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Tema 1. 3BTpOodPHUpOBaHHE BOAOEMOB:
NPUYUHBI U IIOCJIe ACTBUA.
KoHuenmusa 6MOreHHOM Harpy3Ku.

Jlekuuu MO TEMe MOCBSIIEHBI OJHOM W3 CaMbIX AaKTyallbHBIX
U IIUPOKO U3BECTHBIX MPOOJIEM aHTPOIOTE€HHBIX U3MEHEHUU BOJHBIX
KOCHCTEM — AHTPOINOTr€HHOMY 3BTpodupoBanuio. B jneknusax garot-
Csl OINPENENICHUSI OCHOBHBIX IMOHSTUH, CBA3aHHBIX C MPOOJIEMOIl aH-
TPOMOTEHHOT'0 3BTPOPUPOBAHUS: TPOPUUECKHUI TUI BOJOEMA, €CTe-
CTBEHHOE M aHTPOMNOTreHHOE 3BTpOodUpOBaHUE, ACIBTPODUpPOBaAHUE,
OuoreHHas Harpy3ka Ha BojoeM. CTyAEHTBI JIOJKHbl YCBOUTH OTJIH-
Yusl 10 PsAJlYy KaUYeCTBEHHBIX M KOJMYECTBEHHBIX MAPaMETPOB MEXKTY
OJIUTOTPOHBIMU, ME30TPODHBIMHU, 3BTPOGHBIMU U JTUCTPOPHBIMU
BOJIOEMAMU, NMPUYUHBI, 3Tallbl U TMOCJIEACTBHUS AHTPONOTE€HHOTO 3B-
TpodUpOBaHUS BOJHBIX IKOCHUCTEM, KIacCU(PUKAIIUU TTOKa3aTeseH B-
TpodUpOBaHUs, UX IPEUMYIIIECTB U HEAOCTATKOB MPHU OIIEHKE Tpodu-
YECKOT0 COCTOSIHHSI BOJOEMOB, OCOOCHHOCTH NMPUMEHEHUSI UHJICKCOB
Tpodudeckoro coctosiuus. Kpome Toro, CTyJieHThl 3HAKOMSITCS C O]I-
HON W3 MPAKTUYECKUX CTpaTeruid mo O0Opbr0€ C aHTPOMOTEHHBIM 3B-
TpoupoBaHUEM, 3aKIIOYAIOIIEHCS B CHIKEHUM OmoreHHou (doc-
dbopHOIT) HArpy3KH Ha BOJOEM, ISl ITOM €U UCIOIb3yEeTCS MOJICIb
P. ®omnenBaiinepa. IloiydeHHblE TEOpEeTHUECKUE 3HAHUS OyIyT
HEOOXOJMMBbI W JIOCTAaTOYHBI IS YCIEHIHOTO PEIICHUs 3aJaHuid
Ha MPAKTUYECKUX 3aHATUSIX U 3aKPETUICHUS COOTBETCTBYIOIIUX KOM-
NeTeHIMN 1o nuciuiinaamM «buopasHooOpasue BOAHBIX AKOCUCTEM,
X (PyHKIIMOHUPOBAHUE, OXpaHa M BOCCTAHOBIICHHE», «AHTPOIOTCH-
HbI€ U3MEHEHUS BOJHBIX DKOCHUCTEM M METOJIbI UX BOCCTAHOBJICHUS,
«30paHHbI€ T1aBbl TUIPOIKOTIOTUNY, «I UIPOOMOIOTHS.

Karmuesuvle c108a

Tpoduueckuii TN BojoeMa; oJUroTpodHbie, MEe30TpOdHbIE, IB-
TpOHBIE U JUCTPOPHBIE BOJIOEMBI; €CTECTBEHHOE W aHTPOIOTE€HHOE
3BTpodHpoBaHUE; JeIBTpodupoBaHue (peoaurorpodusaius); OTHO-
menue Pendunna; OuoreHHas Harpys3ka (BHEIIHSISE U BHYTPEHHSIS);
dbocdop; a3oT; yriaepoa; UHACKC TPOYUUECKOTO COCTOSIHUS, TUarpam-
Ma P. @osuieHBaitaepa.



CodepiicaHue npakmu4yeckKux 3aHamutl

[IpakTrueckue 3aHATHS MO JAHHOW TeMe MPOBOAATCA B (popme
CEMUHAPOB, Ha KOTOPBIX CTYJICHTHI MIPU yYaCTUU MpeErofaBaress 00-
CY’KIAIOT BBIOpPAHHBIE ISl JMCKYCCHM BOINPOCHI, IMPEACTABICHHbBIC
HIWKE B BUJE OTAECIBHBIX 3aaHuil. KpoMe TOro, 3aHsATHs BKIIFOYAIOT
Y pELLIECHUE PACUYETHBIX 3a1ay.

3ananme 1. [Ipu 3HaKoMcTBEe ¢ Tpoduyeckor Kinaccupuxanyen
BOJIOEMOB BCEr'/la BO3HUKAET COMHEHHE B 11€JIeCOO0Pa3HOCTH BbIJIEIIE-
HUSl TaK Ha3bIBAEMbBIX TUCTPO(PHBIX BOJOEMOB, KOTOPBIE MO MPOIYK-
TUBHOCTH OY€Hb IMOXOXXM Ha OJUroTpodusie. IIpounrtaiite cTaThio
B. B. bynboHa Ha 3Ty TeMy:

bynwon B. B. O nuctpodnom Tune ozep u kKiaccuPukaimm Boao-
emoB // Bogubie pecypchl. 1999. T. 26. Ne 3. C. 271-274 —

Y OTBETHTE HA CIIEAYIOLINE BOIPOCHI:

Kakue xpuTepuu MOJOXKEHBI B OCHOBY KiIaccU(pUKAIUNA 03€ep
M0 CTENEHU HX TPOMHOCTHU, TYMUPUIUPOBAHHOCTH U AIUTHOCTH?
[losicauTe, moueMy y aBTOpa CTaTbU BBI3BIBAET COMHEHHE KOPPEKT-
HOCTh OIIEHKH YPOBHSI TPO(HOCTH 03€p MO KOHIEHTPALMHU OOLIEro
¢docdopa? CornacHel i1 Bel ¢ MHEHUEM B. B. BynboHna, yto nucrpo-
bus He sBuseTcs Tpodudeckor kareropuein? IlpuBeauTe aprymeHTbl
B II0JIb3Y ATOM TOYKM 3peHus. KakuMm TepMHHOM mpensaraercs 3ame-
HUTh MOHSTUE «TUCTPOPHBII BOJOEM» ?

3ananue 2. M3ydas o03epo, Kakue CTaTUCTUYECKHE CBS3H
10 HANPaBJICHUIO (TIOJIOKUTEIBLHYIO KOPPEISIIIUI0O WJIH OTPHUIATEh-
HYI0 KOPPEJISIHUIO) Bbl 0KUAACTE OOHAPYKUTH:

a) MeXIy OnomMaccoil (pUTOTIaHKTOHA U KOHILIEHTpaIMeu XJIopo-
dbuiia «a» B BOJIE;

0) KoHIIeHTpalen xjopoduiia «a» M COJEepKaHUEeM OOIIEro
dbocdopa B BojE;

B) IIPO3pPaYHOCTHIO BOJBI 1O JuUCKYy CEKKM W KOHIIEHTpalueu
xJjiopoduiia «a» B BOJIE;

r) OMomMaccoi TUATOMOBBIX BOJOPOCIECH M KOHIIEHTpAILMEH pac-
TBOPEHHOTO B BOJIC KPEMHUS;

1) KOHILIEHTpaIe muHepaibHoro docdopa B BOJe M KOHIICH-
Tpanuei xjopoduiiia «ay,



¢) Oromaccoil pUTOIIaHKTOHA U OMOMacCO OaKTePHUOTUIAHKTOHA;

) Omomaccoil 0aKTEpUOIIJIAHKTOHA U OMOMACCOM 300IJIAHKTOHA,;

3) KOHIIEHTpaIuel MuHepaibHoro ¢ocdopa B Boje U 6Grmomaccoit
OAKTEepUOTUIAHKTOHA

1) buomaccoi (pUTOIUIAHKTOHA U CTEIICHBIO 3apacTaHMs BOjJOEMa
MakpoduTamu;

K) MPO3pPaYyHOCTHIO0 BOABI 10 JUCKY CEKKHM U CTENEHbIO 3apacTa-
HUS BOJIOEMA PACCTaMHU,;

J) coiep)KaHueM KHCJIOpoAa B BOJie o3epa W Omomaccou (UTO-
IJIAaHKTOHA,;

M) OMoMaccoil 0aKTEpUOIJIAHKTOHA M KOHIEHTpAIIUEH YTIICKHUC-
JIOTO Ta3a B BOJIC 03€Pa;

H) KOHIICHTpaluen xjaopoduiiia «a» B Bojae u pH BojsI;

0) KOHIICHTpAIlMel MUHEPaIbHOTO a30Ta B BOJIe U OMOMAaccoi re-
TEPOIUTHBIX a30TPUKCUPYIOMIHNX IUAHOOAKTEPHIA,

1) Oromaccoit 3000eHToca U buomaccoi (PUTOMITAHKTOHA?

OTBETHI OOBICHUTE.

3apanme 3. IlogymaiiTe, B KaKux CiIydasX HCCJICAOBATEIb, CO-
OpaB (pakTHUECKHE JAHHBIC, MOXKET HE YCTaHOBUTH CTATUCTHUYECKOM
CBSI3M MEXJYy MapaMu NoKa3aTesen, IEPEYNCICHHBIX B 3aJIaHUU 2.

3ananme 4. [louemy cBs3p Mexy oOmuM pochopoM M KOHIICH-
Tpauuen xjJopoduiia «a» B 03epax MeHee BapuadenbHa (0oJiee CTpo-
rasi), HeKeJl B pekax?

3amanme 5. [IpounTtaiite crarbu:

1. bynason B. B. Umeet 11 MecTo ecTeCTBEHHOE dBTPOPUPOBAHUE
o3ep? // Bogubie pecypcenl. 1998. T. 25. Ne 6. C. 759-764.

2. lanenko FO. C. O cratbe B. B. bynasona «Mmeer nu mecto
ecTecTBeHHOEe 3BTpodupoBanHue o3ep?» // Bomuwie pecypcbl. 1998.
T. 25. Ne 6. C. 765—-766.

3. Anderson N. J. Naturally eutrophic lakes: reality, myth or my-
opia? // Trends in Ecology and Evolution. 1995. Ne 10. P. 137-138 —

" IMPpOBCAUTC TUCKYCCHUIO 110 CJICAYIOIIHUM BOIIPpOCAM:

CornacHsl I Bbl C MHEHHUEM, YTO BOJHBIE SIKOCHUCTEMBI MOCTENICH-
HO HM3MEHSIOTCSI B CTOPOHY MEpexo/a OT OJIMTOTPO(GHOTO COCTOSIHUS
B 3BTpoHOE? Bo3MorkeH T 0OpaTHBIN NMpUpOoAHBIN mporiecc? SBiser-



Csl I BHYTPEHHsS OMOTE€HHAs Harpy3ka camMOCTOSITENIbHBIM (PaKkTopom
sBTpoupoBanus o3ep? Kakue maHHbIC HE COTIACYIOTCS C MpECTaBIIe-
HUEM O CYIIIECTBOBAHWHU E€CTECTBEHHOro »BTpodupoBanus? [lo kakum
MPUYMHAM B HEKOTOPBIX PETMOHAX MOTYT CYIIECTBOBATH 03€pa C «IIPH-
POHBIMUY» 1TMAHOOAKTEPUATIbHBIMU 1BETEHUSIMU? C IIBETEHUEM BOJIbI
a30TPUKCUPYIOIIUMHU ITUAHOOAKTEPUSIMU?

3ananue 6. Kakas dopma docdopa anexBatHee OyJaeT oTpakaTh
Tpoduyeckuil craryc BojgoeMa — o0muid hpochop nim MUHEpaIbHbIN
dbochop, nouemy?

3ananme 7. Paccuutaiite HMHIAEKC TPOYUUECKOTO COCTOSHUS
(mo B. B. Bynbony) mi1g 03ep ¢ UCIOJIb30BaHUEM JAHHBIX 1O CpPEJIHE-
roJIOBOM KOHIIEHTpaIuu Xjopoduiia «ay», odmiero gochopa u mpo-
3pauHocTH BoAwl (bynbson, 1997):

NUTCcn =40 + 20‘|gCh|

UTCp =18 + 29'|gTP

NTCg =75 —46¢°IgS,

rae Chl — koHIeHTparus XI0poduiuIa «a», MKI/JI;
TP — xoHnenTparnus obiiero dhocdopa, MKI/J;

S — npo3pauHOCTh BOBI 110 JUCKY CEKKH, M.

I'papanus tpodpHoctn BogoemoB nmo UTC: ot 0 go 20 — yiib-
Tpaoaurotpodusie, oT 20 1o 40 — onurorpodusie, oT 40 10 60 —
Me3otpodubie, oT 60 1o 80 — »BTpoduEIe, oT 80 10 100 — runep-
BTPO(PHEIE.

OO0mmi IIpo3pauHocTh

Xiaopoduia «ax»
pog > ¢dochop, mo gucky Cekkmn,

O3epo

mker/an (Chl) mr/a (TP) M (S)
[Inemeeno 2.0 0.04 4
ProMHMKOBO 6.6 0.015 1
Hepo 100 0.13 0.4
Hckpobon 199 0.33 0.3

1. Onpenenute TpoPUUEeCKUil cTaTyc O3€p Ha OCHOBE IMOTYYECH-
HBIX UHJIEKCOB.



2. Yacto pacuer UTC no pa3HbIM MOKa3aTesiM JaeT pa3inyaro-
1IMECS PE3YIbTATHI U OJIMH U TOT XK€ BOJOEM IO OJJHOMY U3 ITOKa3aTe-
Jel MOXHO KJacCUPUIMpOBaTh, HAmpuUMep, Kak 3BTPOQHBIH,
a 1o Ipyromy — Kak Me30Tpo(HbIi. CTOJKHYJIHUCH JIK BbI C OJIOOHOM
curyaruen nipu pacuere UTC nma ganasix o3ep? Ecnu ma, To moay-
MaiTe, KaKuM 00pa3oM MOKHO OOBSICHUTH HECOOTBETCTBUE MEXKIY
OLICHKaMH TPO(HUUECKOTO CTaTyca MO pa3HbIM MOKa3aTessiM?

3ananme 8. Case-study: OBTpodupoBanue o3epa BamuHrTOH
(CHIA). IlpoumTaiite cienyroomme pasjieibl KHUTH. DIMOHIACOH T.
[IpakTuka skosiorun. O0 o3epe BalmMHITOH U HE TOJBKO O HEM. M.:
Mup, 1998.

1. OBTpOodHKaIMI ¥ BOCCTaHOBIICHUE 03epa Barmmarrod (c. 16-29).

2. Peaknus oOmiecTBeHHOCTH (¢. 29-44).

3. Onoxa naduuu (c. 44-52).

4. YpyThb (c. 52-55).

5. Heiaemnee cocrostaue o3epa Bammurron, BeiBosr (c. 57-61)

— ¥ OTBETHTE Ha BOIPOCHI:

1. Kakoii u3 MeTo10B 00phOBI ¢ 3BTpOGUPOBAHUEM OBLIT IIpUME-
HEH /Ui o3epa BammHITOH C 1eNbl0 YIyUIlIeHUus €ro 3KOJI0THYECKOTO
COCTOSIHUSI M CHIDKCHHS IIBETCHHUS BOJIBI ITMaHOOakTepusmu? B dem
BBl BUIUTE HEAOCTATKU HCIIOJIb30BAHHOW TEXHOJIOTUU KOHTPOJIS
32 aHTPOIMOTEHHBIM 3BTpOPUpoBaHrEM ?

2. Kax T. DnMOHIICOH OOBSICHSET MPOM3OMISAIINEG H3MCHEHUS
B COOTHOIIIEHUH a30Ta U ¢ocdopa B 03€pHOI BOJI€ TTOCIIE MPOBEACHUS
BOCCTAHOBUTEIIBHBIX MeponpusTuii? M3MeHsao Ju 3TO pojib ATUX
OMOTEHHBIX AJIEMEHTOB B JJUMUTHPOBAHUM PAa3BHUTHS (DUTOILIAHKTOHA
B 03epe? OTBET 000CHYUTE, MPOAHATU3UPOBAB pUC. 1.6 U3 KHUTH.

3. Kakue BBIBOJBI BBl MOXKETE CliefiaTh, MPOUMTaB riaBy «Peak-
s oOmmecTBeHHOCTH»? C KaKUMH CIIOKHOCTSIMHU U KOH(MIUKTaAMHU
WHTEPECOB MOYKHO CTOJIKHYThCS TIPH pEATH3alMH IKOJOTHUYECKUX
IIPOEKTOB O KOHTPOJIIO 32 3BTPO(HUPOBAHUEM BOJOEMOB?

4. Yto ciyumnoch ¢ o3epoMm Bammnrron B 1976 r.? Pacckaxure
0 MEXaHM3MaXx, MPeaoOKeHHBIX T. DIMOHACOH JIi OOBACHEHHUS TeX
HETPEABUJICHHBIX HM3MEHEHHH, KOTOphIE MPOU3OIUIM C O03€pOM
c 1976 r.? IlompITaiiTech 0TOOpPa3uTh KaK MOXKHO IOJpOOHEe Ipo-
M3OIIEIINE U3MEHEHHUS B 03epe BanmHrToH B BU/Ie OJIOK-CXEMBI.



5. Kak T. D1M0HACOH 00BSICHUII PE3KOE BO3pACTaHNE KOJIUYECTBA
ypyTu B 03epe Bammurron? CornacHbl JId BBl C €0 TOYKOW 3pCHUSA?
Kak MOXHO 3KCIEPUMEHTAJIBHO JI0Ka3aTh TOYKY 3peHus T. DaIMOH]-
COHa O MOsIBJICHUU ypyTH B 03epe? KakoBa nojgoxuTenpHas U OTpuLa-
TeJIbHasi pPojib MakpoO(MUTOB JIJisI XO3SIUCTBEHHOM JEATEIBHOCTH Yelo-
BEKa U HKOJIOTMYECKOr0 COCTOSHUSI BoAoeMoB? Kakue Mepbl 0OphObI
C pacnpoCTpaHEHUEM YPYTH B 03epe ObLIN MPEAIPUHSTHI?

6. 3aKOHCIIEKTUPYUTE TE3UCHO Hanboiee BaXKHBIE, C BaIllel TOUKH
3pEHUSsI, BBIBOJIbI, KOTOPbIE MOXHO CHAENaTh U3 UCTOPUU Peaau3aluu
MIPOEKTa MO KOHTPOJIIO 3a 3BTpodupoBaHrueM o3epa Bammnrron. Ka-
KM€ YPOKH M3 3TOr0 HY>KHO M3BJICYb MPU Peau3allid aHAJIOTHYHBIX
IIPOEKTOB Ha APYTUX BOJOEMOB?

3aganue 9. [Ipumenenne auarpammer P. dosenBaiiaepa ¢ ue-
JIbI0 KOHTPOJISI aHTPOIIOTeHHOT0 3BTpodupoBanus (puc. 1).

50F
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Puc. 1. /Inarpamma P. @onnenBaiiaepa:
1o ocu abceryce — cpeanss rryouHa B Metpax (Hep),
10 OCH OpJIMHAT — T0JioBasi Harpy3ka ooduiero ¢ocdopa (P)
(pucyHok B3ST U3 KH.: [IpsiTkoBa, 2002 ¢ U3MEHEHUSIMH )



1. Hekoe 03epo A0ATHE TOJIbI MOABEPrajioCh aHTPOIIOTEHHOMY 3B-
TpoUPOBAHUIO, TIPU CPEJHEU TITyOMHE OKOJIO 5 M TeKyuas oOmas
dbochopras Harpy3ka cocTaBisieT 1 r/Msrox. Bbuo MPUHATO PEUICHUE
10 KOHTPOJIIO 33 3KOJOTHYECKUM COCTOSIHUEM 03€pa C LIEJIbI0 CHUXKE-
HUSI ero TpodUUecKoro craryca Ao me3oTpodHoro cocrtosius. Kak
MPEIONaraeTcs, 3TO0 MOXKET YJIYUYIIUTh Ka4€CTBO BOJBI U MPUBECTU
K YBEJIMUYECHUIO €€ MPO3PAavyHOCTH, YTO CMOXKET MpHUBIIeYb OoJjblee
YHUCJIO TYPUCTOB B JAHHBIA PETUOH. MHOIrHUE CTOPOHBI 3aUHTEPECOBA-
HbI B OCYIIECTBIICHUU JIAHHOTO MPOEKTAa, B YACTHOCTH MECTHBIE KUTE-
JM, YYEHBIE-PKOJIOTH, PErMOHAIbHBIE BJIACTH, KOMMEPUYECKHE KOJIO-
TUYECKUE OpraHu3alyu, TYPUCTUYECKUE KOMIIAHUM. DKOJIOTaMHu ObLIH
MPOBEJICHBI MPEIBAPUTEIbHbIC HAYYHbIC HCCJIEAOBAHUS O 3KOJIOTH-
yecKor 3(P(HEKTUBHOCTH BO3MOKHBIX MEPOIPHUATUIA 1O O00phOE ¢ 3B-
TpodupoBanueM. [lo urtoram paboThl OBUIO OILIECHEHO U3MEHEHHE 00-
e hocopHOM HArpy3Kd Ha 03€PO: €CIIM YBEIHYHUTHh MPOTOYHOCTH
o3epa, To pochopHas Harpyska Ha o3epo cHu3UTcs Ha (0.1 F/MZ'POJI),
MOJHOE YyJajieHue JOHHBIX oTiaoxeHuin (0.7 F/M2°I‘OI[), KOHTPOJIb
3a TOUCYHBIMH HCTOYHHKAaMH docdopa Ha Bogocoope (0.2 T/Merox),
CO3J]aHME 3alUTHBIX BOJOOXPaHHBIX 30H MO OeperaM o3epa
(0.1 I“/M2°F0ﬂ), €XKEroJIHOC M3BIATHE MakpoUTOB U3 BOJOEMa
(0.15 r/m°sron), mobaBneHHE B BOLy O3epa KapOOHATA KAIbLWs
U XUMHYecKoro cBsisbiBaHms docdopa (0.6 T/M°*To[I), MOHTHPOBA-
HUE€ YCTAHOBOK it aspanuu Boasl (0.3 F/MZ'FOﬂ). Ha obmiecTBeHHBIX
CJIYLIAHUSIX BO3HUKIIM ropsiurie criopbl. OOIIECTBEHHOCTh U TYPHUCTH-
YeCKHEe KOMIMAaHWU HACTauBalOT Ha yIIIyOJECHUM O3€pa MyTeM U3bITHUS
JOHHBIX OTJIO)KEHWH, 4TO OYyJEeT CIOCOOCTBOBATH PEKPEAIUOHHOMY
UCIIOJIb30BAHUIO 03€pa, MPUBEIET K YBEIWYEHUIO PHIOHBIX 3amacoB
Y UCIIOJIb30BAHUIO MAJIOMEPHBIX CYAOB JJISl TYPUCTHUECKUX TMOE30K
1o o3epy. IlpeacraBuresnb KOMMEPUYECKOU SKOJIOTUUYECKON KOMIIAHUU,
MHOTHE TOJbl CHEIUATU3UPYIOICHCS Ha cOOope BBICIIEH BOJIHOM pac-
TUTEJIHOCTH W3 BOJOEMOB, YOEKIAET NMPUCYTCTBYIOIINX, YTO CAMbIM
3 (PEKTUBHBIM METOJOM 10 CHHUKEHHIO TPOPUUYECKOTO COCTOSHHUS
o3epa OyAeT eKerolHOe U3bATHE MaKPOPUTOB U3 03€pa, COAEPKAIIUX
orpomHsbie 3amnackl Gocdopa. PernonanbHbie BJIaCTH MpejiaratoT OT-
Ka3aTbCsl OT IOPOTOCTOSIIIEH TEXHOJIOTUN YIAJICHUSI TOHHBIX OTJIOXKE-
HUW, 2 BMECTO ITOTO CHM3UTH BHEIIHIOIO (OChHOpHYIO HArpy3Ky ITy-
TE€M KOHTPOJIA 32 TOUCYHBIMU UCTOYHUKAMHU, YBEJIMUYUTh TPOTOUYHOCTh
03€pa U NPUBJIEYb IKOJOTUYECKYI0 KOMIIAHUIO JUISl €KETOJHOTO U3bs-



TUA U3 03epa MakpoPuToB. CaoBO OepeT YUEHBIH-IKOJOT... TO €CTh
Br1. Kakyro Obl Touky 3peHus Bwl mognepikain, UCXOAs U3 SKOJIOTHU-
yeckor A((PEKTUBHOCTH M SKOHOMHUYECKOM I1€JIeCO00Pa3HOCTH BO3-
MOKHBIX MEPONPUITHI 1O OOPHOE C aHTPONOTEHHBIM IBTPOPUPOBA-
HueMm? Xopolo npoayMaite Bamm aprymeHTbl, 4TOObl yOEIUTh TY
VI UHYIO 3aMHTEPECOBAHHYIO CTOPOHY B HEOOXOIMMOCTH IPOBEIE-
HUS KOHKPETHOT'O MEPOTNPHUATHS JUIsl JOCTHXKEHUS TMOCTABJICHHOM Iie-
au (rmepeBoji 03epa B Me30TpoHOE cocTosiHKUE). BO3MOXXHO 11 Tiepe-
BECTH 03€PO B UYHCTOE OJMTOTPO(PHOE COCTOSHHE B JOJTOCPOUYHOM

NEPCIEKTUBE?
2. YCTaHOBJIGHO, YTO B THUIIEPIBTPO(PHOE MEIKOBOIHOE O03EPO
2
(mnomane — 57 kM°, cpenHsas riyouHa — 1.5 MeTpa) €XKeroaHo

C mpUTOKaMu U ¢ BojaocOopa mnocrymaer 18 T ¢ocdopa. Pacuers
BHYTpeHHEN (PochopHOIl HArpy3KU HA OCHOBE MPOBEJCHHBIX Jabopa-
TOPHBIX YKCHEPUMEHTOB IO CKOPOCTH BBIJICJICHUSI 3TOr0 3JIEMEHTA
U3 JIOHHBIX OTJIOKEHUM MOKa3aiu rojoByo BenuuuHy B 100 T dhocdo-
pa. Ilockonbky BHYTpeHHss ¢ocdopHass Harpy3ka 3HAYUTEIBHO Tpe-
BBHIIIIAET BHEIIHIOW, IS MEpPeBoJia o3epa B ME30TPO(HOE COCTOSHHE
MJIAHUPYETCSI OCYIIECTBUTH JOPOTOCTOSIIEE MEPOIPUSITUE — TTOJTHO-
CTBIO H30JIMPOBAaTh JOHHBIC OTJOXKEHHUSI OT TOCTyIuieHus: docdopa
B 03¢epo. Mcnonb3ysa nuarpammy P. @osnnenBaiinepa, npogyManTe Io-
CJI€OBATEbHOCTh HEOOXOJIMMBIX PAcYeTOB M OTBETHTE Ha BOIPOC:
MPUBEACT JIM TUIAHUPYEMOE MEPOIIPUSITUE K JKEITAEMOMY PE3YJIbTATy?

3aganue 10. OqHUM U3 HETATUBHBIX TMOCIEICTBUN aHTPOIIOTCH-
HOTO 3BTPOMUPOBAHUS SBISICTCS BO3HMKHOBEHHE TOKCHUYHOTO «IIBE-
TEHUSI BOJB» H3-3a 4pe3MepHOro pocra ¢uroruiankToHa. [losromy
BOKHBIM ITAllOM B M3YYEHHUU aHTPOIOTEHHOTO ABTPOGUPOBAHUS SIB-
JS€TCS YCTAaHOBJICHWE JMMHUTHPYIOMNX (DAKTOPOB pPa3BUTHS (PHUTO-
IIaHKTOHA. J[7Is ATHX Iienell 4acTo HMCIOJIb3yeTcsl OTHOIIeHHe Pe-
dunga (C:N:P=106:16:1), noka3piBatoiiiee MOJSIPHOE COOTHOIIECHUE
B OMoMacce (PUTOTIaHKTOHA OCHOBHBIX OMOTEHHBIX 3JIEMEHTOB yTJIE-
pona, azota u ¢gochopa, HEOOXOAUMBIX JJII HOPMAIBHOTO (PYyHKITHO-
HUPOBAaHUS MPOIYIEeHTOB. JIF000e OTKIIOHEHHE OT ATOr0 COOTHOIIIE-
HHUS MO>KHO HCIIOJIL30BaTh JUISI OLIEHKH TOrO, KAKOW M3 OHMOTI'CHHBIX
AJIEMEHTOB SBJISETCS JTUMHUTUPYIOMUM. VICX0/ M3 3TOTO, ONpeein-
T€, YTO JIMMUTHPYET pa3BUTHE (PUTOILUIAHKTOHA B TPEX O3epax.
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Boxoem C:N:P B ¢puTOomiankTrone
Ozepo 1 200:35:1
O3epo 2 106:4:1
O3epo 3 500:16:1

3ananume 11. HecMoTps Ha, Kazajaoch ObI, OKOHYATEJIBHO JOKa-
3aHHBIA (aKT KIIIO4eBOM posiu ¢ochopa B 3BTPOPUKALIMU TPECHOBO/I-
HBIX BOJIOEMOB, NMPUYUHBI aHTPOIIOTEHHOTO YBTPODHUPOBAHUS PA3HBIX
TUTIOB BOJHBIX YKOCHUCTEM JI0 CHX TOp OCTpO obOcyxknatoTcs. CBue-
TEJIHLCTBOM MPOJI0JKAIOIIETOCs TaK Ha3bIBaeMoro «crnopa o gocdoper»
SIBJISICTCSL PA3TOPEBIIASCS B HACTOSIIEE BPEMs THUCKYCCHSl HA CTPaHU-
I1aX OJIHOTO M3 CaMbIX MPECTHKHBIX HAYYHBIX XKypHaIIoB Science. Tak,
IpeasiaraeTcs KOHTPOJIUPOBATH IBTPO(YUPOBAHUE IMYTEM CHUKECHHUS
MOCTYIUICHUSI B BOJAOEM HE TOJIbKO ¢docopa, HO U a30Ta. A KakoBa
pOJIb TJIOO0ANTBHOTO MOTeIUIeHus B 3BTpodupoBanuu? Ilpoananmnsu-
pyiiTe MpeIoKeHHbIE MaTepHuajbl, JOBOJBI B IMOJb3Y KaKOW TOYKHU
3peHHUs 0 BaxKHOCTH (hocdopa W/Min a30Ta, IOBBIIICHUS TeMIIEpaTypPhbl
B BOBHHMKHOBEHHH U KOHTPOJIE aHTPOIIOTEHHOTO ABTPOGUPOBAHUS T10-
Ka3aJuch BaM Hanbosee yoeautenbHbiMu? ChopmMyIupyiTe Uux B TET-
pazu B BUJIE KPATKUX TE3UCOB.
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Konmpwleble 80NpocusI no meme

1. Konueniusa tTpodudeckoro craryca BOJAOEMOB: JIaiTe ompee-
JeHue TepMHUHY «Tpoduueckuil Tun Bojgoema 2. KTo BmepBbie mpen-
JOXUII 3TO moHATHe? Pacckaxkure o0 KiaccuPUKAMU BOJOEMOB
10 YPOBHIO OMOJIOrHYECKON MPOTYKTUBHOCTH.

2. Oxapakrepusyite oaurorpodHsie, Me30TpodHbIC, IBTpOPHBIC
U AUCTPO(PHBIE BOJOEMBI MO CIEIYIOMIUM IMOKa3aTessiM: MOphoMeT-
pusi, TUIl TPYHTA, KOHIICHTpAIHMs OMOTCHHBIX 3JIEMEHTOB, MPO3pad-
HOCTb, IIBETHOCTh BOJbI, COAEPKaHUE KHUCIOPOJA, PHIOOIPOIYKTHUB-
HOCTh, YPOBEHb Pa3BUTHS T€X WJIU MHBIX OMOJOTMUYECKUX COOOIIECTB.
[IpuBenute npuMepsl NOJOOHBIX BOJIOEMOB B SpociiaBCKOl 00J1aCcTH.

3. Cykueccusi BOZHBIX 3KOCUCTEM: YTO TAKOE€ €CTECTBEHHOE U aH-
TPONOTeHHOE 3BTpOodUpoBaHue, AeIBTpodupoBanue (peoaurorpodu-
3arust)? [IpuBeaute npuMepsl.

4. TlpuuuHbl pa3BUTHUS AHTPOMOTEHHOTO BTPOPUPOBAHUS: TEM-
nepaTypa, OCBEIICHHOCTh wiun apyrue pakropsi? «Crop o pocdoper.
[lepeuncnute TUMBI UCCICIOBAHUN U SKCIIEPUMEHTOB, KOTOPBIE JOKA-
3aJIM KJIIOYEBYIO poJib (pochopa B 3BTpodHpoBaHUU BOAOEMOB. UTO
Takoe oTHomeHue Peadunpma? UTo oHO MOKa3ajo B OTHOIICHHWH JIH-
MUTHPOBaHUS (PUTOIUIAHKTOHA B Bojoemax? Kakue emé OMoreHHble
AJIEMEHTBI «IIOJ03PEBAIOTCS» B PA3BUTHH IIPoIlEcca 3BTpoPpupoBaHms?

5. Konnenuus OuoreHHON Harpy3ku — B 4eMm e€ cyTh? [laiite
TOYHOE OMpeieiCHue ToMy, 4To Takoe ¢ocdopHas (a30THas) HArpy3-
ka. UeM BHemHss OWOreHHas Harpy3ka OTJIMYaeTCs OT BHYTPEHHEH
Harpy3Ku?

6. @ocdop u a30T B BoJOEMAX, UX JIUMUTUPYIOIIAs POJib A (u-
TOTUTAHKTOHA: PACCKAXUTE, B COCTaB KaKUX KUBBIX CTPYKTYP BXOHIST
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3TH 3JIEMEHTHI, UX POJIb B OpraHu3Max, (OpMbl MPUCYTCTBUS U OCO-
OCHHOCTH KPYyroBOPOTa B BOJI0EMaX.

7. KakoBa poib MaKpo(puTOB BO BHYTPHUBOJOEMHOM KPYTrOBOPOTE
dochopa? Kak MOXHO HCMOJIB30BaTh MakpOPUTHI B peaOUIMTALIUU
BOJHBIX DKOCUCTEM?

8. O0bsicHuTe, MOYeMy B mporiecce ooMmeHna ochopa MEXITy THOM
Y BOAHOM TOJIIEN BAXHYIO POJIb UTPAOT KUCIOPOA U kene30. [louemy
3HAHME ATOTO MPOIEcca BAXKHO MPU pa3pabOTKE METOJ0B BOCCTAHOBJIE-
HUs BojgoeMoB? [loueMy cHIKaTh KOHIIEHTpaIuio ¢ocdopa B BogoemMax
IIPOITIE, YeM KOHIICHTPAIMIO a30Ta, ¢ KAKUMH OCOOSHHOCTSMH KPYTOBO-
POTOB 3THX 3JIEMEHTOB B OHOoc(epe 3TO CBSI3aHO?

9. [lokazarenu TPOYHUUECKOTO COCTOSHHUS BOJOEMOB: XHMHYE-
ckue, onosiornyeckue, puszndeckue. [lonpoOHO pacckakuTe O JOCTO-
WHCTBaX W HEIOCTaTKaX KaKJIOro M3 TOKa3aTelIed MpU OIEHKE TPO-
¢dbrueckoro craryca BOJ0OEMOB.

10. MunukaTtopHasi pojib OMOJIOTHYECKHUX COOOIIECTB: BBISIBUTE
OCHOBHBIC TEHJCHIIMU B U3MEHEHUM CTPYKTYphI (PUTOIJIAaHKTOHA, 30-
OIUIAaHKTOHA, 3000€HTOCa, MAaKpPO(PUTOB M UXTHUOIIEHO3a MO MEpe IB-
TpodupoBaHus BojgoeMoB. OToOpa3uTe 3TH M3MECHEHHUS Ha Tpadukax,
r7€ M0 OCH a0CIMCC OTJIOKUTE BO3pacTaHue TPOPUUECKOTro cTaryca
(oT omuro- 10 3BTPO(PHOTO), a MO OCH OPAMHAT — OTHOCHUTEILHBIN
BKJIaJ B 00mIue (coo0I11ecTBa, rpymil, BUIOB).

11. Yem HOMEHKJIATypHBIE TpOo(HUECKHE KAl OTIMYAOTCS
oT Hymepuueckux? KakoBo npeumytmiecTtBo mnociennux? YUrto Takoe
uHACKChl Tpoduueckoro coctosauss UTC (trophic state index, TSI)?
[IpuBeauTe nmpumepsl n3BecTHbIX Bam UTC.

12. Pacckaxxute 00 3Tamax pa3BUTHs aHTPOIOTEHHOTO 3BTPO(HPO-
BaHus. KakoBBI MCTOYHUKHN M TIOCJICICTBUS ISl Y€IOBEKa aHTPOITOTCH-
HOro »BTpodpupoBanusi? Kakwe THIIBI MCTOYHHUKOB 3BTpOdHpoBaHUS
Jierye KOHTPOJIUPOBAThH IIPU BOCCTAHOBIICHUH BOJIOEMOB U TIoUeMy?

13. YUto Takoe «1BereHne Boas»? YeM ommacHO JaHHOE SIBJIEHUE?
[ToueMy 0cOOEHHO ONACHO IMaHOOAKTEpHUATBLHOE 1IBETEHUE BOBI?

14. BoccTaHOBIIGHHE BOJHBIX 3KOCHCTEM Yepe3 CHIDKEHHE Ouo-
reHHOM Harpy3ku: mojenb P. donnenBaiigepa. OObICHUTE CyTh IUa-
rpamMbl  P. @ojuieHBanaepa, IMOKAXUTE, KakK €€ HCIOJIb3YIOT
IU1s1 O0PBOBI C AHTPOIIOTCHHBIM BTPOPUPOBAHUEM.
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Tema 2. Tpopuyeckasa CTpyKTypa BOAHbIX IKOCUCTEM.
Teopust AMHAMUKM NMULIEBLIX Lieneun

Ha nexuusix mo JaHHOW TeME JAE€TCsl MPE/ICTABICHUE O COBPEMEH-
HBIX TUIIOTE3aX W TEOPUSX, CBA3AHHBIX C KOHIICHIMEH JUHAMUKH TH-
IIEBBIX IIEMel B BOJIHBIX 3KocucTeMax. CTyAeHThI Y3HAIOT O TUIIOTE3aX
«3eneHoro mmpa» (HSS hypothesis) u  pasmepHoii 3ppeKTHBHOCTH
(size-efficiency hypothesis) u o Toit poyi, KOTOPYIO 3TH TUIIOTE3bI CHIT-
panu B pa3zpaboTke Teopur Tpoduueckoro kackana. IloapobHo uzia-
raroTCs OTJIMYHUS TEOPUU TPOPUUECKOTO KacKaaa OT TEOPUU KOHTPOJIS
«CHU3Y-BBEPX» M «CBEPXY-BHU3» («bottom-upltop-down theoryy). Tlo-
CJIE ITOTO0 PACCKA3bIBACTCS O NAJbHEHMIIIEM Pa3BUTHU TEOPETHUYECKUX
MPEACTABICHUA O CTPYKType U (DYHKIIMOHUPOBAHUHU THUIIECBBIX CETEH
B BOJIHBIX JKOCHUCTEMAax: THIOTE3€ HKOCHCTEMHOM JKIUIyaTaluu
(ecosystem exploitation hypothesis) u moaene ®perBemna — OkcaHe-
Ha. [TocnenHuil ITpUX B paccka3e O COBPEMEHHBIX MPEACTABICHUSX B
o0jacT pa3pabOTKH TEOPHH AWHAMHKHU TMHIIEBBIX IENeld — 3TO 3Ha-
KOMCTBO CTYJICHTOB C KapJIMHAJbHOU CMEHOW IPEICTABICHUN O POJIU
penyleHTOB (0aKTEepUOIIAHKTOHA) B BOJIHBIX JKOCHCTEMAX, M3JIOXKeE-
HUE CYyTH KOHIETIIUU MUKPOOHOM meTiin. OkaHuUBaEeTCs CEPUs JICKITUH
M0 JaHHOW TeM€ M3JI0KEHUEM MPUKIAJHBIX ACTIEKTOB MCIOJb30BAHUS
TEOPUU TMHAMUKHA MHUIIEBBIX IIEMEH, CBI3aHHBIX C KOHTPOJIEM aHTPO-
MOTEHHOTO IBTPO(PHUPOBAHUS YEPE3 PEryJIMpOBaHUE CTPYKTYpPhl TPO-
(dbuueckux 1ene B BOJHBIX dKocucTemMax (onomanunyssiius). Tem ca-
MBIM OOECIIEYMBAETCS JIOTUYECKAsi CBSI3b JIAHHOW TeMbl ¢ Temoil 1.
JInst NOATBEPKIACHUST TEX WIIM MHBIX TEOPETUYECKUX IOJOKEHUN HC-
MOJIB3YIOTCS MHOTOUUCIICHHBIC TIPUMEPBI U PE3YyJIbTaThl PEAIbHO MPO-
BEJICHHBIX AKCIEPUMEHTAIIbHBIX HCCIEIOBaHUM, OMYyOJIUKOBAaHHBIX
B BBICOKOPEUTHUHTOBBIX 3apyOeKHBIX HAyUHBIX JKypHajax. Takum 00-
pa3oM CTYJICHTaM TPUBUBACTCS JIOTUKA W METOJIOJIOTHS PEalIbHbIX
HAYYHBIX UCCIIEOBAHUN B 00JIaCTH BOJHOM 3KOJIOTHUHU.

Kamwuessle cs108a

I'unoresa «3eaeHoro mupa» (HSS hypothesis); rumoresa pasmep-
HoW 3¢ dekTuBHOCTH (Size-efficiency hypothesis); konmenmmst Tpodu-
YECKOTO KacKaja; MOBEICHYSCKUNA KacKal; TCOPUS KOHTPOJS «CHHU3Y-
BBEPX» U «CBEPXY-BHU3» («bottom-uUpltop-down theoryy); rumotesa
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HKOCHUCTEMHOM dKILTyaTaruu (ecosystem exploitation hypothesis); mo-
nenb ®dperBemsia — OKcaHEHA; THUIIOTE3a KIOYEBOIO XHIIHUKA/TIO-
TpeOUTEINS; MUKPOOHAS METJIA.

CodepiicaHue npakmu4yeckKux 3aHamulil

[IpakTHueckue 3aHATHS IO JIAHHOM TeMe MPOBOIATCS B (Qopme
CEMHHAPOB, Ha KOTOPBIX CTYJICHTHI MPH y4aCTUU MpenoaaBartelisi 00-
CYXKJIalOT BBIOpaHHBIC /JIS JUCKYCCHUU BOIPOCHI, MPEACTABICHHBIC
HIDKE B BUJIE OTIIEJIBHBIX 3ajaHuil. Kpome Toro, st OCBOCHUS MaTe-
puasa TeMbI MpeIyCMaTpUBAETCs TIPOBEJACHUE Ja00PATOPHOM PabOTHI.

3ananue 1. B 3BTpodHBIX 03epax 4yacTo HAOIIOAAIOTCS 3UMHUE
«3aMOPBD PHIO M3-3a neuiuTa KUCIOpoia, KOTOPBI OBICTPO pacxo-
JyeTCs MO0 JIbJOM Ha OKUCJICHUE OPraHUYecKoro BemiecTBa. MHoraa
MOCJ€ TaKUX MAaCCOBBIX 3aMOPOB PBHIObI JIMMHOJOTU (PUKCUPYIOT
Ha CJICAYIOIIMI TOJ MOCe 3aMopa yBEIUYCHUE MPO3PAYHOCTU BOJIBI
32 CUET CHIDKCHHS DPa3BUTHSA (DUTOIIAHKTOHA, XOTS KOHIICHTPAIIHS
OMOTEHHBIX AJIEMEHTOB, KaK MPABUJIO JIMMUTUPYIOIIUX Pa3BUTHE MUK-
POBOJOPOCIEH, B BOJE MOYKET OCTABaThCsl HEM3MEHHOM. Kak BbI Mo-
XKeTe 00bSICHUTD MTOA00HBIE U3MEHEHHUS?

3ananue 2. Onuiure, Kakue KOPPesSIMOHHbBIE CBSI3U 110 HAINpaB-
JeHUI0 (TOJIOKUTENIbHYIO (TIPSAMYIO) KOPPEJSIIUIO WIM OTPUIIATENh-
HYI0 (0OpaTHYI0) KOPPEJALMIO) BBl 0XKHJIa€TEe 0OHAPYKUTH, UCCIIEI0-
BaB HECKOJIBKO HEOOIBIIINX 03€p:

A. Mexnay OnomMaccoi XMIIHBIX PbIO U OMOMaccoi pacTUTEIbHO-
SITHOTO 300IIJTAaHKTOHA?

b. Mexny OuoMaccoil XUIIHBIX PbIO U OMoMaccoil (PUTOITaHK-
TOHA?

B. Mexny OuomMaccoil MIAaHKTOSAHBIX pbl0 U OMOMAaccoil pacTu-
TEJIbHOSTHOTO 300TUIAaHKTOHA?

I'. Mexy 6uomaccoil TUIaHKTOSHBIX pbIO M OuomMaccoit guto-
IJJAHKTOHA?

[Togymaiite, B KaKuX CiIydasX B3aUMOJICUCTBUS ABYX Tpoduue-

CKHX ypoBHeW Oyjger mnpeobimanaTh «top-downy», a B Kakux —
«bottom-up» KOHTPOJIH?
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3ananue 3. B pamkax rumnore3sl Me30TPOPHOro MakCHMyMa
(Carney, 1990; Elser, Goldman, 1991) yTBepxmaercs, dYTO
«top-downy sddext Gosee BhpakeH (T. €. U3MEHEHUE PHIOHBIX 3aria-
COB OBICTPO MPUBOAUT K CHUKEHHMIO I[BETEHHUSI BOJbI BOJOPOCIISIMU)
B 03epax Me30TpodHoro tuna. OObSICHUTE, KaK COIIACyeTCs 3Ta T'H-
nore3za ¢ nanubiMu JI. Tlepcona ¢ coaBropamu (Persson et al., 1992)
O TOM, YTO B OJIUTOTPO(HBIX U IBTPOPHBIX 03epax EBporbl oTMevaeT-
CS 3HAYMTEIHHO MEHBINAS IUIOTHOCTh TOMYJISIITUN XHUITHBIX PBIO
110 CPABHEHUIO C ME30TPOPHBIMU 03epaMu’?

3ananue 4. OdyeHb YaCTO MCCIEAOBATENN OOHAPYKHUBAIOT JIOKa-
3aTeIbCTBO Hamuuus «top-down» KOHTPOJsA, M3ydas CBSI3H MEXKIY
TpoUUECKUMHU YPOBHSIMU B pa3HbIX BojoeMax. Kak BbI qymaere,
B KAKOM Cllydyae Jier4ye TMOJIydYuTh TMOJIO0HBIE JOKa3aTelbCTBa:
MIPU MU3YUYEHUHN BOJOEMOB MPUMEPHO OJHOTO M TOTO K€ TPOHUUECKOTO
cTatyca (Hampumep, TOJIbKO ME30TpOdHbIC WM TOJBKO OJUTOTPO(-
HBIC) WJIU TIPU HAJIMYWHU Y UCCIE0BATENs BELIOOPKH M3 BOJOEMOB pas3-
HOTO Tpoduyeckoro craryca?

3aganme 5. /st Toro 4roObl 0OHAPYX)UTH «tOP-downy u «bottom-
up» 3¢ dEKThI B MPUPOIHBIX YCIOBUSX, CYIIECTBYIOT pa3HbIE METOINYE-
CKHUE MOIXO0/IbI: MOXHO M3y4aTh OJIMH U TOT K€ BOJOEM B TEUEHUE MHO-
r'ux JieT, coOupas JaHHBIE O KOHIEHTpAIUsIX OWOTEHHBIX AJIEMEHTOB
U COCTOSTHUM TPOPHUUECKUX YPOBHEH, TNOO MOTy4yaTh TaHHBIC B KPATKO-
BPEMEHHBIX SKCHEIUIMAX Ha pa3HbIx Bogoemax. OObsicHUTE, MpU Ka-
KOM M3 3THUX TOJIXOJIOB JIErde BBIIBUTH «tOP-downy sddekT B Tpodmde-
CKOH 11e1TH, a mpHu kakoM — «bottom-up» addexkr.

3ananue 6. YacTo MaHMYJIMPOBAHUE PHIOHBIMU 3allacaMy B pas-
HBIX O3€pax MPUBOIUT K OJHOMY U TOMY K€ pE3yJIbTaTy — CHHUXKe-
HUIO IIBETEHUS BOJBI MUKPOBOJIOPOCIISIMH, OJHAKO MEXaHH3MBI 3TOTO
mporiecca MOTyT OTiiMdatbes. OHUM U3 MEXaHHW3MOB MCUE3HOBEHUS
I[BETCHUSI BOJbI SIBJIACTCS BO3HUKHOBEHHE TPOPUYECKOrOo Kackaja
(«top-downy sddext). C 1eapi0 MPOBEPKU JaHHOW THIIOTE3bI OBLIO
MPOBEJICHO 2 AKCIIEPUMEHTA B ME30KOCMax (IJIACTUKOBBIX €MKOCTSIX),
MOMENIEHHBIX B pa3Hble 03epa. B OJIHUX €MKOCTSIX C €CTECTBEHHBIM
MJJAHKTOHOM PBIOBI OBLIN yAaJ€HBI, B IPYTUX €MKOCTSIX PHIOBI MPH-
CYTCTBOBaJIU. Pe3ynbTaThl 3KCIIEPUMEHTOB MPEICTABICHBI HAa pHC. 2.
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Puc. 2. Pe3ynbTaThl 3KCIEPUMEHTOB, MPOBEICHHBIX
B OOJIBILIMX TUIACTUKOBBIX EMKOCTSIX, B IPUCYTCTBUH U B OTCYTCTBUE
IUTAaHKTOSIHBIX PBIO Ha pa3HbIX 03epax (A u b)
(pucyHok B3aT u3 : Bronmark, Hansson, 2005 ¢ u3aMeHeHUSIMN)

OObsicHUTE, TMOYEMY MPOMU3OILIA COOTBETCTBYIOIINE M3MEHEHUS
YUCJICHHOCTH AadHUM, KOHIEHTpaluu xjopoduiia «a», OOIIero
docdopa u mpo3pavyHOCTU BOABI MPH YAAICHUH PBHIO M3 €MKOCTEH
B riepBoM o3epe (puc. 2A)? CMoOrM U pe3yiabTaThl SKCIEPUMEHTA
ONPOBEPrHYTh THUIOTE3Y Tpoduueckoro kackamga? 3aMeTbTe, YTO
B OKCIIEPUMEHTE Ha JIpyroM o3epe (puc. 2b) ynanenue puid U3 mMe30-
KOCMOB HE IIPHUBEJIO K U3MEHEHUIO YUCICHHOCTU JadHUN, OIHAKO, KaK
U B NIEPBOM HKCIIEPUMEHTE, LIBETEHHE BOJABI MCUE3JIO (YMEHBIIMIOCH
coJiepkanne xJjopoduia «a»). Kak BBl MOXeTe OOBSCHUTH OTH
HEOKUJIaHHbIE pe3yNbTaThl? MiMen a1 MecTo 37ech Tpoduueckuil kac-
kan? I[loueMy MOKHO TOBOPHTH O KOCBEHHOM «bottom-up» sddekre
pbIO Ha PUTOIIAHKTOH BO BTOPOM 3KCIIEPUMEHTE?

JUIs  OTBETOB Ha 3TH BOIPOCHl PEKOMEHAYETCS O3HAKOMUTHCSA
CO CTaThSMH:

1. KonmakoB B. U., KpaBuyk E. C., I'pubosckas U. B., I'na-
aeiieB M. . DkcniepuMeHTallbHOE H3YUYE€HHE BO3MOXKHBIX MeEXa-
HU3MOB CTUMYJMPYIOIIETO BIUSHUS Ha POCT IUAHOMPOKAPHUOT HX
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TpaH3uTa yepe3 kumeunuk Carassius auratus // loxiaaasr AH. 2002.
T. 384. Ne 2. C. 278-280.

2. 'magemmes M. U., Yynpos C. M., Kommakos B. U., y06os-
ckas O. I1., 3amopun A. A., 3yeB U. B., UBanosa E. A., KpaBuyk E. C.
buomanunysnsius B 00Xo7 TPopUUECKOTO Kackaja Ha HEOOJbIIOM
Bogoxpanunuie // Joknaasr AH. 2003. T. 390. Ne 2. C. 276-277.

3apnanue 7. KiroueBbIM 3BEHOM OCYIIECTBJICHHUS TPOPUUIECKOTO
KackajJa B BOJAHBIX SKOCUCTEMaX SIBJISETCS BbIEJAHUE 300IUIAHKTOHOM
duromiankTona. MccienoBaresb, pelivB IPOBEPUTh THIIOTE3Y O CHO-
COOHOCTH 300IUIAHKTOHA MOTPEOJIATh (PUTOIIIAHKTOH, TPOBEJ CJICIY-
IOIIUI AKCIIEPUMEHT: TPOPUIBTPOBA O3E€PHYIO BOJY 4Uepe3 IUIaHK-
TOHHYIO CE€Th, YJIAJIUB TAKUM 00pa30M 300IJIAHKTOH, U TIOMECTHUIT ITY
poQUIBTPOBAHHYIO BOY, COACPIKAIILYIO TENEPh TOJbKO (PUTOIIAHK-
TOH, B HECKOJIbKO eMKocTel. [lapamienbHo B KauecTBEe KOHTPOJIS HC-
CJIe0BaTENb B3sUJI CTOJIBKO K€ EMKOCTEHN, HO ¢ HE TPOUIbTPOBAHHOM
BOJIOM M3 TOTO K€ 03epa, CoAepKame u GUTOIIAHKTOH U 300TIaHK-
TOH. Pe3ynbTaThl MOJYYUIUCh HEOKUIAHHBIMU: B €MKOCTSX C 300-
IJJAHKTOHOM OMoMacca (PUTOIIAaHKTOHA PE3KO BO3pOocja IO CpaBHE-
HUIO C TaKOBOM B €MKOCTSX, I'Jie ObLI TOJIbKO (DUTOIJIAHKTOH (300-
MJIaHKTOH ObUT ynasieH). Kak Obl BBl MOTJIM OOBSICHUTH PE3YJbTAThI
naHHoro skcnepuMeHTa? IlosiydeHHbIE NaHHBIE TOATBEPIAUINA WU
ONPOBEPIVIM Hajdu4yue TpopUUeCcKoro kackaaa B 3ToM o3epe? Cuje-
TEJbCTBYIOT JIM PE3YJbTAaThl O TOM, UYTO 300IUIAHKTOH 3TOTO 03€pa
HE CMOCOO0EH NOoTPeOATh (PUTOILIAHKTOH?

3aganue 8. B o3epax mocne BECEHHEro NMuKa OMOMAacchl (PUTO-
IUIAHKTOHA 4acTO HAOIIOAAeTCsl pe3KUil KOJUIANC B Pa3BUTHUU BOJIOPOC-
Jel B Hayalie JieTa, B THIPOOMOJIOTUN 3Ta OCOOCHHOCTh CE30HHOM /M-
HAMWKH TUTAHKTOHA TIOTy4YMiIa Ha3BaHWE «CTaJvs YUCTON BOJwDy (Clear
water stage). [Ipeamnonaraercs, 4To MpUYUHAMU CTiaja B 0OMIMU (HUTO-
TUTAHKTOHA MOXET OBITh YBEJIMYCHHUE BbICIAHUS CO CTOPOHBI 300TLIAHK-
TOHA, OMOMacca KOTOPOro B 3TOT NEPUOA, Kak MPaBUIIO, BO3PACTAET,
A100 HHU3KHE KOHUEHTpalMM OHOT€HHBIX 3JIEMEHTOB, UTO SIBISETCA
CIIEICTBUEM OYpHOTO BECEHHEro pa3BUTHsI camoro (PUTOIIAHKTOHA
U, COOTBETCTBEHHO, MOTPEOJIECHUSI UM OMOTEHOB U3 BOJIbI 10 YPOBHS JIU-
MUTHUpPOBaHUs. {7151 MPOBEPKHU 3TUX 2 TUTIOTE3 UCCIEN0BATENN TTPOBETU
OKCIIEPUMEHT, Pe3yJIbTaTbl KOTOPOTO TMOKa3aliH, 4YTO YJAJICHHUE 300-
IUTAHKTOHA M3 BOJBI HE MPUBOJIWIO K CTAAUM YHCTOM BOJBI KaK B BapH-
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aHTe C 100aBKOW JOMOJHUTEIHLHON J03bI OMOTEHHBIX SJIEMEHTOB, TaK
u 0e3 no6aBku. [logymaiiTe, KaKyl0 W3 TUIIOTE3 PE3YyJIbTAThl SKCIEPH-
MEHTa HE CMOTJIM ONMpoBepruyTh? Kak mo-apyromy MOKHO CIUTAHUPO-
BaTh SKCIEPUMEHT I TPOBEPKU ATUX TUIIOTE3?

3ananue 9. [IpucyTcTBUE MIAHKTOSIAHBIX PHIO B HEOOIBIIUX BO-
J0eMax MOJKET OKa3bIBaTh BIIMSHUE HE TOJIBKO Ha caMble HIKHUE
TpouUeCKre YpPOBHU (MHUKPOBOJOPOCTH) uepe3 TpopUUECKHil Kac-
KaJl, HO W Ha Temmeparypy Bojabl. Tak, B pabore (Mazumder et al.,
1990) nokazaHo, 4TO B IPUCYTCTBUM IUIAHKTOSIAHBIX PHIO TEMIlepaTy-
pa MOBEPXHOCTH BOJIbI CTAHOBWJIACh HWIYKE B CPAaBHEHUH C TaKOBOM
B Me30KocMax 0e3 pei0. Kakune oObsicHeHHs JTaHHOMY ()EHOMEHY BBI
MOKETe MPEAJIOKUTh B CBETE Teopuu Tpoduueckoro kackaaa? [lomy-
MailTe, Kakue emig, KpoMe TeMmIlepaTypbl, aOMOTHUYECKUE XapaKTepH-
CTUKH BOJIOEMa MOTYT H3MEHSATBCS TMOJ jacicTBUEeM 3(deKToB
«top-downy um «bottom-up»?

3amanue 10. Teopuss ITMHAMUKY NUIIEBBIX LIETIEN YaCTO UCIOJIb3Y-
eTcsl JUIsl PELICHUs NPUKIAIHbIX 3anad. [IpencraBbTe, 4TO BBl MMEETE
BO3MOXHOCTh TPUHUMATh YIPABICHYECKUE PEIICHHsS IO BOIpOcam
OXpPaHbl, PallMOHAILHOTO UCIOJB30BaHUsI BOAHBIX OOBEKTOB U PETYJIU-
pOBaHHUsI KadyecTBa BOJAbl. B BogoeMe 4yacTo HaOMIOAIOTCS LIBETEHUS
BOJIbI M3-32 YPE3MEPHOro pa3BUTHUs (uTorsiaHkToHa. Kakue pereHus
BbI IIPUMETE C LENbI0 OOPHOBI C IIBETEHUEM BOBI, 3HAsA, YTO IMUIIEBas
neyiarnyeckas Liefb B BOAOEME KpaliHe MpocTa: (PUTOIIIAHKTOH — 300-
TUTAHKTOH — TUTAHKTOSITHBIE PHIOBI — XHIITHBIE PHIOBI (CM. prC. 3).

IUIaHKTO ATHBIE XMIHAA pbIba

dHTOIIIaHKTOH 300IUIaHKTOH
pBIOBI

~

(1 ‘*
P ‘\’
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Puc. 3. Ilemarnueckas Tpoduyueckas 1enb B BOJOEME
(puc. B34T ¢ caiita WWW.Imvp.0org ¢ uaMeHeHUsIMH )
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Bo3MokHBIE MEPOIPUATUS 10 PETYIUPOBAHUIO IKOJIOTHUYECKOTO
COCTOSIHUS BOAOEMA:

- BBUJIOBUTD XHUITHYIO PHIOY U3 BOJIOEMA,

- BCEJIUTH OOJIbIIIE TUTAHKTOSTHON PBIOBI B BOJOEM,

- BBUIOBUTb IJIAHKTOSJIHYIO PbIOY U3 BOJOEMA,

- BBUIOBUTH IUIAHKTOSJIHYIO pbIOY U3 BOJOEMA U OJHOBPEMEHHO
MHOKYJIUPOBaTh B BOJOEM OECIO3BOHOYHBIX XWUITHUKOB (Leptodora,
Polyphemus, Chaoborus),

- BCEJIUTH OOJIBIIE XUIITHOU PHIOHI,

- THOKYJIMPOBATh B BOJOEM KPYIHBIX Ja(pHUH,

- BBIIIYCTUTDH B BOJOEM IIJIAHKTOSITHBIX CEr0JIETOK XUITHBIX PbIO,

- COKPATUTh YUCICHHOCTh OCHTOSIHBIX PHIO B BOJAOEME,

- OYHCTUTH BOJIOEM OT 3apOcCiiei MOABOAHBIX MaKpO(UTOB,

- OFPaHUYUTh JOCTYI K BOJIOEMY BOJIOIIJIABAIOIIMX MTHII,

- HHTPOAYILIMPOBATh B BOJ0EM MoJutrocka Dreissena polymorpha.

OTBeThl 00OCHYMTE, HAPHUCOBAB JIJIs KAXKJIOTO MEPONPHUSATHUS BO3-
MOYHBIE IIETTOYKU TPOPUUECKUX U UHBIX U3MEHEHUM, KOTOPhIE MOTYT
MPOU3OUTH TIPU €r0 OCYILIECTBJIEHUH, MTOKAa3aB TaKUM O0O0pa3oMm, Kak
3TO MOXXET MOBJHUATH HA YUCIECHHOCTh (PUTOIJIAaHKTOHA. Omnpenenure,
KaKhe MEPONPUATHS MOTYT HE UMETh OJIHO3HAYHOTO 3(Ppdekra Ha du-
TOTUTAHKTOH, JPYTMMH CJIOBaMH, MOTYT TPUBOAUTEL JUOO K yBEJIMUe-
HUIO €r0 YMCJIIEHHOCTH, MO0 K CHIKEHUI0? JIJIs1 yCIENTHOTO pelieHus
3alaHUs  PEKOMEHYeTCS TMPOAHAIM3UPOBATh CTaTbU [ JajbIiieBa
M. . buoManumyssiysi Kak MTHCTPYMEHT YIIPABJICHHUS Ka4€CTBOM BO-
bl B KOHTHHEHTAJIBHBIX BojoeMmax (0030p nuteparypbl 1990—
1999 rr.) // buonorus BuyTpeHHux Boa. 2001. Ne 2. C. 3—15 u Kapa-
taeBa A. 1O., bBypmakosoii JI. E. Poib apeiicceHbl B 03€pHBIX 3KOCH-
cteMax // Dxonorus. 1993. Ne 3. C. 232-236.

JlabopaTopHasi pa6oTa no reme 2

BrisBienue top-down u bottom-up s¢pdexron
B BOJIHOM MHKPOKOCME

Heanb padoThl: U3y4YUTHh B YCIOBHUAX JJAOOPATOPHOTO MUKPOKOC-
Ma 3(pPeKTHI, CBI3aHHBIE C TPOPUUECKUM KACKATIOM.

3amaum padorTbl. B pesynbrate npoBeneHUs: paOOThl CTYAEHTHI
JOJKHBI OTBETUTH HA CJIEAYIOLIME BOMPOCHL:
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1. Umen mu mecto «tOp-down» KOHTPOJb HUKHHUX TPOQHUSCKUX
YPOBHEU CO CTOPOHBI BEPXHUX B MUIIEBOU 1€ BOJHOTO JIabopaTop-
HOI'0O MUKpPOKOCMa?

2. IlpostBrics mu «bottom-up» addexr B Tpoduveckoi Ienu
BOJHOTO J1aDOPaTOPHOTO MUKPOKOCMA?

3. Kakoti u3 a¢dekros (top-down uau bottom-up) Obur Hanboee
BBIPAXEH B YCJIIOBUSX JIAOOPATOPHOTO MUKPOKOCMA U TTOUeMY?

4. Bnuvsiyio v MPUCYTCTBUE PbIO HA OOUIIME OPraHU3MOB HUYKHETO
TPO(PHUECKOro ypOBHSI BOJHOTO MUKPOKOCMA (BOJAOPOCIN) KOCBEHHO,
B 00X0J Tpo(puueckoro kackaaa?

HeoO0xoguMbiii MaTepuaji, O0OpPyAOBAaHHME ¥ PEAKTHUBBI.
J{ns mpoBeieHus 1abopaTopHOi pabOThl HEOOXOAUMO 3apaHee MOAro-
TOBUTH CJIEAYIOIINE MO3ULINU:

1) skcniepuMeHTalIbHBIE cocyabl 00beMoM 500 M1 win OoJIbIIe
(K0710BI),

2) KyabTypa o0t 3eneHol Bogopociu (Chlorella, Scenedesmus),

3) xkyJbpTypa J1000ro Bujaa BeTBUCTOYChIX padkoB (Daphnia, Ceri-
odaphnia, Simocephalus),

4) akBapuyMHBIE PBIOKH,

5) pactBopsI azota u docdopa,

6) cnekTpoPOTOMETP MM MHUKPOCKOIIBI CO CYCTHOM KaMepoit
(manpumep, Haxxorra, ['opsieBa),

7) OMHOKYJIAP,

8) MmaTepualibl IS MPOBEIACHUSA CIEKTPO(HOTOMETPUUCCKOTO
OTIPEICIICHHSI TUTMEHTOB: CTYIIKH M TIECTUKH, MEMOpPaHHBIC (QUIBTPHI
000 Mapku (Hanpumep, Bragumop, Biamucapr, Whatman), ¢uiis-
TpPOBaJIbHAs YCTaHOBKA, IICHTPH(Yra ¢ HeHTPU(PYKHBIMU MPOOHpKa-
mu, 90 %-ii ameron, 0.IN HCI, CaCOs;, mnpobupkm nHa 10 mu
WJIM OOJIBIIIE, ITUIIETKH.

Meroauyeckue peKOMEHAALMH IO BBIIOJHEHUIO PaldoThI.
J1o BBIIOJTHEHUST JTAOOpaTOPHOW pabOThl CTYACHTHI pa3pabaThIBAIOT
IUTAaH SKCIEPUMEHTA, KOTOPBIM JOJKEH BKIIOYATh MPOPAOOTKY CIIEIY-
IOUMX BOMPOCOB: HEOOXOAMMOE 4YHUCIIO BApUAHTOB HKCHEPUMEHTA
U1 TOTO, YTOOBI OTBETUTh HA BCE IOCTABJIEHHBIE B padOTE BOIPOCHI,
CXeMa MPOCTPAHCTBEHHOT'O PAa3MELICHUS YKCIIEPUMEHTAJIBHBIX COCYJIOB
Ha JJAOOPATOPHOM CTOJIE, HAJIMYKME MOBTOPHOCTEH JUIsl KAXKIOTO BapuaH-
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Ta SKCIEPUMEHTa, BLIOOP METOJ0B MaTeMaTHYECKONH 0OpaOOTKH Mpe/I-
MOJIaraeMbIX PE3yJIbTATOB C Y4YE€TOM BO3MOXKHOTO 3(dekra MHOKe-
CTBEHHBIX CPABHEHMM, HaJIM4KME KOHTPOJHHOTO BapHaHTa SKCIIECPUMEH-
Ta, Y4€T MHUMBIX MTOBTOPHOCTEN (TICEBIOPEILIMKALIMI), BEIOOp MOKa3a-
TeJIel OTKIJIMKA, KOTOpbIe OyIyT (PUKCHpPOBATHCA B MpOIEcce MPOBe/e-
HUsl padOTHl (HampuMep, YUCICHHOCTh Bojopocieit). locne pereHus
BCEX ATHUX BOIPOCOB IPYIIA NPUCTYMAET K NOCTAHOBKE AKCIEPUMEHTA.
KonnyecTBO BapraHTOB AKCIEPUMEHTa MOXET BapbUPOBATh B 3aBUCH-
MOCTH OT UMEIOIIErocs 000pyI0BaHMs, MaTEPUATIOB U BPEMEHHU Ha Mpo-
BeieHre nabopaTopHoi paboThl. MakCcUMallbHO MOYKHO TTOCTaBHUTD Clie-
JYIOIIME BApUAHTHI SKCTIEPUMEHTA!

1. Cocynbl ¢ KyJIbTYpOH BOJIOPOCIH (KOHTPOJIb).

2. Cocyipl ¢ KyJIbTYpOH BOJOPOCIH U 100ABKOW OMOTEHHBIX 3Jie-
MeHTOB (a30Ta u dhocdopa).

3. Cocyabl ¢ KyJnbTypoll BOJAOPOCIM U IUIAHKTOHHBIMU payka-
MU-(DUIBTPATOPAMHU.

4. Cocyapl € KyJbTYpoll BOJOPOCHH, IJIAHKTOHHBIMH pauka-
MU-(QUIbTpaTOpaMu M J100aBKOM OHMOTEHHBIX JJIEMEHTOB (a30Ta
u hocdopa).

5. Cocylibl € KyJlIbTYpOH BOJOPOCIN U aKBapUYMHBIMH PHIOKAMM.

6. Cocynpl ¢ KyJbTypod BOAOPOCIH, aKBAPUYMHBIMH pbIOKaMu
U 100aBKOI OMOTEHHBIX 3JIeMEHTOB (a30Ta u docdopa).

7. Cocynpl ¢ KyJbTypodH BOJOPOCIH, TUIAHKTOHHBIMU pavKa-
MU-(QUIBTpATOPaMHU U aKBAPUYMHBIMU PHIOKaMHU.

8. Cocyapl ¢ KyJbTypoW BOJOPOCTH, IUTAHKTOHHBIMH payka-
MU-(UIbTpaTOpaMH, aKBapUyMHBIMH PBIOKaMH W J100aBKOW OHOTeH-
HBIX 2JIEMEHTOB (a30Ta u ocdopa).

B pesynapTare mmeercs HaOOp MHUKPOKOCM C Pa3HBIM YHCIIOM
TPpOHUUECKUX YPOBHEM — OT OJHOTO (TOJBKO BOJOPOCIH) IO TPEX
(BoJtopociy, padku-(QUILTPATOPBI, TUIAHKTOSAHBIC PBIOBI) (top-down
3 dekT) ¢ modaBkoi miau 0e3 mo0aBKkKM OMOTeHHBIX 3eMeHTOB (DOt-
tom-up s dexr).

Emé omuH wHTEpEeCHBIH BOIPOC, KOTOPHIH MOXKHO BBISCHUTH
Ha jJjabopaTopHOM paboTe, — BIMSHHUE COCTaBa (PUTOIJIAHKTOHA
Ha 2 PekT Tpodudeckoro kackaaa. s 3Toro MoKHO ITOCTaBUTH JIPY-
I'YIO CEpHIO SKCIIEPUMEHTOB, COCTOSIIYIO U3 CIAEAYIONINX BAPUAHTOB:
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1. Cocyapl ¢ KymeTypoit 3enmenoit Bomopociu  (Chlorella,
Scenedesmus u ap.).

2. Cocynel ¢ KyabTypoiu ImaHoOaktepum (Microcystis, Gloe-
ocapsa, Aphanizomenon u ap.).

3. Cocybl ¢ KyJbTYpOW 3€JIEHOM BOJOPOCIH M TUIAHKTOHHBIMU
paykaMu-(pUILTPATOPAMH.

4. Cocynbl ¢ KyJIbTypOod IIMaHOOAKTEpUU U IJIAHKTOHHBIMHU pad-
KamMu-(puibTpaToOpamu.

5. Cocynpl € KyJbTYpOM 3€JIEHOH BOJOPOCIH, TIAHKTOHHBIMU
paukamMu-QUIbTPaTOpaMu U PhIOAMHU.

6. Cocynbl ¢ KyJIbTYpOil MMaHOOAKTEPUH, TUTAHKTOHHBIMU pavyKa-
MU-(DUIBTpAaTOpaMu U PHIOAMH.

Baxxen Bompoc o BBIOOpE IOKaszaTeleH OTKIMKA SKCIIEPHMEH-
TaJIbHOM CHCTEMBI, KOTOpbIE OyAYyT M3MEPSThCS B XOJI€ MPOBEIACHUS
nabopaTopHOM PabOTHL. DTH TMOKa3aTeIu JIOJDKHBI OBITH JIETKO OIpe-
TesIeMbl M1 IYyBCTBUTEIbHBI K IPUMCHSIEMBIM BO3JICHCTBHUAM (HAIHMYHE
pBIOBI, T00aBKa OMOTEHHBIX 3JIEMEHTOB). B 3aBUCMMOCTH OT MMEIOIIIe-
rocsi 000py0BaHUS MOKHO H3MEPSTh MUTMEHTHBIC XapaKTePHUCTUKHU
BOJIOPOCIIEH (KOHIIEHTpaIus XJIOpoduilIa «a», IPOAYKTOB €ro pacia-
na — (GEoNMUrMeHTOB) JU0O0 OMpPeAesaTh HEMOCPEJACTBEHHO UYHMCIICH-
HOCTBh BOJIOPOCJIEH B cOCyAax, YHUCIO OCTABIIMXCS B COCyaax OcoOei
PaYKOB-(HIBTPATOPOB B KOHIIE YKCIICPUMEHTA.

JlaGopaTtopHasi paboTa 110 BpEMEHU pa3JieNIIeTCsl Ha 3 YacCTu:

1. [TocranoBka skcnepumeHTa (2 yaca), CTYJEHTBI TOTOBST BCE
BBIOpAHHBIC BAPUAHTHI SKCIIEPUMEHTA, PA3JIUBAIOT B COCYBI KYJIbTYPY
BOJIOpOCIIEH, T0OaBISIOT PACTBOPHI OMOTEHHBIX JIEMEHTOB, PacCaXu-
BAalOT PAaykKOB M PBIO, PACCTABISIOT SKCIEPUMEHTAJIbHBIC COCY]IbI
Ha JJaOOpPaTOPHOM CTOJIE C KMCIOJIb30BAHUEM BBIOPAHHBIX CXEM pa3-
MelIeHUs (HampuMmep, TMOJHOCTHIO PaHIOMHU3UPOBAHHAs CXeMma
WM OJI0YHAs paHJIOMHU3UPOBaHHAs cxema U T. 1.). s npenoTBpaiiie-
HUS OCEJaHus KJIETOK BOJOPOCIEN HAa JTHO COCYJIOB B XOJI€ IKCIIOHH-
pPOBaHUSI PEKOMEHJIyeTcsl MO0 pa3MeriaTh KoJIObl Ha IeHKepe, JIu-
00 UCT0JIb30BaTh ABTOMATUUYECKYIO MPOJIYBKY COCYZOB BO3yXOM Ye-
pe3 cucteMy TpyOoUdek, Kak MoKa3aHo Ha puc. 4, 1100 OCYIIECTBIATh
NEPUONYECKH TTEPEMEIIMBAHUE COIEPKUMOIO COCYJI0B BPYUHYIO.
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Puc. 4. YueGHnas nadbopaTopHasi MUKPOIKOCHUCTEMA
s uzydenus top-down u bottom-up s dexron

2. JkcrioHupoBanue cocynoB (ot 1 g0 2 Henens). B aToT mepuon
HE TpeOyeTCsl MOCTOSTHHOTO TMPUCYTCTBUSI CTYACHTOB B J1aOOpaTOPHUU.
OpnHako peKOMEHIYeTCsl MEPUOINYECKH MPOBEPATH XOJI SKCIIEPUMEHTA
U COCTOSIHE MHKPOKOCMOB, CJIEIUTh 32 CMEPTHOCTBIO PBIO, B Cliydyae
HEOOXOMMOCTHU yIIsTh MEPTBBIX U TIOJICAXKUBATh KUBBIX 0COOCH.

3. OKkoHYaHHUE SKCIEPUMEHTA, U3MEPEHNE MOKa3aTeJIe OTKINKA,
00paboTKa MOJIYYEHHBIX JIaHHBIX (MO0 BPEMEHHM Ha 3TOT JATal JIydIle
BBIJICTIUTD 1IEJIbIA y4eOHbIN AeHb, 5—10 yacoB). CtyneHTaM HeoOxo-
IUMO aKKypaTHO TIOJCUMTATh YHCJIO OCTaBIIMXCS OcoOei pad-
KOB-(PUJITPATOPOB B TEX COCYJaX, B KOTOPHIX OHH MPUCYTCTBOBAJIH.
VY nanute U3 cocynoB peiOy U NMpoUIbTPOBaTh BOLY Yepe3 MeMOpaH-
HbIe (QUIBTPBI, U3MEPUB TIPHU 3TOM 00BEM MPOGUIBTPOBAHHONU BOJIBI.
B 3aBucuMocTd OT UMEIOIIErocss 000pyA0BaHUs CTYICHTHI JINOO MPO-
BOJST AaHAJIM3 COJEp)KaHWs THUTMEHTOB BOJOPOCIICH, COOpaHHBIX
Ha QUIBTPHI, CTAHAAPTHBIM CIEKTPOPOTOMETPUUECKUM METOJ0M
(Curapesa, 1993; 'OCT 17.1.4.02-90), nubo omnpenesnstoT YUCICH-
HOCTb BOJOPOCJIEH B KaXJIOM COCYJE B CUCTHBIX KaMepax IOJl CBETO-
BBIM MUKPOCKOTIOM. B pe3ynbTaTe KaKIblil CTYICHT MOJydaeT Habop
JAHHBIX 00 OOMJIMM BOJIOPOCIIEH B Pa3HbIX BapHaHTaX HKCIEPUMEHTA,
KOTOPBIE JOJKHBI ObITh 00pabOTaHbl CTATUCTUYECKH.

Cmamucmuyeckas 06pabomka pe3y/1bmamoes pa6omul

Pe3ynbpTaThl mpoBeneHHOM J1ab0paTopHON pabOThl JOHKHBI OBITH
HaTJISITHO TPEJCTaBJICHbl B BUJIE TaOnMil, TpadUKOB U JTAHHBIX CTATHU-
CTHYECKHUX TE€CTOB (PAaCCUUTAHHBIX P-ypOBHEH 3HAYMMOCTH). CTyICHTHI
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CaMOCTOSITEJIbHO OIPEAETSIOT, KaKUMH METOJaMH MaTeMaTUYECKOM
CTaTUCTUKHA HEOOXOJAMMO 00padOTaTh MOJTYUYEHHBIE TaHHbBIC, YTOOBI OT-
BETUTh Ha IMOCTABJICHHbIE BONPOCHI paboThl. K mpumepy, 4ToOBI OTBE-
TUTh Ha BTOPOH BoIpoc (CM. 3aauu paboThl), HYKHO ONPEACIIUTh CTa-
TUCTUYECKH JIM 3HAYMMO OTJIUYAIOTCS CPEAHSISI KOHIIGHTpAIUs XJIOPO-
¢buia «a» B KOHTPOJBHBIX COCYJaX OT CPEAHEH KOHIICHTPAIIUU XJIOPO-
buia «a» B cocynax ¢ KyJbTypoil BOAOPOCTH U 100aBKOW OMOTEeHHBIX
anemMeHToB (azota u pocdopa). st 3TOro MOKHO HCIOJIB30BaTh COOT-
BETCTBYIOIINI CTATUCTUUECKUN TECT, MPEABAPUTEIHLHO MTPOBEPUB YCIIO-
BUS €TI0 IPUMEHUMOCTH K ITOTYYCHHBIM JaHHBIM.

PexoMeHayercs HapucoBaTh TaOJIMIy C HMCXOJHBIMHU JIaHHBIMH
(KOHIIGHTpallK TMHUTMEHTOB, YHWCJICHHOCTh BOJOpOCIEH U  pady-
KOB-(DMJIBTPATOPOB) IO BCEM BapUaHTaM 3KCIEPUMEHTA. 3aTeM MOCTPO-
UTh CTOJOYATYIO JUarpaMMmy, KOTOpas HArJBsIHO OTpakaja Obl M3Me-
PEHHBINA KOJMYECTBEHHBIM MOKa3aTellb OTKJIMKA MO BapuaHTaM dJKCIIe-
puUMeHTa (KOHTPOJIb, KOHTPOJIb ¢ T00aBKOW OMOTreHOB U T. A.). s 31o-
ro Ha ocu adciucc 0003HAYAIOTCS BapUAHTHI AKCIIEPUMEHTA, a HA OCU
OpAMHAT OTKJIAJBIBACTCS U3MEPSEMBbIi TTOKa3aTeNb OTKIIUKA JIJIsT KaXI0-
ro BapyaHTa, KakK I0Ka3aHo Ha puc. 5. Bce paccunranHbie cpeHue 3Ha-
YeHUS MOKa3aTesie OTKJIMKA Ha rpadukax M B TaOIUIIAX HEOOXOAUMO
COIPOBOXIAaTh MHTEPBAIBHBIMUA CTATUCTUUECKUMU OIICHKaMU (Hampu-
Mep, CTaHIapTHAs OIMOKa, TOBEPUTEIbHBINA HHTEPBAN).

CoaepkaHue peonnurmeHToB
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Puc. 5. [Ipumep cronbuaToit guarpaMmmabl
MIPU CTAaTUCTUYECKOU 00paboTKe Pe3yJIbTaTOB JIaOOPATOPHOI pabOTHI
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Odropmnenue omuema

Kaxxnplii CTyZA€HT MO UTOTaM JIabopaTOpPHOM pabOThl OpopMIISET
OT4YeT, KOTOpbIN HokeH coctoaTrh n3 BBEJIEHUA (kpatkoe uznosxke-
HUE TEOPETUUYECKUX TTOJIOKEHUM, CBA3AHHBIX C ITPOBEPSIEMBIMU B padOTE
TUMOTe3aMU TPOo(PHUUEcKoro Kackaaa, 1einu u 3amad padotsl), MATE-
PUAJIOB 1 METO/IOB (nmoapo6Hoe onucaHue METOJAUYECKON 4acTu
Ja00paTopHOil pabOThl ¢ OOOCHOBAHMEM BLIOPAHHOIO IUIaHA AKCIEPH-
MEHTa U METOJIOB CTaTUCTUYECKOW 0OpabOTKM MOJYyYEHHBIX JAHHBIX),
PE3VJIBTATOB (npuBoastcst pe3ysibTatbl 00paOOTKH JIaHHBIX B BUJIE
Tabmuil, rpadukoB, pacuera cratuctudeckux TectoB), ObBCYXXIEHI A
PE3VJIbTATOB (¢ o0bsicHeHHEeM MOJYyYEHHBIX PE3yJIbTaTOB, BBIJIBU-
KEHHUEM TUIIOTE3, OOBICHSIONUX HEOKUJIAHHBIC PE3YyJIbTaThl WU BO3-
HUKIIIAE TPOTUBOPEUMS MEK]TY MOTYUYEHHBIMU JTaHHBIMUA U UCXOAHBIMU
npeanoioxenusimu) 1 BbIBOJIOB (kpaTtkue 0TBETHI Ha MOCTaBICHHBIC
B 33J1a4ax pabOThI BOIIPOCHI).

KOHmpO./Ibele e0npocsi no meme

1. Pacckaxkure o rumote3ax «3eimeHoro mupa» (HSS hypothesis)
u pasmepHoit 3¢ dextuBHOCTH (Size-efficiency hypothesis). Chopmy-
JUPYHUTE OCHOBHBIC TIOJIOKEHHUS dTHUX THIOTE3. B cBeTe 3THX THHOTE3
nosicaute, kak /1. bpykce u C. {oacon (Brooks, Dodson, 1965) 00sbsic-
awm HaOmoaeHus JIk. Xpbadueka ¢ coaBropamm (Hrbacek et al.,
1961) o TomM, B IPUCYTCTBUM PHIO CPEIHUN pa3MEpPHBIA COCTaB 300-
TJIAHKTOHA YMEHBIIIAETCS M TP 3TOM HaOJII0/1aeTCsl [IBETEHUE BOJIBI.

2. Konmermus tpodudeckoro kackaga (trophic cascade theory):
JaiTe TOYHOE OMpEACICHUE TOHATHIO «TPOGUUSCKUN KacKay, mepe-
YUCJIUTE YCIOBUS 1711 €r0 BO3ZHUKHOBEHHUSI B BOJHBIX IKOCUCTEMAaX.

3. HaGmtonatoreecsi HECOOTBETCTBUE MEXy UMEIOIIUMUCS B BO-
J0eMe 3armacaMu OMOTE€HHBIX 3JIEMEHTOB U YPOBHEM Pa3BUTHUS IIPOIY-
IIEHTOB MPOTUBOPEUUT TEOPUHU OMOTeHHOW Harpy3ku. Kak mpesncrasie-
HUS 0 TPO(PUUECKOM KACKaJIe IIOMOTIIN OOBSICHUTD 3TO TPOTUBOpEUHE?

4. TlpuBeauTe KOHKPETHBIC MPUMEPHI MposiBieHus 3¢ dexTa Tpo-
¢bryecKkoro Kackaja B MejJarndecKuX U OCHTUUECKUX MUIIEBBIX METsX,
a TaK>Ke MEX]Ty BOAHBIMU U HA3€MHBIMHU YKOCUCTEMAMHM.

5. UTo Takoe MOBEJACHYECKUN KacKaj, ero OTiIu4yue oT Tpoduye-
CKOro kackana? [lpuBenure npumepsl.
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6. Teopust KOHTPOJII «CHU3Y-BBEPX» M «CBEepXy-BHH3» («bottom-
up/top-down theory»): chopmynupyiiTe 1Ba TPUHIUIAAIBHBIX OTJIH-
Yusi OT TEOpUU TPOPUUECKOTO KacKasa.

7. 'umoTe3a 5KOCHCTEeMHOM dKIuTyaTanuu (ecosystem exploitation
hypothesis): HapucyiiTe cxemy, MOSCHSIONIYIO 3Ty THUIIOTE3y, M pac-
CKaXkuTe, Kakoi 3(pdeKkT Bo3pacTaHue MPOTYKTUBHOCTH SKOCUCTEMBI
OKa3bIBa€T HA YHUCJIO TPOPUYECKUX YpPOBHEH B MHILEBON LIENH
Y Ha O0MJIME OPTraHU3MOB Ha KaXKJI0M YpPOBHE?

8. IIpenckazanusa moaenu @Opersermna — OKCaHEHA: KaK U3MEHS-
€TCsl BKJIAJ] XUITHUYCCTBA U KOHKYPEHIIMH B PETyJIMPOBAHHUE OOWIIHS
OpPraHW3MOB I10 ME€pe YBEIIMUCHUsI YUCIa TPOPUIECKUX yPOBHEH B CH-
CTEMeE; BEpHO JIM IIpeACKa3aHue 0 TOM, 9TO Oromacca (PUTOIIAHKTOHA
OyzleT BO3pacTaTb B AKOCHUCTEMAaX C YETHBIM YHUCIOM TPOPUUECKUX
YPOBHEU U CTAOUIIU3UPOBATHCS B IKOCUCTEMAX C HEUETHBIM UYKCIIOM
ypoBHei? OTBET 000CHYHTE.

9. I'mmoTe3a  KIIOYEBOro  XHWIIHHMKA/moTpeOuTens  (Key-stone
predator hypothesis): maiite onpeaeeHre 3ToMy MOHATHIO. B ueM oT-
JTUYUE MEXIY KIIOYEBBIMU BUIAMU U BUIAAMHU-JOMHUHAHTAaMH B COO0-
IIECTBAX WJIM 3TO aHAJIOTUYHBIC TOHATHS ?

10. Kakne opranu3mbl B BOJHBIX 3KOCHCTEMaX MOTYT BBICTYNAaTh
B POJIM KJIIOYEBOTO XWIMHUKA? [IpucyTCTBHE KIIOUEBOrO XHUIITHUKA
B DKOCHUCTEME IMPHUBOJUT K BO3PACTAHHUIO WU CHUXEHUIO OMOpa3HO-
oOpasus? Oteet o0ocHyiiTe. [IpuBeauTe mpumepsl.

11. CmeHa nipeACTaBICHUN O POJIU PEIYLEHTOB (OaKTEpUOTUIAHK-
TOHA) B BOJHBIX AKOCHCTEMaX: B UYeM CYTh KOHIICIIIIMH MHUKPOOHOMH
netym (microbial loop theory), mapucyiite cxemy, MOSCHSIOIIYIO 3TY
KOHIIeNII0. YTO Takoe BUPYCHAs METIIs?

Pekomendyemas numepamypa
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TeMma 3. BoccTaHOBJIeHHE BOAHBIX 9KOCUCTEM

B nekuusix mociienoBaTeIbHO PacCMaTPUBAOTCS JIBE€ TEMBI, IEp-
Bas MOCBSIICHA BBEICHUIO B MPHUKIAJHYI SKOJIOTHIO KaK 4acCTh JKO-
JIOTUYECKOM NESITEIbHOCTH, KOTOpasi MPOEKTUPYET MNpeoOpa3oBaHUs
HKOJIOTUYECKUX CUCTEM Ha OCHOBE KOMIIJIEKCHOTO MCTIOJIB30BAHUS J0-
CTMXKEHHI B OOJIACTH SKOJIOTMU W APYTUMX oOJlacTeil 3HaHusA. Y CTy-
JIEHTOB (hOPMUPYETCS MPEACTABICHUE O TOM, YTO PE3yIbTaTOM Hayy-
HO-TIPAKTHYECKOM YaCTH HKOJIOTUYECKOW JEATEIBHOCTH SIBJISETCS
DKOJIOTUYECKUN TPOEKT, NPUTOAHBIM JJISI MPAKTAYECKOTO BOILIOIIE-
HUsI, U CUCTEMA YIIPABJIEHUS 3TUM NpoeKTOoM. M3maraercs meton npu-
KJIaJIHOM 3KOJIOTUU U €ro CTPYKTYPHbIC KOMIIOHEHTHI (aHAJIU3, UCClie-
JIOBAHWE, IPOCKTUPOBAHUE, IMPOU3BOJCTBO, YMNPABICHUE, IKCIEPTH-
3a/pa3pelieHue, KOHTpoJib/aynut, apxuB). [lokazaHa posib, KOTOPYIO
CTYJCHTBI, KaKk OyAyllUe CHEUUATUCTBhl, MOTYT HUIrpaTh B KaKJI0M
13 KOMIIOHEHTOB. BTOpas TeMa MoCBAIIEHA MPAKTUYECKUM aCIEKTaM
IIPOEKTUPOBAHUS — BOCCTAHOBIICHUIO BOJHBIX 3KOCUCTEM. B jiekuusax
PACKPBITBl OCHOBHBIE MPUHIUIIBI HAYYHOW KOHIIEIIIMU BOCCTAHOBJIE-
HUSI 03€pHBIX dKOCUCTEM. CTYIEHTBI Y3HAIOT O YETHIPEX BO3MOXKHO-
CTSIX: BOCCTAHOBJICHUH, pEaOWUJIUTAIIMHU, 3aMEIICHUH, HEBMEIATelb-
cTBe. PaccMOTpEHBI Kak pacpOCTPAHEHHBIE METOAbI BOCCTAHOBJICHUS
BOJIOEMOB: a’palysi M OKCUT€HAlWsl TUIOJIMMHHOHA, pa30aBiie-
HUE/BBIMBIBaHUE, YIAJICHUE JTOHHBIX OTJIOKECHHH WM JparupoBaHMUE,
XEMOMAHUITYJISIIIASL M aKTUBHAS U30JISLUS JTHA, OMOMAHUITYJISLIMS, —
TaK U PEIKO MPUMEHSIEMbIE: 00padOTKa BOABI AJIBTUIIUJAMHU, TACCUB-
Hasi U30JIA1MS JIHA, UCIIOJIb30BAHUE YIbTPA3BYKa, MEXaHUYECKOE y/Ia-
J€HUE U3 03epa OMOMAcChl, MCIOIb30BAHUE AJLIECIONATUYECKUX BE-
IECTB, OMOr€HHOE€ MAaHUITYJIUPOBAHUE, U3MEHEHHE CBETOBBIX YCIO-
BUM. J[J11 METOMOB yKa3aHbl XapaKTEPUCTUKA, YCJIOBUS HNPUMEHUMO-
CTH, TEXHUYECKAS peain3aius, JOCTOMHCTBA U HEAOCTATKHA METOJA,
VU3MEHEHHS, IIPOUCXOIAIINE IPU €T0 NPUMEHEHHH.

Kamouesbsle cs108a

HpI/IKJ'IaI[HaSI 3KOJIOI'us,; KIKHOYEBbIC a6I/IOTI/I‘IeCKI/I€, OMOTHYECKUE
[10Ka3aTcJIn (I)YHKHI/IOHI/IPOBaHI/ISI; INPUHOUIIBI BOCCTAHOBJICHUSA O3CP-
HBIX 3KOCHUCTEM., MCTOJbI BOCCTAHOBJIICHHUA MCJIKOBOJAHBIX 3BTpO(1)HI>IX
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o3ep; peabuiuTanus; OMOMAHUIYJISALMSI; XEMOMAaHUIYJISIIUS; a’pa-
1Ys; pa30aByieHUE; YIaJCHUE JOHHBIX OTI0XKEHUM.

CodepoiicaHue npaKkmu4ecKux 3aHsamuti

[IpakTryeckue 3aHATHS MO JAHHOW TeMme MPOBOASATCA B (popme
CEMUHAPOB MPOEKTHOro0 THma. OCHOBHBIM IOJIXO0JIOM B IPOBEICHHUU
CEMHHAapa MPOEKTHOTO THUIIA SIBJISETCS CaMOCTOSITEIbHAs padoTa CTy-
JICHTOB IO aHAJIU3y KOHKPETHOrO MPOEKTa BOCCTAHOBJICHUS. B kaue-
CTBE IpUMEpPa B3AT IPOEKT MO AKOJOTHUSCKOW peadMIMTaIliid o3epa
Hepo (Apocnaeckas o6macth). PaboTa cocTOUT U3 YeThIpex OJIOKOB:

1. Ucropus 03. Hepo, ananu3 abMOTHYECKUX U OMOTHYECKUX Ta-
pamMeTpoB BojioeMa. 2. M3yueHne NpHHITUIIOB U METOJIOB BOCCTAHOB-
JICHUS 03€p U HAYYHOH JIMTEPATyphl C MPUMEPAMHU MIPOCKTOB MO BOC-
CTaHOBJICHUIO MEJIKOBOJIHBIX 3BTPOHBIX BogoeMoB. 3. [Togbop meto-
JIOB BOCCTaHOBJICHUS 03. Hepo MCXOs M3 KIFOYEBBIX aOMOTHYECKUX
U OMOTHYECKUX TapaMeTpPOB €ro 3KOCHUCTEMbl U TMOJTOTOBKa COO-
CTBEHHOT'O IIPOEKTa IO BoccTaHoBIIeHHIO 03. Hepo. 4. Case-study:
AHaM3 CyIIECTBYIOIIETO MPOeKTa 1Mo peadunuTanuu o3. Hepo, oreH-
Ka METOJIOB, ITPOTHO3 PE3YJIbTATOB.

bJaoxk 1

Hcropus o3epa Hepo. OcHoBHBIE a0MOTHYECKHE U OMOTHYECKHE
napaMerpbl (PyHKIIMOHUPOBAHUS BOI0eMA

[To omyOIMKOBaHHBIM MaTepuajgaM (CM. CIIHMCOK JINTEpaTyphbl HIDKE)
OXapaKTepHu3yiTe COBpeMEeHHOe cocTosiHue 03. Hepo mo abuornue-
CKUM U OMOTHYECKUM IMapaMmeTpam. [[puMeHnTe 3HaHUS 1O SKOJIOTHH,
TUAPOOUOJIOTHH, YUeHUsIM 0 Tuapocdepe u 6mocdepe. Padbora mporo-
JTUTCSI B TIapax WJIW Tpynmax, Kaxjaas U3 KOTOPBIX MPEACTaBISIET J0-
KJIaJ] IO OJTHOMY U3 MapaMmeTpoB. ['pymnma momkHa TpeaioKuTh hop-
My OITpoca IO CBOEH TeMme, MPOBECTH €r0 W OLICHUTh 3HAHUS JIPYTHX
cTyAeHTOB. B kauectBe (opMBbl ompoca BO3MOXKHBI KpaTkasi KOH-
TpOJIbHASA, TECT, YCTHBIN ONPOC H T. II.

1. OTdeTr 0 Hay4yHO-UCClEeA0BaTeNbCKOM padoTe «OI1eHKa COoBpe-
MEHHOTO COCTOsiHUSL o3epa Hepo B POCTOBCKOM MyHHUIIMNAJIBHOM
okpyre SpocnaBckoit odmactu». Pykonuce. Spocnasne. 2011 r. 103 c.
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2. CoBpeMeHHOE COCTOSHHME HKocucTembl 03. Hepo. PriOMHCK:
WNu-1 Ouonoruu BHYTp. Boj, 1991. 74 c.

3. CocTosiHME PKOCHCTEMbI BBICOKOMPOAYKTUBHOIO o3epa Hepo
B Hauasie XXI Beka. M.: Hayka, 2008. 406 c.

4. buxOynaroB 3. C., bukOynarosa E. M., Jluteunos A. C., ITox-
nyonsrii C. A. I'maponorus u rugpoxumus o3. Hepo. Peiounck: U3a-
B0 OAQO «Pr1OuHCcKUM 1oM meyatny, 2003. 192 c.

3apganue 1. [IpencraBute ucropuro uzyuenus o3. Hepo. Mcnomns-
3yiTe naHHbie U3 nepBoucTouyHUKOB Xl B. u IleTpoBckux BpeMeH
00 o3epe, MaTepuabl KpaeBeaueckux ucciaeaopanuii XIX—XX BB.

[TaneonMMHOIOTHUECKUE MCCieoBaHus o3epa (puc. 6). Mcnomp3ys
3HaHMs O Tuapocdepe, Ouocdepe, MPaKTUUECKUX 3aHSATUN MO BOTHOM
HKOJIOTUU MPEJICTABUTh UCTOPUIO BOJIOEMA BO BPEMEHH OT OJIUTO- K 3B-
TPO(HOMY U BBICOKOIBTPO(PHOMY COCTOSIHUIO. {7 OIIEHKH M3MEHEHUH
Tpoduueckoro coctosiHusi 03. Hepo Bocmonbp3yiTech N3BECTHBIMU IIIKA-
JamMu Tpo(PHOCTU BOJIOEMOB IO cojiepkaHuto (ocdopa, azora, mpo-
3pavyHOCTH, XJopodumty «a» (Kuraes, 2007).

OOcyX/IeHHe HKOJIOTUYECKOM, HKOHOMUYECKOW, COLUAIBHOU
Y KyJIBTYPHOU 3HAYMMOCTH BojoeMa s I. PoctoBa u SpociiaBckon
o0nacTH.

lIpakmuueckoe 3a0anue’ BBITIOJHUTE 3aJjaHNE 7 U3 TeMBI 1.

3apanue 2. Jlaiite MOppoMETpUUIECKYIO XapaKTEPUCTUKY BOJIOE-
Ma. ONUIIMTE BOJHOE MUTAHUE U YPOBHEBBIN PEXKUM O3€pa.

IIpakmuueckoe 3a0anue 1

[To npenyioxkeHHO# OatumeTpruueckoi kapre o3. Hepo onpenenu-
Te MopdoMeTpuuecKue MNapaMeTphbl 03epa: IUIOU[aJb IMOBEPXHOCTU
(3epkana), 00beM BOJHOW Macchl, 1 MopdomeTpuueckue kKodhduiu-
€HTBhl — pPa3BUTHUSL OEPEroBOil JIMHUU, OTKPHITOCTH. [1o momyueHHbIM
JaHHBIM MOpPGOMETpUYECKUX KOI(PPUIIMEHTOB ONPENETUTE BEPOST-
HOE€ TIPOUCXOXK/ICHNE KOTJIIOBUHBI U YCJIOBHUSI BETPOBOTO IEpEMEIINBa-
HUS B IEPUO]T OTKPBITOMN BOJIBI.
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OBLII]

- KopeHHble Gepera 24-18 teicau et
ToMY Hasap (abcomoTHaz ebicota 140 M)
- 03epHBNT ypoBeHb 17-10 Tercau meT

ToMy Hasap (abcomoTHaa BpicoTa 120 M)
- COEpeMeHHbIe TPAHMIIBI 03epa

Puc. 6. Usmenenue pazmepon 03. Hepo

B PA3HBIC IICPUOAbI CYIICCTBOBAHUA
(mpuBeaeno mo: hitp://dich2002.narod.ru/2004/2004-08/04080110.jpg)

IIpaxmuueckoe 3a0anue 2

Yrto Takoe BOgoOOMEH BOJIOEMA, Kak OH ucuucisiercs? CBsI3b BO-
1000MeHa, TITyOMHBI BOJOEMa C €r0 00bEeMOM U IUIONIaAbI0 OacceitHa.
Ha xakne xapakTepUCTHKH BIHSICT BOJOOOMEH, yYpOBEHb BOJIOEMA,
mJiomaasr ero OacceliHa, U3pe3aHHOCTh OeperoBoil nuHuu? Halinure
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B JIUTEpaType, KaKOBbI IIOMIAIM BOJAOCOOPHBIX OacCEeHOB U BOA000-
MEHBI BOJoeMOB SflpociaBckoii obmactu (PpIOMHCKOE BOAOXpaHHIIH-
mie, o3. [lmemeeBo), BogoemoB PO u mupa (Hanpumep, 03. baitkai,
03. Ucchik-Kkyib, 03. Opu). g nmoucka nHpopmanuu o0 o3epax uc-
MOJIB3YUTE CCHUIKMU:

1. Uupopmanmonnas  cucrema  «Oszepa  3emmm».  URL:
http://www.limno.org.ru/win/wlake.php

2. Unpopmanmonnass  cucrema  «Oszepa  Poccum».  URL:
http://www.limno.org.ru/win/rlake.php
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Puc. 7. batumetpudeckas kapta o3. Hepo
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3amanme 3. OnumuTe rUAPOONTHYECKUE XAPAKTEPUCTUKU U CBE-
TOBOM pEeXUM 03. Hepo, TepMuUUECKUU PEXKUM, TUAPOXUMUUYECKUU
PEKUM.

OTBeThTE HA BOIIPOCHI:

Kak npo3padyHOCTh BOJBI OMPENECIAECT YCJIOBUS OCBEIICHHOCTH
B BojoeMe? Kak um3mepsiercsa sBPOTHas 30Ha B BOJOEME IO JHUCKY
Cekku? OT yero MOXET 3aBUCETh IMPO3PAvYHOCTh BOJBI B 03€pax’?
Yewm onpeneneHa HU3Kas MPO3pavyHOCTh BOAbI B 03. Hepo B Becen-
He-neTHul nepuona? Kakue opranmszmsl Bojoema B OOJIbIIEH CTEIICHU
CBSI3aHBI C OCBEIIEHHOCThI0? Kak riyOuHa Bojgoema BIUSET HA TEM-
neparypHeiii pexxum? @opMupoBaHHE TeMIIepaTypHOM cTpaTuduka-
IIMY BOJOEMOB B C€30HHOW JMHAMUKE, 3aBUCUMOCTh OT IryOuHbI. Ka-
KUMH CBOWMCTBAMHU OTJWYAIOTCS 3MU- U TMHIOJIMMHUOH? DopmupoBa-
HHEe TepMOoKiIMHA. [IpoaHanu3upynTe TEMIIEPATYPHBIA PEXKUM
03. Hepo B 3aBHCMMOCTH OT TiIyOMHBI, TEMIEpaTyphbl aTMOC(EPHOTO
BO3/lyXa, HAJWYHUS IOHHBIX OTJIOXKEHUN — canpomnenend. Tumsl Bomoe-
MOB II0 KAaTHOHHO-aHHMOHHOMY COCTaBy. YTO MOXKHO CKa3aTh
00 03. Hepo, ucxoss u3 ¢hopmysibl HOHHOTO COCTaBa:

Ca” >Mg” >Na'> K" u HCO; > S0, >Cl ?

Kak cBg3anbl MuUHEpaIM3anus W BJICKTPOIMPOBOJHOCTH BOJIbI?
Hawigure B nmrtepaType KOPPEISIMIUOHHYIO CBSI3b MUHEpPAIHM3ALUU U
AIEKTPONPOBOJHOCTH. UTO MOKHO CKa3aTh O BennmuuHax pH, xapak-
TepHBIX )11 03. Hepo, 3a cueT kakux mporeccoB OHU (GOPMUPYIOTCS?

JIIsi TIOATOTOBKM OTBETOB HCIMOJB3YyWTe KHUTY: bukOyna-
TtoB J. C., buxkOynarosa E. M., JluteunoB A. C., IlogayOnsiii C. A.

I'upponorus u ruapoxumus o3. Hepo. PriOuHCck: PpiOuHCKHI 10M Tie-
yaty, 2003. 192 c.

3ananue 4. Pacckaxute 0 JOHHBIX OTI0XKEHUIX 03. Hepo.

KakoBbl MeTOABI U PE3YyJabTaThl paOdOTHI J1a00paTOpUX camporesie-
BbIx oTiokeHnt Mucturyta neca AH CCCP? Kakue pe3ynbTarsl nomny-
YWJIH B pe3yJIbTaTe ryOUHHBIX OypeHuil B IIeHTpe o3epa? KakoB oOmmit
3arac carporiesyieii, uX coCTaB, paclpe/IesieHre 1Mo aKBaTOPUHU BojoeMa?
Haiigute B nureparype crnocoObl UCHOJIb30BAaHUSI CANPOIENE, B TOM
quciae pa3paboTku sipociaBckuX ydeHbIX (XoxmoB b. H., Hedeno-
Ba B. A. O X034iiCTBEHHOM HCIIOJIb30BaHUM carpornesi o3epa Hepo
I/ O3epa SlpocnaBckoi 00JaCTH M TEPCICKTHUBBI X XO3SIMCTBEHHOTO

36



ucroyb3oBanus. SIpociasib, 1970. C. 346-361). Uto MoKeT MHTEpECO-
BaTh OOIIECTBO C KOMMEPUYECKUX, SKOHOMHUECKHUX TIO3HUIIHI?

3aganue 5. OxapakTepu3yuTe COCTaB M KOJMYECTBO OMOTEHHBIX
3JIEMEHTOB B BoJ€E 03. Hepo.

Kakue coenqnuenust oTHOCITCS K OMOreHHBIM BeriecTBaM? KakoBo
COOTHOIIIEHUE YTrepojaa, BoJOpoAa, Kuciopoja, azora u ¢ocdopa
B )knBO# KieTke? CBOMCTBA M poOjb a30Ta B Omochepe M B KUBOU
kietrke. CBoiicTBa U posib pocdopa B Ouochepe u B KUBOUM KIETKE.
B kakux popmax nHaxomutcsa dhocdop B Boae? Kakas runoresa npeoo-
naganga B KoHIe XX B. OTHOCHTENIBHO COJICp)KaHUS OMOTCHHBIX dJie-
MeHTOB B 03. Hepo? UTo NMpOTHBOPEUUT €l B COBPEMEHHBIX HCCIEI0-
BaHUsAX? UTO 03HAyYaeT BHEIIHSS M BHYTPEHHSAsS] OMOreHHasi Harpy3Ka?
KakoBo ux coorHomenue B 03. Hepo?

lIpaxmuueckoe 3a0anue 1

B 3BTpodupoBaHnr BOJIOEMOB NPUHUMAIOT y4acTHE JBa IIaBHbIX
OMOTeHHBIX dJIeMeHTa — a30T U ¢ocdop. Cunraercs, 4To MPHU KOH-
IEHTpalu MUHepaibHOTo Pocdopa B Boae Hmwke 0.01 Mr/m u MmuHe-
paibHOTO a3oTa HKe 0.3 M/ pocT (GUTOIIIAHKTOHA JTUMUTHUPYETCS
TUMU DJIEMEHTaMH.

Hcnons3yss 0a3y paHHbIX 03. Hepo (cM. HMKE), OIpeaciuTe,
M0 KAaKOMY W3 3JIEMEHTOB MTPOUCXOIUT JIUNMUTHPOBAHKUE (DPUTOTUTAHKTOHA
B o3epe Hepo B pasmbie roapl (ba3za JaHHBIX (DUTOTUTAHKTOHA O3epa
Hepo (20042011 rr.). CBUAETENBCTBO O TOCYJAPCTBEHHOM pErucTpa-
1K 6a3el JaHHBIX B Pocmatente Ne 2013620071 ot 09.01.2013).

IIpakmuueckoe 3a0anue 2

Brimonaute 3aganue 10 u3 temsbl 1.

IIpakmuueckoe 3a0anue 3

bonpmmHCcTBOM UCCJIEIOBATENIEN  Pa3JeIsIeTCs MHEHHE,
YTO MpH OOJBIIONW CTENEHW 3BTPOPUPOBAHUS JTUMHUTHUPOBAHUE TEpe-
X0aUT OT ocopa K a30Ty U OTHOIIEHUE a30Ta K (pochopy CHUKACT-
csi. OOBSICHUTE MPUYMHBI TAKOTO Mepexoa.
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3ananme 6. [IpeacraBpTe JaHHBIC 0 OAKTEpUOILUIAaHKTOHE 03. Hepo.

KakoBa poiib OakTepuii B OpraHu3aliy Ku3HU Ha miaHeTe? O yeM
CBUICTEILCTBYET KOJUYECTBEHHOE pa3BuTHE OakTepuii B 03. Hepo? Uto
Takoe TNepBUYHas npoaykuua? UTto takoe GakTepualibHas MPOTYKIUs?
Kak dopmupyercss «MmukpoOHas nerisi»? KakoBo ee 3HadyeHUE
B 03. Hepo? Kakoil npoleHT sHeprun OaKTepUOIUIAHKTOHA aKKyMYJIH-
pYETCsl B OPraHMYECKOM BEIIECTBE KOHCYMEHTOB IEPBOI0O MOPsiIKa?

3aganue /. JlaiiTe XapakTepUCTUKY Ka4ECTBEHHBIX M KOJIWYe-
CTBEHHBIX IMOKa3aTened (UTOIUIAaHKTOHA o3epa. Kakue opraHu3mbl
COCTaBJISIIOT 3BEHO MPOAYIEHTOB B o3epax? Kak ¢uTONIaHKTOH MO-
KET TMPOSIBIITH cpesoodpaszyromue cBoicTBa? KakoBa OmMoreoxumu-
yeckasi GyHkuus ¢uToriaHkToHa B 03. Hepo? Kakoi mponeHT nep-
BUYHOW MPOAYKIIMU MPUXOIUTCS Ha (HUTOIIAHKTOH B 03. Hepo? Uto
U3BECTHO M3 MyOJUKaIui 00 OCHOBHOM CyKieccuM (hUTOIUIAHKTOHA
B 03. Hepo? KakoB xapaktep CE€30HHOW CYKIIECCMM B COBPEMEHHBIN
nepuon? Kakue KpynmHbIe TaKCOHBI BOJIOPOCIECH AOMUHHUPYIOT B CO-
BpeMeHHbIH mnepuoa? Kak KoHIeHTpamusi Xjopoduiia «a» CBsA3aHa
c bmomaccoi GpuTorIaHKToOHa?

1. babanazaposa O. B. Ctpykrypa (puTOmIaHKTOHA M JUHAMHKA
cojiep)KaHus OMOTEHHBIX 3JIeMEHTOB B 03epe Hepo // buonorus BHyT-
pennux BoA. 2003. Ne 1. C. 31-39.

2. Babanazarova O.V., Lyashenko O. A. Inferring long-term
changes in the physical-chemical environment of the shallow, en-
riched lake Nero from statistical and functional analyses of its phyto-
plankton // J. Plankton Res. 2007. V. 29. Ne 9. P. 747-756.

IIpaxmuueckoe 3a0anue 1

OnuH u3 HamboJsiee YacTo MPUMEHAEMBIX MOKazaTenen Tpoduu
— KOHUEHTpauus xjaopoduiia «a» B Boae. M3BecTHOE ypaBHEHHE
HNunnona — Purnepa (1974) annpokcUMUPYyET 3aBUCUMOCTh MEXKIY
Chl u PoOm. Ucnons3yst Mojelb, pacCUuTaiTe Ajisi BOJOEMOB pa3-
HoU Tpoduu koHueHTpauuu Chl ot PoOui. u conocraBbTe ¢ nurepa-
TYPHBIMU TaHHBIMH.

lg Chl = 1.45 1g Po6m. — 1.14,

rae Chl — xoHnenTpanus xaopoduiia «a» B BOJE, MK/,
Po6r1. — coneprkanue obmiero gocdopa, mr/i.
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lIpakmuueckoe 3a0anue 2

3aBUCUMOCTh MEXAY KOHIEHTpaIuen xjaopoduiuia «a» u mpo-
3pavyHOCTBIO BOJBI MO UCKY, ycTaHoBieHHas B. B. bynsonom (1977),
MOKAa3bIBAET, UYTO MPHU YBEJIWYEHUU KOJUYECTBA Xjopoduiuia Mpo-
3paYHOCTh CHUKAETCA MO YKCIIOHCHTE:

Hip = (6,46 + 0,62)*Chl «a» ~ 004

rae Hrp — npo3padHoCTh BOJIBI B METpPAX;
3
Chl «a» — conaepkanue xyiopoduiia B MIr/M".

Ucnone3ys ¢aiin «baza panHbix ¢uroruiankToHa o3epa Hepo
(20042011 rr.)» paccumrTaiiTe 3aBUCUMOCTh MEKIY IPO3PAYHOCTHIO
BOJIbI M KOHIIEHTpaLMen xyopoduiia «a» B cecToHe Bogoema. CpaBHU-
T€ MOJIyYEHHBIN PEe3yJIbTaT C YpaBHEHHEM, BbIBeICHHBIM B. B. byibo-
HOM Ha 1I€JIOM Psiie BOJOEMOB.

IIpaxmuueckoe 3a0anue 3

Paccuuraiite unaekc tpoduueckoro cocrosuusa (B. B. bynsona)
0 XJIOPOPUILTY «a» JyIsl pa3HbIX yacten 03. Hepo. [Ipoananusupyiite
pEe3yJIbTaTHI.

Ta6muma 1

Konuenmpauus xnopogunna «a» (mxe/n) u HTC
ona paznuunvix uacmei ozepa Hepo (2003-2012 22.)

XJT «ay XJT «ay UTC
XTI «a» UTC NTC
B OTKPBI- | B MakKkpo- B MaKpO-
. - Ha pe€4- | B OTKPbI- . Ha ped-
TOU buTHOU " . buTHOM .
HOH TOM Ya- HOH
qacTu qacTu 4acTH
CTaHIIMU | CTH 03€epa CTaHIINU
o3epa o3epa o3epa
66,8 + 13,7 £ 14,2 +
+41 +43 + 6,2

dopMyJa JJIs pacdyeTa U rpajamnus cM. B 3aJlaHuu 7 TeMbI 1.

3ananue 8. Pacckaxxure 0 BhICHIEH BOJTHOW PACTUTEIBHOCTH 03€-
pa (puc. 8). BciomuuTe, Kakue BUABI BBICIICH BOJHOW PacTHTEILHO-
CTH 00MTalOT B BojloeMax SpocnaBckoit obmactu. Haitnute dororpa-
¢buM 1 MOArOTOBBTE MPE3CHTAIMI0O O Haubojiee PaclpOCTPAHEHHBIX

39



MPEACTABUTENSAX BBICIIEM BOJHOW pacTtuTesibHOCTH 03. Hepo. Kakue
BUJIbI TIpeoOanaroTr? KakoBo COOTHOIIEHHE COOOIIECTB BO3YIIHO-
BOJHBIX PACTCHUH, PACTEHUN C IJIABAIOIUMU JIUCTHSIMUA U COOOIIECTB
MOTPY>KEHHBIX pacTeHui B 03epe? Kak m3MeHsuiach CTENEHb 3apacra-
HUSI B 0003pUMOM HUCTOPUUYECKOM TponuioM? Kakue rumnore3bl MOTyT
OBITH BBIIBUHYTHI O KITIOUEBBIX (haKTOpaX ATUX U3MECHEHUM ?

lIpakmuueckoe 3a0anue 1

Ontuyeckass Ti1yOMHa — COOTHOUIEHWE MPO3PAYHOCTU BOJIbI
no nucky Cekku (Hmop) x cpeaneit rmyoune (Hep). B ruapobuomo-
TUYECKOM JIUTepaType ATy BEIUUYMHY YacTO Ha3bIBalOT KO3 duiiu-
€HTOM OTHOcUTeNbHOM npo3pauHocTu (Kutaes, 2007). Ctenenp 3a-
pacTtaHusi BOJoeMoB Makpodutamu (q, %) 3aBUCUT OT YCJIOBUM 1O I-
BOJTHOT'O OCBEIICHUS

g = 37.5¢(Hnp / Hcep).

[Ipu noxkazaremsix Hop/Hcp menbiie 0.25 BogoeMbl OTHOCSTCS
K OYEHb HU3KOIPO3PauYHbIM, OJTUTOPOTOOATHBIM, IPU STOM CTETIEHb 3a-
pactanus coctanisieT okoyio 10 % mmomamu. [Tpu Hop/Hep 0.25-0.5 —
K HU3KOIPO3payHbIM, CTENEHb 3apacTtaHus yBennuuBaeTcss a0 20 %
(Kuraes, 2007). B 3aBucuMocTH OT BKJIaJia B OOIIYIO MPOIYKITHIO Op-
TaHWUYECKOTO BEIIECTBA BOJIOEMBI OTHOCST K IJIAHKTOTPO(MHBIM C TIpe-
oOnagaHueM (UTOIIAHKTOHHOW COCTaBIISIIOIIEH W OEHTOTPO(HBIM
c mpeoOIagaHueM MaKpo(pUTOB.

Hcnonp3ys 6a3y gaHHBIX 10 03. Hepo, paccuuTaiite A HETo 1o-
Ka3aTellb YCIOBUM MOJBOHOTO OCBEIICHUS (| U OMPENIETUTE, K MIaHK-
TOTPO(PHOMY UK OEHTOTPOYHOMY THUITY OHO OTHOCHTCAL.
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3amanme 9. 3o0mmankToH. HazoBUTE OCHOBHOE OTIIMYKE TE€TEPO-
TpodoB OT aBTOTpodoB. Kakue TUIBI MUILEBBIX IENIE MOXHO BBIJIE-
auTh B BojmoeMax? Kakue 0cOOEHHOCTH B CTPYKTYpE 300IUIAHKTOHA
BaXKHBI TIPU ONpPEACICHUH TPO(PHOCTH BOJOEMA, XapaKTepa mnepexoaa
SHEPrUu OT aBTOTPOGOB K MEPBOMY IeTEpOTPOPHOMY 3BEHY KOHCY-
MeHTOB? O 4YeM CBUJIETEIHCTBYET OTHOIICHHE OOIMX OnomMacc 300-
u ¢utoruiankTona Bz/Bph = 0.05 B 03. Hepo? Kak 3apacraemMocTs
o3epa Makpo(uTamMu CBA3aHa C COCTABOM 300ILJIAHKTOHA?

3amanme 10. 3000eHTOC. BCIOMHUTE U OXapakTepU3yHTE OCHOB-
HblEe Tpynmbl 3000eHTOca. K KakMm KpyHHBIM TaKCOHAM >KUBOTHBIX
OTHOCSITCSI XUPOHOMHU/IbI, OJUTOXEThI, MOJUTFOCKKM M musiBku? Korma
B 03. Hepo ¢dopmupyercsi MakcumanbHas OuomMacca 3000€HTOCA,
3a cueT KakoW rpynnbel u modemy? Ilouemy opranmsmam OeHTOCa
CJI0KHO XUTh B 03. Hepo? K kakomy Tumy BoJI0€MOB 10 OOMIIHIO OCH-
TOCa MOYKHO OTHECTH 03. Hepo?

3ananme 11. Nxtnodayna (pwiObl). Kak ucropudeckue TaHHbBIE
MOTYT OBITh UCIIOJIL30BAaHbI B PEKOHCTPYKIIUU PHIOHBIX 3a1acoB o3epa’?
[IpencraBpTe naHHBIE MO BUJIOBOMY M KOJIMYECTBEHHOMY COCTaBY HX-
TrodayHsl Ha nepuoa nociaeanux Haodmoaenuit 2003 r. IIpencraBbre
U3MEeHeHus Ouosioruu u Mopdosioruu Jienia B 03. Hepo no pesynbratam
uccienoBannii. OOOCHYWTE yMEHBIIIEHHE YJIOBOB JIella — OCHOBHOTO
O00BEKTA MIPOMBICTIA, COMTOCTABLTE C AKOJIOTMYECKUMHU yciioBUsMU. [Ipo-
BEJIUTE aHAJIOTMYHBIA aHAJIU3 IO XWIMHUKaM (IyKa W CyJaK), IJIOTBE
u rycrepe. YTo MOXKHO cKa3aTh O XapakTepe Tpo(hUUeCKUX CBSI3eH B UX-
TuoreHo3e 03. Hepo? O deMm CBUIETENBCTBYIOT PE3YJIbTaThl HCCIICIOBA-
HUW KOPMOBOM 0a3bl OCHOBHBIX IPEACTaBUTENICH MXTHO(ayHBI 03epa?
[TpoBeauTe aHaIM3 MHOTOJICTHEH TUHAMUKH CTPYKTYPhI pHIOHOTO Hace-
JICHUS 3a JUIUTENIbHBIN TIepro;] HabroAeHu Ha 03. Hepo.

3ananme 12. PriOoxo3siicTBoBanue Ha Bojgoeme. [IpoBeaute pe-
KOHCTPYKIIMIO PBIOOXO03sIICTBOBaHUS Ha o3epe. Ompenennure OCHOB-
HBIC PETVIAMEHTHI TPUPOJIONOIB30BAHMS, KOTOPBIE HCIIOIb30BAIHCH
HAIlTUMU TIPEJKaMH B YCTPOMCTBE PHIOHOTO MPOMBICIA B BOJOEME.
UTO NPOUCXOIUT CO CTPYKTYPOH PHIOHOTO HACEIICHHUS ?

3amanme 13. [Tapa3utsl pe10. [Tapa3uTel pel0 Kak (akToOp peryis-
I[UY YMCJIEHHOCTU U CTPYKTYPhI THAPOOMOHTOB. [lokaxkute 3K010TH-
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YECKYI0 pOJib Mapa3uTu3Ma. KakoBbl pe3ysbTaThl Iapa3uTOIOTHYE-
CKHX HucciiegoBanuii Ha 03. Hepo? OOocHyi#iTe HEOOXOAMMOCTh Jajlb-
HEWIINX UCCIICIOBAHUM.

3ananue 14. Opuurodayna (nruipl). Mnekonurarommue. Haitau-
T€ U MPEJCTAaBbTE MOCIEAHUE UCCIEI0BAHNUS OPHUTO(PAYHBI U MIIEKO-
nurarmux Ha 03. Hepo. IIpoananu3upyire COCTOSHUE U3YYEHHOCTH.

3aganue 15. 3arps3HeHHe, KauecTBO BOJ M MyTarcHHas aKTHUB-
HOCTB BoAbI 03. Hepo. Kakue cymecTByroT Kpurepuu 3arpsi3HeHHs BOA?
UYro takoe II/IK? Kak paccunthiBaeTcss 1 0 4eM CBHJICTEIBCTBYET WH-
nexc 3B nu YKU3B? CamocTosATe1pHO HAaIUTE M TOTIOJTHUTE TaOIHITY
(Tabn. 2) mo xauecTBY BOjbI 03. Hepo 3a nmepuon 1994-2010 rr. mo npwu-
OpPUTETHBIM 3arps3HstomuM BetectBaMm (nanubeie ALI'MC), ucnonsiys
JNOCTYIHYIO MH(GOpPMAalMI0 IO COBPEMEHHOMY Iepuony. Mcmnomb3ys
nanuele u3 oryera (Otuer...., 2011) m «Jloknmaapl O COCTOSITHUM
U OXpaHe OKpy»Karolieh cpeapl SpociaBckoi 00iacTw», paccuuTaiTe
N3B s 03. Hepo ¢ 2010 .

1. & .
]}I3B:—*z i
it IIK;

i=|

rae Ci — KOHIIEHTpAIlUsi KOMIIOHEHTA (B PsJie CIydyaeB — 3Haue-
HUE (HU3UKO-XUMHUYECKOTO MapaMeTpa);

N — YUCIO MOKa3zaTeled, UCIOIb3YEMBIX ISl pacuyeTa UHAEKCA,
n==6;

[IIKi — ycTaHOBJ€HHAas BEJIWYMHA HOPMATHBA ISl COOTBET-
CTBYIOILIETO THUIA BOAHOTO OOBEKTA.

Jlns pacdeTa WHAEKCA 3arpsi3HEHUs] BOJ JIJIi BCETO MHOXECTBA
HOPMHUPYEMBIX KOMIIOHEHTOB, BKJIIOUYasi BOAOPOIHBIN MOKa3arensb pH,
ouosiornueckoe morpednenue kuciaopoaa BbIIKs u cogepkanue pac-
TBOPEHHOTO Kuciaopoja, Haxoaat otHouenus: Ci/ITJIKi pakTuyeckux
koHueHTpanuii k [IJIK u nmomydennsiii cimcok coptupyror. M3B pac-
CUMTBIBAIOT CTPOTO MO IIECTH MOKAa3aTesIM, UMEIOIIUM HauOOJIbIINe
3HAYCHUs TMPUBEACHHBIX KOHIIEHTpAallMii, HE3aBUCUMO OT TOTO, Mpe-
BbIIatOT oHM I1JIK mau Her.
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Tabnuua 2

Ilokazamenu kauecmea 600wvt 03. Hepo 3a nepuoo 1994-2012 zz.
nO NPUOPUMEMHBIM 3AZPAZHAIOULUM 8EULECINEAM

(no oannvim ALI'MC)
N3B* IlpuopureTHbIE
JlaTa ¢ 2010 XapakTepucTUKa | 3arps3HA0IIAe Belle-
VKW3B KauyecTBa cTBa (CpeaHeroaoBasi

koHueHTpanus B [1JIK)

HeTenpoayKThI (6),
1994 r. 2.9 3arpsi3HEHHAs Meab (5),
a30T aMMOHUMHBIN (2)

He(dTenpoayKTHI (4),
mers (5), BIIKs (3),

1995r. | 25 YMEPEHHO sxkeneso (1,8),
3arps3HeHHAS
muHk (1.2), a3ot ammo-
Huiinbii (1), denonsr (1)
He(DTEenpOaYyKTHI (4),
MEDEHHO menab (4), BIIKs (2.5), xe-
1996 r. 2.5 yMEp ne30 (1-2), a3oT ammo-
3arpsi3HCHHAS sitrnii (1-2)
denosl (1-2)
HePTEPOAYKTHI (2.4),
1997r. | 24 YMCEPCHHO menb (5), BITKs (2),
3arpsi3HEHHAS Jeneso (2.9)
YMEPEHHO HedTenpoaykThl (6,2),
1998 r. 2.3 3arpsi3HEHHAS menn (2), BITKs (3.1)

HedTenpoayKThI (5.8),
1999 . 3.0 3arpsizHeHHas 1V menb (4), BIIKs (2,6),
dbenonsl (3)

HedTenpoaykThl (3,2),

2000r. | 2.2 YMEPEHHO mens (4), BITKs (2,3),
3arpsi3HEHHAS xeneso (1.7)
HepTenpoayKTHI (3.4),
2001r. | 1.9 YMCPEHHO menb (3), BIIKS (3.3),
3arpsi3HCHHAS seneso (1)
2002 1. 2.8 3arpsi3HEHHAS HedrenpoaykThl (1.4),
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IIpuopurerHbie

n3B*
Jata ¢ 2010 XapakTepuCTHKA | 3arpsi3HsAIONINE Bellle-
VKH3B KavyecTBa cTBa (CpeIHeroaoBasi
koHueHrpanus B I1JK)
mensb (6), BITKS (3.1),
xeneso (2.4),
a30THUTPUTHBIH (2.8)
mensn (1), BITIKS (3.1),
2004 1 14 YMEPEHHO a3ot HutputHbIiin (0.5),
' ' 3arpsi3HEHHAs xene3o (0.7), a30T aMMo-
Hulinbii (0.9)
aMMOHMIHBIA a30T (1.7),
a30T HUTPUTHBIH (2.5),
2005 r. 5.14 rpsizHas V menb (3.0), Hedrenpo-
OyKTHI (2.8), xKene-
30 (3.3), BIIKS (2.5)
xene3o (2.0), BITKS (3.1),
a30T aMMOHHMIHBIH (3.4),
2006 1. 4.19 rpsizHas V mens (1.7), dbenonst (7.5),
HedTenpoaykThl (1.1),
a30T HUTpUTHBIH (0.3)
ITo YKUN3B 36 XIIK (3.4), BUH KSU (2.8),
2010 1. 38 OUCHL a30T aMmmMoHHHBIN (1.3),
xene3o (1.4), menp (3.2),
3arps3HCHHAS deronu (1.5)
ITo YKUN3B 36 XIIK (3.4), EVH KSV (2.3),
2011 39 — a30T aMMOHUITHBIH (1.3),
xene3o (2.3), menp (3.9),
3arps3HEeHHAS dertonu (2.5)
ITo YKU3B 36 XIIK (3.6), EI:IKS 52'7)’
20121 3.97 OUCHE a30T aMMOHUIHBIN (1),
xene3o (1.6), meap (3.1),
3arpsi3HCHHAS deromi (4.6)
2013 r.
2014 T,
2015,
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3ananue 16. O0001IEHNE pe3yJIbTATOB aHAIU3a COCTOSIHUS KO-
cuctemsl 03. Hepo.

[TongBenuTe WTOTM OTHOCUTEIIBHO JKOJOTHYECKOTO COCTOSHHS
03. Hepo B coBpemenHsIi nepuoj. Onpenennure, Kakue aOMOTHUECKHE
u OnoTuyeckue (HakToOphl SABISIOTCS KIFOYEBBIMU B €r0 (DYHKIIMOHHU-
poBanuu. CBenute B TaOIUIYy MHGOPMAIIMIO TIO BEIOPAHHBIM KJTIOUE-
BbIM Mapametrpam (cMm. Tabin. 3). ChopmynupyiTe HaydHbIE 3a]layH,
KOTOpbIE HEOOXOIMMO PEIIUTh MPHU MOATOTOBKE MPOEKTA IO €ro pea-
ownurtanun. Kakue MOHUTOPUHIOBBIE UCCIEAOBAHUS Bbl Obl OpraHH-
3oBanu? IloaBenuTe UTOTM MEPBOIO U BTOPOTO ITAIOB JIESITEIBHOCTH
B 00J1aCTH MPUKJIATHON SKOJIOTHHU: aHAIM3, HUccienoBaHue. Uto Bam
HYHO ObulO caenaTh? Kak Bbl OpraHU30BaM 3Ty JEATEIbHOCTH?
B yeM okazanuch cioxHOCTU? 3HAHUS 10 KaKUM JUCIUILIMHAM OKa-
3QJIKCh TTOJIe3HBIMU? B yeM BaM MpUIILIOCh MOWTH AabIlle MaTepuania,
U3y4eHHOro B yHHBepcuTere? Kakve HaBBIKM U KOMIIETCHIIUU OBLIU
OXBa4€HbI U BHOBb CHOPMUPOBAHBI B BalllEH JIEITEILHOCTH?

Ta6muia 3

Ocobennocmu Ixkocucmemnt ozepa Hepo,
8AJICHBLE C MOYKU 3PEHUS €20 860CCHAHOBICHU

Oco0eHHOCTH, HE 0JIATONIPUAT-
HbIC AJIA BOCCTAHOBJICHUSA
o3epa

OcobGennocTu, 0OJ1aronpusiTHbIC
/151 BOCCTAaHOBJICHHS 03epa

BJaoxk 2

N3yyeHue NPUHUMIIOB M METOI0B BOCCTAHOBJICHHS 03€ep
U HAYYHOH JIUTEPATYPhI C IPUMEPAMHU NIPOECKTOB
110 BOCCTAHOBJIEHUIO MEJIKOBOAHBIX 3BTPO(HBIX BO10€MOB

Hcnonp3ys NEKIMA U TOTOJHUTEIBHBIE JIUTEPATYPHBIE UCTOYHHU-
KH (CM. CIIMCOK JIUTEPATYpPhl), H3YUUTE MPUHITUIIBI 1 METOJIBI BOCCTA-
HOBJICHUSI BOJHBIX 3KOCHUCTEM, B YACTHOCTH MEJIKOBOJHBIX 3BTPO(-
HBIX 03€p. s cpaBHEHHS U HKCTPAINOIALUUA PACCMOTPUTE MPUMEPHI
BOCCTAHOBUTEIIBHBIX pa0OT Ha HECKOJBKUX BOJOEMAaX, OJU3ZKUX
0 TTOKa3aTelisiM SKocucTeMbI K 03. Hepo. PaboTta npoBoauTcst B mapax
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WA TPYNIax, Kaxaas U3 KOTOPBIX JOJDKHA MPEACTABUTH JOKJIA
Y MPE3EHTAIINIO C IPUMEPOM BOCCTAHOBJICHUS BOJOEMA.

3ananue 1. HazoBuTE NSATh OCHOBHBIX MPHUHIIMIIOB BOCCTaHOBJIEC-
HHUS 03€PHBIX IKOCUCTEM. PacKkpounTe CMBICH 3TUX NPUHIUNOB. KakoBa
BBIpa0OTaHHAs HA CErOJHS CTPaTeTHs BOCCTAHOBJICHHUS O3EPHBIX JKO-
cucteM? Kakue 3KOJIOrMYeCKHE 3aKOHBI ONMPEACIISIOT XapakTep oopa-
TUMOCTH 3KOCHUCTEM?

3amanue 2. [IpuBenure 4eTblpe OCHOBHBIE BO3MOKHOCTH BOCCTa-
HOBJICHUS TIOBPEKACHHBIX U JCTPAAUPOBABIINX dKOocUCTeM. OObSICHUTE
Pa3HUIy MEXIy BOCCTAHOBJICHMEM M peaOwiurtaimei. Bo3zmoxHo u
€CTECTBEHHOE BOCCTAHOBJIEHUE BOJOEMOB? BO3MOXKHO JI BEPHYThH KO-
CUCTEMY K TIpeaplayiieMy TpoduueckoMy cocTosiHuio? IlpencraBbre,
YTO C MOMOIIBI0 BOCCTAHOBJICHHUS YJAJI0Ch BEpHYTh a0noTHdeckue (hak-
TOpPBl K IMOKA3aTeNsIM, MPEANIECTBYIOIINMM aHTPONOTEHHOMY BIIUSHUIO
Ha cucTteMy. MOKHO JIM UCKYCCTBEHHBIMH METOJaMHU WM C TIOMOIIBIO
€CTECTBEHHOM CYKIIECCHUU JOOUTHCS BOCCO3AaHUsI OMOIICHO3a, UICHTHY-
HOT'O CYIIIECTBOBABIIEMY KOTJIa-TO B 3THX ycioBusix? Kakue xapakrepu-
CTUKUA 03€p B OIPEACICHHOW Mepe MNPeIONpeIesioT IKOJOTUUECKUE
O0COOEHHOCTH BOJIOEMOB, UX Tpoduueckuii craryc?

3ananue 3. [laiiTe onucaHue METOJA aspayuu U OKCUeeHayuu Th-
nonuMHHOHa. Kakue mporeccel B Bojgoeme OH u3MeHsier? Kakue
OTPAaHUYECHUSI CYIIECTBYIOT Uil JaHHOTO Merona? Kak TexHH4ecku
MOYHO PEAInu30BaTh METON?

Meron pazbasenenus/svimbiganus. Xapakrepuctuka merona. Ka-
KM€ M3MEHEHHUS MIPOUCXOIIT B 03€pe MpHU ero npuMmeHeHun? OrpaHu-
YEHHUS JJI1 METOA.

Yoanenue oonnvix omnooxcenuti, Win opazuposarue. ONUIINTE
TEXHOJIOTHIO MeTo/a. TexHuueckas peanusanus meroqa. Kakue Hera-
TUBHBIC MPOIIECCHI MOTYT Pa3BUBATHCA B 3KOCHUCTEME NPHU MPUMEHE-
HUKM MeTona? CyliecTBYIOIIME OTpaHMuYEHMs il Metoja. Bo3Moxk-
HBIC MMOJIOKUTEIBHBIC U OTPULIATEIBLHBIE TOCIEICTBUS.

Xemomanunynayus 1 akmueHas uzonayusi OHa. B 4em CyIHOCTb
METOJIOB, YeM OHM OTjiuvarorcs? Pacckaxkure o crmocobax ymalieHHs
dbochopa ¢ MOMOIIBIO COCTUHEHUM AIFOMHHUSA, JKeJie3a, KaJlbITus,
KoMmIuiekca xumukaToB (Riplox-meTon), rmuHucThix Matepuanon. Ka-
KHE TPOLIECCHI IPU 3TOM MPOTEKAIOT B BOAE M JOHHBIX OTJIOXEHUAX?
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HazoBute ycnoBus MPUMEHUMOCTH AaHHBIX MeTOA0B. CpaBHUTE Me-
TOJABI M0 MPEUMYIIIECTBAM M HEJIOCTATKaM U OIEHUTE BO3MOXHOCTH
IIPUMEHEHUA B d3KOocucTeMe 03. Hepo.

buomanunynayus. Onuiivre KOHUEMIMIO KacKaJaHOW Tpoduue-
CKOM IIEMU W TEOPHUIO KOHTPOJIS «CHHU3Y-BBEPX» U «CBEPXY-BHH3»
(«bottom-up/top-down theory»). ITouemy knaccuueckas macTOUIIHAS
Tpoduyeckas 1enb «He pabdoTaeT» MPU BOCCTAHOBICHUHU THUIEPTPO(-
HBIX BOJIOEMOB, OCOOCHHO MEJIKOBOJHBIX? HazoBuTe yCiIoBuUs mpume-
HeHus Meroza. [lepeuncnute Hanbosnee 4acTo MPUMEHSIEMbIE MEpO-
IpUATHS 110 OnoMaHuMyJAuk. OT Yero MOXKET 3aBHUCETh JOJITOBpPE-
MEHHBIN MOJIOKUTENIbHBIN 3G (PEeKT Ha KauecTBO BOABI? BO3MOXKHO JiH
MPUMEHEHHE METO/1a Il BOCCTAHOBIICHUSI 9KOCUCTEMBI 03. Hepo?

HazoBute MeHee pacnpoCTpaHEHHbIE TEXHOJIOTHH 10 Oopnbe
c aBTpodupoBanueM. KakoBbl NMPUYWHBI, IO KOTOPHIM 3TH METO/IbI
MPUMEHSIOTCS pexe?

IIpakmuueckoe 3a0anue 1

Brmomaure 3agague 10 u3 TeMbl 2.

3apanue 4. Ilogbepute W3  IJEKTPOHHBIX  MCTOYHUKOB
(cM. «OnekTponHble pecypchl Apl'Y» — nHbopmanuio Ha calite O010-
nuoteku http://lib.uniyar.ac.ru) craTbu ¢ NpUMepaMu BOCCTAHOBJICHUS
MEJIKOBOJIHBIX ABTPO(HBIX BOJOEMOB, MTOATOTOBBTE JOKIA] U MPE3CH-
TallUI0 O BBIOpaHHOU cTaThe. [I0CKOJIBKY OIBIT BOCCTAHOBJIEHHUS BO-
JIOEMOB B HaIlleW CTpaHe, B OTJIMYME OT 3amajHbIX cTpaH (B EBpome
oonee 700 mpOEKTOB), OYEHb MaJl, PEKOMEHIYETCA BBIOpATh CTAThIO
U3 QHTJIOSI3IYHOTO HMCTOYHMKA (HampuMep, U3JaTeNIbCTBO SPringer).
DTO AOMKHBI ObITH TOJHOTEKCTOBBIE CTAThU M3 HAYYHBIX JKYPHAJIOB,
MoHOTpaduii, KHUT (HE U3 Ta3eT U HAyYHO-TOMYJISIPHBIX HCTOYHHUKOB,
T. K. B HUX HEJIOCTATOYHO MEPBUYHON MH(DOpMAIIUM 00 IKOCUCTEMAX ).
[Ipu BbIOOpE CTaThK HEOOXOIUMO MPEK/IE BCETO MOA00paTh MPUMED C
BOCCTAaHOBJICHHEM BOJi0oeMa, HanboJiee OJIM3KOro 1o mapaMeTpam dKo-
cucteMbl K 03. Hepo 1 pacmnosiokeHHOro B aHAJIOTUYHOM KIMMaTHye-
CKOM mosice. B gokmnaze o0s3aTenbHO AOKHO OBITH MPENICTABJICHO:
CpaBHEHHE BBIOpaHHOIrO Bojoema (BogoemMoB) u 03. Hepo mo abuortu-
YEeCKMM U OMOTHYECKHM ToKa3aressiM (TUIoliaab, CpeaHss TiyOuHa,
BOJI0OOOMEH, MPO3pPAaYHOCTh BOJbI, BUABI W BEJIMYUHA OUOTECHHOMN
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Harpy3Ku, MoKa3aTelid pa3BUTHS U BUAOBOM COCTaB (PUTOIUIAHKTOHA,
Makpo(uTOB, 300MIaHKTOHA, O€HTOCca, pbi0). Kpome Toro, HeoOXoau-
MO YETKO MOKa3aTh, KAKWe METO/Ibl ObUTH BBHIOPAHBI JIJI1 BOCCTAHOBJIE-
HUS, KaKhe MapaMeTpbl SKOCUCTEMbI €My MPEIIICCTBOBAIM U KaKHUE
OBbUIU TOCTUTHYTHI, CKOPOCTh PEAKIMU BOJOEMA Ha MPOBEJICHHBIE pa-
00TbI, OOILIKME PE3YNAbTAThl (IMOJOKUTEIbHBIE WM OTPULATEIbHBIC),
HACKOJIBKO OKa3aJIUCh JOCTHXKUMBI 11€JIM, U3HAYAIbHO MOCTaBJICHHbIE
B mpoekte. JIs muirocTpaiuy JI0KJIaja MOXHO HCIOJIb30BaTh JUa-
IPaMMBbI U PUCYHKH U3 CTAThH.

3apanme 5. Cemunapckoe 3ansatue B ¢hopme auckyccun. O6cy-
JUTh TOKJIAAbI, CACIaHHbBIC TI0 33aJaHUI0 4, U OTBETUTHh Ha BOIPOCHI.
B yeM npuuYMHBI HEYJa4YHBIX BOCCTAHOBHUTEIBHBIX IMpoekTOB? Ilpa-
BHJIBHO JIM OBUIM ITOCTaBJICHBI LIEJIM U Moa00paHbl MeToabl? Ha oc-
HOBAaHUU TEOPETHUYSCKUX 3HAHWHU W 3aCIyIIaHHBIX JOKJIAJO0B C MPH-
MepaMH BOCCTAHOBJICHHMS MEIKOBOJIHBIX 3BTPO(PHEIX BOJIOEMOB,
pPAacCMOTPETh C 3KOJOTMYECKOM M 3KOHOMHUYECKOM TOYEK 3PEHUS,
KaKHe U3 METOJ0B BOCCTAHOBJICHUS HanboJjee MOAXO0SIT I pead u-
auTanuM dKocucTeMbl 03. Hepo. Kakue mocromHcTBAa M HETOCTATKH
3THUX METOJOB BBl BUIUTE, BO3MOXKHBIC TPYAHOCTH IPH UX IPUME-
HeHuu? MToroMm IHMCKyccHMW IOJKHA OBITH 3amoJIHCHHAs Tabiuia
(Tabin. 4) ¢ METOIaMU U MX OLICHKOM.

Taomuna 4

Ouyenka memo0oe eoccmanosienusn 01 peaauzayuu 6 03. Hepo

HocronncrBa | Hemocrarku me-

Meton
MeToa TOAA IIpume-
BOCCTAHOBJIE-
— JJISL peajiu3aluy | JIJI peaju3anuu YyaHue
B 03. Hepo B 03. Hepo
1.
2.

3apanme 6. [Tpoananuszupyiite npuMepsl U crenaiite 0000IIeHHE:
KAKWE€ TUIIMYHBIE YEpPThl ABTPO(DHUPOBAHUS MEIKOBOIAHBIX O3€p BBI
MOYETE BBIJICIIUTD.

3ananue 7. Ha ocHOBaHMM 3HaHMS OOLIMX MPUHIIMIIOB U METOJIOB
BOCCTAHOBJICHUSI BOJJOEMOB M IPUMEPOB U3 cTaTed chopmynupyinrte
MPUHIUITBI BOCCTAHOBJICHUSI MEJIKOBOJAHBIX TUIIEPTPOPHBIX 03€p.
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Bbaoxk 3

IHoxoop meTonoB BoccTanoBaeHUs 03. Hepo
HCXOJA U3 KJII0YeBbIX A0HOTHYECKUX U OHMOTHYECKUX TAPAMETPOB
€ro 3KOCUCTEeMbI U OATOTOBKA COOCTBEHHOI'0 IPOEKTA
110 BOCCTaHOBJeHUIO 03. Hepo

TeopeTrnueckne 3HAHHUS UM U3YUYEHHBIE ITPUMEPHI BOCCTAHOBIIE-
HUSI BOJOEMOB HEOOXOJAUMBI JJIsl MPAKTUUECKOTO MOAX0Aa K TPETh-
€My KOMIIOHEHTY MPUKIAJIHON 3KOJIOTMH — MPOEKTUPOBaHUIO. Pa-
00Ta MPOBOAMUTCA B Mapax WIM rpymmax, Kakaas U3 KOTOPBIX JTOTXK-
Ha HamucaTh U OPEJICTABUTh MPOEKT MO BOCCTAaHOBJIEHUIO 03. Hepo.

3ananme 1. Kakve HaydHbIe 3aJja4d BBl CUNTAETE HEOOXOIMMBIM
IIOCTABUTh IIEPEJ] TPYIIOH, CO3JAOUIECH MPOEKT BOCCTAHOBJICHUS
03. Hepo? JloctatoyHo M JaHHBIX 17 CO3JaHUS MOJOOHOTO MPOCK-
ta? CyliecTBYeT Ju HEOOXOIUMOCTh B MPOBEICHUH JOTOJHUTEIbHBIX
ucclieioBaHui axkocuctemsl 03. Hepo, ecnu fa, To kakue Obl Bbl IIpe-
JIOKWIIN UCCIICIOBAHUS ?

3aganue 2. Hamumure mpoeKT BOCCTAHOBIICHHS SKOCHCTEMBI
03. Hepo, wucnonb3ys OAMH U3 pPacCMOTPEHHBIX HAMU METOJOB
WJIU UX KOMILIEKC.

[IpoekT nomKeH BKIIOYATh B CEeOSl CIENYIOUIME YacTH: BBEe-
HUE, KPaTKyl0 JUMHOJIOTHYECKYIO XapakTepucTtuky o3. Hepo, mate-
pUalIbl U METOJIbI, SKOJIOTHUYECKOEe 0OOOCHOBAHUE MPUMEHSEMBIX Me-
TOJOB, MPOTHO3, CXEMY MOHHUTOPUHTOBBIX HAOJIOJEHUN (CTaHLHH,
napamMeTpbl, BDEMEHHON MHTEpBaJ HAOJIOJICHUI ), 3aKITIOUEHHUE.

[Iponymaiite, Korjga HEOOXOAMMO MPOBOJUTH MOHHUTOPUHT:
110, BO BpPEMSI WJIM MOCJE PEan3aluu MPOeKTa? DKCTPANOIUPYUTE,
HACKOJBKO 3TO BO3MOKHO, METOJIBI M OIIBIT BOCCTAHOBJIEHUS MEJIK O-
BOJIHBIX JBTPO(HBIX 03€p U3 MPUMEPOB, PACCMOTPEHHBIX HaMHU
B XOJI€ Kypca.
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Bbaoxk 4

AHaJIU3 CyIIeCTBYIOILIEro MPoeKTa o peaduauranun o3. Hepo,
OLIEHKA METO/J0B, NPOTHO3 Pe3yJbTATOB.

3aHATHA TPOBOJATCS C MOMOLIBIO MeToaa «case-study» («meron
KEICOB»), OCHOBAHHOTO Ha MOJICTMPOBAHUYU CUTYAI[UU WIIH UCIIOJIb30-
BAHUH PEAIIbHOM CUTYallMUd W3 HAYYHOM ACATENBHOCTH B LIESAX aHA-
Ju3a JAHHOTO CIy4asi, BBISIBJICHUS MTPOOJIEM, TTOMCKA AIbTEPHATUBHBIX
pPELICHUI U NMPUHATUS ONTUMAJIBHOTO pelieHus: mpodsieM. CTyaeHTHI
JOJDKHBI MPOAHAM3UPOBAaTh CHUTYAIMIO, pa3o0paTbcsi B CyTH IIPO-
0JieM, MPEIJIOKUTh BO3MOXHBIC PEIICHUS U BHIOpATh JIyUlllee U3 HUX.
Keiicel 0a3upyroTcss Ha peaqbHOM (HaKTUYECKOM MaTepualie WUin Ke
NpUOJIMKEHBI K peajbHOM cuTyaluu. B Haiiem ciiydae keiicoM sBiisi-
eTcs COOpHUK JOKYMEHTOB «KOMIUIEKCHasI 3KOJOTHYECKass peaduin-
tanus o3epa Hepo B PoctoBckoM paitoHe SpociaBckoii 001acT.

3apanme. [Ipountars npoekT «KoMmekcHas 3KOJIOrnyeckas pe-
abwmmramus o3epa Hepo B PoctoBckoMm paitone SApocnaBckoit o0:a-
CTW» M HAIMCaTh MO HEMY 3aKioYyeHHe. MOKHO JU peajn30BbIBAThH
nporpammy peabunurtanuu? Kakue 3amedyanus y Bac Bo3Hukin? Co-
OTBETCTBYIOT JIM BBIOpPAHHBIE METOJbI MOCTABJICHHBbIM IensaM? Cre-
JJAUTE TPOTHO3 — BO3MOXHO JIM JOCTMKEHUE IOCTABJIEHHBIX IIPO-
rpammoil nenei? OTMEThTE CUIIbHBIE M CIAa0ble CTOPOHBI IPOEKTA.
Kakune mnocnenctBust (IMOJOKUTENIBHBIE U OTPULATEIBHBIE) 3aIlIaHU-
POBAaHHBIX METOJOB BBl MOXETE CIPOTHO3UPOBATH?

KOHmpO./leble 860NpocusI no meme

Hctopus npupo100XpaHHO# AesiTebHOCTH Poccnn.

. HexoTopsie MoJ10KeHNs1 CUCTEMHO-CTPYKTYPHOTO aHAJIN3A.

. IIpaBuiI0 BBIACIIEHUS CUCTEM.

. CBONCTBA CHUCTEMBI.

. Oprannsanus u cCaMOOpraHu3anus.

. OCHOBHBIE TTOJI0KEHUS CTPATETUYECKOTO YIIPABICHUS.

. [Tonarue pupMbl U KOHKYPEHIMH, UICTOYHUKU KOHKYPEHTHBIX
IIPEUMYILECTB.

~NoO U WN R
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8. AIMUHUCTpAaTUBHAS, CUTYalIMOHHAS U CTpaTeruueckas MoJIelb
yIpaBJICHUS.

9. Ilonsrue crtparerun mo Edpemosy (1998), Keuny (1980)
5IT mo Munnoepry (1987).

10. SWOT- u REST-ananu3bl mpu BeIpaOOTKE CTpaTeruu (GUpPMBI,
paboTarorei B 00J1aCTH IPUPOJOOXPAHHOM AESITEIHLHOCTH.

11. Crparernueckoe IUIAHUPOBAHUE MPUPOJOOXPAHHON J€-
TEJIbHOCTH.

12. Tpu Onoka IeATeNIbHOCTH B MPUKIIAIHOM dKojoruu. Ompene-
JICHUS, TTOIXO/IBI.

13. B 4ém 3akmrouaeTcst aHaIW3 MPU MPOBEACHUH SKOJIOTHIECKUX
MIPOCKTOB?

14, Ilenun u 3TaIbl SKOJOTHUYECKOTO HCCICTOBAHUS M IKOJOTHYC-
CKOT'O MPOEKTHUPOBAHMUSI.

15. Oco6eHHOCTH IKOJIOTHYECKOTO MPOU3BOJICTRA.

16. Dxonoruueckoe ymnpaBlieHHE.

BoccTanoBJ/ieHue Boa0oeMOB

17. IlpyHIMOBI W CTPATETHsI BOCCTAHOBJIIEHUS O3E€PHBIX IKOCH-
CTEM.

18. DKoJOTHYECKHEe 3aKOHBI, OMPEACIISIIONINE BO3MOKHOCTb BOC-
CTaHOBJICHUS SKOCUCTEM.

19. OcHOBHBIE BO3MOYKHOCTH BOCCTAHOBJICHHSI TIOBPEKICHHBIX
U JCTPAIUPOBABIINX YKOCHUCTEM.

20. ITapameTpsl OLIEHKH COCTOSTHUS O3€PHBIX IKOCUCTEM: (DU3UKO-
XUMHUECcKHe, MophoMeTpruueckue, OnoTudeckue (0akTepUOIIaHKTOH,
(UTOIIIAHKTOH, MAaKPOMUTHI, 300IUTAHKTOH, OSHTOC, PHIOHI).

21. ITpennaraempie H. M. MUHra30Bo#l MpUHIIMIIBI BOCCTAHOBIIE-
HUS 03¢p W CXeMa IPOIIECCOB BOCCTAHOBJICHUS COCTOSIHHS BOJHOM
KOCHCTEMBI.

22. Konuenimusi OMOTeHHOM Harpy3kd. BHYTpeHHSISI ¥ BHEIIHSS
Harpys3ka.

23. MeToapl BOCCTAaHOBJICHHUS O3€P: a’palvs U OKCUTCHAITUS TH-
MOJIMMHUOHA, pa30aBIcHUE/BbIMBbIBAHUE, Y/IaJIEHUE JOHHBIX OTJIOXKE-
HUW WIK ApardpoBaHue. Y CIOBUS MPUMEHUMOCTH JTAHHBIX METOIOB,
MIPEUMYIIIECTBA U HEJIOCTATKH.

24. MeTonpl XEMOMAHMUMYJAIMM W aKTUBHOW M3OJISIIIMU JTHA.
YcnoBus NpUMEHUMOCTH METOJI0B, MPEUMYIIECTBA M HEJOCTATKH.
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25. buomanunysnus. « Top-downy u «bottom-up» mozaeny.
26. MeHee pacnipOoCTpaHEHHBIE METOIbI BOCCTAaHOBJICHMS.
27. CyTb KOHIIENIIMK OMOTeHHOU Harpy3ku P. dosnnenBaiiaepa.

IIpakTHyeckue BONpoOcsI 1o Ikocucreme 03. Hepo

28. Dxocucrema 03. Hepo kak 0OBEKT 11 BOCCTAHOBJICHHS.
AbGuotuueckue paktopsl. Mopdhomerpus. ['mapomnorus. ['uapoxumus.

29. Dxocuctema 03. Hepo kak oOBEKT JiJisi BOCCTaHOBJICHUS. bak-
TEPUOILJIAHKTOH. DUTOIJIAHKTOH.

30. OkocuctemMa 03. Hepo kak OOBEKT 1Ji1 BOCCTAaHOBIICHMSI.
Bricias BojiHast pactutesbHOCTh. JuHamuka B XX—XXI| BB.

31. OxocucteMa 03. Hepo kak 00BEKT JUIsi BOCCTAaHOBJICHUS. 300-
maHkToH. 3000eHToc. MxTrodayHa.

32. Bo3MOXXHbI€ ITyTH 03I0POBJIEHUS SKOCcHUCTEMBI 03. Hepo.

33. «Bottom-up» xoHTpoab. [loa0KUTEIRHBICE U OTPHUIIATEIIHHBIC
CTOPOHBI TO00OBIUM canpornens Jis 3KocucTeMsl 03. Hepo.

34. Bo3moxknoctu MeTona «top-down» konTposst 1st o3. Hepo.

35. Bo3aMokHBIE METOIbI OMOMAHUITYJISAIINN (M3BATHE U BCEIICHUE
pbI10) mis 03. Hepo.

36. MeToabl aspaniuu, BO3MOKHOCTH TpUMEHEHUS 171 03. Hepo.

37. MeToapl XEMOMaHUITYJISIIIMKA, BO3MOXHOCTH TMPUMEHEHUS
1 03. Hepo.

38. Bo3amoxkHbIe METOABl OMOMAHUMYJIALIMKM B CUCTEME «(PUTO-
IJIAHKTOH — Makpodute» s 03. Hepo. Biausaue ypoBHst 03. Hepo
Ha 3apacTaeMoCTh MakKpohUTaMH.

39. JlocTonHCTBa U HEOCTATKH MpPoekTa « KoMIIekcHas 3K0JI0-
ruueckas peabunurtanus o3zepa Hepo B PoctoBckom paiione Spo-
CJIaBCKOU 00JIacTu».
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