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OLIEHKA XHMHKO-TEXHO/IOTHYECKOI'O
INTOTEHLHA/IA 30/IOLI/TAKOBBIX OTXOA0B
(HA ITPHUMEPE /TYYET OPCKOH T3LI)

O60cHOBaHbI METOZIbI KOMIVICKCHOH ITepepabOoTKH 30/I0LI1aKoBOro Mareprasa (3LIM). Hc-
¢/1efIoBaH TMPOLIeCC MArHHTHOH Celtapallii C ITOIYHeHHEM XKe/l1e30COAePXKAIlero KOHLICH-
Tpara H 3KCTPaKLIMA a/lOMHHHA KHC/IOTOH. Ha ocHoBe momydeHHor mateMaTHiecKos Mo-
Ae/H TIpea/Io)eHbl OITTHMa/IbHbIe NapameTpbl rpoliecca. poBeneH cpaBHHUTe/IbHbBIF aHa-
a3 3LIM u xBocTOB O6OrallleHHs Ha CoAepMKaHHe TOKCHUHBIX /IEMEHTOB H 9(IeMEHTOB,
orpene/IsioIHX BOMOKHYIO S3KOHOMHYECKVIO 3HAYHMOCTD IPH H3B/ICYEHHH.,

KrioueBble cr10Ba: 30/1011/1aKOBBIET MaTeprasl, SKCTPAKLIMA, MAarHHTHBIH KOHLICHTPAT,
a/MOMHHHF, Keqle30 coAepRalllie KOMITOHEHTbI, aHa/lu3, I/IaHHPOBaHHE SKCTIeDHMEHTA.

Cemunap Ne 10

H eCMOTpsl Ha TOCTereHHoe YBe-
MUYeHue 0MU SZePHBIX U THUI-
PO3MEKTPOCTAHLIMH, TeI/I03/IeKTPOCTaH-
LIMM OCTAIOTCH 0 CHX TIOP Y, BUAMMO,
OoCTaHyTca B OmyxkariieM 6yayiieM oc-
HOBHBIM HMCTOYHMKOM 3HEpruu /s Mpo-
M3BO/ZICTBA, TPAHCIIOPTa U ObITa.
[opiourie MCKOIaemble SBASIOTCH B
HacToslllee BPeMsi OCHOBHBIM HCTOUHH-
KOM 3Heprud. [IpuMeHenve yris ans
MIPOMU3BO/CTBA 3/IGKTPO3HEPIUU U Tera
MPUBOAMT K OOPasoBaHHIO GO/IbIIOTO
KO/IMYEeCTBA Pa3/IMUYHOrO po/a OTXO/IOB,
yto TpebyeT pasBUTHS SKOHOMHUHBIX U
Ge3BpenHbIX A1 OKPYXKaloIed cpesbl
TEXHO/IOTHM [0 WX HCIIO/b30BAHUIO U
YTH/IM3ALMU. 30/I0II/IAKOBbIe OTXOAbI —
OIMH M3 CaMbIX PaClPOCTPAHEHHBIX OT-
XOZIOB COBPEMEHHOM LIMBH/IM3ALINH.
[TocTosiHHOE HaKar/IMBaHUE OTXOIOB
TeI/IOSHEePreTHKK NPUBOAUT K OTTOD-
JKEHMIO 3HAUMTE/IbHBIX TEePPUTOPUI U
$HOPMUPOBAHNIO OTPOMHBIX  CKIAANPO-
BaHHbBIX, WCKYCCTBEHHO CO3AaHHBIX MH-
HepasibHbIX Macc, OOPa3syIoIIMX TeXHO-
reHHble MecTopoxaeHus. Haubosnbiyio
OMacCHOCTb TPEACTAB/ISIOT 30/I00TBA/IbI
Haxo4slMecs B  HEeINOCPeACTBeHHON
6MM30CTH OT HaceleHHBIX MYHKTOB. K
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YHCNY HEeraTWBHBIX ITOCACACTBUN Pop-
MMPOBAHHS TEXHOIEeHHBIX MAacCUBOB TaK
Ke creayer OTHECTH TPaHCOPMALMIO
MaHAmadToOB, YXYAlleHWe COCTOSHUSA
atMocdepsl, COKpallleHHs IvIolanei
3eMerib, MPUrOAHBIX /1Sl CeIbCKOXO3SM-
CTBEHHOTO [10/Ib30BaHUsl, 3arpsA3HeHuUs
[MOYBEHHOTO TMOKPOBAa, Pa3BUTUS 3PO3H-
OHHBIX IpoLieccos [1].

[TosToMy paccMaTpuBaTh — OTXOBI
moBOro MPOU3BOACTBA HYXKHO HE TO/lb-
KO KaK OITaCHbIM 3KO/IOTMUECKUM (oak-
TOp, HO M KaK BTOPUUYHOE ChIpbe, CO-
fepxalllee LIeHHble KOMITOHeHTHI (prc.
1). 3onomnaroBble Matepuasnsl (31IM)
MPeACTaB/IAI0T COOOM TaKoM ke ToBap-
HBIA TIPOAYKT, KaK 3/IGKTPOSHEprus MU
Terziota. B 3apybexHONM MNpaKTHKe UX
HA3bIBAIOT  TOMYTHBIMU  [IPOAYKTaMU
CRUraHus yras [2].

Heo6xoaMMocTs BOBAeUeHWsT MX B
MMPOMBIIIZIEHHYIO T1epepaboTKy OueBU/I-
Ha, OZHAKO PasHOOOpasre XMMHUECKOrO
M BelleCTBeHHOIO COCTaBa 30/I0II/IaKo-
BBbIX OTBA/IOB, KaK 10 OCHOBHBIM KOMIIO-
HEHTaM, Tak U IO 3/IeMEHTaM-TIPHMECaM
CBUAETENNbCTBYET O  HEeOOXOAMMOCTU
KOMIVIEKCHOTO TIOAXO[Aa K H3YYEeHHIO
MoA0GHOTO HEeTPaAULIMOHHOTO ChIPhA.



[ Tpon3BoACTBEHHBIM MTpoliecc

PecypcHbIi OKOoNnoruyeckHm
vp «—  OO6pasyiomivecs oTXoabl ¥
acrnekT acrneKkT
OTxombl Kak BTOPUY- OTx0mbl KaK MOTeHLN-
HOeE ChIpbe ANBHO OTACHBIN 3KO-

IOTUYECKUM
dakrop

Puc. 1. INoaxoas! K (hopMHPOBaHHIO CHCTEeMbl YNIPaB/IeHHsSI OTXOAaMH

Ha pemieHrie aTol akTyanbHOM Hayy-
HO-TIPAaKTUYeCKOM 3azayu HarlpaB/IeHbl
HCC/IeIOBaHMsl  aBTOPa,  BK/IOYAIONIHE
OLICHKY BO3MOKHOCTH W3B/ICUEHHS LIeH-
HBIX KOMITOHEHTOB M3 30716l YyHOCca TILI,
paspaboTKy MEeTONOB M3B/EUeHHs aslio-
MUHHUSL W Kerle3a, BbIB/IGHHE BO3MOXK-
HBIX TYTell Uu3B/IeueHus penkux U Ona-
TOPOIHBIX META/I/IOB.

[lpobrema ¥ MeToabl nepepaboOTKU
3IIM Bce ualie BCcTpedyaeTcs B Hayu-
HBIX Tpyaax v nybaukaimsx (Byarako-
Ba E.B., Kamkosckuii B.M., 3axapoB
B.M. u ap.), oaHako BOMpoC Maro
nsyueH Ha npumMepe 3IIM rora [anb-
Hero BOCTOKa.

OcHoBHasi Lie/lb UCCAeOBaHUs - Ha-
yJdHOE OOOCHOBAaHHE KOMOHMHHUPOBAHHBIX
M CreLranbHbIX MeTOAOB OOoralleHHs
LIGHHBIX KOMITOHEHTOB, COZepKalluXCs
B 30/I0II/IAKOBBIX OTXOAaX, Ha OCHOBE
MpOBefieH sI KOMITIGKCHBIX TeopeTHue-
CKHX, 1abOPaTOPHBIX, HATYPHBIX JKCIe-
PUMEHTa/IbHBIX  UccnenoBaHuit.  [as
peanvzalivi MOCTAB/IeHHOM Lieny Obiu
pelileHbl C/eAyiolMe Lie/IeBbie 3aaauu:
Ot60p 1 KamepanbHas 06paboTKa Mpod
Ha ob6bekTax Xabaposckoro u [ Ipumop-
CKOTO KpaeB, aHa/lM3 COBPEMEHHBIX CO-
cTosiHUA TPo6/eMbl M TMATEHTHOM [0-
KYMEHTallMu 715 OOOCHOBaHHS MeTo-
OB W3B/IGUEHHsl 1IEHHBIX KOMITOHEH-
TOB, 3KCIEepPUMEHTa/IbHO-TeopeTnyec-
KHe WCCeloBaHe COCTaBa U CTPYKTY-

Pbl TeXHOTEHHBIX OTXOZIOB C IMPUMEHe-
HUEM MeTOOB CH/IMKATHOIO, XUMHYe-
CKUMX U (PUBHKO-XUMHUYECKUX MEeTO/IOB
aHa/M3a  BK/IOUAIOIIMX:  PEHTIeHO-
dp1IyOpPeCLIeHTHBIN; aTOMHO-aACOPOLIH-
OHHBINM; 3/1eKTPOHHO-MHUKPOCKOITHYeC-
KVUH U 4p.;

OGbekToM HCCriesoBaHhs — SIBUIMCh
3onbl Xabaposckont TOLI-3 u /lyuerop-
ckort [POC. OCHOBHBIM KOMIOHEHTOM
HMX COCTaBa SB/SETCHA LIIAaK YEPHOro,
ceporo pexe 6enoBaTo-Ceporo 1BeTa,
[IOPUCTOM, T1eM30BOW, HO3ApeBaTOW U
[I/IOTHOM TEKCTYphl; B BUaAE OOG/OMKOB
pasmepom 0,01 — 3,00 mm.

[1ns1 HarAsIAHOCTH Pe3y/IbTaT aHa/I3a
rpesacTaB/ieH HU3obpaxkeHUsMU obpaslia
3IIM (puc. 2) u criekTpa pacnpezerne-
HYSl 3/IEMEHTOB.

CunyKaTHBIM aHa/IM30M BHISAB/ICHO,
YTO 30716l ABAAIOTCS COCPeaA0TOYeHneM
OKCHM/ZIOB a/llOMUHUSA, KPEMHHs, xKee-
3a, Ka/blLivf, a TaK Ke LIMHKA, HUKe/s,
cBUHLA, Oapus, BaHaausa U T.4. OTxO-
el TOC MOXHO paccMaTpHBaTh Kak
CNIOXKHOE TexHOTeHHOe Chipbe, IpH-
roaHoe a1s rnepepaboTKyu U3BECTHBIMU
MeTOAaMH, C Le/blo IIONYdYeHHs KO-
HEUHBIX [MPOAYKTOB, MPHUIOAHBIX /s
HApOAHOTO Xo3sfAkcTBa. [Ipeamerom
U3B/ICUEHMs MOTYT SBASATBCH OKMWC/IBI
aMmoMyHMA  (conepxaHWe B ChIpbe
20,97-24,76 %), xpemuus (57,05-60
%) u xkenesa (5,33-11,32 %).

165



300mim

Puc. 2. 9nekrponHoe u3obpaxenne 3LIM

B cBsisv ¢ 3TUM paccMOTpeHsl crie-
ayone cxembl nepepabotku  3UIM:
MOKpasi MarHUTHas! Cerapalivsi /151 Bbizie-
fleHYsl KOHLIGHTpaTa Kese3a IpUMeHsie-
MOrO B MeTa/VIYpPIvH, KHUC/IOTHas 3KC-
TPaKLMs a/TIOMUHYS, C TTOMYYeHUeM CY/b-
daTta aMOMMHMSA, TIPUMEHsIeMble s
[MPOU3BOACTBA [/IMHO3eMa U KOary/IsHTOB.

[lomumo wccnenoBaHHBIX — MeTOAOB
rnepepaboTKU ¥ OborallleHus1 30710111/1a-
KOBOIO MaTepuasa pacCMaTpUBaIOTCS
CXeMbl: YCTaHOB/IGHHE OCOBGEHHOCTeM
61aropoAHON MHHEpa/Ih3aliy XBOCTOB
3TaroB OOoralleHus U rpaBHUTALIMOHHO-
¢/I0TAaLIMOHHOE M3B/eUeHre 30710Ta U3
XBOCTOB OOOrallleHUsi, Yro/bHOM dio-
TaLurr (c 0OOCHOBaHMEM OIMTTHMAa/IbHBIX
PeXUMOB U THUIIOB (D/IOTapeareHToB).
ConepxaHye YrofbHOM COCTaB/ISIOLICH
B 3071e YyHOCa aocturaet 5 %.

B mpotiecce vccnenoBaHuil u3Beye-
HUsA LieHHbIX KoMrioHeHToB 13 3O wc-
[O/Tb30Ba/IM  TPAAULIMOHHBIE — MEeTO/IbI
oboralieHus.

Hccnenosanuve mo vsBiAeUeHHIO Mar-
HUTHOM pakLUMK IMPOBOAM/IOCH Ha
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SnemeHT | BecoreoH %
0 4313
Al 13.11
Fe 10.68
K 243
Ca 1.91

[£c]=] ]
onHa A wrana 939 wwn. Kypcop: 0,000

BNeKTpOHHOR W3ofpaxeHue 1

3MEeKTPOMarHUTHO OapabaHHOM cernapa-
Tope. Pesynsrar o6oramienus mpea-
ctaBzieH B Taba. 1. B mpouecce o6ora-
meHus ObIIO YCTaHOB/IeHa Oraropoa-
Hasg MMHepanusaliis XBOCTOB oOGora-
IeHUsl Ha coaep:kaHue 3oroTa. B cs-
3 C 3TUM, Oblzla MpoBeaeHa proTalms
XBOCTOB OOoralieH1s Ha pioTOMalll-
Hax M KOHLEHTpAlMs MPOMERYTOUHO-
ro MpoAyKTa Ha KOHLIGHTPAaLIMOHHOM
crore.

Tabavua 1
Hrorosaa tabauua npoayKToB
oboralleHHs MarHHTHOH (bpaKkuMH

[Tpoaykr Beixon, %
MarHuTHas pakLs, KOH- 3,45
LIGHTPAT MMC
MarnutHas dppakLvs, KOH- 1,46
LIeHTPAaT A0BOAKH XBOCTOB
Wroro M/ 491
[TpOMeRYTOUHBIHM MPOAYKT 8,31
XBoctel KN 86,48
Yravcreie 0,3
Hroro 100,00




Tabmvua 2

I'lopor «TOKCHYHOCTH» coaep)xaumi Ma/lbIX 3/1IeMeHTOB

Be \Y Cd Mn As Ni Hg Pb | Sb Tl Zn Cr
[opor, r/T 50 100 | 1.2 | 1000 | 300 | 100 1 50 6 [0,3| 200 | 100
Hoseiit otBan
Conepxanne | 4 | 100 | 15 | 600 300 20 |cne-| 10| 15| 5 40 | 3000
B 3011, T/T bl
B XBOCTax HAI - cne- | 720 | cnemwl | cne- | cne- | 18 | 20 | ua | 1140 | 110
oboralieHys, MBI ael | el
r/T
Crapsblit oTBar
Conepxanue | 6 | 40 15 | 2000 | 300 10 (cae- |30 | 15| 5 100 | 1000
B 30r1e, I/T [bl
B XBOCTax 000- | HA — |cne-| 270 | cneawmt | 40 | cne- | 35| 20 | ma | 1075 | 110
ralleHys, I/T bl bl

B wurore nonyueHo ao 5 % MarHuTHO-
ro KOHLIeHTpaTa C Ccoaep:KaH/eM Kese3a
48 %. MarnuTHas pakivs MpeacTaB/e-
Ha: MarHeTMTOM YepHOro IlBeTa, Mapo-
BUAHOM (POPMBI, MarHHMTHBIMU cepebpu-
CTO-CepbI-MH IlIapaMy 1 cdhepouIaMH.

B KoHLeHTpaTe oTalry XBOCTOB
oboraiiieHrss 0OHapPYKEeHO coaepKaHHe
sonota 0,4 r/T, a B KOHLIEHTpaTe CTo/a
-10-30 r/T.

[anbhenmas nepepabotka  3IIM
BK/IIOUAET KMC/IOTHYIO 3KCTPAaKLIMIO [1O-
ne3Hbix KoMrioHeHToB. Ocobyio  Baxk-
HOCTb MpPeACTaBIsAeT U3B/IeUEHUe allio-
MuHus. B paborte 6bi1 mpoBeneH mnon-
HbI (PAKTOPHBIM 3KcrepuMeHT ([1P3)
[0 KMUCIOTHOM 3KcTpakumu [3]. Okc-
TPaKLMIO MPOBOAWIN B CTEK/ISHHOM pe-
akTtope, OOOPYIOBAHHOM MeIla/IKOH.
Temniepatypy MoaaepxKUBaIu C TOYHO-
creio a0 0,5°C. IMapamerpom ortumu-
3alMK ABASACH BhIXOA amomunusa. Or-
peneneHre KOMmMuecTBa allOMHHUS Be-
nocb  (POTOMETPUYECKHMM METOAOM C
amomuHoHoM 1o TOCT 18165-89 [4].

O6paboTRry 3KCTIepUMEeHTa/IbHBIX
[AHHBIX TPOBOAW/IN METOIOM HaWMeHb-
IMX KBaApaTOB, a B KayecTBe MaTeMa-
THUUECKOM MO/ZIe/IU  MCIIONb30BA/U  /TH-
HEeMHYIO Mo/erlb

v=7,23+2,06x, +0,62x, — 0,54x,.

C wucrionb3oBaHWeM 3HaueHWM TIOPO-
rOB «TOKCHUHOCTH» 3/IEMEHTOB CIIPaBOU-
HYKa «[leHHBle U TOKCHUHBIC 3/1eMEHThI
B TOBapHbIX yrzax Poccuwr [5], mpose-
e CPaBHUTeNbHBINM aHa/IU3 colepka-
HUS TOKCHUHBIX 3/1eMEeHTOB 30/bl. Pe-
3ynbTaThl aHa/IM3a MpUBeeHbl B Tab. 2.

AHan3 ¥ COMNOCTaB/IeHWe JaHHBIX
TO/TYUEHHBIX 3/IEMEHTHBIM W ApP. aHa/lu-
3aMM TIOKa3a/l, YTO OO/BIIMHCTBO 3/1e-
menToB (V, Cd, Mn, As, Pb, Sb, Tl, Zn,
Cr) onpenensiomyx TOKCUYECKHE CBOM-
CTBA OTXO/OB, NPEBHILAIOT Ha /I0Ka/lb-
HBIX YUACTKaX MMOPOr TOKCUUHOCTH.

C TOYKM 3peHHst SKOHOMHUECKOM Lie-
1ecooBPasHOCTH TepepaboTKu  HeoOXo-
VM JOTYCTUMBINA MMHUMYM COZICDXKAHUS
Metarria B pyzae. C HCIons30BaHUeM 3Ha-
YEHHI1  MHHMMA&IBHOTO  COAepMKaHus,
MpoBeZieH aHa/IM3 MMHUMA/IBHBIX COAep-
JKAHUM 3/1eMeHTOB ([IOMMMO XKerle3a U
AMOMUHKSA), MTPeACTAB/IAIOMNX [TPOMBIILII-
NeHHbIM uHTepec. Pesynbsrathl npuBesne-
Hbl B Tabn. 3. KonmryectBo 6oMBIIMHCTRA
MaZbIX (32 MCK/AIOUeHHeM 61aropoaHbIX
METa/I7/IOB) 3/IMEHTOB COACPKAIINXCH B
3O He MpeaCTaBASIOT BBITOALI TIPH
M3BECTHBIX METOaX M TEXHO/OTHSX M3-
B/IeUeHUs .

[TosToMy HeobxoauMa pa3paboTKa
6oree HOBBIX, MeHee 3Hepro3aTpaTHBIX
MeTOZOB U3B/IeYeHHsA TaK HasblBaeMbIX
MavibIx ar1eMeHToB 3IIM.
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Tabmvua 3

MunumanbHbIe coaepixaHHA Ma/lblX 3/IeMeHTOB, olipeAe/lArIllHe

BO3MOZKHYIO IIPOMbBIIL/ICHHYIO 3HAYHMOCTbD

Be | V | Hf In Cd Pt T[] Zr | Y
Minmanstioe cozep- 20 150 | 25 | 01| 1 5 0.025| 5 | 600 | 75
KaHHe
HosBbit1 otBan
rc/iﬂep”a“”e B so7e, 4 1100 | 30 2 15 3 5| 60 | 20
Cozlepmal-me B XBOCTaXx
P T——— HA - - HO | crnedbl | crnendbl | HA 74 | cnennt
Crapblil oTBa
rc/iﬂep”a“”e B so7e, 6 | 40 | 30 2 15 3 5 | 100 | 10
Cozlepmal-me B XBOCTaXx
HAO - - Ha | cneabl | cneawl | HaO | 176 |cneaw

oboraluienus, r/T

K ToMy ke M3B/IeueHre KaK LIeHHbIX, TaK
Y TOKCHMUHBIX /IEMEHTOB MOKET OKA3aThCH
MeHee 3aTpaTHbIM, Hexke/r Tocaeayionias
HeMTparM3alivsl BPeHOTO BO3CHCTBUS Ta-
KUX 3/IeMEHTOB Ha OKPYKAIOIIIO Cpeay B
TpOLIecce VX Bbllle/IAUMBaHKA [6).

TaxuMm, 06pa3oM, Ha OCHOBAHUU CHC-
TEMHOr'0 aHa/IM3a BBIAB/ICHO, UTO ITpaK-
THUECKU He U3yueHHOH B XabapOBCKOM
Kpae oOKasaziach Ipob/ieMa MCIo/Ib30Ba-
HUe 30/1bl Y II/IAKOB MECTHOM TTPOMBIILI-
neHHocThio. [lpy 3TOM ycTaHoBAEHO,

YTO 3071a SABASETCH WMCTOYHHUKOM 6071b-
IIOTO KO/IMYeCTBa LIEHHBIX KOMIIOHEH-
TOB, B OCOOEHHOCTHM MeTa/ioB. B pe-
3y/bTaTe  9KCIIePHMEHTa/IbHO-TeOPeTH-
YeCKHX MCC/IeIOBAHUI YCTAHOB/ICHA 3a-
BUCHMOCTh BBIXOZa ITO/Ie3HBIX KOMIIO-
HEHTOB OT TNapaMeTPOB U YC/IOBUI TTPO-
Liecca oboramenuss. O6ocHOBaHbl pa-
LIMOHA/IbHBIE METO/Ibl M3B/CUEHUS allio-
MO- U Kere30CoAepiKalllix KOMITOHEeH-
TOB, a TaKke MeTa//ioB O/1aropoaHoOM
TPYIIIBL M3 30/bHBIX 0TX0A0B TIC.
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