992). TIpuMEHHUTENBEHO K MOMYJIALUAM
pbI6 Tak e pa3paboTaHbl KOHLENIMH MHKPO3BOJIIOLMOHHOrO MOIX0-
na (Kapuscinski, Lannan, 1968), 4acTHuHO MCHONB30BAHHBIC B Ha-
CTOAIIEM pa3Jielie.

PAHHEHEPECTYIOWKE FIOSHHEHEPECTYIOUME

YAV ) asiva /\<\/\ T R s
V< % Y
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Puc. 4.9. Homynsitmst psi6 ¢ pasnHYHBIME FEHOTHIIAMH, KOTOPEIC ONPENEIILIOT
CKOPOCTB NOJNOBOr0 cospesanus. CepbM LBETOM OTMEHUCHBI MOJIOBO3PENLIE
ocobu. CeTkol oTMeueHa Ta YacTh NOMYJIALMH, KOTopas NOABEpraeTes mpo-
MEICJIOBOMY BO3AEHCTBHIO

Ha puc. 4.9 u3o0paxeHa 4acTb MONYJALMH PbIObI, IPEACTaBICHHAA
0co6sAMH pa3sHbIX BO3PACTOB W PasHBIMH CKOPOCTSIMH IOJIOBOTO CO-
3peBaHUs.

HepecToBoe cTazi0 CTaBpuIbl HOPMUPYETCS TONBKO U3 MONIOBO3pE-
NBIX 0co0ell B NPEIIONOKCHHN MOMHON NaHMUKCHU. JTO O3HAYaerT,
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4TO BCTpeya J0ObIX ABYX OpauHBIX NApTHEPOB PABHOBEPOSATHA, YTO
AMHTHPYETCS B MOZENM TpPY TOMOIIM JATYMKA CIyJaHHBIX YHUCeN
(RND) ¢ paBHOMepHO# hyHKIMEH pacripeaenenus BepostHocTd. Co-
ObITHE THOSTH 0COOM UMHTHPYETCS IPH [IOMOIIM CPABHEHUs BEPOST-
HOCTH ee rubend (M) ¢ TEKYLIMM COCTOSHHEM AaTYHKAa CIy4aHHBIX
ypcen (RND). Ecnir M < =RND, To ocobp rubser, eciu M > RND,
TO OHA OCTAETCA KHTh. BeNMuUHHA BEPOSTHOCTH ECTECTBEHHOM CMEpT-
HOCTH I10JIaTaeTca 3aBUCAIeH oT (peHoTna ocobn — y paHHEHepe-
CTYIOUMX ocobe OHa BbILLE, a Y NO3JHEHepecTyoImmX — HUXe. [Ipu
MHOTOKpPAaTHOM HepecTe paHHEHepecTymouMe ocobu mMenu Ol npH
IIOCTOSIHCTBE BEPOSTHOCTH THMOEIM OT €CTECTBEHHBIX NPHYHH SBHOE
IBOJIIOIMOHHOE [IPEMMYIHNECTBO, KOTOpast s COXPAHEHHA YCTOHYH-
BOrO pasHo0Opasus reHooHa MOMyJ LU JOKHA OBITH KOMIICHCH-
pOBaHa M3MEHEHHEM eCTeCTBEHHOH cMepTHOCTH. ITpoMeicioBOE BO3-
JIeiCTBHE Ha MOMYNIALMI0 CTaBpUAbl XapaKTepH3yeTCs HHTEHCHBHO-
cteio (F) u cenektuBHOocThiO (SEL) mpomseicia. B paMkax HacrosieH
MOJICIH HHTCHCHBHOCTD [IPOMBICIIA HHTEPIPETHPYETCS KaK BEPOAT-
HOCTh 3axBara 0cobu opynusaMu nosa. [Ipeanonaraercs, yTo Wi Opo-
MBIC/Ia TIPHMEHAIOTCA OTLEXMBAOIIHEe opyaus naoBa. DyHKUHS
3aBMCHMOCTH pPa3sMepOB PHIOBI OT BO3pACTa IOJAraeTcs MOCTOSHHOM,
II03TOMY MOXXHO TOBOPHTH 00 H30MpaTENHLHOCTH NPOMBICIA OTHOCH-
TEJIBHO BO3PACTHBIX Ipymnn nomyisiuud. [Ipoiecc BOCIPOM3BOACTBA
CTaBpuIbl MMHUTHPYeTCs ¢ IpUMEHEHHEM (opMynsl bueeproHa U
Xonra. BpeMeHHO# 1mar MOJIENN paBHsJICA OJHOMY roay. EcrecTBen-
Hasl CMEPTHOCTb 0c00€ei caMOH cTapliell BO3paCTHOH rpyIkl mojara-
nach paBHo¥ 1. HauamsHOE COCTOSHHE MOIYIALMH [IPU BCEX KOMIbBIO-
TEPHBIX JKCIEPHUMEHTaX 33[aBaJOCh CJIyJalHHBIM, KaK B OTHOIICHUH
cocrasa reHodoH/a, TaKk H B OTHOLIEHHH BO3DAacTHOI'O COCTaBa IOIy-
JIALMH, OJHAKO COOTHOIIEHHE IOJIOB BBLACPKUBAIOCH B OTHOIIEHHH
1:1. Yepes 200-300 ner mocne Ha4aJbHOTO COCTOAHHUS IIOMYJISLIAS
BBIXOJMJIA Ha CTAIIMOHAPHBIA PEXHM, KOTOPBIH XapaKTEPH3OBANICA BO
BCEX Ciyyasx KoneGaHMsIMHM BO3PACTHOTO M I'€HETHYECKOro COCTaBa
nonynsiud. [TepexonHpie PeXUMBI, BBUAY HX (HAHTaCTHYECKOTO pas-
HoOOpa3us, He paccMarpuBaiuck. CraTHCTHYECKOH 00paboTKe mof-
BEPrajuch TOJHKO CTALMOHAPHBIE PEKHMMbI (yHKIHOHMPOBAHUA MO-
aend. DKcrnepuMeHTabHO OBUIO HalifeHo, uTo 20 peamusanui Ciy-
Jaiigoro mpouecca paGoTsl MOJENH JOCTATOYHO IS HAJEKHOH OLeH-
KM CpeJHMX 3HAYCHMIl pacrpezeneHus 4ducia ocobell no geHorunam
CKOPOCTH TOJIOBOTO CO3PEBAHHUS.
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Ha puc. 4.10 npencraBieHsl CTPYKTYpBl (PEHOTHUECKOrO COCTaBa
HOMyJIALMHY PBIOBI B 3aBUCUMOCTH OT CEJIEKTHBHOCTH HPOMBICTA NPH
IOCTOSIHHOM ero uHTeHcuBHOCTH (F = 0.5). Ecnu 065108 npousBomT-
Cs MEIKOAYEUCTHIM TPAJIOM M M3 HOMYJLMH HM3BLIMAKTCH 0Cco0H B
Bo3pacte 3+ M crapure (S=3), TO B MOMYJAIHUH OCTAIOTCH TOJBKO
pannepepecTyonpe ocobu. [lo Mepe yBenuueHus siued opyAuH 1oBa
TEHETHYECKHI COCTaB MOMYJISIHH CTAaHOBUTCSA Golee paBHOMEPHBIM U
NpHOIHKAETCA K €CTECTBEHHOMY paclpeelIeHHIO, XapaKTepHOMY ANs
HeoOnaBnMBacMON NOMYIIALMH,

800 4] 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
0% 1 234 "01234
5=3 8=4

800
700 4
600
500
400 4
300
200
100 -

Puc. 4.10. 3aBHCHMOCTS pacripeneseHus (eHOTHIIOB B NOMYJIAUMH IIPOMbI-
CNOBO# PrIObI B 3aBUCUMOCTH OT CENIEKTUBHOCTH NPOMBICIa (S — Bo3pac-
THAs FPyTNa peIOB], HAYHHASL C KOTOPOI 0COOH IONAAIOT B Opyaus JIOBA).
UnrencusHOCTS TipoMsicia noctosaHa (F= 0.5). Tlo ocyu opuraT — umc-
JEHHOCTh 0cobel, 1o ocH aberpce — HoMep denotuna (0 — pasHeHepe-
CcTyroLMi, 4 — nosaHeHepectyommi). HesareMuennas yacTs cTonGukon
COOTBETCBYET BapHALMAM pactipeieieHus npy 20 peanusalyiax

U3MeHeHHe MHTEHCHBHOCTH TIPOMBICIIA MPH MOCTOSHHON €ro CENeK-
THBHOCTH (pHC. 4.11) AeHCTBYET Ha U3MEHEHHE T'€HETHYECKOTO COCTaBa
00NaBIMBAEMOM MOIYJALMY T0J00HO M3MEHEHHIO CENEKTHBHOCTH,
TONBKO B 6oJsiee MATKOH QopMe. YBeNHueHHe MPOMBICIOBOTO H3BSATHSA
PBIO CTAPIIMX BO3PACTHBIX IPYII NPUBOAUT K JOMUHHMPOBAHUIO B I10-
myJsuy 0cobelt cCriocoOHBIX HEPECTHTRCS B O0jiee paHHEM BO3pacTe.
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Puc. 4.11. 3aBHCHMOCTB pPaclpeeNCHUA
deHOTUIIOB B MOMYJLIIMH [POMBICIOBOK
peifbl B 3aBMCHMOCTH OT HHTCHCHBHOCTH
npomsicia (F — pons ocoBeit u3pMacMas
MPOMBICIIOM 33 OfHH rof). CenexTHBHOCTb
npoMbicna nocTostHHa (§ = 6). OcTanbHble
obo3HaueHus Kak Ha puc. 4.9

D Y
15 I_SU
- 40
10 - 30
- 20
10

0541 .
345678938 0 02 04 06 08 10 ¢
A B

Puc. 4.12. 3asucuMmocTh Buliosa (Y) 1 pasHooGpasus re-
HOGhOHAOB MOMyALMH (D) B 3aBUCHMOCTH OT CE/CKTHB-
poctH {A) M HHTEHCHBHOCTH (B) mpombicia. (1 — Ba-
pHariH pasHoo6pains, 2 — BHUIOB)
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I'eneTnueckoe pa3HoOOpasHe MOMYNAUMH CTAaBPUIBI MOJCYUTHIBA-
nocek no ¢popmyne lllernona. ITo Mepe yBenndyenus sueH OpYAHiA OT-
LIEKHBAIOLIETO JI0Ba pasHoobpasye MOIYIALNA B CTAIIHOHAPHOM pe-
KHMe e€ CYIHeCTBOBaHM: yBenuuuBaercs (puc. 4.12). YBenuueHue
HMHTCHCHBHOCTH IPOMBICHA IIPY MOCTOSHHOM €rc CElIeKTHBHOCTH, Ha-
000pOT, NPHBOJMT K COKPAILEHHIO Pa3HOOOpa3Hs FeHETHYECKOrO CO-
CTaBa MOMyJsuud. XapakTepHO, 4TO 00NacTh MaKCHMyMa BBUIOBA
CcoBMajaeT ¢ 06JacThi0 MHHUMATBHOM BapHabebHOCTH pa3HooOpasks
HOIYJIALIMH.

Bapouposanne pasMepa Mmonenupyemoil nomymsuud ot 100 mo
10000 ocobeit noka3ano, 9To 3aBHCHMOCTh XapaKTEPHUCTHK Pa3sHO06-
pasus MONYJIANHMH OT PEXKHUMOB PHIOOJIOBCTBA MPH 3TOM HE U3MEHSCT-
¢4, a BapuabenbHOCTh BCEX XapaKTEPUCTHK MOMYJLIUMH CyLIECTBEHHO
YBEIHYHBAETCA IO MEDPE COKpallleHHsA pa3Mepa Nomynsiud. bonee
TOro, y HOMyJAIMid pasMepoM MeHee 500 ocobeil mosBisgeTcs BepOAT-
HOCTb THOEIH MOIYJSLHM NPH TEX PEeXKHAMAaX MPOMBICIA, KOTOpBIE
Ge3onacHsl Ui OoMbIINX momyssuuid. B paMkax Hactosiieid Moaenu
nonynauus pasmepoM meHee 100 ocobeit maxe rMpu OTCYTCTBHE NPO-
MBICJIa MOXKET HOTHOHYTh M3-3a peida reHos.

Bce onucannbie BbIlIE pe3ynbTaThl HCCIEOBAHNA MOJIEIH TTOTYe-
HBI B NIPEATIONOKEHUN HAJIHYMS CIy4aiHbIX HEHATPABIEHHBIX MyTa-
i ¢ BeposTHOCThIO nosasieHus 0.0001 Ha oguH nOKyc 0HOH 0COOH.
B mpeanonoxxeHuy MOIHOro OTCYTCTBHS MYTaLlUid, ONIMCAHHbIE BHIIIC
3¢ dexTs U3MEHEHHS I'€HETHYECKOT0 COCTaBa MOMYJSALUH MPH H3Me-
HEHHH YCJIOBHH MPOMBICIIOBOrO BO3AEHCTBUSA, CTaHOBSATCA Oojiee pes-
KHMH M MOTYT IIPHBECTH K IOJHOH MOTEpe FeHEeTHIEeCKOro pa3sHood-
pasus nomyysuud. IIpu 3TOM BEpoOATHOCTH rubenu MOMYNIAMHH BO3-
pacTaeT M paclpoCTPAHAETCS HA T€ PEXHUMBI PHIOOJIOBCTBA H Te pas-
Mepsl MOMYJNALMH, KOTOPEIE NPH y4YeTe MyTalud ObUTH COBEpPIIEHHO
6e30macHbIMH.

YMEHBIIEHHE YHCIIA TEHOB, KOHTPOJIHPYIOWHKX CKOPOCTh MOJIOBOTO
CO3pEBAHUA Y CTaBpHJBL, 10 OAHOTO NPHBOJHT K PE3KOMY yXynIle-
HHIO cTabHabHOCTH momyiauuu. BapuabenbHocTe XapakTepHCTHK
CYLIECTBEHHO YBEJNMYHUBACTCH M U NONYJALMA pasMepoM MeHee
1000 ocobeit BOZMOXXHOCTD rHOEIH MOMYJALUMH NPHU BCEX HCCNENO0-
BaHHBIX pexumax pribonoscrsa. Haobopor, ysenmuenue wucia re-
HOB, ONpEJCHSIONINX CPOKH HEPECTa CTaBpUABl [0 8§, MPHUBENO K
Gosbliel CTaOMIBHOCTH MOMYJIAIMHI, HO M YBEJIHYHIO BpEMs ajiarnra-
LMK TOMYJIALKMH K H3MEHEHHIO PexXuMa peibososcTBa. Pazpaborannas
MOJCIb JOCTATOYHO MPUMHMTHBHA, XOTS OB MOTOMY, YTO B HEH He
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YUHTHIBAIOTCS M3MEHEHHS TEMIIA POCTa PhIObI, KOTOpHIE TaK )XKe B 3Ha-
YUTEIpHON CTENeHu 06yCNOBIeHbl reHeTHIecKd. ONBIT CO30aHus MO~
JieTel TIOMYJIALM JTOCOCEBBIX PBIO ¢ MPUMEHEHUEM METO/a MHAUBH-
nyaneHoro mopenuposanus (Favro et all, 1982, VanWinkle et all,
1998) cBuneTENBLCTBYET O OOABMIMX M CIIE Malo HCIONB30BaHHAIX
BO3MOMHOCTSIX 3TOrO TOAXOAA K M3YUCHWIO TUHAMHUKA MOMYISUMM.
Oco6eHHO IepCHeKTHBHO NPUMEHEHWE METOAa HHIAMBUAYaJbHOTO
MOJIENMPOBAHKA TIPH HCCIENOBAHMM NPOCTPAHCTBEHHOTO pacrpeje-
nerus u Murpaumit pei6 (Hermann et all., 1996, Nibbeling, Carpenter,
1998). [MonyyeHHble OpY UCCNEJOBAHAN HACTOSIIEH MOICIH pe3yib-
TaThl HE NPOTHUBOpEYAT KIACCHYECKOH TeopuM  pribONOBCTBA
(Beverton, Holt, 1957), a sBastorca ee JalbHEWIIEM Pa3BUTHUEM. Ecnu
clenaTb B MNpEUIOKEHHOH MOJENH CKOPOCThb IIOJIOBOTO CO3PEBAHMA
HE3aBHCHUMOM OT reHoTHIIa 0cO0H, a 3aJaBaTh €€ C IIOMOLIBIO TaTYHKa
CHy4aliHBIX 9MCEN C MOCTOSHHBIM 33KOHOM pacmpefeneHus (TaKow
KOMIIBIOTEPHbIH 3KCIIEPUMEHT IeHCTBHTENBHO MPOBOJMIICS), TO MO-
Jenb TOBTOPAET PE3YNbTATHl, KOTOPble MOTYT OBITH MOMY4eHBI IPH
TIOMOLIY YPABHEHUH AMHAMMKY YACIICHHOCTH ¥ TEMIIA POCTA ISk BCEH
NONyJIAIMK. DTH PE3yNbTaThl CYLUIECTBEHHO OTIMYAOTCS OT MONYy4eH-
HBIX HA HACTOANIEH MOJIENH MpH TeX K€ NapaMeTpax MpOMBICIOBOrO
poszeiicTBusi. OcoOeHHO BEIUKO Pa3NuuMe MPU BHICOKOW WHTEHCHB-
HOCTH Y CEJICKTHBHOCTH MPOMBICNA, TJe KIaCCHYeCKas Teopus Ipel-
CKa3bIBAET KaTacTpodu4ecKuil Nepesos, a MOIENb C YIeTOM H3MEHE-
H¥Sl TEHETHYECKOH CTPYKTYPHI CTaa, TONBKO NepecTpoiiky reHodoH-
na nonymsiquy, C Apyroif CTOPOHBI, KJIaCCHYECKas TEOpHA HMKaKk HE
yUUTHIBAET abCOMIOTHBIE Da3MEphl OGABIMBACMOH MOMYJALMH M
CXO/IHBIE PE3yNbTATH TONYYAIOTCS TOIBKO ANs GONBIIMX MOy ALK
¥l TIPM YMEPEHHOM npoMbicie. JIist ManblX MOMYJIAUHA KIACCHYECKas
Teopus JAeT HEOTPABJAHHO ONTHMHMCTHYECKHE PEKOMEHJALMH. ITO
e OTHOCHMTCS ¥ KO BPEMEHHI BOCCTAHOBJICHHS MOMYJIAIMH HOCHE Ipe-
KpalLleHHs WA CYIECTBEHHOIO OC/IabIeHusi HHTEHCHBHOTO MPOMBIC-
na. TTo K1accuYeCKOoM TeOpHH BpeMs TaKOI0 BOCCTAHOBJICHHS COM3MeE-
PMMO C TPOAOIDKATENLHOCTBIO KH3HEHHOTO LKA PHIOBL. TIpn uc-
[TOIb30BAHUM MOJENH C YUeTOM HM3MEHEHWH TeHETHYECKOTO COCTaBa
IONyJIAMH BPEMs BOCCTAHOBJIGHHS TEPBOHAYAIBHOrO COCTOSHHUS
pacTArMBaeTCs Ha JECHTHETHs (B AAHHOM KOHKPETHOM Cilydae cO
CTABpWJIOH), MPHYEM HE HCKIIOUAETCS BEPOATHOCTH HeoOpaThMbiX
HU3MECHEHHH.

Tlpy BCell 3aMaHYMBOCTH METOJ@ MHIMBHMAYANBHOTO NOAXOAA K
MOJIC/TMPOBARHIO TIONMYJIALKI IPOMBICIOBBIX PbI6, €0 OCHOBHBIM He-
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JIOCTaTKOM CJIEAYET CYHMTATh OONBHIYIO HEONpPEAECAEHHOCTh B OMNMMCa-
HUH MEXaHM3Ma HaCJEN0BaHUA U TEHETHYECKOH OOYCIOBICHHOCTH
OKONIOTMYECKHX XapPaKTEPUCTUK 0CoGei. [IpsMpie skcnepUMMeHTaNb-
HBIC JaHHBIE B 3TOH OONAcTH ABIAIOTCS PEAKHM HCKIIIOUEHHEM, H
IPUXOANTCS TOBOJIBCTBOBATHCA KOCBEHHBIME COOOpaXKEHHIMH.

OCHOBHOM CMBICTT HACTOSIIETO pa3ena He TONLKO B TOM, Y4TOOBI
110Ka3aTh, 4TO, IKCIUIyaTUPys PBHIOHLIE 3amMachl 03ep, CIEAYET YUUTHI-
BaTh BO3MOXHOCTH H3MEHEHUA I'C€HETHYECKOr0 COCTaBa OOJaBIMBac-
MBIX [IOMYNALMK, HO U B TOM, 4TOOBI MPHUBJICYL BHUMAHKE K NOKA CIIe
peaKoMy B JIMMHOJIOTHYECKOM MpaKTHKE MeTOAY KOMIIbIOTepHOH
UMHTALMH, OCHOBAaHHOMY Ha HHAMBHAyanbHOM moaxoje. Jonroe
BpEMs PA3BMTHE 3TON0 METOMA CACPKUBANOCH OTCYTCTBHEM JOCTa-
TOYHO MOUIHBIX KOMIIBIOTEPOB. B HacTosIee BpeMs 3TO OrpaHHYeHHUE
NPaKTHYECKH OTIAJIO, ¥ BCE AEN0 B YMEHHH C(HOPMYIHPOBATH 3a/1a4y
1 JOBECTU €€ 0 UPOrPAMMHON peann3zaumu. MarteMaTudeckuit anna-
paT B 3TOM Cliy4ae TaK Xe AajeK OT TPaJUIHOHHBIX A1 THAPOPHIUKH
U DKOJIOTHH CHCTeM AuddepeRnnanbHbIX ypaBHEHHH. 10 Teopus
CITyJaHHBIX MPOLIECCOB, 3HAKOMAS TUAPOPUINKAM MO CTATHCTUUECKON
TEOpUM TypOYNEHTHOCTH, TOJBKO B JKOJOTHYECKOM IIPUIIOKEHHH
00BEKTHI BeNyT cebs Kyna Gojee CIOXHO, YeM 3JIEMEHTAPHbIE YaCTH-
I(bI MHUAKOCTU B TIOTOKE BOJBI.
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PaccMOTpHM COBPEMEHHOE COCTOSIHIE KpYTHbIX 03ep Esponsr: Jla-
noxckoro u OHEXCKOro, 4 UX U3MEHEHHUS B pe3y/ibTaTe aHTPONOreH-
HBIX ¥ KIMMATHYECKHX BO3ACHCTBHIM.

Tekymiee cOCTOAHYE BHYTPEHHErO BOJOEMA U €ro 3BOIIOLHA B Ol
penensmiomedt Mepe sABImOTCS (QYHKUMEH 30HANBHBIX TAapaMETPOB
(reoxuMust nanAmAadTa, KIMMATHICCKHE U TOTOHBIC YCIOBHS), Crie-
uuduKu camoro Bogoema (opma 03epHOH KOTIOBHHEI, JUTOJOTHS,
THPONOTHS BOXOCGOpA, BHEWIHKH BOXOOOMEH), a TAKOKe XapaKTepa U
MHTEHCHBHOCTH aHTPOMOTEHHOTO BO3ACHCTBHA Ha 03€PO U BOAOCOHOD.
HeyMBHTENBHO, YTO 03€Pa, MEPBOHAYANIBHO BOSHUKIIME B Pe3yIibTa-
Te WIEHTHYHOTO JMMHOTECHE3HCA, U UMEIOIIHE OIM3KHHA TpodUIeCKHit
CTaTyC BIIOCJIEACTBHM MOTYT CYIIECTBEHHO OTIMYAThCA B CBOCM pas-
BUTHH B CHITy THOO H3MEHEHHS JOKAJTLHOTO/PErHOHATIPHOTO KIIMMATa,
1160 0COGEHHOCTEN aHTPOIIOTEHHOTO BO3AEHCTBHS.

BaxusiMu Qusuko-reorpahHUeCKUMy NapaMeTPaMu ABJIAIOTCA HE
TONBKO pasMephl BOJOEMa: IIyOuHa, o6beM, HO M B OCOOCHHOCTH
BpeMs YCJIOBHOTO BOJOOOMEHa, OT KOTOPOTO 3aBUCAT MPOLECCHI 3B~
TpodupOoBaHis 03ep. YCIOBHBIM BOJOOOMEHOM Ha3bIBACTCs OTHOLIE-
HHe 00beMa BOJZHOM MAacchi 03epa K CPEIHEMHOTOJIETHEMY CTOKY, OH
ompenensiercs B Tojax. B tabn. 5.1. mpecTapneHs! HEKOTOPBIC Xapak-
TEPUCTHKH.

O6pasopasiurecs MeHee 10 ThIC. NeT Ha3al OonplIMe 03epa CeBep-
roit Esponsl Jlagoxckoe H OHEXCKOE NMPHHALIEKAT K Ipynne Ju-
MHKTHYECKHX 03€p, C MEPBOHAYATIBHO OJUTOTPOQHBIM TPOYHUUECKIM
craTycom. Mx oOmmM CBORCTBOM SBJSANACH CPABHHTENLHO Maliad MU-
Hepatu3alus Boj ¢ Benuuuuoit pH 6muskoit x 7. ColepKaHue KpeM-
HHA ¥ 230Ta B KPYMHBIX OJHIOTPOQHBIX 03€pax OOBIYHO NOCTATO4HO
IJIs pa3sBUTHA IUIAHKTOHA. B Toxe Bpems And BCEX OJUrOTPOPHBIX
03ep XapaKTepHO HM3KOE cojepxanne docdopa (MeHee 10 Mxr/n) u
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€ro JMMHUTHpYIOWAA pojb B pasBuTuu (uromnankroHa. CroxHas
MophoMeTpHsl KOTJIOBHH GONBHIIMX 03€p 00yCIOBIMBAEcT APKO BhIpa-
XEHHYI0 HPOCTPAHCTBEHHO-BPEMEHHYIO HEOIHOPOAHOCTh JTHMHHYE-

CKHX MpPOLIECCOB, NPOUCXOAAILUX B HX NMPOQYHIATBHBIX U JHTOpPAlb-
HbIX NPOBUHIMAX.

Tabmana 5.1. HexoTopeie xapaxTepucTHkH KpynHbIX o3ep Esponsl (KOE)

B
IInowane IInomans O6beM v pem
Osepa o3epa, Bonochopa, BOJL, cHioBHOro
2 ) 3 Bomoo6MeHa,
TBIC.KM TBIC.KM KM
ner

Jlanox-

17.7 258.6 908 12.3
ckoe*
OHexckoe 9.6 56.3 295 16.4

— oburas mromags, Bogocboproro 6acceiina Jlamoxckoro osepa BKJIIOYAET BOJO-
cbopbt 03. Caiima u WnbmeHs, HO B HacTosuell paboTe MBI HE pacCMaTPHBaeM ITH
OTHOCHTENIPHO MEJIKOBOJHEIC W CYIIECTBEHHO MCHBIIHNE MO MOPHOMETPHYCCKHM Xa-
PaKTEPHUCTHKaM 03epa

Tocnenuue HECKONBKO AECATHIICTHH O3HAMEHOBAINCH M3MEHEHUS-
MM TPOUUECKOTO CTaTyca psia eBpONEeHCKHX 03ep, 00yCIOBIEHHBIX
AHTPOIOreHHON JeATENbHOCTBIO, @ TAKKE 3aMETHBIM KIIMMATHYECKUM
BO3JIeiicTBUEM. PaccMOTpuUM Jaree NPHYHHBI, JIEXalHe B OCHOBE
JMHAMHUKH W3MEHEHHH 3KOCHCTEM 03€P.

5.1. Jlapoxckoe 03epo

OnuroTpodHeli cratyc JIaJoXKCKOro o3epa yHEpKHBAICS BILIOTH
JI0 BTOPO#i [ONIOBHHEI [WECTHUAECATHIX TOOB IPOILNOro cronaeTus. Ha-
gaBiueecs 3aTeM JBIKEHHE K Me30Tpoduu (BO3MOXHO, Ha (OHE ecTe-
CTBEHHOH LMKIMYHOCTH Tpoduu 3toro Bomoema (Ilerpoma, 1990))
6610 06YCIIOBIIEHO MPUYMHAMM SBHO aHTPONOTEHHOrO XapakTepa
(JTapoxckoe o3epo, 1992; Jlanoxckoe o3epo, 2002).

MO3KHO BBIIENUTD, IO KpaHEH Mepe, NATh 3TaloB B COBPEMEHHOM
HCTOPUMH JHMHAMHKH 9KOJIOTHYECKOro cocrosHus osepa (Jlamoxckoe
o3epo, 1992; Viljanen et.al.., 1994):
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Puc. 5.1. ®ocopHas Harpy3ka na Jlagoxkckoe 03epo s nepuog 1961-2000 rr. (nau-
#eie MHctuTyTa o3epoBenenus PAH) ¥ BO3MOXHBIC HAaTPY3KW HA NEPHOA 2001-
2005 Tr. (13 pabotsl Pyxosen u gp. 2003)

2.

1976-1983 rr.: yBenuueHue KoHUEHTpamuu (ocdopa B cpen-
HEM 70 26 MKrP/I xak pe3yspTaT pa3sBUTHA TIPOMBIIIICHHO-
CTH, CENbCKOTO XO3AHCTBa M IHTENbHOrO NOCTYIUIEHH GHO-
TeHHBIX BELIECTB B 03epo B KoHie 60-x-Havyane 70-X u3 aH-
TPONOTEHHBIX KCTOYHHUKOB. DKCIOHEHUMANBHBIA POCT BCEX
KOIMYECTBEHHBIX TOKa3aTenel (QHUTOMIAHKTOHHOTO COo0Ie-
CTBA W BBIABM)KEHHE B JOMHHAHTHl TAKCOHOB, XapaKTEPHBIX
JUIS BOZOEMOB 60Jiee BHICOKOrO TPOdHYECKOro ypoBHA. YBe-
M4eHHe 4YUCICHHOCTH OaKTepPHOIUIAHKTOHA B SNMIMMHHOHE
¥ THIOJHMHHOHE, ¥ YCHJIEHHE MPOLECCOB, CBA3AHHBIX ¢ Gak-
TepHABHOM AeCTPyKIHMe. BLICTphI POCT HAKOIIEHHUS B 03¢-
P€ OpraHuyYecKoro BemecTBa.

1981-1986 TIT.: CHKEHHE CPCAHEO3EPHOM KOHIEHTpAlUH
docdopa (mo ~ 22 mkr P/m), Ha done crabunnzauun (Brep-
Bble C KOHLA LIECTHAECSATHIX) MEPBHYHOM MPONYKTHBHOCTH
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BOJl0EMa — YCHIEHHE OaxrepuanbHOi aecTpykuuu. duro-
IUTAaHKTOH, XapPaKTEepHBIA IS OJMIOTPOQHEIX BOXOEMOB Ha-
YUHAET BHOBb JOMHHHPOBATH B ITEJIArHAILHBIX MPOBHHIMAX
osepa. OTMeyaercs CcTaOWIM3aLMs CpPeJHEO3EPHOH KOHIEH-
tpauun POB Ha ypoBre 9.5-9.8 mMrC/n; mospnsiorcs cBufe-
TENIbCTBA HAPYLIEHHs KMCIOPOJHOTO PeXXUMa B THIIOJIHMHHO-
HE.

4. 1986-1989 rr.: cpepneosepnas KoHueHTpanms dochopa co-
crasiusier 21 MkrP/n; oObeMbl MEPBHUYHOM NPOAYKUHH MO-
IpeKHEMY BeJHKH Ha QoHe OOLIEro CHHKEHHS YpoBHsA Oak-
TEPUANBHON NECTPYKIMH M JOMHUHHPOBAHHS OJUTOTPOQHOrO
¢uTomiankToHa B MpodyHAIBHBIX IPOBHHIUSIX 03€pa. IIpo-
HCXOJMT HEKOTOpoe CHIKeHHe coiepxanus POB wu nams-
HeMlIee HaKOIJIEHHE OPTaHUYEeCKOTO BEIECTBa B JOHHEIX OT-
JIOXKEHUSIX,

5. C 1991 r. mo Hacrosuiee BpeMs conepkanue obuero gpoco-
pa CTaHOBHTLCA MeHee 17 MIK/JI IIPH CYIEeCTBEHHOM HaJeHHH
npousBozacTBa (CoBpeMeHHOe COCTOSIHUE. .., 1998).

OBTPO(HKALMOHHBIE TIPOLECCH 1 00YCIOBICHHOE UMK HapyIIEHHE
status quo O3€PHOIl IKOCHCTEMBI, IPOXOIHIIH B YCJIOBHUSAX HHTEHCHB-
HBIX MOCTYIUICHUH B 03€pO XMMHYECKHX MOMOTAHTOB. Ilpu cpennem
OY€Hb MAJIOM YPOBHE TskelbIXx MeTannoB (TM) B Boze 0 cpaBHEHHIO
¢ BenuknMu ceBepo-aMepHKaHCKHMH O3€paMH, HEOOIbLIME MOCTYII-
nenns B osepo Cd, Cr, Hg, V, Pb, Ce mpusogmnu x rubenu
(GHTOIIAHKTOHA M MEpepacHpefeNeHHI0O B COOTHOIUEHHAX
JOMMHAHTOB. TaK, HaNpuMep, NOCTYIUIEHUS PTYTH U BaHAIMUA MOXET
SBATCS NPUYMHOM CHIDKEHHSA NIOMHHAHTHOM DPONIM CHHE3ENECHBIX B
nerneM miankToHe (Iofina, Petrova, 1997). HccnenoBanus nocneaaux
netr nokasanu (CoBpeMeHHOE COCTOsfHHE..., 1998), uto B o3epe He
OTMEYAETCA yBEIHMYCHHE IIOCTYIUICHUA TKENIbIX METAlIOB U
Cepbe3HBIX MPOOIEM CBI3aHHBIX C HUMHU B 3KOCHCTEME 03€pa.

YnyyineHde B 3KOJOIHYECKOM COCTOSHHHM o3epa O0O0yCIOBIIEHO
KOMIUIEKCOM Mep, NpeAnpuHATEX B 80-90 rr.: 3aKpeITHE U mepenpo-
¢umipoBaHue IIpHo3epckoro UENNIOI03HO-OyMaXHOrO KOMOMHATa,
npyrux npeanpusatuii LIBIT (IlutkapanTa, Jlsckena), coBepLICHCTBO-
BaHHE TEXHOJOTHYECKHUX TPOLECCOB Ha BOIXOBCKOM aTIOMHHHEBOM
3aBoxe (BA3), a Taxae 0OIUM CHHXXEHHEM aHTPOITOTCHHOM Harpy3Ku
Ha 03¢p0, B 0COOEHHOCTH, BCIENCTBUE yMeHbIIeHHs B 5—10 pa3 BHe-
ceHus ynoOpenuit Ha BomocOOpe B CenbCKOM XO34MCTBE M3-33 MPO-
IOJDKAroIIerocs 3xonoMuyeckoro cnaga 8 Poccun B 90-x rr. XX B.
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Onnaxko, B cuity OonbIIoro o6beMa BOJIHOH MAacChl 03epa M MHEp-
LIMOHHOCTH MpPOLIECCOB KAaK 3arpA3HEHUs, TaK U CAaMOQUHILECHHUS 03epa
B HAacTOAIIEEe BPEMsl, HECMOTPS Ha HEKOTOPYIO CTaOMIH3aLMIO 3KOJIO-
THYECKOTO COCTOSHMA 03€Pa, OTHUETIHMBO BBIABIIOTCS COKPAIICHMSA
YHUCIEHHOCTH BBICOKONOPOJHBIX COPTOB PBIO, B YaCTHOCTH, CHIa (CM.
Jlagoxckoe o3epo, 2002). OTMedeHO HAKOIUJIEHHE TIalloreHOYTIIEpo-
zos u JJIT B TKaHAX 03epHOH (ayHsl, B YaCTHOCTH TIOJIEHEH M pas3-
HBIX TI0POJ| PHIO, YTO MPHUBOJUT K TKEJIBIM MMATOJOTHAM HX BHYTpPEH-
uux opranoB (Kyaepcxuii, 2000; Vilajanen, et.al. 1994).

Jlagoxckoe 03epo ABNAETCA KPYIMHEHINMM HMCTOYHHUKOM MpPECHOU
Boabl Ha Cesepe EBpomnelickoit tepputopuu Poccum m umeer Bax-
Heiiulee 3uavenue mis BogocHabxkenuns C.-IlerepOypra u apyrux Ha-
CEJICHHBIX MyHKTOB. YHHUKaJbHpIE MPUPOJHBIE KOMILIEKCHI COCpeNo-
TOYEHB! B ceBepHO# yactu Jlamoxckoro osepa, Tak HasplBaeMbIX Jla-
JOKCKHX 1xepax. [ COXpaHeHHsS MX YHHKAIBHBIX pecypcoB Heob-
XOJIUMO CO3JaTh HOBBIC OXPaHAEMbIE TEPPUTOPHH.

Xo3siicTBeHHas AeATENFHOCTh HAa TEPpUTOpHH OacceifHa o3epa M
NOCTYIUIEHHE PA3HOr0 pOJa CTOYHBIX BOJ KaK HENOCPEICTBEHHO B
03€po, TaK ¥ B BOJOTOKH OTpa)kaeTCs Ha yXYAUIEHMH KadecTBa BOJ,
OyCTh U JIOKAJTM30BaHO, B OTHAECNBHBIX 3aMUBax, I'ydax. Ilpu aTom,
y4uThIBas 0cOOEHHOCTH rujiporpaduy 03epa, BHYTPUBOAOEMHAS LP-
KyJISlEs BOJ B O3epe OXBaThiBaeT ero B nenoM (®uiaros, 1991; Py-
xoBell, 1 ap. 2003), uto 06ycnaBnyMBacT OTHOCHTENBHO PAaBHOMEPHOE
pacmpeneneHre XHMUYECKHX BELIECTB N0 BCeMy o3epy. Mckmodyenne
cocrasisier COpTaBabCKUE IIXEPHl, 3ATHB XAJECHCEIbKA, HMEIOLIMHA
OTrpaHMYEHHBIH BOJOOOMEH ¢ 03epoM, rae GopMupyroTCs COOCTBEH-
HEIE BOJIHBEIE MacChl M OTMEYaeTCs HanOONmbIIMi yPOBEHB 3BTPOPHPO-
Banus u3 Bcex Jlamoxkckux ixep. HanGonee sHaummsiM daxTopom
AHTPOIIONEHHOIO BIIMSAHHS Ha 03€pO 0 HEJaBHETO BPeMeHH ObUIO W3-
obiTOuHOE mocTyiuieHne gocopa. B nocneanue necats JeT, o AaH-
gpiM I.®. Pacrmerunoii, 2001, nabmomaeTcs TPEHNA YMEHBLLICHUS
koHUeHTpauuu obuwero docdopa ¢ 25 mo 15 Mxr/n. Ilo mauHBIM
H.B. Urnarsesoii (B xu. Jlagoxckoe o3epo, 2003), BHyTpennss ¢oc-
dbopHas Harpyska He npesbimnaer 10 % ot BHemHe#. B uenowm, B Ha-
cTosmee BpeMs IS JOHHBIX OTOXeHHi Jlagoxckoro o3epa mpeob-
NajaoT MpoLEecCH HakOoIUIeHus ¢ocdopa B xene3o-ces3aHHOH (op-
me. WckmoyeHne COCTAaBIAIOT OCAJKH TEXHOTEHHOTO IPOHCXOXKIC-
HH, 3aJIeratolye BONKW3Y NPOMBIIINEHHBIX [IEHTPOB, rae Gonee 60 %
docdopa Bosspamaercs obparHo B BoRy (mocrymienue gocdopa us
JIOHHBIX OTJOXKEHHI B BoAy — 1MrP/M’ B cyTky, uto B 100 pa3s Beume
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€ro MOCTYILUIEHHs U3 OCaJKOB LIEHTPAILHBIX PaiiOHOB 03€pa), HO ILIO-
/b JHa 3aHATas TAKMMM HaKOIUICHHAMH HeBenuka (Benkuna u ap.,
2002). Tlpu TakoM CHIDKEHMM NOCTYIUieHMs obmero Gocdopa u
YMCHBIICHHH €r0 COAEP)KaHHS B BOXHOM TOJIIE 03epa eCTh OCHOBa-
HHE I10J1araTh, YTO COCTOSHHE 03€pa CTPEMHUTCS K OJIUTrOTPOGHOMY €
KOHLEHTpauue# dpocdopa obmero nopsaxa 10 Mxr/n.

Ilpu sToM oTMeTHM, uTO (hocOpHAs HATPY3Ka C TEPPHTOPHH PEC-
my6nuku Kapenus cocraenser ue Gosnee 10 %. OcHOBHYIO OMNIO B
¢ocdopHyo HarpysKy JarOT pednsle BOABI M IIPEXkKE BCETO p. Boixos
(50 %), npruyem MONOBMHA MPHXOAMTCS HA TOYEYHBIH MCTOUHHK —
Bonxosckuii amoMHUHEEBBIN 3aBOA.

Ilo knaccuduxaunu I1.A. JlosoBuka (Jlo3oBuk u ap., 1999) B ne-
JIOM, 110 XMMHYECKHM IT0Ka3aTensM BoApl JIanoxckoe 03epo OTHOCAT-
Ci K OJIMTOTYMO3HBIM, NpPHOMIKAsACh K TPAHHLE ME30ryMO3HBIX
(usetnocts 30 rpag, ITO — 9 mrOy/n, Fe 06w, < 0.1 mr/m), cpeane-
IEJIOYHBIM IMPKyM-HeHTpanbHeM (Alk — 28 MrHCOs/n, pH 7.1-
7.6), kucnoponoHachimeHHBM (80—-105 %) ¢ OTCYTCTBHEM I'MIOIHM-
HMAJILHOrO aeduuTa KHciaoposa, Me3oTpodHsM (Pobm. 15 Mkr/im),
HE3arpA3HEHHBIM BOJOEMaM, 9TO COBMAJAET C APYTHMHU OLIEHKAaM, I10-
JAyYeHHBIM MO  paAdy  JAPYIMX  TapaMeTpoB,  IOJy4YEHHBIM
I''T. ®pymuneim (Ppymus, 1998) XumMudyeckuii cocTaB MOBEPXHOCT-
HOTO CIIOS IOHHBIX OTJOXKEHMI ceBepHOH yacTH Jlajoxkckoro o3epa B
nepuos HaOMIONEHHH OTAMYAICS CTaOWIBHBIMH TOKa3aTeNsiMH CO-
JIEPIKaHUA OpraHMYECKUX BeIecTB, OMOTEHHBIX 3JIEMEHTOB M MeETal-
70B. B CBA3M ¢ H3KOHOMHYECKHM CHaJOM MPOU3BOACTBA HAGIIOAAETCS
YMEHBIICHHE aHTPOIIOTEHHON Harpy3KH Ha 03€pO U MIET MpPOLECC €ro
«BOCCTQHOBJICHU.

B Toxe Bpems, U HaeKHOW OLIEHKH COBPEMEHHOIO COCTOSHUS
03€pa, TEHJCHIHI H3MEHEHHs] €ro 3KOCHCTEMBI CIIEAyeT OTMETHTh
HEAOCTaTOYHOCTbh, BHIMNONHAECMBIX CETOAHA MOHHTOPMHIOBEIX HaOm0-
nenud Ha JlamoxckoM o3epe M ero npurtokax. [{is BeIICHEHMs, Kakue
MPOUCXOJAT HM3MEHEHHs, TpeOyeTCs NpPOBEACHHE MIOMOTHHUTEIBHBIX
HaTYPHBIX MCCIIEAOBaHUI, OONbIIEE BHUMAHNUE CAEAyeT YASIHTh MO-
HUTOPHHTY IXepHOro paiioHa CesepHoit Jlagory.

Hexomopble ocobennocmu ucnons3oeanus pecypcos 03epa

B nHacrosmee BpeMs CHHTACTCA, YTO Hanoxccxoe 03€pO ABJIACTCA
6632UIBTepHaTI/IBHI>IM HCTOYHUKOM IHUTLEBOI'O BOJIOCH&G)KCHI/M KpyI-
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Horo ropoga C.-IlerepOypra. OQHaKo 3aMeTHM, 4TO IS [TUTHEBOTO
BOJOCHA0KEHHS HCIIONB3YIOTCA HE BOXBl CAMOr0 03€pa, a BOIBI PeKH
Hesesl. KagecTBo BOABI IOCNEAHEH CYLIECTBEHHO YXyALIAETCH, TaK
KaK peka sBIAeTCSA KPYIHOW TPaHCIOPTHOH apTepuel, Ha ee Oeperax
HAXOAATCS TPOMBIIUICHHBIE W CENIbXO3NPEANPUATHS, HACEeICHHBIE
MyHKThl — HCTOYHHKM 3arps3HEHHBIX BOX M OMOTE€HHBIX JJIEMEHTOB.
ITo mauuemM paboter (Kymepckuii, Pymsnues, [Ipabkosa, 2000) Boasr!
pexky HeBol Ha BCEM MPOTSHKEHUH XapaKTEPH3YIOTCS KaK «3arpsA3HeH-
HbIe» HIIH «YMEPEHHO 3arpsA3HEHHBIC». B CBS3M C 3THM, Kak B Cilydae
¢ OHexXCKHM 03epoM, Ui 00ecredueHHs HaceneHUs ropoja KadecT-
BCHHOM NMUATHEBON BOJIOH MPUXOIUTCS BKIAABIBATh OONBILNE CPEACTBA
Ha BOJOMNOATOTOBKY (CM. "30HBI CaHWTapHOH OXpaHbl HUCTOYHHKOB
BOZOCHA0EHWS ¥ BOAOMPOBOAOB MHTheBOro HazHaueHus. CanlluH.,
2002). [ins yiyqnieHus KadecTBa CaMHMX O3EPHBIX BOJ B Oacceiine
Jlamosxckoro o3epa MpOBOAMTCS KOMIUIEKC MEPONPHUATHH IO CHHXeE-
HHIO [IOCTYIUICHUS 3arpsA3HeHHH [TyTeM yIydIeHHs TEXHOIOTHH Mpo-
n3B0CcTBa (BONXOBCKHIA allOMUHUEBbIH KOMOWHAT), CTPOUTEIHCTBOM
KOMIUIEKCOB ouncTHhIX coopyxenui (KOC), perynmpoBaHueM BHe-
ceHns ymoOpeHuil, a TakKe 3aKphiTHE WM MNepernpouinpoBaHyie
NpenpHUATHiA, HaHOCAMX Bpex BoAam o3epa (IIpmosepckmii LBK).
Ho, He cMOTpS Ha IPEATPUHEMAEMBIEC MEPHI 10 YITy4YIICHUIO Ka4eCTBa
BOJI caMoro 03epa, ocTymnawonye 1o peke Hese Boap!l CHIBHO 3arpss-
HEHBbI, ¥ TPUXOAUTCS BKJIAABIBATh O4EHh OONBIINE CPEICTBA HA OUYH-
CTKY ¥ BOJOIOATOTOBKY MCXOJHOM BOABI s oOecleyueHHs Hacele-
Hus Ge30rmacHoi MUTHEBOH BOJIOHM Haanexamiero kauecrsa. s pe-
meHus npobyieM yrpaBiieHus KauecTBoM Box Jlamoskckoro osepa uis
IIHTHEBOr0 BOAOCHA0KEHHS MOXKHO MOWTH IO IIyTH HE TOJNBKO COKpa-
HICHHs MOCTYIUICHHs 3arps3HeHu Ha BogocOope, ONTHMHM3ALMH I10-
cTymieHuss OMOTEHOB, HO W IyTeM TeXHHYeCKuX pemleHud. Hanpu-
MEp, MOXHO HCIONIb30BaTh CMENIAHHYIO CXeMY BOINOCHAGXeHHA ro-
pOXa, IMyTeM MCIIONIB30BaHMA BOA P. HEBBI I TEXHHUECKHMX HYXI, a
JUI [MTBEBOTO BOJOCHAOXEHHA — M3 JIPYTHX HCTOYHHMKOB, MyTEM
nepeHoca Bogo3abopa B Jpyroe mecto Ha JlamoxckoM o3epe, OTTya,
rae 3TH BOAbI He 3arpasHeHbl [lpum sToM, maxe AN TEXHHYECKHX
HYXJl, BOZa JJI1 TOPOACKOTO BOX03abopa HOmKHA 3a0MpaThesd M3
BEpXHEro TeueHHs peku Herbl, a OYMCTKA CTOYHBIX BOJA BHILIE CYILE-
CTBYIOUIHX BOJI03a00pOB NOKHA OBITH yiryumena. Kpome Toro, B pa-
6ore (3akarounTtensHEIN oTuer, Jlanoxckoe ozepo, 1995) npeanaraer-
cs TepeHoc Bojo3abopa Ha Oepera HemocpeacTBeHHO Jlamoxkckoro
o3epa B paiton r. IIpuosepcka (Bapuaur 1, puc. 5.2.), unM BepxHee
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TedeHue pexd Byokca (BapHaHT 2), MM JKe MOKHO HCIIONB30BaTh BO-
Jbl U3 TOJ3€MHBIX HCTOUYHHKOB, PACIOJIOKEHHBIX HA IOr0-BOCTOKE OT
ropozaa B 40-80 km ot C.-IlerepOypra, KOTopsic HO OLEHKAM MOrYyT
obecreunTh MOCTYILIEHHE BOABI B 00BEMe 15 000 M>/cyT (CyTouHas
notpedHocTs Cankt-IleTepOypra Uit nuTheBHIX Heneit). Ilpu nepsom
BapuaMTe, Ka4eCTBO BOABI JIamoXCKOro o3epa 3Aech BBILIE, YeM B
p. HeBe, cymecTBeHHO yMeHbiaeTcs 00beM HEOOXOAUMBIX BOJOOX-
paHHBIX MeponpuaTuil. IIps BTOpoM BapHaHTe — B BEpXHEM TEUEHHH
peku Byokca, Tpebyrorcs HeGonbiune 0O0BeMBl KamUTalIOBIOXKEHHH
IUIsl OXpasbl BOZ.

Nagokckoe ozepo

a

PuUHCKHA 3an.

p. Hepa

C.Metepbypr
N

Puc. 5.2. PacrnonoxeHue anbTEPHATUBHEIX MCTOYHUKOB BOJO-
cuabxenus r. C.-TIlerepOypra: a) y r. IIpuosepcka, 6) B BepxHeM
TeueHuH p. Byokca, 6) MOA3EMHEIE BOIbI

CTpOMTENbCTBO HOBBIX BOJ03a6OPOB, OT KOTOPBIX BOAA MO Tpy©o-
npoBoAaM OYAET NOCTYNAaTh B ropot, TpeGyeT GoMbimx HHBECTHLIMIL.
Ho B Toxe Bpemst s BogocHabxerus Canxt-IlerepOypra npu unc-
nonk3oBaHuK p. Hesbl U1 NHTBEBOrO BOJOCHAOXKEHHS HA BOXOOX-



156 I'masa 5

paHHBIE MEPOTIPUATHS 3aTpaThl OyAyT BO MHOTO pa3 GoJIblile, YeM 3TO
notpebyercs npu Bapuante 1 Bogo3adopa.

5.2. OHexcKoe 03epo

Xumuyeckuii cocTas BoJ 03epa GOpMHpPYETCH 3a cYeT PeuHOro M
HOJ3eMHOT0 CTOKAa, aTMOC(EPHBIX 0CaaKoB U CTOYHKEIX BoJ (Cabpuin-
Ha, 1999). Ilockoneky GacceliH 03epa CloXXEH TPYAHOPaCTBOPHUMBIMH
KeMOpPUIICKHMH [OpOJaMH, MHHEpAIH3alMA BOJA NPUTOKOB U 03€pa
oueHb Hu3KasA: 37 Mr/i, uro B 1.5, 3 u 4-5 pa3 Huxe, ueM B Bojge Jla-
noxkckoro, baiikana n Benrkux AmepuxaHCKHX 03ep, COOTBETCTBEH-
Ho. [Ipuponsbie BOJBI pek, Bragaomux B OHEXCKOE 03ep0, HU3KOro
KauecTBa: OHH MAJIOMHHEPATH30BaHbl (=25 Mr/im), coaepiar IOBbI-
IICHHOE KOJIMYECTBO opranugeckoro BemecTBa (Copr> 8 MI/i;
IO >10 MrO/n), cunpHo rymudunupoBansl (pH=6; uBer-
HocTh > 40 rpan.).

C Bomamu MPUTOKOB B 03epo noctymnaeT okono 80-90 % opranuye-
CKMX ¥ B3BEIICHHBIX BeiiectB, 90 % obmero asora, 70 % obuiero
tochopa. Tpu ocHoBHEIX nputoka (pexu Bomna, lllys u CyHa) naior
60-70 % Bcero croka opraHddeckux BewiectB (OHEKCKOE 03€po,
1990). '

AHTpPOIIOreHHOE BO3JCHCTBHE HA BOJOEM COINPSKEHO € 3BTPOdH-
pOBaHMEM, 3arpA3HECHHEM ¥ PSIOM APYrHX COMYyTCTBYIOMMX Hebnaro-
NpPHUATHBIX MOcHeAcTBHH. Pa3BuTHe mporecca 3BTpOQHUPOBAaHHI B BO-
JloeMe, TJIaBHBIM 00pa3oM, CBA3aHO C YBEIMYCHHEM B €0 BOAE KOH-
ueHTpaiuu ¢ocdopa U, B KaKOH-TO CTeneHH, a3otra. B Hagane 60-x
rOJIOB aHTPOIIOTEHHOE BO3CHCTBHE Ha OHEXKCKOE 03€pO M €0 BOJO-
cbop Obuio Ommsko k ecrecTBenHoMy (Dopmi-MennryTkuna u fp.,
1973). PasBuTHe X034iCTBEHHOH JesTeapbHOCTH Ha Bojgocbope B 70—
90-x rr. npUBENo K NOBBILIEHUIO COJNEPXKAaHUA OHOTEHHBIX 3JIEMEHTOB
B MPHUTOKaX 03€pa — IJIaBHBIX HCTOYHHKAX (OpPMHMPOBAHHA XHMHYE-
ckoro cocraBa OHEXCKOTo 03epa, MOCKOJIBKY PEYHOH CTOK COCTaBIs-
er 75 % npuxoaHol yacTu BoAHOro 0anaHca, a TAaKKe B CTOUHBIX BO-
Jiax MPOMBIIUICHHbIX IPEANPUATHH 1 aTMOCHEPHBIX OCcaKax.

IMpo6nema 3BTpodupoBanus OHEKCKOro 03epa HE SBIAETCA CTOIB
octpo#, kak ans Jlagoxckoro. IIpouecc anTponoreHHoro 3BTpodupo-
BaHMS B 3THX ABYX KpYNHeHInx o3zepax Esponsl pasmuuen. Cymecrt-
Byomas B JIaoXKCKOM O3€pe WHTEHCHBHAS UMPKYNAUMA BOMHBIX
Macc, OXBaThIBAIOIAs IOYTH BECh BOZIOEM, IIPH MEHEE CIIOXKHOH, yeM
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B OHexXCKoM o3epe MOp(HOMETpHH, CIIOCOOCTBYET pacIpOCTPaHEHHIO
oboramenHsx GocopoM BONXOBCKHX M APYTHX IPHTOYHBIX BOJA IO
BCeit akBaropuu o3epa. B OnesxckoM o3epe oboramenune BoJ 61oreH-
HBIMH 3JIEMEHTaMH M OPTaHHYECKHM BEHIECTBOM, CBA3aHHOE C TOCTY-
IUIEHHEM HX C MPUTOYHBIMH, XO3AHCTBEHHO-OBITOBBIMM M IPOMBIIL-
JICHHBIMH CTOYHBIMHM BOJAaMH, 3aTparuBaeT TOJBKO OTAEJIbHEIE pai-
OHBI (3aUBbl, FYOBl M NMPUOpPEXKHLIE YYAacTKH), a OCHOBHas BOJHAsA
Macca MoKa elle XapaKTepu3yeTcss HEBBICOKMM cojiepaHueM GHo-
TEHHBIX 1EMEHTOB ¥ OCTAeTCH ONUrOTPOHOH.

B cepenune 60-x rogoB OHEXCKOE 03€pO ABISUIOCH OMUTOTPOGHBIM
BOJOeMOM. B KOHIIe 3MMHei CTarHaIMy KOHLECHTpaLUs MHHEPAIbHO-
ro ¢ochopa cocraBisiza 2-5 MKr/i, a MuHepanbHoro asora 0.25-
0.30 mr/n (Lllepman, Yibsuosa, 1973). 3a 30-neTHnit nepuox cpenxe-
B3BEIICHHAS KOHLUEHTPAUUS Py U Posy B IPUTOKAX 03€pa BBIPOCIA B
2 paza.

CyuecTBeHHO M3MeHWICs MaciuTab aHTPONOreHHOro BO3AEHCTBUS
KPYIHBIX MPOMBIIUTIEHHBIX 1eHTpoB — IlerposaBoncka, Konmomnory,
Mensexneropcka — Ha Onesxckoe o3epo. Panee, B 1964-1983 rr., 10
CTpOMTENLCTBA CTaHIuu OwWonormdeckod ounctkn (CBO), B
Konponoxckyro ry6y co cTouHbIMH BOZaMH KoOHHOMOXCKOro
IIPOMIIEHTpa MocTynano exeroguo ot 1 (1964-1970 rr.) mo 15.5 1.
(1975-1980 rr.) obmero ¢ocdopa. ITocne mycka CBO B Komue
1983 r. c6poc obmero pochopa u azora Kongonoxckum LIBK B ryby
yeenuuuncs B 2-6  pas (puc. 5.3). Kommomoxckas ryba
XapaKTepU3yeTcsl BHICOKHM YPOBHEM AaHTPOIOTEHHOM HArpys3Kkd IO
CPaBHEHMIO C MPHPOJHOH MO BCEM XHMHYECKMM KOMIIOHEHTaM
(cm. Tabn. 6), ocobenno mo docopy u nabunsaeiv OB (Punaros,
Cabeummra, 1998). Ilpupomsas  ¢ocdopHas Harpyska Ha
Konponoxckyro ryby BecbMa HE3HAUMTENbHA: KOHLEHTpalHs Pogy B
Boge Hurosepckoro (KOHZOMOXKCKOro) KaHama, depe3 KOTOPbIH
nocrynaer 90 % coOGCTBEHHO CYHCKUX BOJ; PaBHa 7 MKI/JI, B paiOHe
BBIXOJIa B OTKPHITYIO 4acTh o3epa — 10 mxr/n. B Hacrosulee Bpems
CpeHeB3BelIeHHas KOHUEHTpaus Posy B rybe cocraBnseT 18 Mxr/x,
yto Ha 7 MKr/n Beime, ueM Jo cTpourtensctBa ChO. B nactosiuee
BpeMs TpPaHC(OPMHUPOBAHHBIE CTOYHBIE BOJBI OT PACCEHBAOIIETO
BEIMYCKA paclpOCTPAaHAOTCS B BuAe (akena B CpeiHeHd ToIe
BOIHBIX Macc. B nentpe ry0b! OHH HaxoasTcs Ha rny6une ot 20 go 35
meTpoB. KoHIeHTpauus BEIECTB 31eCk B 2—3 pasa Bbille, YEM B IIpH-
JOHHBIX CJOSX BOABI. TakuM o0pa3oM, KauecTBO BOX B
Konponoxckoii ry6e nocne nycka CBO crounsix Boa KoHgonoxcko-
ro MpoMy3Na yJIy4IIHIOCh HE3HAYMTENBHO, HO MCUE3/a BhIPAXKEHHAs
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30HAIBHOCTD 3arpsa3HAIONMX BemiecTB. OOHAKO C YBENHYEHHEM CO-
nepxanus Pogy B cOpachIBaeMBIX CTOUHBIX BOJAX yCHIMJICA MacIiTad
sBTpodupoBaHus BoA ryosl. Konuentpaus Pog,y B €€ Bojax npubiu-
KaAeTCA K KpUTHYeCcKoH, cocrapisiomied 20 Mr/n (Cabputuna, 1999).
Vmeromuecst mo OHEXCKOMY 03epy AaHHBIEC IOKa3bIBalOT, YTO CTa-
OWILHOCTh O3€PHOH JKOCHCTEMBI HApYINACTCs NPH KOHLUEHTPALHH
Posw, paBHOH 20 MKI/1 1 BbIIIe, 15 MKI/I cuMTaeTca BepxHeH (momyc-
THMOM) I'paHUIICH, a KOHIIEHTpaUMH Pygy MeHbIIe 10 MK/ ABIIrOTCS
OTHOCUTENBHO 3Konorudecku 6ezomacubmi (I'ycakos, 1987).

Ierpo3aBoacKas ry0a MCIBITBIBAET 3HAUUTENHHO OONBIIYIO aHTPO-
HIOreHHY10 ¥ NPHUPOJHYIO Harpy3ku, ueM KoHponoxckas. buorennas
Harpyska Ha Ilerpo3aBojckyro ry0y no obmemy docdopy cocrasnser
2.83, na Konmonoxekyio 0.53 r/m° roa. Cymmapuoe noctymiesne OB
8 Ilerpo3aBonckyio ry0y ¢ INPUTOYHBIMH M CTOYHBIMH BOJaMH CO-
crapyset B 1.4 pasa mensiue, yem Kongonoxckyto (Cabputuna, 1999).

B kauecrBennom cocraBe OB Bospocna nons nabwisnoro OB. B
IEpHOJ JIEA0CTaBa ACHUINT KMCAOPOAA B 3arpA3HEHHbIX y4acTKax
ryonl coctaBnger 28-42 %. HaumeHpline HM3MEHEHHS BO BPEMEHH
mpeTepriesa BENHYMHA COJIEBOr0 COCTaBa BOJBI, HO M B 3TOM Clly4ae
HAMETHIINCh U3MEHEHHS B MOHHOM COCTAaBE BOJBL. YBENWYHIHCH KOH-
[EHTpAME HOHOB Na*, K*. TIoBBEIIEHHOE MX CONEPKAHHE CBA3AHO C
XO3AMCTBEHHOH IEATENHLHOCThIO Ha BojgocOope. B Hacrosiee BpeMs
conepxanue aunonos CI~ u SO,* B Bozie Ty6BI YBETMUMIOCH B CpE/l-
HeM Ha 2-3 Mr/Jt o cpaBHEHHIO ¢ 6(-MH TOAaMH.

OTKpBITBHIH ITeC 03€pa B HACTOSIIEE BPEMs COXPAHMNI BCE YEPTHI
OJMroTPOQHOTO BOJOEMA: CpeAHEroaoBas KOHUCHTpauus Py, CO-
craBiseT okojo 10 Mkr/i, npeobaanaronyii Auana3on koaebanui —
8—17 Mxr/n, obwmero azora — 0.61 mr/n, quamasoHn konebaHHit — OT
0.31 o 0.98 mr/m.

3ameneHHbl BOJOOOMEH 03epa (IIEpHOJ YCIOBHOIO BOJOOOMEHA
paBeH 13.3 net) obecneynBaeT 03epy Malyr0 MEXIOJOBYIO H3MEHYH-
BOCTh €0 XUMHYECKOTo cocrasa. OHAKO CIEAyeT OTMETHTB, YTO T10-
CIEeJHHe JIBa JECATUIETHA B SIIMIMMHUOHE 3ajimBa bonemoe OHero u
B LienTpanbHOM IUIECE 03epa NEPHOJNYECKU CTaIM OTMEYAThCs BBICO-
KM€ KOHIIEHTpanuu Py, (20-27 MKT/), MUHEPATIbHBIX COCAMHEHHH
a30Ta ¥ Kene3a, Takue 3MU30QMYECcKHe MOBBILIEHHS KOIHYECTBEHHO-
T COIEPXKAaHHUs BEILECTB, M Mpexze Bcero gocdopa, MOTYT CIYKUTh
OJHMM W3 TPH3HAKOB IMPOLIECCAa AHTPOIIOTEHHOrO 3BTPOGHpOBAHUA
OTKpBITOTO IlTeca o3epa. Boapl o3epa HCIBITHIBAIOT IPOTPECCHPYIO-
uiee o0eaHEHHE KPEMHHUEM, OCHOBHBIM IOTPEOUTENEM KOTOPOTO SB-
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JAOTCS. [UaToMoBeie Bogopocnu. B Jlagoxkckom o3epe, Hampumep,
HOJ BIIUAHHEM aHTPONOTEHHOTO 3BTPO(GUPOBAHHUS COAEPKAHHE KPEM-
Hus 32 15 siet ymensmmnock Ha 50 % (Pacrmeruna, Cycapesa, 2003).
B Bogax Bemukux AMEPUKaHCKHX 03€p TAKKEe OTMEYEHO 3HAYMTENb-
HOC YMEHBIICHUE KOHIIEHTPAlUU KPEMHHS IO MEPE POCTa aHTPOIIO-
reHHOro Bo3jeHcTBUA (Schelske, 1986).

OOmwmit cpeHEroJoBOR XMMHMUECKHI CTOK ¢ GacceliHa COCTaBAeT
okono 390 teic. T. OB, 100 THIC. T B3BemEeHHBIX Bellects, 900 ThIC. T.
MHHEDPAJIBHBIX H 55 THIC. T OHOreHHBIX BELECTB.

AHTponorennsli crok, nocrynatomuit ot Ilerposasoackoro, Kon-
JOMOXCKOTO ¥ MeBEXberopeKoro mpoMysJIoB, JOCTUraeT okosio 100
miH. M. C AHTPOIIOTEHHBIM CTOKOM BHOCHTCA OKOJIO 10 % B3Bemen-
HBIX, 16 % oprannuyeckux BemecTs, 18-20 % obwero aszora u pocdo-
pa.

Bonsr Hentpanshoro, Bonbmoro u Manoro Onero, Iosenenxoro
3a1MBa COXPAHWIN KO HACTOALIETO BPEMEHH ONMIOTPOMHBIH Xapakrep
U JOCTATOYHO BhICOKOE KadecTBo. OHHM cnabo okpaureHhbl (IIBETHOCTD
20-30 rpan.), conepxar Hebomnpmoe kosuuecTBo OB (Cypr — 46 MI/;
10 — 5-8 mrO/x), 6eaubl OMOTEHHBIMU dIIEMEHTAMH, OCOGEHHO OOLIHM
¢dochopom (7-10 mxr/m). B nocinentee AeCATHIETHE SIH30AHIECKH T10-
BBILLIAETCS KOHUEHTpauus Posy (10 20 Mxr/i) B ILlentpansaom u FOxuOM
Omnero u noHmkaercs copepxanue kpemuus (¢ 0.7 xo 0.2 mr/n), yro
MOXET CIYXHTh OJHHMM M3 IPH3HAKOB 3BTPOMHPOBAHMS 3THX paii-
OHOB 03€epa.

OmurotpodHslit ctatyc LlenTpansHoro OHEro MoXer COXpaHATHCS
€le OYeHb JIUTENBHOE BPEMs, TaK KaK Pa3sBUTHE MPOAYKIHOHHBIX
IPOLECCOB, CBA3AHHOE C YBEIMYECHHEM KOHLECHTPAuuH Pgy, IPOUC-
XOJHUT B CPAaBHUTENBHO HEOOJBLIOM MOBEPXHOCTHOM ciioe Boas! (10~
20-MeTpoBOM) B BETETALMOHHBIN NEPHOM, a AECTPYKLMOHHBIE TIPOLEC-
Chl MIYT B T€YEHHE BCEro rojia BO BCel BogHoM Tomme. OrpoOMHEI 3a-
mac kucaopoga B OHEXCKOM O3epe MOXET JUTHTENBHOE BPEMS pacxo-
JIOBaThCs Ha JEeCTPYKUMOHHBIE NPOLECCH. HeMaloBaXHyH poib B
COXPaHCHHH OJUTOTPOGHOTO CTaTyca OTKPhITOH YacTH OHEXCKOTo
03epa Urpaer NepeMeIIMBaHUue €T0 BOJ, MPOUCXO/ALIEES IBAXKABI B IO/
— BECHO# M OCEHBIO ITpH TepMobape.

B ry6ax, 1moaBep>XeHHbIX aHTPOIIOTEHHOMY BO3IEHCTBHIO, ColepKa-
HUE Pgy, NPUMEPHO, B 2 pa3a BbIE, yeM B OTKphiToM OHETO, B pe-
3yJbTaTE Yero pa3BUTHE IBTPOPUPOBAHUSA B HUX HIET ObICTpEe.

BuonponyKIMOHHBIC TPOLIECCH! BCEX TPO(DHUECKHUX 3BEHBEB BCIE)-
CTBHE XOJIOJIHOBOAHOCTH 03€Pa BBIPaXKEHB! ¢1a00 M YCTYIAIOT BOJO-
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emaM CpejfHeH NonOoCk!. IIpoJyKTHBHOCT JOHHBIX COOOLIECTB TAaKKe
uuskas (puc. 5.3). B mocrnenHue 1Ba JECATUNETHA B OTKPBITBIX pai-
OHAX o3epa HalNIOAAeTCA POCT KOJIUYECTBEHHBIX MOKA3aTENeH MOYTH
BCceX TPOGHUYECKHUX 3BEHBEB B PE3YNIBTAaTE AHTPOIIOIEHHOIO 3arps3He-
HHUSA, TOCTYNAKoWero 8 ocHosHoM H3 Konponoxckoii u Iletposason-
ckoif Ty6. OTH ryGbl MO BeIMYMHE NMEPBUYHOH NMPOAYKUMH NPHOIH-
KAIoTCs K Me30TPOMHBIM IKOCHCTEMaM, a ceBepHas 4acTh Kowmo-
ToxCKol Ty6sr — gaxe K 3BTpodubM (Tumakosa, Texanosa, 1999).

r C/ke.M 3a Beret.nepuoa

1978 1979 1989 1991 1993

Puc. 5.3. Ilepprunas npogykuus B 3amuse bonbuioe OHero sa BereTauu-
oHHBIH Tepuon B 1978-1979 u 1989-1993 rr. (o pabore TrmaxoBoi,
TexaHoBoit, 1999)

JleToM 3aMETHY!0 pPONb B O3€PHOM (HTOKOMILIEKCE IO JaHHBIM
T.I1. KynukoBo#t u M.A. Capxu (1999) urpator CHHE3€/CHBIE K 3€JIe-
HbIe BOJIOPOCIIH, BO3PACTAET YHCIICHHOCTH JIETHHX HOPM JHATOMOBBIX
(CoBpemennoe cocrosiHue..., 1998). CymecTBenHas nepecTpoika
IIPOMCXONMT B CTPYKTyPHOH OpraHu3ali¥ M (GyHKIMOHHPOBAHUM
BTOPHYHBIX 3BEHBEB MHUIIEBOA nenu. JIoHHbIe LEHO3B! XapaKTepUsy-
I0TCS 3HAYUTEILHBIMH BEIHMYMHAMH o01ueit 6MoMaccsl H MPOLYKUHH,
MAaKCHMANbHBIA YPOBEHb KOTOPBIX OTMedaercsi B IleTpo3aBoickoi
ry6e.

B Hacrosmee Bpems cpeiuss KOHLUeHTpauua Pusy B BOAE 03€pa N0
naussiM (Cabbutnna, 1999) e npessimaer 8-10 mxr/n. Ilpu pocre
€ro MOCTYILICHHA B BOLOEM, IPOLIECC aHTPONIOrEHHOTO 3BTPOGUPOBa-
HHSI MOXET [IOHTH C ropasfio 60JblUeil CKOPOCTBIO, 4eM B JIazoxckom
o3epe. CBA3aHO 3TO C TeM, 4TO CpeaHue rmy6uHsr OHEXKCKOro 03¢pa B
1,7 pasa menblue, yeM JIagoxkckoro, OHO Jyd4Ile POrpeBaeTcs, UMeeT
MEHBIIMH 00bEM TMIIOJHMHHOHA W OoJiee OnaronpusTHBIC YCIOBHS
JUIS Pa3BUTUS (PUTOIUIAHKTOHA. J{11 COXpaHEHHUs OUroTPOQHOro CTa-
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Tyca OHEXCKOro 03epa KoHUeHTpauus obiwero ¢ocdopa B ero Boae He
J0JDKHA HpeBbilaTh 15 Mxr/n. B nenom, Onexckoe 03epo B HacTosuIee
BPEMsl HAXOAUTCA Ha CTagud AeCTAOHINM3AIUK SKOCHCTEMBI M HaYaib-
HBIX JTarnax 3BTPOMHPOBAHHS.

CpaBHuTENBHBIA aHANM3 1OKa3aTeNe KOJIMYECTBEHHOIO PAa3BUTHSA
¢uronnankrona OHexckoro osepa B mepuon 1989-1993 rr. ¢ maH-
HBIMH, NOJTy4YeHHbIMH B 80-¢ IT. Ind onmro-me3orpodroro Jlamox-
CKOT0 03epa, CBUAECTENLCTBYET O MPOUCXOAAIIHX B OHEXCKOM 03epe
U3MCHCHHUSX, CBA3aHHBIX C yBENHYEHHEM OMOr€HHOM Harpy3kd B IIpo-
necce 3BTpodupoBanus. Kak B Jlagoxkckom osepe 80-x IT., Tak U B
COBpeMeHHOM OHEXCKOM 03€pe CErOJHS OTMEYAETCS 3HAYMTENBHOE
YBEIHYCHHE KONMYECTBEHHBIX XapaKkTEePHCTHK (QUTOIUIAHKTOHA 3a
CYET YCUJICHHOM BETeTaIlMH BECEHHero nomunanta A. islandica subsp.
helvetica.

Ilo MHTEHCHBHOCTH MNpPOXYIHUPOBAHHUSA OPraHMYECKOrO BEIIECTBA
OHnexckoe 03epo 3aMETHO YCTYNAeT APYTMM KPYIHBIM Tiy6OKOBO.-
HBIM BOAOEMAaM, HAXOMAIMUMCH B YCIOBHAX aHTPOIOTEHHOrO 3BTPO-
¢bupoBanus, B yacTHOCTH — JlamoxkcKoMy 03epy. Dkocuctema OHEX-
CKOT'0 03€epa Kak €IMHOE IIEN0€ HAXOJUTCS B COCTOSHHH OIpe/eieH-
HOro pasbanancupopanus (TumakoBa u fp., cM. B kH. CoBpeMeHHOe
cocrosuue.., 1998). HecMoTps Ha HOBONBHO HU3KYH) HHTCHCHBHOCTH
MHKpOOMANIBHBEIX IIPOLECCOB, XapaKTEPHOH YepTO, Kak MOKa3aHo
T.M. Tumakosoii, E.B. TexanoBoii (1999), sensercs npeobnaganue:

® npoayKuuu OakTepuaJbHOM OHOMAacChl Hal MPOAYKLHEH
(bHTOIUIaHKTOHA,

® JeCTPYKUHMOHHBIX MPOLECCOB HaJ MPONYKIHOHHBIMH M 3Ha-
YHUTEIBbHOE MpEBBINICHHE TOTPEeOICHHS KHCIOPOAa BOXHBIMH
6uoneno3amu Hag minosbIMH (B kn. CoBpeMeHHoe cOCTOS-
HUeE..., 1998).

Ha cragum 3BTpodmpoBaHus HAXOAATCS B HACTOSILEE BPEMs JOH-
HBIe LEHO3bl LEeHTpaabHOro mieca OHEXCKOro o3epa, KOTOPBIE II0
CBOMM KOJIHYECTBEHHBIM [IOKA3aTEIAM NOCTHINIM U JaXe HECKOIBKO
NPEBBICHIM YPOBEHB COOOIIECTB NPOGYHIOANBHON 30HBI CEBEPHOTO
urxepHoro paiona Jlagoru.

TIponeccsr sBTpodupoBanns B rybax Omesxckoro osepa, xak u Jla-
JI0XCKOTO, HECMOTPS Ha MX MOPGOMETPHYECKHE, THAPOXHMHIECKHE OCO-
OCHHOCTH W pa3NIMYisg, HMEIOT CXOIHBEIE 3aKOHOMEPHOCTH. B TO e
BPEMSI B 3THX BOJOEMaxX HMEKOTCA crienvduyeckue yeptsl. B Jlagoxckom
03epe IOMHHHDYIOUIMM areHTOM, NPHUBOSIIMM K 3BTPOGHPOBAHHIO,
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ABJIAETCd MUHEpPaTbHBIH docdop (AnTpomoreHHoe..., 1992). B rybax
OuexcKoro 03epa, HapsAy ¢ MHHEPATILHBIM, 6OJBIIOE 3HAYEHUE UMEET
docdop, MOCTYNAOWIHA B COCTaBE AJUIOXTOHHOIO OPTaHMYECKOrO BELIe-
CTBAa CO CTOYHBIMH M XO3SHCTBEHHO-OBITOBBIMH BOAaMH I'OPOJOB M CO
crokoM pek (COBpEMEHHOE COCTOSHHE..., 1998). 310 06CTOATENBCTBO
ompeienseT pa3BUTHe 3BTpodupoBaHus B JIagoxcKoM o3epe 4Yepes nep-
BMYHOE 3BEHO — (DMTOIUIAHKTOH, KOTOPBI 3aTeM (POPMHPYET NabHEH-
mMe TpoUUECKUe B3aMMOOTHOIIEHH B BojloeMe. B rybax OHexCcKoro
03epa, Haps/ly ¢ GUTOMIIAHKTOHOM, MHTEHCHBHOE Pa3BHTHE HA OCHOBE
AJUIOXTOHHOTO OPraHM4ecKoro BemiecTBa IpuoOpeTaeT OakrepHo-
TUIAHKTOH, KOTOPBIHM, pa3pyiias 3T0 OpPraHM4ecKoe BEIECTBO, BBICBO-
GoxkpaeT MUHepansHEI docdop, AaBas TeM CaMbIM TOIYOK K Pa3BU-
THIO QuTorankToHa. [Tofo6HOE ABICHHE OTMEYEHO JIMIIL B TEX BO-
noemax, 3BTpod¥MpOBaHUe KOTOPBIX MAET MO TeTEPOTPOHHOMY MyTH
(T.M. Tumakosa B ki. CoBpeMeHHOE COCTOAHME. .., 1998.

Kax n Jlanoxckoe 03epo, OHEXCKOE SBIACTCS OCHOBHBIM HCTOY-
HuKOM BojocHabwenus cronuusl Kapenmu — r. Ilerposasoncka u
MHOTHX TOPOJIOB M HaceneHHbix MyHkToB Kapennu. Bomozabop 6bin
CIIAHHPOBAH M TocTpoeH Ha Gepery IleTposaBosickod ry6er OHex-
ckoro o3epa 6e3 yuera ruApodH3HIECKuX Npoieccos B o3epe. Ilerpo-
3aBOfickas ryfa CIyXHT HPUEMHHKOM CTOYHBIX TMPOMBIINICHHO-
OLITOBBIX W JIMBHEBBIX BOJ FOPOAA.

TTo naHHBIM MHOTOJIETHMX HaOJIOIeHHi BOAa B BEPIUMHHONW 4acTH
ry6sl, B TOM 4HCIE B paidoHe BOJ03abopa, MO PAAY MOKasarenei He
coorperctByer I'OCTy juist nutbeBoi BoAbl. Ee caHuTapHOE COCTOSA-
HHE AMEeT CE30HHYIO H3MEHYMBOCT W 3aBHCHT OT LIENOro psina pax-
topoB. CullbHOE BIWSHME HA Ka4ECTBCHHbBIC ¥ CaHMTApHBIE XapaKTe-
PUCTHKH BOJHOM Macchl 34ech okashiBaeT cTok p. Illyn, Bona xoTopoi
HAMEET HHU3KOE NMPUPOIHOE KA4yeCTBO HM3-32 BBICOKOrO COJEpXKaHHs B
Hell jKene3a, T'YMYCHBIX BEINECTB, & TAKKE CHIIBHOTO 3arpA3HEHMA
CEbCKOXO03HCTBEHHBIMH OTX0MaMu Ha Bofocbope. CozepxaHue xe-
jie3a, aMOMHHHA IOCTOSHHO [JOCTHTaeT, & B IIEPHOA JIEROCTaBa Ipe-
Boinraet 3uayenus [IJIK. B teyenue Bcero rofa, a B NETHHH NEPUOX
0coGeHHO, BBIABAAETCA 3arpssHeHue BOAB! Hedrempoaykramu. Hera-
THUBHOE BIHSHHE HA CAHHTAPHOE COCTOSHHE BOJbI OKAa3bIBACT JHBHE-
BOM CTOK ropofa, KOTOpHI oforamaer €¢ MUKPOOPraHu3Mamu, a B
OTZENbHBIE MEPHOAB! HACHIIAET JHIEMHOIOIHYECKH OMAacHOH Oak-
TeproGopoi. DNU30AHYECKH, NPU PA3BUTHX TEYCHHH, HANPaBIICH-
HBIX BIIyOb ry6bl, BOMHBIE MacChl B pafioHe Booc60opa OKa3bIBAIOTCA
IIOZ BO3JEHCTBHEM TPaHC(HOPMUPOBAHHEIX BOJ ropkosnextopa. Oco-
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O6eHHO HeONMAroNpUATHAS AJIS MHTHEBOTO BOAOCHAOKEHHS 00CTaHOBKA
CKJIaJIbIBAETCs B IIEPUOBI 3UMHEHl MEXKEHHU M BECEHHEro MOJIOBOJbS,
KOT/1a Ka4eCTBECHHBIC XaPAKTEPUCTHKM BOJBI Hanbonee HeyIOBJIeTBO-
PUTENLHBI 110 CAaHUTAapHBIM HOpMaM. [l 00e33apakuBaHHUs O3E€PHBIX
Box 10 HOopMarusoB ['OCT «Boza murbeBasg» BOJOKAHAIOM (B pec-
ny6muke Kapenus) ucnonssyercs xnopvposanve. OQHAKO, C YHUYTO-
XKEHHUEM OONEe3HETBOPHBIX MUKPOOOB, BO3HHMKaeT mpobieMa dopmu-
POBaHUA XJIOPOPTaHHYECKHX COSIHHEHUH, KOTOPHIE BO3AEHCTBYIOT Ha
TEHETHUUCCKUH ammapar YenoBeKa.

CaHHTapHOE COCTOSIHME H XMUMHYECKHH COCTAaB BOJ, HCTIONB3yEMBbIX
JUIS TIMTBEBBIX LEJeH 10 psily NapaMeTpoB, MHOTHE I'ojibl HE COOTBET-
ctBy10T 'OCTy. Ces13aH0 5T0 € T€M, YTO NOCTPOEHHBINH B HECKONBKUX
KHJIOMETPax OT ycrbs pekd 1llys Bono3abop akTuyecku HCIONb3yeT
Boasl peku Illys, a He goctaToyHo ymcThie Boabl OHEXKCKOro o3epa.
KauectBo Box ryOnl onpenensercs BoJaM¥ peK, a TAKXe O3EPHBIMH
Bogamy. Hammune Gonbuioro xosimyectsa 0ONOT M JIECHBIX IOYB Ha
BoJocOOpe peKd, aKTHBHAs JEATEIbHOCTh 4eloBeka B ee OaccelHe
3HAYMTENBHO YXYAINMIM KauecTBO Boast pek. Hlyiickue Boasr o6ora-
DIAI0T BOAY ry6bl CTOMKHM K OHOXHMHYECKOMY OKHCICHHIO OPraHH-
4eCKHM BELISCTBOM, MOBHIIIAIOT LBETHOCTh H OKHCIAEMOCTh, COAEp-
’aHHUE XKene3za, KpeMHHSA, aMMOHMHHOIO a30Ta, B3BEIUCHHBIX M OT-
JIeAbHBIX OPraHUYECKUX BELECTB, IPHPOAHOTO M AHTPOMOr€HHOIO
IPOUCXOXKACHUA, CHIKAIOT MUHepamu3auuio H pH Bogpl. CaMbiMu
HU3KMMHU MTUTHEBBIMH Ka4€CTBAMH Iyiickue BOABI 0OIaNatoT 3UMOii, B
HepuoJbl BECEHHEro IMOJNIOBOJbA M OCEHHETO naBoAxa. B neTHue Me-
CAIBI KAYeCTBO BOKBI B I'yOe 3HAUMTENBHO YIYYLIAETCs 33 CUET aKTH-
BH3aIMH NPOIECCOB CAMOOYMIICHHS, MOCTYIUICHUA YHUCTHIX, MAJIOMU-
Heparu30BaHHBIX BoJ OHEXCKOrO 03epa.

B 3uMHHEH nepuo o0 I5A0M NPEKPAUIAETCS HEOCPEACTBEHHOE
JENUCTBHE BeTpa Ha BOAHYIO TNoBepxHOCTh [lerposasoackoit ryOwi.
CKOpOCTH CTOKOBBIX TeYEHHH OBICTPO yMEHBUIAIOTCH C yJaJNeHHEM
OT YCThS U yXe Ha paccTosHuy 1600 M cocrasnsior Bcero 2—-3 cm/c.
B nepnon nexocrasa 0CHOBHAs OCh PEYHOTO TIOTOKA NOJ BO3AEHCTBH-
eM cupl Kopronuca OTKIOHAETCA K rOpPOACKOMY NOOGEPEXBIO, H B
3TOT Mepuo Ha Boxo3abope daxTHUecku UCosib3yoT peunsle lyi-
CKHe BOABI. B 3TOT mEPHOA BOABI XApaKTEPU3YIOTCHA KaK "yMEpEeHHO
3arps3HeHHsble".

B Becennuit meprof ¢ Mas B IleTposasozckoii rybe paspymaercs u
HCUe3aeT JENOBHIM NOKpoB. Benencreme Gosiee ObicTporo mporpesa
PEUYHBIX BOJ M IPUOPENHBIX MEIKOBOAMH B BepiiHHe I'yOsl GopMHUpY-
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ercsi TepMuyeckuit 6ap — y3kasd 30Ha HauboJsiee IUIOTHBIX BOJ, Ipe-
MATCTBYIOMIAS! [IEPEMEIIMBAHHUIO PEYHBIX M 03€pHEIX BOJ (pHc. 5.4).

O3epo

a 0

Puc. 5.4. Cxema pacmosnoxenus CyIECTBytomero Bogo3abopa r. Ilerpo-
3aBOJCKA (@) ¥ OLTHMabHAs, MPEAIIONaTaEMoe MECTO HOBOTO BOJ03a60-
pa (). Ha puc. 5.4. nioxasan nuteifd soa p. Iy, monoxenue ropoackux
OUKCTHBIX COOPYKeHHit (&) u TepMobapa — 1o uzotepme 40 C

C HakoIUIeHHEM LIYHCKUX BOA B Iybe W mpoleccamMy HarpeBaHHs
dpout TepMobapa ynansiercs or yctba p. lllyn, nocturas MeanoBckux
OCTpPOBOB B KOHIE Mast (puc. 5.4). B arotr nepuoxn ry6a Haxoaurcs B
CaMBbIX IUIOXHX YCIOBHSX, TaK KaK BOJBI €€ OKa3bIBAIOTCS OTYJICHEH-
HBIMH OT O3€PHBIX M COCTOST U3 TPaHC(OPMHPOBAHHBIX PEYHBIX H
CTOYHBIX BOJ ropona. B nerHue mecsns! B ryde npeobnajaer o3epHas
BOJA, BO3PACTaeT ee pa3baBisiolas ¥ CaMOOYHINAIOmAs CIIOCOGHOCTS.
JIns neTHEro TepHojia XapakTepHa pe3Kas MPOCTPAHCTBEHHAS HEOJHO-
POMHOCTh THIPONOTHYECKHX, THAPOXUMHYECKUX M THApobHonorude-
ckuXx moned. 1o o0ycloBIeHO anBe/UIMHIaMH, BHYTPEHHHMM BOJIHA-
MH, (pOHTaMH, TCUEHHSMH PA3HOTO TE€HE3UCA, KOTOPHIE HPHUBOJAT K
IIATHHCTOMY PACHpPENENeHUI0 3arPA3HSIONIMX BELIECTB M IHApobuo-
aroB. [Ipu pe3ko¥ TeMrepaTypHOH CTpaTH(UKALUK, CYLIECTBYIOWIEH B
03€pe B 3TO BPEMs, 3arps3HEHHbIE BOJBI PACIPOCTPAHAIOTCH MPEUMY-
IECTBEHHO B MOBEPXHOCTHOM CJI0€ ITyOOKOBOAHOM M IO BCEH BEPTH-
KaJi JIMTOPIBbHON 30H. ['TyOMHHBIE BOJBI, 338 MCKIIIOYEHHUEM IPHIOH-
HBIX CJIOEB, NPECTABJICHB YHCTHIMH XONOJHBIMH O3€PHBIMH, XapaKTe-
PHU3YIOLMMICA BBICOKMM KaueCTBOM. A OCEHBIO B OKTAOpe-HOA0pe B
03€pe BHOBb BO3HHKaeT TepMobap, KOTOpBIA CHOBa 3akpreisaeT IleTpo-
3aBOJICKYIO I'y0y OT MOCTYIUIEHHS YHCTBIX O3EPHBIX BOJ.

Pemenne npo6ieMsl BOBMOXKHO IIyTEM IOCTOSHHOHW OYHCTKH He-
KOH/IMLHOHHBIX BOJ, YTO TpeOyeT OoNbIunX (HHHAHCOBBLIX BIOXKEHHUH.
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A TIOCKOJIBKY 3THX CPEACTB HE XBAaTaeT, a TAKXKE CYLIECTBYIOT OIpe-
JICTICHHbIE TEXHWYECKHe IPOoOIEeMBl, HaceNeHHe ropoja, KOTOpoe Co-
CTaBJIfeT MOYTH TPETh HacelneHus peciyOnukn Kapenus, BeIHYXKIEHO
MCIIOJB30BaTh HEJJOCTATOYHO KOHAMIMOHHBIE BoAbl. [loatomy ymecT-
HO HaIllOMHHTH u3pedenne «Kakyo BOoy MbEM — TaKoe U 3J0POBHEY.
YuuTeIBast 0COGEHHOCTH MPOTEKAHUA THAPOPUIHIECKHX IIPOLECCOB B
OHexcKkoM o3epe, ISl yIydlleHHs CHTyaluu ¢ ofecrieueHHeM Hace-
JIEHHMsA YHCTOH IUTheBOl BOMOM Bo Bee cesonbl roga MBIIC KapHIT
PAH 651110 peKOMEHIOBAHO MEPeHeCTH BOZ03a00p HA BBIXOM M3 TyOnl
(puc. 5.4, 6). [lpyrue BapHaHTHI i CTPOHTENHCTBA HOBOrO BOAO3a-
6opa B paitone cOpoca cTouHsIX Box ropoxa (puc. 5.4), He AaAyT ra-
PaHTUPOBAHHOrO KayecTBa BOJBI IS MHTHEBOTO BOAOCHAOMXEHMS BO
BCE CE30HBI Iofia, TaKk Kak OnM3KOe pacIojIoKeHHe CTaHUMM cOpoca
CTOYHBIX BOJI ropoJia peCcTaBIseTcs HeOe30MacHbIM.

OuenvBas B LIEJIOM COCTOSIHHE 03€pa, KAa4eCTBO €TI0 BOJI, OTMETHM,
Ka4eCTBO BOJA 03€pa, OLCHEHHOE II0 COBOKYIMHOCTH IapaMeTpoB, B
HACTOsILEee BpeMsi OTHOCHTCS K BbicokoMy (Punatos, JlozoBrk, Jlut-
BuHeHKo, 1998). Onnako, oTaenbHbIe TyOb! M 3aJMBBI [IOABEPIKEHE
AHTPOIIOTEHHOMY 3BTPOGHPOBAHHIO U TOKCHYECKOMY 3arps3HeHH10. B
OCTaJbHbIE TEPHOABI 3BTPOGHUPOBaHHEIE BObI KOHIOOMXCKOH TyObI
OKa3bIBAIOT CYNIECTBEHHOE BO3JCHCTBHE HAa LIEHTPAIBHYIO IITyOOKO-
BOJHYIO 4acCTh 03€pa. YCTOMYMBOCTH BOAHOM CHCTEMBI 03€pa K aH-
TPOIOTEHHOMY BO3JEHCTBHIO BBICOKAd, OJHAKO Jae NPH HEKOTOPOM
CHIKEHHH 3TOT0 BO3AEHCTBUA TEHACHUUM H3MEHEHMH HeGnaromnpu-
arusle. Jlaxke NpH YMEHBIICHUH HArpy30K He TOJNbKO H3-3a SKOHOMH-
YECKOro Kpus3uca B PoccHy, HO M IpY NPHHATHU NPUPOLOOXPAHHBIX
Mep, BOCCTAaHOBHUTH MOJHOCTBIO ONMTOTPO(HBIN CTATYC HE YAAIOCH HU
Ha ofHOM 3 Gonbmux o3ep EBpomsl 1 Amepuku. [lpu Bo3MOXHOM
HOTEIUICHHH KIuMata (XoTs KaHHble, uMetomuecs B VIBIIC, e corna-
CYIOTCS ¢ HEKOTOPHIMU NOITYJIAPHBIMH CIEHAPHMAMH TI0OAIBHOrO TI0-
TEIUIEHHS KJIMMAaTa) MOXET YCKOPHTBCSA IIPOLECC AHTPOIOTEHHOIO
3BTPO(PUPOBAHUA U CTAHET BECHMA 3aMETHBIM H3MEHEHHE N1apaMeTPOB
kauyectBa BoJ yxe yepe3 20-30 ner. Oxnaxo, 6e3ycioBHO, M yCTOH-
YMBOrO Pa3BHTHS PErHOHA M JUIA NPHHATHA CBOEBPEMEHHEIX MEpP IO
TIPEJOTBPAIICHHAI0 HETaTHBHOIO BO3JEHCTBUA HEOOXOMMMO YYHTHI-
BAaTh M CaMble HeOIAronpuaTHbIE cTedeHus obcroarenscTs. [Ipu npo-
THO3MPYEMOM yBEJIMICHHH MPOMBIIUIEHHOTO ¥ CENIbCKOXO3IHCTBEH-
HOTO MPOW3BOACTBA HEOOXOAMMO MPEXYCMOTPETh BHEAPEHHE HOBBIX
TEXHOJIOTHH, CIOCOOCTBYIOIMX OXpaHe o3epa. BOCCTaHOBHTH POJIb
MNPOXOAHBIX PHIO B 03€pe MOXKHO HE TOJIBKO 33 CYET MPHPOAOOXPaH-
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HEIX MEpOIpPHATHH, a, B IEPBYIO OYepellb, 32 CYET MCKYCCTBEHHOIO
BOCIIPOM3BEACHHA. YKa3aHHBIE BBHILE OCOOCHHOCTH Pa3BUTHS 3KOCH-
CTEMBI 3aCTaBILIIOT CO BCEH CEPHE3HOCTHIO OTHECTHUCH K 3KOIOTHUE-
CKHMM npoOireMaM OHEXCKOTO 03epa, OJHOTO W3 HEMHOTHX BOJOEMOB
MHpa, 00NafaioIero OrpOMHBIMH, CTPATErHYeCKUMH 3aracaMu Ipe-
CHOM BOABL. JTO TpeOyeT MOCTOSHHOTO CIIEKEHHUS 32 COCTOSIHHEM Ka-
4eCTBA U 3a11acoB €ro BOJ.

3.3. CpaBHHTe/IbHEBIE 0COGEHHOCTH IKOCHCTEM 03€p

Vupasneune sxocuctemoli, pecypcamu Jlagosxckoro u OHEXCKOro
03€p JOJDKHO OCYUIECTBIATHCA Ha 0as3e 3HaHWA O COCTOSHMH M TEH-
JEHIUAX U3MEHEHHUs 9KocHCTeM. [IpH 9KOIOrH4ecKoM HOPMHPOBaHHH
KadecTBa BOJ OIPAHMYMBACTCS aHTPOIIOTEHHOE BO3AECHCTBHE HA HUX,
HCXOJS U3 ydera BO3MOKHOCTEH BogoeMa. B kauecTBe OCHOBEHI JUIs
OPUHATHS PENICHHH 0 HOPMHMPOBAHHIO, UCTIONH30BaNaCh KOHLEIIIHS
CTaOWJIBHOCTH DOKOCHCTEMBI, T.6. CIIOCOOHOCTH COXPaHATh CBOIO
CTPYKTYpPY ¥ XapakTep QyHKUHOHHPOBAHHS NPHU M3MEHSIOMMNXCS yC-
noBusx cpenst (Ipabkosa, Pymsnues, 2002). IIpunsaTsie B cBoe Bpems
MEPEI N0 3aKPBITHIO, TePenpOPUINPOBAHHAI0 U MOAEPHU3ALMH NIPE-
OPHUATHH LEIUTI0N03HO-0YMaXKHOH, alIFOMHHUEBOH U APYTHX TpeApH-
ATHI TIPUBEIM K OCTaHOBKe mporecca 3BTpodupoBanus Jlagoxckoro
03€pa, YIYYIIEHUIO COCTOSHMA 03€pa, HO 3TO HE BBI3BANO PEaKIUU
pbibHoro HaceneHus (PymsuueB u np., 1995; Kyaepckuit, 2000). Ta-
KAM 00pasoM, I pelleHHs HpoOseMbl MOBBHILECHHS KayecTBa €ro
BOJIBI TPEeOYIOTCA COOTBETCTBYIOIIME (YHIAMEHTANBHBIE 3HAHHA O
TIPOMCXOAAIIMMHI M3MCHEHUSIMH, OCHOBAHHBIE HA MOHHUTOpHHTE. Mo-
HUTOpUHT JIamOXKCKOTO 03epa OCYIIECTBIAETCS MHOTUMH OpraHH3a-
My moapasnaenenusamMy Pocruapomera, MTHO3 PAH, MBIIC PAH,
TF'OCHUOPX, nabopatopueii «MOHHTOPHHT APKTHKK», a OHEKCKOTO
— B ocuopuoM ycunuamu UBIIC KapHI[ PAH u Kapensckum noz-
pasaenenneM Pocrugpomera. B nocnennue rojsl ObUTH BBITOTHEHBI
paboter o mporpamme TACHUC (Viljanen, Drabkova, 2000). Ha oc-
HOBe JaHHBIX MOHMTOPHHIOBHIX HAOMIOACHHUH U MX aHAIK3a MOKA3aHO
onpejeieHHOe OTANYHE B M3MEeHeHUH skocucteM Onexckoro u Jla-
JIO’KCKOTO 03€p. B, YacTHOCTH, OCHOBHOE BO3/eHCTBHE Ha 3BTPOdH-
poBanue OHEXKCKOro 03epa OKa3bpIBAIOT CTOYHBIE BOZABI OT MPOMIEH-
TpoB Ilerposasoacka u Konuonoru, Ha ceBepHy0 4acThk Jlagoxckoro
03epa — MoCTyIIeHHe OHOTEHHBIX BEIUECTB ¢ peYHbIMH BoxaMmH. ITo
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OCHOBHBIM XMMHYECKHM MoKa3zaTesiiM JIaoKcKoe 03epo OTHOCHTCS K
ME30TyMO3HOMY OIHIoTpodHOMY THIy, OHE}KCKOE 036pO — OJHUIO-
TryMO3HOMY OIHIOTpoGHOMY (Tabi. 5.2).

Tabnuna 5.2. HexoTopsle moxaszaTey KauecTBa BOABI 03P B BECEHHHH IEPHOA
1992-98 rr. (no rauneiM UBIIC KapHLI PAH, CoBpemeHHOe COCTOSHHEE. .., 1998)

B s s 5
B Q g 5 I
owo | £ RS |5 2|8 |5 |8 |2
i lag | o z g i 1% 5 5 2 oo
W | |8 |[& || |2 3|2z % a
Jlanox- 6.8—
62.7 | 35 9 006 |18 |5 0.37 | 036 { 0.54
CcKoe 7.1
Omnex- 74—
36.3 |20 5 0.05 18 1-2 1030 {029 | 042
CKoe 7.1

W3 aToi#t Tabmuupl BUIHO, yTo BoABl JIamoxcKoro o3epa uMeroT 6o-
Jiee BBHICOKYIO MHHeEpanu3anuoo, yeM OHexckoro. ColepxaHue HHT-
paroB a Jlagore pocturaer 0.4 mrN/n, Ounere — 0.3 mMrN/m,. B no-
cneguue roasl (1992-98) manbonpmas konueHTpauus docdopa o1-
Meuaercsa Juia Jlagoskckoro o3epa (cpelHss KOHUEHTparwWsa Pogy —
18, Pinog — 5 MKI/NI), B TO BpeMs Kak €ro cofepxanue B OHEXCKOM
o3epe MeHbIIe Pysy — 8~11 MKI/N, Piporg — 1-2 MKI/II COOTBETCTBEH-
HO. B MHoronetrHeM ruiane HaGMIOfaeTCs YMEHBIICHHE COACPKaHUS
docdopa B Jlapoxckom osepe: 70-e rr. — 28, 80-e 23 mxr/n (Lo-
zovik, Raspletina 1999) u Ttenpmenmus ero pocta B OHEXCKOM: B
Hauane 90-x — 8, 1998 r. — 11 mkr/n. YaursiBas, uro ¢ocdop nu-
MHUTHPYET pa3sBUTHE (UTOIUIAHKTOHA B HCCIENYeMBIX o3epax, Gonee
BBICOKHI YpOBeHb OMONPOAYKLUHOHHBIX NpOLEcCOB Habmoznaercs B
JlapoxxckoM o3epe, yeM B OHEXKCKOM, UTO MOJATBEPIKAAETCA JHMHAMHU-
KO OMOreHHBIX 3JIEMEHTOB, KHciopona, Chl “A” ¥ mOKa3aTEeNAMH
pasBUTH3 (UTO-, 300IUIAHKTOHA M 3006eHTOCa (Tabn. 5.3).

Konrenrpauus Chl “A” B smuamanone Jlagoxckoro osepa, Tol-
MHA XoToporo cocrasiser 10-15 M, npubnu3uTenbHO B 2 pa3a Bbl-
me, yeM B OHexckoM. BelieACTBHE MHTEHCHMBHOTO pa3BHTHA (oTO-
CMHTETHYECKHX TIpoiieccoB, B JlamoxkckoM o3epe oTMedaercs Gonee
KOHTPACTHOE pachpe/ieleHue OMOTEHHBIX IEMEHTOB MEXAY OIH- U
THIIONMMHHOHOM, 4eM B OHEXCKOM (Tabi. 5.3). Jedbuuut xucioposa
B runoiauMuuone Jlagoxckoro ¥ OHEXCKOro o3ep HE3HAUMTENEH U
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OGuOTHYECKHE MPOLECCH HE CKAa3BIBAIOTCA Ha €T0 PEXHME B OCHOBHOM
BOJHOM Macce 3THUX BOJOEMOB. B MUTOpanbHOM 30HE CEBEPHOH 4acTH
Jlapoxckoro o3epa, Habnromaercss Hanbolee BBICOKOE COAEPIKaHHE
¢docgopa u Chl “A” 10 CpaBHEHHIO C OTKPBHITHIMH YYaCTKaMH ITHX
o3ep. JlanHOe 06CTOATENLCTBO CBA3AHO C MOCTYIUIEHHEM CTOYHBIX BOJ

oT HpOMHeHTpOB H BINAHHEM PEYHOr0O H JOAPCHAXHOTO CTOKOB
(1abn. 5.3).

Tabnuua 5.3. Pacnpezenenue XMMHUYECKHX MoKa3aTeneil 1 6uoMacce! 6HOIICHO30B B
OCHOBHOH BOJIHO} Macce o3ep B JIETHHH neprox 1992-1998 rr.
(o nanneim UBIIC KapHII PAH, JIozoBux 1 ap., 2000)

Jlapoxckoe Onexckoe

[oxasarens SMUIMMHHOH | THIIOTMMHHOH | SMHAMMHUOH | [HIONHMHU-

(no 10-15 ™) |(h=30m) (n0 5-10m) |on (h=20 M)
Pogur, MK/ 19.5 154 11 7
P, MKI/TT 35 6.4 1 1
N-NHy, mr/n 0.05 0.02 0.04 0.02
N-NO;, mr/n 0.18 0.35 0.21 0.26
Nopr, MI/n1 0.44 0.25 0.48 0.40
Si 0.27 0.50 0.18 0.26
0, 97-105 95-100 89-108 89-101
pH 7.6 7.3-7.5 73-1.7 7.1-7.6
Chl “A” 4-8 He olp. 1-6 He OoIp.
DUTOILUIAHKTOH,
e 0.24-1.33 0.23-3.00 0.09-1.17 0.20-3.00
3oomankToR, /M | 0.33-0.87 0.04-0.13 0.18-0.80 0.04-0.13
Beroc, r/M” 2.0-3.0 1.8-49

Haxe 3uMoi AMHAMHYeCKHe mpouecchl B JlamoxckoM o3epe Gonee
HHTEHCHUBHBI 110 cpaBHEHMIO ¢ OHEXCKHM, YTO MPHBOIAT K HEKOTO-
pOMy pa30aBIEHHIO M PacCEMBAHHIO CTOUHBIX BOX, M JOKAIH3ALMH
3arpsA3HEHUH B CaMHX 3aJIUBaX HE IIPOHCXOJHT.

ViccnenoBanus o mporpaMMe MOHUTOpHHTa 6onsiunx o3ep OHEX-
ckoro u Jlagoxckoro nokaszanu (JIozosux u ap. 2000), 4TO HHTEHCHB-
HOCTb IpoLiecca 3BTPOGHpOBaHUsA B OOJbILEH CTENICHH OTMEYAETCS B
Jlanoxckom o3epe, TPOPHIECKUI CTATYC KOTOPOrO B HACTOALIEE Bpe-
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Ms1 COOTBETCTBYET OJIUTO- Me30TPOGHOMY THITY, @ B OTACIIBHBIX 3aJIH-
Bax — 3BTpodHOMY. OHEXCKOE 03ep0 HAXONUTCA HA MEPEXONHOMN
CTaJi¥ M3 OJIMIO B ME30TpodHOE COCTOSHHE. B COBpeMEHHBIX YCIIO-
BUAX NO CpaBHEHMIO ¢ 70-Mu rojmaMe HaOmomaercs TeHACHUHA
yYMEHBbILIEHHUs cofepxanus ¢ocdopa B JlagoxckoMm o3epe u yBenuue-
uue B OHEXCKOM.

5.4. Konebanusi K1uMarTa ¥ H3MeHeHNe COCTOSIHUE
Jlagoxckoro 1 OHeXCKOro 03ep

Cocmosnue npobnemot

B HacrosmeMm pasgene pacCMOTPEHBl TEHACHUHM COBPEMEHHBIX
M3MEHEHHUH KIIMMaTa, U JaHa OIICHKAa MX BO3MOXKHOTO BO3ACHCTBHSA Ha
KpynHermue o3zepa EBponbi. MccnenoBaHse OCHOBAaHO Ha MaTepHa-
JaX WHCTPYMEHTAJIbHBIX HaOJIONCHHUH, POBEJCHHBIX THAPOMETEOPO-
JIOTUYECKOH ciyx00if, a TaloKke MaTeMaTHYeCKOM MOJEIMPOBAHHH
KIIMMaTHYeCKUX HM3MEHEHUH B pEruoHe Ha MoAensax rinobajbHOro
kinnmara (MI'K).

OnuuMmu 13 HanbGoliee UyBCTBHTENBHBIX U JOCTaTOYHO IPOCTO M3-
MEpSEMBIX IApaMeTPoOB, OTPAXKAIOIIAMH BIHMSHUE KINMATHICCKHX
H3MEHEHU, ABJIAIOTCA YPOBEHHBIH PEXUM M DJIEMEHTHI BOJHOro 6a-
nmaHca. M3yueHue Mex- M BHYTPHBEKOBOH H3MEHYHUBOCTH BOAHOIO
Oananca, yposHa kpynHedmux osep Esponsr (Jlapoxkckoro, OHex-
CKOT0) IpeJCTaBIsET UHTEPEC B CBA3M C 3aMETHBIMH W3MEHCHHSAMH
BoguoctH B XX Beke. C Hayanma 80-X IT. HAMETUIACh TEHICHIMA 10~
BBILLIEHUA YPOBHS KPYNHBIX 03ep EBpOIBI, KOTOpasi cMEHMNAach B KOH-
ue XX Beka - Hayane XXI 3aMeTHBIM MaJeHHUEM ypoBHA o3ep. bonb-
I0€ 3HAYEHHE HMEET MPOTHO3 PEKHMA YPOBHS B 03€pax B CBS3H C
UCTIONB30BAHMEM MX KaK TPAaHCIIOPTHBIX apTepHid, IS TMAPOTEXHHYE-
CKOTO CTPOHUTENbCTBA, U MMUTHEBOIO BOAOCHAOXKEHUA. 3aMeTHOE Ma-
JIEHHE YPOBHs MHOTHX 03ep, B ocobeHHocTH ¢ 1990 r. mo HacTosmiee
BpeMsl, CO3JAT0 CYUIECTBEHHbIE NPOOIEMBI Ui MUTHEBOIO BOJOCHAO0-
JKEHHs HaceneHHbIx myHkToB. B Kapemuu, nanpumep, B 2003 r. Obuia
CO37laHa CIelMalbHas rocyJapCTBEHHAs KOMHUCCHS, B 3a1a4y KOTOPOH
BXOJHJIO NPOrHO3MpOBaHye OyIylIMX M3MEHEHHH ypOBHS Ui YIPUHA-
TUs ynpasjieHyeckux pemeHui. HccnenoBanye coBpeMEHHOTO COCTOS-
HHsl YPOBHS 03ep H 3JIEMEHTOB BoaHOro 6anaxca (OBbB) npu nsMeHenn-
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AX KJIMMara NpeJCTaB/IfeTCs BEChMa aKTyalbHOM 3ajauyedl B CBA3M C
TEM, YTO aHAJIM3 ITHX TPOLECCOB B IPEABIAYIIHUX paboTax orpaHHYH-
BJICA JaHHBIMH, COOpaHHBIMH g0 Hadana 80-X IT., T.e. 10 3aMETHOTO
H3MEHEHHA YPOBHS BOJOEMOB, OTMEYAaEMOTO B IOCIEAHHE JBa NECs-
THJeTHs. [Jiis OleHKH KoneOaHuii ypOBHA 03€p M (akTopoB, €ro om-
penensIomnX, ObUTH HCIIONB30BaHbl THAPOMETEOPOJIOTHYECKHE, ACH-
POXPOHOJIOrHYECKHE, HANCONTUMHOIOTHYECKHE, reopU3NIecKe IaH-
HbIE, XapaKTepU3yIomue 0COGeHHOCTH H3MEHEHMA KIIMMaTa B PETHOHE
B XIX-XX Bekax.

Jns oneHkH OOMMX 3aKOHOMEPHOCTEH NMPUMEHANCS TAKKE aHAIHU3
«HaNbHUX CBA3€H» C M3MEHEHMSAMH YPOBHs YJAlEHHBIX Ha MHOTHE
COTHH KHIIOMETPOB 03ep, Hampumep, Ckxannunasuy, CesepHoit Ame-
PHKH, YTO NO3BOJISET BBIABUTH Kak 0OIIHe riiobanbHble 0COOEHHOCTH,
TaK W PerHOHaIbHbIC 3aKOHOMEPHOCTH H3MEHYHBOCTH ypPOBHS 03€p H
3BB. CoBpeMenHOe COCTOAHME BOIHEIX PECYPCOB ONPEACISIECTCS
TIPUPOIHBEIMHA KIMMATHYECKHMMH OCOOEHHOCTSMH PErHOHA H aHTPOIIO-
TEHHBIM BJIMSHHEM Ha HUX. [IpHpOJHOE KaueCTBO BOJ M3MECHSETCS B
pesynbTaTe cOpoca NPOMBINUICHHBIX M KOMMYHANBHBIX OBITOBBIX
CTOUHBIX BOJI, CENIECKOXO3SHCTBEHHOI'O UCTIONL30BAHMUS, 3arPA3HEHUS
atMOC()epHBIMH  BBITQACHUSIMHE TPH TPAHCIPAHMYHBIX IMEPEHOCAX.
H3MeHeHns KIMMAaTa OKa3bIBAIOT OMPEJCIeHHOE BIMAHHUE Ha BOAHbBIC
pecypchl pernoHa, rMJpPONIOTHYECKHH PEXHUM BOJOEMOB M COCTOSHHE
UX 3KOCHCTEM.

Haubonee BaxkHBIE 3a0ayuy, KOTOPHIE PEIIAIOTCA B HACTOSAIIEE Bpe-
Msa Ha npuMepe Jlamoxckoro m OHEXCKOro 03ep, MpEICTaBleHH B
paboTe KoJIeKTHBa aBTOPOB «BIHSHAE NMOTEIICHUs KIMMaTa Ha KO-
cucteMbl 6onsmux o3ep CeBepo-3amana Poccun» (mox pen. Pyxosua
u ®unarosa, 2003). B sTo#t paboTe BHIIOIHEHO: U3YYEHHE BIHSIHUA
M3MEHEHHH KIMMaTa Ha THAPOTEPMOAMHAMUYECKHH pexuM OHex-
ckoro u JIafoKCKOro 03ep; M OLEHEHO M3MEHEHHe sKocHcTeMsl Jla-
JOKCKOTO 03¢pa IOJ BIMSAHHEM AHTPOTOTEHHBIX M KIMMAaTHYCCKHX
(haxTOpOB.

TMo renernyeckoi xiaccuduxanuu b.A. AnucoBa, B OCHOBY KOTO-
POii MONOXEeHa 3aBUCHMOCTh BOSHHKHOBEHHS Pa3siHYHBIX THIIOB KIH-
MaTa OT yCIOBHii 001IeH HPKyIAMY, KIUMAT pakona Jlanoxckoro u
OHEXCKOTo 03€p OTHOCHTCA K aTIaHTHKO-apKTHYECKOH 30HE yMepeH-
HOro nosica. Xapakrep Kiumara oGyciosieH reorpahuyeckoit 6muso-
croio banrruiickoro, benoro u Bapenuesa Mopel, npeobnafaHueM UH-
TEHCHBHOHM LMKIOHHYECKOH JesTENbHOCTH BO BCE BPEMEHA roja.
Tepmoperynupytoiee BO3ACHCTBHE 03epa CKa3bIBAETCS Ha TOLOBOM
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XOJIe TEMIIEPATYPhI BO3yXa, 0COOEHHO B NepeXOHEIE IEPHOJIB! (BeC-
Ha u ocenp). Popmuporanne pexuma BeTpoB Jlamoxckoro osepa
NIPOUCXOAMT HOJA BIHMAHMEM aTMOC(EPHBIX INPOIECCOB, OOLIMX s
Goneeit wacty ceepo-3ananga Poccuu. OcoOGEHHOCTE BETPOBOTO pe-
xuMa Jlanoru no cpaBHeHunio ¢ OHEroil — CpaBHHTENbHASA OJHOPOJI-
HOCTb MOBTOPSEMOCTH HanpaBAeHHs BETPoB. OCOOEHHOCTH THAPOXH-
MHYECKOTO M THAPOOMONIOrHYECKOI0 PEXHUMOB ceBepHON vacTd Jla-
JOXCKOTO 03€pa OTPENEIAOTCS BHICOKOH TUHAMUKOW BOJHBIX MAacc U
[IpOLIECCaMH aHTPOIIOTEHHOrO 3BTpodUpoBanus. Jaxe 3UMOH JuHa-
MHYECKHE MPOIECCHl B 03€pe CIIOCOOCTRYIOT pacipeieneHuio 3arpas-
HEHHM TI0 BCEH TONILIE BOABL. B JieTHee BpeMsi aHTPOIIOrEHHOE BIIHS-
HHUE TMPOCIEXHUBAETCA U B ceBepHOH dacTH Jlagoru. Boasr Jlagoxcko-
r0 03¢pa 10 JaHHBIM MOHUTOPHHIOBLIX HcciaenoBannii UBIIC KapHI]
PAH no TskenbiM MeTajulaM sIBASIOTCS HesarpssHeHHbiMEH (CoBpe-
MEHHOE COCTOSIHHE..., 1997), Toxe orMeueHO u B paborax PpyMmuna
(2000).

W3zygenwio usMeHeHui kiauMmara B pernone Jlanoxckoro v OHex-
CKOrO 03€p M BO3ACHCTBUS ITHX M3MCHEHUI Ha o3epa OBUIH NOCBSLIE-
HBI B cBoe BpeMs paboThr llIHutHHKOBa (1968), Manunusoit, Maca-
HOBOM (1977), Anmamenko (1985), ®unaroBa, ®unaropoit (1988),
Anamenxo, Konapateesa (2000), Joranosckoro, Msxumesoii (2000),
Tpanesnuxosa, I'puropresa (2000) u ap.

B nocnexnue roas! 6onpnioe BHHMaHUe 3TOH mpobneMaTHke yie-
neHo B pabotax [onmueina ¢ coaBropamu (2000, 2002), Apne u ap.,
(2000), KonzapatseBa ¢ coaBropamu (2002), a taoke ®unatosa ¢ co-
aBTopamu (2000, 2002). B paborax [oranosckoro, MikwuiieBoit
(2000) paccMaTpuBaeTCs 110 HATYPHBIM JAHHBIM MHOTOJICTHSS H3MEH-
YUBOCTHh YPOBHA H JIEASHOTO NMOKpoBa Jlanoxckoro o3epa. Beineneust
MHOTOBOJIHBIE M MajIOBOJHBIE IOJBI, BIUIOTH 10 1995 r.

B pa6ote onuueina ¢ coaBropamu (2002) aHamH3UPYIOTCS COCTaB-
JSFOUIME TEIUIOBOTO M BOJHOrO 6ajlaHCOB HA OCHOBE MOZCIHPOBAHHSA
U 1o QaxTuueckuM JaHHbM 10 1988 r. ans Bomoc6opa Jlagoxckoro
o3epa. MccnenoBanus BEITOTHEHBI HA 14 cOBpeMEHHBIX MOJEINAX TII0-
6ansHoro knumara (MI'K) st neproga 1980-1988 rr.

B paGore Konnpareesa, EdumoBoit u mp. (Jlagoxckoe o3epo,
2002) BHITIONHEHA OLEHKa H3MEHEHHH TIMAPONOIMYECKOTO PEXUMA
BOJIocOOpa M MPHUTOKA B 03€PO B 3aBUCHMMOCTH OT M3MEHECHHH KiMMa-
Ta. BBIMOMHEHO [eTalibHOE H3YYEHHE T'HAPONONMYECKOr0 OTKIMKA
BOZIOCOOpA HA M3MEHEHMs KIMMAaTHYECKUX NapaMeTpOB C HCIIOJb30-
BAaHHEM MAaTEMaTUYECKON MOJEJH THAPOJIOTHYECKOTO PexuMa KpyI-
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Horo peynoro 6GacceiHa Ha npumepe OacceitHa p. BonxoB — kpym-
neimero npuroka Jlagoxckoro o3epa. Pabotel TpanesHukosa ¢ coas-
topamu (Tpanesnukos u np., 2000) HOCBALIEHB U3YYCHUIO MEXaHH3-
Ma (OpMHPOBAHHS TOJOBOTO XOJa M MEXIOZOBOM H3MEHYHBOCTH
YPOBHS 03€pa MOJ BO3JCHCTBHEM TEMIIEPATyPhl BO3LyXa H OCaAKOB C
HCIIOJIE30BaHHEM METOJOB TEOPUH NEPHOINUYECKH KOPPEIMPOBAaHHEIX
ciyuaitubix npotieccoB (ITKCIT). B ux pabore nokaszaHo, 4To yBeNH-
YeHHe TEMIIEPaTyphl Bo3ayxa Ha 1°C, npy NOTEIUIEHHH KIIMMAaTa IpH-
BEJIET K CMELICHHUIO IPaHULl THAPOJIOTHYECKUX CE30HOB.

Ha pesynpratax MomenupoBaHMs Y aHanusza panHeix KBIIC
KapHI] PAH (®unaro, Hazapoa, Cano, 2000, Filatov et al, 2002,
2003) ocranoBuMcs moapobuee. OnpenencHHbIE OTAHYMSA paboT yka-
3aHHBIX BBHIILE aBTOPOB COCTOAT B TOM, YTO JUIA aHANIN3a MCIIOIb30Ba-
JIUCh THAPOMETEOPOIOrHYeckye JaHHble BIIOTh 40 2002 r. s Bcero
Bopoc6opa Jlanoxckoro u OHEKCKOro 03ep.

Cospemennbie U3MEeHeHUA KAUMAma, COCMOAHUA 6000€MO06
1
u 6000co0pos

JIiis OLieHKH U3MEHYMBOCTH KIHMATa H JIEMEHTOB BOAHOrO GanaH-
ca, kojebGanuii ypOBHSA 03€p, KaK MHTErpajJbHOr0 MOKa3aTeNns H3MeHe-
HMI K1HMaTa, ObUTH coOpaHbl JaHHBIE MHOTOJIETHUX HHCTPYMEHTAJb-
HBIX HaOJIOJCHHH TeMIlepaTyphbl BO3AyXa, OCaJKOB, HCIIAPEHHS, CTOKA
pek, npomonkuTensHocTH conHedroro cusaua (IICC), o nemocrase
Ha O3epax, YPOBHE 03€p W Jp. mapameTpos 3a mepuox 1880-2002 rr.
Ha cTaHuusax u nocrax ®enepanpuoii cnyx6s1 Poccuiickoit Penepa-
MM 10 THAPOMETEOPOJIOTHH W MOHHTOPUHTY NPHPOIHON CpEnbl.
AHanu3 OCHOBHBIX TEHIEHIHH B AONTOCPOYHBIX KIHMAaTHYECKUX H
IUAPOJOTHYECKHX BPEMEHHBIX DPANax IO CEBEpO-3amaJHOM 4acTH
Poccun nauvnas ¢ 1880 mo 2002 rr. BEISBUN HAJIHMYUE MOJOKHUTENb-
HBIX JTMHEHHBIX TPEHIOB ro/I0BBIX Temneparyp sosnyxa (7T), ocankos
(P), obmiero ucnapenus (£) u oTpHuaTeNbHbIi TPEHJ PEYHOrO CTO-
Ka. B ucciemyeMoM perHoHe, Tak Xke, Kak U 110 BCEMY CEBEpO-3anaay
Poccun, ¢ xonua 1970-x rr. 6bUIH OTMEUYEHB! BBICOKHE TOJOBEIE CYyM-
MBI OC3JIKOB U YBEJIMYCHHE YPOBHS BOJBI B 03epax. 3aMeTHbIE KIUMa-
THYECKHE M3MEHEHHSA B PETHOHE B 3TU TOJbl IPOABMINCH TAKXKE B
YMEHBIIEHUH TPOAOTKUTEILHOCTH NEPHOAA C YCTOHYMBBIM CHEXHBIM

! IMaparpad noxrorosner npu yuactuu JLE. Hasaposoit u 10.A. Caro.
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IOKPOBOM M YBEIMYECHUM OE3/IeHOTO MEepHojia Ha 03epaX U yMeHb-
menue [ICC.

IMonoxurenbHas TEHAECHUMSA OTMEYEHA H B PANaX IOJOBBIX CYMM
OCAJIKOB, 4TO, NPEXKAE BCETO, SABISIETCA CIEACTBHEM YBEIHYCHHS MPO-
JOJDKHTETIBHOCTH TIEPHOJOB C 3alafHBIM [EPEHOCOM BO3LYHIHBIX
Macc B T€YEHHE TO/la HaJ HUCCIeqyeMOol Teppuropueii. MoxHO oTMe-
TATh YBEIUYCHUE TONOBBIX CYMM OCaIKOB B TEYCHHE IBAILATOrO
croyetus. B o0mem ciydae yBenuueHHe OCAaKOB M MOBBILICHHE IO-
JIOBOH TeMIlepaTypsl BO3yXa MPUBOAUT K BO3PACTAHHIO CYMMapHOIO
HCIIAPEHHUS C TEPPUTOPHH, KOTOPOE BCE K€ HE KOMIIGHCUPYET IOJHO-
CTBIO YBeIHYEHHE NPUXOAHOHM YacTH BogHoro Oanaxca. [1o nmomyden-
HbIM PE3YNBTATaM HENIb3s CIENAaTh OJHO3HAYHBIA BHIBOA O TOM, YTO
M3MEHEHUs KIMMAaTa B PErHOHE, a TAKOKE PEaKlUsd Ha 3TH M3MEHEHUA
YPOBHS M 3JIEMEHTOB BOFHOTO OajaHca 03ep ONpENeNsSoTcs aHTpOIo-
TeHHBIMU KIMMaTU4ECKUMH HM3MEHEHHSIMH, BHI3BAHHBIMH '"MAapHUKO-
BeIM" 3 pexrom. [IpuBeicHHbIE BhILIE Pe3yNBTATHl CBUIETENBCTBYIOT
0 TOM, YTO KJIMMaT ¥ 0011as yBIa)KHEHHOCTh BOJOCOOPa MOABEPKEHBI
3HAYMTENBHBIM €CTECTBEHHBIM (UIYKTyalUMsaM, Ha KOTOpbIE HaKJa[bl-
BArOTCS KosieOaHus, BBI3BAHHBIC aHTPONOreHHbIMH (akTopamu. [Ipm
3TOM MEXBEKOBas U BHYTPUBEKOBAsS H3MEHUYMBOCTH THIAPOMETEOPOIIO-
THYECKUX IIONEell CYIIECTBEHHO BIHUSIOT HAa COCTOSHHUE MPHPOIHOTO
¢oHa, Ha KOTOPOM IPOHCXOAUT (PYHKIHOHHPOBAHUE BOIHBIX 3KOCH-
crem. IlpuBenem H3MEHEHHS YPOBHS 03€p M HX OCHOBHBIE CTaTHUCTH-
YeCKHE XapaKTEePUCTHKHU MO COBPEMEHHBIM AaHHBIM Ha 2002 I. BKiIIO-
yuTenbHo (puc. 5.5 u Tabin. 5.4).
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Puc. 5.5. OcHOBHEIE TEHACHUMHM M3MEHEHUH YPOBHS (B CM.) KPyIHEH-
mwinx o3ep Esponsi: Jlanoxckoro u Onexckoro 3a 1881-2002 rr.
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Tabnuua 5.4. OCHOBHBIE CTATUCTHYECKHE XaPAKTEPUCTHKN
UIS YPOBHS 03€p IO AaHHEIM 32 1881-2002 rr.

Osepo Hanox{cxoe: otH. Hyns Onexcxoe,
Banrniickoro
Crat. 3HaYeHns oTH. 31.8 M
¢yriToxa

Cpennee 3HaueHue 479 111
Menuana 480 113
MakcumyM 620 165
MuunmyM 364 26
Jucnepcus 2263 795
CraHa. OTKIL 475 28.2
AcumMeTpus 0.22 -0.21
Oxcnece 0.28 -0.32

Mo monyYeHHBIM HAMH JAaHHBIM, OCHOBHbIE TEHACHUUH H3MEHECHHH
YPOBHS HCCIEAYEMBIX O3€p COXPAHWIHCh, N0 CPAaBHEHHIO C paHee
m3yuaembiM riepuogom 18811995 rr. Ilpm obumied TenpeHUuH ¢
1881 r. yBenuuenus ypoHsa OHexckoro osepa, a Jlamoxckoro Ha-
npotHs — majgeHus (oTpuuarensHelii TpeHn). do Havama 50-x IT.
XX Bexa TeHaeHIuH A1 06oux 03ep ObITM OIMHAKOBHIC, HO HAYMHAsA
¢ MoMeHTa 3aperymuposanus OHexckoro osepa Bepxue-CBHpckuM
BOJOXPaHIWIHIIEM 3TH U3MCHEHHS 3a NOCNIeJHHE B KIIHMaTHYECKHUX
muxaa 1940-2000 rr. mpoTHBONIONOXKHBL: cpeqHui ypoBeHs Jlanox-
CKOTro 03epa — HmKe HOpMsI (Tabi. 5.4), a Onexckoro — Bbinie. Ha-
uypgas ¢ 90-x rr. XX Beka, HAMETHNACh TEHACHLMS NMaJEHUs YPOBHs
Jlapoxckoro u OHexckoro ozep. Ilpu 3ToM aucmepcus xonebGaHMH
YpOBHs B NOCACHHMH KIMMaTHYeckui nukn 1970-2000 rr. munu-
MaJibHasi, YTO CBUIAETEIBLCTBYET O MEHbIIEH H3MEHYMBOCTH YDOBHA,
Gonee crabuibHOM ero xapakrepe (Tabm. 5.4.).

3a mocneauue 10 ner (1996-2003 rr.) oTMeuaeTcs MaJloBoAHas da-
3a a9 obomx o3ep. ONHAKO CpeaHEroJOBLIE 3HAYCHHS YPOBHA 03€p
MaleKd OT MHHHUMAaNBHEIX, HaOmogasmmxes B 1940 u 70-x rr., u no-
3TOMY HET HeOOXOAMMOCTH GECTIOKOUTHCS 110 TIOBOLY, AKOOBI KaTacT-
poduueckoro ero najaeHus, o6yCIoBICHHBIM aHTPONOIEHHBIMK H3MeE-
HEeHHUsIMH KJIMATa.

B uccrnenosanuax (®unaros, Hazaposa, Cano, 2002) noka3aHo,
YTO U3MEHEHHMS KJIIMMaTa MOTYT BO3JEHCTBOBATH HAa M3MEHEHHS 5KO-
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CHCTEM 03€p, IPH 3TOM CaMH BOJAHBIE OOBEKTHI TAKXKE MOIYT BJIHATH
Ha KIAMaTHYECKHE 0COOeHHOCTH BoAoc6opa.

Jis OLEHKH BO3MOXHBIX H3MEHEHHH OCHOBHBEIX XapaKTEPHCTHK
xmmara 1 OBB uccnenyeMolt TeppHTOpHH NPH pasHBIX CLEHAPHSX
BApHAllMA KIMMaTa ObINH MCHONB30BAHBI PE3YIBTATHL YHCIECHHOTO
MOJIC/THPOBAHHUA Ha MOJEIH T100aIbHOH LHPKYIANMH atMocdeps! u
okeaHa (Mogems rinobansHoro KmMara — MI'K), paspaGoranno#i B
MereoponoruieckomM HHCTHTYTe Makca Ilnanxa (Bengtsson, 1997).

B ocHOBe MOfIEIH NIEXXHT CHCTEMA YpaBHEHHH reoQH3IMIECKON TH]I-
POAMHAMHKH. PacderTHble ypaBHeHHA NONY4€HHI JUIS CETKH C MPO-
CTPaHCTBEHHBIM paspelucHHeM 2,8 X 2,8 rpaxyca no mupoTe H H0JIro-
Te. PacyeTsl BHIMONHATMCH IO BEPTHKAIH OT 3¢MHOM MOBEPXHOCTH MO
10 yposasam o 30 kM (o BeicoTs! 10 rIla) qus Beero 3emMHoro mapa.
MunvManeHo BO3MOJKHBIH BpEMEHHOM mar MOJIENH
ECHAM4/OPYC3 cocrasnser 24 MHH, OHaKO /IS aHANH3a BO3NCi-
CTBHS M3MCHEHMH KIHMaTa Ha BOJHBIE CHCTEMH! JOCTATOYHO OBLIO
caenarb BHIOOPKY JUIA CpPEIHEMECAIHBIX 3HAYEHHH MOJENMpPYyeMBIX
napaMeTpoB (nogpobHee 0 Mojemu cM. rmaBy 5, 1 Toma HacTosmed
KHHTH). B kagecTBe crieHapHeB HCNIONB30BATHCEH OLEHKH BO3MOXKHOTO
MOCTENICHHOTO YBENIHYCHHA KOHICHTPALHH MapHHKOBHIX Ia3oB, MpH-
HATHIE TPH pa3paGoTKe M MPOBEPKE H3IBECTHOH MOJCITH TIOGANEHOID
mHpkyasuHonHoro MexanusMa IPCC (Houghton u ap., 1995).

AHaTH3 M3MEPEHHBIX H MOJENBHBIX JAHHBIX I OTACNBHBIX CTaH-
IMA TOKasal XOpomiee COOTBETCTBHE CPEOHEMECHUHBIX 3HAYEHHMH
TEMIEPATYPE! BO3QyXa, OJHAKO LA MECAYHBIX CyMM OCAKOB CBS3b
HCYAOBIECTBOPUTENbHA.
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Puc. 5.6. MopensHbie (1) M M3MepeHHbIe (2) 3HAYCHHUA CPEIHErOXOBON TeM-
NIepaTypsl BO3yXa 33 KOHTPOTbHEIH repuoa 19601999 rr.
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Puc. 5.7. UsmepenHoie (1) 1 MogenbHble (2) FOXOBbIE CYMMBI OC4AKOB 32
KOHTPOJBHBIN neprox 1960-1999 rr.

Jlna rofoBRIX 3HAYEHHUH, pacCUMTAHHBIX B IIEJIOM MO KaXIO0H Tep-
PUTOPHH, MOZIETBHBIC JAHHBIE XOPOIIO COTNACYETCS C M3MEPEHHBIMM
3paueHuaMH (puc. 5.6; 5.7).

Bnuanue xnumama Ha 2udponoZUYeCKUil pexcum u IKoCu-
cmemul 03ep

Pacuerst Ha MI'K ¥ aHanm3 UTMTENBHBIX HAOMIONEHHH NOKa3biBa-
JOT, 4TO BCE DIIEMEHTHI BOJHOTO Oajianca Ha uccieayeMoM Bogocbope,
KpPOME PEYHOTrO CTOKA, B HOBBIX KIMMATHYECKUX YCIOBUAX 10 000MM
cueHapusm OyayT Bospacrars. HaubGonee uarencusHo, B 1,2~1,3 pasa
wiu Ha 60-80 MM B cpaBHeHuH ¢ ieprofoM 1950-1999 rr., Bospacter
CyMMapHO€ HUCTapeHHe. JTa OLEHKA XOPOIIO COrNiacyercs ¢ MOAEIb-
HBIMH JaHHBIMHM, IOJYYEHHBIMHU TI0 APYTHM MojensM kimumara (byca-
posa u I'yces, 1995). Kak Osu10 nokasaHo BhIIE, B HACTOSLIEE BPEMS
BECEHHHE TEMIEpaTyphl BO3IyXa MO BCeH MCCIENyeMOH TEPPUTOPHH
MMCIOT Hambolee 3HAYMMBIA MOJNOXKHUTENBHBIN TpeHA. B Oymymiew,
cornacuo cuenapusiM G u GA, G6onpIuyil pocT TEMIEPATYphbl BO3AyXa
OyZeT XapakTepeH WA 3UMHHX Ce30HOB (nexabpb—despans). Ilpn
HOBBIX KJIMMATHYECKHMX YCJIOBHUSX HM3MEHHTCHA BHYTPHIOJOBOE pac-
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OPENCICHUE CPESAHCMECSYHBIX TEMIEPATyp Bo3gyxa. HamGonpinee
NIOTEIIEHHE BO3MOXHO B OCEHHME H 3UMHHE MECHIbI, B TO BPEMS KaK
B TCUCHHE BECEHHUX M JIETHHX MECSLEB NOBBHIUEHHE TEMIIEPATYpPhI
BO31yXa He OYJeT CTONb 3HAaYHTENbHBIM. B cOOTBeTCTBUM C pesymbTa-
Tamu MOICIUpoBaHns Ha Mogenn ECHAM4/OPYC3 B usyuaemom
paiioHe KpYNHBLIX o3ep EBpombl BO3MOXHBI 3aMETHbIE H3MEHEHMS
KnuMata M TMAponoruyeckoro pexxuma. Ha Bomoc6ope Omexckoro
03epa BO3MOXEH POCT rOJOBOM TeMIEpaTyphl Bo3xyxa ot 1,6 xo 2,7-
3,0°C, yBenw4eHne romoBBIX CYMM ocaJkoB 0T 582 MM mo 610-635
MM, MpPH 3TOM CyMMapHO€ HCIAPEHHE MOXET BO3PacTd OT 264 10
323-348 MM. YuuTBIBast 3TH COOTHOMIEHHS, CyMMAapHBIN PEYHOMH CTOK
[IPH HOBBIX KIHMATHYECKHX YCIOBHAX MOXXET YMEHBIIHTHCSI ¢ 319 B
CoBpeMeHHOM KiuMate 1o 280-290 mm k 2050 romy. B HOBEIX KIH-
MaTHYECKHX YCIOBHAX MO OOOMM CLEHAPHAM HanGOJBIIMIA POCT TeM-
nepaTypbl BO3Ayxa OyAeT OTMEYaThCs B 3MMHHE CE30HBI (IEKabph-
despanp). CornacHO MOJAENbHBIM AAHHBIM, BO3MOXKHE! 3HAUHTELHBIE
M3MCHCHHS B PACHPE/EIICHHN CPEAHEMECIYHBIX TEMIIEPATYP BO3yXa:
B Kapenuu Mecanp! ¢ Mast o OKTA0pb CTaHyT Golee TEIUIbIMH, YeM B
HacTosfiee Bpems, Ha KonbCKOM monyocTpoBe BCe MeCSipl OymyT
3HaYHTENIBLHO TEHIEE.

KakoBa jxe peakuus rHIPOIOrHYECKOrO PeXnUMa H 3KOCHCTEM HC-
CIEeAYeMBIX 03€p Ha HM3MEHCHHUA KIMMATa. BBINONHEHHBIE pacyeThl
ans Kapenuu v OUHISAHAMHA BHIABMIM CYIIECTBEHHYIO HECTAllHOHAD-
HOCTh THAPOJOTrHYECKOIO PEXHUMA 03€p, JEMEHTOB BOAHOrO OanaHca
¥ ypoBHs Jlagoxckoro u OHEXCKOro 03¢p B 3aBUCHMOCTH OT H3MeEHe-
Hui winmara. [Ipy yBenuveHHM TeMIEpaTyphl BO3AyXa BO3PAacTET
TEMIEPATYPa BO/BI OTHOCHTEIBHO HEGOIBUIMX 03ep — C MIOWALLIO
3epKana B COTHH M JAecaTKH KB. kM. (Kuusisto, 2002); ¢ 7 10 8-9 me-
CALEB BO3pacTeT Ge31e]0CTaBHBIA IEPHOX, KOIHYECTBO aTMocdep-
HBIX OCAJIKOB YBEJIUYMTCA, YTO MOBIECIET 32 COOOM MOBLINIEHHE YPOB-
Ha o3ep (Qunartos, 1997; Kuusisto, 1992). Takue nameneHus ruapo-
METEOPONOTUYECKUX XapaKTEPHCTUK NpPHBEAYT K BO3JACHCTBUIO Ha
BOJHBIC U HA3eMHBIE SKOCHUCTEMBL. BO3MOXKHEI U Cephe3HbIE H3MEHe-
HHsl TMIPOJMHAMUKHM KPYIHEHIHX o3ep Espomnsr — Jlagoxkckoro u
OHeKCKOro, 4TO CKaXeTcs Ha OCOOEHHOCTSIX MepeHoca U Tpancdop-
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Maluy 3arps3HeHHH, CaMOOUUIIEHHUH 03¢ep. IIpu BrlmeyKka3saHHBIX yc-
JOBUAX BO3MOXKHO yBeNHUeHHE MHTEHCH(UKAIMH TEYCHHH, mepeme-
muBanud. Eclu B HacTosmiee BpeMs NpH KIMMAaTHYECKOM MaciuTabe
OCpeIHeHUS OCHOBHOW MexaHu3M (pOpMUpOBaHHs OOILEH HUPKYIA-
UM BOA LMKIOHHYECKOTO XapakTepa BHOCAT LIUPKYJINWS BOZ B Be-
CeHHE-OCeHHHH NepHoN (3a CYET COBMECTHOTO dddekTa HapoKInHHO-
CTH, BETpa ¥ penbeda JHa), TO NPH NOTEIVICHNWH KIMMAaTa B COOTBET-
CTBMH C pAacCYHTaHHBIMH 3HAYEHWAMH, BO3DPACTeT HHTEHCHBHOCTB
MPKYJISIIMK 3UMOH. [Ipu 3TOM npu AnMTEenbROM BO3JEHCTBHU BETpa
B 03epax (opMUpyeTcs «AByxsadeiikosas» uupKynanus soa. Cymecr-
BEHHO BO3pAcTeT, KaK M B BenMknx AMEpHKaHCKHX 03€pax, UPKYis-
UMt BOJ, IepeMeENInBaHue B 3UMHMIA nepuoa. [Iponeccs nepenoca n
TepeMelIHBaHis (TePMOTHIPOMHAMUYECKHE) B OMpE/EIEHHON CTe-
MEHH CXOXH JUIA KPYIHBbIX JUMHUKTHYecKuX o3ep (Punaros, 1991).
Kak nmokaszanu mocieauue uccnegosanus (Beletsky et.al., 1999; Tloka-
seeB, Gunaror, 2002), B aMepUKaHCKUX 03epax MHTCHCHUBHOCTD LIMp-
KyJsAUMd B 3UMHUI NEPUOJ BHILIE, IIOCKOIBKY B 3TO BPEMS OHH HE
3aMep3aloT, 33 UCKIIUeHHeM 03. Opu. B To xe Bpema Jlanoxkckoe u
OHexckoe 03epa MOJHOCTHIO MM YaCTUYHO B 3MMHHH NEPHOA I10-
KPBIBAIOTCS JIESHBIM IIOKPOBOM, H B HUX OTMEYaeTCs c1abas HHTEeH-
CHBHOCTB JIMHAMUKH BOJ.

TIpu yBeIHUYEHHM TEMIIEPATyPhl BO3YXa 3a CYET BO3PACTaHHA KOH-
LEHTPALMH YIJIEKACIOro Ta3a B aTMocdepe, T.e. NPH MapHUKOBOM
s¢dexte B paccMaTpuUBaeMbIX padoHax Benmkux AMEpHKaHCKHX 03ep
npomsoiiayT cienyromme n3menenus (Mortsch, Quinn,1996). Tlpu
ysenuuennd CO, B 1Ba pasa B paitone BAO na mmporax 42-47° 6y-
JeT HabmoaaThCs YMEHBIIEHHE OCAIKOB M CTOKA PEK, a IIPU BO3pac-
TaHWM TEMIIEPATYPBI HIKHETO CNOsi aTMOC(eEphl — yBEIUYEHHE HC-
mapenus. VI KaK CIEACTBHE, CHU3UTCS YPOBEHb BOJOEMOB M YBEIHU-
4UTCA TEMIIEpATypa MX HOBEPXHOCTH. IJOCKONBKY S3KOHOMHKA PETHO-
Ha BAO cyniecTBEHHO ONpPEAENAETCH BOAHBIMH PECYpCaMH, UCIONb-
30BAHMEM 03€P IS HYXK) THIPOIHEPTeTHKH, BOAOCHAOKEHHU, TPaHC-
I0pTa, PeKpealui, 1009 MHHEPAIBHEIX PECYPCOB M KaK MPUEMHH-
KOB CTOYHBIX BOJ, B TOM YHCJI€ MOJOTPETHIX BOA ATOMHBIX CTaHIMH,
TO TIPH CHMXKEHMH YPOBHs 03¢p 3KoHOMuke pervona BAO Oyner na-
HeCeH CYINeCTBeHHBIH ymepo.
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OnpenenenHple H3MEHEHUS TIPOH30HAYT HE TONBKO B BOIHOH TOJ-
IIe 03ep, HO U Ha BojgocOopax. U 3Tu H3MEHEHHs CKaxyTcs Ha CaMHX
osepax. [Ipm cokpalleHHH nepuHoja CyLIECTBOBaHMs CHEXHOIO IIO-
KpoBa Ha BogocOopax BO3pacTeT pO3Hsi MOYB. JTH W PAX APYTHX
npuarH O6yAayT chocoOcTBoBaTh eule OonpmieMy 3BTPO¢HPOBAHHIO
BOJIOEMOB.

ITpu MOBBIIEHHH TeMiepaTypsl Bo3ayxa Ha 1°C mpoayKTHBHOCTD
7ecoB Ha Bojocbope uccienyembix o3ep BeipacteT Ha 0.3-0.4 xmacca
6onuteta (Kapreuko u ap., 1999). IIpu cymecTBYIOIEM B HACTOSILEE
BpeMs o6beme BHIPYGOK (610 MiH. M’/TOx) 5TO He TpHBENET K 3a-
METHBIM M3MEHEHUAM B BOAHOM OanaHce perdoHa 3a cyeT 3Toro ¢dax-
topa (bornapuk, 2000).

OueHuTh BKJIAJ aHTPONOTeHHBIX M MPUPOAHBIX (PaKkTOpPOB B H3Me-
HEHHUs KJIMMaTa ¥ BOAHBIX CHCTEM SBISETCA 3a/laueil o CHX MOp HE
pEilleHHOH.

ITpy HOBBIX KIMMATHYECKHX YCIOBHAX M3MEHHUTCS BHYTPHIOJ0BOE
pacrpeseeHue CpeRHEMECSIHBIX TeMIlepaTyp Bo3ayxa. Haubonsniee
MOTEIUIEHHE BO3MOXKHO B OCEHHHE M 3MMHHE MECSLEL, B TO BpeMd Kak
B TeUEHHE BECEHHHMX M JIETHUX MECALEB IOBHIILICHAE TEMIEPaTyph
BO31yXa He OyHeT cTonb 3HauuTeNbHBIM. Heobxonumo oTMETHTE, 4TO
OLIEHKAa MECAYHBIX CYMM OCA[IKOB IIPH HOBBIX KIMMaTH4ECKHX YCIO-
BUAX TOKAa HE HANEXKHBI, IOCKOJIBKY MOJENLHBIE JaHHBIE JAIOT He-
YIOBJIETBOPUTEIBHYIO aNTIPOKCHMALHIO PACCUUTAHHBIX M HM3MEPEH-
HBIX OCaJKOB 33 KOHTpOJIbHEIH nepuoa 1960-1999 rr.

JanHble maneo- U ACHAPO- aHANH30B [I0Ka3alld, YTO €CTECTBEHHBIE
H3MEHEeHHUs KJIMMAaTa MPUBOIWIN K CYIIECTBEHHOH MEPECTPOMKE KO-
CHCTEMBI 03€p Ha NPOTHKEHUH ThICAdeNneTHH. [To JaHHBIM 3aBepiieH-
Horo B Ounnsaauu npoekra SIELMU nokasaso, 4To rmpu NOTEIUIEHUH
KuMara s o3ep GopealbHOW 30HBI CAEAYET OXMIATh CYILECTBEH-
HEIX H3MCHEHHH B THAPOJIOTHYECKOM PEXKHME U B LEJIOM IKOCHCTEMBL.
Hanpumep, u3 mabmonenuit 3a Benukumu ozepamu Cepeproit Ame-
PHKH CIIEIyeT, YTO JIeAAHON OKPOB CTall IpUMepHO Ha 20 CM TOHBIIE
3a nocneanue 20 ner (Mortsch, Quinn, 1996). CymecTBeHHO MEHs-
IOTCA YCJIOBHS CYLIECTBOBAaHHA OHMOTHI B dKocHcTeMe Benukux o3ep.
HccnenoBaHuil MOCBAUICHHBIX U3YYEHHIO U3MEHEHHH KIUMaTa B pai-
OHE KpymHeHmux o3ep EBpONEl HE Tak MHOro, ¥ MOYTH HE U3YyY€Ha
BO3MOXKHasi peaKkuus JKOCHCTEM O3ep Ha BO3MOXKHBIE HM3MCHECHHsA
KJIMMaTa.

Mogenviposanne skocucTeMbl JlamoskCckoro osepa MpH pasHbIX
CLEHApHSAX H3MEHEHUH KJIMMAaTa H aHTPOMOreHHBIX (aKTopax NaHo B
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pabore JLA. Pyxosua u H.H. ®unatosa u np. (2003). ITpu paspabor-
ke TpexmepHsix Mozenei (Rukhovets et al., 2003; Actpaxanues u 1p.,
2003), xoTOpHIE WCIONB30BAINACH AN OLUEHKH (PyHKIHOHHPOBAHHU
IKOCHCTEMEI 03epa U O hochopHOil Harpy3ke, OCpPEAHEHHEIC 3a Nepu-
on 1984-1990 rr. (Jlanoxckoe o3epo..., 1992). CornacHo naHHBIM
Hncturyra o3eposenenus (Jlagoxckoe osepo..., 1992; Jlagoxckoe
03€epo ..., 2002) pocdopHas Harpy3ka Ha BOZOEM HU3MEHSIACh 3a Iie-
puox 1961-2000 rr. ot BemruuHbl 2430 TPy B 1961 1. 1o pexopaHbIX
8100 TPy B 1991 1. (puc. 5.1). IlepBas rpynma BBIYHCIUTENBHBIX
9KCTIEPUMEHTOB COCTOANIA B IIOCTPOSHHM TPEX BapHaHTOB KPYTIIOro-
JAUYHOTO PeXUMa (PYHKIIMOHHPOBAHHSA IKocucTeMnl JIagoxckoro ose-
pa ¢ nmoMompio 6a30BOM MOIENH IS BCEX TPeX HUPKYJALUMH («Ter-
J0i», KIMMAaTHYeCKOH M «XolojHoi») npu ¢ocdopHoit Harpyske
6100 TP,/rog — cpenneit 3a nepron 1984-1990 rr. (Pyxosen u 1p.
2003). s KaxAoro M3 BapHaHTOB MCXOAHBIMH JHAHHBIMH CIIYXKHIIH
IOJISL CKOPOCTEH TeYeHWil M 1oJisl TeMIIepaTyphl, COOTBETCTBYIOMIVE
JaHHOMY THITy LUMPKYJIAUuH. Bropas rpynna BBIYUCIMTEIBHBIX 3KC-
nepuMeHTOB Obla HampaBieHa Ha TOCTPOCHHE NPOTHO30B Pa3BUTHA
OKOCHCTEMBI HA  KPaTKOCPOYHYIO IEpCIEKTHBY Ha  IEPHOJ
2001-2005 rr. uia ABYX BO3MOXHBIX CIeHapHeB U3MeHeHHUs Gocop-
HOHM HArpy3k, KaK Uil YCIOBHH KIMMAaTUYECKOH IMPKYJIALUMY, TaK H
JUIS YCIIOBUIT BO3MOXKHOTO ITI00AIbHOTO NMOTEIUIEHMS, T.€. I «Tell-
JIOH» MUPKYIALHH.

Cuenapuy u3MeHeHHs (OCPOpHOH HArpy3ku BBIOPAHBI C y4eTOM
IpOBE/IEHHBIX paHee Uccnenoanuii (MenmryTkun, Bopobeesa, 1987;
Astrakhantsev en al., 1996). C nmoMoupo Mozenei O6bUI0 NMOKa3aHo,
YTO MOAJEPKaHue BHENIHEeH Harpy3Ky, Ha ypOBHE, HE NPEBLINTAIOIIEM
4000 TP ,/rof, coxpaHseT 03epo B cliabo Me30TpodHOM COCTOSHHUM.
IIpesbienue xe Qochoproit Harpysku Benuumnbl 7400 TP ./ToN
IPUBOJUT 03€PO B Pa3BUTOE ME30TPOGYHOE COCTOAHHUE C TCHACHIUAMH
mepexoja B 3BTpodHOE COCTOSHUE. OTH M Apyrue pacyeTsl Ha MaTe-
MATHYECKOH MOJEIH 3KOCHCTEMBI ABISIOTCSA BAXKHBIM OOOCHOBaHUEM
Ip¥ OPHHATHA YTPABICHUECKUX PELICHUH 10 palMOHANbHOMY WC-
TI0JIb30BaHUIO M OXPAHE PECYPCOB 03€pa.

PacyeTsl Ha MaTeMaTH4YECKHX MOAENAX IKOCHCTEM 1o Jlanoxckomy
1 OHEXCKOMY 03epaM TaKKe CBHAETENLCTBYIOT O clemyromeM. Ilpu
yBENMYEHNH YpOBHs 0o3ep Oyxer oTMedaTscs eme GOnbIIas 3po3us
Oeperos, BLIHOC coJIel, OMOreHOB, OPraHUKH ¢ BOZOCOOPOB, H3MEHAT-
ca 6a3suChl 3PO3UM PEK, YTO MOBJIEYET 32 COOOH mepepacnpencicHue
HAaHOCOB, BO3pacTeT 3abosiaunBaeMocTh TepputopuH. Ilpu coxparie-
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HUM TepHoja CYHIECTBOBAHMS CHEXHOIO IOKpoBa Ha BomocOopax
BO3pPACTET 3PO3HUs MMOYB, DTH NHPUYMHBI OyIYyT criocOOCTBOBAThH emie
GonpleMy 3BTpoQUpoBaHHI0 BOAOeMOB. C BO3pacTaHHEM BBHIHOCA B
BOJOEMBl MUHEPAIBHBIX coliei OyaeT oOenHAThCA TOBEPXHOCTHBIN
HOYBEHHBIH MOKPOB. [Ipy yBeNHYEHNHU TOCTYIUICHHS OPraHUKH U 6HO-
FEeHHBIX BEIIECTB C BOAOCOOPA BO3PACTET U CKOPOCTD MPOLYKIMH Oak-
Tepuit M QuTOIIIaHKTOHA. B 03epax OyzeT Gobiue 300MIaHKTOHA IPK
MEHBILIEM €ro PasHOoOOpa3Hy, YBEIHYHTCA KOIMYECTBO CHHE-3ENIEHBIX
Bofiopocieit. OTu dakTops! OyayT criocoOCTBOBATL M3MEHEHHUIO BUJIO-
BOTO coOCTaBa MxXtHodaynsi. IIpy yBenuyeHnr TeMIEpaTypbl BOJABI U
3BTpodHpoBaHUU 03ep OyneT HabMIOAATHCA YMEHBIICHHE KONHYECTBA
PBIO TOCOCEBBIX TMOPOJ.

IMocnencTBus W3MEHEHMI KIMMaTa, 3JIEMEHTOB BOXHOro OanaHca
MoryT ObITh pasHoHanpapiaeHHBIMH. Knumatr B IOxHo#t u Cpenueit
Kapenuu craner Gojiee MOPCKHM, a B CEBEpHBIX pailoHax — Oornee
KOHTHHEHTAJAbHbIM. M3MeHEHMS KIMMaTHIECKOTO M BOJHOTO pexuMa
HoTpeOyIOT H3MEHEHUS B YIPABJICHHH BOJOXO3SMHCTBEHHBIMH CHCTE-
MaMH M OTPacIAMH 3KOHOMHKH, 6a3HPYIOLIMMHUCH Ha HCIIONb30BAHUM
BOJIHBIX PECYpPCOB (THAPOIHEPreTHKA, IIPOMBIIIEHHOE X KOMMYHAalIb-
HOE BOJOCHAOXKEHHUE, CEBCKOE XO03HCTBO U Jp.).

BaxHpIM MOMEHTOM B U3MEHEHUH COCTOSHUA IKOCHCTEM SABIIAOTCS
HE TONBKO I00aNbHBIE H3MEHEHHUS KIIMMaTa, PEerHOHANBHBIE 0COOeH-
HOCTH aHTPOIIOreHHON AEATENLHOCTH, HO M TaKOHW BaxKHBIH (akxTop,
KaK MHBa3HM BH/OB, XapaKTEpHBIX s padioHa Kacnuiickoro u ban-
THUCKOI0 MOpEH, HanpuMep TaKUX, KaK MOJUIIOCK JpeiiceHa WM Jiel-
HUKOBBIA peNuKT Bythotrephes cederstroemi u3 Jlamoxckoro 03epa,
o0HapyXEHHbIN B CeBEPO-aMepUKAHCKUX o3epax eme B 1980 r. (Mac-
Isaac, Grigorovich, 1999). IIpruuHO#H 3THX MHBa3HH MOTYyT OBITH Oai-
NacTHble BOABI cynoB. OmHaKO, JaXe, HECMOTPS HA MPHHATHIC 3aKO-
HOJATeNbLHBIE 3AIMUTHBIE MEPHI, KOTOPHIE MPEeXyCMaTPUBAIOT NIPH 3a-
XOZie B 3TH 03€pa 3aloJHEHHe TAHKOB CYIOB COJEHOH OKEaHCKOH BO-
oM B KadecTBe OannacTa, HE CTalNM NPENATCTBHEM /Ui WHBa3Wi.
Bo3moxHO, B3pOCIIBIE BUIB HE BBDKHMBAIOT, 2 JUIA MKPHI 3Ta Mepa HE
ABJIeTCS Halle)KHBIM GappepoM. MIHBa3uu ABsioTcst He G€30TIaCHBIMU
I YCTOMYMBOIO PAasBHTHA JKOCHCTEM 03€p, MOCKOILKY OHH MOTYT
UIPaTh 3HAYMTENBHYIO POJIb B THMILIEBBIX LIENAX, U KaK 3aMeqaioT Ma-
clsaac, Grigorovich (1999) mectrbie pribaku Ha Benukux AMeprKkan-
CKHX 03epax MOTYT OXHJaTh BCe Golee 3HAUNTENBHBIE YIOBEl HHTPO-
JAyUHPOBAHBIX K30THIECKHMX BUAOB n3 EBpasuy, ueM peib TUIMYHBIX
IUIsL cOOCTBEHHBIX BOIOEMOB. BhImleyka3annas mpo0Onema MoKasbiBa-
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€T, 4TO, HECMOTPA Ha TO, YTO KpYITHEHIINE aMEPUKAHCKHME H €BPOIIEH-
ckue ozepa u Kacmmuiickoe mMope ymaneHsl Apyr OT Apyra Ha 3Ha4H-
TENBHBIE PACCTOSHHUSA, 3TH BOMOEMBI CBS3aHBl BO3ACHCTBHEM HM3MEHE-
HU# KIMMaTa H TEXHOTEHHO, HAaTIpUMEp 9epe3 HHBa3HH.

OuenuBast TOCHEACTBHS B3aUMOACHCTBUSA KIMMAaTHYECKHX BapHa-
Ui ¥ aHTPOIIOTEHHOTO TNpeccunra Ha Kpynaeiimue o3epa Espomnsl 1
Benvxue ceBepo-aMepHKaHCKHe o3epa 3a nocieguue 40 jer, crano-
BUTCSl OYEBHIHBIM, YTO XO3MHCTBEHHAS JEATENHHOCTH YellOBeKa OKa-
3aja 3a 9TOT NepHOJ OONBLHIOE BIUSHHE Ha UX 3KOCHCTEMEI, IIPH TOM,
4YTO B M3MEHEHMAX KJIHMATa, 110 BCEil BUAMMOCTH, npeobiiafana ecre-
CTBEHHAs, IPUPOJHAT U3MEHYMBOCTD. TeM He MeHee, B OyayiieM pu
YCJIOBHH CHIDKEHHS aHTPOIIOTEHHOH Harpy3kd pOib KIMMaTHYECKUX
daxropoB B (GOpPMHPOBAHMM IOHHAMHKHM JKOCHCTEM KDPYNHBIX O3€p
MOJKET OKa3aThCH ONpEACIsroe.

I'nmasa 6

MOAEJIMPOBAHUE O3EPHBIX
OKOJIOTUYECKHUX CUCTEM

6.1. O0mue npencTaBieHNe 0 MeTOde MOAEITUPOBAHHUS
U Ki1accHpUKanus Mojeei

ITpeacraBum ceGe 06MAaCTh HAIIMX 3HAHHI B SKOJIOTHH 03€pa B BU-
Jle HEKOTOPOH [OBEPXHOCTH, KOTOpas pas3leficHa Ha ABe o0lacTH —
001acTs Hallero 3HaHMsA U obyacTh Hamero He3Hanus (Terra incognita
B TEPMHHOJIOTHH reorpaduueckux kapt XVI Beka), kak 310 u300pa-
xeHo Ha puc. 6.1. CymecTBo MeToa MOAETHPOBAHHUS 3aKIIFOYAETCA B
TOM, YTOOBI BBIPBATHCSA W3 METONOB M MOHATHH oqHOW 06MacTH 3Ha-
HM: (B HalIEM CJIy4yae SKOJIOTHH 03€p) H NEPEHECTH PEUIaeMYI0 po-
6aeMy B Ipyryro obnacTs 3HaHMA (TIOCKOCTh M Ha puc. 6.1). B sroit
061acTH CyILIECTBOBAHMSI MOAEIH IPAHUIBI IIO3HAHHOTO COBCEM IpY-
THe, 4eM B HCXOAHOHM obnactu 3HaHus. Hampumep, B MHpE KOMIIbIO-
TEPHOTO MOJEIHPOBAHUS MacIiTad BPEMEHH MOXET OBITH CXKAT B THI-
CSIYM M COTHM THICHY pa3. DTO BCCNAET B HAC HAREXKIY CYIISCTBEHHO
NPOABHHYTHCSA B 00/1acTH MOJAeNMpOBaHUA B obnacTe Terra incognita
akonoruy (nmHus 2-3 mHa puc. 6.1). Ilocie atoro ocraercs TOILKO
BEPHYTHCH B 00JIACTD MCXOAHBIX 3KOJIOIMYECKUX 3Hanuit (nuuua 3—4),

Bo BceM 3TOM mponecce METOAUIECKH OYEHb BaXKHBI B4 MOMEH-
Ta: MIepexoJ 0T OPUrHHaIa K MOJEIIH (IOCTPOEHHE MOIEIN — JIMHUA
1-2) u oOpaTHbIH nepexoA OT MOACIH K OpHTHHANY (MHTEpIpeTauus
pe3ynbTaTOB MOJAEINUPOBaHHA — JIHHHUA 3-4). Ha npaktuke nepsbiit
[EepEexXo MPOTEeKaeT, 0OBMYHO, 6AaroNONyYHO — TYT BCE 3aBHUCHT OT
3HaHUU U 3PYIHULHMH MOJENBEPA U TOH TEXHUKH, KOTOPOH OH pacmoa-
raetT. Ho BOT ¢ 0OpaTHBIM TEpEXOROM GBIBalOT CEPhE3HBIE OCIOXKHE-
HuA. Jleno B TOM, YTO HE BCET/A €CTh TapaHTHs TOTO, YTO, HHTEpIpe-
THPYA pe3yJIbTaThl MOJEIHPOBAHHA, BhI MOMAJIETe UMEHHO B 00JIACTh
peanpHOll 3KOJNOrHH, a HE B KaKYIO-TO MHYIO, BHEUIHE BO3MOXXHO K
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MPaBAOIOAOOHYIO0, HO IpH ON¥KaiIeM paccCMOTpEeHHMH (aHTacTHue-
cKyto 06macTsb. Takoe ciydmocs, HalpuMep, ¢ Mojeasmu BossTeppa,
ONKCHIBAIOUIMMH B3aMMOOTHOIIEHHA XHIUHUKA H KepTBBL Hccneno-
BAaHHMIO STHX MOZEJeH IMOoCBAlleHa rpoMajHas JIMTeparypa, KoTopas
MIPOJIOJDKAET TOIONHATECA W B HACTOsIIEe BPEMs, OJHAKO JKOJOTH
OYEHBb CKOPO 3aMETHIIH, YTO peaNbHbIC XMIIHUKH K peasbHbIE JKEPTBEI
BEAYT ce0s aJIeKo HE TaK, KaK 3TO UM MOJarajoch Obl COTIacHO 3TOH
MOJIENH.

.~ Viccneposanue Mopeny " YPOBEHb MOSENA
Sy [P e
- EWJ/
- / C T ] 3 ¥ -~
L ; ! S
MPOMHO3
CO3 AAHVIE
MOLENNA
Y YPOBEHE OPUTMHATIA
&4 (O3EPHOM 3KOCUCTEMbI)
TERRA INCOGNITA
{HEMO3HAHHBIE OBNACTH
NO3HAHHLIE OBNACTY TAMHONOTM A

nNitMHONOMMIA

Puc. 6.1. Obias cxema NPUMEHEHUS METOAA MOJEIMPOBAHHUSA

YT06l XOTh Kak-T0 06e30macHTh cebs OT KPYMHBIX NPOCYETOB (Ha
100 % 210 crenath BooOIIe HEBO3MOXHO), CYLIECTBYET NpOLEXYpa
pepudHKaliy MOJEIH. 3aK/IFOYAeTCsi OHa B TOM, YTO B IPOLECCE HC-
cle0oBaHuA MoJemH (JiMHUA 2-3 Ha puc. 6.1) Moaensep HEe PUCKYET
cpasy mpopBaThCs B 00JIACTh HEU3BEAAHHOIO, @ OCTOPOXKHO JIBHUraeTCs
TyIa, IJle B MCXOMHOM 00acTH 3HAHMA €CThb JOCTATOYHO HAJICKHasd
uabopmarys (puc. 6.1). CpaBHHBas PE3yJIPTATHl MOJAECIMPOBAHUA C
peanbHBIMU JaHHBIMH MOXXHO CYIHMTBb O Ka4eCTBE WM aJCKBaTHOCTH
MOJENH OIMCHIBAEMOMY TIpoLEcCY WM sBleHuio. Hampumep, mnpu
TIPOrHO3MPOBAHHUH YJIOBOB PBHIOBI Ha OydyIUuid roj, MOJAENb HOIyJs-
LMH TPOMBICIIOBO# PBIOEI IPOOYIOT HA JaHHBIX TEKYLIETO roja, KOTo-
pble Goiiee WM MEHEE TOYHO M3BECTHBIL IIpu 9TOM Hajgo 30pKO cie-
IUTH, YTOOBI MPH TAaKOH NpoLeAype MPOBEPKH B MOJCIL HE NMOTIANU
HUKaKHEe JaHHBIE, KOTOpHIE CTAH M3BECTHBI TONBKO B 3TOM TOAY.
Hpyroit npyiMep BepUPUKAIIMH MOJAENH 3aKII0YAETCA B NIEPEHECCHUH
pe3yJIbTaToB, NOJIYYEHHBIX LI OJHOT0 0OBEKTa, Ha APYTHe OOBEKTHI.
HanpuMep, TOCTPOHB MOJEdb 3BTPOQUKALMM OJHOTO 03€pa, LEIeco-
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06pa3HO NPUIOKHUTD ITY Ke MOJENb Ui APYTOro 03epa, eCTECTBEHHO,
UCIIOJIb30BAB B MOZENH IiTy6uHy, GochopHYIO Harpy3Ky 4 MHbIE na-
paMeTpel Ajd 3TOTO APYroro o3epa. 3aMeTHUM, YTO €CIIH MOAENb yC-
HIELIHO ITPOXOANUT HECKONIBKO TaKHX BepuduKkanuii, To oHa npubiamKa-
€TCA IO CBOEMY DPaHry K craTycy HaydHo# Teopud. Hampumep, mo-
nenb HploTOHa AMHAMMKH MaTepualbHOM TOYKH YK€ JaBHO CTaia
O0LIETTPM3HAHHON TEOpHEH, 1 BCe AabHEHIINE YCEXH (PU3NKU TONb-
Ko 60s1€€ TOYHO ONMPENENMIH IPAHALBI TTIPUMEHUMOCTH 3TOM MOJEIH.
Mogaenb IBUXEHHMS XHIKOCTH, OIMCHIBaeMas ypaBHeHHMaMH HaBbe—
Crokca, Taxke crajla NPU3HAHHON TEOpHeH IS ONHCAHHS JBHKCHHUS
KUAKOCTH, 3aPOKIACHHE U Pa3BUTHE TypOYJICHTHOCTH — OJIECTSHINI
IpUMEp AECTEPMHHUPOBAHHOrO Xaoca. K coskalieHHIo, 3KONOrus 1o~
JOOHBIMH IPHMEPaMH NOXBACTaThCA HE MOXET, T.K. M3HAYANBHO yXKe
Ha YPOBHE 0CO0M UMEET JEJI0 C 04Y€Hb CIOKHOH CUCTEMOM — JKHUBBIM
OpPTraHH3MOM, ANl KOTOpOro abCTpaKkUMH THIIA MAaTEPHAILHOM TOUKH
UM 3JIEMEHTAPHOTO 00BeMa >KHAKOCTH BEAYT K CIHIUKOM rpyObIM
MO/JIETISIM.

Ha puc. 6.2 n3o0paxeHa ofiHa U3 BO3MOXKHBIX CXeM Kiaccubuka-
oy Mogjened. Mollellb Ha3BIBACTCS KOHYENnMyaabHOU, €CIA OHa
chopMynHpoBaHa IIPU MOMOLIM CPEICTB ECTECTBEHHOTO fA3blka (Ha-
TIpUMED, PYCCKOrO MM aHTJIMHCKOTO) U 3NEMEHTAPHBIX IpadHuecKux
u3obpaxenuit. Hanpumep, Bce coaepxanue kuuru b.B. Borocnos-
ckoro «O3eposenexue» (1960) npexcrapiser coboit cepuio koHUEN-
TyaJIbHBIX MOJIeJIeH 03€PHBIX 9KOCHCTEM.

Mopenp Ha3pIBACTCA AHANO2080U UMY PU3UYECKOU B TOM Clydae,
KOF/la OHa MMEET MaTepPHabHOE BOILUIOUIEHHE B BHJE PEANbHOM T'HI-
PaBIHYECKOM, NIEKTpUIecKoi My 6uonorugeckoil cucremel. [Iprume-
HUTEIBHO K BOJHBIM DKOCHCTEMaM HM3BECTHBI, HAalpuMep, MOJEIH I10-
IyNALUH PO, BRIONHEHHBIE B BHAE THAPABIMYECKUX HIH 3IEKTPH-
YEeCKHX CXEM, WIIM MUHHATIOpHBIC 1ab0paTopHble aKBAPUYMHbIE KO-
CHCTEMBI (MHUKPOKOCMOCHI). B HacTOAINEd KHMIe Takhe MOMAENd He
paccMaTpHUBaIOTCH.

Mogens Ha3bIBaeTCHd 3HAKO060U, €CIM OHA CHOpMyIHpOBaHA Ha
S3bIKe mamemamuky (B YAaCTHOCTH MAaTeMaTHYECKON Jo2uku) WIH
IpOrpaMMHUpOBaHud. B mocienHem ciydyae MojeNb Ha3bIBAaCTCS UMU-
mayuonnot. ClenyeT cpa3y OTOBOPHUTHCH, UTO MEXKIY MareMaTHue-
CKUMHM ¥ UIMHUTAIIMOHHBIMY MOJAENSIMH HET YeTKOH IPaHMUBbl, TOCKOIb-
Ky OYEHb 4acTo MoJelb QOPMYIHPYeTCs Ha s3bIKE MATEMAaTHKH (Ha-
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IpUMeEp, Kak chucteMa AndQepeHIManbHbIX UM KOHEYHO-Pa3HOCTHBIX
ypaBHEHHH), @ HCCIEMYETCS METOJJAMH KOMIIBIOTEPHOTO IKCIIEPUMEH-
Ta.

1 l {
AHﬁﬂaroab'E [koHUENTYANbHBE |

OU3UYECKHE

3HAKOBBbIE

I NOrMYECKHE MATEMATWYECKKE

BUOMNOMMYECKME | [ waTauorrnE ]
T APABMUYECKME |

LMCKPETHBIE
3MEKTPUYECKME | HEMPEPbIBHBIE

| ZETEPMWHWPOBAHHLE [

| croxacTnyECKuE ——
TOMEMHbIE |
NWHEAHbIE
NNOCKME_}

A —

Puc. 6.2. Knaccuduxanus moaenei

ITo ToMy, KaK MPENCTaBIEHO B MOJAEIHN BPEMS, MOJEIH JCIATCI Ha
ouckpemuvie U HenpepoleHvie. B 1IEpBOM Cllydae B MOJICIM paccMar-
PHBAIOTCSI COCTOSHHS CHCTEMBI TOJIBKO B HEKOTOPBIE MOMEHTHI Bpe-
MeHH (HanmpHMep, ¢ MHTEPBAJIOM B OJIMH roJl, KaK 3TO IPHHATO B MO-
JesX TOMyJIIuiA pei6), BO BTOPOM Ciydae — BpEMs I10J1araercs He-
IpepBIBHBIM (TaKOH MOAXOJ XapaKTEPEH MUl MOACJICH MOTOKOB BEHIC-
CTBA M YHEPTUU B 03€PHBIX HIKOCHCTEMAX).

Ecnu cocTosiHMe MOJETHPYeMON CHCTEMBI B JaHHBIH MOMEHT Bpe-
MEHU OIHO3HAYHO OTPENENSETCS €€ COCTOSHUEM B NPEABLAYIIHHA MO~
MEHT BPEMEHH M BHEIIHMMH BO3JCHCTBHAMH, TO MOJENbL HA3BIBACTCS
OemepMuHupoeanHol. BONBIIMHCTBO H3BECTHBIX MOAENEH O3€pHBIX
3KOCHCTEM OTHOCHTCS HMEHHO K 3TOMY Kiaccy Mmojenedl. Eciu o
IpeapIIyLIeMy COCTOSHHMIO CHCTEMBI M BHEIIHHM BO3JCHCTBUAM
MOKHO YKa3aTh TONBKO BEPOATHOCTH IMEpeXoia CHCTEMBI B TO WIH
MHOE Clieyioliee COCTOSIHHE, TO MOJENb Ha3bIBACTCA cmoxacmuye-
ckoti. CTOXaCTHYECKHE MOJACITH NMPUMEHIIOTCS TPH HMHTAlMM sIBITe-
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HUH TIOBEJCHUS T'MAPOOHOHTOB, NPOLECCOB aJanTalil H SBOJIOLH-
OHHBIX IPpeoOpPa30BaHMAX B O3EPHBIX IKOCHCTEMAX H HX JJIEMEHTaX.

Ilo npocTpaHCTBEHHOMY pacHpelNeNeHHIO JIEMEHTOB CUCTEMEI MO-
JIeJIH TI0Ipa3/eNIFoTCS Ha:

®  moueyHbie, B KOTOPHIX MPOCTPAHCTBEHHOE paclpenenciue Bo-

0611e UTHOPHpYETCS;

® JnuHelHble, B KOTOPHIX M3MEHCHHE NMEPEMEHHBIX YYMTHIBAETCS

TOJILKO IO OAHOH KOoOpAuHare (Hampumep, 1o riybuHe); nro-
CKUe, B KOTOPHIX (HUIYPHUPYIOT yXKE ABE KOOPAHHATHI (HAIpH-
Mep, H3MEHEHHE IEPEMEHHBIX 3KOCHCTEMBI 110 aKBATOPHH MEI-
KOro, HO O0LIMPHOTO BOKOEMA);

®  npocmpancmegeHHble, B KOTOPHIX YUUTHIBACTCS H3MEHEHHE Te-

PEMEHHBIX, XapaKTePH3YIOUIUX COCTOSHHE O3E€PHOH 3KOCHCTe-
MBI IT0 BCEM TPEM KOOPAHUHATAM.

Kax Bcskas cnoxHas cHCTeMa, SKOJNOTHYECKas CHCTeMa o3epa 00-
JagaeT CBOWCTBOM uepapxuyHocmu. JTO O3HA4YaeT, JIEMEHThl 3TOi
CHCTEMBI, B CBOIO O4Ye€pelb, MOTYT OBITH CIOKHBIMH CHCTEMaMH H
UMeTh COOCTBEHHYIO CTpyKTypy. Hampumep, B Mozenb Kpyrosopora
BELIECTBA U JHEPTHH 300IUTAHKTOH MOXXET BXOOUTH B BHIE OJHOTO
3JIEMEHTA, XapaKTepH3YIOErocs OAHOM MepeMeHHOH — CyMMapHOU
6uomaccoll 3oommankToHa. OpHako, 4acto ObiBaeT HenecoobpasHO
BBIJIENIUTh XUIUHBIA 300IUIAHKTOH K uibsTparopoB. Takoro moapas-
JENeHHs TaK K& MOXET OKa3aThCsl HE JOCTATOYHBIM M NPHUXOJHTCA
TIEPEXOANUTh K BUAOBHIM momyysiuusM. Hanpumep, B Momenu 300-
wiankrona Jlagoskckoro osepa (Kasannera, CMupHoBa, 1996) Bbize-
JIeHB! MOMYJIALMK JUaNToMyca, JadHHH M nukiona. Bo3mMoxHa H eme
OosbIIast AETANTH3ANKMS, TAK B MOJIEIH SKOCHCTEMbI 03epa JlabHero Ha
Kamyartke (Kporuyc u ap.1969) durypupyroT He TONBKO HOMYJIALMH
pBIO, HO M pa3liefieHHe 3THX MONMYNIAIHUA Ha BO3PAcTHHIE IPYIIIbI NS
BO3MOXKHOCTH MMHTALIMK MUTpauuii peib U3 o3epa B MOpe U 0OpaTHO.
YuuTBIBasS CBOWCTBO HMEpapXUYHOCTH MOJeEJel 03¢PHBIX 3KOCHCTEM,
HayHEM MX PacCMOTpEHHE C Hauboyee HU3KOro, BCTPEYAIOIErocs Ha
IpPaKTHKE, YPOBHA — C YPOBHs NONYJSALUH. YPOBEHb 0COOM OCTaBUM
B CTOPOHE, XOTs MHOTHE, BaXHBIC B INMHOJIOTHYECKOM acIIeKTe sSBIIE-
HHf, HAampHMep AEHCTBHE 3arpA3HAIONIMX BEIIECTB Ha CMEPTHOCTD
THAPOOUOHTOB, Pa3bIrPEIBAIOTCA KIMEHHO Ha 9TOM YPOBHE.

B panbHedmeM H3JI0XeHUH OymyT HCIIONb30BATHCS, B OCHOBHOM,
UMHUTAI[MOHHBIE JeTepPMUHUPOBAHHbIE KOHEYHO-Pa3HOCTHBIE MOJEIH C
ucnonb3oBanueM s3pika STELLA, KOTOpHIH MMPOKO IpHUMEHseTCA B
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[I0CNIeHEE BPEMS TIPH MOAEIMPOBAHHA BOIHBIX IKOCHCTEM. Ocoben-
o ynoben s3pik STELLA juist nenei 00ydeHus. B TIpunoxxeHud na-
eTCsl KpaTKoe OMHMCAHUE ITOTO A3bika. KOHEUHO, 3TO HE 03HAYACT, UTO
s3pik STELLA sBisieTcs ONTHMAIBHBIM BO BCEX CilydasX, HalIpUMED,
JUIsl MHIABUIYAJbHO-OPHEHTHPOBAHHBIX HIIM JBOJIOLMHOHHBIX MOJE-
neH.

6.2. Mopaenu monyJjsinuii BOAHBIX dKHBOTHBIX

HanGosee pa3pabOTaHHBIMH MOJIENAMU [ONYJIAUMH BOIHBIX KH-
BOTHBIX ABJISIOTCA MOAENHN monynsauuii per6. Ha puc. 6.3 npencrasie-
Ha GIOK-CXema MpOCTeHell MOeNH MOMYJIAHMK PbIb. BpeMeHHOR

O+

e
CMEPTHOCTb

1+

IR
CMEPTHOCTb
HEPECT

2+

-
CMEPTHOCTh

3+

ey
CMEPTHOCTH

Puc. 6.3. Tonyusiuus peid. IIpAMOYTONBHMKM — BO3PAacTHBIC
TPYIIBL, TPEYTOILHHK — TPOLECC PA3MHONKEHUsS — OTKIaKa
HKPBI
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ar MoAeny oAHH roA. Ilomymnsius Onpenensercs YucIeHHOCTRIO Ce-
roneTok (0+ — 3To TpaauIMoHHOe 0003HaYeHHE BO3pacTa pold B HX-
THOIIOTHH, CBA3aHHOE C OMNpeJesicHHEM BO3pacta peIG 10 T'OZOBBIM
KOJIBLIAM Ha HX 4elllye, B JAHHOM CJIy4ae [epBOro KONbla €IIe HEeT, HO
YK€ 4TO-TO IPUPOCHO, OTCIONA 3HAK 1), TonoBHKOB (1+), AByXromo-
BUKOB (2+) u Tpexnerok (3+). B Momeny y4YMTHIBAIOTCS IIPOLECCHI
CMECPTHOCTH, PasMHOXEHMS U pocTa (Iepexoaa B CIEAYIOUIYIO BO3-
PacTHYIO IPYMIY, YTO Ha pHC 6.3 MoKa3aHo XUPHBIMH CTPEJIKAMH).

Tepefinem k peayuzaium Monenu Ha a3eike STELLA. Biaok-cxema
MOJIENM TIPHBEACHA Ha puc. 6.4, Bo3pacTHbIe rpymnmbl MPeICcTaBICHBI
00BEKTaMH THIIA IESErvoir, BO3pacTHhIe nepexonsl norokamu (flow), a
(GYHKIMA pa3sMHOXKEHHSA — OGBEKTOM THIIA convertor ¢ rpaguueckum
3aJaHueM (PyHKIMOHATLHOW 3aBUCHMOCTH.

ND

N1z

SP N1

Ml

= KMORT

N2

M2

N34

N3 f E
_“H-_A-/Mg

N30

Puc. 6.4. Brok-cxema MOJIENH HONYJIALUH pbIO
Ha s13p1Ke MopenupoBanus STELLA
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YPaBHeHIfISI MOJCIH, KOTOPBIC NMOMYYar0TCs aBTOMAaTHYCCKH B IIpPO-
eCCe€ pUCOBaHUS 6HOK-CXCMI>I, NPHUBEICHBI HHXKC.

N_0(t) = N_O(t — dt) + (E — N12 — M_0) * dt
INIT N_0 = 100
E = GRAPH(SP)

(0.00, 0.00), (10.0, 38.0), (20.0, 64.5), (30.0, 74.0), (40.0,
50.0), (50.0, 14.5), (60.0, 5.50), (70.0, 5.00), (80.0, 4.00),
(90.0, 4.00), (100, 3.50)

N12 =N_0 * (I — K_MORT)
M_0 = N_0 * K_MORT
N_1(t) = N_I(t — dt) + (N12 — N23 — M_1) * dt

INIT N_1 =50
N12 =N_0 * (1 — K_MORT)
N23 = N_1 * (1 -K_MORT)
M_1 =N_1 * K_MORT
N_2(t) = N_2(t — dt) + (N23 — N34 — M_2) * dt
INIT N_2 =20
N23 = N_1* (1 -K_MORT)
N34 = N_2 * (1 — K_MORT)
M_2 =N_2 ¥ K_MORT
N_3(t) = N_3(t — dt) + (N34 — M_3 — N_30) * dt
INITN_3=5
N34 = N_2 * (1 — K_MORT)
M_3 = N_3 * K_MORT
N_30 =N_3
K_MORT = 0.4
SP=N_2+N_3

IlosicuuM 3Hauenms repemennsix. N_0, N_1, N_2, N_3 — gucien-
HOCTH PHI6 B Bo3pacTHBIX rpymmax, N12, N23, N34 — nepexoas! B
clenyromue Bo3pacTHele rpynmnbl, N30 — rubens peib crapuiero Bos-
pacra ot crapocty, M_0, M_1, M 2, M_3 — ecrecTBeHHas cMepT-
HocTb, K_MORT — ko3¢ duiment ecrecTBeHHOH cMepTHOCTH, E —
KOIIM4YECTBO MKpBl, SP — QyHkIusa BocponsBoacTBa. B Monenu pac-
CMaTpHBAIOTCS JiBa BapHaHTa (QYHKIMH BOCHPOM3BOACTBa — bBHBEp-
ToHa M Xonta (puc. 6.5, A), KoTopas xapakTepHa s pei6 ¢ menaru-
4ECKON UKPOM MIIM IPH OTCYTCTBHHM OTpaHHYEHHH Ha €MKOCTh HEpEC-
T, JIpyro# Bapuant — ¢yHkimsa Pukkepa (puc. 6.5, b) — mnpe-
AycMaTpUBaeT 3Q@EKT NEepEernoNHEHHsT HEPECTHIMII, MPH KOTOPOM
yBEJIMYEHNE HEPECTOBOIO CTaja BhiIe HEKOTOPOro Ipejena BeleT K
YMEHBUIEHHIO KOJIUYECTBA BEDKUBILIEH UKPBI, YTO XaPaKTEPHO IS JIO-
COCEBBIX PHIO.

[100.00 R : oo}

ID.UDU

o000 fi00.00 [o000 100.00
sP SP
Puc. 6.5. @ynxuuu Bocnpoussoactsa A — buseprona u Xosra, b — Pukkepa

Ipy niepBoM BapuaHTe (QYHKUHMH BOCTIPOM3BOACTBA MOJEIb H3 JIIO-
foro HaYATLHOTO COCTOSHHMA NPHUXOJUT B YCTOHYMBOE COCTOSHHE C
[MPaMHAIBHON BO3PACcTHON CTPYKTYpoH nomynsnuu (puc. 6.6). Ilpu
BTOPOM BAapHaHTE BO3MOXKHO IOSIBIEHHE HE3aTyXaloIUX aBTOKojIeOa-
HMH, YTO JIEHCTBUTENBHO HAOMIONAETCS B MOMYJISHUAX NalbHEBOCTOY-
HBIX JI0cocei (puc. 6.7).

PaccMOTPEHHBIA NpHMEp MOJEAH HOMYJIALUMH pBIOB NMpENEnbHO
OPUMHTHBEH ¥ CIYXHT HCKIIOYHTENHBHO WLTIOCTPATUBHBLIM LETIAM.
Jlnst IpaKkTHYECKOTO MPOTHO3UPOBAHUA B MOJie)Ib OOBIYHO BBOJSAT €IIE
MEePEMEHHBI TEMIT POCTa MACChl PbIObI, KOTOPBIH 3aBUCHT OT KOPMO-
BBIX YCJIOBHI 1 aOHOTHYECKUX (PAKTOPOB CPeMb! (TEMIIEPATYPhl, KOH-



192 ' T'naBa 6

LICHTpALMK KHUCJIOPOJa M 3arps3HAIOMINX BEIIEeCTB B BOJE W T.IL.).
HHora npuxoauTCsl YYUTHIBATh MUTPAITHOHHEIE MTEPEMENICHNs PO 1
TOrAa MOJENb M3 TOUEYHOW MpeBpallaercs B MPOCTPAHCTBEHHYIO. B
YCJIOBHSIX BBIPAIMBAHMS MONOIAH PbIO HA pHIOOBOAHBIX 3aBOMAX HPH-
XOAMTCH YYUTHIBATH HE TOJNBKO YUCICHHOCTh H CPEJHIOK Maccy 0co-
O JaHHOI'O BO3pacTa, HO M QYHKUIHIO paclpenencHUs Pel0 JTaHHOTO
BO3pacTa mo pasMepam. HakoHew, MHTEHCUBHEIH CENEKTHUBHBIA IIpO-
MBICE]T MOJKET TIPHUBECTH K CYIECTBEHHOMY H3MEHEHUIO T€HETHIECKO-
ro cOcTaBa MONyNSHUH. B mociaenHeM ciaydae menecooOpaseH mepe-
XOJI K CTOXaCTHYECKHUM MOZENSM, B KOTOPBIX JIEMEHTOM MOJIENIU SIB-
JSIETCS HE BO3pacTHAs CpyIa, a OTHAeNnsHas 0co0b. JTO, TaK Hasbl-
Baemeble, “individual-based” mopenu, nomydaromme B nociegHee Bpe-
M# Bce Oonbinee pacnpocrpanenue (Menurytkun, 2003).
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FISH POPULATION

Puc. 6.6. JlaHaMHKa YHCIEHHOCTH NOMY/LILMH PBI6 NpH (GyHKIHH BOCIIPOH3BOACTBA
bueeprona u Xonra

Teneps mepedifieM K MOZENsIM HONYNSIUA BOAHBIX O€CIIO3BOHOY-
HBIX, HApUMeEP MIAHKTOHHBIX paKooOpasHelX. OTIMYHME ITHX JKHBOT-
HBIX OT PO 3aKII0YAETCH B TOM, YTO COCTOSIHME 0COOH 37€Ch Onpese-
JIETCS HE BO3PACTOM, OMpeNesisieMbIM MO KOAbLaM Ha Yellye HiM Ha
OTOJNHTAX, a CTagHAMH pa3BuTus. Hampumep, konemoas! (LMKJIOMNS.I,
AMANTOMYCHI | T.I1.) IPOXOJIT B CBOEM Pa3BUTHH OT CTAJMM fiiLa, He-
CKOJIBKO HAyIUTHATbHBIX CTAJlMi, 3aT€M HECKOJbKO KONENOIUTHBIX H,
TOJIBKO TI0CJIE 3TOrO, HOCTUTalOT B3POCIOrO MOJOBO3PENOTO COCTOS-
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HuA. Y knagouep (nadHH, GOCMHH M T.0.) AENO OCJIOXHAETCS elle U
4YepeIOBaHHEM [T0JIOBOTO K 6ecronioro (MapTeHOreHeTHYECKOro) pas-
MHOXEHHS,
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Puc. 6.7. JlunaMuKa 9HCIEHHOCTH NOMYIALMH PH6 NP QyHKUME BOCTIPOM3BOICTBA
Puxkepa

PaccmotpuM Mozene nonynsuuu auanToMyca (Komernoaa). Brok—
CXeMa MoJelli npuBeleHa Ha puc. 6.8. BpeMeHHo# mar monenu co-
CTaBNAeT ofHH CyTKH. COCTOSIHUE IOMYIAHMY ONPEACNIAETCS YHCIEeH-
HocThio siul (EGGS), naymummycos ot 1 f0 3 craguu (N13), Haymmay-
coB oT 4 yo 6 craguu (N46), konenoxuros ot 1 go 3 craguu (K13), or
4 no 5 cranuu (K45), xonenoxutoB B 6 craguu passutus (K6) u
B3pOCIIBIX ocobeii (A). I1a uMuTalMy pasBUTHS PauKOB B CTAAHHHOM
rpynne neiaecooOpa3HO NPUMEHHTh He OOBEKT THIA reservoir, Kak B
Cllyyae BO3PAcTHOH rpynmsl pei6, a 0OBEKT THIA conveyor, KOTOpbIit
co3faeT oyepens u3 ocobeii. leno B TOM, YTO xaxmas 0co0b THANTO-
Myca JIOJDKHA HaXxOOWThCA B JAHHOH CTaflMM Pa3BUTUS COBEPUIEHHO
OMNpENENICHHOE BpeMsi, KOTOpPOe B Cly4yae JIAHHOM MOJENH ONpencis-
€TCsl TOJNBKO TeMIepaTypoi Boapl. (O6BEKT conveyor npHien B TeX-
HOJIOTHIO MOJENHPOBAHMS H3 TEOPHH MacCoBOro 0OCIyXHBaHHS, rIe
JEHCTBUTENBHO CIOYXKHI [UIS HMHTauHH paboTel KOHBeHepa WiH
OOBIKHOBEHHOH 4eN0BEYECKON OUepEIM B MarasmHe).
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Puc. 6.8. bok-cxeMa MOJENH TONMY/IALUH JHATITOMYCa

Huxe npuBoauTCs nporpaMma MOAENH NOMYJSLUHY JUAITOMYca Ha

s3pike STELLA
A(t) = A(t — dt) + (CA — M_A) * dt
INIT A =10
CA = CONVEYOR INFLOW
TRANSIT TIME = D_C6 * K_TEMP
M_A = CONVEYOR OUTFLOW
TRANSIT TIME = D_AD * K_TEMP
Cl13(t) = C13(t — dt) + (NC — CC — M_C13) * dt

INIT C13 = 10
NC = CONVEYOR OUTFLOW
TRANSIT TIME = D_N46 * K_TEMP
CC = CONVEYOR OUTFLOW
TRANSIT TIME = D_C13 * K_TEMP
M_C13 = LEAKAGE OUTFLOW
LEAKAGE FRACTION = MORT
C45(t) = C45(t — dt) + (CC — CCC — M_C45) * dt
INIT C45 = 10
CC = CONVEYOR OUTFLOW
TRANSIT TIME = D_C13 * K_TEMP
CCC = CONVEYOR OUTFLOW
TRANSIT TIME = D_C45 * K_TEMP
M_C45 = LEAKAGE OUTFLOW
LEAKAGE FRACTION = MORT
C6(1) = C6(t — dt) + (CCC — CA — M_C6) * dt
INIT C6 = 10
CCC = CONVEYOR OUTFLOW
TRANSIT TIME = D_C45 * K_TEMP
CA = CONVEYOR OUTFLOW
TRANSIT TIME = D_C6 * K_TEMP
M_C6 = LEAKAGE OUTFLOW
LEAKAGE FRACTION = MORT
EGGS(t) = EGGS(t — dt) + (REP — EN) * dt
INIT EGGS = 10
REP = FERT * A
EN = CONVEYOR OUTFLOW
TRANSIT TIME = D_EGGS * K_TEMP
N13(t) = N13(t — dt) + (EN — NN — M_N12) * dt
INIT N13 = 10
EN = CONVEYOR OUTFLOW
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TRANSIT TIME = D_EGGS * K_TEMP
NN = CONVEYOR OUTFLOW
TRANSIT TIME = D_N13 * K_TEMP
M_NI12 = LEAKAGE OUTFLOW
LEAKAGE FRACTION = MORT
N46(t) = N46(t — dt) + (NN — NC — M_N46) * dt
INIT N46 = 10
NN = CONVEYOR OUTFLOW
TRANSIT TIME = D_N13 * K_TEMP
NC = CONVEYOR OUTFLOW
M_N46 = LEAKAGE OUTFLOW
LEAKAGE FRACTION = MORT
COPEPOD = C13 + C45 + C6

D_AD =7
D_C13 = 4
D_C45=>5
D_C6 =6
D_EGGS = 2
D_N13 =3
D_N46 = 4
K_TEMP = 1 / (2.3 A ((TEMPERATURA — 20)/10))
MORT = 0.02

NAUPLII = N13 + N46
FERT = GRAPH(TIME)

(0.00, 0.285), (12.0, 0.405), (24.0, 0.81), (36.0, 1.05), (48.0,
2.05), (60.0, 2.16), (72.0, 0.75), (84.0, 0.42), (96.0, 0.06),
(108, 0.00), (120, 0.015)

TEMPERATURA = GRAPH(TIME)

(0.00, 2.75), (10.0, 5.00), (20.0, 20.8), (30.0, 21.3), (40.0,
22.1), (50.0, 22.3), (60.0, 21.3), (70.0, 20.3), (80.0, 18.9),
(90.0, 17.3), (100, 14.4), (110, 11.6), (120, 2.63)
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[MosICHNM HEKOTOphIE KOHCTPYKIHMH M HACHTH(HUKATOPH! 9TOM Mpo-
FpaMMBl. : ~

INIT A — pavanbHasd YHCIAEHHOCTH B3POCIBIX AManToMycoB, CA
— IIOCTYIUICHHE B CTaJHI0 B3POC/IBIX 3a CYET pacTa KOMEMOAUTOB 6-
o# cragu, M_A — rubens B3pocnbix ocobeit, D C6 — npomomxu-
TENBHOCTh Pa3sBUTHA KOMENOAWTOB 6—oi ctamuu, D_AD — npomon-
XHTENBHOCTh JXKM3HM B3pocieix ocobeit, K TEMP = 1/2.3 *
((TEMPERATURA — 20)/10) — 3aBHCHMOCTb NPOJOKHTEIBHOCTH
Pa3BHUTHs OT TEMIIEPATyphl (Y€M BBILIEC TEMIIEPATYpPA, TEM CKOpee pas-
BUBAIOTCA PadKH).

CMEpPTHOCTh JManTOMYCOB HMHMTHPYETCS NPH IOMOLIM CBOHCTBA
«yteukn» — LEAKAGE FRACTION wu onpenensercs koabduuueH-
ToM cMmeprHocTH MORT.

Db dexruBHas wionosurocts auantomycos (FERT), xoTopast yuuThI-
BACT COOTHOLICHHE IIOJIOB, YHCIO SHIl B KJIAAKE H MHTEPBAIBI MEXIY
KJIaJIKaMH NIPHHUMAETCs B JTAHHOH MOJEINH, COTTIACHO 3KCHEPHMEHTANb-
HbIM uccnenoBanuaM M.B. MBanosoit (1985). Otor mapamerp 3aBHCHT
TOJIBKO OT KOPMOBBIX YCIIOBHi, KOTOPbI€ H3MEHSIOTCS BO BPEMEHH.
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Puc. 6.9. JlunaMHKa Nonynanuy quanromyca. UucneHnoctu: | — Bapocisix ocobeit,
2 — auu, 3 — HAYIUIHYCOB, 4 — KONENOAHTOB

Ha puc. 6.9 npuseneH npumep paboTel MOAENH NOINMYISIMH JHaNTo-
Myca. B oTirumie 0T IOIy IALMH IO, 31eCh HEeT YEeTKO BHIPKEHHBIX MO-



198 T'nasa 6

KoneHuit. J{ng nomgoOHBIX CIIyYacB B IKQJIOFMM CYHIECTBYET ClelHallb-
HbI TEPMHH — TIOMYJIALHAH C HENMPEPHIBHBIM PA3MHOKEHHEM).
Monenu, nmoao6Hble pacCMOTPEHHON BBIIIE, HCHONB3YIOTCA JUISL
onpeneneHuss NMPOAYKIHOHHBIX CBOMCTB NMOMYJSLUH 300IJIAHKTOHA.
Hanpumep, ObUTH HCCIefOBaHbl 3aBHCUMOCTH koddduuuenta P/B
(oTHOWIEHKE TIPOAYKUMH TOMYIAIMI K CpenHeH Guomacce) OT Temie-
paTypHBIX ¥ KOPMOBEIX YCIOBHH, a TaK € MPH Pa3IUYHbIX BO3AEHCT-
BHAX XHIHHKOB I LEJIOTO psa BHIOBBIX NOMYJALHH 300ILIAHK-
TOHHBIX pakoo6pa3HbIX, o6uTaromux B o3epax (IIpuxoapko, 1978).
Mojeny onyJiIMil [IAKTOHHBIX PakooOpasHBIX MOTYT BKIIIOYATh
B ce0s MMUTAIIHIO TaKHX SBIEHHH, KK CYTOYHBIE H CE€30HHBIE BEPTH-
KaJIbHBIE MATPAIMH WM JUanay3bl — BPEMEHHOr0 NMPEKPaILCHUsA IH-
TaHMA IpH HeOIArONpUATHLIX YCIOBUAX (AJexcees, YMHOB, 2000).
Mogenu nomynasiuii GEHTOCHBIX KHBOTHBIX (HAPHMEpP, MOJLIIO-
ckoB, C.H. l'onmukoB 1 MeHmyTkuH, 1971) NpHHIMIHANBEHO HAYEM HE
OTJIMYAIOTCA OT MOJeNei pbi0 ¥ IUIAHKTOHHBIX pakoobpasHbIX, 3a HC-
KITIOYEHHEM PE3KOM CMEHBI cpesibl 00uTanus, KoTopas Habnoxaercs y
JAMYMHOK HAaCEKOMbIX (HampHMep, XMPOHOMHJ) NpPH MAacCOBOM IIpe-
BpalleHMHU JTUIHHOK BO B3pOCIEIE JIETAlomue 0cobHu (MMaro).

6.3. Moxesu coodmecTs ¥ TpopuvecKux cerei

ITpu mocTpoeHun Moneseit coobIEeCTB BOAHBIX XKHBOTHBIX Ha Iep-
BBIM IIaH BBIXOAAT TpOQHYECKHE OTHOMICHHS KOHKYPEHIMH U THIA
CXUIIHAK—KEPTBA» MEXAY OTHAENbHBIMH MOMyssauuiMH. OcHOBOIO-
JIOXHHMKOM Mojiefielt Takoro tuma siBisercs Buro Bonbreppa (1934),
KOTOpBIA HAMKCA M PELIWI CHCTEMBI MPOCTHIX AH(QEPEHIIHANBHEIX
ypaBHeHHH, 6€3 KOTOPBIX He 0OXOAUTCSA HU OJHMH y4eOHHK 3KOJIOTHH.
Mopenu BosbTeppa OCHOBBIBAKOTCS Ha TMPEANIONOKECHHH O TOM, YTO
B3aMMOJICHCTBIE MEX/y MONYJIALNAMY NPONOPLIHOHANBHO MPOU3BE-
JEHHI0 UX uucieHHocreil. Ha nmpaxTuke, BO BCAKOM ciaydae Ajis BOJ-
HBIX KMBOTHBIX, 3TO NPEATNIONIOKEHHE He onpaBaanock. [ mocrpoe-
HUs Mofene#t cooOmecTs (yHIaMEHTaTbHOE 3HAYEHHE HMEIOT pe-
3yJIBTAaTHl IKCIepUMeHTanbHbIX pabor B.C. UBnesa (1955), koTopsri
OOHapyXHJ HaIM4YHe MAaKCHMaJbHOTO palMOHa, BhHILIE KOTOPOTO
XHIIHUK DOTPeOIATh MUY MPOCTO HE MOXKET, a TAaKXKe CYLIECTBOBA-
HHE TAKOM MOPOTOBOM KOHIEHTPALMH KOPMa, HIKE KOTOPOH IUTaHHE
JaHHEIM BHAOM KOpMa mnpekpamaercd. He MeHee 3HaUMTENbHBI JOC-
Tikenns B.C. Vsnesa B onmcanuu nponecca u3OHpaTelbHOCTH IIH-
TaHWsd, B KOTOPBIX, MO CYILIECTBY, ObUIa IOKa3aHa IPUMEHHMOCTb
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¢dopmyner baiieca 1y yCI0BHOM BEPOATHOCTH K mpolieccy norpebie-
HHS Pa3HBIX BHJOB KOPMOBBIX 00BEKTOB. FIMEHHO 3TH HaHHEIE B pa3-
JIHYHBIX MOOU(UKALUAX UCTIONB3YIOTCS B COBPEMEHHBIX MOJENAX CO-
00LIeCTB BOJHBIX KUBOTHBIX.

B xayecTBe NEpBOro ImpuUMepa UCIONAb3YeM MoOJEb coobuiecTsa
pri6 (uxTHOUEHO3a) o3epa Boxe Ha ceBepe Bomoroackod obnactu
(Kaxos, 1984; XKaxos, Menmytkus, 1974). bnok-cxema 3toii Moaenu
npencrasieHa Ha puc. 6.10.

IepeMennsIMM B MoOJieH coobuiecTBa prib o3epa Boxe aBnsiorcs
OroMaccsl NOMYJISIIME 735, IDIOTBBL, epIla, Jiela, OKYHs, LIYKH, Ha-
AMMa, YKIEeHW U CHeTka. [IpH MOCTpOeHHH MOAENH MpEAnoarajioch,
4TO #3b, €pII M JIEI NHUTAIOTCA TONBKO OEHTOCOM, IUIOTBA ITOMHMO
6eHToCca MOXKET MOTPeOATh eIe ¥ OETPUT, a2 OKYHb MOXET OBITh H
6enTodaroM, U XHIIHHKOM. YKIE€S ¥ CHETOK HPEACTABIAIOT coboit
YHCTHIX [UIAHKTO(AroB, a UIyKa W HAJIMM — XHIHUKOB.
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Puc. 6.10. Briok-cxema cooBuiecTsa pei6 B o3epe Boxe (Bonoroyckas o6i.)
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He 6yneM npuBOAUTH BCEH IporpaMMbl MOJEIH HXTHOLIEHO3a 03e-
pa Boxe, a orpaHuuMMcs neMOHCTpauued TOJNbKO 6a30BBIX ypaBHe-
Huii (OKakos, 1984):

N
Bi(t)=B(t—dt)+uy, C; —(r; + ¢, + 0, + F)B;.
j=1

3neck B; — OGuomacca i — 0¥ NOMyJIanuy peid, ¥ — K03 duuueHT
ycBoenus numy, C; — YaCTHBIA pallMoH [THTaHus i—0To NoTpeGuTens
KOpMa 3a CYeT j — Oro MCTOYHHUKA NMUIIH, N — oblIee YHCII0 YIEHOB
coobuiecTBa, BKJIIOYAs ¥ BHEUIHHE HCTOYHWMKH HNMTAaHHA, r; — KO3-
¢uent Tpat Ha oOMeH, ¢, — KO3((PHULHUEHT CMEPTHOCTH OT BO3-
IEHCTBUS XMIHUKOB, ; — KOI(PQUIMEHT CMEPTHOCTH OT NMpPOYHX
npu4nH, F; — k03ddunuesT npomeicioBoii cMepTHOCTH. CooTHOMIE-
HUe peanbHOro pauuoHa (Cg) ¢ MakcuManbHbIM (Cyvax) ONpeaensercs
COOTHOLIEHHEM

Cg = Cypax 1= EXP(=E(B~ By ) »

rae B — OGuomacca X epTB (MCTOYHUKA MUTaHUA), Bmin—TIOpOroBoOe
3HaYCHHE OHOMACCHI JKePTB, HIDKE KOTOPOH MUTaHHE IpeKpauaercs, &
— aMnupuyeckuit koadouuuent. Ilpy nomMouy MoAEIH HXTHOLEHO3a
o3epa Boxxe GbUTH MPOrHO3UPOBAHBE!I T€ U3MEHEHHS B HXTHOILIEHO3E,
KOTOpbIe MOIIH OBl MPOM30MTH B CTy4yae peaM3alliM IPOEKTa mepe-
Opocku Box ceBepHbIX pek Poccuu Ha ror B Hacceifn Kacmmiickoro
Mopst. K cuacTsio, 3TOT NpoekT, nomyspHelii B 70-€ rofsl mponuioro
BEKa, OCYIIECTBICH He OblI.

ITpu MccnenoBaHUM OMMCAHHOM BBINIE MOJENH MXTUOLIEHO3a 03€pa
Boxe OBUIO 3aMe4YeHO, YTO OHAa XOPOIIO OMHCHIBACT CTALHOHAPHBIE
COCTOSIHHSA COOOIIECTBA M IUIOXO MEPEXOAHBIE MPOLECCH OT OJHOTO
TaKoOro COCTOSHHA K APYrOMY. DTO CBA3aHO C TEM, YTO B MOZENH HE
YYTEHBI BPEMEHHBIE 33/IEPKKH MPOUCXOIININE MEXAY HEPECTOM PBIO
U BCTYIUICHHEM CJIEAYIOLIEr0 IOKOJICHHA B ITOJIOBO3DEINBIH BO3pAcT.
JlpyruM HeqoCTaTKOM 3TOH MoJeny ObUI0 HTHOPHPOBAHHUE TOrO (ak-
Ta, YTO PbI0a B MPOLIECCE CBOETO OHTOreHE3a MOXKET U3MEHSAThH CIIOCcOo0
nuTaHusa. Tak Monoap BceX phI6, COCTABIAIOMIMX COOOIIECTBO, MUTA-
€TCs 300TUIAHKTOHOM, BKJIOYasi ¥ TAKHX XHUIHHMKOB, KaK ILIyKa. YKa-
3aHHbIEC HEJOCTATKH OBLMM YYTEHBI IIPH CO3JAHHHM MOJENH COODILECT-
Ba pbI6 JIagoxkckoro o3epa.

Coob6iectso pei6 B JlamoxckoM o3epe mpencraBiseT cobod Ao-
BOJIBHO CJIOKHYIO IHMHaMH4ecKyio cucremy. B Jlamoxckom o3epe
obutaer Gonee 50 BumoB prid (Kymepckuit u ap., 1996) — miotsa,
rycTepa, CMHell, YKiIed, JIell, Iyka, CyJaK, CUTH, pAMyIKa, KOPIOLIKa,
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HIUM M Apyrue. Jlaxe ecnu oTOpPOCHTh MallOYHC/IEHHBIE B HAcCTOS-
mee BpeMs BHOBI PeI6 (MUHOra, OCETp, J10COCH, (opeib, Yropb, Obl-
YOK—POraTKa), TO OCTAHETCS He MeHee JeCATKA BHAOB BKHBIX B IPO-
MBICJTIOBOM OTHOLIEHHH, 6€3 KOTOPEIX NPOCTO HENb3d PacCMaTpHBATEH
coobmectso prib Jlanoxckoro o3epa. B mpemaraeMoit Mogenu K Ta-
KHM BHJaM PbIO OTHECEHBI: OKYHb, IUIOTBA, HIyKa, JIell, epil, PAITyI-
Ka, DUIIYC, HAIHM, CHT, CyIaK M KOPIOUIKa. XapaKTepHCTHKH Kaxa0h
U3 3THX MOMyJALmH pei6 B JIafoKCKOM 03epe HOCTATOYHO HOAPOOHO
u3ydeHsl coTpyaHukamMu 'ocHUOPX (mo kaxnoMy Buay 3alliMIIeHa
KaHJMIAaTCKasd AUCCEPTalHs) H UMEHHO 9TH JaHHBIE JIETJIK B OCHOBY
npeuiaraemor monend. Ilepsyio Monens coobmectsa pei6 B Jlanore
BemnonHuAd C. TuxonoB u IO. JlaganoB (1988), paccmarpuBaeMasn
Mozenb SBISETCH pe3yJhTaTOM KOPEHHOH mepepaboTKH Momenu
C. TuxonoBa u IO. JlananoBa ¢ HCHONB30BaHHEM MOJCIHPYIOLIETO
aNropuTMa paszpaboTaHHOTO [UII HXTHOLEHO3a o3epa Boxe (JKakoB H
MeunmryTkuH, 1974) 1 pacCMOTPEHHOTO BHIIIE.
Obmras cxema uxTHoneHo3a Jlajgoru npuseneHa Ha puc. 6.11.

Puc. 6.11. Bnok-cxema coobuiectsa pui6 Jlagoxkckoro o3epa (1 — Melkne
nnaskToQary, 2 — KPyNHsle [aHkTopary, 3 — Menkue Oenrodary, 4 —
KpynHsie Genrodary, 5 — MenKue XHIHAKHK, 6 — KPYIMHBIE XMILIHHUKH)
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OcHoBHas ujes OCTPOSHUS MOJETH MXTHOLEHO3a 3aKII0OYAETCA B
pa3fesIeHHH OIMCaHUs TPOPHUUECKHX, MOMyNALHOHHBIX H IIPOMBICIIO-
BBIX IpoLieccoB. B Tpoduueckoil ceTH HXTHOIIEHO3a 3JIEMEHTOM SIBJIsi-
ercsa Tpoduueckas rpynna (purodar, nerpurodar, MeIKHi H Kpym-
HBIH MnankTodar, MeNKui U KpynHbIH G6eHTodar, MEJIKHIi H KPYITHBINA
XHILIHHK). B CTpyKType nomynsiuuu 3J1€MEeHTOM CIYXUT BO3pacTHas U
HOJNIOBasg TPYINa, a MpU MPOMBICIOBOM BO3JEHCTBHH pEIUAIONLYIO
pOJIb UTpaeT pasMep pbIObl, MONMajaloiell B T€ WM MHBIE OPYAHUS JIO-
Ba. KoHeuHo, npHHATOE pasfeneHue MpexacTaBiseT cobGoi ompene-
JIEHHYI0 aOCTpakUMIO, TaK KaK IPH TPOPHYECKOM B3aMMOAEHCTBHM
phI6 Mexxy coboit U ¢ KOpMOBOH 6a30# BUIOBbIE OCOOEHHOCTH HIpa-
IOT CYILECTBEHHYIO pONb, TO B NEPBOM NPHOIMKEHUH 3THM MOXKHO
npernebpedb U 00bEACHUTD, HATIPUMED, B ONHY TPOPHUECKYIO IpyIITy
KPYIIHBIX INyK, U CYAaKoB B Bo3pacrte cBblule 6—8 ner. Tpoduueckas
CTpyKTypa coobuectsa peid B JIaoxmCKOM 03epe NPUBEHECHA B HHK-
Hel yacTu puc. 6.11.

Jpyrum ponyiieHHEM ABISETCS UIHOPHPOBAHHE HMPOCTPAHCTBEH-
HOM CTPYKTypbl MXTHOLIEHO3a. llpM mepeMeHHOM Iiare MOJENH B
OJIMH T0J BCe MHUIPaliMOHHBIE HPOLECCH BOOOLIE BBINAJAIOT U3 pac-
CMOTPCHHS.

Crenyromee JOMYIIEHHE CBA3AHO C NPHHATHEM JUIT KaXJI0H momy-
JAUUM OCTOSIHHOTO TEMIIA POCTa, T.€. IPEeAroyaraeTcs, YTo BO3pacT
pHIOBI M Macca ee Tela CBA3aHbl OMHO3HAYHOH (yHKLHMeH, He 3aBUCH-
1Ieil OT KOPMOBBIX M HHBIX BHEIIHHUX YCIOBHHA. OTO OTHOCHUTCA TaK XKe
K CPOKaM I10JIOBOTO CO3PEBAHUs U €CTECTBEHHOH CMEPTHOCTH, HE CBS-
3aHHOH ¢ BO3JECHCTBHEM XHIIHUKOB.

Ipu ornvcaHuu B MOZENHU MPOHECca BOCIPOU3BOACTBA HCIONIB3YET-
ca noustre PPEeKTHBHON IUIOJOBUTOCTH, KOTOPAs ONMPEAENIETCA KO-
JMMYECTBOM BBDKMBILICH MOJIOXM Ha OIHOTO Hpou3BoauTens. B ormu-
ype oT abCOMOTHOH MIOJOBUTOCTH (UMCIIa HKPUHOK Ha OJTHY CaMKYy),
s dexTrBHAs MIOAOBUTOCTH UHTETPATBHO ONMCHIBAET LENbIH Habop
[pOLECCOB (COOTHOLIEHHE MONOB, 3GPEKTHBHOCTh OIIOAOTBOPEHHS,
CMEPTHOCTb UKDB! H JIMYMHOK PBIO), OAHAKO TPYAHO MOANAETCS HEMO-
cpeactBednoMy omnpeneneHuio. Ha asddexTuBHYIO IIOAOBUTOCTD
HanOoJbIee BO3AEHCTBIE OKAa3bIBAlOT BHEUIHHE (AKTOPHI, TAKUE KaK
yYpOBEHb W TEMIIEpaTypa BOJABI BO BpeMs HEPECTa, 3arpa3HEHHOCTD
HEPECTHIMII TOKCHYECKUMH BELISCTBAMH aHTPOIIOTCHHOTO MPOHCXO-
MIECHUS, EMKOCTh HEPECTOBBIX Tuiomianei u apyrue daxropel. B mo-
JIeJIM TIPUHATA 3aBHCHMOCTb BBDKHBAHHS HKPHI M MONOAM B (opMe,
npennoxenHoi busepronoM u XonroM. Ouenp MOMysApHAs B HXTHO-
Joruueckoi mureparype ¢yHkuus Puxkepa, xapakTepHas HalnM4ueM
MaKCHMyMa BBDKHMBAHKSA MOJNOAH M 3((EKTOM IepeHaceneHus Hepec-
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THJIHIL, IPUMEHAMA TOJBKO K IOIYJIAMAM JIOCOCEBBIX PHIO U B YCIIO-
BUAX JIamoKCKoro o3epa He UMeeT 0COOBIX IPEUMYIIECTB.

He BnaBasce B moapo6HOe MccaenoBaHue MOJENH COOOLIECTBa phib
Jlajoxckoro 03epa, paccCMOTPUM TOJNBKO HEKOTOPHIE XapPaKTEpPHbIE
0COOEHHOCTH 3TOH crcTeMbl. OCHOBHOM BapuaHT (Tabun. 6.1) Gonee wim
MEHEe COOTBETCTBYET COCTOSIHMIO coobiecTBa B 80-X IT., KOT/1a BEUIOB
CynaKa OrpaHHYHBANCS, ¥ 3aI1achl €ro HaYamd MeUIEHHO BOCCTaHABIIH-
BaThCs. bolee TOYHAs MOArOHKA COCTOSHHA COOOLIECTBA K OQHIMAIL-
HBIM @HHBIM O BEIJIOBE PHIOE! BIIOJNHE BO3MOXHA, HO He MMeeT 0oIb-
IIOrO CMBIC/IA HE TOJBKO M3-32 3HAYUTENBHON JOMH GpakoHbEPCKOro
JIOBA, HO U B BUY GONBLIOro YMCiIa HEOMPEAEAEeHHBIX KOG dHIHEHTOB
(XapaKTepuCTHKH KOPMOBOH 0a3bl, HEPECTHWIMII, HMHTEHCHBHOCTEH
NPOMBICTIA [0 OTAENBHBIM BHAaM pbi®). Bonee Toro, st Takoro kpynm-
Horo Bojoema kak Jlamoxckoe o3epo, MoJenb, He yYHMTHIBAIOIIAs Ce-
30HHBIX HATYJIBHBIX M HEPECTOBBIX MUTPAIUi PBIO, He MOKET ABJIATHCS
OCHOBOH Uil OKOHYATENIbHOTO CYKAEHHS O COCTOSHHH COOGLIEeCTBa
peI6 ¥ PEKOMEHAALMH 110 palMOHANFHOMY BEACHHIO POMBbICIA. 3ame-
THM, 9TO OCHOBHOM BAPHAHT SBJIAETCS YCTOHYMBBIM BO BPEMEHH C IIPO-
JODKUTENBHOCTRIO TIEpexonHoro mponecca 20-25 ner (43 Guomoruue-
CKH OCMBICTICHHOTO Ha4aJIbHOTrO COCTOSIHHS).

Tabauna 6. 1. XapakTepUCTHKH NOMYJILHIA B MOAENH coobuiectsa pri6 Jlanox-
cxoro o3epa npu | 1 2 BapuanTe BHEIIHHX YciaoBHi (Y% — NpoLEeHTHOE cojlepika-
HHe JAHHOTO BH/a B MPOMBICIOBOM BEUIOBE, N — unciieHHocTs poib B 1000 Ha Bce

o03epo, B — 6uomacca poi6 B 1000 11 Ha Bce 03epo)

Bapuant 2 — cokpawenne

Bapuaunt 1 — ocHOBHO#H NPOAYKIMY TIIAHKTOHA U GeH-

Bug
TOCa

Y% N B Y% N B
OKyHb 43 1567 22.2 0.4 31 0.2
ITnotsa 6.1 1104 16.8 148 | 731 5.1
Iyka 1.4 511 22.6 s 21 34 10.2
Jlew 29 235 29.0 0.6 8 0.2
Epm 0.6 722 2.3 15.6 374 0.7
Cur 8.1 4197 11.6 3.0 116 0.2
Punyc 11.0 917 5.2 0.0 0 0.0
Hamim 1.0 99 4.8 0.1 1 0.05
Panymixa 9.2 1580 38.4 0.7 86 04
Cynax 9.1 323 13.1 0.7 3 0.1
Kopromika 46.2 5639 61.5 62.0 616 2.6
CyMMapHbIi BBUIOB 3641 230
(B TOHHAX B rof)
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YeTBepThIii BAPUAHT HCCIIENOBAHHA MOETH coobmecTsa peib Jlanox-
CKOrO 03€pa COOTBETCTBYET CIy4ar0 CYIUIECTBEHHOIO COKPalleHHs IIpo-
IDyKUHMH GEHTOCA IPH COXPAHEHHH NPOIYKLHMH 300IUIaHKTOHA Ha YPOBHE
ocHOBHOro BapHanrta. CyMMapHBIH BBUIOB B 3TOM CJIy4Yae COCTaBJISACT
4421 TOHH B TOf, a JONA PUITyca, KaK IUIaHKTodara, yBeJIMYHBacTCs 10
30 %. Bromacca 6eHTogharoB CyiiecTBeHHO cokpaiiaercs (Tabn. 6.2).

Tabnuna 6.2. XapakTepHCTHKH TPOYUUECKHX IPYNN B MOJIENH coobliiecTra
pui6 JIamoxckoro o3epa npu 3 1 4 BapHaHTe BHEMHNUX ycosuii (B— Gromacca Tpo-
dwueckoit rpynmet 8 1000 1, TS — HanpskeHHOCTs TPOPHIECKHX OTHOMICHHIH)

3 — yBenu4cHHE 4 ~BBICOKas IIPOXYK-
TPOAYKIMH MIAHKTOHA 1M IUTAaHKTOHA H
Tpogmuecas rpymna i yn Gentoca uuskas Genroca
B TS B TS
Kpynuble XHIITHHKH 0.6 0.2
Menkue XMIHUKH 63.2 0.01 45 0.01
Kpynusie 6entodaru 55.8 0.01 0.3 0.01
Menkue 6entodaru 68.1 0.83 16.2 0.91
erpurodaru 17.2 0.83 9.4 091
Kpynssie miankrodary 33.2 0.01 38.2 0.01
Mesnkue miankrodary 1.2 0.83 1.2 091
300IIaHKTOH 1000 1.27 1000 1.3
Jetpur 1000 0.04 500 0.5
Bentoc 1000 0.30 500 1.8
Cymmaphas Guomacca puif
(® 1000 ) 350 222

BapuaHT 5 COOTBETCTBYET HU3KOH NPOAYKIHH 03EPHOTO 300ILIaHK-
TOHa M BBICOKO# mpomykuuu Genroca (tabn. 6.1 u Tabn. 6.2). B aToM
ciyyae, KaK ¥ B BapHaHTe 2 IOMyJALMA puITyca TMGHET, @ B IPOMBI-
CHIOBBIX YJIOBAX 3HAYMTENBHYIO NOJIO COCTABJIAET JIeMI.

Haxonen, BapuanT 6 UMUTHPYET MOJIHOE NpPEKPAUICHHE MPOMBICIA
peibpl B JlagoxxckoM o3epe. KopmoBas 6a3a B 3TOM Ciryyae yCTaHOBJIEHa
TAKOM e, KaK B OCHOBHOM BapuanTe. CyMMapHas 6Homacca pei6 Impu
3TOM BO3DAacTaeT, HO HE OYEHb CHIIBHO, 4 BOT CIPYKTypa coofIiecTsa
CYIIECTBEHHO H3MEHACTCS B CTOPOHY yBEIMYEHHS YHCICHHOCTH Cy/laKa,
KODIOIIKH H PHITYCa — OCHOBHBIX IPOMBICTIOBBIX PBI6 Jlanory.

JianHO€ MCCnenoBaHNe HU B KOSH Mepe He MPETEHAYeT Ha Kakue—
60 PeKOMEHIAIMH HIIA 3aKITIOYCHHS 110 TIOBOAY COCTOSHHS PHIGHBIX
3anacoB JIafoxKCKOro 03epa — 3ajiaya 3TOr0 pasfiesia COCTOUT TOJIBKO
B TOM, 4TOOBI IMOKA3aTh BO3MOXXHOCTh MOJEIBHOIO MOAXOA2 K JHHA-
MHKE PEIbHOr0 COOOMIECTBA PHIO KPYIHOro MPOMLICIOBOrO BOJO-
emMa.
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Tabnuna 6.3. XapakTepucTHKH NONyAAimii B MOAenn coobuiecTsa puid
Jlanoxckoro o3epa npu 5 1 6 BapHaHTe BHELHHX ycioBuii (Y% — npoueHTHOE
colepaHUe JaHHOTO BUAA B NIPOMBICIIOBOM BBLIOBE, N — 4HCIIEHHOCTH PEIG B
1000 1a Bce o3epo, B — Guomacca pei6 8 1000 1t Ka Bee 03epo)

5 — HHU3KaA NPOLYKLHUA 6 — oTCYTCTBHE

Bux IIaHKTOHA Y BLICOKas I omy
GeHroca poMbICTa

Y% N B Y% N B
OkyHp 4,8 1108 8.2 0 1418 159
Inotsa 3.5 830 7.2 0 1003 119
Ulyka 1.5 145 4.6 0 258 9.5
Jlem 16.0 221 40.6 0 205 22.5
Epm 4.6 661 1.6 0 738 24
Cur 4.6 1087 10.8 0 4120 11.1
Punyc 0.0 0 0 0 2343 18.1
Hasum 0.9 41 1.7 0 50 2.1
Pamynika 17.6 1218 22.6 0 1418 23.1
Cypak 0.7 15 0.5 0 837 33.5
Kopromka 45.8 | 2641 12.8 0 5454 53.8
CyMMapHbIii BELIOB

B TOHHAX B FOX) 1370 0

Ta6snua 6.4. XapakrepHcTHKYM TpOdHYECKHX TPYINT B MOAEIH COOOIIECTBA
prib Jlagoxckoro o3epa npy 5 M 6 BapHaHTe BHEWHHX ycaoBHii (B— Gromacca Tpo-
¢uyeckoit rpymmsl 8 1000 1, TS — HanpsxkeHHOCTH TPOGHUIECKUX OTHOWIEHHIH)

5 —Hu3KAA MPOAYKUHA 6 — otcyTcTBHE

Tpoduueckas rpynna nnaumg:;zczucoxax Ipomsicaa
B TS B TS

KpyrnHble XHINHHKH 0.3 0.8
Menkue XHIUHUKH 7.6 0.02 45 0.03
Kpynusie 6entodaru 44.0 0.02 24 0.03
Menxkue 6enrodarn 21.6 0.33 27 1.05
Jetpurodaru 3.1 0.33 6.3 1.05
Kpyuusle wiankrodarn 0.6 0.02 19.2 0.03
Menxue wiankrodaru 2.0 0.33 8.2 1.05
300maauKTOH 5 5.4 50 1.87
Jerput 100 0.07 50 0.03
Benroc 100 0.12 50 0.29
CymmapHnas 6uomacca pei6
(Byl 000pu) P 102 204

Ot mopeneit coobuiecTB puIb mepeiineM x MOJENsIM COOOLIECTB
300IIaHKTOHHBIX pakooOpasHbIX. IIpumepom MOXET CIyXHTb MO-
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JieNb TUIAHKTOHHOTO cooblIecTBa HEeHTpalibHON 4yacTd Jlagoxkckoro
ozepa (Kasanuesa, CmupHOBa, 1996). Moznenb COCTOMT M3 NATH
HONyJANMHA — ONHA TOMyJNAUUA BETBMCTOYCHIX padykoB (Kiamouep)
— 6ocmuH (Bosmina obtusirostris) 1 yeTbIpe MOMYJIAIMH BECIIOHOTHX
pauxoB (xomenoxn) muantomyc (Eudiaptomus graciles), MHKPOLMK-
gonc (Microcyclops oithonoides), mumHokansuyc (Limnocalanus
macrurus) u uakiaon (Cyclops abyssum). Bnok-cxeMa coobmecTsa
nipefcTaBieHa Ha puc. 6.12. TIpuHIMNBI NOCTPOEHNs MOAeneHd nomy-
JIALMA KONernox yXe 6bUIM pacCMOTPEHB! B paszene 6.2, 0JHAKO OT-
MeTHM OCOOEHHOCTH, KOTOpas CBsi3aHa C CYIIECTBOBAaHHEM I[OKOS-
muxcs sun (3¢unmuymos) y 6ocmunst (Bl Ha puc. 6.12). Otn aiina
CYILECTBYIOT B 3MMHEE BPEMs Ha JIHE BOJOEMA, 3 BECHOHM NAl0T Ha4aJlo
napreHoreHeTHueckuM noxonenusaM (B2, B3 u B4). Ocensro nossns-
IOTCA CaMIbl, IPOUCXOAUT IOJIOBOE pa3sMHOXEHUE, B PE3yJIbTaTe KO-
TOPOTO MOSBIIAIOTCS HOBBIE HUIMUYMbI, IEPEINMOBBIBAIONINE Ha JHE
J10 clenyromeil BECHBI.

{ouTonniankTon | [aktepu]  [gereur]  [KOnoBRATKM | [PocTEMwIME |
[ T ] —— 1

SIMMHOKAN AHYC

BOCMUHA
i S y

TEMMEPATYPA |
PLIBbI

Puc. 6.12. Biok-cxeMa MOJEIH 300IIaHKTOHHOTO coobuiecTsa B HEHTpalb-
noM paiione Jlagoxckore ozepa (Kazannesa, CMupHoga, 1996). Crnowssie
JMHHH COOTBETCTBYIOT TPOGUUECKUM CBA3AM, NPEPHIBUCTEIE — HHPOPMALH-
OHHEIM (BIRHAHHE TEMAEPATYPHI)

Jnsg upkimona ¥ ME30UUKIONC2 B MOJEIH YYHTHIBANOCH SBJICHHE
Iuanaysbl, KOTOPOE MpPOSBIAIOCH BO BpEMEHHOH 3aJeP)KKE pa3BUTHA
ocobeil Ha 4-5 konenoauTHO! craguu (M4 u C4). ITocne npexparie-
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HHSA [Hanayssl 0COOH MOAHUMAIMCE CO JHA ¥ NPOJOIDKATH CBOE pas-
BHTHE.

OCOGEHHOCTBIO PacCMaTPUBAEMON MOJENH 300TIAHKTOHHOTO CO-
oOlecTpa ABNAETCS yJeT JMHAMHUKH HE TONbKO BO3PACTHOM, HO U BEp-
THKAJIBHOH CTPYKTYpPBI BXOJAIIMX B HETO NOMYJISUUN. J[JIs 3TOrO BbI-
ACIEHO TPH CJIOs BOABI — OT MOBEPXHOCTH 10 rny6uns! 10 M, oT 10
A0 25 M ¥ oT 25 M jio aHa (puc. 6.13).

—10

-

rnybuna

Puc. 6.13. BepTukanbHas CTPYKTYPa MOJENH
300ITAHKTOHHOTO coobmecTBa. B — GocMuHBI,
E — mmanromycel, M — mesouuxioncsl, JI —
JHMHOKAIIHYCEI, 1 — 1uKonst .

BepTukanbHble MHTpaluy 300IIaHKTOHA ONPEAEAINCH TEMIEpa-
TYPHBIMH U KOPMOBBIMH YCJIOBHUSMH, KOTOPEIE H3MEHSIUCH BO BpEMe-
HH. J{na ocobeit kax/08 MOy IAIMH, HAXOOAMMXCS B COCEIHUX CJIO-
X, CPaBHHBAIMCh OTKJIOHEHHUs TEMIICPATYpPHBLIX YCIOBHH OT OINTH-
MaNBHBIX, XapakTepHLIX Ui Kaxnoro Buaa. Ocobu Moriu mepeme-
ATECS U3 CNIoS ¢ MeHee ONaronpHATHEIMH YCIOBUAMH B CJIOH ¢ 60-
Jnee OnaronpuATHEIMM YCIOBUAMHA. Kpome TeMmepaTypHbIX, yUuTEIBa-
JIMCh €Ille ¥ KOPMOBEIE yCIIoBHA. beta npexycMorpera BO3MOXHOCTD
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nepeMeleHHs THI0OHOHTOB U3 CIOA C XYAIIHNMH YCIOBUAMH NUTaHHS
(CTeneHBIO YAOBIETBOPEHUS MAKCHMAJIBHOIO pal|oHa) B CIOH ¢
nyquipMA yenoBusiMu. Ha puc. 6.14. npuBeneH npumep BepTHKAaIb-
HBIX TEPEeMELICHHH HEXMIHONW YaCTH 300IUIAHKTOHHOrO Co06IecTBa
B T€UEHHE rofia.

a2
30
0-10m
|
10-25m
20
25M - gHO
1.5
10 -}
05
0 | I R B A N
AHB. wmepT  mall  woHb  ceHT.  Hoal.

Puc. 6.14. BeprukansHoe pacripeicIEHHE HEXHMIHOI'O
300IUIAHKTOHA 10 JAHHBIM MOJENH 300IUIaHKTOHHOIO
coo0mecTea B neHTpanbHOM Jlagore

CoobmecTBa OGEHTOCHBIX JKHBOTHBIX W MAaKPO(QHTOB MO CBOHUM
CBOMCTBaM ONH3KH K COOOILECTBaM HA3eMHBIX OPraHM3MOB, [T03TOMY
K MOJEIMPOBAHMIO TaKHX COOOLIECTB MPHMEHHMMBI METOJbI, Xapax-
TepHble I 3THX 00bexToB (Botkin,1993).

6.4. ToueuyHble MOAEIH IKOJOrHIECKHX CHCTEM

Moyzend BOIHBIX YKOTOrHYECKHX CHUCTeM (Mpy[0B, 03€p, BOXOXpa-
HUJIMI, MOpEil ¥ OKCaHOB) Hayally pa3pabaThIBaThCA paHblle H pas-
BHBANKCh UHTEHCHBHEE, YeM MOJENH HAa3eMHBIX 3KOCHCTEM KakK B CH-
7y TIPaKTHYEeCKO# 3HAYMMOCTH TIPOLIECCOB IBTPODHUKALUN H aHTPOIIO-
TeHHOTO 3arps3HeHHs BOTOEMOB, TaK K B CHIIY GOJbILEH H3y4eHHOCTH
IIPOAYKLIMOHHBIX NPOLIECCOB B BOAHOM cpeae. ObbsacHsaeTCH 310, B HYa-
CTHOCTH, TEM, YTO TETEPOT€HHOCTb MOYBBI CO3/AET CYLIECTBEHHEBIC
METOUYECKHE TPYAHOCTH MPH KOJHYECTBEHHOM ONHMCaHHH GHoreo-
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XMMHMYECKUX LHKIOB, 10 CPaBHEHHIO C OTHOCHTENBHO TOMOTEHHOM
BOAHOM CpeIoii.

KoMnerorepHOMy MONETMPOBAHHMIO BOJHBIX 3KOJOTMYECKHX CHC-
TEM MOCBAIIECHO OYEHL MHOTO HccienoBanuil. Tak, Monmenei Benukux
AMEDHKAHCKHX 03€p CyIIECTBYET HECKOJBKO [ECATKOB, YKaKEM
TOJIBKO HAa HEKOTOpBIe, HamOoyiee XapaKkTepHble npuMephl (Auer u
Canale, 1980; Auer et al.,1986; Biermam u Dolan, 1981) Jlaxe camplit
Gernpiit 0630p My6IHKALMIA 10 MOAETHPOBAHMIO BOXHBIX SKOJIOTHYE-
CKHX CHCTEM BBIXOIMT 33 PAMKM HACTOAIIEH KHUTH, I03TOMY OrpaHu-
YHUMCst TOJIBKO NepevnciieHreM Haubolee CyecTBeHHBIX pabor. Teo-
pernyeckuM npobieMaM MOIETMPOBAHKS BOAHBIX YKOJOCHCTEM yIie-
TACTCS MHOTO BHMMAHHS, TIOSBHIIMCH HOBBIE MIEH CBA3aHHBIE C pa3-
BUTHEM OOIIEH TEOPHH CIOXKHBIX CHCTEM, HAMpPUMED Mjeil caMoopra-
HM3alIH, ONTUMH3ALUY, JETEPMUHUPOBAHHOTO Xa0Ca, CHMHEPreTUKH,
IPUMCHECHUS JMHITBUCTUYECKMX MEPEMEHHBIX ¥ HEYETKOM JOTMKH
(Cale, 1988; Emlen, 1984; Lauenroth et al., 1983; Lhotka u
Straskraba, 1987; Mageau et al., 1998; Mauersberger, 1981; Menuryt-
kuH, 1970, 1971, 1972, 1974,1993; MeumyTtkua ¥ YMHOB, 1970;
Patouchaes u Stamou, 1993; Peters, 1992; Ripl u Feibicke,1992;
Straskraba, 1995; Vinogradov u Menshutkin, 1977; Bouros u Axpu-
Menxkos, 1990). B MozenupoBaHHE MOPCKUX 3KOCHCTEM HAMETHIIACH
TCHICHIMA K CO3JaHHIO CTAHZAPTHOTO MPOrpaMMHOro obecrneyeHus
tuna cucteM ERSEM, STELLA unu SESAME (Blackford u Radford,
1995; Baretta et al., 1995; Ruardij et al.,1995). U3 mozmeneii 3xocu-
CTE€M KOHKPETHBIX IPECHOBOJHBIX BOJOEMOB OTMETHUM MOJIENIH 3KOJIO-
THYeCKUX CHUCTEM o3epa baiikan (Amenkosa u ap., 1978; I'opcrko u
ap., 1978), Jlagoxckoro o3epa (Actpaxanues u ap., 1996, 1998; Jleo-
HOB ¥ zip., 1991; MenmyTkun u BopoGresa, 1987), neGonpimx 3B-
TpodHEIX 03ep B Jlanum (Jorgensen, 1985; Kemp-Nilsen, 1986) u
o3ep Pumnannuu (Kenttunen, 1981; Varis, 1984), osepa pussrsl u
Hapouancknx osep B Benopyccum (MeHwyTkun u Ymuos, 1970;
HxonuukoB u VYwmuoB, 1985), o3epa [dameHero Ha Kamuartke
(Menshutkin u Ymuos, 1971), Jlakmmosepa B Kapenuu (Banymxuna
u 1p., 1997), Masypckux o3ep B Ilonsie (Uchmanski u Szeligiewicz,
1988).

IlepeiineM nanee K aHanu3y Mojenei. PaccMOTpuM, KaK yCTPOEHBI
¥ KaK paboTaroT TakMe MOJENH Ha MaKCHMAJBHO YIPOIEHHOM IpH-
Mepe.
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DAY
PHYTO

£
PHYTOM KFHYTO M

KO BACT
DETRITUS

PHOS LOAD

Puc. 6.15. Brok-cxema npocTeinei Monenu 03¢pHOH 3KOCHCTEMBI

Brok-cxeMa MoJIENH NpefcTaBiieHa Ha puc. 6.15. Mozens apusercst
TOYEYHOM, T.€. B HEH WTHOPHPYIOTCA BEPTHUKAIBHBIE M TOPH30HTANb-
HBIE HEOJHOPOIHOCTH B PAacIpeeleHHH KOMIIOHEHT 3KOCHCTEMBL. B
npUpozEe Takoe OBIBaeT TONBKO B CiIyuae XOPOIIO MEPeMenBacMBIX
BOJIOEMOB HeBOMBUIMX PasMepoB 6€3 IPKO BBIPAXKEHHOH JTHUTOPAIBHON
30HBL. B KauecTBe XUBBIX 3J€MEHTOB KOCHCTEMBbI BBHIOpaHBI: GHTO-
IUIAHKTOH (TIPOAYLEHT) M GakTepHOINaHKTOH (penyneHT). B kayectse
HEXUBBIX 3JIEMEHTOB B MOJENH (PHIYpHPYIOT — MEPTBOE OpraHuye-
CKO€ BEIIECTBO (NeTpHT) M Heopranmueckuit gocdop (6roren) pac-
TBOPEHHEIH B Boje. TakuM o6pa3oM, B mpeiiaraeMod MOJENH pac-
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CMaTpUBAeTCAd TOJILKO TENaruyeckas 9acThb 3KONOrM4ecKoil CHCTEME!
H TIONIHOCTBIO HTHOPUPYETCS POJIb OEHTOCA H B3aUMOJIEHCTBHE MEXIY
JIOHHBIMHU OTJIOXKEHUSMH M BOAHOU Maccoll BogoeMa. CocTOsIHHE KO-
CHCTEMEI B JaHHBIH MOMEHT BpEMEHH olpeaensercs 6uomaccaMu hu-
tortaHkToHa (PHYTO), 6akrepuonnankrona (BACTERIA) u Maccoit
meprBoro opranpdeckoro semectBa (DETRITUS), BeipakeHHBIX B
rpaMMax yriepoja Ha KBaJpaTHBIH METp MOBEpXHOCTH 03€pa, a I
6uorena (PHOS) B rpammax docdopa ra xybuueckuii merp. Bpemen-
HOH I1Iar MOJAENH paBeH CyTKaM. IIpuBeIEeM mporpaMMy MOJETH Ha
a3sike STELLA.

BACTERIA(t) = BACTERIA(t — dt) + (P_BACT — Q_BACT)
* dt

INIT BACTERIA =0
P_BACT = BACT_PR * DETRITUS
Q_BACT = BACTERIA * K_Q_BACT

DETRITUS(t) = DETRITUS(t — dt) + (PHYTO_M —
P_BACT — SED) * dt

INIT DETRITUS =0
PHYTO_M = PHYTO * K_PHYTO_M
P_BACT = BACT_PR * DETRITUS
SED = DETRITUS * KSED

PHOS(t) = PHOS(t — dt) + (PHOS_L1 + REG_BACT —
PHOS_P) * dt

INIT PHOS =0
PHOS_L1 = (PHOS_LOAD/ 360) / DEPTH
REG_BACT = Q_BACT * K_PHOS /DEPTH
PHOS_P = P1 * K_PHOS
PHYTO(t) = PHYTO(t — dt) + (P1 — PHYTO_M) * dt
INIT PHYTO = 0

P1 = MIN (LIGHT, PHOS * MIN(DEPTH, DPHOTO) /
K_PHOS)

PHYTO_M = PHYTO * K_PHYTO_M
PRIMARY_PROD(t) = PRIMARY_PROD(t — dt) + (PP) * dt
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INIT PRIMARY_PROD =0
PP = IF TIME > 1800 — 360 THEN P1 ELSE 0
BACT_PR = 0.1
DAY = MOD(TIME,360)
DEPTH = 10
DPHOTO =5
KSED = 0.08
K_PHOS = 0.05
K_PHYTO_M = 0.1
K_Q_BACT =0.15
PHOS_LOAD = 0.05
LIGHT = GRAPH(DAY)

(0.00, 0.00), (30.0, 0.00), (60.0, 0.00), (90.0, 0.00), (120,
0.64), (150, 1.15), (180, 1.15), (210, 0.9), (240, 0.59), (270,
0.00), (300, 0.00), (330, 0.00), (360, 0.00)

M3Mmenenne 6nomaccs! (UTOMNAHKTOHA TMPOUCXONUT 33 CYET MeEp-
BUYHOH npoxykuuu (P1) u ormupanus durormankrona (PHYTO M).
IlepBuuHas nNPOAYKLMA JIMMHTHPYETCS CBETOBBIMM  YCIOBHAMH
(LIGHT) u nanuumuem OuoreHoB, B JaHHOM ciydae ¢ochopa. Ecnu
riny6una ¢oruyeckoro cinos (DPHOTO) menbiie, uem riyOGuHa Bojio-
ema (DEPTH), To npenmnonaraercs, 4To B (OTOCHHTE3€ MOXKET Y4acT-
BOBAThb TOJILKO TOT $OcGOp, KOTOPHI HAXOAUTCA B GOTHYESCKOM CJIOE.
Copaepxanne ¢ochopa B Onomacce QUTOILIAHKTOHA MMONAraeTcs mo-
crogHHbM K paBHeIM K_PHOS. OrMmupanue ¢urorankroHa perysnu-
pyercs ko3ppuuuentom K PHYTO M.

M3menenne OvoMacchl OaKTEPHOIUIAHKTOHA IPOMCXOAHUT 32 CYET
norpebnenus gerpura (P_BACT)u tpar na oomen (Q_BACT). Ilpen-
TI0JIAraeTCs, YTO 3a CYTKH OakTepHu MOTYT mepepaboTaTh TOJNBKO He-
xoropyto 4acte (BACT_PR) maccer perpura. Tpatel Ha oOMeH (1pl-
xaHue Oakrepui) ompexensercs ux OHomaccoit M ko3pduuHEHTOM
K_Q_BACT.

Macca nerpura (DETRITUS) cnaraetcs u3 orMuparoiiero JeTpura
(PHYTO_M) n pacxoayercs Ha [uTaHHe OaKTepHOIUIAHKOHA
(P_BACT) u ocaxnenue Ha AHO — ceaumenTaruio (SED).

Konuentpauus seopranndeckoro ¢ocdopa, pacCTBOpEHHOTO B BO-
ne (PHOS) onpependercs Kak BHEIIHMMH IOCTYIUICHHSIMH

MOJEJIMPOBAHUE O3EPHBIX OKOJIOTUYECKUX CUCTEM 213

(PHOS_L1) - Tax Ha3piBaeMmoO#l BHemHeH (ocdopHO Harpyskoi,
pereHepanell - pochopa 3a cyeT KHUIHEIACATENbHOCTH OakTepuii
(REG_BACT) u pacxonom Ha ¢orocunres (PHOS_P). Pereneparms
docdopa cuhTaeTCd NPONMOPLHOHANBHOW TparamM Ha 0OOMeH
(Q_BACT) ¢ COOTBETCTBYIOIIHM MEPEXONHBIM KO3bPUIHEHTOM
(K_PHOS).

Ha puc. 6.16 npencrasnen unrepdeiic pazdupaemoit Monenu. Ipu
TIOMOIM HACTPOEYHBIX «pYy4YeK» MOXHO HM3MEHSATH BCE MapaMeTphl
cuctemsl (DEPTH — riny6Guna ozepa, KSED — xosdduument cenu-
menTanun, PHOS LOAD — docdopnas narpysxa, K Q BACT —
K03 duUMeHT TpaT Ha obMeH OakrepuomnnankTona, R PHYTO M —
ko3¢ duiHeHT orMupanus ¢uronnankrona, K PHOS — conepxanue
toctopa B buomacce puromnankrona, DPHOTO — momnmaocts ¢o-
TtHueckoro cios, BAKT_ PR — HHTeHCHBHOCTh MOTPEONERHS AETpH-
Ta OaKTEpHIAMH).

( LAKE v] LIGHT [ TPRMARYFROD | 113 .
L reroral 109 "
[ PHospHOR — | 0

DEPTH KSED PHOS LOAD KQ BACT KPHYTO M K PHOS

3: BACTERIA

4: DETRITUS

PN Y

DPHOTD BACT PR

FOAI N
woon

BON
cooo
I .

» ¥
1440 .00 1530.00 1620

Puc. 6.16. Untepdeiic npocteRmei Moaenn 03epHO 3KOCHCTEMBI

W3 npou3BOIBHOTO HA4aJbHOI'O COCTOSHHUA (B JaHHOM IpPHUMEpE
3TO HyJIeBOE 3HAUCHHE BceX OMOMaacc, YTO MOXKHO NPEACTaBUTh Ce-
O¢ Kak 3aTOIUIEHHE BOJOH CBEXEBBIPHITOrO KOTIOBaHA) MOJENb de-
pe3 5-10 ner BBIXOAMT Ha CTauuOHapHOe cocrosHue. Ha puc.6.16
IpEeNCTaBICHO COCTOSHUE Ha MATOM rony (pyHKIHOHHPOBAHHMH MO-
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Aenu. Jlnsd NPpUHATBIX 3HAYEHHH NApaMeTPOB XapaKTepHa HH3Kas
nepBHYHasg npoaykuus (113 kxan M2 rog”', HCXOI M3 SKBHUBANEHT-
HocTH 1 rC 10 xkan) u peskas BCrblKka OHOMAacChH! QUTOIUIAHKTOHA
TIOCNE BCKPBITHA 03€Pa OTO JIbAA. JTO COOTBETCTBYET XapaKTEPHCTH-
KaM OfHroTpoHOTO BOJoEMA.

Ha puc. 6.17 npencrasnensl fanHble 0 QYHKIIMOHUPOBAHHH TOH XKe
MoZeNH, HO TIpH yBeiaHdeHHOH ¢ochopHO# Harpyske. Ilpu stom nep-
BHYHAs TIPOYKITHS BO3pacTaeT 40 1300 KKam M oA ', 4To cooTBeT-
CTByeT o — 3BTpodHOMY o3epy no knaccubuxamuu C.I1. Kuraesa
(tabn. 1.3.1 B rnase 1). Jlunamuka GromMacchsl GUTOIUIAHKTOHA MPUOO-
peraeT HHOH BHI — TEIeph MaKCHMYM NPUXOAUTCA HA CepeluHy Bere-
TAlMOHHOTO IIEPHUOZA, 3TO COOTBETCTBYET TOMY, YTO JIMMHUTUPYIOLIHM
(akTOpoM B pa3BUTHH QUTOILIAHKTOHA CTAHOBHUTCH CBET, a He dochop,
KaK B OIUrOTPO(HEIX YCIIOBHUAX.,

& 1:PHYTO 2: PHOS 3: BACTERIA 4: DETRITUS
{1 R T R T

1:

2: 4
3: 20
4: 100

Eokrd e
=

D
; h 4-*-.‘""";—_-_-
3 i
4 0+
240.00 3330.00 3420.00 3510.00 3600.00
Page 1 Days 09:36 28 gny 2003
wNoEHs ? LAKE ECOSYSTEM

Puc. 6.17. JluHamMuKa NEpEeMEHHBIX IpocTeuIeil MOMEIH O3EPHOH IKOCHCTEMEI
npH noBsIeHHOH PocdopHoit Harpyske

PaccmoTpeHHas BhIllle MOZENL NPUMEPHO COOTBETCTBYET MOJEIH
3BTPO(HUKAIMH BOJOEMOB, MpemiokeHHoi Ponenserinepom (Vollen-
weider, 1987).

B 3T0#1 MOmenu HE y4yTeHbl MHOTHE CYILECTBEHHBIE IPOLECCH U
3JIEMEHTHI, CBOMCTBEHHBIE 03€pHBIM dKocucTeMaM. Hanpumep, oTcyT-
CTBYIOT KOHCYMEHTH! (300IUIaHKTOH, G6EHTOC, pBIObI), KOTOPHIE TIOMH-
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MO HHBIX QYHKIMH y4acTBYIOT B pereHepanuu Ouorcnos (I'yrens-
Maxep, 1986). He ydreHa HenMHEHHOCTh 3aBHCHMOCTH HHTEHCHBHO-
cti QoTocHHTE3a OT IOTOKa conHeuHoH sxepruu (IIsiprnHa, 1967), a
TaK xe 3pdexr caMo3aTeHEeHHs (UTOIUIAHKTOHA, T.€. YMEHBLICHHUE
MPO3paYHOCTH BOIBI IPH MACCOBOM Pa3BUTHH OJHOKJIECTOYHBIX BOAO-
pocre.

Bnok-cxemMa MozienH, B KOTOPOH YYHUTHIBAIOTCS BIIMSHUE KOHCYMEH-
TOB (300IUIaHKTOHa M DBIO) mpuBeneHa Ha puc. 6.18 (Klekowski,
Menshutkin, 2002).

He npuBoOzs MOTHOCTBIO [IPOrpaMMy MOJENH, OTMETUM JIMIIb He-,
KOTOpBIE €€ OTIMYHsA OT IpebIayuieH.

PR

@) (myms £ AR
DAY LIGHT cc pgvrd bz 00 0z o vz g
FISH
PHYTO CPHZO Zo0
i - c o mo "t zqrisui

.

ol a CBAJZROI ¢ Z00 FisH §
2 ’ .

PHOS OFH 200 Uy

z00
o) K4 PH{TO Ik- € pac
cq € BAL 200 |
DPHOTO

DETRITY e

MPHYTO 0o u
FISH

PHOS SED
o

KPHOS SED

Puc. 6.18. Briok-cxeMa TOUEUHOM MOJETH 03€PHO#H IKOCHCTEMBI C YYETOM Pas-
BHTHA 300IUIAHKTOHA H IO

Poct GHOMAacChl 300IIaHKTOHA IIPOMCXOMHUT 32 CYET MoeaaHus Qu-
TO- M 6aKTEPHOIUIAHKTOHA, a YOBUIb 3a cuer Tpar Ha obMeH (QZ) ot-
mupanus (M_ZOO)u norpednenus peibamu (C_ZOO_FISH).

Z0O(t) = ZOO(t — dt) + (C_PH_ZOO1 + C_BAC_ZOO1 —
QZ — M_Z00 — C_ZOO_FISH) * dt
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AmHanorunyso, H3MeHeHHe GroMaccsl prI® onpenensercs norpedie-
aueM numm (C_ZOO_FISHI), tparamu Ha obmen (QF), ectectsen-
no#t cmeptHOCTBIO (M_FISH) 1 npoMeicnossim BoutoroM (FISHERY)

FISH(t) = FISH(t — dt) + (C_ZOO_FISH1 — QF — M_FISH
— FISHERY) * dt

buomacca Oaxrepuii MONONHSETCA 3a CUET NHMTAHHs, & PACXOJHAs
4acTh GopMUpyeTCs TpaTaMi Ha OOMEH U €CTECTBEHHOMN CMEPTHOCTHIO

BACTERIA(t) = BACTERIA(t — dt) + (C_BACT — QB —
M_BACT — C_BAC_ZOO) * dt

Macca MepTBOrO OpraHMYECKOTO BEIIECTBA MOMOJIHACTICS 33 CUET
oTMHUpaHus (QUTO—, 6aKTEepHOIUIAHKTOHA M PHIO, a TaK e 3a CYeT He-
YCBOGHHBIX YacTeil paiMOHa 300ILTaHKTOHA, OakTepuit u peIb, pac-
xoJHas yacth (dopmupyerca norpebnennem Oakrepuit (C_BACT) u
cenumenTanrelt (SED).

DETRITUS(t) = DETRITUS(t — dt) + (M_ZOO + M_PHYTO
+ M_FISH + M_BACT + C_PH_Z00_U + C_BAC_Z00_U +
C_ZOO_FISH_U — C_BACT — SED) * dt

KoHnenTpauus Heopranudeckoro ¢ochopa NomnonHsercs 3a cyer
BHewHKUX noctymiennii (PHOS_LOAD), a Tak xe 3a cuer perenepa-
uuu Qochopa B mpouecce Merabonuzma OakTepuil, perd H 300MIaHK-
ToHa. Pacxonyerca cdochop Ha co3gaHHe NEPBUYHOU NPOAYKLHH
(PROD PHYTO P) wu muddy3uro B [JOHHBIE  OTJIOKEHHS
(PHOS_SED). 3aMeTHM, 4TO IOCHEAHUIA YIEH MOXET OBITh IOJIOXH-
TEJILHBIM — 3TO Ha3bIBaeTCd BHYTpeHHE#H $HocOopHOi Harpy3Koii.

PHOS(t) = PHOS(t — dt) + (REG_Z00 + REG_FISH +
REG_BACT + PHOS_LOAD — PROD_PHYTO_P —
PHOS_SED) * dt

Tpate! Ha OOMEH OIPeAENAOTCS 110 COOTHOIICHUSM:
QB = BACTERIA * KQB * W1
QF = FISH * KQF * W1
QZ = 7200 * KQZ * W1,
rae W1 — TeMnepaTypHas Ionpaska
W1 = EXP(20.5 * (TEMP — 20)/ (273 — 20))
KQB, KQF, KQZ -— noctrosHHbIe K03)PHULIHECHTSI.
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EcrecTBeHHas CMEPTHOCTH MOJATAETCA IPONMOPLMOHANLHOH GHO-
Macce Kaxaoro >KMBOr0 KOMIIOHEHTa 3KOCHCTEMBbI C COOTBETCTBYIO-
HIUM KO3 hPHIHEHTOM.

M_Z00 = ZOO * KM_ZOO
M_PHYTO = PHYTO * KM_PHYTO
M_FISH = FISH * KM_FISH
M_BACT = BACTERIA * K_M_BACT

ITuiesble NOTPEOGHOCTH PHI6 M 300IUIAHKTOHA OINpPEAEIAIOTCA 110
COOTHOUICHHSIM

R_FISH =1 * W2 * FISH * EXP(- 0.2 * FISH)
R_Z0OO =8 * W2 * ZOO * EXP(-0.11 * Z0OO),

rac W2 — TemnepaTypHas MOIpaBKa Ha OTKJIOHEHHE PEalbHOH TeM-
neparypst (TEMP), or onTHMansHOH, KOTOpas NIpUHAT2 B JaHHOM
clydae paBHOH 15 rpanycos.

W2 = EXP(- 0.172 * ABS (TEMP — 15))

HanpsokeHHOCTh NMULIEBBIX OTHOIUCHMH MEXIY 300ILUIAHKTOHOM C
OMIHOM CTOPOHBI U (QUTOILTAHKTOHOM M O6aKTEpHIMM C APYTOi, Ompe-
JEeTseTcs Kak:

K_PHY_BACT = IF (PHYTO + BACTERIA) > 0 THEN
R_ZOO / (PHYTO + BACTERIA) ELSE 0

HanpsxeHHOCTb THMIIEBBIX OTHOMICHHH Mexny phibamu, ¢ onHOH
CTOPOHBI, ¥ 300LIAHKTOHOM, C APYTOi, ONPENENAETCs KaK

K_ZOO = IF ZOO >0 THEN R_FISH / ZOO ELSE 0

PeanbHoe notpebnenne GakTepHii, PUTOMIAHKTOHA M 300IIaHKTO-
Ha 3a cuerT (QWIBTPATOPOB M PHIO BBIYHMCIAETCS MO COOTHOLICHHIO
B.C. Usnesa: :

CC_BACT = BACTERIA * EXP (- K_PHY_BACT)
CC_PHYTO = PHYTO * EXP(- K_PHY_BACT)
CC_Z0O0 = ZOO * EXP(- R_FISH)

Ipu nomomu kodhuumenTa ycoerns mamu (U) onpenensercs
KOJNHYECTBO aCCHMHIMPOBAHHOHN U HeriepeBapeHHOM MHUIHH.
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C_BAC_Z001 = C_BAC_Z0OO * U
C_BAC_Z0O0O_U = C_BAC_ZOO * (1 — U)

Bxonnsie Benmuunna conHedHod paauaimd (LIGHT) u temmepaty-
pel Boael (TEMP), a Tak xe ¢yHkuus nHTeHCHBHOCTH (HOTOCHHTE3A
ot oceeuleHHocTH (PMAX) 3agatorcs B rpaduueckoit hopme.

B 1abn. 6.5 npuBeneHsl pe3ynbTaThl HCCIEHOBAHMS MPOIYKIIHOH-~
HBIX XaPaKTEPHUCTUK O3E€PHOH 3KOJOTHMYECKOH CHCTEMBI B 3aBUCHMO-
CTH OT [Ty6uHBI 03epa U docdopHoit Harpy3ku. Cuenapuit 1 cooTBeT-
cTByeT 0a30BOMy OIMroTpodHOMy BapuaHTy. B cueHapun 2 pesko
yBelIH4eHa NIyOHHa BOAOEMA, UTO TIPHBENIO K CYIIECTBEHHOMY POCTY
nepBudHON mponykuuu. Ilpu omeHke 3Toro pesynsTara He CIEXYET
3a0bIBaTh, 4TO MOJEIH OCTANIACh TOM XKe, T.e. 0e3 yueTa BepTHKAILHOM
crpatudukauuy. HBIME CIIOBaMKH — 3TO JOBOJBHO IIIy6OKOE 03€po
C MIOCTOSIHHBIM MHTEHCHBHEIM IIEpeMelIHBaHUEM.

Tabimna 6.5. 3aBHCHMOCTE NPOAYKIMOHHBIX XapaKTEPHCTHK 03ePHOH IKOIOTHYE-
CKOH CHCTEMBI B 3aBHCHMOCTH OT TTyOUHEI 03¢epa H docdopHoii Barpy3kn

CLIEHAPUH 1 9 3 4 5
T'y6una (m) 1 50 1 50 1
®ochopHas Harpyska (r M~ rox 0.1 0.1 1.0 1.0 5.0

é“’““?;;fpa‘“"‘ munepaisroro docdopa 16 g9 10005 [029 [0.013 | 1.65
MI'M

Kounentpanus gerputa (rC M™) 042 | 1.15 | 49 |3.18 | 223
Buomacca duromnankrona (rC M) 0.1 1.9 4.7 63 |240
Tponykuus uromnanktona (rC M- rog ) | 5.5 | 81.8 | 153 | 200 | 623
Buomacca 3oomnaunkrona (rC M) 03 7.4 47 8.4 7.5
TIponykuus soommanxroga (rCM-rox ) | 1.9 | 17.1 [ 13.0 [ 180 | 174
Buomacca pri6 (rC M™) 0.3 1.7 1.6 1.8 1.8

TIpoaykuus psi6 (rC M~ rox ") 05 [ 26 |23 [23 |26
Buomacca Gaxrepuit (rC M) 0.1 2.3 0.8 3.0 24
Tpoxykuus Gaxrepuit (rC M~ rog ) 41 743 [247 | 67.0 | 384

Pamuon 300IUIAHKTOHA 32 CHeT ¢buro-
wiankroHa (rC M rog )

Panwon 300ILTAHKTOHA 32 CYET JIETPHTA K
Gaxrepuii (rC M rox” ) 38 | 688 | 228 [60.6 | 322

Cennmenrtauus (rC M~ Zron™h) 1.01 2.7 363 | 7.63 |478.1
Be11oB peIGEI (KT ra ron™) 87 455 (414 | 462 | 46.0

29 406 | 53.1 650 |87.7

Cuenapuii 3 — 3TO OY€Hb MeNKOe 03€pO C BHICOKOH (ochopHOi
Harpyskoil. Bce uepTel 3BTpodupoBaHHsS HaIUIO — BHICOKas Iep-
BHYHAs HPOAYKUWs, pOCT OHOMAcChl 300MIAHKTOHA M IOBBIIICHHE

BBIIOBA PHIOBL. YBeNHYeHHe TIyOHUHBI 03€pa IIPH COXPaHEHHH MOJHO-
ro nepeMelInBaHus (CLIEHapHii 4) TONBKO YCHIUBAET 3BTPOdHbIE Yep-
Tl BogoeMa. Hakonern, cuenapuu 5 — 3T0 ABHO THHepIBTpOdHbIC
BOJIOCMEL.

Tabnuna 6.6. H3MeHeHHE NPOAYKUMOHHBIX XaPAKTEPHCTHK 03EPHOH IKOIOTHIECKOR
CHCTEMBI B 3aBUCUMOCTH OT PaJHallHOHHbIX H TEMIEPATYPHBIX YCIOBUH

CLIEHAPUIA 1 2 3 4 5 6

KoHueHTparnus MuHepanbsHoro

bochopa (mr m™>) 0291 028 023 0.08] 13.8( 0.08
Konuem‘paunx JeTpHTa
(rC M) 49 | 49| 49 58 24 5.6
Buomacca ¢puronnanktosa (rC M) 4.7 4.7 5.3 4.8 49 4.5

—2
Tpoxyxus Guronnarkroma (rC M 153 | 172| 131] 188) 70 | 205

)

P/B ¢utonnanxrona (rox) 33 36 24 39 143 46
Bromacca 30011aHKTOHA

(rC M) 47 | 48| 34| 83 2.5 9.4

—2
gf;%‘)y"““" soomakToHa (rC M 130 158 4.1 | 182] 98| 94

P/B 28| 33 121 221 39| 25

Bromacca psi6 (rC M) - 16| 19| 00| 1.7] 18] 24
Hpouyxm«m 133}

(+C 2 ron i 23| 27| 00| 25| 19| 34
P/B 1471 145 - 147 1.05( 1.46
Buomacca Gakrepuii (rC M) 08! 0.6 16| 28| 07| 20
lponyxuns baxrepuit 247| 111 196| 41.1] 223 46.1
(rC M2 rog™)

P/B 327 5621 122 22.7
Pammor 300mIaHKTOHA 32 guer ¢bu-

Tonnankrona (rC M~ rox”) 53.1( 70 15 83 28 107
PanuoH 300MIAHKTOHA 33 CHET JET-

pura 1 Gaxrepuit (rC M~ rog”h) 28| 29 16 34 20 4l

Cenumenrauus (rC M2 rog ) 363 | 35.1| 36.0 50.1( 133 445
Bou10B pbi6bl (kr ra” rox) 414 475( 00| 452]| 365 60.7

HcciaemoBanue 3aBHCHMOCTH TNPOAYKHMOHHBIX XapaKTEPHCTHK
03€pHOM 3KOJOIMYECKOH CHCTEMBI NPH PA3NIUYHBIX PafHAIlMOHHBIX U
TEMITEPAaTyYPHBIX YCIIOBHAX NMpUBEAEHO B Tabn. 6.6. CueHapuit 1 coor-
BETCTBYET YCIOBHAM Menkoro BogoeMa (H=1 m) u docdopHoi Ha-
rpy3ke 1.0 T M’ rox . TIpu 5TOM JOCTHraeTcs HepBHYHAS IPOTYKIIHS
B 153 rC M rox'. TloBblueHHe TeTHEH TeMIepaTypsl BOABI Ha 2°
(cuenapmit 2) TPUBOOUT K DPOCTY HEPBHYHOHM NPOAYKUHH 1O
172 rC M2 rox™" 1t CHIDKEHHIO CpeHeH KOHIIEHTPALMHE MHHEPAIBHOTO
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docoopa. CHuXEHME JIETHEH TeMIepaTypsl BOABl Ha 2° MpH [IPOYHX
paBHBIX YCIOBHAX (CLieHapHit 3) NMPUBOJUT K CHIDKEHHIO NMEPBUYHON
HPOAYKIMH TpH HOBBIEHUH cpepHeld Omomacchl (UTOMNAHKTOHA.
XapakTepHO, YTO CHIDKGHHE TEMIIEPaTyphl IPHBEIO K TOMY, YTO B
IMTaHUH 300IJIAHKTOHA CTall mpeobiajaTh NETPUT, a He (HUTOILUIAHK-
TOH, KaK B TpeablayineM cueHapuu. Kpome 3Toro B o3epe norudnu
PBIOBI, TOCKONIBKY ONMTHMANBHAS TEMIIEPATYPa MX Pa3sBUTHS OCTAIACh
npexHeit (15°), a mpoueccs! aganTaniy, KOTOPHIE BCerna MMEIOT Me-
CTO B KHBOH NIPUPOAE, B JAHHOH MOJIENH He OBIIM YUTEHBI.

Cuenapuii 4 COOTBETCTBYET MOBBHIIICHHOH HHTEHCHBHOCTH COJIHEY-
Ho# paguauuu Ha 20 % ot ycnosuit nepBoro cueHapus. [loMmuMo no-
BHILICHHS TEPBHYHOH MOPOJYKIHM OTMEYAETCS CYIECTBEHHOE
YMCHBIICHHE KOHILEHTPalUH MuHepanbHoro ¢ocdopa B neTHu me-
puoa M pocT cepumeHTanuH. CHIDKEHHE MHTEHCHBHOCTH COJIHEYHOH
paguauuy (CUeHapHii 5) BeeT NPUMEPHO K 00paTHOMY pe3ylbTaTy —
HepBHYHAs NPOIYKIHA COKpaiaercsi, OHomMacca 300MNaHKTOHA CTa-
HOBHUTCS HHXe, XOTa Ko3bouuuent P/B 300mnankToHa BO3pacTaer.
HaxkoHen, cueHapuii 5 COOTBETCTBYET YCJIOBHSAM HeE3aMep3alollero
BOJIOEMa IIPH COXPaHEHHH HHTEHCUBHOCTH COJTHEYHOH pajuaunuy, KaK
B cueHapud 1. EcrecTBeHHO, 4TO NIpH 3TOM OTMEYaeTcs pPe3Koe yBe-
JHYEHHE HE TOIBKO NEPBHYHON NPOTYKLUH, HO U BBUIOBA PHIOBI.

UccnenoBanne momenn MOXHO OBUIO OBl MPOJOMKUTH, HO YXKe
MPUBEICHHBIE PE3YNbTATH [IOKA3BIBAIOT, UTO JaXKE OYEHb MPUMHTHUB-
Hasl MOJIEJTh JIEMOHCTPHPYET JOBOJBHO CHOXKHEIE PEAKIMH B YCIOBHAX
BECBbMa TPOCTHIX CICHAPUEB BHEIIHUX BO3AEHCTBHUI, KOTOPHIE B €CTe-
CTBEHHBIX YCNOBHSX MAl0 peaibHbI (HAalpHUMep, U3MEHEHHs COJIHeY-
HOW pagMaliy CBS32HO C M3MEHEHHEM TEPMHUKH 03€Pa, a [TOCTOSHCTBO
BHEIUHUX YCJIOBHUIi B TeYEHHE Psla JIET TOXE CYILEeCTBEHHas abcTpak-
HA).

6.5. Mopesu 3K0CHCTEM ¢ BEePTHKAJILHOM
H NIPOCTPAHCTBEHHOM CTPYKTYpOH

EcTecTBeHHOE BepTHKAaNBHOE JENEHHE BOJHOH MacChl o3epa Ha
SMUIMMHHOH ¥ TMOOJIHMHHUOH COCTABISET OCHOBY ABYXCIOHHOH Mo-
JIeNM BONHOM 3KOCHCTEMBI, OJIOK-CXeMa KOTOpOH IpencTaBlieHa Ha
puc. 6.19. IlpeanonoxuM, YTO MONOXKEHUE CIIOS CKAuKa HEe MEHAETCA
BO BpEMEHH, 4YTO OrpyOisieT JeHCTBUTENBHOCTh, TaK KaK TOMLIUHA
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SMUIMMHHOHA MEHSETCA OT MOABJIEHHUS TEPMOKIIMHA IO €ro paspyile-
HY, HO CYIIECTBEHHO 00JieryaeT NOCTPOCHHE MOOAEIH.

CocTosiHHEe cHCTEMBI ompeneisiercs 6uoMacccaMd QHUTOIUIAHKTOHA
(B1), 3oomnankTona (B3), pei6 (B4), 6aKTepHOMUIAHKTOHA B STTHIAM-
auoHe (B2) u runonumuuone (BS) u 6enroca (B6). Hexusas gacts
9KOCHCTEMBI mnpericTaBieHa aerpuroM (D1 u ID2), pactBopeHHBIM B
Boze kucnopoaoM (O1 u O2) u munepansHbM oochopom (N1 u N2) B
SMUIMMHHOHE M THIIOJHMHHOHE COOTBETCTBEHH.

Puc. 6.19. Briok-cxema AByXcloHHOM MozeNH 03epHOH IkccHTeMsl. L — comxeu-
Has panuaums, F — nocrymrenune docdopa, Bl — buomaccea duromiankrona, B2
— Ouomacca OakTepHOIUIaHKTOHa B JnumuMmHuoHe, B33 — Ouomacca 300-
aHKToHa, B4 — Guomacca pri6, BS — Gromacca GakTespHOIUIaHKTOHA B THIIO-
nmHHOHE, B6 — 6uoMacca GeHroca, N1 — KOHIUEHTpasalus HeOpraHWYecKoro
tocdopa B anumHMHHOBE, N2 — KOHLIEHTpalHs HeopraHutyeckoro pocdopa B ru-
nomuMHKOHe, D1 — KOHIEHTpanms JeTpHIa B 3SIIMIMMHHOHE, D2 —
KOHIIEHTPALHA NETPUTA B THIOMMMHHOHE, O1 — KOHLEHTpoaLHa KMCIOPOIa B ITIH-
JuMHUOHE, O2 - KOHUEHTpaUHs KHCIOPOoAa B dMWIMMIHAOHE, Q1 — mepeHoc
HeopraHHyeckoro dochopa Mexay SMWIHMHHUOHOM H FMANOAMMHHOHOM, Q2 —
[EPEHOC PACTBOPEHHOTO B BOJAC KHMCIOPOZA MEXHLy OMWIMMHHOHOM H
TUNONMMHHOROM, Q3 — omyckanue aerpura, S1 — 006MEH KHUCIOPOZOM Ha
rpanune Boja-arMocdepa, S2 — cegumentamms, M1, M2,, M3, M4, M5 u M6 —
ormupanue, Ul — Bhienenne kucnopona B nouecce domocuntesa, U2 u US —
notpeGnenne kucnopona 6akTepromiaHkToHoM, U3 — ngorpebiieHne Kucnopoja
3o0miankToHOM, U6 -— notpebnenue kucnopona GenroocoM, P1 — nepeuuHas
npomykuus, P2 -— mpomykups OaKTepHOIUIAHKTOHA B 3IHWIMMHHOHE, P5 —
TpOAyKuHs OaKkTepHOINIAHKTOHA B FHMONHMHMOHE, R2 11 RS — perexepauns
tocdopa GaxteproriaHkToHOM, R3 — perenepanms dpocchopa 300ILIAHKTOHOM,
R4 — perenepauus $ocdopa peibamu, R6 — perenepaums docdopa Gerrocom,
C3 — nuranue 3ooruankToHa, C4, C5 — npuranue popi6 300MIAHKTOHOM H
GentocoM, C6 — nutanue 6erroca, Y — BLUIOB pbIOBI
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OpraHuveckoe BELIECTBO NpeacTasiserca B rC M2, KHCIOpon B
Mr ', a gpocdop B MKr ™' BpeMeHHOH 1ar Mozens cocTassn 1 cy-
TKH. DOTHUECKHI CII0H moarajics paBHbIM yABOCHHOH MIPO3PaYHOCTH
no aucky Cekkd (S), kotopasi CBA3bIBANACH SMIMPHYECKOH 3aBHCH-
MocThio (BynboH, 1983) ¢ xonnexTpauuei cectona (BC):

S =4BC"

Takum o6pa3oM, B mozenu Gbll oTobpaxkeH 3ddexT camosareHe-
HHS, T.€. YXyIWEHHUI CBETOBBIX YCJIOBHH NIPH MHTEHCHBHOM Pa3sMHO-
KEHUH (PUTOIUIAHKTOHHBIX BOAOPOCIIEH.

Tpatbl Ha 06MEH 300MNAHKTOHA ONPEAEIIMCh UCXOMS U3 THUIHY-
HO#M Maccsl 0cobu 3 107 r ceiporo Beca. s psi NpHHAMANach Mac-
ca 25 1, a GeHTOC Mojarancs COCTOAMIMX K3 JTHYHHOK XHPOHOMHI C
Maccoii Tera 107 r. Bce sMIupHUecKre 3aBUCHMOCTH Gpaiuch U3 py-
KoBojicTBa «OOLIME OCHOBB! H3YYEHUA BOAHBIX DKOCHCTEMY IMOJ pell.
I'.T". Bunb6epra (1979).

Buomacca 6eHTOCa, B OTIIMYME OT IUIAHKTOHHEBIX 3JIEMEHTOB DKOCH-
CTeMbl, OTHOCHJIACh He K 00beMy BOJBI, a K €JHHUIIE IUIOLIAAM AHA
o3epa.

TTepeHOC KHCIOPOAa Yepe3 MOBEPXHOCTH Bojoema (S1) 3aBuCHT OT
YCIOBHH HACHILICHHS B SIMIMMHHOHE, IPHYEM HACHILAIOMAA KOH-
uenTpaiusa (QS) HaxoAuUIach MO IMITHUPHIECKON 3aBUCUMOCTH:

QS = 14.2 — 0.39 T1 + 0.006 T1?,

rae T1 Temmeparypa BoJs! B 3IHIMMHHOHE.

B ocTanbHOM MOAENs MOBTOPAET YK€ pPacCCMOTPEHHBIE B pasjiene
6.4, KOHCTPYKIMH H TIOJIHBIN TEKCT POrpaMMBl He IpuBoautes. Onu-
canue QYHKLMOHUPOBAHHS MOAEIM HAUHEM C IPUMEPa OTHOCHTENBHO
rny6okoro (H1=15 M, H2 = 35 M), X0n0AHOro (MakCHManbHas TeM-
TnepaTypa SIMHIAMHAOHA 12°), 3aMep3aiomero osepa ¢ HeGOIbIINM
TOCTYIUICHHEM AJUIOXTOHHOH OpPraHuKH.

Ha mpuMepe paccMaTpuBaeMOi MOJIEIH 03ePHO SKOCHCTEMBI yI0GHO
IO3HAKOMUTBCSH ¢ METOJOM MCCIIEIOBAHUS YyBCTBHTENBHOCTH CIOKHOH
cucreMsl K BosMylnarommM BosaeiictBusiM (Tomosuu, Byky6pato-
814,1972). [loa 1yBCTBHTEIEHOCTHIO MEPEMEHHON Y CHCTEMBI K BO3MY-
IIarolIeMy napameTpy X Ha3bIBA€TCA YaCTHOE OT ACTEHHSA OTHOCHTENb-
HOTO M3MEHEHHS BEJIMYMHbL ¥ Ha OTHOCHTENBHOE H3MEHEHHE X'
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rae Y ¥ X — craumoHapHble 3HaYeHus, a ¥ U X — BO3MYILEHHEIE
3HAYECHHUs NEPEMEHHON U napamerpa. Hanpumep, npu pochopuoit Ha-
rpyske 0.01 rC M rog” B o3epe o0pa3yeTcs NEpBUYHAA NPOAYKIHS
134.6 rC Mrox™", a npu camkeHUH Harpysks 10 0.0055 rC M *rox"
npoAyKuus yMensuiaercs go 103.1 rC m“rog”". Torna

103.1-134. .
K=( 1 1346)/1346=052
(0.0055-0.01)/0.01

Koo duuuenTsr 4yBCTBUTENBHOCTH IS OTHOCHTENLHO MEJKOTO
(H1= 5 m, H2=5 ™) o3epa npusenensl B 1abn. 6.7. Ypenuuenue doc-
(GopHO# Harpysku BeZeT K POCTY IEPBHYHOM OPOAYKIMH H BHLIOBA
peibpl.  TIoBBIIEHHE WMHTEHCHMBHOCTH BEPTHKAIBHONW [HPKYJISALHH
yJIy4illaeT yCIOBUA CYNIECTBOBaHMA GEHTOCA, HTO BEIET K POCTY Phl-
Gonponykiuu. POCT CeAMMEHTALMK CYMECTBEHHO CKa3biBacTcs Ha
IIEPBUYHON IPOXYKLIMH B CTOPOHY ¢ YMEHBIICHHsS. 3aMeTHM, YTO B
3TOM Clly4ae KO3 QHUIMEHT 1yBCTBUTENBHOCTH GONbIIE YeM €ANHHMIIA,
T.€. Majble BO3MYILCHHUS BBI3BIBAIOT OONBLINE IOCIEACTBHSA, YTO Xa-
PAKTEPHO JUIA CIIOXXHBIX CHCTEM C OOPAaTHBIMHU CBS3SMH.

Tabnuua 6.7. KoaduuueHTs! 1yBCTBUTENBHOCTH MOJEIH ABYXCIOHHOI 03epHOH
3KOJIOTUIECKON CHCTEMBI

PesynbTaT BO3MyIECHUS
Bo3sMymaoas BEIHYHHA HIH APAMETP Mepeuanas
S — Bruios priber
®ocdopHas Harpyska +0.52 +0.51
HHTEHCHBHOCTB BEPTHKAIBHOH LIUPKYIS- +0.30 +0.54
CKOpOCTh CEMMEHTALHU -1.79 -0.84
I'my6busa cnost ckauxa +0.27 +0.22
TemniepaTypa BOJIbI B 3NUAKMHAOHE -044 +1.23
Koaddurument ycnosnoro BogoobMena -0.28 ) -0.37
Koaddumment K, 6axrepuonnankrona +0.41 +0.14
Koadduuuent K, 6enroca +0.04 ~1.68
Koaddunuenr K; soomnankrona +0.20 -0.02
Kosd¢uiment K; pri6 -0.27 +1.82
Koa¢puuueHT asrxanus 6axTepHOILIAHK- +0.36 -0.19
Koadduuuenr apixaHns 300MIaHKTOHA +0.20 -0.96
Kostdduument asixasnus peid -0.03 -0.62
KoadduimenT ycoeHus M1y +0.26 +3.25
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IToBslleHKe TeMIeparypbl BOABI B SMHIMMHHOHE BBI3BIBAET CO-
KpallleHHE NMEPBUYHOM MPOAYKIMH. DTO CBA3AHO € TEM, YTO C yBENH-
4YeHUeM FPaJueHTa B CJI0€ CKauKa, 3aTPyJHAETCSA TPAHCIOPT OHOTEHOB
U3 FMIONMMHUOHA B SMUIMMHHOH. OJHAKO, M3-32 MOBBIIIEHHUS TEMIa
pocTa 300ILIaHKTOHA, BEIIOB PHIOBI B 9TOM CIy4ae yBEIHYMBACTCS.

Pocr xoaddunuenta ycloBHOro BogooOMeHa MPUBOINT K COKpa-
HIEHHIO IEPBUYHON MPOIYKIMHK ¥ BBLIOBA PHIOKL

Bapunanuy koa$dHUMEHTa yTUIH3AMH YCBOSHHON MHILM Ha POCT
(Kp) cylecTBeHHO CKa3BIBAETCS HA BCEX 3MEMEHTaX 3KocucTeMbl. Tak
yBenuueHHe K, GakTepHONIAHKTOHA YBEIHUMBAECT HE TOJNBKO NPO-
JyKUMIO GaKTEPUOIUIAHKTOHA, HO M BCEX APYTHX 3JIEMEHTOB 3KOCH-
cTeMsl, kpoMe Oenroca. OOpaTiM BHHMaHHE HA TO, YTO OTHOHICHHE
K03 duIHeHTa 4yBCTBUTEIBHOCTH K 3TOMY KOI(Q(HUMEHTYy MOTYT
ObITH GONbIIE €AUHULBL. DTO O3HAYaeT, YTO OMWHOKA B OMpPEACTICHHH
3THX K03 GHILHEHTOB, [IPU IEpeXoJe K OLeHKe NMPOAYKIHHA BO3pacTa-
er. Hampumep, omnbka B ouenke K, ppib NpHBOAHUT, IIPH OLIEHKE PBI-
6onpomykuuu B 3.25 pa3 Goneiueit, yeM omubka B onpenenenuu Ks.

B tabun. 6.7 x03$dUIMEHTOB 4yBCTBUTEIBHOCTH MOJEIH IIPUBEE-
Ha TOJNHKO HeOOJIbIIAs YacTh MOTHON MaTPHIBI 3THX K03(GHLIUEHTOB,
HO M OHA I10Ka3bIBAET HACKOJIBKO CIIOXKHOM M TPYIAHO IIpeACKa3yeMoit
6e3 MOMOIIM KOMIBIOTEPHOTO 3KCHEPUMEHTa MOXKET OBITH peaKHs
IKOCHCTEMBI Ha M3MEHEHHE TOJBKO OJHOro napamerpa. B nmeiicTBu-
TEJIBHOCTH HEONPEENeHHOCThIO 00NalaloT BCE IapaMeTphbl 3KOCH-
CTEMBI, NTO3TOMY I1Ie1eco00pa3HO BBECTH B MOJEIb 3KOCHUCTEMBI, TaK
Ha3bIBaeMbIC, UTyMSILHE [1apAMETPBI.

CymHOCTh METOJA UIyMAIIUX MapaMeTpOB 3aKII09aeTCs B TOM, YTO
napaMeTpbl MOJEIH MpEACTAaBIAIOTCA, KaK CIy4aiiHbie BEJIHYHMHBI CO
cBOMMH (QYHKUHMSIMH paciipeieNieHus, CPEIHUMU U JUCIIEPCHAMH, KOTO-
Ppbl€ OLIEHMBAIOTCA B MyONMKALMAX, OOBIYHO, B BUAE JOBEPHTENLHBIX HH-
TEPBAIOB, HO 4alle OCTaloTcs HeompeneneHHIMH. B aspixke STELLA
fipeaycMOTpeHs! crielanbHsie pyHkuud (RANDOM (<min>, <max>),
NORMAL (<M>, <SP>)) ana remepauuu ciydaiuex Benmmaus. Ilpo-
OneMa 3aKITIIO4acTCs B TOM, YTO JaleKo He UL BCEX MapaMeTpPOB MOJEIH
U3BECTHBI HE TONBKO QYHKLHH PacIpeeNeH s, HO U JUCTIEPCHH.

MOJIEJIMPOBAHME O3EPHBIX OKOJIOTUYECKUX CUCTEM 225

llpn wWccnenoBanuu Mofenu ¢ WYMAIUMH NapaMETPaMH HENb3A
00OHTHCEL OHOH peanm3anueil nporecca GyHKIMOHMPOBAHHS IKOCH-
CTeMBI 03epa. IIPHXORHUTCA MOBTOPATH 3TOT MPOLECC MHOTO pa3, 3a-
TIOMHHTB Pe3y/IbTaThl KAXIOH peanusalliy, a pe3ysIbTaThl 06paboTaTh
METONaMH MaTeMaTHYECKoil craTHCTHKH. Ha3biBaeTca Ttakas mpore-
Aypa metonoM Monre-Kapio (ITomnsk, 1971).
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Prc. 6.20. I'omoBad nuHaMuKa TIEPEMEHHBIX ABYXCIONHHON MOJEIH O3€pHO
3kocHCTeMbl. A — Ouomacca ¢uTOrIaHkTOHa, B — GuoMacca GaxTepHo-
IIaHKTOHAa B JnuaMMHHOHE, C— GuoMacca 3oomnaHkToHa, D — Guomacca
pei6, E — Omomacca OakTepHOILIAHKTOHA B THIONMMHHOHE, F —
KOHLEHTpaIus Heopranuyyeckoro ¢ocdopa B smummauone, G — Macca
JeTpuTa B SMWIMMHH-OHE, H — KOHIeHTpawus Heoprasmdeckoro gpochopa B
THIONMMHHOHE, I — 1Ipo3padHoCTs Boas! o avncky Cekku. YkasaHsl 061acTv
M3MEHEHMsA TIEPEMCHHBIX TPH OUCIIEPCHH LyMa BHYTPEHHHX mapamerpos 0.8
OT CPeAHUX 3HAYECHHH
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Ha puc. 6.20 u puc. 6.21 npeacrasneHsl pe3yIbTaThl HCCIENOBAHMA
JBYXCIIOWHOH MOJEIM 03EPHOH IKOCHCTEMBI C IIYMSALIMMH [apaMeT-
paMu. BMecTO NpHBBIYHBIX KPUBBIX WIIH JOMAHBIX IMHUH HA 3TUX pH-
CYHKax M300pa)KeHB! 007aCTH, BHYTPH KOTOPBIX PacrojaratoTcs Tpa-
eKTOPHH TepeMeHHBIX 3a 20 peanusanuil QyHKUHMOHUPOBAHHSA MOJE-
7M. DKCIIePUMEHTANBHO OBLIO YCTaHOBJIEHO, YTO AajbHEHINEE yBenu-
YeHHE YKCIa peaU3aliil CYIIECTBEHHO HE PACHIUPSET 3TH O0IACTH.

2
*C ¢ CM{C
30 301
A B 80 C
20 20t 60
s}
10 10k
ar ey
Olljlllrlrlllll0||l||||llll_rOlglﬁlllllllll
x;[zl.jmcy'r. M rcjmcy'r.
10 K]
120 rjﬂlﬂ’m
D g1\
N 2 F
80i 61
o N ; 1
21
0ﬁllllfl|l|10||||Tlll|l|.rn!k"""""l
3 3
~CJ ey rC{mcyr.
[y fers NI
3F G 0.s
H 12
L 02
2 g
1 04 6
3
D T 17T UL L 1 0' OI T 1T T 1. T 1 T
vl X 1 om IR 1 m v wil 1¥ W 1
VIVl X XU NIV VI VI X X IIV VIOVl X XUONIV

Puc. 6.21. O6macT! M3MEHEHHs NEPEMEHHBIX IKOCHCTEMBI 03€pa IIPH JUCTIEP-
CHMM BHEINHHX BO31eHCTBHI Ha cucTemy 0.8 OT CpefHMX 3HAYeHMH. A — TeM-
nepaTypa BOfIbl B SMWINMHHOHE, B — TemnepaTypa BOAH! B SMHIHMHHOHE, C
— Kk03thduIMeHT BEPTUKANLHONA TypOynenTHolt nHddy3ud, D — MHTEHCHB-
HOCTb COJIHEYHOH panuanuy, E — npospaynocts Bogs! 1o AHcKy Cexky, F —
nepeyunas npoaykums, G — necrpykums, H — cenmumentanus, [ — koHueH-
Tpauys pacTBOPEHHOTO B BOJIe KHCIOPOAia (BepXHaa 061acTh — B MHUIHMHHO-
He, HIDKHAS — B THNOMMMHHOHK). [To ocn opauHaT — BpeMs B CyTKax
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Haubonsmeii neompeneneHHOCTbIO NPH IIyMSIHX BHYTPEHHHX
napamMeTpax obnamaer 6uoMacca psi® M APO3pPadHOCTD MO AUCKY Cek-
ku (puc. 6.20, D, I). XapakrepHo, 4T0O B JI€THEEC BpPEMS HEOIPEAEICH-
HOCTb COCTOSTHHS O3€PHOH 3KOCHCTEMBI BBILIE, YEM B 3UMHEE.

HeompeneneHHOCTh BHEIHMX BO3AEHCTBHHA Ha KOCTHUCTEMY (T.H.
IIyM BHEIIHEH Cpensl — “environmentary noise”) Tak e CKa3bIBaeT-
Csl Ha JMHaMHMKE O3epHOM 3xocucteMsl (puc. 6.21). Hanbonsnie# auc-
nepcueii, B 3TOM clydae, 00nagaeT BeNU4YUHA NECTPYKUUH, YTO, B 00-
IEM—TO, TTOHATHO, MOCKOIbKY MMEHHO B BEJIHYHHE AECTPYKUHH (CyM-
MapHBIX TpaTax Ha oOMEH BCEX HJIEMEHTOB 3KOCHCTEMBI) CKAIUIHBAIOT-
cs BCe BO3MYIIEHHUS OTHENBHBIX 97€MEHTOB cHcTeMbl. Haobopot, mis
TakMX BENHYMH, KaK KOHIEHTpAlMH PaCTBOPEHHOIO B BOIE SITHMIUM-
HHOHa ¥ THIOIMMHHOHA KVCIOPOZAA, AWCHEPCHs OKa3bIBAacTCA MEHb-
Iei, 4eM AUCTIePCHs BXOIOHBIX BEHYHH, YTO CBUAETEIBCTBYET O CaMo-
peryJsmuH (ToMeocTase) BCEH 9KOCHCTEMEL.

Ot ABYXCIOHHOM MOJENH 03ePHOH IKOCHCTEMBI HE CIOXHO TepeH-
TH K MHOTrOCIOiHO# Monemu (puc. 6.22). OCBEIEeHHOCTh B 3TOH MO-
JENA SBIAETCS JJIEMEHTOM KaXXIOTO CJIos, TakuM o0pasoM (yHKIMs
ocnabieHus OCBEIEHHOCTH ¢ rTyOMHOH GHUrypHpyeT B SBHOM BHIE,
IpHYeM BCIOJY HMeeTCs B BUIY TONBKO (OTOHMHTEPHUECKH aKTHBHASA
yacts ciiektpa (DAP). KoadduiueHT BepTHKanbsHOTO TypGyIEHTHOTO
nepeMEILMBAaHMUs TaK XKe ABJIAETCS B 3TOH MOJIENH HE TONBKO QyHKIHM-
el BpeMEHH, HO U [TyOUHbL.

B paccmarpuBaeMoil MOJENH NPENYCMATPHBAETCH, YTO 300ILIAHK-
TOH HMEET CNOCOOHOCTh K CYTOYHBIM BEPTHKAJILHBIM MHUIPallUiM, a
BpEMEHHO# 1uar, KaK ¥ Ipexne, cocrasnier 1 cyrku. IToatomy mpw-
BA3KA 300IUIAHKTOHA K OJHOMY CJIOI0 OblIa HemenecooOpasHa, M OH
TIOJIarancs pacrpesieiCHHBIM 10 BCEH IMTyOMHE BEpTHKAIBHBIX MUIDa-
1uii. DT0 e OTHOCHTCH K XHIIHOMY 300MIaHKTOHY M pbi6aM. bentoc
BCETZa pacmonaraics B CaMOM HIDKHEM cioe. B Mozenu npegycmar-
PUBAJIOCH HATHYHE B BOJE PACTBOPEHHOTO OPraHMYECKOro BEILECTBA
(POB), koTopoe BbLACHIOCH (MTOMIAaHKTOHOM B pasmepe 30 % or
MEpBUYHON MPOAYKIMH M MOTIO HOTpebNAThCA OaKTepHOILIaHKTO-
HOM.
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CONHEYHAA SHEPTHA

HAS IMOOY3NS

“ OHUTOMMAHKTOH
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Puc. 6.22. Brok-cxema Muorocnoiinoit Mopmemu o3epHOM
3KOJIOTH-YECKOH CHCTEMBI

B rtabn. 6.8. mpHBedeHB! HEKOTOpBIE PE3YIBTATHI HCCHEHOBAHUS
MHOTOC/IOHHOH Mofenu o3epHoil skocuctemsl. Cuemapuii 1 mpen-
CTaBjseT CobOH MeNKoe 03epo, THIIEHHOE TEPMUUECKOM CTpaTHOH-
KalliH, [IPOTPeBaeMoe H IepeMenIuBaeMoe 10 caMoro AHa. Ilo coeit
AVHAMHKE 3TO 03€PO NPAKTHYECKU HE OTIHYAETCA OT TOYESYHOH MoJe-
JTH, PaCCMOTPEHHOH B pasene 6.4. [Ipu NpUHATEIX MapaMeTpax 3UM-
HErO 3aMOpa He 0TMEYaeTcs — KOHIIEHTpaLUs KHCJIOPOAa B HOUIE]-
HBIH Mepuoj He omyckaeTcs Huxke 4 Mr ', Bruomacca duTomiaHkTo-
Ha HUMEET MaKCHMYM B HIOHE, HEXHIIHOTO 300IUIAHKTOHA B HIOJE, a
XHINHOTO 300IJIAHKTOHA B OCEHHHE MECSLIBL.
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Tabnnua 6.8. Uccnenopanne MHOroCaOMHON MOKEIIH 03EPHOM SKONIOTHYECKOH
CHCTEMEI

XapaKkTepHCTHKH CHEHAPUU

DKOCHCTEMBI 1 ) 3 4 5 6 7 g 9
Tny6una (M) 3 10 | 20 4 3 120042001 5 4
Jlenocras (mec.) 6 6 6 7 0 6 0 6 0
Cpemnsatemnepa- | 5 | 74 | 551145 50 | 73 | 21.0| 7.3 | 200

Typa noaepxnocm
Conreunas p

st (KKaj CM ro;l Y
AJI0XTOHHAs
OpraHuKa (xxanm™ | 200 | 200 { 220 | 20 {1200} 20 | 720 | 200 | 200
rog”)
IMponyxuus duro-
IUIaHKTOHA (rC v 90 | 52 | 63 16 | 520 | 13 | 205} 570 | 131
rox")
Iponykims 300-
IUIaHK—TOHa(FCMz 112]52) 6112701 26]327]278/24.9
rox”")
Tpoxyxuus Genro-

ca (rC M~ ror”") 03]103)]00/)08!00f02;00) 001} 12
IIpoz:yKulrm 6aKTe-
puit (rC M2 rog™!)

30 | 30 | 15 | 150 | 30 | 30 | 240 30 | 30

47.41244130.0(10.1 442} 55 | 128 | 884 | 79

Cuenapuii 2 npeacrasiser coboil Bogoem riybunoi 10 M ¢ xo-
POILIO BHIPAXKEHHOW JIETHEH TEMIIEPAaTyPHOH CTpaTH(HKaLKen. ITo
IMMHKTHYECKHH BOJOEM C MOJHOM BeCEHHEH W OCEHHEH IHMPKYyJs-
mueid. Ha puc. 6.23. npencTaBneHbl HEKOTOPBIE XapaKTEPHCTHKU
3ToM 3KocucTeMbl. KOHIEHTpanua KUCIOPOJAa MMEET MAaKCHMYMBI
Ha MOBEPXHOCTH, COOTBETCTBYIOUIHNE BpemeHaM BECCHHET0 ¥ OCEH-
Hero nepememnpanud. M3omuaus 10 mMr ' B oboux ciywasx jo-
XOIMT [0 AHA, YTO CBHJAETEJIHCTBYET O MOJHOM IEpEeMEIINBAHUH B
ogoeme. O61acTH MUHMMAJIBHBIX KOHIIEHTPAIMH# KHUCIOpOJa TAro-
TEIT K MPUZOHHBIM O0JaCTIM M ONYCKAIOTCA A0 3 Mr a! B 3uMHee
BpeMs. B MOBEPXHOCTHOM CIIO€ OTMEYAETCs NEPEHACHILICHHUE BO/bI
KucnopoaoM ao 104 %.

BeprukansHoe — pactpesencHHe  O6HoMacchl  (DHMTOIUIAHKTOHA
(puc. 6.23, B) xapakTepHO OITyCKaHHEM MaKCHMyMa 6HOMAcCChI OT 110-
BEPXHOCTH B [IEPHOJ BECEHHEH WHPKYJIALMH O TyOHHBL 4 M B JeT-
Huit mepuon. B aBrycre (UTOIIAHKTOH pacmpesienseTcss Mo BCeH
TOJHLIE BOABI OT MOBEPXHOCTH [0 AHA. M3-3a XOpOILEro nepeMeninBa-
HUS BEPTHKANbHas HEOTHOPOJHOCTh B PACIpefeICHUM MHHEPAIBHOTO
docdopa BepaxkeHa c1abo, OTMETHM TONBKO, YTO BO BTOPOH IOJIOBH-
He JeTa B TOBEPXHOCTHBIX CJIOAX €ro coiepKaHHe ONH3KO K HYIIIO.
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Beprukansroe pacnpenenennu KOHICHTPAIMK JE€TPUTA BO BCEX CIy-
HadX MMECT MaKCUMyM B MPHIOHHBIX closix. ITo Bpemernu MaKCHMYM

CONCPXaHUA NIETPHTA HENOCPENCTBEHHO CleAyeT 3a MaKCHMyMOM
GuoMacch puTonnaHKTOHA (puc. 6.23, D).

e v v VIEVIVIEIX X XE XN

Puc. 6;23. HAunamuka MHOroCIONHONH MomenH
O3CpHOM  3KOCHCTEMB! (cueHapHii 2). A —
KOHLIGHTDALHS PACTBOPEHHOTO B BOAE KHCIOPOAa
(mr 17') B — Gromacca duromtankrona (mr oY,
C — xoHmeHTpauus MHuHepansHoro dochopa
(Mxr 1), D — KoHuenTpauus meTpuTa (Mr 1)
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Cuenapuit 3 cooTBercTBYeT 03epy Gonee rimybokomy (20 M) u He-
CKOIIbKO Goree XONOAHOMY, 4eM B NpEABbIAYIleM cueHapuH. O6bseM ru-
TIOJIMMHHOHA B 9TOM 03epe JoctarodHo Benuk. Croil repmoxiiza dop-
MHPYeTCs B Mae Ha ITyOHHe 2—4 M, a K aBIyCTY—CEHTIOPIO OH OITyCKaeT-
ca o 8-10 M, a 3arem paspyuraercs. ObnacTy nepeHachHIIEHUS BOIbI
KucaopoaoM (10 130 %) pacnonaraioTcs y OBEPXHOCTH BOJBI B BECEH-
Hee BpeMA U Ha riyOuHe 6-10 M BO BpeMst oceHHeH LUMpKyJIALHH (310,
TaK Ha3bIBaCMOE, SBJICHHE (METAIMMHMANBLHOTO MAaKCHMyMa KMCIOPO-
na»). B npunionno# 06macT HaxoquTes 06MacTs JedHUMTa KUCIOPOJa,
TOJNIIHHA KOTOPO# JOCTUTaeT MaKCHMYMOB B aIlpelie U HIOJIE.

Cnoit MaxcHManpHOH GHOMacch (QHUTOIUIAHKTOHA OT IIyOMHBI 3 M B
TIEPHOJ] BECEHHETO «UIBETEHI olyckaercs A0 8—10 M B cepenuHe yeta,
a 3aTeM CHOBa MOJHMMAETCA 0 6 M B OCeHHee BpeMi. B oTimyuu ot Mo-
JIE/TH TI0 CLIEHApHIO 2, B IPUJOHHON YacTH BOJOEMA KPYTJIBIN FOJ COXpa-
HSAETCS BBICOKAs KOHLICHTpAlMs PacCTBOPEHHBIX OHOTECHOB, YTO CBHIE-
TENBCTBYET O HETIOJIHOM IEPEMEHIMBaHHH BOJHBIX MacC IO BEPTHUKAIM
(«6uoreHHas MEPOMHKCHS», 110 TEPMUHONOrUK XaTtarHCoHa (1969).

Cuenapuii 4 npezncTasiser coboil nmpUMep He3aMep3arolIero u He
rny6oxoro o3epa (4 M) C HU3KMM IOCTYIUICHHEM ANIOXTOHHOW Opra-
HUKH. MaKCHMyM KOHUEHTpaUMH KHCIOpPOAA HPUXOAMTCS B 3TOM
cllydae Ha 3MMHEE BpeMf, a Ce30HHbIe KonebGanus 6uomacchl QuTo-
IUTAHKTOHA OTIPEJIEIAIOTCS LENUKOM CBETOBBIMH YCIIOBHAMU.

Cuenapuii 5 npencrasnser co60H Kak OBl NPOTHBOMONOKHOCTH
MOJIETM MO CIEHApHUI0 4. DTO XOJOXHOE 3aMep3aroliee 03¢po ¢ BHICO-
KHAM HOCTYIUIEHHEM aJUIOXTOHHOM opraHuku. Eciu B 3xocucteMe no
ClieHapHi0 4 NOMHUHHpOBaIa (PUTOIUIAHKTOHHAS Lenb IMHUTAHUS 300-
IUIaHKTOHA, TO B JaHHOM CJIy4ae 300IUIAaHKTOH IIMTAETCHA IIOHYTH MC-
KITIOYHTENBHO HeTPUTOM. KHCIOPOAHBIH PEXHUM 3TOr0, SBHO THIIEPIB-
TpodHOTO, BOI0OEMA XapaKTepeH pe3KUMH KoHTpactaMu oT 420 % me-
pEHACHIIEHHsA [0 MOJHOrO0 OTCYTCTBUS KHCJIOPOAA W IOSBICHUS Ce-
poBomopona (OTpHiaTenbHBIE 3HAYECHHUS KOHIEHTPAIlMM KHCIOPOAa
MHTEPNPETHPOBATMCH B MOJENH KakK IOSBJIEHHE cepoBoxopona). Ms—
33 CHJIBHOTO CaMO3aTeHEHHS MOYTH BCs NIEPBUYHAA MPOTYKUHS CO3/a-
€TCs B BEPXHEM METPOBOM ClIo€ 03€pa. 300IUTaHKTOH MOXKET CYIIECT-
BOBATh TOJIBKO B JIETHHE MECSLIBL.

Ouenp ry6okoe (200 M) xonomHoe 3amep3aroliee 03€po Npen-
CT4BJIEHO CLIEHapHeM 6. DTOT BOZOEM MMEET BMONHE OIIaronomyYHsIi
Kucnopoueii pexuM. Ilo Bcelt BogHOM Toe COAEPKAHME KUCIO-
pona ONM3KO K HACHINIAIOIIEMY, KaK CJIE[ACTBHE BBICOKOH CTENEHH
TypOyJeHTHOrO nepeMemuBanusi. Boga B paccMaTpuBacMoM BoJoeMe
oueHs npospaysa (S=20 M) U MakcumyM Guomacch! (QUTONIAHKTOHA
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pacrosaraercst JocTaToyHo riry6oko. KoHueHTpanuu 6HOreHoB 04eHb
HM3KH, 0COOEHHO B JeTHEE BpeMs. DTO TUIHYHOE YJILTPAOIUTOTPOd-
HOE 03€pO0 € HU3KOH TepBHYHON NPOAYKIHEH.

ITepeHeceHHe BomoeMa CLieHapHs 6 M3 yCIOBUH YMEPEHHOTO KIIM-
Mara B 30HY BJIQXHBIX TPOIMYECKHX JIECOB OCYIIECTBIEHO B CLIEHA-
puy 7. [ 3TOTO MOBBLIIEHO MOCTYIUIEHHE AJIOXTOHHOH OPraHHKH,
COJIHEYHOH pajialliH, 4TO YBEJIHYHUIO CPEJHIOI TEMIIEPATypy BOIBI
mo 21°. Takue u3MeHEHHs NPUBEIH K CYIIECTBEHHOH HEpecTpoike
BCcell 3KOocHCTeMBbl. Manas pacTBOPHMOCTH KHCJIOPOAA IPH BBICOKHX
TeMIIEpaTypax B COYETAHHH C OOMBIIUM KOIMYECTBOM OPraHHKH, HH-
TEHCHBHO pa3siaraeMoit OakTepusmu, npuBena Kk obpa3oBaHMIO 00-
IIMPHOU CepoBOOPOAHOH 30HHI Ha rrybuHax Oonee 50-60 m. O6pa-
maeT Ha ceOs BHHUMaHHe ITOCTOSHHOE NEPEHACHIIEHHE KHCIOPOAOM B
MOBEPXHOCTHEIX CIIOSIX, YTO CBA3aHO C AKTHBHOCTBIO (PMTOIUIAHKTOHA,
KOTOpasi MPOJIOIKAETCA KPYTNBIA rof. XapaKkIepHbIM ABIACTCS Mak-
CHMYM KOHIEHTPALMH JETPUTA Ha IPaHHUIIE CEPOBOJOPOJHOH 30HEL.

Cuenapuit 8 COOTBETCTBYET 03€py C IK30T€HHOH MEpOMHKCHEH, B
KOTOPOM BEPTHKAJIbHOE MEPEMEILHBAHUE CYILECTBEHHO 3aTPYIHEHO H3-
3@ Pa3sHOCTH IUIOTHOCTEH BOMBL, BHI3BAHHBIX IPAHEHTOM CONEHOCTH. B
OCTAJIGHOM B 9TOM CLIEHAPHM MOBTOPAIOTCA YCNIOBHUS creHapus 2. Pac-
CIIOEHHE BOAOEMa BBI3BAJIO CHIBHBIC 3aMOpB! M rubens 6exroca. Bos-
pocia npoaykius 6akTepHOIIIaHKTOHA, KOTOPhIH CKOHUEHTPHUpPOBA-
¢ B 001aCcTH MaKCHMAaNLHOTO rPajiieHTa IIOTHOCTH.

BozmoeM ¢ HCKYCCTBEHHO MOAOrpeBaeMoi BOJOH (Hanpumep, BOJO-
eM—OXJIQIUTENE TEIUIOUCHTPANH WM ATOMHOH 3NIEKTPOCTAHIIUH)
npencrasied B cuenapun 9. ITo cpaBHeHHIO CO clieHapusaMH 1 1 2 mo-
JOrpeB BOIBI BEAET K pOCTY NMPOAYKIMH (HUTO- H 300IUIAHKTOHA.

Yucno pa3nuyuHbIX CIEHapHEB U IOAPOOGHOCTD MX OITHCAHUS MOXHO
06110 OBl CYIIECTBEHHO YBEJIHYHUTH M MPOBECTH CPaBHEHHE C pealib-
HBEIMH TIPOTOTHIIAMH, KOTOPHIE CTOAT 3a 3THMH CLEHApHAMH, HO U
IPUBEJCHHBIX IPUMEPOB JOCTAaTOYHO JUIA TOTO, YTOOBI IIPOAEMOHCT-
pupoBaTh T'MOKOCTE M PE3yJbTaTHBHOCTH METOJa HMMHTALHOHHOTO
MOJICIMPOBAHUS 03EPHBIX IKOIOTHYECKUX CHCTEM.

B KOHIIE 3TOr0 paszena OCTAlIOCh PACHIMPHTL 001acCTb MOJEIHPO-
BaHHs O3€PHBIX KOCHCTEM OT MHOTOCJIOHHOH BEPTHKAIbHOM CTpYyK-
TypBl K IPOCTPAaHCTBEHHOMY pacnpenencHuio. Ilpu atom mpunercs
OTKa3aThca OT 06OOIEHHBIX MOHATHI NpeAbAyIuei Moaenu (rimy6u-
Ha, IPUTOK ANNOXTOHHBIX BEMIECTB, TEPMUUECKUH pexum) U obpa-
THTBCA K MOJEIAM KOHKPETHBIX BOJOEMOB, IIOCKONBKY MOpGOMETpHs
03ep HACTONIBKO HHAHBHAYAJIbHA, 9TO JENaeT BCakue abcTpakuuy Ma-
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JAONpOoAyKTHBHBIMU. B kadecTBe npruMepa MpOCTPAHCTBEHHOH MOAENH
BBIOEpeM MoJenb 3KocucreMbl Jlagoxckoro osepa (AcTpaxaHueB M
ap., 1987, 1992, 2003), rugpoarHaMHYecKasd 4acTb KOTOPOH B TOH
WM HHOH CTENICHH OTpakeHa B IEPBOH YaCTH HACTOSILEH MOHOrpa-
¢vH, a B JaHHOM pa3fieie paCCMaTPUBAETCS TONBKO MHApoOHOIOTHYE-
CKas ¥ r'MIpOXMMHUecKas yacT 3tod Monemu. Ilogpobuas ucropus
pa3BMTHA 5TOH MOZenH, KOTopas mpoJokanack 6ojee 15 ner, usno-
xeHa B pabore JI.A. PyxoBua u gp. (2000), mo3ToMy orpanugHMcs
TOJIBKO CAMBIMH OOLIMMH €€ XapaKTePUCTUKAMH.

Bces akBaTopus o3epa pa3buBanach Ha AYCHKH, [IPHYEM B pas3iuy-
HBIX BapHaHTax MOJENIH 4HCIO s4yeek kxomebamock ot 41 no Gonee,
YeM THICSYM. B NEpBBIX BapHaHTax MOJENM Kaxaas sueika Gwuta
IBYXCIOHWHOH, HO B HOCIENYIONMX IIPHMEHsIaCh MHOTOCIIONHAs KOH-
crpykuus. Ha puc. 6.24. npuseneHa 6nok-cxema f4eiKu JBYXCIOH-
HOro BapHaHTa MOJENH ¢ AByMs OHOoreHaMu — a30ToOM U dochopom,
YeM OHa OTIMYAeTCsA OT PaHee PACCMOTPEHHOH IBYXCIOHHOM MOIEINH.
Vdyer nqByXx GHOTEHOB MPH OCTOSHHOM HX COOTHOMIEHHM B 6HoMaccax
(GUTO- ¥ 300IUIaHKTOHA M IIEPEMEHHOM B COCTaBe JCTPHTA U 6HOreHOB
B PacTBOPEHHOM COCTOSIHMH 3aCTaBJISET HECKONBKO YCIOXKHHTb MO-
JieJib, He MEHSs IPHHIMITHAILHBIX OCHOB 6ajJaHCOBOTO MOAXO0/a.

Hpyroit 0coOGEHHOCTRIO paccMAaTPHBAEMOi MOJeNH ABJIAETCS TO, YTO B
OONBIIMHCTBE €€ BapHaHTOB (MMTOIUIAHKTOH OBUI IIPEJCTABIICH HE B BHIC
OIHOPOIHOM MAacchl, KaKk BO BCEX PAaCCMOTPEHHBIX BBIIIC MOJETAX, a B
BHJIE COBOKYITHOCTH OTAEJbHBIX KOMILIEKCOB, YTO CYLECTBEHHO JUIA U~
HaMHUKY 3KocucTeMs! Jlamokekoro osepa ([Terpoea, 1990). Heno B Tom,
YTO HE TOJBKO CHHE—3eJICHBIE U IMAaTOMOBbIE BOAOPOCIH 006/1aaloT pas-
JIMYHBIMH OKO(H3HOJOrHYECKUMH XapaKTEPUCTUKAMH (CKOpPOCTh pas-
MHOXEHHS, YyBCTBUTEIBHOCTE K CBETOBBIM YCIIOBHSAM M KOHLICHTPAIMAM
PasIMYHBEIX (POpM GHOTEHOB, YyBCTBUTENBHOCTh K TEMIEPAType M Jp.),
HO M BHYTPH 3THX GONBIIMX TPy YETKO BHIAEJAIOTCA IPYINHPOBKH C
pasmMYHBIMU CBOHCTBaMH. B JIamo)KCKOM 03€pe BBLACIECHO JEBATH TAKHX
TPYIIII, HA3bIBAEMBIX TI0 BHAAM JOMHMHAHTAM B KaXOH rpynmne. 1o aua-
ToMOBEIe  Asterionella islandica, Asterionella formosa, Diatoma
elongatum, Fragilaria crotonesis (30ech yxe He 06oHTHCH O€3 JaTHH-
CKHX Ha3BaHMM BUIOB, yIOTPEOIEHNsS KOTOPBIX MBI TIIATEILHO H30erany
Ha MPOTDKEHHUH BCEH KHHTH, MOCKOJBKY 3TH BOAOPOCIH PYCCKUX Ha3Ba-
HHH He UMEIOT M TPAHCKPHIILUA KUPHLTHIIEH OOBIYHO BBI3BIBAET TOJIBKO
pasnapajkeHue CrenHaIMcToB). JenTo3enensie BOXOPOCIH NPEACTaBICHb
OIHHMM KOMIUIEKCOM — Tribonema affine. Cune3eneHbIe IPEACTABICHBI
yeTelpeMs Komiviekcamu — Oscillatiria tenuis, Aphanisomenon flos-
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aquae, Microcystis aeruginosa u Woronichinia naegelina. Jins npouecca
3BTPOGHU3ALIMH XapaKTepeH He TONBKO PocT 6HOMacchl GHTOIIIAHKTOHA,
HO U CMEHA €r0 BHIOBOIO COCTaBa, KAK B CE30HHOM, TaK ¥ B MHOTOJIET-
HeM rutade. JIns OTpaKeHHs 3TOrO SBJICHHS B MOJENHM MPHUIUIOCH HATH
Ha BEIJIC/ICHKE TPYI B 001ueli Macce QHTOIUIAHKTOHA.

REGNIT ZOOCRESP MORTFISH

MORTPHYTO riod CONSFISH_ZC
CARML ZOO

PROD

ANUNUMHAOH

MORTZOOC

o
DETRITUS rvio K J F

CONSZ00C FISHES

1 § ZOOCRESP -
tg CONZOO z ZOORESP Consrisn-z %
200 ©
é
% MORTZ BENTRESP
=
g 4 CONSBENT B
g BENTHOS
=

MORTBENT

wocace [ A30T [T] opranmiEckoe BELECTBO

Puc. 6.24. Briok-cxema 3xooruueckoi mozenu Jlagoxckoro o3epa (A — GHoMacca
¢uromiankTona, Z — GHoMacca 300IUIAHKTOHHBIX (usTpaTopos, ZC — Ouomacca
XHIIHOTrO 300ILTaHKTOHa, B — 6uomacca Genroca, F 6uomacca pei0, — BS — macca
OpraHuKH JOHHBIX oTiIoXkeHmit D1 — cozepxanne docdopa B neTpHTe IMAIHMHHO-
Ha, D2 — conepxanue a30Ta B IeTpHTe SmAMMHHOHa, E1 — conepxanne dochopa
B JeTPHTE THIOMMHNOHA, E2 — cofiepkanye a30Ta B ACTPHTE THIIOIMMHHOHA, P —
KOHLIEHTpalls MHHEpanbHoro ¢ocgopa B dnuMMEHOHE, P1 — KOHLEHTpaLma MH-
HepamsHOro docdopa B runonuMuroHe N — KOHIEHTPAIHA MHHEPATLHOTO a30Ta B
mamMEMOHE, N1 — KOHIEHTpauMd MHHEPAILHOIO a30Ta B THIIONHMMHHOHE,
REGNIT — pereHepauus a3ota B snuimmunone, REGPH — perenepauns docdopa
B smwmimunone, REGNIT_HYPO — peresepauns asoTa B THIOJIHMHHOHE,
REGPH_HYPO — perenepauus ¢ocgopa B runonumanone, MORTPHYTO —
cMepTHOCTb uTOIIaHkToHa, MORTZOO- cMepTHOCTh HEXHIHOTO 300IUTAHK-
Tona, MORTZOOC — cmepTHOCTh XMIHOro 3oomiankTona, MORTFISH —
CMepTHOCTS PoIG (B TOM umcne # npomsiciosas), MORTBENT — cMmeptHOCTS Gen-
Toca, PROD — nepeuunas npogykuust, CONSZOO — nHTaHHe HEXHMIHOTO 300-
mwianktora, CONCZOOC — nuranse XMuHOro soomsankrosa, CONSFISH Z —
TIHTaHKe PHOG HEXMITHBIM 300mnankToHoM, CONCFISH_ZC — nuranue pei6 xuim-
HBIM 30omwtaukTroHoM, CONSFISH B — nutaHue pui6 6enrocom, CONSBENT —
ruranue Genroca, KSED — onyckanue nerputa, KMAS — TypGyneHTHEL nepe-
HOC MEXAY 31U~ ¥ THIIOIMMHHOHOM
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Ha puc. 6.25. npeacrapnes npumMep oTOOpaXkeHHsS COCTOSHHS MO-
IeNH 3KOCHCTEMBI JIaoKCKOro o3epa IpH CTaHAApTHOM ceTke B 203
A9eHKH ¢ pasmepamu syeiiku 10 Ha 10 kM. OTa cerka ynorpe6naercs
Ipy HyMepauuu cradumii B MacTutyTe 03epoBencuus PAH (Jlamox-
ckoe 03epo, 2002; Arnac Jlamoxckoro o3epa, 2003), uyto obneruaer
COIIOCTABICHHE MOJICIIN C HATYPHBIMH JAHHBIMH.

0 12 24 38
06 18 30
Mrin

p.Byphaa

p.Counpb

pHesa p.Caab

p.Bonxos

" Puc. 6.25. Pacnpenenenne GuoMacchl (PHTOIIAHTKOHA IO
MOJENBHBIM JaHHBIM 12 Masn 1987 r. .

He ocTtanaBnuBasck NoApoGHO HA BepHUKALKK U HCCIIEJOBAHHU
3TOM MOJIENH, YKAXKEM TOJIBKO, 4TO € €€ MOMOLIBI0 OBLIO YCTaHOBIE-
HO NpeleibHO JoIyCTMoe KomudecTBo (ocdopa (ILIK), koropoe
MOXHO cOpachIBaTh B 03€pO, HE BBI3BIBAas €ro AajbHEHILel 3BTpoO-
duxanun — 4000 T rox .



236 T'nasa 6

6.6. CoBpeMenHbIe TEHACHIHH B MOXEJIMPOBAHUY IKOCH-
cTemM

Bo BceM NpenplOyILEM H3N0KEHUH DPACCMATPUBAINCH HCKIIHOYH-
TENBHO NETEPMUHHPOBAHHBIE MOJENH JKOCHCTEM M HMX 3JIEMEHTOB.
EIMHCTBEHHOE HCKIIOYCHHE COCTABIIUIM MOJEIM C LIyMSIIHMH I1a-
paMeTpaMi, HO M TaM CTOXaCTHYHOCTh OTHOCHJIACh CKOpee K Ipouec-
Cy HMCCIE[OBaHHA MOJENH, YeM K €¢ BHYTPEHHEMY YCTpOHCTBY. B
IIEPBO YacTH 3TOH MOHOrpadMu MHOTO TOBOPHJIOCH O CTAaTHCTHYe-
cKoii mpupone TypOynenTHocTH B o3epax. IIpu uccnenoBanuu u Mo-
JETMPOBaHAN THAPOOHONOTMYECKHX ACIEKTOB O3€PHBIX JKOCHCTEM,
TAKOM MOJAXOJ, (aKTHIECKH TONBKO eile HaumHaercs. Peus upuert, B
IEpBYIO OYepe/h O, TAaK HA3bIBAEMBIX HHIAMBHIyambHbIX (individual-
based) momensx (DeAngeles, Gross (ed.), 1997; Keitt, 1997). Cym-
HOCTh 3TOTO MOAXOAA 3aKJII0YaeTCs B TOM, YTO 3JIEMEHTOM MOJENIHU
ABJIAETCS 0COOb, KOTOPOi CBOMCTBEHHBI ABJICHHA POXKACHHA H THOEIH.
JKU3HEHHEBIH MyTh W NOBEACHHE OCOOHM TPAKTYETCA Kak CiydadHBIA
npouecc, npudeM K03GOUUHUEHTH CMEPTHOCTH, XapaKTEpHBIS I Jie-
TEPMHUHHUPOBAHHOIO IIOJXOJa, PAacCMaTPHBAIOTCA KaK BEPOSTHOCTH
cobbITus rHOenu 0co6u B JAHHBIX yCIOBHAX. JMHAMUKA MOMYJISHA
WIH coobIIecTBa B 3TOM ClyYae CKiIaipiBaeTcs M3 GoNpLIOro 4mcna
HCTOPHIl XM3HH OTAENBHBIX ocobeii. EcrecTBEHHO, YTO TaKo# MOAXOL
BO3MOXEH TOJBKO IIPH HCIIOIG30BAHHH HOCTATOYHO MOIMHOM KOMITb-
HOTEPHOM TEXHUKH.

OnHMM U3 MEPBHIX NPUMEPOB IIPHMEHEHHS TAKOW METONMKH MO-
JEIMPOBAHAA K BOJHBIM 3KOCHCTEMaM ObUia MMHUTALUA CYTOYHBIX
BEPTUKANBHBIX MHUTpaUuii 3oomiaHkToHa (MeHIyTKHH, Pynskos,
1977). OcoGeHHO yCIIEIHO NPUMEHIIHMCh HHAUBUIYaIbHbIE MOAETH
TIPH HCCIIC0OBAaHHM MHUIpaUUoHHOro mosefeHHs pui6 (Walter et al.
1997). OnuuM W3 MEPCIEKTHBHBIX HANpPaBICHMA NPUMEHCHUS JaH-
HOrO NOAXOJAa SBMIAETCS MOJECIHPOBaHHE IPOIECCOB aganTanuy
rUApOGHOHTOB K H3MEHEHHIO BHEHIHHMX YCJIOBHA H IEHETHYECKHX
NEPECTPOEK B WUX IMOMYJALMAX BBHI3BAaHHBIX CENCKTHBHBIM IPOMBIC-
JIOM ¥ CMEPTHOCTBIO B pe3yipTaTe 3arpasHenui. Hanpumep, nomy-
JSLKA JIOcOceH, HEPECTYIOMMX B o3epax KamyaTkyu, HaCTONBKO Cy-
IIECTBEHHO M3MCHWIH CBOIO T€HETHYECKYIO CTPYKTYPY MO BO3AEH-
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CTBHEM H30MPATENBHOTO BBUIOBA, YTO 3TO NPHILIOCH YYWTHIBATH B
npomeicioBeix npornosax (Kporuyc u ap. 1987; Menmrytkun, 2003).
HakoHew, MOZETMpOBaHME SBONIOLMOHHBIX H3MEHEHHH B O03€PHBIX
coobmecTBax HE MBICIMMO Ge3 IPUMEHEHHS BEPOSITHOCTHBIX METOJIOB
(Menmytkus, 2002).

Hpyroe NepCneKTHBHOE HAIpaBIeHHE B MOAEIMPOBAHUU O3E€PHBIX
9KOJIOTMYECKUX CHCTEM 3aKJIIOYAeTCs B IPUMEHEHHH MaTeMaTH4ecKo-
rO amnmapara JMCKPETHOH MaTeMaTHKH. KICTopHueckd pasBUTHE KO-
JOTMYECKOTO MOJEIMPOBAHMS CIOXMIOCH TaK, YTO 1O AHAIOTMH C
MOJENHPOBaHUEM (PU3MYECKHX HPOLIECCOB, 31E€CHh HCIONB30BAICA anl-
napat AuQQepeHIHaNbHbIX ypaBHEHHH M JHUCKPETHOCTH MOSBUIIACH
KaKk pe3ynbTaT NPHMEHEHHS YHCIIEHHBIX METOJOB pEIUeHHS I3THX
YPpaBHEHHIA.

B xauyecTBe KOHKPETHOrO ImpuMepa IMPUMEHEHHs TUCKPETHHIX Me-
TOIOB B JIMMHOJIOTHH BbIOpaHo HebonpIIOe qucTpodHOE 03epo [Tnenn
XeHrasipBH pacnonoxeHHoe Ha Boctoke Ounnaaauu (Niinioja et al.
2002). 3ro He6ombIIOE 03€pO ILUIOLIABI0 B 2.4 Ta, MOBEPXHOCTHIO BO-
nocbopa B 464 ra, c MakCUManbHO# rTy6uHON 7 M, IIpU cpeaHeit Iiry-
6une 3.5 M. Boap! o3epa cuibHO OKpallleHbl TyMYyCOM, IPO3PaYHOCTh
no qucky Cekku kosebnercs ot 0.6 o 2.8 M. O3epo npakTHuecky He
YCTIBITEIBAET HUKAKOTO aHTPONOreHHOTo Bo3aeicTBus. CpeqHue KOH-
neHTpaunn obmero ¢ocdopa u azora B HEM COCTABIAIOT OT 6 1o 32
mxr 1 1 ot 180 1o 430 mxr 17! cooTBeTCTBEHHO. B 03€pe exeromHo
OTMEYAI0TCS 3aMOPHBIE SBJICHHS.

ITo aToMy o03epy ommyOnUKOBaHbI JaHHBIE €XXEMECATHBIX Habmroe-
Huit ¢ 1988 mo 2000, koTOpBIE M MOCHYXHMIH MaTepUanoMm g Ha-
crosiei Mozenu. B kauecTBe BXOJHOTO CHTHana uesiecoobpasHo Obl-
JI0 pacCMAaTPUBATh KOJHYECTBO OCAIKOB B AAHHOM TOAY, a COCTOSHHUE
aBTOMaTa OLIEHHUBATh 110 MaKCHMAJIBHOH KOHLEHTpaluK obuiero goc-
dopa u xaopodunna «ay». JanHsle no atMochepHsIM ocankaM (Prec)
LIKATUPOBATHCH MO LIECTH TpajauusaM oT 60 mo 180 mm Mec“, JaH-
Hble TI0 MaKCHMAalbHBIM 3HadeHusaM ofmero ¢docdopa mxaruposa-
JICP 110 TIATH rpagaiam ot 20 10 120 Mkr 17, a JaHHEBIE IO KOHUEH-
Tpauuu xjopodmmia “a” Mo 4YeTsipeM rpaganusam oT 3 g0 9 mr at
llxanupoBaHHble AaHHBIE IPUBEEHE! B Tab1. 6.9.
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Tabsmua 6.9. lkanpoBaHHbIe JaHHbIE O COCTOSHHH 0o3epa Pieni
Hientajarvi c 1988 mo 2000 rr.

oz |O Mazcr:;n;g a;; K(;')I;)I.ICH- MakcumanbHas xoHueH- | Cocrosnue
A | Dcalxu | Tpau d)o?ar ¢ | tpauns xnopodmina «a» | aBromara
1988 6 5 4 A
1989 3 4 4 B
1990 1 1 3 E
1991 3 3 3 C
1992 5 2 2 D
1993 3 5 2 A
1994 5 2 2 D
1995 2 1 1 E
1996 4 3 3 C
1997 3 1 2 E
1998 5 3 1 B
1999 1 1 2 E
2000 2 4 3 C

Mo cymecTtBy, pemanace 3aga4a CHHTE3a aBTOMATa, IO BXOTHOMY
(ocanxu) ¥ BEIXOAHOMY ((hocdop U XIOPOPHILT) CAOBaM, COCTOAMIMUM
u3 13 cumsonos. [TogoGHbie 3aJayl MMEIOT Pa3BUTYIO TEOpUIO (Ha-
npumep, [nymxkos (1962)), onHako B JaHHOM Cly4dac IMPHBICYEHUE
CIIOKHOTO MaTeMaTHIECKOrO anmnapaTa He HMEET CMbIC/IA U3—3a OTHO-
CHTENBHOH KPAaTKOCTH BXOIHOTO COOOILCHHA.

BeigenuM 5 xapakTepHbIX COCTOSHMI 3KOCHCTEMEBI 03€pa: 4 — BEI-
COKHE KOHLeHTpauuu ¢ochopa u xiaopopumna, B — KOHLIEHTpaUUH
dochopa HIDKE MaKCUMAaNbHBIX, HO Bblmle cpeaHux, C — cpeiHue
KoHIeHTpauuu (ocdopa u xynopodunna, D — KOHIUEHTPALNH HUXKE
cpenHux, £ — Hu3kue koHuentpauuu ¢ocdopa, XOTs NPH 3TOM KOH-
HEeHTPalUUH XJIOPOQWIa MOTYT H3MEHATECS OT MHHHMANIBHBIX O
CpelHuX.

I'pad aBTOMaTa mpuBeneH Ha puc. 6.26. BuaHo, 4ro 3TO0 4acTHY-
HBIH aBTOMAT, [MOCKOJIBKY MHOrHe KOMOHHALMM COCTOSHHMH H BXO[-
HBIX BO3AEHCTBHA 3a PacCMaTpUBAaeMbiil MPOMEXYTOK BPEMEHH HE
Habmoaanmuce. OJHAKO BCE COCTOSHMS CHHTE3HPOBAHHOIO aBTOMATa
OKa3aJIUCh AOCTH)KUMBIMH. XapaKkTepHOH 0COOEHHOCTBIO pacCMaTpH-
BaEeMOro aBTOMaTa SBJISETCA OTCYTCTBHE IETENb B CTPYKType rpada.
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3o O3HA4acT, YTO SKOCHUCTEMA JAHHOTO 03€pa HUKOrJa He 3aiepiKu-
BaCTCs ABa roAa NnoApsia B OAHOM H TOM € COCTOSHHH.

Puc. 6.26. I'pa¢ aBTOMaTa, UMHTH-
PYIOIIET0 OHHAMHKY 3KOCHCTEMBI
osepa Pieni Hientajarvi ¢ 1988 mno
2000 roast. Jlyru moMedeHb! HIKasIH-
POBaHHBHIMH  BEJIMYHHAMH  aTMO-
chEepHBIX 0CaIKOB

Marpuna nepexonoB B JaHHOM CiIydae MMeeT BUA (HAOMHHM, YTO
HCXOJHBIE COCTOSIHHMSI COOTBETCTBYIOT CTOJIOLIAM, a CTPOKH BXOIHBIM
BO3JEHCTBUAM, HYIAMH OTMEYAIOTCS IEPEXOAbl, MO KOTOPHIM HET
JaHHBIX):

0(Q,Prec) =

o o ©
O O O In
O Iy o ©
S » In O
A0 ao

D 0 D 0 B

N3 paccmotrpenus rpada ¥ MaTpuUsl NMEPEXOfOB BHAHO, YTO NpPH
CPEIHUX M HM3KHX 3HAYECHHAX aTMOC(EPHBIX OCAKOB 03€pHas IKOCH-
CTeMa 03¢pa MMeJla TCHACHLHUIO K KONEOaHHUAM MexIy COCTOSHUAMH
C u E. Toneko 3xcTpeManbHO BBICOKHME 3Hauenus Bxoxa (Prec =5)
BEIBOJIMT CHCTEMY M3 3TOH 00JIaCTH COCTOSHMH.

ITpuBeicHABIM PUMEDP € MOYTH INPENENbHO MPOCTOH BOJHOM 3KO-
CHCTEMOH IOKAa3BLIBAET, YTO AAXKE B TAKOM ClIydae BPEMEHHOH DAl B
13 ner maneko HE HMCHEPMBIBAET BCEX BO3MOKHBIX KOMOWHaLMil co-
CTOSHHH M BXOIHBIX BO3JNCHCTBHI, KOTOpBIE MO3BOMMIN OBl CO3AATh
HaJeXHbIH annapaT )1 IPOTHO3HPOBAHHA.
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CyuiecTBeHHO 60Jee CIIOXHBIM OKa3ajcs aBTOMAT, HMUTHPYFOLIHIH
JUHAMHKY 5KOJIOIHYecKoil cucteMsbl o3epa Jansuero (Kamuarka), ko-
TOpBIi GasupoBasica Ha 40 JIE€THEM BPEMEHHOM psJIe HEIPEPHLIBHBIX
Habnropenu#t (Kporuyc u ap., 1987, Menwytkun, 1993), ognako ans
JeMOHCTpalMK METOIUKH NPHIOXKEHHUS TEOPHH aBTOMATOB K JIMMHO-
JIOTMYECKHM Npo6JieMaM NMPUBENEHHOrO BBILIE NPUMepa BIIONHE J0C-
TaTOYHO.

Crnenyromuil NEPCHEKTUBHEIN IyTh Pa3BUTHA MOJCIECH O3EpPHBIX
9KOCHCTEM CBSI3aH C MOHMMAHHEM CYNIeCTBa MCXOTHOW JIMMHOJIOIH-
yeckodt nHGopmau. Ecnu mis ruapodu3HYECKUX BENUYHH, TAKHX
KaK TeMIlepaTypa BOABI MM CKOPOCTH TEYEHHMS, BIIOJIHE NPHIIOKHM
KJIaCCHYECKMH almnapaT cTaTUCTHYeCKOH 00paboTku, To ruapobuoio-
THYecKHe AaHHble OOBIYHO HMEIOT BEChbMa HEONPEAEIECHHbIE (PYHKUNM
pacmpeieNieHus, YTO CBA3aHO C GONBIIUM KOJIHYECTBOM IPEIIioIoxKe-
HHUH TpU MONOOHBIX M3MepeHnsaX. [lake Takue dieMEHTapHBIE BENH-
YUHBI, Kak OnoMaccel 6a3upyIOTCS Ha NMPEANONOKEHHH O HOCTOSHCTBE
YJIOBHCTOCTH IUIAHKTOHHOHM CETKM MM PaBHOMEPHOCTH pacmpenene-
HUA IUIAHKTOHA B Ciiydae GaTHMETpUYecKHX HabOniofeHui, XOTd nAar-
HHCTOCTh B PAaCIpeeeHHH IITaHKTOHA SBISETCS JABHO YCTaHOBJICH-
HEIM DKCTIEPUMEHTANLHEIM ¢axToM. Eile Xyxe neno oOCTOUT ¢ oLeH-
Ko umxTtHomacchl peib. IIpu nepexole K OLCHKE BEJIMYMH IOTOKOB
BenecTBa (Hanbonee w3yueHHas, B 3TOM CMbICIeE, BEIMYHHA — IIEp-
BUYHAs MPONYKLHSA) HEONPENENEeHHOCTh TONbKO Bo3pacTaeT. Hampu-
Mep, JTUMHOJIOTH JIO CHX ITOP CHOPSAT O TOM, YTO XK€ COOCTBEHHO H3Me-
psieTcs P pauoYrIepoAHOM M KHCIOPOJHOM METOJIE OLpeneNICHUs]
OPOAYKIHMH (PUTOIIIAKTOHA, HE TOBOPS YK€ O TOM, 4YTO MPOAYKLIHOH-
HbIe CBOMCTBAa KOJIOBPATOK MM MPOCTEHINNX OLECHHMBAKTCA C TOYHO-
cTeio He Oonee mopsaxa. Ha npusHaHuu ¢akTa pasMbITOCTH Habumio-
JIaeMBIX BEJIHYHUH H, 4TO enle Gosee BasKHO B 3KOJNOTHYECKOH MpaKTH-
K€, pa3sMBITOCTH CBfi3ed MEXIy NEPEMEHHBIMH IIOCTPOCHA TEOPHUSA
Pa3MBITBIX MHOXKECTB ¥ HeueTkas joruka (Kodman, 1982, Ilocnienos,
1986, Tepano u ap. 1993). B mpakTHke 3KONIOTHYECKOI0 MOAEIHPO-
BaHHUA Y€ TIOABUIIUCH IPUMEpPHI IPUMEHEHUA TakuX MeTozioB (Tuma
et al. 1996).

Jakawyenune

INMEPCIIEKTUBBI PA3BUTUA U3YUYEHU A
OKOJIOT'MHA O3EP

B nepBoit wactu 3To# Kuuru (rnasa 1 — «Kpatkwuit ouepk uccrne-
JOBaHHUs 03€P») PaCCMATPUBAIHCH, B OCHOBHOM, IIEPCIIEKTUBHI Pa3BH-
THA THApO}U3NYECKOH 4YacTH JIMMHOJOTMH. B HactosiuieM paszene
OCHOBHOE BHHMAaHHE YJENACTCH Pa3sBUTHIO IKOJOTHMYECKOH M THIpPO-
6uonoruueckoit yactu Hayku o6 o3epax.

B camoM konHue XX Beka B JIHMHOJIOTHH COBEPLUEHHO SIBCTBEHHO
HAMETHJICS KpU3UC. BEIpasuics oH B TOM, YTO 3HEpreTH4ecKas rnapa-
IUrMa, CTonp OnMCTaTrenbHO pasBuTas BO BpeMs MexayHapomHOM
Buonoruueckoit mporpammsel (IBP) 60-x ronos, nepecrana ynosie-
TBOPATH TEM, BCE BO3PACTAIOMIUM MO CIOKHOCTH H 3HAYHMOCTH IIpO-
6reMam, KOTOpBIE CTaBUT IEPE] COBPEMEHHOH 3KOJOruer odIecTso,
KaK Ha PETHOHAIBHOM, TaK M Ha TOCYOapCTBEHHOM M INI0OaIbHOM
ypoBHe (Margalef, 1997, Moony, 1998). 3a noncronerusi OCHOBHOM
(OKyC IKOJIOrHYECKHX HHTEPECOB CMECTHICA OT HHAMBHIYYMA H IIO-
IyJIALHK K coo0LIeCTBaM M IKONOrH4eckuM cucteMam. [Ipaktuka no-
CTaBWJa Iepe] JIMMHOJIOTHEH TPAaHIHO3HYIO 3aady ONTHMAajbHOIO
ynpaBineHHus skonornuyeckumu cucremamu (Undérwood, 1998), ms
pelleHust KOTOpOH TpagHUHOHHBIE METOJBI OKA3aJIMCh MAIOMPHIOA-
HBIMH.

B panbHeineM H37I0KEHUH HCIONB3YIOTCS TEPMUHBI TUMHOJIOTHS
XX Beka» 1 «wmmHonorus XXI Beka», KOTopble He clefyeT IOHUMATh
OyKBaJIBHO, MPOCTO IOJ, IEPBBHIM TEPMHHOM ITIOHHMAETCS JKOJIOrMdye-
CKas mapajurma M IpakTHKa 3KONOTHYECKHX HCCIIENOBaHHM, KOTOpas
cnoxwiack B 60-70 rogax XX Bexa, a 1oy BTOpHIM — 4€pPThI TOTO HO-
BOTO, YTO CKJIAJ(BIBACTCA B JIMMHOJIOTHH HACTOSIIEr0 BPEMEHH H 4TO,
10 MHEHHIO aBTOPOB, HMEET HAACKIY 3aKpPENUThCs B OymymeM.
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JIumuomorus XX Beka, HECMOTPS Ha pa3BUTHE MPOLYKIMOHHOTO
HalpasiieHUs1, OblIa Haykoil onucarenbHoM. UToOB! yOEIUTECS B 3TOM,
JIOCTaTOYHO MEPEeNHCTaTh ToMa TpynoB JlumHonornueckux Konrpeccos
3a nocjenHue gecaTiiaeTrs. CxeMa MoJaBisiouero 60NbIIHHCTBA CTa-
TeH TakoBa: HAOMIOJANKCh HEKOTOpPhIE (aKTHl B IPHPOJE WIH B 3KCIIE-
pUMeHTe, HHOrAA AOCTATOYHO CJIOXKHOM, PE3yJIBTATH HabMOAeHUH cTa-
THCTHYECKH 00pabaThIBAIMCH, YTO YacTO 3aBEPLIATOCH BBIBOAOM 3M-
nMpuyeckoi GopMynbl ¢ JOBEPUTENBHBIMH HHTEpBaiiaMd. B pasnemne
obcyxaeHre 0OBIYHO YKa3bIBAJIOCh, Y€M IIOMYyYEHHBIC JaHHbBIE OTIH-
4aroTcA OT AAHHBIX APYTHX aBTOPOB Ha Ty XK€ TEMY.

Bce 310 neHcTBUTENBHO OYEHB CONMAHO M B HCTHHHOCTH OIHCHI-
BaeMbIX (DAaKTOB M 3aBHCHMOCTEH COMHEHHH, 0OBIYHO, HE BO3HHUKAET.
Ho mpakTuka yxe JaBHO IepecTaia CIPalIHBaTh Y JIMMHOJOTOB Ka-
KOH uHAeKC OmopasHooOpasus mo IlleHHOHY y TOro MnM HMHOTO
INTAHKTOHHOTO MM GEHTOCHOrO COOOIIECTBa, MIIH KAKOBAa MPOTYKIHS
300IJIAHKTOHA B JaHHOM o3epe (XOTdA caMu mo cebe 3TO Janexo He
MPOCTHIE W HE HaJyMaHHBIE dKoJlorudeckue mpobnemsl). IlpakThka
XXI Bexa cripalmMBaeT y JMMHOJIOTOB COBCEM JAPYyroe — HE Kak H3-
MepHTh GHOpa3sHooOpa3ue MPUPONHBIX COOOIIECTB, a KaK €ro coxpa-
HUTh WIH U3MEHHTH BHJOBOH COCTaB B JKeJlaeMOM HampasiieHud. He
KaK HW3MEPHTHh NPOAYKLIHIO MONMYJALMH 300IUIAHKTOHA HIIM IIPOMBI-
CIOBBIX PBIO (YTO, KOHEYHO, CaMoO MO cebe O4EHb HHTEPECHO), a
CKOJIBKO M KaK CIEAyeT JIOBHTb pbIOY, YTOOBI IIPU MOJyYEHHUH MaKCH-
MaJbHBIX BHUIOBOB HE TOJIBKO HE ITIOJOPBaTh IPOMBICIOBHIE 3aI1achl,
HO ¥ HE HApYIINTh BCEH IKOJIIOTHYECKOH CHUCTEMBI Bogoema. Jlnsg pe-
IIeHUsE MOJOOHBIX 3aa4 OAHHMX CIOBECHBIX OIHUCAHUH WM aHauM3a
(akToB MaJo, HY)HO MOHHMAHHE U OMHCAHHE MPOLECCOB, IPOUCXO-
JALIMX B 9KOMOTHYECKHX CHCTEMAX.

Hrtak, noMuMo onucaHus (akToB, THUMHONOTHS AODKHA OOpaTHTD
BHHMAaHHE Ha CBS3H MEXAY 3MEMEHTaMH SKOJOTHYECKHX CHCTEM, Ha
HCCIeN0BaHHE MEXaHM3MOB HPOIECCOB Ha BceX ypoBHAX. Ilono6HbIe
Ule¥ MpOBO3IJIAlIATKHCH AOCTaToYHO AaBHO (Bepemarus, 1934, ®op-
TyHaToB, 1967), HO NpakTHYeCKOE HX TNPUIOXEHUE IMPOJBHUracTCs
OYEHb MEJICHHO.

3ameTyM, YTO OPHEHTAIMA Ha MPOLECCHl, a He Ha OTAeAbHbIE (ak-
TBI — 3TO OTJIMYHTENbHAA YepTa 0OBEKTHOIO NOAX01a, KOTOPhIH Ha-
XoouT Bce Gonee MMPOKOE NMPUMEHEHHE B HKOJIOTHYECKUX HCCIENO-
Banusax (Henderson—Sellers, 2000).

Ocobyr0 3HaYMMOCTb INPH HM3YYCHHUH O3EPHBIX 3KOJOTHYECKHX
cucreM npuobGpeTaloT He TONBKO NMPUYHMHHO—CIEICTBEHHBIE CBA3H,
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HO ¥ B3aHMOJEHCTBHSA, 10O HMMEHHO B3aUMOICHCTBHUS (GOPMHPYIOT
[IeTAH C OTPULATEIbHONH 00paTHOM CBA3BIO, KOTOPEIC obecrieunBaroT
YCTOMYMBOCTD M &JANTHBHOCTh BOJHBIX OSKONOTHYCCKHX CHCTEM
(Straskraba,1997).

TIumuonorus XXI Beka — 3T0, B IIEPBYIO 04€pelb, IKOJIOrUst O3ep-
HBIX CHCTEM, IPHUEM CMBICT TEPMHHA “CHCTEMa” HaJ0 MOHMMATE BO
Beeit ero monmHoTe u cnoxsoctn (Bertalanffy, 1939, ®nefiiman,
1983). ®unocohcKHe OCHOBBI TAKOTO MOAXOIA OepyT Hadauo B yde-
HuM 0 “mporeccax” u “coobiecTpax” YaiTxena (1990). §

OcHoBa numuoyioruy XX Beka — 3TO SHEPreTHIECKHH MOIXOL,
Gananc Bemectsa u suepruu (BuuGepr, 1970). 3HauMMOCTH 3TOro
HOAXO/A VISl IOHHMAHHSA AMHAMHUKH 3KOCHCTEM HECOMHCHHA U HMECT
TaKol e (yHIaMEHTAIBHBIM CMBICT KaK 3aKOHbI HeloToHa B MeXa-
HUKE MaTepHATLHON TOUKH MITH EPUOANTIECKAs CHCTEMA SIEMEHTOB B
XHMHH.

OnHaKo, pa3BUTHE JMMHONOTHYECKHX 3HAHUH 1 0co0eHHO IpaKTH-
Ka MOCTPOGHHS HMMHTALMOHHBIX MOJENeH, MOKasalH, 4YTo 3HAHME
SHEPreTHYECKIX 3aBHCHMOCTEH HeoGXOIMMO, HO HEAOCTATOHHO IUId
a/IeKBATHOTO OMUMCAHHUS AMHAMHUKM 3KOJNIOTHIECKUX CHCTEM. JeiicTBHE
Takux (AKTOPOB KaK TOKCHKAHTBI, TYPOYICHTHOCTb, XEMOPCICIILIHA
He MOIIaloTcsi OOBACHEHHWIO B TEPMHHAX SHEPTETHYCCKOro Gananca.
Emre 60MbIIe 3TO OTHOCHTCS K TIPOLECCaM CBA3aHHBIM C MHKPOIBO-
Mronuell, TOBEICHAEM XNUBOTHBIX, CYKIECCHOHHBIMH H3MCHCHHAMH B
PACTHTENBHBIX COOOMIECTBAX M TPOCTPAHCTBEHHBIM pacnpenencHueM
OpraHu3MOB.

BroIHEPreTHIeCKUi NOIX0M HEOOXOHMM, HO JAleKo HE J0CTaro-
yeH JyIsl peLieHUs IKOIOTHIECKHX npoGnem XXI Bexa.

WneanoM (nipaBaa, OTHOCUTENBHO PEIKO peanu3yeMbIM) TUMHONIO-
ruu XX Bexa GBUIO MCIOIb30BaHUE JUIMHHBIX HENPEPHIBHBIX BPEMCH-
HBIX PANIOB HaOmIONEHHMH. B M3yueHUH THHAMHKH. HOIYJIALMA KpyTl-
HBIX BOJHBIX JKMBOTHBIX (TIPOMBICIOBBIX PBIO) 3TOT METOA ChIrpall
peLIaonIyo poib U CTal xpecTtoMaTHiHBIM. Hanpumep, psgsl “HC-
JIEHHOCTH THXOOKEAHCKHX JIOCOCEH.

Hcxons ¥3 TAaKOro MOaXoja, OCHOBHEIM MaTeMaTHIECKHM HHCTPY-
MEHTOM SKOJOTHH OBIIa TEOPHA BEPOSTHOCTH, MAaTeMaTH4ecKas CTa-
THCTHKA, 2 MATEMATHYECKOE MOAETMPOBAHHUE C HCTIONB30BAHUEM all-
napata AudQepeHIHanbHbIX yPaBHEHHH MOJIArajJoch CKOpee dK30TH-
KOif, a He pabouuM MHCTPYMEHTOM. §

CTpeMHUTENBHOE PA3BUTHE MHGOPMALMOHHBIX TEXHOJNOTHH H UMH-
TALEOHHOr0 MOJETMPOBAHHS B TEPBYIO Oyepesb B COUCTAHHHU € Tpe-
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GOBaHMAMYU 3KONOrHYECKOro TIPOTHO3HPOBAHHA CHENAN0 MOZIETHPO-
BaHHE pabounM MeTomoM skonoruu. JlocTatoqno CKa3aTh, YTO XKYyp-
Han “Ecological Modelling” 3a koporkuit CPOK CBOETO CYHIECTBOBa-
HUs yxe BeinycTUN Gonmee 150 tomoB. J[nuHHBIE BPEMEHHBIE DSbI
IKOJIOTHYECKHX NAHHBIX CTald HE TONBKO OOBEKTOM HAGNIOMEHMs
(HEOOXOIMMOCTE B 3TOM He TONBKO He OTIaJjia, HO M YCHJIHIACh), HO H
OOBEKTOM TEHEPHPOBAHHS NPH IOMOLIHU KOMITBIOTEPHBIX MOAEIEH,

Jnst pewienus numMHONOTHYECKUX 3amay XX Beka KOMIIBIOTEPHOE
NMHTALMOHHOE MOJENHPOBaHHE SABIAETCS OAHMM M3 ITABHBIX METO-
MHYECKUX TIPUEMOB.

B cBi3M C mOBbINICHKEM HHTEpeca SKONOrMH K BEPOATHOCTHBIM
TIPOLECCAM CYIIECTBEHHYIO PONb HAYHHACT HIPAaTh MOIEIHPOBAHHE,
OCHOBaHHO€ Ha MMHTALMM >KH3HEHHBIX IMKIOB OTAECABHBIX OCOGEi
(Uchmanski, Grimm, 1996).

Jlumuonorus XX Bexka — 310 Hayka APKUX BHCYATIAIOWINX IPH-
Mepos. Tak Ha mpuMepe osepa Bammusrron (Bo3ne Cudria, CIIIA)
OBLIO MOKa3aHO, YTO 03epo U3 KpaitHe 3BTPOPHOr0 COCTOSHUS MOXKeET,
TIPH HAJUIXKAIUEM BO3NEHCTBHM YENOBEKA, BEPHYTHCS B OIMroTpOd-
HOe cocTosHue. IIpakTuyeckoe yHHITONKEHHE ApaTbCKOro MOpS MM
BO3HHKHOBEHHE HEOOPaTHMBIX M3MEHEHHI B JKOJIOIMH osepa Cesan
(ApMeHHs), MPOH3OLUTH TOXE H3-33 MHTECHCHBHOIO TE€XHOT'€HHOIr0
BosfericTBuA (Mnatsakanian, 1924 ®unatos, 1991).

Koneuno, u B XXI Beke sxonormueckue KaracTpodsl 6yayT npo-
AOIDKATBCA, HO Q€0 3KOJOTHYECKOH HAyKH BOBCE HE IMOLIHOHAIBHOE
CMakOBaHHE OTHX KaTacTpo (OCTaBHM 3TO MOMNYNAPH3ATOPAM H
(OKOJIOTHYECKHM) XKYPHANIMCTaM), a CO3AaHHE TAKOH IKOJIOrHYECKO
TEOpHH, KOTOpast cMoriia Gbl, eCITM HE NPEHOTBPATHTS, TO NPEABHUIETH
TIOCIICACTBUA TaKMX KaTacTpod M JaTh PEKOMEHIALMH IO JHKBHIA-
LMY UX NOCNIEACTBHIA. .

3anava mumHonorum XXI Bexa — 310 co3nanue TEOPHH JUHAMHKH
JKOJIOTHIECKUX CHCTEM, CTOCOGHOH K NMPAaKTHYECKOMY MPOTHO3MPO-
BaHHIO, HE TONBKO B OGBIYHBIX, HO H B 9KCTPEMAIBHBIX CHTYaIMsAX.

B numuonornn XX Beka Kak-To MOMaranock caMo co6oit pa3sy-
MCIOIUMCs, YTO 9eM Golbiie 6yAeT MONydeHO JaHHBIX O COCTOSHHH
TPUPOJEI, TeM Jy4ie. OCOGEHHO CpelH TMMHONOTOB-IPAKTHKOB Gbi-
TOBaJla MUQUYECKas Bepa B MOTYIIECTBO CTATHCTHUECKHX METOJIOB,
KOTOpBIC NOMOTYT BBITAIUMTE HCTHHY U3 GOJIBINMX MACCHBOB JaHHBIX.
YUTo 3TO He TaK, MEPBHIMH MOHMIH 3KOJIOTU-3KCIIEPUMEHTATOPEI H
CTalll NPAMEHATh METObI ONTHMAIBHOrO IUIAHUPOBAHHS 3KCIEPH-
MEHTA 10 MPHMEPY (PHU3NKOB U XHUMHKOB.
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IlpencraBnenye o TOM, 4TO SKONOTHYECKHE CHCTEMBI — 3TO CTO-
XacTHYeCKHe CUCTeMBI uzeT eute oT paboT Y. [lapBuna, ogHako mep-
BBIMH [apBHHOBCKHH MOJXO0J YCBOMIM T€HETHKH, a 0 JTMMHOJIOTHH
3TH MAEH JOLUIM OTHOCHTENIBbHO HE TaK JaBHO. MeXTy TeM MrHOpH-
pOBaTh MUKPOIBOIIIOIIHOHHEIE MPOLECCH B 3KOJOMMYECKHX MPOrHO3ax
CTaJI0 HEBO3MOXHBIM, a 63 CTOXaCTHYHOCTH HET IBOJIOLHH.

IMapagurma sxonoruu XXI peka MOJDKHA BKIIOUAaTh B ceds mpen-
CTaBJIEHUE O CTOXACTHYHOCTH IKOJIOTHYECKHMX MPOLECCOB.

Takoll moaxol CYLIECTBEHHO MEHAET OTHOLICHHE K MATepHally
9KOJOTMYECKUX HAONIOAEeHUH, ecly IpH AETEPMUHHPOBAHHOM I0AXO0-
Jie UCCIIEI0BaTENeH UHTEpEeCOBaIa TONbKO CpefHAd U omubka ee om-
pedeneHus, TO IPH CTOXaCTUYECKOM MOAXOJe BaxkeH BeCh BUA QyHK-
[[H pacrpejelicHus, KOTOPBIH, KaK I10Ka3aia IMpaKTHKa, 0YE€Hb PEKO
HMEET BHI HOpPManbHOro pacmpenenenus. OOHHMH H3 IEPBBHIX pe-
3YNBTATHUBHOCTH TAKOTO MOAXO/a IOHAIM MIXTHOJIOIH, KOTOpBIE yCTa-
HOBHIIM, HafpuMep, 3aBUCHMOCTh aCHMMETPHUHU paclpeleNcHus pas-
MepOB PEIO OT TPOGHIECKHX YCIOBUH B BOJOEME. |

C mpyroii CTOpOHBI, npu3HaHHe (aKTa CTOXaCTHYHOCTH O3€pHBIX
HKONOTHYECKUX CHCTEM CYIIECTBEHHO MOBHIIAET TPEOOBaHHUA K amnia-
PaTy HKOJIOTHYECKOTO NPOTHO3HUPOBAHUA M YBEIHYMBAET 3HAYMMOCTh
JUTHHHBIX PSA/IOB HEMPEPHIBHBIX HaOMIOACHHH.

TIpuXOMUTCA YYHTBIBATH Takoke NpuHIHN oMHunoreHtHoctH (Ha-
aumoB, 1983), cytp KOTOpOro CBOAUTCH K TOMY, YTO CYIECTBYIOT
¢akTopsl, KOTOpbIE BYEPa HIIM CETOJHs HE MIPalM 3HAYMMOH POl B
JHHAMHKE TOH WM MHOM 3KOCHCTEMBI, HO KOTOpPBIE MOTYT OKa3HIBAaTh
peluaomiee Bo3AeHCTBHE Ha Hee B Oy MyLIEM. §

TUnUYHOM TEMOit AN TMMHOIOrHYeCKo paboTel BTOPOH MONOBU-
g6l XX Beka ObUIO BBIACHEHHE aHTPOIIOTEHHOI'O BIMSIHMSA Ha Opra-
HH3MBI, MONYNALMH, cOo0OmecTBa U 3KOCUCTEMBI. CIIEKTp ITHX BIMA-
HUit OBUT MOCTAaTOYHO IIMPOK — OT 3arpA3HEHHH A0 [IPOMBICAOBBIX
H3BATUH. ‘

Jns pemienns npo6iaem XXI Beka Takoi moaxox okasajcs yxe He-
pocTaroyusiM. HeTpoHYTBIX 4YeIOBEYECKHM BAMAHHEM BOIHBIX 3KO-
cucTeM Ha 3emJle ITOUYTH HE OCTAIOCh (Haxe B AHTapKTHKE) U YejloBe-
geckoe 0OIIECTBO CTAIO HEOTHEMIIEMOM 4acThi0 GHochepsl. Yke Ma-
10 CTAJNIO M3yyaTh BIHSHUE YENOBEKAa HA SKOCHCTEMBI, TOTpeboBacs
Nepexosl K W3yUCHHIO B3aHMMOMEHCTBHA UenoBeKa M MPHPOABL ITO
MOPOAMIIO MpEACTaBIEHHE 00 3KONOro-KOHOMHUECKHX U JaKe co-
[IHO-3KOJIOr0-3KOHOMHYECKHX CHCTEMax. OKOJIOTHs CTalla COCTaBHOM
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YacThI0 PErHOHAILHONM M MHpOBOM Makpo3koHoMuKH (Atkinson et
al.1997).

DKONOTHYECKHE CUCTEMBI B COBPEMEHHOM MHUpE — 3TO ITOYTH BCe-
IJ1a HKOJIOr0-3KOHOMHYECKHE CUCTEMBI.

Tonexo B nocnenneit Tpetd XX BEKa THMHOJIOTHA CTaJla paccMar-
puUBaTh AMHAMHKY CBOMX DJIEMEHTOB HE TOJBKO BO BPEMEHH, HO W
IPOCTPAHCTBE. DTOMY CIOCOOCTBOBANO PAasBHTHE CPEACTB a’po- H
KOCMHYECKOr0 HAaOJIIOJEHHS, a TaK K¢ MOSBICHHE TeOMHPOPMALHOH-~
HBIX KOMIBIOTEPHBIX cHcTeM. Ha cThbike sxonoruu, reorpaduu u opy-
I'MX Hayk o 3emie nosBuiach nanamadraas skonorus (McaueHko,
2003), co cBouMH cnemHpUYECKMMH METOAAaMH, BKJIIOYAIOMUMH B
cebs, HanpuMep, HCIONB30BaHHE MATEMaTHUECKOro ammapara Kie-
TOYHBIX ABTOMATOB.

B obnacti u3ydeHHss BOOHBIX HKOJOTHYECKHX CHCTEM CYHIECTBEH-
HYIO pOJIb CTajiu Urpath 3GQEKTH NPOCTPAaHCTBEHHOH HEOIHOPOIHO-
CTH, IATHUCTOCTH U TPEXMEPHOH THIPOAMHAMHYECKOH W THAPOOHO-
JIOTMYECKOH CTPYKTYPBI.

JByXx- WM TpeXMepHas IIPOCTPaHCTBEHHAs CTPYKTypa CTaHOBHUTCH
HETPUMEHHBIM aTPHOYTOM H3YUEHHUS IKOJIOTHYECKUX CUCTEM.

Okonorus o3ep XX Beka CO3AaBAIACE HEOONBIIHM YHUCIOM SPKHX
HHIUBUAYanbHOCTEH (B Poccuu, HampuMep, HeNb3s He Ha3BaTh TAKHUX
umed kak [.1O. Bepemarun, JILJI. Poccomumo, M.E. @oprynaros,
I'T. Bunbepr, A.®. Amumos, B.C. VBneB u psng Apyrux ydeHbBIX),
BOKPYT KOTOpBIX ()OPMHpPOBAINCH HaydHbIE IKOJIBI CIICIIHAIUCTOB
0JHOro npodus.

B XXI Beke NTMMHONOrMs CTaHOBHTCA MEXIMCIMIUIMHAPHOHN Hay-
KOM, JUIA pelleHus 3a7a4 KOTOPOH HeoOXOOMMO CO37aHHEe KOJUIEKTH-
BOB CIIELMANUCTOB Pa3IMYHBIX JUCLUIUIMH, OOBEIMHEHHBIX HE TOJb-
KO €IVHBIM HayalbCTBOM, MECTOM NPOBEACHMSA HCCIENOBAHHA HIIH
CPEACTBOM TPAHCHOPTa (HAIpUMeEp, KCIEAUIHOHHBIM CYIHOM), HO H
eIMHOH HaeeH W 3amadelt. PesymbraTom paGoThl Takoro KOMIEKTHBA
HY B KOEM CIIy4ae He JOJDKeH ObITh COOpHHMK pasHOPOAHBIX CTarei,
XOTs OBl OJ €OUHOM pexakuuel (IpIMEPOB TaKuX COOPHUKOB MHOTO,
Ha4yHHasg ¢ KOMIUIEKCHOTO HCCIeNoBaHus o3epa Mapron B Kanazme
WM psARy o3ep, PribuHckoro Bomoxpanmnuuia B Poccun). Pesynbrar
3aKJII0YAeTCs B PEIICHHM KOHKPETHOHM »Konormueckoi 3anaum. Ha-
IpuMep, pesysbTaToM paboThl koiuiekTHBa “Hemckas I'y6a” 6bin
KOMIUTEKC KOMITBFOTEPHBIX IPOrPaMM I10 MPOTHO3HPOBAHHUIO KayecTBa
Boasl B pexe Hese u HeBckoil rybe, KoTOphIi OblT epeaaH BIacTIM
Canxr-IletepOypra, a yx MOTOM BBIIUTH MOHOTPAaQHH C ONMCaHHEM
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storo xommiekca (Hesckas ry6a, 1997, NHTErpupoBaHHOE ynpasiie-
mue... 2001). Konnekrus, pemapiuii 3Ty 3aja4iy, CoCTOAN U3 THAPO-
6HOIOrOB, THAPOJIOroB, TMAPOXHMHKOB, WHXEHEPOB IO OYUCTHLIM
COOPYXEHHSM, MAaTEMATHKOB, NIPOTPAMMHUCTOB, SKOHOMHCTOB 1 Jaxe
IOpHUCTA.

[Ipo6nemst xonorus XXI Bexa JODKHBI PEIIATHCA KOHI}'CKTHBah/f‘H
YUYEHBIX PasHBIX CIIELMATBHOCTEH, HO 0ObeTHHEHHBIX OOLIEN 3a]a4€EN.

HoBas 5KoJOrMuecKas IapajurMa ele He BEpaboTaHa M HaXOIHUT-
¢A B CTaJM¥ CTAHOBNEHMS, NPHYEM YCHIMS K 3TOMY IpHIAratoTci.
HcTopHs HayKy MOKa3bIBAET, YTO TEOPETHICCKOC o¢opMIIeHHE HOBOH
TapajUrMbl POMCXOIHT OOBIYHO HA 3aBEPLIAIOLIEM jTane nepexo-
HOTO NEPHOJIa OT OZIHOH CHCTEMBI IIPEACTARIEHUH O IIPUPOAE N METO-
[OJIOTHH JAHHOW Hayku K ciiefyromel. [l IMMHONOrHH 3TOT 3aBep-
[IIAIONIHE STan elie He HACTYMHI, HO NepedHCICHHbIC BRIIC TCHACH-
MK CBUAETENLCTBYIOT 00 HHTCHCHBHOM IMOHMCKE HOBBIX bopM U me-
TOJOB.

TIpenmnaraeMpii KpaTKHH aHAmH3 COCTOSHHS JMMHOJIOTHYECKHX
sHaHWl HM B KOEH Mepe HE YIPETCHAYeT Ha TMOJHOTY, TaK HANPHMED
BHE PaCCMOTpPEHHs OCTAIHCh MHTEpeCcHelIre NepCleKTHBEl CBI3H
COBPEMEHHOM 3KOJIOTHH C mpo6eMoii Co3IaHus MCKYCCTBEHHOTO HH-
TeIIEKTa, ¢ ITHYECKMMH IHpo0IeMaMi [OBEJCHHA HEIOoBeka MO OT-
HOLICHHIO K OKpyKaromel cpefe # jp. OnHAKo, CKa3aHHOro A0CTa-
TOYHO Ml TOTO, YTOOB! TUMHONOTH, 3aHHMAIOMIMECH KaX/IbIM cobet-
BEHHOM U, HECOMHEHHO, HYXHOH U aKTyabHOH Mpo0nemMoH, B3IISHY-
NM Ha TyTH PasBUTHA CBOEH HayKH HECKOIBKO IIMpE H Jajblie, YeM
3To TpeGyeT MX IOBCEAHEBHAs HaydHas W MPAKTHYCCKad JeaTenb-

HOCTD.
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KPATKHUM )
TEPMUHOJIOTMTYECKUM CTIOBAPD

ABTOMAT — MAaTEMaTHUECKHH OOBEKT, PEACTABNAIOUIAN U3 cebs
COBOKYHHOCTh MHOXECTBA COCTOAHHUH, MHOXECTBA BXOJ0B, MHOXECT-
Ba BBIXOJOB, MaTpyisl (WM (YHKIHH) [EPEeXOJIOB, MATPHLE! (vm
(yHKUHM) BHIXOJOB U HAYAIBHOTO COCTOSHMA. B skonoru# npuMeHs-
erca I MONENIHPOBAHHMS CHCTEM C IUCKPETHBIM BPEMEHEM H JHMC-
KPETHBIMU COCTOSHHMAMH.

ABTOXTOHHASl OPraHHKa — OPraHUYeCKOE BEIICCTBO, obpa3syto-
Imeecs BHYTPU 03€PHOM 3KOCHCTEMBIL.

AJUTOXTOHHAsI OpPraHMKa — OpPraHW4YecKkoe BEWIECTBO, MOCTY-
narolee B 03€pPHYI0 SKOCHCTEMY C BOA0CO0pa.

AHa3pobHbIe YCJIOBHS — YCIOBHA, XapakTepHbie OTCYTCTBHEM
KHCI0pOZA.

Aspauus 4 Aeadpalus — IPOIECCH o6MeHa BOJHOH TONIIM 03epa
¢ atMocepoii. DTH [POIEcch OCOOEHHO BaXHBI MPH CBEACHHH XH-
clopoAHOro OamaHca BOKoeMa.

A3poGHbIe yCIOBHS — YCIOBHS, XapaKTEPHbIC NPHCYTCTBHEM B
BOJIE PACTBOPEHHOrO KUCIOPOAA.

Ba3a JaHHBIX — KOMIIBIOTEPHAs CHCTEMa, BKIIOYaroias B cebs
GOIIBIIIE MACCHBEI MH(MOPMALMH M000r0 BHAA M CPEACTBa MOUCKA H
yIpaBieHHs STUMU NaHHBIMH.

BakTepHH — OJHOKJIETOYHBIE retepoTpodHEIE OPraHU3MBl, pasia-
ralolMe MEPTBOE OpraHMueckoe BemecTso. BcrpedaroTcs BO BCCX
YACTAX O3EPHBIX SKOCHCTEM, AK€ B aHAIPOOHBIX YCIOBHAX.

BeHTO¢ — COBOKYITHOCTE OPTaHM3MOB OOUTAIONINX Ha HE 03€Pa.

BuoMacca — Macca )KHBBIX OPraHM3MOB, BRIPOXKCHHAA B CIMHHIAX
MacChi ¥ KBUBAJICHTHOTO KOJHYECTBA SHCPrHH.
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BHOMAHHNYNSUUA — TEXHHKA YNPABJICHHS 03EPHBIMH 3KOCHCTE-
MaMH, KOTOpas OCHOBaHa HAa BO3JCHCTBMM HAa MONYJISUMH DPBIG-
IUIaHKTO(aros ¢ TeM, YTOOLI MOBHIMIAS YHMCIEHHOCTh 300TLIAHKTOH-
HBIX GUIBTPATOPOB, CHU3UTH GHOMACCY BOAOPOCIEH M YIYUIIHTh TEM
CaMBIM Ka4€CTBO BOABIL.

Buopa3Hoo6pa3He — XapaKTEPUCTHKA HEAHOPOLHOCTH COO0MmIECT-
Ba WIH SKOCHCTEMBI, OLeHHBaeMOe Npu nomomu uujgekca IllenHona
(H =—2(N,. /N)ig,(N,/N), rae uncaennocts Ni-oro Buga,N — 06-

i

A YMCIEHHOCTD BCEX BUIOB)

BIIK — 6uoxumuyeckoe notpebneHue kuciopoga. Pacmpoctpa-
HEHHBIH CII0c00 OLIEHKH COACPIKaHUSA OPraHMYecKOro BeUIeCTBa B BO-
ne. O6rruno mons3yrorcsa BIIKs, T.e. xommyecTBOM KHCIOpoia, MO-
IIEAIEr0 Ha OKHUCIICHHE OPTaHHKH 3a 5 CYTOK B CTaHAAPTHHIX YCIO-
BHSIX.

Bepnduxanus Moaeau — npoBepka NpaBUIBHOCTH (YHKLIHOHH-
POBaHHUA MOJENH HO CONOCTAaBJICHHIO C MPUMEPOM (PyHKIHOHHpPOBa-
HMS OpHTHHaNa, AaHHBIE O KOTOPOM HE OBUIH HCIIONB30BAHBI IIPH MO-
CTPOEHUH MOZAECHH.

Bxox — Bo3neiicTBHE BHEIHEHN cpe/ibl Ha JAHHYIO CUCTEMY.

Boixon — Bo3jeicTBHE NaHHOM CHCTEMEI HA OKPYKAIOIIYIO Cpeny.

I'mapoduonT — Beakuii opranusm, odurarolui B BOAE.

I'nnoMMHOH — 9acTh BOJHOTO TEJIA 03€Pa, pacloIoKeHHasH HHKE
CIIOsl TEMIIEPATYPHOTO CKaYKa.

I'pa¢p — maremaruyeckuii 00BEKT, NPEACTABIIOIUA O0TOOpaxe-
HHE MHOXECTBA Camoro Ha cels, HHaYe, COBOKYMHOCTh TOYEK (BEp-
IIHH), COSAWHEHHBIX Ayramu wiM pebpamu. Ecmu ayru umeror Ha-
IPaBNeHUE (CTPETOYKH), TO MBI MMEEM IEN0 C OPHEHTHPOBAaHHBLIM
rpadom. IIpuMeHsieTcs B SKOJOTUM Ui ONHUCAHUS TPOMHYECKHX Ce-
Te! M aBTOMATOB.

JM3bIOHKIUA — (QYHKIHS MaTeMaTH4ECKOH JIOTHKH, JIOTHYECKOe
«HJIW». Dxonoruyeckuid npuMep — AEHCTBHE XULIHAKOB U NPOMBIC-
na Ha peIGy — 4TOOH! PHIGHI HE GBUIO JOCTATOYHO OJHOro (akTopa —
WJIM pbI0a MOMAJAET B CETh, WIH €€ ChECT XHIIHHK.

JeTpHT — MepTBOE OPraHUYECKOE BEIECTBO, B3BELICHHOE B BOJE.
OGBIYHO B YaCTHIIAX AETPUTA IPHCYTCTBYIOT OaKTEPHH.

JAuaromoBbie Bogopocan — (Diatomea) — rpynmna oAHOKJIETOY-
HBIX BOZOpOCHEH ¢ KpeMHeuBOH 000y0uykoi. OOBIYHBI IS OJIUIO-
TPOQHBIX 03€P.
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JIUMHMKTHUeCKne 03epa — 03€pa, B KOTOPBIX HMEITCA JBa Me-
pHoJa rOMOTEPMUH B TEYEHUH ro/ia »

Jluctpodubie 03epa — 03epa C BBICOKHM COICPXKAHHEM B BOAE
ryMmyca. JTH 03€pa XapaKTepHbl BBICOKOM KHCJIOTHOCTBIO (HHU3KHi
pH), TEMHOKOPHYHEBO#H BOLOH H HH3KOH MPOAYKTHBHOCTEIO.

300IIAHKTOH — XUBOTHAA YacTh [UIAHKTOHA, B 03€pax NPEACTaB-
JsieH, 06BIYHO, 6aKTEpHAMH, KOIOBPATKaMH, paxKooOpa3HBIMH.

H3oTepMust (roMOTEpMHS) — TAKOM MepHOJ B Pa3BUTHH TEPMHYEC-
CKOTO PEXIMa 03€epa, [PH KOTOPOM TeMIIepaTypa BO/bL BEIpaBHIBACT-
¢ OT MOBEPXHOCTH JI0 AHA.

HMaro — Ha3BaHHE B3pOCIOH 0cO0H HACEKOMBIX.

Hinrepdeiic — CpeACTBO THATIOra MEXY HCCICNOBATENCM 1 KOM-
TBIOTEPHOM MOJIENBIO MM POrPaMMOH.

Kanu6panus Mojie]IH — ONpe/ielIeHHe NapaMeTpOB MOJIENH HCXO-
9 W3 M3BECTHOTO (PyHKLIMOHMPOBAHHA OPHIMHANA B ONMPEICICHHBIX
YCIIOBHAX. }

Kauuu6aan3M — 3aMbIKanue TpOopUIECKOH CBA3HM BHYTPH OIHOH
nomynsuud. Kannu6anusM OTMEYacTCs y pei6 (OKyHb, IIyKa) U Y
JIAHKTOHHBIX PaKOOOPa3HBIX. 5

KauecTBO BOALI — HHTETPaNbHAs XapaKTEPHCTHKA MPHPOIHOH
BOJBI, ONpe/enseMas KOHIEHTPaUKeH B Hell eCTECTBEHHBIX M 3arpss-
HSIOLMX BEIIECTB, a TAKKE JKHBBIX, OCOGEHHO MATOrCHHBIX, Opratys-
MoB. KOJIM4ecTBEHHO MHOTA BHIPAXKAIOT KAK CYMMy OTHOCHTE/IBHBIX
npessimennii [IJIK no BceM KOMIOHCHTaM, HO O6LIEIPHHATOrO KO-
JIMYECTBEHHOrO KPUTEPHS 0Ka He BBIPabOTaHO.

Knapouepst (Cladocera) — BETBUCTOYCHIC pakoo6pasHbie, ORHH
13 OCHOBHBIX KOMIIOHEHTOB 03€PHOTO ILIaHKTOHA.

Kosospatku (Rotatoria) — 04CHb MEJIKHE MHOTOKJIETOYHBIE JKH-
BOTHBIE CIIOCOBHBIE CO3ABATh MACCOBBIE CKOTIEHUS B IUTAHKTOHE.

Konblonknusa — GyHKIusa MaTeMaTH4YECKON JIOTHKH, JOTHYCCKOe
«Wy. DKONOTHYeCKuil IpUMep — ACHCTBHE CBETA U OKMOreHoB Ha qn:’x-
TOMIAHKTOH — YTOOB! KJIETKH aKTHBHO ACIMINCDH HeoOXoauMO Jen-
crBHe 06eux (haKTopoB — K CBETa, U GHOreHOB. YacTo 3TO Ha3bIBAIOT
saxoHOM JIH6HXa ¥ HHTEPIPETUPYIOT B BUAE PyHKIMH MHHMMYMa.

KoMIeNoHT — MPOMEXyTOYHbIE CTAHK PasBUTHS IUIAHKTOHHBIX
paxoo6pasubix. ClIeAyIOT 32 HayIIHaNbHEIMU CTaAHsAMHU.

Konenoan (Copepoda) — BECIOHOTHE pakooOpasHble, OJHMH H3
OCHOBHBIX KOMIIOHEHTOB O3€PHOI0 TIaHKTOHA.
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Kopmosoii koadpmument — ornomenue KOJM4ecTBa morpe6-
TIEHHOW MMM K IPHPOCTY GHOMACCHI (06Br4HO 3a roz1, MpUMeHseTCs B
PEIGOX035HCTBEHHOM NpaKTHKe). .

Kos¢ppunuenr cmeprnocrn — NapaMeTp mporecca OTMHUpaHHS
ocobeit. Creflyer OTIMYATE MIrHOBEHHBIH K03 puLMEHT CMepTHOCTH
(1) ot pasHocTHOro (m), KOTOPEIH OTHOCHTCA K IIEPHOY BPeMeHH At .
(m=1-g™),

Kospduument yceoenns numu (U) — orHomenue ACCHMHIIHpPO-
BAaHHOM MU KO BCe IOTPe6IIeHHOM.

Kospduunenr ycaosnoro somoo6mena — OTHOHIEHHE NPHUTOKA
BOJIBI B 03€PO K €r0 06beMy.

Maxpodurbr — pricime Boausle pacTeHns o6HTaIoIME B JIUTO-
pami 1 cybnuTopanu o3epa.

Meron Monte-Kapiio — (meron CTaTUCTHYECKUX HCIBITAHHH) —
METON HMCCIICHOBAHMA CTOXaCTHYECKHMX CHCTEM, 3KITIOYAIOIMICS B
MHOTOKPAaTHOH MX HMHTAIlHK C MPCAEAYIOMMM CTATUCTHYECKHM aHa-
JU30M pPe3YNbTATOB.

Murpaunn — MaccoBHIe TIEpeMENEH s HEKTOHHBIX XUBOTHBIX,
HAalpUMEp HEPECTOBBIE M KOPMOBBIC MUTPALUH PHIG.

MonomuxTHueckne ozepa — 03¢pa, B KOTOPBIX HMEETCH BCErO
OIIHH TIEPHOA TOMOTEPMHH B TEYEHHE TOJa. :

Mopdosnaduueckuii naxexc — orsomenue obmel MuHepanu-
3allny BOZBI B 03€PE K €ro CpefHeit riry6HHe.

Hanpsokennocts Tpoduuecknx ornomrennii — OTHOILICHHE MaK-
CHMAJIPHBIX MHIIEBBIX NPTPEGHOCTEH K peanbHOMY KOJIHYECTBY KOp-
Ma.

Haynimye — paHuss cTajus pasBHTHS mIaHKTOHHEIX pakooOpas-
HBIX.

Hexron — coBoxynmocts opranmsmon OOMTAIOIINX B TONIIE BO-
HBI, HO CIOCOGHBIX, B OTIMYAE OT IUIAHKTOHZ, K aKTHBHOMY
nepeMenieHuio. OCHOBY HEKTOHa 03ep COCTAaBIISIOT pHIOEI H, pexe,
BOZHEIE MleKonuTatomue (Hepria B Jlagore u Baitkane).

O6mmuii pocpop — COBOKYMHOCTh PaCTBOPEHHOIO B BOJE M CO-
Aepxalerocs B cectone docdopa. :

O6nsueeBaommue opynus 10Ba — Takue Opyzaus noBa (Hampu-
MED, CTaBHBIE CETH), KOTOPHIE 3aXBATHIBAIOT 0COGeit OIpeNeIeHHOTO
AINATA30HA pa3MepOB, MATbie 0COOH Hepes HHX MPOXOJAT, a KPYIHbIE
HE I0NAafaioT.

Omuroxerst (Oligochaeta) — MaJOIMIETHHKOBBIE YEPBH — OCHOB-
HOM KOMIIOHEHT 6eHTOCa IBTPOPHEIX 03€D.

OnTuMaibHOE ynpaBiieHHe — HaXOXICHHE TaKMX BO3JCHCTBHIA
Ha ynpaBiseMeld 0OBeKT(HampUMEP, 3KOCHCTEMY 03€pa), KOTopbie
obecrieurny Obl MOCTIKEHHE MAKCHMAIbHBIX 3HAYEHHH KpHTEpHUs
YIIpaBJIeHHs, HHOT/Ia Ja)ke TIPY HEH3BECTHBIX 3HAYEHHAX BO3MYIIAKO-
IUX BO3ACHCTBUAX HA CHCTEMY.

OTuexHBaIOIHE OPYAMS JI0BA — TaKHe OpyAus J10Ba (Hanpumep,
TpaJsl, JaMIiapa, HeBO), KOTOphIE 3aXBaTHIBAIOT Bcex 0co0eH Gonbie
HEKOTOPOOTO pasMepa.

IepndHTOH — COBOKYNHOCTH OpPraHM3MOB oOpacTaHHs Makpo(u-
TOB M JIIOOBIX APYTHX MPEAMETOB, IOMEMEHHbIX B Bogy. OCHOBY mie-
pPUGHUTOHA COCTABIAIOT OMHOKJIETOYHBIE BOXOPOCIH, KOJOBPATKH,
uHdy3opun.

IlepBrunas npoaykuus — MPOXYKIHS, CO3AaBacMas MPOdyLEH-
TaMH, B OCHOBHOM (PHTOILTAHKTOHOM 03epa.

IAK — npenenpbHO AOMyCTHMas KOHLEHTpauUs Kakoro-nubo Be-
mectBa B Boje. [IJIK ycraHaBnnBaoTCs BOOMOOXPaHHBIMHM OpraHU3a-
IMAMH M JaJIEKO He BCETAA OTPaXaioT peanbHbIe BO3JACHCTBHA 3a-
TPA3HEHHOH BOJBI HA OPTraHU3M YeJIOBEKa.

NAC — npenensHO JONMYCTUMBIH cOpPOC B 03€pO 3arpA3HAIOMIUX
BEILECTB.

IInaHKTOH — COBOKYIHOCTh OPTaHU3MOB B3BEUICHHBIX B BOJE, HE
HMMEIOWIHX COOCTBEHHOTO TOPH3OHTAIBLHOTO JBHXEHHSA, a IEpeMe-
IIAFOUIMXCS BMECTE C TCUCHUSAMH.

IlpnBenennasi IJIOHOBHTOCTh — OTHOIUGHHE KOIMYECTBA BbI-
XHBLICH MOJNOAM K YKCIYy Npou3BoauTenei. Bximogaer B ceba cootT-
HOILIEHHUE MOJIOB, HHANBHAYAIBHYIO IUIONOBUTOCTh ¥ BEDKHBAHHE SHLL
WIH MKPHHOK. ‘

ITponyxumsa — KOJMYECTBO OPraHUYECKOTO BELECTBA CO3/aBae-
MOTO B €{UHHILYy BPEMEHH. }

Pa3mpiTag (HeyeTKas) IOTHKa — MaTeMaTHYEeCKUH anmnapar unii
OMNKCaHUs IPOLECCOB, KOTOPHIE 3aJaHbl KaUYECTBEHHO C 3HAUUTE/ILHOH
CTEIEHBIO HEOIPEAENeHHOCTH.

POB — pacTBOpeHHOE OpraHnyeckoe BEECTBO.

CennMeHTAIHA — IIPOLECC OCAXKACHUA B3BCIICHHOI0 OpraHuve-
CKOTO M HEOPTaHMYECKOTO BEIIECTBA U3 BOAHOM TOJIIH Ha THO.
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CeneKTHBHOCTb OPYAMIf 10Ba — CBOHCTBO OpyIOHi j10Ba OTOH-
paTh XXMBOTHEIX TOJNBKO B OMPEACIEHHOM Pa3MEPHOM IHANa30HE.
OcobenHo BaxHa CENEKTHBHOCTb OPYAMH JIOBAa MPH pEryIHPOBaHHH
peiboI0BCTRA.

CecTon — BCe B3BELICHHOE BELIECTBO B BOAE, T.€. IVIAHKTOH U JET-
pHT.

Cune-3enensie Bogopocam — (Cyanobacteria, Cyanophyta) —
rpynna OJHOKJIETOYHBIX, GOTOCHHTE3HPYIOIHX, Oe3bsiaaepHbIX Opra-
HHM3MOB, CHOCOOHBIX K O4eHb OBICTPOMY Pa3MHOXKEHHIO (T.H. «IIBETE-
HHE BOJbI») M 00J1agarolye TOKCHIECKHMH CBOHCTBaMH. XapaKTepHBI
IUTA 9BTPO(HBIX BOJOEMOB,

Cucrema — orpaHudeHHas 4YacThb BCENICHHOH, Ha KOTOPYIO OC-
TaJbHas 4aCTh BCEJICHHON (Ha3plBacMas OKpYXKarolied cpenoii) Bo3-
JEHCTBYET Yepe3 BXOIbI M KOTOpasd, B CBOIO OYEpeNb, BO3AEHCTBYET Ha
OKPY’KaIoOIYIO CPENY Yepe3 BHIXOABL.

CToXxacTHYHOCTHL — TPOABJICHHE BEPOATHOCTHBIX CBOHCTB O0BEK-
Ta. B nmpuHnmmne Bce 3KONOrHYeCKHE OGBEKTHI HMMEKOT CTOXaCTHYE-
CKYI0 NpHpOAYy, a ACTCPMHUHHPOBAHHBIMH OBIBAIOT TOJBKO MOMAENH
3THX 0OBEKTOB.

Cykneccnsi — H3MEHEHHE BHIOBOIO COCTaBa COOOLIECTBA HIIH
9KOCHCTEMBI BO BPEMEHH.

Tparnl Ha 06MeH — COCTaBISIOILAs 3HEpreTHueckoro OalaHca
ocobu, CBA3aHHAA ¢ MOUIEPKAHUEM XKHU3HEACATENBHOCTH OpraHU3Ma.
OO6B19HO M3MeEpAeTCH KaKk MHTEHCHBHOCTB JBIXaHUA C MOCIELYIOIUM
HEPECYETOM B DHEPreTHYecKUe eAMHUIEL. CyLIeCcTBYET MHOI'O JOCTa-
TOYHO HaJEKHBIX 3MIHPHYECKHX (OPMYI CBA3BIBAIOIIMX TpaThl Ha
0OMEH C Maccoii Tena U TeMNIEepPaTypoi cpesl.

Tpoduueckas rpynna — COBOKYNHOCTb 0CO0€H, 3aHUMAIOMUX B
OKOCHCTEME OJHHAKOBOE TPOMHYECKOE MOJIOKEHHE, HalpUMeEp
IUIAaHKTOHHBIE (PUIABTPATOPHI WIH KPYITHbIC HEKTOHHBIE XHMILHUKH.

Tpoduueckas cetb — COBOKYNHOCTh TPO(PHUUECKHX IPYNIT KO-
CHCTEMBI, COCIMHEHHBIX TPOPUIECCKUMHU CBA3IMH. OOBIIHO NMPEACTaB-
JII€TCS B BUJI€ OPUEHTHPOBAHHOTO Tpada.

®AP — (HoTOCHHTETHYECKH AKTHBHAs 4aCTh COJIHEUHOH pajua-
IMH. .

Xuporomuasl (Chironomidae) — JHYHHKH KOMapoB, OAHA H3 OC-
HOBHBIX gacTel OeHTOCA.

Hlymsmme napaMeTpbl — IapaMeTpPhl, pealH30BaHHbBIE B MOIEIH

B BHJIE CITYYaiHbIX BEIHIHH.

IBTpoHKANAA — IpPOLECC NEPEXOAA 03€p U3 ONHUrOTPOoHOro
COCTOsHHS B 5BTpodHOE.

JNMIMMHHOH — YacTh BOJHOrO TeJa 03€pa, PacroIOXKEHHas BbI-
ILIE CJIOS TEMIIEPATYPHOro cKavka.

DPpunuyM — IOKOSIIEEC SHIO KIaA0LEphI.

SI3BIKM MOJEJIHPOBAHMS — CPEACTBA MOCTPOCHHMA KOMIBIOTED-
HBIX MOJeJcH 6e3 o6palueHys K YHUBEPCAIbHBIM A3bIKaM NPOraMMH-
POBaHHMA TOCPEACTBOM HCIONB30BAHHS TEPMUHOB M CPEACTB Mpea-
meTHOM o6nactu. IIpumeps! s3sikoB Mozenuposanus — CAIIOUP,
SIMULA, STELLA.

SI3LIKH POrPaAMMHMPOBAHMA — CPEJACTBO NEPE/a i KOMILIOTEPY
JAHHBIX O BBIYHCIMTEILHOM WIH MOJENHUPYIOIEM AIrOPUTME B yHH-
BepcanbHOM BHAe. B Hacrosulee BpeMs Haubonee pacrpOCTPaHCHbL
s3p1ku C++, Delphi, Visual Basic
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