4. [Moeaowenue u usayqerue c6eTa aTOMAMU U MOACKYAAMU 57

duyopecueHnus xjaopoduiana a xHabaw0IaeTcs NPH BO3GYK-
JeHHH caMoro xjopodHana a, a takxke xJjgopodunna b u
KapOTHHOHIOB. DHepreTHUecKHe YPOBHH xJopoduiia a ca-
Mbie HH3KHE (0 yeM MOXKHO CYAHTb 1O IOJOXKEHHIO CIeKTpa
€ro (GJyopeciueHlHd), MO3TOMY MEPEeHOC 3HEPrHH B XJ0Opo-
fl;acTe BCeria HampaB/eH K XJAOPOQHIIY a.
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NINTMEHT-JOHOP nurmeHTa-axlenrTopa

Puc. 4.3. BzaumHuoe pacmoJioKeHHe TOJOC TOTJIOMEHHS # CEHCHOHJIN3H-
poBaHHOH duiyopecueHIHH.

Nsyyenne dayopecueHIHH XJopopHALa @ H KBAHTOBOTO
Bbixoga dorocunresa y Chlorella nokasano, uro y 3To#l BO-
JIOPOCJIH TIE€PEHOC SHEPrHH OT xJopodHIna b K XJ0podHuNY
a npoucxoxut ¢ sbdextuBHoctbio 100%, Torna xak addex-
THBHOCTb MEPEHOCa SHEPTHH OT KAPOTHHOHAOB K XJIOPO(HI-
ay a cocrasasier auiib 40%. das sddextuBHOrO nepenoca
SHEPrHH MEXIy MOJIEKyJaMH pas3jHYHBIX NMHTMEHTOB Heo0-
XOAMMO, UTO6B OHH GBLIM MJIOTHO YIMAKOBAHBI B JiaMeJssiax
XJOPOTIACTOB.

4.3. dddekT IMepcoHa 4 ABe CBETOBble peaKUHH

Ecan nponecc dorocunresa BosbyKAaeTcsd MOHOXpOMaTHUe-
CKHM CBETOM H IpH 3TOM ero 3(p{heKTHBHOCTb H3MEPAIOT O
Begesnennto Oy mwin no ¢ukcanun COg, To rpaduk 3aBHCH-
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MocTH 3¢h¢deKTUBHOCTH (POTOCHHTE3a OT JJIHHBI BOJHHI CBETa
HasbIBaIOT cnexkrpom Oelicreus dortocuuresa. Ecan B doro-
XMMHUYECKOH peakiUH yYacTBYeT JHIIL OJHH NHTMEHT, TO
CeKTp AeHCTBHA peakuHH HMeeT Ty Xe (GOpMy, YTO K
CIIEKTp MOIJIONIeHWsT 3Toro mnurMeHra. Ecaum 3a 1 ¢ c¢oro-
CHHTE3HpyIolasl CHCTeMa TOrJjouaet / KBaHTOB MOHOXPO-
MAaTHYECKOro CBeTa H NpH 3TOM BbljaeJseT P MO./'IeKy.II KUCJI0-
poaa, To oTHOWeHHe P=P// HA3BIBAIOT KBAHTOBHIM BBIXO-
JI0M, HJAH  KBAHTOB80[ 3IPhexTusnocTero  HOTOCHHTESA.

Benuuuna, o6paTHasi KBaHTOBOMY BHIXO1y, —, NOKa3bIBaeT,
. (]

CKOJIbKO KBAHTOB CBETA HYXKHO IJIS TOrO, YTOOBI BBIAEJH-
Jack oxHa Mojekysaa Op; ee Ha3HBAIOT KBAHTOBHLIM PACXO-
dom dorocHutTesa. XoTs 3HAUEHHS KBAaHTOBOIO pacxoja, Mo-
JyUeHHble PA3HBIMH aBTOPaMH, KOJEOJIOTCI B HHTEPBAJeE OT
4 no 12, oO6BIYHO CUHTAOT, UYTO BeJHUHHA pacxoga He
HHXKe 8.

B 1940-x ronax DMepcoH H ero COTPYAHUKH B Y HHBEpPCH-
tete miratra MinHofic M3yuasnd cHeKTpol AeHCTBHA (HOTO-
CHHTe3a pa3HHX BOAOPOCHEH, H3Mepsis MaKCHMAaJbHBIHA
KBAaHTOBHH BBIXOA (DOTOCHHTE3a KaK (QYHKUMIO AJHHBI BOJ-
Hbl MOHOXPOMATHYECKOIO CBeTa, KOTOPBHIM OCBEINajH BOJO-
pocau. Oun obHapyxuaH, 4uto y Bogopocau Chlorella nau-
Bosee 3 pekTHBHHIM A (QOTOCHHTe3a Obll KpacCHBIH CBET
B nHanasoHe 6560—680 uM u cunuil cBer B nHanazone 400—
460 uM, T. e. TOT CBET, KOTOPHIH Hanbojee HHTEHCHBHO TMO-
raomaercss xaopodumiaom. Potocunrernyeckas spPeKTHB-
HOCTL KBAaHTA, MOTJIOIEHHOro npu 680 uM, Obiia IpHMEpPHO
Ha 36% soime, yem 3¢hdexkTHBHOCTL KBaHTA nmpH 490 HM.

KeaHnToBBIH BBIXOJ (POTOCHHTE3a PE3KO YMEHBIIAJCH C
yBeJIMUEHHEM JUIMHBI BOJIHBI GBeTa B 06JaCTH JJIHH BOJH
GoJbliie 685 HM, HECMOTPS HA TO, UTO XJOPOGDH/I elle Jo-
CTATOYHO XOPOUIO TONJIoLIaeT B 3To# o6jacTH crnekKrp. 310
fiBJIeHHE, HA3BAHHOE KpacHsoiMm nadeHuem BhiXona (HOTOCHH-
Te3a, yaajoch OOBSCHHTH He cpasdy. B mocjeayroumux onmu-
Tax IJMepCOH W ero COTPYAHHKH MOKAa3aJjH, uto 3(PGexTHB-
HOCTb (oTOCHHTEe3a B jafbHel KpacHoH o6JacTH (AJHHBL
BOJH Goabuie 685 HM) MOMKHO CYUIECTBEHHO YBeJHUYHTbh,
eCcaH ONOAHHTEIBHO OCBELlATh BOAOPOCAH KPACHBIM CBETOM
(c anuHOM BoJHBI okoso 650 M) (puc. 4.4). Oxasajocs,
YTO KOJHYECTBO KHCJIOPOZAA, BHIIEJISIONIEroCs IPH OZHOBpe-
MEHHOM OCBENIeHHH BOAOpOCHAel MaJbHUM KPACHBIM CBeTOM
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H KPAcCHBIM CBETOM, NpPEBHIIAeT CYMMY TeX KOJHUECTB KHC-
JIOPOZA, KOTOpbIe BBLAEISAIOTCS NPH OCBELIEHHH TeX XKe BOJO-
pocJiell KaxkKIbIM NMyYKOM CBeTa B OTAEJNLHOCTH. DTO BO3pa-
cranne 3QdheKkTHBHOCTH (OTOCHHTE3a NpPH JajbHEM Kpac-
HOM CBeTe [10cJle BKJIIOUEHHs JONOJHHTENbHOTO Nyuka cBera
C MeHbINHMH JJHHAMH BOJIH Ha3BaHO 3ppexTom ycurenus
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Puc. 4.4, SbdekTHBHOCTL (KBAHTOBLIA BHIXORA) (POTOCHHTE3a 3eJCHOl
sogopociu Chlorella npu ocBellleHMH CBETOM Da3HBX AAHH BoJH. [Ipu
BKJIOYEHHH [JONOJIHHTEJbHOrO MHCTOMHHMKA CBETA BO3PACTAeT KBAHTOBHIN
BLIXOA B of.1acTH ATHH BosH Goasuie 880 M (adpdexT ycusieuna Dmep-
cona) {Emerson et al, Proc. Natl. Acad. Sci. US, 43, 133, 1957)

Amepcona. PesyabTaThl H3MEpPEHUH BEJTUYHHBI 3TOrO 3 dek-
Ta y TPex BHIOB BOJAOpPOCJeH, COAepXKAILUX pasziHUHbE
BCIIOMOTaTe/qbHble  THIMEHTH, HOKa3aHbl Ha puc. 4.5,
Ha npaxkTuke u3MepsiiOT KOJHYECTBO BBIAEAEHHOTO KHCJIOPO-
pa. Caenyer o6paTHT, BHHMAaHHE Ha TO, YTO KOJHUECTBO
KHCAOPOAa, BBIAEJHUBIIErocs INMPH OJHOBPEMEHHOM OCBelle-
HHUH BOJOPOCJeH ABYMS Ny4YKaMu CBeTa ¢ Pa3HbIMH IJHHA-
MH BOJH, B0J/iblle CYMMapHOro KOJHUECTBa KHCJIOpOa, Bbi-
JeJITIOIErocs MPH OCBEMeHHH 0OBEKTa TEMHU K€ CBETOBHIMH
TyuKaMH, BKJIIOYAEeMBIMH 1O OTAeJbHOCTH, FIMeHHO 3TO cary-
JKHT moka3datesneM addekra ycunenus orocuuresa, Orciona
cilenyer, 4To B (OTOCHHTE3€ y pAacTeHHil y4acTBYIOT ABe
peakuuy, ofHa U3 HUX CEHCUOUJIHIHpyeTcs XJOpodHIIOM &,
Apyras — BcmoMoratesbHbiMI  nurMentamu. Cefiyac 3TH
Peaxkiuy NPHHATO Ha3biBaTh peakuusiMH (OTocHCTEMBI [
{®C 1) u dorocucremur 11 (®C 1) cooTBercTBEHHO.
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Puc. 4.5. CrexTph aefictBHsl apdexTa DMepcoHa y pasHbix BOAopoc.eil
(BepxHsSIsl KpHBash Ha KaXAOM M3 TIpa¢HukoB) NoAOOHE cHexipaM [o-
IVIOI[EHHs] BCIIOMOTATEJIbHEIX NMHTMEHTOB TexX Ke BOAOpocief (HMXHAS
xpuBasi Ha xaxkaoM rpatuke). A, Chlorella — 3enenass Bogopociib, CO-
aepxkaiiasi  xJaopoounn b. b. Anacystis — cune-senenmasi BOAOPOCIb,
conepxamasi ¢ukouptanun. B. Porphyridium — xpacHasi BOZOPOCHb,
coiepxamas ¢uxkoapurpud. (Emerson, Rabinowitch, Plant Physiol,
35, 477, 1960.)

B 1960 r. Maiiepc (Myers) u ®penu (French) nposenn
BaKHBIH OTBIT, Pe3yJbTaThl KOTOPOr0 MOKA3aJH, YTO OITH-
MaJjibHas 3(pPekTHBHOCTE (OTOCHHTE32 MOXKeT ObITh LOCTHT-
HyTa He TOJBKO Toraa, korga ¢orogucremsl I u Il pa6ora-
IOT OTHOBPEMEHHO, HO M KOrJa OHH pafoTaioT mo ouepent,
€C/IH TeMHOBOH TPOMEXYTOK MEXJIY NepHoJaMH OCBeElleHHS
ITUTCS HeCKOJIbKO CeKyHA. JTH JAaHHBE YKa3biBAKOT, UTO
NPOAYKTH 06enx (POTOXHMHUECKHX PeaklHil MOTYT HaKAIJH-
BaTbCA H HEKOTOPOE BpeMs COXPaHAThCS, a4 MOTOM Pearupo-
BaTb C KOMIOHEHTAMH LIeNH NepeHoca 3JeKTPOHa,
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B moJ/ib3y rumoTesnl O JIBYX CBETOBLIX PEAaKIHUAX CBHie-
TeJbCTBYIOT Pe3yJabTaThl CJAeAYIONIUX ONBITOB H PACUeToB.
Pa3HocTh OKHCJAHTENbHO-BOCCTAHOBHTENBHEIX MOTEHIHAJOB.
AE (puc. 4.6) Mexnay cy6CcTpaTaMu U NPOAYKTAMH CyMMap-
HOH peakuuu QotocuHTe3a cocrasaser 1,25 B (mas naper
COy— ratokoza AE=-—0,43 B; nas napws H,0—0,; AE=
= +0,82 B). Ho nocko/ibKy AJisi BHICBOGOXK/IEHUS OZHOH MO~
Aekyasl Op 0 BoccTaHoBJgenust ofHOH Mosiekyasi COg HYXKHEI
4 3JeKTpOHa, cyMMapHast Heo6XoJHMasi 3HEPrUs paBHa B
nepecuere Ha 1 MoJib

4.1,25 3B - 9,64 . 104 _ﬂ—’l;i —482.10*Ix  (4.9)
3.

(cM. pasg. 1.6, 2.5 u 6.4).

OueBHIHO, UTO TAKOH 3HepreTHueckHid Gapbep HeAb3s mHpe-
OJI0JIeTb 3a CUET ITOIVIOUIEHUS ABYX KBAHTOB (POTOCHHTETHYe-
CKH aKTHBHOrO KPAacHOro ceera (2Heprus | Mojif Takux
kBaHTOB paBHa 17,1-10* k). Ecan yuects sKCHepHMeH-
Ta/JbHble JaHHBIE, COTVIAQHO KOTODBIM KBAHTOBBLIH pacXxoj
¢ortocuHTesa B pacuere Ha | moJjekyay Os cocraBiser 8§
(cMm. pasa. 4.3), To moayuaercs, uTO AJ4s BblaedeHHs Og
HY2KHBI /B€ CBETOBHIE peaknUU (MOCKOJLKY ONUH KBAHT CBe-
Ta ofecneynBaer TepeHOC OJHOro sJjekrpoHa)., Pacxox
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Puc. 4.6. Oxkuc/iuresbHO-BOCCTAHOBHTRJAbHLE NOTEHIMANB CYyMMapHOME
peakuMn (OTOCHHTE3Q.
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8 KBAaHTOB CBU/ETEJILCTBYET O TOM, YTO KaXKAhlil H3 4 3JIeKT-
POHOB INepeHocHTCs ABaxkiAb (B gBa mpuema). B 1960 r.
Xuan u benpann (Bendall) B Kem6puaxe BbLnBuHYJH
TPeanoJoXKeHHe 0 TOM, YTO ABE CBETOBble PEeaKIHH JOJIXKHH
paboTaTh NOCJAEA0BATENLHO, 4 He MApalJIeJbHO H UTO POJib
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Puc. 4.7. Cxema paboThl ABYX CBETOBHRIX peaklull, WM Z-cxeMma $oTo-
cuntesa. [Kowuenmus Xuana u Benpanna (Hill, Bendall), Nature, 186,
136, 1960.]

NepeHOCYHKOB 3/JIEKTPOHOB B TEMHOBOH PeaKuHH, COeTHHSIO-
e 1Be GOTOCHCTEMBI, HIPaIOT UHTOXpOMBI bg H f. CooTBET-
CTByIOLlasi cxemMa TNokazaHa Ha puc. 4.7; CcOBpeMEHHbIE
npelacTaBJ/eHUusl 0 NepeHoce 3JeKTpoHA MpH (OTOCHHTE3E
onucanel B . 5. Haubonee ybeauTennHble 1aHHBIE B NOJb-
3y CyIIeCTBOBAaHHA [BYX OT/JeJbHBIX (oTocHcTeM OblIH MO-
JIyyeHbl B MHOrOYHCJEHHBIX pafoTax ¢ HCIOJb30BaHHEM
MeTon0B AHbdepeHUHaNnbHOH CHeKTpoPOTOMETpHII, MpHMe-
HeHHbIX BrepBbie woizencom (Duysens) n Koxom (Kok) u
BMNOCJEACTBHH pa3BuThiXx Burrom (Witt). B artux paborax
H3MepA/JIH H3MEHEeHHS IOTJIOIEHHST Pa3IMYHBIX KOMIOHEH-
TOB KJIETKH NPH OCBEIIEeHHH MOHOXPOMATHUECKUM CBETOM
pasubix aauH BoaH. CxemMa auddepeHuHaNbHOIO CHEKTPO-
doToMeTpa mokazaHna Ha puc. 4.8 H3yuns kayecTBeHHO H
KOJTHYECTBEHHO H3MeHEeHHs MOTJIOIIeHHS DPa3JHYHBIX KOMIIO-
HeHTOB (OTOCHHTeTHYECKHX peakiuil, HampuMep IUHUTOXPO-
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MOB, MOXKHO jeJaTb BBIBOAB 06 HX POJIH B LEMH NepeHoca
snexTpoHOB. K npumepy, IoiiseHc ocBellans CycleH3HIO
KJIeTOK KpacHo#l Bopopocau Porphyridium B npHCyTCTBHH
anxyaoppenuaaaMeruamoueBunb (AXMM, DCMU) —cunre-
THYECKOTO repOHuHAa, MoAaBJAIOILerO BhlAeNeHHe KHCA0PO-

WeTouHuk BO36YKAAK0-
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Puc. 4.8. Cxema audbdepennunansuoro cnekrpodoroMeipa aas usmepe-
HHS WHAYUHPOBAHHBIX CBETOM M3MEHEHH§i [OIJIOHEHHS] THIMEHTOB W
JIPYTHX KOMIOOHEHTOB KJETOK.

1a, 1 OOHapyXHJ HaKONJeHHe HHTOXpOMA [ B OKHCJIEHHOM
cocTosiHHH. B KOHTpPOJIBHOM OmNBITE € KJIETKAaMH BOAOPOCIEHl,
He 00pabOTAaHHBIMH HHIHOGHTOPAMH, CHEKTP MOrJIOIEeHH ST
LHTOXpoMa [ He 13MeHsJCH, T. e. HAKONJEHHS] OKHCJEHHOT'O
HHTOXpOMa He npoucxonuno. lioii3eHc caenan BbIBOJL O TOM,
YTO IHTOXPOM | SIBJSIETCS NPOMENKYTOUHBIM MepPeHOCUHKOM
3JIeKTPOHA B peaKUHsiX, CONPOBOKAAIONIHX BbiJeJeHHe KHC-
Jopojaa (cM. 1. 5).

4.4. PeaxumoHHble LEHTPbl M TePBHYHbIE
aKUenTopbl JNEKTPOHA

OcBewiast cycleH3uHd BOZOPOCJEH KOPOTKHMH  BCHBIIIKAMHK
cBera, Kok cymesa uAeHTHOHUUPOBATH U 0XapaKTepH30BaTh
0coOBbfl THI XJA0pOodHAIa &, KOTOPbIYl OH Ha3BaJa IHIMEHTOM
P700. P700 BXOZHT B COCTaB XJIOPOMJAACTOB B OUEHb MAJbIX
KoJqHyecTBaX. Ero MakKCHMyM INOIVIOIIEHHSI JIEXKHT OKOJO



