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2 Incmumym gizionozii pocaun i 2enemuxu HAH Yxpainu, Kuis

3MIHA HAKOIIMYEHHSA KAIAMIIO TIPOPOCTKAMMU KYKYPY 3N
P T'OCTPOMY y-OITPOMIHEHHI HACIHHA

[pexncTaBneHo pe3ynbTaTd AOCIIKEHHS! BILIMBY Y-ONPOMIHEHHSI HACIHHS KYKYpYZI3HM Ta BHECEHHS XJIOPHIY Kaj-
MiIO B CepeIOBUILE )KUBJICHHS ITPOPOCTKIB Ha TXHI MOTIMHAJIBHI Ta POCTOBI XapaKTEPUCTUKU B YMOBAX BOAHOI KYJbTY-
pu. B sxocTi mornuHanbHOI XapaKTepUCTHKH BUKOPUCTOBYBaIM (akTop pamioeMHoOCTi. HaciHHS onmpoMiHIOBaJIM B 1031
35 I'p, KOHIIEHTpAIlisl BHECEHOTO XJIopuay kKaamiro cranoBmia 10, 20 1 40 MkM. YCTaHOBIICHO, 11O OMPOMIHEHHS HACiH-
HSl KyKypya3u B 11031 35 I'p HMO3MTHBHO BILIMBaE Ha POCTOBI Ta IOTIMHAIBHI XapaKTEPUCTHKHU POCIUH KYKYpYyI3U B
yMOBaxX BOAHOI KyibTypu. KiNbKicHa OILiHKA XapakTepy B3a€MOil pamiamiiHOTO Ta TOKCHYHOTO (DaKTOpiB BIUIHBY 3a
KOe(QII[iEHTOM CHHEPri3My IMOKa3aa, o pagiamiiHuil 1 TOKCHIHUN (HaKTOPH B3a€MOIIIOTh HeaAUTHBHO. HakommueHHs
KaJMiI0 y BOAHIHN KyJIbTYpi pOCINH KYKypya3u CTaHOBUTE 7 - 21 % Bij mouaTkoBoi BHeceHOI KinbpKocTi. [TokazaHo, mo
(axrop pagioemHocTi 1o Tpacepy ¥’Cs € KOpeKTHUM OKa3HUKOM CTaHy Ta peakiii poCIMH B yMOBaX BOIHOI KyJIbTypH

Ha fito y-onpominenns i Buecerns CdCls.

Kniouosi crosa: y-onpoMiHEeHHS, XJIOPHUI KaAMi0, (PaKTOP palioeMHOCTI, KOMOIHOBaHa Jiisl, CHHEPTi3M.

Bucoki piBHI TEXHOTC€HHOTO HABaHTXKEHHS Ha
JOBKUUIS BUMAararoTh NMPUIUIATA 3HAYHY yBary He-
0OXITHOCTI JETAJILHOIO BUBYEHHS OCOOIMBOCTEN
KOMOIHOBaHOT'O BIUIMBY B2XKKUX METAJIiB, MECTHIIH-
IiB Ta i0HI3YIOUOTO BUITPOMIHIOBaHHS Ha *KHBI Op-
rarismu. Tokcu4Ha Jis aHTPOIIOTEHHUX YWHHHKIB
Moke OyTn Moau(dikoBaHa 3a paxyHOK OJIHOYACHOTO
a00 TOCIIJOBHOTO BIUIMBY JEKIIBKOX CTPECOPIB Ti€l
a6o iamoi npupoan. Hacaiaku Taknx KOMOIHOBAaHUX
BIUIMBIB MOXYTb OyTH OuIbII HEOE3MEYHHMH, HiX
MOKHa OYiKYBaTH BiJi IPOCTOTO HakKiaaaHHs edek-
TiB, OJHAK MOXE CIIOCTEPIraTUCh 1 MPOTHIIEKHE
SIBUILE — JTisl OJTHOTO CTPECOBOT0 YMHHUKA MIABUIIY€E
3axMCHI peakuii opraniamy, yHacjliJIOK 4YOro cymap-
HUH eeKT 3a Jii TBOX PI3HHUX CTPECOPIB € MEHIINM,
HIK 3a A1 ogHOro 3 HUX. B3aeMHe migcuieHHs Hera-
TUBHOTO BIUIMBY OJHOTO CTpEcopa 3a paxyHOK mii
IHIIIOTO HOCUTH Ha3BY sIBUINA cHHEpri3my. Komu mist
OJTHOTO CTpecopa 3MEHINY€E HETAaTWBHUH BIUIMB 1H-
1I0ro, TO MOBa WJie MPO AHTAroHI3M y B3a€EMOJIIT
¢axropis [1].

Baxki meranu, 30kpemMa KaaMiid, MalOTh 3HAYHY
(hITOTOKCHUYHICTH 1 3yMOBIIIOIOTh CYTTEBI MOPYIICH-
HSl POCIIMHHOTO MeTaboli3My B)K€ 32 HU3bKUX KOH-
uenTpanii [2, 3]. OcHOBHUMHM IKepeaaMu 3a0pya-
HEHHS TOBKULISA KaJMIEM € BUKOPUCTaHHS cymnepdo-
carHux 100pHB, BUIOOYTOK Ta METANyprisl IUHKY,
CJIEKTPOHHA Ta EJEKTPOTEXHIYHA MPOMHCIOBICTD,
CIIATIOBaHHA 1 TiepepoOKa MaTepiajiB, OCOOIMBO
IJIacTMac, KyId KaaMii TOMA€ThCS IS MIITHOCTI Ta
B sikocTi OapBHHKa [4 - 8]. BaxkiauBuM Ta akTyaib-
HUM € JOCIIKCeHHS HAKOIWYCHHS BAKKHX METAJiB
pPOCIIMHAMH, OCKIJIbKH caMe POCIIMHHA TPOAYKITS —
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OJIHE i3 OCHOBHHUX JDKEpeN HaIXOKEHHS Ba)KKHX
MeTalliB, 30KpeMa KaJMilo, JI0 OpraHi3My JIOJWHHU
[9, 10].

Panime Hamu Bxke OyJlo MOKa3aHO MOMJIMBICTD
3MEHIICHHS HEraTHBHOTO BIUIMBY TOKCHYHOTO Ta
paziariitHoro ¢akTopiB Ha POCTOBI Ta MOTIUHAIBHI
XapaKTePUCTUKH MPOPOCTKIB KYyKYPYA3H 3a IXHBOI
KOMOIHOBAHOT JIii MpH Pi3HUX PEKUMaxX 3aCTOCYBaH-
H 3a paxyHOK HEaJWTHBHOCTI y B3aEMOJIii paiia-
IHHOTO Ta TOKCHYHOTO CTPECcOpiB. 3alie)XHO BiA
JI03M OIPOMiHEHHS MPOPOCTKIB Ta PEXKUMY 3aCTOCY-
BaHHS SK padiallifHOro Tak 1 XiMIYHOro cTpecopa
CIOCTEpIranu sIK CHHEpTi3M, Tak i aHTaroHi3Mm B iX-
Hilt B3aemonii [11 - 13]. Metoto maHoi po6oTH 0yI10
JNOCTITUTA OCOOJIMBOCTI BIUIMBY Y-ONPOMiHEHHS
HACIHHS KyKypy/J3H 30KpeMa Ta B KOMOiHaIlii 3 Jli€r0
XJIOPUIY KaJIMil0 Ha POCTOBI Ta MOTJIMHAILHI Xapak-
TEPUCTHKH POPOCTKIB KyKYPYA3H.

Marepiaau Ta MeTOAM AOCTiT:KEHD

Y poboTi Oyn0 DOCHIMKEHO BIUIAB Y-OMPOMi-
HEHHSI HaciHHA KyKypya3u B mo3i 35 ['p Ha mormu-
HaHHS IPOPOCTKaMH 10HIB KaJMil0 3 BOAHOI'O PO3-
guHy. ONpOMIHCHHS TMPOBOAMIN Ha Y-YCTaHOBIII
«Mccnenosatensy (P®, Tarunna), mxeperno - ©°Co,
notyxHicte fo03u — 17 I'p/c. Jlocnigu npoBoaumcs
B YMOBaxX BOAHOI KYJbTYpH pociuH. J[ns mpoporry-
BaHHS BiIOMpald HEMOIIKOKCHE OIpPOMIHEHE Ta
HEOINPOMiHEHE HACiHHSA KyKypya3u copty Jloctarok
300 MB, poskiaganu B POCTHIBHI Ha 3BOJIOXKCHI
MiIKIaaKkd 1o 50 HAaciHWH y KOXHIN 1 TTOMINIamu B
tepmocrat (24 °C) Ha 3 nobu. [IpopocTKu B Kilib-

© 10. O. Kyrmaxmenos, B. B. llIapray, JI. M. Muxanbceka,
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kocti 20 - 25 wt. BucamkyBanu B ckisHi 0,5 1 eMm-
HOCTI 3 BiICTOSIHOIO BOAOIO 3 BOJOTOHY, KyJIH TaKOX
nmonaBanmu po3unH CdCly B konmentpamisx 10, 20,
40 MxM. B sKOCTI XapaKTEPUCTHK CTaHy POCIUHHUX
00’€KTIB BHKOPHUCTOBYBaJH BiHOCHY IIBUAKICTH
POCTY TOJIOBHOTO KOpEHsI MPOPOCTKIB Ta (hakTop
pamiOEMHOCTI — XapaKTepUCTHUKY MOTIHHAIBLHOT
3IaTHOCTI TIPOPOCTKIB BiAHOCHO CIIEIiaJbHO BHECE-
HOTO y BOJAy pamionykiima-tpacepa*>’Cs y Burmsmi
XJIOpHUAy 1e3iro. BucxigHa pamioakTUBHICTD IO 187Cs
B Oankax cranoBmia 1,5 kbk (8 0,5 ). 3 inTepBamom
B | 100y mpotsirom 7 - 10 ai6 mpoBoanIM BUMIpIO-
BaHHs 3aJUILKOBOI aKTUBHOCTI B €MHOCTSX 3a JO-
omororo y-criekrpomerpa CEI-05 (VYkpaina), B
SKOMY B SIKOCTI JICTEKTOpa BUKOPHCTAHO MOHOKPHC-
tan Nal. BumipioBaHHA pafioakTHUBHOCTI MPOBOIU-
JU 0 TUX Mip, KOJM MOXHOKAa BHUMIipIOBaHHS Oyja
3 %. JInst mocimijpKeHHsl BIUIMBY BHECEHHS XJIOPHIY
KaJIMil0 Ha POCTOBI XapaKTEPUCTUKH dYepe3 00y
BHUMIpIOBAJIM JOBXHHY T'OJIOBHOTO KOPEHS IPOPOCT-
KiB, OOYHMCIIOBAIM BIIHOCHY IIBHIKICTH POCTYy U
HOPMYBAJIM IIi 3HAYCHHS, BIHOCSYU iX JIO 3HAYCHb
KOHTPOJIBHOTO BapiaHTa.

VY miif poOOTi B SKOCTI XapaKTEPUCTUKH CTaHY
JOCTIKYBaHOTO 010JIOTIYHOTO 00’ €KTa (TIPOPOCTKiB
KYKypyJ3d) BHUKOPHCTOBYBAJIM XapaKTEPHCTHKY
POCTOBOi aKTUBHOCTI — BiIHOCHY IIBUAKICTH POCTY
(BIIP) romoBHOTO KOpEHS MPOPOCTKIB Ta paHimie
HaMU 3anpornoHoBany [11] xapakTepUCTHKY MOTJIH-
HAJIBHOI 37JaTHOCTI POCIHH — (aKTOp PagiOEMHOCTI.

®daxTop pamioemHocTi F — 6e3po3MipHa BeTM4u-
Ha (0+1), sxa BU3HAYae YacTKy paJioOHYKJIiiB, Ha-
KOIMYEHUX OJHI€I0 3 KOMIIOHEHT CUCTEMH BiJ 3ara-
JBHOI KUTBKOCTI palioHYKIiAiB y cucteMi. [Hakmre
KaXy4H, — [I€ XapaKTepPHCTHKA TOTIMHAIBHOT 3/1aT-
HOCTI POCJIMH SIK KOMIIOHEHTH €KOJIOTIYHOI CUCTEMHU.
Junamiky i€l XxapakTepHCTHKH 3pyYHO BUBUATH 32
JIOTIOMOTOI0 CIEIialbHO BHECEHOTO B CHCTEMY pa-
JIOHYKJIiIa-Tpacepa, Mepepo3noIia sIKOTO MiX KOM-
MOHEHTaMHU CHCTEMH MOXKHA BH3HA4aTH 3a JIOIIOMO-
rOI0 I03UMETPUYHHUX METOMIB.

®daxrop pamioeMHOCTI (Fp) 715 KOXKHOTO 3 TOCITI-
JTHHUX BapiaHTiB pO3pax0OBYBaIH SIK

Fs=1- AilAo,

ne A; — aKTHBHICTh MOXXHUBHOTO PO3YMHY B i-ii MO-
MeHT croctepekeHHs (ii 0e3rmocepeIHO BUMIipIOBa-
JIA B XOJ1 €KCIIEPUMEHTY); Ag — aKTHBHICTh PO3UHUHY
B IMOYATKOBUH MOMEHT (CIiel[ialbHO BHECEHA aKTHB-
uicTs 1o *¥'CsCl).

HopmyBanust po3paxoBaHux 3HauYeHb Fs mpoBo-
JIATH, TIOAUTMBINM II¢ 3HAYCHHS Y BiIMOBITHUHN i-it
MoMeHT cnoctepexxeHHs (Fs) Ha 3HaueHHs Fs mns
KOHTPOIO (F4 xonmp) 1 ToMHOXKHBIIH HA 100 %:

F6H0pM.= (F6i/F6 K()Hmp.) : 100 %
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OTpuMaHi TakKMM YHHOM OI[IHKH MOTJIHHAIBHOT
AKTUBHOCTI JaJli BUKOPUCTOBYBaIM JUIS MOOYIOBU
JTO30BHX 1 YaCOBHX 3aJIGKHOCTEH (pakTopa pamioem-
HOCTI.

Kpim Toro, 3a JOOMOIor0 1I,0r0 MOKa3HUKA MOX-
Ha KUIBKICHO OLIIHUTH XapakTep B3aeMOJii ABOX (ak-
TOpIB, pO3paxyBaBIIH KOSOIIiEHT CHHEPTI3MY P SIK

pA

Cd+onp Z
— 7,

P=
ch'z

onp

Tyt Zo — BigHOWmEHHsS (akTOPiB pagioeMHOCTI Oio-
THYHOI Ta BOAHOI KOMIIOHEHT cuctemu Fq/F, mns
KOHTPOJBHOTO BapiaHTa; Zci+onp — BIIHOIIEHHA TPU
KOMOIHOBaHOMY BIUIMBI Y-OHNPOMIHEHHS Ta XJIOPHUIY
KagMiro; Zcd 1 Zosp — BIAHOMIEHHS AJIS HE3AJEKHHUX
BIUIMBIB KOKHOTO 3 4nMHHUKIB. [Ipn P <1 — moxHa
TOBOPUTH NP0 CHHEPIi3M y B3aeMoJii (akTopis, T0O-
TO (aKTOpH MiACHIIOIOTH (TOTJIHOIOIOTh) HETaTHB-
HU BILUTUB OJIMH OJHOTO; 1pu P = 1 — aIUTHBHICTbH Y
B3aeMolii (QakTopiB (pe3ynbTar MAOPIBHIOE CyMi
BILTUBIB KOXXHOTO 3 (hakTopiB); ipu P > 1 — criocTepi-
ra€ThCs aHTAaroHi3M, TOOTO HETaTMBHUM BIUIMB OJIHO-
ro (akTopa 3MEHIIY€EThCS i [i€to iHmoro [11].

MetoznoM Mac-ceKTpoMeTpii OyJi0 BH3HAYEHO
BiJICOTOK TIOTJIMHAHHS 10HIB KaJMiI0 MPOPOCTKAMH,
BUPOILIEHAMHU 3 HEONMPOMIHEHOT'O HACIHHSA Ta OMpO-
MiHeHOro B 11031 35 I'p ans pi3HUX KOHLEHTpauii
BHeceHoro po3unHy CdCl,. BusnadeHHs enemeHT-
HOT'O CKJIaJy B JIOCTIIHMX 3pa3Kax 37iHCHIOBAU Ha
emiciiinomy wmac-cnekrpomerpi ICP-MS  Agilent
7700x. 3pasku BucymyBaiu npu 105 °C no mocriii-
HOI Cyxoi MacH, MoJApiOHIOBaM Ta O030JIOBAIN B
ICP-grade a30THil KHCIOTi 3a IOTIOMOTOIO MIiKpO-
XBWJIKOBOT mpobomiarorosku Milestone Start D.
OtpumaHuil ekcTpakT noBoAuiau 10 50 M BOAOIO
1-ro xmacy (18 Mom), MiIrOTOBJIEHOIO Ha CUCTEMIi
ounterns Boau Scholar-UV NexUp 1000 (Human
Corporation, Kopes).

[Ipu 00pobmi excrepruMeHTaIbHUX JAaHUX BUKO-
PHCTOBYBAJIM CTaHAAPTHI cratucTryHi Metoan [14].
BusBieHi BiIMIHHOCTI B 3HAYEHHAX POCTOBUX IOKa-
3HUKIB Ta (paKTopa pamiOEMHOCTI CTATHCTHYHO JIO-
croipHi (P <0,05).

Pe3yabTaTu 10ocaixKeHn

Jlyis BUBYEHHSI KOMOIHOBAHOTO BIUIMBY BHECCHHSI
XJIOPUIY KaaMil0 Ta ONPOMIHCHHS HACIHHS Ha BOJHY
KyJBTYpY TPOPOCTKIB KYKYPYA3H 32 POCTOBOIO pe-
aKIli€0 KOPEHIB Ta 33 HAKONMYEHHSAM Tpacepa - CS
BHocwiu 10, 20 ta 40 MxkM xJopuay KaaMmiloo y
BOJY, SIKa CIyTyBaja CEpeIOBHILIEM >KUBJICHHS IS
MIPOPOCTKIB KYKypyA3H, BUPOIICHUX 3 OIPOMiHe-
HOTO Ta HEONMPOMIHEHOTO HaCiHHA. JlMHaMiKy
MOTJIMHAJBHOT ~ XapaKTePUCTHKH  TPOPOCTKIB  —
(hakTopa pagioeMHOCTI — IPEJCTaBIEHO Ha puC. 1.
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Puc. 1. [TornmuHameHI XapakTepuCcTUKHU ((PaKTOp pamioeMHOCTI 0i0TH Fs) IPOPOCTKIB KYKYpYyI3H, BUPOIICHUX 3 OIPOMi-
HEHOTO Ta HEONPOMIHEHOTO HACIHHS IPH BHECEHHI XJOPUIY KaaMilo B CepeloBHINE >KUBICHHS. Hymepamis KpuBHX
BiamoBimae BapianTam: 1 — koHTpONb; 2 — 10 MkM CdCly; 3 - 20 mxM CdCly; 4 - 40 mxM CdCly; 5—-35T'p; 6 - 10 MmxM
CdCl, + 35Tp; 7 - 20 MmkM CdCl, + 35 I'p; 8 - 40 mxM CdCl;, + 35 I'p.

Bunano, mo 3HaueHHs ¢akropa pagioemMHocTi Fgs
3MIHIOETBCS 3 YAaCOM, 1110 IT0B’S13aHO 3 010J0TTYHUMH
mporiecamu. AJie CIiJl BHIUIMTH, IO TPOPOCTKH
KYKypy/J34, BUPOILIEHI 3 OIPOMIHEHOTo HaciHHS,
XapaKTepU3YIOThCS BUIIMMH MOKa3HUKaMHU (akTopa
pamioeMHOCTI Fs B TMOPIBHSHHI 31 3HAYCHHIMH IS
MIPOPOCTKIB, BUPOIICHHUX i3 HEOMPOMIHEHOI'0 HaCiH-
Hs. Lle cBiguuTh mpo Te, mO 3HAYCHHS (aKTopa
pamioemHocTi Fs mIs mpoOpoOCTKiB, BHpOIIEHUX i3
HaciHHsA, ompomiHeHoro B 1031 35 I'p (kpuBa 5),
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NepeBaXalOTh 3HaueHHA Fs AN KOHTpONO BIpO-
JIOBX YCBOTO 4acy crioctepexeHHs. [Ipuy koMOiny-
BaHHI PaIialiifHOTO Ta TOKCUIHOT'O CTPECOPIB, KOIH
B CEpEAOBUILE >KUBJICHHS TPOPOCTKIB, BUPOLICHUX
i3 OMPOMIHEHOTO HACIHHS BHOCHJIM XJIOPU KaaMilo,
CITOCTEPIraroThCs HEMHIHHI 3MIHU TUHAMIKH Fs.

st kpaioi Ha0YHOCTI HABOJTUMO JiarpaMmy 3Ha-
4yeHb (hakTopa pamgioeMHOCTI Fs MPOPOCTKIB KyKypy-
131 Ha 3-10 100y crocTepexens (puc. 2).

1 2 3 4

Puc. 2. 3Havenns ¢akropa pagioeMHOCTI Fs mpopocTkiB KyKypya3u Ha 3-10 100y croctepexeHb. Hymeparlis cToBmym-
KiB Bimmosimae Bapiantam: 1 — koHTpoib; 2 — 35p; 3 — 10 mxM CdCly; 4 — 10 mkM CdCl, + 35Tp; 5 — 20 MmxM
CdCly; 6 — 20 MmxM CdCl, + 35 I'p; 7 — 40 mxM CdCly; 8 — 40 mxM CdCl; + 35 I'p.

Bunno, mo B ycix Bumajakax 3HaueHHS (hakropa
pamioeMHOCTI Fs5 TIPOPOCTKIB KyKYypyI3u, BHUpPOIIe-
HUX 13 HaCiHHSI, OIPOMiHEHOTO B 11031 35 I'p, MaroTh
BHIII 3HAYEHHS, HIX JUIS IPOPOCTKIB, OTPUMaHUX 13
HEONPOMIHEHOr0 HaciHHA. BuHATKOM € Xiba ™10
BapiauTtu i3 BHeceHHsAM 20 MkM CdCl; — mis Hux

376

pi3HHLA MiX ONPOMIHEHHMMH Ta HEOINPOMIHEHUMH
NPOPOCTKaMH HE3HA4HA. AJle SIKIIO MOIMBUTHCH HA
puc. 1, To MOXXHa TTOOAYUTH, IO, TOYMHAIOYH BXKE 3
4-1 moOu, 1 Pi3HULS € OLIbII CYyTTEBOIO 1 Hamasl
cTaHoBUTH O1U3bK0 20 %.
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Puc. 3. BinHOoCHA MIBUAKICTE POCTY TOJIOBHOTO KOPEHS MPOPOCTKIB, BUPOIICHUX 3 OMPOMIHEHOTO Ta HEONMPOMIHECHOTO
HACIHHS [IPY BHECEHHI XJIOPUAY KaJMIil0 B CEpEIOBHIIE KUBJICHHS. Hymeparlist kpuBUX BilmoBinae Bapiantam: 1 — koH-
tposs;, 2 — 10 MxMCdCly; 3 — 20 mxMCdCly; 4 — 40 mxMCdCly; 5 — 35Tp; 6 — 10 MmcMCdCl, + 35Tp;

7 —20 MmxkMCdCl; + 35 I'p; 8 — 40 MmkMCdCI; + 35 I'p.

JlnHaMika pOCTOBHX TMOKA3HHKIB — IIBHUAKOCTEH
pOCTy TOJIOBHOTO KOPEHS MPOPOCTKIB BiJHOCHO IO
KOHTPOJIIO — ITPeJICTaBJIeHa Ha puUC. 3.

Crocrepiraerscs, mo Haitoimpmi 3aaueHas BIIIP
XapakTepHi IS MPOPOCTKIB, OMPOMIHEHUX Y 031
35 I'p (kpuBa 5). Kpim Toro, sk i ans ¢akropa pa-
TIOEMHOCTI, CITOCTEPIra€ThCsl TO3WTHBHUN BILTUB
koMOiHoBaHO1 nii BHeceHHs 10 MKM XJopumy Kanu-
MIiI0 B CEpEIOBHINE >XUBJICHHS MPOPOCTKIB, BHPO-
IEHUX 3 ONMPOMIHEHOTO HACiHHS, Ha iXHI POCTOBI
XapaKTEePUCTHKH.

[IpoBeneno po3paxyHku Koedilli€eHTa CHHEPTI3MY
P wmix gieto go3m  ompominerHs (351p) Ta

[
h

2
3

BHECCHHSIM Yy CEPENOBHLIC J>KUBICHHS XJIOPHIY
kaamiro (10, 20 Tta 40 MxkM), AuMHAMiKy [BOTO
MOKa3HMKa TPEJICTABICHO Ha puc. 4. YCTaHOBJICHO,
IO HA MOYATKy POCTY MPOPOCTKIB KYKYpYyI3U UiTKO
CIOCTEPIra€Tbcsl aHTAroHi3M MiX [i€l0 BHECEHHS
XJIOpUILy KaJMil0 Ta BILUIMBOM Y-OMPOMIHEHHSI, SIKHIA
MOTIM 3MIHIOETHCSI HA YiTKO BUPAXEHUH CHHEPTi3M.
XapaxkTep B3aeMO/Iii (PaKTOPIB 3MIHIOETBCS 3 YaCOM.
[Ipotsirom mepmux TprOX Hi0 IS KOMOiHAIii
10 MxkMCd + 35Tp ta 40 MkMCd + 35 I'p cnocte-
piraerscs antaroHizm, a mig 20 MkMCd + 351
HaBITaKH, — CHHEPTI3M.

0 2 4

Yac crioctepexenHs, 100a

Puc. 4. Yacona 3anexHicTb KoedillieHTa CHHepri3My Juisi KOMOIHOBaHOT i TOKCUYHOTO Ta pajianiiiHoro ¢akropis. Hyme-
pariist kpuBHX Bimmosinae Bapiantam: 1 — 10 MM CdCl, + 35 I'p; 2 — 20 MmxM CdCl;, + 35 I'p; 3 — 40 mxM CdCl; + 35 I'p.
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VY mopanbUIOMy BCTaHOBIIEHO €(EKT MiACHICHHS
HEraTUBHOI Jil KaaMmilo Ta pajiamii Ha MOKA3HUKU
(dakTopa pamioEMHOCTI, W0 MOXe BimoOpakaTu
migcuneHHs edekrty KomOiHOBaHOI [ii BHECEHHS
XJIOPUILYy KaJIMilo Ta Y-ONPOMiHEHHS Ha CTaH POCIUH
y JOCIHIJDKYBaHIM MOJENBHINA €KOCUTEMi — BOJHIN
KyJnbTypi pociamH Kykypyasu. Ilpm mosi ompo-
MiHeHHs1 HaciHHS 35 [p Ha mnouaTtkoBoMy erami
POCTY CIOCTPITa€ThCA MOMITHUN aHTAroHi3M Jis
BapiaHTIB, Jie¢ ONPOMiHEHI MPOPOCTKH BHCAIKYBa-
JHUCST Ha POo34yuH 3 kaamieM no 10 ta 40 MxkM, sikuii
MOTIM 3MIHIOETBCS Ha YiTKUH eekT cuneprizmy. Li
3MiHM MOXYTb OyTH TOB’S3aHi 3 MpollecaMH Bif-
HOBJICHHSI POCJIIMHHOTO OPTaHi3My, SIKi BMUKaIOTBCS
B MEBHUI MOMEHT, i 3 HAKOIIMUYECHHSIM MOLIKO)KEHb,
0 MPU3BOAATH N0 TOTrO, IO e()eKTH CHHEepri3-
My/aHTaroHi3aMy IpH B3a€MOJIi pajiamiiHOro Ta
TOKCHUYHOTO CTPECOPIB HOCSTHh TUMYACOBHH Xapak-
Tep 1 3MIHIOIOTh OJJMH OJJHOTO 3 YaCOM.

TakvM YHWHOM, ITOKAa3aHO MOKJIMBICTH BUKOPHC-
TOBYBaTH IIOKa3HHK CHHeprisMy P B  4KocTi

23%
20%
15%

10% -

e

KPUTEPI0 KUIbKICHOT ~OIlIHKA B3a€EMOJIl  JBOX
CTpECOPiB Pi3HOT NPUPOIU: BaKKOTO METATy KaaAMilo
Ta Y-ONPOMIHEHHS HAa CTaH POCIMH KYKypI3u Ha
BOAHIN KynmeTypi y npociimax. I[lokazamo, mo 3a
MOKAa3HUKOM BiTHOCHOI IIBUAKOCTI POCTY KOPEHIB
KyKypYyI3d OTHMAHO aHaJOT1yHi pe3yIbTaTH.

JlaHi MO HAKONMWYCHHIO 10HIB KaJMIIO MPOPOCT-
KaMHd KyKypyZI3ud B TPOLEHTHOMY BiIHOIIEHHI 10
MMOYAaTKOBO BHECEHOI KUIBKOCTI TMPEACTaBICHO Ha
puc. 5. AHami3 OTpUMaHUX Pe3yJIbTATIB MO0 HAKO-
MUYEHHS 10HIB KaJAMil0 IPOPOCTKAMH KyKYpYA3H B
yMOBaxX BOJHOI KyJbTypH IIOKa3aB, IO NPH BHeE-
CEHHI XJIOpUAY KaJAMil0 B TIO)KUBHHUK PO34YMH BOTHOT
KyJipTypu B KoHIeHTparii 10 MmxM na 0,5 11 pocnuan
KyKypya3u mnornuHaiote 10 21 %  BHeceHoi

KUTBKOCTI 10HIB Kaamiro. Ilpwm 30ibIIeHHI KOHIEH-
Tpamii g0 20 MKM, BiICOTOK TOTTIMHAHHSA 3MEH-
myerbest 10 16 %, a mpu BHeceHHi 40 MKM —
CyMapHe HaJXO/KEHHS 3HIKYEThCs a0 7,6 % BiX
BHECEHOI KUIBKOCTI.

=

[P

ES
1

Puc. 5. HakonuyeHHs KaaMil0 NPOPOCTKAMH KYKYPYA3H Y TIPOLEHTHOMY BIJHOUICHHI /10 IOYaTKOBO BHECEHOT
kinekocTi. Hymepartiis ctoBmumkiB BifmoBimzae Bapiantam: 1 — xoutposb; 2 — 10 mkM CdCl,; 3 — 10 mxM CdCl;, +
35 I'p; 4 — 20 mxM CdCly; 5 — 20 mxM CdCl; + 35 I'p; 6 — 40 mxM CdCly; 7 — 40 mxM CdCl, + 35 I'p.

Ile MoXke CBIJUUTH TIPO Te, IO IiJABHIICHHS
KOHIIEHTpAI[il BHECEHOTO XJIOPUAY KaJMIil0 3yMOB-
JIF0€ 3MEHIICHHS BiJICOTKA MOTJIMHYTOTO POCIHMHAMHU
KajMito. IMOBipHO, IO 1€ 3MEHIICHHS II0B’s3aHE 3
TOKCHYHICTIO JIAHOTO BA)XKKOTO METaIly JUIsS POCIHUH.
Jdnst TpOpOCTKiB, BHPOIIEHUX 3 ONPOMIHEHOTO
HACiHHSA, TaKOX  CIIOCTEpIra€TbCs  3MEHILCHHS
HaIXO/DKCHHS 10HIB KaaMIilO i3 3pOCTaHHSAM KOH-
LEHTpalii BHECEHOTO B CEpPEIOBHINE >KUBJICHHS
xnopuny kanmito Big 21 % — npu BHeceHHi 10 MkM,
1m0 12 % — npu BHeceHnHi 20 MKM, a Tipu BHECEHHI
40 MxM TIOTNIMHAHHS CTAaHOBUTH 8,6 % BiJ BHECCHOT
KimbkocTi. TOOTO 1 TYT OTpHMMaHO BIUIMB TOKCHY-
HOCTI BHECEHOTO XJIOpUAY KaJMil0 Ha HOro HaKOIH-
YeHHsS TPOPOCTKAMU KyKYpyA3HW B YMOBax BOJHOI
KYJBTYPH POCIIUH.

YCTaHOBIICHO, IO HAKOMMYEHHS KaJaMi0 Yy BOJI-
Hill KyJIbTypl POCIHH KyKypyI3H CTAHOBUTH Bif 7 10
21 % Bix BHeceHOi Ha MOYATKY KijmbKocTi. lle o3Ha-
qae, M0 KaJMiil HAKOITMYY€EThCS B POCIHMHAX y 3HAY-

378

HUX KIUTBKOCTSX 1 II€ BIUIMBA€E SIK Ha POCTOBI IMOKa3-
HUK{ POCIJIVH, TaK 1 Ha IXHIO CHPOMOXHICTh aKyMy-
moBat Tpacep™'Cs. Ile miaTBepmKye Hami jgai
IIOZI0 CHHEPTi3My Yy B3a€MOAii ypaskeHHS POCIHH
10HaMH BaXKOTO MeETaly KaJMII0 Ta 7Y-OMpOMi-
HEHHSIM.

BucHoBxku

1. INonmepeaHe y-ompoMiHEHHS HACiHHSI KYKypYy-
I3u B jgo3ax 35 ['p BUsBISE CTUMYJIOOYUN BIUIMB
Ha PICT POCIHH KYKYpPYI3HW B YMOBaxX BOJHOI KyIIb-
TypH, a TAaKOX MO3UTUBHO BIUIMBAE HA MOTIMHAIBHY
3IATHICTh POCIUH CTOCOBHO CITIEI[iaJIbHO BHECEHOTO
B CepeJIoBHIIE pationyKiifa-Tpacepa *'Cs.

2. IlpoBeneHO KIIBKICHY OIIIHKY XapakTepy B3a-
eMomii panialifHOTO Ta TOKCHYHOTO (aKTopiB
BIUTUBY 3a Koe(iIliEeHTOM CHHEpri3My. BusBIeHO,
10 B3aeMOJIis IUX (HAKTOPIB Ma€ HEATUTHBHHUU Ta
TpaH3UTHBHHUN xapakTep. [lokazaHo, mo BHKOpHC-
TanHS (aKTOpa PAMiOEMHOCTI mo Tpacepy 'Cs
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e(heKTHBHE IS OIIIHKHM XapakTepy B3aeMOIii pamia- TOKCHIHOTO YHHHHKA — XJIOPHUIY KaaMito SK Ha poc-
LIHOTO Ta XIMIYHOTO CTPECOPIB. TOBI, TaK 1 Ha MOTJIMHAIBHI MOKA3HUKH MPOPOCTKIB

3. BusiBneHo, o onpoMiHEeHHS HACIHHS KYKYpYy-  KYKYpPYyJ3H, IO CBIIYUTH MPO MEBHY 3aXUCHY IO 3
J3W CIPHUIO 3MCHIEHHIO HETaTHBHOIO BINIUBY  OOKY pasialliiHOTO YHHHHKA.
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Y Unemumym knemounoti 6uonozuu u 2enemuueckoti unocenepuu HAH Yrpaunol, Kues,
2 Uncmumym gusuono2uu pacmenuii u 2enemuxu HAH Yepaunvl, Kuee

N3MEHEHUE HAKOIIVIEHUS KAAMUSA TPOPOCTKAMMU KYKYPY3bI
IIPU OCTPOM y-OBJIYYEHHUU CEMSIH

[IpencraBieHbl pe3ynbTaThl HCCIIEIOBAHMS BIMSHUS IIPEIBAPUTEILHOTO Y-00IyUeHNsI CEMSH KYKypy3bl 1 BHECEHUS
pacTBopa XJIopHa KaJMHUs B IUTATEIbHYIO CPEy IIPOPOCTKOB HA UX IOIVIOTUTENBHBIE M POCTOBBIE XapaKTEPUCTUKU B
YCIIOBHUAX BOJHOHM KyJBTYpHL. B KauecTBe MOTIIOTUTENFHOW XapaKTEPUCTUKH HCIONB30BaIH (HaKTOpP PaTHOEMKOCTH.
Cemena oOiydanu B mo3e 35 ['p, KOHIIEHTpanusi BHECEHHOTO Xyiopuaa kaamus coctasisia 10, 20 u 40 MmxM Ha 0,5 1.
YCcTaHOBIIEHO, YTO TPEABAPUTEIBHOE OCTPOE Y-00IydeHHEe ceMsSH KyKypy3bl B fo3e 35 I'p MON0XHUTENFHO BIUSET Ha
POCTOBBIE U TOTJIOTUTENFHBIE XapaKTEPUCTHKU PACTeHUI KYKypy3bl B YCIOBHSAX BOAHOM KymnbTyphl. KomudecTBeHHas
OLIEHKa XapakTepa B3aMMOJCUCTBHS PaJUallHOHHOTO M TOKCHYECKOro ()aKTOPOB BIHUSHHS MO KOIPQUIHEHTY CHHEp-
rH3Ma IOoKa3aja, 9To paAHalliOHHBINA U TOKCHYECKUH (haKTOPHI B3aMMOIEHCTBYIOT HeaaquTHBHO. Hakoruienne xaaMus
IPOPOCTKAMHU KYKYpPY3bl B BOJHOW KyJIbType MMeeT 3HaueHus oT 7 10 21 % OT n3HayaibHO BHECEHHOTO KOJIMYECTBA.
INokazaHo, uTo (haKTOp pagHoeMKOcTH o Tpaccepy “3'Cs sBisieTcss KOPPEKTHBIM I10KA3aTeleM COCTOSHHSA U PEaKIUK
pacTeHHi B yCIOBHSIX BOJHOM KyJBTYpPbI Ha JeiicTBHE Y-00mydenus u BHeceHus conu CdCly.

Kniouegvie cnosa: y-o0iydeHue, Xiaopua Kaamus, GakTop paIuoeMKOCTH, KOMOMHUPOBAHHOE JIEHCTBHE, CHHEPTH3M.
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MODIFICATION OF CADMIUM ACCUMULATION BY MAIZE SEEDLINGS
BY ACUTE y-IRRADIATION OF SEEDS

Results of the study of effect of preliminary y-irradiation of maize seeds and cadmium chloride entering into the nu-
trient medium of sprouts on their absorption and growth characteristics in the water culture conditions have been pre-
sented. The radiocapacity factor by the tracer *3’Cs was used as the absorption characteristic. Seeds were irradiated at a
dose of 35 Gy, the concentration of submitted cadmium chloride was 10, 20; 40 uM on 0,5 1. It has been established that
the preliminary acute y-irradiation of maize seeds at a dose 35 Gy has a positive effect on the maize plants growth and
absorption characteristics in the water culture conditions. Quantitative evaluation of character of the radiation and
chemical factors interaction by the coefficient of synergy has shown that the radiation and toxic factors interact non-
additive. The cadmium accumulation of maize sprouts in water culture has the values from 7 to 21% of the initially
introduced amount. It is shown that the radiocapacity factor by the *Cs tracer is adequate and convenient parameter of
maize plants in water culture condition and its reaction to the y-irradiation and introduction of CdCl; salt influence.

Keywords: y-irradiation, cadmium chloride, radiocapacity factor, combined influence, synergism.
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