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BOMNPOCbI YCTONYUBOIO PA3BUTUS, POJIb HAYKU U OBPA3OBAHUS
HA MPUMEPE HAYKU OB O3EPAX - JIUMHOJIOITA

H. H. ®unaTtoB*, B. B. MeHWyYyTKNH**

*IHcTuTyT BOAHbIX Npobsem CeBepa KapHL| PAH
** CaHkT-lNeTepbyprckni 9KOHOMUKO-MaremMaTnyeckmni uHCTUTyT PAH

HEKOTOPBLIE MPOBJIEMbI PEAJIN3ALINA
KOHLEMNLMN YCTOVNYMBOTO PA3BUTUA
B YCJIOBNAX POCCUN

Ha npoTsxeHun BCen CBOEN UCTOPUM YenoBe-
4YeCTBO MEPEXUIIO HE OOVNH 3KONIOMMYECKUI KPU3NC,
3a «nobeny» Hag KOTOPbIMM NPULLIOCH 3annaTtuTb
OrPOMHYIO LieHY. B €cBSI3N € 9TM BO3pacTaeT posib
Hayku, 3a4a4a KOTOpol — NpeaBUAETb BO3MOXHbIE
KaTakiMambl 1 Gnarogapst M3MEHEHUD TEeXHOJO-
rmin, obpasa Xn3Hu cosgaBaTb HOBbIE YCOBUS OJ1s1
HOpPMaJIbHOro CyLLEeCcTBOBaHUS 4YenoBeka (Puna-
T0B, 2001). AnbTEPHATMBON NEeYanbHOMY CLIEHAPUIO
pasBUTUS LUMBUAM3ALMN AOSMKHO OblTb pasymMHoe
pa3BuTne oOLLEeCTBa B NMiaHeTapHOM mMacluTabe v
co3aaHme Hoocdepbl, y4eHne o KOTOpoi pa3pabo-
Tan 3ameyatesibHbli PYCCKUA y4eHbIn, ¢punocod
Bnagnmnp NeaHosuy BepHaackuin (1944). Kpute-
PUEM HALMOHANbHOIO U MHAMBMAOYaNbHOrO GoraT-
CTBa [O0JIKHbI CTaTb B MEPBYIO O4epedb AyXOBHble
LIEHHOCTM U 3HaHNS NOAEN, XXUBYLLMX B rApMOHUN C
npupoaoin. C Havyana XXI B. 4e10BEYECTBO CTOUT Ne-
pen 6ecnpeueneHTHOM nNpobnemMoin Bblbopa cTpa-
Termm cBoero BobkmBaHusa (KoHgpatees, MockaneH-
ko, 1987). CtpaTterusa kacaetcs Bcex chep Xn3He-
0EesATeNbHOCTN — 9KOHOMUKN, Haykn, 0Opa3oBaHus,
KyNbTypbl, DOPMNPOBAHMSI HDABCTBEHHOCTU. ApPKUM
CBUOETENLCTBOM OTHIOb HE YCTOMYMBOrO Pa3BUTUS
LMBUNN3ALLMM HA COBPEMEHHOM 3Tare siBNsSeTcs Co-
BPEMEHHbIN M00aNbHbIA 3KOHOMUYECKUIA KPU3UC.
KoHuenuus ycTomunmBoro pasBuTus UCXoauT U3 To-
ro, 4TO 3KOHOMWNYECKOE Pa3BUTME NPENMYLLLECTBEH-
HO 3a CYET NPUPOOHON cpeabl U B yLlepb e Heno-
NyCTUMO; Ype3BblHaHOE 0boralleHne OaHNX NyTeM
orpabsieHmst opyrmx Ha MexayHapoaHOM YPOBHE U
BHYTPW CTPaH YpeBaTo yrpoXaloLymM UMBUAN3aLMN
rnobanbHbiM CcouMasnbHbIM B3PbIBOM; MoTpebne-
HWe, KakK NMPOMBbILLSIEHHOE, TaK U JINYHOE, C Y4EeTOM
OrpaHNYeHHOCTM PECYPCOB MiaHeTbl JO/KHO OblTb
pasyMHO paumoHanuampoBaHo (KonTior, 1996).

loBops 06 yCTOMYMBOM pPa3BUTUM, agantauum 6mo-
coepbl 1 Henoseka kK Hoocdepe, CEroaHaLLHME NPO-
rPECCUBHBIE MONNTUYECKNE W AYXOBHbIE NNAEPHI
NPUXOAAT K BbIBOAY O HEOOXOAMMOCTM HOBOW KOH-
uenumn XXIB. OcHoBaHHasi Ha Hay4HOM 3HaHUW,
OHa O0/MKHA YYUTbIBATb HaUMOHaNbHbIE TPaAULMN
N KYNbTYpYy, COCTOSIHME 3KOHOMWKM U rOoCynapcT-
BEHHblE MHTEPECHl, HO B OCHOBY €€, KOHe4YHo, Oy-
OyT 3a10XKeHbl 0OLLME MPUHLUMMBI XO3SMCTBOBAHWS
N XWU3HW, YYUTbIBAIOLIME NHTEPECHI CTPAH U Yeno-
BeyecTBa B LEeNoM, GoOpMUPOBAHME TEONONUTMNYE-
CKMX MOJIIOCOB C AOBOJIbHO pPa3HbIMU CUCTEMaMM
>KM3HEHHbIX LLeHHOCTEN. Mexay Takumm noatocamm
M cTpaHaMn, 00bEANHSIIOLLMMUCS B paMKax Kaxao-
ro nosnwoca, Hen3bexHO HEepPaBEeHCTBO CTapTOBbIX
noTeHuMasnbHbIX BO3MOXHOCTEN Nepexoja Ha nyTb
ycToMumMBOro pas3sutus. HamBHO Oblno Obl nona-
ratb, YTO ABMKEHME YENOBEYECTBA K YCTOMHYMBOMY
pa3suTuio dyaeT ganee 6eCKOHMNNKTHBIM. Hanpo-
TUB, CErOOHSILLIHEE BPEMS — 3TO NEPMOL, OCTPENLLEN
60pbObl HA MMPOBOW apeHe 3a Pecypcbl 1 B nep-
BYIO 04epeap — 3a YrneBogopoaHOE TOMAMBO (Mpu-
Mep — Mpak, a BO3MOXHO, 1 MpaH, cyas no Bbicka-
3blBaHMSIM HekoTopblx aesatenenn CLUA), a B 6nu-
Xarwme OecatuneTns — 3a Boay, 9KOIOrMYeCKMin
pe3eps (KnoTcknin NpOTOKON) N MHTENNEKTYaNbHbI
noteHuman (MPUTOK Hay4YHbIX CUA N3 MHOIMX CTPaH,
B TOM ymcne u n3 Poccum, B CLLIA). No3aTomy BaxHO
NOHMMaTb MMPOBbLIE TEHAEHUMM PA3BUTUS MPOLLEC-
ca rnobanumsaumun, KoTopble nomoryt Poccun or-
penennTb CcTpaTtervio pasBuTUS, HauWOHasbHbIE
MHTEpPEeChbl 1 BO3MOXHOCTM (OpPMMPOBaHUS bonee
YCTOMYMBOrO MHOrOMOMIOCHOrO Mupa. B npouecce
rnodanmMsaummnm BCe MeHbllee BIUSIHME UMEOT Ha-
LMOHasIbHblE rOCYAapCTBa B CBOMX FpaHmuax, Bce
6osnbLuen rmobannsaumm noaBepraiTcsl PeCcypChl.
MoTpebHOCTb B HOBOW KOHLEMUUW PasBUTUS Ye-
floBEYecTBa Hasdpena AaBHO, Tak Kak AJfis HbIHeLU-
Hero cyrybo pauyoHasibHOro noaxoaa K OCHOBO-
nonarawowmm npobnemam ObITUS, HACUIIBCTBEHHO



HacaXxaaemMoro BO MHOMMX CTpaHax, XapakTepHO
YHULHMXKUTENBHOE OTHOLLEHWE K APYIrMM KyJbTypam,
penurnsam, oTpuuaHue UEHHOCTU Tpaguumin npu-
POAOMN0J/Ib30BaHMS, BblpabOTaHHbLIX Pa3HbIMU LN-
Bunmnauusimm. OCHoOBHOE GEeCNOKOINCTBO BbI3biBAET
BHEOPSEMbI HbIHE MOBCEMECTHO Tak Ha3blBaeMbii
«9KOHOMM3M>». HuyemM He OrpaHuyYeHHbli 3KOHO-
MN3M, CNEKYNSaLUMN Ha BupxKax, BaSItoOTHOM PbIHKE 1
npuBeNN K COBPEMEHHOMY 3KOHOMWYECKOMY KpWU-
3ucy B Mupe. Npu Bcen CBOEN NpUTSAratenbHOM Cu-
e «3KOHOMU3M>» TPEeLUnT ByJbrapHbiM, NMPUMNTUB-
HbIM OTHOLUEHWEM KO MHOMMM BeLlam. 1o MHeHuo
n3BecTHoOro pycckoro ¢unocoda C. H. bynrakosa,
«9KOHOMM3M>» YTBEPXAAET XO3AAMCTBEHHYIO MPUPO-
Oy BCeW KynbTypbl, TBOPYECTBA, MLLET XO3MCTBEH-
Hbl€ NMOAO0CHOBbI B BbICLLMX QYXOBHbIX MPOSIBEHMSX
XWU3HW. B MMpe HaumHaloT 0Co3HaBaTb OMACHOCTb
Takoro nytu. B 0cOBEHHOCTM 3TO CTano OYEBUA-
HbIM MOCJSIE 9KOHOMUYECKOro Kpu3unca, KOTOpbI
npoaosikaeTcs Ao cux nop. Ha ycunenve perynm-
pyloLLEeli ponu rocygapctea B GaHKOBCKOM cdepe
obpallany BHUMaHne Ha pa3HbiX 3KOHOMNYECKNX U
nonutndeckmnx dopymax B 2009 r. MHOrme BenyLime
nmpepsbl pasHblx cTpaH (CLUA, ®paHumm, lfepmanmn,
Poccun). CepbesHoin yrpo3oi umBuamM3aumn npen-
CTaBNSAOTCS MOMbITKN BCEOOLEMJIIOLLIErO TEXHOKPA-
TUYECKOro WCMOJIb30BaHMUSI OKpYyXKaloLlen cpenbl.
B couyeTaHuMu C BecbMa pacrnpoCTpaHeHHoW mae-
el akUMOHMPOBAHNS OHW BedyT K elle 6onbluemy
YNPOYEHWIO MPUBUIENMPOBAHHLIX FPynn (onurap-
XOB) U Kopropauui, NpeTeHayLWmx Ha obnagaHue
0COObIM 3HAHMEM N 3KOHOMWYECKUMU pecypcamu
cTpaH. py TakoM packnage MOXHO C YBEPEHHO-
CTblO Npenckasartb HACTYM/IEHNE 3MoXM HOBOro TO-
TanuTapuama, ynakoBaHHOro B rnobanmaaumio.

Kak »xe HanpaBuTb CUTyaLMIO B MHTEpecax Ha-
ponoB Poccun? Bbixoa BUOWUTCS OAMH: NPOAOI-
XUTb paboTy Had, rocyoapCTBEHHOM NporpaMmmMon
pPasBUTUS CTPaHbl, B KOTOPOW NPUOPUTETHLI OyayT
OTOaHbl Hayke U 0O6pa3oBaHWIO, Kak 3TO Aenaet
cenyac lNpesnpeHt CLUA bapak Obama, a Tak-
X€ BOCMUTAHUIO HPABCTBEHHOCTU W OYXOBHOCTMU
(CkpunHumk, 2000).

POJIb HAYKN 1 OBEPA3OBAHNA

Hackonbko BocTpeboBaHa Hayka B Poccun? Ka-
KOBbI MEPCNeKTUBbI HAYKN 1 0Opa3oBaHMs B HaLLENn
cTpane? MNepen coBpeMeHHOM Poccuren Ha nepBbIn
nnaH BbIXOAAT NpobnemMbl 6e30MnacHOCTU: MHPOP-
MaLVIOHHOW, 3KOHOMMNYECKOMN, OKPYXKAIOLLLEN Cpeapbl.
He 6yneT nepcnekTmBbl pa3BUTUS CTPaHbl 6e3 rocy-
[APCTBEHHOW NporpamMmbl pa3BnTUs Haykn 1 obpa-
30BaHUs, paccynTaHHoOM Ha pecatunetus. Cospe-
MeHHble pedopMbl 0OPa30BaHMS N Hayku C HaLLen
TOYKWM 3PEHUS HE CMOCOOCTBYIOT MPOrPEeCccy Haykm
1 obpasoBaHus B Poccum, a 3Ha4UT, oToansioT nNpo-
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LecC MoAepHM3aUMN HaLlel SKOHOMUKW. [NaBHbIM
PEecypcoM OO0/KHbl CTaTb HE CTOJIbKO HOBbIE MPO-
MbILLUSIEHHbIE TEXHONOTMN WX NponaraHampyemMblie
KaKk 4TO-TO CaMOe MnepenoBOe HAHOTEXHOOrmN,
«MHHOBaUMW» (MNPU 3TOM 3aMETUM, 4TO AN HUX
BCeraa nepBuYHbl OyayT HOBble dyHOAMEHTasbHbIE
3HaHMS), CKOJIbKO HayyHbI NOTeHUman rocyaapcT-
Ba, JIMYHOCTM, YTO NMpeanosaraeT NoBblLEeHNe BHU-
MaHus K BKJlagy B YeslOBEeYeCKMe pecypchbl, T. €. B
COBEpLLEHCTBOBaHNE CUCTEM 00pPa30BaHUs, HayKu,
BOCMUTAHWNS JIMYHOCTU U PA3BUTUS KYSIbTYPbI.

Cpenun Hanbonee KPyrHbIX 1 BKHbIX HAYYHbIX U
MHHOBALIMOHHbIX obnacTen Ha Gnanxaillee Bpems
y4eHble Ha3blBalOT OUOXUMUIO, FEHETUKY, NHPOP-
MaTuKy, 34paBOOXPaHEHNE, MO3HAHNE BaKHENLLINX
MexaHN3MOoB GOPMMPOBAHUS U3MEHEHWUI KnMa-
Ta U UX BO3OENCTBUS HA PECYpPChl, B TOM 4Y1Cie U
Ha BOAHbIE, a Takke OCHOBaHHbIE HA HAYYHOM 3Ha-
HWUM cTpaTermyeckme pa3padboTku pauyoHaIbHOro
NCMONb30BaHMS OKPYXXaloller cpeabl, Ppecypcos
(OJaHnnos-LaHunnbsaH v ap., 2005; The Skeptical...,
2002). Kaxxgoe n3 nepeymcieHHblX HanpaBaeHui
XapakTepuadyeTcs pacTylein WHTEHCUMBHOCTbIO
Hay4HbIX MCCNeOoBaHWA B rOCYOAPCTBEHHOM W
4aCTHOM CeKTopax pPa3sHbIX CTPaH, BbICOKOM CTe-
NeHbl0 «BCEYEsIOBEYHOCTN» N BOCTPEOOBAHHOCTU
peannayemMblx NMPOeKkToB, MyOboKMMN CoLMasbHbI-
MW NOCNeACTBUSAMU B pe3ynbTate Ux BHeOPEHUS.
Bonbluoe 3HaYeHME yYeHble MPUAAT Takxe Aasb-
HelweMy pasBUTUIO MaTEMATUYECKOrO U KOMIb-
IOTEPHOro MoAenMpoBaHus. Ha aTolhi ocHoBe pas-
pabaTbiBalOTCSl HOBbIE CUCTEMbI TEXHUKN N BOOPY-
XEHUN, a Takke rPaxaaHCKMX TEXHONOIMNA, B TOM
4ymcse no 3KOHOMWYECKOW 1 CoLManbHOM ANHAMN-
ke (MeHwyTkunH, 2010).

B XXI B. cTano eue 6osee 04eBMOHO, HYTO YPO-
BEHb PA3BUTUS HAYHHO-TEXHNYECKOW Chepbl — Hay-
K1, 06pasoBaHus, HAYyKOEMKUX OTpacnen — onpe-
nensiet rpaHuubl Mexay ooraTbiMm 1 6egHbIMU
CTpaHamMu, co3gaeT OCHOBY 3KOHOMUYECKOro poc-
Ta. PasBuTtre Poccumn oonxkHO ObiTb CBA3AaHO HE C
rpaHOVo3HbIMM NPoeKTaMn AEMOHCTPALMOHHOIO
xapakTtepa B BUAe «00JbLIOro ckayka» (Mx Head-
dEKTUBHOCTL Oblfla NPOAEMOHCTPUPOBAaHa B CBOE
BpemMsa B Kutae), a ¢ 40NrocpoyYHOr KponoT/IMBOMN
paboToM Mo YKPENSIEHNIO BCEX 3BEHbEBR B yMnpaBs-
neHnn, NPomM3BOACTBE U MHPOPMALIMOHHOW cde-
pe, KaKk 9TO MPOoUCXOAUT B COBPeMeHHOM KuTae.
BesycnoBHO, Hanbonee NPOAYKTUBEH CUCTEMHbIN
noaxon, K peLleHnio rpaHamMo3HON 3aaa4m pasBu-
Tna Poccun, ogHako B YCNIOBUSIX ONnpeneneHHoro
nedvunTa pecypcoB (BpeEMEHHbIX, HUHAHCOBBIX,
4esIoBEYECKNX U ApP.), CAULLIKOM OOSbLUON KOHLEH-
Tpauum NpupPoOHbIX U (PUHAHCOBLIX PECYPCOB B
pyKax onmrapxmyeckoro kanurana aTo AenaeT pe-
LUEeHNEe KPYMHbIX FOCYAapCTBEHHbIX 3a4a4 MeHee
ynpaBnsieMbliM, BO3MOXHbIM BbIXO4OM 13 CO34aB-



LLIErocs MoJsIOXeHUs SABMAETCS peanusauust npu-
OPUTETHLIX HaMpasBnieHUn (Tak Ha3biBaeMble «Ha-
LUMOHaNbHbIE NPOEKThI»). Pa3sutue Hayku, obpa-
30BaHUA, KYNbTYPbl, CUCTEM YIMpPaBIEHUs O0/IKHO
crnocobcTBOBAaTL CO34aHMI0 B POCCUM LIENOCTHOrO,
rapMOHUYHOro 00LLECTBa, BNUTABLLEro BECb HAKO-
MAEHHbIN HAPOOOM COLMASIbHBIV 1 AYXOBHbIM OMbIT.

NMPNPOOHbLIE YCIIOBNA, SKOHOMUKA,
MNOJINTUKA

OHeproeMkoCTb HaLLero NPON3BOACTBa CYLLECT-
BEHHO BhILLE, YeM B EBpone, 10ro-BOCTOHHOM A3umn
n AMepuke (XOTst TaM B YCJIOBUSIX BOsee Xapkoro
KnmumMara npuxoguTcst TpaTUTb PECYPChbl HE Ha Ha-
rpeeaHune, a Ha oxnaxaeHue, HO Mo OoLeHKkaM 3a-
TpaTtbl Ha co3gaHne 6osiee KOMMOPTHLIX YCNOBUIA
XU3HEeOesaTeNbHOCTM B POccumn CyLecTBEHHO B0Jb-
e, 4em B BoraTblx cTpaHax). Ha BaxXHOCTb peLle-
HUS 9ToM Npobnemsbl ans Poccun HepaBHO obpatun
BHMMaHue lpe3naeHT cTtpanbl [. Meosenes. [Ons
YCTOMYMBOro pasBuTMS rocygapcTtBa TpebyeTcs
M3MEHUTb N ero 3KOHOMUKY. 1o pacyeTaMm 9KOHO-
MuncToB Poccuinckor akagemmm Hayk (akagemuk
A. C. J1bBoB), TONbKO 5% npoueHToB AoxoaoB Poc-
cum coctaenset Tpya, 20% — kanutan, a 75% — npu-
POAHO-pecypcHast peHTa, kotopasi Obina npmeaTu-
3upoBaHa rpynnon nuu, a gomkHa OblTb ObLLEHa-
LIMOHaNbHbIM JOCTOsIHMEM. Mbl Hy>XXaaemcs B Nosn-
TUKEe, KOTOopasi NPeaoCTaBUT paBHblIe BO3MOXHOCTU
cyobekTam Poccuiickonn Pepepaunn, B TO Bpemsi
Kak ceiyac no BasoBOMY HaLUMOHAIbHOMY MpPOayK-
Ty, MHBECTULMSIM, OOXOAAM PErnmoHbl HecornocTa-
BUMbI. M B 3TOM nnaHe EBponerickoe cooOLLEeCTBO
(EC) B BosibLLEN CTEMEHN MOXHO CUYUTATb €OuHOMN
cTpaHomn, 4em Poccurickyio Peaepaumio (akagemmk
[. C. JIbBoB). 0 MHEHMIO yX€e YNOMUHAaBLLErocs
B. U. CkpunHuka (2000), y Hac JomkHaA CROXMUTbLCA
OBYXMNOJIIOCHAs CoLManbHO-3KOHOMMYECcKkas cucTe-
Ma ynpasfieHnss 0OLLLECTBOM, Bk/toHaloLwas B cebsi
KanuTan n coupasnbHO OPUEHTUPOBAHHYIO S3KOHOMM-
Ky BMECTE C rocyJapCTBEHHbIMW, Tak Ha3blBaeMbl-
MW €CTECTBEHHbIMU MOHOMOJIUSIMMU.

MYTV PASBUTUA HAYKI

(Ha npumepe NMMHoNornn)

(noppasgen NnoaroToBfieH Ha OCHOBE KHUTK
B. B. MeHwyTKnHa «MckyccTBO
MogenmpoBaHus», 2010)

JInMHONOrMs — OTHOCUTENIbHO MOJIoAasi Hay-
Ka, HacunTbliBaloLlass HeMHOro 6onee Beka cBoel
nctopun. lMonbiTaemMcs cMoOenMpoBaTb Pa3BuU-
Tne Hayku Ha npumMepe NMMHOoNorMn. Micnonb3yem
HayKOMETPUYECKNI aHanm3, KOTOPbIA OCHOBaAH Ha
6a3e obLmpHon Bubnnorpadpun, NPpUBEOEHHON B
kHure B. B. MeHwyTtkuHa (2010).
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OcHoBOWM npepgniaraemMon MOOENU pPasBUTUS
Hayku SIBNSIETCS MOHATME O MEeMe Kak O eauHuue
Hay4Ho nHdopmaumn (Dawkins, 1976). MNog me-
Mamu OyaoemM MnoHumaTb obyvatolme uHpopma-
LMOHHbIE COODOLLEHNSI KOHEYHOW MPOTSXXEHHOCTH,
CcO30aBaeMble OOHMMW pPasyMHbIMW CcybbekTa-
MW 419 nepefayn opyrmmMm pasymMHbIM CyObekTam.
MOXHO ckasaTb, 4TO MEeMbl — 3TO obyvatoLme co-
0o0LLeHNs1, co3gaBaeMble C LENbo nepenatb UX
apyrum (Levchenko, 1994). KoHkpeTHoe Bbige-
NleHne MemMoB MHMOPMaLMN B IMMHONOMMN — Ae-
10 AOCTaTO4YHO CYObEKTMBHOE, OJHAKO BO3MOX-
HO pa3buneHne BCEro MHOXECTBA JIMMHOJOrMYe-
CKNX 3HAHW Ha 75 OUCKPETHbLIX €ANHUL, — MEMOB
(m.), kak aTO NpeacTasneHo Ha puc. 1. Hanpuwvep,
M, — «PEXMM N3MEHEHWNA YPOBHS BOAbI B 03epe» —
npeacTaBnseT cobo COBOKYMHOCTb CBeAeHuin 06
M3MEHEHMN YPOBHS BOAbl B Pa3/iMyHbIX 03epax B
TeYeHne BpeMeHun, a m,, — «BUO0BOV COCTaB Mak-
pOdUTOB» — COAEPXKUT B cebe CnrUckn BUOOB BbIC-
LLUNX BOAHbIX pacTeHui, obuTatolmx B o3epe. B ka-
4yecTBe OTAeSIbHbIX MEMOB BblAefIEHbI, HAaNpumep,
Takme KJYeBble MOHATUS JIMMHOJMIOMMN, Kak Ter-
nosovi 6anaHc ozepa (m,,) Uy NpeacrasieHne o
nepBUYHON Npoaykummn (m,,). Kaxabii noaoGHbIii
MEM — 3TO He TOJIbkO Habop (akTUYeckmx OaH-
HbIX, HO 1 ONpeaesieHne HOBbIX MOHATUI N METO-
noB nx onpeaeneruns (Annmos, 2000). NMogpobHoe
pPacCMOTPEHNE KaX[AOoro Mema C JmTepaTypHbl-
MW CCblJIKAMW HEBO3MOXHO B pamMKkax HeOOJbLLOW
ctatb. OTMETUM TOJIbKO, YTO HEKOTOPbLIE MEMBI,
npeacTaB/ieHHble Ha puc. 1, TONbKO elle HavynHa-
0T HGOPMMPOBATLCS — HanNpuUMep, «ONTUMasibHOe
ynpaBfieHne npupPoOaHbLIMK pecypcamu 03epa»
(Mgz) nnm «topranyeckoe obecrneyeHne oxpaHbl u
aKcrJlyataumm pecypcos ozep» (m.,). Memsl, co-
CTaBNSIOWLME COBOKYMHOCTb  JIMMHOMOMMYECKMX
3HaHWUI, CBA3aHblI Mexay coboli. PazpaboTtka on-
HOro Mema He MOXeT OblTb BbINOJIHEHA 6€3 3HaHUS
HEKOTOPbIX ApyrMx MemMoB. Hanpuwmep, coctasne-
HWe BoagHoro GanaHca osepa (m,,) npeaycMarpu-
BaeT 3HaHMe ypoBEeHHOro pexwuma (m,). NMocTtpoe-
HMe mMaTemMaTMyeckor mMogenu nonynsuum pbio
(m,,) HembICIMO 6€3 31EMEHTaPHbIX UXTUOIOMN-
4eckux 3HaHun (m,). PaspaboTka naen GromaHn-
nynaumMm (m,,) NpeaycMartpyBaeT [AOCKOHAasIbHOE
3HaHWe B3aMMOOencTBus GUTo- 1M 300MIaHKTOHA
(m,,). COBOKYMHOCTb MHOXECTBa MeMOB (M) 1 cBsi-
3ei Mexzay HUMU (MHOXECTBO Ayr — S) cocTaBnsiet
opueHTupoBaHHbin rpad I (M, S). EcTtecTtBeHHOe
TpeboBaHMe K KOHCTPYKLMK 3TOro rpada — 3To OT-
CYTCTBME 3aMKHYTbIX LUUKNOB. BepwuHbl rpada I
(M, S), KOTOpbIE HE MMEIOT 3AXOAALUMX B HUX OYT,
COOTBETCTBYIOT MEPBUYHBIM MEMaM JIMMHOJIOrNK,
T. €. TakuM, KOTOpble OblN N3BECTHLI B CAMOM KOH-
ue XIX B., BO BpeMsi onybnnkoBaHns MoHorpapum
®. A. Dopensa (1912).
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Puc. 1. 'pad nHdopmMaunoOHHOM CTPYKTYPbl IMMHOJIOMN:

1 — YPOBEHHBI pexmm 03epa, 2 — MopdomMeTpursa o3epa n MopdoNorus ero KOTIOBUHbI, 3 — TEMNEPaTYPHbIN PEXMM 03e-
pa, 4 — BepTMKanbHasa ctpatudukaums 03epa, 5 — XMM1U4eCckunii CocTas BoAbl, 6 — Te4eHus B 03epe, 7 — CENLLM U BHYTPEH-
HWe BOJIHbI, 8 — NefoBbI pexum 03epa, 9 — cnncok Buaos pei6, 10 — cnMcok BUAOB 300M1aHkToHa, 11 — cnncok BuaoBs
duTonnaHkToHa, 12 — cnncok BuaoB 6eHToca, 13 — S3HAEMUYHOCTb 1 NPOUCXOXAeHNE dnopbl 1 dayHbl 03epa, 14 — cnu-
COK BMOOB Makpodutos, 15 — koHuenums 6ruomacchl, 16 — koHuenumsa Tpodunyecknx yposHen, 17 — dotocuHTes, 18 —
nepBuYHas NPoaykums, 19 — MHTEHCMBHOCTb AbIXaHWs rTMAPOOMOHTOB, 20 — aHepreTnyeckuii 6anaHc ocobu, 21 — OTHO-
LUEHWS MULLLEBON KOHKYPEHLMN, 22 — OTHOLLIEHUS TUMNA «XULLIHUK — XepTBa», 23 — Tpoduryeckas uenb, 24 — Tpodpuyeckas
CeTb, 25 — NOTOKM BELLECTBA U 3HEPTUN, 26 — KOHLIEMNLMSI 3KOJIOMMYECKON CUCTEMBI 03€epa, 27 — BOAHbIV 6anaHc 03epa,
28 — TennoBoli 6anaHc 03epa, 29 — KOHLEeNUUs MIMMUTUPOBAHUS NEPBUYHON NPOAYKLMM KOHLEHTpaumel 6uoreHos, 30 —
OuHamuka asoTta n dpocdopa B akocucteme o3epa, 31 — anHammnka pacTBOPEHHOIO B BOAE KMCNopoAaa, 32 — knaccubu-
Kauusi 03ep no cteneHn TpodHoCTU, 33 — sHepreTUYecknin 6anaHc akocucTemMsl o3epa, 34 — 6anaHc 6uoreHoB (docdo-
pa) B akocucteme o3epa, 35 — maTemaTnieckass MOAesb TEPMUKK 03epa, 36 — KoHUenuusa TypoyneHTHo anddysnn,
37 — maTemaTnyeckas Mogenb Te4eHuin B 03epe, 38 — mateMaTuieckne MOAENM CEnL U BHYTPEHHUX BOSH, 39 — dursnka
pacnpocTpaHeHus ceeTa B Boae, 40 — matemaTtumyeckas Modesb nonynauum pbi6, 41 — aHTponoreHHast aBTpoduKaums
o3ep, 42 — ceagMmeHTauma 1 obMeH Mexay BoAoi 1 gHoM, 43 — matemaTtmnieckass Moaesb NOonyasumumn 300MJIaHKTOHA,
44 — koHuenuus coobuiecTsa pbib, 45 — cykueccust GUTOMIAaHKTOHHOro coobuecTsa, 46 — B3anmopnencTane GuTo- u
300M1aHKTOHA, 47 — OMHaMKKa «LBETEHWS» CUHE3ENEeHbIX BOOOPOCHeN, 48 — BepTuKasbHble MUTPaLLMM 300M1aHKTOHA,
49 — BOCNpoun3BOACTBO pbib, 50 — 6aKTEPUOMNIAHKTOH 03epa U ero NPOAYKTUBHOCTb, 51 — KOHLENUMsS GOMaHUNynsLmm,
52 — koHuenuusa GocdOpHOM HArpy3Kkn Ha 03epo, 53 — MHTPOAYKLMSI HOBbIX BUAOB B O3EPHYIO 3KOCUCTEMY, 54 — reHeTun-
yeckasi CTPyKTypa nonynsumii ruapobuoHToB, 55 — 03epHbI NepUdUTOH 1 ero Npoaykuus, 56 — NpoCcTpaHCTBEHHOE
pacnpeneneHne GUTo- 1 300MNaHKTOHa, 57 — TpexMepHas rmapoanHaMmmyeckas Mogenb 03epa, 58 — akcnepumeHTasb-
Hble nccnenoBaHus TypOyneHTHo anddysnm B o3epax, 60 — matemaTnyeckas Moaesnb 03€PHOM 3KOCUCTEMbI, 61 — KOH-
Luenuus o3epa n Bogocbopa kak eauHon CUCTEMBbI, 62 — ONTUMM3aUMs SKCcnyaTaumm pbibHbIX 3anacoB o3epa, 63 — on-
TMUMU3aLMA SKCyaTaumm NpMpPOaHbIX PECYpCcoB 03epa, 64 — 3arpsisHeHne 03ePHbIX 3KOCUCTEM, 65 — pacnpocTpaHe-
HMe 3arpsasHeHnin B 3KOCUCTEME 03epa, 66 — pacnpoCTpaHeHVe PagvoaKTUBHBLIX M30TOMOB B 9KOCUCTEME 03epa,
67 — 0COBEHHOCTU IMMHOJIONMM COMEHbIX 03ep, 68 — 0COGEHHOCTN NMMHONOTMK BOAOXPaHWUnLL, 69 — ocoBeHHOCTH
JIUMHOJIOM MK BICOKOFOPHBIX 03ep, 70 — 6rosnoruyeckoe pazHoobpasne BMAOBOro COCTaBa 1 ero CoXpaHeHue, 71 — Tep-
MUYECKOE 3arpsi3HeHne 03ep, 72 — [ONITOBPEMEHHbIE PsiAbI HABMOAEHWI 32 03EPHBIMU 3KOCUCTEMaMK, 73 — NPaBoOBbIE
acneKkTbl UCMOIb30BaHUS 03ep, 74 — IKOHOMMYECKME aCNeKTbl UCMONb30BaHMS 03ep, 75 — Nonynapusaums AIMMHON0M-
YeCKMX 3HaHWI. [TepBUYHBbIE MEMbI OTMEYEHbI CEPLIM LIBETOM

B Hayke kpome MWHGPOPMAaLMOHHOM COCTaB-  Hayky (L). Kaxaomy y4eHOMY NpUnmUCbLIBAETCH He-
NAI0WEN ecTb elle 1 YyenoBevyeckas COCTaBMsSO-  KOTOPbIA Hay4HbIi 6arax B BUAE COBOKYMHOCTU
Las — MHOXECTBO YY€EHbIX, Pa3BUBAIOLIMX AAHHYIO  HECKOJIbKUX MEMOB. ITOT Barax no aHanorum ¢
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reHeTU4ECKNM TEPMUHOM «F€HOM» MOXHO Ha3BaTb
«MEMOHOM» AAHHOIr0 Y4€HOro ( u; € L). B Havane
Hay4yHOW Kapbepbl, KOTOpas NpMypoyeHa B Moae-
nn K BO3pacTy 25 nNeT, MEMOH AAHHOr0 y4eHOoro
SABNSIETCA MYCTbIM MHOXECTBOM, KOTOPOE MOXET
3anoJsHATLCS YXe CYLLECTBYIOLLMMN B IMMHOIOMN
MeMamm B npoLiecce obydyeHns 1 nepegadm Hayu-
HOW MHpOoPMaLN.

Mpouecc Hay4HOro TBOpYECTBa MOAenMpyeT-
csl, cornacHo L. Lagrendre (2004), kak nobasne-
HME K yXe CYLLEeCTBYIOLLEMY B JIMMHOMOINM MHO-
XECTBY MEMOB HEKOTOPOIO HOBOIO M3 MHOXECTBa
BO3MOXHbIX. C HEKOTOPOW BEPOATHOCTLIO (P) Kax-
OblA y4eHbI MOXEeT pa3paboTaTb HOBbIA MEM JIUM-
Honormnyeckom wuHpopmaummn. [lepBbin BapuaHT
VMUTUPYET MeTof, «NPob 1 owmnbok». HoBbIli Mem
BbIOMPAETCs C MOMOLLbIO AaTymka Cly4YaliHbiX Yn-
cen. Nocne Takoro Bbl6opa «0TKPbITUE» NPOXOANT
NPOBEPKY Ha OCYLLECTBMMOCTb. [MepBbili 3Tan oT-
Oopa 3ak/oyaeTcs B YCTAHOBIEHUN TEXHUYECKOM
ocyllecTBMMOCTM. Hanpumep, OTKpbITMe mMema
m,, — «TPEXMepHasa rmapoaHamMmyeckas Moaesb
03epa» — HEBO3MOXHO OCYLLUECTBUTb He TOJIbKO
0e3 3HaHUSa pexmnma Te4YeHUn U TeEPMUKM 03epa,
HO 1 paHee 1950-1960-x rr., NOCKOMbKY N5 pea-
nn3aumm Takon Moaenm HeobxoaMMbl 4OCTATOYHO
MOLLHbIE BbIYNCINTESIbHbIE CPEACTBA, KOTOPbIX HE
OblNO 40 3TOro BpeMeHu. AHaNorM4yHo, cosgaHue
CXEeMbl NMOTOKOB 3HEPIrnM B O3EPHON 3KOCUCTEME
(MeM m,,) HEBO3MOXHO, €CNU B JIMMHONOTMA HE
pa3paboTaHa KOHUEMUUS NEepBUMYHON NpOoayKLUn
(Mem m ;) 1 KoHuenuus TPOPUYECKNX ypPOBHEN
(Mem m, ).

Cneaylowuin atan OTCEMBaHUS HameyatoLle-
rocsi OTKPbITUSI 3aK/lo4aeTCcsl B MPOBEpKe TOro,
MMEIOTCS NIn B Hay4yHOM Oaraxe (MeMoHe) OaH-
HOro Y4eHOro HeoOXxoaMMble 3HaAHWS ANs OCyLle-
CTBJIEHUS1 OTKPbITUA. VIHBIMM cnoBamMu, B MeEMO-
He OTKpbIBATENS AOJKHbI YK€ HAXOOAUTLCS BCe Te
MeMbI, ncxogswme n3 kotopbix ayrm rpada I (M,
S) 3axomaTt B npegnaraembliii K OTKPbITUIO HOBbIN
MeM. ToNIbKO MOC/Ie NPOXOXAEHUS 3TUX NPOBEPOK
OTKPbITUE NonaraeTcsl COBePLUMBLUMMCS, U HOBbIM
MeM BKJIIOHAETCS B MHOXECTBO JIMMHOOMMYECKNX
3HAHWUIM N NINYHBIM MEMOH OTKpbiBaTens. OnucaH-
HbI MPOLLECC HAaNoOMMHAET NPOLECC eCTECTBEHHO-
ro ot6opa B MOAENN OAapPBMHOBCKOW 9BOJIOLIMN CO
CNy4YanHbIMU MyTaUMSMU.

B npouecce mogennpoBaHust pa3BuUTUS HayKu
MOLENMPYeTCcs U TBOPYECKMIA MPOLLECC, B YacT-
HOCTW, MUTaUUS Hay4yHOW MHTynumm (Lagrendre,
2004). WiccnepoBatenb Ha OCHOBaHUN COOCTBEH-
HbIX 3HAHWUI NbITAETCS 3KCTPANOAMPOBATb UX B He-
M3BECTHYIO 06/1aCTb Hayku. B moaenu yuntbiBaeT-
CSl OrpaHMY4eHHOCTb MPOAOJIKUTENbHOCTU XU3HU
yyeHbIX. BBegeHne BEPOSATHOCTU CMEPTU YHEHbIX
Bo3pacte oT 40 go 70 neTt No3BONSIET UMUTUPO-
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BaTb MU3MEHEHME MPOAOIIKUTENIbHOCTU UX XU3HW,
NPUYEM CYNTAETCS, YTO MEMOHbI YMEPLLNX YHEHbIX
6eccrnenHo ncyesator.

Mopenb nccneposanacb BO BPEMEHHOM Ama-
nasoHe ot 1900 go 2000 r. HayanbHOE cocTosHME
obpasoanm 20 NMMHOJIOroOB B BO3pacTe OT 25 A0
50 net ¢ Hay4HbIM Garaxxom B 16 MeMoB, 4TO CO-
OTBETCTBOBa/IO YPOBHIO 3HaHWUI B Hadane XX B.
HayanbHble 3HaHMS 3ak/toyannch B yxe paspabo-
TaHHOW cucTemMaTuke rMapobUOHTOB, NMEPBUYHbBIX
onucaTtesibHbIX 3HaHUSX MO TMOPOSIOrMN U TNAPO-
XUMKUK 03ep.

OO0LLen xapakTepHOW 4epToli BCex uccneno-
BaHHbIX peanu3auuin Oblna HeEPaBHOMEPHOCTb BO
BPEeMeHU npouecca pasButus numHonorum. Mep-
Bble aecatunetTns XX B. xapakTepn3oBanmchb ObICT-
pbIM HakonaeHnem nHdopmaumun, a 3aTem HacTy-
NI Nepuon HeEKOTOPOro 3acTos, KOTOPbIA cMe-
HWUACS HOBbIM MHPOPMALMOHHBIM B3pbiBOM 60—
70-x rr. B KOHLEe Beka passBuUTme AMMHOOrNYECKMX
3HAHWIA CHOBA HECKOJIbKO 3aMedsiniock. Takas
HEepaBHOMEPHOCTb CBsi3aHa He TOJIbKO C 3amef-
JIEHNEM NPUTOKA B JIMMHOJIONMIO HOBbIX KaapoB
BO BPEMSI MUPOBbLIX BOWH (4TO y4TEHO B MOAENN),
HO N CO CTPYKTYPOMN camMon Hayku. KOHTPOSbHbI
KOMMbIOTEPHbI 9KCNEPUMEHT C PaBHOMEPHbLIM B
TeYeHne BCero Beka NpuTOKOM MOJIOObIX YHEHbIX U
NOCTOsSIHHAA (B cpeaHeM) NMpoao/IXUTENbHOCTb NX
XM3HW Ka4eCTBEHHO HEe U3MEHWUSIN HepaBHOMEpP-
HOCTW Npouecca pasBUTUS IMMHOJSIOTNI.

CokpawieHne npoao/KMTENBHOCTM nepuoaa
TBOPYECKOW aKTUBHOCTW MccnenoBaTenei cyule-
CTBEHHO 3aTOPMO3uI0 Obl pasBUTUE HaykKu MNpu
COXpPaHeHUn BENYMHbI BEPOSTHOCTU HAYy4YHOr 0 OT-
KpbITUS. Ecnu 6bl nMMHONOMNM nepectann aenatb
oTKpbITNA B 30-neTHEM BO3pacTe, TO NpU NPOYMX
paBHbIX YCNOBUAX nMMHonormna yepes 20 net no-
cne Hadana paboTbl Haxogwnacb Obl Ha YPOBHE
ncenepgoBaHnii Hadana XX B. (Hutchinson, 1957),
a naes NpoayKUnm TONbKO-TOJIbKO Havana Obl pac-
NPOCTPaAHATLCS. YBENM4eHne BO3pacTa yyYeHblx 3a
60 net nNpu coxpaHeHnn TBOPYECKOWN aKTUBHOCTM
YXX€ He 0Ka3blBaeT CYLUECTBEHHOro BAUSIHUS Ha
pasBUTUE HAYKM.

3aBMCUMOCTb YPOBHS Pa3BUTUS JIMMHOOMN
k 2000 r. OT BENNYMHbBI BEPOSATHOCTU HAY4YHOro OT-
KpbITns (puc. 2 1 3) 4OCTAaTOYHO OYEBUAHA: HYEM
6osnblue aTa BEPOATHOCTb, TEM ObICTPEE pa3BMBa-
eTca Hayka. OgHako 3aBMCUMOCTb 9Ta He IMHEN-
Ha: BbICOKME 3HAYEHMSI BEPOSTHOCTM HaY4YHOr o OT-
KPbITUSI CTAHOBATCS BCE MeHee a(PPEKTUBHbIMU.
Hebonbluas rpynna reHuasnbHbIX YYeHbIX Hadana
XX B. B nNpuHUUNe He cmorna 6bl JOBECTU YpO-
BEHb MHPOPMALMOHHOW EMKOCTU JIMMHOSIOTUN A0
70-75 MEMOB B Culy BPEMEHHbIX OrPaHUYEHN,
3aN0XEeHHbIX B Mogenu. 1ot addekT NpoBepeH
B X0[€ KOMIMbIOTEPHbIX 3KCMEPUMEHTOB C MoAe-



nbto. Ha apHeKTUBHOCTb HaAY4YHbIX NCCNEea0BaAHNMN
0OKa3bIBAET BAUSIHME N CaM CTUJIb HAy4HOM paboThbl.
Mpwn co3maHnn Mogenu NpoLecca pa3BuTmS M-
HOJIOrMM ObIIN MNPUHATBI ABE MMNOTe3bl HAY4HOro
TBOpPYECTBA — MeToA «Npob M owmnbok» N MeToq,
Hay4HOW MHTYuuum. Okasanocb, YTO BO BCEX CNy-
yasx MeTof, Hay4HOW MHTYUUMWU aeT nydlime pe-
3ynbTaThl, YeM MeTof, «NPod 1 OLNBOK», NPX NPO-
4YMX paBHbIX YCIOBUSIX.
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Puc. 2. NameHeHne MHDOPMALMOHHOIO coaepXaHus
nMmHonorum (M B MemMax) U YACNIEHHOCTM YYEHbIX JINM-
HonoroB (N). MNpuBeneHbl pedynbtaTthl 30 peanuzdaunni
clyyaHoro npowecca. BeposaTHOCTb Hay4YyHOro OTKpbI-
Tna p = 0,02 B rog Ha 0QHOro y4eHOro. MIHTEHCMBHOCTb
obyyeHus n obmeHa Hay4yHon nHdopmaumeii e = 0,01 Ha
yyeHoro B roa. lMpuHaTa rmnotesa o HanpaeieHHOM Ha-
YYHOM Moucke
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Puc. 3. 3aBncmmocTb MHPOPMaLMOHHOIO COAEPXaHUs
nMMHosormm Yepes 20 neT nocne Havana pabotsl (M B Me-
Max) OT NPOAOKUTENBHOCTM XN3HN y4eHbIX (T B rogax):

A - runoTesa o NpUMeHeHUn metoaa «npob 1 ownbok», B — rn-
notesa o0 HanpPaBNEHHOM Hay4HOM MOuCKe
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Pwnc.4. 3aBNCMMOCTb MHHOPMALMOHHOIO COAEPXKAHMS
nuMHonorum (M B MeMax) OT MIHTEHCUBHOCTU O0yYeHUs
Hay4YHOro obmMeHa (e) B Memax Ha OZIHOrO YYEHOro B rof;

A - rmnoTesa o NpUMeHeHUN MeToa «npob 1 owmnbok», B — ru-
rnoTesa 0 HarnpaB/lEHHOM HAy4HOM Moucke

VccneposaHne mogenu rnokasano peLuaroLLyto
posb 06y4YEHUST MONOABIX YHEHbBIX M 0OMEHa Hayy-
HOWM MHGOpMaUVeEn B aene passutng Hayku (puc. 4).
Mpn HU3KMX napameTpax obydyeHUs pasBUTUE
JMMHONOMNMM OrpaHNYMBaNOCh BKIALOM MNEPBOro
NOKOJIEHNSA IMMHOJIOrOB, a BCE NociieaylLme no-
KOJIEHVS, HECMOTPS Ha CBOK MHOIOYMCIIEHHOCTb
1 BbICOKYIO Hay4HYIO aKTUBHOCTb (BEPOSATHOCTb P),
0KasblBaJIMCb Hay4yHO GecrniogHbIMU. TONbKO MO-
ce NnoBbILLEHVS NapaMeTpa 00y4eHUs U Hay4HOr O
obmMeHa BblLLEe HEKOTOPOK KPUTUYECKOW BENMHYNHDI
(okono e =0,2 Mema Ha y4eHOro B rog) Moaenb Bbl-
Xoowna Ha nnarto, v NpPoLecc pasBUTUS HayKn Ha-
YnHan perynupoBatbcd OpyrMMn napamMmeTpamu.
Kak 1 B cniydae ¢ 3aBUCMMOCTbIO Pa3BUTUS JIMMHO-
NOrnn OT BEPOSATHOCTU HAY4YHOIO OTKPbITUS, B AaH-
HOM MpuUMepe rmnoTesda 0 Hay4HOW MHTYUUUK fa-
BaJla HECKOJbKO [0Jiee BbICOKME TeMIMbl Pa3BUTUS
Hayku, 4em rmnoTesa «npood 1 ownbBOK».

[MpuHATOE B HacTosWeEeNn MOoLeNn BblOoeneHne
Takux eduHUL, Hay4HOW MHpOPMaUUn, Kak MeMbl,
[OCTaTto4yHO YCNOBHO. BcsaAkmin yyacTHUK passu-
TUSA HAYKWM 3HAET, YTO HOBOE B HAYKe HE POXOAETCH
HU MITHOBEHHO, HX Jaxe 3a oauH rog. Hanpumep,
BHeAPEHNE B JIMMHONOIMNIO MOHATUSA MNPOAYKLIAN
(BuHbepr, 1960) 3aHsano 6osblue OecATUNETUS.
Cxemy Tpodwuyeckor Tunonorun osep A. TuHe-
MaHa n 3. HaymaHa (dopenb, 1912) npogonxatoT
COBEpPLLEHCTBOBATb, KPUTUKOBATbL U 06CcyXxaaTb C
MOMEHTA ee NOSBJIEHNSA U 00 HACTOALLENO BpeMe-
Hu (Kntaes, 2007).

Takum oOGpas3om, pe3loMUpYs CKa3aHHoOe,
noavYepkHeM, 4YTo yCToM4YMBoe pa3BuUTue rocy-
AapcTBa OypeT onpepensaTtcs B MepBylo o4ve-
peab ypoBHEM Pa3BUTUS HAYKU U 0Opa30oBaHUs.
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SUSTAINABLE DEVELOPMENT ISSUES,
ROLE OF SCIENCE AND EDUCATION -
EXAMPLE OF THE STUDY LAKES - LIMNOLOGY

National and individual wealth should be defined primarily through the spiritual
values and knowledge of people living in harmony with the nature. Vivid evidence
of the utter non-sustainability of current development of the civilization is the

present-day global economic crisis.

How highis the demand for science in Russia today? What are the perspectives
forscience and educationin our country? We believe ongoing reforms of education
and science would not promote the progress of science and education in Russia
and, hence, hinder the process of modernization of our economy. The scientific
potential of the state and the individual should be transformed into the main
resource, and this implies greater input in human resources, i.e. in improving the
systems of education, science, personal upbringing and cultural development.

We attempt to model the development of science using limnology as the
example. We employed the scientometric evaluation, which is based on the analysis
of the vast bibliography provided at the end of the book (Menshutkin, 2010).

The baseline of the proposed science development model is the notion of
the meme as a unit of scientific information (Dawkins, 1975). The process of
scientific creativity is modeled after Lagrendre (2004) as an addition of some
new meme from the set of possible ones to the set of memes already existing
in limnology. The process resembles natural selection in the Darwin’s model of
evolution with random mutations. We also model the creativity process, namely
simulate scientific intuition (Lagrendre, 2004). We prove that the small group of
scientific geniuses of the early 20" century were in principle unable to raise the
level of the information capacity of limnology to 70-75 memes by today because
of individual time limitations — duration of active creative life. Investigation of the
model has shown that the decisive factor in the development of science is training
of young scientists and exchange of scientific information. Had the level of
education and training been low, the development of limnology would have been
limited to the contribution of the first generation of limnologists, and all further
generations, no matter how numerous and how scientifically active they may be
(probability p), would have been scientifically futile. To summarize, let us stress
that sustainable development of the nation would depend first and foremost on
the level of scientific and cultural development.



OBPA30BAHME AJ19 YCTONYUBOIO PASBUTUA —
HEOBXOAWUMASA NPEANOCDbLUIKA AN POPMUPOBAHUSA BYAYLUEIO

Kapn Jlunpbepr

Ynen OtBeTcTBeHHOro komuteta KOHECKO no Aekaane OOH no ob6pa3oBaHuiO 4151 yCTONYNBOIro
pa3BuTys n 0CobbIVi COBETHUK LLIBenckow kommuccum rnpuv FOHECKO no obpa3oBaHuio 4J151 yCTOMYNBOro
passutus. B 1994-2004 rr. 6b11 3amMecTutTesieM MUHUCTPa 06pa3oBaHus n Hayku LLiBeLmmn

BaxHenwen 3apayeli eBponenckmx obLecTs
cerofHsi u B 0603prumomM byayuiem aBnsieTcs «0b-
pasoBaHue 55 YCTONYMBOrO pa3BuUTUS», KOTOPOe
LOJSIKHO ONNTbCS BCIO XM3Hb. Ha nepsbii B3rngaa,
9TO MOXET NoKa3aTbCH CAULLKOM FPOMKUM 3asiB-
nenmem. Ho tak nn ato?

Ham Bcem maBHO M3BECTHO, C KakuMu npobrne-
MaMu CTaJIKMBaeTCs YenoBevyecTBo. Bpsg nu Haii-
[eTCs YenoBeK, HUKOrAA HE CbILLABLLUMIA O TOM, YEM
Mbl PUCKYEM, €C/I HE CMOXEM OrPaHNYnTbL NPOUC-
xoosilume n3amMeHeHus knmmata. Cenyac BbI30BbI Ky-
[a cepbesHee, Yem Korga-nmbo. MNpepoTepalleHne
M3MEHEHNs KnMMaTa — b oauH U3 Hux. Cpeaun
apyrux npobnem — 6opbbda ¢ 6e4HOCTbIO U ro1040M,
BWY/CMNNA, 3npaBooxpaHeHne, obpa3oBaHue, ae-
MokpaTtus, brnopasHoobpasne, yCTonumMBble Moae-
v noTpebneHns 1 Npon3BoacTea U T. 4. Bce aTu BbI-
30Bbl MOAPOOHO 3adUKCUMPOBaHbLI B Tpydax psaa
MeXAyHapOoaHbIX KOHbepeHUmin: B Pno-ae->XXaHein-
po, Knoto, cammmuta OOH no uenam pas3BuUTus Ha
ToicayeneTtve, B Joxe, MoHTeppee n cammuta no
yCTOM4MBOMY pa3euTuio B MloxaHHecBypre B 2002 1.
Ha BcTpeye B KoneHrareHe B gekadbpe 2009 r. name-
HeHVe KnrMaTa cHoBa Obl10 Ha MOBECTKE OHS.

[ns ycnewHoro oteeta Ha BCe 3TV BbI3OBbI HAM
HY>XHO HaTU MyTU K SKOHOMUYECKN, COLMANBHO U
9KOJIOrMYeCckn yCTon4meomMy passntuio. Kodpun AH-
HaH (Annan, 2001) ckazan o6 aToMm Tak: «Camblii
rNaBHbIN BbI3OB AJ151 3TOr0 HOBOrO CTONETUS — B3SITh
KayLLytoCcst abCTpakTHOM naeto — yCTOM4YMBOE pas-
BUTUE — N NPEBPATUTbL €€ B peaslbHOCTb AJS BCEX
nogen mupar.

OpaHako npusbiebl M3 MoxaHHecOypra u apyrux
koHdepeHumii OOH He 6bIM BOCMPUHSTLI BCEPb-
e3. OTyacTn 970 ABNSETCH CNeACTBUEM OTCYTCTBUS
NONUTMYECKOrO NMAEPCTBA B YCUIMSX MO OCTUXE-
HMIO YCTOMYMBOIO Pa3BUTUA, Kak nogyepkmnean Ko-
du AHHaH B CBOEeWN nocnegHein 60JbLION peyn B
Haripo6u B 2006 r. (Annan, 2006).
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OT CJIOB K AEVCTBUIO

KoHuenuus ycTton4ymeoro pasBuUTus O4eHb MNo-
NesHa, Tak Kak siBNSieTCs Npmu3bIBOM AyMaTb CO00-
wa. Ee MoXxHO coenaTtb 04eHb KOHKPETHOM, ecnu
CMOTPETb HA MUP C MECTHOM TOYKM 3peHus. YTo
Mbl MOXEM YNyyllnTb B HAllEeM [OETCKOM cagy,
LKoJie, 06pa3oBaHnM 415t B3POC/IbIX, YHMBEPCUTE-
Te, KOMMaHUW, MECTHO agMUHUCTPaLUK, 4TOObI
Halle oOLLLecTBO cTano 6amxe K yCTONYMBOMY pas-
BUTUIO? MIHOrAa aTy KOHLEMNLMIO BCTPEYaloT C Mpo-
Huen. CTouUT BCMOMHUTb, OOHAKO, YTO TO Xe caMmoe
NPONCXOANNO N C MOHATUEM OEMOKPATUN COTHIO
neT Hasag.

JaHHasa koHuenuus npepnonaraeT Kak nonu-
TUYECKYIO BOJIIO, TaK U JINYHYKO OTBETCTBEHHOCTb
rpaxpaH. A ons atoro, ectecTBeHHO, TpebyeTcs
obpasoBaHue. To, yto ObpasoBaHne Ons yCTom-
ymoro passutusa (OYP) aenseTcs Heo6XooMMbIM
dakTOpPOM AOCTUXEHUST YCTOMHMBOrO Pa3BUTUS,
npusHaHo Ha cammuTe B MloxaHHecbypre B 2002 .
N noaTeBepXAeHo pelwleHneM leHepanbHOM ac-
cambnen OOH 06 ob6baBnenun 2005-2014 rr. Je-
Kkagol obpasoBaHUs Oisl YCTOMYNBOrO pPasBUTUS
(DESD).

YCTonymMBOe pasBuTve LOJ/DKHO CIYXUTb Mas-
KOM KakK B MOBCEOHEBHOW XN3HU Y4pEXAEHUNN O0-
LLKOBbHOI O, LLIKOJIbHOr0, By3OBCKOIO 1 MOCTBY30B-
ckoro obpasoBaHus, Tak U Npu [OArOCPOYHOM
nnaHMpoBaHun. [na 9TOro BCE, KTO CBSA3aH CO
LLIKOMaMW U YHUBEPCUTETAMM — YHUTENS U HAy4YHbIE
COTPYAHWKU, NpenogasaTtenn KypcoB Afs B3POC-
NblX, YY4EHVWKW W CTYAEHTbl, PYKOBOACTBO LLUKOJ
BMECTE C poanTensMm n NpeacTaBUTeNs MU MecT-
HOro coobLLecTBa, A0/KHbI 06CyXaaTh 1 peLlathb,
Kak Nly4ylle OpraHmM30BaTh XM3Hb LUKOSbl UAU YHU-
BepcuTeTa, 4ToObl CNOCOBCTBOBATL PA3BUTUIO YC-
TonumBoro obuectsa. Camo coboi, 3aKoHbI, npa-
BMNa 1 obpasoBaTesibHble NPOorpamMMbl, KOTOPbIM



LLUKOJIbl U YHUBEPCUTETbI OO/XKHbI CeaoBaTth, Tak-
e OOKHbI NoaaepXuBaTb Takoe pasBmTue.

Moyemy nonutnyeckune nuaepbl EC n B ocober-
HOCTU MUHUCTPbLI 06pa3oBaHNSA A0IKHbI AEMOHCT-
pupoBaTb 0COBOYl0 OTBETCTBEHHOCTb 3a MPOABU-
XeHne obpa3oBaHus B KQY4eCTBE OAHOIO U3 Beny-
WX GakTOPOB AOCTUXEHUS YCTOMUYMBOrO pPas3Bu-
Tna? MpuynHa NpocTa — 3TO CBA3AHO C JOBEPUEM.
YcTonumBoe pasBuTue SBMSIeTCS OOLen Uenbto
Coro3a, K KOTOpoMy MbI NpuHaanexum, a EC cny-
XXM BaXKHOM ABMXYLLEN CUAOM NPU NPUHATUM pe-
weHuii B MoxanHecOypre. [esna EC Ha 3TON KOH-
depeHLn Bbl «OT C/IOB K AeCTBUIO».

XoTa BoNpochbl 06pa3oBaHUS N He SBASIIOTCS
LeHTpanbHbIMM ansa pabdoTbl Colo3a, MHOrme pa-
OOTHNKM 06pPa30BaHNSA BCEX YPOBHEN U MOJINTUKN B
cdepe obpaszoBaHus B cTpaHax-yneHax EC vyBCT-
BYIOT OFPOMHYI0 OTBETCTBEHHOCTb 32 COTPYAHMYE-
CTBO MO W3MEHEHWUIO HalMX 0Opa3oBaTesibHbIX
CUCTEM, C TeM 4YTOObI YCTONYMBOE Pa3BUTUE CTasO
MasikoM B 06pa3oBaTeslbHOM CEKTOPE, OT AETCKNX
cafoB 00 YHUBEPCUTETOB. DTO SABNSETCS HacyLl-
HO HEOOXOAMMOCTbIO.

MoTpebHOCTbL B W3MEHeHUW 06pa3oBaHUS
BeCbMa 3Ha4yMTesIbHa No Bcemy Mmpy. Ho cunbHee
BCEr0 OHa OLUyLlaeTcs B Hallen, 6bonee cocTos-
TeNlbHOWN, YacTu Mupa. B To Bpems kak ctaTtucTuka
OYeHb ybeauTesibHO MOoKa3blBAET, YTO HaceseHue
©oJiee COCTOATENIbHOM YacTn MuUpa nosyyaeT Han-
6onee npogomxnTensHoe n 6onee rnybokoe obpa-
30BaHKWe, 06pa3 XM3HW HaLLero HaceseHnst o3Ha-
YyaeT, YTO Mbl NOTPebISIEM OCHOBHYIO OO0 Oorpa-
HUYEHHbIX MPUPOAHbLIX PECYPCOB M1aHeTbl, OCHOB-
HYIO 4YacTb 3HEPrnun, Mbl NPOM3BOAMM OCHOBHYIO
4acTb NApPHMKOBbLIX ra3oB U T. A. MHbIMK crnioBamu,
Mbl OCTaBJIIEM HECOPA3MEPHO OFPOMHBbIN «3KOJ10-
rMYecknin cnep».

Ob6pa3oBaHMe B LIEIOM HE CMOI0 A0OUTbCs
[OCTaTOYHOr0 MOHMMaHUS HeobXxoAMMOCTU Me-
HATb MOAENN NPON3BOACTBA M NOTPebneHns, Tak
KaKk 4yeM Bbllle CpeaHu ypoBeHb 0OpasoBaHus,
TeM 3HauUTeNbHeEe pas3pyLUUTENIbHOE BO3OENCT-
BMEe Ha nnaHeTy. He aBnseTcs nmM 310 caMblM SIB-
HbIM MPWU3HAKOM TOro, YTO CYLLECTBYET NoTpeb-
HOCTb B HOBOM Turne obpaszoBaHus — obpasoBaHnmn
011 yCTOMYMBOro pa3sutmna? Takmm o6pa3om, Mbl
OOJMMKHbI MOMEHSITb, MEPEeoPUEHTUPOBATbL HaLUn
obpasoBaTesibHble CUCTEMbI TakK, YTOObI OHW OblNn
OEeNCTBUTENIbHO MNPOHU3aHbl OyayLMM YCTONYM-
BbIM Pa3BUTMEM U B TO XX€ BPEMS rapaHTUpoBanu
npaBo Kaxaoro Ha obpasoBaHne B COOTBETCTBUN C
npaBamMmu Yenoseka, 3apMKCUPOBaAHHLIMU B iekna-
pauysax OOH. N aTo foMKHO NPOM30NTKU yXe Cen-
yac. He uyepes naTb net. He yepe3 pecsaAtb JeT.
MmeHHo noatomy pesontoumnss OOH o pekane 06-
pasoBaHUs 45151 yCTOMYMBOro PasBUTUS Tak BaxKHa.
OTO BENMKUI LLIAHC AJ19 BCEX HaC.
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MonnTtuyeckas BONS N OTBETCTBEHHOE PYKOBO-
OCTBO B PELLUEHUN ITUX BaXHEWLIMX 3a4a4, CTOs-
LLMX Nepemn, 4enoBe4eCcTBOM B HALLMX CTPaHax, Mo-
ryT BO3HUKHYTb TOMIbKO Mo, BIMSIHUEM OCHOBaHHO-
ro Ha MHOOPMMPOBAHHOCTM 1 0OpasoBaHUK 0O-
LLLeCTBEHHOr0 MHeHus. o, BMsiHMeM ntoaen, Ko-
Topble MOryT NPeacTaBmTb cebe YCoBUS, B KOTO-
pbIX XUBYT apyrue. Jliogen, KoTopble 3a CTaTUCTU-
KO CcnocoOHbl pas3rsaaeTb YenoBevyeckme nvua.
Jliopen, 4yBCTBYHOLIMX pas3ovyapoBaHue poaute-
NIeN, KOTOPbIE HE MOIYT OTNPaBUTb CBOUX AETEN B
LLKOJY, KOTOPblE HE MOryT HaKOPMUTb CBOWX rO-
NOAHbIX AETEN UM HE MOTYT 3aLUTUTb UX OT Mans-
pun, BUY/ClMNOa n gpyrmux 6onesHen. Mmpy Hyx-
HO OOLLECTBEHHOE MHEHME, KOTOPOe MO3BOJIUT B
pamkax AemMokpaTmnyeckmx BblOOpoB M3bpartb no-
JINTUYECKNX NNAEPOB, CMOCOOHbLIX NPUHMMATb OT-
BETCTBEHHbIE PELLUEeHNsT Ha [OOJITOCPOYHYIO MNep-
cnekTuBy. B 3ToM Becb CMbIC/T 06pa3oBaHus ais
YCTOMYMBOroO pas3BuTUS.

OBPA3OBAHNE
ANg YCTOM4YMBOIO PA3BUTHA

Bot yxe 30 net IOHECKO BepeT ycnewHyo v
KpaliHe BaxHyl pabdoTy, KoTopass Mno3Bonuna
chopmumpoBathb Te naen o6 ObpasoBaHUN NSl yC-
TOMYMBOro pPa3BUTUS, KOTOPbIE CYLLECTBYIOT Cell-
yac. OHM OTpaxeHbl B PasdfinyHbIX OOKYMEHTax un
00ObI4HO PE3IOMUPYIOTCS CleayoWwyMn KtoYeBbI-
MW cnoBamMm M ¢ppaszamMun: yd4acTme, OTBETCTBEH-
HOCTb, MEXAUCUMUMIMHAPHbIE MeToObl pPaboThl,
rnobanbHble B3rNsS4bl, afanTUPOBaHHbIE K MECT-
HbIM OCOOEHHOCTAM W KynbType, KpUTU4eckoe
MblwneHve. OYP gomxHO ¢opmumpoBatb FOTOB-
HOCTb M CMNOCOBHOCTb AOOPOBOJILHO Yy4aCTBOBATb
B paboTe No AOCTUXEHMIO YCTONYMBOro OyayLLUero.

OOH nHagHauunna FOHECKO BepyLimm areHTcT-
BOM no meponpuatmam Ldekagbl OOH. B aTom ponu
IOHECKO cpenana o4eHb MHOroe, HO Bceraa cne-
OyeT NOMHUTb, YTO OTBETCTBEHHOCTb 3a BaXKHel-
LUne Mepbl — Mepbl Ha HaLMOHaIbHOM YPOBHE — Jie-
XUT Ha rocyaapcTteax-yneHax OOH. IOHECKO mo-
XET NNLLb «Mpurnawlatb» npaBUTENbCTBA K «pac-
CMOTPEHNIO» Mep MO BOMIOLLEHMIO Ba30BbIX Nael
OYP u [exkagbl B COOTBETCTBYHOLLUMX 0Opas3oBa-
TeJIbHbIX CMCTEMAX U N1aHax.

EBponeickasa akoHomMmunyeckas komuccmus OOH
(UNECE), pervonanbHaa opranumdaumsa OOH,
BKJlOYawoLwaa 55 rocymapcrtB, Takke npoBOAUT
BReyaTnsoLLyto paboTy no ykpenneHunio OYP. Bax-
Has Ctpaterns UNECE no O6pasoBaHuio onis yc-
TOMYMBOro pPasBUTUS Oblla NPUHATA Ha BCTpeYe
BbICOKOIO ypoBHS B BunbHioce B mapte 2005r. B
aton ctpaterum OYP onpenenseTcs Kak npoLecc,
OXBaTbIBAKOLLWI BCIO XXM3Hb, C PAHHEro AeTCcTBa A0
BbiCLLEro 06pa3oBaHnNs 1 KypCoB AJ1 B3POCIbIX, U



BbIXOAAWMA 3a pamkm dopmMasibHoro obpasosa-
HUs. LleHHOCTK, 06pas XM3HM 1 MHEeHUS 3aknanbl-
BalOTCH B paHHeM BO3pacTe, No3ToMy obpasoBsa-
HMEe 0COOEHHO BaXXHO AN AeTen. NoCcKoNbKy Mbl
obyyaemcs, NpuUMepsss B CBOEN XM3HWU pasHble
ponu, OYP Hapo paccmaTtpuBatb Kak MpoLecc,
NPOHKMKAOLLMI BO BCe acnekTbl XNU3HW. OHO O0sX-
HO NPOHN3bIBaTb y4eOHbIE MPOrpaMmMbl BCEX YPOB-
Hel, BkoYasa npodeccrnoHanbHoe obpa3oBaHme,
NoAroTOBKY YYMTENEN U KYPCbl MOBLILLEHUS KBa-
nmoukaummn ons npodeccruoHanoB 1 YAHOBHUKOB
(UNECE, 2005, 5). B pykoBoacTse no BHeppe-
HUIO CTpaTerMm roBOpUTCS, YTO Kaxpaas cTpaHa
oTBeYaeT 3a ee peanusaumo (http://www.unece.
org/env/esd).

MOXHO mncnonb3oBaTb pasHble OonpeaesieHus
OYP, HO BCe OHU BblpaxatoT 0HM U Te e 0a30Bble
noen. 30ecb yMecTHO ByaeT KpaTko pacckasarthb,
Kak OHU cpOopMynNMpoBaHbl B MOeN cTpaHe, Lse-
umn, NpaBUTENLCTBEHHLIM KOMUTETOM NO 06paso-
BaHWIO A5 yCTONYMBOro pas3sutus B 2004 1.

Ob6pa3oBaHMe [Onse YCTOMYMBOrO pPa3BUTUS
OOJIKHO MMETb ClieayloLLmMe XxapakTepPUCTUKU:

— Pa3HOCTOpPOHHME MNNIOCTPaLNM 3KOHOMUYE-
CKMX, cOUMasnbHbIX U 3KOJIOTMYECKMUX YCIIOBUM U
NPOLECCOB A0XXHbI pacCMaTPMBaTLCS B KOMMJIEK-
ce npu NMoMOLLM MEXANCUUMNINHAPHbLIX MeTOA0B
paboThl.

— Heobxoammo NposicHATb NPOTMBOPEYMS MEX-
ay uensamm n adpdekT B3aUMHOro AOMOJSIHEHUS
pasfnYHbIX NOTPEOHOCTEN N MHTEPECOB.

— CopepxaHne 06pa3oBaHUS O0SXKHO ObiTb
HarnpaefIeHO Ha A0NrOCPOYHYI0 MEePCNeKTUBY, Ua-
T OT NPOLWIOro K 6yayuiemMy, oT robanbHOro K
MECTHOMY.

— CnepyeT mcnonb3oBaTb AeMOKpaTuyeckue
MeToAabl paboTbl, YTOObI yyalumecss Morn BAUSITb
Ha PopMy N copepxxkaHne obpasoBaTesibHbIX MPOo-
rpamMmm.

— Yyeba fo1kHa OCHOBbLIBATLCSI HA PeaibHOCTH,
B MOCTOSIHHOW CBSI3W C NPUPOAONA 1 OOLLECTBOM.

— Yyeba ooskHa KOHUEHTPMPOBAaTbLCS Ha peLle-
HUM MpPoBNemMbl U CTUMYNIMPOBATb KPUTUYECKOE
MbILLU/IEHME U TOTOBHOCTb AEACTBOBATb.

— BaxeH n npouecc, v npoaykT obpa3oBaHus
(Committee on Education for Sustainable
Development, 2004, 19).

O6pazoBaHue, NprU3BaHHOE No4AEePXNBATb YC-
TOoMYMBOE pasBUTUE, OOMKHO OTpaxaTb BCE TpwU
€ro n3MepeHnss — 3AKOHOMNYECKOE, coLpanbHoe 1
akonormnyeckoe. K yctonymBomy pasBmTuio HENb3s
OTHOCUTBCH Kak K HOBOW 061aCT! NU3Yy4EeHUS; OHO
[OJIXHO CTaTb HOBbIM aCNeKTOM BCEX NPEAMETOB,
npenogaBaeMbix B LLKOSAX WU By3ax. Toraa acnekT
YCTONYMBOro pa3BuTus OyaeT nomMoraTb YUMTensam
BblOMpaTb cogepxaHue ansg obpasoBaTesibHOro
npouecca. BaxHo, 4Tobbl paboTa, N0 BO3MOXHO-
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CTu1, Benacb No peasbHbIM NpobdaemMam, Tem, KOTO-
pble BAUSIIOT HAa XXN3Hb YHaLLUMXCSl, HAa OKpyXatoLlee
nx o0LLecTBo, Npobaemam, Ha KOTOPbIE OHU MOTYT
NOBNUATb U KOTOPbIE BaXHbl A1 JOCTUXEHUS YC-
TOMYMBOro pasBUTUS Kak HA MECTHOM, Tak U Ha
rnobanbHOM ypoBHe. Takum ob6pas3om, paboTa
LUKOMbI A0/KHA ObITb HanpasfieHa Ha 0bLEeCcTBO,
Ha COTPYOHWYECTBO C JIIOALMU N OpraHn3auusiMm
BHE LUKOJIbl, AOMA, a TakXke 3a rpaHuLen.

AKTMBHOE yyacTune yqalmxcst 4O/KHO BBOANTb-
CS yXe Ha [OLIKOSIbHOM 3Tane, n BO3MOXHOCTU
ONs1 HEro A0JKHbI pacTu 6narogapsi BOBEHEHMIO
yyalmxcs B NiaHMpOBaHWE B TEYEHMEe BCEro Bpe-
MeHN 00y4yeHus B Wkone un yHueepcuteTe. KoH-
Lenuus y4acTus AoJXHaA NpoHM3biBaTb 06pa3oBa-
HWe ONs YCTOMYMBOro PasBUTUS Ha BCEX YPOBHSIX.
Yyawpxca cnegyeT paccmatpuBaTb Kak MOJSIHO-
LEHHbIX FpaXxaaH yxe BO BpeMs 1xX y4acTtusi B 00-
pasoBaTtenbHOM nporpaMmme. Kaxabin yyuTesnb
OOJIKEH MPencTaBUTb YETKYID CTPYKTYPY LLIKOJb-
HOI PaboTbl, C ACHbIM yKa3aHWeM TOro, YTO OXM-
naeTcs oT yyawmxcs. [Npy 3ToM BaXKHO He noaop-
BaTb POJIb YYUTENS KaK XpaHUTENs 3HAHUIN N 9KC-
nepTa B cBOeM o6nactu. YunTenb He OOJIKEH nepe-
KnagblBaTb Ha KOro-nmbo CBOK OTBETCTBEHHOCTb
3a BefleHue npoLiecca.

Pa3BuTME CNOCOBHOCTU KPUTUHECKN MbICIIUTb
1 nogsepratb 060CHOBAaHHOMY COMHEHWIO BaXXHO,
Tak Kak NyTb K AJOCTUXEHWNIO YCTONYMBOrO pa3Bu-
TN He npeponpeneneH 3apaHee. OHa BOCMUTLI-
BaeT aKkTMBHbIX, TBOPYECKMX U KPUTUYECKU Ha-
CTPOEHHbIX rpaXaaH, yMeLmMx pewwaTtb npobne-
Mbl 1 KOHQJINKTbI NP MOMOLLM COTPYOHMYEeCcTBa.
Takmm o6pas3om, obpazoBaHMe Anst YCTONYNBOro
PasBUTUS HE OOJIKHO ObITb AOrMaTUYHbIM, Tak Kak
Mbl HE MOXEM 3HaTb HaBepHsika, NpuBedeT Nu
NPUMEHEeHME OnpeaeNieHHbIX 3HAHUIA WU TEXHO-
NOrni nnn onpeaeneHHoe NoBeaeHne K Xenaemo-
My pesynbTarTy.

OYP MOXHO BecTu kak B 6onee npobsemMHo-
OPUEHTUPOBAHHOM, MeXAUCUMNIMHaApHOM ¢op-
Mare, Tak 1 B paMkax npernogaBaHns TpaamuMOH-
HbIX NPeAMETOB 4Yepes BbIOOP NPUMEPOB U acrnek-
TOB, AenalLwmx npenogasaHme 605ee 0CMbICIEH-
HbIM C TOYKWN 3PEHUs YyCTOMYMBOro passutus. Ha
ypoBHe By30B OYP MoxeT obecneunBatbCcs Kak B
pamkax 00s3aTesibHbIX KYPCOB, Tak M NPW MOMOLLN
npeaMeToB, NpernogaBaemMbiX C TOUYKM 3PEHUS YC-
TOMYMBOrO PasBUTUS, — [NaBHOE, 4YTOObI OblIO
obecneyeHo yyacTne BCex CTyAEHTOB.

JouwkonbHoe obpa3oBaHne nMmeeT ocoboe 3Ha-
YyeHne B MpoLecce HenpepbIBHOro obpa3oBaHus,
Tak Kak gBnseTcs ocHoBor OYP. 3T0 nogyepkHyTO
B foTeHOyprckux pekomeHgaumsx no OYP, npuHs-
Tbix 12 HOI6ps1 2008 ., roe ykasbiBaeTcsl, YTO O0-
LUKONbHOE 0Opa30oBaHMe OO0/IKHO OblTb MPU3HAHO
OTMNPaBHOM TOYKOW HEMNPepbIBHOroO 06pasoBaHUS



011 yCTOMYMBOro pa3suTums. Bce oetn nmetoT npa-
BO Ha obOpa3oBaHue, a CNOCOOHOCTb K 0Oy4eHUIO
BbllLIe BCEr0 MMEHHO B paHHEM BO3pacTe (0T pOX-
neHnsa 0o 8 net). VIMeHHO B paHHEM AOEeTCTBe Y Ae-
Ten popmMupyloTcs 6a30Bble LLIEHHOCTW, B3rNsaapl,
HaBblK1, MOAENN NOBEAEHUS N NPUBbLIYKA, KOTO-
pbleé MOryT OCTaTbCSl Ha BCIO XMN3Hb.

OcO0BeHHO TparnyHo, B 9TOM CMbIC/E, 3BY4YMT
nHpopmaumsa n3 OTyeta N0 BCEMUPHOMY MOHUTO-
puHry «ObpasoBaHne gns Bcex» 2009 r.: oguH m3
Tpex AeTen B pa3sumBalomxca ctpaHax (scero 193
MJIH) 4OCTUraeT Bo3pacTa HavyasibHOM LLIKOJbI C Ha-
pyLLUEHHbIMUW BCNeaACTBNE HeaoedaHns pa3BuTMemM
Mo3ra 1 0Oy4aemMOoCTbl0 — B OTAEJIbHbIX 4acTaX
lOxHoM A3um aTta undpa npesbiwaeTt 40%. Boico-
KMA 3KOHOMUYECKUIA POCT B HEKOTOPLIX CTpaHax
MaJsio NOBANSI HA CUTyauUMIO C HeaoedaHneM cpe-
ON OeTen, 4To CTaBUT Nod COMHEHMEe MnpaBuilb-
HOCTb CYLLECTBYIOLLEN rOCYdapCTBEHHOM NOMUTU-
kn (EFA, 2009). 310 camoe apKkoe CBUOETENBCTBO
TOro, 4TO yCTpaHeHue ronoga u KpamHen 6egHo-
CTU sBnsieTcsa 0b6s3aTeNlbHOM NpeanochbikKon ans
OopbObI 32 YCTONYMBOE pa3BUTME Yepe3 06paso-
BaHue.

BbICLLEE OEPA3SOBAHVE

YHMBEPCUTETbI MO BCEMY MUPY UrparT Bax-
HelLwyl posib B PasBUTUM U pPacnpOCTPaHEHUN
noen OYP. CTonT BCNOMHUTb O KpamHe 3Ha4YMMOnM
MexayHapoaHon koHdepeHumn OOH YHusepcu-
TeTbl/lOHECKO «MyTn k obwiemy byayuiemy: ns-
MeHeHMe Ponn BbicLlero obpasoBaHuns B rnobdarb-
HOM Mupe». KoHdepeHumna coctosnack B [ome
OOH B Tokno 29-30 aBrycta 2007 r. 3akno4umTenb-
Hble peKkoMeHJauMn ONs By30B, BblpabOTaHHbIE
KoOHdepeHumen, noanexar pacnpoCcTpaHeHUIo
cpeav yHuBepcuTeToB Bcero mmpa. OHn cnepyto-
wpe:

a) YHuBepcuTeTckue BacTM O0MXKHbI cocTa-
BUTb NPOrpamMmbl AENCTBUIA, peannsaumst KOTOPbIX
coenaet obpaszoBaHMe NO-HACTOSLLEMY OPUEHTU-
pPOBaHHbLIM Ha ycTon4MBoe passutue (YP).

©) CoBeTbl pakynbTETOB A0JIKHbI B3SITb Ha cebs
OTBETCTBEHHOCTb 3a MOJIHOLEHHOE BBeaeHne YP/
OYP Bo BCe obOpasoBaTesibHble MporpamMmbl. ITO
OOJIXHO NPOUCXOANTb NPU aKTUBHOM y4aCTuUM CTy-
OEHTOB N CTyOEeHYECKNX OpraHn3auuii.

B) CoBeTbl ¢akynbTeTOB LOJIKHbI pPa3BMBaTb
BO3MOXHOCTU NpruobpeTeHns kKomneTeHumn B YP 1
yyacTus B (MECTHOM) rpaxkaaHckom obLecTBe ois
BCEX YJIEHOB YHUBEPCUTETCKOro COOOLLECTRA,
BKJlOYasi CTYOEHTOB.

r) AOMUHUCTPAUMN YHUBEPCUTETOB [0JIKHbI
co30aTb OpraHn3aLnio/opraHn3aLMOHHYI0 CTPYK-
TYpY C MeXAUCUMMINHAPHLIMU MNOAHOMOYUSAMMN
Ons npoaBmxeHus gesatensHoctn no OYP.
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0) YHMBEPCUTETbI A0JIKHbI 3aHMMaTbCS COBME-
CTHbIM 00y4eHMeM/co3aaBaThb MPOYHbIE NAPTHEP-
CcKue CBSA3M C KOMMNaHUSIMM, opraHamm BnacTtm, 06-
LLLEeCTBEHHbIMW OpraHmM3aumsmMm 1 T. 4. No BOMpo-
cam YP/OVYP.

€) By3bl 40/MKHbI cTaTh aTasioHaMmun YP He Tonb-
KO B TOM, 4TO B HMUX NPenogaeTcs, HO B AeATeNbHO-
CTU YHMBEPCUTETA B LENIOM, HanpuMep, B NOJNTU-
Ke 3aKkyrnok, 03eJ/IeHeHUN YHUBEPCUTETCKOro ro-
poaka, NonuTMKe TPYAOYyCTPOMCTBA U PaBHbIX BO3-
MOXHOCTEN N T. A.

X) CoBeTbl akynbTETOB AOJ/IKHbI BblOENATb
cpencTea ons AOCTUXKEHUS MEPEYMCEeHHbIX 3a0a4
(UNESCO, 2008).

YHNBEPCUTETHI B Pa3fINYHbIX YACTSX MMpa Jac-
TO C ropAoCTbiO NPeACcTaBNAT CBOM KOHLUEMNUMN 1
uenn. OgHa 13 uenemn, To N Aeno BO3HMKaoLas B
npeseHTaumsx, COCTOUT B TOM, YTOObl YHMBEPCU-
TeTbl CTaNM MEXAYHAPOAHO 3HAYMMbIMU U BEU
ncecnenoBaHms Ha BbicoYalllemM MMPOBOM YPOBHE.
Mx ambuumn B chepe obpaszoBaHMs NoYTK BCcerga
HMXe, YemM B cdepe uccnenoBaHu. YuutbiBas
CcTOosILME nepen 4esNioOBEeYEeCTBOM BbI30Bbl, HET
NPUYMH CHUXaTb aMbuLUMK B UCCeQ0BaHUNAX, HO
€CTb BCE OCHOBaHWS AJ151 NOBbILLIEHUS] YPOBHS aM-
OnumMin, KacalWmxcsa npenjaraeMoro Hawumm
YHUBEpcuTeTamMm 06pa3oBaHms. VIMEHHO yHUBEP-
CUTETbI JO/MKHbI Npexae BCero ctaTb TEMU yHpeEX-
OeHVsIMU, KOTopble 3aayManncb Obl 0 TOM, YTO UM
MoxeT npuHectn OYP. YHuBepcuTETbl, CTPeEMS-
LLMECs K MOBLILLEHWIO KayecTBa CBOMX obpa3osa-
TeNbHbIX MPOrpamMMm, OOSKHbl MNPUHATL Gal30Bble
naoen OYP v BOMMIOTUTbL UX Ha npakTuke. MHe Obl
XOTenocCb, YTOOblI BCE YHUBEPCUTETbI U B OCOOEH-
HOCTW Te, KOTOPbIE MHOIAA HAa3bIBAKOT NPECTUXHbI-
MW, KOHKYPUPOBaNMU M COTpyAHW4Yanu Obl Opyr C
OpyromM, ¢ TeM 4TobObl CTaTb MMOHepamMu cpeam
«YHUBEPCUTETOB, HanpaB/IEHHbIX Ha YCTOMNYMBOE
Gyayuiee».

Moa4yepkHYTb BAXXHOCTb YCTOMYMBOI0 Pa3BuUTUS
MOXHO C MOMOLLbIO 3aKoHOAaTeNbLCTBa. Tpu roga
Has3ag NpasutenscTBo LBeuun npeanoxuno MNap-
namenty LUBeumn BHECTM nonpaBkym B 3akKOH O
BbicLLeM 0OpasoBaHuK. [MapnameHT MpuHaN no-
npaeku, 1 HadmHasa ¢ 1 despand 2006 r. weeackne
YHUBEPCUTETbI U KONNEOXWN YHUBEPCUTETCKOro
YPOBHS «B CBOEWN OeATENbHOCTW... A0JIKHbI COOel-
CTBOBaTb YCTOMYMBOMY Pas3BUTUIO, KOTOpoOe obec-
neymnno Obl HbIHELLHEMY N OyOyLLIMM MOKONEHUSIM
3[00POBYIO 1 6NaronpusaTHYIO OKPYXXaloLLyto cpeny,
3KOHOMWYECKOE U coumanbHoe Gnaronosiyuyme u
cnpasegnneoctb» (Ministry of Education and
Research, 2006).

Takoe pelueHne abCOoNOTHO JIOMMYHO, Tak Kak
Te y4uTensl, MHXEeHepbl, Bpayn, coumasnbHble pa-
OOTHUKMN, XXYPHANNCTbI U T. AI., KOTOPbIX BbIMyCKaT
HallN YHUBEPCUTETLI, AOJKHbI 3HaTb, Kak Hago



paboTtaTb, 4TOObI 4OCTUYb YCTONYMBOIO Pa3BUTUS.
MpennoxeHne 0 BHECEHUM NMOMNPABOK B 3aKOH O
BbiCLLIEM 00pa3oBaHUM ObINO B LIESIOM MOJIOXN-
TeNIbHO TMPUHSTO PYKOBOACTBOM YHUBEPCUTETOB
LLseuunn.

YP nonXHO ObiTb Ba)XHblM OPUEHTUPOM AJIs
YHMUBEPCUTETOB, HO MX CBODOOAY MCCNenoBaTb 3Ty
KOHLLeNUMIO TaK, YTOObl OHa Bblfla OCMbICIIEHHOM B
MX KOHKPETHOM KOHTEekcTe, Heobxoammo obepe-
raTb OT C/INLLKOM TEXHOKPATUYECKUX N AorMaTuy-
HbIX B3rNA00B.

B 31Ol CBA3M 04YEHb BaXKHbl CTyAEHYEeCKne op-
raHusaumn. BaxXHO NooLpaTb UX 3aHATUS BOMPO-
caMmn 0bpas3oBaHMs O YCTOMYMBOro pPas3BUTUS.
MIMEeHHO Te, KTO CerofHsi nosiy4aeT BbicLlee obpa-
30BaHue, 1 dyayt cTpouTb byayuiee. MIMeHHO nm
npuaOeTcs WcCMnbliTaTb MNOCNEACTBUS HEBEPHbIX,
«BONN30PYKNX» PELLEHUNM, MPUHUMAEMbIX CErOAHS.
MHXeHep-cTpouTenb, noJslydarowmi - gunioMm B
3TOM ropay, 6yaeT akTMBHO paboTaTh 40 CepeamnHbl
3TOro Beka. Y4MTesNb-BbINYCKHMK 3TOr0 roga B CBO-
el yunTenbCkom Xn3Hn OyaeT BAUSTb Ha NOOewn,
KOTOpoe OyayT XnTb 1 B cneaytolem seke. Moato-
MY Yy CTYAEHTOB M UX OpraHn3auunii A0KHbl ObiTh
BCE BO3MOXHOCTU BNUATb Ha oOpa3oBaTesibHble
nporpamMmsbl Tak, 4To6bl OHKU CNOCOOCTBOBANN YC-
TOMYNBOMY Pa3BUTUIO.

OpHako acnekT yCTOMYMBOrO pasBUTUS HENMb3S
orpaHuymBaTtbh dopmMasbHbiM obpasoBaHuemM. OH
OOJIXEH NPUCYTCTBOBaTb B /I0OOM 06pa3oBaHnm,
dopmanbHOM 1 HedopManbHOM, NPOBOAMMOM B
obLecTBe, BkoYast 00yyeHne KagpoB B KOMMAHN-
SIX 1 B rOCY0apCTBEHHOM cekTope. A ybexneH, 4To
Te KOMMaHUU 1 rocy4ypexaeHunsi, KoTopble caena-
IOT YCTONYMBOE pPa3BUTME BeOyLMM MPUHLUMOM
npu o0y4eHnn KapoB, BCKOPE NOMMYT, Kakue rnpe-
MMyLLeCTBa faeT Takoh nogxond. Mx coTpyaHuku
OyayT C ropaoCTbiO y4acTBOBaATb B AEATENIbHOCTH,
BHOCSILLLEN OCO3HaHHbIM BKNa4 B YCTONYMBOE pas-
BUTME obuiecTBa. MHe kaxeTcs, 0COOEeHHO Bax-
HYIO POJiIb B 9TOM CMbIC/IE MOTYT Urpatb NpodCco-
I03HblE OpraHn3aunm. ATo KacaeTcs NPodpCo30B
BO BCex chepax AeaTeNbHOCTN N0 BCEMY MUPY.

noaxoabl «CBEPXY BHAN3»
N «CHN3Y BBEPX»

Jekapa obpa3oBaHua Ans yCTOMYMBOrO pas-
BuTna 2005-2014 rr. — 9TO NpekpacHass BO3MOX-
HOCTb OJj1 BCEX HAC — MpPeAaHHblIX CBOEMY Aeny
y4YnTENEN BCEX YPOBHEN, PYKOBOAUTENEN LIKON U
BY30B, CTYAEHTOB, MWHUCTPOB 06pa3oBaHua ©
Opyrvx nonMTrMKoB B cpepe oOpas3oBaHust No Bce-
MY MUPY — OTHECTUCH K 9TOMY BOMPOCY CEPbLESHO,
paboTaTb COBMECTHO C APYr1MU, 4TOOLI U3MEHUTb
Hawwm obpa3oBaTesfibHble CUCTEMbI HA BCEX YPOB-
H$IX, 4TOObI, 3aKOHYMB O0y4eHue, CTYOEHTbl Oel-

20

CTBUTESIbHO OblNI CNOCOOHBI U Xenanu bbl akTUB-
HO paboTaTb Ha 6n1aro ycTon4MBOro pas3BuTms 0o-
LecTBa.

Y Hac B EBpone cyLecTBYIOT BCe YC0BUS ANS
TOro, 4YToObl MHTErPUPOBaTb KOHLEMLNIO YCTOM-
4YMBOro Pa3BUTUS B HaLlW 0Opa3oBaTesibHble CUC-
TeMbl. B Luenom y Hac XopoLlo noaroToB/IEHHbIE
yuynTensi, Xopowo pasBuToe obOpasoBaHMe Oas
B3POC/bIX B OOJNIbLUMHCTBE CTPaH, ThiCAYM XOPO-
LIMX YHUBEPCUTETOB N APYrUX YYPEXOEHU BbIC-
wero o6pazoBaHUsA C MUIIMOHAMK CTYAEHTOB, a
TakXe ThbICAYN LEeneyCTPEMIIEHHbIX MONUTUKOB B
chepe obpazoBaHus. Takmm 06pasom, YTOObl Ha-
WK1 ycmnusa npuHecnu nnogbl, npoasmxexHne OYP
OOJKHO onupaTtbCs Ha ABa OAMHAKOBO BaXHbIX
npouecca — OBUMXEHNE «CBEPXY BHU3» N «CHU3Y
BBepx». Oba 3Tn npouecca OoKHbI MPUCYTCTBO-
BaTb Ha BCEX YPOBHSX OOLLECTBA — HAUMOHaNb-
HOM, PernoHasbHOM U MECTHOM.

Mpoueccom ABMXEHUS CBEPXY BHM3 3aHMMa-
IOTCS NIIOAN C BNACTbIO U BIVSTHUEM Ha Pa3fINYHbIX
YPOBHSIX, UCMOJIb3Ys1 CBOIO BNACTb U BAUSIHWE O
npoasmxeHus OYP. [IBneHne CHU3y BBEPX ONu-
paeTcs Ha 3HaHUS OTAENbHbIX rpaxaaH 06 OYP u
Ha X FOTOBHOCTb B35Tb HA ce0si OTBETCTBEHHOCTb
3a npoasuxeHne OYP, naxxe 6e3 noaaepxxkn ceep-
Xy, T. €. Korga Te, y KOro ecCtb BO3MOXHOCTb MC-
nosb3oBaTb CBOE BAMsaHUE ans cogencrteus OYPR,
He JenatoT 3TOro no ToW UK NHOM NMPUYMHE.

MaBHbIMW OENCTBYIOLLMMA NULAMU B OBUXE-
HUM CBEPXY BHU3 SABNSIOTCS, KOHEYHO, NPaBUTESb-
ctBa rocypapcte-ineHoB OOH, noagep>xaBLumx
nporpamMmbl OENCTBUIA, NpuHATbIE B MoxaHHec-
Oypre B 2002 r. u ewe paHbLue MoBecTky [Ha 21 B
Puno-ge->XaHenpo B 1992r. A camble BaxHble B
3TUX NPaBUTENbCTBAX — MUHUCTPbI 06pa3oBaHuns 1
LLUKO. DTN MUHUCTPbI AOMKHbI MOHMMATb, YTO OT-
BETCTBEHHOCTb 3a peann3aumnio MpoakTUBHOIo
nogxona k passutuio OYP nexunt Ha Hux. EcTtecT-
BEHHO, OHW J0/IKHbI paboTaTb B COTPYAHNYECTBE C
rnaBamu gpyrmx MMHUCTEPCTB. CNMLLKOM YacTo Ha
KOH®epeHUMaX MHe NPUXOAMUIIOCH ChbIlWaTh, YTO,
MO MHEHMIO TOBOPUBLLINX, MUHUCTPbLI 00pa3oBaHus
MX CTpaH He HeCyT Kakon-Mbo OTBETCTBEHHOCTU
3a BHegpeHune OYP. YacTo okasbiBanocCb, Y4TO On-
peneneHHbin nHtepec B OYP npossnanm MUHUCT-
pbl N0 Aenam oKpyXaroLLen cpeibl COOTBETCTBYIO-
LLMX CTPaH.

970, KOHEYHO, O4YEeHb XOPOLLO, HO MOCKOJIbKY
YCTONYMBOE pa3BUTUE BKIIIOYAET BCE TPU U3Mepe-
HUS — SKOHOMUYECKOE, CoLmMaribHOe 1 3Koornye-
CKO€, O4EBUAHO, 3TO A0/MKHO OTHOCUTLCA 1 K OYP,
Yy KOTOPOro eCTb CBOM OTMpPaBHble TOYKM B paboTe
no poctmxeHuto YP. MNockonbky cmbeicn OYP co-
CTOUT B UBMEHEHUMN, NepeopmreHTaummn obpasoBa-
TeJNlbHbIX CUCTEM Tak, YTOObl OHW Bonee akTUBHO
noaaepXmBanm yCcTOMYMBOE pPa3BUTME BO BCEX



Tpex ero U3MepeHunsix, TO U OTBETCTBEHHOCTb, €C-
TECTBEHHO, A0JIXHA JiexxaTb Ha MUHUCTPax obpa-
3oBaHus. Ona npoasmxeHnsa OYP npaBuTenscTea
[OOJKHbI, KOHEYHO, NCMNOMb30BaTb TakKMe Mepbl, Kak
3aKOHbl N PACMNOPSKEHUS, HaUMOHasbHbIe Yy4yeb-
Hble NporpaMmbl U opyrme AoCTyrnHble UM CPencT-
Ba, KOTOpble NO3BONAN Obl NBMEHUTL 0O6pPa3oBa-
TeJlbHble CUCTEMbI TaK, YTOObI OHU ObIIV NPOHN3a-
Hbl COODPaXXeHNSIMM YCTONYMBOIO Pa3BUTUS.

Ha 6Gonee HU3KMX YPOBHAX ABMXKEHUS CBEPXY
BHW3 NIIOAM BO BNaCTU Ha rocyaapCTBEHHOM, pe-
rMOHaNbHOM M MECTHOM YPOBHSIX TakXe OOJSIXKHbI
0CO3HaBaTb CBOIO OTBETCTBEHHOCTb 3a NPOABMXKE-
Hne OYP, Hanpumep, B LWKOMAx B KOHKPETHbIX Ha-
CeneHHbIX NyHkTax. Kpome Toro, MecTHble aMpek-
TUBHbIE OpPraHbl JOMKHbI CO30aBaTb BO3MOXHOCTHN
ons npnoputndaumn OYP, ecnn Te, KTO Henocpea-
CTBEHHO OTBeYaeT 3a LLKOJIbl, HE AeNnatoT TOro, 4To
cnenosaso Obl.

MpoasmxeHne OYP cHM3y BBEPX ONMPAETCS Ha
rOTOBHOCTb OTAESbHbIX FpaxaaH B Mx Npodeccmo-
HasIbHOM XWU3HWN — KaK POAUTENEN NN POOCTBEHHU-
KOB WM KaK 4Y1eHOB OOLLUECTBEHHbIX OpraHm3a-
umMn — cogencrteoBatb ykpenneHutio OYP. Takumu
noabMM MOryT OblTb BOCNUTaTENb AETCKOro caga
WU YYUTENb MaNOKOMIMIEKTHOM CENIbCKOM LLKOJIbI.
370 MOXET BbITb Y4UTESb, YOOPLLMK UKW OANPEKTOP
3anyLeHHON CpedHen LWKOoNbl B npuropoae. 310
MOXET ObITb MpenogaBaTesib MNPECTUXHOro YHU-
BepcuTeTa, XyPHaIUCT Yy4YUTENbCKOW ra3eThl, JIek-
TOp NPOdCOIO3HOM opraHn3auMn N npenoaasa-
TeNb, 00yvaoLNi Kaapbl 418 TPaHCHAUMOHANbHOWN
Koprnopaumn. 3To MOryT BbITb BCE, KTO MOHS, Y4TO
BonsioweHne OYP MOXeT caenatb paboTy yuntens
bonee «bnarogapHon», a aNns CTYAEHTOB U LLIKOJb-
HukoB OYP moxeT caenaTb npebbiBaHWe B LUKOE
nyywe, 6o51ee 0OCMbICNIEHHBIM. MHOIMVX N3 HUX MOX-
HO Ha3BaTb NPeAaHHbIMK 3HTy3nacTamu, Be4OMbl-
MW MNPOYHbIMKU  YyOEXOeHUaMK, pPasrsaeBLUMN
npaeay B cnoBax aHTpononora Mapraper Mua;
«Henb3a HepooueHMBaTb CMOCOOHOCTb Masioro
yncna 3anHTepPecoBaHHbIX IOAEN U3MEHUTb MUP.
Mo cyTn, UMEHHO TakK BCeraa v Npoucxoaunno».

YT100bl YCUNUTb OBUXEHNE CHU3Y BBEPX, BAXKHO
noHecTtn nHpopmaumo 06 OYP n ekane OYP oo
BCEX rpaxaaH, OCO3HAalLNX CBOKO OTBETCTBEH-
HoCTb. Maen, ctoawme 3a OYP, yxe Tak XopoLwlo
CcHOPMYNMPOBaHbI M OCHOBAHbI HA TaKOW CUIbHOM
MOTUMBALMN, HYTO, NUCMONb3Yst OTHOCUTESIbHO MPO-
CTYI0 MHDOPMaLMIO, MOXHO NMOABUIHYTb FpaxaaH
K NpuHATUIO 6a30BbIX naen OYP 1 natb UM NOHATB,
4YTO 3TU NAEN MOXHO NMPUMEHSTb B MECTHbIX YCI10-
BUSX. B cTpaHax ¢ xopoLlo pa3BuTon nHpopmMaLm-
OHHO-KOMMYHWUKALIMOHHOM CTPYKTYpPOM 3TU npe-
JaHHble 3HTY3MaCcTbl MOIYT NMOMOYb CO34aTb CETU
obLeHnsa ang ngen, no3sonsowme noanepxm-
BaTb APYr Apyra naesaMm 1 OnbITOM AEATENbHOCTU
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no OYP. MoaTtomy HyxHO nobyxpaTe npenogasa-
Tenemn, roToBAWMX YYUTENEN, caMux y4uTenen,
BocnuTaTenem [n[eTcKux CcanoB, 3amMecTuTenen
PEKTOPOB YHMBEPCUTETOB, NpenoaaBaTesniein By-
30B, aAMUHNCTPAaLMN LLKOJ, CTYAEHTOB N BCEBO3-
MOXHbIX paboOTHUKOB 06pa30BaHNS MUCMOb30BaTh
CYLLIECTBYIOLLNE CETU OOLLEHUS N COTPYAHNYECTBA
WM co3paBaTth HOBblE, 4HTOObI cogencTeoBaTh OYP.
MbI AOMKHBI 3aHATLCS 3TUM cendac. Mbl He MO-
XeM Mo3BonNuTb cebe TepsaTb Bpems! KnioyeByto
POJib B 9TOM ABUXEHNM CHU3Y BBEPX UIPatoT Takxke
HaumoHanbHble kommccun IOHECKO. dekapa 06-
pasoBaHUs O YCTOMYMBOro pasBuTUs, 0ObsB-
nenHas OOH, — 3TO WwaHCc, KOTOPbIN HENBL3S YMNyC-
TnTb. MNpakTnyeckn nonosuHa [ekaabl yxe npo-
wna. 3a nocnegHee Bpemsi MNoSIBUAOChL Tak MHOIO
HOBbIX 3HaHU nNo OYP ¢ xopowurmn npumepamu
13 pasHbix 06acTenr U YPOBHEN, YTO Yy Hac Tenepb
€CTb MPOYHbIN (PYHOAMEHT, HA KOTOPOM MOXHO
cTpouTb paboTy. WMHdOopMaUNMOHHO-KOMMYHMKa-
LIMOHHbIE TEXHOJIOTUM caenann 3HaHusa 1 HPop-
Mauuio Kyna 6onee O0CTYMHbIMWU, YEM pPaHblUe.
MHorme n3 Hac MOryT 1 A0JIKHbI PACMPOCTPAHATb
3HaHus 06 OYP BO BCe yronku mupa. 9To rmraHT-
ckas 3ajaya, y4uTbiBas, 4YTO TOJIbKO y4uTenen,
NPeacTaBsioWMX NMLLb YacTb TEX rpymnmn, ¢ KOTO-
pbIMU crieayeT cBA3aTbCs, 6osiee 60 MUNNMOHOB.

XOPOLLUME NMPUMEPHI

Moyt 10 neT npopaboTaB Ha MOJIUTUHECKOM
ypoBHe no Bonpocam OYP, g BCTpeyan MHOMMxX nos-
HbIX 3HTY31a3ma, TPyaotoOUBbIX NI0OEeN B pasHbIX
4acTsX MNaHeTbl, KOTOPble pPeasibHO OLLYLIAT U
nemoHcTpupytoT, 4to dekaga OOH no OYP - aTo
NPEKPaCHbIN LLAHC, KOTOPbIA Mbl HE UMEEM Mpasa
ynycTuTb. Bocnutatenu [OoWKOMbHbBIX Yy4pexae-
HWIA, YYNTENS WKOM, NnpernoaaBaTeny By30B U Kyp-
coB pnsa B3pocnbix. CrtygeHTobl. [pencrasurtenm
n0OpoBOSIbYECKMX OpraHu3aumin. YMHoBHUKN. Bee
OHW 3HAIOT, KaKyto OrPOMHYIO paboTy Ham NpeacTo-
WT NPOBECTN, YTOObI N3MEHUTbL 0Opa30BaTE/bHbIE
CUCTEMbBI U caenaTb UX CNOCOOHLIMW OTBEYaTb Ha
cTosiILuMe nepen HaMmu Bbi30BbI. PelleHne nposec-
TN cneunanbHyo Jekaay npuBeno K BO3HUKHOBE-
HWIO MHOMMX MPEKPacHbIX MHULMATUB 1 Meponpusi-
TUR, peannayeMblx MNpedaHHbIMU CBOEMY [Aeny
noabMM No BCeEMY MUPY. A npmBeay NLlb HEMHO-
rme npUMepbl TakKMX MHULMATMB.

HecoOMHEHHO, OrpoOMHYK 3HA4YMMOCTb WMeeT
CrtpaTteruns ob6pasoBaHus s yCTONYNBOro pas3su-
Tns, opnobpeHHas B mapte 2005r. EBponerickomn
akoHomu4yeckom kommuccmen OOH (UNECE), une-
HamMu KoTopon senatoTca 55 rocyaapcTts B EBpone
1 BHe ee. YpesBblyaiHO BaXHO, 4TOObI 3Ta cTparte-
rmsi peasn3oBbiBasiaCb BO BCEX CTpaHax-yieHax
opraHM3aumn B pervoHe.



YHueepcuter OOH B Tokmo ceivac pabortaet
Had co3JaHueM Toro, 4To OH Ha3ean PernoHarnb-
HbIMW 3KCMEPTHbIMKU LeHTpaMu no obpasoBaHMIo
ONs1 yCTOMYMBOro Pa3BUTUSt BO MHOTMX YacTSAX MU-
pa. 9T LeHTpPbl NpeacTaBNAlT cOOOV ceTn cylie-
CTBYIOLLMX (pOpMasibHbIX U HedOpMabHbIX 0bpa-
30BaTeslbHbIX YYpexXaeHUn, MNPU3BaHHbIX HECTU
OYP B pervoHanbHble cOO0OLIECTBA Yepe3 ycTa-
HOBJIEHME CBA3EN Mexay YHUBepcuTetTamu, ctap-
LUNMW CTYMEHSMU CPeaHelN WKOosbl, 60TaHNYECKN-
MW cafamMmn, permoHasbHbIMM OpraHaMmun BAacTu 1
T. . Cenyac cywecTtryeT 60nee 60 Takmx LEHTPOB
(cm.: http://www.ias.unu.edu).

XopoLwwmin cnocob caenatb OYP 60nee KOHKpeT-
HbIM — BbICBETUTb OCOOEHHO YCMNELLHbIE UHULIMATA-
Bbl, MPeANpPUHATbIE O NPOABMXEHUS YCTONYNBO-
ro pasBuTUS Yepes3 obpa3oBaHne. ATO MOXKHO cae-
natb NMpw NOMOLLM pa3HOro poaa Harpaz v Npu3sos.
[MpekpacHbIi NpuMep B 3TOM CMbIcNe nogaet lep-
MaHusa B npoekTe ekaga (cm.: http://www.dekade.
org/sites/projekte1.htm). CyTb ero coctouT B TOM,
4YTO [OOLUKOJSIbHOE Y4pexaeHue, LKona, By3 Wi
apyrasi opraH1sauus noJiyyatoT NpaBo Ha3bIBATLCS
«[MpoekT dekaaa» B TeYeHne ABYX JIET, HTO Bbi3biBa-
€T 0cobbll MHTEPEC K ee aesTenbHoCTU. Mpenmy-
LLLeCTBOM Takoro poaa NooLpeHns SBASIETCS YCU-
JIEHNE CNJIOYEHHOCTW KoJulekTuBa B paboTe no
NPOOBMXKXEHMIO YCTOMUYMBOIrO PasBUTUS 1 NOBbILLE-
HWe KkayecTBa paboTbl OpraHn3aLnu.

B LUBeunu Harpapa, npucyxnaemasi 06paso-
BaTeNbHbIMM BnacTsaMu, HasbiBaeTcs «lLlkona
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Ons ycTon4mBoro passutusi» (cm.: http://www.
skolverket.se/sb/d/2275/a/12732). JowKonbHOE
ydypexaeHne uam Lkosa, oTBevalollas onpene-
JIEHHbIM KPUTEPUSAM, NOJyYaeT NpaBo Ha3blBaTb-
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3as1BKY Ha NoJly4eHne 3TOro 3BaHWsl, HO Ha 3TOT
pa3 OHW [OOJKHbI YOOBNETBOPATL elle Oonee
CTporum TpeboBaHuAM, 4YTOObI NokasaTb, 4TO
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OLLPEHNE OCHOBbLIBANIOCh Ha KPUTEPUSIX, YUUTbI-
BatOLLMX BCE TPW acnekTa KOHUENUUM YyCTOMYMBO-
ro pasBuUTUst — 3KOHOMWYECKUI, COoLManbHbIA U
3KOSIOrMYECKUA.

BcemupHaa koHdepeHuus HOHECKO no
06pa3oBaHuIO A1 YCTONYNBOIro pasBmUTUS NMPOX0-
ovna B boHHe (lepmanung) 31 mapta — 2 anpens
2009r. npm yyactum 700 yenoBek K3 0OSb-
LWUMHCTBA CTpaH Mupa. dta KOHPEpPEHUMsa 4ypes-
Bbl4aHO BaxkHa. [109TOMY S UCKpPEeHHEe HadelCh,
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MUHUCTPbI 0OpasoBaHus cTpaH EC pokaxyr,
yto EBpona BocnpuHumaeT OYP Bcepbes. U npo-
OEeMOHCTpUpPYIoT, 4To EBpona rotoBa B3siTb Ha
cebs NMOepcTBO B BaXHOW paboTe COBMECTHO
C Oopyrumm cTpaHamm W nlabMKM BCEro Mupa
no npogasmxeHnio OYP BO BTOpPOM MNONOBUHE
Hekanbl OOH no o6pa3oBaHMto ans yCTONYNBOro
pasBuTUS.
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Lifelong Learning for Sustainable Development is
the mostimportant task for European societies today
and in the foreseeable future. At first this seems like
an overstatement. But is it really the case?

All of us have long been aware of the challenges
facing humanity. None of us can possibly have
missed the reports of the risks we run if we cannot
limit the climate changes that are taking place. The
challenges are greater than ever. Tackling climate
change is only one of them. Other issues include
combating poverty and hunger, HIV/Aids, improving
child and maternal health, education, democracy,
biodiversity, sustainable consumption and production
patterns and so on. All these challenges have been
well documented in a number of international
conferences in Rio de Janeiro, Kyoto, UN Summit on
the Millennium Development Goals, Doha, Monterrey
and in the Summit on Sustainable Development in
Johannesburg in 2002. Climate change is again on
the agenda in Copenhagen in December this year.

To be able to face all these challenges
successfully we have to find ways to an
economically, socially and environmentally
sustainable development. Kofi Annan (2001)
expressed this into the words: “Our biggest
challenge in this new century is to take an idea that
sounds abstract — sustainable development - and
turn it into reality for all the world’s people”.

But the calls from Johannesburg and other United
Nations conferences have not been taken seriously.
One of the reasons is the lack of political leadership
in the efforts to achieve sustainable development, as
underlined by Kofi Annan in his last great speech in
Nairobi in 2006 (Annan, 2006).

FROM WORDS TO DEEDS

The concept of sustainable development is most
useful as it invites to common consideration. It can be
made very concrete when you look upon the world
from alocal perspective. What are we able to do better
in our pre-school, school, adult education, university
department, company, public administration, to
contribute to a sustainable development in our
society? Sometimes the concept will be met with
ironical remarks. Then we can remember that this
was also the case with the concept democracy
hundred years ago.
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This also presupposes both political leadership
and citizens’ individual responsibility. And this
presupposes of course education. The fact that
Education for Sustainable Development (ESD) is a
vital factor in achieving sustainable development was
acknowledged at the summit in Johannesburg in
2002 and in the UN General Assembly decision to
declare 2005-2014 as a UN Decade of Education for
Sustainable Development (DESD).

Sustainable development must be the guiding
light both in daily life in pre-schools, schools adult
education and universities and in longer term
planning. This requires everyone in schools and at
universities teachers and researchers, adult
educators, pupils and students, school managers,
together with parents and representatives of the
community — to discuss and clarify how best to profile
school and university activities in order to support the
development of a sustainable society. This
presupposes, of course, that the laws, regulations
and curriculathat schools and universities must follow
are also designed to support such developments.

Why do political leaders in the EU and particularly
Ministers of Education and Schools have to
demonstrate a special responsibility to underline
education as the key agent for achieving sustainable
development? The reason is simple. It is about
credibility. Sustainable development is an overall
objective for the Union to which we belong and the
EU was a considerable driving force behind the
decisions taken in Johannesburg. EU’s slogan during
the conference was: “From words to deeds”.

Even though educational issues are not the focal
point of the Union’s work, there are many teachers at
all levels and educational politicians in the EU
member states who feel a great responsibility to
cooperate with others to change our education
systems so that sustainable development becomes
a guiding light in the education sector from pre-
school to university. And it is an imperative necessity.

The necessity to change education is of
considerable proportions all over the world. But the
need is greatest in our part of the world, the wealthy
part. At the same time as statistics so convincing
demonstrate that the population in the wealthy part
have the longest and most advanced education, the
lifestyle of our population means that we consume
most of the limited natural resources of the world,



most energy, we produce most emissions of
greenhouse gases, and so on. In other words, we
are making the outstanding biggest “ecological
footprint”.

Education in general hasn’t been able to create
sufficient insight into the need to change production
and consumption patterns as the higher the average
level of education, the greater the destructive impact
on our planet. Can the need for a new kind of
education —educationfor sustainable development —
be expressed more clearly? Therefore we have to
change, to re-orient, our education systems so they
really are permeated by the perspective sustainable
development, but at the same time also guarantee
that everyone has their right to education in
accordance with their human rights according to the
UN Declarations. It must come now. Not in five years.
Not in ten years. This is why the UN resolution on a
special decade of education for sustainable
development is so extremely important. Itis a golden
opportunity for all of us.

The political will and responsible leadership for
tackling many of the major challenges facing
humanity in all our countries can only be created by
well-informed and educated public opinion. By
people able to imagine the conditions in which other
human beings live. By people who can see the human
faces behind all the statistics. By people who can feel
the disappointment of parents who cannot afford to
send their children to school, who cannot give their
hungry children food or who cannot protect their
children from malaria, HIV/AIDS or other diseases.
The world needs public opinion which, in democratic
elections, elects political leaders who are able to take
responsible and long-term decisions. This is the
whole point of education for sustainable
development.

EDUCATION FOR SUSTAINABLE
DEVELOPMENT

UNESCO has for 30 years carried out excellent
and vital work leading to the ideas we have today as
to how we can describe Education for Sustainable
Development. Thisis recorded in various documents.
It is usually summarised in a number of key words

and phrases: participation, responsibility,
interdisciplinary working methods, global
perspectives appropriately applied locally and

culturally, critical thinking. ESD should lead to the
willingness and ability to freely and voluntarily take
part in work to achieve a sustainable future.

UN has designated UNESCO to be the lead
agency for work to be carried out during the UN
Decade. In this role, UNESCO has done so much to
ensure success, but we must always bear in mind
that responsibility for the key measures — national
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measures — lies with the member states. UNESCO
can only “invite and encourage” governments to
“consider” measures to implement the fundamental
ideas for ESD and the Decade in their respective
education systems and plans.

United Nations Economic Commission for Europe
(UNECE), UN’sregional organization with 55 Member
States, has also done an impressive work to
strengthen ESD. The important UNECE Strategy for
Education for Sustainable Developmentwas adopted
at the High-level meeting in Vilnius in March 2005. In
the strategy ESD is defined as a lifelong process from
early childhood to higher and adult education and
goes beyond formal education. As values, lifestyles
and attitudes are established from an early age, the
role of education is of particular importance for
children. Since learning takes place as we take on
different roles in our lives, ESD has to be considered
as a “life-wide” process. It should permeate learning
programmes at all levels, including vocational
education, training for educators, and continuing
education for professionals and decision makers
(UNECE, 2005, 5).

In the framework for implementation it is stated
that each country is responsible for implementing
the Strategy (http://www.unece.org/env/esd).

ESD can be formulated in different ways but they
all express the same fundamental ideas. It feels quite
natural at this point to mention briefly how it was
formulated in my home country, Sweden, by the
Government’'s Committee on Education for
Sustainable Development year 2004.

Education for sustainable development should be
characterized by the following features:

— Many multifaceted illustrations of economic,
social and environmental conditions and processes
should be dealt with in an integrated manner by using
interdisciplinary working methods.

— Conflicting objectives and synergies between
different needs and interests should be clarified.

— Content should have a long-term perspective
extending from the past to the future, from the global
to the local.

— Democratic working methods should be used
sothat students caninfluence the design and content
of educational programmes.

— Learning should be reality-based with close and
frequent contact with nature and society.

— Learning should focus on problem solving and
stimulate critical thinking and readiness to act.

— Both the process and the product of education
are important (Committee on Education for
Sustainable Development, 2004, 19).

Education intended to support sustainable
development must reflect all three dimensions of
sustainable development — economic, social and
environmental. Sustainable development must not



be seen as a new field of study, but rather as a
perspective that is added to all school and university
subjects. The sustainable development perspective
can then be seen as an aid for teachers to select
relevant content in the educational process. It is
important that, as far as possible, real problems are
dealt with, problems that have an impact on students
lives and the reality and the society they live in.
Problems that one can exert an influence on and
which are important to achieving sustainable
development both locally and globally. The work of
the school must therefore also be directed towards
society, to cooperation with people and organisations
outside the school, at home as well as abroad.

Active pupil and student participation must be laid
as early as pre-school, and opportunities must be
provided for it to grow by allowing students to take
part in planning activities throughout their time at
school or university. The concept of participation
must permeate education for sustainable
development on every level. Students and pupils
must be seen as full citizens while still taking part in
an educational programme. The individual teacher is
to provide a clear structure for the schoolwork, with
clearlydefinedexpectationsforstudentperformance.
But it is important not to undermine the teacher’s
role as a knowledge bank and an expert in his or her
fields. The teacher must never relinquish his or her
responsibility to lead the process.

The development of a capacity for critical thinking
and questioning is important, since there is no
predetermined way in which to achieve sustainable
development. It presupposes active, creative and
critical citizens who are good at solving problems
and conflicts through cooperation. Therefore,
education for sustainable development is not
indoctrination. It never should be, since we can never
know for sure whether the application of certain
knowledge or technology, or certain behaviour, can
lead to the expected result.

ESD can be drawn on both in a more problem-
oriented, interdisciplinary format, and also in the
teaching of traditional subjects through the choice of
examples and perspectives that make teaching more
meaningful from a perspective of sustainable
development. At the university level ESD can be
achieved both by obligatory courses and by all
subjects being taught from a sustainable
development perspective — but the most important
thing is that all students should be included.

Early Childhood Education in a process of lifelong
learning has a particular importance as a basis for
ESD. Thiswasrecentlyemphasisedinthe Gothenburg
Recommendations on ESD adopted November 12,
2008 where it was stated that:

ltisalsoimperative that Early Childhood Education
is recognised as the starting point for lifelong learning
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within ESD. All children have the right to education,
anditisin the early years (birth to age 8) that children
have the greatest capacity to learn. It is in the early
childhood period that children develop their basic
values, attitudes, skills, behaviours and habits, which
may be long lasting. We know from experience that
evenveryyoung children are capable of sophisticated
thinking in relation to socio-environmental issues
and that the earlier ESD is introduced the greater the
impact can be (UNECE, 2008).

From this perspective, among others, the current
information from the Education for All Global
Monitoring Report 2009 is especially tragic:

Oneinthree childrenin developing countries (193
million in total) reaches primary school age having
hadtheir brain developmentand education prospects
impaired by malnutrition — a figure that rises to over
40% in parts of South Asia. High economic growth in
some countries has done little to reduce child
malnutrition, calling into question current public
policies (EFA, 2009).

The need to eradicate hunger and extreme
poverty as a precondition for the fight for sustainable
development with the support of education cannot
be expressed more clearly than this.

HIGHER EDUCATION

Universities all over the world play a major role in
work to develop and disseminate ideas on ESD. We
should therefore think back to the highly significant
United Nations University/UNESCO international
conference entitled Pathways Towards a Shared
Future: Changing Roles of Higher Education in a
Globalised World. The conference was held in the UN
House in Tokyo, on 29-30 August 2007. The
concluding recommendations for Higher Education
Institutions (HEIs) thatemerged mustbe disseminated
to universities around the world. They are as follows:

a) University authorities should draw up action
planstoensurethateducationisindeed characterised
by a sustainable development (SD) perspective.

b) The boards of the faculties should assume
responsibility for mainstreaming SD/ESD into all
educational programmes. This should be done
through a participatory process involving students
and student organisations.

c¢) The boards of the faculties should improve
opportunities for all members of the university
community including students to become competent
in SD and to engage with the (local) civil society.

d) The university managements should create an
organisation/organisation structures with a cross-
disciplinary mandate to promote ESD activities.

e) The universities should engage in joint learning
experiences/create  strong partnerships  with
companies, governments, NGOs etc. on SD/ESD.



f) HEls should become models of SD, not only in
what is taught but in how all manner of university
activity is carried out, i.e. purchasing policy, campus
greening, employment policy, equity and other such
issues.

g) The boards of the faculties should earmark
development funds in order to achieve the above
objectives (UNESCO, 2008).

Universities in different parts of the world often
proudly present their visions and objectives. One
objective that comes up time and again in
presentations is that the university will work towards
becoming an internationally prominent university and
conduct research of the highest world class. Their
ambitions in the field of education are almost always
lower than those in the field of research. Bearing in
mind the challenges facing humanity, there is
absolutely no reason to reduce levels of ambition for
research, but there is every reason to raise the level of
ambition for the education offered by our universities.
Universities, above all, should be the institutions to
reflect on what ESD could offer them. The universities
that strive to improve the quality of their educational
programmes must embrace the fundamental ideas of
ESD and put them into practice. | wish that all
universities, andin particular those thatare sometimes
referred to as prestige universities, should both
compete and cooperate with each other to be among
the forerunners as “Universities for a Sustainable
Future”.

One way of emphasising the importance of
sustainable development could be with the help of
legislation. The Swedish Government proposed
three years ago that the Swedish Parliament amend
the Higher Education Act. The Parliament approved
the amendment so that, with effect from 1 February
2006, Swedish universities and university colleges,
“in their activities, higher education institutions shall
promote sustainable development that ensures
present and future generations a healthy and good
environment, economic and social welfare and
justice” (Ministry of Education and Research, 2006).

This is a very logical decision since it is absolutely
essential that those who graduate from our
universities as teachers, engineers, doctors, social
workers, journalists, etc. must know how to work to
achieve sustainable development. The proposal to
amend the Higher Education Act has generally been
received positively by the university leaders in
Sweden. SD must be an important focus for
universities, but their freedom to explore this idea in
ways that make contextual sense to them and their
stakeholders’ needs to be safeguarded against too
instrumentalist and prescriptive a view.

The students’ own organisations are extremely
important in this context. It is essential we encourage
them to tackle the issue of education for sustainable
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development. Those who are studying in higher
education today are the ones who will be building for
the future. They are the ones who will have to bear
the consequences of the wrong, short-term
decisions that are taken today. A civil engineer who
graduates this year will have an active working life
until the middle of this century. A teacher who
graduates this year will, during her or his teaching
life, influence people who will live into the next
century. For this reason, students and their
organisations must have every opportunity to
influence educational programmes so that they
promote sustainable development.

However, it is not enough for the sustainable
development perspective to be limited to formal
education. It must pervade all education, formal,
non-formal and informal education, that is carried
out in society, including personnel training at
companies and in the public sector. | am convinced
that the companies and public institutions that make
sustainable development the guiding principle of
their personnel training will soon realise the great
advantages to this approach. Their staff will feel
proud to be involved in operations that aim to make a
responsible contribution to the sustainable
development of society. Here | believe trade union
organisations can play a particularly important and
proactive role. It concerns trade unions in all fields
throughout the world.

TOP-DOWN AND BOTTOM-UP

The 2005-2014 Decade of Education for
Sustainable Development is the golden opportunity
for all of us — committed teachers at all levels, school
and university heads, students, education ministers
and other education politicians all around the world —
to take these matters seriously, to work with others to
change all levels of our education systems, so that
when the students have completed their education
they will really possess the ability and will to work
actively for sustainable development in our societies.

In Europe we have all the conditions necessary to
ensure that the concept of sustainable development
is integrated into our education systems. We have in
general well-trained teachers, we have well-
developed adult education in most of our countries,
we have thousands of good universities and institutes
of higher education with millions of students, and we
have thousands of determined educational politicians.
Thus, in order to be successful in our efforts, the
promotion of ESD must be based on two processes,
both of them equally important. One top-down and
the other bottom-up. Both these processes must
existatall levels in society, national, regional and local.

The top-down process involves people with
power and influence at various levels making use of



this power and influence to promote ESD. The
bottom-up process is based on individual citizens
knowledge of ESD and their willingness to assume
responsibility to promote ESD even when there is no
support from above, that is to say, even when those
who have every opportunity to use their influence to
promote ESD do not, for whatever reason. Most
important in the top-down process are, of course,
the governments of the UN member states which
supported the action programmes from
Johannesburg in 2002 and, before that, Agenda 21
in Rio de Janeiro in 1992. And most important in
these governments are the ministers for education
and the ministers for schools. These ministers must
feel that they have the ultimate responsibility for
being proactive in the work to promote ESD. They
must, of course, cooperate with ministers for other
relevant ministries. All too often at conferences, |
have heard participants say they don’t think the
education or schools minister in their own country
has assumed any responsibility at all for promoting
ESD. Often it transpires that it's the environment
minister in their country who has shown a certain
amount of interest in ESD.

This is highly positive, of course, but because
sustainable development covers issues that involve
all three dimensions economic, social and
environmental — it obviously also applies to ESD
which hasits points of departure in the work to further
SD. Since ESD is about changing, re-orienting,
education systems so they can more vigorously
support sustainable development in its three
dimensions, then responsibility should naturally lie
with education or schools ministers. The measures
that governments should take to promote ESD
include, of course, using laws and ordinances,
national curricula, and other means to which
governments have access, to change education
systems so they are permeated by the sustainable
development perspective.

At a lower level in the top-down process, those in
power at state, regional or local level must also be
made aware of their responsibility to promote ESD in
schoolsinindividual towns, forinstance. Also in these
cases, local decision-making assemblies provide
opportunities to highlight ESD if those directly
responsible for the schools do not live up to what
must be expected of them.

The bottom-up process for ESD rests with the
willingness of individual citizens, in their professional
role, in their role as parents or grandparents or as
members of non-governmental organisations, to
help strengthen ESD. This could be the nursery
school teacher or teacher in a small pre-school or
school out in a rural area. This could be the teacher,
janitor, or head of a run-down upper secondary
school in a metropolitan suburb. This could be the
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university lecturer at a famous prestige university, the
journalistworking for ateachers journal, the educator
in a trade union organisation or the staff educator
within a transnational corporation. It could also be all
those who have realised that the implementation of
ESD could make it more satisfying to be a teacher
and, for the students and pupils, ESD could make it
better and more meaningful to be in school. Many of
them might be described as committed enthusiasts
who are driven by a strong conviction and who have
seen the truth in anthropologist Margaret Mead'’s
words: “Never underestimate the power of a few
concerned people to change the world. In fact, it's the
only thing that ever has”.

In order to strengthen the bottom-up process, itis
essential to reach out with information on ESD and
DESD to all those ordinary citizens who are deeply
conscious of their responsibility. The ideas behind
ESD are so well formulated and well motivated
nowadays that, by using relatively simple information,
it is possible to encourage these citizens to embrace
the fundamental ideas behind ESD and also to realise
that it is possible to apply them in a locally relevant
context. In the countries that already have a well-
developed ICT structure, it is possible to use these
committed enthusiasts to help create networks of
people who support each other with ideas and
experience of ESD activities. It is therefore essential
to urge teacher educators, teachers, pre-school
teachers, university vice-chancellors, university
lecturers in different disciplines, school heads,
students and educators of every kind to make use of
their existing networks or create new ones in order to
enhance ESD.

We must do it now. There is no time to waste! The
national UNESCO commissions also have a key role
in this bottom-up process. The Decade of Education
for Sustainable Development proclaimed by the
United Nations is the golden opportunity we cannot
afford to miss. Half of the Decade is almost over. So
much new knowledge on ESD has emerged in recent
years, with good examples from all sectors and all
levels, that we now have a solid base on which to
build. With the help of ICT, new knowledge and
information is now available to a greater extent than
ever before. There are many of us who can, and
must, help disseminate knowledge on ESD to every
corner of the world. This is an incredible challenge
when we consider that there are more than 60 million
teachers who represent a fraction of the groups that
must be reached.

SOME GOOD EXAMPLES
Since | have had the privilege of working politically

with the issue on ESD for almost 10 years now, | have
met many enthusiastic and hard-working people in



different parts of the world, people who really feel
and show that the UN Decade on ESD is the big
chance we cannot afford to miss. Teachers in pre-
schools, schools and universities, adult educators.
Students. Representativesofvoluntaryorganisations.
Decision makers. They are all aware of the extensive
work we have ahead of us to change education
systems so they can meet the challenges we face.
The decision to implement a special Decade has
really led to many excellent initiatives and measures
which are being undertaken by highly committed
individuals in all parts of the world. Here | will limit the
number of examples of these initiatives to very few.

Of great importance is of course the Strategy for
Education for Sustainable Development approved in
March 2005 by the UN Economic Commission for
Europe, UNECE, with its 55 Member States in Europe
and outside Europe. It is of the greatest importance
that this strategy will be implemented in all Member
States of the region.

The UN University in Tokyo is currently working on
creating what it calls Regional Centres of Expertise
on Education for Sustainable Development in many
parts of the world. These centres are networks of
existing formal, non-formal and informal education
organisations, mobilised to deliver ESD to regional
communities establishing connections between
universities, upper secondary schools, botanical
gardens, regional authorities and so on. There are
more than 60 of these centres at present (see http://
www.ias.unu.edu).

A good way to make ESD more concrete for all the
agencies in society is to highlight particularly good
initiatives that are being undertaken to promote
sustainable development through education. This
could be achieved by awards of different kinds. An
excellent example is what Germany is doing in the
Decade Project (see http://www.dekade.org/sites/
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Teopusa U NnpakTUKa nccneaoBaHns

BOAHbIX 9KOCUCTEM







JIEAOBbIA PEXXMM O3EP KAPEJIUMU

T. B. EbpemoBa, I 9. 3popoBeHHoBa, H. N. ManbwwuH

UHcTuTyT BOoAHbIX Nnpobrem Cesepa KapHL PAH

BBEOEHUE

JlepoBblii pexmnmM — 0COBEHHOCTU N N3MEHEHNE
BO BPEMEHN MPOLLECCOB BO3HMKHOBEHUS, Pa3BU-
TS 1 pa3pyLLEeHNs NeasHbIX 00pa3oBaHniA Ha BOA-
HbIX 0ObekTax. JIedoBbIN PexXnmM okasbiBaeT 3Ha-
4YnTenbHOE BAVSHME, NPexae BCEero, Ha Cyaoxon-
CTBO, KQ4eCTBO BOAbl, O3EPHYIO 3KOSOr1io, pbi6o-
NOBCTBO, pekpeauuto. C ycTaHOBNEHMEM NefocTa-
Ba PE3KO M3MEHSIOTCS YCnoBusi TernsoobmMmeHa ¢
atmocdepont. Jlenosblii MOKPOB 3aepPXNBaeET ra-
30BbIli 0OOMEH Yepe3 NOBEPXHOCTb BOAbI N YMEHb-
LwaeT NPOHMKHOBEHME COJIHEYHOM paguaunuv, He-
obxoammoin aonsa doTocuHTe3a. PesynbTupylollee
YMEHbLUEHME PaCTBOPEHHOIO KUCNOpPOAa Hera-
TUBHO CKa3bIBAETCS HA 03epPHbIX 9KOCUCTEMAX, a B
9KCTPEMAasIbHbIX CUTyauusix (0COBEHHO Ha MENKMX
BOJOEMAXx) MOXET Bbl3blBaTb 3aMOpPbI PbIObI.

YcTaHOBNEHME N pa3BUTME N1€40BOr0 NOKPOBa
ABNAIOTCH Pe3yNbLTaTOM MOroAHbIX YCoBUiA (npe-
XOe BCero Temnepartypbl BO34yxa) v, cnegosa-
TeNbHO, MOIYT CNYXWUTb MHAMKATOPaAMK KnvmaTa u
KIMMaTmMyYecknx uameHeHmnin. B ycnosusx rnobans-
HOro NOTEMJEHNS COKpaLLeHUe CPOKOB 1e40BOro
NOKpPOBa MOXET OKa3blBaTb CUJIbHOE BAUSIHUE Ha
3MUMHIOK 3KOJIOMMIO U3-32 HapyLUEHUs CTabubHO-
CTW OKpyXXatoLLen cpepbl, He0BX0AMMOW s pas-
JINYHBIX YPOBHEWN NULLEBLIX Lernen. ITO MOXeT
NPUBECTU Kak K NO3UTUBHbLIM, Tak U K HEraTUBHbIM
NOCNEeACTBUSM PACAPOCTPAHEHNS N OAXE BbIXU-
BAEMOCTN HEKOTOPbIX BUOOB.

B nepoBom pexvime BOOOEMOB pPa3nnyaloT Tpu
nepuopa: 3ameps3aHue, negocTaB U BCKPbITUE,
NPOAOMXNTENBHOCTL KOTOPBIX OnpeaenseTcsa Me-
TEOPOSIOrMYECKMMU, a Takke MopdOMEeTPUYECKU-
MW XapakTepucTnkaMmm JaHHOro Bogoema.

B paboTe 06006LeHbl 0Ny6MKOBaHHbIE HATYP-
Hble JaHHblEe NefO0BbIX XapakTepucTuk no 38 ose-
pam Kapenuu ¢ Hawana XX B. no 1989 r. (f'mppono-
rnyeckme exerogHukn. 1936-1989; MHoronetHue
JaHHble..., 1986, 1987). HabnoaeHua nposoam-
JINCb Ha 03€EpPHbIX NOCTax B NMPUOPEXHOWN 30HE OT
Ha4vana nefoBbIX SIBNEHUA OCEHbIO A0 MX OKOH4Ya-
HUSA BECHOW. Paapl Mo naMmepeHnsam temnepartypbl
BOAbl B 3TUX BOAOEMAxX HEOOHOPOAHbI U UMEIT
pasnu4Hyto anmHy ot 11 oo 58 net, nprnyem Ha 59%
03ep HabnogeHns npoeoaunuck 6onee 40 neT, a
Ha 19% o03ep — meHee 20 netT. Camble paHHWE
onybiMKoBaHHble HabNOAEHNS 3@ IEA0BbLIMU SIB-
neHnsaMn  umeroTes  ona o3ep  [MMOnbCKoro
(1912r.), BepxHero Kymto (1912r.), Bbirosepa
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(1913 r), Canpgana (1914r.). CpepoHemecsayHble
JaHHble 0 TeMnepaType BO34yxa COOTBETCTBOBA-
M nepuogam neposbix HabnoaeHuin. Kaxpomy
03epy nogdupanack bnvxariasn penpe3eHTaTuB-
Hasi METeoCTaHLMs, NCNOb30BaINChL AaHHble 19
CTaHUUN.

3AMEP3AHNE O3EP

3a Havyano OCEHHUX Ne[0BbIX ABNEHUM NPUHATA
harta nosiBIeEHMs NoObIX YCTOMUMBBIX NeAsiHbIX 00-
pasoBaHuii (3abeperos, NaaByyero nbga u T. n.), a
3a Havaso flegocTasa NpuHaTa gata obpa3oBaHus
YCTOM4YMBOTO JIeAsHOro Nokposa (NpPoaoIKUTENb-
HOCTbIO He MmeHee 20 gHeln). Ha 6onbLUMHCTBE 03ep
NCCNeLyeEMOro permoHa o3epHole nefoBble obpa-
30BaHUs NOABAAIOTCS B NEPUOL, nepexona Temne-
paTypbl Bo3ayxa 4epesd 0 °C, Ha ceBepHbIX 03epax,
Kak NpaBuso, B TPETbEN Aekane okTabps, a Ha tox-
HbIX — BO BTOPOW AeKkage Hos0ps. YcTaHOBNeHne
nepocTtasa Ha o3epax Kapenum o6bIMHO MPOUCXO-
ONT B HOSIBpe — aekabpe. AHaNM3 MEKOLLMXCS Ma-
TepuanoB nokasas, 4TO Npu yBENMYEeHUN reorpa-
duryeckon WnpoTsl Ha kaxabii 1° ¢c. w. (111 km)
nefocTaB Ha OOHOTUMHbBIX 03epax yCTaHaBIMBAET-
cs Ha 2,3 CyT paHblUe, a CPOKU OYULLEHNS 3a4ep-
XuBatoTcs Ha 3,4 cyT. [Mpu yBenMYeHUn BbICOThI
Hafa ypoBHeM mopsi Ha 100 M negocTas ycTaHaBAn-
BaeTCs paHblUe Ha ~9 CyT, B TO BPEMS KaK O4uLLe-
HVe BOOOEMOB OTO JibJa 3anasnblBaeT Ha ~5 CyT.

CpenHeMHoronetHme gatbl HACTynfaeHus ne-
JocTaBa BapbMpyloT OT NepBON Aekadbl HOS6PS
05 Masbix 03ep 40 NepBoW Aekaabl nekabps ans
rnybokoBoaHbIX 03ep (puc. 1). N3 mnmetowmxcs
MaTepuanoB HabNaeHWI camMblil paHHUn nepo-
cTaB Habnogancs Ha 03. Beiro3epo B 1916 1. — 10
okTs06ps. Mockonbky Ao KoHua 30-x rr. NpoLuioro
Beka HabnaeHss NMPOBOAUNCE HEPENYNIPHO U
Ha OrpaHMYEeHHOM 4YU1Ce 03ep, 3TN AAHHbIE TPYA-
HO cpaBHMBaTb. Kak npaBuno, camble paHHue
CPOKM YCTaHOBJIEHUS NefocTaBa HabnopaloTcs
Ha MaJsiblx BOLOEMax BO BTOPOV Aekaae okTabps.
Camble No3aHne CPOKU YCTaHOBEHUS NefocTasa
Ha Masblx 03epax — KOHeL, Hos6psa — Havano ge-
kabpsi, a Ha KPYMnHbIX rMybokoBoaHbIX (Cerosepo,
Manbe3epo) — BTOpas gekana sHeaps. Ha manbix
03epax, rae TenaoBOW 3anac 1 nepemeLluvBaHne
HEeBEeNVKW, a oOXIaxaeHme nNo nNaoLaan npoucxo-
OUT NOYTU PAaBHOMEPHO, CIMJIOWHOW NegaHon no-
KPOB MOXET 06pa30BaTbCs MOYTU OAHOBPEMEHHO
Ha BCEW niowanm 3a CHET CMblkaHnsa 3ab6eperos,
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NeHpepckoe
Cerozepo

MMonkckoe
CoBpozepo
Manozepo
MepTozepo
KoH4o3epo
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NuHpozepo
CaHpgan
Bognozepo
Capozepo
MpsxnHckoe
KpouwHozepo
Tynmozepo
Bepnozepo

5

Cpoku HacTynfieHns (@) 1 oOKoH4YaHus (6) nepocTtasa:

CM/IOLHAA IMHUS — CPEAHEMHOroNeTHAN Aarta, NyHKTUPHAs IMHUS — PaHHAS U NO3OHAS OaThl.
O3epa pacrosioxeHbl C ceBepa Ha tor

npoaBuraloLmxcs ot 6eperoB K LEHTPY O3epa.
Ecnu noxonopaHmne coxpaHAaeTcs, TO BO3HUKHOBE-
HVe NMepBON NeaaHON KOPKU ABNAETCSH U YCTaHOB-
neHveM nepocTasa. Ha kpynHbix mybokmx o3epax
CO CJIOXHOM (pOpPMOI KOTNIOBUHbLI, 06naaatoLmx
00/IbLLUMM N HEPABHOMEPHO pacnpeneneHHbIM 3a-
nacom Teria 1 NoABEPXKEHHbIX CUIIbHOMY BETPO-
BOMY BO3OENCTBUIO, YCTaHOBJIEHME NefocTtaBa
NPOUCXOOUT HEOOHOBPEMEHHO Mo naowaan. Ha
OHexckomMm, JTaaoxXCKoM 03epax HTepean Bpeme-
HW OT NMOSIBNIEHNS NEPBbLIX JeAsHbIX 00pa3oBaHUi
[0 YCTaHOBJIEHNHA CMJIOWHOro N1egocrtaBsa Ha oOT-
OeNbHbIX yHacTkax MOXeET foxoamtb 0o 20-45 cyr,
a o0LLas NpoaoIKNUTENBHOCTL 3aMep3aHns BCErO
o3epa — 0o Tpex mecsues. Ha OHexckoM o3epe
nenoctaB B cpefHem Hactynaet 18 saHBaps wu
TOJIbKO B OYE€Hb TernJble 31Mbl MNOJHbIA N1efoCcTaB
HacCTynaeT B KOHLe dpeBpans. B ymepeHHble 3uMbl
akBaTopus Jlagoxckoro o3epa MnokpbiBaeTcs
CMJIOWHbIM NIbAOM B NEPBOV MONOBUHE deBparnsd,
B CYpPOBbI€ 31MMbl — B KOHLE SiHBaps, a B TerJible 3u-
Mbl 1e00BbIN MOKPOB 03epa cocTasnget 50-60%.
B cpegHeM oguH pa3 B TedeHune 4-5 net Jlagox-
CKO€e 03ep0 He MOJIHOCTbIO MOKPbIBAETCH NbAOM
(Tuxomumpos, 1982).
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OTpuuaTtenbHas cymma TemnepaTtyp BO34yXxa,
HeobXxoaMMas aNns 3aMep3aHuns 03epa, BapbupyeT
B 3aBMCMMOCTU OT ero pa3mepoB. [1ns 04eHb Men-
K1UX 03ep gocrtatoyHa cymma 20 rpagyco-gHen, B
TO BpemMs kak ans rnybokunx — 6onee 150-200 rpa-
nyco-gHen (Pecypcbl..., 1972), ona OHexckoro
o3epa — 500 °C, a gna Jlagoxckoro — 750-800 °C
(Tuxomupos, 1982).

Onsa yctaHoBneHUs CBA3M MexXAy [aTon 3a-
Mep3aHus 1 TemMnepaTtypon BO3Ayxa HaMu UC-
nonb3oBanacb GUKCUPOBAHHAsS CPeaHNAsA Temne-
paTypa Bo3ayxa 3a onpenesieHHblIn KaneHOapHbIn
nepuog. Takad Temnepartypa npeanovTuTenbHee,
4eM CyMMa OTpULATENbHbIX TeMnepartyp, B Cuy
[OCTYyNHOCTU MaTepuana. Kak npaswuno, gatbl yc-
TaHOBJEHUS NefocTaBa Hanbonee TECHO Koppe-
NMPYIOT € TeMnepaTtypamu Bo3ayxa 3a Mecsu, uam
OBa [0 Havana cobbiTus. B peaynstaTte npoBeaeH-
HOro aHanm3a 6blI0 YCTAaHOBEHO, YTO A4S 03ep
paccMaTprMBaEMOro pervoHa AaTbl 3aMep3aHus
oTpaxatoT KIMMaTuyeckme ycnoBus ¢ okTabps no
HOSI0Pb (puc. 2, a). OTKIIOHEeHMe cpeaHel Temne-
paTypbl BO34yxa 3a ABa Mecsua B nepuoj, npea-
LUECTBYIOLWMA Pa3BUTUIO NedoBbiX COObITUIA, Ha
1°C oT cpeaHeMHOrofIeTHEro 3HaA4YEHUS Bbi3blBAeT
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Puc. 2. Npaduk cBS3un aatbl yCTAHOBEHMS NIe00CTaBa U CpeaHer TeMnepaTypbl BO3ayxa (OKTa0pb — HOSI0Pb)
(a); mnaTbl OKOHYaHUA NIefocTaBa U CPeaHElN TeMnepaTypbl BO34yxa (anpenb — mait) (6) 3a roabl HabnaeHNM

M3MEHEHVE B AaTe YCTAHOBNIEHUS fleaocTaBa Ha
2,9 cyT.

Takum 0bpa3om, 3amep3aHne 03ep 3aBUCUT OT
TemMnepaTypbl BO3ayxa U reOMeTPUYEeCKNX pasme-
poB Bopoema. [1poBefEHHbIVi PEerpecCUOHHbIN
aHanmMa nokasaJ, 4TO KJI0YEBbIM MapamMeTpoM as
3aMep3aHuns 03ep ABNAETCH UX CpeaHas rmybuHa.
B rnybokom o3epe 6onee BbICOKME TemMnepaTypsbl
BOAbl B KOMOVHaLMK C 60MbLWINMU FybrHamMmn (1
CBfI3aHHas C 3TUM OosblIasg TEMJ0EMKOCTb) 3a-
OEpPXMBAIOT 3aMep3aHue, U BOOAOEM UHTErpupyeT
TemMnepaTypy Bo3ayxa 3a 6onee AnUTENbHbIN ne-
pvoa. EcTecTBEHHO, YeM MeHblle BOAOEM, TEM
OCThbIBAHME €ro NponcxoauT buicTpee. ITo cneay-
eT 13 popmynbl (3arikos, 1957), onpenenstoLlen
BpeMs t oCTbiBaHUS cTONOGa BOAbLlI BbICOTOM h A0
0°C:

h-0
t: [

0

roe 6 — cpenHss TemrnepaTypa BoAbl Ha BeEpTUKa-
1, Q — TennooTaaya BoApl.

Hanpumep, cpoku ycTaHOBNeHuUs nemocTasBa
ONs KPYNHOro rmy6oKoBOAHOro cerepHoro o03. Ce-
rosepo (cpenHsas rmybuHa — 29 M, makcumasnbHas
rnyéuHa — 103 M) 1 pacnofIOXXEeHHOro Ha NATb C NO-
JNIOBVMHOWM rpagycoB loxHee 03. Banpaiickoro
(cpepHaa rnybuHa — 13,8 M; mMakcumanbHas —
52,5 M) pocTaTto4yHO 6IM3KU, YTO CBUOETENLCTBYET
O CYLLECTBEHHOM BNUAHUK cpeaHen rnybuHbl 03e-
pa Ha oaTy ycTaHOBNEHUs negoctasa (puc. 3, a).

Hukakne 3Ha4YMMble COOTHOLLEHUS Mexay nio-
Lwanbio MOBEPXHOCTU 03epa M HayasoM yCTaHOB-
neHus negocTtaBa He HanaeHbl. C 0OOHOM CTOPOHBI,
Hag o3epamMu ¢ 60MbLLION MAOLWAABLI MPOUCXOONT
yCUJIeHMe BeTpa, YTO CnocoOCTBYET yBENNYEHUIO
noTepb Ternna Ha UCMapeHue N BbIXONAXUBAHUIO
BCel BoaHOM Tonuwm o3ep. C apyrov CTOPOHbI, U3-
3a nepemMellnBaHnug HarpeBaeTcsl NMPUnoBepxHO-

;
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CTHbI CNOW BOAbI, @ caM BETep, B3NlaMblBas nea,
MexXaHNYeCKN NPenaTcTByeT 06pa3oBaHMIO neao-
BOro nokposa. B pe3ynsrare oaHn apdekTbl KOM-
NEeHCUPYIOTCS APYrVIMU.

CnepoBaTtenbHO, faTa yCTaHOBEHUS neaocTa-
Ba AABNISIETCS MaBHbIM 00pa3om dyHKUMeN Temne-
paTtypbl BO34yxa, reorpapu4eckon WnpPoThl, Bbl-
COTbl HAZL YPOBHEM MOPS U CpeaHen rmyOuHbl. YBe-
nn4yeHne TeMnepaTypbl 1 rMyOuHbI Bbi3biBaeT 60-
Jlee nNo3gHee yCTaHOBJIEHME N1e0BOro Nokposa, B
TO BPeEMS KakK BbICOTa UM LLMPOTA MPU UX yBENNYE-
HUM NPUBOJAT K 60SIEE PaHHUM CPOKaM Havana ne-
jocrtasa.

JaHHble 0 TonwmrHe nbaa (B CaHTMMeTpax) no-
nyyeHbl 3a nepuon ¢ 1944 no 1989 r. Habnwoge-
HMA NpPoOBOAUNNCL OObIMHO 4Yepe3 5-10 cyT Ha
NPUOPEXHbIX CTaHuuax. Haubonbwuii npupocT
TONWMHbI NbAa HabMogaeTCcsd, Kak MpaBwuo, B e-
Kabpe-sHBape Mo Mepe YBENNYEHUNA CYMMbl OT-
puuaTeNbHbIX TemMnepaTtyp BO34yxa, MPUYEM
npouecc HapacTaHud NbAa NPOUCXOAUT OOHO-
BPEMEHHO U CHU3Y, U CBepxy. B panbHenwem ¢
YBEJIMYEHNEM MOLLHOCTU NeAsiHOr0 MOKpoBa U
BbICOTbl CHEera Ha HeM MHTEHCMBHOCTb HapacTa-
HUSA TONLMHBI Nbaa 3amennseTcs (tabn.). Han-
Gonblias TOMWMHA NbAA Ha IOXKHbIX 03epax Ha-
6niogaeTcsa B TPETbEN AeKkane MapTta, Ha CeBep-
HblX O3epax — B MepBON Aekane anpens, v B
cpenHeM OHa paBHa Ha toXHbIx 03epax 50-60 cm,
a Ha ceBepHbIx — 60-70 cm. Hanbonblwas 3ape-
rMCTPUpPOBaHHas 3a nepvog HabnogeHwuii Ton-
wmMHa nbaa coctaengana 108 cm Ha 03. lMg03epo
5anpena 1985 r.

CPEAHEMHOTOJIETHAA TOJIWMHA JIbOA HA KOHEL|,
MECALUA, cm

31 nekabps| 31 aHBaps |28 despans |31 mapTa
CpepHss 32 45 54 58
MuHumanbHas 22 34 38 40
MakcumarnsHas 40 51 53 71




380

360

(a)

A

340

A")\. " _p

PN

160

F\}‘/\f\d

JAVN

(6)

140

I

120

S

et

.‘ . “
-.

100

a0

1950 1960

1970 19580 1990

Pnc. 3. [atbl ycTaHOBNEHMS (a) 1 AaTbl OKOHYaHWS (6) neqoctasa Ha
03. Cerosepo (crnnoLuHas nuHug) u 03. Banganckom (MyHKTUpHAa IUHUS)

Mpouecchbl pocTa fibAa Ha ManblX U KPYMHbIX
o3epax pasfnuyatoTcs. B camblx KpymHbIX BOAOO-
emMax npeobnagaet obpasoBaHue KpucTanamye-
ckoro nbaa. B manbix o3epax u3-3a neperpysku
NbJa CHErOM Ha MOBEPXHOCTb BbICTYNaeT BoAa u
npw 3amep3aHnm obpasyeTtca 6enbin nen. ObLas
TOJILLMHA fibAA U ero TEKCTYpa 3aBUCAT OT CYPOBO-
CTW 3UMbl U OT KOJIYecTBa aTtMocdepHbIX oca-
KOB. YacTo mexay BEPXHUM U HUXHUM JIbAOM Ha-
6noaalTCa NPOC/ONKN BoAbpl CO cHeroM. B ne-
puoabl obpaszoBaHus 6enoro nbaa KpucTtanamye-
ckuii nen, He pacteT. TonuHa 6enoro nbaa B mMa-
NbIX 03epax K KoHUy 3uMbl cocTtaBnsaet 30-50%.

BCKPbITUE N OYUNLLEEHME O3EP OTO JIbOA

BecHoit ¢ yBenmyeHremM npuxoaa Tenna npouc-
XOOUT TasHWe U paspylleHue Nbaa, a 3aTem u
BCKpbITME Bomoema. BcekpbiTve Bogoema — anu-
TeNbHbIA Npouecc. TagHMe CHEXHO-1ea0BOoro no-
KpOBa HaYyMHAETCH C TadaHUS CHera v NpPonuTbIBa-
HWNS €ro BOOOW, YTO MPUBOAUT K YMEHbLLIEHWIO allb-
6eno cHera (OTHOLLIEHUS OTPaXEHHOM paauaunn K
napjalolen), B pesynstate Oonee 3HaunTeNbHadA
YyacTb COJIHEYHOW pagnaunn MNPOHUKaeT 4yepes
nen, Bbi3biBaa ero taaHue. Nocne ocBobGoXaeHus
NIel0BOr0 MOKPOBa OT CHera HaynMHaeTCa MHTEH-
CUBHOE CTanBaHue Nbaa ceepxy. YacTb CONHEYHOM
paguaumm MoXeT MpOoHMKaTb Yepes nefd B Boay,
HarpeBas ee W Bbi3blBasd TasgHWe Nbda C HUXHEN
NoBEepPXHOCTU. MexaHuambl paspylleHva  nbaa
pasfnyHbl 1 ONpeaensaTcs reorpaduyecknm no-
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JNIoXXeHMeM BoAoemMa, NorogHbIMN YCIOBUSIMU, KO-
JINYECTBOM Tena, NPOHUKAIOLLIErO Yepes3 nen, B
3aBUCUMOCTW OT CTPYKTYPbI ibAa 1 cHera. [ns 60-
Jlee MOLLIHOTO ibAa He0bX0AMMO NS TasiHUS 60Jb-
Le Tenna, 4em AJis TOHKOro. Takmum o6pas3om, B ro-
Obl C 60NbLUEN TONLWMHOW NbAa BCKPbITME BOJOEMA
OyaeT NPONCXoanTb NO3XKeE, YEM B CpeaHne roapl.
3a party BCKPbITUS, UM OKOHYaHUS NefocTaBa,
npMHMMaeTcs aaTa, NpeaLlecTByoLas nepBoi na-
Te nosiBNieHns 6UToro Nbaa, Havano apenda nbaa
noa AeNCcTBMEM BETPA, legoxona. 3a aaty ouuie-
HWS OTO NbAa NPUHAT OeHb, NOCE KOTOPOro feao-
Bble SIBJIEHNSI B BOOOEME B JAHHOM CE30HE YXe He
Habnoganucb. Ha manbix Bogoemax nen, oOblHHO
TaeT Ha MecTe, MO3TOMY 3a AAaTy OKOHYaHUs neno-
CcTaBa MPUHAT NOCNeaHNM AeHb C NeAsHbIM MOKPO-
BOM, MOC/Ie KOTOPOro maowanb y4acTKOB YNCTOW
Boabl cocTtaBnseT 30%. CpenHemHorosieTHee
OKOHYaHVe nefocTaBa Ha MCCNedoBaHHbIX CeBep-
HbIX 03epax perrvoHa HacTynaeT Ha 2-3 Hepenw
no3xe (TpeTbs Aekaga mMasi), YeM Ha toXHbIX (nep-
Bas aekaga mas). Camble N03aHNE CPOKM OKOHYa-
HWS negocTaBa HabMOOATCSA HA CEBEPHbIX 03e-
pax — nepBas aekaga nioHs. Camble paHHMe Cpo-
ku — cepeauHa anpens (puc. 1, 6). NMepwuop, oT aathl
BCKPbITMS A0 AaTbl OYNLLEHUS OTO NibAa AJ1 MasibiX
03ep B cpeaHeM cocTtaBnseT 3-5 gHen. Ha kpyn-
HbIX [MyOOKOBOAHbLIX 03epax paspylueHne neaoBo-
ro NoKpoBa MOXET NPOO0IKATbCS HECKOIbKO He-
nenb. Tak, nepuopn, paspylieHns nbaa Ha Jlagox-
CKOM 03€epe Mnocrie 3MM C MoJIHbIM 16 0CTaBOM Ha-
4YMHaeTCcsa B cpedHeM 25 anpens v npoaoskaeTcs



noytn Mecsay,. Ha OHexckom 03epe 9TOT Nepuoa
HaynHaeTcs B cpegHem 3 mad mn gautca 15-16
nHen, peako npesbiwas 20, a caMblin KOPOTKUI Ne-
pvopg coctaensan 8 gHen (Tuxommpos, 1982).
Bpemsi OKOH4YaHMS nepocTaBa UM OYULLLEHUS
03epa 0To NibJa uMeeT OO0JbLLIOE 3KON0ormyeckoe
3Ha4YyeHune, Tak Kak rnocsie NCYe3HOBEHUS Nea0BO-
ro NokpoBa Pes3ko M3MEHSIITCSA NOABOOHbIN CBe-
TOBOW PexXnMm, KNCNopoaHbIe YCIOBUS, NUTaTe b-
HbI pexum, BAMSKOLWMEe Ha BUONPOAYKTUBHOCTb
BogoemMma. ObpasoBaHMe W paspylleHne nbaa —
dyHOAMEHTaNIbHO passinyHble Npouecchl. Mmybu-
Ha — U3NYeckn camas BaxHas B obOpasoBaHUU
1e00BOro NOKPOBa — NOYTU HE OKa3blBaeT HMKAKO-
ro BAMSIHUS NPW ero pas3pyLueHnn. 3To yTBEpPXAe-
HMe XOpPOoLLO uantcTpupyeT puc. 3. Tak, ecnu ga-
Tbl 3aMep3aHUs OXHOIo O OAHHOro permoHa
03. Banpaickoro n rnybokosogHoro o3. Cerose-
PO NOYTM coBnagaloT (puc. 3, a), TO AaTbl OKOHYa-
HMA negocTtaBa Ha 03. Cero3epo HacTynawT B
cpegHem Ha 19 cyT no3xe, 4em Ha 03. Banpain-
ckoM. Cpokun o4nLLEHNS 03€ep OTO Sibda B OCHOB-
HOM CBSi3aHbl TOJIbKO C reorpadunyeckon LWnpo-
Tol. Kak n patbl Ha4ana negocTasa, AaTbl OKOHYa-
HUS IegoCTaBa XOpPOoLLO KOPPENMPYIOT C TeMrepa-
TypoOW BO3ayxa Ons AAHHOIo pernoHa 3a aBa me-
csila — anpenb U maim (puc. 2, 6).
MpooonmknTenbHOCTbL NlegocTaBa  onpenens-
nacb OT AaTthbl yCTAHOB/IEHUS e 0CTaBa B NpeaLle-
CTBYIOLLEM roAy A0 AaTbl OKOHYaHUS B AAHHOM ro-
ny. Korga 3amep3saHue nponcxoamT paHo, To nepu-
o[, NefloBOro NokpoBa, kak npaBsuo, ByaeT oJInH-
Hee, YeM Npu cpegHnx 3HavyeHnsax. CpegHEMHOro-
JNIETHASA NPOAOSIKUTENBHOCTL NIe0CTaBa Ha CeBep-
HbIX 03epax cocTtaensieT B cpegHem 180-190 cyr,

Ha 1oXHbIX — 160-170 cyT. MakcumanbHasi npoaon-
XUTENbHOCTb lefocTasa Habnaanack B 03. Hro-
3epo 3umon 1971-1972 rr. — 231 geHb.

NCCNEAOOBAHME CHEXXHO-JIEQOBOBOIO
NOKPOBA O3EPA BEHAOPCKOIO

CHEeXHbI1 1 nefoBbii MOKPOB MESKOBOAHOIO
o3epa u3y4yancs CcoTpyaHukamu nabopartopum
rnapodunankn MHcTuTyTa BoaHbIX Npobnem Cese-
pa KapHL, PAH Ha npumepe BeHalopckoro o3epa.
B 3umHue wmecsubl 1994-2009 rr. madyyvanacb
CTPYKTYpa 1 ONTUYECKNE CBOMNCTBA CHEXHO-N1e00-
BOr0O NOKpPOBa 03epa, a Takke NpoBOANINCH U3Me-
PEHMS NOTOKOB NaaatoLLLEen, OTPaXEHHOM 1 NPOHU-
Kalowen noa nep coaHevHonm pagmaumn. Onmca-
HVE WCMOJSb30BaBLUNXCS NPUOOPOB NPUBELAEHO B
(MeTpoB n ap., 2005).

0O3epo BeHgiopckoe, HaxogsWeecs B HOXKHOW
yactn Kapenun (umpota 62°10'-62°20' N, gonrota
33°10'-33°20" E), OTHOCUTENbHO HEeOOoNbLLOM
(nnowaab 3epkana 10,4 kKM?) U MENIKOBOAHbIM
(cpemHsa 1 MakcumarnbHas rmybuHbl 5,3 n 13,4 m,
COOTBETCTBEHHO) BOOOEM, NpUHagexalmn K
6acceiiHy BogHOW cuctembl p. CyHbl. KoTnoBuHa
03. BeHplopckoro negHMKOBOro nponcxoXneHus,
BbITSIHYTa C 3anaja Ha BOCTOK, OJIMHOMN ~7, LWNpW-
HOM ~1,5 kM (puc. 4).

OceHblo 03ep0o OXNaxXaaeTcsl B COCTOSHUN rO-
MOTepMUU NoA AeliCTBMEM BETPOBOIro NepemMeLLmn-
BaHUS N TEPMUNYECKOWN KOHBEKLIMW, 0OYCNOBIIEHHOM
HaM4YMeM MakcuMyMa MAOTHOCTU NPECHOW BoAbl
npu Temnepatype okono 4 °C. B npeanenoctaBHbii
nepuon o3epHasl BOAHAs Macca U BEPXHUIA CIIOW
OOHHbIX OT/IOXXEHUIN TEPSIOT HAKOMJIEHHOE 3a NeTo

Puc. 4. lMonoxeHne CTaHUMN U3MEPEHNI TOJILMHBI M ONMUCAHUSA CTPYKTYPbl 03€PHOro CHera u nbaa
1 CTaHLMN aKTUHOMETPUYECKNX USMEPEHNI (CT. 4-3)
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Tenno. Yem kopoye npeasienoctaBHbIA nepuoa,
TeM MeHbLlee KOMMYEeCTBO Tenna TepseTcs AOHHbI-
MW OTIIOXEHUSIMN U TEM UHTEHCMBHEE C Ha4asioM
flegocTaBa HarpeBaeTcs 03epo BCeACTBUE nepe-
[a4yv Tenna oT A0HHbIX OTIOKEHMIA B BOAY. YeM Bbl-
Lue TeMnepaTypa BOOHO MacChl 03epa Hernocpen-
CTBEHHO nepen obpa3oBaHneM Nbaa, TeM ObICTpee
B NepBble OHWN NleJocTaBa BblpaBHMBAETCS rpaan-
€HT Ha rpaHuLLEe BoAa — JOHHbIE OTNOXEHUS U TEM
Me[JIeEHHee B fAasibHeNLIEM MOoBbILLIAETCA TemMnepa-
Typa Boabl. B MOMEHT, HenocpencTBEHHO Npeatue-
CTBYIOLLUMI MOSIBNEHWNIO NbA, CPEOHSS TeMnepaTy-
pa ctonta Boabl B 03. BeHAOPCKOM B pa3Hble rofpl
coctasnsiet 0,3-1,8 °C.

JaHHble MHOroIeTHUX HabNIOAEHNI NoKa3bIBa-
10T, 4TO NeOoBbIi MOKPOB Ha 03. Benaropckom
00bIYHO YyCTaHaBNMBAETCS B MEPBOW NOJIOBUHE HO-
A0ps, 0HAKO B OTAE/bHbIE FOAdbl 9TO NPOUCXOANT
no3xe (BTopas nosoBmHa HOOPS — Havano nekab-
psi). O3epo ocBoboxpaeTcss oTo nbaa 1-19 mas.

MpoaomKUTENbHOCTL IeQoCcTaBa, Takum 06pasom,
coctasnget ~150-190 cyT.

Ha puc. 5 npuBeaeHbl doTorpadum, MAoCTpm-
pylOLLIME WHTEHCMBHOE BbIXONaXMBaAHNE BOOHOM
mMaccbl 03. BeHparopckoro Bedepom 21 oKTs0ps
2007 r. 1 nosiBneHne yTpom 22 okTabps BOOSb NN-
HUK Gepera TOHKOro C/1I0st KPUCTANIMYECKOro fibaa.

JlepoBbIVi MOKPOB 03. BeHAOPCKOro CoOCTonT 13
6enoro n kKpuctannudeckoro cnoes. Kpucrtannm-
yeckuii nepn obpasyeTcs B Havasne 3uMbl. Ha ero
HUXXHeW rpaHmue noaaepXmBaeTcs Temrneparypa
3amep3aHus Boabl (0 °C). Ha rpanuue nbaa ¢ BO3-
OyxXOM 3MMOW TemnepaTtypa peako NogHMMaeTcst
BblLle HyNs. paaneHT TemnepaTtypbl B TONLWE Nbaa
onpeaensieT CKOpoCTb ero HapacTtaHus. B Havane
31Mbl NPY MOPO3HOW NMoroae ToNLWuHa KpucTanin-
4yeckoro fibaa 03. BeHalopckoro yBenmymMBaeTcs B
neHb Ha 0,5-1,0 cm. PopmuposaHme 6enoro nbaa
Ha4yMHaeTCs BO BPEMS CHEronaaoB: B pe3ynbraTe
OaBfieHNs BbiNadaloLLIErO CHera Ha kpuctanamye-

Punc. 5. WHTeHCMBHOE BbixOnaxmnBaHme NOBEPXHOCTHOMO C/I0S BOAHOM Macchl 03. Benatopckoro Beyepom 21 okTs6-

psi 2007 r. (BEPXHWUIA NEBBIN CHUMOK), NOSIBIEHNE BAOJb NIMHUM 6epera TOHKOr0 CNost KPUCTaIMYECKOro Nibaa yTpom 22

okT6psa 2007 1. (BepxHWIA NpaBblii CHUMOK), 06pa3eL, KPUCTAIMYECKOrO fibAa C BKIIIOYEHWEM My3blpbKOB BO34yXa
(HWXXHWIA NEBbI CHUMOK), NOKPbITbIE NHEEM PacTeHMs BONN3M 6eperoBon MMHUK 03epa (HUXHUIA NpaBblii CHUMOK)



CKMIN nep B HEM 00pa3yoTCs TPeLUVHbI, Yepes Ko-
TOpbl€ BOAA BbIXOAMT Ha MOBEPXHOCTbL. Boga npo-
NMUTBIBAET HUXXHMUI CNOW CHera, KOTOpPbIA CO Bpe-
MeHeM 3amep3aeT, 0bpasys 6enbin nen. K koHuy
31nMbl 0bpadyeTcs Oenbii nef ¢ MHOrOCOMHOM
CTPYKTYPOW, BKJItOYalOLLNIM B cebs1 MHoraa aABe-Tpu
NPOCNIONKM BOAbI CO CHerom. TonuwuHa 6enoro
nbga 03. BeHaopcKoro K KOHUY 3UMbl gocturaer
0,1-0,3, a kpncTannM4Yeckoro CoCTaBnsaeT B cpes-
Hem ~0,3-0,5 m (MeTpos n ap., 2005). Ha npoTta-
XXEHWUW BCEW 3MMbl MOBEPXHOCTb Jfibda MOKpbITa
CNOEM CHera, ToNWMHa KOTOPOro goCTuraeT Mmak-
cumManbHbix 3HaveHnn (0,3-0,4 m) B MapTe — Ha4a-
ne anpensa. K koHLy anpens cHer npakTU4ecku no-
BCEMECTHO CTamBaeT. Ha npoTsXeHun Bcex net
HabnoaeHn Ha 03. BeHaopckom purkcmpoBanach
CyLLLeCTBEHHAsi NPOCTPaHCTBEHHAA N3BMEHYNBOCTb
TONLLUMHBI N CTPYKTYPbI IE00BOIO NOKPOBA MO Mio-
waam osepa (puc. 6, 7).

Mpouecc kpuctanansaumn nbaa B 03epax co-
NPOBOXAAETCA BblAENEHNEM B BOAY PACTBOPEH-
HbIX B HEW conen u ra3doB. XMMMYECKUIM aHann3
06pa3sLoB Nba Ha pasHbix 03epax nokasals, 4To B
KPUCTaNIMYECKOM SibAY MUHEPASIbHBIX U OpraHn-
4YeCKMX BELLECTB MEHbLLE, YEM B O3€PHON BOAE, B
5-10 pas, a coaepxaHne pacTBOPEHHOI0 KMCNO-
pona cHmxaeTcs B 3—4 pasa. B 6enom nbay KoH-
LEHTPaLUUM XMMUYECKUX BELLECTB BbILLE, YEM B
KPUCTaSIMYECKOM, HO MEHbLLE, YHEM B BOAE.

BecHoi Benylwias ponb B TENJIOBOM OlooXeTe
03epa NepexoguT K NPOHUKaloLWEeMY nog, nes, no-
TOKY COJIHEYHON pagmaumn, BenmyYMHa KOTOPOro
3aBUCUT OT TOJILLMHBI U CTPYKTYPbl CHEXHO-NEe00-
BOro MokpoBa, ero anbbeno (OTHOLWEeHUsA oTpa-
>XXEHHOM pagnaumm K nagarouwen), BbiIcoTbl ConHua
M NOrogHbIX ycnoemin. BecHol norogHble ycnoBums

Hag 03epOM W3MEHSIOTCA O0CTaTO4YHO ObICTPO,
NP 3TOM CYLLECTBEHHO MEHSTCH ONTUYeECKUe
CBOIACTBa €ro noBepxHOCTU. B TeyeHne Heckosb-
KMX 4acOB CHexHasi Oypsi MOXEeT CMEHUTbLCS COJl-
HeyHoW ManoobnavyHoW Mnorogon, 4To Habnoaa-
nocb 19 anpensa 2008 r. (puc. 8).

Anbbeno CBexXeBbINaBLUEro cHera npubnunxa-
etcak 1,0, T. e. npakTUYeCKn BCS NagatoLlas Ha no-
BEPXHOCTb paauauus oTpaxaeTcs. [1ocKonbky
BECHOM MNOTOK NPUXOASALLEN HA MOBEPXHOCTb 03e-
pa COMHEYHOW paguaunn BenuK, BbiMaBLIWA CHEr
ObICTPO TaeT. YXXe Yyepe3 HEeCKONbKO YacoB MNocse
cHerornaga Ha NnoBepxHOCTM 03epa MecTamMu Ha-
6n00alnTCa TEMHbIE NATHA (NPONUTABLUMIACS BO-
0ol cHer), anbbeno KoTopbix Ha 20-25% Huxe
anbbeno OKpYXaloLlen 3aCHEXEHHOW MOBEPXHO-
ctu (puc. 9). MNpn cTanBaHun CBEXEro CHera ajb-
6en0 noBepxHocTn ymeHbluaeTcs oo 0,6-0,8, a k
KOHLly nefocTaBa, Korga Ha MOBEPXHOCTU fibaa
NnoYTN NOBCEMECTHO NOSIBISIETCA Tanas Boaa, — A0
0,2-0,4 (NeTtpoB n gp., 2005).

Mo gaHHbIM aKTUHOMETPUYECKUX U3MEPEHUIN B
1995-2009 rr. yCcTaHOBMIEHO, YTO B CEpPEeAMHE ar-
pens NoTokM Nnagarolen U OTPaXeHHOM COoHeu-
HOI pagmMauun Ha BEPXHEeW rpaHmue CHEeXHo-Je-
[OBOro rnokpoea 03. BeHatopckoro cocrtaBnsoT
500-800 n 200-500 BT M2, cooTBETCTBEHHO. [1o-
TOK COJIHEYHOW paamauum, NPoHUKaoLwern B Boay,
B cepeanHe anpens coctasnset 2-20, B nocnen-
Hen nekane anpens — 50-120 Bt m2.

Lns oueHkn cTeneHn ocnabneHns CoNIHEeYHOM
paanauum cHerom v nbaom B anpene 2004, 2005 n
2007 rr. NpoBOOUANCL CEPUUN SKCMEPMMEHTOB C
obpasuamMn 03epHOro cHera u nbga. MiamepeHus
nagaloLlen N OTPaXXEeHHOM COSIHEYHOW paauaumnm
NPOBOOW/INCE Ha TMOBEPXHOCTWM CHera U nbia.
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Puc. 6. M3aMeHeHMe TOMLMHbI CHEXHO-Ned0BOro NnokpoBa 03. Benatopckoro

BOOJIb NonepeyHoro (ctaHumn yepes 100 M) 1 npoaonbHOro (4epes 250 m) paspe-
308 18.04.2006 r.:

1 — cHer, 2 — 6enblil nep, 3 — KPUCTANIIMYECKUN Nef,



Puc. 7. TlpocTpaHCTBEHHAs W3MEHYMBOCTb TOJLLMHbI WU CTPYKTYpPbl JIEAOBOrO MOKpPoBa 03. BeHAaiopckoro
17-18 anpensa 2005 r.

Punc. 8. CHexHas 6ypsa Hag o3epomM 19 anpensa 2008 . 11 4 22 MUH (NIEBLIN CHUMOK); Nocne Bypy NOBEPXHOCTb
03epa NMoKpbITa TOHKKUM C/TOEM CBEXEBbINAaBLLUEro cHera, 16 4 22 MuH (NpaBblii CHUMOK)

16 10:32AM

4

Puc. 9. M3meHeHMe cOCTOAHUSA NOBEPXHOCTM 03. Benatopckoro B TedeHne 16 anpensa 2008 r.: 8 10 4 32 MuH 3a-
CHeXeHHasi NTOBEPXHOCTb (N1eBbl CHUMOK), B 13 4 15 MMH NOBEPXHOCTb 03epa C TEMHbIMU NATHaMK (MpaBblii CHUMOK)
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Takke m3mMepsiiacb COJIHEYHas paguaums, npo-
Lealas CKkBO3b C/ION CHera v fibga pas3Hon Tos-
wmHbl. Ha puc. 10 nokasaHo pa3melleHne nupa-
HOMEeTpa B CHEXHOM MOKPOBE N U3MEpPEeHUs na-
JaloLWen N oTpaxkeHHOM paamauym Ha NOBEPXHO-
ctn cHera 17 anpens 2005 r.

3 nepoBoro nokposa 03. BeHaiopckoro B arn-
pene 2005 n 2007 rr. BbINUAMBaNUCb 610K Nbaa.
B akcnepumenTe 2005 r. BbINUEHHbIN 610K Nbaa
OblN pasneneH Ha Criou KpuUcTanamyeckoro n 6eno-
ro nega (puc. 11). bokoBble rpaHu GJI0KOB fbaa
obopaunBanncb YepHom Oymaroi (ons npenoT-
BpaLLEeHUs NonagaHns Ha HUXXHIOK rpaHuuy 61oka
paccesiHHOro ceeta). 3aTtem 6,10KkM NbAa yCTaHaB-
NMBAINCb Ha cneuuasnbHbIX KOHCTPYKUMAX OIS
OanbHENLIEero U3MepeHunst COJIHEYHOM paanaummn
Ha UX HUXKHUX FPaHuLax.

B akcnepumeHte 2007 1. B nepuon ¢ 13 no
19 anpens 6bl1I0 BbINUIEHO YeTbipe 65oka Nbaa,
B HWXHWX TpPaHaX KOTOPbIX BbICBEPAMBAIUCH
OTBEPCTUS pas3HOM MMybuHbl. B 3T oTBEpCTUS
noMeLanucb gatdymkm, GUKCUpyroLWwme npoxoas-
LLYIO Yepes Crou Nbaa PasHOWM TOSLLMHbLI CONTHEY-
HYlO pagmaumio (puc. 12).

ODPEKTUBHBIN  KOIPDUUMEHT ocnabneHus
(9KO) conHevyHoOM pagnauum B CHEXHOM M Nepo-
BOM MOKpPOBax Obl1 OLLEHEH 1cxoas U3 npeannoso-
>KEHWS, YTO CONHEYHas pagmaumsa CHUXaETCS B HAX
no 3akoHy byrepa-JlambeprTa:

1(z) = 1(0)e",
roe 1(0), I(z) — conHevyHas paguaumsa Ha NOBEPXHO-
CTW CHEXHOro unu negoBoro MNoKpoBa M Ha
rnybuHe z, BT M?; k — 9KO conHe4Hoi pagnaumnu
B CJI0€ CHera unu fiba oT MOBEPXHOCTU 00 Z, M,

Puc. 10. Pa3melleHMe nupaHOMETPA Ha HMXHEN NOBEPXHOCTU CHEXHOIO NOoKpoBa 03. Benatopckoro 17 anpens
2005 . (neBbli U LEHTPANbHbIA CHUMKN) 1 U3MEPEHNE NadatoLLLEN 1 OTPAXEHHOW pagvaumm Ha NOBEPXHOCTU CHera
(NpaBbIn CHUMOK)

Punc. 11. OkcnepumeHT 22 anpens 2005 r.: ussneveHme 6noka nbaa n UMepeHune ero ToNLWWHbI (BEPXHUE NEBbIN

M LLEHTPasbHbIA CHUMKM); pasaeneHne ClnoeB KpUcTanandeckoro n 6enoro nbaa (BepxHUiM npaBblili CHUMOK); 06ep-

TbiBaHMe OI0KOB NibAa YePHOM OyMaron (HMXHWIA NEBbIA CHUMOK); USMEPEHME NaAaloLLEN U OTPAXEHHON paanaunn

Ha BepxHe rpaHunLe 6710KOB NbAa (HUXXHUA LLEHTPasNbHbINA CHUMOK); M3MepPEeHne paanauymn Ha HUXKHeN rpaHuue 61o-
KOB NbAa (HUXHWM NpaBbll CHUMOK)



Punc.

B peaynbtate 06paboTky MONMYyYeHHbIX B XOOe
3KCMEePUMEHTOB [aHHbIX OblJI0O YCTAHOBMIEHO, YTO
cnon cHera tonwmHon 0,15-0,20 m n cnon nboa
TonwwyHom 0,40 m nornowat ~90 n 80% conHeuy-
HOW paguauyn, NagatoLLen Ha NX BEPXHIOK MPaHuLLy,
cootBeTcTBeHHO. CpenHee 3HadeHne OKO cHera
coctaensieT 11,3-11,7, 6enoro nbaa — 6,8-8,0, kpu-
cTannuyeckoro — 2,2-2,4, nboa CMeLLaHHOW CTPYK-
Typbl (C pasHbiM COOTHOLLIEHEM Benoro n kpucTan-
nnyeckoro) — 2,7-4,9 m™' (MeTpoB n ap., 2005).

SAKJTIOYEHUE

JeTanbHbll aHaNM3 MHOIOMIETHUX OAHHbIX, MPO-
BeJeHHbI B MIHCTUTYTEe BOaHbIX Npobnem CeBepa
Nno o3epam pPasfINyHOro pasmepa, ryouHbl 1 reo-
rpamn4eckoro nosioXeHUs, MO3BOSUA oOnpeje-
NNTb, Kakme n3 3TUX XapakTEPMCTUK OKa3blBalOT
Hambosbllee BAUSHME Ha AaTy Havyana ieocTaBa,
€ro OKOHYaHus, NPOAOKUTENBHOCTU U TOJILLVHY
nbaa. HesaBncurmble BXOOHbIE NEPEMEHHbIE BKIIO-

JINTEPATYPA

maponornyecknii exerogHuk. J1.. TngpomeTeo-
n3part, 1936-1989.

MHoroneTtHne pgaHHbIe O pexyMe U pecypcax
NOBEPXHOCTHbIX Bog, cywwu. T. 1, Bbin. 5. JI.: Tngpo-
meTeomnsgar, 1986. 688 c.; T. 1, Bbin. 7. JI.: Tmgpome-
Teouspar, 1987. 220 c.
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12. OkcnepumeHT 13 anpens 2007 r.: BbINUANBaHWE N N3BNeYeHNe 610Ka Nbaa (BEPXHWE NEBLIA U LIEH-
TpanbHbIi CHUMKIN); UBMEPEHME Ero TONLUMHBI (BEPXHWI NPaBblii CHUMOK); BbICBEPJIIBAHWE OTBEPCTUI B 6110Ke Nbaa
(HWKHWE NEBBIN U LEHTPANbHbIA CHUMKW); pa3MEeLLLEHME B OTBEPCTUAX AaTHMKOB, N3MEPSIIOLLMX pagnaumio (HUXKHWA
npasbli CHUMOK)

Yanu knumartumdeckue, reorpaduyeckme n 6atu-
MeTpuyeckmne napameTpbl. OTMEYEHO CYLLLECTBEH-
Hoe pasnunyure NPoLLeCccoB 1eJ0BOro 06pasoBaHUs
M paspylleHuss Ofs KPYrHbIX MyO6oKOBOAHLIX U
MeJIKOBOAHbIX BOAoeMoB. Ha npumepe 03. BeH-
[OIOPCKOro rnokasdaHbl YHUKallbHble 3KCMEePUMEH-
TaslbHble MCCNiefoBaHNs, NPOBOAMMbIE nabopaTto-
puen rmapodunankm, no N3y4eHMIo N1e40BOr0 PEXU-
Ma MEeJIKOBOAHOro o3epa. [NpounnnioCcTprpoBaHsbl
3KCNEPUMEHTbI MO U3YYEHUID MPOCTPAHCTBEHHO-
BPEMEHHOM U3MEHYMBOCTU TOJILLMHBI U CTPYKTYPbI
CHEXHO-1e40BOrr0 NOKPOBA, MO ONpeaeneHnio cTe-
MeHW NOrJOLLEHUsST COSTHEYHOW pagmaumn CHEromMm m
NbAOM, MoKasaHa MX 3aBMCUMOCTb OT MOrOAHbIX
YCNOBU. YCTaAHOBMEHblI XapaKTepHble 3HaYeHUs
3¢pPeKTUBHbIX KO3pDPULMEHTOB ocnabneHnsa ans
cHera, 6e510ro 1 KpUCTaNINYecKoro nbaa.

PaboTta BbinonHeHa npu nopaepxke Poc-
cunckoro ¢oHaa dyHaamMeHTanbHbIX UCCenoBa-
Hui (npoekT 07-05-00351).

MetpoB M. I1., Tep>xeBuk A. 10., ManbuwmH H. U. n
Ap. TlornoweHne COMHEYHOM pagmaumn  CHEXHO-
nenoBbIM NMOKPOBOM 03ep // BogHble pecypcbl. 2005.
T. 32, N2 5. C. 546-554.

Pecypcbi nosepxHocTHbIX Bog, CCCP. T. 2: Kapenusa n
Cesepo-3anaga. Y. 1. J1.: Tnapometeounsnat, 1972. 525 c.

Tuxomupos A. U. Tepmumka KpynHbix 03ep. Jl.:
Hayka, 1982. 232 c.



BJIMAHME KPYMHOIO BOAOEMA HA KJIMMAT NPUNEFAIOLLUX TEPPUTOPUA

Nn. E. Hazaposa*, A. C. MakapoBa**

*UHcTuTyT BOAHbLIX Npobriem Cesepa KapHL PAH
** Kapesnbckas rocyaapCcTBeHHas negarornyeckasl akagemms

NaBecTHble cnoBa A. U. Boeikosa «...pekn —
NPOAYKT KIMMaTa» NPUMEHUTENIBHO K 03epam, no
MHeHuio B. H. AgameHko (1985), cnenyeT gonon-
HUTb. O3epa — NPOAYKT He TONIbKO KIMMaTa, HO U
CBOEro COOCTBEHHO COCTOSIHUA, ONpPeaensaemMoro
YyCNoBUSIMM NPOLLIOrO U HacToswero. Kpome To-
ro, C NOJIHbIM MPAaBOM MOXHO FOBOPUTb O KnMa-
TO-rMAPOSIOrMyeckux cuctemax. Cucrema (0T
rpedy. cUCTNUO — «COCTaBJIEHHbIN») — MHOXECTBO
B3aMMOCBSI3aHHbIX OOBEKTOB, OPraHM30BaHHbIX
HEeKOTOpbIM 06Pa30M B eAMHOE Lienoe. He Tonbko
KnmmMmat BAmMsaeT Ha GOopMMPOBaAHNE N USMEHEHUS
BOZOEMOB, HO U BOLOEMbI, XOTS U B MEHbLLEN CTe-
NneHun, CrocoOHbI BNUATb Ha KNuMar. B knnmaTtono-
rMun OAHHOE SBEHME HOCUT Ha3BaHWUE O3E€pPHbIN
ekt — BNNsSHME 03epa Ha YyC/ioBUSA Moroabl n
KnumaTa Ha 6eperax u Ha HEKOTOPOM PacCTOAHUMN
oT 6eperos.

OddekTbl BIMSHUA BOOOEMOB HA METEOPOJIO-
rmyeckme yCrnoBua npuneraLwmx TeppuTopuin nc-
cnegoBasMCb MHOrMMU aBTopamMu. B HacTosiwen
paboTte OygeT npeanpuHATa NonbiTka 0006WnTbL
OCHOBHbIE TEOPETUYECKME MONOXEHUS N OLLEHKUN
Nno 3TOMY BOMPOCY.

Ina Tepputopuun Kapenun nccnenoBaHue naH-
HOro BOMpoOCa SIBNSETCS akTyasibHbIM, MOCKOJbKY
cBoeobpasuve knumarta pecnybnvku onpenenser-
csl BMAHMEM 60/1bLLIOro Yncna BOAHbIX OOBEKTOB,
pPacnonoXeHHbIX Ha ee Tepputopun. O3epHOCTb
Tepputopun coctaenseT 12% (03epHOCTb Teppu-
TOPUU — 3TO OTHOLLEHNE CYMMaPHOM NOBEPXHOCTU
03€ep, PacnofIOXEeHHbIX B npefenax naHawadra,
BOAOCOOpAa, NPUPOAHON 30HbI, CTPaHbI, MaTepUKa,
KO BCeWl nnaowaan paccmaTpuBaemMon TeppuTo-
pvn, BblpaxaemMoe 00bI4HO B NMPOLEHTax, nokasa-
Tenb, ONPEnEnsoWmMn, Kakyto 4acTb AaHHON Tep-
puTOpUM 3aHMMAIOT 03epa), a C Y4eTOM Kapesib-
cknx yacter OHexcKoro 1 J1agoXckoro o3ep goc-
TuraeT 21%, ABNAACb OOHOW M3 CaMbIX BbICOKUX B
Mmupe (JintBmHeHko, 1999). na cpaBHeHusa, ca-
MbIMU O3EPHbIMU CTpaHaMu ABAAIOTCA PUHNAH-
ovs n LLBeuus, 03epHOCTb KOTOPbLIX COCTaBasieT
cooTBeTcTBEeHHO 9,4 1 8,6%. Bcero B Kapenum Ha-
cunTbiBaeTcqa 6onee 61 ThiC. 03ep U BOOOXPAHU-
JILL, CyMMapHas nnowanb — okosio 18 ThbiC. Km?2,
Takoe KONMYecTBO BOAHbIX OOBbEKTOB HA TEPPUTO-
pun pecnybnmMkKn He MOXET He OKa3dblBaTb onpeae-
JIEHHOT O BJIMSIHMS HAa €€ KNMMaTUYeCKne yCcnoBusl.

Mukpoknumatmyeckme OCOBEHHOCTU BOAOO-
€MOB 1 npuneranLwmx K HAM TEPPUTOPUIA BO3HU-
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KalOT B OCHOBHOM 13-3a Pa3nuynii B CTPYKTYpE Te-
nnoBoro 6anaHca. Cywa HarpeBaeTcsa ObICTpee,
4yeM BOJa, HO 1 ObICTpee ocTbiBaeT. B cBaA3u ¢ pas-
HOCTbIO TEMMEpPATyp Had BOAOEMOM U CyLLEl BO3-
HUKaeT MECTHAs UMPKYNSLMS BO3AYLUHbIX MacC.

C BoOoOEMAMU CBSA3AHbI KakK CYTOYHbIE, Tak U ce-
30HHbIE OBMXEHUSA BO3AOYLUHbIX Macc. CyTOYHble
OBVXEHNST CBA3AHbI C UBMEHEHUSMU TeMnepaTtyp
BOAbl M CylUM B TeYeHMe CYTOK. Takad MecTHas
LMpPKynauma — 3To 6pm3. HasBaHme nponcxoamT oT
dpaHLy3Koro cnosa brise — nerkuin Betep. BeTtep,
noaoOHbIM MOpCcKoMy 6pun3dy, HO Gonee cnabdbii,
OylOLWNA C MOBEPXHOCTU GONbLLIOrO 03epa B CTO-
pOHy Oepera B OHEBHbIE YaCbl, HA3bIBAETCS 03€ep-
HbI 6pK3. B HOYUHOE BpeMst OH CMeHsieTcs bepero-
BbIM O6pu3oM (XpomoB 1 ap., 1974). Takme 6pusbl
HabnopaTca Ha OHexckoM n J1afoXCKOM 03e-
pax, Ha o3epe CesaH, Ha Benukux o3epax B Ce-
BepHol AMepuke. B nepexonHoe BpeMs CyTOoK, yT-
POM 1 BEYEPOM, OTMEYAIOTCS Nepuoapl LTUIEBO-
ro 6e3eetpus. bpnabl Hanbonee YeTKO Bbipa>KeHbI
B Tensioe Bpems roga. [lHem Haf HarpeTon cyllen
BO3HMKAIOT BOCXOAdALLME MOTOKU TEMJIOrO BO34yXa,
B pe3ynbTaTe 4yero AaBfieHVe Hapg, Cyllel yMeHb-
LIaeTcs, 1 XONOAHbIM BO3AyX C BOAOEMA MOCTyna-
€T Ha cyuly, rae CHoBa HarpesaeTcsd. BosHukaeT
OHeBHOWM 6pun3. Houblo, Korga NOBEPXHOCTb CYLLUN
CTQHOBUTCS XOJIOOHEE MOBEPXHOCTM BOAOEMA,
BO3HMKAET o0paTHas LMpKynaums — HOYHOM 6pus.
YTpOM 0ObIHHO OTMEYAeTCs 3aTullbe, CBA3aHHOEe
CO CMEHOM HOYHOro 6pur3a AHEBHBLIM, MOCHE Yero
BeTep ycunmBaetca U k 13-15 yacam pocTturaer
MakCUMasibHOW ckopocTu. Beyepom [OHEBHOM
6puU3 CTMXaeT, CMEHSAACb HOYHbIM. B nepexoaHble
nepvoabl roga (MapT 1 CEHTAOPb), KOraa pasHOCTb
TemMnepaTyp CyliM M BOAbl NpuobpeTaeTr MUHU-
MasibHble 3HAYEeHUs, OTMEYaeTCs CTarHauus npo-
uecca. bpudbl MOryT BO3HMKATb Kak Ha KPYMHbIX,
Tak 1 Ha MeNKMX BogoemMax. Yem KpyrnHee BOAOEM,
Tem GoJbLUe CKOPOCTb OpMn3a 1 ero BepTMkabHas
MOLLHOCTb. Bpun3bl KpyMnHbIX 03ep pacrnpocTpaHs-
toTcs Bryob nobepexbs Ha 10-30 km, 6puabl pek
1 ManbIx BOAOXpaHunuL — B npegenax 10 km. Ham-
6onee 4acTo 6PU30BbLIE LIMPKYNALUM BO3HMKAIOT B
HU3KUX LIMPOTax, B CPEAHUX LUMPOTax 6pm3bl Bbl-
paxeHbl cnabee. Penbed npnbpexHbIX TEPPUTO-
puii BAVSIET HA NMPOHUKHOBEHNE Gpur3a BrinyOb Cy-
wn. Hanbonee pganeko (Ha AecAaTku, a nHorga Ao
100 knnomMmeTpoB) OPU3bI MPOHMKAKOT HA MJIOCKMX
nobepexbsx. pyn HaxoxaeHun Ha nobepexbe



FOPHbIX Nperpag nPoHWKHOBEHME GPU30B BryOb
TEPPUTOPUN 3HAYUTESIBHO MEHbLLIE.

Ha Jlapoxckom 03epe 6pun3bl HabnoaaTCs Ha
BCEM NOBGepexXbE NETOM B OE3BETPEHHbIE COJIHEY-
Hbl€ OHU U CHble HOYN. O3epHbI 6pPU3 HAYMHAEeT-
cs1 okono 9 4 u npogonmkaetcsa o 20 4. CkopocCTb
ero 2-6 m/c; pacnpocTpaHsaeTca Ha 5-8 munb
BryOb CyLUN.

CkopocTn BeTpa npu 6pPM30BON LMPKYASLMN
MOryT ObiTb pasnunyHbl, oT 1-2 0o 7 M/C B cly4ae
pa3BuToro 6prsa. Bogoembl BAMSIOT HA CKOPOCTb
BETPa M NPV OTCYTCTBMU BPU30BON LIMPKYNSLAN.
Hap Bogoemamu ckopocTb BeTpa Bceraa 6onblue,
4yeMm Hapg, npuieraLmMMm y4acTkamm cyLun, Bcnes-
CTBME MaJION LLIepOX0BaTOCTM BOOHOM NMOBEPXHO-
cTn. Pasnnyvsa B LIepoxoBaTtoCTM Cyln U BOAO-
€MOB MPUBOAAT K TOMY, YTO BO3AYLUHbIE MOTOKMU
MMEIT TeHOeHuno o6TekaTb 6eperoBylo JIMHUIO
CO CTOPOHbI Bogoema. BcTpeyas Ha Nyt MbiChl,
BETEP 4YACTU4YHO OOTEKAET MX, a YHaCTMYHO NepeBa-
NMBAETCs 4Yepes3 HUX, BCNeOCTBME YEro ycunmea-
eTcs. No3ToMy Ha MbICax MOXHO HabnaaTb CKO-
pocTun BeTpa 6onblune, YEM HAL OTKPbITEIM BOAO-
eMoM. Mo mepe ypaneHus ot Gepera CKOpPOCTU
BeTpa ocnabeBatoT, 1 Ha pacCcTossHUN 0ko10 10 Km
B/IVSTHME Jaxe KPYNHOro BOAOEMA yXe HE CKa3bl-
BaeTCH.

O6LWwKpHbLIE aKBaTOPUM BOOOEMOB CO34AI0T YC-
JIOBUS AN151 Pa3BUTUS CUJIbHbBIX BETPOB. JIeTOM CKO-
pOCTb BeTpa Ha Gepery Bogoema MpPUMEPHO Ha
30% 6osbLuUe, YeM HaA OTKPbLITEIMW y4acTKaMu Cy-

ro oszepa. [ns cocTaBfieHUs OaHHbIX rpaduKoB
OblNIM NCNONb30BaHbl cBeaeHUs N3 «CnpaBoyHMKa
no knmmaty CCCP» (1966). PaccmoTpeHbl cpeg-
HMEe MeCsiYHble CKOPOCTM BeTpa AJis TPex CTaH-
LM, pacrnonoxeHHblx Ha ocTpose (Cyxo, mask),
nobepexbe (CBUpULA) N HA PACCTOSAHMM OKOJIO
100 km oT Jlapoxckoro o3epa. MoxHo caenatb
BbIBOJ, 4TO OJ151 BCEX MECSILIEB roa CKOPOCTb BET-
pa Hag 03epOM HaMHOrO TMpEeBbIAeT CKOPOCTb
BeTpa Ha nobepexbe. OCOBEHHO 3TO NPOSBNSAET-
CS1 B XOJI0OHbIV nepuop roga. Yem ganbiue Mol Oy-
0eM yoanaTbecs oT nobepexbs o3epa, TeM bonee
CrNaXeHHbI roaoBo xoa 6yaeT y CKOPOCTeN BeT-
pa. B parioHe meTeoponornyeckom ctaHuuy BuH-
HULbI B TEYEHME roJa CKOPOCTb BETPA N3MEHSIET-
Ce He3HauuTenbHO — oT 2,4 0o 3,3 Mm/c, B TO Bpems
Kak OCTPOBHasi CTaHUMSA OTMe4YaeT W3MEHEHUs
ckopocTtn oT 5,4 oo 8,7 m/C B 3aBUCMMOCTU OT
BpPEMeHM roaa.

Ecnn cpaBHUTb OaHHbIE O CpeaHen MeCAYHOWN
CKOpPOCTU BeTpa ans nobepexoess OHEXCKOro o3e-
pa B panoHe r. [eTpo3aBoacka No ABYM MyHKTaM
HabnoaeHnin — MNetposaBoack, Cynaxropa v MeT-
pO3aBoACK, 03ep0, TO MOXHO HarMsaAHO YBUAETh,
4YTO BO BCE CE30HbI F04a CKOPOCTb BETPa Ha bepery
03epa NpeBbILAET CKOPOCTb BeTpa B panoHe Cy-
naxropsl (tadn. 1).

Ta6nuuya 1. PA3INYNA B BETPOBOM PEXXUME MO
JAHHBIM HABJTIOAEHY CTAHLIMIA NETPO3ABO/CK,
CYNAXKIOPA N TMETPO3ABOACK, O3EPO

LUK, 3TO CBA3AHO C Pe3KMM M3MEHEHMNEM LLEPOXO- CraHums 3uma | BecHa | Jleto | OceHb
BaTOCTM U YMEHbLIEHUEM CUSTbl TPEHUSI. Metposasoack, Cynaxropa | 4,1 | 36 | 34 | 3,9
Ha puc. 1 npeacrtasneHbl rpaduku cpegHux | 1ETPO3aBOACK, 036p0 47 | 44 1 40 1 50
o . Pa3HocTb -0,6 -0,8 | -0,6 | -1,1
MECSHAYHbIX CKOPOCTEN BeTpa B panoHe J1agoxXcKo-
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Puc. 1. CpeaHue MecsiiHble CKOPOCTU BeTpa

B panoHe JTagoxckoro o3epa
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M3meHeHne wepoxoBaToCTU U, Kak cleacTBue,
CWJIbl TPEHUSI — HE €QMHCTBEHHbIN HaKkTop, Bbi3bl-
BalOLWMA M3MEHEHME CKOPOCTM BeTpa Hapd, BOAO-
eMOoM. Ha ckopocCTb BeTpa TakxXe BAUSIOT ropu-
30HTasNbHblE FPaAMEHTbl TemnepaTypbl, co3aato-
LMe Tropu3OHTaslbHble rpaaueHTbl OaBfeHUs.
pagvieHTbl OaBfeHUs, B CBOIO O4epenb, MOryT
NPUBOANTbL K Pa3fIN4HbIM MO 3HAKYy U3MEHEHUSIM
CKOPOCTM BETPA Npu nepexoe Bosayxa ¢ cyLum Ha
BoZ0eM. No3TOMy M3MEHEHUS! BeTpa Noj, BAUSHA-
€M BofgoemMa MoryT ObiTb PasfiMiyHbIMM NPY Pa3HbIX
MeTeopOoIorMyecknx yCcnoBmusax gaxe asas OQHOro
M TOro e BogoemMa. Npu paBHOBECHbIX YCIOBUSAX
CKOPOCTb BETPA Haf, BOAOEMOM OObIYHO YBENNYN-
BaeTcs. [1py HepaBHOBECHbIX YCNIOBUSIX CKOPOCTb
BeTpa MOXET OCTaTbCs MPEXHen UM yMeHbLUNTb-
cs. DTO NPOUCXOAUT B TEX Cly4asx, Korgaa ropu-
30HTalbHbIN rpagMeHT TemMnepaTtypbl N U3MeHe-
HME LWepoxXoBaTOCTM AENCTBYIOT B pPasHbIX Ha-
npaBieHUsIX, T. €. HEOANHAKOBbIM 06pPa30M M3Me-
HSIIOT CKOPOCTb BeTpa. Takue ycrnoBusl B Te4eHne
roga ObiBalOT BECHOW, a B TEYEHME CYTOK — AHEM.
B oaTn nepuoabl TemnepaTypHble rpagueHTbl Ha-
npaesieHbl C BOAOEMA Ha cylly. B Takom cnyyae
yBEJIMYEHNE CKOPOCTM BETpa Hang BOAOEMOM OC-
nabneHo BAUSIHMEM rpagueHTa gaBneHus. Ecnn
ykasaHHble pakTopbl AENCTBYIOT B 04HOM Hanpag-
JIEHUN, TO UBMEHEHUS CKOPOCTU BETPA MOIyT OKa-
3aTbCs BeCbMa 3Ha4YUTEsNIbHbIMU. Takue ycroBus
HabloJaloTCs B TEYEHME roaa 3MMON, a B Te4eHne
CYTOK — HOYbIO.

BonoeMbl BHOCAT 3aMeTHblE UIBMEHEHUS B TEM-
nepaTypHbIA PEXNUM NpUEraiolmMxX K HUM Teppu-
Topuin. B 3aBMCMMOCTM OT pa3mepa OHM OKa3biBa-
IOT BosblUEE NN MEHbLLIEE BNSIHNE Ha Temnepa-
TYPHbIV pexunM NpubpexHbiX panoHoB. BansHue
3TO HEOAHO3HAYHO B 3aBUCKMMOCTM OT Ce30Ha,
BPEMEHM CYTOK M NOroAHbIX yCrnoBuin. JHem un ne-
TOM BOAOEMbl 0ObLIYHO OKa3blBalOT OxlaxaatoLlee
BINSIHNE, @ HOYbIO M OCEHblO — oTennswoulee. Ho
BCE Xe oTennsowmin adpdekT BogoemMa NpeBoCX0-
OUT OxNlaxaalLwmii, No3ToOMy B CPeAHEM BOOOEM
OTenNsieT OKPY>XXaloLLyto TeppuToputo. Temnepary-
pa BO3a4yxa nop BAUSIHUEM BOAOEMa B CPedHEM
MOXET noBbicUTbCS Ha 2-3 °C. TepmMmoperynmpyto-
Liee BO3OENCTBME 0O3epa CKa3blBAETCS Ha rofdo-
BOM XO[le TemMNepaTypbl BO3ayxa, 0COOEHHO B Mne-
pexoaHble Nneprnoapbl (BECHA U OCEeHb). Tak, No AaH-
HbIM, NpuBeaeHHbIM H. H. dunatosbim (1997) ana
Napoxckoro o3epa, TemrepaTypa siHBaps Ha
0. Banaam Bbllle TemMnepaTypbl BO34yxa B LLUXep-
HOM paroHe (MeTeoponormndeckas ctaHums Cop-
TaBana) Ha 2,7 °C, cpegHsas TeMnepartypa umions
B 03epe Huxe, 4yeM Ha nobepexbe, Ha 0,9 °C.
MpoaomkMTenbHOCTL 6€3MOPO3HOro Neproaa Ha
octpoBax 180-190 pgHen, B TO BpeEMsS Kak Ha
nobepexbe Jlagoxckoro o3epa — 110-140 gHen.
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Hapg kpynHenwunmm o3epamun EBponbl Jlagox-
cknMm 1 OHEXCKUM K CepeamHe 3UMHEero Ce3oHa
(sHBapb) popmMupyroTes «oyaru» Ternna. OcobeHHOo
3TO BblPaXeHO Haj, akBaTopuen Jlagoxckoro o3e-
pa. Hag ueHTpasibHOM YacTblo 03epa 3aMKHyTa U30-
Tepma —7 °C, B TO BpeMsi Kak Nno rnobepekbo Npoxo-
oAt naotepmbl =9 ... =10 °C. B cambIn TennbIi Mme-
csll, rofa — noJlb — BoAa 03ep NporpeBaeTcs, HO He
HaCTOJbKO, 4TOObI TeMMepaTypa Bo3ayxa Haf, LeH-
TpanbHOW YacTbio NPEeBbICUIA TeMMepaTypy BO3ay-
Xa Hapg, nobepexbeM, n3oTepMbl +16 °C 3aMKHYThI
Hag, aTMMU parioHaMn, BHYTPU UX TeMnepaTtypa Hu-
Xe. ITa pasHuua TeMnepaTyp NcCHe3aeT B aBrycre,
a C CeHTA0ps Hapg, 03epamMu HaudnHaloT GOPMUPO-
BaTbCs 06/1aCTV NOBbLILLEHHOM TEeMMNepaTypbl.

YBenuyeHue rnybuHsl Bogoema B 6 pas (oT 5 oo
30 M) BECHOIM yCcunmMBaeT oxnaxpalowee BAnsHme
BOJOEMA TEM CuJibHee, YeM Onuvxe ypes3 BOAbI.
OceHblo oTenngowee BAUSHME BOAOEMA TEM
cufibHee, YeM Mybxe BogoeM. Pagunyc BnvsHUS
BOJOEMA OCEeHblO BoJblLLE, a caMo BiMsHUe bonee
3HaYUTENbHO, YeM BECHOW. Tak, ecnim BeCHOW BO-
boem rnyouHom 5 m Ha pacctosHum 0,1 kM oxnax-
naet Bo3ayx Ha 0,4°C, TO OCEHbIO OTEMASAIOLLMIA
adpdekT B 2 pasa 6onbwe (AgpameHko, 1979). C
yBENMYEHNEM yOMHbI Pa3nuuns B OTEMNIAOLWEM
BJINSIHUM OCEHbBIO N OXN1aXAaloLLeM BECHOW crna-
XMBAKOTCS, HO HE MCYEe3aloT.

Mceneposanua T. B. Knpunoson v gpyrnx noka-
3anu, 4to okono 90% paguauyoHHOro HanaHca
pacxooyeTcsl Ha BOAOEMax Ha NporpeBaHMe BOA-
HbIX Macc 1 ncnapenme n nnwb 10% — Ha Harpesa-
HWe BO3ayxa Hapg BogoemoM. [MoaTomy Harpes
BO34yXxa Hajg BOOOEMOM HeOOJbLUOW U MOYTU He
N3MEHSIETCS B TEYEHME CYTOK, B TO BPEMS Kak Hap,
CyLLEe OH 3aMeTHO MeHsieTcsa. AMNAnTyOa CyTou-
HOro xo4a Temrnepartypbl Ha Nobepexbsx Mana 3a
CYET YMEHbLUEHUs TeMnepaTypHOro MakcMmyma.
AMnNuTyOa TemMnepartypbl BO3ayxa B ICHYO Moro-
oy Ha 6epery Bogoema B 2-2,5 pasa MeHblle, YeM
BHE 30HbI BAMSHNSA BogOEMaA. 30Ha BANSAHUS BOAO-
emMa B 3aBUCUMOCTW OT Tuna rnorofpl MeHsieTcs.
Mpn aHTUUMKIIOHANBHOM Moroae BAUSIHUE BOAO-
emMa npocnexmBaeTcsd Ha paccToaHun 5-10 kv B
3aBMCUMOCTW OT niowaam, mybuHbl, TMNOB Bepe-
roB 3TOr0 BOAOEMa, NP LMKIOHaNbHOW noroge
30Ha BNSIHUS BOJOEMA YMEHbLUAETCS NPUMepHO
B 2 pa3a.

BnusiHne kpynHOro BogoemMa HeOoAHO3HA4YHO B
3aBMCMMOCTW OT Ce30HA, BPEMEHM CYTOK M1 Noroa-
HbIX ycnoBuii. B T1abn. 2 npmBeneHbl OaHHble U3
«Knumatonornn» (1989) 06 M3MeHeHUn cpenHux
OHEBHOW 1 HOYHOW TemnepaTyp BO34yxa Nnof, Bims-
HMEM pas/iNyHbIX BOAHbLIX 0OBbEKTOB B NETHWUI Nepu-
o, B 20-K1MNOMeTPOBOM 30HE OT BEPErOBOM IMHN.

Kak BUAHO 13 Tabnuupl, 3Ha4eHWe 1 3HaK U3MEH-
YMBOCTU OHEBHbIX M HOYHbIX TEMMEPATYpP BO3ayxa



Ta6nuua 2. UBMEHEHVE CPEOHEN AHEBHOW (MEPBASI CTPOKA) M CPEOHEN HOYHOW (BTOPASA CTPOKA)
TEMMEPATYP BO34YXA NoA4 BIIMAHUEM MOPA WM KPYMTHOIO BOAOEMA. UIOJ1b

Mope, Boaoem PaccTosgHme oT Mops (Boooema), KM
’ 0,01 1 2 4 6 8 10 20
YepHoe mope (KpbiMckunia n-oB) -3,4 -0,5 -0,2 0 0
4,9 1,6 0,9 0,3 0
A30BCKOe Mope -3,2 -1,5 -1,1 -0,8 -0,6 -0,4 -0,3 0
3,0 1,9 1,5 1,0 0,7 0,5 0,3 0
03. baiikan (3an. no6epexbe) -7,4 -4,2 -2,9 -1,4 -0,8 -0,4 -0,3 -0,2
-6,4 -3,2 -2,4 -1,4 -0,9 -0,6 -0,4 -0,2
Benoe mope (BOCT. nobepexbe) -6,4 -2,3 -1,6 -1,0 -0,8 -0,6 -0,4 -0,2
-6,2 -2,6 -1,9 -0,8 -0,5 -0,2 -0,2 0
BapeHueBo mope -5,4 -4,0 -3,0 -2,0 -1,4 -0,9 -0,7 -0,2
-5,2 -4,2 -3,2 -1,8 -1,0 -0,6 -0,4 -0,2

Ha Nobepexbsix BOOOEMOB O4YEHb PA3NYHbI. [JHEB-
Hble TemnepaTypbl BONM3K GEperoBon NUHUM Ha
IOXKHbIX MOPSX, YepHOM 1M A30BCKOM, MOHUXEHbI
NpnbnmauTenbHo Ha 3 °C No cpaBHEHWUIO C FpaHn-
Len apeana BNusHUS BogoemoB (10 KM), a HOYHbIe
TemMnepaTypbl NoBbILLEeHbI Ha 3-5 °C. Ha nobepexb-
SIX CEBEPHbIX BOJOEMOB B JIETHUIN CE30H W HEBHbIE,
M HOYHbIE TEMMEPATYPbI BO3AyXa MOHWMXKEHBI.
Haunbonee cunbHO BANSIHME BOJOEMA CKa3biBa-
€TCs Ha paccTosiHuM 0o 5 km oT 6epera. Ha pac-
cTosHuax 5-10 kM OT Bepera N3amMeHeHus npocne-
XXMBAKOTCS TOJIbKO NPy 61aronpuUsiTHbIX YCOBUSIX,
Taknx Kak aHTUUMKIIOHaNbHAsa noroaa, Betep Ha-
npaefeH Co CTOPOHbI BogoemMa. MIaMeHeHne TeMm-
nepaTtypbl Ha pacctosHn 10 KM COCTaBNSET TOJb-
ko 10% mnamMeHeHuUss TemnepaTypbl B NPUOPEXHON
yacTtu. [laxke npu cambix 61aronpuSTHbIX YCITOBUSIX

MaJibHble TEMMNepaTypbl BO34yxa 3Ha4UTENbHO CHU-
xatotea (Ha 1,5-2°C), a MUHMMAasbHbIE HEMHOIO
nosbiwatoTca (Ha 0,2-0,7 °C). Takne m3MeHeHus
BIVSIIOT Ha NPOAOSIKUTENBHOCTL 0E3MOPO3HOro
nepuopaa. OH yeenuyneaetca Ha 15-20 cyT.

B tabn. 3 npuBeneHbl aaHHble ansa 03. barikan,
npeactaBneHHble B pabdote A. H. AdaHacbeBa
(1976). I3 paHHbIX Tabnuupbl cneayeT, 4To No Mepe
yoanenusa ot balkana Temnepartypa Bo3ayxa B SH-
Bape pe3ko NOHMXaeTCs, a B MoJie — NOBbILLIAETCS.
B pesynbrate aToro rogosas amnanTtyaa koneba-
HU TeMnepaTypbl BO3ayxa CHuxXeHa Ha 9-13 °C.

Ta6nuuya 3. CPEOHVE MECAYHBLIE TEMIMEPATYPbI
BO34OYXA N TOOOBLIE AMIMIINTYAbI TEMIMEPATYPbI
BO3/1YXA B PAVIOHE 03. BAVIKAJ

(OAHHBIE A. H. AOGAHACBLEBA)

BNVUSIHNE BOJOEMa He MPOoCnexuBaeTcsa jganee Cranums | MecTononoxeHue | Axsapb | Mionb ‘K‘g”,?;g;:ﬂ;‘
40 k™M (puc. 2). YCTb- BocTouHblit Geper | —22,6 | 14,0 36,3
B uenom BofoeMbl CrinaxmnsarT CYTO4YHBIN U ce- | baprysvH | 03. Baiikan
30HHbIM XO0A4, TemnepaTypbl. [ogoBaa amnnutyaa Baprysut | 60 km o1 -26,7 | 18,3 45,0
TemnepaTypbl Ha HernybokMx BOJOeMax CHUXaeTCs BOCTO4HOrO Gepera
Ha 2-2,5 °C, Ha ryBOKOBOAHbIX — Ha 4-5 °C. Makcn-  L1acea  |250kmkeocroky | -81.2 | 18,3 | 49,5
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PaccTtosiHne, Kkm

Punc. 2. MNoHwxeHne TeMmnepaTypbl BO34yXa B 3aBUCUMOCTU OT PACCTOSIHUA 0
Oepera A3oBckoro mopsi. lNocnenonyneHHoe BpeMs (Mo AaHHbiM B. H. AnameHko)
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B cpenHem 3a rog BogoeMbl Tennee cywm. Uc-
K/IOYEHNE MOTyT COCTaBfIsiTb TOJIbKO BOOOEMBbI,
HaXOASLLMECS B CYXMX U XapKMX KnMMaTax, rae uc-
napeHmne c NOBEPXHOCTM CyLUM KpaliHe mano, a C
BOZHOW MOBEPXHOCTM — Benuko. OgHako, Kak HU
BEJINKO MCMNapeHne B apnaHom 30He, TEM He MeHee
NpPW NPOYNX PaBHbIX YCIOBUAX BOAOEMbl Ha tore
HakanauBatoT Tensna 6osblLue, YeM Ha ceBepe. ITO
obycnosnueaeT otgavy MMM 60JIbLUErO KOJINYECT-
Ba Tensa B KOHUE Mepuoaa HarpeBaHus. ITUM
MOXHO OOBSCHWUTb POCT OTEMNSIOWEro BAUSHUS
BOZOEMOB OT 30Hbl TYHAPbI K 30HE CTEMNEN.

Mpn nccnegoBaHMN U3MEHEHUIA TemMnepaTyp-
HbIX XapakTepucTnK Nnobepexbs Noa BO3AeNCTBU-
€M BOAHOro obbekTa cneayeT yYnTbiBaTb U3MEH-
4YMBOCTb HanpaeJfieHUs BETpa BHYTPU BbIOPAHHOIO
MHTepBana BpemeHu. Npu HanpaBneHun BeTpa C
BOJOEMA Ha CyLUy NMpUopeXHblie TEPPUTOPUN UC-
NbITbiBAOT OONbLUEE BO3AecTBNE. B cnyyae npo-
TUBOMOJIOXHOIO HanpaeBfieHMs1 BeTpa OoJsbluee
BO34ENCTBME UCMNbITbIBAET BOAOEM. [OPHbIN penb-
ed 1 NIeCcHON NOKPOB Ha Nobepexbsix OKa3biBaKT
aKpaHupyoLlee BO34ENCTBME.

BnvsHne kpynHOro Bogoema MOXET CKasbl-
BaTbCA M B CBOeOOpa3vn pexmma 0651a4yHOoCTK,
BNI@QXXHOCTU BO3yXa, aTMOCHEPHbIX 0CaaKOB.

Ha npuneraiowmx K KpynHbiM Bogoemam Tep-
putopusix Ha 10% n 6onee yBenmyeHa NpoaoSKum-
TENbHOCTb COJIHEYHOI O CUSIHUS. DTO NMPOUCXOAUT
MN3-3a YMEHbLUEHNSI KONMYecTBa KOHBEKTMBHOM
obnayHocTn (Ky4eBble obfiaka) Hapg paccmaTpu-
BAaeMOWN TeppuTopuen B Tennbld nepuop roaa.
Kak 6b1710 NnokazaHO, BoAHasi MOBEPXHOCTb MpPO-
rpeBaeTcsl MeaJlIeHHee, MHOroO Tenjaa pacxonyer-
CSl Ha UcnapeHne 1, KpomMe Toro, Boga pacrpo-
CTpaHseT Tenso no Bcel Tonuwe. 31o NpuUBOAnUT K
TOMY, YTO Haj, BOOHOW MOBEPXHOCTbIO 0OpasyioT-
CS1 HUCXoOsiWMe NOTOKN, KOTOPbIE HE MO3BONSAIOT
Pa3BUTbCSA MOLLHOM KOHBEKTUBHOM 00/1a4HOCTU.
Tak, onga o03. bankan Ha KOCMUYECKUX CHMUMKax
0151 BECEHHEe-JIETHero ce3oHa XopoLLUo BUOHO, YTO
Hebo Hapg o3epom Oe3obnavyHoe, a NPUOPEXHbIe
NPOCTPaAHCTBa BOKPYr 03epa MOKPbITbl MJOTHOM
06n1a4yHOCTbIO.

Ho B HEKOTOPbIX Cy4asx ObIBAOT UCKIIIOHEHUS.
Korga xonogHbIi CEBEPHLI BO3AYyX HATEKaeT Ha
KpYrnHOe BOOHOE NPOCTPAHCTBO, OH HarpeBaeTcH,
M MOryT ob6pasoBaTbCsl CMOKOWMHbIE, LLIMPOKUE,
cnabble NOTOKN. ITO YacTo HabNOAAETCS OCEHbIO
1 3MMOW BO3J1€ KPYMHbIX 03ep, MOPEN 1 OKEAHOB U
Ha3bIBAETCS BOAHbIN TEPMUYECKUI MOTOK.

C vypaneHuem oT Oepera Ha pacCTOSHUMN
20-30 kM Hap, cylien npoucxoouT ycuneHme Typ-
OYNIEHTHOCTW, BO3HUKAIOT GNaronpusaTHbIE YCIO-
BUS1 AN151 Pa3BUTUS KOHBEKTUBHOM 00/1a4HOCTN.

lop0BOV X04 NPOAOIXNTENTbHOCTU COJTHEYHOT O
cusHua (MCC) B obwemM NpPoTMBOMNONMOXEH roa0-
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BbIM M3MEHEHUSIM KosmyecTBa 0061a4HOCTU, Mo-
CKOJIbKY MPU YBENNYEHUN KONnyecTBa 06s1a4yHO-
ctn MNMCC (Npofo/mKNTENBHOCTb OCBELLEHUS 3EM-
HO MOBEPXHOCTW COJIHEYHLIMU JlydaMn) YMeEHb-
LaeTcs n, Ha0bopPOT, NPU YMEHbLLUEHNN 0BNaYHO-
CTn Bonbllee KONIMYECTBO COJIHEYHbIX Jly4el MO-
XEeT focTuraTb NOBEpPXHOCTN 3emnn. B pesynbra-
Te 9TOro B paioHe KPYMHbIX BOAOEMOB NPOOOSIXM-
TENIbHOCTb COJIHEYHOIr0o CUSIHMS BoJblue, a YACTO
OHel 6e3 conHua MeHblLUe, YeEM Ha ApYron Teppu-
Topun. Tak, Ha TeppuTopumn Kapenum HanbonbLuas
NPOAOIKUTENIbHOCTb COJIHEYHOrO CUSHUS Habo-
naeTcs B parioHe J1agoXXckoro o3epa (MeTeocTaH-
uma Coprtasana) — 1749 yacoB 3a rog, B TO BpeEMS
Kak B LeHTpanbHbix panoHax Kapenun MNCC co-
ctaBnser 1580-1620 yacoB, B HOXHbIX panoHax
pecnybnukn — 1670-1690 yacoB (Hedepnosa u
ap., 2008).

C ykadaHHbIMW OCOOEHHOCTAMM pexuma 00-
NayHOCTN BOAM3WN KPYMHbLIX BOAOEMOB Takxe Ha-
NPSIMYIO CBA3aHbl XapakTepHble YepPTbl pexnma at-
MocdepHbix ocankoB. Hap 3epkanom KpPyrHbIX
03ep (BOOOXPaHUNLLL) 1 MPUOPEXHON TEPPUTOPU-
€1 KONIMYeCTBO BbiNaaaloLLmx aTMOCPEepPHbIX ocan-
KOB YMEHbLLUEHO, 0COOEHHO B Te4EeHMe TEMNJoro ne-
prvoga roga. B cTopoHy ymeHblUeHus ocaakoB
OEenCcTBYET 1 Manas LepoxoBaTOCTb MOBEPXHOCTHU
BogoemoB. Ocagkm Ha nobepexbsix Haubonee
4acTo BblMAJAT WAM PaHO YTPOM, OO Havana
OHEeBHOro 6pnaa, Un No3aHO BEYepOM Mnocne ero
OKOH4YaHus. 1o gaHHbIM, NpuBeaeHHbIM B «Knuma-
Te Poccumn» (2001), B 30HE N3ObITOYHOIO U AoCTa-
TOYHOrO YBNQXHEHUS YMEHbLLEHNE KONNYecTBa
ocagkoB Haf 6onblwnmMu Bogoemamu (ot 6000 oo
18 000 km?) cocTaBnset 15-25% ronoBo CyMMmbl
0CafKoB Haf cylwen. Hag Bogpoemamu nnowanpto
5000 KM? KONIMYECTBO OCaAKOB YMEHbLUAETCS Ha
5-10%.

Ha puc. 3 nocTpoeHbl rpadunkm rogqoBoro xoga
CPEOHUX MHOMONETHMX CYMM BbiNagaloLmx ocan-
KOB MO AaHHbIM HabMIOEHMIN HA METEOopPOoNormye-
cKkux ctaHumsax Banaam, CopTtaBana n Baptcuns.
CtaHumsa Banaam pacnosnioxeHa Ha ocTpoBe B Jla-
noxckom o3epe, MC CopTtaBana — Ha nobepexbe,
MC BapTtcuna — B 50 km Ha cesep oT CopTaBarnbl.

Kak cnenyet n3 npueeaeHHbix rpadunkoB, CyM-
Mbl OCaIKOB, BbiMNagaloLMx Hag caMUM 03epoM, B
TeyeHne BCEro roga He MpeBbILLAOT KONNYECTBA
ocagkoB Hap nobepexbeM. B nepuon ¢ UoHS Mo
OKTAOpPb MeCSsl4Hble CyMMbl OCaZlKOB BO3pacTarT
Nnpwv yBesIMYeHM PacCcTosiHMUS 00 03epa.

YcnoBus yBnaxHeHuUs TeppuTopum onpenens-
0T CTeneHb BO3eNCTBUS BOAHOMO 0ObeKTA HA Me-
TEOPOJIOrMYECKUI PEXUM ero Nobepexmin: oT He-
3HAYUTENIbHOIO B 30HE M30bLITOYHOrO M A0CTATOM-
HOro YBNaXXHEHUS1 OO CYLLECTBEHHO OOMbLUErO B
YCINOBUSIX 30Hbl HEAOCTATOYHOIO YBIAXHEHUS.
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Puc. 3. lopoBoii xon cpedHero KoaMyecTBa atMocdepHbIX 0CaaKoB B palioHe

Napoxckoro o3epa

OaviH n3 nokasaTenemn knumaTa, KOTOpPbI B 3HA-
YNTENbHOW Mepe UCMbITbiIBAeT BAMSHME 03epa, —
OTHOCUTESIbHAsA BNAXHOCTb (NPOLEHTHOE OTHOLLE-
HVe paKTU4eCKOor yrnpyrocty BOOAHOro napa B aT-
Mocdepe K ynpyroctm HachblLalwero BoAAHOro
napa npu TOW Xe Temnepartype, xapakrepusyer
CTeneHb HaCbILWEHVs BO34yxa BOASAHBIM MapoMm).
OTHOCKTENBbHAsA BNaXXHOCTb BO34yxa Ha nNpubpex-
HbIX TEPPUTOPUSX YBENMHYMBAETCS C HACTYM/IEHNEM
MopcKkoro 6pusa. PasHuua no cpaBHEHWIO C yaa-
NIEHHbIMW  TEPPUTOPUSMN  MOXET  OOCTUratb
5-10%. Onsa Jlagorn HacbILWEHHOCTb BO3ayxa BO-
OSHBIMM MapamMu Hag, 03epoM U nobepexbemM B
cpenHem 3a rog coctasnset 80-84%. Hanbonee
paBHOMEPHO pacnpenesieHne BNaXHOCTU B 3UM-
HUA nepuon. BecHon m netom oOTHOCUTENbHaAdA
BI2QXXHOCTb Ha nobepexbe MoxeT nagatb a0 60%,
Torga Kak Hajg 03epoM, OCOOEHHO B €ro HXHOW
4acTM M Ha OCTPOBaX, OHa He OrMNyCKaeTCs HUXe
79%. CyTO4YHbIN XOA OTHOCUTENbHOW BIAXHOCTU
o0paTHbIVi xoay TEMMNepaTypbl BO34yxa.

B 1abn. 4 npuBeneHbl 3HA4YEHUS cpeaHeln Me-
CAYHOM OTHOCUTESNIbHOW BAAXHOCTU BO3Oyxa Mo
OaHHbIM  HabNIOEHUI Ha METEOPOJSIOrMYECKNX
cTaHumsx BacunucuH u lMNMetposasoack. CtaHums
MeTpo3aBoAcK pacnofioxeHa Ha nobepexbe o3e-
pa, MC BacunucuH — Ha octpoBe B OHEXCKOM
o3epe. AHanu3npys OaHHble Tabnavupbl, MOXHO
caenaTb BbIBOA O TOM, YTO B TEYEHMe BCEro roga

OTHOCUTENbHAas BNAXHOCTb BO3ayxa Han OHex-
CKMM 03€epOM MpEeBbILLAET BAAXHOCTb Ha Mpwu-
OpexHbIX TeppuTopusax. OCobeHHO pasHuLa Npo-
SIBNSIETCS B BECEHHEe-NEeTHUI nepnoa, koraa pas-
nnyna moryT gocturatb 8—14%.

YBenuyeHne BRaXHOCTM BO34yxa, Haxogsiie-
rocsi Hag, BOOOEMOM, NPOCAEXMBAETCH A0 BbICOThI
300-400 m. OTHOCUTENBbHAdA BNAXHOCTb BO34yXa B
HUXHEM CTOMETPOBOM C/0€ YBENNYMBAETCS Ha
5-10% no cpaBHEHMIO C BO3AYXOM, HAaXOOALWMMCSH
Hapn nobepexbeM, Ha BbicoTe 300-400 M — He
6onblue yem Ha 2-3% (ApnameHko, 1979). Mpupa-
LweHne abCoNIIOTHOM BAAXHOCTU MO, BIUSHUEM
ero TpaHcdopmauum Hag BOAOEMOM JocTuraet
7-8 mbap nNpu OTHOCUTENBLHOW BNAXHOCTU HaTe-
Kalowero Ha Bogoem Bosgyxa 15-25% u okono
1 m6ap — npu 90-95%.

padwuk, coctaBneHHbln NO gaHHeiM B. H. Apa-
MEHKO AN A30BCKOro MOpsl, HarfsAHO NOKa3bIBAET,
4TO BAUSIHWE KPYMHOro BOAOEMA HA PEXUM BIaXKHO-
CTW BO3[yxa NPOCNEXNBAETCHA Ha PaccTosiHMK 00-
nee 30 km (puc. 4). Tak, Ha paccTosiHum 30 KM n3me-
HeHMe abCOJIIOTHOW BNAXHOCTM COCTaBASeT npu-
MepHo 10% OT M3MEHEHUs1 B NMPUOPEXHON 30HE.
(ABConoTHas BNaXHOCTb BO34yXa — CUHOHUM «yn-
pPyrocTb BOASHOIO napa» — xapakrepusyeT napum-
anbHOE JaBneHne BOASHOrO napa B BO34yxe, U3Me-
psieTcs B MUannbapax unv Mm. pT. cT. MapupansHoe
JaBfieHVe — Ta 4YacTb OOLLEro OaBNeHUs ra30oBoOW

Ta6nuua 4. CPEOHAA MECAYHAA N TOOOBAA OTHOCUTEJIbHAA BJTAXHOCTL BO3AYXA MO JAHHLIM

MC NETPO3ABOACK 1 BACUJTINCHH

CraHuus | Il 1] \% Vv Vi Vil Vil IX X Xl Xl
[MeTpo3aBoack 86 84 76 70 65 68 73 78 83 85 88 88
BacunucuH 88 86 83 82 79 82 81 82 82 83 86 88
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Puc. 4. NiameHeHne abCOSMOTHOW BIAXHOCTW BO3/4yXa B 3aBMCMMOCTU OT PacCTosi-
HMsa 0o 6epera A3oBckoro mops. MocnenosyaeHHoe Bpemst

cMecu, koTopast 00ycnoBfieHa AaHHbIM NMapoM Uun
rasom.) Ecnm cpaBHUTBL 9TV JaHHbIE C AaHHbIMW NS
TemnepaTypbl BO3OyXa, MPEACTaB/IEHHbIMM Ha
puc.1, ToO MOXHO cpaenaTb BbIBOA, 4YTO paguyc
YBIAXKHSIOLLEr0 B/IMSHUS BOAOEMA 3HAYUTESIbHO
NpeBbILLAET Paanyc TEPMUYECKOrO BINSHNS.

Bopoembl He ABNSAIOTCS UCTOYHUKOM KOPEHHO-
ro npeobpasoBaHUsa KINMaTUYECKNX YCI0BUIA, HO
B TO XK€ BPEeMSs BHOCHAT 3aMeTHble U3MEHEHUS B Me-
CTHbI KITMMaTUYECKNn pexmnm. BansHme KpynHbIx
BOZOEMOB MPOSIBNSAETCS B OCHOBHOM B TOM, 4YTO
OHW OTENNSAT (NN OXNaXKOAI0T) N YBAAXKHSAIOT NO-
Oepexbsi, 0cNadbnaAT KOHTUHEHTANIBHOCTb KNMa-
Ta B paguyce BAMsSiHUS BOOOEMaA, U3-3a YMEHbLLEe-
HUS LLIEPOXOBATOCTU MOACTUNAIOLLEN MOBEPXHO-
CTM BO3pacTaeT CKOPOCTb BETpa MO CPaBHEHUIO C
nobepexbamu. BnnsiHne BogoemMoB Ha OKpyXato-
LLLYIO TEPPUTOPUIO 3aKITHOHAETCS B:

— OTCTaBaHWM CPOKOB Havana Ce30HOB roaa;

— YBEIMYEHUN TMPOAOIKUTENBHOCTN 6Ge3Mo-
PO3HOro nepuoga Ha OCTpoBax U MPUBPEXHbIX
TEeppPUTOPUSIX;
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— M3MEeHeHuUM TemnepaTtypbl Bo3dyxa (oTen-
naowmn 9p@EeKT OCEHBLIO 1 3UMOW 1 Oxaxaato-
LM — BECHOW U B Ha4ane neta);

— YBENMNYEHNM BNAKXHOCTU BO3AYXa;

— BO3pacTaHM1 CKOPOCTK BETPa Haf, akBaTopu-
et no 30% n 6onee;

— YMEHbLLEHUW YNCNa OHEN CO LUTUIIEM;

— YMEHbLLEHUU KONMyecTBa 06/1a4HOCTH;

— YBEJINYEHUM NPOAOIIKUTENIbHOCTU COJTHEYHO-
ro CUSIHUS;

— YMEHbLLEHUN KONMYEeCTBA BbiNagatoLmx art-
MOC@EPHbIX 0CaAKOB Had 3epKasioM KpPYMHbIX
03ep (BOOOXpPaHUAULLL) U NMPUBPEXHON TEPPUTO-
puemn.

Kpome Toro, cnenyet OTMETUTb, HTO O3EPHbIN
3P PeKT n3MeHaeTcs B 3aBUCUMOCTM OT MOPO-
NIOrnM4Yecknx OCOOEHHOCTEN BOOOEMOB (pa3me-
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MUCMNOJIb3OBAHUE TECT-OBbEKTA CERIODAPHNIA AFFINIS LILLIJEBORG
NMPN BUOTECTUPOBAHUUN TEXHOINEHHbIX BO,
roOPHOPYAHOIO NPOU3BOACTBA

H. M. KannHkunHa

UHeTuTyT BoaHbIX npobsiem Cesepa KapHL] PAH

BBEOEHUE

BaxHol npobnemMon B NpMpoa00XPaHHbIX UC-
CNefoBaHUSX SIBASETCS MOUCK YyBCTBUTESbHbIX
TecT-00bEKTOB, MCMONb30BaHME KOTOPLIX MO3BO-
T 3a61aroBpeMEHHO OLEHUTb OMaCHOCTb CTOY-
HbIX BOZ, U MPUHATL HEOBXoauMble Mepbl AN npe-
[OTBpaALLEHNSa 3arpsasSHEHUs NpupoaHOM cpefnpl.
BaxkHO, 4TOOGblI 3TN OpraHM3mebl OblM NpeacTaBu-
TensaMu MecTHON Giopbl UM dayHbl, NOCKOJIbKY
9KCTPaNONAUNS 3KCNEPUMEHTANbHBIX AAHHbIX Ha
noneskle ycroBus 6bina 6bl B 3TOM ciydae Hanbo-
nee To4HON. B nuTepatype cogepxarcs npumepsl,
Korga cTaHAapPTHBIN TECT-00BbEKT B CUY CBOEN He-
[OCTaTOYHOW YYBCTBUTENIbHOCTW HE NO3BOJIN 00-
HaPY>XWUTb ONMACHOCTb 3arpA3HSIOLLMX BELLLECTB 4115
NPUPOAHBIX 9KOCUCTEM. Tak, OueHKa OMacHOCTU
TEXHOreHHbIX BoA KOCTOMYKLLCKOro ropHo-obora-
TUTENIbHOrO KOMOMHAaTa, pacrnofIoXeHHOro Ha ce-
Bepe Kapenuu, 6bina BeINOSIHEHA B ONbITax Ha BET-
BUCTOYCbIX padkax Daphnia magna Straus. 9T0T
BN — OOLLENPUHATBIA TEeCT-00beKT B TOKCUKOJIO-
rmyeckmx nccnegosaHusax (JlecHmkon, 1971; Ctpo-
raHoB, 1971; bparunnckuii, 2000). Ha npoTsaxeHnmn
30 cyT onbiTa gadpHUK BbIXMBaNM B Hepa3baBneH-
HbIX TEXHOreHHbIX Bogax (dybpoBuHa 1 ap., 1995;
KanuHkuHa, 2003). B TO XXe BpemMa paykm M3 ka-
penbCckmx BOOOEMOB (Hanpumep, Eudiaptomus
gracilis Sars) nornéanu B TEXHOrEHHbIX BOAAX B Te-
YyeHune HeCKOoNbKKMx YacoB (KannHkmHa v gp., 2003).

HoBbiM, ©onee 4yBCTBUTENIbHbIM TECT-00bekK-
TOM, KOTOPbIA NpennaraeTcsa MCnoib30oBaTh Mpwu
OLLeHKEe MOTEHLUMANbHOM OMACHOCTU CTOYHbIX BOZ,
ona  BopoemoB Kapenuu, MOXeT cTaTb BU[,
Ceriodaphnia affinis Lillijeborg (uepnogadHus).
Bnepsble TeCT C UCNONb30BaHUEM LeprnogadHnm
Obin paspabdoTtaH B 1984 r. B CLUA. Mo cpaBHeEHWIO
c TecT-06bekToM Daphnia magna HOBbIN TECT MNo-
3BONSAET 3a Oosiee KOPOTKMIA CPOK (7 CYyT BMECTO
24) patb OUEHKY XPOHNYECKOW TOKCUYHOCTU Tec-
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TMpyemoro obpasua Bogpl. o pykoBOOCTBOM
B. A. ®neposa B IHCTUTYTE BUONOTMN BHYTPEHHNX
Boa PAH nm. B. [. NMNanaHnHa TeCcT ¢ MCNnosb30Ba-
HMueM uepuogadHuin Gbina aganTUpoBaH onsa Le-
Nel 9Konornyeckoro koHTpons B Poccum (dnepos
n ap., 1988; dnepos., Xmyp, 1991; XXmyp, 2001).
TecT ¢ ucnonb3oBaHnem Buga Ceriodaphnia affinis
nposiBun cebs Kak aKCNPEecCHbIM U MHPopMaTUB-
HbI METOZ, OLLEHKN TOKCUYHOCTU CTOYHBIX BOA, U NX
komMmnoHeHToB (Yanosa, 2007; Yanoea, Kpbinos,
2007).

B 2009 r. kynbtypa Ceriodaphnia affinis 6bina
nob6e3Ho NpefocTaBeHa CTapLlivM HayyYHbIM CO-
TpyaoHnkom MEBB MpunHoin BacunsesHom Yanosown
019 UCMONb30BaHUSA B Hay4HbIX NCCeL0BaHUSX B
MHcTuTyTe BoaHLIX Npobnem Cesepa KapHL, PAH.

Llenb HacTosLLEeN paboTbl — OLLEHUTL ONAaCHOCTb
TexHoreHHonm Bogabl Koctomykuwickoro NOKa pgns
HOBOro TecT-obbekTa Ceriodaphnia affinis v cpas-
HUTb €ro YCTOM4YMBOCTb C YCTOMYMBOCTbLIO paHee
ncnonbdyemoro Buga Daphnia magna.

3agayn, KOTopble pellann B Xo4e nccnenosa-
HUS: pa3dpaboTaTb MeToAbl KyJIbTUBMPOBaHMS BUAA
Ceriodaphnia affinis B HOBbIX YCNOBUSX; OLEHUTb
OMacCHOCTb TEXHOreHHbIXx BO4, KOCTOMYKLUCKOro
FOKa ona smpoB Ceriodaphnia affinis w Daphnia
magna; CpPaBHUTb YCTOMYMBOCTb ABYX BUOOB K
0EeNCTBUIO MUHEpPasibHbIX BELLECTB.

MATEPUWAJTV METObI

MonyyeHHbI 0B6pasey, KyneTypbl Ceriodaphnia
affinis apanTupoBanu K HOBOW cpefe B TevyeHue
7 MecsiueB. B KkayecTBe KOHTPOSIbLHOW cpenbl
MNCMNOSIb30BaNM FPYHTOBYIO BOAY, OTOOpaHHylo n3
NCTOYHMKA Ha Tepputopun r. [leTposaBoacka, Ha
nesom 6Gepery p. HernuHku, no yn. BonbHoi. Ee
XUMUYECKMIA COCTaB YAOBNEeTBOpsieT Tpebosa-
HUSM, NPEObSBNSAEMbIM K KOHTPOJIbHbIM Cpefam B
«MeToauke onpenenieHnss TOKCUYHOCTU BOAbI...»



(>Kmyp, 2001). MoHHbIN COCTaB KOHTPOJIbHOM BOAbI
(mr/n): Na* - 7-19; K* — 2-4; Ca?" — 12-24; Mg?* —
4-11; HCO, - 31-58; CI - 8-21; §O,* - 15-40;
NO,” — 4-28; pH - 6,2-6,7 (BoaHble pecypcsl...,
2006). PaykoB kopMuAn OAHOKNETOYHLIMU 3ene-
HbIMW BogopocnamMn Scenedesmus quadricauda.
B kayecTBe MOOKOPMKM O/ PAyYKOB MOXHO WC-
Nnonb30BaTh APOXOKEBYIO CycneHauto. s ee noa-
roToBKM 1 Mr CbIpbIX ApOxcKken pa3sogdar B 100 mn
BOAbl M BblAEPXMBAIOT MNP KOMHATHOM TeMnepary-
pe cyTkn. KopmMuntb CycrneHanern MoXHo 13 pacye-
Ta: 1-2 kanam Ha 100 mn cpeppl 1-2 pasa B Hepe-
0. B ganbHenwem cycrneH3nio 4podxoken Heobxo-
OMMO OBHOBNATb. [pyron BUA KOpma — BOOHbIN
HacTom no4Bbl (Anderson, 1980). 30 r noysbl (C Op-
raHMYeCKUMU BKJIIOYEHUSIMU, MOXHO KOMMOCT) Mo-
MeCTUTb B 1 N1 KOHTPOJIbHOW BOAbI, pa3mellaTtb 1
BblOepXaTb NP KOMHATHOM TeMmnepatype 1-2 gHs.
HacToli npodunbTpoBaTth Yepes xsondyatobymax-
HYIO TkaHb. MogxapmnnBaTtb KyJbTypy U3 pacyeTa:
1-2 kannm HacTtos Ha 100 mn cpenpl Kaxablii AEHb.

Nccneposanu nencrTeme Ha paykoB
Ceriodaphnia affinis TexHOreHHow BOAbl, OTO-
OpaHHOM 13 XBOCTOXpaHuanwa KocToMyKLICKOro
ropHo-oboratuTesnbHOro kombuHata. B onbiTax
ncnosib3oBann HepasbdaB/IEHHYID TEXHOMEHHYIO
BOAY, a Takxe ee 2-kpaTHoe, 5-kpatHoe n 10-kpat-
Hoe pa3BeneHus. B kauecTBe KOHTPOJIS NPUMEHSI-
N BOAY M3 UCTOYHMKA Ha Y. BonbHoW. BCce onbIThl
cTaBmnu B 15 NOBTOPHOCTSX, B KaXAbl COCy, Ha-
nveann no 15 mn nccnepyemom cpeapl, B KOTOPYIO
nomewann no 1 ak3. uepunogadpHuii. NMpoaokn-
TeNbHOCTb OnbiTa — 7 CyT. Temnepartypa BoAbl —
18-20 °C. YunTbiBan BbXXMBAEMOCTb U MI040BU-
TOCTb PayKOB.

OpHoBpeMeHHO n3yvyanu gencreve sogbl Koc-
TOMYKLLCKOro XBOCTOXPaHUNLLA Ha CTaHOAPTHbIN
TecT-00bekT — padykoB Daphnia magna. B XpoHu-
yeckOM oOnbiTe npogo/KMTENbHOCTEIO 10 CyT
ncenegoBanu BAUSIHME Hepal3baBfieHHOW BOAbl
XBOCTOXPaHMINLLA Ha BbIXXMBAEMOCTb U MJ1040BU-
TOCTb AadHui. OnbITbl BENW B TPEX MOBTOPHOCTSX,
B Kaxapl cocyn Hanmeanu no 100 mn Boabl 1 no-
MeLwanm no 5 ak3. gadHui.

B oToenbHoOM cepun 3KCNepMMEHTOB M3ydann
OencTBMe Kanbuusl, HAaTPUA U KasbLMSA (OCHOBHbIX
KOMIMOHEHTOB BOAObl XBOCTOXpaHuAMLa) Ha
Ceriodaphnia affinis n Daphnia magna. Bce pac-
TBOPblI FOTOBW/M B MepecyeTe Ha KaTuoHbl. B
10-cyTO4YHbIX OMbITax MUCCNegoBann BbKUBae-
MOCTb U1 MJI0A0BUTOCTb PAYKOB B PaCTBOPAx kanmsi
(koHueHTpaumn 10-600 mr/n), HaTPUSA (KOHLLEH-
Tpauun 40-1000 mr/n) n Kanbums (KOHLEHTpaLMn
10-800 mr/n). Metogom npobut-aHanunaa (Mpo-
3o0poBckun, 1962; Kopocos, KanuHknHa, 2003)
onpenensnn cpengHecMepTesibHble KOHLEHTpa-
LM NOHOB Kanus, HaTpUs 1 KanbUnsa ons AByx BU-

49

0OB paykoB. TemnepaTypa BOAbl BO BCEX OMNbITax
BapbupoBana B npegenax 18-21 °C.

PE3YJILTATbBI U OBCYXAEHUE

Bopa xBocToxpaHunuila okasanacb HETOKCUY-
Hol ons Daphnia magna. B Hepa3baBneHHoM Boae
payky MOJIHOCTBIO BbIKMBANN B 3KCMNepUMeHTax
npogomkutenoHocTeto 10 cyt. OgHako naogoBu-
TOCTb gadHuin 6bina goctosepHo (p < 0,05) cHu-
XeHa Mo CPaBHEHMIO C KOHTPOJIbHbIMM Moka3aTe-
nsamu. Tak, B KOHTPOJIe NMI0A0BUTOCTb PAYKOB CO-
cTaensna 5,7 ak3./camky, B TO BPEMS Kak B BOAE
XBOCTOXpaHunuwia — 3,7 ak3./camky (Tabn. 1).

Ta6nuuya 1. BbDKMBAEMOCTb U
NIOLOBUTOCTb DAPHNIA MAGNA B KOHTPOJIbHOM
CPEJE N BOOE XBOCTOXPAHUJTNLLA

BapuaHt BbixuBae- | [171000BUTOCTb, 9K3./CaMKy
MOCTb, % M m t
KoHTtponb 100 5,72 0,61 _
Bopa
XBOCTOXpaHunuLia 100 3,73 0,13 3,20*

lMpumedaHme. 3aecb 1 B Tabn. 2-5: * — oTANYME OT KOHTPOJIA
noctoBepHo (p < 0,05).

Paukun Ceriodaphnia affinis okasanucb ropa3go
YyBCTBUTENIbHEE K OENCTBMIO TEXHOMEHHOW BOAbI.
VX BbIXMBaeMOCTb B Hepa3baB/ieHHOM BOoAe COocTa-
Buna Bcero 40%, B AByKpaTHOM pa3basneHmn — 60,
B NATUKPATHOM — 67, B aecatukpaTtHom — 87%. Mno-
OOBUTOCTb LepmoaadHuin Obiia AOCTOBEPHO CHU-
XeHa B Hepa3baB/IeHHOM BOEe XBOCTOXPAHMUINLLA U
OByKpaTHOM ee paseegeHun. [pu yBeanyeHun
KpaTHoCTU pasbaBnenus (5- n 10-kpaTHoe) noka-
3aTenn NaogoBUTOCTM PavykoB OOCTOBEPHO HE OT-
nnyanncb oT KOHTponsa (Tabn. 2). Takum obpasom,
OBa BMaa pakoobpasHbIX MPOSIBUNM Pa3nNYHYO pe-
aKUMIO Ha OOVH U TOT Xe BUA, 3arpasHeHmnsa. [ns su-
na C. affinis Boga XBOCTOXpaHUULLA OKa3anacb
3HaUNTENbHO ©OoJsiee TOKCUYHOM, YeM Ons Buaa
D. magna. 3T0 NO3BOASET B AaJ/IbHENLLEM UCMOSb-
30BaTb H6onee 4yBCTBUTENLHLIN BUA, C. affinis ons
KOHTPONS 32 OMNacCHOCTbIO TEXHOrEHHOW BOAbI
xBocToxpaHmnuuwa Koctomykuickoro NOKa.

Ta6nuua 2. BBDKMBAEMOCTb M MJIOQOBUTOCTb
CERIODAPHNIA AFFINIS B KOHTPOJIbHOW CPE/E,

B BOOE XBOCTOXPAHWJTMLLUA N PA3JTNHYHbIX EE
PA3SBEOEHNAX

BapuaHT BbI)KVIBaoe- [n1omoBUTOCTb, 9K3./CaMKy
MOCTb, % M m t

KoHTposib 100 18,07 1,05
10-kpaTHoe 87 19,62 1,31 -0,92
5-kpaTHOoe 67 14,33 1,92 1,42
2-kpaTHoe 60 10,10 1,77 3,88*
HepasbaBneHHas
BOJA XBOCTO-
XpaHunmLia 40 3,17 0,70 11,80*




[ns 910l BOAbI XBOCTOXPaHUINLLLA XapakTePHO
BbICOKO€E coaepxaHue kanmsa (go 150 mr/n), a Tak-
€ MOBbILLEHHbIE KOHLUEHTpaLUUM WOHOB HaTpus,
kKanbumsi 1 mMarHus  (MoBepxHOCTHblIE BOAbI..,
2001). B nutepatype (AybposuHa n gp., 1995;
KanunHkuHa, ybposuHa, 1995; Perepana, ®epno-
posa, 2000) comepxaTcs ykasaHus, 4TO TOKCUY-
HOe AencTBMe BOAbl XBOCTOXPaHUINLLA Ha rnMapo-
OVOHTOB CBSAA3aHO MMEHHO C BbICOKMMWN KOHLEH-
TpaumsiM1 NOHOB Kanusl.

Hamu Obino caoenaHo npeanosioxXeHue, 4To
OonbLuas YyBCTBUTENLHOCTL BUAa C. affinis k Boae
XBOCTOXpaHMAMLLA CBsi3aHa ¢ ero 6obluei ysa3Bu-
MOCTbIO K OCHOBHbIM KOMMOHEHTAM TEXHOrEeHHOM
BOAbl. 11151 NPOBEPKN 3TOro NpeanonoxXeHns Obinmv
NPOBeAEHbl 3KCMEPUMEHTbI MO U3YHEHUIO CPABHU-
TENbHOM YCTONYMBOCTU OBYX BUAOB PAYKOB K OEN-
CTBUIO COJIEN Kanusl, HAaTPUS 1 KasnbLUs.

MccnepoBaHus nokasanu, 4To Npu KOHLEHTpa-
umm 600 Mr/n NMOHBbI Kanus oka3ann OCTPO TOKCUY-
HOe [OeNcTBMe Ha payvykoB ABYX BWAOOB. Payku
D. magna norubann B pacTBopax Ha 6-e CyTku,
C. affinis — Ha 4-e cyTku onbiTa (Tabn. 3). B pac-
TBOpax C koHueHTpauuen 200 mMr/n BbIXUBaIu,
COOTBETCTBEHHO, 73% D. magna n 42% C. affinis.
B pactBopax ¢ koHueHTpauuen 150 mr/a BbXn-
BAeMOCTb paykoB BO3pacTasna: K KOHLY OrbiTa Bbl-
xunno 86% D. magna v 71% C. affinis. B obLiem,
NPOLEHT BbKMBaHUS fadHNI Obin BbllE, YEM KO-
JINYECTBO BbIXUBLUMX LepuoaadHUii, Y4TO yKkasbl-
BaeT Ha OOMblUY0 YYBCTBUTENIbHOCTb K Kasnuio
mmMeHHo Buga C. affinis. OpHako pasanyune
OBYX nokasaTenen no BennunHe kputepus F
(cooTtBeTcTBEHHO, 1,9 1 0,7) 6bINO HEQOCTOBEP-
HbIM (p < 0,05).

Haunbonbluee pasnmyve B peakumm AByX BUOOB
Ha OelCTBME MOHOB Kanus NMposiBUIOCh Mpu aHa-
n3e AaHHbIX N0 UX MA0O0BUTOCTM (CM. Tabn. 3).
Tak, y Buga C. affinis yHkumMa pasmMHOXeHus Oblna
NOJIHOCTbIO NOAAaBNEHA NPU KOHLLEHTPALMSX Kanus
150-200 mr/n, B TO BpeMs KaK y caMok D. magna B
3TUX pacTBOpax OTMeYann MosiBeHne MoJsioau,
XOTS cyMMapHas NioaoBUTOCTb pavykoB Obina ooc-
TOBEPHO HUXE KOHTPOJIbHbIX Nokasatenen. MnHu-
MasibHasi U3 MCCNeaoBaHHbIX KOHLIEHTpaUMA MOo-
HoB kanus (10 mMr/n) Bbi3biBana pe3koe CHMXKEHNE
nnonoBmuToCTM padkoB C. affinis (0o 3 9k3./camMky
NPoTuB 24 9K3./CaMKy B KOHTpOSE). B TO e Bpems
pacTBOpbl C KOHUeHTpaumen kanusa 10 mMr/n He
BAVSIIN HA NNOAOBUTOCTb padykoB D. magna.

MOHbI HaTpus okasanu BIUSIHWE Ha BblXKWBae-
MOCTb paykoB npu KoHueHTpaumn 1000 mr/n. Bbl-
XNBAEMOCTb JadHUN B 3TUX pacTBOpax K KOHLY
aKkcnepuMeHTa coctasuna 87%, uepuogadHuin —
b 29%. Paznuymne mexay 3TMMu BENUYMHaAMM
no kputeputo F (7,7) noctoBepHo. B pactBopax ¢
KoHueHTpaumen Hatpus 800 Mr/n BbKMBAEMOCTb
0bounx BUOOB CYLLLECTBEHHO Bbilwe — 93% D. magna
n 100% C. affinis. B pnanadoHe KoHueHTpaumin 40—
600 mMr/n HaTpuii He Oka3blBan BAUSHUE HA BbIXW-
BaeMOCTb pa4vkoB (Tabn. 4). Kak BUOAHO 13 OaHHbIX
onbiToB, BuA C. affinis BHOBb NposiBua 60JbLUYIO
4YyBCTBUTENBHOCTb, YeM D. magna. Npu KOHUEH-
Tpauum Hatpust 1000 mr/n nornbaeT AOCTOBEPHO
6onblue uepmnogadHuin, yem gadHn. ITa Xe TeH-
OEeHUMs1 CoXpaHsieTcs U Npu CpaBHEHUW NIOA0BU-
TOCTM ABYX BUAOB paykoB. Tak, B Anana3oHe KOH-
ueHTpaumin Hatpusa 400-600 mr/n NaogoBUTOCTb
nadHMN JOCTOBEPHO CHMXKEHA OTHOCUTENIbHO KOH-
Tpons n coctaBnsaet 35-56%. M10Q0BUTOCTb Xe

Tabnunuya 3. BINAHME MOHOB KAJIMA HA TTIOKASATENIN XXUSHEAOEATE/IbHOCTU BYX BUOB

PAKOOBPA3HbIX
Daphnia magna Ceriodaphnia affinis
BapuvaHt BbixnBaemocTb, [Mn040BUTOCTb, 3K3./CaMKy BbixnBaemocTb, MnoooBUTOCTD, BK3./CamKy
% M m t % M m t
KoHTponb 100 5,72 0,61 - 100 24,0 1,29 -
10 mr/n 100 4,60 0,61 1,3 100 3,00 0,95 13,1
100 mr/n 100 4,07 0,33 2,4* 100 0,86 0,34 17,3*
150 mr/n 86 1,00 0,46 6,2* 71 0 - -
200 mr/n 73 0,33 - - 42 0 - -
600 mr/n 0 0 - - 0 0 - -

Ta6bnuua 4. BIINAHNE MOHOB HATPUA HA MOKASBATENN XN3HEAEATE/IbHOCTU BYX BUAOB

PAKOOBPA3HbIX
Daphnia magna Ceriodaphnia affinis

BapuaHT BbixnBaemocTb, MnopoBUTOCTb, 9K3./CaMKy BbIxnBaemocCTb, MnofooBUTOCTb, 9K3./CaMKy

% M m t % M m t

KoHTponb 100 5,72 0,61 - 100 24,00 1,29 -
40 mr/n 100 4,53 0,29 1,77 100 10,14 1,50 6,99*
400 mr/n 100 3,20 0,31 3,71 100 7,86 1,18 9,22*
600 mr/n 100 2,02 0,12 6,01* 100 1,71 0,92 14,07*

800 mr/n 93 0 - - 100 0 - -

1000 mr/n 87 0 - - 29 0 - -
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Ta6nunuya 5. BIIMAHME NOHOB KANTbLINA HA MOKA3ATEJIN XXU3HEAEATEJIbHOCTW ABYX BUOOB

PAKOOBPA3HbIX
Daphnia magna Ceriodaphnia affinis
BapwnaHTt BbikrBaemMocCTb, MnopoBUTOCTb, 9K3./CaMKy BbixrBaemMocTb, MnopoBUTOCTb, 9K3./CaMKy
o) o)
& M m t & M m t
KoHTponb 100 5,72 0,61 - 100 24,00 1,29 -
10 mr/n 100 4,93 0,37 1,11 100 6,00 0,85 11,67
100 mr/n 100 3,73 0,29 2,96* 100 4,14 0,77 13,21
150 mr/n 100 0,20 - - 100 0,43 0,30 17,79*
200 mr/n 100 0 - - 71 0 - -
400 mr/n 93 0 - - 57 0 - -
800 mr/n 80 0 - - 29 0 - -

uepvogadHMn TakkKe [OCTOBEPHO OT/IMYaeTCH,
O[HaKO OTK/IOHEHWE OT KOHTPOJst 6onee cyLlecT-
BEHHO — 7-33%. PacTBOpbl C KOHUEHTpaumen
HaTpus 40 Mr/n He BAVSIIOT HA MI0A0BUTOCTb Aad-
HUIN, 0QHAKO KOJIMYECTBO MOJS1I04M uepnogadHuin B
9TUX PaCTBOPAx LOCTOBEPHO CHMXEHO MO CPaBHe-
HUIO C KOHTPOJIbHbIM MOKa3aTeNneM 1 COCTaBnseT
Bcero 42%.

MOHBbI KanbLMsa CHUXannM BbIXXMBAEMOCTb BMAA
D. magna B pgmana3oHe koHueHTpauun 400-
800 mr/n, Bupga C. affinis — B gnanasoHe 200-
800 mr/n (Tabn. 5). B pacTBOopax ¢ KOHUEHTpauus-
M 200 mr/n n 800 mr/n uepronadHU BbXNIO
[OCTOBEPHO MeHblle, 4emM gadHuin. BennyuHbl
Kputepuss F coctaBunu, COOTBETCTBEHHO, 6,2 1
8,4. B gmanasoHe KOHUeHTpauun kanbums 10-
200 Mr/n oTMe4yanu CTOMPOLEHTHOE BbIXVBAHUE
nadHun. LeprnogadHunm nonHOCTLIO BbXKMBaAN B
AvanasoHe KoHueHTpauui kanbumnsa 10-150 mr/n.
Mpwn aHann3e faHHbIX MO BbKMBAEMOCTU BHOBb OT-
4eTIMBO NpocnexmnsaeTcs 6osbLlast yCTOMYNBOCTb
Buga D. magna Kk OeWCTBUIO MUHepasibHbIX Be-
wecTs, 4em Bupga C. affinis. 3T BbIBOAbI MOJHO-
CTblO MOATBEPXOAIOTCH pe3ynbraTaMn UCCneno-
BaHWS BANSIHNS KaNbLUUS HA N10A0BUTOCTb PAYKOB.
Tak, pacTBOpbl Kanbums C KoHueHTpaumen 100-—
150 Mr/n  OOCTOBEPHO CHWXanuW MA0A0BUTOCTb
JadHnn, a B pactBopax ¢ KoHueHTpauyen 10 mr/n
BANSIHNS KaNbUUS HA MIOO0BUTOCTb HE MPOSBU-
nocb (cM. Tabn. 5). B 10 e Bpemsi N1ogoBUTOCTb
ueprnogadHMin okaszanacb OOCTOBEPHO CHUXXEH-
HOM OJaxe Npyv MUHUMANbHOW N3 NCCNea0BaHHbIX
KOHUEeHTpauuini kanbums — 10 mr/n.

B nutepatype copepxaTcsl yka3aHus, 4TO U3
TPEX KATUOHOB (Kanui, HAaTPUA U KasbLWii) 4715 BOL-
HbIX OPraHM3mMoB Hanbonee TOKCUYHBIM SABMSIETCA
kanui (OQybposuHa 1 gp., 1995; KanuHkuHa v gp.,
2005; KanuHknHa, Kynunkoa, 2009). MNMpencrtasnano
VMHTEepPEC CPaBHUTb TOKCUYHOCTb 3TUX KATUOHOB AJ1s1
nadHun n uepnogadHuin. Ing aTon uenu paccuum-
TblBaNM  CpeOHEeCMepPTEeNbHble  KOHLIEHTpaumm
(CL50) noHoB onsi AByX BUAOB PAykoB MO METOAOY
npobuT-aHanu3a. Mcnonb3oBanu paHHblE MO
CMEPTHOCTM PaYKOB B Pa3HbIX PACTBOPAXxX Tpex Ka-
TUOHOB Ha 9 CYTKM ONbITa. 3HAYEHUS KOHLIEHTPALMI
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norapudmMmMpoBanu, a 3Ha4eHUsi CMEPTHOCTU pau-
KOB nepeBoannv B Npobutel. PacyeTbl BENNYUHBI
CL50 npencTaeneHsbl B TabA. 6. MoHbl kanusa xapak-
TepunayTcs HanborbLLIEN TOKCUYHOCTbIO. Bennum-
Hbl CL50 kanus ons AByx BUAOB PAYKOB OKa3ancChb
HaMeHbLINMK 1 cocTaBunm 215-248 mr/n. Janee
cnenyoT MOHbI Kanbuusi, BenudnHel CL50 KoTopbIx
coctaBum 443-836 mr/n. 3Tn 3Ha4eHuUss OOCTO-
BEPHO 6oJiblUE, YEM CPeAHECMEPTENbHbIE KOHLEH-
Tpaumm MOHOB Kanus. HanmeHbLlen TOKCUYHOCTbIO
XapakTepuayrTcs MOHbI HaTpus. BennumHer CL50
HaTpus cocTaBnalT ana  OByx BugoB 980-
1084 mr/n. 9710 HambonblUME 3HAYEHUS CpemHe-
CMepTeSbHbIX KOHLEHTpauui cpean Tpex uccneno-
BaHHbIX KaTWOHOB. TakMM 006pa3om, UccnenoBaH-
HbI€ KATUOHbI MOXHO PaCNONIOXUTb B PSS, CHUXKEHMS
TokcuyHocTu: K> Ca > Na.

Ta6bnuuya 6. 3HAYEHNA CPEOHECMEPTEJIbHbBIX
KOHUEHTPALLMI KANNA, HATPUA U KANTbLMSA 014
ABYX BUOOB PAHKOB

KaTuon Daphnia magna Ceriodaphnia affinis
CL50 m CL50 m
Kanui 2477 21,2 214,8 29,9
Kanbuuia 835,6 71,1 4426 73,8
Hatpuin 1083,9 36,0 979,5 45,3

MonyyeHHble ¢akTbl XOPOLUO COrnacyTcsa C
nuTepaTypPHbIMU AaHHBIMU O HANOONbLLEN TOKCUY-
HOCTN MMEHHO MOHOB Kanus Ass PasfnyHbIX BUOOB
BOAHbIX opraHmamoB (YekyHoBa, 1960; J1o30BuK,
ybposuHa, 1998). 13 oByx BMOOB MeHbLLUEN pe-
3UCTEHTHOCTbIO K IEACTBMIO TPEX KATMOHOB Xapak-
Tepuayetca C. affinis. 3Tn dakTbl 0OBACHAIOT U
Manyto yctonumBocTb Buga C. affinis no cpaBHe-
HUO ¢ D. magna K gencTBMio BOAbl XBOCTOXPaHU-
nnuia, OCHOBHBIMU KOMMOHEHTaMKU KOTOPOW ABNS-
IOTCS Kasnii, HaTPUN 1 KanbLUUA.

SAKJIIOYEHUE

Taknum obpasom, Bua Ceriodaphnia affinis npo-
ABUJT HU3KYIO PE3UCTEHTHOCTb K AENCTBUIO BOAbI
XBOCTOXPaHUNULLA, a Takxke COoNien Kanus, HaTpus
1 kanbuus. Mo peadynsTaTtam NoaoCTPbIX OMNbITOB HA
uepuogadHMAX BOAA XBOCTOXPAHUMMLLA MOXET



ObITb OXapakTepM30BaHa Kak CWbHO TOKCWYHas.
[na nByx nsyydeHHbix BuaoB (Ceriodaphnia affinis n
Daphnia magna) Hanbonbluen TOKCUYHOCTbIO 00-
Na[aloT MOHbI Kannsi, 3aTEM MOHbI KaslbLWs, HATPUIA
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M3MEHEHUE NMOBAJIbHOIO U PETUOHAJIbHOIO KJIMMATA

J1. E. HagzaposBa

UHcTuTyT BOoAHbIX Nnpobrem Cesepa KapHL PAH

B HacTosuiee Bpemsi akTyanbHOW SIBASETCS
npobnema n3MeHeHUs 1 UISMEHYMBOCTU KnMmaTa B
cBeTe Habnopatouerocs rnobanbHOro norense-
HUS1, 0COBbLIN MHTEPEC BbI3bIBAIOT TEHAEHUNN U3-
MEHEHUS KITMMaTUYECKMX YCNOBUI HA PermoHarb-
HOM YPOBHE.

M3MeHeHVs 1 U3MEHYMBOCTb KiMMarta Leneco-
00pas3Ho pa3fenstb No ANUTENLHOCTU OENCTBUS
TEX WM MHBbIX BO3MYLLEHUA 1 06paTUMOCTKX Mpo-
uecca. 3a U3MeH4YMBOCTb KMMaTa NpUHMMAlOT OT-
HOCUTENIbHO KPaTKOBPEMEHHOE 06paTMOoe n3me-
HEeHVe NepuoaoB, MEHbLUMX, YEM WUCMNOSb3YKTCS
Ans onpeneneHns knumarta (HECKONbKO AecaTune-
Tnin). KonebaHunsa ¢ nHtepesanammu menbiie 30 net
LenecoobpasHo OTHECTU K MUBMEHYMBOCTU KiMMa-
Ta, 6bonee AnuTenbHbIE — K KonebaHusam knmmaTa,
€CJI1 OHM 0BpaTUMBI, NN K UBMEHEHUSIM KNMAaTa,
€CJIM OHU HOCAT HeoOpaTUMbIN xapakTep. MoHaTHe
M3MeH4YMBOCTb kumarta (climate variability) xa-
pakTepu3yeT Bapuauum CpeaHero COCTOSHUSA U
APYrMx CTaTUCTMHECKUX XapakTepuUCTuK (aucnep-
CUsl, MOBTOPSIEMOCTb 3KCTPEMAJIbHbLIX COObLITUIA 1
Ap.) KnMMaTa Npu BCEX BPEMEHHbIX U MPOCTPAHCT-
BEHHbIX MacLuTabax, BbIXoasaLmMe 3a npenenbl oT-
nenbHbiX cobbITui noroabl (KoHapaTtbes, 2004).
MI3MEHYMBOCTb BKJIIOHAET Pa3fnNYHbIE LMKINYHO-
CTW1, LUYMOBbI€ KOMIMOHEHTbI U ApYyrme COCTaBNsAo-
wye. OHa MOXeT ObITb Kak MPUPOAHO 0OYCIIOBNIEH-
HOM (B pe3ynbTarte BHYTPEHHMX MPOLLECCOB U
BHELLIHNX BO3OENCTBUI), TaKk M aHTPOMOreHHOWN.
Mo onpepeneHuio BcemupHon meTeoposiornye-
CKOW opraHusaumun, namMmeHeHus kammara (climate
change) npeactaBnsoT cobor pa3HOCTbL ero xa-
PakTEPUCTUK, MOSYYEHHYIO MNPU OCPEeAHEHUM 3a
[OCTaTOYHO ANINTENbHbINA MPOMEXYTOK BPEMEHU —
3a Tak Ha3blBAEMbIV MHTEPBAN KBa3uCTaLMOHap-
HoCTU. OBbLIYHO ANs TaKoro ocpeaHeHus Bblibmpa-
€TCs BpPEeMeHHOM npomexyTok nopsaka 30 ner
OTO MU3MEHEHVE MOXET CHUTATbCA peasibHbIM, €C-
JIN OHO NPEBOCXOAUT BEPOSITHYIO OLUMOKY BbIYUC-
JNIEHNS1 COOTBETCTBYIOLIMX KIMMATUHECKMX nepe-
MEHHbIX, UM CTaTUCTUYECKM 3HAYUMbIM B PaMKax
NPUHATON CTOXaCTUYECKOWN MOLENnN Knumara, ec-
N U3SMEHEHNE NPEBOCXOOUT 334aHHbIN YPOBEHb
3Ha4mmMmocTu (Mpy3a, PaHbkoBa, 2004). M3ameHeHns
KnMmaTa MOryT MmMeTb NPUPOAHOE MPOMCXOXAe-
HVe (CBSI3aHHOE Kak C BHYTPEHHMMU npoLeccamMu,
Tak U C BHELUHVMMW BO3AENCTBUAMMU) U (MNN) ObITb
00YyCNOBNEHHBIMU @HTPOMOreHHbIMU  hakTopamm
(n3aMeHeHne cocTtaBa atmocoepbl UM 3emne-
nonb3oBaHue) (KoHgpatees, 2004). 3T1o onpeae-
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JleHVe oTnnmyaeTcsa OT MPemsIOKEeHHOro B pamMou-
HOW KOHBEHLMM N0 NpobneMe N3MeHeHUn Knma-
Ta (PKUK), roe nog, uaMeHeHUsiMun Knvmata noHu-
MaloTCS TOJIbKO aHTPOMOreHHO OOYCNOBEHHbIE
M3MEHEeHUS, B OT/INYME OT U3MEHUYNBOCTU KNMmaTa
3a cYyeT NpupoaHbIX ¢pakTopos. Npu aTom kKnnmart
NMOHMMAETCS Kak CcTaTUCTU4eckuii aHcambnb Co-
CTOSIHUI, KOTOPbIV MPOXOAUT CUCTEMA OKeaH — Cy-
lwa — atMocdepa — kpnochepa — buocdepa 3a ne-
pvoL BPEMEHM B HECKOJ1bKO AecaTmnetnin (MoHuH,
1972).

[na pelwenns Bonpoca o KImMaTUyeCcKmnx ycno-
BUSIX OyayLero 60bLLOe 3HAYEHME VIMEET BbIsIC-
HEHME NPUYNH N3MEHEHNd KinMmaTa. Yxe CBbllle
100 neT y4yeHble yNOpHO ULLYT NPUYNHBI, KOTOPbIE B
Kakon-nmbo Mepe MOornu BAuSTb Ha popmmpoBa-
Hue n TpaHchopmaumio knumata 3emnu. nana-
30H A0ragok, Bepcuii, rmnores orpomeH. Cornac-
HO 3TUM TEOPUAM KIIMMAT MOXET N3MEHATLCS MOL,
BNIMSAHNEM KOCMWNYECKMX, aCTPOHOMUYECKUX U Fre0-
nornyeckmx GakTopos.

['MnoTe3bl, OCHOBaHHbIE HA OENCTBUM KOCMUYe-
CKnx akTopOoB, FOBOPAT O TOM, H4TO U3MEHEHUSA
KmMarta MMeT MHOrOMakTopHYI0 Npupoay ¢ A0-
MVHUPYIOLLMM BIMSIHUEM MPOLLECCOB, NPONCX0as-
wmx Ha camom ConHue. lMNpexae Bcero crapanmchb
YCTAHOBUTb CBSA3b MeXAY KOMOVHMPOBAHHBIM UH-
[EKCOM COJIHEYHbIX MATEH, U3BECTHbIM KaK yucna
Bonbda, n nsmeHeHnem temneparypbl BO3ayxa Ha
3emne. I3BeCTHbI knumaTonor KenneH ykadbiBan
Ha HanMyne oOpaTHON CBA3M Mexay 3TuMK napa-
mMeTpamu. Y KenneHa 6GbI10 MHOro nocnegosaTte-
e, HO, N0 MHEHWIO ero OMMOHEHTOB, HanpuMep
depopoBa, MOXHO roBOpUTL 0 BONee NN MeHee
COrnacoBaHHOM XO4€e COJIHEYHOW aKTUBHOCTU W
TeMnepartypbl BO3ayxa. B Hawe Bpema cuuTaior,
4TO CcBA3b Mexay 11- (22-) neTHMMK LmknamMm con-
HEYHOMN aKTUBHOCTU U TEMMEPATYPON BO3ayxa Cy-
LEeCTBYET, HO BAUSHWE 3TUX CBA3EM Ha Knumart
O4Y€Hb CJIOXHO U HEOOHO3HAYHO.

CornacHo rmnoTesam, MMeoLLM B OCHOBE ac-
TpoHOMMYeckmne dakTopbl, konebaHusa kKnmmaTta
MOryT COBepLUaTbCHA MofA, BIUSHUEM W3MEHEHUSH
HEKOTOPbIX MAPaMeTPOB 3EMHOM OpPOUTLI, @ UMEH-
HO: NePUOANYECKUX UBMEHEHUIN IKCLEHTPUCUTETA
3eMHOI OpOuThI, yrna Hak/IoHa NJ0CKOCTU 3EMHO-
ro 9KBaTOpa K MJI0CKOCTN OPOUTLI UK yria HakJo-
Ha 3eMHOIn OCU U npeueccum opouTbl. DTOT BO-
Nnpoc n3y4aeTcs yxxe 6onee NoayTopa BEKOB, UAES
B/IUSIHUS NapaMeTpPoOB 3EMHON OpOUTLI U HaKIoHa
0OCM Ha NPUXOASLLYIO CONHEYHYIO pagnauuio 6blna



BbiCkadaHa ewe B 1842 r. dpaHuy3ckum matema-
TUKOM AgamMapom, HO cucTemMaTuyeckme ncecneno-
BaHWS NMPOBOAUINCH NULLBL C Havana XX ctonertus
IorocnaBckum reopusmvkom M. MwunaHkoBuyeM.
MwnnaHKoOBUY 3a510XKMN OCHOBbI TEOPUMN aCTPOHO-
MWYECKOro kammara, T. €. knumara, GopMupyto-
LLerocs Ha nnaHeTe noa, BNUSHNEM BHELLIHUX ¢gak-
TOpPOB.

He oTpuuas BNUSHUA aCTPOHOMUYECKUX MPU-
YMH, OCHOBOMOJIOXHWK OTEYEeCTBEHHOW KIMmaTo-
norun A. 1. Boenkos cunTasn, 4To OCHOBHbIMU (pak-
TOopamMu, Bbi3bIBAOLWMMN U3MEHEHUS KnvMmaTta B
OTOENbHbIE reosIornM4yeckme anoxm n nepuomsbl, obl-
NN U3MEHEHUs B XapakTepe noacTunatoLLen rno-
BEPXHOCTU — UBMEHEHUS B pacnpeaenieHnm cyLlum
1 MOPS, BbICOTbl CYLLM Haf YPOBHEM MOpPS, U3Me-
HEHNNA B o4yepTaHUK OeperoBow NuHUKM, penbeda,
pacTuTenbHOro Nokpoea. Bce nepeyncneHHoe oT-
HOCUTCS K clieayloLLlen rpynne kamMmarToodbpasyto-
WMx PakTopoB — reoPpusnyeckmx, CBA3aHHbIX CO
cBoncTBaMn 3eMnu kak niaaHeTbl. Kpome yxe Ha-
3BaHHbIX ClOJa Xe OTHOCAT Takme akTopbl, Kak
pa3mepbl U Macca NnaHeTbl, ee CTPOeHue, npo-
LlecChbl, Npoucxoasuwme B Hegpax 3emMim, CKO-
POCTb BpaALLEHNS1 BOKPYr OCU, rpaBUTaLMOHHOE U
MarHuTHoe none, coctaB atMocdepbl (KOHLIEH-
Tpauus aspo30siein U ra3oBbiX COCTABNAIOLLNX €C-
TECTBEHHOr0 M aHTPOMNOreHHOro NPOUCXOXOEHNS).

B paboTax, NoCBALLEHHbIX BISCHEHUIO NPUYMH
M3MEHEeHUs Knumara, 60Jblloe BHUMaHe yoens-
€TCS N3YHEHUIO BINSIHUS Ha KITMMAT KOHUEHTpaumumn
Yrnekncnoro rada B atmocdepe 3emnu.

ATmMocdepa SaBNSeTCs LeHTpasibHbIM 3BEHOM
rnobanbHOM KNMMaTUYECKOM CUCTEMbl. ITO Bce-
NMpoHKMKatoLLasa 1 camasi MoLLHast 060104ka 3emnu.
ATmMOcdepa NpUCyTCTBYET B NIIOOON TOUKE NOBEPX-
HOCTM Hallel nnaHeThl, B TO BPeMs Kak BCe ocTaslb-
Hble 3/IEMEHTbI NPOSBASAOTCS NIMLLb HA 4aCcTu 3TOMN
noBepxHoCTu. Tak, okeaH 3aHnmaeT 70,8% nosepx-
HOCTK 3emnu; cywa — 29,2%; negHnkmn HaxoaaTca
Ha HemHorum 6onee 3% NOBEPXHOCTU, a BMECTE C
MOPCKUMW NbJaMU U CHEXHbIM MOKPOBOM — Mpu-
MepHO Ha 11% noOBepPxHOCTU; NAoWadb, 3aHaATas
onocdepoin, Benvka, Ho OHa pasopBaHa Ha apeanbl
M TOYHbIX AaHHbIX O Helr HeT (Mskuwesa, 2001).
Macca n coctaB atmocdepbl 3emManm OTHOCATCS K
BHYTPEHHWUM MO OTHOLLEHWIO K KIIMMAaTMYeCKON CUC-
TeMe KIMMaToobpasyowmm pakTtopam.

BaxHenwytio ponb B popMmpoBaHnn Kammarta
MUrpaloT U3MEHYMBbIE COCTaBHble 4YacTu aTtMocde-
pbl — BOASIHOM Nap, YIMEKNCAbIA ra3 n gpyrue ma-
Nble ra3oBble COCTaBnsloLMe, TBEpOble U XUaKue
npMMecKn (aspo30sb), MOCKOSbKY OHW OKa3blBalOT
CUJTbHOE BNINSIHME HA NOTOKMU COJIHEYHOW N 0OCOBEH-
HO 3eMHOW paauaumn. ATMoc@epHbIi Bo3ayx 60-
niee Unu MeHee npos3payeH ass KOPOTKOBOJIHOBOM
pagpnaumn, B CBA3K C 4eM DonbLLas YacTb NPUXoas-
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wero kK 3emne usnydyeHns ConHua nornowiaercsa
3eMHOW MOBEpPXHOCTbIO, KOTOpas ABISETCSl OCHOB-
HbIM MCTOYHUKOM Tenna anga atmocdepbl. OT 3em-
HO NOBEPXHOCTM TEMJIOBAs SHEPrus nepenaeTcs B
aTMocdepy nyTem ASIMHHOBOJSIHOBOIO W3JTyYeHUs,
nocpeacTBoM TypOyneHTHOro TennoobmeHa 1 B pe-
3ynbrarte 3aTpartbl TEMSA HA UCNapeHne C NoBepx-
HOCTW CYyLUWN 1 BOAOEMOB (3TO Tenso 3aTemM nocTy-
naet B aTMocdepy Npu KOHOeHcaUMn BOASHOrO na-
pa, 06pa30BaHHOIO B XO4€ UCMNApPeEHNS).

B nctopun 3emnn 6binm nepuodpl, Korga co-
nepxaHne CO, B aTMocdepe Obilo CyLeCcTBEHHO
6onblue, 4eM B HAcTosILLLEE BpeMs. Tak, N0 HEKOTO-
pPbIM OaHHbIM, OK0s10 250 MAH NeT Ha3afd KOHLLEH-
Tpauus yrnekmcnoro rasda coctasnana 7,5%, B ¢a-
Hepo3oe (570 mnH neT Hasan) — He 6onee 0,3%.
MpepnonaratoT, 4TO OkosO 1 MIH NeT Hasapg B OT-
nenbHbIN nepuoa KoHueHTpaumsa CO,6bina noytr B
2 pasa Bbile coBpemMeHHon (bopuceHkos, 1982).
Mo paHHbIM, cOBpaHHbIM Ha CTaHuMsax MayHa-J1oa
(FfaBanckune octpoBa) n MsaHa (McnaxHns), noa-
TBEPXAAETCS BO3pacTaHMe KOHLIeHTpauun yrne-
kmcnoro rasda B atmocgepe ¢ 343 B 1984 r. no 358
en. s 1995 r. (Punaros, 1997). Buibpockl CO, B Ha-
cTOosILEEe BpeMsi NPEeBOCXOAAT 5 MNpa T B roA, B ne-
pecyeTe Ha yrnepon u cebiwe 18 mnpg T B nepe-
cyete Ha CO, (KongpaTbes, 1992).

C koHueHTpauyein CO, B aTmMocdepe CBA3aHO
pasBuUTUE Tak Ha3blBAEMOro «MapHUKOBOro 3d-
dekTa». MapHMKOBLI 3ddekT He Obl1 COTBOPEH
yenoekoM. OH cyLLLeCcTBYET Ha 3eMIe MHOIO MWJI-
JIMOHOB NIeT C MOMEHTa MNOSIB/IEHNS aTMOCdEpbI.
Ecnn Obl ecTecTBEeHHbIN NapHMKOBLIM 9P PEeKT He
3a4epXXuBan CoSIHeYHOE TENJ0, TO CPEedHss TEM-
nepatypa HUXHKX C/I0EB aTMocdepbl cocTasnsna
6bl —18 °C, 3Ha4YUT, OrpOMHbIE NPOCTPAHCTBA 3EM-
HOIM NOBEPXHOCTN Oblsin Obl MOKPLITHI lIeAHMKaAMU.
VIMEHHO napHMKOBbLIN 3ddeEKT co3pan ycnoBus
ons nosiBNeHns xm3Hn Ha 3emne. B Haubonee
YMPOLLEHHON MHTEPNpeTaunmn «napHUKOBLIN -
dekT» MOXHO NPeacTaBmTb Cleayowym o6pasom.
Yrnekucnoln ra3 n gpyrve «napHWKOBbIE» ra3bl
NpOoMnyckalT KOPOTKOBOJIHOBYID COJIHEYHYIO pa-
amaumio K NoBeEPXHOCTU 3emMnu, HO «3adepkmBa-
I0T» YyXOOsILLYIO OJIMHHOBOJIHOBYIO paguaumio, Y4To
BeOEeT K MOBbILEHUID TemMnepaTypbl MPU3EMHbIX
cnoeB Bo3ayxa. OQHOBpPEMEHHO M3-3a BO3pacTa-
HUS CNapeHust B aTMocdepe yBenmyinBaeTcs co-
OepXxaHne BOASIHbIX MapoB, KOTOPble TakxXe Cro-
COOCTBYIOT PasBUTUIO «MAPHUKOBOrO addekTar.
Hanbonee nofHO, C y4eTOM MHOrogakTopHON,
MHOIrOKOMMOHEHTHOW NpupoAbl 3TOro SBIEHUS,
NapHUKOBbLIN 3PEPEKT paccMoTpeH B pabdoTax
K. 4. Kongpartbesa, E. . Bopucenkosa, H. 1. Moc-
kaneHko (KongpatbeB, MockaneHko, 1987; Bopu-
ceHkoB, KoHgpatben, 1988). IMEHHO C MHOFOKOM-
MOHEHTHOW MNPUPOOOW MNAPHUKOBOro adpdekTa



CBSI3aHO MPOSIBJIEHNE MEXaHM3MOB KakK MpsiMO
CBS3K, ycunuearowmx addekT, Tak n obpaTHoM
CBSI31, MaCKMPYIOLLMX MU OCNabnsowmx napHu-
KOBbI 3 PekT. [MoNoXNTENbHBIN TPEHO, TeMnepa-
Typbl BO3ayXxa, KOTOpbI Habntogancs B KoHue XIX n
B Hauasne XX B., Obl1 NpepBaH KOPOTKNUM NMPOMEXYT-
KOM noxonoganusa B nepuog 50-70-x rr. XX ctone-
TUS1, UMEHHO Toraa, Koraa pe3ko BO3pOoC BbIOPOC B
atmocdepy napHUKOBbIX ra3oB (bopuceHkos,
2000). NoTenneHmne xe NocneaHnx 1eT B OCHOBHOM
OCYLLECTBNSANIOCh 32 CYET XOJIOOHOM, a He Tenon
MOSIOBMHbLI rofa 1 COMPOBOXAANIOChb YCUIEHMEM
30HasIbHbIX GOPM LMPKYNSLMK aTMOCHEPbI.

HeCoMHEHHO, 4TO KIMMaT MEHSIICS U MEHSIeTCs
n 6e3 Bo3aencTens Yenoreka. Ecnn obpatntbes K
[anekomMy MpoLLsIOMY Hallel niaHeTbl, TO MOXHO
YBUOETb, 4TO OblIN B UCTOPUKM BPEMEHA, Koraa 3em-
N5l TO NpeBpaLanacb B CHEXHbIN KOM, TO Harpesa-
naceb, kak nedb. Ho B nocnegHme 250 net cogepxa-
HVEe NapHUKOBbLIX ra30B B aTMocdepe pe3ko BO3-
pacTaeT M3-3a CXUraHusi MUCKOMaemoro TornavMea
(yrnsi, HepTK, NPUPOAHOIo rasa), O6LUNPHbIX BbIPY-
OOoK nieca 1 pocTa CenbCKOXO35IMCTBEHHbIX YrOANIA.

Mo mHeHuno P. Bunbdanpa, anpexktopa Mmapo-
MeTueHTpa Poccun, «anwb Ha 20-25 npoueHToB
M3MEHEHUS KNTMMaTa MOXHO ,,cnncaTtb” 3a CYeT aH-
TPOMOreHHOro BO3AeNncTBMA. Ha cerogHawHum
OeHb MEeTeoposlorns He B COCTOSIHUN OObSICHUTb
BCE MPUYMHbI U3BMEHEHUS KMMaTa — y Hac noka
HET ons 9Toro gaHHbIx» (Monck N2 32-33, 2001). B
paboTtax K. 9. Kongpatbera (1992), E. N. Bopwu-
ceHkoBa (1982) nokasaHo, 4To rnobanbHOe noTen-
JIeHNEe MOXeT ObITb 00yCNoBNEHO B BoJbLLEN CTe-
NeHn ecTECTBEHHbIMW, a He aHTPOMOreHHbIMU
dNykTyaumamMm knmmara.

BeccnopHo T0, 4TO camMo siBIeHWe NapHNKOBO-
ro apdekra — 3agepxka Tenna rasamm B aTMO-
cdhepe — peanbHOCTb. PocT copepxaHua CO, n
OPYrMx NapHUKOBLIX ra30B B aTMocdepe Hanuuo,
1 OH npoposixaeTcs. beaycnoBHo, 3a nocnegHne
100 net npomaoLwwno noTenseHne KammaTa, KoTo-
pO€e He NPOTMBOPEYUT BO3MOXHOMY MOTEMSIEHUIO
3a cyet CO,. KonebaTesbHbIi xapakTep npaktuye-
CKM BCEX MPUPOOHbIX MPOLLECCOB U SIBNIEHNI TakXe
BPSO, NN Y KOO Bbl3blIBAE€T COMHEHME B HacTosiLLee
BpeEMS.

M. baymowunba (Bloomfield, 1992), npoaHanu-
31MpOBaB JaHHble O BEKOBOM TPEeHOe CpenHerno-
OanbHOM TemMnepaTypbl BO34yxa, NpULLen K BbIBO-
ay, YTo AnanasoH BEpPOSITHOCTHOrO pocTa NpuU3em-
HOM TemnepaTypbl Bo3ayxa coctasnseT 0,2-0,8 °C
3a 100 net, U OTMETUA, YTO COENaHHbIE PaCYEThI
CBUAETENbCTBYIOT O BO3MOXHOCTU MNpPakTUYecku
MOJSIHOM KOMIMEHCALUNN «MapHUKOBOro» mnoTtense-
HUS «@3P030JIbHbIM» BbIXOSaXMBaHMEM, 0OYCIOB-
JIEHHbIM YBENIMYEHMEM COAepXaHns B aTMochepe
cynbdaTHOro aspo3ons.
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BHMMaHMe K eCTeCTBEHHbIM MpUYMHaAM U3Me-
HEHWI KNKMaTa 1 NPUPOLHONM cpeabl 3eMnu B Le-
JIOM 1 UX PErnMOHaNIbHOr0 OTPaXeHUs1 YCUIMBaET-
cs1. He oTpuuas cyuecTBeHHOro 1 4acto HeraTuB-
HOrO B/IUSIHNS MHOTUX PEe3Y/1bTaTOB YEe/1I0BEYECKOW
0esTenbHOCTU, MOXHO KOHCTaTMpOBaTb, YTO OHa
He HOCUT B OOJbLUMHCTBE CJlyd4aeB rnodanbHOro
xapakTepa, a UMeeT NlokaslbHOE U JIoKaSlbHO-pe-
rMOHasIbHOE 3HAYEeHMe.

Kak nokasaHo B paboTte K. {A. KoHpopaTbeBa
(2004), rnobanbHbI TpeHA, TeMNepaTypbl BO3ayXxa
MOXET OblTb MHTEPNPETUPOBAH Kak 9KBUBAJIEHTHO
nnHenHoe notenneHune 3a 140 neT, cocTasnsiowee
0,61 °C Ha 95%-m poBepuTensHOM ypoBHE. Mo3a-
Hee 1901 r. npou3owno noTensieHme, paBHOE
0,57 °C. 3T1 ouUgHKM NO3BONNAN 3AKJTOYUYNTb, YTO C
KoHua XIX B. npom3oLwwno noTensieHne, CoctaBnB-
wee 0,6 °C. NMpun aTOM cCeBepHOE nonyLiapme npo-
rpenock Ha 0,3 °C 6onblue, 4em toXkHoe, bonee
oKeaHn4eckoe n ¢ bosbluer maccon nbaa. Moten-
JIEHNE Ha TEeppuUTOPUM KOHTUHEHTOB COCTaBUJIO
1,6 °C, a B paioHe MOPCKOW MOBEPXHOCTU — OKOSIO
0,8 °C. Takum 0bpa3om, pasHuLa NoTenseHns Ha
cylle No CpaBHEHWUIO C akBaTOPMEN OKeaHa Co-
ctaensiet okono 0,8 °C (Knure, 2000).

PervoHanbHble N3MeHeHNs1 NPU3eMHON TemMmne-
paTypbl Bo3ayxa B Kapenum B UenoMm oTpaxatoT
NOSIOXUTESbHbIE TEHAEHUMN U3BMEHEHUS rnobarib-
HOM TeMmnepaTtypbl B TedeHmne XX B. (puc. 1). OgHa-
KO cnegyeT OTMETUTb CYLLLECTBEHHO Bonee cepb-
€3HYI0 NPOCTPAHCTBEHHYIO Y BPEMEHHYIO HEOHO-
POOHOCTb B TEHOEHUMSAX UBMEHEHUI KnumaTa Ka-
pPenMn No CPaBHEHUIO C W3MEHEHUSIMW Ha MpPo-
CTPaHCTBEHHbIX MacLuTabax noaywapuii u 3eMHo-
ro wapa. B Kapenuu noBbilLeHne cpeaHen roao-
BOW Temnepartypbl BO34yxa 3a CTO JlIeT COCTaBuI1o
0,2 °C, 3a nocnegHune 50 net — 0,6 °C. B painoHe
Kapenbckoro nobepexbss benoro mops TeHOEH-
UMM N3MEHEHUSI CPeOHEerofoBON TemrepaTypbl
BO34yXa OTpuuaTesSibHbl, HA OCTaJlbHOW TEPPMUTO-
pun pecnybnukm TemnepaTypHble TPeHabl 3a no-
cnegHue 50 neT NpoLwioro Beka NonoOXUTENbHbI —
o1 0,1 °C/50 net B ceBepHbIx panoHax go 1,0 °C/50
NIET Mo tory pecnyobnku.

AHann3 Cce30HHbIX TemnepaTyp BO3ayxa, Bbl-
MOJIHEHHbIN MO AaHHbIM HAGNOAEHMNIA METEOPOSIO-
rMYeCKUX CTaHLMIA, PpacrnofioKeHHbIX HA CEBEPEe eB-
ponenckon Tepputopun Poccuu, no3Bonmn Bbi-
SIBUTb MPOCTPAHCTBEHHO-BPEMEHHYIO ANddepeH-
LuMaumio TEHAEHUNI N3MEHEHU TeMnepaTypbl No
ce30HaM. ToJIbkO BECEHHSS TemMmnepartypa Bo3ayxa
MMEET NONOoXUTENbHbIE TpeHdpl (oo +3,5°C/50
J1eT) N0 BCEN n3y4aemom Tepputopun (puc. 2). ns
OCTallbHbIX CE30HOB PaMOHbl C MONOXUTENIbHBIMM
3HAYEHUAMU TPEHA0B PACMOJIOXEHbI, B OCHOBHOM,
B IOXKHOW 4aCcTu pernoHa BO/M3u KpyrnHenwmnx o3ep
EBponbl — JlTagoxckoro n OHeXcKoro.
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Puc. 1. N3meHeHune rnobanbHo 1 pervoHansHon (Kapenust) TemnepaTypbl
Bo3ayxa 3a nepuog 1880-2005 rr.

Fig. 1. Changes in global and regional (Karelia) air temperature over the
1880-2005 period
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Puc. 2. lMpocTtpaHCcTBEHHOE pacnpeneneHne 30H NooXUTENbHOro (+) 1 oTpuua-

TENbHOrO (=) TPEHO0B Ce30HHbIX TEMMNepaTyp BO3ayxa Ha TeppUTOpun cesepo-3ana-

na Poccum 3a nepmop, 1951-1999 rr.:
1 — nekabpb — peBpanb, 2 — MapT — Maii, 3 — NOHb — aBrycT, 4 — CeHTAOPb — HOAOPb

Fig. 2. Spatial distribution of zones with positive (+) and negative (-) trends

of seasonal air temperatures in Northwest Russia in 1951-1999:

1 — December - February, 2 — March — May, 3 — June — August, 4 — September — November
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Puc. 3. AHomManuu rogoBbiXx CyMM 0CaaKkoB, CPEOHUX MO Tepputopumn Poc-
cum (Mm/mecsu,) (pucyHok k goknagy L B. [pysa, 3. 4. PaHbkoBOWM Ha KOHbe-
peHunn B HoBocnbupcke, noHb 2007 1.):

aHOManun paccynTaHbl kak OTKJIOHEHUst OT cpepHero 3a 1961-1990 rr. Kpmeas nuHus —
5-neTHas ckonb3swas cpenHss. JIMHenHbln TpeHa (3a 1976—-2006 rr.) nokasaH npsiMon
NNHWen

Fig. 3. Abnormalities of total annual precipitation averaged for entire Russia
(mm/month) (Figure from a presentation made by Gruza & Ran’kova at a
conference in Novosibirsk in June 2007):

abnormalities were computed as deviations from the mean in the period 1961-1990. The
curve is the 5-year moving average. The straight line shows the linear trend (over 1976-2006)

Ecnuv roBoputb 0 cpeagHen Mecsa4Hom TeMmnepa-
Type Bo3ayxa, TO He06X0AUMO OTMETUTb, YTO Hau-
oonee 4eTKO MNONOXUTENbHbBIN JIMHENHbIN TPeHM,
BbIpaXeH B MapTe 1 COCTaBNSET Ha Pa3HbIX CTaH-
umsax ot 3,0 no 5,0 °C 3a 50 net. Anpenb Tenneet
CYLLLECTBEHHO MeaJieHHee, YyeM mapT (o1 0,5 go
2,1°C/50 neT). TeHAEHUMM K NOTENJIEHMIO MO AaH-
HbIM HabnaeHuin 3a nepuon ¢ 1951 no 2000 r.
MPOCNEexXuBalTCa C AHBapsa no man. B netHun
Nepuoa 1 3HAYUTESIbHYIO YaCTb OCEHHEro ce3oHa
M3MEHEHNS1 TemMnepaTypbl pa3HOHaNpPaBfiEHHbI U
Manbl NO abCoNOTHOM BeAUYUHE (MeHblue
1,7 °C/50 net). K HOABPIO OHM CMEHSAIOTCA TEHOEH-
umen Kk noxononaHuio Ha 0,4-1,1°C/50 neT npak-
TUYECKN Ha BCEN TEPPUTOPUM PETrMOHA.

BaxxHbIM METEOPONIOrNMYECKUM 3/IEMEHTOM SB-
naTca atMocdepHble ocaakm. OaHaKko OUEHKM,
Kacalumecss U3MeHeHNn KonnyecTsa OCaaKkoB,
CYLLLIECTBEHHO MEHee HaOeXHbl, YeM aHanormy-
Hble OLeHKN AN TeMnepartypbl BO3ayxa. OTO Bbl-
3BaHO KaK TPYAHOCTSAMU HEMNOCPEACTBEHHO UHCT-
PYMEHTalbHbIX WN3MepeHuin (B 0OCOOEHHOCTMU
TBEPAbIX OCAAKOB B 3MUMHUI Nepuoa), Tak u Heoa -
HOPOAHOCTbLIO PSAOB HAGNIOAEHMA HA METeopo-
JNIOTNYECKMX CTAHUUNAX, CBABAHHON C N3MEHEHUSI-
MU HabnogaTtenbHon npaktTukn. Kpome Toro, cy-
LLEeCTBEHHO MeHbLUasi, Mo CPaBHEHUIO C MOASAMU
TeMnepartypbl, NPOCTPaAHCTBEHHAs CBS3AHHOCTb
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nosnen ocagkoB AenaeT MeHee HaaeXHbIMU OLEH-
K1 PermoHanbHO-0CPeaHEHHbIX BENNYUH. Ang pe-
rmoHoB Poccuu, Kak n gnsa cylum 3eMHOro wapa B
LEesioM, B OCHOBHOM XapakTepeH MakCUMyM Ha
pyoexe 1950-1960-x rr., KOTOPbI 03Ha4YaeT yObl-
BaHMe ocaakoB rnocne Hadana 1960-x rr. (Ha eB-
ponenckon Tepputopmumn n B Kapenun, B 4acTHO-
CTW, CMEHUBLLIEECs POCTOM ¢ cepeaunHbl 1970-x)
(puc. 3).

AHann3 n3aMeHeHn Konm4yecTea ocankos B Ka-
penuu 3a 1951-2000 rr. no3BonseT caenatb Bbl-
BOJ, O TOM, YTO B LIe/IOM HabntoaaeTcs pocT roao-
BbIX CyMM [J11 BCEX pPalrioHOB pecrnybnmku. TeH-
OeHUMs K yBENIMYEHNIO OTMeYaeTcs B nepuop C
oKTA0PSA No anpenb. C mas no ceHTabpb B pasnmy-
HbIX paoHax Kapennn oTtMedaeTcs kKak yBenuye-
HWe, Tak N YMEHbLUEHME CYMM OCaIKOB.

K kaknm nocnencTBMsiM MOXET MPUBECTU 10-
HanbHoe noTtenneHne knumaTa? NogHMMeTCcs ypo-
BEHb MMPOBOIr0o OKeaHa n3-3a TastHUs NeQHUKOB U
NONSIPHBIX NbAOB, BO3HMKHET yrpo3a 3aTornjieHus
NPUOPEXHbIX W OCTPOBHbLIX TEPPUTOPUIN, neca
YMEPEHHOI0 Nosica HaYHYT NepemMeLlaTbCs Ha ce-
BEP, apKTnyeckas TyHapa MOXeT UCHE3HYTb, MHO-
rme Tponuyeckme GONE3HWU, TakMe kKak Manspus,
pacnpoCTpaHATCS Ha 6onbLUNE TEPPUTOPUN, YBE-
nyaTcs NAoOWaAn MyCTbiHb, CHU3UTCS ypoXaii-
HOCTb CEeNIbXO3MPOoAYKUMN, HAYHETCH Murpaums



HaceneHnst B 6osiee 6naronpusTHble ANs MPOXMn-
BaHWS1 pafioHbl U T. .

[ns Toro 4tobbl 3TO HE NPOU30LLII0, HE0OX0aM-
MO MPUHMUMaTb CPOYHblE Mepbl. Heobxoanmo co-
KpawaTb BbiOpockl CO,, ana yero BHeOpsATb CO-
BPEMEHHbIE TEXHOJIOMMKN, 3aMEHSATb yCTapeBLlee
obopynoBaHMe, MCMNOIb30BaTb HETPaAMUMOHHbLIE
BO30OHOBNSIEMbIE  MCTOYHUKN  3NEKTPOIHEPTnN
(BeTep, CoNMHLUE, OKeaHN4yeckmne BOJIHbI, bromacca
W T. O.), perynmpoBaTtb TennionotpebneHme uT. a. B
1988 . 6bina co3maHa MexnpaBUTenbCTBEHHas!
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GLOBAL AND REGIONAL CLIMATE CHANGE

L. E. Nazarova

Northern Water Problems Institute, Karelian Research Centre

A topical problem of today is climate variability
and change in the context of global warming.
Tendencies of climate change at the regional level
are of particular interest.

It would be expedient to distinguish between
climate change and variability depending on the
duration of certain perturbations and reversibility of
the process. Climate variability is a relatively short-
term reversible change of periods shorter than
those used in the definition of the climate (several
decades). Fluctuations with a less than 30-year

60

interval should rather be classified as climate
variability, longer ones — as climate fluctuations if
reversible, and as climate change if irreversible.
The notion of climate variability describes variations
in the climate average state and other statistical
parameters (variance, recurrence of extreme
events, etc.) of any temporal and spatial scope that
go beyond specific weather events (Kondratiev,
2004). Variability includes various cycles, noise
and other components. World Meteorological
Organization defines climate change as the



difference of climate characteristics averaged over
an extended period — so-called quasi-stationary
interval. The time period usually selected for such
averaging is about 30 years. Such change would be
considered real if it exceeds probable error of
estimation oftherespective variables, or statistically
significant within the common stochastic model of
the climate if the change exceeds the given
significance level (Gruza, Ran’kova, 2004). Climate
change may be generated by natural (related both
to internal processes and external impacts) and/or
anthropogenic factors (changes in composition of
the atmosphere or land use) (Kondratiev, 2004).
This definition differs from the one suggested in the
Framework Convention on Climate Change (FCCC),
where climate change is limited to changes
attributed to human impact, as opposed to climate
variability due to natural factors. Climate is then
understood as a statistical set of states the ocean/
land/atmosphere/cryosphere/biosphere  system
goes through over several decades (Monin, 1972).

An essential prerequisite for forecasting future
climatic conditions is detection of reasons behind
climate change. For over a century now, scientists
have been persistently looking for reasons that
might have in a way affected the formation and
transformation of the Earth’s climate. The range of
speculations, conjectures, and hypotheses is
enormous. According to these theories, the climate
may change under the influence of cosmic,
astronomic and geological factors.

The hypotheses based on the action of cosmic
factors purport that the nature of climate change is
multifactorial, with processes underway on the Sun
having the dominating effect. The focus was on
finding the relationship between the combined
sunspot index, known as Wolf sunspot number, and
the change of air temperature on the Earth. The
renowned climatologist Koppen detected a
feedback between these parameters. Koppen had
many disciples, but his opponents, such as
Fyodorov, preferred to speak of a more or less
coordinated pattern of solar activity and air
temperature. It is now believed that there is a
relationship between 11- (22-) year cycles of solar
activity and air temperature, but the influence of
this relationship on the climate is very complex and
equivocal.

Hypotheses build around astronomic factors
suggest that climate fluctuations may occur due to
changes in some parameters of the Earth’s orbit,
namely periodic changes in the orbit eccentricity,
tilt of the equatorial plane to the orbital plane, or the
axial tilt and precession of the orbit. Studies of the
problem began over a century and a half: the idea
that parameters of the Earth’s orbit and axial tilt
influence incoming solar radiation was expressed
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by the French mathematician Adhemar back in
1842, but systematic research began only early in
the 20" century owing to the Serbian geophysicist
Milankovic, who laid the foundations of the theory
of astronomic climate, i.e. the climate that forms on
the planet under the influence of external factors.

Making no attempt to disprove astronomic
causes, the founder of Russian climatology
A. Voeikov believed the main factors behind climate
change in different geological eras and periods
were changes in the characteristics of the
underlying surface — shifts in land/sea distribution
and elevations above sea level, modifications in the
shoreline, relief, plant cover. All the above fall into
the next group of climate-forming factors -
geophysical ones, related to qualities of the Earth
as a planet. This group also includes factors such
as size and weight of the planet, its structure,
processes underway in its interior, rate of rotation
around the axis, gravitational and magnetic fields,
composition of the atmosphere (concentration of
natural and man-made aerosols and gaseous
substances).

Much attention in the papers investigating the
causes of climate change is paid to the effect of
carbon dioxide concentration in the Earth’s
atmosphere on the climate.

The atmosphere is the central component of the
global climate system. This is a ubiquitous and
most power shell of the Earth. The atmosphere is
presentin any spot of our planet’s surface, whereas
other elements occur on part of the surface only.
Thus, the ocean covers 70.8% of the Earth’s
surface, land - 29.2%; glaciers — a little over 3%,
and when taken together with sea ice and snow
cover —ca. 11%; the biosphere covers a great area,
but it is separated into ranges, and no accurate
data about it are available (Myakisheva, 2001). The
mass and composition of the Earth’s atmosphere
are climate-forming factors that are inherent in the
climate system.

Essential to formation of the climate are variable
components of the atmosphere — water vapour,
carbon dioxide and other minor gaseous
components, solid and liquid impurities (aerosol),
since they significantly affect fluxes of solar and
especially terrestrial radiation. Atmospheric air is
more or less transparent to short-wave radiation,
wherefore most of the solar radiation taken up by
the Earth is absorbed by the Earth’s surface, which
is the main source of heat for the atmosphere. Heat
energy is transmitted from the surface to the
atmosphere through long-wave radiation, by
means of turbulent heat exchange and as the result
of heat losses to evaporation from land and water
surfaces (this heat then goes to the atmosphere as
evaporated water vapour condensates).



There were times in the history of the Earth when
CO, content in the atmosphere was much higher
than today. Some data indicate, e.g., that CO,
concentration ca. 250 min. yrs. BP was 7.5%,
during the Phanerozoic (570 min. yrs. BP) — no
more than 0.3%. Presumably, CO, concentration at
some pointabout 1 min. yrs. BP was nearly twice as
much as today (Borisenkov, 1982). Data collected
at Mauna Loa (Hawaii) and lzana (Spain)
observatories have confirmed a rise in CO,
concentration in the atmosphere from 343 ppm in
1984 to 358 ppm in 1995 (Filatov, 1997). CO,
emissions now exceed 5 bIn. ton per year of carbon
equivalent and 18 bin. ton of CO, equivalent
(Kondratiev, 1992).

Closely related to CO, concentration in the
atmosphere is so-called “greenhouse effect”. The
greenhouse effect is not man-made - it has been
present on the Earth for millions of years, ever since
the atmosphere had appeared. Had the natural
greenhouse effect not retained solar heat, average
temperature in the lower strata of the atmosphere
would have been —-18 °C, meaning that enormous
spaces on the Earth would have been glaciated. It
was exactly the greenhouse effect that generated
the preconditions for emergence of life on the
Earth. The following very simplified interpretation
of the greenhouse effect can be offered. Carbon
dioxide and other “greenhouse” gases let short-
wave solar radiation reach the Earth’s surface, but
“detain” outgoing long-wave radiation, inducing a
rise in air temperature near the surface. On the
other hand, higher evaporation leads to an increase
in the content of water vapours in the atmosphere,
which also promote the greenhouse effect. A most
comprehensive analysis of the greenhouse effect,
taking all the factors and components of the
phenomenon into account, is presented in papers
by Kondratiev and Moskalenko (1987), Borisenkov
and Kondratiev (1988). The multi-component
nature of the greenhouse effect is what triggers the
mechanisms of both feedforward, which intensifies
the effect, and feedback, which disguises or
attenuates the effect. The upward air temperature
trend observed in the late 19" and early 20" century
was interrupted by a short cooling period in the
1950s-1970s - exactly when greenhouse gas
emissions into the atmosphere grew sharply
(Borisenkov, 2000). Recent warming has mainly
been at the expense of the cold rather than the
warm part of the year, and was accompanied with a
strengthening of zonal circulation in the
atmosphere.

No doubt, climate has changed and keeps
changing even where there is no human impact.
Looking back into the remote past of our planet,
one would find times when the Earth turned into a
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snowball or heated up as an oven. In the past 250
years however, the content of greenhouse gases in
the atmosphere has been growing sharply because
of fossil fuel combustion (coal, oil, natural gas),
extensive logging and expansion of farmland.

As R. Wilfand, Director of Russian
Hydrometerology Centre, put it, “only 20-25% of
climate change can be attributed to human impact.
Meteorology of today cannot explain all causes of
climate change — we have no data for that yet”
(Poisk 32-33, 2001). Kondratiev (1992) and
Borisenkov (1982) have demonstrated that global
warming may largely be due to natural rather than
anthropogenic fluctuations of the climate.

It is certain that the greenhouse effect itself —
heat retention by gases in the atmosphere - is a
reality. Increase in the content of CO,and other
greenhouse gases in the atmosphere is obvious
and continuing. The fact that over the past 100
years there has been climate warming that does
not contradict potential CO,-induced warming
cannot be disputed. Neither does the wobbling
nature of nearly all natural processes and
phenomena cause any doubts today.

Having analysed data on the century-long mean
global air temperature trend, Bloomfield (1992)
concluded that the probability range of increase in
surface air temperature is 0.2-0.8 °C over 100
years, and noted that according to his calculations
“greenhouse” warming may be completely offset
by “aerosol” cooling resulting from arise in sulphate
aerosol content in the atmosphere.

More and more attention is now being drawn to
the natural causes of change in the climate and the
Earth’s natural environment in general, and to their
regional manifestations. Not negating the
considerable and often detrimental impact of many
human activities, one can argue that they are
scarcely of global scope, but most often of local or
local-regional significance.

As demonstrated by Kondratiev (2004), the
global air temperature trend can be interpreted as
equivalent linear warming of 0.61 °C over 140 years
at a 95% confidence level. After 1901, the climate
has grown 0.57°C warmer. These estimates
suggest that the warming since the late 19" century
has been 0.6°C. Warming the in northern
hemisphere has been 0.3 °C greater than in the
southern, more oceanic one, with a greater mass of
ice. Warming over continents has been 1.6 °C, and
over the sea — ca. 0.8 °C. Thus, the difference in
warming between land and ocean water area is ca.
0.8 °C (Kliege, 2000).

Regional changes in surface air temperature in
Karelia generally correlate with upward trends of
global temperature change in the 20" century (Fig.
1). One should note however a far greater spatial



and temporal heterogeneity in climate change
tendencies in Karelia compared with changes at
the scope of the hemisphere and the globe. In
Karelia, the rise in mean annual air temperature
over 100 years has been 0.2 °C, over the past 50
years — 0.6 °C. The mean annual temperature trend
on the Karelian White Sea coast is negative,
whereas in the rest of Karelia temperature trends
over the last half of the previous century were
positive — from 0.1 °C/50 yrs. in northern areas to
1.0°C/50 yrs. in the south of the republic.

Analysis of seasonal air temperatures based on
data from the weather stations situated in the north
of European Russia revealed spatial-temporal
differentiation of temperature trends among
seasons. Only spring air temperature showed
positive trends (up to +3.5°C/50 yrs.) throughout
the study area (Fig. 2). For the rest of the seasons,
areas with positive trends are mainly situated in
southern parts of the republic, near Europe’s
largest lakes — Ladoga and Onego.

Speaking of mean monthly air temperature,
positive linear trend is the most explicit in March,
reaching 3.0 to 5.0°C over 50 years at different
stations. April grows warmer much slower than
March (0.5 to 2.1°C/50 yrs.). According to data
from 1951 to 2000, warming tendencies are
observed from January to May. Temperature
changes in the summer season and most of the
autumn season have different directions and low
absolute values (<1.7 °C/50 yrs). By November, the
trend changes for cooling by 0.4-1.1°C/50 yrs.
nearly throughout the region.

An essential meteorological element s
precipitation. However, estimates of change in
precipitation volumes are far less reliable than such
estimates for air temperature. The reasons for that
are both difficulties of instrumental measurements
(especially for snowfall in winter) and non-
uniformity of observation series at weather stations
because of modifications introduced in observation
procedures. Furthermore, the much lower than for
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CTPYKTYPA COBPEMEHHOIO NPOU3BOACTBA SHEPIA
B KOHTEKCTE NOBAJIbHOIO NOTEMNJIEHUA

I0O. A. Cano
UHCcTuTYT BOAHBbIX npobsiem Cesepa KapHL| PAH

OOHOM U3 BaXKHENLLIMX 3KONOTrMYecKkux npobnem
COBPEMEHHOCTM, BbIXOAALLMX 32 PaMKW OTAESNbHbIX
CTpaH W PernoHoB, aABAsgeTcs npobnema rnobdasb-
HOro namMeHeHus knumarta. B Havane 2001 r. 6bin
onybnukoBaH TpeTuii OT4YET, NOoArOTOBJIEHHbIN
MexXnpaBuTeNbCTBEHHOM FPYMNMNON 3KCMEPTOB MO
n3meHeHumio knumata (Intergovernmental Panel on
Climate Change, IPCC), B KOTOpOM cogepxaTtcs
Hay4YHO 060CHOBaHHbIE haKTbl rNOOaNbHOro NoTen-
JNIeHns1, naHa 0ObEKTMBHAs KapTuUHa HaboaaeMbIX
M3MEHEHUIN KIMMATUYECKON CUCTEMbI 3emMnn un
NPOLLECCOB, UX BbI3blBAKOLLMX. [TOMUMO NPUPOAHBLIX
konebaHuin KnuMmara, B Ka4ecTBe OHOWN N3 NPUYMH
3aMEeTHOro MoTeNJIEHNs!, NPOOOIKAOLLEroCs CO
BTOPOW MOA0BUHBLI XX B., 9KCMEPTbI HAa3bIBAKOT yBE-
nnyeHne BbIOBPOCOB NapHKKoBbIx rasos (CO,, me-
TaH, 3aKncb as3oTa, rekcapTopui cepbl, METaH n
Op.) TEXHOreHHOro npoucxoxaeHusi. KoHueHTpa-
LSt BCEX MapHMKOBbIX ra30B ObICTPO YBENNYMBAET-
Csl, a KOHUEeHTpaums B aTMocdepe anokcuaa yrne-
poAa B HAaCTOSILLIEE BPEMS BbiLLE, YEM B NI0OO ApY-
rov nepuog, 3a nocnegHue 420 000 net (CnepaH-
ckas, 2001). Mo gaHHbIM IPCC, KOHUEHTpaLMS yr-
nekmcnoro raza B atmocoepe 3a nepmog c 1750 no
2000 r. ysenuumnacb Ha 31%; CKOpPOCTb yBeNuye-
HMS nNpun aTomM cocTtasuna 0,4% B rog B Te4yeHme
OBYX nocnegHux gecatunetmin, a B 90-x rm. — Ha
0,2-0,6% (Climate Change, 2001). MNMpumepHo ¥
aHTponoreHHon amuccun CO, B TeueHne nocnes-
Hux 20 NeT 06YCNOBNEHO CXMUIaHMEM MCKOMAeEMOro
TOonMBa, OCTajlbHas 4aCcTb 3MUCCUM CBsi3aHa C
NPOMBbILLUIEHHBIMKW  MpOLleccaMn, N3MEHEHMEM
3eMJs1enosib30BaHMst 1 OCOBEHHO C COKpaLLLEHNEM
niowaam necos.

CoBpemeHHas mmpoBasi cmctema npon3BOACT-
Ba 1 NOTpebneHns aHeprm 6asnpyeTcs Ha UCKO-
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naemMblx 9HeproHocuTensx. o4yt Bce Npon3Boa-
CTBO 3JIEKTPOSHEPINM OCHOBLIBAETCH HA UCMOJSIb-
30BaHNUM HEBO30OHOBISIEMOr0 YrneBoaopPOAHOro
TONAMBA WUAN €ro NPOu3BOAHbLIX (HEPTb N HedpTe-
NPOAYKTbl, MPUPOAHbLIN rad, yronb). CtpaTternye-
CKM BaXKHOW 3agadeit B 06/1aCTU SHepreTnkm co-
BPEMEHHOI0 Neproaa 1 Ha NepcrnekTUBy ABNSETCS
obecnevyeHne 3KOHOMUYECKOro pa3BuUTUS Ha 0-
6aflbHOM, PernoHaabHOM N NOKaIbHOM YPOBHSIX HA
ocHoBe 3P PEKTMBHOIO, HAAEXHOro 1 6e30nacHo-
ro 9HepProcHabXXeHNs NP MUHUMaIbHbIX 3aTpaTax
Ha NPou3BOACTBO, NpeobpasoBaHne, TpPaHCMop-
TUPOBKY, NOTPebeHne SHepProHocCHUTeNen, a Tak-
Xe MPUeMNeMoro YpoBHS TEXHOTEHHOIro BO3Oel-
CTBMS HA OKpYXXatoLLyo NpupoaHyto cpeny (Mame-
HeHne knumata..., 2001). dkcnepTbl IPCC nayyanu
BO3MOXHOCTW MNOCNeACTBMIA UBMEHEHUNS KNMaTa,
HanpaB/ieHHble, B MEePBYIO 04epPenb, Ha OrpaHuye-
HVE aHTPOMOreHHOM 3MUCCUN MaPHNKOBbLIX ra30B.
BblNo ycTaHOBNEHO, 4YTO Hambosnee BaXXHbIMU Me-
pamu SBISIIOTCS NOBblILLEHME 3HEProaddOEeKTUBHO-
CTn, 9P PEKTMBHOE NCMNOMb30BaHNE MPUPOAHOro
rasa, a Takke MCnosib30BaHME NCTOYHMKOB 3HEP-
rn, cogep>XaLimx HU3KY KOHLUEHTPaLMIO yrnepo-
0a, Hanpumep, Guomacchl Unu Apyrux BUAOOB BO-
300HOBJIIEMbIX UCTOYHNKOB 3Heprum. CovetaHme
Takmx mep MmoxeT K 2020 . NpnBECTU K €XXKErogHO-
MY COKpPaLLLEHWIO aHTPOMOreHHOW 3MUCCUM NapHU-
KOBbIX ra3oB B pa3mepe 3,6—5 Mmapa T B yrnepog-
HOM 3KBMBaneHTe, 4To coctasndeTr 43-60% co-
BPeMeHHbIX BblOpocoB (CnepaHckasi, 2001;
Climate Change, 2001).

MpakTnyeckn BCS UCTOPUS Pa3BUTUS LUBUIN-
3auumm cBsi3aHa C OCBOEHMEM 3HEPIUN U HEYKIIOH-
HbIM POCTOM 3HepronoTpebneHus. ViIMeHHo Gna-
rogapsi CrnocobHOCTM nosyyaTb, Npeobpas3oBbl-



BaTb M MPUMEHSATb BO BCEX OTpaAC/saX maTtepuarb-
HOro NPOM3BOACTBA 3HEPrvio PasnMYHOro Bmaa
4yesIoBEYECTBO BLILLIO HA 3Tan B LENOM YCTOMYN-
BOr0 pOCTa Ka4yeCcTBa XM3HWU, OCBOEHUS NPOCTPaH-
CTBa, B TOM 4MUCJIE OKOJIO3EMHOI0, Pas3BUTUS HO-
BbIX TEXHOMOMMIM Npon3soacTea. C Hayana MHAyCT-
puvanbHOro nepuoda YUCIIEHHOCTb HaceneHus
3emnn HeENVHENHO Bo3pacTana, NpuUyem aToT Npo-
LLecC conpoBoXaasncs ewe 605iee MHTEHCUBHBIM
pPOCTOM MNPOM3BOACTBA U MOTPebNeHUss aHeprumn
NpPW NOCTOSIHHOM YBEJIMYEHUN BbIOPOCOB MapHU-
KOBbIX ra30B TEXHOMEHHOr0 NMPONCXOXAEHUS B aT-
mocoepy (puc. 1, 2).

M3meHeHus cpenHernobanbHON MpPU3eMHON
TemMnepaTypbl BO3ayxa 3a MNepuod WUHCTPYMEH-
TaNlbHbIX HabNAEHN N OCOOEHHO B MocneaHue
necatmnetmna XX B. akcneptbl IPCC cBa3biBaloT €

PE3KMM YBESIMYEHUEM 3MUCCUM MAPHUKOBLIX ra-
30B (puc. 2). Takum obpasom, cnocobbl Mpom3s-
BOACTBA 9HEPrnm, KOTopble pa3BMBaIMCb Ha Mpo-
TKeHUn XIX—XX BB., BO MHOIroM criocob6cTBoBaim
@HTPOMNOreHHbIM U3MEHEHMSIM KIMMaTa, B HaCTHO-
CTU, rMobasbHOMY NOTEMIEHNIO.

Kak cnenoyet mn3 CHOXMBLUEACS CTPYKTYpb
(Tabn.), OCHOBHbIM WCTOYHMKOM MNPOU3BOACTBA
3HEPrnn SBNSIeTCS UckornaemMmoe TonMBo — HEPTb,
NPUPOAHbLIN ra3 n yronb (94% cymmapHon Bbipa-
O0TKM 3NeKkTpoaHeprun B Poccum n okono 65%
BCEN Npon3BOANMOW B MUPE), TOrOa Kak Ha OO0
3KOJIOMMYECKM YNCTbIX NpMpoaocbeperanLmx pe-
cypcoB npuxogutcs He 6onee 1,5% kak B Poccum,
Tak n B Mmpe B uenom (MameHeHme knumara...,
2004). Mpwn 3TOM TEXHOMOMMNSA NOAYHEHUS 3HEPTUN
OT CXWUraHusi MCKOMaeMblXx BUOOB TOMJMBa He

E, Twit Population, kill.
16
7
14
12 °
10 a
a 4
3
‘ 2
2 - =+ ETWIL)
s a A H = Population, bill. (R) || 1
0
1800 1820 1540 1860 1880 1900 1920 1940 1960 1980 2000 ear
Puc. 1. lMpon3BoacTtBo sHeprum B Mmpe (B TeppaBaTtTax) M POCT HapoAoHaceneHus (B Mapa 4en.).
1TBT=10"? BT
Fig.1. World energy manufacturing (in terrawatts) and the world population growth (in billions).
1 TWt =102 watts
CO -emiss, millmt. TaLosio , C
26000 152
22000 13,1
18000 120
149
14000
14,5
10000
147
g000 146
== CO-EMISE (L
2000 - () 145
b e o o ok o — T|3|_|:|B|n I:Hj '
144
1800 1820 1340 1860 18580 1900 1920 1940 1960 1930 2000  Yegr
Puc. 2. O6was amuccusa CO, npu MCNob30BaHMM UCKOMNAeMOoro ropoHero 1 Npon3BoaCcTBE LieMeHTa

(B MJIH T) 1 crnaxeHHas no ckonb3awmm 10-netnsm cpegHernobanbHas TemnepaTypa so3ayxa ('C)

Fig. 2. World CO, emission from fossil fuel consumption and cement manufacturing
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SIBNSIETCA ONTUMasIbHOM B CMbIC/e pecypcocbepe-
XEHUS 1N BbIOPOCOB BpeaHbIX BELLECTB B aTMOCcde-
py. B kauecTBe npumepa Ha puc. 3 nokasaHa Tex-
HosorMyeckas Lenoyvyka nponsBoacTBa 31eKkTPo-
3HEpPrn Ha Tenao0BOM aNeKTPOCTaHUMM 1 nepena-
4ym ee K NoTpedbuTento. I3 ogHoro KnnosatTa aHep-
rMun, KOTOPYIO NOTEHLMANIbHO MOXHO MNOYy4YUTb NpU
CXUraHUn yrns, K noTpedbutento AoXoaAnT Nullb
0,015 kBT, uto coctaBndeT 1,5% OT NOTEHUMbHOW
3HEpPrum ucxogHoro konumyectsa Tormnmea. Oc-
TanbHble 98,5% pacxoayloTcs Ha NpsiMble BbIOPO-
Cbl MPW CXWUraHuM, Ha MexaHu4yeckue notepu B
TYpOUHE N 3NeKTPOoreHepaTope U Ha anekTpuye-
CKMe MoTepu Npu nepenadye anekTpPo3Heprum rno
npoBogam K noTpebuTersnto.

NCTOYHUKN NMPON3BOACTBA SJIEKTPO3SHEPT N
B POCCVW 1 B LIEJIOM OJ1A 3EMHOTIO LLIAPA, %

McTOYHUK Poccusa (2005r.) | 3emHon wap (2000 r.)
Hed1b 29 9,3
MpupoaHbI ras 51 17,5
Yronb 14 37,8
A3C 3 15,8
rac 1,5 18,2
Mpoune 1,5 1,4
Bcero 100 100

Combustion
ioss 10% ?;”se:%‘&r Pk
Steam 5
A ﬁ . I . : . Electricity
Turbine transmlssmn
loss 60% loss 10%
1 kWh 0.9 kWh 0.32kWh  0.015 kWh
Punc. 3. SHepretuyeckas cucrtema ans obecneyeHus

anekTpoocselleHns (Rydén et al., 2003)

Fig. 3. An energy system for provision of the service
electric light (Rydén et al., 2003)

B Gnuxanwem Oyayuwem HeOBXOAMMO KOPEH-
HbIM 00Pa30M N3MEHUTb CTPYKTYPY NPON3BOACTBA
3HEprMm B CTOPOHY Pas3BUTUS TEXHOJSIOMMIA, WUC-
NoNb3YyLWNX BO30OHOBNSIEMbIE UCTOYHUKN (U3-
MeHeHune knumara..., 2004).

OHeprunsa seTpa

BonblWMHCTBO 6eperoBbiX 30H U OCTPOBOB B
MOpPSIX, OKeaHaX M KPYMHbIX 03epax UMEeKT 3Ha4un-
TeNnbHble BeTpopecypcbl. Ce30HHbIe KonebaHus
CKOPOCTW BETPa 1 UX MakCUMasibHble BEINYUHbI —
OCHOBHble (aKTopbl, CAepXuBaloLlmMe B HacTOs-
Liee BpeMs pasBuTMe 3TOro UCTOYHMKA SHEpPruun.
CoBpeMeHHble KOHCTPYKLWM BETPO3HepretTmnye-
CKMX YCT@HOBOK paccuymMTaHbl Ha 3Kcnjayatauuio
npu ckopocTax BeTpa 4-30 m/c.

OHeprua ConHua

B ocHOBHOM npsimMas conHe4yHasa pagnaums uc-
NnoJsIb3yeTCd ANid Harpesa (I'IOJ'Iy‘-IeHI/Ie ropsiyen Bo-
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Obl B FTEIMOKONNIEKTOPAX, OTOMIEHNE MOMELLEHWNIA).
Yxe CyLlecTByeT 60bLLOE KOMYEeCTBO CNOCcoboB
ynaBJInBaHNA, KOHLUEHTpaunnm m I'IpeO6p83083.HMFI
COJIHEYHOW 3HEPIUN.

ConHeyHble HaTapewn

KoadpPumumeHT nosesHoro AencTBust coBpe-
MEHHbIX CONHe4YHbix OaTapei (CB) cocrtaBnser
Bcero 10-15% npn OTHOCUTENBHO BbICOKOW CTOU-
MOCTU MNPOU3BOACTBA COJIHEYHbIX 3JIEMEHTOB.
(YoeonTtbca npaktunyecku B adpdektmBHoctn Cb
MOXHO C MOMOLLbIO HECJIOXHOIO 3KCMepUMeEHTa,
onmncaHne KOTOPOro AaHo B MPUIIOXKEHUN B KOHLLE
ctatbn.) OdpdekTnBHocTb Cb pesko cHuxaeTcs
NPW CHUXEHUM OCBELLIEHHOCTHU, N3-3a 00J1a4HOCTH
1 B HOYHOE BPEMSI.

OHeprmsa BOMH

BonHoBasi MOLLIHOCTb MMPOBOIO OKeaHa OLLeHU-
BaeTca B 2,7 mnpa kBT, yto coctaeBnaet 30% no-
Tpebnaemon B Mupe aHeprum. PaspaboTaHbl 1 B
HEebOoNbLUMX O0ObeMax MPUMEHSIIOTCA TEXHONOrnu
MCMNONb30BaHNSA SHEPIrNM BOJIH B MecTax Lenbdo-
BOM 30HbI. OQHON N3 TakMX TEXHOJIOIMI ABNSIETCSH
Nnoslyd4eHne 3NeKTPOIHepPrum Ha NPUINBHbLIX TUA-
PO3NEKTPOCTAHLMSAX.

bBunomacca n 6uoras

OHeprusi, ocBobOXaAaemas B pesynbrate Tex-
HOMOrnYeckor nepepaboTKn pPasfIMYHbIX BUOOB
6uomacchl, HasbiBaeTcsa OuoaHeprmen. OO
exerogHbl npupocT Guomacchl Ha 3emse — 0koJ0
130 mnpa T cyxoro matepuana, npu nepepaboTtke
KOTOPOro MOXHO Nony4nTb okono 660 000 TBT-Hac
OnosHeprmun. brnoraz obpasyeTcsa npu peakuum
OPOXEHNST OPraHNYecKnX yaoobpeHunii, ObITOBbIX 1
NPOMBbILLIEHHbIX 0TX0A0B. Micnonb3oBaHmne buora-
30BbIX TEXHONOrMI Npu nepepaboTke OpraHunkm
MOXET He TOJbKO MOJIHOCTbIO YCTPAHUTb ee 3KOJ10-
rMYEeCKyl0 OMNacHOCTb, CBA3aHHY C BblOENIEHVNEM
NapHMKOBOrO ra3a — MeTaHa, Ho 1 eXXerofHo rnoJsy-
4yaTb AOMNOSHUTENBHO 95 MJIH T YCIOBHOrO TOM/MBa
(nnun, cxuras 6uoras, okono 190 mnpa kBT-vac
3NEKTPO3HEpPrum), NackaTomy —o6onee 140 MnH T
BbICOKO3(MDPEKTUBHbIX YA0OPEHNIA.

KOM6MHMpOBaHHbIe MCTOYHUKMN

BonbLLOi MHTEpPEeC BbI3bIBAOT UHTErPUPOBAH-
Hble€ CUCTEMbI MOJIy4EHNSI 3HEPTUN OT BO30OHOBU-
MbIX UCTOYHMKOB. Hanpumep, o6beauHss BETPO-
3HEPreTMYeckyld YCTaHOBKY M COJIHEYHYIO OaTa-
peto B 0HY CUCTEMY, MOXHO MOJly4aTb 3NEKTPo-
3HEPruo Kak B 0E3BETPEHHYIO COJIHEYHYIO Noroay,
Tak 1 B NAaCMYPHYIO BETPEHYIO, a TakXe HouYblo. B
KayecTBe npumMepa Ha puc. 4 nokasaHa KOMOUHU-
pOBaHHas ycTaHOBKA Masion MOLLHOCTM B 4. Curo-
BO (3aoHexbe).



Puc. 4. KombruHnpoBaHHasi BETPO3HEPreTnuyeckas v conHe4vHas yctaHoBka (poto M. C. borgaHoBoW)

Fig. 4. Integrated wind power and solar energy installation (photo by M. Bogdanova)

OcCHOBHbIMW NpobBremMamMun, caepPXuBaloLLMM
LUMPOKOE BHEOpPEHNE BO30OOHOBASEMbIX UCTOYHN-
KOB 3HEeprumn n aHeprocbeperaoLLmx TEXHONOr N B
Poccun, B yactHocTu, aensiotca (M3meHeHne knn-
marTa..., 2001):

— HecbanaHcKpoBaHHasi CTPYKTypa LLeH Ha op-
raHm4yeckoe TOMJIMBO;

— OTHOCUTENBLHO BbICOKAsA CTOMMOCTb Cneumab-
HOro oBGopyaoBaHWS O/ UCMOJIb30BaHUSA BO300-
HOBNSIEMbIX MCTOYHUKOB, onpegensemMasi npenmy-
LLLECTBEHHO MENIKOCEPUNHBLIM €ro MPON3BOACTBOM,;

— OTCYTCTBME O0CTyrna LUMPOKON OBOLLEeCTBEH-
HOCTU K MHpOPMALLMM O TEXHOIOTUAX NCMONb30Ba-
HUS1 BO3OOHOBJ/IIEMbIX UICTOYHUKOB SHEPInK;

— OTCYTCTBME NOOAEPXKKU, B TOM YMCNe 3ako-
HoOoaTenen, pa3BuUTUs HETPAOMLIMOHHON 3Hepre-
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TUKN Ha rocydapCTBEHHOM U PEervoHaibHOM
YPOBHSX;

— HegocTaToYHas 0CBEOOMJSIEHHOCTb XO34MUCT-
BEHHbIX PYKOBOOUTESNEN, B TOM 4YUC/E YaCTHbIX
npeanpuHMMaTene, ropoackoro 1 Cenbckoro Ha-
ceneHus 0 BO3MOXHOCTAX 1 MPenMYyLLLeCTBaxX UC-
NMosib30BaHNUS  BO30OHOBMAAEMbIX  WUCTOYHUKOB
aHeprum.

PelueHve aTnx npobaemM no3BoAUT B KOHEYHOM
nTore gobuTbCca cTtabunnaauum, a 3aTemM CHUXe-
HWS @HTPOMOreHHOr 0 BANAHUS Ha MPUPOAHbIE 3KO-
CUCTEMbI Ha JIOKaSIbHOM, PErnoHasibHOM W [0~
BanbHOM ypoBHAX. Heo6X0AMMO NOMHUTBL, YTO OT-
BETCTBEHHOCTb 3a rnobasnibHOe NoTernieHne NexuT
Ha 4enoBeYecTBe M OT Hero 3aBUCUT YCTOMYMBOE
CyLLIECTBOBAHME Hallel NnnaHeThbl.

Intergovernmental Panel on Climate Change / Eds.
B. Metz et al. Publ. IPCC, Cambrige Univers. Press.,
2001.752p.

Photovoltaic Pyranometer for the measurement of
solar radiation (User’s guide). SolData, Denmark, 2003.
17 p.

Rydén L., Migula P., Andersso M. Environmental
Science. Understanding, protecting, and managing the
environment in the Baltic Sea Region. A Baltic University
Publication. Almqvist & Wiksell Tryckeri Print., Uppsala,
20083. 824 p.

World Resources 1998-99. A Guide to the Global
Environment. Environmental Change and Human Health
/ Eds. M. S. Swaminathan et al. New York: Oxford Univ.
Press Ltd., 1998. 369 p.



MPUJIOXKEHWE

Mpy HanMuMM CcoJsiHeYHoW 6aTtapen U MUHK-
ManbHO HeobxoaAMMOoro Habopa M3MEpPUTESbHbIX
NPrBOPOB MOXHO MPOBECTUN HECIIOXHbI 3KCNepu-
MEHT MO MNPakTU4ecKon oueHke 3PPEKTUBHOCTHU
npeobpa3oBaH1s COSIHEYHOM IHEPTUN B SNEKTPU-
YeCKyl0 C MOMOLLbID COBPEMEHHbLIX COJIHEYHbIX
3/1IeMEHTOB. B Kypce 3K0norm4eckoro npoceetLle-
Hua NBIMC KapHL, PAH 1 B ne€THUX 3KONOrM4eCKnx
narepsix Mbl ICNOJIb3yEeM KPEMHUEBBLIE COJTHEYHbIE
anemeHTbl CB-6, KOTOpbIE MMEIOT HOMUHANBHOE
BbIxOQHOE HanpsxkeHwe 6 B npu Toke 0,25 A un
MoLLHOCTb 1,5 BT npn HOpMasibHOM OCBELLEHHO-
cTu. Mpu 06beOVHEHUM YETBIPEX TAKMX 3JIEMEHTOB
B OaTapeto AoCTUXMMA MOLLHOCTL 6 BT.

Ona npoBeneHus akcnepumMmeHTa Heobxoau-
Mbl: CONHeYHas OaTtapes, nupaHomeTp (doTo-
ANEeKTPUYECKNIA NPUBOP AN UIBMEPEHUS CyMMap-
HOW, MPAMON NN PACCEeAHHON CONIHeYHOW paamna-
LMn), BONbTaMnepMeTp C Nnpeaenamm uaMmepeHuns
NOCTOAHHOro HanpsxeHus 20 B 1 NOCTOSIHHOro
Toka 1 A.

B Halmx n3MepeHusx Mbl MPUMEHSN CONMHEY-
Hyto 6aTapeto 4CB-6, cocTaBEHHYIO U3 YeThIpex
anemeHToB CB-6; nupaHometp SolData (puc.) u
umdbposom amneponsTMeTp DT-709.

BbinonHeHne namepeHuin n pacHet Koadpohuum-
€HTa MNone3Horo OeincTBUS CONMHe4YyHoU Gartapeu
NPON3BOAAT B CNeAyloLLEM NOPSIAKeE.

Pyranometer

ST
o Usor °F
Lr

Woltampetmeter

solar panel

ConHeuvHas 6atapes 4Cb-6 (1), nupaHomeTp SolData (2) n cxema sKCnepuMeHTasIbHON YCTaHOBKM

Solar battery 4Cb-6 (1), piranometr SolData (2) and the experimental system installation cirquit
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BHavane onpenensioT cymmapHyk nowanb
KPUCTaNNIOB UCC/IEQYEMON COJHEYHOW Gatapeun
Sgs B M

YcTaHaBnMBaloT CONHEYHYIO GaTapeto 1 nupa-
HOMETP NeprneHaMKYNSPHO HaNpaBleHWto naaato-
LUMX COJIHEYHbIX Jly4elt; ans 3Toro nydule 3akpe-
NUTb NMPAHOMETP Ha OOHOW NNacTUHE C COJIHEY-
HoW BGaTapeeii.

MopxnioyatoT K NMPaHOMETPY aMnepBOSITMETP
N 13MepSIoT HanpsxeHne Uy, B MUIIMBOJLTAX.
Ina kaxgoro nupaHometpa SolData npu ero naro-
TOBJIEHUM ONPEeneNnsT N ykasbiBaloT B nacrnopre
nprdopa NnepexoaHbli KOAPPULIMEHT OT HanpsixXe-
HUS K BEJIMYNMHE MOLLHOCTW Nafatollero CosiHeu-
Horo nanyyeHusa (K). Ons nmerowerocs B Halem
pacnopsixeHun npubopa K= 131 mB/(kBT/Mm?).

Hanee no popmyne

Pso, = 1000 - K- Uy
BbIYNCNAOT MOLLHOCTb COJIHEYHOIO WU3JyYeHus
(BT/m?). BenuumHa P, nokasbiBaeT, kakoe KOsin-
4eCTBO COJIHEYHOI aHepruu nagaeT Ha 1 M2 no-
BEPXHOCTU. oCKOMbKy Nfolanb Hallen CosHeu-
Hov Gatapeun S , He paBHa OLHOMY KBaApaTHOMY

MeTpy, HeoGX0AMMO OMpPenesinTb MOLWHOCTL P,
nagaroLLyto Ha GakTUYECKYHo NMoLLaab CONHEYHOWN
GaTapeun:

PSOL.1 = PSOL' SSB’
npun 3TOM, Kak ykasaHo Bbllwe, niowaib S, A0/K-
Ha BbITb BbIpaXxeHa B M2,

3aremMm amnepBOSILTMETP MNOAK/OYAT K COfl-
He4Hon Gatapee 1 N3MepsIoT HanpsxxeHne Uy, (B
BOMbTAx) 1 cuiny Toka lg, (B amnepax). CooTBeTcT-
BytOLLLAS 3/1EKTpUYEcKas MOWHOCTL Py, (B BaTTax),
KoTopas BblpabaTbiBaeTcs baTapeen Npu JaHHOM
OCBELLEHNN, paBHa

PSB = Usa' ISB'

KoadpduumeHT nonesHoro AencTeuns ng,, KOTo-
pbii 1 xapaktepmndyeT apdEKTUBHOCTb AAHHOIO
Tuna CoJIHeYHbIX BaTapeli, BbluMcaseTcsa no eop-
Myne

Ngg = PSB / PSOL.1 -100%.

MpakTnyeckne n3mepeHus, BbIMOJIHEHHbIE Ha-
Mu netom 2008 . B akonornyeckom narepe «Ka-
nunco» (Bogno3epckuin HauMOHaNbHbIV NAapk), No-
Kasanu, 4To KO3PPUUMEHT MOMESHOro AENCTBUS
6atapen 4CB-6 HeBblcokmin, nopsaka 11-15%.

MODERN ENERGY PRODUCTION STRUCTURE
IN THE CONTEXT OF GLOBAL WARMING

Yu.

A. Salo

Northern Water Problems Institute, Karelian Research Centre

One of the biggest environmental problems of
today, reaching beyond the borders of individual
countries and regions, is global climate change.
Early in 2001, the Third Assessment Report of the
Intergovernmental Panel on Climate Change
(IPCC) was published. It contains scientific facts
about global warming, presents an unbiased
overview of the changes occurring in the Earth’s
climate, and the processes inducing them. Experts
believe another reason for substantial warming
underway since the second half of the 20™ century,
in addition to natural climate fluctuations, is growing
emissions of man-made greenhouse gases (CO,,
methane, nitrous oxide, sulphur hexafluoride, etc.).
The concentration of all greenhouse gases is
growing rapidly, and carbon dioxide concentration
in the atmosphere is now higher than anytime else
over the past 420 000 years (Speranskaya, 2001).
According to IPCC, CO, concentration in the
atmosphere increased from 1750 to 2000 by 31%;
the increase rate was 0.4% per year over the past
two decades, and 0.2-0.6% —inthe 1990s (Climate
Change, 2001). Some % of anthropogenic CO,
emissions in the past 20 years came from fossil fuel
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combustion, the rest was due to industrial
processes, changes in land use and, particularly,
forest shrinkage.

Today, the global energy generation and
consumption systemrelies onfossilfuels. Electricity
production is nearly totally based on utilization of
nonrenewable hydrocarbons or their derivatives
(oil and oil products, natural gas, coal). A task of
strategic importance in the energy sector is to
ensure economic development at the global,
regional and local levels based on effective,
unfailing and safe energy supply with minimal costs
of its generation, conversion, transfer and
consumption, as well as with an acceptable level of
environmental impact (Climate Change..., 2001).
IPCC experts investigated potential scenarios of
climate change, mainly focusing on the ways to
reduce anthropogenic emissions of greenhouse
gases. The measuresrecognized as mostimportant
formitigationare enhancement of energy efficiency,
efficient utilization of natural gas, as well as
utilization of low-carbon energy sources such as
biomass or other renewable sources. If these
measures are combined, reduction of yearly



greenhouse gas emissions may reach 3.6-5 bin.
TCE by year 2020, i.e. 43-60% of current emissions
(Climate Change, 2001; Speranskaya, 2001).

Nearly the whole history of civilization is
connected with mastering of energy and persistent
growth of energy consumption. It was owing to the
ability to derive, convert and apply energy of
different kinds in all sectors of material production
that humankind has reached a phase of relatively
steady improvement of the living standard,
colonization of spaces, including near-Earth space,
development of new technologies. Human
population of the Earth has been growing non-
linearly since the onset of the industrial period, and
the process was accompanied by even more
intensive growth of energy production and
consumption, and by constant increase in
greenhouse gas emissions (Fig. 1, 2).

IPCC experts attribute changes in mean global
surface air temperature over the period of
instrumental measurements, especially in the last
few decades of the 20th century, to a sharp rise in
greenhouse gas emissions (Fig. 2). Thus, the
methods of energy production that had been
developing in the 19"-20" centuries largely
promoted anthropogenic climate change, in
particular global warming.

As seen from the structure above (Tab.), the
main energy sources are fossil fuels — oil, natural
gas coal (94% of total electricity output in Russia
and ca. 65% of the electricity produced around
the globe), whereas the proportion of environment
friendly resources is no more than 1.5% both in
Russia and in the global economy in general
(Climate changes..., 2004). Meanwhile, the
technology for energy generation from fossil fuels
is far from being optimal in terms of resource
saving and harmful emissions. See, for instance,
Fig. 3, portraying the process chain for electricity
generation at a heat power plant and its transfer to
the end user. Of the one watt of energy that can be
potentially derived from coal combustion, the
consumer gets only 0.015 kW, i.e. 1.5% of the
fuel’s energy potential. The rest 98.5% are wasted
in emissions at combustion, mechanical losses in
the turbine and generator, and in losses as
the electricity is transmitted to the consumer by
wires.

SOURCES USED FOR ELECTRICITY PRODUCTION IN
RUSSIA AND IN THEWORLD AT LARGE, %

Source Russia (2005) Globe (2000)
Qil 29 9.3
Natural gas 51 17.5
Coal 14 37.8
Nuclear power 3 15.8
Hydropower 1.5 18.2
Other 1.5 1.4
Total 100 100

70

The alternative is to change the structure of
energy production profoundlytowardsdevelopment
of technologies based on renewable sources as
soon as possible (Climate changes..., 2004).

Wind energy

Most coastal zones and islands of seas, oceans
and large lakes possess substantial wind resources.
Seasonal fluctuations of wind velocity and their
maximal values are now the main factors limiting
the development of this source of energy. Most
modern wind power units are designed to operate
at wind velocities of 4-30 m/sec.

Solar energy

Direct solar radiation is mostly used for heating
(water heating in helio-collectors, house heating).
Many methods have already been developed to
capture, concentrate and convert solar energy.

Solar panels

The coefficient of efficiency of modern solar
panels (SP) is only 10-15%, the cost of solar cells
being rather high. (SP efficiency can be checked in
a simple experiment described in the Annex). Sp
efficiency drops sharply at lower illumination,
cloudiness, and at nighttime.

Wave energy

The world ocean’s wave power is estimated at
2.7 bin. kKW, which equals 30% of the energy
consumed globally. Technologies for utilization of
wave power in shelf areas have been developed
and are in small-scope use. One of such
technologies is electricity production at tide-driven
hydropower plants.

Biomass and biogas

The energy released through processing of
various kinds of biomass is called bioenergy. Global
annual biomass increment is about 130 bin. tons of
dry material, which can be converted into ca.
660 000 TWh of bioenergy. Biogas forms during
fermentation of organic fertilizers, domestic and
industrial wastes.  Application of biogas
technologies in processing of organic wastes
would not just eliminate the related environmental
hazard of methane emission, but also vyield
additional 95 min. TCE (or ca. 190 bin. kWh of
electricity from biogas combustion), plus over 140
mln. tons of very effective fertilizers.

Integrated sources

A technology of high interest is integrated
systems of energy generation from renewable
sources. E.g., joining a windmill and a solar panel
into one unit, one can get electricity both in still



sunny weather, on windy overcast days, and at
nighttime. The example in Fig. 4 is the low-output
integrated installation in the village of Sigovo
(Zaonezhje Peninsula).

The main barriers on the way towards wide use
of renewable energy sources and energy-saving
technologies in Russia are, i.a. (Climate change ...,
2001):

— unbalanced pricing of organic fuels;

— relatively high cost of specialized equipment
utilizing renewable energy sources, mostly because
of small-batch production;

—lowaccessforthe general public to information
on renewable energy technologies;
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— lack of support to development of alternative
energy at the national and regional levels, namely
from law-makers;

— low awareness of the possibilities and benefits
of utilization of renewable energy sources among
managers and entrepreneurs, as well as people in
urban and rural areas.

Overcoming these barriers one would first
stabilize, and then reduce human impact on
natural ecosystems at the local, regional and
global levels. We must not forget that the
humankind is responsible for global warming, and
that sustainability of the planet also depends on
people.
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APPLICATION

We made measurements with the solar panel
4SB-6 made up of four SB-6 cells, the pyranometer
SolData (Fig.), and the digital voltammeter DT-709.

The algorithm for the measurements and
calculation of the solar panel coefficient of
efficiency is the following.

First, the total area of the solar panel crystals S,
is determined, expressed in m2.

The solar panel and the pyranometer are
installed perpendicular to incident radiation; this is
best achieved by fixing the pyranometer and the
solar panel on the same plate.

Thevoltammeteris connectedtothe pyranometer,
and millivoltage Uy, is measured. The calibration
factor K for conversion from voltage to the power of
incident solar radiation is indicated in the certificate
of each SolData pyranometer. K factor for the piece
we used equaled 131 mV/(KW/m?).

Then, apply the formula

Pso = 1000 - K- Uy,
to calculate the solar radiation power (W/m?). The
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value of P indicates how much solar energy falls
on 1 m? of the surface. Since the area of our solar
panel S,, does not equal one square metre, the
power P, falling on the actual area of the panel has
to be determined:

PSOL.1 = PSOL' Ssa’
as mentioned above, the area Sg; should be in m?2,

The voltammeter is then connected to the solar
panel, and voltage U, (in volts) and current I, (in
amperes) are measured. The corresponding
electric power P, (in watts) produced by the panel
at this radiation is

PSB = Usa' ISB

The coefficient of efficiency ng, — the descriptor
of the efficiency of this type of solar panels, is
calculated by the formula

Nes = PSB / PSOL.1'1OO%'

Practical measurements carried out at the
Calypso eco-camp (Vodlozersky National Park) in
the summer of 2008 proved the efficiency of the
4SB-6 panel to be rather low, ca. 11-15%.



rNMOBAJIbHAYA 3TUYECKAA TPUJIEMMA

AH OTTO AHOEpPCCOH

OtaeneHve akoHOMUKK, YHnBepcutetT A6o Akaaemu, PuHASHANS

Jkonormnyeckas 9KOHOMMKa BO3HMKIA B CBA3M C
Heo6X0AMMOCTbIO MPOTUBOCTOSATL BbI3OBAaM, C KO-
TOPbIMW YEJIOBEYECTBY eLLe He NPUXO4MII0Ch CTall-
knBatbcs. CerogHs Mbl BCE XMBEM B r106asbHOW
9KOHOMUKE U pas3gensem ee cyabby. B To Bpems
Kak Mbl NPoM3BoauM 6nara B paHee HEMbICIINMBbIX
MacwTabax, HaMm Takxe MNPUXOAUTCS MPU3HaThb,
YTO Yrpo3bl XWU3HEHHO BaXHbIM 3KOJIOMMYECKUM
cucteMaM HapacTalT HeBUOAHHLIMY TeMnamu.
[MpoTnBopeyne mexny 3KOHOMWYECKOM N 3KOJIO0-
rMYEeCcKOW CUCTEMaMM CTano OOLLENPUIHAHHBIM
$daKkTOM He TOJIbkO Ha MECTHOM, HO 1 Ha rnobanb-
HOM ypoBHe. MoTpebHOCTb B Noaxone, KOTopbii
cMor Obl HANPSMYIO Pa3peLlnTb 3Ty AUSIEMMY, CTa-
nla 04EeBNOHOMN.

Maas Ha akonornyeckue npobnemsl ¢ rnobanb-
HOW TOYKW 3pEHUNsT, HEBO3MOXHO abcTparnposatb-
CS OT Pa3uUTENIbHOIrO HepaBeHCTBA MeXAy Hapoaa-
Mn. OpHu 3apabaTtbiBaloT M NOTPEONSAT Kyaa
OonbLUe, 4eM Apyrve, U NO3TOMYy BOMNPOC O TOM,
Kak ObITb C 9KOSIOMMYECKUMU BbI3OBaMU, CBA3aH C
BOMPOCOM O TOM, KaK JoCTu4b Bonee cnpasenin-
BOIr0o pacnpeneneHns 3KOHOMNYECKUX BO3MOXHO-
CTen. OKOMOrnyeckorm 9SKOHOMMKE MPULLNIOCH
BKJIIOYUTb B KPYTr CBOMX MHTEPECOB riobanbHoe pa-
BEHCTBO — 3ajaya, noBbicuBLUAS TpeboBaHus K
3TOW ANCUMIIIVIHE, KaK C HaYyYHOW, TaK U C NOJINTU-
YeCKOW TOYKU 3PEHNS.

HeobxoanMmMocTb BBECTU MOHATUE CnpaBensn-
BOCTM B @Ha/IN3 OTHOLLEHNIM MeXAY 3KOHOMUKOW 1
3KOM0rnei ctana o4eBmaHa BCkope noce nyénm-
kauum obecneyumBLLErO NPOPLIB Aoknaga lpese-
bl pocTa (Limits to Growth) B 1972 r. CyTb aTOI
nyénukaumm Pumckoro kiyba coctosina B TOM, HTO
€C/1 NPOAOJIXNTCS POCT HaceneHns n notpebne-
HUS TemMun xe Temnamm, 1o B XXI B. 4enoBe4yeCcTBOo
OXMOAIOT CePbe3Hble 3KOJIOMTMYEeCKMe KaTacTpo-
&bl CyLiecTByloT GuU3nyeckne npenensl ons poc-
Ta, N eOMHCTBEHHbIN cnocob n3bexartb kaTacTpo-
¢bl B OyayLiemM — CHU3UTb POCT HacesleHns 1 cTa-
OVAM3npoBaTh MPOMBbILLIEHHOE MNPOM3BOACTRO.
OTO O3HA4YaeT He TOJbKO NpekpaLleHme pocTa Ha-
ceneHns Ha 6egHom KOre, HO 1 cokpalleHme Npo-
MbILLIEHHOTO POCTA MO BCEMY MUPY.

pynna nccneposatenenn U3 JlatmHckon Ame-
pVKM Hanmcana CBOM OTHYET B NPOTUBOBEC: «Kara-
cTpoga m HoBoe o06LuecTBo. JlaTmHoaMmepyikaH-
ckas wmogenb mupa» (Catastrophe and New
Society. A Latin American World Model, 1976), roe
YTBEPXOAETCS, 4TO OOMbLUAs YacTb MUpPaA YXe XU-
BET B COCTOSHUWN BEAHOCTU, U ANS 9TOW YacTn Kpn-
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3uc yxe HacTynui. [MoaToMy 3KOHOMUYECKUI POCT
Ha lOre Hy>HO yckopuTb. Henb3a nopnepxmeatb
HepaBeHCTBO B MUpe, nbiTasicb n3bexatb 6yay-
Len katacTpodbl, KOTOpasd NPUHECET KPU3UC U Ha
Cesep.

JNlatnHoamepurkaHckast Mogenb Mupa, UMeHye-
Mas Takxe mogenbio bapunodye, ykasbiBaeT Ha
rnobanbHylo 3TU4eckylo Tpunemmy. CyliecTByioT
TPW LN, NOA KOTOPbIMU Nognucanock 6bl 60/b-
LUNHCTBO Nitoaeit 3emMHoro wapa, — 61arococTosi-
HWe, cnpaBefsiMBOCTb U yCcTOMYMBOCTb. OpHako
06beaVHUTL 3TU TPU LEeNn Ha rmobanbHOM ypOB-
He — 3ajaya TpyaHoBbINOAHUMas. O6cyamm rno-
OanbHy 3TUYECKYIO TPUIEMMY, ONMPAsiCb Ha cne-
OYIOLLYIO AnarpamMmy.

FMOBAJIbHASAA STUHECKAA TPUJIEMMA
Bbibepu oga — 3abyab Npo TpeTbe

MaccoBoe noTpe6neHue
BnarococTtosiHue

MwupoBasi Oko-

couman- 3hPEKTUBHBIN

OeMoKpaTus Kanutanmam

o6anbHasg Akonorn-

. N yeckas

cnpaeen, KpacHo-3eneHbili o

MBOCTB nnaHeTapuam yerouam-
P BOCTb

Ymbl TPeyronbHUKa COOTBETCTBYIOT TPEM CO-
CTaBJIFIOLWMM, HaCTO BKJIIOYAEMbIM B ONpeaeneHns
YCTOM4YMBOIO Pa3BUTUSA: 3KOJIOMMYECKOe, 3KOHO-
MUYECKOE 1 coumanbHoe namepeHus. CnoxHoOCTb
B LOCTVXXEHMW BCEX TPEX LiEeJIEN HA MMPOBOM YPOB-
He — HACTOALLMM BbI3OB AJI1F TEX, KTO NnoJjiaraeT yc-
TOMYMBOE pPa3BUTUE [TIAaBHOW MOJINTUYECKOW Le-
JIblO HaLlero BpemMeHu. VIMeHHO 3TOT BbI3OB U Oe-
NlaeT 3KOJIOrMYEeCcKyt0 3KOHOMUKY CTOJb YBilEKa-
TENbHON.

BJIATOCOCTOAHNE

BepHemcs Ha BpeMs B «30/10TOM Bek» 1950-x 1
1960-x rr. HacTpoeHnsa TOro BpeMeHn OCHOBbIBA-
NNCb Ha BEPE B 9KOHOMMUYECKMI POCT 1 MACCOBOE
notpebneHve. bonblion ycnex mmena pabdoTa



aMepUKaHCKOro 3KOHOMWCTa U MONAUTUYECKOro
TeopeTtumka Yonta YutmeHa Poctoy «Ctagum ako-
HOMMYECKOro pocTa: HEKOMMYHUCTUYECKNIA Ma-
HudecT» (The Stages of Economic Growth: A non-
communist manifesto, 1960), koTtopasa cTana
KNTaCCUKOWM HECKONbKMX HanpaBfieHU coumab-
HbIX HayK.

CornacHo ctagminHon Teopun PocTtoy, obLecT-
BO MaCCOBOIro NoTpebneHns aBnsieTcsl OKoHYaTe b-
HOW Lenblo Pa3BUTUS YenoBeyecTBa. HYepes «capur
K camoobecrneymBaloLLeMy POCTy» nobas cTpaHa
MOXET 3arnyCTUTb NPOLLECC 3KOHOMUYECKOro pPocC-
Ta, KOTOPbIN NPUBEOET ee K KOHEYHOW Lienn — ooLLe-
CTBY pa3BUTOro MaccoBoOro notpebnenHunst. PasHole
CTpaHbl MOIYT CTaTb TakUMW Xe MPOLBETAIOLLMMMU,
[0eMOoKpaTUYECKMMU U CKYYHbIMU, KaKUMW yXKe CcTa-
nn CLUA. Korpa Poctoy nucan csoto kHury, CLLA
OblIM €OMHCTBEHHOW CTPAaHOW, AOCTUrLLIEN MATOMN
cTagun — «3pbl BbICOKOrO MacCOBOro rnotpebne-
Hus». 3anagHasa EBpona n 9noHus yxe nogxogunm
K aTon ctaamn, a Cosetckuii Coto3, no cnosam Poc-
TOy, Obln B Hee 6e30TBETHO B/OGSEH. BOT kak OH
onuncbiBan 06LECTBO Pa3BUTOrO MacCOBOrO Mo-
TpebneHuns: «JocTmxkeHne COCTosHUS Gnaronony-
4ynsa — 3TO OAHO U3 NPOSABIEHWNI ABUXEHMUS 0OLLIECT-
Ba 3a npenesibl TEXHUYECKOoM 3penocT; HO UMEHHO
Ha 3ToW cTaamm Bce 60oblUe PecypcoB Hanpas/is-
€TCS Ha NPOM3BOACTBO TOBAPOB NOTPEbIeHNs N Ha
pacnpocTpaHeHne yciyr B MacCoBOM MacluTabe...
McTopuyecku... pellalowmmMm  31eMeHToM  Oblio
MacCcoBO€e MNPOU3BOACTBO AELLEBbIX aBTOMOOUNEN
1 ero peBOJIIOLIMOHHOE BNNSIHME — KaK coUuarnbHOe,
TaK 1 3KOHOMUWYECKOE — Ha XM3Hb U OXUOaHUS 00-
wectBa» (Rostow, 1960, p. 11).

CornacHo PocToy, Bce cTpaHbl MOryT OOCTUYb
cTagun pasBUTOroO MacCoOBOro MNoTpebrieHus.
OHun, kak camosieTbl, MOryT B3/1IeTETb K camoobec-
neymBaroLLEMY POCTY. ATO MOXHO CAenaTb Yyepes
MMMOPT MAEN N KanuTana 1 yjyactne B MexayHa-
poOHOM pasaeneHun Tpyna. boratele cTpaHbl SB-
NANUCb €CTECTBEHHbIMU COK3HMKaAMK, a He npe-
NATCTBUAMU B YCUNUSX OedHblX CTpaH No pas3Bu-
TUIO.

Mpu 3TOM, 4YTO BrOJIHE OObLIYHO AJst TOro Bpe-
MeHu, PocToy He paccmaTtpuBan npobnemsbl, CBS-
3aHHbIE C OKPY>XKalOLLLEN cpeaon unu ¢ npegenamm
pocTa. [na Hero aKcropT Cbipbsl Obl1 €CTECTBEH-
HOM OTNPaBHOW TOYKOM A5 NONYyY4EHUS CPEOCTB Ha
pa3suTue.

Jyx TOro BpeMeHu, KOTOpoe No3xe Has3blBann
«30J10TbIM BEKOM>», «DPOPAN3MOM>» U «3POIN HEDTH,
MaLUVH 1 MacCOBOIro NoTpebneHns», Obls B 3HAYN-
TenbHOW cTeneHn ytpadeH B 1970-e rr., HO «ame-
PUKaHCKNIA 06pa3s XM13HW» Mo-NpexHeMy octaeTcs
>XXeNaHHOW Lenblo Ans MHOrMX B Mupe. Yepes rno-
Oanusaumio U TEeXHONOrM4Yeckuii Nporpecc Bce
CTpaHbl MbITAOTCSA MNOBLICUTbL CBOE 061AarococTos -
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HUe. DKOHOMUNYECKMIA POCT BCE ELLE ABASIETCH Me-
pnnom ycrnexa Ha MMpPOBOM YPOBHE.

CMPABEOJIMBOCTb

Mownckn cnpaBemsIMBOCTM — COCTaBsioLLas
BCEX 3TUYECKNX AOKTPUH. M BCe Xe OfHN OOKTpU-
Hbl pacnpoCcTpaHeHbl Oosblue, APYrve MeHblue.
CerogHsi, BO3MOXHO BrepBble B UICTOpUK, 3ab0Ta
0 CnpaBeaSINBOCTU pacnpocTpaHuiach Ha Bce Ye-
JIOBEYECTBO, a He TOJIbKO Ha Noaen Kakon-To of-
HOM HaUMOHaNIbHOCTU 1NN penurnn. dexknapauus
0 npaBax yenoseka, npuHaTas OOH B 1948 r., 3Ha-
MEHYeT NPOopPbIB B NOUCKax rnodanbHOM cnpaBe-
nmBocTu: obecnedyeHne 3aOeKapupPoOBaHHbIX
npae 018 BCEX CBOMX rpakaaH cumMTaeTcst 06a3aH-
HOCTbIO Kaxaoro m3d rocygapcts-4neHos OOH.
MexayHapoaHoe coobLLLECTBO, Yepe3 MHOXECTBO
MeXAyHapoaHbIX OpraHM3aLmnii, NOCTENEHHO Npu-
HAM0 Ha cebs posib 3aWMTHUKA BCEOOLLMX NpaB
yenoBeka W crnpaBensIMBOCTU Ha rnobdasbHOM
YPOBHE.

OaomH n3 cnocoboB gaTb onpeaeneHne cnpa-
BEOJ/IMBOCTU — UCMNONb30BaTh MOHATME BO3MOXHO-
CTK ObITb TEM WU AENATb TO, YTO ANS Tebs LEHHO,
M yBSI3aTb 3TO MOHATME C OOCTATOYHOCTbIO, YHU-
BEpPCasIbHOCTbIO M YCTONYMBOCTbIO.

Pexnm MoxeT cumTaTbCs cnpaBedsivBbIM Ha-
CTOJIbKO, HACKOJIbKO OH CNOCOOCTBYET rapMoHm3a-
UMM BO3MOXHOCTEN OOCTMXEHUS (DYHKLMOHNPO-
BaHWS1 HA A0OCTAaTOYHOM, BCeOOLLE AOCTUXUMOM U
ycTon4meom ypoBHe (DeMartino, p. 144).

MmobGanbHas cnpaBed/IMBOCTb O3HA4YaeT, 4YTO
XEenaeMoro ypoBHSI MOXHO [OOCTUYb BE3AE W YTO
€ro MOXHO COXpaHsATb. Takum 06pa3om, oHa ume-
€T Kak MexxayHapoaHOoe, Tak 1 MeXMNOoKOoJIeH4Yeckoe
N3MepeHMe.

CnocoBHOCTbL NoAen NpOXuTb  AOCTOVHYIO
XM3Hb 3aBUCUT OT 06LLECTBA B LIESIOM — yypexae-
HWI, KYNbTYPbl U YBaXEHUS K ApyruM. MOoXHO cka-
3aTb, YTO Jaxe cenyac Halwun UHAMBUAYyaSIbHble
BO3MOXHOCTU POpPMMPYIOTCS rnodasbHOM cucTte-
MOV — 3KOHOMWYECKMW, KYJTIbTYPHO N 3KOJIOTNYECKN.
B rny6oko HecrnpaBeasIMBOM MUpe MOryT CYLLECT-
BOBaTb CrpaBea/inBble 0OLLECTRA.

lMockonbky Mbl XXMBEM B MUpe, Tae 3a AeHbIU
MOXHO KyMuTb MNpPakTU4eCKN BCE W rOe yrogHo,
pacrnpeneneHne [O0X000B SBNASETCA OAHUM U3
BaXXKHEMNLLUNX MHOMKATOPOB TOr0, HACKOJ/bLKO crpa-
BEAJIMBLIM MW HECNpaBe4IMBbIM CTan Mup. 3a
nocnegHue 200 net pasHuua B Joxogax Mexay
KOHTUHEHTaMM Bbipocna [0 BO3MYTUTESbHbIX
mMaclwitabos. B Hauyane XIX B. oxoabl Ha AoyLly Ha-
ceneHns B 3anagHoi EBpone Gbiin Bhille, YEM B
Adpuke, BTpoe. B HacTosLLEee BpeMs pa3pbiB Me-
xay CesepHoin AMepukor n AQppuKon BbIPOC 40
cooTHoweHus 20 k 1 (Maddison, 2001).



SKOIOrMYECKAA YCTONYMBOCTb

TepMUH yCTOMYMBOCTbL B3SIT U3 3KONOrUW, rae
OH onpenensieTcsl kak crnocoOHOCTb BKOCUCTEMBI
NoaaepXnBaTh 9KOMOrMYECKNe NpoLLeCcChl, GyHK-
umn, GruopasHoobpasne 1 NPoAYKTUBHOCTb B Oy-
aywem. [1na ycTonymBoCTM HEobXxoaumo, 4ToObl
NPUPOOHbLIE PECYPCHI UCNONB30BANNCH NWLLIL TEMMU
Temnamm, KOTOPbIMU OHW BO30OHOBNSIOTCH ecTe-
CTBEHHbIM nyTeM. Ceilvyac 04eBUAHO, HYTO YenoBe-
4YeCTBO XMBET HEeYCTO4YMBO, NoTpebnas orpaHu-
YeHHble MPUPOAOHbIE pecypcbl 3emnu ObIcTpee,
4yeM NpMpoaa MOXET UX BOCCTaHOBUTb. Cnenosa-
TeJIbHO, YCTONYMBOCTb — 3TO NPU3bIB K AENCTBMIO,
K 0ObEOMHEHWNIO YCUNWIA Noaen Ans yaepxxaHus
MCMNONb30BaHUSA MPUPOAHbLIX PECYPCOB B npene-
nax, obecneymBaemMbIx MiaHeTown.

CyuiecTByeT MHOXECTBO OMNMpeneneHnin n cno-
COB0B N3MepPEeHUs yCTOMHMBOCTU, HO Liefb AOCTU-
XEHUs1 YCTOMYMBOCTU B LIENOM MpeBpaTunach B
6a30BYyI0 LIEHHOCTb, CPaBHMMYIO CO CBOOOAOM UK
CnpaBeasINBOCTbIO.

BbIBEPU BA — 3ABY[b MNPO TPETbE

OTnyeckasa TpuneMma BO3HUKAET N3-3a CIOX-
HOCTU AOCTUMXXEHUSI BCEX TPEX LEenen ogHoBpe-
MeHHO. loCTaTO4HO NPOCTO BblﬁpaTb OOVH N3 yr-
NNOB 1 MOHATb, YTO HYXHO, 4YTOObI AOCTUYb AAHHOWN
KOHKPETHOM uenn. MoXHO NpoYeCcTb KHUMN O TOM,
KaK pasBuBaTb 9KOHOMMWYECKUI POCT, COKPaTUTb
HEPABEHCTBO WIN n3bexartb pa3pywieHna OKpy-

XaroLlen cpeabl, HO ropa3ao TpyaHee HalTy pabo-
Tbl, rOe OOHOBPEMEHHO paccMaTpuBaloTCa Bce
TPpW U xoTs Obl ABE N3 3TUX LEnen.

Te oT4yeTbl M KHUTK, FOe paccMaTpuBatoTCs OBe
13 npobaem, 4acTo JMLb BCKOJb3b YNOMUHAIOT
TpeTblo. «[MobanbHble coupan-aeMokpaThbl» NbiTa-
IOTCS HAWTKU CNocoObl OOCTUXEHUSI «CnpaBeasv-
BOW rnobanusaummn», Npyu KOTOPOW noagepxmnsa-
€TCs 3KOHOMWYECKWNIA POCT, HO TakuMm 0Opasom,
4yTOObI BeaHble CTpaHbl MO «pacTu» ObiCTpee,
yem OoraTble. [MOOOPHUKN «3KO-3PPHEKTUBHOIO
KanuTanmama» XoTaT co3aaTb npaBa COOCTBEHHO-
CTU U PbIHKM 011 MaKCUMaJibHO BO3MOXHOIO YMC-
N1a 9KOJIOrMYECKUX YCyr — Ha3Ha4YnTb LIEHY OKPY-
XaloLen cpefe; HO Kak npu 9ToM Te, KTO yxe 6e-
neH, 6yneT nnatuTtb ewe 6onblie 3a «NpPeaMeThbl
nepBon HEOOXOAMMOCTU» — MULLY, BOAY, TPaHC-
nopt? «KpacHo-3eneHoe» TedyeHne, KOTOpoe A0-
6nBaeTCcst OAHOBPEMEHHO CNpPaBenIMBOCTU U 3KO-
JIOrMY4eCcKON YCTOMYMBOCTU, CKOpee MnpumeT 00-
LecTBO 6e3 pocTa unu gaxe «C obpaTHbIM POC-
TOM» 1 O0OBbABUT NPOCTON 06pas XMU3HU eOuHCT-
BEHHbIM BbIXO0M 13 3TON TPUEMMbI.

B 1O Bpems kak OOMbLINMHCTBO CMNeuuannucToB
Nno 9KOHOMMKE MNPUPOAONOSb30BAHNS 3aHMMaIOT
CTOPOHY «3KO-3(PPEKTUBHOIO Kanmtaamamar, cne-
LManmMCcTbl MO 3KOJIOMMYEeCKOM 3KOHOMUKe Oonee
pPacnosioXeHbl K «KpaCcHO-3e/IeHOMY MlaHeTapua-
My». M BCe xe rnobanbHo 3agaqei ans Bcex Aos-
XEeH CTaTb NMOUCK pPeLleHuin, MakCUMasibHO Y4YnTbl-
BalOLLMX BCE TpU yrna. ITo 3agaya, npexae Bcero,
0151 3KOJI0TMYECKOM 3KOHOMUKMU.

THE GLOBAL ETHICAL TRILEMMA

Jan Otto Andersson

Department of Economics, Abo Akademi University, Finland

Ecological economics arose from the need to
confront a challenge that humankind had not
experienced before. We are now living in a world
economy the destiny of which we all share. While
producing prosperity on a scale never conceived of
before, we have been forced to admit that the
threats to the life supporting ecological systems
are accumulating at an unprecedented speed. The
clash between the economic and the ecological
systems has become and elementary fact, not only
locally but globally. The need for an approach that
can tackle this dilemma in a straightforward way is
obvious.

Looking at the ecological problems from a global
perspective we cannot abstract from the glaring
inequalities between peoples. Some earn and
consume much more than others and the question
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of how to tackle the ecological challenges therefore
had to be linked to the question of how to achieve a
more just distribution of the economic opportunities.
Ecological economics had to place global equity on
its agenda - a task that made it even more
demanding, scientifically as well as politically.

The need for integrating justice into the analysis
of the interaction between economy and ecology
had become obvious already soon after the
publication of the path breaking report Limits to
Growth in 1972. The message of this Club of Rome
publication was that if mankind continued to
expand its population and consumption as it had
until then it was heading for grave ecological
catastrophes in the 21st century. There were
physical limits to growth and the only way to avoid a
catastrophic future was through the reduction of



population growth and the stabilization of industrial
production. For many this implied not only a stop to
population growth in the poor South, but also
reducing industrial growth everywhere.

A group of Latin American researchers wrote a
counter-report, Catastrophe and New Society. A
Latin American World Model (1976), arguing that the
majority of humankind already was living in a state of
misery, and that for them the crisis was already here.
Therefore, economic growth had to be speeded up in
the South. The inequities of the world could not be
maintained while trying to avoid a future catastrophe
that would bring the crisis also to the North.

The Latin American world model - also called
the Bariloche-model - pointed to a global ethical
trilemma. There are three goals that most of
humankind subscribes to — prosperity, justice and
sustainability — but to combine the three goals on
the global level is a challenge that is hard to
confront. Let us discuss this global ethical trilemma
with the help of the following figure.

THE GLOBAL ETHICAL TRILEMMA
Pick two — ignore the third

Mass consumption
Prosperity

Global Eco-

social- efficient
democracy capitalism
Global Ecological
justice sustainability

Red-green planetarism

The corners of the triangle correspond to the three
components often included in the definitions of
sustainable development: the ecological, the
economic and the social dimensions. The difficulty to
achieve all three on a global level is an enormous
challenge for all who see sustainable development as
the central political goal of our age. Itis this challenge
that makes ecological economics so fascinating.

Let us start by looking at each corner separately.
We shall then continue to analyse the three sides,
each representing an important ideological stance
in the world of today.

PROSPERITY
Let us take a step back to the “Golden Age” of

the 1950s and 1960s. The mood of that time was
characterized by the belief in economic growth and
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mass consumption. A most influential book was
written by the American economist and political
theorist Walt Whitman Rostow. The Stages of
Economic Growth: A non-communist manifesto
(1960) became a classic text in several fields of
social sciences.

According to Rostow’s stage theory the mass
consumption society constitutes the end goal of
humanity. Through a “take off into self-sustained
growth” each country can startaprocess of economic
growth that will bring it to the final stage — that of a
mature mass consumption society. They canbecome
as prosperous, democratic and bored as the United
States already had become. When Rostow wrote his
book only the US had achieved this fifth stage — “the
age of high mass-consumption”. Western Europe
and Japan were on the verge of achieving it, and
Soviet Union was, according to Rostow, engaged in
an unhappy love affair with it. Thisis how he described
the mature mass consumption society: “The
emergence of the welfare state is one manifestation
of a society’s moving beyond technical maturity; but
itis also at this stage that resources tend increasingly
to be directed to the production of consumer’s
durables and to the diffusion of services on a mass
basis... Historically... the decisive element has been
the cheap mass automobile with its revolutionary
effects — social as well as economic — on the life and
expectations of society” (Rostow, 1960, p. 11).

According to the Rostowian world view it is
possible for all nations to achieve the stage of mature
mass consumption. Like airplanes one after the other
they could take off into self-sustained growth. This
they could do through imports of ideas and capital
and by taking part in the international division of
labour. The rich countries were the natural allies — not
obstacles — for the poor in their efforts to develop.

However, in line with the mood of his time,
Rostow did not treat problems related to the
environment or the limits to growth. For him exports
of raw materials were the natural starting point for
acquiring the means to develop.

The spirit of the that age, which later has been
called “the Golden Age”, “fordism” and “the age of
oil, cars and mass consumption”, was severely
damaged during the 1970s, but still “the American
way of life” is a much desired goal all over the world.
By means of globalization and new technological
advances all nations are striving to enhance their
prosperity. Economic growth is still the standard for
success globally.

JUSTICE
The quest for justice is shared by all ethical

doctrines. However, some doctrines are less
inclusive than others. Today, probably for the first



time in history, the concern for justice has, however,
been extended to all of humankind, not only to
those of the same nationality or religion. The human
rights declaration adapted by the United Nations in
1948 marks the break through of the quest for
global justice, although it still was seen as the duty
of every member state to secure these rights to all
its citizens. The international community, through a
myriad of international organizations, has gradually
accepted the role as the defender of universal
human rights and justice on a global level.

One way of trying to formulate what justice
means is to use the concept of capability — to be or
to do what you value — and to link it to sufficiency,
universality and sustainability.

Aregime will be deemed just if and to the degree
that it promotes harmonization of capabilities to
achieve functionings at a level that is sufficient,
universally attainable and sustainable (DeMartino,
p. 144).

Global justice means that the desired level can
be achieved everywhere, and that it can be
maintained. It therefore has both an international
and an intergenerational aspect.

People’s capabilities to live a worthy life depend
on society as a whole - institutions, culture, and
respect for others. We can even say that today our
individual capabilities are formed by a global
system — economically, culturally and ecologically.
There may be just societies in a world that is deeply
unjust.

Since we live in a world where money can buy
almost anything anywhere, the distribution of
incomes is one central indicator of how just or
unjust the world has become. In the last 200 years
the income differences between the continents has
grown outrageously. At the beginning of the 19
century incomes per capita were three times higher
in Western Europe than in Africa. Today the gap
between North America and Africa has grown to 20
to 1 (Maddison, 2001).

ECOLOGICAL SUSTAINABILITY

The term sustainability has its roots in ecology
as the ability of an ecosystem to maintain ecological
processes, functions, biodiversity and productivity
in the future. To be sustainable, nature’s resources
must only be used at a rate at which they can be
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replenished naturally. There is now clear evidence
that humanity is living unsustainably by consuming
the Earth’s limited natural resources more rapidly
than they are being replaced by nature.
Consequently sustainability has come to mean a
call for action, for a collective human effort to keep
human use of natural resources within the Earth’s
finite resource limits.

We will see that there are many definitions and
measures of sustainability, but the aim of attending
sustainability has become a fundamental value
comparable to liberty or justice.

PICK TWO - IGNORE THE THIRD

The ethical trilemma derives from the difficulty
to achieve all three goals simultaneously. It is
relatively easy to pick one of the corners and to find
out what would be required to achieve that specific
goal. You can read books on how to promote
economic growth, how to reduce inequities or how
to avoid environmental degradation, but it is much
harder to find works that treat all three — even just
two — of the goals at the same time.

Those reports and books that treat two of the
problems often only make slight lip service to the
third. A “global social democrat” tries to find ways
to achieve a “fair globalization”, in which economic
growth is maintained, but in such a way that the
poor nations can grow faster than the rich. Those in
favour of an “eco-efficient capitalism” wants to
create property rights and markets for as many
environmental services as possible — to put the
right price on the environment — but how are the
already poor goingto pay more forallthe necessities
of life — food, water, transport? The “red-green”
countercurrent that strives for both justice and
ecological sustainability is prone to accepta society
with no further growth or even “degrowth” and to
extol a simple way of life as the only way out of the
trilemma.

Whereas most environmental economists are
situated on the side of “eco-efficient capitalism”
ecological economists tend to have a penchant
towards “red-green planetarism”. However, the big
task for all is to find solutions that as much as
possible take all three corners into account. This is
a challenge especially for ecological economics,
and that is one reason for us to write this textbook.



BA30BbIN 0X0[4 C 9KOJIOFTMYECKON TOYKU 3PEHUSA

AH OTTO AHOEpPCCOH

OtaeneHve akoHOMUKK, YHnBepcutetT A6o Akaaemu, PuHASHANS

CBs3b Mexay CTPEMJIEHMEM K 9KONOrMyeckom
YCTOMYMBOCTU U 6a30BbIM [0XOA0M OTHIOOb He
TpuBmanbHa. XoTs GONbLIMHCTBO «3e/lIeHblX» 6na-
FOCK/IOHHO OTHOCATCS K ©e3yCclIoBHbIM YHUBEp-
canbHbIM AOTAUUAM, aprymeHTaums Ans COBMe-
LLEHNS1 3KOJIOrMYEeCcKMX acnekToB 1 6a3oBoro Ao-
xona npopaboTaHa HeOOCTaTOYHO TLIATENbHO.
VIHTYUTMBHO OLLyLLIAeTCs MNPOTUBOPEYNE Mexay
NoALEPXKOM Maen aoctaTto4yHoro 6e3yCrioBHOro
©a30BOro Aoxoaa u TpedoBaHMEM 3KOJIOrMYecKu
NPMeMNIEMOr0 VCMOb30BaHMUSA PECYPCOB Hallen
okpyxawulen cpenbl. HaCcKoNbKO Cepbe3HO 3TO
npotneopeyne? MoxHo nu ero npeogonetb? Ka-
Kas cxema obecredeHns 6a3oBoro goxoaa oyoet
oTBevaTb TPeboBaHMSIM 3KOJIOMMYECKOW YCTORUN-
BOCTN?

CTOpOHHMKN naev 6a3oBoOro O4oxoaa BblaBura-
0T ABa apryMeHTa, CBSA3AHHbIE C 3aHATOCTbIO Ha-
ceneHna n akonormen. lNepebii Macut, 4To, Nony-
Yyas OOCTaTO4YHbIM 0a30BbIM O0X0Md, JoAXM CMOryT
BECTU LIEHHYIO 1 TBOPYECKYIO XN3Hb, AaXe HE UMest
paboTbl. Toraa obLLecTBY He NPUAETCS pa3BuBaTb
9KOHOMUWKY MPOCTO A Toro, 4tobbl o6ecneynTb
[0CTaToO4YHOE KONMYecTBO paboymx MecT. [ockorb-
Ky N1 yO0BNIETBOPEHUS MaTepuasbHbIX NOTPebHOo-
cTe noae 3KOHOMUYECKNi PocT OosblLLe He Tpe-
OyeTcsl, OCHOBHbLIM MOBOAOM [J1s1 NPOAOSIKAKoLLE-
rocsi pocta cTano obecrneyeHne nosHoOM 3aHATOCTH
HaceneHuns. YToObl pasbuTb 3Ty «MOPOYHYIO CBA3b»
MexXay POCTOM M 6e30MacHOCTbIO, U HYXXEH rpax-
OaHCKuIA oknag, unv 6a3oBbin aoxon, (b).

BTopoi aprymMeHT coctouT B TOM, 4TO B/ gacTt
BO3MOXHOCTb COKpPaTUTb paboyne yYacbl 1 BbIOU-
paTb HOBbI 06pa3s XW3HW, pas3pyLUmB, TakuM 06-
pPa3oM, rereMOHUI0 NPOAYKTUBM3MA U KOHCYyMe-
puama. Oba 3TK aprymeHTta OblIN BbIABUHYTHI B
70-e rr. npownoro Beka lN'yHHapom Agnep-Kapnc-
COHOM B paboTe Tankar om den fulla sysselséttning
(PasmblLWIeHMs 0 NOAHOM 3aHATOCTU) U B AATCKOM
oecTcennepe Revolt from the Center (BocctaHue
13 ueHtpa). OgHako 3T HebeccropHbie PadoThl
npegnonararnT Haauyne HeKanuTaanCTUYecKoro,
[eMOoKpaTUYeckn opraHn3oBaHHOro obLlecTsa, B
KOTOPOM KaxAbl OOJ/IKEH BHOCUTb CBOM — MyCTb
HebOoNbLIOM — BKN1aA B COLMaNIbHO 3HAYUMBIN TRy,

B cBoem TpakTtate Real Freedom for All (Ha-
cToswas ceobona ans scex) Gununn Bax Mapwuiic
nns obocHoBaHusa B/l He ncnonb3yeT apryMeHThl,
CBs3aHHble ¢ akonoruern. OH paccMmaTpuBaeT yC-
TOMNYMBOCTb CXeMbl 6a30BOr0 [0X0Aa C TOYKM 3pe-
HUS TEXHOJIOMMYECKOro nporpecca M HakonaeHus
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MaTepunanbHOro 1 4YesIOBE4ECKOro Kanutana, He-
obxoaMMBbIX Ons HerTpanm3aunmn apdexkTa «Hem3-
6eXHOro NCTOLWEHWS NPUPOOHbLIX PECYpPCOoB». Ta-
KUM 06pas3om, OH NMpUHUMAaET naeto cnabon aKo-
JIOrM4ecKom yCTOMYMBOCTU N UCXOAUT U3 TOr0, YTO
06a30BbIi 0OXOA, CO30ACT AOMOJIHUTENbHY Ha-
rpy3Ky Kak Ha 3KOHOMMUKY, TaK 1 Ha 3kosnoruio. Lie-
HOM HacTosAwWwen cBoOOabl O/ BCEX, BO3MOXHO,
CTaHeT MeHbLUast 3K0JIornyeckas yCTom4meocCTb.

MHorpa npepnaranocb — 1 310 6GbIN10 OTYACTU
peann3oBaHo Ha Ansicke — puHaHcupoBaTb 6a30-
Bbll OXO[, 3a CYET NMPUPOLHON PEHTLI, HAaNpUMep
Ha 0o6blby HedTU. OgHako Takas dpopma dUHaH-
CMPOBaHNSA HEOLHO3HA4YHA C 9KOJ1I0MrMYECKOM TOUKN
3peHus, NOCKOJbKY Ntoan OyayT Hanpsamyo 3aBu-
CeTb OT NOTOKa A0XOA0B, MPUHOCUMbIX OEATENb-
HOCTbIO, BbI3blBAOLLLEN CEPbE3HbIE 3KOSIOrMYECKNE
npobnembl. CTpemneHne K peanbHon cBoboade
BMOJIHE MOXET NPUBECTU K eLle 60JbLIeMy 3KOJ10-
rmyeckomy cneny.

VcxoaHbIM aprymMeHToM B NoJib3y 6a30BOro A0-
X0[4a, NpeasioxXeHHbIM eLle Tomacom MNeinHoMm, Obin
0eduunT 3eMesibHbIX PeCYPCOB, U NOCKOJIbKY UC-
yessia BO3MOXHOCTb BbIAENUTb KaXAOMy O0CTa-
TOYHbIN Y4ACTOK MJI0AOPOAHON 3eMNU OJ1F XU3HU,
HY>XHO, BMECTO 3TOro, BblAENATb HEKNIA OA30BbIN
noxopf. NopobHas xe apryMeHTaums npueoaunach
M B rnocriefHee BPEMSs, HO B CBSA3U C AedULNTOM
npunmyHon paboTbl. BaH Mapwuitic paccmatpusaeT
[OCTOVHYI0 paboTy Kak HEKUI pecypc v npegnara-
eT nepepacnpenenstb «PeHTy 3aHATOCTU>» 4Yepes
cxembl Bl. O6a aTK nNoagxoma — dTO MOMbITKA UC-
npaBnTb HECNpPaBen/IMBOCTb, BO3HUKAIOLLYIO U3-
3a geduumTa xenaemoro pecypca, Ho OHU He UC-
NOJSIb3YIOT apryMeHThbl, CBA3aHHbIE C 3KOJIornye-
CKOW yCcTOn4YMBOCTbIO. KOHEYHO, npu HepocTaTke
MIOAOPOAHBIX 3eMeflb UM OOCTOMHbIX pPabounx
MECT HY>XHO MOMbITATbCSH YBENNYUTDb UX NPEaSIOXe-
HMe, HO 3TO BMOJIHE MOXET MPUBECTU K YCUSIEHHON
aKcnayartaumm npUpoaHbIX PECYPCOB.

Mpwn atom, pasd geduunt 3emnn unm paboymx
MECT BO3HUKAET U3-3a 3KOJIOMMYECKUX NMpeaenos,
MO>XHO CAEeNaTb BbIBOA, YTO YeM BJiKe Mbl NOOXO0-
OVM K 9TUM npegenam, Tem 6onee onpaBaaHHbIM
CTaHOBUTCH BBeAeHWe ©6a30BOro pnoxopa, Mo-
CKOMbKY Mbl HE MOXeM 00ecneynTb JoAsM BO3-
MOXHOCTb MOJly4uMTb Ooxoh, paboTas Ha 3emne
nnn no Hanmmy. KopeHb xe npobnemsbl 6yanet 3a-
KJ1104aTbCA B NepeHaceieHnn, U HaMm npuaeTcs 3a-
naTb cebe HenpuaATHbIA BONPOC: Kak 6a30BbI O0-
XOZ[, MOBAVSIET HA POCT HAceneHnsa?



lepmaH Oannu — oanH U3 rMaBHbIX MOOOPHUKOB
CTaUMOHAPHOW 39KOHOMWKM U MUOHEP 3KOJornye-
CKOM 3KOHOMWKM — OTCTamBan BBEOEHWE MUHU-
MaJibHOro AoxoAa B popMe OTpPULATENIbHOIO Haso-
ra Ha Joxofbl, a Takke Npoasuran naeko orpaHuye-
HUS pa3Mepa COCTOSIHUSA 1 A0X0A0B. N MUHUMarb-
Hble, 1 MakCUMasibHble TPeOOoBaHMsS OH apryMeHTU-
poBas coobpaxeHsM1 paBeHCTBa U COOOLLLECTBA,
HO A0BOAOM B MOJb3y BBEAEHUS MaKCUMaslbHOro
npegena crana eue U HeobxoAMMOCTb YCTPAHUTb
NoTPebHOCTb B PACLUMPEHUUN SKOHOMUKM. «[lo-
CKOJIbKY HaM OO0JibLLIE HE HY>XXHO OyneT 3ab0TUTbCS
0 POCTe, Ha Hac yXe He byaeT Tak AaBuUTb Npobne-
ma moTtmsauum» (Daly, Cobb, 1989; Daly, 1992).

MHCTPYMEHTOM [OOCTUXEHUSI 3KOJIOrMYEeCKOWN
YCTONYMBOCTU SIBASILOTCS Hanoru, BBOAMMbIE OS]
COKpALLLEHNS1 3arpsiBHEHUST U YPE3MEPHOro Wc-
Nnosb30BaHUs MPUPOOHbLIX pecypcoB. OgHako B
MUPE C BbICOKMM YPOBHEM HepaBeHCTBA Takume
aKoJsiormyeckme Hasnorm n3baeBaT GoraTbiX OT UX
3KCTpaBaraHTHOro obpasa Xn3Hu, a 6egHble, BO3-
MOXHO, He cMoryT cebe no3BonuUTb gaxe camoe
HeobxoaMMoe: BOAY, MuLLy, HOpPMaJlbHOE XWUibe,
NoBCeAHEBHbLIN NMpoesn,. YacTto roBoputcs 0 ToMm,
YTO «3€eJIEHbIE» HANNOMM Ha40 BBOOUTb, YTOObI Yyy-
LUNTb 3KOJIOrMyeckyto 006CTaHOBKY. B0O3MOXHO,
Jlydlle paBHOMEPHO AENUTb OOX04 MeXAy TeMMU,
Ha KOM OTpaXkaeTcs pacTyLlast CTOMMOCTb XU3HW.
Te, KTO NOTPEONSET NN 3arpsa3HSET Bbllle Cpes-
Hero, AOJIXHbI N1aTUTb 6osbLUE, a Te, KTO NoTpeob-
NSEeT N 3arpsa3HaeT MeHblLEe, OKaXYTCS B BbIUIPbI-
we. Tak Kak Mepbl, NPUHUMAEMbIE OJ1S peLleHuns
39KOJIOrMYecknx npobsiemM, He OOSKHbI YyrpoXaTb
XN3HU BefHbIX N YA3BUMbIX CIIOEB HACENEHMS, Bbl-
COKMEe 9KONOrn4yeckme Hanoru 6yaoyt MopasnbHO U
NOSIUTUYECKM NPUEMSIEMBIMWN TOJIbKO B COYETAHUMN
C KOMMEHCaUMOHHbIMK Bbinfatamm 6a30BOro Ao-
xopa. PelweHne, noseonsiouiee OOHOBPEMEHHO
COKpPaTUTb Ype3mMepHoe NoTpedieHne 1 yiyyllnTb
XXM3HEHHbIE BO3MOXHOCTW OefHbIX, Nydlle, Y4em
cxema, HanpaBfieHHas TOJIbKO Ha nepepacnpene-
JIEHNE NN TOJIbKO Ha 3KO-3(PPEKTUBHOCTb, 6e3
yyeTa crnpaBenIMBOCTY pacnpenenenus.

Cxoxytlo apryMeHTauuio HeflaBHO NpeacTaBusl
Mapuennyc SHaptoc. AHanm3npys cyap0y 6eaHbix
B CcBA3M C katacTpodon B HoBom OpneaHe, C yye-
TOM TOr0, Y4TO B CTpaHax ¢ nmbepanbHOn aeMokpa-
Tnen BCe XNU3HN MMEIOT PaBHYIO LIEHHOCTb, OH o-
BOPUT O TOM, 4YTO BCE YJieHbl 0OLECTBA AOCTOMHbI
3alUUTbl OT 9KCTPEMasibHbIX MOrOAHbIX PUCKOB.
CnocobcTBoBaTb COOJMIOAEHNIO 3TOro YHUBEP-
cafibHOro npaBa Ha 3almTy OOJIKHO BblOeneHue
BCEM ONPeeNeHHoro aoxoaa, Mo3BONSOWEro
NoAsaM CrpaBisTbCa C KNMMaTUYECKMMK BbI30OBa-
M. OH nogaepXxvBaeT naeo nepenadn Bbipyyku
OT OTYUCINIEHNIA 3a BbIOPOCHI MAPHUKOBLIX ra3oB
ceMbaM. OTuncneHust 3a BbIOPOCHI NMAPHMKOBbIX
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ra3oB kak TakOBble NPencTaBnsoT coboi perpec-
CMBHbIV Haor, a nepeagpecauns aToro Hanora rno
cxeme 6a30BOro goxoda caesnaeT ero nporpec-
CUBHbIM 1, BO3MOXHO, MOBbLICUT peasibHble J0X0Obl
6onblumMHcTBa HaceneHus (Andrews, 2008).

PaBHOe BbloeneHne nepeyctynaemMbix rnpaB Ha
NCMOSb30BaHME WCTOLLAEMbIX MU BbI3bIBAOLLINX
3arpsi3HeHne pecypcoB — HanpuMep, Tonnea, Bo-
Obl, PbIOHbIX 3aMacoB UM KOCMOCa — HanoMmMHaeT
cxemy BJl, puHaHCMpyeMyto 9KOAOrMYECKMMN Ha-
noramu. Ecnn takme npaea 0yayT BblOAENSATbCSA Ha
OCHOBE pPaBEeHCTBAa, TO Te, KTO NoTpebnsieT MeHb-
e, CMOryT MOBbICUTb CBOM O0X0A4bl, NpoAaBas
4acTb CBOMX NpaB TeM, KTO rOTOB MiaTuTb 3a npa-
BO NOTPeb/1aTb 6onbLue.

Takmm 06pa3oM, CyLLLEECTBYET HEKOE PAaBEHCTBO
Mexay 6a30BbIM 40X0A0M, PUHAHCUPYEMbIM 3KO-
JNIOrMYeCcKMMM HanoraMmm, 1 pacnpeaenieHnem paB-
HbIX, NMepeycTynaemMblXx NpaB Ha MCMOJib30BaHNE
MCTOLLAEMbIX PECYPCOB OKpyXatollen cpeabl. B
nepBoM csiydae 0e3yCNIOBHbI AEHEXHbIN [00X0n,
MO>HO UCMNOJIb30BaTb B KAYECTBE KOMMNeHcauum 3a
6onee poporue ToBapbl NOTPebeHns1, 4ToObl 40C-
Tnyb Gosiee cnpaBenIMBOro pacnpeneneHus. Bo
BTOPOM MepeycTynaemMoe npaBo Ha OnpeaesieH-
Hbleé PeCYpPCbl MOXHO MCMNOJIb30BaTh, YTOObI Yyy4-
LUNTb Y4aCTb T€X, KOMY NPUAETCS (MU KTO «MOXET
cebe No3BONTb») NOTPEOIATb MeHbLUE. ITK ne-
peycTynaemMble npaBa CTaHyT 9KBUBAJIEHTOM Me-
peycTynaemMoro HatypanabHoro 6a3oBoro noxona,
HO ByayT 6nrxe K AeHexXHOMY 6a30BOMY 40X04y,
4yeM K HaTypanbHOMY 6a30BOMY Aoxoay 6e3 npasa
nepeycTynku.

lfepman Jannm Takke nognepXmean BblABUHY-
Tyto BnepBble KeHHeToM BoynanHrom naeto pono-
BbIX CepTUOUKATOB C NpaBoM nepeycTynku. O0b-
eM 1 pacnpegefieHne npaB Ha PoXAeHue aeten
OOJIKHbI ONpenensTbCs CooOLEeCTBOM, YTOObI 3a-
TEM 3TO NPaBO MOXHO Obl0 Bbl NPOAATL/KYMUTb
Ha cBoboaHOM pbiHke (Daly, 1992). 3to npeano-
XEeHMe HarnpsMyl CBSAI3aHO C 9KOJIOMMYECKON YC-
TONYMBOCTbIO. M BCE XK€ OCYLLLECTBUTb €ro A0BOJb-
HO CNTOXHO, Tak kak 6egHble ceMbh 00bIYHO BOJIb-
e, 4yem b6oraTble. Ero nerye 6yaneTt NnpuHATL B 00-
LecTBe, rae Ooxoabl pacnpeneneHsbl 6osee pas-
HOMEpPHO, YeM B COBPEMEHHOM Mupe. [MoaTomy
OHO [OOJIKHO peann30BbIBaTbCS B COYETAHUU C
BBeAEeHMeM 0a30BOro goxopa Ajis BCEX, YTOObl
NoasaM He Npuxoausiochk nNpogaBaTb CBOE MpaBo
MMeTb OeTel NpoCcTo ASis TOro, 4Ytobbl npoaep-
XaTbCs B 9KOHOMUYECKOM MJiaHe.

ELLle oanH CNOXHbBIA BOMPOC 4SS TeX, KTO NOoA-
nepxveaeT naeto 6a30BOro Aoxo4a: Kak perynu-
poBaTb Murpauunio? Ecnn 6e3ycnoBHbIN U aocTa-
TOYHbIM ooxon 6yneT BBedeH B HECKOJSIbKMX Bora-
TbIX CTPaHax, UMMUrpauus B HUX, BEPOSITHO, yBe-
nnuntcsa. ockonbky o06pa3 Xu3Hm B OoraTbix



CTpaHax npeanonaraeTt O0MbLUMIA SKONOrMYECKNA
cnep Ha ayuly HaceneHus, Murpauus Bbl3oBeT yBe-
Nn4yeHne BO3OENCTBMS Ha OKPYXaloLlylo cpeay B
rnobanbHOM MacliTabe. MoOXHO HagesATbCs, 4TO
MUrpaums yNydlnT YCIOBUS XWU3HWM B OedHbIX
CTpaHax M 4TO 3KOJIOrMYEeCKMe HapyLLEHWS, Bbi3bl-
BaemMble 6eJHOCTbIO 1 C/INLLIKOM BbICOKOW poXaae-
MOCTbI0, cokpaTaTcd. OgHako Takom Noaxon, CNnox-
HO O0OOCHOBaTb, @ 3HA4YMUT, MOXHO BbICTynaTb B
noaaepXxky BBeAeHns 6a30BOro Aoxoaa ToJIbko No
BCEMY MUPY, a He B OTAESbHbIX 1 6€3 Toro 6orartbix
cTpaHax. Ecnu gymatb 0 rnobanbHoln akosornye-
CKOM YCTOMYMBOCTM, 0OOOCHOBaTb 0€e3YyC/IOBHbIN
06a30Bbll 00X04, TPYAHEE, HO OAHOBPEMEHHO, Kak
[0Ka3blBaeT B CBOElM HedaBHO OnybnnMKOBaHHOWM
KHUre 3puk KpucTteHceH, atuyeckn Gonee npu-
BnekartenbHo. Moes aKonormyeckom yCTon4msocTm
MOXET CTaTb KJII0YOM K BCECTOPOHHEMY OOOCHO-
BaHWIO BBeAEHMs 6e3ycnioBHOro 6a3oBoro goxona
Ha BCEW NnaHeTe.

KpucTteHceH BbloensieT yYeTblpe YPOBHSA apry-
MEHTOB B N0JiIb3y 6a30BOro oxona:

1) Victopus o rnobanbHOM YyCTOMYMBOCTU U XO-
POLLIEN XN3HU OS1 BCEX, YTO Noapa3ymeBaeT paB-
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BASIC INCOME FROM AN ECOLOGICAL PERSPECTIVE
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Department of Economics, Abo Akademi University, Finland

The links between the quest for ecological
sustainability and basic income are by no means
trivial. Although most Greens have been favorable
towards an unconditional universal grant, the
arguments for linking ecological concerns and
basic income have not been worked out carefully.
Intuitively there is a contradiction between soliciting
an adequate unconditional basic income and
asking for an ecologically acceptable use of our
environmental resources. How serious is this
contradiction? Can it be overcome? What kind of
basic income scheme would be consistent with
ecological sustainability?

There are two arguments related to jobs and
ecology that have been advanced by supporters of
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a basic income. According to the first, people, even
if unemployed, can lead a valuable and creative life
if they receive an adequate basic income. Then
society would not be pressured to boost the
economy just in order to guarantee an appropriate
supply of jobs. Since economic growth is no longer
needed to satisfy people’s material needs the most
prominent reason for continued growth has
become full employment. In order to break this
unholy link between growth and security a citizen’s
wage or Bl is needed.

The second argument stresses the enhanced
freedom a Bl would bring to reduce working hours
and to choose new lifestyles, thus breaking with the
prevalent productivist and consumerist hegemony.



Both arguments were put forward in the 1970s by
Gunnar Adler-Karlsson in Tankar om den fulla
sysselséattning (Thoughts on Full Employment) and
by the Danish bestseller Revolt from the Center.
However, these provocative texts presupposed a
non-capitalist democratically organized society in
which all had to contribute their — rather small -
share of socially necessary labor.

In his treatise Real Freedom for All, Philippe van
Parijs does not use ecologically related arguments
in favor of a Bl. He ponders the sustainability of a
basic income scheme in terms of technological
progress and the accumulation of physical and
human capital, necessary to neutralize the effects
of “the unavoidable depletion of natural resources”.
That is, he accepts the idea of weak ecological
sustainability, and implies that a basic income will
impose a heavier burden both on the economy, and
on the ecology. The price of real freedom for all
might be less ecological sustainability.

It has sometimes been suggested — and it has
been partly implemented in Alaska — that a basic
income could be financed out of rents from the
extraction of natural resources such as oil. This
form of financing, however, would be dubious from
an ecological point of view, since people would
become more directly dependent on an income
stream that from an ecological point of view is
highly problematic. The quest for real freedom
could easily lead to an even heavier ecological
footprint.

An early argument for a basic income, presented
already by Thomas Paine, was that since land had
become scarce, and since it no longer was possible
to stake out a proper piece of cropland for everyone
to live on, some kind of basic income should be
given instead. A similar line of argument has been
advanced more recently, but not in terms scarcity
of land, but in terms of scarcity of decent jobs. Van
Parijs treats decent jobs as assets, and suggests
that employment rents should be redistributed
through a Bl-scheme. Both arguments are trying to
make up for an injustice stemming from the scarcity
of a desirable asset, but they do not use arguments
related to ecological sustainability. If there is a
scarcity of arable land or decent jobs, we should of
course try to expand the supply, but this could
easily increase the exploitation of natural resources.

However, if the scarcity of land or jobs stems
from ecological limits, then we could draw the
conclusion that the closer we get to these limits the
more justified would a basic income become, since
we are not able to let people earn their necessary
income through farming or wage labor. The root of
the problem, however, would be overpopulation
and we would have to ask the awkward question:
How will a basic income affect population growth?
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Herman E. Daly - a leading proponent for
steady-state economics and a pioneer of ecological
economics — has championed a minimum income
in the form a negative income tax, and also
advanced the idea of a maximum limit on both
wealth and income. His arguments for both a
minimum and a maximum were advanced in terms
of equity and community, but the maximum limit
was also supported by the need to curb the urge to
expand the economy. “Since we would no longer
be anxious to grow, the whole question of incentives
would be less pressing” (Daly, Cobb, 1989; Daly
1992).

An instrument for achieving ecological
sustainability is taxes introduced to curb pollution
and the overuse of natural resources. In a very
unequal world such ecological taxes will, however,
absolve the rich from their extravagant life styles,
whereas poor people may not be able to afford
even the necessities of life: water, food, decent
habitation, and daily transports. Often the argument
is put forward, that green taxes should be used to
improve the environment. A probably better way
would be to share this income equally between
those who are affected by the rising living costs.
Those who consume or pollute more than the
average would pay more, whereas those who
consume and pollute less would be better off.
Since the lives of the poor and vulnerable should
not be threatened by measures taken to deal with
environmental problems, high ecological taxes
would be morally and politically acceptable only if
combined with a compensating basic income
transfer. A solution that curbs excessive
consumption patterns and enhances the life
chances of the poor at the same time, is superior to
a scheme that either is purely redistributive or
purely eco-efficient without regard to distributive
justice.

A similar argument was recently presented by
Marcellus Andrews. Analyzing the fate of the poor
in the New Orleans catastrophe, and considering
that in liberal democratic societies all lives are of
equal value, he finds that all members of society
are worthy of equal protection against extreme
weather risks. This universal right to protection
would be enhanced by giving all a certain income
so that they could cope with climate risks. He
supports the idea to recycle the revenues from
greenhouse-gas pricing to families. GHG-pricing
per se would be a regressive tax, whereas a basic-
income type recycling of the tax would make it
progressive, and probably boost the real incomes
of a majority of the population (Andrews, 2008).

An equal allocation of transferable rights to use
scarce or polluting resources - e.g. fuels, water,
fish, or space - would resemble a Bl-scheme



financed by green taxes. If such rights were
allocated on an equal basis, those who consume
less would be able to improve their incomes by
selling some of their rights to those who are
prepared to pay in order to consume more.

Thus, there is a sort of equivalence between a
basic income financed by green taxes and the
distribution of equal and transferable rights to use
scarce environmental resources. In the first case
an unconditional money income could be used to
compensate for more costly consumption goods in
a way that can improve distributive justice. In the
second a transferable right to certain resources
could be used to improve the lot of those who must
(or can “afford” to) consume less. These
transferable rights would be the equivalent of a
transferable basic income in kind, but they would
be closer to a money basic income than to a non-
transferable basic income in kind.

Herman E. Daly has also supported the idea -
first put forward by Kenneth Boulding - of
transferable birth licenses. The scale and
distribution of the rights to bear children should
be determined by the community, but these rights
could then be traded in the free market (Daly,
1992). This proposal is directly concerned with
ecological sustainability. It would, however, be
quite problematic since poor families are generally
larger than rich ones. It would be easier to accept
in a society were incomes are more equally
distributed than in the world today. Therefore, its
introduction should be linked to a basic income
for all so that people would not have to sell their
rights to have children just to get along
economically.

Another difficult topic for supporters of a basic
income is how to regulate migration. If an
unconditional and adequate income were to be
introduced in several rich countries it would
probably increase immigration. Since the way of
life in the rich countries requires a bigger per capita
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ecological footprint migration would imply a
stronger ecological impact on a world scale. One
could hope that migration can improve living
conditionsin the poor countries, and that ecological
degradation stemming from poverty, as well as too
high birth rates, would be reduced. However, this
argument is difficult to substantiate, and therefore
one can advance an argument in favor of a basic
income introduced globally rather than only in the
already rich countries. Thinking in terms of global
ecological sustainability makes arguing for an
unconditional basic income tougher, but at the
same time — as Erik Christensen arguesin arecently
published book - ethically more appealing. The
idea of ecological sustainability may act as a clue to
a comprehensive narrative in favor of an earth wide
unconditional basic income.

Christensen differentiates between four levels
in the argumentation for a basic income:

1) A global story about sustainability and a good
life for all, implying equal rights to incur ecological
footprints;

2) A great story about the development of
democracy, citizenship and the welfare state;

3) Acoupleofsmallstoriesaboutunemployment,
clientalisation, gender inequality etc;

4) A number of technical stories about the
simplification and rationalization of the system of
transfer payments.

He rather optimistically believes that these
narratives can strengthen each other, and that the
most encompassing the quest for global
sustainability and justice — gives the necessary
framework for the smaller and more technical
stories (Christensen, 2008).

I am not sure if Christensen is right. But without
a credible global story we may not be able to bring
about the needed radical changes on the national
level. This puts the relationship between ecology
and basic income at the center of the ethical
dilemmas and ideological challenges of today.
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METOAbI NMPENOAOABAHUA
C COBPEMEHHOW NEAATOM'M4YECKOW TOYKU 3PEHUSA

Nioapmunna babak

Yunsepcuter Ynncana, LLseuuns

BBELEHWE: YCTOMYMBOE PASBUTUE
N OBYYEHUE

Moyemy Mbl roBopmM 06 06pasoBaHnn Npu 06-
CYXAEHUN YCTOM4YMBOro passutua? Paccmartpu-
Basi yCTOM4YMBOE pa3BMUTUE, MHOIME OCTaHaBIMBA-
IOTCS Ha 3KOJIOrMYECKOM acnekTe, OCTaBnssa 3KO-
HOMWKY M 0OLLECTBO B cTOopoHe. OgHako BaXHO
MOMHUTb, YTO KOHLEMUMSA YCTOMNYMBOro pa3BuUTuUs
COCTOUT U3 TPex KOMMOHEHTOB, KOTOpbIE Mpefn-
CTaBJ/IEHbl HA C/IedyIOLLEN CXEME.

OGuecTBO

O6pa3oBaHue SBNSETCH BaXHehwum @akTo-
POM, KOTOPbI BNMseT Ha obuwecTBo. xXoH [bton,
M3BECTHbIV NMPOrpecCuBHbLIN Neaaror, cyuTas, Y4To
obpasoBaHue ABASETCS OAHVMM W3 OCHOBHbIX Me-
TOA0B coLmanbHOro nporpecca v pedopm (Bowen,
Hobson, 1974). Ecnu Mbl XOTUM 3MEHUTbL 00LLe-
CTBO, Mbl JOJIKHbI Ha4aTb C 00pa3oBaHus. Ecnuv mbl
XOTUM MOCTPOMUTL YCTOMYNBO-Pa3BUTOE OOLLECT-
BO, C/iefyeT BKJIOYMTb 06pa30BaHne B KOHLLEMNLMIO
ycTtonumeoro passutus. MNMpodeccop Marikn Cko-
noc, 3aHMMalowmiics Bonpocamu 00pasoBaHus
AN yCTOMYMBOro pasBuTus, NPeacTaBnsieT KOH-
Lenuuio yCTOMYMBOro PasBuTUS B BUAE NUPaAMU-
Obl, B OCHOBE KOTOPOIi NexunT obpasoBaHme n KO-
Topasi BbINaauT cneayowmm obpasom (Scoullos,
Malotidi, 2004, p. 21):

D
Okpyxaiowas cpeaa

O6pa3oBaHue
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B coBpemeHHo 0b6pas3oBaTesibHOM CUCTEME CY-
LecTByeT koHuenuus Obpa3oBaHve AJ1s1 YCTOMYM-
BOro pas3BuTys, KOTOpPasi KaCaeTCHd He TOJIbKO OKpY-
Xarowlen cpepl n akonorvn. Vigeqa sakniovaetcs B
TOM, 4YTO copepxaHue u dopMbl 06pa3oBaHus
DOJMKHBI UBMEHUTBLCS Tak, YTO YCTOMYMBOE Pa3BuUTnE
CTaHeT eOVHCTBEHHOW anbTepHaTtMBol ans Oyny-
Lyx nokoneHunin. KoHuenumsa ObpasoBaHus ans yc-
TOMYMBOrO BKJIOYAET B CEOS MEXONCLMMIIVHAPHDI
1N KOMIMJEKCHbIV NOAXOL, CBSA3b MECTHbIX MPOobnemM ¢
rnoGasibHbIM KOHTEKCTOM U T. A. OgHaKo aTa cTaTbs
OyaeT NocBsLLEeHa YNCTO Negarormyeckmm npobne-
MaMm, TaknM, KaK pa3BuUTne KPUTUHECKOrO MblLLe-
HUSE 1 00yYeHVe peLleHnto Npobnem, 1cnosib3oBa-
H1e pa3HOooOpa3HbIX METOA0B 00y4YeHUs.

TEOPUIN OBPA3OBAHNA

Jvckyccuio 0 pasnnyHbix MeTodax obyvyeHus
cnenyeT HayaTb C pasroBopa O Teopusix 06paso-
BaHus. lNMoHMMaHWe Bcero npouecca obpas3osa-
HUS, MEXaHNU3MOB 00y4YeHUs1 1 NpenoaaBaHns 3a-
BUCUT OT TEOPUU, MOJIOXKEHHOWN B OCHOBY.

CeropgHa Hanbonee pacnpoCTPaHeHHbI noa-
Xo[4, K TeopusMm o6pa3oBaHns MPOTUBOMNOCTaBASET
Teopuio TpaHchopmMaunm KOHCTPYKTUBUCTCKOWN
TEOPMM 1 HA OCHOBE AaHHbIX TEOPUI onpenenset
Mogenn obpaszoBaHus. TEM HE MeEHee B HacTosi-
Lee BpeMs Kak B 3anagHomn, Tak 1 B BOCTOYHOW Ne-
[arorn4yeckon Hayke MHOrve npenogasatenn Bce
eLe CUYMTAIOT, YTO OCHOBHOM crnocob obyyeHus —
3TO NpsimMas nepegaya 3HaHWM OT npenoaaBaTens
K CTYAEHTY. IMEHHO MO3TOMY NeKLUMN SBASIOTCS
OCHOBHOW dOpMON 00y4YeHUs, a NMUCbMEHHbIE U
YCTHbIE 9K3aMeHbl — OCHOBHOM (POPMOI NPOBEPKMN
M OLEHKM 3HaHWUI. 3anoMUHaHMe, a He MOHUMaHne
HeobXoAMMO AN OOCTUXKEHUs peaynbrata. Bos-
HarpaXXaeHns 1AM HakasaHus — OCHOBa MOTMBA-
umm cTyaeHToB. OTNpaBHOM TOYKOM TEOPUM TPAHC-
dopmaumn cunTaeTcs NpeacTaBieHmne 0 TOM, 4TO
3HaHUS O MUPE ABNSIIOTCS CTaTUYECKUMN N PUKCU-
POBaHHLIMU U OOMXKHbI OblTb MPUHATLI KaK HEYTO
camo cobon pasymeiouleecs. Takum oOpasom,
y4uTenb nepenaeT 3HaHUS 1 MOHATUS, HAKOMJIEH-
Hble B Te4eHne CToNeTunin. 9ta moaens obpal3osa-
HVS HAa3bIBAETCS MOAENb «Nepeaayn».

KOHCTpyKTMBMCTCKasa Teopus, LUMPOKO npona-
raHgupyemas B 3anafiHomM obpa3oBaHun, UCXOAUT
N3 MOJIOXEHNS O TOM, YTO 3HAHUS aKTMBHO KOHCT-
PYVPYIOTCH 4E/0BEeYECKMM pasyMoM. HoBble 3Ha-



HWS1 CTPOSATCS HA OCHOBE YXX€ UMEIOLLMXCS 3HAHWNIA U
naen. MmaeHas Lenb 06pa3oBaHMs C TOYKM 3PEHUS
3TOV TEOPUM — Pa3BUTUE Y YUaLLIMXCSI CMOCOOHOCTU
MbICnnTb. [aBna, MNepkuHC pasnmyaeT gga NoHATUS:
rnybokoe M MoBEpPXHOCTHOe noHuMaHune (Feden,
Vogel, 2003, p. 13). OH yTBEPXAAET, YTO B PE3Y/ib-
TaTte MOBEPXHOCTHOrO M3Yy4eHUs BO3HUKAIOT 3Ha-
HWS1, KOTOPbIE MOTYT ObITb JIErKo 3abbIThl, B TO Bpe-
Ms1 Kak «rTy6oKoe NoHMMaHe CBA3aHO C yXKe UMEto-
LMMKNCS 3HAHUSAMU. N Mbl HE TONBKO HakarnBaem
3HAHWUS, HO CMOCOOHbI MOHUMATb U MPUMEHSTb UX
no Mmepe HeobxoanumocTun» (p. 14). CnegoBaTtesnbHO,
noA, onpeneneHnemM KOHCTPYKTUBMUCTCKOM neaaro-
MK MOHMMAaeTCsl «Co34aHne B KJlacce YCJI0BUN,
opraHu3aums AesaTeNbHOCTU N UCMOJIb30BaHNE Me-
TOO0B, KOTOPbIE OCHOBAHbI HA KOHCTPYKTUBUCTCKOW
Teopumn 0ByyeHus!, a Takke NocTaHOBKa Lienewn, Ko-
TOpble HamnpaeBfiEHbl HA Pa3BUTUE CTYOEHTOB, UX
rnybokoe NoHMMaHue NpeagMeTa, a Takke Ha pa3Bu-
TVE MbILLNIEHUS], KOTOPOe Heobxoammo ans oyay-
Lero obyyeHus» (Richardson, 2003, p. 1627).
AHanornyHble uaen npencraBneHbl JXKOHOM
Burrcom u KatpuH TaH B kHUre «Teaching for quality
learning at university: What the student does»
(«MNpenogaBaHMe Onst KAYECTBEHHOro 00y4YeHus B
yHuBepcuteTe: Yto penaioT ctyaeHTbl», 2007).
Kpome 0b6cyXaeHns BOMpPOCOB O MOBEPXHOCTHbIX U
rnybokmx noaxoaax K obyyeHuio (p. 22-29), burrc
1 TaH 60MblLLOE BHMMaHWE yaoensitoT o6pa3oBaHMio
B uenom. OHM cuumTaloT, B chepe obpasoBaHus
OOJMKHbI MPON30NTN N3MEHEHUS], KOTOpble Obl Mo-
CTaBWIM CTyAEHTa B LLEHTP 3TON chepbl. OCHOBHOM
BOMPOC, KOTOPbLIM crieayeT 3agaBaTbCs Npu pac-
CMOTpEeHUn 06pas3oBaHus, 3aKloHaeTcsl He B TOM
Y7o genaert yuntens/npenogasaresib?, a B TOM Y1o
Aenaet crygeHT/yyawmica? B COOTBETCTBUMU C
3TVM aBTOPbI ONUCbLIBAOT HE METOdbl NpernoaaBa-
HWS1, @ COBMECTHYIO AeSATe/IbHOCTb 00y4atoLero u
obydaemoro (aHrn. Teaching/Learning Activities).
Preston D. Feden un Robert M. Vogel B kHure
«Methods of teaching...» («MeTogbl npenogasa-
Hus...», 2003) cpaBHMBalOT ABe Teopun (p. 35):

TpaanumoHHas
nosegeH4yecKkas Teopusi

O06y4eHune — 3To HakonneHme
MHbOPMAaLIMM 1 HaBbLIKOB

CoBpeMeHHast KOrHUTUBHas
Teopus

O6yuyeHune npeactaBnset
co60i4 LLeNIoCTHBIN npoLecc,
ropasfo 6onblue, 4Yem
HakonneHme nHdopmaunm

Yuntenb MOXeT nepegatb
3HaHWS HEMOCPEeaCTBEHHO
yyawmmces

O6y4aloLniics akTUBHO
KOHCTPYMPYET CBOW 3HaHWA U
NMoHVMaHne

O6y4eHre NpoxoanT BO
BpeMs B3anMOLENCTBUSA
npenogasaTtens 1 yyaulerocs

O6y4yeHue aBnseTcs
coumanbHbIM MPOLECCOM
1 npegnonaraet
COTPYAHNYECTBO

Ocoboe BHMMaHMe
yoensieTcs obecnevyeHunto
oby4eHus

Ocoboe BHUMaHMe
yaenseTcs npenofaBaHuio
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Mon PamcpeH (Ramsden, 2003) npepgnaraet
cneayoLLyo Knaccudbukaumio aas onnucaHus posnm
npenogaBaHns B yHMBEPCUTETCKOM 00pa30oBaHuN:
1) npenogaBaHne Kak nepegada WHGOpPMaLUN,
2) npenogaBaHne Kak opraHm3auus AesaTelbHOCTH
CTyOeHToB, 3) npenogaBaHue kak obecrnedyeHue
006y4eHNs1 (M3yyeHus).

TWNbI NPENOLABATE/IEN

CyLLecTBYIOT pasnuyHblie TUMbl NpenogaBaTe-
nemn, nx paboTta 0CHOBaHa Ha pa3HbIX TEOPUSIX, OHU
NCMONb3yT pasnnyHble MeTodbl U CTUAU U T. 4.
J. Biggs, C. Tang (2007, p. 16—-19) onpenensatoT
TPW YPOBHS npenogaBaTenen B 3aBUCUMOCTU OT
HanpaBneHus Nx 0esaTenbHOCTU:

YpoBeHb 1: Y10 npeactaBnsiet cobon cTyaeHT

B nepBylo ouyepedb npenogasaTtesls Aenaer
pasnuune Mexay CTyAeHTaMu: eCTb XOpoluve U
nnoxve. BaxHeliwaa 3amaya npenogasaTens —
3HaTb mMatepuan U OOHECTU ero A0 CTYOEHTOB.
0653aHHOCTbL CTYOEHTOB — MOCellaTh JIeKLuu,
BHMMATESNIbHO ChylaTk, Aenatb 3anucu, 4ntaTb
nuTepartypy v T. a. CnocoBHOCTU CTYOEHTOB ABNSA-
IOTCA OCHOBHbLIM (pakTOpOM. YuebHasa nporpamma
npencTasngeT coboi nepeyeHs NPeaMeToB 1 TEM,
nanaraembix npenogasaTenaMu, a 3aTemM MoBTo-
psAeMbix cTyaeHTamu. Ecnu cTyoeHTbl He yyaTcs,
9TO0 NOJSIHOCTbIO MX BMHA.

YpoBeHb 2: HYTo aenaet npenoaaBsartesib

MpenogaBaTen 3TOro ypoBHSA COCPea0TOYEHbI
Ha TOM, YTO OHM AenatoT. ITa To4Ka 3PEHUS Ha Npe-
noaaBaHve No-npexHeMy OCHOBbLIBAETCS Ha nepe-
nade 3HaHwui. MNMpenopgaBaTenb OTBETCTBEH 3a TO,
4yTOObl OOHECTM 3HaHWSA OO0 CTyoeHToB. 3agadva
npenogasaTens HanTn bonee apPeKTUBHbIE CMO-
coObl 1 MeToabl 00y4eHus. OBy4eHne 3aBUCUT OT
TOro, HACKOJIbKO XOPOLU yunTenb. Ml ecnm cTyaeHThl
He y4aTCsl, 3TO NOJIHOCTbIO Er0 BUHA.

YpoBeHb 3: YTo genaet CTyaeHT

TpeTuii ypoBeHb NpeacTaBnseT cobon Moaenb,
KOTOpasi OPMEHTUPOBAHa Ha CTyaeHTa. [MoaTomy
rnaBHas 3ajada rnpenopaBaTens 3ak/io4yaeTcs B
obecnevyeHnn M nopaepxke 0b0ydYeHUs/y4eHus.
MpenopgaBaTtenb B CBOel paboTe O0/IKEH MCXO-
OWUTb U3 TOro, 4TO AenaTb CTyaeHTaMm, 4Tobbl O0-
OuTtbca Heobxoaumoro peaynbtata. lNpenopasa-
TeNb O0J/KEH 3a[aBaTbCs BOMPOCOM, MOHUMAKOT
JIN CTYAEHTbI, M HAXOAUTb CrOcoObl, CNOCOOCTBYIO-
LME MOBbLILWEHNIO YPOBHS MOHUMaHUSA. WHbIMK
cnoBamMu, NpenogaBaHne A0MKHO CTUMYJIMPOBATb
oby4yeHue.



B3AMMOCBA3b MNMPEMOOABAHNA
N OBYYHEHUA

MpuHUMasa BO BHMMaHME TPETUI YPOBEHb, Ha
KOTOPOM rpernogasaHmne OOMKHO obecnedunsaTb 1
CTUMYNNPOBAaTb 0OY4YEeHMe, MOXHO COENaTh BbIBOL,
0 TOM, YTO 3TV ABa NPOLIEeCCa TECHO B3aMOCBA3a-
Hbl. [OSTOMY HEKOTOpbIE WUCTOYHMKM, @ MMEHHO

J. Biggs, C. Tang (2007, p. 55-57), paccmaTtpuBatoT
He MeToAbl NpenoaaBaHns N METOAbl 00y4YeHUs OT-
0EenbHO, a BBOAAT KOMMeKCHoe noHsTue Teaching/
Learning Activities, koTopoe 0603Ha4aeT COBMECT-
HYI0 AesaTeNlbHOCTb 00y4YatoLLLEero 1 oby4aemMoro.
OcHOBHas1 naesa NpeacTaBi€HHOW CXeMbl 3a-
K/lo4aeTcss B TOM, YTO MPOLLECC MnpenogaBaHus
OOJIKEH NPUHMMATb BO BHUMaHMe 0bydeHue.

lMpénopasamye 3HaHus
YMeHus
ObyuyeHne \ \O6yqu|/|e MoHumaHne

MOBEPXHOCTHbIV U IYBOKMIN MOAXOA,
K OBYHEHUIO

Mocne obcyxaeHns nogxoaa npenogaBatenemn
K MX 0esATeNlbHOCTM cnenyeT 006paTnUTbCs K CTYAEH-
Tam 1 X OTHOLUEHUIO K 00y4eHmto. MOXHO Bbiae-
JINTb ABa OCHOBHbIX NOAX0Aa:

A. loBepxHOCTHbIV rnoaxos. MaBHasi 0COOEH-
HOCTb 9TOro NOAXo0Aa 3ako4aeTCs B TOM, YTO Xe-
NlaHWe CTYAEHTOB — 3TO XenaHme CrnpaBuTbCA C 3a-
JayamMu kypca, npunarasg MUHUMasbHbIE YCUINS.
3anomMuHaHue 1 BOCnpou3BegeHne ¢GakToB 3a-
4acTylo BblOAETCS 32 NOHUMaHME, KOTOPOE, B CYLLL-
HOCTW, Tak 1 He npoucxoaunT. o cnosam J. Biggs,
C. Tang (2007, p. 23), CywecCTBYIOT HEKOTOPbLIE
dakTopbl, KOTOPbIE CTUMYMPYIOT MPUMEHEHMUE
CTyAEeHTaMM Takoro noaxoaa:

« XenaHne noayyYnTb 3a4€T MUHUMAsbHbIMU
ycunnamm. Takoe OTHOLLIEHME MOXET BO3HUKHYTb,
HanpuMep, Npu U3y4eHUn npegmeTa, HEe UMELD-
LLLero OTHOLLEHWE K OCHOBHOM Nporpamme oby4e-
HUS.

+ HeHay4Hble NpMopuTETbI, NPEBbLILLAIOLLNE Ha-
YUHbIE.

+ HepoctatoyHoe BpeMms; CAULLKOM GonbLume
HarpysKku.

+ HenpaBunbHOEe NoHMMaHne TpeboBaHUin Kyp-
ca 1M NporpamMmbl B LIESTIOM.

* LIMHMYHOE OTHOLLEeHME K 06pa3oBaHMIO.

+ HecnocoBHOCTb NMOHMMAaTb KOHKPETHOE CO-
nepXxaHuve Ha rnmybuHHOM YPOBHE.

B ceoen kHure J. Biggs, C. Tang yTBepxaator:
«[epBblil War Ans ynyduweHus npenogaBaHus —
3T0 n3bexaHne GakTopoB, KOTOPbIE CTUMYTMPYIOT
NMOBEPXHOCTHbIN Noaxon kK odydyeHuio» (p. 24). Lle-
flecoobpa3Ho nepeduncnuTb GakTopbl, KOTOpble
cnepnyet nsberatb:

+ M3bupaTtenbHoe npenogaBaHue (Marepuan
n3naraeTcsi HaCTMYHO, BHYTPEHHSAS CTPYKTypa Te-
Mbl I BOMpPOCa TEPSIETCS).
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PeweHne 3apay

+ KOHTpOJIb 1 OLgHKa He3aBUCUMBbIX (PaKTOB, a
HE KOMMJEeKca 3HaHUM N YMEHUN (3K3aMEHbl NN
TEeCTbl, HanpaBJfieHHble Ha BOCMNPOU3BEAEHME Ma-
Tepuana).

+ MNpenogaBaHne, NooLWpPSIOLLIEE LUMHN3M (Ha-
npuMep, yTeepxaeHue: «d He nobnio npenoaasa-
HMUS 9TOr0 CKY4YHOro pasgena, HO Mbl OOXKHb
NPONTUN 3Ty TEMY»).

+ HepocTtaTto4yHoe BpeMs Ans BbINOJIHEHUS 3a-
OaHus.

+ Oxupaemblli pesyabrat 3aHmxkeH («3T1o
C/IMLLIKOM TPYAHO, Bbl BCE PABHO HE CMpPaBUTECH»)
(p. 23-24).

B. My6okuii noaxoa. Myboknii noaxon, K oby-
YEHWIO XapakTepu3yeTcsl XenaHuem CTyaeHTa
NOHATb N pewwnTb 3agady. MNpun NoHMMaHUM 1 ak-
TUBHOM PELLUEHUM 3a[ay 3a0elCTBYOTCSA KOMHU-
TUBHbIE MPOLLECChI BbICOKOrO YPOBHS. CTyOeHThI
3anHTEepecoBaHbl M MOTUBMpPOBaHbI. Korga crty-
OEHTbl OLLYyLLIAOT MOTPEOHOCTb B 3HAHWMW, OHM aB-
TOMATMYECKM MbITAOTCA COCPEAOTOYMTLCS Ha
3HAYEeHUSAX, OCHOBHbIX MAOEsX, NPUHUMNAxX N T. M.
MpyMmeHeHne 3Toro noaxoga CTUMYMPYIOT cle-
ayowme pakTopsbl:

+ HamepeHune pelwiatb 3agady ¢ NOHUMAHNEM U
Hagnexawmm obpasomM. Takoe HaMepeHne MOXET
BO3HUKHYTb N3 NIOOOMBLITCTBA WM OT PELUNMOCTU
npeycnesaTtb.

« CooTBeTCTBYIOLLME HA30BbIE 3HAHUS.

+ MpegnoyteHne 1 cnocobHocTn ans paboThbl
Ha KOHLENTyasrlbHOM YPOBHE, a He Ha YPOBHe aeTa-
newn (Biggs, Tang, 2007, p. 24-25).

HecomHeHHO, cnepyeT o6paTnTb BHUMaHME Ha
dakTopbl, KOTOPbIE CTUMYNNPYIOT ry6oKMiA noa-
XO[, CTYAEHTOB K 0OY4YEeHMUIO.

+ MNMpenopgaBaHne TeMbl UK BONPOCa C CTPYK-
TYPHOW NO3MLNN.

+ MNpenoaaBaHve Ans NOyYeHUs OTBETHOM pe-
akuum CTy4eHTOB, HanpumMep, NyTem onpoca, pac-
CMOTPEHUS NPOBAEMBI.



+ NpenogaBsaHne, OCHOBAHHOE HA NMEIOLLIMXCS
y CTYOEHTOB 3HAHUSX.

+ YcTpaHeHue 3abnyXaeHni CTYAEHTOB.

+ OueHka BCeW CTPYKTYPbl 3HAHWIM, a He OT-
OenbHbIX PakToB.

- MpenogaBsaHVe 1 OueHkKa, KOTOpble NOOLLPS-
0T MO3UTUBHYIO pabo4ylo aTMochepy: CTYOEHThI
MOFyT oeNnaTtb OLUNOKM U YHUTLCS HA HUX.

- MpenogasaHve, NogyepkuBalroLLee rMyouHy
N3y4YeHusi, a He LWMPOTYy oxBaTa y4ebHOro marte-
puana.

+ Mcnonb3oBaHve METOLOB MpenogaBaHus u
OLLEHKM, HanpaBfieHHbIX HA LOCTUXEHME YETKO Ha-
MEYEHHbIX LLIener 1 pe3ynsTatoB Kypca uam npo-
rpammebl (Biggs, Tang, 2007, p. 25).

HEMY Mbl YHM 1 HTO OLIEHVBAEM:
YPOBEHb 3HAHUM

TakcoHomus Bnyma

OueHka

CuHTes

AHanuns

MpumeHeHne

MoHnmaHune

3HaHune

B 1956 r. benpyxamuH bnym Bo3rnasnan rpynny
NMCUX0JSI0roB, KoTopas paspaboTana knaccuduka-
LMIO YPOBHEN WHTENNEKTYyaNbHOro MOBeAEHUS,
BECbMa BaXHYIO0 B 00y4eHUN C COBPEMEHHON Me-
parormyeckor nos3vumu. bnym obGHapyxwun, 4To
okoso 95% BOMNpPOCOB B TECTAX, C KOTOPbIMU CTasl-
KMBAIOTCS CTYOEHTbI, NOCTPOEHbI TakK, YTO CTYAEH-
Tbl 324€NCTBYIOT Hanbosiee HU3KNI YPOBEHb WH-
TeNNeKTyasbHOro NoBeAeHNs, a UMEHHO: BOCMPO-
M3BOAAT MHGPOPMaLVIO.

«Bnym Bblgenmn WecTb YPOBHEN B paMKax Kor-
HUTUBHOIO OOMEHA: OT MPOCTOro 3anoOMUHAHUA
W y3HaBaHus GpakToB, Kak CaMOro HU3KOro YpoB-
HSl, K ©60slee CNOXHbIM N abCTPAKTHBIM MEHTaslb-
HbIM YPOBHSIM, HaMBBLICLUWIA N3 KOTOPbIX KilacCcu-
duumpyetca kak oueHka» (http://www.officeport.
com/edu/blooms.htm).

J. Biggs, C. Tang (2007, p. 72) paznuyatoT gek-
napaTtumBHble (onucaTesbHble) U QYHKLUNOHANbHbIE
3HaHusa. OHM onpenensioT AeknapaTMBHbIE 3HAHNS
Kak 3HaH1s 0 Bewax. ATo obLme 3HaHUS, KOTOpbIe
MO>XHO NPOBEPUTb U BOCMPON3BECTU. ITO, COBCT-
BEHHO, T€ 3HaHUS, KOTOPbIE MOXHO NOYEPrHYTb N3
KHUE, nekumi n T. 0. OCHOBHOe B OnpeaeneHuu
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GYHKUMOHANbHbBIX 3HAHWIA — TO, YTO OHWU UCMOJb3Y-
IOTCS B AEATENbHOCTU N OCHOBbLIBAIOTCS Ha MOHWU-
MaHun. Kak yteepxpatot J. Biggs, C. Tang, ato
3HaHWS, KOTOPble BO3HMKAKOT B npenenax onbita
yqawmxcsa. Apyrumu cnoBamu, 3TO OeknapaTmB-
Hble 3HaHWs, NPUMeEHsIEMble Ha NMpakTuke, B pabo-
Te, T. €. Npu peLieHnn npobnem, NPOeKTUPOBaAHMN
CTPOUTENbLCTBA, MNAHMPOBAHUM OOYYEeHUs Wn
nposeaeHun onepaumnin (2007, p. 72).

Llenn v Bnapl nesatenbHOCTM B NpoLiecce oby4e-
HUS1 3aBUCAT OT TOrO, KAKOro poaa 3HaHUSIMWN Mbl
Obl XOTeNM CHabaMTb CTYAEHTOB.

LEN W MPEONONIATAEMbIE PE3YJILTATHI
OBYHEHUA

MpuHUMas BO BHMMaHWE, 4TO NpenogaBaHue u
oby4yeHne SaBNSIOTCS OBYMSI B3aMMOCBS3aHHbIMM
npoLieccamMm, OCHOBHOIM 3adayei npernogaBatens
CTaHOBUTCS y4eOHbIM npouecc. B cooTBeTCTBUN C
N3/IOKEHHBbIMW TEOPUSIMM O PA3JINYHBIX YPOBHSX
3HaHWN, cnenyeT Takke 00paTUTb BHMMaHWE Ha
Nnoaxon, K NoCTaHOBKE Liefien npenogaBaHusi/oby-
yeHusi. B coBpeMeHHOM negarorn4eckom Hayke no-
SIBNSIETCS1 HOBasi KOHUENUWS: pe3ysbrarbl 0byde-
Hus. J. Biggs, C. Tang BBOAST TEPMUH ripearnosa-
raemble pesysbtarbl 06y4eHus (Intended Learning
Outcomes). 9T1a KoHUeNuUMsa npu3BaHa eule pas
NOAYEPKHYTb, YTO MMAaBHOE — 3TO He NpenoaaBaHne,
a obyyeHue (y4yeHue), T. €. OeACTBUS, BbINOJIHAE-
Mbl€ HEMOCPEACTBEHHO CTyAeHTaMKn. Takum obpa-
30M, peayJibTaTbl 00y4eHns POPMYNIMPYIOTCH B Tep-
MUHaXx, BblpaXatolmMX TO, YTO CTYAEHTbl AOJIXKHbI
3HaTb, NOHUMATb, NMPUMEHATb N YMETb Aenatb Mo
OKOHYaHUW ornpeaeneHHoro nepuoga obydYeHus.
Pesynbratbl 00y4eHus GopMynmpyoTcs nocne To-
ro, Kak onpeaensieTcsl ypoBeHb 3HaHWUM, KOTOPbIN
cnenyet OoCTuyb. [lanee npencrtaBfieHbl rnarosbl,
KOTOpPbIEe MOTyT ObITb NOJIE3HbI NPY GOPMYINPOBKE
npeanosiaraemblx pe3ysibTaToB 00y4eHust.

YpoBeHb 3HaHWI: OpraHn30BaTh, yNopsaoinThb,
onpenennTb, NOBTOPWUTb, Ha3BaTb, NMOCTABUTb MO
NopsiaKy, 3anOMHUTb, BbISBUTb, BOCNPOU3BECTH.

YpoBeHb rnoHumMaHus: onucaTb, 06CyanTb, 00b-
SICHUTb, BblPa3nTb, ONPeaenTb, ykadaTb, OTHECTH,
npusHaTb, caenaTtb 0630p, BbIOpaTh, NEPEBECTN.

YpoBeHb npuMeHeHus: NPUMEHNUTb, BbIOPAThb,
NPOAEMOHCTPUPOBATL, MPOUIIIOCTPUPOBATL, MH-
TeprnpeTnpoBaTb, NPUMEHUTb Ha MpPakTUKe, pe-
LWUNTb, UCNONbL30BAaThb, HaNMcaThb.

YpoBeHb aHanm3a: aHanM3npoBaTb, OLEHNBATb,
BbIYMCNATb, KllaccnduumMpoBaTb, CPaBHUBATb, NPO-
TMBOMOCTaBUTb, MNPOAHAIM3NPOBATb, Pa3INyaThb,
n3yyartb, 3KCMEPUMEHTUPOBATb, 3a4aTb BOMPOC,
npoTeCTMPOBaTb.

YpoBeHb 06006LeHus/cCuHTE3a: OPraHN30BbI-
BaTb, coOpaTtb, COCTaBWUTb, MPOTUBOMOCTABUTb,



co3aaTb, NPOEKTUPOBaTb, pa3paboTaTb, PasBuTb,
dopMynmpoBaTtb, ynpasisTb, NAaHUPOBaTb, Noa-
roTaBnvBaTb, Npeanaratb.

YpoBeHb oueHku: oueHuBaTb, Ocrnapveartb, yT-
BepXaaTb, BblOpaTb, CpaBHMBATb, OTCTaMBaThb,
npeackasbiBaTb, 0TOMPaTh, noaaepxmeaTb (http://
www.officeport.com/edu/blooms.htm).

Kpome TOro, B COOTBETCTBMU C EBponenckomn
CUCTEMOIM nepeBoda W HaKOMJIEHUS  O4YKOB
(European Credit Transfer and Accumulation
System (ECTS)), nprHaTON BONLUNHCTBOM CTpPaH,
yyacTByloLWMxX B BonoHckoM npougecce, uenn Kyp-
Ca, BKJIIOYEHHbIE B 0PULMaNbHbIA MHPOPMALMOH-
HbI OOKYMEHT, AOJKHbI ObiTb CHOPMYIMPOBAHbI
Kak pesynbTatbl 00y4eHus.

Mpumep: O6Lme Lenn BbicLero obpa3oBaHus
B LlIBeumn B COOTBETCTBUN C LMKIaMu 06pa3o-
BaHwsl.

B cooTBeTCcTBUM C BONOHCKMM NPOLLECCOM BbIC-
Luee obpasoBaHme COCTOUT N3 Tpex LMKIIoB: 6aka-
naBpart, MarucTparypa u goktopaHTypa. [puBe-
OemM uuTtaTy u3 3akoHa O BbiCcLleM 0Opa3oBaHMK
LLBeunn (rmaga 1, pasgen 8, ot 1 auBapsa 2007 r.):

«Pazpen 8. lNepBbli ypoBeHb 00pa3oBaHUS
OOJIKEH ONMpaTbCsl HAa 3HAHWUS, KOTOPbIE CTYAEHThI
nprMobpeTatoT B CTAPLUNX KJlaCCax CpeaHelN LLKOSbI
B COOTBETCTBUW C HALUMOHAJIbHOM UK cneumanbHO
pa3paboTaHHOW NPOrpamMMon, UM COOTBETCTBYHO-
LuMe JaHHbIM 3HaHWS. MNepBbI ypoBeHb 06pa3oBa-
HUS OOJIXKEH pa3BMBaThb Y CTYAEHTOB CNOCOOHOCTb
[enaTb CAMOCTOSITENTbHYIO U KDUTUYECKYIO OLIEHKY,

CMOCOOHOCTb CaMOCTOSITENIbHO BOCMPUHUMATD,
dopmynmMpoBaTb U peliaTb NPobseMbl, a Takxe
obecneynTb rOTOBHOCTb CNPaBAsATbCA C M3MEHe-
HUSAMW B TPYO0BOM XXU3HW.

Pazpoen 9. Btopoii ypoBeHb 06pa3oBaHus A011-
XX€H OCHOBbIBbIBATbCSA Ha 3HAHWSAX, KOTOPbIE CTYy-
OEeHTbl NpruobpeTaloT B X04e NepBOro ypoBHsi 00-
pasoBaHUS, U COOTBETCTBYIOLLMX 3HAHUAX. BTO-
po ypoBeHb 00Opa3oBaHUSA [OOJSKEH BK/OYaATb
yrnybneHne 3HaHUN, HaBbIKOB M CMOCOBOHOCTEN,
NOJTy4eHHbIX Ha NEepPBOM YpOBHE. B gononHeHue K
TOMY, 4TO OTHOCUTCS K NePBO CTyneHn obpasoBa-
HWS, BTOPOM YPOBEHb AOJIXKEH CnocoOCTBOBATb
JanbHenwemMy pa3BuTUIO CNOCOOHOCTN CTYOEHTOB
CaMOCTONATENIbHO MHTErpMpoBaTh U UCMOJIb30BaTb
3HaHWS, paboTaTtb CO CJ/IOXHbIMU SBAEHUSIMU,
npobnemamm M cuTyaumsiMu, a Takxke pasBUTUIO
noteHumana CTyoeHTOB O/ NpodecCcnoHanbHOM
WM Hay4yHO-UCCNeaoBaTebCKOM OesaTenbHOCTH,
KoTopas TpebyeT HE3aBUCUMOCTU MbILLIEHUS».

«XOPOLLIEE MPEMOOABAHME»
N KAK 3TOIo 4OCTN4b

HayHem pasroBop 0O XOopoLwem npenogasaHmn
C Ka4ecCTB npenogaBartend nin ydntend: BO-nep-
BblX, KaK 3TV Ka4eCcTBa onpegendoT camMn rnpeno-
AaBatesin 1, BO-BTOPbIX, 4TO AyMalOT CTYOAEHTbI O
xopoweM npenogasartene. Kavyectsa xopoLlero
quTenﬂ/npeno,u,aBaTenﬂ onpegendarTca  npu-
MEPHO TakK:

1o MHEHWMIO yunTenen:

— OHTYy31asm

— 3HaHu4

— YeTkume uenm

— Ob6paTHas cBa3b

— do6poTa

— [JOCTYyNHOCTb

— PasHoo6pasve B npenogaBaHumm
— YeCcTHOCTb, 06BEKTUBHOCTb

MO0 MHEHMIO CTYOEHTOB:

— OHTYy31asm

— 3HaHusA

— Meparornyeckuii nogxomn,

— YecTHOCTb, OOBEKTUBHOCTb

— OTKPLITOCTb B 0OLLLEHMN CO CTYAEHTAMM

— YpoBeHb NpenogasaHns, aganTMpoOBaHHbIN
K YPOBHIO 3HAHUI CTYOEHTOB

— Pa3zHoobpa3ue B npenogasaHunn

(McTouHuk: Metep PenHxonacoH. Kypc nekuymii B YancaabCKOM yHUBEPCUTETE.)

Tenepb naBaiTe 601ee BHUMATENIbHO PACCMOT-
puM npenogasaHue. HekoTopble ¢akTopbl ABAS-
IOTCS HEOTHLEMJIEMOM YaCTbIO y4ebHOro npoecca
1 genatloT obydyeHne ycnewHbiM. B pganbHenwem
Mbl PACCMOTPUM CleaytoLLmMe BONPOCHI:

— CoumanbHO-NCUXONOrMYeCcKUii KnmmaT

— MoTtuBauusa

— PednektneBHoOe npenogasaHne

— AKTBaUMs CTYOEHTOB

CoumasibHo-ricuxonorndeckui - knumar.  Bo
BpemMsi popMasibHOro 1 HedopMasibHOro B3amMmMo-
OEeNcTBUa C y4alMMUCS/CTYOEHTaMu yduTens/
npenogasaTesib cCo3gaeT atMocdepy, KoTopas on-

86

penenseT, Kak CTyAeHTbl YyBCTBYIOT cebs B npo-
uecce obyyeHus, — teaching/learning climate. 310
Tak HasblBaeMbl kiMMarT y4ebHOro npotiecca, Ko-
TOpbI, 6€3YCNOBHO, BUSIET HA TO, KaK y4aTCsl CTy-
neHTtol. Tak, Ayrnac Mak Tleprop (1960) onucan
Teopuio X n Teoputo Y OTHOCUTENBLHO KMarta B
MeHemkmeHTe. J. Biggs, C. Tang (2007, p. 37-39)
NPUMEHNNN 3Ty TeopUIo kK o6pa3oBaHmo. Cornac-
HO Teopuun X, CTYOEHTaM He cneayeT OOBEpPSTh,
OHU B NMPUHLINME HE XOTAT Y4UTbCA 1 OyayT NbiTaTb-
cs1 0OMaHyTb NMpy NepBo BO3MOXHOCTU. CTyaeH-
Tam crnenyeT YeTKO NOSICHATb, YTO HY>KHO Aenathb U
Y4uUTb, MOCELLAEMOCTb OO/HKHA MPOBEPSTLCS Ha



KaxkJom Nekumm, 3a XoAoM aKk3aMeHa crieyeT BHU-
MaTesibHO CneanTb. Takom KnmaT Bbl3blBaeT Hera-
TUBHbIE YYBCTBA Kak y npenogasaTtens, Tak 'y CTy-
OEHTOB N Kak CNneacTBue ABASETCS NPUYNHON Mo-
BEPXHOCTHOro 00y4yeHus. CornacHo Teopun Y,
CTYOEHTbl AOCTUraloT Hauyylux pPe3ysbTaToB,
KOraa oHM MMeloT cBOOOAY M BO3MOXHOCTb BbiCKa-
3blBaTb CBOM COOCTBEHHbIE CyXAeHusi. [Noceule-
HUe nekuuii He 06a3aTesibHO. AKTVMBHO MPUMEHS-
loTCa Takme GOpMbl, Kak AoMallHWe 3K3aMeHbl
N oueHka CBepCTHMKOB. CneactBMemM co3gaHus
KnMmaTa, CornacHo Teopun Y, ABNseTcs rnyobokuni
NoAxof, CTYAEHTOB K 00YyHEeHUI0/N3YYEHUIO U XOPO-
Line pesynbrarhbl.

Ha npakTuke knMmaT B knacce unv ayamtopumn
TAroTeEeT K OAHOW W3 Teopwuin, NpeacTaBeHHbIX
34ecb B 4Mctom Buae. banaHc nosepus n pucka
OOMKEeH nexaTb B OCHOBE noaxoda K Kanumarty
y4ebHOoro npouecca.

MoTtuBaums SBNSIeTCS BaXKHbIM aCMNekToM Kak
ONs CTYAEHTOB, Tak U anga npenogasartenen. Het
CTYOEHTOB, Y KOTOPbIX HET MOTUBALUMN: BCE CTYy-
OEHTbl XOTAT OCTUYb Yero-nmbo. NMoatomy 3agada
Y4UTENSE COCTOUT B TOM, 4TOObl 3anMHTEpPEcOoBaTb
yyawmxcs. Mo mHeHuio J. Biggs, C. Tang (2007,
p. 32), aBa ¢pakTopa BAMKAIOT Ha TO, YTO CTYAEHTbI
WM KTo-nmbo B MpUHUMNE 3aMHTEPECOBaHbl B
BbIMOJIHEHNM KaKON-1Mb0o paboThbl NN OCYLLECTB-
JIEHNU Kakoro-nnobo Buaa AesaTeNbHOCTU:

1) To, 4TO yvawmecs OenaoT, ABNSETCS BaX-
HbIM, T. €. UMEET ONnpeaeseHHY0 LeHHOCTb;

2) yyalmecs O0mKHbl BEPUTb B yCNex 1 A0oCTuU-
XEHMe LLeI BO BPEMS BbIMOJIHEHNS 3a0a4K.

OTO O4EBMOHOE YTBEPXAEHME O0KA3aHO Hayy-
HbIMW TeopusiMKU MOTuBauMn. BOT cTaHpoapTHble
npMMepbl OLWMBOK, KOTOPbIE A0MNYCKaKTCs NPeno-
naeatensamm: «9TOT pasfen He ABAFeTCs BaXHOW
4acTblo Kypca, HO Mbl BCE PaBHO OOJIKHbI MPONTU
39TOT MaTepuan» nan «3Ta YacTb Kypca aBnsgeTcs
[OBOJIbHO CJIOXHOW, HO CTYOEHTbl YHUBEpPCUTETA
OOJMKHbI CnNpaBuUTbCs. Bbicllee obpa3oBaHue He
ONs Tex, KTO He NoHMMaeT». KOMMeHTUpyS pesyib-
TaTbl M OLLEHKU, NpenoaaBaTesb OO/KEH B3BELUM-
BaTb 1 NPOAYMbIBaTb TO, YTO OH UMEET B BUAY.

CpaBHuTE 3aMevaHus NnpenogasaTens, JaHHble
CTYOEHTY, KOTOPbIA CnpaBuICa C 3afaHMEM: «Tbl
XOpOLLO pa3obpancs B 9TOM TeMe, He Tak n?» n
«Hy, Ha aToT pa3 Tebe noresno». CTyaeHT, KOTO-
pbIli HE CcrpaBuIICs C 3aJaHWEM, NMOJyYun crenyto-
LMe KOMMEHTapun: «3T0 ObI10 TPYAHOe 3adaHune,
HO eC/I1 Tbl NPUNOXWULLb HEMHOTO H0JbLLE YCUUNA,
BCE MONy4YnTCcs NpaBunbHO» unn «Kak Bceraa, Tbl
He caenan Toro, 4To TPeboBaNOCh AN PELUEeHNsI».
JaBasi HeraTMBHYIO OLIEHKY, Mbl «<yOMBaeM» UHTE-
pec 1 moTmBaumio. Tak 4TO KoY K MOTUBaLMM 3a-
KntoyaeTcss B TOM, 4TOObl He nuwaTb CTyOeHTOB
YBEPEHHOCTU B cebe, a nokasaTb, 4TO yyeba 1 Ha-
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y4yHas 0esATeNlbHOCTb SABASIOTCA 3HAYMMbIMWU U MO-
nesHbiMn. 1pyron BaXHbI aCMeKT 3akto4aeTcs B
TOM, 4YTO Y4uUTEeNb caM A0JKeH OblTb MOTUBUPO-
BaHHbIM, C TEM 4TOObI NepeaaTb 9TO YyBCTBO CTY-
neHtam. Ecnn npenopgasatenb cynMtaeT npeagmer
CKY4YHbIM 1 npenogaeTt ero 6e3 aHTy3nasma, CTy-
OEeHTbl HMKOrda He 3auHTEePEeCYOTCS, HUKOraa He
OyayT MOTMBMPOBAHbI U3y4aTb 3TOT NPeaMeT Uin
BOMpPOC.

PednexktnBHoe npenogaBaHue (OT  aHr.
reflective — CKNOHHbIN K pasMbllLIEHNIO, aHaNN3Y,
pednekcum) 3akoyaeTca B TOM, HYTO npenojasa-
TeNlb MOCTOSIHHO 3a[lyMbIBAeTCS O TOM, KaK YyJy4-
LWNTb CcBOO paboTy. OOHUMKM N3 OCHOBHbIX Xapak-
TEPUCTUK, OMNPEenenstolmX «XOPOLLEro y4ntens»,
NO MHEHWIO CTYOEHTOB, SBNSIIOTCH 0O bEKTMBHOCTb,
3HaHUA 1 pasHoobpa3ne MeToa0B NnpernoaaBaHus.
MpenopaBaTtenb O0MXEH NOCTOSAHHO aHaNn3npo-
BaTb CBOIO OeSATeNbHOCTb. [Py BO3HUKHOBEHWUU
npo6aem co CTyaeHTamMm He cneayeT BUHUTb TOJb-
KO MX: HY)XHO noaymatb O TOM, YTO MOXET ObITb
npuynHom aTmx npobnem. MNpenogaBaHue — 9TO
MHAMBUAyanbHasa paboTa, 1 Kaxablii yunTenb Aon-
X€H BblpabaTtbiBaTb COOCTBEHHbIE peLLleHus, Npu-
HMMas BO BHMMaHMe creunduky npegmeTta, ypo-
BEHb CTYAEHTOB U1 T. N. VIHTEPECHbI dakT: BO BCEX
3anagHbIX yHMBepcuTeTax CTYAEHTbl OLLEHUBAKOT
npenogaBaHne 1 cogepkaHne Kypca no ero OKOH-
yaHun. CTyaEeHTbI A0/KHbI OLEHUTb KYPC (CTPYKTY-
py, 06beM paboTbl, COAEPXaHMS U T. A.) 1 Npeno-
naartens (ero/ee ypoBeHb MOArOTOBKM, HaBbIKA
o6LeHns n ap.). Pe3ynbtaTbl OLEHKU, Kak npaBu-
10, y4ynTbiBalOTCS 3aBenylolmnm kadenpon mam
0eKaHOM M MOryT okasblBaTb B/IMSIHUE Ha 3aHsI-
TOCTb NpenogaBaTens Ha JaHHoOM kadenpe.

CoBpeMeHHbIN MpenogasaTeflb YHMBEPCUTETA
DOMKEeH 0TKa3blBaTbCHA OT Tak Ha3blBAeMOW «Tpa-
OVILMOHHOM TOYKN 3PEHMS» HA CBOO paboTy, Bbipa-
XaloLencs npuMmepHo cneayowen GopmynmnpoBs-
Kon: «{l Bbl4UTAN BCE NEKUMN, Jan Bce Heobxoan-
Mbl€ MHCTPYKUMN CTyAEHTaM, OHU UMEIOT KHUMU, U
3TO HEe MOe [eN0, Kaknm 06pa3oM OHK ByayT roTo-
Bbl K 9k3aMeHy». To, 0 4eM Mbl TOBOPUM Cenyac, 3170
noaxon, OPUEHTMPOBAHHLIV Ha CTyAeHTa, B KOTO-
POM OTNPABHOM TOYKOM ABNSETCS BONPOC: «HT0 Ae-
NaloT CTYOEHTbI M Kak OHUM yHaTCcs?», T. €. Kak NpoXo-
OuT npouecc yd4eHnsi. OTBETCTBEHHOCTb Npenoaa-
BaTens, cnegoBaTenibHO, 3aKio4aeTcs B TOM, YTO-
Obl coenaTtb 9TOT Npouecc 6onee apPeKTUBHbLIM,
nyTeM akTMBM3auum 00y4eHns CTYOEHTOB.

AkTuBu3aums. Kak akTmBm3mpoBaTb CTYOEH-
TOB? HYaCTUYHO Mbl OTBETUIN Ha 3TOT BOMPOC: MO-
TUBUPOBATb, NOKa3aTb LLIEHHOCTb 1 BAXXHOCTb TOrO,
4YTO OHM AenatoT, NOCTaBUTb YEeTKME Lenu u T. A.
Ewe oanH knioyeBon pakTtop — 9TO 3aCTaBUTb UX
NMOHATb TO, YTO OHW U3YYatoT, U HAYYUTb MPUMEHSTb
3HaAHUA Ha NMPakTUKe.



«CKaxu UM, 1N OHK 3a0yayT.

Mokaxu UM, 1 OHK BYAYyT MOMHUTB.

3acTtaBb Ux Aenatb, 1 OHU NONMYT».

Moatomy 3apada npenogaBaTenss COCTOUT B
TOM, 4TOObI BbIOMpPATbL ONTUMasibHble METOAbI AN
aKTUBN3ALMKM CTYOEHTOB M AN1S1 AOCTUXEHUS LIeNen
Kypca.

Cnenywowuii nepedyeHb 00beOMHSET MeToabl
npenoaaBaHns 1 BUAObl y4eOHOM AEATENbHOCTU:

« Jlekums

- CemuHap

+ MpynnoBoe obcyxaeHne

« Pabora B rpynne/komaHae

+ JKCKypCUs

- JTabopaTtopHas paboTa

HekoTopble MeToabl NO-MpexHeMy onpeaens-
loTCS Kak HoBaTopckume. K aTon rpynne MoryT 6biTb
OTHECEHbI crieayloLlme MeToapl:

+ MNpoekTHas paboTa

+ OByyeHMe Ha OCHOBE MPaKTUYECKUX NpuMe-
poB (Case-study method)

* Npob6neMHo-0pMEHTUPOBAHHOE 00yYeHME

+ 0OO6yyeHne cBepcTHUKOB (Peer tutorial/
teaching)

* Urpbl-cumynsaumm

« PoneBas urpa

+ AnctaHunoHHOe obydeHne

Henb3a yTBEpXaaTb, YTO HEKOTOpPble MEeTOoAbl
nyyule, 4em Apyrue, 1 4To Mbl LOKHbI UCKITIOYNTD,
K NpuMepy, BCe NeKUUM U 3aMEHUTb UX CEMMHApa-
Mun. B nepByto odyepenpb, NpenogasaTtesb A0JKEH
HaTKU onTUMalnbHbIN HAabOP METOMO0B, KOTOPbIN
OyneT cooTBeTCTBOBaTb LensM kypca. W camoe
rnaBHoOe, Bcerga noMHUTb, YTO akTUBHOE 0Oy4eHne
aBnseTcsa 6onee aPPeKTUBHBIM, HEM NACCUBHOE.

[aBainte paccmoTpum 6onee noapobHO ad-
(PEKTUBHOCTb HEKOTOPbLIX METOA0B.

Nekuwnsa

MHorpoa B COBPEMEHHOM 3anagHom negarornke
NleKUMM BOCMNPUMHUMAIOTCS Kak yCTapeBLUWA Me-
TOA, COOTBETCTBYIOLIMIA MOAENM NPSAMON Nepeaa-
4y 3HaHui. MNMoyemMy NpenogaBaTesib OO/KEH YK-
TaTb NIEKUUN, ECNN CTYAEHTbI MOTYT MPOYMTaTh He-
obxoammyio nuTepatypy camu? bonee Toro, npo-
LLeCC 4YTEHUSI COOTBETCTBYET MCUXOSIOrMYECKOMY
TeMNy CTYOEHTOB, TEMIM JIEKUMM COOTBETCTBYET
Temny npenogaeatens. Tem He MeHee, B CUITy pas-
JINYHBIX NPUYYH, NTEKUMS NO-NpPexHeMy OCTaeTcst
OCHOBHOW POPMOIi YHUBEPCUTETCKOro obpa3oBa-
HUs. NodyeMy cnenyeT COXpaHsTb NeKLmio Kak hop-
My 00y4eHnn? Jlekums Heobxoamma s BBeoeHus
B HOBbIV KYPC Wv pasaen, aNns pasbsaCHEHNS KO-
YeBbIX KOHLEMUWA UM Mpe3eHTaumm HOBbIX UC-
cnefoBaTesNibCKMX AaHHbIX. Kpome Toro, XxopoLlo
NOAroTOB/IEHHAs JNekuusi cnocobHa npodbyamTb
MHTEpEeC CTYAEHTOB K Bonpocy unm teme. Kak mbl
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MOXEM YNy4ylLInTb NeKUumn, caenatb nx bonee ad-
bEKTUBHBIMN? ITO MOXHO caenatb NyTeEM BKIO-
YeHUs B NNEKLUMIO 3NTIEMEHTOB AeMOHCTpaLuumn, apa-
marvsaumm, a Takxke 4epenoBaHusi cOOCTBEHHO
NEKUMN C HEOOJIbLUNMM MACBMEHHBIMN YIPaxHe-
HUSIMU, TPYMNOBbLIMU U MapHbIMU OOCYXKAEHWS-
mu. TlpeactaBneHHasi cxema MOSICHSET, novyemy
BaXXHO U3MEHSATb X0, NeKLUN:

A
JNexuys
|
Hayano KoHel,
A Nekums
MepepsbiB MepepbiB
1 1 [
>
Havano KoHnew,

Mo paHHbIM MUCCnegoBaHUS NMaMsaATU, YENOBEK,
Kak npaBwio, 3anoMnHaeT fydle nHpopmaumio,
NpeacTaB/IEHHYO B HAYane 1 KOHLE npe3eHTaumm,
NPOYMTAHHOIO TekcTa, YBUAEHHOW NpOorpaMmmbl U
T. 4. BOoT noyemy B uensax ynyyweHus pesynstaToB
YCBOEHUS y4ebHOro maTepuana crnenyeTt aenartb
HECKOJIbKO NEPEPBLIBOB B XOAE NEKLUMNN. ITO MOXET
OblTb NEpeMeHa, koraa CTyAeHTbl MOryT BbIATY U3
knacca. Mnu xe MOXHO npepBaTb NEKLUNI0O Ha He-
CKOJIbKO MUHYT, UCMNOMb3ys OOWH U3 npeasiarae-
MbIX METOAOB aKTUBU3aUUW (HEDOJIbLUNE MNCH-
MEHHbIE YrPaXHEHWS, rpyrnoBbIe 1iv rnapHble 06-
CYXOEHUS).

Mcuxonorn yTBEpXOaloT, 4TO AN TOro YTOObI
aKTUBM3MPOBaTb CTYAEHTOB, C/leQyeT UCMOJIb30-
BaTb 60nee pa3Hoobpas3Hble MeTodbl. CornacHo
ncecnenoBaHMsaM B AaHHOW o6nacTtu, 60bLUMHCT-
BO JOAEN BOCNPUHMMAIOT/3anoOMUHAOT/MOHN-
MatoT

Y )
10% 13 TOro, 4TO OHU YUTaOT
o H
20% n3 TOro, 4TO OHWU CNblWAaT
30% 13 TOro, 4TO0 OHM BUOAT
o H
50% n3 TOro, 410 OHU BUAAT U CNblLLAT
70% 13 TOro, 0 Y4eM OHM roBOPSAT C APYrMMIA
80% 13 TOro, YTO OHM NCNOMB3YIOT U MPUMEHSAIOT
95% 13 TOro, 4emy OHM y4aT Apyrmx

(UcTounuk: Yuneam Mmaccep, umt. no: Biggs, Tang, 2007, p. 96).



ObyyeHMEe CBEPCTHUKOB
(Peer tutorial/teaching)

Kak Mbl BUOMM, YeN0BEK 3aNOMMHAET 1 MOHMMa-
eT 6onblue, koraa 0ObsACHAET MaTepuan KoMy-m-
60. 3T0 BECKMIA apryMEHT B NMOJIb3Y UCMOJIb30BaHMS
MeToaa 06y4eHUst paBHbIMU MO CTaTyCy CBEPCTHU-
KaMu. ATOT METO[, MOXET MPUMEHSTLCS Kak B 60JIb-
LUMX, TaK M B Masibix rpynnax. 3agaya noarotoButb
y4ebHbIi MOMEHT MOXeT OblTb MHAMBUAYabHOM
WY FPYNNoBoit. TakoMy METOAY MOXET OblTb OTBE-
OEHO oTae/nbHOe 3aHsATUe, Korga CTydeHTam npe-
[OCTaBAETCA BO3MOXHOCTb BbICTYMUTb B POSY
npenogasateniein. Bo3aMOXHO Takxke BKJItO4aTb KO-
POTKME BbICTYMJIEHNSI CTYAEHTOB BO BPEMSI pery-
JISIPHBIX 3aHATUIA. CyLLECTBYIOT HEKOTOPbLIE NpPaBu-
fla NpoBeAeHnst 00y4eHnst paBHbIMW MO CTaTycy:

- npenogaeatefib AO/KEH NPEeLOoCTaBUTb WH-
dopmMaumio Unmn ykasatb UCTOHHMKM, TaK Kak OH He-
CeT OTBETCTBEHHOCTb 3a Ka4yecTBO M [J0CTOBEp-
HOCTb y4ebHOro matepuana;

- npenojasaTesb OO0/MKEH NPOBEPUTbL COOEp-
XaHne y4e6HbIX MOMEHTOB, MOArOTOBMAEHHbIX CTYy-
OeHTaMu, 0AHaKo AaTb BO3MOXHOCTb CTydeHTam
NnpeacTaBuUTb Temy/npobieMy Cco CBOEN TOYKM
3peHus;

- nocne y4e6HOro MOMEHTa, MPOBEAEHHOro
CTydeHTamu, npenogaBaTesib OOJIKEeH AaTb CBOW
OT3bIB, @ TAKXE NOMNPOCUTb APYIMX YHaLLMXCS MPO-
KOMMEHTMPOBaTb 3aHATHE.

ObOy4yeHMe Ha OCHOBE
NPakTMYeCKUX NPUMEPOB
(Case-based learning)

MeTona 06yyYeHns Ha OCHOBE NPaKTUYECKMX NPU-
MepoB MOXeT ObITb NpeACcTaBfieH B ABYX BapuaH-
Tax. NepBbii, KOorga CTYAEHTbI U3y4atloT NpuMepbl/
nena/npobnemsbl, B3ATble N3 peanbHOl OeicTBu-
TeNnbHOCTU. Takme npumepbl/npodaemMbl MoOryT
NPUMEHATLCSA AJ1S UIIIOCTPaLMM OTOENbHOMN TeMbI
WU XXe MOryT OblTb OTOOPaHbl OS5 KaXKA0W TEMBbI,
BKJIIO4YEHHOM B Kypc. Llenb BToporo BapuaHTa uc-
Nnosb3oBaHNs 0Oy4eHMst HA OCHOBE NpPeLUeaeHTOB —
Hay4YnUTb CTYAEHTOB MPUMEHSITb 3HAHUS B peasibHOM
OeNCTBUTENbHOCTU. VIHbIMM cnoBamu, CTyAeHTaMm
[aeTcst BO3MOXHas npobnemMa/neno, n oHU OOMXK-
Hbl HAWTK pPeLleHMne NMyTeM NPUMEHEHMNS MOJTyYeH-
HbIX 3HaHMN. OBOy4yeHne Ha OCHOBE MPaKTUYECKNX
NnpPMMepPoB (KercoB) cnocobcTByeT BbipaboTke
aHaIUTMYECKNX HAaBbIKOB 1 HAaBbIKOB PELLIEHUS NPO-
6nem, a Takxke Mo3BOJISET yHalMMCH NMPUMEHSTb
HOBbIE€ 3HAHMS N HaBbIKM Ha NPaKTUKE.

Flpynnosasa paboTa

B peanbHO Xn3Hn niogam He paboTatoT caMmu No
cebe, 1 peaKko NPUHUMAIOT PELLeHNs CaMOCTOs-
TenbHOo. iIMeHHOo noaTomy paboTa B rpynnax asns-
eTCA BaXHbIM N HEOOXOAMMbIM METOAO0M 00y4ye-
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HUs. B rpynnoBoii paboTte CTyaeHTbl KOHKPETU3N-
PYIOT y>XXe M3BECTHOE COoAepXaHMe 1 NpoaymbiBa-
0T BbIBOAbI 1 peLleHmns. OHM yyaTca pacnpenensrb
3apa4n, coTpydHuyaTb U NpUHUMaTb obLlime pe-
LUeHUs1, a Takxke HeCTu OOLLYI0 OTBETCTBEHHOCTb
3a KOHeYHbIN pe3ynbTaT. [pynnosasi paboTa MoxeT
NCMONb30BaTbCs /1 pPeLleHns HeboNbLUMX 3aaay
B KJlacce, Tak Xe Kak 1 AOMaLUHUX 3a4aHnin 3Ha4Yn-
TenbHoro obbema. CylecTByeT MHOXECTBO Mpu-
MepPOB OopraHn3auun paboTbl B rpyrne:

— BO BpeMS fiekKunm nnm CemMmHapa opraHm3ao-
BbIBAlOTCS HEGONbLLME FPYMMbl UM Napbl B OCHOB-
HOM [OJ11 KPaTKOro 06Cy>XaeHns:;

— YfieHbl rpynnbl NOAyYalT UHANBUAOYASbHbIE
3a[aHuns, a 3aTeM coOMpPaloTCs B LIENSX PeLleHns
OCHOBHOW 3a4au4u;

— YfieHbl rpynnbl NOAyYalT UHANBUAOYASbHbIE
3a4a4um (BO3MOXHO MPOTMBOpEeYaLLme apyr apyry)
1 obLime 3agaHuns, B TOM yncne aedarbl. B pesynb-
Tate rpynna gosikHa NpuiiTn K obLemy 3aksoye-
HUIO U OONOXUTb PELLUEHNE OCTajIbHbIM YiEeHaM
rpynnbl nAun Knacca.

CyLiecTByeT 1 Takast opma rpynnoBoi paboThbl,
Kak CMOHTaHHOEe COoTpyaHMYecTBo. [penoaaBartenb
HE MMeeT BO3MOXHOCTU BAUATL HA COOEPXaHUE U
dopMy aaHHom paboTbl. OgHako aTa popma LWnMpPo-
KO MCNOMb3YyEeTCS, HaNpuUmep, LWBEeACKUMWN CTYOEH-
Tamu. OHK, Kak NpasBuso, paboTaloT B rpynnax B Te-
YyeHue Kypca 1 0COBEHHO B 3K3aMeHaLMOHHbIE Mne-
puoapl, C TeM 4TOOblI MOMOraTb Apyr APYry NoHATb
y4eObHbI MaTepuas, oObMeHMBaTbCs UHMOPMaLM-
en, obeyxaaTb pasnnyHble TOUKMU 3PEHUS.

Mpob6bneMHO-OPUEHTUPOBAHHOE
obyyeHune

MpPo6NEMHO-0PUEHTUPOBAHHOE 00yYeHne AB-
NIAETCHA OOHUM 13 Hanbonee BaXHbIX JOCTUXEHNIA
B COBpPEMEHHOI cucteme obpasosaHma. OHO OC-
HOBLIBAETCSA Ha MPEanoNOXEeHNN 0 TOM, Y4TO N1La,
3aMHTepecoBaHHbIe B peLueHnn npobnemsl, 6yaoyT
nckatb MHGOPMaLMIO U Apyrue NpukiagHble 3Ha-
HUA, HeobxoauMble AN peLleHus aTon npobne-
Mbl. OgHaKko NPo6IEMHO-0PUEHTUPOBAHHbLIN No4-
X0/l He 03HaYaeT, YTo NpenoaasaTesb NPOCTO OXU-
naet pelueHus npobnem oT cTyaeHTos. MNpenoaa-
BaTe/ib [O/KEH CNeaMTb 3a WHAMBUAOYaSIbHbIM
NPOrPEecCcOM Kax oM rpynnbl, NOMOratb yCTPaHATb
3a0Ny>XaeHUs, a Takke YBUOeTb NnpasBuiibHOE Ha-
npassieHne 09 peLleHns npodnemsl.

Helvlanosa>|<Hy+o POJSIb B aKTBM3auunn rnpoLec-
ca O6Y‘-I6HMFI NrparoT Takne MeToabl, Kak Nrp bl
m nmmtauunm. Wrpbl 0QHOBPEMEHHO O6yLI3.IOT
M BbI3bIBAOT MHTEPEC K O6Y‘-IGHMIO. MHorvne urpsbl
ABNIAIOTCA MMNTAUNAMN peasibHbIX CVITyS.U,MVI, Ha-
npmnmMmep genosbie€ Nrpbl, Urpbl, UMUTUPYIOLLIME ME-
KAYyHapOAHblE OTHOLUEHUA. OnucbiBass wurpbl un



nmutaummn, MakKunHum (McKeachie, Svinicki, 2006,
p. 225-226) yTBEPXAAET, YTO «MNaBHOE MPEnNMy-
LLECTBO Urpbl MU UMUTALMK 3aKITIOHaeTCs B TOM,
YTO CTYAEHThI ABNSAOTCS aKTUBHLIMW YHaCTHUKAMWU,
a He naccuBHbiMK Habnopatenamu. CTyOeHTbl
OOJIKHbI MPUHMMAaTb PeLLeHNs, pewaTb NpobiemMbl
M pearMpoBaTb Ha pe3yfibTaTbl CBOMX PELLUEHUIN».
OOHMM N3 HEQOCTATKOB METOOA Urp SIBASETCS UX
TexHndyeckoe obecneyveHmne. CNoXHO HaWTu urpy,
KOTOpas MOSHOCTbLI noaxoamna Obl K npegmeTy
nnu Bonpocy. MNMpouecc pa3padboTkm COOCTBEHHOM
NUrpbl MOXeT ObliTb JJOBOJIbHO TPYA0EMKUM.

MpoekTHaa paboTa sBAsgeTCcs ewle oa-
HMM METOA0M, KOTOPbI COnmxaeT obyyeHne 1 pe-
anbHYyl0 OEeCTBUTENbHOCTb. MNPOEKTb, Kak npaBu-
J10, OCHOBaHbI Ha peasibHbIX Cly4Yasx, CBSA3aHHbIX C
MOBCEAHEBHOW MPOPECCUOHANBHON OeAaTEeNbHO-
CTblo. TNpPOEKT OpraHM3yeTcsl N OCYLUECTBSIeTCS
rpynnon cTyaeHToB. Kaxabli CTYAEHT noay4aer
onpeneneHHylo posib U GyHKUMK, 3adayum no Bbl-
MOJIHEHMIO MPOEKTA pacnpeaensoTcs Mexay yne-
HaMW rpynrbl. MEHEOKMEHT, UK ynpaB/ieHne npo-
€KTOM, SIBMIIETCA HEOTbEMJIEMOW YacTblO: Crneno-
BaHMe YETKOMY CTPYKTYPHOMY MJjiaHy 1 CPOKaMm Bbl-
NosIHeHUs 3adad, pacrnpeneneHne GyHKUnnm — Bce
ABNISIETCS BAXHbIM A5 AOCTUXEHWS pe3ynbTaTa.

OueHka

OugeHka urpaeT BaxHyIo posb B 06pas3oBaTeib-
Hom npouecce. CyLlecTByOT ABe OCHOBHblE hop-
Mbl OLEHKM — onpegenswole-popMnpyioLLLaa 1
utorosas. lNepsas Gopma Heobxoauma anga nog-
OepXKn obpaTHOW CBA3M CO CTyAeHTaMun B Xo4e
o0y4yeHus. MpenogasaTteny U CTYOEHTbI AOMKHbI
3HaTb, KakuM 00pasom npoxoauT obydyeHne u
MMETb BO3MOXHOCTb KOPPEKTUPOBaTb MPOLECC.
BTopasa ¢dopma UCMonb3ylTcs NS OLEHKM pe-
3ynbTata 0by4eHns 1 BbiCTaBNeHNs 6annoB B KOH-
Le Kypca unm nporpammbl.
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B nepmarormyeckmx WCTOYHUKAX YyOENsaeTcs
MHOr0 BHUMaHUS GOopMUpPYIOLLEN OLLeHKe (obpaT-
HoM cBsaA3n). OHa aBngeTcda Takke OgHUM K3 ad-
dEKTUBHbIX METOO0B Y4eOHOW OeATeNbHOCTH, KO-
TOPbIN NOMOraeT 06HaPYXMTb OLLIMOKM B MOHMMA-
HWUM CTYAEHTOB W UCMNPaBUTb MX. Takas oueHKa He
BINSIET HA PE3Y/bTaT B KOHLLE Kypca 1 NO3TOMY He
Bbl3blBAET CTPaxa WUim TPEBOIrv y CTYAEHTOB.

Jbtonc OnTtoH (1987) onpenennn, 4To oueHKa
B LIEJIOM MMEET HEKOTOpPbIE HeraTUBHbIE NOCNEe -
cteug (Biggs, Tang, 2007, p. 169). Mo ero cno-
BaM, CTYAE€HTbl B OCHOBHOM KOHLEHTPUPYIOTCS Ha
Tex acnekTax 1 BOnpocax, No KOTOPbIM OHU OyayT
oueHmBaTbCs. NHbIMM croBamMu, OHW yyaT ToO, O
4eM UX CNpPOoCSsT Ha ak3ameHe. o3ToMy YpesBbl-
4yanHO BaXKHO cornacoBaTtb TPeOOBaHWS K 9K3aMe-
HY C LEeNsMM N COAEPXAHNEM Kypca, T. €. TaKuUMm
obpaszom chHOpPMyIMpoBaTb KOHTPOJIbHbIE WK
3K3aMeHaUVOHHble 3a4aHuns, 4ToObl OHM OTpaxa-
NN Uuenu, NoCTaBNEHHbIE Nepea Kypcom. BaxHer-
LUWIA acnekT, 0 KOTOPOM MnpenogaBaTesb O0JXKEeH
NMOMHUTb, — 9TO OUEHKA pPa3/INYyHbIX YPOBHEWN
3HaHMUS.

* Kk *

MopBoasi uTor, HEOGXOAMMO CKasaTb, YTO HEeT
eJVHOro MeToda, KOTOopblii SABNSIETCA COBEPLUEH-
HbIM M NOAXOOUT KO BCEM YYEOHbIM CUTyaUUsIM.
HaobopoT, 6onee pe3ynbTaTtMBHLIM ABSETCS Bbl-
60p noaxodsilLyx MeTOOOB M BapuaTUMBHOCTb B
npouecce obyyeHusi. ONTUMasnbHbIN MeTon, A0S-
XeH OblTb NogobpaH Ons Kaxaow y4eOHOW cu-
Tyauum. N3amMeHss B3NS, Ha TEOPWUIo, Nexallyto
B OCHOBe 00y4yeHusi, npenogaBaTtesfib OOJIKEH
NMOCTOSIHHO  MOMHUTb, 4YTO O0Oy4YeHue/y4yeHne
(learning) — 9TO OCHOBHOW MPOLECC, CTYAEHT/y4a-
LuMincs — 9TO LeHTpanbHas durypa B obpasosa-
HUM. A OCHOBHasi GYHKLUNS yYUTENS 3akiioyaeTcs
He B Nepeaaye 3HaHWN, a CO34aHNM YCNOBUIA ANs
nx GOpPMNPOBaHMS.
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INTRODUCTION: SUSTAINABLE
DEVELOPMENT AND TEACHING

Why do we talk about education while discussing
sustainable development?

When talking about sustainable developments
many concentrate on the environmental aspect
and leave economy and society aside. Itisimportant
to remember that the concept of sustainability
comprises three components, as it is presented on
the following scheme.

Education is an essential factor, which influences
society. John Dewey, afamous progressive educator,
stated, that education is a fundamental method of
social progress and reform (Bowen, Hobson, 1974).
If we want to change a society, we have to start from
education. Therefore, if to transform the concept of
sustainability into the pyramid andinclude education,
the scheme could look like the following (Scoullos,
Malotidi, 2004, p. 21):

idea is that education can be

Scoullos’
considered as a basis for the pyramid of sustainable
development. So the concept of Education for
Sustainable Development (ESD) comes into being.
Itis vitally important, that Education for Sustainable
Development is not only about Environmental and
Ecological Education. The idea is that education
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has to change both the content and the forms, so
that sustainable development will become the only
alternative for future generation. The concept
comprises many characteristics such as
interdisciplinary and holistic approach, locally
relevant in the global context, etc. However this
compendium will be focused on so-to-say pure
pedagogical principles: promoting critical thinking
and problem-solving, employing variety of
educational methods.

THEORIES OF EDUCATION

To start discussion about different methods of
teachingwe needtotalk abouttheories ofeducation
that are the basic of any further action.
Understanding of the whole process of education,
mechanisms of learning and teaching defines HOW
this education is performed.

Today the most common approach places
constructive model versus transmitting model of
education. Many of the teachers nowadays both in
Western and Eastern pedagogical science believe
that students learn best through direct instruction.
That is why they impart lots of information to their
students using lecture as a main method and paper
and pencil for the tests. The students are thought
to be motivated mostly through the use of grades,
rewards or punishment. According to this model
not deep understanding but remembering is
needed for learning. The point of departure is a
belief that knowledge about the world is static and
fixed and must be taken for granted. Therefore the
teacher is the transmitter of the knowledge and
notions accumulated during the centuries and
passed on from generation to generation. This
model of education is called “transmitting model of
education”.

However the constructivist theory, widely
promoted in Western education, starts from the
assumption that knowledge is actively constructed
in human mind with the main goal to develop
students’ ability to think. New knowledge is
constructed on the basis of the ideas, beliefs and
knowledge that the individual had before. David
Perkins contrasts Deep Understanding versus
Surface Learning (Feden, Vogel, 2003, p. 13-14)
and says that Surface Learning causes fragile
knowledge that can be easily forgotten while
“deep understanding is well connected to other
things we know and we not only retain them, but



are also able to understand them and apply them
when appropriate” (p. 14). Consequently, the
definition of constructivist pedagogy is thought as
“the creation of classroom environment, activities,
and methods that are grounded in a constructivists
theory of learning, with goals that focus on
individual students developing deep
understanding in the subject matter of interest
and habits of mind that aid in future learning”
(Richardson, 2003, p. 1627).

Similar concepts are expressed by John
Biggs and Catherine Tang in their “Teaching for
quality learning at university: What the student
does” (2007) — the book that became an inspiration
for the author of this article. Besides wide
discussion about surface and deep approaches to
learning (p. 22-29), their main focus is that the
standpoint in education should be changed from
teacher-centred to a student-centred perspective.
The main question is not ‘What teacher does?’ but
‘What student does?’ In accordance with this, the
authors describe not teaching methods but
Teaching/Learning Activities (TLAs). Preston D.
Feden and Robert M. Vogel in their Methods of
teaching (2003) compare two theories emphasizing
the learning process (p. 35):

Contemporary cognitive

Traditional behavioural theory theory

Learning is a holistic and
much more than additive
process of accumulating
information

Learner actively construct
their own understandings

Learning is the accumulation
of bits of information and
skills

Teacher can transfer
knowledge directly to
learners

Learning takes place as
teacher and individual learner

Learning is social and involves
cooperation with others

interact
Emphasis in on providing Emphasis on bringing about
instruction learning

Another widely accepted categorization to
describe the teachers’ role in university education
is the one done by Paul Ramsden (2003). He
suggests the following categories: 1) Teaching as
telling or transmission; 2) Teaching as organising
student activities; 3) Teaching as making learning
possible.

TYPES OF TEACHERS

There are different types of teachers and their
work is based on different theories; they used
different methods and styles etc. Biggs and Tang
(2007, p. 16-19) define three levels of teachers
according to the focus on their activities:
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Level 1: What the student is

The teachers see first the differences between
students: there are good and bad ones. The
teachers see their responsibility in knowing the
content well and explaining it clearly. And it is up to
the students to attend lectures, to listen carefully,
to take notes, to read recommendation etc. Ability
of the students is a main factor. The curriculumis a
list of items to be covered by the teacher and then
be repeated by the students. This theory of teaching
can also be called “blame-the student” theory.
When the students do not learn, it is completely
their own fault.

Level 2: What the teacher does

The teachers at this level are concentrated
on what teachers do. This view of teaching is
still based on transmission. The responsibility
of “getting it across” is on what teacher does,
one should find more effective way of teaching.
The teacher should use more and various
techniques, and good class management is
important. Learning depends on how good the
teacher is, so he/she is blamed when students do
not study.

Level 3: What the student does

The third level is a student-centred model of
teaching. Therefore the main task of the teaching is
to support learning. It isimpossible to say, “l taught
them but they did not learn”. Rather teaching must
take into consideration what students do in order to
achieve more effective learning. The teacher
should think about if students understand, and find
activities to stipulate levels of understanding. In
other words teaching must stimulate learning.
Learning and understanding are the main concerns
at this level.

INTERRELATION BETWEEN TEACHING
AND LEARNING

Taking into consideration the third level on which
the teacher should stimulate and facilitate learning,
it is possible to conclude that these two processes
are closely interrelated; they are indivisible.
Therefore in some sources, namely Biggs and Tang
(2007, p. 55-57), not methods of teaching but
Teaching/Learning Activities (TLAs), are defined
and discussed.

The overall idea of the scheme above is that one
(we are talking about teachers now) should not
forget about learning while teaching.



Knowledge
Skills

| Learning \ \ Learning

Understanding
Problem-solving

Scheme Teaching/Learning Interaction

SURFACE AND DEEP APPROACHES
TO LEARNING

As the level of teachers was discussed
previously, now it is time to turn to students and
how they approach learning. Biggs and Tang
distinguish two approaches:

A. Surface approach. The main characteristic of
this approach is that the students want to cope with
the task with minimum trouble and at the same time
meet course requirements. High-level cognitive
activities are needed for the proper accomplishing
the task; that is why in case of surface approach
only low-level activities are used. Remembering of
the facts and reproduction of materials is often
represented as understanding, which actually does
not happen. According to Biggs and Tang (2007,
p. 23), there are some factors that encourage
students to use such an approach:

+ An intention only to achieve a minimal pass.
Such may arise from a ‘meal ticket’ view of
university or from a requirement to take a subject
irrelevant to the students’ programme.

» Non- academic priorities exceeding academic
ones.

+ Insufficient time; too high workload.

» Misunderstanding requirements,
thinking that factual recall is adequate.

+ A cynical view of education.

+ High anxiety.

+ A genuine inability to understand particular
content at a deep level.

In their book Biggs and Tang state “The first step
to improve teaching is to avoid those factors that
encourage surface learning” (p. 24). That is why it
would be appropriate to list these factors, which
should be avoided:

+ Teaching piecemeal by bullets lists, not
bringing out the intrinsic structure of the topic or
subject.

» Assessing for independent facts, inevitably
the case when using short- answer and multiple-
choice tests.

+ Teaching, and especially assessing in a way
that encourage cynicism: for example ‘I hate
teaching this section but we have to cover it’.

such as
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+ Providing insufficient time to engage in the
task.

« Creating undue anxiety or low expectation of
success (p. 23-24).

B. Deep approach. Deep approach to learning is
characterised by the wish of the student to be
engaged in the task actively and understand it. That
is why high-level cognitive activities are mobilised in
order to cope with the task. Students are interested
and motivated. When students feel the need-to-
know, they automatically try to focus on essential
meanings, on main ideas, themes, principles, or
successful applications. There are certainly some
factors that make students to apply this approach:

+ An intention to engage the task meaningfully
and appropriately. Such an intention may arise
from an intrinsic curiosity or from a determination
to do well.

+ Appropriate background knowledge.

» The ability to focus at a high conceptual level,
working from first principles, which in turn requires
a well-structured knowledge base.

+ A genuine preference, and ability, for working
conceptually rather than with unrelated details
Biggs and Tang (2007, p. 24-25).

It is advisable to focus on those factors that
encourage a deep approach. So, the teacher has
to keep in mind these factors:

+ Teaching in such a way as to explicitly bring
out the structure of the topic or subject.

« Teaching to elicit an active response from
students, e.g. by questioning, presenting problems,
rather than teaching to expand information.

» Teaching by building on what students already
know.

- Confronting and eradicating students’
misconceptions.
» Assessing for structure rather than for

independent facts.

+ Teaching and assessing in a way that
encourages a positive working atmosphere, so
students can make mistakes and learn from them.

« Emphasizing depth of learning, rather than
breadth of coverage.

*In general, and most importantly, using
teaching and assessment methods that support



the explicit aims and intended outcomes of the
course Biggs and Tang (2007, p. 25).

WHAT DO WE TEACH AND EVALUATE:
LEVEL OF KNOWLEDGE

Bloom’s Taxonomy

Evaluation

Synthesis

Analysis

Application

Understanding

Knowledge

In 1956 Benjamin Bloom headed a group of
educational psychologists who developed a
classification of levels of intellectual behaviour
important in learning. Bloom found that over 95 %
of the test questions students encounter require
them to think only at the lowest possible level
namely to recall the information.

“Bloom identified six levels within the cognitive
domain, from the simple recall or recognition of
facts, as the lowest level, through increasingly
more complex and abstract mental levels, to the
highest order which is classified as evaluation”
(http://www.officeport.com/edu/blooms.htm).

Biggs and Tang (2007) distinguish and define
declarative and functional knowledge. According
to them declarative knowledge “refers to knowing
about things, or ‘knowing what’. It is public
knowledge, subject to rules of evidence that makes
it verifiable, replicable and logically consistent. It is
what is in libraries and textbooks, and is what
teachers declare in their lectures” (p. 72).
Functioning knowledge means that they are used in
performance and based strengthened by
understanding. This knowledge, say Bigg and
Tang, is within the experience of the learner, who
can now put declarative knowledge to work by
solving problems, designing building, planning
teaching or performing surgery (p. 72).

According to the kind of knowledge we would
like students to gain, we have to construct our
goals and activities.

GOALS OF TEACHING
OR INTENDED LEARNING OUTCOMES

Since we agreed on the point that teaching and
learning are two interrelated processes and the main
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concern of the teacher is the learning process, we
have to change our approach to goals of teaching /
learning. In modern pedagogical science the new
concept is accepted: Learning Outcomes (Biggs &
Tang: Intended Learning Outcomes (ILOs)). This is
once again to emphasise learning, not teaching. Thus,
LEARNING OUTCOMES are statements expressing
what the students should know, understand, and
relate themselves to and being capable of doing by
the end of a particular period of study.

The ILOs are constructed upon deciding what
kind of knowledge is to be involved. The following
verbs representing intellectual activity on each level
of knowledge is a good tool for designing ILOs.

Knowledge: arrange, define, duplicate, label,
list, memorize, name, order, recognize, relate,
recall, repeat, reproduce, state.

Comprehension: classify, describe, discuss,
explain, express, identify, indicate, locate,
recognize, report, restate, review, select, translate.

Application: apply, choose, demonstrate,
dramatize, employ, illustrate, interpret, operate,
practice, schedule, sketch, solve, use, write.

Analysis: analyze, appraise, calculate,
categorize, compare, contrast, criticize,
differentiate, discriminate, distinguish, examine,
experiment, question, test.

Synthesis: arrange, assemble, collect,
compose, construct, create, design, develop,
formulate, manage, organize, plan, prepare,

propose, set up, write.

Evaluation: appraise, argue, assess, attach,
choose compare, defend, estimate, judge, predict,
rate, core, select, support, value, evaluate (http://
www.officeport.com/edu/blooms.htm).

Moreover, according to the European Credit
Transfer and Accumulation System (ECTS), being
implemented by most of the signatory countries of
the Bologna process, the objectives of the course,
included in the official information course package,
should preferably be expressed in terms of learning
outcomes and competences.

As you may know according to the Bologna
process higher education is divided into three
cycles: bachelor, master and doctoral studies. The
following example shows general goal of higher
education in Sweden according to the cycles.

“Section 8. First level education shall essentially
build on the knowledge that students acquire in
national or specially designed programmes at
upper secondary school or corresponding
knowledge.

First level education shall develop the students’

— ability to make independent and critical
assessments,

— ability to independently perceive, formulate
and solve problems, and



— awareness to deal with change in working life.

Section 9. Second level education shall
essentially build on the knowledge that students
acquire in first level education or corresponding
knowledge. Second level education shall involve a
deepening of knowledge, skills and abilities relative
to first level education and, in addition to what
applies to first level education, shall

— further develop the students’ ability to
independently integrate and use knowledge,

— develop the students’ ability to deal with
complex phenomena, issues and situations, and

—developthe students’ potential for professional

activities that demand considerable independence,
or for research and development work” (Source:
Higher Education Act, Chapter 1, Section 8, from 1
January 2007).

“GOOD TEACHING” AND HOW TO ACHIEVE IT

Let us start discussion from the qualities of the
teacher, in other words, what makes “a teacher” to
be “a good teacher”. In the following table we can
see qualities of a good teacher articulated in
different words by students and by the teachers
themselves:

According to the teachers:
— Enthusiastic

— Knowledgeable

— Clear goals

— Gives feedback

- Kind

— Available

— Variety in teaching

— Fair, objective

According to the students:

— Enthusiastic

— Knowledgeable

— Pedagogical

— Objective and Fair

— Open to communication with students

— Level of teaching adapted to students’
level of knowledge

— Variety in teaching

Now, let us look at the teaching. There are some
important factors that make teaching successful:

« Teaching/learning climate

+ Motivation

- Reflective teaching

+ Activation

Teaching/learning climate. By different (formal
and informal) interaction with students teachers
create certain atmosphere, which determine how
the students and other participants feel about
learning. This is called teaching/ learning climate.
Such climate certainly has influence on how
students learn. Thus, Douglas Mc Gergor (1960)
defined theory X and theory Y climates in
management. Biggs and Tang (2007, p. 37-39)
transferred these theories to the classroom. Theory
Xassumes that students cannot be trusted, they do
not want to learn and they will cheat if they have
possibility. They need to be told what to do and
what to study, attendance needs to be checked
every lecture and the examination must be
invigilated. This learning climate is based on
anxiety, generates negative felling. It is associated
with blame-the-student model of teaching and as
consequence encourages surface learning.
According to the theory Y students are assumed to
do best when they have freedom and space to use
their own judgements. Classroom attendance is
not obligatory and the forms as home-take
examination and peer assessment are common.
The consequence of this climate theory is a deep
approach in students learning and good results. At
the same time there is usually risk for cheating.
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There are pure cases, butin practise the climates
tends to lean more towards one or another theory.
The approach to learning clime is balancing trust,
risk and value!

Motivation is an important aspect for both
students and teachers. There are no unmotivated
students: all students want to do something. So our
task as teachers is to make students be interested.
According to the authors, to who we constantly
refer, two factors make students or anyone else to
be willing to lean something:

— It has to be important; it must have some value
to the learner

— The learner needs to expect success when
engaging the learning task (Biggs and Tang, 2007,
p. 32).

This commonsense understanding is called
expectancy-value theory of motivation. Common
examples of teachers’ mistakes are: “This is
unnecessary part of the course but we have to
cover it anyway” or “This part of the course is rather
difficult, but you are at the university and have to
cope. Higher education is not for those who do not
understand”. Giving feedback and commenting
results teacher should be careful and thoughtful in
what she/she is saying.

Compare the remarks given on when student
succeed: “You are good at this, aren’t you?” and
“You had it lucky this time”, and comments when
students fail like “This is hard, but with little bit more
effort you will get it right” with “You just do not have
what it takes”. By giving negative remarks you “kill”
interest and motivation. So the key to motivation is



to not discourage students in their studies and
show that academic activities are meaningful and
worthwhile.

Another important aspect is that the teacher
himself/herself must be motivated in order to give
this feeling of the subject to the student. When the
teacher is bored or unenthusiastic about the
subject, students will never be motivated or
interested in learning about it.

Reflective teaching is when expert teachers
continually reflect on how they might teach even
better. Among many characteristics given by
students to a “good teacher” there are knowledge,
objectiveness and variety in teaching. So keep
yourself updated and try to use more methods.
Having experienced problem with students, do not
blame them, but reflect on what could be the
reason, and reflect. Teaching is a personal process,
and every teacher should consider the subject, the
level of students and work out own solutions. An
interesting fact is that in all western universities
have students’ and teachers’ evaluation after the
course as a common practise. Students should
evaluate a course (structure, workload, content
etc.) and the teacher: his/ her own level,
preparedness, communication skills etc. The
results of the evaluation are as a rule taken into
consideration by the head or the board of the
department, and may have influence on the
teacher’s employment.

A good university teacher nowadays has to give
up a “traditional view” of the teacher such as “I gave
all necessary information to the students, they have
a book and it is not my business how the will learn
and be ready for the exam”. What we are taking
about now is the student-centred approach, in
which the starting point is “What do students do
and how do they learn?” So the teacher’s
responsibility is to make the whole process more
effective, by activating students learning.

Activation. How to activate the students? Party
we have answered to this question: motivate, show
the value of what they are doing, put clear goals
etc. One more point is to make them understand
and put the knowledge into practice (learning-by-
doing approach).

“Tell them and they will forget,

Show them and they will remember

Involve them and they will understand”.

Therefore the task of the teacher is to choose
optimal methods for achieving goals. These
methods (or as we called them previously teaching/
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learning activities) have to correspond to the
purposes of the teaching/ learning process.

Here is the list of teaching methods / TLAs that
are most common in practice:

« Lecture/ tutorial

- Seminar

« Group discussion

- Group work/ team learning

« Field visit/ Excursion

« Laboratory Work

Some additional methods are still defined as
non-traditional /innovative. To this group the
following could be referred:

+ Project Work

+ Case study method

« Problem- based learning

- Peer tutorial/ teaching

+ Simulation training/ games

- Role play

+ Online teaching

It is impossible to say that some methods are
better than others and that we have to exclude, for
instance, all lectures and substitute them by
seminars. The teacher have to find an optimal set
of TLAs that will correspond to the goals of the
course, always keeping if mind that ACTIVE
LEARNING is more effective than passive.

Furthermore, let us consider the effectiveness
of some methods.

Lectures

Lectures are sometimes perceived as an old
and transformative model, and that teacher must
leave behind this archaic techniques. Why should
we lecture if students can read themselves,
moreover reading is done at students’ pace and
lecturing- at teachers’ pace. Nevertheless, due to
different reasons lecture is still the main form of
university education. Why should we keep
lecturing? It is still good for introduction to the new
course/section, or clarification of key concepts or
summaries, presentation of new research data.
Also lectures are good for aural learners, and if they
are well prepared it arises interest to the subject/
topic. How can we improve lectures? By
demonstration, dramatization, small written
exercises, buzz group discussion, pair discussion
etc, shortly by making lectures participatory form
of learning. Some explanations on why it is
important to vary during the lecture are given in the
graphs below:



The bowing effect (Bligh 1998)
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According to the research on human memory,
one tends to remember the beginning and the
ending of what one heard. That is why in order to
improve the outcome of the lecture it is good to
make several breaks during the lecture. It is not
necessarily that you let students go out of the
classroom; you can just introduce some of the
suggested activating techniques for several
minutes in between of your lecturing.

Psychologists confirm that we should use more
varied methods and activate students. The
following result is confirmed by many researchers
in the field:

Most people learn

10% of want they read

20% of what they hear

30% of what they see

50% of what they see and hear

70% of what they talk over with others
80% of what they use and do in real life
95% of what they teach someone else

(Source: Attributed to William Glasser; quoted by Biggs and
Tang, 2007, p. 96)

Peer teaching

As you can see, one learns most while teaching
others. Why then not organise peer teaching? It can
be relevant for both big and small classes. The task
to prepare teaching session can be either individual,
or given to a group. You can spend a special class
for given students opportunity to be teacher or
include a small part during regular sessions. For
this kind of TLA there are some rules: the teacher
should provide materials or refer to the sources
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taking responsibility for its validity. The teacher
should check the content of the teaching session,
but do not interfere much, as students are likely to
present information from their prospective, and
after teaching session give your feedback and ask
the students to reflect on the session.

Case-based learning

Case-based learning can be presented in two
variants. The first one when the students study the
real cases that have been carried out. It can
illustrate particular issue or can be given through
the course selected for every topic to cover. Another
variant is aimed to teach how to apply knowledge in
areal case. In other words, the students are given a
case (a problem) and have to come up with the
solution. Case-based learning develops analytic
and problem-solving skills, and allows students to
apply new knowledge and skills. It also allows
introducing and exploring complex issues.

Group work

In a real life people do not work by themselves,
they even seldom make decision individually. That
is why group work is important and necessary
method of learning. In group work the students
elaborate already known contents and reflect on
conclusions. They learn to split tasks, collaborate
and make common decisions, as well as to share
responsibility for the final result. Group works can
be used for minor tasks in class as well as bigger
home-assignments. There are several examples of
organizing group work like buzz group (small group
or pair organised during lectures or seminars
mainly for short discussion), jigsaw groups (the
member of the group get individual tasks and then
gather in order to solve the main task), syndicate
group (organised including individual tasks and
common debate with the purpose that the group
will come to a common conclusion or decision to
report back in front of the class.) Spontaneous
collaboration as a form of group work is hard to
moderate from the teacher’s side, but nevertheless
it is often used by, for instance, Swedish students.
They tend to work in groups during the course and
exam periods in order to help each other with
understanding and with exchanging wisdom on
examination question.

Problem-based learning (PBL) is
one of the most important developments in
contemporary higher education. Problem-based
education is based on the assumption that
individuals who are motivated to solve the problem
will search and learn whatever knowledge is needed
to solve the problem. Problem-based learning does
not mean that the teacher just wait for problem



solution from the students. You have to check on
each group’s or individual progress, help to clear
up misconceptions and help to see right direction.
One of the methods of PBL is case-study learning
(described earlier), where the case is actual
description of problem situation.

Other valuable methods are games and
simulations. Games and simulations both
teach and are fun. Many games are simulations as
well, as business games, international relation
games. Describing games and simulations
McKeachie (2006, p. 225-226) states “the chief
advantage of games and simulations is that
students are active participants rather than passive
observers. Students must make decisions, solve
problems, and react to the results of their
decisions.” One disadvantage of games method is
logistic. It is hard to find a game that suits the
subject, and the development of your own game
can be rather consuming.

Project work isanother method that brings
study closer to reality. The project is usually based
onactual cases connectedto everyday professional
reality. The project is organised and carried out by
a group of students. Every student is attributed
roles and functions, the tasks are divided between
group members. An important part of the project
work is to consider project management: have
structural plan and clear deadlines, and to follow
the requirements.

Assessment

Assessment has an important role in the
educational process as well. There are two main
forms of assessment defined by all educational
scientists- formative and summative for two
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reasons- formative feedback and summative
grading. In formative assessment, the results are
used for feedback during the learning. Teachers
and students need to know how learning is
proceeding. The results of summative assessment
are used to grade students at the end of the course
or the programme.

Assessment in general has a backwash,
invented by Lewis Elton, 1987 (Biggs and Tang
2007, p. 169). According to him and as we know
from our experience the students mostly are
concentrated on the aspects on what they will be
assessed. In other words, they learn what they
think they will be tested on. That is why is extremely
important to align assessment with the goals and
the content of the course, in other words, to
construct the assessment tasks having intended
learning outcomes in mind. Another vital aspect
which teacher should not forget is to assess
students on different levels of knowledge, i.e. not
only remembering the facts.

In the pedagogical sources much attention is
give to formative assessment (feedback). It is one
of very useful teaching/learning activities, which
helpsto detectthe errorsin students understanding
and correct them. Such assessments do not
influence the grades and causes no fear and
anxiety.

* Kk *

To sum up, itis necessary to say that there is no
one method that is the best or suits in all teaching /
learning situations. On the contrary, the choice of
suitable methods and variation during the process
could be changed from time to time.

As a teacher we just have to keep in mind
learning as a main process and the student as the
central figure in education.
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KOMMbIOTEPHASAA BUSYAJIUSAUUA YHEBHOIO MATEPUAJIA
B OBYYEHUM LLKOJIbHUKOB U CTYAEHTOB

A. B. Tonctukos, M. C. lMoTtaxuH, M. C. bBorgaHoBa

UHcTuTyT BOoAHbIX Npobrem Cesepa KapHL PAH

BBEOEHUE

HarnggHocTb uvHdOpMaumu, ee aneksaTHas
BOCMNPMHNUMAEMOCTb U MOHATHOCTb WrpaioT pe-
LLAIOLLLYIO POJIb B MPOLLEecce 06pa3oBaHms 1 BOCNN-
TaHuns. CywecTsylowme $opMbl NpeacTaBieHus
Martepuana: KapTbl, CXeMbl, rpadukum, guarpam-
Mbl — 4acTO 006s13bIBalOT NpenogaBaTens BBOAUTb
[OMONIHUTESIbHbIE YTOYHEHMS, B TO BPEMS Kak 00b-
eM nHpopmMauumn, HakanamearLLencs, HanpmmMep,
B X0 UCCenoBaTenbckux paboT CTyOEHTOB, BCE
BO3pacTaeT. 3aecb MOXeT notpeboBaTbCs BHe-
ApeHne HOBbIX CPeACTB BU3yanu3auum AaHHbIX.

MATEPWAJIbI W METOAbI

KomnbloTepHaa Bu3yanusaums JaHHbIX UCMOJb-
3yeTtcs AaBHO. OgHako He ByaeM KacaTbCs NePBbIX
Laros B 31Ol 06n1acTu, a pacCMOTPUM COBPEMEH-
Hble TEHOAEHLMN, MOCKOMbKY 3TO Hanbonee MHTe-
pecHo. B Hayke n TexHuke MOXHO BblOennTb, Mo
KpanHen mepe, ABE OCHOBHbIE MPUYUHbI CYLLECT-
BOBaHVA KOMMbIOTEPHOW BU3yanu3aumm OaHHbIX.
[lepBas — aTO MOOENMpPoOBaHME NOBEOEHUS CNOX-
HOM CUCTEMbI OJ19 peLleHnsd NOoCTaBNIeHHOW 3aaa-
4yn; BTOpas — NpPOBEepKa CYyLLECTBYIOLLEN rmnoTesbl
no rotoBol Mmogenu. Ho ons o6pa3oBaHms MOXET
CTaTb akTyaJIbHOM eLle ogHa npuyrHa. BaxHo npo-
JEeMOHCTpUpOoBaTb paboTy CUCTEMBI NLAM, 3aUH-
TepecoBaHHbIM B 3HAHUW O HEN, HO HE VUMEIOLUM
BO3MOXHOCTM 03HAKOMUTLCS C 0OBEKTOM B peaJsib-
HbIX ycnoBuax. K Takum nmuam OTHOCHATCS, Hanpu-
Mep, CTYAEHTbIl. IKONOrMs — OAMH U3 NPeLMETOB,
roe KOMMboTEPHAa BU3yanu3auma NoMoraeT yya-
LLMMCS BHUKHYTb B CYTb npouecca. beaycnosHo, B
HacTosLLee BpeMd CyLLECTBYET MHOXECTBO 3J1eK-
TPOHHbIX PECYpPCOB, YCMELWHO pellalwmx 3Tn
npo6nemMbl. OQHAKO COBPEMEHHBLIE TEXHOIOMMN
JOCTUIMIM TOFO YPOBHS, KOraa y4ebHble MmaTepuaibl
HE HYXHO C 60/bLUMM TPYAOM BbIMCKMBATL; CTao
BO3MOXHO CO34aBaTb VX CAMOCTOSATESIbHO, B 3aBU-
CUMOCTU OT 3a4a4, KOTOopble CTaBUT Nepep, coboii
npenogasaresb. [lna 3TOr0 A0OCTATO4HO MMETH
KOMMbIOTEP U HEKOTOPLIE HaBbIKM PaboTbl CO cne-
umduryeckmm nporpammamu. B ceoeit paboTte ans
KOMMbIOTEPHOW BU3yanm3aumm Mbl MCMNONb3YEM
ONHAMMYECKME CXEMbI, aHMMaUMIO, y4eObHO-Hay4-
Hble prnbMbl n 3D-BU3yannsaumio.

Bonbwasa yacTb CyLLEeCTBYIOLLMX KOMIMbIOTEP-
HbIX MPOrpamMm, KOTOPbIE Mbl UCMOJIb3YEM B 3KOJ10-
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rMYeCcKOM MPOCBELLEHMM, CO34aHa AJ1 06beEMHO-
ro MOLENNPOBAHUSA aPXUTEKTYPHbIX CTPOEHUIN NN
y3n0B arperatoB. OgHako HEKOTOpPbIE MPOrpamMmbl
(nanpumep, TMC «Kapta 2008») yoa4yHO pelsaioT
Bonpockl 3D-MoaennMpoBaHns NPUPOAHbLIX 0O bEK-
TOB 1 XOPOLLO BOCCO3Jat0T penbed MECTHOCTM NO
chnepytouwlen cxeme (puc. 1).

M3 cxembl cnepyet, 4TO AN CO3JaHUSA TPEX-
MEPHOW MOAENN MECTHOCTU HEOOX0ANMA BEKTOP-
Has KapTa MHTEPECYIOLLEN HAC TeppuTopuu, 3Ha-
4yeHue BbICOT 1 poToMaTepurarbl.

TpexmepHble NpUpoaHble 0ObLEKTHI MOTYT YC-
NeLIHO peann3oBbliBaTbCH BO MHOIMMX NakeTax npo-
rpamm, Hanpumep, B Surfer (puc. 2), Grass nnu
AutoCAD. OcHoBHasi npobnema, C KOTOpPOWM Ha
3TOM MyTW CTONIKHETCH npenogasartefib, — CTOU-
MOCTb IMLEH3UI 3TUX NPOrpamMm.

M, KOHEYHO, camMbiMM HarNSAHBIMWU NPUMEPaAMMA
KOMMbIOTEPHOW BU3yanu3aumm SBASIOTCS aHUMa-
LMW 1 AMHAMUYECKME CXeMbl. [1ns coO30aHUS Takmnx
006bEKTOB yA0O6HO BOCMOJIb30BATLCS MPOrpamMm-
HbiM naketom Macromedia Flash. JuHamuyeckue
CXeMbl yga4Ho Bocrnpowm3sogmT Jasc Animation
Shop (puc. 3).

[MOMMMO OCHOBHbIX NPUYKUH, KOTOPbIE noaTan-
KMBAKOT K CO342HMI0 KOMMbIOTEPHbIX O0OBbEMHbIX
MoZenen, MOXHO BblAENNTb CONYTCTBYIOLLME, HA-
npumep, HeobXoAMMOCTb OObLEOVHUTL pPa3pos3-
HeHHble AaHHble 06 0ObekTe B ogHOM Moaenu. lMo-
nydaetcs, 4to 3D-Bn3yannsaums — 3To CBOEro po-
[a viHTepnpeTauma naHHbIX. B 31O €BA3K BCE CBO-
OUTCA K naee ynpasfieHns 3HaHUAMMN, MOCKOJIbKY
roToBasi MOAESb MO3BONSAET MPUHUMATb PELLEHUS.

PE3YJIbTAThI

B 2006 r. Mbl MCNOMbL30BaNN 3TOT NOAXOA, NMPU
pa3paboTke BUPTYaslbHON 3KOOrMY4ECKOM TPOMbl
«03epo lNpsxnHckoe» (CBupeTenbcTBO..., 2007;
ToncTtukoB v gp., 2007). C nomoLLblo NnpnemMoB
KOMMbIOTEPHOW  BM3yanusauum Mbl  onmMcanu
CNOXHbI NPUPOAHbIA 0OBEKT — CUCTEMY «03€-
po — BOOOCOOp» — M nokasanu TUNUYHbIE NaHA-
wadTel nobepexnii 03. MPSXXMHCKOrO BO BCe
BpemeHa ropa. BupTyanbHaa akonoruyeckas
Tpona — 3TO CBOEro poaa 9N1eKTPOHHbIV CrpaBoY-
HUK, coaepXalwun Buaeo- u potomarepuansl (B
JaHHOM cny4dae no MNpsXnHCKOMY 03epy 1 ero Bo-
[0ocOopy), CTPYKTYPUPOBAHHLIN OMNpeaesieHHbIM
obpaszom (puc. 4).
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+Jasc Animation Shop - Animation2

File  Edit View animation Effects Window Help
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Puc. 3. AHMmaumoHHas kapTa TemMnepaTypbl NOBEPXHOCTM Benoro mops
Fig. 3. The animation map of surface temperature of the White Sea
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Puc. 4. VIHTepdenc BNpTyanbHOM 9KONOrM4eCKOM Tponbl
Fig. 4. Interface of the virtual trip

BuptyanbHasa akonoruyeckass Tpona «O3epo
npﬂ)KI/IHCKoe» npeacrtasneHa B Bunge mMynbtnmMme-
aninHoro DVD gucka, BbIMOAHEHHOIO HA ABYX A3bl-
Kax: pyCcCKOM 1 aHrnnckoMm. MNMepBebii pasgen Bup-

TyasIbHOM 3KOJIOrMYECKOM TPOMbl COAEPXNUT KapPTy
03epa C MHTePaKTUBHbIMUM ToYkaMu. Kaxxgas Takas
Touyka 3anyckaeT nMbo BUAEOPOSINK, AEMOHCTPU-
pyloLunii naHawadT ykasaHHOW Tepputopumn, nmbo
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OTKPbIBAET CTpaHuLy ¢ doTomaTepmnanamm n Tek-
cToBOW uWHGoOpmMmauven. Paspen «BuptyanbHaga
Tpona» — 9T0 UHTepakTMBHas (oTorpadus node-
pexba [NPsXXMHCKOro o3epa — TeppuTtopun oTabixa
xutenen nocenka MNpsxka. Kak n Ha 00bIYHOW 3KO-
Norn4yeckom Tpone, 34eCb €CTb MHPOPMALIMOHHbIE
LWTbI, TONIbKO OHW NPEeacTaBAsioT cobol runep-
CCblJIKy Ha web-CTpaHuuy C NOSICHUTESIbHOW WH-
dopmaumen. Paspen «[1ones3Ho 3HaTb» COOAEPXKNT
MaTepuasbl Mo MmopdomMeTpumn 03. MNMPSAxXNHCKOro,
onénnorpaduio ¢ HEKOTOPbIMU aKTUBHBLIMU CCblJ-
KaMu Ha MICTOYHMKW U MOJTHbIMW TEKCTaMu cOOpHU-
KOB MO 3KON0OrM4yeckomy npoceeLleHmto 3a 2006 n
2007 rr. Hay4yHO-0Opa3oBaTeNbHOro LeHTpa WH-
cTuTyTa BOAHbIX Npobnem CeBepa Kapenbckoro
HL, PAH. Kpome aToro, npencraBieHbl OCHOBHbIE
NPUPOAHbIE KOMMIEKChI NaHawadTa Tepputopumn
N HEKOTOpble WMHTEPECHbIE O0OBLEKTbI, HanNpuMmep,
030Bble rpsaabl, nocenok Npsxa, 0CHOBHOM NPUTOK
o3epa - pyden HereHc. «Bunoeonpunoxenusa» —
3TO pasfesi C KOPOTKUMU BUOEOPOSIMKAMM, OTCHS-
TbIMW BO BCE CE30HbI r0a Ha MeCTe OTAbIXa XuTe-
nen nocenka lNpsxa.

MomMMMO NPUPOAHLIX OOBLEKTOB OTMEYEHbI UC-
TOPUKO-KYNbTYPHbIE: TPAOULUMOHHBIE XUanWa Ka-
pPenoB-Al0aANKOB 1 Criefbl COBPEMEHHOIO aHTPO-
NOreHHOro BO34eNCTBMA Ha BOLOEM, BKJIKOHas pe-
3ynbTaThbl NOABOAHBLIX NCCNIEAOBAHUNA HA MEJIKOBO-
Obe CeBepo-BOCTOHHOrO nobepexbs (TONCTUKOB,
MoTaxumH, 2008).

BupTtyanbHas Tpona, B OTAn4Me OT OObIHHOW
9KONOrM4eCcKom nam y4ebHOM TPOorbl, rae BPpeEMS Ha
NPOXoXaeHne MapLupyTa CTPOro pernamMmeHTupo-
BAHO, HE OrpaHMyeHa HU BPEMEHHbIMU, HU MPO-
CTPaHCTBEHHbIMU pamMKamu. Npn HanMuMm oocTy-
na K NHTepHeTy Ha KOMMbIOTEPE MONb30BaTENS
MOXHO JIErKO pacLMpuUTb KOJIMYECTBO UMEIOLLMX-
csl AaHHbIX ¢ 4,7 [0 0o HeorpaHn4eHHoro oobema c
NOMOLLbIO OO0MOJIHUTENbHBIX afnpecoB web-cain-
TOB, Pa3MeLLEeHHbIX Ha ANCKE.

Mpw BCe cBOEN NPOCTOTE, YAOOCTBE N HE3HA-
YUTESNbHBIX OEHEXHbIX BOXEHUAX BUPTyasibHada
Tpona He HapyllaeT MPUHUMNOB OpraHm3auun u
TpeboBaHUI K CO30aHUI0 TPAAMLUMNOHHBLIX 3KOJO-
rMYyeckux Tpor, of4Hako OHa He crnocobHa NoJiHo-
CTblO X 3aMeHUTb. [109TOMY BMpPTyasbHasa 3KOJ0-
rmyeckas Tpona MoXeT MPUMEHATLCS Kak Oornon-

JIMTEPATYPA

CBugetenbcTBo 006 oduUManNbLHON perncrpauum
nporpammbl ang 3BM N2 2007611849 «BupTtyanbHas
akonoruyeckasa Tpona ,,03epo MpsxuHckoe” (VET-LP)».
ABTopbl: TonctukoB A. B., MotaxuH M. C., bBoroaHo-
Ba M. C. 2007.

TonctukoB A. B., lNortaxun M. C. 3arpsi3HeHue
6eperoBoi NIMHUKN CEBEPO-BOCTOYHOM YacTu MNpsXKnH-

HeHMe B cdepe 9KOoormyeckoro obpasoBaHus
CTYOEHTOB.

Jpyrnm acnektomMm KOMMbIOTEPHOW BU3yanm3a-
LMK B HaLler paboTe aBnsieTCca CO30aHMe y4ebHo-
Hay4HbIX GUIbMOB. BuaeodunbMbl UICMONb30BaHbI
M Npu CcO34aHUM BUPTYaNbHOW 3KOSIOMMYECKOMN
Tponbl «O3epo lNpsxuHckoe». B HacTosgwee Bpe-
Ms co3paeTcs GunbM No paboTe ¢ okeaHoslornye-
ckMMKU Npubopamu, roe paccMOTPEHbI BOMPOCHI
rngpomeTpun. @unbM OpMEHTMPOBAH Ha CTYOEH-
TOB-OKEaAHOJIOrOB, HO MOXET OblTb MHTEPECEH U
LUINPOKOMY KpYry cneumanmctoB. CTpykTypa dusb-
Ma OpraHmM3oBaHa COrflaCcHo nnaHy okeaHosIornye-
ckux paboT. B nepBoit 4YacT Noka3aHo YCTPOICTBO
Hay4yHO-MCCNeaoBaTeNnbCckoro CygHa 1 pacckasa-
HO O MeTogax HabnwogeHu. Bo BTOpon Yactu —
MeToauka CTD-namepeHuin (ot aHrn. conductivity —
temperature — depth, 1. €. U3MepeHna anekTpo-
NPOBOOHOCTU, TeMMepartypbl, MMyObuHbl MOps).
30ecb Xe pacckasblBaeTcs 0 noctaHoske ABC —
aBTOHOMHbIX OYMKOBbLIX CTaHUMI, NokasaHbl Npu-
6opbl, PErMCTPUPYIOLLME CKOPOCTb U Hanpaefie-
HUE TEYEHWUA, UBMEHEHNE YPOBHS MOPS, KOHLIEH-
Tpauuio kucnopona. TpeTbs 4acTb COOEPXKMUT UH-
dopmaumio No nccnenoBaHnio gHa mops. 30ecb
NPOAEMOHCTPMPOBAHbI  PAa3NNYHbIE 3XONI0Tbl U
OHo4YepnaTenu. YeTeepTtas 4acTb NOCBSLLEHA pPa-
60Te rMapoxXMMMKOB C Noka3zom oTbopa npob ba-
TOMeTpaMu PasnnNYyHoOro Turna 1 NepBuUYHON obpa-
O0TKOM MaTepuana B NoneBbiX ycnosusax. bruono-
rMYeckuin pasgen NoOMELLEH B NATYIO YaCTb, KOTO-
pasi NOBECTBYET B OCHOBHOM O paboTe niaHKTOHO-
noros. LlecTasa 4yacTb — 3akn4ymMTenbHas — pac-
CKasbiBaeT O HEKOTOPbIX acrekTax KamepasbHOM
06paboTKK AaHHBbIX.

BbIBOAbI

Vicnonb3oBaHve NpMemMoB KOMMbIOTEPHON BU-
3yanusauuu ABnAsSeTCs OAHUM U3 HanpaBieHUin Ha-
y4HO-006pa3oBaTesnibHOro ueHtpa MHctutyTa Boa-
HbIX Npobnem CeBepa B nporpaMmmax rno aKosiorun-
yeckoMy obpasoBaHuto. Hageemcs, 4To npnobpe-
TEHHbI HamMM OMbIT MOXET OblTb MHTEPECEH
LIKOMBbHUKAM M CTyAEHTaM, MOCKOJSIbKY AEMOHCT-
pupyemas nidopmaumsa Hanbonee COOTBETCTBYET
pexXunmMy peanbHOro BDEMEHMU.

ckoro ozepa (Pecnybnuka Kapenus) // Okonoruye-
ckmne npobnemsbl. Barnap B 6yaywee: C6. 1p. V Mexay-
Hap. Hayy.-npakT. koHd. PocTtoB-Ha-LoHy, 2008.
C. 450-452.

TonctukoB A. B., INotaxux M. C., BorgaHoBa M. C.
Co3znaHne BUPTYanbHOW 3KOMOrnyeckon Tpomnsl «03epo
MpsxuHckoe» // I3ydeHne BOAHbIX OOBEKTOB 1 MPUPOL-
HO-TeppUTOpUanbHbIX KomMnekcos Kapenuu. lNetposa-
Boack: KapHLL PAH, 2007. C. 138-141.
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COMPUTER VISUALIZATION OF TEACHING MATERIAL
IN EDUCATION OF PUPILS AND STUDENTS

A. V. Tolstikov, M. S. Potakhin, M. S. Bogdanova

Northern Water Problems Institute, Karelian Research Centre

INTRODUCTION

A major factor in education and raising is how
illustrative and comprehensible information is, how
relevantly it is perceived. With currently available
forms of material representation: maps, schemes,
diagrams, the teacher often has to additionally
specify some things. Meanwhile, the amount of
information accumulated, e.g., in the course of
students’ research, keeps growing. Hence, new
means of data visualization may be needed.

MATERIAL AND METHODS

Computer visualization of data has been in use
for quite a while. Let us not look back at the first
steps of the technique, but consider ongoing
tendencies, which is more interesting. There are at
least two reasons for computer visualization of
data to exist in science and technology. One is to
simulate the behaviour of a complex system to
solve one’s task; the other one - to verify a
hypothesis using a pre-developed model. In

External elevation matrix

Vector data

education however, another reason may be of
relevance. An important task is to demonstrate
how a system functions to those interested in it,
but having no possibility to “eye-witness” it. This is
the case with students. Ecology is a subject where
computer visualization helps learners get an
insight into the process. Understandably, there
now exist many digital resources successfully
addressing the task. However, technologies have
now reached a level when one can create an own
resource depending on one’s task instead of
spending much effort on finding ready-made
learning aids. To do so, one just needs a computer
and some skills in specific software. In our
computer visualization activities we employ
dynamic schemes, animation, educational films,
and 3D visualization.

Much of the software we use in environmental
education was designed for 3D modeling of
architectural structures or units of machines. Yet,
some applications (e.g. “Map 2008” GIS) deal well
with 3D modeling of natural objects, and reproduce
the terrain following the scheme below (Fig. 1).

Photographs of unique objects

GRD SXF, DXF, MIF BMP, JPEG, TIFF
Elevation matrix Map of the terrain Triangulated terrain model
MTW MAP, SIT TIN

3-D MODEL

Image of the surface

Map classifier

Photos of fragments of typical objects

RSW RSC BMP, JPEG, TIFF
Photo of the terrain Library of 3D objects External models of 3D objects
BMP, JPEG, TIFF P3D DXF, VRML

Fig. 1.

Scheme for 3D visualization of a natural object (bottom line of each unit is file extension)

(from: http://www.gisinfo.ru/3d/databui7Id.htm)

It follows from the scheme that to produce a 3D
model of the terrain one needs a vector map of the
area, elevation values and photos.

Three-dimensional natural objects could be
realized successfully with help of programs such as
Surfer, Grass or AutoCAD. The main problem the
teacher will confront heading towards is a price of
the program’s license (Fig. 2).

And of course the main pictorial samples of
computer visualization are animation and dynamic
schemes. To produce such objects we make use

the program of Macromedia Flash. Dynamic
schemes are successfully reproduced by Jasc
Animation Shop (Fig. 3).

In addition to the main motivations for generation
of 3D computer models there are some
accompanying ones such as the need to assemble
scattered data about an object within one model.
Thus, 3D visualization is a kind of data interpretation
enterprise. This eventually brings us to the idea of
data management, since the final model enables
decision-making.
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RESULTS

In 2006, we used this approach to produce
the virtual trip “Lake Pryazhinskoye”
(Certificate..., 2007; Tolstikov et al., 2007). By
means of computer visualization we described the
complex natural object: the “lake-catchment”
system and demonstrated typical landscapes of
Lake Pryazhinskoye shores in all seasons. The
virtual trip is a sort of a specifically structured
digital reference book with video- and photo
materials (here, on Lake Pryazhinskoye and its
catchment) (Fig. 4).

The virtual trip “Lake Pryazhinskoye” is
available on multimedia DVD in two languages:
Russian and English. The first section contains the
map of the lake with interactive points. Each point
either launches a piece of video on the landscape
of the area, or opens a page with photos and
textual material. The “Virtual Trip” section is the
interactive photograph of Lake Pryazhinskoye
shore - a recreation area wonted by people from
the Town of Pryazha. Like a real nature trip, it has
information boards - hyperlinks to the webpage
with explanatory information. The “Good to Know”
section contains materials on Lake Pryazhinskoye
morphometry, bibliography with some active links
to sources and full texts of ecological education
papers (2006 and 2007 yr) of the Scientific
Educational Centre of the Northern Water
Problems Institute. Moreover, it is present major
natural complexes of the landscape and some
interesting objects such as oses ridges, Pryazha
Town, Degens Stream - the main tributary of the
lake. “Video Attachments” are short pieces of
footage shot in different seasons in the towns’
recreation area.

In addition to natural objects, attention is given
to historical and cultural ones: traditional houses of
Ludic Karelians, and traces of modern human
impact on the lake, including the results of
underwater surveys in shallow areas along NE
shore (Tolstikov, Potakhin, 2008).

Unlike the regular nature tourism or educational
trip, where the timeframe is strictly defined, the
virtual trip has neither temporal nor spatial
limitations. With Internet access, the data available

REFERENCES

Certificate of official registration of the computer
programme N2 2007611849 “Virtual trip “Lake
Pryazhinkoye” (VET-LP)”. Authors: A. V. Tolstikov, M. S.
Potakhin, M. S. Bogdanova. 2007 [in Russian].

Tolstikov A. V., Potakhin M. S. Pollution of
Lake Pryazhinskoye NE shoreline (Republic of Karelia)

can be easily expanded from the 4.7 Gb of the disk
space to about infinity through links to extra
websites.

With all its simplicity, convenience and low costs,
the virtual trip is consistent with the organization
principles of and requirements to traditional nature
trips, but cannot fully substitute them. Thus, virtual
trip can be used as additional learning aid in
environmental education.

Another form of computer visualization in our
work is making of scientific educational films. Video
films were used also in the virtual trip “Lake
Pryazhinskoye”. We are now producing a film
teaching to operate oceanology equipment, and
telling about hydrometry. The film is meant for
students in oceanology, but may also be of interest
to awide range of specialists. The film is structured
to follow the plan of oceanological research. First,
the arrangement of a research vessel is
demonstrated, and methods of observation are
described. The second part tells about the CTD
measurement technique (conductivity-
temperature-depth  measurements). It also
describes installation of autonomous buoy stations,
shows the equipment used to record current speed
and direction, measure sea level, oxygen
concentration. The third part contains information
about seabed studies. It demonstrates various
echo sounders and bottom grabs. Part four is
devoted to the work of hydrochemists, and shows
how samples are taken by bottom samplers of
various types, and how the material is preliminarily
processed in the field. The biological section is in
part five, which is mainly concerned with the work
of planktologists. The sixth, conclusive part throws
light upon some aspects of laboratory treatment of
data.

CONCLUSIONS

Application of computer visualization tools is an
area of the environmental education activities of
the Scientific Educational Centre of the Northern
Water Problems Institute. It is our hope that the
experience we have gained would be of interest for
pupil and students, since the information offered
best corresponds to the real-time mode.

// Environmental Problems. Visions. Proceedings of the
5th International Workshop. Rostov-on-Don, 2008.
P. 450-452 [in Russian].

Tolstikov A. V., Potakhin M. S., Bogdanova M. S.
Development of the virtual trip “Pryazhinskoye Lake”
// Study of Aquatic Objects and Spatial Natural
Complexes of Karelia. Petrozavodsk: Karelian Research
Centre of RAS, 2007. P. 138-141 [in Russian].
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rMmaPOANHAMUYHECKUE NMPOLECCHI U TEPMUYECKAY CTPYKTYPA
MEJIKOBOAHOIO O3EPA 3UMOW

.. Trapumnenko*, I'. 3. 3gopoBeHHoOBAa**, P. 9. 300pPOBEHHOB*™

* CaHkT-lNeTepbyprckuii rocyaapCcTBeHHbIV YHUBEPCUTET
** UHCcTuTyT BOAHbIX Nnpobnem Cesepa KapHL PAH

BBEOEHUE

3VIMHUIA TEPMUYECKUI PEXMM  MENKOBOOHbIX
03ep YMEPEHHOW 30Hbl N3y4eH OOCTAaTO4YHO XOpPO-
wo. OgHako 60bLINMHCTBO MPOBOANMbIX HATYPHbIX
nccnegoBaHnii OrpaHNyMBalOTCA KPaTKOCPOYHbBIMY
TemMnepaTypHbIMY CbEMKaMU, HE AAKOLLMMN AOCTO-
BEpPHOM MHdopmMaummn o6 3BONOUUN TEPMUYECKOIA
CTPYKTYpbl 03epa B TeYEHne 31Mbl. YCTAHOBNEHO,
YTO 3UMHUIN TEPMUYECKUNIA PEXNM 03€ep, Pacnono-
KEHHbIX B OAMHAKOBbLIX KITMMATUYECKNX YCNOBUSIX,
onpegensieTcs, rmasHbIM 06pa3oM, nx MoppomeT-
PUYECKMMN XapaKTEPUCTMKAMN 1 OCOBEHHOCTSMMN
BETPOBOr0 NepeMeLLIMBaHns B Nepuon, OTKPbITON
Boabl (Popw, 1968; dpennpnuur, 1991 n gp.).
Mepvopn 3VMHEro HarpeBaHus, No ONpeaeneHunio
b. [1. 3aiikoBa, Ha4YMHaEeTCs C NOSIBIEHNEM CMJIOLL-
HOro NeasiHOro NOKPoOBa, Koraa TennooTaada B at-
Mocdepy pe3ko nagaeT v BCeacTeme nocTtynie-
HUS Tenna OT AOHHbIX OTNOXEHUN HAYMHAETCs MNo-
BblLLEHVE TemnepaTypbl BOAHOW TONWM 0O3epa
(3amkos, 1955). A. N. Tuxommnpos npegnaraet 3a
Ha4yano rvaponorM4eckon BeCHbl NMPUHMMATbL MO-
MEHT, KOrga cymMMa Tenio3anacoB BOAHOW MacChl U
JOHHbIX OTNOXEHUN BOAOEeMa AOCTUraeT MUHUMY-
Ma 1 eXeCyTo4dHas pPe3ynbTMpyloLas TenaoBoro
OanaHca CTaHOBUTCH YCTOWMYMBO MOJIOXUTESIbHOM
BennynHom (Tuxomumpos, 1982).

Jletom B cTpatnduumpoBaHHbIX 03epax Tenso-
3anac OOHHbIX OT/IOXEHU YBENNYNBAETCS HE3HA-
YNTENbHO, N CPEaHdAs TemMnepaTypa BOAbl 3UMOM
3a cyeT TenoobmeHa C JHOM MOBbLILLAETCS Ha Ae-
caTble gonu rpagyca. [JoHHble OTNOXEeHus 03ep,
HarpeBawLMXCs NeTOM B COCTOAHUN HEYCTONYU-
BOM TEPMUYECKOWN CTpaTtudukaumm, HakanamsaoT
3HA4YMTENBHOE KONMYECTBO Ternna. K KOHUY 3uMbl
TemMmnepaTtypa BoAbl B NPUAOHHOM C/I0€ Takmx 03ep
nocturaeT 4-6 °C (dopu, 1968; KyabmeHko, 1976;
Bengtsson, Svensson, 1996). MNoTtokn Tenna u3
JOHHBIX OT/IOXEHUN B BOAY MaKCUMasbHbl CPa3y
nocne nosiBNEeHUs NbAa M COCTABMSIOT B Hadane
3umbl 1,0-9,6, B kKOHUE 3uMbl — 0,5-4,0 B: m2. To-
TOKM TeNNa Ha rpaHvue BoAa — nen 3uMor nMerT
nopsigok 0,2-3,0 BT- M2, BecHOlA Bo3pacTatT 0
4,5-10,0 Bt- M2 n 6onee (Bengtsson, Svensson,
1996; Malm et al., 1996).

TennoakTMBHBLIM MPUHATO CYUTATb CJIOM OOH-
HbIX OTIOXXEHWI, HUXE KOTOPOro rof0BOE U3MEHE-

HVEe TeMnepaTypbl He OKa3blBaeT BANGHUS HA Ten-
nosanac Bogoema. Hanpumep, Ha o3epax KybeH-
ckom (Tuxomupos, Eropos, 1977), MNyHHyC-ApBK
(KpacHom) (Ky3bmeHko, 1976) ropoBbie koneba-
HUS TeMnepaTyp FPYHTOB MNPOCNEXMBAOTCA A0
rnyouH 4-5 m.

[B1xeHns BoAbl B MENKOBOAHOM 03€pe 3MMON
MOryT BO3HUVKATb B PE3y/bTaTe AENCTBUS PEYHOro
CTOKa, NPOHMKaIoLLEeln Noa, nes CoOMHEYHOM pagua-
umn (Jonas et al., 2003). lNMocne nosBneHna nbaa
B/IAHME MOrOAHbIX YCNOBUI Ha (GpOpMUPOBAHME
TEPMUYECKON CTPYKTYpbl 03epa cHmxkaetcs. Oa-
HaKO yCuieHne BeTpa Mnn npoxoxaeHue Hapg, ak-
BaTopuei o3epa bapmnyeckmx o6pasoBaHnii MOXeT
NPUBOAMUTL K KONebGaHUAM Nbaa U BO3HUKHOBEHUIO
B 03epe CBSA3aHHbIX C HUMW ceillleobpasHbIX Teye-
HU. TakMe TevyeHus MOryt BHOCUTb CYLLECTBEH-
Hblli BKNag, B konebaHusa TennocoaepXaHusa Men-
KOBOOHOro 03epa B TeveHue 3umbl (etpos u ap.,
2007). 3UMHNIA TEPMUYECKUI PEXUM MENKOBOA-
HOro 03epa, B CBOIO O4epenb, UrpaeT 3HAYUTESb-
HYIO POJib B BOSHUKHOBEHUN 1 MOAAEPXKAHUN LUP-
KynaumMm U nepemMeLlnBaHns B 03epe: BCneacTesne
HEOAHOPOOHOro MOCTYMAEeHUs Tenna M3 OOHHbIX
OTNOXEHUI NOSABASIOTCSH FPAANEHTbI MIOTHOCTU U
TeyeHus, HanpaBfieHHbIE BAOJIb CKIOHOB 03epa B
rny6okoBoaHyto YacTb (Malm et al., 1998).

B nocnepHue rogbl BCE LWIMPE MPUMEHSIOTCS
MeToAbl MAaTEMATMYECKOro MOLENMPOBAHUS, Mo-
3BONSAIOLLME BOCNPON3BOANTL CE30HHbIN X0 TEM-
nepaTtyp B AEATEIbHOM CNO€ AOHHbIX OT/IOXEHUN,
a Takke N3MEHEHNE BO BPEMEHM TennoobmMeHa Ha
rpaHuue Boga — gHo (Ryanzhin, 1997; Golosov,
Ignatieva, 1999). NMpwu pelieHnn Taknx 3agay BO3-
pacTtaloT TpeboBaHMS K Ka4eCTBY OaHHbIX HATyp-
HbIX UCCNeL0BaHNI, 4TO TPEBYET NPUMEHEHUS HO-
BbIX BbICOKOTOYHbIX MU3MEPUTESIbHbIX NPUOOPOB.

MATEPWAJIbl U METObI

B paboTe 1cnonb3oBanmcb AaHHbIe, NOoy4YeH-
Hble B Xx04e akcneanuuin MHCTUTyTa BOOHbIX NPO-
6nem Cesepa (MBIIC) KapenbCKoro Hay4HOro
ueHTpa PAH Ha 03. BeHAOPCKOM.

O3epo BeHalopckoe pacnonoXeHO B HXHOWN
yactn Kapenum (wumpota 62°10'-62°20' N, gonro-
Ta 33°10'-33°20’ E). OHO OoTHOCUTENBHO HEOOb-
woe (nnowanb 3epkana 10,4 km?, obbem BOQ,
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~5,5:10" M®) n MenkoBoaHoe (cpedHss rnybuHa
5,3, makcumanbHasa — 13,4 m) (puc. 1). KotnosuHa
03epa UMeeT NeaHnKoBoe npouncxoxaeHme. Ob6b-
€M PEYHOro cToka Heennk. KoapduumeHT ycnos-
HOro BomoobmeHa o3epa paseH 0,4 rog'. Mpo-
3payHOCTb BOAbI B 03. BeHatopckom no ancky Cek-
kn coctaBnget 3—4 M. [JOHHblIE OTNOXEHUS Npes-
CTaBNAOT COOOWN Necok Ha MenkoBoaAbe (Ha rnyou-
Hax He 6onee 2—-3 M) 1 KOPUYHEBbLIE Wbl B rNy60-
KOBOJHOM YacTu o3epa. ToslmHa cnos UioB A0c-
Turaet 0,4-1,0 m (JlutnHckasq, Mongakos, 1975).
O3epo BeHatopckoe aBnsieTcs 6a3oBbiM 00bEKTOM
nceneposarHna MBIC. C 1994 r. 3gecb npoBOasAT-
CS1 eXerofHbole rmapodunsnyeckme nccrenoBaHuns,
BKJIlOYAOLLME N3MEPEHME TemnepaTypbl BOObl U
BEPXHEro CJiosi [OOHHbIX OT/OXEHWA, TevyeHun
(1994-1996 rr.), cogep>xaHns PacTBOPEHHOIO KN-
cnopoga (¢ 2000r.), akTMHOMETPUYECKME U3ME-
peHus (BeCeHHME MecCsiLpbl), a Takxke COMyTCTBYHO-
e HabnoaeHns 3a meTeonapamMeTpamMm.
Haunnaga ¢ niona 2007 r. Ha 03epe NpPoBOAATCS
M3MepeHus TeMnepartypbl BOAbl 1 BEPXHEro 12-cm
CNOS AOHHBIX OT/IOXEHMI C UCMONb30BaHNEM [BYX
TEPMOKOC W ChneunasibHON OOHHOM KOHCTPYKLMK,

N

Punc. 1.

Ha3BaHHOM «kaTiowa» (puc. 1). Ha Tepmokocax un
«KkaTolwe» pasMelleHbl BblCOKOYYBCTBUTESIbHbIE
RBR-Tepmonorrepsl  Npon3BOACTBA  KaHaACKOMN
dupmbl «<RBR Ltd.» (amanason -5 ... +35°C, TOu4-
HocTb *0,002°C, pa3speliarowass CcrnocobHOCTb
<0,00005 °C), dpukcupyowme TemnepaTypy c amc-
KPETHOCTbIO MO BPEMEHM 0fiHa MUHYTa. TepMOKOCH!
N «KaTioLla» HenpepbIBHO HAXOOSATCS B 03epe B Te-
yeHne roga, ucknoyasa 2—4 gHs BECHOWM Nocne CXo-
0a nbAa v 0CeHblO A0 NbA00Opa3oBaHNS, Koraa npu-
6opbl U3 03epa U3BMEKAIOTCS A CHATUS AaHHbIX,
nocsie Yero onsiTb MOMELLAIOTCS B 03€PO Ha Nnpex-
Hee MecTo. MecTononoxeHne NprubopoB onpene-
ngaetcs ¢ nomowpto GPS ¢ ToyHOCTbIO £20 M NO ro-
pU30oHTaNW. JaHHbIE O NOCTAaHOBKE TEPMOKOC U «Ka-
Tiowm» 3umoin 2007-2008 rr. npuBeaeHs! B Tabn. 1.

Llenb paboTbl: HA OCHOBaHUKW aHanNM3a AaHHbIX
HaTYPHbIX HAOMIOAEHWI BbISSIBUTb [N1aBHble 3aKOHO-
MEPHOCTM CE30HHOM N3MEHUYNBOCTY TEPMUNYECKOW
CTPYKTYPbl MENIKOBOJHOIO 03epa B Nepuoa, cylue-
CTBOBaHWS 1e40BOr0 NOKPOBA N OLUEHUTb BAUSIHME
rmapoaMHaMmMYecKkmx NPoLeccoB Ha ee GopPMUpPO-
BaHue. B cBA3M C 9T1M Oblniv NOCTaBMIEHbI U peLle-
Hbl cneayoLlye 3aaaqu:

lMonoxeHne CTaHUMN N3MEPEHWNIA:

1 — «kaTowa», 2 — «4JINHHaA» TePMOKOCa, 3 — «<KOPOTKas» TepMOKoca

Ta6nuua 1. JAHHBIE O MOCTAHOBKE TEPMOKOC U «KATHOLLW» 3UMOW 2007-2008 rr. (OTPULLATE/TbHBIE
3HAYEHWNA — TEPMOJATHUK PACTONIOXEH B AOHHbLIX OT/IOXEHNAX)

Mepuop CTtaHums, rmybuHa, [OPN3OHTLI UBMEPEHUIA, M, PACCTOSIHME OT Aatymnka oo oHa
o KoopamHathl
N3MEpPEHNI M (B ckobBKax — pacCTOsiHNE OT AaTymnka 40 MOBEPXHOCTU 03epa)
21.10.2007 «[AnuHHas» koca, | 62°13,022'N | 0,07 (11,08),0,12(10,98), 0,17 (10,93), 0,21 (10,89), 0,23 (10,87), 0,25
26.05.2008 11,10 m 33°16,849'E | (10,85), 0,27 (10,83), 1,88 (9,22), 2,89 (8,21), 3,89 (7,21), 4,86 (6,24), 5,80
(5,30), 6,79 (4,31), 7,78 (3,32), 8,23 (2,87), 8,60 (2,50)

19.10.2007 «KopoTkas» koca, | 62°13,120'N | 0,08 (6,80), 0,13 (6,75), 0,18 (6,70), 0,23 (6,65), 0,93 (5,95), 1,88 (5,00),
26.05.2008 6,88 m 33°17,430'E | 2,88 (4,00), 3,40 (3,48), 3,80 (3,08), 4,30 (2,58)
19.10.2007 | «KaTowa», 11,11 m | 62°13,006’' N | -0,12(11,23), -0,10(11,21), -0,08 (11,19), -0,06 (11,17), -0,04 (11,15),
26.05.2008 33°16,852'E |-0,02(11,13), 0,00 (11,11), 0,02 (11,09), 0,04 (11,07), 0,30 (10,81)
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e 1CCllegoBaTb CE30HHYID M3MEHUYMBOCTb TeEp-
MWYECKOWN CTPYKTYPbl MENKOBOAHOIO 03epa B 3UM-
HWIA Nepunoa, No AaHHbIM HaTYPHbIX M3MEPEHWIA;

e BblOE/INTb YaCTOTHbLIA Anana3oH kofebaHun
TemMnepartyp;

e OLIEHUTb nepuoabl 6GapPOTPOMHbLIX U Hapo-
KJIMHHBIX celnl 03. BeHaiopckoro.

PE3VYJILTATbI 1 OBCYXAEHNE

Mo aaHHLIM TEPMOKOC YCTaHOBJIEHO, YTO 03€P0
3amMep3asno 14 Hos6psa 2007 r. npu cpenHeln Temne-
paTtype BogHown maccel okono 0,6 °C. Cpady nocne
NosIBSIEHNST CMJIOLLHOrO J1Ie0BOro NOKpOBa pPe3ko
CHU3WNachk TensooTaadya 13 Boabl B aTMocdepy, a
nepegada Teryia OT [AOHHbIX OTIOXEHWIA B BOAY
npogosxanacb, BCNeACTBME Yero Ha4anocb 3UM-
Hee HarpeBaHue BOAHOM ToSLM 03. BeHaropckoro.
Hanbonee GbICTPbI POCT TEMNeEpPaTypbl BOAbI OT-
Meuyasncs B TedyeHne NepBol Hedenn nenocrtasa B
NPMOOHHOM CJloe B ry6OKOBOAHOW YacTn 03epa,
Kak 1 B Npeablaylive roabl HabnoaeHuin (Metpos n
ap., 2006). AGCONOTHLIA MakCUMyM MpUpocTa
TemnepaTypbl Obi1 3aPUKCUPOBAH Ha FOPU3OHTE
namepenuin 0,07 M Ha «aJIMHHOM» TEPMOKOCE B Te-
YyeHne nepBbIX OBYX CyTOK nepoctasa: 0,59-
0,61 °C-cyt' (Tabn. 2). 3arem CKOpPOCTb pocTa
TemnepaTypbl B MPUOOHHOM CJl0€ PEe3KO CHU3U-
nacb: B TedyeHne Hepgenn po 0,11-0,15, K KOHUY
nepBoro wMecsua negoctaa - g0 0,02-
0,03 °C-cyt'. Takoin nmopsiooK CKOpPOCTelr pocTta
TemMnepaTypbl HabNOOaNcs Ha BCEX FOPU3OHTax
BOAHOW TOJILLM O3epa CO BTOPOro Mecsiua neao-
CTaBa [0 Hayana BeCeHHero noajieqHoro nporpe-
Ba. B panoHe NOCTaHOBKU «KOPOTKOW» TEPMOKOCHI
TemMnepaTtypa noHmxanacb B TeYEHNE NepBbIX CY-
TOK NefocTaBa, 3aTeM Havacs ee MeJIeHHbIN
POCT CO CKOPOCTLIO, He npesblwatowen 0,50 B Te-
YyeHue NepBoI HeJenn negocTaBa U CHU3MBLLIENCS
00 0,02 °C-cyT' K KOHUY NepBoro mecsua 3nmel. K

KOHLLY 3Mbl TEMMepartypa npuaoHHOro Cos B ry-
OOKOBOAHOM 4acTu 03epa NoAHsNachb Bbille 5, B
palioHe NOCTaHOBKM «KOPOTKOM» TEPMOKOCHI MO -
Hanacb 0o 3 °C. BCkpblTve negoBOro NnokpoBa o3e-
pa npoucxoamno B nepmog ¢ 6 no 10 mas 2008 r.

B TeuyeHue Bcel 31Mbl B MPUAOHHOM CNoE My-
OOKOBOAHOM YacTu o3epa Ha OHEe MNOBbILLEHUS
TemMnepaTypbl HEOQHOKPATHO OblNn 3adUKCHUpoBa-
Hbl pe3kue ee nageHmnsa (Ha senmnydmny 0,05-0,80 °C)
C NnocneayrLmMM nNiaBHbIM POCTOM. Takne peskme
nageHns TemnepaTypbl NPOAOIKAIMCE OObIYHO
1-15 MuH, Hanbornee 4acTo — 6 MUH, NNaBHbIN POCT
00 NpeaLlecTBYIOWMX NageHNo 3Ha4YeHNn — oT 3
0o 30 4, Hanbonee yacto — 3-9 4 (puc. 2).

OnuncaHHOe siBNeHMe TpyaoHO nogaaeTtcs 00b-
SICHEHNIO, TeM B0oNee YTO ero CUHXPOHHOCTb MEX-
Oy «OJMHHOW» TEPMOKOCOW 1 «KaTiowen» (pac-
CTOSIHME MexXAay cTaHuusaMmn okono 50 M) Habnio-
hanacb B peakux cnydasix. Ecnm ceasatb 9710 9B-
JIEHME CO CTEKaHMEM MO CKJIOHY «saep» bonee
XONIOOHbIX BOA, N3 PAaNOHOB C MEHbLUNMU rNybuHa-
MW B ryOOKOBOAHYIO HYaCcTb 03epa, TO B AAHHbIX
«OJINHHOWM» TEPMOKOChHI N «KaTIOLLIN» O0SXHA ObITb
CMHXPOHHOCTb BbIOPOCOB, KOTOpasi Habtaanach
penko. 3avacTyio peskme konebaHnsa Temnepary-
pbl B NMPUAOHHOM CJioe «AJIMHHOW» TEPMOKOCHI
npoucxoamnn oAHOBPEMEHHO C ee MilaBHbIM POC-
TOM B MPUOOHHOM CJi0oe «KaTiolwmn» U HAaobopOoT.
Mo AaHHBLIM «AJIMHHOW» TEPMOKOChHI B TEYHEHUE 3U-
Mbl 2007-2008 rr. 66110 3aPUKCMPOBAHO YeTbIpe
nepunoga MHTeHcudukKaunm peskmx nageHnn Tem-
nepartypbl: ¢ 17 no 28 Hos6ps, ¢ 6 nNo 23 aekabps,
c 29 anBapa no 17 ¢espans, ¢ 25 maptano 10 an-
pensa 2008 r. Mo gaHHbIM «KaTOWWN» MHTEHCUDN-
Kaums konedbaHuin TemnepaTypbl B MNPUOOHHOM
cnoe Habnoaanack ¢ 6 no 22 nekabps, co 2 no 24
saHBaps, ¢ 23 mapTta no 9 anpens. 1o 4aHHbIM «KO-
POTKOM» TEPMOKOCHI pe3kmx konebaHuin Temne-
paTypbl B NPUOOHHOM Cnoe 3adUKCUPOBAHO He
Obino.

Ta6nuua 2. MSMEHEHWVE CPEOHECYTOYHOW TEMTMEPATYPbI BOAbl HA PA3/INYHBIX TOPU3OHTAX
BOZHOW TOJILLM o3. BEHAKOPCKOIO B HAYAJIE 3UMbI (OTPULATENIbHBIE 3HAYEHUSA — MOHVXEHUE

TEMMEPATYPbI)
«Katowwa» \ «[ANnHHag» TepMokoca \ «KopoTkas» Tepmokoca

Mepwuop [OpPU30HT, M
U3MepeHuit -0,02 | 0,00 | 002 | 007 | 027 | 188 | 860 | 008 | 023 | 1,88

AT, “C-cyT’
14-15.11.07 0,42 0,50 0,47 0,59 0,20 0,02 -0,10 -0,01 -0,06 -0,10
15-16.11.07 0,45 0,45 0,54 0,61 0,39 0,10 -0,01 0,06 0,02 -0,01
16-17.11.07 0,37 0,39 0,36 0,15 0,29 0,07 -0,05 0,40 0,37 0,13
17-18.11.07 0,23 0,22 0,17 0,12 0,06 0,11 0,07 -0,02 -0,03 -0,02
18-19.11.07 0,15 0,13 0,14 0,24 0,16 0,13 0,01 0,09 0,05 0,04
19-20.11.07 0,08 0,09 0,12 0,13 0,15 0,13 0,01 0,06 0,03 0,04
20-21.11.07 0,11 0,13 0,14 0,11 0,15 0,11 0,02 0,06 0,06 -0,08
21-27.11.07 0,08 0,09 0,09 0,10 0,11 0,08 0,00 0,02 0,02 0,01
27.11-4.12.07 0,05 0,05 0,05 0,04 0,06 0,04 0,00 0,02 0,03 0,01
4-13.12.07 0,04 0,04 0,04 0,04 0,06 0,04 0,00 0,04 0,03 0,03
13-20.12.07 0,02 0,02 0,02 0,02 0,03 0,03 0,01 0,02 0,02 0,02
20-27.12.07 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,02 0,02 0,02
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T,°C

)

3,5

-0,12 m

]

14.11.07
15.11.07
16.11.07

17.11.07
18.11.07

Punc. 2. VameHeHne TeMnepaTypbl BOOHOM TONLLM 1 BEPXHEro 12-CM cnost A0H-
HbIX OTJIOXXEHW B ryO6oKOBOAHOM YacTu o3epa B nepuog 14-18.11.2007 r.:

a — [aHHble «AJIMHHOM» TEPMOKOCHI, 6 — JaHHbIE «KaTIOLLW», MYHKTUPHON InHMEen 0603Ha4YeHa
rpaHuua Boga — AHO. Ha pucyHke yka3aHo pacCTosiHMe OT AaTymnka 40 rpaHuupl Boga — AHO,
M, PaccTosiHME OT JaTyumka 40 NOBEePXHOCTM 03epa CM. B Tab. 1

Ha npoTskeHumn 3MMbl Ha BCeX CTaHUMSAX HAbJtO-
OEHN B NPUAOHHOM CJloe OTMeYannch KonebaHus
TemnepaTtypbl ¢ nepuogamm, 6N3KMMU K TEOPETU-
4Yecku paccynTaHHbIM Neproaam NpoaosbHom (25—
30 MWH) 1 nonepeyHon (6—7 mMuH) cenw 03. BeH-
atopckoro (Malm et al., 1996), a Takke ycuneHus
3TUX KonebaHu ¢ NnepnoaoM, BsIM3KUM K CyTKaM.
Amnnntyna konebaHuin TemnepaTypbl NpU Takux KO-
poTkonepuoaHbIX nynbcaumax gocturana 0,1°C,
ofHako B 6onblLUMHCTBE crydyaeB cocTtaBnsana 0,02—
0,05 °C. Temnepatypa BblLLENEXALLEN BOAHOW TOS-
LY NOBbILLIANACh NaBHO, 63 Pe3KMX CKaYKOB.

C nomoLLblo chekTpanbHOro aHanusa Oblnun
OLIeHEeHbl OCHOBHbIE Mepunoabl konedaHni Temne-
paTypbl BOAbl MPWAOHHOIO C/0s, COCTaBMBLUNE
5-6, 23-27 muH, 1-3, 6-8, 11-12, 22-26 4, 1,7-

2,6, 3,1-4,1, 5-6, 13-15 cyt (Tabn. 3). bbinn oue-
HEeHbl Nepuoapl NEPBON MOAbI NPOAOSbHOM 6apo-
KJIMHHOM cenwun 03. Benplopckoro no dopmyne
(Gill, 1982):

2L

NH (1)

rae T, — neprof nNepBoi Moibl 6GaPOKIIMHHON Ceit-
wn; L — makcumansHas anmHa osepa, m; N —yacto-
Ta nnaBy4ecTu, c'; H — cpeaHss rmybuHa, M.
PaccunTtaHHble nepuogbl NpoaosbHon 6apo-
KJIMHHOM cenwn 03. BeHapckoro, coctaBmBLIME
9-10 n 12-13 cyT onga «4AANHHOM» N «KOPOTKOM»
TEPMOKOC, COOTBETCTBEHHO, HEMJIOXO COIMacyloT-
CS C pacyeTHbIMU [OAHHBbIMU, MONYYEHHBIMU MO
HabnoaeHnsam gpyrux net (Metpos v gp., 2006).

L
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Ta6nuua 3. OCHOBHbIE NEPMOAbLI KONIEBAHWUM TEMMNEPATYPbI MPUAOHHOIO C/109 TEPMOKOC Toc
M NEPMOA NEPBOM MOl BAPOKJIMHHOWM CENLUW 03. BEHAIOPCKOIO T,

«[AnvHHas» koca «KopoTkas» koca
Toer T oo MVH T, cyt Toor Y T oo MUH T, cyt
15-20.11.2007 |24,6,14,0,11,3,6,7,4,5 |26 11,6-9,5 |3-4,1,7,0,8 26, 11 22,9-15,6
21-30.11.2007 |21,6,13,2,10,5,7,1,3,9 |26 9,3 22,12,3-4,15 24,12 15,2
01-10.12.2007 |22,4,8,1,3,9,2,6 23,8 9,2 24-25,11,5,4-5,1-3 |26, 10 14,6
11-20.12.2007 |23,6,10,2,6,4,3,3 24.6,5,9 9,3 24-26,12 26 14,1
21-31.12.2007 |11,5,6,5,3,7 24,7 9,5 24-26,12 24-26 13,8
01-10.01.2008 |11,6,3,1,1,5 24,6, 13,1 9,6 24-25 26 13,5
11-20.01.2008 |7,7,2,4 23,9,13,4 9,7 23,8,12 26, 27 13,5
21-31.01.2008 |22,4,12,9,6,5,2,4 24,8,8,9,6,2-5,5 9,8 23,8,11,9 26,4 13,4
01-10.02.2008 |23,6,7,9,2,9 24,1,14,5,6,1-53 |9,9 23,6,11,2,3 25,9,26,8 | 13,3
11-20.02.2008 |24,2,6,8,2,6 25,1,11,8,6,3-5,1 | 10,0 24,11,4-5,1-3 26,9 13,3
21-29.02.2008 |12,6,5,9,2,3 24,4,6,3 10,1 243,117, 4 27,3 13,2
01-10.03.2008 |11,9,2,9 23,9,5,9 10,1 23,6, 12,6, 26,9 13,2
11-20.03.2008 |22,6,12,1,2,8 24,5,11,4 10,1 23,8,11,5,3 26,8 13,1
21-31.03.2008 |23,1,6,2,2,4 25,2, 11,7 10,1 23,9,11,4 26 13
01-10.04.2008 |24,1,12,2,6,9, 3,1 24,8,11,6 10,1 23,3,12,1,4-5,2,8 26 12,9
11-20.04.2008 |11,5,7,0,2,9 24,3,12,0 10,1 36 12,8
21-30.04.2008 |20,9,7,5, 3,8 26,1,14,1 10,1 251,11,7,5 12,7
01-06.05.2008 |12,6,6,9, 3,3 24,9 10,0 253,11,9,5 12,4
15.11.2007- 13-15,9-11, 5-6, 3,1- 21,13,7-8,5, 2 cyT;
06.05.2008 4.1,1,7-2,6 cyT; 24,124 24 4
SAKJTKOYEHNE 30 mMuH) 1 nonepeyHon (6—-7 MuH) cenw 03. BeH-

31MHee HarpeBaHne BOAHOM TOAWW 03. Beh-
OI0PCKOro npopomkaetcs okono 160 cyt. Hanbo-
nee ObICTPbI POCT TeMMepaTypbl BoAbl Habnwaa-
eTcsl B NPUAOHHOM CJI0€e B ry6OKOBOAHOM YacTu
03epa B nepBble AHM negoctaBa. CkoOpocTb pocTa
TemnepaTypbl ObICTPO CHUXAETCst M HayMHas co
BTOPOro Mecsdua fefocraBa  He  MpeBblllaeT
0,03°C-cyt.

B TeueHwe BCe 31Mbl B NPULOHHOM CJl0€ My-
OOKOBOAHOW YacTy 03epa nepuogmyeckm Gukcu-
pylOTCS peskne nageHus Temnepartypsbl (B TeHeHne
1-15 muH) Ha BennunHy 0,1-0,6 °C ¢ nocnenyto-
LLVIM MIaBHbIM POCTOM (B TedeHue 3—-30 4). B Teye-
HMe 3UMbl HabnOaeTcs HEeCKOosIbkO MNepPUoaOoB
YCUNIEHUSI Takux KonebGaHuii NpoaoKUTENbHO-
cTbio 15-20 cyT.

Ha npoTtsskeHnn 3umbl B IPUAOHHOM Cloe 03epa
NnpakTM4Yeckn NOCTOSAHHO HabnoatTcs konebaHms
Temneparypbl ¢ neprogamu, 61nM3kUMn K TeopeTu-
4YeCKM pacCcYMTaHHbIM NEPMoaamM NPOaoNbLHON (25—
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U3MEHEHUE TMAPOIrPA®UYECKON CETU KAPEJIUUN
B PE3VJIbTATE CO3AHNA BOAOXPAHUTIULL,

I0O. C. PasyBaeBa*, M. C. lNMoTtaxuH**

* Kapenbckasi rocyaapCTBeHHasi negarorndeckasl akagemusi
** UHCcTuTyT BOAHbIX npobiem Cesepa KapHL PAH

BBEOEHUE

Tepputopus Kapenun obnagaet ryctoi, xopo-
IO pa3BuUTON rmgporpaduryeckomn CeTbio, Hac4Hu-
ThiBaloLLEN okoNno 27 Thic. pek u bonee 61 ThbiC.
o3ep (Kartanor..., 2001). BoaHble 00beKTbl N KX
pecypcbl M3gasHa npuvsnekanu mwogen. lNepso-
ObITHbIN YENOBEK CENNICS MPENUMYLLECTBEHHO MO
6eperawm; BnioTb 4o XX B. Ha Tepputopumn Kape-
1K, Kak NpaBuo, He BCTPEeYanoChb HM OQHOrO No-
CeneHunsl, PacnosiOKEHHOr0 BHE JIMHUN O3EpPHO-
peyHon ceTu. [aHHbln pakT 0ObACHAETCH TeMm,
YTO OCHOBHbIM UCTOYHUKOM MWLM HAaLIMX Npen-
KOB Obina pbiba, a Takke TeM, 4YTO 3a4acTylo BOA-
Hble 0ObEKTbI ABNANNCH €OUHCTBEHHBIMU NYTAMU
coobuieHusi. Bo BpemeHa CpenHeBeKOBbS Hace-
neHve Kapenuu ctano ncnonb3osaTtb CUAY BOAbI
Onsg npuBedeHnss B OENCTBUE MYKOMOJIbHbIX
MenbHuL, a B Hadane XVIII B., ¢ pasButnem
nepeBo- U MeTannoobpaboTku, BOOOAENCTBYIO-
WMe YCTAHOBKM CTaHOBATCA HEOTbEMEMON
4aCTblO NIECOMNUIbHBIX, YYTYHHO- 1 MeAennaBusib-
Hblx 3aBogoB. C XX B., B CBSI3U C OypHbIM
pasBUTMEM MNPOMbILLIEHHOCTM, UCMNONb30BaHNE
BO[bl B XO3SINCTBEHHbIX LLENSX MHOFOKPATHO BO3-
pocro.

CoBpeMeHHOe MCMNoNb30BaHNe BOAHbLIX 00b-
€KTOB 4acTO COMpoBOXAaeTcs Ux npeobpas3oBa-
HMeM. B ogHuMX cnyyasx NnpoucxoguT KayeCTBEH-
HOe M3MEHeHMe cocTaBa NPUPOAHbIX BO4 B pe-
3ynbTate cOpoca B peku 1 03epa NPOMbILLSIEHHbIX
M KOMMYHaJIbHbIX CTOKOB. B opyrux cnyyaax npo-
NCXOOAT KONMYECTBEHHbIE W3MEHEHUS BOAHbIX
00bEKTOB — yBeNMYeHue nnowanen o3ep B pe-
3ynbTaTe 06pa3oBaHUs BOAOXPAHWUNLL, O0OChIxa-
HMEe peK B pe3ynbTarte CTPOUTEeNbCTBA MIOTUH U
T. 4. Takke nosBAAIOTCA HOBblIE, PYKOTBOPHbLIE
BOAHble 0ObEKTLI, HANPUMEP, KaHanbl Ans cyno-
X0OCTBa, NecocnnaBa unuv Menuopaumn u gp.
Llenb HacToswen paboTbl — NPOCIeanTb, KakK n3-
MeHunacb rugporpaduyeckaa cetb Kapenuu
B pesysbTaTe CO30aHUS WCKYCCTBEHHbIX BOOO-
€MOB — BOOOXPAHUINLL,

OCHOBHbIE OCOBEHHOCTH
BOOOXPAHUJTNLL

B otnuyne ot o3epa, BoOgoemMa C eCTECTBEH-
HbIM PEXUMOM, BOOOXPaHMUNLLE ABNSETCA BOAO-
€MOM, PeXuM KOTOPOro perynmpyeTcs 4yenose-
koM. B HacTosiluee Bpemsi cyllecTByeT MHOro
onpeneneHnii  MNOHATUA  «BOAOXPaHUINLLE>.
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Mo mHeHuio A. B. ABaksiHa n konner (1987), Bogo-
XpaHunuuieM cnegyeT cumMTaTb WMCKYCCTBEHHO
CO3JaHHble BOJOEMbl C 3aMeasieHHbIM BOA0006-
MEHOM, YPOBEHHbIN PEXNUM KOTOPbIX MOCTOSIHHO
perynnupyeTcs rmapoTeXHUYECKUMU COOpPYXKe-
HUSIMU B LLeNSIX HAKOMIEHUS 1 NOCNeayoLLEero nc-
NoJSib30BaHMs 3anacoB BOA, A9 YAOBNETBOPEHMUS
XO3SIMCTBEHHbIX NOTpebHocTen. be3aycnoBHo, BO-
[OXpaHMnuLLa — 3TO YHUKasbHble 00bEKTbl, KOTO-
pbiM HeT aHanoros. OHU, Kak 1 Apyrme BOOOEMbI,
MMeloT COOCTBEHHbIE XapakTepUCTUKN U onpeae-
NIeHHble NPOLLeCChl — reHeTn4yeckme, Mopdosoru-
yeckue, ruaposiornyeckme, rmapoxmmmyeckmne,
rmapodunonormnyeckme. IMeHHoO Ha aTux xapakTe-
PUCTUKAxX OCHOBaHbI Kiaccupukaumm nnm TUnm-
3aUun BOAOXPAHUNLL, C LIeNbio UX cucTemMaTtu-
3auun.

OaHoM N3 ocHoBOMNOAArawLLVX ABASETCS TUMn-
3aums BOOOXPaHWUMLL, Mo reHe3ncy (ABaksiH 1 gp.,
1987), T. €. N0 NPOUCXOXAEHUIO, yKa3blBaloLLas Ha
cnocob nx obpasoBaHus. 1o gaHHOMY KpUTEPUIO
BblAENSIOT cneayowme TUrbl;

— PEYHbIe AOJIMHHbIE BOAOXPaHWILLA, CO30aH-
Hble MyTeM Nnoanopa peku NiIoTUHON;

— Ha/IMBHbIE BOAOXPaHUINLLA CO30a0TCA B €C-
TECTBEHHbIX Aenpeccusx, Kyaa no kaHanam noga-
IOTCS NPEeuMYyLLLECTBEHHO M30bITOYHbIE MaBOAKO-
Bble BOIbI PEK;

— 03€epHble BOAOXPaHWIMLLA, CO30aHHble MNy-
TemM noanopa rniaoTUHOM 1 UCKYCCTBEHHOIo pery-
NpoBaHMsa BOAOOOMEHa eCTECTBEHHbIX 03€ep;

— MOpPCKue BOAOXpaHWMLLA CO30al0TCs MyTem
OTYNEHEHUs OT Mopsa gambamMn U NNOTUHAMKU 3C-
TyapueB, 3a/IMBOB W JIMMAHOB U T. .

Mo reorpaduyeckomy MoJSIOXKEHUIO N OCOOEH-
HOCTSIM penbeda OoKpyXaloLlle TeppUTopuUn Bbli-
0enaT Tpu Tuna sBogoxpaHunuiy, (ABaksaH 1 ap.,
1987) ¢ npucywmmMn nm 0CoH6EHHOCTAMN:

— BOAOXpaHWIMLLA PaBHWH, XapakTepu3syto-
Lwmecs 60MbLLIOW NAOLWAAbD 3epkana 1 60nbLIOoN
naoLaabio 3aTonIeHnsa 3eMerb, HebosbLIOW Mak-
CUManbHOW 1 cpeaHen rmybuHOM, a Takke UHTeH-
CUBHOCTbIO NepepaboTkn 6eperos;

— BOAOXpaHuauLLa npearopHbIX 1 rnioCKorop-
HbIX obslacTeli, xapakTepuaylolmecss 60MbLIOoN
MakcuMasibHOM 1 cpeaHen rnyoOuHON, BbICOKUMU U
KpyTbiMU BeperaMmun, MeHbLLEW, YEM Ha pPaBHUHAX,
MHTEHCUBHOCTbIO NepepaboTkn 6eperos;

— TrOpHble BOAOXPaHWIMLLA, XapaKTepuayto-
Lmecs HeOObLUION MOLAAbI0 NOATOMNNEHNS U He-
OO0NbLUNM 3aTOMJIEHNEM 3EMENb, HYalle 00bLLIVNMMK
rnybuHamMn, MHTEHCUBHbBIM 3anoJIHEHMEM HaHoca-
MU (3amneHnem).

Takke cywecTByOT kKnaccudukaumm Bogoxpa-
HUAWLW, NO KOHOUrypaumm, no oobemy, nnowagun
M rybuHe (T. e. MOPPOMETPMYECKNUM MoKasaTe-
NSM), N0 XapakTepy PperyanpoBaHuUs CTokKa,

nokasartefisM BOA0OOMEHHOCTH, XNMN4YeCKoMy
COCTaBy BOA4bI, Bunonorn4yeckornm NnPOoAYKTUBHOCTU
nT A.

NCTOPUA CO3OAHNA BOOOXPAHNIINLL,
B KAPEJINN

B Kapenuu nepeble BomoxpaHuaMLIA CTanw
BO3HMKaTb B Ha4vane XVIII B. onsa Hy>a, 3aBo40B No
BbIMJaBKe Xesie3a N3 MeCTHbIX O0N0THbIX pya 1 Ne-
conunbHbIX 3aB0A0B. OHM CO34aBaNIMCb B BEPXHUX
4acTsAX 03EPHO-PEYHbIX CUCTEM B pe3ynbTaTe noa-
nopa n peryanpoBaHnst CTOKa OTHOCUTESNIbHO He-
6onbluMx 03ep noTUHaMmu. NMpumMmepamMm TakoBbIX
apnaTcs JlococnHckoe n Malle3epckoe BOAO-
XpaHunuiia, obecrnedymBaBlUME Ha MPOTAKEHUN
MHOMMX AEeCATUNETUIN paboTy rMapPOyCTaHOBOK MNPW
MeTpoBCckoM, a 3aTeM AneKkcaHApPOBCKOM 3aBOAE.

MepBbIM KPYNHLIM BOAOXPAHUMLLEM (NJoLLa-
Obto okono 200 KM?) Ha TEPPUTOPUM COBPEMEH-
HoW Kapenuu cuntaetcsa 03. AHncbapsun. B Boao-
XpaHunuuie 03epo Obl1o npeobpasoBaHO B
1915 r. nyTem perynanpoBaHus ctoka p. AHucCHe-
KM, Ha KOTOPOW pacrofiaraetcs rmapoasnekTpo-
cTaHuus. B To Bpems Tepputopus, BKIoYaroLLas
BOZOXpPaHUMLLE U ero Bogocbop, npuHaaiexa-
na Kuspxkectsy PuHnsHOCKOMY, a 3aTEM He3aBW-
cuMmolrt OUHAAHOUM N TONBbKO MOCJSIE COBETCKO-
duHckom BoriHbl 1939-1940 rr. otowna k CCCP,
cTaB yacTbio Kapenun.

lMnaHomMepHoe 1 LieneHanpaBfieHHOE OCBOEHNE
rngpopecypcoB Kapenun Havanocb B 1920-e rr.
(ntBMHeHko, 2003). B aTo Bpems Gbina obpaso-
BaHa locyaapcTBEHHAs KOMUCCUS MO 3NeKTpUduU-
Kaunun, paspabdotaswan nnaH FO3J1PO, cornacHo
KOTOPOMY MJIaHMPOBAIOCb CTPOUTENLCTBO psiga
'9C Ha pekax CyHe, Bbire n Kemu, npegnonaras-
LINX CO3JaHMe KPYMHbIX BOOOXpaHunuLL. Tak, B
HUXHEM TedeHun p. CyHbl Obln cO34aH MepBbI
KpynHbin kackan MAC u 3aperynmpoBaHbl 03epa
Canpgan (1929 r.) uNanbe (1936 r.). B atoT nepuoga,
B NepBylO o4yepedb AN fiecocnnasa, B Bogoxpa-
HuMwa 6bln NpeobpasoBaHbl 03epa JInkmose-
po (1925r.), Bopgnosepo (1934r.), Bennosepo
(19385 r.) n gp. B peaynbrate cTtpoutenbctea bBK
Ons cynoxoacTtea Oblsl NOBbIWEH YPOBEHb 03. Bbl-
rosepo (1933 r.).

MHoro BogoxpaHuauL, Obi1I0 CO3OaHO Mnoche
Benukon OTeyecTBEHHON BOWHbI, B OCHOBHOM B
1950-1960-e rr. Npy OCBOEHUM TMAPOIHEPrope-
cypcoB pek Ceupu, Koegpl, Kemu, Bbira n gp.
(ntBMHeHkO, 2003). B aTOT nepuop 6biin 3anon-
HEeHbl TakMe KpYMNHble BOAOXPaHUIMLLA, kak Bepx-
HecBupckoe (OHexckoe) (1951-1952 rr.), Tukwe-
3epckoe (1953 r.), Koeposepckoe (1955-1957 rr.),
Cerosepckoe (1957 r.), Mosckoe (1960 r.), Kym-
ckoe (1962-1966 rr.) n ap.
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OCHOBHbIE CBEAEHNA O HAMBOJIEE KPYTIMHbIX O3EPHbBLIX BOAOXPAHWJTMLLAX KAPEJTNU (JINTUHCKAS4,

1976; C NISBMEHEHNAMMW)

Tvn Moanop Mnowane Mnowaap Buabi
BopoxpaHunuuie Peka / o3epo foa perynunpo- YPOBHA BOALI | BOAOXPA- osepa, MNCrnonb3o-
co3paHus Y NMJIOTUHBI, HUMLLA, 5
BaHUS 5 KM BaHUS
M KM
Bopnosepckoe Bopna / Bognosepo 1934 Ce30HHOEe 4,0 370 - 3, 1, p/X, C
Bennosepckoe Bupnuua / Begnosepo 1935 Ce30HHOe 2,7 55,5 - n, p/X, ¢
Bbirosepckoe HuHuii Beir / Beirozepo 1933 lfopoBoe 6,0 1250 547 3, C, B, CB, p/X
Mosckoe Mosa (Koega) / 1960 Ce30HHOe 36,0 294 96 3, N, p/x
Cymo3epo, Pyrosepo,
Cokonosepo
KoBposepckoe Kospa / KoBoosepo 1955-1957 | lopoBsoe 20,0 610 396 3, N, p/X, B
(KHsxerybekoe)
Kymckoe Kyma / Msi03epo, 1962-1966 | MHoronetHee 33,0 1910 1690 |a,n,c,B,p/X
Tonosepo
Jlmxmo3zepckoe Numxma / Nimxkmo3zepo 1925 Ce30HHOEe 1,5 84,8 - n
JNonmonaHbsipeu | Tynema / 1915 Ce30HHOe 2,0 22,1 - 3, N1, p/X, CB
JloimonaHbapeu
OHpckoe Bbir 1955 Ce30HHOEe 4,0 22,4 - 3, n
BepxHecBupckoe | CBupb / OHexckoe 1951-1952 | MHoronetHee 17,0 9930 9700 |a3,n,c,p/x, B
(OHexckoe)
Manbeosepckoe CyHa / Manbeosepo 1936 lonoBoe 2,3 109 100 3, p/X
CaHpanbckoe CyHa / Canpan 1929 MHoroneTtHee 3,1 184 157 3,C
Ceroaepckoe Bbir / Cerosepo 1957 MHoronetHee 6,0 815 762 3, 11, C, CB, p/X
CyHpo3epckoe CyHa / CyHao03epo 1939 Ce30HHoe 6,0 49,0 - n
Tukweosepckoe | KoBaa / Tukiweosepo 1953 Ce30oHHOe 1,8 - 209 n, p/x
Tynmosepckoe Tynema / Tynmo3epo 1915 MHoroneTtHee 2,0 14,7 12,2 3,n,c, p/x
lOwko3epckoe Kemsb / KOwko3zepo, 1980 MHoronetHee 10,0 695 430 3, N, p/X
CpepHee n HuxHee
KynTto
AHMCHSAPBU AHUCHEKN / AHNCBHSPBN 1915 MHoronetHee - 200 191 3, B, p/X, CB

MpumeyvyaHMe.a—-sHepreTmka, 1—necocnnas, c — cy[oxoacTeo, CB — C6DOCbI MPOMBbILLTEHHbIX N ObITOBbIX CTOYHbIX BO, B — BO-

nocHabxeHue, p/X — pblOHOE XO38NCTBO.

B HacTosuiee Bpemsa Ha Tepputopum Kapenun
HacunTbiBaeTcs 6onee 20 BogoxpaHunuiy,. MNepe-
YyeHb Hanboee KPyMnHbIX BOAOXPaHUINLL, 1 OCHOB-
Hble CBEOEHUs O HUX MpencTaBfieHbl B Tabnvue
(cMm. Takxe pUCYHOK).

OCOBEHHOCTW BOAOXPAHUITNLL, KAPEJTN

OcobeHHoCTN BogoxpaHunuLy Kapenum onpeae-
NSI0TCS, B NEPBYIO 04epenb, MPUPOAHBIMU XapakTe-
pUCTUKaMU TEPPUTOPUN, & TaKKe VX XO3SNCTBEH-
HbIM Mcronb3oBaHMeM. PacnonoxeHue Ha PeHHo-
CKaHOWHABCKOM KPUCTA/UIMYECKOM LUMTE, Mepe-
KPbITOM TOHKMM CJTIOEM HETBEPTUYHbIX OT/IOXEHWI, B
30HE N3ObITOYHOrO YBNAXHEHNS ONPEeaennao 0Co-
OEHHOCTN CTpOeHusa rmgporpaduyeckon cetm -
pacrnpocTpaHeHne TaK Ha3blBAaEMbIX O3EpPHO-peY-
HbIX CMCTEM. BO3HMKLLME B OTpULATENbHbLIX hopMax
penbeda TbICA4YN 03eP NPUBENU K ECTECTBEHHOM 3a-
PEerynMmpoBaHHOCTM CTOKA pek, KOTOPYHK JIerko no-
BbICUTb, €CIN UCMNOb30BaTh KOTIOBUHbLI 03ep OJ1s
co3aaHusa BogoxpaHunu, (ABaksH n ap., 1987).

MmeHHO noaTomMy abConoTHOE BOMbLUMHCTBO
BOAOXpaHunmLy, Kapenum 6b110 CO30aHO B KOTO-
BMHax 03ep. BennumHa nognopa nx ypoBHS HE3Ha-

yntenbHa (1,0-3,0 M), HO MHOrga OOXOOUT U OO0
HECKOJIbKMX OEeCATKOB MeTpoB (Hanpumep, Kym-
ckoe — 33 M, Noeckoe — 36 m). Topn3oHTanbHbIE
XapakTEPUCTUKM  BOAOXPAHUMLL,  KonebnoTes
B JOBOJIbHO LUMPOKMX npegenax — ot 1-2 km? no
nouytn 10000 km? (BepxHecBupckoe). [MyOuHbl
MHOIMMX BOOOXPAHUINLL, 3HAYUTESIbHbI 3a CHET ec-
TECTBEHHOW [MyOUHbI 03€p — MakCuMasbHble
no 60-130 m (KoBposepckoe, Cerosepckoe,
BepxHecBupckoe). BoooxpaHunuia, Kak npasu-
10, MEKT MPOAONArOBaTyl0 GpOPMY, BbITSHYTbI C
ceBepo-3anaja Ha Iro-BOCTOK B COOTBETCTBUM C
HanpaBieHVeM OBMXEHNSA NnegHuka. [1ns Takux BO-
[OEMOB XapakTepHbl CIIOXHbIE YepTbl OEPEroBomn
JMHUW, Hanuume GOMbLIOrO KOMMYECTBa MU3BUIU-
CTbIX 32JIMBOB, 0OMIME NOJTyOCTPOBOB 1 OCTPOBOB.
Kak 1 B0nbLUMHCTBO KapesbCKMX BOJOEMOB, BO-
OOXPaHUIMLLIA XapaKTepPU3YTCS HA3KUM CoaepXa-
HMeM B BOOE OMOreHHbIX BELLECTB, @ Takke MOBbI-
LLIEHHBIM COAEPXXaHMEM N'YMYCOBbIX BELLIECTB 3a CHET
npuToka OONMOTHBIX BOA. HM3koe coaoepxaHve 6mo-
rEHOB B BOAE B COYETAHUN C YMEPEHHBIM, JOBOJIbHO
XONI0AHBIM TUMOM KJIMMaTa onpenenseT HU3KYIo
BMONOrMyecKyo NPOAYKLMIO BOOOXPAHUAULL, (rpe-
MMYLLIECTBEHHO ONIMIOTPOPHbLIE BOLOEMBbI).
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Cnepayert ewe pas3 nogy4epKHyTb, HTO OCHOBHOE
HasHa4vyeHne BogoxpaHunuu, Kapenuu, ocobeHHOo
KPYMHbIX, — obecnevyeHne paboTbl MMAapPO3NEeKTPO-
cTaHuuin. BoooxpaHunuuia nmeoT 00bLloe 3Ha-
yeHne u ana cygoxogctea (HWXHEBBLIFCKUA 1
CBupckuin kackag), MHorme HebonbluMe N cpen-
HMe BOJOXPaHWMLLA UCMOIb30BaNIUCh AJ19 N1eCO-
cnnaesa. BopoxpaHunuiia NPUMEHSIIOTCA TakXxe
051 BOOOCHAOXEHWS TOPOA0B M MOCENKOB, HA HUX
pasBMBaeTCs Typu3M M pekpeauus. BaxHenwas
yepTa BogoxpaHunuuy Kapenun — nx mMHorouene-
BOE MCMONb30BaHMe.

N3MEHEHWE rMAPOIrPAGUYECKON CETU

Kak Obl10 OTMEYEHO, MO4YTM BCE KapesibCkme
BOJOXPaHWUIMLLA cO3aaHbl B KOT/IOBMHAXxX 03ep. Nx
4yyTb 60nee 20, 3TO YNCIIO HECOMOCTAaBMMO B CpaB-
HEHMWN C KONIMYECTBOM E€CTECTBEHHbIX BOJOEMOB,
koux 6onee 60 000.

OpHako cnenyeT OTMEeTUTb, YTO OOMbLUMHCTBO
KPYMHbIX BOAOEMOB Kapenum, B TOM yncne n OHex-
CKOe 03€ep0, B HacTosILLEee BPeMSs MPeBPaLLEHO B BO-
JoxpaHnnuia. 9To U MOHATHO, NP 3aperyamposa-
HUKW Bogoema ¢ 60/1bLLION NAOLWLAAbI0 3epKkana, aaxe
npu ManaoMm Moanope ypoBHS, CO3AaeTCsA OONbLION
nosnesHbln 06beM, YTO MO3BOJISIET NPOBOAUTL Ce-
30HHOE M MHOrOJIETHEE PErynnmpoBaHmMe cToka 6es3
CYLLECTBEHHOIr0 3aTornieHns 3emesnb (ABaksiH 1 Op.,
1987). 910 1 NokasblBaeT aHanM3 Tabnuubl, B pe-
3ynbTaTe co3aaHnsa BOAOXPaHWUIMLL ObI1o 3aTonne-
HO okono 2000 km? TeppuTopun Kapenuu, 4To co-
CcTaBnseT yYyTb Oonee 1% ee nnowaguy.

CymmapHas nnowanp BogoxpaHmnuiy, Kapenuu,
0e3 yyeTa akBaTtopun BepxHecBupckoro (OHexcko-
ro) BOOOXPaHWIMLLA, B HACTOSILLIEE BPEMSI COCTaBJISA-
eT okono 7000 km2. CymmapHas nnoLians Kapenb-
CKMX BOAOEMOB, 6e3 yyeTa akBaTopuii OHEXCKOro 1
JNapoxckoro 03ep, cornacHo «Kartanory o3ep u pek
Kapenuun» (2001) paBHsieTca 18 000 km?. Takum 06-
pasom, okono 40% nnowaam «o3epHoro» poHga Ka-
pennn B HacTosILLEE BPEMSI COCTaBNSIOT 3aperynm-
pOBaHHbIE BOAOEMbI — BOAOXPAHMUAMLLA, U 3TOT MNo-
KazaTesib y)Ke 3Ha4MTesNEH.

CospaHne BogOXpaHUuLL, CONMPOBOXAAETCSA U
CO30aHMEM NCKYCCTBEHHbIX BOOOTOKOB — KaHas0B,
4YTO TakXe NMPUBOAUT K UBMEHEHUIO raporpadu-
yeckonm cetu. Tak, npu ctpoutenbctee CyHCKOro
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kackaga M'9C v cosgaHnm H1Urosepckoro Bogoxpa-
HUMLLLA OblN NPOPLIT KaHas, CoeaMHUBLLNIK 03. Hu-
rozepo un Kongonoxckyto rydy OHexxckoro o3epa,
a npu co3gaHun Manbeo3epckoro BOAOXpaHUIIN-
wa — kaHan, coegnHuswnii p. CyHy n 03. lManbe.
Mpu cTponTenscTBe Boirckoro kackaga MN9C n cos-
naHum OHACKOro BoaoxpaHmnuia nocnegHee obl-
J10 COeVHEHO KaHanoM ¢ Bbirodepcknum Bogoxpa-
HuAnwem. Co3gaHne MNAOTMH W KaHanoB, nepe-
pacnpenensitolmx HanpasneHme CToka, NpuBoanT
K MepecbixaHuto pek. «Knaccmyeckmum» npumMepom
Takoro n3MeHeHus rmaporpadpuyeckon cetn Ka-
pennn MoxHo cumtatb p. CyHy B HUXKHEM CBOEM
TedyeHun (Tak HadblBaemas «HmxHaa CyHa»). B pe-
3ynerate co3gaHua CyHckoro kackaga '9C Hux-
Hee TeyeHue p. CyHbl ObISI0 NCKYCCTBEHHO OTpe3a-
HO OT OCHOBHOW CUCTEMbI, YTO HAHECSI0 Hemnonpa-
BUMbI yuiepd CyHCKMM Bogornagam — Ha MecTe
MvpBaca coopyxeHa nnoTuHa, Nop-nopor nosHo-
CTbto 06cox, KruBay notepsin 60/bLUYIO YacTb CBO-
en mowwm (Mpuropbes, 1961).

SAKJIIOHEHUE

B HacTosLLee BpeMs 3aperyiMpoBaHHble BOAO-
eMbl — BOAOXpaHUIULWA — SBNSAIOTCA HEOTbeEMIE-
Mo 4acTtbio naHgwadpTta Kapenum, cocrtaBnsas
okono 40% nnowagun «03epHoro» poHaa. Nx cos-
JaHVe He NPUBENO K CYLLLECTBEHHOMY 3aTOMIEHUIO
3emMersb (Mo BOOOXPaHUAMLLA 3aHATO YyTb Oonee
1% nnowaan Kapenuu). B pesynbrate 3atonne-
HUS1 BOOOXPAHUINLL, HE MPOU30LIO U CUJIbHOIO
N3MEHEHNS rmaporpaduyeckon cetu, XoTa ecTb U
sipKMe NpPUMEpPbl HeraTMBHbIX MpPeobpa3oBaHUi
(Hanpumep, HmxHas CyHa n CyHckmne Bogonaabl).
Mpwn aTomM cnenyeT NogyepkHyTb, YTO cO3aaHue
BOJOXPaHW/IMLL, COMPOBOXAAETCS CYLLECTBEHHbIM
M3MEHEHNEM eCTEeCTBEHHOrO pexmma BOO0EMOB
(rMopoNornyeckoro N rMapPoOXMMmMYeckoro), 4To B
CBOIO O4epedb Cka3blBaeTCsA Ha Ka4eCTBEHHOM U
KOJIMY4ECTBEHHOM COCTaBe rmapobMOHTOB. Takxke
NPOUCXOANT NepecTponka NPUBPEXHbIX FrEOKOM-
NieKCoB, N3MEHSIETCS ME30KIMMaT OKPY>KatoLLEew
BOAOXPaHUMLLE Tepputopun 1 T. A. Llenb Hawen
JanbHenwen paboTbl kKak pas3 3ak/to4yaeTcs B TOM,
4yTOObI NPOCNEAUTb, KaK NMOBAUSNO CO34aHMEe BO-
noxpaHnnuuy, Kapenmm Ha OCHOBHbIE KOMMOHEHTbI
reorpapuyeckor o60n04KN.

natoea n A. B. JlutBuHeHko. lNeTtpozaBoack: KapHL,
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DPU3UNKO-XMMUYECKOE MOAEJINPOBAHUE NPOLIECCA
BbILLEJIAHUBAHUA MOPOA

E. B. AHucumoBa™*, . C. bopoaynuua**

* Kapernbckasi rocyaapcTBeHHasi negarornyeckasl akaaemusi
** UHCcTuTyT BOAHbIX Nnpobiem Cesepa KapHL PAH

BBEOEHUE

dopmMmurpoBaHne XMMMYECKOro cocTaBa Mof-
3EMHbIX BOZ, ABNISIETCA BaXXHENLLEN re0N0rnyeckom
npobnemMoin. Amnmpuyeckas 3aBUCUMOCTb MUHe-
panus3auun 1 coctaBa NoOA3eMHbIX BOA, OT UHTEH-
CUBHOCTM BOAOOOMEHA, a 3HA4YUT, U OT BPEMEHU
COMPUKOCHOBEHMA BOAbI C MOPOA0N CTaBUT 3a4a4y
BbISICHEHUA CTEMEHW HACIWEHNS MOA3EMHbIX BOJ,
OTHOCUTENbHO BOAOBMeLLAOLWMX nopoa. B ycno-
BUSIX 30HbI rmnepreHesa Havbonee LMPOKO pac-
NPOCTPaHEHbI aAJIIOMOCUNNKATHbIE U KapOOHaTHbIE
nopoabl, UrpatoLLye OCHOBHYIO POJib B oboratle-
HUWN MOA3EMHbIX BOO, XMMNYECKMMU SNEMEHTaAMN.
OCOoOeHHO BaxHbIM [J1 UCCNIeO0BaHUSA MPOLEec-
coB GOPMMPOBAHUSA XMMUYECKOro cocTaBa Mofa-
3eMHbIX BOA, Kapenuu npencraBngdercs B3anMoO-
LEeNCTBME B CMCTEME BOAA — antOMOCUAMKATHbIE
ropHble nopoabl. Ha ocHoBaHUK aHanu3a onyoau-
KOBaHHbIX 3KCMNEPUMEHTasIbHbIX AAaHHbIX MO pPassno-
XeHuto antomocunukatoB sogon C. J1. LLsapues
(1998) menaet BbIBOA, HYTO rMAPONAN3 AOMOCUNIN-
KaTtoB NMpOTeKaeT NyTem MosIHOro Nepesoaa B pac-
TBOP XMMUNYECKNX SNIEMEHTOB C MOCNenyloLWNM NUX
ocaxAeHMeM B BUAE HOBbIX BTOPUYHbBIX MUHEPaSb-
HbIX ¢a3. leoxnmuryeckas cpega, a He CoCTaB UC-
XOOHOro MmHepana onpegensietr cocrtas hopmu-
PYIOLLIMXCA BTOPUYHBIX MUHEPaANoB. Tak KakK 4acTb
NPOAYKTOB rMApOan3a y4acTBYyeT B peakumm HeEn-
Tpanusauum, oHa CrnocoOCTBYEeT NOAAEepPXaHUIo
HEPaBHOBECHOIO COCTOSIHUS CUCTEMbI BOAa — nep-
BUYHbIE antoMocunmkaTtbl. B paboTte npeacraBns-
I0TCS pe3dynbraTtbl GUNKO-XMMUYECKOTO MOOENN-
poBaHMA (1aboOpPaTOPHOro U  KOMIMbIOTEPHOIO)
B3aMMOAENCTBMA Nopoga — Boa.

MATEPWAJIbI N METOAbI

JlaBopaTopHoe MoaennpoBaHue npoLiecca Bbi-
LenaymBaHnsa nopon npoBefeHO MeTOAOM BOfA-
HbIX BbITSDKEK B YCNOBUSX PA3INYHOIO BPEMEHU
COMNPMKOCHOBEHUA NOPOAbI C BOLOW, CTENEHU MPOo-
MbITOCTM MOPOAbl N HACLILWEHHOCTU pacTBOpa yr-
JNIeKnCcnbIM ra3oM, KOTOPbIN ABASETCHA onpeaesnsio-
WM GakTopoM B HOPMUPOBAHUU XUMUNYECKOIO
COCTaBa NnoA3eMHbIX BOL.

BbinonHeHa cepust ONbITOB MO BbILLENAYMBAHMIO
MOMIEBOLLMATOBbLIX KBAPLMTOB AUCTUIIMPOBAHHOM
Bogon (Tabn. 1). MNopopa opobunacek 0o dpakumn

<1 MM, 3anmBanacb OUCTUINIMPOBAHHOW BOOOWN B
COOTHOLLEeHUM nopoja — soga 1 : 5, nepemMelumsa-
nlacb 1 OTCTamBanacb PasninyHble Nepmoapl Bpeme-
HU. B TekCcTe MCnoab3yiTCs TEPMUHbBI «CBEXAsS» U
«MpomMbITas» nopoga. B nepBom cnyyae nmeetcs
B BMAOY pas3apobrieHHas ncxogHas nopona, Bo BTO-
pOM — Ta Xe Nopona, HO yXe NCMOoSb30BaHHasa s
OOHOW MM HECKONbKMX MOCcnenoBaTefibHbIX BbITS-
xek. HacbiweHne pacteopa CO, 0CyLLECTBANOCH C
nomowblo annapata Kunna. locne oTtcramMBaHus
BCE pacTBOpPbl GUILTPOBANIUCE Yepes3 CTEKNIAHHbIE
dUNbTPLI (Pasmep Nop 5 MKM) 1 aHaNM3NPOBAJINCH
MO OCHOBHbIM XMMMWYECKM MNoKasaTensMm 1 KOMMo-
HEeHTaM (2N1eKTPOnNpPOBOAHOCTL, pH, Na, K, Ca, Mg,
HCQ,, Cl, 8O,, Si, Al, P). Xnmuieckre aHann3bl Bbl-
MOJSIHEHbI MO CTAHOAPTHBIM METOANKAM.

Tabnwnuya 1. YCIOBUA NPOBEAEHNA OlNbITOB

N2 Bpemsa
onbl- B3aMMoO- Ycnosus onbita
Ta | pencrteus, cyT
1 0,007 Ceexwuii kBapumT + Boga
2 1 Ceexuii kBapuuT + Boga
3 43 Ceexwuii kBapumT + Boga
4 43 MpoMbITbIN KBAPLUT
(nocne onbiTa 1) + BOAA
5 1 MpOMBbITBIN KBAPLMIT
(nocne onsbitos 11 5) +Boga + CO,
6 1 MpOoMbITBIN KBAPLMUT
(nocne onbiTa 4) + BOAA
7 1 MpoMbITbIN KBAPLUT
(nocne onbiToB 1, 5, 6) + BOAA
8 1 MpOMbITHINA KBapLUT
(nocne onwitos 1, 5, 6, 8) + BoAa + CO,
9 1 MpoMbITbIN KBAPUUT
(nocne onbitos 4, 7) + Boaa + CO,
10 23 MpoMbITbIN KBAPLUT
(nocne onbita 4, 7, 10) + BOAA

PacueTbl cTeneHn HachbilWeHUs pacTBOPOB OT-
HOCUTE/NIbHO LUMPOKOro CrnekTpa MUHepasnoB Bbl-
NOSIHEHbI C NomoLwpbto nporpammbl PHREEQC, mnc-
Nnosnb3yloLLer aBToOpckylo 6aszy TepmoauHamuye-
ckux paHHblx (Parkhurst, Appelo, 1999). Bepoar-
HOCTb OCaxaeHusa TBepaown ¢asbl U3 pacTBopa
OUEeHMBanacb PacyeToM CTEMEHW HacCbILEHUS B
dopme nHgekca HacbliweHna S/ (Saturation index),
Y4UTbIBAIOLLEr0 akTUBHOCTU UHANBUAYASIbHBIX NO-
HOB B pacTBOpe

npou3seneHne aKkTMBHOCTEN MOHOB
rpou3BeneHne pacTBoOPUMOCTU

Sl =log
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(Opmeep, 1985). AKTMBHOCTb WHAWBMAOYASbHbIX
MOHOB OLIEHMBAIACb PACYETOM JINHENHbIX YpaBHe-
HUI C NPUMEHEHNEM KOHCTAHT PaBHOBECUS XMW -
YeCcKunx peakumii. BxogHbIMY AaHHbIMK 019 pacye-
Ta GOPM 3NIEMEHTOB, MHAEKCA HaCbILWEHUS MNO/-
3EMHbIX BOA, 1 APYrnx GU3NKO-XMMNYECKMX NoKa-
3aTenen Nocny>Xmam pesynbtaTbl XUMUYECKNX aHa-
JIN30B OMNbITHLIX PacTBOPOB. KOHUEHTpauuun anio-
MWHUS, 3NemMeHTa HeobxoamMMoro Ans pacyeta
paBHOBECUS1 C antoMocunnkaTamu, onpeaeneHbl
He BO BCEX pacTBOpax, N03TOMy AJ1 pacyeTa npu-
HMMaIOTCS MeaMaHHble 3Ha4YeHUs! 1S NOA3EMHbIX
BOA, POpPMUPYIOLLMXCS B BNN3KMX MO COCTaBy Mo-
poaax (BogHble pecypcel..., 2006). MIHaekc Hacbl-
LLEeHMs ANs pacTBOPOB MOXeT ObIThb: 1) SI > 0 (ne-
PECbILLEHHbIN pacTBop), 2) S| = 0 (HaCbILWEHHbIN),
3) SI < 0 (HeHacCbILLEHHbIN).

PE3YJILTATbI 1 OBCYXOEHUNE
B pesynbrate npoBedeHHbIX BOAHbLIX BbITAXEK

Nosy4yeHbl cnenylowme gaHHele (tabn. 2). OcHoB.-
HbIMW NOKa3aTeNsAMMU, XapakTEPUIYIOLLMMU COCTaB

OMbITHLIX PACTBOPOB, ABASIOTCSA UX pH 1 anekTpo-
NPOBOOHOCTb, 3HAYEHUS KOTOPbIX B 3aBUCUMOCTMU
OT YCNOBWIA OMNbITOB MNOKa3bIBaOT O0JbLUYIO Bapua-
6enbHOCTL (puc. 1, 2).

Ha puc. 1 BugHo, 410 4yepe3d 10 MmMH B3anMoO-
OEencTBUS ANCTUINIMPOBAHHOM BOAbl CO CBeXen
nopoaon pH pacTteopa pes3ko yBenn4macs — ot 5,6
0o 7,8, ayepes 1 cyT B3aMMOAENCTBMS 3HAYEHNE
BbIPOC/I0 HE3HAYNTENBHO — 40 7,98 1 NpakTnyecku
He nameHunocbk 4epes 43 cyT (pH 8). Auctunanpo-
BaHHasi BOAQ, B3aMMOOeNCTBYS C MPOMbITOMN NOPO-
[0W, He3aBMCUMO OT KpaTtHoCcTu (1-4 pasa) v Bpe-
MeHu (1, 23, 43 cyT) NnpomMbiBaHKSs1, 0OpasyeT pac-
TBOpbLlI ¢ pH 7,4-7,9. OTHOCUTENBHO HEOOoNbLLIOE
noBbllLieHne pH no cpaBHEHMIO C ANCTUNMPOBAH-
HoM BoAoOwM (0T 5,6 #o 6,22-6,5) NnponcxoauT B Bbl-
Taxkax ¢ CO, (puc. 1).

Takum o00pasom, B3auMOAencTBUe OUCTUII-
NIMPOBaHHOM BOAblI C KBapuUMTOM MoBbilaeT pH
pacTBopa [0 CnabollenoyHoro, npuyemM usme-
HeHust pH pacTBOpoOB Hambosnee pe3ko NPOMCXOo-
OAT B NMepBble MUHYTbl B3aUMOAENCTBUSA NOPOAbI
C BOOOW.

Tabnunuya 2. PE3YJILTATbl XUMNYECKMX AHAJTM30B BOJHbIX BbITAXEK

+ + 2+ 2+ i - - 2-

Ne S N | K [ Ca* | Mg* | Fe | SiO, |HCO | cI [s0,>] ¥ Al
onbiTa Mmr/n MKr/n
1 7,78 92,8 3,8 3 13,1 0,6 0,05 0,27 51,9 1,1 1,6 75,1 -
2 7,98 118,3 5,6 3,8 13,6 0,8 0,07 0,31 61 3,3 41 92,3 -
3 8,01 167,5 6,5 5,1 22,2 1,3 0,09 1,9 92,1 3,8 4.7 136 -
4 7,91 109,8 1,7 2,9 17,5 0,6 0,12 1,8 66,1 0,5 4.1 93,8 -
5 6,22 427 0,5 1,6 80,3 0,3 0,3 17,5 | 273,8 0,6 1,2 359 39
6 7,71 36,2 0,9 0,6 6,1 1,1 0,05 0,2 18,3 0,3 1,4 28,7 46
7 7,39 38,9 - - - - - - - - - - -
8 7,57 50 0,2 0,3 10 0,1 - - 28,1 0,2 - - -
9 6,5 237 1,2 0,2 49 0,8 0,2 14,6 140,8 0,8 1,4 194 -
10 8,05 111 - - - - - - - - - - -

8,5
8 _
7,5 H
B guctunnuposaHHasa Boga
7
T o
S H cBeXxui KBapuuT+soaa
6,5
- O npoMbIThIN KBapUUT+BOAA
6
O npombITbIV KBapUUT+BOAA+
5,5 ﬁ CO02
5
10 MyH 1cyt 23 cyT 43cyT

Bpemsi B3auMoAencTBus

Puc. 1.

MN3meHeHnsa pH OnbITHLIX PAaCTBOPOB
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Mpn B3anMoaencTemMn BoAbl CO CBEXEN MOpPOo-
non yepes 10 MMH 9NeKTPONPOBOAHOCTb PacTBO-
pa pe3ko ysenn4ymnacb — ot 1,9 go 98,2 mkCm/cm
(puc. 2). JanbHenwmnin NnpoLece BbilenaynBaHms
KBapumTa BOAOW 3aMemyINICs: 4Yepe3 CyTKu
3NEeKTPONPOBOAHOCTb YBENMYMIacb BCEro Ha
20% (o 118 mkCm/cM) 1 TonbkO Yepes 43 cyT —

450

Ha 70% (mo 167 mkCm/CM), T. €. MPOLLECC BbiLLe-
NlayMBaHMS He NOAYUNHSAETCS JIMHEeMHOMY 3aKOHY
(puc. 3).

BbITSXKN 13 NPOMBITOM MOpoabl (HE3aBUCUMO
OT KPaTHOCTU M MPOAOIXKNTENIbHOCTN NPOMbIBa-
HUS) 0OpasyloT MeHee MUHEPaNM30BaHHbIE, YEM
M3 CBeXen nopoabl, pacTtBopbl. Yepesd cyTku

400

w
a
o

w
o
o

N
a
o

H cBeXWi KBapUMT+BOAA
O NnpoMbIThI KBApUUT+BOAA

N
o
o

O npombIThI kBapumT+Boga+ CO2

-
(41}
o

3nekTponpoBoAHOCTb, MKCM/cM

-
o
o

a
o
I

10 MuH Teyt 23 cyT

BpeMsi B3aUMOAENCTBUS

43cyT

Puc. 2. N3meHeHMs 3NeKTpOonpoBOAHOCTM OMbITHLIX PACTBOPOB

180 T T T

160

140

120

100

a0

B0 Fof

INeKTPONPOBOAHOCTE, MKCM/CM

40 g

20 - : .

o NpomMbITas nopoaa
“#._ cBexkas nopoja 1

25 30 35 40 45

Bpems, cyT

Punc. 3. 3aBMCMMOCTb 3n1eKTPONPOBOAHOCTI PacTBOPA OT BPEMEHM B3anMoaen -
CTBUSI BOAbI CO CBEXEN M MPOMbITON NOPOAOMN
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B3aMMOAENCTBUS C BOOOWN 3NEKTPONPOBOAHOCTb
pacTBOPOB OKa3asacb BTPOE MeHbLle (0kono 40
MKCM/CM), YEM BbITSXKA U3 CBEXEN NOpOoAbl, a
yepes3 23 1 43 CyT — HA TPETb HMXE C BNIKUMUN
3HayeHusmn (okono 110 mkCm/cm) (puc. 2, 3).
Xapaktep W3MeHeHUs1 3NeKTPonpPOBOAHOCTU B
3aBUCMMOCTN OT BPEMEHWN B3aUMOAENCTBUS MO-
poaa — BoJa 0AMHAKOB AJi1s1 CBEXEN U NMPOMbITON
nopogabl (puc. 3).

MOXHO NPeanonoXnTb, 4HTO U3 CBEXEN NMOPOAbI
B MEepByl o04Yepelb BbIMbIBAOTCSA MPEUMYLLECT-
BEHHO JIerkopacTBOPUMbIE COEANHEHUS, NPUCYT-
CTBylOLLME B MoOpodax B BuAE rasoBO-XUOKUX
BKJIIOYEHNI, KOTOPbIE BCKPbIBAKOTCSA Npu apobde-
HUKM nopoabl (bopoaynunHa, 1993). MNocne ypane-
HUS UX NEPBbIMU BbITSXKKAMW AasibHelllee B3aun-
MOZENCTBME MOPOAbl C BOOOM MOXHO MnpencTa-
BUTb Kak NnpeobpasoBaHmne antoMocunmkaToB. VH-
KOHIPY3HTHOE pPaCTBOPEHME  aNIlOMOCUIINKATOB
00653aH0 rmaBHbIM 06Pa30M ABIEHUSIM FMOPOSIN3A,
yacTHasi peakumss KOTOPOro Ajasi aHopTUTa, MUHE-
pana 13 rpynnbl NOMEBbIX LINATOB, MOXET ObITb
npeacrtasneHa (LLUsapues, 1998):

2CalAlLSi,O,] + 6H,0 — [Al,Si, 0, ](OH), +
+2Ca? + 40H-.

B npouecce ruaponusa 06pasyeTcst BTOPUYHbINA
aNtoOMOCUIMKAT (KAONVHUT), MOH Kanbuus 1 rpynna
OH-, 6onbliass 4acTb KOTOPOW MNpW HaIMyuu B
Boge CO, HenTpanmadyerca no cxeme OH  +
+CO,— HCO,. Takum 06pasom, B3anMoaeicTeNe
aNtoMOCUNIMKATOB C BOOOM NPUBOAUT K 0O6pas3oBa-
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HWIO BTOPMYHbIX MPOAYKTOB, PACTBOPMMOCTb KOTO-
PbIX H/XXE UCXOAHbIX, @ YaCTb NPOAYKTOB rMaposn-
3a y4acTBYET B peakumn HenTpanusaummn (Npun yya-
ctum CO,), koTopas cnocoOCTBYeT NoAAePXaHNIO
HepaBHOBECHOIO COCTOSIHUS CUCTEMbI BOAaA — Nep-
BUYHblE antomMmocunmkatbl (LLesapues, 1998). lMo-
3TOMY B HaLLIMX OMblTax Npu B3aMmMoOencTBnmn Npo-
MbITOM NMOPOAbl C BOAOW B YCJIOBUSIX HACbILLEHWS
CO, npouncxoomnT yBennyeHre a1eKTponpoBoaHO-
cTn pactBopoB B 5-10 pa3 (No cpaBHEHMIO C Orbl-
Tamu B 0ObIYHbIX YCIOBUSIX) B 3aBUCMMOCTU OT €ro
KOHLeHTpauum (puc. 4). MakcnmanbHOe 3Ha4YeHne
3NeKTPONPOBOAHOCTM OTMEeYaeTCcs NPy NoYTK Nos-
HOM HaCbILLLEH PACTBOPA YINIEKNCIIbIM Fra30oM.
AHaNN3 XMMM4YeCcKoro CocTaBa OrbITHbIX PaCcTBO-
POB NOATBEPXOAET, YTO CBEXas NoOpoaa COAEPXKUT
JIerkopacTBOpPUMbIE COMK, KOTOPblE 0OpPa3yIoT pac-
TBOPbI MMapokapOboHaTHO-KaNbLUMEBOr0 cocTaBa C
[OCTaTO4YHO BbICOKO OTHOCUTESNIbHOW KOHLIEHTPA-
umen Hatpusa (18-23 %-3kB.), kanus (8-9 %-aks.),
xnopuaos (6—8 %-3kB.) (Tabn. 3). NMoBTOPHLIE BbI-
TSKKN U3 yXKe NMPOMbITON Nopoapl (HE3aBUCUMO OT
KPaTHOCTU U NPOAOSIXKUTENIbHOCTU NMPOMbIBaHMS) B
OTKPbITOM cucteme o6pasdytoT PacTBOPbI CYLLLECT-
BEHHO rMapokapboHaTHO-KaNbLIMEBOro COCTaBa, a
KOHUEHTpaunn Hatpus He npeBbiwaloT 9%, xnop-
noHa — 3%. PacTBopbl, 06pasyoLLmMecst B YCIOBUSIX
HaACbILLEHNS YINEKNCbIM ra3oM, KanbLms coaep-
XaT Ha NMopsiAOK Bbille, YeM B 0ObIYHbIX YCIOBUSX, U
Ha 99% ruapokapboHaTHO-KanbLmeBble. Kpome To-
ro, Npv 9TOM B PacTBOP NepexoauT H60Jiee BbICOKOE
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Puc. 4. 3aBMCUMOCTb BE/IMHMHbI 3JIEKTPONPOBOAHOCTM PacTBOpa OT KoHueHTpauun CO,,.
Bpems B3anmoaencTens NnpoMbITON NOPOAbI C BOAOW BO BCEX OMnbiTax — 1 CyT

120



Ta6nuua 3. XMMUYECKMM COCTAB BOAHbIX
BbITAXEK

on':TTa pH Xummnyeckuii coctas (dopmyna Kypnosa)
N N FCO,94 013
) BT a6t NalT Ke Mgs
21798 M G K o
3 8,01 Mlll35 E‘fb?ijxlggqh;?
¢ 791 Mo o R Mgy
5 16,22 M, 3 %
6 |7,71 My, gf?uﬁ;giaiim
7 |757 Myass %
9 6,50 My %

KONMMYeCTBO KpemHus (6,8-8,3 mr Si/n) n xenesa
(0,2-0,3 mr/n) no cpaBHEHMIO C OMbITaMK B OTKPbI-
Tbix kK atmMocdepe ycnosusx (0,1-1 mr Si/n n 0,05—
0,12 mr Fe/n cOOTBETCTBEHHO).

[nsa Toro 4to6bl pewmnTb BONPOC, A0 Kakol cTa-
O MOXET NPOX0AMTb NPOLLECC BbILLENAYMBAHNS

Ta6bnuua 4. XAPAKTEPUCTUKA MUHEPAJIOB

nopoasbl, T. €. BO3BMOXHO J11 YCTaHOBJIEHME TEPMO-
OVHaMMYeckoro paBHOBECUs1 BOAbl C MOPOAON B
ycnosuax: Temnepatypa 25 °C, gaBneHue 1 atm,
Mbl NPOBE/IN PacYeT CTEMNEHU HACbILWEHNS OMbIT-
HbIX PACTBOPOB MO OTHOLLEHUIO K OCHOBHbIM NMOPO-
noobpasylyM MUHepanam M NpoaykTaMm Ux
n3mMeHeHus1. B Tabn. 4 npuBoaAnTCS KpaTkasi xapak-
TEPUCTMKA HEKOTOPbIX MMHEPASIOB.

PacueT wuvHpOekca HacblWEeHUs 3KCNepuMeH-
TaslbHbIX PACTBOPOB OTHOCUTESIbHO BOJbLLIOIO KO-
Nn4ecTBa MUHEpPasioB rnokasas, 4To MasloMuHepa-
JIN30BaHHbIE BbITSXKN N3 KBapLMTa B OTKPbITON K
aTMoc@epe CMCTEME He HaCbILLEHbI MO OTHOLIE-
HUWIO KO BCEM MUHepasnam, 3a UCKITIOYEHMEM OKCU-
0OB N r’MOPOKCUAOB Xenes3a 1 antoMunHus (tabn. 5,
puc. 5).

CteneHb HacbILWEeHNS pacTBOPOB OTHOCUTENb-
HO KanbLWTa MOBbLILIAETCA C POCTOM MWUHepanm-
3aumn, u Hambonee ONU3KMM K pPaBHOBECUIO
(SI'=-0,05) okazancs pactsop, 06pa3oBaHHbIN B
onbite N2 3 (Bpemsa B3anmogenctema 43 cyT). B
cucteme nopona - soga + CO, pactsopbl 6onee
MWUHEPaNM30BaHbl N YXK€ HACbILLLEHbI TN BIN3KK K
PaBHOBECUIO C HEKOTOPbLIMW BTOPUYHLIMMK asto-
MocCUnmMkaTamm (KaosIMHUT, UANIUT), HO OCTaloTCS
He HacCbILWEHHbIMW MO OTHOLLUEHWUIO K NEPBUYHbLIM
anoMocunmkaTtam m B OONbLUEN CTEMNEHU, YEM B
MasloMUHepPanmM30BaHHbIX PaCTBOPaXx, K KanbLUTy

MwuHepan Knaccundwnkaums Xumnyeckas dopmyna [eHesunc
Anbout KapkacoBble cunukathbl (nnarmoknasbl) Na[AlISi,O,] Marmarunyeckui
AHOpTUT KapkacoBble cunukartsl (nnarmoknasbl) Ca[ALSI,O,] Marmartunyeckuii
Kanbunt MpocTble 6e3BoAHbIE KAPOOHATHI CaCO3 [vnepreHHbIN,

0cafouyHbIn,
MeTamopdu4ecknin
Mupodpunnnt JIncToBbIE CUNKUKATLI, Fpynna Tajnbka — Al,(OH),[Si,0,] MeTtamopdunydeckun,
nupodunnuta rmapoTepmMasnbHbIn
fematut MpocTble okncnbl, pag xenesa Fe,O, [MneprexHbIn,
MeTamopduryecknin
fetut lMpocTble oknchnbl, pag xenesa HFeO, [vnepreHHbIN,
MeTamopduryecknin
mebeunt [MpocTble OKnCbl, PS4 antOMUHUSA Al(OH), [vneprexHHbIN,
(rmgpoaprunnur) rmapoTepmManbHbIi
nnut JlncToBble cunukaTbl, Fpynna ruapocstoL, (K,H,0)Al(OH),[(Al,Si),0,,InH,0 vnepreHHbIN
(rmopomMyCcKOBUT)
KaonnHut JInCTOBbIE CUNUKATBI, FPyNna cepneHTuHa — Al (OH),[Si,0,,] [vneprexHbIn,
KaonnHuTa rmapoTepmasbHbIi

Ta6bnuuya 5. MHAEKC HACBILLEH/SA PACTBOPOB OTHOCUTEJIbHO HEKOTOPbIX MMHEPAJIOB

Ne AnbouT AHOPTUT Kanbunt Fe(OH), fematut fetut nnnut mbo6euT | KaonuHut Mnpo-
onbiTa bunnnt
1 -8,9 -7,4 -0,7 1,6 17,0 7,4 -6,6 0,6 -1,2 -2,1
2 -8,0 -7,4 -0,5 1,8 17,4 7,7 -6,3 0,1 -1,6 -1,8
3 -6,2 -5,6 -0,1 1,8 17,5 7,7 -3,8 0,4 -0,1 0,7
4 -7,0 -6,2 -0,4 1,8 17,4 7,7 -4.5 0,2 -0,4 0,5
5 -5,5 -5,4 -1,3 -2,4 9,0 3,5 -0,7 1,6 4,3 7,0
6 -9,6 -7,3 -1,5 1,5 16,8 7,4 -6,5 1,1 -0,7 -1,8
9 -4,6 -5,4 -1,8 -1,9 9,9 3,9 -0,9 1,2 4,0 7,2
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Puc. 5. CreneHb HachlEHNS OMbITHbIX PACTBOPOB (Sl) OTHOCUTENIbBHO HEKOTOPbLIX MUHEPASIOB B 3aBUCUMOCTU OT

KOJIMY4ECTBA PACTBOPEHHbIX CONeln

(puc. 5). NMony4yeHHble pe3ynbTaTbl CBUOETENLCT-
BYIOT O TOM, YTO MPOLECC BbiLLleNla4yMBaHUA ABNSA-
€TCH pe3ybTaTOM HEPaBHOBECHOCTU BOA, C NMep-
BUYHBIMUW antoMOCUIMKaTamu, a yrinekmcnol ras
CIYXUT KJTl04YEBbIM (PaKTOPOM B MUSMEHEHUN PaB-
HOBECHbIX YCIOBUIA.

SAKJTIOYEHUE

Cuctema Boga — nopoga obnagaet MHOMMMU
CBOMCTBAMU U MeEXaHM3MamMu B3aMMOOENCTBUS.
[naBHbI cpean HUX — BHYTPEHHEe MNpOoTMBOpPE-
yMe paBHOBECHO-HEPABHOBECHOIO €€ COCTOSAHMS,
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PA3BABJIEHUE TEXHOTEHHbIX BO, KOCTOMYKLLUCKOIO NOKa
B CUCTEME PEKU KEHTU

H. E. KynakoBa

UHcTuTyT BOoAHbIX Npobrem Cesepa KapHL PAH

MHdpopmaumio 0 3arpa3HEeHHOCTU BOOHOIMO
ob6bekTa OT TOro UM MHOTO UCTOYHMKA TEXHOIEH-
HOrO BO3AENCTBMSA MOXHO MONYYNTb MO KPATHOCTU
pasbaBfieHNs CTOYHbIX BOA, MOCTYNaoLWWX OT AaH-
HOro UCTOYHMKA. [N 3TOro BaXXHO BblOpaTb KOH-
cepBaTUBHbIE XMMUYECKME NOKa3aTenun, cogepxa-
HME KOTOPbIX B BOOOEME OMpPeaenseTcs TONbKO
dun3unyeckmmun dpakTtopamu pa3baBiieHns n He 3a-
BUCUT OT BHYTPMBOAOEMHbIX NPOLECCOB. [ns 911X
uener NnoaxoasaT TONbKO T€ KOMMOHEHTbI, KOHLIEH-
Tpauus KOTOPbIX B CTOYHbIX BOAAX CYLLECTBEHHO
OT/INYAETCS OT MPUPOAHbIX BOA,

OCHOBHbIM (pakTOPOM aHTPOMOreHHOro BO3AEN-
CTBUS HA cucTemy p. KEHTU ABASIOTCS TEXHOMEHHbIE
BoAbl KOCTOMYKLLCKOro ropHo-060ratutenbHoro
KoMOUHaTa, KOTOpPble NOCTYNAaloT B HEe B pe3ysibTa-
Te NOMyCKOB BOAbl N3 XBOCTOXPaHMAMLLA, C PUNbT-
paunoOHHbIMY BOAAMW 1 C BOOAMW OTBOOHbIX KaHa-
noB. K TEXHOreHHbIM BOgAM OTHOCATCA U PYOHWY-
Hble, KOTOPbIE HEMOCPEACTBEHHO B CaMy CUCTEMY
HEe NOCTYNaloT, OHM 3aKa4MBaKOTCS B XBOCTOXPAHU-
nuwe, roe 6narogaps ero 4OCTaToyHO 3amMenJ1eH-
HOMY BOJ0OOOMEHY NPOUNCXOAUT CYLLLECTBEHHOE 13-
MEHEHWE CoaepXaHnsa a3oTUCTbIX BewecTs (J1o30-
BuK, 2007). ICTOYHMKOM 3arpsa3HeHNs Takxke ABns-
IOTCS OTBasIbl BCKPbILIHbIX NOPO4, BOAA OT KOTOPbIX
NMOCTyNaeT B CEBEPO-3anagHblii KaHan.

TexHOoreHHble BOAbl OTNNYAIOTCS BbICOKMM CO-
nepXaHnem M1UHeparbHbIX BeLlecTs: 6onee noso-
BWHbI cOpacbiBaeMbIX NPOAYKTOB MPUXOANTCHA Ha
cynbdaTtsbl (2050 1/ron) v kanuii (1740 1/rop). N3
OUNOreHHbIX 3JIEMEHTOB HabnogaeTcss Hanmbosb-
LA cOpoc HUTpaToB (B cpeaHeM okono 97 T/ron).
M3 cneundunyeckmx BELLECTB Cneayet OTMETUTb
nutuin (okono 1 1/roa) n Hukens (0,1 T/roa), KOTO-
pble NOCTyNaloT B BOAY NPU TEXHONOIMYECKOW ne-
pepaboTke pyabl (Jlososuk, 2007).

CornacHo OaHHbIM MO XMMWUYECKOMY COCTaBy
TEXHOrEHHbIX BOA, Mofly4eHHbIM B 2008 r., X MOXHO
KpaTKO 0XapakTepmnaoBaTth CleayloLwmmMm 06pasom.

PyaHWYHbIE BOObI SIBASIOTCS BbICOKOMUHEPANN-
30BaHHbIMM (2, — 1624 mr/n), cynbdartHOro knacca
rpynnbl KanbUns, 1 MO MOHHOMY COCTaBY UX MOXHO
OTHEeCTM K runcoBbiM Bogam (Jlososuk, 2007).
Kpome Toro, OHM OTANYaTCS BbICOKMM COaepXa-
HVYeM a30TUCTbIX coeanHeHnin (NH, — 25 mr N/n,
NO, - 38 mr N/n, NO, - 1,22 mr N/n), 4To AiBNsieTcA
CNnencTBMEM HEMOJTHOMO Pa3nNoXeHMS B3PbIBYATbIX
BewecTB. [ pygHMYHbIX BOA, TakKKe XapakTeEPHO
3HAYNTENBHOE COAEPXXAHNE METASINIOB FPYMbl Xe-

nesa (Mn — 1,15 mr/n, Ni — 56,6 mkr/n) n nutus
(65 mkr/n). Mpu 3TOM B HUX OTMEYEHO HM3KOE CO-
nepxarne OB (BrK =1 ;38 MrO/n, NMO=4,1mr0O/n,
LIB=8rpaa.)un P s (19 mkr/n).

B BOomax XxBOCTOXpaHwnuwia B OTAMYME OT
PYOHWYHBIX B WMOHHOM coOcTaBe npeobnagatoT
MOHbI Kanus (54 %-3kB.) n cynbdathbl (70 %-9kB.),
M B CBA3U C 3TUM MX OTHOCST K CyfibdaTHO-Kanme-
BbIM. B 9Tux BOogax Habnwopaercs 3Ha4nTesbHoe
copepxaHue HmutpatoB (8,0 mr N/n) n HUTPUTOB
(0,37 mr N/n), Torga Kkak KOHLEHTPaLUUs aMMOHUS
(0,13 mr N/n) Huskasa. O6bACHAETCS 3TO TEM, YTO
cnabouwenoyHaa cpega (pH — 8) cnocobcTteyeT
yOaNeHN0 aMMOHUS, a HanmMymue Kucnopoja npu-
BOAMT K HaCTUYHOMY OKUCIIEHUIO HUTPUTOB 0 HUT-
patoB (Jlozosuk, 2007). U3 Apyrux XmMm4eckmx
nokasarefnien OTMEYaeTCs BbICOKOE COAepxaHue
nantus (100 mkr/n).

®OunbTpauMoHHbIe BOAbI, Kak U pyaHUYHbIE, SB-
naTCca cynbdaTtHO-KaNbUMEBLIMU, HO B OTINYME
OT NOCNIEAHNX B HUX COOEPXUTCA HEDOSbLLOE KO-
nnyecTtBo nntus (13 MKr/n) n a3oTUCTbIX BELLECTB
(NH, - 0,015 mr N/n , NO3 — 0,47 mr N/n, NO2 -
0,001 mr N/n).

Boobl OTBOOHBLIX KaHaNOB MO XUMWUYECKOMY
COCTaBy OTHOCATCA K CynbdaTHO-KanbLme-
BbIM MarHmeBbiM W BbIAENSAIOTCH MOBbILLIEHHbBIM
cogepxaHvem nutmna (18 wmkr/n), mapradua
(0,07 Mmr/n) n a30TUCTbIX BELLECTB MO CPABHEHUIO
C uyncTbiMM BOoZamMu pervoHa (MoBepxHOCTHbIe
BOAbI..., 2001).

LOns oueHkn KpaTHOCTM pas3baBieHUs TEXHO-
FEHHbIX BOA, B cucTemMe p. KeHTn Obian cnonb3o-
BaHbl MHOrOJIETHME AAHHbIE TMAPOXMMUYECKUX Ha-
onopeHnin B 1996-2008 rr.

[ToCcKONbKY KOHUEHTPpaUUU Kanusa n cynb@artos
B TexHOreHHbIx Bogax Koctomykuickoro NOKa 3Ha-
4YNTENbHO MPEBLILIAIOT NPUPOLHbIE (CoaepXaHue
kanus B 300 pas, cynbdatos — 100 pas), oHu sBnS-
IOTCH NPUOPUTETHBIMU KOHCEPBATUBHLIMU XMMMU-
4eCKMMW nokazaTensMm, 1 no ux COAEpPXaHWuio
MOXHO CyanTb O pa3baBneHnn TEXHOMEHHbIX BO, B
cucteme p. KeHtn.

PacueT kpaTHOCTN pa3baBneHns CTO4HbIX BOL, B
TOYke HabNOeHNS OCYLLLECTBNSETCS MO GopMyIe:

C

— cT B doH
pa3b C

—c roe C_, — KOHUEeHTpaums npuo-
Habn $oH
PUTETHOIO KOHCEPBATMBHOMO BELLECTBA B CTOYHOM
Boae, C., mC __ — ero ¢oHoBas n Habnogaemas

dOoH Habn

KOHUEHTpauund B BOOHOM obbekTe.

K
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B cBs131 ¢ HanmMymem 60MbLLIOro KONMYeCcTBa UC-
TOYHMKOB @HTPOMOreHHOro BO3OeNCTBUSA Ha CUC-
Temy p. KEHTU CNOXHO HEMNOCPEACTBEHHO OLEHUTb
pa3baBfieHNne TEXHOreHHbIXx BoA. [MoaTomy Kpart-
HOCTb pa3baBneHns paccymnTbiBanacb OTHOCU-
TenbHO BoA, 03. Nonnanuapseu (puc. 1, 2), B KOTO-
POM aKKyMYJIMPYIOTCS BCE TEXHOreHHble BOAbl
Koctomykuickoro NOKa, a Takxe OTHOCUTENbHO
BOA, XBOCTOXpaHmnuwia (puc. 3, 4), KoTopble BHO-
CAT OCHOBHOW Bknaj B aHTPOMOreHHY Harpyaky
Ha cuctemy p. KeHtn. Ocoboe BHMMaHME ObIIO
yOoeneHo 3MMHEMY Ce30Hy, Korga oTMevaeTcs
MakCcUMasibHOEe HaKOMJeHMe TEXHOreHHbIX BOO, B
HUXXHMX 03epax CUCTEMBbI.

B o03. KomBac Habnwogaetca B CcpeaHem
1,5-2,5-kpaTHoe pasbaBneHne TEXHOrMEHHbIX BO.,
no obouMM nokasaTefnsiM Ha MNPOTSXKEHUM BCEro
paccmatpuBaemMoro nepuoga. B 03. KeHTo pas-
OaBneHne n3ameHsietTcsa B npegenax 1,5-3-kpaTtHo-
ro nNo kanami n 2-4,5-kpatHoro no cynbdartam.
03. Cp. Kyto nogsepraetcsi MEHbLUEMY BANSHWNIO
TEXHOTEHHbIX BOA, BBUAY O0nblioro pasbdasnsio-
Lwero apdekTa 3a cHeT BOA, MOCTYNAOLLMX B YCTbe
p. KeHTn n3 03. B. Kyiito, noatomy pasbaBneHune B
HEM M3MeHeHseTca B npegenax 25-90-kpaTHoro
no kanuio n 63-100-kpaTtHoro no cynbdatam. B
LLESIOM Xe Ha NPOTSXXEeHUM MHOrOJIETHEro nepmoaa
HabnoaaeTcs TEHOEHUMS YMEHbLUEHUSI KpaTHOCTU
pasbasfieHnst Bog, 03. lNMonnanusapseu Kak B HUXHNX

o3epax, Tak 1 B 03. Cp. Kyinto, a HenocpeaCcTBEHHO
BOJ, XBOCTOXpaHuvLa pasdaBneHme mMano MeHs-
eTca no rogam (puc. 3, 4).

Lns HAXKHMX 03ep cucTeMsbl p. KeHTH KpaTHOCTH
pasbaBfieHNs1 B NOCNeAHEM Cllydae N3MEHSIIOTCS B
npenenax 3—10 no kanuio n 2-6 no cynbdaram. B
03. Cp. Kyinto pazbaBneHune B cpegHeM COCTaBJIs-
eT 100-kpaTHOe. 3Ha4eHus Kpas6 BO/, XBOCTOXPaAHMN-
Anwa BbllWe, YeM KPaTHOCTb pas3baBneHus BOA,
03. [Nonnanuapen. BTO CBA3aHO C TEM, YTO KOH-
LeHTpauum kanus u cynbdaTtoB B 03. [Nonnanusap-
BN MEHbLLE, YeM B BOJE XBOCTOXPaHUMLLA.

Pasnuine B TeHAEHUMsX nameHenns K o Bon,
03. lonnanusapBm U XBOCTOXpaHWMLLA CBUOE-
TeNbCTBYET O TOM, Y4TO B 03. [lonnanuspem NocTy-
natT TEXHOTrEeHHbIE BOAbl OT HEYYTEHHbIX UCTOYHU-
kKoB. [M0-BMOVMMOMY, 3TO CBSI3aHO C €XEerofHblM
yBENIMYEHNEM BblHOCA BELEeCTB C OTBaJoOB
BCKPbILLHbLIX MOPOA, 4TO BedeT K POCTy coaep-
XaHWs KOMMNOHEHTOB B BoAe 03. Nonnanusapseu, a,
Kak CneacTtBue, K YMEHbLUEHUIO KPaTHOCTU pas-
6aBneHus.

Cnepyet OTMETUTb, YTO NOKa3aTeslb KPaTHOCTH
pa3baBfieHNs1 CTO4YHbIX BOL, sIBNSieTCs MH@opMa-
TmBHbIM. ConocTtaeneHvie napameTpa Ko ¢ oes-
BPEeAHOW KPaTHOCTbIO pa3baBfieHns CTOYHbIX BOA,
noJstly4aemMon B TOKCUKOJIOrMYeCKOM OrbITe, NO3BO-
NSIeT YCTAHOBUTb, BO3MOXHO JIM TOKCUKOJSIOrnye-
CKOoe [OeNcTBMe 3arpsi3HeHHbIX BOA, HE MpPOBOAS
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Punc. 1. VIameHeHune kpaTHOCTU pa3basneHns Bog 03. [Tonnannspemn B HUXKHNX 03epax

cuctembl p. KeHTtn (A) n 03. Cp. Kyinto (B) 3a MHOroneTHui nepuog, (no kanumio)
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Punc. 2. WNameHeHue kpaTHOCTU pasbaBneHus BofA, 03. [onnannsipeu B HMXKHUX O03epax CUCTEMbI
p. KeHtn (A) 1 03. Cp. Kyinto (B) 3a MHOroneTHuii nepuog, (no cynbdartam)
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Punc. 3. PasbaBneHne BOO XBOCTOXPAHUMLLA B HUXKHUX 03epax cnuctemol p. KeHtu (A)
1 03. Cp. Kyinto (B) 3a MHOroneTHuii nepuog, (No Kanumio)
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Puc. 4. PasbaBneHve BOL XBOCTOXPAHUINLLA B HUXHUX 03epax cuctemMsbl p. KeHTn
(A) n 03. Cp. Kyiito (B) 3a MmHOronetHun nepunog, (no cynbdaram)

npu 3TOM BeCbMa TPYLOEMKMX OMbITOB NO 61O-
TecTmpoBaHuio. Kpome TOro, aToT nokasaTesb
MOXHO WMCNOSb30BaTb AJ1s1 pacyeTa HopmMmupye-

JINTEPATYPA

JlozoBuk I1. A. Bogoembl panoHa KocTomykiuw.
O3epHo-peyHas cuctema KeHtun. ObLLas xapakTepucTu-
ka // CocTosiHMe BoOHbIXx 06bekToB Pecnybnuku Kape-
nus. Mo peadynstatam MoHuTopuHra 1998-2006 rr. MeT-
po3zasoack: KapHL, PAH, 2007. C. 99-100.

Mertoguka pa3paboTky HOPMAaTUBOB A0MYCTUMbIX

MOro AOonycTUMOro cbpoca CTOYHbIX BOA, CO-
rnacHoO MeTogmyeckmm pekomeHpaumsam (MeTto-
avka..., 2007).

cOpPOCOB BELLECTB 1 MUKPOOPraHM3MOB B BOIHbIE Cpe-
Oobl  ona  Bomononb3oatenen. MIP  Poccum ot
17.12.2007.41 c.

lMoBepxHOCTHbIe BOAbI KaneBanbCKOro pamoHa u
Tepputopun KoCTOMYKLLIM B YCNIOBUSIX aHTPOMOrEeHHOro
Bosnencteua / OTB. pea. M. A. Jlososuk, C.-J1. Mapkka-
HeH, T. U. Perepang. Metpos3asoack: KapHLL, PAH, 2001.
168 c.

MHTEHCUBHOCTb HUTPUDUKALUU B BOAE NETPO3ABOACKOW NYBbl
OHEXCKOIo O3EPA

A. A. AnguHan*, A. B. PoixakoB*"*

* [eTpo3aBoACKN roCYAapCTBEHHbIVI YHUBEPCUTET
** UHCcTuTyT BOAHbIX Npobsiem Cesepa KapHL PAH

BBEOEHUE

AzoT B NMPUPOAHbLIX BOAAX BXOOAUT B COCTaAB KakK

OpraHnyeckmnx (Nopr), Tak N MUHEpaJsibHbIX coean-

HeHuin — HuTpuToB (NO,’) 1 HutpaTos (NO,"). MNo-

criegHne ABRSITCHA NPOLYKTAMU OKUCIEHUA aMm-
munaka (NH,*) noa savsHuem Gprusmko-xXMMmnYeckimx
n ouoxummyecknx @aktopoB. MwuHepannsaums
opraHuyeckux sewects A0 NH, (ammoHndnkaums)
npoTekaeT 3Ha4YUTENbHO ObICTPEE, YHEM UX NPEBpa-
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wenne no NO, n NO,” (Hutpudukaums). Bo BTO-
POM TMpPOLIECCE HaMMEHbLLUYIO CKOPOCTb WMeeT
nepsas ¢asa — npespatieHre NH,* 8 NO, ", BTopas
xe ¢asza - okucneHne NO, B NO,” — npoTekaet
3HAYMTENBbHO ObICTpee. HuTpudmkaums — MUKpPO-
Oronornyecknii Npouecc, oHa ceszana nmbo ¢ no-
JIy4EHNEM 3HEPrun (XeMOCUHTE3, aBTOTpPOdHas
HUTpUdUKaLNR), MO0 C 3aLUTON OT aKTUBHbIX
dopM kucnopoaa, ob6pasyoLmMXcs Npu pasnoxe-
HUM NMepokcuaa Bogopoaa (retepoTpodHas HUT-
pudunkaums) (Kyaveyos, 1970). HUTpuTbl — Heyc-
TOMYMBBIE KOMIMOHEHTbI MPUPOAHLIX BoA. Hau-
6osbluas nx KOHUEHTpaums HabnoaaeTcs BO Bpe-
M$S neTHen ctarHaumu. MNMpu OCTaTO4HOM KOHLIEH-
TpauMm KuMcnopoaa npouecc OKUCIEHUs uaeT
Janblue noa aencTenem 6akTepuin, U HUTPUTLI aK-
TUBHO OKUCNSOTCS A0 HATPATOB. [MOBbILLEHHOE CO-
nepXaHne HUTPUTOB yKa3blBaeT Ha HanMyne npo-
LLECCOB Pa3/I0XXEeHNs1 OpraHN4YeCcKnx BELLLECTB B YC-
nosusax megsieHHoro okucniedus NO,” B NO,", 4Tto
yKa3blBAET Ha 3arpsi3HeHne BOOHOro oo6bekTa op-
raHM4eckMMn BeLLEecTBaMu, T. €. SBNSIeTCS BaXx-
HbIM CaHUTapHbIM MNokasartenem. [ns KonmyecT-
BEHHOI OLIEHKM CMOCOOHOCTW BOABI K CAMOQUMLLIE-
HUIO 0ObIYHO MCMONBb3YIOT KNHETUYECKME XapaKTe-
PUCTUKN peakumini BUOXMMUNYECKOrO PassioXeHus
pa3nunyHbIX BEWECTB B NpupogHon Boae (CuHenb-
HukoB, 1980). lMoMrMO 3TOro paccmMaTpuBalTCA 1
TepMoanHaMmmnyeckme (akTMBaLMOHHbIE) NapaMeT-
pbl peakumn. OCoBEHHO BaXKHbl aKTUBALMOHHbIE
XapakTepPUCTUKM NPU N3y4EHNN 3aBUCUMOCTU CKO-
pPOCTM peakumm OT Temrnepartypbl, 4TO OAeT BO3-
MOXHOCTb COCTaBWTb MPOrHO3 aKTUBHOCTW BHYT-
PVBOOOEMHbIX MPEBPALLEHNI NP UBMEHEHUU YC-
nosun B okpyxatwwen cpene (Poixakos, 2006).
Onsa onpeneneHnss MHTEHCUBHOCTU HUTpUdUKa-
LMK 0ObIYHO MCMONB3YIOT MeTOAbl NabopaToOPHOro
MoZenMpoBaHus: nobaeneHne B cpeny MarHum-
aMMoHungocparta (U3MepeHne «HUTpudpmnkaum-
OHHOW crnocobHocTu»; KyaHeuos 1 ap., 1985) nnun
pagmnoyrnepoaHbii MeTod, C  WCMNOJSIb30BaHMEM
cneunmdunyeckoro  UHrMobutTopa NUTOTPOPHOro
OKUCJIEHNS1 MOHOB aMMOHWSI — HUTpanuMpuHa
(N-serve) (Somville, 1978). B naHHoI1 paboTe cKo-
POCTb peakumm HUTpUdUKaumm nccnegosann no
meTony L. W. Belser, E. L. Mays (1980). Ans nsy4e-
HUS aKTUBHOCTUN HUTPpUdMkaummn épann soay Met-
po3aBoackon rybbl OHexckoro osepa. PaHee B
MBIMC npoBogunmcb NoapobHble MccnenoBaHus
cofepxaHusi a30TUCTbIX COeAMHEHWI B BoAe
OHexckoro o3epa (CabblnnHa, 1999), ogHako Kun-
HeTU4Yeckme u TepMOoAMHAMUYECKME aCMeKTbl
BHYTPMBOOOEMHbIX MPOLECCOB C UX y4acTUEM He
n3ydanmcb. PaboTta npon3Boamnack B pamkax ao-
roBopa 0 COTpyaHM4YecTBe mMexay nabopaTtopuen
rngpoxummn n rmgporeonorum NBIC n kadpenpon
obwwen xumum MeTplyY Ha 2008-2009 rr.

MATEPWAJIbI N METObI

Bopy MeTpo3aBoackoit rybbl OHexXckoro o3epa
B uepTe I. MeTpo3aBoacka otéupanm 19.06.08 .

B npoby Boapl 006aBMAIN MHIMOUTOP BTOPOW
ctagun Hutpudmrkaumm xnopat kanua (KCIO,) B
KOHUEHTpaunum 3 MMonb/n. B aTux ycnosusx npe-
Kpallanocb OKUC/IEHNE HUTPUTOB OO0 HUTPATOB.
CKkopoCTb peakuun HUTpuduKaumm onpeaensnm
Mo HakorieHnio noHoB NO,” BO BpEMEHMW.

[na onpeneneHns HUTPUT-MOHOB B BOJAX UC-
nonb3oBann N-(1-HadTun)-aTneHguamMmnH Cons-
HOKUCAbIN B COYETaHMN C cynbdaHunammaoom (PL,
52.24.381-95..., 1995). MeToa npegHasHa4vyeH gns
aHann3a NoBEPXHOCTHbIX BOA,C COAepPXaHNEM HUT-
putos ot 0,003 go 0,35 mr N/n. B kucnonm cpene
HNO, pearupyet ¢ cynbdaHunammoom ¢ o6paso-
BaHMEM [OMa30HNEBOro coeamHeHusl. NocnepHee
pearupyeT ¢ N-(1-HadTnn)-aTUNneHgmamMmH gurng-
pPOXNIOPUAOM C 0Opa3oBaHMEM CUJIbHOOKPALLEH-
HOro azocoeamHeHuns. ONTUYECKYIo MIOTHOCTb OK-
palleHHOro pacTtBopa onpenensnm Ha GoToKosOo-
pumeTpe KPK-3 npu gnnHe BosnHbl A 545 HMm.

[0 30.06 namepeHns npoBoaAMAN TONbKO B MPO-
6e, KOTOPYIO XpaHW/M NMpu KOMHATHOW TemMnepary-
pe B TemHoTe (T 21 °C). 3atem npoby pasgenu-

KOM

nn. OfHy 4acTb NMoMecTunn B xonoawibHuk (T
3-4°C), a opyryto oCTaBuIN B NPEXHNX YCIIOBUSIX.
Ons obenx nNpob BoAbl ONPEnEensanu KOHCTaHThI
CKOPOCTU peakuun Hutpudukaumm (k) npmn pas-
JINYHBIX 3HAYEHUsIX TemnepaTypbl MO KUHETUYEe-
CKOMY YpaBHEHMIO NEPBOro Nopsaka:

InC,/C,=k(t, - t,), (1)
roe C, — KOHUEHTpaLusa HUTPUT-MOHOB B MOMEHT
BpemeHu t. 1 C, — NX KOHLEHTpaLUus B MOMEHT Bpe-
MeHn t,.

OHTaNbNMO, SHTPONUIO 1 CBOOOAHYIO SHEPIUIO
aKTMBaUMK paccyuTbiBanM No ypasHeHusM (fop-

noH, ®opa, 1976):

AH*=RInk,/k,(1/T,- 1/T,)" - RT, (2)
AS*= 4,576 Ig(k/T) + (AH*/T) - 47,22, (3)
AG*= AH* - TAS?, (4)

rae K, 1 kK, — KOHCTaHTbl CKOPOCTY PeaKkLMm Npu Tem-
neparype T, nu T, cootBeTcTBEHHO, a T — cpeaHee
3HadeHve TeMnepaTtypsbl B HTepBane ot T, 0o T, (K),
R - rasoBas noctosiHHag (8,31 Ix/mMonb - rpag,).

PE3YJILTATbBI 1 OBCYXAEHUE

PesynbTatbl 9KcnepvMeHTa MO HaKOMEHUIO
HUTPUT-MOHOB B NMpobax BOAbl, NHKYOVUPOBAHHOWM
npu pasHon Temneparype, npueeneHsl B Tabn. 1.
CornacHo npeacTaB/ieHHbIM B Tabnvue OaHHbIM
OblI  MOCTPOEHbl rpaduyeckne 3aBUCUMOCTU
KoHueHTpauuy NO,” OT BpeMeHn ans Kaxaoro 3Ha-
yeHus TeMmnepaTtypbl (puc.). U3meHeHne KoHLEH-
Tpauun NO,” Ha4MHaNoCh TONbKO Ha 20-€e CyT.
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Ta6nnuya 1. NBMEHEHME KOHUEHTPALINA
HUTPUT-MOHOB B NPOBAX BOAbl BO BPEMEHU

OnTtmyeckas NNOTHOCTL | KoHueHTpaums
Aata |t cyr D.,--Dyno (C), mr N/n
20.06.08 0 0,008 0,001
07.07.08 16 0,058 (T,,.) 0,003
0,063 (T, ) 0,004
11.07.08 20 0,364 (T,,) 0,020
0,260 (T, ) 0,015
14.07.08 23 0,629 (T,,.) 0,040
0,378 (T, ) 0,020
16.07.08 25 0,638 (T,,) 0,040
0,445(T, ;) 0,025
18.07.08 28 0,645 (T,,.) 0,040
0,455 (T, ) 0,025

B nepuvog ¢ Havyana akcnepuMeHTa A0 3TOro
BPEMEHUN HE MPOUCXOANNO0 BUAVUMbBIX USMEHEHUN
KOHUEHTPaUMnU HUTPUT-NOHOB. [pnynHOn 3TOro
MO>XHO CHMTaTb HAIN4YME ONIUTENIbHOIO MHKYOaLn-
OHHOro rnepmoa, CBA3AHHONO C HeAOCTaTO4YHO
61aronpuUATHLIMU TeMMepaTyPHbIMU YCITOBUAMMA,
HeOO/bLWON aKTUBHOCTbIO  HUTPUDOULNPYIOLLNX
Oaktepuii. Bpemsi 16 cyT MOXHO B3STb kak Ha-
yanbHoe t,. PocTt koHueHTpauun npu 21 °C npo-
nomkancsa oo 23 cyr, npu 3-4 °C — po 25 cyr, 3a-
TEM KOHUEHTpaumsa ycTaHOBUAACb Ha OLHOM
YPOBHE.

Kak BugHoO 13 rpaduka, 6onee 3Ha4NTESbHbIN
POCT KOHUEHTpauMnm HUTPUT-MOHOB Habnwpancs
npu KOMHATHOW TemnepaTtype, cnenoBaTesibHO,
AKTUBHOCTb HUTPUGUKALMU PaCTET C YBENNYEHN-
em Temnepatypbl. OQHO3HAYHO ONpeaenuTb Mo-
PSOOK peakumMy UCXo4d w3 MnpeacTaBiieHHOro
pucyHka cnoxHo. Ckopee BCeEro, OH MeHseTcs
ot 0 po 1. OpgHako nuTepaTtypHble OaHHble ONn4

NO3BOJISIIOT paccMaTpuMBaTh ee Kak peakumto nep-
BOro nopsiaka, 4to Mbl M MCMNOJIb30BaNN B HALLINX
pacuyeTax.

Lns kaxnon n3 temnepatyp Obin paccUmTaHbl
KOHCTaHTbl CKOPOCTU peakuym 1 akTMBaUNOHHbIE
napameTpbl 0o ypasHeHuam (1), (2), (3) n (4). Cko-
POCTb peakunn HUTPUOUKaLUM MOXHO Bblpa3nTb
Kak npupocT KoHueHTpauuy NO, 3a onpenenex-
HbIi BpeMeHHOW nHtepean. Tak, npu 3-4 °C Bo3-
pacTaHue KOHUEHTpaLnn HUTPUT-MOHOB B Nepuos,
¢ 16 no 28 cyt coctaBuno 0,021 mrN/n, 1. e. 3a 04-
HU cyTkn — 0,002 mr N/n-cyT. AHanormyHbln noka-
3atenb anga peakumn npu 21 °C paeeH 0,034 mr N/n
3a 7 cyt, uam 0,005 mr N/n-cyt. CnegoBaTtensHo,
npwv NoBbllWeHN Temnepatypbl Ha 17-18 °C cko-
pocTb HUTpudmkaumm Bo3pactaetr B 2,5 pasa.
MpuMepHO Takoe e COOTHOLLeHne HabnoaaeTcs
M 05 KOHCTAHT CKOPOCTEen peakuumn (tadn. 2).

Ta6bnuuya 2. KOHCTAHTbI CKOPOCTW PEAKLINUA
HUTPUNDUKALMNA, cyT™

o Temnepatypa, K
Nen/n 276 293
1 0,33 0,47
2 0,10 0,23
3 0,11 -
CpepnHee 0,18 0,35

Mcxoasa n3 3HaveHnn k Obin paccymTaHd nepuog,
nonynpeepatleHus (t,,) No hpopmyne AN peakuunii
nepBoro nopsaaka:

7,,=In 2/k. (5)

Ona Temnepatypbl 276 n 293 K oH cocTtaBun
3,83 1 1,97 cyt, cooTBeTCcTBEHHO. Kak BUAHO, npu
HU3KOW TemnepaTtype nepuop rnosynpespaLLeHns

HUTpUdUKaummn (JleoHos, AnzatynnuH, 1977) npakTUy4eckn B 2 pasa Bblllie, YeM NPy KOMHATHOMN.
0 045
0,04 N .
0035 /'
.03 /
% 0,025 // -/ . e 21T
% 002 =34
00145 //
a,m V
0,005 =w/f*‘*\vfhw/
1] T T T T T
1] g 10 15 20 25 30
t,CYTKH

3aBUCKMMOCTb KOHLIEHTPaUUN HUTPUT-MOHOB B Npo6ax BoAbl OT BPEMEHU Npu pasHoi TemnepaType
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Janee Obin npoBeaeH pacyeT akTUBALMOHHbLIX Na-
pamMeTpOoB: SHTaNbMUN, 3HTPOMUU U CBOOOAHOM
3Heprum aktmBaumm (tadn. 3).

Tab6nuuya 3. AKTMBAUVMOHHbLIE MAPAMETPGbI
NCCJIEAYEMOW PEAKLINN

T, K| AH* kk-monb” | AS*, Ik-monb "K' | AG*, kk-mMonb™”
276 6.8 -265,9 100,7

293 ’ -265,5 104,7

BblumcneHHble 3HadeHns AS* u AG* gna 276 n
293 K npnbnuautenbHo coBnagatT Mexay coOo.
BennuurHa saHTponuu nMmeeT NoNoXNTENbHOE 3Ha-
yeHue. M3 aToro cnenyet, 4TO SHTPONKUS Nepexon-
HOro COCTOSIHUSI BblLLE 3HTPOMUM UCXOOHbIX Be-
LLeCTB, a cTepuyeckme TpedboBaHus nNpm obpaso-
BaHUM aKTMBALMOHHOIO KOMIMJEKCa HEBENVKN.
CBobooHass 3Heprus akTuBauuu uUccnenyemon
peakumn okasblBaeTcst 6/1M3KOM Mpu 000UX 3HaYe-
HUAX TeMMNepaTypbl.

Cnepyer OTMETUTb, 4YTO MOJIyYEHHbIE HaMU
OaHHble 00 akTMBALMOHHbIX NapamMeTpax peakumm
HUTPUOUKALNM NPUONN3NTENBHO COOTBETCTBYIOT
aHaNiorMyHbIM NapamMeTpam Ojs peakuum aMmo-
HUGUKauun, npmBedeHHbIM Ona p. JIOCOCUHKM
(nputoka lMeTpo3aBoackoi rydbl) (Pbikakos,
2006). 3TO MOXeT CBMOETENbCTBOBATb O CXOXe-
CTU MExXaHM3MOB 3TUX ABYX MPOLLECCOB — OUOXU-
MUYECKOM U1 pepMeHTaTUBHOM. HNCTO Xnumunye-

JIMTEPATYPA

lopgoH A., ®opag P. CnyTHUK xumunka. M.: Mup.
1976.158 c.

KysHeuos C. . Mukpodnopa 03ep 1 ee reoxmmu-
yeckasa aesatenbHocTb. J1.: Hayka, 1970. 440 c.

KysHeuoB C. U., Capanos A. U., HasuHa T. H.
Mukpoburonormyeckme NpoLLEeCChl KPYroBopoTa yrnepo-
nan asota B o3epax. M.: Hayka, 1985. 213 c.

JleoHoB A. B., AnzartynnuH T. A. KuHeTtnka n mexa-
HMU3M TpaHchopMaLUM COeaMHEHUI BUOPUIIbHBIX dNe-
meHTOB (C, O, N, P, S) B BOAHbIX 3KONOrMYeCKnUX CucTe-
Max // UToru Haykm u TexHukn. Obuiasa skonorusi. buo-
ueHonorus. fmapoduonorusa. T. 4. M.: BUHUTWU, 1977.
C. 100-107.

P 52.24.381-95. Metoanyeckmne ykazaHus. Me-
TOAVKa BbINOSIHEHUS N3MEPEHWNIN MaCCOBOM KOHLUEHTPA-
LMW HATPUTOB B BOAaxX GOTOMETPUYECKMM METOAO0M C
peaktneomMm [pucca. Poctos-Ha-LoHy: vapoxumunye-
ckuii nH-T1, 1995. 11 c.

CKUM MEXaHW3M HUTpudukaumm, CBA3aAHHbLIA C
okucnexHnem noHoe NH,* nopa nencresvemM pacTso-
PEHHOr0 KMcnopoaa, He MMeeT CYLLLECTBEHHOro
3HavYeHus.

SAKJIIOHEHUME

MpoBeneHHblE UCCNeooBaHUS 3aBUCMMOCTU
WHTEHCUBHOCTN HUTPUPUKaLNM OT TeMNepaTypbl
nokasasnam, 4YTO KOHCTaHTa CKOPOCTU peakumu
BO3pacTaeT npu ee yBennyeHmn. CooTBETCTBEH-
HO, Nepunoa, nonynpespalleHns npm 6osee BbICO-
KOW TemnepaType CHMXaeTcs. OTO yka3blBaeT Ha
TO, 4TO MNpPM MOBbILLEHUM TemnepaTypbl NepBas
cTaaus HUTpUdUKaunum n BeCb NPoOLECC B LESIOM
yckopsitoTcs. B cpeagHeM npu yBenmyeHnm temne-
patypbl Ha 17,5 °C MHTEHCMBHOCTb €ro Bo3pac-
Taet B 2-2,5 pasa. BbluucneHHble 3HayYeHus
3HTANbMUK, SHTPONMU U CBOOOOHOW 3HEPrumn
aKTUBaLUMM CBUAETENbCTBYIOT B MOJIb3Y OMOXUMUN-
yeckoro (pepmMeHTaTUBHOIro) MexaHm3ama OKWUC-
neHust ammmaka B Boge OHexckoro o3epa. Pasy-
MeeTCsl, 4TO MoJlydeHHble Npu 06paboTke akcne-
PUMEHTaNbHbIX AaHHbIX YUCJIEHHbIE 3Ha4YeHUs
KMHEeTUYEeCKMX N TEPMOAVNHAMUYECKNX NapamMeT-
POB peakumn HUTPUdUKaLMN NPUMEHNMbI TOJIbKO
ONS1 yCNOBUIA, CYLLECTBYIOLWMX B AA@HHOM BOAHOM
obbekTe.

PbikakoB A. B. AKTnBaUMOHHbIE NapaMeTpbl peak-
LM PasfnoXeHns a30TCOAEPXaLLMX OPraHN4YeCcKmx co-
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OCOBEHHOCTU XMUMUYECKOI'O COCTABA
ATMOC®EPHbIX OCAAKOB YPEAHU3UPOBAHHbIX TEPPUTOPUA
HA NMPUMEPE rOPOA NETPO3ABO/CKA

4. O. YekoBa*, C. B. lHeBenb*, N. IO. NMoTanoBa*”*

* Jlnueri N° 40
** UHCcTuTyT BOAHbIX npobrem Cesepa KapHL PAH

BBEOEHUE

Ha Ttepputopumn r. lNeTpo3aBoacka npoBOAN-
JI0Cb M3YYEeHNEe XMMNYECKOro cocTara atMmocdep-
HbIX 0CaAKOB [/l OLEHKM a3pPOTEXHOrEHHOro
BAINSIHNST MPOMBILLIIEHHOIO LIEHTPa Ha 3arpsisHe-
HME CHEXHOro NOKpPOoBa.

CpaBHUTENBHBIV  aHAIN3  3arpsi3HEHNS  aTMo-
cdepHoro Bosayxa B I. [NeTpo3aBoacke 3a nepmo, ¢
1995 no 2007 r. nokagan, 4To HabMIOAAETCHA CHUXKE-
HMe BbIOPOCOB 3arpsi3HSIIOLMX BELLLECTB, B TO Xe
BPEMS 0TMEYAETCHA HE3HAUYUTESbHBIV POCT BbIBPOCOB
okcnaoB a3oTa (focymapcTBeHHbIN aoknag,..., 1996—
2008 rr.) (puc.). Bknag, aBToTpaHcnopTa B cymmap-
Hble BbIOpOChI B T. lMeTpo3aroacke B 2007 . cocTaBun
88%, B TOM uncne okcuaa yrnepoaa — 95%, okcmoos
asoTta — 87%, neTy4mx opraHn4eckux CoeamHeHnin —
93% (locypapcTBeHHbIV aoknag,..., 2008).

Mpobbl cHera oTOMpanncb B CneayloLwmx pan-
OHax ropopaa: LpesnsaHka (JTococuMHCKOe LWocce),
Knioyesas (nonuknmnHuka N2 4), Cynaxropa (cTa-
anoH «dmnHamo», TOL,), KykkoBka (TenekomnaHus
«Hwuka»), MNepeBanka (aBToBOK3an), OKTAOPLCKNMA
npocnekT, yn. K. Mapkca, ConomeHHoe (y necosa-
Boaa). Becero 6b110 otob6paHo 9 npob.

MATEPWAJbI N METOAbI

Mpobbl cHera oToupannchb Ha yaaneHuu ot ao-
por. OTOOp OCYyLECTBNANCS NNACTMAaCCOBOW J10-

TbIC. TOHH

mS02 mCO

M Teéppapble B-Ba M NOx M Mpouve B-Ba

NnaTkom Ha BCHO ryOMHY CHEXHOro nokposa. lo-
cne gocTaBkuM B nabopaTopuio CHer pacrtanam-
BasiCs NPV KOMHATHOM Temnepatype. B Tanbix
CHEroBbIX Bogax Obliv onpenenexsl cnenyoume
nokasatenn: pH, weno4yHocTsb (Alk), K*, Na*, Ca?*,
Mg?*, SO,>, CI, MO, OuWOreHHble 3NEeMEeHThbl

4!
(P, Posw NH,", NO,, NO;, N_, N, ), nuTo-

MuH? o6y’ 4 27 opr’
¢unbHble anemeHTsl (Fe g . Al, Si), Taxensle me-
Tannbl (Zn, Cu, Pb, Cd). AHanntnyeckas pabota
npoBoAMnach B nabopaTtopum ruapoxXmMmn 1 rug-
poreonorun MBIMC KapHLU, PAH. Xumuyeckuii
aHanma nNpob Tanor Boapl NPOBOAMICS MO aHano-
FMYHbIM MEeTOoAuKaM, 4TO U AN MOBEPXHOCTHbIX

BoA (Tabn. 1).

PE3YJIbTATBI U OBCYXAEHUE

Kak nokazanu peaynbraTbl  XUMUYECKUX
aHann3oB, BeanymHa pH Tanowm cHerosom Boabl Ha
Tepputopun . [leTpo3aBoacka U3MeHsnacb B
npepenax oTr 5,95 (KykkoBka, T/k «Hwuka») oo
6,96 (TOLU) (tabn. 2) u B cpeaHemM cocTaBuna
6,31. OT0 3HA4YeHMe BhbilLe PABHOBECHOIO 3Ha4e-
HMA pH ona atmocdepHbix ocaakos (5,6) (U3pa-
anb n ap., 1989) u Bblle cpegHero 3HayeHus
(4,85), nony4eHHOro paHee ans 3TOro parioHa
(Jlozosuk, MoTtanoea, 2006). Cnenyet OTMETUTD,
4710 No pH n apyrum nokazarensam ObIIN NCNOSb-
30BaHbl B KayeCTBe CPEOHUX BENMNYMH MeauaH-
Hble 3Ha4YeHus.

Bcero
Mpouve B-Ba
NOx

roa

Bcero

Bbi6pochl 3arpsasHsoLwmx Bewwects B atmocdepy 3a 1995-2007 rr., TbiC. T
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Tabnnua 1. METOAbl XUMNYECKOIO AHAJTN3A
BOAbI

MapameTp AHaNUTMYECKNM MeTOL,

pH [MoTeHunomeTpryeckoe onpeneneHme
CTEKJIIHHBIM 3/IEKTPOLAOM

Ca?", Mg#, Fe 6. MnameHHoe aToMHO-abCcopPOLMOHHOE

Mn CMNEeKTPOMETPUYECKOE ONnpeaeneHme

Na*, K* lMnameHHo-doTOMETPUYECKOE
onpegenexHne

LLlenoyHocTb [MoTeHunomeTpryeckoe onpeneneHme
(pH 4,5-4,2)

SO,* doTomeTpuyeckoe onpeneneHme ¢
Ba?" n cynbdoHazo lll, & = 640 Hm

Cl- doTomMeTpUUECKOE onpeaeneHme ¢
poaaHnAoM PTYTU U HATPATOM Xenesa
(1, A =460 Hm

NH,* doTomeTpuyeckoe onpeneneHme ¢
rMNOXJIOPUTOM U heHoNnoM, A = 630 HM

NO, doTomeTpuyeckoe onpeaeneHne ¢
cynsdannnamngom n N-(1-napTtun)-
3TUNEH-ONAMUHOM

NO, BoccraHosnexne no NO, Ha Cd-Cu
penyktope v onpenenedve NO,

Nosw, Oxucnexue K.S,0, B LienoyHom cpeae
nof aaenexvem u onpeaenexdne NO

P doTomeTpuyeckoe onpeneneHe ¢
MOSIMBAaTOM aMMOHUS, A = 882 HM

Poém_ Okucnerue K,S,0, B kviciol cpene 1
onpeaeneHne PO,*

MNepmaHraHaTHas TuTpuMeTpuryeckoe onpeaeneHne B

okucnsiemocTsb (MO) | kucnoin cpene no Kybenio

Al doTomeTpuyeckoe onpeneneHme
C 3PNOXPOMUNAHNHOM, A = 540 HM

Si doTomeTpuyeCcKoe onpeaeneHe
¢ MonubaaTtomMm ammoHus, A =410 Hm

Tsxenble meTansbl ATOoMHO-abcopOLUMOHHasA

(Pb, Cu, Zn, Cd) cnekTpomeTpust
C 9N1eKTPOTEPMUNYECKON aTOMU3aLMNEN

CopepxaHne kanmsa B npobax aTMocdepHbIX
ocankoB M3MeHanock B npeaenax ot 0,15 po 0,92
Mmr/n (tTabn. 2). CpenHsas KOHUEHTpaLMsa 3Toro ane-
MeHTa coctasuna 0,19 Mr/n, 4To B Tpu pasa Bbille
doHoBoro 3HayeHusa (0,06 mr/n) (CocTtosiHume...,
2007). MakcumanbHasa koHueHTpaumsa (0,92 mr/n)
Kanusa obHapyxeHa B npobe, otobpaHHon y Corno-
MEHCKOI0 JIeC03aBoaa.

CopepxaHue Mg?* B npobax ocaakos Obliio AoC-
TaTOYHO HW3KOE M BapbMpoOBaso B npenenax oT

Onana3oH copepXxaHus HaTpus Haxoauscs B
npegenax 0,25-1,71 mr/n (Tabn. 2). MegnaHHble
3Ha4YeHnsa KoHueHTpaumn Hatpus (0,87 mr/n) B
npobax cHera r. [NeTpo3aBoacka Bbille CPeOHUX
3Ha4YeHUN ONsa NPOMbILLNEHHbIX paroHoB Kapenun
(0,65 mr/n) (CoctosiHme..., 2007). CopepxaHue
xnopunaoB n3amensnocb ot 0,69 oo 2,64 mr/n n B
cpenHem coctaBuno 1,60 mr/n (tabn. 2). Xnopuabl
B OCajikax yalle BCero MOpCKoro nponcxoxmneHus.
CpenHee 3HayeHWe KOHLUEHTpauun XJopuaoB B
npobax cHera He3arpsi3HEHHbIX parioHOB KONeb-
nerca B npegenax 0,4-0,7 Mr/n, NpOMbILLSIEH-
HbIX — 0,6-0,93 mr/n (CoctosHue..., 2007). lNMoB.bI-
LLIEHHOEe coaepXXaHne HaTpus 1 XNopuaoB B ocan-
kax r. [leTpo3aBoacka, ckopee BCero, CBSI3aHO C
NCMONb30BaHMEM MEeCcYaHO-CONeBO cCMecu ans
NOCbINKW OOPOT.

KoHueHTpauus kanbumsa B Npobax Tanol CHero-
BOW BOApbl 3MeHsanach B npegenax 0,62-3,45 mr/n
n coctaBuna B cpegHem 0,91 mr/n (tabn. 2), 4to
BblLLIE HE TOJIbKO POHOBbIX 3Ha4eHu (0,25 mr/n) no
Kapenuu, HoO 1 cpegHux 3Ha4YeHu ons NPOMbILL-
neHHbix parioHoB (0,30 mr/n) (CoctosHue..., 2007).
MoBbILLEHHOE coAepXaHMe Kanbuus OTMEYEHO B
npobax, oTobpaHHbIX B panoHe [peBnsiHKK
(1,52 mr/n), OkTab6pbckoro npocnekrta (1,34 mr/n)
n ConomeHHoro (3,45 mr/n). CyweCcTBEHHbIMW UC-
TOYHMKAMW MOCTYMJIEHNS KafbumMsi B aTMocoepy
rOPOACKOW 30HbI SBASAOTCA NblIEBUOHbIE YaCTULbI
LeMEeHTa N N3BECTHSKA.

Bo Bcex npobax cHera NpuCYTCTBYKOT rmMapo-
kapboHaTbl. LLlenoyHocTb Tanow cHeroBol BoAbl U3-
mMeHsanack B npeaenax ot 0,49 go 2,07 mr HCO, /n
(Tabn. 2). MakcumanbHas KOHLIEHTpauUus oTMeYe-
Ha B npobe, oTobpaHHOM Ha OKTAGPLCKOM MpPOo-
cnekTe. B 31011 )Xe npobe Habt0,0anoChb NOBbLILLIEH-
Hoe copepxaHue kanbums (1,34 mr/n) n Bbicokoe
3Ha4veHume pH (6,50).

CognepxaHune cynbdaTtoB HAaxXoAMOCh B npene-
nax ot 1,38 no 6,77 mr/n (tTabn. 2). MNoBbILLIEHHbIE
KOHLeHTpaumn 3aduKCMpOBaHbl Y aBTOBOK3asa

0,01 no 0,64 mr/n (Tabn. 2). (2,14 mr/n) n Ha OkT0pbCKOM MpPOCHEKTE
Ta6nuua 2. WOHHBIV COCTAB (Mmr/n), pH U LLEEJTOYHOCTb TAJTbIX CHEIOBbIX BOZ,

MecTo oT60pa K* Na* Ca* Mg?* SO,* CI- pH Alk, MrHCO, /n
finesnania, Jlocoonokoe 0,25 0,95 1,52 0,52 1,38 1,92 | 635 1,10
Knioyesas, non-ka N2 4 0,15 1,71 0,87 0,04 1,86 2,64 6,31 1,22
Cynaxropa, CT. «JuHamo» 0,15 0,44 0,62 0,01 1,58 1,18 5,98 0,49
KykkoBka, T/k «Huka» 0,50 0,44 0,72 0,01 1,66 1,07 5,95 0,73
MepeBanka, aBTOBOK3as 0,15 0,25 0,74 0,05 2,14 0,69 5,98 0,49
ToL, 0,15 0,79 0,94 0,22 1,75 1,31 6,96 1,71
OKTAGPbLCKNA NMpP-T 0,19 0,87 1,34 0,11 2,27 1,60 6,50 2,07
yn. K. Mapkca 0,27 1,10 0,78 0,06 1,62 1,71 6,41 1,59
ConomeHHoe 0,92 1,24 3,45 0,64 6,77 2,07 6,18 0,98

CratucTunyeckmne nokasarenm
Min 0,15 0,25 0,62 0,01 1,38 0,69 5,95 0,49
Max 0,92 1,71 3,45 0,64 6,77 2,64 6,96 2,07
Megnana 0,19 0,87 0,87 0,06 1,75 1,60 6,31 1,10
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(2,27 mr/n). MakcumanbHoe copepxaHue (6,77
Mr/n) 6bino obHapyXxeHo B npobe, oTobpaHHON Y
ConomeHckoro necosaBoga. Cnenyet OTMETUTD,
BO BCeX npobax Tasnol CHEroBOM BoAbl Cynbdatbl
npencTaBieHbl B BUAE CONEN.

B wuccnepmoBaHHbIX  Mpobax  KOHUEHTpaumm
dochopa MuHepanbHoro u docdopa 0OLIEro
konebanuck B npegenax 1-43 mkr/nn 1,2-68 mkr/n,
COOTBETCTBEHHO (Tabn. 3). MakcumasbHble KX
KOHLEHTpauym obHapyXeHbl B Tpobdax, 0TobpaHHbIX
Ha Kykkoske (P = 22 mkr/n, P06m =50 mkr/n) v B
ConomenHom (P =43 mkr/n, P06U4 =68 mKkr/n).

PacnpeneneHne asoTUCTbIX COEOVHEHWUN B
npobax aTMocdepHbIX 0CaAKOB BbIMMSAeENo cle-
ayoLumm 06pa3oM: coaep>kaHme HATpPaTHOro a3o-
Ta Haxogunoco B npegenax 0,21-1,38 mr N/n, co-
ctaenssa B cpegHem 0,24 mr N/A, 4TO 4yTb BbIlE
doHoBoro 3Ha4veHus (0,20 mr N/n) (CoctosHue...,
2007). CpepHas KOHUEHTpaumsa OpraHnyeckoro
asoTta n HuTputoB coctasuna 0,03 mr N/n n 4 mkr
N/n, cootBeTcTBEHHO (Tabn. 3). KoHueHTpaums
MOHOB aMMOHMSA namensanacek ot 0,33 o 0,96 mr
N/n n B cpeaHem coctasuna 0,45 mr/n. Hanbonb-
e koHueHTpaumun Hutpatos (1,38 mr N/n), no-
HOB amMOHUs (0,96 mr N/n), opraHMyeckoro asota
(0,29 mr N/n) u HutputoB (0,016 mr N/n) obHapy-
XeHbl B Npobe cHera, oTobpaHHon y ConoMeHCKo-
ro necosasoja.

CogepxaHme opraHM4Yeckoro Bewlectsa (no
nepmMaHraHaTHoOM OKMCNSeMOCTN) B Npobax cHera
Haxogmnocb B npegenax 0,64-5,82 mr O/n
(Tabn. 3). MNMoBbllleHHas KOHLEHTpaumMsa oTMeyeHa
B Npobe, oTobpaHHo B ConomeHHOM (a0 5,82 mr
O/n), Ho cpenHee 3HaveHme (1,10 mr O/n) He Npe-
BblLLANo noayyeHHoro paHee — 2 mr O/n (CocTtos-
Hue..., 2007).

MpakTuyeckn Bce Npobbl CHera 3arpsi3HeHbI
HedTenpoaykTamn. CopepxaHme HedTSaHbIX yr-
neBogopoaoB mM3MeHsanocb B npegenax 0,01-
0,28 mr/n (Tabn. 3). Hanbonee BbICOKME KOHLLEH-
Tpaumm 3aduKCUpOBaHbl B panoHe [peBnsHKn
(0,11 mr/n), Mepesankn — y asToBok3ana (0,15 mr/n)

n Ha yn. K. Mapkca (0,28 mr/n). N Tonbko B ABYX
npobax B parioHe Cynaxropbl cogepxaHne Hed-
TenpoaykToB (0,01 Mr/n) HaxoAnIOChb HMXE YPOB-
HA npenena obHapyxeHus (0,02 mr/n). B uenom
3arpsi3HeHne CHEXHOro nokpoBa HedTenpoayk-
TamMu COrnacyeTcsi C TPaHCMOPTHOM Harpy3konm B
3TUX PaNoOHax.

Yto KkacaeTcs copepxaHust NUTOPUIIbHbIX
3NeMeHTOB B aTMoc@epHbiX ocagkax . [leTpo-
3aBO/ACKA, TO MOXHO OTMETUTb, YTO MOBbILLIEHHbIE
KOHUeHTpauvn  Fe o Habnoganuce B npobax,
oToOpaHHbIX  Ha  OKTAOPbLCKOM  MPOCHEKTE,
yn. K. Mapkca n B ConomenHom (0,105, 0,137 n
0,398 mr/n, COOTBETCTBEHHO), AJ1s1 OCTasbHbIX NPOO
npenensl  konedaHwii  Obinn  Huxe: 0,010-
0,067 wmr/n (tabn. 4). CpenHsasi KOHLUEHTpaums
(0,054 mr/n) aToro anemMeHTa 4yTb Bbille GOHOBOro
(0,040 mr/n) (CoctosHue..., 2007). CoaoepxaHne
aNntoMKUHKS B Npobax CHera Haxoamoch B Npeaenax
ot 0,01 po 0,05 mr/n (Tabn. 4), coctaBnss B
cpenHem 0,02 mMr/n, n OHO He NPEeBbLILLANIO CpeaHe-
ro 3Ha4deHusa (0,03 mr/n) ang 4micTbix parioHos Ka-
pennn (CoctosiHue..., 2007). Hannyme kpemHus B
aTMOCHEPHbIX 0Cafikax FOBOPUT O «3arpsi3HEHUN»
X TEPPUreHHbIMN YacTuuamun. B nccnenoBaHHbIX
CHeroBbIx npobax OH Haxoauscs B npegenax
0,04-0,14 wmr/n (1abn.4). Haubonbwne ero
KOHLEHTpaumMm OblIM OTMeYeHbl Ha KnioyeBow
(0,14 mr/n), OkTabpbckomM npocnekte (0,12 mr/n)
n B ConomeHHom (0,14 mr/n). C yyeTom cogepxa-
Hus Fe B 9TuX npobax cnenyet, YTO B HUX,
Nno-BUAMMOMY, MONann YacTUYKN NOYBbI.

B pacnpeneneHuun Taxenbix MeTassioB B Mpo-
6ax cHera Habnwoganacb cnegywoouwasl KapTuHa:
MakcumMasibHOe coaepykaHne KaamMms 1 cBUHLLA 00-
HapyxXeHo B Npobe y ConomMeHCKoro necosasona
(0,17 n 1,56 mMkr/n, cooTBETCTBEHHO) (Tabn. 5). B
OCTaslbHbIX MPoBax KOHLEHTPALMN ITUX INEMEH-
TOB ObINIM 3HA4YUTENBHO HUXE (00 0,09 n 0,2 mkr/n
ana Cd n Pb, coorBeTcTBEHHO). [lOBbILLEHHOE
copepxaHne megu (10 mkr/n) Habnioganocb B
paiioHe Cynaxropbl (T3L,). Mpenensl konebaHus

Ta6nuuya 3. OPTAHMYECKOE BELLIECTBO M BMOIEHHbLIE SJIEMEHTbI B TAJIbIX CHETOBbIX BOOAX, mr/n

MecTo ot60pa o, P ‘ Posu NH,” ‘ NO, ‘ NO, ‘ Noor ‘ Nog | H/TP,

mr O/n MK/ mr N/n mr/n

[pesnsHka, JIOCOCMHCKOEe Locce 0,64 2,6 11,8 0,53 0,004 0,23 0,01 0,73 0,11
Kniouyesas, non-ka N2 4 1,29 0,2 11,9 0,52 0,002 0,30 0,11 0,93 0,05
Cynaxropa, cT. «uHamo» 0,73 6,9 25,8 0,45 0,003 0,28 0,12 0,85 0,01
KykkoBka, T/k «Huka» 1,10 22,2 50,4 0,33 0,002 0,24 0,16 0,73 0,02
Mepesanka, aBTOBOK3all 0,64 3,0 12,8 0,44 0,003 0,21 0,03 0,68 0,15
ToL, 2,20 11,8 32,6 0,33 0,005 0,22 0,03 0,59 0,01
OkTAGPbCKNA NMpP-T 1,10 8,8 30,0 0,49 0,005 0,35 0,03 0,88 0,02
yn. K. Mapkca 0,77 9,8 22,8 0,44 0,005 0,22 0,01 0,57 0,28
ConomeHHoe 5,82 43,2 68,0 0,96 0,016 1,38 0,29 2,65 0,03

CratucTuyeckre nokasaTenm

Min 0,64 0,2 12,0 0,33 0,002 0,21 0,01 0,57 0,01
Max 5,82 43,2 68,0 0,96 0,016 1,38 0,29 2,65 0,28
MepnaHa 1,10 9,0 26,0 0,45 0,004 0,24 0,03 0,73 0,03
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Tabnunua 4. JIMTOPUIIbHBIE SJIEMEHThI
B ATMOC®EPHbLIX OCAOKAX, mr/n

MecTto oT6opa Fe g Al Si
[peBnsiHka, JJocoCUHCKOE Lwocce 0,054 0,01 | 0,055
Kntouesas, non-ka N2 4 0,031 0,02 | 0,137
Cynaxropa, cT. «uHamo» 0,019 0,01 | 0,055
KykkoBka, T/k «Huka» 0,010 0,01 | 0,041
MepeBanka, aBTOBOK3as 0,067 | 0,02 | 0,055
TOL, 0,044 | 0,02 |0,062
OkTa6pbCKUiA Np-T 0,105 0,04 | 0,123
yn. K. Mapkca 0,137 | 0,05 | 0,069
ConomeHHoe 0,398 0,05 | 0,144

CratucTmyeckre nokasartenm
Min 0,010 |0,007| 0,04
Max 0,398 |0,051| 0,14
Meaunana 0,054 0,022 | 0,06

Tabnunuya 5. COOEPXAHUE TAXEJIbIX METAJ1J10B
B TAJIOA CHEFOBOW BOJE, Mkr/n

MecTo oT60pa Zn Cu Pb Cd
HpesnsHka, JIOoCOCMHCKOEe Locce 6 3,1 10,03 0,02
Kntouesas, non-ka N2 4 8 2,1 | 0,01 0,06
Cynaxropa, CT. «uHamo» 9 2,7 10,07 | 0,04
KykkoBka, T/k «Huka» 10 3,7 |1 0,07 | 0,04
MepeBanka, aBToBOK3anN 21 1,9 | 0,20 | 0,05
ToL, 7 10,0 | 0,16 | 0,09
OkTAGPbLCKNIA NMpP-T 11 3,4 | 0,16 | 0,03
yn. K. Mapkca 4 2,0 | 0,07 | 0,03
ConomeHHoe 23 | 3,7 | 1,56 | 0,17
naK 10 1 5 5

Meam B Apyrux npobax coctaBunu 1,9-3,7 mkr/n,
yto Bbiwe MAK ana pbiOOXO3AMCTBEHHbLIX BO-
pnoemMoB (Tabn. 5). MakcumanbHble KOHUEHTpa-
UMM UMHKa OTMeYeHbl B npobax cHera, oTobpaH-
HbIX y aBToBOk3ana (21 mkr/n) n 8 ConomMeHHOM
(28 mkr/n) (Tabn. 5).
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SAKJIIOHEHUME

ViccnepoBaHust aTMOC(EPHbIX 0CaaKOB Ha Tep-
putopum r. MNeTpo3aBoacka nokasanu, 4To B Npobdax
cHera Habntoganock NOBbLILLEHHOE COAepXKaHMe Ka-
s, Kanbums, Xxnopuaa HaTpusi, cynbdaToB, obLe-
roenesa. Bo Bcex npobax o6Hapy>XeHbl r’napokap-
©OoHaTbl, a cynbdaTbl NPeacTaBfieHbl B BUAE CONEN.
BenununHa pH mnccnepoBaHHbIX nNpo6 cHera Obina
BbllLle PABHOBECHOr0 3Ha4YeHus as1s1 aTMOcdepHbIX
0CcaakoB M M3MeHsanachk B npeaenax ot 5,95 0o 6,96.

ATMoCchepHble 0CaaKM OTINYAKTCS NOBbILLEH-
HbIM cofepXaHnem OUOreHHbIX dNEeMEHTOB U He-
3HaAYNTENIbHbIM KOJIMYECTBOM OPraHU4yeckoro Be-
wectea. Moyt Bce npPoObl cHera 3arpsi3HeHbI
HedTenpoaykTaMmun, YTO B LENIOM COrfacyeTcsl ¢
TPaHCMNOPTHOM Harpy3Kon.

Cpeon Tsaxenbix MeTa/IoB BO BCex npobax
cHera 6bly10 OTMEYEHO MOBbILLEHHOE coaepXaHne
Mean U B HEKOTOPbIX Npobax — uuHka. Hanbonb-
Luee 3arpsi3HeHue TaXeNnbIMU MeTannamMum xapak-
TepHo ansa npod, oToOpaHHbIX B paioHe aBTo-
Bok3ana un TOL,.

M3 Bcex nccnepoBaHHbIX NPob cHera Hanbonee
3arpsi3HeHHON okasasnacb npoba, oTobpaHHas y
ConomeHckoro necosaBoja, 4TO CBA3aHO, BO3-
MOXHO, C NOKasibHbIM 3arpsi3HEeHEM OT JIeC03aBO-
[a 1 KOTeNIbHOW, a BO3MOXHO, U C nonagaHnem
4acTumL, NOYBbI, O YEM CBUOETENbCTBYIOT BbICOKME
3Ha4vyeHunsa cogepxaHmsa Sin Fe.

B uenom nonyyeHHas kKapTuHa 3arpsi3HEHHOCTU
CHEXHOro MnokpoBa sBNSEeTCS TUMWYHOM ONs ro-
POACKNX TEPPUTOPUIA.

U3zpaanb 0. A., Hazapos U. M., dununnosa J1. M.
un ap. KncnotHele goxau. J1., 1989. 206 c.

Jlo3oBuk I1. A., lNMotanoBa U. KO. ToctynneHne xu-
MWYECKMX BELLECTB C aTMocdepHbIMM ocagkaMu Ha
Tepputopun Kapenun // BogHble pecypcbl. 2006. T. 33,
N2 1.C.111-118.

CocTtosiHne BOAHbIXx 00bekTOB Pecnybnuku Kape-
nus. Mo pesynstatam MoHuTopuHra 1998-2006 rr. MeT-
posaBoack: KapHL, PAH, 2007. 200 c.

CNEKTPO®OTOMETPUHECKOE ONPEAENEHUE CYJIb®ATOB
B ATMOC®EPHbIX OCAAKAX

H. E. KynakoBa™,

A. B. lebepeBa*™,

M. A. JlosoBuk™

*NHeTuTyT BOoAHbIX npobsaiem Cesepa KapHL| PAH
** Jlueri N 40

CopnepxaHue cynbdaToB B NPUPOAHbLIX BOAAX
Kapenuu, B TOM 4ncne 1 B aTMOCHEPHbIX 0CaKax,
[OCTaTO4YHO HU3KOE, U CyLLEecTByeT npobnemMa nx
onpeneneH1sa pasnnyHsiMm metogamu. s nosbl-
LLIEHUS KaYeCTBa BbINOJIHEHUSA aHanmn3a 1 rnonyde-
HNS BOCMPON3BOANMbIX Pe3ysbTaToB Oblia MoaW-

dunumpoBaHa MetToamka (GOTOMETPUYECKOrO On-
peneneHuns cynbdatoB 1 NPUMEHEHA ANS aHanmM3a
aTMoCcdEepHbIX 0CaAKOB.

OCHOBHbIM @HTPOMOrEHHBLIM UCTOYHNKOM CEpPHbI,
nocTtynatwowen B atmocdepy, aBNsSeTcs nckonae-
mMoe Tomnmeo. CoeamHeHusi cepbl (Cynbduabl,
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camMopojHas cepa v Apyrue) Coaepxarcs B yrsix
1 pynax (0cobeHHO MHOro cynbduaoB B OypbIX yr-
N$IX), NPU CXXUraHnm UM ooxmre KOTopbix 06pasy-
loTCA NeTydme coeauHerHns: okcua cepel (1V) = SO,
B MeHbluer cteneHn okemg, cepbl (V1) — SO, n ce-
poeogopon — H,S (B Manbix KOIM4eCTBax, Npu He-
[OCTaTO4YHOM 0OXUre MAM HErnosIHOM CropaHuu,
npwn HM3KOW TemnepaTtype). B pedynbrate cxura-
HMS MCKoMaemMoro Torinea B atMocdepy nonaga-
0T 3HAYUTENbHbIE KONMYEeCcTBa COeANHEHUIN Cepbl
MU rmaBHbiM obpa3om B Buae auokcuaa. Cpegu
pasfnNyHbIX BMOOB TOMJMBA Ha MNEepBOM MecTe
CTOUT KaMEHHbIN yronb, KoTopbi gaet 70% ot
aHTPOMOreHHbIX BbIOPOCOB cepbl. ABTOMOOWUIIb-
HbIl TPaHCMOPT Takke SBASETCA WCTOYHUKOM
NOCTYNJIEHNSI COEAMHEHUI cepbl B aTMocdepy
(MpumbknyHa, 1986).

B Tponocdepe nOumokcua cepbl NoaBepXeH
GOTOXMMMYECKMM  MPEBPALLEHUAM,  MOCKOJIbKY
npu nornouweHnn ceeta B obnactn 340-400 Hm
obpasyloTca Bo30yxaeHHble monekynbl SO,* co
BPEMEHEM XN3HN 8 MC. [JanbHenwee OKUCIEHNE
SO,* kmcnopoooM Bo3ayxa NpuBOAUT K obpa-
3osaHuio SO, (MpumbknyHAa, 1986):

S0, +hv =80,*
S0,* +0,=S50, + O*.

O6pasosaHrie SO, MOXET NpPoncxoauTb B pe-
3ynbrarte okucneduns SO, noa aencrenem HO,-pa-
OMKaNI0OB U C y4aCTUEM CUHITIETHOIO KMCIopoaa:

HO,* + SO, = SO, + OH*
0,+S80,+hv=80,*
0,+380,* =80, +0,.

Hanee npv B3anmopeiictemmn SO, C BOAON B aT-
Mocdepe nponcxoauTt obpas3oBaHNE CEPHON K-
CNOTbI, KOTOpas C A0XAEBOW BOAOW M CHErOM MNo-
nagaeT Ha 3eMJII0.

CyLeCcTBYIOT TakXe EeCTECTBEHHblE WCTOYHUKU
nocTynneHns cepbl B atmocdepy. K HMM oTHocATcs
NPOLLECCbl aHadPOOHOIro PasnioXeHUs1 pPacTUTesb-
HbIX OCTAaTKOB, BYJKaHW4Yeckasi OEesTeNbHOCTb U
MOpCKMe aapo30u. MNpun ydacTr aHas3pOoOHbIX MUK-
POOpPraHN3MoB (AeNCTBYOLLMX B OTCYTCTBUM KUCIO-
poaa) NPOUCXOASAT NPOLECCHI Pa3pyLLIEHUS OpraHn-
Yeckux BELLEeCTB W BOCCTaHOBJIEHUS CYyNbdaToB,
Onarogaps Yemy COAepXKaLLasiCs B HUX cepa nepe-
XOOUT B ra3000pasHble COeaANHEHNS. DTN NPOLIECCHI
aKTMBHO NPOTEKAIOT B 6ooTax, y 6eperoBomn MHmum
MOpEeW, B YCTbsIX PEK N HEKOTOPLIX NOYBax, coaep-
Xawmx 60sblIOe KOJIMYECTBO OPraHMYeckux Be-
wecTtB. B uenom cumtaetcs, 4To BblOeNeHe cepsbl
ovonormnyecknum nytem gocturaet 30-40 miH T B
ron, 4Yto coctaenseT okono 1/3 Bcero koanyecTsa
cepbl, NocTynatoLen B atmocdepy.

Mpn wn3BepXxeHUn BYNKAHOB B aTMocdepy
Hapsay ¢ 60bLWNM KOIMYECTBOM OMOKCUAA Cepbl
nonagatT cepoBOoOopon, cynbdartbl U 3NEeMeH-
TapHas cepa. B pesynbraTte U3BepXXeHns ByIkaHOB

B aTMocdepy B CpeaHeM €eXerogHo nocTynaet
OKOJ10 2 MJTH T CepocoaepXaLimx COeanHEHNN.

Mopckne asapo30am Takke SBASITCA NCTOYHU-
KOM MOCTYMnieHns cynbdaTtoB B aTMocdepy, obpa-
30BaHWNIO KOTOPbIX CNOCOOCTBYIOT aKTUBHbIE MPO-
LLeCChbl ra30BbIAENEHNSA N3 MOPCKO BOAbI.

Ona onpegenennsa cynbdatoB B MOBEPXHOCT-
HbIX BOAAX, B TOM 4YuMCfie 1 B aTMOCPEPHbIX 0cag-
Kax, cylecTByeT MHOro metogos (babko, Munu-
nexHko, 1974):

e rpaBMMETPUYECKME (BECOBOE OMpeneneHne
cynbdaTos B Buae ocaaka BaSO,),

° TUTPUMETPUYECKNE (OCHOBAHbI Ha TUTPOBA-
HUM cynbdaToB CONAMM Bapusa UM CBUHLA B MPU-
CYTCTBUM YyBCTBUTESIbHbIX METASINTIONHAMKATOPOB),

® KOMMJIEKCOHOMETPUYECKNE (OCaXKOEHNE CYIlb-
daToB xnopuaom dapus n obpaTtHoe TUTPOBaHME
n3bbITKa MOHOB Bapust CTaHAAPTHLIM PaCcTBOPOM
OMTA nocne yganeHus ocagka),

e poTOMETpMYECKME (OCHOBaAHbI Ha 0b6pa3oBa-
HMUM OKpaLLEHHbIX NPOAYKTOB C MOHaMM Bapus no-
cne cBsA3biBaHUA cynbdartos B Buae BaSO,),

o TypOuaumeTpuyeckme (U3MepeHue WHTEH-
CMBHOCTM MOMYTHEHUSI PacTBOPOB, COAEpPXaLLmMX
cynb®daTtHble MOHbI, B MPUCYTCTBUW coneli bapus),

e NOHHaa xpomartorpadus (pasgeneHne NOHOB
Ha NOHOOOMEHHOW KOJIOHKE).

B aHannTnyeckom npakTuke LWMpPOoKO NCMNosb3y-
0T POTOMETPUYECKME METOAbl ONnpeneneHuns
cynb®daToB C NPUMEHEHMEM MPOMNI3BOAHBIX XPOMO-
TPOMNOBOW KNCNOTbI: HUTPXPOMAa30, AMMETUCY b-
doHazo lll, optanmnosoro K n ap. O4yeHb 4acTo B
KayecTBe Takoro mHaukatopa MPUMEHSIOT Cyiib-
doHazo I, nam [2,7-6uc(2-cynbdpodeHnnaso)]
XPOMOTPOMNOBas KUcoTa TeTpaHaTpueBasi COJb
(MeTposa, boHeey, 1970).

NaO,s soa

by I I iy

N =y

OH OH :@
< j>\sogma NaO,S

Bce doTtomeTprnyeckne Metoapl C cynbdoHa30
N ero npom3BOAHbIMM OCHOBaHbl Ha OCaXOEHUU
cynbdaToB MoOHaMN Gapus 1 HGOTOMETPUYECKOM
onpeneneHnn oCTaToYHbIX KonnyecTs Ba?*:

Ba* + SO, — BaSO,,.

B peaynsrate B3aMMomeincTeus MoHoB Gapust ¢
cynbdoHazo lll obpasyeTcs komnnekc coctasa 1: 1,
M CTPOEHME KOMMIEKCHOIO MOHA BbIMSANT Cleayto-
LM obpasom (bacapruH, HoBukosa, 1966):

50, pa
g o j@
A _
50 HO N=—N
Ba
o —Ony 50,
e
H
S0y _
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YCTOM4YMBOCTb OKPACKM KOMMJIEKCa 3aBUCUT OT
psaga GakTopoB 1 Npexae Bcero ot pH 1 Hannyums
LenoYyHo3eMesbHbIX MeTanno (Ca?t, Mg?*). Ans
YCTPaHEHUs1 UX MEeLLALWEero BAUSHUS Npoby ka-
TUOHMPYIOT, T. €. MPOMNYCKAIOT Yepes3 KONOHKY, 3a-
MOJIHEHHYIO KaTMoOHUTOM KY-2 B H*-dopwme
(depkoBan gp., 1982).

3aBMCUMOCTb ONTUYECKON MAIOTHOCTU PacTBO-
poB kommnnekcoB cynbdoHaso Il ¢ 6bapmuem ot pH
nokasaHa Ha puc. 1.

07

0F "
05 /
04 /
03
02 /
0.1

: [

2

AD
H-\-‘"-\—\_

pH

Puc. 1. 3aBucmMmMocTb ONTUYECKOW MIOTHOCTN

oT pH pacTBopa

Kak BugHo 13 puc. 1, B guanadoHe pH 3-5 Ha-
6ngaeTcs MakCuManbHOe 3Ha4YeHne ONTUYEeCcKom
MIOTHOCTU, U B KQYECTBE ONTUMaSIbHOWN BENNYMHBI
pH BbIOpaHo 3HaveHue 3,0. JanbHenwee namepe-
HME ONTUYECKOWM MJIOTHOCTU MOoKa3ano BbICOKYO
YCTOMYMBOCTb OKPACKM BO BPEMEHM (pUC. 2), 4TO
ABNseTcs O60NbLUMM BbIMIPbILLEM METOANKU, Tak
KaKk BCe MpoBOAMMbIE MPM aHanuse npouenypsbl
TpebyloT BPEMEHHbIX 3aTpaT.

AD
0530 r

0520 ¢

OnbIT nNpoBegeHnsa aHanusa cynbdaTtoB C
ncnosb3oBaHnem cynbdoHaszo Il B nabopatopum
rMOPOXMMUKN N TMAPOreonorum MIHCTUTyTa BOOHbIX
npobnem CeBepa KapHL, PAH nokazan, 4to
OCHOBHbIM HEOOCTaTKOM MeToda SIBNSIETCS HU3-
Kasi BOCMNPOM3BOAVMOCTb FpagyMpoOBOYHbIX rpa-
durkoB. [na ero ycTtpaHeHuUs Mpu MNOCTPOEHUMU
rpagyvMpoBOYHbIX paduKoB NPEOIoXKEeHOo Uc-
Nnonb30BaTb He abCOMIOTHbIE 3HAYEHUST ONTUYeC-
KMX niioTHocTen, a pasdHoctb: AD = D, — Dy,
(puc. 3).

B pesynbrate Takoro nogxoaa yaanocb Mosy-
4YNTb BOCMPON3BOANMbIE KaIMOPOBOYHbIE Fpadunkm
(pnc. 4) n xopoLuyto CX0AMMOCTb OaHHbIX aHanmaa
¢ 06pasuamMm BHYTPEHHEro KoHTposs (Tabn. 1).

Tabnwunuya 1. PE3YJILTATbI MPOBEPKU
OOCTOBEPHOCTW ONPEAEJIEHNA CYJIbOATOB
METOAOM BHYTPEHHEIO KOHTPOJ14

C(80,%), C(80,%) 0,

mr/om® onp., mr/om® | %
CranpapTHbI pacTBOp 2,0 2,05 2,5
CraHpapTHbIN pacTBOp 4,0 4,06 1,5
Mpoba Mpoba 1,53 -
BHyTpeHHWin koHTponb |Mpoba + 2,0 mr/n| 3,61 (2,08*) | 4,0

MpumMmeyaHune.* — pe3ynsTaT BHYTPEHHEIO KOHTPOS.

Kak BugHo 13 tabn. 1, nonyyatoTcsa BeCbMa XO-
polne peaynbTaTbl aHann3a cyfnbdaToB Ha CTaH-
DapTHbIX obpa3sLax.

Hoeasi meToguka Gblna npuMeHeHa npu onpe-
neneHnn SO,* B npobax cHera, 0TOOPaHHbIX Ha
TeppuTtopuu I. MNMeTpo3aBoacka B aekabpe 2008 .
Kpome TOro, 6eina paccumtaHa nons cynbdatoB
TEXHOrEHHOI0 MPOUCXOXAEHMS MO OTHOLLEHUIO
cynb®aToB K XnopupamM B MOPCKUX a3apo30Jsx
(Kopx, 1971) (tabn. 2).

0510 T T

40 a0 5] Fil]

T, MKH

Pnc. 2. YcTonunmBoCTb OKpacku komraekca 6apuin-cynbpoHaso Il
BO BPEMEHM
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Punc. 4. IpanympoBo4Hble rpadurky Ha CybdaTbl, BbIMOAHEHHbIE
B pasHoe BpeMs (Hos6pb 1 aekabpb 2008 r.)

Ta6nuuya 2. COOEPXKAHNE CYJIbAATOB B NMPOBAX CHEIA, OTOBPAHHbLIX HA TEPPUTOPUN
r. NTETPO3ABOCKA, N 014 CYJIbPATOB TEXHOIMEHHOIO MPOUCXOXAEHNA

0151 CySIbPaTOB TEXHONEHHOIO
MecTo oT60pa NpobbI Homep npo6el | C(SO,*), mr/n A n\p/)omq;xomen-mq, %
[pesnsHka, JIOCOCMHCKOE Locce 17cH 1,4 91
Knioueas, non-ka N2 4 18cH 1,9 93
MaTbIi nocenok, CTaguoH «AnHamo» 19cH 1,5 92
KykkoBKa, TOproBbIi LLEHTP «Huka» 20cH 1,7 92
ABTOBOK3anN 21cH 2,1 94
Cynaxropa, TOL|, 22cH 1,8 93
OKTA6pPbCKNIA NP-T 23cH 2,3 94
yn. K. Mapkca 24cH 1,6 92
ConomeHHoe (LeHTp) 25cH 6,8 98

B uenom Ha TeppuUtOopuUn ropoga cogepxxaHue
cynb}aToB HEBbLICOKOE, 3a UCK/OYEHNEM CTaH-
unm B panoHe ConomeHHoe. B To xe Bpems gond
cynbdaToB TEXHOrEHHOr0 NPOUCXOXAEHUS OO0C-
TaTo4yHo 6onblias (91-98%) no cpaBHEHMIO C O0-
nemn cynbdaTtoB NpUpPoaHOro reHesmca (2-9%).
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OLEEHKA COCTOAHUA PA3JINYHbIX YHACTKOB PEKU CYHbI
HA OCHOBE U3YYEHUA NPUBPEXHO-BOAHON ®JIOPbI

M. M. CoyneBa

WHCcTuTYT BOAHBbIX Npobsem Cesepa KapHL| PAH

BBEOEHUE

Peka CyHa — BTOpPOW Mo AJIMHE 1 TPETUI NOo Nio-
waan sogocbopa nputok OHEXCKOro o3epa, 4To
onpenenseT akTyalbHOCTb OLEHKN ee 3KOJiIormye-
ckoro cocTtosiHua (CocTosiHMe BOOHbIX OOBbEK-
TOB..., 2007). B cpegHeM y4yacTke peka He UCMbI-
TbiBaeT CYLLECTBEHHOIO BJINSIHUSA YenoBeka, Mo-
CKOJIbKY MpOTeKaeT No TeppuTopun 3anoBedHMKa
«KrBay». HMXHWUI y4acTOK pekn MOABEPXEH aH-
TPOMOreHHOMY BO34ENCTBUIO, TaK Kak B YCTbe pe-
K1 PaCrnosioXeH XXMBOTHOBOAYECKNIM KOMIIEKC.

BbicLume BoAHbIE N MPUBPEXHO-BOAHLIE pacTe-
HUS 9BASIIOTCS APKUMW MHAMKaATOpamu Tpoduye-
CKOro crtaTtyca BOAHbIX akocucTem (PpeiHanuHr,
1982). B cBs3u ¢ 3TM Bbina NnocTaBneHa Lenb uc-
CNefoBaHUN — OUEHUTb COCTOSIHME Pa3/INYHbIX
y4acTkoB p. CyHbl HA OCHOBE N3y4YeHUst Npudpex-
HO-BOAHON opHbI.

[na peanu3aumn NOCTaB/IEHHOW UENM pelua-
NNCb crepyouime 3agaqn:

1) onpeneneHne BMOOB BbICLUMX COCYANCTbIX
pacTeHuin NpubpexKHO-BOAHOM 30HbI p. CyHbI;

2) NnpoBefeHne TaKCOHOMUYECKOrO U 3KOJ10Tn-
4YeCKOro aHanusa npudpexxHo-BoAHOM GNopkbI;

3) n3yyeHune pacnpoCcTpaHeHNs NHANKATOPHbIX
BWAOB BOOHOM pacTutenbHocTu p. CyHbl (B Npeae-
Nax 3anoBegHnKa 1 B yCTbE).

MATEPWAJblI N METOAbI

Mceneposanack p. CyHa (CTapoe ecTecTBeH-
HOEe pycso), mpoTekatoLlasa B cpegHen yactm Kape-
nmn. Cxema 03epHO-peyHor cuctembl p. CyHbl
npeacrtaesneHa Ha puc. 1. Peka BbITeKaeT 13 He-
6onbloro o3epa Knueuapeu, nexawiero B oTporax
3anagHo-Kapenbckoi Bo3BbILLEHHOCTU. Peka ne-
pecekaeT 3anoBegHuK «Knpay» ¢ ceBepo-3anana
Ha 1oro- BOCTOK, B €ro npeaenax ee 03epHoOCTb CO-
ctaenset 30%. Bnapaet peka B KOHAOMOXCKYHO

ryoy OHeXcKoro o3epa, B parioHe cena Anuviinone
(UBaHTEp, TUXxomMmpoB, 1988).

B pexume peku BbiAeNsioTCS TP OCHOBHBIX Me-
pvnopaa. lNepBbin 3Tan — eCTeCTBEHHOE COCTOSAHME
BogHoro pexuma (oo 1929r.). CpegHuin MHoOro-
NETHUI pacxopn, BoAbl B 3TOT Mepuod, COCTaBsi
69,2 m3/c. Ha BTOopom aTane, nocsne CTPoUTenbCT-
Ba MpBacckom NAOTUHbI, CYLLECTBEHHO U3MEHWI1-
ca ruaposnornyeckuii pexmnm peku. OT obuiero
obbema cTtoka octanocb Bcero 10% (JINTBUHEHKO,
1999). B a10T XXe nepuoa (oo 1973 r.) no peke ocy-
LLLeCTBNSANICA Necocnnas. TpeTuin aTan Havancs no-
cne npekpalleHus necocnsiara M npoaoskaeTca
00 cux nop.

B HacTogLee BpeMs BEPXHU N CPeaHUI y4a-
CTKMN PEKN OJNHOM 217 KM OCTanmCb B MPEXHEM
COCTOSIHMK. YyacTok OT MpBacckowm NaOTUHbI 40
yCTbsl (Tak Hal3blBAEMOE «CTapOe Pycnio») cTan
npeacTaBnsaTb COOOM OTAENbHYIO Peky [OJIMHOWN

ferseaseockas
rac \‘

fupbaccras
ATOTUHG
03 (yHOn3e00 = Congxchay
e
boFanad
ubay

Orexccroe azepn

Puc. 1. CoBpemeHHOe cocTosiHMe p. CyHbl nocne
cTpoutenbcTBa kackaga '9C (no: JintBnHeHko, 1999):

CT. 1 — cTaHuMa Ha TeppuTopun 3anoBegHmnka «Kneay»,
CT. 2 — CTaHUMS B YCTbE PEKN
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63 KM C yCTaHOBMBLUMMCS FMOPOSOrMYECKUM pe-
XMMOM (CcM. puc. 1). CTOK Ha 3TOM y4yacTke peku
cTan GopmMu1poBaTbCs 3a cHeT BOKOBOW MPUTOYHO-
cTu ¢ naowaam 1830 km?2.

MoneBoi cbop maTepmana NpoBOAWSICS B FrOCY-
[APCTBEHHOM MPUPOAHOM 3anoBegHuKe «Kupay»
(cTaHums 1) n B yCTbe pekun (CTaHuus 2) B TEHEHNE
nonesbix ce3oHoB 2006-2008 rr. TeppuTtopus
p. CyHbl Oblna obcnenoBaHa MapLUPYTHO-PEKOr-
HOCUMPOBOYHLIM MeToaoM. bbino 3anoxeHo 5
reoboTaHM4ecKux npodunen B 3anoseaHuke n 4
reoboTaHM4Yeckux Npoduss B yCTbe PeEKN.

B 3anoBegHuke (ctaHuma 1) Bbiaenmnu cne-
aylolme y4acTkum, Ha KOTOpPbIX 3akfiaapiBanuy npo-
dunu:

1) neBbili 6eper B 4 KM Bbille Bogonaaa Kueay
(6bIBLLASA NOAOYHANA CTAHUMS): 3aUEHHbIN NepeyB-
NIAXHEHHbI Oeper pekn, TeyeHne MeasieHHoe
(0,5 m/c);

2) npaBblit 6eper B 2,5 kM Bbilwe Bogonaga Kn-
Bay: MOATOMJIEHHbIA 3aUSIEHHbIN MOJIOrMin Beper,
TeyeHue megnenHoe (0,5 m/c);

3) npaBbIi 6eper B 2 KM BbllLie Bogonana Kvueay
(y nooBeCcHOro MocTa): BbiXOpbl CKaJlbHbIX NOpOL,
ObicTpoe TeveHme (1 m/c);

4) neBbiii 6eper B 500 M HMXe Bogonana Kneay:
KaMeHWCTbIN nonoruin 6eper; cpeHsisi CKOPOCTb
TeveHus (0,8 m/c);

5) neBbiin 6eper B 6 KM HUXe Bogonaga Kneay:
3anneHHas ctapuua y KpyToro CK/ioHa, KaMeHW-
CTbIl 6eper, TedyeHne meaneHHoe (0,5 m/c).

B ycTbe pekm npodwunu 3aknagbiBanv Ha cne-
OYIOLLNX y4acTKax:

1) npaBbin 6eper npumepHo B 700 M Bbille Mo
TEeYeHM0 OT MOCTa Yepe3 peky (ObIBLIMIA NOA0Y-
HbI1 capai): NOATONAEHHbIN 3auNeHHbIrM NoNornmn
Oeper, meaneHHoe TeveHune (0,1 m/c);

2) NpaBbli beper y MocTa 4yepes peky (3abpo-
LUEeHHbIN NOAOYHBIA Mnpwuyan): nonorun oeper,
cpenHsas ckopocTb TedeHuns (0,3 m/c);

3) neBbIli 6eper y MocTa, npuyan: noaTonseH-
HbI Nonorn 6eper, CpeaHsIs CKOPOCTb TeYeHus
(0,3 m/c);

4) neBbln 6eper B 500 M HUXeE MO TEYEHUIO OT
MoOcCTa 4yepes3 peky, npuyasn, HeENocpeacTBEHHO C
MecTOM BnageHust pekn B KOHOOMOXCKYL ryby
OHexckoro o3epa: 3aueHHbli nosiormin Geper,
cpenHsas ckopocTb TedeHus (0,4 m/c).

YyuTtblBaINCb MMAPONOrNYECKNe YCIoBUS BO-
noewma: rmybuHa, NPo3paYyHOCTb M CKOPOCTL Teve-
HUS BOObl, N3PE3aHHOCTbL OeperoBon NnMHUK, xa-
pakTep rpyHta. HuxHss rpaHuua npoduns onpe-
aensnacb No rnyéuHe NPOHMKHOBEHWS B BOJOEM
BO34YLUHO-BOAHbLIX pacTeHuin. OHa pacnonaraeT-
CSl Ha BbICOTHOM rpagmeHTe Ha oTmeTke B 2,0-
2,5 M (Npy cpegHEHN3KOM YPOBHE BOAbI B JIETHIOKO
MeXeHb). BepxHsas rpaHuua 6blia npoeeaeHa no

HaINYMIO N3MEHEHUIN B XapakTepe pacTUTesbHO-
CTU, yXXe onpeaensemMomn Kak rnjaakopHo.

CKOpOCTb TEYEHUS PEKN U3MEPSN NO BPEME-
HW, HEOOXOOVMOMY MaBakoLeMy npegmeTy Ans
TOro, 4ToObl NPONTM ONpeaeNeHHoe PacCTosIHME.
KonnyectBeHHOE BbIpaXeHne CTeneHu CXOAcTBa
Mexay Gnopon nccnenoBaHHbIX Npodunen onpe-
OEensanm ¢ NoMoLLbio KoappuumeHTa pnopuctTuye-
ckoro cxoacTtea XXakkapa (KJ).

PE3YJILTATbBI 1 OBCYXAEHUE

Ha nccnenoBaHHbIX TEPPUTOPUSX NPUOPEXHO-
BoAHas ¢gpyiopa BkovaeT B cedbsa 141 Bua, BbICLLNX
COCYANCTbIX pacTeHuin, oTHocsawmxes K 102 pogam
n 40 cemencTteam 13 5 knaccos v 4 otaenos. CooT-
HOLUEHME Ynucna CeMeNcTB, pOAOB U BUAOB HA UC-
cnegyemMblX CTaHUMSIX MPUMEPHO PaBHOE, C He-
60NbLUMM NPENMYLLECTBOM B pa3dHoobpa3unm B 3a-
nosegHuke (tabn. 1).

Ta6nuuya 1. TAKCOHOMUNYECKAA CTPYKTYPA
NMPUBPEXHO-BOAHOWM ®JIOPbI p. CYHbI, %

®nopa B ®nopa B o
n nopa
okasaresib 3anosesHMKe | ycTbe pekn | o Lernom
«Knay» (cT. 1) (cT. 2)
Yucno cemeincTts 35(88) 30(75) 40 (100)
Yucno ponos 72(71) 65 (64) 102 (100)
Yucno BMaooB 92 (65) 88 (63) 141 (100)

Mo BMooOBOMY COCTaBy Cpean LBETKOBbIX pac-
TEeHUI npeobnagaloT ABYOONbHbIE: 62 BuAa Ha
ctaHumn 1 n 46 — Ha cTaHuum 2 (Tabn. 2), 4To 0by-
CNoBMEHO OONbLUOK AoNnen 6eperoBbIX PaCTEHUN,
KOTOpble B BOAHOWM Cpede BCTPEe4yalTCs HevacTo
N OOWIbHBbI NUWb MNPU HU3KOM YPOBHE BOAbI
(Lythrum salicaria L., Caltha palustris L.). B 10 Xe
BPEMS N3 MOJTy4EHHbIX AAHHbIX BUOHO, YTO HA CTaH-
UMK 2 YMCNO BUAOB OAHOAOMbHbLIX (40) 6onbLue,
yeM Ha ctaHumn 1 (30), 3a cueT GonbLUero ymcna
MCTUHHO-BOAHbIX BUAOB (BMAbl poaa Potamogeton,
Hydrocharis morsus-ranae L., Lemna trisulca L.),
OTMEYEHHbIX B MPUOPEXHON 30HE Ha CTaHuun 2
(cm. Tabn. 2).

Tabnnuya 2. YACJIO BUOOB, POOOB U
CEMEWCTB MO KJIACCAM LIBETKOBbIX PACTEHWI
B NMPUBPEXXHO-BOAHOM ®JIOPE p. CYHbI, %

Hokasatens Magnoliopsida Liliopsida
Crt. 1 Ct.2 Cr. 1 Crt.2
Yucno cemeiictB | 23 (72) 19 (66) 9(28) 10 (34)
Yucno ponos 50(72) 39(61) | 19(28) | 25(39)
Yuncno BuaooB 62 (71) 46 (53) | 30(29) | 40(47)

Ha ponio Benyuwmx CemMencTB MnpuxoamTcs
OonbLUe NnonoBuHbI Bcex BuaoB (63% B 3anoBen-
HUKe 1 65% B ycTbe). Cnnckn BeayLmx CEMENCTB B
06eux Toukax BoO MHOrom cosnagatoT — 8 u3 10 ce-
MencTBaBnaoTca obwmmu (Poaceae, Cyperaceae,
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Asteraceae, Rosaceae, Lamiaceae, Rubiaceae,
Apiaceae, Ranunculaceae). OCOGEHHOCTbIO CMNK-
cKka BeayLMx CEMENCTB B 3anoBeaHuKe siBNSieTcs
TO, YTO cemMencTBo Scrophulariaceae BxoauUT B
TPOVKY nMOepoB 3a CYEeT Takux BMOOB, Kak
Pseudolysimachion  longifolium (L.) Opiz,
Rhinanthus minor L., Veronica scutellata L.,
Melampyrum pratense L., a B yCTbe 9TO CEMENCT-
BO He BOLWIO Aaxe B nepBylo aecsaAtky. Ha obenx
CTaHUMSX OOMUHUPYIOT BUObl W3 CeMencTBa
Poaceae.

AHanna poaoBOro crnekTpa nokasas, Y4To B Mpu-
OpexHo-BOAHOM dJiope B 3anoBedHNKE U B YCTbe
nngepamu aensitotca poga Carex (5 n 7 Bnagos, co-
OTBETCTBEHHO) 1 Poa (5 n 4 Bnaa, COOTBETCTBEHHO).

CpaBHeHue NpmnbpexxHo-BoaHOM dniopbl p. Cy-
Hbl Ha NpodUNAX B Npeaenax 3anoBegHmka rnoka-
3as10, 4To No GpOPUCTUYECKOMY COCTaBy Hambo-
nee paznunyatotca npodunm 1 n 5 (KJ = 0,19), co-
OTBETCTBEHHO, BbllLIE MO TEYEHMIO OT BoAoMNaaa
Kneay n Huxe no TedeHuio (tadbn. 3). Npodunm 1 un
5 3an0XxeHbl Ha ydacTkax, rge CKOPOCTb TEYEeHUs
OMHaKOBasl, HO pas3fIMYeH xapakTep noacTuna-
LMX rPpyHTOB. NocnenHss xapakTepucTmka cpeapl
OKa3blBAET CYLUECTBEHHOE BIMSIHME HA COCTaB U
pacnpeneneHne pacteHuii B NpubpexHo-BOAHOM
30He. Hanbonee cxoaHbl 1 1 2 npodunu, KOTopble
pacnosnoXeHbl Bbille No TevyeHuto oT Bogonaaa Kn-
Bay. Ha aTux npodunsax Bce xapakTepnucTukm cpe-
Obl (TMAPONOrMYEcKnii pexmnm, xapakrep noacTu-
NaroLwWmyx rpyHTOB, M3pe3aHHOCTb BGeperoBown nu-
HUN) BNN3KN.

Ta6nuua 3. CPABHUTE/IbHbLIVM AHANNS
DJIOPUCTNHECKOIO CXOACTBA MO MPODUNAM
B SANOBEOHUKE «KNBAY» (koaddurumeHT Xakkapa)

Mpodunb 1| MNpodunk 2 | Mpodunb 3 | Mpoduns 4
Mpodwnnb 2 0,42
Mpodwnnb 3 0,32 0,34
Mpodwuns 4 0,27 0,20 0,22
Mpodunb 5 0,19 0,30 0,21 0,20

CpaBHeHVe npubpexHo-BOAHOM &nopbl Ha
npodunax B yctbe p. CyHbl (CTaHUUSA 2) nokasano,
4To No GJIOPUCTUHECKOMY COCTaBy Hambornee
pasnuyatotca npodunm 1 n 4 (KJ=0,16) (tabn. 4).

3T Npoduan pasnnyalTcs TOSIbKO MO CKOPOCTU
TeyeHns. Ha npodune 4 no cpaBHEHMIO C NPOpU-
nem 1 6onee 6biIcTpoe TeveHne. Hanbonee cxoaHbi
npodunm 2 n 3 — BCe xapakTepUCTUKU cpeapl
30€eCb OKa3anuCb CXOOHbIMU (CpenHss CKOPOCTb
Te4YeHus1, MONornin 3anneHHbIn beper).

Ta6nuua 4. CPABHUTE/IbHLIV AHANNS
®OJIOPUCTUHECKOIO CXOACTBA MO NMPODUNAM
B YCTbE (koaddurumeHT Xakkapa)

Mpodwunb 1 Mpodwunb 2 Mpodpwnab 3
Mpodpune 2 0,30
MNpodunb 3 0,28 0,40
MNpoduns 4 0,16 0,20 0,30

Bbin BINONHEH CPaBHUTESbHbIV aHanmM3 Gaopbl
Ha OBYX CTaHUMSAX MO OTHOLLUEHUIO PaCTEHUI K
BNaXXHOCTU N Tpoduyeckum ycnosusm. OcobeH-
HOCTbIO pacrnpeneneHns BUOOB pPacTEHUA No OT-
HOLUEHMIO K BNI@QXHOCTU SIBUJIOCb TO, YTO B YCTbe
peKu B NPUBPEXHO 30HE BbiLLEe 055 rnapoduToB
(20%), B TO BpeMs kak B 3anOBEOHUKE 3Ta [0S
cocTaBnsaeT Bcero 8% (puc. 2). 3T0 CBA3aHO C
60NbLUMM NOCTYM/IEHNEM BMOrEHHbIX 3JIEMEHTOB B
YCTb€ PeKU, CNOCOOCTBYIOLLMM YCUIEHHOMY pa3-
BUTWUIO BOAHOW PACTUTENBHOCTN.

60

50

40 M knBay

30 A O anuwnone

20

10

o I

Mod® Murd Mo Kcd

Puc. 2. PacnpeaeneHune npubpexxHo-BOAHbIX BUOOB
MO OTHOLLIEHWIO K BNAXXHOCTM Ha ABYX CTAHLMSX:

va® - ruppodur, Murd — rurpodput, MP — mesodur,
Kc® - kcepoduT; No ocu opanHaT — MPOLEHTbI

Tabnunua 5. PACMPEAOENIEHNE MHOVMKATOPHbLIX BOAHbLIX BUAOB MO MPOPUIAM

Bun Mpodwnan Ha cTtaHumm 1 (3anoBegHUK «<Knay») Mpodunm Ha cTaHumm 2 (yCTbe)

1 2 3 4 5 1 2 3 4

Myriophyllum verticillatum L. + + - + + - + + +
Myriophyllum alterniflorum DC. - - - - + + + +
Elodea canadensis Michaux - - - + + - - + +
Alisma plantago-aquatica L. + + + - - - + + _
Nymphaea tetragona Georgi - - - - + + + _ +
Nuphar lutea (L.) Smith + - - + + + + + +
Potamogeton natans L. - - - + + — + + _
Potamogeton perfoliatus L. - - - + + - + + +

MpumeyvyaHwne. lNnoC - NPUCYTCTBME, MUHYC — OTCYTCTBME BUAA Ha JAHHOM npodune.
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AHanna pacnpepaeneHns BUAOB BOAHOM pacTu-
TeNbHOCTU nokasas, 4YTo Hambonee apkme UHOW-
KaTopbl 3BTPOPUPOBAHUS (BUAOBI pona
Mpyriophyllum) 6blA OTMEY€EHbI Ha BCEX NCCNneao-
BaHHbIX Tepputopusax. OpgHako Hambonbluas
BCTPEYaeMOCTb BMOOB 3TOr0 pofa XapakTepHa
Ons ycTbsl peku (Tabn. 5). 3To cBMAETENLCTBYET
006 3BTPOPUPOBAHUM YCTbS PEKK, TOe pacnonara-
eTcq XnuBoTHoBog4eckmi komnnekc (3A0 «AHMLI-
none»).

Lpyrve nHamMkaTopbl BbICOKOrO YPOBHSI TPO®d-
HOCTU (BuMAObl p. Potamogeton, a Takke Buapl
Elodea canadensis Michaux, Nuphar Ilutea (L.)
Smith) B cpegHem TeyeHnn (cTaHums 1) OTMEYEHDI
€OMHNYHO, a HMXEe MO TeyeHuto (cTtaHums 2) —
BCTPeYeHbl NOBCEMECTHO (CM. Tabn. 5).

Takum 06pa3oM, B CpedHEM TEYEHUN PekU, B
panoHe 3anoBegHuka «KmBauy», COCTaB BbICLUEN
BOAHOW pacTUTENbHOCTU yKa3bliBaeT NNLIb Ha Ha-
YyasibHble 3Tanbl 3BTPOPUPOBaHUA. B ycTbe peku
3BTPOOUpPOBaHME BbipaXeHo 6onee SpKo, 4TO CBSI-
3aHO C aHTPOMNOreHHbIM BO3AENCTBMEM.
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SAKJIIOHEHUME

MpubpexHo-BoaHasa ¢Gopa B cpeaHeM Tede-
HUK p. CyHbl, B Npegenax 3anoBegHoOMN 30HbI, U B
yCTbe peku BkatovaeT 141 BuAa BbICWIMX COCYyOu-
CTbIX pacTeHun, oTHocsawwmxca K 102 pogam mn 40
cemerictBam 13 5 knaccos u 4 otaenoB. CpaBHU-
TeNbHbIA aHann3 npudpPeEXHO-BOAHOW dnopbl
p. CyHbl B CpegHeEM TeyeHuun (B npegenax 3ano-
BeaHuka «KrnBay») U yCTbe BbISIBUJ CYLLECTBEHHOE
pasnuyne B BMOOBOM COCTaBE pacTeHun (Koad-
dunumeHT XKakkapa (KJ) — 0,30), 4To cBsI3aHO C
penbedoM, rmaposiorMyeckum pexnmMom, xapak-
TepoM NOoACTMNAIOLWNX TPYHTOB. BnepBbie BbIsiB-
JIeHbl OCOBEHHOCTM PacnpPOCTPaHEeHUs UHAMKA-
TOPHbIX BUAOB BOAHOW pPacTUTENIbHOCTWU, OTpa-
Xawwmx ypoBeHb 3BTpodupoBaHns p. CyHbl.
MpoBeneHHble MCCnenoBaHUs MOTyT MOCNYXUTb
OCHOBOW /151 BbIAENIEHUS 30H Pa3HON CTeNeHu
3BTpOdMpPOBaHMS Ha pasnmyHbIxX ydactkax p. Cy-
Hbl N UCMOJIb30BATbLCH B 3KOJIOMMYE€CKOM MOHUTO-
pUHre.

CocTtosiHne BOAHbIx 00bekToB Pecnybnuku Kape-
nus. Mo peadynstatam MoHuTopuHra 1998-2006 rr. MeT-
posaBoack: KapHL, PAH, 2007. 210 c.

®PpeiingnuHr A. B. 3apacTtaHve pasHOTUMHbIX
o3ep Kapenun (NpPOAYKUMOHHBIA W ANHAMUYECKUN
acnekTbl): ABTOped. guc. ... kaHa. 6uon. Hayk. M.: MIY,
1982. 25 c.

BO3MOXHOCTU UCIMOJIb3OBAHUSA NOKASATENA
ONYKTYUPYIOLWEN ACUMMETPUM AJ19 OLLEHKWN COCTOAHUSA
MPUPOAHbLIX N AHTPONMONrEHHO TPAHCPOPMUWPOBAHHbIX 3KOCUCTEM

M. C. EpoxunHa

lNeTpo3aBoACKui rocynapCTBEHHbIN YHUBEPCUTET

BBEOEHUE

OaHVM 13 NepCrneKkTUBHbLIX HANPaBAEHUA NHTE-
rpasibHOM OLEHKN YPOBHS 3arpsi3HEHNS Cpepl SB-
nsgeTcs OMoNOrMYeCcKnii MOHUTOPWHT, MPY KOTOPOM
nokasatesieM COCTOSIHUS Cpefbl CAYXUT Hapylle-
HVE pPasBUTUS OPraHM3MOB U UX MONYASLMA.
CtpeccoBble GpakTopbl BbI3bIBAOT NM3MEHEHME TO-
MeocTasa pasBuUTUSl, KOTOPbIE MOTYT ObITb OLIEHE-
Hbl MO HAPYLUEHNIO MOPHOreHeTUYECKNX NPOLEC-
coB (Bacunesckas, Tymaposa, 2005).

OnHuM 13 nokasarenen N3MeHeHNsa romeocTa-
3a pasBuUTUS ABNSETCS nokasaTtenb QayKTynpyto-
wen acummetpum (PA). Moa dnykTympyowein

acuMMeTpPUENn NMOHUMAKOT MeNKNe HeHanpasieH-
Hble OTKJIOHEHUSI OT NAEaNbHOro CUMMETPUYHOIO
COCTOSIHMSl, He UuMelWme CaMOCTOATENIbHOIo
afanTUBHOIO 3HAYEHUA M BO3HMKAKOLWME KAk pe-
3ynbTaT C/y4alHbIX OLUMOOK Pa3BUTUSA B XOO€ OH-
ToreHesa. H4acTtoTa 1 3HaYMMOCTb TakKuUX ClTy4amHO-
CTeMn, a TaKkke YCTOMYMBOCTb K HUM 3aBUCKT Kak OT
reHOTUNOB 0CODEN, Tak U OT BO3OENCTBUSA Cpeabl,
KOTOPbI€ MOIyT HapyLLaTb CTAOUNIBHOCTb Pa3BUTUSA
(3axapos, 2001).

CunTaetcs, 4to no nokasartesnto GA MOXHO cy-
ONTb O COCTOSIHUM OKPY>XKatoLLLEe cpefbl: YEM BbiLLE
nokasarefb, TeM cunbHee HapylleHuna. OgHako B
nocnegHee BpemMs CTaBAT No4, COMHEHWE YHUBEP-
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calbHOCTb 9TOr0 MeToAa Assl OLEHKM COCTOSIHUS
NPUPOAHbBIX M aHTPOMOreHHO TPpaHCHOPMMPOBaH-
HbIX 3KOCWCTEM, MOCKOJIbKY MPU MCMNOJIb30BaAHUN
nokasatens ®A ona nHaMkaumm cpenpl BO3HUKaeT
psg TpygHocTen (3opuHa, Kopocos, 2007). Llenb
nccnenoBaHns — BbIIBUTb BO3MOXHOCTU WUCMOJIb-
30BaHusA nokasatens DA ONnsg OUEHKU BIAUSHUS
pasnnyHbIX GakToOpPOB Cpeapl.

MATEPWAJbI U METOAbI

PaboTa 6bina BbINOsIHEHA MO MaTepuanam 3Kc-
neguumn Ha 3aoHexckuin n-oB (2005 r); Ha
0. bonbwon Knumeuknin (2006 r)., B OKPECTHOCTU
r. Koctomykium (2006, 2007 rr.) n KoctoMyKLLCKO-
ro ropHo-oboratutensHoro kombuHarta (2007 r.).
B kauyecTBe 06bekTa nccnenoBaHus obinm Belbpa-
Hbl 6epesa nywunctas (Betula pubescens) n 6epe-
3a nosucnasa (Betula pendula). WccnepoBaHue
npoBOAMIOCE METOAOM MNPOOHbLIX naoLWanen.
Mnowagn pazmepom 2020 m 3aknagbiBanvcb B
cnyyarHom nopsiake. Ha kaxgoi npo6GHoi nno-
waam 6bina 3aMepeHa OCBELLLEHHOCTb (9KCMOHO-
MEeTPOM W1 pacCyMTaHO B MPOLIEHTax), onpeneneH
BO3pacT (BM3yasibHO), AaHa OueHKa KaTeropuu
XXM3HEHHOrO COCTOSHUSA, B I. KOCTOMYyKLLE 1 ero
OKPECTHOCTSX OLEHEH YPOBEHb @HTPOMOreHHOM
Harpy3ku (B 6annax) (buonornyecknii KOHTpOsb...,
2007). Ha 3aoHexckoM M-0BE A03MMETPOM
Teppa MKC-05 6bin 3amMepeH ypoBeHb paguaumnm.
Bcero 3anoxeHa 61 npobHas nnowanp (3aoHex-
ckun n-oB — 18, 0. b. Knumeuknin — 13, . Kocto-
MyKLUIa 19, okpecTtHoCTM KOCTOMYKLLCKOrO
OKa — 11 npo6HbIX Nnowaaen), npoaHann3npo-
BaHO 800 pacTeHun.

OpHUM 13 BaxHbIX nokasartenen euanonoru-
4YeCKOro COCTOSIHUSI pacTEeHUI SABNSIETCS KaTero-
pusi XM3HEHHOro cocTtosiHusa. B unccneposaHmne
OblNn BKJIOYEHbI pacTeHns oT 1 0o 4 kaTeropuu:
1 — 300pOBbIE PACTEHUS C N'YCTOM KPOHOW 63 3Ha-
YNTENbHbIX MPU3HAKOB MOBPEXOEHUS KPOHbI U
cTBONA; 2 — ocnabneHHble (KPOHa nU3pexeHa, Te-
KYLLIMIA NPUPOCT 3aMETHO YMEHbLLUEH IGO0 OTCyT-
CTBYET); 3 — ycbixatowme (CUNbHO N3pexeHa Kpo-
Ha, NpupocTa HeT); 4 — ycoxwme aepesbs (bnono-
TMYECKNn KOHTPOb..., 2007).

YpoBeHb aHTPOMOreHHOW Harpy3km OLEHU-
Basica B Oannax Mo CTeneHn BbITONTAHHOCTU
yyacTtka: 1 — BblTanTbiBaHUS HET; 2 — BbITOMNTaHbI
Tponbl; 3 Mano MU peako OTMEYeHbl TpaBbl,
OTCYTCTBYIOT KYCTaPHUKWN; 4 — OCTANIOCb HEMHOIO
TpaBbl BOKPYr AepeBbeB (Bnonornyeckuin KoH-
TpONb..., 2007).

Co6op n nocnenytouias obpaboTka martepmana
nposogunnuce no metoamke B. M. 3axapoBa
(2001). Ha kaxpor npobHon nnowann ¢ 10 ae-
PEBbLEB N3 CPEOHE-HUXHEN YacTn KPOHbI cobupa-
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Mpomepbl NEBOW 1 NPaBO CTOPOH NMcTa 6epesbi:

1 — WrpmHa neBon 1 NpaBol NONOBUHOK NCTa (M3MepseTcs no

cepeaviHe NMMCTOBOW NNACTUHKN), 2 — BJINHA XWUITKM BTOPOro MNo-

psaka, BTOPOM OT OCHOBaHUSA NUCTa, 3 — PacCTOsiHNE MexXay

OCHOBaHMAMW NEPBOIN N BTOPOW XWNOK BTOPOro nopsaka, 4 —

pacCcTosiHME MeXAy KOHLAMM 3TUX XE XU0K, 5 — yron mexay

rMaBHOW XWUIKO N BTOPOW OT OCHOBAHUS NINCTA XUJIKON BTOPO-
ro nopsiaka

nn no 10 nuctees. C kaxaoro namcTa CHAManNu no-
KasaTtenum no nNatu npomepam C JIEBOM U NpaBom
CTOPOH (puc.). I3mepeHus 3aHocunucb B Oasy
OAHHbIX C NOCNeayoLMM BblHUCIEHNEM MOKa3a-
Tena GA. Kaxagomy nepey npucsamsasncs 6ann
ot | po V, roe | 6ann cooTBeTCTBOBAN HAUMEHb-
WM HapyLlieHusMm, a V — rnokasbiBasa 3Ha4YUTEeb-
Hble N3MEeHeHUs B cTabuibHOCTU pa3BuTus (3axa-
poB, YybuHuweunu, 2001). MonydyeHHble AaHHble
Oblnn 06paboTaHbl B Nporpamme Statgraphics u
OLEeHeHa CTerneHb CBA3W 3HAayYeHUs nokasartens
®A ¢ paznuyHeiMn dakTopamun. B gaHHoim paboTte
OblN10 N3YYEHO BNUSHUE YPOBHSA paanauumn, ycno-
BUI OCBELLEHHOCTU, KaTeropmmn XXM3HEHHOro Co-
CTOSIHMA, BO3pacTa [epesa, 3arpsa3HeHns aTtMmo-
cdepbl BbIBpocamu Npor3BOACTBa (C y4eToOM pac-
CTOSIHUS 40 UCTOYHMKA 3arps3HeHns), BO3OENCT-
BUS JIOKAJIbHOM aHTPOMOreHHOM Harpy3Kku (Bbitan-
TbiBaHUE).

PE3YJILTATBI U OBCYXAEHUE

Paauaums. [laHHble No BAVAHMIO paanaumm Obl-
NN MOJTy4eHbl Ha AepeBbsax Oepesbl, Npon3pacTalo-
LWMxX Ha 3aoHexcKoMm n-oee. Okasanochb, 4TO C No-
BbILLIEHVMEM YPOBHS paguauum 3HadeHus nokasa-
Tens acMMMeTPUM Bo3pacTaloT U B Hanbornee 3a-
rPA3HEHHbIX MEeCTax yBennymBatotTcs Ao 5 6annos
(Tabn.). 3Tn gaHHbIE COrnacylTCsA C AAaHHBIMMA JN-
Tepatypsbl (Leamy, Klingenberg, 2005).



BIIMAHME YPOBHA PAAVALIMN HA NMOKA3ATEJ1b
DNYKTYNPYIOLLEA ACUMMETPUW (SAOHEXCKUI
Mn-oB)

Ne n DA Bann Pagnauusa, m38
17 0,041 1] 0,028
18 0,042 Il 0,028
16 0,044 Il 0,034
15 0,052 \Y, 0,044
14 0,062 Y 0,051
11 0,057 \Y 0,053
6 0,057 \Y 0,053
7 0,052 v 0,055

OcseuyeHHocTb. NpoBeaeHHOE nccnegoBaHve
nokasasno, 4To B 3aBUCUMOCTU OT YC/IOBUIA OCBE-
LLEHHOCTM nokasaTeflb CTabuiIbHOCTU Pa3BUTUSA
nmncta 6epesbl He MeHsleTcs. [laHHble nuTepaTypsl
No BAVSHWIO 3TOro ¢akTopa AO0CTATOYHO NPOTUBO-
peunsbl (3axapoB v ap., 2001; WaagpuHa n ap.,
2003; Leamy, Klingenberg, 2005). Tak, B paboTtax
B. M. 3axaposa un A. T. Hy6uHunwsmnm (2001) noka-
3aHO, YTO B 3aTEHEHHbIX YC/IOBUSX CTAOWIIbHOCTb
pas3BUTUSA NMCTbEB Gepeskbl MOBUCIION HapyLlaeTcs
1 nokasaTenb acuMMeTpun yeennymneaeTtcs. B pa-
6oTtax LLagpurHomi, Tak xe Kak 1y Hac, Takol 3aKo-
HOMEPHOCTM BbISIBJIEHO HE BbINO.

Kareropusi xxu3HeHHOro coctosiHus. okasaHo,
YTO KaTeropus XXM3HEHHOrO COCTOSHMS HE OKa3bIBaA-
€T ornpeaeneHHoro BAnsHus Ha nokasaress @A, OT-
KJIOHEHUSI B CTAOUILHOCTY Pa3BUTUS HabNo4anMchb
Y LlePEBBEB Kak C BbICOKOM KaTeropunen XX U3HeHHOro
cocTosiHus (1 6ann), Tak 1 ¢ HU3KOW (4 Banna).

Bospact. AHann3 3aBucumocTn PA ot Bo3pac-
Ta nepesa Obl1 caenaH Ha OCHOBE MaTtepuana, co-
OpaHHoro Ha 0. bonbwoi Knumeukunii n B 1. KocTo-
MykLie (2006 r.). B onbIT 6bl1n BKIOYEHBI pacTe-
HUa oT 5 0o 70 net xun3Hu. Ha Monoabix AepeBbsx
(mnagwe 5 net) ypoeHb DA cnabo anddepeHum-
pyeTcs 1 ero 3HaveHus He npesbiwatoT 1 6anna. C
NOBbILLEHNEM BO3PACTa PaCTEHUIN YPOBEHb aCUM-
MeTPUM YBENNYMBAETCS. OTO NOATBEPXKAAIOT AAH-
Hble NNTepaTypbl: OTKJIOHEHUS B CTaBUIBLHOCTU
pPasBUTUS NPOSIBASIIOTCA TOJIbKO C ONPEAENeHHOro
BO3pacCTa, 1N YyBCTBMUTENbHOCTb 3TOIO NokKasartensi
HapyLLIaeTcs y cTapbiX AepeBbeB (3axapos, Hyou-
HuwBwunu, 2001).

BruitanteiBaHve. Bonpoc 0 BAUSHUM @HTPOMO-
FeHHOW Harpysku, TakOW Kak BblTanTblBaHWE, Ha
CcTabunbHOCTL pa3BuUTUSA Nnucta 6epesbl B nTepa-
Type He paccmatpuBasncs. bbinm BbiGpaHbl Npoo6-
Hble nnowaamn, rae SToT nokasaTenb BapbupoBan
oT 1 o 4 6annoB (Bvonornyecknin KOHTPOsb...,
2007). Okasanock, 4To HanbonNbLLME OTKIIOHEHUS B
CTabuNbHOCTU Pa3BUTUSA OTMEYAINCh Ha MPOBHbIX
NAoLWaasx, KOTopble Npexae Bcero nogsepranmch
BbITanNTbiBaHMIO. [TpyyemM Yyem cunbHee TpaHchop-
MMUpPOBaHa TeppPUTOPUS, TEM OOJbLLME OTKITIOHEHUS
oTMevanuch B CTabubHOCTU Pa3BUTUSA 1 Obli Bbl-
we nokasatenb PA.

YnaneHHOCTb OT ncto4yHuka 3arpsisHeHuns. Of-
HUM N3 LUMPOKO 06CYXaAaeMblx B uTepaType pak-
TOPOB, OKa3bIBAIOLLMM CYLLIECTBEHHOE BINSIHME Ha
nokasatenb MA, aABnsgeTcs 3arps3HeHne cpembl
NPOMBbILLNEHHbIMU BbiOpocamu (LLlagpuHa n gp.,
2003; Kozlov et al., 1996). B npoBegeHHOM Hamm
nccnenoBaHMM, BbIMOJSIHEHHOM B OKPECTHOCTSAX
Koctomykuickoro FOKa Ha 11 npo6HbIx niowaasnx,
0oKa3anocCb, YTO HET onpeaeneHHbIX 3aKOHOMEPHO-
CTeli B W3MEHEHUM rnokasaTenss CTabuiibHOCTU
pa3suTnsa. Ha kaxpor npobHol naowaan Obinu
0epeBbs Kak C BbICOKMM, Tak U C HU3KUM 3HAYEHU-
em PA. M3 nuTepaTtypbl USBECTHO, YTO BbIOPOCHI OT
KOCTOMYKLLUCKOro rOpHO-000raTUTesIbHOro KOM-
OunHaTa He oKa3blBaT CUIbLHOIMO OTPULIATENBHOIO
BJINSIHNS HA HA3eMHbIE€ 3KOCUCTEMbI 1 3TO BO34EN-
CTBME paccmaTpuBaeTcs kak cnaboe, U 39T0 Mbl
nogTeepamnun B Hawem ncenegosaHmn (OueHka.. .,
2001).

B pesynbrarte aHanmaa nosy4eHHoro matepma-
Na BblOEeNsaTCs TpY rpynnbl AaHHbIX. B ogHy rpyn-
ny BOLLAW NPoBOHbIe niowaan (12 nnowanei), Ko-
TOpble HaxoOWIUCb B HEHAPYLUEHHbIX YCIOBUSIX
cpeabl (0. b. Knumeukmin, yacTb nnowaaen Ha 3a-
OHEXCKOM M-0Be), rae 3Ha4YeHne nokasartens cra-
OUNBHOCTM Pa3BUTUS UBMEHSIOCH B Npeaenax 1-3
6annoB. Bo BTOpyto rpynny BOLWAM NPOOHbIE MJ10-
waan (6 nnowagen), rae pacteHms npomspacTtanu
B0 B CUJIbHO @HTPOMOreHHO HaPYLUEHHbIX YCI10-
BusIX (. KocTomMyklla 1 ero OoKpecTHocTu), nmbo
NpW BbICOKOM YPOBHE paamaumm (4acTb MPOOHbIX
niowaaen Ha 3aoHexckom n-oee), Unm B Hebna-
rONpPUSTHBLIX MPUPOAHbLIX YCNOBUSX (3a00N0YeEH-
Hble MECTO0OMTaHMS). B 3TUX YCNOBUSX HA KaXKa0M
NPoGHOIM Mnowaan oTMeYannucb BbICOKME 3Ha4e-
Hust DAy Bcex nccnenoBaHHbIX epeBbeB. M B Tpe-
TbiO rpynny (Hanbonee MHOMOYUCIEHHYIO) BOLLN
43 npobHble nnowaaun, rae oTMeyancs LWNPOKUiA
OnanasoH BapbMpoBaHus nokasarens OA (o1 1 oo
5 6annos).

SAKJIIOHEHUE

MpoBeneHHOE nccnenoBaHme rnokasasno, 4YTo B
YCNOBUSAX HEHapyLIEeHHOM Tepputopun (0. b. Knu-
MeLKNi) OblNIY NONYYEHbl HU3KME 3HAYEHUS NMokKa-
3atens A, 4TO CBMOETENLCTBYET O BbICOKOM
YPOBHE CTabWUIbHOCTM Pas3BUTUS, @ COOTBETCT-
BEHHO, O XOPOLLEM COCTOSIHUWN OKPYXXatoLlelh cpe-
Obl. B yCnoBusix cnnbHOro HapyLleHUs OKpyXKato-
e cpenbl TakMmm dakTopamMu, Kak YpoBEHb pa-
anaummn (3aoHEXCKUI N-0B), aHTPOMOreHHas Ha-
rpy3ka (r. Koctomykuwa), CTpeccoBble YCNOBUS
BOAHOro pexuma (3aoHexckuin n-os, . KocTto-
MyKLU@), Ha Kaxaon npoOHOM nnowagn Obiin
Nnosy4yeHbl BbICOKME 3HavyeHusi nokasatens A
(4-5 6annoB), YTO 0OQHO3HAYHO CBMOETENLCTBYET
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0 HapyLeHnn cTabunbHOCTM Pa3BUTUS N yXyOLle-
HUM YCNOBUIN MeCTOOOUTaHMs. Bo Bcex ocTanbHbIX
BapumaHTax onbiTa (3aoHexckuin n-os, . KocTo-
MyKLLIa, okpecTHocTn KocTomykiuckoro MOKa) ot-
MeYeH LUMPOKUI Amnana3oH BapbUpPOBaHUSA Moka-
3aTtenss A (OT HU3KMX OO0 BbICOKMX 3HAYEHU) Y
pacTeHun, npon3pacTaoLlyx Ha OAHON OMNbITHOMN
niowagke. MoXHO npeanonoXmnTb, YTO 3HAYMU-
MOCTb JIOKaJIbHbIX YCJIOBUIA MECTOOOUTaHUA Ans
Kaxxaoro aepeBa Oblla O4EHb BbICOKOM 1 peakums
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OTBETHAHA PEAKUWA OPTAHU3MA Pblb
HA XPOHU4YECKOE 3ArP913HEHUE BOA4 (HA NPUMEPE PEKU NEYOPDI)

NN. A. bennyeBa, IO. H. WapoBa

UHCcTUTYT BOAHBbIX npobnem Cesepa KapHL| PAH

BBEOEHWE

Okonoruyeckas ob6cTtaHoBKa B bacceliHe p. lNe-
4Oopbl — OQHOM U3 KPYMHENLNX BOAHbIX cnuctem Ce-
Bepo-3anaga Poccuun — yxe B TedyeHne oauTerb-
HOro BPEMEHM XapakTepu3yeTCsl Kak HamnpsiKeH-
Has. 3arpssdHeHue p. lNMevopbl 1 ee NPUTOKOB Hava-
nocob eule B 50-e rr. XX B. 1 CBA3AHO C Pa3BUTUEM
YrONbHOM N HEDTAHOW NPOMBbILLIEHHOCTU. CnekTp
aHTPOMOreHHbIX (GakTOpPOB, OKa3blBAOLLIMX HaW-
OONbLUMIA HeraTtmBHbIA 3P@EKT Ha 3KOCUCTEMY
p. Meyopsbl, BKAOYaeT: HePTENPOOYKThI, TSXKENbIE
MeTansbl, NMPOMbILLNEHHbIE N XO3SACTBEHHO-0ObI-
TOBbl€ CTOYHbIE BOAObl. YCUNEHME aHTPOMOreHHOoM
Harpysku Ha BOOHble 3KOCUCTEMbl ANKTYEeT HeoO-
XOAMMOCTb O€eTaNlbHOro aHanmsa MX COCTOSHUS,

KOTOpPbI NoApa3yMeBaET He TObKO onpeaeneHne
coaepXaHusi 3arpsas3HaloLWmMX BELLEeCTB B BOAE,
rpyHTax u 6uoTe, HO U BbIIBIEHWE OTBETHbIX
peakunii ruapobnoHTOB Ha AENCTBME 3TUX 3arpsi3-
HUTENEeNn.

MccnepoBaHus nocnegHux net CBUAETENbCT-
BYIOT O TpaHChOpMaLmn 3KoCcUcTeMsbl p. MNevopsl,
KOTOpbIE BbIPaXalTCA B M3MEHEHUSX KONMNYECT-
BEHHOIr0 M Ka4yeCTBEHHOr0 cOocTaBa OpraHM3mMoB
pPasINYHbIX 3KOJIOrMYeckux rpynn. I3BecTHoO, 4TO B
OCHOBE N0ObIX UBMEHEHNI NONYNSALNOHHbLIX Napa-
MEeTPOB fiexxaT N3MeHeHns Ha 6onee HU3KUX YPOoB-
HAX opraHmMaaumm (MONEKYNSPHOro, TKaHeBOoro,
opraHmameHHoro). Llenb gaHHoM paboTsl — nccne-
[0BaTb peakuuo opraHmama pbld Ha XpOHNYeCcKoe
aHTpPOMnoreHHoe BO34eNcTBME. Bblibop o0ObekTa

143



nccnenoBaHUi CBs3aH C MNOJIOXEHWEM pPbIO B
TPODUYECKON CTPYKTYpPE U UX CNOCOOHOCTbLIO
aKKyMynMpoBaTb HeratnBHble 3dPEKTbI aHTPOMNO-
rEHHOr0 BO3AENCTBMSA Ha akocucTeMy. [ns oueH-
KN OTBETHOW peakumn opraHn3ma Ha aJIMTenbHOe
BO3OENCTBME 3arpAa3HALLIMX BELLLECTB NCMOJb30-
Ba/In TMCTONIOTNYECKUIA aHann3, KOTOpbIN npen-
CTaBNnsieT CcoOON HadeXHbI MeTond MOoJlydeHus
[OOCTOBEPHON MHPOPMALUMK O CTEMEHUN HEraTuB-
HOro BO3AENCTBUS.

MATEPWAJbI U METOJbI

WccnepoBaHne NpoBOAMAOCH Ha MOJSIOBO3pe-
nbix ocobsax 39 Leuciscus idus (Linnaeus 1758) n
cura Coregonus lavuretus (Linnaeus 1758), otnos-
JIEHHbIX Ha Pas3fINyHbIX yd4acTkax baccenHa p. lMe-
4yopbl oceHbto 2008 1.

[ns rucronornyeckoro aHanmaa pblib oToMpa-
Nncb Xabpbl, Ne4eHb U NOYKN. s Noay4eHns rmc-
TONOMMYECKUX MpenapaTtoB OpraHbl ¢puKcupoBsa-
JINCb C UCMNonb3oBaHneM xmnakoctn byaHa. Obpa-
6oTka npod npoeoaunacbk OOLLENPUHATLIMU TUC-
TONornyeckumMmun metogmkamm (Bonkosa, Eneuxnmi,
1982) ¢ ncnonb3o0BaHNEM B KA4yecTBe KpacuTensd
reMaToKCUINH-303MHa.

PE3VYJILTATbI N OBCYXAEHNE

2Kabpbi, C OOHOW CTOPOHbI, YPE3BbIHAMHO YyB-
CTBUTENbHbI K M3MEHEHUSIM Ka4yeCcTBa BOAbl, a C
OPYyron — HaxogaTcs B MOCTOSHHOM KOHTaKkTe C
BHELLUHEN cpeaon. B cBA3mM ¢ 9TMM OHM paccMmar-
prBalOTCS Kak OgVH M3 MaBHbIX OPraHOB-MuLLEe-
HEN [ONS PasfMyHbiX MOBPEXAAIOLWMX areHToB
(Mallat, 1985). A ructonatofsiormyeckme N3MeHe-
HUS B Xabpax pbld 4aCTO MCMNONb3YIOTCSA AN UHAMN-
Kauum 3arpsisHeHmsa okpyxatowen cpeapl (Lapo-
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Ba, JlyknH, 2008; Schmidt-Posthaus et al., 2001;
Trebskorn et al., 2008).

B xoO0e MnKpOCKONMY4ecKoro aHanuaa gaHHOro
opraHa y pblb ABYX BUOOB HaMW OblJ1 BbISIBAIEH LUN-
POKUI CREeKTP naTonoruni: rmnepnnasus (puc. 1,
6), cnabas runepTpodus 1 OTeK PecnmMpaTopHOro
ANUTENNS; UCKPUBMAEHNE W ClAMNaHMe pecnupa-
TOPHbIX amenn (cMm. puc. 1, 6); NM3nc NocnenHux,
NPUBOASALMIN K UX YKOPOYEHUIO MW MONIHOMY pas-
PYLUEHMIO; AeCKBaMauus PecnmpaTtopHOro anmte-
nnsl, ocobeHHO B MecTax runepnnasuvn. B psge
Cny4aeB runepnnasvsa npueBogmna He TONbKO K
CANNAHMIO COCEeAHUX aMenl, HO U K CAunaHuo
CMEXHbIX pnNamMeHTOB.

AdnarHoctnpyemble HamMm M3MEHEHUS MPUBO-
OAT K cCoKpaLleHuto obLen anddysHor NoOBEPXHO-
CTK Xabp M rmnokCcumM, HECMOTPS Ha TO, YTO U3Ha-
YanbHO rMNepTPodUsa 1N rMNepniasvusg MMeT Npu-
crnocobuTenbHOe 3HavyeHue, HanpaB/IeHHOE Ha
KOMMeHcaunio GyHKLUM NOBPEXOEHHOIO OpraHa.
Pan aBTOpoB paccMmaTpmBaloT MX Kak 3alUUTHbIE
peakumn opraHuama, Tak Kak B pesynabrate 3Tux
NPOLLECCOB NPOMCXoaunT yBenmyeHne gnudapysnoH-
HOro 6apbepa Mexay OKpyxXatoLlei cpeaon 1 Kpo-
BblO U, TEM CaMbIM, NPeOTBPaLLEHNE NONagaHNs
3arpa3HaIOLWLMX BeLWECTB B opraHun3am (Maten,
1996; Mallat, 1985). CneactBuem cansHUs pecnm-
paTopPHbIX TAMENS ABASETCS YMEHbLUEHWNE MoLa-
On raszoobmeHa W yBenuMyeHue Oapbepa oS
nornoweHns 3arpsasHsaowmx BewecTts (Lauren,
McDonald, 1985; Van Heerden et al., 2004).

Cnepyet OTMETUTb, YTO NATONOMMKU, CXOOHbIE C
BblLLEYNOMSIHYTbIMU, Habnwganucb y pbid® nopg,
BO3OENCTBMEM Pa3IMYHOro TUMa 3arps3HSIOLLNX

BELLECTB, B YACTHOCTW, NPOMBbILLUIEHHbIX N MYHU-
umMnanbHbIX CTOYHbLIX BOoA, (Billiard, Khan, 2003),
HedTenpoaykToB (Nero et al., 2006), Taxenbix me-
Tannos (Khan et al., 2004; Mohamed, 2008), nec-

Puc. 1. >Xabpbl 93a:

a — HopMaJibHas CTPYKTypa; 6 — reMonn3 SpuTPOLMTOB, rnepnnasus anutenus (ysennydexve 200)
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Tuunpos (Das, Mukherjee, 2000). OgHako HEKOTO-
pble MUCCnenoBaTenn CBA3bIBAOT pasBUTME AaH-
HbIX MOBPEXAEHUA C HalIM4YMEM annMEHTapPHbIX
3aboneBaHuii (Das, Mukherjee, 2000).

Cpeon HapylweHuin KpoBOOOpPALLLEHUS HaMK
OblNIM OTMEYEHbI: KPOBOU3NUSAHUSA, CTadbl (Hapy-
LIEHNS TEYEHUS N CTOSHUS KPOBW); HapyLleHus
KPOBEHANO/HEHNS; pPedKue criydam MosiBNeHns
aHeBpM3M 1 guanegesa d9pmMTpouMTOB, a Takxke ar-
perauus 3puUTPOLMTOB B BUAE MOHETHbIX CTONOU-
KOB (cnamx). 3aperncTpmpoBaHHbIE HAMW MHOMO-
YNCIIEHHbIE M OOLUMPHBLIE KPOBOU3NUSHUSA 4acTo
OblNM CBSI3aHbl C pas3pbiBaMK KIETOK XabepHoro
anutenus. Kak n aHeBpu3Mbl, JaHHbLIA TUMN NaToN0-
A MOXET paccMaTpmBaTbCs Kak OTpaxeHue npsi-
MOro OEeNCTBUS TOKCUMYECKOrO areHTa Ha TKaHu
(Temmink et al., 1983).

Y nccnenyembix Hamu pblid 0gHOM 13 Hanbonee
4yacTblX MaTONIOrMN Obl1 TEMONIN3 3PUTPOLMTOB
(cm. puc. 1, 6). Takke OOCTAaTOYHO pacrnpocTpa-
HEHHbIM MOBPEXAEHNEM SABASNOCH paspactaHune
COEOMHUTENBHOM TKaHM, NPUBOASLLEE K PA3BUTUIO
GNOPO30B 1 HAPYLLUEHUIO CTPYKTYPbl (prnameHTa.
Pan wccneposatenen (Baumann, Harshbarger,
1998) cBsaA3bIBAOT MosiBNeHne GuOpPO3HbIX pas-
pactaHuin C OENCTBUEM XJIOPOPraHMUYecKmMx COo-
eannenun (MAY, NXe, 44T).

B cBA3M C TeEM 4TO neyYeHb ABASIETCS MMaBHbLIM
OopraHom, OTBeYaloLW¥M 32 NMPOLLECChI AETOKCUKA-
uMnm n buoTpaHchopMaunm 3IarpsasHSALWNX Be-
LLEeCTB, YacTO OHa SAIBNSIETCS OAHUM U3 Hambonee
YyBCTBUTESbHbIX K 3arpA3HEHNIO OPraHoB.

Y 060ux BUAOB B A@HHOM OpraHe Obiin 3aperu-
CTPUPOBaHbI AEreHepPaTUBHbIE NBMEHEHUS: O4aro-
Bble HEKPO3bl MAPEHXMMATO3HOM TKaHu (puc. 2, 6),
HeboJbLUME o4arm kapuonukHo3a. Cnegyet oTme-
TUTb, YTO HEKPOTUYECKME W3MEHEHUSI B MEYEHU
OblNMM NPOAEMOHCTPUPOBAHbLI MPU BO3OENCTBUMN
LUMPOKO Kpyra 3arpssHsioLmMX BELECTB: HedTe-
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npoayktoB (Nero et al., 2006), NMXb6 (Chang et al.,
1998), nectuumnpos (Das, Mukherjee, 2000), mean
(Figueiredo-Fernandes et al., 2007) n gpyrux T9-
xenbix metannos (Mohamed, 2008).

B uenom xe natonornm gereHepaTnBHOro Tmna
B JAHHOM OpraHe MOryT OblTb CBSI3aHbl TakXe C
HeooCTaTKOM KMCopoda, BcnencTene Habno-
JaeMblX HAMW U3MEHEHUI B Xabpax u/ unu cra-
31MpPOBaHMSA COCYAOB W reMoan3a 3pUTPOLMTOB
(Mohamed, 2008).

Lna g93eri noMMMO NepeyncneHHbIX gereHepa-
TUBHbIX NU3MEHEHN NeYyeHn ObI10 XapakTepHO pas-
BUTUE NUNMO030B (HapyLleHuin meTtabonmama m-
nuooB). B page cnyyaes GuKCcMpoBanoch paspyLle-
HMEe KJIETOK MapeHXMMbl BCNeaCcTBME M3ObITOYHOM
Bakyonmaaumn. Pa3sutme gaHHOM naTtonormm pac-
LLEHMBAETCS KakK OTBETHAs peakums Ha LUMPOKWUIA
Kpyr noBpexaarowmx ¢GakTtopoB, B YAaCTHOCTU, Ha
nencrteme KaHueporeHHblx BelwecTs (Hendricks et
al., 1984). A LLpaHk n coaBTopsbl (Schrank et al.,
1997) ykasbIBalOT HA HANWYME AaHHbIX MATONOMMA Y
pblO, oOMTalOWMX B pekax, 3arpsi3HeHHbIx MAY U
MNXB. OpHako OBHapyXeHHas Hamu BUAOCNELUN-
®UYHOCTb JAHHOM NaToNOrMM He MO3BOMSIET HaM
CBsI3aTb €e C BO34ENCTBMEM MOJUIIOTAHTOB, BO3-
MOXHO, ee pa3BuTME OOYCNOBJIEHO M3MEHEHMEM
onpeaeneHHbix (akTopoB OKPYXaloLWEN cpenbl,
Hanpumep, nueBbix (Wolf, Wolfe, 2005).

Kpome Toro, B nevyeHu Habnoganmcb HapyLLeHUs
KpOBOTOKA (CTasbl), CONPOBOXAABLLUNECS FrEMOSIN-
30M 3PUTPOLMTOB M paspylleHneM GOPMEHHbIX
3JIEMEHTOB KPOBMW, COEAMHUTENbHOTKAHHbIE pPa3-
pacTaHmnsa BOKPYr COCYOOB, a Takxke KpOBOWU3NNS-
HWS Pa3NYHON CTEMNEHN TSXECTU (CM. puc. 2, 6).
drbposHble paspacTtaHmMsi BOKPYr KPOBEHOCHbIX
COCYI0B U XeN4YHbIX MPOTOKOB B NeYeHn Oblnin oT-
MeYeHbl PSA0M WUCCNeaoBaHUn Npu 3arpa3HEHUn
HedTenpoaykTamm — MAY n NXB6 (Rousseaux et al.,
1995; Koponen et al., 2001).

Puc. 2. lMNeyvyeHbcura:

a — HopMaJsibHas CTPYKTypa; 6 — 06LUIMPHOE KPOBOU3NUSHME WU HEKPO3 renatoumnTos (yeenuyerHne 200)

145



Y psiga pbl6 BbisiBNIEHbI MPU3HAKK BOCNANUTESb-
HOW peakuum — UHPUNbTPaLUSA NenKoumMToB, obpa-
3o0BaHMe akccygaTta. OgHako AaHHbIA TUM FTUCTO-
NaToSIOrNYECKNX NSBMEHEHNN PA3BNBAETCS B OTBET
Ha LWWMPOKNI KPYr CTPECCOBLIX GaKTOPOB U HE MO-
XeT OblTb CBSA3aH JMLLb C OMNpeaesieHHbIM TUMOM
3arpsasHsowmx sewecTts (Nero et al., 2006).

[To4km y KOCTHbIX PbIO SIBASIIOTCSH OAHUM U3 Nep-
BbIX OpPraHoOB, KOTOPbIE MOPaxalTCcsa 3arpsa3Hao-
wmmn Bewecteamu (Thophon et al., 2003). Bos-
MOXHO, 3TO CBSI3aHO C TEM, YTO AAHHbIN OPraH Xo-
pOLLIO cHabXaeTcsl KPOBbIO U SBNSIETCH [TTaBHbIM
nyTem BbiBEOEHMS MeTaboNnToB, 06pa3oBaBLUMX-
cs B npouecce 6GuoTpaHchopMaumm pasnnyHbix
KCEHOONOTMKOB.

MuKpOCKONMpOBaHMEe TKaHen AaHHOro opraHa
BbISIBUJIO PsiA NATOSIOMMYECKMX U3MEHEHUI, BOSb-
LUMHCTBO N3 KOTOPbIX TakXe HEe SBASIIOTCS Creum-
duyHbIMK. B X0a0€ nccnepoBaHus B novkax pbld Obi-
NN ANarHoCTMPOBAaHbI O4aroBble 30HbI HEKPO3a KJle-
TOK CTPOMbI OpraHa, cilydam HeKpo3a KaHasbLEB U
knyboukoB. Cneayet OTMETUTb, YTO HabNtogaeMble
HaMM HEKPOTUYECKME N3MEHEHUS YacTo Obln CBSI-
3aHbl C 0OLLMPHBIMY KPOBOUINUAHUAMN. HEKPOS3 He
ABNAETCH cneumdunyeckon OTBETHOW peakumen Ha
onpeaenieHHble 3arpsa3HaioLLmMe BeLwecTsa, cornac-
HO NMTEpPaTypPHbIM JAaHHbIM 3Ta NaTONIOrNs PErncT-
pupyeTcs Npu BO3AENCTBUN DEHOSbHBIX COeANHE-
Hun (Gupta, Dalela, 1987), nectnumpos (Das,
Mutherjee, 2000), ptytn (Khan et al., 2004).

YacTo BCTpevyaemMble NMpPu3HakmM BOCMAINTENb-
HOW peakLMK B NoYKax CUroB — OTCNoeHne 6asarb-
HO MeMOpaHbl OT 3aNUTENNS KaHabLLEB, BOCNase-
HMe KNybo4YKOB — BO3MOXHO, Oblnn CBA3aHbI C OT-
MEYEHHON HaMWM MHOXECTBEHHOM MapasnTapHom
MHBa3nen. AHaNornYyHble HapyLleHUsl, ANarHocTun-
POBaHHbIE Y A3€N, ONPEAENsaInNCb NHbIMU HaKTo-
pamMm oKpyXaloLLen cpeabl, Tak Kak y HAX napasn-
TOB He oB6HapyXeHo. B uenom npucyTtcTeue napa-

31UTOB NO-Pa3HOMY OTpaxanocCb Ha COCTOSAHUM Op-
raHmama pbl0: 3aperncTpupoBaHHbIE UMCTbI Napa-
31UTOB MNPMBOAMAN K Pas3BUTUIO BOCMANNTESNIbHOMN
peakumn nponudepaTtUBHOro TUMa; CreacTBUEM
nHBasun Tetracapsuloides bryosalmonae sBnsi-
JIOCb pa3BUTUE rpPaHyneM; a NpuUCyTCTBUE BMOa
Sphaerospora renicola npuBogMnO K 3akyrnopke
NnoYeyHbIX KaHanbLEeB (puc. 3, 6).

'McTonormyecknii aHannsa NoYek Takxke BbISBUI
[ereHepaTmBHbIE N3MEHEHUSA U cydan aTpodun
Kny6o4KoB (CM. puc. 3, 6); Ype3MepHoe pa3pacTa-
HUE COEOVHUTENbHOW TKaHW BOKPYr KaHasbLEB U
KNyOO4YKOB; YTOJILLEHNE COEOVHUTENIbHOTKAHHOWM
CTEHKN COCYAO0B; Hannume Gpmnbpo3HbIx obpa3oBa-
HUN. B XxoQe rmcTtonornyeckoro aHanmaa Takxke
OblIo 3aPUKCUPOBAHO HaNMyMe CTa3MpPOBaHHbIX
COCYy[0B; B psifie COCYA0B HabNtoaanoch paspyLue-
HMEe (OPMEHHbIX 3EMEHTOB KPOBW W remMonm3a
3pUTPOLUUTORB (CM. puc. 3, 0).

B noukax pbli6 Takxke Habnwganmcb OUCTPO-
dun: HapylweHms obMeHa NMNUaoB (MMNUA03) u
XPOMOMPOTENHOB (remocugepos). MNpuyem, ecnu
XMPOBbIE AMCTPOPUN dUKCMPOBaNNCh Yy 060MX
BWAOOB, TO HaKOMJEHWE reMocuaepuHa oTmeva-
10Cb TONbLKO Y cUros. [o-BnanMmomy, MeeTcs on-
peneneHHas BugoBas crneuyudurka B pPasBUTUU
0AHHOro T1na NaTosIorMYeckom peakumn.

SAKJIIOHEHUE

Takmm 06pas3om, Bce AnarHoCcTmpyemble y pbld
p. Mevyopbl NaToNnornm MoOXHO 06bLEANHUTL B Clle-
aytoume rpynmnbl NaToNorMyeckmnx UISMeHEHNM:

1. MNMporpeccuBHbIE NBMEHEHUS:

— rmnepTpodus;

— rvunepnnasus.

2. HapylweHus kpoBoobpaLLeHns:

— HapylleHns KPOBEHAanosIHeHUs1 (MOJIHOKPO-
BUE);

Puc. 3. MNoukn cura:

a — HopMarbHas cTpykTypa; 6 — dnbposHoe paspacTtaHme (ysenunderne 200)
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— HapylleHne CTEeHKM COoCcynoB (KPOBOW3NUS-
HWS1, aHEBPU3Mb);

— KPOBOTEYEHMS, HE CBSI3aHHble C NoBpexae-
HMWEM CTEHKWM COCYA0B (Ouanenes apuTpoLMTOB);

— HapylleHMe Te4yeHUs N COCTOSIHUS KPOBU
(cTasnbl);

— cnagx.

3. PerpeccuBHble HapyLLeHNS:

— HapyLLeHMs TKAHEBOIO MeTabo/iM3ma: napeH-
XMMaTO3Hble (MNUA03bI) U CMELUaHHble ANCTPO-
dum (remocnaeposbl); HapyLLEHWS BOAHOro oome-
Ha (oTek);

— HEKPOTUYECKMNE MPOLIECCHI: 0Yarn HeKposa u
KapMonuKHO3a, IM3UC;

— remMonn3 3pUTPOLINTOB N paspyLueHne dop-
MEHHbIX 3N1EMEHTOB KPOBW;

— aTpodus NOYEYHbIX KIyOO4YKOB;

— HapyLeHUs apXUTEKTOHUKN >XabepHoro an-
napara.

4. Heonnactunyeckne nameHeHus — punopossbl.

5. MpunsHakn BOCNaNUTENbHOM peakunn:

— MHPUNLTPALUUA NENKOLUUTOB;
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AHTPOMOrEHHOE BO3AENCTBUE HA TEOKOMIJIEKChbI
roPOAA NETPO3ABOACKA

M. O. Mnwknu, C. A. KanntoHoBa

Kapenbckasi rocygapCcTBeHHas negarormyeckasl akaaemmsi

lopona sBnsiloTCSA apeanamm Hambonee rnyobo-
KOro npeobpasoBaHus NPUPOOHO-TEPPUTOPUATb-
HbIX komnaekcoB. Mo MHeHuto XK. 6. ConomMmuHom
(2007), npoOCTpaHCTBEHHO-BPEMEHHON aHanu3
TeppUTOPUKM NO3BONSIET BbIAENUTL 3Tanbl GopMm-
poBaHus naHgwadToB ropoaa, BbiIBUTb NPUYHMH-
HO-C/IeACTBEHHbIE CBA3M Mexay npeobdbpasoBaHu-
€M reOKOMIMJIEKCOB U U3BMEHEHMEM UX DYHKLNINA.
C npoueccomMm OCBOEHUS TEPPUTOPUN CBA3AHO
obpasoBaHMe MHOrQYMCIEHHbIX BMOOB aHTPOMO-
FEHHO M3MEHEHHbIX NaHawadToB, nccnegoBaHne
KOTOPbIX MMeeT BOJbLLIOEe TEOPETMHECKOE U Mpak-
TNUYECKOEe 3HaYEeHMe.

Llenbto Hawero nccnenoBaHns SBASETCS aHa-
NIN3 aHTPOMNOreHHO W3MEHEHHbIX naHawadToB U
NMPOCTPAHCTBEHHO-BPEMEHHAS OLEHKa aHTpPOomno-
FeEHHOW Harpyskm Ha Tepputopuio I [leTposa-
BOACKA.

B cucteme aHanusa M3MEHEHM reokoMmMek-
coB B. C. XXekynuH (1989) o6Hapyxun Tpu TEHOEH-
UMM  HayyHbIX M3bickaHui: 1) knaccudukauma
naHawadToB MO xapakTepy TEXHOMEHHOro BO3-
OENCTBUSA Ha MPUPOAY; 2) B3ATME B OCHOBY CUCTE-
MaTUKN CTEMEHN aHTPOMOreHHOro BO3OENCTBUS;
3) noka3 MOpP@ONOrMyeckoro COOTHOLLUEHUS aH-
TPOMNOreHHbIX M MPUPOAHbBIX KOMIMJIEKCOB.

MeTpo3aBoack, ocHoBaHHbIM B 1703 1., pacno-
JIOXEH B BOCTO4YHOM YacTn OHeXCKO-J1agaoXckoro
Bogopasaena, Ha 6epery lMeTpo3aBoackon ryodsbl
OHexXcKkoro o3epa — 00LLMPHOro 3anmea, OTaeneH-
HOrO OT OCHOBHOW akBaTtopuu rpynnon VeaHoB-
CKMX OCTPOBOB. TeppuTopus ropoga HaxoguTcs B
npegenax bantuinckoro (PeHHOCKaAHAMHABCKOMO)
LMTA, CIOXKEHHOIO KPUCTANIMYECKMMM MOPOAAMM
NPOTEPO30S, KOTOPbIE BbIXOAAT HA MOBEPXHOCTL B
panoHe KameHHoro bopa n nocenka ConoMeHHoe.

KopeHHble Nopoabl MOKPbITbI YEXSIOM YETBEPTUY-
HbIX OT/IOXXEHUN, NPEACTaBIEHHbIX MAUNAbHbI-
MK,  ONIOBMOMMSLNANBHBIMA,  antoBUaNbHbIMN,
03epHbIMU 1 BONOTHLIMW OTIOXEHUSMM.

C. Bb. lNoTtaxuH (1996) BbloensaeT TPN OCHOBHbIX
aTana U3MeHeHNs okpyxatowien cpeabl . eTpo-
3aBoAcka:

— 9Tan CyLWeCTBOBAaHNSA ECTECTBEHHbIX MPUPOA-
HbIX KOMNAeKcoB (4o Hadana XVIII B., oo 1703 r.);

— 9Tan noKaibHbIX M3MEHEHUN NPUPOOHbIX
KOMMNEeKCoB (A0 cepeaviHbl XX B.);

— 9Tan KOpeHHbIX Npeobpa3oBaHMin CTPYKTYPbI
NPUPOAHbLIX KOMMIEKCOB (MO HACTOSILLEE BPEMS).

Penbed ropoga chopmmpoBaH B pesynbrare
NeaHNKOBOM 1 BOAHO-NE€AHMKOBOM aKKyMynsaLmMn 1
XapakTepunayeTcsl 3Ha4YUTENIbHOW pPaCH/IEHEHHO-
CTblO: abCooTHble BbICOTHI OT 33 M (YpPOBEHb
OHexckoro o3epa) oo 145 m Hag ypOBHEM MOpPS
(OpeBngHka). Mopdonornyeckn penbed npeq-
cTaBnsieT coOOWM MOPEHHbIE rpsiabl U XONMbl onpe-
OeneHHOoM aKCcno3uunu, pasneneHHble mMybokMmMm
4acTo 3ab0/I04EeHHbIMU MOHMXEHUAMKU. CKIIOHBbI
KpyTble, 0OPbIBUCTLIE, C BbIXO4aMWn KpucTaninye-
CKux nmopop. 3anagHble M ro-3anagHble 4acTtu
TeppUTOPUN NPEeOCcTaBsioT coOOM NOSOryto XoJ-
MUCTYIO MOPEHHYIO PaBHMHY. B 10XHON 4acTu ro-
poAa HaxoauTCs KBapuWUTO-NecYaHUKOBbIA Mac-
cuB KameHHbIn Bop, nmelowmin nnowaabp 6onee
1 kM2, Ha ceBepo-3anage — KpynHas GaoBNOrs-
umanbHaa Cynaxropckas BO3BbILLEHHOCTb NPOTS-
XEHHOCTbIo 6onee 8 kM. Cnefabl NPEXHNX YPOBHEN
OHeXCKOoro o3epa COXpPaHuIMCb B BUAE XOPOLUO
pas3nuynmbix Teppac. MNMeTpo3aBonck 1 ero Npuro-
poAbl PacnONIOXEHbI HA Teppacax, yctynamm cnyc-
Kalowmxca K coBpeMmeHHoOMy OHEeXCKOMy 03epy.
OTu Teppacbl XOPOLO BWUAHbLI, EC/IM CMOTPETbL C
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KoHUA@ npocnekta AnekcaHapa HeBckoro BHM3
WM OT BOK3ana no npocnekTty JieHnHa. JeTtanbHo
O3HAKOMUTbLCH C pe3yfbTaTaMu [OeaTeNIbHOCTU
BoA, OHeXCKoro osepa MOXHO, eCnu CryCTUTbCH
no popore Ha CarHaBonok. 30ecb 4YeTkO Bblpa-
XEeHbl TPW Teppachkl 1 Aga ycTyna, BEPXHUN U3 KO-
TOPbIX HAYMHAETCH cpasy Y LOCCe, HMXKHUIN Haxo-
ONTCS1 HEMOCPeACTBEHHO 3a KaMeHHbIM py4YbeMm,
nepecekarowmm gopory Ha CaiHaBONOK.

Ha TeppuTtopuu r. NMeTpo3aBoacka BCTpeyatoT-
csl pas3HoobpasHblie TUMbl MOPPOCKYILATYP (Me-
CTOMONOXeHU). JleaHnkoBbie HOpPMbl penbeda
npencTaB/ieHbl 9K3apaLMOHHbIMU U aKKyMYNAaTUB-
HbIMU (popmammn. Bonbluas YacTb TEPPUTOPUMN TO-
poda npencTtaBieHa MOPEHHbIM MaTepuasiom.
Cnegpl [edaTenbHOCTU NegHuKa: wpambl, LWTPU-
XOBKM W BapaHbu NbObl — SPKO NpeacTaBieHbl B
MukpopaiiHe ConomMmeHHoe. dnoBmornauyanbHas
MOpdOCKybNTypa npeacTaBfiieHa 03amMu, Hanpu-
Mep ynmubl MepeukoBa n AHTukanHeHa. Hanndne
KpynHoro Bogoema — OHEXCKOro o3epa — BU0Cb
NPUYMHON SIPKO BbIPaXEHHOro abpas3noHHO-akKy-
MyNaTUBHOIO penbeda. Kpome aToro, Ha Teppu-
TOopuM ropoaa npeacTtaBneH GBMaNbHbIA TUM,
CO3[0aHHbIN NOCTOSAHHLIMW BOgOTOKamMu. B ero 06-
pa3oBaHUK BaXKHENLLYIO POJib UrpaloT ABE PEKU:
JNlococuHka n HernuHka, nosiBMBLUMECS B MoOChe-
JNle0HMKOBOE BPEMSI.

JlecHble 3eMnn OKPEeCTHOCTEel COBPEMEHHOro
MeTpo3aBoacka ewe B XVIl B. ncnonb3oBaancb
nopa, NoaceyHo-OrHeBble ydacTku. McTtopuyeckne
WCTOYHUKM CBMOETENbCTBYIOT O TOM, 4YTO HA TEPPU-
TOPUN, HblHE 3aHMMAEMOW ropoaoM, eLle A0 CO3-
paHua B 1703 r. NeTpoBCKOro 3aBoja CyLLLECTBO-
BaJIN MYKOMOJIbHbIE MEJIbHULbI — B YCTbe p. JIoco-
cuHkm (MoTtaxmH, 1996).

C 1703 ., co BpemeHu nosineHus MNMeTpoBCcko-
ro 3aBoja, Ha4asncb NokKasbHble U3MEHEHUs Npu-
POOHbIX KOMIMJIEKCOB paccMaTpuBaeMon TeppuUTo-
pun. TOT 9Tan npogosmxkancsa go 50-x rr. XX B., no-
CKOJIbKY NINLWb B NMOC/IEBOEHHOE BPEMS HayanoCb
3HAYMTENIbHOE pacCLUMPEHNE TFOPOACKUX nioLa-
Oell 3a CYeT MOSIBNEHUs NMPOMbILIEHHbIX Npea-
NPUSATUIA N HOBOCTPOEK.

Kak xe nameHsinacb okpyxatouiasi cpega ¢ no-
SIBJIEHMEM MPOMBILIAEHHbIX U XWUAbIX 3gaHnin? B
avnnomHon pabote ctyneHTku C. B. Kopka (2003)
cAenaH aHann3 aHTPOMNOreHHOro BO3AeNCTBUS Ha
NPUPOAHbIE KOMMJIEKCHI C Ha4yanoM paboTbl Me-
Tannyprmudeckoro [lMeTpoBckoro 3aBopa. PyHK-
LMoHupoBaHue nboro 3asoaa B XVIl B., B TOM
yncne NeTpoBCcKkOro, He Morno o6oMTUCL 6e3 rng-
poaHeprun. Moatomy Ha p. JIocoCuHKe, UMeto-
wen nepenag BbICOT OT UCTOKA K yCTblo 149 Mm,
NOSABASIOTCA NATb MAOTMH. OTO, €CTECTBEHHO,
NPUBOANIIO K NOATOMN/IEHNIO OKPYXKAIOLLNX TEPPU-
TOPUIA.

C nosieneHnem B 1703 . [eTpoBCKOro nyLuey-
HO-NIMTEMHOro 3aBOJa HayanoCb MHTEHCUBHOE
npeobpasoBaHne MNpPUPOAHO-TEPPUTOPUASBHBIX
KOMMIEKCOB ndy4yaemor Tepputopun. Ha teppu-
Topun noceneHns Metposckas cnoboaa nosiBAs-
IOTCS MPOMBbILLSIEHHbIE, MAaPKOBblE U CeNnTebHble
nangwadTbl. Ha ero nnaxHe 1720 r. oT4€TAMBO BUA-
Hbl BO3HMKLWasa B 1712-1713 rr. dopTeuus, peayT-
BaJ1, OMOSICbIBAOLLNI BCE Liexa, U NOCTPOWNKM rop-
HOro okpyra: uexa, MacTepckue, Ky3Hulbl 1 opy-
rme NPOMBbILLSIEHHbIE 00beKThI. paHuubl MeTpoBs-
ckon cnoboabl B 1720 . npoxoannu: Ha 3apeke —
NPUMEPHO N0 COBPEMEHHbIM ynuuam NepTTyHeHa,
BonxoBckon u JIbBa Tonctoro Ao p. JIoCOCUHKMK, Ha
nesom bepery — B paioHe ynuu, Kuposa n Tutoea
0o 6epera OHeXcKoro osepa.

ApKMM NPUMEPOM W3MEHEHUS MPUPOAHOro
KOMMieKca MOXHO Ha3BaTb M3MeHeHune p. Jloco-
cuHKoM cBoero pycna B asrycte 1800 r. B pe3ysb-
TaTte naBoOAKa, BbI3BAHHOIO MHTEHCUBHbLIMU [O0X-
osmu.

Mnowann coBpeMEHHOro NprU3aBoaCckoro nap-
ka («OHersaBoACKOM SMKW») CAYXWUAIN MECTOM
CBaJIkKM OTXOA0B MeTaslyprmyeckoro rnpowsBon-
ctBa. beperosas nonoca MNMeTpo3aBoackoi ryobl B
OCHOBHOM 0Oblf1a 3aHATa APOBSAHbIMU cKlagamu. B
NpnopexHon 30He, B paliloHe COBPEMEHHOM Habe-
pexHol Bapkayca, Haxoannunch rnedn oas nony4ve-
HWS1 OPEBECHOr0 YIS, MCNONIb3YyEMOI0 Ha 3aBOJE.

Mo 6eperam JlococuHkn 1 HernnHkm pacnona-
ranucb oropogbl. B 1875 r., Hanpumep, 20 cemen,
npoxuveasBwnx B [leTpo3aBoacke, 3aHUMaIUCb
3emnegenvem. OHn BblpawmBann poxb, OBEC, A4-
MeHb, kapTodenb. Xutenu ropoga gepxanu no-
Lwagen, Kopos, oBel, 1 cBuHen. CeHOKOCbI pacno-
naranucb no 6epery JIOCOCMHKU, a Takke B paioHe
CanHaBonoka.

TpeTunii atan xapakTepudyeTcsl ryooKuMu u
NOBCEMECTHbIMU U3MEHEHUSAMU MPUPOOHBIX KOM-
NniekcoB B 4epTe coBpemeHHoro lMeTposaBoacka.
OTOT aTan KOPEHHbIX Npeobpa3oBaHUn CTPYKTYPbI
NPUPOAHbLIX KOMIMJIEKCOB Havasncs B cepeanHe
XX B. M1 NPOO0IKaeTCs A0 HACTOSLLLErO BPEMEHMU.

CoBpeMeHHblE TeppuUTOpManbHble KOMMIEKCHI
r. MeTpo3aBoacka No CTENEHU U3MEHEHNS U Npe-
obpasoBaHus, cumtaetr C. B. MotaxmH (1996),
MOXHO NoApa3aenTb Ha TPU OCHOBHbIE FPYNMbI.
MepBas rpynna — NpMpoaHbie KOMMIEKChI, BKJIO-
yawowme B cebs niowaan 3acTpoek ropoackoro
Tnna, NPOMbILLIEHHbIE YHACTKU, Kapbepbl U y3ku1e,
HO CWJIbHO Npeobpa3oBaHHbIe MOLWAAN Noa, Xe-
NI€3HO0POXHLIMU 1 @BTOMOOWUbHBIMY TPacCcamu.
BTopas rpynna npeactaBneHa NapkoBbIMWU MJIO-
wanamun (NydbepHaToOpCKUiA napk), MeMmopuasnbHbl-
MU TEPPUTOPUSIMU CTapbIX FrOPOACKMX KnaadwuLl,
peKpeaumoHHbIMM (4aCTb O0NVH PEK JTOCOCUMHKN U
HernmHku ¢ HacaXXaeHNIMN N3 KOPEHHbIX U UHTPY-
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3MBHbIX MOPO/,) 1 TOPOACKMMM NYCTbIPAMU. TPeTbs
rpynna — 370 JIeCHble MaCCMBbI Kak B YepTe ropoaa
(Meckun n gpyrmne yyactkun), Tak U B OKPECTHOCTSX
(ypounwa CanHaBonok, HEpToB cTyn).

Takum 06pas3om, B HACTOSILLEE BPEMS aHTPO-
NMoreHHoe M3MeHeHue OKpyXXarolleln cpeapl npo-
NCXOOMT NO CNeayoLmMM HanpaBneH sIM:

— YMEHbLLEHNE JNIECHbIX MACCUBOB B CBSI3U C
pacLwmnpeHnemM TeppPUTOPUM ropoaa;

— 3arpsi3HeHMe NPUPOAHbLIX KOMMIEKCOB My-
COPHbIMU OTXO4aMU;

— 3arpsidHeHne 6eperoBoi Nosiocbl OHEXCKOro
03epa HedTenpoaykTamu;

— 3arpsi3HeHne atMmocdepsbl BbibpocamMmu npea-
NPUSTUIA N aBTOMaLLNHAMWN.

MbI cunTaem, 4TO MOXHO YMEHbLLNTb aHTPOTO-
reHHoe BO3OEeNCTBME Ha OKPyXalollyl cpeay,
npegnpuHnuMas cnenyowmye Mepbl:
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TPAODULUNOHHOE NPUPOAOMNOJIb3OBAHUE PYCCKUX BbIFrO3EPbA:
«B KPAKO HEMYTAHbIX NTUL,»

H. A. MacHukoBa, C. B. lNMoTtaxuH

Kapesibckasi rocygapctTBeHHas negarormdeckasl akaaemms

BBEOEHUE

B pesynbrate anckyccum 06 3THUYECKMx 0oL -
HocTax 1960-1980-x rr. 661V BbloeNeHbl OCHOB-
Hble KOMMOHEHTbl 3THUYHOCTW, YTBEPAUINCL MO-
HATUS «3THOC», «CYO3THOC» N «3THOrpaduyeckas
rpynna» (0OLHOCTU, Yy KOTOPbIX 3THUYECKNE CBON-
CTBa BblpaXXeHbl MEHEE, YEM Y OCHOBHOM 3THUYE-
CKOM eauHuubl) 1n MHorme apyrue (JIormHos,
2006).

CornacHo onpenenenuntio KO. B. Bpomnes, aT-
HOC, WM 3THUYECKast OOLWHOCTb, — «3TO OCOObIN
NCTOPMYECKN BO3HUKLLNM BUA COLMANIbHON rpymn-
NUPOBKW Ntoaen, ocobas popma nx KONNeKTUBHO-
ro cyuiecteoBaHus. PopmMmpoBaHNEe Kaxaoro aT-
Hoca 0OYyCNOBNEHO HEMOCPEACTBEHHbLIMU KOHTaK-
TamMu BXOOSALWMX B HEFO N0AEN; 9TO, Kak NpaBuio,
BO3MOXHO, JIMLLb B TOM Clly4ae, eC/n Nam XUBYT

Nno cocencTBy, T. €. HA OAHOW TePPUTOPUN, U FTOBO-
pAT Ha 0AHOM fA3blke» (Bpomnern, 1987, c. 5).

OTHOC (B Y3KOM 3HAQY€HMN 3TOr0 TEPMUHA) MO-
XeT ObITb ONpefeneH Kak MCTOPUYECKU CIIOXMB-
Llasicd Ha onpeaesieHHON TeppuUToOpmUKn ycTon4meas
COBOKYMHOCTb NtoAen, obnagarowmx oowmmmn oT-
HOCUTENbHO CTabMIbHLIMU OCOBEHHOCTAMM A3blKa
M KyNbTYpPbl, @ TaK)Ke CO3HAHNEM CBOEro egMHCTBa
W OTINYUS OT OpYyrux NoaobHbIX 06pa3oBaHuii (ca-
MOCO3HaHNEM), (PUKCUPOBAHHLIM B CaMOHa3Ba-
HUK (3THOHMMe) (Bpomnei, 1987, c. 7).

HanmeHbluein TakKCOHOMUYECKOW eauHULEN,
obnapatouien MMHUManbHbIM HAOOPOM MPU3HAKOB
3THMYHOCTU, B HACTOSILLIEE BPEMS MPU3HAHA «3T-
HOMOKanbHasa» rpynna, Yawe BCEero MmMeHyemas
NPOCTO «JloKanbHoM» (BepHwTam, 1992).

B Kapenun BbligensoT crnegylowme 3THOMO-
KanbHble TPynnbl PYCCKUX: MOMOPbI, 3a0HEXaHe,
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BOAJ103€epbl, Bbiro3epbl (JlormHos, 1990). Kaxayto
N3 3TUX rPynn XxapakTepmadyeT HECKOJIbKO 0CODbIX
nokasartefier, Ha KOTOPbIX GasnpyeTcs UX BHYT-
peHHee eOuHCTBO B MPOTUBOMOCTaB/IEHUM K CO-
CefHNUM PYCCKMM W MHOMeMeHHukam (J1ormHos,
2006). Bbirosepsbl (pycckme Bbirosepcoro kpas),
MMest BCe 3TN XapakTepUCTUKU, BblOENSIOTCS B OT-
OEeNbHYI0 3THOJNOKasIbHYy  rpynny. JlokanbHas
anddepeHumauns Takux rpynmn nlyyeHa rnoka cna-
060 N HepaBHOMEPHO, YTO NMO3BOJIAET CUUTATb UC-
cnegoBaHme NoAo0HbIX rPyMnn BECbMa akTyaslbHOM
3apa4el OTe4YECTBEHHOM 3THOJNIOMMK WU 3THOrpa-
dun (bepHwTtam, 1995), a Takke UCTOPUYECKOMN
reorpadum n NprMpoaononb3oBaHus. NMoaTomy ka-
X[0€e HOBOE, XOTb M HebOosblloe MccreaoBaHne
MOXET BHECTWN ONpeaeNieHHbln BKaa, B NO3HaAHNE
3TUX rpynn.

Llenbio  OaHHOro wuccrenoBaHust SIBNSIETCS
M3y4yeHne 3THMYECKOro MnpupoaOonob30BaHNSA B
BbIro3epckoM Kpae Ha OCHOBE MpPoOu3BeOeHus
M. M. TlpuwsuHa «B Kpalo HenyraHbix NTUL,.
Ouepku Boirosckoro kpas». lNpegmMeTt nccneposa-
HUS — BMObl STHMYECKOro Npupoaonoib30BaHNS,
00beKT — TeppUTOpUS BbIrOBCKOro Kpasi.

Mpuponononb3oBaHMe — 3TO NPOLLECC NoTped-
JIEHNS1 YENTOBEKOM €CTECTBEHHOro (NnaHawadTHO-
ro) noteHuuana TeppuTopun. WIHTEHCUBHOCTb
NPUPOAOMNOSb30BaHUS ONPenensieTcs He TOJIbKO
yenoBeyeckmm OOLLLECTBOM, HO U camMOM Npupo-
OO, TMOCKOJIbKy OHa 006nagaeT KOHKPETHbIMU
cBOMCTBAMU N OCOBEHHOCTAMMK, 0OycnoBnMBaeT
HanpaBieHne X039MCTBEHHOMN OeATeNbHOCTU Ha-
cenenus. Tvn NpMpoaonob30BaHUs GopMupyeT-
CS1 3THOCOM Ha MPOTSXKEHUN OAJINTENBHOIO NPoMe-
XYTKa BPEMEHU B OMNpeaesieHHbIX NaHawadTHbIX
ycnosusx (MotaxuH, 2000).

MATEPWAJIbI U METOAbI

MpencTaBneHHasi cTaTbsl HaNMcaHa Ha OCHOBE
nyTeBbix 3anncen M. M. MpuwBnHa, KOTopble Obl-
N onyGnMKoBaHbl B BUAE XYO0XECTBEHHOIO Npo-
n3BepeHus «B kpato HenyraHbix NTuy,. O4yepkn Bbl-
roBckoro kpasi». lNepeoe npedbbiBaHne M. M. MNpn-
LBMHa B Kapenun ctano nepenoMHbIM MOMEHTOM
B €ro XW3HW, a pe3ysibTaToM Noe3aKm — pas3HOoCTO-
pOHHee onncaHne BbiIroBCKoro kpas.

OCHOBHbIM METOOO0M UCCNeaoBaHUs ABASETCS
KOMMNEKCHbIN aHann3 NMTepaTypHOro nponsesee-
Hus. MNpeacTaBneHHoe NccneaoBaHme — 3TO He pe-
depatnBHas paboTa, npeaycmMaTpmBatoLLLas Tosb-
KO 0030p NMTepaTypbl, a KOMMJIEKCHOE Hay4yHoe
N3y4eHMEe KOHKPETHOro iMTepaTypHOro npousse-
neHuvs. B panbHerwem nnaHnpyeTcs Cnosib3oBa-
HWEe apXMBHbIX MCTOYHUKOB, BKJlOYast kapTorpadu-
yeckume 1 CTaTUCTUYECKME MaTepmarbl No TEPPUTO-
pun Bbirodepbsi. B ocHOBe mMccnenoBaHUs NeXuT
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CUCTEMHBIN NOAXO0A, KOTOPbIN npenycmMmatpuBaeT
KOMIMJIEKCHOE pacCMOTpeHne obbekTa uccnenosa-
HNA C TOYKM 3PEHNA NMPUNPOOONOJSIb30BaAHNA.

PE3YJILTATbBI U OBCYXAEHUE

Mwuxaun MNpuwBnH B npomnsseneHun «B kpato
HenyraHbix NTuu. O4yepkn BoiroBckoro kpas» onm-
CbIBAE€T rapMOHNYHOE B3aMMOLENCTBNE YeNOBEKA
M NpUpoabl, 'YyMaHHOE OTHOLLEHME K BMeLLatoLLe-
My naHawadpTy.

OOHMM N3 OCHOBHbIX 3aHATUN XMBYLMX B Bbl-
ro3epbe KPecTbsiH ABNSANOCh Pbi00SIOBCTBO. OHM
3aHNMasINCb JTIOBOM PbiObl B MHOMOYMCIIEHHbIX 03€-
pax 1 pekax kpasi, N03TOMY BCE MOCEeNeHNs Obn
pacnosioXxeHbl BO3/ie BOAHbIX 06bekToB. CyLlecT-
BOBa/IM pasfinyHble BUAbl noBa. BecHol nosunu
LLLYKY, 1351, OKYHS1, MJIOTBY, Jiela 1 Hanmma Mepex-
HbIM JTOBOM U1 KOPIOLLKY C MOMOLLIbIO «Mayka», oce-
HbO OCHOBHOI4 JIOB CMra 1 psanyLku Npon3BoamnsICcs
HEeBOZOM, 3MMO ANs NOAJIEQHOIO NIoBa Takxke Uc-
nosib3oBascs HeBoA,. J1IeToM pbIOONOBCTBOM Mpak-
TUYECKMN HE 3aHUMANINCh, TaK Kak MYXCKasi 4acTb
HacenieHns1 Oblsia Ha OTXOXEeM NMPOMbIC/Ee — CriaBe
neca. 13-3a 6egHOCTM MCNonNb3oBascs, Kak npa-
BWJ1O, OOVH HEBOA, HA ABe CeMbW. PbiObl BbINaBIN-
Ba/M POBHO CTOJIbKO, CKOJIbKO HEoOXoaMMO Ha
NPOKOPM CEMbW, N HE3HAYNTENbHYIO YacTb Npoaa-
Bann «borayam», T. €. Nepekyniuimkam, a Te, KTo B
COCTOSIHUN, XpaHunu ee oo KpellueHus v Be3nn Ha
3HaMeHUTY0 apmapky B LUyHbre Ha OHeXCcKom
o03epe. Ha BblpyYeHHble AeHbI NOKyNanm Myky.

BTopoe HanpasneHne nNpupoaonosib30BaHns —
oxoTa. o MHeHunio M. M. lMNMpuwBMHa, BCe Nonec-
HUKK (NONecoBukn), Tak HasbiBanu Ha CeBepe
OXOTHUWKOB, pa3fensinnce Ha ABe rpynnbl: Te, KOTo-
pble XOAMN Ha MENIKYIO ANYb, N Te, KOTOPble Bunu
«3BUpPa». Cneunduka oxoTbl, cumutan M. M. Mpu-
LWBWH, Aaxe ckasblBasiacb Ha TeMnepameHTe no-
necoBuKoB. NepBble — 4acTo 6anarypbl, CKAa304HU-
K1, BOOOLLLE NIErKOMbICNIEHHbIE M HYAaCcTO Xy40XeCT-
BEHHO BOCMpuUUMYMBbLIE Ntoan. BTopble — conua-
Hble, 4acTO YrploMbl€ N MOJTHaNINBbIE.

CyluecTtBoBanm pasnunyHblie cnocodbl 1 opyams
0oxoTbl 1 noBa. OayiH N3 cnocoboB — CUIKOBbIV NPO-
MbICEJ1; Ha MEJIKYO0 AMYb CTaBUIM pPasnnyHble Cuil-
Ku. Y KaXka0ro oxXoTHUKa Oblia cBos Tpona, Ha KoTo-
POl OH CTaBwui JloBYME npucrnocobneHus. Mecta
OXOTbl NepeaaBanncb No HaACNeacTBy, No pamMusb-
HbIM OXOTHUYbKM TPOMaM He MOT XOA4MTb MOCTOPOH-
HWIA. 3TO NpaBuIIoO CTPOro cob0aaN0Ch.

M3 BMOOB HEKOTOPbLIX CUIKOB (B BMAE METIN)
nonaeLlencs NTMue MHorga yaaBasochb BbiOpaTb-
CS1: CUJI0 MOITIO camMo COBOoM pacnpaBUTbCS, €CIn
yctanas xepTtBa nepecTtaBana OUTbCs, HO Obln
CUJbSl, N3 KOTOPbIX Y>X€&€ HEBO3MOXHO Oblfl0 Bbl-
OpaTbCcs: 3TO oyar, T. €. XXepab B BuAe 6eameHa. Ee



JNIErKNn KOHeL, HaXOOMNCSA y camMOon 3eMnu U Oep-
Xancs BHU3Y TakuUM e NpMcnocobiieHneM, Kak B
3anagHax. K ee KoHLy Oblno nNpmBsi3aHO cuilo, a
TOJICTbI KOHELL 04arna BUCen B BO34yXe, BCeraa ro-
TOBbI PYXHYTb, €C/IN NTULA 3aJeBasna KpPYoK Ha
nlerkom koHue. Korga nagan TSXenblii KOHeL, o4a-
na, NnoiMaHHas NTMua B3neTana Ha BO34yX 1 3aBu-
cana B netne. bonee xecTokunin cnocob noea — 3TO
NPUMEHEHWe nacTy, B NPOLECCe KOTOPOro Ha ro-
JIOBY MTUUpBI 00pyLUMBancsa kaMmeHb. Cunku ctaBu-
JIN Ha Kocaya 1 TeTepKy, MOLLUHKKA M KOMMoJy, Tak
Ha3blBaJIN camMLa 1 CaMKy ryxapsi.

Lpyroii cnocob — oxoTa ¢ pyXbeM 1 cobako.
OTOT BUA, OXOThl NPOLBETaN U COBEPLLUEHCTBOBA-
csa Gnarogapsi pacrnpocTpaHeHUo 3eMCcKol ynpa-
BOW AelleBbIX ApoO6oBMKOB. OXOoTuAncb Ha 6opo-
BYlIO OMub, Oesnky, nocs. Bbirodepbe HasblBanu
«KpaeM HenyraHblx MTuL», MOTOMY YTO «yTKU BCEX
nopoa n nebean — noyTn He 6oATCS Yenoseka. MNx
He CTPensioT. ,3a4eM, CKaxyT, Ux OuTb, Korga ans
NULLM onpeaenexHa ,Andb”, To eCTb JlIecHas NTmua:
pAduNKK, TETEPEBA, MOLLHUKN (rIyxapu)».

MecCTHble XUTENW cuuTanu, Kak yTBepxxaan
M. M. MpuwBKH, 4TO «Nebedp 1 yTKa... HaM HuKa-
KOro Bpeaa He NpMHOCAT, camasi 6e306maHas nTm-
ua» (MpuwewnH, 1970, c. 28), a NPO XOPOLLEro ye-
noseka rosopunn: «CTeneHHbl YenoBek, camo-
CTOAATENbHbIN, 6Ora no4YnTaeT n He TO 4TO Nebenen,
HO 1 YTOK He TporaeT» (c. 29). BoT noyemy nebegun
He 60sNNCb YeI0BEKA U NOAMNJbIBANM K UrpatoLmm
Ha Oepery geTaM. A yTKKW cenunucb Ha GonoTax,
OAMXKALLNX K CENIEHUSIM.

Mpwn oxoTe Ha 6enky OTMeYaInCb N HEraTUBHbIE
yepThl: «...0H (Monecosuk. — H. M.) gpoctaeT n3-3a
nosica TOnop 1 JIOBKO, MPUBbLIYHO CpybaeT rpomMas-
HOEe CeMM-BOCbMMBEPLLKOBOE aepeBo. Pacuet y
Hero npocTo: 6enka CTOMT ABaAuaTb Koneek, a
[EepPEeBO HMYErO He CTOUT, NATHAAUATb MUHYT PyO-
ku... I BTOpoe aepeso Banutcs. bbiBaeT, 4to 1 ge-
CATOK 1 BonblUe OEepPEBLEB CBANNTCS, NMoka benka
Oynet youta» (c. 94).

TpeTtuin cnocob OxOTbl — 3TO KarnkaHbl, C UX
MOMOLLbIO OXOTUJINCb HA MeaBeas — «3smps». Men-
BeOW 1 BOMKM yHUYTOXanM Ha CeBepe 4acTo Bce,
4TO ObIIO AOCTUIHYTO FPOMAAHbLIM TPYAO0OM YesnoBe-
Ka: CKOT, noceBbl. [109TOMY MeCTHas agMUHUCTPa-
LMt — 3eMCKME YrpaBbl — NOOLLPSSIa OXOTY Ha XULLL-
HOro 3Beps: Ha ckiagax (B mMarasmHax) 3eMCKUX
ynpaB B CTOMMOCTHOM OTHOLLUEHUM MpoaaBasiocb
OosiblLe pPYXel 1 rnopoxa, 4em Koc 1 nayros. 3a
Kaxxaoro youtoro mMegsens M BOJiKa BblaBanach
OeHexHasi Npemust, Npu4YemM OXOTHUK B BUOE OOKa-
3aTeNibCTBa NPEeACTaBfsn B ynpaBy XBOCT U YLUW,
KOTOpble MOTOM, Kak ornpaBaaTesfibHble JOKYMEHTHI,
nepenaBanncb Ha 3eMckoe cobpaHue.

«HacTtynaet BecHa. [MogxoauT BpeMS! BbIFrOHSATb
CKOTMHY B nosie. Ho Kygoa Xe BbIrOHATb ee Ha

KapenbCKOM OCTPOBE, rae TONbKO KaMeHb aa 60-
nora? — 3amevaet M. M. MpuwBuH. — O4eBMOHO,
ee HYXXHO nepeBe3Tu Ha Apyrve ocTposa, ¢ bonee
6naropogHom 3emnen. CKOTUHY MyCKaloT OOHY ,Ha
60XMin NPOCTOp, Ha BOXbe NpoBeaeHne > (c. 61).

CKOT nmaccsi Ha NecHbIX OCTpOBax, Kak AMKWEe
XXMBOTHbIE, N TONbKO 3BOH KOJIOKOJIOB, OTMeYas
M. M. MpuwBKH, cBA3bIBaN ero ¢ ntogbmn. Hn Ko-
POBbI, HM NoLIaan 3a NIETO HE OTBbIKANM OT XO351EB,
a OBLbl AaXe CKyvanu, 1 Kkoraa BUAEeNn npoeaxato-
LLLYIO MO 03€epy J104KY, COOMPanMCh Ky4KOW y CaMOoii
BOZbl U1 XXanobHo 6nesnu.

Korpa ckoTuHa Oblna nepeBe3eHa Ha OCTPOB, TO
XXEHLUMHAM KaX bl AeHb NPUXOANIOCh e30UTh Ha
0OIKy KOPOB. KOpOB BbIFOHSAIM Ha Beper, pa3Boau-
JIN KOCTEP W CTaBUJIN XUBOTHbIX BBIMEHEM K [bIMY,
a et no obemm CTopoHam BETKaMM OTFOHSNN KO-
MapoB. bnarogaps Bbinacy ckoTa Ha OCTPOBax W
yacTol cMeHe nacTéuLl, He NPONCX0AUII0 3P03UNn
MOYBbI — BbITAMNTbIBAHUS U NMEPEeHaBOXMBaAHUS.

Hennogopoane 3eMenbHbIX yrogunn (nawHu) B
Bbirosckom kpae M. M. MNMpuiiBvH onmncbIBaeT cne-
OyloLMM 06pa3oM: «...C KakM Npe3peHnemM oTeep-
Hyncst Obl OT Hee Hall KPeCTbSHUH 3emieaesnbye-
ckol nonockl! He maTb, — ckasan Obl OH, — 3Ta 3eM-
ns, a madexa. OcobeHHO nopasuna MeHs NaLlHsa Ha
Kapenbckom ocTpoBe. Becb 3TOT HEOOJbLLOM OCT-
POB pasnensieTcs Ha Ase NoNoBUHbI: OAHA HU3MEH-
Hasa, Tornkoe 60s0TO, Apyras MoBbile — CeJbra,
CNIOLWHOW KaMeHHbIN cnow» (c. 75). na noCTosH-
HOW naLuHu 6b11 HeoOxoaAMM 60JbLLON 0O BEM HABO-
3a, a 3Ha4YnT, N onpeneneHHoe KOIMYecTBO CKOTa,
4TO He 0becnevnBanocb KOPMOBOW 6a3oii. «M nony-
yaeTtcs, — kak oTMedan M. M. MNpuLUBKH, — 06LLIEN3-
BECTHbIN CENbCKOXO3ANCTBEHHbIN KPYr> (C. 77).

Mo noacyeTy MECTHOM 3eMCKOM ynpasbl, Nncan
M. M. MpuwewnH, HaceneHne NoBeHeLKOro yesaa,
B COCTaB KOTOPOro Bxoamno Beirosepbe, ynoTpeb-
N0 TpeTb BCEN MMEIOLLLENCSA B ero pacnopsxe-
HMM MYKM Ha KOPM CKOTY, Nepecbinasi et JNCTbs
6epesbl, CoOOpaHHbIe NIETOM XEHLMHAMMN U BbICY-
LUeHHble Ha BEepxXHeM ABOpeE, Hafd CKOTHbIM [BO-
pom. Myky Takxe 0obaBnsinm K 6010THOMY CEHY —
ocoke. HenpuxoTnumeblii CEBEPHbIA CKOT, KaK yT-
Bepxgan M. M. MpuwBuH, ycTpameano Takoe ka-
4ecTBO kopma. [ns yBennmyeHusi 3efIeHor Macchbl
ncrnonb3oBanacb NMCTBa 6epesbl, OCUHbI, OJIbXN.
Bpemsi cbopa AONONMHUTENBHONO KOpMa Ha3blBa-
NIOCb NIMCTOOPOCHULIA — Mopa, COBEPLUEHHO He
3HaKoMas KpecTbsIHAM CpeaHeln n toxXxHom Poccun.

CnabocTb pas3BUTUS CENIbCKOro X035MCTBa B
BbIro3epckom Kpae 06bsicHANach U Apyrumm npm-
YnHaMn. BTa TEPPUTOPMUS HaXoQMnacb Ha CEBEPE B
CYpPOBOM KMMaTe C H4aCTbIMM 3aMOPO3KaMu 1 KO-
POTKMM BeretauuoHHbIM rnepuoaom. lNoysa Beiro-
3epbsi KaMeHucTasa 1 HennoaopoaHas (Noa3onbl).
CkoT npuxoamnock 60JbLUYIO YacTb roga aepXxaTb

152



B CTOMMax, a KOPMOM CJyXW/I0 HeKa4eCTBEHHOE
OCOKOBOE CEHO BrepeMellky ¢ MyKON 1 JINCTbSIMU
06epesbl, 0ONbXN 1 OCUHBI.

3aHMManmcb BbIrO3epbl COBUPATENLCTBOM —
cbopom saAron, rpnboB, TIEKAPCTBEHHbIX PACTEHWIA.
Ocob6oe BHMMaHue M. M. MNpuwBnH yoenun onm-
caHuto cbopa MOPOLLKK: «ITM NOe3aKkn He 3abaBa,
a cepbes3Hoe Aeno, NoTOMY YTO MOpPOLLKa Takasi Xe
nuuia, kak xneb n poiba; B 0COOEHHOCTU, ECNN ee
HabpaTb NodosnblLle 1 3apbiTh HA 6onoTe. Tam oHa
XOPOLLUO COXpaHaeTca 4o 3umbl» (C. 44). MopoLuky
cobupanu ToNbKO Cnenyto, akkypaTHO, He MOBPeEX-
[asi caMun pacTeHus.

Cneunduryeckum BMOOM MPOMbICNA BbIrO3ep
Oblno OypnayecTBO — cnaB APEBECUHbI Ha 6eno-
MOpCKMe JleconuibHble 3aBoAbl (NeconuibHble
MeJlbHMLpI). ITOT NpoMbicen Bbl1 0OYCNOBIEH He-
0OXOAMMOCTbBIO MOJIYHEHUS [OEHEeXHbIX CpencTB
0151 MOKYNKN MYKU, COJIN N Pa3JINYHbIX CEJTbCKOXO-
3AMCTBEHHbIX Opyamnii. Bo BpeMS OTCYTCTBUS MyX-
YNH BCE CEJIbCKOXO3SIMCTBEHHbIE PabOThbl BbINOJI-
HSANINCb XEHLLMHAMN,

B cypoBbIX yCNOBUSIX CEBEPHON TaUr LLUNPOKO
MCMOoJsb30BasiaCb CUCTEMA BbICEJSIOK, TECHO CBSI-
3aHHas ¢ NOACEeYHO-OrHeBbIM 3emnenenmem. Ce-
Mb$1 U3 AIEPEBHN MOTa BbICEUTLCS Kyaa-HMoyab K
JIECHOMY 03€epy U1 XMTb BOANN OT BCEX, 3aHNMAsACb
NOACEYHO-OMHEBLIM 3emMiiedennem, a noTomMm psi-
[OM CENMMNUCH OPYyrne CEMbW 1N BO3HMKaNa gepeB-
HS C TeM e Ha3BaHMeM (MOYMHOK). Tak paccens-
toTca Ha CeBepe, U NO3TOMY HacTO BCTpeyvarTcs
OepeBHN B ABa-Tpu AomMa.

TpaanunoHHOEe NPUPOO0Nosb30BaHNE BbIr03e-
pOB, X CUCTEMA paccesieHns Obln paspyLLeHbl B
Hayane 30-x rr. XX B. B 1931-1933 rr. 6611 nocTpo-
eH benomopcko-bantuinicknii kaHan. OH o6bean-
HW BOAHbIE MyTW CeBepo-3anafHon, a 3aTemM u
ueHTpanbHor YacTn CCCP ¢ cygoxoaHbiMy pekamm
OacceiiHa benoro mops — CesepHoii [1BuHo, OHe-
rov, MeseHblo. BBoa B akcniyaTaumio kaHana no-
3BOJINI UCKITIOYNTb HEOOXOAMMOCTb AOCTaBKM NPU-
poaHbIx pecypcoB Konbckoro nonyoctpoBa u Ka-
pPenumn K NyHKTam nepepadoTky ganekmm Kpy>KHbIM
nytem B 06xoa CkaHOMHaABCKOrO NoslyoCTPOBA.

B xone coopyxeHust kaHana 03. Bbiro3epo 6bl-
J10 NpeBpaLleHO B BogoOXpaHunvLe. B pesynstaTte
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Ha ocHoBe nyTteBbix 3anucein M. MpuwsnHa «B
Kpato HenyraHbix NTuy,. O4epkn BoiroOBCKOro kpas»
M3y4yeHbl OCHOBHbIE HaMpPaBfiEHUS 3THUYECKOro
NPUPOAOMNOSb30BaHUS Ha TEPPUTOPUM BbIroOBCKO-
ro Kpasi — pbIbOIOBCTBO, OXOTA, JIECHOE XO3SNCT-
BOBaHMe, XXMBOTHOBOACTBO 1 3eMiefenme.

AHanns nponseegennsa M. M. MpuwsnHa n opy-
rMx MCTOYHMKOB MO3BOJISET cAenaTb crnenywoLlme
BbIBOAbI:

— B npeaenax Kapenuu cyuwecrtsoBana cneum-
dunyeckas aTHoNOKanbHasa rpynna — pycckue Bbi-
ro3epbsi, UM BbIFO3epbl, a apeas NPOXMBaHUS
3TOWN rpynnbl HACENEHUs (C TOYKM 3PEeHNst UCTOPU-
yeckomn reorpacdun) 6bin1 HasBaH M. M. MNpuwsu-
HbIM «BbIFrOBCKMM Kpaem»;

— 3Ta 9THMYecKas rpynna otauyanacb OT CO-
CeHUX Trpynn PycCKOro M KapesbCKOro aTHoca
0COBEHHOCTAMW NMPUPOOONOSIb30BAHUS: B XO35IM-
CTBEHHOM OeATeNbHOCTN 3HAUYUTENbHYIO POJib Ur-
panu pbI®ONOBCTBO M 0XOTa, CYLLECTBOBas OCO-
Obllh BUA, OTXOXEro NpoMbICia — «BypiayecTBO»;

— MpoLecc NpUpPoaONONb30BaHUS (BCe BUAbI
XO3ANCTBEHHON AEATENbHOCTMN) HOCUA PUTMUYE-
CKUI (CE30HHbIN) XapakTep;

— cucTema paccefieHUs Bbiro3epoB 3aBucena
oT pU3KnKo-reorpadpuieckmx ocobeHHOCTEN MECT-
HOCTU U, KaK cneacTeme, 0T 0COOEHHOCTEN NPUpo-
[0onofb3oBaHMA: npeobnagan npuUOPEXHbIA Tun
pacceneHus — AepeBHN pacrnonaranmcb no nobde-
ram 03ep 1 Ha OCTPOBaXx;

— TPaaULMOHHOE NPUPOOONOoSib30BaHMNE BbIrO-
3epoB ObINI0 HApYLLEHO B CBSA3M CO CTPOUTENLCT-
BOM Benomopcko-bantniickoro kaHana B Havyane
30-x rr. XX B. 1 co3paHnem BbIroOBCKOro Bogoxpa-
HUAMLLA.
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JIMTEPATYPHO-TEONPA®UYECKAA UMNOXK-KOMMNO3ULUA PEKU CYHbI

A. B. KonokonoB*, T. A. babakoBa™**

* Kapesnbckasi rocynapCcTBeHHasi neaarorndeckasl akagemmsi
** [1eTp0o3aBoACKU rOCYAaPCTBEHHbIV YHUBEPCUTET

B cdepe Typrama Ha CerogHsaWHUA OeHb BCe
0osiee akTyaslbHbIM CTAHOBUTCS CO34aHne NMua-
Xa, T. e. obpasa TypMCTCKOro oobekTa. dTOT 00-
pa3 sSBNSETCA MHTErpasbHOM XapakTepuCTUKOMN
n3ydyaemoro obwvekTta. MiccneposaHnem npobne-
Mbl CO342HUSA UMUAXA B TYPU3ME UHTEPECYIOTCS
MHOIve BeayLume cneumanmcTbl B 3To obnactu, a
TaKkXe y4YeHble, 3aHMMaLMECS NCCNea0BaHNSIMN
MMMaxKa, rpaHmyHaLLmmm co cepon typmsma. He-
obxoanmo oTMeTuTb nccnepgosaHus K. M. 9xTHe-
pa, N. A. Poxkosa, A. 0. lNaHactoka, B. M. Lene-
na, T. JlykesaHeHnko, I . Moyenuoea, [. H. 3amaTtu-
Ha, 3. A. lanymoBa, M. 1. MuTtuHa 1 gp. Takum o0-
pasomM, MMUOX MOHMMAETCH BCe LMpe, 4TO 00b-
SICHSIETCH eLle U ero TECHOM B3anMMOCBSA3bIO CO
cohepon peknambl n PR. BeaywiymMmy CTaHOBATCS
BOMPOCHI MMUAXA HE TONbKO AECTUHALMU, KOH-
KpeTHoro obbekTa (MPUPOAHOro UM UCTOPUKO-
KYNbTYPHOro), reorpaduny4eckoro npocTpPaHCTBa,
HO 1 paboTHMKa chepbl TYypr3Ma; NPOEKTUPYeETCS
VMUK PA3INYHbIX LLENEBbIX TYPOB, NPennpuaTunii
Typuama u rocrtenpummctea v T. 4. Bonpochbl
nMmnaxa paccmartpuBaroTcs M B 0oO6pasoBaHUW.
34€eCb MNOHATNE UMUOXKA BapPbUPYETCS OT UMUOXA
006pa3oBaTeNibHOr0 YYpeXaeHns 40 uMmuaxa py-
KOBOOUTENS, npenojasatensd, BOCAUTAHHMKA,
y4€eHuKa, CTyaeHTa un ap.

Mbl yoenmm ocobeHHOe BHMMaHne obpa3osa-
HUIO B cdepe Typm3ma M KOHKPETHO BOMpOCam
nMugxa TypucTudeckoro obwvekta. B cucteme
COBpeMeHHOro obpasoBaHua ata npobsema oc-
BELLLEHA HEOOCTATO4YHO, 4YTO 0ObACHSETCS npak-
TUYECKMM OTCYTCTBMEM CheuuvasnbHbIX npegme-
TOB, paccmaTpuMBaloLLMX MOCTaBMEHHbIE BOMPO-
cbl. BHeapeHune nHTerpaTnBHbIX KypcoB B obpa-
30BaHMe B chepe Typm3ma NO3BONUT HE TOJSIbKO
chopmmpoBaTb HeobOXogumble [N CO34aHUS
MMUNAXa 3HAHUS, YMEHUS N HABbIKU, HO 1 Hapsiay C
€CTEeCTBEHHOHAY4YHbIMN W1 CcneumanbHbIMU 3Ha-
HUAMW NPUBUTL CTYAEHTaM 3CTETUYECKOE MOHU-
MaHne ndyvaemoro obwbekta. B coBpeMeHHOM
obuecTBe npeobnagaeT yTUINTAPHOE OTHOLUe-
HWE K OKpYyXatoLeMy Hac Mu1py, NO3TOMY HEOOXO-
AVMa nepeoueHka LEHHOCTEN MNOoApacCTaloWmnMm
nokoseHnem. 3Tomy ByaeT crocobcTBOBaTh BHeE-
OpeHne B NpoLecc 00y4eHns Takmx AUCLUUMIINH,
Kak, Hanpumep, «[poekTnpoBaHme nMmugxa Typm-
cTckoro obvekTa» (Kypc BHeapsieTcsa B [eTpo3a-
BOACKOM dunmane NeTpoBCKOro koiemaxa ¢ gH-
Baps 2009 r.).

Bonpocamun npoekTupoBaHusa nMmmnoxa B obpa-
30BaHMM, B OCHOBE KOTOPOro JIEXUT cOo3faHue
UMUOX-KOMMNO3ULNIA, 3aHUMAETCS aBTOP CTaTbn B
CBOEM ancceptaumMoHHOM nccnenoBaHun.
MMUOX-KOMNO3MUMN UMEIOT CBOIO TEXHOJIOMMIO
NPOEKTMPOBaHMUS N MPUMEHEHUS B 06pa3oBaTefib-
HOM npouecce. Lenb nmmaox-komMnosnunim — pop-
MUPOBaAHNE UHTErpasibHOro N aTTPakTUBHOro 06-
pasa m3dydaemoro obbekTta. Komnoamumn npen-
CTaBnsloT cob0li pedysibTaT COBMECTHOWN AesaTesb-
HOCTW, COTBOPYECTBA NpenogasaTesisd u CTyLeHTa.
[MpoekTpoBaHMe NMUOXKX-KOMMO3NLMA MMEET On-
peneneHHyto aTanHoCcTb. HemanoBaxHada posib OT-
BOAMTCA CaMOCTOSATESIbHOM NOArOTOBKE CTYAEH-
Ta, BblOOpYy 0ObEKTA NPOEKTMPOBAHMUS, MOUCKY Y
MHTEerpaumm pasinyHoro martepuana, npoaymbl-
BaHUIO N CcTuim3aumm MudoB, NereHn, a Takxke
npes3eHTaunm KOHeYHOro npoaykra. MiMmox-kom-
no3mumns MoxXeT OblTb NpeacTaBneHa B BUAE Pek-
JlaMHOro knuna, posauvka, canta, npeseHTauuu
PowerPoint, neKuMoHHOro nnam NpakTn4eckoro 3a-
HATUS, YYUTbIBAIOLLEIO NCMNOJIb30BaHNE CTYONNHO-
ro mertoga, n gp. Mertopn crtyomm nogpasymeBaeT
pa3buBKy knacca Ha rpynnbl MOUCKOBUKOB (NnTe-
patopbl, GONLKIOPUCTbI, MY3bIKaHTbI, reorpadsl,
6uonorm 1 T. N.), 4TEeLOB U aKTEPOB, pexmncce-
POB N CLEHAPUCTOB, a TakXe Ha rpynnbsl HOBATO-
POB 1 OTBETCTBEHHbIX 32 TEXHMYECKME CPeacTBa.
VHTerpaumsa 3HaHui M3 passinyHbiX UCTOYHMKOB
(noa3ung, nposa, GonbLKIOP, crneunasnbHble Hayy-
Hble 3HaHuA, reorpaduyeckme n gpyrme npeg-
CTaBJIEHNS) NO3BOISET BCECTOPOHHE OXapakTepu-
30BaTb M NpeacTaBuTb 06bekT. OOGLEKTOM M3yye-
HUS MOXET BObITb Kak reorpaduyeckoe (9KOHOM-
reorpaunyeckoe) rMpoOCTPAHCTBO, MNPUPOLHbIN
NN NCTOPUKO-KYJIBTYPHbIA 00BEKT, Tak U TYPUCT-
ckad neCTUHauus, KOHKPETHbIN TYPUCTCKNN perun-
OH, panoH, OMNpPEeAENEHHbIN TYPUCTCKUIA OOBLEKT.
MHTerpaumsa pasnnyHbliX 3HAHUIA 1 NpeacTaBieHnin
06 n3yyaemMomM o06beKTE MOXET TakXke OrpaHunyn-
BaTbCH TOJIbKO HECKOJIbKMMMK cdepammn, Hanpu-
Mep, reorpaduen n nuTepatypor nnmn nsobpasu-
TeJIbHbIM UICKYCCTBOM U UICTOPUEN N T. I.

Kak npumep MOXHO paccMOTpeTb WMMUOX-
komnoamuuio  p. CyHbl, OrpaHuMYeHHylo npea-
CTaBJIeHUAMN K3 OBYX cdep, NpencraBiieHHYIo
nHTerpauuen reorpadum n nutepatypbl. ITa
KOMMNO3MUMA, KakK pe3ynbraT, MOXeT npeana-
ratbCs BHUMAHMIO CTYLEHTOB Ha COOTBETCTBYIO-
LLMX OCHOBHBbIX UIN CMeumanbHbIX NpeaMeTax.
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BacceiH CyHbl npeacTaBnsieT cobom nHTepec-
Hbln 0Opasel, KapenbCcKoro naHawadTa, OCHOB-
HbIMW KOMMOHEHTaMM KOTOPOro SABASAOTCS neca u
o3epa.

Peka CyHa, 6epyLias Ha4yano y rocygapCTBeH-
HOW rpaHuupbl ¢ PuHnaHamen, enagaet B KoHao-
noxckui 3anme (rydy) OHexckoro o3epa ceBep-
Hee . lNMeTpo3aBoacka. OTO BTOpas Mo BENYUHE
(282 kM) M TpeTbs NO BenuynHe Bogocbopa
(7,7 Tbic. KM?) peka toxHol Kapenumn. Okono 75 kv
obuwero npotsxeHns CyHbl COCTaBASOT 03epa,
NPeENMyLLECTBEHHO B BEPXHEM TEeYEHUM pekn. Ta-
KX 03ep, 06pasyoLuX LLENOYKY, HaCUNTbLIBAETCS
okono 19. Bonbwasa yacTb 9TMX 03€ep, NPUTOM
Hanbonee KpynHbIX, PpacrnosioxXeHa B BEPXHEN Mo-
nosuHe CyHbl.

CyHa — TynunyHasg peka toxHon Kapenmn. 9710
BbIpaXXEHO B CTPYKType ee HbaccelriHa n B 0COOEH-
HOCTSIX CTPOEHUS pekun 1 03ep. Ha Tepputopun ee
bacceliHa Hanbosnee CUIbHO NPOSIBUIINCHL PE3YJSib-
TaTbl XO3AMCTBEHHOW AEATENIbHOCTM MO 9KCnya-
Tauum NecoB U 3HEPreTUYECKOMY MCMNOb30BaHMIO
BozoeMoB. CTponTtenbCcTBO Kackaaa CyHckux ['9C
NPUBENO K M3MEHEHUIO rMaporpaduyeckon cxe-
Mbl HUXXHEro yyactka peku. HanpasneHne ocHoOB-
HOW 4aCTM CYHCKOro rnoToka no HOBOMY TpakTy Ha-
pywnno ruaponoruyeckmin pexmnm osep Manbe,
CaHpgan v cTaporo pycna peku, 4To BMA0Ch Npu-
YNHOM YHUYTOXEHMS CYHCKOIro pbibOIOBCTBA U UC-
YEe3HOBEHWS LEHHOM UXxTnodayHbl B 03epax. Peka
CyHa Wwmnpoko mnccnegoBaHa y4eHbIMU, HO TakxXe
MOXHO BCTPETUTb €€ onmcaHne rnoatamm u nuca-
Tenamu. A. V. ABOpllLeB NOCBSALLAET PEKE CTUXN:

Peuka CyHa, cympak CUHWIA,
Beuep. No3gHas 3aps.

Ha noxyxnbix TpaBax NHeMN,
CBET HeSICHbIN OKTAOPS.

B xmypom Hebe yTok cTast —
K TennbiM cTpaHam nx oTner.
M, 3ameTHO HapacTas,
MosiBunca nepBbI Nea.
[OHUT pXXaBbIX IMCTLEB BOPOX
CwnbHbIN BETEP HN30BOW,

W B necy — yHbInbI LWWOPOX

M panekuii Bon4uin BON.

Peka CyHa cpeam cemu rMaBHbIX pek pecnybnn-
KV 3aHMMaeT YeTBEPTOE MECTO MO MPOTSKEHMIO U
cenbMoe Mo niowann sogocbopa.

N3 MHOro4mcneHHoix nNpuTOKOB OHEXCKOro
03epa TosbkO Tpu — Boana, Wysa n CyHa — umetot
nnowanb Bogocbopa 6onee 5000 km?. CyHa siBns-
€TCs OOHUM 13 IMaBHbIX NMPUTOKOB 03epa, 3aH1Mas
no 4JIMHe BTOpPOe MecTo nocie Boanebl.

MpoctnpaHme 6acceHa CyHbl 1 6ONbLUMHCTBA
€ro KpynHbIX 03ep B HanpasfiEHMM C CEBEPO-3ana-
[a Ha 10ro-BOCTOK Kak Obl MPOAo0/IKaeT Hanpasne-
HNE TEKTOHUYECKUX JINHWNI, XapaKTepPHbIX Oas ce-

Bepo-3anagHoi 4yactm OHexXCcKoro o3epa, 1 roBo-
pUT 06 OOLLIHOCTU NX MPONCXOXOEHUS.

lMeHenneHn3npoBaHHbIE TFOPHblE Kpsxu ban-
TUACKOIO WMTa UMEIOT MSAAFKNE CriIaXeHHble o4ep-
TaHus. BcnencTteme 3Toro Booopasnesbl PEUHbIX
CUCTEM BbIpaXXeHbl HEYETKO U MMEKOT HEDOSbLLYIO
abCosOTHYIO BbICOTY. lNpenenbHble abCoNOTHbIE
oTmMeTkn baccenHa p. CyHbl 33-413 M, Hanbosnb-
Las BbicoTa (ropa BoTtroBaapa) nexuT B ero cese-
PO-BOCTOYHOW YacTu.

OnnHa OacceriHa 216 kKM, CpegHsis LUMpuHa
26 kM. Hambonbluas wmpuHa, onpegensiemMas kak
nepnexavkynsap K aavMHe, coctaBnget 81 km, Haum-
MeHbLuas (y 03. MNanbB03epo) — Bcero 15 km. Peka
CyHa nMeeT CUMMETPUYHO Pa3BUTYIO PEYHYIO CETb.

MpoaonbHbIN NPOdUIb Peku, kak 'y 60bLLINHCT-
Ba pek Kapenuu, ctyneHyaTbin. I3 cemm rnaBHbIX
pek Kapenuu CyHa nmeeT Hambonbluee obuiee na-
neHune — 325,2 m.

MpononbHbIi Npodunb p. CyHbl OTHOCUTCS K
CMeLlaHHOMY Tuny. BepxHsas 4acTb pekn oT nctoka
0o Kosoosepa MMeeT TUMNYHbIA NPOdUIib «PaBHO-
BECuUs», st CPeaHEN U HUXHEW YacTen xapakre-
peH «cOPOCOoBLIN» TUM NPOAOSILHOro Nnpodunsa. Ta-
KOWM € CMELUaHHbIA TUN NPOoA0SIbHOro Npopuns
nmetoT Nnputokm CyHbl — pekn BoTtTta, MoTko, Topo-
co3epka, bona, Tekyuime B BepxHen yactu bac-
cenHa. lNpoaonbHbii npodub p. Cemun (cpegHnas
CyHa) 6A1M30K K MPSMOSIMHENHOMY TUMYy, MEHee
pacnpocTpaHeHHOMY B Kapenuu; aTa peka Teyer
no cnabo noHwxatowercs paBHuHe. Y p. CaHpan-
K (HMxHAS CyHa) TMN NPOAO0IbHOro NPodunis He
BbIpaXeH.

Bepera pekn Ha BceM ee MPOTSXKEHUN OYEHb
pa3Hoo0bpa3Hbl: HU3KKe BONIOTUCTbIE YepenyTCs
C BOS3BbILIEHHbIMW, YCESIHHbIMW BaslyHamMu, a B
MecTax 0OHaXXeHNS1 KOPEHHbIX NOPOI, OHN 0OPbLIBU-
CTbl M CKaNnCTbl. ABObILLEB NUCa:

EcTb peku — B IEHMBOM OBUXEHbE
Bce: 3aBoaun, TOHW 1 Nnec —
CTOST B 30/10TOM OKPY>XEHbE
OceHHux 3BeHsALWMX bepes.

Ho BeTpbl 3aQyt0T — U INCTbSA
[MNbIBYT NO CNOKOMHOM BOAE,
[Mo3emka no6exKo NUchen
MpongeTcsa no YepHOW rpsae.
Ho BeTpbl pazneHyT 6epessbl

M cHerom 3acbInftoT XONMbl.
Jlvwb nepBble rPsiHYT MOPO3bI,
Te pekun — nofa, BNacTbio 3UMBbI.

PO3HbIE NefoX0abl MPUCYLLM PABHUHHBIM pe-
Kam eBponenckoit yactm Poccum nnn Cnbupn.

CyHa — Hanbonee nNopoxucTas peka nu3 BCex
KPYMHbIX 1 Manbix pek Kapenuu. O0LLee konuye-
CTBO NOPOroB 1 BOAONAA0B paBHO 41, cymmapHas
NX MPOTSXXEHHOCTb W NageHne, COOTBETCTBEHHO,
31 kM 1 113 M. [TOpOXMCTbIE YHAaCTKN COCTABASAIOT
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11% o1 onvHbl pekn n 35% oT obulero ee nage-
HUS. OMHa NOPOXMCTLIX y4aCcTKOB BapbupyeT B
npegenax ot 100 go 3000 m, noporun pacnoaoxe-
Hbl MOYTM MO BCEMY PYCIY PEKU, BCTPEYAIOTCS Kak
OOVHOYHbIE, TaK U rPYMMnoBbIe.

...ECTb peku — kunyyn, 6ypavesl,
OpeTbl B rpaHuT Bepera.
MpuaBWHYNa CHEXHbIE FPUBHI

K Boge HenokopHoM nypra.

Ho pywatcs, 6btoTCs, opodbaTca
PeyHble kpyTble Banbl

M panblue Ha ceBep CTpemMaTcs,
OT neHbl NVLWb TONBLKO Benbl.
EcTb peku — B ABUXEHBE OT BEKA,
HanonHeHbl SpoCThio rpoa3.

Mx cuny, nx Be4Horo 6era

He moxeT ocnnutb Mopos!..

Ha ©OGonbwmHcTBEe pek Kapenun cnabble
nepoxonbl. Bcnencrtesne obunusa noporos nen, 06-
pasylowmincas B Niaecax Mexay HuMK, npu
nepoxone OpobuTca M NpoOXoauT BHU3 B BuAOE
ryCTOM KaLuw.

CyHCKMe Noporm MOXHO pasfennTb Ha YeTbIpe
rpynnbl: 1) KoBguHckme, 13 4 KpynHbIX NOPOroB
obwum npoTskeHnem 3,36 kKM, ¢ nageHMemMm 0o
1 M; ctoga OTHOCUTCS CaMmbli OJIMHHBIA NOpOr —
Pumcnopor gnuHon 3000 m; 2) BanaamuHckume,
BKJlOYatoLWMe 4 nopora C O0OLWMM NPOTSXEHUEM
2,58 kM, nageHne y HMX 3Ha4MTEeNbHO BbIWE: OT 2
0o 3,8 m; 3) NanbBo3epckue, U3 8 NoOporos 0OLLEN
anuHon 7,5 km, ¢ nagenmnem ot 0,3 oo 4,3 m; 4)
JlnHpo3epckas rpynna, camas 3HayuTesbHas
rpynna noporoB No CyMMapHOMY MPOTSXEHUIO U
obwemy nageHuio. MNageHne mx konebnercs ot
1,200 7,9 m.

LLinpoko n3BecTHa kpacmpasi nerexHga o npo-
ncxoxaeHum sogonanoB CyHbl.

Pekn CyHa n LWya — poaHble cecTpbl — A0Ar0
TeKNN pOoM, He Xenasi pacctaBaTbCs APYr C Apy-
roMm. B nytn cecTpbl ycTann 1 oCTaHOBUIINCHL OT-
noxHyTb. CyHa, BCce BpeMs ycTynaBLuas cecTpe 60-
nee ynobHOE W TMOKOMHOE pPycno, YyCcHyna wu
npocnana yxon cecTpbl Bnepen. MoaTtomMy 1 Ha3bl-
Banacb oHa CoH-peka. MNMpoCHYBLUNCb, NOPaXeH-
Has M3MeHoM 1 pasnykon ¢ cectpomn, CoH-peka
Opocunack OOroHATb CECTPY, He BbiOMpas pycna u
He ocTaHaBNMBasiCb Nepen nperpagamu. B noroHe
3a Heto CoH-peka HaneTena Ha ckasibl M Havana He-
MCTOBO MX pBaTb, NPOOMBAsiCb CTPENO BCE Bre-
pen. Ckanbl He mornn ee yaepxatb: 'mpeac, Nop-
Mopor n Kneau — a1o nobenbl CoH-pekn. Ho oHKn
M3MY4YMSIN PEKY HaCTONbKO, Y4TO C MOCegHMM
Bonnem, cpean ckan Kneava, CyHa — CoH-peka —
oTKasanacb OT Hagexnabl AOrHaTb CecTpy (Huxe
Kneava Ha CyHe HET yXe KPYMnHbIX MOPOros).

Kapenus, kak n3BecTtHo, 6orata Bogonagamu,
13 13 ee BogoNanoB Tpu Haxogatcs Ha p. CyHe.

Camomy 3HamMeHuTOMy K3 Hux, Kmady, no-
CBSILLEHbl MPEKpacHble CTUXU, paaylolme Cryx
CTPOKM pasfnYHbIX nucaTenem u MnoaTtoB. Tak
®. N. MnHka onucbkiBaeT Bogonaa,;

Knns Hap 4yeTblpbMs ckanamm
OH, C He3anaMsaTHbIX HaM NeT,
Mory4umin ncnonvH, sBanamum
Katut xxemuyr n cepebpo...

Ero 3y6pucTble xpebTbl

BnectaT — nyCTbIHM MOHYMEHTHbI.
TakoB KnBay, TakoB OH gHem!

HazeaHusa cyHckmx Bogonaaos — duHckme. Oa-
HaKO [0 CUX MOpP HET OKOHYATESIbHOr0 OObSACHEHMS
MX MPOUCXOXOEHUS.

CyHckune Bogonanbl OTHOCATCS K «pacriacTaH-
HOMY>» TUMy, AN KOTOPOro xapakTepHo npeobna-
OaHve WnpuHbl Hag nageHnem. Ins sogonana Ku-
Bay OTHOLWIEHME LUMPUHbI K OJIMHE PaBHO 2, OH
npeacrtasnsieT cobor NOATUN LWeNeBUOHbIX BOAO-
nagos.

Ha CyHe 10 rnaBHbIX MPUTOKOB, K YNCAY KOTO-
PbIX Mbl OTHOCUM MPUTOKX OJINHON Gonee 25 kM.
Mo TNy CTPOEHUs PevyHOW CEeTU OHU CXOOHbl C
rnasHow pekomn, CyHOW.

MnoTHOCTb peyHon ceTn CyHbl U €€ NPUTOKOB B
npenenax 6accenna konebnetca ot 0,12 oo 0,47
KM/KM?, B 3aBUCUMOCTW OT Tuna penbeda. Hau-
6onbluas ryctoTa peyHoint cetn (0,40-0,47) cBoi-
CTBEHHa BEpXHEeW 4acTu peKkn, ¢ HEBOMbLLUNM OT-
KJOHEHMEM OHa NagaeT K YCTbio.

OTtnnuuTensbHo YepTomn pek Kapenun aensetcs
MX eCTeCTBEHHAs 3aperyiMpoBaHHOCTb 03epaMu.

Pekn Kapennmn n3esecTHbl CBOEW KPacoTOW Bce-
My Mmupy. Mocewaowme Kapenuto TypucTsl B nep-
BYIO o4epenb crewat yBnaeTb Krueau.

Mpuneaxaiite B Kapenuio, bynete
[ocTem B 9TOW CTpaHe ronyooin.
KpacoToto Bbl oyLly pa3dyaute,

CBeT 03ep yBe3eTe ¢ COOOM.

3nechb, B Kapenuu, no3gHMMm BECHaMM
OxuBaeT Boga, knokouya.

M netuT Hap, BbICOKMMM COCHaMM
BeckoHe4yHasa necHb KuBaya...

MTak, B KOMMNO3NLUUKX NOCNenoBaTeNibHO Yepe-
OYIOTCS YNCTO reorpaduyeckme, a Takxke Xyaoxe-
CTBEHHble 06pasbl, KOTOPbIE NOMOralT Pas3BUTUIO
9MOLMOHANbHOWN Cdepbl, 'yMaHHbIX 1 BOSIEBbLIX Ka-
YeCTB JIMYHOCTU.

MoarotoBneHHas «MMUOK-KOMMNO3ULNSA» MO-
XeT npensnaraTbCa BHUMAHWUIO LLIKONIbHUKOB (Ha
aKonoro-reorpaduyeckmx yd4ebHbIX U BHEKS1acc-
HbIX MEPOMNPUATUSIX, B TOM YMCIIE B COBOKYMHOCTU C
BMKTOPUHAMMN, UrPaMmn, KOHKYpcamMu Ha reorpadu-
Yyeckylo TemaTtuky), CTyOAeHTOB, npenogasartene
(Ha cneuunanbHbIX NpeaMeTax, noapasymMeBaloLLX
dopMmnpoBaHne KpaeBeayYecKnx 3HaHui, a Takxe
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3HAHWUI, YMEHUI B chepe pekiambl), paboTHUKaM
TYPUCTCKUX GUPM KaK peksiaMHbli NPOayKT, MecT-
HbIM XWUTEeNsM Kak peayfbTaT COBMECTHOM nOesi-
TENbHOCTU 1 pekiama, Typ NoTpeduTento v ap.
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TE3NCHI

HEDTHAHBIE YIJTIEBOAOPOAbI
B BOOOEMAX BEJIOMOPCKO-BAJITUMCKOIO KAHAJIA

O. B. MaHwowkuHa*, H. A. BenkunHa**

*[NeTpo3aBoACKN roCcyAapCTBEHHbIVI YHUBEPCUTET
** UHCcTuTyT BOAHbIX npobem Cesepa KapHL PAH

HedTb — cnoxHenwas cMecb yrnesoaoponos,
OCHOBY KOTOPOW COCTaBASIIOT TPW FPynmnbl — anka-
Hbl, HAdTEHbI 1 apeHbl. HedTaHble yrnesogopoapl
(HY) o4yeHb BaxKHbI 419 YENOBEYECTBA, X UCMOJb-
3yIl0T B OCHOBHOM B KQ4€CTBE TOMNMBA, UCTOYHMKA
aHEeprum, a Takxke aas nosy4eHnst CUHTETUYECKUX
Kay4yykoB M BOJIOKOH, nnactmacc, MAB, moowmx
cpencTs, nnacTmMdukaTopoB, NPUCagokK, kpacure-
nen v ap. Ho 3T0 04YEHb TOKCUYECKME BELLLECTBA,
KOTOPbIE OKa3blBalOT BIUSIHME Ha BCE XMBblE Opra-
HM3MbI. [109TOMY KOHTPOJIb coaepxaHua HY asns-
eTcs HeobXOOMMOM 4acTbio MOHUTOPUHIa OKpPY-
XaroLen cpegbl.

Llenbto npeacTaBneHHOro nccnenoBaHus aBns-
nocb n3ydeHme HY B Bogoemax Benomopcko-ban-
Turickoro kaHana. bBK — TpaHCnopTHbIN NyTb 00-
MM NPOoTsixkeHneM B 227 KM 0T OHEXCKOro osepa
0o benoro mopsi. CoopyxeHus kaHana BkoYaT
128 obbekToB. KaHan BBEAeH B akcnayatauuio 2
aBrycta 1933 r. lNMutaHne kaHana BOOON eCTeCT-
BEHHOE.

Mo nuTepaTypHbIM JaHHLIM COAepXaHue Hed-
TenpoayktoB B Boge BogoemoB BBEK ocTtaetca B

npeaenax NAK (0,04-0,07 mr/n). B 2007 r. copep-
xaHne HY B Boge 03. Bbirosepo konebanocb OT
0,02 oo 0,25 mr/n. loHHbIE OTNOXeHUs 9 uccneno-
BaHHbIX BOOOEMOB (BbirocTpoBckuii bbed, MaTtko-
XeHCKn 6bed, MapaHpoBckuin nnec, osepa Lla-
BaHb, Bowuukoe, Bbirosepo, Topoc, Martkozepo,
Bonosepo) otamyaoTcs OT ECTECTBEHHbIX 03€PHbIX
OTNOXEHUA, MO OKUCIUTENbHO-BOCCTAHOBUTESb-
HOMY MOTeHLMay BCe 0CaaKn OTHOCATCS K BOCCTa-
HOBUTENBHOMY TUMY, 3Ha4YeHus pH cOBUHYTHI B KNUC-
Nyto 0611acTb, BbICOKN BEMYNHBLI NOTPEDNEHUS K-
cnopopa. BocctaHOBUTENbHBIE YCIOBUS B OOHHbIX
OTNOXEHUSAX 3aMedfIioT NPOLECChl MUHepanmnaa-
UM Tskenbix HY, HaKoNeHHbIX 3a BpeMs akcnya-
Taumm kaHana. CoaepxaHue HY B AOHHbIX OTNOXe-
HUAX n3MeHsieTcs oT 70 MKr/r B neckax 03. LLlaBaHb
0o 4490 mkr/r B unax 03. Bonosepo. HedpraHoe 3a-
rpsi3HEHNE 0CaaKoB B 03epax Bonosepo n Matko-
3epo PpMKCMpOoBaNoCh BU3yanbHO. B 03. Bbiro3epo
MakcuMasibHble KoHUeHTpauum HY (540 mkr/r) o6-
Hapy>XXeHbl B CEBEPHON YacTn Bogoema. B uenom
OOHHbIE OT/IOXEHNS BOAOEMOB OXXHOM YacTn BBK
6onee 3arpsisHeHbl HY, 4em ero ceBepHas 4acTb.
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OIL HYDROCARBONS IN RESERVOIRS OF WHITE SEA — BALTIC CANAL

O. V. Panushkina*, N. A. Belkina**

* Petrozavodsk University
** Nortern Water Problems Institute, Karelian Research Centre

Oil is a complicated mix of hydrocarbons, which
basis is made by three groups - alkanes,
naphthenes and aromatic hydrocarbons. Oil-
hydrocarbons are very important, itis used basically
as fuel, source of energy, and also for reception of
synthetic rubbers and fibres, plastic, superficially-
active materials, washing-up liquids, dyes and etc.
Butitis very toxic agent, which influence on all alive
organisms. Therefore the control of oil-
hydrocarbons content is a necessary part of
environments monitoring.

The purpose of this study consists in that to
research the oil-hydrocarbons in reservoirs of
White sea - Baltic Canal. The channel is the
waterway total extension in 227 km from the Onega
Lake up to the White Sea. The structures of the
channel include 128 objects. A water feed of the
channel is natural. It was open in August 2, 1933.

The contents of petroleum hydrocarbons in
water of reservoirs of White sea — Baltic Canal
remains in limits of MAC (0,04-0,07 mg/I). In 2007

the concentration in Vigozero lake was changed
from 0,02 up to 0,25 mg/l. The sediments of
investigated reservoirs (Vigoostrovski, Matkojenski,
Parandovski stretches, Shavan, Voitskoe,Vigozero,
Toros, Matkozero, Volozero lakes) differ from
natural lake sediments. Oxidation-reduction
potentials all deposits concerns to anoxic type, the
pH-value are moved in acid area, the value of
oxygen demand are high. A reductions condition in
sediments is reduce the mineralization processes
of heavy oil-hydrocarbons, which were accumulated
in time of channel exploitation. The oil-
hydrocarbons content in sediments changes from
70 mg/g in sand of lake Shavan, up to 4490 mg/g in
silts of Volozero lake. The oil pollution of deposits in
Volozero and Matkozero lakes was fixed visually. In
Vigozero lake the maximal oil-hydrocarbon’s
concentration (540 mg/g) were found in northern
part of a reservoir. As a whole, the sediments of the
southern reservoirs are more polluted by oil-
hydrocarbons, than in the northern reservoirs.

BJIMAHNE BUOTUYECKUX BBAUMOAENCTBUIA HA AKTUBHOCTb
JINSOCOMAJIbHbIX MPOTEUMHA3 MUOWUUN MYTILUS EDULIS L.

M. M. Mapxomyk, M. IO. KpynHoBa, H. H. HemoBa

UNHcTuTyT 6mnonorun KapHL] PAH

O6pacTaHns — aTto coobuiecTra, dopmMupye-
Mble NpeacTaBuTensaMm OeHToca B Xo4e NepBuy-
HOW cyKLLeccun Ha TBepaoM cybcTpaTe, B TOW 1an
WHOI CTeneHn AMCTaHUMMPOBAHHOM OT AHa BOAO-
emMa. OCHOBHbIMU KOHKYPUPYIOLLMMN MeXy cob0ol
BMOAMM B AaHHbIX COOOLLLECTBAX SBASIOTCH MUONN
Mytilus edulis, Hiatella arctica n acunpoun Styela
rustica. Mugnn — Bua, Hambonee «arpecCUBHbIN»
MO OTHOLUEHMIO K 0O0MM KOHKYpeHTaMm. [ns noHu-
MaHusa TOro, Kak cknagbiBaeTcs AaHHoe coobLue-
CTBO, BaXHO B3aMMOLENCTBME WMEHHO MeXay
3TUMN BUAAMWN.

B xope HacTosiero akcnepumeHTta Obino
N3YY4EHO BAUSIHWE  Pa3fINYHbIX  KOMMOHEHTOB
coobuecTB-obpactaHus benoro mops (H. arctica,
S. rustica, Asterias rubens, Halichondria panacea)
Ha YPOBEHb aKTUBHOCTW JIN30COMaJIbHbLIX MPOTEN-
Ha3 (kaTencuHa B n D) M. edulis. NaHHas paboTa
NO3BOJIUT OLLEHUTb POJib U y4acTue JIM30COM Kak
OopraHens KneTku, y4acTBYIOLLMX B MpoLeccax aB-

TONM3a, BHYTPUKIIETOYHOIO MULLLEEBAPEHUS, a TaK-
e KNEeTOYHbIX CTPYKTYP, BbIMOSHSAOLLMX 3aLLUNTHYIO
(PYHKUMIO B UCCNEAYEMbIX MPOLLECCAXx.

XKunBOTHbIE ANa 9KCNepuMeHTa bl cobpaHbl C
obpacTaHnii UCKYCCTBEHHbIX CyOCTpaToB B OyxTe
Kpyrnowm (r. Hyna Kanpganakwckoro 3anvmsa benoro
MOpS$l), MOMELLEHbI B akBapuyMbl a5 agantaumum
(2 cyT), a 3aTeEM MUAMM Obln NEPEHECEHLI B aKkBa-
pUyMbl, B KOTOPbLIX HAaXOOWINCb paHee nepevunc-
JIEHHbIE MpeacTaBUTENN CO0bLLECTB-0OpacTaHus
(akcnosnumsa 24 4). Ncnonb3ys MeToabl COBpe-
MEHHOI BUoXMMnM (romoreHmsaums, anddepeH-
LuManbHOe UeHTpudyrmpoBaHue, cnekTpodoTo-
MeTpus), ONpPesensnn akTMBHOCTb JIN30coMasb-
HbIX MpoTenHa3 u coaepxaHue bGenka B xabpax
Mytilus edulis.

Mpepnonaraetcs, 4TO MUOUM ONpPenensoT
MUKPOYCNOBUS B cOoobLLEeCTBe, a cnefoBaTefb-
HO, OCOOEHHOCTU GOPMMPOBAHUSA LIeHO3a 006-
pacTtaHus.
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Ha ocHOBaHUM NOMyYeHHbIX OaHHbIX ObIN cae-
NaHbl BbIBOABI O TOM, Y4TO MeXay MCCneayemMbiMn
BUAAMW CYLLLECTBYIOT OMOTMYECKNE B3AMMOOENCT-
BUSI, OTPaXaloLMecs B UBMEHEHNN akTUBHOCTM JIN-
30COMaJibHbIX MpoTenHas. [lokazaHo, 4TO Hau-
OofblUNE U3MEHEHUSI B aKTMBHOCTU W3YYEHHbIX
depmeHTOoB HabtogatoTes Npu 12-4acoBo 9KCMNO-
31uUMKn B Xabpax Muaumn B akBapmymax, B KOTOPbIX
Haxoaunuck Styela rustica w Hiatella arctica. Tak,
OTMEYEeHO 3aMeTHOE (NPakTUYEeCKM B 2 pa3a) CHU-
XEHMe YPOBHS aKTUBHOCTM KaTtencuHa D, HO 3Hauu-
TenbHOe MoBbilweHne (B 3—4 pasda) akTMBHOCTU Ka-
TencuHa B. lMNpn 24-4yacoBoW 3KCNO3MLMK aKTUB-
HOCTb MUCClleayeMbIX NPOoTenHas3 BO3BpaLlaeTcs Ha

NPEXHNI YyPOBEHb, 32 NUCKJIIOYEHNEM MOBbILLEHMS
aKTMBHOCTM KaTencuHa D (npaktnyeckun B 2 pa3a) B
akBapuymax, B KOTOPbIX Haxoamnucb S. rustica,
H. arctica. Npodunn akTMBHOCTU acnapTUiibHbIX
(katencuH D) n upctenHoBbix (kaTencuH B) dep-
MEHTOB HaXxOASATCA B HEKOTOpPOW MNpoTuBOdase:
Nnpu yBeMYeHnn akTMBHOCTU kaTerncuHa D cHmxa-
eTCcs aKTMBHOCTb katencuHa B n HaobopoT. JaH-
HbI1 3P dEKT Mbl HabNOAaMM U B APYrMX TOKCUKO-
JIOrMYECKNX NCCeaoBaHNSIX.

PesynbTaTbl NPOBEAEHHOr0 NUCCea0BaHNS OT-
paxaloT BbICOKMI afanTUBHbIM MOTEHUMan MUANA
K BO3OENCTBUMIO CEKPETOPHO-3KCKPETOPHbIX Mpo-
OYKTOB TECTUPYEMbIX BUOOB.

MUTUAL INFLUENCE OF ORGANISMS IN FOULING COMMUNITIES,
ON LEVEL OF ACTIVITY OF LYSOSOMAL PROTEINASES MYTILUS EDULIS L.

M. M. Parkhomuk, M. Yu. Krupnova, N. N. Nemova

Institute of Biology, Karelian Research Centre

Fouling are the communities formed by
representatives of the benthos during primary
succession on a solid substratum to some extent
distance from a bottom of a reservoir . The main
competing among themselves in these types of
communities are the mussel Mytilus edulis, Hiatella
arctica and astsidii Styela rustica. Mussels — specie
more «aggressive» in relation to both competitors.
To understand how this community is important is
the interaction between these species.

In the present experiment examined the effects
of different components of fouling communities the
White Sea (H. arctica, S. rustica, Asterias rubens,
Halichondria panacea) on the level of activity of
lysosomal proteinases (Cathepsins B and D). This
work will evaluate the role and participation lizosom
as cell organellesinvolved in the processes avtoliza,
intracellular digestion, and cellular structures,
performing a protective function in the studied
processes.

Animals for the experiment were collected from
fouling artificial substrates in b. Round (g. Chupa
Kandalaksha Bay of the White Sea), were placed in
aquariums for adaptation (2 days) and mussels
were transferred to aquariums, which were
previously listed by representatives of community-
fouling (exposure 24 h). Using the methods of
modern biochemistry: homogenization, differential
centrifugation, spectrophotometry we determined

the activity of lysosomal proteinases and protein
content in gills of Mytilus edulis.

It is suggested that the mussels determine
mikroterms in the community and, therefore,
particularly the formation coenosis fouling.

On the basis of the data conclusions are
made that among the studied species, there
are biotic interactions that affect change in
the activity of Ilysosomal proteinases. We
shown that the greatest changes in the activity
of studied enzymes are observed in the
12-hour exposure in the gills of mussels
aquaria, which were Styela rustica and Hiatella
arctica. Thus, a noticeable (almost 2-fold)
reduction is observed in the activity of cathepsin
D, but significant increase (3-4 times) - of
cathepsin B. It should be noted that the activity
of the studied proteinases returns to previous
level to the 24-hour exposure, except for
increasing the activity of cathepsin D in aquariums,
which were S. rustica, H. arctica. Profiles of
activity aspartilnyh (cathepsin D) and cysteine
(cathepsin B) enzymes are somewhat opposite:
increasing the activity of cathepsin D is reduced
activity of cathepsin B, and vice versa.This effect,
we have seen in other toxicological studies.

Theresults of the study reflects the high adaptive
capacity of mussels to the effects of excretory-
secretory products of the tested species.
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AHTUOKCUAAHTHbIE ®EPMEHTbI U UBODEPMEHTHbIN CNEKTP
JIAKTATAErMaPOreHA3bl B OPTAHAX HACEKOMOSAAHbIX U TPbISYHOB

E. N. AHtToHoBa, B. A. Nnwoxa

lNeTpo3aBoackui rocynapCTBEHHbIN YHUBEPCUTET

Llenbto Hawel paboTbl 6bI10 U3Y4YUTb MEXBU-
[OBble U BHYTPUBUAOBbBIE PA3/INYUMS B aKTUBHOCTHU
AHTUOKCUOAHTHbLIX GEPMEHTOB N N30PEPMEHTHbIX
cnekTpos JIAIN B opraHax 6ypo3yokn 0ObIKHOBEH-
HOW N NONEBKN PbIXEN.

AKTMBHOCTb @HTMOKCUOAHTHbLIX GEPMEHTOB U
n3odpepmeHTHbln cnektp J1AI onpenensanu B
TKaHAX MeYyeHU, MNOYeK, Cesie3eHKWU, CKesleTHOW
MbILLILLBI.

OnekTpodopeTmyeckoe pasgeneHme nsodep-
MeHTOoB JIAI npoBoamnn Ha araposoM rene. Onpe-
nenexne aktnsHoctn AOD: cynepokcmaamcmyTa-
3bl (CO/[) nposoannu No MoanduLmMpoBaHHOM aj-
PEHOXPOMHOW MeToavKe, KaTasnasbl — CNekTpodo-
TOMETPUYECKN MO KOJIMYECTBY PasnOXEHHOW ne-
pekncu Bogopoaa. CogepxaHune 6enka namepsnu
MeToaoM Jloypu. AKTUBHOCTb GEPMEHTOB paccHu-
TbiBasIM Ha 1 I CbIPOW TKaHW.
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OkncnuTenbHbIN cTpecc: Brnoxmmmnyecknii n natopwu-
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PesynbTathl 1 06CyXaeHne:

1. MakcumasnbHOe KOJIMYECTBO MEXBWUOOBbIX
pas3nuynini n3odepMeHTHbIX cnekTpos JIAI obHa-
PY>XXEHO OJ15 MoYeK U CKeJIETHOW MyCKynaTypbl.

2. OTMevYanucb pasnuyus B akTUBHOCTU aHTU-
OKCUAOAHTHbBIX PEPMEHTOB Y XXMBOTHbIX O4HOI0 BU-
[a, HO OTJIOBJIEHHbIX B Pa3J/INYHbIX HaCTAX apeana.

3. BbigBneHna TkaHe- u BMAocneyunduyHOCTb
pacnpegeneHnsa naodpepmeHTHolx crnekTpos JIAT B
opraHax 6ypo3y0okK 1 MosIeBOK.

4. B noykax NojieBokK, OT/IOBNEHHbIX B Kapenuu,
Habnoganacb HU3Kasi akTMBHOCTL KaTanasbl npw
coure cnektpa JIAI B CTOPOHY «a3pOoBHbIX»
bdpakumi.

5. BblpaxeHHass reTeporeHHOCTb BbIOOPKU
MoNIEBOK, OT/OBJIEHHbLIX B Kapennn, BO3MOXHO,
CBsI3aHa C HaM4YMEM B Helt 300P0BbIX U BOJIbHbIX
>XMBOTHBbIX.
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dusnonormn nywHeix 3sepen. MNMetposasoack: KapHL,
PAH, 2004. C. 8-27.
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LmnaT-HuenbcoH K. Pa3mepbl XMBOTHLIX: NOYEMY
OHW Tak BaxHbI? / MNep. ¢ aHrn. M.: Mup, 1987. 259 c.

ANTIOXIDANT ENZYMES AND AN ISOFERMENTAL SPECTRUM OF LACTATE
DEHYDROGENASE IN BODIES INSECTIVOROUS AND RODENTS

E. P. Antonova, V. A. llyukha

Petrozavodsk State University

The purpose of our work was to study
interspecific and intraspecific distinctions in activity
antioxidant enzymes and isofermental spectra LDH
in bodies to ordinary shrew and the red vole.

Activity of antioxidant enzymes and isofermental
spectrum of LDH defined in fabrics: a liver, kidneys,
a spleen, a skeletal muscle.

Electrophoretic separation of isoenzymes LDH
spent to agar-agar gel. Definition of activity of
antioxidant enzymes: superoxide dismutase spent
on modified adrenohromnoy method, catalase — by

quantity of the spread out peroxide of hydrogen.
The maintenance of fiber was measured by method
Lowry. Activity of enzymes counted on 1 g a crude
fabric.

Results and discussion:

1. The maximum quantity of interspecific
distinctions of isofermental spectrum LDH is
revealed for kidneys and skeletal muscles.

2. Distinctions in activity of antioxidant enzymes
at animals of one kind, but caught in various parts
of an area were marked.
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3. It is revealed tkane - and kindspecific
distributions of isofermental spectrum LDH in
bodies shrew and vole.

4. In kidneys vole, caught in Kareliya, it was
observed low activity catalase at shift of spectrum
LDH towards “aerobic” fractions.

5. The expressed heterogeneity of sample vole,
caught in Kareliya is probably connected with
presence in it healthy and sick animals.

OLEHKA COCTO9HNA 300MJIAHKTOHA K SOOBEHTOCA
YCTbEBOI'O YYACTKA PEKU CEBEPHOW ABUHbI

A. N. CngopoBa, H. M. KanuHkunHa

UHcTuTyT BOAHbIX Npobriem Cesepa KapHL PAH

CeBepHas [1BnHa — camas KpynHasi peka ApxaH-
renbckon obnactu. [nuHa pekn cocTaBnseT
744 km. Ha BCceM MpoOTSXeHUM OHa CcynoxonHa.
CeBepHasa [lBsMHA, B 4aCTHOCTM ee YyCTbeBas
obnacTtb, NOABEPXEHA OMPOMHOW aHTPOMOreHHOM
Harpy3ske. MHOro4McneHHble MICTOYHMKN 3arpsi3He-
HUS PacrofioXeHbl BAOSb PEKN — NPeanpusatms
LLentoS103HO-0yMaxHo 1 aepeBoobpabdartbiBato-
wen npombiwneHHocTn (OAO «ApxaHrenbCckumn
LBK» n OAO «Kotnacckuin LIBK»), a Takke gpyrue
nponssogctea (OAO «CaBMHCKMA LEEMEHTHbIN
3aBog», CesepoaBuHckas TOL, n gp.), XUamwHo-
KOMMYyHanbHble xo3ancTtea. Cyga pedyHoro u
MOPCKOro ¢hnoTa Ha NPOTSXKEHUN HABUIALIMOHHOIO
nepmnoaa 3arpsa3HsioT BoAy HedTenpoaykTamu.
Okocuctema CeepHol [IBWHbI HaxoAMTCH B
HebnarornoJsly4HoOM COCTOSIHUM U TpebyeT opraHn-
3aumm MoHUTOpuHra. OanH M3 MeTogoB KOHTPO-
N5l — 970 onpeaesieHne COCTOAHNS AKOCUCTEMbI NO
rMaopobroNorMyeckm nokasaTesnsam.

Cbop rnapobmonornyeckoro martepuana Ha
CesepHon [IsuHe npoussoamncsa B 2007 r. no cxe-
Me& MOHUTOPUHIOBLIX CTaHumin (8 rmapobuonoru-
4YeckMx pa3pe3oB C KOJIMYECTBOM TOYEK cOOpa Ha
kaxgom paspese 3-5). OT6op npob nnaHKTOHA
NPON3BOANTCS NYTEM NPOLEXNBAHNSA ONPeaeneH-
Horo o6bema Boapl (100 1), B3ATOro B NOBEPXHOCT-
HOM croe, Yyepes ceTb xean. CO0p AOHHbIX opra-

HM3MOB NPOM3BOANTCA AHOYepnaTenem lMeTepce-
Ha nnowanpto 3axeata 0,25 m2.

B npenstoBon uvactu p. CesepHon [BWHbI
Obinn oBHapyXeHbl 18 cucTtemMaTuyeckmx rpynn u
BnooB 3oonnaHktoHa (Calanoida, Cyclopoida,
Harpacticoida, Asplanchna sp., Bosmina sp., Nauplii
calanoida, Nauplii cyclopoida, Alona sp., Chydorus
sp., Polyarthra sp., Keratella cochlearis, Keratella
quadrata, Kellicottia longispina, Filinia sp., Conochilus
sp., Cyrnus sp., Polyphemus pediculus). CocTosiHne
300M/TAHKTOHHbIX COOOLLUECTB OblI0 CXOAHbIM Ha
Pas3nNnYHbIX yHacTKax AenbTbl PEKU, MaBHbIM Npea-
CTaBWTENIEM 300MJ1aHKTOLLEHO30B Oblna Asplanchna
sp. OpHako BbIAENsSNMCb ABa paspesa, pacnono-
SKEHHbIX B 3aTULLHBIX yd4acTkax. Ha aTux cTaHuusx oo-
MuHnposann Cyclopoida. B penstoBon yactn Ce-
BepHon [BuHbLI OOHapyXeHbl NpeactaBuTenn 300-
OeHTOCa Clnegylowmx CUCTEMATUYECKUX  Tpynmn:
Oligochaeta, Chironomida, Nematoda, Bivalvia. Co-
CTaB Co0bLLLECTB 3006EHTOCA 3aBMCEN OT TUMA MPyH-
Ta. Ha nancTbix rpyHTax no 4McieHHocTy npeobna-
Jann onuroxetbl, Mo Guomacce — OBYCTBOpYaTbIE
MOJITIIOCKM. Ha necyaHbIX rpyHTax no YACAEHHOCTU
JOMUHMpOBaNM HemaTodpl, no Guomacce — ABy-
CTBOpYaTbIE MOSUTIOCKMN. [Tony4eHHbIe faHHble 6yayT
MOJIOXKEHbI B OCHOBY [AaSIbHENLLMX MOHUTOPUHIOBbIX
MCCNenoBaHUM ONsi OLLEHKU CTENEHU 3arpsa3HEHHO-
CTW Pa3nNn4HbIX y4acTKoB Aenbtbl CeBepHon [BMHbI.

ASSESSMENT OF ZOOPLANKTON AND ZOOBENTHOS
IN THE ESTUARIES OF THE NORTHERN DVINA RIVER

Al

Sidorova, N. M. Kalinkina

Northern Water Problems Institute, Karelian Research Centre

The Northern Dvina is the largest river in the
Arkhangelsk region. The length of the river is 744
km. Throughout the river is navigable. The Northern
Dvina and its estuaries, in particular, are subjected

to tremendous anthropogenic load. There are
numerous sources of pollution along the river — the
pulp-and-paper and wood-processing industries
(JSC “Arkhangelsk PPM” and JSC Kotlas PPM),
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and other industrial enterprises (JSC Savinsky
Cement Plant, Severodvinsk CHP, etc.) as well as
housing and communal services. River boats and
sea-going ships pollute the water with oil products
during the navigation period. The ecosystem of the
Northern Dvina River is in poor condition and the
organization of effective monitoring is required.

The hydrobiological material was collected on
the Northern Dvina River in 2007 under the scheme
of monitoring stations (8 hydrobiological sections
with 3-5 collection points in each section).
Sampling of plankton was made by collecting a
certain volume of water (1001), taken in the surface
layer via the net of Jedi. Collection of benthic
organisms was made by Peterson Grab, with
embracing space 0,25 m?.

Eighteen systematic groups and zooplankton
species were found in the estuaries of the
Northern Dvina River (Calanoida, Cyclopoida,
Harpacticoida, Asplanchna sp., Bosmina sp.,
Nauplii calanoida, Nauplii cyclopoida, Alona sp.,

Chydorus sp., Polyarthra sp., Keratella cochlearis,
Keratella quadrata, Kellicottia longispina, Filinia
sp., Conochilus sp., Cyrnus sp., Polyphemus
pediculus). The condition of zooplankton dominant
communities was similar in different parts of the
river delta Asplanchna sp. being. However, there
were two sections, located in quiet sites, where
Cyclopoida dominated. There are 4 benthic
groups which were found in the estuaries of the
Northern Dvina River (Oligochaeta, Chironomida,
Nematoda, Bivalvia). The composition of
zoobenthos communities depended on the
type of bottom sediment. In term of number
oligochaetes dominated on the muddy bottoms,
while in term of biomass - bivalves. However, on
sandy sediments nematodes dominated in terms
of number, and again bivalves dominated in terms
of biomass. The data obtained will form the basis
for further monitoring studies to assess the degree
of contamination of various parts of the Northern
Dvina River estuaries.
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NMpumep meXxayHapoaHOro CoTpyaHu4yecTBa
CTYAEHTOB-CNyL1aTesNien KypcoB
«BbanTnnckoro YHmsepcurterta»

U3 pa3HbIX CTPaH

BUOMOHUTOPUHI KAHECTBA BOA bl

AdnBura AHTonak,* Ceprenm HuckaHeH*™

* Yunsepcutet Hayku n TexHonorum, IHCTUTYT OXpaHbl M MCMOJIb30BaHNE OKPYXXaroLLE cpeabl,
Kpakos, lNMonblua
** [MleTpo3aBoackuvi focyaapcTBEHHbIV yHUBepcUTeT, [leTpo3aBoack, Poccus

BBEOEHUE
(Ceprevi HuckaHeH n SiaBura AHTONaK)

[MmaBHbLIM CBOMCTBOM BOAHOW Cpenbl SBASETCS
noaaepxaHme bmopaszHoobpasns M BOCMPOM3BOa-
CTBO BGuopecypcoB. buonormnyeckne coobuiecTea
M KQ4eCTBO BOAbl B 3HAYMTENBHOW Mepe onpeae-
NAI0TCS €€ eCTECTBEHHbIM COCTOSIHMEM, aHTPOMO-
FEHHOM Harpy3kKOM N YPOBHEM OYUCTKM CTOYHbIX
BoA. OCHOBHOW ULENbld MOHUTOPUHra sIBASieTCS
OLleHKa COCTOSIHUS BOOHOW 3KOCUCTEMbI N BAUS-
HUS €CTECTBEHHbIX M aHTPOMOreHHbIX PaKTOPOB Ha
coobLecTBa U BOAHYHO 3KOCUCTEMY B LLESIOM MO
OMONOrMYECKNM MokasaTensim.

B MOHUTOpUHIre 0COBEHHO BaXXHbl KOMMIEKC-
Hble uccnenoBaHus. BbinonHaeTcs He TOMbKo
cbop B6MONOrMyecknx MpPod, HO N FMOPOXUMUMYE-
ckne n rmgpodusnyeckme namepeHus: pH, pac-
TBOPEHHbIA KNUCNOPOA, COAEPXaHWe OUOreHHbIX
BELLECTB, MeTa/yloB, HeDTENPOAYKTOB U MECTuU-
LUMOOB; TemMrnepartypa, Te4eHme, ocagkm n apo3u-
OHHble MPOLLECCHI B pycnax pek nm no obeperam
o3ep. [ns KOHTPOsS Ka4eCTBa BOAbI TAKXE LUMPO-
KO MNCMOJIb3YIOTCS OLEHKN KONIMYEeCTBA U PA3HOO0O-
pasunsi BOAHbIX GOPM XN3HU, & TaKKE BbKMBAEMO-
CTU TECT-00BLEKTOB.

KAYECTBO BO/1bl B EBPOCOKO3E
(SlaBura AHTOM1aK)

Bo MHOrmx eBpoOnenckux CTpaHax CUCTEMBbI
OLEHKM COCTOSIHUS BOAbI 1 Knaccudukaumm obinim
OOHOBMEHbI O COBPEMEHHOIO, FOAHOIO K UCMNOJIb-
30BaHMIO COCTOSIHUA. [MocTaHOBNEHUS, BCTYNUB-
e B cuny, 0ObIMHO ONMpPenensioT cTaHaapThl, No
6onbLUel YacTU OCHOBaHHbIE HA GU3NKO-XUMMYE-
CKux napametpax. EBponeinckas BogHas pamou-
Has ampekTuea (WFD), koTopas BCcTynuna B CUy B
koHue 2000 r., KopeHHbIM 06pPa30M N3MeHMNa cno-
COObl MOHUTOPUHIA, OLEHKU U YNpPaBieHUs Co-
CTOSIHMEM BObl BO MHOIMX €BPONENCKNX CTPaHax.
[Ba knioyeBbIX NOHATUS, KOTOPble OHa BBOAUT B
3aKOHOOATEeNbCTBO, — 9TO «3KONIOMMYECKUn CcTa-
TyC» W «ynpaBfieHMe BOOHbIMU pecypcamMu Ha
YPOBHE peyHOoro 6accemnHa».

OKONOrnyecknin CTaTyc sBASIeTCA BbIpaXEHU-
€M Ka4yecTBa CTPYKTYPbl U DYHKLNOHUPOBAHUSA
BOAHbIX 3KocucTeM. [pu TakoOM Noaxone akueHT
Jenaetcsa Ha NCNoJIb30BaHUM BMONOrMYECKNX Ka-
4YeCTBEHHbIX MNokKasaTefieli npu COonyTCTBYIOLLEM
xapakTepe XUMUYECKMX U PUINYECKUX BNIEMEH-
ToB. COnNyTCTBYIOLUMIA XapakTep O3HavaeT, 4To
3Ha4YeHns1 PU3NKO-XUMUYECKUX U TUaPOMOPGO-

SKONIOMTMYECKNIN CTATYC

U

U

U

MopdomeTpuyeckne
3/IEMEHTHI

BNOJIOI'MHYECKUE
SJIEMEHTbI

dunsnko-xmmMmmnyeckmne
OQJIEMEHTDI
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JIOrMYEeCKNX nokasartenen nogaepxmsatoT 6Mono-
rmyeckoe cooOLLECTBO OMNpeaesieHHOro aKosorm-
yeckoro crtaTtyca TeM pakTom, 4TO 3T Buonorun-
yeckune coobLecTBa ABNAOTCSA pe3ybTatoM pu-
3MYECKUX N XUMUYECKNX CBOMCTB UX OKPYXEHUS.
KOHTpOAb nnn ouenka puruandecknx n GuUsnko-xm-
MWYECKMX BJIEMEHTOB OKa3biBalOT MOMOLLb B UC-
TONKOBAHUN U Knaccudukaumm pesynbraTos, no-
JlydaembIX Npu nccrenoBaHMm BUONOrMYeckmx no-
KasaTtenemn.

Vicnonb3oBaHne HEBMONOrMYECKNX DNIEMEHTOB
07151 OLLEHKN COCTOSIHUS BUONOrMyeckmx nokasare-
nen MoXeT UX A0MOJIHATb, HO OHO HE MOXET 1X 3a-
MEHUTB!

EcTb HECKONbKO BMONOrMYeckux rnokasatenen,
KOTOPbIE OLIEHMBAOTCA B MOBEPXHOCTHbIX BOAAX
nns knaccudukaumm 9KONOrm4eckoro CoOCTOSAHUS
pekK, 03ep, 3CTyapHbIX BOA, NPUOPEXHbIX BOA, MO-
pei, NCKYCCTBEHHbIX U CUNbHO WU3MEHEHHbIX Mo-
BEPXHOCTHbIX BOJOEMOB.

OcTyapHble  [MpnbpexHble McKyCCTBEHHbIE 1 CUTBHO

Buonornyeckne nokasarenn Pekn O3epa o

BOAbI BOJZbl MOPEW TpaHchHOPMMPOBAHHbIE BOJOEMbI
duTonnaHKToH X x x X MpuMeHsiloTCa nokasaTenu Hambonee
MakpoduTbl u duToGEHTOC X X ©G13KOro TUna NOBEPXHOCTHLIX BOJ,
BeHTOC X X x x
Bopopocnu x
[MokpbITOCEMEHHLIE x x
PbibHasa dayHa x x x

Moo, WFD pa3paboTaHbl HOBble CUCTEMbI KOH-
Tponsa u knaccubukaummn. CywecTByoT Tpy Buaa
006a3aTeNbHOr0 MOHUTOPUHIA:

NMOCTOSIHHbIA MOHUTOPWUHI — AN151 NPOBEPKU aH-
TPOMOreHHOW Harpy3ku M OLLEHKU O0JITOCPOYHbIX
TEHOEHUNI NU3MEHEHUSA 3KOCUCTEMBI;

onepaTuBHbIN MOHUTOPWUHI — AJ19 MOMOLLW B
Knaccumdukaumm BOLOEMOB, NOABEPXKEHHbLIX PUCKY
M3MEHEHNS CcTaTyca;

MCCNenoBaTeNbCKMi MOHUTOPUHE — Of1a ycTa-
HOBNIEHUS MPUYMHHO-CNEACTBEHHbBIX CBSA3el B
M3MEHEeHNM cTaTyca BogoemMa.

B kaxpoi ctpaHe EC HauuoHanbHbIe Nporpam-
Mbl KOHTPOJIS Ka4ecTBa BoAbl OblI OOHOBJIEHLI B
cooTBeTcTBUM ¢ TpebosaHuamn WFD.

Cxema knaccudpwmkaumm kadectsa sogbl WFD
BKJIOHAET B ceOS NSTb KTACCOB MO KA4EeCTBY: BbICO-
KOe, xopoLllee, yMepeHHOe, MOCPeACTBEHHOE U
nJsoxoe.

«BblCOKOE Ka4yeCTBO» OMNPenenseTcd OTCYTCT-
BMEM U OYEHb HN3KNUM YPOBHEM BNAHUS YENO-
Beka Ha OMoNormyeckme, XMMmn4eckme n mopposo-
rmdyeckme napameTtpbl. OHO Takxe Ha3blBaeTCs
«PEeKOMEHL0BAHHLIM COCTOAHMEM>», TaK Kak 3TO
nyyliee n3 JOCTUXUMbIX COCTOSIHUIA — 9TaNoH. 9T0
COCTOSAAHME PAa3J/INYHO A9 Pa3HbIX TUMOB Pek, 03ep
1 NPUOPEXHbIX BOA, C TEM YTOObI NPUHATL BO BHU-
MaHVe LWMPOKOE pas3Hoobpasne 3KOIOrm4ecKmx
pervnoHos B EBpone.

BMONOTI'MHYECKMNE KAHECTBA BObl
B PETMOHE MAJ1AA MOJIbLLA
(SoBura AHTONEK)

Manas lMonbwa — oamH 13 16 pernoHos B onb-
Wwe, HaxoasLwmiicsa B parioHe 6acceliHa p. Buchnbl.
CornacHo EBponerickor BOAHOW PaMOYHOM OMpek-

TvBe, MNonblwa Obla pasgeneHa Ha PErnoHbl Mo
peyHbiM OacceriHam U1 ynpasnseTtcs 7 Peruvo-
Ha/lbHbIMW  YMIPaBAEHUSIMN BOOHbIMU PeCcypcamu.
Matopolska pacnonoxeHa 60/bLUeR YacTblO B BOA-
HOM pernoHe BepxHen Bucnbl (Gorna Wista). 3gecb
23 pekn wumetloT OGaccerHbl nowanpio 6onee
100 km?, 6 pek — 6onee 500 km? 1 7 pek — bonee
1000 km2. KayecTBO BOAbI KOHTPONMPYETCS B pam-
kax HaumoHanbHOro 9K0N0rM4eCckoro MOHUTOPUHIA.

B 2006 r. MOHUTOPWHI Ka4eCcTBa BOAbI B PErMO-
He Matopolska Bknoyan 47 pek n 1 BOLOXpaHUIN-
we. Cuctemolt MOHUTOpPUHIra Obl NMPOBEAEH OT-
60p 87 Npob 1 KOHTPOJIbHLIX TOYEK, KOTOPbIE Dbl
co3aHbl Ans 06CAyXMBaHUSA pPasiNYHbIX BUOOB
BOAHOIO MOHUTOPUHra.

KonunyecTtBo
npoo6 n
Tvn BOOHOrO MOHUTOPUHIA KOHTPOSHBIX
Touek
Han30pHbI MOHUTOPUHI 75
MOHUTOPUHI Ka4YeCcTBa NMTbEBOW BOAbI 33
MOHUTOPUHI BOAbI KaK cpefbl obuTa-
HUS pbIO 71
MOHUTOPUHT 3arpsA3HeHnst Bog, a30TOM
CEeNbCKOro Xxo3samcTaea 70
MOHWTOPWHI 3CTyapHbIX BOL, 4
MoHnuTopuHr Eurowaternet 9
OO6Lee KonMYecTBO NPood 262

LOns Hy>Xa nabopaTopHbIX cceqoBaHuin Bbin
oTobpaHbl 1004 npobbl BoAbl 1 41 Buonornyeckas
npoba — 459 OLEeHKN Ka4yecTBa BoAbl. bbinv coena-
Hbl 0k0no 45 000 ougeHok, n 1500 n3 HUX NpeaHa-
3Ha4Yanuchb N onpeneneHns kayecTsa Boapbl.

OcCHOBHbIM Mokasatenem 61onorn4eckoro Ka-
yecTBa BOAbl, KOTOPbIN Obls1 OLIEHEH B MOBEPXHOCT-
HbIX Bogax Manow MNonblun, aBnsnack JoHHasa 6ec-
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no3BoHoO4YHass dayHa. HekoTtopble 0OCOBGEHHOCTU
3TUX OPraHM3MOB MNOBNAUANN HA peLleHne o BbIBo-
pe 1x B Ka4ecTBe MHOUKATOPOB. BeHTnyeckne 6ec-
NMO3BOHOYHbIE ABNSAOTCSA MOCTOSAHHLIMK obuTaTe-
NAMU peK, U UX aKTUBHOCTb MPUXOANTCS HA Masnyio
naowanb. Bpemsa nx xmnsHm okasanocb 40CTaTou-
HO [OJIMHHBLIM, MO3TOMY MEXBUOOBask U3MEH4YU-
BOCTb M KOJIMYECTBO OCOOer oTpaxaroT AOoNro-
CPO4YHbIE N3MEHEHUA B BOAHOW cpefe, Haxonos-
Lenca nojg, BANAHUEM aHTPOMOMEHHOM HarpysKku.
MokasaTtenn dayHbl GEHTUYECKMX BEeCnO3BOHOY-
HbIX OblNIM OLLEHEHBI B 19 pekax 1 nocnyXunm ans
KnaccmdurkaLmm 3KosI0rM4eCckoro COCTOSHUS pek B
CoOTBETCTBUM C TpeboBaHusMn EBponenckon
BOOHOW paMO4YHON ONPEKTMBSI.

Pesynbtatbl 6M0N0rMyeckmnx aHan30oB Nokasbl-
BaloT clieayioLlee:

34,1% noBepPXHOCTHbIX BOA, — BbICOKOE Ka4eCTBO

24,4% NOBEpPXHOCTHbIX BOA, — XOPOLLee Ka4eCTBO

36,6% NOBEPXHOCTHbLIX BOA — YMEPEHHOe Kadye-
CTBO

4,9% nNOBEPXHOCTHbLIX BOO, — MOCPEeOCTBEHHOE
Ka4ecTBO.

BNONOIr'MYECKME KAHECTBA BOJbl
B PECNYBJIIKE KAPEJINA ( Ceprevi HuckaHeH)

Poccus meeT Hambornblee KONMMYECTBO Mpe-
CHOM BOAbl B mMupe. OgHOM 13 cambix Borartbix
BOo4OeEMaMU ee obnacTen ssnaetcs Pecnybnuka
Kapenusi, pacnonoxeHHass B CeBepO-3anagHon
yacTtu cTpaHbl. B Kapenuun 6onee 60 TbiC. 03ep 1
27 Tbic. peKk. [03TOMy O4YeHb BaXEH KOHTPOJIb,
COXPaHEHME N OXpaHa BOOHbIX PECYPCOB.

Buonornueckme Metoabl KOHTPOSA 32 KayecT-
BoM Bogapl B CCCP Hayanu Mcnonb30BaTbCHa C
1970-x rr. B rmapoMeTeOpPOsIOrMyeckon cnyxobe
(Onpepenutens..., 1977).

AHanM3 MeToaMyeckux NPUHLUMOB N OpraHu-
3auMnM PErvoHaNbHOro 3KOIOMMYECKOr0 MOHUTO-
pVHra BoOHbIX 00bekTOB B Pecnybnuke Kapenus
(PK) 6b1n nponseeneH lMpasutensctBoM PK 1 UH-
CTUTYTOM BOAHbIX Npobnem Cesepa KapHL, PAH B
1992 r. (CoBpeMeHHOoe cocTosIHME..., 1998).

HabnopatenbHas ceTb oxBaTbiBana okono 100
BOOHbIX 00bekToB B 1992-1997 rr. npu yyactum
6onee yem 200 ctaHuuin MmoHuUTOpUHra. Kayecteo
BOAbl KOHTPONIMPYETCA C TOYKM 3PEHUSA XUMUYe-
CKMX 1 Bronormyeckrx napameTpos. KOHTPOob xu-
MWYECKOrO COCTaBa BOAbl U OOHHbLIX OTIIOXEHWUM
BKJIIOYAET B Ce0s1 U3MepeHMe NX OCHOBHbIX KQ4ecT-
BEHHbIX NnokasaTtene.

fmppobuonormyecke UCcnegoBaHUa OpraHu-
30BaHbl B COOTBETCTBU C [TTIABHbIMU TPODUYECKN -
MK rpynnamu: Guto-, 6akTepmo-, 300MIaHKTOHA,
6eHTOoCca 1 MakpodutoB. OnpeneneHbl OCHOBHbIE
napameTpbl BOOHbIX COOOLECTB: YMCIEHHOCTb,

MIOTHOCTb M BMomacca, CnNUCOK U 4YUCNO BUAOB,
OropasHoobpasne, CTPYKTYPbl AOMUHUPYIOLLMX
KOMMIEKCOB 1 BUOOB-UHOMKATOPOB U T. 4.

OnpepeneHbl Tpoduyeckme COCTOSHUSA OIS
akocuctem b6onee yem 80 03ep (puc.).

Hanbonee BaxHoe 03epo — OHexckoe, KOTOo-
pO€e OTINMYAETCS YHUKaJIbHbIM Ka4eCTBOM BOAbI U
€CTECTBEHHbIM OJINTOTPOPHLIM CTaTycoM. KOH-
ueHTpauus pocdopa coctaBnaeT 8—12 mr/n u aB-
NSEeTCSa OrpaHnyuUTENeM ang NnuTaHnus GUTOMIaHK-
ToHa. MuHepanusauus Boapl HU3kas (30 mr/n). B
o3epe OTCyTCTBYET AeduunT Kmcnopoda n bruotu-
yeckme npoueccbl He 3aTtpydHeHbl. OpgHako B
1990-x rr. cooepxaHne docdopa CHU3NNOCL N B
akocucteme OHEXCKOro 03epa Npou3oLIn Hera-
TUBHbIE M3MEHEHUs!, OCOOEHHO 3TO 3aMEeTHO B
KoHpgonoxckoi ryoe.

C 1992 r. BMOMOHUTOPUHI MPOBOAMICS Che-
umanuctamm MIHCTUTyTa BOAHbLIX Npobnem Cese-
pa. Jonroe BpeMs rmaBHOW LENbID KOHTPONA 3a
OHexckum 03epoM ObII0 onpeaenieHne ecrecT-
BEHHOIN0 W3MEHEHUS XMMUWYECKUX U Bunonoruye-
CKMX MEPEMEHHBIX N OLLEeHKa npoLecca aHTpono-
reHHon aBTpoduKaumn. Nony4yeHHble JaHHbIE MO-
Kasasnm, YTO MHTEHCUBHOCTb 3BTpOdMKauum pas-
JNIM4HA B pa3HbIX panoHax o3epa.

HecmMoTpsa Ha cTtabunmnsaumio 3KO0rMyYecKkom
ob6cTaHoBkM B OHEXCKOM 03epe, npobnema ynyy-
LLEeHNs Ka4ecTBa BOAbI MO-MPEXHEMY akTyaslbHa.

BMOMOHUTOPUHI KAHECTBA BOJbl
B METPO3ABO/ICKOW I'YBE

MO NMOKA3ATENAM 300MJIAHKTOHA
(Ceprei HuckaHeH)

MeTpo3aBoackas rydba CnyXuT OCHOBHbIM MUC-
TOYHMKOM NUTLEBON BOAbI A1 . [1leTpo3aBoacka,
N O4YeHb BaXHO KOHTPONMPOBATb COCTOSIHME ee
3KocucTeMsbl. Llenbto gaHHOW paboThbl ABNSeTCH
ougeHka coobLEecTBa 300MaHKTOHA Kak MHAMKA-
Topa kayecTBa BoAbl [1eTp03aBoACKOM ryObl.

OT0T 3anMB — OANH N3 KPynHenwmnx B OHero —
pacnosioXeH B 3anagHom YyacTtu o3epa. Ero anvnHa
cocTtaBnget 19 kM, cpegHsas WwnpmHa — 7 KM, njo-
Laab NOBEPXHOCTUN — 0koJ1o 125 km?, cpeaHsas ry-
6uHa — 18,2 m.

lMeTpo3aBoackas ryba HaxoamMTCs Nod, aHTPO-
NOreHHbIM BAnsiHMEM p. LLyn v ctouHbIx BOA T. [eT-
po3asoacka. B 1990-2001 rr. aHTponoreHHas Ha-
rpyska Ha leTpo3aBoackyto rydy 6bina yMmeHblle-
Ha. KoHueHTpauua P _ B 3anvBe BCe elle B [Ba
pa3a bonblie, YeM B LIeHTpasibHOM YacTu. buomac-
ca GuUTONMaHKTOHa B NMepuon Beretauum koneb-
netcsa ot 0,1 mo 3 r/M3. MpeobnagaloT AUATOMO-
Bble, 3€JIEHbIE N CMHEe3eNeHble BOAOPOCN.

Jonroe BpemMsa cuuTanocb, 4TO COOOLLECTBA
300MN1aHKTOHA [aloT ropasfo MeHbLUUi 00bem
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Tpodunyeckoe COCTOsIHME 03ep No pedynbTataM GUOMOHNUTOPUHIA
(no paHHbIM E. B. TekaHoBa n M. T. Capku):

1 - onurotpodus, 2 — a-mezoTpodusi, 3 — B-me3oTpodus, 4 — aBTpODUS

Trophic state of lakes as results of biomonitoring
(by information of E. V. Tekanova and M. T. Syarki):

1 - oligotrophy; 2 — a-mesotrophy; 3 — 3-mesotrophy; 4 — eutrophy

MHbOpMaLMN NO CPaBHEHUIO C PUTOMNAHKTOHOM.
Korga 300nnaHkToH 6bii BKIIOYEH B MOHUTOPUHIO-
Bble HabNoaeHWs, 00bIYHO MUCMONb30BaINCL Crie-
OylolmMe napameTpbl: BUOOBOM COCTaB, YWUCIEH-
HOCTb, B1ioMacca 1 COOTHOLLIEHNE OCHOBHbIX TaKCO-
HOMMYECKMX rpynn. Tofbko HeZaBHO Havann MUC-
Nnosib30BaTbCs HEKOTOPbLIE AaHHblE O MNPOAYKLMUN
300MnaHKToHa. B nocnegHee Bpemsa nHpopmaum-
OHHbI NOTEHLMAN 300M1aHKTOHA Kak MHCTPYMEHTa
OMOMOHUTOPUHIa Obl 3amMeYeH 1 Afs uenem MoHu-
TOpuWHra 61 NPeasIoXXeHbl HOBbIE MHAEKCHI, OCHO-
BaHHblE HAa COOCTBEHHbIX 1 INTEPATYPHbIX AAHHbIX.

MopyepkmBaeTcs BaXHOCTb NOAPOBHOro aHa-
n3a TaKCOHOMMUYECKMX, PA3MEPHbIX N MULLEBbLIX
CTPYKTYp coob6LLeCTBa 300MIaHKTOHA. PekomeH-
[yeTcs NCnonb30BaTh CneayloLLme XapakTepucTu-
K1: YACNO JOMUHUPYIOLWNX BUOOB U UX USMEHEHN
B [JOJICOCPOYHON MepcrnekTrBe, o0Lias YMCieH-
HOCTb 1 Bromacca, YMCNeHHoCTb 1 Bruomacca ma-
NbIX KOMOBPATOK, COOTHOLUEHNE OCHOBHbIX TaKCO-
HOMWYECKUX FPynn, CPegHu BeC OTAEeNbHbIX
npencrasmtenen, vHaekc LUeHHoHa, Tpodwuye-
Ckui ctartyc, cooTHoweHue Ncru/Nrot, Beru/Brot,
Ncop/Nclad, Bcop/NBclad u 1. . VIHTerpanbHbIi
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mHaekc R/B, BkovalowWmin Takylo GyHKLMOHANb-
HYIO XapaKTepuCTUKY, KaK [AblxaHMe; a Takxke COoT-
HoweHne Bzoo/Bphyto 3a nepron oTKpbITOM BOAbI
cumTalnTcsd  MHOOPMATMBHLIMW  MOKa3aTeNsiMu
npouecca aBTpodpukaumn. B Takmx rnybokmx ose-
pax, kak OHexXckoe, NPUCYTCTBYET sIBJIeHME CTpa-
Tndukaumm, noaTomMy HeobXoAMMO aHann3npo-
BaTb Kak 3nu-, Tak U TMMNOJIMMHNOH. Pe3ynbTaTbl
HabMIOOEHUI O0/MKHbI ObiTb NPeacTaBsieHbl Mo
BCEW BOOHOW TOJILLLE N HA KaXAbIA CAOW OTAENbHO.
MpoLuecc nameHeHns B cOoOLLECTBE B 3aBMCUMO-
CTW OT pasfINyHbIX NapamMeTpPoB MOXET ObITb Oonee
04YeBUAHBLIM U MHPOPMATUBHBLIM B 3MN- UK FUMNO-
JIMMHWNOHE.

KonunyectBeHHble napamMeTpbl 300MJaHKTOHa
B LeHTpanbHon 4Yactm OHexckoro odepa (0,01-
0,02 Tbic. 3k3./M%; 0,1 /M%) BbINN HUXE, HEXENN B
rybax (100-150 Tbic. 9k3./M°® 1 MHorga Gonblue
yem 3 r/mM° B 3BTPOPHbIX 30HaX). JOMUHUPYIOLWWIA
KOMIMJIEKC COCTOUT W3 HECKOJSIbKMX BUOOB:
Limnocalanus macrurus, Eudiaptomus gracilis,
Mesocyclops  leuckartii, Daphnia  cristata,
Kellicottia longispina v 1. o. Konnyectso BMAOB n
CTPYKTypa coobuiecTBa 3aBUCAT OT CE30HHOM an-
HaMWKK 1 TPOPUYECcKknx ycrnoBmin. PakoobpasHbie
B OOMUHUPYIOLWMX FPynnax cocTaBnsiioT OGonee
50% Buomacchl 300M1aHKTOHA.

KOHTpOsIbHbIE BLIOOPKM 0ObLIYHO AeNatoT NeToMm,
XOTS1 CE30HHbIE HAOMIOAEHNSI O4EHb BaXKHbI B TAKUX
ncenenoBaHusx. s xapakTepuUCTUKU eXXeroaHom
LUMKJIMYHOCTW B NMenarmnyeckom niaHkToHe Heobxo-
OMM aHann3 Ce30HHOM AnHaMnkun. ExxeHepenbHble
nMpoObl BbIIM OTOOPAHbI A4S 3TOW Lenn.
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INTRODUCTION
(by Sergey Niskanen & Jadwiga Antolak)

The main attribute of the water environment is
keeping of Dbiodiversity and bioresourses
reproduction. Water quality and biological
communities are greatly determined by natural
condition, anthropogenic loading and sewage
treatment. The main aim of monitoring is to evaluate
of water ecosystem state, follow a trend of the
indices and evaluate influence of native and
anthropogenic factors on the communities and the
water ecosystem as a whole.

There are very important complex investigations
for monitoring. Not only biological samplings carry
out, but also hydrochemical and hydrophysical
measurements condition of water, like pH, dissolved
oxygen, nutrients, metals, oils, and pesticides;
temperature, flow, sediments, and the erosion
potential of stream banks and lake shores.
Biological measurements of the abundance and
variety of aquatic plant and animal life and the
ability of test organisms to survive in sample water
are also widely used to monitor water quality.

WATER QUALITY IN EUROPEAN UNION
(by Jadwiga Antolak)

Inmany Europeans countries waterassessment
and classification systems had up to now character

usable. Regulations that were in force usually
defined standards which were mostly based on
physicochemical variables. The EU water
framework directive (WFD), which came into force
at the end of 2000, has fundamentally changed
how water is monitored, assessed and managed
in many European countries. Two of the key
conceptsitintroducestolegislation are ‘ecological
status’ and ‘water management at the river basin
level’.

Ecological status is an expression of the quality
of the structure and functioning of aquatic
ecosystems. This approach laid stress on utilization
biological quality elements while chemical and
physical quality elements have supporting
character. Supporting means that the values of the
physicochemical and hydromorphological quality
elements are such as to support a biological
community of a certain ecological status, as this
recognises the fact that biological communities are
products of their physical and chemical
environment. The monitoring or assessment of the
physical and physicochemical quality elements will
support the interpretation assessment and
classification of the results arising from monitoring
of the biological quality elements.

The use of non-biological indicators for
estimating the condition of a biological quality
element may complement the use of biological
indicators but it cannot replace it!

ECOLOGICAL STATUS

U

U

U

Hydromorfological
elements

BIOLOGICAL
ELEMENTS

Phisico-chemical
elements
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There are some biological quality elements
which are assessed in surface water for
classification of ecological status of rivers, lakes,
transitional waters, coastal waters, artificial and
heavily modified surface water bodies.

Underthe WFD new monitoring and classification
systems have developed. There are three types of
monitoring required:

Biological quality elements Rivers Lakes Transitional Coastal Artificial and heavily modified
water water surface water bodies
Phytoplankton x x x x The quality elements shall be
Macrophythes and those applicable to whichever
phytobenthos x x of the four natural surface
o water categories above most

Benthic invertebrate fauna X x x x closely resembles the heavily
Macroalgae X % modified or artificial water body
Angiosperms x X concerned
Fish fauna x x x

Surveillance monitoring - to validate the
characterisation of pressure and impact
assessments and to detect long-term trends.

Operational monitoring — to help classify those
water bodies which are at risk of failing to meet
‘good ecological status’.

Investigative monitoring — to ascertain the cause
and effects or a failure to meet ‘good ecological
status’ where it is not clear.

In each UE countries national water quality
monitoring programs have been updated according
to the requirements of the WFD.

The WFD classification scheme for water quality
includes five status classes: high, good, moderate,
poor and bad.

‘High status’ is defined as the biological,
chemical and morphological conditions associated
with no or very low human pressure. This is also
called the ‘reference condition’ as it is the best
status achievable - the benchmark. These
reference conditions are type-specific, so they are
different for different types of rivers, lakes or
coastal waters so as to take into account the broad
diversity of ecological regions in Europe.

BIOLOGICAL WATER QUALITY IN
MALOPOLSKA REGION (by Jadwiga Antolak)

Matopopolska — one of the 16 regions in Poland is
located in The Wista river basin area. Under Water
Framework Directive our country have been divided
on water regions which are managed at the river basin
level by 7 Regional Water Management Authorities.
Matopolska is an area mostly including “Gérna Wista”
water region. There are 23 rivers with basin area larger
than 100 km?, 6 rivers with basin area larger than 500
km? and 7 rivers with basin area larger than 1000 km?.
Water quality is monitored within the framework of
National Environment Monitoring.

In 2006 water quality monitoring in Matopolska
region including 47 rivers and 1 storage reservoir.

System of monitoring was conducted on 87
sampling and control points which was established
for serving various types of water monitoring.

Quantity of sampling

Type of water monitoring and control points

Surveillance monitoring 75
Drinking water quality

monitoring 33
Monitoring of water as a fish

habitat 71
Monitoring of water pollution by

nitrogen from agriculture 70
Boundary water monitoring 4
Eurowaternet monitoring 9

Total number of sampling 262

For needs of laboratory researches there were
taken 1.004 water samples and 41 biological
samples to assess water quality. There were made
about 45.000 assessments and 1.500 out of them
was made to define biological water quality.

The main biological water quality element
which was assessed in surface water of
Matopolska was benthic invertebrate fauna.
A few features of these organisms decide
about choosing them as indicators. Benthic
invertebrates constantly settled rivers and they
are active in a small range. Their life period
seams to be rather long, so changes among
species and their quantity reflect long-term
changes in water environment which is under
the influence of anthropogenic pressure. Benthic
invertebrate fauna element was assessing in
19 rivers and it served for classification of
ecological status of rivers according to
requirements of Framework Water Directive.

The results of biological analyses show as
follows:

34,1% of surface water — high quality

24,4% of surface water — good quality

36,6% of surface water — moderate quality

4,9% of surface water — poor quality
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BIOLOGICAL WATER QUALITY IN REPUBLIC
KARELIA (by Sergey Niskanen)

Russia has greatest fresh water resources in the
world and one of the richest of waterbodies area is
Republic of Karelia, which situated in north-west
part of Russia. There are more 60 thousands lakes
and 27 thousands rivers here. So it’s very important
to monitoring, reservation and conservation of
water resources.

Biological methods in monitoring of water
quality in hydrometeorological service in USSR
have started used since 1970" years (Key-book...,
1977).

The analysis of methodical principles and
organization of regional ecological monitoring of
water bodies in the Republic of Karelia (RK) were
made by Government RK and Northern Water
Problem Institute (NWPI) in 1992 (Status..., 1998).

The observation network covered about 100
water bodies in 1992-1997, involving more than
200 monitoring stations. Water quality was
monitored in terms of chemical and biological
parameters. Monitoring of the water chemical
compositions and bottom sediments includes
measurements of the main indices of their quality.

Hydrobiological investigations are organized
according to the major trophic groups: phyto-,
bacterio-, zooplankton, benthos and macrophytes.
The main parameters of water communities were
determined: abundance, density and biomass, list
and number of species, biodiversity, structure of
dominant complex and indicator species etc.

The trophic state of more than 80
ecosystems were determined (Fig.).

The most important lake is Lake Onego, which
ahs unique water quality and natural oligotrophic
state. Phosphorus concentration is 8—-12 mg/l and
ones limit nutrient for phytoplankton. Water
mineralization is low (30 mg/l). There is no oxygen
deficit in the lake and biotic processes are not
difficult. But in 1990’s phosphorus contents
decreased and the stress and negative changes
took place in the Lake Onega ecosystem, spatially
in Kondopoga bay.

Since 1992 year biomonitoring were carried out
by specialists of Northern water problems Institute
of RAS. For a long time the main monitoring aim for
Lake Onegowastodetermine the natural fluctuation
of chemical and biological variables and to evaluate
the process of anthropogenic eutrophication. The
received data has revealed that the intensity of
eutrophication varies in different areas of the lake.

In spite of the stabilization of ecological
conditions in Lake Onego, the problem of the
improvement of the quality of its water is still of
current concern.

lake

ZOOPLANKTON BIOMONITORING
OF WATER QUALITY IN PETROZAVODSK BAY
(by Sergey Niskanen)

Petrozavodsk bay is the main source of fresh
water for the Petrozavodsk city and very important
make control for its ecosystem state. The aim of
this work is the evaluation of zooplankton
community as indicator of water quality in
Petrozavodsk bay.

This bay — one of the biggest in the Onego, is
located in west part of lake. Its length is 19 km,
average width — 7 km, water surface area — about
125 km?, average depth — 18.2 meters.

Petrozavodsk bay has the anthropogenic
influence from Shuja River and sewage water of
Petrozavodsk city. In 1990-2001 anthropogenic
load on the Petrozavodsk bay has been decreased.
Concentrations of P, in the bay still twice greater
than in the central part. Biomass of phytoplankton
during vegetation varies from 0.1 up to 3 g/m?.
Diatomic, green, bluegreen were dominated.

For a long time zooplankton community
characteristic have been considered of rather low
informative value compared with those of
phytoplankton. When zooplankton has been
included in monitoring observations the following
parameters were usually used: species
composition, numbers, biomass, and ratio of the
main taxonomic groups. Only recently, some data
on zooplankton production were started to be
used. At the latest period the informative potential
of zooplankton as a tool of biomonitoring has been
noticed and many indices based on the own and
reviewed literature data have been suggested for
monitoring purposes.

The importance of detailed analysis of
taxonomic, size, and trophic structures of the
zooplankton community is emphasized. The
following characteristics are recommended to be
used: a number of dominants and their shifts in
long-term period, total numbers and biomass,
numbers and biomass of small-sized rotifers, ratio
of the main taxonomic groups, mean individual
weight of zooplankter, Shannon diversity index,
index of trophy, ratios of Ncru/Nrot, Bcru/Brot,
Ncop/Nclad, Bcop/NBclad ets. Integrative index
R/B, including such a functional characteristics as
respiration, and ratio of Bzoo/Bphyto for the open
water period are considered as high informative
index of eutrophication process. In such deep
temperature stratified large lakes as Onego, it is
necessary to analyze both epilimnion and
hypolimnion layers. The results of observations
ought to be represented for the entire water
column and for these layers separately. The
process of changing in the community according
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to the different parameters may be more evident
and informative either in the epilimnion or
hypolimnion

The zooplankton quantity parameters in central
part of Lake Onego (0.01-0.02 th. ind./m?%; 0.1 g/
m?3) were lower than ones in bays (100-150 th.
ind./m®and sometimes more than 3 g/m?in eutrophic
areas). Dominate complex consists of some species:
Limnocalanus macrurus, Eudiaptomus gracilis,
Mesocyclops leuckartii, Daphnia cristata, Kellicottia
longispina etc. The number of specie and structure
of community depends on seasonal dynamic and
trophy conditions. Crustacean is dominated group
constituting more than 50% of the zooplankton
biomass.

Monitoring sampling usually make in summer,
but seasonal observations are very important in
these studies. For the characteristic registration of
in annual cycling in pelagic plankton needed
analysis of seasonal abundance. Weekly sampling
was got for it. Seasonal changes of species list
were described.

List of species include 46 taxon (8 — Copepoda,
17 — Cladocera 1 21 — Rotatoria). Average density
of zooplankton in central part of bay is 22 th. ind./
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Some diffirences in the methods and choice of
the quality elements determining the difference
between the prevailing water: Karelia is present in
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PE®EPATDI

YAK 502.131.1: 556.55

Bonpocbl ycTOMYMBOro pasBuUTUSl, POJib HayKu
n o6pasoBaHUsA Ha nMpumepe Hayku 06 o3epax —
numHonorun. ®dunatos H. H., MeHwyTtkuH B. B.
// BogHas cpepna: o6yyeHune oast yCToMYMBOro pa3sBuTus.
MeTpo3aBoack: Kapenbckuii Hay4HbI ueHTp PAH, 2010.
C. 9-15: un. 4. bubnwuorp. 14 HasB.

B paboTe paccmaTtpuBaeTcs posib Haykum u obpa-
30BaHVS MpuU peanua3aumn KOHUENUUU «yCTONYMBOIro
pa3suTua» B ycnosusix Poccuun. Ha npumepe Haykm 06
03epax — IMMHOMOMMN — NokKa3aHbl ONTUMasbHbIE NMYTU
pas3BUTUA 3TOM 061ACTU 3HAHKS.

The paper deals with the role of science and education
in implementation of the “sustainable development”
concept in Russia. The example of the study of lakes —
limnology - is used to demonstrate the best ways to
develop this sphere of knowledge.

YAK 37:502.131.1

OOpasoBaHue pAnsd YCTOMAYUBOro pasBU-
TMa — HeoGxogumas npegnocobinika anga ¢opmupo-
BaHug 6yayuwero. Jliniobepr K. // BogHasa cpena: o0y-
YeHve A9 yCToMYMBOoro passutus. lNetposasonck: Ka-
penbcknin HaydHbin uUeHTp PAH, 2010. C. 16-28.
Bubnnorp. B Ha3B.

B cTatbe paccmaTtpuBaeTcs npobriema opraHmsaunm
1 BHeapeHus ctpaTternm «Obpa3oBaHue ons yCTONYMBO-
ro pa3BuTUS», PELLEHNE KOTOPOW ABASETCS BaXKHENLLIEN
3aja4eli coBpemMeHHoro obuiectsa. KoHuenums ycTon-
4YMBOrO Pa3BUTUS OCHOBAHa Ha MPUHUMUNE «OyMaTb CO-
o6wa». OHa npepnonaraeT Kak MOANTUYECKYID BOJIO,
Tak U JINYHYI0O OTBETCTBEHHOCTb rpaxaaH. A afs aToro,
eCTecTBeHHO, TpebyeTcss o6pa3oBaHue.

Bot yxe 30 net OHECKO BeneT ycneLHyto n kpariHe
BaXHYl0 paboTy, NMO3BONMBLLYID CHOPMUPOBATL UAOEID
06pa3oBaHvsa s YCTONYMBOro pa3BuUTUS, KOTOPOE CO-
DEepXUT TPWU HanpasneHns — 3KOHOMMYECKOe, CoLManb-
HOE 1 9KONOrM4eCcKoe.

Mpu peanuzaummn cTpaTerMm HEOOXOAMMO Y4YUTbI-
BaTb BCE YPOBHM 0Opa30BaTENbHbIX YHUPEXAEHUIA — OT
[EeTCKOoro caga Ao yHMBEPCUTETOB.

Jexkapa o6pa3oBaHua 4fs YyCTOMYMBOrO PasBUTUS
2005-2014 rr. npegnonaraeT akTMBHYIO pPaboTy y4uTe-
nel, pykoBoauTenel KON 1 By30B, LUKOJIbHUKOB U CTy-
[EHTOB, MUHUCTPOB Y NOJIMTUKOB B chepe 0bpa3oBaHus
Nno BCEMY MMPY, HanpasfeHHy0 Ha n3MeHeHne o6paso-

BaTeJIbHbIX CUCTEM C UEeJIbIO BOCNMUTAHNA HOBOIO MNMOKO-
NieHnsi, cnocoBHOro 1 xenatowiero obecnedynTb yCTOM-
YnBOe pa3BuTME 0OLLECTBA.

The problems of organization and implementation of
the Strategy “Lifelong Learning for Sustainable
Development” are rewired in this article. The decision of
this task is the most important for the present-day
society. The concept of sustainable development is
based on the principle of “common consideration”.

UNESCO has for 30 years carried out excellent and
vitalwork leading to the ideas of education for sustainable
development, which consists from 3 directions -
economical, social and environmental.

It is necessary to consider all level of the educational
system from the children gardens up to the universities
during the realization of the strategy.

The 2005-2014 Decade of Education for Sustainable
Development suggests the active work of teachers at all
levels, school and university heads, students, education
ministers and other education politicians all around the
world directed to the modification of the education
systems with the purpose of new generation upbringing
with the ability and will to create the sustainable
development in our societies.

YAK 556.555.5 (470.22)

JlepoBbivi pexxum o3ep Kapenuun. EbpemoBa T. B.,
3poposeHHoBa I 3., ManbwwuH H. . // BogHasa cpeaa:
obyyeHre ansa yctoumeBoro passutus. [eTpo3aBoack:
Kapenbcknii HayyHbIn ueHTp PAH, 2010. C. 31-40: nn.
12, Tabn. 1. Bubnmorp.

MpoBeaeH aeTanbHbIN aHanM3 MHOFONETHUX OaHHbIX
neposoro pexvma 38 o3ep Kapenuu, otnnyaoLlmxcs
pasmepom, rnyoburHoM 1 reorpaduyeckM NosIoXKeHNEM.
MokazaHo, 4TO AaTta YCTaHOBNEHWS NbAa 3aBUCUT OT
TemnepaTypbl BO34yxa, reorpaduyeckon WmpoThl, Bbl-
COTbl HaZ, YPOBHEM MOPS U cpegHer rnybuHbl 03epa.
YBenuyeHne TemnepaTypbl BO3ayxa npuBoauT K 6onee
no3agHeMy 3amep3aHunio 03ep, B TO BPEMS Kak yBennye-
HUe ryOuHblI 03epa, BbICOTbl Had YPOBHEM MOPS WA
reorpaduyeckon LWMpoTbl CNOCOOCTBYIOT 60siee paHHe-
My 3amep3aHuio. B rnybokom o3epe 6onee BbiCOKME
TemnepaTypbl BOAbl B KOMOMHaLMN C 6ONbLUMMW Tyou-
HaMu (M CBsI3aHHasi ¢ 3TUM Bonbluas TENI0EMKOCTb) 3a-
[EepXnBaloT 3aMep3aHne, U BOJOEeM MHTErpupyeT Tem-
nepatypy BoO3ayxa 3a 0onee AnuTenbHbIN nepuog.
OTMeYeHOo CyLLecTBEHHOE pasnnyne npoLeccoB obpa-
30BaHMS U paspyLleHns Nbha Ha KpPynHbIX Fy6oKoBOA-
HbIX 1 MEJIKOBOAHbIX Bogoemax. Ha 60nbLinx no niowa-
In BopoemMax npeobnagaet obpa3oBaHMe KpUCTaniuv-
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yeckoro nbaa. Ha manbix o3epax BCneacTeve AaBleHus
CHera Ha nef 1 BbixoAa BOAbl HA MOBEPXHOCTbL 0bpa-
3yeTca 6enbiii nep, TONLWMHA KOTOPOro K KOHLY 3MMbI
MoxeT pocturate 30-50% oOT obLiel TONWWHLI Nbaa.
O6pas3oBaHue 1 paspyLleHne ibfaa Ha o3epax — GyHaa-
MEHTaNIbHO pa3nn4yHble npolecchl. MybuHa — Guau-
yecku camas BaxHasi B 06pa3oBaHUn N1efl0BOro NoKpo-
Ba — MOYTM HE O0Ka3blBAET HMKAKOro BIUSHUSA MpuU
ero paspyweHmn. CpepHeMHOroneTHee OKOH4YaHue
nefocTtaBa Ha MCCNeOOBaHHbIX CEBEPHbLIX 03epax pe-
rmoHa HacTynaeTt Ha 2-3 Hedenu nosxe (TpeTbs Aeka-
[a Mas), 4YeM Ha IoXHbIX (nepBas gekaga mas).
CpeoHeMHOroneTHAss NPOAO/IKUTENbHOCTL flefocTaBa
Ha CeBepHbIX 03epax cocTaBnseT B cpegHem 180-—
190 cyT, Ha toXHbIX — 160—170 cyT.

MpuBeneHbl peaynbTaTbl MHOMOJIETHUX MOMEBbLIX UC-
CnefoBaHnA CBOMCTB NbAa HEOOJbLIOrO MENKOBOOHOIO
03. Bengtopckoro. lNokasaHa NpoCcTpaHCTBEHHAA U Bpe-
MEHHas U3SMEHYMBOCTb TOJILLMHBI U CTPYKTYPbI CHEXHOIO
1 NefoBOro NMokpoBoOB 03epa. penctaBneH aAvanasoH
M3MEHYMBOCTM anb0eno CHera v fbga Afs LUMPOKOro
CrnekTpa COCTOSIHUA MOBEPXHOCTU. lpeacTtaBneHbl pe-
3ynbTaTbl MONEBbLIX 3KCMEPUMEHTOB, HampaB/iEHHbIX HA
onpegeneHne cTterneHn ocnabneHns COoMHEeYHOW paauva-
LM cHerom u nbaom. OnpeaeneHsl 3Ha4eHns appekTuB-
HOro KO3 PurLUMeHTa ocnabneHns CoNHEYHOM paanaumm
CHErom v NibQIOM.

Long-termice cover records from 38 freshwater lakes
in Karelia were assembled and analysed. It is shown that
lake-freezing dates depend on air temperature, latitude,
elevation above sea level, and mean depth of a lake. An
increase in air temperature leads to later freezing of lakes
while an increase in the lake depth, elevation above sea
level, or latitude stimulate earlier freezing. Essential
distinction of processes of freezing and ice break-up in
large deep-water and shallow reservoirs is noted. The
results of 15-years field experimental investigations of
ice properties of small shallow Lake Vendyurskoe are
shown. The spatial and temporal variability of the
thickness and structure of snow-and-ice cover is shown.
The ranges of variations in the albedo of snow and ice for
a wide spectrum of the state of surface are presented.
The results of field experiments aimed to determine the
degree of absorption of solar radiation by snow and ice
are presented. The effective extinction coefficient of
solar radiation by snow and ice is determined. The
present study is supported by the Russian Academy of
Sciences and Russian Fund of Basic Research (project
07-05-00351).

YAK 551.588.4

BnusHue KpynHoro Bogoema Ha KnumMmart npune-
ramowmx Tepputopuii. Hazaposa J1. E., Makaposa A. C.
// BooHas cpepa: obyvyeHue Onsi yCTOMYMBOrO pas3Bu-
Tns. MNeTpozaBoack: KapenbCknii HayyHbin LeHTp PAH,
2010. C. 41-48: un. 4, Tabn. 4. bubnmorp. 12 Ha3B..

Bopoembl He ABNSOTCSH MICTOYHUKOM KOPEHHOT O Nnpe-
06pa30BaHs KNMMaTUYECKUX YCIIOBUIA, HO B TO Xe Bpe-
Ms1 BHOCSIT 3aMETHbIE UBMEHEHUS B MECTHbI KMaTu-
4eckunin pexurm. BansiHie KpynHbIX BOLOEMOB MPOSIBIs-
€TCS B OCHOBHOM B TOM, 4YTO OHM OTEMJISIOT (MJI1 OXax-
[aloT) 1 yBNAXHSIIOT nobepexbsi, 0CNnabnsoT KOHTUHEH-
TanbHOCTb KNIMaTa B paauyce BANsSHUS BOJOEMA, U3-3a

YMEHbLLEHMS LIepOX0BaTOCTM NOACTUAIOLLEN NOBEpX-
HOCTM BO3pacTaeT CKOPOCTb BETPA MO CPaBHEHMIO C MO-
6epexbsamu. B naHHon paboTte OblI0 nokasaHo, kakoe
B/IUSIHNE OKa3blBalOT KPYMHbIE BOAOEMbl Ha OKPYyXato-
LLYIO TEPPUTOPMUIO.

Reservoirs are not a source of radical restructuring of
environmental conditions, but at the same time make
appreciable changes to a local climatic mode. Influence
of large reservoirs is shown in basic that they do more
warmly (or coldly) and humidify coasts, weaken
continentality of a climate in radius of influence of a
reservoir, because of reduction of a roughness of a
spreading surface speed of a wind in comparison with
coasts increases. In the given work it has been shown,
what influence is rendered by large reservoirs on
surrounding territory.

YAK 502.175: [502.51: 504.5]: 595.324 (470.22)

Ucnonb3oBaHne TecT-06beKTa Ceriodaphnia
affinis Lillijeborg npu 6MoTecTMPOBaHUM TEXHOIEH-
HbIX BOA FOPHOPYAHOro npoussoacTtBa. KannHkmHa
H. M. // BogHas cpena: o0yyeHune ans ycTom4mBoro pas-
BUTMA. [eTposaBoack: KapenbCkuin HayyHbI LEHTP
PAH, 2010. C. 48-52: Tabn. 6. bubnnorp. 22 Ha3B.

O6cyxpaeTcsa npobneMa noucka 6Gonee 4YyBCTBU-
TeJbHbIX TECT-00HEKTOB AJ151 BMOTECTUPOBAHNS OTXOA0B
pasnuyHbIX NPOU3BOLCTB. [Mpeanaraerca MCNonbL3oBa-
HWe HOBOro ans ycnoeuii Kapenun tect-obbekta — BeT-
BUCTOYycOoro padka Ceriodaphnia affinis Lillijeborg (ue-
punonadHma). PaccmaTtpuBaloTcs MeToapbl Ky/bTUBUPO-
BaHWS 3TOro BMAa M NOCTAHOBKM HA HEM TOKCWUKOJSIOMM-
YeCKMX 9KCMEPUMEHTOB. B nooocTpbIx onbiTax Lepuo-
JadHNA NposBUIa MEHBLLYIO YCTONYMBOCTb K AENCTBUIO
TexHoreHHbIx Bog, Koctomykuickoro NOKa n conen ka-
NS, HATPUS U KaJibLMA MO CPaBHEHUIO CO CTaHO4APTHbLIM
TecT-06bekToM — paykom Daphnia magna Straus. Bup,
Ceriodaphnia affinis pekoMmeHayeTcs B Ka4eCcTBe HOBOIO
TecT-006bekTa Ans KOHTPOJS 32 TOKCUYHOCTbIO BOAbI
xBocToxpaHunma Koctomykuickoro NOKa.

The problem of search of more sensitive test-objects
for different wastes biotest is discussed. The new test-
object for condition of Karelia — Ceriodaphnia affinis
Lillijeborg (Crustacea, Cladocera) — is proposed. The
methods of cultivation and toxicological approaches with
using of this species are examined. In the sub-acute
experiments Ceriodaphnia affinis is characterized by
lower resistance to the influence of technogeneous
waters of Kostomuksha Mining Mill and main cations
(potassium, sodium and calcium) than standard test-
object Daphnia magna Straus. The species Ceriodaphnia
affinis is recommended as a new test-object for the
purposes of control of toxicity of Kostomuksha Mining
Mill technogeneous waters.

YAK 551.583 (470.22)

N3ameHeHue mMo6GanbHOro U PErMoHasbHOro Kjv-
marta. Hasaposa J1. E. // BooHasi cpepa: 06y4eHve OJis yc-
TON4YMBOro paseuTtus. NeTposasoack: KapenbCkmin Hayu-
Hbli1 ueHTp PAH, 2010. C. 53-64: un. 3. Bubnuorp. 18 Ha3B.

B cTaTtbe paccMOTPeEHbI BO3MOXHbIE MPUYNHBLI N3Me-
HeHus mobanbHOro KiMmaTa 3emnn, nokasaHbl pasnu-
YMs TakMX NMOHATUN, KaK «<U3MEHEHNE», <U3SMEHUYNBOCTb»
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n «konebaHve» knumara. Ocoboe BHUMaHWNE yaoensieTcs
Bonpocam robanbHOro MNoTenjieHnss 1 napHUKOBOro
addekTa. lNokadaHa peakumss permoHanbHOro Knrumara
Ha npoucxoasiume rnodanbHble U3BMEHEHUS KNnMaTuye-
CKOW CUCTEMBbI Ha NpuMmepe Tepputopun Kapenun B Te-
yeHue XX B. MpuBogsATcs cBeaeHns 00 U3MEHeHUN pe-
Xnma Temnepartypbl BO3a4yxa U atTMoCdepHbIX 0CaZAKOB
3a 1951-2000 rr. MpencTaBneHbl BO3MOXHbIE NOcnes-
CTBUS UBMEHEHUS rMobanbHOro kKnumara.

In article the possible reasons of change of a global
climate of the Earth are considered, distinctions of such
concepts, as “change”, “variability” and climate
“fluctuation” are shown. The special attention is given to
questions of global warming and a “greenhouse effect”.
Reaction of a regional climate to occurring global changes
of climatic system to an example of territory of Kareliya
during the XX-th century is shown. Data on change of a
regime of air temperature and atmospheric precipitation
for 1951-2000 are resulted. Possible consequences of
change of a global climate are presented.

YAK 551.588.7

CTpyKTypa COBPEMEHHOIro NpoM3BOACTBa SHEp-
MM B KOHTEKCTe [rnobGanbHOro rnoTernsieHus.
Cano 0. A. // BogHas cpepa: obyyeHune ans ycTonynBo-
ro passutusa. [leTtpo3aBoack: KapenbCkumini HayyHbIn
ueHtp PAH, 2010. C. 64-71: wn. 4, tabn. 1, npun. 1.
Bubnuorp. 7 Ha3B.

PaccmatpuBaeTcs oMHamumka pocta HapoaoHacene-
HUst 3eMn, NPON3BOACTBA SHEPr M, BoIOPOCOB NMapHUKO-
BbIX rA30B U MOBbLILUEHNS cpeaHernobanbLHOM TemnepaTy-
pbl MPU3EMHOr0 BO34yxa B TeYEeHUE WHAYCTPUaIbHOro
nepuoga. OTMEYEHO BANSHME 3MUCCUM NMAPHUKOBBIX ra-
30B TEXHOMEHHOI 0 NMPOUCXOXAEHWS HA rNobanbHOe noTe-
nneHue. NokasaHo, 4TO COBPeMeEHHas CTPYKTypa npous-
BOCTBA SHEPI NN HE ABNAETCSH ONTUMaJIbHOW C TOYKU 3pe-
HUSA Kak 3dDEKTUBHOCTU, TaK U BIAUSHUA Ha U3MEHEHUS
rnoGanbHOro knaMmara. B kayecTBe anbTepHaTuBbl HEOO-
XOAVIMbI Pa3BUTME BO30OOHOBUMbIX UICTOYHUKOB 3HEPTUN U
nx apdekTMBHOE 1CMoab30oBaHne. B npunoxeHnn gaHo
onncaHve MeToaa NPakTU4EeCKOor OLEHKM KoaddurumeHTa
Mosie3HOro AENCTBUS COJTHEYHON BaTapen.

Dynamics of the Earth’s population growth, energy
production, greenhouse emissions and rise in mean
global surface air temperature over the industrial period
are considered. The effect of man-made greenhouse
gas emissions on global warming is studied. It is
demonstrated that the present-day structure of energy
production is not optimal either in efficiency or in its
effect on global climate change. Renewable energy
sources should be developed and efficiently used as the
alternative. In the annex, we describe experimental
application of the method for practical estimation of the
solar panel coefficient of efficiency.

YAK 502.131.1: 332.142.6

MoGanbHaa 3Tuyeckaa Tpunemma. AHOepC-
coH 4. O. // BogHas cpepa: oby4eHune ans yCTom4mBoro
pas3sutua. MNMeTposaBoack: KapenbCkuii HayyYHbIA LLeHTP
PAH, 2010. C. 72-76.

B cTaTtbe pacckasbiBaeTca 06 MCTOPUM IKOSOrMYe-
CKOW 9KOHOMMKM, @ TakxKe OaloTCsa onpenesieHns Heko-

TOPbIX PAaCnpPOCTPAHEHHbIX TEPMUHOB. «[MobanbHasa
aTnyeckas TpunemMma» NnpeacrasieHa 30ech B Ka4ecTse
OCHOBbI 7191 HEMPOCTOro Beibopa Mmexay CrnpasennmBo-
CTbi0, DKONOrMYECKO YCTOMYMBOCTbIO 1 [pouseTaHu-
eM (3P PeKTUBHOCTLIO). MHbIMK CnoBamu, 3TO TPU Mas-
HbIX acrnekTa yCTOMYMBOCTU: COLMANbHbIN, 9KOMOrmye-
CKUIA N SKOHOMUYeckuin. B 6onee paHHMx paboTax o0bly-
HO paccMaTpuBannUCb OAWH UK ABa U3 TUX aCMEKTOB, a
TpeTunin urHopuposasncs. Mbl BEpUM, YTO KPaeyrosbHbIM
KaMHEM 3KOJI0rM4e€CKOM 3KOHOMUKN U YCTOMYNBOIo pas-
BUTUS ABNSETCS NOHMMAHME B3aMMOCBS3en Mexay Bce-
MU TPEMS NBMEPEHUAMMN.

This introductory chapter which will contain a short
history of EE as well as some common definitions. It
presents the “Global Ethical Trilemma” as a frame for
treating the problematic choices between Justice,
Ecological sustainability and Prosperity (efficiency). In
otherwordsthese are three head aspects of Sustainability:
the Social, the Ecological and the Economic one. Earlier
reports and texts usually treat only one or maybe two of
these dimensions, while leaving the third unnoticed. We
believe that a keystone of ecological economics and
sustainable development is the understanding of the
interconnections of all three dimensions.

YK 338.314: 502.131.1

Ba3oBbii 40X04, C 9KOJIOFMYECKON TOYKU 3pe-
Hua. AHgepccoH A. O. // BogHas cpepa: obydeHve ans
ycTomymBoro passutusa. [leTposasoack: Kapenbckuin
Hay4HbI LeHTp PAH, 2010. C. 77-81. Bubnuorp. 7 Ha3B..

PaccmaTpuBaeTcs CBA3b MeXAy CTPEMJIEHMEM K
39KOJIOMMYECKON YCTOMYMBOCTM 1M GA30BbIM [AOXOLOM C
TOYKM 3peHUst 6N1aronoy4yHOro CyLecTBOBaHus obLue-
CTBa B YCJIOBUSIX CTAOUIIbHOrO COCTOSIHMS OKpY>KatoLLel
cpenbl. CTaBATCA BOMPOCHI: HACKONIbKO CEPbE3HO 3TO
NPOTMBOPEYNE, MOXHO S €ro NPEeoaOoNETb, Kakasa cxe-
Ma obecneyeHns 6a30BOro goxoaa 6yaeT oteeyatb Tpe-
60BaHMSIM 3KOOMMYECKOM YyCTOMYMBOCTN? HeCcMOTpPS Ha
aKTyaslbHOCTb MpOGneMbl, CYLIECTBYIOT pPas/inyHbIe
MHEHUS MO NMOBOAY €€ BO3MOXHOIO PELUeHNsl, KOTOpbIe
MEHSIIOTCS C TEYEHNEM BPEMEHU U PA3BUTUEM OOLLLECT-
Ba, HaumHasa ¢ 1970-x rr.

The links between the quest for ecological
sustainability and basic income are reviewed in the article
in connection with safe living of the human society in the
sustainable environment. The questions such as how
serious is this contradiction, can it be overcome, what
kind of basic income scheme would be consistent with
ecological sustainability are conducted. In spite of the
urgency of this problem there are different opinions
about it possible decision with time and society
development, beginning from the 70s.

YAK 378:37.012

MeToabl npenogasaHns C COBPEMEHHON nepa-
rorn4yeckom Toukum 3penus. babak J1. // BogHasa cpe-
na: obydyeHve pns yctoMumBoro passutus. etposa-
Boack: Kapenbckuin HayuHbili ueHTp PAH, 2010. C. 82—
98. Bubnuorp. 8 HasB.

B naHHO cTaTbe paccmatpuBaloTcs MeToabl 00y4ye-
HWS1 C pasHbIX ToYek 3peHus. o cnosam aBTOpa, BEIGOP
METOZ0B 3aBUCUT OT Teopun 00pal3oBaHus, KoTopas
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SIBNSIETCSA OCHOBOW A1 00pa3oBaHus B LLENIOM. YPOBHU
3HAHWI, KOTOPbIMW CTYOEHTbl NPEeAnoNIoXUTENbHO
oBnafeloT B npolecce obydeHus, Takke Cryxar Bax-
HbiIM QakTOPOM, BMSIOWMM Ha METOA0SIornMyeckmne
OCHOBBbI NpenogasaHus. B ctaTbe 06cyxaaioTcs apdek-
TUBHOCTb, MPEMMYLLECTBA UM HEeOOCTaTKM HEKOTOPbIX
MEeTO0B, TakMx kak iekuusi, oby4yeHrne Ha OCHOBe Mpak-
TUYECKUX NPUMepPOB, NpobneMHoe obyyeHue, rpynno-
Bas paboTa, NpoekTHas pabota n gpyrve. He meHee
3HAYUTENbHYIO POJib MPU BblIOOpPE METOLOB OOYy4YeHUs
UrpaeT JNnYHbIN  ypOBeHb neparora. [lpaBubHbIN
BbIOOP METOAOB — B CBOIO O4epenb, OONH U3 GaKkTopoB,
KOTOpbIe AenaloT y4ebHbI NPOoLLECC yenewHbiM. B cTa-
Tb€ paccMaTpmUBaETCH MOHATUE «XOpOoLlee npenogasa-
Hne», a Takke GakTopbl, KOTOPbIE CNOCOOCTBYIOT AOCTU-
XEHWNIO «XOPOLLEro npenofaBaHns»: MOTMBALMS, akTu-
BM3aLMs, COUManbHO-NCUXONOrnyeckunii knumar. MNoxm-
MaHve MpPOLECCOB MNpenofaBaHUs U 0By4YeHUs U KnxX
Hepa3pbIBHOW B3aMMOCBS3UN SABASETCA OAHUM U3 BaX-
HbIX PaKTOpPOB, KOTOPLIE AeNnalT 0byyYeHne pesynbTa-
TUBHbIM.

This article deals with the methods of teaching from
different perspectives. According to the author the
choice of methods depends on the theories of education,
which are the basis for education in general. Another
factor, which influences a methodological background of
teaching, is the level of knowledge which is to be involved
in educational process. Effectiveness, advantages and
disadvantages of several methods such as lecture, case-
based learning, problem-based learning, group work,
project work and etc are illustrated in the article. Last but
not least, is a personal level of an educator which has an
influence on the methods chosen for teaching process.
Right choice of methods, inits turn, is one of the reasons
that make teaching process successful. Successful
teaching and factors which help to achieve “a good
teaching” (motivation, activation, teaching/learning
climate) are conversed by the author. Understanding of
teaching and learning processes and their unbreakable
interconnection is one of the important factors that
makes teaching successful and resulting.

YAK 37.012: 004.9

KomnbloTepHas Busyanusaumsa y4eGHOro mare-
puana B 06y4eHun LKOJIbHUKOB U CTYAEHTOB. ToJ-
ctukoB A. B., MotaxuH M. C., boronaHosa M. C. // BogHas
cpepa: obyyeHue ons ycTonumBoro passutus. lNetposa-
BoAack: Kapenbckuin HayuHbi LeHTp PAH, 2010. C. 99—
104: vn. 4. bubnuorp.

B paboTe npepnaratoTcs passinyHble MeTonbl UC-
NoNb30BaHMS KOMIMbIOTEPHOM BU3yann3aumm B Ka4eCTBe
yyebHoro matepuana. KomnbloTepHas Bu3yanmsaums —
3TO OOHO W3 Hamnpas/eHNn Hay4HO-0OpPa30BaTENIbHOIO
ueHTpa NHcTuTyTa BOoAHLIX Npo6aem Cesepa.

BupTyanbHbie 9KONOrnyeckne Tponbl NPeacTaBnsaoT
co6oi ynobHyto dopmy nogaydm Hdopmaumm, Nockosib-
KY MHOrga A0BOJIbHO CJIOXHO CO34aTb HACTOSILLYIO 3KO-
JNIOFMYECKYI0 TPOMy B CUJTYy 3HAYUTENbHbBIX 3aTpat Marte-
puanbHbIX N TPYOOBbLIX PECYPCOB. YuuTbiBas npodec-
CUOHaNbHYIO cneunduky Hallero MHCTUTYTA, Mbl paspa-
6oTanu BUPTYasibHYIO 3kosorudeckyto Tpony «O3epo
MpsxxnHckoe». BupTyanbHasg akonorvyeckas Tpona —
9TO BM3yanu3auusi TYPUCTCKOro MapLupyTta npm nomo-

WM KOMMbIOTEPHbIX TEXHONOrMin. YTob6bl CBA3aTh pas-
PO3HEHHYI0 MHPOPMAaLMIO, TaKylo Kak TEKCT, PUCYHKW,
ayamno- u Buaeodarinbl, Mbl MICNOb30BaNN TEXHOSIOMN
web-gu3anHa n HTML (93blk TEKCTOBbIX MMMNEPCChINIOK).
BupTyanbHas akonorvyeckas Tpona AaeT YHUKasbHYO
BO3MOXHOCTb MPOAEMOHCTPMPOBATL CneunduUyeckyio
nHdopmMaumio 06 obbekTe nuuam, KOTopble He MOryT
€ro CaMoCTOSITE/IbHO NOCETUTb.

Kpome 3Toro, pacckasbiBaeTcsi 0 NPUMEHEHUM y4eb-
HO-Hay4HbIX PUIBMOB, PACCHNTAHHbLIX HA LUKOSIbHUKOB 1
CTyneHTOB. B HacToswee Bpems co3paetcs Gpunbm o6
OKeaHOoJIorn4yeckmx ncenenoBaHunsax. Mol Hageemcs, 4To
Hall OnbIT OTKPOET MHHOBALMOHHbIE 1 TBOPYECKME BO3-
MOXHOCTU Ans 00y4eHusi Ha cTaguu pPas3BUTUS U Npu
BHEOPEHMM NMONyYeHHOro peaynbsTaTa.

The idea to use different kinds of computer
visualization in education is promoted. The computer
visualization is one of directs of our Scientific Educational
Center of the Northern Water Problems Institute.

Virtual ecological trips are one of convenient forms
for representing information because it is sometimes
problematic to create real nature trips due to natural
conditions, very laborious and expensive work. Given the
Institute’s specialized professional interest, the virtual
ecological trip “Lake Pryazhinskoe” has been produced.
The virtual ecological trip is a visualization of a tourist
route with the help of computer technologies. We applied
a web-design for joining heterogeneous materials such
as texts, images, audio, video files using HTML (Hyper
Text Markup Language). The virtual trip gives a unique
possibility to provide specific information about an object
to those who cannot actually visit it.

Moreover, we create and use educational-science
films for pupils and students. At this time the film about
oceanology investigations is produced. And we hope
that it will open innovative and creative possibilities for
education both at the stage of their development and
their application.

YAK 556.55

MmapoanHaMmunyeckme npouecchbl U TepMuyeckas
CTPYKTYpa MeJIKOBOAHOro o3epa 3uMMoi. [aBpunex-
ko I. T., 3popoeeHHoBa I. 3., 3poposeHHoB P. 3. // Boa-
Has cpepa: obOyyeHWe [ns YCTOMYMBOrO pas3BUTUS.
MeTtposaBoack: KapenbCkmini HayyHbIn uLeHTPp PAH,
2010. C. 107-112: un. 2, Tabn. 3. bubnuorp. 16 Ha3B.

C 1Cnosib30oBaHNEM HaTYPHbIX JAaHHbIX, MOJTy4EHHbIX
B xone akcneauumin UBMC KapHLU, PAH Ha 03. BeHnatop-
CKOM, NpoBOANTCA aHaIN3 NSMEHYMBOCTU TepMVI‘-IeCKOVI
CTPYKTYPbl MENIKOBOAHOMO 03€epa 3UMO 1 AeNaeTca no-
MbiTKa OUEHUTb BIAHNE rmapoanHaMmnyeckmnx rnpouec-
COB Ha ee HGopmMmpoBaHME. YCTAHOBNEHO, 4YTO Cpasy no-
crie 3aMep3aHusi B MPUOOHHOM CJloe ryb6oKOBOAHOM
4acCTuM 03epa HauYMHaeTCs Pe3kuin POCT TeMmnepaTypbl (CO
ckopocTbio 0,60 °C-cyT'). CkOpOoCTb pocTa Temneparty-
pbl B MNPUOOHHOM CJIO€ PE3KO CHUXAETCs B TeyeHue
Hepenu oo 0,11-0,15, K KOHUY NMepBOro mMecsua neao-
ctaBa — 0o 0,02-0,03 °C-cyt'.

B TeuyeHme 31Mbl B NPUOOHHOM CJoe rnyO0KOBOAHOM
yacTun 03epa Ha POoHe NOBbLILEHUS TeMnepaTypbl HEOA-
HOKPATHO MUKCUPYIOTCH Pe3kMe ee NageHns B TeYeHne
1-15 muH Ha BennumHy 0,05-0,80 °C ¢ nocneayowmm
niaaBHbIM POCTOM B TeueHne 3-30 u.
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Ha npoTsiXeHnr 3vmMbl B NPUAOHHOM Crioe Habnoaa-
loTCcs KonebaHusa TemnepaTypbl ¢ nepmogamm, 6amn3km-
MU K TEOPETUYECKU pacCUMTaHHbIM MepuogamM Mnpo-
[onbHOM (25-30 MWH) 1 NonepeyHon (6—7 MUH) cenLu
03. BeHnpgiopckoro, a Takke ycuneHus aTux konebaHuin ¢
nepuoaoMm, 6an3knumM K cytkam. AMnautyaa konebaHuin
TemnepaTypbl NPU TakUX KOPOTKOMEPUOOHbIX NMynbcaum-
ax pocturaet 0,1 °C.

OcHoBHble Nepunoabl KonedaHuii TeMnepaTypbl BOAbI
NPUAOHHOrO cnosi coctaeBnaoT 5-6, 23-27 MuH, 1-3,
6-8, 11-12, 22-26 4, 1,7-2,6, 3,1-4,1, 5-6, 13—-15 cyT.
BapoknuHHble cenwmn 03. Benatopckoro (nepuog nep-
BO Moapl 9-13 cyT) MOryT BHOCUTb B U3MEHYMBOCTb
TemnepaTypbl onpeneneHHbIn Bknag,

The thermal structure of the water is analyzed on the
basis of observational data from a shallow lake located in
northwestern Russia. The main features of temperature
dynamics during the ice-covered period are described. It
is determined that temporal changes of temperature had
an oscillation character in the vicinity of the sediment-
water interface. The main periods of fluctuations of water
temperature make 5-6, 23-27 minutes, 1-3, 6-8, 11-
12, 22-26 hours, 1,7-2,6, 3,1-4,1, 5-6, 13-15 days.
The most part of identified periods fall within the scale of
synoptic variations (5-10 days). The estimates of
baroclinic seiche periods and temporal variations of the
temperature in the thin bottom water layer show that the
former may likely cause periodical variations of the
temperature around the sediment-water interface in
winter. The present study is supported by the Russian
Academy of Sciences, The Russian Fund of Basic
Research (project 07-05-00351).

YK 556.55: 556 (470.22)

UameHeHue rupgporpadpunyeckom cetu Kapenum
B pe3ynbTaTe co3aaHusa BoaoxpaHunuw,. Pasysaesa
0. C., Notaxun M. C. // BogHasa cpena: obyyeHune ans
ycTonmymeoro passutus. [lletposasonck: Kapenbckui
Hay4HbIn ueHTp PAH, 2010. C. 112-116: un. 1, Tabn. 1.
Bubnuorp.

Kapenus obnagaeT ryctoii, XopoLwo pasBuUTon rma-
porpadunyeckomn ceTblo, HACUNTBLIBAIOLLLEN OKOJO 27 ThiC.
pek 1 6onee 61 Tbic. 03ep. CoBpemMeHHOe 1CMosb30Ba-
HMe BOAHbIX 0ObEKTOB YaCTO COMPOBOXAAETCH UX U3Me-
HEHMEM, KaK Ka4yeCTBEHHbIM (Hanpumep, cocTaBa npu-
POOHbIX BOA), TaK 1N KONMYECTBEHHbBIM (Hanpumep, nao-
wane BogoemoB). Lienb HacTosLLen paboThl — Npocne-
OUTb, KaKk U3MeHunacb rugporpaduyeckas cetb Kape-
MM B pes3ynbrTaTe Co30aHMS WUCKYCCTBEHHbIX BOOOE-
MOB — BOAOXPaHWUIINLLL.

B Kapenun nepsblie BOAOXPaAHMAKMLLA CTa/M BO3HU-
KaTb B Hadane XVIII B. ona HyxnA 3aBOL0B MO BbIMiaBke
Xenesa U3 MECTHbIX OONMOTHBLIX pyd U NEeCOonUibHbIX
3aB0oAOB (Hanpumep, JlococuHckoe m Malwesepckoe
BoLOXpaHnnuwia). lnaHomepHoe n ueneHanpasfieH-
HOe OCBOEHME TMapopecypcoB Kapenun Havanocb
B 1920-err., B cBA3M C peanu3auuver nnaHa NO3J1PO.
B aT0T nepuon B HXXHEM TedeHur p. CyHbl Obil co3aaH
nepBbIl KpYNHbIV kackan MAC 1 3aperynmpoBaHbl 03epa
CaHpan v Manbe. MHOro BogoxpaHunuiy, Obiy1o co34aH0
nocne Benunkon OTe4yeCcTBEHHOW BOViHbI, B OCHOBHOM B
1950-1960-e rr. Nnpn OCBOEHUM MMAPOIHEPrOPECYPCOB
pek Ceupu, Koeabl, Kemu n Beira (OHexckoe, Tukiue-

3epckoe, OHpo3epckoe, KoBoosepckoe, Cerosepckoe,
Mosckoe, Kymckoe n gp.).

B HacTosilee Bpems Ha Tepputopun Kapenum Ha-
cCUYNTbIBAETCS HEMHOrMM 6onee 20 BOOOXPaHWUNLLL, OHN
SABNSIIOTCSH HEOTbEMJIEMOW YaCTblo NaHawadTa, cocTas-
nas okono 40% nnolanm «03epHoro» dpoHaa. Nx co3na-
HME He NPMBESO K CYLLLECTBEHHOMY 3aTOMIEHUIO 3eMeSb
(nog BOgOXpaHunuLa 3aHATo 4yTb 6onee 1% nnowanun
Kapenun). B pesynsraTe 3aTONNeHNsa BOOOXPaHWUNLL, HE
NMPOU30LWWIO U CWUIbHOFO M3MEHEHUs rupporpadurye-
CKOW CETU, XOTSA €CTb U APKNE NPUMEPbLI HEraTUBHbIX N3-
MeHeHu (Hanpumep, HuxHaa CyHa n CyHckue Bogona-
Obl). CnegyeTt NogyepkHYTb, YTO CO34aHME BOOOXPAHM-
JINLL, COMPOBOXAAETCH CYLLECTBEHHbIM WU3MEHEHNEM
€CTeCTBEHHOI0 pexmnmMa BOA0EMOB (rMaposiorMieckoro
1 TMOpPOXMMMYECKOr0), 4TO B CBOIO 0Yepeb Cka3biBaeT-
CS1 HA KQYEeCTBEHHOM U KOJIMYECTBEHHOM COCTaBe rmg-
POBUNOHTOB. Takxke NPOMCXOANT NepecTporika Npudpex-
HbIX T€OKOMMJIEKCOB, U3MEHSETCS Me30KIMMaT OKpy-
Xalolen BogoxpaHuamLLe tepputopmn u T. 4. Lenb Ha-
e nocnenytoLLeit paboTbl kKak pas 3ak/io4yaeTcs B TOM,
4yTO6ObI NPOCNEeANTb, Kak MOBAUSANO CO34aHMe BOOOXpa-
HuUnM, Kapenum Ha OCHOBHbIE KOMMOHEHTbI reorpadu-
Yyeckon 060104KN.

Karelia has a well-developed hydrographic network,
which has about 27 thousand rivers and 61 thousand
lakes. The modern use of water bodies is accompanied
by their qualitative and quantitative transformations. Now
the territory of Karelia consists of more than 20 reservoirs,
they represent about 40% of the lake’s area. The creation
of reservoirs has not resulted in substantial flooding of
land, under water employed just over 1% territory. There
were no significant changes in hydrographic network.
However, the creation of reservoirs significantly changes
in the natural water regime (hydrological and
hydrochemical). The objective of our follow-up work just
is to see how influenced the creation of reservoirs of
Karelia to the main components of nature.

YAK [556.314: 556.332.4]: 001.891.57

duszunko-xmmmyeckoe MmogenupoBaHue npouec-
ca BblWenaymBaHma nopopg,. AHmcumona E. B., Bopo-
nynuHa I C. // BogHas cpepa: obydyeHne ons ycTomnym-
BOro passutug. lNetposasoack: KapenbCknii Hay4HbI
ueHTp PAH, 2010. C. 117-122: un. 5, Tabn. 5. Bubnuorp.

dopmMmnpoBaHMe XMMUYECKOrO COCTaBa MOA3EMHbIX
BOJ, SIBJIIETCS BaXKHEWLLEN reosiormieckon npobnemoii.
M3BecTHaa amnuvpuyeckas 3aBMCMMOCTb MUHepanusa-
LK 1 cocTasa NoA3eMHbIX BOA, OT MIHTEHCUBHOCTWY BOOO-
o6MeHa, a 3Ha4uT, U OT BPEMEHM COMNMPUKOCHOBEHMS BOAbI
C NOpOaON CTaBUT 3a4a4y BbIICHEHUS CTEMNEHW HacCbILLe-
HUS MOA3EMHbIX BOL, OTHOCUTENIbHO BOLOBMELLAIOLLMX
nopon. B ycnoeusix 3oHbl runepreHesa Hanbosnee Lwnpo-
KO pacrnpoCTpaHeHbl aJIlOMOCUIINKATHBIE 1 KapOOHaTHbIE
nopozpl, UrpatoLLMe OCHOBHYIO POJib B 060ralLleHnn noa-
3eMHbIX BOJ, XIMUYECKUMW 3N1IEMEHTaMMU.

B cTtatbe npeacrasneHsbl pesdynsratel GU3NKO-XUMU-
4ecKoro MoAenMpoBaHus (1abopaTopHOro M KOMIMbIo-
TEPHOro) B3aMMoaencTeus nopoaa — soga. Jlabopatop-
HOE MOJEeNMPOBaHME BblLLeNaynBaHnUa rMopoabl BOOOM
npoBeaeHO B YC/IOBUAX U3SMEHEHUSA BPEMEHU NX COMpPU-
KOCHOBEHWS, NCXOOHOro COCTaBa BOAbl U CTENeH Ha-
CbILLEHHOCTN pacTBopa YreKMUCbiM ra3oM, KOTOPbLIN
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ABnseTcs onpeaensiowmnmMm GakTopomM B NpoLeccax Bbl-
wenadneaHms nopod 1 GopMMpPoBaHUS XUMUYECKOTrO
cocTaBa NoA3eMHbIX BOS,

BbinonHeHa cepusi OMbITOB MO  BbILLENAYMBAHUIO
KBapLMTO-CNaHLUEB M WYHrMTOB (dpakums <1 mMm) gmuc-
TUNNNPOBAHHOW W Tanoil BOAOWM, MpOaHann3vpoBaHbI
NnoJsly4eHHble PACTBOPbI MO OCHOBHLIM XMMUYECKUM MO-
KazaTenssM 1 KOMMOHEHTaM (9/1EKTPONPOBOAHOCTb, pH,
Na, K, Ca, Mg, HCQ,, CI, 8O,, Si, Al). MNony4eHHble pe-
3ynbTaTbl CBMOETENLCTBYIOT O TOM, YTO CBeXas nopoaa
(KBQpUMUTO-CNaHLbl) COAEPXNUT NTIErkOpacTBOPUMbIE CO-
NN, KOTOopble 06Pa3yoT cnaboLeno4YHoM pacTBoOp rma-
pokap6oHaTHO-KabLIMEBOro COCTaBa C AOCTATO4YHO Bbl-
COKOW OTHOCMUTENbHOW KOHLUEHTpaumMen HaTpus, Kanus,
xo0pnaoB 1 cynbdaTtoB. MNOBTOPHbLIE BLITSXKKA U3 yXe
NPOMBbITOM NOpPOoAbl (HE3ABMCUMO OT KPaTHOCTM U MpPo-
[OMKUTENTIbHOCTU MPOMbIBaHUS) B OTKPbLITON CUCTEME
06paszyloT MeHee MUHEepPaNnM30BaHHbIE PACTBOPLI CyLLEe-
CTBEHHO rmapokapboHaTHO-KanbLMeBoro coctasa. Ha-
CblLLleHMEe pacTBOpa YreKUCbIM ra30M NPUBESIO K 3Ha-
YNTENBHOMY YBEJIMYEHUIO MUHEpanuM3auum pacTBopa,
COCTaB KOTOPOro crtasn cnadbokmcnbim 1 Ha 99% rnapo-
KapOOHaTHO-KaJIbLVEBbLIM.

KomnbloTepHOE MOOENMPOBaHME OCYLLECTBIIEHO C
nomMowpto nporpammel PHREEQC 2, ocHOBaHHOWM Ha
NPYMEHEHNN KOHCTAHT PaBHOBECUS XMMUYECKMX peak-
UM, BXogHbIMM JaHHBIMW aNs pacyeTta GoOpM aeMeH-
TOB, MHAEKCA HACbILLLEHNS NOA3EMHbIX BOL OTHOCUTESb-
HO OCHOBHbIX MOPOA006PA3YIOLLNX MUHEPATOB U APYTrinX
PUINKO-XMMUNYECKUX NMOKa3aTener NnocnyXunm pesyb-
TaTbl XIMUYECKNX aHAIM30B MNOJTIyHEHHbIX PACTBOPOB.

PacueT nHpekca HacblWeHUs aKCnepuMeHTaNbHbIX
pPacTBOPOB OTHOCUTENIbHO BOMLLLIOro KOJIMYEeCTBa NOpPO-
[0,0006paszyloLLmMxX MUHEPANOB NoKasals, YTO BCE BbITSXKU,
Jaxe B3auMMOAENCTBYOWME C MOPOAON ANUTENbHOE
Bpems (43 cyT), B OTKPbITOM CUCTEME HEHACILL,EHHbI MO
OTHOLLUEHUIO KO BCEM MUHEpanam, B TOM YUCIE KalbLn-
Ty, 32 UCKJIIOYEHNEM TMOPOOKNCIIOB U OKUCIIOB Xenesa.
B ycnoBusix HACbILWEHHOW YrNEKNCbIM ra30M CUCTEMBI
pacTBOp okazancs 630K K pPaBHOBECHOMY COCTOSIHUIO
C KanbLUUTOM U HaCbIWEH N0 OTHOLUEHUIO K BTOPUYHbIM
anomocunukatam. [lonyyeHHble pesynbTaTbl CBUAE-
TENbCTBYIOT O TOM, YTO MPOLLECC BbiLLeNnavnBaHne aBns-
eTCs pe3y/ibTaTOM HEePaBHOBECHOCTW BOL, C NEePBUYHbI-
MU antoMocuMkKaTaMu, a Yriekncnblli ra3 — BaXHbIM
$aKkTOpOM B USMEHEHMM PABHOBECHbIX YCIIOBUIA.

Forming of the chemical composition of groundwater
is @ most important geological problem. There is known
empirical dependency the groundwater composition
from time of water-rock contact. Aluminosilicate and
carbonate rocks are wide-spread rocks on crystalline
shield and have important role in enrichment of
groundwater by chemical elements. Main purpose was
to estimate the degree of the saturation of the solutions
respect to a wide range of solid phases. The laboratory
modeling of the water-rock interaction was organized.
Some aqueous solutions were received in a result of
quartzite (size <1 mm) leaching by distilled water in
different conditions (various time of the water-rock
interaction, various pCO,). Solutions were analyzed for
physical-chemical parameters: conductivity, pH, Na, K,
Ca, Mg, HCO,, CI, SO,, Si, Al. The “fresh” rock contains
the dissolved salts forming the alkaline solution of HCO,-

Catype with comparatively high Na, K, Cl concentrations.
The repeated extractions from the same rock form the
more diluting solutions. The CO, saturation of water
increases mineralization of solution and it type became
whole HCO,-Ca.The saturation indexes were calculated
using the software PHREEQC for a wide range of minerals
using author’s database of thermodynamic data
(Parkhurst, 1999). The likelihood for a solid precipitating
from an aqueous solution can be assessed by calculating
the degree of saturation in the form of saturation index
based on the activity of the individual ions in solution
(Drever, 1997). The thermodynamic data and measured
ions and parameters serve as input.

The calculation of the saturation index has shown that
all solutions, even interacting with rock long time (43
days), in open system are unsaturated to all minerals
except iron and aluminum oxides and hydroxides. In
condition of CO, saturation the solutions are
supersaturated respect to secondary aluminosilicates
even after 1 day of interacting. The results indicate that
process of rock leaching is defined by thermodynamic
disbalance of water with primary aluminosilicates, and
CO, is an important factor for change of balance
conditions and forming of the chemical composition of
groundwater.

YAK 556.535.8 (470.22)

PasbaBneHne TexHoreHHbix Bog KocTomykiu-
ckoro N'OKa B cucrteme pekm Kentn. Kynakosa H. E.
// BooHas cpepa: obydyeHue Ans yCTOMYMBOrO pasBu-
Tnsa. NeTtposasoack: KapenbCkuii HayyHbl LeHTp PAH,
2010. C. 123-126: nn. 4. bubnuorp.

PaccmoTpeHa ougHka cteneHm 3arpsa3HeHnst BOOHbIX
0ObEKTOB MO KpPaTHOCTU pa3daBfieHUst CTOYHbIX BO/.
MeToamka ocHOBaHa Ha pacyeTe Kpasﬁ C MICNONb30BaHM-
€M rnokasaTefien COAEepPXaHUs KOHCEPBATMBHbLIX Be-
LLECTB, KOTOPbIE ANS KaXA0ro MCTOYHMKA aHTPOMNOreH-
HOrO 3arps3HeHus OoKHbl ObIThb cneuuduyeckummn. B
KayecTBe 00bEKTa WUCCNenoBaHMs BbibpaHa cucTema
p. KeHTn, noasepratoancsa BAUSHUIO TEXHOMEHHbIX BOL,
KocTomyKLICcKOro ropHo-oboratnTenibHoro kombuHaTa,
nocTynalwLmMx B Hee B pe3dyfbrate MnonyckoB BOAbl U3
XBOCTOXpaHMnua, ¢ GuUNbTPaLMOHHBIMY BOAAMU U C
BOOAMM OTBOAHbLIX KaHanoB. KoHueHTpauum kanus un
CynbdaToB B TEXHOrEHHbIX BOAAX CYLLECTBEHHO BbiLlEe
Mo CPaBHEHMIO C NpUPoAHbIMM (kanuii — B 300 paa, cysib-
datbl — B 100 pas), T. €. 3TM KOMMNOHEHTbl OTHOCATCS K
NPUOPUTETHLIM KOHCEPBATUBHBIM XUMNYECKUM NoKa3a-
Tenam. o HUM Npomn3BoaMAaCh OLEHKa KPaTHOCTU pas-
6aB/IEHNA TEXHOMEHHbIX BOA, B cucTEME pP. KeHTU 3a MHO-
roneTHMn nepuoga.

B cBsi3M ¢ Hannumem 6OMbLLLIOro KOJIMYECTBA UCTOY-
HWKOB aHTPOMOreHHOr0 BO3OENCTBMS Ha CUCTEMY
p. KEHTU CNOXHO HenocpencTBEHHO OLEeHUTbL pa3baBs-
neHne COOCTBEHHO TexXHOreHHbIx Bof. [MoaTtomy kpat-
HOCTb pa3b6aBneHnss paccymUTbiBaiaCb OTHOCUTESIbHO
BOA, 03. [lonnanusapsn, B KOTOPOM akKyMyJMpyloTCs BCe
TexHoreHHble Boabl Koctomykiuckoro MOKa, a Takxke oT-
HOCUTENIbHO BOJ, XBOCTOXPaHMAMLLA, KOTOPble BHOCAT
OCHOBHOW BK/1a[, B @HTPOMOrEHHYIO Harpysky Ha cucTe-

My p. KeHTun.
B uenom Ha NpoTSXeHUU MHOroseTHero nepuopa
HabnogaeTcs TEHOEHUMS  YMEHbLUEHUS  KPaTHOCTM
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pasbaBneHus Bog 03. Monnanusapsun, Kak B HUXKHUX 03e-
pax cuctembl, Tak n B 03. Cp. Kyinto. PasbaBneHune Heno-
CPEACTBEHHO BOA XBOCTOXPaHWUIMLLA Mano MeHsieTcs
no rogam.

The paper deals with estimation an extent of
contamination water bodies by dilution factor of sewage
water. The method based on calculation a dilution factor
by using content of conservative matters, which are
specific for each source of anthropogenic contamination.
In the capacity of research object was chosen the Kenti
lake-river system influenced wastewaters from “Karelian
pellet” ore dressing mill entering with discharge from
tailing dump with filtering waters and with brunch duct's
waters. Concentrations of potassium and sulfates are
considerably higher in the anthropogenic waters then in
the natural waters with background values. So these
components are conservative chemical measures.
Estimation of dilution factor anthropogenic waters in the
Kenti lake-river system was realized by using these
components for many years period.

By reason of many source of anthropogenic influence
on the Kenti lake-river system, dilution anthropogenic
waters proper is difficult estimate. Dilution factor was
calculated relatively Poppalijarvi's waters (Poppalijarvi
lake accumulates all anthropogenic waters) as well as
relatively tailing dump’'s waters that introduces basic
contribution to anthropogenic load on the Kenti lake-
river system.

In general tendency to decrease dilution factor
Poppalijarvi's waters is observes as for downstream
lakes (Koivas and Kento) well as for lake Srednee Kuito
over the time of many years. Dilution tailing dump’s
waters is a little changing.

YAK 556.114 (282.247.211)

UHTEeHcuBHOCTb HUTpudunkauum B Boge lMertpo-
3aBOACKOI ryobl OHeXckoro o3epa. AiaunHsaH A. A.,
PbikakoB A. B. // BogHas cpepa: o0yyeHne ans ycTom-
4YnBoro passutug. lNMetposasoack: KapenbCkunii Hay4HbIn
ueHTp PAH, 2010. C. 126-129: un. 1, Tabn. 3. bubnun-
orp. 10 Ha3B.

[MpoBeneHHble nccnenoBaHns 3aBUCUMOCTU UHTEH-
CUBHOCTU HUTpUdMKauMM OT TemnepaTypbl nokasanu,
YTO KOHCTaHTa CKOPOCTU peakuun Bo3pacTtaeT npu ee
yBENMYEHUU. DTO yKa3bIBAET HA TO, HTO NPU MOBbLILLEHUN
TemnepaTtypbl nepBas CTaams HUTpudbUKaumMm U BECb
NnpoLecc B LLeNIoM yckopstoTcsa. B cpenHem npu ysenn-
YyeHun Temnepatypbl Ha 17,5 °C NHTEHCMBHOCTL €ro BO3-
pactaeT B 2,0-2,5 pasda. Bbl4MCNEeHHbIEe 3HAYEHUST OH-
Tanbnuu, 3HTPOMUU 1 CBOOBOAHON 3HEPrMM aKkTMBaLMU
CBUAETENIbCTBYIOT B M0OJIb3Y OUOXMMUYECKOrO (hepMeH-
TaTUBHOIN0) MexaHm3ma OKUCJ/IEHUS aMMmaka B BOAe
OHexckoro o3epa.

The conducted researches of dependence of
intensity of nitrification in water of the Petrozavodsk's bay
of Lake Onega from a temperature showed that the
constant of speed of reaction increased at its increase.
This indicates that with increasing temperature the first
stage of nitrification and the whole process as a whole is
accelerated. On average, with increasing temperature at
17.5 °C increase in the intensity of 2-2.5 times. The
calculated values of enthalpy, entropy and free energy of

activation demonstrated in favor of the biochemical
(enzymatic) mechanism for the oxidation of ammonia in
the water of Lake Onega.

YAK 551.577.13 (470.22-25)

Oco6eHHOCTU XMMUYEeCKOoro coctaBa atmocdep-
HbIX OCaAKOB YpOGaHU3UPOBaHHbIX TEPPUTOPUIA Ha
npumepe ropopaa MNertpo3asoacka. Yekosa 4. O., LLle-
Benb C. B., MNotanosa W. tO. // BogHas cpepa: obyyeHne
Ons ycTonymBoro passutus. MNeTposasoack: Kapenbckuii
Hay4HbIA ueHTp PAH, 2010. C. 130-133: un. 1, Tabn. 5.
Bubnnorp.

B nexkabpe 2008 r. 6111 npoBeaeHbl CCneaoBaHus
XMMUYECKOro cocTtaBa aTMOCGEPHbIX 0CAKOB Ha Tep-
putopun r. NMetposasoacka. Mpobbl cHera oTéMpanncs B
cnegylowmx panoHax ropoga: OpesngHka, Knioyesas,
Cynaxropa, KykkoBka, MepeBanka, OKTa0pbCKniA Npo-
cnexT, yn. K. Mapkca, ConomeHHoe. Bcero 6b110 0TO-
OpaHo 9 npob. B Tanbix cCHerosBblx Bogax Obinv onpene-
NieHbl cnepyowme nokasartenun: pH, wenovHoctb (Alk),
K*, Na*, Ca*", Mg?, SO,*, CI', MO, 61oreHHble anemMeHTbl
(P Pom, NH,", NO,, NO,, Nopr, Nom), NUTOPUIIbHbIE
3J1IEMEHTHI (Feom, Mn, Al, Si), Taxensle meTannsl (Zn, Cu,
Pb, Cd). Mpwn aHann3e gaHHbIX OblV UCMONIb30BaHbI Me-
OnaHHble 3HavYeHna. BennunHa pH Tanon cHeroBow BO-
Obl Ha Tepputopun T. MeTpo3aBoacka M3MeHsnach B
npeaenax ot 5,95 0o 6,96 n B cpegHem coctasuna 6,31.
CpenHasa KoHueHTpauus kanusa coctasuna 0,19 mr/n,
4YTO B TpM pasa Bbille poHOBOro 3HavyeHus (0,06 mr/n).
Copnepxarne Mg?* B npobax ocafakos Obli0 40CTATOYHO
HU3Koe 1 BapbMpoBano B npeaenax ot 0,01 oo 0,64 mr/n.
OnanasoH coaepxaHua HaTpua Haxoauscs B npeaenax
0,25-1,71 mr/n. CopepxxaHune Xnopuaos UBMEHSINIOCh OT
0,69 no 2,64 mr/n n B cpegHem coctasuno 1,60 mr/n.
KoHueHTpaums kanbLuus B Npodax Tano CHEroBOM BOAbI
n3meHsnace B npegenax 0,62-3,45 mr/n u cocrtaBmna
B cpegHem 0,91 wmr/n. TlloBbileHHOE coAepXaHue
KanbLUMss OTMEYEeHO B npobax, oToOpaHHbIX B panoHe
Opesnsankn (1,52 wmr/n), OkTabpbCKOro npocnekTa
(1,34 mr/n) u ConomeHnHoro (3,45 mr/n). Bo Bcex npo-
6ax cHera npucyTCTBYIOT ruapokapboHaTel (Alk). Co-
nepxaHue cynb@aToB HaxoamMnoch B npegenax ot 1,38
no 6,77 mr/n, u Bo Bcex Npobax OHM NpeacTaBieHbl B
Buae conen. KoHueHTpaumn pochopa MUHEPANBHOMO U
docdopa obulero konedanuce B npegenax 1-43 Mkr/n
1 1,2-68 mkr/n, cootBeTcTBEHHO. Coaep>aHne HUTpaT-
HOro aszoTta Haxoamnoch B npenenax 0,21-1,38 mr N/n.
CpenHas KOHLEHTpaLunMs opraHM4Yeckoro asota cocTa-
Buna 0,03 mr N/n. KoHueHTpauus NOHOB aMMOHUS 13-
meHsanack ot 0,33 0o 0,96 mr N/n, a KOnM4eCTBO HUTPU-
TOB B cpeaHem cocTasuno 4 mkr N/n. CpenHee 3Hade-
HUe opraHudeckoro BewecTsa (1,68 mr O/n) He NpeBbI-
wano 2 mr O/n. MpakTmnyeckn Bce npobbl CHera 3arpss-
HeHbl HedTenpoaykTamu. CpeaHsist KoHueHTpaums Fe g,
(0,054 mr/n) uyThb Bbiwe poHoBoro (0,040 mr/n). Cpeoun
TAXEeNbIX MeTannoB OblI0O OTMEYEHO MOBbILLEHHOE CO-
hepxxaHve Meam v unHka. B uenom nonyyeHHas kapTuHa
3arpsA3HEHHOCTU CHEXHOro MOoKpoBa SABMSAETCA TUMUY-
HOW OJ19 FTOPOACKMX TEPPUTOPUIA.

Chemical composition investigation of atmospheric
precipitation in Petrozavodsk was carried out in
December of 2008. Samples of snow were taken in
different districts of Petrozavodsk: Drevljanka,
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Kluchevaja, Sulazhgora, Kukkovka, Perevalka,
Oktjabrsky avenue, K. Marksa str, Solomennoe. 9
samples were taken. These indicators were determined
in snowmelt water: pH, alkalinity, K*, Na*, Ca?, Mg?,
S()42-’ Cl-’ PO’ |:)min’ Ptot’ NH4+’ NO2-’ NOS-’ Norg’ Ntot’ Fetot’
Mn, Al, Si, Zn, Cu, Pb, Cd. Median values were used at
the analyses of the data. pH of snowmelt water in
Petrozavodsk varied from 5.95 to 6.96, pH averaged
was 6.31. The mean concentration of potassium was
0.19 mg/| that three times higher background value
(0.06 mg/l). The concentration of Mg?* in snow samples
was rather low and varied from 0.01 to 0.64 mg/I. The
concentration of sodium varied within the range of 0.25
to 1.71 mg/I. The concentration of chlorides changed
from 0.69 to 2.64 mg/l, and was 1.60 mg/l on average.
Concentration of calcium in samples of thawed snow
water changed within 0.62-3.45 mg/I and has averaged
0.91 mg/l. The higher concentration of calcium was
noted inthe samples which have been takenin Drevlyanka
district (1.52 mg/I), the October prospectus (1.34 mg/I)
and Solomennoe (3.45 mg/I). Hydrocarbonates (Alk) are
presence in all samples of snow. The sulphate
concentration varied within the range of 1.38 to
6.77 mg/l. Sulphates were presented in all snow
samples as a salt. Concentration of mineral and total
phosphorus fluctuated within 1-43 ug/l and 1.2-68 ug/I
accordingly. Nitrate nitrogen content changed within
0.21-1.38 mg N/I. Average concentration of organic
nitrogen was 0.03 mg N/I. Concentration of ammonium
changed from 0.33 to 0.96 mg N/I, and the amount of
nitrites was 4 ug N/l on average. Average value of organic
matter (1.68 mg O/I) did not exceed 2 mg O/I. Almost all
samples of snow are polluted by oil products. Average
concentration of Fe  (0.0564 mg/l) was hardly above
background (0.040 mg/l). Among heavy metals high
concentration of Cu and Zn were noted.

YAK 551.577.13

CnektpodoToMeTpnyeckoe onpeaeneHme cysnb-
daToB B atmochepHbix ocaakax. Kynakosa H. E., Jle-
6eneBaA. B., JlozoBuk I1. A. // BogHas cpena: oby4eHune
Ong yctonymeoro passutug. lNeTtposasopck: Kapenb-
CKMN HayyHbin ueHTp PAH, 2010. C. 133-137: un. 4,
Tabn. 2. bubnuorp.

CopepxaHue cynbdaToB B NpMpoaHbix Bogax Kape-
K, B TOM YUCNE 1N B aTMOCHEPHbIX OCaZKax, AOCTaTou-
HO HM3KOe, U CYLLEeCTBYeT npobrema 1x onpeneneHus
pasnMyHbIMN MeToAaMu. 1ns NOBbILLEHNS KQY4EeCTBa Bbl-
NOJSIHEHUS aHaIM3a 1 NOoJTy4eHNs BOCMPOU3BOANMBIX pe-
3ynbTaTtoB 6bla MoanduumpoBaHa MeToauka oTo-
MEeTPUYECKOro onpeneneHnst cynbpaTtos.

B aHanuTtuyeckol npakTuke LWMPOKO WCMONb3YIOT
doTomeTpuyeckme MeToabl onpeaeneHns cynbdatos c
NPVUMEHEHNEM MPON3BOAHbIX XPOMOTPOMOBOW KNCNOTbI:
HUTPXpOMa30, aumeTuncynbdoHaso lll, optaHunosoro K
1 ap. O4eHb YacTo B KAYeCTBE Takoro MHAMKaTopa npu-
MeHs0T cynbdoHaso I, nnn [2,7-6uc(2-cynbdpodpeHu-
1a30)]XpoMOTPONoBas KMcnoTa TeTpaHaTpueBas Coslb.

Bce ¢poTtomeTpuyeckme metoabl ¢ cynbdoHa3o 1 ero
NPOM3BOAHLIMU OCHOBaHbl Ha OCaXAeHUu cynbdaToB
noHamum 6apus U GOTOMETPUYECKOM OnpeneneHnmn oc-
TaTo4HbIX kKonuyecTB Ba?*. OnbIT npoBeneHus aHannsa
cynb@aToB C Mcnonb3oBaHmeM cynbdoHaso lll B nabopa-

TOPUM TMAPOXUMUM U TnapPoreoniornn MHCTUTyTa BOOHbIX
npo6nem Cesepa KapHL, PAH nokasasn, 4TO OCHOBHbIM
HeOoCTaTkOM MeToAa ABASeTCA H1U3Kasi BOCNPON3BOaN-
MOCTb rpaflypoBOYHbIX FrpacduKoB. st ero ycTpaHeHus
npwv NOCTPOEHUN TPaayMPOBOYHOIO rpadurkoB npenso-
XEHO MCMNOJIb30BaTh HE aBCOJIIOTHbIE 3HAYEHUS ONTMYEe-
CKUX MIOTHOCTEW, a pa3HocTb: AD = D,  — D,,.. Mpume-
HEeHVe HOBOro NOAX0Aa NO3BOANIIO NOYYMUTb BOCNPOU3-
BOAMUMBbIV TPaAyMPOBOYHbIA rpaduk, yaydlwnTb CXoam-
MOCTb Pe3yfbTaToB aHannaa ¢ 06pasLaMm BHYTPEHHErO
KOHTPONA 1 B pamkax npoekta ICP Waters.

HoBasa meToauka Oblna NnpuMeHeHa npu onpeaesne-
HuM SOZ B Npo6ax cHera, 0TOOPaHHbLIX Ha TePPUTOPUN
r. MeTtpo3aBoacka B aekadbpe 2008 r. Kpome Toro, 6uina
paccuvTaHa gons cynbdaToB TEXHOMEHHOO NMPONCXOX-
[OEeHNs N0 COOTHOLLEHMIO CYNbdaToB K XJ0puaamM B Mop-
CKUNX adPO30siX.

Ha Tepputopumn ropoga oTMeYaeTcss HEBbICOKOE CO-
nepxaHuve cynbdaToB, 3a UCKJIIOYEHMEM CTaHLUMN B paii-
oHe ConomeHHoe. B To e Bpems nons cysibdaTtoB Tex-
HOFeHHOr0 MPOUCXOXAEHMS AOCTaTOYHO Gonblias (91—
98%) no cpaBHeHUO C gonen cynbdaTtoB MPUPOLHOro
reHesuca (2-9%).

Content of sulfates in the Karelian's natural waters
including atmospheric precipitations is enough low and
there is the problem of determination it by different
methods. The photometric method of determination
sulfates was modified for the purpose of improves
realization analyses and obtains reproducible results.

Photometric methods are widely applied in
analytical practice by using derivatives of
chromotropic acid. Very often such indicator is sulfonazo
Il or [3,6-bis (2-sulfophenylazo)-4,5-dihydroxy-2,
7-naphthalenedisulfonic acid tetrasodium salt].

All photometric methods by using sulfonazo Il are
based on sedimentation sulfates by barium ions and
photometric determination free quantities of barium.

Experience testing analyses of sulfates at the
laboratory of hydrochemistry and hydrogeology showed
that basic defect of the method was low reproduction of
graduated graphs. For elimination the defect was
suggested to use a difference values optic densities:
AD = Dg,, - Dy,;- The new approach makes it possible
to obtain reproducible graduated graphs to improve a
convergence results with models of internal check and
within the bounds of project ICP Waters.

The approach was applied for determination of
sulfates in the samples collected from territory of
Petrozavodsk in December 2008. In addition was
calculated a percentage of anthropogenic sulfates by
sulfates-chlorides ration in the sea aerosols.

Content of sulfates is low on the territory of
Petrozavodsk except Solomennoe's sample. Percentage
of anthropogenic sulfates is quite higher (91-98%)
then percentage of natural sulfates (2-9%).

YAK 556.53: 581.9 (470.22)

OueHKa COCTOSIHUA Pa3fInYHbIX Y4aCcTKOB peKu
CyHbl Ha OCHOBe W3y4eHuUsa NpPUOPEeXHO-BOAHOMN
dbnopsl. CouHera U. M. // BoaHas cpena: oby4eHune ons
ycTomymBoro passutusa. [leTposzasoack: Kapenbckuin
Hay4yHbI LeHTp PAH, 2010. C. 137-140: un. 2, Tabn. 5.
Bubnnorp.
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Peka CyHa — oaMH 13 BaxHenLWwmnx nputokoB OHex-
CKOro 03epa, 4To onpeaenseT akTyalbHOCTb OLEeHKM ee
3KOJIOrMYECKOro cocTosiHus. B cpegHeM yyacTtke peka
He MCMbITbIBAET CYLLLECTBEHHOIO BAVSIHUS YesioBeka, no-
CKOMbKY NpoTekaeT Mo Tepputopun 3anosegHuka «Kmn-
Bay». HMXXHMIN yHacTOK pekn noasepXeH aHTPONoreHHo-
My BO34eNCTBUIO, MOCKOJIbKY B YCTbe PEKWN PACMONIOXKEH
XVBOTHOBOAYECKUIN KOMIMIEKC.

B 2006-2008 rr. 6bI/10 BLIMNOSIHEHO WCClieQOBaHWE
NpPUBpPEXHO-BOAHOM PNopbl ABYX y4acTKOB P. CyHbl, KO-
Topas BkoYaeT B cebs 141 BMA BbICLUMX COCYAUCTbIX
pacTeHuin, oTHocaLwmxes K 102 pooam n 40 cemencTeam
13 5 knaccoB. CpaBHUTESbHbIN aHaNN3 NPMOPEXHO-BO-
Ho dnopbl p. CyHbl B cpeaHeM TedeHnn (B Npenenax 3a-
nosegHuka «Kueay») M yCcTbs BbISIBUNT CyLLECTBEHHOE
pasnuyve B BUOOBOM COCTaBE pacTeHui (KoadpurumeHT
dnopuctmyeckoro cxoacTea Xakkapa — 0,30), 4To cBs-
3aHO C NpupoaHbIMN dakTopamu (penbed, rmaponoru-
YECKUI pexnm, xapaktep NoACTUNAIOLLINX FPYHTOB).

B pasnuyHbix yyacTkax peku u3y4eHo pacnpepnene-
HVe BUOOB, MHAMKATOPOB TPOPHOCTU. B cpeaHem Teve-
HUW peKu, B paioHe 3anoBeaHuka «Knpay», coctaB BbIC-
el BOOHOW pacTUTENbHOCTM YKa3blBaeT Ha HavyaslbHble
aTanbl 3BTPodPMpoBaHMs. B ycTbe pekn aBTpodurpoBa-
HUe BbIpaXkeHo Bonee SpKo, 4TO CBA3aHO C BO3AENCTBU-
€M PacroJIoXXEHHOro 34eCb XMBOTHOBOAYECKOrO KOM-
nnekca. NpoBeaeHHbIe NCCNeA0BaHNS MOMYT MOCYXUTb
OCHOBOW 0151 BblAENEeHNs 30H Pa3HOI CTEMNEHU 3BTPO-
durpoBaHnNs Ha pPasnnyHbIX ydactkax p. CyHbl 1 UCNOSb-
30BaTbCS B 9KOJIOrMYECKOM MOHUTOPUHIE.

River Suna is one of the most important tributaries of
Lake Onego. That is why the assessment of ecological
state of River Suna is very actually. There is no essential
anthropogenious influence in the middle part of the river
since it flows here across the territory of the reserve
“Kivach”. In the dawn stream the river is under influence
of farm wasters.

In 2006-2008 the investigation of macrophyte
communities on two parts of the river was carried out. It
was fount that macrophyte flora includes 141 species of
vascular plant, which relate to 102 genus, 40 families from
5 classes. The comparison of macrophyte communities on
two parts of River Suna - in the middle stream (on the
territory of the reserve “Kivach”) and near the mouth (dawn
stream) — was carried out. There was sufficient distinguish
between species composition of investigated macrophyte
communities (coefficient of floristic similarity by Jaccard
was 0.30) as a consequence of natural factors influence
(relief, hydrological regime, the peculiarities of ground).

The distribution of species (indicators of trophic level)
was studied on the different parts of the river. It was
observed only initial signs of eutrophication in the middle
stream (on the territory of the reserve “Kivach”) according
to the species composition. In the mouth of the river the
eutrophication processes were more obvious due to
influence of farm, which is situated near the mouth. The
date obtained may be used as basis for allocation of
eutrophication zones on the different parts of River Suna
and in the ecological monitoring.

YAK 502.175

B0o3MOXHOCTU MCMONb3OBaHUSA rMoka3aTensa
dnykTynpyowieii acuMmmMmeTpum AJisi OLLEHKU COCTOSA-

HUSI NPUPOAHBIX U aHTPONOreHHo TpaHcdhopmMmupo-
BaHHbIX 3kocucteMm. EpoxnnHa M. C. // BooHasa cpena:
obyyeHue ans ycTonymBoro pas3sutus. MNeTpo3aBoack:
Kapenbcknin HayyHbI LeHTp PAH, 2010. C. 140-143:
vn. 1, Tabn. 1. Bubnuorp. 10 Ha3B.

Mo nokasatento MA NPoBOAMTCH OLEHKA COCTOSAHUS
oKpyXaroLlein cpepl: YHem BbiLLe nokasaTteslb, TEM CUJlb-
Hee HapylwleHus. OgHako B nocnegHee BPeEMs CTaBsT
non, COMHEHWE YHUBEPCASIbHOCTb MCMOJIb30BaHMS 3TOr0
MeTOo/a AJ1s1 OLEHKN COCTOSIHUS MPUPOOHBIX 1 aHTPOMO-
reHHo TpaHcOPMUPOBaHHbLIX akocucTeM. Llenb pabo-
Thbl — BbISIBUTb BO3MOXHOCTU UCMNOJIb30BaHUS nokasarte-
na DA o519 OLEHKN COCTOSIHUS CPefibl B Pa3HbIX 9KOJI0r-
yeckux ycnosusix B Kapenuu. PaboTta 6bi1a BeinosiHeHa B
panoHe 3aoHexbs (2005 r.); Ha 0. bonbwo Knumeukni
(2006 r.)., B okpecTHOCTAX I KocTtomykiwmn (2006,
2007 rr.) n KOCTOMYKLLCKOrO ropHO-0060ratutebHOro
koMbuHata (2007 r.). B kauecTBe obbekTa nccnenosa-
HMA Obinn  BbibpaHbl Gepes3a nywucTtas (Betula
pubescens) n 6epesa nosucnas (Betula pendula). B pa-
60Te ObII0 N3y4eHo BNnsiHME Ha ypoBeHb DA ¢akTopos:
YPOBEHb paguauunu, YCroBUsS OCBELLLEHHOCTM, KaTero-
pus XM3HEHHOIO COCTOSIHMS, BO3PacT AepeBa, 3arpss-
HeHue aTtMocdepbl BiIbpocamu NPoM3BOACTBA, JIoKaslb-
Hasi aHTponoreHHas Harpyska (BblTanTbiBaHue). Co6op n
nocnepywouias obpaboTka marteprana NpPoBOAMINCE MO
MeToauke B. M. 3axaposa (2001). Ha kaxaor npobHoi
nnowaamn ¢ 10 nepebeB cobupanu no 10 NUCTLEB; C
KaXaoro n1Mcta CHUMasnu nokasatenn 1 paccynTbiBain
3HauyeHnsa PA. OueHka cTabubHOCTU PA3BUTUSA OLEHUN-
Banacb no natubannbHol wkane (3axapos, YyOuHU-
wewunu, 2001). NMpoBeneHHOe nccnenoBaHne nokasasno,
YTO OLlEHKA COCTOSIHUS MPUPOAHBLIX WU AHTPOMOreHHO
TpaHchOPMMPOBAHHBLIX 3KOCUCTEM MPW NMOMOLLW NOoKa-
3aresnia GA MoXeT ObITb YCMELIHO UCMOJIb30BaHa TOJbKO
B YCTOBUSIX BbICOKOIO YPOBHS 3arpsisBHEHNS NPUPOAHOIA
cpenpbl, cuna KOTOpPoro HUBENMPYET AeNCTBUE NoKaslb-
HbIX HaKTOPOB.

Estimation of fluctuating asymmetry (FA) is one of the
methods for indication of changing atmospheric
conditions: the higher values of FA, the stronger
disturbances. However recently universality of using this
method for evaluation of conditions of natural and
disturbance ecosystems is considered as doubtful. The
aim of this study is to reveal the possibilities of using of
fluctuating asymmetry method for indication of
environmental conditions in Karelian areas with different
level of pollution. Investigations were carried out in the
four stations in Karelia: Zaonezhje (2005); Island Big
Klimetsky (2006), Kostomuksha district (2006, 2007);
Mountain-concentrating industrial complex in
Kostomuksha (2007). Trees of Betula pubescens and
Betula pendula were chosen as the objects of research.
The influence of some factors such as radiation level,
light exposure condition, category of vital tree condition,
tree age, atmospheric pollution level by manufacture
emissions, local anthropogenic loading (trampling) on
FA values was investigated. Sampling and sample
preparation were carried out according to method of
Zaharov (2001). On each sample plot 10 trees were
randomly selected and 10 leaves from each sampled
tree were collected. For all sampled leaves FA value were
measured. The evaluation of development stability was
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appreciated with using of 5 ball scale (Zaharoy,
Chubinishvili, 2001). Results of research have shown that
the estimation of conditions of natural and transformed
ecosystems by means of FA method can be successfully
used only in the conditions of high pollution level. In such
conditions power of high pollution level exceeds action
of local factors.

Y[K 597.5: 591.5 (282.247.11)

OTBeTHada peakuus opraHuama pblo Ha XxpoHU4e-
cKoe 3arpsisHeHue Boa (Ha npumepe peku MNMevyopst).
Benunuesa J1. A., LWaposa 0. H. // BogHasa cpepa: o0y-
YyeHve nOns ycToMumBoro paseutmsa. [leTpolaBoack:
Kapenbcknin Hay4HbIn LeHTp PAH, 2010. C. 143-148:
un. 3. Bubnmorp. 24 HasB.

Peka lNe4vopa — ogHa 13 KpynHENLLMX BOOHbIX CUCTEM
CeBepo-3anana Poccum — nCnbITbIBAET MOJSIyBEKOBOE
aHTPOMOreHHoEe BO3AENCTBME, CBA3AHHOE C Pa3BUTNeM
YrofIbHOM 1 HEedPTAHOW MPOMBbILLAEHHOCTU. MHOro4mc-
JNIeHHble UCCNeoBaHNsa CBUAETENLCTBYIOT O CEPbE3HbIX
nepecTporikax B akocucteme p. leyopbl, NposiBAsiO-
LLMXCH Ha Pa3nyHbIX YPOBHAX OpraHmsauuu. Lienb aaH-
HOW paboTbl — nccnenoBaTbh peakumio opraHnamMa pbid
Ha XPOHMYeCckKoe MHOrodakTopHOE aHTPONOreHHoe BO3-
pencrteue. Ina oueHKN COCTOsHMS opraHmMama pbib nc-
NoNb30BanM MMCTONOMMYECKNI aHann3 psga OpraHoB
(>kabpbl, NeYeHb M MOYKM) MOJIOBO3PESbIX 0cobel A3
Leuciscus idus vi cura Coregonus lavuretus.

B xope rucronornyeckoro aHanmaa Hamu 6bin BbisSiB-
JIEH LWMPOKNIA CNeKTp naTtonorun. Bo Bcex nccnenyembix
opraHax Hamu GUKCMPOBaJIMCh HapyLLEHMS KpoBoobOpa-
LWeHUs (KPOBOU3NNAHUSA U CTadbl); reMOSIN3 3PUTPOLLM-
TOB U paspylleHne GOPMEHHbIX 3JIEMEHTOB KPOBU; a
Takxe HeKpo3 TkaHel. Cpeam naTosormiyeckmx N3MeHe-
HUIN B Xabpax OblNn OTMEYEHbI: rMnepnnasuvsl, rmnep-
Tpodus, OTEK U AeCKBaMaUUs INUTENNS; NCKPUBNIEHNE
M CUMaHne PecnupaTopHbIX namMes. Takke BbiiBNEHbI
HapyLUeHNs KDOBEHAMONHEHWUS; Cnagx; AManenes apuT-
POLIMTOB; NOSIBNIEHNE aHEBPU3M U pPasBuTne GUOPO30B.
B ne4eHu 6b1nv AMarHOCTUPOBAHbI: 04ary KapuonukHo-
3a; COeANHUTENbHOTKaHHbIE paspacTaHuns BOKPYr COCY-
[OB; NPU3HaKM BOCMANUTENbHOW peakumun. Ona s3en
ObIJIO XapakTepHO pa3BUTUE NMNNO030B. B noykax pbio
BbISIBJIEHbI AEreHepaTUBHbIE USMEHEHWS 1 Clly4aun aTpo-
dun knyboyKoB; paspacTaHne COeauHUTENTIbHOW TKaHu
BOKPYr KaHanbLEeB U KJyOOYKOB; YTOMLLEHMNE COEANHN-
TENbHOTKAHHOW CTEHKM COCYA0B; Hann4dne Gpurubpo3sHbIX
006pa3oBaHuii; NPU3HAKM BOCMANNTENBHOM peakuun.
Bb1n10 nokasaHo Hannyme pasan4yHoOro TMna ANCTPoduUii:
NMNUAO3bl U FEMOCUAEPO3bl, MPUYEM HAKOMIEHWE re-
MocuaeprHa OTMeYanoch TONbKO Yy CUrOB. Y CUIroB Tak-
€ OTMEYeHbl Ciy4yan MHOXECTBEHHOW napasvTapHOmn
WHBA3UMW.

HabnopaemMble rmcTonaTtonormyeckme M3MeHeHus B
opraHax CBUAETENbCTBYIOT 0 GOPMUPOBAHUN Y PbIO OT-
BETHOW peakuun Ha U3MEHEHNEe Ka4yecTBa OKPYXatoLLei
cpefbl N HaNMYMmM XPOHUYECKUX 3aboneBaHnini, CBA3aH-
HbIX C HapyLleHneM GYHKUMOHMPOBaHWS OpraHm3ma.

The Pechora River is one of the biggest water systems
in the North-West of Russia. Pollution of the river due to
development of coal and oil industries has led to huge
changes in Pechora ecosystem. The objective of this
study was to investigate fish organism response to
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chronic multiple anthropogenic impact on the base of the
gills, liver and kidney histological analysis of two fish
species (ide — Leuciscus idus and whitefish — Coregonus
lavuretus).

The histological study of the gills, liver, and kidney
showed the wide range of pathological alterations.
Haemorrhages and stasises (circulatory disturbances),
haemolysis, and necrosis were the most common.

In the gills the most common feature of the
microscopic structure was proliferation in the epithelium
of the qill filaments and secondary lamellae. The gill
lesions also included curving of secondary lamellae,
desquamation of epithelial cells and its edema. In the
range of circulatory disturbance dilation in blood vessels
of gill filament, aneurysms in secondary lamellae, sludge
and diapedesis of red blood cells were found. The
microscopic structure of some individual also showed
fibrosis of the gill filaments.

The liver histopathological analysis showed presence
of kariopyknosis, enlargement of connective tissue
around blood vessels, and signs of inflammatory
response, e.g. infiltration of leukocytes and exudate
formation. In some cases investigated individuals of ide
showed severe fatty vacuolation in the hepatocytes.

Degenerative changes and atrophy of glomerulus,
thickening of vessels wall, presence of fibrous mass and
inflammatory sings were found in kidney. In some cases,
the lipids and haemosiderin deposits were observed,
and accumulation of haemosiderin was seen only in the
whitefish kidney. Also several kinds of parasites were
regularly registered in the kidney of whitefish.

In conclusion, histopathological changes in the gills,
liver and kidney in the present study indicate that fish
were responding to the changes in the environment
quality. Histological alterations observed in this study
reflect the presence of chronic diseases, associated with
the disturbance of organism functioning.

YAK 502: 911.37 (470.22-25)

AHTpONoOreHHoe Bo3aecTBUEe Ha reOKOMIMJIEeKCbl
ropopaa Mertposasoacka. MuwkuH U. 10., KannutoHo-
Ba C. A. // BogHas cpepa: oby4yeHne ans yCToM4MBoro
pasBuTus. MNeTpo3aBoack: KapenbCkuii Hay4HbIA LEHTP
PAH, 2010. C. 148-150: bubnunorp. 6 Ha3B..

Mpo6nemMbl COCTOAHMA OKPY>XKaloLLel cpeapbl B ropo-
[ax B yCJIOBUSIX Pa3/IM4YHOIrO aHTPOMNOreHHOro BO3AENCT-
BUSA CTOAT O4eHb OCTPO. B cTaTbe npoaHanvsanpoBaHbl
apXMBHbIE U NNTEpPaTypHblE WUCTOYHUKK, KacaroLmecs
aHTPONOreHHOro BO34eNCTBUA Ha reOKOMMIEeKChI I MeT-
po3aBofcka, 1 onpenesieH Kpyr Hanbonee akTyasbHbIX
npo6nem B AaHHOM 06nacTu.

State of the environment in towns under various
anthropogenic influence is burning issue today. In this
article different archival and literary sources are analyzed
which applytoanthropogenicinfluence ongeocomplexes
of Petrozavodsk and a range of topical problems is
identified.

YK 502 (=161.1) (470.22)

TpaguunMoHHOE NPUPOAONOJSIb30BaHME PYCCKUX
Bbirosepbsi: «B kpato HenyraHbix nTuy». MACHUKO-
Ba H. A., MotaxuH C. B. // BogHas cpena: obyyeHune ans



yCTON4YMBOro pa3sutug. [NeTposaBoack: Kapenbckuni Ha-
yyHbI ueHTp PAH, 2010. C. 150-153. Bubnuorp. 8 HasB.

Ha tepputopunun Kapennu coopmMmmpoBanmcb 3THO0-
KasnbHble rpynnbl PYCCKOro, KapesbCKOro 1 Berncckoro
9THOCOB. OQHOM N3 3TUX rPynn SABASIOTCHA pycckue Bbi-
rosepbsi (BbIFrO3EpPbI), KOTOPbIE OTAINYAIOTCS OT COCEACT-
BYIOLLIMX C HUMU CEBEPHbIX KApesioB U pycCkmnx Nomopbs
He TOJIbKO 0COBEHHOCTAMU BbiTa U A3bIKa, HO U Creuu-
GUKON OCHOBHbIX HarnpasfieHUN XO3ANCTBEHHON fOes-
TENbHOCTN.

VicTopus npMpoaonosib30BaHNSA JIOKasbHbIX THUYE-
CKMX rpynmn, BKJKOYaa PyCcCkux Buirosdepbs, nsyveHa He-
[OCTaTO4YHO, YTO MO3BOJISIET CHMTATb NPeacTaB/ieHHOe
nccnenoBaHue BecbMa akTyasibHbIM. Llenbio paboTsl siB-
N9eTCs aHanmM3 3THMYECKOro npupoaononb30BaHUsS B
Bbiro3epckom Kpae, COCTaB/IEHHbINM Ha OCHOBE MPOun3-
BeneHna M. M. lMNpuwBunHa «B kpato HenyraHbiX NTUL,.
Ouepkn Bbirosckoro kpas». NpegMeT uccnenoBaHms —
BUAbl TPAOWULMOHHOIO NPUPOAO0MNOSIb30BAHUSA XUTeNen
Bbirozepbsi, a 06beKT — TeppUTopUst BeirOBCKOro kpasi.

Ha ocHoBe nyTeBbIx 3anucen M. MNpuwBnHa oxapak-
Tepn30BaHbl OCHOBHbIE HarnpasieHUs NPUPOLAONOSb30-
BaHWs B npenenax Boirozepbs — pbiGONOBCTBO, OXOTa,
1econosib30BaHmne, XMBOTHOBOACTBO U 3eMJiefenme.

In territory of Kareliya ethnolocal groups of Russian,
Karelian and vepsion ethnoses were generated. One of
these groups are of Russian populations of Vygozerja
regeon which differ from northern Karelians adjoining to
them and Russian of Belomorie region not only features
of a life and language, but also specificity of the basic
directions of economic activities.

The history of natural management of local ethnic
groups, including Russian populations of Vygozerja
region, is studied insufficiently that allows to consider the
presented research rather actual. The work purpose is
the analysis of natural management in the Vygozersky
region, M. M. Prishvina made on the basis of book “In
region not fearful birds. Sketches of Vygovsky region”.
The Object of research - kinds traditional natural
management of inhabitants of Vygozerja, and object —
territory of Vygovsky region.

On the basis of M. Prishvina’s travelling records the
basic directions of natural management within Vygozerja —
fishery, hunting, forestuse, agriculture are characterised.

YAK 556.53: 338.48 (282.247.211.5)

JintepatypHo-reorpadumnyeckas MMmMAaXK-KOMMNo-
auumna pekm CyHbl. Konokonos A. B., Ba6akosa T. A.
// BopHas cpepa: obydyeHve Ofisi yCTONYMBOrO pasBu-
Tna. MNeTposaBonck: KapenbCcknii HayyHbin LeHTp PAH,
2010. C. 154-157. Bubnuorp. 9 Ha3B.

B cdepe Typnama Ha cerofHsILLIHNI AeHb BCce Bonee
aKkTyaNibHbIM CTAHOBUTCS CO3[aHME UmMuaxa, T. €. 06-
pa3sa TypucTckoro obbekta. OToT 06pas ABNseTcs HTe-
rpanbHON XxapakTepuUcTUKOM n3ydyaemoro obbekTa. Mc-
cnepoBaHveM NpobfieMbl CO3aaHMS UMUIXA B TYpU3Me
WHTEPECYIOTCS MHOTrMe BeayLiMe CrneLmnanucTbl B 3TON
obnacTu, a Takxke y4YeHble, 3aHMMaloLMecs NccnenoBa-
HUSIMU UMUOXKA, FpaHMyawmmm co cepon Typnama.

BenyLiMm CTaHOBATCS BONPOCHI MMUAXKA HE TOJBKO
JecTHauMKn, KOHKPETHOro obbekTa (MPUPOAHOro uim

MCTOPUKO-KYBTYPHOr0), reorpadumyeckoro npoCTPaHCT-
Ba, HO N paboTHMKA cdepbl Typn3ma; NMPoeKTUpyeTcs
VMUK Pa3/INYHbIX LEeNeBbIX TYPOB, NPeanpuaTuin Typmus-
Ma 1 rocTenpunmMcTBa U T. 4. Bonpockl nmmnaa paccmat-
puBatoTcs U B 06pa3oBaHMW. 30eCb MOHATME MMUOXA
BapbUpyeTCs OT MMUKa 0O6pa3oBaTenlbHOro yypexne-
HUS 0O MUO)Ka PyKOBOAUTENS, NpenoaaBartesns, BOCnu-
TaHHWKa, y4eHuka, cTyaeHTa n ap. B ctatbe ocoboe BHU-
MaHue yaensietcst 06pa3oBaHuio B chepe Typrama 1 KOH-
KPETHO BOMPOCaM MMMNaKa TYPUCTUYECKOro 06 beKTa.

B coBpemeHHOM 00LLecTBe Npeobnagaet ytuanTtap-
HOE OTHOLUEHME K OKPYXaloLemMy Hac Mupy, MO3TOMy
HeoOxoaymMa nepeoLleHka LLeHHOCTelM noapacTtalolmm
nokosieHnem. Atomy byaeT cnocobCcTBOBAThL BHEAPEHME
B MPOLLECcC 06yYeHNs TakKnMx AUCUMIMIVH, Kak, HanpumMep,
«[TpoekTnpoBaHne wuMmuokKa TYpPUCTCKOro 0ObekTa»
(kypc BHeppsieTcsa B lNeTposaBoackom dunnane let-
poBckoro konneaxa c aHeaps 2009 r.).

B ocHOBe NMpoekTUpoBaHUSA UMUAXKA NEXUT co3pa-
HME UMUIXK-KOMNO3NUUA. OHM MMEIOT CBOKO TEXHOJIO0-
rMio NPOEKTUPOBAHUSA N NPUMEHEHNS B 06pa3oBaTerib-
HOM npouecce. Llenb nmmoxk-komnosnuuin — GopmMmpo-
BaHMe MHTErpasbHOro 1 aTTPakTMBHOro obpasa nayyae-
Moro obbekTa. Komnosuumm npeacTtaBnsaoT cobon pe-
3yNbTaT COBMECTHOW [esaTenbHOCTW, COTBOpYeCcTBa
npenogasaTens U CTyaeHTa.

Nowadays the process of creating an image is
becoming a question of present interest in the sphere of
tourism. Such image is considered to be an integral
characteristic of the studied object. A significant number
of specialists in this sphere, as well as in the field of
science which are closely connected with tourism, are
working on the problem of creating an image in tourism.

Not only the questions of creating an image of
destination, of a concrete object (natural, historical or
cultural), of geographical space, but also the questions
of workers and specialists in the sphere of tourism are
considered essential; an image of different types of
tours, of tourism enterprise is being created. The
problem of images is considered in education as well. In
this field the idea of image varies from an image of an
educational establishment to an image of a leader, a
teacher, or a student.

We will contemplate the problem of education in
tourism and principally the questions of image of a tourist
object.

Unfortunately, nowadays the surrounding world is
appreciated mostly from the merely utilitarian point of
view, therefore, a change in the system of values in
teenagers’ and young adults’ minds is needed.
Inculcation of such disciplines, as “Creating an image of
a tourist object” (the course has been inculcated in
Petrozavodsk branch establishment of the Petrovsky
College since January, 2009), in the process of education
will contribute to this idea.

Creating an image-composition is the essential
part of projecting an image. There is a special
technology of projecting and application of such
compositions. The aim of Image-compositions is
forming an integral and attractive image of a studied
object. The compositions are a result of a joint work of
students and their teachers.

182



Hay4yHOo-nonynapHoe mapgaHune

BoaoHas cpepa:
oby4yeHune onsa yCTtom4mBoro pasBmTums

MeyaTaeTcs No peLleHnio Y4eHoro coeeta
MHcTuTyTa BoAHbIX Nnpobnem Ceeepa
Kapenbckoro Hay4Horo ueHtpa PAH

PucyHkn fO. M. KopocoBa
MepeBoauuk O. C. Kucnosa

PepnakTtop /1. B. KabaHoBa
OpuruHan-makeT I, A. TuMOHeH

CnaHo B nevats 24.04.10 r. dopmart 60x84'/,. lapHuTypa Pragmatica.
MeyaTtb opceTHasd. Y4.-u3a. n. 19,6. Yen. ney. n. 21,3. Tupax 300 ak3.

OtnevaTaHo B Konuctap Ontnuma



