KA3AHCKUM ®EJEPAJBHBINA YHUBEPCUTET
HHCTUTYT DKOJIOTUHU U TPUPOJIOIOJIB30BAHUSA

Kagpeopa noueosedenusn

E.B. CMUPHOBA, A.A. BAJIEEBA, K.I'. THHUATYJIJIMH

MOHUTOPHUHI 110YB

Y4eOHO-MEeTOAHYECKOE IMOCco0ue

Kaszaunp — 2018

1



VJIK 631.4

IIpunamo na 3aceoanuu
Yuebno-memoouueckoti komuccuu
Hncmumyma skonocuu u npupooononvzosanus KOY
IIpomoxon Ne3 om 27 anpena 2018 e.

3aceoanus kaghedpvi nousosedeHus
IIpomoxkon Ne9 om 24 anpena 2018

PeneH3eHThI:
JIOKTOP OMOJIOTUYECKUX HaYK,
npodeccop kadeapsr npukiagHoit akogorun KOY C.1O. CenuBaHoBckasi
KaHaAuAaT OMOJIOTUYECKUX HaYK,
3aMm. qupekropa o Hayke UI1OuH AH PT J.B. UBanoB

CvupnoBa E.B., BaseeBa A.A., 'unusatysiun K.I'.
MoHuTOpHHT mOYB: y4yeOHO-MeToqauueckoe mnocooue / E.B. CmuphoBa, A.A.
Baneera, K.I'. 'uaustymun. — Kazans: Kazan.yn-t, 2018. — 67c.

YyeOHo-meTomuueckoe rmocobue «MOHUTOPUHT TIOUB» pa3paboTaHo IS
NPOBEJICHUS MPAKTUYECKUX 3aHATUN CO CTyAeHTaMH-0akajaBpamu, 00yJaroluMucs
no cneruanbHocTH 06.03.02- «ITouBOBeAEHMEY, M pacCMATPUBAET IPUEMbI M1 METOIbI
00paboTKH aHANMUTUYECKOW HH(OpPMAIUHU, MOTYYEHHOM B XOJ€ MOHUTOPHUHTOBBIX
WCCJICIOBAaHMUN TOYBEHHOTO TOKpoBa. (OCBEIIEHBI METOJBI pacueTa M CIOCOObBI
WCIIOJIb30BAaHUSI KOJIMUECTBEHHBIX IIOKa3aTelNed [UIsi OIEHKH paclpeneieHus
XUMHYECKUX DJEMEHTOB B IMOYBEHHO-PACTUTEIBHBIX W MOYBEHHO-TEOJIOTHYECKUX
KoMIUiekcax. JlaHbl MpuUMEphl TEOXHMMHYECKOTO KapTUPOBAHUS M TpapUUYECcKOTO
MPEICTABIICHUS aHATUTUIECKUX TAHHBIX TOYBEHHOTO MOHUTOPHUHTA.

[IpennasHaueHo JUIsi CTYACHTOB IIOYBOBEJOB, arpOXMMHKOB, DKOJIOTOB,
T€09KOJIOTOB W CIICIIMAIMCTOB IO OXpaHE OKPYXKAIIMIEH Cpelbl M PANHOHAIBHOMY
MIPUPOIOTIOTH30BAHUIO.

© CmupnoBa E.B., BaieeBa A.A.,
Tuausatynaun K.I'. 2018
© Kazanckuii ynuBepcuret, 2018

2



Conep:xxkanue

Beenenue

PacnpocTpaHeHue XMMHYECKHX IJIEMEHTOB

Buapl Murpanun XuMu4eCKUX 3JIEMEHTOB

[Ipaktuueckas pab6ora 1. XuUMHUYECKMI  COCTaB  OCAJOYHBIX U
MMOYBOOOPA3YIOIINX MTOPOJ

[IpakTtuueckas padora 2. CocTaBiieHHE BBHIOOPOK T€OXUMUYECKUX JTaHHBIX
10 JIUTOJIOTUYECKUM THUIIAM MTOPOJ

BuoreoxumMmuveckune MUKJIbI 3J1IEMEHTOB

[Ipaktuueckas pabora 3. buonoruueckoe MOTJOIMIEHHE XUMHYECKUX
AJIEMEHTOB

ITouBeHHO-TEOXMMHUYECKHE CUCTEMbI

['eoxummyeckue Gapbepsl

PaananpHas reoxumuyeckas CTpyKTypa

[Ipaktuueckas pabota 4. PaauanbHbie reoxumMuueckue 6apbepsbl
KomnuiexcHbIit MOHUTOPHUHT 3eMeJb CEJIbCKOX03MCTBEHHOI 0
HAa3HAYeHUS

OO6mue cBeaeHUs O TMOYBaX OOCIEIYEeMOr0 3E€MENbHOTO ydacTKa MpH
[IPOBEICHUU  KOMIUIEKCHOTO  MOHUTOpPHUHIA  IUIOAOPOJAMS  3€MENb
CEJIbCKOXO35MCTBEHHOIO HAa3HAYECHUS

Arpoxumudeckoe 00cClieJoBaHUE IO0YB 3€MeNb CEbCKOXO03IiCTBEHHOIO
Ha3HAYCHMUS

Arpodusudeckoe o00cCieIoBaHHE TIOYB 3€MeJb CEIbCKOXO03UCTBEHHOTO
Ha3HAYCHMUS

DKOJIOT0-TOKCUKOJIOTHYECKOE 00CIIeI0BaHUE ITOYB U IIOCEBOB

[IpoBenenne paguoIOruyecKoro 00CieI0BaHus MTOYB U MIOCEBOB
Jlutepatypa

IIpunoxkeHue x nmpakTudeckoi padore 1

IIpunoxkeHue K mpakTHIecKoi padore 3

IIpuiio:keHue K MpaKTUIECKOM pabote 4

O NOoO b

16
17

20
20
26
27
30

37

40

41

43
45
46
48
55
62



BBenenune

OCHOBHOW 1ENBI0 MPAKTUYECKUX 3aHATHH MO Kypcy <«MOHMTOPHUHI NOYB»
ABJIIETCSl YIUIyOJieHHas Npopa0OTKa OTAEIbHBIX pa3leloB Kypca, 3HAKOMCTBO U
OCBOEHUE MOHATUINHOIO anmnapara JaHHOW JUCUUIUIMHBI, OBIaJACHUE MPAKTUYECKUMU
npuemMamMu  oOpabOTKM  AHAJUTUYECKUX  JAHHBIX, IIOJYYEHHBIX B  XOJ€
MOHHUTOPUHIOBBIX MCCJIEJIOBAHUNA MOYB U HUX TIpauueckoro m KapTorpapuyeckoro

U300pa’KeHUs.

B yuyeGHOM mocoOum paccMaTpUBAETCS PaCIPOCTPAHEHHOCTh XUMUYECKUX
AJIEMEHTOB B IIOYBaX, TOPHBIX TNOPOJAaX, NPUBOAUTCS moHsATHE O Kriapkax
XUMUYECKUX DJIEMEHTOB W HEOOXOIUMBIM CHPABOYHBIA MaTepHasl JJisg PEeIICHHUs
MPaKTUYECKUX 3ajad, rpaduueckue crocoObl M300paKeHUsl JaHHBIX MOHUTOPHUHTA.
M3naraerca KOHLENIMS MUTpPAallUM  BEIIECTB KaK OCHOBA  COMNPSIKEHHOTO
r€OXMMHYECKOTO MeToja wucciedoBanus JaHamadroB. KpaTko  wu3m0xeHbI
HEKOTOphIE TEOPETUYECKHE BOIPOCHl OMOT€HHOW MHIpalliy 3JIEMEHTOB, HA0TCs
OCHOBHBIE TIOKa3aTenu W KOd((PUIIMEHTHI, MPaKTUYECKUEe 3a/1aud MO0 MX pacuery u
UHTEepnpeTauuu. PaccMaTpuBarOTCSd BOMNPOCH], IOCBSIIEHHBIE TIE€OXMMUYECKON
CTPYKTYpE MOYBEHHOTO MOKPOBA, BXOJAIIETO B COCTaB JaHAadTHOW 000I0YKU
3emun. IlpeacTtaBiaeHbl NOPOCTEMIINE MPUEMBI TI'E€OXMMHYECKOIO aHalW3a W
K03 (OUIIMEHTHI, UCIIOJIb3yEeMbIE MPU XaPaKTEPUCTUKE PaJMAIbHON W JaTepalbHOUN
CTPYKTYpbl TOYBEHHOTO0 Tpoduis U TOYBEHHOTO TMOKpoBa. PaccmarpuBaetcs
TEXHOTE€HHAs MUTPAIUA SJIEMEHTOB B MPUPOJHBIX M aHTPOIOTCHHBIX JIaHAadTaX,
MIPUBOJIMTCS PacyeT T€OXUMUUYECKUX MOKA3ATENIEN 3arpsA3HEHNS TIOYBEHHOM Cpenbl, a
Takke o0mIas cxema JaHAma(THO-TEOXUMHUUYECKOTO aHaln3a MPUMEHUTEIBHO K
PELICHUIO 3a/1a4 IOYBEHHOI'O MOHUTOPHUHTA.

Kparko wu3noxkeHol oOlIMe CBEICHHUS O KOMIUIEKCHOM MOHHUTOPHUHIE 3€MEJb
CEIIbCKOXO3SMCTBEHHOIO Ha3HaueHus. [IpenacraBieHbl mnepeyHHM  mOKas3aTesei
MECTOTIONIOKEHHS 00CTIeyeMOro 3eMeIbHOTO y4acTKa, JJaHAMa(THO -IKOJIOTHIECKOM
U DKOJIOTO-TEHETHUYECKON XapaKTepUCTHUKUA TIOYB, XUMHUUYECKUX U  (PU3UKO-
XUMUYECKUX CBOWCTB TIOYB IMPU arpOXMMHUYECKOM OOCJIEeIOBaHUMU, MOKa3aTeln

bu3MYecKkuXx W BOAHO-(PU3UYECKUX CBOMCTB TMOYB MOpHU  arpoPu3HUUECKOM
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00CNeJ0OBaHUH 3€MEJIb CEIbCKOX03iCTBEHHOr0 Ha3HauYeHUs. PaccMOTpeHb!l nepeyHu
MOKa3aTeJed  XMMHUYECKOrO0  3arpsi3HEHWST TIOYB M METOAbl  OMNpEIEIICHUS
3arpsA3HUTENEH.

PaGota cTyaeHTOB Ha NPAKTUYECKUX 3aHIATHUSX COCTOUT U3 CIEAYIOIIUX
OIeparuu:

-ONPENICIICHUE CTATUCTUYECKUX MMAPAMETPOB PACHPEACICHUSI XUMHUYECKUX
3JIEMEHTOB B U3y4a€MOI T€OXUMUYECKON CUCTEME;

-pacueTa COOTBETCTBYIOIIUX aHATUTHYECKHUX MTOKa3arenel u K03 PpUIueHToB;

-IIOCTPOCHUE TPAPUKOB U THATPAMM;

-0ToOpakeHre HHGOPMAIIUK MPU MTOMOITU KapTorpaduuecKux MaTepHuaioB.

K kadecTBe MCXOJHBIX JAHHBIX JIUTEPATYPHbIC MCTOUYHHKH U AHATUTUYECKUE
JaHHbIE COTPYIHHUKOB Kadeapsl mnouBoBeaeHus K(II)DY, nomydeHHble uMH B
pe3yibpTaTe MOYBEHHBIX HccieaoBanuil Pecyonuku TatapcTaH, KOHIUIIMOHHBIC IS
y4eOHOro mporiecca.

OCHOBHBIM TNPUHIIMIIOM TPOBEACHUS 3aHATHI SBISIETCS WHIWBUIYAIbHBIN
XapakTep MX BbINOJMHEHMs. KaXIplii CTyJEHT MoJy4aeT 3ajjaHue B BHUje Habopa
AHAJIMTUYECKUX JTAHHBIX, IPOU3BOJAUT COOTBETCTBYIOLINE BEIYMCIICHUS, 3AKOHUCHHBIE
paboTel cpatoTcsi Ha mTpoBepKy. Kaxkmas mnpaktuueckas paboTa 3aBepiiaercs
CaMOCTOSITEJIbHBIM AaHAJM30M IIOJIYYEHHBIX pE3yJbTaTOB, B BHUIEC 3aKJIIOYCHUS.
JlanHast dYactb pabOThl SBIAETCA OJHOM M3 OCHOBHBIX B CHCTEME IO3HAHUS
TCOXMMHUYECKUX 3aKOHOMEPHOCTEH TpaHC(hOpMalnu, MepeMEeNIeHus W HaKOTUICHUS

XUMHUYCCKHUX 3JICMCHTOB B II0YBAX PA3JIMYHBIX J'IaHI[IlIa(i)TOB.



PacnpocTpaHenne XuMHYeCKHX 3JIEMEHTOB

BaxxHpIM 1711 MOHUMaHUSI XUMUYECKUX MPOLECCOB MPOUCXOSIIUX B MOYBAX,
SIBJISIETCSL aHAJIM3 PACTIPOCTPAHEHUSI XUMUUYECKUX JIEMEHTOB B Pa3IMYHbIX chepax u
000s104Kax 3eMJIM U UX KOMIIOHEHTaX.

B yectp @.Y Knapka, NOCBATUBIIETO BCIO CBOIO KU3HBb HCCIIEIOBAHUIO COCTaBA
3eMHOM Kopbl, akaaemMuk A.E. ®depcmaH Npeanoxkuia CpeaHee CoAepKaHue
XUMHUYECKOT0 JIEMEHTAa B 3¢eMHOW KOpE WJIM KaKOW-TM00 4acTH Ha3bIBaTh TEPMHUHOM
Knapk. Jlns noHUMaHUsA 3aKOHOMEPHOCTEW pPaCHpOCTPAHEHHOCTH XUMHYECKHX
AJIEMEHTOB 3HAYEHUE UMEIOT OCHOBHBIE T€OXUMHYECKNE 3aKOHBI.

3akon ToabammMuaTa — abCOJIIOTHOE KOJMYECTBO 3JIEMEHTOB, T.e. Kiapkw,
3aBUCST TJaBHBIM 00pa3oM OT CTPOEHUS AaTOMHOIO SApa; pacHpoCTpaHEHHS
AJIEMEHTOB, CBSI3aHHOE C MX MUIPAIUEN, OMNPENeNsIeTCS CTPOCHUEM HAapPYKHbBIX
AJIEKTPOHHBIX 000JIOYEK U B MEHBIIIEH CTEICHU SI/IEPHBIMU CBOMCTBAMU.

3akon Kiapka-BepHaackoro — yka3piBaeT Ha BCEOOIIHOCTh paccesHUs
XUMHYECKUX AJIEMEHTOB B Mpupoje. Ero BaxxHoe ciencteue - oOHapykeHHe JH00ro
ux 88 U3BECTHBIX B IMPUPOJE XHUMHUYECKHX DJEMEHTOB IIPAKTUYECKHM BO BCEX
aJieMeHTax 3eMild, T.€. HAJIMYUE WM OTCYTCTBHE dJEMEHTa B M3y4aeMOM OOBEKTE
WIA CHCTEME 3aBUCUT HE OT MX COOCTBEHHBIX CBOWMCTB, a OT YYBCTBHTEIBbHOCTH
UCIIOJIB3YEMBIX aHATUTUYECKUX METOJIOB.

Paznuuator rnoGanbHBIE, pETHOHANbHBIE W JIOKaidbHBbIE (MecTHbIC) Krmapku
JJIEMEHTOB.

Onementsl ¢ Hu3kumu Knapkamu (menee 0,01 — 0,001%) nHa3biBatoTCs
peakuMu. Hekoropeie M3 HUX KOHUEHTPUPYIOTCS B 3eMHOM Kope. Hampumep, Ha
yYacTKax MEJIHBIX, IMHKOBBIX U CBUHIIOBBIX MecTopoxaeHui Zn, Cu, Pb MoryT ObITH
TJIaBHBIMU dJIEMEHTaMU JIaH{madra.

DneMeHTbl, KOTOpbIe 00J1a1at0T U HU3KUMH Knapkamu v Majioi criocOOHOCTBIO
K KOHIIEHTpAIMHU, PACCESHbI B 3€MHOW KOpPE U BO BCEX MOPOJaxX, MOYBAX, MUHEpaIax
M BCTPEYAIOTCSI TaM B HHUYTOXHBIX KOJMYECTBAX, HA3bIBAIOTCS PeIKHMH
paccessHHbIMH. X posib B nanmmadTe Bcerja BTOPOCTENEHHa (paauid, CKaHAWM,

KaJMUM, MHIWN, TaJTAA U JIp. )



PacnpocTpaneHHBIE XHUMHYECKHE DJEMEHTHI, OIPEACTIIONINe XapaKTepHBIC
OCOOCHHOCTH JaHHOTO JaHAmadTa, Ha3bBalOTCAd TUHHOMOPHbIMH. K HuMm
otHocsitest Ca, H (Bepuee Bomopoasslii uoH), Fe, S, Cl u npyrue. 310 mo3Bossier
TOBOPUTH O KaJbIIMEBBIX, KUCIBIX U MPOYMX JaHAmAadTax (Hampumep, KajablueBas u
KHUCJIas Taura).

CymiecTByIOT BHYTPEHHHE M BHEIIHHME (aKTOpbl MUTpanuu. BHyTpeHHHE —
XUMHAYECKUE CBOMCTBA AJIEMEHTA, €r0 CIIOCOOHOCTh /1aBaTh COCAMHEHUS Pa3THIHON
pPacTBOPUMOCTH, JIETYYECTH, TBEPAOCTH, CIIOCOOHOCTH MOTJIOMIATHCS OpPTaHW3MAaMH.
Buemane — 310 Ta 00CTaHOBKA, B KOTOPOH MHUTPHUPYIOT aTOMBI, TeMIEpaTypa,
JaBJICHUE, IIEJIOYHO-KUCIOTHRIe (pH) © OKMCIMTENBHO- BOCCTAHOBHUTEIHHBIC

YCIIOBHA BO.
BI/IJII)I MHUI'pallMd XUMHUIECCKHUX IJIEMCHTOB

1.Mexanuveckasi MUTpamusi, TIOAYMHICTCS 3aKOHaM MEXaHUKH (3TO —
oOpa3oBaHuE POCCHINEH, BETpOBasi U BOJIHAS PO3Hs). 3aBUCUT OT BEJIMYMHBI YACTHUI]
MUHEPAJIOB U MOPOJI, UX TUNIOTHOCTH, CKOPOCTH JABUKEHUS BOJ, BeTpa. XUMHUYECKUE
CBOICTBa 3JIEMEHTOB HE HMEIOT 3HAUYE€HUS, M TaKU€ pa3jINYHbIe DJIEMEHTHI, Kak
KaJIuW, KPEMHUM W AIIOMUHHM, BXOJd B COCTaB NEPEHOCHMOM BETPOM IECUMHKH
optokiasa (K2Al;SisO16), MUTPHPYIOT C OAMHAKOBOH CKOPOCTHIO.

2.DU3UKO-XUMHYECKASI MUTPALUSA, OTIPEEIsIETCS 3aKOHaMU (DU3UKU U XUMUU
— muddy3ueit, pacTBOPEHHEM, OCKJICHHEM, copOInen, necopobuueit u 1.1, Jlydmre
BCEr0 M3y4Y€HAa MUTPAIMS BEIIECTB B BOJHBIX PACTBOpax B BUAEC HOHOB (UOHHAA
muepayus),  3aBUCUT  OT  pacTBOPUMOCTH  coledd, pH, oxucauTenbpHO-
BOCCTaHOBHUTEIIBHOT'O MOTEHIHAA.

K »TOoMy e BHIY OTHOCITCS — KOLIOUOHAS Mucpayusi U Muepayus 2a3os.
HaubGonee crnoxHas oOuocennas muepayusi, CBSi3aHA C JESITEIBHOCTHIO IKUBBIX
OpraHu3MOB.

Camast clIOXKHasT — mexHO2eHHas Muepayus, CBsS3aHa C XO3SUCTBEHHOM
TeSITETHPHOCTHIO YEJIOBEKA.

B 3aBucumocTH OT BHAAa MUTPAUUA BBIICTSIOTCS TPH OCHOBHBIX psdd

9JICMCHTAPHBIX U TCOXUMHUYCCKUX J'IaHI[HIa(bTOBI
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1. Abuocennvie nanowagpmer — XapaKTepHbI TOJIBKO MEXaHHUYECKas U (PU3UKO-
XUMUYECKasi MUTPaIUU.

2. Buoeennvle namowiagmol ¢ BEAyIIUM 3HAYCHUEM OMOTEHHOM MHTpaluud U
MOAYMHEHHOUN POJIBI0 GU3UKO-XUMUYECKUX U MEXaHUYECKUX MPOIECCOB.

3. Kyaemypuvie namowiagpmol, ux cBoeoOpa3ue OMpenenseTcss TEXHOIEHHOU
MUTpaIen, XOTsI B HUX UMEIOTCSI U BCE OCTAJIbHBIC BUJIbI MUTPAIUU.

KonuenTpauus u paccessHue XuMUYeCKHUX IJIeMEHTOB. Murpaiusi IpuBOJIUT
K 3HAUYUTEIBLHOMY MEPEPACTIPECICHUIO AIEMEHTOB, X COJEPKaHHUE B MOYBAX, KOpe
BBIBETPUBAHUS, BOJaX, opranmsmax otiauyaercs oT Kiapka. KomnyecTBeHHO 3TO
otnuuue BbIpaxaercs Krapkom ronyenmpayuu (KK) — 3TO ecTb OTHOILEHHE
COJICpKaHus JJAHHOTO AJIeMeHTa B ipupoanoM oobekte Ci k Knapky nutochepst K,

KK=Ci/lK

Ora BenumunHa Bcerpa Oousbme 0. Ecaim KK=I1, TO comepxanue snemeHTa B
o0BekTe paBHO ero coaepkanuto B Jutocdepe. Eciu KK wmenbme 1, 1O
BBIYHCIISIIOTCST  oOpaTHble BenuuuHbl — Kiuapxku paccesnuss (KP) — 3T0 ecTh
otHomenne Kiapka »simeMeHTa B JnuTOochepe K €ro COAEPKaHUIO B JAHHOM
npupogHoM oowvekre Cli,

KP=KI/Ci

Takum o6pa3om, Kiapkum xonnentpanumu u Kmapku paccesHuss — 3TO
MOKa3aTeNH, XapaKTEPU3YIOIINE OTHOCUTEIBHYIO PACIPOCTPAHEHHOCTh XUMUYECKHUX
AJIEMEHTOB B MMPUPOAHBIX 00OBEKTAX.

CpenHee  comepkaHME  XUMHYECKHX  DJIEMEHTOB B OCAQJOYHBIX U
MOYBOOOPA3YIOIMIKX MOPOJaX HHOrAa UMeHyIoT Kiapkamu 3Tux nmopoa. OaHU THIIBI
nmopo OJIM3KHU M0 XMMHYECKOMY COCTaBY K JUTOCc(epe, Npyrue OTINYaloTCsA OT Hee U
MEXTy COOOM.

I'paduyeckn 2IEMEHTHBI XUMHUYECKUH COCTaB IMOYBOOOPA3YIOIIMX IOPOJ M
MOYB MOXHO CONOCTaBUTh IPU MOMOIIU TE€OXMMHUYECKHX CIEKTPOB 3JIEMEHTOB,
KOTOpbI€ MpeACTaBiIAOT psiabl KiiapkoB koHueHTpanuu u KnapkoB paccesHusi B
pa3HbiX 00bekTax. OUH U3 cieKTpoB panwxkupyetcs no 3HadeHusMm KK u KP, npyrue

MIPEACTABISAIOT COOOM JIOMaHHbIE JIMHUU. Takum 00pa3oM, Ha OJTHOM PUCYHKE MOXKHO



OJIHOBPEMEHHO CPAaBHUBAThH /10 5 OOBEKTOB MO ONPEAEICHHOMY YUCITY XUMHUYECKHUX
DJIEMEHTOB.

Haubonee  KOHTpacTHO  pacmpeleieHHe B  OPHUPOAHBIX  OOBEKTaxX
MUKpPO3JIEMEHTOB. (OCOOEHHO OOJIbIIME pa3NUuusl XapaKTepHbl I pEeAKUX H
pacCesiHHBIX 3JIEMEHTOB, U JIJISl JIEMEHTOB OMO(UIIOB, UX COJEP)KaHUE B PA3ITHUHBIX
TOPHBIX OPOAAX MOTYT Pa3IN4aThCs B IECSITKU U COTHHU Pas.

Cpenu ocagouHbIX MOPOJ NpeoOiajaroT TIuHBI U ciaHibl (okoigo 80 % ot
oOmelt maccel), ux Kiapku naroT mpejcTaBieHHE O COCTaBe OCaJOYHOM 00O0JIOUKHU
3emiid, KOTOPBIM MO CBOEMY XMMH3MY OJIMJKE€ BCErOo K COCTaBY T'PAHUTHOTO CIIOA.
Kap6onatnbie mopoasl ObIBaloT 00€IHEHbI OOJBIIMHCTBOM XMMUYECKHUX AJIEMEHTOB,
UCKJIFOYEHUE COCTABIISIIOT TOJBKO KalbLUW, MAar"Hui, yriepoj, CTpoOHIuH. B
OpraHOTEHHBIX TMOPOJIaX KOHLIEHTpAaIUsl 3JIEMEHTOB, TaKMX Kak OOp, TepMaHMid,

MOJII/I6}ICH MOKET COCTABJIATh ACCATKH U COTHU KﬂapKOB KOHIOCHTPAIIUU.

IIpakTnueckas padora 1. XuMuueckuili cocTaB OCAJOYHBIX M MOYBOOOPA3YIOIIUX
OPOJI.
[IpakTryeckoe 3aHATUE IO ITOM TEME IPENYCMaTPUBAET:
1) ompeneneHne aTOMHBIX M BECOBBIX KOJIMYECTB JCMEHTOB, MEPEBOJ aTOMHBIX
KOJINYECTB B BECOBEIE %0;
2) pacuer KnapkoB kounentpanuu (KK) um Knapko paccesnns (KP) ms
MOYBOOOPA3YIOIIHNX ITOPOT;
3) pamxupoBanue BenuurH KK n KP 115 3TanoHHOTO 00BhEKTa HCCIICIOBAHUS;
4) ToCTpOeHUE TeOXUMUICCKUX CIIEKTPOB MPEICTABICHHBIX ITOPOI;
5) aHamM3 0COOCHHOCTEH XUMHUYECKOT'0 COCTaBa MOPO/I.
Hcxoanbie MaTepuaJbl. [IpencraBneHsl AHAIUTUYECKUE JTaHHBIE
MOKOMIIOHEHTHBIX XUMUYECKUX AHAIM30B OCAJOYHBIX M MOYBOOOPA3YIOMIUX MOPOJ]
pa3IMYHBIX pPernoHoB 3emHoro mapa (tabmuma 1.2). [lpencraBieHbl AaHHBIE IO

Krnapkam snemeHTOB B tutocdepe (Tadmuia 1.1).



3aoanue 1. IlepeBoa AaTOMHBIX KOJHUYECTB 3JIeMeHTOB B Bec. 0.
[lepecuutaTh BeCOBbIE MPOILEHTHI OKHUCIOB (Tabnuna 1.2) Ha BeCOBBIE MPOIEHTHI
AJIEMEHTOB, C cocTaBieHueM Tabmuubl 1.3, HCMOAB3ys CHEAYIOMUI MOPSA0K
pacyeToB:

1) B34Th AaHHBIC 110 aTOMHOMY Becy anemenToB O (16), Si (28), Al (27), Fe (56),
Ti (48), Mn (55), Mg (24), Ca (40), Na (23), K (39), P (31), C (12), S (32);

2) paccunTaTh MOJIEKYJISIPHBIN BEC KaX0T0 OKUCIIA;

3) MO COOTHOIICHUSAM MOJCKYJIPHOIO Beca OKHCJIa M €ro aToOMHOro Beca,
MOJICKYJISIPHOTO BeCa OKHCJIa M €T0 COAEPKaHMs B BeC. % paccunuTaTh KOHIICHTPAIUIO
AJIeMEHTa B BeC. % UCXO U3 MPONOPIUU:

CoOJIepKaHMe JIEMEHTa B BeC. %0 — aTOMHBIN BEC DJIEMEHTA;
COJIep)KaHKe OKHUCTIA B BeC. %0 — MOJICKYJISIPHBINA BEC OKUCTIA

OTHoIIEHWE AaTOMHOTO Beca OJJIeMEHTa K €ro MOJIeKYJSIpPHOMY Becy
IIPUHUMAETCS 3a pacueTHbId ko3 uuuent K (koHcTaHTa), Ui €ro UCIOIb30BAHMS
IpU ONpeIeJICHUN MPOIIEHTHOTO COAEPKAHUS AJIEMEHTA MO COAEP>KaHUI0 OKUCIAa B
Bec. %.

Pacuetnbiii koddpuument K m1g Kakaoro siaeMeHTa Ompeiensercs 110
dbopmyie:

K = at. Bec oeMeHTa / MOJL. BEC. OKHCIIA

4) pe3yabTaThl pacyeTOB BHECTH B Tabmiy 1.3.

3aoanue 2. Noacuer KinapkoB koumentpamuu (KK) m paccesnusa (KP) c
UCIIOJIb30BAaHUEM TaONMUYHBIX JaHHBIX (Tabmmma 1.1) u cBemenmit o Kiapkax
aneMeHToB (Tabmmia 1.2) mo dpopmymnam:

KK=CilK;, KP=K/CIi,

rae Ci — coneprxanue B mopoaax, K — Kirapk simrocdepsr.

3aoanue 3. PanxxupoBanue 3Havyennii KK nas srajsonnoro oobekra. [lpu
MOCTPOCHUHU T'€OXUMHUYECKUX CIIEKTPOB OJMH U3 U3y4YaeMbIX OOBEKTOB IMPUHUMAETCS
3a ATAJIOHHBIN, ¢ KOTOPHIM OyAET CPaBHUBATHCS XUMHUYECKHUN COCTaB APYTHUX TOPOI.
Bemuuunst KK u KP anst 3TanioHHOro oObeKTa pacmojiaraiorcsi B MOPSIKE HX

yosiBanus (st KK) u Bo3pacranus (mis KP).
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3aoanue 4. IlocTpoenne rpadukoB reoxuMu4eckoro cmekrpa. OHO
HauynHaeTcs ¢ otoOpaxkeHus Ha HeM BennunH KK u KP stanonnoro oosexra. [lo ocu
opauHat (ock Y) pacnonaratorcs 3HadeHust KK B apupmernueckom macmrade. Ilo
ocu abcuucc (ochb X) uepe3 paBHbIE HWHTEPBaJbl MPOCTABISAIOTCS CUMBOJIbBI
aHANIM3UPYEMBIX XUMHUYECKUX BJIEMEHTOB B MOPSAKE PAHXKUPOBAHUS STAJIOHHOTO
oObekTa. B pe3ynbrare BBINOJIHEHHBIX MOCTPOEHUN CIHEKTP 3TaJOHHOIO OO0BEKTa
MOJIy4aeT BUJ MOHOTOHHOW KPHMBOMW, HarJsiHO OTpa)karollled mMepy oOOramieHHOCTH
Wi O0OEHEHHOCTH TMOpOJ 3JE€MEHTaMU MO CPaBHEHUIO C HMX COJEpNKaHUEM B
mutocepe. JIMHUK CHEKTPOB APYrUX MOPOJ MMEIOT JIOMaHbIA BUJ, YTO TMO3BOJISIET
BBISIBUTh OCOOCHHOCTH HMX XHMHUYECKOIO COCTaBa OTHOCUTEIBHO APYr Apyra u
ATAJIOHHOTO OOBEKTA.

3aoanue 5. 3aknw4eHue COICPKUT aHAIU3 U XapPaKTEPUCTHKY OCOOEHHOCTEH
XUMHYECKOTO COCTaBa Pa3IMYHBIX TOYBOOOPA3YIOMIMX MOPOI U OTBETHI HA BOIIPOCHI:

a) KaKOBbl OCOOEHHOCTH F'€OXMMHUYECKOI0 CIIEKTpa OYBOOOPa3yOMUX MOPoA?

0) B 4eM CXOJCTBO M pa3iuWyMsi B XUMHUYECKOM COCTaBE IPEICTAaBICHHBIX
nopon?

AHanu3 reoXMMHYECKON CIENHAAIN3ANY [TOPOJ HY’KHO HAaUMHATh C BBISBICHUS
O0IIMX 3aKOHOMEPHOCTEN — OJIM30CTH FEOXUMHUUECKOT0 CIEKTPa K CPEAHEMY COCTaBY
autocdepsl, npeobiafaHus B JaHHOM NOPOAE KOHLEHTPAaLMU WIH PACCEUBAaHUs
AJIEMEHTOB, YCTaHOBJICHUS CTEIIEHU KOHTPACTHOCTH pacnpeneneHus
K03 PHUIHEHTOB.

AHanu3 TeoXMMHUYECKUX pa3IMyuil B COCTaBe MOPOJ HEOOXOAMMO BECTH,
BBIICIISASL OINPEACIICHHBIE TPYINNbl HAKOIJIEHUS — pPACCEMBAHUs, T.€. IPOBOJIUTH
smnupudeckoe panxupoBanus BeanyuH KK u KP B kaxxnom koHkpeTHOM citydae. 1o
XapaKTepy KOHLUEHTPALMH 3JIEMEHTHI BBIJIEISAIOT B TPU TPYTIIbL:

1) ¢ BBICOKOI KOHIIeHTpanuel u paccessaueM 3memeHToB (KK>10 u KP>10);

2) co cpenneit konnentparnueit (KK=1,6 — 10 u KP=1,6 — 10);

3) co cmaboil KOHIICHTpAIMCH W paccesHUeM, B IEJIOM OJHM3KOH K KIapKy

marocdepsl (KK=1,0 — 1,5 u KP=1,1 - 1,5)

11



B Tex ciuyuasx,

KOrja IOPOJIbI

HMCIOT YCTKYIO MCTAJUIOTCHUYCCKYIO

CIIeLUANIM3aIMI0, OHA JOJKHA ObITh MOAYEPKHYTAa MPU HHIAUBUIYATBHOM pa3dope

0coO0eHHOCTEN rpaPUUEeCKUX MOCTPOCHUN.

Tabnuya 1.1
XHUMHUYECKUN COCTAB 0CAJ0OYHBIX U MIOYBOOOPA3YIONIUX TTOPO, %o
KomrmioneHTsI A b B r pil|
SiO» 86,10 59,20 7,41 81,37 36,65
TiO> 0,74 1,20 0,14 0,28 0,16
AlO3 5,45 16,14 1,55 3,83 1,02
Fe203 1,20 4,36 0,70 4,21 0,70
FeO 1,41 3,24 1,20 0,16 1,07
MnO 0,06 0,09 0,15 0,03 0,04
MgO 0,61 3,14 2,70 0,84 0,50
CaO 0,98 2,52 45,44 1,10 29,43
Na.O 0,55 3,82 0,15 0,07 1,01
K20 0,96 1,97 0,25 0,31 0,47
P20s 0,14 0,17 0,16 0,20 17,14
CO2 0,58 0,41 39,27 0,59 5,19
SO3 0,02 - 0,02 0,15 1,48
Tabruya 1.2
Cpennee coaeprkaHue AIEMEHTOB B 3eMHOM Kope B %, 11o A.Il. BunorpamnoBy
DJIEMEHTHI Knapku nmutocdeps
% n 103%
Si 29,0 29000
Ti 0,45 450
Al 8,05 8050
Fe 4,65 4650
Mn 0,10 100
Mg 1,87 1870
Ca 3,96 3960
Na 2,50 2500
K 2,50 2500
P 0,093 93
C 0,023 23
S 0,047 47
Tabruya 1.3

CopeprkaHre 2I€MEHTOB B OCAJ0YHBIX U TOYBOOOPA3YIOMIMX MOPOAaX

TIOPOIBI DnemenTsl. Cosiepkaniuecs B Bec. %, PacdeTHBIH K0dDQHIIEHT
Si Ti Al Mn Mg Ca Na
K [Bec.% | K | Bec.% | K | Bec.% | K | Bec.% | K | Bec.% | K | Bec.% | K | Bec.%
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IIpakTuueckas padora 2. CocraBieHue BBIOOPOK T'€OXMMHUYECKUX JAHHBIX IO
JUTOJIOTUYECKUM THIIAM MOPOJ
[IpakTueckoe 3aHATHE T10 ATOU TEME IIPEIYCMATPUBAET:
1) rpynnupoBKy mpoO Mo THUIIAM MOPO/I;
2) COCTaBJICHHE BHIOOPOK MEOXUMHUYCCKUX JAHHBIX IO JIUTOJOTHICCKUM THUIIAM
OPOJT;

3) pacueT cpeAHero coaepKaHus dJICMEHTOB 10 BCEM THIIaM MTOPOJI, C
3anoJHEeHuEM TaOIuIe! 2.2,

4) moctpoeHue rpa@UUSCKUX U300PAKEHUIN pacpeIeICHIS XUMHUECKUX
AJIEMEHTOB IO TTOPOJIaM Pa3HBIX JTUTOJIOTHYECKUX THUIIOB.

[lo nmanHBIM oOmpenenaeHus CpPeIHUX COJACPKaHMM COCTaBUTh Tpaduk
pacripeiesieHus: JIEMEHTOB IO JIMTOJOTHYECKUM Turam mopoa. [lpu cocraBieHuun
rpaduka 1O OCH aOCHMCC TOKa3bIBaeTCs B BHUJAE OJWHAKOBBIX OTPE3KOB
auToNornYeckuii TMN mopoi. Ilo ocu opauHAT OTKIAABIBA€TCA CpelHEe 3HAUCHHE
KOHIIEHTPAIMM Ka)JI0ro KOMIIOHEHTa B BECOBBIX MPOLIEHTaX, 3aJaHHOE B TabIuUIIe
2.1. TlpenBapuTenbHO [JIsi DJIEMEHTA, WU TPYHIBl DJIEMEHTOB, BEITUYUHBI
colepKaHUsl ~ KOTOPBIX  COMOCTaBUMBI, Ha OCH  OpJAMHAT  BbIOMpaeTcs
COOTBETCTBYIOMAs 1ieHa neieHus. Hampumep, comepkanus Si, Al, Mg, Fe, Ca, Ti
COMOCTAaBUMBI — ATO TMPOLIEHTHI U TEPBBIC TPHU JecsiTKa mpoleHToB. KoHieHTpanuu
e apyro#t rpymmsl 3aementoB — Mn, V, Cu, Ni, Cr, Zn — ornuyarorcss Ha 2-3
nopsnka. [ToaToMy ¥ 1ieHa AeneHus, MPUHATAS JJII OTOOPAKEHUS WX MPOIEHTHBIX
coJlep KaHMi 1O OCH OpJMHAT, Oyner pasHas. B mepBom ciygae, B 1 cm — 2%, Bo-
BTOpoM — 0,005%. MoXHO 3TO pacmpeneneHrue MyTeM BbIOOpa COOTBETCTBYIOIIEH
HIKaJbI JJI1 OTOOpaKEHUS COAEPKaHUM KOMIIOHEHTA TMoKa3aTh He JJI 2-X, a s 4-X
rpymn komnoHeHToB, otaenuB Ti, Ca, Fe, Mg ot Si, Al u Cu, Ni, Cr, Zn ot Mn, V.
Hcxoanbie maTepuansbl. [IpeacraBnena tabmuma 1 ¢ AaHHBIMHU O COJEPKAHUAM

XUMHUYCCKUX 3JICMCHTOB B IIOPOAAX PA3HBIX JTUTOJOTHMYCCKUX THUIIOB.
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COI[Gp)KaHI/ISIM XUMHUUYCCKUX 2JICMCHTOB B ITOPOAaX Pa3HbIX JIMTOJIOTHYCCKUX THUIIOB

Tabnuya 2.1

No Xapakrepucruka OneMeHThl U UX cojepKaHusl, Bec. %

np poObI Si | Al [Mg|[Ca | Fe | Mn Ni Ti \Y Cr Zr Cu
ANEeBpONUT cepblit

1 15 | 10 | 3 5 1 0,02 | 0,003 | 01 0,04 | 0,006 | 0,004 | 0,003
ITecuanuk

4 | TIMHUCTHIN cephlit 28 | 25 | 7 8 5 0,06 | 0,002 | 0,3 0,07 | 0,004 | 0,003 | 0,009
[Necuanuk Geneco-

7 | cepsrit 27 | 24 | 6 7 4 0,056 | 0,001 | 0,2 0,06 | 0,003 | 0,002 | 0,008
ITecoxk 3enenoBato-

2 | cepsrit 25 |15 | 1 2 | 25| 001 |0001]| 02 0,05 | 0,002 | 0,006 | 0,005
AJIEBpOITUT CBETIIO-

5 | cepsrif 17 | 12 | 2 4 2 0,03 | 0,002 | 0,2 0,05 | 0,008 | 0,004 | 0,002
AneBponut

15 | pososarto- 13 | 8 1 3 1 0,02 | 0,003 | 0,02 | 0,003 | 0,004 | 0,004 | 0,003
KOPUYHEBBIN
ITecuanuk

6 | 3emenoBato-cepprii | 30 | 16 | 6 4 5 0,07 | 0,04 0,5 0,08 | 0,003 | 0,005 | 0,006
ITecok

14 | pa3HO3epHHUCTHIN, 26 | 13 | 2 3 3 0,02 | 0,003 | 04 | 0,005 | 0,003 | 0,005 | 0,006
Oemeco-cephlit
I'paBenut

11 | pososarto- 22 | 17 | 4 2 3 0,07 | 0,005 | 0,3 0,07 | 0,004 | 0,002 | 0,007
KOPHUYHEBBIN
Iecoxk Geneco-

10 | cepwrit 25 | 15 | 3 2 4 0,03 | 0,003 | 04 | 0,007 | 0,002 | 0,005 | 0,007
AneBponuT

9 | 3enmeHoBato-cepprii | 16 | 11 | 1 3 1 | 0,002 | 0001]| 01 0,04 | 0,007 | 0,003 | 0,002

17 | Mecuammccepsiit | oy | 90 | 5 | 1 | 3 | 002 | 0002| 03 | 006 | 0,001 | 0,005 | 0,006
I'paBenuTt pazHo-

3 | 3epHHCTHIN OypbIit 23 | 18 | 5 3 4 0,08 | 0,016 | 0,4 0,08 | 0,004 | 0,001 | 0,008
I'paBenut Oyphrit

16 23 | 17 | 6 4 3 0,09 | 0,007 | 0,5 0,09 | 0,005 | 0,005 | 0,007
AneBpoauT

12 | manuHOBO- 14 | 19 | 2 4 1 0,01 | 0,002 | 0,19 | 0,03 | 0,005 | 0,005 | 0,002
KpacHBII
[Tecuanuk cBerso-

13 | cepsrii 31 | 17 7 5 6 0,08 | 0,006 0,6 0,08 | 0,004 | 0,006 | 0,02
I'paBenur

8 | Kopu4YHEBO-CEpHIi 21 | 17 4 2 3 0,09 | 0,007 0,5 0,07 | 0,005 | 0,002 | 0,009
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Tabnuya 2.2

CocraBienue BBI60pOK IFCOXUMHYCCKHUX NAHHBIX I10 JIMTOJIOTMYCCKHUM THUIIaM IIOPOA

No XapakTepucTuka ONeMeHTHl U UX COAEepXKaHUS
mp mpodE! Si [Al [Mg [Ca [Fe [Mn [Ni [Ti [V [Cr [zr [cu
AJIEBPOJIMTHI

Cpennee 3HaUCHHE

Ilecuanuku
Cpennee 3HaUCHHE
Ilecku
Cpennee 3HaUCHHE
I'paBesntnl

Cpennee 3HaUCHHE
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buoreoxumMuuyeckue MUKJIbI 3JIEMEHTOB

AHann3 XHUMHYECKOrO COCTaBa JKHMBOTO BCIISCTBA 3aKIIOYacTCI B €rO
COTIOCTABJICHUU C COCTABOM T'OPHBIX MOPO/JI, TTOYB, BOJ, aTMOC(HEPHOTO BO3ayXa. ITO
CO371a€T BO3MOXKHOCTU ISl CHUCTEMHOTO aHaju3a OHOJIOTHYECKOr0 KpPYroBOpOTa
XUMHUYECKUX PJIEMEHTOB B MTOYBAX U JaHAIIadTax.

Kaapku skuBoro BemecrBa npeacTaBisitoT coO0M rio0anbHbIe T€OXUMUYECKUE
napamMeTphl, KOTOPbIE€ YCIOBHO XapaKTepU3yIOT CPEIHUN XUMUYECKUI COCTaB KUBBIX
opranu3mMoB. Mexy cocTaBaMu >KMBOTO BEIIECTBA M 36MHOM KOPBHI B II€JIOM HET
IpsIMOM TIPOMOPIIMOHATBEHON 3aBUCUMOCTH. B MpakTUke MCMONIB3YIOT TPU OCHOBHBIX
crioco0a BhIpaKEHUsI XMMUYECKOTO0 COCTaBa OMOJIOTMUECKUX OOBEKTOB: B pacyeTe Ha
CBIPYIO MacCy OpraHu3Ma, Ha MacCy CyXOro OpraHM4ecKoro BeIlecTBa, Ha 30Jy (Ha
KOJIMYECTBO MHUHEPAIbHBIX BEIIECTB, COJEpKAIIUXCs B opraHuzme). JlaHHbie 110
Kiapkam KuBOro BelIecTBa IMOCTOSHHO YTOYHSIOTCS B pe3yJbTare NMPUMEHEHUS
0oJiee COBEPIICHHBIX aHATUTHYECKUX MeTOM0B. OCOOEHHO CYIIIECTBEHHO MOTYT
yTOuHATHCS Kitlapku KMBOTO BEIIECTBa TOKCUYHBIX AJIEMEHTOB. B mocnenHee Bpems
JTAaHHBIE TI0 HUM TIOJyYaloT B Pe3yJbTaTe OCYIICCTBIICHHS MPOTrpaMMbl II100abHOTO
MOHUTOPHHTA MPUPOTHOMN CPEJIBI.

ConepxkaHue S3JIEMEHTOB B 30JI€ OTIMYAETCA OT CPEIHEr0 COJACP)KaHHS B
3eMHOI KOpe, TaK KaK pacTeHUs] N30UpaTeIbHO MOTJIONIAIOT AJIEMEHTHI U3 MOYB.

MeTonoM OIICHKH MHTEHCHUBHOCTH OMOJIOTHYECKOIr'O IOTJIONICHHUS 3JIEMEHTOB
KUBBIMU OpraHU3MaMH, B OCHOBHOM pPAaCTCHUSMH, SBISETCS COIOCTABICHUE UX
cojiep KaHusl B 30JI€ pPACTEHUM C COJIEp)KaHUEM B MUTAIOIIEH Cpejie - MoYBax.

OTOT  ToOKas3aTelb  Ha3bIBACTCI  KoIhpuuuenmom  0u0102U4eCKO20
noznowenusn (Ay)

Ax=1x/Iny,

rae lx — coxmepkaHue sJeMEHTa X B 30Ji¢ PacTeHHi, N x — COJEpKaHUE
3JIEMEHTA X B MOYBaX.

Bennuunna Ax HeE SBISIETCS KOHCTAaHTOM, OHA MEHSETCS B 3aBUCUMOCTHU OT

BpeMeHH (OT (ha3bl BereTaluu), BO3pacTa OpraHM3Ma, MOUBBL. Ay MUKPOIJIEMEHTOB
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IUIsl TaHHOTO BHJa pacTeHus: MoxkeT kojedatbcss B 100-1000 pas. Ilpu Ax >1
AIIEMEHTHI HAKAIJIMBAIOTCS B PACTEHUSX, a IpU Ay <1 — TOIBKO 3aXBaTHIBAIOTCS.

Hamnbonee HHTEHCHUBHO 3J€MEHTHI TOTJIOIMIAIOTCS U3 Ta30BOH (asbl, cnadee - u3
pacTBopa u emie cinabee — u3 TBepAou ¢aszpl. Ho Bce ke TIaBHBIM HCTOYHUKOM
AIIEMEHTOB JIJIsl PACTCHH ABIISETCS TBepaas (as3a mouBbI.

PamxupoBaHHbIe 3HaUEHUST Ay 00pa3yIOT psabl OMOIOTUYECKOTO TOTJIOMICHHUS,
OTpaKarolue OCOOCHHOCTH OHMOJOTHYECKHX IMKJIOB JJIEMEHTOB B KOHKPETHBIX
nanamagrax.

XUMUYECKHIA COCTaB PACTEHHM, a 3HAYHUT, U KOIPPUIIMEHTH OUOIOTHUIECKOTO
TIOTJIOIICHHUS 3aBUCST OT JIBYX TJIABHBIX (DAKTOPOB:

1) maHaMIaQTHO-TEOXUMHUYECKOTO  (IKOJIOTHYECKOTO0),  OMPEACIISIONIETO
TC€OXHUMHUUYECKYI0 OOCTAaHOBKY TMPOU3PACTAaHUS PACTECHHUH, YPOBHU COJEPIKaHUS
DJIEMEHTOB B THUTAIOMICH cpene, GOpMbI HaXOXKIEHUS, B TOM YHUCIIC TOJBIKHEIC,
JOCTYITHBIE NIl pacTEeHUH;

2) TEHETUYECKOro, OIPEACISAIONIETO OHOTEOXUMUYECKYIO CIICIHATH3AIIII0
OTIENBHBIX CEMEWCTB, POJIOB, BUJOB PACTCHHI B CBS3H C UX CHCTEMATHYCCKHM

MOJIO)KEHUEM M OCOOCHHOCTSIMU MTPOUCX 0K ICHHUS.
IIpakTuyeckas padora 3. buoreoxuMuueckre MUKIbI JIEMEHTOB

[IpakTrueckoe 3aHATHE IO 3TOU TEME MTPEIYCMAaTPUBACT:

1) pacuer k03D PHUIMEHTOB OHOJOTHYECKOrO IOITOMICHUS JUIS JIBYX BHIOB
pacTeHul;

2) pamKUpOBaHUE PSIOB OMOJIOTHUYECKOTO TOTIIOIMIECHHUS TS KayKIOTO PaCTCHUS;

3) BbICTICHUE TPYII OWOJOTHYECKOrO IMOTJIONICHHUSI ¥ OHWOJIOTHYECKOTO
3axBaTa;

4) comoCTaBJICHHE TIOJIYYCHHBIX  PSAJIOB  OMOXMMHYECKOTO  IMOTJIONICHHS
3neMeHTOB ¢ psanamu A.U. Ilepenpmana;

5) BBISBJIICHHE CXOJICTBA M PA3JINYKsI B HHTCHCUBHOCTH TIOTJIOIICHUS 3JIEMEHTOB

PaCCMOTPCHHBIMHA PACTCHUAMHU U PACTUTCIbHOCTBIO CYIIIH.
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HUcxoanbie marepuaibl. I BbIMOTHEHUS pPadOThl MPEIOCTABISIOTCA:
TaOJUIBl COJEPKAHUSI MHKPODJIEMEHTOB B 30Ji€ JIByX PAaCcTeHHi; TaOaula psioB
ouonorunyeckoro noriomenus no A.W. Ilepensmany.

3aoanue 1. lloacyer KO3IPPUUMEHTOB OHOJIOTHYECKOI0 MOIJIOIIEHUS. DTU
KOA(DUIIMEHTBI PACCUUTHIBAIOTCSA U KaXKIOTO PACTeHHs] KaK MO OTHOIICHUIO K
kinapkam Jitocheps! (be), Tak 1 MO OTHOLICHUIO K COACPKAHUIO 3JICMCHTOB B ITOYBaX
paiiona (Ax).

[Tokazarens b, naet npeacrarieHrue o0 o0I1IEH MOTIOTUTEILHON CIOCOOHOCTH
JAHHOTO BHJA pPACTEHUW U XapaKTepHU3yeT CHUCTEeMATHYECKUE CIOCOOHOCTH HX
XUMU3Ma.

Koappunment Ay oTpakaeT MECTHbIE OCOOCHHOCTH TOTJIOIICHUS 3JIEMEHTOB,
JTa€T BO3MOXXHOCTh BBISIBUTh WX PETHMOHAIBHYI0 OMOXMMHYECKYIO CIEIHATU3AIUIO.
Hcxonnsbie nannpie npuBoaarcs B Taomuie 3.1.

3aoanue 2. IlocTpouTh psAaAbl OMOJOTMYECKOr0 MOIJIOINEHHMS] JJfA JABYX
PacTeHUil ¥ COMOCTaBUTh UX MEXIy co00i. [Ipy BBIIOJIHEHHH S3TOTO 3aJaHUS
BenuMuuHbl b, M Ay pacrnonaraiorcs B Topsake yObIBaHUS KO3((UIIMEHTOB, 4YTO
MO3BOJIIET B HArJAIHON (opMe NpelCcTaBUTh HMHTEHCHUBHOCTH OHOJIOTHYECKOTO
MIOTJIOMIEHUS AJIEMEHTOB KaXIbIM U3 PACCMOTPEHHBIX PACTCHUH.

3aoanue 3. ConocTaBUTh TMOJYYeHHbIC PAAbI  OHOJOTHYECKOI 0
norjomenusa ¢ psagamu A.U. Ilepenbmana, Bbgensss B HEW TPYNNObl IO
WHTEHCUBHOCTH TMOTJIOMIeHHs. TumoBas Ta0nuia ¢ TMOJHBIM HA0OpPOM TpyI
WHTEHCUBHOCTH TIOTJIONICHHUS mpuBoauTcs (tabmuma 3.2). Kaxnerii cryneHt
BHIOWpAaeT U3 HEE T€ 3HAYCHUS, KOTOPHhIE BCTPEYAIOTCS B COCTABICHHBIX UM PsIax
MOTJIOIIEHUS.

3aoanue 4. 3axknwdenue. Bce oTMeueHHbIE OCOOEHHOCTHM OTpa3UTh B

3aKJIIOUYEHHH, KOTOPBIM 3aBEPIIAETCS MPOJAEIaHHas M0 3TOM Teme padora.
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COI{Gp)KaHI/IC XMMHYCCKHUX JJICMCHTOB B 30JIC paCTCHI/Iﬁ

Tabnuya 3.1

DneMEHTbI CosiepxaHue B 30J1e pacTeHuii U mouBax paiiona, n-10°% Knapk murocdeps
Bepeck Jlemuna ITouBsl
Cu 27,0 11,4 1,0 4,7
Mn 400,0 152,0 26,8 100,0
Ni 1,0 2,6 1,2 5,8
Sr 12,0 28,0 17,0 34,0
Ni 18,0 11,0 145,0 450,0
Cr 6,3 1,8 3,6 8,3
Tabruya 3.2
Psiap1 6M0JI0rHYecKOTo MOTI0MICHUS
OO6mbekT I'pynnel no AWM. Ilepensmany
broornyeckoro HaKOTUICHUS bronorndeckoro 3axsara
SHEPTUYHOT CHJIBHOTO ciaboro CpeIHero ciaboro OYEeHb
0 ciaboro
Ax=100-10 Ax=10'5 Ax=5'1 szl'o,l szo,l'0,0l szo,Ol'
0,001
Bepeck
Jlemmuna
Pacturens- Cu Mn, Sr Ni, Ti,
HOCTb CYyIITH Cr
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ITouBeHHO-T€eOXUMHUYECKHE CUCTEMBI

CucteM000pa3yoNiyl0 pojib B COMNPSKEHHBIX 3JIEMEHTapHBIX JaHamadTax
UIPAIOT TMOTOKM BEIIECTBA M HSHEPIHMM, MUTPALMS XUMHYECKUX 3ieMeHTOB. [lo
YCIOBUSM MHUTPAllMi XUMHUYECKUX 371eMeHTOB b.b. [101bIHOB BbIIEIISAI TPU OCHOBHBIX
AJIEMEHTapHBIX JaHamadTa — DSIIOBUANBHBINA, CylepakBalbHbIM (HAABOAHBIN) U
cyOakBasIbHBIN (1MOABOAHBIN). ['1aBHBIE (DakTOpBI B 3TOM KilacCU(PUKALUUA — BOJHOE
MUTaHUE U CTOK.

Puc.1. Cxema OCHOBHBIX THIIOB dJIeMEeHTApHbIX JaHAmadgToB 1o b. b. IToskHOBY.
OnemeHTapHbIe TaHAmadThl: | — smoBuansaeiid, || — cymepakBansabnd, |11 — cybakBambHBIA. 1
— TIOCTYTICHHE BEIECTB B JaHAMA(T, 2 — yHaieHue BemecTB u3 nanamadra. [TyHkTup —
YPOBEHBb TPYHTOBBIX BOJT

K smroBuanbHbiM NaHamadTaM OTHOCSTCS BOAOpa3/eibHbIe MPOCTPAHCTBA C
rIIyOOKUM 3alleTaHUEM TPYHTOBBIX BOJI. BemiecTBo u 3HEprusi mocTymnaroT B HUX U3
atMocepbl W yepe3 Hee. B moHmkeHUsAX penbeda oOpasyroTcs MOTYMHEHHBIE —
CynepakBaJibHbIC (HAABOAHBIE) M CyOakBaJIbHBIC (TIOJBOJHBIC) DJIEMEHTAPHBIC
naHAmadTel, B KOTOPHIE C BOAOPA3/IEJIOB MOCTYNAIOT MPOAYKTHI TOYBOOOPA30BAHUS
U BbeIBeTpuUBaHUS. Takke BBIJCISIOTCS TPAHCOIIOBHAIBHBIE (BEPXHUE YACTH
CKJIOHOB), DJIIOBHAJIbHO-aKKyMYJISITUBHBIC (HIDKHHAE 4YacTH CKJIOHOB M CyXue
JOKOWHBI) W AKKyMYJSATHUBHO-3TIOBHANIbHBIE (MECTHBIC JEMPECCHH C TIyOOKUM
YpPOBHEM TPYHTOBBIX BOJ) deMeHTapHble JaHamadtel. CoueTaHus dJIEeMEHTapHBIX
naHAmadToOB MO AMeMeHTaM penbeda 00pa3yrT TeOXUMHUYECKUE COTMPSIKEHUS WU

IMOYBEHHO-TEOXUMHUYECKNE KATCHBI.
I'eoxumuuyeckue Gapbepsbl

3aKOHOMEPHOCTH TposiBiIeHUs reoxumuyeckux 0apbepoB (I'B) B mpupoaHoii

cpene ocobeHHo netanbHO paszpadotansl A.W. Ilepensmanom. Ilox I'b monumaroTcs
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TaKue TEPPUTOPHUH, HA KOTOPHIX HA OTHOCUTEIHHO KOPOTKOM PACCTOSHUU (JI€CSITKU
METPOB) MPOUCXOIUT U30UpATEIHHOE HAKOTUICHUE OJIHMX XUMUYECKHUX DJIEMEHTOB U
ynanenue apyrux. I'b Qopmupyrorcs B pesynbTaTe pe3kod CMEHBI KHUCJIOTHO-
BOCCTAHOBHUTEJIBHOIO W  KHUCJIOTHO-OCHOBHOTO IIOTEHI[MAJIOB KaK CJEJICTBUE
3aKOHOMEPHOM MPOCTPAHCTBEHHOW SBOJIONUU JaHAmadTa (MOCTEIEHHOE OCYIIICHHE
00J10T U, HA00OPOT, YBIAKHEHHE U 3a00JIOUEHHOCTh OTKPBITHIX YYacTKOB U J1ip.). Ha
wiomaasx ¢ nOposBaeHneM ['b  MNpoOUCXOAUT aKKyMYJALUS  TE€XHOTECHHBIX
MOJUTFOTAHTOB.

N36upatenbHOCTh HAKOIUICHUSI WM yAAJICHUS XUMUUYECKUX 3JieMeHToB Ha ['b
SIBJISIETCS. PE3YJbTAaTOM CHEIU(UUECKOTO COYETAHUS MEXAaHUYECKUX, XUMUUYECKUX,
OMOJIOTMYECKUX, T€OJIOTHYECKUX M Jp. ycioBuil. IlepedeHb 31€MEHTOB, KOTOpPHIC
KOHIIEHTpUpYyIoTCcs Ha I'b, 3aBUCUT OT cocTaBa mocTynaroumx Boa U ot kiacca ['b,
OTIPENICIIAIONIETOCS XapaKkTepoM MpolieccoB. [lepeunciennbie (akToOpbl MOJIOKEHBI B
ocHOBY kiaccudukanuu I'b.

Kucnopoonwvie unu oxuciumenvuvie I'6 00pa3yroTcs B CBA3UM C U3MEHECHHEM
OKHUCJIUTENIbHO-BOCCTAHOBUTENbHBIX  ycioBuii B nangmadre. Takue [I'b
dbopMUpYIOTCS Ha YydacTKaX pe3KOM CMEHbl BOCCTAHOBHUTEIBHOW Cpelabl Ha
OKHCIIUTEIBHYIO.

Cynvguonsiii unu cepogodopoonsiii I'b popmupyercs B TeX 30HaxX JaHamadra,
/1€ KUCIIBIE UJTU TJIEEBBIE BOJbI KOHTAKTUPYIOT C CEPOBOAOPOIHOM cpenoil, pH vacto
OKOJIO WJIM BBIIIE 7, U B pe3yJibTaTe 00pa3yrTCsl HEPACTBOPUMBIE CYIb(PUIBI JKeTe3a,
M€IH, CBUHIA, INHKA.

Ineegvie I'6 cBs3aHBl C IUIOWIAMAMU, TJI€ KHUCIBIE BOJbBI BCTPEUYAKOTCA C
BOCCTaHOBHUTEJIIBHOW TJIEEBOM Cpeaol. B 3ToM ciydae Tepsercs KHCIOpOA, HO B
Boznyxe MHOro CO; u CHs. Ha stux I'B HakamimBaroTcsi B TpYJHOPACTBOPUMOI
dopme V, Se, Cu, U.

ll]enounvie I'H BOZHUKAIOT B TE€X MOYBEHHBIX TOPU30HTaX, Il HAOIIOIAETCS
pEe3KUi CKayoK BeMYuHbI pH U CMEHBI KUCIION U CTa00KUCIION Cpebl HA MICTIOYHYIO.
Oco6enno konTpactHblie I'b 00pa3yroTcss Ha KOHTakTe KapOOHATHBIX U CHUIIMKATHBIX

mopon. HaanMep, B TaeKHOM 30HC, I'’IC IO MAaJIOMOIIHBIM BaJIYHHBIM CYIJIMHKOM
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3ajieraeT U3BECTHAK, GOPMUPYIOTCS TOPU30HTHI, oboramieHnsie Ca, Mg, Mn, Ba, Sr,
V, Zn, Cu, Co, Pb, Cd. Takue ke Gaprepbl 00pa3yroTcsi B U3BECTHAKAX U B 30HE
OKHCIeHUs CcyabGuAHbIX pyld. Ha miomansx ¢ TEXHOTEHHBIM BO3JIEMCTBUEM OHHU
MOTYT BO3HHMKaTh MPU HEUTpalM3allUM KHUCIBIX aTMOC(EPHBIX OCaJKOB H
MMOBEPXHOCTHBIX BOJ KapOOHAaTHBIMU TOPOJIAaMH, B pPE3yJibTaTe 4ero oOpa3yroTcs
KapOOHATHI METAILJIOB.

Kucnvie I'B conpoBOX1at0OT 30HBI JIaHAMAadTa C Ppe3KUM WU3MEHEHHEM YCIOBUHN
OT IIEJOYHBIX K KHCIBIM, OT CHJIBHOIIEJIOYHBIX K CJIa0OIIEIOUYHbIM, OT
CUJIBHOKHCIIBIX K ciiabokucibiM. Ha kucnbix Oapbepax ocaxmarorcs As, Mo, Se.
Hanuuue sTtux GaphepoB XapakTEepHO JJISI 30H OKHUCIICHHS CEPHBIX U CYIb(PUIHBIX
Py, TOe CO3/1aeTCsl CEPHOKHUCTAsi cpefia, IS JIyTOBO-OO0JOTHBIX MOYB ¢ M30BITKOM
BJIard W Pa3IOoKEHHEM OOJBIIUX MacC OPraHUKH, BBI3BIBAIOIIUX HAKOIUICHUE
OpraHUYECKUX KUCIIOT.

Copoyuonnvie ['H mosBAAIOTCS 3a cueT OOMEHHOro u 0e300MEeHHOTO
NOTJIOIIEHUSI BELIECTB TOHKOJAUCIEPCHBIMM T'yMHUHOBBIMU COCIMHEHUSIMH U
TJIMHUCTBIMU MHUHEpajaMHu, HECYIIUMHU OTPHUIATEIBHBIA 3aps U COpOMPYIOMIUMH B
necHor u jecoctenHod 3oHax Ni, Co, Cu, Zn, Hg, Ba u apyrue meramisl. Bo
BJIQXKHBIX TPOMHUKAX, I/I€ Pa3BUThl KOPbl BHIBETPUBAHUS U MOYBBI C IMOJIOKUTEIBHO
3apsHKEHHBIMHU KOJUIOMAAMU, THAPOKCUIAMU JKere3a U amoMuHus copoupyrorest Cl,
S, P, V, As, Cr, Mo. I'nuaucTBIE MUHEpadbl U TYMHHOBBIC BEIECTBA CIIOCOOHBI
ynepxuBath K, Zn, Cu 1 He B 0OMeHHOI1 popme.

Hcnapumenvuvie I'B mpucyliy TEppUTOPUAM C apuaHbIMU JaHamadramu. [Ipu
HSHEPTUYHOM HMCIIAPEHUN TPYHTOBBIX BOJ 6apbep (OpMHUPYETCS HAa TOBEPXHOCTH ITOYB
WIK 10 WX Tpouito, Kak U Ha ypOBHE TPYHTOBBIX BoA. IIpm sTOoM mpoucxomut
3aCOJIOHEHHE MOYB, 4TO cIYKUT I'b 1151 MHOTUX XxuMudeckux 3semeHToB (Ca, Mg, K,
Na, F, S, Sr, CI, Zn u np.).

JIoCTaTOYHO MOJHBIN MepeYeHb XUMUYECKUX JIEMEHTOB, HAKATUIMBAIOIINXCS B
pa3UuHbIX TUHax paccMoTpeHHbx I'b, mpuBenen B Tabnuue 1. Heobxommmo
MOAYEPKHYTh, UTO HAMOOJIbIlIEE KOJUUYECTBO 3JIEMEHTOB KOHIICHTPUPYETCS Ha BCEX

tunax OapbepoB npu pH B mnpemenax 3 - 6,5, HE3aBUCHUMO OT pa3IMYHbBIX
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OKHCIHUTCIIBHO-BOCCTAHOBUTCIBbHBIX

MOCTYyHAaIoIKX K Oapbepam.

KHCJIIOTHO-OCHOBHBIX

YCIIOBUH

BOJI,

Takoe HakoruieHHEe 0COOEHHO 3aMeTHO Ha I'b 11e04HOro0, NCapUTENIbHOIO U

COpOLMOHHOIO TUNOB. TecHas B3aMMOOOYCJIOBIEHHOCTh cocTaBa U pexuma I'b u

IMOYBCHHOI'O ITOKPOBA BBIABJIACTCA IMPHU COIIOCTABJICHHU MaTCpHajd, IIOJTYYCHHOIO U

o6o0menHoro A. U. ITepeasmanom (Tabmura 2).

Tabruya 1

KonnenTpams XauMUIeCKUX AIEMEHTOB Ha T€OXUMHUYECKHIX Oaphepax C pa3TuIHbIM
PEKUMOM
(mo A.N. IlepenbMmany)

pH, OKHCIUTCIIbHO-BOCCTAHOBUTCIIbHBIC U KUCJIOTHO-OCHOBHBIC YCIIOBHA BOM,
MOCTYTAMIIHNX K 0apbepam

Pexum
TCOXUMHUNUYCCKUX
Gapbepos 3 |365| 65 | >85| 3 |365(6585 >85| 3 |365]| 65 |>85
8,5 8,5
Kucnoponnsie I'neeBnie CepoBoAOPOIHBIE
Al, | Fe, | Mn Fe |Fe, [(Fe),|(Mn)|S, |S, |S, |S,
Fe | Mn, Mn, | Mn, Se, |Se |Se |Se
Kucnopoauerii Co Co | Co (Fe)
Fe, |Ti, |Ti, |[Cu, |Ti, |Fe, |Fe, Cu,
Cu, [ Mn, [Cr, |Ag, | Pb, |Co, |Co, |Zn,
Hg, | Co, | Mo, | Zn, | Cu | Ni, | Ni, |[Cd,
Cf, [Ni, [U, |Cr, Pb, | Cu, | Hg,
As, | Cu, | Se, | Mo, Cu, | Zn, Mn.
CynbhuaHbIiH Mo, | Zn, |V U, Zn, | Cd, | (Fe,
(cepoBomopoansrii) | U Pb, V, Cf, | Hg, | Co,
Cd, As Hg, | (Mo, | Ni,
Cr, U U) U
Mo,
U,
Hg
Cu, |Cu, |Cu, |Cu, |Cu, |Cu, | Mo, | Mo,
U, U |Cr, |Ag, | U, |U, U U
Mo | Mo | U, Cr, | Mo | Mo
I'neeBrrit Mo, | Mo,
Se, |V,
Vv Se,
As
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Mg, | Mg, Mg, | Mg, | Mg, Mg, | Mg,
Ca, | Ca, Ca, | Ca, |Ca, Ca, | Ca,
Sr, | Sr, Sr, | Sr, |Sr, Sr, | Sr,
Ba, | Ba, Ba, | Ba, | Ba, Ba, | Ba
Mn, | Co, Mn, | Mn, | Zn, Mn,
Fe, | Ni, Fe, |Fe, | Cd, Fe,
Co, | Cu, Co, | Co, | Mn, Co,
Ni, | Zn, Ni, | Ni, | Co, Ni,
Cu, | Pb, Cu, | Zn, | Ni Zn,
. Zn, | Cd, Zn, | Pb, Pb,
lenounoi Pb, | Hg, Pb. | Cd cd,
Cd, | Ra, Cd, | Hg, Al,
Hg, | (V) Hg, | Al, TR,
Al, P, Cr, Cr,
Cr, As, | P, P,
P, TR | As, As
As, (V)
Al,
U,
TR
Si, | (Cu, Si, (Cu, Se, | Al
Mo | Zn), Mo | Zn), Ge |Si,
Ag, Ag, TR,
Al, Al, N,
TR, TR, B,
Kucnerit Si, Si, F,
(Ti), (Ti), Cl,
Mo, Mo Br,
Cr N
Na, Li, |Li, Na,
K, Na, | Na, |K,
Ck, K, K, Ck,
Mg, N, N, Mg,
Ca, B, B, Ca,
Sr, F, F, Sr,
S, Cl, |Cl, |[S,
Mn, Br, | Br, | Mn,
Fe, J, J, Fe,
Wcnaputensusii | CO, Mg, | Cu, | Co,
NI, Ca, | Zn, | Ni,
Cu, Sr, Mo, | Cu,
Zn, S, U, Zn,
Pb, Zn, |V, Pb,
Cd, Mo, | Se Cd,
Al, U, Al,
Mo, V, Mo,
U Se U
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Al, | Si, |Li, |Li, [Al |Si |[Li, Li, Al, | Ba, |Li, |Li
Se, |Ba, | Na, | Na, |Si, |Ba, |Na, [Na, |Si, |Sr, |Na | Na,
Si, | Zn, | K, K, Ge, | Zn, | K, K, Ge, | (Cl, | K, K,
Ge, |Cd, [(CI, | (CI, |P, Cd, [ Zn, |(CI, |P, Br, | (Cl, | (CI,
P, Ni, |Br, |Br, |V, Ni, | (Cl, | Br, V, J, Br, | Br,
VvV, |Co, |, JB,|As |Co, |Br, |JB, |As B, | J,
As | Pb, |B, F, S, Pb, |J,B, | F) F, B, B,
CopGuomHbiii Cu, |F, P, Cu, |F, S, S, F, F,
Cl, [S, V, U, P) P) S, P)
Br, | P, Mo, Cl, P)
J, V, As) Br,
B, Mo, J, F,
P, As), S,
V, |Zn P,
Mo, Mn,
As Fe
Tabauya 2
PacnpocTpanenue riaBHBIX TEOXUMHUYECKUX OaphepOB CPEIU MOYB PA3IUYHBIX
JaHamagToB
o A.W.Tlepensmany (1989)
1 | CepHOKHUCIIBIN [TouBsl Ha CyTb()UIHBIMA MECTOPOKICHUSIMH
2 | Kucneiid JlepHOBO-TIOI30/THCTHIC, KPACHO3EMHBIE, CEPhIE JICCHBIC, OyphIe
JIECHBIE, COJIOIN
3 | HelitpanbHsiii kapOoHaTHBIN | CTEHBIC YepHO3EMHBIE, KAIITAHOBBIC, CEPO3EMHBIC
4 | XmopuaHo-cyab(haTHBIN BepxHue ropu3oHTh HEKOTOPBIX COJTOHYAKOB CTENEH U MyCThIHb
5 CoI0BBIN Co0oHIIBI
6 | beckapOoHaATHBIH rieeBbIi JlyroBbie 1 OOJIOTHBIE TTOYBBI CEBEPHBIX CTEIEH, KApOOHATHBIC
JyroBbI€ U OOJIOTHBIE MTOYBHI JIECHOM U TYHAPOBBIX 30H
7 CoOJI€HOCHEBIN IJIECBBIN CoJIoHYaKH CO cJ1Ta00BOCCTAHOBUTEIIBHOM Cpenoi
8 | ['umcoBsIii TyI€EBBII ['urnicoBbie TOPU3OHTHI JIYTOB
9 CoO0OBBIH I'IEEBELIN Co/10BbI€ JIYTOBBIE COJIOHIIBI
10 | ConeHocHoO-CynbdhuIHBIH HwxHue ropu30HTHI COJIOHYAKOB
11 | ConoBeliii cepoBogopoHbii | CoJOHIIEBATHIE COIOHIIBI
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PagnanbHas reoxuMu4yecKasi CTpPyKTypa

Jst XapaKTePUCTUKH MTOYBEHHO-TEOXUMUYECKHUX MIPOIIECCOB
nepepacrpesieieHdss  BellecTBa B CHCTEME  I0YBa-MopoJa  MCIOIb3yeTcs
kod(ppunment panuanbHoi muddepenumanuu R, xoTophiii mpeacTaBisier coOoit
OTHOIIICHUE COJEPKaHMs (BAJIOBOTO WJIM IOJBHMXKHOTO) XHMHYECKOTO 3JIEMCHTA B
OTIEIHPHOM TCHETHYECKOM TOPHU30HTE TIOYBBI K €ro  COACP)KAaHHUIO B
noyBooOpasyromieii  mopoge. Kaxaplii TOpH30OHT TpodMiIst  XapaKTepU3YeTCs
OTIPEJICIICHHBIM PSAOM paguanbHON quddepeHIuanum.

PanuanpHas mMoYBEHHO-TeOXUMUYECKast U depeHITaisa 3aBUCUT OT MHOTHUX
NPUYUH, CPEId KOTOPBIX MOXHO BBIJCIHUTH CIACAYIOIIME: CTPOCHHE ITOYBEHHOTO
npoduIIs, TPaHyJIOMETPUUYSCKHH U1 MUHEPAIOTHYSCKHIA COCTAB MOYB, pacipeieiicHue
OpPTaHUYECKOTO BEIIeCTBA, KapOOHATOB, pPACTBOPHMBIX COJICH, OKHCIHUTEIHHO-
BOCCTAHOBMTEJIBHBIC M IIEJIOYHO-KHUCIOTHBIC YCIOBUSA. M OIHON W3 Ba)KHEHIIMX
npuduH auddepeHrany BemecTs B MOYBEHHOM IMpoduiie sSBISETCS MPUCYTCTBUE
paouanvhulx 2eoxumuyeckux oapvepos. OHU (POPMUPYIOTCS MEKIY T€OXUMHUYECKU
KOHTPACTHBIMH TE€HETHUYECKMMH TOpU30HTAMU, Hampumep, OecKapOOHATHBIM U
KapOOHATHBIM (wenounoll 6apvep), COBMEIICHBI ¢ IeNbIMU TopuzoHTamu (Al —
OMOreoXuMHUYECKU Oapbep, S — UCTTAPUTEIBHBIN Oapbep W T.J.) WM C UX YaCTAMH.
KoHnieHTpamusi XMMUYECKUX DJIEMEHTOB Ha Oappepax MOXKET BO MHOTO pa3
NPEBBIIATh UX CPEIHUE COJEPKAHUS B COCEAHUX TOPU30HTAX HIIM BMEIIAIOIIEM HX
TOPHU30HTE.

Kax mpaBuiio, 1OBOJIBHO CHJIBHO OTIWYAETCS KOHTPACTHOCThH PACIpPEACIICHUS
BaJIOBBIX U TOJBWKHBIX (OPM XMMHUYECKHX DJIEMEHTOB. Tak, BaJioBble (HOPMBI
muddepeHnupoBaHbl MEHEEe CHJIBHO, Y€M TIOJBUKHBIC, HM3BIEKAEMbIC W3 TOYBBI
paznuuHbIMA  pacTBoputensiMu.  CopOupoBaHHble  GOPMBI IO  XapakTepy
muddepeHnuanuy MpUOIMIKEHBI K BaJOBBIM (OpMaM, YTO MOATBEPKIAET BAKHYIO
pOJIb TIUHUCTBIX MHUHEPAJIOB M THUAPOKCHUIIOB JKelie3a W MapraHia B (pukcanuu u

AKKYMYJIIOHUHN XUMHUYCCKUX 3JICMCHTOB.
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IIpakTnueckas padora 4. PaqnanbHbie reoXuMHUYecKre Oapbephl

[IpakTryeckoe 3aHsATHE 10 U3YUYCHHUIO PAUaIbHON T€OXUMHUECKON CTPYKTYPhI
Mpe1yCcMaTpUBAIOT:

1) aHamM3 CHCTEMbl XUMHUYECKHX U (PU3UKO-XUMHUYCCKUX TMOKa3aTeei 1 IByX

THUIIOB MOYB;

2) BBISIBJICHHE pPaJuajbHBIX TI'COXHMHUYCCKHX OaphepoB B BEPTHKAIBbHBIX
npOUISLX ITUX MOYB;
3) rpaduueckoe H300paKCHUE BBISBICHHBIX T'C€OXUMHUYECKHX OaphepoB Ha

CXeMaTUYECKUX MPODUIIAX MOYB;

4) pacuet k03 duieHTa paauaabHol AudhepeHInaIum;
5) mocTpoeHHE TEOXUMHYECKUX JTHATPAMM.

(I'eoxumuyeckue Ouazpammvl OmMpaxicarOm pacnpeoeieHue 2J1eMeHmos 6
8ePMUKANBLHOM NPohuie 048 u cmenenb KOHMpAacmHOCMU 2e0XUMUYECKUX Oapbepos
YV PA3HbIX d]1eMeHMOo8)

Hcxonnble MaTtepuaibl. PUCYHKH TMOYBEHHBIX Npoduiei, ¢ rpaduueckum
N300paKeHNEM aHAIUTUYECKUX XapPaKTEPUCTUK OCHOBHBIX CBOMCTB MOYB; TaOIHIlA —
MaTpulia reoxumudeckux 6aprepoB o A.U. IlepenbMaHy; aHalIWTUYECKUE JTaHHbBIC
0 COZEP>KAHUIO B MOYBAX HECKOJIBKUX 2JIEMEHTOB.

3aoanue 1. TlpoBecTm aHaAN3 (PU3MKO-XUMHYECKHX XAPAKTEPHUCTHK
OCHOBHBIX  cBoiicTB mo4YB. HeoOxoaumo  mpoaHaNIM3UpPOBATH  XapakTep
muddepeHnanuy TeHEeTHYeCKUX Mpoduiaeii MOYB MO WX pa3HBIM CBOWCTBAM
(peakuuu cpeapl, TYMYCHOCTH, BEIMYMHE €MKOCTH MOTJIOIICHUS, paclpe/leICHUs
WINCTOW (pakiuu, TOJYTOPHBIX OKHCIIOB, KapOOHATOB KaibIus), oOpamas
BHMMAaHUE HA PE3KHE CMEHbl YCIOBUN MHIPALIMM 3JIEMEHTOB U M3MEHEHHUE BEJIMYUH
COJIEp>KaHMsI BELIECTB B Pa3HbIX TEHETUYECKUX TOPU3OHTAX.

Tak npu pagualbHOM MHIPAMM  BEUIECTB IMOYTH KaXIbId TOPU3OHT
T€HETUYECKOr0 MPOQUIs MOKET UTPaTh POJb FT€OXUMUYECKOro Oapbepa. ['yMycoBbIi
TOPU30HT MOKET BBIMIOJIHATH POJIb OMOT€OXUMHUUYECKOT0 Oaphepa, WLTIOBUAIBHBIA —
MOXET ObITh aKTUBHBIM COPOLIMOHHBIM OapbepoM, TOPU3OHT C PE3KO MEHSIOUIEHCS

peakiei cpeibl, HAIMYMEeM KapOOHATOB — BBIPAKEHHBIM IIEJIOYHBIM OapbepoM.
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3aoanue 2. HanecTn Ha cXeMaTHYeCKHMI NMOYBEHHbBIH NMPOPUJIb I'PAHULIBI
reoXuMHU4YeCKuX 0apbepoB U MX HMHIeKChl. PaboTa ¢ maTpuilell TeOXMMHUYECKUX
0apbepoB MO3BOJISIET YBHUJETH COBOKYITHOCTh M 3HAYCHHE (PAKTOPOB, OKA3BIBAIOIINX
BJIMSIHHE Ha MHTCHCUBHOCTH MUTPAIIMH 3JIEMEHTOB B IOUBEHHOM MpOQHIIe.

BrisBieHHBIE KJTacChl M BHIBI PaJMalbHBIX TEOXUMHYECKHX OaphepoB
HAHOCSATCS B BHJIEC YCIOBHBIX (DUTYPHBIX JIMHUKA W WHIEKCOB HA CXEMaTHYECKHE
pUCYHKH TTpoduieii moys.

3aoanue 3. Paccuurarb k03¢ uuueHTsl paguanbHoil 1uddepeHuuanumn
(R). Jlns Toro droObl BBIABICHHE T'COXMMHYSCKHX OaphepoB ObLIO HE
YMO3PUTENBHBIM, €ro HEOOXOMUMO JIOTIONHHUTH pacueToM Kod(h(HImreHToB
pamuanpHON muddepennuanyu (R) B ogHONW W3 MOYB, YTO JAeT BO3MOXKHOCTH
HarJsAHO yOeIUThCS B TOW POJIHM, KOTOPYIO HIPAIOT T€OXMMHYECKHE Oaphephl B
KOHIIEHTPAIIMK dSJEMEHTOB B BepTUKaIbHOM Tnpoduie mnous. Koadduinument
paananbHoi auddepeniumanuu (R) BBISBISET U3MEHEHUE COJIEPKAHUS IJIEMEHTOB B
OTJEIBHBIX TOPU30HTAX TIOYB IO CPABHEHHIO C TOYBOOOPA3yIOIIEH MOPOIOH,
oTpakasi  XapakTep IMepepacrpeiiesieHus d3JIeMEHTOB B mpoduie  IMoyB,
INPOUCXOJAIIETO 3a CYeT MPOoIecCOB TMouBooOpazoBanms. [Ipu ero pacuere
collepKaHHe DJIEMEHTOB B KaXKJIOM TE€HETUYECKOM TOPHU30HTE OTHOCHUTCS K WX
COJIep KaHHI0 B TIOYBOOOPA3YIONIEH mopoe.

3aoanue 4. IlocTpoeHue reoxumMuyecKux aumarpamm. Benuumner R
OPUHATO UW300pakaTh B BHUJAEC JUarpaMM, KOTOpbIE HArJISIAHO —TIEPENaroT
KOHTPACTHOCTb IepepacipeieieHus 3JeMEeHTOB B npoduie nmous. ['eoxumuyeckue
JUarpaMMBbl CTPOSITCSL B BUJIE TIPSIMOYTOJIBHUKOB, Pa3Mepbl KOTOPBIX COOTBETCTBYIOT
MacimTaby, BEIOpaHHOMY i u300paxkeHus R=1, T.e. BenmunHe kodduimeHTa B
ropusonTe C.

st ymobctBa moctpoenust 3a 1 Oepercs kBaapat, pasmepom 1*1 cwm, a
3HayeHus] R OTKiIagpIBalOTCSl O 00€ CTOPOHBI IEHTPAIBHON OCH, COOTBETCTBYS II0
BBICOTE  MOIIHOCTH  IOYBEHHBIX TOpPU30HTOB. Bemnumna  ko3dduumenta

IIPOCTABIIACTCA B CCPCANHC IIPAMOYI'OJIbHHUKA.
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3aoanue 5. Conocrapienne nuarpaMm R ¢ pacnpeaejieHueM B MOYBax
reOXuMM4YecKuX  OapbepoB M KpaTkasi  aHHOTAUMS  BbISIBJEHHBIX
3aKOHOMEPHOCTEI.

['eoxumuyeckue  auarpaMMmbl  CJ€AyeT  COBMEIIaTb C  KOJOHKOWU
CXEMAaTUYeCKOro Mmpoduias TOYB C HAHECEHHbIMM HAa HEH TIeoXUMHYECKUMU
OapbepaMu. DTO TO3BOJISIET BBISIBUTH: 1) Kiacchl U BHUABI OapbepoB, Hambosee
3HAYMMBbIE B JAHHBIX MOYBAX JJIi MUTPALMH 3JIEMEHTOB; 2) CTENEHb KOHTPACTHOCTHU
aKKyMYJISIUU 3JIEMEHTOB Ha Oapbepax;

3) accouManMM HJIEMEHTOB, OJIHOTHUMHBIX MO OCOOEHHOCTSAM MWIpald U
KOHIEHTpPALMH. 3aKII0UEHUE JOJIKHO COAEPKAaTh OTBETHI HA 3TU BOMPOCHI.

['paganum KOHTPACTHOCTH OAPHEPOB MOKHO PEKOMEHAOBATH CIIEYIOIINE:

c1a0OKOHTPACTHBIC OapbEPHI R=1,3-1,5
KOHTPaCTHBIE R=1,5-3,0
CHJIBHOKOHTPACTHBIE R>3
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KoMmiekCHbIIT MOHMTOPHUHT 3eMeJIb CeJIbCKOX03AHCTBEHHOI0 HA3HAYCHUS

B ectecTBeHHBIX OMOreoneHo3ax HaOIIJAeTCs OTHOCHTENBbHO 3aMKHYTHIN
LMKJI OMOTE€HHBIX 3JIEMEHTOB. B arporeHo3ax mpoucxXoIuT pa3phiB ATOrO IUKJIA U3-3a
OTUYXJICHUSI TIUTATEIbHBIX BEHIECTB C YPOXKAaeM, CHIDKEHUS WX JOCTYIHOCTHU
pacTeHusiM, MOTEPh B pe3yJbTaTe CTOKA, APO3UH, NEHUTPUDUKALNK, THOUIbTPALUU
u T.4. Hapymenue OanaHca mnNHUTAaTEeNbHBIX BEIIECTB B 3€MJICACIMUA BEIET K
YMEHBIIICHUIO TPOU3BOJICTBA MPOIYKIIUHU, YXYAIICHUIO €€ Ka4eCTBAa U K CHUKCHUIO
ycToHuMBOCTH arposanamadroB. Cucremarnueckoe HabMI0IeHUEe, U3yUeHUE, aHATN3
ATUX MPOLIECCOB U MPUHATHE HEOOXOIUMBIX MEP COCTABJISIOT OCHOBY MOHUTOPHHTA.

Jlo XIX B. oIeHKa KadyecTBa IIOYB 3EMENIb CCIbCKOXO3SIMCTBEHHOTO
Ha3HA4YeHUs ObUIa TpeIHa3HaueHus s (PUCKAIBbHBIX IIeNeil (HaJIoroo0J0KeHUs
3eMJIEBIIAJICNIbIIEB) U HOCUJIA onucaTenbHbld Xxapaktep. B XIX — XX BB. aiis oleHKH
IJIOJIOPOJIUST TIOYB CTaJd HCIOJB30BaTh TaKXKE Pe3yJdbTaThl KOJUYECTBEHHOTO
aHanM3a TIOKa3arejedl CBOMCTB mMoOYB. Pe3ynbTaThl KadyeCTBEHHOW OIICHKU
UCIIOJIb3YIOT HE TOJIBKO JIJII YCTAHOBJICHUSI CTOUMOCTH 3€MJIM U 3€MEIbHBIX HaJIOTOB,
HO M JUISI peIlieHUs] YIIPABICHUECKHUX 3a/a4 MO MOBBIIICHUIO MPOAYKTUBHOCTU 3€MEITh
M BOCIPOM3BOACTBY TMOYBEHHOTO IUIONOpOAUs  (MIPUMEHEHUs  yaoOpeHuH,
XUMHYECKass M BOJHAS MEJIHUOpAIHsi, MPOTUBOIPO3UOHHBIE M (PUTOCAHUTAPHBIC
MEpOIpusiTUS W JAp.). B mociennue TOoAbl TMpH OLIEGHKE KadecTBa 3€MeNb B
3apyOeKHBIX CTpaHax YCWJIMBAETCS pOJIb KPUTEPUEB, CBS3AaHHBIX C OXPAHOU
OKpPYXaIOIEH Cpelbl U POJIb aBTOMATU3UPOBAHHBIX 3€MEIbHBIX WH(OPMAIIMOHHBIX
CUCTEM U IU(PPOBHIX KATACTPOBBIX KapT.

®AO n114 OLICHKH KauyecTBa 36MJIM B HEOPOILIAEMOM 3€MIIEJIENIUUA PEKOMEHYET
MCITIOJIB30BaTh CIICAYIONINE MOKA3aTENH: PeKUM paauanuu (o0miast paauanus, JIHHA
TTHS1), TEMIIEPATYPHBII PEXUM, TOCTYIMHOCTH Bilaru (0011asi BIa>KHOCTb, KPUTUUYECKHUE
MEepUO/bl, OIMACHOCTh 3aCyXH), JOCTYNHOCTb KOpHSIM (YCIOBHS JIpE€Ha)a),
CoJep’)KaHWe JOCTYIHBIX JJIsi PACTEHWM TMUTATEIbHBIX JJEMEHTOB, YCIOBHUSA
YKOPEHEHHUsI M YCIOBHS, BIMSIOIIME HA MpopacTaHhe CceMssH M o0Opa3oBaHuUE
TPaBOCTOS, BIAXHOCTh BO3/lyXa Kak (pakTop pocTa, yCIOBUSI CO3PEBAHUS, OMACHOCTh

3aTOIUICHUSI, KJIMMATUYECKUE OMAacHOCTH (MOpO3, IITOPM), H3OBITOK coJel

30



(3aCOJIGHHOCTB,  COJIOHIIEBATOCTb), TOKCHYHOCTh NOYBbI  (mpucyTcTBUE Al
KHCJIIOTHOCTb, III€JIOYHOCTh, KHUCJBIE Cylb(paThl W Apyrue), (QpurocaHutapHoe
COCTOSIHUE (COPHSIKM, BpEAUTENH, OOJIe3HU), MPUTOJHOCTh MOUYBBI K 0O0paboTKe,
MOTEHIIMAT MEXaHHW3allMH, YCIOBHS TMOATOTOBKM 3€MJIM WU €€ PACUYUCTKU IMOJ]
MAITHIO, YCJIOBUS XpaHEHUS W MEPEBO3KHU MPOAYKIIMU, MECTOIOIOKEHUE, OMACHOCTh
sposun (medasauuu) u gerpaganmmu  mouBkl u ap (Guidelines, 1983). Bce
NpeACTaBJICHHbIE TIOKa3aTeldu TPYNIUPYIOTCA MO0 pa3feiaM: KIMMaTHYEeCKUe
yCJIOBHS, KJIUMAT MOYBKI, (popMa u penbed ydactka, rUAPOJIOTHS, (PUTOCAHUTAPHOE
COCTOSIHUE TIOCEBOB U TMOYBBI, MOP(OJIOTHSI MOYBHI, (PM3UKA U APO3US MTOUBBI, XUMUS
MOYBBI, OWOJOTHUSI TIOYBBI, MHUHEPAJIOTHUS TIOYBBI, MECTOMOJIOXEHUE 3EMEJILHOIO
ydacTKa.

B crpanax nmanpHero 3apyOexbs ONeHKY 3(PGhEeKTUBHOTO MIIOAOPOIUS TOYBHI
OPOBOJAT 1O  paclIUpeHHOMY  Habopy  mokasateied  arpou3uyecKux,
arpOXUMHYECKHX, OMOJIOTHYECKUX CBOWCTB IOYB, XapakTepy peibeda MEeCTHOCTH,
NOJIBEPKEHHOCTH  MOYB  MpolleccaM  3PO3UM,  KIMMATHYECKHX  YCJIOBHH,
(UTOCAHUTAPHOTO COCTOSHUSI M APYTMM IOKa3aTeliiM, BaXXHEUIIUM M3 KOTOPBIX
ABIIAETCS TPOJYKTUBHOCTh pacTeHui. [lo KOMIUIEKCHOUM OIleHKe, BBIPAXKEHHOU B
OPOIEHTaX OT YPOXKAMHOCTH, TIOAydYaeMOW B ONTHUMAIbHBIX YCIOBHUSIX TIpU
OTCYTCTBUU CHEIHAIIBHBIX 3aTpaT, OMPEEISIOT KJIacC MPUTOAHOCTU 3E€MIIH IS TeX
WIM HHBIX KynbTyp: > 80% - BbeicOkas mnpuromnocts; 41 - 80% - cpenusas
npurogHocth; 20 - 40% - orpanuyeHHast NIPUTOTHOCTD; < 20% - HEMPUTOAHBIC 3EMITH
(Meronnueckue ykazanus, 2003).

B cTpanax CHI' MOHUTOpUHT 3eMelb TAK)KE Hayal akKTUBHO pa3BUBAThCs B 70-
e romel 20 B.,, korma Ha Oasze cranmmii [mnpomereocnyk6si CCCP Obuia
opranuzoBaHa OO1Ierocy1apcTBeHHas CiIy>k0a HaOMIOIeHUN U KOHTPOJISI COCTOSHUS
OKpYXalolel cpeapl, KOTOpas BKJIOYala B ce0s MOACUCTEMY MOHHUTOPHHTA
3arpsi3HEHUsl MouB. B psife cTpaH 3HaUMTENbHBIA Mporpecc B chepe MOHUTOPHUHTA
3eMeJb HaMeTHJICS JIUIIb B mmocieaaee Bpemst (["omoBatsrii, 2009).

Mexmnapnamentckas AccamoOiiess rocynapctB — ydacTHUKOB CoapykecTBa

HezaBucumbix T'ocymapctB  paspaborana pekoMeHAanuMu o0  OopraHu3aiuu
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CIIyTHUKOBOIO MOHHTOPHHIA CeJNbCKOro Xxo3sucrtBa crpaHn CHI' mocpeactsom
00bEIMHEHHOW CHUCTEMBI C LENbI0 cOo3/1aHus Y(PHEKTUBHON CUCTEMBI CITyTHHUKOBOT'O
MOHHUTOPHMHIA WU JJISl YCIEIIHOTO BEIEHUSA CEIbCKOro xo3siicTBa. [lomyueHHbie B
pe3yJibTaTe CIIYTHUKOBOTO MOHUTOPHUHIA JaHHbIE MO3BOJISIIOT cTpaHaM CHI' umers
OOBEKTUBHYIO  aKTyajlbHyl0  HH(pOpManuio 00  HCIONb30BAaHUU  3€MENb
CEIIbCKOXO3MCTBEHHOIO  HA3HAYEHWs, O  CTENEHM HUX  MHBECTULIMOHHOM
MPUBJIEKATEIILHOCTH, HEOOXOAMMYIO0 Kak JUIsi 3((EKTUBHOTO BEACHUS CEIbCKOTO
X035MCTBA, TaK U JIsI pa3BUTUSA UHTETPAlMOHHBIX npoiieccoB B CHI'.

Henssmu co3manust OOBEAUHEHHOW CHUCTEMBI CHYTHUKOBOIO MOHUTOPHUHTA
(OCCM) rocymapctBamu - yuactHukamu CHI'  sBisitorcs  wHTErparus
WHTEJJICKTYaJlbHOIO TOTEHIMada, TEXHUYECKUX CPEICTB W TEXHOJOTMYECKUX
pPECYpPCOB [iJI1 YCTOMUMBOT'O PAa3BUTHUS OTPACIICH arpONpOMBIIIJIEHHOTO KOMIUIEKCA U
CEIbCKUX TEPPUTOPHH, pOCTa UX KOHKYPEHTOCIIOCOOHOCTH, oOecredeHus
IPOJIOBOJILCTBEHHON Oe3omacHocTH B Macmitabax CHI', moBbllieHUs MII0I0POIUS
MOYB, a TakKe (OPMUPOBAHUSI COBPEMEHHOW MHPPACTPYKTYpPhl MPOCTPAHCTBEHHBIX
JAHHBIX arpapHoro npodussi, Kak COCTAaBHOM YaCTH HAIMOHAIbHONU HHAPACTPYKTYPHI
IPOCTPAHCTBEHHBIX JAHHBIX, UHTETPUPOBAHHBIX B UHDPACTPYKTYPY
npocTpaHCcTBEHHbIX AaHHbIX CHI'.

Pecniybnuka benapych pacronaraet KOCMHYECKUM anmnapaTomM
JUCTAHIIMOHHOTO 30HJAMPOBAHUS 3€MIIM BBICOKOTO MPOCTPAHCTBEHHOTO pa3pelIeHUs,
KOTOpPBIA OCHAlIEH ITaHXPOMATUYECKOM CHEMOYHOM CHUCTEMOM, IO3BOJSIOLICH
MOJIy4aTh YEpHO-OENble CHUMKU C paspemieHueM 2,1 M U MyJIbTUCHEKTPATbHOU
CHEMOYHOM CHUCTEMOW ISl TOJYyYEHUs] CHUMKOB C pazpemieHueM 10,5 M B deTbIpex
CHEKTPAJIbHBIX JHMAMa30HaX — KPAacHOM, JKEITOM, TOJIyOOM U  OJKHEM
unppakpacaom (R, G, B, NIR).

Kazaxcran pacnonaraer  COBpPEMEHHOM  TPYIIHMPOBKOM  KOCMHUYECKHX
amnmapaToB JHCTAaHIIMOHHOTO 30HAMpoBaHus 3emiu: KazEOSat-1 m KazEOSat-2 c
Ha36MHBIM CETMEHTOM JJI1 BBIMIOJHEHHS MOJHOTO IUKJIa 00pabOTKH KOCMHYECKUX
n3o0paxenuid. O0a CHyTHUKA SIBISIIOTCS JJIEKTPOHHO-ONTHYECKUMU. CbhbeMOuyHOE

yctporictBo KazEOSat-1 nmeer mpocTpaHCTBEHHOE paspemieHne | M Ha MHUKCENb B
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MaHXPOMATUYECKOM peKuMe, 4 M Ha MUKCEIIb — B MYJIbTHUCIIEKTPAIbHOM PEXKHUME.
KazEOSat-1 otnocutcs xk KA JI33 BBICOKOTO pa3pelieHus ¢ MAThIO KaHajlami,
YeThIpE M3 KOTOpbIX MynbTUCHEKTpanbHble — R, G, B, NIR, u oaun
nanxpomatuyeckuii. KazEOSat-2 310 Kocmuyeckuii anmapaT JUCTaHIMOHHOIO
30HJIUPOBAHUSI 3EMJIM CPEIHETO MPOCTPAHCTBEHHOrO paspemieHus (6,5 M Ha
MUKCEJb) C MAThIO MYJbTUCIICKTpaIbHbIMU KaHanamu — R, G, B, Red Edge, NIR. O6a
Ka3aXCTAaHCKUX KOCMUYECKUX ammapaToB JUCTAHIIMOHHOTO 30HIUPOBAHUS 3eMIIH
MOTYT TIPOM3BOJUTH CTEPEOCHEMKH. YKa3aHHbIE TEXHUYECKHE XapaKTEPUCTUKU
KazEOSat-1 u KazEOSat-2 u ux BbICOKas NPOU3BOJUTEIBHOCTh IO3BOJISIOT
YCOEIIHO BECTH CIYTHUKOBBIM MOHUTOPHUHT ¥  KOHTPOJb HajJ 3eMJISIMU
CEIBCKOXO03IMCTBEHHOTO HA3HAUCHMS, YTO YK€ IPOBEPEHO HA MIJIOTHBIX MTPOCKTAX.

Hcnons3oBanne BO3MOXKHOCTEH Ka3aXCTAHCKOW T'PYMIHPOBKA KOCMHYECKHX
amnmapaToB JAWCTaHIIMOHHOTO 3oHaupoBanus 3emun KazEOSat-1 u KazEOSat-2
PE3KO YBEIMYHUBAET TOYHOCTh W OOBEKTUBHOCTh CIYTHUKOBOI'O MOHHUTOPHWHTA,
BBIBOJIUT WX HAa HOBBI YPOBEHb — YPOBEHb KOHTPOJISI HaJ ABJICHUSIMHU U TIPOIECCaAMU,
MPOUCXOASAIIMMM Ha KOHKPETHOM CEJIbCKOXO3AMCTBEHHOM TI0JIE W  YYacTKe.
[Tocneqnee B uWHTErpanuu ¢ JOCTHXKEHUSIMHU [7100anbHONM  HABUTAIIMOHHOM
CITyTHUKOBOM CHCTEMbl IIO3BOJISIET BHEAPUTH M pPa3BUBATh CHUCTEMY TOYHOTO
3eMJieqIeNusl BO Bcex rocyaapcTax — yuactHukax CHI'.

B Hacrosmee BpeMsi mepedeHb padOT IO CIHYTHUKOBOMY MOHHUTOPHHTY
Axmonunckon, CeBepo-Kazaxcranckoit, Kocranalickoi u  KbI3putopauHCcKOH
obJracTei BKIIFOYAET CIICTYIONINE BUIABI YCIIYT:

— CIyTHHUKOBAasl OlLICHKa BECEHHEro 3amaca Bjard B METPOBOM CJIO€ TMOYBHI IO/
SIPOBBIMU 3€PHOBBIMH KYJIbTYPaMU;

— CITyTHMKOBAs OIIEHKA SIPOBBIX MOCEBHBIX ILIOIIAJICH;

— CITyTHMKOBAsI OIICHKA JIaT IPOBOTO CEBA;

— CIIyTHHUKOBAas OIICHKa IUIOMIaJeH MapOBBIX MOJIEM TEKYIIETO ToJa U CTPYKTYPHI
3epHOMApPOBOTO CEBOOOOPOTA;

— CITYTHMKOBAsI OIICHKA 3aCOPEHHOCTH ITOCEBOB SPOBBIX 3€PHOBBIX KYJIBTYD;

— CIIYTHHKOBAsA OLCHKA COCTOAHUSA APOBLIX IIOCCBOB;
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— CIYTHHUKOBBIA MPOTHO3 YPOXKAaHHOCTH M 00BbEMa BaJIOBOr0 cOOpa 3epHa MECSYHON
3a0J1arOBPEMEHHOCTH;

— CIIyTHUKOBas OIIEHKAa YOOpPOYHOM IUIOIIAJNA SIPOBBIX CEIbCKOXO3SIIICTBEHHBIX
KYyJIBTYD,

— CIIyTHHUKOBAs OLIEHKa OCEBHBIX IUIOLIAAEH purca;

— CIIyTHUKOBBIN MTPOTHO3 00b€Ma BAJIOBOTO cOOpa puca.

CrnyTHUKOBBIH ~ MOHUTOPUHT  OXBaThIBA€T BCE  CEJIbX03(OPMHUPOBAHUS
OCHOBHBIX 3€pHOCEIOIIUX obsiacTeld pecnyOJuKH, €ro JaHHbIE MCIOJIb3YIOTCS s
OPUHATHS HEOOXOJUWMBIX OINEPATUBHBIX MeEp JO TOJy4YeHUs OQUIHATBHBIX
CTaTUCTUYECKUX JaHHbIX. Ha OCHOBE W C yd4yeTroM MOJy4aeMbIX JaHHBIX
MUHHUCTEPCTBO CEJILCKOTO XO3SIIICTBA MPOBOAUT aHAIIN3 CKJIaABIBAIOIINXCS TIIOMIAICH
[I0CEeBa, COCTaBIISIET MPOTHO3HBIE JaHHBIE IO YPOXAWHOCTH, BajIOBOMY COOpY,
dopMUpyeT IIEHOBYIO, OKCIOPTHYIO, CTPAaXOBYI [MOJHUTHKY, (GOPMYIUpPYET
KOHKpPETHbIE Hay4HO OOOCHOBaHHbBIE PEKOMEHJALMM MO BEJACHHUIO XO34iicCTBa B
CYILIECTBYIOUIMX arpOMETEOPOJIOTNYECKUX YCIOBUSX.

[Io cTpaxoBbIM cnydassMm (3acyxa, Ipal, BETpPOBal U T. JA.) AKUUOHEPHOE
o0mrecTBO «HarroHanbHbIN IIEHTP KOCMUYECKUX UCCIIEIOBAHUN U TexHoIoTHi» (AO
HIIKHWT) nmeer BO3MOXXHOCTb NMPEIOCTaBICHHUS O030pHBIX KapT MHJIEKCA YCIOBHH
Beretauun (VCI), sBusromierocss KOCBEHHBIM HHJMKATOPOM BO3HUKHOBEHHUS
3aCyILUIMBBIX YCIOBUHM, Ha TeppuTopuio Kazaxcrana (1o oTAenbHOMY 3ampocy — Ha
TEPPUTOPUIO OOJIACTH).

Poccuiickas ®enepanus Hapsany ¢ «Kanomyc-B» Nel Brmajmeer kocmuuecknumu
amnmapaTaMyd JUCTAHIIMOHHOTO 30HAMpoBaHuA 3emiuu: «Pecypc-1I», «Dnektpo» wu
«Meteop-M» Ne 1 um Ne 2. «Kanomyc-B» Nel 1o cBoMM TEXHHUYECKUM
XapaKTEPUCTUKAM SIBIIIETCS AHAJIOTOM OEJIOPYCCKOT0 KOCMHUYECKOro ammapara.
Kocmuueckuii annapaT IUCTaHIIMOHHOTO 30HAUpoBaHus 3emiu «Pecypce-I1» B cBoem
COCTaBE MMEET KOMIUIEKC 1IEJIEBOM anmapaTypbl:

1) MHOT'030HAJTbHYIO BBICOKO/ICTAJbHYIO anmnaparypy BBICOKOTO

MIPOCTPAHCTBEHHOI'O pa3pelieHus: He Xyxke | M (MaHXpOMAaTHYECKUN PeKUM) U 2—3 M
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(MyJIbTUCTIEKTPAIILHBIA PEXKUM), CIIEKTpaibHble auana3oHsl — R, G, B, Red Edge
(6mxHumit kpacHbIi), NIR, crepeocheMka;

2) MUPOKO3aXBaTHYI0 MYJIbTUCIEKTPATIBLHYIO KaMEPY BBICOKOTO pa3peIIeHUs:
MaHXPOMATUYECKUM PEKUM — HE Xyxke 12 M Ha MECTHOCTH, MYJIbTUCTIEKTPAJIbHBINA —
23,8 M, cekTpanbsHble Auana3onsl — R, G, B, Red Edge, NIR;

1) mmMpoko3axBaTHYI0 MYJIbTUCICKTPAIBHYIO KaMEPy CpPETHEro pa3pelieHus:
MaHXPOMATHYECKUM PexKUM — HEe Xyxke 60 M Ha MECTHOCTH, MYJIbTUCTIEKTPAIbHBIA —
120 M, criekTpanibHble quana3onsl — R, G, B, NIR;

4) TUNEepCcHeKTPaIbHYI0 ChEMOYHYIO amnmapaTypy: pa3pelieHue Ha MECTHOCTHU
He Xyxe 30 M, KONMYEeCTBO CIIEKTPAJIbHBIX KaHAJIOB HE MeHee 96.

Kocmuueckuii anmapat  «DJEKTpO»  SBISETCS  T'eOoCTallMOHAPHBIM
TUAPOMETEOPOJIOTHYECKMM  KOCMHUYECKMM  KOMIUIEKCOM C  pa3pellieHHeM Ha
MECTHOCTH B BuAMMOM auanazoHe — 1000 M (3 chekTpanbHBIX KaHama), U B
uHdpakpacHoMm auanaszone (7 kananon) — 4000 m.

Kocmuueckue anmapatrsl «Meteop-M» Ne 1 um No 2 mpenHazHadeHbl Ajis
HAOJIOIeHUsT HaJ TJ00adbHBIMU MpOIIECCAaMH, MPOUCXONAIIMMU B aTMocdepe u
NOJCTWIAIONIEH MOBEPXHOCTU 3EMJIM, W IOJYYEHUS TUAPOMETEOPOJIOTMYECKON U
renroreou3sndeckor HHPpoOpMaIuy B IJIAHETAPHOM MacIiTabe.

AJTOPUTM CIIyTHHMKOBOI'O MOHHMTOPUHIA 3€MEJb CEIbCKOXO3SIIICTBEHHOTO
Ha3HA4YEHUS BKIIIOYAET B ce0sl CEMb OCHOBHBIX II1aroB’

1)  ompeneneHUE CEMBLCKOXO3AUCTBEHHON TEPPUTOPHUN U KPyTa pelIaeMbIX 3a/1a4;
2)  1ombOp KOCMHYECKHX aIlllapaToB JAWCTAHIIMOHHOTO 30HIWPOBAHUS 3EMIIA —

OTZIEJIbHOTO WJIA TPYHIUPOBKUA — COOTBETCTBYIOIIUMH
3)  TEeXHHYECKHMHU XapaKTePUCTHKAMH, OTBEYAIOIIMMH PEIICHUIO ITOCTABICHHBIX

3a;ay;

4)  cpeMmKka CEIIbCKOXO03MCTBEHHOM TEPPUTOPUHU Cc HEO0OX0TUMOM

MEPUOANYHOCTHIO U COOTBETCTBYIOIIUM MPOCTPAHCTBEHHBIM Pa3pPEIICHUEM;

5)  mpoBeleHUE Ha3EMHBIX JICITU(PPOBOYHBIX PadoOT;

6)  uHTerpamus ¢ KaJlaCTPOBBIMH JJAHHBIMU;
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7)  TpemocTaBlieHHWE TMPOCTPAHCTBCHHBIX  JIAHHBIX HA  COOTBETCTBYIOIIEM
reornopTraie;

8) oleHKa CcUTyallMid W TPUHATHE 3aKa3YUKOM YIPABICHYCCKHX PEIICHUN
(IpUHATBI Ha COPOK IIECTOM IUICHAPHOM 3acefaHu MeKmapiaMeHTCKON
Accambiien rocynapcts — ydactHukoB CHI' (moctanoBienue Ne46-16 ot 27

mapta 2017roaa)).

B ocHOBY pOBOIMMOT0 arpoXuMUYECKOU CIy:K00M MOHUTOPHUHTA TUIOO0POIUS
MOYB JIOJDKEH OBITh MOJIOKEH KOMILJIEKC ONpeesieMbIX HHTETPaJbHbBIX MOKa3aTenen
Pa3IUYHBIX CBOMCTB MOYB U JPYyTrux (HakTOpOB, OT KOTOPBIX 3aBUCUT YPO>KaTHOCTH
CEITBCKOXO03IMCTBEHHBIX KYIBTYP.

I[Ipy  mpoBeneHMH  KOMIUIGKCHOTO  MOHHMTOPMHIA  IUIOJAOPOAMS  TOYB
CEJIbCKOXO3IMCTBEHHBIX 3€MEJIb JIOJKHBI PEIIAThCs CIASAYIOIUE 3a/1auu:

1) momydeHwe JOCTOBEpPHONM U OOBEKTUBHOM WHGOPMAIMKM O COCTOSHUU
IJI0JIOPOJUS MOYB;

2) cUCTEMHBIN aHaJIu3 M OLIEHKA MOoJydyaeMoi nH(GOpMaIlny;

3) mnacmopTH3alMs M KOMIUIEKCHAs OILEHKAa IUIOJOPOAMS IOYB KaKJI0TO
3eMeJIBHOTO y4acTka (1mosis);

4) ceprudukamnys MOYB 3eMEIbHBIX YIaCTKOB;

5) paspabotka u exeromHoe mpeacTaBieHue IIpaBurenbctBy Poccuiickoit
denepanuy  HAIMOHAIBHOTO [IOKJIala O COCTOSHUM IUJIOJAOPOAMS IOYB 3EMEIIb
CEIbCKOXO3MCTBEHHOI0 HA3HAYEHMS; aHAJIIOTMYHas padoTa BBHIMOJIHIETCA Ha
PETHOHAIIBHOM U MECTHOM YPOBHSIX;

6) pa3zpaboTKa IIEJIeBBIX MPOrpaMM B 00acTH OOeCreYeHHs MI0I0POIUS TOYB
3eMeINlb CENbCKOXO3IMCTBEHHOTO HAa3HAYCHHWs] Ha (eaepaabHOM, PETHOHATBHOM,
PallOHHOM U XO3MICTBEHHOM YPOBHSIX;

7) pa3paboTKa NPOEKTOB MPOU3BOJICTBA PACTEHUEBOIUECKON MPOIYKIMH (3€pHa,

Kaptodes, OBOLIEH, III0A0BO-ITOAHON NPOYKIIMK, BUHOTPaia, KOPMOB U JIp.).
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OO0wue cBeeHNns 0 MOYBaX 00C/I€AyeMOro 3eMeJIbHOI0 YYaCTKA MPH
NMpoBeleHNH KOMIJIEKCHOT0 MOHUTOPHUHIA ILUI0I0POAHS 3eMeJlb
CeJIbCKOXO03CTBEHHOI 0 HA3HAYCHUA

I[Ipy  mpoBeneHMM  KOMIUIEKCHOTO  MOHHUTOPMHTa  IUIOAOPOAMS  IOYB
CEIbCKOXO3IMCTBEHHBIX  YroJWi  HE0OXOAUMO  UMETh  HH(OpMAIMIO O
MECTOIOJIO)KEHUU  3€MEJIbHOr0  y4yacTka (mojst), JaHAImadTHO-3KOJIOTHYECKYIO
XapaKTEPUCTUKY U DKOJIOTO-TEHETHYECKYIO XapaKTEPUCTUKY TMOYB. J[Jis TuX 1enei
UCIIONIB3YIOT JuTeparypHbie nanuble (bynrakos, 2002; Eropos, 1977; 3emenbHbie
pecypebl, 1990; Kupromun, 1996; Kamranosa, 2001; Eropo 1975; CopokuHa,
1995; Illamko, 1985; Illumos, 1987, 1989, 1991), a Takxke Marepuaibl 3eMEILHOTO
KaJlacTpa M PErMOHAIBHBIX HAYYHBIX YUPEIKICHUM.

[Ipu oTCYyTCTBUU COOTBETCTBYIOIIECH MHGOPMAIIUU IO OTJASIBHBIM MOKa3aTeIsIM
OOIIMX CBEICHWH O MOYBaX OOCJIEAYEMBIX 3E€MEJIbHBIX YYaCTKOB HMX OMPEACISIOT
rocynapctBeHHble 1eHTphl (I'LIAC) u cranmuu (I'CAC) arpoXuMH4ecKON CITy»KOBbI,
COOTBETCTBYIOIIME 30HATBHBIE U PETMOHATIBLHBIE HAYYHBIC YUPEIKICHUS.

Nudopmaruio 0 MOYBEHHOM TMOKPOBE, HEOOXOAMMYIO i OOBEKTUBHOMU
NacCIOPTU3AIMH KaKIOTO 3€MEJIBLHOTO y4acTKa U JJI MOCIEAYIOIIed HHTepIpeTalun
pPE3yNIbTaTOB MOHUTOPUHTA, TIONYYAIOT MO pe3yibTaTaM KOPPEKTHPOBKH MOYBEHHBIX
KapT WIM KPYIMHOMACIITAaOHOW TIMOYBEHHOM CHEMKHA C OTPAKEHHEM CTPYKTYpPHI
MOYBEHHOT'O MOKPOBA.

Ilepeuenv noxazameneti MecCmonon0’ceHUus 00C1e0yemMo20 nos, 3eMelbHO20
YUacmKa cenbCKOX03AUCMBEHHO20 HA3HAYEHUS
[Tokazarenu
JlaTa oOcietoBaHus
['on nmpoBeneHus MOCIEeIHETO UKIIA
['eorpaduueckue KOOPAUHATHI: MUPOTA, TOJITOTA
AnmuHUCTpaTHBHAS 00J1aCTh
Paiton

CenbCKOXO035IUCTBEHHOE TTPEAIPUSITUE
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Bun cenbckoxo3sUCTBEHHBIX YroAuil (mamHs, nactOuila, CEHOKOChl, MHOTOJIETHUE
HACaXJICHMUSI, 3aJICXKD)
Tun ceBoobopoTa (M0JIeBOM, KOPMOBOM, OBOIIIHOM U JIp.)
N ceBoobopora
N nons
N Ipou3BOACTBEHHOI'O Y4acTKa
[Inomaas o0caeayeMoro 3eMeJIbHOTO ydacTKa

Ilepeuensv noxazamerneti 1aHOUAGMHO-IKON02UYECKOL XAPAKMEPUCUKY NOJIA,

3eMeNbHO20 YUACMKA CeNbCKOXO03AUCMBEHHO20 HA3HAYEHUS

[TpupoaHO-cenbcKOX03sUCTBEHHAS 30HA
[TpupoiHO-CenbCKOXO3SINCTBEHHAS TTPOBUHIIHS
[IprpoaHO-CENbCKOXO3SIMCTBEHHBIN OKPYT
[IprpoaHO-CENbCKOXO3SIMCTBEHHBIA PaiOH
ATrpoOsKOJIOTMYECKasi ~ Tpylma  3€Mellb  CEJIbCKOXO3SMCTBEHHOTO  Ha3HAYEHUS
(30HANIbHBIE, D3PO3UMOHHBIC, MOIYTUAPOMOPPHO-30HANBHBIE, MOTYTUIPOMOPQHBIE,
ruapoMopdHbIC)
MecTomnosnoxeHue 1o abCoIOTHRIM BBICOTaM HaJl ypOBHEM MOPSI
KoadpummeHT ropu3oHTaIbHOTO pacueHeHHUS TEPPUTOPUH (KM/KB. KM)
KoaddunmeHTs 0Bpa)KHOCTH U INIOTHOCTH OBParoB
Mopdonornyeckuid Tun penbeda (paBHUHBI TUIOCKHE, BOJHHUCTBIC, XOJIMUCTEHIE,
YBaJIUCTHIE U UX KOMOWHAIINN)
®opmbl Me3openbeda: XoaMm, yBai, J0XOWHaA, JOmMHA, Oalka, MoiMa, Teppachl
(BepxHsisi, BTOpasi HAANOWMEHHAsA, MepBasi HAANOWMEHHAas), MIOCKOE MOJIOKEHUE U
Ap.
[Tonoxenune Ha Me3odopme penbeda (CKIOH U Pa3IMYHbIE €r0 YYaCTKH, MOIHOXKHE
CKJIOHA, THO OQJIKU U JIp.)
®opma ckioHa (MPSIMOi, BBIMYKJIbIA, BOTHYTHIH, CIIOAKHBIH)
JInvHa ckioHa

KpyTtusna ckiiona (yKkJoH B rpa.)
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DKcno3unus CKJIOHa (CeBepHasi, CEBEPO-BOCTOUHAsI, CEBEPO-3aMaiHas, KKHas, 0ro-
BOCTOYHAasI, FOT0-3amajiHast)
[louBooOpa3yromue  mopoabl  (MMOKPOBHBIE,  JIECCOBHUJIHBIE,  JIEHHKOBBIE,
(roBHOTISIIMANIBHBIC, AJLTIOBUATBHBIE U JP.)
[ToxcTunaromue mopoasl
VYpoBeHb 3aeraHusi TpPyHTOBBIX BOJI, M
CreneHnb MUHEpaIU3aIliy TPYHTOBBIX BOJI
CtpyKkTypa MOYBEHHOTO MOKpOBa (dJIEMEHTapHbIC MOYBEHHBIC apeayibl, KOMIUICKCHI,
NSTHUCTOCTHU, TAIIEThI, MO3aUKH)
CreneHb CI0XKHOCTHU (TIECTPOTHI) MOYBEHHOTO TTOKPOBA
CreneHb KOHTPACTHOCTHU (Pa3HOKAYECTBEHHOCTH ) IOYBEHHOTO MTOKPOBA
Crenenb kamMmeHUCTOCTH (ciabast, cpeaHsisl, CUIIbHAS )
[lonBep>keHHOCTH BETPOBOM 3p03uH (cradasi, CpeaHsisl, CUIIbHAS)
[lonBep>keHHOCTH BOAHOU 3po3uH (crnadasi, Cpe/iHssl, CUIIbHAS)
MennopaTUBHOE COCTOSTHUE 3€MENIbHOTO y4acTKa (OCyIIeHHEe, OPOIICHHE)
MecTomnosoxeHne B BOJJOOXPAHHOM 30HE
Tun TopdsiHOro MecTopokaeHHs (BEpXOBOE, MEPEXOTHOE, HU3MHHOE)
I'pynnma Ttopda (mpeBecHas, APEBECHO-TpPaBAHAs, IPEBECHO-MOXOBas, TpaBsHas,
TpaBsIHO-MOXOBasi, MOXOBas )
MomtHoCcTh TOPQSHONW 3alie)Kd W TMOpoja, MOACTHIIAroas 3alexb, M, mo ['OCT
21123
Crenienb paznoxxenus Topda, %, mo 'OCT 21123
Ilepeuenv noxazamerneii 3K01020-2eHeMUUECKOU XAPAKMEPUCTNUKU NOYE
00Ccnedyemoco noJisi 3eMelbHO20 YUACMKA CeNbCKOX03AUCMB8EHHO20 HA3ZHAYEHUs]
ITokazarenu
Tur mouBsl
IHoaTun
Pon
Bun (1o MOIITHOCTH TYMYCOBOI'O TOPU30HTA U COJEPKAHUIO TYMYycCa B TOPU30HTE A)

Pa3noBuHOCTD (110 TPaHYJIOMETPUUYECKOMY COCTABY)
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Paspsing  (mo xapakTepy mMOYBOOOpasyOmMX ¢ MOACTWIAIOIIMX MOPOA, IO
MUHEPAJIOrM4€CKOMY COCTABY)

CreneHb 3pOIUPOBAHHOCTH (CTA00CMBITHIC, CPETHECMBITHIE, CUJIBHOCMBITHIE)
Crenens aedaupoBaHHOCTH (c1abo-, cpe/iHe-, CUIbHOAehIUPOBAHHEIE)

YpoBeHb paTnOaKTUBHOTO 3arpsi3HEHUs (i1 pailoOHOB, 3arPSA3HEHHBIX B pe3yJbTaTe
aBapuu Ha YepHoObuibckoir ADC)

Tun 3acomenus (XJIOpUAHOE, CYIb(PATHO-XJIOPUIHOE, XIOPUAHO-CYIb(aTHOE,
cynbdaTHoe, COJIOBO-CYNb(aTHOE, cyJib(haTHO-COJI0BOE, cynbdaTHO-
rugpokapOoHaTHoe)™ *

CreneHp 3acoyieHHs TIOYBHI (HE3acOJCHHas, Cia0o-, CpeaHe-, CHIbHO-, OYCHb
CWJIbHO3acOJIeHHas) *

CrerneHb COJIOHIIEBATOCTH TIOUB (c1a00-, Cpe/iHe-, CUIBbHOCOJIOHIEBATHIE) *

['myOuHa 3aneranus rurica (BbICOKOTUIICOBBIC, TITyOOKOTHUTICOBBIE)*

['myOuna 3ayeranus kapOoHATOB (BRICOKOKapOOHATHEIE, TTyOOKOKapOOHATHBIE)™®

*[Ipy HEOJHOPOJHOCTH IOYBEHHOTO IMIOKpPOBAa B TMpefefiaX 3eMeNIbHOTO YyyacTka TaOauilbl
COCTaBJISAIOT I Ka)KJI0TO0 KOMIIOHEHTA [MOYBEHHOTO MOKPOBA.

** J11s1 COJIOHIIOB M 3aCOJICHHBIX ITOYB

ArpoxumMuueckoe 00cjieJoBaHNe MOYB 3eMeJIb CeJIbCKOX03s1iiCTBEHHOI0
Ha3HAYEeHUs

[Ipu arpoxumMu4eckoM OOCJIEAOBAaHWMU TIOYB OIPEACIAIOT ITOKa3aTeld WX
XUMUYECKUX M (U3UKO-XUMHUUYECKUX CBOUCTB. OpraHudeckoe BemecTBO (pa3oBoe
OTIPEJICIICHNE), BaJIOBOE COJIEPKAaHME a30Ta BEIIECTBO (Pa3oBOE OIPEICICHHE),
dochopa BemectBO (pa3oBoe  ONpEJACIICHHE), KalWs BEIIECTBO  (pa3oBoe
OMpEJIeNICHNE), CEPhI BEIIECTBO (pPa30BOE OMPEIEIICHHE), KaJIbl1s BELIECTBO (Pa30BoOe
OmpejeieHUE), MarHus  BeIlIeCcTBO  (pa3oBoe  OMpejeiieHHE),  COJep)KaHue
HeoOMeHHoro kanmusi (oguH pa3 B 10 met), moaBmxkHbIe Gopmbl Gocdopa, Kamws,
KaJbIls, MarHus, CEepbl, >keje3a, Oopa, MoJuOJieHa, MapraHiia, kKoOamgbTa, IUHKA,

Meau B mouBax, pH coseBoil BRITSIKKH, OOMEHHOM KUCIOTHOCTH, THIPOIUTUYECKON
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KUCJIOTHOCTH, OOMEHHBIN (TOJBIXKHBIN) allOMUHUN, CyMMa [OIJIOHIEHHBIX
OCHOBAaHMH, CTETIEHb HACBHIIIEHHOCTH OCHOBAHUSAMMU.

B necocTenHoi, CTENHONW, CyXOCTEHON U MOJYIIYCTBIHHOW 30HaX ONpPEHEIIAOT
(pU3UKO-XMMUYECKHE CBOMCTBA COJIOHIIOBBIX, 3aCOJICHHBIX M OpOILAEMbIX I[OYB:
KaTUOHHO-aHWOHHBIA  COCTaB  BOJHOM  BBITSDKKHM, VyJAEJNbHAsl  AJIEKTpUYECKAs
MpPOBOAMMOCTh, PH BOAHON BBHITSKKHM, IUIOTHBIM OCTAaTOK, HOHBI KapOOHaTa U
OukapOoHaTa, MOHBI XJIOpa, Cysibdara, Kajausi, HaTpus, KaJblUs, MarHus, €MKOCTb
NOTJIOLIEHUsI, OOMEHHBIN HaTpUl, OOMEHHBI MarHuii B COJIOHLIOBOM TOPHU30HTE MPHU
colepKaHMM OOMEHHOTO HaTpusi MeHee 5%, comepxaHUE THUIICA, TOYBEHHbIE
KapOoOHaThl, HUTPUPUKAIMOHHYIO CIIOCOOHOCTh TIOYB, aAMMOHH(UIIUPYIOIIYIO
CIIOCOOHOCTH MOYB, a30THUKCUPYIOLIYIO CTOCOOHOCTH MOYB.

Ha pemnepHbIx ydacTkax W B TMOJIEBBIX ONBITaX C YyJIOOPEHUSMH Hapsgy C
ONPENIECIICHUEM COJIEPKaHHUSI OPraHUYECKOTO BEIIECTBA ONPEACISIIOT COAEpKaHUE
TaOMIIbHBIX TYMYCOBBIX BEILIECTB.

Kaprorpaduueckoit 0CHOBOI JIJIsl TPOBEACHUS arPOXUMUUYECKOT0 00CIIeI0BaHUs
IIOYB SIBIISIETCS IUIAaH BHYTPUXO3SIMCTBEHHOI'O 3€MJIEYCTPOWCTBA C HAHECEHHBIMU
KOHTYpaMH 3€MEJIbHBIX YYAaCTKOB C yKa3aHUEM HX KaJaCTPOBBIX HOMEPOB, THUIIOB,
IOATHUIIOB U TPAHYJIOMETPUYECKOTO COCTaBa MOYB.

Arpodusnueckoe 00cjae0BAHUE NOYB 3eMeJIb CeJIbCKOX03HCTBEHHOT 0
HAa3HAYECHUS

N3ydenne ¢GU3NYSCKHX CBOWCTB TIOYB SBISICTCS HEOOXOIMMOM COCTaBHOM
YaCThI0 KOMIUIEKCHOTO MOHUTOPHMHIA W II0AOpoAus mouB. llepedeHp mokasarenei
duznuecknx U BOJHO-(PU3MUYECKUX CBOWCTB MOYB MPHU MPOBEACHUH KOMIUIEKCHOTO
MOHHUTOpHUHTA (Tabnwuia 3).

Tabnuya 3
[Tokazatenu GpU3NIECKUX M BOTHO-(PU3HUESCKUX CBOWCTB IMOYB 00CIEAYEMOTO

3CMCJIbHOI'O y4aCTKa

ITokazarenu Meton onpeneneHus
MOIHOCTh NAXOTHOTO TOPU30HTA, CM MeTo10M NPUKOIOK
I'panynomerpuueckuii coctaB (pazosoe | [To Kaunnckomy
OTpeeICHNUE)
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ArperatHslii cocTtaB Mo4Bbl Ipu cyxoM | [Io CaBBuHOBY
MIPOCEUBAHMHU (B MMTAXOTHOM FOPU30HTE):
coaepxkanue arperaro 0,25 — 10 mm, %
cojJiep>KaHue TIBIOUCTON (pakuuu Oosee
10 MM, %

Bononpounocts arperatoB: coaep:xkanue | [Io CaBBUHOBY
BOJONPOYHBIX arperatoB > 0,25 MM B
MMaXOTHOM TOpU30HTE, %

PaBHOBecCHast TNIOTHOCTBD, I/KY0. CM: MetonoM peXyIIUX KOJIeI WIM TamMma-
B IMAXOTHOM TOPU30HTE U B MOANAXOTHOM | CKOIIMYECKUM METOIOM
ropu3oHte 110 50 cM

BongonponuiiaeMocTs, roJjieBast | MeToJ1 3aJiIuBaeMBbIX IUIOIIAJI0K
(HauMeHbIIast) BIaroeMKOCTh
MakcumainbHast rurpockonuueckas | FOCT 28268-89

BJIQXKHOCTh U BJIAXXHOCTh YCTOMYHBOTO
3aBsiiaHus (pa3oBoe ompe/eeHIe) B
cioe 0 - 100 cM uepes kaxasie 10 cm

HeoOxonumocTh n3yuyeHus: GU3NYecKux U BOJIHO-(PU3UUECKUX CBOMCTB MOYB:

- COJIEp’KaHUE arperaToB arpOHOMHUYECKH 1IeHHOTO pazMepa (10 - 0,25 mMm) npu
CyXOM TMpPOCEMBAHUU TMOYBBl ONPEAEISIET YCIOBUS MPOTEKaHUS TMOYBEHHO-
(¢u3MUeCcKUX MPOIECCOB, CTENEHb KPOIUIEHUS MOYBbI NMpU 00pabOTKe, YCTOMYMBOCTD
€¢ K BOJHOM M BETPOBOM JPO3UHU, OTHOCHUTEIBHYIO YCTOMYHUBOCTH IIOYBBI K
VIUIOTHSIFOIIEMY BO3JECUCTBHUIO CEIIbCKOXO3SIMCTBEHHON TEXHUKU;

- COJep)KaHHUE TJIBIOMCTON (paKIMKU TPU CyXOM IPOCEUBAHUU SIBIISETCA
WH()OPMATUBHBIM TMOKa3aTEIeM M3MEHEHUs (DU3UYECKOTO COCTOSIHUS TMOYB KakK IMpHU
OKYyJbTYpPUBaHUH, TaK U TIPU UX (HU3UUECKOU JeTpaaaliui;

- colepKaHue BOAOMPOYHBIX arperatoB KpymnHee 0,25 MM XapakTepu3yeT
YCTOWYUBOCTH CO371aBAEMOT0 00pabOTKOM CIIOKEHHSI TIOYB BO BPEMEHU;

- paBHOBECHas IUIOTHOCTh IIOYB, SIBJISIONIASCS B 3HAYUTEIBHOU Mepe
WHTETPAJbHBIM MOKa3aTeieM (PH3NYECKOTO COCTOSHUSA, ONPEALIISICT MHOTHE YCIOBHUS
KU3HU PACTEHUH, CTENEHb OKYJIBTYPEHHOCTH WUJIU JErPaAUPOBAHHOCTH MOYB;

- [OKa3aTellb  BOJONPOHUIIAEMOCTH TIOYB  ONpEACNsieT  BIUTHIBAHUE

BBINAJAIONINX OCAJKOB M MOJMBHOU BOJIBI;
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- TOJIeBas WM HAWMEHBINAsl BJIATOEMKOCTh OTPa)kaeT BOAOYIAEP KUBAIOIIYIO
CIIOCOOHOCTh TIOYB, ONPEIEISET BIArooOECHEYeHHOCTh PACTEHUM U JTUTENIBbHOCTH
MEKITOJIMBHOTO MEPHO/Ia B OPOIIAEMBIX YCIOBUSAX;

- TIOKa3aTeIM MAaKCUMAJIbHOM TUTPOCKOIMMYECKON BIAXKHOCTH W BJIAXKHOCTH
YCTOMYMUBOTO 3aBsiIaHUSI UCIIOJIB3YIOT JUISl OMNpEeieHUss COJAEpP>KaHUSI JOCTYIMHOU
BJIaru B MOYBE;

- MOIIHOCTh MaXOTHOT'O CJIOS WCIHOJB3YIOT JJIsl ONpEAENICHUs] B HEM 3alacoB

BJIalr'M MW THUTATCIBbHBIX JJICMCHTOB, pPacCucTa 03 yﬂ06p€HI/II>'I H XUMHYCCKUX

MCJIMOPAHTOB, OICHKHN CTCIICHU OKYJIbTYPCHHOCTH ITIOYB.

IKO0JOr0-TOKCHKOJOrHYecKoe 00cIe/I0BAHNE MOYB U IOCEBOB

Ilepeuens

nokasareieu

XUMHUUYECCKOI'O 3arpsA3HCHUSA

CEJIbCKOXO03IHUCTBEHHBIX YFO}II/Iﬁ TAKCIIBIMU MCTAJLNIaMH, TICCTUIUIAMHU U APYTUMHU

XUMHUYCCKUMH BCUICCTBAMU U MCTOABI X OIIPCACIICHUA ITPUBCACHBI B Ta6JII/IIIC 4,

Tabruya 4

HepequL MokazaTejiell XMMHUYECKOTr O 3arpA3HCHUSA I10YB 06CHC,Z[yeMOFO

3C€MCJIBHOI'O Yy49aCTKa 3E€MCJIb CEIbCKOXO035MCTBEHHOIO0 Ha3HAYCHUS

Iloka3arenu

\ Metobl onpeeeHus

XHUMHUYECKOE 3aIrpA3HCHHUC I104YB TAXKCIbBIMHU MCTAJLJIAMHA U IPYTHUMHA

TOKCHUKaHTaMH

MpbIIbsK, KaAMUA, PTYTh,
CEJICH, CBUHEII, IIUHK,
¢drop, 6en3(a)mupen, 6op,
K0OaIbT, HUKEb,
MoHOJIeH, Me/lb, CYpbMa,
XpoM, Oapuii, BaHaIHH,
BOJIb()paM, MapraHeil,
CTPOHITUH, alleTOPEHOH,
He(Th U HE(DTETIPOTYKTHI,
CyMMa H30MEPOB
noMxJI0pOouQeHoI0B

I'OCT 17.4.1.02-83; I'OCT 17.4.2.01-81;

I'OCT 27593-88; I'OCT 17.4.3.04-85;

I'OCT 17.4.3.06-86; 'OCT 17.4.4.02-84;

I'OCT 17.4.3.03-85; OCT 23002-97; MY 1o oneHKe
CTEIICHU OITACHOCTH 3arpsi3HEHUS ITOYBEI
XAMHUYECKUMH BerectBaMu N 4266-87;

CanlluH 42-128-4433-87 [116];

[Tepeuens IIJIK u OJK XuMuyeckux BEIIESCTB B
nouBe N 6229-91. lononnenne N 1 k nepeunto [TJIK
u OJIK N 6229-91 (I'H 2.1.7.020-94);

MY 1o onpeaeneHuIo TSKEJIbIX METAJIOB B MOYBAX
CeNbX03YroAui U MPOIYKIIMU PAaCTEHUEBOICTBA

1-ro xmacca onacuoctu 1o 'OCT 17.4.1.02

MBIIIBSK;

Kangmmnii:
MOJBH>KHAS dbopma,
BOJIOpacTBOpuMast opma,

MY 1o oOnpeneleHur0  MBbIIIbIKA
(hOTOMETPUYECKHM METOJIOM,

B Imo4yBax

PJ1 52.18.289-90,
PJ1 52.18.286-91,
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KHCIIOTOPACTBOPUMAs
dopma;

PryTs;

Cenen™;

CBuHen:

MOABUKHAS dbopma,
BOJIopacTBOpuMas (opma,
KHACJIOTOPaCTBOPUMASI
dopma,

BajioBas opma;

[unk:

MO/ IBUKHAS dbopma,
BOJIOpacTBOpUMas (opma,
KHACJIOTOPaCTBOPUMAS
dopma,

BajioBas opma;
¢dTop; moaBmxkHas hopma,

bens(a)mupen™

PJ1 52.18.191-89,

MeToaudeckne ykazaHHs MO YKCIIPECCHOMY aTOMHO-
a0COpOLIMOHHOMY ONPEICIICHUIO PTYTH B
MOYBaX C TEPMHUYECKHM pa3IOKCHHEM Tpoo0. M:

I[MNHAO, 2000. 9 c.
OTCyTCTBYIOT

PJ1 52.18.289-90,
PJ1 52.18.286-91,
PJ1 52.18.191-89,
OCT 10 259-2000,

PJ1 52.18.289-90, TOCT P 50686-94,
PJ1 52.18.286-91
PJ1 52.18.191-89,

OCT 10 259-2000,

MGTOHHHGCKHG YKa3aHu:A I10 OIIPpCACIICHUTIO
COACpKaHUA ITOABHKHOI'O Q)Topa B IIo4uBax
HOHOMCTPUYCCKUM  MCTOIOM. M.: MuHcenpxo3

Poccun, 1993. 8 c.
OTCYTCTBYIOT

2-ro kiacca onacHoctu 1o 'OCT 17.4.1.02

bop, moxswxkHas dopma;
Kobanbt:

MOJIBH>KHAS dbopma,
BOoJOpacTBopuMas Gopma,
KHACIIOTOPacCTBOPUMAS
dopma,

BajioBas hopma;

Huxens:

ITOJIBMDKHAS dopma,
BOZiOpacTBOpuMas Gopma,
KHCIIOTOPACTBOPUMAs
dopma,

BaJIoBast dopma;
MonuOneHn, HOOABHKHAs
dopma;

Menpb:

ITOABYKHAS dopma,
BoJOpacTBOpuMast opma,
KHCIIOTOPACTBOPUMAs
dopma,

I'OCT P 50688-94,

PJ1 52.18.289-90; TOCT P 50687-94,
TOCT P 50683-94; PJI 52.18.286-91,
PJ1 52.18.191-89,

OCT 10 259-2000,

PJT 52.18.289-90,
PJ1 52.18.286-91,
P/ 52.18.191-89,

OCT 10 259-2000,
I'OCT P 50689-94,

PJ1 52.18.289-90, 'OCT P 50684-94,
I'OCT P 50683-94,
PJ1 52.18.286-91,
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BasioBas popma;

CypsMa;

XpoM:

MOABUKHAS dbopma,
BOZIOpacTBOpUMas Gpopma,
KHUCJIOTOPaCcTBOpUMAs
dopma,

BajsioBas popma

PJ1 52.18.191-89,

Metoarka BBIIIOJHEHUS U3MEPEHUU MACCOBOM JOJIU
MHUKPOKOMIIOHEHTOB B MOYBaX M WIAX METOJIOM
aTOMHO-3MUCCUOHHOM criekTpockonuu N 8.023-96,

PJT 52.18.289-90,
PJ1 52.18.286-91,
PJ1 52.18.191-89,

OCT 10 259-2000

3-ro kiacca ormacHoctd mo 'OCT 17.4.1.02

bapui,

Bananguii,

Bonsdpawm,

Mapranen;:

MO/IBUKHAS dbopma;
BOJIOpacTBOpUMas (opma,
KHACJIOTOPaCTBOPUMAS
dopma,
BaJIOBast
CtpoHuui,
dopma;
AneropeHOH™;
Hedtb 1 HEDTETPOTYKTHI;

opma;
BaJioBasd

Cymma HM30MEpPOB
OJINXJI0pOU(EHOIIOB;

3arpsi3HeHUE MOYB
NECTUINIAMHU -

MIECTUIIMIBI TI0 BHJIAM,

CyMMapHbIld  TIOKa3aTelb
3arpsA3HEHUs

Metoanka N 8.023-96
Metoanka N 8.023-96
Metoanka N 8.023-96

PJ1 52.18.289-90; TOCT P 50682-94
TOCT P 50685-94; PJI 52.18.286-91
PJ1 52.18.191-89

OCT 10 259-2000
OCT 10 259-2000

OTCyTCTBYIOT

BpeMeHHas ~ WHCTpYKIMST 1O  ONpPEACNICHHUIO
Hedrenpo-aykToB B mouse, PJ1 39-0147098-015-90
PJ1 52.18.578

CanlluH 42-128-4275-87,
I'H 1.1.546-96; P/1 52.18.156-99;

MeTtoabl ONPEICIICHUS MHUKPOKOJINYECTB
MIECTUIIUIOB
Pexomennganum. Hcnonn3oBanne METOoJa

OMOWHIUKAIIUY /I OIIEHKH OCTAaTOYHBIX KOJUYECTB
repOMIMIOB B MOYBE M HUX  CYMMAapHOH
(UTOTOKCHYHOCTH

* OnpenensoT Mo Mepe pa3paboTKH COOTBETCTBYIOITUX METOIUK
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IIpunoxkenue Kk npakTu4eckoii padore 1.

Bapuanr 1. ITocTpouTs 3TanOHHBIA PAaHKUPOBAHHBIN PsIJL 10 COBPEMEHHBIM IIECKaM.
Ipunoowcenue 1.1
XHUMHUYECKUN COCTAB OCAJOUYHBIX M TOYBOOOPA3yOIUX NopoA, %o

KoMmnoHeHTsI A b B r I
SiO; 86,10 59,20 7,41 81,37 36,65
TiO; 0,74 1,20 0,14 0,28 0,16
Al>O3 5,45 16,14 1,55 3,83 1,02
Fe20s 1,20 4,36 0,70 4,21 0,70
FeO 1,41 3,24 1,20 0,16 1,07
MnO 0,06 0,09 0,15 0,03 0,04
MgO 0,61 3,14 2,70 0,84 0,50
CaO 0,98 2,52 45,44 1,10 29,43
Na>O 0,55 3,82 0,15 0,07 1,01
K20 0,96 1,97 0,25 0,31 0,47
P20s 0,14 0,17 0,16 0,20 17,14
CO2 0,58 0,41 39,27 0,59 5,19
SO3 0,02 - 0,02 0,15 1,48

A — necok p. Oraiio, mt. Minnunoiic, CIIA.

b — nerHsAsA rnuHa, 1€HTOYHBIN 0caloK, OUHIAHAUA.
B - TUnMMUHBII U3BECTHSK (KPUCTATUIMUECKHUH, CHITYD).
I' — xpemuuctoie noposl, Kamyxckas o0nacTs.

I — utactoBeie pocdoputsl, bpsHck.

Bapuant 2. [TocTpouThb 3TalOHHBIN paHXUPOBAHHBIN S/ IO TUITUYHBIM U3BECTHIKAM.
Ilpunoowcenue 1.2
XHMMUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3yIONINX MOPoA, %o

KoMmoHeHTsI A b B r pil|
SiO, 86,10 59,20 7,41 81,37 36,65
TiO, 0,74 1,20 0,14 0,28 0,16
Al>O3 5,45 16,14 1,55 3,83 1,02
Fe203 1,20 4,36 0,70 4,21 0,70
FeO 1,41 3,24 1,20 0,16 1,07
MnO 0,06 0,09 0,15 0,03 0,04
MgO 0,61 3,14 2,70 0,84 0,50
CaO 0,98 2,52 45,44 1,10 29,43
Na.O 0,55 3,82 0,15 0,07 1,01
K20 0,96 1,97 0,25 0,31 0,47
P20s 0,14 0,17 0,16 0,20 17,14
CO2 0,58 0,41 39,27 0,59 5,19
SO3 0,02 - 0,02 0,15 1,48

A —necok p. Oraiio, mt. Mnnunoiic, CIIA.

b — neTHss riavHa, JIEHTOYHBIA ocajiok, DUHIISHIMA.
B - TunuuHbI U3BECTHAK (KPUCTAUIMUECKUH, CHILYD).
I' — kpemuucToie opoel, Kanyxckas o0nacTs.

J| — mutacroBsie pochoputsl, bpsHCK.
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Bapuant 3. [locTpouTh 3TaIOHHBIA paHXMUPOBAHHBINA P 10 IUIACTOBBIM pochopuram.
Ipunoowcenue 1.3
XHUMHUYECKUN COCTAB OCAJIOUHBIX M MOYBOOOPpa3yoMX nopoi, %o

KoMmnoneHTsI A b B r pil|
SiO; 3,14 50,33 7,41 81,37 36,65
TiO; 0,04 1,13 0,14 0,28 0,16
Al>O3 3,00 19,17 1,55 3,83 1,02
Fe203 550,17 6,50 0,70 4,21 0,70
FeO 19,75 2,52 1,20 0,16 1,07
MnO 0,48 0,13 0,15 0,03 0,04
MgO 1,40 3,77 2,70 0,84 0,50
CaO 10,13 1,43 45,44 1,10 29,43
Na>O - 1,78 0,15 0,07 1,01
K20 - 4,03 0,25 0,31 0,47
P20s 0,08 0,14 0,16 0,20 17,14
CO2 7,90 0,41 39,27 0,59 5,19
SO3 0,07 - 0,02 0,15 1,48

A — Kene3Hble 0caZouHbIe pybl, KepueHckoe MECTOPOKIEHHUE.
b — 3uMHSs TTIMHA, JIGHTOYHBINA ocaiok, OuHISHIN.

B - TunuuHbI U3BECTHAK (KPUCTATUIMUECKHUH, CHITYD).

I' — xpemHuctoie moposl, Kamyskckas 061acTh.

| — utactoBeie pocdoputsl, bpsHck.

Bapuant 4. [TocTpouThb 3TalIOHHBIA paHXUPOBAHHBIN PSJ] MO KEJIE3HBIM 0CaJOUYHBIM
pyam.

IIpunooicenue 1.4
XUMUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3yIONINX MOPoA, %o

KoMmoHeHTsI A b B r pil|
SiO, 3,14 50,33 7,41 81,37 36,65
TiO, 0,04 1,13 0,14 0,28 0,16
Al203 3,00 19,17 1,55 3,83 1,02
Fe20s 550,17 6,50 0,70 4,21 0,70
FeO 19,75 2,52 1,20 0,16 1,07
MnO 0,48 0,13 0,15 0,03 0,04
MgO 1,40 3,77 2,70 0,84 0,50
CaO 10,13 1,43 45,44 1,10 29,43
Na.O - 1,78 0,15 0,07 1,01
K20 - 4,03 0,25 0,31 0,47
P20s 0,08 0,14 0,16 0,20 17,14
CO2 7,90 0,41 39,27 0,59 5,19
SO3 0,07 - 0,02 0,15 1,48

A —KeJe3Hble 0calouHble pyabl, KepueHckoe MecTOpOXKACHHUE.
b — 3uMHss TIMHA, IEHTOYHBIA ocagoK, DUHISHINS.

B - TunuuHbI U3BECTHSK (KPUCTANIMUECKUH, CHIIYD).

I' — kpemuucToie opobl, Kanyxckas o0nacTs.

J| — mutacroBsie pochoputsl, bpsHCK.
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Bapuanr 5. ITocTpouTs 3TalOHHBIA PAaHKUPOBAHHBIN P 110 TNIMHUCTBIM OCaJOYHBIM

MOPOAAM.
Ipunoowcenue 1.5
XHUMHUYECKUN COCTAB OCAJIOUHBIX M MOYBOOOPpa3youx nopoi, %o

KoMmnoHeHTsI A b B r I
SiO; 66,7 59,65 7,41 88,92 1,24
TiO» 0,6 0,67 0,14 0,16 2,48
Al203 13,5 13,54 1,55 4,28 57,29
Fe203 1,6 5,97 0,70 2,03 6,39
FeO 3,5 0,29 1,20 0,50 9,10
MnO 0,1 0,01 0,15 0,05 0,09
MgO 2,1 3,07 2,70 0,44 0,62
CaO 2,5 4,93 45,44 0,41 2,72

Na.O 2,9 0,74 0,15 0,08 -

K20 2,0 3,15 0,25 0,26 -
P20s 0,2 - 0,16 0,17 0,68
CO; 1,2 4,06 39,27 0,21 6,32
SOs 0,1 0,22 0,02 0,08 0,59

A — ecyaHuKH (KBapIeBbIC)

B — rmuaucTHIC TOMIM Pycckoit miaTdhopmsel (4eTBEpTUYHAS TPYIIIA)
B - TunuuHbI U3BECTHAK (KPUCTATUIMUECKHUH, CHITYD).

I' — xpemHucTHIE TOPOIBI (OMIOKA uepHast), Kamyxckas o0:1.

| — 6okcut cBeTno-cephiii, CeBepHbIN Ypai

BapuanT 6. [TocTpouTh 3TaNOHHBIN paHXUPOBAHHBIN PsAJT IO KBAPLIEBHIM MMECYAHUKAM.
IIpunoscenue 1.6
XMMUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3yIOHINX MOPoA, %o

KoMmoHeHTsI A b B r pil|
SiO, 66,7 59,65 7,41 88,92 1,24
TiO, 0,6 0,67 0,14 0,16 2,48
Al203 13,5 13,54 1,55 4,28 57,29
Fe20s 1,6 5,97 0,70 2,03 6,39
FeO 3,5 0,29 1,20 0,50 9,10
MnO 0,1 0,01 0,15 0,05 0,09
MgO 2,1 3,07 2,70 0,44 0,62
CaO 2,5 4,93 45,44 0,41 2,72
Na.O 2,9 0,74 0,15 0,08 -
K20 2,0 3,15 0,25 0,26 -
P20s 0,2 - 0,16 0,17 0,68
CO2 1,2 4,06 39,27 0,21 6,32
SO3 0,1 0,22 0,02 0,08 0,59

A — necyaHuKH (KBaplEBbIE)

b — rmunucTeie Tonm Pycckoii mnaTdopMel (4eTBEpTUYHAS TPYTITA)
B - TunuuHbI U3BECTHSK (KPUCTANIMUECKUH, CHIIYD).

I' — kpemuucTHIE TOPOBI (010K YepHast), Kamyxckas o6i1.

J1 — 60okcuT cBeTiio-cepbiii, CeBepHbIi Y pam
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Bapuant 7. IlocTpouTs 3TaNoOHHBIN paHXHUPOBaHHBIN psia o 6okcutam CeBepHoro Ypaina.
Ipunoowcenue 1.7
XHUMHUYECKUN COCTAB OCAJIOUHBIX M MOYBOOOPpa3yoMX nopoi, %o

KoMmnoneHTsI A b B r pil|
SiO; 66,7 59,65 7,41 88,92 1,24
TiO; 0,6 0,67 0,14 0,16 2,48
Al>O3 13,5 13,54 1,55 4,28 57,29
Fe203 1,6 5,97 0,70 2,03 6,39
FeO 3,5 0,29 1,20 0,50 9,10
MnO 0,1 0,01 0,15 0,05 0,09
MgO 2,1 3,07 2,70 0,44 0,62
CaO 2,5 4,93 45,44 0,41 2,72
Na>O 2,9 0,74 0,15 0,08 -
K20 2,0 3,15 0,25 0,26 -
P20s 0,2 - 0,16 0,17 0,68
CO2 1,2 4,06 39,27 0,21 6,32
SO3 0,1 0,22 0,02 0,08 0,59

A — necyaHukHU (KBapleBbIE)

b — rmuHuCcTRIC TOMIIM Pycckoit miaTdopmel (YeTBEpTUYIHAS TPYTITA)
B - TUNMYHBI U3BECTHAK (KPUCTAJUTMUYECKHUH, CHITYD).

I' — xpemHuCTHIE TOPOIBI (OMIOKa uepHast), Kamyxckas o0:1.

JI — 6okcut cBeTao-cephiii, CeBepHbIN Ypai

Bapuant 8. [TocTpouTs 3TanoHHBIN paHXHUPOBAHHBIN PsAJl IO KPEMHUCTBIM TOPOJIaM.
IIpunooscenue 1.8
XHMMHUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3YIOMINX MOPoA, %o

KoMmoHeHTsI A b B r pil|
SiO; 66,7 59,65 7,41 88,92 1,24
TiO, 0,6 0,67 0,14 0,16 2,48
Al203 13,5 13,54 1,55 4,28 57,29
Fe20s 1,6 5,97 0,70 2,03 6,39
FeO 3,5 0,29 1,20 0,50 9,10
MnO 0,1 0,01 0,15 0,05 0,09
MgO 2,1 3,07 2,70 0,44 0,62
CaO 2,5 4,93 45,44 0,41 2,72
Na.O 2,9 0,74 0,15 0,08 -
K20 2,0 3,15 0,25 0,26 -
P20s 0,2 - 0,16 0,17 0,68
CO> 1,2 4,06 39,27 0,21 6,32
SO3 0,1 0,22 0,02 0,08 0,59

A — necyaHuKH (KBaplLEBbIE)

b — rnmunucTeie Tonmm Pycckoii mnaTdopMbl (4eTBEpTUYHAS TPYTITA)
B - TUnWYHBIN W3BECTHSK (KPUCTALTUYECKUM, CHITYD).

I' — kpemuucTHIE TOPOBI (010K YepHast), Kamyxckas o611

JI — 60okcuT cBeTiio-cepbiii, CeBepHbIi Y pan
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Bapuanr 9. IlocTpouTs 3TalOHHBIA PAHKUPOBAHHBIN Psil 10 TVIMHUCTBIM OCaJ0YHBIM

MOPOAAM.
Ipunoowcenue 1.9
XHUMHUYECKUN COCTAB OCAJIOUHBIX M MOYBOOOPpa3youx nopoi, %o
KoMmnoHeHTsI A b B r I

SiO; 3,14 50,33 7,41 81,37 36,65
TiO» 0,04 1,13 0,14 0,28 0,16
Al203 3,00 19,17 1,55 3,83 1,02
Fe203 550,17 6,50 0,70 4,21 0,70
FeO 19,75 2,52 1,20 0,16 1,07
MnO 0,48 0,13 0,15 0,03 0,04
MgO 1,40 3,77 2,70 0,84 0,50
CaO 10,13 1,43 45,44 1,10 29,43
Na.O - 1,78 0,15 0,07 1,01
K20 - 4,03 0,25 0,31 0,47
P20s 0,08 0,14 0,16 0,20 17,14
CO; 7,90 0,41 39,27 0,59 5,19
SOs 0,07 - 0,02 0,15 1,48

A — Kene3Hble 0caZouHbIe pybl, KepueHckoe MECTOPOKIECHHUE.
b — 3uMHSs TTIMHA, JIGHTOYHBINA 0cajioK, DUHIISIHIUS.

B - TunuuHbI U3BECTHAK (KPUCTATUIMUECKHUH, CHITYD).

I' — xpemHuctoie moposl, Kamyskckas 061acTh.

I — utactoBeie pocdoputsl, bpsHCK.

Bapuant10. [TocTpouTh 3TaJIOHHBINA PaH)XUPOBAHHBIN PSJ 10 TUIIMYHBIM U3BECTHSKAM.
Ipunooicenue 1.10
XMMUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3yIOHINX MOPoA, %o

KoMmoHeHTsI A b B r pil|
SiO, 3,14 50,33 7,41 81,37 36,65
TiO, 0,04 1,13 0,14 0,28 0,16
Al203 3,00 19,17 1,55 3,83 1,02
Fe20s 550,17 6,50 0,70 4,21 0,70
FeO 19,75 2,52 1,20 0,16 1,07
MnO 0,48 0,13 0,15 0,03 0,04
MgO 1,40 3,77 2,70 0,84 0,50
CaO 10,13 1,43 45,44 1,10 29,43
Na.O - 1,78 0,15 0,07 1,01
K20 - 4,03 0,25 0,31 0,47
P20s 0,08 0,14 0,16 0,20 17,14
CO2 7,90 0,41 39,27 0,59 5,19
SO3 0,07 - 0,02 0,15 1,48

A —KeJe3Hble 0calouHble pyabl, KepueHckoe MecTOpOXKACHHUE.
b — 3uMHss TIMHA, IEHTOYHBIA ocagoK, DUHISHINS.

B - TunuuHbI U3BECTHSK (KPUCTANIMUECKUH, CHIIYD).

I' — kpemuucToie opobl, Kanyxckas o0nacTs.

J| — mutacroBsie pochoputsl, bpsHCK.
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Bapuanr 11. [TocTpouTs 3TQJIOHHBIN PAaH)XKUPOBAHHBIA PSJI 11O TIIMHUCTBIM OCaJ0YHBIM

MOPOAAM.
Ipunoowcenue 1.11
XHUMHUYECKUN COCTAB OCAJIOUHBIX M MOYBOOOPpa3youx nopoi, %o
KoMmnoHeHTsI A b B r I

SiO; 86,10 59,20 2,55 81,37 36,65
TiO» 0,74 1,20 0,02 0,28 0,16
Al203 5,45 16,14 0,23 3,83 1,02
Fe203 1,20 4,36 0,02 4,21 0,70
FeO 1,41 3,24 0,18 0,16 1,07
MnO 0,06 0,09 0,04 0,03 0,04
MgO 0,61 3,14 7,07 0,84 0,50
CaO 0,98 2,52 45,65 1,10 29,43
Na.O 0,55 3,82 0,01 0,07 1,01
K20 0,96 1,97 0,03 0,31 0,47
P20s 0,14 0,17 0,04 0,20 17,14
CO; 0,58 0,41 43,60 0,59 5,19
SOs 0,02 - 0,03 0,15 1,48

A — necok p. Oraiio, mt. Minnunoiic, CIIA.

b — neTHsd rnvHa, TEHTOYHBIN 0CaI0K, OUHIISHIMS.
B - 10710MUTOBBIN W3BECTHSIK (JICBOH)

I' — xpemuuctoie noposl, Kamyxckas o01acTs.

I — utactoBeie pocdoputsl, bpsHck.

BapuanT 12. [TocTpouTh 3TaNOHHBINA PAHKUPOBAHHBIN PsII IO TIECUAHBIM OCAJ0YHBIM
HOpOJIaM.
Ilpunoocenue 1.12
XUMUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3yIOMINX MOPOA, %o

KoMmoHeHTsI A b B r pil|
SiO, 64,59 57,23 2,55 2,02 8,51
TiO, 0,47 0,45 0,02 0,06 0,36
Al203 14,66 16,63 0,23 1,01 6,12
Fe203 2,89 7,80 0,02 1,11 1,77
FeO 3,55 - 0,18 - 36,91
MnO 0,08 0,01 0,04 0,05 0,42
MgO 3,83 3,63 7,07 0,35 3,75
CaO 0,46 0,98 45,65 50,15 5,54
Na.O 1,60 2,74 0,01 0,10 0,05
K20 5,86 1,59 0,03 0,14 0,03
P20s 0,22 - 0,04 34,51 1,30
CO2 0,31 0,04 43,60 4,15 20,70
SO3 - 0,56 0,03 0,32 -

A — necok (Tmuut) wt. Muunran, CIIA

b — MOHTMOPUIIIOHUTOBBIE TIUHBI, TIOMEHB

B - 10710MUTOBBIN U3BECTHSK (JIEBOH)

I' — nateunsnii pocdopur, CBepamoBckas 0071.

I — xene3ocoaepxkaniue moposl, Knusnena, BenukoOpuranus
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Bapuanr 13. [IocTpouTs 3TaJIOHHBIN PaHXUPOBAHHBINA PAJL IO HKEJIE30COAEPIKALAM
0CaJI0YHBIM IIOPOAAM.
Ipunoowcenue 1.13
XHUMHUYECKUN COCTAB OCAOUYHBIX M TTOYBOOOPA3yIONIUX MOpoA, Yo

KoMmnoHeHTsI A b B r I
SiO; 64,59 57,23 2,55 2,02 8,51
TiO; 0,47 0,45 0,02 0,06 0,36
Al;O3 14,66 16,63 0,23 1,01 6,12
Fe203 2,89 7,80 0,02 1,11 1,77
FeO 3,55 - 0,18 - 36,91
MnO 0,08 0,01 0,04 0,05 0,42
MgO 3,83 3,63 7,07 0,35 3,75
CaO 0,46 0,98 45,65 50,15 5,54
Na>O 1,60 2,74 0,01 0,10 0,05
K20 5,86 1,59 0,03 0,14 0,03
P20s 0,22 - 0,04 34,51 1,30
CO2 0,31 0,04 43,60 4,15 20,70
SO3 - 0,56 0,03 0,32 -

A — necok (TwuT) wt. Muuuran, CHIA

B — MOHTMOPWIJIOHUTOBBIC TIMHBI, TIOMEHB

B - 10710MUTOBBIN W3BECTHSIK (JICBOH)

I' — naTeunsnit pocdopur, CBepasioBckas 001

J{ — xene3ocoaepxkamire nopoasl, Knusnensa, BenukoOpuranus

BapuanT 14. [TocTpouTh 3TaNOHHBINA PAHKUPOBAHHBIN PSI/i JOJTOMHUTOBBIM U3BECTHSKAM.
Tlpunoowcenue 1.14
XUMUYECKUH COCTAB 0CAJOYHBIX U TOYBOOOPA3yIOMINX MOPOA, %o

KoMmoHeHTsI A b B r pil|
SiO, 64,59 57,23 2,55 2,02 8,51
TiO, 0,47 0,45 0,02 0,06 0,36
Al203 14,66 16,63 0,23 1,01 6,12
Fe203 2,89 7,80 0,02 1,11 1,77
FeO 3,55 - 0,18 - 36,91
MnO 0,08 0,01 0,04 0,05 0,42
MgO 3,83 3,63 7,07 0,35 3,75
CaO 0,46 0,98 45,65 50,15 5,54
Na.O 1,60 2,74 0,01 0,10 0,05
K20 5,86 1,59 0,03 0,14 0,03
P20s 0,22 - 0,04 34,51 1,30
CO2 0,31 0,04 43,60 4,15 20,70
SO3 - 0,56 0,03 0,32 -

A — necok (Tmuut) wt. Muunran, CIIA

b — MOHTMOPUIIIOHUTOBBIE TIUHBI, TIOMEHB

B - 10710MUTOBBIN U3BECTHSK (JIEBOH)

I' — nateunsnii pocdopur, CBepamoBckas 0071.

I — xene3ocoaepxkamire moposl, Knusnena, BenukoOpuranus
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IIpunoxkenue Kk npakTu4ecKoii padore 3.

Bapuant 1. Paccuuraiite ko3 (puLreHTH OMOJIOTMYECKOT0 OTIOUICHUS

Ipunooicenue 3.1

CoJziepaHne XMMAYECKUX JIEMEHTOB B 30JI€ PACTECHUM

CojieprkaHue B 30JI€ PacTeHUI U oYBax paiiona, N-10°% Knapk nutocdepst
DJIEMEHThI
Bepeck Jlemuna ITouBbl

Cu 27,0 11,4 1,0 4,7

Mn 400,0 152,0 26,8 100,0

Ni 1,0 2,6 1,2 5,8

Sr 12,0 28,0 17,0 34,0

Ni 18,0 11,0 145,0 450,0

Cr 6,3 1,8 3,6 8,3

Ipunoocenue 3.2
Psi1p1 OM010rMYECKOT0 TTOTJIOMICHUS
['pynnsl o A.W. Tlepenbmany
Buroornueckoro HakoIIeHUs Buonornueckoro 3axsara
OOBexT
SHEPTUYHOTO CUJIBHOTO ci1aboro CpEIHETo ciraboro  |oyeHsb ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 | Ax=0,01-0,001
Bepeck
Jlemuna
Pacturens- Cu Mn, Sr Ni, Ti,
HOCTB CYyIITH Cr

BapuanT 2. Paccuuraiite ko3 ULHEeHTH OMOJIOTHYECKOTO OTIOUICHUS

IIpunooicenue 3.3

CO,Z[@p)KaHI/Ie XUMHNYCCKUX 3JICMCHTOB B 30JIC paCTeHI/Iﬁ

S EMEHTLL CojiepxaHue B 3071€ pacTeHHi u mousax paiiona, N-10°% Knapk mutochepsl
Msita HeBscun [TouBsl
Mg 250 160 1300 1870
Al 440 320 6400 8050
Si 300 360 28000 29500
Ni 0,42 2,6 4 5,8
Cu 3,2 1,4 2 4,7
Zn 7,7 3,2 5 8,5
Ipunoocenue 3.4
Psiip1 GMOTOrMYIECKOTO TOTIIOMICHUS
I'pynnsl no A.M. Ilepensmany
bronoruyeckoro HakOTUICHUS buonorudeckoro 3axsata
OO0bekT
SHEPTUYHOIO | CHUJIBHOTO ciaboro CpEeIHEero ciaboro  joueHsb c1aboro
Ax=100-10 Ax=10-5 Ax=5-1 A=1-0,1 A.=0,1-0,01 |A,=0,01-0,001
Msira
JeBscun
Pacrurens- Zn Cu Mg, Ni Al Si
HOCTbH CYIITH
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BapuanT 3. PaccuuTaiite K03 pUIIMEHTH OMOIOTHYECKOTO MOTJIOIIEHHUS

Ipunoowcenue 3.5

COI[Cp)KaHI/IC XUMHWYCCKHUX 3JICMCHTOB B 30JIC paCTeHI/Iﬁ

Copeprkanue B 30Ji€ paCTEHUM U NIOYBAX pailoHa, N- 103% Knapk nmurocdepbr
OneMeHTEI
TrICA4YETNCTHUK Msra ITouBEl

P 400 400 80 93

S 300 420 85 47

K 4700 3500 1900 2500

Pb 2,4 2,2 1 1,6

Se 0,07 15,3 0,001 0,05

Br 2,3 1,2 0,5 0,2

Ilpunoowcenue 3.6
Psaas1 OM0I0rnyecKoro moriomeHus
I'pynnel no AWM. Ilepensmany
Bromornueckoro HakoIIEHUS Bbromornueckoro 3axsara
OO0BeKT
SHEPTUYHOTO | CHJIBHOTO ciraboro CpEIHEro ciraboro  |oyeHsb ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 | Ax=0,01-0,001
TrIcayenucT
HUK
Msrta

Pacturens- Se, Br P,S Pb K
HOCTb CYyIITH

Bapuant 4. Paccuuraiite k03 ULHEeHTH OMOJIOTMYECKOTO OTIOUICHUS

IIpunoscenue 3.7

Coz[epxcaHI/Ie XUMHNYCCKHUX JJICMCHTOB B 30JIC paCTeHI/Iﬁ

S EMEHTLL CoieprkaHue B 30J1¢ PaCTEHUI 1 IoYBax paiona, N-10°% Knapk nutocdepst
Msita Apua ITouBbl
Ti 6 22 500 450
Mn 14 5 85 100
Fe 55 25 3800 4650
Rb 2,6 1,4 6 15
Sr 1,3 35,5 30 34
Zr 0,6 2,8 30 17
Ilpunooicenue 3.8
Psiyib1 Ono10rMuecKoro morjaomeHust
I'pynnel no A.W. [lepenbmany
brosiornyeckoro HakoOIJIEHUs buonornyeckoro 3axsara
OOBexT
SHEPTUYHOIO | CUJIBHOTO ciaboro CpEeIHEero ciaboro  joueHsb c1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |Ax=0,01-0,001
Msra
Apua
Pacturens- Mn Rb Sr, Ti Fe
HOCTb CYIIIU
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BapuanT 5. Paccuuraiite K03 (pULHEHTHI OMOJIOIrMYECKOT0 MOTIIOEHUS

Ipunoowcenue 3.9

COI[Cp)KaHI/IC XUMHNYCCKUX JJICMCHTOB B 30JIC paCTeHI/Iﬁ

Copeprkanue B 30Ji€ paCTEHUM U NIOYBAX pailoHa, N- 103% Knapk nmurocdepbr
OneMeHTEI
TpaBocmech Ddenpa [TouBbl

Ca 1800 3800 8000 2960

Mn 9 4 85 100

Ni 0,4 0,2 4 5,8

Cu 14 0,7 2 4,7

Zn 53 2,7 5 8,5

Sr 4,1 2,7 30 34

Ipunoowcenue 3.10
Psi1p1 OM010rMYECKOT0 TTOTJIOMICHUS
I'pynnel no AWM. Ilepensmany
Buonornueckoro HaKOIUIEHUS Buonornueckoro 3axsara
OO0BeKT
SHEPTUYHOTO CUJIBHOTO ciraboro CpEIHETo ciraboro  |oyeHs ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |A«=0,01-0,001
TpaBocmech
Ddenpa

Pacturens- Cu, Zn Mn Ca, Ni, Sr
HOCTbH CYIITH

BapuanT 6. PaccuuTaiite K03 PpuIIneHTh OMOIOTHYECKOTO MOTIOMIEHUS

lpunooicenue 3.11
CopepxaHre XUMUYECKUX DJIEMEHTOB B 30JI€ PACTEHHI

CoiepkaHue B 3071€ PACTEHUI 1 MouBax paiiona, N-10°% Knapk nmutocdepst
DIIeMEHTHI
ThICAYETUCTHUK TpaBocmech ITouBbl
Mg 370 300 1300 1870
Al 420 300 8700 8050
P 310 290 80 93

K 4500 3600 2600 2500

Cu 2 2,3 2 4,7

Zn 9,9 6 5 8,5

Ipunoosicenue 3.12
Psiip1 OMOTOTrMYECKOTO TOTIIOMICHUS
I'pynner no A.W. [lepenbmany
bronoruyeckoro HakOIICHUS buonorudeckoro 3axsata
OO6mbekT
SHEPTUYHOIO | CHUJIBHOTO ciaboro CpEeIHEero ciaboro  joueHsb c1aboro
A,=100-10 A,=10-5 Ax=5-1 A=1-0,1 A,=0,1-0,01 |A+=0,01-0,001
TricauenucT
HUK

TpaBocmech
Pacturens- Mg, P, Cu K Al
HOCTb CYLIHU Zn
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BapuanT 7. Paccuuraiite ko3 (puLHEHTH OMOJIOTMYECKOTO OTIOUICHUS

Ipunoowcenue 3.13
CojepkaHre XUMHUYECKUX JJIEMEHTOB B 30JI€ PACTCHUIN

Copeprkanue B 30Ji€ paCTEHUM U NIOYBAX pailoHa, N- 103% Knapk nmurocdepbr
OneMeHTEI
Ddenpa Msita [TouBsl
Si 37 190 32000 29500
S 150 280 85 47
Ti 11 5 440 450
Fe 23 80 4000 4650
Ni 0,13 2 4 5,8
Pb 0,48 0,7 1 1,6
Ipunoowcenue 3.14
Psi1p1 OM010rMYECKOT0 TTOTJIOMICHUS
I'pynnel no AWM. Ilepensmany
Buonornueckoro HaKOIUIEHUS Buonornueckoro 3axsara
OO0BeKT
SHEPTUYHOTO CUJIBHOTO ciraboro CpEIHETo ciraboro  |oyeHs ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |A«=0,01-0,001
Ddenpa
Msra
Pacturens- S Ni, Pb Si, Fe,
HOCTB CYIIIU Ti

Bapuant 8. PaccuuTaiite K03 PpuIineHTs OMOIOTHYECKOTO MOTIOMICHUS

Ilpunooiwcenue 3.15
CopepxaHre XUMUYECKUX DJIEMEHTOB B 30JI€ PACTEHHI

S EMEHTEL CoieprkaHue B 30J1¢ PaCTEHUI 1 IoYBax paiona, N-10°% Knapk nmutocdepst
ThICAYETUCTHUK Ddenpa ITouBbl
Cl 580 220 10 17
Ca 2600 3200 880 2960
Mn 1 3 120 100
Br 9 4,4 0,5 0,2
Rb 1,1 0,5 6 15
Sr 10,8 7 30 34
Ilpunooicenue 3.16
Psiip1 GMOTOTMYECKOTO TOTIIOMICHUS
I'pynnel no A.W. [lepenbmany
Bronoruyeckoro HakoOIICHUS buonoruueckoro 3axsata
OO0mbekT
SHEPTUYHOIO | CHUJIBHOTO ciaboro CpEeIHEero ciaboro  joueHsb c1aboro
A,=100-10 A,=10-5 Ax=5-1 A=1-0,1 A,=0,1-0,01 |A+=0,01-0,001
TricauenucT
HUK
Ddenpa
Pacturens- Br Mn Ca, Rb Sr Cl
HOCTb CYIIIU
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BapuanTt 9. Paccuuraiite ko3 (puLreHTH OMOJIOTMYECKOT0 OTIOUIEHUS

Ipunoowcenue 3.17
CojepkaHre XUMHUYECKUX JJIEMEHTOB B 30JI€ PACTCHUIN

Copeprkanue B 30Ji€ pacCTEHUM U MOYBax paiioHa, N- 103% Knapk nmurocdepbr
OneMeHTEI
Msra TpaBocmech ITouBsl

Ni 2 0,4 4 5,8

Cu 1 2,3 2 4,7

Zn 4,8 6 5 8,5

Br 17,9 8,1 0,5 0,2

Rb 6 8,1 6 15

Sr 15,9 15,2 30 34

Ipunoowcenue 3.18
Psi1p1 OM010rMYECKOT0 TTOTJIOMICHUS
I'pynnel no AWM. Ilepensmany
Buonornueckoro HaKOIIEHUS Buonornueckoro 3axsara
OO0BeKT
SHEPTUYHOTO CUJIBHOTO ciraboro CpEIHETo ciraboro  |oyeHs ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |A«=0,01-0,001
Msra

TpaBocmech
Pacturens- Zn, Br Cu Ni, Rb Sr
HOCTbH CYIITH

Bapuant 10. Paccuuraiite k03)PuIeHTs OMOIOTMUYECKOTr0 MOTIIOIIEHUS
Ipunooicenue 3.19

Coz[epxcaHI/Ie XUMHNYCCKHUX JJICMCHTOB B 30JIC paCTeHI/Iﬁ

S EMEHTEL CoieprkaHue B 30J1¢ PaCTEHUI 1 IoYBax paiona, N-10°% Knapk nmutocdepst
3uzndopa [[InnoBHMK ITouBbl
Mg 240 150 1300 1870
Si 230 20 31800 29500
S 360 55 85 47
Cl 130 17 10 17
Ca 2500 710 2900 2960
Ti 15 3 560 450
Ilpunooicenue 3.20
Psiip1 OMOTOTHYECKOTO TTOTIIOMICHUS
I'pynnel no A.W. [lepenbmany
Bronoruyeckoro HakoOIUICHUS buonoruueckoro 3axsata
OO0bekT
SHEPTUYHOIO | CHUJIBHOTO ciaboro CpEeIHEero ciaboro  joueHsb c1aboro
A,=100-10 A,=10-5 Ax=5-1 A=1-0,1 A,=0,1-0,01 |A+=0,01-0,001
3uzndopa
[[InnoBHUK
Pacturens- S, Mg Ca Si, Ti Cl
HOCTb CYIIIU
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Bapuanr 11. Paccuuraiite k03¢ HuiirieHTs OMOIOrHYE€CKOT0 MOTIOIMIECHUS
Ipunoowcenue 3.21
CojepkaHre XUMHUYECKUX DJIEMEHTOB B 30JI€ paCTEHUMN

Copeprkanue B 30Ji€ paCTEHUM U NIOYBAX pailoHa, N- 103% Knapk nmurocdepbr
OneMeHTEI
Msita 3uszudopa [TouBsl
Mg 480 240 1300 1870
Ti 4 15 560 450
Mn 9 11 140 100
Zn 8,5 1,2 5 8,5
Pb 0,3 0,6 1 1,6
Br 4 0,7 0,5 21
Ipunoowcenue 3.22
Psi1p1 OM010rMYECKOT0 MOTJIOMICHUS
I'pynnel no AWM. Ilepensmany
Buonornueckoro HaKOIUIEHUS Buonornueckoro 3axsara
OO0BeKT
SHEPTUYHOTO CUJIBHOTO ciraboro CpEIHETo ciraboro  |oyeHs ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |A«=0,01-0,001
Msra
3usnudopa
Pacturens- Mg, Zn, Mn Pb Ti
HOCTb CyIIU Br

Bapuant 12. Paccuuraiite k03 PuIeHTs OMOIOTrMUYECKOTr0 MOTIOIIEHHUS
IIpunooscenue 3.23
CopepxaHre XUMUYECKUX DJIEMEHTOB B 30JI€ PACTEHHI

S EMEHTEL CoieprkaHue B 30J1¢ PaCTEHUI 1 IoYBax paiona, N-10°% Knapk nmutocdepst
3uzndopa TpaBocmech ITouBbl
Fe 114 63 4600 4650
Cu 1,8 2,1 2 4,7
Pb 0,6 0,3 1 1,6
Br 0,7 2 0,5 0,2
Rb 1,2 0,1 6 15
Sr 13,4 4,3 30 34
Ilpunooicenue 3.24
Psiyib1 Ono10rMuecKoro morjaomeHust
I'pynnel no A.W. [lepenbmany
buosiornyeckoro HaKoOIJIEHUs buosiornyeckoro 3axsaTa
OOBexT
SHEPTUYHOIO | CHUJIBHOTO ciaboro CpEeIHEero ciaboro  joueHsb c1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |Ax=0,01-0,001
3uzndopa
TpaBocmech
Pacturens- Br Cu Pb, Rb Fe, Sr
HOCTb CYIIIU

60




Bapuanr 13. Paccuuraiite k03¢ HuiirieHTs OMOJIOrM4eCKOTO MOTIOMICHUS
Ipunoowcenue 3.25
CojepkaHre XUMHUYECKUX JJIEMEHTOB B 30JI€ PACTCHUIN

S EMEHThL CoziepxaHue B 30Je pacTeHuii U nouBax paiiona, N-10°% Knapk nurocdeps
bepesa CocHa [TouBsl
Zn 530 130 5 8,5
Pb 530 110 1 1,6
Ba 410 280 50 65
Ag 2,3 0,4 0,01 0,007
Mo 0,4 0,2 0,2 0,1
Ni 3 3 4 5,8
Ipunoowcenue 3.26
Psiipl 6M0I0rMYEeCKOro MOTJIOMICHUS
I'pynnel no AWM. Ilepensmany
Brosornyeckoro HaKOTUICHUS buronorndeckoro 3axsara
OOBbexT
SHEPTUYHOTO CUJIBHOTO ciraboro CpEIHETo ciraboro  |oyeHs ci1aboro
Ax=100-10 Ax=10-5 Ax=5-1 Ax=1-0,1 Ax=0,1-0,01 |A=0,01-0,001
bepeza
CocHa
Pacturens- Zn Ag, Mo Pb, Ni Ba
HOCTB CYIIIU
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IIpunoxkenue Kk npakTu4ecKoii padore 4.

Bapuant 1. Paccuutats ko3ppuimenTs! paguanbHod AuddepeHIaniy MoYBbl M0 TPEM

AJIEMCHTAM.
Tpunoowcenue 4.1
Conepxanue 3meMeHTOB (Ci, MIr/kr) 1 K03)QUIUEHTHI paTuanbHON
maddepenipanmu (R) B THIHYHON MOA30JUCTON CYTITHHUCTON
I'opr3oHTEI DJIEMEHTHI U TapaMeTpbl
Fe Ni Co
Ci Ci R Ci
Ao 4501 16,2 2,4
A1A2 2770 18,5 3,1
A2 1475 1,8 1,6
Bt 57 0,5 0,3
Bire 16 0,6 0,2
C 6 0,6 0,7

BapuanT 2. Paccuurtats k0oa3dduLMeHTH paguaibHON AudepeHnanuy no4Bsl Mo TpeM

JJIEMEHTaM.
Ilpunooicenue 4.2
Conepxanue 3meMeHTOB (Ci, MI/Kr) 1 K03()(OUIUCHTHI paIraabHOM
muddepennpanuu (R) B KalITaHOBOM MOYBE
TopuzoHTEI DJIEMEHTHI U TTapaMeTPhI
Cr Mn Cu
Ci R Ci R Ci R
Al 2,56 402 15,6
AlB 2,39 355 14,3
Bea 2,19 308 12,3
Bes 1,88 283 10,9
BC 1,94 305 11,8
C 2,19 319 10,7

Bapuant 3. Paccuutars xoddduimienTsl paguanbHoi AuddepeHIranui moYBsl M0 TPEM
AJIEMEHTaM.
Ilpunooicenue 4.3
Conepsxanue 31emeHToB (Ci, MI/kT) 1 K03()PHUIIMEHTHI paauaibHOM

maddepentpanmy (R) B THIMYHO-TIO30JUCTON CYTJIMHUCTON TIOYBE

I'opuzoHTHI DNeMEHTHI U TapaMeTpbl
Cd Pb Cr

Ci Ci R Ci
Ao 10,4 41,0 157,0
ATA2 11,6 35,0 171,6

A2 0,3 10,1 6,9

Bt 0,1 2,1 1,2

Bire 0,1 0,4 0,4

C 0,1 1,3 0,5
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Bapuant 4. Paccuntars ko3(puumeHTs paguanbHON AU PEepeHInaluy TOYBbl O TPEM

AJIEMEHTaM.
Ipunoowcenue 4.4
Conepxanue 3meMeHToB (Ci, MIr/kr) 1 K03)QUIUCHTHI paguanbHON
muddepennmanuu (R) B cepoit 1ecHOM mouBe
I'opr3oHTEI DJIEMEHTHI U TapaMeTpbl
Cu Mn Co
Ci R Ci R Ci R
A1 1,4 631,0 2,1
A1A; 1,0 257,0 1,2
B 1,4 204,0 1,7
Bm 2,8 104,7 1,9
BC 1,8 135,0 15
Cea 1,6 83,0 1,2

Bapuant 5. Paccuutars kosdduuments paguanbHoi auddepeHnnanuy mouBsl MO0 TPEM

JJIEMEHTaM.
Ipunoxcenue 4.5
Conepxanue 3meMeHTOB (Ci, MI/Kr) 1 K03()(OUIUCHTHI paIriaabHOM
muddepennpanuu (R) B WIUTFOBHATIBHO-TYMYCOBOM TO/30J1€
I'opr3oHTEI DJIEMEHTHI U TapAMETPhI
Mn Cu Zn
Ci Ci R Ci
Ao 420,1 109,1 281,1
A2 384,6 10,6 21,9
Bhai 45,5 11 4,7
Bhre 43,5 1,8 3,5
C 29,4 1,7 3,2

Bapuant 6. Paccuntars koaddunments paguanbHoi auddepeHnnanuyd mouBsl M0 TPEM

AJIEMEHTaM.
Ilpunooicenue 4.6
Conepsxanue 31emeHToB (Ci, MI/kr) U K03()PHUIIMEHTHI paauaibHOMI
muddepenmuanyu (R) B cooHIe
Topu30HTBI DIIeMEHTHI U MapaMeTpbl
Mn Cu Zn
Ci Ci R Ci

AlA2 485 23,8 56,7

Bt 426 22,7 55,6

Bea 392 20,6 64,8

Bes 339 22,7 62,0

Bs 278 19,5 50,9

Cs 288 19,9 48,3
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Bapuant 7. Paccuntars ko3(pPuireHTsl paguanbHOd AUQepeHIralui MOYBbl IO TPEM

AJIEMEHTaM.
Ipunoowcenue 4.7
Conepxanue 3meMeHToB (Ci, MIr/kr) 1 K03)QUIUCHTHI paguanbHON
maddepennmanuu (R) B cononie
I'opr3oHTEI DIEeMEHTHI U TapaMeTpbl
Co B Zn
Ci Ci R Ci
AlA2 13,1 4,1 52,1
Bt 12,2 7,9 51,9
Bea 13,3 22,9 62,0
Bes 12,8 27,6 64,8
Bs 14,2 15,9 50,9
Cs 12,8 11,9 46,5

Bapuant 8. Paccuutars xoapduumentsl paguanbHoi AuddepeHranui noYBsl M0 TPEM

JJIEMEHTaM.
Ilpunoscenue 4.8
Conepxanue 3meMeHTOB (Ci, MI/Kr) 1 K03()(OUIUCHTHI paIriaabHOM
muddepennpanuu (R) B KalITaHOBOM MOYBE
I'opr3oHTHI DJIEMEHTHI U TapAMETPhI
Zn Ni Pb
Ci Ci R Ci
Al 15,6 2,22 2,23
AlB 14,0 3,13 1,76
Bea 15,5 3,09 1,39
Bes 16,0 3,18 1,40
BC 17,9 3,32 2,24
C 18,6 3,37 2,41

Bapuant 9. Paccuutars koddpduimienTsl paguanbHoi AuddepeHranu moYBsl M0 TPEM

AJIEMEHTaM.
Ipunooicernue 4.9
Conepxanue 31emeHToB (Ci, MI/kT) 1 K03()PHUIIMEHTHI paTuaibHOMI
muddepennmanyu (R) B uepHozeme
DIIeMEHTHI U MApaMeTpbl
I"'opu3oHTHI Mn Cu Zn
Ci R Ci R Ci
Aln 320 19,9 48,6
AlB 538 20,2 50,9
Bea 218 20,0 50,9
Ceca 138 16,4 36,8
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BapuanT 10. Paccuutats k03 duLMeHTH paguaibHON AU PEepeHInaluy TOYBBI 110 TPEM

AJIEMEHTaM.
Tpunoowcenue 4.10
Conepxanue 3meMeHTOB (Ci, MIr/kr) 1 K03)QUIUEHTHI paguanbHON
muddepentmanmu (R) B comoau
I'opr3oHTEI DJIEMEHTHI U TapaMeTpbl
Mn Cu Zn
Ci Ci R Ci
AlA2 482 20,3 47,7
A2 371 17,0 47,0
B 221 21,4 58,1
Beag) 205 23,5 62,3
Cea 235 18,4 48,0

BapuanT 11. Paccuutath k03 duumenTsl paauanbHoil Aud@epeHnnany no4Bsl Mo TpeM

AJIEMEHTaM.
Ilpunoocenue 4.11
Conepxanue 3meMeHTOB (Ci, MI/kr) 1 K03)QUIMEHTBI paguanbHOR
muddepentmanuu (R) B comoau
I'opr3oHTEI DJIEMEHTHI U TapaAMETPhI
Co Mo B
Ci Ci R Ci
AlA2 10,6 0,09 3,20
A2 11,2 0,11 4,80
BM 8,4 0,02 11,1
Bea(g) 8,0 0,01 16,5
Ceca 7,6 0,46 8,20

Bapuant 12. Paccuutath k03 duiMenTs paguanbHoil auddepeHnnanuy mo4Bsl Mo TpeM
AJIEMEHTaM.
Ilpunoocernue 4.12
Conepsxanue 31emenToB (Ci, Mr/kr) U K03 PHUIMEHTHI pagualbHOM

muddepenpanyv (R) B THIHYHO-IIOA30JIMCTOM CYTIIMHUCTOMN MOYBE

l'opuzoHThI DJIEMEHTHI U TapaMeTPbl
Fe Zn Cu

Ci Ci R Ci
Ao 3063 281,0 109,1
Al1A2 2562 102,3 42,2
A2 2095 21,9 10,6

Bt 2203 8,5 2,6

Bire 312 47 1,1

C 379 3,2 1,7
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BapuanT 13. Paccuutats ko3 duumeHTsl paguaibHOl AU pepeHInanuy MoYBkl 10 TPEM
JJIEMEHTAaM.
Ipunoowcenue 4.13
Conepxanue 3meMeHTOB (Ci, MI/kr) 1 K03)QUIUEHTH pauanbHON
muddepennmanuu (R) B uepHo3eme

I'opr3oHTEI DNEeMEHTHI U TapaMeTPhbI
Zn Cr Cu
Ci R Ci R Ci R
Alp 136 89,4 39,1
AlB 98,0 76,5 30,7
Bca 46,9 70,7 25,8
Cea 71,4 63,2 21,6
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	Закон Гольдшмидта – абсолютное количество элементов, т.е. Кларки, зависят главным образом от строения атомного ядра; распространения элементов, связанное с их миграцией, определяется строением наружных электронных оболочек и в меньшей степени ядерными...

