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BOnpoc 0 TOKCH'iHOCTH pe.IJ.K03eMeJihHLIX 

He peweH. B KHTae eme . c 1980 ro.na· 

pe,nK03eMeJibHLIX 
·' .. ~·. . 

3JieMeH:ros . ;: •"-' . ·._ . 
s· 

.. , -~ 

Ha 3Ha'iHTeJihHLIX nnoma.nHx (330 TYC. ra) 

eJIH'ieHHe ypmr;aAHOCTH. KYJihTYP o:r 5· .no. 87., .. , .. 
co.nepJKaHHH npoTeHHa, 

. . ~ -· 
caxapHCTOCTH 

paCTHTeJibHOCTn: pHca, 'con, 'iaH,: 1-a6aKa, 

3eMeJib cnoco6CTB yeT . pOCTY . lKHBOTHYX, 

yMeHbWeHHIO 3a6onesaeM6CTH (2]. 

3KC:~DKMeHTaX--H~QOD 

rop6YHOB A.B. H 
.U.P· Bos.n.eHCTBHe rrpoHSBO,IJ,-

cTBa ••• 
PI4-9I-478. 

I 
KOMnJieKCOM· 3JieMeHTOB-npHMeCeH npHCY!CTBYIOT H pe,nK03eMeJibHLie 

3JieMeHTLI. BTOpblM .: HCTO'iHHKOM nocTynneHHH .·: P33 .. B :. OKpyJKaiOIUYIO 

cpe.ny. JI()KaJibHLIM no B03,neHCTBHIO, HO 6oJiee HHTeHCHBHLIM no 

TeXHOreHHOH Harpy3Ke -· HBJIHIOTCH npe,nnpHHTHH .no ,no6LI'ie, . -
o6orameHHIO; H nepepa60TKe: an~THTOBOrO H 'lJOC'lJOpHTOBOro CLipbH, 

BOKPY~ KOTOpLix. npoHcxo.nHT o6pa3oBaHHe reoxHMH'ieCKHX· aHoMaJIHH 

B. aTMOCctJepHOM B03,nyxe, . nO'iBeHHOM H paCTHTeJihHOM noKpOBe~. 'B 

BO,nHLIX CHCTeMaX · n ,naJKe B . lKnBLIX _opraHn3MaX •. 
;; .- . 

· ·· Han6onee · tieTKne o6pa3yiOTC.H aHOMaJinn n KOHTpaCTHLie 

3JieMeHTaMn-npHMeCHMn 'lJOC'lJaTHOrO CLipbH, B -TOM 'inCJie n 

pe,nK03eMeJibHLIMH 3JieMeHTa_MH; 

Bee : BYWeCKa3aHHOe. , npe,ncTaBJIHeTCH. HaM. ,nocTaTO'iHO BalKHLIM 

,nJIH npoBe,neHn.H·HCCJie,noBaHnH no BCeH uenn TeXHOreHHOH Mnrpaunn 

pe,nK03eMeJibHLIX 3JieMeHTOB ·n BLIHBJieHnH oco6eHHOCTeH HX. 

noBe,neHnH B OCHOBHLIX KOMnOHeHTaX OKpyJKaiOIUeH :cpe,nbl.' 

METO~HKA 3KCllEPHMEHTA 
: '_ ~~ . 

' 
Hccne.noBaHnH njJOBo.nnnnch no BceH:·uenn pacnpe.neneHHSi'P33, 

Ha'inHaH OT npe.nnpnHTnH: no nepepa6oTKe 'ctJocctJaTHoro:cLiphH .(KaK 
' . . , . ~ . . 

anaTHTOBOI'O, TaK H 'lJOC'lJOpnTOBOrO) n.: KOH'ia.H OnLITHLIMH 

arpOXHMn'ieCKnMH CTaHUHHMn, n3y'iaiOIUnMn HOpMLI •BHeCeHnH 

'lJOC'lJOpHLIX y,no6peHnH H • ,npyrHX 'lJOC'lJOpco,neplKaiUnX: npo,nyKTOB. • :.• 

B paAoHax .neHT~JihHOCTn ropHo~o6oraTnTeJihHLIX npe.nnpn.s:rTnA~ 

npOn3BO,nHIUnX anaTnTOBLIH n 'lJOC'lJOpHTOBLIH KOHUeHTpaT, OCHOBHLIM 

nCTO'iHnKOM 3arpH3HeHn.H HBJIHIOTCH oTxo.nLI 'ctJno:raunn; o61>e:M 

KOTOpLIX 3Ha'inTeJibHO npeBLIWaeT KOJin'ieCTBO o6orameHHLIX 

KOHUeHTpaTOB. 

·Hawn 
I 

nccJie,noBaHnH• npOBO,nnJinCh Ha yqacTKax 

CKJia.nnpoBaHnH .. OTxo.noB. 'lJJIOTaunn anaTnTOBOro KOHUeHTpaTa,·. r.ne' 

yJKe. 15 JieT Ha3~~ .npoBe:neHLI peKyJibTnBa~nOHHLie pa6oTH. ,'M~IUHOCTh' 
nO'iBeHHOrO no'KpOBa,. o6pa30BaBwerOCH 3a 3TO BpeMH, 

cocTaBnJia 5 -·, 30 cM._OTo6paliLI Fnpo6LI HOBoo6pa3oBaiiHoH: no'iBLI H 

npoH3pacTaiOIUeH Ha :: HeH:.· paCTHTeJibHOCTH' ( Mox;::<xBOIUH,:-;1 rJlH6Ji,·; 

JIHCTb.H 6epe3LI.) C ,naJibHeHWHM aHaJIH30M 3JieMeHTHoro c'ciETaBa:.>npn 

~~:- ., ... K'·-.... 1'11'1" 'I 
~ ~n-e~f!Mi §.:~ .,!':.llOBIIill 
rl '\l~t:C.:4i.il1~'t;!~:..&11 ll•t•.·z • 

. ~ GHSJ1f.!OTEHA 



oueHKe B03,neHCTBlHI ' npe,nnplHiTHfi:,· 'BunycKaiOIUHX .. !fJOC!flOpHue 
y.no6peHHg H3 anaTHTOBoro cupbg, 6unH-H3yqeHu n~neBue Bu6pocu 

B aTMOC!flepy, a TaKlKe DOqBeHHUfi H CHeroBOfi: DOKpOB ·, · 
,nenOHHpyiO_iuHe 3TH BU6pocu. ''·· 

~ BUno H3yqeHO B03,nefiCTBHe BUfipOCOB Ha COCTaB ·.nHKOpacTyiUefi 

H . cenhCKOX03gJicTBeHHOH paCTHTenhHOCTH,' pacnpe,neneHHe P33 B 

aepTH~anhHOM · pa3pe3e ~.nepHoBo-no.n3onHCTOH noqau. 

3aKniOqHTenhHUH 3Tan · pacnpocTpaHeHH~ H' pacnpe.neneHHg . P33 

o6ycnoBneH DOBCeMeCTHUM npHMeHeHHeM' !JlOC!flOpHUX y,no6peHHH H 
DODUTKaMH ncnonh30BaHHst B cenbCKOM._ X03gfiCTBe pa3nHqHux 
OTXO,nOB, B TOM qncne H !JlOC!JlOpHUX (!JlOC!JlOrHDC)._ 

MeTO,nHqeCKHe . HCcne.noBaHHg npOBO,nHnHCh Ha- ·arpOXHMHqeCKHX 

CTaHUHHX C DpHMeHeHHeM pa3nHqHUX ,no3 !JlOC!JlOrHnca·;· B nepecqeTe 

Ha P33·,n03U''BHeCeHHH COCTaBIInH OT 0,2 Kr/ra ,no<180''Kr/ra B' 
,nepHOBO-DO,n30nHCTUX II COnOHUOBUX noqaa~, Henonh 3 yeMux · · no.n 
cenhcKoXo3HHcTBeHHue KynhTypu (KapTo!flenh, KYKYPY3a,. ~anaT, 
pe.nHc). 

113 yq.eHHe XHMHqecKoro COCTaBa noqa, 
au6pocoa H !Jloc!Jlopoco.nepJKamHx 

pacTHTenhHOCTH, nuneaux 
•OTXO,nOB ''DpOBO,nHnOCh 

HHCTpyMeHTanhHUM HeHTpOHHO-aKTHBaUHOHHUM H~ peHTreHo-

-:!flnyopecueHTHUM MeTo~aMH:aHanH3a [6]. ,llnH aHanH3a c nnoma.noK· 

100. x-100 M' co6Hpanocb no ·s.- ·7 o6pa3~0B noqa c-rny6HHU'20 

eM. CHer aHanH3HpoaancH B BH,ne cyxoro ocTaTKa, o6pa3uu nunH~

co6HpanHCh C KpUW 3,naHHfi~·:npHneraiOIUHX K Tepp~TOpHH'3aBo,na. 

OECY~EHHE PE3YRbTATOB 

B Ta6nHUe 1 · DpHBe,neHO co,neplKaHHe P33 B . anaTHTOBOM 

_KOHUeHTpaTe, npo.nyKTaX era nepepafiOTKH -~ !fJOC!JlOpHUX y,no6peHHHX 

H OTxo.nax npoH3Bo,ncTBa; Cpe.nHee co.neplKaHHe P33- npeauwaeT 

KnapKOBUe B !fJOC!fl6pHUX y,no6peHH~X B -6-10 pa3; ~B !fJOC!JlOrHnCe ~ 
B 30-:-40 pa3. 

Cne.noBaTenbHO, ·npH -BHeCeHHH ·6anhWHX ,no3 CaMHx·· !JlOC!fJOpHUX 
y,no6peHHH H !fJOC!florHnca . B03MOlKHO HaKonneHHe P33 B noqae H. 
cenbCKOX03HHCTBeHHOH paCTHTenbHOCTH. , .. _; 
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B Ta6BHUe 2 aaHU cpeaHe!pOHOBUe H MaKC~Man&HUe 3HaqeHH~ 

KOHUeHTpaUHH P33 B aTMOC!pepHOM B03~yxe, , C~~>KHOM noKpo~e H 

nuneBux cMeTax.: 

AHaJIH3 3THr aaHHUX CBHaeTeJibCTByeT: 0 BUC~KO~ 

KOHTpaCTHOCTH aHOMaJIHH P33 B aenOHHpyDmHX cpeaax no cpaBHeHHD 

C TpaHcnopTHpyDmHMH. , TaK, B CHe>KHOM HOKpOBe 3HatreHH~ 
' . ~ 

K031P!pHUHeHTa KOHUeHTpaUHH K ( Kc= C. /C,,. rae C.- coaep:iaHHe .. c 1 't' . 1 
B i-H npo~~: CIP - coaep>KaHHe -~·!poHOBOH npo6e) cpcTaBJI~DT 3-11 

no OTaeJibHUM peaK03eMeJihHUM 3JieMeHTaM; B CMeTaX nUJIH - 3-6, 

a B Bo3ayxe - 2-3.. ·'' ·· 

,lln~ . Bcex cpea, npeacTaBJieHHux B Ta6nHue 2, xapaKTepHo 
.· . . . : 

npeHMymecTBe~Hoe HaKonneHHe rpynnu "nerKHX" P33. 

no,pe3y~&TaTaM HccneaoBaHHH npocTpaHCTBeHHoro pacnpeae

neHH~ P3:3 B CHe>KHOM noKpOBe HaMH 6UJIO OTMeqeHO H3!1eH~HHe CO

OTHOWe.HHH:~ 'coaep>KaimA B p~ay 3JieMeHTOB peaK63eMeJI&HoH rpynnu 

[ 5]. :Oco6e.HHO no' '~ar.fe;~o ~p~ cpaBHe~HH. c~aep>Ka~HH KpaHHHX 
• • ' j ~ 

3JieMeHTOB rpynnu peaKHX 3eMeBh ~ JiaHTaHa H JIDT~UHg: 

3TO. Harn~aHO. HJIJIDCTpHpyeTC~ rpa!pHKaMH OT~OI~ieHHH. uepH~, 
CaMapH~ H JIDTeUH~ K JiaHTaHy B conocTaBJieHHH c rHcTorpaMMO~ 

cyMMajnioro · 3arp~3HeHH~ peaKo3eMeJI&HUMH .3JieMeHTaMH cHe>KHoro . . . - . .. 
noKpOBa (pHC~1), noCKOJihKY HMeHHO B CH~rOBOM. noKpOBe 

HR 

1500 

1000 

500 

ppm 
.· .... 'Kc· ; . 

· 100 l/c1. 
1~1r-~~~~~~ 
10-2 .--_.._...- :totl•~---

6 5 2 2 4' 6 8 KM 
3aflog · 

HaH6onee KOHTpaCTHO npO~BJI~DTC~ 

PHC.l. PacnpeaeJieHHe CYMMU 
' ,P33 H COOTHOWeHHe Me>Kay 

HHMH B CHe>KHOM noKpoBe B 

3oHe BJIH~HHH BH6pocoB npo

H3BoacTBa !poc!popHux yao-

6J1eHHH. 

[ ~R - cyMMa P33 BOTH. ~a. 

Ci/~1-'oTimweHHe_ i-ro. qneHa 

pS!~a P3:3 K · nepsoMy (La). 

xapaKTepHUe ;oco6eHHOCTH 
BHeWHero B03aeHCTBH~, KOTOpUe_ B noqBeHHOM noKpoBe 06UqHQ 
HHBeJIHpyDTC~ . · H Tep~DT KOHTpaCTHOCTh. H3yq~HHe COCTaBa 
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aTMOCCJlepHoro B03,nyxa Ha pa3JIH'IHOM y',naJieHHH OT HCTO'IHHKa 

3arpSJ3HeHHSJ llOKa3aJIO, 'ITO B 30He MaKCHMyMa aTMOXHMH'IeCKOH 
' .? ~ 

aHOMaJIHH_ OTHOWeHHe uepH$1 H CaMapH$1 K JiaHTaHy yMeH~WaeTC$1 B 

1,5-3 pa3a. 

nocTOBepHUX .ztaHHUX 0 BeJIH'IHHe OTHOW8HHSJ JIIOT8UHSJ K 

JiaHTaHy nony'IHTb He y,naJIOCb BCJie.ztCTBHe MaJIOH Ha.zteliCHOCTH 

onpe,neJieHH$1 HH3KHX_ K9HUe_HTpaUHH 'JIIOT8UHSJ B B03.ItYX~_. 
' ~ . 

! . i. 

• Pe3yJibTaTU. H3Y'I8HHSJ COC~aBa pa3JIH'IHUX THllOB llO'IB, 

npHBe.zteHU B ~a6JIH·tie' - , 3 • ...J llO'IBa . SJBJISJeTCsi CJIOliCHUM 

6HoreOXHMH'18CKHM o6'beKTOM, B KOTOpOM npORS.JI~IOTC$1 KaK 

.nenoHHpyiOIUHe, TaK H 6ycpep~ue CBOHCTBa, BCJie.ztCTBHe qero 

T8XHOreHHUe reOXHMH'IeCKHe aHOMaJIHH B llO'IBe MeHee KOHTpaCTHU. 

C yqeTOM 3TOrO 

npocTpaHCTBeHHoro 

HaMH 6UJIO HCllOJlb30BaHO npH H3y'leHHH 

pacnpe.neneHHSJ P33 3Ha'leHHe cyMMapHoro 
n 

noKa3aTeJISJ 3arpR3HeHHSJ zc ( Zc= L Kc-- ( n-1)) .. Ha pHCfHKe 2 

,neMOHCTpHpyeTC$1 

"A-
tKce;:La 

zc 
20": k . 
Ql: ~ I I I . 

-2 4 6 8 KM 

1=1 

cpaBHeHHe -3Ha'leHHH cyMMapHoro noKa3aTeJISJ 

Kce/Lo 
5 

50 

25 
zh 

PHc.z: Pacnpe.n~neHHe p3j H· 

.ztHHaMHKa OTHPW8HHH :MeliC.ztY •;HH

MH B llO'IB8HHOM llOKpOBe B 30-

He B03.zteHCTBHH ,o6oraTHTeJih

Horo (B) H iiepepa6aTUBaiOmero

(A) npe.nnpHSJTHH: 

A - .nepHoBo ~ no.n~oJIHCTaSJ 

noqaa; B - ropHo-TyH.npoaaSJ 

llO'IBa; ~----- - OTHOWSHHe 

P33 B CIJOHOBUX llO'IBaX; 

- OTHOWSHHe P33 B 

anaTHTOBOM KOHUeHTpaTe. 

Ql I I · I I 0 

1 2 3 4' KM 

8 

·, 

l 
I 

~ 

3arpR3H8-HHSJ B 'notf_Bax c' H3MeHeHHeM OTHOW8HH'ii -'ue{mS'r~- caMdJlH$1 H 

JIIOTeUH'SJ 'K JiaHTa-Hy .ztJISJ · ,nepHoBo:no,n30JIHCTUX ·- H . ropHO-TYH.ztpOBUX 

llO'IB.' ., '1 

npocpH.rih' npoTHlKeHHocTbiO ~7' KM 'aT HCTO'IHHKa 3arpSJ3HeHHSJ' -

cpoccpoponp'o'H3B'o.nS!me'ro :.3aa6.na ,...: . COCTOHJI- Ii3';'llSJTH nnoma.itoK; .C 

KalK.noH: H3 KoTopux '·oT6Hpanocb · 5 · - 7 npo6·; H3 ':ryr.iyc-~aoro 

ropH30HTa .ziepHoao-no.n3oJIHcToH: · noqau. npo'qiHnb "iia 
ropHO-TYH.ztpOBUX noqaax HMeJI ;,npOT.Hl!CeHHOCTb OKOJIO 4 KM H; 

3axaaTuBaSJ oTaanu o6orameHHSJ- ropiw-o6oraT·HTeJihHoro KoM6HHaTa 

auxo.nHn · ·Ha ' cpotioaue ,yqacT.KH. ,,-Be o6oHx • · cnyqa'SJx H3MeHeHne 

oTHoweHHH ·oi.ne~bHux~pe.ni<o3.eMe.ril,'iiux 3JieMeHTOB Ha aHoMaJibHux 

yqacTKax npo.HBJISJeTcSJ .no eTa T<);:mo 'SJCHO. H3Meiei~e 
UepHH-JiaHTaHOBo'ro OTHOWeHHSJ COCTaBJISJeT . (, 3.:.: 1', 5 - pa3a, 

CaMapHH:-JiaHTaHoBoro 1, 5'-1, 6 pa3a, a JIIOTeUHH~naHTaHOBOro - 2-5 

pa3. CJie,nyeT OTM8THTb, 'ITO rpaHHUaMH 3THX H3MeHeHHH 

HBJIHeTCH OTHOWeHHe P33, xapaKTepHHX .ztJISJ MeCTHUX tfJOHOBHX llO'IB 

- BepxHHH npe.nen/a HHliCHHH-npe.neJI - OTHoweiii-ie' OT.zteJibHUX P33, 

xapaKTepH3YIOIUHX ah~THTOBHH KOHUeHTpaT. ,. ' ·:-

CpaBHeHHe'rpa~HKOB' Z- H OTHOWeHHH 'oT~eJibHUX 3JieMeHTOB 
• . ': ·;-:.: C. ·-·~· ·-,.:I 'c'\: ~ l"~~~' •; : ;'"·f· '·•<' 

rpynnu pe.ztKHX 3eMeJib no3BOJIHeT roBopHTh o noporoaoM xapaKTepe 

3TOrO SJBJieHH$1: H3M8H8HHe o'THOWeHHH OT ,neJibHUX 3JieMeHTOB 

pe.ztK038M8JlbHOH 

paBHOM 15-20. 

rpynnu cTaHOBHTCH 3aMeTHUM npH 3HatfeHHH Zc, 

B TeX CJiyqaSJX, KOr ,na Z _M8HhWe 10, H3MeHeHHH 
c ' 

COOTHOW8HHSI 

Ha6JIIO.ztaeTCSI, 

OT.zteJibHUX 3JieMeHTOB rpynnu pe.ztKHX 38M8Jlb He 

KaK 3TO, HanpHMep, npOHCXO.ztHT ' B no'IBax 

COJIOHUOBOrO KOMllJieKCa ( COJIOHUU, CBeTJIO-KaWTaHOBUe llO'IBU), B 

KOTOpUX 3HatfeHHe ZC MOliC8J yBeJIH'IHBaThC:SI BCJIS.UCTBHe 

arpOXHMH'I8CKOH MSJIHOpaUHH npH BHSCeHHH CIJOCCIJOrH'nca. 

llOBTOpSieMOCTb :~Taro SIBn~HlHI B llO~IBa~- p-a3,JIH-;Horo THna H 

pa3HUX KJIHMaTH'IeCKHX 30H llO.UTBepliC,naeT eroO: :;'saKOHOMepHUH 

xapaKTep. ECJIH B ,nepHOBO-llO.U30JIHCTUX llO'IBaX MU H3y'laJIH 

BJIHSIHHe a3poreHHU~ ~u6pocbB'(~~naiie~H~ ~epe3 aTMOCtflepy), T~.B 
ropH~::TyH.npo~ux 3arpSI3He~'~e~"npoHc-~ci.nHno 'npH n~~a~'o6p·~'3oB~H~m 
Ha, ~~~-~Jla~ '"~~~~TOB" ;cpJioT~U~~('· .·; .,_ - ., .. ,l"'_;, ' ,,, 

-"'·t;rcr·,. ,l'. ~ ~~!~~:· 
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B 060HX .. CJiy"'aHX. ~pOH30UIJIO .. TeXHOI"eHHOe BHeceHue· P33.· e 

H3MeHeHHHM COOTHOWeHHeM OT~e~h~HX 3~eMeHTOB OTHOCHTeJihHO 

MeCTHOI"O npHpO)lHOro' !pOHa B ' reoXHMH"'eCKYIO CHCTeMy, "'TO .-;H 

np~BeJIO,, .K H3MeHeHI:iJO.: nepBOHa~aJihHOI"O. ·' C()C'f.OHHHH, B , 30HaX 

HHTeHCH_B .. H~I"O 3~E"PH3HeHH~~ xapaKTeiJH3YIOillHXCH_,; 3Ha"'eHH~.M . zc:2: 

. 20. 3T~ , HBJieHH~ · MO:lKeT CJIY:lKHTh HH)lHKa TOp OM npH OI.teHKe 

B03)leHCTBHH . Ha . OKpy:lKaiOlUYIO ~pe.ny npe.nnpHHTRH, B BH6pocax 

KOTOpHX npucyTCTBYIOT pe)lK03eMeJILHHe 3JieMeHTH. 
' '· . . ';., ' 

)lJIH llO"'B llleJIO"'HOI"O KOMITJieKca XapaKTepHH . 6onee BHCOKHe . . . , ·-. ~ ~ ,,_ . ~ 

!pOHOBHe .YPOBHH CO)lepJ!(aHHH' P33, oco6eHHO uepueBOH rpynnu, "'TO . :.. . ' ·' '·. ' - ~· ' 

npeKpacHO llO)lTBep:lK)laeTCH )laHHHMH. Ta6JIHI.tLl 3. 3Ta 'oco6eHHOCTb 
: ~-:; .. ~ ' ' 

pacnpe)leJieHHH P33 B llO"'BaX XOpOWO BH)lHa Ha rpa!pHKaX OTHOllieHHH 
:· . .. . . 

KOHI.teHTpai.tHH:P33 B llO"'BaX, HOpMHpOBaHHHX Ha CO)lep:lKaHHe HX ,B 
' .• • • .$,. { j . -. ' • .. ' - ~ 

xoH.npnTax [!;l. (puc. 3A). (KH = c1 I cii,_ r.ne ~i ..,. co.nep:lKaHHe 

sneMenTa B npo6e; CH- co.nep:lKaHne sneMeHTa B xoH.npnTax). Bonee 

BHCOKHe KOHI.teHTpai.tHH P33 B COJIOHI.tOBHX, llO"'BaX llO)lTBep:lK)laiOTC~ 

?llY~JIHKO~aH~HMH )laHHHMH 0 KOHI.teHTpHpOB~HHH rpynnH TH:lKeJIHX 

XHMH"'eCKHX 3JieMeHTOB B 3aCOJieHHHX ll0"1BaX,(8]. 
' ; . - .. .:,· ~ 

Ha.puc.3B npuBe)leHH rpa!pHKH pacnpe.neneHHH P33 B no"'Bax 
., .. ;;: . .;.: ~;;__- . . . ~' . ' ' . . ~ , 

Ha 3arpH3HeHHHX yqaCTKaX, 
! ; -·- - . . . - ' ~-, ~~ 

r.ne TaK:lKe. BH)lHa 3Ha"'HTeJihHaH 

' (~~ ,._ 

A 

~k 
0 Li.Jt::::::$====~~~ 

_La Ce SmEu Yb Lu Yb Lu 

PHc·. 3. PacripeieneHn~ _ P33 B. pasJ1H"'HHx Tuna;~ no"'B: 

A: !pOHOBH~~nb~B~; B--~~~O~aJI~~~e llO"'B~; 1- .nepHOBO-llO)l30~ 
•,,· or.:·.,,' ,;:, ·:•/~.~.:': _'· ;_}." • ~ ·~--~. .' . . ;; ; • 

JIHCTHe llO"'BH; 2 - ropHO-TYH.llpOBHe llO"'BHj 3 - CBeTJIO-;:KaWTaHO-
• • -,,. :· .,_ ;,;;:. c .-.: 

BHe llO"'BHj 4 - COJIOHI.tOBHe llO"'BH. 
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aapHaUHH coaep~aHH~ "nerKHX" P39 H BUpaBHHBaHHe KOHUeHTpaUH~ 
. ~ ' ; . ' ; . -

"TH~enux" P39. H3 COROHUOBoro KOMnneKca Ha pHCYHKe 
npeacTaBneH TORbKO COROHeU, CBeTRO-KaliiTaHOBaH nOttBa HMeeT 
aHanorHttHH~ xapaKTep pacnpeneneHHH P33. ?tteanaHo, 

,l ;.· 

'ITO BHa 
rpa~HKOB onpefeRHeTCH CTeneHhD 3arpH3HeHHH Ka~O~O KOMnOHeHTa 
oKpy~aDme~ cpenu. qe~ HHTeHCHBHee 3arpH3HeHHe, TeM 6onhme 
xapaKTep pacnpeaeneHHH P39 B nottaax npn6n~~aeTc& -K 
pacnpeaeneHHD nx 

TpaHcnopTnpyDme~ 

B 3arpH3HeHHOM aemecTB~ Hnn· cpene. 
3arpH3HeHHe~ qeM HH~e HHTeHCHBHOCTb 

3arpH3HeHHH, TeM,6nH~e pacnpeaeneHHe P39 B nottBe _K ~aKOBOMY B 

~OHOBHX ycno~HHX. 

Pe3yRhTaTH H3ytteHHH pacppeneneHHH P39 B nottBeHHOM 
pa3pe3e aepHOBO - noa30RHCTHX ~Ot{B noKa3aHU Ha pncyHKe 4. 

r:---TKH f ·. 
I I !"\ 
; . 50:.\ 

. I AoA, i ~ . 
r 0-BcM ! "~-· :_ 
:~sr~ 

~~- 8 ~-·"- ~'-;-'- -~-....L.J-

1 A1 A2 
30 f ~- . - _ " 

i 8-20cM ; \.""- ·' . : .. 

J '10f-~ r+: o 1 ~ - r~---'-L 
I ,.l 1 l 30 ~ 

I
' 20-?0~;~ \._ '\. . 

. As to~ 
I : 3o 1 \ 

~j:C--M~ 
10 , __ 
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' . I sor'\ sc, 
SQ 7SCM •-..... 

I 2s · '\. 
I \ .._____..... 

ol' L:::-.' ,-: 

·I sa'\· · · -BC
2 

· --. 

7~9_5~;~-. _.; ---_-

1 .. -~ 
j_Q~ 

LaCe Sm Eu Yb lu aAeMe"m 

Pnc. 4. Pa-cnpeae.Jie~H-e-. P33 a 

nottBeHHOM pa3pe3e. '.(HOpMHpOBaHO 
Ha conep~aHHe B 

X3CKHHY I. 1968). 
xoHapHTax no 

~1 ' 

0 - ~OHOBH~ yttaCTOK; 

* - aHoMaRhHil~ Y.-IaCTOK. 

06pamaeT BHHMaHHe CBOeo6pa3HOe 

noaeaeHHe P39 . B nottBeHHOM 
•. I 

pa3pe3e ~OHOIJHX0 yqacTKOB: B 

ryMyCOBO - aKKyMyniTHB.HOM ropH-

30HT~:AOAl Ha6moaaeTCH MaKCH-
ManLHoe 

HTTep6HH. 

HaKonneHne' 

! 

JI~HTaHa 
f 

:j 

H 

'B03MO~HO, ttTO npHCYTCTBHe 
P39 B noaepXHOCTHHX aoiax, xa-

' ' 
paKTepH3YDmHXC~ v-:-o6pa3HHM pac-

nReaeneHHeM, ~ T~K Ha3uaaeMue 
cM:e~Hue. "naHTaHo ;~-,- _ HTTpHeaue", 
aonu [9], HacneayeTcH noqaaMH. 
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1: 

·'!, 

I 
j 

~ 

cneayDme~ oco6eHHOCThD pacnpeneneHHH P39 no reHeTHttecKHM 
ropH30HTaM HBnHeTCH TeHaeHUHH K nOCTeneHHOMY 'H paBHOMepHOMY 

' M i f ' 

CHH~eHHD ypoBHe~ coaep~aHH~ -BnROTb~ no ropH30HTa BC 2 . 
OTCYTCTByeT~ MaKCHMYM HaKonneHHH B 
(Bc1 H ;Bc2), KOTopu~ xapaKTepeH 

HRRDBHan~HHX _ ropH30HTaX 
npaKTHttecK{ anH acex 

• ' . "! 

XHMHtteCKHX 3ReMeHTOB, 'ITO CBHaeTeRhCTByeT, nO-BHaHMOMy, ·o . ; 
TOM, 'ITO P33 B aaHHOM THne nottB He HMeDT •aocTaTO'IHOrO 

., I 

KORHtteCTBa npncymnx HM MHHepanbHHX ~OpM,' a, ' iJaxoaHTCH 

KonnonaHoA ~opMe, KOTopag cna6o npeHMymeCTBeHHO B 

3aaep~HBaeTCH . B HRRDBHaRbHOM ropH30HTe . PacnpeneneHHe 

peaK03eMe?JhHHX 3ReMeHTOB B,BepT~KaRbHOM pa3pe3~' 3arpH3HeHHHX 

nO'IB He OTRHttaeTC~ KaKHMH~RH60 OC06eHHOCTHMH H:~np~aenHeTCH 
MaKCHManhHO~ KOHUeHTpaUHe~ "ne'rKHX", P39 B ryMyCOBO-,-aKKYMYRH

THBHOM ropn~oHTe (A0A1 ), :cHH~eHHeM-~KOHUeHTpaun~ ~ · 3fRDBHanh
HOM ropH30HTe AB H atopH~HHM ~~CTO~ KOHUeHTpaUH~,; OC06eHHO 

naHTaHa H~ uepH~ B _HRRDBHanbHHX ropH30HT,aX (BC1 H' ~C2 ). 
Xapai<Tep'!:loe f:pacnpeneneHHe . P39 B ::-'' 3ar.p&3HeHHHX nottaax 

. " • l 

CBHaeT_eRbCTByeT 0: TOM, 'IT_O BHnaaem~e peaK03eMeRbHHX 3neMeHTOB 
Ha no~BeHHH~ noKpoB · nponcxoanT,. B ;._onpenen-~HHHX n: nocTaTottHo 

ycTo~qnaux MHHepanhHHX ~opMax; ·a?naaa!Omnx cnoco6HocTbD 

HaKannHBaTbCH B HH~HHX ropH30HTaX nottBeHHOrO pa3pe3a. -

B Ta6nnuax 4 H 5 : np~BeaeHH-- 3HatteHHH cpe,nHe~OHOBHX H 

MaKCHManbHHX coaep~aHH~ peaKo3eMeRbHHX 3ReMeHTOB B HeKOTOpHX . - . 

BHaax bpHpOaHO~ H cenbCKOX03H~CTBeHHO~ paCTHTeRbHOCTH . 
llpH. aHaRH3e. 3THX aaHHHX o6pamaeT Ha 'ce6g BHHMaHHe 

liiHpOKH~ :nnana3oH ~OHOBHX KOHUeHTpaUH~ oTaenbHHX 

peaKo3eMenLiilix 3neMeHTOB.: :cocTaanHDmH~ Tpn-tteTupe nopHaKa. 
• • l '• '" ~- . . .. . .• '- :- .-~ • ' - ~t ·- ' 

c: Coaep~aHHe peaKo3eMenbHUX 3ReMeHTOB B paCTHTeRbHOCTH 
onpe':n~~HeTCH pa3n~ttH~~H ~aK~OpaMH: THnOM nO'IBU, . ee .COCTaBOM, 

npnp_oaHo-knnMa THttecKHMH 'y~nok'HHMH, ~-Haa~~ ¢paCTHT-enhHOCTH, 

qJa30-~ ;ee :pa3BHTlfH~_ MHHHManbHOe coaep~aHHe P3.9(H CKaHaHH, KaK 

cneaye'T H3 Ta6miu :4 H 5, OTMettkHo; anH iny6He~ it'apToqJenH, 
. ~ .· . . ' . ~ : +' . ·-.,_ 

aanee B nopHaKe yaenn'leHHH · KoHtieliTpaun~ ·: ·c·neayDT caeKna, 
RHCTbH KyKyppu, ·.· 6epe~u, XBOH C~CH~, '· rpn6u,' .yKpon, RHCTbH 

pennca H canaT._ 
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l.,, 

Oo'beKT 
•'t 

CoACPlKaHite' P~3 D nPIIPOAH,oil pacTHTeJJbHocTH 

~MKr/r (cyxoA sec) ., 

rpl!i5bl, .· 
n=TO 

0 c ~.a . na13 

.. CKaHAHA 0.02 0.2 
o.or~o.o4 

1.2 9.4 
0.66-1.4 

,.r.6 r7.7 
.r~r.s 

CaMapllli 0.06 D. 7 
0.05-0.08 

0.02 0~44 
EsponuA O.OI-O.OS 

0.53~, !.2 .··' 
0,2-0.9 

0.07 

7,6 
5-8.5 

12.6 
5.5~!8 

43 

57 

0.62 2.3 
D.4-0. 7 

. 0.9! 4.5 
0.45-1.0 

o. 75 2.3 . 0.05 0.25 
0.45-!.2 0.3-0.6 : .. 

0.!9 0.6 o.or ·· o.o7 
O.I-0.25 O.OI-0.03 

,, - * O.IB• 0.2 0.4 
0.09-0.3 

c H CMaX 

0.03 : . 0.!2 
0.02-0.04 

0.32 
0.!5-0.6 

I,B 

0.7 2.8 
0.5-0.8 

. 0.04 0.3 
; 0.02-0.08 

0.025 0.06 
0.02-0.04 

-· 

0.!9 
0.09-0.3 

0.42 
0.3-0.5 . 

r.r 

. ., 
, o.o2 o.r .· 

o.or-o;os ~- . 
o.o1 o.o5 
0.0!-0.02 

0.46 !.7 
0.2-0.6 . 
0.73 2.1 
0.4-0.9 

0.03 . 0.3 
&:iJ2-0.08 

0.02 0.05 
0.01-0.03 

0.06 
0.04-0.07 

• CMaX 

0.4 

0.71 

0.02 . 0.07 
O.OI-0.03 

o.or o.o4 
o.or-o:o3 

• . (0.04) (0.41.': Q;3 
HTTepfiuA . :, -· ** (O.I) (0.06) (O,II) 

0.1-0.4 

;: .iliOTCUitli 
J 

o.o2 o;r 
o:or-o.o4 

~~,~ O.OI 

* - c?AeplKa,HHe;·,lmn npeAena :ooiiapyJKeUHll aHaJJIITH'!ec,Korp MeToAa. 

;• ** :: eixHHjjt~H.hle 5aHHble.~; 
><:'j ... ~ • ··~ 

'" 

... 
'', 

(0.05) . 

0.09 0.005 0.017 
0. 003-0. 007 

. Taom_1ua 5 

CoAeplKaHI!e P33 s cenbCKoxo3stlicTse~HoA pacTI!TenbHOC7H, M~:r}r' ( cyxo•1 ... a'.ec ); · 
~ :- .i " , 

' 
.ili!CT. K2KYPY3bl- .il!ICT fen11ca CanaT· YKpon 

.. 
KapTo4>e.1b CseKna . .. 

· n= 9 · n= 8 .. n=19 ·• :.. n=TO ·~n=25 · · ri=TO 
,. 

3JJeMeHT ct!>oH' I CMax CcPOH I CMax ct!>oH . I c •• 
.· Max C(j>OH I CMax 

c • 
. t!>oH . I c · .. · Max 

c • 
¢oH ./ CMax 

.. 
C~aHllH:i :· 0.03 0.04 

.~ 0.01-0.04 
0.59 0.97 
0.46-0.66 

Eepon1111 

0.16 0.3 2.2 3.1 
0.1-0.22 1.6-3.0 

: •. :o.33 · o.5 3;7 5.5 
,. 0.3-0.43 

· o;o3 
' 0.02-0.04 

·o.013 
0.01-0.03 

2~8-4.1'' 

0.05 0.38 0.6 
0.25-0.41 

0.03 0.09 0.17 
o.o5-0.12_ 

(0.06) •• 0;16 0.3 
0.1-0.2 · 

J110TeUHA : (o.006) .(0.035) •.;_ 0;03 . 0.04 
0;02-0.035 

0.46 1.25 
0.26-0.6 

.. ·1.41 2.7 
0.9-1.9 

2.5 4. 7 
1.4-3.4 

0.27 . 0;6 
0.1-0.42 

0.09 0.16 
0.06-0.12 . 

0.14 0.23 
0.1-0.2 

o.o2 o;o4 
o,.o1-o.o3,. 

0.02 
0.01-0.04 

0.53 
0.4-0.7 

1.0 
o. 7-1.2 

0.03 
_0.01-0.07 

0.01 
0.01-0.03 

(0.02) 

!!)-

o:o5 

1.0 

0.08 

0.03 

(0.07) 

. .. 
0.004 : 0.009 
0.002::0.006 

'0.03 0.05 
;.a. 02~0. 04 

0,05 0.10 
' 0.04-0.07 

(0.004) (0.01) 

(0.0~3) (0.006) 

CO)lepJKaHile. HHJKe npe)lc~a ofiHaPYlKCHilll aHaJJilTH'!eCKOro MeTo)la. 

e)lllHII'!Uble.)laHHble. 

.. 
. . 

0.005 0.04 
o;oo4-o.oo7 ·. 

.:'o:14 0.2 
0.08;-0.18 

0.27_::· 0.45 
. 0.18-~.43 •. " 

0.02 -~~ .. 0.04 
o.o1-o;o3 · :· ... · 

0..01 0,03 ., 
·o.o1-o:o3. · 

(0.03) . (0.05) 

( ' 

(0.005) (0.009) 
. l!l!) 



HaH60Jiee BUCOKHe KOHI.teHTpai.tHH pe,nKHX _ ·3eMeJih XapaKTepHU 
·'-. •i' .• , 

.nJIH MXa, KoTopuH HBJIHeTcH HH.nHKaTopoM n~6ord MHKpo3JieMeHTHoro 
'. - : ·~ ' •• ·.-' :... 1 ,.._ ' t ' 

3arpH3HeHHH. _ _,_ : . . : ·,; j;_ , -
- :. • ' .. ~- '""'• .,;, f 

IlpH O'leBH,nHOM pa3H006pa3HH ~. qJOHOBUX (!O,neplKaHHH P33 B 
- ~ '· "\. - ~ 

paCTHTeJihHOCTH CJie,nyeT OTM8T~Th, 'ITO DpH cpaBHeHHH 

aHaJIOrH'IHUX 'laCTeH pacTeHHH 3Ta pa3HHI.ta cymecTBeHHo 

HHBeJlHpyeTCH. TaK 0 CO,neplKaHHe P33 H B KJiy6HHX KapToqJeJIH, H 

CBeKJie pa3JIH'IaeTCH B 3-5. pa3 0 Il0,IJ;OdH8R KapTHHa Ha6JI~,naeTCH H 
.J . . ' 

,nJIH OCTaJihHUX BH,nOB pacTeHHJi, r,ne, HaDpHMep,. pa~HHI.ta MelK,ny 

JIHCThHMH 6epe3U H XBO~H COCHU npaKTH'I.eeKH, o·fcyTCTByeT. 

oOJiee HarJIH,nHo 3TO DOKa3aHO Ha pHCYHKe 5, r.ne 

cpaBHHBaeTCH co,neplKaHHe pa3JIH'IHUX XHMH'IeCKHX 3JieMeHTOB B 

DO'IBe H HeKOTOpUX BV.,nax paCTHTeJibHOCTH, BUpameHHUX Ha 3THX 

" 
Cpocm. ppm '<)<::-'' 

10 4 

103 

102 

': 1 ~ 
10-1' 

DO'IBaX. 

-~ 
-~ N~.L.O 

z.n /~ 
cr/:~a:· 
'·oRb 

Br'll\;. '1.. 

La~;r~fe 
Sm · &-:* 

s~:·:;--;"~~-,_""co ·Co 
Y--...... Sc 

Eu:o O-~s(;-----sb 

o•Fe· 
-No 
fe 

10-
1 

1 10
1 

.. · 102 10: 104 CnoLJEl· ppm 

PHC.5. Pacnpe,neJieHHe XHMH

'IeCKHX 3JieMeHTOB B DO'IBe H 

paCTHTeJihHOCTH: 

o - JIHCT pe.nnca; 

o - caJiaT; 

* - JIHCT 6epe3U. 

fpaqJHK DOCTpOeH DO cpe,nHHM 3Ha'leHHHM CO,neplKaHHH 

XHMH'IeCKHX 3'iJeMeHTOB B DO'IBaX H pacTeHHHX. liiTpHXDYHKTHpHaH 
- JIHHHH 

Ha 3TOM pncyHKe · HBJIHeTcH rp~HHI.teH, Ha KoTopoft 

K03¢1tJHI.tHeHT 6HOJIOrH'IeCKOro norJIOIIleHHH K6Il=1 (KITE = 

CpacT/C00 '1B.' r.ne ·., cpacT.~ _ co.neplKaHHe .naHHoro 3JieMeHTa B 

pacTeHHH, C - co,neplKaHHe · ,naHHOro _3JieMeHTa :B DO'IBe). Burne 
DO'IB. . _ . . ·. : . , 

3TOH JIHHHH Haxo,nHTCH TaK Ha3UBaeMue· "3JieMeHTU lKH3HH" - ,. KaJIHH, 
. . .. " 1 

KaJihltHH, HaTpHH, IlHHK_, a TaKlKe 6pOM, 6~0.JIO~H'IeCKOe 3Ha'leHHe 
- . ~~ . 

KOToporo B HacToHmee BpeMH eme OKOH'IaTeJibHO He' onpe.neneHo. Ha 
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3TOM :pncyHKe co·' sceH otieBH,nHoCTh~ 'noka3alio, 'ITO·, co.zieplKami·~ 

MHKpo3JieMeHTO.B ·,B pa3mt:'IHUX B'H,nax pa'C'fHTenhHOCTH; HO B o,nHHX H 

TeX 'lKe 'laCTHX . : pacTeHHH · (JIHCThHX)~ ,nocTaTO'IHO 6JIH3KH, 

Ha'laJihiiUe ·3neMeHTU pe,nK03eMeJihHOH rpynnu - na.HTaH H uepHH -· 

3aHHMa~T MeCTO. MelK,ny K06aJihTOM H XpOMCHI:, 6HOJIOrHtiecKoe 

3Ha'leliHe KoTopux • .· ite · BH3UaaeT:' ·caMHeHHH;. OcTan&Hue , P39 · ··n 

CKaiiitHH; pacnoJIOlKEmu: B.· o6JiacTJ{' HH3KHx·· co.neplKaHHH: . ; ; :·J: 
- kriiteliHo, :rici.no6Iioe H3o6palKeHiie' pacnpeiteneHHsl :xiiMH'Ie·cKHX' 

3JieMeJ.ITOB \ B DO'IBe H pacTeHifHX' HOCHT ·. npeHMymecTBeHHO .. 
CTaTHCTH'IeCKHH xapaKTep H MOlKeT 6UTh H306palKeHO rpaqJHKOM 

3·aBHCHMOCTH co,neplKaHHH ,naHHOrO 3JI8MeHTa · B : pacTeHHH OT 

co.tieplKaHHH. ero B no'IBe. rro.no6Hue _rpa¢HKH noKa3aHu Ha 

pHcyHKax:'6 H 7,' r.ne 'cpaBHHBaeTcH HaKonneHHe .JIHCThHMH KYKYPY3U 

H 6epe3U TaKHX 6HOJIOrH'I8CKH aKTHBHUX 3JI8MeHTOB~-KaK KaJihltHH H 

lKeJie30, C HaKODJieHHeM JiaHTaHa:H LtepHH. 

JlJIH JIHCTheB · KYKYPY3U (pHc. · 6) .nnana3oli' ·'co.neplKaHHff B 

DO'IBS HeBeJIHK H COCTaBJIHeT 2-3-KpaTHOe npeBUilieHHe ¢0HOBUX 

co.neplKaHHH. '3TO 

Cpa em., 
2L% 

.1 

Cpacm .• 
ppm 

DOBUilieHHe -~OHI.teHT_pai.tHH · B DO,'IBS BU3UBaeT 
,-• ' 

Ce 

PHC~6~CpaBHHT8JlbHO~ Ha

-. KODJieHHe P33 ~:,6HOqJHJibHUX 

3JieMeHTOB JIHCTbHMH KYKY-. 

ppu. 

75 Cnollo., ppm 

200 

Cpacm_, 
ppm 

Fe 

. -~ '. 

~ ; i ; 

J';.,. 

~-....1.---,--_L--'--__l_~- ; : L •' 

1.5 c . 0 1 2 c ' l) ' 0 0.5 . no_l.lD. . . . · noll . 
% % 

:17 



np_onopQHOHaJibHoel npHMepHo B .. l I 5. pa3al yBeJIHlieHHe .CO.LtepJKaHHH 

H~TepecyiOmHx ~ac:::·3~~~eHTOB. B ~H~Tbst~: ,:~y~y~y~u. "H~KOT~~oe 
HCKJIIOlieHHe. cocTaBJisteT ~paqJHK. nornomeHHSI JKeJie3al Ha KoTopoM 

• - ' ' 1 " ' ' : '. -' ~ ~ < • ~ _, • - • ' • ' 

npH .. 60JibiiiHX CO,LtepJKaHHS!X Br ll0li!3e.!JaMeliaiOTCSI TeH,lleHI{HSI- K 

CHHJKeHHIO _6HonorJIOuteHHSI.: JlJI-!_l JIHCTbeB 6ep~3U .ltHana30H 

CO,llepJKaHHH ,llaHHUJ{ 3Jie!.{eHTOB · 3Hat{HTeJibHO IIIHpe ;; , 3Ta, TeH,Lte_Hl{HSI 

npostBJisteT ce6.H 6onee .HBHo,,(pH(:. 7). HaKonneaHe JKe .. -!I~a:ra?.a .• ,H 

QepHst, .~POCHcxo_~HT 6e3_ 3aMeTHoro CHHJKeHHSI era . YP~IJHSI .ltO 

10~KpaTHOro npeBUIIIeHHSI !pOHOBUX CO,lleplKaHHH B,llOliBe. . ; . ·.... . .. _,.. . . . 

0.5 

0 

Ce 

200 400 Cno41'>, ppm 

:j,~cm: ~; , , . 
; ··.? 800 

#' 400 

.· 2.5 

x,· 

:5.0 .• ;·; 0 
Csoil, 

•;. 

Cpac~ 
ppm 

Fe 

'~·' ... :.> .. ·• :.:: .. . .. . ~.. ··. 

.: 2.5 ; ;:50 --.1__... . 7.5 
Cno41'> 

Ofo . 

"! :. 

PHc.,7; CpaBHHTe;1lbHOe Ha; 

.· KOnJieHHe P·33 1i 6H,O!pHJibH!l_X 

3Jie~~HTOB JIHCTbSIMii 6e~e3U. 

:,} 

,J/ 

Pacnpe,LteJieHHe P33 B HeKOTOpUX BH,llaX ·paCTHTeJibHOCTH 

llOKa3aHo·aa pHCJHKe B. rpaqJHK~_pacnpe,LteJieHHSI P331 ncicTpOeHHUe 

no 3HalieHHSIM XOH,llpHTOBoro OTHOIIIeHHSI KH 1 llOKa3UBaiOT COXpaHeHHe 

B paCTHTeJibHOCTH TeX ClleQH!plilieCKHX 3aKOHOB llOBe,LteHHSI
1 

KOTppue 

npHCYIJtli 3TOH. rpynne 3JieMeHTOB B reOXHMHlieCKHX cpe,LtaX. 3+o 1i 

coxpaHeHHe onpe.LteneHaux oTHoweHHH r.ie~.ltY'·P-!!e,MeHTal.m . pst.Lta, ·H 
.. ~··.... ., 

llOCTeneHHoe llOHHJKeHHe CO,llepJKaHHH npH. npH6miJK~HHH K "TSilKeJlUM" 
' ~ - . ' 

3JieMeHTaM pst,Lta. Boo6~e JKe p~cnp~.lteJieHHe P33 B pacTHTeJibHOCTH 

XapaKTepH3yeTCSI cymecTBeH~UM pa3JIHliHeM B CO,llepJKaHHSIX "Jier~HX~ 
.: ~. ' ' . . :_; 

3JieMeHTOB pst.Lta (JiaHT~-H~ QepHH 1 caMapHH) H c6JIHJKeHHeM. 3THX 

CO,llepJKaHHH B "TstlKeJIOH" liaCTH PH.lta. 

18 

fKH 
200 

A 

'•, 

5 

·.• 

-·1.1 I ~~ . ' 
LaCe Sm Tb Yb La Co Sm Tb 

Eu Lu. ;,, :, Eu 

BHHMaTeJibHUH aHaJIH3 

Yti Lu 

l 

PHc.~·-P?cnpe,lleJieHHe.P33 

ce'JibCKOX03SIHCTBeHHOH pac 

, THTeJibHOCTH: . 

Ar- ~OHO~UH·yliaC!OK; 
B.- aHoMaJibHUH y-liacToK; 

J ,·. . ~ - . • 

L- JIHCT KyKypy3U; 

2 - yKpon; • , 
l • ' 

3 - canaT; 

4- JIHCT•pe,llHCa. 

: 
. pacnpe,LtenenHst P33 .. B pacTeHH.s:J 

llOKa3UBaeT, liTO K 6HOllO_I:JIOuteH~IO' pe,LtK03eMeJibHUX 3JieMeHTO 

CJie,LtyeT OTHOCHTbCSI KaK ·.K r'pynnOBOMy npo~eccy. 

MaTeMaTHlieCKHM. ·KpHTepHeM B3aHMOCBSI31i XHMiili8CKH 

3JieMeHTOB B .JII06UX reo- HJIH 6HOXHMiili~CKHX npoueccax MOlKe 

cnyJKHTb K03¢qJHQHeHT KoppenRUHH • . r 3HalieHHR 3Toro K03qJ¢HltHeHT 
(" . • .. 1(. ~ ,..._ "< • • 

.ltJI~ HeKOTOpUX nap P33 H CKaH,llliR llpHBe,LteHU B; Ta6JIHUe 6. AHaJIH 

3THX ,llaHHUX llOKa3UBaeT, liTO B3aHMOCBR3b BCeX npe,llCTaBJieHHU 
! - . . 

P33 B 6HoreoxHMHlieCKHX npoueccax BeCbMa · BeJIHKa ( r = 6
1 

5 
~ .. ' ' ' ,y ~ ·.• ., . 

9 I 9) •. B3aHMOCBR3h ;cKaH.ltHR <, 6onee, BupaJKeHa c HTTep6HeM ( r 

0 I 25 ± · 0 I 96) , liTO cor nacyeTcR · c npe.o;cTaBJieHHeM o 6JIH30CT 

.qJH3HKO-XHMHlieCKHX CBOHCTB CKaH,llliR H "TRiKeRUX" P33. 

..... i 

\ 
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BbiBOJU,l 

1:- 0CHOBHUM HCTO~~iKOM llOCTynneHHH _ peaK038M8RbHUX 

3ReMeHTOB B OKpy~aDmyD cpeay H~RHDTCi npeanpHHTHH no ao6uq~ H 

nepepa6oTKe !poc!pa THoro cupbH. llpH B03~e~CTBHH ~u6poCOB 3THX 
- -~ ' -

npeanpHHTHH llpOHCXOaHT H3M8H8HHe COOTHOW8HHH Me~y OTaenbHUMH 

3ReMeHTaMH peaK038MenbH,OH rpynn~ B .• aTMOC!pepe, ~HerOBOMJ H 

noqaeHHOM llOKpOBe. AHanorHqHoe H3MeHeHHe Ha6nD,naeTCH _ H npH 

arpOXHMHqecKOH o6pa60TK8 cenbCKOX03HHCTBeHHUX 3~Menb 

( BHeceHHe. lflOClflOpHUX yao6peHHH; XHMHqecKaH M8RHOpaUHH, llORHB · 

3arpH3H8HHUMH BoaaMH). H BUpa~aeTCH 3HaqeHHHMH cyM~apHoro 

no~a3aTenH 3arpH3HeHHH z . 2 20~ 
' ' - c 
2. np'H nocTynneHJ.:m''pe.ilK03eMenhHUX 3R8M8HTOB B OKpy~aDmyD 

cpeay npOHCXOaHT 3arpH3HeHHe ~e OTj~~hHUX KOMllOH8HTOB; B 

noqaeHHOM noKpoae 3arpH3HeHHe pacnpocTpaHHeTCH ao ~ny6HHU 

1 M. 

Oco6eHHOCTH pacnpeaeneHHH P39 B noqBeHHUX ropH30HTaX 

o6ycnosneHu HHTeHcHBHClcnD 3arpH3.Hem.fH, lflH3HKo.:..xHMH<iecK.~MH H 

csoRcT~aMH 3arpH3H!!Dmero KOMllOH8HTa H MHHepanorHqecKRMH 

cneuH!plfqecK~MH lflH3~io.:_X~MHqecKHMH ycnoBHHMH noqaeHHux 

ropli30HTOB. 

3. IIIHpOKHH aHana30H lflOHOBUX H aHOManhHUX KOHil8HTpaUHH 

peaKo3eMenhHux gneMeHTOB ·a •: 'Ka~aoM H3 HccneaoaaHHUX BHaoa 

pacTHTenhHOCTH caltaeTenhcTayeT ·o6 yqac~~H· liX B 6Iionorli<leci<oM 

IlHKne pacTeHHH. 

4: llOCTOHHHOe npHCYTCTBHe CeMH 3R8M8HTOB peaK03eMen~HOH 

rpynnu BO BC8X BHaax H3yqeHHOH paCTHTenhHOCTH H BUCOKHe 

3HaqeHHH K03lfllflHilH8HTOB KOppeRHilHH ll03BORHDT 

pacnpeaeneHHe P33 B pacTHTenhHOCTli npoHcxoaHT 

Cllel.lH!pHqecKHX 3_aKOHOB, npHCY~HX 3TOH rpynne 

RHTOC!pepe .. 

-.;· 

~~ ,., 
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rop5yHOB.A.B. ~ AP
Ba3AeAcTB~e npo~~BOACTBa ~oo 
YA05peH~A Ha OKpy~a~y~ cpeA 

PaCCMOTpeH~ OCHOBH~e ~C!O 
pyH<a~ley~ cpeAy. noKa3aHbl ypo 
TaX OKpy~a~~eA cpeA~: B03AYW 
T~nax no~s, A~KopacTy~eA ~ c 
TenbHOCT~. npoBeAeHO cpaBHeH 
BOM ~ aHOManbHOM naYBeHHOM p 
pacnpeAeneH~~ P33 B pacT~Ten 

Pa5oTa B~nonHeHa B na5opa 
~ ~HCT~TyTe reonor~~ AH CCCP 

llpenpHHT 06'heAHHeHHOrO HHCTHTyTa 

nepeBOA aBTOpOB 
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