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MonyueHsl p MPOAHATHIUMPOBAHEL ¢ NOMOUILK) MATEMATHYeCKOHW MOIENH NPOLESCCOB B DOTOCHCTEME
I gadubie 00 HM3MEPEHHI0 CHIHAMA (UIyOpecUeHUHH, Bo30yKTAEMOH HACBIUARUIHM HMIYIbCOM
anuTeasHocTeo 10 HC ¢ NOMOMBKY COELMaNLHOrD NMPOTOKONA OCBEWIEHMS HA OpenapaTax TepMo-
PHIBHOIG WTaMMa CAHCKIETOUHON 3encHOH Bosopocny Chiorella pyrencidosa Chick (HATHRHBIX H
C auypoHom} B agdanazone Bpemenu ot 100 wec mo 10 c. AHaauy pe3ynbTaTOR MOACNHPOBAHHA
0Kazan, 4To B YCIOBAAX KOPOTKOrO CBETOROTO BO3ACHCTBHA Ba)KeH ACTANBHBIE YUYET ApOUECCOB
peKOMBMHALLANK, B TOM ufcne GerniinyyaTensHoil B (orocucTeMe (I, a naabHelILni repedoc 3apsios
B JNMEKTPOH-TPAHCHCPTHOH UeMY TWIAKOHIHOH MeMODAaHEl MOWHO ORMCBIBATL OZHOH peaKuueH
NOBTOPHOTO OKHCISHHMA XHHOMOB. BkmwouedWe B Modens dorocHcTems! 1l peakuui uuru®uposanua
- ZUYPOHOM 3IEKTPOHHOTO TPAHCHOPTA B aKUENTODHOH Yactu droTocucTembl Il no3pomuno onucaTh
KpUBLIE MHIYKUUA DIyopecleHUrn, PerUCTPApYeMble B UPUCYTCTBHR NWYypoHa. Onpeaenedn napa-
MmeTpb Mofdenu (pH crpombi, KoHcTauTel cKopocrelt peakuufi GesnzryuaTtensHol pexomBuAauuH,
HavAILHAN BOCCTRHOBICHHOCTh Myna XHHOHOR), NPH KOTOPHIX aiCKBATHO OHUCAHbLI HaOMWOJaeMble
2 3KCOEPUMEHTE COOTHOLWEHMA MAKCHMa/BHOrO M HAHANRHOrOe ypoBHed gayopecuenunw (£ /Fq).

Kniowessie croga: undyxyna (Qayopecyenyuy, WMAVACHAR GRYOPOMEMPUS, IAEKMPMHLIT MPGHCROP,

gomocucmesa 1, moderpnoie pacuemer.

HurencuBHOCTL hiiyopecueHUMN XGopodunnaa
GOTOCHHTEINP Y WUX 0O BEKTOR ONpenesiseTed Kak
COBOKYOHOCTBHH) MPOLECCOR B aHTEHHBIX KOMILIEK-
cax, TAK W MpOUECcCcaMy 3IEKTPOHHOTO TPAHCHOPTA
¥ npyrumi, HoNee MeITeHHRMY peakuuaMu B do-
ToCHHTeTndeckol memOpane. HaMeHeHuwe HHTeH-
CHBHOCTH (PNYOPECHEHIMN MOKHO Hal1iogaTh B
WHPOKOM BPEMEHHOM HWHTepBalie — OT ¢AWHMI
MUKOCEKYHA 10 JdecaTkob cexyHa. flpu atom uc-
QONLIYHOTCA CIICLIMAESIbHBIC IPOTOKCkl H3MEDEHHNA,
BIKYSAA 5036)("}{(,&31-!}'{3 NMOCTOAHHBIM CBETOM, A
TAKKE HACBILUAIILIMMYA HMIYIbCAMHA PA3HOH ANH-
TENLHOCTH Ha (OoHE NOCTUSHHO MAEHCTBYIOWIErD
CBCTa pElSHUl:I HHTSHCUBHOCTH.

Coxpawenus: U® —~ unaykuus dnyopecuesyun; ¢n — dayo-
pecuerunn; PL ~ peaxunonusf nenrp; ®C 11 - QorocucTema
(. P68G — xnopodunn PLL OCIL: Phe — deodurun: Qy n
Qg — NEpBHYHLIA M YTOPHYHBIA XHHOHHLIC akientopsl OO

I KBR - giacaopoIngniietsomii kostcwere: Y . — tHpusni,
Chl = xaopofpeiiel antensst w PLLD ITH - saewrpon-rpanc-
nupraag wene: My - 0poTonbl B loMenc Hg - npotonn
B urpone. QPN — ofparusas pasmkaneHas napa.

MaTtemaTudeckoe MOJesHpOBaHue INPOUECCOB
B THAaKOMIHOH memGpaHe noiponser QopManu-
30BATh APEACTABNEHMA © NPOUECCax pasiuuioi
MPpUPOALI, APCUCXOMALINX B (POTOCHHTETHHECKOH
meMGpaHe, HabnrogaTh Ha MOMENM KHHETHKY (fe-
PEMCHHBIX, HE PEFRCTPUPYEMBLX ZKCIEPHMEHTA -
HO, H 3aTeM NYTEM WACHTM(MKILWY NapaMeTpoB
MOJIH OUEHURATE 3HAYEHNA KOHCTAHT CKOpoLTel
OTOENBHBIX PeAKUUM. 3aKiodenne 0f ageKBaTHO-
CTH MOOen Jenaercid Hd OCHOBAHHKM COMNOCTARNE-

‘HHSA COOTBETCTEYHOIUMX MOIOCNAbHRLIX MIEPEMEHHLIX €

FKCHNEPHUMEHTAIBHO HaﬁﬁIOﬂﬂeMb[,\f[H KPHBbIMMH,

[Tpu Bo30yxpnenun oGpasua CBETOM NUCTOAH-
HOH MHTEHCHBHOCTH HHIYKUHOHHLIE KPUBLIE IIVO-
pecuexuny (MM} o6bIYHO PErHCTPUPYIOT BO Bpé-
MeHHOM auanaszose 50 mgc — 100 ¢ [1-9]. Hna
onucasus M aHanMaa xKpueoix MO uenonsiyior
MaTeMaTHUeCKNE MOAENH PA3HON CTENMeHH JeTanu-
sauny [6,10-23). ManykunoHdas kpuesas fayopec-
ueHusn {(ha) peruwcTpupyesada AP TOCTOAHHOM
CBETR, HA BPSMEHAN OT MHAJMCEKYHI 10 CeKYHI
OTPAKAET KAK MPOULCChl 3NEKTPOHHOIO TPAHLMOp-
T4, TAK ¥ FEHEPALMIO DIEKTPHUECKOTO TOTEHLHMANR
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Ha Membpane [12,22-27). Ha Gonee anurensdnix
speMeHax ¢opma Kpuaoil M 3arucHT Takke ot
npoUcccor GOPMUPOBAHNA 3IEKTPOXHMUYECKOTQ
OTEHLMANa H CBA3aHA ¢ MeTalONHYECKUMHU LEens-
MH, 15 KOTOPHIX CUCTEMA NEPBMHHBLIX NIPOULECCOB
($HOTOCUNTE3A ABAAETCA NOHODOM 3HEPIHE B BUAE
ATDO »w HAJD {2,21,22,28]

KonnyecTsenHbie NOKA3ATENH (PAYOPeCHEHNM
(dn), 8 nepsyrd Ovepeinb OTHOCHTENLHBIH BbIXOX
@1, 4aCTO NPUMEHAIOT ANA XAPAKTEDHCTHKM bu-
3HONOMMYECKOTO COCTORKHMA (POTOCHHTEIHPYIOLMNX
00BLEKTOB, NPH 3TOM WIHUPOKO MCMNONBIYIOTCH Me-
TOALl MMNYIbCHOH dnyopomerpun [6,29).-

Haubonee ObicTpbie 43 MPOLECCOB, CRAAHHBIX
¢ QayopecueHLuell — ¢ XapAKTEPHBIMH BpEMeEHaMHu
A0 | He, NPOUCXOOAT B CBETOCCOUPAtOILEl aHTeHHE
¥ B Apefenax OKAHLIEro OKPYXEHMS DearlM-
onHoro uextpa (PL]). [Jna onucaHHis KWUHETHKHW
bnyopecUeHUME B YCNOBMAX B30 yxIeHNA 0Gpasya
cnadbiMK JTa3epHLIMM  BCOLILIKAMH WCOONL3YETCA
mojens obpartumol pasurkaneHofi napw (OPID)
[4-6]. B pamkrax 3TOH Moead NPOAHATHMIUPOBAHA
KWteTuka pacnaaa ObicTpolt (prompt) dayopec-
leHUMY HAa BpeMEHAX AC | HC ¥ KHHETHKA 3aron-
HeHus COCTOAHMHA doTocucTembl [1 (T C 1), dop-
MHPYEMBIX NepeHOCHMKAaMn xnopodunia Pl &C
II (P680), deodernna (Phe), Q4 [10,30-36].

.Ha Bpemenax Gonewe 1 HC 003 aHalK3a BKAA-
aoe otaensHbix coctosnud PLL OC [I 8 peruct-
pupyemsiil curuaa kax OsicTpoit, Tak M pexkoMdn-
HAHTHOH MNU 3amenneHuoi (delayed) bayopecues-
uun Tpedyercs Oonee OETANBLHOE PacCMOTPEHME
IpoLUeccos NEPEHOCA 3INEKTPOHA B NUIrmeHT-Gel-
xogoM xomnnekce OC LI, cedazaHHBIX ¢ BOCCTA-
Hobileduem PO680+ uAM NOBTODHLIM OKHCIEHHEM
Qz [37-39]. B npenaparax ©®C II ¢ uyTakTHbIM
kucaopoassipenaownm  komrnexcon (KBK) do-
ToAKTHBHBIE nurment Po80+ poccTaHasnuBaetcs
HEMOCPEACTBEHHO OT AOHOPHOMO KOMOOHEHTaZ TH-
posnna (Yz) ¢ XapaKTepHBIM BPEMEHEM, DaBHbIM
JeCATKAM HAHOCEKYHA [3%]. Bo3uukinue cocroanus
YOXP680Q; Oymyr npeotnajaTh B TEHEHHE He-

CKOMbKHX  MMKDOCEKYHA [OCHe aKTMHUUHOU
BCTBIWKK 8 CBA3W C MA/BIMH CKOPOCTAME PEKOM-
Gunaunn Y§X ¢ Q3 (~ 100 mxc) [3] n nepenoca
snextpoHa Ha Qp (~ 200 wmxc) {39]. fpu stom
soccranosneHne Y9 nponcxonut 3a Bpemena no-

PAAKA MAKDOCEKYHil, ONPEAEISEMbIe XapaKTCPHBI-
My BpEMEHaMH ¥M3HM S—~cocrosHui uMioa KBK
[39}

Hna ananusa npoueccos cpabarsiBanus nep-
Boro uukna KBK B OTBeT HZ KODOTKYK BCHBILKY
TpedyeTes NpUMeHende 4as Bo3dymaenns ofpusua
MOLLHOrQ  HACLIUAWErD WM IbCR.  KOTOPsIb
cnocoferd okuenuTs POSUT GAHOBpPEMEHIO BO RLEX
komnaexcax PC [l oGpasua. PaipaGorandan s
[37] cHcTema pernerpauy N03BONMIIA HCCNEAGBATD

2BHO®LU3HMKA tom 51 Bainb6 2006 .

977

3aMeANeHHY 0 PNYCPECLEHILNIC BO BPEMEHHOM JHA-
pazone ot 100 Hc go 5 mke. B nocaemywignx
Moaudukauix npudopa BpeMEHHON OMaNa3oH pe-
rHCTpaudn paciiper BnaotTs Ao 10 c.

Jna meTanbHOro aHanM3a KOMILIEKCA Npolec-
COB nepexoca n pexomObuHauuu 3apanos 8 @C I

‘He00X0JHMa MaTeMaTHYECKas MOJelb, C JJOCTa-

TOUHOH NOJHOTCH CNUCHIBAKCLIAA KHHETHKY [IpO-
LECCOB KAK Ha AOHOPHOH, TakK W Ha a4KUERTOPHOH
cropoHax ®C [I. Hamensa napamerpbl Mogens,
MOMKHO YMHTHDOBATL BO3ZACHCTBUE PEAreHTOB HA
aepcHoc oaextposa OC Il » anannzuposate pe-
3yMLTAThl N0 PErMCTPALlUU 3aMeNIEHHOH dayopec-
UeHUMKU B YCIIOBHAX BO3AeHCTBUMA Ha 00pa3en HH-
rubutopos, B 4acTHoetd DCMU.

B nmauuoii pabore npoBemleHO TEOpETHHECKOE
M SKCIEPHMEHTANBLHOE MCCASNOBAHME MPOLECCOR
nepeHoca anekrpona B ©C I, DxenepumenTans-
Hbie JaHHBIE N0 HIMEPCHHAKY CHIHalla (DJ'I, B036y-
HIAeMOM HACHIUAIOUIMM HMOYILCOM AIHTENbHO-
creto 10 He, moayuedbl HA HATUBHEBIX OpenaparTax
M B MPHCYTCTBUM OUYpPOHa B AuanasoHe otT 100
He g0 10 ¢ NOMOUILIO cOenUASIbHOR JETEKTOPHOH
cucTemsl, paspaboranHoi & maGopaTopun npodec-
copa Penrepa [30]. [lanuble 3KCOEPUMENTA npo-
AHANM3HPOBAHBL C OMOLUILIO MATEMATHYECKOH MO~
nenu npouyeccos 8 OC 1. Mopess ©C 1l npea-
cTaender co00H AeTanUIMPOBAHHLIH BApHAHT Gno-
xa OC [l obobiweHnod Moaean NEpBHYHEBIX NpO-
neccoB (hOTOCHHTE3a (MOJEAb THNAKOAAA), paspa-
GoTaHHOH padee Ha kabenpe Ouodusnkn Bnono-
ruueckoro @-ra MUY [19-23] Moaens tunaxouaa
BKNHIYAET KOMIUIEKT [IpOLECCOB nepeHoca 3apajos
B THAAKOUAHOH MeMOpaHe 1 alCcKBATHO ONHCKIBAET
NCIHYH KHHETHYECKYI0 KpHBYIC unaykuuu On c
XAPAKTEPHbIMK OCOOCHHOCTAMM, KAK HAPACTAHHNL,
TAK K Claja BEIHYHHBI CHTHana El)J'l_‘/'Opt‘CU,GHLlPl_H
(O-J-1-P-8-M -T-kuneruka), nabmogaemumu [5] 8
YCAOBUAX HENPEpPLIBHOMO OCBEUIEHHST B AUANA3OHE
or 40 mxc no 10 c Kax rpH BBICOKHX, TaK U NpH
HU3KKX MHTEHCMBHOCTAX cBeTa [22).

B nacroawed pafore B paMkax OeTAIM3HPO-
sannoit moaenn ©C 1I nposegen ananuz sxnaga
oTAenbHbX cocToaduil OC [l v kuneruky gayo-
pECUEHLIMHE noLhe HAHOCEKYHIHOIC MMOYALCA. [To-
KA34HO, 4TO Afil MOAENUPOBAHUS KHHETHKW HH-
ayxuud D nocne KOPOTKOro CBETOBOrO BO3JAcH-
CTBMA BaKEH NETaNbHLIH yHeT pexoMOUHALHOHHbBIX
[IPOUECCOB, B TOM 4YHcae Oe3bl3AyvaTensHOH pe-
koMmbudanuu B ©C I, a nansHeliwude npoueccol
[EpEHoCa 3apa10B B JNSKTPOR-TPAHCIOPTHOH Heny
(OTL) runakouaHo#l MeMOpaHBI MOXHO HE YMH-
TLIBATh BOAPOOHO, 3a0aB MX OQHOW peakuded no-
BTODHOIO QKHOUICHHA XHHOROB. ,E[armasl BepeMa
sodeiy GO KA MOATIHPOBARHE KUMKY-
penTHOIR l-IHI'l'if}i'lpOBaHHﬂ AHYPOHOM BRCKTPOH-
MOIO TPAHCAOPTa B aklenTopHOo# 4Yactn QC [I.
YTO DO3BONKMIC ONHCATE KHHETHHECKHE KPHBDLIE,
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Pue. 1. DxonepHMenTaibHLie JAHHBIC M0 PETUCTPAUMH
kpueslx H® 118 Ky nsTypel KAETOK 38TEHOH BOAOPOCTH
Chiorella pyrenaidosa Chick, TepMmodHibiLbid wTavM
CALU-175 5-39 narupuoro ofpazna (KBaJpaTel) H
8 Cpeae © OMYPOHOM {KPYMKKH) TTOCAS HIMEPSHHR
(~-50 muc) yposia (b W eo30cHCTBMA HachLUIAKErD
CBETOBOMO,  WUMOYAbLCA AadTensHocThle (0 HE B
auanazone spemend ot 100 nc no 10 e Ksappars —
KOHTPOIb, Kpywku — 5 mrM DCMIUL

[OMYYEHHBIE B IKCMEPpUMEHTE B ﬂpHG}’TCTBPlH Any-
pora.

MATEPHUAIIBI U METO/JbI.

PeracTpannn duiyopecuenuny 0OCTe UMITYIbC-
Horo BosOyaizcHny, B sccnepiMeHTe HCMOIB30BaIH
KyNbTYPY OAHOKIETOMHOH 3€ME€HOH BOLOpPOCIH
Chiorelia  pyrenoidosa  Chick, TepmoduibHbIi
wramm CALU-175 S-39. Kynsrypy sogmopocnu
Beipawueanu Ha 20% cpepe Tamus B OUIAMHIAPH-
UYSCKHUX CTCKIIAHHBIX KYNBTHBATODAX [pH OCBElllC-
HHAH JTKOMHAHACUCHTHBIMHA JTaMIOaMH ¢ HHTCHCHBHO-
creio ceera 30 Br/M? Ha nOosepXHOCTH KyNLTHEA-
Topa npu remnepatype 37°C ¥ HOCTOAHHOR aspa-
uud. KoHueHTpayKa KIETOK B 3KCMEPUMEHTE Co-
CTARAATA ~5 MAH KA.MIL.

Mingykuvounele kpusble U3MEHEHMA BBHIXDJA
fayvopecueHUMH (puc. }) perMcTpUpoOBaid B JHa-
nazone 100 me ~ 10 ¢ Ha ycraroeke, onncanHoi
B [38]. Ofpaseu e kroBeTe BO3GYXKIANCE AKTHHHY-
HbIM OJMHOYHBIM WMMYNGCOM CBETA A, = 532 HM
AIAUTENBHOCTBIO 10 ne. 9H€pFHH AKTHHHYHOTO CBE-
ta coctaraana 0.4 mlx/cm?, uTo ofecneuuBano
100% eo3Byxneune knerok (HACBIMAKWIHH HM-
mynsc). BpemeHHOH XO# CBETOMHAYUMPOBAHHBIX
GKTHHHYHBIM HMIITYJILCOM M3MeHEHWUE OTHOCHTE)Ib-
HOrO KBaHTOBOTO BbIxoda duyopecUeHunu (Un-
JYKUHMOHHAaS KPHBAdA) PETHCTPUPOBAICS ¢ AOMO-
Weto c1aboroe U3MepUTeNLHOTO CBETA OT YCTpOHi-
crea, cofepxamero HaSop ceeroaneacs (Toshiba
TLRA 190P). Feuepup\'loumx AEPHO THUECKHE HM-
nyabcht CaeTa ¢ A = 600 wa. Ceeuenne odpasy
Bbl3blBACMOT IrI'S\-!epHFE.Ibel.\I CBUTOM. pel"HLTpl-‘l-
pogan¥ ¢ MOMOWLLKY MHOFOKAHANBHOTO BOTOVM-

BEJIAEBA u ap.

HOKUTENS (MCP-PMT) R5916 U-31
(Hamamatsu), spemsa s3anupaHdsd {(OTKpblBaHUA)
KOTOpOro CoOCTasluiG ~1 HC, & OTHOWEHMHWE CHIr-
HA10B OTKPBITHIA/3aKpeITEIH COCTABIAND 1,7-108.
Yposewh curnana £ oOpemenanca ¢ NOMOUBID
M3MEPUTEILHOTO CRETA, NOAABAEMOro Ha obpazeq
3a 50 Mxc 70 8030yxaeHns olpasua akTHHHUYHBIM
ceeToM. CRETOAMOAHOE YCTPOMCTBO, [EHEPHPYIO-
mee U3MepUTENbHEIT CBET, BKI1H0Ya/10Cs U BBIKNIO-
HaNloCk CHHXPOHHO C OTKPBITHEM @© 3AKpPBITHEM
otoymuoxuTena MCP-PMT ¢ nomouwsio um-
nynbcHoro redepatopa DS-345 (Stanford Research
Systems). HaHHbie, noay4eHHBle A0 H NocAE Ka-
WKOOH AKTUHHHHON Ja3epHOM BCNLIUIKM, HAKAIIH-
BAJHCh B KOMBKTEPE, M1 YBEAWHEHHA CTHOMWE-
HH% CHFH&J’[;"U_[YM NpOU3BOIHNCCE CYMMHPpOBAHHE
fo 80 oTHeAsHBIX KHHETHYCCKHMX Kpuesix. [
uzbemanus poronoppexaenns odpasen Henpepbls-
HO OpokadHBanca 4vepels HIMCDHTCILHY10 KIOBETY,

Ouwucaane mozen PC 1L Cxema cocTosuuf
P ®C [I M nepexofoB MeKIy HYMW, paceMoT-
peHHas B MO#eid, npueefeHa Ha puc. 2 [20-22]
JleransHo TpoaHMa U3HpPOBAHEl KMHETHYECKME CO-

CTOAHWA, BKIOYCHHLIE B MPOLECCHl pa3ieieHud
sapsaoe (peakumd 2, 9, 16, 29), crabunmzaunu
sapaga (peakumu 3, 4, 10, 11, 17, 18, 30, 31)

[EPEHOCA €r0 B Ny XMHOJO0B (PQH,) ¢ ocsobo-
aaeHneM Qg-caiiTa (pedxuuu 7, 14, 21-27) u 3a-
TONHEHHA MyCTOro Qp-cafiTa OKUCIEHHBIMY XHHO-
Hamu (PQ) (peakuwny 34-40). TMonarany, 4ro Ha .
Kadabli anexTpoH, nepeftatbid ot KBK Ha okue-
nedHmit P80+ {Chl+) (peakumu 4, 11, 18, 31),
BO BHYTPUTHIIAKOWAHOE IPOCTPAHCTRO BhlJensercy
OAHH MPOTOH.

ITepexen Chl s B036y}K,EleHH06 cocrognue Chl*
3204BAIM CBETORONH KOHCTAHTOW &, = £, { = 1,
5, 8 12, 15, 19, 28, 32 (i — "Homep peakudu HA
cxeme @C I, puc. 2). Koamiecerso nonaganui
kBaHTOB cBeTa B PL[ B cekyway £, = 1500 ¢!
COOTBETCTEOB&I0 WHTEHCHBHOCTH .CBeTa (600 Hm)
1000 Bt/m2. OGpatuslil npouecc pacriaga Chl*
NPOHEXOANT C HCMYCKAHMEM KBAHTOR PIyopecLeH-
uny (Koucranta ¢ryopecueHund kp = k). Beixog
dayopecleHUHN BBIYUCAANM KAK [IPOH3BEASHHE
CYMMBI KOHLEHTPAUH QIyopecunpyoing cocTon-
Uit ®C 1l M OTHOLIEHHS KOHCTAHTHI (BAYOpec-
UCHLMN Kp K cBeTOBOH KoucTaHTe £;:

ke, )
szL(xz+y2+zz+g2+x6+y6+26+g6).

[Tpp onucaxHun peakudH B MOJENH W30AMpO-
BaHHOW PC |1 B kayecTBe napaMeTpoB BEEIEHDI
KOHUSHTPAUWK NpPOTOHOB B CTPOME W HIOMEHE
((HT o [Hy ") 0 orpasesemOpannbiil saektpuye-
CKUH  noTeHumat AW, Baunsnue AW yuuTeigaau
AT peakltmBi neperocy 3NERTPHUECKOID 3apsia
MEPHEHAMKYNAPHO [TIOCKUCTH MEMOPaHbI:
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Pue. 2. Cxema xatanutuueckoro uuxna dorocucremur [ Kamauil npamMoyroasHdk npefctasnaer cobolt ogs0 M3
kuueruecknx coctoanuid PC I, onperersemoe pesoKkc-COCTOAHHEM BXOIAWMX B 1Er0 fIEPEUOCHHKOE MIEKTPOHA.
JaTEHEHHLIME AOKAIAML COCTORUKUA, CIOCODIBIE K HCNYCKAHWIO kgadtos duyopecuennmn. Chl — secs xnopoduann ®C
[1, pKI1OYAA OHCMEHTH AHTEHHE! W UHIMEHT DeakyMounoro uerrpa PE80; Phe — nepBuuHbidl axuentop 3MexTpoHOB
tpeodutind; Qu v Qg — NepBHYHBIE M BTODHYHEIA XHHOHYbIE akuenTops. PQ — niacroxuHon; PQH, — nnacroxunon;
Hf - nportousi, Belgensemsie B moMed, HE — nportonw, gornmowaesele €3 cTpossl Tunakouma. [lywxrapusimu
CTPEIKAMHM 1OKa3aHbl BRICTPLIE (€ XAPAKTECPHBIM BpeMeHeM MeHee 0,1 MC) CTAOMM LMKNE, CIUIOLIHBIMK CTPEAKAMH —
MEQTEHHRIE (€ XAPAKTEPHAIM BPEMEHEM HE MeHee | MC) CTAAuM, WHPHLIMM Crpenxamy — cserossie cTandn. Ludpe
PANOM CO CTPENKAMM COOTBETCTRYIOT HOMEDAM peakuni, Gyk3s HAL OPAMOYTONBHUKAMH (X, Y, 2, & du, = 1,
.7} ~ 0003HAYEHHAM NEPEMEHHBIX MOJETH. Pil € nepeMedHsIMA du; (MANBIE IPIMOYIOAbHHKH) 0003HAYAST COCTOAHMY
¢ Qp-caiitom, 3adATHM mHrudutopom. Monekynma uurubnropa (DU) 3anumasr nycroid Qp-Caldt ¢ obpasesaHHeM
COCTORHMH du;, He CHOCODHLIX K ISPeHOCy DIeKTPoHA C MCPBUHHOTO HA BTODHMHBIA XAHoH. [TyuxkTupaniMu gyramu
noKazasL Qpeuecchl SelnrsityvarelsHol pekoMBunanun Phe- ¢ P680*Y - peaxunn 42-43, Q3 ¢ P680* — 4649,

?Ce = exp(nF/RTAE, — F/RTuAY), (2} noapobHo onncelearomue npouecest GC II [13,15],
/ . He YYWTHIBAKOT 3dBUCUMOCThL CKOpOCTed peakuMi

ot AY.

rae AF, — pa3sHOCTh CPEAHETOYEHMBIX DEROKC-10-
flopTopHoe oKMCIEHHE AOIBHIKHOMQ MEPEHAC-

TeRUHa10B nepenocunror [40]. o — creneqs wiek- o
TPUIEHHOCTH — OAPEIEIAeT, KAKAN 2004 0T odwere  ‘tHRA PQH; ORHCBBATH OIHUR pearnuel 1-
auadenns AV Bavser na dadHyio peaxuwto [41] puc. ). Jdag onucanua npougcCcoB, NPOTERMOUIMX
OTMETHM, 4TO U3BCCTHLIE M3 AMTEPATyPbl MOJSAH, B COOTBETCTBHM cO cxenmiuvi PO H, 3a1aeain mat-
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Puc. 3. Cxema sxcrepuseHTa. DomBMLL oCcBeleHHY
00BEKTA, HCNQALIOBAHHBEIE APH pErucTpasid quyo-
DECLIEHTHLIX JaHHLIX, [PHBEIEHHLBIX HA DHC. I. Ha
I‘OpH:}{)HTZUIbHO]FI QUM TIOKAZHHOG, B KA4KHE MOMEHTEI
BpCMCHH HIMSHATH CIIUCOGH CRETOQBOIY B()3ILC“CTBHSL
Tlo BepTMKAALHOH OCHM MPUBEIEK 10rapHgM cCOOTHO-
WeHHS HHTeHCHBHOCTEH CBETA, 3a1aBAaLMblX {IpH MO-
JeNUPORAHAN 803AeHCTEHA HMOYNbLA U HIMEDHTEIb-
HOTQ CBETA. :

pHUY cKOpoCTell NepexO40B MEKRY COCTORHHUAMH
KOMMIEKCA M nody4anu cucremy w3 30-tu qud-
depeHuManbHBIX YPABHEHHH ANA  KOHUSHTpAaUMk
PasIMHHBIX PefOKC-COCTOSHME xoMmaexca DC I
1 cTpoManbHbIX Gopm miacToxunoHa (PQH,, PQ).

Munddepernaapnoe ypaBHeHHe ANA KaxIOTrO
{-r0 KOMHOOHEHTa CHCTEMEI HMEN0 BHA:

dX /dt = v (X ) V00 (XD,

roe X, — KOHUEHTPAUMS I-FO KOMIOHEHTA CHCTEMBI,
MM v X)) A v, ( Xj — cyMmmapsbIe CKOPOCTH
ero npodspoacrsa v notpedbnenus, mMM/c, Kou-
UEHTPALIUH PABNKUYHEIX COCTOAHUHA KoMrekca P
[l paccunTniBainuch KAK [TPOU3BEICHUE BEPOATHO-
CTH AAHHOIO COCTOAHUA HA OOWYIC KOHUEHTPALUIO
KOMILIekca B cucTeme, B3auMoIeiiCTRAE KOMINEK-
ca @C Il ¢ nmoABMMHBIMHU NEPEHOCUUKAMMU OMM-
CHIBAIOCH NO 33KOHY ASHCTBYIOLWMX MACC B IIpel-
NogoMeHuH DUMOnexKynapHOi peaxkuud [22].

Tlonaranu, uro koHueHTpauua xkomnuexca GC
1l B Tunakounanoi memGpane cocrarnser 1,62 MM
OpH COOTHOWEHWH KOHUeHTpalMA kommiekca PC
[l v xunonor nyna 1:6 [42]. KoHuenTpaunio pe-
NOKC-COCTOSHUN OTAGNBHBIX MNEPEHOCHUKOE, BXO-
aawmkx e cocrae PL[ ®C 11, paccudTeiBann Kak
CYMMY KoHueHTpaumi pcex coctoanuh BC I
COHEDWALNMX TEPEHOCHUK B JaHHOM PEJOKC-CO-
CITOAHHMH. Hanpl-mep. KOHUEHTPALHA COCTOAHHM
@®C ! ¢ goceTanopaeHHbiM QF lairaertca Gophy-

NoW;

BEJIAEBA w op.

: -
S+ gl+ B+ D 3

i=4

TepMun «popMel» HCNOABIOBAH HaMK At 0bo-
snauenus tunoe cocrosaait ©C 11, Hanpumep,
5-¢ (bopmum (x5, g5, Vs, Z5) — o3Havaer Habop
cocroanuit ©C [I, ana KOTOPBIX 3NEKTPOH cTa-
Ounmsmpopan Ha Q.

B nausapi Bapuant mogenn OC I (B oTauvue
OoT npegslaywiero [20-22]) exmiodeHLl QBa THNa
HeoDpaTHMBIX peakumi ans npoueccos Gesblzny-
yaTenbHOH pekomOHHAaLHY, 0003HAYCHHbIE HA CXe-
Me [IYHKTHPHBIMHE Jyramu.

Zapag Ha deoduTrHe peKOMOMHHPYET € OKMC-
JTEHHLIM xJopodunnosM sakperteiX PL. 2Ty peak-
unm (42-45) sriodveHsl 8 MOJENLE KAaK NEepexoibl
¥z 7-X COCTOAHWA B 5-¢ ¢ KOHCTAHWTOH CKOPOCTH,
JHANAa30OH H3MEHEHMS KOTOpO# npHaedeM B o0cy-
KISHHUU.

BoceTaHOBIEHHbIH MepBHUHbIA XuHoH Q) MO-

- eT pekoMOHHUPOBATE C OKHCNEHHBIMY JOHOPaMH

3/eKTpoHOB: xnopoguniom PL, Tuposunom nubo
cocroaruamyd KBK. B monmenn s3T10 nepexon U3,
4-x dhopm B l-¢ (peakuun 4649, pekomMOuHauui.
Qu ¢ P680+) ¢ xCHCTAHTOH CKOPOCTH, M3MEHAIO-
wielies B avanasone ot 200 mo 2000 ¢l

Mogeniuposande OIOKMPOBKH NEPEHOCA 3/1€K-
TPOHA HA MY XMHOHOR OBLIO HAMH ONUCAHO ARYMSA
Pa3iH4YHbIMH CHOCOﬁEiMP]. B [epsoM  BaApHAHTE
YMEHbLIAAKH KOHCTAHTHl CKOPOCTH MHepeHoca Ha
Qp, 4TO AHATOIWYHO TMOUXORY, DPHHATOMY B Au-
Tepatype [13,15]. Bropo# apuadT no3s0a4€eT npo-
RECTH pacuer sl KOHKPerHOH KOHUEHTPALMA pea-
redta ¢ HuraGupyoluy 3ddextom. na a3Toro
Mbl BEBOAMJIM JAOMNONHUTENLHEIE PSAKUHH B3aHMO-
JeHeTBUA ¢ auypoHoM anda cocrosanuil OC 11 ¢
nyereim Qg-cafirom (g) (puc. 2). Taxum obpazom,
vogeas ©@C [l srioynsia FOROMHMTENLHLIH (ro-
PHIOHTANLHBIN) PRM, COCTOALIMH M3 7-MU COCTOS-
uull (du). Ilpeanonarann, 9T0 A1 3TUX COCTOA-
HUH, KOTOpbie cojepikar MOJIEKYNY WHrubHTOpa
B (Qp-caliTe, MPOMCXOAAT MNEPEXOAbl KATATUTHYE-
ckoro umkna @®C I, cooTeercTBylowMe 0003HA-
HEHHbLIM [OPU3OHTANbBHLIMH CTPEAKAMH B CTpPOKax
CXEMBL pHC. 2.

Cxema OSKcHepHMeHTA. OJKCMEPUMEHTARbHbIE
JaHHble pUBeaeHsl Ha puc. | aas Touxu -50 mkc
JO BKNIOHEHHMA HACHLIUAIOWISTO MMIYJIBCA CBeTa M
3aTeM [N TOHEK [nociie BO3ASHCTBHMA CBETOBOIO
uMryiabca or 100 uc gmo 10 c: kBaapaTel — ang
KOHTPOJS, KPYrd — B GPUCYTCTBHU auypoHa. Me-
Nombi0oBaHHEIH B BKCHCpHMeHTe NPOTOKO H3ME-
PeHMH  OpeacTagieH B BWAE CXEMbl Ha puc. 3.
O0berT vepelaeTea LaatbM HIMEPHTEALHBINM CBe-
ToMm B Teyernne |0 ¢ (Ha puc. He nokazaHo) 3a
50 MKC 20 BeHblKH (=30 MKC) H3IMEpALICH BLIH-

FHOGU3IUKA Tom 51 Buinm.6 2006




WCITOJL30BAHHUE MOJETH OOTOCHCTEMBI Il BJIA AHAJIU3A

yuHa On gna onpenencHus ypoBHs CHTHaza F.
Hacsimwamwwasa BelsllKe SIHTENBHOCTRRY 10 He
(t; = 0, £, = 10 uc) nepesoant ece PLi » rozby-
maeHHoe cocrosnne. Mamepenus dayopeclenumu
o0pa3sua nocne BCObIWKM (HHAYKLUNOHHAS KPHBaAA)
HauynHaoT uepes 100 nc {4 = 100 ac) nocne
BKAIOUEHHMA BCIBIIIKM H fIPOBOAAT B TeueHHe 10 ¢
(ty = 10 c).

PE3VJIbTATBl PACUETOB

1. CocroaHue cHCTeMBI NPH BOJICHCTBHH HM-
myanca, Mmutauric Ha Moaenu npoueccos’ @ C I1,
NPOTEKAKLWHAX OPH PaTUUHBIX PEXKHMaX OCEelle-
HUA, NPOBOAWNY no3TanHo. B tabnuue npusenens
PACCHMTAHHBIE HA MOJENH A8 HATUBHBIX 00pastios
H B MPUCYTCTBHH AMYPOHA 3HAYCHMUsS KOHLEHTPA-
UMA coctroanuit DC [ ans OHOPHBIX MOMEHTOB
BPEMEHM — BKJIXOUYEHUE UIMEPUTETLHOLC CBETA MO-
clle TeMHOBOH aJanTaluy, 30HIHPOBAHKE CHCTEMEL
ans onpenenenus Fy (=50 MKC), nepsoe usmepeHue
nocie ammynsca (f; = 100 uc).

1.1 Heticmsue uzmepumensiozo csema. llepen
BKNHOYCHHEM HIMEPDHTEINEHOIO CBCTA pacnpenens-
Hue koHuenTpanu# cocroanud ©C I onpenmens-
erca YCMOBHAMMK TEMHOROH aganTalMH, KOroa 3Ha-
YSHHA CECTOBBIX KOHCTAHT B MOJCAH paBHBI HYAWO.
[Tpn 5TOM 32M0/HEHBI HEATPANLHBIE COCTOAHAA X |
n g (tadauua, 1-# croaded), COOTHOWEHNE KOH~
UCHTPALHA KOTOPBIX ONMPEIEnseTca napaMerpamu
BlauModeiicTens akuenropHod 4yactu DC Il ¢
NOABWKHLIMH MONEKYNAMH XHHOHHOTO IFyJa.

Bxaouenue cAadoro U3MEPUTENbHOrC cBETa
MOJEIHUPOBAAY, HOPHUHKUMAS CBETOBYIQ KOHCTAHTY
ky, = 0,6 ¢!, 4TO COOTBETCTBYET OQCBEMIGHHOCTH
0,4 Br-M2. PacCUMTBIBANY KHHETMHECKME KPUBbLIE
H®D (puc. 4, xpueax [ Do) # KOHUEHTpAUHH
coctoanuit ®C 1l ¢ orkpoiteimn PL (xpuBeie 3,
3 Qu) Aaa cpapHeRMs MOJENHpOBANIM BO3AeHCTBIE
2KTHHUYHOTO CBETA BAICOKOA MHTEHCHBHOCTH (k, =
6000 ¢!y — puc. 4, kpusbie 2 Qu, 4, 6 Q,.

Jns cnaboro ceera CTAUMOHAPHHIA YPOBEHB
H® {puc. 4, 1 D) na gpemenax > | ¢, npesbilaer
MeXoaHbIA Ha 0,15 F;. Mogene PC [T nokassisaer,
yto npu anureasHom (10 ¢) BozgeiicTeuu cnadoro
CBETA 3AMOJIHEHbl COCTOSHHA ¢ OTKpBITBIMH Pl
(puc. 4, 3, 5 Q,). lpu srom 35% 3anmonneHHBIX
Opu TeMHOBOH ajanrauud coctosuuit OC J1 ¢
HEBOCCTAHOBASHHBIM WIN NYCThIM Qg-caliToM (X, +
g, puc. 4, 3 Q,Qp) NepexoddT B COCTOAHUS
OTKpBITEIX PL[ ¢ BOCCTAHOBICHHBIM BTOPHYHBIM

xusoHoM (¥, + z), puc. 4, 5 Q,QF). Coorser-

CTBYIOU{ME 3HAYEHWA MNEPEMEHHBIX NPUBEOCHBI B
Tabauue B croabuax 2w 3. Mo nouaraau. urto
aTit seitunbel onucsieawT ©C I o6pasuos. npea-
BAPDHTENLHO QJANTHPOBAHHBLIX K TEMHOTE, 8 CO-
CTOSHMU C HAUAIBHBIM YPOBHCM (IYODPECLEHLLH,
Fy ilepen BKIOUEHWEM WMITYibCA JIAA MOMEHTA

BHUODOHUIMKA Tom 51 Buin.6 2006 -

981

62
; 3
ES- g
. o
g g
g &
g ==
8 )
8 =]
Nl 5
g 4
Of e e T T 0aQ8
102 10t 100 10! 102 103 104
Bpems, mc

Puc. 4. Monenuposasne soznelicrsua nHa oOpazed
[OCTOAHHOIG CBETA, BKMOMASMOIO N10CAe TEMHOBOH
aganranuu. Kpuswie paccuwranw: /, 3, 5 ~ ang u3-
MENUTEILHOO CBETE CAabod HHTSHCHBHOCTH {CBETORAS
xoncranta k;, = 0,6 ¢'); 2.4, 6 — nax akTHHuMEOIO
cBera Hacsiiaioweit wrrencuenoctd (k, = 6-10% ¢
1, 2 (Dn) — uugykina gayopecuenumnn; 3, 4 (Q Q) —
CYyMMa KOHUEHTpAauMA oTepeiTeix PLI Gez 23ekTpona

na Qg (xq 1 g1); 5. 6 (QAQE) — cymma kouueHrpanni
orepsiteix PLL ¢ oanum (¥, Q,QF) » meyma (z,
Q4 QB MEKTPOHAMM HA BTOPHUHOM XMHOHE.

spemeHHd -50 Mkc [{ns cpaBHenus Ha puc. 4 npu-
Befiena knaccudeckas kpueas M@, paccunrtannas
A4 ONMHCAHWA CTagMKl NogbeMa BSIHIHHEI fba"[y{]-
pecieHUAU (O-J-1-P-xuHeTHka), perucrpupyemon
MOCcHe BKAMYSHUA CBETA BbICOKOH MHTEHCHBHOCTY
(puc. 4, 2 $n) [5,22], koropas noxkaszelBAET, HTO
repeMeHdans hAYopecUeHUns BO3PACTAET OT HA-
YANLHOIC YPOorMA (£} A0 MAKCHMANbHOTO 33 Bpe-
M ~100 Mc, koHueHTpauus OTKpEITHIX PL npu
aroM nagaer (8 500 pas) (puc. 4, kpusbie 4, 6

Qa)-

1.2, Heticmewe oOunounoti ceemogoni 8CHuIMKY,
BosneAcTBre HAcBILLAOMEr0 HMOYILCA MOJCNH-
POBANK, MPUHUMAs CBETOBYK KOHCTAHTY Kk, =
6-10% ¢! ans murepsana spemenn ot 0 ¢ a0 10 e
{nHTencusHOCTL cBeTa 4108 Brm2), n &k, = 0,6 ¢!
IS uMTepeana epemedn ot 10 we po 100 He
ITonyueHHEIE Ha MOJENTH B PE3YIbTATE BO3ALHCTBUS
MOHIHOIO CBETOBOIO HMIIYABCA KOHUEHTPALMH CO-
croguuit OC Il nosewedHs B koJdoukr 4, 5
Tabnunel. Mogens nogazpigaer, wro qepez 100 He
rnociae Hayana Hacwlwawwero 10-HaHOCEKYHIHOrO
nmiyneca ans ®C 1 npeobnaparmT coCTOSHNS C
okucierdsiM xtopodusinom PL (P680+), 4-e dop-
MBI, KOTOpBIE cymMMmapHO (Y, + g4 +y, + z4) 3a-
noanedsl Ha 71% wau Ha 80% B pacuerax, npo-
BENEHHBIX 114 HaTueHoro obpazua piw B cpefe
C OHYPOHOM,.

2, Bexox duryopecocHuHn iocie Bo3delcTRHS
aMIy.I6Ca. HaGop 3HaveHn# nepesernbiy (Tadti-
Ua. cTedigust 4 W 3) NONYHEHHBIR JisS MOMEHTU
speMenit f;= 100 He. KoppekTUpoBaan, A00HBasCH
OITTUMAIBHOI Q. COOTBETCTRHUS TEOPETHYECKHX A3H-
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KOHUEHTPALKHA PELOKC-COCTORHUI, PACCYHTAHELIE IPH MOISIHPOBAHKY npoueccoa OC It ans yenosuit KOHTDO/S :

H [eHCcTBuS ,ﬂHypOHa KoHUeHTpauued 5 mxM (DCMU)

Oopaaeu nocne TEMHOBOH ajanTa- | -6 M3MEepeHHe MOC/Ie UMITYNbCA:
Yonosus OKCIE- | yyy (k, = 0) ocpewaior cnabeiv @ k, = 6108 ¢l o1 £, = 0 ¢ 30 {Cocrosuue nocie Hy-
P;!{!g::]a,nnggfi' ceetoMm (K; = 0,6 ¢y nan wamepe- B ;2_=] 10 HC,_ Myibca — HauambHOE
zoke-cocTO- G S e e
HHS:DEOJIJ.IEHH ag;;’::{f:: Socjsfh;?:pizﬂb;w t3 = 100 HC Tocne uMIyneca -. 13 = 100 uc
[YNhCOM
xl 0,82 0,45523 0,79165 0,1015 0,09306 0,1 0,1
x2-10°8 0,0 0,0137 :f"’(},OQ 0,01 0,03 0,0 0,0
x4 0,0 0,00029 0,00089 0,34981 0,69727 0,4 0,68 -
x5 0,0 0,02739 | 0,08806 0,03161 0,08324 0,03 0,08
x6-10-% 0,0 0,00393 0,013 0,001 0,0076 0,0 0,0
gl 0,8 0,48957 0,16729 0,10915 _. 0,02003 0,2 0,02
g2-]0‘3. 0,0 0,0147 0,004 0,01 0,007 0,0 0,0
£4 06,0 0,00032 | 0,0001% 0,37618 0,15011 0,38 0,15
g5 0,0 0,02948 0,01861 0,03403 0,01856 0,04 0,019
g6-1078 0.0 0,00423 0,0027 0,0001 0,0016 0,0 0,0
yl 0 0,54648 | 0,17608 0,12118 0,02073 0,12 | 0,033
y2.10°8 0,0 00164 & 0,0046 0,01 0,007 0,0 0,0
y4 0,9 0,00001 0,00004 ,41966 0,15522 0,42 0,15
¥5 0,0 0,00624 0,00242 0,03403 0,00228 0,01 0,002
y6-1078 0,0 0,00089 0,0003 0,0001 0,0002 ¢,0 0,0
zl 0 006119 0,0023 0,015364 0,00026 0,0 0,0
72-1078 0,0 0,00184 0,00006 0,0001 0,00009 0,0 0,0
24 0 0,00004 0,0 0,04702 0,00194 0,0 0,0
z5 0 0,00369 0,0002 0,00406 0,0002 0,0 0,0
26:1078 0,0 0,00033 0,00003 0,00001 0.60002 0,0 0,0
Dul 0,0 0 0,33073 0 0,03397 0,0 0,04
Du2-to78 0,0 0 0,0086 0 0,014 0,0 0,0
Du4 0,0 0,0 0,0004 1 0,0 0,29202 0,0 0,296
Dus 0,0 0 0,04104 0 0,04111 0,0 0,03
Dué6: 1078 0,0 0 0,006 0 0,0035 0,0 0,0
DCMU DCMU DCMU
HBIX KcTepHMeHTaNbHEIM. UTorossiit Habop 3Ha- MMnyabca. Pacyers NPOBOMMAN fIDH  CBETOBOW
derHnil nepeMeHubIX {cToabuer 6 W 7 Tadaduke)  KoHcTauTe., pasHoR &, = 0.6 ¢ (U3IMEPHTEILHLIMH
HCAOALI0BA M B KAYeCIBE MAY#AbHLIN 3HAUCHME  Chell B uwHiepsiade o O do 10 ¢ Ha pue. 3 20w

A8 MOAENYMPOBAHHA H3IMEHCHHA BLIMULIHBI C[JII},‘O-
PECUCHUAM, pCFHCTpMp}GMUﬁ f1OCne BblkJIROYMeHNWA

avanazona speseny o1 100 ae 10 10 ¢ pervasrartsl

CopacHdelol CONOUTARBICHLD € 3KCIIEPHUMEHTAIbHbBIMU
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HCIIOJIb3OBAHHUE MOJEIHW ®OTOCUCTEMBI 1I U1 AHAJIU3A

JAaHHbIMH, NOJYYEHHBIMA KAK HA HATWUBHLIX Mpe-
naparax (KOHTPO/b), TAK W B [IPUCYTCTBUM ANY-
poda. MojebHblE KPHBBIE AN KOWTPOIBHBIX Npe-
MapaTos fNOKA3AHL CNNOMKRONR KpWBGH, Ana 06-
pa3loB, COAEPIKALMX AMYPOH B KOHUEHTpAL{HH
5 MKM - nynxTrpHO# kpueoit. OTMeTHM Xopouiee
COOTBETCTBUE X0Ja 3KCTEPHUMEHTANBHLIX MAHHBIX
M KHHETHUECKMX OCOGEHHOCTEH TeQpeTHYECKHX
KPUBhLX. :

2.1, Paa Hapacmarua seawdunu (Qayopecyen-
yuu, B KOHTpONbHEIX OOBITAX BelWM4MHa (ryopec-
UEHUMH JOCTUrAeT MAaKCHMAILHOrO 3HAYEHHA Ha
spemedax ~50 mkc (CIIIOUIHAR TEOpeTHUECKaA KPU-

_Bas ¥ IKCIEPUMEHTA/TbHbIE 3HAYCHUA (KBAIPATHI)).

[Ipy soageiicTRuy nMypoOHA HapacTanue ayopec-
UEHUMHA MPOMCXOAMT MeEAIeHHEe W MAaKCHUMAILHO
Ha BpeMeHax ~ |0 Mc (MyHKTHpHAA TeopeTHuecKas
KPMBAA M KPYIKKH, sKcrepument). Makcumanbroe
[IpesbillieHre BbIXOAa (IYOpecLeHIUH Mo OTHOLIe-
HHK) K HE4ansHOMY YPOBHIO Fy COOTBEICTBYET
IKCIEPUMEHTANBHO TOMYHSHHEIM BENHMUAAM M CO-
crapnser: 1,8F; —~ anax xoutponsa u 2,1-F, ~ B
cpede ¢ QHYPOHOM.

2.2, Qazwi cnada senwsunvt gryopecyenyuu. JIna
HaTHBHOre ofipasia TEPMOQHIBHOR OAHOKNETOU-
HOH senenoir sogopocnu Chlorella pyrencidosa
Chick B sxcnepumente nocie 100 mke perucTpa-
pPYIOT TpY ha3bl CHMIKEHHUS BEMHUHHBI QIyopec-
UCHLMY K CTALMOHADHOMY YPORHIO, SAM3KOMY nO
senuuuHe K Fy. Ha nepsol ¢ase, B puanaszone
Ao 1 Mc BemuyKHa curhana majaer na 45%. Ha
sTOpO# dasze crana, grduetica go 100 mc, najedue
cocrapaser ~20% w ana TpeThell dazbi NajgeHUe
B Auanazone spedenu | — 10 ¢ cocrapager 35%.
Teoperuueckas xpuBad {CILICIUIHAS) XOPOLUIO OMH-
CLIBAET cnaf BeNW4YMHbl QAyOpecuenUrn Aad BTO-
poW M TpeTbeh a3z MPH HEMNOAHOM COOTBETCTBHMM
Ha neproii dase,

Cnan sesnnunnsl QNYOpecUEHLMY, PEerHcTpU-
pyeMOH B cpene ¢ HAHMYpOHOM B [HANA30HE OT
100 mc o 1 ¢, onucan 0gHODA3HONA «AMYPOHOBOHY
KPpHBOHA (MyHKTHpHa KpHeasn, puc. 5).

B wurore, npeanoxennas mopens OC [I age-
KBATHO OMYCHIBAET PA3NMYUE KHHCTUUECKHX 0CO-
GenwHocred kpueelx M jnsg ycnosuil KOHTpONA
M B cpene ¢ amypodoum (puc. 1 # 5). Ilpoananu-
3HpYeM, KAK MEHAIOTCH KHHETHHECKWE XapaKTepH-
CTHKM PACUSTHBLIX KPMEBIX [PU W3MEHEHWM Napa-
METPOB MOJENH. :

3. Mogenuposanue npoueccos PC II gun na-
TUBHOTO obpazna (koHTpoaw). Ilpu mogenuposa-
HAK YCNOBMI KOHTPOAA BALKBATHLIH BAPHAHT Ha-
H6opa napamerpos Moneid noAbUpand, H3MeHAR
NapaMeTphl, XapaKTepH3yIoulie Ipoieccst NeEPeHo-
Ca 3MESKTPOHA Ha JOHOPHOW M aKLEMTOPHOH CTo-
potax @C 1f (pue. 6).

3.4 Cropocme  socChunvienus  xaopouria
PH Mogeas OC I He paccmartpusaeT noapoGHO
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Puc. 5. TeoperTuHeckue KpuBel TIOAYHEHLI OAA Ha-
YafibHbIX YCACBHA, MOALIHDYHOWMX BO3JeHACTRME Ha-
HOCEKYHIHOIO HMIYIeCE BBILOKOH MHTEHCHBHOCTH
(caeroBay KouctTanTa &; = 6108 ¢ ), mxmouennore
nocne uaMepuTeishore caera (4; = (0,6 ¢'). Pacuer
NPOBEAEH 213 ¥CACBHH c1aforo HKIMEPHTENBHGIO CRETA
(k;, = 0,6 ¢’} u mapameTpos MOICIH, OMHCHBAIOUINK
HaTHsHbR o0pa3er (CAI0mHAA IuHMi) B obpaseqy &
cpele & AHYPOoHOM (NYHKTHPHAA MunuWa), Pesyiawratsl
pacyerd CPAaBHMBAIOTCHY C 3KCIEPHMENTAILHLIMH JdH-
HbiMH fUIA HATMBHOIO (4epHEIC KBAApaTh) odpaiua u
ofpasua B Cpeic ¢ AHYpOHOM (CBETIBIE KPYXKA).

byukuroHdposanne KBK, ofecneauBas nuwb
ONKCAHUE YCPEIHEHHOH XapaKTepUCTUKy cpabatel-
anua KBX kgpe = &, (7 = 4,11,18,3L, pue. 2).
H3eecTHO, YTO B 33BHCUMOCTH OT CTaaMK S, UMK- -
0B TUPO3WH BOCCTAHABIMBAET Xnopoduin PL co
ckopocThio B auamazone 3-10% + 109 ¢, a kom-
niekc KBK 8 cnoic osepeus BoccTawasjgupaeT
tuposun 3a 107 + 3.16% ¢! [42]. Dxcenepumenrans-
HLIM JaHHbIM, TIOTYYEHHBIM [NI1 HATHBHOrO 00-
pasua (kBaapatThi), COOTBETCTBYET HA DHC. 5 KpH-
Bas, PACCUMTAHHAS NPU Kkope = 107 ¢'. Pesyae-
TATHI, MOKA3aHHBIE H& pHC. 6a, PACCHUMTAHBI A/id
AByx 3nadeHuil kppe = 5-10% ¢ (kpuasas /) u
107 ¢! (2). Ha spemenax ao 10 MKC Teoperuueckue
KpUBble, paccyuTaHuble npu kope = 107 ¢, apne-
KBATHO OIMCHIBAIOT PErUCTpHUpyeMOe B 3KCMepu-
MeHTe YBENHYeHHe Boixoga duiyopecueHunu. Ipu
ITOM BpeéMA JOCTHIKCHHA MAKCHMAanbHOH BenMuy-
Hbl TEOPETHYECKOH KPHBOH COCTARANCT MeHee
40 mic. B skcnepumeHTe MAKCUMYM PErHCTDHpY-
10T B MHTEpBane 45 + 100 mxe (puc. |, kpaaparst
# [2]). B mopenu Takoe BpemA HapacTaHMs NONy-
ueHo 1A kope = 100 + 150 mc™!, uro npesbiwaer
CKOPOCTE €aMoro OblCTPOro BOGCCTAHOBIIGHHA TU-
poanua B uuxnax KBK, Ho MeHsuwie cxopocTd
BOCCTaHOBERUA xiopodunia PL TuposnHom.

Cocroadus @C I ¢ okucaeHHBIM XTOpOQHI-
aom PIL {4-¢ dopusst, P680+) npeobianaroT Ha
MOMERT apeMedu ¢y = 100 HC nocae Hausata nw-
ny¥asca (croaduwl 4, 5 tadnuusl). Kpuswe [,
Chl™ {puc. 6a) 110Ka3blBaOT, YTO NAJAEHHE KOH-
LEHTPAUKM HeTbipex $opM HA TpH NOPHAKA iid
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Bpemerax a0 | mke (100 mxc) ana ko~ = 5-10%¢
(107 ¢y koppenupyer ¢ yBennueHHeM A0 MaKcH-
MAIBHOrQ 3HAYCHUA KOHUCHTPAUMM MATHIX (opM
€ BOCCTAHOBNEHHBIM XxnopoduinoMm PLL (cymma
x5+ g5 kpussie [, 2 Q3Qg, puc. 6a).

VBenuueHue Hucla COCTOAHMI € INeKTPOHOM,
cTaOuIu3upoBanHsiM Ha QF, COOTBETCTBYeT Ha-

PacTAHUIO BeIMUMMHBL nyopecUeHlHY 0 MAKCH-
MaNbHOH. Takum 0Opa3oM, YBEIHUEHHE CKOPOCTH
nopoueccor Ha AoHOpuOH cropone OC II Bemer x
Oonee BoreTpomMy HapacTaHul WHTeHCHBHOCTH Ot
¥ HE CKa3bhiBAETCH HA XapaKTEPHCTHKAX cnaja MH-
AykuuoHHOH xpxBOR {no 10 o).

3.2.1Tepenoc anexmpoRos 1d AKYenmoprow cmo-
pore OC I u 6 myne xunonos. Ilpennonaraercs
[4,38], yto dazam cnana BeaMunHE hayopecueHuMy
COOTBETCTBYIOT MPOLECCH MEPEHOCA 3/EeKTPOHOB
B 1% XHHOHOB. CornacHo cxeme KATRNHTHUYECKOTO
UHK1a P T (puc. I) ROAMUSCTBY [IPOTOHOE B
cTpome [HI] CyYleCTBeHHO BIWSET Ha peakunu
0CBOBOKASHHA Qu-caliTa, 32NUAHCHHOIC BOCCIA-

BEJIIEBA u ap.

Puc. 6. Teopernueckue KpuRble Ui HAMBALHBIX ye-
ACBHE, MOOSIHPYIOULHX BOZALHCTENS HEHOCCKYHIHOID
HMAYNBCE BLICOKOR HMHTEHCHMBHOCTH ([CBETORAN KOH-
crauTa k; = 6-10% ¢!), BKa09eHHOrO Nocae HIMepH-
Tenshoro ceera (k, = 0,6 ¢*!). Pacuer mposeien g
yeroeni cnaboro wsMepuTensnoro caera (k; = 0,6 ¢y
H MApaMeTyios MOOCIH, ONUCHEIBAIDIWAX HATHBHLIR o6-
pazen (yC108usn KOHTPOA). PR — HHAYKLKA Quyopec-
neduuy; Chlt - xonueHTpalMs peaoKe-cocToRHRi D
Il ¢ oxucacunsim x1opoduaror PL (cymma 4-x dops,
X4 £45 Y4 24}, POH5 - KOHIIEHTPALKA BOCCTAHOBAEH-
HOro NNacToxuHona. Bapuantuel wosuskrpanuit PL ¢
BOCCTAHOBJICHHLIM XNOPOPHAIOM 0003HAYEHD 1A oT-
gpairbtx PLD Q,Qp — cymma x | a4 gy, Qa0 -
CymMa y; M ozy; gna sakpeiteix PH: QZ0p — cymma
xsn g QaQUE — cymma v 5 # zs. (a) - KuHeTHYeCkue
KPHBLIE N/ ABYX 3HAuenuH KOHCTARTHL CKOPOCTH (K,
£ = 4,11,18,31) BOCCTAHOBIEHUN ORUCIEHHOTO XIODO-
tumna (PEROYY PU: 107 ¢! {xpusme [} u 107 ¢!
(kpuBble 2). (6) — BapHaHThi KHHECTHHECKHX KDHBLIX
£, 2, 3 noNyuenm ;118 DARIHYHBIX BENHYWH GTENCHU
BOCCTRHOBACHHOCTH Imyna xuuoHows: [ — 0,25%, 2 -
12,5%, 3 — 12,5%, np# 3AZ4ENHAX KOHCTAHTE CKOPOCTH
MOBTOPHOTO OKHMCIEHHA xuuonmes: ! - 50 ¢, 2 —
50 ¢, 35 ¢l (8) — HaBopl KHHETMHECKHUX KPURRIX
I # 2 nonydensi Npe yMEHLIWWCHUM KOHCTANTRL CKO-
DPOCTH  DEUKUMM  De3BI3IyYATENbI0E  pekoMOMHALLY
Qz ¢ P680" or 2000 mo 200 ¢! pax xoucramrw
GKODOCTH DEAKUMH  Oeaniiiyvaresnoid  pexoMOMHalWi
Phe- ¢ P680Y, papmoit 10° ¢!, npu yMenbLIEHUH Ko-
Topoi a0 10 ¢! noayuen waBop kpusmix 3.

HOBJIEHHBIM XRHOHOM QF (z, i= 1,..,7). B mogenn
MB] MCCNENOBANY DUIHONCTHUEECKHA AMANA30H 3HA-
yeHnit pH ctpomer ot 7 no 8 M nokazanm, uro
ripu ysenuuedku pH cTpoMel xapakTep a3 cnapa
BLC B 6OJ'IbLLI€FI CTEMNCHH OIPeacnAcTCa fapamer-
PAMH, ONUCKIBAIOUIAMH Ty XuHowo8. Ha puc. 66
pacueThl NposEaeHs! /1 KOKUSHTPALMM IPOTOHOB
crpomal [HE] = 5-107 MM, uro coorsererayer pH
cTpomMsl 7.3

HasaipHas BOCCTAHOBNEHHOCTS NyNA XHHOHOSR
npy MOAENHPOBAHUY BO3ACHCTEUS U3MEPUTENLHO-
ro ceera (T.e. gaa cocrosung OC I ¢ HavanbHEIM
ypoeHes dayopecuennun Fi) cocragnser 0,25%.
B pacuerax Takas enuuuHa NPUHUMANACH MUHH-
MAadbHO BO3MOKHOW, W NI HEE HONYUEHb! KPURbIE
! ua puc. 60. [1pyu ypenuvenrnu BoccTraHoBIEHHOCTY
nyna no 12,5% nonyueubi kpuesie 2 ¢O Cnagom
BEIMYMHEl QNyopecUenuny Ba mepsoi daze (2,
@), MEHBUIMM PETUCTPUPYEMOTO B 3KCHEPUMEHTE,

Peakuus (41, puc. 2) NOBTOPHOrO OKHCIIEHHMS
XHHONOB OMHCHIBACT B MOJENH KOMILIEKS NpOLec-
coB, nportexawwux B 3TL nmocne nepenoca 3ex-
tpoda B OC Ii. Eciu, He mMeHsia cTemewW BoccTa-
HOBAEHHOCTH nyna {12,5%), yMeHbLWUM KOHCTRHTY
CKOPOCTH PeakiHK NUBTOPHOMS OKHCISHHT nla-
croxunoios B 30 pas {or 100 ¢ 10 2 ¢ 10
cnad ¢a Ha sTopod dase He NponcxoauT (3 @
pre. 60).
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Kunneruveckue ocobeHHOCTU KpUBEIX duiyopec-
HEHUMK OMipeaendTed BKRajaMy cocTosuud ©C
II, koTopeie npHBegeHsl HA pHC. 60 OTKpbITHIE
coctoanua (x g+ v *+z) ~ Q,, 3axphTRIE 474
(xstgs) — QxQp 1 ana (ystzs) - QL QE. Hesarn-
CMMO OT BHIGUPAEMEBIX NapAMETPOB MAKCHMANLHAL
BenuuuHa DiyopeclueHlUHA onpeaeseTcs BKIaIoM
3AKPBITHIX COCTOAHHA ¢ HE BOCCTAHOB/IEHHRIM Qp
(Qa0Qp: Xxs+g5). Kax yBeaMuenne BOCCTAHOBIEHHO-

cTH Myfla XMHOHOB {Hepexoa oT Kpueweix [ K 2),
Tag H 3aMeJNneHHe IMOBTODROTQ CQKHCIEHMA Ina-
CTOXMHOIOR (MEPexXo] K KPHUBLIM J) NPUBOAAT K
YBEIHUEHHI® KOHLCHTPALMK 3aKPbITBIX COCTOAHUM

(kpuesie Q7 QEN). '

. AHanu3 pe3ynsTatos MOIESNMPOBAHHE NO3BO-
A4 OLUEHUTH BENHYHHY BOCCTAHOBIEHHOCTH YA,
XapaKTepHYC AN HadaneHoro yporHsa O (0,25%).
Hafigenpl nmapameTpbl, ONS KOTOPkIX TEOPETHHE-
CKMe KpHEBbIe Ha (a3ax crajga ONTHMAIBHO COOT-
BETCTBYHOT 3KCMEPHUMEHTANBHBIM A3HHEIM, 3 UMEH-
Ho, pH cTpoMsb! paBHo 7.3, a MORTOPHOE OKMCIIEHHE
XMHOJIOBE XapaKTEPH3YETCA KOHCTAHTOH cKOpoCTH
8 nuanasode ot 10 ao 100 ¢

3.3 Hpoyecewt Hesozayuameasnott pexombuna-
yuy. BenuuuHbl ypoBHel GayopecleHlINKE K&K MaK-
cUMaNBHOIO, TaK ¥ KOHEUHOrO, JOCTUFAEMOTO X
10 ¢ nocne mmnyaeca u Onuskero x Fy, npu
pacuerax B MOJERM CYLWECTBEHHO 3aBMCAT OT Na-
paMeTpoR nponeccoR Oe3bI3NMyHATENLHOH PEKOM-
Ounanuu (puc. 68).

B cnysae, koraa ckopocTs pekomOGUHALMM
Q4 C OKHCNEHHbIMHU MMEPEHOCHUKAMH OOHOPHOH

cropoHsl {c P68O+, peaxuun 46-49) cpapHuma
(ans KpusblX I) cO crOpOCTAMM meperoca ¢ QF

#a Qg (COTHH MUKPOCEKYH[), NEPEHOC DIEKTPOHA
HA AKULATOPHYIO CTOPOHY (Ha (Qy) yiKe KO BpemenH
I MC He KOMNEHCHPYeT yJaJieHHE 3]IeKTPOHOB M3
MYNa XHHOAOB, IPOHCXO JALLEE [IPH €70 NOBTOPHOM
okucnenna (kpusasa ! PQH,, puc. 68). CooTaer-
crBeHHO, npu nepexoas PC (I va Tperped dase
K COCTOSHHUIO C HayankHBIM ypoBHeM © ang
oT¥peITEIX Pl npeobnanaiorT nepesie dopmbel ¢
HeBoccTaHoBAeHHbIM Qp (xpuBas [ Q,Qy Ana
cymmbl x,Fg,). B cnyuae, xorga KOHCTaHTa CKO-
pocTy pekombuHaLmu k; (i = 46—49) Meubile, Yem
KOHCTAHTa CKOPOCTH MEPEHOCA 31eKTpoHa Ha Qp,
AKLUENTOpHAA CTOPOHA 3aNO/HALTCE 3NEKTPOHAMMU
{(xpusas 2, Q,QF"). B urore, npu nepexoge ot
Kpueelx [ Kk 2 Ha Tperbeil dase, HA CEKYHIAHBIX
Bpemenax ypoeens @n yeennuen (2, @), a ayn
bonee soccranosaen (2, PQH,).

Ha puc.6s nepexon 0T KMHETHUYECKHX KPHBBIX
2K EPMBBIM J OCVUIECTEAAAN VMEHBIISHWEM KOH-
CTAHTBLL CKOpOCIH peroMOnHauun Phe- ¢ POS0O-
ko (Fo= 420430 440 43) ot 107 z0 10% ¢ B
pesvanTaTe BLIXQI GAyopecueHuuun (3, D) vee-
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nuuMBaetcs Ha Beex ¢azax MOABEMa W cnaga,
KpOME HAUANBHOTO ¥ KOHEUHOro ypoekueil. Mojens
MOKA3BIBAET, YTQ 3TO MPUMCXOJHT 3a CUST YBElMu-
4eHUA 3ACEIEHHOCTH [BaKIbl BOCCTAHOBJIEHHBIX
COCTOSHME C 27eKTpOHAMK Ha deoduTUHE U nep-
BUuHOM XuHoHe (7-# croabeu puc. 2}, KMHeTHue-
CKIe KpHBbIe AN KOTOPhIX NOBTOPAKT BPEMEHHOH
xon neTedcusHocTH @n (kpusble 2, 3 @ua, puc.
68). Or koHUEHTPaUMM (3ACENSHHOCTH) KAK MATHIX,
TAK K CEeAbMBbIX 3aKPbiThiXx GOPM 33BHCHT KONHU-
4ecTEO BO30YHAeHHbIX 3aKpbiThix PLL ©C 11 (wee-
Tole QOPMBLI), HITYHYEHHE KOTODbBIX OMNpeeseT npe-
BbILIEHME BEIXO2 DIYOpEeCUeHIMH HA HAYANbHLIM |
YPOBHEM.

Taxum o0pasoM, MOLEN: MNOKA3kIBART, 4TO
npouecce GeannyvatesnisHol pexomOuHauum on-
peneIsioT Kak MakcUManbHyl Benuuuny $j, Tak
M yposehbk F;, JOCTHraemblit NpH BRIXOAE K CTa-
LHOHADHOMY COCTOAHHK. YBEAMHEHHE CKOPOCTH
GesniznyuarensHoit pexombuHauny deoduTHHa B
s3akpoeiTeix PL] yMeHblaeT 3aceneHHOCTE ABAXKALI
BOCCTAHOBNEHHBIX COCTOAHMEA C IAEKTPOHEAMU HA
theoduTiHE W nepPBHUHOM XMHOHE {(CeobMO€ €O-
croauus, puc. 2). llpouecc nepenoca 3neKkTpoHa
B [y TIpA 3TOM HE H3MEHSETCA — KMHEeTHKa BOCc-
CTAHOBNEHHOCTH Nyrda (kpuahle 2-3, PQH,) onu-
HaKOBa ANA BapHaHToB pacuera 2 u 3.

4. Mouaeaupopanne uponeccos ®C I pox 00-
pazua B cpeae ¢ AMYPOHOM, BapuasTel pacyeros
Ha pHC. 7 MOKAa3bIBAIOT, KAKUM 00DPA0OM HIMEHEHUE
napamerpor moaeaun ©C Il ¢ onucaHnem nocagky
MOMEKYNBl AMypoHa 8 nycToll Qp-caliT mozponser
ONTUMAIILHO APUOANIUTE TEOPETHUECKHE PEe3yib-
TATbl K JIKCOSPHMEHTAAbHBIM JAHHBIM, PECCUCTPH-
pPYCMEIM B Cpeae ¢ OMYPOHOM (pHC. |, KPYXKKM).

Ha puc. 7a npu YBENWYEHMW KOHUESHTDAUMMK
auypoda (ot 5 no 50 mkM) Bpema HapacTanus
GIYOpecueHUHH OO MAKCHMMIBIIOrO 3HAYEHUS U
camMa 3TA BeNMYMHA CTaHossaTcs Oonewe (ot [ K
2 @), 4TO CBA3AHO C YHETHYEHHEM KOHUEHTPALKU
kuHeTnveckux cocrosunit ®C 11, nonga xoTophix
Qp-calfT 3axaT monekylo# unruburopa (o1 [/ x
2 QzDCMU). Binaa 3akpbiThlX M OTKPbITIX CO-
croannid PC II ¢ nHe BoccradopnedHusiM Qp
(Qa0Qp u Q,Qp) cywiecraseyet NUIUb A4 THKOBOIO
IHavYeH g EiJﬂpreC-LlEHLLHH, CTAHOEBACH IIPpH BbIXOAE
Ha cTanHodap Ha YETRIPE-TIATL NOPRAKOBE MCHELIE
No BEIWMYHMHE IO CPABHEHHIC CO BKMAQOM COCTOA-
rel, rae Qp-calt 3adAT HHrudUTOpPOM (KpHEbIE
Q2DCMU). Bknaa cocrosunit ®C II ¢ eoccra-
HOBJAEHHBIM Qp BCACACTBME €M0 MANOH BENHUMHE
MOAHO HE YHWUTLIBATL.

PexvnsTaTsl. nokaianHeie HA DUC. 7B 2018 OBYX
IHAMEHNEA KOHCTAHT Bl CKOPOCTH 0835133 HATENBHOI
pekosOnnauny Q1 ¢ P680+. noxasetearnT. uro
XaPAKTEPHUTHER MIBOroda3Horo cnaja «IHvpoHo-
gof» kpueoh W onpeaensoTea npoueccami pe-
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komBuHauun coctosanuit OC I ¢ Qp-caiitom, 2a-
HATBIM MOAEKYAOH WHrnbuTopa (Q;DCMUY), Veu-
AeHHe pPeKOMOMHA UMY QL v P680+ (or 200 ao
400 ¢l) NpHBOAMT K CINGKEHHIO CTANMOHAPHATO
yPpoeHs GayopecuchHunh {01 2 & 1 Do)

BENAEBA wu zp.

Puc. 7. Teoperddeckue KpuRLIE, NONYHEHHBIE ANA HA-
HAALHAIX YCHOBHE, MOICIHPYWIHKX BO3ueHCTBHe Ha-
HOCEKYHIHOTO HMOYNLCA BLICOKUH HHTEHCHBHOCIH
{cRetoBas koucTanta k; = 6-10% ¢} na doue uame-
pawcwero ceera (&, = 0.6 ¢y npu sosaelicTery uu-
rubutepa [DCMU] = 5 vxM. @a ~ nuaysuua dayo-
pecuerimu. Kodtentpanan orepsitoix P QuQp -
cyMma x| # gy 3akpeitex PLID QzQp - cyMma x5 H
gs: QADCMU - Qg-caliT 3anat monekynoh vHrudu-
topa, QizPhe” — 7-¢ coCTORMME © BOCCTAHOBICHHEIM
beoputunom. {a) - Kunerkyeckne spusue 28 4AByX
3HAYEHHA wouueHTpauns DCMU 5 n 50 MM, (6) -
Bennuuiy KOHCTANTHI CKOPQCTH BOCCTANOBISHNY XJI0-
potwmnna PL yeenuameanm or 5-10° ¢! (xpursie /) no
2510% ¢! (xpusiie 2). 3aTeM KOHCTAHTY CHOPOCTH
peaxuni Gesni3nyuartensHoll pexoMBunaunn Phe- ¢
P6807 ypenuuuan ot 2-109 ¢t (kpusete 7.2) no 105 ¢
(kpusble 3} {8) — KHueTHuCCKHE KPURhlE I8 ARYX
3HAYEHHH KOHCTAHTB CKOPOCTH pPeakiuy Ge3si3nyua-
TensHOH pekomBunaund Qz ¢ P6R0OT 400 ¢! (kpussie
£y u 200 ¢! (xpusste 2). (r) — Hauanouas KOHueH-
Tpauus coctosnuii @C I ¢ soccranosnennnim Q3

yBeamuena ga 01 MM 32 CueT yMEHRweHHR KOriEeH-
TPAlMH COCTOAHHA, CONLPMAIIETG BUCCTANOBISHRLIH
Qp. npu nmepexone oT kpuseix [ K kpHens 2 C

HaA4AIbHBIM YPOBHEM QJle()ptECLlCHLI,HH, ¥BCIHHYCHHEIM
#a 12,5%,

Kax nns «amyponoBoi» kpusoin M®, tak w
ANl «KOHTPQABHOGH», NAPAMETPAMH, BAWMAIOWIUMH
HA CKOPOCTh HAPACTAHUA MHTEHCHBHOCTH CBede-
HUsi, ABIAIOTCE KOHCTAHTEI CKOPOCTH BOCCTAHOR-
nenus xnopodumia P u 6essiznyvaTenshoil pe-
KoMmbunauuu Phe- ¢ P680+ sakpsitoix PLL (puc.
76). YBeauueHHe ckopocTH pekomBHHauMu Phe-
YMEHBLIACT HAKIIOH KPHBOH HAPacTaHMA BbIXOJAA
dayopecueHUMN wa ppemenax o 100 mkc (o
Kpusoi 2 k 3). [lp¥ YMEHbWEHMM KOHCTAHTH
CKOPOCTH HoHuposauda ot KBK, nanpumep no
kope = 5000 ¢\, napacramue npoucxosuT Ges
BplpaxkeHHoH nepeoil dasel (kpueas ). dna age-
KBATHOrQ OMHCAHHA AHYDOHOBOHM HDHBOH KOHCTAH-
Ty pexombunauun Phe- Buibupaayu pasaoi 104 ¢,
3afagad KOHCTAHTY CKOPOCTH ACHMpOBaBMA kppc
ot 5000 mo 25000 cl. Tem cambim nokasaHo, 4To
monens ©C Il afekBaTHO ONHCRIBAET HAPACTAHUC
KaK KOHTPONLHOH, TaK H AHYPOHOBOH KpPHBLIX,
CCNTH NONYCTHUTD YMEHBLWEHHE KOHCTAHTEI CKOQ POCTH
AoxHuporadus oT KBK {Kak MMUHHMYM, B veToipe
paza) npd BO3ASHCTBMM SUYPOHA.

DKCTIePUMEHTANLHEIE PE3YILTATHI [0 COOTHO-
WEHMIO Ha4aNsHblX YPUBHCH (DIYOpecUeHlinn ans
ofpasuoa ¢ AuYpoHOM W $e3 AHYpOHA NPOTHEO-

pedugsi. B padore [8] Takoe pasaMune He oTMe-

yeHo. Pesynstar, korga HauanbHpil ypOBeHb B
cpede ¢ AMypoHOM noBeleH Ha 11% no cpasde-
HHUIO C KOMTDOAEM. NOAYUSH B 3IKCNEPHUMEHTE U
onuesd £ voleauw Bpeaendeprosm [27] Takoe we
pasiuie BEIMMUHBl HAUANBHOIO YPOBHY NOAVHE-
Ho & aoxen Jlasapa [13] 8 npeanonoikenud o
TOM. 4TU AHYPOH CABUTGET PDABHOBECHE DEdKUHH
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nepeHoca anekTpoka ¢ Q3 Ha Qp B CTOpOHY
fonbwelt obparuMocTy 27O peakund. B mawed
MOJETH 3TO O3HAYAET, YTO 8 Cpele ¢ AMYPOHOM
COCTOSHUS € BOCCTAHOBIEHHBIM (Jy nepeflayr B

COCTOAHKSE ¢ BOCCTAHOBNEHHEIM Q}\ B pe3yneTaTe

Npu MOBLIWIEHHH HAYANLHOW KOHUEHTpauru ¢dopm
¢ BOCCTAHOB/IEHHBIM Q7 38 CHET yMeHbIIeHUS QopM

¢ Qg MOJYHAaeTCA NOBBIEHHE HAYABHOTC YPOBHA
dnyopecuenunn Fy (kpuseie 1,2, puc. 77).

OBCYXJIEHWE PE3YJIbTATOB
MONETUPOBAHUS -

OKCMEepUMEHTBL ¢ OJUHOYHON HAHOCEKYHIHOMH

BCTIBILUKOH CBETA M UMUTALMA BO3NSACTRHA OIU-
HOYHOTQ HAaChiLMAIOUIEro MUMIyasca B8 mojdenH ©C
H no3sonawT NOCRENDBATENLHO NPOCNEAWTh, Ka-
kUM ofipazoM HauanbHas IHEPHs, MOCTYNUBWAL
B cucremy nepedocumkos ©C I or umnyneca,
HCIIONMBL2YETCH B MNpouleccax [eperoca ITCKTDPCOHOB
B O¥VA # B CONYTCTBYIOWMHX AHCCHITATHBHBIX npo-
Leceax.
B naHHOM WCCHeNOBaZHMM MBI HCHOJB3OBAIM
TO 0OCTOATENLCTBO, YTO B OTIHUYME OT IKCIEpA-
MeHTA ¢ BO3EHCTBMEM MOCTOAHHOrO aKTHHUYUHOTO
cBeTAa HAHOCEKYH/HBIA MMIYNhE Ha ¢oHe cmaboro
VIMEPHTENLHOTO CBETa HE3ZHAYMTEABHC U3MEHHUT
XAPAKTEPUCTHKH KOMIApTMEHTOB  XJIQPOIUIACTA.
Toraa npouneccer nepenocca snextpona 3 $C T
MOJKHO [10JIaraTh MPOTEKAOWMMH NP HEUIMEH-
uwex pH nroMeHa, crpoMbl H MOCTGAHHOM TOTEH-
uuane Ha memdbpade. CrenoBaTensHo, 4a8 OnMca-
HHA BOSﬂeﬁCTBHH CAWUHOTHOIQ MMIYIbCa Heohxo-
INMO BKIHOUMTE B MOJeNs Dosee y3kudl kpyr mpo-
HECCOB {NIepeHOT BACKIPOHOR Ha AoHopHOR W ak-
ueaTopHoi cropenax @C) no cpaBHEHHIO © KOM-
[UIEKCOM MPOUECCOB, MPOHCXOJALLNX MPU BO3AEH-
CTBHH NOCTOAHHOTO CBETA HA JJIMTENbHLIX BPEME-
HaX B TMNaKOWAHOH memOpaHe,

Hamu Habjeap! napaMeTpbl, XapakTepusyro-
mue KoOMMapTMeHTh Twiakouga {pH nromena,
CTPOMBI, [IOTEHUMAN, Ha4YalbHAA BOCCTAHOR/SH-
HOCTL NyNa XWHOHOB), AT9 KOTODBIX TEOPETHHE-
CKMe KpUBble HA (asax cnafa ONTHMANBHO COOT-
BETCTBYIOT DKCIEPUMEHTANEHBLIM JAAHHBIM (IYHKT
3.2, PesynsTaTsl).

MopenpHbll aHanuz BO3ASHCTBHA HMIYALCA
NO3BOMM TAKXKE MPOBECTH OLUEHKY KOHCTAHT, Xa-
pPAKTepUIYIOLIKX NpoLecesl B okpyxxenun PL ©C
I, xoTopsie He MOTYT ObnITb JOCTATO4HO TOYHO
OUEHEeHbl MpH HMHTALWH TNPOLECCOB, HHAYUHPO-
BAHHBIX MOCTOAHHEIM CBETOM W MPOTeKAOUIUX B
YCAOBMAX U3MEREHKA XapaKTePUCTHK KOMTIAPTMER-
TOB THJIAKOHAA.

ITpy BO2ACHCTBHM H3MEPHTEILHOMO CRETA RO3-
Bvikaenue PL, @C [ npowcxoadT ropasilo sea-
neHuge, ey NPOLCCUL NEPCHOCH IGKTPOHA OT
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KBK Ha THpO3MH M 3aTeM Ha OKHCAECHHBIH XIT0-
podunn PLl. IToatoMy nocne OJHOBPEMEHHOI'O
oxkuciaedus xiopopulaa seex P oOpasua wack-
warliel scnullKoit BoccTanopnenue P680+ npo-
HCXOAMT OT THPO3MHA HA BPEMEHAX O MHKPOCE-
KYHIEI, OCHE 4Er0 Bpems BOCCTAHOBIEHUa P680+
OyaeT onpedenaTbca NpoUeccaMd MEpeHoca 3MeK-
tpora oT KBK. Mogens orpaxaer sddekr 3a-
MEANIeHUA cpelHedl CKOPOCTH  BOCCTAHOBISHMA
P680+ (puc. 6a). HalgenHas cpeaHAs KOHCTAHTA
ckopoctu Bocerasosaenua P680+ menbue ckopo-
CTHM OOHHMPOBAHMWS HIEKTPOHA OT THPO3HHa (3-10%+
10° ¢1), Ho npeBblAET CKOPOCTh CAMOrO GhiCT-
pero Bocctanoeledua TupoiuHa B oMkiae KBK
(10° = 3-10* ¢ '), B s>rom unTepsane sennduHa
kopc He Bauger Ha Gaiwnl cnaga kpusoit U@,
0ocCOEHHOCTH KOTOPSIX onpegendiorcs Oonee men-
IeHHBIMH ﬂpQLLeCCE,l.\«IH ﬂepCHOCE,l JNEKTPOHOR B
my .

B pesvnnTaTte BO3AeficTBMY MMIOYNbLCa HAa Bpe-
MEHAX JCCATKH MHKPOCEKYHA MOCHe €ro Ha4dala
BO3HUKAT «H3DBITOUHBIEY 2akpeiThie PLI. Te u3
HHX, KOTQPEBIE HMCEXOT BOCCTAHOBAEGHHBIH B8TOpHY-
neiit xunon {QF), cpasy NepefaloT SREKTPOHsL B
nyn. 3akperrsie Pl © BepoccranOoBNEHHBIM BTO-
puuneiM xunoHoM (Q;Qp) pacxoaywTea Ha Epe-

MeHaX COTHM MHKDOCEKYHI B IIPOLIECCE flepeHoca
371EKTPCHA Ha akuenTopuywo cropony MC II, rae
hopMUpPYIOTCS OTKPBITHIE M 3akphiThie PL ¢ Boc-
CTAHOBMGHHBIM  BTOPHYHLIM  XHHOHOM  (QF")
(puc. 66,8). Takum obpazom, g Mogenu npocie-
KUBASTCS Mepepacnpeleneiie 2ar0aHEHNOCTH Co-
croaniil DC Il 0T HepaBHOBCCHOIU COCTOAHHS
B030YKACHUS, BBIZBANHOID MMIYIbCOM, K COCTOS-
WU, XAPAKTEDH3VIOUIEMY [OPOLCCChl [EpeHnca,
GPOMCXOAAME pA BodaeiicTauu cnaboro MsMe-
PHTERBHOrO CBETA. o

ITepedoc B nyn XMHOHOB HAYUABLHOrO zanaca
AHEPTHH py Bo30ymAeHHH ciabbiM CBETOM CO-
MPOROXKAALTCS TPOUECCAMA MOTEPL: H3IYyYEHHEM
On v guccunauuel upu GespidiyvaTensHod pe-
KOM6HH£1U,HH O'l"pHLlaTEJ'IbeIX 3apajoB aKkyentTo-
pos (Phe-, QL) ¢ MONOKUTENbHBIMHU 3apagamu

xropoduana PL[ (P630+). Mogens norazana, uto
XAPAKRTCPHCTHKHW JHCCHIIATHEBHBIN MPOLECCOB CHIb-
HO BJIMAIOT HAa MAKCHMANbHLIE (£} 1 HaYansHbIi
(F3) yposur kpusoit M®. 3Jro Bauanue onpene-
JAeTCA KOHCTAHTAMH CKOpocTel peakunit Oeawis-
My4aTensHOH pexoMOunauns (Apy.- qu_) voe-

CAEAOBAHO B MOAEH OPU HMMUTALHH DEKAMOB
BO3OYIIEHHS HMNYIbCOM H c1adeim ceerom” [lo-
KAZAHO, HTO OPOUECCHl JUCCUTIAUMM MPH ZBYX MO-
ACHHPVEMBIX PERWMAX ROIOVKICHHA [IPOHCNOIAT

CApRHGINTHIIEHG DA bIME CRODOCTANMIL ,_[,'IS-J
pearuni 42 = 46 {Ap ) w46 = 50 (k) npu
4

MOACILHPOUBAHWMK DEXHME HMOYAECA OOAYYEHbE Be-
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snuntel 1010 ¢! 10° ¢! nossosarowne paccun-
TaTh ONpenencHEblii Habop BenMYHMH KOHUESHTPA-
uHi peaokc-coctognuit OC 11, mpuHUMaeMblil Kak
HAYaAbHbIA MPH MOJENUPOBAHUM BOZIEHCTRAL Cl1a-
Boro ceera. [JJns Takoro madaapHoro rafopa ®
MOAEY [IOJYHEHO . ONTHMANLHOE COOTBEICTBHE
TeopeThyeckux kpuerx Hd skenepumenTansbueim,
PEFHCTPHPYEMBIM TOCHE BO3JCHCTBHS HMIIVIbCA.
an 3TOM, KOJHYECTBEHHGE COOTBETUCTBHME Haﬁf[IO-
JacMoMy B JAKCIEPHMEHTES HPGBI:JLU.CHPIIO MEKCH-~
ManLHOCO ypoBHa F . nag yposHem Fj moayueHro,
koraa peakuuu DesbiznyvatenbHol pekoMOHHALMY
¢ Ped0+ xapaxTepuaosaJm I\OHCTaHTaMH CKOpO-
CTe[/I kph - = 103 Tt H k 200 C_l -

Hawa mogens nozsosiaer QUEHUTE KOHCTAHTHI
ckopoctel  Oe3planyuarensHol  pekomONHALMH,
ofecrieunearclune HabarogaeMbie B 3KCIIEPHMEHTE
COOTHOMWEHUS yposHerd F_/F,, CpaBHHM 3TOT pe-

3YALTAT € AMTEPATYPHBIMM AaHueiMu. OTMETHM,

yro mogens @©C 1 {13] He ouMcblBAET YPOREHD
Fy. Camas neTansHas U3 U3BECTHRIX B AMTEpPATYpe
mogened BC ([ [I5] cnocodna ornncaTe ypoBeHs
" Fy u 1moapoGHO paccMaTpMBAET AMCCHMATUBHES
npoueccsi, gapafd onucaume O-J-P-kuneruky, na-
DIH0A2EMOH OPW NOCTOAHHOM OCBEILEHHH /1S [Ipe-
“napatos PC Il memGpan [9]. Oanako B MONENHM
[15] nenocTaTOUHe MOAPOGHO pPaccMOTPEHEI MOpoO-
necewl ocpobomaeHus Qp-caliTa ¢ BoIXOAOM Mia-
CTOXHHONA B a3y meMOpaHsbl, ¢ YEM MOXET ObiTe
CBA3RHO OTCYTCTBWE onucanua cragui J-1-P-kune-
TH&RH D ¢ @usuoﬂoruqecm Ol‘[pﬂ.B,E[dHHOPO co-
OTHOWEHUA YPOBHEH Fy u F . .

B mopenun @C 11 mn goxazanud, 4o 3HayeHus
KOHCTAHT cxopocTel GesnlaayuaTensuoi pexombu-
Hauuyg Phe- ¢ P680+ sakpbiTeix PL Ha HECKONBKO
NOPAAKOB BLILIE MPH MOAETHPOBAHUN BO3JEHCTBUS
Hacwlulalowero umnynsca (cocrasuan 1019 ¢-l) no
CPARHEHHIO C U3MCPUTERABHBIM CBETOM. TakuM 0d-
pasos, MOAENb NOATBEPKOACT [IPEITNCIONKEIINS,
BeiCKa3aHHele B paboTe [4]. PexomOuuauTHas ®n
TYLWATCA MPESUMYLIECTBEHHO B npotecce Hesbizny-
HATENpHAIX NOTEPL JHEDTHK HA YPOBRHE NEPBUUHOMN
PAAHKANLHOH Napel, MpUYeM CKOpOCTb 3THX MNpPO-
ECCOM BO3PACTAST IPH MOBhIUEHHH HHTEHCHBHO-
CTH CBETA JO Hachkilawlled W CTAHOBHTCE CPak-
HHUMOH €O CKOPOCTBiO 00parHold pexoMbuHanmy
B BosDyKAeHHOoe cocroauue, Mojens nokazana
TaK’kKe, 4TO HHTEHCHBHOCTL O€3bi3NyHaTeNEHOR pe-
komGuuauun Phe- ¢ P680+ se Bnmaer va gavann-
HBIH ¥ KOHEYHbIH ypoBRHU MWD (F), HO OKa3bIBaET
BIMAHHE HA BeNWuHHY F .

OOLUerpHHATON SBAACTCS TOUKAZ 3PEHHA, uTO
B Cpei€ C AMYPOHOM (0 CPABHEHWIO C HATHBILIM
ofpa3zuoM CKOpPOCTh BOCCTAHORNEHHUH Xaopoduina
PLl nowkerra. [lapaverpo kunetuaeckofl KpHpoi
BLINOAL (U1 UPCCLUCHUIL (UIVHAGNBIE I IKCEP H-
MEHTE B CPRAS ¢ IUYPOHOM. MOCVY OblTh ONUCAH!
B pasmxax moaenn @C [l Oes sriaroueHua B Hee

GEJIAEBA u gp.

peakuuid BIAMMOJEHCTBHA BewlecTBa G QB-caF{ToM
(daHHble HE MOPHUBOAMM) AHANOCHYHO NPUHATOMY
B auteparype moaxoay [13,15,27] Oanako eui-
OpanHsiii HAMH BAPHAHT ¢ BKAKOYEHHUEM B MOJENh
HHTHGHpYIOUWero sewecTba nos3sonser 6es npu-
BACHEHUA OOTONHHUTENABHEIX NpeacTariedull o Mo-
AudUKauKMy MapaMeTpoB MOASIH NPOBECTH PACYET
OA8 KOHKPETHOW KOHUEHTPALUMM DearcHTa ¢ Hu-
rudupyomwmum apdextom. Takol noagxoa no3BONKHA
[pOBOAUATE PACYeThl, MOAENUPYA BOIACHCTBHE OnI-
pe,ueneHHOI:[ KORLEHTPAUKH AUYPOHA, W BIIEPBBIE
Mchmods306adH B Hawed pabote. Mexanusm pefier-
BWA AuypoHa Ha npouecchi fepedoca @C I nipu
3TOM MOAEAMPYETCH peakuuen (HeobpaTumoil) mo-
cagKky B MYCTOH caifr.

SAKJIOYEHHE

Kunernueckan monens ©C Il onucelpaer no-
CMEA0BATENLHOCTD NEPEXGAOR MEXIY COCTOAHUAMHU
U KHHETHKY OKHCIMTEALHO-BOCCTAHOBHTEABNBIX
nipeepawenuit neperocuuker &C 1 npu pasnuu-
HBIX PEKHMAX OCBELLEHU, NPOUCXOOALIMX cornac-
HO OPUHATOMY NPOTOKONY. Havanshele BEAMUBHE
zaceiqcHHoeTd penokc-coctosuuil ©C Il onpeae-
JHHOTCH NPEAbICTOPHUEH CUCTEMBI — TeMHOBAA anar-.
TauMsa Qo fnpeaBapuTeIsHoe ocBeleyne. Conoc
TABIEHbl TeopeTHYecKkne kpusele M@, paccuurtaH-
Hbie TIPH HMHETALMH [OCASICTEMI WMOVIBCHOIO
BO3AEHCTEHS, U JKCIEPHMEHTANbHBIE, MOTYUeHHAIE
MpU UCIONb30BAHHH NPOTOKON2 H3MCPEHHH ¢ BO3-
Oyxiesuem 00pasna MOUWIHLIM CBETOBBIM HUMITYIThb-
CoM.

Tlpogepent n nojreepxaeHsl CyUIECTRYIME
[38] runoTessl ¢ MCXaHH3ME BO3ASHCTRUA MMIIYIIbEA
Ha oOpa3zeyu (HATHBHBIA W B Cpeus ¢ AUYPOHOM).
Ilpu paspaboTke npotokena ocseiteHda B [38]
Npeanogarans, 4re BO3ASHCTEHE NACKLLLAIOWETO
UMOYR6CA MPUBSAET K HaKOMJCHHIO PEIOKC-CO-
croauuit P680+ u Q3 8 PLL @C [I, a pansuefimue

peaxuuy BoccTaHoBaeHMA P680+ n  oxkuchenus
Q7 MOryT ObiTh MCCREROBAHLI M0 HAPACTAHUIC H,

COOTBETCTBLHHO, Cnady OTHOCHTE!INLHOIO BBIXOA
bnyepecuenunun. Hpu atom, dase cnana Gyagyr
ONpeAenaTsCd npoueccamy pexomduHaudn Q) ¢

OKMCHEHHBIMU [I€PEHOCHAKAMY ACHOPHON ¢TOpO-
HEL ¥ 11epenocoM anektpona na Qg [39]. Mmuranus
BO3JEHCTRYS HACBIWAKLIETO CRETOBROIO HWMNYabca
g moawn ©C II nmozeonuna anaiu3upoBaTs U
OOBICHHTL MHEPEYUCTIEHHEIE POLECCHl NepeHoca
anextpoHa B OC 1l

B mopgenu dazaym kpusofi UD cooteercTBoBANA
ClpeieieHHas CMEHA 3aceNeHHOCTH pPEeA0KC-CO-
CTOAHKH KOMIUIekca nepeHocuukor ©C 11, Oco-
fENHOCTH HCNOALIVBAHHOIO MPOTOKGIA U3Mepe-
HHIT — KD L KOBDRMCHADCTL BUBACHUTEHS MAILY L
¢onoeaeavrowedl pernerpaukei MO s autedsrom
BREMEHHOSN dWANAT0OHEe — MNO3B0IHIH Hitfiru “O{Iop-

BUODPUIHKA tom 51 Buin.d 20006
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Hble TOYKU» npu oraaaxe mogend. Konuenrpaouy
peqokc-coctoanuit OC [I, nonyuaemuie npu mo-
JNEeNMPOBAHMY PEKMMa OCBEUIEHHS HA OMNpeJeneH-
HOM WHTEPBaIe BpeMeHd, MPUHAMATH HAYAbHbI-
MU AN MOACIMPOBAHHUA MOCHEAYIOUIEr0 pPeKHMa
ocgetieHnsn. KOMMYECTBEHHbIE  XApAaKTePHCTHUKU
CHCTEMBl — YCpeAHEHHA) CKOPOCThL cpadaThiBaHud
KBK, cxopocty peaxumii Ge3pl3iy4are/nbHOR pe-
KOMOHHALIMKM, HAMANLHAS BOCCTAHOBNEHHOCTE Myna
X#HHOHOB H pH cTpomMel u 1p. — nogoOpaHHl B
MOJen TakuM 00pa3oM, 4ToOsl ONTUMANBHO OMH-
caTh BENMYMHBI M AJUTENHHOCTH OTAETBHBIX a3
KHHETHMECKOH KPHBOH, MMHMUMANbHBIH H MAKCH-
manbabiit yposuu {F,, F,) dnyopecueHuun, pers-
CTPUPYEMCH Ans TePMOQDHABHEIX 3€NeHBIX BOJAO-
pocAei. _

CpaBhenue pe3ynsTatoB 1o HabAWOACHMIO
bAYOPECUEHTHOrO CUI'HANA HA PA3MHYHBIX 0Opaz-
LaxX ¢ HCNONL20BAHHEM X MOACALHOIC aHajlM3a
MO3BONHT ONpPEEUTh XAPAKTEPUCTUKM (KOHCTAH-
TBI CKOPOCTEH M PABHOBECHA (POLECCOB, KONMYe-
CTBEHHDBIE XAPAKTEPHUCTUKM KOMIAPTMEHTOB XJIO-
poMiacTa) MpoLECCOB NEPEHOCa, NPOTEKAMINX B
PA3IHYHBIX (POTOCHHTESUPYIOLHX OpraHU3Max.

Aptopel Gnarogapesl K.p-M.H. O.B. Hemuny
u k.0.H. [.B. Jlebeneroit 3a obcyxaeHue pesylb-
tatos, A.0.H, KJ K, Hemepncy 3a nogroToORKY Kylb-
Typhbl KaeTok xnopensl, Dr. R. Steffen (TU, Ber-
lin) 3a u3MCpeHHe WMAYKLUMOHHBIX KPHBBIX, IPOQ.
ALA. BynbelMeBY 32 [I0NE3HBIE AMCKYCCHM.

PaGota soinonHena npu duuadcosodl wod-
aepxuxe Poccuiickoro donaa dyHIaMEHTAMLHBIX
pccaenorannd  (npoektsr  U5-04—48606, 05-04-
48912, 04-07-90278, 03-04-49048).
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The Application of PS II Model for the Analysis of Fluorescence Yield
Transients Induced by Actinic Single Turnover Flash in the Time Range
trom 100 ns tc 10 s

N.E. Belyaeva*, V.Z. Paschenko*, G. Renger**, (G.Yu. Riznichenko*, and A.B. Rubin*
*Biological Department, M oscow State University, Vorob evy Gory, M ascow, 119992 Russia

**M ax-Voimer-institute, Technical University, Berlin, Germany

Changes in flash-induced fluorescence yield in preparations of thermophilic Chiorella pyrenvidosa
Chick cells {native and in the presence of DCMU} were investigated in the time range frem 100
ns to 10 s using a new measuring system. The results were analyzed by mathematical modeling
of processes in photosystem [I. [t was shown that the detailed description of recombination
(including nonradiative) processes in photosystem [l is important to simulate the tlrorescence yield
transients induced by an actinic single turnover flash. The model photosystem [l parameters were
modified to describe the light-induced effects in the presence of DCMU. By comparing the theoretical
fluorescence curves with experimental ones, we obtained the values of relative fluorescence yield
and the F\,/F, ratio, which is typical for experimental data. As a result of simulation, the values
of the model parameters (rate constants of electron transfers at the donor and acceptor sites of
photosystem II, pH in stroma, initial redox state of the plastoquinone pool, the rate of plastoquinol
exidation, and the rate constants of nonradiative recombination processes) were determined.

Key words: fluorescence induction, pulse fluorometry, electron transfer, photosystem !, model calculations
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