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3ammra cocroutcs «24» nekabps 2019 roga B 14:00 Ha 3acemaHmm JECCEPTAIMOHHOTO COBETA
J212.229.25 npu ¢eaepalbHOM rocylapcTBEHHOM AaBTOHOMHOM OOpPa30BaTEIbHOM YUPEKICHUU
Bbicilero  oOpaszoBaHus  «Caskt-IlerepOyprckuit  monmutexHudyeckuil  yHuepcuteT Ilerpa
Benuxkoroy» (195251, Cankr-IletepOypr, yia. Ilonurexunyeckas, 1. 29) no agpecy: 194021, Cankr-
[TerepOypr, yn. Xmonuna 11, kopm.1, Beiciias mkosia GuoOMeAUITMHCKUX CUCTEM U TEXHOJIOTHUH.

C nuccepranueil MOXXHO O3HAKOMUTHCSA B GyHaameHTanbHOU Ombmmoteke PI'AOY BO «Cankr-
[TerepOyprekuii monurexuuueckuii yausepcutet Ilerpa Benukoro» mo agpecy: 195251, r. CaHkT-
[lerepOypr, Ilonmurexnuueckas yi., na. 29, a Ttakke Ha cailte OI'AOY BO «CII6ITY »:
http://www.spbstu.ru.

ABTopedepaT pa3zociaH «__ » 2019 ropa.

VY4eHsblil cekpeTapb _
quccepTanuoHHoro cosera /1 212.229.25, I Tumodeen Annpeit Hukonaesuu
JOKTOP TEXHUYECKHUX HayK
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OBILIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJbHOCTb TEMBI.

KommiiekcoM B3aMMOCBSI3aHHBIX  MPOIIECCOB, OIPECIAIONIMM pPa3BUTUE PACTCHHHA H
npoTekanue (OTOCHMHTE3a, SIBISETCS TMOIJIONMIEHHE CBeTa (POTOCHMHTETUYECKUM  aIapaToM
pacTeHus, aCCUMIIALIUS YIIIEKUCIIOrO ra3a U3 aTMoc(epbl, 1 YCBOCHHE MUTATEIbHBIX BELIECTB H
BOJIbI U3 KOPHEOOUTAEMOI Cpe/ibl.

OcHOBHBIM (pu3nyecKuM (PaKkToOpoM, OOECHEUHBAIOIIMM KHU3ZHEACITEIbHOCTh PACTEHUH,
SBIIETCS CBETOBasl cpela. B yclOBUSX MHTEHCHUBHOM CBETOKYJIBTYpHI PEIIAIONIYI0 POJIb UIPAIOT
CHEKTPaJbHBI COCTaB W HMHTCHCUBHOCTh (POTOCHHTETHYECKH aKTUBHOW pamuanuu (DAP),
ornpenensonme (GOTOCHHTE3, COCTOSHME MUTMEHTHOro ammapara, ¢oromopdorenes, poct u
pa3BUTHE, HANpPaBIEHHOCTh OMOCHMHTE3a, HAKOIJICHHE OMOMAcChl M NMPOJYKTUBHOCTh PACTEHUI B
KOHTPOJUPYEMBIX YCIOBUSAX CPEIIBL.

[ToHuMaHMe 3aBHCHMOCTH TNPOTEKAHUS (U3UKO-XUMHUECKUX IPOLECCOB B PACTCHUU OT
CHEKTPATBbHBIX XapaKTEPUCTUK OCBEIICHHUS B HACTOSIIEE BPeMsl OTPaHUYEHO HECOTJIACOBAHHOCTHIO
M3Y4aeMbIX [apaMeTpOB M HCIIOJIb3YyEMbIX CHEKTPAIbHBIX KOMOHMHAIMNA. YTIyOJeHHOe H3yuyeHUe
OTJENbHBIX COCTABIIAIOIIMX TMPOIECCa YCBOGHUS CBETAa M CBS3aHHBIX C OJTUM peEakIuil B
pacTUTETFHOM OpraHu3Me IMPH €ro B3aUMOJACHCTBHM C OKpYXKarouledl cpemoil — armocdepoi u
MOYBOM, TMO3BOJIUT PACIIMPUTH MPEICTABICHUS O BIUSHUA (POTOCHHTETUYECKH aAKTHBHOTO
JMara3oHa M3JIydeHHsl ¥ CIIEKTPaIbHOTO peskuma oOiryueHus. MccnenoBanne MexaHn3Ma JeicTBUs
CBETa C OIPEICIICHHBIMU CIIEKTPaJbHBIMU XapakTepuctukamu DAP Ha Qusuko-xuMudeckue
MPOIeCChl BHYTPH PAcTEHUs, a TAK)KE Ha B3aUMOJICHCTBUE PACTEHHUS C aTMOC(HEPHBIM BO3AYXOM U
KOpPHEOOMTAEMOM Cpe/oil, SIBIIETCS aKTYaJIbHOW 3a1adyeldl Kak Jiis pa3BUTHSA (DyHIAMEHTaIbHBIX
3HaHUW, TaK U I TMPAKTUYECKOTO TMPUMEHEHHS — pa3paboTku 3HeproddHeKTUBHBIX
MCKYCCTBEHHBIX HCTOYHHKOB CBETA, 00ECMEUYUBAIOIINX MAKCUMYM MPOIYKTUBHOCTU PACTUTEIbHBIX
KyJIbTyp B YCIOBHMSX 3aKpbITOrO TpyHTa. OCHOBHBIM ITyT€M TMOBBIIICHHUS YpPOXKAHHOCTH,
INPOAYKIIMOHHOTO  TpOLecca, YJIYULIEHHs KauecTBa PACTUTENbHBIX  KYJIbTYp  SIBIISIOTCS
(bu3nONOTHYeCKH OOOCHOBAHHBIE TPUHIUITBI OIEHKH CIEKTPaTbHONH S(P(PEKTUBHOCTH JCUCTBUS
DAP.

Jlnist iiccienoBaHusl MeXaHU3Ma JICHCTBUSI CBETOBOM CPEZbl MOXKHO BBIJEIUTH TPH OCHOBHBIX
HaNpaBJICHUS] UCCIIETOBAaHMA, MO3BOJSIOMINX OXapaKTePH30BaTh KWHETHKY IPOIECCOB, Hanboiee
3HAYMMBIX JJIS OCYIIECTBICHNS (POTOCHHTE3a U Pa3BUTHS paCTEHUS!

1. M3y4yeHune mporeccoB MOTJOMIEHUsI cBeTa (POTOCUHTETHUECKUMH MUTMEHTaMHU B JIUCTBSIX
pacteHuil. B cBs3u ¢ Tem, 4TO MUIMEHTHl (YHKIHMOHUPYIOT B JKUBOM JIUCTE B XKHJKOH cpene u
MOTYT 00pa30BBIBAaTh COECMHEHUS C IPYTUMHU KJIETOYHBIMHU CTPYKTYPaMH, IPOBEACHUS U3MEPEHUN
Ha 9KCTPArupOBaHHBIX MUTMEHTAaX IN VItro B pacTBOpax /sl MOHUMAHUS MPOLECCOB MOTIIOMICHHS
CBETa PACTEHHSIMH SIBJSIETCS HEIOCTATOYHBIM. V3MepeHHe ONTHYECKHUX XapaKTePUCTHK JIHCTa
pacteHusi in VIVO B mporecce €ro pocta M Pa3BUTHS JAaeT CYIIECTBEHHO Oojiee TMONHYK |
MpaBWIbHYIO HMH(OPMALIUIO O MOTPeOHOCTAX pacTeHuil B sHepruu B obOnactu ®AP u cxopoctu
YCBOEHHSI CBETOBOTO ITOTOKA.

2. HccnenoBanue B3aMMOJAEUCTBHS PacTeHUsi ¢ aTMoc(hepoll — acCCUMMIISIIUM YTIEKHCIOTo
ra3a M CHHTE3a OpraHMYeCKUX COCJMHEHUH B MpoIlecce POCTa U pa3BUTHs pacTeHus. [IpeBparienus
yriepoja, 3aXBaYeHHOTO U3 BO3AYIIHOW Cpeibl, B X0/1e¢ OMOXMMHUYECKHX pEaKIMii B OpraHuyeckoe
BEIIECTBO TKaHei pPacTUTENLHOTO OpraHusma COIIPOBOKAAETCS 3HAYUTEIbHBIM
(paKIMOHNPOBAHNEM JIETKOTO mM30Toma yriepoaa “2C. IIpu 3Tom m3otomusle oTHomeHns °C/2C
YIIIEKHUCIIOTO Ta3a BHEIIHEW Cpeflbl M CHHTE3UPYEMBIX PACTEHHEM YTJIEBOJIOB OYIYT CYIIECTBEHHO
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pasnuyaThCs B 3aBUCHUMOCTU OT BHELIHMX YCIOBHM, U X MU3MEPEHHE B TUHAMUKE POCTA PACTEHHUS
1acT 0ObEKTUBHYIO HH(OPMAIIHIO O CKOPOCTH MPOTEKAHHs (POTOXMMHUYECKUX PEAKIIUi.

3. UccnenoBanue B3aMMOICHCTBHSI PACTEHUS C TIOYBOM MyTEM M3MEPEHHS OMOITEKTPHUECKUX
noreHuuanos (B3OII) ero kopHEBOH CHCTEMBI, OTPa)KAIOIIUX XApaKTEp MPOTEKAHUS B pEalbHOM
BpPEMEHHU METabOJIMYEeCKUX IMPOIECCOB, KOPPEIUPYIOMIUX CO CBETOBBIM PEKHMOM U CBS3aHHBIX C
BOJIHBIM DPEXUMOM, TPAHCIIOPTOM HOHOB M MUHEpAIbHBIX BEILIECTB B KOPHEOOMTaeMOH cpeje.
M3MeHeHne OMONOTEHIMAIOB PACTEHUM C TEYEHUEM BPEMEHH, MIPECTABICHHOE B BUE IpauKOB —
«QNEKTpO(UTOrpaMM»  SBJISIETCS  OOBEKTUBHBIM  II0KA3aTEJIEM  COCTOSHUM  PacTUTEIbHbBIX
OpPraHU3MOB, U MOT'YT MCII0JIb30BaThCsI KaK MapaMeTp Ul BbIOOpa MyTed CTUMYIISILIUN UX PA3BUTHS.
Kpome TOro, renepupyemsie pu 3TOM OMOTOKH MOTYT OBITH OCHOBOHW JISi CO3JIaHUSI TEXHOJIOTUU
MOJTyYECHHUSI AJIEKTPOIHEPTUN C TOMOIIbI0 KOMOMHALMU BBICHIMX PACTEHUH M MUKPOOHOW Cpejbl
MOYBBl — PACTUTEIHHO-MHUKPOOHBIX TOIUIMBHBIX 31eMEeHTOB (PMTD). DnekTposHepruss mpu 3ToM
MPOU3BOJUTCS 3a CUYET NEepepadOTKU MHKpOOaMH OpPraHWYEeCKHX BEUIECTB, BBLICISIEMBIX B
pusocepe, U co3qaHus KOPHEBOM CHUCTEMOM pacTeHHMH IpaJueHTa MOTEHLUala, CBSI3aHHOIO C
TPAHCIOPTOM HMOHOB U MHUHEPAJIbHBIX BELIECTB.

Taxum 06pa3zom, ucciieIOBaHUE BIUSHUS CIEKTPAIILHOTO COCTaBa OCBELICHUS Ha (DOTOCHHTE3
JUCTBEB pPACTEHUM, M30TONHBIA cocTaB yriepoja Npu (OTOCHHTE3e B CUCTEME pAacTeHHE —
atMoc(epa U KOHTPOJIb ONTUMAIbHBIX YCIOBUH B CHCTEME PACTEHUE — I10YBa SIBIISIETCA KpaiHe
aKTyalbHOM 3amaueit. /s ee pemenust He0OXOAMMO MPOBEJCHUE UCCIICIOBAHUI B PA3BUBAIOIIEMCS
(MHTaKTHOM) pacTeHUM Oe3 €ro MOBPEeXJIEHUS M B JII0O0OH MOMEHT BpPEMEHM ISl M3YyYEHUs
CKOpPOCTH CBETOBOW KOHBEPCHH — MPEoOpa3OBaHUS PACTEHUSIMH SHEPTHH CBETa W YCBOEHHOIO
yriepoga B mpouecce (OTOCHHTe3a B OHMORJIEKTPUYECTBO, T'€HEpPUPYEMOE 3a CYET KOMILIEKCa
IpoIeccoB B puU30C(hEpHO 30HE, [UId 4Yero HEOOXOJUMO CO3/laHHME€ HOBBIX METOOB
(UTOMOHUTOPHHTA U YCTPOHCTB JUI UX OCYILECTBIICHUS.

Hean padoTsI.

VccnenoBanne BIMAHMS CHEKTPATBHOTO COCTAaBA OCBENICHHS HA CBOWMCTBA DACTEHHMi, B
HaI/I6OHI)HIeI\/’I CTCIICHU XAPAKTCPHUIYIOIMHNE KUHETHUKY MPOLUECCOB, 3HAYMMEBIX IJII OCYIICCTBIICHUA
(1)OTOCI/IHT633 N pa3dBUTUA PAaCTCHHA, 4 UMCHHO OITHYCCKHUEC XAPAKTCPHUCTHKU JIMCTHCB PACTCHUA,
CKOPOCTh aCCHMUJIAIMM H30TomoB yriaepoaa 2C u 3C w3 yrmekmcmoro rasa armocdepsl B
YIIepOAHBI Myl ¥ KOHBEPCHH (POTOCHHTETHUECKH AKTHBHON pajHaliuM B dJEKTPHUYECKHH TOK B
pusocdepHOii 30He, M OIIEHKa MX POIU B MEXaHH3ME PA3BUTHS PACTEHHUS.

3agayu, pemaemMbie P BHINIOJHEHHH PadOThI:

1. Beibop u oOocHOBaHME [uana3oHa M3MEHEHHI KOMILUIEKCa BapbUPYEMBIX IapaMeTpoOB
CBETOBOM CpeJbl — CHEKTPAIbHBIX XapaKTePUCTUK, MHTEHCUBHOCTH U CYTOYHOM HKCIO3UIUU U MX
pean3aiuy B BUJIE KIMMAaTUYECKOM KaMephbl JIIsl BhIpalllMBaHUS PACTEHUH.

2. Ormpenenenne W3MEHEHHs] ONTHYECKHX CBOWMCTB JINCTHEB pPACTEHUH B BBIOPAaHHOM
JUarna3oHe CIEKTPaJIbHOIO COCTaBa OCBEIIEHUS B IPOLECCE HMX pa3BUTHA, BKIIOYAs Kak
CHEKTPO(OTOMETPUYECKHE U3MEPEHUS CIEKTPOB IOTJIOUICHUS CBETOUYBCTBUTEIBHBIX MUTMEHTOB
in Vvitro, Tak M co3laHWE METO/a M YCTAHOBKH JJISl MPOBEICHHS aHAIN3a CBETOIOIJIONIATETFHOMN
CIIOCOOHOCTH JIUCTHEB iN VIVO.

3. TlomyueHue naHHBIX OO0 W30TOITHOM OTHOIICHHH Beazc OJHOBPEMEHHO KakK B
aTMOC(epHOM YTIJIEKUCIOM Ta3e OKOJIO pAacTeHus, TaK W B TKAHAX pPACTeHHUs B XOJl€ €ro
KHU3HEESITENIbHOCTH B YCJIOBMSIX Pa3IMYHOTO CIEKTpa OCBELIEHUS U pa3padoTka mMeTona cbopa u
MOATOTOBKU MPOOBI /ISl TPOBEIEHUSI COOTBETCTBYIOIIEI0 MacC-CIIEKTPOMETPUUYECKOTO aHAIH3a.
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4. TTomydenust JaHHBIX 0 OModIekTprudeckux nmoteHmanax (b3I1) B cucreme mouBa-pacteHue
B YCIIOBUSX HOPMAJIBHOTO (YHKIIMOHUPOBAHUS pacTeHUs 0O€3 TpaBMaTUYECKOrO CTpecca,
OTPAXKAMIIUX XapaKTep MPOTEKaHHs METAaOOJIMUYECKUX IMPOLECCOB B pPEAbHOM BpPEMEHU H
KOPPEIUPYIOMIUX CO CBETOBBIM M BOJHBIM pekuMamu. Pa3paboTka MeTona M peaqu3yroliero ero
yCTpOﬁCTBa, MO3BOJIAIOIICTO MNPOBOJUTL HCHUHBA3UBHBIC H3MCPCHHA, CO3JAaHUC JBJIICKTPOAHBIX
cucTeM, OMOCOBMECTUMBIX C KOPHEBOH CHCTEMOW pACTCHHs, HPUTOIHBIX Ui JUTUTSIBHOTO
MPOBE/ICHUSI BBICOKOTOYHBIX M3MEPCHHUI W aBTOMATH3AIMU PETHCTPAIMU OMOTIOTEHIIMAIOB B BUJIC
IEKTPOYUTOTPaMM.

MeTOZ[LI HCCJICI0BaHUA.

B kauectBe MCTOJIOB HCCJICHOBAHUSA MCIIOJIb30BAJIMCh. ONTHYCCKAs CHCKTPOCKOIINA,
HU30TOIMHAd U XUMHYCCKAad MACC-CIICKTPOMCTPUA U IJICKTPUICCKUC U3MCPCHUA 6I/IOHOTGHI_[I/IEUIOB u
TOKOB B 3JICKTPOAax.

OO0BLeKTHI HCCIeT0BAHNS.

B pabore wucciaenoBamuch Kak MOJAEIbHBIE pPAacTEHUS — XJIOPOMUTYM XOXJATblf, Tak H
CeJIbCKOXO035IICTBEHHO 3HAauMMble KYJIbTyphl — cajarbl copra Asapt, TalidyH, oBec NOCEBHOH,
STUMEHb SIPOBOM copTa JIeHUHIpaICKuil.

Hayuynasi HoBH3Ha padoThI.

1. Ha ocHOBe HW3MEpPEHHBIX CIIEKTPOB IOIJIOMICHUS JHCTHEB IN VIVO M CBETOYYBCTBUTEIIBHBIX
IUTMEHTOB IN VItr0 B BHAMMOM [Hama30HE dYacTOT B 3aBUCHMOCTH OT CIEKTPaJbHBIX
XapPaKTEPUCTUK OCBEIICHUS M WHTCHCUBHOCTEH (DOTOCMHTETHMYECKOTO IMOTOKAa B MHTEpBayie oT 40
MMOHI)-M'Z-(:'l 1o 350 pMonL-M'Z-c'l, KaK B y3KUX JHMarna3oHax 4acTOT (KpacCHBIH, 3€JIEeHbIN, CHHUI),
Tak ¥ JUIS MX KOMOWHAIUN W CIOXKHBIX CIIEKTPOB OCBEIIEHUS, BKIIOYAIOIIUX (DU3HOTOTHUECKU
3HAYUMBIE AJI1 PACTEHUN NJIMHBI BOJHBI, OMpeeneHbl ckopocTH ycBoeHuss MAP u motpebHOCTH
pacTeHUli B OTHOIICHHWH IIOTJIOIICHMS KBAaHTOB pa3iM4yHOM »Hepruu. IlokazaHo, 4TO CIEKTp
OCBEIIeHNs, MPUBOASIIMI K BBICOKOH mpoaykTuBHOCTH camaTta (5990 1/M%), ¢ MJIOTHOCTHIO
GOTOCHHTETHYECKOTO MOTOKA (hOoTOHOB ~25 pMonb M 2-¢c ™ B quamazone 400-500mM, ~150 pMoITB M™
2.¢’1 8 500-600 HM, ~150 pmons-m2-¢ct B 600-700 HM IPUBOANUT K mornomenno ~140 pmoms-m2-¢t
Ha I'paMM JIMCTOBOM MOBEPXHOCTH B TeueHue 10 aHei.

2. BriepBble METOJIOM CpPaBHEHMsS M30TOMHBIX oTHomeHmit “C/Y2C Mexay yrieKHciasIM ra3om
BO3/lyXa OKOJIO PacTe€HUH W B YIJIEPOJHOM IyJie PACTEHUU YCTAaHOBJIEHO pa3lIMuM€ B YCBOCHHUH
m3oToma yriepoga °C m3 Bo3myxa aTrMocd)epsl B 3aBHCHMOCTH OT Pa3IMYHEIX CHEKTPaTbHBIX
cocTaBoB ocBemeHus. I[lpu ocBemenun ¢ mpeoOIagaHUEM KpPacHON COCTaBISIONIEH OHHU
coCTaBIAIOT ~15%o0, a cuHer ~9%o. HalineHHas 3aBHCHMOCTHL SIBJISICTCS Ba)KHOM COCTaBIIAIONICH
MEXaHHU3Ma aCCUMUJISIIIUN YTJIEKUCIIOTO Ta3a U ero MpeoOpa3oBaHMs B OPraHUYECKOE BEIIECTBO B
xozie (hOTOCHHTE3a, UYTO TMO3BOJIIET MHTEPIPETUPOBATH PA3HUUS B W30TOMHBIX OTHOIICHUSIX Kak
Mepy YCBOEHHUSI pacTeHHeM (OTOCMHTETHUUYECKOTO IMOTOKa, ckopoctu ycBoeHuss COz u cuHTe3a
OMOMacCCHI.

3. B mporiecce NIUTENbHBIX U3MEPEHHH MO CO3JaHHOW METOJIUKE TUHAMHKU OHOAIEKTPUYECKUX
MOTEHI[MAJIOB B CUCTEME MOYBA-PACTEHUE B YCIOBHUSIX PA3JIMYHBIX BOJHOTO M CBETOBOTO PEKHUMOB
MOKa3aHO, YTO MPH TMEpPeXoje M3 TEMHOBOTO B CBETOBOW PEXUM BO3HUKAIOT BOCIPOU3BOIUMBIC
nukmueckre n3meHeHus: bOII nopsanka 20 MB u B 0oTBET Ha MOJIMB — CKAaYKOOOpa3HbIE N3MEHEHMUS
B3Il mopsiaka 100-200 MB B 3aBucuMocTH OT cTemeHH BOAOASHUIMTA, M3MEHSIOIIMECS TI0
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BEIMYMHE 110 TpaJueHTy TiayOuHbI mouBbl. llpeanoikeHa Mopesnab, ONMCHIBAIOIAsS B3aUMOCBS3b
BapHaluy OMOMOTEHIIMAJIOB U TOKA BOJIBI U MHHEPAJIBHBIX BEIIECTB U3 OYBBI B KOPEHb.

4. Pa3paboTaHbl 3KCIIEPUMEHTAIBHBIE METOAMKH U PEATU3YIONINE HX YCTPOMCTBA IS MU3MEPEHUN
CIIGKTPOB TMOIJIOIICHUSI JIMCTHEB PACTeHWi IN VIVO; s cOopa W TOATOTOBKH TPOOBI JUIst
M30TOMHOTO Macc-CIIEKTPOMETPUYECKOT0 aHajiu3a U JUisi oOecreueHusi HEMHBAa3MBHOTO KOHTAKTa
KOpHEH pacTeHUH ¢ JIEKTPOAHON CUCTEMOH ISl U3MEPEHUs OMOAIEKTPUUYECKUX MTOTEHIINANIOB.

IIpakTuyeckasi 3HAYUMOCTb PadOTHI.

Pa3zpa®oTaH KOMIUIEKC METOJMK M PEAIM3YIOUIMX UX YCTPOWCTB Ul MCCIEIOBaHHUA MEXaHHU3Ma
JCWCTBUSL CBeTa Ha (PU3MKO-XMMHUYECKHE MPOIECChl BHYTPH pACTEHUS, HAa B3aUMOJICHCTBHE
pacteHus ¢ aTMoc(epHBIM BO3AYXOM M KopHeoOuTaemoii cpenoit. Co3gana KuMaTndeckas Kamepa
— KOMIIaKTHBIH (UTOTPOH, CHEIHAIM3UPOBAHHBIA UIs Ja00paTOPHOTO HCIIOJNB30BAHHUS U
IIPOBEACHUS UCCIEAOBAHUMN BIIUSHUS CBETOBOM CPElbl — CIIEKTPA, MHTEHCUBHOCTH, AJIUTEIBHOCTH
OCBEIICHUS Ha KHU3HEIESATEeIbHOCTh pacTeHuil. Pa3paboTaHa M W3roTOBJIEHA YyCTAHOBKA [UIs
U3MEpEHHsl CHEKTPOB IOTIOLICHHS JIMCTHEB PACTEHHH IN VIVO, aJanTHPOBaHHAs K U3MEPEHHSIM
CBOWCTB JIUCTHEB, HEOJHOPOJHBIX IO JUIMHE M IIUpUHE, 0€3 NPUYMHEHUS Bpela PacTeHUIO U
MIO3BOJISIOINAs  OCYLIECTBJIATH ~MHOTOAHEBHBIH MOHMTOPDUHI M3MEHEHMS IIOIVIOIIEHHSA B
3aBUCUMOCTH OT IEpPHOJA PA3BUTHS M IIAPAMETPOB BHEIIHEW cpeipl. Ha OCHOBE NOIy4EeHHBIX
XapaKTEpUCTHK CBETOINOIIIOMIATEIbHON CIHOCOOHOCTH PACTEHUN MNPEIIOKEH CIEKTP OCBELICHMS,
KOTOPBIH MOXET OBITh OCHOBOH JJIsi CO3/1aHUs YHEProd(P(PEeKTUBHBIX UCTOYHHUKOB CBETA C YUETOM
pEaIbHBIX JIaHHBIX O COCTOSIHUM U (DPU3MOJIOTMUYECKHX IOKa3zaTelsiX pacTeHuid. PaspalOorana u
OTTECTHpOBaHa cHucTeMa cOopa M TOATOTOBKU IPOOBI, MO3BOJIAIONIAS OCYILECTBISATh Macc-
CIEKTPOMETPUUYECKUIN aHAJIN3 M30TOIIHOIO COCTaBa yIJIEpOJa B TKaHSIX PACTCHHMM M OKpYXKaroUIEH
UX BO3AYIIHOH cpele B pealbHOM BpPEMEHHM B XOJ€ pa3BUTHs pacTeHus. Paspabortana
SKBMBAJIEHTHas cxeMma usmepeHuil bOII ¢ yuyeToM aiieKTpu4eckux CBOMCTB pacCTEHHMH M yCTaHOBKA
JUIl aBTOMAaTU3MPOBAHHOTO TOJIyYEHHs JIEKTPO(UTOrpaMM Ha OCHOBE MPEUIOKEHHOI'0 METOoJa
o0OecrieueHrsT HEMHBA3MBHOI'O KOHTAKTa KOPHEW pAacTeHUH C DJIEKTPOJHOW CHUCTEMOW 3a CYET HUX
npopactanud. Co3gaH MPOTOTHI PACTUTEIbHO-MUKPOOHOIO TOIUIMBHOIO 3JIEMEHTAa HAa OCHOBE
CEJIbCKOXO35MICTBEHHO 3HAYMMOM KYJIbTYpBI — cajiara.

IToJ10:xeHNs, BBIHOCHMBbIE HA 3AILUTY:

1. Ilpu ocBelIeHUH KENTO-OPaHXKEBBIM CBETOM C IPEBATMPOBAHUEM KPACHOW COCTAaBIIIONIEH U
nobasnennem ~10-20% ot obmeit ®AP B Ommxaem WK (700-1000 HM) mpH BbIpaniuBaHUU
pacrennii Ha 1IN nuTarenpbHOM pactBope KHoma mnpupalieHue MHTErpajgbHOro MOTJIOLIEHHS Ha
IIPUPOCT GHoMacchl cocTaBuiIo ~140 pumoms-M2-c™! Ha TpaMM JTHCTOBOM MOBEPXHOCTHU B TedeHue 10
nHEer u 0b110 Hanbosee Y(PPEKTUBHBIM U3 BCEX MCIOIb30BAaHHBIX CIIEKTPOB OCBEIICHHUS.

2. Pa3HoCTh MEXly U30TOIMHBIM COCTAaBOM YTJIEKUCIIOTO Ta3a B BO3/1yX€ OKOJIO PAaCTEHHUM U B TKaHIX
pacTeHWil B 3aBUCHMOCTH OT CIIEKTpa OCBEIICHHUS W3MeHseTrcs B 2-3 pasa, mpHYeM CKOPOCTh
oOoraiieHust TKaHel pacTeHUH JIETKUM U30TOIOM yriiepoja U3 aTMOC(hEepHOro Bo3ayXa BO3pacTaeT
IIPYU YBEIMUYEHUHN KPACHOHN COCTABIISIIOIIEH B CIIEKTPE.

3. B ycnoBusix 10CTaTOYHON BIQKHOCTH MOYBBI OMO3JIEKTPUYECKUN MOTEHIMAl B CpeIHEM
MOCTOSIHEH M (IIYKTYUpYEeT CTOXacTUYeCKH B MHTepBaje oT 245 mB no 275 mB, 3HadeHue
OMomnoTeHIIMajga NajaeT MOYTH B JBa pa3a MPH YMEHBIIEHUU BIAXKHOCTU JI0 KPUTHUECKOH H
BOCCTaHABIIMBAETCS IOCIIE TONMBa C 3amepkkoil B mHTepBaiie 3-3000 c, yBenmmumBaromeics c
POCTOM BOJ0/1€(DULIUTHOTO NTEPHOIA.
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4. DBUORJIEKTPUYECKUN NOTEHIUA]I B CHUCTEME II0YBA-PACTCHHE IUKIMYECKH H3MEHAETCS C
M3MEHEHHUEM CBETOBOI'O PEKMMA: paBHOMEPHO yBenuuuBaeTcs Ha ~10% mpu BKIIOUEHUH CBETa U B
CepelIMHE CBETOBOIO LHKJIAa PaBHOMEPHO TMagaeT [0 HpexkHero ypoBHs ~240 wmB,
COOTBETCTBYIOLIETO TEMHOBOW CTA/INH.

JlocToBepHOCTh pe3yJabTaTOB PadoThbl 00ECHEeUrBAETCS HCIOJIB30BAHHEM COBPEMEHHOTO
HAy4YHOTO0 O0OpYyIOBaHUS, BBICOKOMPELUU3UOHHBIMUA HW30TOMHBIMU U3MEPEHUSIMH C TOYHOCTBHIO HE
xyxe 0,1 %, u3MepeHusMHU ONTUYECKUX CIIEKTPOB C pa3pelleHueM He XYK€ 2 HM, MpPOBEACHHEM
HKCIIEPUMEHTOB C JIOCTATOYHON BOCIPOU3BOJIMMOCTBIO; CTATUCTHUECKON 00pabOTKOM MOJIyueHHBIX
JAHHBIX C 3aJJaHHOM BEPOSITHOCTHIO M HEOOXOJMMBIM KOJMYECTBOM MOBTOPHBIX HCHBITAHUIA;
COMOCTABIICHUEM pE3YyJbTAaTOB, TMOJYUYCHHBIX pPa3HBIMH METOJaMH, a TakXKe CpaBHEHUEM C
AQHAJIOTUYHBIMU pE3yJbTaTaMH, OJYYEHHBIMU JPYTUMHU aBTOPaMHU.

Anpob6auus padorsl. [To Teme auccepranuu onyOiaukoBaHo 18 neuaTHsIX padoT, U3 HUX 6 cTareit
B pELEH3UPYEMBIX KypHaiax. OCHOBHBIE IOJIOKEHHUS U PE3yJIbTaThl JUCCEPTALMOHHOM pabOThI
IPEJCTaB/SUINCh W JOKJIAQAbIBAJMCh Ha CICAYIOIIMX HAYYHBIX M HAy4YHO-TIPAKTHUECKUX
KoHpepeHIMAX: MexayHapoiHOW 3MMHEH IuKojie 1o (U3UKe MNOJIYNpOBOIHUKOB «CBeT,
IIOJIYTIPOBOJIHUKM M TexHosiorum» (3enenoropcek, 2015), IV Beepoccuiickom KoHIrpecce MOJIOIBIX
yuensix (CII6: UTMO, 2015), IlepBoii poccuiickoit koHpepeHn «Pu3nKa — HaAyKaM O JKU3HU»
(CII6.: ®@TH, 2016), VII Bcepoccuiickoit KOHGEPEHIIMN C MEXIyHApOIHBbIM yuacTueM «Macc-
CIICKTPOMETPHS U €€ MPUKIIaaHbIe TIpodeMbn» (Mocksa, 2017), Bropoii poccuiickoli KOHGEpPESHIIUN
C MeXIyHapomHbIM ydactheM «®Pusuka — Haykam o kusHm» (CI16.: ®THU, 2017), VII
MexayHaponiHoM KoHrpecce «Crabble M cBepxciadble MO W M3JIydyeHUs B OHOJOTMM U
memuiney (CI16, 2018), MexnynapoaHoii koudepernun ®OusukA (CI16: ®TH, 2018), VI Coesne
ouodpusukoB Poccun (Coum, 2019), II MexnynaponHoit HaydHoil koHpepeHuuu «TeHaeHIUH
pa3BUTHS arpOQHU3UKU: OT aKTYaJIbHBIX MPOOIeM 3eMile[ieNiusl U paCTEeHUEBOJICTBA K TEXHOJIOTHUAM
Oyayuiero», nocsieHHoi namsatu akagemuka E.M. Epmakosa (CI16: ADU, 2019).

PabGora poxmaneiBasiack Ha  ceMuHapax JalOoparopun  QU3MKH  aICOPOLIMOHHO-
necopOIHOHHBIX mpornieccoB, CankT-Tletepbypr, «®Ppakrmoruposanne uzotonos C/P?C wu
BapHalli CBETOIOIJIOIEHUS! MUIMEHTOB PAacTeHM B X0Je (POTOCHMHTETMUECKHUX PEaKIHUl moJ
JIeWCTBUEM CBETA PA3IMYHOrO CIEeKTpajabHOro coctasa» 20 urons 2017 r., «Pa3paboTka ycTpoiicTBa
JUIl  KOHILIEHTPUPOBAHUS YIJIEKUCIIOTO Ta3a BBIMOP&KMBAHMEM JUISI W3MEPEHMS HW30TOIHBIX
OTHOIIEHUH yriepoja B mpouecce (GOoToCHHTe3a U (OTOJbIXaHUs pacTeHuit» 12 nexabps 2017 T,
«CHEKTPOMETPUUYECKUN METOJ M3MEPEHHs IOIVIOIIEHUs CBETA JIMCThAMU pacTeHMi» 14 uioHs
2018 r., «HewHBa3uBHOE H3MEpeHHE OMOBIEKTPUUCCKHUX IMOTCHIIMAIOB pacTeHuid» 04 mexabps
2018 .

PaGora BhInonHANIACH MTPHU (PUHAHCOBON rOCYAAPCTBEHHOM MOJIEPKKE MOJIOJBIX POCCUUCKUX
yuenbix (ctunenaus [Ipesunenta Poccuiickoit @enepanuu Ajii MOJOJBIX YUYEHBIX M aCHHpPAHTOB,
OCYIIECTBISIONIMX TEPCIEKTUBHBIE HAy4YHBIE HCCIIEAOBAHUS U pa3pabOTKU MO MPHOPUTETHHIM
HaNpaBJICHUSAM MOJEPHHU3AIMHN POCCUHCKOM SKOHOMHUKH) M TOJJEp)KKe MpaBuTenbcTBa CaHKT-
[TerepOypra u KOMuUTETa 1O HayKe W BBICHIEH HIKOJIe (TPAHT AJIs CTYACHTOB M acnupaHTtoB BY3,
pacrionioskeHHbIX Ha Tepputopun Cankr-IlerepOypra).

JIuunbld BrJAA: JIMUHBIA BKJIAJ aBTOpa 3aKJIIOYAETCS B IMOJIYYEHHHM BCEX MPEIACTABICHHBIX B
JUCCEPTAIIMM  OKCIEPUMEHTAIBHBIX  PE3yJabTaTOB. ABTOPOM OBbUI  OCYIIECTBIEH  aHAIN3
JUTEPATyPHBIX HCTOYHHKOB TIO TE€ME€ AMCCEPTAIMH, pa3pabOTaHbl, U3TOTOBJIICHBI W 3aIyIICHBI
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JKCIIEPUMEHTAJIBHBIE YCTAaHOBKHM, KPOME HW30TOMHOIO M XUMHUYECKOIO MacC-CIEKTPOMETPOB M
PETUCTPUPYIOIIEH YaCTH ONTUYECKOTO CrieKTporpada, IpoBeICHO WX TECTUPOBAHUE, MPEIIOKEHBI
U 1popaboTaHbl METOJIWKH, HCIOJIB30BAHHBIE B paldOTe, OCYIIECTBJIEHA IOATOTOBKA IMpOoO,
MPOBE/ICH aHAIN3 M 00pabOTKa MAacCHBa SKCIEPUMEHTAIBHBIX JaHHBIX, IPEAJIOKEHBl aITrOPUTMbI
pacuera KJIIOUEBBIX IapaMETpOB. ABTOP CaMOCTOSITENIbHO BbIJBHUIaja T'MIIOTE3bl, CTaBUJIA 3a/adH,
mpejajaraiga MyTH WX JOCTH)KGHHSA, aKTUBHO OOCyXJana TMOJy4YeHHbIE pe3yJbTaThl,
MHTEPIPETUPOBANa JaHHbIE, MHcaja TEKCThl HAYYHBIX MyOJUKALIUM.

CTpyKkTypa aHMCCepPTAIMM: JHCCEPTALlUsl COCTOMT W3 BBEICHHS, YETHIPEX IJIaB, 3aKIIOUCHMS,
cnucka sutepatypsl u3 198 HammenoBanuil. Texct auccepranmm u3noxeH Ha 180 crpanmnax,
coniepkuT 58 pucyHkos, 48 hopmyn u 20 Tabmu.

Coaepxanue padoTbl
Bo BBenenunn 000CHOBaHA aKTyalbHOCTb IIPOBEICHHBIX MCCIEIOBAHUM, CPOPMYTUPOBAHBI LIENb U
Hay4yHasi HOBU3HA pa0OThI, IEPEUUCICHBI OCHOBHBIE TIOJIO’KEHUSI, BBIHOCUMBIE Ha 3aIlUTY.

IlepBasi riaBa mocsiiieHa 0030py CYIIECTBYIOIIUX METOA0B (¢uTtomoHuTopunra. B §1.1
OMKMCaHa METOJOJIOTHS  (PUTOMOHHTOPHHTA, TIO3BOJISIONIAS  PAa3BUTh  MPEJCTaBICHHE O
(byHIaMEHTAIBHBIX 3aKOHOMEPHOCTSIX B3aMMOJICHCTBHS CUCTEM KOPEHB-TIOYBA U JINCT-aTMochepa.
§1.2 mocBsiIIeH OMUCAHUIO YCIOBUI BBIPAIIMBAHUS PACTEHUH, HEOOXOAUMBIM JJISi OCYIIECTBICHUE
JIOCTOBEPHOTO M BOCHPOM3BOJUMOIrO HCCIIEJOBAHMS. MOJEIU PETYIUPYEMOM arpo3KOCHCTEMBI,
¢utotporoB. B §1.3 mpuBeneHb OCHOBHBIE MOKA3aTEH, HCIOJIb3yeMbIE IPH HCCICIOBAHUU
(OTOCHHTETHUECKUX pEaKIIMii, TOKa3aHa KIo4YeBas posib OTOCUHTETUYECKH aKTUBHOW pajuanuu
B pa3BuTuu pacteHuil. B §1.4 nansl npeacrabnenus o pabote POTOCHHTETUYECKOTO ammapara, 00
OTJIUYMSIX ONTUYECKUX CBOWCTB HWHTAKTHbIX pacteHuid. B §1.5 omucano 3HaueHue oOMeHa
M30TONAMM YIJIepojia MEeXJy pacTeHHeM U atMochepoil mpu OCYIIEeCTBICHUH (DOTOCHHTE3A,
CBSI3aHHOTO C paclpe/ieIeHUeM yriepoja B CHCTEME I0YBa-pacTeHHe-aTMocdepa, peaxuuen
pacTUTENbHBIX OPraHU3MOB Ha IMapaMeTpbl BHEIIHUX YCIOBUH, METaOOIMYECKHMU IOTOKaMHU
yrIepoa, XapakKTepUCTHKaMK CBETOBOU cpebl. §1.6 TOCBSIIEH OMORIEKTPUYICCKUM SIBIICHUSM H
BJIUSIHUIO BHEUIHUX YCIIOBUM Ha OMORJIEKTPUYECKHE MOTEHIMabl pacTeHHil. M310%KeHbl OCHOBBI
MIPOBEJCHUS  BJIEKTPO(U3HOIOTHUECKUX  HCCIENOBAaHUM, TPUBEIACHO ONUCaHUE BapHaHTa
IPUMEHEHHE T'€HEPUPYEMBIX OHMOTOKOB — pACTUTEIbHO-MUKPOOHBIX TOIUIMBHBIX 3JEMEHTOB
(PMTO).

B BbIBogax nmo ruaBe 1 o0OCHOBaHO HaIlpaBl€HHE HCCIEIOBaHMUS — IMEPCIEKTUBHOCTh
BBISIBIICHHBIX TTOKa3aTeleil, UIpaloIIuX MEePBOCTENEHHYI0 pojb B (DYHKIIMOHHPOBAHUM PaCTEHUH,
XapaKTepU3yIOIIUX KUHETUKY (OTOCHHTE3a U TMEpeABM)KEHHE OOpa30BaHHBIX BEIIECTB B
pacTUTETFHOM OpraHM3Me, M YYBCTBUTEIbHBIX K M3MEHEHHUIO BHEIIHUX NapameTpoB. OTMeueHa
aKTyaJIbHOCTh HCCIIEJOBAaHUS BIMSHUS CIIEKTPAIbHOIO COCTaBa CBETOBOW CpeAbl Ha KOMILIEKC
MPOIIECCOB — BHYTPU pacTeHus (TMOTJIOIIeHHe KBAaHTOB CBeTa M paboTa (POTOCHHTETHYECKOTO
amnmapaTa) M TPH €ro B3aUMOJACHCTBHM C OKpYXKaromed cpernoil — atmocdepoit (ckopocTb
ACCUMMJISILIUU YTTICKUCIIOTO Ta3a) U MOYBOH (MUHEpaIbHOE MUTAHUS M BOAHBIA PEKUM KOPHEBON
CHCTEMBI, XapaKTepu3yeMble OHODJIEKTPUIECKMMHU OTEHIIMAIaMU B KOPHEOOUTaeMoM cpeie).

Bo Bropoii riaBe mnpeACTaBlIeHbl pPE3yJabTaTbl W3MEPEHMS CIEKTPOB MOTJIOLICHUS
CBETOYYBCTBHUTEJIBHBIX IMUTMEHTOB IN VIO © JuCTheB 1IN VIVO B YCIOBHSAX BapHallu
WHTEHCUBHOCTH, JUIMTEILHOCTH M CHEKTPOB OCBEILEHHUS, OMHUCaHbl pa3pabOTaHHbIE METOJIMKH,
CKOHCTPYMPOBAHHbIE U  HW3TOTOBJIEHHBIE OSKCIIEPUMEHTAJIbHbIE YCTAHOBKM Ui M3yYEHUs
ONTHYECKUX CBOMCTB JUCThEB pacTeHuid. §2.1 mMOCBsIIEH BbIOOPY M OOOCHOBAHHWIO AHMAna3zoHa
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M3MEHEHUH MapaMeTpOB CBETOBOM CPeEJbl, ONMCAaHA peaTnu3yIollas YKCIIEpUMEHTalbHas yCTaHOBKA,
KOTOpast TMpeACTaBIsIeT co00il KOMIUIEKC KaMmep Ui BBIPALMBAHUS PACTEHUH — JabopaTOpPHBIHA
(UTOTPOH C MPOTPAaMMHUPYEMBIMUA CBETOAMOTHBIMA MCTOYHHKaMK oOnydenwus. [IpoBenen pacdera
WIOTHOCTH (oTocuHTeTHUYeckoro moroka ¢oroHos (PPFD — photosynthetic photon flux density),
BBIPAKAEMOTO B MUKPOMOJIAX B CEKyHAy Ha M2, 171 (UTOCBETHJIHLHHKOB HAa OCHOBE IIOJNYYEHHBIX
HKCIIEPUMEHTAJILHO CIIEKTPOB U3JIyUYEHHUs U KaTMOPOBAHHOTO HCTOYHHKA CBETA.

B §2.2 paccmoTpeHa BO3MOXHOCTh MCIOJIb30BaHUSI COJEPKAHUS MUTMEHTOB B JINCThSIX U
CHEKTpPbl UX MOIJIOLIEHUS KaK Mepy OTBETa OpraHW3Ma pacTeHUs Ha BEJIMYMHY CyMMapHOU
CYTOYHOM 3KCITO3UILIMM PACTEHUN U CHEKTpa ocBeleHus. [Ipyu BeIpaliuBaHuy pacTeHU B YCIOBHIX
cBeTofeduuTa (JIMMUTUPOBAHHOTO CBETOBOTO [HSI) HW3MEHSETCS HE TOJIBKO KOJUYECTBO
CBETONOIJIOMAIOIIMX TMUTMEHTOB, HO MW (opMa CIEKTPOB TMOIJIOMEHUS — BO3PACTaeT
OTHOCUTEJNIbHBIN BKJIAJ IJieya Ha JJIMHE BOJIHBI 460 HM MO CPAaBHEHHMIO C OCHOBHBIM IMHUKOM IpHU
JuiiHe BOJHBI 430 HM, YTO CBSI3aHO C YBEJIMUYCHHEM KOHIICHTpAIUU XJopodusuia b mo cpaBHEHHIO ¢
XJIOPOGUIIIOM a B JUCThSIX pacTeHUil. Ha HadanpbHBIX CTaaAMAX pocTa HAOIIONAIOTCS aJalTUBHBIC
3¢ (}eKThl, COOTBETCTBYIOIIME YBEIMUYEHUIO KOJMYECTBA XJIOpPO(hUIUIa, 3aTeM MPOUCXOJIUT €ro
CHUXKEHUE, BUJIUMO, B pE3yJbTaTe€ HCTOIICHHS AaJalTHUBHBIX BO3MOYKHOCTEH >XKMBOM CHCTEMBI.
JleiicTBHE CIEKTpa OCBEUICHHS BBIPAXKEHO CIEAYIOMIUM 00pa3oM: KOJIMYECTBO MUTMEHTOB PACTET C
YBEJIMYECHUEM BO3pPACTa PACTEHUM, OCBEIIAEMbIX TEIUIBIM OENBIM U KPaCHO-0E€J0-CHHUM CBETOM M
najgaeT Juisi o0pasioB, BBIPALIEHHBIX TOJI CBETOM C OOJbINEH Jojield cuHero cBera. M3menenue
OTHOIIIEHUH MaKCHUMYMOB TIOTJIOIIEHUS TOKA3bIBAET, UTO MPU H3OBITKE M3ITYUCHUSI B KAKOM-TTHOO
JMara3oHe JUIMH BOJIH, TUTMEHTHBIN anmapaT pacTeHHUs MOTJIOIAeT O0JIbIIee KOIUIecTBO (POTOHOB
C DHEprueu, XapakTepHOH i1 JOMUHUPYIOIIEH 00JacTH U3JIy4eHHUs, YTO XOPOIIO BIHCHIBACTCS B
MPEJICTAaBICHUSI O CIOCOOHOCTH K aJanTallii MUTMEHTHOW CHCTEMbl PAaCTUTENBHBIX KYIbTYD,
OTBETCTBEHHOI 3a ¢orocuHTe3. Hampumep, mpu OCBELIEHMM CHHUM CBETOM, pacTeHUe Ooiee
MPHUCTIOCO0TIeHO K MepepaboTKe KBAaHTOB, XapaKTEPHBIX ISl 9TOTO JWANa3oHa; M MHUTMEHTHBIN
anmapaT moriomaer Oosblle CHUHEW cocTaBisiomied cnektpa. OpHako uMeeTcs U
MIPOTUBOMOJIOXKHBIA TMPOIECC: TPU OTCYTCTBUM JUIMHHOBOJHOBOM 4YacTH CIIEKTpa OCBEIICHHUS,
(hOTOCHUHTETHYECKUE MTUTMEHTHI TIBITAIOTCS UX YJIIOBUTh, TIOBBIIIAS TEM CAMBIM YYBCTBUTEIHHOCTH K
KpacHOMY CBETY.

B §2.3 noxa3zaHo, yTO XOTA NHpeoOpa3oBaHME CBETa MPOMCXOAUT B JIMCTHSX BBICIIHUX
pacTeHuii, HECOMHEHHO, B MEPBYIO OuYepellb 32 CYeT pabOThl CBETOUYBCTBUTEIHHBIX MHUTMEHTOB,
peanbHOE MOTJIOLIEHNE CBETA JINCThSIMU PACTEHUH OTIMYAETCS OT MOTJIOLIEHUS BBIJIEICHHBIX W3
HUX TUTMEHTOB, HaXOoJAUIMXcs B pacTBope. [[ns u3MepeHHs CHEeKTPOB NOTJOIIECHUS CBETa
JMCTBSIMHA PACTEHHI IN VIVO pa3paboTaHa W CO37aHa SKCIIEPUMEHTAlIbHAsT YCTAaHOBKA, OCHOBAHHAsI
Ha CHUCTEME U3MEPEHUs ONTHYECKUX CBOMCTB TKaHEH, BKIIOYAIOIAsl B C€0sl UICTOYHUK CBETa B BUJIC
CBETOAMOTHOTO MOJYJISI C BapbUPYEMbIM CIHEKTPOM W HWHTCHCHUBHOCTBIO U3JIYUCHHS B
(bu3MONIOrMYecKd 3HAYMMOM JUIsS pacTeHUH Tuamna3oHe, JIBe€ MHTerpupymooue chepsl 1 3axBara
muhPy3HO-0TpaXKEHHOTO OT 00pa3iia M MpoIIenmero ckBo3b Hero csera, [13C cnekrpomeTp B
KauectTBe aerekTopa. [IpoBeneHo uccienoBanye NOrIOIIEHUS <«GKUBOT0» U CBEXECPE3aHHOTO JIUCTA
pacTeHus 1 OTMEYEHO, YTO UX CIEKTPHI MOTJIONIEHUS B IPeeNiax 5 MUHYT HE OTIMYAIOTCS IPYT OT
Jpyra, OJJHAaKO 4epe3 Yac IMOCJEe Cpe3a MEHSAETCS HEe TOJIbKO MHTEHCUBHOCTH IMOTJIOHIEHUS, HO U
dopMma cniektpa — nornomieHue B cuHeit ot 400 mo 500 HM u KpacHO# oT 665 H0 685 HM yacTIx
CIEKTpa YBEIMUYMBAETCS, TaKXKe HAOII0aeTCsl YMEHbUICHHE JI0JIM IMOTJIoeHusl B obnactu ot 630
10 660 HM IO CPABHEHUIO C IOTJIOIIEHUEM MHTAKTHOro jucTta. CocTaBieHa «KapTa IOTVIOLICHUSI»
MMOBEPXHOCTH JINCTOBOM IIJIACTHHBI cajara OT BEpPXYIIKA JO OCHOBaHuA. HHTerpambHOE
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MOTJIOLIEHUS 3aBUCUT OT YacTH JINCTA U OTIMYAETCS MO BCEil MOBEPXHOCTH JHCTa B pezenax ot 30
10 50 %.

Ha 6a3e 6uononurona ®I'BHY A®U uccienoBano BIUSHUE CIEKTPATIBHBIX OCOOCHHOCTEH
CBETOBOW cpenpl Ha ()OHE BAPHATUBHOTO YPOBHS MHMHEPAIbHOIO MHUTAHUS HA ONTHYECKHE
XapaKTePUCTHKH JIMCTOBOM TOBEPXHOCTH, POCT, MPOIYKTUBHOCTb U OHMOXMMHYECKHH COCTaB
cajata. B xolme BereraMoHHOrO TMepUOJa CajaTOB, OCBEIIAEMBIX PA3IUYHBIM CIIEKTPOM
m3nydeHus, Ha 21 u 31 gHU pa3BUTHSA, OBUIM CHATHI CIICKTPHI IMOTJIOIICHUS CBETa IICHTPAJIbHOMN
YaCThI0 M BEPXYIIKOH JHCTOBOH moBepxHOCTH (Tabim. 1). dopMa CIEKTPOB IMOTJIOIICHHS, €ro
criaakeHHOCTh ompenaensercss kodhuimentom K=(Asa0tAs67)/Asss — COOTHOIICHHEM CYMMBI
MaKCUMYMOB KO3((UIIMEHTOB MOTJouieHus Ha JiauHax BOJIH 440 HM (Aas) u 667 HM (As67) K
MHUHAMAIBHOMY K03 ¢uimenty mnorjomeHus Ha 545 HM (Asss). C  yBelnMYeHUEM 3TOTO
KodQHIMeHTa MaJaeT MPOIYKTHUBHOCTb PACTEHHM, CJIEOBATEIBbHO, MOTJIOIMIEHHE OJWHAKOBOTO
KOJIMYECTBO KBAHTOB PA3HbIX SHEPIUi BEJET K CTUMYJISLMU U PAa3BUTHUIO MMTMEHTHOIO alapara,
YTO B CBOIO OUEpE/b MOBBIIIAET (POTOCUHTE3 U CKOPOCTh Pa3BUTHUS pacTeHuil. Uem Oounblie pa3HuLa
MEXIy TOIJIONIEHHEeM B CHHEH U 3eJeHOM 00JacTAX CHEeKTpa, TEM MEHbIE BhICOTA cajiata u
IIOLIA/Ib JIUCTHEB.

Ta@mua 1- MNHpaekc cBeTOMOIIOICHHUS ISl TUCTHEB cajiata, poCcliero B yCJIOBHUAX PaA3JIMIHOIO 110
CIICKTPAJIbHOMY COCTaBY OCBCUICHU A

Hcrounuk Cnektp PPFD, pmosib-m2-¢?t Horaomenue 400-700am | CneKTpbl NOTJIOIIEHUS HA
cBeTa OCBeLIeHU 21 nenr—31 geHn 21 u 31 1HU pa3BUTHA
pacTeHui
400- 500- 600- 400- 500- 600-
500aM | 600HM | 700uM | 500HM, | 600HM, | 700HM,
% % %
S
Jlamra - 341424 (+72 B UK) 42+5%—57+3%
JHaT | 143—194 pmonb-m2-¢ct
29 185 127 | 19523 | 10—14 | 13520
Y
JKETHIN - 342+24 41+£6%—56+9%
; 140—191 pmonps-m2-ct
i
23 156 163 | 19522 | 9—14 | 13520
YL
JKEITHIN . 339+24 35+5—5245
+0enbiit - 119—176 pmons-m2-¢?t
32 155 142 | 17523 | 6—12 | 12517
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YG :
JKEIITBIN . 339+24 (+48 B UK) 32425347
+ranoren - 109—180 pmonp-m?-c?t

31 153 155 | 16—23 | 6—12 | 11-18

P

PO30BBIH - 332+23 394+4%—51+11%
i l 129—170 pmons-m2-ct i

g

61 123 148 18—21 | 9—11 | 12—18

W

Oeblit - 325423 58+13%—62+8%
, l 189—201 pmonp-m2-c?t
I "

------ 69 | 150 | 106 |23-24 | 1416 | 2021

B

Genbiit - 334423 5041%—62+3% E
: l 167—207 pmons-m2-¢?t i
1™ - . .

------ 39 162 133 22524 | 1016 | 189522 | -

[TonydyeHHbIe 3HAUEHNS CyMMapHOT'O NOTJIOUIEHHS B Auana3oHne JIMH BoaH oT 400 no 700 HM
BapbupyioT oT 39 nmo 65 %, nmpuueM HamOoJblIas OJIA TOTJIOMICHUS MPHUXOAUTCS Ha CHHIOIO
obnactp (400-500 HM) U coctaBiger 16-24 %, nis kpacHoit (600-700 HM) oOnmacTH XapaKTepHBI
3HaueHuss 8-23 % wu B 3enenoit (500-600 HM) oOmacTé JUCThS O00IAJAIOT HAWMEHBIINM
nornomeHueM 8-18 %. OTMeueHo OTCTaBaHue B Pa3BUTHU JUIs 00pa3LoB, MOTPEOIABIINX OoJIbIIee
KOJINYECTBO «KPACHBIX» (DOTOHOB Ha pAaHHMX dTarax.

AHanu3 JaHHBIX 10 pOCTY, Pa3BUTUI0O M MPOAYKTUBHOCTH PpACTEHUH, CpaBHEHUE
OMOXMMHYECKOTO COCTaBa pPACTeHHMH cajlaTa MoKa3aJd HauOOJbIlee IOJOKUTEIbHOE BIHMSIHHUE
KBa3WHENPEPHIBHOIO CIIEKTPa B OTPAaHUYEHHOM JMara3oHe B KEATON obnacTu ¢ gobasienueM ~10-
20% ot obmieit ®AP B Oommxuaem UK npu BoipamuBanuu Ha 1 N nurtatensHoM pactBope Knoma.
VIcTOYHHKH CBETa 1O CTETIEHU IMOJIOKUTEIFHOTO BIUSHIS HA PACTEHHS MX CIEKTPaIbHOTO COCTaBa
CBETa pacoiIoXWINCh B psaay: gamma JIHaT (S) >anamor nammer /IHaT Ha OCHOBE CBETOIHOJIOB C
no6asnenuem MK-nuanazona B Buae ranoreHHoro ucroyHuka (YG) >CBETONMOIHBIA aHAIOT
nammnbl JIHaT ¢ moGaenenuem Temoro Oenoro cBera u 6e3 (Y, YL)> cBeToauoaHbIii MOIyIb
MaKCUMyMaMH H3Jy4eHHs Ha JAJIMHaX BOJH 450HM, 665HM, aHANOr MCHOJB3YEMOro B TEIUIMIAX
criektpoB oceuieHuss (P) > cBeroamonsl ¢ JmOMHHO(GOpOM O€JOro IBETa M3IYYSHHS C
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COOTHOIIIEHHEM MAaKCHMYMOB H3JTy4eHus1 Ha JutnHax BoyH 450HM k 600 M 1:3 (B) > cBetoanoas!
0eJI0r0 I[BETa U3JIYUCHHUS C COOTHOIICHHEM MaKCUMYMOB Ha jyinHax BojH 450HM k 600 M 1:1 (W).

JUJ1 OLleHKU BJIMSHUSA [1apaMETPOB OCBEILEHUS HA MOIVIOIIEHUE CBETA JUCThSIMU cajlaTa HAMU
MPEUIOKEHO HCIOJIb30BaTh MHAEKC cBeTonoriomeHus [=AA/Am, onuchIBarOmMK HpUpaICHHE
MHTErpaJIbHOTO MOTIIONICHUsT A Ha mpupocT Ouomacchl M (tabm. 2). OnTuManbHBIA WHICKC
CBETOIIOTJIONIEHUS, XapaKTepHbIN s Hanbosiee MPOAYKTUBHBIX PACTEHMI, MOKa3an yBEIHUYEHUE
KOJIMYECTBa MOMIONICHHOM 3Heprun poToHOB Ha ~40% Ha rpaMM JIMCTOBOM MOBEPXHOCTU PACTEHUS
B TeyeHue 10 nHei, 3Hauenme Hmwke 20 %/r cooTBeTcTByeT oOpasmaM ¢ MHHHUMAaJIbHBIMH
pe3ylbTaTaMu 10 IPUPOCTY OMOMACCHI.

Ta6mz1ua 2 — I/IHIICKC CBCTOIIOIIOMICHUSA NJIA JIMCTHEEB CajlaTa, pOCHIEro B YCIOBUAX Pa3JIMYHOIO I10
CIICKTPAJIbHOMY COCTaBYy OCBCIICHHA U pa3Hop”1 KOHICHTPAMU MUHCPAJILHOI'O MU TAHWA

KOHI_ICHTpaLII/IH I/IHI[GKC CBCTOMOITIOMICHUS ITPU OCBCIICHHUU Pa3JIMYHBIMU UCTOYHUKAMU
pactBopa ceera, %/r
Knomna Y P S w B YL YG
0,5N 45+6 39+4 2642 16+1 16+1
0,7N 48+8 3344 2642 20+1
IN 40+7 22+4 41+4 12+2 28+1 40+15 33+15

B §2.4 ommcana mnpeniokeHHas MOJENb IOTJIONIIEHUS KBAHTOB pPAa3JIMYHOW SHEPrUU
pacteHusiMH. VI3MepeHHbIe ¢ MOMOIIBIO Pa3pad0TaHHOTO METO/IA CIIEKTPHI MOTJIOICHHS] TUTMEHTOB
in Vvitro u snucTheB IN VIVO MO3BOJSAIOT CJeaTh 3aKIOYEHHE O CKOPOCTH YCBOEHHS CBETOBOTO
MOTOKA ¥ BIUSHUU OCOOCHHOCTEH CIEKTPAJIbHOTO COCTaBa OCBEIIEHUS Ha ONTUYECKUE
XapaKTePUCTHKHU, OTpakarlirue (pU3MOIOTHYecKOoe COCTOSHHUE pacTeHMil. PaccMOTpeH MexaHu3m
noromieHus ceeta B curer (400-500uMm), 3emenoit (500-600uM), kpacHoi (600-700HM) 0OMacTIX
CIIEKTpPa B BUJIC YIPOIIECHHON MOJICIIU aHTEHHOTO KoMmIuiekca (puc. 1).

3,09 5B

2,48 5B

2,06 5B

1,77 »B

Pucynok 1 — CxeMma nepeBuKeHHs U MIPEeBpaleHus SHepTUr (POTOHA AV 1O AHTEHHOMY KOMILIEKCY
OT CBETOCOOMPAIOIIUX MUTMEHTOB K PEAKITMOHHOMY IIEHTPY C TIEPEX0AaMu MEKTY
BO30YKJICHHBIMU COCTOSIHUSIMU MTUTMEHTOB MOCJIE TIOTJIONICHHS SHEPTUU cBeTa E pa3nuuHbIX 1iH
BOJIH, YCJIOBHO pa3/€JI€HHBIX HA CUHUI, 3€JICHbIA U KPAaCHBIN JUara3oHbl

OTMeueHo, YTO HapsAy C BBICOKOH 3(PPEeKTUBHOCTHIO YCBOCHHUS CBETa 3a CUET 0OecredyeHus
MUTMEHT-0EJIKOBBIMU KOMILJIEKCAaMH 3axBaTa ()OTOHOB Pa3HBIX JUIMH BOJIH M TPAHCIOPTa SHEPrUu
BO30YXJIEHHs] B PEAKIMOHHBIE IEHTPBl, B COIJACHU C IOJYYEHHBIMH HKCIEPUMEHTATbHBIMU
JIAHHBIMH, TIPH M30BITOYHOM HHTErpagbHoM nornomenuu (167 u 188 pumons M2-c? as BapuanToB
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OCBEIIICHUsI OEJIBIM CBETOM) HAOJFOIACTCS 3aME/JICHHOE Pa3BUTHE, BEPOSTHO, CBI3AHHOE C TEM, UTO
MUTMEHTHI, BO30Y)XKJICHHbIE KOPOTKOBOJIHOBBIM CBETOM HE YCIIEBAIOT IEpeJaBaTh HEPTUI0 Ha
MUTMEHTHI, KOTOPBIE TAKXKE MEPELUTH B BO30YKICHHOE COCTOSHUE, HO TP TOTJIOMEHHH (DOTOHOB ¢
Oonpliei UIMHOW BOJIHBL. BO3HHMKAaeT KOHKYpPEHLHMs 3a TEpeHOC JHEpPruu Ha (HOTOAKTHBHBIH
MUTMEHT.

B BbIBOgax mo riaBe 2 0000IIeHbl pe3yibTaTbl, MOJYYCHHBbIE B XOJI€ IPOBEIECHHBIX
KOMIUIEKCHBIX HCCIICJIOBAHUN, BKIIIOYAIONIMX KaK H3MEPEHHE CIIEKTPOB IOTJIOLICHHS JIMCTOBON
MOBEPXHOCTHIO U MUTMEHTOB, BBIJICIICHHBIX U3 PACTEHUH, C TTOMOIIBIO pa3paboTaHHOIO YCTPOUCTBA,
Tak M aHalu3 MOPQOJOTHYECKUX IOKa3areneil, OMOXUMHUYECKOTO COCTaBa U MPOJYKTUBHOCTH.
VYCTaHOBIIEHO, YTO CBETONOIJIOMATENIbHBIE CHOCOOHOCTH PAaCTEHHH TECHO CBSI3aHBI C  €r0
notrpeOHocTsIMU B oTHouIeHHH PAP, xapakTepusyloT NpoTekanue (OTOCUHETHUYECKUX PEaKkIuid u
KOPPEIUPYIOT C COCTOSIHMEM pacTeHusi. [lomyueHne crieKTpoB MOTJIOMICHNsI CBETOUYBCTBUTEIBHBIX
MUTMEHTOB U JIMCThEB KOHKPETHBIX KYJIBTYpP MO3BOJISET MPEIOKUTH MPUHIIMIT TTOAO0pa CIIEKTPOB
OCBEILEHUS JJIsl BEIPAIIMBAHUS PACTCHHUI B YCIIOBUSAX 3aKPBITOTO TPYHTA.

Tperbsi ri1aBa MOCBSIIEHA U3YyYECHUIO M30TOMHOIO COCTaBa YIJIIEPOJHOrO IyJia pacTeHU U
YIJIEKUCIIOrO Ta3a aTtMocdepbl ¢ MPUMEHEHHEM Macc-CIeKTpoMeTpuyeckoro ananuza. B §3.1
MIPUBEICHBI HCIIOJIb30BAHHBIE B PAa0OTE€ MAacC-CIEKTPOMETPhI — H30TOIMHBIN Macc-CIEKTPOMETP
”Xemukomacce” (OTU um. A.®.Modde) u kBaapynosbubiii Macc-criekrpomerp TEXMAC MC7-
100 (MAII) mis MONEKyJIsSpHOTO aHalIW3a COCTaBa ra3oBBIX cMmeced. 3oTomHoe OTHOIIEHUE
yriepoza paccuntsiBaercs 1o popmyine §2C=(K* Rs /Rpps-1)*1000 (Rs — oromenune BC/2C ma
o6pasia, Reps — otHomenne BC/?C mns cranmapra PDB, K —HOpMupOBOUHBIH KO3(hMUIHEHT).
Ornomrenne BC/A%C onpenensiercs B raze CO2, KOHIEHTpAIUs KOTOPOTO B MPOOE JOKHA OBITH
JI0cTaTouHo BeicoKa (>2-3 %) um mocrosiHHa. IIpu paboTe ¢ pacTCHHSIMH MBI CTaJKHBAaEMCS CO
CIIEYIOIMMHU TIpoOJieMaMu: Maloi KOHIIEHTpAIe YTriIeKUcIoro ra3a B BO3AYIIHON cpefie OKOJIO
pacrennii (~0.0003% *CO2) m HeoOXOMMMOCTBIO MEpeBOJa OPTaHMYECKOTO BEIIECTBA TKAHEH
pacTUTENBHBIX OpPraHW3MOB B Ta3000pa3HOE COCTOSIHME. B cBA3M € 3TUM JUId NpPOBEJCHHS
M30TOITHOT'O MacC-CIIEKTPOMETPUYIECKOTO aHaJi3a YIiepo/ia, YIacTBYIOIIETrO B )KU3HECSTeIbHOCTH
pacTeHuii, OblTa CO37aHA CIENUAIM3MPOBAHHAS METOJWKA W PEATH3YIOUINE €€ YCTPOICTBa IO
cOOpy ¥ MOATOTOBKE MpoOBI, onrcaHHbie B §3.2. YcTaHOBKA J11 KOHIIEHTPUPOBAHUS YTIIEKUCIIOTO
ra3a mpezacraBisier coboit cucremy obOoramenuss CO; myTeM BEIMOpaKMBaHHS B Iapax a3zoTa C
OCYLIEHHMEM Ta30BOM CMeCH M O0ecledYeHHEeM e€ IUPKYIALUU OT PAcTeHUs Yepe3 CUCTEMY
€MKOCTe o00paTHO B KaMmepy ¢ HccleayeMbiM oO0bekToM. [locie mnukima BBIMOpaKUBaHUS,
asmerocss 15 MuHyT, KoHUeHTpupoBaHHbIE CO2 B mpoOupke MepeBOAUTCS B razoodpaszHoe
COCTOSIHME HarpeBaHHeM MPU KOMHATHOU Temnepartype. g Bepudukanuu METOAUKN HEOOXOAMMO
WCKJTFOUYEHHE BO3MOXKHON HMHTEP(EPEHIIMN OCKOJOYHBIX MOHOB OPraHUYECKUX MHUKPOIPHUMECEH C
nonamu CO2", HCIONB3yeMBIX JUIA HW30TONHBIX W3MepeHwid. [109TOMy IMOClie OTTaWBaHWs B
nmpoOUpKe C KOHIICHTPUPOBAHHON TmpoOoi o00beMoM V OCYHIECTBISIETCS JOKHTaHHE Ha
noBepxHocTH Pt-karanmszaropa miomaneo S mpumeceir 3a Bpems 1=1,3-%-V/S, rme »=105 -
MOTPaBOYHBIN KOI(PPHUIMEHT, TOTyYEHHBINA IKCIIEPUMEHTATBHO.

Jlns ompeneneHuss W30TOMHOIO COCTaBa yryiepojia TJIOKO3bl B TKAHAX PAaCTHTEIbHBIX
OpPraHU3MOB MPEJIOKEHO HCIIOJIb30BaTh PEAKLUI0 OKUCICHUS JpOoXoKamMu C 00pa3oBaHUEM
YIIEKUCIOro ra3a. B xone mpoBenenus peakuuu koHneHTpaius CO2 Beipactaer ~ B 50 pa3 3a 15
MHUHYT (puc. 2). CpaBHEHHE COCTABISIOIIUX Ta30BOW CMECH 10 M TOCJIE MPOBEACHUS pEaKiHu
MoKa3ajo Hajmuyue npumecu opranumdeckux BemiecTB <0,005% ot cunTesupoBanHoro COo.
[TomoOpaHbl KOHIIEHTPAIMM PEAareHTOB, BBISBICHO, YTO TPH OKUCICHHUH PACTUTEIHHOH TKaHU
JPOXIKAMU TTO KpailHEN Mepe B T€UEHHUE 3 4acOB M30TOIHBIA COCTaB YIJIEPO1a HE U3MEHEH.
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Pucynok 2 — Macc-criektp Bo3ayxa B IpoOHpKe (CIIONTHAS KpUBasi) U ra30BON CMECH,
oOpa3yromiencs B X0/1€ OKUCIICHHUS TIIFOKO3bl JIUCTHEB PACTEHUH IpOxoKaMu (IIyHKTUpPHAs KpUBasi) B
nuanaszone macc 0-45 (A) u 45-95 (b) a.e.m.

I[Ipy OKHCIIEHNH APOXGKAMH TOJNYdEHHOE OTHONIEHHE M30TONOB YIIepoaa cocTaBuiao d3C=-
33,6+0,9%0 st mucra Cs-pacTeHus, 513C=-33,4+1,9%0 1151 CBEKOIBHOTO caxapa, BbIJICJICHHOTO U3
Cs-pactenuii, 6:3C=-14,6+1,6%o 11 TPOCTHMKOBOTO caxapa, CHHTE3HpOBaHHOTO u3 Ca-pacTeHus,
9TH 3HAYEHUS COTJACYIOTCA C JIMTEPATYpPHBIMU JAaHHBIMH JJI 3TUX THUHOB ()OTOCHHTE3a, YTO
MO3BOJISIET IPUMEHSTh MPEJIOKEHHYI0O METOAUKY JUISL ITUPOKOTO Kpyra 0ObEeKTOB.

OTMeueHbl pa3uyus B U30TOITHOM COCTaBe yriepoja Ul pa3HbIX dacTed JIUCTa pacTeHus,
YTO, O-BUJUMOMY, CBSI3aHO C PA3NUYMSIMU B TeMIle (DOTOCHHTE3a B «CTapOil» YacTH JTUCTa U HOBOU
pasBuBaromeiics U Hapacraromeil. Tak 1as BepXymku nmcta 07°C=-36,8+0,2%o, a I HUKHEH
gacti 6°C=-31,140,9%o, uTO CBUJICTEIIBCTBYET O OoJibllieM €€ OOOTOIIEHUH H30TOIOM 2C. U3
ATOTO TaKXKe CIIEyeT BaXXHOCTh BEIOOPA OMPEICIIEHHON 30HBI OTOOPA MPOOHI.

JUJIss 130TONMHOTO aHAIM3a YIJIEPOJHOTO MyJia PACTCHH CO3/IaHa siueika NI ra3uuKaimi,
cocTosilas U3 MHUKPONPOOUPKH, B KOTOPYIO MOMEIMIAaeTcss Mpoda M IUIAaTHHOBBIA KaTaluzarop,
HarpeB 0O0eCreurBaeT BHEIIHSSI CIIUPallb, MPOOUPKHU /7Sl HAKOILJICHHS MOJy4aeMoil ra30BOi cMecu
U TPSMOI M01aYu Ha BBOJ B CHUCTEMY BBOJIa MPOOBI Macc-criekTpoMeTpa. PaboTa kaTanuTuyeckoi
SYEHKU OTTECTUPOBaHA, MPOBEACHA MPOBEpPKAa HAIWYUS OPraHUYECKUX MpHUMecel, CIOCOOHBIX
BHOCHUT TTOTPEUTHOCTH B U3MEPEHUS.

§3.3 nocBsleH UCCIEA0BAHNIO BIMSIHUS CIIEKTPAIbHBIX XapaKTEPUCTUK CBETOBOM Cpe/ibl Ha
B3aMMOOOMEH M30TOIMOB yIjiepoAa MeEXAy arMoc(epHBIM BO3AYXOM U YIJIEPOJIHBIM IYJIOM
pacTeHUW C TPUMEHEHHEM pa3pabOTaHHON METOIUKH TMOATOTOBKH 00pa3ioB. I[lomydeHHbie
sHadenns O°C 17a ra3’oBoil cMecH BOJNM3H pPAacTeHHs, MOTEHIHAILHO BOBIEYEHHOH B €ro
MeTabonu3M, BapbUpPYIOT B mpenenax ot -15,8+1,7%o mo -22,3+0,6%o, a S13C st YIJIEPOIHBIX
COCMHEHUN B JIMCTBAX pacTeHHs MeHsoTCsA oT -23,6+£0,4%0 10 -35,95+1,3%0 (puc. 3). Ilpu
O0Jy4eHHH y3KHUM CIIEKTPOM — KPacCHBIM, CHHHM CBETOM M WX CMECBIO JJIsi M30TOMHOTO COCTaBa
BO3/IyXa OKOJIO PACTEHMi XapaKTepHO Npeobiafanue Tskeaoro m3orona =C, B To BpeMs Kak MpH
OCBELLIEHUU TMOJIHBIM crekTpoM DOAP pa3nuyHOl HHTEHCHUBHOCTH — KpacHO-0€I0-CMHUM U
XOJIOAHBIM O€JBIM CBETOM BO3MyX OOJBIIE OOOTAIEH JIETKUM H30TOIOM 12C. 310 Moxker OBbITh
CBSI3aHO C BKJIFOYCHHEM U 0o0yiee OBICTPHIM MPOTEKAHHEM IPOIIECCOB (POTOBIXAHUS — BBIJCICHUS
YTJIEKUCIIOTO Ta3a Ha TEeMHOBOMU cTanuu GoTocuHTe3a. J[J11 M30TOMHOTO COCTaBa JIMCThEB HA0OOPOT
B CJTydae OCBEIIEHHs KPaCHBIM, CHHAM M KPacHO-CHHIM HaOJII0aeTcs Hakoruienue “2C, Ipy 5ToM ¢
BO3pPAaCTOM YBEJIMYEHHE KOJIMYECTBA JIETKOTO M30TOMNAa XapaKTEPHO JIJISl BCEX BAPUAHTOB CBETOBOM
Cpelbl.
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Pucynoxk 3 — 3uauenns 8°C: A — 114 BO3IyXa OKOJIO 8-THEBHOTO 0BCa, b — 11s nmuctwes 8 u 14-
JTHEBHOTO 0Bca, ocBerfaemoro 1 — reribiM 6enbiM (Th),2 — xonoausiM 6enbiM (XbB),3 — kpacHo-
6eno-cuanMm (KbC),4 — kpacno-cunum (KC),5 — kpacusim (K), 6 — cuanm cetom (C)

CkopocTh TIepepacmpesieienne u3otornoB yriuepoma 2C u BC wmexay arMmochepHbIM
BO3JIyXOM OKPY’KaIOIllEM PacTeHHE U OPraHMYECKHM BEIIECTBOM B TKAaHAX PACTEHUS MOXKET OBbITh
oxapakTepn3oBaHa BemHIHMHONH A=8Cyry — 83Cpacr, ONHMCHIBAIOMIEH PA3HUIYY MEXIY H30TOMHBIM
COCTAaBOM BO3YIIHO# cpebl 8°Cary 1 yrIepoaHoro myna pacteHnit 83Cpacr (pHc. 4).
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Pucynox 4 — Pa3nuiia A Mex 1y U30TOITHBIM OTHOIIIEHUEM yTiiepoja B aTMochepHO cpesie
oko10 pacTeHus 83Cary 1 B TKaHAX §*3Cpacr 8-, 13-, 14-IHEBHOTO OBCA B 3aBUCHMOCTH OT
CHEKTPAJIbHBIX XapaKTEPUCTUK ocBelieHus TeribiM 0enbiM (Th), xomonubvm 0ensiM (Xb), kpacHo-
6eno-cunuM (KBC), kpacno-cunum (KC), kpacubm (K), cuaum ceetom (C)

UYem Gombllle MPUCYTCTBHE KPACHOH COCTABIAIONIEH CIIEKTpa, TeM spue BHIPAKEHA PasHUIA
kod(durmentos. Jlng 6enoro M CHHEr0 OCBENICHHS C yBEIMUYEHHEM BO3pacTa pacTeHHil A
MPAKTUYCCKNU HE MCHACTCA, YTO T'OBOPUT O HOCTOSHHOU CKOpPOCTH 06MeHa HU30TOIIaMU B YCIIOBHUAX
cpena-pactenne. Torja Kak NMpH HAJMUMH KPACHOTO CBETAa pasHMIA Mexay 0-°C Bosmyxa u 6°C
PACTEHHs PACTET, 4TO CBA3AHO ¢ GoNee GBICTPHIM 00OTaIEHNEM JTErKHM H30TOIIOM KHBOH TKaHH.

B BbIBOgax mno ruaBe 3 TOJBENEHBl MTOTM HCCIEAOBAHUSA BIMSHHUS CHEKTPAJTIbHBIX
XapaKTepUCTHK OCBEIIEHHs Ha CTENEHb B3aMMOOOMEHA M30TOIOB YIIepoaa MEeXIy aTMOC(hepHbIM
BO3YXOM M OpraHaMH pacTeHUH, OCYIIECTBIAIOIUME GoTocuHTe3. [IpobdonoaroroBka obecneunna
MOBBIIIEHUE TOYHOCTH M30TOINHBIX M3MEPEHMH 3a CUET KOHILIEHTPUPOBAHUS YIJIEKHUCIIOTO ras3a W3
IIPOCTPAHCTBA BOKPYI PACTEHUS] W YCTPaHEHUs HMHTEP(EPUPYIOUIUX OPraHUYECKUX MpUMECEH.
HaGnromaemble Bapuanuy HM30TOIHOTO COCTaBa JIMCTHEB PACTEHHM IMpPHU PA3JIMYHBIX CIEKTpax
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OCBEILECHHS YKA3bIBAIOT HA 3HAYUTENIBHYIO POJIb KPACHOW cocTaBisitoniel. M30TonHOe OTHOIIEHKE
13C/12C pexomenpyercs MCONb30BaTh Kak BaKHBIA MOKA3aTellb CKOPOCTU IPOTEKAHMS PEaKIHH
doTocuntesa, a pasuuna mexay 0C I OKpYKAIOIIEro pacTeHHe BO3IyXa, BOBIEUEHHOTO B €r0
merabonmusm, u &C yrimepoaHoro myna TKaHeH PpacTUTENBHOTO OPTraHM3Ma IIOTEHIMATIBHO
OTpakaeT CTeneHb (PPaKIMOHUPOBAHUS U30TOIIOB B XO/I€ KU3HEICATEIILHOCTH PACTCHUH.

YerBepras I/1aBa IIOCBALICHA MCCICJOBAHUIO BIMSHUSA [1apaMETPOB PACTUTEIBHOTO
opraHusMa, (akToOpoB BHEIIHEH Cpebl — BIAXKHOCTH, MUHEPAJIILHOIO MMUTaHMsI, CBETOBOTO PEXHUMA,
KOHQUIypallMMd W MaTepuana 3JeKTPOAHBIX CHCTEM Ha BEJIMYMHBI I'€HEPHUPYEMBIX B CUCTEME
KOpHeoOuTaeMas cpejia-pacTeHue OMO03JIEKTPUYECKUX TOTEHLIUANIOB.

B §4.1 omnucan pa3paboTaHHBI HEMHBA3WBHBIM METOJ PErHCTPALUU OHOAIEKTPHUYECKUX
MIOTEHLIMAJIOB, TMPUTOAHBIA KaK AJI OTCIEKHBAHUS COCTOSHUM pacTUTENIbHBIX OPraHU3MOB U
perucTpanyu 31eKTpouTorpaMm, Tak U AJsl IPUMEHEHHUS B TEXHOJIOTUH PACTUTEIbHO-MUKPOOHBIX
TOIUIMBHBIX AJIEMEHTOB. Tokocobuparonmmu AJIEMEHTaMU cIIyKar IIPOBOASILINE
KOPPO3HMOHHOCTOMKHE MaTepualbl C MOpaMu JUIs HPOpPAcTaHUs KOPHEBOM CHCTEMBbl pacTeHUs U
obecriedeHHss TeM caMbIM IOBEPXHOCTHOrO KOHTakTa. Ilpu u3MepeHMH Harpy3ouHbIX
XapaKTepUCTUK CHCTeMbl HabtoAaeTcs 3HaunTesbHoe naaenue bOII npu noakitoueHun K cucteme
Harpy3ku <10kOwm u BoccTaHOBIEHME JMIIbL Ha 1/3, a crycTs MOATOpa 4yaca TOJIbKO HAIOJOBUHY.
BbisiB€HO, YTO JIydiIMM OHMOCOBMECTHMBIM BapHaHTOM 3JIEKTPOJHBIX CHUCTEM IPU HU3MEPEHUSIX
BOIl B nouBe sABIAIOTCS CETKM M3 HEP)KABEIOLIUM CTalld, a IPU BBIPALIMBAHUU B MUTATEJIbHBIX
pacTBopax (THIpONOHNKA, TAHOMIOHKKA) Ooee 3(dekTrBeH rpaguTOBBIN BOMIOK.

B §4.2 onucano BnusHue Ha BennuuHy BOIl BonHOro pexkrnma, MOUYBEHHOM CTPYKTYpHI U
OCBellIeHUsA. B ycioBusAX 10OCTaTOYHON BIIaXXHOCTH IOYBBI OMONOTEHLMA BBIXOJUT HAa CPEIHHN
ypoBeHb nopsizika 260 MB. [1o Mepe ocymieHus mouBsl HaOIr0AaeTCs cnaj OMONOTEHIMANA, TOCIIe
[IOJIMBA IPOUCXOJIUT €ro YyBEJIWYEHHE CKAYKOM M 3aTe€M BbIPaBHUBAaHHE [0 CTallMOHApHOTO
cocrosinus (puc. 5). Bpemst 3aiep)Kki H3MEHEHHs TIOTEHIIHANA [TOCIIE TIOJIUBA U BPeMsl JOCTHKCHUSI
HOBOT'O CTaOMJIBHOTO YPOBHS YBEJIWYHMBAETCS C POCTOM IepHoAa Oe3 yBIaKHEHMs IOYBBI, YTO,
BEPOSATHO, XapaKTepuzyeT cymMmy ABYX 3(QQekToB: audQy3MoHHOE paclpoCcTpaHEHHE BOABI B
MOYBE, M AQJANTHBHBIE CBONCTBA KOpHEH, NEpexondluxX U3 pexuma BoaojeduuuTa B
BojonorioueHue. [Ipu opranuzanuu nojauBa CHU3y He HaOIIOJaeTcs CKauoOK MOTEHLHUana, a UuaerT
€ro IJIaBHOE MepepacipeiesieHle U cTabunu3alus 3a BpeMeHa Mopsijika JeCITKOB MUHYT.
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Pucynox 5 — U3meHeHne 6M03IeKTPUIECKOTO TTOTEHITHANIA C TCYEHHEM BPEMEHU B MOMEHT
YBIIQKHEHUS TIOYBBI OT OCHOBaHMsI XJI0poUTyMa K KOpHEBO cucteMe uepe3 1 — 12 aueid, 2 — 3
nHs, 3 — 15 aHel ¢ mpeaplIymero nojuBa
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Onpeneneno m3meHenue BOIl B 3aBucuMocTH OT TiyOMHBI TO4YBBL. PacmpocrpaHeHue
KOpHEH 10 cucTeMe 3JeKTpoaoB u3MeHseT BennuuHy bOIl B cBs3u ¢ nuddysueid muTarenbHbIX
BEILIECTB U3 IOYBBI U BBIJICJICHUEM PU30JCTIO3UTOB. B mepBble THU 3HAYCHUS MPAKTUYECKU HE
OTIUYAIOTCS, OJHAKO Yepe3 HEKOTOpOe BpeMs HAOJIOAeTCsl TOCTENEHHOE YBEIMYEHUE BEIMYMH
OMOTOTEHIINATIOB MEXIY D3JIEKTPOJaMH, CBSI3aHHOE, MO-BHAMMOMY, C POCTOM KOpHEH U HX
KOHTaKTOM MO TpajJueHTy TiayOuHbl moYBbL. [0 HM3MeHEHHIO OHOAIEKTPUYECKHX MOTEHIHATIOB
MOKHO CYAHUTb O pOCTE€ KOPHEH B ITyOMHY IIOYBBI U, BEPOATHO, O COCTOSIHUU U Pa3BUTHH PACTCHHIA.

Junamuka BOIl B oTBEeT Ha CBETOBOM pPEXKUM IOKa3aja pOCT aKTUBHOCTH PACTEHHUs IpU
BKJIFOYEHUU CBETA, BUAMMO, KOPPEIUPYIOIINI C MOIVIONIEHUEM BOJABI U JIBUKEHUEM MHUHEPAIbHBIX
BEILIECTB BMECTE C BOJHBIM MTOTOKOM, U IMOCTENIEHHOE yracaHue /10 Ha4aJIbHOTO YPOBHS C CEPEIUHBI
cBetoBoro AHs (puc. 6). Bo3HMKHOBEHHE TaKUX aBTOKOJCOAHHM, BO3MOXHO, CBS3aHO C BOJHBIM
O0OMEHOM pacTeHUl, WHTCHCHBHOCTHIO TPAaHCHUPAIMU, CKOPOCTHIO JKUIKOCTH B TPAHCIIOPTHOMN
CHUCTEME PACTeHUSI W YPOBHEM OCBEUIEHHOCTH, 4YTO OBUIO MOKa3aHO W APYTMMH aBTOPAMH
[KapmanoB B.I'. u ap., 1974] na npuMepe M3MEHCHHs aMIUIUTY/bl KOJCOAHHI TpaHCIHpAIUU B
3aBUCUMOCTH OT YCIIOBHUM BBIPAIIUBAHUS.
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Pucynox 6 — Koppensimust munamuku BOI1 co cBeToBBIM peskumoM (Oenbie 0biacTn) u,
BUJIMO, C aKTUBHOCTBIO PACTEHUS B OTHOIIEHUH YCBOEHUS BOJIbI M MUTATEIbHBIX BEIIECTB MPU
BKITIOYCHUH CBETa M OCBEIIEHHE KaX/IbIe MOJICYTOK

Bo3gelicTBue  CHEKTpajbHBIX  XApPaKTEPUCTUK HA  JUHAMHMKY  OHMODJIEKTPUYECKHX
MIOTEHLIMAJIOB HE OYEBUIHO. MOXHO JIMIIb OTMETUTH, YTO cpeaHee 3HaueHue bOII cocrasusier npu
BbIpAIlMBAaHUM 110/ O€JIbIM CBETOM C J00aBjeHHEM B mponopuuu 1:1 KpacHOro cBeTa COCTaBIIseT
~135MB, 3enenoro 250mB, cunero 75mMB. Hccneayembie 00pasiibl, BeIpallieHHbIE 0] CHHE-0eNIbIM
OCBelleHHEM, 00J1aZjaloT HAUMEHBIIUM COIPOTHUBIEHUEM IOYBBI, BO3MOXKHO CBSI3aHHBIM € OoJjee
MEJIEHHBIM MOIJIONIEHUEM BOJBI PACTEHUEM WIIM UCTIAPEHHUEM.

B §4.3 onucan Bo3MOXHBIA MexaHu3M u3MeHeHus: bOIl B cucreMe mouBa-pacteHue npu
BAPBUPOBAHNHU BOJHOIO pexuMa. [Ipennoxkena cienyronas MoJeiab, OMUCHIBAOIIAS IPOTEKAOIINE
B cucTteMe 3(peKThI MpH MOJNIMBE: CHaYaIa MPOMCXOUT YBIaXKHEHHUE TIOYBBI, HO B paCTEHUE €Ille He
Hayaja MoCTynaTh BOJA, U €ro (PU3MOJIOTHYECKOE COCTOSHHUE COOTBETCTBYET TOMY, YTO HMMENO
MECTO [0 Hayajla IoJMBA. JJJIMTEIBHOCTH ITOrO IPOLIECCA ONPENENSAETC CBOMCTBAMU IIOYBBI U
3aBUCHUT OT CTEIIEHU €€ BBICBIXaHMWS. 3aTEM, PacCTEHME HA4YMHAET aKTUBHO BCACBIBaTh BOAY W3
nmouBbl. C 3IEKTPUYECKONW TOYKHM 3pPEHUS 3TO MOXKHO TPAaKTOBAaTh KaK YBEIMYECHHE BEIUYMHBI
skBuBasieHTHOW DJIC 3a cyer yBenuueHUs TpaHCIOpPTa MOHOB B KOpHSX mociie nojusa. [Ipu stom
YBJIQKHEHHAs M0YBa ¢ 00Jiee HU3KUM COMPOTHUBIEHUEM HauMHAeT MIYHTHpOBaTh umeromirecst bOII,
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onHako pocT DJIC KOMIIEHCHpPYET 3TH YTEYKH, OOjiee TOro, Pe3KO BKIIOUYAIOIIMICI MEXaHH3M
BCAChIBaHMsI MOHOB BEJET K MEPEKOMIICHCALMH, MPOSBISIONINICS KaK MAaKCUMYM Ha BPEMEHHBIX
3aBucuMmocTsax BOIl. Bpems BbIxoga Ha MakCUMyM HE 3aBUCUT OT JUIMTEIbHOCTH BBLACPKKHU
pacteHust 0e3 IMOJIMBA, 3TO JIOKAIBHBIM MPOLECC, OTHOCSIIUICS TOJIBKO K KOPHEBOW cHCTeMe, Ha
KOTOPBII HE BIUSIOT HU (pr3nuecKre CBOMCTBA MOUBBI, HU TITyOMHA BogoAeduuuTHoro ctpecca. Ha
ClIeyIoIllel CTaJluu pacTeHUEe HaXOauTcs B (ha3e aJanTaluyd K HOBBIM YCIOBUSM YBIIaKHEHHOCTH.
Bpewms Bbixona Ha crabuibHblil ypoBeHb bOII, mpu 3TOM, 3aBUCUT OT TOTO, HACKOJIBKO OpraHU3M
pactenust Obul 00E€3BOKEH B pe3yibTaTe JUIMTEILHOrO mepepbiBa B moiuBe. Kornma mpoucxomut
MIOJINB CBEPXY, TO IOCTYIUIEHHE BOJbl MJET B MEPBYIO OYEpeIb Uepe3 BepxHUe KaHaibl. Eciau
paccMarpuBaTh KOpPEHb KaK IIPOBOJHUK C IIOCTOSIHHBIM YZACJIbHBIM CONPOTHUBICHHEM p U
OJIMHAKOBOH IJIOIIAbI0 CEUEHUs S 10 Bcel JuIMHE L, TO pa3HOCTh MEX]ly 3HAUEHUSMHU [TOTEHLIAAIa
A¢@ B Hayaje U B KOHIIE y4acTKa [[eMU IPOIOPIMOHANBHA JUIMHE KOpHS: A@p1=11-@12=IR=IpL/S~L.
To ecte BOII nocreneHHo yBeNIUUYUBAETCS IPU MOCTYIJIEHUU BOJABI CBEPXY BHU3 — OT IPOBOJSIINX
KAaHAJIOB B OCHOBAaHUU DPACTEHUS K HIKHEH YacTU KOPHEBOM CHUCTEMBI, U, COOTBETCTBEHHO, C
yBEJIIMYEHUEM JUIMHBI MPOBOJHUKA — KOpHS (puc.7A): Api~Li< A@po~La...< Apn~Ln. B cinyuae xe
MOJIMBA CHU3Y, Boja MU GyHIUPYET CKBO3b MOYBY M MOCTYNaeT B KOPHHU CIEpBa 4Yepe3 camble
HIKHHUE KaHab! (puc. 7b). [Ipu 5ToM pa3HOCTh MOTEHIIMANOB MPOMOPIUOHANIEHA CPa3y BCel JUTHE
IIPOBOJHHMKA OT OCHOBAaHMS /10 KOHIIA KOpHEH U moctosiHHa A@~L~const. ®@uHaibHbBI ypOBEHb
BOIL, u BuIuMo, GU3MOIOrHYECKOe COCTOSTHUE PACTEHUS OAMHAKOBBI TP 00OWX BHJIaX TOJIHBA.
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Pucynok 7 — Mozens NOoTIIoIeHus! BOJIbI KOPHEM U CBsI3aHHOE ¢ 3TUM m3MeHeHne bOIl mpu A —
nosuBe cBepxy A@1< Ap>< Agpn, b — nmonue cuusy A@~const, B — ctpoenue okaitmiuenHo# mopsl [I3ay K.,
1980] u rpasiMeHT qaBiIeHHUS] BO BPEMSI MACCOBOTO MOTOKA BOJIBI M I — ero OJI0KUpOBaHHE

Bpemsi 3anepkku n3MeHeHHs OMO03JIEKTPUUECKOT0 OTEHIIMANA CBSI3aHO CO CTPOEHHUEM ITOPbI
Y TPaJIMEHTOM JIaBJIECHUS] — OCHOBHOM JIBIDKYILIEH CHIJION BOJHOTO MOTOKA OT IIOYBBI YEpE3 pacTeHHE.
Tak kak mopoBasi MeMOpaHa 3J1acTUYHA, OKalMJIEHHBIE MOPHI (YHKIIHMOHUPYIOT KaK KJIaraHbl — IpU
OIIPEAEIIEHHOM JABJIEHUU TOPYC CMEIIAETCS K OJHOW WM JIPYrof CTOPOHE OKalMJIIEHUS, 3aKpbIBas
opoBO€ OTBepcTHE. B ciydae, koryia faBiaeHne BOJbI CO CTOPOHBI KJIETKH P1 paBHO naBieHuto P2
CO CTOPOHBI MOYBHI IOpa OTKpHITa (pHUC. 7B), ocyliecTBiIsieTcss TPAHCHIOPT BOJBI 32 CYET KOPHEBOT'O
JaBiieHus] U TpaHcnupauuu. [Ipu ManoM BOJHOM HOTOKE CO CTOPOHBI MOYBHI (3acyXe) Ha TOpYC
neiicTByeT Ooubliiee aBieHHE P1 cO CTOpPOHBI KIETKHM M Topa 3akpeiBaercs (puc. /I). Takum
o0pa3oMm, 4eM cyllie ouBa, TeM OO0JIbIIIE BPEMEHU HY>KHO Ha OTKPBITHE MOPBHI.

B §4.4 npu BbIOOpe KOHGUTYpallMM PacTUTEIbHO-MUKPOOHOTO TOIUIMBHOTO 3JE€MEHTa —
pacIoNIOKEHUs] U MaTepUaJIOB SJIEKTPOAHBIX CHCTEM, cyOcTpaTa JUlsl pacTeHUH 3a OCHOBY OblLia
B35iTa CHCTEMa BBIPAIMBAHUS PACTEHUH Ha TOHKOCIOMHOM M MajJ00O0bEMHOM aHajore Mo4B —
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nanononnka (PI'BHY A®H). Ha nHo emkoctn o6bemoM 0,0023 M? moMelnaercst aHOM, CBEPXY
YCTaHABIIMBAJIACh TIOJICTABKA, MOKPHITAS MOPUCTOW TOHKOCIOHHOW KOPHEOOMTaeMON CpeJoi,
MOTHUMAIOIIECH MUTATETBHBINA PACTBOP 10 PACTEHUS 3a CUET KaIWUIAPHOTO 3P eKTa, Ha MOACTABKY
YCTQHABIMBAJCS KAaTON, KOTOPBIM MOKPHIBAETCS MaJOOOBEMHBIM aHAJIOTOM TIOYBBI H
BBICAKMBAIOTCS CEMEHAa. MakCUMallbHO IIOJIy4YEHHOE 3HaueHHe Toka B mportotunax PMTO
coctaBwiio 83 HA Ha 25 AeHb pocTa, CpeHee 3HaYeHHE TOKa BapbUpoBaio B mpeaenax 50-65 HA Ha
o0beM eMKocTH. HanmyuimyuM BapuaHTOM ISl MCHIOJIb30BAaHUSI U B KaueCTBE aHOJA, M B KauecTBe
karona migs PMTD Ha mpumepe camara Hpu BbIpallMBaHUM €ro Ha MHUTATEILHOM pPAacTBOPE,
aBiigeTcs rpaduTOBBIM BOMNIOK. BHeceHMe MUKpPOOPraHM3MOB Ha JaHHOM STale HE W3MEHUIIO
BEJIMYHMHY F'€HEPUPYEMOI'O B CUCTEME TOKA.

B BbIBOmax mo riaBe 4 0000meHbI pe3yabTaThl HccienoBaHus oTkiauka bOIl Ha
BOJIOIC(OUITUTHBIN CTPECC U MOJIUB, TPAJUECHT MOTEHIIMAIOB B TIo4YBe U nquHamuka bOIl, cBa3anHas
CO CBETOBBIM pPEXKHUMOM, 32 CUeT MPUMEHEHHUs pa3pabOTaHHOrO METOAAa HEUHBA3UBHOIO
aBTomaruyeckoro u3mepenus BOIl B cucreme moyBa-pacTeHre, OCHOBAHHOTO Ha HOBOM crioco0e
o0ecrnieueHus MOBEPXHOCTHOTO KOHTAKTa KOPHEBOW CUCTEME C DJIEKTPOIaMHU.

B 3ak/rouenun o0001IeHBI pe3yabTaThl Pa0OTHI:

1. Beigenensl TpW  HampaBlEHUS, [O3BOJISIONIME  OXapaKTepU30BaTh  IPOIIECCHI,
MIPOTEKAOIKE IO IEHCTBUEM CBETa KaK BHYTPH PAaCTEHUSI — ONTUYECKUE CBOIMCTBA JINCTHEB, TAK U
IpU B3aMMOJACUCTBUHM pPAcTeHUsi ¢ atMochepoll — (paKIMOHMPOBAHWE HW30TOINOB YIJepoja W3
YTJIEKUCIIOro ra3a aTMoc(epbl B YIIIEPOAHbIN Iyl paCTEHUH, a TaK)XKEe pacTEHUSI U KOPHEOOUTaeMoi
cpenbl — OMOdIEKTPUIECKHE TTOTEHIIMAJBI B CUCTEME ITOYBA-PACTECHHUE.

2. Pazpaboran W  UW3TOTOBJICH  JIAOOPAaTOpPHBIA  (UTOTPOH,  OOCCIICUMBAIOLIUI
CTaHJIApPTHU3AIMIO YCIOBUM pocTa pacTeHuil. CKOHCTPYHMpPOBaHBI U COOpaHBI MPOTPAMMHPYEMbIE
CBETOJMOJ/IHbIE HCTOYHUKHU OOJY4YEeHHs, MO3BOJIAIOIIME BapbUpPOBATh CIHEKTP MW3JIY4YCHUS U
JUITUTENILHOCTh CBETOBOrO JHA. [IpoBeneH pacdeT IUIOTHOCTH (OTOCHHTETHYECKOIO IOTOKA
doTonos PPFD, BbIpakaeMoro B MUKPOMOIISX B CEKyHIY Ha M2, 1715 (JHTOCBETHILHUKOB HA OCHOBE
CIEKTPOB U3Iy4YeHUS U KAIHNOPOBaHHOTO UCTOYHHKA CBETA.

3. [IpemnokeHo MCIOB30BaTh COAECP)KaHUE CBETOUYBCTBHTEIBHBIX MUTMEHTOB M CIIEKTPHI
UX TOTJIOUIEHUS] KaK Mepy OTBETa OpraHuM3Ma pPAacTEeHUsT Ha BEIMYMHY CYMMapHOH CYyTOYHOMH
AKCIIO3UIIMU PACTEHUI U CIEKTpa OCBelIeHUs. B ycrmoBusx cBerogeduinta — ocBeeHrus MeHee |
yaca B JIeHb, OTMEUEHO M3MEHEHHE KOJMYECTBA CBETOMOIVIONIAIOIIUX MUIMEHTOB ~ B 10 pa3 u
pasnuure B (GopMe CHEKTPOB MX IOTJIOLICHUS NPU pa3sHOM JJIUTEIBHOCTH cBeToBOro AHs. [Ipu
M30BITKE HU3TY4YeHHS B KAaKOM-THOO 1uamna3oHe [JIMH BOJIH, MUTMEHTHBIM ammapaT pacTeHus
noryiomaer OoJjbliee KOIUYeCTBO (POTOHOB C SHEpruel, XapakTepHOM i JTOMMHHUpYHOIIEH
obnmactu wusnydenus (no 24%). OnmHako NpU OTCYTCTBUHU JJIMHHOBOJHOBOM YacTHU CIEKTpa
OCBENICHUS, (OTOCHHTETUYECKHE NUTMEHTHI TBITAIOTCS WX YJIOBHUTH, IIOBBINIAs TEM CaMbIM
YyBCTBUTEJIBHOCTh K KpacHOMy cBeTy. [lo pesynprataM cHekTpoOTOMETPUUECKOrO aHaan3a
MOTJIONIEHUS] TMMTMEHTHOW CHCTEMBI TTOKa3aHO, YTO ONTHMAIBHBIM Ui OCBEIICHUS pPacTCHHUU
ABIISIETCA M3JTy4YeHue BO Bcell obmactu uMH BoiH oT 400 1o 700 HM ¢ TOMUHUPOBAaHHEM KPAacHOU
COCTABIISIIOLICH, B COTJIaCMM C pe3yjbTaTaMH, NOJTYYEHHBIMH paHee IPYTMMH aBTOpaMH, Ha
OCHOBAHUU MOP(OIOrHYECKHX U3MEPEHHI.

4. Pa3zpaOoTaHa SKCIEPHUMEHTAJIbHAS YCTAaHOBKA JJIi U3MEPEHUS CIIEKTPOB MOTJIOIIECHUS
CBeTa JIUCThSIMH PACTCHUH IN VIVO, OCHOBaHHAas HA CHUCTEME H3MEPEHHs ONTHYECKHX CBOMCTB
TKaHeW ¢ MOMOIIBIO ABYX MHTErpUpyOImuX chep. B xone TecTupoBaHrs yCTaHOBKH YCTaHOBIIEHO,
YTO CHEKTP MOTJIOLIEHUS «KUBOT0» U CBEKECPE3aHHOTO JIUCTA B MpeJiesiax 5 MUHYT HE OTJIMYAIOTCS
Apyr OT Jpyra, OAHAKO Yepe3 yac MOcje cpe3a MHTEHCHUBHOCTH MOTJIOUIEHHS] CPE3aHHOIO JIMCTa
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ymeHbInaercss Ha ~10%, a Takxke MeHsieTcss (opMma CIEKTpa — CHUXKAETCs JI0J TOIVIOIICHUS B
obmactu ot 630 10 660 HM.

5. HccrnenoBaHo BIMSHHE CHEKTPAIBHBIX OCOOCHHOCTEW CBETOBOW cpeiasl Ha (QoHe
BAPUATHUBHOTO YPOBHS MHUHEPAIBHOTO THTAHMS Ha ONTUYECKHE XapaKTEPUCTHUKUA JIUCTOBOU
MOBEPXHOCTU cajlaTa, a TaKXKe Ha POCT, MPOIYKTUBHOCTh M OMOXMMHYECKHIA COCTaB PACTCHHIA.
AHanu3 AaHHBIX [0 POCTY, PA3BUTHIO U MPOAYKTHUBHOCTH PACTEHUH, OMOXMMHUYECKOMY COCTaBY
pacTeHuii cajiata ¢ y4eTOM MOJYYEHHBIX CIEKTPOB MOTJIOUICHHS JHUCThEB MOKAa3ajdl HauOoJbIlee
MOJIOKUTEILHOE BIIMSHHUE JKEJITO-OPAHKEBOI'O CBETA C MPEBATMPOBAHHEM KPAaCHOM COCTaBIIAIOIIEH
u nob6asienrem ~10-20% ot o6meit ®AP B 6mmxaem UK mipu BeipamuBanuu Ha 1 N nmutaTensHOM
pactBope Kuomna. /{5t olleHKH BIMSHMS MapaMeTPOB OCBEIICHUS HA IMOTJIOIIEHHUE CBETA JUCThIMU
cajlaTa TPEUIOKCHO HCIOJIB30BaTh HWHACKC cBeronorjomeHuss [=AA/Am, onuceBaroIen
MIPUPAIICHIE WHTETPATBHOTO TIOTJIONICHUS A HA TIPUPOCT OMOMACCHI M.

6. Jlns ocymectBieHuss cOopa ¥ TOATOTOBKM TPOOBI, MPEANISCTBYIOIIMX H30TOIMHOMY
aHalM3y yIiiepo/ia, y4acTBYIOIIETrO B KU3HEACITEIbHOCTH PACTeHUMN, ObUT pa3paboTaH psi METOIUK
W CO3JaH amnmapaTHbI KOMIUIEKC, a MMEHHO: a) pa3pa0oTaHa M M3TOTOBJICHA YCTaHOBKA MJis
KOHIIEHTPUPOBAHUS  YIJEKUCIOrO0 Ta3a C KaTaJUTUYECKHUM  JIOKUTAaHHEM  OpraHUYeCKHX
MUKpOTIPUMECEH, BBIMOJHEH TEOPETUYECKHI pacueT BpEeMEHH, HEOOXOJUMOTo Il CropaHus
IpUMeECei, BBEIIEH BBIUYMCICHHBIH OSKCIEPUMEHTAIBHO MONpaBoyHb Kodpduuuent x=105; 0)
MpeAJIOKEHA METOIMKA ITPOBEACHUS PEAKIIUUA OKUCIICHUS TIIOKO3BI JINCTHEB PACTCHUM JAPOXIKAMH C
o0pa3oBaHWEM YIJIEKUCIIOTO ra3a, MOJAOOpaHbI KOHIEHTPAIMd PEareHTOB, BBISBICHO, YTO TIPU
OKHUCJICHUU PAacTUTEIbHOW TKaHM JPOXOKaMHM MO KpalHEeH Mepe B TEHYEHHE 3 4acOB HM30TOIHBIN
COCTaB yIJiepoJla HE U3MEHEH; B) CO3JaHa KaTaluTHuYecKas sueilika Juisi rasudukanuu mnpoosl, ee
paboTa OTTEeCTHpOBaHA, IMPOBEJCHA MPOBEPKAa HAIUYUS OCTATOYHBIX OPraHUYECKHX BEIECTB B
MOJIy4aeMOi Tra30BOM cMecH, CyMMapHOE KOJIMYECTBO OpPraHHMYECKUX MpHUMecedl B MOJyYeHHOU
npobe npu razuduKanuy JucTa pacTeHust coctaBmio ~0.2% oT copepkaHHs YIIIEKUCIOro rasa, a
npu rasudukammu caxapa ~0.01%; r) npeaTokeH anropuT™ pacdera 6:°C U3 JaHHBIX, TONTYJEHHBIX
Ha HM30TOIMMHOM MAacCC-CIEKTPOMETPE, C YYETOM H30TOMHOW PaCHpOCTPAHEHHOCTH Yriepoja Hu
KHCJIOPOJIa, TMapaMeTPOB PETHCTPUPYIONICH CHUCTEMbI, HOPMHUPOBKH Ha CEPTUPUIIMPOBAHHBIN
cranaapt (PDB).

7. BriepBble TIOKa3aHO, YTO MMEIOT MECTO Pa3jvyuusi B M30TOIHOM COCTaBE YIJiepojaa s
pasHBIX uyacTel mucTa pacTeHnus: 6:3C=-36,8+0,2%o nist BepxXymku mucta, 8:C=-36,3£0,2%0 m1s
CepEIUHBI, 813C=-31,140,9%0 i HWKHEH 4YaCTH, W3 YEro clieyeT BaXXKHOCTH BBIOOpa
oIpeJieIeHHON 30HbI 0TOOpa MPOOHI.

8. IlomydeHHble OTHOIIEHHUE H30TOIMOB YIJIEpOJa METOJOM OKHUCICHHS OpPTraHHYEeCKOTrO
obpasna JApoxoKaMu cocTaBHi d-°C=-33,6+0,9%o mus mucta Cs-pactenus, 87°C=-33,4+1,9%o mis
CBEKONTBHOTO caxapa, BblaeneHHoro m3 Cs-pacteHnmii, 6°C=-14,6+1,6%0 IS TPOCTHUKOBOTO
caxapa, CUHTE€3UpOBaHHOTO M3 Cs-pacTeHus, YTO COTJIACYeTCsl C JIUTEPaTypHbIMHU JAaHHBIMH IS
3TUX TUIOB (POTOCHHTE3A.

9. llpu razudukanmy B KaTATUTUYECKOW siU€HKe M30TOMHOE OTHOIIEHHE COCTABHIIO: IS
JUCTa pacTeHus 813C=-32,7%0, IS CBEKOJHHOTO caxapa 813C=-33,4%0, uTO COOTBETCTBYET
TUTEPaTypHBIM JAHHBIM WM 3HAYEHUSM, IOJYYCHHBIM MPH NPUMEHEHHH METOJUKH OKHCIICHUS
JPOMKKAMHU.

10. TIpemtokeHO HCIOJIb30BaTh A — pPa3sHHIY MEXJIY H30TOIHBIM COCTABOM YIJIEpOJia B
BO3JIyX€ OKOJIO PACTCHHI M B UX JIUCTHAX, KAK XapaKTEPUCTUKY CKOPOCTH aCCUMIIIAINH YTIepoia
3a cueT MpOTeKaHus (POTOCHMHTETHYECKUX peakiuil. [Ipu nccmenqoBaHuy BIUSHUS CIIEKTPATBHBIX
XapaKTEPUCTHUK CBETOBOM Cpelbl HAa B3aMMOOOMEH H30TOIOB Yriepoja MEXIy aTMOoCepHBIM
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BO3yXOM W YTJIEPOJAHBIM MYyJIOM PaCTEHHM, HAWJEHO, YTO 3HaYeHue A MEHSJIOCh B Ipejaenax oT 7
10 19 %o.

11. BeisgBieHa HENPUTOJHOCTH H3BECTHOIO METOAA M3MEPEHHS OHOIIEKTPHUCCKUX
[IOTEHLIMAJIOB, OCHOBAHHOI'O HA BBEJICHUU UTOJIbYATBIX 3JEKTPOJOB B TKaHb PACTEHHI, TOCKOJIBKY
TaKoOM MyTh BBI3BIBAET CTPECCOBBIM OTBET M CHIKEHME pazHOCTH noreHuuanoB ¢ 70 mB 1o 0 MB B
teueHue 30 muHyT. IlpennoxeHa cucTtemMa HEMHBA3WBHOM YCTAaHOBKM JJEKTPOJOB 32 CYET
MIPOpacTaHus CKBO3b HHUX KOpPHEH pacTeHUuil W CcO3[JaHa YCTaHOBKAa JJIsi aBTOMATUYECKOU
peructpanuu OMO3IEKTPUUECKUX MOTEHIIMAIOB B CHCTEME MTOYBa-PACTeHHE, [TO3BOJISIIOIIAS U3yYaTh
ANEeKTPOPU3UOIOTMYECKUNA CUTHANT PACTUTENBHOIO OpraHu3Ma HEMOCPEACTBEHHO B YCIOBUSX
HOPMAaJIbHOW KU3HEEATEIbHOCTH.

12. HM3mepeHbl OMOBIEKTPUYECKHE MOTEHIMAIBI B YCIOBHSIX BapbUPYeMOH BIIAYKHOCTU
IIOYBBI M OpPraHU3alMy PaclpOCTPAHEHHUsS BOJbI BJIOJIb U NPOTHUB HAIPABJIEHUS pOCTa KOpHEH. B
YCIOBHSIX JAOCTATOYHOW BIQKHOCTH TOYBBI OMOMOTEHIIMAT B CPEIHEM IOCTOSHEH M (PIyKTyHpyeT
cToxacTuuecku B uHTepBane ot 245 mMB go 275 mB. Ilpum BbIChIXaHMM TpyHTa 3Ha4YeHUs
OMOAJIEKTPUYECKOT0 TIOTEHI[MANA Ma1al0T MOYTH B JIBa pa3a, OH BOCCTAHABIMBAETCS MOCIE MOJIMBA,
IpUYEeM BpeMsi 3a/Iep)KKH €ro BOCCTAaHOBIICHUS YBEIMYUBACTCA C POCTOM BOJOJAEHUIIUTHOTO
nepuoga. Ilpeanokena wozens, omnwuchiBaromas 3¢GGeKTs, NpOTEKaloUIe B CUCTEME IpHU
BOAOJACPUIUTHOM PEKUME U MOJIHBE.

13. OnpexneneHo M3MEHEHNE OMOAEKTPUIECKOTO MOTCHIIMANA B 3aBUCIMOCTH OT TTyOWHBI
nouBbl ¢ maroM 5S0mMm 110 ypoBHs B 400mMM. B mouBe 6e3 pacTeHus MOTEHLMAbl CTAMOHAPHBI U
CHa/al0T C YMEHBIIEHUEM DPACCTOSHUS MEXIy 3JEKTPOJaMH, B TO BpeMsl KaK paciHpOCTpaHEHHUE
KOpPHEH MO CHUCTEME JJIEKTPOJOB HM3MEHSET BEIWYMHY OHWOMOTEeHIMana B ~2 pa3a B CBSI3U C
nud¢y3ueil nuTaTeIbHbIX BEIIECTB U3 MOUBHI U BBIICTICHUEM PU30/ICTO3UTOB.

14. WccnemoBaHo  BIMSHHE  CHEKTPalJbHBIX  XapaKTEPUCTUK  OCBEUICHUS  Ha
OuodNeKTpUYecKUil moTeHan. OTMeUeHO MUKIMYECKOe YBEIHMUeHHE MOTEHIMaIa TIPU BKIIOYEHUH
CBETa M B CEPEIUHE CBETOBOIO IMKJIAa PABHOMEPHOE IAJEHUE IO NpexHero ypoBHs ~240 MB,
COOTBETCTBYIOIIETO TEMHOBOW CTA/IHH.

15. Tloka3zaHa BO3MOXXHOCTb HCIIOJIb30BaHUsI pa3pabOTaHHOW TEXHOJOTUU H3MEPEHUS
OMOAJIEKTPUYECKOTO MOTEHIIMANA AJI CO3AaHMsI JUTUTEbHO padOTaIOUINX PACTUTEIHHO-MUKPOOHBIX
TOIUIMBHBIX 3JIEMEHTOB, BbIOpaHa M anpoOupoBaHa WX KOoH(urypauus. Jlydmum BapuaHTOM JUis
UCMOJb30BaHUS M B KayecTBE aHO/Aa, MU B KayecTBe KaToAa M PacTUTEIbHO-MHUKPOOHOTO
TOIUIMBHOT'O 3JIEMEHTA HA IPUMEPE cajlaTa IPU BHIPALIMBAHUU €r0 HA MUTATEIbHOM PacTBOPE CTall
rpadUTOBEIH BOINOK. MakcHManibHO TIOMy4eHHOE 3HAUYeHHe Toka 36 MA Ha M? 30HB pocTa
pactenuil. [Ipu noakmoyeHnn k cucreme Harpy3ku <10xOwm OnonoTeHnal 3HaYUTeNbHO MaaeT U
BOCCTAaHABJIMBaeTCs JUIIb Ha 1/3, a cmycTs moiTtopa yaca TOJIbKO HamosioBuHy. [Ipu BHemrHem
compotusnernd B 10 MOM momuocTs coctapuna 0,6 MBt/M?, mpu 100kOm — 51 MB1/M?%, a ipu 10
kOM — 245 mBT/M?, omHAaKO TWpH OTOM HAOMIOMANKCh YK€ 3HAYUTENbHBIE YTEUKH TOKA,
yXyamarone paboTy pacTeHus.

BriBoabI
1. YKenro-opamxeBblil cBeT, m3mydaromuil ~25uMons-m2-ct B nuanasone 400-500HM,
~150pmons-m2-ct B 500-600 HM, ~150umons-MZ-ct B 600-700 HM u ~10-20% or obmieit
(GOTOCHHTETHYECKH aKTUBHOM paguaiuu B OmkHeM MK nmpuBoauT K BHICOKOW MPOAYKTUBHOCTH U

2

Haubosee 3 pexTUBEH 1715 BhIpAIMBAHUS PACTEHUN B CBETOKYJIBTYPE.
2. Oboranienye TUCTHEB IETKUM H30TONoM “2C mponcXoauT GBICTpee TP NpeodIaTaHuH B
CIIEKTPE OCBEUIEHUSI KPACHOW COCTABJISIIOILIEH.
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3. M30TOmHBIN COCTaB yriiepoja pa3HbIX YacTeW JMCTOBOM IMOBEPXHOCTU PA3IUYaCTCAd —
«cTapasi» 4acTh JIMCTOBOH IUIACTUHKM CONEPXKHUT OOJblIee KOMMUeCTBO 12C, 4eM «HOBas», 4ToO
CBSI3aHO C pPa3HOM MHTEHCUBHOCTHIO (POTOCHHTE3A.

4. BUO3NEeKTPUYECKHE TIOTEHITUANIBI B CUCTEME TTOYBa-PACTCHUE, U3MEPEHHBIC HEUBA3UBHBIM
METOJIOM, XOPOIIIO KOPPEITUPYIOT C YCIOBHUSIMH BhIpANIMBaHUS (CBETOBAs Cpea, BOAHBINA PEXKHUM) H
MOTYT OBITh () PEKTUBHBIM CPEACTBOM (PUTOMOHUTOPHHTA.

baarogapuoctu

ABTOp paboThl BbIpaXkaeT IIyOOKyl0 OlaroJapHOCTh CBOEMY HaydyHOMY pykoBoaurento Iasiio
H.P. 3a nognepxky, o0ydeHre U 3HaHMS, BaKHbIE KaK B HAYYHOM, TaK U MPAKTHUYECKOM ILIAHE,
KOJJICKTHBY JabopaTopuu (U3UKK afcopOIHOHHO-AeCOpOIMOHHBIX mpoueccoB PyrbkoBy E.B.,
Jlanymukuny M.H., bepnanxkomy /I.II., biaamenkoBy H.M. 3a KOHCYIbTUPOBaHUE U LICHHBIE
3ameuanusi, [laBjoBoii E.C. 3a BBeqeHHE B M30TOMHBIA MacC-CIIEKTPOMETPUUYECKUN aHAIHU3, U
IIPOBEJICHUE COBMECTHBIX AKcIepuMeHTOB, CMupHoBY H.A. 3a nomouis B U3rOTOBJIEHUNU JIE€TAJICH;
coTpyaHukaM MHctutyta ananutuyeckoro npudopocrpoenus I'amne JILH. 3a ¢yHaameHT B Hayke
u nosieT TBopueckoi mbiciy, Kymemony JI.O. 3a nognepxky, Kysbmuny A.I'. 1 TuroBy 10.A. 3a
MIOMOILlb B Bepu(UKALUN METOIUK; KoyieraM U3 Arpogusudeckoro uacturyra Ilanosoii I'.I'. 3a
IIPEIOCTABIICHUSI MOJS Ul AesTeNbHOCTH U oOcyxneHus, YepnoycoBy M.H. 3a BBeneHue B
CBETOKYIBbTYpYy, YaajaoBoii O.P. 3a oOyueHue ocHoBaM pabOThI ¢ pacTeHUsMU; BJiameHKOBY
M.H., IleraoBy C.A., OgnodmonoBy M.A., Cepenuny HM.C. 3a momompb B ONTHYECKUX
U3MEPEHUSIX, KOHCYJIbTAIUIO U PEA0CTaBICHUE 000PYOBAHHUS.

Ily6mkanuu no TemMe JuCCePTALHM
Cmambu 6 peyensupyemvix poCCUtICKUX U 3aPYOEAHCHBIX IHCYPHANAX
1. Bepe3kuna T.J., bramenkos M.H., Kynemos /[.O. AKTUBHOCTh pacTeHUH B 3aBUCUMOCTH OT
ocoOeHHOcTel crekTpa ocsenienus // Coopuuk TpynoB IV Beepoccuiickoro koHrpecca MOJIoIbIX
yuensix — CI16: Yausepcurer UTMO. 2015. C. 62-66.
2. Bepeskuna (KyiaemoBa) T.J., bmamenxkor M.H., Kynemos J[.O., Tamms H.P.
OKClepUMEHTAIbHBIM  J1a0OopaTOpHBI  (QUTOTPOH C  HPOrpPaMMHUPYEMBIM  CBETOJMOJHBIM
WMCTOYHUKOM JJI W3Y4YEHMs] BJIMSHUS JJIUTEIbHOCTH CBETOBOIO JHS M CIIEKTpa W3JIy4yeHHUS Ha
pactenus. // Ilpubopsl u TexHuka sxcriepuMenTa. 2016. Ne 6. C. 129-130.
3. Kynemosa T.D., bramenkoB M.H., Kynemos /[.0., I'anns H.P. Pa3pabotka maboparopHoro
(GUTOTPOHA C BO3MOXKHOCTBIO BAPHUPOBAHUS CHEKTpa M3JIyYeHHUs M JJIUTEIBHOCTH CYTOYHOM
HKCIO3MLIMU U ero buosiorndyeckoe trectuposanue. / Hayunoe npubopoctpoenue. 2016. T. 26. Ne 3.
C. 35-43.
4. Kyaemona T.J., JluxaueB A.U., I1aBnora E.C., Kynemos /[.O., Hamexun A.B., 'anmas H.P.
B3auMocCBsI3p CHEKTPOB TOIJIOMICHUS MUTMEHTOB PAcTeHHH U CBETOJUOJHOTO OCBEIICHUS C
Pa3IMYHBIM CIIeKTpaibHBIM cocTtaBoM // JKT®D, 2018. T. 88. Ne 9. C. 1285-1286.
5. Kuleshova T.E., Seredin I.S., Cheglov S.A., Blashenkov M.N., Chumachenko A.V., Feofanov
S.V., Kiradiev V.K., Odnoblyudov M.A. Spectrometric method for measuring light absorption by
plant leaves // J. Phys.: Conf. Ser. 2018. V. 1135. 012013. doi:10.1088/1742-6596/1135/1/012013.
6. Kynemosa T.J., bynuisikoBa A.B., I'ayjute H.P. HennBa3zuBHoe n3MepeHne OHO3IEKTPUIECKUX
noteHImanoB pacrennii // [lucema B XKT®. 2019. T. 45. Bem. 5. C. 6-8.



23

Mamepuanvi kongepenyuii

7. Bepe3kuna T.J. M3mepenue 3/1eKTpUUECKON aKTUBHOCTU U aHAIM3 COJCPIKAHUS XJIOPOPHILIa B
pacTeHusIX B 3aBUCHUMOCTH OT JUIMTEIILHOCTH OCBEIIeHUs // MexIyHapoAHas 3UMHSS IIKOJIA IO
¢u3nke noaynpoBogHUKOB. Hayunbie coobmennst Moo ieix yuensix. 2015. C. 28-30.

8. bepe3kuna T.J., Kynemos [1.0., bnamenkoB M.H., I'ans H.P., I'amuie JI.H. U3yuenne Bnusiaus
CBETOBOI'O IMOTOKA U HU3KOYACTOTHOTO AJIEKTPOMATHUTHOTO M3IYyYeHUsI HA OMOXUMHUYECKUN COCTaB
pactenutii // | poccuiickas koHpepeHus «Du3nka — Haykam o xu3Hn». CoopHuK Te3ucos. 2016. C.
175.

9. Kyaemona T.J., ITasnoBa E.C., 'ayjute H.P. buonornueckoe ¢paknuoHupoBaHHE H30TOIOB
yraepoaa npu (OTOCHHTE3€ B 3aBHUCHMOCTH OT ocBemeHus //Tesucwr moknamoB |l poccuiickoit
KOH(EepEeHIMH C MEeXITYHAPOIHBIM yuacTueM «DPu3uka—Haykam o xu3Hm». 2017. C. 68.

10. KyaemoBa T.D., Jluxaues A.M., Hamexkun A.B., T'amms H.P. B3ammocBs3b crekTpoB
MOTJIONICHUS! MMUTMEHTOB PACTCHHH W CBETOAMOJHOTO OCBEUICHHUS C Pa3IUYHBIM CIEKTPATHHBIM
coctaoM // Tesucwl noxnanoB |l poccuiickoii koH(pepeHIMH C MEXIYHAPOAHBIM YYaCTHEM
«®Dusuka — HaykaM o xu3Hm». 2017. C. 69.

11. Kyaemosa T.J., [TasnoBa E.C., l'asmes H.P. BnusiHre HU3K04aCTOTHOTO CIIa0OMHTEHCHUBHOTO
MarHMUTHOTO TIONSE Ha XOA (POTOCHMHTETHYECKOW pEaKIUH B PACTCHHSIX IMPH Pa3TUIHOM
CeKTpaibHOM cocTtaBe ocBemeHust // 1 Bcepoccuiickas KoH(pEpeHIUs ¢ MeEXIyHapOIHBIM
yaactueM «Dusnka u skonorust SMU». 2017. Hayunsie Tpyasl koHpepennuu. T. 1. C. 35.

12. Kyaemosa T.J., Ilasnosa E.C., I'amne H.P. ®paknnonnposanne m3oronos “C/*2C B xoxe
(OTOCHHTE3UPYIOIINX pPEaKIUil B PACTCHUSAX TOJA JICHCTBHEM CBETa Pa3IMYHOIO CHEKTPATBHOTO
cocraBa // Tesucet VII Bcepoccuiickoii koHpepeHIIMU ¢ MEXKIyHAapOIHBIM yuyacTuem «Macc-
CIEKTPOMETPHS U €€ NMPUKIIaaHbIe mpooembl». 2017. C. 40.

13. Kyaemosa T.J. BiusHue criekTpa 1 HHTEHCUBHOCTH CBETOJUOHOTO M3JIyUYEHUSI Ha CIIEKTPHI
MOTJIONIEHUs] MUTMEHTOB pacteHuit // JIBamuath Btopas Cankt-IletepOyprckas AccamoOunes
MOJIOJBIX YUeHBIX U cnenuanucton: Coopuuk Te3ucoB — CI16.:M3a-so CIIBI'VIIT/. 2017. C. 193.
14. bymunskosa A.B., Kynemosa T.J., I'anns H.P. Peructparnus 61o31eKTpuyecKkux MOTEHINAIOB
pacTeHuUd - cucTeMa MOHHMTOpWHTa TpaHcnupanuu // COOpHHK TE3MCOB JOKJIAJ0B KOHTpecca
moJoeix yuensix. CII6:MYUTMO. http://openbooks.ifmo.ru/ru/file/6593/6593.pdf

15. bynusikoa A.B., Kyaemosa T.J., ['ass H.P. ABTomaTu3anus 1 TeCTUPOBaHUE PETUCTPALIUU
OMODJIEKTpUYECKUX TMOTeHuuanoB pactrenudd // VI HayuHo-mpaktuueckas KoH(pepeHIUsS C
MEXIYHApOJHBIM Yy4YacTHEM «HayKa HACTOSIIEro W OyAyIlero» Iuis CTYIEHTOB, aclMPaHTOB U
MoIobIX yueHbIX. COopHuk MatepuanoB koHpepenuuu. CII16.: U3n-Bo CIIOIDTY «JIDTU», 2018.
C. 389-391.

16. KyaemoBa T.J., BbymuskoBa A.B., Tamas H.P. Cucrema HEWHABHU3BHOTO CHSTHS
OMOAJIEKTPUYECKUX TMOTEHIMAIIOB PACTeHUW M BIMSHHME BOJHOTO pPEXUMa Ha HUX H3MEHEHUE
/l Hayunsie tpyasr VIII MexayrapoaHoro kourpecca «Ciabbie v cBepXxcitadble MO U U3IydeHUs
B Ouosiornu u Mmeguumue». CI16. 2018. T. 8. C. 132-133.

17. KyaemoBa T.J., Cepenun U. C., Ulernos C. A., bnamenkos M. H., Uymauenko A. B.,
®eodanoB C. B., Kupanues B. K., Ognob6m0108 M. A. CrieKTpoMETpHYECKUN METO/ M3MEPEHUs
MOTJIONIEHUSI CBETa JIUCThAMU pacTeHud // Te3nuchl OKIIaJoB MEXAYHAPOIHOW KOHGEPEeHIIUU
®u3ukA.CII06. 2018. C. 36-37.

18. KyaemoBa T.J., UBanoBa A.l'., Kpyunnuna N.10., lllenna N.10., Yaamosa O.P., XKecTkoB
A.C., Tanymko A.C., [Tanosa I'.I'., T'a;ute H.P. PacTuTenpHO-MUKpPOOHBIE TOTUIMBHBIEC SJIEMEHTHI Ha
OCHOBE HEMHBA3UBHBIX AIEKTPOJIHBIX cucTeM // COOpHUK HayuHbIX TpyaoB VI che3na 6uopu3nkon
Poccun. T. 1. 2019. C. 382-383.


http://openbooks.ifmo.ru/ru/file/6593/6593.pdf

