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B KkHHre H3maraloTcs pesyabTaThl AMTHTENLHON pafoThl aBTOPAE H ero coTpy-
HHKOB 110 HCC/IEJOBAHHIO JIMMHTHDYIOLIHX (aKTopos (oTocHuTesa ancra, Kune-
THYECKHH TMOAXO0A K HCCAEA0BAHHIO (HOTOCHHTE3a Pa3BHT HA KAYECTBEHHO HOBOM
ypoBHe. 1o peayibratam razoMeTpHYecKHX IKCIEPHMEHTOB Ha JHCTBSX AeJaloTCR
BBIBO/bl O KHHETHUECKHX cBoiicTBax PB®-kapGokcuaashl H CTENeHH AKTHBAILMH
APYTHX IH3HMOB, YUACTBYIOUIHX B (DOTOCHHTETHYECKOM METaGOaH3ME yraepona.
Hannbie no uamepennsy suigeaenus Os u3 aucra v GuiyopecUeHuHH xaopoduana
NO3BOARAIOT CYAHTb O DPEryJsilHH MepBHYHBIX mpoueccoB (oTocuuTesa. [lpej-
CTaBJIEHA MaTeMaTHYecKas MOAe b (DOTOCHHTe34, SKCIePUMEHTABHEIE H TEOPEeTH-
yecKHe TOAX0Abl 0606IAIOTCA B KOHUENUHH FOMEOCTATHUECKOH pPEry asiiiu
doTocHHTeE3a.

Hdas du3uoncroB H GHOXHMHKOB DACTEHHIl, a TaKkkKe 447 CHOEUHATHCTOB
MO0 MaTEeMaTHYECKOMY MOISNHPOBaHHIO NPOAYKILHOHHOrO npoieccd.

Ta6a. 1. Ha. 31. BuGaunorp.: 102 uass.

Kinetics of photosynthesis in C;-plants / A. Laisk. — M.: Nauka, 1991. — 64 p.

Results obtained by the author and his coworkers investigating the control
and limitation of photosynthesis in leaves of Cs-plants have been summarized
in the book. Nev vistas in the studies of the kinetics of the integrated photo-
synthetic process have been opened up by COz and O, gas exchange measurement
techniques and mathematical models described. Kinetics of processes controlling
sucrose and starch synthesis, activities of the enzymes of the carbon reduction
cycle and the efliciency of light energy conversion into biochemical energy
are described and generalized in the concept of homeostatic regulation of the
photosynthetic metabolism.
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HayuHbie B3rsibl ue/OBEKa TaK WM HHAye CBA3AHbI ¢ €ro GHO-
rpacdueii, a Guorpadus HHOTZA 3aBMCHT OT CAYy4alHBIX MeJOUeH.
91 6bL1 B TPETHEM KJacce HayajbHOH LIKOJbI, KOr/1a HAllleJ Ha uepiake
Hamero 1oMa CcTapbiii MepeMeHHLIH KOHAeHCATOp OT pafHONpHEM-
auka 1930-X ToA0B M pEIIWJg MOCTPOHTb paaHonpHeMHUK. HT1oGbl
caenaTb 3TO, NPHLIOCH H3YUHTL GH3HKY MO yyeOHHKAM [J15 CTapIIHX
knaccoB. Tak s 3aunTepecosadcsi (uaukoid. Oxonuus TapTyckui
YHHBEPCHTET [0 CHELHATbHOCTH (PH3HK-TEOPETHK, A MeUTall 3aHATLCS
snepHOi Gu3nkoil (310 Gb10 B KoHue 1950-x rogos). Ho mo Boae
cyneb moeil paboTol cTana aKTHHOMETPHS — HCC/IeA0BaHHE COMHEY-
HOIl paZHallul B PACTHTEILHOM [IOKPOBE B CBA3M C (POTOCHHTETHUECKOH
NPOAYKTHBHOCTBIO. YeTKO 3anomMHUI0ChE MHE 06CTOATeNBCTBO, B CHIY
KOTOpOro sl u3 duanka npesparuica B Guosora. Bor Kak 3TO OmMHCHI-
Baercsi B kuure HO. I'. UupkoBa «Porocunres: [Ipa Beka Cnycrs».
[M.: 3uanne, 1981. C. 57].

«JleTom mbl paboraJu Ha CeJNeKIMOHHOH CTAHIWH, CHUMAa/IH Xapak-
TePHCTHKH JHCTheB KyKypysnl. M3-3a obesa mpuiinoch mpepsarb
paGOTy; OCTABHJM BBICOKYI0 WHTEHCHBHOCTb CBETa, OG/Iyd4aBllUero
JHCT, H yuwid. BosBpaTuBUIHCH uyepe3 uyac, HAC 0KHAAJd CIOPNpPH3:
KPHBLIC, XapaKTepHBIe AJS JHCTbEB H3 HHXKHEro fApyca, Mpespa-
THAHCH B KPHBHIC IJsl JIACTBEB BepxHero spyca. 51 monsn, yro Bce
JleNeHHs, KJacCH(MHUKANUU, KOTOPLIX Mbl MPHAEPXKHBAINCH, LOBOJLHO
yeaoBubl. JIneT odeHb rubko npucrnocabiuBaeTcs K HOBbIM yCJIOBHAM.
Quenb 3aX0TeJ0Ch NMOHATH, KAKOBbL NPYKHHBL H BO3MOXKHOCTH ajail-
TALHK, KaK B CYILHOCTH YHKUHOHHPYET 3eJIeHblil IHCT, KaK pearupyer
HA H3MEHEHHe BHELIHHX ycaoBuH. . .» Toraa g moctaBu/ nepei co6oi
BOMPOC: 4TO OTNpefensieT CKOpocTh (oTocHHTe3a sucTa? ITO OblIO
B 1968 r., 0MHAKO 3TOT BOMPOC H MO cel JeHb OCTAETCS OCHOBHLIM
B MOHMX HAYUHbIX HCCJIEOBAHMSAX, HE NMOJYUYHB elle yAOBJICTBOPHTE/b-
HOFO OTBETA.

KUHETHYECKHH METOJ
UCCJIEJOBAHUA ®OTOCUHTE3A JIMCTA

TnaBubiM cHauamsa 6bL10 BEIGpaTh Meton u noaxon. B Muernryre
acrpotpusuki u ¢usuku armocpepsr AH 9CCP oTeyTcTBOBaNH TeX-
HHKA H OMbLIT GHOXHMHUECKHX aHAJTH30B, HO ObUIH BO3MOXHOCTH H MBI
uMeH HeOGXOAHMble 3HAHHSA 5 NOCTPOeHHS ra3o0MeTPHUYECKOH arnna-
paTypbl. DTO U ONPEACNHI0 TOAXO0A H METOA: HCCJIeA0BaHHE POTOCHH-
Tesa He YPOBHE MEJOro JMCTa METOAOM KHHETHUECKOro analusa.
[Toceanee 03HAUACT H3MEPEHHe OTBETHOH peakuuy (OTOCHHTe3a Ha
BCEBO3MOYKHBIE BHEeLIHHe Bo3aeiicTBusi, Ouenb MIOAOTBOPHOH OKasa-
Jach Hiesl, UTo Heab3si OTOpachBaTh MHGOPMAUHMIO, COAEpKALLYIOCH
B MepexOoAHbIX (HHAYKILHOHHBIX) Mpoleccax, a cjelyeT 3alHChiBaTh ee
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C MAKCHMaJabHbiM BPEMEHHBIM paspeluende. Takoi n0AX01 N03BOAAET
CYMMHPOBAThL pesy.ibTaThl G0Jee AeTalbHbiX HCCAeLOBAHHI, IPOBEACH-
HbIX Ha pa3MeJbYEHHOM MaTepHaje (XJOPOMIacThi, IHIUMbL), U B
KOHEYHOM CUeTe TOHATh WHTErpajibHOe (DYHKUHOHHPOBAHME DEry.si-
TOPHbIX cHCTeM (oTocHHTe3a B Jaucte [Jlafick, 1983].

Hisi OCyUlecTBeHHS HIeH H3YYEHHS [EPEXONHBIX NPOLECCOB
NIPHULIOCE HHTEHCHBHO 3aHATHLCS NPHOOPOCTpoeHneM. [aBHbBle 1OCTH-
KEHHF B TAKOM NPHOOPOCTPOEHHH NPHHAAJIENKAT MOEMY Ko.aJere
Benao Osa. Mm 6uun paspaboran PAL Ta30MEeTPHYECKHX NPHOOPOB, H
B HalleH 71abopaTopun yxe Gojee NecsiTH JIET SKCIIyaTHpPYeTcs
YCTAHOBKA /Il HCCJAEJOBAHHA KHHETHKH (DOTOCHHTE3a JIHCTA, OTJIH-
daloulasicss ObICTPOJCHCTBHEM, YHHBEPCAABLHOCTBIO H TOYHOCTBHIO
B skcnepuMeHTax mo uamepeHHo COs- u O.-00mMeHa JMcTa H COOT-
BETCTBYIOLLLAS MeXAYHAPOJHOMY YPOBHIO. B mocnenuue romsl B cesizu
¢ COTpyaHuuecTBOM ¢ npodeccopom V. XeGepom u3 Biopubyprekoro
YHHBEpCHTETA aMmapatypa /AoONoJHeHa @ayopumerpom PAM-101

(prpma XeidHu Banu, Fepmanus), no3sojsiioumM U3MEPHTL BBIXOA
(PIYOPECUEHUHH XJA0pOdHAIA JIHCTA [IPM HAAHUMH MPAKTHUECKH
1106010 hoHOBOrO ocBellenusi. Biaroaaps 3ToMy Halli BO3MOXKHOCTH
PacmpoCTpaHUINCh Ha 00/1aCTh HCCAC/0BAHWS CBETOBHIX peakilii,
OCOBEHHO Peryslui aKTHBHOCTH toTockeTembl I1.

Jleranu annapaTypel onkcaHel B JHTepaType [Jlakck, 1977;
Jla#ick, Osn, 1979; Jladick w ap., 1980; Os, 1983]. 3xech caenyer
MOAYEPKHYTb JHIIb T€ KAIOYEBbIE NPHHUHMBL, GJarofAaps KOTOPLIM
YAAn0Ch MOBBLICHTH H3MEDHTE/NbHble KayecTBa CHeTembl, [lpexie
BCEr0 — 3TO MHOTOKaHaJbHbi TIPHHUHN H3MepeHus. Cxema ABYX-
KaHaJbHOTO BapHaHTa nokasaHa Ha puc. |. Annaparypa npeacras-
JIeT COGOH JBe OJIMHAKOBbIE H HE3aBHCHMbiE OTKPLITHIC (MIPOTOYHBIE)
CHCTEMBI H3MepeHHA (KaHajbl) ¢ oaHOH JAucToBOH Kamepoil. [loka
Kamepa HaXoIMTCHA B MEPBOM KaHaje, rasoBblii COCTAB BO BTOPOM
KdHaJ/Jl€ MOMXHO MEHATh, YCTaHaBJ/IHBaATb HYJb H 4YYBCTBHTCJbHOCTH
ONTHKO-aKYCTHYECKOro rasoanajusatopa. C nepexiioueHneMm JHCTO-
BOH Kamepsl B ILellb BTOPOrO KaHaja (Nepek/iouasi IKBHBAJEHTHOE
CONPOTHBJICHHE MPH 3TOM B MEPBBIH KaHAA) CPA3y HAUMHAETCS DerH-
CTpalHa ra3oobmMeHa JHCTa, BKAOYAs NePeXoiHbIH npouece GoTocHH-
Te3d, BhI3BAHHbIH H3MEHEHHEM ra3s0BOrO COCTaBa B JMCTOBOH Kamepe.
B 310 Bpems B mepBOoM KaHaJe MOMHO MEHATb ra3OBBIi COCTAB H
NPOBOAHTE KAJTHOPOBKY rasoaHalsindatopa. Takas cHcTeMa Mo3BOJSICT
B TeYeHHe MOMYCCKYH bl H3MEHATh Ia30Bblii COCTAB B JIHCTOBOM Kamepe
W Cpasy nocJe 3TOro Ha4YHHATb PErHCTPALHIO NMEPEXOLHOro Npolecca
CO;-o6mena.

BricTponeficTeue (masas MHEPUHS) CHCTEMBl AOCTHCHYTO MYTEM
CBECHHs] BCeX eMKOCTed m0 muHuMyMa. JlucroBasi kamepa umeeT
KBaipaTuyo topmy pasmepamu 40X 40X 3 Mm®, HCMOMb3yeMas CKo-
pocts rasosoro motoka 20 cm®- ¢!, Teyerue rasa B Kamepe GIH3KO
K JaMHHapHOMY, NO3TOMY COCTAB rasa Hal KaM/AblM 3/eMeHTOM
JIHCTa 3aMEHSIeTCH Ha HOBBIH OLICTpee, YeM HOBBIM [a30M 3amoJ-
Hsiercst Bea kamepa. lllupuna ¢ponTa rasoBoro noroka B kamepe He
npesbimaer 0,1 ¢ [Os, 1983]. B peayisrate coBokymHocTH Mep,
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Puc. |. IpuHuunuanbHas cXema ABYXKAaHAIbHOH OTKPLITOH CHCTEMbl A7 H3MEPeHHS
COg-raszoofmMeHa JucTa

[CO:] u [O2] — KOHUEHTPAUHY COOTBETCTBYIOWKX razos; [A — rasoananu3aropsl Ha CO, u
H;\OA ﬂpaxmuecun ras3oBbieé CMECH MPHTOTABJIMBAKTCH HE B GansoHax, a ¢ HO;\.I.SOIJ.LMO Kanuniasap-
ubix cmecuregell, TIpH mepexal0YEHHH KaMepbi ¢ JTHCTOM BO BTOPOA (HHXKHHH) KaHaa SKBHBA-
A€HTHOE compoTHBieHne R nepekjiouaeTcs B NepBblii Kanaa

MPEANPUHATHIX A5 YMEHbLICHHS HHePLHH anmapaTypbl, 6bl1a 10CTHT-
HyTa CHMMETPHUHAs rayccoBas KPHBAs PeaKUMH COq-ananuszatopa
Ha kopoTkuit umnysbe COy, BIyLUEHHBIH B HCTOBYIO Kamepy. Lllupuna
KPMBOWH Ha OCHOBaHMM 2,2 c. DTUM BPEMEHEM XapakKTepHayercsa H
peakuusi cucrembl Ha [-o6pasHoe H3MeHEHHE CKOPOCTH MOTJOLLEHHSA
CO; nucTom B Kamepe. %

HemanoBaxHoe 3HayeHne HMeeT H KOHTaKTHbIH PHHIIAT TepMOoCcTa-
THPOBaHHs auCTa. B Kamepe JHCT NPHAKHMARTCS K TEPMOCTATHPOBAH-
HOMY OKHY M NPHKJeHBAeTCsi KpaxMalbHbiM KieficTepom. ITHM LOCTH-
FaeTcs BLICOKOe 3HadeHHe Ko3hhUUHenTa Temooﬁmeﬂazmemnyjucmm
H TepMOCTaATHPYIOUledl BOAOH — OKOJO 35 MBT-CM* -rpaa . [lpu
H3MEHEeHHH OCBELIEeHHOCTH OT HYyJd [0 MNOJHOH COJIHEYHOH TeMlie-
paTtypa JucTa H3MEHSeTCA JHUIb Ha 1°, M Takoe M3MEHEHHEe MOXKHO
He M3MepATh TepPMONapol, a paccuMTaTh M0 YPABHEHMIO TEIIOBOro
Ganatca aucta. KOHTAKTHBIM TepMOCTAaTHPOBaHHeM OOecCreYyMBaeTes
TaKKE He3aBHCHMOCTb MapaMeTpoB JHCTa B KaMepe:. MPH U3MEHEHHH
OCBELLEHHOCTH HJH TpaHCNUpalHH TeMmepaTypa JIHCTa 3HAYHTE/bHO
He MEeHSAeTC s, YTO [O3BOJSIET NOAYYaTh YHCTLIE CBETOBbIE 3aBUCHMOCTH
dorocunresa. llpasna, KOHTAKTHOE TEPMOCTATHPOBAHHE HCKJKOYAeT
ra3oo6MeH BepXHeil CTOPOHBI JMCTA, HO [pPH H3MepeHHsX BCEeria
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Puc. 2. llonepeuHoe cedeHHe 3J€KTPOAA 1A H3MEPEHMA HHU3KHX KOHUEHTpAalHil
KHCJI0pO1a B TOKEe rasa

I W 2 — COOTBETCTBEHHO BXOL W BEIXOL OCHOBHOrO TOKAa rasa {20 ewm’.c'); 3 — kanuaasnp,
HPONYCKAIOUIKA ra3 co ckopoeTs 05 cv’-c™' npu aasaesun 8,3 mGap, 4 — BBIXOA NOTOKA
H3MEPSAEMOro rasa; 5 — cepebpsanas nposonoka, cmouennas 8 KOH; 6 — cpesm cauHua
B 30 %-m pactRope KOH; 7 — peructparop toka (1 mkA)

paccunTbiBaercsd BHYTpHKJIeTOuHas KoHueHTpaunsa COy u MoBLIICHHEM
BHelLIHeH# KOHLEeHTpalHy MOXKHO KOMIEHCHPOBAThL DoJibllee yCTbUUHOE
COMpOTHBJ/AGHHE, CO34aBaeMoe HCK/IIOYEHHeM [0TOKa uYepe3 BepXHHH
SMHACPMHC.

Tpancnupauusa nsmepsieTca ¢ MoMouibio ncuxpomerpa [Jlafick,
1977] . MesxkknetouHas koHueHTpauusa COs paccunTHIBaETCH MO 3HAUE-
Husm noroka CO,; u auddy3HoHHOrO CONPOTHBRIEHHS B Ta3oBOH
(haze JucTa (MOCAEIHEe pacCUUTBLIBAGTCA IO TEMIepaType JHceTa
M CKODOCTH TpaHCHHpauHH). BHYTPHKJICTOUHAA KOHLEHTPALHUS Onpe-
JeJseTcH MyTeM AOMOJHHTeNbHOro yueta pacteopumoctd CO; B KHA-
Kofi paze Ki1eToK Mmezoguana [Jlafick, 1977].

st u3MepeHnsl BblAe/eHHA KHCAOpoAa MpH (OTOCUMHTe3e npHMe-
HSETCH IEKTPOXHMHUECKHH aHaJHM3aTOop, OCHOBOH KOTODPOTO CJAYMKHT
napa metaJsos cepeGpo—cuHen B pactsope KOH. [lonepeunoe ceue-
HHe 3JeKTpojaa rnokasaHo Ha pHe. 2. CepebpaHas MpoBOJOKA, HAMO-
TaHHasd Ha UHJIHHIPHUYECKYIO MOLJOMKY LHAMETPOM 5 MM, KCHOHH-
poBaHa K MOTOKY rasa 6e3 Kakoro-iu6o AH@Qy3HOHHOrO COMPOTHE-
JeHUsl (MJeHKH). IDTHM [OCTHraeTcsi OueHb BbICOKASl UYYBCTBHTEJb-
HOCTb 3JIEKTPOAa, HO ero Jorapu@MHYecKas KpUBAsA HAChILAeTCA yiKe
npu KoHuentpanuax Os, pasubix 0,1—0,6%. [Tostomy Takoil snekTpon
MO3BOJAET MPOBOAHTD H3MEPEHHS TOJbKO MPH OYeHb HH3KHX KOHLEH-
tpauusx Oy Bo BHewHeli cpene. OH OTNHYAETCHA BbICOKOH UyBCTBUTE/b-
HOCTbIO, AOCTATOYHOH A5 M3MepeHus BbigeneHus O, UPH KOPOTKHX

CBETOBBIX BCIBLIIIKAX, H XOPOLIHMH KHHETHUECKHMH XaDAKTEDUCTH-
KaMH, CPaBHHMbIMH C XapakrepHcTHKamu cucrtembl uamepenusi COo.

Hus  wuamepeHus GuyopecUeHIHH XJ0PoduaIa HCNoJb3yeTcs
dayopumerp PAM-101 [Schreiber, 1986; Schreiber et al., 1986,
1989]. B srom npubope cayopecleniysi BO30YKAAETCA H3JTYUeHHEM
KPACHOro CBeToRHoAa ¢ Makcumymom Ha 680 um. Maveperue gayopec-
UEHIIHH MPOKCXOANT ¢ NOMOLIBK (hoTOAHOLA B 6OJ€e AJTHHHOBOIHOBOMH
o6aacti cnektpa. [IpuGop padoraer B HMIY/ILCHOM pexxume. Benbliknu
BO36YHAAIOWIErO H3JIYYEHHS TMPOLOJKHMTEJIBHOCTBIO | MKC nMeT
yactory caegoBanusi 1,6 uau 100 k' B 3aBUCHMOCTH OT BbIOPAHHOTO
pexkuma. YCHAHTEIb PETHCTPHPYET TOJNbKO H3MEHeHWe duyopec-
LEHI[HH, BbI3BAHHOC BCMbLILIKOH, MO3TOMY MPHOOP He 4YBCTBHTEICH
K (hOHOBO#H MOCTOSIHHOI pafHallH H (JIYOPeCLeHUHIO MOKHO H3MePSTh
MpH JI0OOM pPerHMe OCBELUEHHS JHCTA.

JonmoNMHHATENBHO K OMHCAHHOMY B annapaTtype HMEITCs y3Jbl Al
BBefeHna paauoaktusHoro ''CO; B NOTOK rasa, W3MepeHusi paiuo-
AKTHBHOCTH Ta3a Ha BbHIXO[E JHCTOBOH KaMephl (HOHH3ALHOHHAH
Kamepa) W AJsl GUKCAUMH JHCTA B HYXKHbII MOMEHT MyTeM OXJaX-
genusn ero 1o —380 °C B TeueHHe A0JH CEKYH/bI.

Annapatypa 3aciyHBaeT BHHMAHHS, IIOCKOJbKY HMEHHO OHa
onpejesieT 3KCMNEePHMEHTaJbHBIC BO3MOMHOCTH HOBBIX MOAXOI0B,
TAKUX, KAK 3aMeHa KOHLEeNUAM CBETOBOH KPHBOH Ha KOHLEMNLHIO
YIJIEKHCJOTHOH KPHBOH (HOTOCHHTE3a W HCHOJb30BAHHE TEPEXOLHBIX
MPOLECCOB (hOTOCHHTE3A B KayecTBe HCTOYHHKA HHQOPMALHH.

PC,-KPUBBIE H OBbJACHEHHE
B3AMMOCBSA3U ®OTOCHHTE3A WU ®OTOJbIXAHMUS

TTepBbIM AOCTHKEHHEM Halllero KHHeTHUeCKOro MoAXoaa O6blao
06 BACHEHHE B3AUMOCBSA3H (oTockuTe3a 1 doroasbixanus [Jlafick, Os,
1972a; Laisk, 1970|. HemaaoBaKHYIO PoJib ChirpaJ OTKa3 OT KOHIUEN-
LUK CBETOBOH KPHBOI (POTOCHHTE3a B KAUECTBE IKCINEPHMEHTAJbHOH
«eIMHHIb» MHGOPMALHH 1 3aMeHa ee yr/ieKuc10THOH Kpusoi. HMues
3aKJI0UAETCH B TOM, 4TO (DOTOCHHTE3 — 3ITO CHCTEMa OHOXHUMHYECKHX
peakuuii. [ToBenenue 3TOH cHCTeMbl ONpeEsAeTCsl KHHETHYCCKHMH
napamMeTpamMy OTAEJBHBIX peaklHid H KOHIEHTpaunsiMu cybeTpaToB.
B GHOXMMHH LIHPOKO PACIPOCTPAHEHO HCC/IEL0BAHHE CBOHCTB OT/AE/b-
HbIX (DEPMEHTOB MO KHHETHUECKHM KpHBbIM. OQUeBHAHO, YTO KHHETH-
yeckasi KpHBAA CJAOMKHON CHCTEMbl HE ONPeNeNsaeTcs TOJAbKO Mapamer-
pami OaHOro, mepsuuHOro ¢epmenta ceasbiBanus CO» (B AaHHOM
cayuyae uM siBasieTcsl pubysiosoGHcdocdar-kapbokcHaaza) H KHHe-
THKa 9TOro (epMenTa MoAHDHLHDPYeTCa cyGCTPATHBIM OTpaHHYEHHEM,
BbI3BAHHBLIM APYrHMH (epMeHTaAMH B cHcTeMe (OrpaHdHueHHe nopadvd
pubyaosobucochara K kKapbGokcunase). Ho  cucremaruueckoe
HCCJEL0BAHNE KHHOTHKH CI0XKHOH CHCTEMBl BCE XK€ C/IeflyeT HaUHHATh
C HCCJIEAOBAHHS ee KMHETHUeCKOH KpUBOH o nepsHYHOMY cyGeTpary,
KOTOpbIM B jlanHom caydae aBisiercst COp. Cper He nmeer cyGerpar-
HOFO Xapakrepa, a sIBASeTCH HePreTHYeCKHM KO akTopoM, nocpei-
CTBOM KOTOPOro renepupyercsi apyroii cy6erpat—axkuenrop COs
pubyaozo6uchocgar (PHBP).
7



Heficteyroman koHueHrpauusas CO; ang  ¢orocHHTesa — 3TO
KOHILEHTpAllHA HeNoCPeNCcTBeHHO y LEeHTPOB kKapOokcuaassi PED B
cTpoMe XJopomjaactoB. Ee Heab3sd 3alaBaTh IKCNEPUMEHTAJNBHO HJIH
JLaXe H3MEPSATh, 4 MOXKHO JIHLIb PACCUHTHIBATH HA OCHOBE (PU3HUECKHX
3aKOHOB, onpefeasowux TpaHcnopt COs; M3 BHeIIHEro BO3AyXa B
KJETKH Me30(Haa JHCTA.

[Tonoxernne o ToM, uto CO; nomajaer H3 BHEUIHEro BO3AyXa B
MEKK/JIETHHKH MyTeM MacCHBHON AH(p(DY3uH yepes cepuio AHGHY3HOH-
HBIX COMPOTHBJICHHH, OMpedesiseMbIX TeOMeTpHeH (Me3ocTPYKTYpoii)
JIMCTa, He Bbi3biBaeT Bo3paxenud [Jlawick u ap., 1970]. Ho cyue-
CTBYIOT Pa3/iHYHbIE TOUYKH 3PEHHS] OTHOCHTEJBHO AAJbHEHIIEro TpaHe-
nopra CO, yepes KJACTOUHYIO MeMOpPaHy H B CTPOME XJODOIMIacTa B
CBASH C TEM, YTO B HEKOTODHIX BOJAOPOCAAX OOHADYXKEH aAKTHBHBIH
Tpancnopt 6MKap6oHara yepes KjaeTouHyio memGpany [Raven,1985].
Oanako ¢GyHKUHOHHDOBAHHE aHAJOTHYHOTO MEXaHM3Ma B BbICLIMX
pacTeHHSAX MaJOBEPOSATHO, TaK KakK NpH HU3KHX 3HaueHusx pH, cpoii-
CTBEHHbIX KJ/IETOUHBLIM CTEHKaM, KOHIEHTpAalHa OGHKapOOHAT-HOHA
MaJjia, a MEeXaHH3M aKTHBHOTO TPAaHCIOPTA HEHTPaJbHOH MOJEKYJbl
CO; TpyanHo mpencTaBuTb. [103TOMY MOKa HET OCHOBAHHH OTKa3bi-
BAThCS OT [IPOCTOrO Mexanusma auddysuonnoro sxona CO;: B KAeTKy.
Knetounas memOpaHa HE NpeACTAB/AET 3HAUMTENbHOIO CONPOTHB-
qnenus ans COs BBHAy BblcoKOM pactBopumoctd# CO; B JHIHAHOH
cpene.

B xunkoil ¢dasze knerok nyrb auddysun CO: no ueHrpa kap6o-
KCHJIHPOBAHUS COCTABJSET B CpeldHeM |—2 MKM B 3aBHCHMOCTH OT
pasMepoB M PACNOJOXKEHHA XJ0PONaacTa Mo OTHOIIEHHIO K KJIETOUHOH
CTEHKe. 31ech BaXKHOe 3HAUCHHe HMeeT YCKOpeHHe NHbGY3HH, BO3HH-
Kawllee B pe3yabTate OLHOBPeMeHHOH nHddy3nH paBHOBECHOTO
komniaekca CO: u HCO3 B crpome xaoponsacra. [Ipu 3uauenuu
pH B crpome okono 8 koHueHTpauus OGUKapGOHATA B HECKOJLKO
JecATKOB pa3s npesbiiaerT KoHueHTpauuio COgp, BO CTOBKO Ke pas
YCHJIHBaeTCd M TPAZHEHT KOHLUEHTPALHH, ABASIOLLHIACH ABHKYILEH
cuiol aaist nubdysun. Kimouepoe 3uauenue sl o6aerueHHol aud-
(dysuH HMeeT BBHICOKAA AaKTHBHOCTb KapOOaHrHApassl B CTpOMeE,
obecnieynBalowias Obictpoe pasHoBecHe mexay CO. u 6ukap6oHATOM
[Cemenenko u Ap., 1985]. B utore, CO; 10B0/bHO GBICTPO ¥ € MAJbIM
nepenajnoM KOHLEHTPalHH paclpocTpaHsaeTcs Mo Bcell cTpome XJICpo-
miacra. [To-BHaAHMOMY, CYIIECTRYIOT HeGoJIblIIHe pA3/IMYHs KOHIeHTpa-
uud CO; Mo MOMepeyHoOMY CEUEHHIO JIHCTa H Ha MNYTH OT KJAETOYHOM
CTEHKH B I1yOb XJIOPOMJACTOB, HO HX MOKA OYeHb TPYAHO YYHTHIBATH.
[TosTomy npn npaxkTHueckHX pacuetax KoHuentpauun CO, BHYTpH-
KJETOYHBIMH TPALHEHTaMH OGbIUHO MpeHeGperaor.

[Tomumo HaszBauHOH npo6nembl AHDGY3HOHHOTO COMNPOTHBJIEHHS
(KOHLEHTPAIIHOHHOTO TpPajHeHTa) B CTPOMe XJOPOMIACTOB, BAMKHO
elle HMETb B BHAY HEOLHOPOLHOCTb OTKPBITOCTH YCTBHLL [0 [OBep-
xHocTH JucTa. OKasblBaercs, YTO OTKPhITOCTh OTHAEMbHBIX YCThHIL
MOXKET 3HAYMTENBHO PA3NHYATECS OCOOEHHO Y OLHOAOMBHBLIX pacTe-
nui [Laisk et al., 1980]. [TosTomy pacuerHas BeJiH4YHHA KOHLEHTpA-
uud CO; B MexkaeTHukax C, fiBAsieTcs HEKOTOPOU cpeiHel no mjo-
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mwanu ancta. Tak kak (orTocHHTes 3aBuCHT oT Kouuentpauun CO;
HEJNMHEHHO, TO MPHHUHMHANLHO HENpPaBHJIbHO CHavada yCPEeAHATb
C, 1 paccunTbiBaTh (POTOCHHTES MO ycpe/HeHHOMY 3HaueHH0. Heob6xo-
AuMO paccuuTarth 3Hayenusa C; W (OTOCHHTETHYECKHE [apaMerpel
(Kak, HarpuMep, TPOBOAHMOCTb Me30(HINa) /sl KAXK/LOH TOUKH JIMCTa
u szatem ux ocpeamsitk [Jlafick, 1977; Laisk, 1983]. HauGonee
HATJISAHO 5TO LeMOHCTpHpYeTcsl Ha MpeaeqbHOM TpHMepe, KOraa,
CKaj)KeM, MOJOBHHA YCTHHIL MOJHOCTLIO OTKPHITA, a MOMAOBHHA MOJ-
HOCTBIO 3aKpbiTa. POTOCHHTE3 NPH 3TOM YMEHbINAETCs HAMOJOBHHY,
TaK KaK NOJOBHHA [JIOLLALH JHCTA MPOCTO HE yyacTBYeT B rasoobmene.
Pacuer xe C, jaeT mpexkHee 3HAaueHHe, TAK Kak H (OTOCHHTE3, H
TpPaHCIHPALKA YMEeHbLIM/IHCh MPONOpIHOHasbHO. B 3ToM ciydae
MOMKHO c/eNaTh, HAmpHMep, JOXKHOE 3aK/IOUeHHe, YTO OTKPbITOCTb
yeTbull M aktuBHOCTb PB®-kapbokcu/iasbl H3MEHANHMCH MPOMOPILHO-
HanabHO Apyr Apyry. M3-3a cTarucTHyeckoro xapakTepa H3MeHEHHS
OTKPBITOCTH YCTbHL HE pEKOMeHﬂ,yeTL‘H CpaBHHBATL pacyeTHble 3Ha-
uenust C,, Moyuennble NPH 3HAUHTENBHO PA3NHYAIOIIEHCS OTKPHITOCTH
ycrbHil. OCOBGeHHO CHIBHO 3TOT 3(h(eKT BblpazkeH Ha TAKHX OLHOILO/b-
HbIX PACTEHHSIX, KAK KyKypy3a, 3JaKu H T. L.

Eue oxxa npoGJema pacuera C; CBA3aHA ¢ KOHLEHTpAIHCH BOAS-
HOro napa B Mexk/aeTHHKax. OGbIYHO MPEANOJaraercs, IT0 MEXKKACT-
HUKH HachillleHb! BOAsiHBIM napom. Tuarenbusle uamepenns J1. T. Kap-
nymkuHa ¢ coapropamu [Kapnywkuwd u 1p., 1980] noxasmiBaloT,
YTO HeaOHACHIIleHHe MPH WHTEHCHBHOH TPAHCIHPALHH MOXKET AOCTH-
rath 5—15%. DT0 MOXKeT NPHBECTH K COOTBETCTBYIOLIEH MepeolieHKe
autdysuontoro conporusaenus aast CO; B rasoBoit ¢ase B cayuae,
€CJM TO K€ COMPOTHBJEHHE, KOTOPOE HAXOLWTCA HA MYTH BOASHOrO
mapa B KJICTOUHLIX CTEHKax, He MPENATCTBYET H nuppysnan COs.
Mex1y MpoudM, LJIsi OmpeaeneHusi Au(pY3HOHHOrO CONMPOTHBIIEHHA
rasoBoil Gaspl JucTa MOXKET GhITb HCIOIb30BAH HE TOJNLKO BOLAHON
map, HO H APYroi ra3, MOJHOCTBIO NOr/IOULAeMbIH B KJIETOUHDIX CTEHKAX.
Hanpumep, MOKa3aHo, 4TO O30H COOTBETCTBYET 3TOMY yCJIOBHIO [Laisk
et al., 1989b].

Ele chabHee, ueM HeoaHopoanoctb Kouuentpauuu COy, BEIpaxkeH
rPAfHeHT CBeTa B MOMEPEuHOM ceueHuH Jucta. [Ipu aHaanse Gpopmbl
CBETOBbIX KPHUBLIX CJ€LyeT YUHTbIBATh, YTO XJOPOIMJIACTHI, HaXOAsl-
mpecs GIHXKe K BepXHeMy SHHAepMHCY JIHCTa, mosy4aioT GoJblue
SHEPrHH, YeM XJOPOIJACTH, HAXOUSLIHEeCs y HHXKHEro SMHAepMHCa.
DT0 CrIaKHBaeT Pe3KoCTb H3rHGa CBETOBOH KpuBOH (POTOCHHTE3a HA
naato [Jlaiick, 1969]. OnHako 3T0T 3¢ deKT B 3HAUHTE/ILHOH CTENeHH
HeliTpanuayercs ajanTaiHed KAETOK WJH X/JIOPOMJIacTOB K CPeAHeMy
MPOQHII0 HHTEHCHBHOCTH CBETA B MONEPEYHOM CeYEeHHHU JIUCT4, TaK 4To
BEPXHHE H HHXKHHE CJOH KJIETOK MepexoisiT Ha HACKIIIEHHE MOYTH MpH
OLHOH M TOW K€ HHTEeHCHBHOCTH Majaiollero Ha jJuct ceeta [Jlafick,
Os, 19766].

HecMoTpsi Ha 5TH npo6aembl, pacdyeT BHYTPHKJIETOYHOH KOHIEH-
tpauun CO,(C,) pyTHHHO BeAeTcsi B Haulell 1abopaTopHH yke C
1968 r. W npH YCJAOBHH, UYTO BBbILIECKA3aHHOE YYHTBHIBAGTCHA M[pH
HHTEPNPETALHH JaNHbIX, SBAACTCS JOCTATOYHO HALEKHOH OCHOBOH
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