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BbIBOP TEXHO/IOI'MH U3B/IEYEHHHA 30/10TA
H3 VIIOPHBIX PY/1 HA OCHOBE 'EOXHMHKO-
TEXHO/IOTHYECKHX UCC/IE/IOBAHHH

MHHEPA/IBHOI'O CbIPbA1

Cemunap Ne 19

r MaBHBIMHA HarpaB/IeHHUs MU pa3-
BUTHA (PYHIAMEHTA/IbHBIX 3Ha-
HUIT B OO71acTh OOOTallleHUsl TT0/1e3HbIX
VICKOTIae@MbIX SB/SIOTCA: U3y4eHWe B3au-
MOCBS3U CTPYKTYPHOTO, BelleCTBEHHOro
1M (pasoBOoro cocTaBa IPUPOAHOTO H
TEeXHOTEHHOIO ChIpb C (PH3HMUECKUMH,
DUBUMKO-XMMUUYECKMMU M TeXHO/OorHue-
CKVMMM CBOMCTBaM{ MHHEpasioB; coyeTa-
HUE MeTOAOB (PU3MKO-XHMUUYECKOTO MO-
[eNMUPOBAHUA C 3KCIIePUMEHTa/IbHBIMH
VICC/IeZIOBAHUAMU OCHOBHBIX TIPOLIECCOB
pasaeneHys MMHEpPasioB, CO3AaHue Yc-
7IOBUHM MHTEPIrpaHy/IsspHOTO paspylleHu s
MMHEpPa/IbHBIX KOMITVICKCOB M MeXaHW3Ma
VIHTEHCHBHOI'O BCKPBITHSI YMIOPHBIX PYAI.
OaHO M3 NPUOPHUTETHBIX HAIPAB/ICHUM -
CO3ZlaHMe HOBBIX 3KOIOTMUYecky 6e30-
MacHBIX MPOLIECCOB KOMITIGKCHOM Mepe-
pabOTKK U BCKPBITHUSA TPYAHOOOOraTH-
MBIX PYa M MPOAYKTOB OOOTalleHHsl Ha
OCHOBe KOMOMHHPOBAHHBIX COBPEMeH-
HbIX MeTOAOB oOOoralleHus, TMHUpo- U
TMAPOMETAINYPIHH, HCMOAB3VIOMIMX 0-
TO/IHUTE/TbHbIE SHepreTHyeckue Bo3zaei-
CTBMUSL.

BaxHas sazaya 30710TOAOOBIMM Ha
COBPEMEeHHOM 3Tarle, KOTOPYIo HeoOXo-
VMO PEIIUTh - PaLMOHA/IBHOE KCITO/Nb-
30BaHMe GeHbIX M YIIOPHBIX Py 30/10Ta
u cepebpa. Cpear 30 30710TOPYAHBIX
MecTopoxaeHndt YWUTUHCKONM 061acTH,
16 -KOMIIZIEKCHBIX (30/10TO B MOMMe-

TA/l/IMUECKHX, MeAHbIX M BUCMYTOBBIX
pyaax). [Ipu noberue 30m0Ta M3 pa3se-
[aHHBIX 30/I0TOPYAHBIX MECTOPOKACHHUN
B HacTosllllee BpeMs BO3HUKAaeT Pl
npobnem: okorno 30 % npeacraBneHo
GeHbIMUA Y MBIIILAKOBUCTBHIMU (C/TOXKHBI-
MU TI0 TEXHOIOTUU TepepaboTKH) pyaa-
MU, a Takxke Ooribliag yacTb Pya OTHO-
CHTCH K YMOPHBIM C TOHKOBKPAIV/ICHHBIM
3onmotoM, okono 30 % 3amacoB pasBe-
[IAHO He[OCTaTOYHO, Ha MeCTOpOKIe-
HUAX TpeOyeTcs AOTO/MHUTE/IbHAs pas-
BezKa.

[ eOXHMMHKO-TEeXHO/IOTHUeCKHE HCCle-
[OBaHUA KaK HaYJHO-TIPHK/IAAHOE Ha-
MpaB/leHHe B OOOrallleHHd U Ilepepa-
OOTKe IMO/Ie3HBIX MCKOTIAeMbIX MO3BO/Is-
eT paspabaThiBaTh Haubornee 3dpdoek-
TUBHbIE TEXHO/IOTMUECKHE CXEMbl U3B/e-

YeHUd 30/10Ta U UTTONHRKRIX NU/T.
B oTnynune oT TexHomornyeckom reo-

XHUMUU, KOTOpasl A0/MKHA YUHTHIBATh BCE
pasHooOpasre ¥ N3MEeHUMBOCTh XMMUYe-
CKUX CBOMCTB KOHKPETHOTO 3/1eMeHTa B
TEeXHO/IOTUUECKOM LIMK/AEe TMepepadboTKU
[IO/Ie3HBIX ~ MCKOTIA@MBIX, T'€OXUMUKO-
TEeXHO/IOTMYeCKHe MCC/IeIOBaHMsA  pac-
CMaTPUBAIOT KaXKbll 3/IeMeHT C TIPUCY-
MMM eMYy CBOWICTBaMU M (popMaMiy Ha-
XOXKIeHUs He 060cob/1eHHO, a B eCTecT-
BEeHHOM COYeTaHHU C KOMIVIEKCOM CO-
MYTCTBYIOIIMX €My 3/IeMeHTOB, Hepeako
CYIIIECTBEHHO B/WSAIONIMX Ha BO3MOXKHO-
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CTU ero usBneuvenus. B atom criyyae oc-
HOBOM HCCeA0BaHUsA SBAAIOTCS 3agayd
TeXHO/IOTMUECKHe, a He TO/IbKO COOCT-
BEeHHO TreoxyMuueckue. EcrectBeHHO,
UTO ec TeXHOorndeckass T'eOXUMUS
ABMACTCH O/IHUM M3 pasle/loB FreOXHMUH,
TO TeOXHMMMKO-TeXHO/TOTMUecKre Mcce-
AOBaHUSA AO/MKHBI CTaTh BaKHeMIler Co-
CTaBHOM YaCThiO Pa3pabOTKU TeXHO/Oo-
MU KOMIT/IGKCHOI'O MCIIO/Ib30BaHUSA M-
HepasIbHOTO ChIpbs. DTH OT/AWYMSA TIPH-
MEepHO TaKHe XKe, KaK MexXay MHHepasio-
THMYEeCKON TreoXMMHer W TeOXHMMUUEeCKOM
MHHepa/ioTUer, rae B TIepBOM C/ydyae
TeOXMMHS KaykIOrO XHMMMHUYECKOro 3rie-
MeHTa M3y4aeTcs MO BCeM MHHepa/siaM
(OT caMbIX paHHMX [0 MO3AHHX), B KOTO-
PbIX 3addUMKCHMpOBaH M3y4aeMbId  371e-
MEHT, a BO BTOPOM - WCCeAYIOTCH Bce
37IeMeHThbl, YJacTByIole B ob6pa3oBa-
HMM MHHepasioB, COAepKalluX AaHHbIN
3/IeMEHT.

OCHOBOM TeOXMMHKO-TeXHO/I0rnyec-
KHX WCC/eIOBaHUN AIBSAETCS KOMILICKC-
HOe H3yuyeHHe BCeX LIeHHBIX 3/IeMEeHTOB,
TIPUCYTCTBYIOIIMX B MOPOAax WU pyaax,
C YUeTOM FeOXUMHYECKHX OCOOeHHOCTelN
KazkZOr0O M3 HUX KaK B OTAE/BHOCTH, TaK
M B pPasIU4YHBIX KauyeCTBeHHO-KO/TH-
YeCTBEHHBIX COYeTaHMAX C APYrUuMu
aneMmeHTamu. [Ipy sTOM OOGs3aTENBHO
YUHTBHIBAIOTCA WM3MEHUYMBOCTb UX (hOopM
HaXOMX/ICHUSI B PA3TUUHBIX (PU3NUECKHX
COCTOSIHUSIX M BO3MOKHOCTU HX U3MeHe-
HUM B TeXHO/IOTWYECKOM LIHK/Ie Tepepa-
OOTKH pya OT Heap A0 KOHEUHOTO ITpo-

XapaKTepHO, UTO eC/v MO TexXHO/Io-
T'MYECKOM MHHEepaZiorMM 3a IIOoC/eaHHe
15-20 ner onyb/IMKOBAHO HECKOIBKO
TBICIY HAYYHBIX CTaTei, Te3HCOB M MO-
Horpacdui [1], To Mo TeXHOIOrMYecKom
reoxXMMHH 3a 3TO XKe BpeMs OIMyO/IUKO-
BaHO He 6oree 10-15 pabor (2], a reo-
XUMHKO-TEXHO/IOTHUECKHe  KCC/e10Ba-
HUS TIOKa ellle He 0dpOpM/IeHbl TeopeTH-
YeCKH U TexXHO/OraMM MPaKTHUUeCKH He
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npumMeHsiioTcsa. CAoKHOCTb UCIIO/h30Ba-
HHSI HOBBIX HallpaB/IeHHUM TexXHO/Iorrue-
CKHMX MCCMeNIOBaHUM 3aK/Il0YaeTcs B
OOMBIIOM  PasHOOOPa3uM  MPUPOAHBIX
PYA0OOPAsYIONIMX CHUCTEM, B KOTOPBIX
POPMUPYIOTCH  MTPOMBII/ICHHBIE  KOH-
LIGHTPALIMM KaK [7/IaBHBIX PYAHBIX 3/1e-
MEHTOB, TaK M BCEro KOMIIIeKCa PeaKHX
U paccesHHbIX 371eMeHTOB. [ Ipakrtuue-
CKM KaKI0e MeCTOpOXKAeHUe SB/AeTCs
UHUKA/IbHBIM [10 CBOMM MHHEpasioro-
reOXMMHYECKUM OCOOEHHOCTSIM M He
vMeeT ToNHbIX aHastoros. [1o atoit npu-
yuHe 18 KaXKIOrO MeCTOPOKIEeHUs
cnenyet paspabaTthiBaTh CBOM TEXHO/IO-
rMyeckue CxXeMbl A00bUH, MpeaBapy-
TenbHOM 06paboTKU U IepepaboTKU
BI/IOTh [0 TMO/YYeHUs] padpUHUPOBAaHHO-
ro (ans 6MaropoAHbBIX METa//IOB) KOHeu-
HOTO MPOAYKTA.

[lepcriekTvBHOM  TexHoMOTHeNH U3-
B/ledyeHUs 30/10Ta U3 pPyad C TOHKOM
BCKPAI/IGHHOCTBIO LIGHHOTO KOMITOHEHTa
SIB/ISIETCA LIMAaHUCTBIN Mpoliece, rocpead-
cTtBOM KoToporo aobwiBaerca a0 90 %
30/10Ta ¥ 3HAUYMTe/IbHOE KO/MNYeCTBO Ce-
pebpa. CyilecTByer, OAHAKO, KaTeropus
TaK HasblBa@MbIX YIMOPHBIX Py, LIMAHU-
POBaHUe KOTOPBIX /MO0 BOOOIIE HEeBO3-
MOXKHO, MO0 XapaKTepHsyeTcsl HH3KHU-
MM TOKasaTe/sIMd H3B/eUeHHs MeTasl-
noB. Takue npuMepbl AOCTAaTOYHO Xa-
PaKTepHbl 71 30/10TOAOOBIBAIOLICH
MPOMBIIIZIGHHOCTU  MPAaKTHYEeCKH BCeX
CTpaH, AB/AIOIIMXCA OCHOBHBIMH MPOU3-
BOAMTE/IAIMU 30710Ta U cepebpa U3 pya-
HOTO ChIpbsl, B TOM umcrie u ansa Poccun,
a TakkKe ApYrux pecnyOarK ObIBIIero
CCCP (Y36erucrtan, KasaxcraH, Kewip-
rbi3ctaH, TamkurucTaH, ApMmenus). Ta-
KUM 0Opa3oM, rpobrieMa paLMOHa/IbHO-
rO HCIO/b30BaHMA YIIOPHBIX PYa 30/10Ta
U cepebpa He 3HaeT TepPPHUTOPHA/TbHBIX
IPaHULI M 3HAYMMOCTb €€ C KamKibIM ro-

K kaTeropun YIOPHBIX PEKOMEHAY-
eTcd OTHOCHUTb PYaAbl M KOHLIEHTPaThl,



TPYAHO TMoagalolrecss oO6paboTke Me-
TOAOM LMaHUpPOBaHMA. B KaudecTBe
[7IaBHOTO KPUTEpUsl, XapakTepuayiolle-
ro CrereHb YNOPHOCTH Py, Npeanara-
eTca TPUHATH KO3(HLIMEHT H3BIeYe-
HUS 30/10Ta WM cepebpa B PacTBOPHI Ha
CTaZuM Bblle/IaurBaHus - Kg, npeacras-
nSeMblii B BUIE Crieayioumero oOIero
BbIpazkeHus [3]

Ki=[1-(Ko Ky K¢ )],

rae Ky - KoadpduimeHT dpusnyeckoit
nernpeccur (P/I) 3on0Ta, oTpaKaoUIMN
OO0  MeTa/ia, acCOLIMUPOBAHHOIO C
I/IOTHBIMKM M HepacTBopuMbiMd B NeCM
MUHepasaMu  (cynbgpuaamMi, OKCHIAMH,
CH/IMKaTaMM) M 1O 3TOM TPUYMHE U30-
MPOBAHHOTO OT KOHTaKTa C PacTBOPH-
TeneMm; Ky - KoadppullMeHT XUMUYecKon
nenpeccur (X/), xapakTepusyioLmii OT-
pHLaTe/IbHOE BAWAHWE HEKOTOPBIX Pya-
HbIX KOMIIOHEHTOB (MHHEpa/bl CYPbMBI,
Meau, TMUPPOTHMH Ap.) Ha CKOPOCTb U
MO/THOTY Tepexoaa 30710Ta U cepebpa B
LIMaHMCTbIe PAacTBOPLL. K umcny xumude-
CKHX [IeTIPeCCOPOB TaKkKe OTHEeCeHhb! ce-
pa, cypbMa, Te/yp, BXOAAIME B COCTaB
COOCTBEHHBIX MHMHEpasIoB 30/10Ta U ce-
pebpa (apreHTrT, akaHTUT, TTMPAPTHPUT,
MIPYCTUT, aypOCTHOUT, TeCCUT, Ka/laBe-
put u ap.); K. - Rosdduiienr, otpa-
JKAIOIIMHM MPOLIeCC COPOLIMKU PAacTBOPEH-
HOrO B LMaHMZax 3o/10Ta (cepebpa)
PYAHBIMHM KOMIOHEHTaMH (aKTHBHBIM Yr-
1epoaOM; TOHKOM3ME/TbYEHHBIMU  CY/Th-
dunaMu ¥ KPEeMHEKHC/TOTOM, THAPOKCH-
laMU Kesle3a U MapraHiia, HeKOTOPBIMU

B otmmume ot Ky, 3HaueHus Koadp-
dunmentoB Ky u K. cyiectseHHO 3aBU-
CAT OT YC/IOBUM LIMAaHUPOBaHUA (KOH-
uentpaumsa NeC1Y, pH cpeanl, uucrio
CTaaiii W ofwas IPOAOMKHUTE/TbHOCTD
Bblllle/laUMBaHKsA, BBeJeHWEe B MY/bIIY
Pa3IMYHBIX PeareHToOB, MOHOOOMEHHBIX
CMO/1, AaKTUBUPOBAHHBIX VI7Ier) U A7

OMHOM U TOM XKe PYabl MOI'YT KoneOaThb-
Cs B ZIOBO/BHO IIMPOKUX Tpe/esiax.

C vyuyeToM BBILIECKA3aHHOTO, PEKO-
MeHAYeTCs TToAPa3sAeNsTh 30/10Thie U ce-
pebpsHble pyabl Ha MPOCThie, T.e. /1er-
KOLIMaHUpyeMble (TeXHO/TOTHUECKUI THIT
«A»), ¥ yIopHbIe, KOTOPLIE, B CBOIO OUe-
penb, BKAIOYAIOT 3 TEeXHOIOTMUECKHX

TUTTA®
- Pvabl C TOHKOBKpPAIl/IEHHbBIM 30/10-

TOM U cepebpoM (npeobranaeT drsnye-
CKasl AeNpeccys) - TeXHOIOTMUECKUI TUII
«B»;

- pyadbl, coaepXxalle XHUMUYecKue
[erpeccopsl 30710Ta, - TeXHOMOTHUECKHI
U «B»;

- pyabl, XapaKTepU3yIollecs I1o-
BBIIIEHHOM COPOLIMOHHOM aKTMBHOCTBIO
(CA) B LmaHMCTOM TIpoLiecce, - TeXHO/o-
TMYeCKrH TUIT «[».

BHyTpy KaxKaoro us rocriegHrux Tpex
THroB (Bb-I") BelaeneHsl TexHOMornyeckue
PasHOBHUAHOCTU pya, B 3aBUCHUMOCTU OT
TOTO, Kakue KOMIIOHEHThl SIB/SIOTCS
KOHKpEeTHOM MPHUMHON aAerpeccrr 6m1a-
rOpoOAHBIX MeTa/lZIOB TMpH  LIMaHUPOBa-

HUU
BosMoxHbl  Ba TIPUHLIMITAA/IBHBIX

roaxoAa K pelleHuio NpoOieMbl U3B/e-
yeHus 30710Ta M cepebpa U3 YMOPHBIX
pya. TlepBeit M3 HUX MpearnonaraeT co-
XpaHeHHe LIMaHWCTOro Ipoliecca B Ka-
YyecTBe OCHOBHOIO MeToza I10/1y4eHHs]
ToBapHOM mnpoaykuuu. ObecrieueHue
MpyeM/ieMbIX TOKa3aTerlel H3B/eueHs
MeTa/I/IOB B ZJaHHOM C/y4ae MOKeT ObITb
OOCTUTHYTO 3a CYeT BK/IOYEHHS B Tex-
HO/IOTMYECKYIO CXeMY [OTIO/THHUTe/IbHBIX
ornepalvii WM MCIONb30BaHUs  CIIeLd-
a/IbHBIX MIPUEMOB LIMaHUPOBAHHUs, L1e/Ibio
KOTOPBIX AB/SETCH CHWXKEHUe 10 MUHU-
MyMa 3HaueHHH KoaddpuiieHToB Ky, Ky
u K. B ruapomeTaniypruyeckoM LMKie.
AnbTepHaTUBOM AaHHOMY TMOAXOAY MO-
KeT CAVKWUTb 3aMeHa LIMaHWPOBaHUSA
APYIrMMH  MeTa//TypruyeckKUMH  NpoLiec-
CcaMi, MO OTHOIIEHUIO K KOTOPBIM Tex-
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HOZIOTMYecKasi YIIOPHOCTb pyabl MPOSB-
asieTcsi B MeHbller CTereH! (pasinyHbie
BapHaHThl TVIAaBKY, HHU3KO- U BBICOKO-
TeMIlepaTypHOe X/IOpHpPOBaHUe, THO-
KapbGaMHaHOe Bbillle/laYMBaHue U ap.).
AHa/mM3 COBPEMEHHOTO COCTOSIHUSI U
TeHJCHLIMI Pa3BUTHA 30/10TOAOOBIBAIO-
llerl TPOMBIILIZIGHHOCTH, a TaKXKe pe-
3y/bTaTbl  MHOTOYMC/ICHHBIX — Hay4HO-
HcCnefoBaTebCKUX  PaboT  [O3BO/SAIOT
caenaTh BBIBO/, UTO TepBBbIM U3 YKa3aH-
HBIX BBl MYTel, NnpeacTaBaseTcs 6o-
7lee pPaLMOHa/IbHBIM, XOTH A1 OTaAe/lb
HBIX Pa3sHOBUAHOCTEMN YIIOPHBIX 30/10ThIX
1, OCOOEHHO, cepebpsiHbIX pya (KOH-
LIGHTPATOB) MOTIYT ObITh 3(PdPEKTUBHO
HCIIO/b30BaHbl M HelLlMaHWCThle MeTObl

rrAmA T ATt T AT AT ARnARArrs [A]

C TexHO/MOTMUYEeCKUX TIO3WLMM /151
MO/THOTO BBICBOOOKAEHHUS LIGHHOTO 3/1e-
MEHTa WY KOMIIOHEHTa M3 IOPOAbl WU
PYasl HeOOXOAMMO BHISIB/ICHUE He TO/lb-
KO BceX (popM HX HaxXOXKIACHUs, HO U
BO3MOKHOCTEHM HX H3B/IeUeHHs, YTO OIl-
penensieTcst CUoN WX CBA3U C APYTUMH
a1eMeHTaMi M KOMITOHeHTaMu. Haripu-
Mep, B MHUPHT-apCeHONMUPUTOBBIX Pyaax
307I0TO CTO/Ib TECHO CBSI3aHO C MbIIIbS-
KOM B apCeHOIMpuTe, a cepedbpo c ce-
pOM B MMPUTE, YTO /1 UX pas3ae/ieHus
TpebyeTcs TO/HOe pas3oxKeHUe 3STHX
MUHEpasZioB C TOC/eAYIONINM H3B/1eye-
HHeM 30710Ta 1 cepebpa. B cBssu ¢ Tem,
YTO YCTOMUMBOCTb XabKOMU/IBHBIX CO-
enviHeHW cepebpa B IHMPHTE U, OCO-
GeHHO, 30710Ta B apCeHOIUPUTE 3HaUM-
TenbHO criabee, uYeM WX MHHepalioB-
HOCUTereHr, Tocrie TOMYJeHUs] KO/IeK-
TUBHOTO  CYMbPUAHOrO  KOHIIGHTpaTa
HeoOXOAUMO ToABepraTh ero MporpeBy
npu Temriepatype He 6ornee 250 -
300°C. B pesyrbTaTe OCHOBHOE KO/H-
YeCTBO COeAVMHEeHHH 30/10Ta U cepebpa
pacrazercsi ¢ BbICBODOOKACHHEM MeTal-
7I0B B CaMOPO/HbIe (aToOMapHbIe, TOHKO-
[OWCTIepCHBIe U Ap.) POPMBI, KOTOPBIC
[OMKHB YKPYIHUTLCS 3a cueT oObeau-
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HeHHs pPa3pO3HeHHBbIX 4Yactull. [loao6-
Hble 3KCIIEPUMEHThl HepeaKO MPOBOAAT
MMHEpaZIory TPy M3Y4eHWU B mudpax
TOHKOMCIIEPCHOIO 30710Ta. TaKuUM IIpo-
CTeyIlIMM CITIOCOOOM MOMXKHO Pe3KO YBe-
MUUNUTh B 30710TOCOAEPAKAIIMX YIIOPHBIX
pyaax KOMMUYeCTBO CBOBOAHOIO 30/10Ta,
[7s1 VI3B/IeUeHHs] KOTOPOrO CYLIeCTBYET
HECKO/IbKO MEeTOZOB, B UACTHOCTH LiMa-
HUPOBaHMe, X/IOPUpPOBaHHe U ap. B
cnyyae OOXKMra 30/I0TOHOCHBIX KOHLIGH-
TpatoB (OOBIMHO IIPH TeMriepaTtype a0
600 - 700°C) 3HauMTenbHAs YacThb 30710~
Ta IepexoIrT B rasoByiO a3y BMecTe C
Te//TYPOM, MBIIILIKOM, CEepor M cere-
HOM.

Becb KOMITIEKC 3/1eMEHTOB, aKTHBHO
YUaCTBYIOUIMX B TEOXHMMMM  30710Ta,
MOKHO TIO/IPA3AeNUTh Ha UeThipe IPyIl-
nel (pyc. 1): 1) mapasneMenTsl, TO ecTb
obpasyioliirie MUMHepa/lbHble COeAMHEHHs
- 16: Tennyp, cBUHell, PTYTh, cepebpo,
Mezlb, CypbMa, BMCMYT, cepa, Kereso,
I/71aTUHa, Na//lanuM, POAWN, HWPUAMH,
cefleH, HUKe/b, KUCI0PO; 2) BEepOATHLIC
rnapas/ieMeHThl - 9: LMHK, Taauii, rep-
MaHUi, BaHaaui, MonubaeH, PpeHHH,
KaZMWI, BOb(paM, MbIIbAK; 3) 371e-
MEeHThI, 06pasyiolirie UHble POPMBI CBS-
3ert - 6: x710p, GpPOM, oA, YI7iepoa Opr.
(OH), asor (Cbl); 4) snemeHntsl, OuyeHb
YacTo COIPOBOXKAAIOIINE 30/10TO B HX
KOHLIeHTpaLmax (Mx 6oree 30: MBbIIIbIK,
MonubaeH, BaHaAWM, YpaH, peakye 3eM-
MY, KPEeMHWM, amoMHHUE, 6op, doc-
dop, MarHuM, KaabLIMM, HATPUHM, Ka/lMi,
MUTHM, XpOM, MapraHel, Boabdpam,

HecoMHeHHO, uTO nNpHBeaeHHbIe
[aHHble TIOCTOSIHHO IMpeTeprieBaloT M3-
MeHeHHsl, YTO CBSI3aHO C HCIIO/Ib30BaHU-
eM HOBEHIIMX MeTONOB HCC/IeOBaHMUH,
MO3BO/IAIONINX He TO/MBKO YCTaHaB/IUBaTh
Ha/lMuMe CaMMX 3/IeMEHTOB C OUeHb BhbI-
COKOM TOYHOCTBIO, HO U, YTO He MeHee
BaKHO, BBIABIATH (POPMbI HX CBsi3eit
Mexnay coboit. OrnpeneneHrie HOBBIX



o 4
49%

B1 - papasjieMeHThI

10%

m2 - BEPOATHBIEC MApPa3IeMEHTBI

m3 - BEPOSITHBIE HEMHUHEPAJIEHBIE COCIMHEHUS

04 - 3IeMeHTHI, 4ACTO COTPOBOMKAAIOIIIHE 30JI0TO

Puc. 1. Cxema KoMmiaekca XUMHYECKHX AJIEMEHTOB, CONPOBOMKAAMOIINX

KOHLOCHTPAIlMH 30J10Ta B MECTOPOXK/IACHUAX

dopM HaxoXKaAeHWs 30/10Ta U cepebpa,
OCOBEHHO B YC/TOBHAX UX 3HAUKTE/IbHOM
KOHLIGHTPALIMY, [OMKHO TIPUBOANUTL K
paspaboTke 60/ee COBepIIeHHbIX TeX-
HO/IOTHUYeCKUX METOIOB UX H3B/IeUeHHs
13 TPUPOAHOrO ChIPbS HE3aBHMCUMO OT
ero cusnueckoro cocrosiHus. Crieayer
UUMTBHIBATh TaKkKe BO3MOMKHOCTH pas-
MUYHBIX COUYETAHHM 3/IEMEHTOB U KOM-
MMOHEHTOB MeXay COOOM, uTo OBYC/IOoB-
NVBaeT HaaMuMe — TPYAHOOOOTaTHUMBIX
pPya M Py, KOMIVIGKCHOE WCIIO/Ib30Ba-
HHe KOTOPBIX BBI3BIBACT Cepbe3Hble KO-
noruyecKyre rnpoGieMsl.

CoBpeMeHHas  30710TOAOOBIBAIOIIAs
MIPOMBIIIZICHHOCTh  PacIio/laraeT BechbMa
IIMPOKUM HAOOPOM  TEeXHO/TOTHUECKHX
MMPOLIeCCOB Y BAapUaHTOB U3B/IeUeHUs AU
Y A§ U3 YMOPHBIX Py MPaKTUYECKHU [Ti0-
6oro BellecTBeHHOro coctaBa. [las To-
ro, 4roObl MMM MOXKHO ObIIO 3pdhek-
THBHO BOCIIO/Ib30BAThCS, HEOOXOAUMO
3HaTbh, K KaKOM TeXHO/TOTUYEeCKOM KaTe-
ropyr OTHOCUTCS MccreayeMasi pyaa.

Tar Kak A718 MUHepaIbHO-ChIPheBOk
6a3sbl 30/10TOA0OBIYM UMTHHCKOM obnac-
TU XapakKTepHbl YMOpHbIE PYAbl C TOH-
KOBKpaIlZIeHHbIM 30/I0TOM U cepebpoM
(texHonmornueckuyt THn «Bb»), paccMort-
PYIM BO3MOXKHBIE TEeXHOIOTUYECKHe Ba-
PUAHTBl M3B/leUeHMs 30710Ta U cepebpa
13 5THX PYI:

1) Au u A§ B kBapue (Bg]) - LvaHu-
POBaHMeE T10C/Ie TOHKOTO (CBEPXTOHKOIO)
Vi3Me/IbueHrs WM OTTIpaBKa Ha MUpPOMe-
TA/IYpruveckre 3aBoAbl LIBETHOM Me-
TA/IYPrUK B KauecTBe 30/10TOCOAepKa-

IUX KBADIEBBIX HI0COB.
2) B nwmpure u apceHonupure Bgjy,

- I'PaBUTALIMOHHO-(P/IOTALIMOHHOE 00O0-
rameHve (MmaHupoBaHUEM TMPOMIIPOAYK-
ToB. OTIpaBKa KOHLIGHTPATOB Ha COOT-
BeTCTBYIOLIMEe 3aBOAbl LIBETHOW MeTall-
AYpruy Wiy riepepaboTKa UX Ha pervo-
HanbHBIX (LIGHTPA/IM30BaHHBIX) 3aBOJAAX
MMPOMeTa/INYPrudeckuM  CIIOCOOOM:
[/ITaBKOM Ha Me[HbIM, CBUHLIOBBIA WU
CYPBMSAHBIN KonnekTop. [1as pya v KOH-
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LIGHTPATOB, COAePHKALIMX 30710TO TOH-
KOBKparvieHHoe B aHTUMoHuTe (B§(8b)),
- cynbthrAHO-IeNIOUHOE  Bhillle/IauMBa-
HUe C TOCAeAyiolrM LMaHHpPOBaHUEM
ocTatka. [lns mnonuMeTanyiMueckux pya
(KOHLIGHTPATOB - BBICOKO-TEMIIePaTyp-
HOE X/IOPUPOBAHKE (X/IOPUIOBO3TOHKA).

3) B cyabdumax LBeTHBIX MeTasl-
noB (B§(pe) - rpaBuTaLMOHHO-GIOTA-
LIMOHHOe oboraileHyre. LluaHuposaHye
KOHLIGHTPATOB TIOC/Ie MPeaBAPHUTE/IbHO-
IO MexXaHMYeCKOro (TOHKOe M3B/iedeHue),
XMMHUUeCKOro (Bblllle/auMBaHUe), GHUOXHU-
MUYECKOTO WM  TePMOXHMMHUYECKOTO
(06KMI) BCKPBITHA 30/10Ta, ACCOLIMMPO-
BaHHOTO C cyibpuaamMu xenesa. [lpu
HA/IMUMKU G/IarONPUATHBIX YC/IOBUM - aK-
KYMY/IMPYIOIas [/IaBKa KOHLIEHTPATOB
(orapkoB) C COOTBETCTBVIOIINM KO/I/ICK-
TopoM. [lonyTHoe W3B/eYeHKe cepbl U

v or vrrrr mrrm rrm ARcerrrmam e mAaAAn

4) B ruapookcuaax (Bokpe)) - HU3KO-
TeMIepaTypHbIM OOXKUT (TpOKanka) py-
[Obl, LMaHUPOBaHWe orapka. [Ipsmoe
LIMaHMpOBaHHe pYAbl T10C7e TOHKOIO
Vi3Me/IbUeHYs.

5) B ruapoapcenarax (Boka<;) -
LIMaHUPOBAHHE [10C/Ie TOHKOTO M3Me/lb-
yeHus WIu I11e/IOYHOT O (NeOH)
BhIIlC/IaYNBAHKS.

6) B okcumax mapranua (Boxwn) -
cepnucrorucrioe (802) mmu cynbdaTHOE
(Pe8C>4 + Hy804) BhlllesaurBaHve
MMPO/IIO31Ta, LIMAaHUPOBaHUE OCTaTKa,
Vi3B/leueHrie MapraHila M3 pacTBOPOB B
BlZIe TIOMYTHOTO TOBAPHOIO TPOAYKTA.
Xnopupyonwit (NeC1) wivi BocCTaHOBU-
TeNbHBIN (FeHepaTOPHBIN a3, KOKCYIO-
IIMecs YIK, ApeBecHbIe OIMH/IKK) OOXKUT,
LIMaHUPOBaHWe oOrapka. |uoKapbaMua-
HOe BhIllle/laulBaHUEe C KOMIVICKCHBIM
v3B/eueHreM cepebpa, 30710Ta U Map-

—arITIAa

CyiecTByiolllas Ha MeTa/lyprude-
CKUX 3aBOJaX CXeMa W3B/IeUeHUs 30710Ta
13 KOHIIGHTPATOB fB/AAETCH KpaliHe He-
3dppeKTHBHOM M3-3a BBICOKHX 3aTpaT Ha
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nepepaboTKy, TPaHCIIOPTUPOBKY KOH-
LIGHTPAaTOB, a TaKXe K3-3a CI0XKHOCTU
1 IOTOBPEeMEeHHOCTH B3aHMOpPacyeToB
Mekay 30/10TOM3B/IeKaTe/IbHBIMU U I1e-
pepabaThlBAlOMIUMU  [TPeANPHUATHAMHI
(MenmernaBUMBHBIN,  Me/lb-3/1eKTPOIUT-
HbIM, adpPUHAKHBIN 3aBO/IbI).

Bonee addekTrBHBI TexHOMoru4e-
CKHe CxeMbl, TpeaycMaTpUBalollive Moda-
HOe WY YaCTHUHOe U3B/1eYeHHe 30/10Ta
M3 KOHLIGHTPaTOB Ha MecTe WX IPOM3-
BO/ICTBA B BU/E C/IUTKOB /IUTATyphl C KX

OTIINARKOM Ha achdhUHAXKHKIN 32RO
OaHyM M3 BapUaHTOB TaKOTO MOAXO-

[a SBASETCS TPaBHUTALIMOHHOE W3B/IeYe-
HHe CBOOOAHOrO M aCCOLIMMUPOBAHHOIO C
cynbhuaaMu 30710Ta U3 prI0TO-KOHLICH-
TpaTtoB B GOrathiii BTOPWUUHBIM TI'PaBHO-
KOHLIGHTPAT, M3 KOTOPOTrO 30/I0TO MO-
KeT ObITh 3 PEKTUBHO H3B/ICUEHO, Ha-
npyMep, LIMaHUPOBaHKWEM C Mo/1y4eHUeM
TOBApPHOM MPOAYKLIMU B BUAE C/UTKOB.
XBOCTbl TPABHUTALIMK U KEeKH LIMaHUPO-
BaHMs BTOPHUYHOTO T'PaBHOKOHLIEHTpaTa
MOTYT ObITh HallpaB/eHBl Ha CIeLralIv-
3UPOBAHHOE IPeAlpPUATHE AAS Aallb-
Herlier rnepepaboTKy (MeaeriaBH/IbHBIN
3aBOA, TMAPOMETA/NTYPIUYECKUM — Liex
3abaiikansckoro ['OKa v ap.). [danHsii
TeXHOIOTMYECKH  NpueM  Hauboriee
adbdeKkTHBeH TIpH TepepaboTKe KOH-
LIGHTPATOB, COJAePXKallMX CBOOOAHOE
3071010 ((hroTOKOHIIeHTpaThl  [lapacyH-

AKTYa/IbHOCTb  TMTPOO/IEMbl  PaLro-
Ha/IbHOTO MCIIO/Ib30BaHUsA YIIOPHBIX Py
C TOHKOBKpAI/IeHHbIM 30/I0TOM U ce-
pebpoM cBsizaHa He TOMBKO C Yxylle-
HMeM KaueCTBa PYIAHOIO Chlpbd, Iepe-
pabaThiBaeMOro WM T/IaHUPYeMoro K
rnepepaboTKke Ha MNpPeArpUATHAX OTpac-
1, HO TaKKe U C Pe3KO BO3POCIIMMU B
rocrieiHue roabl TPeOGOBaHUAMU K KOM-
TI/IGKCHOCTH MCIIO/Ib30BaHUsI ChIpbsl U
OXpaHe OKpyzxKaloller cpedbl OT BO3/eH-
CTBUS TOKCHUYHBIX OTXO/OB MPOMBILI/ICH-
HOTO [IPOM3BOACTBA. DT TpeOOoBaHMs



MpHUOBPeTaOT 0OCOOYIO OCTPOTY B C/yuae
rnepepaboTKU KMMEHHO VYIOPHBIX Py,
XapPaAKTepH3YIONIMXCA, Kak  IIPaBH/IO,
C/IOKHBIM BellleCTBeHHBIM COCTaBOM.
TakrM 06pasoM, TeOXUMHKO-TeXHO-
7OTUYeCKHe  UCCAelOBaHWs  O/KHBI
CTaTb OHMM M3 BaykKHEHIIUX Harlpas/e-
HUIM TeXHO/IOTMYeCKUX UCCIeA0BaHWMI
XXl Bera. bes yuera reoxummnueckux
OCOBEHHOCTEH MO/e3HbIX MCKOIaeMbIX U
BbISIB/ICHHS B HUX BCEX LIGHHBIX 37/IeMeH-

TOB Y KOMIIOHEHTOB, a TaKxke HX hopM
HaxOXK/IeHUs He3aBHCHMMO OT (ousurue-
CKOI'O COCTOSIHUSI TeXHO/TOTMYecKUe HC-
CleloBaHysl He MOTYT ObITh MPU3HAHBI
palMOHaNbHBIMU. | €OXMMHKO-TEeXHO/1O0-
rMyecKkue Hcc1enoBaHus 6yayT criocob-
CTBOBaTh PE3KOMY CHHKEHUIO OOMLIMX
roTepb MpH ONpoboBaHUM, TpeaBapH-
TenbHOM 06pPabOTKU U  MepepaboTKe
pya, BIVIOTb A0 TOMYUEHHs KOHEUHBIX
IIPOAYKTOB [IPOU3BO/ICTEA.
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Koporko 06 aBropax

BEHHOI'o YHHBepPCUTETa,
nezka.

Periensenr a-p texH. Hayk, npod. B.2XK. ApeHc.

Pestuk 10.H. — 10KTOp TeXHUMYECKHX Hayk, rmpodeccop, pekTop UMTHHCKOro rocyaapct-

lIymunosa /1.B. — KaHAWAAT TeXHUUECKUX HAYK, AOKTOPaHT UHUTUHCKOro rocyaapCTBEHHO-
ro yHuBepcuTeta, 3aMecturess aupektopa PI'OY CITO 3abaiikaibCKOro ropHOrO KO-

[oknan pekoMeHIOBaH K Oryb/1rMKoBaHUIO ceMrHapoM Ne 19 cumrniosuyma «Henenst roprsaka-2007».

/A

AUCCEPTALHH

TEKVIIAS HHPOPMALIUA O 3ALIHTAX AUCCEPTALIHH
IO rOPHOMY AEMNY H CME2KHbIM BOITPOCAM
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Asrop

Hassanue pa6orsi

Cneuna/ibHOCTD|

Yyenas crenenn

HHCTHUTVYT rOPHOI'O AE/TIA CHUBHPCKOI'O OTAE/IEHHHA PAH

AKOBHMLIKAA

lanyuna
EBrennesBna

Paspa6oTka MeToga M HM3MepHUTeNbHBIX
CpeacTB AWArHOCTUKU  KPUTHUECKHUX
COCTOSIHMI TOPHBIX MOPOA Ha OCHOBe
37IEKTPOMArHUTHOM 3MHUCCHU
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