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BBE,/J,EH~E 

~3yyeH~e 3neMeHTHoro COCTaBa n04B ~ pacTeH~~ HanpaBneHO Ha 
peweH~e HaY4Ho-~ccneAOBaTenb C K ~X, npO~3BOAcTBeHH~X 3aAa4 arpo 
X~M~4eCKoro ~ np~poAooxpaHHoro 3Ha4eH~R. 

~nR onpeAeneH~R 3neMeHTHoro COCTaBa n04B ~ pacTeH~~ ~cnonb

3y~T np~H4~n~anbHO pa3n~4H~e MeTOA~ - X~M~4eCK~e IBecoB~e, 

o6DeMH~e, ¢oToKanop~MeTp~yecK~e/, ¢~3~KO-x~M~4ecK~e InonRpo
rpa¢~4ecK~e, nOTeH4~OMeTp~4eCK~e, ~oH-xpoMaTorpa¢~4ecK~e/, ¢~
3~4 eCK~e laToMHo-3M~cc~oHHw~, aToMHo-a6cop64~OHH~~, cneKTpanb
Hble/ . 

OAHaKo AnR 3KcnpeC CHoro nony4eH~R ~H¢opMa4~~ no 3neMeHT HOMY 
coc Taey Bc e 60nee W~POKO ~cnonb3yeTcR peHTreHo-cneKTpanbH~~ 
¢nyopec 4e HTHbl~ MeTOA aHan~3a / I I . OCHoBHoe npei-1MYll\eCTBO 3Toro 
MeTOAa 3aKn~yaeTCR B B03MO~HOCT~ npoBeAeH~R OAHOBpeMeHHoro 
3 KcnpeCC Horo aHan~3a 60nbworo 4~cna 3neMeHTOB, BXOARlI\~X 6 CO
CT aB n0 46 ~ paCTeH~~ lOT Na AO U I,B W~pOKOM Ai-1ana30He ~x 
KOH4eH Tpa 411~ OT n· 10-4 % AO 100%. K AOCTO~HCTBY MeTOAa cneAyeT 
T aK~e OT HeCT~ ero HeAeCTpYKTI1BHOCTb, B03MO~HOCTb aHani-13a np06 
B pa3nl14HWX COCTORH~RX, npOCTOTY nonY4eH~R XOPOWO BocnpO~3BOA~
M~X pe3ynbTaTOB. MeTOA He n~weH ~ HeAOCTaTKOB, cpeA~ KOTOp~X 

6 n epBY~ 0 4e peAb cneAyeT OTHeCT~ Cpa6HI1TenbHO HeB~COKY~ ero 
4y6C TB~TenbHOCTb: ~ n· 10-4 % 11 He06xoA~MOCTb ~cnonb30saH~R 
c TaHAapToB. 

Hec Mo TpR Ha CTonb 04eB~AHwe AOCToHHc Tsa YKa3aHHoro MeToAa 
~ pacn poc TpaHeHHocTb ero np~MeHeH~R 11/ .npeAcTaBnAeT onpeAeneH
H~~ ~HT epe c paccMoTpeTb S03MO~HOCTb ~ 4eneco06pa3HocTb ~cnonb
30saH~A AnA aHan~3a n04B ~ paCTeH~~ APyroro MeTOAa, - OCHOBaH
Horo Ha ~ 3MepeH~~ xapaKTep~C T ~4eCKoro peHTreHoBc Kor o ~3nY4eH~R, 
o6pa3Y~lI\erOCR np~ B 036Y~AeH~~ ~ccneAyeM~x 06pa340B n Y4KOM npo· 
TOHOB OT 3neKTpOCT a T ~y eC KOr O YCKop~TenA. 06na AaA PRAOM CBO~C TB 
n peA~AYlI\ero MeToAa 13Kcn pe cc HocTb, HeAe CTpYKTJ,1BHOC Tb ~ T.A .I, 
OH 60nee 4YBCTB~Tene H In .1 0-5 I I, 4 TO B He KO TOp wX cnY4a AX ~C 
cneAOBaH~A aneMeHTHor o COC TaBa n04B ~ paCTeH~~ Mo~eT npeAC Ta s
n RT b onpeAeneHHW~ ~HTepec. 

3TO~ 3aAa4e ~ nOCBA~eHa HaCTOAlI\aA pa60Ta, B~n onHeHHaA 

B 06DeA~HeHHOM ~HCTI1TYTe AAepHblX I1c cneAoBaH~~ COBMeC THO C n04
BeHH~M ~HCT~TYTOM i-1M.B. B.4o KY4ae&a . B pa60Te n pe ACT aBneHa Me
TOAi-1Ka 3KCnep11MeHTa, on ~c aHbl <!l113I1yeC K~e OC HOBbl MeTOAa, AaH~ 

HeKOTopwe pe3ynbTaT ~ ~3Mepe H~~ 210 o6pa34oB nOYB ~ pacTeH~ ~, 

B3AT~X ~3 3anOBeAH~X 30 H Y36eKcKo~ CC P. nonY4e H H~e Aa HH~e c pa B
H~Banl1Cb C pe3ynbTaTaMI1 ~3MepeH~~~~K ~e o6pa3~OBlytlOAOM ~x 

• j 

: !~.? . 

1 



B036Y~AeH~R peHTreHOBCK~M ~3ny4 e H~eM. Ha OC HOBaH~~ C paB HCH~R 

pe3ynbTaToB, nOnY4eHHbiX 060~M~ MeTOAaM~, CAena HO 3aKno4eH~e 
o np~MeH~MOCT~ MeTOAa npOT OHHOrO B036Y~AeH~R An R 3neMeH THoro 
aHan~3a n04B ~ paCTeH~~ . 

1. 	METOA~KA onpEAEnEH~R 3nEMEHTHoro COCTABA 

C np~MEHEH~EM npOTOHHoro B035Y*AEH~R 


KOHlleHTpall~R of 3neMeHTa e, BXOAR~ero B COCTaB n04B ~n~ pac-
TeH~~, onpeAenRnaCb no ~3MepeH~O ~HTerpanbHo~ ~HTe~c~BHoCT~ xa
paKTep~cnl4eC Koro peHTreHOBCKoro ~3nY4eH~R /XP I-1/ Y. • i -n~H~~ 

fs _ cep \o1\o1 3T o ro 3neMeHTa, CBR3b yi ~ c onpeAenReJT~R ypaBHeH~
.I . S

eM B~Aa 
e cos ()

-/1 . x ---- 
R f .1 cos </'e 	 _ of L 

Y -7- npf f a j •
(E(x»f dx. 	 /1/

.1.S 	 s 
o 

rAe a. - ce4eH~e BblXOAa XP~ i -n~H~~ s -cep~ \o1 3neMeHTa e. B03J.8 . 
6Y~AaeMoro npOTOHaM~ C 3Hepr~e~ E I (J j,s = (Jj w. rAe (Jj - ce4e
H~e ~OH~ 3al.\~~, a W - <)JnyopeCl.\eHTHbl~ BblX Of s ~ o60no4K~ I fi 

n 
4~cno npoTOHOB I naAao~~x Ha M~weHb, L. A - 4~cno ABoraAPo 
~ aToMHbl':;; Bec, - 3<)J<)JeKT~BHoCTb per~CTpal.\~~ pCI-ITreHOBCKoro

f~3nY4eH~R, R - MaKc~ManbHw':;; npo6er npOTOHOB B M\o1WeH~, /1 -
MaccoBbl':;; K03<)J<)J~l.\~eHT ocna6neH~R peHTreHOBC Kor o ~3nY4eH~R.I j 

n~H~~ s -cep~~ 3neMeHTa f 3neMeHTaM~, B XOAR~~M ~ B COCTaB M\o1
weH~: /1 e = L/1£ .kc k • rAe /.k - ocna6neH~e ~3ny4cH l-1fl 3neMeHTOM k 

.i k j j • 
kBXOAR~~M B COCTaB MaTp~ll~ M~weH~ C KOHlleHTpa 4~e~ c ,e. 0 

yrn~ Me~AY HopManbO K 06nY4aeMO':;; nOBepXHOCTI-1 ~ HanpaBneHMeM 
OC~ nY4Ka ~ AeTeKTopa COOTBeTCTBeHHO; x - r ny61-1 Ha ~3nY4ao~ero 

cnOR B r / CM 2. 
KaK B~AHO ~3 ypaBHeH\o1R /1/, onpeAeneH~e c f ~3 3Toro ypas

HeH~R seCbMa 3aTpYAHeHo, nOCKonbKY nOA ~HTerpanOM HaXOARTCR 
Ben~4~Hbl a ( E(x ), /1 I KOTopble caM~ 3aB~CRT OT onpe AenReMoro

j
3neMeHTHoro cocTaB~ MaTp~l.\W. OHO Mo~eT 6W Tb pe we HO MeToAoM no
cneAoBaTenbH~x np~6n~~eHM':;; C ~cnonb30BaH~eM 60nbworo 4~cna \o1Te
pall~':;; ~ np~sne4eH~eM cno~HO':;; nporpaMMW paC4eTa Ha 3BM C 60nb
wo':;; onepaT~BHo':;; naMRTbO. OAHaKO AnR 4aCTHoro c nY4 aR, KorAa CYM
MapHaR KOHlleHTpall~R Bcex np I-1MeCH~X 3neMeHTOB He npeB~waeT 3+5%. 
~ KOHl.\eHTpaU~R OCHOBHWX 3ne MeHTOB, BXOAR~\o1X B COCTas MaTp\o1u~, 

~3BeCTHa, paC4eT, KaK 3TO CAenaHO B pa6oTe '2~ Mo~eT 6~Tb ynpo 
~eH. OH OCHOBWBaeTCR Ha 3KcnOHeHll~anbHO':;; annpOKC~Mal.\~~ 3aB\o1C~

MOCT~ ce4eH~R BblXOAa xa paKTep\o1CT\o14eCKOro ~3nY4eH~R .i -n~H~\o1 3ne
MeHTa e OT nOBepXHOCTHO':;; nnOTHOCT~ x ~3nY4ao~ero cnOfl. Co
rnaCHo / 2/ . OHa npOBOA~TCA ypaBHeH~eM B~Aa 

a , f (x)=af-
lIoX 	

/2/.I. s o 

2 

rAe a~ - Ce4e HI-1e BwxoAa XPH AnR 3neMeH Ta e np~ 3He pr ~~ Eo 
a o =0 , / np l-1 x = 0/ . V o - napaMe Tp, xapaKTep~3youl l-1 ':;; ~ 3MeHe

J. s L 

H~e ~OH~3\o1py~e':;; cn oc06 HOC T\o1 npOTOHa C rny6~Ho~ e ro npOH~KHOBe
H~fl B 06pa3e l.\. Benl-14~Ha ve onpeAenAeTCA nony3Mn~p \o14eC KMM COOT
HoweH ~eM B~Aa 

Si (E l ) uf.s ( E )llie = 6,87 (1 - ) 	 /3 /
Eo 0'0 (Eo ) • 

rAe ED - 3 Hepnlfl naAao~ero n poToHa, Si( E l ) - To pM03 HaA c n oc06 
HOC Tb B OCHOB HOM oneMCH Te OAHo KoMnoHeHTHo l1 ~,aTp~l.\bl; a ( E , ) 
v;;o ..; ,, ( Eo l:> n 'IOCI-1 TCR K 3neMeHT Y. ~3nY4 eH \o1e KOTo poro Mbl Ha6n~Ac:!eM . 
E = 	 0 ,8 EO . 

nOAc TaBnAeM ypaBHeH~e / 2/ B ypa Blt e Hl-1e /1/. B pe3ynbTaTe ~H
Terpl-1pOBaH~fl ypa F HeH ~fl / 1/ nonY4a e M COOTHoweH ~e AnA I-1H TerpanbHO~ 
Io1HTe HC\o1BHOC T\o1 Yi . s (P.) aHan\o1T~4eCKO'; n~H~~ onpe Ae neHHoro 3n e Me H
Ta 	 AnA Bcero cnOA MaCC~BHoro 06pa3l.\a 

1 -	 exp (- B R cos () )r k fY ( R ) = cf (J 0 - ---	 /4i
J. ~ co:-; (} Be 

l L 
rAe k:-A",- n 

f //
I ' .I 

/5/f3e = -;;~IJ + cos 0 

rAe l , L , A' onpeAeneHW paHee . 
AnA MHo r OKOMnOHeHTHWX MaTp\o111, KaKI-1M\o1 RBnROTCR n04BW \01 paCTe

H~A, cornaC HO '3. Bwpa~eH~e AnR f3 Mo~eT 6WTb npeAcTaBneHO B B~-
Ae , 

v 	 1f3 0 _ _ 	 '" f .1 

f - S(ETcos fJ L c I Si ( E 1 ) - cos ,/1 .<.. G 
I 

/1 
.I 
. 	 /6/ 

o 1 

r Ae 5 - Ma CCOBafl TopM03Ha fl cnoco6HOCTb \o10HOB B aHanl-13\o1 py e MoM 
Be~eCTBe . ~HAeKC f nOA4epK I-1BaeT. 4TO \o1 3MepeH\o1e xapa K Tep~C T\o14 e 
CKoro pC HTr e HOBC Ko r o J.13 nY4eHJ.1R n poBOA~TCA OT 3neHeHTa f . BXO 
AR~ero B COC TaB cnO~HO~ Ma Tp l-14bl, KOTopaA c aHa COCT O\o1 T \013 HaK po 
KOM nOHCHTOB C KOHl.\eH T pal.\~ e~ c ; S i - TO pM03 HaR cnoc06HOC Tb 

1 
npOTOHOB B MaTpJ.1 4e, COAep~a~e'; TonbKO OA Vl H / i -Tbl~/ MaK pOKOM
nOHCH1 . 

BXOAfl~\o1 e, B l!lop~~yny /6/ napa M€ Tpbl S i • So • /1 j onpeAenAOTCR 
\013 Ta6n J.1 4bl 4.5 • Ben~4 lo1 Ha I/o - ~3 ypaB HeH lo1 fl / 3/ .' PaCCMOTp \o1M . KaK 
onpeAenR~TC fl Ben\o14Io1HW, BXOAfl~lo1e B <)JoPM ynw / 4/ 1-1 / 5/ . 

BblXOA XPH Y/~ o n peAenfleT CA no J.13Me pe HI-1IO nno~aA J.1 n J.1 Ka 
B c neK Tpe xapaK Te p~ C T \o1 4eC KOro peH TreHOBC Kor o \o13nY4 eH\o1R C no 
CneAyIO~e~ o6pa60TKO~ no cn e4 \o1anbHo '; nporpa MMe Ha 3 BM PDP-I 1/70. 
Ben~4~Ha a s C 4 ~TbIBaeTCR ~3 Ta6n l-1 4 as = f( E )/ z . COCTaBneHHblX Ha
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PHc. l. 3¢¢eKTHBHocTb ~eTeKTHpOBaHHH xap a KTepHcTH~ecKoro 

peH TreHOBCKoro H3ny~eHHH ~nH ~eTeKTopa ITH~ OHHTI. Ha 

OCH a6cQHcc - 3HeprKH peHTreHOBCKoro H3ny~eHHH, Ha 
OCH op~HHaT - B enK~HHa f, 

M~ B pe3ynbTaTe ycpeAHeH~R ony6n~KoBaHH~x AaHH~X no 3T~M 3aB~
C~MOCTRM /6 / , He06xoA~MOCTb COCTaBneH~R TaK~X T a6n~ ~ ~Mena PRA 

oCHoBaH~~, CBR3aHH~X C 60nbw~M~ paCXO~AeH~RM~ B 3 Kcnep~MeH
TanbH~X AaHH~X pa3H~X aBTopOB C He06xoA~MOCTb~ ~MeTb nnaBHwe 
Ben~4~Hbl as (E). Ben~YV1Ha /L AnR 3neMeHTOB C a TOMH blM HOMepOM Z 
HaxoAR~~MCR B ~HTepBane 11 < Z < 33, 6epeTc R ~3 Ta6n~~ MOHTer

1 
po ~ AP. /7 , a AnR 3neMeHTOB-c 33 < Z < 92 - ~3 Ta6mll.\, COCTaB
neHHblX HaM~ / 8 / , B KOTOPblX Ha OCHOB-aH~~- Ta6n~ Ll IlH nO "6ypeBecT
H~K" 19 1 npoBeAeHo ycpeAHeH~e 3HayeH~~ 3Hepr~~ Al1fl k , kt3,a
La ' L8 ~ APyr~x ~3nY4eH~~ C Y4eTOM ~x BepORTHOCT~ , 4~cno 4ac
T~~, naAa~~~x Ha M~we Hb, onpeAenRnOCb ~HTerpaTopOM TOKa no ~3
MepeH~~ 3apRAa, nepeHOC~Moro Ha M~weHb nY4KOM YC KopeHH~X ~OHOB. 

3$$eKT~BHoCTb AeTeKT~pOBaH~R f, 3HaH~e KOTOPO~ He06xoA~MO Al1R 
paC4eTa KOH~eHTpa~~~, onpeAenRn~Cb no ~3Mepe H~~ B~XOAa XPH OT 
CTaHAapTHWX M~weHe~ (AI, S, Cl, Ca, Ti, Cr , Ni, Fe, Cu , Ge, Mo, 
Ag, Sn, Pb, Ru ), 4~cno aTOMOB KOTOPblX J.13SeCTHO, a 3Hepr~R peHT
r eHOB CKo r o ~3IlY4eH~R nepeKpblBaeT ~HTepec ylOUI~ ~ Hac ~HT e psa 11 

3Hepr~~ /1 , 5 ~30 K3 B/. 4J.1C110 aTOMOB CTa HAa p TH blX M J.1We He~ B a T/CM2 

onpeAeIlflIlOCb no y npy rOMY pa ccefl H~~ ~OHOB 4He C 3HeprJ.1e ~ 2-3 M3 B 

B TO~ ~e r eOMeT p~~, np~ KOTOPO~ npOB OA~Il~Cb ~ 3MepeH~fl BblXOAa 
XPH , 

4 

Ha p~c. 1 npeACTaBneH rpa$~K 3aB~C~MOCT~ 3$$eKT~BHoCT~ AeTeK
T~pOBaH~R X P~ OT 3Hepr~~ 3Toro ~3nY4eHJ.1R. CnnowHaR Kp~BaR Ha 
p~cYHKe nonY4eHa nYTeM annpoKc~Ma~~~ 3Kcnep~MeHTanbH~x T04eK no 
MeToAY HaJ.1MeHbW~X KBaApaToB /no nporpaMMe O~H~ "FUMILI"/ $YHK

M 
~~e~ B~Aa In€ = I A1E1- 1 • rAe M - 4~cno napaMeTpoB, A - K03$

1= 1 
$~~~eHTW non~HOMa, E - 3HeprJ.1R peHTreHoBcKoro ~3nyyeH~R.KopJ.1
AOP O~~AaeMblX oW I~60K BOKpyr annpOKC~M~ pY~14e~ KP~BO~ HaXOA~TCR 

B npeAeIlax +5%. npB B ~nbHocT b np~ HRTO~ HaM~ MeTOA~K~ paC4e Ta 
3neMeH THoro-coc TBsa npOB ePflnaCb, ~ ee pe3ynbTaTbi ony6n~KoBaHbl 
B / 3 / . 

2 . METOnMKA 3KCnE PMMEHTA 

CxeMa OnbrT a npeAC TaBneHa Ha PI-1C . 2. KaK B~AHO ~3 p~CYHKa, 
n Y40K npOTOHOB ~n~ ~OHOB 4He OT 3neK TpOCTaT~4eC Koro yCKop~ T e 11 fl 
OM~H, n po~Afl Y4aCTOK ~OHon pOBOAa , nonaAaeT Ha MHOrOn 03J.1 LlJ.10HHY~ 

M~weHb, HaXOAR14y~Cfl B ~e H Tpe KaM epbl ~3Me pe HI1 ~. Ha 3TOM Y4aCT Ke 
ny40K $ODM ~DyeTcR 4 eTblpbMA AJ.1 a ¢> pan'la MIo1. PBBHoMepHoe pacnpeAe

l1eHJ.1e TOKa Ha M~WeHJ.1 o6eCne4J.1BaeTCA paC$OK yc ~~POBKO~ nY4Ka B AB yX 

B3a lo1MHO n e pn eHAI-1 KynRpHblx HanpaBneHJ.1A X C nOMO~b~ 3neKTpOCTaTJ.14e

CKJ.1X n~H 3 . MI1WeHb J.130n l1pOBaHa OT Kopnyca 11 npl1COeAJ.1HeHa K Io1H

TerpaTODY TOKa. nOA yrnoM 90 ° no OTHOWeHJ.1~ K naAa~14eMY n Y4 KY 

Ha paC CTOfl Hl111 50 MM OT ~eHTpa M~WeHJ.1 KaMepa J.1Mee T OTBepCTl1e, 

n epeKDblBaeMoe Mai1naDoBo~ ¢>onbro~ Ton~~Hoi1 25 MKM. 3 a Ma ~napoBblM 


OK OW KOM YCT aHOBneH Si(Li) -Ae TeK TOp , J.1M nynbcbl OT KOTopor o , npoi1

1' 0 0 

PI1C, 2. CxeMa OrIblTa , I - BaKYYMHbJe aaTBopbl, 2 - aaOTHaR 

'K~UYUU- ;l , 3 a - I ' - l\n11-'1hl'olaTOpbJ, 4 - npOMClKYTO '-lH 3R KaMepa, 
5 - AeplKa-renh NllUlelleH, 6 - Hacoc BbJC OK OrO BaKYYMa, 7 
npH6 0 p Jla6mOAel1l1H 3a nYllKOM, 8 - KaMe p a XPlf, 9 - QHJJHJlAP 

¢apaJl,CR, 10 - SI ( Li )AeTE.!K~Op . 
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AH 4epe3 npeAyc~n~Tenb ~ yc~n~Tenb, HaKann~B a~TCH B naMHT~ 3BM 
MERA-60. Yc~n~Tenb 06eCne4~BaeT cTa6~nbHOCTb HyneBoro YPOBHH 
Ha B~XOAe ~ ~HA~Ka~~~ ~MnynbcoB CaMOHanO*eH~~. 6nOK-CXeMa pe
r~CTpa~~~ XPH ~MeeT C4eT4~K "lK~BOrO BpeMeH~II, KOTOPbl~ CYMM~pyeT 

MepTBOe BpeMR AeTeKT~pOBaH~R B npeAyc~n~Tene, yc~n~Tene ~ MHOrO
KaHanbHOM aHan~3aTOpe ~MnynbcoB, ~ aBTOMaT~4eCK~ BblAaeT "lK~BOe 
BpeMR" C4eTa Ha CBeTOBOe Ta6no :noro np~60pa. 3HepreT~4eCKOe 
pa3peWeH~e CneKTpOMeTpa, ~3MepeHHOe Ha n~H~~ 6,4 K3B OT 57Co . 
COCTaBnReT 220 3B. B KaMepe nOA yrnoM 135 0 YCTaHOBneH KpeMH~e
B~~ nOBepXHocTHo-6apbepH~~ AeTeKTOp, ~cnonb3yeM~~ AnR OAHOBpe
MeHHoro ~3MepeH~R ynpyroro pacce A H~A ~OHOB 4He . 

nepeA Ha4anOM 3Kcnep~MeHTa 6~na np~HATa cneAy~~aR MeTOA~Ka 

nOArOTOBK~ np06 / 10~B~cyweHH~e B Ba KYYMe ~ nepeMonOT~e Ha Menb
H~~e 06pa3~~ n04B ~ pacTeH~~ AononH~TenbHO T~aTenbHO /B Te4e
H~e OAHoro 4aca/ paCT~pan~Cb B araTOBO~ cTynKe, ~ ~3 pa3Menb
4eHHoro TaK~M 06pa30M nopOWKa oT6~pan~cb np06bl BeCOM - 500 Mr. 
B nonY4eHHy~ np06y AnR c03AaH~H 3neKTpon pOBOA~MOCT~ A06aBnRnocb 
-80 Mr cneKTpanbHO 4~CToro rpa$~Ta. ~ BHOBb npO~3BOA~nOCb T~a
TenbHoe /B Te4eH~e 30 M~H/ nepeMeW~BaH ~ e B araTOBO~ cTynKe. 
B3BeW~BaH~e np06 ~ rpa$~TOBO~ A06aBK ~ n p08 0A~nOCb C norpeWHOCTb~ 
+0,05 Mr Ha aHan~T~4eCK~X Becax Bnp - 20 . nOpOWOK 3aTeM cnpecco
i~BancH /nOA AaBneH~eM 30 T/CM 2/ B Ta6neTK~ Ton~~Ho~ 2 MM. OKa
3anOCb, 4TO KOH~eHTpa~~~ np~Mece~, BBOA~M~X C rpa$~TOM B 06pa3
~~ (Fe.Cu~a ABa nopRAKa MeHbwe cOOTBeTcTBY~~~X Ben~4~H. BXOAR
~~X B COCTaB n04B ~ paCTeH~~, ~ np~ pac4eTe 3neMeHTHoro COCTaBa 
n04B ~ paCTeH~~ He Y4~T~Ban~Cb. CneAyeT oc060 nOA4epKHYTb, 4TO 
AnR nony4eH~R npaB~nbHoro pe3ynbTaTa He06xOA~MO 06pa~aTb oc060e 
BH~MaH~e Ha npo~eAYpy hOArOTOBK~ np06 ~ 06ecne4eH~e ~X npeACTa
B~TenbHOCT~. 

np~ npoBeAeH~~ 3Kcnep~MeHTa ~cnonb30BanCR A~$$epeH~~anbH~~ 

$~nbTp, npeACTaBnR~~~~ c060~ nnaCT~HKY an~M~H~R Ton~~Ho~ 200 MKM 
C OTBepCT~eM _0,1 MM B ee ~eHTpe. $~nbTp n03 BonReT yMeHbw~Tb Ha
rpY3KY 3neKTpoHHO~ annapaTypbl, B03H~Ka~~e~ ~3 - 3a 60nbw~x ~HTeH

C~BHocTe~ n~H~~ nerK~X 3neMeHTOB / Z ~ 20/, B XOARlI\~X B COCTaB 
n04B ~ pacTeH~~, 06ecne4~BaR np~ 3TOM B03MOlKHOCTb OAHOBpeMeHHO
ro onpeAeneH~A Man~x np~Mece~ 60nee TR*en~x 3n e MeHTOB 6e3 cy
~eCTBeHHoro ~3MeHeH~R ~HTeHC~BHOCT~ ~x n~H~~. OnpeAeneH~e 3Hep
reT~4ecKo~ 3aB~C~MOCT~ K03$$~~~eHTa ocna6neH~R A~~$epeH~~anb

Horo $~nbTpa np~ npoxOlKAeH~~ 4epe3 Hero XPH pa3n~4H~X 3Hepr~~, 

npoBOA~nOCb no ~3MepeH~~ ~3nY4eH~R OT 24 1Am • 57Co ~ peHTreHOB
CHoro ~3nY4eH~R OT pRAa 3neMeHTOB , BXOAR~~X 8 COCTaB TonCT~X 

M~weHe~. KorAa Me*AY AeTeKTopOM ~ ~C T04H ~KOM ~3nY4eH~~ YCTaHaB
n~BanCR A~¢¢e pe H~~anbH~~ ¢~nbTp / A¢ / , ~ KorAa OH OTCYTCTBOBan. 
K03$¢~~~eHT ocna6neH~ A onpeAenAnCR Ka K OTHoweH~e SQ~/~ r Ae SQ~ 
~ S - nnoll\aA~ 3He pr eT ~4ecK~ x cneKTpoB XPH, Ko r Aa Ha nyT~ ~ 3ny 

4eH~H HaxoA~TcR A¢, ~ KorAa ¢~nbTpa HeT. 
Ha p~c.3 npeAcTaBneHa 3HepreT~4ecKaR 3aB~C~MOCTb K03$$~~~eH

Ta ocna6neH~R AnR A~¢¢epeH~~anbHoro ¢~nbTpa ~3 an~M~H~R TOnll\~
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Puc.3. 3 Hepre TH4 ecK a R 3aB HClm OCTb K03~~H~HeHTa o c na 5 

nCIiHA Ami Amlx\le pell~HaJTbJ-I Or O qll1llh Tpa . Ha OCH a6Cll,HC C 

3Heprlul pe HT r eHoBcKo r o H3nY4eHHH B K3B; lIa OC B oPAHHaT 

K03t1xlm!(He IlT o c n a 6neHI1R T. KpHBaR 1 - $H11bT P Al TOJllll l1HOll 

200 MKM C OTBe p CTHeM 0 , 1 MM; }<p HBaR 2 - $ Hn bTp Al TOJlIllII 

HoR 200 MKM 6 83 oTBe p CT HR . 

HOi1 200 MKM C OTBepC T~eM 0, 1 MM. Ha 3TOM H<e p~cYHKe AnA cpa B
HeH~R npeAcTaB neHa 3Hep reT~4 ecKa R 3a B ~ C ~MOC Tb K03~~~ ~eHT a OC 
na6neH~R AnR an~M~H~eBoro ¢~n b Tpa TOI1 lKe TOnll\H H ~ . HO 6e3 OT 
Bepc T~R. KaK B~AHO ~3 p~ C YHKa. cnnOWHO~ ¢ HJlb TP , B OTJlH4~e a T 
AH¢¢epeH4~anbHorOJ nonHOCT b~ Hen p03pa 4eH AnR MArKo ro H3JlY4e
H~A. 

KaK BblTeKa e T H3 (j)0 PM YIlbl /6/. AIlfl on peAeneH~A KOHl!e HTpal!1Ii1li 
M~Kp03neMeHTOB , BXOARlI\HX B COCTaB n04B ~ pa c TeH~~. He06xoA~MO 

3HaH~e KOH4eHTpal!HH c j 3ne MeHTOB, onpeAeJlR~lI\~X OCHOB HO~ /-95%/ 
COCTaa MaTp~~bl. n03TOMY 06R3aTenbHblM ycnOBHeM n poBeAeH~R Ha
CTOAlI\eA pa60T ~ ABnAnCfl n peABa pHTenbHbI~ 3neMeHTH~A aHan~3 n0 4B 
~ pacTeH~~ Ha COAepH<aH~e 3T~X 3neMeHTOB. B 60nbWHHCTBe cnY4aeB 
B OCHOBHOA COCTaB MaTp~4b1 KaK n04B, TaK ~ pacTeH~A. BXOAAT ner
K~e 3neMeHTbi - KHcno pOA, y r nepoA , BOAOPOA, a30T , KPeMHIliA, aJl~

M~HH~. Ma r HH~, HaTPIli~ , KOH 4eHTpa4~~ KO TOPblX MeTOAOM npOTOHHoro 
B036Y~AeH~R x p~ on pe AeneHbI 6b1Tb He Mor YT. n03TOMY AJlA peweHllifl 
3TO~ 3aAa 4H ~ c nonb 3yeTcA KOMnneKC MeTOAOB, pa3pa50 TaHHblX B n 0 4 
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I BeHHOM ~HCT~TYTe ~M.B.B.nOKY4aeBa ~ ony6n~KoBaHH~X B pa60TaX ' 10-1 2 ' . 	 Ta6Jl I1IJ.a 

6a3~pYRCb Ha B~WeH3nOlReHHOM, np~BeAeM OCHOBH~e pe3ynbTaT~ ~3Me CpaB Il CHl1e PC3YJlbTa TOB onpe,ueJleHl1iI KOHtieHTpaIJ.I1H 3JleMell TOB 
peH~~. B nOqBaX, o npe,ue n aeMWX C nOMO~b~ peHTreHOBCKoro ( 1) 

.1 npOTOllHoro (2) B036YlR,ueHHll 

3. MHKP03nEMEHTHWA AHAnH3 nOYB "JHtNeIn' ifCCJIe,ll,y6M),18 o~ 3 Jle1ll8H'f licCJloAY8MY8 o~~ 
(B8COBHe 'J,) (B8COBYt ~ , ' O'~) 

HccneAOBan~Cb 06pa3~~ n04 B, B3RTWX B YaTKanbCKOM ropHo-neCHOM fl- l [1-2 n-a n-4 n~ [1-1 fI-2 fI-3 [1-4 n-5 
rOCYAa pCTBeHHOM 3anOBeAHHKe Y 36eKcKO~ CCP. 3neMeHTaM~, onpeAe  I 3,34 1,30 <,)0 93 77 7? 80 
nR~~MMM OCHOBHO~ COCTaB MaTpM~W, RBnRnMCb: yrnepoA, KMcnopOA . c 2 Mn lIO ISO 130 140 no 

+I8 -t38 +41 -+45 +53HaTp~~, MarHM~, an~MM HM~, KpeMH~~, Kan~~, Kanb~~~, TMTaH. ~e 

ne30. B nepBo~ CTpO Ke Ta6n. l npeACTaBneHW pe3ynbTaTw onpeAene o 	 I 46,~ 48,? 48,6 4? ,b 48,6 I 2,6 3 ,0 2 , ~ 4,~ 3,3
2 2ilL

HMR KOH~eHTpa~MM 3T MX 3neM eHTOB MelOAaMM, onMcaHH~MM B, 12 ' .TaK, 
AnR 3neMeHTHoro aHanM3a Na M Mg Mcnonb30BanMCb nnaMe$OTOMeTpM- I 0 ,49 0,74 0,?4 U,?4 U, 64 I 1,0 3 ,e 2 ,3 4,4 r,3 

N~ 2 C.IA 2 2~I 3~4 3 18 4).1 3~~4eCKM~ M aToMHo-a6cop6~~OHH~~ MeTOAw, AnR onpeAeneHMR rYMyca ~2 -~O -+40 . '{ +O.j 

~ CO2 - TepM03neKTpOKOHAYK TOMeTpM4eC K M~ , AnR onpeAeneHMR KPM
I 1,3 I , b I,? 1,5 1,0 I 11,0 9,? 13,0 12,0 12).0CTannM3a~~OHHO~ BOAw - BeCOBO~, An~ OnpeAeneH~~ KOH~eHTpa~~M HI 2 	 2 

Al, Si, C, S, K, Ca, Ti, Mn , Fe - 3HeproAMcnepc~oHHW~ peHTreHo b" ~g ~i ~ ~~ ~~? 
$nyopec~eHTHw~ MeTOA, 3TOT lRe MeToA 6wn ~cnonb30BaH AnR onpe tl , 2 8 ,6 9 ,1 8,6 8,r I 
AeneH~R M~Kp03neMeHTHoro COCTaBa 3neMe HTOB , He BXOAR~MX B OCHOB A~ (7 a.. 2 1,1 1,3 1,4 1,7 1,8 
HO~ COCTaB MaTp~~w, ~ npMBeAeHHWX B nepBO~ CT pOKe Ta6n.1 AnR S ~ ~ 29 ,2 31,6 31,2 29,6 32,7 I 	 
cpaBHeH~R C pe3ynbTaTaM~ ~3MepeHM~ npOTOHH~M B036Y*AeH~eM. 3T~ 	 AS 2 1,9 1,6 1,0 I,? 2,9 
~3MepeHMR npOBOA~n~Cb Ha 3HeprOA~cnepC~OHHOM pe HTreHo$nyopec I 0,048 -	 0,057 I 1,3 3,0 4,4 5,9 2,6 
~eHTHOM aHan~3aTope MOAen~ TEct>A-6111 $~pMbl OpTeK ICWA/. 06pa3- p 	 2 PB 2 I~? 3,0 4).1 2,9 2 3 

+.:4 ° -'{ -bI - t2~~ nOMe~an~Cb B KaMepy Ha 1 2- n03M~~oHHOM Ae plRa Tene M aHa nM3~po~ 


BanMCb np~ aTMOC$epHO~1 AaBneH~~ ~nM BaKYYMe 110-,1- 10-2 MM pT.cT/. I 0,024 0,068 I
s 2 	 B" 2 0,44 0,24 0, I? 0,4TOpM03Hoe ~3nY4eH~e 110-50 K3BI OT aHT~KaTOAa peHTreHoBcKo~ 
Tpy6K~ 1~3 Bonb$paMa ~n~ Mon~6AeHal nOA yrnoM 45° nonaAano Ha I 2,5 2,6 2 ,9 2,6 2...? I 14,0 15,0 15,0 15 ,0 17,0 

K 1...9 2 5 2 IlIO IS ,0 I?~O 14,0 16,0nOBepXHOCTb aHanM3MpyeMoro 06pa3~a. BToP~4Hoe peHTreHOBCKoe M3-	 2 ~?? ~tl ~tj R~-.:? - 14 	 -2 ° +k -? -6 
ny4eH ~e OT 06pa3~a, npo~AR 4epe3 KonnMMaTOp ~ 6epMnn~eBoe OK

I 6,? 1,3 1,4 4,8 1,3 I 31,0 21,0 22 ,0 19 , 0 21 ,0 HO, nonaAano Ha ~(Li~onynpoBoAH~KOBW~ AeTeK Top, rAe npe06pa 30 Ca 2 ~3 ~ I 2 412 I,3 S't.. 2 21~0 1610 23 ,0 I?AO 1810 
BWBanOCb B 3neKTp~4ecK~e ~Mnynbcw, KOTop~e 3aTeM ~3Mep~nMcb - t4 - 3 0 ~ -2q +4 -Iv - 14 
~ HaKann~Ban~Cb B MHorOKaHanbHOM aHanM3aT o pe ~MnynbcoB, CBA3aH . I 0,41 0,49 0, 4~ 0,44 0 ,49 I 
HOM C 3BM PDP-II/OS. np~ npoBeAeHMM aHanM3a Mcnonb 30BanCR MeTOA T~ 2 0~43 ~~8 ~3 ~t~6 ~5I Y 2 1,9 1,8 1,3 I,? 2,7 
BHeWHero cTaHAapTa , rAe B Ka4eCTBe cTaHAapToB Mcnonb 30Ban~Cb 

06pa3~w Cn -l , Cn-2 , cn-3 ~ T . A. 50nee nOAP06 Hoe o n McaHMe oc06eH I 3 ,8 3,? 3 ,4 3,6 3,9 I 5,0 60,0 616 6~3 5 ,2 
4,0 	 z~ 2HocTe~ MeToAa AaHo B pa60T e / 12 ~Bo BTOPO~ cTpo Ke Ta6n . 1 npMBeAeH Fe 	 2 ~~ ~? ~8 ~8 I~~ :M0 ~O !gaO ~o-0 

3neMeHTHw~ COCTaB 4eTwpex 06pa3~oB n04B, on peAenAe Mwx MeTo AoM 
I 0 ,0034 0 ,000> 0,015 0, 020 .II I 

n poToHHoro B036Y*AeHMA. AaHHwe no 3neMeHTHoMY coc TaB Y OCHOBHO~ C." o,oon 	 " 
~ 2 	 2MaTp~~~ lOT H AO Fe I B3RTW M3 CTPOK~ 1 3T O~ lRe Ta6nM~~. 0,9 1,0 0,9 0,5 0,4 

8 TpeTbe~ CTpOKe Ta6n~~w npMBeAeHa BenM4 ~Ha 8, xapaKTepM3y~~aR 
paCXO*AeHMe B } pe3ynbTaToB onpeAen e HMR 060MMH MeTOAaMM MM KPO-

AeneH~~ 3¢¢eKT~BHoCTM C4eTa XPH - 5 - 7 %; s/ OWM5K~ ce4eH~R XPH3neM eHTHoro COCTaBa 06pa3~oB IAnR 3neMeHTOB OT Cr AO Nb I. n po
1~3 Ta6n~~/ - 7-1 0%; rl OW~6KM B on pe AeneHHH B - 14%, B KOTO4epK B Ta6n~~e COOTBeTcTByeT cny4a~, KorAa 3neMeHT He Ha6n~Aan
pytO BXOART o WII16 Ka B onpeAeneH ~M S = dE I dx / 5-7 %1 M OW!.16KaCR. CpeAHe-KBaApaT~4HaR OTHOC~TenbHaR ow~6Ka B onpeAeneH MM KOH
B onpeAeneH M~ u 17%1. OAHaKo n p~ on peAeneH~M KOH4eHTpau~~ Ta~eHTpa~~M COCTaBnReT 20%, OHa cnaraeTCR ~3 norpeWHOCTe~, BXOAR
KMX 3ne Me HTOB, KaK As , Br, Rb , Y, Nb , norpeWHOCTb BbI4~cneH~R~~X B $opMynw 14/-/6/ : al OW~6K~ B onpeAe neH HM B~xOAa x apaKTe
3Ha4~TenbHO B~we, H AOCT~ra eT 30+40%, 3TO CBR3aHO C TeM; 4TOp~CT~4eCKoro peHTreHOBCKoro M3nY4eH~R 11+5/%; 61 OW~6K~ B onpe-
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PHC. 4. 3HepreTHl.{eCKI1l1 c neKTp xa p aK Te p l1CTHll CCKoro peHT

reHOBCKoro H3nYl.{eHHR ogHoro H3 06 P S3U OB n O'lB npH B03

6YJK,IJ.eHHH ero nY'lKOM npOTOHOB C 3HeprHe ii 3 M:>B. Ha OCH 

a6cUHcc - KallanbJ a H a nl13aTO pa HMny nhCOB. lin OC l1 0PJ~HHaT 

OTH OC l1TenbHbn1 C -; •.! T B KilHane. 

npH paC4eTe KOH4eHTpa4HH 3neMeHTOB He06 xop,I'IMO Y4 HTWBaTb Hano
~eHHe Ha HX 3Hepre TH4eCKHe cne KTpbl XP ~ 3He pr e TH4eC KHX c ne KTpOB 
ka H3nY4eHHVo OT 3neMe HTOB C 60nbWHMH Z. 

Ta K, Ha npHMe p, np H paC4eTe BW XOAa XPH ~ H3nY4eHI'IR AS, He06
XOp,HMO Y4 HTbiBaTb BK naA B 3TOT BbIXOp, OT H3nyy eHHR La nHHH H CBHH
4a, KOTOPbI ~ B CBOC 04 e pep,b BW4HcnRe TCR Ha OCHOBaHHH H3Mepe HHR 
Bblxop,a L8 1'13nY4e HHR 3Toro 3neMeHTa H AaH Hb/X no OTHowe HHC ka/k~ 
C Y4eTOM 3ClJ~eKT Ha HocTH HX Ae Te KTHpOBaHH R. KaK BHAHO 1'1 3 cpaa
HeHHA pe3ynbTaToa no KOH l\ eHTpa 4 HAM, n OMemeHHblM a nepao~ H a D 
B TOpO~ CT p OKax Ta 6nH 4b1, AdH Hble on pe AeneHHA KOH4eHT p a4HH p,nA 
Tex 3ne Me HTOB, KOTo pble H3Me pRCTC A OOOHMH MeTOAdMH, B n peAendx 
OWH6oK cor n dCYCTCR Mell<p,y c060~. Bem14~ Hd 1) onpep,enAnaCb KaK 
N-N 

( _ 1 ~ )%. rAe NI ' N2 - KOHlleH Tpd4HH, onpeAellReMble 060l-1MH Me___2
Nl 

TOAaMH, rAe N) > N2 ,Ha PI1C . 4 npeACTaBlleH THnH4Hbli1 3HepreTl14e
CKH~ cneKTp xa paKTepHCTH4eCKoro peHT r eHoa CKo ro H3nY4eH~A OAHoro 
1'13 06pa340B n04B npl-1 B036Y~AeH~H e r o n Y4KoM npOToHoB C 3 Hepr~
e~ 3 M3B /n04Ba - ropHaA, Kop~4HeBaA, Kap60HaTHd R/, 
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4. 	 M~KP03flEMEHTH~A COCTAB PACTEHHA 

HccneAOBanHCb np06w paCTeHH~, B3RTwe H3 pa3nH4Hwx pa~OHOB 
YaTKanbCKOrO H 3aaMHHCKOrO 3anoBeAHHKOB Y36eKcKO~ CCP. AaHHbi e 
KOH4eHTpa4HH OCHOBHoro COCTaBa MaTpH4w, He06xOAHMWe AnR npoBe
AeHHR paC 4eTa, onpeAenRnHcb B npeAnOnO~eHHH, 4TO B OCHOBHO~ 
COCTaB MaTpH~ bl paCTeHH~ BxoART 4enn~n03a, COCTORmaR H3 BOAOpo
Aa, yrnepoAa , KHCnOpOAa B COOTHOWeHHH, onpeAenReMOM CTPYKTyp
HO~ ClJopMynoi1 CSHlO 0 5 . COrnaC HO paC4eTaM, np04eHTHbli1 COCTaB 
3THX 3neMe HTOB COCT a BnRn AnR H - OT 5,6 AO 5,9%; AnR 12 C - OT 
40,5 AO 4 3% ; AnR 16 0 - OT 44,3 AO 47, 7%. npH paC4eTe OCHOB
Hor o COCTaBa MaTpH4W y4HT~BanCR TaK~e BKnaA CI, K, Ca, Si, 
Mg, AI . 3Ha4eHH R 3THX BenH4HH onpe AenRnHCb peHTreHOBCKHM B03
6y~p,eHH eM Ha YCTaHOBKe TEClJA-6111, CYMMapHoe HX 3Ha4eHHe COCTaB
nRno OT 2 p,o 9%. 

B Ta6n.2 npep,CTaBneH~ pe3ynbTaTw MHKp03neMeHTHoro COCTaBa 
p,nR HeKOTopblX np06. AHallOrH4HO Ta6n . l, B nepBo~ CTpOKe /HH
p,eKC 1/ npep,CTaBneHbI p,al'lHble, nonY4eHHbie B n04BeHHoM HHCTHTyTe 
HM.B.B·AoKY4aeBa. Bo BTOpO~ CTpOKe - Te ~e BenH4HHbl, HO nony
4eHHbie MeTOAOM B036y~p,eHHR peHTreHOBCKoro H3nY4eHHR npOTOHHblM 
B036y~p,eHHeM. B TpeTbej;1 - aenH4HHa ~ xapaKTepH3y~maR pac xo~
p,eHHe pe3ynbTaToB MemAY c060~. 

KaK BHAHO ~3 Ta6nH4. p,nR 60nbwo~ rpynnbl MHKp03neMeHToB, KOH
4eHTpa4HH KOTOPblX onpeAeneHbl 060HMH Me TOp,aMI'I , cornaCHe B npep,e
nax OWH60K YAOBneTBop~TenbHoe. Ha pHc.5 npep,CTaBneH THnH4HbI~ 

3HepreTH4eCKH~ cneKTp xapaKTepHCTI'I4eCKOro peHTreHOBCKoro H3ny
4eHHR OAHoro H3 06pa340B paCTeHH~ npH B036y~eHHH ero nY4KOM 
npOTOHOB C 3HeprHe~ 3 M3B. 

5. 	 OUEHKA nPABHflbHOCTH onpEAEflEHH~ 3flEMEHTHoro COCTABA 
nOYB H PACTEH~A METOAOM npOTOHHoro B036ymAEHHH XP H 

npaB~nbHOCTb npHHRToro HaMH MeTOAa onpeAeneHHR 3neMeHTHoro 
COCTaBa n04a H pacTeH~~ npOBepAnaCb: 

1. no ~3MepeHH~ MeTop,OM npOTOHHoro B036Yll<p,eHH A 3neMeHTHor o 
COCTaBa pRAa B03P,YWHO-CYXHX cTaHp,apTOB /C n - 2 , CHC- 2, CBT - 13 / , 
~3rOTOBneH H blX B COOTBeTCTBHH C r aC T 14263 H BHeceHHWX B rocy
Aa pcTBeHHbI~ peeCTp Mep H H3Me p~TenbHWX npl'l6 0 pOB. 

2. CpaBHeHHeM nonY4eHHbiX pe3 yn bTaT oB npOTOHH blM B036Y>KAeH HeM 
XPH C H3MepeHHRMH 3neMeHTHoro COCTaBa Tex ~e o6pa34oB MeTOAOM 
p eHT r eHOB CKoro B036Y~AeH~A OT peH TreHoBc Ko~ Tpy6 KH. 

H3Me pe H H~ 3neMe HTHoro COC Tdaa CTaHAa pTOB n pOBOAHnHCb Ha MH
we HRX, H3rOTOBn eHHhiX TeM ~e MeToAoM, KaK HM H3rOTaanHBanHC b MH
we HH n04 B H pacTeHH~. B Ta6n. 3 n pe ACTdB lleH bI pe3ynbTaTbI onpeAe
neH~R KOH4eHTpa 4 ~H Hccnep,y eMblx CTaHAdpTOB. B 3TO~ T a611~4e npH
Bep,eHbl naC n Op n tbl C AaHHble 3TanOHOB H aen H4HH a 8, xapaKTepH3y~
maR paCXO~AeHHC pe3ynbTaTOB. H3 cpaBHeHHA BHAHO, 4 TO AnA 60nb

II 



Ta6miu;a 2 

CpaBHeHHe pe3yrrbTaToB onpenerreHHR KOHu;eHTpaU;HH 3rreMeHTOB 
B paC Te HHHX, onp e nerrReM oA C nOMOmb~ p e HTreHOBCKoro (1) 
H npOTOHHoro (2 ) Bo36Y*Ae HHR 

3new8In HCCn8AY8wae ~6pa3~
(B8COBW % 

oneweH'f liccne,llY8W1ol8 o6pa3!1S" 
( Beco BW %. '0' ) 

P-I P-2 ?--3 P-i P-S P- I P-2 P--3 P-i P-S 

M;} I 
2 

0,36 0,35 0,18 0 ,19 0,18 '1'" 
v 

I2 :>,~ 6,2 

I O,bO 0,46 0,44 0,05 0,41 I 7,6 6,6 6 ,6 I , ? 3 ,0 Mn2AI 
~ ~o}2 I~ I~~ ~~ ~ 

I 0,26 0 ,40 0 ,32 0,03 0,23 1 34 40 12 21 
2 ?4 23 905'1/ Fp, } !19 ~66 

+34 +46 +48 +?? 

J 0,41 0,36 0,32 0, 12 (l, 3? I 0,3 0,25 0,4 0,1 2,5
P ~6 0,40 Ni 2} ~39 0j4.2 

+ 4 ~ +8 

,. I 0,30 0,32 0,29 o I<;J 0, 78 1 1,3 1,4 I, D 0 ,5 u , E. 
2 0 '20 ..,:: O~24 °f26 CI.I ~ I~2 
/; - 5 - 0 :;:s ~r ~ ~~ ~~ + 8 ~ 
I 0,49 (l ,44 0,27 0,30 0,73 I 4,9 38 O 1,6 26 

CI 2 0~50 ~45 ~l5 °127 0,73 ~11 2 5 9 36 YO 2~0 53 
t+-: - 0 0 t +?t -5 +40 + 0 +5 1 

I 4,2 3 ,8 3,<j 1,3 3 7 I 
K 2 0tl 5 7 5 1 I tO b PB 2 2,'1 2, I o,e 0,8 1,8

:;.33 2 + 3 ~J' + 8 + 4 

1 1.8 2 ,1 1,8 2,7 3,<j 1 - t.:a 2 1.8 229 Se 2 0 ,07 0,2 ~9 ~7<j J20is 0 + 8 

B~ ~ 2 ,3 7 , 1 0,8 4.2 7 ,2 

Re ~ -
2,4 

-
0,04 0, I 

-0,7 1 ,9 

5't I2 5,3 
-

8,7 
-

4, I 
-

12 
-

2b 

Jt'l I 
2 1,8 

W~HC Tea Ha 6n~AaeM~x 3neMeH TOB pe3ynbTaT~ B n peAe nax o WM6o K co
rna CYDTC R M e~AY co6o~. 

B Ta6 n .4 npeAc TaBne H~ AaHH~e, xa pa KT e p~3y~~~e pa36 poc pe
3yn b Ta ToB onpeAeneHMR KOH ~e HTpa ~ M~, nOJlY'lel~HbIX MeTOAOM npo To H-
Ho ro B 036y~eHMfl M Me ToA oM s0 36y~ge H~A peHT r eHOSC K~M M3nY4e HM
eM OT peHT reHoe C KO~ YC TaHOBK M TE~A-611 1 . B ne pSOM M BTOPOM 
c Ton6 ~ax Ta6nM~~ npeACT aB neH nepe4eH b MccnegyeM~x 3neMeHT OB 
M 4Mcno Mc cneAyeM~x npo6 paCT eHM~ , n o KOTOP~M np MBog MTCA c pae 
HeH~e on peAenReM~x BenM4 MH KOHueHTpa UMM /B %/ 060MMM Me TogaMM . 

I I l - rT-.--r1 r-r-rr-rl~ll 

~ l
I -4

t.l! ')/. v.. -.l
1 

';i.--1 \ \ 
~ l... 

H-..< ...
fllll~ ~' tN IVl 

l' 
~ "1 ~ 

,j ~ Ji ~~ 1 ~ I ,..I 1 

400 7cn 1000 1300 - 1600 - 1900 

PHc .5. 3Hepr eTH~eCKHH cneKTp xapaKTepHCTHtJeCKoro peHT r e
HOBCKoro H3nytJe HHR OnHoro H3 o6pa3U;OB pacTeHHA npH B03
6YJKneHHH ero nytJKOM npOTOHOB C 3HeprHeH 3 M3B. lla OCH 
a6cU;Hcc - tJHcno KaHanOB aHanH3aTopa. Ha OCH OpnHHaT 
OTHOCHTenbHblH ctJeT B KaHane. 

B TpeTbeM, 4eTBepTOM M nRTOM cTon6~ax npMBegeHo 4~cno cnY4aee, 
M3 o6~ero 4Mcna M3MepeH~~ n 06pa3~OB, npM KOTOPWX He Ha6n~AaeT
CR COBnaAeHMR B npeAenax OAHO~ (S)'ABYX (2S) M Tpex (3S ) OW~60~( 

M3MepeHM~ 060MMM MeTOAaMM. KaK BMgHO M3 Ta6n~~~, 3a HeKOTop~M 
MCKnD4eHMeM (Fe, Cu), AaHHwe B npegenax ogHoro 3Ha4eHMR cpe AHe
KBagpaTM4ecKoro OTHOCMTenbHoro OTKnOHeHMR xopowo cornacY~TcR 
Me*gy co6o~. HMe~~MecR pacxO*AeHMR gnR YKa3aHH~X 3neMe HTOB Tpe
6YDT gononHMTenbHoro paccMoTpeHMR. 

3AKnlO 4EHHE 

CpaB H~BaR nonY4 eHH~e pe3ynb TaT~ no onpegeneHM~ 3neMe HT Horo 
COCT aBa n04B ~ pa c TeHM~ MeToAoM M3Me peH MR XPH npM B036y~geH~M 

MccneAyeM~x 06pa3 40B nY4 KoM npoToHoS OT 3neKTpocTaT~4ecKoro 
YCKopMTenR, c AaHH~MM. nonY4eHH~MM peHTreHOBc K~M e036Y*AeH~eM 

OT peHT reHoeCKo~ Tpy6K~, a TaK~e pe3ynbTaT~ o n pcAeneHM A 3n e 
MeH THoro COCTasCl c lal~apTo8 Cn-2, CHC-2, CBT - 13. nonY4 e HHwe TeM 
~e MeTo,qoM c nnCnOp THblMM ~x AClIIHbIMM. MO~HO c Acna Tb 3aKn~4 eHl1e 

o TOM, 'lTO np~MCH1H!MbI~ l~aM~ MeTOA 0 npegenax. - 25% o6ecn e'l MBaeT 
nonY4eHMe n paO Mn b Horn p~3ynbTaTa. 

13 
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Ta6mru;a 3 

CpaBHemfe peSYJlbTaTOn orrpeAeJl e HFlH 3JleMellTOE B CT8 HAapTl-lhJX 
o6pa 3L\aX nottB H rOPHbJX nopOA C rrO~IOIl{bIO rrpOTOHHO I'O 
B036Yl!lAel-l HH 

3.ne- IIacnopTBoo Ham pe- I' IIacnopl'Hoo Ham pe- t Ilacnopr- Ham pe- l' 
Iil3HTlii Ca~x-amm ay.m.TaT (%) ?O~pI8HBt) ~ynTaT (%) HOO co- fy.m.TaT . (%)

B9C~ (II6Co- BElCOBHe BeCo- .iX6IJI'IUIIW JIEliYmw 
) BYe %) %> BHe %) (Bei~BHe 

K 2,1 2,0 5 4,9 1,4 1 ,5 7 

Ca 0,58 1,1 1,2 8 0,68 

T~ 5,0 0,52 0,36 31 4.2°10-2 

MIl 5,40 10-2 4,7'10-2 13 0,16 0,15 6 -
Fe 2,1 1,7 19 4,3 2,5 42 0,56 0 , 51 9 
C,. 1,70 10-3 2,0' 10-3 IS 7,3'IQ-3 8,6 0 10-3 I S 

~f'\ 4, 50 10-3 4,7'10-3 4 1.4'10-2 1,40 10-2 0 - 1,4'10-2 

GiV 8,50 10-4 7,8'10-4 8 3,0'10-3 2, 5'IQ-3 17 

1,5'IQ-3 

Re. 7,20 10-3 9.1 '10-3 20 1,7'10-2 2, 4° 10-2 29 0,18 0,21 14 

S't 1,2,10-2 1,4'IQ-2 14 0 ,19 0,23 17 - 4,8,10-3 

-Z't, 5,4 '10-2 5,4'10-2 a 6,O.ro- 2 6, 7° 10 2 IQ -

~I 2,2'10-3 2,4' 10-3 8 2 ,3 ' IQ-2 1,9' 10 2 I? 7,0. 10-3 7,7·!O-3 9 

6,4'10-2 5,2·!O-2 19 

np~ 3TOM Me TOA npoT oHHor o B036Y)!(Ae H~H Mo*e T 6~Tb s e Cb Ma 
none3eH n p~ Heo6xoA~MOC TVi n poB eAe H~H 3neMe HTHo ro aHan~3a C He
CKonbKO yny~weHHo~ n opor oBo~ 4YB CT BVi T enb HOCT b~ /n . 10 - 5 ~ /, 
no cpaBHe Hlil10 C 3H epr oA~cnepc ~oHHbIM peHTreHO¢JlyopeC lj eHTHblM 
Me ToAoM, 1iIJ11i1 TorAa, Kor Aa OTC YTCT BylO T Heo6xOAViMbie cT a HAapTHble 
o6pa 3tjbl . 

np~MeHe Hlile 3Tor o MeToAa IiIMe e T PRA npe~My~ec TB. K HIiIM B nep 
BYIO 04e peAb cneAyeT OTHeCTIil B0 3MO*HOCTb on peAeneH~ A KO H4 eHTpa
4~~ pHAa T Amen~x 3neMeHTOB (As , Br, Rh, Y, Nb ~ T . A,), a T a K~e 

B03MO*HOCTb onpeAeneH~A MIIIKp03neMe HTHoro COCTaBa n04B 6C3 ~c
nonb 30BaH~H cTaHAapToB. 

Ta 6mru;a 4 

nlJ M!lII'r '9ICJJO H3t.'epe ~S ~2S ~35 
HH H 3Jl8M8HTa 

f<. 25 19 5 I 
CO! 25 16 ? 2 

T:. 25 16 8 I 
Mi'1 25 3 I6 6 
1="" 25 I9 5 
( ILl 25 5 2 4 
1r 2::. II 12 2 
p~ 2~ IO II 2 

H, 
S~ 

25 
25 

:'j 

23 
£1 
I 

2 
I 

L2 25 0 4 21 

OU1H6Ka 113}1e permfi 3neHeHTHOI'O COCTaBa rrpH rrpOTOHI-IOM B096YJK
,ne HHYi x apaKTepl1CTI1'1eCKOrO peHTr e HOBCKoro Yl3JlY'IeHYlH COCTaBJlHeor 
20c-257. . 3Ta )!(e OlllYi6Ki1 npl1 B036y)!<.n;eHl·m Hccne Aye "1hlX 06pa 3Il,OB 
pewrreROBCKHM 113JlY4eHHeH COCTaBJlH e T -10%. TI pen CTaBJleHHall B Ta6 
JlI1Il, e BeITII4HHa S HBJlHeTCH cpenHe-KBanpaTl14eCKOII H3 3THX a eJlIf
4lil-l. 

ABTOP~ 6naroAapH~ KonneKT~BY 3KcnnyaTa4~~ 3neKTpOCTaT~4e

CKoro YCKo p~TenH OMRM 3a o6ecne4eH~e 6ecnepe6o~Ho~ ero pa60Tbi 
BO BpeMH ~3MepeH~~. ABTOp~ oc06eHHo np~3HaTenbH~ A.~.OpnoBo~ 
~ ~.A.PH6oB O~ 3a nOMO~b B ~3rOTOBne H~~ M~weHe~. 
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111)(1 !"lIIIUlI, YCKOPfll'MhIX lin ")J!l'K'I"pOl"r:J'rlll/er'KO~' YCKoplfTene OFrnH. 
nUpOl'0113H t.(YBCTBI1TeJlblloC"I'b MC'1'OA3 - n • 10- 5 %. Oll,eHRa ero 
npaSJilJlbHOCTli nposeAeHB nYTCM H3MepellHR 3neMCHTHoro COCTaaa 

PRAll CTa~apTHWx 06pa3ll,OB H nYTcM cpaBHeHHR pe~ynbTaTOB H3Me 
pesHA: On}lChIBaeMblM ~,eToAoM c pe3ynb1'3TaMH H3MepeaHH 3JleMellT

HOI"'O COCTaaa 3'J'ID<: lICe 06pa3ll,oB MeToAoH peH'rreHOBcKoro B036yllC
AeuHfI 01' peHTrelloBcKOH Tpy6KH . 

Pa601'a BblllOJIHeHa B llaC5opaToPHH .,ei\TpormoH IPH3HKI1 mml1 . 

CoolSllleHHe OIS1>eJVHl eHliOro IUICTHTy Ta IIAepHblx HCCJleAOBIIHldL .Ily6Ha 1985 

TIepeBO'!]' O.C . BHHorpa,o;oBoii 

Bolshakov V.A. et a l . P I4-85-490 
Determination of Hicroelemen t al Composition of Soi ls 
and Plants 

The elemental compos i t i on of soils and plants fromTchat
ka l sky and Zaaminsky reservations was studied using proton
induced x-r ay emission analys i s (PI XE) . TI1e proton beams were 
obtained from Van de Grnaff Aenerator of Laboratory o[ Neut
ron Phys i es. JTNR. Tht· cOlll""l'nl rnt ion dctl!ctlon 1 imi l "r presen 
ml'l hod hnro IlIl l' n t! r. 1. hunl .. ,1 I n hI' 10 (; ': . Till' m4:lhmJ WlIS ll!Slcd 

III;(n ~ 11I'v4~ 1 '1l 1 IIl1dl : il.]l'·IlI,:nf: !1I::H1I1.1rtJoo (ST'-l, RNC-2 lind SWT- 13). 
PI "~:; I " " : nWI, I t 1,1"11' I <11111',111·,1 wi I;h 1111"<; t rlllll llll' lull(> I'xci lPd 

x- I',.y 1 ~ IIILII' !II. "II'" <).111) )111'11,,"1. 
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