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[pemroxkena MozielIb CTOKA U BBIHOCA OHOTEHHBIX HJIEMEHTOB C JIECHOTO BOZOCOOpA, OMHCHIBAIOIIAS
JMHAMHUKY M3y4aeMbIX IIPOLIECCOB IIPH €CTECTBEHHOM Pa3BUTHH APEBOCTOS U B IPOIIECCE JIECOBOCCTAHOB-
JIeHus rociie BIpyOkH. [Toka3aHo, 4TO MPU BBITIOJIHEHHHU JIECOXO3HCTBEHHBIX MEPOIPUATHI B COOTBET-
CTBHUH C JIECOXO3SIHCTBEHHBIM PEINIAMEHTOM CYILECTBEHHBIX M3MEHEHHMIT CTOKA M BBIHOCA OHOTEHHBIX dJIe-
MEHTOB He (puKcupyeTcs. [lomydeHHbIi pe3ynbraT 0OBSICHIETCS TeM, YTO 00beM BEIpyOaeMoil JpeBeCHHEI
MIPUMEPHO paBeH 00BEMY IIPUPOCTA U CTEIICHb BapbHUPOBAHUS CTOKA U BEIHOCA XMMHYECKUX BEIIECTB B 3a-
MBIKAIOIIIEM CTBOPE MaJlo 3aBUCUT OT JIECONPOMBILIICHHOH JeSTeIbHOCTH YesoBeka. [IpoBeieHo nMuTa-
IIHOHHOE MOJICTPOBAHHUE MTOCIEACTBUI TUIIOTETHIECKHX BBIPYOOK 50 n 100 % mmomanu ieca Ha SKCIepH-
MEHTaJILHOM BogocOope, KOTOpOe MO3BOJIMIIO OLIEHHTh HHTEPBAJ BOSMOJKHBIX IKCTPEMaIbHBIX H3MEHEHUH
CTOKA ¥ BBIHOCA OMOTEHHBIX JIEMEHTOB.

Kniouesvle cnosa: maremMarudeckas MoJielb, HCIIAPEHUE, CTOK, BBIHOC OMOT€HHBIX 3JIEMEHTOB, BBIPYO-
Ka Jeca.
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The purpose of this study is to assess the impact of forestry activities on the runoff and nutrient
removal from the forest catchments of Karelia using mathematical modeling. The catchment area of the
Big Velmuksa river in Karelia with an area of about 139 km? has been chosen as a research object. It is a
part of the catchment of the Vodla river - one of the largest tributaries of Lake Onega. Almost the entire
catchment area of the Big Velmuksa river is forested (94%). The main direction of economic activity in
the forest catchment areas in Karelia, including the Big Velmuksa catchment, is cutting down and grow-
ing new forest. In this study a simple model of runoff and nutrient removal from the forest catchment
has been proposed. The purpose of this model is to describe the dynamics of the studied processes both
during the natural development of the forest and in the process of reforestation after cutting down. It is
shown that when forestry activities are carried out in accordance with forestry regulations rules, signifi-
cant changes in runoff and nutrient removal are not recorded. The obtained result is explained by the fact
that the volume of cutting down is approximately equal to the volume of growth, the level of variation
in runoff and removal of chemicals depending insignificantly on human forestry activities. In addition, a
simulation of the effects of hypothetical cutting down of 50 and 100% of the forest area on an experimen-
tal catchment has been carried out, allowing to assess the interval of possible extreme changes in runoff
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and nutrient removal. The results show the increase in runoff from the catchment to be 48 mm / year and
the decrease in nutrient removal - 14.3 tN / year and 0.35 tP / year after 100% deforestation. Subsequent
reforestation and the associated increase in nitrogen and phosphorus removal will continue for about
80 years.

Keywords: mathematical model, evaporation, runoff, nutrient removal, forest cutting down.
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BBenenune

Oxomno 50 % teppuropun Epormeiickoro Ceepa Poccuu 3ansto nmecamu. Jleca
MPENICTABIISIIOT COOO0M CIOXHBIE MPUPOAHBIE O0OBEKTHI, PA3IUYAIOIIAECS TI0 MHOTUM
XapaKkTepUCTUKAM: TIOPOJHOMY COCTaBY, YCJIOBHSIM NPOW3pACTaHUs JPEBOCTOS, €TO
MPOAYKTUBHOCTH, BO3pacTy U 1ip. Porb steca B TuIpopU3NUeCcKUX U THAPOIOTHUECKUX
npoleccax eie ciado UCciieoBana, TaKk Kak OH OTHOCHTCSI K IPUPOJHBIM O0BEKTaM,
B KOTOPBIX OY€HBb TPYIHO MPOBOIUTH SKCIIEPUMEHTAIFHBIE BOJHOOATAHCOBBIE HCCIe-
JIOBaHMsI. 3HAYUTEIBHYIO CIOXHOCTh MPEJCTABISICT OpraHu3aIus U3MEPEHUsS HCIa-
peHHs ¢ Jieca CYIIECTBYIONIMMH METOJIAaMH HAaTYPHBIX HCCleqoBaHUi. BMecrte ¢ Tem
WCTIapeHHe OTHOCHTCS K TeM JIIEMEHTaM BOJHOTO OaiaHca BOJ0COOPOB, KOTOpPHIE
B HauOOJbIIEH CTETICHN 3aBUCIT OT aHTPOIIOTEHHOTO BO3ICHCTBHSI, ONPECIISIONIETO
npeoOpa3oBaHre KOMMYECTBEHHBIX M Ka4€CTBEHHBIX XapaKTEPUCTHK BOJHBIX pecyp-
COB TEPPUTOPUIA.

IIpu orcyTcTBHUM HAOMIONEHUI YacTO MPUXOAUTCSA MPUOEraTh K METOIaM MaTeMa-
TUYECKOTO MOJCIHPOBaHUA. J[MHAMUKA MCIIapeHHs C Jieca Ha Pa3lIMYHBIX dTarax ero
Pa3BUTHS SIBIIACTCS HCXOTHOW MH(POPMALIUEH TSI MOJCIIMPOBAHUS THAPOJIOTHUECKOTO
peXHUMa JIECHBIX BOJIOCOOPOB, CTOKA C HUX M BRIHOCA XUMHYECKHX BEIIECTB, a TAKKe
JJIA OLCHKHW BJIHMAHUA aHTpOHOI‘eHHOI\/'I ACATCIIBHOCTU Ha CTOK MaJlbIX PEK KU OIIpeac-
JIEHHSI SKOJIOTHYECKOTO yIepOa, yKe MPHIUHEHHOTO JIECOXO3HCTBEHHOH JIesTeNTbHO-
cThio [1—5].

Lenblo HACTOSIIIETO HMCCIIEOBAHMUS SIBISIETCSl OIIEHKA BO3JIEHCTBHUS JIECOXO35IM-
CTBEHHBIX MEPOIPHUSITHI Ha CTOK M BEBIHOC OMOT€HHBIX BEIIECTB C JIECHBIX BOJJOCOOPOB
Kapenuu ¢ ucrnonb30BaHNEM METOIOB MAaTEMaTHIECKOTO MOJICTUPOBAHUSL.

O0BLeKT uccIe10BaHusA

B xauecTBe oObekTa ucciegoBaHus BEIOpaH BomocOop pexu boi. Benmykcsr mio-
manpio 139 km?, pacnonoxenuslii B [Tynoxckom paiione PecryOnuku Kapenus u Bxo-
ISR B BOZOCOOP OMHOTO M3 KPYIMHEHITHX MpUTOKOB OHEKCKOTO 03epa — p. Bomibr
(puc. 1).

IIpakTruecku Beck BogocOop p. boi. Benmykeb mokpsIT necom (94 %). XBoitHbie
MOPOBI 3aHUMAIOT 65 % MOKPBITOH JlecoM yacTu BogocOopa, 13 % 3toii Teppuropun
3aHATO COCHOBBIMH JiecaMH, 52 % — enoBbIMU. Ha ocTanbHOI MOKPHITOHM JIeCOM 4acTH
BOJOCOOpPA IIPOU3PACTAIOT MATKOIMCTBEHHBIE IOPOJIbL, CPEAN KOTOPHIX OCHOBHOE MECTO
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Puc. 1. Cxema Bogoc6opa p. bon. Benmykcesr (a) u
PACIIOJIOKCHHAS Ha HEM KBApTallbHAS CETh (6).

1 — 3enennie 30HBI, 2 — neca BOIOOXPaHHBIX 30H, 3— OKCIUTYTAllTUOHHBIC JIECa.
Fig. 1. Scheme of Big Velmuksa catchment (a) and its quarter network (6).

1 — green zones, 2 — forests of water protection zones, 3 — operational forests.

3aHuMaloT Oepe3Hsku (34 %) u okono 1 % mpuxoguTcs Ha OCMHOBBIE Jeca. CpenHuit
BO3pacT COCHSKOB U €JIbHUKOB cocTaBiisieT 85 — 90 niet, a 6epesnsikoB — 50 siet. O3epa
3aHUMAIOT Ha BogocOope MeHee 1% Bcell ero miomanu, a 3a00JI04€HHOCTh COCTABIISIET
qyTh Oosbiie 3 %.

OCHOBHBIM HalpaBJICHUEM XO3SHCTBEHHOM EATENBHOCTH Ha JISCHBIX BOTOCOOpax
Kapenuu, n B Tom urcie Ha BogocOope p. boi. Benmykcsl, SIBISIOTCS 3aroToBKa JpeBe-
CHHBI M YXOJ 32 pacTyium JiecoMm. Crienbie ¥ IepecTolHbIE Jieca pyosT, KaK paBuiIo,
C IIEJTBIO 3aTOTOBKH JPEBECHOTO CHIPhsl. BEIMOIHAEMbIE B TaKuX Jecax pyOKH Mmoapas-
JETSIOTCS Ha BEIOOPOYHBIE U cIuTomHbIe. [locre crutomHbIX pyOOK Ha JIECHOM y4acTKe
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(BBIpYOKE) HAUMHAIOTCS TUHAMHYHBIE TIPOTIECCHI, AaHAJIOTHYHBIC TTPOUCXOISIIIUM TTOCTe
MPEBIAYLIETO YIAJEHUs JIPEBOCTOSI HAa TOM ke caMoli jecoceke. Ha ocHoBe Marepu-
aJI0B JIECOXO35UCTBEHHOIO periaMeHTa [IyqoxKCKoro nHeHTpalbHOro JecHuuecTna [6],
Ha TEPPUTOPUHN KOTOPOTO PACIIONOKEH BO0ocO0p p. boi. Benmmykcebl, pekoMeH 1yeMast
K IPHUHATHIO TUIOMIAAb PacYeTHOH ecocekn coctapisieT 0,9 % oOmel miomaan ec-
HBIX yroJui, T. €. 0koi0 125 ra. CoOOTHOLIECHUE IIOMIA1 JIUCTBEHHBIX OPOJ U ILJIOIA-
I XBOMHBIX cOCTaBiseT 3/7.

MeTtoauka uccjaen0BaHus

B kxaduecTBe OCHOBHOTO MHCTPYMEHTA JIsI MOJIETMPOBAHUS CTOKA ¢ BOIOCOOpA HC-
MOJIb30BaHa TUAPOJIIOTHYECKas MoeIb (OPMUPOBAaHUS CTOKa ¢ Bomocbopa [L HM —
Institute of Limnology Hydrological Model (CBHIETETLCTBO O TOCYIAPCTBEHHOU PETH-
crparuu Ne 2015614210 ot 09.04.2015 1), pazpaboTannas B IHCTHTYTe 03epoBeaeHNUS
PAH [8, 9] u npeaHa3HaueHHAS JJIs1 pACUETOB T'HAPOrpad)oB TAjIoro U AMKISBOIO CTOKa
¢ BOtocOopa, a Takke YPOBHS BOJIBI B BogoeMe. Mojienh uMeeT KOHIIeNTyalbHY 0 OCHO-
BY 1 OIIHCBIBAET MPOIECCH CHETOHAKOIUICHHU S M CHETOTAasTHUS, NCTIAPEHUS M YBIaKHEHHUS
TOYB 30HBI adpannu, POPMHUPOBAHUS CTOKA, & TAKKE PETYIIMPOBAHUE CTOKA BOJOEMaMHU
B Mpejeniax OMHOPOIHOTO BOZOCOOPa, XapaKTEPUCTHKH KOTOPOTO IPUHUMAIOTCS TOCTO-
SHHBIMH JUTA BCEH €ro miomaand. Moenb MOKeT paboTaTh Kak ¢ MECSIHBIM II1aroM 110
BpPEMEHH, TaK ¥ ¢ TOJOBBIM. B mporecce MonesnpoBaHusi BOZOCOOp MpeACTaBIseTCs
B BHJI€ OJHOPOAHON UMUTHUPYIOIIEH €eMKOCTH, HAaKaIUIMBAIOIIeH MOCTYAIOIIYI0 BOAY U
3aTeM IMOCTETNICHHO €€ OTaroliel. 3HaYeHHs] OCHOBHBIX MTAPaMeTPOB THIIPOIOTHYECKON
MOJIETIH, ONpeestomuX GopMy ruaporpada cToka, MOTYT 3a/1aBaThCs B 3aBUCUMOCTH
OT 03€pHOCTH, T. €. JOJH TUIOIIAIA BOAOEMOB B 00IIeH Iiomann Bogocoopa. Cxema
MO/JIEJIN MIPEJICTaBIeHa Ha PUC. 2.

Mopiesnb npornia BepupHUKannio Ha psijie 00bEKTOB, pacnoiokeHHbIX B CeBepo-3a-
nagHoM pernone Poccun (BomocOopsl pek Turoma, Jlmxwma, Csabra, Omonka, CyHHa,
Hlysi, Oste, Csich, Byokca, Ceups, Benukast, Hea) [7—9] n ®unnsuaun (BomocOops
pex Mycraiioku n Xapaiiokn) [10]. B Hacrosimee Bpemst /L _HM ycrienHo IpuMeHsIeT-
Csl KaKk Cpe/ICTBO OLIEHKH BO3JIEMCTBUA KIMMAaTHYECKUX U3MEHEHNH Ha cTOK pek Cese-
po-3amana PO, a Takke B Ka4eCTBE OCHOBBHI [T pACU€TOB BRIHOCA OMOTEHHBIX BEIIECTB
C BOIOCOOpOB.

Jns pemieHusd 3ajaud, CBSI3aHHOM C KOJMYECTBEHHOM OLIEHKOW BO3JEHCTBUS BbI-
pyOOK Ha CTOK, MOZEINh HYKJIAeTCs B CYyIIeCTBEHHOW Moau(uKanuy OJ0Ka, OTHCHIBa-
IOLIETO CyMMapHOE HCIapeHHe C JIECHOTO BOJ0COOpa, TaK KaK BO3MOXKHBI M3MEHEHHS
ctoka. [loBbImieHHOE BHUMaHHE K OJI0KY HCTIapeHnst 00yCIOBICHO, IIPEKIE BCETO, TEM,
YTO NpH BBIPYOKax jeca M3MEHEHHs CTOKA MPOUCXOAAT UMEHHO 3a CYET YMEHBIICHHS
CYMMapHOTO MCHapeHus C MOBEPXHOCTH BoA0cOopa.

WNuctutytom o3eposencuus PAH coBmectHo ¢ MHcTutyTOM neca Kapenbckoro Ha-
yuHoro teHtpa PAH pazpaborana Mozenb aj1sl pacuera HCTIapEHUS C JIECHBIX MacCHUBOB
EVAP _FOR (CBuneTensCTBO 0 TOCYIApCTBEHHON PETUCTPAITUH MPOrpaMMel i1t OBM
Ne 2019662377) [3, 11—13]. OTIUYUTENbHON YEPTON HACTOSILIEH MOJACIU SIBISETCS
TO, YTO B HEH PacCCUMTHIBACTCS CyMMapHOE HCIIapEeHHE HE TOJIBKO B 3aBUCHMOCTH OT
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Puc. 2. Cxema monenu IL_HM.
Fig. 2. Scheme of the /L__HM model.

0CaJIKOB, TEMIIEPATYphl BO3/AyXa U Je(PHUINTA BIAKHOCTA BO3AYyXa, KaK ATO JENAETCs
B a0COIOTHOM OOJIBITMHCTBE M3BECTHBIX MOJICICH HCIIapeHHUs, HO M OT BO3pacTa jeca
1 €T0 TaKCAIIMOHHBIX XapakTepucTHK. CIIOM MCIapeHus C JICCHBIX MAaCCHBOB OIICHU-
BalOTCS KaK CyMMa TPAHCIHPAIMH APEBOCTOEM, UCTIAPEHUS C HAITIOYBEHHOTO MTOKPOBa
U 3aJIep’)KaHHBIX TTOJIOTOM JIeCa OCAIKOB. Y UHTHIBACTCS Pa3HOOOpa3Ue TaKCAIMOHHBIX
XapaKTEPUCTHK JIPEBOCTOS U BO3PACTHBIE N3MEHEHUS PaCTUTEIBHOTO ITOKpoBa. B kave-
CTBE MHTEIPAIIBHOTO ITOKA3aTelIsl XapaKTePUCTHK, BIUSIONIUX Ha (POPMUPOBAHUE HCIIa-
peHus U PU3NICCKUX ACTICKTOB TPAHCTIMPAIIAN, IIPUHUMAIOTCS MacCca JINCTBBI I MHICKC
JUCTOBOM MOBEPXHOCTH. TpaHcrupanus IpeBOCTOEM ONPEACIACTCS KaK MPOU3BEICHUE
MacChl JINCTBHI HA YACTHHYIO BEIMYUHY TPAHCIUPAINH, PACCUUTAHHON IS €TUHUIIBI
IJIOIIA U Ha OCHOBE KCIIEPUMEHTAJIbHBIX AaHHbIX [13]. McnapeHue ¢ HallouBEeHHOTO
[MOKPOBA PACCUUTHIBACTCS KaK (PYHKIUSI BO3MOXKHOTO B KOHKPETHBIX YCIOBHUSX UCIIAPE-
HUS ¢ OE3JIECHOTO y4acTKa M MHJEKCA JINCTOBOM TTOBEPXHOCTH JIpeBocTos. Vcmapenne
3aJIep’KaHHBIX TIOJIOTOM JIeca OCaJIKOB ONPEACISETCS KaK (PYHKIUS MacChl JTUCTBBI U
METEOPOIOTHICCKUX XapPaKTEPUCTHK.

PacderHbie 3aBUCUMOCTH, COCTABIISIONINE OCHOBY MOJEIH, IIPEJACTABISIOT COO0
aTNIPOKCUMAIIUIO KPUBBIX, OMKUCHIBAIONITNX TUHAMUKY CYMMAapHOTO UCIIAPEHUS C pa3ind-
HBIX THIIOB JIECa C YYETOM €T0 PAa3BUTHS C IIIArOM 110 BPEMEHH, PaBHBIM OJTHOMY MECSILY,
Y TIOJIyYCHHBIX B pe3yJIbTaTe 0000IIECHUSI MHOTOJICTHUX SKCIICPUMEHTAIIbHBIX JaHHBIX,
cobpanueix B UuctutyTe neca KapHI[ PAH [13]. ITockoibpKy 3KCTIepUMEHTATBHBIN
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MaTepuaJl, MOJIOKEHHBIN B OCHOBY paCUeTHBIX 3aBHCUMOCTEH, COOMpacs UMEHHO B yC-
JIOBUsIX JiecoB Kapenuu, He BO3HUKAET MPOOJIEM C JIOTIOJIHUTEIIBHON KanuOpOBKOU U
BepHudUKaIued Monenn Ha Bomocobope p. bon. Benmykcrl. B manHO# 3amade monens
EVAP _FOR oGecrieunBaeT MECSYHBIMU 3HAYCHUSIMU CJIOEB UCTIAPEHUSI MOJeNb (hOpMH-
poBanus. Cxema MOJIENH IIpeCTaBIcHa Ha puC. 3.

Ha puc. 4 npeacraBneHo cpaBHEHHE U3MEPEHHBIX U PACCYUTAHHBIX MO MOJEISM
IL HM v EVAP_FOR runporpados cioeB cToka ¢ Bogocbopa p. bon. Benmyxkcs! 3a ie-
puoa 2010—2015 rr. PacueTs! BRITTOTHSUIACH [T CTBOPA HAOMIOAATENBHOM ceTn Pocru-
npomerta B ropone [lynox. [IpuBegennoe Ha puc. 4 3Hauenue kpurepust Hama-Carknu-
¢da NS, paBroe 60 %, monTBep>KAaeT yAOBICTBOPUTEIHHOE COOTBETCTBHE PE3YIHTATOB
HaTYpPHBIX M3MEPEHUM M MOICIUPOBAHUA. MOXKHO MPEANONOKHUTb, YTO 3aBBILICHUE
pPacCCYMTAHHBIX PAcXO/0B BOJBI B MEPHOI MEXKEHHU CBA3aHO C TE€M, 4TO pycio p. bom.

MCI'IEIPEHHE 3aflep>KaHHbIX MoJ10roM sieca ocajkos

 TpaHcnupauus WcnapeHne TpaHcnupauus

Kuakue m TBepAble 0CafKu

d

‘ HarouBeHHbIi MOKpoB ‘

‘ XBOiiHble 1epeBbs ‘ ‘ JIUCTBEHHbIE [1epeBbs ‘

‘ MHAeKc MCTOBOI NOBEpPXHOCTM ‘

Macca nucTsbl (xBou)

Cyxoe BeLecTBO B IMCTBE CpybnieHHOro JepeBa

Puc. 3. Cxema monenn opmupoBaHus ucrapeHus ¢ geca EVAP _FOR.
Fig. 3. Scheme of the forest evaporation model EVAP FOR.
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Puc. 4. I3mepennsie (/) u paccunranssie (2) ruaporpadsr
cToka ¢ Bogocbopa p. bom. Benmmykerr 3a mepron 2010—2015 rr.

Fig. 4. Measured (/) and calculated (2) runoff hydrographs from
the Big Velmuksa river catchment in years 2010—2015.

Benmykcb ipeHEpyeT He BeCh CTOK C BogocOopa. YacTh TPYHTOBOTO CTOKa MOXKET TIO-
najath HAMpPSMYIO B pycio p. Boambl, onHako 3To mpezrnonoxkeHue TpedyeT mpoBese-
HUS JTIONIOJTHUTEIHHOTO SKCIIEPHUMEHTAIBHOTO HCCIIEIOBAHNS.

Jlnst pacueTa BhIHOCA OMOTE@HHBIX 3JIEMEHTOB C JICCHOTO BOjOcOOpa, chopMupo-
BaBIIIETOCS B PE3YJbTATE Pa3NIOKEHHS OTIa/la PACTUTENILHOTO MTOKPOBA, IMEETCS CIEy-
01last 3aBUCUMOCTH [14]:

W:Zn:anFi, (1)
i=1

rae W — o0beM BBIHOCA B Mpeenax u3yyaeMoro BojocOopa (Kr/roa); n —4ucio pac-
CMaTPHUBACMBIX PACTUTEIHHBIX COOOTIECTB; 0. — KOA((DUIIMEHT, XapaKTepU3yIOITHi BO3-
MOJKHBIW BBIHOC CO CTOKOM paccMaTpruBaeMOoro OMOTEHHOTO AJIEMEHTAa IIPU Pas3IoKESHUN
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pacTUTENBbHOrO onana; U, — yIelbHOE KOIMIECTBO OMOIE€HHOIO DJIEMEHTA, €XKETOIHO
MTOCTYMAOIIET0 Ha BOJOCOOp C PaCTUTENIbHBIM OMaJ0M i-TO PAaCTUTEIBHOTO COOOIIIe-
ctBa (xr/(ra-Tom)); F . — TUIOIIA/b i-TO PACTUTEIBLHOTO coo00IIIecTBa B TIpe/iesiax u3yda-
emoro BojiocOopa (ra).

CornacHo pekoMeHmanusM padothl [14], mns ycmouii Ceepo-3amama Poccun
3HAUEHHS 0 MOTYT OBITH MpHHATH paBHBIMU 0,035 mmst azora u 0,008 ans gocdopa.
3nadenus U, 1ist pa3in4HbIX THIIOB PACTUTEILHOCTH NPEICTABIIEHBI B Ta0M. 1.

Tabnuya 1
VYrenbHOE cofepkaHnue OMOTCHHBIX BEHMICCTB B PACTUTEIHLHOM omaje [14]

Specific nutrient content in plant litterfall [14]

VrensHOE cofepikaHue, Kr/ra
Twum pacTUTETHHOTO COOOIIECTBA
N 001 | 0011
Jlec xeotinbiii
Ens 36,0 2,0
CocHa 16,0 43
Jlec nucmeennbiii
bepesa 60,0 8,8
JIuna 38,0 9,0
Ocwuna 46,0 4,0
Oibxa 40,0 3,0
Cappl, napku 25,0 2.5
bonomo
Bepxosoe 52,0 10,0
Husunnoe 95,0 12,0
Ilpouue cenvbckoxosaicmeeHHO-He0C80EHHbIE 3eMAU
Jlyra ecrecTBeHHbIe 46,0 5,0
Tepputopun ¢ U3pEKECHHBIM TPaBSIHBIM IOKPOBOM 15,0 1,5

Hcnonp3oBanne omasa B KadecTBE OCHOBHOTO apryMeHTa BBIHOCA OMOTEHHBIX
AJIEMEHTOB 00YCJIOBJICHO €r0 JOMUHUPYIOIICH POJIBIO B MOCTYIICHUH ITHX DIIEMEHTOB
Ha BomocOop. BeiHoc a3ora u ochopa ¢ BomocOOpa ¢ 0KACBBIM U TaJbIM CTOKOM
B 3HAYMTEIHHOHN CTEIIEHU OIPE/eNIIeT yPOBEHh OMOTCHHOM HAarpy3Kd Ha BOJOEM-BOJIO-
MIPUEMHHK, a CJIEIOBATENILHO, U ero TPO(UIECKoe COCTOsIHUE. B cpenHeM nocTyruieHune
azora u gocdopa ¢ omagom coctarmser 80—90 % Bcelt mpUXOTHON YacTH OMOTEHHOTO
OaJlaHCa CIEJNbIX ¥ IEPECTOMHBIX SILHUKOB M COCHIKOB Ha BogocOope [3]. CyiecTseH-
Has pOJIb OMajia B BO3BPATe XMMHUUYCSCKUX JIEMEHTOB B JICCHBIC MOUBBI MMOYSPKUBACTCS
BO MHOTHX paborax [15—17]. [Ipu pe3xom cokpalieHuu orajaa B pe3yibTare BRIpyOoK
IIPOUCXO/IST, B YaCTHOCTH, 3HAUUTEIILHOC CHUKCHUE COJICPIKAHMSI a30Ta B BEPXHUX I0O-
pU30HTAX JIECHOM MOACTWIKK U €r0 MEePeHoC B MUHEpasibHbIe ciiou mouBkl [ 18]. Coot-
BETCTBEHHO CHIKAETCS ¥ BEIHOC OMOTEHHBIX BEIIECTB ¢ BojocOopa.

[Ipu pemeHnn 3a7a4u OICHKH M3MEHEHWH OMOTEHHOTO CTOKa C JIECHOTO BOJIO-
cOopa mocie BBIPYOOK MOKHO TPEATIOI0KHUTh, YTO JIJIS (-TO y9acTKa Jieca KOJIHMYECTBO
OMOTEHHOTO0 AJIEMEHTA, TOCTYIAIOMIETO B JIECHYIO MOJICTHIIKY C PACTUTEIILHBIM OTIaJI0OM
w, (Kr/rom), CKIIaABIBAETCS U3 IByX COCTABIISIONIUX: w=U * 4 U,tne U * — ynenpHOE
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KOJIMYECTBO OMOTEHHOTO 3JIEMEHTA B OIaJIe U «TEPPUTOPUHU C M3PEIKESHHBIM TPaBs-
HBIM MOKPOBOM» (cM. Tabir. 1), u U, — ylenbHOe KOIMIECTBO OHOTEHHOTO JIIEMEHTA
B OmaJie U i-T0 yuacTka jieca (M. tabn. 1). [locne nposenenus BoipyOku snauenune U,
CTAHOBUTCS HYJICBBIM, a 3aT€M C TCUCHHUEM BPEMECHU YBEIUUMBACTCS U Uepe3 Ompee-
JICHHOE YMCJIO JIET JIOCTUTAET MPEKHUX 3HaUeHU. B 3TOM ciiydae B pacyeTHOM cxeme
HOSBISETCA €lle OAUH nmapameTp 7, (YMCIO JIET) — BPeMs JOCTHKEHHs BO3pacTa
pyOoxk i-ro ydactka. ns ycnosuit Kapenun MoryT ObITh NPUHATH CIENYIONINE 3HA-
YEHUSA T[maxz 80 ner mns enw u cocHbl, 60 net ans 6epessl u 40 et st ocuHbl. Ecin
[PEJINOJIOKHUTH, YTO Bo3pacTanue U, MMEET JIMHEWHOU XapakTep [3], To pacyeTHas cxe-
Ma TS OLIEHKH BBIHOCA CO CTOKOM paccMaTpuBaeMoOro OMOTEHHOTO JIEMEHTa 3a CUeT
Pa3IoKEHHsI PACTUTEILHOTO OTa/ia MPHOOpETaeT CICAYIOMUN BUI:

n

W=Zocw,.,

UF npu 7, =0,
w,={(aT,+U")F, npnT <T,

(0T +U")F, ipu T,> T, )

i imax i

e W, — KOJIMYECTBO OMOTEHHOTO JIEMEHTA B PA3JararoleMcs Onaje JUls i-ro THIa
JIECHOTO COOOINECTRA, IOCTYIMHOE JUISl BBIHOCA CO CTOKOM B TEUEHHE PAacYeTHOTO rojia
(Kr/rom); n — YKCIIO NECHBIX COOOIIECTB; 7, — BO3PACT i-Ir0 PACTUTENBHOTO COOOIIIE-
CTBa (YMCIIO JIET); @, — €KETOMHOE YBEIUYCHHUE CONEPKAHUS OMOTEHHBIX DJIEMEHTOB
B OIaJIe TS KaXKI0TO0 i-TO PaCTUTEIBLHOTO coobiecTsa (Kr/(ra-ton)); U® — KOITHMYECTBO
OMOTreHHOTO 3JICMEHTA B OIaJic Ha TEPPUTOPHUIX C U3PESIKCHHBIM TPABSIHBIM TOKPOBOM
(kr/ra); F, — njomazp i-ro pacTUTENLHOIO COOOIIECTBA B IPEENaxX U3y4aeMoro BO-
nocbopa (ra); T, — BpeMs IOCTHKEHHUS BO3pacTa pyOok (4UCIIO JIeT); o — Kod(Pu-
LIUCHT, XapaKTePU3YIOIINH BO3MOKHBIA BBIHOC OMOTCHHOTO 3JIEMEHTA IIPU Pa3I0KEHUN
PACTHTENBHOTO Onaja. 3Ha4eHHus Ko3(p(HUIMEHTa @, PACCUMTAHHBIE C YYETOM NpUBE-
JICHHBIX BBIIIIE 3HAUCHUN TZmax, Mpe/ICTaBJICHbI B TA0. 2.

Tabruya 2
3Havenus napamerpa a, B hopmyie (2)

The values of the parameter a,in equation (2)

Tun pacTUTENHLHOTO a, kr/(ra-ron)

coo0IecTBa N _ | P

001

Jlec xeotinbiiil

Exb 0,45 ‘ 0,025
CocHa 0,2 0,05375
Jlec nucmeenmwiii
Bepesa 1 ‘ 0,1467

Ocuna 1,15 0,1
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®Dopmyna (2), a TakKe 3HAYCHUS TaPaMETPOB, MTPUBE/ICHHBIC B Ta0M. 2, SBISIOTCS
ABTOPCKOH pa3paboTKOli B paMKax HACTOSILETO UCCIICIOBAHMSL.

[IpencraBieHHBIN BhIIIE MaTEMATHYECKUI almapar MpeacTaBiIser co00i OCHOBY
JUTSL BBITTOJTHEHHSI CEPUU UMUTAIIMOHHBIX PACUETOB MO BBISBICHHUIO U KOJIHMYECTBEHHON
OTICHKE M3MEHEHUH CTOKa M BBIHOCA a30Ta U Gocdopa ¢ IECHOTO BogocOopa B pe3yib-
TaTe BEIPYOKH U TIOCTICIYFOIIEr0 BOCCTAHOBIICHHUS Jieca.

Pesyabrartsl u o0cyxkaeHune

Ha nepBom sTarie uccineaoBanus BBITOTHSINCH PACUEThl HCIIAPEHHs U CTOKA C BO-
noc6opa p. bon. BenMykcbl npu cpeqHHX MHOTOJETHHX 3HAYEHUSAX METEOPOJIOrHYe-
CKHUX MapaMeTpoB (KOJIMYeCTBa 0CAJAKOB M TEMIIEPaTyphl BO3AyXa) M XapaKTepHUCTUKaX
JIECHOTO MOKPOBa, COOTBETCTBYIOMMX ypoBHIO 2018 1. [Tocie aToro mpoBouiIach UMHU-
Talysi MPOBEACHUSI CIIOMIHONW BBIPYOKH Ha pacueTHOH Jiecoceke Iuromanpio 125 ra,
cocrasmstomiei 0,9 % o61mel Turomaay MoKpsITON JIecoM JacT Bogocoopa. [1pu atom
COOTHOLICHHUE MTOPOJ ICPEBLEB COXPAHSIIOCE.

Pesynbrar oka3zaics BrojHe okuaaeMbiM. M3menenne ucnapenus Ha 0,9 % mto-
maan Bogocbopa BU3yasbHOTO d(deKTa o M3MEHEHUIO THaporpada cToKa HE JIaH.
YMeHblIeHHEe CyMMapHOTo ucmapeHusi ¢ BogocOopa coctasmwio 0,03 % HayaabHOTO
3HAYEHUS, COOTBETCTBEHHO CTOK yBenmuwmics Ha 0,05 %. YMeHbIICHHE JINCTBEHHOTO
omaja mnocje BHIPYOKM Ha yKa3aHHOM IUIOMIAAM TaKXe MPHUBEIO B HE3HAYUTEIHLHOMY
COKpaIICHHUIO0 BbIHOCA a30Ta u (Gochopa — He Oosiee yem Ha 0,5 % MO OTHOLICHHIO
K ypoBHio 2018 .

[Tony4eHHBII pe3yiabTaT OOBSCHSIETCS TEM, YTO B XOJ€ IKCILIyaTaluu JIECHOTO
(oHIIA B COOTBETCTBUM C CYIIECTBYIOUIMMU PEKOMEHIALMSIMH BEACHUS JICCOXO35ii-
CTBEHHOM JEATEIBHOCTH HA JOCTATOYHO KPYITHOM (OTHOCHTENBHO TUIOIAAN €KETO-
HBIX pyOOK) BotocOope 00beM BhIpy0aeMoro JpeBOCTOS U ILIOMIAb CO3/1aBaeMbIX IPU
3TOM HOBBIX BBIPYOOK Ha BOAOCOOpE KOMIIEHCHPYIOTCS 3a CUET Mpolecca JECOBOC-
craHoBieHus. [Ipu 3TOM Al pacyeTHOH Jiecoceku 00beM BBIpyOaeMOH JpeBEeCHHBI
IIPUMEPHO paBeH 00beMy IIPUPOCTA, U CTEHECHb BAPHUPOBAHUS CTOKA M BBIHOCA XU-
MHYECKHX BEIIECTB B 3aMBIKAIOLIEM CTBOPE Maj0 3aBHCUT OT JIECOMPOMBIIIJICHHOM
JeSITEIIbHOCTH YeJI0BeKa.

J1J1s OLIeHKH YyBCTBUTEIBHOCTH BHYTPUTOOBOTO PACIPEIEIICHHSI CTOKA C JIECHOTO
BOJI0COOpPA K TUTIOTETUYECKUM BBIPYOKaM Jieca Ha ropaszio OOJIBIIHNX IIIOMIAISX TPOBe-
JICHbI pacyeThl, IMUTHpYIOIIKe nocieacTsust Beipyoxu 50 u 100 % neca Ha BogocOope
p. bonbuioii Benmykcesl. Takue BBICOKHE 3HAYEHUS IPUHSATHI HE TOJIBKO JUIS YIIy4LIEHUS
BU3yaJIM3aluU Pe3yJIbTaTOB MOJICINPOBAHNUS, HO U JUISL OLIEHKHU IPAaHHIl MAaKCUMAaJIbHBIX
BO3MOJKHBIX U3MECHEHHH CTOKA M BBIHOCA OMOTEHHBIX BELIECTB B PE3yJbTare BHIPYOOK
Ha HcclieayeMoM BogocOope. Pe3ynbrarel pacueToB, BHITOIHEHHBIX C WCMOJIB30BAHU-
€M CPEIHMUX MHOTOJICTHUX 3HAYEHUH METEOPOIOTHUECKUX TapaMeTPOB, IPEACTABICHBI
Ha puc. 5.

Pacuetsl mokasany, 4To H3MEHEHHE CYMMapHOI'0 NCIIAPEHNUs 110CIIe BBIPYOKH Hau-
OoJiee BBIpaKEHO B JICTHE-OCCHHUI mepuoj. B cpeanem 3a rox mcmapeHue CHUKAET-
cs Ha 20 mm/ron ipu 50 %-Hoit BeIpyOKe u Ha 48 mm/ron tipu 100 %-Hoii BeIpyOKe.
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Puc. 5. BayTpuronosas AnHaMIKa CyMMapHOTO HCTIapeHus (a) u cToka (0)
¢ BogocOopa p. bon. Benmmykcst o cocrosiauio Ha 2018 1,
a takke nocie Bepyoku 50 u 100 % obuiei miomaay Jieca.

Fig. 5. Monthly dynamics of total evaporation («) and runoff (6)
from the Big Velmuksa catchment in year 2018,
as well as after cutting down 50 % and 100 % of the total forest area.

COOTBETCTBCHHO Ha 3TH K€ 3HAYCHUS YBEIIMYMBACTCS U TO0BOM cToK. Haubosnee 3Ha-
YIMOE BO3pacTaHHMe CTOKAa OTMEYaeTCsl B TIEPUOJIBI BECEHHETo MoJoBOIbs (Ha 9 % mo
OTHOIIIEHUIO K CPETHUM KIMMaTHUECKUM 3HAYCHUSIM) M OCCHHUX JIOXKIAEBBIX ITABOJIKOB
(Ha 25 %).

JJis1 OIIeHKH BO3MOYKHBIX U3MEHEHHH TOJJOBOTO CTOKA W BEIHOCA OMOTEHHBIX dJie-
MEHTOB B PE3yJIbTaTe BHIPYOKH Jieca W MOCIEAYIOIeTo JECOBOCCTAHOBICHHUS BBITIOIN-
HEHa Cepusi IMUTAIIMOHHBIX PACUETOB, WILTIOCTPUPYOIIAs JHMHAMUKY H3MEHEHHSI CII0S
CTOKa U MacChl BBIHECEHHBIX 00I1ero azota u odmero gocdopa 3a neproa BpemeHU
OT MOMCEHTa BBIPYOKH JI0 TOJIHOTO JIECOBOCCTAHOBJICHUSI Ha BogocOope p. bon. Bern-
MYKCBI. 3Ha4€HHS BEIHOCA OMOTEHHBIX AIIEMEHTOB, PACCUNTAHHBIE C MCIIOIb30BAHUEM
ypaBuenwust (2) mist yenosuit 2018 1., cocraBuim 22,3 ™N/rox (160,4 krN/(km? ron)) u
0,52 tP/rox (3,7 krP/(km*-To1)). MOKHO 3aMETHUTh, YTO TIOJyYCHHBIN PE3yIIbTaT COOT-
BETCTBYET U3BECTHOMY paHOHUPOBAHHIO BhIHOCA a30Ta U ocopa Ha poccuiicKoit ya-
CTH BomocOopa DUHCKOTO 3amBa B 00J1acTH banTHHCKOTO KPUCTAUITMUECKOTO IIHTA,
MIpeICTaBICHHOMY, HanpuMmep, B padote [9]. IlpuBeneHHbIe 3HaYCHHSI BRIHOCA B yC-
noBusix 2018 . mOCHyXKWIM Ha4adbHBIM YCJIOBUEM JJIsSi BBITIOTHEHHSI T1OCICIYOIINX
MMUTAIMOHHBIX PACYETOB IO OLIEHKE MOCIEACTBUN BBIPYOKH.

Tax ke Kak ¥ B CIy4dae pacueToB CTOKA, pacueThl M3MEHEHHs JINCTOBOTO OIaja
Ha Jiecoceke, TIIoMmaab KoTopoi coctanmsua 0,9 % miomany BogocOopa, BU3yaabHOTO
a¢dexra npu MOJACTUPOBAHUH BBIHOCA C BOAOCOOpa OMOTEHHBIX JIEMEHTOB HE Jallu.
Pesynbrarhl pacueToB MOCICICTBUI TMIIOTETHYCCKON BhIpyOku 50 % momaau Jieca
Oosee onryTUMEI (puc. 6).

Ha ocHoBe npezicTaBIeHHBIX MaTepHaiOB MOXKHO CJIEIaTh BBIBOJ O TOM, YTO MO-
JIeIb OMMCBIBACT JUHAMHUKY MPOLECCOB UCIAPEHUs K CTOKA B IMIEPHOJ JIECOBOCCTAHOB-
JIEHUsI aJIeKBaTHO CYIECTBYIOIIUM IIpPE/ICTABICHUSAM, OCHOBAHHBIM Ha pe3yibraTax
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Puc. 6. [luraMuka cpenHETOAOBBIX 3HAYCHUH HCIIApEHUs U CTOKA (),
a Taxke BBIHOCA a30Ta U (hocdopa (6) B mporiecce IeCOBOCCTAHOBICHUS
nocie Beipyoku 50 % mmomaau neca Ha BogocOope p. bor. Benmykcer.

Fig. 6. The dynamics of the mean annual values of evaporation and runoff (a) and the removal
of nitrogen and phosphorus (6) in the process of reforestation after cutting 50 % of the forest
area in Big Velmuksa catchment.

MHOTOJICTHUX HATYPHBIX HaOmroneHuid. [Ipyu 3TOM MpOMOIKHUTEIHHOCTh JIECOBOCCTA-
HOBJICHUS JIJIs1 pAaCCMaTPUBAEMOT0 00BEeKTa cocTaBisgeT okoio 80 yet.

B cooTBeTcTBHE € pe3yasraTaMu MOJEIUPOBAHUS TUIIOTETHYECKast BEIpyOka S0 %
neca Ha BogocOope p. bon. Bemmykcbl MOXeT MpPUBECTH K PE3KOMY CHIDKEHHIO JIH-
CTOBOTO OTIaJia U, COOTBETCTBEHHO, K CHIDKEHHIO BBIHOCA OMOT€HHBIX 3JIEMEHTOB, 00-
pasyronmxcst B pe3yibrare €ro pasjokeHus. s ycioBUl MpPOBEIEHHOW WMHUTALWU
MepBOHAYATBHBIN BRIHOC CHU3UTCS 7S a3ota Ha 7,3 1/rox (34 % ot yposHs 2018 1)
u s gocdopa wa 0,17 1/rox (33 % ot yposas 2018 1.). [lanee, mo mepe JiecoBoccTa-
HOBJICHUS, Yepe3 55 neT 3HaYeHus BEIHOCA a30Ta U pochopa BOCCTaHOBATCS J0 YPOBHS
2018 . 3arem mociieAyeT HeOOIBIIOE YBEIHUSHIE KaK CTOKA, TaK U BBIHOCA OMOT€HHBIX
3JIEMEHTOB, CBA3aHHOE C MPOAOJIKEHUEM JIECOBOCCTAHOBIIEHUS XBOWHBIX MTOPO/T BIIJIOTh
no 80-ro roza mocie BeIpyOKH. MakcHManbHOTO BO3MOXKHOTO CHIDKEHHS TIOKa3aTesei
BBIHOCA MOYKHO OKUATh B TiepBhIe rojbl mocie 100 %-Hoit BeipyOku — 14,3 TN/rox u
0,35 TP/rox.

[TomyueHHbBIE OIICHKU W3MEHEHHUH CTOKA M BRIHOCA OMOTCHHBIX 3JIEMEHTOB C JIEC-
HOTO BOJI0COOpa B pe3y/IbTaTe BhIPYOKHU SIBJISIOTCS BEChMa MPHUONIMIKCHHBIME, TaK Kak
HE YYHUTHIBAIOT PSJT BAYKHBIX ITPOIIECCOB, BIHUAIONINX KaK Ha CTOK, TAK U Ha BEIHOC a30Ta
u pochopa. He yuuThIBatOTCS M3MEHEHUSI TAKCAIIMOHHBIX XapaKTEPUCTHK JIeCa B MPO-
1iecce JJIECOBOCCTAHOBIICHHS, a TAK)KE PE3KOe BO3pacTaHNe SPO3UH U CBI3aHHOTO C HEl
BBIHOCA XMMHUYECKHUX BEIISCTB B TEPBBIM IO MOCIBI BRIPYOKH 3a CYET HApYIICHUS
CTPYKTYPBI TIOBEPXHOCTHOTO cJos 1o4B. [locie BeIpyOKM Bo3pacTaeT BEpOATHOCTH BO3-
HUKHOBEHWSI «3aITHPAIOIIETO CIIOS», BOZHUKAIOIIETO PU MPOMEP3aHUH TOBEPXHOCTHO-
IO CJI0S TIOUBBI U MEPEBOASAIIETO TaNbI CTOK B MOBEPXHOCTHYIO cocTaBistomyto. OT1-
CYTCTBHE 3aIMPAIONIETO CIIOS B JIECY MPUBOANT K CHIDKEHUIO MaKCHMAJIBHBIX PACXO/I0B
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B MIEPUOJ CHETOTAsIHUS U YBEJINYCHUIO MEKCHHOTO CTOKA. YUeT 3THX U JPYTHX (aKTo-
POB, BIMSIONIMX Ha CTOK M BRIHOC OMOTEHHBIX 3JIEMEHTOB C BOOCOOpa, TpeOyeT mpo-
BEACHUS CEPbE3HbIX HATYPHBIX HCCIIEIOBAHUM, AJISI KOTOPBIX HEOOXOAMMBI COOTBET-
CTBYIOILIME MaTepUabHbIC 3aTPaThl, a TAK)KE BBICOKAsI KBAIM(HUKALNS CIICIHAIICTOB.
Tem He MeHee IpeACTaBICHHbIE B HACTOALIECH CTaThe PE3yJbTaThbl II03BOJISIOT CHIEJIATh
MIPEABAPUTENBHYIO OLEHKY MaKCUMAaJbHBIX BO3MOXKHBIX M3MEHEHHH CTOKa M BBIHOCA
OMOTeHHBIX IEMEHTOB C JIECHBIX BOAOCOOPOB KaK MY pealbHbIX, TaK U IIPH THIIOTETH-
YeCcKUX MacuTabax BeIpyOku jeca. [IpuHIMInanbHeIX U3MEHEHUH PE3yIbTaToB MOJie-
JIUPOBAHUS €/1Ba JIM CTOUT OXKUIATh JaKe P yUeTe B pacyeTax MepeurucIEHHBIX BhIIIE
0COOEHHOCTEH M 3aKOHOMEPHOCTEH N3yTaeMBIX ITPOIICCCOB.

Celfuac TpyaHO NMPEACTaBUTD, YTO HA TAKMX JOCTATOYHO KPYIHBIX BOILOCOOPHBIX
IIOMIAIAX OyayT MIPOBOIUTHCS CIUIONIHBIE pyOKH. TeM He MeHee, 0 TaHHBIM paboTHI
[19], B HacTosiee BpeMs jiecaMu B Oacceitne OHEXKCKOro 03epa MOKPHITO YKE BCEro
54 % mnonianu BogocOopa. [1pencrapieHHble B HACTOSIIEH paOOTE OLICHKH MO3BOJISIOT
KOJIMYECTBEHHO CYIUTHb O BO3MOXHBIX HKCTPEMAJIbHBIX M3MEHEHMAX CTOKA U BBIHOCA
azota u Qocdopa B IKCTpeMalbHBIX YCIOBHSIX BEACHUS JECHOTO X03sicTBa. Eciu xe
OyzeT CTOSITh 3ajada OLUEHUTh HOCIEICTBUS CIUIOIIHON BBIPYOKHM HAa €IMHUYHOW Jie-
COCeKe, TO pe3yNbTaThl THnoTeTnYeckux pacyetoB 100 %-Hoi BBIpYOKH MpHOOPETYT
BITOJTHE peabHOE MPAaKTUYECKOE BOILIOIICHHE.

3akjoueHue

* llpeamoxeHHass OTHOCUTENHHO TPOCTasi MOAETh (POPMUPOBAHUS CTOKA W BHI-
HOCa OMOTEHHBIX DJIEMEHTOB C JIECHOTO BOIOCOOpa MO3BOJISIET OMUCHIBATH H3yYacMble
MPOIIECChl B AMHAMUKE M C JOCTATOYHOM CTEMEHBIO aJIeKBaTHOCTH CYIIECTBYIOIINM
AKCIIEPUMEHTAIBHBIM JTAHHBIM.

e VIMuTaIMOHHOE MOJICNMPOBAHNE MPOBEJCHHS CIUIOIIHOW BBIPYOKM Ha pac-
YETHOH JIecOoceKe BBIOPAHHOTO 3KCIIEPHMEHTAIBHOTO Bomocbopa p. bom. Bemmyxkcsl,
II0MIab KoTopoit cocrapisieT 0,9 % obiel miomanm, He Janu BU3yaabHOTro 3 hek-
Ta Kak Mo M3MEHEHWIO TuAporpada CTOKa, TaK U COKPAIIEHUIO BRIHOCA a30Ta M (oc-
¢dopa c BogocOopa. Vi3MeHeHUs pacueTHBIX BEJTHMYUH HE MPEBOCXOAAT JOJIH MPOLECHTA
OT MIePBOHAYAIBHBIX 3HaYeHU. [TomydeHHBINH pe3yabTar OOBSICHIETCS TEM, YTO 00beM
BBIpyOaeMoii IPEBECUHBI IPUMEPHO PABEH 00bEMY MTPUPOCTA U CTEIICHh BAPbUPOBAHUS
CTOKa M BBIHOCA XMMHUYECKUX BEIICCTB B 3aMBIKAIONIEM CTBOPE Majlo 3aBUCHT OT Jie-
COTIPOMBINIUIEHHOW JEATENFHOCTH YeIIOBEeKa, €CIIM OHa BBIMTOIHSIETCS B COOTBETCTBUU
C JICHCTBYIOLIMMH TPaBHIIAMH.

* MIMHATanIMOHHOE MOJEITUPOBAHUE TIOCIICICTBHIA THITOTETHIECKOU BRIPYOKH 50 1
100 % momaay geca Ha SKCIIEPUMEHTAIFHOM BOIOCOOPE MO3BOIMIIO OLIEHUTH HHTEP-
BaJI BOBMOKHBIX 3KCTPEMaJIbHBIX U3MEHEHUH CTOKA U BHIHOCA OMOTEHHBIX DJIEMEHTOB.
Tak, nocne 100 %-Ho¥ BBIPYOKH Jieca MOKHO OXHJIaTh yBEJIHMUYEHHE CTOKA C BOJIOC-
Oopa Ha 48 Mm/ron U cHKeHHe BhiHOCA Ha 14,3 T™N/rox u 0,35 TP/rox. [Tpomomxku-
TEIBHOCTh TOCIEAYIOIETO JIECOBOCCTAHOBIEHUSI M CBSI3aHHOTO C HUM BO3pPacTaHUS
BbIHOCA a30Ta 1 pocdopa, 00yCIOBICHHOTO yBETNUECHUEM JIUCTOBOTO O3], COCTaBHUT
oxouo 80 ner.
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° Cnez[yeT OTMCTUTBH, YTO OJHHM H3 HanOoee NEPCIICKTUBHBIX HaHpaBJ'IeHI/Iﬁ
Pa3BUTUA HACTOALICTO MCCICAOBAHUS ABJIACTCA MOJCJIbHAsA OIICHKA BO3MOKHBIX U3MC-
HEHUH CTOKAa M BHIHOCA OMOTECHHBIX BJIEMEHTOB C JICCHBIX BOI[OC60pOB B pE3yJibTaTe
KJINMaTHYCCKUX U3MCHCHUM.

bnazooapnocmu

Pabora BhinonHeHa pu (PUHAHCOBOM 00ECIICUEHUH 3a CUET CPEACTB (efepaibHO-
ro OromkeTa B pamkax mpoekta FP7 ERA — Net Sumforest-POLYFORES (unentudu-
katop npoekra RFMEFI61618X0101), cpencts ¢enepaibHoro OromKeTa Ha BBITOJIHE-
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