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[TpogoskuTebHAS cepusl PEryJISIPHBIX U3MEPEeHUIl KOHIIEHTPALUU YTJIEeKUCJI0r0 ra3a B MOBEPXHOCTHON Boje
u norokoB CO, B JmropasibHOll 30He Baiikana mokasama, 4To B TeueHHe BCEro mepuoja OTKPBITOH Boabl (Maii—
Nlekabpb) SIBHO TIPOSIBJISIETCSl CYTOUHBIH PUTM, KOTODBIil cBA3aH ¢ mpoleccaMi (hOTOCHHTETHUECKON [IesTeNbHOCTH
mTaHkToHa. /{71 Toro 4to6bl Ha (oHe Bo3zeiicTBIA MHOKecTBa (haKTOPOB PA3JIMYHON IPUPOJBI HA M3MeHeHUe KOH-
LEHTPAIIN YIJEKICIOr0 ra3a B OBEPXHOCTHON BOJle U €ro IIOTOKOB B CHCTeMe «aTMocdepa—Bojia» BBIIEIUTh POJIb
TOJIBKO TIpoliecca (OTONEePHOINYHOCTH, B paboTe paccMaTpuBaeTcs cxeMa cyTouHoro xoxa CO; B IepHoJ OTKPBITOI
Bozbl B 2007—2015 rr. B JuropanbHoil 3oHe IOsxHOTO Baiikasa B KoopAMHAaTaX MPOAOJKUTETBHOCTH COJTHEYHOTO
CUSIHUS, KOTOPOE PACCUYUTHIBATIOCH MCXO/SA U3 TEOPETUUIEeCKU BO3MOKHON MPOJOIKUTENBHOCTH COJHEUHOTO CUSHUS
(or BoCXO/1a 10 3aX0jla COJIHIIA TIPU YCJIOBUM SICHOTO HeGa 1 OTKPBITOM TOPH30HTE).

[Tpennosxennas cxeMa IapaMeTpH3alliH, BOCCTAHOBJIEHHS 3HAUEHNS ITUX XapAKTePUCTHUK JJIST KaXK/I0TO MOMEH-
Ta BpeMeHH, MOXKeT HalTH IIpUMeHeHUe IIPH IIPOBeJeHNN OLIEHOUHBIX PACUYETOB B MOJENAX IMKJIA yriepoaa u Oy-
JleT TI0JIe3HA TPY IVIAHUPOBAHUK ONTUMAJBHOIO peskUMa UCCJIeJ0BaHUil GHOJOTHYeCKNX U XUMUYECKHUX IIPOIeCcCOB
B 03. baiikar.

Knwouesvie ciosa: yriekucbiii ra3, mapiaabHoe JaBIeHNe, MOTOK, WHCOJSIS, CYTOYHBINH X0/, (OTOCHHTES,
MECTPYKIMNS, TUIAHKTOH, 03. Daiikarm; carbon dioxide, partial pressure, flux, solar radiation, diurnal variation,

photosynthesis, destruction, plankton, Lake Baikal.

Bseagenne

JUng BBIACHEHHS IPUYNH HeYKJIOHHOTO POCTa yTJIe-
KHCJIOTO ra3a B atMocdepe Heo6X0AnMa IOCTAHOBKA 1IN~
POKOTO KpyTa U3MepPeHUil PA3JINYHOTO IIPOCTPAHCTBEHHO-
BpeMeHHOro MactiTaba [1]. OrpoMHast TeppuTopus n pas-
HooGpa3sne IPUPOTHBIX KOMILTEKCOB CHOMPH — (haKTOPBHI,
KOTOPBIE BO BCEX CIIEHAPHUAX PACCMATPHBAIOTCS KaK OTHU
73 BAXXHEHINX PeryJIATOPOB yIyepoaHoro nnkaa B Ce-
BepHOM Toaymapun [2—4]. B wactHOCTH, 10 cHX TOp
B PA3JIMYHBIX MOJIEJTBHBIX OIleHKAX Ofo/[KeTa yTiepo/a [4]
IIPAKTHYECKH He MCIIOJIb3YIOTCS CBeJleHNsI 0 BKiaje 6o-
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peanbHBIX 03ep Poccum, B To BpeMs Kak 3apylOeKHble
CIEIATNCTBI Y/IeISTI0T 3TOMY BOIPOCY 3HAYNTENbHOE
punManne [5—10].

B Cubupn oJHuM U3 TPUPOIHBIX OOBEKTOB MIPO-
BOTO 3HAYEHINsI, HECOMHEHHO, sBjsercs 03. baitkam [11].
OueBnHo, uTo BBIGOP Daiikana ajid HAIIUX UCCTIeN0-
Banuii [12] mpouecca razoo6Mena CO, B mepByIo oye-
penb 00yCIOBIeH HEOGXOIUMOCTDIO YUeTa €ro BIIUSHIS
Ha N3MeHeHne MapHIKOBBIX Ta30B B aTMocdepe, Mo Kpaii-
Hell Mepe B pernmoHasbHOM Maciitabe. Cieayer oTMe-
TUTH, 4TO DBaiikan ABjseTcs n yHUKAJIbHON IPUPOIHOi
Jabopatopueil i W3ydeHUs IUKJIOB YTJIePOI0COep-
JKaIIX Ta30B B cucTeMe «atMocdepa — BoJHAS TTOBEPX-
HOCTb». V3-3a MCKJIIOUUTENIbHON YNCTOTHI GailkaabCKOIl
Bozbl [ 13] HAGOP Pa3JMUHBIX COCTABJIAIONNX CJIOKHOTO
KOMILTeKca (PaKTOpoB, BO3/EICTBYIOMUX Ha MPOIECcC
razoo6MeHa B cucTeMe «arMocdepa — BOJHAsS MOBEPX-
HOCTb», 3HAUNTEJbHO MeHbINEe 10 CpaBHEHUIO ¢ Mupo-
BBIM OK€aHOM.
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[l Toro 9TO6BI Ha (hOHE BO3IENCTBUS MHOYKECTBA
GaKTOpPOB PA3JUYHOI TPUPOBI HA N3MeHeHNe KOHIIEeH-
TPAIH YTJIEKICJIOTO Ta3a B MMOBEPXHOCTHOI BOJIe U €To
MOTOKOB B cucTeMe «arMocdepa—Bo/ia» BBIJIEIUTb POJTIb
TOJIBKO TMpollecca (hOTOMEPUOANYHOCTH B IKH3HE/Ies -
TEJTHHOCTH IJIAHKTOHA, B paboTe paccMaTpuUBaeTcs
cxeMa cytoyHoro xojsa CO;, B nepuoji OTKPbITON BO/Ibl
B 2004—2015 rr. B tuTopasbHoil 3oHe IOkHOTO Baiika-
Jla B KOOPAWHATAX MPOJOJLKUTETHHOCTH COJHEYHOTO
CHSTHIIS.

MaTepI/IaJIbI " MeTOo/bl

PerynspHble HabJTIOIeHIS TPOBOIIINCH B JINTOPA-
Jn o3epa Ha 3amagHoM nobepexbe IOxmoro Baitkasa
(51°54" c.m. m 105°04' B.;1.) Ha TeppuTopuu HaydHoro
cranmonapa JIMH CO PAH wusmeputebHbIMHU IHKJIA-
MU TPOJOJIKUTENBHOCTbIO 2—3 Hel. B pasHble THAPO-
JIoTHYecKie ce30HBI. VIcXoasd W3 mocTaBjeHHON 3a1aun
KOMILJIEKCHOTO WCCJIeJ0OBAaHNA (PU3MYECKNX, XIMIUECKUX
1 GUOJIOTHYECKNX COCTABJISIIONINX Ipollecca Ta3zoobMe-
Ha «arMocdepa—Boja» B JUTOpPATH O3epa U3 pas3ind-
HBIX METO/IOB H3MepeHHs IOTOKOB Tasa Obll BBIGpaH
KamepHbIit Meton [12]. KoHieHTpamus pacTBOPEHHOTO
VIJIEKHCJIOTO Ta3a OIpeesislach KaK 110 XUMUYECKOMY
COCTaBY IOBEPXHOCTHON BOJBI, TaK U € MPUMeHEHNEM
skBuinGpaTopa [12]. BbiHOocHO#I TyHKT, Ha KOTOpPOM
TIPOBOJIATCS M3MEPEeHNs, pacliojaraeTcs Ha OKOHEYHO-
cTn Tpca Ha paccrosunu 30 M oT 6epera.

CyTouHblii X0/ ra3000MeHa B CHCTEME
«atMocepa—Boa» U HOTOCHHTES

[lns onpesenenus nepapXun (HU3NIECKUX, XIMU-
YeCKUX W OMOJIOTHYECKHUX COCTABJAIONINX B IpoIlecce
razoo6MeHa HaMH B OCHOBY aHAJTHM3a IOJOXKEH CyTOd-
HBIIT XO/T U3MepsieMbIX XapakTepucTuk. CyTOYHBIN X0/
CO, B mpuBoaHOI aT™Mocdepe 1 B Boje (opMupyeTcs
B pe3yJibTaTe COBOKYITHOTO BO3/IEiICTBUST BHEITHIX MEK-
TO/IOBBIX, CE30HHBIX, THIPOMETEOPOJOTHIECKUX YCJIO-
BUll Ha GUOJIOTHYECKIE PUTMbI MPOAYIIUPOBAHUSA U [le-
CTPYKIIUM OpraHuvyeckoro BelecTtBa [14], a misa pac-
TBOPEHHBIX B BOJle Ta30B ellle M Ha MHTEHCUBHOCTDH
(pM3UKO-XUMHIYECKIX TPOIECCOB TepeXo/la Ta3oB uepe3
BOJIHYTO TTIOBepXHOCTH [ 15, 16]. HecomHeHnHO, 4TO Bask-
HBIM (haKTOPOM, BJIUSIONINM Ha CE30HHDbIE M3MEHEHIIs
U CYTOYHBIH XOJ COAEP/KaHUsI PACTBOPEHHBIX B BOJIE
Baiikasa ra3oB, cJIy:KaT BCTPEUHbIE MPOIECCHI: C OHOI
CTOPOHBI, (DOTOCUHTES, TIPU KOTOPOM HUJIET IOTJIONIeHUe
COy, ¢ apyroit — AbIXaHie THAPOOMOHTOB U Pa3JI0sKeHUe
opranndeckoro BemectBa (Boigenenne CO,) [17—21].
IIpogomkuTenbHast cepusi PEryJIsPHBIX IPSIMbBIX H3Me-
peHMii KOHIIeHTPAIINHU YTJIEKICJI0TO Ta3a B TTOBEPXHOCT-
Hoit Bozie u notokoB CO, B smropaiabHOil 30He DBaiika-
Jla TI0OKa3ajia, 9TO B TE€YEHHe BCEro Mepuoja OTKPBITON
Boapl (Maii—aexa6pp) Ha (poHe MEKTOA0BOH M Ce30H-
HOW M3MEHYUBOCTH SIBHO HPOSIBJISIETCS CYTOYHBIN PUTM
[22—28], koTopbIil, 0YeBUHO, CBSI3aH UMEHHO C IIPO-
HeccaMu KU3He/IesTeIbHOCTH ILIAaHKTOHA.

XopoIIo U3BECTHO, YTO «KAXKAOMY TTYHKTY 3eMHOIT
MTOBEPXHOCTH CBONCTBEH CBOI CBETOBOI PUTM, KOTOPbIN
oTpaskaercss B OMOJIOTUM PACTeHUI, KMBOTHBIX U MUK-
poopraHusMoB. Peakilis OpraHusMOB Ha CYTOYHBII
PUTM TIOCTYTLJIEHWS] COJTHEYHOW SHEPTUH, T.e. Ha COOT-
HOTIIEHNEe CBETJIOTO U TEMHOTO TIePUOIOB CYTOK, TIOJYUN-
Ja HasBaHmWe doTonepnoansma..> [29]. dotonepuo-
JIN3M BBIPAJKAETCS B TOM, 4TO OPTaHU3MbI PA3HDBIX T'eo-
rpagpuuecKkux IIUPOT HA MPOTSKEHWH MHOTUX JIeT
AIATITHPOBAJNCDH K ONpeieIeHHOMY THKJIY COJHEYHOTO
OCBETIeHNS, a JJTMHA CBETOBOTO [HS 3/leCh BBICTYIAET
U KaK yCJOBHE POCTAa U PA3BUTHs, U KaK CUTHAJ [T
HACTYIUIEHWST WHBIX MPOIECCOB B UX KU3HeIesTeTbHO-
cti [29]. B BozmHOIT cpejie TIocie BOCX0/a COJTHIIA C yBe-
JIM4eHeM WHTeHCUBHOCTU MHCOJAIINN HAUMHAETCS TTPO-
iecc orocuntesa (norpebierne CO,), HO TOCTIE JOCTH-
JKEHHsT HeKoToporo (crmenuduyHoro 7T pa3HbIX BHIOB
[UJIAHKTOHA) YPOBHA, TaK Ha3bIBaeMOW MHrUGHPYIOIIel
OCBETIIEHHOCTH, aKTUBHOCTh (DOTOCHHTE32a HAYMHAET
cHmkarbed [30—33].

B aTo ke BpeMs B Bo/le HETIPEPBIBHO H/IET U BCTPEY-
HBII TIpOTIecC BbIIeJIEHUS YTJIEKICJIOTO Ta3a B pe3yJIbTa-
Te JIBIXaHUS BOIHBIX OPTAaHU3MOB U IECTPYKIIUN OPTaHu-
YecKoro BellecTBa. [I[poIo/KUTETbHOCTD 1 MHTEHCHBHOCTD
MIPUXO/ISAIIETO COJTHEYHOTO W3JIY4YeHUsI, TUAPOMETEOPO-
JIOTHYECKIe YCJIOBUs, BUAOBON M KOJMYECTBEHHBIN CO-
ctaB IIaHKTOHa [14] B TedeHHe rojla M3MEHSIOTCH,
COOTBETCTBEHHO, CYIECTBEHHO MEHSETCSI M COOTHOIIe-
HUe BKJIAJIa 3THX BCTPEUHBIX TIPOIECCOB B (hopMupoBa-
HIe CYTOYHOTO XOJa PACTBOPEHHBIX Ta3oB [33].

Amam3 MaccuBa JaHHBIX HAMUX M3Mepennii ¢ 2004
mo 2015 1. [34] mo3BosigeT BBIABUTDH CJEIYIOUIYIO yC-
TONYUBYIO KAPTUHY CYTOYHOTO XO/a JIJISI BCETO MepUuo/ia
OTKPBITOI BOJIBI: TIOCJE BOCXOJA COJHIIA TPOUCXOINT
CHUKEHWE KOHIIEHTPAIlH YTJIEKUCIOTO ra3a B Bojie (T.e.
notpebsienne CO, mipu (poTocuHTe3e TpeBAINpyeT Haj
ero TOCTYIUIEHHEM B BOAY), KOTOpPOE MpeKpallaercs
B TTOCJIeNOJTy IeHHoe BpeMs. 1 ¢ aToro MoMeHTa /10 cJie-
IYIOIIeTo BocXo/a ujaeT yBennmdeHue cogep:kaHust COo,
00yCJIOBJIEHHOE /IbIXaHNeM OMOTHI W PA3JIOsKeHHEeM Op-
TaHWYeCcKoTo BemlecTBa. V mgaxke B TIpesieOCTaBHBII
nepuo (Jeka6pb), AT KOTOPOTO XapaKTepHbI HanGo-
Jlee BBICOKHE 3HAYEHHS MapIMAJbHOTO JaBJIEHUS yTIJie-
Kucjoro raza Frp, B I0BepXHOCTHOI BoJe, 3HAYMTE/Ib-
HO TIPEBBINIAIONINE €T0 BeJUYNHY B aTMOocdepe, CyTOU-
HBII X0/ MposIBAIsieTcs BIoJiHe jocToBepHO (puc. 1, a).

Y4uuTbIBasg, 4TO BO BCe CE30HBI B MPHWBO/HON atT-
Mocdepe cyrounbiil Xon Prp, Aake B JIeTHHE MeCAILbI
BBIpaskeH caa6o (Bapuamum COCTaBJIAIOT OKOJIO 5% OT
CPeIHECYTOYHOTO 3HavyeHust [24]), oveBHHO, YTO MO-
BbllleHHEe M CHIDKeHHe Prp, B IOBEPXHOCTHOH Boje
TIPOSIBJIAIOTCS W B CYTOYHOM XO/le TIOTOKOB YTJIEKICJIO-
ro rasa. /[ mepuojia ¢ Mas o Havaxo HOSOPS Xapak-
TEPHBIMI SBJIIOTCS HOYHOH BBIXOJ YIJIEKHCJIOTO Ta3a
B atMocdepy U JHEeBHOI CTOK, a B jekabpe Ha (ome
noctogHHO# amuccun CO;, ¢ BOJHON MOBEPXHOCTU OT-
YeTJIMBO HAOJIOJAeTcsl yMeHbIleHe BeJIUYUHBI MOTOKA
B anesHoe BpeMs (puc. 1, 6).

CyTO‘leIﬂ X0/ IIOTOKa U InapunuaJjbHOro JAaBJj€HUS YIJIEKUCJIOIO ra3a B HOBerHOCTHOﬂ BOZ€E... 161
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Puc. 1. Cpexuuii cyrounsiii xoq u CKO B niepuos oTKpbIToil Bo/ibl (0cpeHeHue 1o BceM u3MepuTeIbHbiM nukaaM ¢ 2004—2015 rr.):
@ — TapHuaIbHOE JaBJeHNe YIJEKHCIOro Tasa B IOBEPXHOCTHON Boje; 6 — TOTOK yrekucioro rasa (3ech W jJajiee OTpHUIla-
TeJIbHbIE 3HAUEHHs TOTOKA COOTBETCTBYIOT HampasJeHuto motoka CO, u3 atMocdepbl Ha BOAHYIO MOBEPXHOCTH)

CyTouHblii X0/] TOTOKAa ¥ MaplIHaJIbHOTO
napjenuss CO» B MOBEpXHOCTHOIT Bojie
B KOOPJMHATAaX «COJHEYHOTO BpeMeHUu»

B mepuos oTkpbITOil BOJABI B JIMTOPAJH 0O3epa
DBaiikan B pasHble MecsIbl rojla 3aKOHOMEPHO U3MEeHSI-
I0TCS KaK CpejiHie 3HAYeHWS TOTOKOB M TapIHaJbHOTO
nasyieHust CO,, Tak ¥ aMIVIMTYy/la U BpeMeHHOIl uHTep-
BaJl MeXK/Jly X MaKCUMyMaM§ U MHHUMyMaMH B CyTOY-
HoM xoze (cM. puc. 1).

OueBHIHO, YTO AMRAUMYOA N BPEMEHHOU WHTED-
BaJl aHAJTM3UPYEMbBIX XapaKTePHUCTUK B CYTOYHOM XO7le
TJTaBHBIM 06pa30M 3aBUCAT OT BEJIMYIHBI TaJafoNero Ha
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MOBEPXHOCTDH 03epa COJHEYHOro moToka (mpsiMoii u pac-
CestHHOIT pajimainnm), Heo6XOUMOTO [IJIsT 3allycka M 3a-
BepIeHNs Tpolecca ¢potocuHTesa [32, 33].

YTo6bI HATJISIAHO TPOJEMOHCTPUPOBATH POJIH (HO-
TOMEPHOINYHOCTH SKU3HEIEATETBHOCTH BOJAHONW GHOTHI
B M3MEHEeHUH KOHI[EHTPAI[H YIJEKHCJIOro Tra3a B I0-
BEPXHOCTHOII BOJIe 1 €T0 TIOTOKOB B CHCTeMe «aTMocde-
pa—Bojia» Ha (oHe Bo3eiicTBUsI MHOKecTBa (HaKTOPOB
PasIMYHON TPUPO/IBI, ObLIAa MPeJoKeHa TIPOIeLypa
OIMUCAHUS CYTOYHOTO XOJa OTUX XapaKTePUCTHK JIJist
BCETo Tepuoja OTKPBITOH BOABI B eAWHOM MaciuTale.

CHava/ja B KOOp/IMHATAX MOSICHOTO BpPeMeHH B a6-
COJTIOTHBIX €JMHUIAX ObLI PACCUYUTAH CPEeJHUI CyTOd-
Hblit x01 Pro, u noroxka CO, ana kaxdozo mecsaua

Ilectynos [I.A., Illlavpun A.M., [dombimieBa B.M. u ap.



nepuoga otkpbitoii Boabl (eM. puc. 1). [lanee Bbrduc-
JIAIUCh PA3HOCTb MEXK/JY MaKCHUMyMOM U MUHHMYMOM
B Cpe/lHeM CyTOuHOM xoje (pasMax) 1 cpejiHee 3Hade-
HUe aHaJIN3MPyeMbIX XapaKTepPUCTHK B IieJoM 3a 24 4.
Pe3ybTaThl 11 KasK/[0TO MecsIia IIpUBe/IeHbl B Ta0I. 1.

Ilepesod kanendapmnozo epemenu
6 <CoaHeunvle KoopouHamovl>

[l TOTO YTOGBI TPEJICTAaBUTDh CYTOUHBIN XOM I
Pa3HBIX Ce30HOB B e/INHOI BpeMeHHOi TTKase, OBLI 0Cy-
IeCTBJIEH MePeBO/] KaJeHJapHOTO BPEMEHU B «COJTHeY-
HOe BpeMsI», KOTOPOe PACCUUTHIBAJIOCH UCXOJs U3 TeO-
pPETUYecKU BO3MOXKHON MPOJOKUTENBHOCTH COTHEUHO-
ro custhus (0T BOCX0/1a 10 3aX0/1a COJIHIIA [IPU YCJIOBHU
SCHOTO HeGa N OTKPBITOM FOPU30HTE, cM. Www.esrl.noaa.
gov,/gmd/grad/solcalc/).

CHavana aig 3afgaHubix koopauHar (51,90° c..
u 105,06° B.J.) pacCUNTHIBAJIOCh BpeMsl BOCXOJa U 3a-
X0/Ia COJTHIIA 32 TOPU3OHT JJIA KasKI0To AHSA Toma [35].
3ateM KaJieHJapHble CYTKU ObLIN pa3/ieleHbl Ha 24 «CoJI-

HEYHBIX Yaca», BPeMsSI BOCXO/A COJHIA OBLIO TPIHITO
3a 06:00 «comneuHoro BpeMeHus», 3axoja — 3a 18:00,
a ToJIy4eHHbIe BpeMeHHbIe TIPOMEKYTKI THEBHOTO 1 HOY-
HOTO TIepuo/IoB 6bLIN pa3OuThl Ha 12 paBHBIX vacTeii.
OueBUJHO, YTO TPU TAKOM ONUCAHUU [JINTETHHOCTH
COJIHEYHOTO Yaca B CBETJIOe U TeMHOe BpeMs CYTOK pas-
JINYHA U MeHsieTcs B TeueHue rojia.

Ha puc. 2 nokasaHo pacnpe/ieieHue COJHEUHbIX
4acoB 11 KaxkZoro [AHA roja. [l1g JokaJbHOro Iosic-
HOTO BpeMeHNU 3/lech W Jajiee TPUHUMAeM CIABUHYTOe
Ha 7 4 BIepell BCEMHUPHOE KOOPAWHUPOBAHHOE BpeM
(UTC+7). B atoM ciyuae B TOUYKe U3MEPEHUS MOy JeH-
HOe COJIHIE JIOCTUTaeT MaKCUMasbHOI BbIcOThI B 12:00.

3aTeM paHee OTpe/le€eHHBII CpPelHUl CyTOUHBII
X0/l B KOODJIUHATAX MOSCHOTO BPEMEHU B a0COIOTHBIX
eNHUIAX ObLI MepeBelieH B KOOPAUHATBI «COJHEYHOTO
BpeMeHN». [IpuMep cpennero A1 IHKJIOB HaGIOeHUI
(2007—2015 tT.) CyTOYHOr0 XO/a MAPIUAIBHOIO JaB-
senns CO, B BoJle B UioHe U Jlekabpe 10 W TocJie Tie-
pexo/ia Ha «COJTHeUHYI0» IMKATy BpPeMeHU Tpe/CTaBIeH
Ha puc. 3.

Ta6numa 1

Cpezume 3HaY€HUs U aMILJIUTYy/(a (paaMax) CYTOYHOIo X0/a napiuuajibHOro aBJjieHUsI U IIOTOKOB CO,

Mecs [TapiuasbHoe faBjeHne B Bojie, MKaTM ITotok COy, Mr-m 2 !
: CpeaHee 3HaueHUe | Pasmax CpenHee 3HaUeHUE Pasmax
Mait 371 144 -0,7 4,3
Uionn 365 328 -0,9 18,7
Uionn 362 202 -2,3 20,2
Asrycr 289 216 —4,5 15,8
CeHTI6pb 308 162 -3,9 19,1
OKTA6pb 376 217 —4,5 29,2
Hosa6pb 420 167 0,9 9,0
[lexa6pb 482 121 4,9 7,7

[Tpumevanue. OrpunaresapHble 3HAUYEHUS — ITIOTOK HaIlpaBieH u3 aTMocdepbl Ha BOIHYIO

MMOBEPXHOCTb.
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Puc. 3. CpeanecyTounblii xoJ mnapimasbHoro gasieHns CO, B IIOBepXHOCTHOH Boje IO JaHHBIM u3MepeHmit 2007—2015 rr.
3a utoub (@) u geka6pb (6) no nosiciomy Bpemern UTC+7 (BBepXy) U B «COJTHEUHBIX KOOpAMHATaX» (BHU3Y)

Hopmupoexa cymounozo xoda
8 <CONHeUHbLX KOOpouHamax»

ITocne mepeBojla JaHHBIX B <«COJTHEYHOE BPEMSI»>
6bLIa TIPOBe/leHa HOPMUPOBKA TAPIHATBHOTO JTaBJIEHUS
1 noTokoB CO, creyIoniM 06pa3oM: I KaskI0To Me-
cslla CPefHero CyTouHOTo Xofa (ysKe B «COJNHEUHBIX KO-
OpAMHATaX») BBIYATATACh COOTBETCTBYIOIIAS BeJMYNHA
€ro cpeHecyTouYHOro 3HaueHna (cM. Taba. 1), a mouy-
YeHHas Pa3HOCTDH JEJIIAch Ha pa3MaX CyTOYHOTO XOJa.

Peanmsanns  TepeBojia  KaJIeHIApHOTO BpeMeHU
B «COJIHEUHbIE KOOPJMHATBI» U OINHUCAHHOTO IpHueMa
HOPMHUPOBKH 0O6ecTieunia BO3MOKHOCTD MPeICTABICHUS
CYTOYHOTO XO/Ia TIapIaJbHOTO [aBJEHUS ¥ ITIOTOKOB
CO,y mig Bcex MecslleB Mepuojia OTKPBITOH  BOJIbI
(puc. 4, tabm. 2) B equHOM MaciiTale.

Kak BugHO m3 puc. 4, Bo Bce MecdIbl B HEPHOT
OTKPBITOIT BOZBI B TAKOM TIPEICTABIEHUH HATJISIHO TIPO-
SIBJISIETCST UMEHHO CYTOYHBIN XOJ mpolecca (poTocuHTe-
3a, JeficTBUe KOTOPOTO HAUMHAETCS € BOCXO/JIOM COJIHITA
(B 06:00 «conneunoro BpeMeHn»). OTMETHM, 4TO HOP-
MUPOBAHHBII CYTOYHBIN XOJ TMapIIaJbHOTO [aBJEHUS
CO, B BOJIE B «COJTHEUHBIX KOOPJMHATAX» OINUCHIBAETCS

164

C MeHblIleii TOTPeNIHOCTbIO, YeM IOTOK YIJIEKICJIOTO Ta3a
B cHucTeMe «aTMocdepa—Boay. ITO BIIOJIHE OKITAEMBIi
pes3yJbTarT, IOCKOJIbKY II0 CPAaBHEHUIO ¢ IIPolie/lypoil oIl-
pellesieHNsT TapIMaJbHOTO JaBJEeHUS Ta3a B Boje IO-
TPEITHOCTh M3MepPeHHs TOTOKA ¢ MpUMEHEeHHeM KaMep-
HOTO METO/1a BBIIIIe I caM IIPOIlecC ra3000MeHa B CICTEME
«arMocdepa—Bo/ia» 3aBUCHT OT GOJIbIIETO ducia (ak-
TopoB (cM. MpuMeHeHHe KaMepHoro Metoza B [36]).

IIpennoxenHnas cxeMa IapaMeTpusallui ¢ onpee-
JIEHHOH TOYHOCTBIO MOKeT OBIThb WCIOJb30BaHA IS
OIIEHKU 3HAueHHUsl 9TUX XapaKTepPHCTUK [JIsI Kask0ro
MOMeHTa BpeMeHu. B Tabi. 2 TpejcTaBieH CpeaHUit
HOPMHUPOBAHHBIN CYyTOYHBIII X0/ B KOOpAMHATaX COJI-
HEYHOTO BPEMEHN /IJId BCEro MepHro/ia OTKPBLITON BOIBI,
paCcCUUTAHHBII 10 JAHHBIM, [Ipe/ICTaBJeHHbIM Ha pUC. 4.

BoccranoBieHne napiuaabHOTO JaBJeHUs B Boje
u noroka CQO, A% 3aJaHHON JaThl W BpPEMEHU IPO-
BOJIUTCSL B CJIeIyTOIIeM TOpS/IKe:

1) cHavasa MCXO/S M3 3aJaHHBIX BPEMEHU I JaThl
paccYuTbIBaeTCS «COJTHEUHOEe BpeMs», I/ 9TOT0 MOXKHO
BOCTIOJIb30BaThcA rpadukoM (cM. puc. 1);

2) 10 TabJ1. 2 ONPEENSeTCS COOTBETCTBYIOIIEE HTO-
My BpeMeHH 3HaueHue HOPMUPOBAHHOTO CYyTOYHOI'O XO/Ia;

Ilectynos [I.A., Illlavpun A.M., [dombimieBa B.M. u ap.



3) mosiydeHHoe B 1. 2) 3HaYeHHE YMHOKAETCs Ha
pasMax B COOTBecTByIoI[Ui Mecsan roga (em. tabu. 1),
a K TIPoN3Be/IeHIT0 IPNOABIAETCS eTo cpeHee 3HaYeHIe.

[IpuMep BOCCTAHOBJIEHHOTO CYTOYHOTO XO/a MOTO-
KOB YTJIEKWICJIOTO Taza B CHCTeMe <«aTMocdepa—Boaa»
71 BCETO TIepro/ia OTKPBITOI BO/IBI IPUBE/ICH HA PHC. O.
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Puc. 4. HopMupoBaHHBIH cyTouHbIii Xoj mapimanbHoro gasienns CO, B mosepxHocTHOH Boge (@) u moroka CO, B cucreMe
«Boga—aTMocdepa» (6) B «CONHEUHOM BpeMeHH» [/l BCeX MeCAIEB B MEePUO/ OTKPBITOI BOJIBI

Ta6bauma 2

Cpezu-mﬁ HOpMHpOBaHHbIﬁ CyTO'{H]:Iﬁ X0/ B KOOpAUHATaX «COJIHEYHOrO BpeMEHU»

AJIS1 BCEro nepuoja OTKprTOﬁ BO/IbI

«ComHeyHoe BpeM»

00:00 | 02:00 | 04:00 | 06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 [22:00

Peo, B BOIE 0,200 0,316 0,387 0,448 0,393 0,098 —0,259 —0,463 —0,524 -0,411 —0,206 0,021
ITorox CO, 0,182 0,315 0,329 0,323 0,261 0,047 —-0,328 —0,496 —0,498 —0,238 0,003 0,099
CyTouHblif X0/ MOTOKA M MapIHAJbHOTO AABJEHNS YIJIEKUCJIOro ra3a B IIOBEPXHOCTHOI BoJe... 165
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Puc. 5. Boccranosiennsiii cyrounbiii xog u CKO MOTOKOB yIriIeKHCJIOro ra3a Ha 15-e 4McsIo KaxkI0ro Mecslia B IepHoJ OTKPBITOM
Bozbl. Bpema UTC+7

Oocy:kenne pe3y.ibTaToB

Kak yske ObLIO CKa3aHO, CYTOYHBINH X0/ (POTOCHH-
Te3a 3aBHCHT OT IaJIAl0IIEer0 Ha IOBEPXHOCTh 03epa
CYMMapHOTO TMOTOKa TIPSIMOIl W pPacCesHHOH pamainnn
[32, 33], BesmumHa KOTOPOTO OOYCJOBIEHA CE30HHBIM
XO0/IOM, M3MEHYHBOCTBIO ONTUYECKOTO COCTOSTHUST aTMO-
cepnr [35, 37—40], a 119 KOHKPETHOTO MecTa HabJIIo-
JIeHUsI — 1 CTEleHbI0 3aKPBITOCTH TOPU30HTA JaH/ad-
toM. Harr wa6uio/laTeIbHBIN MYHKT ¢ CEeBEPO-BOCTOKA
U 3ama/ia OKpy>KeH ropHoii rpsoii (puc. 6, a). Kak Buz-
HO, C WIOHSI 10 CEHTSIOPb B MOMEHTBI BOCXO/a U 3aX0/1a
COJIHIIA OKPY’KaloMuil JaHAmAadT MPErmsITCTBYET MOCTY-
IJIEHUIO TIPSIMOTO COJIHEYHOTO TIOTOKA B TOUKY HU3Mepe-
Huil. I Tosbko B aeka6pe (70 3aBeplleHus Mepuoja
OTKPBITOI BOJBI) MPsMOIi MOTOK TOCTYMaeT Ha BOAHYIO
MOBEPXHOCTh Ha MPOTSLKEHUN BCero JHA. B To ske Bpe-
MsI COTIOCTABJIEHIE HETIOCPE/[CTBEHHBIX MOKA3aHIi MHpa-
HOMETPa € PACYETHBIMU JIAHHBIMU O HOCTYIIAIOMIEl cyM-
MapHoii conHeunoil pagnanuu (puc. 6, 6) (moguepkHeM,
YTO pacyeT MPOU3BOAMJICSA /ISl OTKPBITOTO TOPU3OHTA)
MOKa3bIBaeT, YTO B MOMEHT BOCXO/Ia BJUSHUE JaHmadTa
MPAKTHYECK He CKAa3blBaeTCsl Ha BeJNYMHE TTOCTYIAI0-
I[ero MOTOKA pajinallii B TedyeHHe BCEro aHaJIu3upye-
MOTO Tlepro/jia. A BOT IIPH 3aKaTe YXOJ COJIHIIA 34 TOp-
Hblii MaccuB B mioHe u centsope (cM. puc. 6, 6) gBHO
MIPOSIBJISIETCST HA TIOKA3AHISIX TIPAHOMETPA.

Jlist Toro 4toObl TOKa3aTh, B KaKOW Mepe JaH/-
madT OKa3bIBAET BJMSHUE HA CYTOYHBII XOJ aHAIN3U-
PYeMBIX XapaKTepPUCTHK, o6paTuMcs K TaHHBIM 0 Pro,
B Bojie, Mpe/CTaBIeHHBIM Ha puc. 4, a. Kax BujHo,
B mepuojJ ¢ Masg 1o okTsa6pb ¢ 06:00 4 «cosHEeuHOTO
BpeMenn» (pacueTHoe BpeMs BOCXoja) HabJoAaeTcs
cumkenne comepskanus CO, B Boje, 06YCIOBIEHHOE
doTocuHTETHYECKOH eATeTbHOCThIO TianKToHa. Clie-
JIOBATEJbHO, B ATH MeCSIbl yiKe Cpa3y IOoCJIe BOCXO/a
COJIHI[A TIAJIAIONIEr0 TI0TOKA PACCESTHHON pajuannm
(mpsiMoii  OTOK  3aKPBIT TOPHBIM MacCHBOM) BIIOJIHE

JIOCTaTOYHO /I Havajla MHTEHCUBHOTO (DOTOCHHTE3A,
a 9TO 3HAYMT, YTO BJMsAHNE JaHAmAa(Ta TPaKTHYECKH
He CKasbIBaeTcs Ha 3TOM Ipoliecce. B To ke Bpems
B HOAGpe U AeKaGpe B MEPUOJ OTCYTCTBUS 3aT€HEHMUsI
JaHAmadTOM Havaao M3MeHeHHs MapluaJbHOIO IaBje-
HUA yTJIEKNCJIOT0 Ta3a B Boje Habmiogaercsa Ha 1,5—2
nozxe Bocxoga (cM. puc. 4, a). Ilo-Buaumomy, aTO
CBUJIETEJIBCTBYET O TOM, YTO B II€PBble YTPEHHHE Yachl
npu HuskoM nosoxkennn CoJIHIIA HaJl TOPU3OHTOM I10-
TOKa coaHedyHoll pagmamuu (cM. puc. 6, 6) eme He
XBaTaeT JJIg HeoOXOAMMOI MOIIHOCTH (POTOCHHTETHYE-
CKOTO Tpolecca, Ipn kotopoM norpebaerne CO, cMor-
JI0 GBI OLIYTHMO HPEBBICUTD IIOCTYIUIEHHE YTJIEKUCI0TO
raza B BOJY B pe3yJ/ibTaTe AeHCTBUSA JAECTPYKIMU U JIbI-
xanuga. IloguepkHeM, 4YTO MMEHHO B 3TH IIOCJe[HUe
MecAIbl NepHoia OTKPBITOIl BOABI IapHHATIbHOE JaB-
JIeHHe YIJIEKHCJIOTO Ta3a B BOJE 3HAYUTEJbHO IIPEBBI-
maer aTMoc(epHOe, a ero IOTOK HallpaBJeH B aTMO-
cepy (em. Tabm. 1).

Takske U3 JaHHBIX Ha PUC. 4, @ CJAEAYET, 4TO BO
BCE MeCSIbl CHUKEHUE COJEPKAHU YIJIEKUCJIOTO Tasa
B BOJIe B TedeHHe CBETJION0 BPEMEHH CYTOK HalJiogaeT-
ca mo 15:00—16:00 4 B «COJIHEUHBIX KOOPIMHATAX>,
a 3aTeM HAYMHAETCA €ro POCT, T.e. MHTEHCHBHOE IIO-
tpe6ienne CO, BOJAHBIM IJIAHKTOHOM IIpeKpallaeTcs.
OTc10/1a MOKHO 3aKJTIOUHTH, YTO B MEPHO/] 3aX0/1a COJH-
Ia OrpaHHYeHHe MAJAlONero MOTOKA TOPHBIM MacCH-
BOM, OKPY’KAIONIUM IYHKT U3MepeHHsI, y/Ke He CKasbl-
BaeTcs Ha CyTOYHOM XOJIe.

PaccMarpuBag omicaHue CpeJHHX XapaKTepUCTHK
B «COJHEYHBIX 4acaX», PACCYNTAHHBIX HCXOMS U3 Teo-
PETHYECKH BO3MOKHOMN IIPO/IOIKUTENLHOCTH COMTHEYHO-
ro cusnus (IIpU yCJIOBUH ACHOTO He6a M OTKPBITOM IO-
PH30HTE), CJIeAyeT OTMETHTb, YTO B IIPE/JI0KEHHOM
BapuaHTe OTpa’keHbI JHIIb HauboJee ycToiuusble (pe-
[YJSAPHO BOCIIPOM3BOJAUMBIE) YEPThI CYTOYHOTO XO/Ia,
KOTOpbIE TIPEUMYIIECTBEHHO Perynpyiorcss (poTocu-
TEe30M.

166 Iectynos /I.A., Illampun A.M., Tombimesa B.M. u ap.
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Puc. 6. YrioBoe 1osioskeHne BocxoJa ¥ 3axXoja coiHIa 22 uioHsd, 13 centsabpsa u 22 nexabps B IMIyHKTe U3MepeHus, 0003HaYeHHO-
ro uepHbIM 3HaKOM <«+» (a). Ilokasanusa nupanomerpa 22 uions, 13 centabpsa u 22 mexabpsa B 2007 r. (6) u pacuerHoe 3HaYeHUE
[OTOKAa CyMMapHOii paguanuu 6e3 yuera Janamadra aast otux el (cepbrii ¢pon)

B snmropasnbHoii 3oHe balikanra B ka)x0il KOHKpeT-
HOIl peasM3aIiuil HA CYTOUYHBIN XO/I AaHATM3NPYEMbIX Xa-
PAKTEPUCTUK HAPSIAY ¢ OGUOJOTHYECKNMU PUTMaMU Ha-
KJIaJIbIBaeTCs BO3/leiicTBHE ellle psi/ia APYTUX MPOIECCOB,
KOTOpbIE 3aBUCAT OT TPOAOKUTENbHOCTH W MHTEHCHB-
HOCTU COJTHEYHOI MHCOJISIUN.

Hampumep, B coJTHeUHBII JeHb U B YCJIOBUSX, GJIN3-
KUX K IITHJIEBBIM, TIOBEPXHOCTHAS BOJA K TOCTEIOJY-
JIeHHOMY BpeMeHU TIporpeBaeTcd Ha 1—3°, 4To IPUBOIUT
(mpu ycoBuu moctosiiHoi koruenTparun CO,) K 1o-
BBINIEHNIO €T0 TapINaJbHOTO JaBJeHUS B CpeHeM Ha
3—5%, B pesyJibTaTe 3TOTO BeJIMYNHA MOTOKA YTJIEKU-
cioro rasa w3 arMocdepbl cHIDKaeTcsa. B orcyTtcTBue
TN TIPH ¢Ta60M BeTpe KaKoro-InGo MPerMyIIecTBeHHOTO

CyTO'{HbIﬁ X0/ IIOTOKa U InapunuaJjbHOro JAaBJj€HUS YIJIEKUCJIOIO ra3a B HOBCpXHOCTHOﬁ BOZ€E...

HarpasJieHus B npuGpexubpix yeaosusax B 10:00—11:00
HauWHaeTcst jeficTBue GpusoBod 1upKyasimn (Betep
c 03epa), a 3aTeM, TocJie BeuepHei mayssl B 17:00—18:00 u,
HalpaBJieHHe BeTpa MeHsIeTCS Ha IIPOTHBOIOJIOKHOE.
C yBeslnveHHeM CKOPOCTH BETPa YCUJIMBAETCS U BOJIHE-
HUe, KOTopoe o6ecreunBaeT Xopollee MepeMeliBaHie
BOZIBI B Npu6OIiiHOI 30He. B cBoto ouepeb, TiepeMelnn-
BaHIe 3aMETHO CHIDKAET BJIUSHIE JHEBHOTO TTOBBITIEHIS
TeMIlepaTypbl TOBEPXHOCTHOTO cJI0s1 Ha cofiep:kanie CO,
B BOj/le, YMEHDIIAeT BO3MOKHBIN BKJaJ BEPTUKAJIBHON
MUrpanun 6MOTHI M BKJIIOYAET B MEXaHI3M ra3oo0OMeHa
BCeX yYacTHUKOB (pOTOCHHTE3a OT (PUTOILIAHKTOHA [0
¢utobenroca B BogHOil Tome. Kak BuamM, GpU3oBbBIit
pesKUM, UMEeIONINIi SBHO BbIPAKE€HHBIH CYTOUHBIH UK,
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TaKykKe OKa3bIBaeT BJIMAHNE Ha TPOIeCC Ta3oo06MeHa
B cucrteMe <«aTMocdepa—Boia» B JHUTOPAJBHOI 30He
baiikama.

[TousATHO, YTO BKJIA/ ATUX U, BEPOSATHO, PSA JAPY-
TUX TIPOIECCOB B PAa3HOIl CTEIeHU OTPAaKAeTCs Ha KOJIH-
YeCTBEHHBIX 3HAYEHUSAX MPOJIOJLKUTETBHOCTH M aMILIN-
TY/Jl CYTOYHOTO XO/la TAapUUATHHOTO AaBJIEHUS U TIOTO-
koB CO; mpu ocpeHeHNH GOJBIIOTO MacCHBa HAITHX
JIaHHBIX.

3akouenue

[TpencraBiieHHOE OMICaHUE CYTOYHOTO XOJa IMOTO-
KOB ¥ mapiuaiabHoro jaBieHnss CO; B MOBEPXHOCTHOM
BOJIe B <«COJIHEUHBIX KOOpPJMHATaX», Ha Hall B3IJI],
HarJIIHO JIEMOHCTPUPYET pOJb (POTOCHHTETHUYECKOI
JIEITeJIBHOCTU (humoniankmona B 1poiecce razoobme-
Ha B cucteMe «atMocdepa—BoJa» B JIUTOPAIbHOIN 30He
IO:xHOTrO DBaiikana B epno/i OTKPHITON BOJIBI.

[Toraraem, 9To TpesiosKeHHAs cXeMa TapaMeTpH-
3aIMH, KOTOpast ¢ OTpe/ieJIEHHON TOYHOCTHIO MOKET OBbITh
HCIIOJIb30BaHa JJIsI BOCCTAHOBJICHIS 3HAYEHU STUX Xa-
PaKTEPUCTUK I KaKJIOTO MOMEHTa BpeMeHW, MOKeT
HaiiTH TpUMeHeHUe MPHU MPOBEJEHNN OIEHOYHBIX pac-
YeTOB B MOJeNIIX IKJA YIriaepoja. IJTU Pe3yJbTaTbl
Takyke OyAyT TOJIE3HBI MU MJIAHUPOBAHUU OMTUMAJb-
HOTO peskKMMa HUCCJIeOBaHUN GUOJOTUIECKUX M XHUMU-
YecKUX TIPOIeccoB B 03. DaiikaJ.

Pa6ota BbionHeHa 1pu 1o/yiepskke PAOMDU (rpant
Ne 14-05-00277a) u ITporpammsr 11.211/1X.135-5 dyH-
JIaMEeHTAJIbHBIX MCCJIeJI0BAHUN OT/eIeHNsI HayK O 3eM-
e PAH.
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The long-term series of regular measurements of the carbon dioxide concentration in the surface water
and CO, fluxes in the littoral zone of Lake Baikal has shown that diurnal variations are observed during all
open-water period (May through December), which are related to the processes of photosynthetic activity
of plankton. In order to isolate the role of photoperiodic process on the background of the effect of many fac-
tors of different nature on the change of the concentration of carbon dioxide in the surface water and its fluxes
in the atmosphere —water system, the scheme of diurnal behavior of the concentration and fluxes of CO, in the
littoral zone of Southern Baikal in 2004—2015 is considered in the coordinates of the sunshine duration. It was
calculated on the basis of theoretically possible sunshine duration (from sunrise until sunset under cloudless sky

and open horizon conditions).

The proposed parameterization algorithm for retrieval of the values of these characteristics for any time
moment can be used in the models of the carbon dioxide cycle and will be useful for planning the study of bio-

logical and chemical processes in Lake Baikal.
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