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Bucoka edexkTuBHiCTh peakIiii (pOTOCTUMYJIHLOBAHOTO IIEPEHECEHHSA eJIeKT-
pora (ITE) y 6iosoriuHux cucreMax, B TOMY UYHCJi B CTPYKTYPi pearIifiHuX
IIeHTPiB, IpUBEPTAE yBary 0araTbox MOCHiZHUKIB. AHaiis ocHOBHUX (haKTO-
piB, II0 BU3HAUYAIOTH IIBUAKICTh TAKUX PEAKI[iil, BAKJIUBUN AK y (yHIZaAME-
HTAJbHOMY ILJIaHi, TaK i 3 TOYKM 30Py CTBOPEHHSA NITYYHUX CUCTEM HaKO-
NUUYeHHS Ta IIepeTBopeHHs eHeprii. Bcramosiaemo, mio IIE y 6Giomoriummx
cucremMax BimOyBaeThca dyepes mociaismoBHe IIE B cTpyKTypi 6inKiB MiK Me-
TAJOBMIiCHUMM IEeHTpaMu ab0 OpPraHivHMMU MTOHOPHO-AKIIEIITOPHUMMU TpyIIa-
My Ha Biggmami y 5—-25 A. Jocaif:keHo KiHETHKY eJIEKTPOHHOTO TPAaHCIIOPTY
B OarTepianbaux peakmiiiaux meHTtpax (PIl). HocaimsxkeHo mpoliecu peJak-
carii Ta (PoTOiHAYKOBaHi CTPYKTYPHiI 3MiHM B MOJIEKYJIAPHUX KOMILIEKCax
PII Rhodobacter spharoides y mpoieci BHyTpimHbBOMOJEKyJIApHOTO IIE.
IIpencraBiaeHo pe3yabTaTH €KCIEPUMEHTAJIBHOTO AOCJiMKEeHHS 3aJIeKHOCTU
MiKDPOIIBUAKOCTEl TEepexony MisK JOHOPOM Ta aKIeITOPOM Bin iHTeHCHUBHO-
ctu Ta yacy 3acBiueHHa PII, a Tako)X TeOpeTHUYHOTO aHaJIi3y peJjaKcalriii-
HUX KPUBUX 34 JOIOMOI'OI0 BEeHBJIET-IIEPETBOPIiB.

The high efficiency of photostimulated electron-transfer (ET) reactions in
biological systems, including within the structure of reaction centres, at-
tracts attention of many researchers. Analysis of the main factors deter-
mining the rate of such reactions is important in a fundamental aspect
and in terms of creating artificial systems for storage and conversion of
energy. As revealed, the ET in biological systems occurs as consecutive ET
in the structure of proteins between the metal-bearing centres or the or-
ganic donor—acceptor groups at a distance of 5—25 A. In this regard, se-
ries of experiments related to ET in the structure of proteins are carried

687
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out. The kinetics of ET in bacterial reaction centres (RC) is investigated.
The processes of relaxation and photoinduced structural changes in mo-
lecular complexes of the Rhodobacter spharoides RC in the process of the
intramolecular ET. Results of both experimental study of the dependence
of microvelocities of transition between donor and acceptor on the intensi-
ty and time illumination of RC and theoretical analysis of relaxation
curves using wavelet transforms are presented.

Bricokasa s(p(deKTUBHOCTL peakIiuii (hOTOCTUMYJIMPOBAHHOTO MepeHoca 3JIeK-
Tpora (II9) B 6MOJOTMUYECKUX CHCTEMaX, B TOM UMCJe B CTPYKTYpe peaKIu-
OHHBIX II€HTPOB, IPHUBJIEeKaeT BHUMaHWE MHOTHX HcCcefoBaTeseii. AHanaus
OCHOBHBIX (PaKTOPOB, ONPEAEJAIONINX CKOPOCTh TAKUX PEeaKINil, BaXKeH KakK
B (pyHIaMEHTAJIbHOM IIJaHEe, TaAK U C TOUYKH 3PEHUS CO3JaHUS MCKYCCTBEH-
HBIX CHCTEM HAKOIJIEHWS W IpeoOpasoBaHWA HEPTruUHU. YCTAHOBJIEHO, UTO
II9 B GMOJIOTMUECKUX CHCTEMAaX IIPOMCXOIUT B BUAE IocjemoBaTesbHOro I19
B CTPYKType OEJKOB MEXKIY METAJJIOCOAEPKAIIUMHU IIeHTPAMU WUJU OPTaHU-
YeCKUMH JOHODHO-aKIeITOPHBIMHU IPYNIAaMU Ha paccrosgHuu B 5—25 A. HUe-
cJaeloBaHA KMHETHKA JeKTPOHHOTO TPAHCIOPTA B GaKTEepPHATbHBIX pearIiu-
ouHBbIX IHeHTpax (PIl). MccaemoBaHBI Ipoliecchl pejaxcanuu U (HOTOMHIY-
IIUPOBAHHBIE CTPYKTYPHBIE M3MEHEHHUS B MOJIEKYJIAPHBIX KoMijiekcax PII
Rhodobacter spharoides B mpoliecce BHyTpumoJieKyaapuoro I19. Ilpexcras-
JIeHBI Pe3yJbTAThl YKCIEPUMEHTAJIBHOTO KCCJAETOBAHUS 3aBUCUMOCTH MUK-
pocKopocTeii mepexoma MeKAY JOHOPOM M aKIeIITOPOM OT MHTEHCUBHOCTU U
BpeMeHu 3acBeTKu PI, a Takike TeopeTMUeCcKOTO aHAIM3a PeJIaKCAITMOHHBIX
KPUBBIX C IIOMOIIBIO BeiiBJIeT-IIpeodpa3oBaHM’.

Karouori cjoBa: peakI[ifiHUil IIeHTDP, eJIeKTPOHHUIN TpaHCHOPT, PyJiepeHH,
BelBJIeT-aHATI3.

Key words: reaction centre, electron transfer, fullerenes, Wavelet analysis.

KaroueBble ciI0Ba: PeakIIMOHHBIN IIEHTD, SJIEKTPOHHBIN TpaHCIOPT, (QyJlie-
DPeHBI, BeliBJIeT-aHAIN3.

(Ompumano 5 smoemus 2015 p.; nicas doonpayrosarnns — 27 aucmonada 2015 p.)

1. BCTYII

BuBuenHA peakiliii mepeHeceHHaA eneKTpoHy (IIE) B cTpyKTypi 0inKiB,
CIIEIiATbHO CTBOPEHUX IIPUPOJIOI0 B MIPOIlECi eBOJIIOIil, AJisd BTieHHA
miei ¢yurmii moske OyTm mHabarato iH(GoOpMaTHUBHIIIIMM, HiXK JOCJi-
MUKEeHHA OyAb-AKUX iHIIUX MOJEKYJIAPHUX YU HAHOCUCTEM, OCKiIbKU
B OiJIKax B3aeMHe pPO3TAIllyBaHHA HOHODPHO-aKIENTOPHUX IEHTPIB i ix
MOJIEKYJISIPHE OTOYEeHHS IIOBHICTIO ifleHTWYHe, IO CKJAagHO 3abesrme-
YUTU y BUOAAKY IITYYHUX MOJIEKYJIAPHuUX cucreM. CTpiMKUii pos3BuU-
TOK OioxXiMiuHMX 1 MOJIEKYJAPHO-TeHEeTUYHUX MeTOAiB Momudikarrii
OiTKiB YMOMKJIMBIIIOE ITiJIECTPAMOBAHO 3MiHIOBATH XiMIiUHY CTPYKTYPY
ITOHODPHO-aKIIEeIITOPHUX IIepPeXoJiB i IX OKMCHIOBAJbHO-BiTHOBJIIOBAJb-



JOC/IIFKEHHSA KIHETKN @OTOIHIYKOBAHIX EJIEKTPOHHIUX ITEPEXO/IIB 689

HUH TOTEHIidAJ, 3iCHIOBATH MOAM(MIKAaIlil0o aMiHOKMUCJIOTHUX 3aJIH-
IIKiB Ha ILJIAXY HOepeHocy abdo B OTOYEHHI JOHOPHO-aKIENITOPHUX
IIeHTPiB, IO BIJIMBA€ Ha OiJbIIicTh (isMuHMX (PaKTOPiB, IO BMU3HA-
yaoTh IMBuAKicTs I1E.

MeTo0 poOOTH € OOCHiA;KeHHs Ta aHaJi3d CTPYKTYPHMUX 3MiH, IO
CYIPOBOIKYIOTBCSA KiHETHMKOIO €JIEKTPOHHOTO TPAHCHOPTY Ipu (hOTO3-
OyI:KeHHI KOMILJIEKCiB xXJopodinmBMicHUX MeMmMOpaHHUX OijIKiB ¢oTo-
cunTeTuunnx peakuiiinux 1eHTpiB (PLl) Rhodobacter sphaeroides.
3aBmaHHAM POOOTH € BHMBUEHHS KiHETHMKHU IIOBiJIbHOI peakirii izoJibo-
BaHUX KoMilnekciB PII, nio BuHMKAaE IIiJ BIJIMBOM CBiTJIA.

Bigoma 6Gessmiu (oTocmHTe3dyBaIbHUX opramismis. IIpore, ocobiu-
BUM iHTepec BUKJMKAIOTH 0aKTepii; BOHM MAIOTh BiTHOCHO IIpOCTuUii
dorocuHTE3yBadbHUU amapat. IlypmypHi 6akTepii € uum He eIMHUMU
JKUBUMU MiKpoopraHisamMaMmu, OKpiM pOCJINH, AKi 37aTHI 3acBOioBaTHU
CBITJIOBY €eHepriio Ta mepeTBopoBaTu ii B iHImi Buam, 3b6epiratu Ta
mepemaBaTu ii Ha JocuUTh BeJduKi Bimmani ¢gaktmuno Ges BTpar. Ilyp-
nypHi 6akrepii mocaimkyrorhbesa moHan 40 pokiB. BoHu BuU3HAUAIOTH
mporiecu (GPOTOCHMHTERY B yCiX 0ioCTPYKTypaxX, YMOKJIUBIIOIOTL 3a0e3-
IeYnTH PO3JiJieHHA (hOTOI'eHepOBAaHUX Ilap HOCiIB 3apsaniB i3 #MOBip-
HicTio, 0u3bK0I0 10 1. TomMy iX BHKOPHCTOBYIOTH Y COHAUHUX OaTa-
peax i HaHoedeKTpoHimi [1]. BusHauambHUMEU B Kackani 0aKTepisdiab-
HUX (POTOCHMHTETHUHUX IIPOIECiB € HepBMHHI IIpollecH: IOTJIMHAHHSI
KBaHTa CBiTJia, Mirparis eHeprii y cBiTs030ipHOMY KOMILIEKCi, pos-
IiJleHHd 3apAniB y (oTopeaKI[iiHOMY IeHTPi, €JeKTPOHHUU TpaHC-
IIOPT, COpsAKeHe 3 HUMU IepeHeCeHHsd IIPOTOHIB i1 iHIMuUX HoHIB uepes
memOpany [2].

CucreMa mepBUHHUX IMIPOIECIiB Ma€ HAA3BUYAMHO BAXKJINBY BJIACTIU-
BicTb, IT0 BimpisHse ii Bixg immmx 6Giomoriunmx cucreMm. Cucrema
«BKJIIOUAETHCA» CBiTJIOM, i il MOKHA TecTyBaTH 3 HOIOMOTOIO JeJIbTa-
moxiOHMX (JIa3epHU cHajiaX) YW NPAMOKYTHUX (BKJIIOUEHHSA ITOCTiHi-
HOTO cBiTJyia) imMmysbciB. BaskauBum € i Ta obcTraBMHA, IO 3 XpoMa-
ToopiB (GOTOCHMHTE3YBAIbHUX OaKTepiii Mo:kHA BumiauTu 6Gioximiu-
HUMU MeTOZaMM OKpeMy dYacTuHy — OakrtepianbHi PIl; mpu mbomy
BUAieHAa yacTmHa (orocucTeMu 30epirae 3maTHICTH OO MOTJIMHAHHA
CBiTJIa Ta CBITJIOIHAYKOBaHOTO pPO3IijeHHA 3apsaAiB. Bmepiie mpo Ta-
KU KOMILIeKC OyJio cKkasaHo Emepcomom Ta ApHoabmom y 1932 p.
Hioiizerc y 1952 p. HaBiB cHeKTpalbHUH OOKa3 HOT0 HAABHOCTH Y
baxTepii [3].

Croorogui Bimomi mekimbka tumiB PII, aki BigpisHaioTbca mpupo-
010 I CHEeKTPaJbHUMM BJIACTUBOCTSAMM HEPBUHHOTO JOHOPaA €JIEeKTPO-
Ha i OpUpOIOI0 BTOPMHHOTO JOHOPA Ta aKIENTOpa eJeKTpoHa. Bmep-
e Takui KOMILIeKC Oyso BuAijeHo Ha mouaTKy 1970-x pp. 3 mypiy-
poBux dorocuHTEeTHUHUX OaKTepiit Bumy Rhodobacter sphaeroides [4,
5]. IlocuseHe BUBYEHHS CTPYKTYpPH, XapakTepy MOii peaKI[ifiHUX
IeHTPiB 3a momoMororw 6ioximiumoi Ta 6iodisumumoi TexXHiKHM gajio
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3MOTY ojiep:kaTu iH(opmaliio Tpo (PYHKIIOHYBaHHA IIEHTPiB i IIpo
ixHi CTPYKTYpHi Ta AuHamiuHi Xapakrtepuctuku [6, 7, 8, 9, 10].

2. EKCIIEPUMEHTAJIBHA METOOAUKA
2.1. Peakniiini menTpu mypnypHuX ()OTOCHHTETHYHHUX OaKTepiil

Temep meraabHiIIe po3raaHeMo peakiiiinuit meutp. PLl aBase coboio
0iJIOK, IO CKJAZAETHCA 3 TPhOX MMOJIMENTHUAHUX JAHIIOTIB i Mae y
CBOEMY CKJAaIi pan mirMeHTtiB tumy xJjopodiny [11]. Moaexynapua
maca Oinka 6Gigbime 135—103 maabToH, i CKIaZaeThcsa BiH BigmoBigHO
3 Oinmpm misk 104 atomis. Ilpum mopymieHHi KBaHTOM CBiTJIa ITuMeEpy
0axTepioxXJopodiNy eJeKTPOH HepPeHOCUThCA 3 MOTr0 IOPYIIeHOTO PiB-
HA TIOCJiZJOBHO Ha MOHOMep GakTepioxisiopodiny, deoditur i mepBuH-
HUH aKIeNTOp — XiHOH, ONMHAIUYMNCHL TAKMM YMHOM 3a Yac OGJIM3BKO
200 mc Ha TPOTHMJEKHIN CTOpPOHI MemMOpaHU. YTBOPEHHWH KaTioH-
pagukan 6axrtepioxgopodiny P+ BiZHOBIIOETHCA €JIEKTPOHAMU, JOKA-
JIIB0BaHMMM Ha TeMaXxX IIUTOXPOMY C, AKUi y 6axTepiax Rhodopseudo-
monas yTBOPIOE MIiITHUI KOMILIEKC 3 IJI00YJI peakIliiiHoro Ieutpy. B
pesyabTaTi 3 BUCOKMM KBAaHTOBUM BUXOAOM 3HiHICHIOETHCSA TPaHCMEM-
OpaHHUI TepPeHoC eJNeKTPOHIiB 3 IMiABUINEHHAM IiX IIOTEeHIiANy, KOT-
puii mepeTBOPIOEThCA HaAasi B XimiuHy eHeprio [12, 13].
Posraauemo dortocunTternunuii PIT (puc. 1). Moro 3agaua — mepe-
HocuTH (hOTO30YPKeHI eJeKTPOHM Ha iHIy CTOPOHY MeMOpamnu, i,
TUM CaMHM, CTBOPIOBATH TOM €JEKTPUUHHUUN MIOTEHIisdJI, Ha AKOMY

HMWTOI TS

Puc. 1. ®orocunrernunuii PI] [2]. Cy6omgununi L i M 3B’a3y0Tb (hoTOCUH-
TETUYHI mirmMeHTH — XJopodinu, deoditurm i gBa xiHoHm. IluToxpom mic-
THTH YOTHUPHU reMa 3 moMapaHdeBUMH ioHaMu Pepymy Bcepernui.'
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npaiioe (poToCcHTES.

2.2. Kinetuka peakiii mepiroro mopagky mias PIT
Hexait
A= B,

me A — crau Pll, Koiu eleKTPOH 3HAXOAUTHLCA Ha HOHOPi; B — cran
PII, Ko eneKTPOH 3HAXOAUTHCA AKIIEITOPI.

JlBOpiBHEBY MoOzAeJbh KiHETHMKHU eJIeKTpoHHOTo TpaHcmopty PII 3i
3MIiHHMMM B Yaci KoedilieuTaMu MoOKHa 300pasuTH y BUIVIALL CXeMU
(puc. 2); 1i 2 — BiZmoBigHO cTAaHU Ha JOHOPi Ta aKIIEIITOPi.

MikpomrBUAKOCTI mepexoay eJeKTPOoHYy 3 JOHOpa Ha aKIenTop i 3
aKIlenIToOpa Ha JOHOD IIO3HAYUMO, uepes kB, i ky;. Ha npromy npuraani
BIIEpPIIlE CTUKAEMOCH 3 IITPOIIECOM B SAKOMY 3MiHa KOHIIEHTpAaIlil KOM-
TIOHEHTIB CKJAJA€ThbCA 31 MIBUAKOCTM ABOX mpolieciB. IlosHauaroum
MIBUAKOCTi, MOKHA 3allMcaTH AJIA 3SMiHU KOHIIEHTpAIil C,:

dce
d—; =k,c, —kycy . (D)
OcKinbKu

5 = Ca (2)

(B mpUWHIIMIII peakIlid MOKe BUBYATHCA B yMOBaX, KOJU B IIOYATKO-
BUH MOMEHT YacCy IPUCYTHi ABi KOMIOHEHTU, 0OMEKUMOCS BUHALKOM
KOJIn cg =0), To MOKHA IIPUBECTHU A0 BUTJIALY:

de,

dt = (k21 + klz)cA - k1zc?x . (3)

k12
el

k21'

Puc. 2. CxeMa, IO OMKCY€ IPOIEC IEPEXOAY €JIeKTPOHA 3 JOHOpa Ha aKIlell-
TOp i aKIenToOpa Ha LOHOP.2
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Ilepenumniemo y BuUTIsami
de, _
==
(k21 + k12 ) Ca— klch

i mpoiuTerpysasiu Bix 0 mo t:

dat, (4)

1 klzch _
(kzl +k12)1n (k21 +k12)CA _klzcg - ®

Samnuiiremo 6aJjiaHCHI PiBHAHHA s KOHIIEHTPAIlili Ha mOHOPLI Ta
aKImenropi

k k .
c, = A0+ 21 = che )t (6)
by + Ry (kyy + Byp)e, —Riyey

IligcraBasioun (5) B (2), Oyamemo mMaTu PiBHAHHA KiHeTWYHOI KPH-
BO1 IJIA Cg:

kzl 0 By ey )t
c,=—=2—c,|1—-e "2, 7
£ k21 +k12 AI: :| ( )

Bupasu yMOXKJIMBIOIOTE IPU BifoMux k' i B~ pospaxyBaTu KOHIle-
HTpartii ¢, i ¢z npu BusHaueHOMY dYaci ¢{. 3a Jomomorow (5) Bu3HaUa-
I0THL Yac, HeoOXimuumii naa mepebiry peakirii. B cykymHocTi 1mi Tpm
BUpasy [AaloTh BUPINIeHHA IPAMOl 3ajauvi peakIiii, 1[0 ONUCYeThCS
PiBHAHHAMU IIEPIIOTO HOPAILKY.

Iz (6) i (7) crmigye, o 3i 36inmbIneHHAM uacy (ToOOTO mpu t — ) Be-
JUYUHU C, i Cz IPAMYIOTH A0 T'PAHUYHUX 3HAYEHb:

© k12 0, o k21 0
U Tyt N Ty vy, ©
21 12 21 k12
PosrisaemMo ogwH 3 aabTEePHATUBHUX IOTJIALIB, IPU AKOMY MiK-
poiBuAKOCTI moctrifimi. ad mboro samuiiiemMo Ie pas OajlaHcHi pis-
HAHHA Y CIPOINEHOMY BUTJISAMII:

dc
d_; = _klch + kZICB ’ 9)
dc
d_tB = _kzch + k1ch > (10)

e — PiBHAHHSA, IIIO0 BiATIOBiZa0Th 3MiHi KOHIIEeHTpAITii.
3amnuiemMo piBHAHHA CUCTEMU B CIIOKOi:

CA+CB:1' (11)
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Posrismemo cucremy, 1o BigmoBimae cxemi ma (puc. 2), To6TO cuc-
TEeMy 3 ABOX CTaHiB, IO MAIOTh IMOCTiHHI MiKpPOIIBUAKOCTI By 1 Kyt

c,=1-cy, (12)
cyp=1-¢,, (13)
de,
E:—klch-i-km(l—cA); (14)
3BificM MU OJepP:KyeMO HACTYIIHUHN BUPAa3:
dc,
E =—Ryc, + Ry —Ryc, =y (k12 + k21) +hRy. (15)

OckinbKu cucTeMa 3i cramumu KoedillieHTaM1 He OMMCY€ B IMOBHIM
Mipi mporiec, 10 BigOyBaeThcsA, TO 3MiHHI KoedillieHTH MOKHA Bupa-
XyBaTH HACTYIIHUM UMHOM BUXOAAUYMN 3 OAJIAHCHUX PiBHAHB.

Amnaiiz oOKMUCHEHHSA —

dc
d—;‘ =—k,c, + ByCps (16)

3BifIcM OJIEP:KYEMO IIOUaTKOBe OasjaHcHe piBHAHHA npu t =0, TOOTO y
MOYAaTKOBUM MOMEHT Uacy

de,(0)

e —k,,(0)c,(0) + &,,(0)c,(0). (17)

B nmouarkoBuii MmomeHT uacy c¢z(0) =0 ; Toxi

dc,(0)
dt
0)=——>*—; 18
k,,(0) ¢, (0) (18)
k, = ol , ToOTO Bijg "acy He 3ayexHuTh (Il — iHTeHCHBHICTBH, 0L — KO-

edimienT, 1o mopiBHIOE eEeKTHUBHOMY IIepepidy), TOOTO MiKpOIIBUI-
KicTb k,, 3QJIEKUTH BiJl iHTEHCUBHOCTU OCBiTJIEHHA.

Toxi
dec,(0)
dt ke, + kycp s (19)
dc,(0)
R, = ol = k;,(0), k;,(0) =gt =k,. (20)
c,(0)

ITigcraBumo B piBHAHHA (9) piBHAHHS (20):
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dc,(0)
de, dt
—A=—=—c,t)+k,,H)(1-c,), 21
at ¢, () () + Ry (1) (1) (21)
de,(0)
de, dt
—4 - —=—c, @)=k, @t)(1-¢,), 22
it ¢, () (@) =k ) (1-c,) (22)
dc,(0)
624_ d(to) €@
c
k, (t) = (1 jc ) (23)
A
Posrasuaemo dopmyry
c,=c,()= oy + Lt e k)t o (24)
k12 + k21 k12 + k21
TYT JeKPeMeHTH, TOOTO Koe(hillieHTH IpM eKCIIOHEHTi e ratha)t | pe.

CyTh HacTynHi BHecKu. Cioou BHECOK JalOTh TimbKu Koedimientu K1
k21
k12 + k21
— IIe TOBiJbHA CKJIAZOBa PiBHAHHSA, IO ONMCYE IPOIec, TOOTO Koe-
¢dimiesrn K2 i K3 (TtyT k, >>E, ); TOMy BHECOK Ja€ TiIbKHU 4YHCENb-

HUK kot

3 Tabaumni girysanns, K2 i K3 BHecKu maBaTu He MOMKYTb.

e, =c,(t)=1- N 4 ki g (hatha)t (25)
Ry +Fyy Ry + Ry

Hexkpementu k,, k, BigpisHAIOTHCSA OAWH BiJf OMHOTO HA IMOPSAAOK. EK-
CIIOHEHTA 3 HauOiJbIIUM KoedillieHToOM ommcye eJeKTPOHHHUN TPaHC-
mopT, K, XapakTepusye CTPYKTYpHi aminu [14].

2.3. BeiiBaer-aHamuis

BeiiBieT-niepeTBOpPU CUI'HAJNIB € y3araJJbHEHHAM CIEKTPaJIbHOTO aHa-
Jisy. BeliBiaeTn — ysarajbHeHa HasBa CiMeMCTB MaTeMaTHUYHHX (pyH-
KIi#i meBHOI (popMU, JIOKAJBHUX Yy dYaci i mo yacrtorax, B AKUX yci
GYHKIII ogep:kaHo 3 omHiel O0asmcHOI HMIIAXOM ii 3CyBy i posTAris 1mo
yacoBiii oci. BoHu MmaroThb BUTIJIAA KOPOTKUX XBUJIBOBUX IMaKeTiB 3
iHTer'PaIbHUM HYJIHOBMM 3HAUEHHAM, JIOKAJi30BAaHUX IIO OCi apryme-
HTiB (He3aJIe;KHUX 3MiHHUX), iHBapiAHTHMUX BiZHOCHO 3CYBY Ta JiHifi-
HUX II0 BiJHOIIIEHHIO O oIlepalliii macinrtabyBaHHS (CTHCHEHHS, PO3-
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rar) [15]. BeifiBnetu — JokKasisoBaHi GyHKII, AKI KOHCTPYIOIOTHCA 3
OIIHOTO MaTepPMHCHKOTO BeliBiera y/[t) omepamiero scyBy y uaci (b) i

3MiHOI0 "acoBoro macmTaly (a) ‘I’((t_b)j; ¥ (1) ——‘P((t )J,
¢ o\ @

(a,b)e R, y(t) € r (R), e MHOXHUK 3abesmneuye He3aJ eKHiCThb

1
el
"HopMHU (PYHKIII Bif MaciiTaOyBaJbHOTO umcaa a. HemepepBHUU iHTe-
I'PaJbHUH BelBierT-mepeTBip curamy s(t) € [?(R), SKUi 3aCTOCOBY-

€ThCA OJISA IKiCHOIO YacTOTHO-YaCOBOI'O aHAaJi3y, 3a 3MIiCTOM BiJIIOBi-
mae @yp’e-mepeTBOpPY 31 3MiHOIO rapmomHiuHoro 6asmucy exp(—iot) Ha

BeniBiaerHul ¥ ((t — b)] :
a

-9

Jdt, (a,b)R [16].

W (a,b) = (s, ¥, () = fj (t)(

BeiiBneTHuit Macirradbmo-dyacosuii cuextp Wi(a, b) ma Bigmimy Bix
Dyp’e-crieKTPy € PYHKIIEI0 ABOX apryMeHTiB: YaCTOTHOI'O MACIITAOY
BeiiByieTa a (B OOMHUIAX, OOEPHEHMX YaCTOT), Ta YaCOBOTO 3MiIlleHHs
BeBJIETA II0 CUTHAJY b (B OOMHUIAX Yacy); IPU IBOMY IIapaMeTpH a
Ta b MOKYyTh HabyBaTu OyIb-IKHUX 3HAUEHb y MeKax o0JsacTi BM3HA-
yeHHs [17]:

lPMhat(taaab):l,\(/);—gl exp —[(t;b)j _2[(t;b)j expl:_((t;b)J] .

\Pwave(t’a’b) = _1’\;;6? exp{_((t;b)j }

BeiiBieT-niepeTBip YMOIKJIUBIIIOE OJEp:KATH He JIMIle 3arajbHy dac-
TOTHY XapaKTePUCTUKY CUI'HAJY, a U BiJoMOCTi ITpo IeBHi JoKaJdbHI

o WACIL R SADKY ST
T
L

|

Puc. 3. HaBeneHo npukiIaau BeiiBiaeT-QyHKIii ABoxX MacmTabis [17].2
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.1FFI -
0 @ & o 1 » » w

Puc. 4. Curnan, BetiBnernuii cuektp (Mhat) i macimTabHi mepeTuHN CIEKTPY

[17].*

KOOPAMHATH, HAa AKUX OPOABJAIOTLCA Ti UM iHIIML I'PyOIM YaCTOTHUX
CKJIaJoBMUX, ab0 Ha AKMX BigOyBalOThbCA INMBUAKI 3MiHM YaCTOTHHUX
CKJIQIOBUX CUT'HAJY.

Buacuuii 6asuc GyHKI[IOHAIBHOTO IIPOCTOPY YTBOPIOETHCSA IIIAXOM
MacHITa0HUX IIePeTBOPEHb Ta B3CYBiB IOPOI:KYBAJILHOTO BeMBJeTa

: {(t—b)

y(t): ¥(a,b,t)= |a|7E vy }, a,beR, a#0. BeliBier-nepersip

a
Iae cimeilicTBa CIEKTPiB MaciITaOHMX KoediIlieHTiB a CTUCHEHHS U
© 1o (@t-b) .
posraruenusa: C(a,b) = js(t)|a| 2 Y| ——= |dt. 3a paxyHOK 3MiHM Ma-
a
bt

cirraby BeWBJIeTH 3JATHI BUABJATH BiAMiHHOCTI Ha PisHMX YacTOTax,
a 3a PaxXyHOK 3CyBY b IIpoaHaji3yBaTH BJIACTHUBOCTI CUTHAJNY B Pi3HUX
TOUYKaxX Ha BChOMY [OCJIiI}KyBaHOMY dYacoBoMy iHTepBaji. CrekTp
C(a, b) omHOpPiZHOTO CUTHAJY € IOBEPXHEI0 B TPUBUMIPHOMY IIPOCTO-
pi. Cmocobu Bisyasisaiii cmeKTpy MOKyTh OyTu pisHumu. Haibinabim
MOITUPEHUH CIocid — MpoeKIia Ha miaomuay ab 3 izosminismu (isopi-
BHSIMH), IIIO JO3BOJISIE IIPOCIIAKYBaTU 3MiHM Koe(illieHTIiB Ha pisHUX
MaciirTabax Mo Jacy, a TaKOXK BUSABUTU KapTUHY JIOKAJbHUX €KCTpe-
MyMiB IIUX TOBEPXOHBb, TaK B3BAHUU «CKeJeT» CTPYKTYPU INIPOIECY,
110 aHajidyeTrhbcsa. Ilpu mupoxkomMy Aigmas3oHi macmiTabiB 3acTOCOBY-
IOThCA Jorapu(pMiuHi KOOpAUHATH.

Bubip KOHKpeTHOro BUAY Ta THUITy BEHMBJIETIB 3aJIe;KUTh BiJ cuUTr'HAa-
ay 1 samau awmamisy. Bubip Tuny BeliBjieTa BHOCUTH IIEBHY
Ccy0’€KTHUBHICTh MOCIiZHUKA B METOAWKY OOCTiIKeHHS CUI'HAJIIB, aje
B TOH Ke Yac Ja€ HOBi MOYKJIMBOCTI IIPU MOIIYKY HaWOiIbII eheKTuB-
HUX Ta ONTUMAJLHUX METOHIB 00POOJeHHA CUTHAJNIB U Omep:KaHHA 3
HuX 1morpibHoi iHdopmarrii. Tomy aas BuOOpPY ONMTUMAJIBHOTO BEHBJIE-
Ta HEOOXiTHO MPOBECTM TECTYBAHHS KPUBUX Pi3HUMU TUIIAMH BEHB-
aeris [17].

3. OIEP;KAHI PE3YJIbTATH TA IX OBTOBOPEHHSA

Y poboTi BUKOPHUCTOBYBAJMNCSA i30/IbOBaHiI OiTKOBO-IIIIMEHTHI KOM-
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miaekcu PII, Bumineni ma xadenpi 6iodisuku MOCKOBCLKOTO Iep:KaB-
HOT'O YHiBepcuTeTy 3 (DOTOCMHTETUUHUX MeMOpaH KJaitTua Rhodobacter
sphaeroides 3a JOIOMOT0OI0 IETEPTEHTIB ABOX THHIB (XoJIaT HaTpiio i
Tputor 100). [lyna 3abe3neueHHA JOBrOTPMBAJIOl CTabiJIbHOCTH Iapa-
metpiB PII BukxopucroByBaBcsi BomHuii posumu 0,01 M mHarpiii-
docharaoro oydepa 3 pH 7,2 i mobaBkorwo 0,05% npereprenry. Bumi-
poBaJibHA KioBeTa MaJia po3Mipu 3x5x2,5 ¢cM HpU TOBIUHI CTIiHOK y
1 Mm.

HocmimxyBaBcs eJeKTPOHHUM TpaHCIOPT mIpu (PoTos30ymKeHHI i
penaxcarii PII dorocuuTeTMuHmMX OaKTepiii Ipu pPisHHUX peKuMax
¢doToaKkTHBAIlil 3pasKa:

1) nmpu oguakrogBiii TpuBaJsiocTi (90 c¢), ase MUCKpeTHO 3MiHHIiN iHTe-
HCUBHOCTi (poTo3b6ymxenua (Big 0,2 no 6,2 MmBr/cm?);

2) mnpm 3agaHiii iHTeHCMBHOCTI (OTO30YIKYBAJIBLHOTO CBiTJIa
(I =6,2 mBt/cm? ) 3 pisEuM uacoM doroakTuBaiii — Bixg 10 go 100
cekyHI. Bynu omepskami pesyabTaTH 3MiHM IOTJIMHAHHS PO3UYUHIB 3
YacoM IIPM OCBiTJIEHHi.

fAx BumHO 3 rpadikiB KimeTuku (puc. 5), IPOCBITIEHHA Ta IOTEM-
HiHHA POSUYMHY 3aJIeXKUTh BiJ TOTO 3 AKOIO iHTEHCHBHICTIO MU CBiTH-
mo. ITpu 30inbIeHHiI iHTEHCHMBHOCTM KiHeTHMKA BiTHOBJIEHHS e IIO-
BiJIbHiIlIe, IITO MOXKE CBiAUMTU IIPO BIIMB edeKTiB mossapmsaliii Ha
IIpoIlecu eJeKTPOHHOr0 BHYTPIiMTHEOMOJIEKYJISIPHOTO TPAHCIIOPTY.

PesynbraTu, omepskaHi AiA pisHMX 3HAUEHb €KCIIO3UIlii, Oysau 00-
pobJyeHi 3a cmenisaabHOIO Imporenypoio dityBanus. Koedimient ontu-
YHOTO MOTJIMHAHHA MOYKHA PO3KJIACTH Ha IIeBHY KiJIbKiCTh €eKCIOHEHT
3a QOpMYyJIOI0:

A

0,00 4
—0,02
—0,04
—0,06
—0,08
-0,10 1
—0,12
-0,14 1
0,16
—0,18

—0,20
0,22 1 g
0,24 ]

0,26

0 500 1000 1500 2000%, C

Puc. 5. Kinmetuka 3MiHM ONTHUYHOI TYCTUHM NPU PiSHUX iHTEHCUBHOCTSX.
Iarencusuicts I: 1 — 100, 2 — 500, 3 — 900, 4 — 1300, 5 — 1700, 6 —
2100, 7 — 2500, 8 — 2900, 9 — 3270 y.o. (700 y.o. = 20 Br/m?); uac ocsi-
tnesaa — 90 c.’
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A3 Al
i=1

Ie A, — BaroBU# MHOKHUK; k, — XapaKTepHUI MOKA3HUK €KCIIOHEH-
TH B C '.

IIpomenypa ¢iTyBanHa BimOyBaeThcs HACTymHUM dYnHOM. Ilokas-
HUK k, migOupaeThca B Mexkax Bim 0 Mo o« TaKuMM UMHOM, 11106 cepen-
HBOKBaJIpAaTUUYHUH Bigxumi (iTyBaabHOI KPUBOI BiJ eKCIIepUMEHTaJb-
HOl OyB MimiManbHMM. BiATIOBiZHMM UYMHOM BM3HAUAETHCS 3HAUCHHS
BaroBOT0 IIepefeKCIIOHEHTHOT0 MHOMKHUKA. SHalgeHi s3HaueHHA (iK-
CYIOTLCHA, 1 IIPOBOAUTHCSA MIPOIEAypa SHAWJIEHHA NOKA3HUKIB IPyroi
eKCIIoHeHTHU. B cBoio uepry, peayiabTatu (GiTyBaHHA A IBOX €KCIIO-
HEHT BUKOPUCTOBYIOThCA nJA HacTynHoi. Ilpomenypa saxkimuyerbed,
KOJIX Ha UeproBOMY KpPOIIi BiAXMJ € OiJbIIMM 3a MiHiMaJIbHUH.

IIporpama, Hammcana OJis1 BUKOHAHHA ITiel mpolieaypu, cama BU-
3Ha4a€e KiJbKiCTh eKCIOHeHT. B HaIltoMy BUIAAKYy BUKOPHCTOBYBAJIU-
ca 3 ekcooHeHTH (puc. 6).

3 ozep:KaHUX JaHUX BUIHO, IO JeKPEMEHT IIepINoi eKCIOHEeHTU Ha
TPU TOPAAKU OiJbINUil BiJ AeKpeMeHTa TPEeThOI eKcrmoHeHTHu. TobTo
BiH BimmoBimae 3a mporecu, aAkKi BimOyBatoTbea B PII 3 mabararo 0i-
JBIMUMU INBUAKOCTAMU. B 3B A3KYy 3 IIUM, MOKHA PO3TIINTU KiHe-
TUKY OITHUYHOIO IOTJIMHAHHA Ha ABi 4YacTWMHU: IIBUJAKY Ta IOBiJBHY.
IIIBuaka xapakTepuaye JuIlle eJeKTPOHHUHN TPaHCIOPT, a IOBiJabHA
— eJIEKTPOHHUM TPAHCHOPT, II0 3yMOBJIEHUI MNOBiIBHUMHU KOHQOP-
manitinumu 3minamu PII. Ile Takosx BumHO 3 piBHAHDB (24) i (25).

Baropi MHOKHUKHN E€KCIOHEHT BimoOpaskaioTh IIpoIlecu, SKi Iepe-
BaJKalOTh 34 PiBHMX YMOB OCBiT/IeHHS. 3 PHUCYHKY 6 BUAHO, IITO0 Baro-

0,55

0,50 -
0,45 - 1
0,40

& 035

p% 0,30
0,25 2
0,20 3
0,15
0,10 +—— ; . r T T T

0 500 1000 1500 2000 2500 3000
InTeHCHBHIiCTS y.O0.
Puc. 6. CriBBigHOIIIEHHA BaroBUX MHOXKHUKIB ekcmouent (I, 2, 3 — Biamo-

BifiHi BaroBi MHOMKHUKM) KiHETUKM BiAHOBU mHicas GoTo30yMKeHHS 3 PisHOIO
inTeHCcHMBHIicTIO cBiTia.®
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0,75
0,70
0,65
0,60

0,551 1
2
g 07 3
M 040
0,35
0,30
0,25
0,20
0,15 ] /\
0,10 ; T T T ;
0 20 40 60 80 100
Yac, ¢
Puc. 7. CroiBBigHOIIIeHHA BaroBUX MHOKHUKIB excmoneut (I, 2, 3 — Bingmo-

BiiHI BaroBi MHOKHUMKM) KiHETHMKUW BiTHOBU IIicjd pisHOl TpuBajsocTu (POTO-
36ymKeHHA.

BUH MHOKHUK IIEPINOi eKCIIOHEHTH IMiCJIA OCBiTJIEHHA 3 OiJIbIIOI0 iH-
TEHCUBHICTIO TPOXU 3MEHIIYETLCI, a TPeThOi HABIAKU — 30iJIbIITy-
eTbcsa. ToOTO eeKTPOHHUI TPAHCIOPT, IO 3yMOBJEHUI KOH(MOpMa-
MiAHMMU 3MiHaMM IIepeBaska€ IIicjaa (PoTo30yAKeHHs cBiTjaoM 3 Oi-
JBIIOI0 iHTeHCUBHiCTIO i BigmoBimHo KimbkicTe PII, 1o mimmanucs
KoH(popMaIifiHuM 3MiHaM 3pocTae 3i 30iJIbIIIeHHAM iHTEHCUBHOCTH.

fAx BumHO 3 pmc. 7, KiHEeTMKa IPOCBITJIEHHA Ta HMOTEeMHIHHA PO3-
YUHY 3aJIeKUTh BiJ TOTO, CKiJIbKM dYacy mMm cBitTmuMmo. Buagno, mio 3i
301IBIITEHHAM Yacy eKCIIO3UIil BiJHOBJIEHHS IOTJIMHAHHS BigOyBa€Th-
cd mnoBigbHinte. Ile Mo)KHA MOACHUTHU TUM, II0 IPU 3POCTAHHI TpUBAa-
JIOCTH OCBITJIEHHSA €JIEKTPOH JOBIIle 3HAXOAUTHCA Ha @y, i oMy crae
BCe CKJIAJHIiIlle TOBEPHYTHCA HA JTOHOP.

PesynbraTtu, omep:kaHi mJjid pisHMX 3HAUYEeHb HacCy €KCIIO3UIIii, Ta-
KoK Oysu oOpo6JieHi 3a cHelifAJbHOI0 mpolleaypoio gityBanus [17].

Baropuit MHOKHUK IIEPINOi eKcIoHeHTH (puc. 7) micasa TpuBaJiIio-
rO OCBITJIEHHS 3MEHIIIYEThCA, a TPEThOI HABMAKU — 301iIbITYEThCA.
Omxke, KimbkicTs PII, mro 3asHaioTh KoHGOpMAIifHUX 3MiH, 3POCTaE
mpu 36isbireHHi yacy (oro3dymxenHA. To6TO mepeBarkae eJIeKTPOH-
HUH TPAHCIOPT, IO 3yMOBJIEHUN KOHMOpMAIilHNMU 3MiHAMU.

PosrasneMo KiHEeTHKY Hepexony eJeKTPOHY 3 HOHOPAa Ha aKIIEIITOp
i 3 aKImemTopa Ha OOHOP, TOOTO rpa@iky B3aeKHOCTU Ry i ke (MIiK-
POIIBUAKOCTEI IIePeXony eJIeKTPOoHa).

3 pucyHKiB 8, 9 mMoyxkHa mobauuTH, 10 3i 30iJbIIIeHHAM iHTEHCHUB-
HOCTM CBiTJIa MIBUAKIiCTh IIOBEPHEHHS eJEeKTPOHA 3 aKIlenTopa Ha JI0-
HOpP 30iJbINIyeThCA, He AUBIAYNCHL Ha Te, IO 3i 30iJbIIeHHAM iHTeH-
CUBHOCTHY MIBUAKICTH pesjakcarllii Bciel cucteMu 3MeHIITYETHCA.

3 pucyury 10 6Gaummo (rpacdik 3) mpamy, Korpa Oyaa 6 Kouu
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i
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1
3
T T T T 1
0 20 40 60 80 100

t, C

Puc. 8. KinetTuka 3MiHM MiKpPOHIBUAKOCTU IIEPEXOAY €JEKTPOHA 3 aKIIeIITopa
Ha JOHOP B 3aJiesKHOCTi Bij uacy. Homepom mosHaueHO pisHi iHTeHCMBHOCTI
sacBiuenna: 1 — 100, 2 — 1200, 3 — 1300 y.o. (700 y.o. =20 Br/m?).8

k21, c
5
P~

o o

T T
0,01 0,1 1 10 100

t, C

Puc. 9. KimeTuka MiKpOmIBUIKOCTeN TpPW OKMCHEHHI NMpW Pi3HUX TpPUBAJIOC-
TAX OCBITJIEHHS; HOMEPOM II03HaueHO pisHi iHTeHcuBHocTi: I — 100, 2 —
1200, 3 — 1300, 4 — 2900 y.o. (700 y.o. = 20 Br/m?). UepBouuii rpadix —
mpocBiTnenna.®

ki, =0l, To6TO OysN0 6 CTaje, aje OCKIJILKM MU OZEPKaJM KPUBY, TO
e CcBiguuTh, IO KoedillieHT He cTaauii i MOTPiOHO IIEePexXOAUTH MO0
MofeJsiell 3 MyJbTuCcTaHamMu. 30ir KpuBux I i 2 (kpuBy 2 BigditoBaHO)
YMOIKJIUBIIIOE Tpunucatu (isuuyuHmit 3mictT KoeditieHTy K5,
Koediniertn npum ¢iTyBaHHI MaioTh HacTymHUMN (Gi3WUYHUNA 3MicT:
K1 BimoOpaskae KiHeTUKY €JIEKTPOHHOTO TPAHCIIOPTY, KOJU CTPYKTY-
puHux sMmiH Hemae, KoedimienTu K2 i K3 BimobpaskaioTh CTPYKTYypHIi
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35

—- 30+
25 +
20
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54
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—54
~10

k1z 1 k21’ ¢

I, MBT/CM2

Puc. 10. I'padiku 3ame:xkHOCTEN K1y (1) i ky, (2) Biy iHTEHCHMBHOCTHY OCBiTJIEH-
HA. 3 — JiniliHa anmpokcuManis, I € BigdiToBanoo KpmBoIO.!’

3MiHU, i ToBepTaeMocs M0 PO3B’A3KY 3i cTamumMu KoediiieHTramu.

Ha mpeacraBienux rpagikax sminu ontuuHoi ryctunu (puc. 5) mu
BUIIJIAEMO OBi CKJIQJOBI — INBUAKY Ta IMOBiJIbHY. JlOCHiMKeHHS IO-
Kas3yioTh, IO IIOBiJbHA IOB’A3aHa 3 KOH(OpMAaIiiHMMM 3MiHaMHu B
O0iTKOBUX MOJIEKYJaX IIPW PO3AijeHHI 3apamiB. 3 aHai3y peakca-
IifiHOI KPUBOI MOJKHa OLIHUTU 3MiHY CTPYKTypH IlapaMeTpa, AKUN
I JaHOTO O00’€KTa € PiKHHUIeI0 eHepreTMUHUX piBHiB. OcCKiabKu
eJeKTPOH Iomajsae Ha 6GakTepiodeodirmn, a morim 3a 107 ¢ ma xi-
HOH, a IOBiJIbHA KOMIIOHEHTA, AK IIpaBuMJoO, cKiaazae 1-100 c, To Bo-
Ha XapaKTepuaye uvac Hepexo]y eJeKTpoHa 3 XiHOHYy Hasaz. lleit uac
BU3HAUAETLCA PLKHUIIEIO PiBHIB MiK @, Ta @,, 1 3aKUTAHHA €JIEKTPO-
Ha 3MiMCHIOETHCA TEPMOAKTUBHUM IpoiiecoM. lle BimOyBaeTbca Tomy,
IT0 MU IIPAII0EMO 3 (POTOCUHTETHUHUMU IeHTPaMU, IKi omep:kaHi 3
HaTUBHUX (PKMBUX) KJIITHUH B IIpolieci iX meTepryBaHHS, KOJU IOBEp-
HeHHs OaxTepiodiny y BHUXigHe MHOJOMKEHHS MOMKJINUBE TiJIbKH NIPU
TIOBEpPHEHH] eJIeKTPOHA 3 XiHOHY Ha OakTtepioxJjopodina. IHmoro misa-
Xy IIPOCTO HeMae. B HATUBHOMY CTaHi e€JeKTPOH HAAXOIUTH 3 IIUTO-
xpomy. Il 0COGJUBICTL MEI0 CHPOIIYE CXeMY NOCHiIKeHHS i BuU-
KJII0Yae HeoOXimHicTh MmOCHimKeHHA IiHIIMX IIPOIeciB eJIeKTPOHHOI
B3aemoqii [18, 19, 20].

Hedopmariia mpoTeiHy posradmaeTbcAa AK 3MiHaA PiKHUIL eHepre-
TUYHUX DPiBHIB MKk @, Ta Q,. 1lifi BernuwHi HPUOUCYETHCA POJH
CTPYKTypHOI 3MiHHOI. BubGip Taxkoi mosuitii 3ymoBJieHU# i TuM, IO
HaM i Joci He BHaeThcA 3adikcyBaTu pPO3MiIlleHHA (GYHKIIOHAIHLHUX
rpyn B MpOIleci eIeKTPOHHOro Tpamcmopry. IIpu mpoBemeHHi mOCJIi-
MKeHb OYyJI0O MiATBEPAKEeHO B3aJIeKHIiCTh I'YCTHHHU OIITUYHOT'O IIOTJIU-
HAHHSA BiJf Yacy eKCIOHYBaHHS Ta IHTEHCHUBHOCTU 30YI:KyBaJILHOTO
cBiTima. Tako:x OyJj0 BimMiueHO BJIACTHBICTE UiTKOI'0O KOHTPOJIIO IIOYa-
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TKOBOTO cTamy po3uuHy. [le 00yMOBIeHO HASBHICTIO maM’ATi PO3UNHY
Ha cBiTyIOBe 30ym:kenua. CirpaBa B TOMY, IO IPU IIOBEpPHEHHI e€JIeKT-
poHa 3 OaKTepioxJaopodisy cIocTepiraeThbcsA 3aIUINKOBA PiKHUIA B
piBHAX.

IloBinpbHa auHaMikKa 3MiHUM IOTJIMHAHHA PO3YMHY HPU MO0 OCBIiT-
JeHHi Mo)Xe OyTu 3B’d3aHa 3 KOH(pOpMAI[iMHMMMK 3MiHAMM, II[O IIPO-
XOAATHh B IPOTEiHI IpU eJIeKTPOHHOMY TpaHcIopTi. 3 pucyHKiB 9, 10
MHu 0auMMO SBHUH BIJIMB Ha MIiKPOIIBHUIAKOCTI IIepexoay eJeKTpoHa
MK @, Ta @, iHTEeHCUBHOCTH 3aCBiUeHHS Ta Uacy eKCIIO3MUIIii.

3.1. BeiiBier-anaji3 ogep:kaHUX Pe3yJabTATiB

Taxk AK 3alieKHICTh Ry AJA OPOIeCy OKUCHEHHS i BiTHOBJIEHHS 3a-
JeXKUTh BiJ dacy, TO IJA iX aHaJNi3y HANOiJbII pe3yabTaTHUBHO Oyme
BUKOpPUCTATU BeliBjeT-aHaJIi3.

Jiia mepeBipkm (iToOBaHMX KPUBHX 1 OJA aHaJidy XapaKTepHUX

i3
J 068,
i FaaiEs
\\
6.3
Mac), !
— B ” .
|-~
1
63
— L6658,
~for 0 I i 16
067 dT-h 166

Puc. 11. BeiiBner-cuekTp Morlet nekpeMeHTiB TecTOBUX KPUBUX IIPU BiTHO-
BaerHi [17].1
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Puc. 12. BeiiB/ieT-CIIeKTP; TOHOM II03HAUYEHO HAaSBHICTHL OCOOJIMBOCTEMH: CBIiT-
JIa 06JIaCTh IO3HAYAE HAABHICTH OCOOJMBOCTeH, TeMHA — iX BimcyTHicTs.!2
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0cO0JIMBOCTEH KPUBUX KiHETMKHU Ky, OYJIO 3aCTOCOBAHO BeHBJIET aHa-
Jis. Y pesyJbTaTi IIPoOBeAeHOro aHaJdidy OyJio BUSBJIEHO, IO AJIA JOC-
JiI)KeHHS eKCHepUMeHTAJLHMX KpuBuxX penarcairiii PIl mHaiib6imbmn
MigXOAUTHL KOMILJIEKCHUU BeliBieT-cieKTp MopJae (puc. 11):

1 . (t=D g2 t—b 2
Morlet (t’ a, b) = exp| —ie —exp| —— |exp| — e .

Y

(26)

3 pucyuky 12 Mu MoxKeMo OaumTH, IO AKIINO 3aKOH AeKpPeMeHTa
KPUBOI MOKas3as, IO HAIlla KPUBA MA€ «CXOOWHKU», III0 BiAIOBimaiThH
3MiHaM (PYHKI[IOHAJILHOI 3aJIeKHOCTH JIeKpeMeHTa Ifiei KpuBoi, TO
BeUBJIET CIEKTP y MiCIgX 3MiHM 3aJIe;KHOCTH JeKPeMeHTa Ma€ YiTKO
BUpa'KeHi miku.

Amnajis excliepuMeHTATbHUX KPUBUX IIOKA3ye€, IO iCHYe IIeBHA Ya-
coBa 3aJieKHIicTh k(t), TaK AK BeUBJETHI CIEKTPU peJaKCaIliiHuX
KPUBUX MAalOTh BUpPaKeHi ocobamBocTi. BeliByier-aHasnia BUABJISAE 0CO-
OJIMBOCTi eKCIepMMEHTATbHNX KPUBUX peJsiakcallii, AKi sajexaThb Bif
iHTeHCHMBHOCTH Ta Yacy eKcmosuIii. Bim moxasye, 1o BigHOBJIeHHS i
nornuHauHA po3uuHiB PIIl € HecramiomapHuM y uaci mpomecom. To0-
TO, MOKEMO 3pPOOUTH MPUIIYIIEHHS, IO €KCIOHEHTH B pejaKcalliil-
HUX KPUBUX He MiIOTH OJHOYACHO, a BKJIOUAIOTHCA IToueproBo. Ilik
Ha BEHWBJIETHUX CIIEKTPaX T'OBOPUTH IIPO Te, IO CIOYATKY, IicJs BU-
KJIOUEHHSA CBiTJIa, icHye MIBUAKWII KaHaJ pejakcallii, aje BiH IIBUL-
KO BUropae, ToOTO BiH € 3aKimuemHam paii mBuakoro kKauHamy. Jaii
BMHUKAEThCA MOBiIbHUI KaHaJ pejaKcairii.

Axricui BigMiHHOCTI BeHBJIETHMX CIIEKTPiB 3aJIe;KHO BiJ iHTeHCUB-
HOCTHU CBifluaTh IIPO AKiCHI 3MiHU cTaHy (DOTOIEHTPiB.

4. BAICHOBRH

1. KimeTuka MiKpONIIBUAKOCTEH Mmepexoay eJeKTPOHy 3 OJOHOpa Ha
aKIenTop i 3 axmentopa Ha goHOp posuumHiB PII Rhodobacter
sphaeroides, 3ane:XuUTh BiJi yacy Ta iHTeHCHUBHOCTH OCBiTieHHA. [Ipu
30iJIbINIEHH] Yacy UM iHTEHCHMBHOCTM IIPOIIECU BiJHOBJIEHHA UAYTH IIO-
BiJIbHiIIIE, IITO MOXKEe CBiAUMTU IIPO BILIUB edeKTiB mossgpmsaliii Ha
IIPOIIECH €JIEKTPOHHOTO0 BHYTPIiNITHHOMOJIEKYJIAPHOTO TPAHCIIOPTY.

2. OpepskaHi 3aJ€KHOCTI ONITUYHOrO IMOTJIMHAHHA Ta KiJIbKicHiI mapa-
MeTPM KiHEeTUKM OKVCHEHHSA PeaKIliHUX IeHTPIiB IIpM PiBHUX PeKU-
Max GoTo 30yM:KEeHHA YMOKJIUBUJIN POITIIUTH KiHETUKY OITHUUYHOTO
MOTJIVMHAHHSA Ha ABi YacTUHM: IIBUAKY Ta moBiiabHY. IlIBUAKa Xapak-
TePU3ye JUIIE eJeKTPOHHUUN TPAHCIIOPT, a IOBiJIbHA — EJeKTPOHHUMN
TpaHCHOPT i moBinbHI KoH(popMmaniiini aminu B PII.

3. BeiiBner-aHajiz BUABJAE OCOOJMBOCTI €KCIePUMEHTAJbLHUX KpU-
BUX peJiakcaiil, AKi 3ajekaTh BiJi iHTeHCHBHOCTM Ta Yacy €KCIIO3U-
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nii. Bin mokasye 1110 BiflHOBJEeHHA i morimHaHHA pos3umHiB PlI € He-
cralmioHapHuM y uaci mpormecoM. To0To MokeMO 3pOOUTU IPUNYIIEH-
HsA, II[0 eKCIOHEHTHN B pejlaKcalliiHNX KPHUBUX HE Mil0OTh OJHOYACHO, a
BKJIIOUAIOTHCSA IIOUepProBo. SIKicHI BigMiHHOCTI BeHBJIETHUX CIIEKTPIB
3aJIe;KHO BiJ dacy eKcmoswuIlii cBiguaTh mpo AKicHi 3MiHmM cTamy ¢o-
TOIIEHTPIiB.

4. Ilpu BuKJIOUEeHHi 30yAKyBaJbHOIO CBiTJIa 3HAUEHHS OITHYHOTO
MIOTJIMHAHHSA PO3YNHY IIOBEPTAETHCA Yy BUXITHUII CTaH, M0 AOBOAUTD
000pPOTHICTE (POTOIHAYKOBAHMX 3MiH B MOJEKYJIAPHOMY KOMILIEKCi
PII.

5. fAxicumit 36ir KimeTUKM OKMCJIEHHSA 3 ()iTOBAHMMU CIEKTPaAMHU Bif-
HoBieHHa PIl mpu iX ocBiT/ieHHi, miATBepAKYye 3B’SIB0K MiK eJIeKT-
POHHUM TpaHCIOPTOM i KoHMopmaniinumu 3minamu B PII.
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! Fig. 1. Photosynthetic reaction centre [2]. Subunits L and M fix photosynthetic pigments—
chlorophylls, pheophytins, and two kinones. Cytochrome consists of four hemes with orange
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Fe ions inside.

2 Fig. 2. Diagram describing the process of electron transfer from donor to acceptor and from
acceptor to donor.

3 Fig. 3. Examples of wavelet functions in two scales [17].

4 Fig. 4. Signal, wavelet spectrum (Mhat), and scale cross-sections of spectrum [17].

® Fig. 5. Kinetics of change of optical density at various intensities. Intensity I: 1—100, 2—
500, 3—900, 4—1300, 5—1700, 6—2100, 7—2500, 8—2900, 9—3270 a.u. (700 a.u.=20
W /m?); illumination time—90 s.

5 Fig. 6. Relation of weighting factors of exponents (I, 2, 3—respective weighting factors)
for reduction kinetics after photoexcitation with various light intensities.

” Fig. 7. Relation of weighting factors of exponents (I, 2, 3—respective weighting factors)
for reduction kinetics after photoexcitation with various lifetimes.

8 Fig. 8. Kinetics of change of the microvelocity of electron transition from acceptor to donor
vs. time. Numbers indicate the various illumination intensities: 1—100, 2—1200, 3—1300
a.u. (700 a.u. =20 W/m?).

9 Fig. 9. Kinetics of microvelocities during oxidation at various illumination lifetimes. Num-
bers indicate the various intensities: 1—100, 2—1200, 3—1300, 4—2900 a.u. (700 a.u.=20
W /m?). Red plot corresponds to blooming.

10 Fig. 10. Plots of the k;, (I) and k, (2) dependences on illumination intensity; 3—Ilinear
approximation, I—fitted curve.

11 Fig. 11. Morlet’s wavelet spectrum of decrements of the test curves at reduction [17].

12 Fig. 12. Wavelet spectrum; tone indicates presence of peculiarities (light colours indicate
presence of peculiarities; dark keys indicate absence of them).



