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' nepcneKTHBbl 'ecnonb30B8HHSI sinepao-cjJe_ilH'l8CKHX M8TOllOB aaanH38 

B OROnOrRR Ha' npHMepe npooneMbl BHnTa 

. ,. ' 

B pa6oTe npeACT8BneH HHCTpyMeHT8nbHb!A aeArpoHHO- 8KTHB8UHOHHbilf 

, aaanH3 aa. conep)K8HH8 MHKpoaneMeHTOB B 3AOpOBbIX. H · nopa)KeHHblX sanTOM 

paCT8HHSIX .xnon'l8THHK8o noK838HO, 'ITO 8KTHB8llHOHHbIM MeTOAOM MO)KHO 

npOH3B0AHTb OllHOBP8M8HHblli MHOI'03118MeHTHbill: 8H8nH3 paCT8HHli "·xnOll'18THHK 

C BblCOKOll: 'IYBCTBHT8nbHOCTblO (snnoTb AO IO~ r/r). 'onpeneneao COAep

)1{8HHe 25 -ane~eHTOB 'B opraaax 3llOPOBblX H' nopa~~HH~~ BHnToM pac. TeHHA,, . . . . 

H Ami 1.7. H3 HHX OTM8'18Hbl HeKOTop1,1e 8HOManaa B K_OHU8HTpamrn. 

. ~ . 
IlpenpMHT 061.e.llMHeHHOro M,HCTMTyTa Jl,llepHhlX MCCJle,llOB8HMtl. 

,lly6Ha, J 97 4 

Vyropayev V.Ya.,· Kharisov I.F., Maslov o.o.; P14 _ 8290 .. 
~huravlyo:7a E.L., Kul~kina L.P. I I 

Prospects of Using the Nuclear~Physical Analysis 
· Methods in Biology, Exemplified by the .Wilt 

Problem.. . . . .-
~ . 

. _The r.esults .are presented ,.of the non-destructive neut-
ron-activation analysis made to establish the-content of 
microelements in.the healthy cot:ton,'piants and.in those ar
fected by the wilt disease •.. It is• shown.·that the neutron
activation method can be used to carry simultaneous multi
element · · analysis of· cotton with high sensitivity. (up to 
10-8 g/g). The contents of 25 elements have_been determined 
17 of which displayed anomalies in their.concentrations'in 
the different parts of.the healthy and wilt-affected cotton 
plants. ·· - . • . _ 

· · Preprbtt. Joint . Institute for· Nuclear · • Research. 
Dubna, · 1974,.-

Hccne,AoBaHHe ponH MHKp03neMeHTOB B pa3HH11HLIX 6Ho
norH11ecKHX nponeccax, HecoMHeHHO, npe,z:,;cTaam1eT He TOnL
xo 'IHCTO uay11HLiii HHTepec, HO H HMeeT OlfeHL Ba>KHoe 
uapo,AHOX03BHCTBeHHOe 3Ha11eHHe. 

H3BeCTHO, 11TO TaKHe 3IleMeHTLI /MaICp03IleMeHTLI/, 
KaIC C , H , 0 , N , S , P , K , Mg, Ca , Ba , Al , 06pa3y10T 
)KH3HeHHO He06XO,IJ;HMLie COCTaBHLie 11acTH KneTOK pacTeHHii, 
a MHKpo:JneMeHTLI Cu , Fe , Co , Mn , Zn , Mo , Se , 
Sb , J B ,AeCRTKH ,z:,;pyrHx HrparoT Ba>KHYIO ponL B 6Hono
ru11ecK11x nponeccax, npoHcxo,z:,;sLQHx B >KHBoii npHpo.IJ;e. 

Cornacno A.H.BHHorpa,z:,;oay 11 •21 MO>KH0 npe,z:,;no-
IlO)KHTL HanH11He acex XHMHlfeCKHX 3IleMeHT0B B >KHBOM 
Bell{eCTBe B" ecTeCTBCHHO O>KH,IJ;aTL, 11TO OHH HecyT onpe
,AeneHll}'IO 6uonoru11ec1Cy10 Harpy3Ky. O,AHaKo aonpoc, KaKyro 
BMCHHO 6uonorH11ecKyro Harpy3KY HeceT TOT HnH HHOii 
MBKp03IleMeHT~ ,z:,;o" CHX nop OCTaeTCR OTKpLITLIM 131. 

IIo·BH,ABMOMY, O,IJ;Ha H3° npH11HH 3Toro - OTCYTCTBHe 
Ha,AC)KHLIX MCTO,!J;OB aHanH3a, K0TOpLie npH He3Ha11HTenLHLIX 
no secy npo6ax Hccne,z:,;yeMoro o6'heKTa /nopR,z:,;Ka 0,1 -
0,01 z/, 'ITO xapaKTepHO .AHR 6HonorHH, Il03B0IlJIIlH 6LI 
npoH3BO.ABTL aHanB3 nenoro cneKTpa 3neMeHTOB. 

Kax H3BeCTHo, B nocne,z:,;Hee apeMR Ha6nro,z:,;aeTcR WHpo
xoe BHe,ApeHHe ,AOCTH>KeHHii R.IJ;epHoii 4>B3HKH B caMLie 
pa3nH'IHl,,le o6nacTH HayKH H TeXHBKH. K 'IBCny coapeMeHHLIX 
B,Aepuo-c)_H3B11eCKHX MeTO,IJ;OB HCCne,z:,;oBaHBR cne,AyeT OT
HeCTB pa,ABoaKTBBaUHOHHLiii aHanB3. Pa,AHoaKTBBaIJ;HOHHLiii 
MeTO,A BMeeT nenLiii PR.A npHHIJ;HnHanLH0 Ba>KHLIX 
npeBM)'ll{CCTB nepe,IJ; ,ApyrHMH MeTo,AaMH aHanB3a, TaKHMH, 
ICaIC Macc-cneKTpanLHLIB, XHMHKO· cnexTpanLHLIH, IlOilRpo
rpal)x11ecICBii, IllOMBHecu;eHTHLiii, KanopHMeTpH11eCKBii,cneKT
pani.nwii, MBKp06HOilOrB11eCKHH H T .,A. Ilpe>K,Ae BCero, OH 
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o6na,IJ.aeT BbICOKOii 1.fYBCTBHTeJibHOCTblO, MHOr03JieMeHT·. 

HOCTblO aHaJIH3a B O,IJ.HOM H3MepeHHH, ceneKTHBHOCTblO, 

3KcnpeccHOCTblO, ,IJ.OCTaTOl.fHO BblCOKOH TOl.fHOCTblO H BbICO· 

KOH npOH3B0,IJ.HTeJibHOCTblO. KpoMe Toro, 3Ha1.fHTenbHbIH 

nporpecc,. ,IJ.OCTHrHyTblH B H3MepHTeJibHOH TeXHHKe /npo

H3B0,IJ.CTBO Ge (•Li) • ,IJ.eTeKTOpOB C BblCOKOH pa3pewa101Ileii 

cnoco6HOCTblO H 60JibWHX o6'beMOB/' H ycoaepweHCTBOBa

HHe cneKTPOMeTpHl.leCKOB annapaTypbl, aBTOMaTH3al{HJI npo

Be,IJ.eHHJI aHaJIH3a, pacWH~pOBKa H o6pa60TKa pe3yJihTaTOB 

C npHMeHeHHeM 3BM, HeCOMHeHHO, C03,IJ.alOT 60JibWHe nep

cneKTHBbl pa3BHTHJI pa,D.HOaKTHBal{HOHHOro aHaJIH3a Hero 
npHMeHeHHii. ,. 

0,IJ.HaKO 3TOT MeTO}J,, HaH}J,JI WHpOKOe pacnpocTpaHeHHe 

B aHaJIH3e nonynpoBO}J,HHKOBhIX MaTepHanoa, reonorHH, Tex

HonorH_H 1.fHCTblX MeTannoB H T .}J,.' K CO)KaJieHHIO, Mano 

HCilOJlb3yeTCJI B ceJibCKOM X03JIHCTBe H arpOXHMHH. 

HaM Ka)KeTCJI, 1.fTO pa}J,HOaKTHBal{HOHHblH aHaJIH3 /B TOM 

1.fHCJie MeTO}J, aBTOpa}J,HOrpa~HH, MeTO}J, Mel.feHblX aTOMOB 

H T.}J,./ y)Ke ceiiqac cnoco6eH OKa3aTb CYIIleCTBeHHYIODO· 

MOll{b 6HOJIOrH1.feCKHM HayKaM npH peweHHH 11ayl.fHLIX H 

npaKTHl.feCKHX 3a}J,a1.f, a HMeHHO, npH aHaJIH3e MaJiblX npo6 

Ha CO}J,ep)KaHHe MHKP03JieMeHTOB H pa3pa6oTKe }J,eHCTBeH

HblX peKoMeH}J,al{HH }J,JIJI BHe}J,~eHHJI B HapO}J,HOe X03JIHCTBO. 

B CBJI3H C 3THM OCTaHOBHMCJI Ha 01.feHb Ba)KHOM KOHK· 

peTHOM npHMepe - µpo6neMe BHJITa xnonl.faTHHKa. BHJIT -

3TO rpH6KOBOe 3a6oneBaHHe' KOTOpoe npHBO}J,HT K YBJI}J,aHHIO 

/3TO 3a6oneaaHHe xapaKTepHO }J,JIJI MHOrHx ceJibCKOXO· 

3JIHCTBeHHblX icynbTyp/ H rH6eJIH xnon1.1aTHHKa: B HacToamee 

BpeMJI npHl.lHHbl 3TOro JIBJieHHJI }J,O KOHl{a He BblJICHeHbI, HO 

HMelOTCJI rHITOTe3bl, KOTOpble B o6mei.t: MO)KHO CBeCTH 

K ~Jie}J,yromeMy: YBJI}J,aHHe xnon1.1aTHi1Ka npOHCXO}J,HT H3·3a 

HapyweHHJI BO}J,HOrO IlHTaHHJI IlO}J, }J,eHCTBHeM rpH6a-napa-

3HTa/BCJie}J,CTBHe 3aKynopKH npoBO}J,JIIIlHX cocy}J,OB pacTeHHJI}/; 

YBJI}J,a.HHe H rHOeJib pa:CTeHHJI 06'bJICHJIIOTCJI B03,IJ.eH• 

CTBHeM ~epMeHTOB rpH6a Ha pacTeHHe, B pe3yJibTaTe Ko:ro

poro o6pa3yroTcJI aemecTaa, no,IJ.o6Hble TOKCHHaM H T.JJ.. 
BHJIT HaHOCHT orpOMHblH 3KOHOMH1.feCKHH ymep6 H JIB

JIJieTCJI O}J,HHM H3 OCHOBHblX ~aKTOPOB, TOPM03Jiuuix }J,anbuei

WHH no,IJ.'beM ypo)KaHHOCTH xnon1.1aTHHKa /noTepH }J,OCTHraroT 
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B cpe.QHeM 10-3_0 H 6onee npol{eHTOB BO Bcex XJIOilKOBO.zt· 

1.1ecKHX paiioHax MHpa/. 

Ilpo6neMa 6opb6bl C BHJITOM, npo6neMa Il03H8.HHJI ero 

MexaHH3Ma BeCbMa aKTyaJILHa, H, ecTeCTBeHHO, Be}J,yTCJI 

HCCJie,AoBaHHJI no MHOrHM HanpaaneHHJIM. 3,IJ.eCL Mbl He 

6y.zteM KacaTLCJI 6uonorH1.feCKOH, ~H3HOJIOrH1.feCKOH, reHe

THl.feCKOH, arpOXHMHl.feCKOH H ,Ap. CTOPOH }J,aHHOH npo6neMbl, 

a TaK>Ke Bcex Kap}J,HHaJILHLIX HCCJie,AOBaHHH, Be.ztYmHXCJI 

B 3TOH o6nacTH. 

B HaCTOJimee BpeMJI HHKeM He ocnapHBaeTCJI rHITOTe3a, 

1.fTO, B03MO>KHO, npol{ecc 3a6oneBaHHJI XJIOill.faTHHKa BHJITOM 

CBJI3aH C onpe,D.eJieHHblMH aHOMaJIHJIMH B CO}J,ep)KaHHH HeKo

TOpbIX MHKp03JieMeHTOB B IlOl.fBaX H pacTeHHJIX, 1.fTO BJIHJieT 

KaK Ha BHJITOYCTOHl.fHBOCTL XJIOill.faTHHKa, TaK HHa)KH3He

}J,eJITeJibHOCTb rpH6oa-napa3HTOB. 

B CB.ll3H C 3THM B }J,aHHOH pa6oTe, HCil0Jlb3YJI MeTo~ 

HeHTpOHHOH aKTHBal{HH, Mbl HCCJie,AoBaJIH 3}J,Op0Bble H nopa

>KeHHLie BHJITOM pacTeHHJI xnonqa THHKa na CO,Aep)KaHHe 

pa3JIH1.fHblX MHKp03JieMeHTOB. OCHOBHaJI l{eJib 3THX HCCJie

}J,OBaHHH 3aKJII01.fanacL B TOM, 1.fT06bl onpe}J,eJIHTb KOJIHl.feCT

BeHHOe CO,Aep>KanHe MHKp03JieMeHTOB B pa3JIH1.fHblX opranax 

pacTeHHB KaK 3}J,OpOBoro, TaK H nopa)KeHHOro BHJITOM xnon-

1.faTHHKa H Ha OCHOBe 3KCnepHMeHTaJILHblX ,AaHHblX IlOilbl· 

TaTbCJI ycTaHOBHT!> KaKHe-JIH6o 3aKOHOMepHOCTH B IlOBe,Ae

HHH OTHOCHTeJibHOro CO,Aep)KaHHJI 3THX 3JieMeHTOB. 

Ilpo6bl XJIOill.faTHHKa .oT6:e:paJIHCb H3 pacTeHHH, Bblpa

ll{eHHblX B O}J,HHaKOBblX IlOl.fBeHHblX ycJIOBHJIX H 3a O}J,HH cpoK. 

)];nJI 06ny1.1eHHJI oTo6paHHble o6pa3l{bl pacTeHHii xnon-

1.1aTHHKa Mbl pa3,AeJIHJIH Ha rpynnbl, KaK·To: KOPHH, CTe6-

JIH, JIHCTLJI, xopo6o1.fKH H BOJIOKHa. 

Tax KaK HeiiTpOHHo-aKTHBal{HOHHblB aHaJIH3 Il03BOJIJieT 

BeCTH HCCJie}J,oBaHHJI Ha CO}J,ep>KaHHe MHKp03JieMeHTOB C Bbl· 

COKOH 1.fYBCTBHTeJILHOCTLIO BilJIOTL }J,0 10-9 z/z, TO B03 • 

HHKaeT Heo6XO}J,HMOCTL co6JIIO.zta TL oco6yro CTepHJibHOCTb 

npH IlO,ArOTOBKe o6pa31{0B K 06ny1.1eHHIO C TeM, 1.fT06bl He 

BHOCHTb MHKp03JieMeHTbl. KpoMe Toro, Mbl CTapaJIHCb 

He IlO}J,BepraTL KaKHM•JIH6o ~H3HKO·XHMH1.feCKHM B03JJ,eii

CTBHJIM o6pa3l{bl, TaK KaK HaMH 6blJIO ycTaHOBJieHo, 1.fTO 

npH TepMHl.feCKOM H XHMHl.feCKOM C>KHraHHH TepJieTCJI ,AO 

700/o HeKOTOpbIX 3JieMeHTOB. 
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Ilpo6LI 6LIJIH H3roToaneHLI cneAYJOlllHM cnoco6oM: o6-
pa3IU:.I xnon'iaTHHICa nocne,;_ TIQaTem,Hoii O'IHCTKH OT nLIJIH 
/npoMLIBaJlllCL B AHCTHnJIHpoBaHHOH BOAe/ npocynmaaJIHCL 
B cyumJILHOM IIIICad>y C nocreneHHLIM llOBLIIIIeHHeM TeMne-

5 0 0 
paTypLI OT. 0 AO 120 C B, TC'ieHHe 10:- 15. 11ac. · 

B03AYW1J9- cyxHe o6pa3D;LI H3MeJib'iaJlllCb AO nopom
Koo6pa3Horo COCTOSH_HJI B araTOBOH CTynxe. H3 :noro 
nopomxa nYTeM _npeccoaaHHJI noA AaaneHHeM .n:o 250 amMo
crjJep . 6LIJIH H3rOTOBJieHLI . Ta6JieTICH AHaMeTpOM 20 MM; 

T0JilllHH<>ii 2-4. MM H aecoM = 1000 MZ. O6pa3u;LI MJI 
o6nyqeHHa, nonyqemrae TaKHM cnoco6oM, oxa3anuc& 
O'ieHb YA06HLIMH H npaICTHtfHLIMH B pa6oTe. OHH KOMna.KTHLI, 
HMeIOT AOCTaTO'iHO BLICOKYJO, MexaHHtfecxyro npotfHOCTb, 
MaJILIH o6'LCM, 6oJILWYIO nJI0TH0CTb u aec /lfTO 0tfeHL Ba)Kl{0 
npH H3rOTOBJieHBH npo6 H3 pacTeHHH H APYrHX 6HOJIOrHqec
KHX o6'LeKTOB/. a TaIOKe onpeAeJieHHLie •. nocT0JIHHLie pa3 -
MepLI,H <l>opMy. IloMHMO 3Toro, AJIJI HHX 3Ha'iHTeJILH0 noaLI
waeTCJI T0tfH0CTL MOHHTopapoBaHHJI H 3TaJIOHHpoaaHHJI L H3 -
3a B3BeCTHoii cl>opMLI H pa3Mepoa 06pa3u;a/, a TaIOKe nerxo 
noA6HpaeTCJI H pacctfHT~BaeTCJI Hy)Kl{aJI reoMeTpBJI AJIJI 
o6nyqeHHJI H H3MepeHHJI cneKTpa. 

O6pa3u;1:,1 ynaKOBLIBaJIHcL • /Ka)IC,D;aJI Ta6neTKa pa3Aem,ao/ 
B ll0Jlll3THJICH H noMeIQ~HCb CTOnKOH BMeCTe C 3TaJI0HaMH 
B cneu;HaJILHLIH KOHTeiiaep H3 tfBCT0ro amoMHHHJI. 

O6Jiy'leHBe np0BO,Il;BJI0Cb TenJIOBLIMH HeiiTpOHaMB Ha 
peaKTope· c HHTerpanLHLIM noT0KOM B lO16 H/cM2_HHTer
panLHLdi nOT0K HeiiTpOHOB onpeAeJISJIC.II no HaBeAeHHOH 
aICTBBH0CTH Ha 3TaJI0HaX C H3BCCTHLIMH cetfeHHJIMH aKTHBa

D;HH. 
B AaHHOM IJ;HKJIC 3KcnepHMeHTOB MLI npe,nnonaraJIH 

npoaecTH aHaJIH3 Ha coAep>KaHHe AOnro>KHBYIQBX paAB0-
aICTHBHLIX H30TOnOB. B CBJl3B C 3TBM o6pa3D;LI "oxnWK,D;a
JillCL" a Te'lem1e 2-x. ABeii c TeM, 'IT06LI pacnanucL 6onee 
KOp0TK0:IICHBYID;He paAH0aKTBBHWe B30T0DLl, C03AaIOUlHe 
B3 - 3~ BhICOKOH aKTHBH0CTH 3HatfHTeJILHhle nouexB onpe -
ACJICHHIO APYrHX 3JICMeHTOB. 

raMMa-c_neICTphl o6nytfCHHLIX o6pa3D;OB H3MepJIJIBCL Ha 
y-c;r.ceKTP0MeTpe, C,0CT0JIIQCM B3 nonynpoBOAHBKOBoro KO-: 
aKCHaJILH0r0 . Ge ~Li) - ,l{eTelCT0pa,. BLICOIC03cl>4>eKTBBHOH CBC

TCMLI c-ra6nmuau;n:e. B aMIIJIBTYAH0r0 ,aHanH3aTopa, THna 
AH.;4_096 11 Manoi 3BM Tuna TPA -10_01. · 
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Puc. 1. I'aMMa- cne1<mpb1 06paa11oe KopHeii xAon11amHu1<a. 

HcnoJIL30BaiicJI AeTeKT0p o6'LeMoM 40 CM 3,pa3peweaue 
IC0TOporo no cl>oTonHKY 137Cs / E ... 661,65 K3B/ C0CTaB
rumo = 3 K3B. O6pa6oTKa cnexTPoa ocymecTBJIJIJiacL no 
pa3pa60TaHHoii aaMB nporpaMMe aa 3BM "MHHCK,.32" 
/onpeAeneHHe nnomaAeii DHK0B c awqeToM cl>oHa H nonpaa
IC&MH ua 3cl>4>e1CTBBHOCTL AeTeICTopa,iaa apeMJI BWAeP>KKH 
B H3MepeHBJI MJI Ka)K,D;oro aHaJIH3HpyeMoro B30TOna B 3a -
BHCBM0CTH OT nOCTOJIHHOH pacnaAa B T -A./. 

Ha puc. 1 npeACTaaneaw THIIHqawe y -cneKTPLI OT o6-
pa3UOB 60JILHLIX /cneKTP 1/ B 3AOP0BLIX /cneKTP 2/ ICOpHeii 
XJJ0il'la.THBKa, nonytfeHHWe c noM0IQLIO 3BM "MuacIC-32". 
Ha 3THX cneICTpax M0>KH0 BBAeTL y -aKTHBHOCTH, - CO0T
BeTCTBYJOUlHe H,Il;eHTBcl>HUHpOBaHHLIM H30TonaM /MHICp03Jie
MCIITaM/. . - - . , 

11.tteHTHcl>HKaD;BJI COAep:>KaUlHXCJI '.B_HCCJieAYCMLIX ! 06pa3u;ax 
H30TOnoa' np0H3B0AHJiaCb no B3BeCTHLIM 3HeprHJI~ y-·ne-, 
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peXO'AOB H DCPHO'AY DOnypacDa'Aapa'AHOaKTHBHOrOH30TODa. 

BpeM.a: H3MepeHHJI o6pa3ItOB 3aBHCeno OT HaBC'ACHHOii y -
aKTHBHOCTH, MewaIOIItHX it,OHOBLIX 3ili4>exTOB B aHa.JIH3Hpye

Moii o6nacTH :JHeprHH H B CPC'AHCM COCTaBn.a:no OT 0,5 'AO 

10 11ac. 
qT06LI DOllY'IHTL ODTHManLHLie ycnoBH'1 BOCDpOH3BO)UI

MOCTH pe3ynLTaTOB H CBCCTH K MHHHMYMY BKlla'A OT cl>ouo

BLIX 3'1i4>eKTOB, a TaIOKe C nenLIO KOHTPOllJI DO DepHO'AaM 

DOnypacDa'Aa HCCllC'AYCMLIX H30TODOB H3MepeHHJI DOBTOpJI

llHCL 'AllJI Ka:>K'AOro H30TODa MHHHMYM 3 pa3a. 

Ta6Au11a 1 
Pe3YAblftalftbl aHaAuaa opzaHoa xAon11amHu1<a /codepJtCaHue 

3/leMeHmoa a %1 
Na!! l<OP£1-lb CT£6£Jlb JIHC'T'b$l KOP0604KA1 BOJJOKHO 
n BnEMEHTbl BU/IT m,r &IIJIT &II.ff 8MJ'I' '¼ HOPPI. llllJIT~_ HOP~ f>l-ln'ltop1' HOPI'! e,unr UOP, HOP~ BH.n'l1iiiijij IIOPl'I 6l,!Jl'l'HOP!l 
I 1-!ATPl,ll::t 0,1 0,12 I 1,2 o,o, 0,011 I0,37 o,o+9 o,osi 1,1 0,019 0,022: 1,1, 3-103 a-10' 2.;, 
2 KAfll-11,1 0,611,12! 1,9 1,65 Z,32·1,4- 4,1 2,1 _0,5 4,+6j6,o _ 1,35 0,6 0,97 f,6 
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9 Ul,11-ll{ +,:Hii 5,ftii' 13 8to'1 1,J7f 1,6 7-10-J 3·102'.4,3 7104 2,1 ~ J,O ,-101 +,oJ f/t 
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. OKOH'laTCllLHLie pe3yn1,,TaTLI . aHanH3a DPC'ACTaBneHLI 

B Ta6n. 1. Kax BH,[(HO H3 Ta6nunLI' 'ACHCTBHTCllLHO, aKTHBa

ItH0HHLiii MCT0'A D03B0llJICT DpOH3B0.i(HTL, O'AHOBpCMCHHLIH 

MHOrO:JllCMCHTHLiii BLICOKO'IYBCTBHTCllLHLIH aHanH3 paCTCHHH 

xnon'laTHHKa, a DO D0HJITHHM 6uonoroB :JT0 ClllC H :JKCDpec

CHLIH MCTO'A. O'AHOBPCMCHHO 0DPC'ACllJiCTC'1 'AO 25 :JllCMCHT0B 

C 'IYBCTBHTCllLH0CTLIO 'AO 10-7 - 1O-8 z/z. H :JTO He llPC'ACll, 

KaK BB'AH0 H3 CDCKTP0B :JTHX o6pa3ItOB. 

MLI 6y'ACM OCT0P0:>KHLI B CDeu;HanLUL!X BhIB0'AaX H3 

pe3yllLTaTOB HaWHX HCCllC'AOBaHHH - :JTO 'ACll0 6uonoroB, HO 

TCM He MCHee HCllL3JI HC 0TMCTHTL CYlllCCTBCHHYIO pa3UBitY 

B CO'ACp:>KaHBH 6onLWHHCTBa :JllCMCHT0B B oprauax 3'AOP0BLIX 

H Dopa:>KeHHLIX BHllT0M paCTCHHii. H ecnu H3BCCTH0, KaKyro 

HecyT /Ty HnH HHyro/ 6HonorH'ICCKYIO uarpy3KY TaKHe 

:JllCMCHTLI, xax HaTpHii, Kanuii, xanLitHH, mene30, MC'AL, TO 

6onLWHHCTBO H'ACHTH$HitHPOBaHHLIX :JllCMCHT0B - CKaH'AHH, 

xpoM, xo6anLT, ItHHK, rannuii, 6poM, MOnH6'ACH, 30ll0TO, 

ne3HH, cypLMa, py6H'AHii, .• TopHii H PC'AKHe 3CMnH - DPHB0'A.R:T 

K MLICllH, 'IT0 pa3llH'IH0C HX CO'ACp:>KaHHC CBH'ACTCllLCTBYCT 

06 HX 6HonorB'ICCKOH ponu B :>KH3HH Xll0D'laTHHKa, nu6o 

B ACJITCllLH0CTH rpH6a-Dapa3HTa. 

B Ta6n. 2 DPC'ACTaBnCHLI AaHHLIC paCDPC'ACllCIIH'1 OTHo

CHTCnLH0r0 CO'ACp:lKaHHH 17 :JllCMCJITOB DO opraHaM Xll0D'la T

HHKa / OTH0WCHHC C0'ACp:>KaHHJI H30T0Da B Dopa>KeHH0M BHllT0M 4 . 
xnon11aTHHKC K ero C0'ACP>KaHmo B 3'AOPOBOM xnoDqaTHUKe/. 

Ha ocuoaaHHH auanH:ia Dony11eH:uL1x HaMH 'AaHHLIX Mo:>K

uo cxa3aTL, 'ITO OTHOCHTCllLllaJI K0HJ:tCIITpanH.11 CO'ACP:>KaHHJI 

TaKHX :JllCMCHTOB, KaK xanuii, CKaHAHii, xpoM, )K.ene30, ItHHK, 

6apuii, naHTau, Topuii ao Bcex oprauax Dopa>Ke11uoro nim
T0M xnoD11aTHHKa*3ua11HTCilLHO BLIWC, a TaKHX :JllCMCHTOB, 

KaK rannHH, 6poM :*, MOnH6'ACH, 3Ha'IHTCilLHO HH:>Ke. OT

H0CHTCllLHOe :>Ke C0'ACp:>KaHHe TaKHX :JllCMCHT0B, xax HaTpHii, 

xan&u;Hii, xo6anLT, MC'AL, CTpOHitHH, 30JIOTo, B oprauax xnoD-

11aTHHKa xone6neTC'1 B WHP0KHX DPC'Aenax,uanpHMep, 'AllH uar

pH.a OT= 0,3 'AO =3,0. Ha6nro'AaeTc.a 6onee BLicoKaH xouneu

Tpau;HH :JllCMCHTOB ItC3H'1, cypLMLI, nepHH, caMapu.a, eB

P0DHJI, HTTep6HJI, py6H'AH'1 B K0pH'1X DOpa:>KeHH0ro BHllT0M 

XllOD'laTHHKa, 'ICM B KOpHRX 3'AOPOBOro. 

:*·,IJ;n.a KanH'1--B0 BCCX oprauax XllOD'laTHHKa, KPOMe nHCTL
eB, MH 6pOMa - ~poMe BOJIOKHa. 
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Ta611uija 2 
Pacnpeoe11eHue omHocume111>Hozo cooepxaHu.11 MU1<po311eMew 
moe no opzaHaM x11on11a111Hu1<a 

BO.nOKUO 

KOP0604K, 

E:301K06AflbTI ME.Ilb ILV·H-lK P<A~JIH1 XPOM 
x tcr4r/r x10-~/r xta-6r/r x 11Pr/rl x10...ar/r xf(f

7 
r/r 

EcTecTaeuuo npe,1Uionm1CHTL, 'ITO ua6moAaeML.Ie OTKno

ueuHs IlOCTOSHCTBa KOHUeHTpauatt MHKp03JieMeHTOB, no

BH,l:\HMOMY, SBJISIOTCS npH'IHHOH HJIH pe3yJILTaTOM 3a6oneaa

HHH XJIOil'laTHHKa BHJITOM. 

,l(ns BhlSCHeHHS KOHKpeTHOH pOJIH 3JieMeHTOB H ycT~

HOBJieHH» onpe,l:\eJieHHhlX 3aKOHOMepHOCTeH B RX CO,l:\ep)l(a

HHB a IlOBe):\eHBH npH IlO,l:\XO,l:\e K pemeHHJO npo6neMhl BHJITa 

11eo6XO,l:\HMa opraHH3aUHS CHCTeMaTB'leCKoro auaJIB3a '~ Te

qeuae ps,l:\a neT, H 3Ta 3a,l:\atfa AOIDKHa , 6e3ycnoB110, 

pemaTLCS COBMeCTHhlMH YCHJIHSMH cneuHaJIH3HpOBaHHhlX 

ueHTpOB aKTHBaUHOIIHOrO aHaJIH3a H yqe111.1x, H3y'lal011UIX 

npo6neMy BHJITa B uenoM. 

B 3aKJIIO'leBHe aBTOPhl BLlpa)l(aIOT rny6oKylO 6naro,l:\ap

HOCTL aKa,l:\eMHKy r .H.cl>nepoBy 3a llOCTaHOBKy ,l:\aHHOH 
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nPO.D.On)l(E:1-11-!E: TA6M-1Ubl 2 

~· IJ\JHU,ltl raHillEH' Ml-ITAi-ii BAM I 30Jl)TO I TOR-M 
x10"4r{rJ Y. 11J7,./r xtrJ"'r/r zf(1"1r/r X !rJ"',./r 

" 

3a,l:\a'IH H llOCTOSHH.blH HHTepec, a TaK)l(e npoqieccopy" 

A.A.KacTy H npoqieccopy 3.3.EeKKep .3a none3nLie 06-, 

cy)l():\eHHS pe3yJILTaTOB. 
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