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Unbtbwpnunipyut  phdiwt  hwunwwndl] t Gphwih wghunwlwb
hwdwjuwpuwinid

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

Nwpnnbwlwh pinyhuwunubbp’ dhquwp. ghw. nljunnp, ypndtunp
9.£. Unwphjjut

Jtuu. ghn. phijuwudnt
Q. 4. Uwhuljjut

Unwgutnup juquulbpuynipnta’ 22 2UU L.U. Opplnt wtdul

$hahninghuyh hlunpunnn
Uwnkuwjnunipjul gquownyuwinipniup wknh Ynitkuw 2019, hnittthup 25-
hu dwdp 14%-ht, Bplwbh whnwlwh hwdwuwpwind gnpénn 22 fNY-h
Yktuwdhqhluyh 051 dwubtmghinwlwb junphpph thuwnnwd (0025, Gplhwl,
Ujkp Uwinijjut th. 1, BN2, jhhuwpwnipjub duljnyunbn):

Uwnbkuwpnunipjwip  YJupkh b Swinpwbw] Bphwth whuwlub
hwdwjuwpwth qpuyupuind:

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

051 Uwutwghwnwlut junphpnh ghrnwljut
pupuninup, Jhu. ghwn. phljuwén, pngktn U.U. dQupuunuiyui

Tema JUCCEpTALlU YTBEPIK/ICHA B EpeBaHCKOM TOCYyJapCTBEHHOM YHUBEPCUTETE

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

O¢unuansHble ONITOHEHTHI: IOKTOp (pH3.-MaT. HayK, mpodeccop
B.b. Apakensn

KaHAUOAT OWOJI. HAYK
I'.B. Caaksu

Benymias opranuzanmys: WucruTyT dusnonorun
M. JLLA. Opbemrn HAH PA

Bamura guccepramuu cocroutess 25-ro mrons 2019r. B 14% yacos Ha 3acenaHum
CrneuunanuzupoBannoro cosera 051 mo buopmsuke BAK PA mpu Epesanckom
rocynapctBeHHoM yHHuBepcutere (0025, EpeBan, yn. Aneka Manyksna 1, EI'Y,
¢akynpTeT 6uoIOTHH).

C  guccepramueld  MOXHO  O3HAKOMHUThCS B Oubimoreke  EpeBaHckoro
rOCYAapCTBEHHOTO YHHBEPCUTETA.

Astopedepar muccepranuu pasociad 14-ro mas 2019r.

VYuenslit cekperaps CriennanuznposaHaoro cosera 051,
KaHAUAAT OWOJ. HAyK, JOUECHT M.A. llapcanansn



BBEJAEHUE

AKTYaJIbHOCTb paboThl. DJIEKTPOMAarHUTHbBIE BOJIHBI, SBIAACH (PU3HUECKHMHU
¢daxropamu Onocdepbl, B 3HAUMTENBHOM Mepe BIMAIOT Ha pPa3BUTHE U
KU3HENEATeNIbHOCTh JKMBBIX ~OpraHm3MoB. Hecmorps Ha TO, dYrOo J0JA
JIEKTPOMArHUTHBIX BOJH MIJUTUMETpoBoro auamnazona (MM OMB) (1-10 mm) wm
kpaitie Beicokux dactoT (KBU) (30-300 I'Tm) B »IeKTpOMarHWTHOM H3ITyYEHHH
(OMH) BcenenHoi, KOTOpoe MOXOTUT A0 3eMJIM, Majla, OHH OKa3bIBAIOT
BBIP)KEHHOE BIIMSIHUE HA SKUBBIE OPraHU3MbI, HMEIOIINE pPa3HBIl ypOBEHb
opranmusanuu 3BomonnonHoro passutus (Foster, 2000). IlosToMy aaHHBIH
UHTEpBall B CIEKTPE 3EKTPOMAHUTHOTO U3JIy4EHMs Hallel CBOE MIMPOKOE
IIpUMEHEHHEe B COBPEMEHHON KIMHWYECKOH MEIUIMHE, HPOMBIIUICHHOCTH H
cenbckoM xo3siiictee (Adair, 2002; Sheppard et al., 2008).

B mpupome poct pacTeHHH IIPOMCXOAWT B YCIOBHSAX IPUCYTCTBHUS
MHOTOYMCIICHHBIX ~ CTpecc-(pakTopoB — Temreparypa, BIaXHOCTb, CHIIBHOE
JIEKTPOMarHUTHOE W3ITy4eHHE, COBMECTHOE BIMSHHE TOKCHYECKHX BEIIECTB H
TsOKeNsIX  MeTauioB. OpHAaKo, B JIMTEpaType MaJOYHCIEHHBI paboTel 1O
COBMECTHOMY BIIMSHHIO IBYX M 00Jee CTPecCOpPHBIX ()aKTOPOB Ha POCT U Pa3BUTHE
BBICIINX PACTEHUH, XOTS OHM M MOTYT PaCIIUPHUTh HPEICTaBICHUS O MEXaHH3Max
3alIMTHO-aJaNTAlIHOHHBIX PEaKUuii, 00eCIIeUNBAIOIINX YCTOHUYMBOCTh PACTCHUN K
neiicteuio abuotnueckux (axropos cpembr (Lin, 2007). Teopust cTpeccopHOro
Bo3zelictBust OMM  TecHO cCBs3aHAa C IpoLeCCaMH OKHCIIECHHS CBOOOIHBIX
pamuKanoB, KOTOPHIE WIpalOT BaXHYI pOJb B IUIACTHYECKUX IEPecTpoikax
MeMOpaH KJIETKM B TEYEHHE aJaNlTaldd K HW3MEHSIOIMMHUCS  YCIOBHUSIM
OKpYXaroIlei cpeabl.

B Hacrosmee BpemMs MeXaHH3MBI B3auMmojelcTBus MM OMB ¢
OHMONIOTMYECKUMH CHCTEMaMH He TMOJHOCTBIO BBIICHEHHL Ilomaraercs, dro
MIEPBUYHON MUIIEHBIO Bo3aelcTBus DMU sBisieTcst coaeprkammasncst B HIX BOJa WK
Ouonornueckue MeMOpaHbBl, B KOTOPBIX 00pa3oBaHHE OENKOBBIX ‘“‘CyOCTpYKTYp”
MO3BOJISICT BOCCTAHOBHTH HAPYIICHHYIO JesTenbHOCTh opranusma (Wainwright,
2000). Ilo orToif mpHuYMHE OCOOBI HMHTEPEC BBI3BIBAIOT HCCIICAOBAHUS 10
BO3JICHCTBUIO (DM3MYECKHX M XHUMHUYECKHX (DaKTOpOB Ha CBOOOJHO-paJHKalbHbBIC
MIPOLIECCHI, MPOTEKAOINE B OMOTOTHUECKUX CHCTEMaX.

Lens w 3amaun wccnenoBanws: Llempio amccepTamMoHHON paboThl OBLIO
uccnenoanue BausHusS OMU KBY Ha pocT MpOpOCTKOB INMIIEHHUIBI, a TakXKe Ha
CBOOOHO-paUKAIBHEIE IIPOLECCHl B KJIETKAX M AKTHBHOCTH AHTHOKCHIAHTHON
(epMEHTHOI CHCTEMBI B OTCYTCTBHE U MIPUCYTCTBUU HOHOB KaMUSI.

Jlnst ocymecTBICHHS MOCTAaBISHHOW €M HAMU OBUIM NPHHATHI K PEIICHUIO
CIeTyIOIINE 3a/1auu:

- UWzywenune Bmusuus DOMU KBY Ha poct, pasButHe W MopdomeTpudecKue
MIOKA3aTeJIN MPOPOCTKOB MIIECHHIIH;

- UWzydenme Bmmusams OMU KBY Ha WHTEHCHBHOCTH NEPEKHCHOTO OKHCICHHS
JIAIAIOB ¥ aKTUBHOCTh aHTHOKCHAAHTHBIX ()EPMEHTOB B KIJIETKaX MPOPOCTKOB
IIICHANIEl Ha TIPUMepe KaTalassl,

- I/Iccne)losal-me BJIMSAHUA TAXKCIOIOo METalla KaaMHd Ha POCT IMPOPOCTKOB,
HHTCHCUBHOCTb NEPEKUCHOTO OKHCJICHUA JIMITUI0B H AKTUBHOCTbH
AHTHOKCUIAHTHBIX d)epMeHTOB KaTajgasbl W T'BasgKOJ MNEPOKCHOA3bl B KIICTKax
IIPOPOCTKOB IIIEHUIIBI;




- Usyuenume xapakrtepa BozzeiictBuss OMUM KBY Ha poct, HMHTEHCHBHOCTH
MIEPEKUCHOTO OKWCIEHHsS JIMIHIOB M AaKTHBHOCTh KaTajla3dbl B KIETKax
MIPOPOCTKOB MIICHUNBI, MPOPACTABIIMX B YCIOBUSAX NPHCYTCTBUS HOHOB
KaJIMHSI.

Hayunas HoBm3Ha: Bmepsele B paboTe NPOBOIWIOCE KOMIUIEKCHOE
HCCIIeI0BaHUE IIpoliecca NMPOPACTaHUS CEMsH IIICHUIBI B YCIOBHUAX BO3JeicTBUAL
OMU KBY c¢ pa3snuuHOH MNpOAOJDKUTENBHOCTHIO. Ha OCHOBaHMU IOJIy4eHHBIX
JAHHBIX [TOKA3aHO, YTO:

- Ilog Bmuanuem OMU KBY nmpoHcXoAuT CTUMYJIUPOBAHUE POCTa MPOPOCTKOB
TIICHHULIBI IO U3MEHEHUIO 3HaUeHUH MOP(OMETpUIECKUX OKa3aTeeH.

- BospeiictrBue OMM KBY npuBoguT K  HM3MEHEHHIO HHTCHCUBHOCTH
XEMWIIOMUHECLICHIIUY U COJEP>KaHHs MaJOHOBOIO JHAlbJErHja B TOMOIreHaTe
IIPOPOCTKOB ~ MIIEHHWIBI, B  3aBUCUMOCTH OT 4actotel OMU u
TIPOJIOIDKUTETBHOCTH OOy deHNS.

- Ilom Boszmeiicteuem OMMUM KBUY mnpoucxoaur H3MEHEHHWE aKTUBHOCTHU
AQHTHOKCHIAHTHOTO (epMeHTa KaTanasbl, CIOCOOCTBYIOIIEE YMEHBIICHHIO
BIIMSIHUS BHEITHETO (PU3NYECKOTO (aKTopa.

- IlpucyrcTBHE TSKENOro MeTaia KaAMHUS B PACTHTENBHOH cpele MPHBOAUT K
TOPMOXXCHUIO PpOCTa M PAa3BHTUS MPOPOCTKOB MIICHUIBI, YBEIUUCHHIO
WHTEHCUBHOCTH  CBOOOJHO-PAIMKAJIbHBIX  IPOLECCOB W  MOJABICHHUIO
aKTHBHOCTH AaHTHOKCHAAHTHBIX (epMeHTOB. CTeneHb TOPMOXKEHUS pOCTa U
Pa3BUTHSA 3aBUCUT OT KOHLIEHTPALUKU MeTalja.

- B ycinoBusx coBmectHoro BimsHus OMM KBY u kagmus HabmromaeTcs
ylIydllleHHe UccienyeMbIx mokasareneil, T.e. OMUW KBY oka3biBaer 3amutHoOe
BIIMSHUE, KOMIICHCUPYET BO3JEHCTBUE KAJAMUSI.

OCHOBHBIE [TOJI0KEHUs], BHIHOCUMBIE Ha 3aIHTY:

- Bmusane ODMUW KBY Ha WHTEHCHBHOCTh MOKa3aTellell pocTa MPOPOCTKOB
TIIICHHUIIEL.

- l3MeHeHMe WMHTEHCUBHOCTU IEPEKUCHOIO OKHUCICHUS JIMINUAOB B KIETKax
MPOPOCTKOB TMILIEHUIIBI B YCIOBUsIX Bo3zeicTBust OMU KBY.

- U3MmeHeHMe aKTMBHOCTM KaTaja3bl B KJIETKaX IPOPOCTKOB IIICHUIBI B
pe3ynbrate BnusiHust OMU KBY.

- BnusHNEe WOHOB KagMHs Ha POCT MPOPOCTKOB IIICHUIIBI, HHTEHCHBHOCTDH
CBOOOJHO-paIUKANBHBIX ~ MPOIECCOB WM AKTUBHOCTh  AHTHOKCHAAHTHBIX
(epMEeHTOB B KIJIETKAax MPOPOCTKOB B MPHUCYCTBUH M OTCYTCTBHE BO3JEHCTBUS
OMMU KBY.

IpakTyyeckas IeHHOCTb pabotTel: Pesynprarel, moiydeHHBIE B paboTe,
MO3BOJISIIOT OLICGHUTH BIIMSHHME HCCIEAyeMoro (uinueckoro (akropa Ha pocT H
pa3BUTHE  PACTUTEIBHOIO  OpraHU3Ma, CBOOOIHO-paJUKalbHBIE  IPOLECCHL,
MPOTEKAKOIINE B MeM6paHHbIX CTPYKTYypax, a TaKXX€ aHAJIM3UPOBATh MEXAHU3M HUX
po3aeiictBus.  [lomydeHHBIE  pe3ynbTaThl  IMO3BOJSIIOT  TAaKXKE  COCTABUTH
MpeJcTaBlIcHHe 00 aKTHBAIMH 3AIUTHBIX MEXaHU3MOB B PACTHTEIEHOM OpraHU3Me
7 0 GOPMUPOBAHUH OTBETHOH PEaKIUH HA BHEIIHUH (HaKTOP.

Ilomy4yennple B paboTe OaHHBIE MOTYT CTaTh OCHOBOHM Ui NAbHEWIIHX
uccrenoBanuii B naHHOW oGmactu. OHM Takke MOTYT OBITH HCIONB30BaHBI B
CIICHUAJIBHBIX JICKIUOHHBIX KypcaX Mg CTYACHTOB COOTBETCTBYIOLIUX Kad)ezlp
EI'Y, a Taxxe B Hay4HbIX JIaOOpaTOpHAX, 3aHMMAIOIIUXCS HCCIEJOBAaHUSIMU
Bo3aeiictBust OMU KBY HA  CBOOOJHO-PAJMKATIBbHBIC  MPOIECCHI u




AHTHOKCHAHTHYIO CUCTeMY B OMOJIOTMYECKHX CHCTEMAX, B YACTHOCTH, B PACTEHHAX
U IPYTHX KUBBIX OPraHU3Max.

AnpoOarmsa  paboTel: Marepuansl  AUCCEPTaUUH  AOKIAIBIBAINCE U
obcyxnanick Ha ceMuHapax kadenpsl onodusuxu EI'Y 1 HaydHEIX KOH(pEpeHIHAX:
MornexynspHsle, MeMOpaHHBIE ¥  KIETOYHBIC OCHOBBI  (DYHKIIHOHHpPOBAHHMS
ounocucreM, MexxayHapoaHas Hay4Has KoH(pepeHnus, 12-p1ii cbe3n bemopycckoro
obmmecTBeHHOTO 00BeaAnHEeHHsT (oToOMoNOoroB u 6nodusnkos, Muuck, beropycs,
28-30 wuronst, 2016, 2018; Mexa. Koug. “buonorus- nayka XXI Beka”, ITymruHo,
Poccus, 18-22 ampens, 2016; 2" International Conference “Smart Bio”, Kaunas,
Lithuania, 03-05 May, 2018; VIII Mexnaynapoansiii kourpecc “Crabble U
cBepxcialble MO W W3NydeHus B Ouosormu M Mexnunuue”, Cankt-IletepOypr,
Poccus, 10-14 centsaopst, 2018.

IIy6nukaruu: ITo Teme auccepTanum onyonukoBaHo 15 HaydHBIX paboT.

Crpykrypa u_o0beMm amccepranuu: JluccepramyoHHas paboTa COCTOHT U3
BBE/ICHUS, TpeX TJaB, 3aKIIOYCHHs, BBHIBOJOB M CIIMCKAa JIUTEpaTyphl,
HacuuthkiBatoniero 150 HaumenoBanuii. Jluccepranus usnoxerna Ha 123 crpaHuiax,
BKJItO4aeT 26 pucyHkoB u 11 Tabmurp.

COJEPXAHUE PABOTBI

Bo Beéedenuu KpaTKo ONHUCHIBACTCS CTPYKTypa AWUCCEPTALIOHHOW paboOTHI,
00CYKIat0TCsl ee 11eTIb, AKTYaJIbHOCTh U HayJYHOE 3HaYCHHeE.

Ilepsas enasa mocBsIIeHa 00CYXICHUIO UMEIOIINECs] B HAyYHOI JIHTepaType
JaHHBIX O BIMSHHUU PAIMOYaCTOTHBIX 3JEKTPOMAarHUTHBIX BOJH Ha OHOJIOTHYECKHE
CHCTEMBI, NPHUHATBIX B HACTOSIIEE BpeMs TEOPUH OTHOCHTEIBHO MEXaHH3MOB
Bo3zaeiicteus OMU mmmmumeTpoBoro auamnasoHa. [IpuBomsarcs obmme cBeneHHS O
pocTe M pa3BUTHM pPACTUTEIBHBIX OPraHM3MOB, a TaKke 00 0COOEHHOCTIX
CBOOOTHO-PAUKAIBHEIX IIPONECCOB M AKTHBAIMM AHTHOKCHIAHTHOH CHCTEMBI B
KJIeTKaX INPOPOCTKOB TMIeHHIBI. OOCYXKIAIOTCS TaKKe W3BECTHBIE B JHTEpaype
JIaHHbIEe 00 M3MEHEHHSX, HHAYLUPOBAHHBIX B IPOPOCTKAX BIMSHUEM KaJMUsL.

Bmopas 2nasa nocssiieHa MaTeprallaM ¥ METOaM UCCIIEA0BAHMS.

Hcnonvsosannvie mamepuansl. B paboTe HCIOIb30BaHbI CEMEHA U IPOPOCTKH
mmeHnmpl  Triticum  aestivum L. copra Besocras 1. Ilpu mpUroToBiIeHHH
rOMOTeHATOB ucnoib3oBaiu pactBopsl Tpuc-HCI (pH=7.4, conepsxur 0.175 M KCl,
1 MM stunenanamun terpaanerat (3JTA), 0.5% tpuron X-100) ¢ 25 u 50 MM
KOHIISHTpanMsIMH  Kak Oydep. o cTepmimsanuy MPOPOCTKOB  MIISHHUIBI
ucrions3oBamn  0.03% pactBop mnepmanranata kamus (KMnQOg). Tlepexucuoe
OKHCJICHUE JIUTIHAA0B OLCHNUBAJH IO KOJIMYECTBY MajloHOBOro Jauanbaeruna (MA)
u ucnojb3oBamu 0.8% pactBop 2-tuoGapGurypata u 0.6 N pactBop HCI. Tlpu
OINpeeNeHNN aKTHBHOCTH (epMeHTa KaTanasel ucnoib3oBain 0.03% pactBop
nepekucu Bojopoxa u 4% pactBop Monubaata amMMmMoHus. YacTb HccieqyeMbIX
obpasioB obpabarsBaiu pacrBopamu CdACl, co crenyomumMn KOHIEHTPAIUSIMHE:
25,50 u 100 MxM.

Hcnonvsosannvie npubopei. ONTHUECKYIO IUIOTHOCTH OOpa3IoOB H3MEPSIIN
cnektpooromerpuueckn. B kauectBe wucTounHmka oOmydenms OMU  KBY
npumMensuicsi rerepatop ['4-141 (CCCP), ¢ pabounm auamazonom uactot 37.50-
53.57 I i IUIOTHOCTBIO MOTOKA MouHOCTH 0.6 MBT/cM2. CTaGHIBHOCTb YaCTOTHI
curHana cocraBmsia +0.05%, u OTKIOHEHHWE YacTOTHI BHIXOJHOTO CHTHAjla B
HETPEPBIBHOM peXHMMe reHepanuu He mpesbimano 6MIm. CeMeHa U IPOPOCTKH
NILIEHUIIBI, TpopacTaBLIe B yamkax Ilerpu obmyqanucs yactotamu 41.8, 42.2, 50.3
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u 51.8 ['Tu. O6iaydeHre NpoBOAMIOCH KaK OJXHOKPATHO (IPOJODKUTEIBHOCTIMH OT
15 mun mo 80 MMH), Tak ¥ MHOTOKpPAaTHO, HAa4MHas C ONpPEAEICHHOIO0 MOMEHTa
MPOPACTaHUs U KaKAbIA AeHb 1Mo 20 MUH.

Jlnst nccemoBaHys BIVSTHUS KaJMUsI Ha MPOPACTAIOIINE CEMEeHa IIISHUIB B
vamkax ITetpu ogHokpatHO no6aeisim pactsop CdCl, ¢ konuenTpauumsmu 25, 50 u
100 MmxM.

KoHIenTpanust MaJoHOBOTO AHAIBICTHIA M aKTHBHOCTE ()EPMEHTOB KaTasas3bl
U TIEPOKCHUJIAa3bl ONPENEIAIOTCA B KOPHAX U MPOPOCTKAX PACTEHUH KOHTPONBHBIX U
o0myueHHbIX 00pa3unoB. KommuecTBo Genka B uccienryeMoM oOpasiie Ompenessuiin
no merony Jloypu, Korga CTaHAAPTOM CIYKWJI ObIYMI CHIBOPOTOYHBIN ambOyMuH.
KomnuectBo Oenka paccuuThIBaId MO TpaduKy, OTPaKaloIeMy 3aBUCHMOCTH
ONTHYECKON IUIOTHOCTH CTaHIAPTHBIX PAacTBOPOB OT KOHIEHTpanuu Oeika B HUX.
KonmiecTBo Geika OTpaXkeHO B MI/T B TKaHH.

WnrencuBHOCTh mepexucHoro okucieHus aunugoB (ITOJI) ompenenmsmm 1o
HU3MEHEHUIO KOJIMYEeCTBAa OJHOTO M3 BTOPMYHBIX mpoxykroB I1OJI — manoHOBOTrO
muanpaeruna (MIA) (Costa et al., 2002). Konuentparmo MJIA paccuuThIBaH 110
¢dopmyiie C=D/el, rme D onruyeckas MIOTHOCTh HCCIIEAYEMOTo 00Opasia, & —
K03 (PUITUCHT SKCTHHKIINY (paBEeH 1.56:10° ML.em™ [pH JUTAHE BOJHBI 532 HM), | —
ONTHYECKUI yTh cBeTOBOrO Jyua, C — koHueHrpanus MIA, M.

AKTHBHOCTh KaTala3sl B IPOPOCTKAxX MIICHUIB! ONPEAEISIA 110 METOIY
Kopostoka. PaccunthiBast o ¢popmyiie: A=AD-K/g-t-c, rue A aKTHBHOCTH Kartajasbl,
MKM, AD usMmeHeHHe onTu4eckoii mioTHoctd, K — koaddunuenT pazdasnenus, € —
KO3 HUIIMEHT SKCTHHKIUH NEpeKUCH BOAOpoAa, KOTopelid mpu 410 HM paBeH
22.2.10° MKM'l-CM'l, t — MPOAOIKHUTEFHOCTh WHKYOAllUU, MUH, C — KOJUYECTBO
Oenmka B oOpasme, Mr/mil, akTHBHOCTH (pepMeHTa BBIpakaeTcsi B CIUHUIAX, IO
koHIeHTpaun (MM) cyberpara, pacuieyIeHHOTro B TedeHre | MUH MHKyOanmu K 1
Mmr Oenka oOpasma.

AHanmm3 XEeMWJIIOMHUHECIEHIIMH OCHOBaH Ha PErucTpaluu CcBepxciaboro
CBETOUCITYCKaHHUs, KOTOpOe 00pa3yeTcs B TMpOLEcce peakiHi, NpOTEeKaromuX
CBOOOTHO-PaIUKAIBHBIM MEXaHU3MOM. Perucrpanus CIIOHTaHHOM
XEMHITFOMHHECIISHIIH obpasma HPOBOJIUTCS HOCPEJICTBOM BBICOKO-
YyBCTBHTEIIBHOTO KBAaHTOMETPHUYECKOTO YCTPOICTBA, KOTOpPOEe paboTaeT Ha OCHOBE
¢doroymuoxkutens DPOY-140 (cmekTpaibHBIH HWHTEpBal  YyBCTBHUTEINHHOCTH
cocrasmsier  300-700 ©M). HamexHplii  aHamM3 — XEeMHJIIOMHAHECLEHIUH
OCYIIECTBIIICTCS  MOCPEICTBOM  KOMIIBIOTEPHOM  CHCTEMBI ~ aBTOMAaTHYECKOH
perucTpanuu ¥ MaTeMaTH4ecKoil 00pabOTKM MONydYEeHHBIX [JaHHBIX, YTO
peanu3yercss MyIbTUQYHKIHOHAIBHBIM O51okoM USB 6008 1 B mporpamMMmHoii cpene
LabVIEW. W3mepeHne KBaHTOMETPUYECKOTO YCTPOWCTBA OCYILIECTBISAETCA II0
JTAJOHHOMY HCTOYHHKY C W3BeCTHOH HMHTeHCHBHOCThIO cBeta COXM-1 N46 u
CBETOBBIM TTOTOKOM 8.43-10° kBaHT/CeK-4T.

B kroBery noGaBnsercs 3 M obpasua (37°C). Peructpamus un3iaydeHus
peanuszyercst mocine 1-2  cek. @DOH 1myma ycTpOWCTBA  OIpenensercs
HETIOCPEACTBEHHO OO0 M TI0CHe KaXIOTO W3MEpeHUs. XEeMHIIOMHHECICHINIO
o6pasmoB onpenems B TedeHne 120 cex. HTEHCHBHOCTH XEMHITIOMHHECHECHITN
n3MepsieTcs 10 YCIOBHBIM €ANHHIIAM.

Bo Bcex MPOBCACHHBIX 3KCIIEPUMEHTAX BCIMYHUHA CTaTUCTUYECKOM OIJ_IHGKH
He mpeBbImana 5%.



PE3VJIBTATHI U OBCYXJIEHUE
Bauanue OMU KBY na ecxoscecmv npopocmkog nuieHuysi. [IpoBeneHb
HCCIIeIOBAHUS 110 ONPEAETICHUIO MOTEHIMATa MPOPACTaHHs, BCXOXKECTH U MHIEKCca
MpopacTaHusi CeMsH INIIeHUIbl MoJ BozaeiictBueM MM OMB. HccnenoBanus
MPOBOJJINCh, HAYWHAs C TPEThETO JHSA TMPOPACTaHWs TMocie HaOyxaHWs.
[Ipopacranue craHAapTHBIX CEMSIH ONpEeAesuIoch, KOTJa JUIMHA IPOPOCTKA
JI0XO/WJIa 10 TIOJIOBUHBI JUIMHBI ceMeHHU. MHeKe MpopacTaHus pacCUUTHIBAJICS 110

dopmyze ¢, - (e, / D, ), rae Gt KOIMYECTBO MPOPOCTKOB B t-blif JeHb, Dy — nun

npopactanus. [lorenmman mnpopacranust (%) paBeH COOTHOIICHHIO KOJHMYECTBA
MIPOPOCIINX HA TPETHH JeHb CEMSH K 0OIIeMy KOJHYECTBY HCCIIEILYyEeMBIX CeMsH.
CKOpOCTh MPOPACTaHHs PaBHA COOTHOLIEHHIO KOIMYECTBA MPOPOCHIMX 7-IHEBHBIX
ceMsH Ha o0Ilee KOJIMYECTBO HcclelyeMblXx ceMsH. IlomydeHHble maHHbIE
yKa3plBalOT Ha TO, YTO OOJyYeHHE MPOPACTAIONMX ceMsH mmeHunsl OMU c
yactoroid 51,8 I'T'1 MOXXeT HpUBECTH K YCKOPEHHIO MPOpACTaHUS MOCICTHHX U
CTHMYJIPOBATh POCT IPOPOCTKOB. Tak, MOTEHIMAI IIPOpacTaHus Y HEOOIydeHHBIX
MIPOPOCTKOB cocTaBisieT 72.6%, npu oOxydeHWH yBenwumBaercs xo 78.1%,
CKOpOCTh Npopactanus ot 82.7% noxoxut 1o 89.3%.

Bausnue OMU KBY na nexomopvie mopghomempuueckue noxkasamenu pocma
npopocmkog __nwenuybl. B TepBoil cepuM  SKCIIEPUMEHTOB  HCCIEIOBAHO
onHokpatHoe BiusHHe OMUW KBY uacroramm 41.8, 42.2, 50.3 u 51.8 I'Tu Ha
HW3MEHEHHE MacChl IPOPOCTKOB, Pa3BHBAIONIMXCS M3 3aMOYEHHBIX Ha 12 dacos
ceMsH mmeHuIBl. Ha puc. 1 npeacTaBieHbl H3MEHEHUS! MAacChl HOOEroB IPOPOCTKOB
TMIIEHULBI, TOBEpriux Bo3neicTero MU KBY.

70 1
60 i
L I

£ 50 { " 1
E 40 4 B 2-[HeBHbIE
Ew | W 3-1IHeBHbIE
; 4-THeBHEIE
o
%20
z

10 1

0 4

418TTu 422TTu 503 TTu 1.8 T

Puc. 1. HM3meHeHms Macchl TOOETOB TMPOPOCTKOB IIIICHHUIBI IMPH OOIydCHUH
mpopactatomux  cemsH OMM  KBY ¢ pasimuHBIME @ 9acTOTaMH |
MPOAOKUTENLHOCTBIO 30 MUH.

Kax moka3ssiBaroT 1aHHbIe Ha puc. 1, npu obnydyennn OMU ¢ vactoramu 41.8 n 42.2
I'T ocTOBEpHOIO U3MEHEHHsI MacChl IPOPOCTKOB He Habmoxaercs. B cioyuasx xe
00ydeHns 4acToTaMu, pe3oHaHCHBIME Uit Boasl — 50.3 u 51.8 I'T', macca moberos
Ha 2-0# neHs mpopacranus yBenwmuauBaeTcs Ha 40% u 32% COOTBETCTBEHHO IO
CpaBHEHHMIO C KOHTpoJIeM. B mociemyromue AHH TakKe COXpPaHSETCS TEHICHITHS
pocta Maccsl moberoB. M3 5THX AaHHBIX CleIyeT, 9TO Ha N3MEHEHHe MacChl T00eroB
IPOPOCTKOB OoJiee CTUMYJMpYIOLIee BIMSIHHUE OKa3blBaeT OOIyueHHE 4acTOTaMH
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50.3 u 51.8 I'T', mpu 3ToM, B ciaydae 50.3 I'T' oTBeTHas peakius GHOIOTHUECKON
cucteMsl popmupyeTcs ObicTpee 1 Ooliee BbipaxeHa, ueM npu 51.8 T'T'.

Bo BTOpOif cepuM SKCIEPUMEHTOB MPOPACTAIONIHE CEMEHa IHMICHUIIBI
MHOTOKPATHO MOABepIUCh BiusHUI0 MM OMB no 20 MUH €XeIHEBHO B TEUCHUE
5-u nHel, HauuHAs ¢ 3-IHEBHOTO Bo3pacTa a0 7-u nHeil. Ha puc. 2 mpuBeneHs!
3HAUCHUs] U3MEHEHHH MaccChl MOOEroB MPOPOCTKOB IMIIEHHITH P MHOTOKPATHOM
00ydeHnn o 20 MUH B TCUCHUE 5-U JTHEH.

¥ 3-1HeBHbBIE
¥ 4-nHeBHbBIE
¥ 5-7HeBHbIC
B 6-ITHeBHEIe

¥ 7-nHeBHEBIE

Macca npopocTkoB (Mr)

K 418TTu  422TTu  503TTu  51.8ITn

Puc. 2. [luHamuka H3MEHEHHsS MaccChl (Mr) TOOETOB TPOPOCTKOB IIICHUIIBI,
00ydeHHbIX MHOTOKpaTHO DM KBY ¢ HU3KOW MHTEHCHBHOCTBIO U Pa3IMYHBIMU
4acTOTaMHU B IIPOLIECCE POCTa.

W3 nmonmydeHHBIX [aHHBIX CIEAyeT, 4YTO TMpPH TEPBOM OOIyYEeHUH
MIPOJOJDKUTENBHOCTEI0 20 MHH, H3MEHEHHE MAacChl I0OEroB IPAKTUYECKH He
HaOmronmaercsi. [locme BTOporo oOmydeHHs (CyMMapHas NPOJODKUTEIBHOCTD
obmydyenus — 40 MuH), TaKKe JTOCTOBEPHOTO U3MEHEHHs He perucrpupyercs. Ilpu
cyMMapHO# skcno3unuy 60 MuUH HaONIOJaeTcsl yBENUYEHHE CKOPOCTH pOCTa MO
CPaBHEHMIO C KOHTPOJIEM BO BCEX BapUaHTaxX JKCIEepUMEHTa. [3MeHeHHe MaccChl
mo0OEeroB MPOPOCTKOB, MOJBEPTHYTHIX 3-X KpaTHOMY obOmydeHuo DOMU ¢ yactoroit
41.8 I'T Gonblre COOTBETCTBYIOIIETO ITOKA3aTeNs POCTa KOHTPOJIBHBIX MMPOPOCTKOB
Ha 6.2%. Ilpn mociemyromux OONYyYEHUSIX CKOPOCTh POCTa YBEIHUMBACTCS U Yy
MIPOPOCTKOB, MOJBEPTHYTHIX S5-KPATHOMY OOJYYEHHIO, OHA BBIIIE KOHTPOIBEHOTO
3HaueHus yxe Ha 16.1%. Ta jxe 3akOHOMEPHOCTh 0OHAPYKUBACTCS 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-U KpaTHOMY
00JyueHHI0 paBHBI COOTBETCTBeHHO 5% — 14%, 9.5 — 21%, 11.6% — 22.1%.
[Tony4yeHHbIE JaHHBIE CBUACTENBCTBYIOT O TOM, YTO NpPH 00pabOTKEe MPOPOCTKOB
OMU c¢ pa3HBIMH 4YacTOTaMH HaONIONAeTCs OJMHAKOBAas 3aKOHOMEPHOCTh: C
KaXIBIM TIOCIETYIONIMM OOJyYeHHEM CKOPOCTh POCTa MOOErOB yBEIHYHBACTCS, O
YeM CYAUM T10 U3MEHEHUIO MAcChI TOOETOB.

HccnemoBano Takke BIUSHAE MHOTOKPATHOTO OONyYeHHs Ha JUIHHY
MPOPOCTKOB MIICHUIBI B Tpoliecce pocta. Ha puc. 3 mpuBeneHbl 3HAYCHHUS JJTHH
HIPOPOCTKOB MPH MHOTOKpaTHOM o0nydeHnd MM DMB paszubsimu dactotamu. Kak
BHIHO W3 pHUC. 3, B JaHHOM Ciydae TaKKe HaOIoJaeTcs Ta jke 3aKOHOMEpPHOCTH:
HanOonbunil 3¢ dext peructpupyercs npu odnydenun IMU ¢ gacroramu 50.3 u
51.8 ITu. Ilpu ob6myuenun DOMMUM ¢ wyactotoit 41.8 ITu, cymmapHoit
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MPOAOIDKUTENBHOCTBIO 60 MHMH JUIMHA TPOPOCTKOB 00JblIe KOHTpOisA Ha 4%, a ¢
yBenuueHneM 10 100 MHH 3TOT pocT onepexaeT KOHTPOJIbHbIE 3HaueHus Ha 14%.
80

o
=

¥ 3-nHeBHEIE

o
=]

B 4-nHeBHEIE

s
S

5-nHesHBIE
B 6-nHeBHbIe

¥ 7-nHeBHbIe

Jmna npopoction (MM)

K 418TTu  422ITu  503ITu 518ITn

Puc. 3. /lunamuka M3MeHEHHs IJIHMHBI (MM) NPOPOCTKOB IIICHUIIBI, OOIYYEHHBIX
MHorokparHo OMU KBY Hu3ko#l MHTEHCMBHOCTY U pa3jIMuHBIX YacTOT B Ipolecce
pocra.

IMpn obmydyenun dwactoroit 42.2 I'Tm, yBemmuenme coctaBmsier oT 3% mo 12%
cooTBeTcTBeHHO. [Ipn oOnydeHnn yactotamu, pe3oHaHCHBIMH s Bogsl — 50.3 u
51.8 ITu yBemuuenus cocraBisitoT oT 7% g0 15% u or 8% mo 18%
COOTBETCTBEHHO. DTOT 3()(EKT 3aBUCHUT OT YACTOTHI M IIPOAOIDKHTENbHOCTH DOMU.

UccnenoBanbl Takke Opyrue MophoMeTpHYeckne IapamMeTpsl — IUIOMAAb
JHUCThEB, JUIMHA M Macca KOpHeHl IpopoCcTKOB. JlaHHBIE NOKA3BIBAIOT, YTO
HaOJII01aeTCsl yBEMMYCHHE 3HAU€HHH MOpP(OMETPUYECKHX MapaMeTpoB, IPH 3TOM,
3¢ ekt Oonee BrIpakeH NpU O0IY4YCHHH YacTOTaMHU, PE30HAHCHBIMHU [T BOABL [1o
Bceil BepossTHOCTH, Tpu oOmydeHnmn dwactotramud 50.3 u 51.8 I'Tn m3mensercs
CTPYKTypa KJIacTepoB BOABI, YTO NPHBOJUT K M3MEHEHHIO KOJMYECTBA CBOOOMHBIX
MOJIEKYJ BOJBl M TPOTOHOB B DPACTUTENBHBIX KIETKaX, YTO CIOCOOCTBYET
MIPOHUKHOBEHHIO OOJIBIIIOT0 KOJIMYECTBA BOJBI B KJIETKH, M 33 CYET YBEIMYCHHS
TYpProOpHOTO JaBJICHHs YBEIMYUBAIOTCS pa3Mephl KIIETOK.

Bruanue OMU KBY na npoyeccbl nepeKucHo20 OKUCTEHUs 6 KIemKax
npopocmkos nuwienuyst. CoriiacHO OAHOW u3 runore3 BiusHUS MM DMB Ha
OHMOJIOTUYECKHE CHCTEMBI, JIEKTPOMATHUTHBIE BOJIHBI MIJIMMETPOBOTO JHAMa30HA
WHIYIMPYIOT OKCHAATHBHBIA CTpecc, KOTOPBI NPHUBOAUT K BO3PACTAHHIO
KOHIIGHTPAlMM W AaKTHBHOCTH aKTHBHBIX ()OPM KHCIOpPOJa, B TOM UHCIE
cynepokcnnaoro pagukana (O,), cumriernoro kuciopoma (‘0,), mepekuch
Bogopora (H,0,) wu rumpokcuibhbix pagukanoB (OH*). BsaumonueiicTBue
MOCJICTHUX C HEHACBHIICHHBIMH JKUPHBIMH KHCJIOTAMH MeMOpaH IpPHUBOIMT K
00pa3oBaHUIO IMEPeKUCHBIX paaukanoB numuaoB RO, B pesymprate 0o0pasyercs
PEKOMOHMHAHT ¢ HECTAOWJIBHBIM TETPOKCHIOM, UTO COIPOBOXIAETCS 3MHCCHEH
KBAaHTOB XEMOJIIOMUHECIIEHTHOTO cBeTa. [Tokasano, uTo xemmmomuHeceHnus (XJI)
OMOJIOTHYECKHX CHUCTEM BO3HHKAeT B pe3ylbTaTe CBOOOJHO-PAaANKAIBHBIX
mporneccoB n mepekucHoro oxucieHus ymmupos (IIOJI) B mumumn-comepskammx
crpykrypax (Juravlev, 2011; Vladimirov & Proskurnina, 2009). Wccremosana
MHTEHCHBHOCTb CNOHTaHHOH XJI romoreHaToB KOpHEH M MOOEroB OOIy4eHHBIX
npopocTkoB mueHunsl MU ¢ wactoramu 42.2, 50.3 u 51.8 I'Tu. Ilokazano, uto
obmydenne DMU ¢ gacroroit 42.2 I'T HEe MHAYIHUPYET JHOCTOBEPHOTO M3MEHEHHS
cnoHTanHOi XJI B romoreHarax moGeroB M KOpHEH MPOPOCTKOB MILEHMIBI, B TO
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Konuentpanus MJIA, BM/mr

BpeMs kak oOmyuenne OMMU ¢ wacroroir 50.3 I'TH npuBOOUT K YBEIMYCHUIO
cBetoBoii cymmbl Ha 38.4% wu 30.5% B nobGerax M KOpHSAX HPOPOCTKOB
COOTBETCTBEHHO. CieqyeT OTMeTuTbh, yTo obmayuenne DMU c¢ yacroroit 51.8 I'T
NIPOM3BOAUT HamOonpmmii 3d¢dexT Ha CcBOOOJHO-pAaIHMKAIBHBIE MPOLECCH —
COOTBETCTBEHHO yBEINYNBAsl CBETOBBIC CyMMBI B Io0erax n KopHsx Ha 42% u 31%.
Kak BugHO M3 puc. 4, MIIIMMETPOBBIE SJIEKTPOMATHUTHBIE BOJHBI MHIYLHPYIOT
OKCHJIATUBHBIH CTPECC HE TOJIBKO B OOErax NpopOCTKOB, HO M B KOPHSX M CTEIEHb
HM3MEHEHUsI cBeTOCYMMBI crioHTanHOU XJI 3aBucuT o1 wacToTel DMU.
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Puc. 4. Cymma criontanHoi XJI 3-X JHEBHBIX NIPOPOCTKOB HIIECHHUIBI, OOIYIEHHBIX
pasnuyHbIMU yactrotTamMu MM nuanasoHa.

B moGerax HeoONy4eHHBIX W MHOTOKPATHO OOJYYEHHBIX IIPOPOCTKOB
MIICHUIBl 3aBHCHMOCTh KOJHMYECTBA MalloHOBoro maumampieruna (MIAA) or
MIPOJOJDKUTENFHOCTH OONydeHUs1 TpezicTaBieHa Ha puc. 5 (A). Hccnemyemsrit
mapameTp 3HAYHUTENBHO MEHSCTCS MO CPaBHEHHIO C KOHTPOJEM, OCOOCHHO IpH
obnydennn wactotoit 51.8 I'Tm. Opnako, nanbHeimmee oOTyd4eHHE MPHUBOIUT K
HEKOTOPOMY YMEHBILIEHHIO Hccieayemoro napamerpa: nocie 80 mua u 100 mMuH
oOiydeHus: 3HaueHHs1 konmuectBa MJIA Bbime, ueM B koHTpose Ha 40% u 36%
COOTBETCTBEHHO. TakuM 00pa3oM, MOXKHO 3aKIIOYUTh, YTO C YBEIHYCHHEM
MIPOJIOJDKUTEIBHOCTH 00mydeHnss OMU MHTEHCHBHOCTH HPOIECCOB MEPEKHCHOTO
OKHMCJICHHUS JIUMUJIOB BO3PACTAET.
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Puc. 5. Ilunamuka nzmenenus konmdectsa MJIA (A) u aktuBHOCTH KaTanassl (b) B
KJIETKaxX 100EeroB MPOPOCTKOB MIICHHIBI, 00dydeHHbIXx DMU MM-nnanasona, B
HpoIECCE POCTA.

[TokazaHo, 4TO OOJy4YeHHE MPOPACTAIOUIMX MPOPOCTKOB B IMpOIECCE POCTa
NPUBOJAUT TaKXE K HN3MCHCHHUIO AKTUBHOCTHU d)epmeHTa Karajgda3bl U BCJIMYHUHA
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HM3MEHEHUs 3aBUCUT OT YaCTOTHI U MPOJOJDKUTENBHOCTH n3nyueHust OMB (puc. 5B).
U3 puc. 5b BUIHO, 4TO aKTUBHOCTH KaTajla3bl yMEHbIIaeTCs pH obaydeHnn 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 cyMMapHOH
MIPOJIOIDKUTEIBHOCTH obirydeHnst 1o 80 MHH B 5-M JHEBHBIX IOOErax aKTHBHOCTD
KaTaxa3pl yMeHbImaercs Ha 22.4% II0 CpaBHEHHIO C KOHTPOJBHBIM 3HAYCHHEM.
JanpHelilmee yBenWYEeHHE IPOJODKHTENBHOCTH oOmydenuss po 100 muH
MHAYLUPYET 3HAYUTENbHOE YBEIHUCHHE aKTUBHOCTH Kartanasel Ooinee, yem B 1.22
pa3a o CpaBHEHUIO C Pe3yJIbTaTOM, NMOIYYeHHOM MpH dKkcno3uimu 80 muH. U3 puc.
5b BuAHO, YTO MOXO0XKas 3aKOHOMEPHOCTh HaOmomaeTcs U npu wyactore 51.8 I'T,
0oJiee TOro, BeJIMYMHA OTBETA B JaHHOM ciiydae Oosnbiue. Ipu sxcnozumusx 40 u 60
MUH aKTHUBHOCTb KaTanasbl yMeHblaercs, npu 80 u 100 MuH — yBenuuuBaercsl.

HUccnenosans! m3Menenus: nHTeHcHBHOCTH [10JI B KileTkax MPOPOCTKOB IPH
OIHOKpaTHOM o0Omydenmn OMB ¢ pa3mmuHBIMH = YacToTaMH ¥ pPa3HOM
MIPOJOJDKUTEIBHOCTEIO  (PUCYHOK He mpuBeneH). IlosydeHHbIE pe3yJbTaThl
CBHUICTENLCTBYIOT 00 yBemmueHun aktuBHocTH [IOJI, d9ro  BeIpakaercs
yBenmueHneM konmdectBa MJIA. Tlpu obmydennn DMU ¢ wacroramu 41.8 I'To u
42.2 I'Tu xoHueHTpamuss MJIA mposiBiIsSeT TEHICHLHWIO BO3pACTaHHS B Ipolecce
pocTa W TEHICHIMSA COXPAaHSAETCS TNPH YBEIWYCHHH HPOJOIDKUTEINFHOCTH
obnydenns. Haumbonmpmmit spdexr HaOmomaercs B ciydaax obmydeHus OMU c
yacroramu 50.3 u 51.8 I'Tn.

HccnenoBaHbl Takke M3MEHEHUS! aKTHBHOCTH KaTajla3bl B 3aBUCHMOCTH OT
Y4acTOThl M MpoaoDKuTenbHOCTH DOMB. B manHoMm ciydae npu ob6nyuernn IMU ¢
yactotamd 41.8 u 422 I'Tu B 3-Xx w 4-X [OHEBHBIX moOerax HaOIOLaeTcs
YMEHBIIEHHE AaKTUBHOCTH KaTrala3bl M 3TO 3aBUCHT OT HPOIOJDKUTENFHOCTH
Bo3zaeicTBusA. Ta e 3aKOHOMEPHOCTh Habmromaercs W mpu obmydeHun OMU ¢
gacroramu 50.3 u 51.8 I'Tn. Ha ocHOBE MONTy4eHHBIX JaHHBIX, MOXHO 3aKJIFOUUTD,
YTO aKTHBHOCTb KaTala3bl YMEHBIIACTCS IPH OOIyIeHHN MPOIOIDKUTENHOCTRIO 20
n 60 MuH BO Bce OHM mpopactaHus. KpoMe TOro, mpM HpPOAOIDKUTEIBLHOCTH
obmydennss DMB 80 MHH, akTHBHOCTH (pepMeHTa pacTeT B MoOerax IIIeHHII
OJIMHAKOBOTO BoO3pacta. JTO, B CBOIO O4Yepelb, HPUBOAUT K S(PPEKTHBHOMY
yIOAJCHUIO aKTUBHBIX (opMm Kuciaopona. Pe3ynbraTel  CBHIETENBCTBYIOT O
CTUMYIHpYIonieM Bo3aeiicTBud DM Ha poCT MIIEHHIB! U POIH aHTHOKCHIAHTHOM
3aIIUTHON CHCTEMBI B OpraHW3Me Ha BHemIHee (usmueckoe mone. CpaBHHBas
JaHHbBIE, MONydYeHHbIe O KonmmdecTBe MJIA M aKTHBHOCTHM KaTayiassl B moberax
OOJy4eHHBIX pAcTeHHH, MOXXHO OTMETHTh, YTO IS KaxaoW dactorel OMU c
YBEJIMYEHUEM TPOJODKHTENIBHOCTH  OOJyYeHHs OTHOCHMTEJBHOE BO3pacTaHue
konmdyecTBa MJIA KoppenupyeT ¢ yMeHbIIEHHEM aKTHBHOCTH KaTalasbl B Imoderax
pactenuii Toro ke Bo3pacta. [Ipu nmponomkuTeasHocTH obmydenus 80 MUH, pe3koe
yBEINYEHHE aKTHBHOCTH KaTaja3dbl JIOCTaTOYHO XOPOLIO KOppEIHpyeT ¢
yMmeHblIeHreM konmdectBa MJIA. CrieoBaTenbHO, B PACTEHUSX, MOABEPTHYBIINXCS
BHEIIHEMY (U3MYECKOMY BO3JCHCTBHIO, KaTajla3a AaKTUBHPYETCS ¥ 3allHIIacT
KIETKH PAacTeHHUs OT pa3pyIIUTENbHBIX 3(P(EKTOB aKTHBHBIX (OpM KHCIOPOAa,
UTpast BAXKHYIO POJIb B AHTHOKCHAAHTHOH KIETOYHOH 3aIIUTHON CHCTEME.

CpaBHeHue koHIeHTpauuid M/IA B KOpHSAX U mo0Oerax MpopOCTKOB MIIEHHIIBI,
(puc. 6) mokazaino, 4To B moberax u KOPHsX 4-X JHEBHBIX KOHTPOJBHBIX POPOCTKOB
komaecTBo MJIA moutn oguHakoBo U paBHO 0.24+0.04 aM/mr Gemka u 0.20+0.03
HM/Mr Geska COOTBETCTBEHHO.
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Puc. 6. Konnenrparus MIA (HM/Mr 6enox) B KOpHAX M moOerax 4-x JHEBHBIX
IIPOPOCTKOB MIIEHHUIB! B 3aBUCUMOCTH OT YacToTsl DOMI.

Ipu o6myuennn npopoctkoB DMU ¢ wactoToit 42.2 I'T1 B Teuenne 1 gaca
KoHIeHTpauuss MJIA B KOpHSX TIOYTH HE MEHseTCs, OJHAKO B moOerax oHa
MIPEeBBINIAET KOHTPOJbHOE 3HaueHHe Ha 12%. IIpu obmyuenmn OMMU ¢ uactoToit
50.3 I'T'y konmrgecTBO M/JIA B KOpHSAX 0OTy4eHHBIX IPOPOCTKOB JOCTOBEPHO PACTET
B 1.40 pa3a, a B moberax — 2.08 pa3a mo cpaBHeHHIO ¢ KOHTpoaeM. Obmyyenne MU
¢ gacroroit 51.8 I'Tu npousBoanuT HaubombIIee BIUsSHIE Ha popmupoBanne MJIA.
Taxum o0pa3oMm, B KOpHAX OOJy4eHHOrO pacTeHHs KoHueHtparms MJIA paBna
0.32+0.06 uHM/Mr OGemka ¥ MOPEBOCXOAUT KOHUEHTpamuioo MJIA B KOpHSIX
KOHTPOJBHOTO pacTeHus B 1.6 pa3a, B moberax ona pasHa 0.52+0.08 uM/mr Genka u
MPEBOCXOANUT 3HAYEHHE 3TOTO TOKas3aTeis B KOHTPONbHBIX moberax (0.24+0.04) B
2.2 pa3a.

Taxkum 00pa3oM, Ha OCHOBE IOJYYEHHBIX IAHHBIX, MOXHO IPEAIIOIOKHTS,
yro OMU KBY Bnuser Ha OKHCIEHHE JHIHIOB B KIETOYHBIX MeMOpaHax u
MIPUBOANT K BO3PACTAHHUIO HHTEHCHBHOCTH CBOOOIHO-PaJUKAIBHBIX ITPOLECCOB. DTO
3HAUAT, YTO OHOJIOTMYEcKas CHUCTeMa KpaifHe YyBCTBUTENbHA K BHEIIHEMY
Bozzaeiicteuio OMMU, B wactHOCTH, K OMMU ¢ wactotoit 50.3 u 51.8 T, xotopsre
COOTBETCTBYIOT COOCTBEHHBIM YacTOTaM KOJIeOaHMI MOJIEKYN BOJXBI, T.€. TIPH
00JTy"eHIN IMEET MECTO PE30HAHC.

Brusanue xadmusa _na pocm npopocmxog nutenuywl, unmencusnocms 1101 u
akmusnocms _anmuoxcudanmuou _cucmemol. Kanmuit (Cd) cuuraercs omHuMm u3
CHJIBHO TOKCHYHBIX METaJIOB, KOTOPBIH IPUCYTCTBYeT B MAaXOTHBIX 3eMIISIX B
pe3yspTaTe MPOMBIIIICHHBIX TpoleccoB u (epmepckoii mpaktuku. Cd m3BecTeH
CBOCH (DUTOTOKCHYHOCTBHIO, YTO IPUBOAUT KO MHOTHM MOP(OIOrHIECKHM,
(GI3HOIOTNYECKNM U OMOXHMHIECKHM M3MEHEHHSM B XKHBBIX OpraHm3Max. beicTpo
MOTJIOIAsiCh  KOPHAMH M KOHKYPHPYS C IBYXBAICHTHBIMH HOHAMH, KaaMHUH
MOJABIISICT POCT M Pa3BUTHE PACTCHUH M BIMsAET Ha Ouomaccy. TspKelble MeTauTbl
HapyIIaloT POCT PAacTeHHWH pa3muuHbBIMK crocobamu. ODMH W3 3THX CHOCOOOB
CBsI3aH C TPOM3BOJCTBOM AaKTHMBHBIX (OPM KHCIOPOAA M CBOOOMHBIX DPaJUKAJIOB.
JlanHble, MOJyYeHHbIE HaMH, TOKa3bIBAIOT, YTO 00paboTKa KaaMHEM IMPUBOAUT K
YMEHBIICHUIO MacChl MOOEroB, MO CPABHEHHIO C KOHTPOJIEM, OJHAKO B IpoIecce
pocta pacteHusi (BO BPEMEHH) TEHICHIMS BO3pACTaHUs cOXpaHsercs. [lokasaHo
TaKOKe, YTO BIMSHUE KaIMHUS NPHBOJHUT K 3aMEUICHUIO POCTA JUIMHEI IPOPOCTKOB
IIICHAIEI IO CPAaBHEHUIO ¢ KOHTPOJEM. B yCIOBHSX Hanmmuus TSDKENBIX METalIoB
HaOoiaeTcsl Takke W3MeHeHne KonmmdectBa MJIA W aKkTHBHOCTH KaTajasbl M
reasskon repokcunassl (I'TIO). Ha puc. 7 moxaszano, uro kommdectBo MJIA B

12




PaCTeHUsIX, HE HOJBEPIIIMXCS CTPECCY, M3MEHSCTCS B pas3HbIe JIHU HPOPACTaHUS.
Tax, moutu TO ke camoe konuuectBo MJIA peructpupyercs B 3-X U 6-U AHEBHBIX
noberax. B 12-u nueBHBIX moOerax xomudectBo MJIA yBenuuuBaercst Ha 14% mo
CPaBHEHHMIO C TEM K€ IapaMeTpoM 3-X THEBHBIX pacTeHWi. [lomydeHHbIe NaHHEBIE
nokasbiBarT, 4yro Cd-00paboTka MPUBOIUT K M3MEHEHHIO MPOIecca IMEePeKUCHOTO
OKHCJICHUS JIUIIHJIOB, O YeM CBHIETEIbCTBYIOT IaHHBIC Ha PHC. 7.

0.4

® 3-x aHeBHBle noGern
S 6-u aHeBHKIe OGN

12-u nuesHble nobern

Konuenrpauns MJIA, nM/mr Getox

K 25 50 100
[Cd], MiM

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

Tak, B yclIOBHUAX HalU4uus B Cpele pocTa Cd* B pacTUTENbHON Cpene B
KoHIIeHTpanusaxX 25 u 50 MkM B 3-X JHEBHBIX moberax pacTeHus, Kommdectso MJIA
BO3PAcTaeT COOTBETCTBEHHO B 1.75 1 1.5 pa3a no cpaBHEHHIO ¢ KOHTposieM. B To ke
Bpems B moberax 3-X JHEBHBIX PAacTeHHI, 00pabOTaHHEIX KaAMHEM B KOHIICHTPALUH
100 MxM, yBenuuenue konuyectBa MJIA cocraBmser 9% 1o CpaBHEHUIO C
koHTposieM. Kak BuaHO W3 puc. 7, B 6-H OHEBHBIX MoOerax, 00pabOTaHHBIX
KaJaMueM, HaOomaercst 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 pacter B 1.31 m 1.13 pa3 COOTBETCTBEHHO IO
CPaBHEHMIO C KOHTpoJieM. B pacTeHWsX OJMHAKOBOTO BO3pacTa, KOTOpHIE
BoIpamuBaiuck B npucyrcteun 100 MkM CdCl,, kommuectBo MJIA cocrasisiio
0.13£0.021 HEM/MT 6€70K, YTO HUKE, YEM B COOTBETCTBYIOIIEM KOHTPOJIE.

0.4

0.2 e ¥ 3-x nHesHble noGern
= J» ™6-u aHepHble NoGern

12-1 nHepHEie MoGeru

AKTHBHOCTE Karaiazel, e.a.mr! Gesor

K 25 50 100
[Cd], MM

Puc. 8. Bousane KaagMus Ha aKTUBHOCTH KaTaJia3bl B moberax NIICHUIIBI.

CpaBauBast ypoBeHb MJIA M aKTHBHOCTH KaTamassl B IMOOErax pacTEeHHH,
00paboTaHHBIX KaJMHEM, MOXHO 3aMeTHTh, YTO B pPAaHHHX CTaaWsIX pOCTa, B
noberax BbICOKHI ypoBeHb MJIA Koppemupyer ¢ MOJaBiICHHEM aKTHBHOCTH
karana3ssl B HuX. C Bo3pactoMm (6-12 mHeii), Ha000pOT, AKTHBHOCTD KaTasla3bl pacTeT
U HaOmonaercs ymeHblleHue koiudectBa MJIA. JlaHHble, MOJNy4YeHHBIE HaMH,
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XOpOIIO COTJIACYIOTCS C TAKOBBIMHU B JuTeparype. IlokasaHo, uTo B pacTeHMsX, HE
00paboTaHHBIX KaAMUEM, aKTUBHOCTh KaTasla3bl PacTeT C BO3PACTOM U yxe B 12-u
THEBHBIX moberax oHa B 1.72 pa3 Goxpuie, 4eM B 3-X JHEBHBIX moOerax (puc. 8).
[Tpu 06paboTke mpopocTKOB pacTBopoM, coaepxamemM 25 MkM CdCl, B moGerax 3-
X JHEBHBIX IIPOPOCTKOB IIICHUIEI aKTUBHOCTH KaTaya3bl yMeHbIIaeTcst Ha 28% 1o
CPaBHEHHIO C KOHTpOJIEM. YBEIMYeHHE KOHLEHTpauuu kagmus jno 100 mMxM
NIPUBOANT K YMEHBINCHUIO aKTUBHOCTH (QepMeHTa Oojee, yeM B 3 pasza MO
CPaBHEHMIO C KOHTPOJBHBIMHU DPAacCTeHMSIMH OXHOTO Bo3pacTta. C yBennUeHHEM
KOHIIEHTpAllUM KaJMHs aKTUBHOCTb (DepMEHTa yMEHBIIAaeTcs BO BcexX oOpasuax
OJIHOTO BO3pacTa. B To ke BpeMsl aKTMBHOCTh KaTaja3bl MPOSBIAET HEOOJIBIIYIO
TEHJCHIMIO BO3PAcTaHUs IUISI KaKHAOW KOHIEHTPAIMM KaJMHUs B TEUEHHE pocTa
oGeroB.

VccnenoBaHusi MOKa3bIBAIOT TaKXkKe, YTO IPH BCEX KOHIEHTPALMAX KaIMHUS
aktuBHOCTH ['TIO B moGerax MIIEHAIBI yBEININBaeTCs. DTO €Ile pa3 MOATBeP)KIacT
Gbakr, 4TOo B pacreHusX, moaseprHyBumxcs Cd-cTpeccy, kaTanasa W T'BasKoI
NepOKCHIa3a JEeHCTBYIOT Kak 3allUTHBI MEXaHW3M, aKTHBAlUsi KOTOPOIO
HaIpaBJIeHa Ha BEIBEICHNE OPTaHU3Ma U3 CTpecca.

Cosemecmuoe sauanue IMHU KBY u uonos kaomus Ha pocm_NpopocmKos
nuenuyvl, _unmencugnocms [IOJI u _axmusnocms _kamanasvl. VccnenoBaHo
cosmectroe Biusaue CACl, kouuentpanumeit 100 MkM u O9MU KBY (50.3 TT1) Ha
pPOCT TPOPOCTKOB, KommdecTBO MJIA ¥ aKTHBHOCTh KaTaja3bl B IIPOPOCTKAX
mueHunsl.  [Tokasano, 4to 00paboOTKa KaaMHEM NPHBOJUT K 3HAYUTEIBHBIM
HU3MEHEHUSIM JUIMHBI 1T00ETOB, B YaCTHOCTH Yy 6-M M 9-M JHEBHBIX IIPOPOCTKOB.
HeGompimoii pocT AMMHBI MPOPOCTKOB HaOironaercs moxa BiusHueM DMK KBU.
M3MepeHa TakKe Macca MPOPOCTKOB MIICHHUIIE! IIPH COYeTaHHOM Bo3aeiictun Cd>*
u OMU. B s1oM ciydae Takke Habmromaercs yiydmiaromiee BoszaeiictBue DMU.
Beicokast konrentpauust CdCl, (100 mMxM) mogaBiseT pocT MPOPOCTKOB.
[MomydyenHsle pe3ynabTaThl MOKAa3bIBAIOT, YTO MOP(OMETpHIEcKHe IapamMeTpsl
(umMHAa M Macca) TPOPOCTKOB MINEHHILI, 0OpaboTaHHbix pactBopoM CdCl, ¢
koHieHTpanueit 100 MM, B couetanuu ¢ obnyuennem DMU KBY 3nauntensHO
YIY4IIAIOTCs, HO HE JOCTUTAlOT 3HAYEHHH, HaOII0JaeMbIX B KOHTpOJIE.

HccnenoBaHbl Takke U3MeHEHHsT kKoiandecTBa MJIA 1 akTHBHOCTH KaTtaiiasbl B
NPOPOCTKAX TMIIEHHUIBI TPH COYETAaHHOM Bo3zaeicTBHM Cd-HHAYLMPOBAaHHOTO
ctpecca u obmyuernss DMU KBY (puc. 9). Kak Bugao u3 puc. 9, npu obpabotke
kagmueM ¢ koHmeHTpammeidl 100 MM B kieTkax 3-X JHEBHBIX IPOPOCTKOB
koHreHTpanust MJIA ymenpmaercst Ha 10% 1o cpaBHEHHIO ¢ KOHTpPOJEM, B 6-I
JHEBHBIX TpopocTkax — Ha 47.9%, a B 9-u nHeBHBIX — Ha 75%. Ilpu obiayueHun
OMMU c yacroroii 50.3 I'T'u B Teuenue 1 yac, konuenrpauus MJIA yBenuunBaercs
COOTBETCTBEHHO Ha 55%, 54.2% u 35.7%. [1pu coueranHom Bozaeiicteuu 100 MmxkM
Cd* u DMH ¢ wacroroii 50.3 I, HAGMOAAETCS CIEAYIONAs KAPTHHA: B KIETKAX
3-X JDHEBHBIX MPOPOCTKOB IO CPAaBHEHHIO C KOHTPOJIEM HAOIONACTCS yBEIHIECHHE
koHnenTpanun MJIA Ha 20%, B 6-1 THEBHBIX IPOPOCTKaX — yMeHbIIeHHe M/IA Ha
16.7% mo cpaBHEHHIO C KOHTpPOJEM, OJHAKO, KOHIEeHTpanus MJIA Beime, yeM B
MIPOPOCTKaX, 00pabOTaHHBIX KaaMHeM. B kieTkax 9-m JHEBHBIX HPOPOCTKOB
yMeHbIlleHHe KoHueHTpauud MJIA cocraBmger 57.1%, m B 3TOM ciydae,
koHueHTpauuss MJIA Beie, uem B 00Opa0OTaHHBIX TOJBKO PACTBOPOM KaaMHS
MpOPOCTKax. N3 OJIYUYCHHBIX NAaHHBIX CICAYET, YTO IIPHU COYETAaHHOM BO3ﬂeﬁCTBHH
¢u3udeckoro u XuUMHUUeckoro (akTopoB Hamuuue (¢usndeckoro (Qakropa
CIOCOOCTBYET MPEOI0JICHHUIO METAUI-HHIYIIMPOBAHHOTO CTPECCOBOTO COCTOSTHHUSI.
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Konuenrpauns MJIA, nM/mr Gesntox

035 I
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015 9-it newn
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0,05
0
K cd

SMHI Cd+3MH

Puc. 9. Usmenenue konuenrpanuu MJIA B KieTkaXx NPOPOCTKOB MIIECHHUIBI B
TEUEHHe POoCTa IPH OTACIBHOW W COBMECTHOM oOpaGorke pactBopom CdCl, (100
MKM) u DMU ¢ wactotoit 50.3 I'T.

Ha puc. 10 mnpuBeneHO W3MCHEHHE AaKTUBHOCTH KaTaja3bl B KJIETKaxX
MPOPOCTKOB IIICHHIBI MPU OTAEIFHOM M COBMECTHOM BO3ICHUCTBUSIX KaAMHS H
OMMU KBUY. Kak Bugno u3 puc. 10, Ipu OTAETHHOM BIUSHHA Cd** u DMHU KBUY B
KJIETKaX MPOPOCTKOB IMPOHCXOJHUT IOJABICHAE AKTUBHOCTH Karamasbl. lIpu ux
COBMECTHOM BO3[CHCTBUH Takke HAOIOMACTCS CHIDKEHHE aKTHBHOCTU (epMeHTa.
OpHako, cIenyeT OTMETHTh, YTO B OTOM ClIydyae MPUCYTCTBYET HEKOTOpas
KOMIIEHCALMS TIOCIEACTBUI BIMSIHUS HOHOB KaIMHUS.
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Puc. 10. V3MeHeHHe aKTHBHOCTHM KaTaja3bl B KJIETKaX IPOPOCTKOB MIICHUIBI B
TEYEeHHUE POCTa MPH OTAENBHON U coueTanHor 0OpadoTke CdCl, (100 MkM) u OMU
(50.3 I'T).

Tak, B KiIeTkax 3-X JHEBHBIX NMPOPOCTKOB, KOTOPBIE 00OpabaThIBAIUCh PACTBOPOM
CdCl, ¢ xonuentpaumuein 100 MKM, HaOJIIOJAETCS yMEHBIIEHHE AKTHBHOCTH
kaTana3sl Ha 71.9% 1O cpaBHEHMIO C KOHTpOJEM, a B KIETKax 6-U JHEBHBIX
MpopocTKOB Ha 62% u 9-u qHeBHEBIX — Ha 47.6%. IIpn Bo3neiictBun OMU gactoToit
50.3 I'T'u B kieTkax 3-X AHEBHBIX MPOPOCTKOB aKTUBHOCTH KaTalla3bl YMEHbIIAETCs
Ha 1.12% 1o cpaBHEHUIO ¢ KOHTPOJIEM, B KJIEeTKax 6-W JHEBHBIX MPOPOCTKOB — Ha
60% m B KieTkax 9-M IHEBHBIX NHPOpocTkoB — Ha 63.5%. Ilpm coBmecTHOM
Bo3zeiicTBuM kKagmus 1 OMU B kieTkax 3-X AHEBHBIX IPOPOCTKOB yYMEHBIICHHE
AKTHUBHOCTH KaTajasbl [10 CPAaBHEHUIO C KOHTPOJIeM cocTaBisuio 48.9%, B kieTkax 6-
Y JIHEBHBIX MPOPOCTKOB — 60.8% 1 B KiIeTKax 9-U JHEBHBIX NPOPOCTKOB — 57.8%.
Takum o0Opa3oM, KaaMHUil HHIYLHMPYET HapylIeHHs OOMEHHBIX MPOLECCOB,
pa3BuTHe cTpecca. MMIIMMETPOBble BOJHBI HHU3KOH HMHTCHCUBHOCTH B
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3HAYUTENBHON CTENEHH KOMIICHCHPYIOT MHIYLMPOBAHHbIC KaJMHEM HapyIICHUs,
CIIOCOOCTBYIOT HOpPMaJM3alMM OOMEHHBIX HPOLECCOB B KIIETKAX, MOABEPTHYTBIX
00paboTKe MPOPOCTKOB.

3AKJIIOUYEHUE

Hccnenoano smusgHue OMUM KBY Ha HHTEHCUBHOCTH pPOCTa IPOPOCTKOB
mmeHunsl.  Kak  Moka3plBaloT  JaHHBIE, IPEACTaBIE€HHBIE B paboTe, MoOf
BO3IEHCTBHEM BHEIIHETO (pu3ndeckoro (akropa HaOIOIACTCS YBEINYEHHE MacChl
U JUTMHBI TIPOPOCTKOB 110 CPAaBHEHUIO C HEOOTyUEHHBIMU NpopocTKamu. [Ipu stom,
BEJINYMHA U3MEHEHUS 3aBUCHUT OT YaCTOThI OOIYUEHHUS: IPU PE30HAHCHBIX AJISI BOJBI
YacTOTaX yBeJIMUYEHHE ITapaMeTpoB OoJIbIIe, YeM IIPU HEPE30HAHCHBIX YacTOTaX.

[TokazaHo, 4YTOo mOJ BIMSHHEM MWIDIMMETPOBEIX BOJH B HPOPOCTKax
MIOBBIIAETCSI MHTEHCHBHOCTH IIepeKHcHoro okucieHws ununos (I1OJI), o dem
MOXHO CYAUTH TI0 KOJIMYECTBY IIPOAYKTa OSTHX HPOLECCOB — MAaJOHOBOTO
muansaeruna. O0 yBennuyeHHH MHTEHCHBHOCTH mporeccoB [10JI cBunerenscTByeT
Talke 3HAYNUTENPHOE IIOBBIMIEHHE CBETOCYMMBI XEMIIIFOMHUHECIECHIMH B
TOMOT€HAaTe MPOPOCTKOB, MPH 3TOM, 3HAYECHHUS CBETOCYMMBI B KOPHAX M IobOerax
pasnuyaloTcs He3HauuTensHO. [lokazaHO, 4TO B KIETKax OOTyUEHHOTO pPAcTCHUS
konmmdecTBO MJIA yBenTHUMBAETCS U BBIIBICHA 3aBHCUMOCTD BEITMIHHBI U3MEHCHHS
OT YacTOTHI 0OTy4YeHHs. B 0TBeT Ha aKTHBALUIO CBOOOIHO-paJUKaIBHBIX IPOIIECCOB
HaOJIIolaeTcsl MOJaBiIeHHE aKTHBHOCTH KaTajiasbl, OJHAKO C YBEJIMYCHUEM
MIPOJIOJDKUTEIBHOCTH  OONy4eHHs, II0-BUIMMOMY, B OpraHH3Me 3aIlyCKaloTCs
MIPOLIECCHI, HANpaBJICHHBIE TPOTUB Ppa3BUTHS HW3MEHEHHH, WHIYIHMPOBAaHHBIX
BO3JEHCTBHEM BHEMIHETO (DaKTopa M AKTHBHOCTH KaTamasbl pacTeT. ODTOT POCT
0cobeHHO BbIpaskeH Ipu 80 MUH CyMMapHOH MpPOJODKUTEIBHOCTH OOIyUeHHS, YTO
coriacyercss ¢ HaONIOZaeMbIM yMeHbIIeHHeM KomudectBa MJIA. OtoT dakr
CBUJIETETILCTBYET O TOM, YTO B PAaCTEHHSX, MOJBEPTHYBIINXCS BIHstHAI0O DM KBY,
KaTajaza, Kak ¥ JApYrMe AaHTHOKCHJIAHTHBIE (EpMEHTBI, HampuMep, TIBasKOI
NEepOKCHIa3a, aKTHUBHPYETCS Uil IIOJABJCHHS WHTEHCHUBHOCTH CBOOOJHO-
paauKaNbHBIX TPOLIECCOB.

IIpoBeneHbI Takke MCCIEOBAHMS BIUSHUS TSKEIOTO MeTajula — KaaMus Ha
naTeHcuBHOCTE [1OJI B KieTkax HMPOPOCTKOB MINEHHIBI, a Takke HA MX POCT H
pasutme. [lokazaHo, 9TO BO BpeMs KaJMHEBOTO CTpecca pOCT 3aMeIsieTcs,
BEJINYMHA W3MEHEHUH MacChl U JUTMHBI TIPOPOCTKOB IIICHUIIBI MEHBIIE N3MEHEHUH
YKa3aHHBIX I1apaMeTPOB IJIsI KOHTPOJBHBIX IPOPOCTKOB, MPU 3TOM, YEM BBIIIE
KOHIIEHTpaLUsl KaJMKs, TeM OOJIbIle OTCTaBaHue B Iporecce pocra. [Ipn o6padorke
KaJIMHEM B KJIETKaxX MPOPOCTKOB IIICHHIH HAOJIIOAeTCs M3MEHEHHEe KOJIMYecTBa
MJIA. AKTHBHOCTh KaTana3bl yMmeHbliaercss mpu Cd-cTpecce, OIHAKO XapakTep
M3MEHEHUH @polecca poCTa COXpaHseTcss M HaOIIoJaeTcss Ta XKe JUHAMMKa
W3MEHEeHUH, YTO M B KOHTPOJBHBIX MNpPOPOCTKaXx. B oTmmume or Karanassl,
aKTHBHOCTh KOTOPOHM MajgaeT INpH KaJMHEBOM CTpecce, AKTHBHOCTh TIBasKOI
MIEPOKCHUA3b], HA00OPOT, PacTeT.

Pe3ynbTaThl MCCIIEIOBaHMs COYETAaHHOrO Bo3zekcTBus xumudeckoro (CdCly)
u ¢unueckoro (OMHU KBY) ¢akropoB mokasaiy, 4To B CIydae COYETAHHUS ITHUX
BHEIIHMX (DAaKTOPOB HapylIeHHs MeTaboju3Ma W pPOCTa MPOPOCTKOB BBIPAXKECHBI
cnabee, dYeM TaKoOBble, WHIYLMPOBAHHBIC JIMIIb XUMHYECKHM (HaKTOPOM.
[TonyueHHble 1aHHBIE JalOT OCHOBaHME MPEAIONI0KUTE, 4To 0bmyuenne OMU KBY
ociabmser aeiicreiue CdCl, Ha pacTUTENBHBIE OPTraHH3MBIL.
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BbIBO/IbI

[lon BnMAHMEM 3IIEKTPOMArHUTHBIX BOJH MWUIMMETPOBOTO JAMAIa30Ha
HaOJIIOaeTCsl CTUMYJHMPOBAHUE BCXOXKECTH CEMSH M pPOCTa IPOPOCTKOB
MmueHnnbl. PocT Macchl M AMHBI MPOPOCTKA HaOIIogaeTcs NpU OOIydeHHH
OMMU Bcex MNPUMEHEHHBIX 4YacToT. MakCUMallbHOE€ CTUMYJIHpYIolIee
BO3JelicTBHE HaOmofmaeTcs B ciaydae oOmyderus OMMUM ¢ gacrorammy,
PE30HAHCHBIMH AT BOABI, YTO MO3BOJISET 3aKIIIOUUTh, YTO MEPBUYHBIM 3BEHOM
Bozzaeiicteus DMU KBY Ha opranusm siBiseTcs Boja.

[Ipu o6myyernu MU KBY B npopocTkax MIIeHUIB HAOIIOAAETCS U3MEHEHNE
HWHTEHCUBHOCTH CBOOOJHO-PATUKAIBHBIX MPOIECCOB, O YEM CBHICTEIbCTBYET
HW3MEHEHUE WHTEHCHBHOCTH CIIOHTAaHHOH XEMHJIIOMHHECHEHIMH B KIETKaxX
IIPOPOCTKOB MIICHMIBI. VI3MEHsIeTCsl CBETOCYyMMa XEMIIIOMHHECICHINH B
KJIeTKaX, TPH O5TOM BBIPAKEHHBIX pPA3IM4YAil B H3MEHEHHH CBETOCYMMEI
XCMUTIOMUHECIICHITUH B KJIETKax MOOCTOB M KOpHEH He HadmomaeTcs. B aTom
cilydqae TakKe HaOJII0aeTcsl 3aBUCHMOCTh OT YacTOTHI BO3JEHCTByrommx DM
BoJH. M3MeHeHne Ooinee sIpKO BBIpAKEHO B ciydae BiIMsSHHA OM BOIH C
PE30HAHCHBIMH JUISl BOJIBI YaCTOTAMH.

O6nyderne OMU KBY wmHaynupyeT u3MeHEHHWE HHTEHCHBHOCTH CBOOOIHO-
PaAuKaIBHBIX MPOIECCOB, MPOHUCXOMAMNX B Mo0Oerax W KOPHSIX MPOPOCTKOB
MICHUNBI, YTO ONpeneisieTcs II0 HM3MEHEHHIO KOJIMYEeCTBa MaJOHOBOTO
QUaNbIeruia. BenwuuHa W3MEHEHHS 3aBHCHT OT HPOJOJDKUTEIEHOCTH
oOmydeHuss u vacToTel OMMU. HabmomaeMoe W3MEHEHHE aKTHBHOCTH
AQHTUOKCHIAHTHBIX (PEPMEHTOB B KIETKaX OOJYYCHHBIX IPOPOCTKOB, IIO-
BUAMMOMY, HallpaBJIcHa Ha BBIBEICHUE OPTaHM3Ma U3 CTPECCOBOTO COCTOSIHUS,
MHAYIUPOBAHHOTO BHEUTHUM (pr3HdIecKuM (HakTOpOM.

[Ipu Bo3eiicTBUM KagMUS B IPOPOCTKAX MIIIEHHUIIBI HAOII0JaeTCsl YMECHBIIICHHE
WHTEHCHBHOCTH  pocTa  OHOMAcChl,  pa3HOHANpABICHHbIE  W3MECHEHHSA
kommyectBa MJIA w aktmBHOCTeW kKaranasel u [TIO B 3aBUCMMOCTH OT
xonnentpaun  Cd?*.  AKTHBHOCTH KaTanassl B KIETKaX IPOPOCTKOB,
obpaGorannsix  Cd?*  mopaemsercs, OAHAKO, TEHACHUMSA IIOBBIICHHS
aKTMBHOCTH ()epMEHTa B IpolLecce pocra, HabiogaeMas y KOHTPOJBHBIX
MPOPOCTKOB coxpaHseTcs. AKTuBHOCTH [TIO B mpopocTkaX, 0OpaOOTaHHBIX
Cd?" moBBImaeTCAs M OCTAaeTCS B TPOIECCE POCTA BBHIIE KOHTPONBHBIX
3Hauennii. HaGmomaemsie B o6paGortanHbix Cd®* mpopocTkax w3MeHeHHs
CBUJICTETILCTBYIOT O TOKCHYHOM MAEHCTBHH JAaHHOTO TSDKEIOTO MeTaia Ha
MeTab0JIM3M KIIETOK Pa3BUBAIOIIETOCs OPraHu3Ma.

IIpu coBmecTHOM BoO3zeiicTBuM kKaamuss u  OMM  KBY, BbisiBieH
kommeHcupyromuii apdext SMU KBY, HuBenupyronmii BIUSHHE KaAMUS Ha
MHTEHCHBHOCTh METa00JIM3Ma U POCT HNPOPOCTKOB PACTEHUIA.
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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

21



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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