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,!l,m1 xapaKTep11cT11K11 yrnepOJ:IHOro u,11KJJa naHALUacjna T11nwrnoi1 TYHAPbI Cesepo-3ana):IHOro Tai1Mb1pa 
11CnOJib30BaH reo11HcjJOpMau,110HHblM nOAXOA. 0CHOBHblMl1 4aCTSIMl1 noCTpOeHHOM rttc 51BJJSIIOTC51: 1) KOMnbIOTep
Ha51 Kaprn rpatt11u, TYHAPOBblX 611oreou,eno3os, 2) 6a3a AaHHbIX no cyTO'IHbIM norOAHbIM napaMeTpaM, 3) MOAeJJb 
ce30ttttoi1 A11ttaM11K11 HaA3eMHOi1 cjJ11TOMaccb1, 4) 11M11rnu,11ottttaS1 MOAeJJb yrJJepOAHbIX noTOKOB. Ou,ettettbl ce30H
Hb1e yrnepOAHble nOTOKl1 (saJJOBOe AbIXatt11e, BaJJOBa51 npOAYKU,1151, 411CTblM nOTOK) AJJ51 CJJaraIOlll,11X JJaHAlllacjJT 
611oreou,eno3os. Ce30HHbii1 yrnep0Anb1i1 6ananc (1110tth-Cettrn6pb) nanALUacjJrn oxapaKTep113osan KaK 6n113K11i1 
K HyJJeBOMy. IlposeAeH KOMnbIOTepHhlM 3Kcnep11Me1n, 11Ml1Tl1PYIOLU11H BJJl151Hl1e 113Menen11i1 TeMneparypbl 11 
06JJa'-!HOCT11 na yrnepOJ:1Hhii1 6aJJanc JJaHAlllacjJrn T11n11'-!Hb1x TYHAP· 

YzJ1epoB1tb1ii. 1.1;wcJ1, my1tBpa, J1a1tiJw.ai:jJm, zeou1ti:jJopM.a1.1;uon11.aJ1 cucmeM.a, u w6aJLbHbte U3M.e1teHuJ1 

GEOINFORMATION-APPROACH TO INVESTIGATION OF CARBON FLUXES IN TUNDRA LANDSCAPES 

D. G. Zamolodchikov*, D. V. Karelin* '**, A. I. Ivashchenko** 

* Center for problems of ecology and productivity of forests, RAS, 117418, Moscow Novocheryomushkinskaya, 69, Russia 
** Moscow State University, Department Biological, 119899, Moscow, Vorobjovy Gory, Russia 

GIS-approach is used for the estimation of the carbon balance of the typical subarctic tundra landscape. 
Main parts of the created GIS are: 1) a computer map of tundra ecosystems borders, 2) database on diurnal 
weather parameters, 3) a model of aboveground plant biomass dynamics, 4) a simulation model of carbon fluxes. 
Seasonal carbon fluxes (gross respiration, gross primary production, net flux) are estimated for ecosystems of the 
tundra landscape. Seasonal carbon balance (June-September) of the landscape is found to be close to zero. 
Computer experiment simulated the influence of temperature and cloudiness changes on carbon balance of the 
typical subarctic tundra landscape. 

Carbon balance, tundra, landscape, geographic-information system, global change 

BBE.LI:EHIIE 

femrnciJopMal.IJiOHHbIH 110)1,XO)l, B HayKaX 0 3eM

Jie, KaK 11pamrno, HCl10Jih3yeTC51 11pw HHTerpau:im 

KapT H 6a3 JJ,aHHhlX Jl:Jl51 KPYl1HbIX pemOHOB, 

Ha11pHMep, CTpaH HJIH 11pHpOJI:Hh1x 30H. O;::i:HaKo 

yKa3aHHbIH 110)1,XOJI: MO)!(eT 6hITb 110Jie3HbIM H B 

HCCJie;::i:osaHH51X JiaH;::i:ma¢Tttoro ypoBH51. ]/fasecTHO, 

11To pa3Hhie THl1hI TYHJI:pOBhIX 6Horeo1.1,eH030B HMe

IOT pa3Jilll.J:Hhie 11apaMeTpb1 yrJiepOJI:HOro 6aJiaHca B 

11peJJ,eJiax OJI:HOro JiaHJI:ma¢rn. Enoreo1.1,eH03hI c 6y

ropKOBhIM ll KOl.J:KapHbIM MHKpopeJihe¢oM l.J:aCTO 

BbICTy11aroT B Kal.J:eCTBe HCT011HHKa yrJiepOJI:a )l,JI51 

aTMoc¢ephl, B TO BpeM51 KaK 3a6oJIOl.J:eHHhie .u;e-

11peCCHll H JI0)!(6HHhl - ero cToKa. TaKHM o6pa3oM, 

xapaKTepHCTHKa yrJiepoJJ,Horo 6aJiaHca JiaH)l,maq>Ta 

HeB03MO)!(Ha 6e3 yl.J:eTa 11pocTpaHCTBeHHOH 11peJI:-

CTaBJieHHOCTH CJiaraIOIIJHX ero 6noreo1.1,eH030B (3a 

HCKJIIOl.J:eHHeM 11pose.u;eHH5I 11p51MbIX 011pe.u;eJieHHH 

yrJiepOJI:HOro 6aJiattca JiaHJI:ma¢Ta MHKpoMeTeopo

Jiorn11ecKHMH HJIH a3p01J:HHaMll11eCKllMH MeTo

.u;aMH). 

~ ,!I;. r. 3aMOJIOAqHKOB, ,!I;. B. KapeJIHH, A. M. HBalll,eHKO, 1997 

MA TEPIIAJibI II METO.LI:bI 

B Te11JibIH nepno)l, 1993 ll 1994 rr. HaMH 6brnn 

11poBeJJ,eHbI 110JieBhie HCCJie)l;OBaHH51 110TOKOB yr

JieKHCJIOro ra3a B pa3Jilll.J:HhIX TH11ax 6noreo1.1,eH030B 

THl1Hl.J:Hhix TYH.U:P B OKpecTHOCT51X 6hrnmero Ta:if

MhIPCKOro 6HOJIOrlll.J:eCKOrO CTal.l,HOHapa (Tape51 , 

73°15' N, 90°36' E). B Ka)!(JI:OM nccJie.u;yeMOM 6no

reo1.1,eH03e pac110JiaraJIOCh OT 1 .u;o 4 11po6HhIX 11JIO-
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,l(.I'. 3AMOJIO/l,'fl1KOB, ,l(.B. KAPEJ!Jfll, A.11. JfBAll{EHKO 

m;aJl_eH (B cpeJI.HeM 3)' Ha KOTOpbIX c liHTepBaJIOM 

7-15 JI.Hett rrpOBOJI.liJIHCh H3MepeHH5I IIOTOKOB C01 

KaMepHbIM MeTOJI.OM c rrpHMeHeHHeM rropTaTHBHOro 

HHCppaKparnoro ra3oaHaJIH3aTopa LiCor- 6200. 3a 

cyTKH Ha Ka)K)J;OH rrpo6HOH IIJIOI.IJ;a)J;H rrpOH3BO)J;H

JIOCb OKOJIO 24 3aMepoB' HHTerpHpOBaHHeM MrHO

BeHHhIX BeJili'UIH paCCl.IHThIBaJIH cyTOl..[Hbie BeJIH

l.IHHbI IIOTOKOB. PaCTHTeJibHbIH noKpOB rrpli li3Me

pemrnx He cpe3aJIC5I, TaKHM o6pa30M, perHcTpH

poBaJIHCh l.IHCTbIH IIOTOK yrnepOJI.a (NF) B np03paq

HOH KaMepe, BaJioBoe JI.hixaHHe 6Imreou,eHo3a (GR) 

B 3aTeMHeHHOH KaMepe H ITO HX pa3HOCTH pac

Cl!H'.l:hIBaJiaCh BaJIOBa5I nepBHl.IHa5I rrpOJI.YKQH5I 

(GP P). ITocKOJihKY GR H GP P 5IBJI5IIOTC5I pa3HOHan

paBJieHHhIMH IIOTOKaMH, HM 6bIJIH rrpHCBOeHbl pa3-

Hbie 3HaKH, a HMeHHO, 3HaK ,,IIJIIOC" - Jl.bIXaHHIO, 

H ,,M1rnyc" - rrpOJI.YKQHH. BeJIHl.IHHa NF MO)KeT 

HMeTb pa3HbIH 3HaK, 5IBJI5I51Cb OTpHQaTeJihHOH Jl.ll5I 

CTOKa yrnepoJI.a H IIOJIO)KHTeJibHOH Jl.ll5I ero HC

TOl..[HHKa. CyTOl.IHhre yrnepOJI.Hhie rroTOKH )J;JI5I Ka)K-

JI.OH H3MepeHHOH npo6HOH nJiom;ap;H paCCl..[HThIBa

JIHCb HHTerpnpoBaHHeM p;aHHhIX no cyTOl..[HOH JI.H

HaMHKe (He MeHee 20 3aMepoB 3a cyTKH). KoMrr

JieKc no;reBhIX pa60T BKJIIOlJ:aJI B ce65I TaK)Ke pe

rHCTpaQHIO rrorO)J;HbIX xapaKTepHCTHK, )J;HHaMHKH 

rny6HHb! aKTHBHOro CJI05I, orrpeJI.eJieHH5I HaJI.3eMHOH 

cpHTOMaCCbI, BJia)KHOCTH nolJ:BhI H rrpo 1rnx 3KOJIO

rHl.leCKHX rrapaMeTpOB. 

PeJihe¢, .KJIHMaT, pacnneJihHOCTh H noqshr 

p a ifoHa HCCJieJI.OBaHHM Jl_eTaJibHO OIIHCaHhf B p5IJI.e 

H3BeCTHhlx pa6oT [Euoieou,e1-t03bl .. . , 1971; A1am
eeeea, 1977 U 8p. ]. 0CTaHOBHMC5I IIOJI.p06Hee Ha 

paCTHTeJihHOCTH 6noreou,eH030B, B KOTOpb!X H3Me

p5!JIHCb IIOTOKH C01 , a HMeHHO, IJ;pHaJI.OBO- OCOKO

BO-MOXOBOH MeJIKo6yropKOBOH TYHJI.PhI H IIOJIHrO

H aJihHOro TYHJI.POBo-6onoTHOro KOMIIJieKca . Pac

THTeJihHhre accou,HaQHH 3THX 6noreou,eH030B pa3Jl_e

JI5IIOTC5I Ha MHKporpymrnpOBKH, npnypoqeHHbre K 

cpopMaM MHKpopeJibecpa [Mameeeea, 1977]. Ey

ropKH noKphIThr KYCTapHHl.IKOBO-MoxoBO- JIHmaifHH

KOBhIMH coo6m;ecTBaMH, 3arraJI.HHbI Me)KJI.Y HHMH 

3aH5ITbl OCOKOBO- MOXOBbIMH aCCOQHaQH5IMH. 110JIB

roHaJihJ;IbIH KOMIIJieKC COCTOHT H3 Tpex qacTeH, 

BKJIIOl!aIOI.IJ;HX KYCTapHH1..[KOBO-TpaB5IHO-MOXOBYIO 

aCCOQHaQHIO B QeHTpaJihHblX 1..[aCT5IX nOJIHrQHOB, 

3aKpaHHbI BOKpyr u,eHTpaJihHhlX qacTeH IlOJIHrQHOB, 

nopocmHe KYCTapHHKOM, H OCOKOBo-rrymHIJ,HeBO-

MOXOBYIO accou,HaQHIO B 3a60JI01..[eHHblX Tpem;HHaX 

BOKpyr IlOJIHrQHOB . 

PE3YnhTAThl 

IloJieBbie HCCJie,r1,0BaHH5l. ITposep;eHHhre rrone

Bhre pa60Tbl II03BOJIHJIH IIOJIYl.IHTb p;aHHbie no 6a

JiaHcy col JI.JI5I OCHOBHbIX THnOB TYHAPOBhlX 6no

reou,eH030B co CJieJI.yIOI.IJ;HMH paCTHTeJihHbIMH rpyrr

IlHpOBKaMH: KYCTapHHKoBoif, KYCTapHHl.IKOBOH, Ky

cTapHH1..[KOBO-TpaB5IHOH, OCOKOBOH H rrymHIJ,HeBO

OCOKOBOH. B Ta6n. 1 npHBeJI.eHhl BeJIHl!HHhI cyTol.1-

HhIX yrnepOJI.HhIX IIOTOKOB, ycpeJI.HeHHbie no BCeM 

npo6HhIM IIJIOI.IJ;a)J;5IM, H3MepeHHhlM 3a )J;Ba IIOJieBhIX 

ce30Ha B ;rr,aHHOM 6Horeou,eH03e (nepHO;r:I, H3MepeHHH 

COCTaBJieH H3 KpaeBbIX ;rr,aT H3MepeHHH 6e3 yqeTa 

ro;rr,a). Mo)KHO OTMeTHTh, l.ITO pa3Hhre 6ttoreou,eH03hI 

xapaKTepH3YIOTC5I pa3JIHl.IHbIMH H3MepeHHbIMH Be

JIHT..[HHaMH BaJIOBOro ;r:(bIXaHH5I, BaJIOBOH rrpo;rr,yKQHH 

H l.IHCTOro IIOTOKa. 

reo1rn¢opMaQHOHHhIH IlO,TJ,XO,TJ,. ll.JI5I JiaH;rr,

macj)THOH xapaKTepHCTHKH yrnepo;rr,Horo QHKJia 6bIJI 

HCIIOJih30BaH remrn¢opMaQHOHHhIH no;rr,xo;rr,. OcHOB

HhIMH 1!3CT5IMH IlOCTpOeHHOH r11c 5IBJI5IJIHCh: 

1) KOMIIhIOTepHa5I KapTa rpaHHQ TYHAPOBhIX 6Ho

reou,eHo3oB; 2) 6a3a ;rr,aHHhIX no cyTOl..[HhIM rroro;rr,

HhIM rrapaMeTpaM; 3) MO;r:I,eJib ce30HHOH ;r:I,HH3MHKH 

Ha;rr,3eMHOH cjJHTOMaCChI; 4) HMHTaQHOHHa5I MO;r:I,eJih 

yrJiepO;r:I,HbIX IIOTOKOB. 

B KaqecTBe TOrrorpaq:mqecKOH OCHOBbI ;r:(JI5I 

KOMilhIOTepHOH KapTbI IIOCJIY)KHJia ony6JIHKOBaH

H35I H. B. MaTBeeBoif (1978) reo6oTaHH'-lecKa5I 

KapTa paCTHTeJibHbIX aCCOQH3QHH (6noreou,eH030B) 

oKpecTHOCTeii: Taii:MbrpcKoro cTau,noHapa. KapTa 

OXBaTbIBaeT IIJIOI.IJ;3;r:I,b 23,5 KM1 H BKJIIOT..[aeT rpa 

HHU:bI 6Horeou,eH030B, o3ep H peK. CorrocTaBnemie 

c HbIHellHHMH (1994 r.) rpaHHQaMH aCCOQHaQHH 

IIOKa3aJio OTCYTCTBHe cym;eCTBeHHbIX H3MeHeHHH H 

rrpHro;r:I,HOCTb KapTbI ;r:I,JI5I COBpeMeHHbIX ou,eHOK. 

KoMrrh10TepHoe OTo6pa)KeHHe KapTbI 6bmo ocym;e

CTBJieHo B rncTeMe IDRIS!. 
Hcxo;rr,HhIH BapnaHT KapTbI BKJI10qaeT 36 THITOB 

pacTHTeJihHhrx accou,nau,HH. O;rr,ttaKo rro;rr,aBJI5IIOI.IJ;ee 

6oJihlliHHCTBO H3 HHX 5IBJI5IIOTC51 KOMITJieKCHhlMH H 

MOryT 6bITh rrpe;rr,cTaBJieHbl KaK KOM6HHaQHH He-

6oJihIDOro l!HCJia 6onee rrpocThIX roMoreHHhrx ac

cou:ttau,nil. l15ITh H3 3THX rrpocTeii:mnx accou:nau:rrli 

Ta 6 JI H I( a 1 . CpeAIHle neJIH'IHHbl TIOTOKOB yr JieKHCJIOfO ra3a B pa3Jill'IHbIX cpopMax MHKpopeJibecpa JiaHAIIIacpra 
mntt'IHOii TYHAPhI (Cenepo-3anaAHbIH TaiiMb1p) n 1993-1994 rr. 

rpynnHpOBKa ITepHOA 
Kon-so IToTOKH C01, rC·M - 2·cyT- l 

<l>opMa MHKpope;1becjJa npo6HbIX 
paCTHTeJibHOCTH 113MepeHHH 

llJ!Oll.\aAeH 
BaJIOBOe BaJIOBaSI 'IHCTbIH 

Ab1xa1111e npOAYKl.(1151 TIOTOK 
--

EyropK11 KycrapttH'IKOBaSI 10.VII- 14.IX 22 1,066 -0.747 0,319 
H11311Hbl 0COKOBa!I 10. VII- 14.IX 24 1,598 - 1,899 -0,300 

UeurpbI non11rouos Kycrapu11'!KOBO- TpasSittaSI 27.VII-11.IX 16 1,829 - 2,186 -0,357 

3aKpaHHbl rIOJ!HfOHOB Kycrapu11Kosa SI 27.VII-11.IX 6 1,670 -1,807 -0,137 

Tpeu~1111b1 Oc0Koso- nyw111(11esa51 23.VII--l l.IX 10 1,702 - 2,543 -0,841 
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I'EOJfHc/JOPMAl.{JfOHHhlJf II04X04 K Jf3Y'!EHJfl0 YI'JJEP04HbJX IIOTOKOB 

(KycTapHHKOBa5I, KYCTapHHqKoBa5I, KYCTapHHqKo

Bo-TpaB5IHa5I, OCOKOBa5I H nyrrrnu:HeBO-OCOKOBa5I) 

cPOPMHPYIOT npaKTHqecKH BCe pa3H006pa3He 3KO

CHCTeM THIIHqHOH cy6apKTHqecKOH TYHAPbl B 

palioHe TapeH. Ilo)J,po6HocTH MeTO)J,HKH nepecqeTa 

COCTaBa 36 THnOB 6Horeou:eH030B qepe3 npocTeH

mHe accou:HaU:HH npHBe)J,eHbl B cneu:HaJibHOH pa6oTe 

[KapeJZUH U 8p., 1996]. 
KaK H3BeCTHO, BeJIHqHHbI nOTOKOB C02 B 3Ha

qHTeJibHOH CTeneHH 3aBHC5IT OT norO)J,HbIX ycJIOBHH. 

Henocpe)J,CTBeHHO )J,JI5I palioHa HCCJie)J,oBaHHH MbI 

pacnoJiaraJIH MeTeO)J,aHHbIMH TOJibKO no )J,H5IM npo

Be)J,eHH5I H3MepeHHH r330BbIX nOTOKOB. LJ:JI5I BOCCTa

HOBJieHH5I ce30HHOH )J,HHaMHKH 6bIJIH HCnOJib30BaHbl 

)J,aHHhle PocrHAPOMeTu:eHTpa no cTaU:HOHapttbIM Me

TeocTaHU:H5IM. OHM BKJiroqaJIH TeMnepaTypbI B03AY

xa H noKa3aTeJIH o6JiaqHOCTH (cPHKCHpyeMbie B 

4.00, 10.00, 16.00 H 22.00 no MeCTHOMY BpeMeHH) 

c 1 Ma5I no 31 OKrn6p5I 3a 1993-1995 rr. 

K co)KaJieHHIO, Bce MeTeocTaHU:HH (MbIC l!e

JIIOCKHH, MbIC CTepJIHroBa, 03. TattMbip, o. LI:HKCOH, 

XaTaHra), no KOTOpbIM MbI pacnoJiaraJIH )J,aHHbIMH, 

6hIJIH CHJibHO y)J,aJieHbl OT pawoHa HCCJie)J,OBaHHH. 

LI:JI5I BbIHBJieHH5I HaH60Jiee npHro)J,HOH H3 HHX 6bIJI 

npoBe)J,eH cpaBHHTeJibHbIH aHaJIH3 )J,aHHbIX no BCeM 

cTaHU:H5IM H no HaIIIHM Ha6Jiro)J,eHH5IM. CTaHU:H5I 

XaTaHra (72°0' N, 102°30' E) noKa3aJia HaH6oJiee 

6JIH3KYIO K H3MepeHHOH HaMH )J,HHaMHKY norO)J,HbIX 

napaMeTpoB. 

CJIO)KHOH BcnoMoraTeJibHO:H 3a)J,aqe:H oKa3a

JiaCb annpOKCHMaU:H5I Ce30HHOH )J,HHaMHKH cPOTO

CHHTeTHqecKH-aKTHBHOH pa)J,HaU:HH (PAR). IloKa-

3aTeJIH o6JiaqHOCTH B MeTeOCBO)J,Kax BapbHpyIOT OT 

0 (OTCYTCTBHe o6JiaKOB) )J,O 10 (CIIJIOIIIHa5I o6Jiaq

HOCTb) H He MoryT CJIY)KHTb np5IMOH 011,eHKOH ce-

30HHbIX BapHaU:HH COJIHeqHOH pa)J,HaU:HH. LI:JI5I BOC

CTaHOBJieHH5I AHHaMHKH PAR HaMH 6bIJIH HCnOJib-

30BaHbl MeTO)J,bI OTeqecTBeHHOH MeTeopoJIOrHH 

[EepJZsiH8, 1961; Co1CoJZuxuHa, 1994]. 

PerpeCCHOHHbIH aHaJIH3 noKa3aJI, qTo BOCCTa

HOBJieHHbie H H3MepeHHbie BeJIHqHHbl TeMnepaTypbI 

B03Ayxa n PAR H3MeH5IIOTC5I cxo)J,HbIM o6pa3oM, 

O)J,HaKo CB060)J,Hbie qJieHbl ypaBHeHHH 5IBJI5IIOTC5I 

3HaqHMbIMH. I103TOMY np5IMOe HCnOJib30BaHHe BOC

CTaHOBJieHHbIX )J,aHHbIX B MO)J,eJibHbIX ypaBHeHH5IX, 

annpOKCHMHpOBaHHbIX no HCXO)J,HbIM noro)J,HbIM 

)J,aHHbIM, MOrJIO npHBeCTH K CHCTeMaTnqeCKHM 

OIIIH6KaM. LI:JI5I yAaJieHH5I noCJieAHHX HAeHTHcPH

KaU:H5I napaMeTpoB ypaBHeHHH, HMHTHPYIOll!HX Be

JinqnHbI ITOTOKOB C02, ITpOBO)J,HJiaCb C HCITOJib30-

BaHHeM BOCCTaHOBJieHHbIX 3HaqeHHH norO)J,HbIX xa

paKTepHCTHK. 

BoccTattoBJieHHe ce3oHHoli AHHaMHKH Ha)J,3eM

HOH cPHTOMaCCbI ITPOBOAHJIOCb rJiaBHbIM o6pa3oM Ha 

OCHOBe Hamnx )J,aHHbIX ITO YKOCaM c npo6HbIX ITJIO

ll!a)J,OK. Ilo)J,p06Ha5I HHcPOpMaU:H5I no COCTaBy ¢paK

U:HH B yKocax, OnHCaHHe MeTO)J,OB annpOKCHMaU:HH 

AHHaMHKH cPHTOMaCCbI H ITPJ'!H5IThIX )J,onyll!eHnii 

npHBe)J,eHbl B pa60Te [KapeJZUH u ap., 1996 ]. B 

pe3yJibTaTe 6bIJIH ITOJIHOCTbIO BOCCTaHOBJieHbI KpH

Bbie )J,HHaMHKH OCHOBHbIX KOMITOHeHTOB cPHTOMaCCbJ 

ITO BCeM n5ITH THnaM accou:HaU:HH B TeqeHHe Bere

TaU:HOHHOro (,,TenJioro") ce3oHa 1994 r. 

Ilo rJiy6HHe OTTaHBaHH5I ITOqBbI Mbl pacnoJia

raJIH )J,OCTaToqHoH HHcPOpMau:HeH BO BCex acco

U:HaU:H5IX 3a nepHOA noJieBbIX pa60T B 1994 r . Mo

MeHT HaqaJia oTTanBaHH5I noqBbI 6brn oITpe)J,eJieH no 

KJIHMaTnqecKHM )J,aHHbIM. IlocJie)J,HHe H3MepeHH5I 

rJiy6HHbl OTTaHBaHH5I 6bIJIH BbIIIOJIHeHbI B HaqaJie 

ITpOMep3aHH51 noBepxHOCTH ITOqBbl (OKOJIO 10 ceH

T5I6p5I). Cpe)J,H5I5I rJiy6nHa OTTaHBaHH5I noqBbI B 3TO 

BpeM5I COCTaBJI5IJia 41 CM. 

Mbr He pacnoJiaraJIH )J,OCTaToqHo:H HH¢opMa

U:Heii no )J,HHaMHKe cPHTOMaCCbl H rJiy6HHbI OT

TaHBaHH5I B 1993 H 1995 rr. H no3TOMY HCIIOJib30-

BaJIH )J,aHHbie 1994 r.' H3MeHHB Ha OCHOBe MeTeO

)J,aHHbIX )J,aTbI HaqaJia H KOHU:a TeIIJIOro ce30Ha. 

QqeBH)J,HO, qTo TOqHOCTb BOCCTaHOBJieHH5I )J,HHa

MHKH B 3TOM CJiyqae HH)Ke, qeM )J,JI5I 1994 r. B 

60Jibmeii CTeITeHH 3TO KacaeTC5I rJiy6HHbl OTTaH

BaHH5I, )J,JI5I KOTopo:H xapaKTepHbJ 3HaqHTeJibHbie 

Me)Kro)J,OBbie cPJIYKTyau:nn. 

YpaBHeHH5I nOTOKOB co2 6hIJIH H)J,eHTHcPHU:H

poBaHbl Ha OCHOBe 3MITHp11qecKHX 3HaqeHHH nOTO

KOB co2 (GR, GPP, NF, rC·M-2·cyT-1), cPHTOMac

CbJ (GV - JIHCTBa cocy)J,HCTbIX pacTeHn:H, WSH -
APeBecHa5I qacTb KycTapHHKOB H KYCTapHHqKoB, 

MM - Macca MXOB, ML - Macca JIHIIIaHHHKoB; 

r cyxoro Bell!eCTBa. M-2)' H rJiy6HH OTTaHBaHH5I 

(TD' CM) ' a TaK)Ke BOCCTaHOBJieHHbIX 3HaqeHHH 

cpe)J,Heii, MHHHMaJibHOH H MaKCHMaJibHOH TeMnepa

TYPbI B03)J,yxa 3a cyTKH (Ta' Tmin' TmaJ<' °C) H PAR 
(MLJ:)K. M-2 • cyr l). Ilo)J,po6Hoe paCCMOTpeHHe Me

TO)J,HKH H pe3yJibTaTOB perpeCCHOHHOro aHaJIH3a 

OCyll!eCTBJieHO B pa6oTe [3aMOJZ08ttUICOB U 8p. , 
1997]. Il03TOMY 3)1,eCb Mb! ITpirne)J,eM JIHillb HTOro

Bbie ¢opMbI ypaBHeHHH, ITOJiyqeHHbie Ha OCHOBe 

aHaJIH3a napHbIX B3aHMO)J,eHCTBHH Ka)K)J,OH H3 He-

3aBHCHMbIX ITepeMeHHbIX c GV HJIH TD npH HcnoJib-

30BaHHH nomaroBOH perpeCCHH c ypOBHeM 3Ha -

qffMOCTH 0,2: 

GR= 0,001 TD (66,825 - 0,028 ML+ 

+ 0,140 GV- 1,661 TD+ 2,l73Tmin+2,l26PAR), 

R 2 = 0,940, n = 82, P < 0,001; (1) 

GPP = O,OOlGV(-37,253 + O,l07WSH + 

+ 0,0l2MM + 0,092ML + 0,163GV

l , 704Tmin + 3,453TffiaJ( - 4,064PAR ), 

R 2 =0,912, n=82, p<0,001; (2) 

NF= O,OOlGV (0,120WSH + 

+ 0,0l8MM + 0,096ML+2,809TmaJ( -3 , I87PAR ), 

R2 = 0,649, n = 82, p < 0,001. (3) 

KaK BRAHM, 3HaqeHH51 R2 AJI5I ypaBHeHHH, 

onHCbIBaIOll!HX BaJioBoe AbIXaHne n GPP, oqeHb 
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/!,.I'. 3AMOJIO/!,'!J1KOB, /f,.B. KAPEJIJ1H, A.H. JfBAII{EHKO 

BhICOKH, H o6'h5ICH51.IOT 6oJiee 90 % BapHal.l,HH HC

XOAHhIX AaHHhrx. IloKa3aTeJih R 2 AJI5I ypaBHeHHsr 

'IHCTOI'O nOTOKa HaMHOI'O HH)Ke, 'ITO o6'heKTHBHO 

OTpa)KaeT 60JihillYIO KOMnJieKCHOCTh 3TOH BeJIH'IH

HhI. 

.ll,JI5I BCex He3aBHCHMhIX nepeMeHHhIX 6bIJia 

BOCCTaHOBJieHa nocyT01IHa5I AHHaMHKa c 1 Ma5I no 

31 OKT5I6psr 3a 1993-1995 rr. 3To no3BOJIHJIO BhI

'IHCJIHTh cyTO'IHhle 3Ha1IeHH5I AhIXaHH5I H npoAyK

l.l,HH c nOMOIIJ;hlO ypaBHeHHH (1) H (2). 1IHCThIH 

nOTOK MO)KeT 6hITh ou;eHeH c nOMOIIl,hlO ypaBHemrn 

(3) HJIH KaK cyMMa AhIXaHHsr H npOAYKU:HH. B 

nepHOA, KOI'Aa nO'IBa HaXOAHTC5I B 3aMep3meM coc

T05IHHH (cepeAHHa OKT5I6psr-Ha1IaJIO HIOH5I)' 3Ha-

1IeHH5I nOTOKOB 6bIJIH npnpaBHeHbI HYJIIO. 

IlpH npoBepKe pac1IeTHa5I AHHaMHKa nOTOKOB 

yrJiepoAa no HMHTal.l,HOHHOH MOAeJIH noKa3aJia ', 

YAOBJieTBOpHTeJihHOe cooTBeTCTBHe 3MnHpH1IeCKHM 

AaHHhIM. A;:i;eKBaTHOCTh MOAeJIH Ol.l,eHeHa Ha OCHOBe 

Ko3¢qmu;neHTa HecoBnaAeHH5I [Tyler, 197 I]. 3TOT 

K03QJQJHl.l,HeHT BapbHpyeT OT 0 B CJiyqae nOJIHOI'O 

COBnaAeHH5I AO 1 npH nOJIHOM HeCOBna,[(eHHH. 3Ha -

1IeHH5I K03QJQJHl.l,HeHTa HeCOBnaAeHH5I OKa3aJIHCh 

paBHhIMH 0,127 AJI5I AhrxaHnsr, 0,101 .[(Jisr GPP n 
0, 198 - AJI5I 'IHCTOI'O nOTOKa. 01IeBHAHO, 'ITO MO

AeJib xopomo onHChIBaeT npou;eCChI BaJIOBOI'O AhI

xaHH5I H BaJIOBOH nepBH'IHOH npOAYKl.l,HH, npH 

YAOBJieTBOPHTeJihHOM onncaHHH 'IHCTOI'O nOTOKa yr

Jiepo,[(a. 

MoAeJih no3BOJIHJia pacc'IHTaTh cyMMapHhre ce-

30HHhre nOTOKH C02 (OT CHeI'OTa5IHH5I AO nOJIHOI'O 

npoMep3aHH5I nO'IBbI) AJI5I Ka)KAOI'O H3 HCCJieAOBaH

HhIX 6noreou;eH030B (Ta6JI. 2). 1IHCThIH ce30HHhIH 

nOTOK BapbHpOBaJI Me)K,[(y acCOl.l,Hal.l,H5IMH OT -51 
(CTOK yrJiepOAa; 3a6oJI01IeHHhie Tpern;HHhI) AO +57 
(HCTO'IHHK yrJiepoAa; 6yropKH) rC · M-2. CJieAyeT 

OTMeTHTh HeCoBnaAeHHe nocJieAOBaTeJibHOCTH pac

noJIO)KeHH5I 6noreou;eH030B no y6hrnaHHIO aeJIH'IHH 

AhIXaHH5I H npOAYKl.l,HH B Ta6JI. 1 H 2. 3TO o6'h5ICH5I

eTC5I TeM, 'ITO B Ta6JI. 1 npeACTaBJieHbI cpeAHHe 

BeJIH'IHHhI, Ol.l,eHeHHhie no orpaHH'IeHHOH CJiy'IaH

HOH BbI6opKe H3MepeHHH. IlorOAHbie H ce30HHbie 

ycJIOBH5I cyrn;ecTBeHHO aapbHpoaaJIH B AHH H3Me

peHHH, CMern;asr B pa3JIH1IHhie CTOPOHhI cpeAHHe 

BeJIH'IHHhr. BeJIH'IHHhI Ta6JI. 2 npeACTaBJI5IIOTC5I 60-

Jiee YCTOH'IHBhIMH, nOCKOJihKY BKJIIO'IaIOT THnOBOH 

pac'IeT no aceM 6Horeou;eHo3aM AJI5I acex cyToK 

TenJioro ce3oHa. 

•1 •2 •3 04 05 0 6 

PHc. 1. KapTa ce3ottttoro lJ:HCToro noToKa CO a 

JiaHJI,llla¢Te THIIHlJ:HOH cy6apKTHlJ:eCKOtt TYHJI,pbl 

Ceaepo-3anaJI,ttoro TattMbrpa. 

rpa):lal.\1111 '111CTOrO nOTOKa (rC-M-2·ce30H-l): } - · - 55 - -30; 
2- -30 - -5; 3 - -5-5; 4 - 5-30; 5 - 30- 55; 6 - o3epa. 

KaK OTMe'IaJIOCh Bhrme, TYHAPOBhre farnreou,e

H03hI nccJieAyeMoro palioHa 6hIJIH rrpeACTaaJieHhr 

KaK KOM6HHal.l,HI1 rrpocTe:iimHX accou,Hal.l,HH, 'ITO 

AaJIO B03MO)KHOCTh Ol.l,eHHTh cyTO"lJ:Hhie H ce30HHbie 

JiaHAIIIaQJTHhie nOTOKH C02 Ha OCHOBe IIMHTaU,HOH

Hhl.X MOAeJieH H KOMIIhIOTepHOH KapTbI rpaHIIU, 6no
reou;eH030B. PeKOHCTpynpoaaHHhIH TaKIIM o6pa30M 

JiaHAmacpT THIIII'IHOH cy6apKTII1IecKoli TYHAPhI oKa-

3aJicsr rrpeACTaBJieHHhlM y'IaCTKaMH, HMeIOID;WMH 

ycTOH'IHBhIH IIOJIO)KHTeJihHhIH, .rrn6o OTpHl.l,aTeJih

HhIH Ce30HHhIH yrJiepOAHhIM 6aJiaHC (prrc. 1). 
Y'IaCTKH, HMeIOrn;ne OTpHu,aTeJihHhIM 6aJiaHc , 

3aHsrThI 6oJioTaMH H TYHApoao-6oJioTHhIMH noJinro

HaJihHhIMH KOMIIJieKCaMH; ytJ:aCTKH c IIOJIQ)KHTeJib

HhIM ce30HHhlM 6aJiaHCOM - 3TO rJiaBHhlM o6pa30M 

30HaJihHhre TYHAPOBhre 3KOCWCTeMhI c MeJIKo6yrop

KOBhIM HJIH KOl.J:KapHbIM MHKpopeJiheQJOM, pacrro

JIO)KeHHhie Ha JIOKaJibHhl.X IIOBhIIIIeHHlIX. rJ/IC AaeT 

B03MO)KHOCTh IIOCTPOHTh KapTbl Ce30HHhIX BeJIHl.J:HH 

BaJIOBOI'O AhIXaHHll H BaJIOBOH IIPOAYKl.1,1111, a TaK)Ke 

cyTotJ:Horo pacnpeAeJieHHll 3THX xa paKTeprrcTHK. 

CyMMapHhre ce3oHHhre rroTOKH (MIOHh-CeHTll6pb) 

A.rm 1994 r. cocTamw:rr (B rC · M-2): aanoaasr nep

BHtJ:Hasr npOAYKl.l,H5I -149' BaJIOBOe AhIXaHrre + 145' 

Ta 611111.\ a 2 . CyMMapHb1e ceJOHHhie yrnepO.LIHhie nomKH B 6irnreol.\eHoJax T11ntt'IHOH cy6apKTtt'leCKoii ryH,!lpb1 
no peJyJibTaTaM MO,!leJittpOBaHHll (TattMblpCKHH CT81.(HOHap; Ha'laJJO Hl0Hll-H8'18JJO OKTSI6p11 1994 r.) 

PacT11TeJJhHall rpynn11poBKa 
611oreol.\eH03a 

KycTapH11'IKOean 

Kycrnpu11'IKOno-ocoKoeall 

0COKOBa51 

KycrnpH11KonaH 

0COKOBO-nyllll11.(11eBa51 
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eanoeoe Ahixau11e 

134 
157 
159 
165 
182_ 

nanoean npO.LIYKI.\1111 

-77 
-184 
-180 
-161 
-233 

411CTbIM TIOTOK 

57 
- 26 
-21 

4 
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I'EOHH<POPMAI{HOHHblH llO/l,XO/l, K H3Y'!EHHIO YI'JIEPO/l,HbJX llOTOKOB 

qttcTbIH 110TOK -4. TaKHM o6pa30M, 11:;rn 3Toro 

11epHOiJa llOTOKH C02 B JiaHiJlllaqJTe TIIIJHqHbIX 

TYHilP TaliMb1pa 6bIJIH c6anaHcttpoBaHbI. 

Mo11enb 1103BOJI11Jia paccl.fIITaTb BeJilll.fllHbI 6a

JiaHca co2 B 1993 11 1995 rr., paBHbie iJJI51 GR: 
+154 11 +175, iJJI51 GPP: -162 H -176, iJJI51 NF: -8 11 

+ 1 rC. M - 2 COOTBeTCTBeHHO. 3a TPM ro11a OTMeqaeTC51 

He60JiblIIOH 'TpeHil l.fllCTOro llOTOKa yrnepo11a OT 

CTOKa B 1993 r. Kero lICTOqHMKY B 1995 r . , KOTOpbIH 

COB11a11aeT c TpeHiJOM K yBeJIMqeHHIO cpeiJHMX TeM -

11epaTyp Te11noro ce3oHa (11IOHb-aBrycT) 3a TO :1Ke 

BpeM51: 7,5, 8,2 11 9,8 °C. 011HaKO KOpOTKMH 11ep11011 

llMHTaU:llll He 11aeT B03MO:IKHOCTM cp;eJiaTb 3aKJIIO

qemre 0 MHOroJieTHHX TeH11eHU:ll5IX B iJMHaMHKe 

6aJiaHca co2 TYHilP TaHMbipa. 

KoMnbIOTepttbIH 3KcnepttMeHT. 011ttoii 113 oco-

6eHHOCTeli rrpHMeHeHHOro 11011xo11a 5IBJI5IeTC51 TO, 

qTo Mb! He HCllOJib30Bami: HMKaKMX MCXOiJHblX llOC

Ty JiaTOB OTHOCMTeJibHO ¢opMbl BJIM51Hll51 pa3Jilll.fHbIX 

¢aKTOpoB. ITonyqeHHbie ypaBHeHM51 (1)-(3) OTpa

:IKaIOT CB513b Me:IKiJY yrnepOiJHblMH llOTOKaMll ll 

peaJibHO 11eliCTBYIOillllMll 3KOJIOrMl.feCKllMlI ¢aKTO

paM11. 3TO 1103BOJI5IeT o6paTMTbC51 K KOMilbIOTepHblM 

3KCrrep11MeHTaM c MOileJI5IMM, ll3MeH5151 BXOiJHbie 

11aHHbie. 0TBeT MOiJeJIM llPM 3TOM He 6y11eT Tpll

BllaJibHbIM MJIM 11pe11011pe11eJieHHbIM Hal.faJibHOH 

¢opMoii ypaBHemrli. 

HaM11 6brn rrpoBe11eH KOMITbIOTepHbIH 3Kc11e

p11MeHT, llMMTHPYIDilllIH OiJHOBpeMeHHOe ll3MeHe

Hlle TeMrrepaTypbI H 06nal.fHOCT11. B 3Kc11ep11MeHTe 

!!.T 4 

Pwc. 2. KoMnhIOTeptta51 HMMTau,mi: BJIH5IHH11 KJIM -

MaTHl.feCKHX H3MeHeHHH (TeMrrepaTyphl B03)J,yxa H 

o6Jial.fHOCTh) Ha l.fHCThlH Ce30HHhlH fIOTOK C02 B 

JiaHJ:i;rna¢Te· THfIHl.fHOH Tytt)J,phI TattMhipa. 

!!.T - l13MeHemie cpe;r1HeCe30HHOH TeMnepaTypbl B03;llyxa (°C), 

l:iN - l13MeHe~me cpe;r1Hece30HHOH o6Jla<rnocTH (6aJIJibr) , NF -
'll1CTbIH nOTOK (rC. M- 2 . Ce30H- 1). 

ll3MeH51Jlll Ha cPHKCllpOBaHHYIO BeJIMl.fMHY 3HaqeHll51 

MCXOiJHbIX llOr0iJHbIX napaMeTpOB (T. e. cpe11Hecy

TOl.fHOH TeMrrepaTyphl H o6Jial.fHOCTH)' ll p;aJiee 11po

BOiJlIJill pacl.feT iJJI51 Bcero Te11noro 11epH011a 110 

HOBbIM 3Hal.feHH5IM. I1MHTaU:H51 llOKa3bIBaeT 

(pHC. 2) ' l.J:TO pOCT cpe11HecyTOl.fHOH TeM11epaTypbI 

B03p;yxa Terrnoro rrepH011a Ha 1 °C rrpH HeH3MeHHOH 

o6Jial.fHOCTll Bep;eT K OTKJIOHeHHIO yrnepop;Horo 6a

JiaHca B llOJIO:IKHTeJibHYID o6JiaCTb 11p116JIH3HTeJibHO 

Ha 20 rC. M-2. 011HaKO OiJHOBpeMeHHOe llOHH:IKeHHe 

o6Jial.fHOCTll Ha 1 6aJIJI llOJIHOCTblO KOMileHCMpyeT 

OTMel.feHHoe BJIH5IHHe TeM11epaTypb1. B TO :1Ke BpeM5I 

O)J;HOBpeMeHHOe llOBbillleHHe o6Jial.fHOCTll Ha OiJllH 

6aJIJI ll TeM11epaTypbI Ha OiJllH rpap;yc 11pHBOiJllT K 

110Tepe y:1Ke 27 rC · M-2 · ro11- 1. Pe3y JibTaTbI KOMllb

IOTepHoli llMMTaU:Hll llOiJTBep:1K11a10T ll3BeCTHYIO rH

llOTe3y 0 llOJIO)KMTeJibHOH o6paTHOH CB5I3ll Me:IKiJY 

llOTellJieHHeM KJIHMaTa ll rrpeBpailleHHeM TYHilP B 

IICTOl.fHllK yrnepo11a iJJ151 aTMoc¢epbI. 3TO llOJIO

:IKeH11e llOiJKpe11JieHO MHOrOl.fllCJieHHbIMII Ha6n1011e

Hll5IMII II B 11pyrIIX perIIOHax MllpOBOH TYHiJPbI 

[3UM06 u op., 1991; 3aMO.!WOl.f.UK06 u op., 1996; 
Oechel et al., 1993; 1995]. CJiep;yeT OTMeTHTb, l.fTO 

BbIBOiJbI KOMilbIDTepHoro 3KC11ep11MeHTa c11paBep;

JlllBbI TOJibKO B TOM CJiyl.fae, ecJIII He 11pOllCXOiJllT 

H3MeHemrli CTPYKTYPbI H cPYHKU:IIH 6Horeou;eHo30B, 

a TaK:IKe TIJIOillailHbIX COOTHOllleHHM Me:IKilY HllMll. B 

xo11e peaJibHoro 110Te11JieHH5I HeKOTOpbre 11pou:eccbr 

(yBEJilll.fEHHe 3a6oJIOl.feHHhIX IlJIOillaJJ;eli 3a Cl.fET 

TepMOKapcTa, 3apaCTaHHe 03epHbIX MeJIKOBOJJ;MH, 

H3MeHeHHe BlliJOBOH CTPYKTypbr coo6IlleCTB B 11po

u:ecce cyKIJ;ECCMH lI p;p.) MOryT 11pllBECTM lI K 11po

TllBOllOJIO)KHbIM pe3yJibTaTaM. 

OECY)K.D:EHIIE 

B HaCT051IllEM ttccne110BaHHH MbI MOiJEJIHpo

BaJIH cyMMapHbIH CE30HHbIH IlOTOK yrJiepo11a iJJI51 

11epH011a OT Hal.faJia CHeroTa51Hll51 110 llOJIHOro 11po

Mep3amrn 1101.J:BbI. CTporo roBOp5I, 3Ta BeJIHl.fHHa He 

llOJIHOCTblO COOTBeTCTByeT rOiJlll.fHOMY llOTOKY' llOC

KOJibKY B HEH He Yl.fTeHa 3MllCCll51 co2 113 1101.J:Bbl B 

XOJIOiJHbIH 11epHOil ro11a [3UM06 u op., 1991; Zimov 
et al., 1993; Oechel et al., 1995 ] . .l1:JI51 ou;eHKH 

BeJIHl.flIHbI ,,3HMHero" llOTOKa yrJiepo11a MO:IKHO 

BHOBb o6paTHTbC51 K 11aHHbIM 110 BJia:IKHOH OCOKOBOH 

TYHJJ;pe Ha Alr5ICKe. 06'heM 3MlICClllI co2 B Tel.leHIIe 

XOJIOiJHOro ce30Ha (BKJIIOl.fa51 11epMOiJ 11poMep3aHII51 

1101.J:Bbr) 3iJECb cocTaBJI5IeT 19 rC · M-2 · ro11- 1• BeJIII

l.fHHa' paBHa51 10 rC . M-2 . ro11- 1, y:1Ke 6bIJia BKJIIOl.le

Ha HaMII B o6IlllIH ce30HHhIH llOKa3aTeJib iJJI51 11e

plIOiJa 11poMep3aHII51 1101.J:BbI. I1o3TOMY Heyl.fTeHHa51 

BEJilll.flIHa 3MlICClIM TaK:IKe COCTaBJI5IeT OKOJIO 

10 rC. M-2 . ro11- 1• 0TCIOiJa o6IlllIH r0iJlll.fHbIH 6aJiaHC 

yrJiepo11a B JiaH11rna¢Tax TIIllIIl.IHOH cy6apKTIIl.fec

KOH TYHiJpbr cJie11yeT ou;eHMBaTb KaK 6JIM3KllH K 

iJIIHaMIIl.fECKOMY paBHOBeCIIIO B 1993 r. lI llOJIO

)KlITEJibHbIH - !,! 1994 M 1995 rr. CyilleCTBEHHO 

6oJiee HII3KIIe 3MMHIIe TeMrrepaTypbr Ha TaliMbrpe 
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/{.I'. 3AMOJ!Olf/HKOB, j{.B. KAPEJIHH, A.H. HBAllfEHKO 

tJ;OJDKHbI CTIOC06CTBOBaTh H 6oJiee HH3KHM 3Ha'le

HH5IM 3MHCCHH co2 TIO cpaBHeHHIO c M5ICKOH. 

Ori;HaKo OKOH'laTeJihHYIO 5ICHOCTh MoryT BHeCTH 

TOJibKO Tip5IMhie H3Mepemrn TIOTOKOB C02 Ha TaiI

Mbipe B 3HMHHH TiepHOJJ:. 

I1011yqeHHbie B pe3yJibTaTe MOtJ;eJIHpOBaHH5I 

ou;eHKH He TIPOTHBOpellaT ri;aHHbIM TIO BJia)KHOH 

ocoKOBOH TyHri;pe ceBepHoro Tio6epe)Kh5I M5ICKH 

(CllIA)' KOTOpOH TIOCB5IID;eHo 60JibIIlOe KOJIH'leCTBO 

pa6oT [Coyne et al., 1975; 1978; Miller et al., 1976; 
Oechel et al., 1993; 1995; u 8p.]. HaTipHMep, GPP 
ocoKOBOH TYHJJ:Phl ou;eHeHa KaK 160 rC · M-2 · rori;- 1 

[Miller et al., 1976], lITO xopomo corJiacyeTC5I c 

Hamett aHaJIOI'HlIHOH JiaHri;ma<t>THOH ou;eHKOH 

(149 rC. M-2 . rori;- 1) . .[(naTia30H BapHaD;HH lIHCTOI'O 

flOTOKa CQ2 TIO Il;HTHpyeMbIM pa6oTaM B Cperi;HeM 

cocTaBJISieT OT-40 ri;o +34 rC-M-2·rori;-1 [Coyne et al., 
1975; Miller et al., 1983; Oechel et al., 1993; 1995] 
c MaKCHMyMOM tJ;JI51 CTOKa -109 rC. M-2 . rori;- 1 

[Chapin et al., 1980]. 3ToT ri;naTia3oH 6JIH30K K 

TIOJiylleHHOMY HaMH tJ;JI51 pa3JIH1IHbIX accou;Hall;HH 

(CM. Ta6JI. 2). 
Eyri;ym;ee pa6oThI TIPOlIHO CBSI3aHo c ncnoJih30-

Bami:eM reOHH¢opMaD;HOHHOI'O nori;xori;a, Il03BOJI51IO

m;ero IlOJIYlIHTb u;eJIOCTHYIO JiaHri;ma<t>THYIO ou;eHKY 

xapaKTepa yrJiepori;Horo 6aJiaHca. Mori;eJihHhie 3Ha

l!eHH51 yrnepOtJ;HblX ITOTOKOB cym;eCTBeHHO BapbH

PYIOT B pa3JIH1IHhrx 6Horeou;eHo3ax (cM. Ta6JI. 2). 
EcJIH 6br H3MepeHHS£ ra30Bhix. noTOKOB npoBOJJ:HJIHCh 

TOJibKO Ha 6yropKaX, TO B pe3yJihTaTe Mb! IlOJIYlIHJIH 

far 3MHCCHIO (HCTOlIHHK) yrJiepori;a H3 TYHJJ:pbI B 

aTMoc¢epy' a B CJiyqae HCCJieri;oBaHmI TOJibKO no

JIHI'OHOB - CTOK yI'liepori;a. feOHHcPOpMaD;HOHHa51 

CHCTeMa, C03tJ;aHHaS£ Ha OCHOBe KOMilbIOTepHOH Kap

Tbl OCHOBHbIX paCTHTeJibHbIX coo6m;eCTB, Il03BOJI51eT 

H 36e)K.3Tb T3KHX HeTOlIHOCTeli H KOppeKTHO ou;e

HHTb yrnepOtJ;HbIH 6aJiaHC JiaHri;ma<t>Ta B u;eJIOM. 

Pa6oTa BhlITOJIHeHa B paMKax nporpaMMhI rrpo

eKTa 4.3.3 fHTII 18 ,, fJio6aJihHhie H3MeHeHHSI 

npHpOJJ:HOH cperi;hI H KJIHMaTa " . IloJieBbie pa60Tbl 

cPHHaHCHpOB3JIHCb rpaHTaMH R 7 rocyri;apcTBeHHOI'O 

ri;enapTaMeHTa CA H MSGOOO Me:>Kri;yHapori;ttoro 

Hay lIHOI'O <t>oHri;a. 

• ABTOphr 6Jiarori;apHbI C. XacTHHrcy (CaH

.[(nero, CIIIA), JI. A. KoJinam;HKOBY H C. C. Ma

MYJIOBY (HopHJihCK), B. B. 3eJieHeBy H M. B. fJia

roJieBy (MoCKBa) 3a IIOMOID;b B BbITIOJIHeHHH HCCJie

tJ;OBaHH51. 
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