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HccnenoBaHbl (OTOCMHTETMYECKME XapaKTepUCTUKU JUCTheB UMbl (Tilia cordata 1L.) n 6epesnl (Betula
verrukosa L.), pactymux BO613u roponckux maructpaieit 1. Mocksbel (MKAJI, MocKoBcKasi KoJiblieBast
aBTOJIOPOTA) C MTOMOIIIBIO OMHOBPEMEHHOM perucTpaliii MHIYKIMOHHBIX KPUBBIX (DJIyOPECLIEHIIUU XJIOPO-
dwa u pegokc-cocrossaus nmurmeHTa ®C 1 — P700. Y nepeBbeB 6,113 MarkucTpasieii BEISIBIIEHO YXYAIIEHIE
2JIEKTPOHHOTO TPAHCIIOPTa Ha YPOBHE IIACTOXUHOHOB (OR,) M CHMKEHHE CKOPOCTH BOCCTaHOBJICHMSI
P700", HecMOTpsI Ha IOCTATOYHO BBICOKME MOKA3aTeN (POTOCMHTETUYECKO! addekTuBHOCTU (Fy/Fyp). Y 1-
cTheB O6epesbl, pacTymux 1o MKA/I, BBISIBIIEHO CHIDKEHHE OTTOKA 371eKTPOHOB 0T @ C | 1 yMeHbIIIeHHE MH-
TEHCUBHOCTHU 3aMeIeHHO# (uryopecueHn ripu 30 Mc 1 1 ¢, CBA3aHHOI CO CHUXKEHUEM 3JIEKTPUIECKON U X1 -
MMYECKOI COCTaBJISIIOIIMX JEKTPOXUMUYECKOTO IpaIieHTa MPOTOHOB Ha (POTOCUHTETUYECKUX MeMOpaHax.
¥ pacTeHuit 0KOJIO aBTOMOOUJIbHBIX MarucTpajieit OoTMe4eHO MOBbIIIEHUE CTeNeH (DOTOMHTMOMPOBAHUS
U 3aMeJIeHUe peaklnuii BOCCTAaHOBJIEHUsI (DOTOCUHTETUYECKON aKTUBHOCTH B TEMHOTE TTOC/Ie IpeKpaliie-
HUS (HOTOOKUCIUTENIBHOTO CTpecca, YTO MOATBEPKIAET BEPOSITHOE BIMSHUE HEeOIarornpusTHBIX TOPOI-
CKMX YCJIOBUI Ha OMOCHHTE3 0eJIKOB peakMOHHBIX lieHTpoB P C I1. B kauecTBe MHAMKATOPOB COCTOSIHUS
NIepeBbEB B TOPONICKON cpelie MPeTOXKEHBI ClIeayIolue apaMeTpbl JIyopeclieHIIMN: 001N UHAEKC MPo-
n3BoauTenbHOCTH (Pl ) ¥ KBaHTOBBIIT BBIXOJ BOCCTAHOBJIEHUSI AKLIENITOPOB 3JIEKTPOHA Ha aKLENTOPHO
cropore OC I (og,)-

KiroueBble cioBa: Betula verrukosa, Tilia cordata, anTporioreHHasi Harpy3ka, 3arpsisHeHus1, yyopeciieH-
s xsaopoduiia, porocuctemsl I u 11
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BBEAJEHUWE

Bo3spacraroriast 3arpy>keHHOCTb TOPOICKHUX MaTy-
cTpajeil aBTOMOOWJIBHBIM TPAHCIIOPTOM YXYAIIIAeT
COCTOSIHUE TOPOJACKOI PaCTUTEIBHOCTU. 3eJieHble
HacaxkKIeHWS UTPAIOT BasKHYIO pOJIb B JIaHAIIA(dTe CO-
BPEMEHHOTO TOpOo/ia — YBJIAXHSIIOT U OYUIIAIOT BO3-
nyx UTOHUMIAMU. 3arpsi3HEHUE BO3AyXa U MOYBBI
BO3ICIHCTBYET HAa COCTOSTHHE PACTEHUI, YTO TIPUBO-
AT K YXYIIIEHUIO X (OTOCMHTETUYECKUX XapaKTe-
puctuk [1-5].

Cokpamenus: 3D — 3amemienHast guryopectieHus, MKAJL —
MockoBcKas KoJiblieBast aBTonopora, ABS — nmomoienue (ab-
sorption), MR — MonynupoBaHHOe oTpaxeHue (modulated re-
flection), RC — peakiimoHHbIi1 LeHTp (reaction center), RE —
BOCCTaHOBJIEHHE KOHeYHBbIX akientopoB B ®C 1 (reduction of
end acceptors in PS I), Pl — unnexkc npousBoauTeIbHOCTH (per-
formance index).

DOTOCMHTETUYECKHMI amnmapaT pacTeHUil Npen-
CTaBJIIeT COOOI CIOXKHOOPTAHU30BAHHYIO CUCTEMY, B
KOTOPOi1 GYHKIIMOHUPYIOT pa3InyHbIe ITUTMEHT-0e-
KOBBIE€ KOMILIEKCHI, OEJIKOBbIE KOMILIEKCHI, IIEPEHOC-
YUKW 3JIEKTPOHOB M MPOTOHOB [6]. IlomioireHHast
SHEPTUsI IMTMEHTaAMU aHTEHHBIX KOMILIEKCOB (pOTO-
cuctem II (OC 1I) u I (OC 1) ucrmonbsyercst a1 1e-
peHoca BJIEKTPOHOB Mo (dotocuHTeTUYeckKoit DTLI
st oopazoBanust HAJIMH u AT®, kotoprle B 1aib-
HEWIIeM yJacTBYIOT B TEMHOBBIX peakKLUSIX (poTo-
CUHTE3a.

M3BecTHO, 4TO (POTOCMHTETUYECKMIA arrapar pac-
TEHUN YPE3BbIYAMHO YYBCTBUTEJIEH K BO3ICUCTBUIO
9KOJIOTMYECKUX (DAKTOPOB, B TOM YMCJIE M aHTPOIIOTeH-
HbIX [7]. B cBs131 € 5TUM (POTOCUHTETUYECKUIA arrapar
TOPOICKUX HACAXKASHUI MOXET BBICTYIIaTh B KAUECTBE
WHIWKATOpa COCTOSIHUMSI TOpOACKOi cpennl. Hapyiie-
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HUS B (PYHKIIMOHMPOBAHUM (POTOCMHTETUYECKOTO arl-
11apara MOTYT ObITh BBISIBIEHBI C IIOMOILBIO PA3TUYHBIX
METONOB perucrpauuy GIyopecleHINN XJIOPOdUI-
ma [8, 9].

B Hactosiiee Bpemsi aryopeclieHIMs xJopoduiiia
LIMPOKO UCTIOIb3YETCS LTSI OLIEHKU aKTUBHOCTH (ho-
TOCUHTETUYECKOTO arliapara pacTeHUW U BOAOPOC-
neii [10]. JaHHBIM MeTOnm 00JamaeT BBICOKOM YyB-
CTBUTEJIbHOCTBIO, TTPOU3BOJUTENIBLHOCTBIO, a TaKXe
JIOCTYITHOCTBIO TMOPTAaTUBHBIX MPUOOPOB, KOTOpHIE
MOTYT ObITh UCITOJIb30BaHbl HEMTOCPEICTBEHHO B IOJIe-
BBIX YCJIIOBUSIX M Sifu, YTO OYEHb BAXKHO IS PEILICHUS
pa3JIMYHBIX 3KojJorudyeckux 3agay [11—14]. Payo-
peclLieHIIMIO XJIopoduiiiia OObIYHO MHAYLMPYIOT aK-
TUHUYHBIM HACBIIIAIOLIMM CBETOM M OIPEAESIOT
3HaueHus — F, (HavanbHas duyopecueHUus) U Fy
(MakcuManbHast (PIIyopecleHIINs ), N3 KOTOPBIX pac-
CUMUTBIBAIOT YaCTO UCIOJIb3yeMblIit mapameTp Fy/Fy —
MaKCUMAaJIbHbI1 KBAaHTOBBIM BbIXOA MEPBUYHOU (ho-
toxumuueckoit peakuuu B @C II [8]. Peructpupys
WHIYKIIMOHHbIE KpUBbIE (PIyopecleHIun XJI0po-
duIa, MOXHO TTOJIYYUTh MH(MOPMALIMIO HE TOJIBKO O
cobniTusIX, rporekamiux B @C 11, Ho u B ee oKpy-
xeHwuu [9, 15, 16]. UHaykunoHHas Kpuas (iyopec-
neHuuun xiaopodwuia unu OJIP-kpuBas oTrpaxaer
rnocjenoBaTe/ibHbIil nepexon (OTOCUHTETUYECKOM
OTI u3 okucnieHHoro (O, F,) B MOJTHOCTbIO BOCCTAHOB-
JieHHoe coctosinue (P, Fy;) yepe3 OCHOBHbIE IPOMEXKY-
TouHkble ctaguu J u I. HauyanbHas ¢paza OJ cooTBeT-
CTBYET 3HAYWTEIIbBHOMY BOCCTAHOBJIEHUIO aKIIENTOP-
Hoii croponbl @C 11, B TO BpeMs KakK nocjieayoias
daza JIP oTpaxaet nocyienoBaTeIbHOE BOCCTAHOBJIE-
HUe Tyja TUIacTOXMHOHOB (PQ) u mepeHOCUYMKOB
3JIEKTPOHOB 3a npeaeiiamu 1yjia PQ [16]. dyHk1Mo-
HajbHoe cocTtosiHue DC [ olleHUBaeTCs MyTeM peru-
cTpanuu oTpaxkeHus 1pu 820 HM, KOTOPOE CBSI3aHO C
OKUCJIUTEJIbHO-BOCCTAHOBUTEIBHBIMU TI€pEXOaaMu
P700, numepa peakunonHoro neHtpa ®C I, u nna-
CTOLlMaHWHA, BOBJIEYEHHOIO B MEPEHOC 3JIEKTPOHA
OT LIMTOXPOMHOTO b¢ fKomiutekca K DC I [17]. ITo 3a-
MeIJIEHHOI (bIyopeclleHIMU OLIEHUBAETCSI YHEPIU-
3alUsl TUJIAKOUIHBIX MEMOpaH, T.€. CBeTOMHAYLIMPO-
BaHHOE€ 00pa3zoBaHUEe MeMOpaHHOTO MOTeHlIMala 1
TpaHCMeMOpaHHOTO rpagueHTa npotoHoB (ApH) Ha
TUJIAKOUIHBIX MeMOpaHax [7, 17].

Panee ucciaenoBarenssMu M3y4ajuCh M3MEHCHMUS
(OTOCHMHTETUYECKIX XapaKTEPUCTHK I10 (DJIyOopecleH-
UM XJIOpO(pUIIJIa Yy pacTeHMI BOJIM3U TPAHCIIOPTHBIX
maructpaieii [1, 2, 18]. HecMoTpst Ha umMerolmecst 1aH-
HBIe, KOTOPbIe B OCHOBHOM COCPEIOTOYEeHBI Ha MCCIIE-
npoBaHuu akTuBHOCTU @ C 11, OTCYTCTBYIOT TaHHbBIE O
XapaKTepUCTUKe IpolieccoB, nporekaiomux B OC |
u Mexnay ¢poTocucTteMaMu, a TakKe 00 YPOBHE DHEP-
TM3aluy MeMOpaH y TaKMX JepeBbeB BOJM3U TpPaHC-
IOPTHBIX MarucTpajei.

OnHuM 13 (akTOpoOB, BIMSIOLIMX Ha COCTOSIHUE
TOPOICKUX HACAXKIEHUIA BAOIb TPAHCITOPTHBIX Maru-
CcTpasieii, SB/ISIeTCS TOBBILIEHHOE COASPKAHUE TSIKe-
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JIBIX METAJJIOB OT aBTOMOOMILHOTO TpaHcmopTta. M3-
BECTHO, YTO COJIM TSIKEJIBIX METaJJIOB MOTYT CyIlle-
CTBEHHO HapylIaTh IIpolecc GOTOCUHTE3a pacTCHUMA
[19, 20]. Panee MBI MpOBOOMIIN A€ TaJIbHbBIE MCCIIEIO-
BaHMs BO3IEUCTBUS psifia TSLKEIbIX METAJIOB Ha (po-
TOCUHTETUYECKIE XapaKTe PUCTUKHM JIUCThEB BBICIIINX
pacTeHuii C IIOMOIIBI0 MHOTro(hyHKINOHAILHOTO
aHanm3aTtopa pacteHuit M-PEA-2 [21, 22]. B HacTo-
SIIeii padboTe MPEeACcTaB/ISIIO MHTEPEC CPaBHUTh 3TU
JIaHHbIE C pe3yJbTaTaMM BIMSHUS 3arpsI3HEHUM Ha
TOpOACKME pacTeHUs IIPU perucTpauuu Giayopec-
LIEHIIUM XJIOpoWLIa @ Ha TOM Xe pubope M-PEA-2.

Llenbio maHHOM pPabOTHI SIBUJIOCH M3YYEHHE CO-
crosgaust ®C 11 u OC 1 1 371eKTPOH-TPAHCHOPTHBIX
MPOLIECCOB MeXY (POTOCUCTEMaMU, a TAKXKE YPOBHS
SHEPru3aliiy TWIAKOUIHBIX MEMOpaH JIMCThEB Ape-
BECHBIX paCcTeHUI1, IIpOM3pacTaloIInX psiaoM ¢ Moc-
KOBCKOI1 KoJiblieBoIi aBTomoporoit (MKA), ¢c momo-
IIbI0 OOHOBPEMEHHOM pErucTpaluy MHIYKIIMOHHBIX
KPUBBIX OBICTPOI M 3aMeMIEHHOI (hJIyopeCLICHIINN,
U peTuCTpalliyd MOIYJIMPOBAHHOIO OTpaXXEeHUs IpU
820 M. IlonydeHHbIEC JaHHbIC MO3BOJIMIN OIIPEIC-
JINTh MUIICHU IIPEUMYIIECTBEHHOTO BO3ICHCTBUS
TOPOACKUX YCJIOBUIA Ha IIepBUYHBIE (DOTOXUMUYE-
CcKue peakluu (POTOCHHTE3a M BBISIBUTH Haubosiee
YyBCTBUTEJIbHEIE ITapaMeTphbl (DIyOpeCceHINN XJIO-
poduiuia a ISt 3KCIIPEeCcC-MOHUTOPUHTA (PU3MOI0-
TMYECKOT0 COCTOSTHUS ICPEBbEB.

MATEPHAJIBI 1 METO/1 bl

B kauyecTBe 00BEKTOB HCCIEeNOBaHUS OBLIN BbI-
OpaHBI IMCThs AePEBbEB JIUIBI MelKoaucTHol ( Tilia
cordata L.) n 6epesbl 6oponaByaroii (Betula verruko-
sa L.), pactrymux Bnoar MKAJI (5 M oT moporu).
l'eorpacdunyeckmne KoopauHaThl (IIMpPOTA, HOJITOTA)
MECTOTIPOU3PpACTAHUSI UCCIIEAYEMBIX IePEeBbEB: JIU-
ma — (55.593747, 37.521393)—(55.594400, 37.518640);
6epesa — (55.593814, 37.518609)—(55.594303, 37.516385).
Kontpoiem 06111 BRIOpAHBI IepeBhsI N3 SICEHEBCKOTO
Jiecorapka: juronast ayuies — (55.597832, 37.515994)—
(55.597276, 37.516877); 6epesoBast ayutest — (55.597184,
37.516734)—(55.597748, 37.515822). W3mepeHus
MPOBOJIWJIM Ha alaKCUaJbHOW CTOPOHE JIUCThEB Ofl-
HOJIETHUX ITOOETOB BETBEIl HUXKHETO SIpyca C I0r0-BO-
CTOUYHOI1 YaCTU IepEeBbEB MPUMEPHO OITHOTO BO3pPACTA.
JIuctbst 6€3 BUAUMBIX MOXEJTCHUI U MOBPEXICHUIA
OTOUpAaINCh B paHHUE YTPEeHHMeE Yackl. MiccnenoBanu
o 5 nepeBbeB Baosb MKAJI 1 3 mapka. Ilepen n3-
MEPEeHUSIMU JINCThSl aAalTUPOBAIN K TEMHOTE B Te-
yenue 30 MuH. Bce uamMepeHus IIpoBOAMIM HE MEeHee
YyeM B IMSITM TTOBTOPHOCTSIX. Ha pucyHKax mpencraB-
JIEHBI yCpeTHeHHbIe faHHbIe 10 06pa3LoB.

dnyopeclueHINIO XJIOpOoGUILJIa @ U KUHETUKY OT-
paxeHus 1pu 820 HM perucTpupoOBaInd C OMOIIBLIO
MHOTO(YHKILIMOHAJIBHOTO aHaJiu3aTtopa pacTeHUit
M-PEA-2 (Hansatech Instruments Ltd., Benuko-
opuranust) [17, 21—24]. Bo3oyxnaimm ¢ayopecieH-
LIMIO KPACHBIM aKTMHUYHBIM CBETOM (A = 625 HM) C
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TOOOPEHKO u ap.

Tabmuna 1. Onrcanuve u opmyJtbl mapameTpoB duryopecteHLmu, noaydeHHbIX u3 OJIP-kpuBbix ¢ momoinbto JIP-tecta [23]

DdopMyIibl TapaMeTpoOB

OmnucaHue napaMeTpoB (GIyopeceHIIn

diryopecLeHInNI
Fy MuHuMabHass MTHTEHCUBHOCTD (pIyopeclieHIIM, KOTa Bce
peakunoHHbIe LIeHTpbl D C I1 OTKPHITHI
Fy=Fp MaxkcuManbHast (= MaKCUMAaJIbHO BO3MOXHasI) (pIyopeceHIIS BO BpeMST
nuka P, xorna Bce peakupoHHble LeHTpbl D C 11 3aKphITHI
N=FK—-F MakcumasnbHasi nepeMeHHast QIyopecLieHIIUs

Vy=(Fy— Fy)/Fy
h=tH-FH/K
My = 4(Fy704s — Foo us)/ Fy

Ve, =1—V

Oro = (1 =¥ =¥y

Opo (= Fy/Fyp) = (Fy — Fy)/Fy

PEo = PpoVEo
QPro = (1 — @po)(1 — V)

ABS/RC = My(1/V)(1/@p,)
TRo/RC = My(1/V})

ETo/RC = My(1/V)Wg,
REo/RC = My(1/V))(1 — )

DIo/RC = (ABS/RC) — (TRo/RC)
Plsgs = (RC/ABS)(9p,/(1 — @p,) X
(Weo/(1 — Wg,)

Pligal = Plags(Bro/(1 — Bgo))

OTHocUTeTbHAs IepeMeHHast piryopeciieHIIs Ha J-aTarne
OTHocuTeNnbHas iepeMeHHast iryopecieHIs Ha [-3Tarre

YcpenHeHHas BeJIMYMHA Ha4aIbHOTO HAKJIOHA (B Mc~!) OTHOCHTEIBbHOI
nepeMeHHoM duryopeclieHIMU xaopobwuia a, V=)

BeposiTHOCTB TpaHCHIOPTA 3JIEKTPOHOB 3a npenensl Q, (mpu ¢ = 0), To ecTb
3GbGEKTUBHOCTD, C KOTOPOU 9KCUTOH, 3axBayeHHbIt RC, NBUXeT 271eKTPOH
0 Lernoyke mnociue Q,

BeposiITHOCTB, ¢ KOTOPOii 2JIEKTPOH OT IIEPEHOCUYMKOB MEXKIY IBYMsI (DOTOCH-
cTeMaMU1 BOCCTaHaBJIMBAaeT KpailHMEe aKIeNTOPhI SJIEKTPOHA Ha aKLIeNTOPHOI
ctopone OC |

MaxkcuManbHBIM KBAHTOBBIN BBIXOM IIEPBUYHOM (DOTOXMMUIECKON peaKIInu
(ripu ¢ = (), KOTOPBIi1 YKa3bIBaeT Ha BEPOSITHOCTh 3aXBaTa dHEPIUU MOLJIOIIEH -
HbIX poToHOB RC OC II.

KBaHTOBBIIt BBIXOJ ITEPEHOCA TEKTPOHOB OT Q4

KBaHTOBBII1 BBIXO/I BOCCTAHOBJICHUSI KpaiflHUX aKLIETITOPOB 3JIEKTPOHA Ha
akuenTopHoit cropoHe PC |

TToToK 3Hepruu, morjaionaeMoit oqHUM aKTUBHBIM RC

IToTok aHepruu Bo30yXIeHus, yJIaBIuBaeMOil OMTHUM aKTUBHbIM RC
(IIpUBOIAIMI K BOCCTAHOBJIEHUIO Q)

IToToK 371eKTPOHOB, MEPEHOCUMBIX Yepe3 onuH akTUBHBII RC (mayee Q) )

TToTOK 371€KTpOHOB, TTIEPEHOCUMBIX Yepe3 oaduH akTuBHBIM RC 1 BoccTaHaBIM-
BaloOLIMX KpailHUe aK1enToOphl Ha aklienTopHoii cropoHe ®C 1

O611Iee KOJIMIeCTBO 3HEPTUH, paccenBaemMoit omHuM RC

NHaekce nmpon3BOIUTEILHOCTH — MOKa3artesib (PyHKIIMOHATbHON aKTUBHOCTU
®DC I, oTHEeCEeHHBI K MOMIOIIAEMOI 3HEPTUUN

OO01IMit MHAEKC TPOU3BOAUTEILHOCTH — MOKa3aTeb (hyHKIIMOHAIbLHON
aktTuBHocTH @C II, ®C I 1 Henu nepeHoca 3JIEKTPOHOB MEXKAY HUMU

TUIOTHOCTBIO TTOTOKa (DOTOCMHTETUIECKUX (DOTOHOB
(PPFD) 3000 MxMoib (poToHOB/(M? ) B TeueHue 60 c.

MHayKImoHHbIe KpUBbIE OLICTPOIi (PIIyopecLeH-
nuu (OJIP-kpuBbIe) aHAIM3UPOBAIM C MOMOIIBIO
JIP-tecra [23]. JlaHHBIN TeCT OMMCHIBAacT 1 0000IIIaeT
COOBITHS, CBSI3aHHBIE ¢ momtonieHrneM (ABS), 3axBarom
sHepruu peakioHHbIM 1ieHTpoM (TR), mepeHocom

3JIEKTPOHOB OT Q, K MEXCUCTEMHBIM 3JIEKTPOHHBIM
akuenropam (ET), BoccraHOB/IEeHIEM KOHEUHbBIX aK-
entopoB 3yieKTpoHoB B ®C I (RE) u nuccunaiuei
sHepruu (DI). Bce 3T coOBbITHS BEIpaXXaloTCs B BUIE
KBaHTOBBIX BBIX0HOB (yields) 1 BeposiTHOCTEI (prob-

abilities), crienmuIecKrX NOTOKOB dHepIruu (Ha pe-
ak1MoHHBIN eHTp, RC) u mokazareneii mpou3Boar-
tesibHOCTH (PI). B JIP-TecTe ncnonb3ytorcs clienyro-
1IMe 3HauYeHUs MHTEHCHUBHOCTU (hIyopecleHIIUu:
npu 20 mMxc (Fy), 2 Mc (Fy), 30 Mc (Fp) a takxke Fy
(MakcuMaibHasE MHTEHCUBHOCTh (DIIYOPECLICHIINN).
B Tabauue 1 npuBeaeH CIMCOK WUCIOJIb3yeMbIX Mapa-
MeTpoB duyopectieHnn JIP-Ttecta m kpaTkue mosic-
HEHUSI.

MHnyKumoHHbBIe KPpUBBIE 3aMeIJIEHHOM (haryopec-
HeHuun (3M) perucTpupoBaid BO BpeMsi KOPOTKUX
npephIBaHU aKTMHUYHOTO cBeTta [23]. B Hamewm uc-
cienqoBaHuM auHamuka 3@ oTpaxkaeT M3MEHEHUS

®U3NOJOTUI PACTEHUM TtoM70 Ne 6 2023
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MHTEHCUBHOCTH cBeueHus B auana3oHe 0.1—0.9 mc B
WHTEpBajlaX MEXIY UMITYyJIbCaMU aKTUHUYHOTO CBE-
Ta. Kunetuka 3® xapaktepusyeTcsl ObICTpOIi (ha3oii
C OCHOBHBIM TMKOM I, BTOpbIM TTMKOM (“TIedom”
I, 1 npoMexyTouHbIM niepernoom D, Mex1y HUMU, U
MeaJIeHHOM (pa3oii, BKIIIOYaroIleil HeCKOJIbKO MakK-
CHMYMOB 1 MUHUMYMOB [17].

Kuneruka momynupoBaHHoro orpaxeHnus (MR —
modulated reflection) mpu 820 HM (uHayK1MsE MR)
OTpaXkaeT M3MEHEHUSI OKMCJIUTEIHbHO-BOCCTAHOBU-
TenbHBIX cocTosTHUM P700 1 macToumaHnHa, BKIIaL
KOTOPBIX B CUTHAJI cocTaBisieT mpumMepHo 70 u 30%,
COOTBETCTBEHHO. B Hamem nccinemoBanuu, MR cur-
HaJI HOpPMUPOBAJIM Ha MEPBOE TOCTOBEPHOE 3HAYE-
Hue MR nipu 0.7 mc [23].

s aHanu3a 1 06pabOTKU TTOJYIEHHBIX JAHHBIX
MCIIONb30Baiu nakeTwl mporpamm OriginPro 2018 u
Statistica 10. CpenHue 3Ha4eHUS U CTaHAAPTHBIE OT-
KJIOHEHUSI ObUT PACCUMTAHBI IS KAXKIO0rO MOoKa3a-
TEJ.

PE3VJIBTATDI

Ha puc. 1 npencraBieHbl MHIYKITMOHHBIC KPUBHIE
owicTpoit payopecueHuu (OJIP-kKpuBbie) JTHMCThEB
Oepe3bl U JIUIIbl M3 napkKa (KOHTPOJIb) M PACTYIIMX

Booibs MKA/I.

ITockonbKy Hac WMHTepecoBald M3MEHEHUs Ha
onpenefleHHbIX ydacTtkax DTLl, MHAYKIIMOHHBIE Kpy-
BbIC OBLJIM HOPMUPOBAHEI Ha TIEpeMEHHYIO (pryopec-
ueHuuto Fy v npeactasieHsl B Buae V, = (F, — Fy)/Fy,
YTO MO3BOJIWJIO OLIEHUTh U3MEHEHUSI B OTIEIbHBIX
dazax OJIP-KpMBBIX 1 COOTBETCTBEHHO BBEISIBUTH N3ME-
HEHUST Ha KOHKPEeTHBIX yyacTkax DT, ¥ KOHTpOoIbHBIX
JIEPEBbEB, PACTYIIUX B DKOJIOTMUECKHU OJIaronpusITHBIX
ycnoBusx, Haomomamm TunmaHble OJIP-kpuBbie, KoTO-
pblIe orucaHsbl B iuteparype [9]. UaMeHeHust Bo BpeMsi
da3pl O-J ompenensitoTcs CBETOMHIYLMPOBAHHBIM
BoccTaHoBlieHUEM Q,. HauanbHbliit ypoBeHb O cOOT-
BETCTBYET MHTEHCUBHOCTU (DJIyOPECLICHIIUU XJIOPO-
dunna (F,) npu “orkpsiThix” RC @PC 11, korma Bce
Q, okucnensl. JanbHeiimas ¢daza J-1-P orpaxaet

ITOCJIEAYIOLEE HAKOIUIEHUE BOCCTAHOBJIEHHOTO Q,
00yCJIOBJIEHHOE BOCCTaHOBJIeHUEM Qp U mysa ruia-
CTOXMHOHOB [9, 15, 16]. Y 1ucTheB HEpeBhEB, PACTY-
mmx Brob MKAJL, popma MHIYKIIMOHHBIX KPUBBIX
HECKOJIKO OTJIMYalach OT KOHTPOJBHBIX I1€PEBbEB,
DIaBHBIM 00pa3oM, Ha ypoBHsx J u I (puc. 1). Y au-
CTBhEB JepeBbEB BOJM3M Marucrpajeit HaOJomaan
poct ammuiutyn ¢a3 O-J (Vy) u O-1 (V}) no cpaBHe-
HUIO C KOHTPOJILHBIMU JIEPEBbSIMU, O0YCIIOBJIEHHbBIM
HakoruieHueM Qp-HEeBOCCTAaHABJIMBAIOIIMX LIEHTPOB
B @ C Il u cHMXXKEHMEM BJIEKTPOHHOTO TPaHCIIopTa Ha
YPOBHE MJIaCTOXUHOHOB (puc. 2). I1Ipu aTOoM y 6epe3nl
BBISIBJIEH 00J1ee BbIPaXKeHHBIN pOCT Vi 110 CpaBHEHUIO
C JIMMOA.
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Puc. 1. UHayKIIMOHHBIE KPUBBIE OBICTPOIL (hiryopeciieH-
uuu (OJIP) nuctheB nepeBbeB Oepe3bl B. verrukosa (a) u
vl 1. cordata (6) n3 mapka (KOHTPOJIb —M-) U pacTy-
wux Broiab MKAJL (-O-). OJIP-kpuBble HOpMUPOBAHbI
Ha rnepeMeHHy1o diyopecueHuuto, V, = (F; — Fy)/Fy.

ITockoabKy OBLIM BBIOpaHBI AEPEBbsI O€3 BUIU-
MBbIX TOBPEXIEHU IMCTHEB, aHATU3 MHAYKIIMOHHBIX
KpUBBIX ¢ moMolbto JIP-TecTa mokasaj, 4To MaKCH-
MaJIbHbI KBAHTOBBIU BHIXOJ MEPBUYHBIX (POTOXUMU-
yeckux peakumit Fy/Fy (=@p,) Y JTUCTbEB 1€PEBbHEB
BOm3u MKAJI Haxonuics Ha JOCTaTOYHO BHICOKOM
ypoBHe 0.78—0.81 (puc. 2). OnHako rmapamMeTpsbl, CBsI-
3aHHBIE C JIEKTPOHHBIM TPAHCIIOPTOM, Y I€PEBHEB,
pactyuux Bpoib MKAJI, oTmnyanuck OT TAKOBBIX Y
KOHTPOJIbHBIX IepeBbeB. Tak, 3HaUMMble U3MEHEHUS
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TRo/RC

ABS/RC
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Puc. 2. [Mapametpsr JIP-Tecta, momyuyeHHble n3 OJIP-kpuBbix (hiayopeciieHIIuM xJIopodujia a JUCThEB epeBbeB Oepe3bl
B. verrukosa (-m-) v nunbl 1. cordata (-O-), pactyiux Baoib MKA/L. JlaHHbIe TTpencTaBieHbl B TPOLEHTAaX OT KOHTPOJIs, Te

100% — KOHTpOJIb (AepeBbs U3 MapKa).

OBIJTN BBISIBJIEHBI B CHIDKCHUU 3((EKTUBHOCTU 3JIeK-
TPOHHOI'O TpaHCHOPTa MEXIy AByMsT (hOTOCHUCTEMaMU
(Oro) V IEPEBBEB, TTpou3pacTatonux Bommsu MKAL.
Kpome Toro, y Hux o6HapyKeHO CyIIeCTBEHHOE CHU-
JKeHHe KBAaHTOBOTO BbIXOJIa BOCCTAHOBJICHUSI KpaiiHUX
aKIenTopoB Ha akuentopHoit cropoHe PC I (Qg,).
Torma Kak CKOpPOCTb JMHEHHOTO 3JIEKTPOHHOIO
TpaHcnopTa Ha akuenTopHoii cropoHe @C I1 mexay
Q4 1 Qp MpakTUUYEeCKW He U3MEHSJIach Y epEBbEB
Bosnte MKAJI. ITapamMeTppl, XapakTepu3ylolIne Be-

POSTHOCTH TPAHCIIOPTA BJIEKTPOHOB 3a Tpenesl Q,
(Wg,), ¥ KBAaHTOBBII BBIXOJ TTIEPEHOCA DJIEKTPOHOB OT

Q. (Qg,) y 1UCTbEB OepeBbEB OJIU3 MarucTpajiu He
OTJIMYJIMCh OT AAHHBIX MapaMeTPOB KOHTPOJIbHBIX
JIEpEBbEB.

IMornomenue nmoroka s3Heprun (ABS/RC) u no-
cinenyromuii 3axpat aHepruu (TRo/RC) ogHum ak-
TuBHBIM RC B @ C Il y nepeBbeB 6Gepe3bl U TUTTBI 0113
MKAJI 1 13 5K0JI0rn4eCcKy 0JIaroIpusITHOTO palioHa
OBLTU TTPAKTUYECKU OAMHAKOBBIMU. M3 3TOTO Ciemy-
€T, UTO 3arpsi3HeHUs1 6JIM3 MarvucTpajeil oKa3blBaloT
MaJjloe BO3JieficTBHE Ha MPOLIECChI MOTJIOLIEHUS U Tie-
penadyr 3Heprur BO30YKIEHMS CO CBETOCOOMpaloIIe-
ro komiuiekca Ha RC. Hapsimy ¢ oTcyTcTBUEM H3Me-
HeHwuii B napametrpax ABS/RC u TRo/RC y nanHbIx
JIEpEBbEB HE BBISIBJIEHO W3MEHEHUIl B OTHOIIEHUU

napametrpa ETo/RC, xapakTepusylomiero I0TOK
2JIEKTPOHOB, IIEPEHOCUMBII Yepe3 OIuH aKTUBHbIA RC

(nanee Q,). Kpome Toro, y Hux He HalGIOAAIOCh Cy-
IIECTBEHHOTO YBEJIMYCHUSI pacCeMBaHUSI SHEPIUU
(DIo/RC). OnHako y 6epe3s, pactyiux Biojb MKAJI,
00Hapy:KeHO YMEHBIIIEHNE ITOTOKA 3JIEKTPOHOB, BOC-
CTaHaBJIMBAIOIIMX KpaiiHue akuentopsl B PC 1
(REo/RC). Y nunsl 86113 MKA/ mogo6HBIX 3Me-
HEHUW He HabII0IaIOCh.

MHaekchl MpOayKTUBHOCTUA PabOThI (pOTOCUHTE-
Tuyeckoro anmnapara — Pl,gs 1 Pl npencrasnsior
o001 Mpou3BeleHUs YaCTHBIX TTOTEHIIMAJIOB Ha MO~
clieoBaTeIbHBIX 3Tarax MpeoOdpa3zoBaHUsl SHEPTUU
[9]. YMenbiueHue Pl,pg 0OHApYXKEHO y JIMCThEB O€-
pe3, pactymux Bnoab MKAJI, 1o cpaBHEHUIO C KOH-
TPOJIbHBIMU IEPEBBSIMU, UTO CBUIIETEJILCTBYET O CHU-
XKeHUM (pyHKUMOHaIbHOro cocrosgHusas ®C II npu
BO3[ICICTBUY 3arpsA3HEHUI Ha TOPOXKHON MAaruCTPIM.
Panee 6bL10 TTOKa3aHO, YTO YaCTO MPU HEOIArOMPUSIT-
HBIX BO3ACHCTBUSIX MAKCUMATBbHBIN KBAHTOBBIN BBIXOI
doroxumuu OC 11 (£,/F;) He U3MEHSIETCS, B TO BpeMSI
Kak (yHKIMoHanbHast aktuBHoCcTh DC 11, BBIpakeH-
Hast yepe3 Pl,gg, cHMKaetcs [25]. B ommune ot na-
pamerpa Pl,gg, KOTOPBIA CHYKAJICS TOJIBKO Y OEPE3HI,
pacrylieit B1oJb MarucTpaiv, i3MeHEeHUs B ITapaMeTpe
PI,.,; BBISIBJIEHBI KaK y JJUCTbEB O€pe3bl, TaK U Y JIUITbI

®U3NOJOTUI PACTEHUM TtoM70 Ne 6 2023
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Bomsu MKAJ. IMapamerp Pl npencrasisieT codoii
nmpousBeaeHue IByX napamerpoB Pl,pg v Og,. CHM-
KeHue napamerpa Pl 1McTbEeB OOYCIOBIEHO Ha-
pyllieHHueM MOTOKa JIIEKTPOHOB Mexny (orocucrte-
Mamu (Og,)-

Perucrpanuss KWHETUKM MOIYJIMPOBAHHOIO OTpa-
xenwus npu 820 v (MR) mmo3BosisieT ciiequTh 3a peak-
[USIMU IEPEHOCYMKOB IJIACTOLIMAaHMHA Y IJITABHBIM 00-
pa3om P700 (RC @C I). Ha puc. 3 npencraBieHbl K1-
Hetuku MR mmcTheB O0epessl (a) 1 miisl (0) 13 ImapkKa
(koHTpOIb) 1, pactymmx Bronb MKAJI. Kuneruka
MR xapaktepusyetrcsd nByMs daszamu. IlepBas daza
IpeacTaBiIsieT cO00i HayaJIbHOE CBETOMHIYLIMPOBAH-
Hoe okuciaeHne P700, koTropoe conmpoBoOKIaeTCI CHI-
»KeHreM curHaja MR 3a cyeT oTToKa 3JIEKTPOHOB OT
®DC I. B MomeHT BpemeHHU ¢ = 20—30 Mc B KUHETUKeE
MR pocturaercs IepexomHOe YCTOMYMBOE COCTOSI-
HUe, Korja ckopocTb okuciaeHust P700 paBHa cKopocTu
BocctaHosieHuss P700". Bropas ¢pasa xapakrepusyer
rnocienyollee yBeaudeHue curHaia MR, kotopoe
oTpaxaer BoccrtaHoBieHue P700" 3a cuer mepexona
anekTpoHoB oT DC II. Kak BumHO 13 pucyHKa 3a, y
JIMCTBEB Oepe3nl, pacTymux B1oiab MKA/I, Habmrona-
JIV 3HaYUTeTbHOE yMeHbIIeHre curHaia MR npu 30 Mc
110 CPaBHEHUIO C IEPEBbSIMU U3 ITapKa, 00yCIOBICH-
HO€ CHMKeHMeM OoTToKa 31eKTpoHOB oT P C 1. Kpo-
M€ TOTro, OOHApYKeHO HeOOJIbIIIOE YMEHbIIIEHUE CKO-
poctu BocctaHosieHuss P700* y nucteeB Gepesnl. B
otnuyune ot 6epes, pactymux Baoabs MKAJL, y tumn u3
TOM Xe 30HBbI BBISIBJIEHO, 4TO P,y crocobeH K nmpo-
1ieccaM OKHMCJIEeHUs MpU BKIIOYEHUHU CBETa, OJTHAKO,
Yy HUX HaOJII01aeTCsl CHUXKEHUE CKOPOCTHU BOCCTAHOB-
snerus P700" Beaencrere HapyleHUs SJIEKTPOHHOTO
tpancnoprta oT ®C 11, 4TO 3aMETHO ITO0 YMEHBIIIEHHUIO
nHTeHcuBHOCTU curHaia MR mipu 200 mc (puc. 30).
IMonyyeHHbIE TaHHBIE COTTIACYIOTCS C TAaHHBIMU aHAJIV -
3a MHAYKIIMOHHBIX KPUBBIX OBICTPOI (DIIyOpECLICHIINN.

Perucrpaius kunetuku 3D sgBisieTca OOHUM U3
METOJIOB, KOTOPHBI MO3BOJISIET CICIUTh 32 SHEPTU3a-
el TUIIaKOUIHBIX MeMOpaH [7, 17, 23]. 3d TecHO
CBsI3aHa C (POTOXMMUUYECKMMU PEAKIIMSIMU, TIPOTEKA-
oM B RC ®C 1. Bo BpeMeHHOM MHTEpBajie OT
HECKOJIbKMX MUKPOCEKYH/I 10 MAJUTMCEKYH KUHETHKA
3atyxaHust 3D cBsg3aHa ¢ npoleccaMy peKOMOMHALIMN
3apsiIoB MEXIY BOCCTAHOBJICHHBIM II€PBUYHBIM aK-
LenTopoM Q, U OKMCIEHHBIM MEPBUYHBIM JOHOPOM
P680* B ®C II. B TMIIMYHOI MHAYKLIMOHHOM KPUBOM
3@ 3ej1eHOTO JIMCTA TTPU BKIIIOYEHU UM BO30YKAaloIIIe-
ro CBeTa pa3iMyaloT HECKOJIbLKO (ha30BbIX MEPEXOIO0B
[7]. MuaykumoHHy10 KpuBylo 3 MOXHO omucarh ¢
nomolblo nmukoB I,—I,. ¥V nepeBneB, pacTyliux B
napke, makcumym I, HaGmogancs yepe3 10 Mc u
“mnevyo” I, nmpumepHo yepe3 100 mMc mocie Hayana
ocBenleHus. [TosBneHre JaHHBIX TTMKOB CBSI3aHO C
dopMUpoOBaHMEM MEMOPaHHOTO (2JEKTPUUECKOIO)
MoTeHIMajaa Ha MeMOpaHe 3a CUET paslesieHUs 3apsi-
JIOB U MepeHoca 3JIeKTPOHOB Ha aKlEeNTOPHON CTO-
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Puc. 3. Kuneruka monyiaupoBaHHOTO oTpaxeHus (MR)
pu 820 HM JIMCThEB IepeBbeB Oepe3bl B. verrukosa (a) n
bl 1. cordata (6) u3 mapka (KOHTPOJIb —M-) U pacTy-
wux Booib MKA/L (-O-). 3nauenuss MR HopMupoBaHbI
Ha 0.7 mc.

poHe DC 11 n 3a ee mpenemamu [7]. [IpoBan D,, pas-
JeNISIIoIUi ObICTPYIO U MeyieHHYIo (a3bl, HabJI0-
nmancs mpuMmepHo yepe3 250 mc. B memnenHo# dase
oOHapy>XeH OIMHOYHBIN MUK I, MpuMepHO yepes 2 ¢,
CBSI3aHHBIN ¢ (POPMUPOBAHUEM TPaHCMEMOPaHHOTO
rpagveHTa npoToHoB (ApH) Ha MemMOpaHe TUJIaKOu-
noB [7]. V nepeBbeB nulibl, pactyux Baoab MKA]I,
oOHapyXeHbl U3MeHEeHUsI B (hopMe MHAYKIIMOHHBIX
kpuBbix 3@ (puc. 4). Tak, HabOIODAIN CHUXKEHUE
WHTEHCUBHOCTH Y CABUT NUKa [, BO BpeMeHU y Aepe-
BbeB 0113 MKA/I 110 cpaBHEHMIO ¢ AepeBbsIMU, pac-
TYylIMMU B napke. KpoMe Toro, y 1aHHbIX J€PEBbEB
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Puc. 4. KuHeTHKa CBETOMHIYLIMPOBAHHON 3aMeIJICHHOI
dayopecuenuu (3P) xopoduiia a TUCTHEB IepPEBbEB
6epesnl B. verrukosa (a) v munsl 1. cordata (6) U3 napka
(KOHTpOJb —M-) U pacTywux Baoiab MKAJL (-0-). Iy, I,
u I, — sxcrpemymsl kuaetnku 3®; D| u D, — MuHuMYy-
MbI KUHETUKH 3D.

OTMEYaJIOCh YMEHbIIIeHe MHTEHCUBHOCTY TInKa I, u
HeOOosIbIIoN cABUT NUKa [,. DT u3MeHeHus B UHAYK-
IMOHHBIX KpUBBIX 3M ObIIIM MeHee BbIpaxKeHbl y Je-
peBbeB JUIIBI, pacTymux Bnoiab MKA/L, mo cpaBHe-
HUIO ¢ Oepe3oii.

W3 nmutepaTypHBIX TAaHHBIX N3BECTHO, YTO M30BI-
TOYHOE U IIPOJOJLKUTENBHOE OCBEIeHNE IPUBOIUT K
BpPEMEHHOMY OTKJTIOUEHUIO PabOThl (P OTOCUHTE3a Ha
ypoBHe DC II, nu3zBectHoe Kak GOTOMHIMOUPOBaHUE
[26]. CHukeHME HDOTOCUHTETUYECKON aKTUBHOCTH B
JHEBHbIE Yachl 3aBUCUT OT MHTEHCUBHOCTH CBETa U
U3MeHEeHUsT (PUBHOJIOTMUYECKOTO COCTOSIHUSI PACTEHUIA.

TOOOPEHKO u ap.

OTO CBS3aHO C BKJIIOYEHHUEM 3aIUTHBIX MPOILIECCOB
JIIMCCUTIALIMU U30BITOYHOM CBETOBOI SHEPTUU B TEM -
Jio u ¢ pacnaaom D,-6enka @C 11 [27, 28]. KoH1ieH-
Tpauust akTUBHBIX IeHTpoB D C 11 B K1eTKax 3aBUCUT
OT COOTHOIIIEHUSI CKOPOCTeil ee (DOTOOKUCIUTEb-
HOI IeCTPYKILIMU U periapaliui, KOTOpbIe MOTYT ObITh
oInpeeseHbl M0 CHUXEHUIO BEeJIMYUHBI MTapaMeTpa
F,/F,; Ha THTEHCUBHOM CBETY U €TI0 IMOCJIEaYIOIIETO
BOCCTaHOBJIEHUSI B TEMHOTE WM Ha OYeHb CJabom
cBety [28, 29]. Ha puc. 5 nipeacraBieHO u3MeHeHUe
napamMmeTtpa F/Fy, 1ucTheB 6epe3nl () u aumsbl (0) u3
rnapka (KOHTpoJb) U, pactymux Baoib MKAJI, npu
MOBBIIIEHHOU ocBelleHHOCTH 2500 MKMoib (poTo-
HOB/(M? ¢) B TeueHue 40 MUH U MOCIEAYIOLIEN TEM-
HOBOI1 DKCITO3ULIMU. Y JIepPEBbEB CBET BHICOKON MH-
TEHCUBHOCTH MPUBOAWJ K YMEHBIIEHNIO BEJIUYUHbI
Fy/Fy. Tlpu atoM addexT GoTonHruoupoBaHus B
0oJIbliIeli CTENMEHU TTPOSIBISLIICS Y TUCThEB JIUIIbI, UeM
y CBEeTOIIOOMBOI Oepe3bl. Tak, 3HaUeHUS ITapaMeTpa
Fy/F\ Y KOHTPOJIbHOI O6epe3bl CHUXKAIUCh Ha CBETY C
0.81 10 0.73, a y il — ¢ 0.78 mo 0.68. Kpome Toro,
y JucTheB Oepes, pactyumiux Baoab MKAJ, F/Fy
cHrxascsa ¢ 0.81 mo 0.68, a y 1um U3 TOM ke 30HBI
Fy/Fy — ¢ 0.78 no 0.59. Ilocne ocBelIeHUs JTUCTbS
noMeaiy B TEMHOTY M PETUCTPUPOBAIM BOCCTa-
HoBisieHue Fy/Fy uyepe3 1, 2 u 4 4. Kak BUIHO U3 pu-
CYHKa 5, BoccTaHOBiIeHUE Fy/Fy; y TUCTbEB 1EPEBbEB
U3 TIapKa MPOUCXOIUJIO ObICTpee, YeM y AepeBbeB
6113 MKAJL. TTonHoe BoccTtaHoBNeHue Fy/Fy y ne-
pPeBbEB MPOU30ILIO 3a 4 4, TOra Kak 1epeBbsl, pacTy-
mue Baojib MKAJI, He IOJHOCTbIO BOCCTaHOBMWJIU
CBOIO (hOTOCUHTETUYECKYIO aKTUBHOCTD JIUCTHEB MO~
cjie pOTOOKUCIUTENBHOTO CTpecca.

OBCYXIEHHUNE

Toponckue nepeBbsi UTPAIOT BaXKHYIO POJIb B OYU-
IIIEHWU BO3[yxa OT 3arpsisHeHuii. B KpyImHbIX Topoaax
HabJoaeTCsl TOBBILLIEHHOE 3arpsi3HEHUE BO3ayXa U
TIOYB, a EPEBbsl, PACTYLIME HA YJIUIIAX, OCOOEHHO MO/~
Bep>KeHbI 3arpsSI3HEHMIO B pe3yJibTaTe IBUXKEHUS TpaHC-
MOPTHBIX cpenctB. Ha aBTOMOOWJIBHBIX MarucTpaisix
OMHUMM U3 3arpsi3HUTENIC BO3[yxa BBICTYIAIOT TSI-
KeJible MeTaJlibl. TsKeJible MeTaljibl B PacTEHUSIX
BBI3BIBalOT HakoIieHne ADPK, cHIKaroT aHTMOKCH-
JIAHTHYIO aKTUBHOCTb, MHAYyLUpYIOoT TTOJI, nHruou-
pYIOT OMOCHHTE3 MUTMEHTOB, (POTOCUHTETUYECKUIA
TPAHCIIOPT 2JIEKTPOHOB, aKTUBHOCTb 1IMKJ1a KanbBu-
Ha-beHCcOHa, BO3AEHCTBYIOT Ha YJIbTPACTPYKTYPY
xJjioporuiacTtos [ 19, 20].

B HacTos11ee BpeMsi TOCTUTHYTHI ONpeaeieHHbIe
YCIEXU B UBYYEHUU BO3AEMCTBUS TSKEIIBIX METAJLIOB HA
¢doTocuHTETUYECKHE pPeaKIIMU PACTEHUI C TTOMOIIBIO
dayopeclieHTHBIX MeTonoB [21, 22, 30, 31]. ITomydyeH-
HbIE JAHHBIE B KOHTPOJIUPYEMBIX YCIIOBUSAX CITY>KAT OC-
HOBOM JJ11 UHTEPIIPETALIMM PEAKIIUIA pAaCTEHUI HA 3TU
3arpsi3HeHUs1, HAOII0aeMbIX B OKPYXKaIOIIel cpee.
®UBNOJIOTHS PACTEHUN Ne 6
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JIumel 1 Gepesbl SIBISIOTCS OMHUMM U3 TIOTTYJISIp-
HBIX JepEeBbEB, KOTOPHIE MCIOJb3YIOT B FOPOACKOM
o3eJiecHeHUM. JIMma TeHEeBHIHOCIMBA, MMEET KOM-
MMaKTHYIO KpOHY, HeTpeboBaTelbHA K ITOYBECHHBIM
ycioBusM. bepesa cBeTomoouBa, Tak:ke HeTpeOOBa-
TeJIbHA K II0YBaM, 00J1aJaeT BBICOKOM (DUTOHIIMIHOM
AKTUBHOCTBIO, HO B TO K¢ BpeMsl HeTa30yCTOMUMBA.

PaHee Mbl TPOBOAWIIM UCCIEIOBAHUSI COCTOSIHUS
TOPOJACKUX JepeBbeB JIUIbI U Oepe3bl B pailoHe
AMuTpoBcKoro 1mocce I. MOCKBbI ¢ TOMOIIIBIO PEeTru-
CTpallMd UHAYKIIMOHHBIX KMHETUK (piyopecleHIInun
xjaopoduiia [32]. Bputo moka3aHo, YTO y JepPEBbhEB
0113 aBTOMOOWJIBHBIX MarvucTpajieil HabJonaioch
YMEHbIIEHUE CKOPOCTH (POTOCUHTETUUYECKOTO JIeK-
TPOHHOI'O TPaHCIOPTA (Qf,) U MAKCMMAJIbHOTO KBaH-
toBoro Beixona @C 11 (Fy/F). U3meHeHus B pyHK-
muonupoBaHun MC 11 y ropoackux 1epeBbeB OTME-
YaJuch U B Apyrux padotax [18, 2].

B nmanHoi#1 paboTe MBI U3YyUYMJIM COCTOSTHUE TOPOI-
CKUX JepeBbeB Oepe3bl U JIMIIbl, PACTYILIUX BIOJb
MKA/I n B 150 M oT aBTOMOpOTH B SICEHEBCKOM JIeCO-
rnapke, ¢ NOMOIIbI0 MHOTO(MYHKIIMOHAJIBHOIO aHa-
Juzaropa pacteHuit M-PEA2, koTopbiii TTo3BoJIsIeT
OIHOBPEMEHHO CJIEIUTD 3a JIEKTPOH-TPAHCITIOPTHbI-
MU polieccaMu, IPOTeKalIUMU B poToCUCTEMAX U
Mexny HuMmu. [TpruMeHeHre TaHHOTrOo ToAXoAa Mo3-
BOJIWJIO OLIEHUTb U3MEHEHUS B OTAEJbHbBIX PEAKIIUSIX
BJIEKTPOHHOTO TPAHCIIOPTA Y JIUCThEB AEPEBbEB, MPO-
MU3pacTalolnX B pasIMUHbIX TOPOACKUX ycaoBUsix. Ha-
MU ObLIM MCCclieqoBaHbl (DOTOCUHTETUYECKUE peak-
LIUU JINCThEB JIEPEBbEB 0€3 BUAUMBIX TTOBPEXKICHUS,
YTO MPOSIBJISIIOCh B OTCYTCTBUM U3MEHEHUI B Mapa-
metpe Fy/Fy (= @p,)-

Y nepeBbeB Oepe3bl U JIUIBI, PACTyLIMX BIOJb
MKAJI, ¢poTocuHTeTHYECKAsI aKTUBHOCTD, OTIpejie-
JIeHHas1 mo mapametpy F/F,;, Haxonuaach Ha AoCTa-
TOYHO BBICOKOM ypoBHe. 3HayeHMs Tlapamerpa Fy/Fy,
cocraBnsiin 0.78—0.81. Bricokue 3HaueHusi Fy/Fy
CBUJIETEJILCTBYIOT O CIIOCOOHOCTM pPEaKIIMOHHBIX
neHTpoB PC II kK poroxmMmueckomy Ipeodpa3oBa-
HUIO TIOIOIIEHHO# 3Hepruu. [losydeHHbIe TaHHbIE
CONIACYIOTCSI C JAHHBIMU 1O BO3AEUCTBUIO TAKUX TS -
JKeJIbIX MEeTaJJIOB KaK XpOM M KaaMUi1, KOTOpbIe Mpu
HU3KUX KOHIEHTPALUSIX U KpaTKOCPOUYHOM BO37eli-
CTBUM HE OKa3bIBAIOT BJIMSIHUS HA TIEpBUYHbIE (POTO-
xummnyeckue peakuuu B @ C 11 pacrenuii ropoxa [21,
22]. BneXTpOHHBIN TpaHCHOPT Ha aKIIEIITOPHOI CTO-
pone @C II mexny Q, 1 Qp (Yg, ¥ QPg,) 3HAYMMO He
U3MEHsUICS y AepeBbeB Bo3ne MKAJL, yTto cBume-
TeJIbCTBYeT 00 oTcyrcTBUM udMeHeHuii B @C 11 y nu-
CThEB JepeBheB BOIM3M 3TOI TPaHCIIOPTHOI Marm-
CTpau.

HecMmoTpst Ha OTCYTCTBUE UBMEHEHUI B aKTUBHO-
ctu OC 11, nepeHoc 351eKTPOHOB U3 Iyja PQ Ha Tep-
MUHaJIbHBIE akienTopbl 21eKTpoHOB DC 1 (dg, ¥ Pg,,)
OBLT CHIDKEH Y AepeBbeB BOM3 MKAJI. ITonyyeHHBIS
pe3yJIbTaTbl CBUIETEJbCTBYIOT 00 YXYAIIEHUU BJIeK-
TPOHHOTO TpaHcmopTa 3a npeaeiamMu PQ mmyna, npen-
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Puc. 5. Izmenenue napamerpa Fy/F) 1ucTheB nepeBbeB
6epesbl B. verrukosa (a) v nunel T, cordata (6) U3 nmapka
(koHTpOH -M-) 1 pactymmx Baons MKAJI (-O-), ipu
MOBBIIIIEHHOW ocBemieHHOcTH 2500 MKMosib  ¢hoTo-
HOB/(M” ¢) B TeueHue 40 MUH U NOCJIEAYIOIIEil TEeMHOBOI
akcno3uuuu. CTpeakaMu BBEpX MU BHM3 MOKa3aHbl MO-
mentsl Brmodenwst (T) u Beikmouenwst (4) cera, coor-
BETCTBEHHO.

MOJIOXKUTETHLHO HA YPOBHE LIUTOXPOMHOTO by f KOM-
iekca. Ilo-Bunumomy, maHHbiif yyactok DT sB-
JIsIeTcsl HanOoJjiee YYBCTBUTECIBHBIM K BHEUIHUM
BO3ACUCTBUSIM, YTO COIVIACYETCS C HAIIMMU JaHHbI-
MU, TIOJIyYEHHBIMU Ha JIMCTHSIX TOpoXa IIPU BO3Ieii-
CcTBUM XpoMma u Kaamus [21, 22]. M3BecTHO, UYTO
OKUCJIEHWE TJIACTOXMHOJA LIUTOXPOMHBIM bgf KOM-
IUIEKCOM $IBJISIETCSI OCHOBHBIM 3BEHOM B LIETIM TIepe-
HOCa 3JICKTPOHOB B XJIOPOILJIacTaxX, KOTOPOe Onpeae-
JISIET CKOPOCTh NepeHoca 3jieKTpoHoB Mexny @C I1 u
@OC I. OCHOBHBIM IPOILIECCOM, OIPEICISIONINM CKO-
poctb okuciaeHuss PQH, uuToxpoMHbIM bgf KOM-
IUIEKCOM, SIBJISIETCS “XUMMUYEcKas” CTaaus peaKilnu,
CBsI3aHHAsI C IIEPEHOCOM 3JIEKTPOHA M IIPOTOHA OT
PQH, x cooTrBeTrcTBytomum axkientopam [33]. Bus-
sotti ¢ coaBT. [34] mpenIronaraioT, YTO B KpyITHOMAcC-
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INTAaOHBIX UCCIIENOBAHUAX 00IIas (poToXuMMUIeCcKast
3(pHEeKTUBHOCTh MOXET OBITh MpeACTaBJeHa ABYMSI
He3aBUCHUMBIMU MapameTrpamu, F/Fy u 1-P da3zoii,
KOoTopble TipenactasisioT 3ddektnBHOcTh DC 11 u
®dCI, coorBeTcTBeHHO. PaHee ObLI0 ITOKa3aHo, YTO ITPpU
Bo3neicTBMU 030Ha (O3) Ha XapaKTEPUCTUKU (ryopec-
neHumu xjaopodwina Fy/Fy, coBepllieHHO HEeUyBCTBU-
TeJIeH, TI0 KpaifHei Mepe, Ha IEpBBIX ha3ax 0OopadOTKH
030HOM, TOrJa Kak HauboJyiee U3MEHYMBBIMU OKa3a-
Jquck amruiutyna ¢asel I-P u mapamerp RC/CS,, xa-
PaKTepU3YIOIINA KOJIMYECTBO PEaKIMOHHBIX IIEH-
TpoB [35]. B Hamem wuccieqoBaHUM HapyllIeHUe
3JIEKTPOHHOTO TPaHCIIOpTa MexXIy (poTocucTeMaMu
MIPUBOIMIIO K CHIZKEHMIO 00IIel (DyHKIIMOHAIBHOMI
aktuBHocTH (Pl (,)-

N3MepeHne KuHeTUYecKou KpuBoili MR mpu
820 am n OJIP-kpuBBIX ¢ momolbio M-PEA-2 11o3-
BOJIWJIO OTHOBPEMEHHO CJIEAUTH 32 pEaKIIUsIMU, TPO-
TeKaloluMu B poTocucremax. HauaibHoe CBETOMH-
nynupoBaHHoe okmciaeHue P700 compoBoxKmaaoch
cHIXeHueM curHajia MR 3a cyeT oTTOKa 3J1eKTpO-
HoB oT ®C I, B T0 Bpemst Kak B kuHeTuke OJIP mpu-
XOAWJIO TocienoBareabHoe BocctaHoBieHue Q,. [lpu
9TOM yBeJIMueHue curHaia MR u noctkeHue Mak-
CUMaJIbHOTO YpOBHs (hayopecueHuu B OJIP mpouc-
xognino omHoBpeMmeHHO Tipm 200—300 mc. ITapai-
JIeJIbHOE HaKOIJIEeHUE BOCCTaHOBIEHHBIX hopM P700
u Q, OTpaxaeT BOCCTAHOBJICHUE MEPEHOCUMKOB Ha
BceM yuacTke DT Mmexmy ¢poTocucTeMaMu B CBSI3U C
OTCYTCTBUEM OTTOKa 3JIEKTPOHOB M3 aKIENTOPHOI
yactu ®C 1 B ycnoBusix, Korma ¢heppeaoKCUH-
HA®D-penykraza WHaKTUBUPOBaHA BCIICACTBHE
TEMHOBOI1 MHKyOauuu [23].

CHMXeHUe TTapaMeTpoB Og, M Pg, COTIACOBATIOCH
C yMeHbIIeHHneM aMruTyasl MR, xapakTepu3syro-
LIEH CHUXEHNE CKOPOCTU BoccTaHoBieHuss P700" y
nepeBbeB, pactymiux Baojdb MKAJL. ITonyyeHHBbIE
JaHHbIE CBUACTEJILCTBYIOT O CHUXKECHUU 3JICKTPOH-
Horo tpaHcnopta or ®C Il k ®C 1. ¥ Gepes 61au3
MKAJI Takzke OBbLIO BBISIBJIEHO YMEHBIIIEHHE CKOPO-
ctu okuciieHust P700, Torma kak y un okoyio MKAJ]
STOT IIpoliecC ObLI MAJIO UBMEHEH, O YeM CBUACTEIIb-
CTBYET CXOXMii xapakTep amIuiutyd MR nepeBbeB
JIUT U3 apkKa 1 BAoJb Maructpaeii. Jlanusie mo MR
Ha 06epesax Booib MKAJI cormacyiorcs ¢ TaHHBIMM,
MOJIyYeHHBIMU TIpU BO3IEHCTBUM KaaMUs Ha peak-
muu P700 pacTteHmii Topoxa, Y KOTOPBIX BBISBIICHO,
YTO HpPU JOJTOCPOYHOM BO3ACHCTBUM METAILIA IJICK-
TpOHHBIM TpaHcmopT yepe3 @C I Hapymaercs [22].
DTO TakKe CBUIETEIBCTBYET O OOJBIICH UyBCTBHU-
TEJILHOCTH 0epe3 K 3arpsI3HCHUSIM.

Y pacteHuii 6epesbl BOM3u MKAJI Takke oTMe-
yajioch HeOOJIbIIOE CHUXEHWE MHTEHCUBHOCTU 3a-
MeneHHoi duyopecueHumu npu 20—-50mc (I)) u lc
(1), xoTropsle cBA3aHbl ¢ GOPMUPOBAHUEM DIIEKTPO-
XUMHWUYECKOTO rpaJeHTa MPOTOHOB Ha TUJIAKOMIHOM
MmemOpane [7, 17, 23].

TOOOPEHKO u ap.

M3BecTHO, 4TO M3MEHEeHME ITapaMeTpoB (ryopec-
LEHIUU XJIOpoduaaa pacTeHUN MMeeT TUITMYHBIN
CYTOUHBI XapakTep [36], IIpu KOTOPOM B yTpPEHHUE U
BeUEpPHME Yachl B IIEPUOI HU3KOI COTHEYHOM aKTUB-
HOCTHU HaOJIIOJAI0TCSI BBICOKHE 3HAYEHUST (DOTOCHUH-
TeTUu4ecKoil aktuBHocTU (Fy/ Fy). B nonyneHHsbie ya-
ChI BBICOKAsI MTHTEHCUBHOCTD COJIHEUHOTO MU3JTyIEHUS
NPUBOIUT K GOTOMHTUOMPOBAHUIO (POTOCUHTETHYE -
cKoro anmnapara c nenpeccueii Fy/Fy [37].

Panee Bo MHOTHX paboTax OTMe4ajoCh, YTO I1O-
BBbILLIEHHAs OCBEIIIEHHOCTh 3HAYMUTENbHO YCUJIMBAET
HeOJIaronpusiTHOE Bo3IeiicTBUE MHOTUX (DAaKTOPOB, B
TOM 4MCJIe U 3arpsisHeHuit [27, 38], KoTophie CBSI3a-
HBbI ¢ u3MeHeHusIMHU Ha ypoBHe @C Il u cH1XeHEM
Fy/Fy. B Hamux onbitax no ¢bOTOMHTMOMPOBAHUIO
MOCJie BBIKIIOUEHUSI MHTEHCUBHOTO OCBEILICHUS U~
CTbsI Oepe3bl 1 JIMIIBI U3 MapKa MOKa3bIBaIu 00paTu-
MO€ BOCCTaHOBJIEHUE aKTUBHOCTH 110 F/F);. B ToxXe
BpeMsl y TUCThEB AepeBbeB BOM3M MKAJI Habmona-
JIOCh HEIIOJIHOE€ BOCCTAHOBJICHME IIOCIIC OCBEIICHNS,
YTO CBMIIETEJbCTBYET O HEOOPATUMBIX ITOBPEXICHUSIX
nmocie (oTocTpecca, BHI3BAHHOIO CBETOM BbICOKOI
nHTeHCHMBHOCTU. CTeneHb HEOOPaTUMOCTH Y JINCTHEB
Oepesnl ObLIa BHINIE, YeM Y JIMCThEB JIMMBL. O4eBUIHO,
HeOaronpusiTHbIC YCIOBUSI MMPOU3pacTaHusl BOJU3U
MKAJI oka3bIBalOT HeTaTUBHOE BO3/IECTBIE Ha Oe-
JIOK-CUHTETUYECKUE MPOLIECCHI B JIUCTE, YTO BbISB-
JIIeTCS B MOSIBJICHUM HEOOPaTUMBIX TMOBPEXICHMIA
pu (POTOOKHMCIUTEILHOM CTpPECCE.

Cpenm n3ydeHHBIX IepeBbeB Oepe3a oKasajach B
OoJsblIeii CTeNEHU TTOABEPXKEHHO BO3NEUCTBUIO 3a-
IrPSI3HUTENIC HAa aBTOMOOWJIBHBIX MarvucTpayisiX IIO
CPaBHEHUIO C JIUITOH. DTO MPOSIBUJIOCH B 3HAUUTEIb-
HOM CHMXXEHUU NapaMeTpoB ¢hIyopeclieHIIUU, CBSI-
3aHHBIX ¢ DPC | U MEXCUCTEMHBIM 3JIEKTPOHHBIM
TPaHCIIOPTOM.

Takum oOpa3oM, NMpUMEHEHUE OTHOBPEMEHHOM
perucTpallMd KWUHETUK ObICTpOi U 3aMelJIieHHOM
dayopeclieHIIMM, U MOIYJUPOBAHHOIO OTPaXXEHUS
rpu 820 HM TO3BOJMJIO U3YYUTh COCTOSTHUE TIEPBUY-
HbIX (POTOXMMUYECKUX peakiinii poToCuHTe3a nepe-
BbEB B pa3/IMUHBIX TOPONCKUX ycIoBUsIX. Icrionb3oBa-
HUE TTapaMeTpOB OBICTPOIT 1 3aMeJIeHHOH (ryopec-
LIEHIIMK, B OCOOEHHOCTM TMpPU CBETOBOM CTpecce
MOXET ObITb PEKOMEHOBAHO /11 OLIEHKU (PYHKIIUO-
HaJIbHOI aKTUBHOCTU (DOTOCUHTETUYECKOIO arrapaTra
pacTeHMii M paHHEro OOHapyXeHUsI U3MEHEHUI B
YCJIOBUSIX aHTPOMOT€HHOM Harpy3ku, KOrjaa 3KOoJoru-
yecKast 00CTaHOBKA He sIBJsieTCsI KpuTtudeckoi. Cpenu
nmapamMeTpoB (hJIyopecleHIIMU B KaUeCTBe MHIUKATO-
DPOB COCTOSIHUS JIEPEBbEB B TOPONICKOI cpelie Mpeio-
>KEHBI OOLIMI MHAEKC NPOU3BOAUTENBHOCTU (Pl 1
KBAHTOBBIIi BBIXOJ BOCCTAHOBJIEHUsI aKIIEIITOPOB
aJIeKTpoHa Ha akiienTopHoii cropoHe @ C I (Pg,).

Pa6ora BeITTONTHEHA ITpU TTOIIepKKe rpaHTa Poc-
cuiickoro HaydyHoro ¢onaa Ne 22-11-00009.

ABTOpHI 3asTBIISTIOT 00 OTCYTCTBUM KOHMDIIMKTa
nHTepecoB. HacTosmmas ctathst He COOEpPKUT KaKHUX-
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MMAPAMETPBI UHOYKIIMOHHBIX KPUBBLIX BBICTPOU U 3AMEJIJIEHHOM...

00 UCClIeNOBaHUI C yqaCcTuem JIIOAEHN 1 JKUBOTHBIX
B KauyeCcTBe OOBEKTOB MCCJIEIOBAHUIA.
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