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AHTUCTPECCOBOE JEHCTBUE
BPACCUHOCTEPOUAOB B YCJIOBHUSAX
TOKCHYECKOI'O BJIUAHUA NOHOB CBUHIIA
HA PACTEHUA JIIOIIMHA Y3KOJIUCTHOI'O

A.A. MapuneBuy, Kana. 6uoin. Hayk, nou. E.I'. Apremyk
YO «bpecmckuii cocyoapcmeeHHblll YHUBEPCUMEem
umenu A.C. Ihywxunay, Pecnyonuxa bBenapyco

H3yueno enusHue opaccunocmepouoos (2omMoopaccuHoIuoa
U SNUKACMOCMEPOHA) HA UHOEKC MONEPAHMHOCIU JIONUHA V3KOJIU-
CMHO20 8 YCI0BUAX B8030elicmeus uonos ceunya. llokazano, umo
20M00paccuHONUO 8 KOHYeHmpayuu 1 0% 6 6onvueti cmenenu no-
8bILUATL YCMOUYUBOCTL PACMEHUL JIONUHA V3KOJIUCIHO20 NPU 803-
Oelicmauy nopo2o6oll MOKCULECKOU KOHYEHMPayuu UOHO8 CEUHUA

(10°M).

OnHOM W3 aKTyallbHBIX 3aJlad COBPEMEHHOTO paCTEHHUE-
BO/JICTBA SIBJISIETCS MOUCK HOBBIX AKOJIOTHYECKU OE€30IMaCHBIX OHO-
JIOTUYECKH aKTUBHBIX COCIMHEHUM, coueTaromux B cebe pocTo-
CTUMYJIMPYIOIIIEE U AHTUCTPECCOBOE MO OTHOIIEHUIO K Pa3HbIM 10
npupoAe HeOIaronmpusiTHbIM (hpakTopaM cpeabl (B YaCTHOCTH, K
BBICOKMX KOHIICHTpALMM TSKEJbIX METAJJIOB) JIEUCTBUE HaA pac-
TEHUSL.
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B nocneguue roapl, ¢ yXyAUIEHUEM 3KOJIOTHYECKOrO CO-
CTOSIHUSL MHOTHX PETUOHOB, 3arPsI3HECHUEM ITOYBBI, BOJIBI U BO3]TY-
Xa TSKEIBIMU METAJUIAMU BO3POC MHTEPEC K U3YUYECHUIO BIUSAHUSA
TSOKEIBIX METAJUIOB Ha pacTeHus. Cpeau TSKEIbIX METAIJIOB
MPUOPUTETHBIMU 3arPA3HUTEISAMU CUUTAIOTCS CBUHEI, KAJIMUU U
PTYTh, TAK KaK UX TEXHOT€HHOE HAKOIUICHUE B OKPYXKAIOIIEH Cpe-
JI€ UAET BBICOKUMH TE€MITaMHU. BBICOKME KOHIIEHTPAIUH TSKEIBIX
METAJIJIOB HAPYIIAIOT OaJaHC OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX
MPOILIECCOB B KJIETKAX PACTCHUM W BBI3BIBAIOT OKHUCIUTEIbHBIN
CTPECC, PE3YJIbTATOM KOTOPOTO MOXET OBITh MOBPEKICHUE Oel-
KOB M HYKJIEMHOBBIX KHCJIOT, @ TAKKE IIEPEKUCHOE OKHUCIIEHUE JIH-
MUJIOB U, KaK PE3YJIbTaT, MOBPEKACHUE OMOJIOTHYECKUX MEMOpaH.

[IpoHukass B U30BITKE B PACTUTEIBHBIA OpPraHU3M, TsDKe-
Jbl€ METaJUIbI 3aTPYIHSIOT X0JI METa0OIUYECKUX MPOIECCOB, MO-
JABJISIFOT Pa3BUTHUE, CHIKAIOT NPOAYKTUBHOCTD, YXY/IIIAKOT Kaye-
CTBO CEJIbCKOXO3SIMCTBEHHOM MPOAYKIIMU. CBUHEI SIBISIETCS TIPHU-
OPUTETHBIM CpPEAN OCHOBHBIX AHTPOIIOTEHHBIX 3arpsA3HUATENEH
OKpy>Xaroiieil cpenpl. M30bITOK CBHHIIA B pACTEHUSIX (IPU BBICO-
KOM €ro KOHIICHTpaIlMeil B MOYBE) MHTUOUPYET JIBIXaHUE U M0J1aB-
asieT npouecc GOTOCHUHTE3a, MHOTIa MPUBOAUT K CHUXKEHUIO T0-
CTyIUIEHUs IIMHKA, Kanblus, docdopa, cepbl. BeenctBue 31oro
CHUKACTCA YPOXKAMHOCTh PACTEHUM M PE3KO YXYAILIACTCS Kaue-
CTBO NMPOU3BOAMMOUN NPOAYKIHUHU. TOKCHUYHOCTh CBHUHIIA TTPOSBIIA-
€TCs B 3aJ€PXKKE IPOpPACTAHUSA CEMSH U POCTa PACTEHUH, XJIOPO3E,
YBSJIAHUU U TUOEJIN PACTCHUM.

B nocnennue roasl B Pecnyonuke benapych cunTe3upyrorcs
(UTOrOPMOHBI — OPACCUHOCTEPOUIbI, KOTOPBIEC ABIISIFOTCS (PUTOTOP-
MOHaMH HOBOTO MOKosieHUs. OHU 00J1aJ]al0T MOIIHBIM POCTOCTUMY-
JUPYIOIIUM JIEUCTBUEM B MAJIBIX KOHIIEHTPALMAX H, IO CPABHEHUIO
C KJIACCMYECKUMU CPEICTBAMM 3AIUTHl PACTCHUM, MOIJICPKUBAIOT
HOpMaJibHOE (DYHKIIMOHUPOBAHHE MMMYHHOW CHCTEMbl PacCTCHHM,
OCOOCHHO B HEOJArOnpHsITHBIX YCJIOBHSX, HallpUMEpP, MPU TOHH-
KEHHBIX TEMIlepaTypax, 3aTOIUICHHUHU, 3aCyXe, 3aMOpO3Kax, 0oJe3-
HSX, JCUCTBUHM NECTUIIMIOB, 3aCOJCHHMM MHOYBHL. IloJOKHTEIbHOE
BIIMSTHUE DTHUX BEIIECTB B YMEPEHHBIX J103aX HA POCT U PA3BUTHUE
pacTeHui ObLUIO U3YUYEHO IS psifa pacteHuid. [I[pumenenue opac-
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CUHOCTEPOUJIOB TAKMX KaK OpacCUHOIMUJ, SMHUOPACCUHOIUI, T'O-
MOOpPacCUHOJU B KojinuecTBax 5—20 MI Ha rekTap MPUBOIUT K
3HAUYUTEIIbHOMY YBEJIMUCHUIO YpOXkas MIIEHUIIbI, pruca, KapTode-
JI51, SYMEHS U IPYTUX CEIbCKOXO3AMCTBEHHBIX KYIbTYD [1].

OmHaKO OCTaeTcsi MaJOU3YYEHHBIM BOIPOC aHTUCTPECCOBOTO
JCUCTBUA JAHHBIX COSAMHEHUN Ha CEJIbCKOXO3SMCTBEHHBIC KYJIBTY-
pbl, TIOJIBEPTHYTHIE BO3ACUCTBUIO BHICOKUX KOHIICHTPALIMNA TSXKENBIX
METAJIJIOB.

Lenv uccnedosanuii — n3yuyeHue BIUSIHUS OPACCUHOCTEPO-
UJI0OB HAa YCTOMYMBOCTH JIIONIMHA Y3KOJIUCTHOTO B YCJIOBHUSIX TOK-
CHUYECKOT0 JEHCTBUSI HOHOB CBUHIIA.

Memoouka uccnedosanuti.CeMeHa JTIONMUHA y3KOJIUCTHOTO
copra «llepmanBeT» MNpeaBapUTEIbHO 3aMauyvBaii 6 YacoB B
pacTBopax romobpaccuHonuaa (KoHentpamus 10°%) u smuka-
crocrepona (10°%). B kauecTBe KOHTPOJS HCIIONB30BANACH IH-
CTUJUIMpOBaHHas Boja. Jlanee cemeHa mpopainiuBajii Ha JUCTHII-
JMPOBAaHHOW BoAe B Tepmocrtare npu 24°C B TeueHUe 2IHEW.
[Ipopocuine cemeHa OTOUpAIA C OAUHAKOBOW JJIMHOW KOPELIKOB
Y MOMENIAIU B EMKOCTU C JUCTUJUIMPOBAHHOW BOJOM WU B BapU-
aHTe ¢ MoHaMmH cBuHIIA — B pacTBOp Pb(NO;), (koHueHTpaius
10'4M) Y OCYILECTBIIUIN JAJIbHEHIIIEE TPOPAIUBAHUE CEMSH. [[J1s1
M3YYCHUS BIMSHUS OpacCHMHOCTEPOHI0B (TroMoOpacCHHOIUIAA U
AIIUKACTOCTEPOHA) HAa MHAEKC TOJIEPAHTHOCTU JIFOTIMHA Y3KOJIH-
CTHOTO coprta «llepimanBer» B yCI0BUAX IMTOPOTrOBOM TOKCUUYECKOMN
KOHIIEHTpAIIMM MOHOB CBUHIIA OBLIM HCIOJb30BaHBI CIEIYIOIINE
BAPUAHTHI OMBITA!

1. nucTuiMpoBaHHast BoJa (KOHTPOJIb);

2. OpaccuHOCTepou ] (roMOOPACCHHONMA WM SIIHUKACTO-
CTEPOH) C ONTUMAIBLHOW KOHIICHTPAIIMEH, OKa3bIBAIOIIIECH POCTpe-
I'YJIUPYIONIYI0 aKTUBHOCTh HAa PACTCHUE;

3. Pb(NOs), ¢ moporoBoii koHrerTpamueii 107 M;

4. Pb(NO3), ¢ KOHIIEHTpaluei 10%M + OpacCUHOCTEPOU /T
(roMOOpacCUHONINA, WU SMUKACTOCTEPOH) C ONTUMAIBHON KOH-
LICHTPALUECH.

VYcTounBOCTS pacTeHM JIIOMMHA K MOHAM CBUHIIA ObLia
YCTaHOBJICHA HAa OCHOBE IOKa3aTelisd uHaekca tojaepantHoctu (RTI),
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KOTOPBIN MPEACTABIAET COOON OTHOIICHUE CPENHEN JIUHBI KOP-
Hel (1ToOeroB) MO0 MacChl OMBITHBIX PACTECHUN K CpeAHEN JJIMHE
KopHe# (1moderor) n1u60 Macchl B KoHTpoJie. [lokazarens RTI mo3-
BOJISIET OOBEKTUBHO CYJUTh 00 OT3BIBYMBOCTH PACTCHUN HAa BO3-
NEeCTBHME MOHOB CBUHIIA.

Pesynomamul uccneoosanuii. IlpoBeeHHbIC UCCIEAOBAHUS
MOKa3ajau, YTO TMPHU HCIOJIb30BAHWM CBUHIIA B KOHIICHTPALMSIX
10™* M HaGIroAan0ch MHTMOUPOBAHIE POCTA KOPELIKOB M OGETOB
y pacTE€HUM JFOMMMHA Y3KOJIUCTHOTrO. J[JIMHA KOPEIIKOB YMEHbIIIa-
nach Ha 34,8%, a mobera — Ha 19,1% (Tabauna 1).

Tabauya 1. BausHue OpaccuHOCTEpoua0B (romobOpaccu-
Honuaa (I'b) u snukacrocrepona (IK) Ha 1uuHy KOpHEH, TOOETOB
U MacCy pacTeHHH JIIONMMHA Y3KOJHUCTHOro coprta «lleprianser»
Py BO3JICMCTBUU MOHOB cBUHIIA (10-€ cyTKN)

Kopuu [ToGern
BapuanT onbira . Macca . Macca
o (20 1) o (20 )
KOHTpOJIB 50,72+ 0,84 | 2,82+026 | 101,68+2,02 | 7,00+0,43
Pb™, 10°M 33,08+145 | 207+0,08 | 8228+252 | 634+022
I'B, 10° % 55,37+131 348+0,18 | 108,97+224 | 7.51+034
paz NI+
Il)g_6 ;)/10 M+Tb, | 40934146 | 2494018 | 90.08£320 | 7.13+020
0
DK, 10° % 54,02:0,93 3494020 | 111,684249 | 747+031
103N &
11)8'6 ’0/10 M+ 3K, 3583+1,02 | 246+0,04 | 83,75+£245 | 7,03+0,15
0

COOTBETCTBEHHO HAOII0IAJIOCh U CHU)KEHUE CpeJIHEH Mac-
cel 20 xopHeit u noberos.Ilpu goOaBieHUU B cpeAy C HOHAMHU
CBHHIIA TOMOOPACCUHOJNUIA B KOHIICHTPAIUU 10'6%, JUIMHA KO-
PEIIKOB M MOOETOB y pacTeHUH JIIOMHUHA Y3KOJIHUCTHOTO YBEIUYH-
Banack Ha 23,7% u 9,5%. Ilpu ngoGaBiieHUU B CpeAy C UOHAMHU
CBUHIIA SIIMKACTOCTEPOHA B KOHIICHTPAIIMHU 10'6%, JIJTAHA KOPEII-
KOB 1 MOOETOB y pacTEHMUH JIIOMHHA Y3KOJIUCTHOTO TaKXKE YBEIH-
yuBajiack (Ha 8,3% u 1,8%, coorBeTcTBeHHO). boiee BBICOKUIA
WHJICKC TOJEPAHTHOCTH OTMEUAJICS U 110 MacCEe KOPHEH U MoOeron
npu A00aBJICHUM TOMOOPACCUHOJK/IA B CPEAy C MOHAMHU CBUHIIA
(Tabmuia 2).
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Tabnuya 2. npexc tonepantHoctu (RTI) mommua y3ko-
aucTHoro coptra «llepmarnBer» K BIUSHUIO OpacCHHOCTEPOMIOB
(romoOpaccunonuaa (I'b) m snukacrocrepona(l3K) mpu Bo3jaei-
CTBUU MOHOB cBUHIIA (10-€ cyTKH)

Kopau [To6ern
Bapwuanr orbita RTI - | RTI maccer (20 RTI maccol
RTI guHbl
HBI I1IT) (20 1mT)

Pb*", 10*M 0,65 0,73 0,81 0,91
I'b, 10 % 1,09 1,23 1,07 1,07
Pb*", 10* M +IB,

10 % 0,81 0,88 0,89 1,02
DK, 10° % 1,07 1,24 1,10 1,07
Pb*, 10° M +

K, 1 0° 9, 0,71 0,87 0,82 1,0

Taxkum oOpazom, IMPOBEICHHBIC HCCIIEIOBAHUS IMOKA3aIIH,
YTO rOMOOPACCUHOJIN B KOHIICHTPALIMU 10°% B GompIueii cremne-
HU TOBBIIAI YCTOWYMBOCTh PACTEHUM JIFOMMHA Y3KOJIUCTHOTO
IIPU BO3JEUCTBUU ITOPOTrOBOM TOKCUYECKON KOHLEHTPALMU UOHOB

caurma (10*M).

bub/morpaguyeckuii ciMcox
1. Xpunau, B.A. bpaccunocrepounsl / B.A. Xpumau, @.A.
Jlaxsuy, B.H. XKabunckuil. — Munck: HaByka 1 TaxHika, 1993. —287 c.
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YK 577.21:633.34:338.1(574)

3ACYXOYCTONMYUBOCTH COMU,
KAK JUMHUTUPYIOIIIUN ®AKTOP ITPU
IMPOJIBUKEHUHU EE B CEBEPHBIE PETYTIOHBI
PECITYBJINKU KA3BAXCTAH

A.O. OpanxanosBa, A.Jl CubikoBa, T.H. [TapmankynoBa
Kazaxckuii nayuonanvhbli MeOuyuHCKUU yHu8epcumen
um. C M. Acgpenousaposa, Pecnybruxa Kazaxcman

Koceennvivmu (nabopamopuvivu) memooamu omoobpams
copmooopazyvl cou U3 KOMNLeKyuounozo numomuuka TOO
«Kazaxckoco HHU 3emnedenus u pacmenuesoocmea» ¢
NPUSHAKAMU 3ACYXOYCMOUYUBOCMU Ol OANbHeUUe20 8061eUeHUs
8 CENeKYUOHHYIO NPOSPaAMMY U NOOMEEpOUmv HAIU4ue 3mMo20
NPU3HAKA NOJEeBbIMU UCCIE00BAHUIMU.

KynbTypHble pacTeHHUs] 4acTO IOJBEPrarOTCS Pa3IUYHbIM
OMOTHYECKUM (BUPYCHI, OaKTepuu M TPUOKH) U aAOMOTHUYECKUM
CTpeccoBbIM (hakTOpaM (TakuX, Kak JePUIUAT BOALI U MUHEPAIb-
HBIX AJIEMEHTOB), YTO MOXKET MPUBECTH K HAPYIICHUIO UX POCTa,
Pa3BUTHS, YTO B KOHEYHOM HUTOr€ MOBJIUIET HA MPOAYKTUBHOCTh
[1,2]. YiiepO oT 3TuX CTpecCcoBbIX (PAKTOPOB MPEACTABISAET COOOM
CEpPhE3HYIO TPOOJIEMY [JIi TPOU3BOAUTEINICH, MOTpeOuTeNne u
PaBUTENbCTBA, OCOOCHHO B OTHOIIEHHUH CEJIbCKOXO03IMCTBEHHBIX
KYJIbTYp UMEIOIIUX OO0JbIIOE HAPOAHOXO3AMCTBEHHOE 3HAUYCHUE,
TaKUX Kak IIIEeHUIA, KYKypy3a U COsl, TOTEPU KOTOPHIX MOTYT Ba-
ppUpOBaTh B mpenenax /8—87% OT MakCHMaJbHOM TOXOJHOCTH
IIPU UACATBHBIX YCIOBUAX [3].

Cost — Haubosnee BaxkHasi 3epHOO000Bas KyJIbTypa BO BCEM
MUpE, SIBIISIETCS BAXKHBIMHCTOYHMKOM OEJIKOB, Maclia, Makpo- U
MHKPO3JIEMEHTOB [4]. HecMOTps Ha MOBBIIIIEHME MUPOBOTO CIPO-
ca, TEeKyII1e MOTEepU B MIPOU3BOJCTBECOH, MO OIEHKaM, 0oJiee O/I-
HOW MATOM ypoKas Mo BCEMY MUPY. bolibliasg 4yacTh 3TUX HOTEPh
OTHOCSITCSI K a0MOTUYECKUM (haKTOpaM, OTBETCTBEHHBIM 3a CHU-
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