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Kupum (JJoxkTopiuk nuccepranusici AaHHOTAIUSICH)

Juccepranyus MaB3yCHHUHI 10J13ap0uru Ba 3apyparu. XXI acpaa sHru
aBJIOJl PHEprus MaHOaJapUHM SIPATUIl MYyaMMOCH MHCOHHUAT OJIIUJA TypraH 3HT
MyXHM Macajlajap/aH Oupu xucooOsanaau. «Ep axOoJMCHHUHT Te€3 CypbhaTia YCUILN
Ba JKOH OollMra TYFpW KelaJuraH yprada dHeprus TalaOMHUHT IOMMUH OpTHO
OOpUIIIM, KEWUHTH 103 MWILIMKAA DHEPrusi UILIad YMKapUIl XaKMUHUHT XO3UPrU
15 TBt pgan 40 TBT raya OMPWIMIIKM 3apyPIUTHHU K}”/pcaTam/I»I. Xo3upru
BakTAa OyTyH AyHE OYyitmua QoinanaHmiaéIrad akcapusT OupJIaMuH SHEpPrus
MaHOaJapvHU KaWTa THUKIAHMaWIuraH Ba 4YEKIM pecypciap TalllKWil H3Tajlu.
bynnan tamkapu Oy kabu KaiiTa TUKJIaHMaigurad MaHOanap KaswiMa EKUIFUIap
(xymup, HedTh, Ta3) cupacura KupuO, (orgamaHmwiIraHga XaM XyIyAuid, Xam
rnoban wmukécaa arpod-MyXUTHHHT HQIOCTAHUIINIAa ONUO Kellaad, WHCOH
COFJINFUTA Ba TypMmyll cudartura canOuit Tabcup kypcaraan. MHCOHUATHUHT Ycub
Oopa€Tran TypMyll JapakaCHHM CakKJad KOJIMII YYYH KalTa TUKJIAHYBYU SHEPIUs
MaHOanmapuIaH XaM KaJauiik Owinan doigananuil, 0y MyaMMOHU caMmapaiu Xal
KWIMIIJA ACOCUM YPUHHU drajllaiIx.

[Ily Ounan Oupra Tabuatga Xxam T1yIo0an MUKECHA KyE€ll HYpU DHEPTHsCH
QIMAIlMHYBA Ba TYIUIAHUIIM Kapa€HU Ke4yaJu Ba TUPUK OPraHU3MIIAPHUHT
daonusaTuay TabMuHIamra capduanHaan. DoTocHHTE3 EPYFIMK SHEPrUsICUHU
Maxcyc OMOMOJIEKYJIJIapHUHT KUMEBUM OOFJIaHUII SHEPTUsCUra anlaHTHUPYBYU
bu3uK-KkuMEBUHN kapa€unap Maxkmyacu OYnu6 xucobmanamau. Onub OopuiraH
TaxJIJUTap IIyHU KYpcaTaJAWKd, CyHBUH (DOTOCHMHTE3HU spaThll Hynuaa
TaIKUKOTUMIap (UMK MEXaHU3MIIAPDHUHT CcaMapaZiopinrd Ba CTPYKTypaBui
CXEMaJJapHUHI ONTUMAJUIUTH K03aCUJaH X03Upraya y3 e4MMUHU TOIIMAai KeJlaéTran
Myammoapra ay4 kenummoxaa. [llynra kapamacnaas, CyHbruid (POTOCUHTE3JIOBYN
TU3UMIIAPHUHT TYpJId MOJEJUIAPUHHU SpaTHUILJA KaTTa OTYKJIapra 3pUIIMIMOK/A.
Sxungaruna Toshiba xommanusacu xo3upnaa pexkopn kypcatkud Oynaran — 1,5%
camapaJOpJIMKKa 3ra CyHbUH (POTOCUHTE3IOBYM TU3UM MOJICIIMHU HAMOWHUIIT STIH.

Yoy X0J1aT (OTOCUHTE3I0BYU TU3UMIIApJArH (bayopeciieHT
HYpJIAHUIIUHUHT  (U3UKABUM  XYCYCUSATIIApW,  DHEPrus  Y3rapTUPWIUIIU
camapajopaurd  Ba  ymlOy  KYpCaTKMWIApHUHI  YCUMJIMK  YCHIIK  Ba
PYBOKJIAHUILIUHU MOHUTOPHUHIJIAII BOCUTACH cudaruga KYJUTaHUII
UMKOHUSITJIAPUHU YpraHuil, Xo3upaa ayHE wmukécuaa yra pgomazapd Oyirax
OHEPrys MyaMMOCHUHHU XaJj ATHIIJIa MyKOOWJI 3Heprus MaHOacu OYIUIIN MyMKUH
Oynran cyHbuil (HPOTOCHMHTE3IOBUM MOCJIAMaHU SIPATHIIHUHT WJIMHH acoclapyuHU
unutad YMKUIga acoc OYnamO, ymly WIMHKA TaAKUKOTHUHT J0J3apOJUTHHU
OeNruiIanIn.

TabuatHuHr  y3rapyBUaHIWTH, MUHEpAT MOJJajlap ETHUIIMACIWTH Ba
YCUMITMKIIAPHUHT y3Ura X0C (PU3HOIOTHK XyCyCHsITIapu (OTOCUHTE3 (DAOIITUTUHA
KECKHH TMacaWTUPUIIN MYMKHH. YOy Tabcupiap TaOuaTuHU o4yub Oepuin Ba

! Criswell D.R. Energy Prosperity within the 21st Century and Beyond: Options and the Unique Roles of the Sun
and the Moon, innovative solutions to CO, stabilization, Watts R. Ed. // Cambridge: Cambridge Un. Press, 2002. —
68 p.



HOKYJIall, CTPECC IIAPOUTIApP TabCHpHUAA TYpPJH KHUIUIOK XYXKaJWTHA SKUHIIAPH
doTtocunTe3 (paoMruHU TE3KOp OaxOoJANTHUHT caMapainu (CTPyKTypaBuUW Ba
GyHKIIMOHANT — SXJWTJIIMTMHM ~ y3rapTupMaciaH)  METOJJIapuHH,  3aMOHaBUH
(GUBUKAHUHT CYHITH IOTYKJapura acocjaHraH WIMHNW HIUIaHMaiap Ba
TEXHOJIOTUSJIAP acocua ApaTUll MyXUM WIMUN Ba aMaluil axamusTra sra 0yiauo,
JUCCEPTALIM MaB3YCUHUHT 3apypaTUHU Oenruianiau.

TagKUKOTHUHT pecnydjauka (paH Ba TEXHOJOTMSJIAPH PHUBOKJIAHUIIM-
HHMHI YCTYBOP MyHaauumuiapura 0orauMkJauru. TaakukoT uimm pecrnyonuka ¢ax
BAa TEXHOJIOTHSJIAPU PHUBOXJIAHUIIMHUHT 2-«OHEPreTuKa, >HEPrus- Ba pecypc-
TexamMkop» Ba 3 — «Kaiita TuKIIaHyBUM SHEprusi MaHOanapuaad ¢GoiiganaHuil Ba
PUBOXIIAHTUPHUIID Kabu yCTyBOp HyHaIMIIapura MyBoQpUK X0Ji1a OakapuiraH.

JAuccepranMsiHUHT MaB3ycH OyilMua Xajakapo WIMHA-TaAAKHKOTIAP
mapxu. @DOTOCUHTETUK HSHEPrusl Y3rapTUPWIMIIM TaOWAaTUHU, YCUMIIMK Ba
($oTOCHUHTE3T0BYN OaxkTepusIapaaru (doTocuHTE3 caMapaJopJINrura
CTPYKTYpPaBUU XOCCaJlap Ba TAIIKHA CTPECC OMUJUIAP TABCUPWUHM YPraHUII XaMJa
Tabuuii  (POTOCUHTE3NIOBYM THU3UMJIAp KaOW camapajid MIUIOBYM CYHBUU
(OTOCHMHTE3JIOBUM MOCJIAMaJIapHU SpaThill Oyiuya eTakuu MamlaKaTJIapHUHT
WIMHI  MapKasjlapd, YHUBEPCUTET Ba WIMHUK-TAJAKUKOT HWHCTUTYTIIAPUJA,
xymiaaan Ocaka yHuepcuteTu (SAnonust), Yukaro ynusepcutetu (AKII), Maxkc
[lnank  buoxumuss  yHuBepcutetn (I'epmanms), L{opux  HOJUTEXHHKA
yuuBepcuteTu (IlIBetinapus), Mape ynuBepcutetu (AnHrnus), Wrtamus muumuii
TaAKUKOT Mapkasu Ba M.B. JlomoHocoB Homumarm MockBa JaBiar
yHuBepcuteTinapuaa (Poccust) unmuii uznanunuiap onud 60puiIMoKaa.

Juccepranms TaAKUKOTH WYHAJIMINN/IA KaX0H MUKECHIa OUp KaH4ya go0J3apo
Macajaiap edwirad OynuO, >KymiamaH, KyWHJard MyXuM WIMHA HaTwKagapra
SPULLINJIITAH: (OTOCUHTE3JI0BUH TH3UMJIAP CTPYKTYpaBU-(QYHKIIUOHAT
XapaKTEePUCTHKATAPHA, DJHEPreTUKACH Ba YCUMIMKIApAard (POTOCHHTE3IHUHT
OupyaMud >kapa€HiIapyd, KBAaHT Ba DSHEPreTUK caMapajopiiurd (QryopecueHT-
CIIEKTPOCKONUS YCYJUIAPUHHU KYyJUIarad xoyaa L{fopux nmonuTexHuka yHUBEPCUTETU
(IIseitnapusi) Ba M.B. JlomonocoB HOomMumaru MockBa [aBjiaT YHHUBEPCUTETH
(Poccust) xampma Ocaka yHuBepcutetu (Snonus) Ba Mape yHUBepcuTeTiapuia
(Anrnusi) (OTOCHHTE3 caMapaJopiurd KYpPCATKUYMHHU OIIMPHUIIAA DHEPrus
Y3rapTUpUIIHUHT ~ coajla cxeMajnapu cudartujga dSHr  MakOyn  TapkuOui
nurMeHTIapaad goinananud cynbuil GOTOCMHTE3 aMaira OMIMPUIITaH.

byryarn kxyHga QOTOCHHTE3HMHT (HU3UK MEXaHWU3MIIApH, YJIAPHUHT
xaopopmwinm  QuiyopecueHnmscH  OuiaH  ¥3apo  OOFJIUKJIIUTH, OyTyH
(OTOCHHTE3JIOBYM  OpraHuU3MJIAp Ba yJapJaH axpaTud OJMHTaH Typiu
npenapariapaa Kedaaurad (GOTOKMMEBUN KapaCHIAPHUHT BAKTUW Ba YHEPIETHK
xoccaapuHu aTpoduvua TaJKUK KWIHII Ba TYpJiu TallKhd CTPECC OMUIUIap
TahCUPUHHU OAXOJIAITHUHT TE3KOP Ba camMapalii yCyJJIapUHH SIPATHII Kabu yCTyBOD
HyHaIMIapaa WIMHA-TaIKUKOT UILJIApH 00 OOpHIMOK/IA.

MyaMMOHUHI YPraHWJITAHJIMK Aapamacu. POTOCUHTETUK TU3UMIIAPHUHT
Ky€m  HypiaaHumKd  (OTOCUHTETUK-GA0N  pagualuscud  KEHI  CIEKTPUHU
OvoMoOJIeKyJiajiap IHEpPrusicura y3rapTUpUIIard HOE0 MUMKOHMSTIapu, Oy Kalu
DHEPrUs Y3TapTUPHUIIHUHT FOKOPH CaMapaJOpiUTMHU TabMHUHJIOBUMA (HU3HK
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MEXaHHU3MIIap Ba sSHA 1037140 PEeMTOCEeKYH1aH TO YHIa0 MUJUTMCEKYH/] BaKT OMiIaH
XapakTepiaHaguran  (OTOCHHTE3HHMHT  Oupinamuum  kapaéHiapu  Typid
OOCKUYJIApUHU YpraHuIll Iy cOXa OJMMIIApU OpacHjia KaTTa KU3UKUII YHFOTHO
KEeJraH.

Poccust ®@annap aknemusicu akagemuru A.b.PyOun gotocuHTe3 x*apaCHUHT
Typiu OOCKUYWIAPUHM YpraHraH Ba (QPU3UK-KUMEBUM MeEXaHU3MJIAPDUHU O4HO
Oepran. Ymoy coxama Oup Katop Hy(y3nu UIMHN U3TaHUILIAP OJMO OopwIIraH
oynapaan 1961 innga M.KansBuH (OTOCHHTE3 KOPOHFUIIMK PEAKIMICH KETMa-
KeTJIMTUHM aHuKjarad Ba 1988 iimnaa XK. /nzenxodep, X.Muden Ba P.XyGepnap
(OTOCHHTETUK peakIMsi MapKa3d MOJEKYJsSp CTPYKTypacuHu ouu0 Oepras.
Veummuknap  (OTOCHHTETHK (DAOIUIMIM  MOHHTOPHHTH Y4yH —(IyOpECICHT
METOMJIApHUHT amanuil Kymutanwmmunga ¥Y.[lpaiiGep TomMoHMmaH sipaTHiIraH
UMIYyJIbC-aMIUTUTyia Moxaymsauusau  ¢ayopometpu (MAM  dmyopomerp) Ba
P.Ctpaccep ToMOHMAAH spaTWIraH YCUMIIMKIAp caMapaJopiiurd aHaIU3aToOpJIapy
(PEA ananuzarop) karrta poiib yiiHaau Ba Oy ¥3 HaBOaTtuaa poTocunTes xKapaéHu
TaJKUKOTIAPUHU J1abopaTopusi APOUTHUIAH «OUMK Aaliajiay, TaOUMH IIapouTAa
010 OOPUIIT UMKOHUHH SIPAT/IH.

V36ekucronna MoH-ITa3mMa Ba  J1a3ep TEXHONOTHANAPH — MHCTHTYTH
«Konnencupnanran myxutiap ¢usukacu» nadbopatopuscu myaupu ¢.-m.d.n.,
npod. 3axumoB J.A. paxbapauruaa Tabunii GOTOCHHTE3NOBYN MaKMyasap (Typiu
YycumIiIMKiIap Ba OTOCHHTE3 XOAMCACH KEUYBUM OaKTepusiiap) HUHT (IyopecleHT-
CHEKTPOCKOMUK XOCCAJIAPUHU KOMIUIEKC YpraHuIl Oyinda WIMUN W3JaHUIILIAP
om0 Oopmoknaa. ONMHraH HaTWXKajlap acocujia YCUMIMKIAPHUHT TYpJU TaIlKd
TabCUpPJIAPTa PEAKIMSCHHU TE3KOp Ba camapaiy Oaxojall UMKOHWHU OepyBud
bayopeceHT MeTOAM UIUIA0 YUKWITAaH Ba aMalHETra >KOPUM ATHITaH. XO03UPrU
KyHIa ywmoy mnabdopaTopus OJMMIIAPM TOMOHMJAH TaOMUH (OTOCHHTE3NOBUU
MakMyajlap TapKuOWil NUTMEHTIapuAaH TallKWJI TONraH CyHBUH DSHeprus
Yy3rapTUpyBYN KypWIMaHUHT UIILIAIT TPUHIUILUIAPY TaKIU( STUIMOKIA.

3aMOHaBUH (UMK METOo[Iap, JJIEKTPOH MHUKPOCKON, TE3KOp Jiazep
CIIEKTPOCKOMNHUSACH, aO0COPOLUUOH-(PIIYyOPECIIEHT TAaAKUKOTIAp Ba (POTOCUHTETHK
anmaparjia Typiau CTPYKTypaBUH-QYHKUMOHAN OUPIMKIAPHU aXpaTuO OJIMII
YCYJUIAPUHUHT  KYJUIAHWIMIIA ~YCUMIIMKIAp Ba Oakrtepusuiap (poTrocuHTE3U
MeXaHU3MJIApUHU 04u0 Oepullia KaTTa UMKOHUATIAp spaTMoKaa. JIekun OyryHru
KyHrada Oy coxaja ssHa OUp KaTop MyailsiH caBoJuIap OYMK KOJIMOKHa. bymapnan
Oup KaHyacu  EPYFIMKHUHT  (DOTOCMHTETHK  DHEPrusl  Y3rapTHPUIIUIIH
caMapaJIopJIuirura CTPecC OMWUIAPHUHT TabCUpU OYiinda: JaBOMUN IOKOpHU
WHTECHCHUBJIUKINA EPUTWINII, CYyB ETHIIMACIUTH, HOKYJail XapopaT TabCHpUJA
dboTocunTe3 (HAOIUTUTH CE3UIAPIIN MACAWHIIN HATHXKAacu1a (POTOCMHTETHK armapar
Jerpajanusra yapauim.

Byryuru kynaa tTabuuii (JOTOCHHTETHK ammapar XOCCalapuHu XyAIU Y3UAEK
TaKpOpJIOBYM, JIEKWH OWp MyHYa camMapaid KYPUHUIIIATH  CYHBUU
(OTOCHHTE3JI0BYM TU3UMIIAP SIpAaTUIL OYirua eTapiau Japakaja TaTKUKOT UIIapU
o0 GopuiiMaras.

Jucceprauuss MAaB3yCMHUHI JUCCepTalMs O0a:KapuIaéTraH WJIMMI-
TAAKMKOT MYacCACACHHUHI WJIMHI HILJIApU OMiIaH OOFIMKIUTU. TaakukoT
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uy MoH-1a3Ma Ba jlazep TeXHOJOrusuiapu HUHCTUTYTHHUHT NeZB2-2003 (CRDF)
«DOTOCUHTE3IOBYM  THU3UMJIAPHM  YpraHWIl Ba  YJIAPHUHT  (QYHKIHOHAT
caMapaZjop/TUrHHU 0axONALIHUHT (IIyOPeCLEHT MeTOAMHU sipaTuin (2004-2005)
Ba «Y36ekucton - Kopes - 2008», «Ycummukiaap GOTOCHHTETHK almapaTHAArH
EpYFIIMK SHEPrUsiCH UCCUKIUK AUCCUNALUSACUHU (POTOAKYCTUK METOA EplaMuja
Vprauum»  (2008-2011), Noe®@2-OA-D147  «DOTOCUHTE3HUHT  OHWpiaMuu
xapaCHiapuga Ky©€ll SHEPrUsCMHU IOKOpPH caMapayid  Y3iallTUPUIUIIMHUHT
buszukaBuii  MmexaHusmiapuau  ypraaum» (2012-2016) Ba  NedA-A4-D047
«Kumuiok XYKaIuru SKUHIIAPUIA dbotocuHTe3 camapaiopJIMTMHU
MOHUTOPHUHTJIAI Y49yH (PIIyOpeCleHT METOJyIapy Ba acO00-yCKyHallapHU HIILIa0
gukui (2015-2017) map3ycuara TaakuKOT/Iap JoMpacuia Oakapuiras.

TaaKuKOTHHHT MaKcaau Xi10popuiut GpayopecueHIUsICH CIIeKTpasl-KUHETUK
XapaKTepUCTHKANIAPUHU KYyJJlaraH XoJjJa YCUMIMKIAp Ba (DOTOCHHTE3TOBUU
OakTepusiiapAa Kedaguran Ky€m dSHEprusicd (HOTOCHHTETHK Y3TapTUPUIMIIN
camMapaJOpJMTMHUHT (U3MK AacOCIapMHU HWNUIA0 YHKUII Ba (IYyOpEecUEeHT
HA30paTUHUHT SHI MYXUM MapaMeTpilapuHu aHUKJIAIIIaH nuoopar.

benrunanran makcaara 3puIIMII y4yH KyWUJard TaaKMKOT Basuaaapu
KYWWJITaH:

(OTOCUHTETUK TU3UMIIAP XJIOPODUILT (IIyOpECICHIIUSICUHN Y3ITyKCU3, FOKOPU
BaKTHI KaTTAJIMKIN UMITYJbC Ba OUP BaKTHUHT Y3WJa KY4UCH3 Y3JIYKCHU3 Ba KyWId
UMITYJIBCIIA HYpPJIAHUII OWJIaH «UKKWIAHTAH» YWFOTHIN OPKAIH YPraHUIIHUHT
TaJKUKOT METOJJIapy Ba YCKyHAJapUHU SPATHUILL;

(OTOCUHTE3NOBYM THU3UMIIAD (IIYOPECHEHUMSICH WHIYKIHUS KUHETHUKACUHU
TaIKUK OJTHII Ba (POTOCHHTE3JIOBYM OpraHu3Miapiaru (PoTocuHTE3 Oupiamuu
xkapaCuinapu (QaouMrd  Ba caMapajOpIUTUHU  AHUKJIANl YYyH WHIYKIUS
napameTpJapyuHH YIYAIIHUHT METOAJIAPUHU UILIA0 YHMKHILL

UMITYJIbC aMIUTUTYadd MOJYJISILMS METOAU €plamMuia «Aajia» [apouTH/Ia
yeumnukiaap (HOTOCHHTETHK (PAOJUIMTH Ba YIAPHUHT CYTKaJUK Y3rapHiljiapu
MOHUTOPUHTMHU YTKa3UIII;

CTPYKTypaBuil xoccanapu OujiaH (uiyopecLeHLMs mapamMeTpiiapyu opacuiaru
y3apo OOFIMKIMKHU aHUKJIAll Makcaauja (OTOCHHTETUK anmnapariapu TIeH
Moau(UKaLMS KWIMHTAH CTpyKTypara dra (OTOCHUHTE3JI0BUM OaKTepHsiap
0aKTEPUOXJIOPOPMILIAPUHUHT KHCKA Ba Y3YH TYJIKUHJIM (DIyopecueHIUsIapuHU
Ypranuui;

doTtocuHTE3Aarn  «CTPYKTypa-dHEpreTHKa-(QYHKIMOHAUIMK»  OpacHuaaru
y3apo OOFIMKIMKHU XOHA Ba KPUOTEH XapopaTyiapia (OTOCUHTE3I0BYM TU3UMIIAP
abcopOIMOH-()ITyOpPECIIEHT XapaKTepUCTUKANApU EplaMuia YpraHul;

peakiusi MapKasJiapu 3JIEKTPOH TAIIWJIMII 3aHXKAPUIATH 3apsiijiap Ky4duIll
XKapa8HUHUHT (PU3UK TaOMaTH Ba KWHETUKACUHU, KEUNKYBYH (ITyOpeCUECHIIUIHUHT
HAHO-, MUKPO- Ba MUJUINCEKYH/IJTM KOMIIOHEHTJIApU €paMK/ia YpraHuui;

TypJau (OTOCUHTE3JIOBUM OaKTepUsulapra acocjaHraH Kyl KOMIIOHEHTJIH
AYeUKaIapaaru Ky€m SHEPIUsACH Y3rapTUPWIMIIM DHEPreTUK CaMapaaopiurvuHU
yJiap UHAUBUIYAJ FOTUIIMII CIEKTPIIAPUHU XHCOOra OJraH XoJa TaAKUK STUII.

TagkukKoTHUHT 00beKkTH cudaruga YCUMIMK Oapriapu (Maxaiuid fy3a
HaBJApH, IIMHUHAT), POTOCUHTE3NOBYM OAKTEPUSIIAPHUHT SIXJIUT HAMyHalapu Ba
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ylapHUHT (QyHKIMOHAN Oupiukiaapu ((POTOCHHTE3NOBYM MeMOpaHa, EpYFIUK
WUFyBUM AHTEHHA, PEAKLMs MapKa3h) Ba MOHOMEPIN (POTOCHHTETHK IMUTMEHTIIAP
(opranuk JspuUTMaza dPUTWITaH) — XJopodpumiap, OakTepuoxigopoduiap
TaHJIaHTaH.

TaaKUKOTHUHT npeaMeTH aTpod — MyXUTHUHT MYKOOWII IIApOUTIApUAa Ba
Typiu CTpecc OMWIAp TabcHpuia OYAraH (QOTOCHHTE3NOBYM OpraHu3Miapaa
EpYFJIMK SHEPrUSCHHUHT IOTWIMIIK Ba EPYFIMK WUFYBYM aHTEHHAra KY4uIlW,
peakuMs Mapkasuja TallWIMIIA Ba TaKCUMJIAHUIIM KaOu (DU3UMK-KUMEBUI
xapa€Hiapaad udopar.

TaakukoTHUHT  ycyanapu. [ucceprarnus wmmaa aOcopOIMOH  Ba
(IyopecieHT CIEeKTPOCKONUsS MeToJlapu KYyJlaHwirad. @iyopecueHIUsIHUHT
Typiiu (T€3 Ba KEUMKYBUM) KOMIOHEHTJIApPUHU Yiyamija IOKOPH CE3rMpJIMKKa Ba
oKopu Takpopuil yactortara (10 xI'm rada) sra uUMIynbC-JaBpuUil yHFOTWITAH
KHCKa UMIYJIbCIIA CTPOO-UHTErpajan Meroauaad ¢hoiganaHuiIraH.

TagKNKOTHUHT MIMUI SHTUJIMIY Kyiugaruiapaad uoopar:

(OTOCHHTE3JIOBYM THU3UMJIAPHUHT i1 Vifro Ba in Vivo peXuMIapaaru
dboTocuHTe3 Oupiamuu xapaénnapu QUMK TaOUaTUHU (EPYFIUK YHEPTUSICUHUHT
IOTWININ, EPYFIUK WAFYBYM aHTEHHAra KY4MIllM, pPeakius MapKa3uja Talluiuim
Ba TaKCUMJIAHMIIHM) OYMO Oepulll HMKOHUHU OepyBuUu  (IyopecleHIUs
napameTpiIapyuH KaiJ KAJIUII METOUIAPUHUHT WIMHIA acociapu spaTUiraH;

Typiiu cTpecc akropiiap Tabcupuaaru (GOTOCUHTE3IOBYM OpraHu3Miap Te3
Ba KCUYMKYBYM (IYOPECICHIUSCH CIEKTPAI-KMHETUK XapaKTepUCTUKATapu
épnamuna GoTocuHTe3 (PAOJUTUTMHA MOHUTOPUHT KWJIUIIHUHT SIHTH METOJUKACH
WIUIA0 YMKUJITaH;

WIK 0Op KEYMKYyBYM (IyopecleHIus Ba Te3 (IIyOpEeCUEeHINS WHIYKITUS
KMHETHKacu mnapamerpiaapu Epaamuaa (orocuctema Il peakius mapkasuparu
AJNIEKTPOH TAIIWJIUII 3aHXKUPUHUHLT TYpiu COXaJapuaard 3JE€KTPOH TalIWJIMII
TE3JIMTY Ba BAaKTHI XapaKTEPUCTUKATIAPU TAKPpUOaaa aHUKJIaHTaH;

YCUMIIMK Oapriapu KOPOHFMIIMK — (IyOPECLEHIUSICUHUHT (POTOCUHTETUK
MeMOpaHa EpyFIMK HWUFYBUM aHTEHHAJapuW Ba peakuusi Mapkaszjgapu Oup
OYTYHJIMTUHUHT KypcaTKuuu OYnuO Xu3maT KWIMIM Ba Oy Oup OyTYHJIMKHHUHT
Oy3WINIIK KOPOHFUJIUK (PIIyOpecleHIUsICH MHTEHCUBIUTMHUHT OIIMIINATa OJINO
KEJUIIN UCOOTIaHTaH;

EpYyHIMK YUFOHUIUIADUHUHT EpPYFJIMK MNUFYBYM AaHTCHHAJAa KYYHWIIM Ba
YIApHUHT PpEaKIus MapKa3uja »dSTajUlaHWIId KOHYHUATIAPH, (POTOCHHTETHK
anmapar CTpPyKTypacura OuJl HUKKH GU3HK MOAENb («03epo» Ba  «IYKK»
Moeiapu) EpaamMuaa ounbd Gepuiras;

xsopoduinap, 6akrepruoxiiopodusiap Ba yIapHUHT OUp Katop Oupukmanapu
SKUH WHOpaKW3WiI coxala WILIOBYM (GOoToCeHCHOMm3aropiap cudaTuaaru
TIepCIEKTHB OMpUKManap Oyiimm Taxpubana acocinab GepwiraH. Ypab Typra
MoJIeKyJianap TaOuatura OOFIMK Xxoiga Oy OupukMmaiapia IOTHIWIN Ba
bayopecueHIMss cHeKTpiapu cudaTr OKUXAaTUJAH Yy3rapuijiapra ydpamu
aHUKJIAHTaH;

WIK 00p KyI YTUIUIM SIPUMYTKA3rU4iad (POTOBOJIBTAMK MOcCIamara MyKOOHII
Tap3ga Oup TypyX (orocuHTe3noBUM OakTepusuiapAaH TAlIKWI — TONTaH,
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HATIKaBUW dSHEpreTuk camapagopiura 50% man 1oKopu Oyiran sHeprus
Y3rapTupyBYM MOCJIAMAHUHT UMUK acOCIapu sSipaTUiITaH.

TagKUKOTHUHI aMaJ Ml HATHKACH. S'fchJmKnap Ba (POTOCHMHTE3IOBYU
OakTepusiap QPOTOCUHTETUK (HAOJUIMTMHU AHUKJIAITHUHT METOJJIapu sSpaTUiIraH,
ac000-yCKyHa BOCHTajJapu HUINUIA0 YMKWITaH, ylap épaaMujia TypJid KHIILIOK
XYKaJIUTU SKUHJIAPUHUHT YCHUILIA Ba PUBOKJIAHUIIIMHYA MOHUTOPUHT KUAJIUII XaM/Jla
SKMHJIApTa aTpod - MyXUTHUHI TypJd TalllKd HOKYJIail TabCUpPJIApUHU Oaxosaril
UMKOHUATIApH o4ynb Oepwirad. Taknud d>Tunaérral CHOEKTPHUHT  Ky3ra
KYpUHYBYM Ba WH(GPAKU3WI COXACUHU IOTYBUM OUpP TypyX (HOTOCHHTE3JIOBYU
OakTepusuiapaH uOOpaT cUCTeMa KyE€Il HYPUHUHT KEHT COXAaCHHU IOKOpHU
camapalid y3rapTupyBYH MociiaMara acoc 0yl Xu3mMaT KUITUIIN KYypCcaTUiraH.

TaagKMKOT HATW/KAJAPUHMHI MINOHWIWINTH TaJKUKOTIapAa Y3ura xoc
00beKTIap, SIbHU (DOTOCHHTE3OBUYM OpPraHU3MIIAPHU TAJKHUK STHUILIJA ONTHKA Ba
Ja3ep GU3UKACUHUHT 3aMOHABHI METOIIapy Ba EHAANTYBIAPUHUHT KYJIAaHWITAaHN
OwnaH acocnmaHrad. TaAKWKOT MIAPTIApU CUHYHMKIA0 TaxXJIWi KWIMHTaH, IOKOPHU
aHUKJIMKKA Jra 3aMOHAaBUU Ya4oB ac0o0Jiapu KYJUITAaHWITaH Ba TaJKUKOT
HaTWXKaJlapyu IyXTa aHaju3 KWIMHraH. Xyjocaidap (orocuHTe3 OupiaMyu
*KapaéHnapu (pU3NK MEXaHU3MJIADWHU YpraHuilra OaFuluIaHTaH acoCUi Hazapuid
UIIap XoJaThra Ba 0omka Mmyautiudiaap HaTWKalapura Tyjia MOC KeJla/iu.

TagkukoT HATHXKAJAPMHUHT WJIMHI Ba aMajuii axamMusTH. YOy
JUCCEpTALMAa OJIMHTAaH HATHOKAJAPHUHT WIIMUN aXaMUSITH UIyHJIaH UOOpaTKH,
dboToCcUHTE3IOBUM  OpraHu3miapiard  GOTOCHHTE3 OupiaMyu  KapaCHIapu
bayopecieHT Ha30paTh KOHIICTIHMACH UIUIA0 YMKWJITaH Ba TETEPOTCHIIN EPYFINK
HUFyBYM aHTEHHaJa EPYFIUMK YUFOHMIIUIAPU SHEPTHSCUMHUHI KYYUIIU Ba YHHUHT
Typiiu cyOOUpIMKIapyu opacuia TYFpH Ba TeCKapU TAIIWIUIIM TE3JIUTUra OOFIUK
X0J1J1a KaiiTa TAKCUMJIAHUII KapacHiapy Ha3apuid acocnad OepuiiraH.

TaaKkuKOT HaTWIKATAPUHUHT aMajuil axaMUsTH TIyHJIaH HOOpPATKH, TaKIud
ATWITAH WIMHANA-TEXHUK €YMM YCUMIIUKIAp (DOTOCHHTETHK >KaIaUIMTUHUA COH
KUXATIAH aHUKJIAI Ba aTpo()-MyXUTHUHT HOKYJall TabCUpJapuHU Oaxojaml yuyH
KUIIUIOK XYKaJIUTU SKUHJIApU (ITyOpeclieHT MOHUTOPUHTU aMaliiii METOJMHU Ba
Typiu IOTWIMII coXajapura j3ra OynraH, Ky€lml CIEeKTpH acoCUil KUCMUHU
KOIUUIOBYM, JHEpPrusi y3rapTupuinga (HOTOCHHTE3JIOBUM OaKkTepusuiap TypyXHlaH
nbopaT caMmapaia SHEPrus Y3rapTUPYBUM MOCIaMalapHH SpaTUIla UIILIATHIHILIN
MYMKHH.

TaaKUKOT HATHKAJAPUHUHI KOPUM KWIMHHINM. TagkukoT/iap acocuiaa
unuiad 4Yukwirad  ¢QIyopecleHT METOAM KHIUIOK XVKAJIWTH —aMalu€THna,
KymianaH, ['eHomMuka Ba OuouH(pOpMaThKa Mapkasuja TeH HOKayTH YCYyId
épnamuna sipatuiaran 8 Ta HaBiaM maxta Oapriapu (2013-2014) dayopecuieHT
napaMeTpjapuHu  aHUKIAmaa KyJanaHuiarad. OnuHraH HaTuxkajgap IIyHU
KYpCcaTIuMKU, TE€H HakKayTH METOAM acocuja spaTWiraH IlaxTa HaBJapuja
dbotocunTe3 daomurn Hazopar HaBimapra HucOatan 25-30% omran Ba OyHaa
(bayopecueHIUs KypcaTKUUjapu Y0y KUIUIOK XY KaJIWTU SKUHJIAPU YCUINW Ba
PUBOKJIAHUIIMHA MOHUTOPHUHI KUJIMII Ba COH KUXaTAaH OaxoJallja UIIOHYIH,
TE3KOp Ba NPUHIUNHAI SHTUA yCyJl OYynuO Xu3MmaT Kuiaau, TYJIUK BereTalus
JaBpujia KaMuaa 5S—6 Mapra, aitHaH Oup Hapaad 10 Tagan ycumiukaa yadamuiap

10



Oaxxapu0, ypraya KMiIMaT acocH/ia aHUK MabIyMOTJap OJIMII MMKOHMHH Oepras.
Ym6y xomar Y3P KCXB TIlaxra ypyrummuru PecryGnuka MapKa3HHHHT
03.06.2015 naru puccepranusi HATUKATAPUHU AMAIUETTA KOPUK KAJIUII XAKUIATHU
MabJIyMOTHOMAcHAa Y3 aKCUHU TOITaH.

TagKuKOT HATHKAJIAPUHUHI anpodanusicd. TaJKUKOTHHHI  acOCHM
HaTWXKalapu OUp KaTop Xalkapo KoH(epeHuusuiapaa: «SJpumyTkasruuiap Ba
amanuii ¢usmka 17-xankapo cummosuymm» (Kexy, Kopes, 2014), V36ekucron -
Kopes cumnosuymnapuaa (Ceyn, 2007, 2011 Ba Tomkent, 2010), monexysip
criekTpockonus OVinya xankapo koHpepenmusiapaa (Camapkana, 2009, 2013),
¢m  omummap  koHdepeHmusuiapuga  (Tomkent, 2009, 2010, 2014),
«Konpnencupnanran myxuminap ¢usukacu» maboparopusicu Ba Hon-miazma Ba
Ja3ep TEXHOJIOTHsUIApW HWHCTUTYTH OWpialiraH ceMuHapiiapuaa anpoOaiusiaH
YTKa3WITaH.

TagkuKoT HATHKAJAPUMHHMHI JIBJOH KWIMHMINM. Jluccepranus maB3ycu
Oyiinua >xamu 28 Ta WIMHHM MII HamIp STTUPWITaH, *Xymiagan, 10 Ta wuiMui
Makoja, IyHAaH 3 Ta XajJkKapo KypHaulapja xamjaa 18 Ta Te3uc Xajikapo Ba
pecnyoirka koHbepeHuusuIap TyriaMaapuaa 4or STUIraH.

JluccepTauMsAHMHT Xa:KMHM Ba Ty3uaummu. J(uccepranus kupuul, Oemira
000, xyJsoca, ¢oitgananmwiran agabuétnap pyxaru, 192 caxudanan nbopar MaTH,
51 Ta pacM Ba 2 Ta kajBayijlaH ubopar.
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JIACCEPTAIIUSIHUHT ACOCU MASMYHHA

Kupnm kucmuna auccepranusi MaB3yCHHUHT JONI3apOJIMTH Ba 3apypaTH
acocliaHraH,  TaJKUKOTHUHI  pecnyOiuka  ¢gaH  Ba  TEXHOJOTHUsJIApH
PUBOXJIAHUIIWHUHI YCTUBOP WYyHaIUIIApUra MOCIWITA KYpCaTWITaH, MaB3y
Oyiinya XOpWXKHUH WIMHI-TaIKUKOTIAp LIApXHW, MYaMMOHHUHI YPraHWJITaHJIUK
Japa)xacl KeITHUPWITraH, TaAKUKOT Makcaau, Bazudanapu, OObEKTH Ba MPEAMETH
TaBCcU(IaHraH, TaJAKUKOTHUHI WIMHHA SHTWIMTM Ba aMaluil HaTmxaiapu OaéH
KWJIMHIAH, OJIMHIaH HATWXAJIApHUHI Ha3apud Ba aMaiauil axaMmuaTu o4ud
Oepwirad, TaIKUKOT HATHKAJIAPUHUHT KOPUH KWIMHUILK, HAUIP STWITAH WUILUIAp
Ba JAMccepTalMs Ty3WIHILK OYiindya MabIyMOTIap OepuiIraH.

HuccepranusstHuar  OupuHun  000u  «@POTOCHHTE3JIOBYM THU3UMJIAP/AA
épYFJIMK JHEPrusicd y3rapTUPWIMIIUA KAPACHJAPUHUHI  (PJIyopecueHT
CHEKTPOCKOMUSICH» 1A xJopoduiap Ba 6axTepuoxiopoduiiap
(ryopecueHIMsICH XOCCAaCHHM Ypranuil Oyitnda agadbuériap mapxu KeITHPUITaH:
allpuM MoJeKynanap/a YWFOHTaH »3JEKTPOH XOJIATHUHT Maigo Oyiaumu Ba
cyHuiiy, (OTOCHUHTETUK MemOpaHaga Oy MoJieKkyjanap TIypyXJallyBUHUHT
EpYFIIMK IOTWIMIIKA KapaCHUra TabCUPH, EPYFIUMK YUFOHUUUIAPUHUHT Oy
MoJieKyJianap Oyiliad sKCUTOH KYpUHUILA EPYFIMK WUFYBUM aHTEHHAra Ky4uIiiu
Ba YUFOHUIUIAPHUHT (DOTOKMMEBUN peakuuss MapKasujaa TyTHWINLIN-peakuus
MapKasuaa 3apsulap TAallWIMIIA Ba TaKCUMIIAHMIIA. (DOTOCUHTETHK ammapar
CTPYKTYpaBUi-(yHKIIMOHAJ IIAK/UIAHULIN Ba yyap (QJIyOpeCleHUMSICUHUHT TypPJIU
CTpecciap TabCHpUAa Y3rapuiuiapu Kapad 4YMKwirad. XyJjoca KWIMHIaHKH,
¢iyopecueHIMs JaBOMMMIUTH, KBAaHT YHMKUIUIApU XaMmJa (OTOCHUHTE3 TypJu
OUTMEHT-OKCWJIJIM ~ KOMIUIEKCIIapH  KEUUKYBUM  (IyOpECUEHIMSICH  acoCuid
XapaKTepUCTUKAIAPUHU  TAJAKUK OTUII, (QOTOCHHTE3 camMapaJOopIUTHHUHT
yecumnukiaap (QOTOCHHTETUK ammapaTd Ba (OTOCHHTE3JOBUM OakTepusiiap
CTPYKTYpaBUK-(QDYHKIIMOHAN ~ Xoccajlapura OOFIMKIMIMHM aHUKJIAUAa KEHT
UMKOHUSTIIApTa 3ra Oyaran Metox 6yau0 Xu3maT KUiaau.

JuccepralstHUHT MKKUHYM OoOuyna «POTOCHHTE3JI0BYM TH3IUMJIAP
(py1yopecueHIUSICHHY YPraHUIITa MY/KAUIAHTAH TAAKHMKOT METOAJIapH Ba
KypuiaMagapu» keatupu6 yrwirad. Kyiiwiran Bazudanan kenud 4yuMKKaH Xo0Jiaa
TYypAM YWFOTHUII CXeMaslapH, (UIyOpecUEHIUs Te€3 KOMIIOHEHTJIapH Ba KE€YMKYBUYU
(GuyopecueHIMsT Typiau BaKTUH KOMIIOHEHTJIADUHM KalJ KWIMIIHUHT TYpJu
TU3UMJIApU KYyJaHwirad. BbyHaaH kenu0® 4MKKaH Xoyiga (piyopecueHLUsHU
yiroTum maHOam cudartuga y3IyKCU3 Ba/€KM HMMITYJbC-AaBOMUILIA Jlazepap,
EpyFIUK HYpJIOBUM JMOAJApH, JaMOajapAaH QoWjganaHraH Xojijaa TaJKUKOT
KypuJIManapyu uiuiad YMKUIraH.

Tabuwmii, kyHay3ru EpyFauK (nana) mapouTuaa YCUMIIUK Oapriapuuaru
dorocunTes  kapaéumapu  GaoJUIMIM, SbHM ~ YCUMIHMKIAp  YCHUIIM  Ba
PUBOXKJIAHUIUIMHU YpraHuIl Y4yH UKKH EPYFIMK - Ky4YCH3 Y3JIYKCU3 Ba KywId
UMITYJIbCIIA HYpPJIAHUII acOCHJIa MIUIAWIUTraH, KyHIy3r'd OKOPU MHTEHCUBIIUKIIN
EpyFIIMK IIAPOUTHU]A (POTOCHHTETUK KapaCHJIap XapaKTEPUCTUKAIAPUHU COH
KUXATIaH aHUKJIall WMKOHMHM O€pyBYM HMITYJIbC-aMIUIMTYJAIH MOAYJISIUS
bayopoMeTpu KYJIaHUITaH.
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Nmnynbc-aMIuIMTy 1aidi  MOIyNAnus  (QIIyopoMeTpH KyHHAard CHeKTpa-
BaKTUHl Ba KyBBaTWi mapaMerpiap Owman xapakrtepiaHaau (1-pacm):
bayopecteHIus EPYFIUK HYpJIOBYH TUOAHUHT JABOMUMIUIU ~3 MKC Ba 4aCTOTacu
20 kI'u rava 6ynran ummysbciap Ouian yiurotunaau; Oy EpyfiIuK KUCKa TYJIKUHIN
bunetp (A<670 uM) opkamu YTagu Ba GOTONPUEMHUK OJIMTa EPYFIHMK
UMITYJIbCIIADUHUHT TYFPU TYIIUIIMHUHT OJJIMHHU OJIYBYU Y3YH TYJIKUHIU (PUIBTP
(A>700 BM) xounamrupunarad. FOKOpU CeNeKTUB MMIYJIbCIM 3 MKC HMITYJIbC
Owian yiroTwiran QuayopecueHusgan OOlIKa CUTHAJIHU KalJ KuJIMalJIuraH
Ky4yalTUuprud Tu3uMu MaBxkyd. Dotonpuémuuk cudaruga PIN doroamonnan
dorinananunrad. by kypunma éEpmammpa  Oonutanfuy - QuryopecteHums Y,
dbotocuctema Il garum GorokumEBHI Kapa€HIApHUHT MaKCHUMal KBAaHT YMKWIIN
Dy, hoTokuMEBHIA (gp) Ba HODOTOKUMEBHM (gy) GIyOpecHeHIUS CYHUIIIAPH
ymuaHraH. Yogamr  SpyEIMTHHHHT  MHTeHcHMBIMrH  ~1,2  Br/M°,  Tabcup
SPYFIMTHHEHT  MHTCHCUBIHTH — ~24-48  Br/M°, TYHUHTHpYBYH  SpYFIHK
MMITYJIbCHHHHT HHTEHCHBINIY 3¢a ~600 B1/M ra Tenr. TYHHHTHPYBYH UMITYIIbC |
¢ naBomMuimk Onian xap ~20 ¢ ga 6Gepunras.

Vpranunran ycumamk Oapruga  (GOTOTYHMHHMII sKapaSHHHH —KeITHPHO
YUKapULl YUYyH anoxuja €pyriauk MaHOauaaH (HyKTaBHil jJamIia), ONTUK Hyp-TOJIa
épmamuna 400700 HM CIEKTpal opaauFugary Ba uureHcusiura 480 Br/m” raua
Oyaran pOTOCUHTETUK aKTUB pajdalusiad (poijanaHuiIraH.

KypunmanuHr yngam

OJIOKM YiyaHWUIaéTraH HypHUHT
yTa MacT MHTEHCUBIIMTUAA XaM
EPYJIIMK KYYMHUHI 4YerapaBui

ﬁfp_\'muu
Ao KYBEAT
MaHban

| —t

Mynyasc
DepyBUN
TeHepaTop

Cenextus

"1 wywaitruprio

h 4

h

Hamexanap
pernCTpaLuAci

|—| Imnyase Hmnyasean
CrHan

y
Epyrank

il

y3rapuuuiapura  xXam  KyJaa
YU JIAMJIHA (KyHIy3rH
EPUTWITAHIIUKIAH IOKOpH Ao
Oyaran EpyraMK OKuMH). By, — .
acocan, (orocucrema II marm . \ Jr
doTokuMEBHI KapaCHIAPHUHT TRy
MakKCUMaJl KBAaHT YHWKHIIU -

Docn bayopecleHIUSIHUHT

OOlIJTaHFUY  Ba  MakKCHMall
KUHAMAaTIIAPUHA aHUKJIAIIga
KyJla MyXHM.

JacTnaOku  TaIKUKOTJIAPUMHU3AA  HUMITYJIbC-aMIUIMTYJAIH  MOZIYJISLIUS
(bayopOMETPUHUHT JIabOopaToOpHsl BapUAHTH MKKWJIAHTAH MOIYJISIUSUIM Y3JIyKCH3
nammanaguras Nd*:YAG nasepununr nkkunun rapmonukacu (532 um, 400 Hc,
10 xI'm) Ba Gokckapunterpatop BCI - 280 acocunma unuiad yukuiaran 0ymnuo,
BaKTHIl Ba DHEPreTUK IMapaMeTpiiapyd Xamja CE3THPIUTH JKUXATUIAAH HMITYJIbC-
AMIUTUTYJATH MOAYJIAIUSA (IIyOpOMETpUIaH aH4Ya YCTYH Ba YCUMIIMK Oapriapu
dayopectieHInsT WHAYKIUSICHHUHT TYPFYH KHHETHK V3TapUIUIapUHU  YITdarn
MMKOHUHU Oepra.

Hynyasean

71 wymaiimapron

Doroamogan
AeTERTOD

Pawtp

=700 oy

Favorumn

Tabnnii
EPVEIE

¢ ] EPYEIE
Hakyvua

l-pacm.  WMmynbc-aMIUIMTYyAamd  MOJYJISLUS
(1yOpOMETPUHUHT MIIUTALT TPUHLIUITN
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Oxopuna kentupu® yTwiran, OM3 TOMOHJAH HWILIA0 YMKWITAH Ba Jaja
MApPOMTHIA MOHHTOPHHT OJHO OOpHII MMKOHMHH OepyBunm MeTon Y3P ®A
['eneTMka WMHCTUTYTH TaaAKUKOT panacupa, llsennapus denepan noauTexHUKa
yrusepcutern, ETH, Iropux, HIseiinapus (dp. N.®paueboyn Ba Hp. M.Jleiinuep)
Ba Urtanus mwuuii tankukotr mapkasu, CNC, Pum, Urtanus (dp. A.Macauun)
olMMiiapy OWJIaH XaMKOPJIMKAA Y30K BAaKTJIM CYB TAHKUCIUTH IIAPOUTH]IA
VCTUpWITaH Typiaud HaBIM Fy3anap (OTOCUHTETUK (DAOJUIUTMHU  KUECHI
ypranvuuja KyJulaHwirad. by TYWMHTUPYBUM UMITYJIbCIIAP METOAM KYJUIAHWJITAH/a
diayopecleHIusl CEeKHMH Y3rapuuuiapyd TaxXJWiIM KaTTa axaMusaT KacO >TraH Ba
napaysien pabuiga GOTOKMMEBHI Ba HOGOTOKUMEBUN CYHUIIUIAD Y3rapUIIUHUHT
JTUHAMUKACUHY aHUKJIAIl IMKOHUHU OepraH.

@DOTOCUHTE3NOBYHM THU3UMIIAPHU JIa0opaTopusl Ba TaOMUl Jana mapouTiapaa
yrnyamga KyJUIaHWITad EPYFINK YITUOBH, STbHU METPUKACH KENTUPHUO YTUITaH.

JucceprauysitHUHr y4uH4M 000M «@OTOCHHTE310BYM OakTepusiap —
(poTOCMHTETHK JHEpPrus Y3rapTHpMJIUII (PU3HK MEXaHM3MJIAPMHU TAAKHK
ITUII YYYH MoJesJ 00beKT» (POTOCUHTE3NOBYM OAKTEPHUSUIAPHUHT aOCOPOIIMOH-
(bayopecleHT XapakTepUCTUKaJapUHU TaAKMK 3Tulura Oarunuianrad. FOTwimm,
dbayopecueHiuss Ba (iyopecieHusl YWFOTUIN CHEKTPIapUHU TaxXJIWJ KUJIUII
OpKaJIi 0aKTepruOXJIOPODUILT MOJIEKYTAIADUHUHT SHEPIeTUKACH YpraHUITaH.

[lypnyp Blastochloris  Viridis ~ OGakTepusCHHUHT TaOUMii Ba Te€H
MoaU(pUKALMIIA HaMmyHanapu OakTpuoxyopodunapu y3yH tyiakuaau UK coxa
abcopOIMOH-(DITyOPECIIEHT CHEKTPIAPUHA KUECHM YPTraHWI NIYHH KYPCATAHKH,
Blastochloris Viridis dboTocunTeTUK anmapaTd (yHKIIMOHAT CTPYKTYPACUHUHT TeH
UH)XEHEpHUsS MeTou €praMuiaru MoauuKanuscu GOTOCUHTE3 SHEPreTUKACUHUHT
cudaruii  y3rapunuiapura onauO Kenau Ba Oy yIApHUHT IOTWJIMIN  Ba
(dayopecueHIus CeKTpiaapuia HAMOEH OYIAU.

Kypcatnd6 §yTuiaranku, peakimuss MapkKasujia 3JIEKTPOHJAPHUHI TecKapu
TAIIWIMIIAIAH XO0CUJI OYITyBUM KEUUKYBYH (PIIyOPECLIEHIINS, 3JEKTPOHIIAP KYUHILIN
CEKHH 3Tarulapu KHHETUKACH Ba TEPMOJMHAMUKACUHY YPraHUILIa MabIyMoTiIapra
0ol Kypwima OYiauO Xu3MmaT KWIUIIM MYMKUH. ['€H-MOAM(pUKALMSIIA peaKius
Mapkasiapura ara Blastochloris Viridis muconuaa XWHOHIIM akKUENTopJapaaru
AJIEKTPOH KYYHUII SHEPreTHKACMHU KEUUKYBUYM (IIyOpeCUEHIMs] TYpJiM BaKTUN
KOMITOHEHTJIApYU MHTEHCUBJIMKJIApU HUCOATUra Kapald COH MKUXAT/IaH XapaKTepJiall
MYMKHUHJIUTH KYPCaTUIITaH.

Vigaruiapia 10KOpH TYPFYHIMK Ba aHMKIMKKA SPHIIMII Y9yH KEUHKYBUH
dayopecteHIus Typiu BaKTUH KOMITOHEHTJIAPUHUHT a0CONIOT WHTEHCUBIUKIAPU
aMac, OaJIKu yJIapHUHT MyHocabatnapu ymdyanran. Te3 keuyBuu (iyopereHus Ba
KeUMKyBUMd (IyopecleHIusl I BaKTHl KOMIIOHCHTJIAPUHUHT MyHOcalaTiapu
KyWuJarnya aHuKJIaHa u:

I /[;(cb = [(k;ﬂr@)/(k@]eXP[Gi I(kgT)] (1)
OyHna k! — i pagukan Ky(QTIHK TYFpH HapyaTaHUIIMHAHT JOMMHIL TE3IUr, ke -

(bayopecleHIUSIHUHT JOUMUUN TE3JIUTH, 5o - T€3 KEUyBUM (PIIyOpELICHIIUS KBAHT
¢ pexTuBIuUry. i- Ba j- MyHOcabaT 3ca KEUYMKYBUU (IyOpECHEHIUSHUHT BaKTUN
KOMIIOHEHTJIAPHU:
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Lo ! Tz = (k] k) exp[(GT = G) [k T)], 2)
k, Ba k] HUHI MabIyM KHHMATIapy paiuKal Xy(QTIMK JPKHH DHEPIUACH

dapkurn (G - G') Xucobnam HMMKOHMHM Oepamd Ba Oy KaiicH OMPHHHMHT

peKOMOUHAIUSACH YIIIOY KOMITOHEHTAIAPHN XOCHJT KHJTUIITMHYU KYpCcaTaiu.
l-xanBanma €BBoMM Ba EpyriuMKaa YcTtupwiran rtubpun Ble. Viridis
OakTepusIiapyu KEUUMKYBUU (PIyopecleHIMs Te3 Ba CEKMH KOMMOHEHTIapu (1., Ba
liexy) WVHTEHCUBJIMTUHUHT YJap CYOMWUIMCEKYHITIM KOMIOHEHTHAPH (Liycex)
WHTEHCUBIIMKIIAPUTa MYHOCA0ATIaApUHUHT TaXXpubajna yiadyaHraH KudMatiapu Ba
ynapiaH Xuco6nmab Tonmnaran G KuiiMaTiapu KenTHpHiraH. KopoHFmMImKa
ycTupuiarad THOpUIAa KEUYMKYBUM (IIYOPECICHIIMS MaBXKyJ SMACIUTH Kaii]l
ytunrad. EpyFiukaa yerupuiaran rubpuana CyOMMIUIMCEKYHIUTH KOMIIOHEHTA
WHTCHCHUBJIUTH EBBOMW HamMyHa OwnaH Oup Xun, I,e./l..... MyHOocabar 3ca €BBONHU
HAMyHara Kaparanja HWKku O0apobap Ku49ukpokK. byHna [I.euu/Ioucec MyHOCAOAT
WKKaJa HaMyHaja xam oup xwn 0ynmub ynkkaH. KeunkyBun (hiryopecreHITMsSHIAT
6y KaOM KOHYHMSTH >KaJBajlia KENTHPHWITaHH Kabu G' KuilMaTiapuia XaM akKc

ATraH.

l->xagBan

EsBoiiu Ba rubpun Blastochloris Viridis 6axTepusicy KeUuKyBYH
(GIyopecHeHINACH TYPIIH BaKTH KOMITOHEHTIapW WHTCHCHUBIIMKJIApYA MyHOca0aTn

bakrepusinap typu Los/Iricer G- G4 Leovird L ericer G- G?
EBBoiin HaMmyHa 5910% | 534m38 | 1,1810" | 116 mM3B
Epyramkna yerupunran 3510% | 486moe | 1,0310% | 112 moB
ruopuI

Koponruiukaa yerupuirad <107 i <107 i
rudpua

Kaiin oTunranku, TeH-MOIM(UKAIMSIM peaknus MapKaszjapura ora
(dboTOCUHTE3T0BYN OaKkTepusIIap KEYUKYBYHU byopecueHIus CEKUH
KOMIIOHECHTAJIapUHU KUECHUM YPraHUILl, XUHOHJU aKLENTOopjap 3HEPreTUKacHu Ba
MOC paBHIJIa B3JEKTPOH TAIIWJIMII KUHETHKACUJAru Y3rapuIUIApHU aHUKJIALI
WMKOHUHU Oepaau.

Wkku typmaru nypnyp — Blc. Viridis Ba Rba. Sphaeroides poTocuHTe310BYN
OakTepusuiap EpyFIMK MWUFYBUM AaHTEHHACH CTPYKTypajapu, HOTWIMII Ba
dayopecteHIusl  criekTpiaapyu Ba  GIIYOpECUEeHIUS HHIYKUUACH KUHETUKACH
XaKUJard MabIyMOTJIAp aCOCU[A CTPYKTYypa XOCCACUHUHI EPYFIUK DHEPrUSCUHU
y3rapTupuiga OKOpU KUMMATIapHU TabMHUHIOBYHM, (POTOCHMHTETUK MeMOpaHa
EpyFIIMK WUFYBYM aHTCHHAJIApUA SHEPTHSHUHT KYUYWIIIM Ba PEaKIHs MapKa3uja
TYTHJINIIN KaOu kapaéHiiapra TabCUPH YPraHWIraH.

2-pacmna Blc. Viridis (a) Ba Rba. Sphaeroides (6) ¢doTocuHTE310BUN
MeMOpaHaTapUHUHT aTOM KyBBAaTJIM MHUKPOCKOIJIA OJMHTaH WJIK Ba MAaxcyc
JAcTypJa KalTa MIUIaHraH (FOKOpH 4Yar Oypyak) TaCBUpJapH KypCcaTUIITaH.

Pacmnapnan anuk kypuHuO Typubauku, arap Bls. Viridis doTocunTe3noBun
MeMOpaHacu (POTOCUHTETHK OMPIIMKIIApU 3UY YpairaH, TapTUOIM CTPyKTypara 3ra
oynca, Rba. Sphaeroides na Epyrnuk HUFyBUM aHTEHHA — peEakKius Mapkas
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KOMIUIEKCIIapH, ymi0y opranusmiiap EpyrFiauK HUFUII XYCYCHSTHHH OIIUPYBYU
Tacoauuil KoMmamran Kymum4ia EpyFiauK HUFyBYM aHTEHHA 2 KOMIUIEKCIapu
OwsaH HaBOaTIAmMO KoWNamran: EpyfIuK WUFYBYM aHTEHHA | — peakuus Mapkas
Ba EpYHIMK MMFYBYM aHTEHHA 2 MyHocaOatiiapu OakTepusuiap YCUII IIApOUTHUTra
OOFIMK OYIMO, KEHT Yerapaja y3rapuiii MyMKHUH.

a 3]

2-pacwM. [lypnyp Gakrepusinap Blc. Viridis (a) Ba Rba. Sphaeroides (6) poTrocunTe3moBYN
MeM6paHaJIapI/IHI/IHF aTOM KyBBaTJIM MUKPOCKOIIJa OJIMHI'aH TaCBUPHU

Kapanran ¢orocuHTe3m0OBUM OakTepusyiap CHEKTpall XapaKTepPUCTUKAIAPH
aTOM KyBBaTJIdK MHUKPOCKON €pAamMuja OJIMHTaH TACBUPJIaH aHUKJIAHTaH acoCHil
KOHYHUSITHU TacOukiaraH. 3-pacmua Rba. Sphaeroides Ba Blc. Viridis
OakTepusuiapu 0aKTepuoXJopoduiul a Ba 0aKTEpUOXIOPODUIT 6 MOJEKyIalapu
O,-nonocanapura mMoc kenyBun HK-rormnum Ba QuiyopecueHUUs CHEKTpIapH
KYypCcaTHIITaH.

- olf \

Gup.

all

Gup
z

nyopectertus KOmum, e

TuyopecieHima KO, une.

T ] 50 900 @50 1000 1050 1100 11% 1200 50 00 850 900 950 1 000 10%0 1 100 1150 1200

T w00 y 3y eI, HOC T yayai, i

3-pacM. Rba. Sphaeroides (1) Ba Blc. Viridis (1) potocunteruxk memOpanaizapu MK
totunuil (a, 8) Ba prmyopecuennus (0, 2) CeKTpiapu

Blc. Viridis rotunuin Ba ¢yopecueHIusl CIeKTpiapu CyOOupiuK EpyFiuk
HuryBUd aHTeHHa | ra teruuui OyiraH 0aKTEPUOXJIOPOPUILT 6 MOJIEKYJIACUHUHT
Ooupruna mnojocacura sra. Rba. Sphaeroides na sca Oaktepuoxiopopumn a
MOJIEKyJIaJlapi UKKH aHTeHHa CyOOMpiHKIapu - EpyFIMK WUFyBYM aHTeHHa | Ba
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OaxTeproxIOpoP LT 2 1a TYpJIK CIIeKTpal ¢hopMara ra Ba MOC PaBHII/IA FOTHIATIIT
CIEKTPpHUa UKKUTAa MAKCUMyM MaBxkya. Jlekun (iryopeciieHnus CreKTpuia KIuCcKa
TYJIKUHIA MaKCUMyM MOC PaBHIIJIard YHFOHHUIIJIAPHUHT TE3/1a CYHUIITU XUCOOUTA
KY4CHU3 KYpUHIaH.

diryopeclieHIIUSI  CIICKTPAI-KHHETHK ~ XapaKTEPUCTHKATAPUHUA  YPTaHUII
nypnyp Oakrepusuiap (OTOCHHTETUK MeMOpaHajgapu (OTOCHHTETHUK OUPIUKIApU
WYMJard Ba opacujard EpyriuK YHFOHUIUIAPU KYUYWIIM camMapajopJiMriHU
OaxoJsan UMKOHUHU Oepai.

Oxopuna kenrupwirannapaaH Tamkapu ymoly 6o06ma  xjmopoduniap,
OakTeproxXJIOpoQIILIap Ba YJIAPHUHT KAaTOp OWpUKMAalapu, ONTHUK CIEKTPHUHT
y3yH TYJIKUHIIA COXACH/Ia UIIJIOBYH (POoTOCEHCHOMm3aTop cudarumaru nuCTUKOOIN
Oupukmanap OYIuImM KypcaTwiran. YmolOy Molekylanap EpyFiIuKHUA y3yH
TYJIKUHJIA COXaJa OKOPW KUWMariapaa HOTHINAAH Tallkapu TpermapaTHd
(oToaAMHAMUK Tepanusaa Kysuliamra acoc OYJIyBUM CUHIJIET KUCIOPOJ YUFOTHILIA
IOKOpY KBaHT YHMKHWIUIApWUTra dra. YOy TypyXHUHT OWUp KaTop MoJieKyJanapu
MUCOJUJA YJApPHUHT OHOXY’Kalpajgard arpuraiuscd XoJjujaa a0copOIHroH-
(bIyopeceHT XapaKTepUCTUKATIAPHUHT Y3rapuIlldi MyMKUHJIUTHHA XUCOOTa OJIUII
3apypJIMTH aCOCIIaHTaH.

HuccepranssHUHT  TYpTUHUM 000u  «XJopoduaa d¢uryopecueHIUsiCH
XapaKTepucTHKAJIapu épaaMuaa ycumiamkiaapaaru crpecc-3¢pdexriapuu
MOHHMTOPHHI KHJIHII»IA aTpod-MyXUTHUHT Typid HIApOUTIAPUIATH YCUMIIUK
Oapriiapyu SIEKTPOH TalIWIMII TE3MUrd (GIyOpecIeHIusl Te3 KOMIIOHEHTH Ba
KEUMKYBUM (DITyOpeCHEeHIIns MUJUTHCEKYHIJIM KOMIIOHEHTH WHAYKIMSCH OpKaJd
TaAKUK KwinHradn. @uyopecueHnuss Te3 KOMIIOHGHTH Ba  KEYUKYBUHU
dbayopecueHIussHM ~ OMp BaKTHUHT y3uaa yiadam  (OTOCHMHTE3  peaKiius
MapKazjiapuaa 3JICKTPOH KYYHUII >Kapa€HU XakKuja KEHI MabJIyMOTJIap OepHIiv
Kypcatubd yrunran. Arap ¢uyopecieHIus Te3 KoMnoHeHTacu OyTyH oTocucrema
Il marm 3JIeKTPOH TANIWIINII TE3JUTUHU COH JKMXATIaH XapakTepiaca, KeYUKyBUN
¢ryopecteHIs 3EeKTPOH TAIIMIUII 3aHKUPU TYPJIM COXaCHAa DJCKTPOH KYUHII
caMapaJIOpJIMTUHU aHUKJIOBUM JuddepeHnnan xapakrepuctuka Oynud xu3mar
KUJIUIIN aCOCTIaHTaH.

[Ily Owunan Oupra ymOy ©000/1a SJIEKTPOH TAIIWIWII 3aHXUPU TYypJu
coxacuJaH TecKapu TaIIWINALITA aNoKanop oynran KEYUKYBUHU
(bayopecleHIIMSIHUHT TYypJid BaKTHM KOMIIOHEHTHapu Vypranwirad. FOxopuna
TabKUIA0 YTUITAHJIAPHU XMCOOTa ONraH XoJijJa MaxTa OapriapuHUHT TYpJid
XapopaT Ba  TYpAM  HYpJAHUII  WHTEHCHUBIMKIAPUIATH  KEUHWKYBUU
bayopecuenmusicnauar QJp gaH Q4 ra TecKapw KYYHIIHU XHUCOOTa OJyBYM Ba
oJIMaiiauraH, naBoMunnuru muuucekynn (1 - 5 mcex) Ba mukpocekynn (10 - 50
MKCEK) OYJIraH BaKTHil KOMIIOHEHTJIApU aHUKJIaHTaH.

4a-pacmaa 25°C xapopaTgard MablIyMOTIap KeaTHpuiaraH. MOTOCHHTETHK
AKTUB pajHalMsHuHr 36 Br/M° KuiiMaTiza (OTOCHMHTETHK —AamMapaTHHUHT
EpyFIIMKAAH TYWUHUIIM Ky3aTUJIMaraH Ba KEUMKYBUM (DIyopecueHIUs HKKUTA
KOMIIOHCHTH HWHTCHCUBIUKIApU HUCOATH Fyo/Frcec BAKT YTUIINM  OWJIAH
y3rapmaraH. JIeKuH €pUTUIIUII UHTEHCUBIUTMHUHT OWUIIY D/ OKCUJIMHUHT 3apap
Kypuiu Ba (aon O6yamMaran mapkasjiap COHHHUHT ONIWIINWra OMH0 Kelaau Xamja
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(OTOCHMHTETUK SIEKTPOH TAlIMJIUII OKMMHU macasigu. by sca (Op akuenrtopaa
TECKapyh OKHM JXTHMOJHMHH Ba KEUYUKYBYH (DIYyOPECICHIIUSHUHT TaBOMUNINTA
200 MKcek OYaraH KOMIIOHEHTACH WHTCHCUBJIMTHHHUHT OIIUIINIa Ba Y3 HaBOAaTHIa
3aH)KUPHUHT OXHUPTH COXaJapHaH TECKapy KY4HWINra acocjiaHTaH KEYHUKYyBUH
GbayopecieHITU MUJUTUCEKYH IJTH KOMITOHEHTUHUHT IMAaCAWHIINITaA OJTN0 KeIaau.
Epyrauknan TYHuaUI 3OPEKTH Fypcor/F ycox HICOAT BAKTHI CHIDKHMILIAPHUHT
HOKYJIail Xapopatr MIapouTiapuia SKKoJ HamMoE€H Oynran: 40- Ba 4B-pacmuiapja
moc pasumnia 20°C Ba 42°C xapopamiapia YIdaHrad MabIyMOTIap KYpcaTHiraH.
20°C ga mnaxrtagaru Qortocunre3 (aomwmruauar macavimimm  42°C  garwra
Kaparaija Ky4wiupok y 3ca Fce/Fhcec HACOAT BAKTUA CHIDKUILIAPHUHT KECKUH
YyeTJIAIIUIIapy OUIaH TYIIYHTHPHUIITaH.
[lynmaii KUJIHO, 0
dorocucrema I  doroxuméBuii | a
JKapaéHlapyd KBaHT YUKHUILIAPH, ] 360
KECYUKYBYU dayopecueHIus 3 __.M 36
TypJu BaKTUW KOMIIOHEHTIIAPH, 1
TypJu  cTpecc  IIapouTiapaa 9 -
(doToCUHTE3T0BYN TU3UMIIAP 10) 369
(yHKIIMOHALIUTH, °] o
YCUMITMKIIap1aru EpyFIHK
TabCUpUIA TYUHHUILI
JTMHAMUKACH, TabuaTu Ba
(OTOCUHTETUK anmaparsja 1 192
EpyFIIUK TabcHpUIa 3auiairyB %6
nauTuga  SIEKTPOH  TaIlIWJIHII 3 36
TU3UMMUIA BIIEKTPOH KY4MIII 0 : : : : : : : :
Kapaéunapu XaKuIa KEHT 0.3 r-0 BaKIT'fcoamai'O
MabIyMOT OepyBYM  KypuiMma
Oymub0 xm3mar Kuiagu. Yoy

, HUC.OHP.

/F

MKCEK  MCeK

F
w
=
<

- 4-pacwm. KeunkyBun bayopecueHus
1IapaMeTpiIap Kydin CpyrjIiuK Ba mukpocekyHn (10-50 MKC) Ba MMILIMCEKYH]
HOKyJIall XapopaT IIapOMTiIapHia (1-5 MC) KOMMOHEHTIapu HHTCHCUBIUKIAPH
YCUMIIUKJIAp TYpPJu (byHKHI/IOHaJI wucbarunudr F,./F,,. HypJIaHUIIHUHT TYpJId
XOCCAJIapUHU KUECUM YpraHuiaa MHTEHCUBIMKIApH Ba TypJH Xapopatriapiard

V3rapumnuiapu

XU3MAaT KWIAIIYM MYMKHH.
@DOoTOCHHTETUK MeMOpaHa peakius MapkKaszjiapuaa HAKCUTOHJIAPHUHT
TYyTWIAIIKM Ba, yMyMmaH, (OTOCHHTE3 CaMapaJOopJIMTUHU aHUKJIOBYU EPYFINK
WUFYBUM aHTEHHAa Ba peakiMs MapKa3d oOpacuiard SHEPreTUK OOFIMKIHK,
XapOpaTHUHI KPUTUK uerapara f. ~40°C sKMHJIaMMIIM OWJIaH KECKMH ITacasin
xamaa F) KOpPOHFWIMK (PIIyOpECUEHLUMSIHUHT MOC paBHILIJA OLIMIINWra OJHO
Kenagu. Y CHMIIHK HaBJapujard y3ura XOC XYCYCHUAT Ba VYCHII IIAPOUTH
(GOTOCHHTETUK MeMOpaHa JIMMHUI-OKCUJUIM TapKuOuja akCUHU TONagud Ba 3
HaBOaTHaa f, HU aHUKIaAu. Ymly XoJlaTHM XucoOra ojiraH XoJjja f. HHUHT
YCUMIIMKIIap TypH Ba YCUIIAATU XapopaT pexuMura OOFIUKJIUIY YpraHuiIraH.
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5-pacmaa 15°C (a), 25°C (6) Ba 35°C (s) xapopariapaa YCTUpHIraH Iaxraia
Ba Takkociam y4uyH 30 Br/™m* EpyFiuKaa YCTUpWiTran mmnuHataa (e) yimuanran F
HUHT Xapopatra OOFJIMKJIUTY KYpCaTHIITaH.

PacMmnan kypuHuO TypuOAMKHU, UCCUKCEBAp MaxTaja f. IIMUWHATIa Kaparaiaa
IOKOpY Ba OyHJaH KennO YMKaIUKH, TAXTAaHWUHT IOKOPU Xapopatria YCTaHJIHTHU /.
HUHT IOKOpU OYJIWIIWHKM Ba F) HUHT KECKHH OIIWINWHUA TabMUHIaWmu. Kartuk
TU3UMIIAp, Iy >KyMjagaH, MeMOpaHa XaMm IacT Xapopar Ba f, ra SKHHJAIITaH/1a
OupnaH roMImaiayd, OYHWHT HATIWKachUlda XJIOPOPWILI-OKCHUIUIA  KOMIUICKC
opacumarn macoda omamu. by ¥3 HaBOaTmma ymap opacuiard SHEPreTHK
(KCUTOHJIM) aJlOKaHUW KECKWH macatupanu. by TagkKUKOT HaTukajdapu IIyHU
TacIUKIaAuKu, Xjaopoduwun diyopecueHuuscu, GOTOCUHTETUK MeMOpaHa (U3UK-
KMMEBUM XOCCaCMHM Ba y3 HaBOaTujga XapopaT TabCUpHUAA CTPYKTypaBuid
TYPFYHJIUTM Ba YHUHI CYIOKJWTW Y3rapulUIApUHU HA30paT KWJIMIIJIA caMmapaiu
METOJ1 XucoOIaHaH.

@OTOCUHTETUK alMapaTHUHT
CyB TaHKUCIIUTUTa XKaBOOU
TabuaTUHU arpodnya TYITyHHUII
YUYH Jana HIapOUTHUAATH
ycumnukiaapaa  Oup  BaKTHUHT
y3una XJI0poduILT
¢yopecueHusICH Ba ra3
aJIMaIlINHYBU »Kapa€Hiapu
ypramwirad. Hartwkanap wmyHu
KYpCAaTraHKH, I1axTa YCUMJIIUIHU CYB
TaHKUCJIUTHUTa “oroapixanus’”
TE3JIMTUHU OLIUPUII Ownan
peakuust Oepaau Ba  EPYFIIMK
YUFOHUIILIAPU SHEPIUSICUHHUHT
XallaH 3u€N TYIUIAHUIIWHUA Ba
TaOMUNKHU, CHHTJIET KHUCIOPOJ Ba
CYNEPOKCHUJITH pauKaljap XOCHI OYIUITUHUHT OJIMHU OJIaIH.

JuccepranussHuHr OemHYM 000M «@OTOCHHTE3JI0BYM THU3HMJIAPAArU
Kyéll HYpJAaHUIIUA V3rapTHPWIMIIMHUHI JHepreTukacu»ia, ¢GOTOCHUHTE3
XKapaCHUJIAard SHEPTHs Y3rapTUPWIMIIUHUHAT a0CONIOT KYPCATKUWIAPW TaXJIHII
kuwiuHrad. CyB TaHKUCIWTH IMAPOUTHAA «TyIutam d(PQGeKTuHm» aHUKIall
MaKcaJuaa Ha30paTIard Ba CyB TAHKUCIWTHA IIAPOUTHIIA «CTPECC» YCTUPUIITAH
naxra Oaprimapu  ¢otocucrema Il ¢doroxkuméBuil  xkapaéniapu  KBaHT
caMapaJIopJIury Y3rapuiuiapuHUHT CyTKaJIUK JTMHAMUKACH YIIdyaHraH (6-pacm).

KyHay3rn [OKOpM MHTEHCUBIMKIM EpyFiIMK Bakthaa ¢orocuctema Il
(baoUTMrMHUHT Tacavuimy OuiaH aHukiIaHaauran ¢orocucrema Il GporokuméBuit
KapaéHjapu KBaHT caMapaJOpJMTrMHUHT MUHHMMAaJ CaTXH, Ha30paTiaru HaMyHaja
0,43 «ctpeccy xonarugaru HamyHana 0,61 Hu Tamkun dtrad. Pacmpaan
KYPUHAJIUKU, «CTpecc»  XojJaTUAard HaMyHaJa TNacauil  aMIUIUTyJacu
HazopaT/Jarura Kaparanjga KA4uK, Oy CyB TaHKHUCIUTHIa MOCJAIITaH HaMyHaJa

KyHIy3u “GOTonpIXaHus’ KUUMATUHUHT OIIMINM OWIaH TYHIYHTUPHWIJITaH.
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®otocucrema II QoroxuméBuil xapaéHiaapu KBAHT CaMapaJopiUTH CYTKaJIHK
y3rapuiiapy acMMMETpUsiCUra bTHOOp OepuIl JO3UM: «CTPECC» XOJaTHaaru
HaAMyHaJa Ha3zoparra KaparaHjga Oy KuHMaTr ce3wiapid Japaxajga HKOPH.
duxkpumuzua, Oy CyB TaHKHCIWIHAAQ KaWTa THUKIAHUII >KapaéHiIapu CEKUH
KOMIOHEHTaTApUHUHT omuiiu Ouniad Oornuk. Lllynnait kunu6, dorocucrema 11
dboToKUMEBUIN Kapa€HIapu KBAHT caMapalopiurud Dgcy CYTKAIMK Y3rapuiiapu
KyE€ll paavanusicu TabCUpHUAA EPYFIMKIAH TYWMHUII XapakTepu Ba KyJlamu
XaKUJa KeHT MabJIyMOT Oepajiu.
Typau  Tamku  oMuiap
TabCUPHU IaPOUTHUIATH
dboTocunTe3 HEPTETUK |
camapaJlopJIUTUHU Ypranuin 0sd 1

0=—0=0—0—0—0~ O omgy _o—0

v (0]
HaTH>XaJIapnu KCJITH I/I6 THUJIT'AH. CCIL o g g—o—0—o—0—® _ ZLo—e—o
p p y \\.\.\O\O_Oﬂyoﬂﬁ o

1,0

VY30K My AaTIIA EPYFIUK 0
tabcupuaa  (Gorocucrema I 1 S
peakius MapKasiapu peaklus 47

Ja€KaTUHUHT y3rapuuuiapu, Oy o

peakius Mapkasziapu ]
GaoUIMTMHUHT ~ CyCalMIIM  Ba w4+—os—b——r————————
TUKJIAQHUIOM Ba yJapra OOFIMK ‘ ! sooon e
paBMIIIA XJ'IOpO(bI/IJ'IJI CyTkaJuk BakT (coatiaap
bayopeceHINICUHUHT

y3rapululapy TaJKUK OSTHITAaH. 6-pacm.  dortocucrema 11 OTOKMMEBHIA
y p

[TacT Ba FOKOpPM WHTEHCHUBIIUKIIA KapacHnapu KBaHT camMapajiopiIuru
EpYFIINK/IA YcTUpHATaH Yy3rapuiuiapu CyTKaJauK TUHAMHUKACH. «CTPECC»

yeummknap  Qorocucrema 11 (/) Ba Hasopataaru (2) Hamynanap

peakuus Mapkazjgapu (OTOMHAKTHMBANMACH Ba yjap WIDIA  KOOWIUATH
TUKJIAHUITUHAHT BaKTHH KaTTaaukiaapu GiayopecteHIus €paaMuia aHuKIaHTaH.
@DOoTOCUHTE3NOBYM  OaKTepusjiap Ba SIPUMYTKA3TUUIM (POTOBOJBTAUK KyEII
DHEPTUACU  Y3TapTUPTUWIAPU DHEPreTUK XapaKTepUC- THUKAIAPUHU KUECUU
Ypranuii HaT>Xaiapu KeITUPUITaH.

Kyé€m pagmauusicu sneprusicu, acocat, 350 um — 1200 HM criekTpan coxajia
Tymanrad 0ynu0, Ycumiuknap doTtocuHTeswaa yHUHT 700 HM raua Oynran
coxacu Ba OakTepusiiapaa kedaauran ¢potocunTesna 3ca 1100 am raga 6ynran MK
coxXacu Xam y3namtupwiaad. Arap ycumiukiap (OTOCHHTE3M aMalluii HyKTau
HazapJaH yTa MyXuM TaOWWN PHEPrus Y3rapTupyBuum cudaruga Kapajica, yHIa
(GbOTOCHHTE3JIOBYM MapaMeTpiiapu OakTepusiiap OuomMacca alaHUITUHUHT IOKOPHU
te3nuru 40% rada eTaauraH MCTMKOOJUIM CIEKTpaj coXara sra HKaHJUTH Ba TeH
UHKeHepus ycynu Eépaammuaa Oy kadu (oToTpod opraHM3MIAPHUHT CIEKTpa-
SHEPIreTUK XapaKTEPUCTUKAIAPUHM Y3rapTUPUIl MYMKUHIIUTH YJIapHU Ky€Ill
SHEPreTUKACHIA KYJUIAIHUHT KaTTa UMKOHUSTIApUHU KypcaTud Oepaau.

Cnextpuunr sskud MK coxacuna Typau OTWIMII mojacanapura sra OyiraH
(GbOTOCHMHTE3JIOBUM  OakTepusiiap  MOC  TYPYXUHHMHT  CIIEKTpal-dHEPreTUK
XapaKTePUCTUKATIAPUHU TAJKUK ATUII HATHUXKaJapu KEATUPUITaH: EBBOMM THUILIH
Blc. Viridis, Rhodospirillum (R.) Rubrum, Rhodobacter (Rba.) Sphaeroides, siun-
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ou capuk Oakrepus Chloriobium Phaeobacteriodes Ba 1mMaHOOaKTEepUs
Synechocystis.

7-pacMia 10KOpHIa KypcaTUiaraH opranu3miiap €BBOMU TUILIaApUAAH aKpaTuo
OJIMHTaH  (DOTOCHUHTE3JIOBYM  MeMOpaHaJapHUHT  MAcCT  KOHIICHTpaIUsIN
(U3MOJIOTUK PUTMAIAr FOTUIIUII CIIEKTPIIapu KYpcaTUiraH.

Kapanaérran cnekTpiapaa yMyMUH KOHYHMSITHM MaliKall MYMKHH:
CHEKTPHUHI KHUCKA TYJKUHJIM KucMuja Kywid roTwmmil, Cope coxacu, SbHU
acocuii (POTOCHHTETUK NUTMEHTIap — OakTepuoxjopopuwiap Ba KyliuMua
MUTMEHTJIAp — KAPOTUHOWIJIAPHUHT y4YTa MAKCUMYMJIM COXacu OuijiaH OOfIaHraH,
~ 350 — 550 M coxaaa Ky3aTWiaau. Y3YyH TYJIKUHIM KUCMUJIA 3Ca KYyWIH FOTHUIIUIIT
XyIau 11y OakTeproxJopoPruIapHUHT (akaT aloXuaa KOWIAlraH yHYa KEeHT
Oynmaran (), 3oHacuia Kys3aTwiaad. by 3oHamap coekTpal — XoJaTH
OakTeproxiopodmLiap Typura Ba yJIApHUHT MeMOpaHajard OKCHIUITM MYXWUTHTA
ooruk xonaa 720 um gad 1020 HM raya y3rapuiy MyMKHH.

[lynnaii KWKo,
CoIANIallI TUPUIITaH MOJIeN
cudaruga KapanaéTran
dboTOCUHTE3JI0BUM OaKTepusiiap
CHEKTpJapuHu (pakaT UKKUTA
IOTUJIUII  COXACUIaH  TallKuI
tonraH, Jae0 KaOyJn KHWJIMII
MYMKUH: HaMyHa Typura
oormuk xonga 350 — 550 HM
COXaJaru KEeHI KUCKA TYJIKUHIIHA 30 4% S0 60 TS0 80 9% 1050 1150
coxa Ba Makcumymiapu 720 — TY:IKHH yIyRIArH, BEM

1020 nm coxaz[:ilm aHda Top 7-pacm.  @ortocunretuk  Blc.  Viridis (1),
(~100 HM) y3yH TYJIKHHIN COXA. Rhodospirillum  Rubrum  (2), Rhodobacter
8-pacmaa OaxTepuan Sphaeroides (3), Chloriobium Phaeobacteriodes
dboTocuHTe3 Ba (HOTOBOJIBTAUK (4) Ba Symechocystis (5) OakTepusyiapy IOTHIUII
Adqerkana  Ky€m  EpyrIuIru CIICKTpIIapH
WUFUIIMIIMHUHT MOC paBuiiga Blactochloris Viridis OaxkTepusick Ba KpUCTaJUI
KpPEMHUH MHUCOIMAArM KUECHM OJHEPreTWK JuarpaMmacd  TacBHUPJIAHTaH.
Blactochloris Viridis memOpaHacu Ba KPUCTAJT KPEMHHUM FOTHIIMIN CIICKTPJIApH
(MOC paBullla PHEPreTUK TUarpaMMajaH yarnja KypcaTuiral) Ba XyJIIu UIyHIan
Ep cuptumarn xy€m HypiaHumu (pacM ypTacuaa) KBaHT SHEPTHsICUTa OOFIHK
xonma 9B  mapma  Oepunran.  Blactochloris  Viridis  hOTOCHHTE3IOBUH
MeMOpananapuga ~1.1 — 3.5 5B coxamaru Ky€m HypJaaHUIIM DHEPTUSCH TYpId
TYJIKUH y3YHJIHUKIApUIa Typiau gapaxkana rotuwiaau Ba 1020 HM coxanaru TYIKUH
Y3YHJIUTUAA TYIUIAaHAAU: TYypJId SHEPrUsiiv EpyFJIUK KBAaHTIApPU Y3 SHEPrUSICUHU
KHCMaH UYKOTHO, )KyJla KHCKa BaKTAa (~10'12 cek) 6akrepuoxsiopodusut 6 HuHT O,
COXacura MOC KEJlyBUM OHI KyMM YHUFOHIaH DSHEPreTHK caTxra yTaau Ba
boToKUMEBUN  peakuusUIapHU  (QaoJTAITUPUIN  YYyH peakius MapKa3ura
y3atunagd. MOXuATH )KUXaTUIAaH XyAOu IIyHAad KYpUHUII KPUCTAIUI KPEMHUMAA
xaM Ypuniau OVnaau. TakuKJIaHraH 30HA SHEPTUSCHUJIaH YHEPTUSICU KaTTa OVira
EpyFIIMK KBAaHTJIapU KPUTUK OYITaH TYJIKUH Y3YHJIUTHJIAH KAYUK TYJIKUH y3YHIHK
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OunaH BaJeHT 30HA/aH YTKAa3yBYaHJIMK 30HACHUTA 3JICKTPOHIAPHU ypUO YMKAPUILIU
MyMKHH. ByHma asiekTponmap sHeprusicu «udkd (HoTodPdekT» dYakupaauraH
KBaHTJIAp 2Heprusicura OOFIMK Xoyaa Typauda Oynaau. Jlekun Oy anekTpoHiap
KyJa KUCKa BaKT MYKJIa BAJICHT 30HAHUHT SHT KyWH coXacura peiakcaius 0ynaau
Ba ynap GoTo3eKTpUK 3OPEKTHU Mal 0 KUIaIu.

E, (eV) E, (eV) E, (eV)
iz x4

Cope
[OJI0CAcH

Kymumua
IUrMEHTIAp
JOTHJIHII
nosocacu

yTKaByB'—[aHJ’lI/IK
30HACH

Q, monoca

Q, mosioca

0= -0 o+ {

Basienr 30na

)

bx21 6 acocuii XonaTi

8-pacm. @otocunTeTuk Oakrepusi Blactochloris Viridis Ba KpeMHUIAIN (OTOBOIBTAUK
sueiikana KyEe HypH Y3rapTHPWINIIN Kapa€HIApUHUHT KUECUN DHEPreTUKACH

Kapamaérran wkkana kapa€Hma XaM OKOPH — Japakajarn  KBaHT
caMapaJIopJIMKKa 3ra SKaHJIMTUra KapamaclJaH, KBaHTJIAp JHEPrUsSICUHUHI KaTTa
KUcMuHU Blactochloris Viridis épyFiuk MMFYBUM aHTeHHaAa OaKTEpUOXIOpOoduLI
O MOJIEKYJIAJIADUHUHT 3HI KyWU YHFOHTaH X0JaTUra €K1 KpucTall KpEMHHUIM1a Xam
JJICKTPOHJIAPHUHT YTKA3YBYAHJIMK 30HACHMHUHI JHI KyWM coXajapura yTrasja
UYKOTUINM HATWKACUAA HKKala THU3UMJA XaM EpYFIMK TYIUIalll SHEPreTHK
caMapaJIopJIUTY IOKOpHU OYIMaian.

ApumyTkazruwin (GOTOBOJBTAUK sUEHKalapAa IOKOPU KHUMUMATIIM YHEPreTUK
caMapaJIopJIMKKa SPUIINIT YYyH OUp BaKTHUHT Y3WJa TYpJIM TaKUKJIAHTaH 30HA
PHEpruscura 3ra OyiraH TypJiuda MarepuauiapjaH OWp Heya YTUIIap XOCHII
KWinHaau. XyJoAu IOyHJad cxemaaaH (OTOCHMHTETHK KyEIl JHEpPrusicu
y3raprupyBumwiIapuga  xam  (podjganmaHui  MyMKUHIUTA — atpodiuda  KypuO
YUKHUJITaH.

Kyém sHeprusiciHUHT ()OTOCHHTETHK Y3TapTUPHWIUIINHU cudaT KUXaTuIaH
Oaxosamga CreKTp Oyinda TeKUC TaKCUMIIAHUIITHAA IITyHH XUCOOJIall MyMKHHKH,
DHEPTUSHUHT MabJiyM OUp CIHEKTpaJl CcoXaJard YJAyIIM YHUHT KEHIJIUTUra
nponopunoHanaup. Yuaa Blactochloris Viridisna 350 — 550 uM coxaaa rOTWITaH
nypiaanum yiaymu (550 — 350 um)/(1200 — 350 um) = 0.24 myHocabaT OuiaH
aHMKIaHa . EpyFiuk Tymian skapaéHua KBaHTIap sHeprusicu 3.54 5B — 2.26 5B
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nan (Ypraga 2.9 sB) 1.22 5B raua kamasgu Ba mryHmail KuinO, OyHIal KUCKa
TYJIKUHIM HYpPJIAHWII DHEPIrUsACHHU Y3yH TYJIKMHIM (), 1ojocara y3aTHIL
camapagopyuru yprada 0.42 HUA Tamkuia 3Taad. XyAad LIy MHoJjiacaja FOTWITaH
Hypaanum tymiandmy 80 HM/(1200 — 350 um) = 0.095 OGunan 1.0 ra TeHr
SHEpPreTUK camapajnopiukka osra Oymagu. Illynmait skaH, kBaHTIap OyHIa
SHEprusiciHu WykotMmaiiau. SAxynuma Blactochloris Viridis €pyFiauk WHFyBUYH
aHTEHHAJIapJaruk yMyMUW EpYFIMK TYIUIAHUIOMHA KyWHJaruda >SHEPreTHK
caMapajiopJiukka sra ne6 xucoobmnam myMkuH: 0.24 x 0.42 +0.095 x 1.0 = 0.20.

Koaran ¢QorocunreTnk OakTepusuiap ydyH YTKazuiral XucoOJanuiap
KyHugarnda HEpreTUK camapajiopiiuK KUiMaTiapuHu Kypcarran: R. Rubrum na
yMymMuil €pyruK Tyruiam sHepretuk camapanopiuru 0.19, Rba. Sphaeroidesna
0.26, Chloriobium Phaeobacteriodesna 0.19 Ba nmanobakrepus Synechocystisna
0.14 xuiimaTinapHU MOC paBUIIAA TAIIKUI TTaH.

Vpraumwiran Gakrepusuiapia  Kyéml HYpIAHMIIMHUHT —TYpIH  TYIIKUH
V3YHJUKIApU  TabCUpUJAa  YUFOTWIAAWraH  (DOTOCHHTE3HUHI  DHEPIreTHK
camapanopiuru ~0.20 arpoduna Oynran. Jlekun Oy kabu (POTOCHUHTE3IOBUU
OpraHu3MJIAPHUHT Oupranukaaru gaonustunaa 0y camapaaopiauk 0.50 nax omras.
by camapajopiuUKHUHT  sHaJa  OIIMPWIMINM, IOTWIHIL  CHEKTPJapUHU
ONTUMAJIAIITUPUIN  Ba  KYyJ/UITaHWJIAETraH  (OTOCHHTE3J0BUM  OakTepusiiap
KoMOuMHanuscura OOFIMK XOJJa amajira OIIMPWIUIIM MyMKuH. Typiu
(bOTOCHHTE3JI0BYM OaKTEepUsIIAPHUHT OMPrajuk/ia UIUIAIIK YIAPHUHT (QU3UOJIOTUK
VXIANUIMTAHA XWUCOoOTa olran xosja amanra ommpuiaan. Kypcatu® yrunraxn
mapt Oaxapuiranaa GOTOCUHTE3JIOBYM OakTepusiap OMOJIOTHUK KyEIl SHEPTHsICH
Yy3rapTUpyBYWIAPUHU SPATHUIITa acoc OVIau.

XYJO0CA

1. Xnopodunn QayopecueHIUACH CIEKTPAI-KHHETUK MapaMeTpiapu EpyFiuK
SHEPTUSCUHUHT (DOTOCHHTETHK ammapar EpyFIMK HUFyBYM aHTEHHAIApUAA
IOTWIMIIK, KYYUIIN XaMJa 3apsUIapHUHT peakiys MapKazjapuia TalluiIuiim
Ba TAKCUMJIAHUIIMHU COH JKUXATJaH XapakTepiall HWMKOHUHU Oepuiiu
KypcatuO YTHIIraH.

2. Wnk 6op Taxpubanga KypcaTWUITaHKHU, EPYFIMKHUHT OEBOCHUTA aHTEHHAJaH
KaiiTa  HypjJaHumu  OwinaH  OorMK  OynraH — Xjgopowiui  Te3KOp
dayopecuenusica  (GOTOCHMHTE3  caMapaJoOpJMTMHUHT  MHTErpail  Ba
ANEKTPOHJAPHUHT TeCKapu TAIIWIMIIUIAH XOCWJ OYJIaguraH KeYMKyBYU
dbayopecueHuss ~ dca  peakiUs ~ MapKa3WHUHT  TypJId  KUCMJIApH
camapaJopJUruHuHT auddepeHiman KypcaTkuuu 0yam6 Xxu3maT Kuaaau.

3. AHTeHHaJa EpYyFIUK YHFOHUIIUIAPUHHUHT (PKCUTOHJIAP) KYUMIIM Ba YJIAPHUHT
peakuusi Mapkasziapuaa TYTWIMIIM KOHYHUSTIAPU HMITYJIbC-aMIUIUTY1alln
MoynALus QIIyopoMeTpHUaa YIuaHTaH y3rapyBuaH (iayopecueHuus épaamMmuia
aHUKJIalll UMKOHUSTIIApU 04MO OepuiraH.

4. Unk Oop KeyuKyBud (PIIyOpECUEHUUSHUHI JTaBOMUWIUIH HAHOCEKYHJJIaH
10371a0 MWJUIMCEKYHIraua OyJraH TypJid BaKTHl KOMIIOHEHTIApu €paamuia
(doToCHHTE3 peaklus MapKazlapuaa 3apAIIapHUHT  TECKapu  TallWIuII
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XKapaCHUHYN YPraHuIll IMKOHUHU OCpYBYM TaAKUKOT METOJIM MILIA0 YUKHITaH
Ba KypWIMACH sIpaTUJITaH.

OnyopecrieHnust ~ mapameTpiapu  €paamuia  (OTOMHAKTHUBAIUS  Ba
dboTomyxodasza xapaCHiapyuHUHT OUp BaKTJAaru XapakaTUHU COH JKHXAT/aH
XapakTepjanl HMMKOHUATIapU KypcaTtuO Oepwirad: (OoTOMHAKTHUBALMS Ba
doroxumost  skapaéuiapu OamaHcu  €paamuza  (QPYHKIMOHAI  peakuus
MapKasJiapu COHUHUHT Y3rapullUIapUuHU TaBCU(MIOBUYM MaTeMaTUK Hdoaanap
KUPUTHUIITAH.

Nnk Gop keuukyBuM (IIyOpECHECHLIMUSIHUHT TYpJd BaKTHUH KOMIIOHEHTIIapU
€pnamua ctpecc mapoutujaard (GOTOKUMEBUN peakivs MapKazjiapu Typiau
coxajapujard DSJEKTPOH TAIIWJIUII TE3JIMTMHUA aHUKJIAIl WMKOHHUATIAPH
TaJIKUKOTIap HaTHXKacuaa Kypcatud Oepuiras.

OputManaru 6akTepruoXIopoPui 6 MOJEKyIatapy OKCUAJIAHUII JapakaCUHU
dayopecteHIus MaKCUMyMJIapU MHTCHCUBIUMKIAPUHUHT MyHOcabaTtura Kapao
AQHUKJIAITHUHT COJ|/Ia CTICKTPaJl METOIH TaKJIU(] dTUITaH.

Nnk OGop TagkukoTiap Hatwxkacuja xJjopodusuiap, OakTepuoxiopoduiap
XaMmJia yJapHUHT Oup KaTop OWpUKManapu HOTUIUII Ba (QIIyOpecHEHIINs
CIIEKTpJiapu ypad TypraH MoJIeKynajiap TaOuatura OOFIMK XOjda KarTa
y3rapuiiapra ydpaimu Ba SKAH WHQPAKU3WI COXaJard SHTU MEepPCIEeKTUB
dboToceHcubuam3aropiaap cudarugarn OupUKMaap OYIUIIN MYMKHHJIMTU
KypcaTub OepuiiraH.

®dotocuntetuk Blastochloris viridis Oaxrepusich (OTOCHHTETHK ammapaTH
GyHKIIMOHAT CTPYKTYPACUHUHT T€H HHXXEHEPUS yCyJI OWIIaH Y3rapTUPUITUIIH,
IOTUTUII Ba (DITyOpecleHrs CIeKTpiapuaa y3 aKkCUHU TOIMyBYM (DOTOCHUHTE3
DHEPreTUKACUHUHT cudaT IKUXATHAAH Y3rapunuiapura ojIu0  KeJUIn
ypHatunrad. bup rypyx (orocuHTE30BUM OakTepusIapaH TAIIKWI TOITaH,
HaTWKaBUU dHEpreTHk camapagopiauru 50% naH 10Kopu OYIIraH sSHCY THUIJIArd
SHEPTHUS Y3rapTUPYBYU MOCIIaMa TaKJIA(] STUITaH.
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HAYYHBIN COBET IO MPUCYKJAEHUIO YYEHOM CTENIEHU
JOKTOPA HAYK 16.07.2013.FM/T.12.01 npu PU3NKO-TEXHUNYECKOM
HHCTUTYTE HAYYHO-ITPOU3BOACTBEHHOI'O O BEIUHEHU A
«PU3UKA-COJTHHE», HHCTUTYTE HOHHO-IIJIASMEHHbIX U
JA3EPHBIX TEXHOJIOTUI U CAMAPKAHJICKOM
I'OCYJAPCTBEHHOM YHUBEPCUTETE

UHCTUTYT HOHHO-ILIASMEHHBIX U JIASBEPHBIX TEXHOJIOTUH

HEMATOB HIEP30/ KAJTAHJIAPOBHNY

CHEKTPAJ/IBHO-KUHETHYECKHUE XAPAKTEPUCTUKHU
OJYOPECHEHIUU XJIOPODPUJIVIA B POTOCHUHTE3UPYIOHINX
CUCTEMAX

01.04.05 — OnTuka (pu3nKo-MaTEeMaTHYECKHE HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIINN

Tamxent — 2015 roa



Tema nOKTOpCKON AMccepTaluMM 3aperucTpupoBana moa Homepom 12.05.2015/B2015.1.FM198 B
Boicuieii arrectannonnoi komuccuu npu Kabunere Munuctpos Pecny0uauku Y30ekucras.

Z[OKTOpCKaH AuccepTanusa BBIIIOJIHCHA B I/IHCTI/ITyTe HNOHHO-IUIa3BMCHHLBIX W JIa3€PHBIX TEXHOJIOTHH
Axagemuu Hayk PecniyOnuku Y30exucras.

ABTopedepar auccepTalii Ha TpeX fA3bIKax (y30EKCKWH, PYCCKHM, aHTTIMHCKUN) pa3MelleH Ha
BeOcTpanuie Hayunoro coera mo aapecy (www.fti-kengash.uz) u MadopmanronHo-00pa3oBaTebHOM
nopTaiie «Ziyonet» o aapecy (Www.ziyonet.uz).

Hay4Hblil KOHCYJIbLTAHT: 3axu0B JpKUH Ar3aMoBHY
JIOKTOP (PpH3MKO-MaTeMaTHYECKUX HayK, podeccop

OdunuanbHbie ONMOHEHTHI: Baxpamos Caray/uia Aoay/uiaeBud
JIOKTOP (PpH3MKO-MaTeMaTHYECKUX HayK, podeccop

KymabaeB AoayBoxuja KymadaeBu4
JIOKTOp (PU3UKO-MaTEeMaTHIECKUX HayK, mpodeccop

KOcynoB xaBnat bakumxaHoBu4
JIOKTOP (PU3MKO-MaTEMATHIECKUX HAYK

Benymias opranmzanus: HanuonajabHblii yHUBEpPCUTET Y30€KUCTaHA

3amuTa COCTOUTCH « » 2015r. B dacoB Ha 3acenaHuu HayuHoro coBera
16.07.2013.FM/T.12.01 npu ODUZHKO-TEXHUYECKOM HHCTHTYTE, HWHCTUTYTE HOHHO-IUIa3MEHHBIX H
Na3epHbIX TexHomorui u CamapkaHICKOM rocynapcTBeHHOM yHuUBepcutete (aapecc: 100084, r.TamkeHt,
yi. bomom3op itynu - 26. Ten./®akc: (+99871) 235-42-91, e-mail:lutp@uzsci.net).

C IOKTOpCKOH IuccepTaneil MOKHO 03HaKOMHTHCS B MH(popManmoHHO-pecypcHOM IeHTpe DPu3uko-
TEXHUYECKOTO WHCTHUTyTa (3apeructpupoBana 3a Noe ) (ampecc: 100084, r.Tamkent, yi. bomom3sop
fynu - 26. Ten.: (+99871) 235-30-41).

ABTopedepar AuccepTalnuy pa3ociaH « » 2015r.

(mpoTokoun pacceuiku Ne oT 2015r.).

C.JL JlyTnyanaeB
IMpeacenarens Hay4yHOro coBeTa MO MPUCYKICHHIO
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BBenenue (AHHOTAUA JOKTOPCKOM IMCCEPTALIMHN)

AKTYaJlbHOCTh M BOCTPe0OOBAaHHOCTH TeMbl Auccepraumu. [IpoOremel
CO3JaHUSl HOBBIX IIOKOJICHHMM HWCTOYHUKOB OHHEPrUU SIBISIIOTCA OJHUM U3
BAKHEHILNX BBI30BOB I uyesioBedyecTBa B XXI Beke. «bbIcTpoil pocT HaceleHus
3eMiii U TOCTOSIHHOE YBEJIMYEHHE CpPEJHEAYIIEBOro MOTPeOJIEHUs HHEPruu
YKa3bIBaIOT HA TO, YTO K CEPEIMHE HALIETro CTOJETUS! BbIpA0OTKA SHEPTUH JOKHA
YBEJIMYUTHCS ¢ HbIHEmHUX 15 TBt g0 ~40 TBt»'. B HACTOSIIEE BpEMS
OOJIBIIMHCTBO NMEPBUYHBIX UCTOUHHUKOB SHEPTUH, UCIIOJIB3YEMbIX 10 BCEMY MUDY,
COCTaBJISIIOT HEBO30OHOBIISIEMbIE M OTpaHUYEHHbIE pecypchl. Kpome Toro, Takue
HEBO300HOBIISIEMbIE HMCTOYHHUKH OTHOCATCS K MCKOIIAaeMOMY TOILUIUBY (YyroJib,
He(QTh, Ta3), HCIOJb30BAaHHUE KOTOPOTO BBI3BIBAECT 3arpsA3HEHHE OKpYKarolen
Cpelbl, OTPULATENBHO BIIMSAS HAa 3J0POBbE M KAdye€CTBO XKM3HM JIOJIEH, KaK Ha
pPETMOHAIBHOM, TaK W T00anbHOM ypoBHE. s 3pexTUBHOrO pemeHust 3Tou
poOJIeMbl, P COXPAHEHUU PACTYIIETO YPOBHS >KU3HU JIIOJCH, KIIOUYEBYIO POJIb
JOJDKHO ChITpaTh 0o0Jiee MHTEHCHUBHOE HCIOJIB30BAaHME HOBBIX BO300HOBIISIEMBIX
MCTOYHUKOB HEPTUHU.

B xuBOil mpupoje Takke NPOUCXOAUT TIJI00albHOE MpeoOpa3oBaHUE U
HAKOIUIEHUE DHEPrUU COJHEYHOrO0 MW3JIy4YEHUs, KOTopas B MOCJIEIYIOLEM
pacxonyeTcs Ui MOAJEP/KaHUs KUZHEIEATEIbHOCTH BCETO )KUBOro. PoTOCHHTES,
SBIIIETCS. KAaK KOMIUIEKC (DU3MKO-XMMHUYECKMX IPOLIECCOB IPeoOpa3oBaHUs
PHEPrMM CBETa B HHEPrUI0 XUMHUYECKUX CBsI3€d CHELMAJIbHBIX OHOMOJIEKYII.
AHanu3 mnoKa3bplBae€T, YTO Ha IYTH CO3/aHUS HCKYCCTBEHHOro (poTocuHTE3a
UCCIIEIOBATENN BCTPEYAIOTCS ¢ MpoOiieMaMu, AJii KOTOPBIX MO HACTOSIIEE BpeMs
HE HalJEeHbl MPUHLMIHAIBHBIE pEIIEHUs, B TOM YMKCIIE CBSA3aHHBIE C
3¢ (GeKTUBHBIMU (DU3MUECKUMHU MEXaHM3MAaMHU M ONTHMAaJIbHBIMU CTPYKTYPHBIMU
cxemamu. He cMoTpsi Ha 3TO, AOCTUTHYT 3HAYMUTEIBHBIM MPOrpecc B CO3MaHUU
pa3IMYHBIX MOJEIBHBIX CHUCTEM HCKYyCCTBEHHOTO (Qorocunre3a. Kommanus
Toshiba HemaBHO mpeAcTaBHIa CBOKO BEPCHIO MOJEINW HCKYCCTBEHHOTO
dboTocuHTEe3a, 00J1aIal0IIETO PEKOPIHON HA CETOAHSAIITHUN 1eHb Y(PPEKTUBHOCTHIO
1,5%.

[Ipu sTOM, M3yueHue (PuU3NYECKON MPUPOJbI (PIYOPECUEHTHOIO H3Iy4YEHUs
(doTocuHTE3UpPYIOLUMX cUcTeM, 3(P(PEKTUBHOCTH NIPEOOpa3OBaHus B HUX DHEPIHUH,
BO3MO>KHOCTH  NPUMEHEHMsS  (DIYyOpPECLEHTHBIX [OKa3aTeled B  KadyecTBe
MHCTPYMEHTA MOHUTOPUHIA POCTA U PA3BUTHUSA PACTEHUM, a TAK)KE€ HOBBIX ITyTEH
pelieHuss npobiieM 3HEPreTUKH, SIBISIOIIUXCS, B HACTOsALIee BpeMs, KpailHe
aKTyaJIbHbIMH HAa MHUPOBOM YPOBHE, CIIy’KaT OCHOBOW JUISl CO3JaHUs HAYYHBIX
IOPUHLIMIIOB HCKYCCTBEHHOro (DOTOCHHTE3a, KOTOpPhIE MOTrYT OBITh HOBBIMHU
UCTOYHUKAMU aJIbTEPHATUBHOMN SHEPrUU U 0OOCHOBBIBAIOT aKTyaJIbHOCTh JAHHOI'O
HAy4YHOI'O UCCJIETOBAHMSL.

! Criswell D. R. Energy Prosperity within the 21st Century and Beyond: Options and the Unique Roles of the Sun
and the Moon, innovative solutions to CO, stabilization, Watts R. Ed. // Cambridge: Cambridge Un. Press, 2002. —
68 p.
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N3MeHYMBOCTh NPUPOJHBIX YCIOBUW, HEXBAaTKa MHHEPAIbHBIX BEIIECTB, a
Takke crneunduyueckue (PU3NOIOTUYECKHE OCOOCHHOCTH PACTEHHUH MOTYT
3HAYUTEIBHO CHU3UTH 3PQPEKTUBHOCTh (POTOCHMHTE3a. BbIsiBIEHHE TPUPOABI
TAaKOro BO3JEHCTBUA M pa3paboTKa OBICTPBIX, HEPA3PYIIAIOIIUX METOJOB OLIEHKU
(OTOCHHTETUYECKONM AaKTUBHOCTH IIOCEBOB pA3JIMYHBIX CEJIXO3KYJIbTYp MpHU
HAJIMYUM YKa3aHHBIX HEOJarompusTHBIX YCIOBUM Ha OCHOBE JOCTHIXKEHUU
COBpPEMEHHOM (DM3HUKH, a TaKXKE€ CO3/laHhE M MPUMEHEHUWE HAa MPAKTUKE HOBBIX,
NEPEIOBbIX HAayYHBIX pPa3pabOTOK M TEXHOJOTUW MPEACTaBIACT COOOW BaKHYIO
HAYyYHO-TIPAKTUYECKYIO0 3ajayy M 00yclaBIuBaeT BOCTPEOOBAHHOCTh TEMBbI
JUCCEPTALIMH.

CBs3bp HCCJIEI0BAHMI € NPHOPUTETHBIMH HANPABJEHUSIMH Pa3BUTHS
HAYKH M TeXHoJIoruii B pecny0auke. VcciaenoBarenbckas paboTa BHITIOJIHEHA B
COOTBETCTBHUM C MPUOPUTETHHIMU HAIMPABICHUSIMU Pa3BUTHUSL HAYKU U TEXHOJIOTUH
B pecnyOmuke: 2 — « DHEpreTHKa, 3HeEpro- U pecypcocoepexenue» u 3 — «Pa3surtue
Y MCIOJIb30BaHUE BO30OHOBIIIEMBIX HICTOUHUKOB SHEPIHI.

O030p MeKAYHAPOAHBIX HAYYHBIX HCCJIEOBAHMI 1O TeMe AUCCePTALMU.
[To wu3ydyeHuto mnpupoibl  (POTOCHHTETUYECKOIO  IMpeoOpa3oBaHMsl  CBETA,
BO3JICHCTBUSI CTPYKTYPHBIX OCOOEHHOCTEH W BHEIIHUX cTpecc (HaKTOpoOB Ha
3¢ PekTUBHOCTh (DOTOCHMHTE3a B PACTEHUSIX U (POTOCUHTE3UPYIOMIUX OAKTEpUsIX, a
TaK)Ke€ TMyTed CO3/JaHMsl HCKYCCTBEHHOro (hOTOCHHTE3a, 00eCIeynBarOIINX
abdexTuBHOE TpeoOpa3zoBaHUWE CBETAa, KaK W B MNPUPOJHOM (HOTOCHHTE3E B
Hay4YHBIX  I[EHTpax  NEpPeAJoBbIX  CTpaH, YHUBEPCUTETaX U  HAy4HO-
MCCIIEIOBATENIbCKUX HMHCTUTYTAaX, B YaCTHOCTH, yHUBepcutere Ocaka (SAnonus),
yHuBepcutrete Yukaro (CILIA), buoxumuueckom yHuepcutere Makca Ilnanka
(I'epmanus), Ilropuxckom mnonutexHuueckoM yHuBepcutete (IBeitnapus),
yHuBepcutete Mape (AHIIKA), HalHMOHAJIBHOM HCCIENI0BATEIBCKOM ILIEHTPE
WNrtanun 1 MOCKOBCKOM TrocyIapCTBEHHOM yHuBepcurere uM. M.B. JIomoHOCOBa
(Poccust) akTUBHO TPOBOAMUTCSI HAYYHO UCCIIEIOBATEILCKUE PAOOTHI.

[lo HampaBlieHHIO HCCIIEOBAaHUM AMCCEPTAllUd, HA MUPOBOM YpPOBHE ObLI
pelIeH Pl AKTyalIbHBIX MPOOJIEM U MOITYUYEHBI CIAEAYIOIINE BaKHEUIIINE HAYYHbIE
pe3yibTaThl: C NPUMEHEHHEM (DIIyOpEeCUEHTHO-CIEKTPOCKONMMYECKUX METO/I0B
ObUIM M3Y4YEHBbl CTPYKTYPHO-(YHKIIMOHAJIbHBIE XapaKTEPUCTHKU, DHEPreTHKa U
NepBUYHBIE Tpolecchl (POTOCHMHTE3a pACTEHUN, KBAHTOBAas W DHEpreTHyeckas
3¢hHEeKTUBHOCTH (DPOTOCUHTEZUPYIOMINX CUCTEM B L[IOpUXCKOM MONUTEXHUYECKOM
yHuBepcurete (LlIBelinapusi) 1 MOCKOBCKOM TOCYJJapCTBEHHOM YHUBEPCHUTETE HUM.
M.B. JlomonocoBa (Poccusi), a Takxke s TOBBIIIEHUS IOKa3aTems
s dexTuBHOCTH hoTOocuHTe3a B YHUBepcuTeTe r.0caka (AnoHus) u yHuBepcuTeTe
Mape (Anrausi) ObUIM CO3MaHBl CHUCTEMBI HMCKYCCTBEHHOTO (hoTOCHMHTE3a C
npUMEHEeHHEeM HanboJiee ONMTUMAaIbHBIX COCTABHBIX ITUTMEHTOB.

B HacTosimiee BpeMmsi MpPOBOASTCS HAYYHO-UCCIEAOBATENIbCKUE PadOTHI 110
TaKUM aKTyaJbHBIM HAMNpaBJICHUSIM, KaK HW3y4YeHUE (PU3NUECKHX MEXaHU3MOB
dboTocuHTE3a, UX B3aUMOCBS3b C (iyopeciieHMe xiaopoduiiia, BpeMEHHbIE U
HHEPreTUYecKue CBOMCTBA (POTOXMMHUYECKHX MPOLECCOB B (DOTOCHUHTE3UPYIOIIMX
OpraHu3Max B LEJOM, WIM B pa3jIMYHBIX Npernaparax, BbIACICHHBIX M3 HUX, a
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TaKXKe, CO3JaHue OBICTPBHIX U IPPEKTUBHBIX METOJOB KOHTPOJS BO3AEHUCTBUSA
BHEIIIHUX CcTpecc (PaKkTopos.

CreneHb  M3YYeHHOCTH  mNpoOJjieMbl.  YHHKajdbHas  CIOCOOHOCTh
(OTOCUHTE3UPYIOIIHUX CUCTEM npeoOpa3oBbIBAThH HIUPOKUIA CHEKTp
(OTOCHHTETUYECKH AKTUBHOM paJuallid COJHEYHOIO H3JIYYEHHUs B HSHEPTHUI0
OMoOMoONIeKyJ,  (U3MYECKHMEe  MEXaHU3Mbl,  OOECIEYHMBAIOIIME  BBICOKYIO
3¢ (PexTUBHOCT, TpeoOpa3oBaHus, a TakXKe pa3jIUMYHbIe JTarnbl MEPBUYHBIX
npoueccoB  (OTOCHHTE3a,  XapaKTEepU3YIOIMecs BpeMEHaMH OT  COTEH
dbeMTOoCeKyH A 0 JECATKOB MUJUIUCEKYH/I, PEICTABISAIOT OTPOMHBIN UHTEPEC IS
HCCIIeZIOBATENEH B pa3IMYHbBIX 00JACTIX.

Axkanemuk akamemun Hayk Poccum A.B.PyOwH u3yumsn pasiuyHbIC STambl
dboTocHuHTE3a M PACKPBUT MX (PU3UKO-XUMHUYECKHE MeXaHU3Mbl. B 3Toil oOnactu
ObLT TPOBEACH Psifi BaXXKHEUINMX HAYy4YHBIX HCCIeqoBaHuMM, u3 Hux B 1961 .
M.KanbBUH yCTaHOBUJI MOCIIEIOBATEIBHOCTh «TEMHOBBIX» peakiuii GOTOCUHTE3A,
a B 1988 r. XK. /[diuzenxodep, X.Muuens u P.XyOGep OTKpbUIH MOJNEKYJISPHON
CTPYKTYpbl (POTOCMHTETUYECKOIO PEAKIMOHHOIO ILeHTpa. B mpakTtuyeckom
IpUMEHEHUN (IYOPECHEHTHBIX METOJIOB JJIsI MOHUTOPUHra (POTOCHUHTETUYECKOU
aKTUBHOCTU PACTEHHN OrPOMHYIO pOJib Chipaju pa3paboTku ¢iayopoMerpa
UMITYJIbCHO-aMIUIUTYJHOM  MOIYJSUMHA  U3JIy4YEHUs (PAM-dnayopometp)
V.Ilpaitbepa u ananmmzatopa 3¢dextuBHocTH pacteHuit (PEA-anammuzatopa)
P.Ctpaccepa, KkoTOpbie TIO3BOJIMJIM «BBIBECTH» JIaDOpAaTOpPHBIE HM3MEPEHUs
(doToCHHTE3a «HA M0JI€» U MO3BOJIWIN MPOBOJUTH HATypaJbHbIE SKCIIEPUMEHTHI B
€CTECTBEHHBIX YCIOBHSIX.

B V30ekucrane, B naboparopun «HU3NKKA KOHJACHCHPOBAHHBIX CPEI»
UHCTUTYTa MOHHO IUIa3MEHHBIX M JIA3€pHBIX TEXHOJIOTMH, IMOJA PYKOBOJCTBOM
n.¢.-M.H., mpod. 3axugoBa I.A. TPOBOIATCA pPabOTHI TO KOMIUIEKCHOMY
U3YYEHUIO (1yopeceHTHO-CIIEKTPOCKOTMYECKHIX CBOICTB MPUPOJIHBIX
(OTOCHHTE3UPYIOUINX OPraHU3MOB (BBICIIME PACTeHUA U (HOTOCHHTE3UPYIOLINE
OakTepun). B pe3ynbrare 3TUX UCCIEN0BaHUM pa3pabOTaH U BHEAPEH B MPAKTUKY
(bayopeceHTHbIH MEeTOJ Juisl ObICTPOro U 3(h(PEKTUBHOIO MOHUTOPUHIA PEAKIUU
pacTeHMM Ha pa3JIW4yHbIE BHEIIHHUE BO3AEUCTBUA. B  Hacrosumen Bpems
COTpYJHMKAaMU JaHHOW  JabopaTopuu  MPEJIOKEHbl  MPUHIUIBI  pabOThI
UCKYCCTBEHHBIX JHEPronpeoOpa3yrolnMx yCTPOHCTB Ha OCHOBE MUTMEHTOB
IPUPOAHOTO (POTOCUHTE3A.

[IpumeHenne  COBpeMEHHBIX  (U3MUECKHMX  METOJIOB  AJIEKTPOHHOU
MHUKPOCKOIIUH, CBEPXOBICTPOM  JIa3epHOIl  CIEKTPOCKOMHH, aOCOPOLIMOHHO-
(yopecueHTHBIX HCCIIEOBaHMM, a Takke OMOXMMUYECKUX METOJOB BbIIACICHUS
Pa3IUYHBIX CTPYKTYPHO-(DYHKIIMOHANBHBIX E€AUHUI] (POTOCHHTE3a IMO3BOJIWIH
JOCTHYb 3HAYUTEIBHBIX YCHEXOB B IMOHMMAaHMM MEXAaHU3MOB pa3JIMYHBIX
npoueccoB (OTOCHHTE3a pacTeHUN M OakTepuasbHOro ¢gorocuHTe3a. OgHAKO 110
CErOJHSALIHErO0 BPEMEHU OCTAETCSl OTKPBITHIM PsJi NPUHLHUIIHAIBHBIX BOIPOCOB B
sTol obOnactu. HekoTopble M3 3TUX BOMNPOCOB KacarTcs 3S(HPEeKTUBHOCTU
(OTOCHHTETUYECKOTO0 MpeoOpa3oBaHUs CBETa B CTPECCOBBIX YCIOBHSX: MPHU
JUINTEJIbHOM  BBICOKOMHTEHCHUBHOM  OCBEUIEHUHM, HEJOCTATOYHOCTH  BOJBI,
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HEONMarompusITHBIX ~ TEeMIlepaTypax, CKOpPOCTh  (OTOCHMHTE3a  3HAUUTEIHHO
MOJIABJISICTCS] U IPOUCXOTUT JIerpafanusi OTOCHHTETUYECKOTO ammapara.

Ha cerogmsimuuii 1eHb MCCIEOBATEIbCKUE PabOTHI ISl BOCTIPOM3BEACHHUS
MPUPOJHOrO Tpoiecca (PoTocuHTE3a B YIPOIICHHOM, HO Oosiee »hPeKkTUBHOM
BUJIE 7Sl CO3/IaHUS CHCTEMBI UCKYCCTBEHHOTO (POTOCHHTE3a, €Ile HEe MPOBOIATCS
Ha JIOCTaTOYHOM ypPOBHE.

CBsi3b  TeMbl JHCCEPTAIlMM € HAYYHbIMH PpadoTaMH HAy4HO-
HCCJIeI0BATEBCKO  OpraHuM3aluM, TIjJe  BbINOJHEHAa  JAuccepTalus.
HccnenoBarenbckass pabota Oblla BBINOJbHEHA B paMKax MCCIEIOBaHUN
CJIEYIOIINX MPOEKTOB MHCTUTYTAa MOHHO-IIIa3MEHHBIX U Ja3€pHBIX TEXHOJOTHU:
Ne ZB2-2003 (CRDF) «Pa3pabotka (¢uIyOpecleHTHBIX METOJIOB HW3YUYEHUS
(OTOCUHTE3UPYIOMIUX CUCTEM U OlleHKa A (HEKTUBHOCTH UX (HYHKIIMOHUPOBAHUS
(2004-2005), «Y36exucran - Kopes 2008» «M3yueHue mpoIrieccoB TEIMIOBOM
JUCCHUIIALINA CBETOBOM SHEPruM B (POTOCHHTETHYECKOM ammapaTe pacTeHUi
dotoakyctrnueckumu Metogamu» (2008-2011), No D2-OA-D147 «U3yuenue
(bU3HUECKUX MEXaHU3MOB BBICOKOA(()EKTUBHOIO MpeoOpa3oBaHUsl COJHEYHOU
SHEPruu B NEPBUYHBIX nporeccax (otocunre3a» (2012-2016) u Ne GA-A4-D047
«Pa3paboTka (ayopecueHTHBIX METOJO0B U NPUOOPHBIX CPEACTB MOHUTOPUHIA
addexTuBHOCTH (HOTOCHHTE3A B CeNX03KYyIbTypax» (2015-2017).

LHeabo muccieqoBaHusi sBisieTcss pa3paboTka (PU3MYECKUX OCHOB U
omnpefereHue  ONTUMAIbHBIX  MapaMeTpoB  (IYyOPECIEHTHOrO  KOHTPOJIS,
3¢hHEeKTUBHOCTH (OTOCUHTETHUUYECKOTO TMPeoOpa3oBaHUsl COJIHEYHON JHEPTHH,
UCIOJNb3ysl  CHEKTPaJbHO-KMHETUYECKHUE  XapaKTEepUCTUKH  (piyopecueHuuu
xyopoduiia B pacTeHUSIX U (POTOCUHTE3UPYIOMINX OaKTEPHUSIX.

Jnst  poctkeHus OSTOM  1enu  cHOpMYJIMPOBAHBI  CIEAYIONIUNE 3adadu
HCC/IeI0BAHMA:

CO3/IaHME€  JOKCIIEPUMEHTAIBHBIX yCTAHOBOK W  METOJOB  H3YUYCHHS
bayopectienuu ~ xyopodmwima B (HOTOCHHTE3UPYIOIIUX  CHCTEMax  IpHU
HEMPEPBHIBHOM BO30YKJIEHUHU, UMITYyJILCHOM BO30Y>KICHHH C BHICOKUM BPEMEHHBIM
paspelieHuemM, a TaKxkKe MpU «IBOWHOMY BO30YKIECHUH, OJJHOBPEMEHHO CO CIa0bIM
HETNPEPBIBHBIM M CUJIbHBIM UMITYJIbCHBIM U3JTy4YCHUSMU;

pa3paboTKa METOJAMKU UCCIIEIOBAHUS KMHETUKUA MHAYKIUU (PIyOpEClCHIINH
(OTOCUHTE3UPYIOIIUX CHUCTEM, a Tak)Ke M3MEpPEHHUE IMapaMeTPOB WHAYKIUHU IS
ornpeeneHus: aKTUBHOCTH U 3(()DEKTUBHOCTHU MEPBUYHBIX MPOIECCOB (POTOCUHTE3A
B (DOTOCHMHTE3UPYIOLIUX OpraHU3Max;

OPUMEHEHHE CHCTEM MOHMTOPHUHra (OTOCHMHTETUYECKOW aKTUBHOCTH
PacTeHUI B «IIOJIEBBIX)» YCIOBHUSIX METOJAOM UMITYJIbC aMIUIUTYAHONW MOAYJISILIMU, B
TOM YHCJIE €€ CYTOUHBIX U3MEHEHUM;

U3y4duTh (IayopecueHunn OakTepuoxjopopmiia B (POTOCHHTETUYECKUX
OaKTEpHUsIX € TEHHO-MOJAU(ULIHUPOBAHHON CTPYKTYpOHd (POTOCMHTETHUECKOrO
ammapaTa JJs YCTaHOBJICHHUS B3aHMMOCBSI3U MEXIYy MapameTpaMu (IyopecleHIIun
U CTPYKTYPHBIMU OCOOCHHOCTSIMU B HHX;

BBISIBUTh B3aHMHYIO CBSI3b «CTPYKTypa-dHEpreTHKa-(QYHKIIMOHUPOBAHUE)» B
doToCcHHTE3€ C TOMOIIBIO a0COPOUMOHHO-(PIIYOPECUEHTHBIX XapaKTEPUCTHUK
(OTOCUHTE3UPYIOIIUX CUCTEM IPU KOMHATHOU U KPUOTEHHBIX TEMIIEpaTypax;
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U3YYUTh  CIEKTPAJbHO-KUHETUYECKHE  XapaKTEPUCTUKU  OBICTpOH U
3aMeUIeHHON  (ayopecueHIMUd  (HOTOCHHTE3UPYIOIIMX  OPraHU3MOB  IIpHU
BO3/ICHCTBUM HEOJATONPUATHBIX TEMIEPATYP U BHICOKOMHTEHCUBHOTO OCBELIEHUS,
U pa3paboTaTh Ha 3TOM OCHOBE METO/Ibl OLIEHKHU BO3ACHCTBUS TAKUX CTPECCOB;

U3YUYUTh (PU3NYECKYIO TPUPOAY M OBICTPYIO KMHETHKY IMPOLIECCOB NEpPEeHoca
3apsaa MO IENU TPAHCIOPTa JJIEKTPOHOB PEAKIMOHHOIO IEHTpa € MOMOUIBIO
3aMeJIEHHOM  (IyopecueHIMM  HaHO-, MHKpPO- W MHWJUIMCEKYHIHOMU
JUTUTEIIbHOCTEM;

OLICHKA DJHEepreTuyeckod dS(PQPeKTUBHOCTH MpeoOpa3oBaHUsI COJHEUHOU
HEPrUM B MHOTOKOMIIOHEHTHBIX slU€HKaX C pa3IMYHBIMU (POTOCHHTE3UPYIOIIUMU
OaKTepusiMHU, C YyUY€TOM MHJIUBUIYAJbHBIX CHEKTPOB MX MOTJIOUICHHSI COJIHEUHOTO
U3ITyYEHHUS.

O0bekTOM  HMCCJIEJOBAHMS  SIBJSIIOTCA  JINCThS  BBICIIMX  PACTECHHM
(XJIOMYaTHUK MECTHBIX COPTOB, IIMHHAT), LEdble 00pa3ubl (POTOCUHTE3UPYIOMINX
OakTepuii W  BbIACNEHHBIE W3 HUX  (QYHKIHOHAJIbHBIE  CyOBEIMHHIIBI
(porocuHTEeTHUECKHE MEMOpaHbl, CBETOCOOMpAIONIME AHTEHHBI, PEAKIIMOHHBIN
IEHTP), a TaKXe MOHOMEpPHBIC (PAaCTBOPEHHBIE B OPraHMYECKUX PaCTBOpax)
(OTOCUHTETUYECKHE TUTMEHTBHI - XJIOPOPHUILIbI, 0AKTEPUOXIOPODUILIBL.

IIpeamerom mucciaegoBaHusi SBISIIOTCA  (PU3UKO-XMMHUYECKUE IPOLIECCHI
MOTJIONIEHNUS. M MUTPAIlMM CBETOBOM SHEPIMM B CBETOCOOMPAIONICH aHTEHHE,
pasziesieHus: U MepeHoca 3aps0B B PEAKIMOHHBIN LEHTP (POTOCHHTE3UPYIOUIUX
OpraHM3MOB B OJIArONPUSATHBIX OKPYXAIOMIMX YCIOBUSAX M IPU BO3AECUCTBUU
Pa3IUYHBIX CTpecc-(PaKToOpoB.

Metoasbl uccienoBanus. B auccepraninoHHoi paboTe MPUMEHEHBI METObI
a7IcOpOLIMOHHON U (IIyOpEeCUEHTHONW CHEKTPOCKOMHMH, B TOM YHCJIE C BBICOKUM
BPEMEHHBIM pa3pelIEHUEM, UCIOJIb3Ysl MMIYJbCHBI Jla3ep Ha TIpaHare ¢
HeogumMoM (532 um, 100 mc) u azorueid nazep (337 um, 7 Hc). Beicokue
YYBCTBUTEIBHOCTH B HW3MEPEHHHM pa3JIMYHBIX KOMIIOHEHTOB OBICTpOH U
3aMeIJIEHHON (IyOpecleHIIM JOCTUTHYTHl NPUMEHEHHUEM METoAa CTpPOoO-
UHTEIPUPOBAHUSL  KOPOTKMX  HMMIYJbCOB IMPU  UMITYJIbCHO-IIEPUOIUYECKOM
BO30YXKJIEHUM C BBICOKUMH vactoTamu mnoBTtopeHus (1o 10 kI'u). MoHuTOopuHT
(OTOCHHTETUYECKONM AKTUBHOCTH PACTEHUN B IMOJIEBBIX YCJIOBHUSX IPOBENIEH C
npuMeHeHueM (IIyopoMeTpa UMITYJILCHO-aMILTUTY THONW MOIYJISIUY.

Hayuynasi HoBU3HA HcCJIeJOBAHUSA COCTOUT B CJIEIYIOLIEM:

CO3JaHbl  HAy4YHbIE  OCHOBBl  METOJUK  PETHCTpalMy  MapaMeTpoB
dayopecteHImu (HOTOCUHTE3UPYIOIUX CUCTEM B pEXUMAX in Vitro w in vivo,
NO3BOJIAIOIINE BBIABIATE (U3NYECKYI0 NpUpOAy (TMOIVIOMIEHHUS W MUIPALUU
CBETOBOM SHEPIUHM B CBETOCOOMpAIOLEH aHTEHHE, pa3/eleHUs U IepeHoca
3apsI0B B PEAKLIMOHHBIN LIEHTP) MEPBUYHBIX ITPOLIECCOB (POTOCUHTESRA;

pa3paboTaHbl HOBbIE METOJAMKH MOHHUTOPUHTA 3(P(PEKTUBHOCTH (HOTOCHUHTE3A
C TMOMOWIbIO  CHEKTPaJIbHO-KMHETUYECKON  XapaKTEpUCTHUKU  OBICTpOM U
3aMenyieHHoN  (QuyopecueHUMH — (OTOCHUHTE3UPYIOIIUX  OPraHU3MOB  IpU
BO3JICHCTBUU PA3IMYHBIX CTpecC (PAKTOPOB;

BIIEPBbIE JKCHEPUMEHTAIBHO ONPEJEICHbl BPEMEHHbBIE XapaKTEPUCTUKHU U
CKOPOCTb TPAHCIIOPTAa DSJIEKTPOHOB B pA3JIMYHBIX YYacTKax IENU TpaHCHopTa
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AIIEKTPOHOB B PEaKIMOHHBIN IIEHTp (oTocucTemsl Il mo mapamerpam 3amenieHHON
¢iryopecueHINN 1 KHHETUKH UHIYKIIUN ObICTPOH (piryopeceHnny;

JIOKa3aHO, YTO TEMHOBas (DJIyopecUEHUUs JIUCThEB PACTEHUM MOKET CITY>KUTh
MIOKAa3aTeJIeM MHTErPUPOBAHHOCTH CBETOCOOMPAIOIIEH aHTEHHBI U PEAKIIMOHHOTO
HeHTpa B (POTOCMHTETHYECKON MeMOpaHe, a pa3pylleHHWE TaKoW HHTerpauuu
MPUBOJNUT YBEIUUCHUIO HHTEHCUBHOCTHU TaKo# (1yopecleHINY;

BBISIBJICHBI 3aKOHOMEPHOCTH MUTPALIMKM SHEPIHH CBETOBOT'O BO30YXICHUS B
cBerocoOuparoleil aHTEHHE M €€ 3axBaTa B PEAKIMOHHBIM LEHTP C JABYyMS
busznueckumMu  MoAesIMU  (MOZENHM  «O03epa» U «IyXKH»)  CTPYKTYpbI
(OTOCMHTETUYECKOTO arnmapara;

HKCIIEPUMEHTAJILHO 0O0CHOBAHO, YTO XJIOPODHILIBI, OAKTEPHUOXIOPOPUILIBI U
pAN MX IPOW3BOJAHBIX SBISIOTCS NEPCHEKTUBHBIMU COCAUHEHUSIMU B KauyecTBE
dboTocencubunm3aTopoB, padotaronux B OmmxHemM WMK-namanazone. BrisBieHo,
YTO CHEKTPbl MOMIOWEHUs U (QIYOpPECHEHIUMU HSTHUX COEAMHEHHM MOryT
IpeTepreTh 3HAYUTEIbHbIE HW3MEHEHHMS B 3aBUCUMOCTH OT MOJIEKYJIIPHOTO
OKPY>KEHUS;

BIIEpBbIE pa3pabOTaHbl HAYYHBIE OCHOBBI HEProNpeoOpa3yoIuX yCTPONUCTB
HA OCHOBE TIpyIIbl  (POTOCHHTE3UPYIOMX  OakTepuil ¢  CyMMapHOU
sHepreTudyeckor  spdektuBHOCTHIO  Oonee  50%  mo  aHamorum €
MHOT'ONEPEXOIHBIMU MOJIYIIPOBOJHUKOBBIMHU (OTOBOJIBTANYECKUMU
YCTPOWCTBaMH.

IIpakTHYeckue pe3yJabTaTbl HccaeA0BaHusl. Pa3paboTaHbl MeETOABI U
npuOOpHBIE CpeAcTBa JUIsl  OIpeaeneHus: (OTOCUHTETUYECKON aKTUBHOCTHU
pacTeHuii U (HOTOCHHTE3UPYIOIIUX OaKTepuil, YTO MOXKET HCIIOJIb30BATHCS IS
MOHUTOPUHIA POCTa M Pa3BUTHUSA, PA3JIMYHBIX CEIBXO3KYJIbTYp, a TaKXKe s
OLICHKM BO3JECHUCTBHS HAa HUX HEOJAroNpUATHBIX OKPYKAIOIMIMX YCIOBUM.
[TpennoxxeHHas: cucteMa U3 rpynmnbl MypoypHbIX (OTOCHUHTE3UPYIOIUX OaKTepui,
NOTJIOIIAKIINX B Pa3HbIX YacTaX BUIMMoro u ommkHero MK-nuanazona crekrpa
MOXET CIYKUTh BbICOKOA((EKTUBHBIM MpeoOpa3zoBaTeiIeM IIHUPOKON MOJOCHI
COJIHEYHOT'O U3ITyYEHHUS.

JloCcTOBEpPHOCTH pe3yJIbTaTOB nccJie[0BaHusA 000CHOBBIBAETCS
PUMEHEHUEM COBPEMEHHBIX METOJIOB M TOJIXOJIOB ONTHKU U JIa3epHON (U3UKHU
JUISL UCCIIEIOBAHUN TaKUX Clelu(PUUecKux OO0BEKTOB, Kak (POTOCHMHTE3UPYIOIINE
opranu3Mbl.  THiaTenbHO  NPOAHAIU3UPOBAHBI  YCJIOBUSL  JKCIEPUMEHTA,
UCIIOJIb30BaHbl COBPEMEHHBIE M3MEPUTEIbHbIE MPUOOPHI C BBICOKOM TOYHOCTHIO,
TIIATEIbHO 00paboTaHbl pPe3yibTaThl AKCIEPUMEHTOB. BBIBOIBI OCHOBaHBI Ha
0a30BbIX MOJIOKEHHUSIX TEOPETHUYECKHX pPAa0OT, MOCBSIICHHBIX H3YYEHHIO
¢u3nyecKux MEXaHU3MOB NEPBHUYHBIX IMPOLECCOB (POTOCHHTE3a, M IMOJHOCTHIO
COIJIaCYIOTCS C pe3yJIbTaTaMU JPYTUX aBTOPOB.

Hayuynasi u npakTuyeckasi 3HAYHMOCTb Pe3yJIbTATOB MCCJICAOBAHUS.
HaydHast 3Ha4uMOCTh pe3yJbTAaTOB HCCIEAOBAHUN HACTOSIIECH JUCCEpTalUU
3aKJII0YaeTcsl B pa3paboTKe KOHUENUUHU (PIIyOpEeCHEHTHOIO0 KOHTPOJIS MEPBUYHBIX
npoiieccoB (oTocuHTe3a B (OTOCUHTE3UPYIOIIUX OpraHu3Max | IMPOBEJCH
TEOPETUYECKUM aHajdu3 MUIpPAlMd DHEPrud  CBETOBOrO BO30OYXKIECHHS B
reTepOreHHON CBETOCOOMpAlOIel aHTEHHE W TepepaclpeesieHusl 3TOH YHEpruu
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[0 pa3IMYHbIM €€ CyOBbEAMHHMIIAM B 3aBUCUMOCTH OT CKOPOCTE€W MPsSMOro M
00paTHOro nepeHoca Bo30yKI€HHs MKy HUMHU.

[IpakTryeckasl 3HAUMMOCTb PE3YJIbTATOB MCCIIEJOBAHUMN 3aKJIIOYAETCS B TOM,
YTO MPEJIOKEHHBIE HAYYHO-TEXHUYECKUE PEIICHUS] MOTYT ObITh MPUMEHEHBI JJIs
CO3JIaHHS 3¢ peKTUBHBIX METOIOB (bayopecieHTHOro MOHUTOPHUHTA
CEIbXO03KYJBTYD, MO3BOJISTFOLIUX KOJIMYECTBEHHO ONPENENATh
(OTOCHHTETUYECKYI0O AaKTUBHOCTb M OIEHUBaTh d3PdeKkT HebIaronpusaTHbIX
OKPYXKAIOIIMX YCIOBUM, a TaKkXKe NEPCIEKTUBHBIX 3HEPronpeoOpazyomumx
YCTPOUCTB M3 TpyNIbl (POTOCHHTE3UPYIOIUX OaKkTepuil ¢ pa3HBIMHU IOJOCAMHU
MOTJIOUICHUSI, KOTOPbIE B CyMME, IOKPBIBAIOT MPE00IIaJatolly0 YacTh COJIHEYHOIO
CIEKTpa.

BHeapenue pe3yabTaToB HcciaenoBanusa. Ha ocHoOBe wuccienoBaHui
pa3paboTaHn  (UIyOpeCUEHTHBIA METOJl, KOTOpPbIA TPUMEHEH B  CEJIbCKO-
XO35MCTBEHHOM TMpAaKTHKE, B YAaCTHOCTH JJIA OIpEACIICHUs apamMeTpoB
¢byopecueHIIUN JTUCTHEB 8—MH TE€HOTUIIOB XJIOMYATHHUKA, CO3JAHHBIX METOAOM
reHHoro Hokayta B llenTtpe reHomuku u OuomHpopmaruku (2013-2014).
[lonyyeHHble pe3ysiabTaThl IMOKA3bIBAIOT, 4TO 3((PEKTUBHOCTH (HOTOCHUHTE3a B
FEHOTUNAaX XJIOMYaTHHUKA, CO3JAHHBIX METOJaMU T€HHOro Hokayta Ha 25-30%
BBIIIE, YEM B KOHTPOJIBHBIX COPTaX U CBUAECTEIBCTBYIOT O HOBBIX BO3MOYKHOCTSX
(bayopeciieHTHOrO MOHUTOPHUHTA JJisi KOJWYECTBEHHOM OILICHKH POCTa, Pa3BUTHS
JIAHHBIX CEJIXO3KYJIbTYp; B MEPHUOJ MOJHOW BEreTallud OHU JlajJd BO3MOYKHOCTH
MPOBECTU H3MEpeHus He MeHee 5-6 pa3 ¢ 10-KpaTHBIM MOBTOPOM Ha KaxKJIOM
oOpaslie pacTeHuil, 4TO KayeCTBEHHO IOBBICUJIO JIOCTOBEPHOCTh pPE3YJIbTATOB
(umeetcs cnpaBka o BHenpeHuu oT 03.06.2015r. Pecmyb6nukanckoro Ilentpa
CemenoBojcTBa XnonyatHuka nmpu MCBX PVY3.

AnpoOauus  pe3yjabTaToB  HccjaenoBaHussi. OCHOBHbIE  pe3yJIbTATHI
UCCJIEIOBAHUI anmpoOMpPOBaHbl B PsI€ MEXKIyHapOAHBIX KOH(pepeHumid: «17-
MEXIyHAPOAHBI CHUMIO3UYM IO TOJYNPOBOJHUKAM W MPHUKIATHON (PHUIUKE»
ISPSA-2014 (Kexy, Kopes, 2014), B Y36ekcko - Kopeiickux cumnosuymax (Ceyi
2007, 2011 wu Tamkent 2010), B MeXAYHApOAHBIX KOH(PEPEHIUSIX IO
MonekyssipHoit  crnektpockonuu  (Camapkang 2009, 2013), B  HaydHBIX
KoH(pepeHuax Mononabix ydeHbix (Tamkent 2009, 2010, 2014), a Takke Ha
cemuHapax Jjaboparopuun «®Pu3MKa KOHJACHCUPOBAHHBIX Cpea» U  Ha
o0bequHEeHHOM cemuHape MHCTUTyTa MOHHO-TUIQ3MEHHBIX M JIa3€PHBIX
TEXHOJIOTUH.

Ony0JMKOBAHHOCTH  Pe3yJIbTAaTOB HCCJIeI0BAHMS. [Tosryuennsie
pe3yJIbTaThl O TEME AMCCEPTAlMU U3JI0KEHBbI B 28 Hay4HbIX TpyAax, u3 Hux 10
Hay4YHbI€ CTAaTbU, B TOM 4HUCIe 3 B MEXIAYHApOJHBIX JXypHanax U 18 Te3ucos
OITyOJIMKOBAHBI B TPYAAX MEXIYHAPOJHBIX U PECITyOIMKAHCKUX KOH(pEPEHIUH.

O0beM M cTpyKTYypa auccepraumu. J(uccepranuss COCTOUT W3 BBEICHWS,
IATH TJIaB, 3AKJIIOYEHUS, CIIMCOK HCIOJb30BAaHHOW JUTEPATYphl, 192 cTrpaHnLbl
OCHOBHOT'O T€KCTa, 51 pUCYHOK U 2 TaOIUIIBI.
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OCHOBHOE COIEPKAHUE INCCEPTAIIMN

Bo BBeneHum 00OCHOBaHBI aKTyaJbHOCTh W BOCTPEOOBAHHOCTH TEMBI
JTUCCEPTAIINH, OIPEACIICHa CBS3b MCCIICIOBAHUA C OCHOBHBIMU IMPUOPHUTECTHBHIMU
HAIPaBJICHUAMU Pa3BUTHUS HAYKU M TEXHOJOTHUH B PECITyOJIMKE, IPUBEICHBI 0030p
MEXIYHAPOJHBIX HAyYHBIX MCCIICIOBAHWA TI0 TEME JTUCCEPTAIMH, CTCICHb
U3YYEHHOCTH MPOoOJieMbl, CHOPMYIUPOBAHBI 11€JIb U 3aJa4M, BBISIBICHBI OOBEKT,
IpeIMeT U METOJIbl MCCIEIOBAHUS, U3JI0KEHA HAay4Has HOBU3HA HCCIEIOBaHUS,
000CHOBaHa  JIOCTOBEPHOCTh  TOJYYEHHBIX  PE3YJNbTAaTOB, PACKpbITA  HX
TEOpeTUYecKasl M TMpaKTHUecKass 3HaYMMOCTh, MPUBEACHBI KpPAaTKHE CBEACHHUS O
BHEJIPEHUH PE3YJIbTATOB U ampoOaruu paboTel, a Takxke 00 00beMe U CTPYKType
JTUCCEPTALIHH.

B nepBoii rmaBe «®JIyopecHEHTHAs CHEKTPOCKONHUS IMPOLECCOB
npeodpa3oBaHUsl CBETOBOl JHePruM B (POTOCHMHTE3HMPYHIIHX CHCTEMAX»
JUCCEPTAINK TTPOAHAIM3UPOBAHBI JINTEPATYPHBIC JaHHBIC MO M3YUYEHUIO CBONCTB
dbayopectenuu xmnopodua/bakrepuoxaopoduiuia: oOpa3oBaHUE W PellaKcarlus
BO30Y)KJICHHBIX JJICKTPOHHBIX COCTOSHUH B €IWHUYHBIX MOJICKYJIaX, BIUSHUC
TPYIIIAPOBAHUS 3THX MOJIEKYJT B (POTOCHHTETHYECKON MeMOpaHe Ha IMPOIECCHI
TIOTJIONICHUST CBETAa, MUTPAIIMM CBETOBOTO BO30YXKICHHUS B BHIE DKCHUTOHOB IIO
TUM MOJIEKyJIaM B CBETOCOOMpAIOIIel aHTEHHE M 3axBaT BO30YXKIEHUS
(hOTOXMMHUYECKUM PEAKIIMOHHBIM LIEHTPOM; MPOLECCHl pa3elieHus] U MepeHoca
3apsA/IOB B PEAKIMOHHBIA LEeHTp. PaccMoTpeHa CTpyKTypHO-(YHKIIMOHAIbHAS
opranuzanusi (HOTOCMHTETHYECKOTO arapara, HW3MEHEHUE XapaKTePUCTUK €ro
dayopecteHIuy o1 IeHCTBUEM Pa3IMUHbBIX cTpeccoB. ClenaHo 3aKII0YeHHE, YTO
UCCJICIOBAHUE JUIUTEILHOCTH M KBAHTOBOTO BBIXOJa (PIIYOPECLCHIIMH, a TaKkKe
OCHOBHBIC XapaKTEPUCTUKHU 3aMEIJICHHON (IyOpECICHIINN B PA3IMYHbBIX ITUTMEHT-
OEKOBBIX  KOMIUIEKCAaX (OTOCHHTE3a  YKa3bIBAIOT, YTO  (IyOpPECIICHITHS
xyopodmima MokeTr ObITh WH(OOPMATUBHBIM HWHCTPYMEHTOM JUIsl BBISBICHUS
3aBUCUMOCTH 3 PeKkTUBHOCTH (OTOCHHTE3a OT CTPYKTYPHO-(YHKIIMOHATHHBIX
CBOMCTB (OTOCHMHTETHYECKOTO ammapara pacTeHUH H (HOTOCHHTE3UPYIOIINX
OaxkTepuil.

Bo Bropon rmaBe  gucceprauumu  npuseneHbl  «MeToaMKu M
IKCIEPUMEHTAJbHbIE  YCTAHOBKHM  UIA  H3y4eHHsT  (piyopecueHIIUun
(oTocuHTE3MPYIOIIUX cHUCTeM». B 3aBUCMMOCTH OT TIOCTABJIICHHBIX 3ajady
IPUMEHSIIUCH Pa3IUYHbIe CXEMbI BO30YKICHHS U CUCTEMbI PErHCTpaluu ObICTPON
dayopecleHIIny, a TakKe pa3IuyHble BPEMEHHbIE KOMIIOHEHTHI 3aMeJIEHHOMN
dbnyopecueniuu. Mcxoas u3 3T1oro ObUIHM pa3pabOTaHbl AKCIEPUMEHTAIbHBIC
YCTaHOBKH, B KOTOPBIX B KaueCTBE HMCTOYHWKA BO30OYkKIAeHHS (iryopecieHInu
UCIIOJIb30BAIMNCH HEMPEPHIBHBIE W/WJM  WUMITYJICHO-TIEPUOIUYECKHUE  JIa3ephl,
CBETOMO/IbI, TAMITbI HAKATHMBAHUS.

Jlnst m3ydeHus: (POTOCMHTETHYECKUX TPOIECCOB B JIMCTHSIX PACTCHHA TPH
JTHEBHOM OCBEIIECHUHU B €CTECTBEHHBIX YCIOBHSIX UX POCTA U PA3BUTHS (B IMOJIEBBIX
YCIIOBHUSX) TPHMEHSIICS TMpUOOp, OCHOBAHHBIM HA WCIOJB30BAaHUU JIBYX
MCTOYHHUKOB CBETa — CJIA00TO HEMPEPBIBHOTO MU3ITYYCHHS U CHJIBHOTO M3TyYeHUS B
BUJIC TIOBTOPSIIOIIUXCS HMMITYJIbCOB (MMITYJIbC-aMITUTYTHOH MOJYJISIIMH), YTO
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MO3BOJIMIIO M3MEPSATH KOJIMYECTBEHHBIC XapaKTEPUCTHKH (OTOCHHTETUYECKHIX
MPOIIECCOB B YCIOBUAX BHICOKOMHTEHCUBHOTO JHEBHOT'O OCBEIICHUSI.

dnyopoMeTp  UMIYJIbC-aMIUIMTYJTHOM  MOAYJSILUM  XapaKTepU3yeTcs
CICAYIOIIUMHU CIEKTPAIbHO-BPEMEHHBIMU U MOIIHOCTHBIMU TapaMeTpaMmu (puc.
1): dayopecuenuus Bo30yxaaeTcd KOPOTKUMU MUMITYJIBCAMH CBETOU3IIYYArOIIEr0
JMOJIa IITUTENBHOCThIO ~3 MKC M 4acToTod moBropenust Ao 20 kl'm; 3TOT cBer
IPOXOJUT Yepe3 KOPOTKOBOJIHOBBIM  GuibTp (A<670 HM), a mepen
GbOTONMPUEMHUKOM  pa3MeIlaeTcss JUIMHHOBOMHOBOM — ¢uibtp (A>700 HM),
NpeloTBpallaloNIMil  TMOoMaJaHue Ha  HEro  UMIIYJIbCOB  BO30YXKIEHUS.
BricokocenekTuBHas MMIYJIbCHAs YCHJIMTENIbHAs CHUCTEMa IPOUTHOPUPYET BCE
CUTHAJIbI, 32 UCKIIIOUEHHEM (IIyOpeClCHIINH, BO30YX)AaeMOoil 3 MKC-UMIYJIbCAMHU.
B xauectBe Qoronmpuemuuka ucnonszyercs PIN-porommon. Msmepsitores Ttakue
nmapameTpbl, Kak HadainbHas QiayopecieHus, Fj;, MaKCUMalbHBI KBaHTOBBIN
BbixoJ, ¢otoxumuu B (orocucreme I (DOCII), Dgcp, a Takke HOTOXUMUUECKOE
(gp), u HEbOTOXUMUYECKOE (qy), TyHIeHUS. HTEeHCHBHOCTh M3MEPSIOINIECTO CBETA
coctaBmsia ~ 1,2 Br/v?, nercTByromiero ceera 24 - 48 Br/M%, a HUMITYJIbCOB
HACBIMIAOMEro cBeTa 10 600 Br/M”. HachIarounii HMITY/IbC C JIHTEIBHOCTBIO 10
1 ¢ momaercs xaxnapie ~20 c.

Jns uHunmupoBaHus GOTOMHTUOMPOBAHUS HA JINCT U3Yy4a€MOI'0 PAcCTEHUS C
MOMOIIIBI0 BOJOKOHHOTO JKI'yTa OT OTHEJIbHOIO WCTOYHUKA (TOUEUHAS JIaMIia),
MoAaBajIOCh U3IyuYeHHE (DOTOCHHTETUUECKU- AKTUBHOW pajualuu B CIEKTPaIbHON
obmnactu 400—-700 HM 1 HHTEHCUBHOCTBIO 710 480 Br/™m°.

N3mepsirommit 0JIOK
CHUCTEMBI KpaliHE YCTOWYHB K Crewa || | Mwvase | copgempmn ||| |0
T HIES 3, N > \\ :
IIPeICIbHBIM U3MEHEHUSAM eeroio reseparop -
: A B Pernctpauns
OCBCHICHUA (]_IO BCJIINYHUH _J_L ——— Hinis et _J_l_ PeIVALTATOR
HOTOKa, HpeBI)IH_IaIOI_HHX 1 HMIOV/IBC CHTHAT s
JTHEBHOE OCBEIIICHUE), Ja)Ke MpHU PR Borommos T
KpaﬁHe HHU3KUX resepatop JETERTOP 71 yemawreas
UHTCHCUBHOCTSX HW3MEPSIONICTO - //',’7' :
cBeTa. ITO OCOOEHHO BAXKHO IS DeE=—— Dy
= HM . 3=T00 HM
onpeacaeHUs KBAaHTOBOI'O e N7
BBIXO1a boroxumun B wr O
dorocuctempr I —  Dgcry, il
HAYATEHOM U MAaKCHMAILHOM Puc. 1. CxemaTu4eckuii BU MPUHIIUIIA U3MEPEHUS
¢yopecueHIu UMITYJIbCHO-aMIUIATY JHOU
3Ha4YeHUE (HIyOPECICHITUN.
MOAYJISIOHUN

Jns  HammMxX — HavalbHBIX
HKCIIEPUMEHTOB JTa0OPATOPHBIA BapuaHT (HITyOpOMETPa MMITYIHCHO-aMILTATY AHOU
MOAYJSAIMU OBbUT pa3paboTaH Ha OCHOBE JIA3€PHOTO W3JIY4YEHUsS — BTOPOHU
rapMOHHKH  HempepbIBHO-HakaumBaeMoro nasepa Nd*YAG ¢  mBoiiHoil
moxaynsamuedt (532 um, 400 ve, 10 x['m) m Ookckapunrerpatopa BCI-280 ¢
BPEMEHHBIMHM,  JHEPreTUYECKUMHU  TapaMeTpaMM U  YYBCTBUTEIIBHOCTHIO,
IPEBOCXOSIINX COOTBETCTBYIOIIME TOKa3aTenu (IyopoMeTpa HUMITYJIbCHO-
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AMIUTUTYTHOWM MOMYJISIIAMA, YTO IIO3BOJWJIO TIONYYHTh OoJiee CTaOUIbHBIC
KMHETUYECKUE KPUBbIC MHIYKIUU (DITyOPECIICHIIUN JTUCTHEB XJIOMYATHUKA.

OnucaHHasi BbIIIE METOJAMKA MOHUTOPHMHIA B TMOJIEBBIX  YCIIOBUSX,
pa3paboTaHHass Hamu, ObUla TMPUMEHEHA IS CPABHUTEIBHOTO M3Yy4YEHUS
(GOTOCUHTETUYECKOW ~ aKTMBHOCTHM  PA3JIMYHBIX  TEHOTHUIOB  XJIOMMYATHHUKA,
BBIpAIIEHHBIX npu JOJITOCPOYHOMU BOJHOM HEJIOCTATOYHOCTH, Ha
sKcnepuMeHTaibHOM mojie Muctutyta renetuku AH PY3  coBmectHo co
ciequaiucramu M3 @PenepanbHoro llomurexnuueckoro Ynusepcurera, ETH,
r.1ropux, Hsetnapus, (dp. U.dpauedoyn u Jp. ﬁ.ﬂeﬁnﬂep) 1 HanmonansHOrO
UccnenoBarensckoro Llentpa WUranuu, CNC, Pum, Urtanua (Hp. A.Macauun).
AHanu3 MEIJIEHHBIX W3MEHEHUH (IyOpeCIEHIIMN UMEET CYIIECTBEHHO OOJIbIliee
3HAQYEHUE IMPU UCIIOJIb30BAHMM METOJa HACHIAIIIUX HWMIIYJIbCOB, KOTOPBIN
MO3BOJISIET  MApajuIeIbHO  ONPENENATh  TaKXKe  JUHAMUKY  W3MCHEHUU
(hOTOXUMUYECKOTO U HE(HOTOXUMHUUECKOTO TYIICHHUS.

Omnucana METpUKa OCBEIIEHHOCTH B U3YYCHUH (DOTOCHHTE3UPYIOIINX CUCTEM
B J1JA0OPATOPHBIX U MPUPOIHBIX YCIOBUSX.

Tperbss rnaBa «®OTOCHMHTE3UPYKOLUIHE OAKTEPUH — MOJEJbHBIN 00BbEKT
M HccaeaoBaHUusA  (GU3MYECKHX  MeXaHM3MOB  (OTOCHHTETHYECKOIro

IHEpronpeodpa3oBaAHUI» JUCCePTaIIH MOCBSIIIECHA abCcopOIMOHHO-
bayopeclieHTHbIM ~HccaeAoBaHUSAM  (OTOCUHTE3Upyromux Oakrepuil. [lytem
aHajM3a  CIEKTPOB  TOIJIOLIEHHUS,  (UIyOpecUeHIMH U BO3OYXIACHUS

GbyopecieHITNN N3y4eHa SHEPTETUKA MOJIEKYJT OaKTEPHOXIOpOPHILIA.

CpaBHUTENTFHOE H3y4Y€HHE aOCOPOIIMOHHO-(DIYOPECHEHTHBIX  CHEKTPOB
mmHHOBONHOBOW  MK-monocer  Oaktepuoxiiopoduiizza B NPUPOJHBIX U
reHeTHYEeCKH MOANGUIIMPOBAHHBIX O0pa3lax mypiypHou O6aktepun Blastochloris
Viridis ~ mokazanmo, 4ro  Moauukamus  (QYHKIUOHAIBHOM  CTPYKTYpbI
dboTocunTeTnueckoro amnmapara Blastochloris  Viridis wmetogamu  reHHOMU
WHKCHEPHH, TIPUBOUT K KaYECTBCHHBIM M3MEHEHUSIM B dHEPTEeTUKE (DOTOCHHTE3A,
OTPAKAIOIIUXCS B CIIEKTPaX MOTJIOMICHUS U (DITyOPECIICHIUU.

[lokazano, uto 3amMmemyieHHas (QIIyOpecleHIIUs, BbI3BaHHAs, OOpPATHBIM
IIEPEHOCOM DJJICKTPOHOB B PEAKIIMOHHBIM IIEHTP MOXKET OBITh MH(POPMATHBHBIM
WHCTPYMEHTOM JUIsl U3yYE€HHs] KHHETUKU M TEPMOJIMHAMUKH MEIJICHHBIX JTaroB
nepeHoca dnekTpoHoB. Ha mpumepe Blastochloris Viridis ¢  TeHHO-
MOAUPUITUPOBAHHBIM PEaKIMOHHBIM HEHTPOM MPOJIEMOHCTPUPOBAHA
BO3MOXKHOCTh ~ KOJMYECTBEHHO  XapaKTEpPU30BaThb  HHEPreTHUKY  IEpeHoca
DJIEKTPOHOB B XWHOHHBIX AaKIENTOpPaxX IO OTHOUIEHUIO WHTEHCUBHOCTEH
Pa3IUYHBIX BPEMEHHBIX KOMIIOHEHTOB 3aMEIJICHHOUN (IIyOpECIICHIINH.

JUis 1OCTHKEHUS BBICOKOM CTaOWMIIBHOCTH W TOYHOCTH H3MEPEHHM ObLIN
U3MEPEHbl HE  aOCOJIIOTHBIE  MHTEHCUBHOCTHM  PA3JIMYHBIX  KOMIIOHEHTOB
3aMeJIeHHON (piiyopeciieHIun, a uX OTHolleHHe. OTHOIIEHWE WHTEHCHUBHOCTEH
ObicTpoii  (IyopeclieHIIMM ¥ [-BPEMEHHOM  KOMIIOHEHTBI  3aMeJICHHOMN
(bayopecleHIMH ONpeAeIIeTCs Kak:

Ly /I§¢> = [(k;775<p)/(kq>]eXp[G[ I(kpT)], (1)
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rae k, — TNOCTOSHHAs CKOPOCTH INPAMOIO pacnajia i-paJuKalbHON Iapsel, Kq-
MOCTOSIHHASI CKOPOCTHU (DITyOPECIEHIINH, #5p-KBAaHTOBAs 3(PHEKTUBHOCTh OBICTPON
dbayopecieHIIMU. A OTHOIIEHHE - U j-BPEMEHHBIX KOMIIOHEHT 3aMeJIEHHON
bayopecueHIuu:

I3 134 = (ky 1 k) exp[(G' = G") [(kyT)], 2)
IPY U3BECTHBIX 3HAYEHMAX k, U k! TO3BOJSET BBIYUCIUTH PA3HOCTH CBOOOMHBIX
suepruii (G - G') pagMKadbHBIX TMap, Ybs PEKOMOWHAIIUS BBI3BIBAET OTH
KOMIOHEHTHI.

B tabmuue 1 nOpexacrtaBieHbl HM3MEpPEHHbIE 3HAYEHUS  OTHOIICHUS
WHTEHCUBHOCTEH OBICTPOM M MEIJIEHHOW KOMIOHEHT ([5, U I,.y) 3aMelJIEHHON
bayopecleHIuu K €€ CyOMUITUCEKYHAHOU KOMIMOHEHTE (/)ce) B TUKOM 0Opasiie
u B rubpunae Blastochloris Viridis, BbIpallleHHOM Ha CBETY, a TAKKE BBIUUCIICHHbBIC
U3 HUX 3HayeHHs G'. OTME4YeHO, 4TO B THOpHAE, BBIPALICHHOM B TEMHOTE,
OTCYTCTBOBaJia 3aMeiJieHHas piryopecuieHuus. B rubpue, BoIpallieHHOM Ha CBETY
—  CYOMWIMCEKYHJHAass KOMIIOHEHTa HMeJIa TPAKTUYECKU TaKyl  IKe
MHTEHCUBHOCTh, YTO M B JTUKOM 00pasie, a oTHoWEeHUe Ig,./1.\ce OOTCE UEM IBA
paza MeHblle, 4yeM B AuKoM oOpasne. [lpu stom oTtHOomeHue 1.0/l ce OBLIO
OJIMHAaKOBBIM B 00omx oOpasnax. Takas 3aKOHOMEPHOCTH 3aMEUICHHOM
(IryopecIeHIK OTPAXKaIUCh U B BelimurHax G', IpeCcTaBIeHHBIX B Ta0JIHIIE.

Tabmuua 1.
OTHoOIIIEeHWE NHTEHCUBHOCTEH Pa3TUYHBIX BPEMEHHBIX KOMIIOHEHTORB 3aMe IJICHHOM
(dbayopeclieHIIuu B TUKOM U THOpUIHBIX oOpasuax Blastochloris Viridis

["'enorun 6akrepuii Lo/ rscen G- ¢* Lo/l | G- G®
Jlukuii oGpasen 5910% | 534w | 1,18 10" | 116 M3B
['mOpuz, BEIPACHHBIA Ha. | 3 5104 | 486 vog | 1,03 107 | 112 Mo
CBETY

['ubpu, BeIpaIleHHBIN B <107 ) <107 )
TEMHOTC

OTMe4YeHO dYTO, CpaBHUTEIBHOE W3YYCHHE MEUICHHBIX KOMIIOHEHTOB
3aMeIJICHHON  (yopeclieHnMM  PEakIMOHHOTO  IIEHTpa  TeHETUYECKH-
MOIU(PUITUPOBAHHBIX (OTOCHHTETHUECKNX OaKTepuil IO3BOJSET OMPEISIATh
W3MCHCHHS B SHEPTCTHKE XMHOHHBIX aKIICITOPOB M, COOTBETCTBEHHO, B KHHETHKE
TIEPEHOCA AIICKTPOHOB.

Ha ocHOBe maHHBIX O CTPYKType CBeTOCOOMparomiell aHTCHHBI, CIIEKTpax
NOTJIONICHHUST W (PITyOpPECICHIINN, a TaKXKe KUHETHKE WHAYKIUU (DIyopecleHIInn
JIBYX BUJIOB MyPIYPHBIX (POTOCHMHTETHYECKUX Oaktepuit — Blastochloris Viridis n
Rba. Sphaeroides w3yueHO BIUSHUE OCOOCHHOCTEH CTPYKTYphl Ha IPOIIECCHI
NIEPEHOCa PHEPTUU B CBETOCOOMPAIOIICH aHTEHHE U 3aXBaT B PEAKIIMOHHBIN IIEHTP
dboToCcHHTETHYECKUX MeMOpaH, oOOecCreyuBaronMe IMpeaeabHbIe 3HAYCHUS
3¢ (HEKTUBHOCTH YCBOCHUS SHEPTHH CBETA.

Ha puc. 2 noka3zanbl KapTHHKU (POTOCUHTETHUECKUX MeMOpaH Blastochloris
Viridis (a) n Rba. Sphaeroides (6), mony4eHHbIE C TOMOIIbI0 aTOMHOTO CHUJIOBOTO
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MHUKpOCKOIa mocie o0paboTKM NepBOHAYAIBHOTO WU300paxkeHHsi (BCTaBKU B
BEPXHUX JIEBBIX yTJIaX) C MOMOIIBIO CHEIHATBHOM MPOTrpaMMBbl.

Ha pucyHkax OT4eTIMBO BUAHO, YTO, eclii (HhOTOCHHTETHYECKass mMemOpaHa
Blastochloris Viridis npencraBiser co00i MIOTHO yIAaKOBAHHYIO, YIIOPSAI0UYEHHYIO
CTPYKTYpPY (DOTOCHHTETHUECKON eAUHULIBI, TO Y Rba. Sphaeroides, koMIaeKchl
CBETOCOOMpAIOIIME aHTEHHBI | — PEaKIMOHHBIA LEHTP YepeayIoTCs CIIydailHO
PAacIoIOKEHHBIMU JOTIOTHUTEIBHBIMI KOMILJIEKCAMH CBETOCOOHMPAIOIINE aHTCHHBI
2, YCHUJIMBAIOIIMMHU CBETOCOOMPAIOUIYI0 CIIOCOOHOCTh JTAHHOTO OpraHU3Ma;
OpyUYeM, COOTHOIIEHHE KOMIUIEKCOB CBETOCOOMpAIOIIMe aHTeHHbl 1 —
PEaKIMOHHBIN LIEHTP U CBETOCOOMpAIOIINE aHTEHHBI 2 3aBUCUT OT YCIOBUH pocCTa
OaKkTepuil 1 MOXKET BApbUPOBATHCS B IIMPOKUX Mpeesax.

a 0

Puc. 2. KapTuHbl aTOMHOrO CHJIOBOTO MMKpPOCKONA (POTOCHHTETUYECKUX MeMOpaH
nypnypHbIx 6akrepuii Blc. Viridis (a) u Rba. Sphaeroides (0)

CrieKTpaJibHbIE XapaKTePUCTHUKUA pPaccMaTPUBAEMBIX (OTOCHHTE3UPYIOIINX
OaKTepHii TOATBEPIKTAIOT OCHOBHBIC TIOJIOKCHHS, BBISBICHHBIC W3 KapTHHOK
aTOMHOTO CHJIOBOTO MHKpockona. Ha puc. 3 mokazansl MK-crieKTpbl moriomeHus
1 QiryopecleHIUuH, cooTBeTcTByomue (,-mojoce Oakrepuoxjiopopumia a u
OakTepuoxsiopodusia 6, COOTBETCTBEHHO B Rba. Sphaeroides v Blc. Viridis.

af

aj;

oL e,

ectyenims/ Tlomomee,

Jhnma potm, o Jluna ot B

Puc. 3. UK-cnektpsl mornomeHust («a» U «6») U (GIyopecUeHIUU («O» U «2»)
dorocunTeTnueckux memOpan Rba. Sphaeroides (1) u Blc. Viridis (1I)

Crnextpbl mornomenus u Quyopecuenunu Blc. Viridis coctoar u3 omHoun
MOJIOCHI OakTepuoxiopoduiia 0, OTHOCSIIIEHCS K cyObeTUHHIIE
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cBeTtocobupatonie aHteHHsl 1. A B Rba.  Sphaeroides  monekymbl
OakTtepuoxiopodpuiia a B ABYX aHTEHHBIX CyOBEIMHMIIAX, CBETOCOOHMpAIOLINE
aHTCHHBI | U CBETOCOOMpAIOIIME AaHTEHHBI 2 UMEIOT Pa3HbIe CIIEKTPabHbBIE POPMBI
¥, COOTBETCTBEHHO, B CIIEKTpE TMOTJIOIICHUs MMeeTcsi 1Ba muka. Ho, B cmekTpe
¢ryopecteHIIM  KOPOTKOBOHOBBIM MUK c7ab0 BBIpAKEH U3-3a OBICTPOM
peraKcalyy COOTBETCTBYIOIIETO BO30Y K ICHUS.

N3yuenune crnekTpaibHO-KUHETUYECKUX XapPaKTEPUCTUK (PIIyOPECLICHIINH TaeT
BO3MOXHOCTh OLEHUTHh 3()(PEKTUBHOCTH TMEpPEeHOCca CBETOBOIO BO30YXKICHUS
BHYTPH U MEXIY (POTOCHMHTETUYECKUX €IUHUIl B (POTOCUHTETUYECKUX MEMOpaHax
MyPITyPHBIX OAKTEPHIA.

B nmaHHOW TlIaBe MOKa3aHO, 4TO XJIOPOPMILIBI, OaKTEPUOXJIOPODHILIBI, a
TaKXe pAJ UX TPOU3BOJIHBIX SIBISIOTCA MEPCIEKTUBHBIMU COEIMHEHUSIMU B
KauyecTBe (POTOCEHCUOMIN3AaTOPOB, padOTAIOIIMUX B JJIMHHOBOJIHOBOM JMAIla30HE
ONTUYECKOTO crekTpa. Hapsay ¢ BBICOKMMM 3HAYEHUSIMU TIOTJIOMICHHS CBETa
JUIMHHOBOJTHOBBIX MOJIOC TMOTJIOIICHHUS, JAHHBIE MOJIEKYJIbI TAK)KE HMEIOT BHICOKHE
KBAaHTOBBIE BBIXOJBl BO30YXKICHHsS CHHIJIETHOTO KHCJIOPOJQ, SBIISIOIINAECS
KpUTEpUEM MPUMEHUMOCTH JI000ro mpemnapara B (HOTOAMHAMHYECKON TEparuu.
Ha mpumepe psina MoJeKysl JaHHOW Tpynmbsl 000CHOBaHA HEOOXOAWMOCTH ydeTa
BO3MOXHBIX  H3MEHEHUSI  a0COpOIMOHHO-(IYOPECHEHTHBIX  XapaKTEePUCTHK
MOJIEKYJI IPU UX arperupoOBaHUH.

B uyerBeproii 1iaBe «MOHUTOPHHI cTpecc-3PPeKTOB B pacTeHMAX I10
xapakTepucTukam ¢uyopecueHunu XJopoduiuiay IuccepTaluy MPUBEICHBI
pe3ysbTaThl SKCIEPUMEHTOB IO HCCIEJOBAaHUIO CBETOBBIX KPHUBBIX CKOPOCTH
TPAHCIIOPTa 3JIEKTPOHOB B JIUCTBhSIX PACTEHMH MPH PaA3IUYHBIX OKPY’KAIOLIUX
YCIOBUSIX C MOMOUIbIO OBICTPON (IIyOpecUEeHINHN, a TakXe KpHUBbIE HWHAYKLIHUU
MUJUTUCEKYH/IHONH KOMITOHEHTHI 3aMmeyieHHON (imyopecuenuuu. [lokazano dro,
OTHOBPEMEHHOE  HM3yueHUE OBICTpONl  (QuIyopecueHIMM |  3aMeAJeHHOU
dayopeceHIIMu  gaeT OOmHMpHYIH HWHPOPMAHMIO O TMpoIeccax MepeHoca
AJIEKTPOHOB B PEAKIIMOHHBIN HEeHTp doTtocuHTe3a. Ecnu OvicTpas diayopecueHus
KOJIMYECTBEHHO  XapaKTepU3yeT CKOPOCTHM  TpPAHCIOpTa  DJIEKTPOHOB B
¢otocucrembr Il B 1memom, TO 3amemnieHHas QIIyOpECHCHIHS SBISCTCA €€

muddepeHnnanbHON XapaKTePUCTUKOM, MO3BOJISIOLIEH OTNpeNesITh
3¢ (HEKTUBHOCTH MEpPEHOCA JIEKTPOHOB HA PA3IMYHBIX yYacTKax IeN TpaHCIopTa
AIIEKTPOHOB.

B o3TO0il rmaBe TakkKe H3Y4YEHbl pA3JIMYHBIE BPEMEHHBIE KOMIIOHEHTBI
3aMeJUICHHON (PIIyOpeclieHIIMH, OTHOCAIIMEeCs K O0OpaTHOMY MEpPeHOoCy OT
Pa3IMYHBIX YYAaCTKOB LENH TPAHCIOPTA 3JIEKTPOHOB. YUUTHIBAas YKa3aHHOE BBIILIE
HaMH OIpe/eNieHbl BpPEMEHHBIE KOMIIOHEHTHI 3aMeIJIeHHOW (yopecueHuuu
MuJutucekyHaHou (1 -5 mc) u muxpocexkynaHou (10 - 50 MKC) nnuTenbHOCTEH,
OTHOCAIIMECS K IOCJIEIOBATEIBHOCTSIM MPOLIECCOB MEPEHOCA, BKIIIOYAIOIIEH U HE
BKJIIOYAKOIIe o0patHbli nepeHoc Oz - (4 NPU PA3IUYHBIX HWHTEHCHUBHOCTAX
00JTy4eHHUs U NP PA3IMYHBIX TEMIIEpATypax JIMCTA XJIOMYaTHUKA.

Ha puc. 4. a npejcrasiens! ganubie npu Temmeparype 25°C. Tlpu 3HadeHnn
(DOTOCHHTETHYECKH-aKTHBHON paanammu 36 BT/M® eme He Ha@mogaeTcs
(OTOMHIHOUTOPHOE MOBpEXIEHUE (POTOCUHTETUYECKOTO amlmapara U OTHOILEHUE
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WHTEHCUBHOCTEH JBYX dTUX KOMIIOHEHTOB 3aMeyieHHON (piryopectientud, F/F.
C TEYeHUWEeM BpeMeHHM He wusMmeHsiercs. Ho, ¢ MOBbIlIEHHEM HWHTEHCUBHOCTHU
00JIy4eHHUsI ¥ YBEJIIMUYCHHEM KOJIMYECTBA HEAKTUBHBIX IEHTPOB C MOBPEKIECHHBIM
oenkom D1, moTok ()OTOCHHTETHYECKOTO TPAHCIOPTA JICKTPOHOB YMEHbIIIACTCH,
YTO JIOJXKHO BBI3bIBATh MOBBIIICHUE BEPOSTHOCTH 0OPATHOTO MOTOKA OT aKIeNTopa
QOp ¥  UVHTEHCHBHOCTM  KOMIIOHEHTHI  3aMEIJICHHOW  (IyOopecleHIINH
JUIUTENbHOCTHI0 MeHee 200 MKcek, B TO BpeMsl KaK MUJUTUCEKYHAHAasi KOMIIOHEHTa
3aMeJIEHHON  (UIyOpecleHIIMM, OTHOCSIIascs K OoOpaTHOMY TME€peHoCy OT
MOCJIETYIOUIUX YYaCTKOB LEMH, JOHKHA 0CHa0IaThCs.

Oddexr hoTonnrnbupoBanus 6oiee SIPKO MPOSBISIETCS] BO BPEMEHHOM XOJI€
otHommeHus: F,,../F,. npu HeOIaronpusATHBIX TeMreparypax: Ha puc. 4. 6 u 4. &
IMOKa3aHbl JAaHHbIC, N3MEPEHHBIE B JIMCTE XJIOMYATHHKA mpH Temmeparypax 20°C u
42°C, cootserctsenno. Ipuuem, npu 20°C mojaBieHne CKOPOCTH (POTOCHHTE3A B
XJIOMYaTHUKE CUJIBHEE, YEM IpPHU 42°C, uto obbsCHSET GoJee PE3KO€ OTKIIOHEHUE
KPUBBIX BpeMeHHOTro xoaa F,/F,. B TaHHOM clyJae.

Takum oOpa3oMm, KUHETHKa 9 -
KBaHTOBOTO BbIX0/a (HOTOXUMHH 1@
6 —
¢dotocucrembl Il mpu paznauyHbIX ] % ior
96
CTPECCOBBIX YCIIOBUSIX 3 36
(YHKIIMOHUPOBAHUS 0 . . . .
(POTOCHHTE3UPYIOIIUX CUCTEM U . ° 7] )
o T 360
pa3auyHbIe BPEMEHHBIE £ ¢ - 192
KOMIIOHEHTBI 3aMeJICHHON - ] 9%
— 36

/F
MKCEK  MCeK

dbayopeceHIMu ~ MOTYT  OBITH
UHPOPMATUBHBIM  HWHCTPYMEHTOM

F

360

JUId  U3Yy4YEHHUsT  NPUPOABI U o - ¢) 102
TUHAMHUKA  (DOTOMHTHOUPOBAHUS B 6 o
pacTEHHUsIX, a TaKXke MPOIECCOB 3 36
IIEPEHOCA DIIEKTPOHOB B CUCTEME olr
TpaHcHopTa DJIEKTPOHOB pu 0.5 1o 1.3 2.0
Bpemsa, yacol

(OTOMHTMOMTOPHOM TOBPEKIECHUN
CFO(bOTOCHHTGTHHGCKOFO aliiapara.
J_—[aHHBIe HapaMeTpBI TakKKe MOFYT Puc. 4, H3menenus OTHOIICHUA
CIyXWTb  JUIi  CPABHHTEJIBHOIO MHTEHCUBHOCTEH MukpocekyHaHou (10 - 50

o o MKC) M MuwumcekyHaHod (1 - 5 wmc)
U3YYEHUSI PACTE€HUN C pPas3InyHON o

KOMIIOHEHT 3aMeJUIeHHOW (IIyopecleHInH,

CHIOCOOHOCTRIO (YHKIMOHMPOBAHHSA Foxe/Fue, TIPU Pa3NAYHBIX WHTEHCUBHOCTSIX
IIpK1 BBICOKHX OCBCHICHHOCTAX, H 00JTy4YeHUS ¥ TeMIIePaTyphbl

HEOJaronpusTHBIX TEMIEPaTypax.

DHepreTudeckasi CBsI3b MEXKy CBETOCOOMPAIOIIEH aHTEHHBI U PEAKIIHOHHBIM
HEHTPOM B (OTOCHHTETHUECKON MeMOpane, ompeneistomas 3((HeKTUBHOCTh
3axBaTa PEaKUMOHHBIM IIEHTPOM HSKCHUTOHOB M, CJIEIOBATENIbHO, (DOTOCHHTE3a B
LeNOM, IpH NPHOIIKEHHH K KpUTHUYeckoil Temmeparype f. ~ 40°C, pesko
CHUKAETCS, 4YTO BbI3BIBAET COOTBETCTBYIOILEE TIOBBIIIEHUE «(TEMHOBOW»
bnyopecueniuu, F). VYcmoBus pocrta u crneuuduka TEHOTHNA PACTCHUS
OTpaXalTCcsi B JIMNUA-OEIKOBOM cOCTaBe (POTOCHMHTETHYECKOW MeMOpaHshl,
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KOTOPOM, B CBOIO OYE€pedb, ONPENECIseT f.. YUHUThIBas JAaHHOE OOCTOSITEILCTBO,
pacCMOTpeHa 3aBUCHUMOCTh KPUTHYECKOW TeMmIeparypbl OT TIE€HOTMIA U
TEMIIEPaTypPHOTO PEKUMA POCTA PACTEHUS.

Ha puc. 5 nokasanel TemiepaTypHble 3aBUCUMOCTU [, U3MEpPEHHBIEC B
06pasiax xiomyaTHuKa, Beipamenssx npu 15°C (a), 25°C (6) u 35°C (), a Taxxke
JUISL CpaBHEHMSI, B LIIIMHATE (2) IpH ocBemeHHocTH 30 B/,

Kak BugHO U3 prcyHKa, B 00jiee TeTUI0II00MBOM XJIOMYATHUKE £, BBIIIE, YEM B
HIMUHATe, TMPUYEM POCT XJIOMYaTHUKA Tpu Oosee BBICOKOW TeMIlepaType
0o0yCJIOBIIMBAaET TMOBBIINICHUE ¢, U KpPyTH3HY mnoabema [ TBepnmas cucrtema,
KaKOBOM SIBJISIETCS MeMOpaHa TpH HHU3KHX TEMIIepaTypax, NP JOCTHKCHUH I
PE3KO CMSArYaercs, 3a CYET YEro YBEIMUYMBACTCS PACCTOSHUE MEXY XJIOPOQHILI-
OETKOBBIMM  KOMILUIEKCaMHU. JTO, B CBOIO  OYepedb, PE3KO  CHHKAET
HYHEPreTUYECKYIO0 (PKCUTOHHYIO) CBA3b MEXAY HUMH. DTH 3KCHEPUMEHTAJIbHbIC
JAHHBIC TAKXKE CBUICTEIBCTBYIOT, YTO (IYOPECICHIUS XJIopoduiia SBISETCS
WH(OOPMATUBHBIM HHCTPYMEHTOM [IJII KOHTPOJS (PU3HKO-XUMUYECKHX CBOMCTB
(OTOCUHTETUYECKOH MEMOpaHbl M, B YAaCTHOCTU, U3MEHEHUN €€ >KECTKOCTH U
CTPYKTYPHOU CTaOUIILHOCTH MPHU TEMJIOBOM BO3/ICHCTBUHU.

g mydmero MOHUMAaHUSA
IIPUPOJIBI OTKJIMKA "
(OTOCHHTETUYECKOIO ammapara Ha
3acyxy TaKXKe ObLIH
OJIHOBPEMEHHO M3YUYECHBI
dayopecteHuss  xjaopopuwiia  H
ra3000MeH B paCTEHUAX B MOJIEBBIX
ycioBusiX. Pe3ynbrarhl mokasanw,
YTO XJIOMYATHUK pearupyer Ha
HACTYIUICHHE BOJHOTO nedunura
NyTEM  YBEJIWYEHUS  CKOPOCTHU
doroabIxaHus I TOrO, YTOOBI “ | |
IPENOTBPATUTH Ype3MEpPHOE BT T T T I T T T T T T TR

F,, oTn. en.

F,, oTH. en.

HAaKOIUIEHHE ODHEPTHH CBETOBOIO Tenmeparypa, 'C Teumepatypa, 'C
BO3OYXKJEHUSI U, CJIeJIOBATEIIbHO,
o0pa3oBaHuE CHHIJICTHOTO Puc. 5. TemmepaTypHble  3aBUCHMOCTH
KHCIIOpOJla M CYHNEPOKCHUIHBIX TeMHOBOH (iyopecuenunu (F)
paauKaoB.

B niaroit rinaBe «JHepreTuka npeodpa3oBaHUs COJTHEYHOr0 M3JIy4YeHHsS] B
(porocuHTE3MPYOLIHUX cCHUCTEeMAaxX» JIUCCepTalUU MPOAHATIM3UPOBAHbI

abCOIOTHBIE TIOKa3aTeNu JHeprompeoOpazoBanuss mnpu ¢doTtocunrese. s
ycTaHoBieHHs  «d(pdexTa  HAKOMIEHUS»  TPU  BO3ACUCTBUUM  BOJHOU
HEJOCTAaTOYHOCTH Ha PACTEHUS HAMHU M3MEpeHa CyTOYHAas AMHAMHMKA W3MEHEHUN
KBaHTOBOW 3¢dextuBHOCTH (oToxumun B Qorocucrembl Il Dgcep, B ABYX
oOpa3rax OJHOTO W TOTO € PpAcCTEHHs: B KOHTPOJBHOM M «CTPECCOBOMY,

BBIPOCLIEM IPHU XPOHUUYECKOM BOJHOM sieuriute (puc. 6).
MuHUManbHbIl  ypOBEHb KBaHTOBOW 3(P(EKTUBHOCTH (HOTOXMUMHH B
¢orocucrems! Il Dgcy, onpenensieMplii COOTBETCTBYIOUIMM CIaJ0M AaKTHBHOCTH
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dotocuctembl Il mpu BHICOKOMHTEHCHBHON OCBEIIEHHOCTH B JHEBHOE BpeMs
cocraBun 0,43 B koHtposibHOM 1 0,61 B «cTpeccoBom» obOpasuax. Kak BugHO U3
PUCYHKA, B «CTPECCOBOM» 00Opa3slie aMIUIUTY/la Claja HUXKE, YeM B KOHTPOJIBHOM,
YTO MOKHO OOBSICHUTH MOBBIIICHHBIM 3HAaUEHHEM (DOTO/BIXaHUS B JHEBHOE BpEMs
B o0Opasiie, aJanTUPOBAHHOM K BoJIHOMY neduuuty. Cieayer oOpaTuTh BHUMaHUE
HAa aCUMMETPHUIO CYTOYHBIX KPHUBBIX KBAHTOBOM 3>(P(GEKTHUBHOCTH (POTOXUMHUU B
dotocucremnl Il Dgcp: B «cTpeccoBomM» oOpaslie OHAa 3aMETHO BBIIIE, YEM B
KOHTpOJbHOM. Ha Ham B3risja 3TO CBSI3aHO C NpeoOsiajlaHdeM MEeJICHHBIX
KOMITIOHEHT BOCCTAHOBHUTEIIBHOTO IIpoliecca Mpu BoAHOM jAedunure. Takum
0o0pa3zoM, CyTOUHbIE KPUBbIE U3MEHEHUI KBAaHTOBOW 3(PPEKTUBHOCTH (POTOXUMUU
B ¢otocuctembl Il Dgcy mar0T uHPOpMANMIO O MacmTabax M XapakTepe
(bOTOMHTUOMPOBAHMUS TTO]] ICUCTBUEM COJTHEYHOM pajaIlii B HUX.

[IpuBeneHsl  pe3yJbTaThI
U3y4eHUS DHEPreTUYECKOU 1,0 -
3¢ PeKTUBHOCTH  (POTOCHHTE3A
IIPU  BO3IACHUCTBUMU PA3IUYHBIX 0.8 1
BHEIIHHUX (akTopoB. B R S NN _0/379=05°’°_'
VccreioBaHbl 10IrOBpEMEHHbIE 061 ° '\ I
CBETOMHIYLIUPOBAHHBIC 1 N
W3MEHEHUA 47
PEaKIMOHHOCIIOCOOHOCTH
PEaKLMOHHOTO LEHTpa
dorocuctembr I, cmag wm ol
BOCCTAHOBJICHHC AKTUBHOCTHU 0 4 8 12 16 20 24
TUX PEAKIMOHHBIX IIEHTPOB, a

1

O~0=0=~0—0—0—O~_O— —O
0—=O0~0—0 ~o—0~o._, 0

0,2

Bpemst cyTku (4achbl)
TaKKE  CBA3AHHBIC C  HHMH Py, 6. CyTouHble KPUBBIE U3MEHEHUH KBAaHTOBOM

M3MCHCHHA (yopecuenumu s} dexTrBHOCTH GOTOXMMHHK B PoTocHcTeMBI 11
xynopodwa. Bpemennoir xon Dgcr. B «ctpeccoBom» (/) 1 kOHTpoIsHOM (2)
(hOTOMHAKTUBAIIUN oOpasnax

peakiMoHHOrOo  IHeHTpa  ¢otocuctemMbl Il M BOCCTAaHOBIEHUS  HX
paboTOCIOCOOHOCTH B PACTEHUSIX, BBIPAIEHHBIX NPU HU3KOM U BBICOKOU
WHTEHCUBHOCTSX OCBEIICHHUS U3Y4YeH C MOMOIIBI0 MapaMeTpoB (DIIyopecleHIUH.
[IpoBeIeHO  CpPaBHUTEJIBHOE  HM3YUYECHHE  DHEPreTUYECKUX  XapaKTEPHUCTHUK
(GOTOCUHTE3UPYIOMIUX OaKTepuil U TOJYNPOBOIHUKOBBIX (OTOBOJBTAMYECKUX
npeobpaszoBaTeseii COTHEYHON YHEPTHUH.

N3 Bcen paguanuu COJIHIA, COCPEAOTOYEHHOM, B OCHOBHOM, B CHIEKTPAIIbHOM
ob6mactu 350uM - 1200HM, B pacTUTENIBHOM (DOTOCHHTE3E YCBaUBAETCS €€ 4acTh Ha
mmHax BostH 10 700 HM, a B 6akTepuanbHOM portocunTe3e — Takke MK n3nydenne
B obmactu — 10 1100 um. Ecam pacturenbHbii (POTOCHHTE3 paccMaTpUBACTCA C
NPAaKTUYECKOM TOUYKM 3pEHUs] KakK Oojiee BaXXHbIH MEXaHU3M MPUPOHOIO
HEPronpeoOdpa3zoBaHusl, TO BEICOKME CKOPOCTH KPYroBOpOoTa OMoMacchl B apealie
oOutanust (OTOCHUHTE3UPYIOIIMX OaKTepuil M NEPCHEKTUBHAs CIEKTpajbHas
obsacTh 3HEpronpeodpazoBanusi, Hecymas 10 40% COTHEUHOU PHEPTUM, A TAKKE
BO3MOKHOCTh MOAU(DUKAIIUYA CIIEKTPATIbHO-IHEPTETHYECKUX XapAKTEPUCTUK TaKUX
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GOTOTPOPHBIX OPTaHW3MOB METOJAaMU TEHHOW WHXEHEPHUH, YKa3bIBalOT Ha
OOJIbIIIE BO3MOXKHOCTH UX MPUMEHEHHUS B COJIHEUHOU SHEPTeTHUKE.

[IpuBeneHsl  pe3ysibTaThl  KMCCIEAOBAHUS  CHEKTPAIbHO-DHEPTETUUECKUX
XapaKTepPUCTHUK COBMECTUMOM TIpyMNnbl (POTOCUHTE3UPYIOIMIUX OaKTepuil ¢
paznuMyHBIMM TojocaMu norjyomenuss B OmmxHedn MK obGnactu cnekrtpa: Ble.
Viridis, Rhodospirillum (R.) Rubrum, Rhodobacter (Rba.) Sphaeroides, a Taxxke
3eneHo-cepHort  Oaktepuu Chloriobium Phaeobacteriodes n 1maHOOaKTepUH
Synechocystis TUKOTO THIIA.

Ha  puc. 7  mnoka3aHbl  CHEKTPhl  TMOIJIOMIEHWS  BBIIEJIEHHBIX
dboTocuHTETHUYECKUX MeMOpaH JUKAX THUIOB YyKa3aHHBIX OpPraHU3MOB B
(U3HOTOTUYECKOM PACTBOPE MPU HU3KUX KOHIICHTPAIUSIX.

B paccmaTtpuBaemMbIxX CieKTpax MOKHO 3aMETUThH OOIIYI0 3aKOHOMEPHOCTH: B
KOPOTKOBOJTHOBOM YaCTH CIIEKTPa CHJILHOE TOTJIONICHNWE HAaOMI0AaeTCs B 00J1acTh
~ 350 - 550 um, oOycnoBieHHoe monocoil Cope OCHOBHBIX (POTOCHMHTETUYECKUX
MUTMEHTOB — OAKTEPUOXJIOPOPUILIOB U TPEXMUKOBOW IMOJIOCON TOTIOTHUTEIHHBIX
IMUTMEHTOB — KAPOTUHOUIOB. B JITIMHHOBOJIHOBOM K€ YaCTH, CUIBHOE ITOTJIOLICHUE
BBI3BIBAET TOJBKO OTACJIBHO CTOfAIIAs Hemupokas (,-mojioca TeX Ke
oaktepuoxsiopoduioB. I[lpuueM, cHekTpalibHOE IOJIOKEHHE ATON IOJOCHI, B
3aBUCUMOCTH OT THUIA OaKTEpHOXJIOpOPMILIa U €ro OEJKOBOrO OKpPYXKEHHUS B
MeMOpaHe, MOXeT U3MeHAThCs OT 720uM 10 1020HM.

Takum oOpa3om, B KayecTBE
YIPOUIEHHOW  MOJEIU  MOYKHO
MPUHSTH, 9TO CHEKTPBI
paccMaTpuBaeMBbIX
dbOTOCUHTETUYECKUX  OaKTepuit
COCTOSIT TOJBKO U3 JBYX IOJIOC
MOTJIONIEHUS: HIMpOKast
KOPOTKOBOJIHOBasi ~ Iojoca B
obnactu 350 - 550 umM u Oonee
y3kas (~100HM) IJTMHHOBOJIHOBAS 01

350 450 550 650 750 850 950 1050 1150
nojoca, C MaKCUMyMaMu B TL1HBA BOHLL, HM
obmactm 720 - 1020uMm, B
3aBUCUMOCTH OT 00pasIia.

INMornoiueHe OoTH. 4.

Puc. 7. CrnexTpsl MNOTJIOIIEHHUS

H 3 dotocunTeTHUECKUX Oaktepuii Blc. Viridis (1),
a pHc. TpEACTABIICHBL Rhodospirillum  Rubrum (2), Rhodobacter

CPaBHUTCJIHBIC AnarpaMMel Sphaeroides (3), Chloriobium Phaeobacteriodes
DHEPIe€TUKU cBerocbopa (4) u Synechocystis (5)

COJTHEYHOTO  HU3Iy4YeHHUs  IMpH
OakTeprasibHOM (oTocuHTE3e U  (POTOBOIBTAMYECKOW sSUYCHKE Ha MpUMEpe
OakTepuu Blc. Viridis 1 KpUCTaNINYECKOTO KPEMHUS, COOTBETCTBEHHO. CIEKTPHI
norjomeHus MemOpan Blc. Viridis v KpUCTaNIMYECKOrOo KpeMHHUs (IOKa3aHbl
CJIEBA, COOTBETCTBEHHO, OT YHEPIeTUUYECKUX JHArpaMM), TAK)Ke KaK U COTHEYHOTO
U3Ty4YeHUs] Ha TOBEPXHOCTH 3eMiH (B CepelrHEe PUCYHKA) MPEACTAaBICHBI Kak
3aBHCHMOCTH OT DHEPIHH KBaHTOB B 3B. B ¢orocunTesupyrommx memOpanax Blc.
Viridis sHeprus COIHEUHOTO M3NydeHus B oonactu ~1.1 — 3.5 3B nornomaercs Ha
Pa3HbIX JUIMHAX BOJIH B PA3JIMYHOMN CTENEHU M HAKAIUIMBAETCS B MOJIOCE C JUTMHOU
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BOJIHBI Tpy 1020 HM: KBAaHTHI CBETA C PA3IMYHON IHEPTUEHN, YACTUYHO TEPSS CBOIO
SHEPTHIO, 32 O0YeHb KOPOTKOe Bpems (~10"% cek) mepexomsT Ha caMblil HU3KHIL
BO30Y)K/IEHHBIH  DHEPreTUYECKUMN YPOBEHb OakTeproxiopoduiia 0,
COOTBETCTBYIOIIMI (J,-TI0I0CE, OTKY1a 3Ta dHeprus nepegaercs B PIL s 3amycka
doToxumuyeckux peakuuid. Takas >xe, MO CyTH, KapTMHAa UMEET MECTO U B
Kpucramie KpeMHHs. KBaHTBI cBeTa C DJHEpruei, IPEBBILIAIONIEH SHEPrUI0
3aMpelleHHON 30HbIl, T.€. C JAJMHAMHU BOJIH KOpOUY€ KPUTHYECKOIO, MOTYT BBIOUTH
IEKTPOHBI W3 BAJICHTHOW 30HBI B 30HY MNpoBoaumoctd. Ilpm sTomM 3Heprus
3JIEKTPOHOB Oy/ET pa3ivyHOM, B 3aBUCUMOCTH OT 3HEPIMU KBAHTOB, BBI3BaBLIMX
Takou «BHYTpeHHUN GoTtorddexT». Ho 3Th 31eKTpoHBI 32 04€Hb KOPOTKOE BpEMS
pPENAKCUPYIOT [0 SHEPreTUYECKOro JHA BaJEHTHOM 30HBI, U3 KOTOPOrO OHHU
UHUIUUPYIOT (OTOITEKTPUIECKUH 2P DEKT.

E, (eV) E, (V) E, (V)

Tlosoca
Cope

Tonocsr

nor
JIOTOJIHUTENBLHBIX
THTMEHTOB

3oHa
HPOBOJMMOCTH

Q mosoca 1o

Q, nosnoca

() == -0 0=+ 2

BanenTnas 30Ha

)

OcHoBHOE cocTosiHue bxit 6

Puc. 8. CpaBHHUTENBHAS YHEPTETHKA MPOIECCOB MPE0OPA30OBAHUS COTHEYHOTO H3ITYICHHUS
B (orocunTeTnmueckoit  Oakrepum  Blactochloris  Viridis W KpeMHHEBOU
(OTOBOJIbTANYECKON STUCHKU

HecmoTpss Ha BbBICOKME YPOBHHM KBaHTOBOH 3((EKTHUBHOCTH B 000UX
paccMaTpuBaeMbIX IpoOIeccax, H3-3a IOTepU 3HAUUTEIbHOW YacTh DSHEPIUU
KBAHTOB NIPU pEJIaKCallUd JHEPrud JIO0 CaMoOro HHU3ILIEro BO30YXKICHHOIO
cocTosiHUA OakTepuoxyiopodumr 6 B cBerocobuparonieli anteHne Blactochloris
Viridis wnu Tpu penakcauuy 3JEKTPOHOB [0 JHA 30Hbl IMPOBOJAMMOCTH B
KPUCTAJUTMUECKOM KpPEeMHHH, HHepreThyeckas 3((eKTHBHOCTH cBeTocOOpa B
00enx cucTemMax SIBJISIETCS JOCTaTOYHO HEBBICOKOIA.

st noctrkeHus: 0osee BHICOKMX YPOBHEH 3HEpreTudeckor 3pQeKTUBHOCTH
B TOJYIPOBOJHUKOBBIX (DOTOBOJIbTAUYECKHUX SYEHKAaX OJHOBPEMEHHO CO3JAr0T
HECKOJIBKO TMEPEXOJ0B M3 pa3IMYHbIX MaTE€pPUAlOB C pa3HbIMU DSHEPrUSMU
3alnpelieHHol  30Hbl. Takasg ke CcXeMa MOXXET HCIOJb30BaThCs M B
(oTOCUHTETUYECKUX MPeoOpa30BaTENiX COTHEUHON SHEPIUu.
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st Ka4eCTBEHHOU OLICHKH DHEPreTUYECKOU s HeKTUBHOCTH
(OTOCHHTETHYECKOTO TpeoOpa30BaHUs COJIHEUYHOW DJHEPTHUU, B YIPOIIEHHOM
PacCMOTPEHUH PAaBHOMEPHOTO pacHpe/iesieHusl MOCIEeIHEeW MO CIEKTPY, MOXKHO
CUUTaTh, YTO JOJISI DHEPrMU B OMNPEICICHHOW CHEKTPabHOW 00JacTu
NpoMOpUMOHANIbHA €€ IuupuHe. Toraa Ao U3Iy4eHUus, IMOIJIOLIEHHAs B
Blactochloris Viridis B o6nactu 350 — 550 aHM Oynet onpeaesiThCs OTHOIICHHUEM
(550 — 350 um)/(1200 — 350 um) = 0.24. Ilpu cBerocOope 3HEpPrus KBaHTOB
yMeHbinaercs ot 3.54 sB — 2.26 »B (B cpemnem 2.9 »sB) no 1.22 5B wu,
cienoBarenbHo, dPGEKTUBHOCTh MEPEBOJIa SHEPIHMH TaKOTO KOPOTKOBOJHOBOTO
U3JIy4CHUS Ha JJIMHHOBOJHOBYIO (J-mojocy, B cpenHeMm, cocraBur 0.42. A
CBETOCOOp H3JIy4YeHHs, MOTJIONIEHHOTO HAa ATOM € IO0J0CE C OTHOCUTEIbHOU
nonert 80 um/(1200 — 350 um) = 0.095 umeer >HEpreTUUECKYI0 dPPEKTUBHOCTD,
paBHOi 1.0, T.K. KBaHThl IpH 3TOM HE TEpAOT 3Hepruto. B wurore, oOmumi
cBeTocOOp B cBerocoOMparomieit aHteHHol Blactochloris  Viridis MOXHO
XapakTepu30BaTh 3HepreTndeckoit ddpdextuBHocThIO 0.24 X 0.42 + 0.095 x 1.0 =
0.20.

[IpoBeneHHbIE pacueThl [JJI OCTAIBbHBIX THUMOB (DPOTOCHUHTETUYECKUX
OakTepuii MoKa3aJiv CIeAYIOIIUE 3HaUeHUs dHepreTuueckoit apdexkruBHocTu. B R.
Rubrum oOmas sHepretudeckas 3pdekTuBHOCTh cBeTocOopa cocrasiser 0.19, B
Rba. Sphaeroides 0.26, B Chloriobium Phaeobacteriodes 0.19 u B 1iuano06akTepuu
Synechocystis cymmapHas 3(pGeKTUBHOCTh CBETOCOOpa COJHEYHOTO H3IIYyYEHUS
cocrasisiet 0.14.

B wusyuennbix OakTepusix, (OTOCHHTE3, WHHUIIMUPYEMbI COJTHECYHBIM
U3ITy4eHHWEM Ha  pa3IMYHbIX JUIMHAX  BOJH, HWMEET DHEPreTHYECKYIO
s dexruBHOCTS HA ypoBHE ~ 0.20. HO, Ipy COBMECTHOM JEHCTBUHM HECKOJIBKHUX
TakuX (HOTOCHUHTE3UPYIOIINX OPTaHU3MOB, 3Ta AP (HEKTUBHOCTH MOXKET MOIHSATHCS
Beire 0.50. JlampHeiimee moBbIieHNE 3TOW d()PEKTUBHOCTH BO3MOXKHO 3a CUET
ONTHUMHU3AIMA  CIEKTPOB  TIOTJIONMIEHWS W  KOMOWHAIMM  TPUMEHSIEMBIX
dboTocunTesupyonux  Oakrepuil. OAHOBpEMEHHOE  JEHCTBUE  Pa3IUYHBIX
(OTOCUHTE3UPYIONIUX OaKTepUil BO3MOXHO C YYETOM HUX (PU3HOJIOTMYECKON
coBMeCTUMOCTHU. [Ipu BBITIOJIHEHUU YKa3aHHBIX YCJIOBUM (DOTOCHHTE3UPYIOLINE
OakTepur MOTYT OBITH OCHOBOM JIJISl CO3/1aHMsI OMOJIOTMYECKUX TTpeoOpa3oBaTeeil
COJIHEYHOU SHEPIUH.

3AK/TIOYEHHUE

1. Iloka3aHo, 4YTO CHEKTpPaJIbHO-KMHETHUUECKHE MapaMeTpbl (IyopecleHInn
XJIOpOopMIIa TO3BOJISAIOT KOJMYECTBEHHO XapaKTEpHU30BaTh IMOTJIOLIEHUE U
MUTPAIMI0 CBETOBOM B3HEPIUM B CBETOCOOMpAIOIIECH AaHTEHHE, a TaKxkKe
pasziesieHue U MepeHoc 3apsA0B B PEaKIIMOHHOM IIEHTpe (POTOCUHTE3A.

2. BmnepBble SKCIEPUMEHTATBHO TMOKAa3aHO, 4YTO ObicTpass (ayopecueHuus
xjopouisia, CBA3aHHAs C TMEPEU3IyYeHHEM CBETa HEMOCPEICTBEHHO B
aHTeHHE,  fABIETCS  HWHTETPAIbHBIM  MOKazareiaeM  3(PGPEeKTUBHOCTH
doTocuHTE3a, TOrJa Kak 3aMelJieHHas (UIyopecleHLMs, BbI3BaHHas
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oOpaTHBIM TIEPEHOCOM DJIEKTPOHOB - IU(PEepeHIHATBHBIM HHIUKATOPOM
3¢ (HEKTUBHOCTH Ha PA3IMYHBIX y9aCcTKaX PEaKIIMOHHOTO IIEHTpA.
3aKOHOMEPHOCTH MUTPAIIMU CBETOBOTO BO30YK/I€HUS (IKCUTOHOB) B aHTEHHE
M ero 3axBaTa pEaKIHMOHHBIM IIEHTPOM MOXHO YCTaHABIMBATH IIO
NEPEeMEeHHON  (IyopecleHInHd, U3MepseMOl  METOJIOM  HMITYJIbCHO-
aAMIUTUTYTHON MOJTYJISILIUH.

BrepBbie co3aHbl  AKCIIEPUMEHTAJIbHBIE YCTAHOBKM U pa3pabdOTaHbl
METOJMKHU JUIsI M3Yy4YEeHHs] TPOLECCOB OOpaTHOro IepeHoca 3apsioB B
PEaKIMOHHOM  IIeHTpe (OTOCHMHTE3a IO  Pa3IUYHBIM  KOMIIOHEHTaM
3aMeJUIEHHOHN ()IyOpecleHIuU ¢ JUINTEIbHOCTAMUA OT HAHOCEKYHJ 0 COTEH
MUJUTUCEKYH/I.

[ToxazaHa BO3MOKHOCTh KOJIMYECTBEHHON XapaKTepU3aluu OJTHOBPEMEHHOTO
nercTBus (DOTOMHAKTUBANMK H (DOTO3AMIUTHI C TIOMOIIBI0 TAPaMETPOB
(bIyopecleHITNN: BBIBEJACHHl AHAIMTHYECKHE BBIPAKCHHS OIMMCHIBAIOIINX
W3MCHCHHUS KOJIMYECTBAa (YHKIIMOHAJIBHBIX PEAKIMOHHBIX IIEHTPOB C
MOMOIIIBIO YpaBHEHUS OanaHca (POTOMHAKTUBALIMY U (POTO3ALTUTHI.

BrepBeie  dKCIEpUMEHTAIBHO  TOKa3aHa BO3MOXKHOCTH  OIpPEIEICHHUS
CKOPOCTH TPaHCTIOPTA JIEKTPOHOB B PA3IUYHBIX Y4acTKaX (POTOXUMUUIECKOTO
PEaKIMOHHOTO IEHTPa MPU CTPECCOBBIX YCIOBUSX C MOMOIIBIO PA3THYHBIX
BPEMEHHBIX KOMIIOHEHTOB 3aMeIJIEHHOMN (JIyOpECIICHIINH.

[IpensioxkeH MOPOCTOM  CHEKTPaNbHBIA  METOJ] OMNpENEICHUS  CTEIEHU
OKHUCJICHHSI MOJIEKYJl OakTepuoxiopopmsia 6 B pacTBOpe MO OTHOIICHHUIO
WHTEHCUBHOCTH MaKCHMyMa (pIIyOopeclieHIINH.

BrepBble  SKCHEpUMEHTANBHO  MOKa3aHO, 4YTO B  3aBUCUMOCTH  OT
MOJICKYJIIPHOTO  OKPYXXEHHs,  TOJIOChI ~ TIOTJIOMIEHUS  XJIOPO(HUIUIOB,
OaKTEPHOXIOPOPMILIOB W psia WX MPOU3BOAHBIX MOTYT CYIIECTBEHHO
U3MEHSTBCS, YTO OTKPBHIBACT HOBBIC MEPCHEKTHUBBI IS ITHX COCAMHEHUH B
kKadecTBe (horoceHcuOunuzaTopon OnmxHero MK-nuamazona.

YcranoBneHo, uro  moaudukanus — (QYHKIIMOHAIBHOH  CTPYKTYPBI
dboTtocunTeTnueckoro amnmapara Blactochloris Viridis metonamMu TeHHON
WHXCHEPUH TPUBOJUT K KAYCCTBCHHBIM HW3MCHEHUSM B DJHEPIeTHKE
dboToCcHHTE3a, OTPAKAIOIIMXCA B CHEKTpPax IMOTJIOMICHUS U (DIIyOpecLeHIIUH.
[IpensioxkeH HOBBIA THUIT HHEPronpeOpasyrolero yCTPOWCTBA HAa OCHOBE
rpynnbl  (OTOCHHTE3UPYIOIIUX OaKTEepuil C CyMMapHOW SHEpPreTHuYecKou
s dexruBHOCTBIO O0s1ee 50%.
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Introduction (Annotation of doctoral dessertation)

Topicality and relevance of the subject of dissertation. The problem of
creating a new generation of energy sources, apparently, will be one of greatest
challenges facing humanity in the XXIst century. «Rapid growth of the world
population and steady increase of energy consumption per capita indicate that by
mid this century, energy production is expected to increase from the current ~ 15
TW up to ~ 40 TW»'. Currently, most of the primary energy sources used around
the world 1s based on non-renewable and limited resources. In addition, these non-
renewable sources relate to fossil fuels (coal, oil, gas), the use of which causes
environmental pollution, adversely affecting the health and quality of life, both at
regional and global levels. In order to solve this problem effectively, while
maintaining a rising living standards of people, more intensive use of new
renewable energy sources plays a key role.

Also in nature occurs global transformation and accumulation of solar energy,
which subsequently is spent to sustain life in all living beings. Photosynthesis is a
complex of physical and chemical processes that converts the light energy into the
chemical energy of special biomolecules. The analysis shows that in creating
artificial photosynthesis, researchers are facing problems that still remain unsolved,
including those related to efficient physical mechanisms and optimal structural
schemes. Despite this, significant progress has been achieved in the creation of
various model systems of artificial photosynthesis. The Toshiba company has
recently introduced its version of the model of artificial photosynthesis, which has
a record to date with an efficiency of 1.5%.

At the same time, the study of the physical nature of fluorescence of
photosynthetic systems, conversion efficiency of energy in them, possibility of use
of fluorescent indicators as a tool for monitoring the growth and development of
plants, as well as new ways of solving the problems of power engineering which
are currently extremely relevant at the global level serve as the basis for creating
scientific principles of artificial photosynthesis that can serve as new sources of
alternative energy and substantiates the topicality of the scientific research.

The variability of nature, lack of minerals as well as specific physiological
peculiarities of plants can significantly reduce the efficiency of photosynthesis.
The identify of the nature of such influences and development of rapid, non-
destructive methods for assessing the photosynthetic activity of various
agricultural crops under the abovementioned unfavourable conditions require their
improvement on the basis of the achievements of modern physics, as well as the
creation and implementation of new and advanced scientific research and
technologies are an important scientific and practical task and conditioned the
relevance of the dissertation topic.

! Criswell D. R. Energy Prosperity within the 21st Century and Beyond: Options and the Unique Roles of the Sun
and the Moon, innovative solutions to CO, stabilization, Watts R. Ed. // Cambridge: Cambridge Un. Press, 2002. —
68 p.
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Conformity of the research with the main priorities of development of
science and technologies in the country. The research work has been carried out
in accordance with the priorities of development of science and technologies in the
Republic: 2 — “Power engineering, energy and resource saving” and 3 -
“Development and use of renewable energy sources”.

Review of international scientific researches on theme of the dissertation.
Significant results on the study of the nature of photosynthetic conversion of light,
effects of structural features and external stress factors on the efficiency of
photosynthesis in plants and photosynthetic bacteria as well as ways of creating
artificial photosynthesis that ensure efficient conversion of light in natural
photosynthesis were received at Osaka University (Japan), Chicago University
(USA), Max Planck Biochemical University (Germany), Zurich Polytechnic
University (Switzerland), Queen Mary University of London (England), National
Research Centre of Italy and Moscow State University named after M.V.
Lomonosov (Russia).

To the direction of research of dissertation at the global level have been
solved some current problems and the following important scientific results were
obtained: with the use of fluorescence-spectroscopic methods structural and
functional characteristics, energy engineering and primary processes of
photosynthesis of plants, quantum and energy efficiency of photosynthetic systems
were studied Zurich Polytechnic University (Switzerland) and Moscow State
University named after M.V. Lomonosov (Russia), to increase the index of
efficiency of photosynthesis, artificial photosynthesis systems were created using
the most optimal composite pigments in a Osaka Universityv (Japan) and Mare
University of London (England).

Currently, carried out scientific research works on topical areas as the study
of physical mechanisms of photosynthesis, their relationship with chlorophyll
fluorescence, temporary and energy properties of photochemical processes in
photosynthetic organisms in general, or in a variety of preparations extracted from
them, as well as the creation of fast and efficient methods of monitoring the impact
of external stress factors.

Degree of study of the problem. The unique ability of photosynthetic
systems to convert a wide range of photosynthetically active radiation of the
sunlight into the energy of biomolecules, the physical mechanisms that ensure high
efficiency of this transformation, as well as various stages of primary processes of
photosynthesis characterized by from hundreds of femtoseconds at times to tens of
milliseconds offer the utmost interest to scientists of different specialties.

Academician of the Academy of Sciences of Russia A.B. Rubin studied
various stages of photosynthesis and revealed their physical and chemical
mechanisms. In this sphere, a number of important scientific researches were
carried out, in 1961 M. Calvin established the sequence of “dark™ reactions of
photosynthesis and in 1988 1. Deisenhofer, H. Michel and R. Huber discovered the
molecular structure of photosynthetic reaction centre. In the practical application of
fluorescence methods to monitor photosynthetic activity of plants, a significant
role played the fluorometer of impulse-amplitude modulation of radiation (IAM-
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fluorometer) invented by U. Schreiber and plant efficiency analyzer (PEA-
analyzer) invented by R. Strasser that allowed “to bring out” laboratory
measurements of photosynthesis “in the open field” and carry out natural
experiments in natural conditions.

In Uzbekistan, in the laboratory "Physics of Condensed Matter" of the
Institute of Ion-plasma and laser technologies, led by prof. Zakhidov E.A. carried
out on a comprehensive study of the fluorescence-spectroscopic properties of
natural photosynthetic organisms (higher plants and photosynthetic bacteria). As a
result of these studies was developed and implemented in practice the fluorescence
method for the rapid and effective monitoring of plant response to various external
influences. Currently, employees of the laboratory offered the principles of
artificial energy conversion devices based on natural pigments of photosynthesis.

Application of modern physical methods of electronic microscopy, ultrafast
laser spectroscopy, absorption and fluorescence studies as well as biochemical
methods for the separation of various structural and functional units of
photosynthesis allowed achieving significant successes in understanding the
mechanisms of various processes of photosynthesis of plants and bacterial
photosynthesis. But, despite this, until now a number of fundamental issues in this
area remain open. Some of these problems relate to the efficiency of
photosynthetic conversion of light in stress conditions. In prolonged high intensity
illumination, in water deficiency and unfavourable temperatures the rate of
photosynthesis is significantly suppressed and the degradation of the
photosynthetic apparatus occurs.

Today, in different countries, in order to reproduce the natural process of
photosynthesis in a simplified and more efficient to create a system of artificial
photosynthesis 1s not carried out sufficient research.

Connection of the topic of dissertation with the scientific works of
scientific research organizations where the dissertation was carried out.
Research work was carried out in the framework of following research projects of
the institute of Ion-plasma and laser technologies: NoZB2-2003 (CRDF)
“Development of fluorescent methods for studying photosynthetic systems and
evaluation of efficiency of their functioning” (2004-2005) and “Uzbekistan - Korea
20087, “Study of the processes of heat dissipation of light energy in the
photosynthetic apparatus of plants by photo-acoustic methods” (2008-2011), NeF2-
FA-F147 “Study of the physical mechanisms of high-efficiency conversion of solar
energy in primary processes of photosynthesis” (2012-2016) and NeFA-A4-F047
“Development of fluorescence techniques and instrumental means of monitoring
the efficiency of photosynthesis in agricultural crops” (2015-2017).

The purpose of the research is developing the physical bases and defining
the optimal parameters of fluorescence monitoring and effectiveness of
photosynthetic solar energy conversion using spectral-kinetic characteristics of
fluorescence of chlorophyll in plants and photosynthetic bacteria.

To achieve the goal formulated the following tasks of the research:

creation of experimental facilities and methods for studying the fluorescence
of chlorophyll in photosynthetic systems with continuous excitation, impulse
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excitation with high temporal resolution as well as “double” excitation,
simultaneously with weak continuous and strong impulse radiation;

development of methods for studying the kinetics of fluorescence induction of
photosynthetic systems, as well as measuring the parameters of induction to
determine the activity and efficiency of initial possesses of photosynthesis in
photosynthetic organisms;

application of monitoring systems to the photosynthetic activity of plants in
the “field” conditions by the method of pulse-amplitude modulation, including its
daily variations;

study the fluorescence of bacteriochlorophyll in photosynthetic bacteria with
a genetically modified structure of the photosynthetic apparatus to establish the
relationship between the parameters of fluorescence and structural features in
them;

identify the mutual relationship “structure-energy-functioning” in
photosynthesis with the help of absorption-fluorescence characteristics of
photosynthetic systems at room and cryogenic temperatures;

investigate the spectral-kinetic characteristics of fast and delayed fluorescence
of photosynthetic organisms at the influence of extreme temperatures and high-
intensity illumination and develop on its basis the methods for assessing the impact
of such stresses;

study the physical nature and fast kinetics of the process of charge transfer at
the electron transport chain of the reaction centre by means of delayed
fluorescence of nano-, micro- and millisecond duration;

estimation of the energy conversion efficiency of solar energy in
multicomponent cells with different photosynthetic bacteria, taking into account
the individual spectra of their solar radiation absorption.

The objects of the research are leaves of high plants (local species of cotton,
spinach), whole samples of photosynthetic bacteria and functional subunits
separated from them (photosynthetic membranes, light-harvesting antenna,
reaction centre) as well as monomer (dissolved in organic solutions)
photosynthetic pigments - chlorophylls and bacteriochlorophylls.

The subject of the research are physical and chemical processes of
absorption and migration of light energy in the light-harvesting antenna, charge
separation and transfer in the reaction centre of photosynthetic organisms in
favourable environments and under the influence of various stress-factors.

The methods of the research. The methods of adsorption and fluorescence
spectroscopy, including the one with high temporal resolution have been used in
the dissertation with the help of an impulse laser Nd: YAG (532 nm, 100 ps) and a
nitrogen laser (337 nm, 7 ns). High sensitivity in measuring various components of
fast and delayed fluorescence was achieved by using the method of strobe-
integration of short impulses with an impulse-periodic excitation with a high
periodic rate (10 kHz). Monitoring the photosynthetic activity of plants in field
conditions was held using a pulse-amplitude modulation fluorometer.

The scientific novelty of the research consists of the following:

scientific bases of registration methods of fluorescence parameters of
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photosynthetic systems in in vitro and in vivo conditions have been created that
allow to identify the physical nature (absorption and migration of light energy in
the light-harvesting antenna, charge separation and transport in the reaction centre)
of the primary processes of photosynthesis;

new methods of monitoring the efficiency of photosynthesis have been
developed by the spectral and kinetic characteristics of fast and slow fluorescence
of photosynthetic organisms under the influence of different stress factors;

for the first time the temporal characteristics and speed of electron transport in
different parts of the electron transport chain in the reaction centre of photosystem
I by the parameters of delayed fluorescence and induction kinetics of fast
fluorescence have been experimentally determined;

it has been proved that the dark fluorescence of plant leaves may be an
indicator of integration of the light-harvesting antenna and reaction centre in the
photosynthetic membrane, and the destruction of such integration results in an
increase of the intensity of such fluorescence;

the migration regularities of energy of light excitation in the light-harvesting
antenna and its capture in the reaction centre with two physical models (“lake” and
“pools™) of the structure of the photosynthetic apparatus have been identified;

it has been experimentally substantiated that the chlorophylls,
bacteriochlorophylls and a number of their derivatives are promising compounds
as photosensitizers operating close to the infrared range. It has been identified that,
depending on the molecular environment, the absorption and fluorescence spectra
of these compounds can undergo significant changes;

for the first time the scientific bases of energy conversion devices based on a
group of photosynthetic bacteria with energy efficiency of over 50% in total by
analogy with multijjunction photovoltaic semiconductor devices have been
developed.

Practical results of the research. Methods have been developed and
instrument means have been proposed for determining the photosynthetic activity
of plants and photosynthetic bacteria that can be used for monitoring the growth
and development of various agricultural crops, and also for evaluating the impact
of unfavourable environmental conditions on them. The proposed system of a
group of purple photosynthetic bacteria, absorbing in different parts of visible and
close to the infrared spectrum can be used as a highly efficient converter of broad
band radiation of sunlight.

Reliability of the research results is substantiated by the application of
modern methods and approaches of optics and laser physics for researching such
specific objects as photosynthetic organisms. Experimental conditions have been
carefully analysed, modern instrumentation with high precision has been used, and
experimental results have been carefully processed. The findings have been based
on the basic provisions of theoretical works devoted to the study of physical
mechanisms of primary processes of photosynthesis, and are fully in conformity
with the results of other authors.

Scientific and practical values of the research results. The scientific
significance of the research results of this dissertation is to develop the concept of
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a fluorescent control of primary processes of photosynthesis in photosynthetic
organisms and a theoretical analysis of the energy migration of light excitation in a
heterogeneous light-harvesting antenna and redistribution of energy in its various
subunits depending on the speed of direct and reverse excitation transfer between
them.

The practical values of the research results are as follows, the proposed
scientific and technological solutions can be the basis for creating practical,
working methods of fluorescence monitoring of agricultural crops for the
quantitative determination of photosynthetic activity in plants and assessment of
the impact of unfavourable environmental conditions on plants and for the
development of advanced energy conversion devices from the group of
photosynthetic bacteria with different absorption bands, which in sum covering the
greater part of the solar spectrum.

Application of the research results. According to the researches, a
fluorescence method has been developed, which was applied in agricultural
practices, particularly, for determining the fluorescence parameters of 8 genotypes
of cotton leaves that were created by a gene knock-out method at Genomics and
Bioinformatics Centre (2013-2014). The obtained results show that the efficiency
of photosynthesis in the genotypes of cotton created by the methods of gene
knock-out is 25-30% higher than in the control varieties and suggest new features
for monitoring fluorescence to quantify the growth and development of agricultural
plants: during the full growing season, they made it possible to measure at least 5-6
times with a 10-fold repetition on each sample of plants that qualitatively improved
the reliability of results (there is a certificate of implementation dated 03.06.2015,
of the National Centre for Cottonseed Production at the Ministry of Agriculture
and Water Resources of Uzbekistan.

Approbation of the research results. The main results of the study have
been approbated in a number of international conferences: “17-th International
Symposium on semiconductors and applied physics” ISPSA-2014 (Jeju, Korea,
2014), Uzbek - Korean Symposiums (Seoul 2007, 2011 and Tashkent 2010),
international conferences on molecular spectroscopy (Samarkand 2009, 2013),
scientific conferences of young scientists (Tashkent 2009, 2010, 2014), as well as
seminars in the laboratory of “Condensed Matter Physics” and at the joint seminar
of the Institute of lon-Plasma and Laser Technologies.

Publication of the research results. The obtained results on the topic of the
dissertation were stated in 28 scientific works, 10 of them are scientific articles,
including 3 in international journals, 18 theses were published in the proceedings
of international and national conferences.

Volume and structure of the dissertation. The dissertation consists of an
introduction, five chapters, a conclusion, a list of used references, 192 pages
of main text, 51 figures and 2 tables.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction the topicality and relevance of the dissertational subject
have been justified, the conformity of the research with priority directions of
scientific and technological development in the republic have been defined,
presented an review of international scientific researches on theme of the
dissertation, degree of study of the problem, the purpose and tasks, the object,
subject and methods of investigation have been formulated, the scientific novelty
of the research has been stated, the reliability of the obtained results has been
proved, their theoretical and practical values have been revealed, short information
about the implementation of the results and approbation of the work as well as
about the volume and structure of the dissertation have been given.

In the first chapter “Fluorescence spectroscopy of the processes of
conversion of light energy in photosynthetic systems” of the dissertation the
literature data on the study of the properties of fluorescence of
chlorophyll/bacteriochlorophyll are analyzed: formation and relaxation of excited
electronic states in single molecules, the effect of clustering of these molecules in
the photosynthetic membrane in processes of light absorption, migration of light
excitation in the form of excitons in these molecules in light-harvesting antennas
and capture of excitation in the photochemical reaction centre; processes of charge
separation and transfer in the reaction centre. Structural and functional
organization of the photosynthetic apparatus, changes in the characteristics of its
fluorescence have also been considered under the influence of various stresses. It
has been concluded that the study of duration and quantum yield of the
fluorescence, as well as the main characteristics of delayed fluorescence in various
pigment-protein complexes of photosynthesis indicate that the fluorescence of
chlorophyll may be an informative tool for identifying the efficiency of
photosynthesis depending on the structural and functional properties of the
photosynthetic apparatus of plants and photosynthetic bacteria.

In the second chapter of the dissertation are presented “Methods and
experimental setups for studying the fluorescence of photosynthetic systems”.
Describes the experimental methods and techniques developed in the framework of
the current dissertation in order to study the spectral-kinetic and energy
characteristics of fluorescence of photosynthetic systems. Depending on the
planned tasks different schemes of excitation and registration systems of fast
fluorescence as well as various temporal components of delayed fluorescence were
applied. Based on this, experimental setups were developed in which, as a source
of fluorescence excitation, continuous and/or impulse-periodic lasers, LEDs,
incandescent lamps were used.

In order to study the photosynthetic processes in the leaves of plants in
daylight in natural conditions, for their growth and development (in the field
conditions) an instrument was applied based on the use of two light sources - weak
continuous radiation and strong radiation in the form of repetitive impulses (pulse-
amplitude modulation), which allowed to measure the quantitative characteristics
of photosynthetic processes in conditions of high intensity daylight.
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The pulse-amplitude modulation fluorometer is characterized by the following
spectral-temporal and power parameters (Fig. 1): the fluorescence is excited by
short impulses of light emitting diode with a duration of ~3 pus and repetition
frequency up to 20 kHz; this light passes through a short-wavelength filter (1<670
nm), and in front of the photo-detector a long-wavelength filter is placed (4>700
nm), which prevents it from hitting of the excitation impulses. A high-selective
impulse amplification system ignores all signals except the fluorescence excited by
~3 us-impulses. A PIN-photodiode is used as a photo-detector. Such parameters
are measured as initial fluorescence, Fj;, maximum quantum yield of
photochemistry in photosystem II (PSII), Fpsy, and photochemical (¢gp) and non-
photochemical (gy) quenching. The intensity of measuring light was ~ 1,2 W/m?,
acting light 24 - 48 W/m’, and saturating light impulses up to 600 W/m’.
Saturating impulse with duration of up to 1 s hits in every ~ 20 s.

In order to initiate the photoinhibition, on the leaf of the test plant, radiation
of photosynthetically active radiation in the spectral range of 400-700 nm and with
an intensity of 480 W/m’ was supplied by means of a fibre bundle from a separate
source (point light).

The measuring unit of the
system is extremely resistant 0 || iyl "ot ol Sl Lot N
extreme chgnges in lighting (up it | Y
to the quantity of flow exceeding T o e reslts
the daylight), even at extremely ;
low intensities of the measuring e F Phowdiods || Pelr
. . . . . elector amplifier
light. This is e'spemally important -ﬂw\'-‘“"' -
for determining the quantum e & /A
yield of photochemistry in  rem G\ 700
phptosystem II. - Fpgy and o s
primary and maximum values of Sample
fluorescence. C . Fig. 1. Schematic view of the principle of
For our initial experiments measuring the fluorescence of pulse - amplitude
the laboratory version of the modulation
pulse-amplitude modulation

fluorometer was developed on the basis of laser radiation — the second harmonic of
continuously pumped laser Nd**:YAG with a dual modulation (532 nm, 400 ns, 10
kHz) and boxcarintegrator BCI-280 with temporal, energy parameters and
sensitivity, superior matching performances of the pulse-amplitude modulation
fluorometer that allowed to obtain more stable kinetic curve fluorescence induction
of cotton leaves.

Developed by us the above-described technique of monitoring in field
conditions has been applied for the comparative study of photosynthetic activity of
different genotypes of cotton grown under the long-term water deficiency in the
experimental field of the Institute of Genetics of the Academy of Sciences of
Uzbekistan together with the specialists from the Federal Polytechnical University,
ETH, Zurich, Switzerland (Dr. I. Fracheboud and Dr. J. Leipner) and the National
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Research Centre of Italy, CNC, Rome, Italy (Dr. A. Massachi). The analysis of
slow changes of fluorescence is of significant importance when used the method of
saturating impulses, which allows determining simultaneously the dynamics of
changes of photochemical and non-photochemical quenching.

The metrics of illuminations has been described in investigating the
photosynthetic systems in laboratory and natural conditions.

The third chapter “Photosynthetic bacteria - model object for the study of
physical mechanisms of photosynthetic energy transformation” of the
dissertation 1is devoted to the absorption and fluorescence studies of
photosynthesized bacteria. By analyzing the absorption, fluorescence and
fluorescence excitation spectra, the energetics of bacteriochlorophyll molecules
was studied.

The comparative study of the absorption and fluorescence spectra of the long-
wave infrared band of the bacteriochlorophyll in natural and in genetically
modified samples of purple bacteria Blactochloris Viridis showed that the
modification of functional structure of the photosynthetic apparatus of
Blactochloris Viridis by methods of genetic engineering leads to qualitative
changes in the energy of photosynthesis, which are reflected in the absorption and
fluorescence spectra.

It is shown that the delayed fluorescence, caused by a backflow transfer of
electrons in the reaction centre can be an informative tool for studying the kinetics
and thermodynamics of slow steps of electron transfer. On the example of
Blactochloris Viridis with a genetically modified reaction centre, the possibility of
quantitative energy transfer of electrons in quinone acceptors was demonstrated in
respect of the intensities of different temporal components of delayed fluorescence.

In order to achieve high stability and measurement accuracy not only the
absolute intensities of various components of delayed fluorescence, but also their
ratio have been measured. The ratio of the intensities of rapid fluorescence and i-
temporal components of delayed fluorescence is defined as:

Ipp /IZ)F = [(k;nFF)/(kF]eXp[Gi (ks T)], (1)
where k- constant speed of the direct decay of i-radical pair, k; - is a constant

speed of fluorescence, 77~ quantum efficiency of fast fluorescence. The ratio of i-
and j-temporal components of delayed fluorescence:

I /1), = (k; /k;)exp[(Gj ~ G (k1] (2)
under the certain values of %, and &/ allows to calculate the difference between the

free energy of (G - G') radical pair, whose recombination causes these
components.

Table 1 presents the measured values of intensity ratios of fast and slow
components (I, and Iy,,) of delayed fluorescence to its submillisecond
component (/,sx) in wild sample and hybrid Blactochloris Viridis grown in light,
as well as the calculated value G; of them. It is mentioned that in a hybrid that is
grown in the dark, there was no delayed fluorescence. In hybrids grown in the
light, submillisecond component had almost the same intensity as in the wild

sample, and the ratio [jq/Lyer Was more than two times less than in the wild
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sample. The ratio of Iy,,/Is.x Was similar in both samples. Such kind of regularity
of delayed fluorescence was reflected in the values of G; as presented in the table.
It is noted that the comparative study of the slow component of delayed
fluorescence in the reaction centre of genetically modified photosynthetic bacteria
allows to define the changes of energy in quinone acceptors and, respectively, in
the kinetics of electron transfer.
Table 1.
The ratio of the intensities of the different temporal components of delayed
fluorescence in wild and in hybrid samples of Blactochloris Viridis

The genotype of bacteria Liusd Lmser G-G* Lo/ Lonser | G- G®
Wild sample 5910" |534meV |1,1810" | 116 meV
Hybrid grown in the light 3,510" [486 meV | 1,03 10" | 112 meV
Hybrid grown in the dark <10 - <10 -

On the basis of the data on the structure of the light-harvesting antenna,
absorption and fluorescence spectra as well as fluorescence induction kinetics of
two kinds of purple photosynthetic bacteria - Bls. Viridis and Rba. Sphaeroides,
the influence of structural features on the process of energy transfer in the light-
harvesting antenna and the capture in the reaction center of photosynthetic
membranes, providing limit values of efficiency of mastering the light energy has
been studied.

In Fig. 2, the images of photosynthetic membranes of Blc. Viridis (a) and
Rba. Sphaeroides (b) are presented which were obtained by means of an atomic
force microscope (AFM) after the processing of the original image (inserted at top
left corners) using a special software.

a

Fig. 2. Pictures of photosynthetic membrane of purple bacteria Blc. Viridis (a) and Rba.
Sphaeroides (b) that is taken by means of AFM

Figures clearly show that if the Bls. Viridis photosynthetic membrane
represents a densely packed, ordered structure of photosynthetic unit, then in Rba.
Sphaeroides, the complexes of light-harvesting antenna 1-reaction centre take turns
randomly distributed additional complexes of light-harvesting antenna 2 that
strengthens the light-harvesting ability of the organism; wherein the ratio of the
complexes of light-harvesting antenna 1-reaction centre and light-harvesting
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antenna 2 depends on the conditions of growth of bacteria and can be varied in a
wide range.

The spectral characteristics of considering photosynthetic bacteria confirm the
basic positions that identified in the atomic force microscopy images. Fig. 3 shows
the infrared absorption spectra and fluorescence according to (,-band of
bacteriochlorophyll @ and bacteriochlorophyll b, respectively in Rba. Sphaeroides
and in Blc. Viridis.

all

ence/Absorption. a. u

Absorption, a. u

Wavelength, nm Wavelength, nm

Fig. 3. IR absorption ("a" and "c") and fluorescence spectra of ("b" and "d")
photosynthetic membranes of Rba. Sphaeroides (1) and Blc. Viridis (11)

The absorption and fluorescence spectra of Blc. Viridis consist of a single
band in the bacteriochlorophyll b related to the subunit of light-harvesting antenna
1. In Rba. Sphaeroides the molecule of bacteriochlorophyll a in two antenna
subunits, light-harvesting antenna 1 and light-harvesting antenna 2 have different
spectral forms and, respectively, in absorption spectrum there are two peaks.
However, the short-wave peak is weakly expressed in the fluorescence spectrum
because of the rapid relaxation of the corresponding excitation.

The study of spectral-kinetic characteristics of the fluorescence provides
opportunity to assess the effectiveness of light excitation transfer within and
between the photosynthetic units in the photosynthetic membranes of purple
bacteria.

This chapter shows that chlorophylls, bacteriochlorophylls and a number of
their derivatives are promising compounds as photosensitizers processing in the
long-wavelength range of the optical spectrum. These molecules also have high
quantum yields of singlet oxygen excitation along with high light absorption of a
long-wavelength absorption band, which is a criterion of applicability of any drugs
in photodynamic therapy. On the example of a number of molecules of this group,
it was substantiated that it is necessary to take into account the possible changes in
absorption and fluorescence characteristics of molecules in their aggregation.

The fourth chapter “Monitoring of stress effects in plants by the
characteristics of chlorophyll fluorescence” of the dissertation presents the
results of experimental investigations of the light curve of electron transport rate in
plant leaves in different environments by means of fast fluorescence as well as
curve induction of millisecond components of delayed fluorescence. It is shown
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that the simultaneous study of fast fluorescence and delayed fluorescence provides
a wide range of information about the processes of electron transfer in the reaction
centre of photosynthesis. If fast fluorescence quantitatively describes the electron
transport rate in photosystem II in general, then delayed fluorescence is its
differential characteristics that allow determining the efficiency of electron transfer
in different parts of an electron transport chain.

This chapter also examined different temporal components of delayed
fluorescence relating to the reverse transfer of various parts of the electron
transport chain. Taking the above-mentioned into account, we have determined the
temporal components of delayed fluorescence of millisecond (1-5ms) and
microsecond (10 - 50 microseconds) duration according to the sequence of transfer
processes, including and not including the inverse transfer of QOp - O, at different
radiation intensities and at different temperatures of the leaf of cotton.

Fig. 4.a presents data at 9 _

25°C. A photoinhibitory damage i@

of the photosynthetic apparatus "] 5% 192
was not yet observed in the value 3 3
of photosynthetic-active radiation 0 . I .

36 W/m’, and the intensity ratio

. ] b)
of the two components of delayed : 6 192
fluorescence, Fcser/Fnser does not 2 ] %

H
change over the time. However, %

with an increase of the radiation = ° ' ' ' ' ' ' ' T 6o
intensity and increase in number ] ¢) 192
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damaged protein D1, the flow of 3 - 36
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transport reduces, which would 0 o he 20
cause an increase in the
probability of backflow acceptor
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Oy and intensity components of Fig. 4. Kinetics of the ratio between the intensities
B y P ) i of the microsecond (10-50 ps) and millisecond
delayed fluorescence duration is (1-5 ms) delayed fluorescence components

less than 200 microseconds, while (F./Fpus) at different intensities of illumination
the millisecond component of and temperature

delayed fluorescence related to
the inverse shift from subsequent sections of the chain has to be weakened.

Interestingly, the effect of photoinhibition appears more obviously in the time
course relations of F,.ser/Fusex Under the unfavourable temperatures: Fig. 4.5 and
4.c show the data measured in a cotton leaf at temperatures 20°C and 42°C
respectively. Here, the suppression rate of the photosynthesis in cotton is stronger
at 20°C than at 42°C, which explains a sharp deviation in curves over the time
course of F.er/Fonser 10 this case.

Thus, the kinetics of the quantum yield of photochemistry of photosystem II
under different stress conditions of functioning of photosynthetic systems and
different temporal components of delayed fluorescence can be an informative tool
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in order to study the nature and dynamics of photoinhibition in plants, as well as
the processes of electron transport in the electron transport system in
photoinhibition damage of its photosynthetic apparatus. These parameters can also
be used for a comparative study of plants with varying functioning capability at
high light and unfavourable temperatures.

The energetic connection between the light-harvesting antenna and reaction
centre in the photosynthetic membrane, which determines the efficiency of capture
by the reaction centre excitons and, consequently, by photosynthesis in general,
when approaching to the critical temperature . ~ 40°C dramatically reduces,
causing respective increase in the “dark™ fluorescence, F. The growth conditions
and specifics of plant genotype are reflected in the lipid-protein composition of
photosynthetic membranes, which, in turn, define z.. Taking the current condition
into account, the dependence of the critical temperature on the genotype and
temperature regime of plant growth has been considered.

Fig. 5 shows the temperature dependence of F), measured in samples of
cotton that were grown at 15°C (a), 25°C (b), 35°C(c), and in spinach (d) for
comparison under the illumination of 30 W/m”.

It can be seen from the
figure that in heat-loving cotton,
t. 1s higher than in spinach, and
the growth of cotton at a higher
temperature causes an increase in
t. and in slope of rise Fj. The ol
solid system, which a membrane 00—
is like at low temperatures, by ’
reaching 7. sharply mitigates, due
to which the distance between
chlorophyll-protein ~ complexes
increases. This  consequently ‘ ‘
leads to a dramatic reduction of Wk w4 Ak Lk W boa i

. . . Temperature,"C Temperature, "C
energetic  (exciton) connection
between them. These

Fig. 5. Temperature dependence of dark

experimental data also indicate
fluorescence F

that the  fluorescence  of
chlorophyll is an informative tool for the control of the physicochemical properties
of photosynthetic membranes, and, in particular, changes of their rigidity and
structural stability during thermal exposure.

In order to better understand the nature of response of the photosynthetic
apparatus to the drought, the fluorescence of chlorophyll and gas exchange in
plants were simultaneously studied in field conditions. The results showed that the
cotton plant reacts to the onset of water deficiency by increasing the rate of
photorespiration in order to prevent excessive accumulation of excitation of light
energy and consequently, formation of singlet oxygen and superoxide radicals.

In the fifth chapter “Energetics of conversion of solar radiation in
photosynthetic systems” of dissertation the absolute rate of energy conversion in
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photosynthesis has been analyzed. In order to establish the “accumulation effect”
under the influence of water deficiency in plants, we measured the daily dynamics
of changes of quantum efficiency of the photochemistry in photosystem II Fpgy, in
two samples of the same plants: control and “stress”, that were grown under a
chronic water deficiency (Fig. 6).

The minimum level of quantum efficiency of the photochemistry in
photosystem II Fpg;, which i1s defined according to a decline in the activity of
photosystem II under high-intensity light in the daytime, was 0.43 in the control
and 0.61 in the “stress” samples. As the figure shows, in the “stress” sample the
decrease amplitude is lower than in the control, which can be attributed to the
increased value of photorespiration in the daytime in the sample that adapted to
water deficiency. It needs to pay attention to the asymmetry of daily curve of
quantum efficiency of the photochemistry in photosystem II Fpg;: in the “stress”
sample, it is significantly higher than in the control sample. In our opinion this is
due to the predominance of the slow component of the recovery process under the
water deficiency.

Thus, the diurnal curve
changes of Fpgy provide 1,0
information on the scale and
nature of photoinhibition under 084 !

. .- Py | IO g0 Pt
the influence of solar radiation 1 oot N e
in them. 064 7 \‘\ D /

The results of the study of ' N ./-"/
energy efficiency of 047
photosynthesis under the
influence of various external
factors have been presented. We
investigated the long-term light- 00 0 4 8 1 16 w
induced changes in reactivity of Time of day (h)
the reaction centre of Fig. 6. Daily curve changes of quantum efficiency of

photosystem II, decay and photochemistry in photosystem II Fpg; in the
recovery activities of these «stress» (1) and control (2) samples

reaction centres, as well as related changes in fluorescence of chlorophyll. The
time course of photoinactivation of the reaction centre photosystem II and
restoration of their functionality in plants grown at low and high illumination
intensities has been studied by means of fluorescence parameters.
The comparative study of the energy characteristics of photosynthetic bacteria
and semiconductor photovoltaic converters of solar energy has been carried out.
Out of all solar radiation concentrated, mainly, in the spectral range of 350nm
- 1200nm, a part of it is absorbed in plant photosynthesis at wavelengths up to 700
nm, and in bacterial photosynthesis - also IR radiation in the range of up to 1100
nm. If the plant photosynthesis is considered from a practical point of view as a
more important mechanism of natural energy conversion, then a high speed of
circulation of the biomass in the habitat of photosynthetic bacteria and promising
area of spectral energy transformation carrying up to 40% of solar energy, as well
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as the possibility of modification of spectral-energy characteristics of such
phototrophic organisms by means of Genetic Engineering methods, show that there
is a great possibility of their application in solar energy.

The results of researching the spectral energy characteristics of a consistent
group of photosynthetic bacteria with different absorption bands in close periphery
to the infrared region of the spectrum are presented: wild type of Blc. Viridis,
Rhodospirillum (R.) Rubrum, Rhodobacter (Rba.) Sphaeroides, as well as green-
sulphur bacteria Chloriobium Phaeobacteriodes and cyanobacteria Synechocystis.

Fig. 7 shows the absorbing
spectra of the mentioned wild type
photosynthetic membranes of
specified organisms in low
concentrations of physiological
solution.

In the spectra being
considered, there is a possibility

Absorpton, a.u.

to detect general regularity: in the 0
short-wave part of the spectrum,
there is a strong absorption at ~
350 - 550 nm due to the Soret Fig. 7. Absorption spectra of photosynthetic

. : bacteria Blc. Viridis (1), Rhodospirillum
b?nd of the main p hotosynthetic Rubrum (2), Rhodobactér) Sphaeroiais (3),
pigments — baCtenOCthI:Ophst’ Chloriobium  Phaeobacteriodes  (4) and
and three-peak bandwidth of Synechocystis (5)
additional pigments — carotenoids.
In the long-wave part of the same spectrum, a strong absorption causes only a
narrow freestanding Q,-band of the same bacteriochlorophylls. Moreover, the
spectral position of the band, depending on the type of bacteriochlorophyll and its
protein environment in the membrane, might vary from 720nm to 1020nm.

Thus, as a simplified model it can be assumed that the spectra of the
considered photosynthetic bacteria consist of only two absorption bands: a broad
shortwave band in the region of 350 - 550 nm and a narrow (~ 100 nm) long-
wavelength band with maximum at the region of 720 - 1020nm depending on the
sample.

Fig. 8 shows the comparative energy diagrams of light-selection of solar
radiation in bacterial photosynthesis and in the photovoltaic cell on the example of
the bacteria Blc. Viridis and crystal silicon respectively. The absorption spectra of
the membranes of Blc. Viridis and crystal silicon (shown on the left, respectively,
from the energy diagrams), as well as the solar radiation at the earth’s surface (in
the middle of the figure) are shown as a function of the quantum energy in eV. In
the photosynthetic membranes Blc. Viridis, the energy of solar radiation in the area
of ~ 1.1 - 3.5 eV is absorbed at different wavelengths in different rates, and is
accumulated in the band with a wavelength 1020 nm: light quanta with different
energies, partly losing their energy in a very short time (~ 107 s) go to the lowest
excited energy level in the bacteriochlorophyll b corresponding to Q,-band, where
the energy is transferred to the reaction centre in order to start photochemical

63

350 450 550 650 750 850 050 L1056 1150



reactions. In fact, it is similar in a silicon crystal either. Light quanta with energies
exceeding the energy gap (between the valence band and the conduction band),
1.e., with wavelengths shorter than the critical one, can kick out the electrons from
the valence band to the conduction band. The energy of the electron will be
different, depending on the quant energy that caused such “internal photoelectric
effect”. But these electrons within a very short time relax to the bottom of energy
of the valence band from which they initiate the photoelectric effect.

E, (eV) E, (eV) E, (eV)
4x x4 4 x5

Soret band

Absorption
bands of
additional
pigments

Conductance
band

Q, band
A%z

Valence band

Q, band

The basic state of BChl

Fig. 8. Comparative energy conversion processes of solar radiation in the photosynthetic
bacteria Blc. Viridis and in the silicon photovoltaic cell

Despite the high levels of quantum efficiency in both processes under
consideration, due to loss of a significant part of the quant energy in the energy
relaxation to the lowest excited state of the bacteriochlorophyll b in the light-
harvesting antenna Blc. Viridis or relaxation of electrons to the conduction band in
the crystal silicon, the energy efficiency of light collection in both systems is quite
low.

In order to qualitatively estimate the energy efficiency of the photosynthetic
conversion of solar energy in a simplified consideration of uniform distribution of
the latter over the spectrum, it is possible to assume that the share of energy in a
certain spectral region is proportional to its width. Then the fraction of radiation
absorbed in Blc. Viridis in the range of 350 - 550 nm will be determined by the
ratio of (550 - 350 nm) / (1200 - 350 nm) = 0.24. In light collection, quantum
energy decreases from 3.54 eV - 2.26 eV (on average 2.9 eV) to 1.22 eV and,
hence the efficiency of the energy transfer of short-wave radiation at longer
wavelengths O,-band, on average, will be equal to 0.42. A light selecting radiation
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absorbed in the same band with relative fractions of 80 nm / (1200 - 350 nm) =
0.095 has an energy efficiency equal to 1.0, in this case quanta do not lose energy.
As a result, the total light collection in the light-harvesting antenna Blc. Viridis can
be characterized by energy efficiency of 0.24 x 0.42 + 0.095 x 1.0 = 0.20.

The calculations for other types of photosynthetic bacteria showed the
following values of energy efficiency. In R. Rubrum overall energy efficiency of
light collection is 0.19, in Rba. Sphaeroides 0.26, in Chloriobium
Phaeobacteriodes 0.19 and in cyanobacterium Synechocystis the total light
collection efficiency of the solar radiation is 0.14.

In investigated bacteria, the photosynthesis initiated by the solar radiation at
various wavelengths has an energy efficiency of ~ 0.20. However, under the
combined action of several such photosynthetic organisms, this efficiency can rise
above 0.50. Further increase of this efficiency is possible by optimizing the
absorption spectrum and combination of the applied photosynthetic bacteria.
Simultaneous effect of various photosynthetic bacteria is possible considering their
physiological compatibility.

While performing the specified conditions, the photosynthetic bacteria can be
the basis for the creation of biological converters of solar energy.

CONCLUSION

1. It has been shown that the spectral and kinetic parameters of chlorophyll
fluorescence allow quantifying the uptake and migration of light energy in the
light-harvesting antenna, as well as charge separation and transfer in the
photosynthetic reaction centre.

2. For the first time it has been experimentally shown that fast fluorescence of
chlorophyll associated with the re-emission of light directly to the antenna is
an integral indicator of the efficiency of photosynthesis, whereas delayed
fluorescence is caused by inverse electron transfer, the differential indicator
of effectiveness in different parts of the reaction centre.

3. Migration laws of the light excitation (excitons) in the antenna and its capture
by the reaction centre can be determined by the variable fluorescence that can
be measured by the pulse-amplitude modulation.

4. For the first time the experimental setups have been created and the methods
for studying the processes of inverse charge transfer in photosynthetic
reaction centre by various components of delayed fluorescence with durations
from nanoseconds to hundreds of milliseconds have been developed.

5. The possibility of quantitative characterization of simultaneous action of
photoinactivation and photoprotection via fluorescence parameters has been
shown; the analytic expressions describing the change in the number of
functional reaction centres using the balance equation of photoinactivation
and photoprotection have been derived.

6. For the first time the possibility of determining the rate of electron transport
in different parts of the photochemical reaction centre under stress conditions
using different temporal components of delayed fluorescence has been

65



experimentally demonstrated.

A simple spectral method of defining the degree of oxidation of
bacteriochlorophyll b molecules in solution by the relation of the maximum
fluorescence intensity has been offered.

For the first time it has been experimentally shown that, depending on the
molecular  environment, the absorption band of chlorophylls,
bacteriochlorophylls and some of their derivatives can fluctuate significantly,
which opens up new prospects for these compounds as new photosensitizers
near infrared region.

It has been found out that the modification of the functional structure of the
photosynthetic apparatus of Blactochloris Viridis by the genetic engineering
methods leads to qualitative changes in the energy of photosynthesis which is
reflected in the absorption and fluorescence spectra. A new type energy
conversion device based on the group of photosynthetic bacteria with the total
energy efficiency of over 50% has been proposed.
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