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MYXAEJISH XKAHHA AIKA3OBHA

BJIMAHUE SJIEKTPOMATHUTHBIX BOJIH MUJJDIMMETPOBOI'O
JUATIA3BOHA HA TTIPOPACTAIOIIME CEMEHA TTIHEHUIIbI
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JIMCCepTaLlK Ha COUCKAHHUE YIEHON CTEIeHI
KaHauAata OMOJOTMYECKUX HAYK MO CIEHHaTbHOCTH
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Unbtbwpnunipyut  phdiwt  hwunwndl; t Gphwih wghunwlwb
hwdwjuwpuwinid

Qhunwlub nhudup’ Ykuu. ghw. gnljuinp, ypndtunp
N.2. Tupnhwiyui

Nwpnnbwlwh pinyhuwunubtp’ dhquwp. ghw. pnljunnp, wypndtunp
9.£. Unwphkjjut

tuu. ghn. phlijuwusnt
Q. 4. Uwhuljjut

Unwgutnup juquuljbpuynipnt’ 22 2UU L.U. Opphnt wtdul

$hqhninghuyh hlunpunun
Uwnkuwjnunipjul gquownyuwinipniup wknh Ynitkuw 2019, hnittthup 25-
hu dwdp 14%-ht, Bplwbh whnwlwh hwdwuwpwind gnpénn 22 fNY-h
Uktuwdhqhluyh 051 dwubtmghinmwlwi fjunphpph thuwnnwd (0025, Gplhwl,
Ujkp Uwinijjut th. 1, BN2, jhhuwpwinipjub duljnynkwn):

Uwnbkuwpnunipjwip  YJupkh b Swinpwbw; Bphwth whuwlub
hwdwjuwpwth gqpuyupwind:

Uwnkuwjnunipjub ubndughpt wpwpyws k 2019p. dwjhuh 14-hu:

051 Uwutwghwnwlut junphpgh ghtnwljut
pwpuninup, Jhu. ghwn. phljuwént, pngkn U.U. Qupuunuiyui

Tema JUCCEpTALlMU YTBEPIK/ICHA B EpeBaHCKOM TOCYyJapCTBEHHOM YHUBEPCUTETE

Hay4HsIii pyKOBOIUTENb: IOKTOp OMOII. HayK, mpodeccop
I1.0. BapneBausu

O¢unuansHble ONIOHEHTHI: IOKTOp (pm3.-MaT. HAyK, mpodeccop
B.b. Apakensx

KaHAUOAT OWOJI. HAYK
I'.B. Caaksu

Benymias opranuzanmys: WucetuTyT dUsnonorun
um. JLA. Op6emrn HAH PA

3ammra gECCepTalHK cocTouTcs 25-ro mions 2019r. B 14 wacos Ha sacenannm
CnenuanuszupoBannoro cosera 051 mo buodusuke BAK PA npu Epepanckom
rocynapctBeHHoM yHHuBepcutere (0025, EpeBan, yn. Anexka Manyksna 1, EI'Y,
(axyIbpTeT OHOJNIOTHH).

C  juccepranuei  MOXHO  O3HAKOMUTbCS B Oubmmoreke  EpeBanckoro
rOCYIapCTBEHHOTO YHHBEPCHTETA.

Astopedepat auccepranun pasocian 14-ro mas 2019r.

VYuenslit cexperaps CriennanusnposaHaoro cosera 051,
KaHAUAAT OWOJ. HayK, JOLECHT M.A. llapcanansu
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BBEJAEHUE

AKTYyaJIbHOCTb paboThl. DJIEKTPOMAarHUTHbBIE BOJIHBI, SIBIAACH (PU3HUECKHMHU
¢daxropamu Omocdepbl, B 3HAUUTENBHOM Mepe BIMAIOT Ha pPa3BUTHE U
KU3HEJEATCIIbHOCTh JKUBBIX Opranu3moB. Hecmorps Ha TO, uro pmons
3JIEKTPOMArHUTHBIX BOJH MIJUIUMETpoBoro auamnazona (MM OMB) (1-10 mm) wmm
kpaitie Beicokux vactoT (KBUY) (30-300 I'Tm) B »IeKTpOMarHWTHOM H3ITydEHHH
(OMH) BcenenHoi, KOTOpoe MOXOOUT A0 3eMJIM, Maja, OHH OKa3bIBAIOT
BBIP)KEHHOE BIIMSIHUE HA SKUBBIE OPraHU3MbI, HMEIOINE pPa3HBIl ypOBEHb
opranuzanuu sBomoroHHoro passutus (Foster, 2000). Ilostomy naHHBIH
UHTEpBAll B CIEKTPE 3IEKTPOMATHUTHOTO U3JIy4EHMs Hallel CBOE MIMPOKOE
IIPUMCHEHHE B COBPEMCHHOW KJIMHUYECKOH MEAMIUHE, INPOMBIIIICHHOCTH U
cenbckoM xo3sicTe (Adair, 2002; Sheppard et al., 2008).

B nmpupome pocT pacTeHMH IPOUCXOIUT B YCIOBHAX IPUCYTCTBUS
MHOTOYHCIICHHBIX ~ CTpecc-(pakTopoB — Temreparypa, BIaXHOCTb, CHIIBHOE
JJIEKTPOMAarHUTHOE M3Iy4EHUE, COBMECTHOE BIMSHUE TOKCHYECKHX BEILIECTB U
TsOKeNbIX  MeTaiioB. OpHAaKo, B JIMTEpaType MaJOYHCIEHHBI pPaboTel 1O
COBMECTHOMY BIIMSHHIO IBYX M 00Jee CTPecCOpHBIX ()aKTOPOB Ha POCT U Pa3BUTHE
BBICIINX PACTEHUH, XOTS OHM M MOTYT PaCIIUPHUTh HPEICTaBICHUS O MEXaHH3Max
3alIUTHO-aJaNTAIIHOHHBIX PEaKUuii, 00eCcIeUnBAIOIINX YCTOHYMBOCTh PACTCHUN K
neiicTBuio abuotuueckux (aktopoB cpemnsl (Lin, 2007). Teopust cTpeccopHOro
Bo3zelictBusi OMM  TecHO cCBs3aHAa C IpoLeCCaMH OKHCJICHHS CBOOOIHBIX
paZuKaJoB, KOTOpbIE MIpPAlOT BaXXHYI0 pOJb B IUIACTUYECKHX IepecTpoiikax
MeMOpaH KJIETKM B TEYEHHE aJaNlTaldd K HW3MEHSIOMMMHUCS  yCIOBUSIM
OKpYaroIlei cpeabl.

B HacTosmee BpemMs MeXaHH3MBI B3aumojelcTeus MM OMB ¢
OMONIOTMYECKUMH CHCTEMaMH He MOJHOCTBIO BBISICHEHHL [lomaraercs, dro
MIEpPBUYHON MUIIECHBIO Bo3aelcTBrsa DMU sBnsieTcst coeprkammasncst B HIX BOJa WK
Ouonornueckue MeMOpaHbl, B KOTOPHIX 00pa3oBaHHE OENKOBBIX ‘“‘CyOCTpYKTYp”
M03BOJISIET BOCCTAHOBUTH HApYyLICHHYIO IEATeJbHOCTh opranusma (Wainwright,
2000). Ilo oaTo#t mnpuuMHE OCOOBII HWHTEPEC BBHI3BIBAIOT HCCICAOBAHHS IO
BO3JICHCTBUIO (DM3MYECKHX M XHUMHUYECKHX (DaKTOpOB Ha CBOOOJHO-pagHKalbHbBIC
MIPOLIECCHI, MPOTEKAIOIINE B OMOTOTHUECKUX CHCTEMAX.

Lems w 3amaun wccnenoBanus: Llenplo amccepTanoHHON paboThl OBLIO
nccnenosanue BausHuS OMU KBY Ha pocT MpoOpOCTKOB NMIIEHHUIBI, a TakkKe Ha
CcBOOOHO-paUKAIBHEIE IIPONECCHl B KJIETKAX M AKTHBHOCTh AHTHOKCHIAHTHON
(epMEeHTHOI CHCTEMBI B OTCYTCTBHE U IIPUCYTCTBHU HOHOB KaJMUSI.

Jnst ocyIIecTBICHHS MOCTABICHHON IeJM HAMU OBUIM NPHHATHI K PEIICHUIO
CleTyIoIIUe 3a/1auu:

- UWzywenwme Bmusuus OMU KBY Ha poct, pasButHe W MopdomeTrpudeckue
TIOKA3aTeJIN MPOPOCTKOB MIIEHHIIBI;

- Wzydyenme BmmusHms OMU KBY Ha MHTEHCHBHOCTH NEPEKHCHOTO OKHCICHHS
JIAIAIOB ¥ aKTUBHOCTh aHTHOKCHAAHTHBIX ()EPMEHTOB B KJIETKaX MPOPOCTKOB
IIICHUIIEI Ha TIPEMepe KaTanasbl;

- I/ICCJ’[B)IOBaHI/Ie BJIMAHUA TAXKEIOro METalla KaJaMHd Ha POCT MNPOPOCTKOB,
HHTCHCUBHOCTb NEPEKUCHOTO OKHCJICHUA JIMITUI0B H AKTUBHOCTH
AHTHOKCHUAAHTHBIX q)epMeHTOB KaTajladbl M I'BasgKOJI INECPOKCUAA3BI B KIIETKax
IIPOPOCTKOB IILIEHUIIBL;
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- Usyuenme xapakrtepa BozxeiictBuss OMW KBY Ha poct, HMHTEHCHBHOCTH
MEPEKUCHOTO OKHCJIEHUS] JUMHMAOB M AaKTUBHOCTh Karajgashl B KIETKax
MIPOPOCTKOB MIIEHHIBI, IPOPACTABIINX B YCIOBHSAX TMPHCYTCTBUS HOHOB
KaJIMHUS.

Hayunas HoBu3Ha: Bmepsele B paboTe NPOBOIWIOCE KOMIUIEKCHOE
HCCIIeI0BaHUE IIpoliecca NMPOPACTAHUS CEMsH IIICHUIBI B YCIOBHAX BO3JecTBUSL
OMU KBY c¢ pa3nuuHOH NpOAOJDKUTENBHOCTHI0. Ha OCHOBaHMU IOJIy4eHHBIX
JAHHBIX MTOKA3aHO, YTO:

- Ilox Bmuanuem OMU KBY mpoHcXoauT CTUMYJIUPOBAHHE POCTa MPOPOCTKOB
TIIEHUIIBI TI0 U3MEHEHUIO 3HAUeHUH MOP(OMETPHUUECKHX TTOKa3aTemei.

- BospmeiictreBue OMM KBY npuBoguT K  HM3MEHEHHIO HHTCHCUBHOCTH
XEMWIIOMUHECLICHIIUY U COJEP>KaHHs MAaJOHOBOIO JAHMANbJIErHa B TOMOIeHaTe
IIPOPOCTKOB ~ MIIEHHWIBI, B  3aBUCUMOCTH OT 4actotel OMU u
TIPOJIOIDKUTETBHOCTH OOy deHHS.

- Ilom Bo3zmeiicteuem OMMUM KBY mpoucxoaur H3MEHEHHWE aKTUBHOCTHU
AQHTHOKCHIAHTHOTO (epMeHTa KaTanasbl, CIOCOOCTBYIOIIEE YMEHBIICHHIO
BIIMSHUS BHEIIHETO (hPU3NYECKOTO (aKTopa.

- IIpucyrcTBHe TsDKEenoro meramia KaAMHsS B PACTUTENBHOH cpefe HMPHBOIUT K
TOPMOXKCHHIO pPOCTa M PA3BUTHUSA IPOPOCTKOB IIICHHIBI, YBEIHMICHHIO
WHTEHCHBHOCTH  CBOOOJHO-PAAMKAIbHBIX  MPOLECCOB M IOJABICHHIO
aKTHBHOCTH AaHTHOKCHAAHTHBIX (epMeHTOB. CTeneHb TOPMOXKEHHUsS pOCTa U
Pa3BUTHSA 3aBUCUT OT KOHLIEHTPALUKU MeTalja.

- B ycinoBusx coBmectHoro BimsHus OMM KBY u kagmus HabmromaeTcs
ylydllleHHe uccienyeMbIx mokasareneil, T.e. OMU KBY oka3biBaeT 3amutHoe
BJIMSTHUE, KOMIIEHCUPYET BO3JEHCTBUE KaIMHUSI.

OCHOBHBIE TOJIOKEHHS, BHIHOCHMBIE Ha 3aIIUTY:

- Bmusane ODMUW KBY Ha WHTEHCHBHOCTh MOKa3aTellel pocTa IMPOPOCTKOB
TIICHHUIIBL.

- H3MeHeHMe WMHTEHCUBHOCTU IEPEKUCHOIO OKHUCICHUS JIMIUAOB B KIETKax
MPOPOCTKOB TMIIEHUIIBI B YCIIOBUsIX Bo3zaeicTBust OMU KBY.

- H3meHeHMe aKTMBHOCTM KaTaja3bl B KJIETKaX IPOPOCTKOB IIICHUIBI B
pe3ynbrate BnusiHust MU KBY.

- Bimsame woHOB KkamMus Ha POCT MPOPOCTKOB MIIEHUIBI, WHTCHCHBHOCTH
CBOOOMHO-PaUKANBHBIX ~ NIPOIIECCOB M AKTUBHOCTh  AHTHOKCHAAHTHBIX
(epMeHTOB B KJIETKAaX IMPOPOCTKOB B IPHCYCTBUH M OTCYTCTBHE BO3JCHCTBHUS
OMMU KBUY.

IpakTyyeckas IEHHOCTb paboTel: PesynbraTel, mosydeHHBIE B paboTe,
MO3BOJISIIOT OLIGHUTH BIIMSHHME HCCIeAyeMoro (uinueckoro (akropa Ha pocT H
pa3BUTHE  PACTHTENBHOTO  OpPraHU3Ma, CBOOOIHO-paJUKalbHBIE  MPOLECCHI,
MPOTEKAKOIINE B MeM6paHHbIX CTPYKTYypax, a TaKXX€ aHAJIM3UPOBATh MEXAHU3M HUX
Bo3jelicTBus.  [lomydeHHBIE  pe3ynbTaThl  MO3BOJISIIOT — TAaKKe  COCTAaBUTH
MIPE/ICTAaBICHNE 00 aKTUBAIMH 3AIIUTHBIX MEXaHU3MOB B PACTUTEILHOM OpTaHU3Me
1 0 popMHUPOBaHUM OTBETHOH PEaKIMU Ha BHEIIHUH (aKTop.

Tlomyuennsle B paboTe MaHHBIE MOTYT CTaTh OCHOBOM [UISl JalbHEHIINX
uccrenoBanuii B maHHOW oOmactu. OHM Takke MOTyT OBITH HCIOJNB30BaHBI B
CIICHUAJIBHBIX JICKIUOHHBIX KypcaX g CTYACHTOB COOTBETCTBYIOLIUX Kad)ezlp
EI'Y, a Taxke B Hay4HbIX JIaOOpaTOpHAX, 3aHMUMAIOIIMXCS HCCIEJOBAaHUSIMHU
Bo3aelicteuss  OMM  KBY Ha  cBOOOJHO-pafMKaibHBIE — MPOLECCHl U
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AHTUOKCHIAHTHYIO CUCTEMY B OHMOJIOTMYECKHX CHCTEMAX, B YACTHOCTH, B PACTEHHAX
U IPYTHX )KUBBIX OPraHU3MaXx.

AnpoOarms  paboTel: Marepuansl  AUCCEPTaUUH  AOKIAIBIBAINCE U
obcyxnanick Ha ceMuHapax kadenpsl onodusuxu EI'Y 1 HaydHEIX KOH(pEpeHIHAX:
MornexynsapHsle, MeMOpaHHBIE ¥  KIETOYHBIC OCHOBBI  (DYHKIIHOHMpPOBAHHMS
ouocucreM, MexxayHapoaHas Hay4Has KoH(pepeHnus, 12-b1if cbe3n berxopycckoro
obmmecTBeHHOTO 00beanHeHHsT (oToOMoNoroB u 6uopusnkos, Muuck, beropycs,
28-30 wurons, 2016, 2018; Mexn. Koud. “buonorus- mayka XXI Beka”, IlymuHo,
Poccus, 18-22 ampens, 2016; 2" International Conference “Smart Bio”, Kaunas,
Lithuania, 03-05 May, 2018; VIII Mexnynapoansiii koHrpecc “Cmabble U
cBepxcialble MOl W W3NydeHus B Ouwosormu u Mexnunuue”, CankT-IletepOypr,
Poccus, 10-14 centsopst, 2018.

Iy6nukaruu: ITo Teme auccepTanum ony0nuKoBaHo 15 HaydHBIX paboT.

Crpykrypa u_o0beMm amccepranuu: JluccepramyoHHas paboTa COCTOUT U3
BBEJICHUS, TpEeX TIJaB, 3aKIIOYCHHs, BBHIBOJOB M CIHCKAa JIUTEpaTyphl,
HacuuthiBaromiero 150 naumenoBanuil. Jluccepranus usznoxkeHa Ha 123 crpaHunax,
BKJTFOUaeT 26 puCyHKOB U 11 TaOmumbL.

COJEPXAHUE PABOTBI

Bo Beéedenuu KpaTKO ONHUCHIBACTCS CTPYKTypa AWUCCEPTALOHHOW pabOTHI,
00CYKIaIoTCsl ee 11eTIb, AKTYaIbHOCTh U HaydHOE 3HaYCHHeE.

Ilepsas enasa mocBsIIeHa 00CYXIICHUIO UMEIOIINECs] B HAydHOIl JIHTepaType
JaHHBIX O BIMSHHUHU PAIMOYaCTOTHBIX 3JIEKTPOMAarHUTHBIX BOJH Ha OHOJIOTHYECKHE
CHCTEMBI, NPHHATBIX B HACTOSIIEE BpPEeMs TEOPHH OTHOCHTEIBHO MEXaHH3MOB
Bo3zaeiicteus OMU mmmmumeTpoBoro auamasoHa. [IpuBomsaTcst oOmme cBeneHHS O
pocTe M pa3BUTHM PACTUTEIBHBIX OPraHW3MOB, a TaKkKe 00 O0COOEHHOCTIX
CBOOOTHO-PAaUKAIBHEIX IIPOIECCOB M AKTHBAIMM AHTHOKCHIAHTHOH CHCTEMBI B
KJIeTKaxX INPOPOCTKOB TMIeHHIBI. OOCYXKIalOTCS TakKe W3BECTHBIE B JIHTEpaype
JIaHHbIE 00 M3MEHEHHSIX, HHAYLIUPOBAHHBIX B IPOPOCTKAX BIMSHUEM KaJIMUsL.

Bmopas 2nasa nocsiiieHa MaTepragaM U METOaM UCCIICI0BAHUSL.

Hcnonvsosannvie mamepuansl. B paboTe HCIOIb30BaHbl CEMEHA U IPOPOCTKH
nmenunsl  Triticum aestivum L. copra besocras 1. Ilpu npuroroBieHun
TOMOT€HATOB HcIob30Bay pactBopsl Tpuc-HCl (pH=7.4, comepxur 0.175 M KCl,
1 MM stunenanamun terpaanerat (3JTA), 0.5% tpuron X-100) ¢ 25 u 50 MM
KOHI[SHTpanusiIMH  Kak  Oydep. o cTepmimsanud MPOPOCTKOB  MINEHHII
ucrions3oBamn  0.03% pactBop mnepmanranata kamus (KMnOg). Ilepexucuoe
OKHCJICHHE JINTIMA0B OLICHNUBAJIH IO KOJIMYECTBY MaJloHOBOro auanbaeruna (MA)
u ucnonp3oBau 0.8% pactBop 2-tHOGapOutypata u 0.6 N pactBop HCL. Ilpu
ONpEeeICHNH aKTHBHOCTH (epMeHTa KaTanasel ucroib3oBain 0.03% pactBop
nepekucu Bojopoxa u 4% pactBop Monubaara aMMmoHus. YacTb HccleqyeMbIX
obpasmoB obpabarsBamn pactBopamu CdCl, co crexylomuMu KOHIICHTPAIUSIMU:
25,50 u 100 MxM.

Hcnonvsosannvie npubopei. ONTHUECKYIO IUIOTHOCTH OOpa3IOB H3MEPSIN
cnektpooromerpruueckn. B kauectBe wucTounHmka oOmywenms OMU  KBY
npumMensiicsi rerepatop ['4-141 (CCCP), ¢ pabounm auamazonom uactot 37.50-
53.57 I'T1 ¥ MIOTHOCTBIO MOTOKa MomHOCTH 0.6 MBT/cM?. CTaBUIBHOCTD YaCTOTHI
curHana cocraBmia +0.05%, M OTKIOHEHHWE YaCTOTHI BHIXOJHOTO CHTHAjla B
HEMPEPHIBHOM pEeXHME reHepaiuu He mnpesbiano 6MI'n. CemeHa u IpOpOCTKH
NILIEHUIIBI, TpopacTaBlIe B yamkax Iletpu obmyqanucs yactotamu 41.8, 42.2, 50.3
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u 51.8 ['Tu. O6maydeHre MpoBOAMIOCH KaK OJXHOKPATHO (IPOJODKUTEIBHOCTSIMH OT
15 mun no 80 MuH), TaK U MHOTOKPAaTHO, HayMHAas C OIPEIEIECHHOTO MOMEHTa
MIPOPACTaHUs U KaKAbIHA AeHb 1o 20 MUH.

Jnst nccemoBaHys BIVSTHUSI KaMUsI Ha MPOPACTAIOIINE CEMEeHa IIISHUIB B
yamkax [lerpu oxHOKpaTHO nobasisun pactBop CdCl, ¢ koHIeHTpanusMu 25, 50
100 MmxM.

KoHrmenTpanust MaJoHOBOTO AHMANIbIETHIA M aKTHBHOCTE (DEPMEHTOB KaTasas3bl
U TIEPOKCHUJIAa3bl ONPEIEIAIOTCA B KOPHAX U MPOPOCTKAX PACTEHUH KOHTPONBHBIX U
0o0myueHHbIX 0Opas3unoB. KommuecTBo Genka B uccienryeMoM oOpasiie Ompenessuiin
no merony Jloypu, Korga CTaHZApTOM CIYKWJI OBIYMI CHIBOPOTOUYHBIN anbOyMuH.
KomnuectBo Oenka paccuuThIBamd MO TpaduKy, OTPaKaloIIeMy 3aBUCHMOCTH
ONTHYECKON IUIOTHOCTH CTaHIAPTHBIX PAacTBOPOB OT KOHIEHTpanuH Oeika B HUX.
KonmiecTBo Geika OTpaXkeHO B MI/T B TKaHH.

WnrencuBHOCTh mepexucHoro okucieHus aunuaoB (ITOJI) ompenenmsmn mo
HU3MEHEHUIO KOJIMYEeCTBAa OJHOTO M3 BTOpWYHBIX mpoxykroB [1OJI — manoHOBOTrO
muanpaeruna (MJIA) (Costa et al., 2002). Konnentparmtoo MJIA paccyuThiBaIu MO
¢dopmyne C=D/el, rne D onrtudeckas IUIOTHOCTh HCCIIEAyeMOro obOpasia, & —
K03((PUITUCHT SKCTHHKINY (paBeH 1.56-10° M.cm™! MIpY JTMHE BOJHBI 532 HM), | —
ONTUYECKUH MyTh cBETOBOro jyua, C — koHueHTpauus MJIA, M.

AKTHBHOCTh KaTalla3sl B IPOPOCTKAX MIICHUIB! ONPEAEISIA 110 METOIY
Kopouoka. PaccuntsiBast o ¢popmyne: A=AD-K/e-t-c, Tie A akTUBHOCTb KaTasasbl,
MKM, AD u3MeHeHHe onTH4YecKoi mioTHocTH, K — koaddunuent pazdasnenus, & —
KO3(Q(HUIIMEHT SKCTHHKIUH NEpEeKUCH BOAOpojAa, KOTopelid mpu 410 HM paBeH
222-10° MKM'1~CM'1, t — MPOJOIKUTEIFHOCTh WHKYOAllMU, MUH, C — KOJUYECTBO
Oenmka B oOpasme, MI/mil, akTHBHOCTH (pepMeHTa BbIpakaeTcsi B EIUHMIAX, IO
KoHIeHTpauuu (MM) cyOcTpara, pacIIeryIeHHOTO B TeyeHne | MUH MHKyOaruu K 1
Mmr Oenka oOpasma.

AHanmu3 XEeMWJIIOMHUHECIEHIMH OCHOBaH Ha PErucTpaluu CBepxciaboro
CBETOUCITYCKaHHUs, KOTOpOe o00pasyeTcs B TMpoLecce peakiHi, MpOTEeKaromunX
CBOOOTHO-PaIUKATBHBIM MEXaHU3MOM. Perucrpanus CIIOHTaHHOM
XEMHITFOMHHECIISHIIH obpasma MPOBOJUTCS HOCPEJICTBOM BBICOKO-
JyBCTBHTEIBHOTO KBAaHTOMETPHUYECKOTO YCTPOICTBA, KOTOpPOEe paboTaeT Ha OCHOBE
¢doroymuoxkutens DPOY-140 (cmekTpadbHBIA HWHTEpBal  YyBCTBHUTEIHHOCTH
cocraBmser  300-700 ©M). HamexHbplii  aHamM3 — XEeMHJIIOMHUHECLEHIUH
OCYIIECTBIIICTCS  MOCPEICTBOM  KOMIBIOTEPHOM  CHUCTEMBI ~ aBTOMAaTHYECKOH
perucTpanul ¥ MaTeMaTH4ecKoil 00pabOTKM MONydEeHHBIX [JaHHBIX, YTO
peanu3yercst MyIbTUQYHKIHOHAIBHBIM O51okoM USB 6008 1 B mporpamMMHoii cpene
LabVIEW. H3MmepeHne KBaHTOMETPHUYECKOIO YCTPOWCTBA OCYILECTBISIETCS IO
3TaJIOHHOMY HMCTOYHHMKY C W3BECTHOW HHTEHCHUBHOCTHIO cBeTa COXM-1 N46 un
CBETOBBIM MOTOKOM 8.43-10° kBanT/cek-4T.

B kroBery noGaBnsercs 3 M obpasua (37°C). Perucrparms U3JTy4eHUS
peanmuzyercst mocine 1-2  cek. @DOH 1mIymMa  yCTpOWCTBA  OIpenensercs
HETIOCPEACTBEHHO OO0 M TI0CHe KaXIOTO W3MEpeHUs. XEeMHITIOMHHECICHIINIO
o6pasmos onpenemsuy B TedeHue 120 cex. HTEHCHBHOCTh XEMHITIOMHHECHECHIN
n3MepsieTcs 10 YCIOBHBIM €ANHHIAM.

Bo Bcex MPOBCACHHBIX J3KCIIEPUMEHTAX BCIMYHUHA CTaTUCTUYECKOM OIJ_IHGKH
He npeBbmana 5%.
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PE3VJIBTATBI U OBCYXJIEHUE
Bauanue OMU KBY na ecxoscecmv npopocmxog nuieHuysi. 1IpoBeneHb!
HCCIIeIOBAHUS 110 ONPEAETICHUIO MOTEHIMATa MPOPACTaHHs, BCXOKECTH U MHIEKCca
MpopacTaHusi CeMsH INIIeHUIbl moJ BozaeiictBueM MM OMB. HccnenoBanus
MPOBOJJINCh, HAYWHAS C TPEThETO JIHSA TMPOPACTaHWs TMocie HaOyxaHus.
[Ipopacranue craHAapTHBIX CEMSIH ONpEeAesUIoCh, KOTJa JUIMHA IPOPOCTKA
JI0XO/MJIa 10 TOJIOBUHBI JUIMHBL ceMeHU. MHeKe mpopacTaHus pacCUUTHIBAJICS 110

opmyie G. =Y(G. /D, ), tae G, KOITMYECTBO MPOPOCTKOB B t-bIii NeHb, D, — nHU
pMy. ; | D, pop

npopactanus. [lorenmman mnpopacranust (%) paBeH COOTHOIICHHIO KOJHMYECTBA
MIPOPOCIIMX HA TPETHH JeHb CEMSH K 0OIIeMy KOJHMYECTBY HCCIIEILYyEeMBIX CeMsH.
CKOpOCTh MPOPACTaHUs PaBHA COOTHOLIEHHIO KOMHYECTBA MPOPOCHIMX 7-THEBHBIX
ceMsH Ha o0Ilee KOJIMYECTBO HcclelyeMblXx ceMsH. [lomydeHHble maHHBIE
yKa3plBalOT Ha TO, YTO OOJyYeHHE MPOPACTAIONMMX ceMsH mmeHunsl OMU c
ygactorod 51,8 I'T'1 MOXXeT HpUBECTH K YCKOPEHHIO MPOpACTaHUS MOCICTHHX U
CTHMYJIPOBATh POCT IPOPOCTKOB. Tak, MOTEHIMAI IIPOpPAacTaHKs Y HEOOIydeHHBIX
MIPOPOCTKOB cocTaBisieT 72.6%, npu oOnxydeHuH yBenwumBaercs g0 78.1%,
CKOpOCTh Npopactanus ot 82.7% noxoxut 1o 89.3%.

Bausnue OMU KBY na nexomopovie mopghomempuueckue noxkasamenu pocma
npopocmkog __nwenuybl. B TepBoil cepuM  SKCIIEPUMEHTOB  HCCIEIOBAHO
onHokpatHoe BiusHHe OMUW KBY uacroramm 41.8, 42.2, 503 u 51.8 I'To Ha
HW3MEHEHHE MAacChl IPOPOCTKOB, Pa3BHBAIONIMXCS M3 3aMOYEHHBIX Ha 12 dacos
ceMsH mmeHuIBl. Ha puc. 1 nmpeacTaBieHbl H3MEHEHUS! MacChl OOEroB IPOPOCTKOB
TMIIEHULBI, TOBEpriuX Bo3neicTero MU KBY.
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E 40 4 B 2-[HeBHbIE
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418TTu 422TTu 503 TTu 1.8 T

Puc. 1. HM3meHeHHs Macchl TOOETOB TNPOPOCTKOB IIIICHHUIIBI IMPH OONyYCHUH
mpopactatomux  cemsH OMM  KBY ¢ pasimuHBIME @ 4acTOTaMH  H
MPOAOKUTENLHOCTBIO 30 MUH.

Kax moka3ssiBaroT faHHbIe Ha puc. 1, npu obiydyernn OMU c vactoramu 41.8 u 42.2
I'Tx ocTOBEpHOIO U3MEHEHHUsI MacChl IPOPOCTKOB He Habmoxaercs. B cioydasx xe
00ydeHns 9acToTaMu, pe3oHaHCHBIME Uit Boasl — 50.3 u 51.8 I'T', Macca moberos
Ha 2-0# neHs mpopactaHus yBenwumBaeTcs Ha 40% u 32% COOTBETCTBEHHO IO
CpaBHEHHMIO C KOHTpoJIeM. B mociemyromue AHH TakKe COXpaHSETCS TEHICHITHS
pocta Maccsl moberoB. M3 5THX HaHHBIX CleIyeT, 9TO Ha N3MEHEHHE MacChl T00eroB
HPOPOCTKOB 0o0Jjiee CTUMYIHPYIOIEe BIHSHHE OKa3bIBae€T OOJIy4eHHE 4YacTOTaMH
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50.3 u 51.8 I'T', mpu 3ToM, B ciaydae 50.3 I'T' oTBeTHas peakius OHOIOTHUECKON
cucteMsl popmupyeTcst ObicTpee 1 Oolee BbipaxeHa, yeM mpu 51.8 T'T'.

Bo BTOpOif cepuM SKCIEPUMEHTOB MPOPACTAIONIHE CEMEHa IMICHUIIBI
MHOTOKPATHO MoABeprIUCh BiusHUI0 MM OMB no 20 MHUH €XeIHEBHO B TEUCHUE
5-u nHe#, HauMHas ¢ 3-THEBHOro Bo3pacra a0 7-u aHed. Ha puc. 2 mpuBeneHsl
3HAUCHUs] U3MEHEHHH MacChl MOOETOB MPOPOCTKOB IMIIEHHITH P MHOTOKPATHOM
0o0ydeHnn o 20 MUH B TCUCHUE S5-U JTHEH.

80 1

¥ 3-1HeBHEBIE
B 4-nHeBHbIE
¥ 5-7HeBHbIe
B 6-ITHeBHBIE

¥ 7-nHeBHEBIC

Macca npopocTkoB (Mr)

K 418TTu  422TTu  503TTu  51,8TTn

Puc. 2. [luHamuka HW3MEHEHHsS MacChl (Mr) TOOErOB TPOPOCTKOB TIICHHUIBI,
00ydeHHbIX MHOTOKpaTHO DM KBY ¢ HU3KOW MHTEHCHBHOCTBIO U Pa3IMYHBIMH
4acTOTaMH B IIpoLiecce pocTa.

W3 momydeHHBIX JaHHBIX CJIEAyeT, 4YTO TIIpU TIEPBOM OOIyUeHUH
MIPOJOIDKUTENBHOCTEI0 20 MHH, W3MEHEHHE Macchl I00ETOB TIPAKTHYECKH He
HaOmronmaercsi. [locme BTOporo oOmydeHHs (CyMMapHas NPOJODKHTEIEHOCTH
obmydyenus — 40 MuH), TaKKe JTOCTOBEPHOTO U3MEHEHHs He perucrpupyercs. Ilpu
cyMMapHO# skcno3unmy 60 MuUH HaONIOJaeTcsi yBENUYEHHE CKOPOCTH pOCTa MO
CPaBHEHHUIO C KOHTPOJIEM BO BCEX BapHUaHTax 3KCIIepUMEHTa. V3MeHeHue Macchl
mo0OEeroB MPOPOCTKOB, MOJBEPTHYTHIX 3-X KpaTHOMY oOmydeHuo DOMU ¢ yactoroit
41.8 I'T Gonblre COOTBETCTBYIOIIETO TTOKA3aTeNs POCTa KOHTPOJIBHBIX MMPOPOCTKOB
Ha 6.2%. Ilpm mociemyromux OONYyYEHHUSIX CKOPOCTh POCTa YBEIHUMBAECTCS U Yy
MIPOPOCTKOB, TOJBEPTHYTHIX 5-KPaTHOMY OOJYYEHHIO, OHA BBIINIE KOHTPOIHHOTO
3HaueHus yxe Ha 16.1%. Ta sxe 3akOHOMEPHOCTh 0OHAPYKUBAETCS P OOIyISHUIX
OMMU ¢ yacroramu 42.2 I'Tu, 50.3 [Ty u 51.8 I'Tu: BenuYMHBI MHIYLIUPOBAHHBIX
o0iydeHreM M3MEHEHHH MacChl MPOPOCTKOB, MOABEPTHYTHIX 3-X M 5-W KpaTHOMY
00JIydeHHIO paBHBI COOTBETCTBEHHO 5% — 14%, 9.5 — 21%, 11.6% — 22.1%.
[Tony4yeHHbIE JaHHBIE CBUACTENBCTBYIOT O TOM, YTO NPH 00pabOTKE MPOPOCTKOB
OMMU c¢ pa3HBIMH dYacTOTaMM HaOIIOJaeTcs OJMHAKOBas 3aKOHOMEPHOCTH: C
K)XIBIM ITOCIIEAYIOMNM O0JydeHHEM CKOPOCTh POCTa IOOETOB yBEINYUBACTCS, O
9YeM CyIHM I10 M3MEHEHHIO MacChI IT00eToB.

HccnenoBaHo Takke BIMSHHE MHOTOKPAaTHOTO OONydeHHs Ha JUIHHY
MPOPOCTKOB MIICHUIBI B Tpoliecce pocta. Ha puc. 3 mpuBeneHbl 3HAYCHHUS JUTHH
HPOPOCTKOB IPH MHOTOKpaTHOM o0sydeHnd MM DMB paszusivu gactotamu. Kak
BHJIHO M3 pHUC. 3, B JaHHOM CJydae TaKkKe HabloJaeTcs Ta jke€ 3aKOHOMEpPHOCTH:
HanOonbuil 3¢ dext perucrpupyercs npu odnydenun IMU ¢ gacroramu 50.3 u
51.8 ITn. Ilpu ob6myuenmn OMMUM ¢ wyacrotoit 41.8 ITu, cymmapHoit
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MPOAOJDKUTENBHOCTEI0 60 MHMH JUIMHA TPOPOCTKOB 00JblIe KOHTpoisA Ha 4%, a ¢
yBenuueHneM 10 100 MHH 3TOT PoOCT omnepexaeT KOHTPOJIbHbIE 3HaueHus Ha 14%.
80
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¥ 7-nHeBHbIe

Jimna npopocrion (MM)

K 418TTu 422ITu  503ITm 518ITn

Puc. 3. /lunamyka M3MEHEHHs IJIMHBI (MM) IPOPOCTKOB IIICHUIIBI, OOIYYCHHBIX
MHorokparHo OMU KBY Hu3ko#l HHTEHCMBHOCTY U pa3jIMuHBIX YacTOT B Ipolecce
pocra.

IMpn obmydyenun uwactoroit 42.2 I'Tm, yBemmuenme coctaBisier oT 3% mo 12%
cooTBeTcTBeHHO. [Ipn 00nyueHHH 4acToTamu, pe30HaHCHBIMH s Bogsl — 50.3 u
51.8 ITu yBenmuuenus cocraBisitoT oT 7% g0 15% u or 8% mo 18%
COOTBETCTBEHHO. DTOT 3()EKT 3aBUCHUT OT YACTOTHI U IIPOAOIDKHTENBHOCTH DMU.

HccnenoBanbl Takke Opyrue MophoMeTpHYecKrne mapaMeTpsl — IUIOMAAb
JHUCThEB, JUIMHA M Macca KOpHeHl IpopocTKoB. JlaHHBIE NOKA3BIBAIOT, YTO
HaOJIIO1aeTCs yBEMMYCHHE 3HAU€HHH MOpP(HOMETPUYECKHX MapaMeTpoB, IPH 3TOM,
3¢ ekt Oonee BrIpaKeH NpH 00Iy4ECHHH YacTOTaMHU, PE30HAHCHBIMHU [T BoABL [1o
Bceil BeposTHOCTH, Tpu obOmydeHnmn dwactotramu 50.3 m 51.8 I'Tm m3mensercs
CTPYKTypa KJIacTepoB BOABI, YTO NMPHBOJUT K M3MEHEHHIO KOJMYECTBA CBOOOMHBIX
MOJIEKYJ BOJBl M TPOTOHOB B DPACTUTENBHBIX KJIETKaX, YTO CIOCOOCTBYET
MIPOHUKHOBEHHIO OOJIBIIOr0 KOJIMYECTBA BOJBI B KJIETKH, M 33 CYET YBEIMYCHHMS
TYPrOpHOTO JIaBJICHHS YBEIMYUBAIOTCSI pa3MephI KIIETOK.

Bruanue OMU KBY na npoyeccbl nepekucHo20 OKUCTEHUS 6 KIemKax
npopocmkos nuwienuysl. CoriacHO OAHOW u3 runore3 BimsHus MM DMB Ha
OHMOJIOTUYECKHE CHCTEMBI, JIEKTPOMATHUTHBIE BOJHBI MIJIMMETPOBOTO JHAMa30HA
WHIYIMPYIOT OKCHAATHBHBIA CTpecc, KOTOPBHI NPHBOAUT K BO3PACTAHHIO
KOHIIGHTPAlMM W AaKTHBHOCTH aKTHBHBIX ()OPM KHCIOpPOAa, B TOM UHCIE
cynepokcunHoro pagukana (O,"), cumriernoro kuciopoma ('0,), mepekuch
Bogopona (H,O,) wu ruapoxcuneHbix pagukanoB (OH*). BsaumopeiictBue
MOCJIECAHUX C HCHACBIICHHBIMU XWUPHBIMUA KHCJIOTaMH MeM6paH IPpUBOAUT K
00pa30BaHMIO IMEPEKUCHBIX paauKanoB JumuaoB RO,, B pesymbraTe 00paszyercs
PEKOMOHMHAHT ¢ HECTAOWJIBHBIM TETPOKCHIOM, UTO COIPOBOXIACTCS 3MHCCHEH
KBAaHTOB XEMOJIIOMUHECIIEHTHOTO cBeTa. [Tokasano, uto xemmmomuHeceHnus (XJI)
OMONIOTHYECKHX CHUCTEM BO3HHKAeT B pe3ylbTaTe CBOOOJHO-PAANKAIBHBIX
mponeccoB u mepekucHoro oxucieHus ymmupos (IIOJI) B mumumn-copepskammx
crpykrypax (Juravlev, 2011; Vladimirov & Proskurnina, 2009). HccnenoBana
MHTEHCHBHOCTb CNOHTaHHOH XJI romoreHaToB KOpHEH M MOOEroB OOIy4eHHBIX
npopocTkoB mueHunsl OMU ¢ wactoramu 42.2, 50.3 u 51.8 I'Tu. Ilokazano, uto
obmydenne DMU ¢ gacroroii 42.2 I'Ti HEe MHAYIHUPYET JHOCTOBEPHOTO M3MEHEHHS
cnoHTanHoi XJI B romoreHarax moGeroB M KOpHEH MPOPOCTKOB MILEHMIIBI, B TO
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BpeMs Kak oOmyuenne OMMU ¢ wacroroi 50.3 I'TH npuBOOUT K yBEIUYEHHUIO
cBetoBoii cymmbl Ha 38.4% u 30.5% B mnobGerax M KOpHSAX HPOPOCTKOB
COOTBEeTCTBEHHO. Cienyer oTMeTuTh, uyTo obmyuenune DMU c¢ yacroroit 51.8 I'Tn
MIPOM3BOIUT HamOonbpmmii 3(¢dexT Ha CBOOOJHO-pAAHMKAIBHBIE MPOLECCH —
COOTBETCTBEHHO yBEINYNBAsl CBETOBBIC CyMMBI B Io0erax n KopHsx Ha 42% u 31%.
Kak BugHO M3 puc. 4, MIIIIMMETPOBBIE SJIEKTPOMATHUTHBIE BOJHBI MHIYLHPYIOT
OKCHJIATUBHBIH CTPECC HE TOJIBKO B MOOErax MpopOCTKOB, HO M B KOPHSX M CTEIEHb
HM3MEHEHUsI CBETOCYMMBI crioHTanHO! XJI 3aBucHT oT wacToTel DMU.
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Puc. 4. Cymma criontanHoi XJI 3-X THEBHBIX IIPOPOCTKOB IIIECHHIBI, O0IYIECHHBIX
pa3nuyHbIMU yacToTamMu MM nuanasona.

B moGerax HeoONy4eHHBIX W MHOTOKPAaTHO OOJYYEHHBIX IIPOPOCTKOB
MIICHUIBl 3aBHCHMOCTDh KOJHMYECTBA MalloHOBoro mgumampaeruna (MIAA) or
MIPOJOJDKUTENFHOCTH OONydeHUs1 mpeacTaBieHa Ha puc. 5 (A). Hccnemyemsrit
napamMeTp 3HAYHUTENBHO MEHACTCS MO CPaBHEHHIO C KOHTPOJEM, OCOOCHHO IpH
obnydennn wactotoit 51.8 I'Tm. Opnako, nanbHeimmee oOTydeHHE MPHUBOIUT K
HEKOTOPOMY YMEHBILIEHHIO Hccheayemoro napamerpa: nocie 80 muH u 100 mMuH
oOiydyeHus: 3HaueHHs1 konmuectBa MJIA Bbime, ueMm B koHTpose Ha 40% u 36%
COOTBETCTBEHHO. TakuM 00pa3oM, MOXXKHO 3aKIIOYUTh, YTO C YBEIHYCHHEM
MIPOJIOJDKUTEIBHOCTH 00mydeHnss OMU MHTEHCHBHOCTH HPOIECCOB MEPEKHCHOTO
OKHCJICHHUS JIUIUJIOB BO3PACTAET.
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Puc. 5. lunamuka nzmenenus konmdectsa MJIA (A) u aktuBHOCTH KaTanassl (b) B
KJIETKaxX I00eroB MPOPOCTKOB MIICHHIBI, 00dydeHHbIX DMM MM-nuanasona, B
HpoIECCE POCTA.

[TokasaHo, 4TO OOJy4YeHHE MPOPACTAOUIMX MPOPOCTKOB B IMpOIECCE POCTa
IPUBOJAUT TaKXE K H3MCHCHHUIO AKTUBHOCTHU d)epmeHTa Karajga3dbl U BCJIMYHUHA
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HM3MEHEHUS 3aBUCUT OT YaCTOTHI U MPOJOJDKUTENBHOCTH n3nyueHus: OMB (puc. 5B).
U3 puc. 5b BUIHO, YTO aKTUBHOCTH KaTajla3bl yMEHbIIaeTCs pH obinyuennn OMU ¢
yacroroi 41.8 I'T'y u cymmapHoit npogomkurensHocTd 40 MuH 1 60 MuH Ha 5% u
17% COOTBETCTBEHHO IO CPaBHEHHUIO C KOHTpoJieM. [Ipy yBenn4eHHH cyMMapHOM
MIPOJIOIDKUTETBHOCTH obirydennst 1o 80 MHH B 5-M JHEBHBIX IOOErax aKTHBHOCTD
KaTajxa3pl yMeHbImaercs Ha 22.4% II0 CpaBHEHHIO C KOHTPOJBHBIM 3HAYCHHEM.
JanpHelilmee yBeNWYEeHHE IPOJODKUTENBHOCTH oOmydenuss po 100 muH
HHAYLUPYET 3HAYUTENbHOE YBEIHUCHHE aKTUBHOCTU Kartanasel Oonee, yem B 1.22
pa3a o CpaBHEHUIO C Pe3yIbTaToOM, NMOIYYeHHOM MpH dKcno3uimu 80 muH. U3 puc.
5b BHAHO, YTO MOXO0XKas 3aKOHOMEPHOCTh HaOmomaeTca u npu wactore 51.8 I'T,
0oJee TOro, BeJIMYMHA OTBETA B JaHHOM ciiydae Oounbiie. Ilpu skcnozummsx 40 u 60
MUH aKTHUBHOCTb KaTanasbl yMeHbaercs, npu 80 u 100 MuH — yBenmuuBaercs.

HUccnenosans! m3Menenus: nHTeHcHBHOCTH [10JI B KileTkax MPOPOCTKOB IPH
OIHOKpaTHOM o0Omydenmn OMB ¢ pa3mmuHBIMH  YacToTaMH ¥ pa3HOM
MIPOJOJDKUTEIBHOCTEIO  (PUCYHOK He mpuBeneH). IlosydeHHbIE pe3yJbTaThl
CBHUICTENBCTBYIOT 00 yBemmueHun aktuBHocTH IIOJI, d9ro  BeIpakaercs
yBenmueHneM konmdectBa MJIA. Tlpu obmydennn DMU ¢ wactoramu 41.8 [T u
42.2 I'Tu xoHueHTpamus MJIA mposiBiIseT TEHICHLIHWIO BO3pAcTaHHS B Ipolecce
pocTa W TEHICHIMA COXpAHSAETCS TPH YBEIWYCHHH MHPOJOJDKUTEINFHOCTH
obnydenus. Haubonmpmmiit spdexr HaOmomaercs B ciydaax obmydeHus OMU c
yacroramu 50.3 u 51.8 I'Tm.

HccnenoBaHbl Takke M3MEHEHUS! aKTHBHOCTH KaTajasbl B 3aBUCHMOCTH OT
4acTOThI M MPoAoJDKUTeNbHOCTH DOMB. B nanHoMm ciydae npu obnyuernn IMU ¢
yactoramd 41.8 u 422 I'Tu B 3-Xx u 4-X [OHEBHBIX moOerax HaOIIOLaeTcs
YMEHBIIEHHE AaKTUBHOCTH Karala3bl M 3TO 3aBUCHT OT HPOIOIDKUTEIFHOCTH
Bo3meicTBusA. Ta e 3aKOHOMEPHOCTh Habmromaercs W mpu obmydenun OMU ¢
gacroramu 50.3 u 51.8 I'Tn. Ha ocHOBE MONTy4eHHBIX JaHHBIX, MOXKHO 3aKIFOUHUTD,
YTO aKTHBHOCTB KaTala3bl YMEHBIIACTCS IPH OOIyI€HHH IPOIOIDKUTENFHOCTHIO 20
nu 60 MuH BO Bce OHM mpopactaHus. KpoMe TOro, Ipu HpOAODKUTEIBHOCTH
obmydennss DMB 80 MHH, akTHBHOCTH (pepMeHTa pacTeT B MoOerax IIIeHHIBI
OJIMHAKOBOTO BoO3pacra. JTO, B CBOIO O4Yepelb, HPUBOAUT K S(PPEKTHBHOMY
yIOAJCHUIO aKTUBHBIX (opMm Kuciaopona. Pe3ynmbraTel  CBHIETENBCTBYIOT O
CTUMYJIHpYIoieM Bo3aeiicTBun DM Ha poCT MIIEHHIB! U POIH aHTHOKCHIAHTHOM
3alIUTHON CHCTEMBI B OpTaHM3Me Ha BHemIHee (usmueckoe mone. CpaBHuBas
JaHHbBIE, MONydYeHHbIe O KonmmdecTBe MJIA M aKTHBHOCTH Karanmas3sl B mHoberax
OOJydeHHBIX pAcTeHHH, MOXXHO OTMETHTh, YTO I Kaxaoi dactorel OMU c
YBEJIMYEHUEM TPOJODKHTENIBHOCTH  OOJyYeHHS] OTHOCHMTEJIBHOE BO3pacTaHue
konmdyecTBa MJIA KoppenupyeT ¢ yMeHbIIEHHeM aKTHBHOCTH KaTanasbl B mmoderax
pacTenuii Toro e Bo3pacrta. [Ipu nmponomkuteasHocTH obmydeHus 80 MUH, pe3koe
yBEINYEHHE aKTHBHOCTH KaTaja3dbl JIOCTaTOYHO XOPOLIO KOppEIHpyeT ¢
yMmenblIeHreM konmdectsa MJIA. CrrenoBaTenbHO, B PACTCHUSX, HOABEPTHYBIINXCS
BHEIIHEMY (U3MYECKOMY BO3JCHCTBHIO, KaTajla3a AaKTUBHPYETCS ¥ 3all[HIIacT
KIETKH PacTeHHUs OT pa3pyIIUTENBHBIX 3((EeKTOB aKTHBHBIX (DOPM KHCIOpOJa,
UTpast BAXKHYIO POJIb B AHTHOKCHAAHTHOH KIETOYHOH 3aIIUTHON CHCTEME.

CpaBHeHMe koHIeHTpauuid M/IA B KOpHSX 1 mo0erax MpopoCTKOB MIIEHHIIBI,
(puc. 6) nokasaio, 4To B Moberax u KOpHAX 4-X THEBHBIX KOHTPOJIBHBIX IPOPOCTKOB
komaectBo MJIA moutn oguHakoBo U paBHO 0.24+0.04 HM/mr Genka u 0.20+0.03
HM/Mr Geska COOTBETCTBEHHO.
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Puc. 6. Konnenrparuss MIA (HM/Mr 6enok) B KOpHAX M mobOerax 4-x JHEBHBIX
IIPOPOCTKOB MIIEHHUIBI B 3aBUCUMOCTH OT YacToTsl DMI.

Ipu o6myuennn npopoctkoB DMU ¢ wactoToit 42.2 I'T11 B Teuenne 1 gaca
KoHIeHTpauuss MJIA B KOpHSX TIOYTH HE MeEHseTCs, OJHAKO B mobOerax oHa
MIPEeBBINIAeT KOHTPOJbHOE 3HaueHHe Ha 12%. IIpu obmyuennun OMU ¢ uactoToit
50.3 I'T'y konmrgecTBO M/IA B KOpHSAX 0OJTy4EHHBIX IPOPOCTKOB JOCTOBEPHO PACTET
B 1.40 pa3a, a B moberax — 2.08 pa3a mo cpaBHeHHIO ¢ KOHTpoaeM. Obmyyenne MU
¢ gacroroit 51.8 I'Tu npousBoauT HaubombLIee BIUsSHIE Ha popmupoBanue MJIA.
Taxum o0pa3oMm, B KOpHAX OOJy4eHHOrO pacTeHHs KoHueHtparms MJIA paBna
0.32+0.06 BHM/Mr Oenka © TPEBOCXOAWT KOHIEHTpammio MJIA B KOpHIX
KOHTPOJIBHOTO pacTeHus B 1.6 pa3sa, B moberax oHa pasHa 0.52+0.08 aM/mr Oenka u
MPEBOCXOANT 3HAYEHHE 3TOTO TOKa3aTeis B KOHTPOIbHBIX moberax (0.24+0.04) B
2.2 pa3a.

Taxum 00pa3oM, Ha OCHOBE IIOJYYEHHBIX IAHHBIX, MOXKHO IPEAIIONOXKHTS,
yro OMU KBY Bnuser Ha OKHCIEHHE JHMIOMIOB B KIETOYHBIX MeMOpaHax u
MIPUBOANT K BO3PACTAHHIO HHTEHCHBHOCTH CBOOOIHO-PaJUKAIBHBIX MTPOLECCOB. DTO
3HAUAT, 9YTO OHONIOTMYECKas CHUCTEeMa KpaifHe YyBCTBUTENbHA K BHEIIHEMY
Bozzaeiicteuio OMMU, B wactHOCTH, K OMMU ¢ wactotoit 50.3 u 51.8 [T, kotopsie
COOTBETCTBYIOT COOCTBEHHBIM YacTOTaM KOJIEOAaHMI MOJIEKYJN BOJXBI, T.€. TIPH
00JTydeHIN IMEET MECTO PE30HAHC.

Brusanue xadmusa _na pocm npopocmxog nutenuywl, unmencusnocms 1101 u
akmusHocmb _anmuoxcuoanmuou _cucmemsvt. Kagmuii (Cd) cuuraercs ogHuM U3
CHJIBHO TOKCHYHBIX METaJIOB, KOTOPBIH IPUCYTCTBYeT B IMAaXOTHBIX 3eMISIX B
pe3yibTaTe MPOMBIIIIEHHBIX IpolieccoB U (epmepckoil npaktuku. Cd u3BecTeH
CBOCH (UTOTOKCHYHOCTBIO, YTO MPUBOAUT KO MHOTMM MOP(OJIOrHYECKNM,
(GI3HOIOTNYECKNM U OMOXHMHIECKHM M3MEHEHHSIM B XKHBBIX OpraHm3Max. beicTpo
MOTJIOIAsICh  KOPHAMH M KOHKYPHPYS C IBYXBICHTHBIMH HOHAMH, KaaMHUH
MOJIABIISICT POCT M Pa3BUTHE PACTCHUH M BIMsAET Ha Ouomaccy. TspKelble MeTauTbl
HapyIIaloT POCT PAaCTeHWH pa3MMuHBIMK crocobamu. ODWH W3 3THX CHOCOOOB
CBSI3aH C NPOMU3BOJACTBOM AKTUBHBIX (JOPM KHCIOPOJa U CBOOOIHBIX PaJHKalOB.
JlanHble, MOJyYSHHbIE HaMH, TOKa3bIBAlOT, YTO 00paboTKa KaaMHEM IMPUBOAUT K
YMEHBIIICHAIO MacChl MOOEroB, MO CPABHEHHIO C KOHTPOJIEM, OJHAKO B IpOIecce
pocta pacteHust (BO BpEMEHM) TEHJIEHIIMS Bo3pacTaHusi coxpasercs. [lokazaHo
TAKOKe, YTO BIMSHUE KaIMHUS NPUBOJUT K 3aMEUICHUIO POCTA JUIMHBEI MIPOPOCTKOB
IIICHUIEI 0 CPAaBHEHUIO ¢ KOHTPOJEM. B yCIOBHSX Hanmu4us TSDKENBIX METalIoB
HaOolaeTcsl Takke W3MeHeHue konmmdectBa MJIA W aKTHBHOCTH KaTajasbl M
reasikon mepoxcunassl (I'TIO). Ha puc. 7 moxaszano, uro kommdectBo MJIA B
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PaCTeHUsIX, HE MOJBEPIIIMXCS CTPECCY, U3MEHSETCS B pas3Hble THU MPOPACTAHUS.
Tax, moutu TO e camoe konudectBo MJIA peructpupyercs B 3-X U 6-U AHEBHBIX
noberax. B 12-u nHeBHbIX moGerax xomudectBo MJIA yBenuuuBaercst Ha 14% mo
CPaBHEHHMIO C TE€M K€ IapaMeTpoM 3-X THEBHBIX pacTeHud. [lorydeHHbIe naHHbBIE
noka3sIBaroT, 9To Cd-00paboTKa NMPHUBOAUT K M3MEHEHHUIO IIpoIiecca MepeKHCHOTO
OKHCJICHUS JIUIIHJIOB, O YeM CBHIETEIbCTBYIOT JaHHBIE Ha PHC. 7.

04

® 3-x aneBHBle NoGern
S 6-u aHeBHBIe OGN

¥ 12-u auerHble noGern

Konuenrpauns MJIA, nM/mr Genok

K 25 50 100
[Cd], aiM

Puc. 7. Bmusaue Cd-o6paboTkn Ha kommdectBO MJIA B moberax mpopoCTKOB
TIICHHMIIBL.

Tak, B yclnoBHAX Hammums B cpeme pocra Cd>* B pacturenbHOi cpexe B
KoHIIeHTpanusaxX 25 u 50 MkM B 3-X JHEBHBIX MobOerax pacTeHus, Komrnuectso MJIA
BO3pacTaeT COOTBETCTBEHHO B 1.75 1 1.5 pa3a no cpaBHEHHIO ¢ KOHTpoJsieM. B To ke
BpeMs B rmoberax 3-X JHEBHBIX PacTeHHI, 00pabOTaHHEIX KaJMHEM B KOHIICHTpALUH
100 MxM, yBenuuenue konuyectBa MJIA cocraBmser 9% 1o CpaBHEHUIO C
koHTposieM. Kak BuaHO u3 puc. 7, B 6-M OHEBHBIX MoOerax, 00pabOTaHHBIX
KaJMueM, HaOoJaeTcsl BBICOKHH ypoBeHb MJIA, omHako OH HMXKe, 4yeM B 3-X
nHeBHBIX moberax. Tak, mpu Hamuuuu B cpexe pocra 25 MM u 50 mxM CdCl,
kommaectBo MJIA B moberax pacrer B 1.31 m 1.13 pa3 COOTBETCTBEHHO IO
CPaBHEHHMIO C KOHTpoJieM. B pacTeHWsX OJMHAKOBOTO BO3pacTa, KOTOpHIE
BeIpamuBaianch B npucyrctBun 100 MM CdCl,, xommuectBo MJIA cocrtaBisuio
0.1320.021 HEM/MT 610K, YTO HUKE, YEM B COOTBETCTBYIOIIEM KOHTPOJIE.

0.4

HE -
3
M
T o3 I i
L
3 025
i 5 =
g 02 e 3-x uesHle noGern
g 0.15 = J» ™ 6-u aHeBHBlE NOGern
:; B 12-1 nHepHEte MOGery
zé 0.1
H
g 005
2

0

K 25 50 100
[Cd], MM

Puc. 8. Bousane xaaMus Ha aKTHBHOCTD KaTalla3bl B moberax NIICHUIBI.

CpaBauBast ypoBeHb MJIA W aKTHBHOCTH KaTama3sl B IMOOErax pacTeHHH,
00pabOTaHHBIX KaJIMHEM, MOXXHO 3aMETHTh, YTO B pPaHHHX CTaJUSAX pPOCTa, B
noberax BbICOKHI ypoBeHb MJIA Koppenupyer ¢ MOJaBiICHHEM aKTHBHOCTH
kaTanas3bl B HUX. C Bo3pacToMm (6-12 aHeit), HA060POT, AKTHBHOCTh KaTaiaas3bl pacTeT
u HaOmonaercs ymeHblleHue koiudectBa MJIA. JlaHHble, MOJydyeHHBIE HaMH,
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XOPOIIO COTTIACYIOTCS C TAKOBBIMU B JHTeparype. IlokasaHo, uTo B pacTeHMsX, HE
00paboTaHHBIX KaAMUEM, aKTUBHOCTh KaTala3bl PacTET C BO3PACTOM U yxe B 12-u
THEBHBIX moberax oHa B 1.72 pa3 Gonpuie, 4eM B 3-X AHEBHBIX moderax (puc. 8).
[Tpu 06paboTke MpOpocTKOB pacTBopoM, copepxkammemM 25 MkM CdCl, B moGerax 3-
X JHEBHBIX IIPOPOCTKOB IIICHUIIEI aKTUBHOCTH KaTayla3bl yMeHbIIaeTcst Ha 28% 1o
CPaBHEHHIO C KOHTpOJIEM. YBeIMYeHHE KOHLEHTpauuu kagmus no 100 mxM
NIPUBOANT K YMEHBINEHUIO aKTUBHOCTH (QepMeHTa Oojee, yeM B 3 pasza MO
CPaBHEHMIO C KOHTPOJBHBIMHU DPAacCTeHMSIMH OIHOTO Bo3pacTta. C yBenHUeHHEM
KOHIIEHTpAllUM KaJMHs aKTUBHOCTb (DepMEHTa yMEHbBIIaeTcs BO BcexX obOpasuax
OJHOTO BO3pacTa. B To ke BpeMsl akTMBHOCTh KaTalas3bl MPOSBIAET HEOOIBIIYIO
TEHJCHIMIO BO3PAcTaHUs IS KaKHOM KOHIEHTPAIMU KaiMHUs B TEUEHHE pPocTa
oGeroB.

VccnenoBaHusi MOKa3bIBAIOT TaKXkKe, YTO IPU BCEX KOHIEHTPALMAX KaIMHUS
aktuBHOCTH ['TIO B moGerax MIIEHAIBI yBEININBaeTCs. DTO €Ile pa3 MOATBeP)KIacT
¢dakt, yTOo B pacTeHuUsx, noaeepraysmmxcs Cd-cTpeccy, Kartajnasa ¥ TBasKoOl
MepOKCHIa3a JEeHCTBYIOT Kak 3allUTHBIA MEXaHW3M, aKTHBalUsi KOTOPOIO
HaIpaBJIeHa Ha BEIBEICHNE OPTaHU3Ma U3 CTpecca.

Coemecmuoe sauanue IMHU KBY u uonos xaomus Ha _pocm_NpopocmKos
nuenuyvl, _unmencugnocms [IOJI u _axmusnocms _kamanasel. VccnenoBaHo
cosmectHoe BiusiHue CdCl, xonnentpanueir 100 MM u OMU KBY (50.3 I'T'1x) Ha
pOCT TPOPOCTKOB, KommdecTBO MJIA ¥ aKTHBHOCTH KaTaja3bl B IIPOPOCTKAX
mueHunsl.  [Tokasano, 4to 00paboOTKa KaAMHEM IPHBOJUT K 3HAYUTEIBHBIM
HU3MEHEHUSM [UIMHBI 1TOOETOB, B YaCTHOCTH Yy 6-M M 9-M JHEBHBIX NPOPOCTKOB.
HeGompimoii pocT AMMHBI MPOPOCTKOB HaOnronaercs moxa BiusHueM DMK KBU.
M3MepeHa TakKe Macca IPOPOCTKOB MIICHHUIIB! IIPH COYeTaHHOM Bo3aeiicTun Cd**
u OMU. B sToM ciyuae Takke Habmromaercs yiaydmiaromiee BosaeiictBue DMU.
Bricokass konmeHtpamma CdCl, (100 MxM) mnomaBiseT pocT MPOPOCTKOB.
[MomydyenHsle pe3ynabTaThl MOKA3BIBAIOT, YTO MOp(OMETpHIecKHe IapamMeTpsl
(umMHAa M Macca) HPOPOCTKOB MIIEHHIEBI, 00paboTaHHBIX pactBopoM CdCl, c
koHieHTpanueit 100 MM, B couetranuu ¢ obnyuernem DMU KBY 3naunTensHO
YIY4IIAIOTCs, HO He JOCTUTAlOT 3HAYEHHH, HaOJI0JaeMbIX B KOHTpOJIE.

HccnenoBaHbl Takke U3MEHEHHsT kKoandecTBa MJIA 1 akTHBHOCTH KaTtaiasbl B
MPOPOCTKAX TIIEHWIBI IPH codeTaHHOM Bo3zaeicTBru Cd-HHIYIIMPOBAHHOTO
ctpecca u obmyuernss DMU KBY (puc. 9). Kak Bugao u3 puc. 9, npu obpaborke
kagmueM ¢ koHmeHTpammeidl 100 MKM B kieTkax 3-X JHEBHBIX IPOPOCTKOB
koHrenTpanust MJIA ymenpmaercst Ha 10% 1o cpaBHEHHIO ¢ KOHTpPOJEM, B 6-I
JHEBHBIX IpopocTkax — Ha 47.9%, a B 9-u nHeBHbIX — Ha 75%. Ilpu oOmyuenun
OMMU c uacroroii 50.3 I'T'u B Teuenue 1 yac, koHuenrpauus MJIA yBenuunBaercs
COOTBETCTBEHHO Ha 55%, 54.2% u 35.7%. [1pu couerannom Bozaeiicteuu 100 MxM
Cd** u DMU ¢ gactoroii 50.3 I'Tw, HaGMOAETCS CEAYIONIAA KAPTHHA: B KICTKAX
3-X JDHEBHBIX MPOPOCTKOB IO CPAaBHEHHIO C KOHTPOJIEM HaOJIIONACTCS yBEIHICHHE
koHnenTpanun MJIA na 20%, B 6-1 THEBHBIX IPOPOCTKaX — yMeHbIIeHHe M/IA Ha
16.7% 1o cpaBHEHHIO ¢ KOHTPOJIEM, OJHAKO, KOHIEeHTpamuss MJIA Beime, uem B
MIPOPOCTKaX, 00pabOTaHHBIX KaaMHeM. B kieTkax 9-m IHEBHBIX HPOPOCTKOB
yMeHbIlleHHe KoHueHTpauud MJIA cocraBmger 57.1%, m B 3TOM ciydae,
koHueHTpauus MJIA Beie, ueM B 00OpabOTaHHBIX TOJBKO PACTBOPOM KaaMHS
IMpOpOCTKax. N3 OJIYUYCHHBIX NAaHHBIX CIEAYET, YTO IIPHU COYETAaHHOM BO3ﬂeﬁCTBHH
¢u3udyeckoro u XuMuueckoro (akTopoB Hamuuue ¢usndeckoro (akropa
CIOCOOCTBYET MPEOI0JICHHUIO METAIUI-HHIYLIMPOBAHHOTO CTPECCOBOTO COCTOSTHHUSI.
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A, nM/mr Gestor
o

Konuenrpaunn M,

035 ‘[
1
0.25 ir ™ 3-ii e
02 ™ 6-11 nenn
015 9-it newn
i
0,1
e
0,05
0
K cd

SMI Cd+3MI

Puc. 9. Usmenenue xonuenrpauuu MJIA B KieTkax NPOPOCTKOB IMIIEHWILI B
TEYCHUE POCTa MPH OTACIBHOW M COBMeCTHOU oOpabotke pactBopom CdCl, (100
MKM) u DMU ¢ wactotoit 50.3 I'T.

Ha puc. 10 mpuBeneHO W3MCHEHHE AaKTUBHOCTH KaTajia3bl B KJIETKaX
MPOPOCTKOB IIICHHIBI MPU OTAEIFHOM M COBMECTHOM BO3ICHUCTBHSIX KaaAMHS H
OMMU KBUY. Kak Bugno u3 puc. 10, Ipu OTACTHHOM BIUSHHN Cd** u MU KBUY B
KJIETKaxX MPOPOCTKOB IMPOHCXOJHUT MOJABICHAE AKTUBHOCTH Karamasbl. lIpu ux
COBMECTHOM BO3ICHUCTBHH Takke HAaOIIOMAeTCs CHIDKEHHE aKTHBHOCTH (hepMeHTa.
OpHako, cIenyeT OTMETHTh, YTO B OTOM ClIydyae MPUCYTCTBYET HEKOTOpas
KOMIIEHCALMS TIOCIEACTBUI BIMSIHUS HOHOB KaMHUS.

0,35

d . ™ 3-ii nern
.15 ® 6-ii nens
1
- 9-ii nens
K cd

3MH Cd+3MH

L

o

o
1

=3

3
2

AKTHBHOCTS KaTasasel, e.a.mr esork
o

o

Puc. 10. V3MeHeHHe aKTHBHOCTHM KaTaja3bl B KJIETKaX IPOPOCTKOB MIICHUIBI B
TEYEeHHUE POCTa MPH OTAENBHON 1 coueTanHor 0OpadoTke CdCl, (100 MkM) u OMU
(50.3 T'Tm).

Tak, B Ki1eTkax 3-X JHEBHBIX NMPOPOCTKOB, KOTOPbIE 00OpabaThIBAIUCh PACTBOPOM
CdCl, c xonnentpamuedt 100 MxkM, HabmromaeTcs yMEHBIICHHE AKTHBHOCTH
kaTanassl Ha 71.9% 1O CpaBHEHHMIO C KOHTpOJEM, a B KIETKax 6-U JHEBHBIX
popocTKoB Ha 62% u 9-u qHeBHBIX — Ha 47.6%. I1pn Bo3neiictBun OMU gactoToit
50.3 I'T'u B kieTkax 3-X AHEBHBIX MPOPOCTKOB aKTUBHOCTH KaTalla3bl YMEHbIIAETCs
Ha 1.12% 1o cpaBHEHUIO ¢ KOHTPOJIEM, B KJIETKax 0-W JHEBHBIX MPOPOCTKOB — Ha
60% m B KieTKkax 9-M IHEBHBIX NHPOpocTkoB — Ha 63.5%. Ilpm coBmecTHOM
Bo3zeiicTBuM Kagmus 1 OMU B kieTkax 3-X AHEBHBIX INPOPOCTKOB yYMEHBIICHHE
aKTHBHOCTHU KaTayia3bl M0 CPAaBHEHUIO C KOHTpoJieM cocTaBisuio 48.9%, B kiieTkax 6-
Y THEBHBIX MPOPOCTKOB — 60.8% 1 B KineTkax 9-u JHEBHBIX IPOPOCTKOB — 57.8%.
Takum oOpa3oM, KaaMHUil HHIYLHMPYET HapylIeHHs OOMEHHBIX MPOLECCOB,
pa3sBuTHe cTpecca. MMIIMMETPOBblE BOJHBI HHU3KOH HMHTCHCUBHOCTH B
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3HAYUTENBHON CTENEHH KOMIICHCHPYIOT MHIYLMPOBAHHbIC KaJMHEM HapyIICHUS,
CIIOCOOCTBYIOT HOPMaJM3allMd OOMEHHBIX HPOLIECCOB B KIIETKAX, MOABEPTHYTHIX
00paboTKe MPOPOCTKOB.

3AKJIIOUEHUE

Hccnenoano smusHue OMUM KBY Ha HMHTEHCUBHOCTH POCTa IIPOPOCTKOB
mmeHunsl. Kak  Moka3plBaloT  JaHHBIE, IPEACTaBIEHHBIE B paboTe, MoOf
BO3IEHCTBHEM BHEIIHETO (u3ndeckoro (akropa HaOIONACTCS YBEINYEHHE MacChl
U JUTHHBI TIPOPOCTKOB 110 CPAaBHEHHUIO C HEOOTyUeHHBIMU NpopocTKamu. [Ipu stom,
BEJINYMHA U3MEHEHUS 3aBUCHUT OT YaCTOThI OOIYUEHHUS: IPU PE30HAHCHBIX AJISI BOJBI
YacTOTaxX yBeJIHUIEHHE ITapaMeTpoB OoJIbIIe, YeM IIPU HEPe30HAHCHBIX YacTOTaXx.

ITokazaHo, 4YTO TmOJ BIMSHHEM MWUIIMETPOBEIX BOJH B HPOPOCTKax
MIOBBIIAETCSI MHTEHCHBHOCTH IepeKHcHOro okucieHws jmmupos (I1IOJI), o dem
MOXHO CYAUTH TI0 KOJIMYECTBY IIPOAYKTa OSTHX IPOLECCOB — MAaJOHOBOTO
muansaeruna. O0 yBennuyeHHH MHTEHCHBHOCTH mporeccoB [10JI cBuaerenscTByer
Talke  3HAYNUTENPHOE IIOBBIMIEHHE CBETOCYMMBI XEMIIFOMHUHECIECHIHMH B
TOMOT€HaTe MPOPOCTKOB, MPH 3TOM, 3HAYEHHUsS CBETOCYMMBI B KOPHAX M IHobOerax
pasnuyaroTcs He3HauuTensHO. IlokazaHo, 4TO B KIETKax OOTyYEHHOTO PacTeHHUS
kommdecTBO MJIA yBenIMUUBAETCS U BBIIBICHA 3aBHCUMOCTD BEIMIHHBI H3MEHEHHS
OT YacTOTHI 0OTy4YeHHs. B 0TBeT Ha aKTHBALUIO CBOOOIHO-PaJUKAIBHBIX IIPOLIECCOB
HaOJIIolaeTcsl MOJaBJICHHE aKTHBHOCTH KaTajia3bl, OJHAKO C YyBEJIMYCHHUEM
MIPOJOJDKUTEIBHOCTH  OONy4eHHs, II0-BUIMMOMY, B OpraHH3Me 3aIlyCKalTCs
MIPOLIECCHI, HANpaBJICHHBIE TPOTUB Ppa3BHTHA HW3MEHEHHH, WHIYIIHMPOBAaHHBIX
BO3JEHCTBUEM BHEMIHETO (DaKTopa M AKTHBHOCTH KaTamasbl pacTeT. DTOT POCT
ocobeHHO BbIpaskeH Ipu 80 MUH CyMMapHOH MpPOJODKUTEIBHOCTH OOIyUeHHs, YTO
coriacyercss ¢ HaOIOZaeMbIM yMeHbIIeHHeM KkomudectBa MJIA. OtoT akr
CBHUJIETETILCTBYET O TOM, YTO B PAaCTEHHSX, MOJBEPTrHYBIINXCS BimstHUi0 DM KBY,
KaTajaza, Kak ¥ JApYrMe AaHTHOKCHJIAHTHBIE (EpMEHTBI, HampuMep, TIBasKOJ
MEepOKCHIa3a, AaKTHUBHPYETCS [UIsl IOJABJICHHS WHTEHCHUBHOCTH CBOOOJHO-
paavKaNbHBIX TPOLECCOB.

IIpoBeneHbI Takke MCCIENOBAaHMS BIUSHUS TSHKEIOTO MeTaula — KaaMus Ha
naTeracuBHOCTE [1OJI B KieTkax HMPOPOCTKOB MINEHHIBI, a Takke HA MX POCT H
pasButme. [lokazaHo, 9TO BO BpeMs KaJMHEBOTO CTpecca pPOCT 3aMesieTcs,
BEJINYMHA W3MEHEHUH MacChl U UTMHBI TIPOPOCTKOB IIICHUIIBI MEHBINE N3MEHEHUH
YKa3aHHBIX I1apaMeTPOB IJIsI KOHTPOJBHBIX IIPOPOCTKOB, IIPU 3TOM, YEM BBIIIE
KOHIICHTpaLUs KaJMKs, TeM OOJIbIle OTCTaBaHue B Iporecce pocra. [Ipn o6padoTtke
KaJIMHEM B KJIETKaxX MPOPOCTKOB IIICHHIHI HAOJIIOAeTCS M3MEHEHHEe KOJIMYeCTBa
MJA. AxTtuBHOCTh Kartana3bl ymenblnaercst mpu Cd-ctpecce, OHaKo Xapakrtep
U3MEHEHHH TIpollecca pOCTa COXpaHseTcs M HaOlomaercs Ta ke JUHAMHKa
W3MEHEHUH, YTO M B KOHTPOJBHBIX MHpPOPOCTKax. B oTmmdme oT Karanmassl,
aKTHBHOCTh KOTOPOH MajgaeT INpH KaJMHEBOM CTpecce, AaKTHBHOCTh TIBasKOI
MIEpOKCHUA3k], HA00OPOT, PacTeT.

Pesynbratel nccnemoBaHus codeTaHHOro Bo3aehcTBus xumudeckoro (CdCl,)
u ¢unueckoro (OMHU KBY) ¢akropoB nokasaiu, 4To B ClIydae COYETAHHUS ITUX
BHEIIHMX (DAaKTOPOB HapylIeHHs MeTabojM3Ma W pPOCTa MPOPOCTKOB BBIPAXKECHBI
cnabee, dYeM TakoBble, WHIYLMPOBAHHBIC JIMIIb XUMHYECKHM (HaKTOPOM.
[TonyueHHble 1aHHBIE JalOT OCHOBAHUE IPEAIONIOKUTE, 4To 0bayyenne MU KBY
ociabiser aeiicreue CdCl, Ha pacTUTENIBHBIE OPraHH3MBIL.
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BbIBO/IbI

Ilog BAMAHMEM 3NEKTPOMATHUTHBIX BOJH MWJIJIMMETPOBOTO AMANa3oHa
HaOJIIOaeTCsl CTUMYJIHMPOBAHUE BCXOXKECTH CEMSH M pPOCTa IIPOPOCTKOB
MmueHunsl. PocT Macchl M AIHMHBI IPOPOCTKa HaOrogaeTcs NpU OOIydeHHH
OMMU Bcex MNpPUMEHEHHBIX 4YacToT. MaKkCcuMallbHOE€ CTUMYJIHpYIolee
BO3JelicTBHe HaOmogaercs B ciaydae oOmyderuss OMMUM ¢ gacrorammy,
PE30HAHCHBIMHU AJISI BOJBI, YTO TTO3BOJISIET 3aKIIOUUTh, YTO HEPBUYHBIM 3BEHOM
Boszzaeiicteus DMU KBY Ha opranusm siBiseTcs Boja.

[Ipu o6myyernu MU KBY B npopocTkax MIIeHUIB HAOIIOAAeTCSI H3MEHEHNE
HWHTEHCHBHOCTH CBOOOAHO-PaJUKANbHBIX MPOLECCOB, O UYeM CBUAETENLCTBYET
HW3MEHEHHE WHTCHCHBHOCTH CIIOHTAaHHOH XEMIJIIOMHHECHEHIMH B KIETKax
IIPOPOCTKOB MIICHUIBI. VI3MEHsIeTCsl CBETOCYyMMa XEMIJIIOMHHECICHINH B
KJIeTKaX, TPH O5TOM BBIPOKEHHBIX pPAa3IM4YAil B H3MEHEHHH CBETOCYMMEI
XCMUTIOMUHECIICHITUH B KJIETKax MOOCTOB M KOpHEH He HabmomaeTcs. B aTom
cilydae Takke HaOJIIoaeTcsl 3aBUCHMOCTh OT YacTOTHI BO3JEHCTBYomMX DM
BoNH. l3MeHeHue Ooiee SIpKO BBIPRXXEHO B cilydae BIustHUS OM BONH C
PE30HAHCHBIMH JUISL BOABI YaCTOTaMHU.

Ob6nyuerne OMU KBY umHaynupyer u3MeHEHHWE HHTEHCHBHOCTH CBOOOIHO-
paguKanbHBIX MPOIECCOB, MPOUCXOAAMMX B MOOErax W KOPHAX NPOPOCTKOB
MIICHUNBI, YTO ONpeneisieTcs II0 HM3MEHEHHIO KOJIMYEeCTBa MaJOHOBOTO
IUaNbIeruia. BenwduHa W3MEHEHHS 3aBHCHT OT HPOJOJDKUTEIEHOCTH
oOmydeHuss u dvactoTel OMU. HabmomaemMoe W3MEHEHHE aKTHBHOCTH
AQHTUOKCHIAHTHBIX (DEPMEHTOB B KIETKaX OOJIYYSHHBIX IPOPOCTKOB, IIO-
BUANMOMY, HAIlpaBJICHA Ha BBIBEJCHHE OPTaHU3Ma U3 CTPECCOBOTO COCTOSHHS,
MHAYLUPOBAHHOTO BHEUTHUM (pr3HdIecKuM (HakTOpOM.

ITpwm Bo3eHicTBHY KaAMUS B IPOPOCTKAX MIMEHUIBI HAOIIOJAeTCs YMEHBIIICHHE
WHTEHCHBHOCTH  pOCTa  OMOMAacChl,  pa3HOHANpPABICHHBIC  M3MEHEHUS
kommyectBa MJIA w aktuBHOCTeW karanasel u [TIO B 3aBUCMMOCTH OT
konnentpauun  Cd**. AKTHBHOCTh KaTalnassl B KIETKAX IPOPOCTKOB,
00paboTaHHBIX Cd* nopaBistercs, OIHAKO, TCHICHIWS IIOBBILICHUS
aKTMBHOCTH ()epMEHTa B Ipolecce pocra, HabiogaeMas y KOHTPOJBHBIX
MPOPOCTKOB coxpanseTcs. AKTUBHOCTE [TIO B mpopocTkaX, 0OpaOOTaHHBIX
Cd** moBBImIaeTCS. M OCTAaeTCs B IMPOLECCE POCTA BHINIE KOHTPOIBHBIX
3Hauennii. HaGmomaemsie B o6paGortanubix Cd>* mpopocTKax HM3MeHEHHs
CBHJETEIBCTBYIOT O TOKCHYHOM JEHCTBHUM JAHHOTO TSDKENIOTO MeTaia Ha
MeTa00JIM3M KIIETOK Pa3BUBAIOIIETOCs OpraHu3Ma.

IIpu coBmecTHOM Bo3zeiicTBuM kKaamuss u  OMM  KBY, BbisiBieH
KoMreHcupyommuit 3pdextr MU KBY, Husenupyrouyii BIUsHHE KaaMus Ha
WHTEHCUBHOCTH METa00JIM3Ma U POCT IPOPOCTKOB PACTCHHIA.
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UNPUBL3UL dULLU 2U8UULPh

UbLRUGS,UShL SPNR3ED ELEUSMUUUSGLPUUYUL ULPLLESD
U2168NkE3NRULE 3NLTULR OLNN, UGLUTEE 40U

uvonouahr

Zmugniguyhtt punbkp. 8npkuph Shikp, Shth Unpdndbwphly gniguihoubp,
wquun punhljwjuyhtt wpngkuubkp, phuppnudhibugbighwgh (niuwgnudwnp,
dwnuughtt  Eplupkhhnh  pwbwlmpiniy, juwnwjwugh wlwnhynipinty,
Swnuwqujpwhwupnud, jundhnudwlut uppbu

Lhpluwjugus wnbktiwpjnuuljut wypwnwipnid nunidtwuppyty
dhjptbnpuyhtt whpnyph  BEjupuduquihuulut whpukph (UU EUU)
wqnplgmpniup gnpkuh &nn ubpdtph wéh ni qupqugdwb, huyybu twb
Shiknh pohoubipnmid wbnh niuikgnn wquu pwunhuwjuhtt wpngkutbph
hunbkuuhynipjut & hwwopuhnutwnughtt hwdwlupgh wlinhynipyu
thnthnjunipinitubph dpu:  Muumdbwuhpdl] B obwlb dwip  Jbwnwng
Yunuhnidh, hyytu twb UU EUU b jugdhnidh hwdwntn wqpkgnipniup
pywd gniguthpubiph thnthnjunipjut Ypu:

Nuunudtwuhpyl) £ UU EUU wqpbkgnipniup gnpkuh nn ubpdbph
Sintuwynipjul, Shiiph quugywsh b tpupnipjut wsh Ypu: Mupqlby L
nn 51.8 @Zg hwdwhmipjudp UU EUU wgpbkgnipjut Ukppn gnpkuh &nn
ubpdbph $nitwlnipniip ppwiynud E: 8nyg t wipdkp bwb, np UU EUT
wqnplgnipjutt ukppn wnbknh b niukund Shikph quuqyush nt tpjupnipjut
wéh jupwinid s§wnwquypwhwpus Shikph hwdbdwwn: 50.3 L 51.8 QZg
hwwhnipniuttpny EUU dwnwqujpuhwpdwb nhwypnid gnpkup Shitph
quiigush nu Epupmpjub wybkh dks ws L qpuugynud, put 41.8 L 42.2
Q2g hwdwhnipeniuttpng EUU fwnwquypuwhwpbnt nhypnud:

Unbkiwjunuuljut wojwwnwipnid unwugyus ndjuukphg tpnud E,
np UU EUU wgpkgnmpjudp gnpkh Shikph pohoubpmid wdnmd £ wquun
nunhluwjuyhtt wpngbuubph hunbkuuhympiniup, high dwuhtt Jiuynud k
wnwoht htpphtt uynunwb phdhjnudhtibugbindwi bwljut wybjugnidp,
pun npnud, wpdwnbbpnd b pudninubpnd  phdhpnudhubugkndwt
Intuwgnidwph wpdbpubipp hpuphg tuwfwinpbt skt tnuppbpdnud: Uquwn
nunhlwjuwyhtt ypngbutikph htnbkuuhympyub dkdwgdwt dwuhtt jupkh &
nuwnbk] twb pun  jhyhnubph  whpopuphnujhtt  opupnugdwt (LNO)
Jhpguwiynip hwunhuwgnn dwyntuwghtt ipjunkhhnh (UGU) puwtwlnipjul
thnthnpunipjwie: 8nyg k wipdb], np fwnwqujpwhwpyws pnyup pehetibpnid
nhuynd £ UBU-h pwhwlnipjut buljut ws, nptt wdbjh wpunwhwynguws k&
50.3 @2g bk 51.8 @2g hwdwunipniuttpny EUU fwnwquypuwhwuptihu: Uju
hwiquuwlpp pugwupynid b tpwing, np tpdws hwdwpnipmnibbpny
EUU dunwqujpuhwpdwi ghypnid pohoubipnid wknh L nitkinid wquun
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punhluwjutph Ynunwlniud, hst § hwiqbgunid t UGU-h pwbwlnipjui
wéhi: P wuwuwupwb wyju Jhdwlhl, peohoubpmid  thnjudnud  k
hwlwopuhguwuwnwhtt  $Epdknubph  wlwmhynipmniip:  Upjuwwnwbipnid
unugywsd wpynibupubipp Yyuynud ko wyt dwuhl, np fwnwquypwhwpyus
Shiknh  pohottipmd wdnid E juuwjugh wlunhynipmniup: Ujg wdép
hwnjuwybu Ywupnly t ghuynd  80p  gnidwpuyhtt  wbnnnipjudp
Swnwqujpwhwpuiwt nhwypnud, npp hudpuund £ UBU-h puwbwlnipjui
wildwt htwn: Uju wunp Jumd £ wyt dwupt, np UU EUU
wqpkgmpubin Gupwpyws pnyubpnid juunwjuqp gnpdmd L npuybu
yuonyuwiwlwh Jkjuwuhqdh wwpp, npt winpuind B wqun
nunhljuwjuwhtt ypngtuttiph htnbkuuhynipmniip duoknt hwdwn:

Unbktwjunuuljui wowwnwtpnid unugyws njjujittphg htinbnwd £
twl, np dwlp dbwnwn Jundhmuh wqptgnipjudp gnptuh Shikiph wéh
qupqugiul phpugpmd Yhuwquiqush wép gupymd ' phudmd b
quuqush nt Lpupnipjut wgh hunbktuhynipjut tjugqnud uwnnighsh
hwdbkdwwn: Cun npnid nppwtt UkS E Jundhnudh Ynughinpughwi, wjipwut
wjuqnudt wdbh wpunwhwynyws E Qunpdhnmudnyg hwpnigqué uppbup
nhwpnid thnpuynid k twb Shikph pohoutipnid UGU-h puwbwlnipniup, puy
npnud, thnthnpudwt nipnusnipmniit o wunhdwip jupduws tu wddw
dhowuypnid junuhnwdp hnuubph Ynbughunpughuyhg: Lugnud £ awb
junwpugh  winhdmpmitp,  walut quguynpybpopuhnugh
wlwnhynipmniut wénd k. Qunpdhnwdh  pinphgh  nwdnypny  dowldwib
ntwypnid gnpkuph Shikiph wdh puwununnudp, UGU-h pwbwlnipjulb,
Juwnuwugh b quyulnjytpopuprugh wlnpnipjnibinbph
thnthnjunipnibubpp Juynud B wénn opquthquh Jpu wyu dwup dknwnh
wnnpuhl] wgnbkgnipjul dwupt:

Ushiwtnwupnid unnugdus nfjuitkpp twb Juynud b wy dwuhl, np
gnpkup Shikpp Ypw UU EUU U Junupnwth hwdwwnbn wgnbgnipiut
nypnid wknh E mubkimd Shikph yipp togws gnigwthpubph puptjunid
wnwbdht-wpwtdht jundhnudh b UU EUU wqplignmipinibtiph hwdbdwn,
npuilg uUnwinbkgnid uwnnighy wpdbpubpht: 8nyg k wpdk, np UU EU
wihpubpp  twwbnpbt  poyugind o jungdhnudwlwt uppbuny
hwpnigjws gnigmthputiph thnthnpunipniubpn:
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INFLUENCE OF MILLIMETER RANGE ELECTROMAGNETIC WAVES ON
WHEAT GERMINATING SEEDS

SUMMARY

Keywords: Wheat seedlings, seedling morphometric criteria, free radical processes,
chemiluminescence light-sum, malonic dialdehyde amount, catalase activity,
irradiation, cadmium stress

In the presented dissertation work the influence of millimeter range
electromagnetic waves (MM EMW) on the growth and development of wheat
germinating seeds as well as on the changes both of intensity of the free radical
processes and of the antoixidant system activity in cells of the seedlings has been
studied. The effect of heavy metal cadmium on the mentioned criteria as well as the
joint impact of MM EMW and cadmium on their change were investigated.

MM EMW effect on the wheat seed germinating ability, mass and length of
the seedlings was studied. It was shown that under the effect of MM EMW with 51.8
GHz frequency the germinating ability of wheat seeds is stimulated. It was also
shown that under the effect of MM EMW the stimulation of mass and length growth
of the seedlings takes place as compared to sham-irradiated seedlings. In the case of
irradiation with 50.3 and 51.8 GHz frequencies higher increase of the mass and
length of the wheat seedlings was registered as compared to irradiation with 41.8
and 42.2 GHz frequencies.

It was also obvious from the data obtained in this dissertation work that due to
MM EMW effect, the intensity of free radical processes in wheat seedling cells is
stimulated, which is indicated first of all by the significant increase of spontaneous
chemiluminescence, meanwhile, in the roots and sprouts the values of the
chemiluminescence light-sum do not significantly differ from each other. The
intensity increase of the free radical processes may be judged on the basis of
malonic dialdehyde (MDA) amount change, which is a product of peroxide
oxidation of lipids (POL). It was shown that in cells of the irradiated herb a
significant enhancement of MDA amount is observed, which is more pronounced at
the EMW exposure by 50.3 and 51.8 GHz frequencies. This fact is explained by the
accumulation of free radicals taken place in the irradiated cells by these frequencies,
which in turn results in MDA amount rising. As a response to this state the activity
of antioxidant enzymes changes in the cells. The results, obtained in the work
indicate that due to the irradiation the catalase activity increases in the seedling cells.
This increase is especially drastically observed in the case of irradiation by 80 min
sum duration, which coincides with MDA amount decrease. This indicates that in
the herbs exposed to MM EMW the catalase acts as a protective mechanism element
that is activated to suppress the intensity of the free radical processes.

It is also followed from the data received in the dissertation work that under
the effect of heavy metal cadmium during the growth and development of wheat
seedlings the biomass enhancement is suppressed — a decrease of the mass and
length growth intensity is observed as compared to the control. Moreover, the higher
is the cadmium concentration the more pronounced is the decrease. In the case of
cadmium-induced stress MDA amount changes in the seedling cells, meanwhile the
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direction and degree of the change depend on concentration of cadmium ions in the
growth medium. Catalase activity decreases as well, though guaiacol peroxidase
activity increases. At the treatment by cadmium chloride the growth slowing of the
wheat seedlings, the changes of MDA amount, catalase and guaiacol peroxidase
activities indicate the serious toxic properties of this heavy metal.

The obtained data also indicate that in the case of the joint influence of MM
EMW and cadmium an improvement of the aforementioned criteria of the seedlings
takes place as compared to the cadmium and MM EMW separate effects. Their
approaching to the control values is observed. It was shown that MM EM waves
significantly weaken the changes of these criteria induced by cadmium stress.
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