Tnasa 14
QPOTOBNOJOTHYECKNE HPOIIECCHI

§ 14.1. ®orocunTes

Buosmepreruieckne uUponeccH, OUNCANHbIE B NPEIBAYIHAX Iiaa-
BaX W CBOOAMMEcA K 3alacamuio xuMmudeckoit smeprum ATO u ee
PacxoJ0BAHNIO, ABIAAIOTCA TEMHOBEIMH, OHH TPOMCXORAT 0e3 yuacTus
cseta. B oroit rmase MBI paccMorTpmM BaskHeiimme (hoToGmonmorAYe-
CKHE NPOIECCHI.

(DorocMHTE3 B 3€JNEHHIX PACTEHUSAX OUPEfeNfeT CYyIMeCTBOBAHUE
Beex BoIcmmX (opM KU3HM, TAR Kak KUCaopol B armocdepe Seman
o6pasosan MMeHHO B peayiabraTe orocmuresa (cm. § 17.1). Cym-
MapHOe ypasHeHue (oTOCUHTE3a MMEET BUJ

CO; + H,0 + ko — (CH,0)+ 0, + 470 x[ix/Monb.

3necs ho — xsanT csera, (CH,0)— dparMenT monexryian yriesona.
Tlpn ¢otopeaxnun soigenserca sHeprusi 470 w[x/monn. Usmeuenue
cBoGogmoil omeprum cocraBiaseT 504 w[m/Monb, CieloBaTelpHO, W3-~
Menenne suTponuu passo — 113 Ji/(monb - K) (mpm 300 K). Ha
ofpasosaume opuoit moixeryner O, pacxomyercsi 8 KBaHTOB cBera
(cM. c. 448) ¢ cymmapmoil anepruen oxono 1470 g/ #/monb. Tem ca-
MEM KOIPPUOMEHT WCHONL3CBAHAA COJNHEYHON DHEPIUH paBeH
500/1470 = 0,34. Brienenne ~470 wJl#/Monbk dHEprum cieyer uz
Oanauca:

Jmeprms aByx cBiuseirt C = O B CO, 798 X 2 = 1596

Smeprust Byx ceuzeid O — H B HyO 462 X 2 = 924
Hroro 2520

Jneprust cBasu O = 0 B O, 487

Omeprun nByx csiazeit C — H B dopManbyeru-

ne CH2O 386 X2 = 772

dueprun ceszu C = O B CH,0 798
Hroro 2057

2520 — 2057 = 463 w]]»/mMonb.

Ora Ke BENINUMHA CAENYET U3 OKACANTENLHO-BOCCTAHOBUTEILHOTQ
norenmuana uaps  ‘/,0,/H,0, passore +0,81 3B, um napm
CO,/CH,0 + H,0, pasuoro —0,40 sB. WUrore 1,21 3B. B ¢orocun-
Te3e gua BoccTauoBaenna CO, o yraeBoma Hy'KHo neperecT:m 4 ato-
ma Bofopoga ¢ H,O na CO,:

CO, + 2H,0 - (CH,0;)+ 0, - (CH,0) + H,0 + O,.
Baranc smeprum: 1,21 -4 = 4,84 3B = 470 w][x/mMons.

>
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Takum obpasoM, (OTOCHHTE3 B 3eJCHHX PACTEHMAX O3HAUAET
pearkquo Memxray oxmcnurenem CO, m soccramosmTenem H,0, 8 no-
Topoit 4 anexrpoma (mim 4 aroma H) mepenocares «ssepx», mpeojio-
JieBaA pasHoCThH HoTeHnuaioB orkomo 1,2 B, wro mokasaso cxemarm-
<ecru ma puc. 14.1. Ilpm Garrepmancmom (porocunTese BMECTo BOJIHI
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co, —>( )-»(CHz )

Puc. 1414. Cxema d¢oro-

2 cuHre3a: I — cdepmenta-

~47r TUBHOe npeppamenune H.0O
ﬁ&) B 0, 2—nepenoc BOIO-

pofa oT HPOMEMYTOIHOTO

+g7} Xngpagun semecrsa Z/ZH, x X/XH,
B N0CJAeJ0BATEABHOCTH
depMEeHTATUBHBIX CTAU A
¢ DOMOIIHI0 AKTABAPO-
+T P BAHHOTO CBETOM XJIOPO-
dunna, I — depmenra-
7 ruBHOe npeBpamenne CO, .
+Jh) Hzo»(ZH )0 s (CH0)

Momer Qurypuposats H,S; mpu atom pemoxc-morennman H,S/S co-
<ragusier anmwb 0,2 B. Omeprmsa, meoOxomMas AnA peakmny, mo-
Jaerca csetoM. llepsas cragus mpolecca COCTOAT B NODIOMEHNN
CBETa OUTMEHTAMH, CpeJM KOTOpPHIXx Hambolee BaskeH 2Zaopoduaa.
‘TUMHpPASEB HOKAa3aJI, YTO CHEKTP [eHCTBUA CONHEYHOIO CBeTa MpH
«(pOTOCMHTE3¢ COOTBETCTBYET CIEKTPY NOTNOMEeHNA XJopoduina.
Ha pme. 14.2 npumepenn crpywrypablie GopmMynsl sammeflnmx oHr-
MeHTOB pacTenmil; ma puc. 14.3 HOKA3aHH NOJNOCH [OLNCIIEHASH
TMTMEHTOB.

@DorocnHTE3 MOMHO OIIPEeNuTh Kak mponece (OoTOMHAYRHUPOBAH-
"HOTO 2JEKTPOHHOIG TPAHCIOPTA, KOHEYHBIM pe3yJIBTATOM KOTOpPOLO
asnaerca ycsoenne CO,. Cropocrs ¢orocWnTesa 3agUCUT OT WHTEH-
.cusHOCTH majawmero csera l. I'pyGo rosops, ckopocers oGpasosa-
HUA Hexoero cy0erpara INpOmOPHMOHANBHA YHCIY IOCAOWIERAAbIX
KBaHTOB. JTOT meycroflumsiii cyberpar npeobpasyerca nanee 8 dep-
MeHTaTHBHEIX npomeccax. OmBIT MOKa3BIBaeT, 4TG VI NIPOAYKAN
-ofHoil Monexkynnt O, myKuo n =~ 8 monexyn cyGerpara. Ha ogun
-(pepMenTATUBHEI KOMIUIOKC HJIHW HA ONHY MOJNEKyny o00606IeHHoro
depmenra (Porocunreruveckas edunuya) upuxoawtes oxone 300
Monexyn xnopouina (S0 B (orocmuTedWpyIOMNX OGaKTEPUAX).

‘Cropocers oTocMHTe3a MOMKHO HPECTaBUTE sMnupuuecroit dop-
‘MyJoit, nofo6noit gopmyre Muxasamca — Menren (c. 178):

(Fg/n) E1

=2 (14.1)

Tne kg — RoHCTaHTa CKopocTHm (DepMEHTATHBHON pearmu#, n =~ 8,
E — rounentpanns depmenta.
CEOpOCTL U 2aBHCHT OT TeMIeDaTV]hI. Tlpn fonemoit NHTCHCHUB-

‘HocTH majamooinere csera /> K macrynaeT HACBIMEHWE, Umax =
448



= kpE/n. Benuuuna ky HaxoguTcAd NyTeM u3MEePeHHS 3ABUCUMOCTH
BhIxoda O, 0T nNpoJoIKHTENLHOCTH WHTEPBAJOB BPEMEHH MEKIY
BCOBIIIKAMH £y, npn uMoyascHoM ocBemienuu. Cpennee Bpems, HeoO-
XouMoe A npeBpalleHua oanolt Moneryiawt cybcTpaTa, CocTaBisgeT
~0,02 ¢. Uprima canosamu, kg = 1/0,02 =50 (c~'). Honmentpamus

M
H?/
/\/\/\—EH —CH;
N_ o/
T
\\_N \N_//
Hs C——-/ /| \ CzH5 CZHS
NN\ 0 D0 o
H,C |/ Ny U\C/
ZI U—C/ \\D I\ \ l
e "Ny himd NNy
= 3 SN | /s
CH
i N 7
¢ —N HN—
BN wo—dl | \—CH,
S, s NN
- |
z
SCH—CHy CHs Cfs
[AN
cH
w0t s
L SoH—cH
el
P
LN
HCT e
A
1B ' YA
o N o/ Nomp” N No=pl Np=gl
H>|/\“/C_C\C=E/C—C\B;—‘C/D—-D\ — /C E\C=[‘,/C C\"/\‘<g
>\/\ P \ / / \ '\/<H

5

Prc. 14.2. CrpyxTtypusie ¢opMyanl HeKOTOPHIX NHETMeATOB: A — Xjmopodnax a,
B — xnopodpuan b, oGBenennan oramom rpynna — CH, 3amenena ma —CH=0;
- B — purospurpobmaan

E =[Ch1}/300, ([Chl}— romuemrpanns xnopodmana. Ilomyuaem
Vmax = 50[Chl}/n - 300 = 0,02 [Chl] ¢~!. Maxcumanbuasa cxopocTb
¢oToCUHTE3a UpH TUOCTORHHOM OCBEMEHUM DPABHA ONHON MOJEKyJe
0. ma Monekyuny agopodmiia za 50 c.
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(DorocuHTETHYECKNE EANHUOL! JOKANN30BAHLE B ZA0PONAACTAL —
cnenuantHEX opramoupax kxerxu (cMm. § 14.4). B Bommmx cycuem-
3MAX XJOPOMJACTOB C COJAMH TPEXBAJEHTHOLO JKENe3a NPONCXOAKT
pearyus Xuara — doroxumnieckoe puifenenne O, mpm yuactmm po-
G6asnenHOro orxmeamrens. Hapany ¢ Fe®' Takum oxucnmrenem Moryr
OmTh xmHOHBI, Kpacutean. OKucaurtenr 3aMemaerT CHUCTEMY

CO,/(CH;0). Uctounurom O, npu doro-

‘ cunrese in vivo u in vitro caysruar H,0,

7 a me CO,, aro jAoxazamo ¢ mOMOIIBIO Me-

wepnix atromos '°0. Hezasncumo or doto-

CHHTE3a UPOMCXOOUT [bIXaHHe, T. €.

nornomenne O,. Ha cmery wusmepaercs

pasuocTh aTHX ABYyX nponeccos. CropocTh
2 : JbPIXaHUA HE 3aBHCHT OF OCBEICHUA.

: Ocuosuan npobiema QUINKT U XHAMHUI

doTocuMTesa COCTOMT B PACKPHITHH Me-

. : . : XaHu3Ma npeobpasoBaHMA DHEPIUU CBETA

B XHIMU4eckylo suepruio. B 1948 r. 6nuia

- ’/"\,| OTHKpPBITA MOAelbHaA pearyus Hp(lCHOB-
3 v 4 cK020 — obpaTuMoe doroBoccraHoBIe-
Hpe Xxjopodmina:
S , he _
w0 Chl -- AH=Chl™ + AH™,

Aruna 807kE, KM
BoccramoBuTeneM, T. €. XOHOPGM BNEKT-

gﬁﬁ' ;Jf;)?’r;ogggg‘;“a “&1‘)”0“:;’: pomos, cxysna ackopbar AH. Boceranos-
potmmomna  (2), duwospur- eHHBI xaopomin MoKeT GBITH OKuCTHeH
puna (3) u ¢uKoumanmma (4), BHOBB. In vivo nepsam crajius mponecca
o ocu opaumar — odoTHue- €cTh oOKucAeHWe xJaopodnina. DBoabymx-
CKad MIO0THOCTB HeHHBIE CBeTOM MONeKyJNsl xaopoduina
BOCCTAHABIMBAIOTCA B KOHEYHOM UTOrE

332  Cyer BOAB. JNEKTPOHHBIE YPOBHA XNopoWiAIa OOKAZAHDBE
Ha puc. 14.4. B remHOTC MONeKyNIa HaxXxOZATCA Ha HIKOEM CHHIJIET-
oM yposHe S,. Ilonecei mornomesnna Chl coorsercrytor nepexojam

S, > 8* (8 wpacmofi o6mactm cuexrpa) u S,—>S; (B cumefi o6ia-
ctn). O6parEstii mepexox Sy — S* — GeabianydaTenpHLI, nEPexox
S* - §) — puyopecnenrneiit, C yposma S* poaMomen u Geanlany-
HaTensHLIl Oeépexon HA MeTacTaGMabHEIA TpumieTnslit yposenn 7.

IIpn mormomennn cseta B cocrosaum 7 XJ0opodmun HepexomuT
B B030YyneHHoe TpHmneTHoe cocroanne T*. Tepennu uposen oGinee
paccMoTpenne poln TPHILIETHHX COCTOAHKI B (POTOXHMHM Kpacure-
neit, Oma ompenmendeTcs GonbmMM BpEeMEHEM HHM3HH M XHMNYecKoil
HCHACHINEHHOCTHIO BCIEACTBAEC HAJHUNA HECHAPEHHEIX DIECKTPOHOE.

O6patumoe (orosoccranosnenne xmopounna MosKHO NPEHCTABUTH
cxeMoil

Chl+ %Zw — Chl* — - Chl -(T'), :Chl -+ Al = . Chl~+ - AIT*.

Toura usobpamaer HecnapeHuH diaeKTpoH. BosHuKHOBeHME CBOGO-
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nblx pagukanoB npm QorosoccraHoBiIennn xaopoduiana ObUI0 JOKa-
zano merofgom IIIP.

Coertp pormomennsa Chla umeer ciommnyio momocy B KpacHOil
obsacTi. Ito 3acraBiAeT AyMmMarb 0 Heckoapkux opMax xaopodmi-
aa. Yeranonmeno nammune neyx ¢opm — Chla u Chl b. Hpacuas mo-
Joca HOIMIOMIEHIA CMemaercs, KOrfga JHCTbA pPacTeHHs, BHIPOCIIErO

7‘
S’ ~ ra
Puc. 14.4. OieKkTpoHHDBIE S* é Lriigruiy
ypoBun xnopodmiia Lo 23 7y
RpacrHoBCcROMY 7
N .

~7

B TEMHOTe, HocTeleHHo 3ejaeneor Ha ceery. CmeKTp mornomenns
w3MensieTcd ¥ OPH MOCTEIEHHOH KCTPAKONA XJIOPodHIA N3 JNCTh-
eB. 910 obbacuaerca nammuuem Chle m Chlb, a Tawme mx pasmuu-
1Hoil arperamnneii.

dueprusa cmera, MOIVIOMIEHHAA XJIOPOPWIIOM U JAPYIAMH MHIMEH-
TaMH, MOKeT 3amacarbCs, MUTPAPOBATL OT MOJEKYJHl OIHOrO IIHT-
MEHTA K MOJEeKylle APYTOTo M Me;KAy TOKIeCTBEHHBIMA MOJeKYIaMi,
uanryuarhea (Qayopecuennusa u Gocdopecrnennua) W paccemBaTnLes,
npespamasch B temto. Bo Bcex caydyaAx mepBHuubiii akT PoToxmmu-
weCKoro mpopecca COCTOUT B MOrJIomieHnn cmerta. Ilo-summmomy, omua
n3 QYHKUUN BCIOMOTATENLHBIX NUTMEHTOB COCTOMT B cHAGMeHnuH
oHeprieii xiaopodmmra a.

Cnekrpon OelicTeéus Ha3bIBaeTCA 3aBUCHMOCTL CKOPOCTH HPONYK-
OUK KHcjiaopoga P oT Umcna morjaomeHHsIXx KBauTop [, M JIMHED BOJ-
HEL %, T. e. QyHKOua

f(My=P/L.. (14.2)

Ecann P — unemo momekyn O,, mpomynupyemsix B 1 ¢, I, — uncio
xBanToB, mormomaemsix B 1 ¢, to f(A)= D (L) — xpanToBHil BEIXOJ
torocunresa. Ilpm seigemenunm opuofi Moaexyawm O, mormomaercs
8 weautoB. Hpmeaa @ (L) maa xmopemanmsl mokasanma ua puc. 14.5.
XapaktepHo «kpacHoe nadenue» — pesxoe ymeubimenne D (A) B 06-
gactin 680 uM. Ono Habmiomaercsa W B CHeKTpe JeHCTBHA peakmmu
Xuana. Ho mpm 3TOM XJIOpOITacTHl MPONOMIKAIOT NOTIOMIATL CBET.

Kpacuan momoca Chla cocromr u3 pmByx wxommomenros, 670 m
680 uM, mpumepno paBmoit murencusHocti. Ecrb yrazanua H BHa
TpeThbio cabyio KoMmoueury mpu 695 M. Mosker GbiTh, 5TH KOMIO-
HeHTHl oTBeualoT pasubiM (opmam Chle. pasamuamwmuymcs ¢oroxn-
Muveckoil d¢p@QeRTHBHOCTHIO, UeM # O0'BACHIAETCA «KpacHoe Ia-
neuies”?

Heiicreurenbnoe o6biacuenne Gomee caomuo. CymecTyer afderr
Juepcona, cocTOAUHI B TOM, 910 CBeT, Hed(PPEKTHBHEIA B AaTeKOil
KpacHoil obmacth, cTaHoBUTCA 3PPEKTHBHEIM NPH OJHOBPEMEHHOM
OCBeIIeHMH CHCTeMEL 0o0jJee KOPOTKOBOJIHOBBIM CBeTOM, HampuMmep
Opu KoMOWHHpOBAaHHOM Bo3feicrBuu cBeToM ¢ A = 700 m 650 =M.
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Je#ictBue pBoitHOro oGnyvYenus pesko Healmumrueao. dpderr IMep-
COHA BBIPAMAETCA BEJIHMUYMHOI

e =(x —y)/z

rae x — cropocTh Bhifenenus O, mpu ABoiiHOM 00jyvYeHUH, § — npH
KOPOTKOBOJIHOBOM, Z — IpH JUIMHHOBOTHOBOM O0myuennn. 3Hauenue

@ ¢ ocobeHHO Beluko, Korga GOmbIIAs
k- Yacth f00aBOMHOTO IJIMHHOBOJIHOBO~
i ro CBeTa M[OIJIOIIAETCA BCIOMOTa-
44 TEXLHBIM nurMeHToM. JlJiIA modHOIL
407 ayperTuBHOCTH hOoTOCHHTE3A HY K~
q% HO TOTJIOIIeHNe OJHOre KBaHTa XJIO-
q05 pofumioM @ U APYroro — BCIHOMO-
w rarelbHBIM nHrMedToM. Hpacuoe

#; Ii& ﬁ'ﬂﬁﬂ fﬁillf Y majende NPOMCXONUT B obaacru,

Lz s, B KOTOpPO#l CBET NOIIOIIAET TOJLKO

Chl a. [leraxbnoe ucciaenosabue mo-

Puc. 14.5. CHeKTp meficTBHEA AIA KasaJo, ofHAKO, 4TO HapAAYy C Mawx-
XJI0PeIIbL

camyMaMu £(A), COOTBETCTBYIOIHU-
MH BCOOMOTraTeJbHBIM IHIMEHTaM,
B monoce mormomennsa Chl e mmeerca maxcumym npu 680 um. Iror
MaKCHMyM CBA3aH C PE3CHAHCHBIM EPEHOCOM BHEPruH Bo30YKIeHHsI
¢ Apyrmx murmenrtos Ha akruBuyio gopMmy Chla.

§ 14.2. ]IBe doToxuMuyeckne CHCTEMbI

Usnomennsie GawThl W Apyrue gaHubie, B yaCTHOCTH GUOXUMHue-
CKoe pasjelleHiie, oKaswRawT, uTo B (POTOCHHTE3E YUACTBYIOT BE
doroxumuuecxkue cucremsr PCI m DClI. B semenmx pacremuax
ODCII copepskur Chla ¢ maxcumymamu normomenua 670 o 680 am,
o ne 695 um. OCI cogepmur Bece tpu Popmbt Chl a. DCIT dayopec-
nupyer cumabno, OCI — cunaGo. Keanrhl, moraoulennble xmopoduiiom
670 u 680 um, nepenocarca 8 MCI wa Chla 695, u smeprua ux mguc-
© cumupyeT, 4eM u o0bAcuAeTCS HU3KAN BbIxox Quayopecuenmum.
DOCIIT congepmur 6Gombme Chla 670, wem DCI. Cser mormomaercs
B ofenx cmcreMax OJHOBpEMEHHO, HO B pasHoil crepenn. llpm
A > 650 aM B KpacHBIX BOgOpOCIAX M mpu A >> 680 HM B 3eJeHBIX
BofopocnAX cmcrema | moixyuaeT msGbrroumyio, a cmerema Il mejo-
CTATOYHYIO SHEPrHi0 — HapylaeTca Oamanc, neobxoauMuiii A COB-
MecTHO! paGorel iByx cucreM. Bajianc ator yiaywimaercs mpH ogHo-
BpEeMEHHOM oCBeIeHHUN §0jee KODOTHOBONHOBHIM cBeToM. Taw obbsc-
ugerca sPPerT OMepcoHa M «KpPACHOE MageHuer».

Ecnu ceerosrie peaxinu, onpepgemsemsie @CI n OCII, npomcexo-
IAT MOCAEJOBATENbHO, TO MOKHO YCTAHOBUThL CIEKTD IOIIOIIEHHS
KayKJoll cmcTeMbl, M3MEDPHB CHEKTpH fefictBusa QorocuuTesa mpH
CHJILHOM, HO HE HACHIIIAIOIEeM BO3JeHCTBAA CBETOM, IIOTNIOTAEMbIM
apyroi cucremoit. CropocTs ofuieil peakyum IpW 9TOM ONPEeNAeTCH
JUMATHPYIONUM mponeccoM. Ecam H3GHIToUHBIN CBeT IOINIOMAETCH
@CI, To cropoCrth peaknum n cnekrp neficTsnsa muMutmpyiorcs (DCII,
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