U Tyy. LA obpalleEnsa B Bynb NocleXHUX TpebyeTcA, KpoMe TOro, 3a-
MEHUTb 3€PKaJjIO TeJeCKONUUYECKOR crucTeMoll z- U y-HanpaBieHus GOKycCH-
poBku (fz = fy = ). CooTHowenus (2) He comepaT Ko>HPUIMEHTOB T,
M Tee. HallTu npocThle CBA3M MeXIy 9TUMHM U IPOCTPaHCTBEHHBIMU KO3 ®-
dunuentamMu He ynanock. Onpenenenve 7, U 7., TpebyeT cIeOuaIbHOIO
pacueTa.

Panee B paborax [!'?] oTMeuanock, uTo Ha OCHOBe BOTHYTOIO TPaHCAK-
CHaJbHOI'O 3epKaJia MOXeT ObITh co3aHa Ge3micuepCHOEHAA OTKIOHSAIO-
as CUCTeMa ¢ OYeHb XOpolleil IpOoCTPaHCTBEHHON GOKyCcHpOBKOM. Bhlno
IOKa3aHO, YTO NPH PACHOJIOXKEeHUM NpeIMeTa U ero CTUTMAaTUYHOTO U30-
GpakeHUs B IIABHBIX NJIOCKOCTAX Hzo M H;y 3epkasia Bce OpOCTpaHTBEH-
Hble JIMHeHHble abeppanuy BTOPOro NOPAAKA B Z-HalpaBJIeHUM OTCYTCTBY-
o1, ecit K[ = 0u f; = f, = co. U3 monyyemHHIX 3mech pe3ybTaTOB

clelyeT, YTO B 3TUX XKe 3epKaJjiaX MOTr'yT OLIThb YyCTpaHeHB! M MHOTHE BUIb
BpeMANpOoJIeTHbIX abeppanuii.
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N3JIYYATEJIBHBIE ITPOIIECCHI B PACTEHUAX
© B.X.HInywm, B.FO.Pyods, KO.B.Pyds

dusuko-rexunyeckuit MHCTUTYT uM. A.®. Uoddpe PAH,
194021 Caukr-Iletep6ypr, Poccus
(Moctynuno B Penakumio 23 uioHa 1995 r.)

Boz6y>§11emm NIPU XMMHNYECKMX PEaKIUAX B pAle CIydaeB BHI3LIBAIOT
61OIIOMMHECIEHIMIO, KOTOpas HeceT MHGOpMamuUIO O NpOImeccax, OpoTe-
KalOIIMX B KJIeTKaX Ha MonekyasapaoM yposme [17¢]. B cmasu c o6mapy-
)eHueM APKO#A GOTONMIOMMHEECHEHNINM 3eJeHbIX JUCThbeB ['| BO3RMKIA BO3-
MOXXHOCTb NPMBJIEYEHUS M3J1y4daTesJbHON pekoMOGMHamMM Opyu $oTOBO3GY-
’KIeHUM HapAdy ¢ GuomioMuHecneHnuedt [!] mns U3ydyeHMs ¥ OMArHOCTUKH
Pa3HOOGPa3HBIX OPONECCOB XKM3HeNeATENILHOCTH B PacTeBMAX. B mpenia-
raeMoif paboTe pacKpbITH (U3MUeCKNe OCHOBHI HOBO BO3MOXXHOCTH BBI-
SBJIEHNA 3aKOHOMEPHOCTH B GHOIOrMYecKOM MMpe.

Ucnons3oBanEas B paboTe MeTOIMKAa M3MepeHMH CIEKTPOB ¢OTOJO-
MUHecleHnMM nonobma omucammoil B [']. Ilna Bo36yxnesusa @JI npume-
HAJIOCH M3JydeBue renuit-seonosoro (JII-75), aprorosoro (ILA 120-1) u
renuii-kaamuesoro (JIIIM-11) na3epoB, MoIEOCTH BO36Y K AAMOIEro U3Ny-
YeHMS KOHTPOJIMpPOBAJach B npenenax 5-50 MBt/cm? u He BhI3bIBasI2 BUIN-
MbIX U3MeHeBM# B o6bekTax uccienoBanuif. 114 usmepenuit 6u11m BeIGpa-
Hbl nucTba Fragaria vesca L., BaxommBummecsa B GMOJOrMYECKOM KOHTaKTe
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H}OMMHQCHQHTHL]G cBoMcTBA 6MoJOrMyeckmnx o6 beKTOB npu KOMHATHOM

TeMiepaType
t=0 J,oTH.en!
CocTosHne 06bekTa
hwm,2B I/I, 2 t=0 t =50y.

Kusoit nuct 180, 1.67 0.54 460(1 67) 140

250(1.80) 80
KuakocTe u3 aucra 1.80, 1.67 217 170(1.80) 20
Cyxoit auct 1.70 0.9 40(1.80) 40

! M3MepeHMA MHTEHCUBHOCTM BbIMOJHEHb] IPU UAEHTUUHbBIX yCJIOBUAX
B036ykaeHUA (hwer = 1.973B, L ~ 25MBT/cM?). B cxobkax npusenena
®HepruA pOTOHOB, IPU KOTOpoit perucTpupoBatacs $JI.

2 OTHOIlIeHMe UHTEeHCHMBHOCTU npu hw; = 1.803B k MHTeHCcUBHOCTH NpM
hwy = 1.672B.

C MATEePUHCKMM pacTeHreM ¥ OTTOPTHYTbIe OT PaCTeHMH JTUCThSA, U3bATAA
U3 BTUX e PACTeHUMN *KUIKOCTh, & TaKKe [0JBEePrHYy Thle JINTENIbHON Cyll-
ke (>~ 2 rona) 1ucThA. ['1aBEBIE Pe3yIbTAThl BBINOJHEHHbIX UCC/IEN0BAHUN
cyMMUpOBaHbl B Tabnune ¥ Ha puc. 1-3. OHU COCTOAT B CleLyIOLUEM.

1. Ins 3e/eHBIX TUCTbEB, HAXOOUBILUXCS B €CTECTBEHHOM CBA3U C MaTe-
PUHCKUAM pacTeHUeM, CIeKTpaJjbHad 3aBUCUMOCTb MHTEHCUBHOCTH CTALMO-
HapHOM poTonromubecnennuu ($JI) xopoio BocoporU3BOAUTCS 1O Beeit mo-
BEPXHOCTH JIUCThEB, a CTANMOHAPHbIe 3HaUeHUA MHTEeHCUBHOCTH | COXpaHs-
IOTCA HEM3MEHHbIMUY BO BpeMeHU. Kak BUIHO U3 puc. 1, coekTpalbHasA 3aBU-
cumocTb ¢ JI 3e1eHbIX TUCTHEB BKJIIOYAET ABe TePEKPHIBAIOLIMECS IOJIOCHI ¢
MakcuMmyMamu npu fw; = 1.80 u Aiwg = 1.673B npu T = 300 K. CrekrpaJib-
BoIit KoHTYpP P JI OKa3ascA HeUyBCTBUTEJIbHBIM K 9HEPIMHU BO30Y K IAIOIMUX
dororoB (Awp £+ 1.97, 2.71 u 2.8155B), a MATEHCUBHOCTL BO3HUKAIOIIETO
usnydenus I Bo BceX clydyasix Bo3pacTasia IPONOPIMOHAIbEO UHTEHC UBHO-
cti Bo36yxpatouero usnyderus L. CBoeo6pa3HOi N1 3eJeHbIX JTUCThHEB,
HaXOIAIMXCA B YCIOBUAX KU3HeNeATEIbHOCTH PAaCTEHUsA, OKa3aach Bpe-
MeHHA&S 3aBUCUMOCTh MHTeHcHBHOCTH PJI. ®PparMeETH TUOUYHEIX Bpe-
MeHHBIX 3aBUCHMOCTel nETeHEcUBHOCTH [ (t) 3€1€HOr0 IUCTa OIpYU BO3BY K ae-
uuu ®J1 usnyyenueMm c sEeprueit iwg = 1.97 9B npencrasnens! Ha puc. 1
(kpuBble 2). CremyeT DOMYEPKHEYTb, YTO XapakTep KpuBBIX I(t) Obl1 He-
YYBCTBUTEJbHBIM K U3MeHeHUAM hwpg. TUOUYHaA BpeMeHHAA 3aBUCUMOCTD
nHTedcuBHOCTU PJI, HabnIomaBuIeica Mocie BKIKOUYEHUA BO36Y KIaIOIIEro
usnydenus (puc. 1, kpuBas §), COLEPKUT KaK MUHUMYM aBe ctamuu. Ha
IepBOM CTaIUM NPOUCXOIUT pe3Koe HOHMKeHMe UHTeHCUBHOCTH PJI B Te-
yernue 30...40 ¢, a mocae DOCTVMIKEHUA MUHUMYMA, I i, UETeHCHBHOCTE P JI
HauWHAeT YBEJIWYUBATHCA U CTPEMUTCA K CBOEMY HEKOTOPOMY paBHOBEC-
HOoMy 3HaueHMIO [,,. Kak mDOKa3BIBalOT HAlIM MCCIIeIOBAHUA, 3HaAUYEHUE [o
HOJIHOCTHIO O6PATUMO ¥ OnpenenseTcd UHTEHCUBHOCThIO BO30YKIAOMIEro
n3nydenus. Bropas cramis BpeMeRHBIX 3aBHUcHMMOcTelt () oka3aiach Ha-
MHOI'0 MeJljieHHee IepBOY CTa UM HOHVYKEHUA M IJIUTCA OOBLIYHO HECKOJIbLKO
IeCATKOB MUHYT.

CB0oeo6pa3HOil OKa3bIBaeTCA M PEaKUus JUCTbEB Ha BBLIKIIOUYEHUE BO3-
Oy»kmarowero usnydesus. Eciu BpeMsA NpeKpalleHUs OCBelleHUA Held-
CTBUSA BO3OYXKIAIOLIEro Jyua t, npeBblmiaeT 7—10MUH, TO mOCJIe BKIIOYe-
HUs BO3DYKIAOLEro U3jy4yeHUs BeJMYMHA WCXOMHOM MHETEeHCUBHOCTH Io
IIOJIHOCTHIO BOCCTaHABJIMBAETCA, a NOCIENYIOIadA BpeMeRHAsA 3aBUCUMOCTD
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Puc. 1. CnexTpansHada (1) u BpeMeHHaa 3aBucuMocTH (2,2'u 2') MHTeHCHMBHOCTH
®J1 zenenpx nucThbeB Fragaria vesca L., HaxogAmmxca B 6MOJIOrMYeCcKOM KOHTaKTe C
MaTEepMHCKUM pacTeHWeM, U MHTeHCMBHOCTH Bo3byskaatomero ®JI usnyuenus (3).

T = 300K, fiwp = 1.97eB, t, — Bpema 3alepxku Bo36y>KOAIOUETO U3JYyUEHUSA.
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Puc. 2. CnektpanabHble (1-3) ¥ BpemeHHble (4, 6) 3aBUCMMOCTU MHTeHcuBHocTH PJI
KUAKOCTM, M3BJEUEeHHOMN U3 3eJIeHBbIX JUCThEB FraJL_Faria. vesca L., a Taxke BpeMeHHAsA
3aBMCUMMOCTh MHTEHCUBHOCTM Bo3Byxnarowero ®JI manyuenus nasa xkpusoit 4 (5).

T = 300K, fhwp = 1.97eB; BpeMa BblAEP’KKM XUIOKOCTU MOCJIEe ee M3BJIEUEHUA M3 JIMCTbEB t, u:
1 —0, 2— 17, 3 — 47.
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Puc. 3. Crnektpanbnasa (1) v Bpemennwle (2,4) 3aBMCUMOCTM MHTeHcuBHOcTM $JI

OTTOPTHYTOro OT pacCTeHWUA cyxoro (Bpemsa cymxu ~1 rox) amucrta Fragaria vesca L.,

a Tak)Ke BpPeMeHHAS 3aBUCHMMOCTH MHTEHCUBHOCTM Bo3Gyxpatowero ®JI usnyuenus
nna kpusoit 2 (3).

T = 300K, hwp = 2.815eB.

hw,38
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unTeHcuBHoCcTH PJ] OKa3zbiBaeTcd MOEHTUYHONA pacCMOTpEHHOU Bbiuie. B
pe3yabTaTe MOCJe CTaIMil pPOCTa U NPOXOXKIEHUS MUHMMyMa HHTEHCUB-
rocTth ®JI onATe mocTUraeT ypoBHA paBHOBecHOro 3HaveHus [, (puc. 1,
kpusas 2"). Ecan ke Bpemsa npekpaumeHus Bo36ywxmenus PJI t, 6bi-
J0 < TMUH, TOrAa HUCXOJHOE 3HauveHUe Iy OKa3blBaJOCh HECKOJBLKO HU-
xe [y, XapaKTepHOro Oif cilydad IJIHUTENbHOrO NpebhiBaHUA JUCTheB Ge3s
nasepHoro ocBewenus (puc. 1, kpusas 2'). CuenyeT DOMUepKHEYTH, UTO
0JA HaXOMAIMUXCA B GUONIOrMUYecKod CBA3M C MATEPUHCKUM pacTeHUeM Ju-
CTheB BeJMIMYMHA [, He 00BapyXMBaja KaKUX-JIM00 NPU3HAKOB Aerpalalui.
HabnronaemMas BpeMeHHAS 3aBUCUMOCTEL UHTeRcHBHOCTM ®JI 3enermbIx nu-
CThbeB MOXXeT PACCMaTPUBATLCA KaK NPOSABJIEHVE UX KU3HENEATEJIbLHOCTH
B u3lydaTenbHbix nponeccax. Cnax unrTencuBrOocTH ®JI Ha mepsoit cra-
VY eCTh peaKIMs XKUBBIX JUCTbeB Ha Iponecc 06JydeHus 1a3epHbIM U3JTy-
yeHMeM, TOlZIa KaK cilelyroluas 3a Hefl cTtamms “BOCCTaHOBJEHUA” UHTeH-
cuaoct ®JI ecTh He YTO MHOe, KaK MOOGHIM3alisA XU3HEHHBIX PECypPCcOoB
pacTeHus OJs MONABJIeHNA “yCTalocTH” (OTONIOMUHECUEHINHU M ee POCTa
o ypoBHA I, npH HeNpEephIBHOM OCBELIEHUH Ja3ePHBIM Jy4YOM JIUCTheB
(puc. 1, xpuBasa 2’ u 2", 2) nam DOJTHOro BOCCTAHOBJEHUA HCXOIHOU UE-
rercuBHoct ®JI Iy (puc. 1, kpuBas 2 u 2”), ecniu BpeMs npekpaleHns
ocselwenus t, > 5MuH. [Ipomecc BoccTtaHoBIeHUS [y OKA3aJICA JOCTATOYHO
MHEPIVOHHBIM M olpeleNdeTcA YCIOBUAMU “IMTaHUA" PaCTEHHUA.

2. Ha puc. 2 npuBenersl conektpsl $JI U BpeMeHHEIE 3aBUCUMOCTH UH-
TEHCUBHOCTH (OTOJIOMUHECHEHOUN >XUIKOCTH, U3BJIEYEeHHOU U3 3eJeHbIX
avctbeB. CnekTpajbHbI# KOHTYP ¢(OTONIOMHUHECUEHINH ITOM KUIKOCTU
nonoGeH XapaKTepHOMY IJA 3eJleHOro JucTa (puc. 1), oH BKIAOYaeT OBa
KOHKY PUPYIOIIMX MaKCMMyMa C OJNU3KUMU IS 3eJleHbIX JHUCTheB 3Hade-
HUAME hw; U hwy (pHc. 2, kpuBad [), HO IPU 2TOM KMMeeTCA pa3jinuue B
COOTHOLIEHNM MHTeHCUBHOCTeH aTux cocrapasaomux I/l (cM. Tabaumy).

C pocToM BpeMeHM BLLOEDKKM KUIKOCTH, KaK BUIHO M3 puc. 2 (kpu-
Bble 4 U 6 ), HaCTyDaeT NpoUecc CEWKeRUs MHETeRcuBHOCTH $JI. DT0T WmpPO-
ecc TYWEHUA NPOTeKaeT He3aBUCUMO OT XapaKTepa OCBEeIUeHU XUIKOCTH
Na3epHEbIM M3nydesneM. C BKIIOUEeHMEM U BBbIKJIIOUYEHHEM JIa3epHOro BO3-
6yxneaus (puc. 2, Kpusas 5) uTeECMBHOCTH P JI DpakTHMYECKM MIHOBEHHO
OOCTUT'aeT CBOEro CTAOMOHAPHOrO 3HaUYeHWUs, BPEMeHHAA 3aBUCHMOCTh KO-
TOPOr0o OKa3LIBaeTCA HEUYBCTBUTEJIBHOM K XapaKTepy ocBemeHus (puc. 2,
KpUBbie 4 U 6), KaK 3TO OBIIO M B ClydYae 3eleHbIX JUCTbeB, HaXOIWB-
IIMXCA B Iponecce XU3HeNeATeAbHOCTH (puc. 1, kpusrie 2, 2' u 2"). Ina
BpeMeHHOH 3aBUCUMOCTH GOTONIOMINHECIEHIIMM BhIBe JeHEHOM U3 XKUBOTO pa-
CTeHUA XUIKOCTHU M OTKJIIOUEHHON O 9TOH NMpUUYMHE OT NPOIEecca XKU3He-
IeATeNHLHOCTH PAaCTeHEUA XUIKOCTU NMOJHOCTHIO OTCYTCTBYEeT XapaKTepHas
ana “KuByuero” JMUCTa CTamvA yBeawdeHMs nHETeHcuBHOCTH $JI 1m0 ypos-
ua [y nmm I,. Kak Bummo m3 puc. 2 (kpuBsle 4 1 6), ana ¢poToNtoMHuHEC-
OEeHOMH KUIKOCTU XapaKTePHA TOJNLKO CTAONUA CHMKEHUA WHTEHCUBHOCTH C
POCTOM BpeMeBU ee BhLIepKKU. IIpu aToM B cmekTpasbaoM KoHType PJI
MKUIKOCTH NPOUCXONAT HeoGpaTuMble U3MeBeHUA (puc. 2, KpuBble 2 U §).
OHUK COCTOAT B TyIWIeEMM IJIUHEBOBOJHOBOM cocTaBiasomei ®JI u omiospe-
MeHHOM cMemeHUM MUKOB $JI B KOPOTKOBONHOBYIO 06/1ACTh CHEKTPA.

Kak BumBo u3 TabGiunsl, WETeHCUBHOCTL ®JI x)uUIKOCTH OKa3niBaeTcs
CylUIeCTBEHHO HMKe, YeM B >KUBOM pPaCTeHUM, a NOHM>KeHUEe MHTEeHCHBHO-
cty ®JI »xuaKoCTU OKa3bIBaeTCA HEOOPATHUMEIM M GoJlee 3HAUMTEILHO, YeM
LA KUBBIX pacTeBuit (puc. 1). CrenosaTenbHO, BhIBeNeHHAA U3 PaCTeRUA

196



’KUIKOCTb XOTSA U MMeeT CXOHHBIN C >KMBBIM pacTeRueM KoBTYp ®JI, omua-
KO €e WHTEHCUMBHOCTb HeOOPaTUMO clafaeT CO BpeMeHeM BBLIEPKKU. DTO
MOXKeT OBbITh CIeACTBUEM TOro, YTO BbIBEIEHHASA U3 NPOMECcCa XKU3Helesd-
TEeJBHOCTHA PAaCTeHMS KUIKOCTH He oblafaeT CIOCOGHOCTBHIO peardpoBaTh
Ha peXXUM OCBEeIeHUS U BOCCTaHAaBJIUBAThL UHTeHCUBHOCTL PJI.

3. Ha puc. 3 cyMMupyooTCa TUNWUHBIE pe3ynbTaThl KCCIeIOBAHUMN Jo-
MUHECLEHTHBIX CBOWCTB OTTOPTHYTOrO OT MaTEPUHCKOIO PacTeHUA JHUCTa
Fragaria vesca L., koTopbIif HaXxoamiics B CyXOM COCTOSHUM B TeuyeHMe 1 ro-
na. AGCOMIOTHBIN MaKCUMyM HETeHcuBHOoCcTH ®JI peanmsyercs B Toit ke
CHeKTPasbHOM obnactu, YTo U WIs “*KMBBIX” NUCTbeB (pUC. 1, KpUBas [),
OOHAKO IJIA CYXUX JIMCTbEB YyiKe He NPOABJAETCA TOHKAA CTPYKTypa CIeK-
tpoB ®JI M nNomoNHUTENBbHO BO3HMKAaeT KOPOTKOBOJIHOBas, PacTyllas cO
BpeMeHeM CYUIKM KOMIOHEHTa ¢ OTOJIOMUHECHeHIMH.

HaubGosiee spko OTAMYME HEXMBOIO 3aCYLIEHHOrO JUCTa OT *KUBYILETO
IPOABUJIOCH OPU U3MEHEHUH BpEeMeHHEIX 3aBUCUMOCcTel nETeEcUBHOCTH @ JI
(puc. 3, kpuBas 21 4 ). BumHo, 4uTO Kak Ipu cTalMoEapHOM OCBelleHUM, TaK
M OPU BCEBO3MOKHBIX U3MeHEHUAX BO BDEMEHU PEXUMOB OCBEIIEHUSA CYXUX
JUCTheB BO30YKIAIOIMM Ja3ePHbIM U3/1y4YeHeM UHTEeHCUBHOCTb GOTOIIO-
MUAHECIeHIUHN coxpaHseTcA HeusMerHOU. CirenoBaTelbHO, UCYe3HOBEHUE
BpeMeHHOH 3aBUCUMMOCTH MHTeHCUBHOCTU PJI B CHABHO BHICYNIEHHBLIX JIM-
CTbAAX CO BCeil OUeBUIHOCTHIO CBUIAETENbCTBYET B MOJb3Y TOrO, UTO Peak-
s KUBBIX JIMCThEB Ha BO30Oy:KIZaroilee GOTONIOMUHECHEHIUIO Ja3epHoe
M3nydeHHe MOKeT ObITh IOJHOCTHIO OTHECEHa Ha CYeT NPOIECCOB KU3He-
IeATeNbHOCTU pacTeHMs, KOTOPble HalpaBJ/IeHbl Ha “BOCCTaHOBJIeHMe” BhI-
3BAHHBIX J1a3epHBIM BO30y KIeHMEeM U3MeHeHU B U3/1yYaTelLHOM OpoIecce.
Crnenyer Takxe NOAYEpPKEYTb, UTO WHTEHCUBHOCTb U3JIyUaTeNbHBIX Iepe-
x0m0B (CM. Tabnumy) B pesynbTaTe OTTOPKEHUA U CYIIKU JUCTHEB CUIbHO
nanaeT. ClenoBaTelbHO, UMEHHO NPOLECC KU3HENeATENbHOCTY PaCTeHUMH
obecneurBaeT OOHapy»XeHHYIO B [1] APKYIO (OTOJIOMHUHECHEHOUIO pacTe-
HUi B BULOMMOI 06J1acTH, TOrIa KaK IpeKpallleHye Iponecca XXu3genesaTellb-
HOCTU NPHUBOOUT K nanenuto METeHcMBHOCTH PJI. OOGHapyXeHHaA 34ech
YyBCTBUTEJbHOCTb JIIOMUHECHEHINM K IPOTEKAHUIO IPONECCOB »KU3Heles-
TeJbHOCTU B PACTEHMAX yKa3bIBaeT Ha BO3MOXXHOCTb IpUMEHEHUS JIOMU-
HeCIeHTHbIX METOOB IS M3y4YeHUA MeTaboIUYecKUX IpPONeccoB B 06 bek-
TaXx GUOJOrMYECKOrO TPOUCXOKICHUA.

.
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