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PA3PABOTKA CE/IEKTUBHOI'O PEATEHTHOI' O
CXEMHOI'O PE2KHUMA ®/I10TALIMH ME/IHO-LIHHKOBO-
IMMHUPHTHOH PY/bl C TIPHMEHEHHEM
MOAHUPHLIHPOBAHHbBIX IHTHOPOCPATOB

H3noxeHpr pe3yabTatsl 1a60paToOpPHbIX HCCICAOBAHHFT IO TTOMCKY U Pa3paboTKe Cerlek-
THBHOI'O peareHTHOIO H CXeMHOIO PeXXHuMa Gh/IoTallid MeAHO-LIMHKOBO-TIMPHTHON PYZbI.
TpoBenens! HccrenoBaHHA cOOHpaTe/IbHBIX CBOFICTB HOBBIX peareHTOB-cOOHparerIer,
HcceA0BaHHe  TTPOOBI  MeAHO-LIMHKOBO-TIMPHTHON DYABI OAHOTO H3 MEeCTOPOM/ICHHF
Ypaseckoro pervona, oTKpbIThIe ¢hOTaLIMOHHBIE OMbITEI Ha pyae. PaspaboraHn cersek-
THMBHBIH PEareHTHBIE PeXHM C IPHMEHEHHeM COYeTaHHs GYTH/IOBOIO KCaHTOreHata C
«bBepaghror-3035». Ornpesnenersl onTuManbHOe COOTHOLICHHe CoOMpaTeser], TOYKH I10-
AadH MOAHGPHKATOPOB, OINTHMA/IbHBIF AHana3oH pH ro cxeme ¢rotavmm, paspabotaHo
HOBOe CXeMHoe pelleHHe.

KrmoueBble croBa: ¢hroTalvs, ce/leKTHBHBIF peareHTHBIH PeXHM, CXeMHBIH DeXHM, Mel-
HO-LIMHKOBO-TIMPHUTHAA pyaa, MHHepassl, COOHpaTesH, MOAHGOHLIMPOBaHHbIe AHTHO-

¢ocghartsr.

M eIHO-LINHKOBO-TIMPUTHBIE  PY-
bl OTHOCATCA K Hauboree

TPYAHBIM OOBEKTaM OOOorallleHHs], [10-
CKO/MbKY HMEIOT C/IOKHBIN BelleCTBeH-
HBIFi COCTaB C HepaBHOMEPHOM BKparl-
IeHHOCTBIO  CYMbPHUAHBIX  MHHEPa/IoB.
Cyrnbcyabl ¥ OKCUIbI Meau B pyae ripea-
CTaB/eHbl eCAThIO U Goriee MUHepa/taMy;
Cynbprbl Kene3a — MUPHUTOM, MapKasi-
TOM U TIMPPOTUHOM; CYMbUIBI 1TMHKA —
Pas3IMUHBIMU  PASHOBUIHOCTAMU  ccpasie-
puta (KretiodpaHOM, MapMaTUTOM, BIOD-
LIMTOM); CY/bpHbI Mea, LIMHKa U [TUPHUTa
cozepxar 1o 2-3 MoarUKalMK OIHOTO
Y TOTO e BellecTBa, HO C PasINuHbIMH
PUBUKO-XUMUYECKUMU CBOVCTBaMHU.
TpyaHocTH oboraleHrs MeaHO-LIMHKOBO-
MMUPUTHOM PYabl OOYC/IOB/IEHBI:

®  C/IOXHBIM M TECHbIM B3aWMOIIPO-
pactaHyeM YacTULl cybUIOB, /I Pac-
KbITUSI KOTOPBIX TpebyeTcss IOBO/BHO
TOHKOE H3Me/bueHue;

e  OIM3OCTBIO p1OTaLIMOHHBIX
CBOMCTB CYynbpUIOB Meau W aKTUBUPO-
BaHHBIX OHaMU Me/lH CY/Ib(OH/IOB LIMHKa;

®  BBICOKOM p/1OTOAKTUBHOCTHIO
TOHKOZAMCITPCHOTO  KOPPOAUPOBAHHOTO
[MpUTa;

®  HeOOWHaKOBOM  (p/IOTALIMOHHOM
aKTMBHOCTBIO Pa3/IMYHbIX MOAN(PUKALIHIA
cynbPUIOB MeIU U LIMHKA.

CoBepleHCTBOBaHHe PeareHTHOro U
CXeMHOro pexuMa GIoTaluK  SB/AETCH
I7IaBHOM 3a/lauell TIOBBIIICHHS KayecTBa
TO/TY4aeMOrO ChIpbsl, KOTOpOe orpe/ers-
eT HallpaB/leHUsl M YCIleXy Aa/lbHeHIlei
MeTa/ITyprideckor  nepepaboTKU  KOH-
LIeHTPaTOB.

OmHoM M3 OCHOBHBIX MPOG/aIEeM TMpu
oborameHny CyMb(UAHBIX DY AB/IAETCH
BBIOOP CEe/MeKTUBHOTO IO OTHOLIGHUIO K
MUpUTY cobrpaTesns, KOTOPBIH B 3HAUU-
Te/IbHOM CTereH! U orpe/eriseT TeXHUKO-
3KOHOMHUECKUeE MoKasaTeny qooTallkH.
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[loBbilleHNe CeneKTHBHOCTH peareH-
ThIX PeXUMOB (P/IOTALIMK CY/IbPUAHBIX
Pyl OCHOBHIBAETCA Ha MPYIMEHEeHWH:

- coueTaHs €1aboro v CU/IbHOIO CO-
GupaTenss OAHOTO K/acca, HarpuMmep
COBMECTHOE HCIIO/Tb30BaHHEe KCaHTOore-
HaTOB C Pa3HOM [VIMHOW YI7/IeBOAOPO-
HOTO pafvKa/a, CoOUueTaHWsl KCaHTOreHa-
TOB U auTHOdocdaroB u T.4. [1, 2];

- coueTaHus ¢/1aboro v CU/IbHOIO CO-
Oviparessi pasHBIX K/1acCoB coOvparernei
— MOHOT@HHbIX W HEMOHOreHHBIX, Ha-
MpyYMep KCAHTOTeHaTOB M THOHOKapba-
MaToB; AWTHO(OCKHATOB U THOHOKAp-
GaMaToB, 3(PUPOB KCAHTOIEHOBBLIX KH-
C/IOT; KCAHTOIEHATOB W arlo/IApHBIX Ma-
cen u ap. [3,4];

- MOAN(ULIMPOBAHUA PACTBOPOB H3-
BeCTHbIX coOHpaTtenei pas/IuyHbIMU Bbl-
COKOAKTHMBHBIMA XHMMHUYECKUMH BellecT-
BaMH, OOPa3yIoIIMX Xe/aTHble CoevHe-
HHYSl C HIOHOM MeTa/l/la KPUCTa/I/IMYECKOM
pelleTk MUHepasia, Kak CaMOCTOSITe/Tb-
HO, TaK U COBMECTHO C CYMbQrHUAPU/IL-
HBIMU cobuparensMu [5];

- coyeTaHus CYMbTUAPUIBHBIX CO-
Ovparesieil Y HOBBIX MOAM(PHKATOPOB,
CeNEeKTUBHO TMOAAB/AIOMMX  (D/IOTALMIO
orpe/e/ieHHbIX MUHeparoB [6, 7].

HccnenoBanve u  mpakTHUecKoe
MpYMeHeHHe COYeTaHUs CYMbqrUAPUD-
HBIX cobupaTenedl Pas/IvuHbIX K/IACCOB
COeIMHEHUI M3BECTHO HECKO/bKO /1ecs-
THUeTUl Hasaa. Heo6xoanMocTb moucka
M MCIIO/Ib30BaHUs CoueTaHusi cobupare-
ner (cmabbiXx U CU/bHBIX) OOYC/IOB/IEHA
BBICOKOM COOHPATe/IbHOM CITOCOOHOCTHIO
IIPYIMEHSIeMBIX K/IaCCHYECKUX cobupare-
flefl — KCAHTOI'eHATOB I10 OTHOIICHHIO KO
BCeM Cynb(UAHBIM MHHEpasZaM Py
LIBETHBIX METa//IOB, B TOM UHC/Ie M K
cynbuaaM xereza — MUPUTY, HPPO-
THUHY W Ap., YTO fABISETCH OAHOM M3 OC-
HOBHBIX T[PUYMH HU3KOTO KauyecTBa BhI-
[efsieMbIX U3 Pya MEeAHOTO U LIMHKOBOTO
KOHLICHTPATOB.

Beoicokasi dprioTalivioHHast akTUBHOCTb
MMpyTa orpeaensercs HaiuuieM B py-
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[ax HEeCKO/IbKHX MOAW(UKALIMH, pas/iv-
YaloMUXCs PUIMKO-XHUMUUECKHMU CBOM-
CTBaMM, Mpexae BCcero HeoaHOPOIHO-
CTBIO [MOBEPXHOCTH.

AHanu3 MccneoBaHUi MHOTHX aBTO-
POB TIOKa3a/l, UTO TO/IOKUTETbHBIN pe-
3ynbTaT B CE/IeKTUBHOM D/IOTalMU Mes-
HO-LIMHKOBBIX DY MOAYYEeH MPU HUCTO/Mb-
30BaHUM C/IeYIONIMX OCHOBHBIX coYeTa-
HUHM cobuvparesiell pas3/IUuHBIX K/IacCOB
coenvHenuit: cobuparens MKBT (mep-
KarroOeH30THaz3on) M auTHOdocdaToB;
MKBT, 6yruioBoro ¥ H30NpOIUIOBOrO
KCAHTOreHaToB; OYTH/IOBOIO M U30MPOIU-
7IOBOTO KCAHTOTEHaTOB; cobuparernei ce-
pyu «S-703G» ¥ BYTIIOBOTO KCAHTOreHa-
Ta; AUATKWICYAB(UAOB M AUTHOdOoCha-
TOB; OYTH/IOBOTO KCAHTOTEHaTa M a/lkH/Io-
BbIX (a/I/1M/I0BBIX) 3OHPOB U .

Bce uccnenoBaHHble cMecH H3MeHs-
IOT COOTHOIlIeHHe copOLMKu hopM cobu-
paTerneili B MTOBEPXHOCTHOM C/10e pasze-
MIeMBIX MHHEpa/ioB, YMeHblllasg B C/I0e
[IOMIO CUABHOTO cobuparensi (KcaHTore-
HaTa), W TIpex[ae BCero Ha MUpUTEe U
[MPPOTHHE, M TeM CaMbIM CHHXKas HX
$10THUPYEeMOCTb.

OaHoBpeMeHHOe MCIIONb30BaHe 2-X
1 Goree cobupaTernell pPas/IuyHbIX K/ac-
COB COeMHEHMI TOBhIIIAeT UX CyMMap-
HYIO COPOLIMIO Ha MHHepasiax, YBe/mrdu-
BaeT IIIOTHOCTb COPOLIMOHHOTO C/10f,
YTO MPUBOAWT K IIOBBIIEHUIO H3B/ICUe-
HUA BCeX CYnb(UIOB, HO YXY/llaeT ce-
MIEeKTUBHOCTH (p/I0TALIMK MUHEPasioB.

[locnenoatensHoe [I03MpPOBaHye
cobuvparerneil C PasUyHOM COPOLIMOH-
HOM aKTHBHOCTBIO [O/MKHO BHOCHTH
KOPPEKTUBBl B COCTaB COPOLIMOHHOIO
C/10s1 Ha pasaensieMblX MHHepanax, W3-
MEHSITb COOTHOIlIeHHe (POpPM COPOLIMU
cobuparena (xuMmuyeckort W dursnde-
CKOM).

O61BeKToM UccenoBaHys ABASIOTCH MO-
HOMUHepa/lbHble (PPaKLIMK Xa/TbKOUPU-
Ta, cdaneputa, TIMUpHUTa, CYIbQPTUI-
pU/bHBIe COOMpaTend — anKU/ATHOKap-
GoHaTbhl  (KCAHTOreHaThl);  AMATKW/IIH-



THOKapOaMarThl; AvanKuaauTHodgocda-
Thl; TMOHOKapOaMaThl; TeXHUUYECKUE CO-
Gvparen Ha OCHOBE MOAM(UIIMPOBAH-
HbIX aUTHOdOCKaToB. TexHomorude-
CKHie OIbIThl ObIIM BBIMIO/THEHbI Ha IPO-
6e MenHO-LIMHKOBO-TIMPHUTHON DYl Of-
HOTO M3 MeCTOPOXKIECHUN YparbCKoro
pervoHa.

Haum wccnenoBaHvs mnpoBeseHbl B
HarpaB/eHHUH TIOVCKa OMNTUMa/IbHBIX CO-
yeTaHUN cobuparerieil Pa3UyHbIX K/aac-
COB COeAMHeHHH, noabopa HX Ccerek-
TMBHOTO COOTHOIIGHHS, BbIOOpa CXEMbI
M TOYEK [AO3UPOBAHMSA B Pa3/IHYHBIX
LUK/Iax pIoTalkH.

Beito  wuccneaoano  6onee 10
CynbpruApU/IBHBIX cobUpaTtesneil Ha Mo-
HOMMHepa/IbHBbIX (PPaKLMAX CYIbPUIOB
Menu, LIMHKa W Keses3a, M3 KOTOPBIX
3¢ eKTHBHBIMU IO OTHOIIGHUIO K Xa/lb-
KOIMUPHUTY, caleputy U CeleKTHBHBIMU
OTHOCHTE/IbHO MHpPHTa OKa3a/Mch COBU-
pareny noa Mapkamu «bepadaot-40» 1
«Bepadnor-3035». Cobupareny OTHO-
cATcad K MOAN(ULIMPOBAHHBIM IHUTHO-
docaTaM M HMEIOT IPOMBbIII/ICHHOE
MPOM3BO/CTRO.

ViccnenoBanus 6b111 IpoBeIeHb:

- MeTtoaoM OecCrieHHOM (p/IoTalkM Ha
Tpyb6Ke Xa/mMMoHaa /1 CpaBHEHUs W3-
B/leYeHHH B KOHLIGHTpAT pPa3HbIMU CO-
OuparenssMd M KOCBEHHOTO YCTaHOB/Ie-
HUS BAUSAHUSA coOupaTesns Ha THAPO-
$OBHOCTb MOBEPXHOCTH;

- MEeTOIOM H3MepeHHsl KpaeBbIX yr-
0B CMauMBaHus Ha IMdpax MHHepa-
MIOB /18 YCTAHOB/ICHUS] M3MEeHeHHs CMa-
YMBAEMOCTH TTIOBEPXHOCTH;

- meroaoM UMK cniektpockonuu ans
YCTAaHOB/IGHUS Pa3/IMUMii B MTOBEPXHOCT-
HbIX COe/IMHeHUAX

- METO/IOM TIeHHOM (p/IoTalMK Ha Mpo-
6ax MeHO-LIMHKOBO-TIMPUTHOM PY/IblI

Kak BuaHO U3 pe3ynbtaTtoB GecrieH-
HOM (p/IOTallMK, TIpPeACTaB/AeHHbIX Ha
puc. 1, nanHble cobupartenu «Bepad-
no1-40» u «bepadrnor-3035» B MeHbleit
CTerneHu, 4yeM OYTH/IOBBIM KCaHTOreHaT

IOTUPYIOT MUPUT U B TO KEe camoe
BpeMsi 06ecCreynBaioT MPUPOCT K3B/e-
YeHUs XallbKOIIMPUTAa W HEaKTUBHUPO-
BaHHOTO cdpaziepura, MO CPaBHEHHIO C
KCAHTOTreHaTOM

Ha puc. 2 npeacraBneHsl aaHHbIE O
BausHMe pH cpeabl Ha Mokazateny U3-
B/IeUeHHsl MOHOMHHepa/bHOM (ppaKLMU
[MUPUTa W Xa/bKOTIMPHTA TIPY HCTIONB30-
BaHuu cobupatens «bepadpnor-3035».

Kak BUAHO 13 3aBHUCHMMOCTel Ha puc. 2
pa3Hulla B U3BAEUEHUH MOHOMHHEpasib-
HBIX (PPaKLMIl Xa/AbKOMMPUTa U MUPHUTa
cobupareneM «bepadpnor-3035» coxpa-
HfeTCA U B LIMPOKOM AvariazoHe pH.

Ha puc. 3 mnpuBeneHsl AaHHbE W3-
MepeHUst KpaeBbIX YI7ZIOB CMauMBaHUs Ha
mangax XaabKOTIMpHTa, MUpHTa, cda-
fepyTa M 30/10TOM T/IacTHHBI ripu pH=
9,5 OT KOHUeHTpaluy 6YTH/IOBOIrO
KCaHTOreHaTa U cobGupareneit «bepadp-
not-40» u «bepadpnor-3035».

Kak BuaHo u3 puc. 3 GYTUAOBBIN
KCAHTOTeHAT MPaKTHUeCKH OAMHAKOBO
M3MeHsleT KpaeBOM Yrosi CMauvBaHUs
BCeX CY/Ib(PUAHBIX MHUHEPasioB W 30/10-
ToM mnactuHbl. [IpuMeHenne cobuparte-
neti «bepadaor-40» wu «Bepadaot-
3035» yBenuurBaeT pasHHLY B Be/lHUH-
Hax KpPaeBOro CMauMBaHUsA Mexkay Iu-
PUTOM M Xa/IbKOTIUPUTOM, ChanieputoM
Y 30/10TOU I/TaCTUHOM.

Nayuenve VK cniektpoB mnoBepxHo-
CTH MOHOMHHEPA/IbHBIX (DPAKLIMM THPH-
Ta, Xa/lbKOIMpHTa W cdpasepurta IMoa-
TBEpPAWIO, UYTO H3MeHeHue Truapodob-
HOCTH TIOBEPXHOCTH CBf3aHbI C pas/u-
yMeM B 3aKpervieHhd cobupaTeseii Ha
MOBEpPXHOCTH MHHepasioB. Harnpumep,
Ha puc. 4 npuBenens MK crniekTpsl mo-
BEPXHOCTH Xa/lbKOIINPHTa, OOpaboTaH-
HbIX PasHBIMK cobupartensmu (OYTHIO-
BbIMi KcaHToreHaT, «bepador-40» wu

bBepadnor-3035»), U wucxoaHoM TMO-
BEPXHOCTBIO.
Haunbonee wHTeHcHBHBIE  IMO1OCHI

3adMKCHUPOBaHbl An1s1 cobuparens «be-
pacot-3035» (criektp 2).
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91,27

87,43

83,58
T%

79,73

75,89

72,04 , ,
11416 955,2

+
1328,0

1 1
768,8 582,4 396,0

1/fem

Puc. 4. HK cneKTpbl NOBEepXHOCTH Xa/IbKONMHPHTa (HYMepaUHs CIIEKTPOB CBepXy BHHU3)
1 criekTp — Xa/IbKOMIMPUT, 06paboTaHHbIM cobupareseM «bepadiot-40»,
2 criekTp - Xa/bKOMUpHT, 06paboTaHHbIM coCupareneM «bepadnor-3035»,
3 CIeKkTp — UCXOHAs TIOBEPXHOCTb Xa/IbKOIIUPHTA,
4 CriekTp - Xa/ZbKOMMUPUT, 06paboTaHHbIN coBupaTesieM GYTH/IOBbIM KCAHTOreHaT

TakuM 06pa3oM, COBOKYITHOCTHIO
MPOBeIeHHbIX WCC/IeI0BaHUN A TPo-
Be/leHUsT WCC/e/IOBaHHUM Ha pyae Bbl-
OpaHbl HOBble cobupartenu «bepadiot-
40» u «bepadcnor-3035» u B KauecTBe
CTaHAAPTHOTO — OYTW/IOBBIM KCaHTOTre-
HarT.

YCTaHOBMEHO, UTO MCC/IeI0BaHHbIe 1
BbIOpaHHble cobupateny «bepadiot-
40» u «bepacnor-3035» B MeHblelH
crerieHy P/IOTUPVIOT TIUPUT, U B TO XKe
BpeMsi 06ecreynBaioT MPUPOCT U3BIe-
YeHUsl XalbKOIIMPUTa W HEaKTUBUPO-
BaHHOTO ccpaneputa. 3HaUMTe/IbHAs
pasHviia IOTHPYEeMOCTH  XalTbKOMHUPH-
Ta, cpasreprta U IHMPHTa COXPaHsSeTCs
NPy Pa3/IMUHON KOHLIGHTPALIMK cobupa-
tensa «bepadpnor-3035» u B mMpokom
avanasoxe pH.

HMamepeHre KpaeBbIx YI7IOB CMauu-
BaHUfA Ha MIM(aX XalbKOMMPUTA, K-
puta, cdanepurta U 30/10TON I/IACTHUHBI
Mpy Haubo/iee XxapakTepHOM /71 CereK-
umr pH=9,5 B 3aBUCHMOCTH OT KOHLIGH-
TpalLMy BYTH/IOBOTO KCaHTOreHaTa U Co-
ouparenenn «bepadror-40» 1 «Bepadp-
not-3035» mnokasanu, uTto TMOCMIeaHVe
3HAUMTE/bHO YBe/IMUYMBAIOT Pa3HHULYy B

Be/IMYMHAX KPaeBOro yrzia CMaurMBaHWsA
Mexay MUPUTOM, XalbKOIIMPHUTOM, cda-
/IPUTOM U 30/10TOM I/IaCTUHOM.

VK-crieKTphl 3THMX MHHEpa/ioB TOKa-
3bIBAIOT, UTO M3MeHeHHe T'MAPOodPOOHO-
CTH CBfI3aHO C pas/IMuMeM B 3aKperiie-
HUM coOMpartesieii, UTo MOXeT ObITh yac-
TUYHO OGBACHEHO HEOAHOPOIHOCTHIO
[IOBEPXHOCTEN MUHEPa/IOB.

TexHonornueckure HCCieI0BaHUs
BBIMIO/THEHBI Ha MPo6e MeaHO-LIMHKOBO-
TMUPUTHOM pY/bl, coAepXKalled Meau
1,44 %, umnka 4,0 %, cepsl okono 30
%. Menb B pyzae Ha 22 % mpencTtarneHa
BTOPUYHBIMU cYy/bpraamMu, 5 % - okuc-
MeHHBIMK MHHeparmamu U 73 % - mep-
BUUHBIMH CY/TbOUIAMH.

Bbin M3yyeH MuHepasibHBIM COCTaB
YCXOAHOM pyabl. /7151 ONITUUECKHX MeTo-
[IOB WICC/Ie[IOBAHMHM MCIIO/Nb30Ba/Iach arl-
naparypa crcremsl "Nikon": noaspusa-
uioHHbI MuKpockort ECLIPSE LV100-
POL, ocHalleHHBIM LIMPPOBOM MUKPO-
doTorpadmyeckort cuctemoit DS-5M-

OnTryeckUMKM MeTONaMM UCC1eIoBa-
HUI MHHepasibHOTO COCTaBa ObIZIO OI-
peneneHo, uto B npobe 30,9 % cocras-
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Cdparneput B cpacTaHHM C Xallb-
KOTUPUTOM (kerToe)

v ]

10

Xa/bKOTMPUT B CPACTaHUK C
mpuToM (Gernoe) 1 cdpasieputom
(cepoe)

Puc. 5. AHIunng-6pHKeT HcxoaHoH npo6bl (H306pakeHHe B OTPayXKeHHOM cBete)

ASIOT TI0POA0O6BPasyoIMe MUHeparbl U
69,1 % pyaHble, cpear KOTOPBIX Pe3Ko
npeobnagaetr nuput (51,6 %), B noauu-
HEHHOM KO/IMUeCTBe TPUCYTCTBYIOT cdha-
NIepyT, Xa/bKOIIMPUT, TMMPPOTHH U rase-
HMT.

[Mupur BcTpeyaeTcss B BUZE MOHOMU-
Hepa/bHBIX 3epPeH U Topa3/io pexe B BUie
CpacTaHMit ¢ APYrMMH PYAHBIMHA MHHEpa-
7laMM, dYallle BCero C Xa/lbKOIHMPHUTOM.
Popma BblIeneHNH — Yr7oBaTbhie 06/10M-
K{, OUeHb PeKO OB/IOMKU KYOHUECKHX
KPUCTa/I/IOB Pa3MepoM OT MePBbIX MKM 710
100 mrM o ammte (prc. 5).

Cdpaneput — BTOPOM IO PacIipocTpa-
HEeHHOCTH pyaHbIi MuHepasrn. Popma BbI-
[IefIleHN -  CaMOCTOSITe/TbHbIe O6/IOMOY-
Hble 3epHa, O4YeHb PelKO KPUCTa/lIbi, U
pasHoobpasHble CpacTaHUs C XallbKOTIH-
putoM (puc. 5). XalbKOTIMPUT Pacriono-
XeH B cdpanepute B BHAE BblIe/eHH
pasnuuHort popMel. MHOra 3TO MHEHHO
pacriofioxkeHHble  Me/Khe — Tab/rTyaThie
06pa3oBaHus WM He3aKOHOMepHble He-
MPaBW/IBHOM (POPMbI  BbIIC/IeHHs], peke
MHKPOIPOXWIKY. [Ipeobnagatommi pas-
Mep 3epen canepura 30-60 MKM.

Xa/lbKOMUPHUT TIPHUCYTCTBYET B BUIE
OB/IOMKOB  HelpaBH/IbHOM (POpPMBI, pas-
Mep KOTOpBIX Ko/ebnercss B IMIMPOKHX
rpesenax oT MepBbix MKM 10 80 MKM, M
CPOCTKOB C PYAHBIMH MHHEpa/laMi — TH-
PUTOM, chasiepUTOM U pezke MUPPOTUHOM
(puc. 5). B penrux ciydasx 1Mo MHUKpPO-
TpelllMHKaM W B KpaeBbiX YacTAX 3epeH
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Xa/IbKOMIMPHTa PasBUBAIOTCH BTOPHUUHbIC
MUHeparibl Mei — KOBe//IMH, KYOaHHT.

[luppoTuH BcTpeuvaercs B BUae 06/10-
MOYHBIX 3epeH pasmepoM 20-80 MkM,
VHOT/1a oGpasyeT CpacTaHKs Yallle BCero ¢
Xa/IbKOTITUPHTOM, pexe co cpasleputoM U
[TUPUTOM.

[aneHutr oTMeuaeTcs OueHb pe/Ko,
MPUCYTCTBYET B BUae OO/IOMKOB KyOuye-
CKHX KpHrcTasrioB pasmepoM 10-30 MrM.

[To wuaMenvyaeMocT TmpoGa pyIbl
Onvska K pymaM [ adickoro Mecropoxae-
HUsl, A7 (PIOTAlIMOHHBIX OIMBITOB OIMTH-
Ma/lbHasi CTereHb HM3Me/IbYeHrsl TPUHSATa
80-85 % kmacca -0,071 mm. OTKpbIThIC
OIBbITHl [IPOBOAW/IN [0 CTaHAApPTHOM TeX-
HO/IOTMYECKOM CXeMe: B M3Me/lbueHre —
CepHUCTBIM HaTpuit (CynbhransaTop), Us-
BeCTh (dempeccop MUpUTa U PEryisTop
cpebl); BO (bIOTALIMIO — MeHBIN KYTIopoc
(akTBaTOp), CoOWpaTenr  (BYTH/IOBBIN
KcaHTorerar, «bepadiot-40» 1 «Bepadp-
no1-3035») rpy pasHOM COYeTaHHM U CO-
oTHoleHuH U obieM pacxone 120 r/T.

Ha pucyHre 6 nprBesneHa MPUHIIMTN-
arbHasg CcxeMa TIPOBe/IeHUS OTKPBITHIX
OIbITOB.

B T1abn. 1 mpencraBieHbl pesynbTaThl
OMBITOB, BBIMIO/THEHHBIX B OMTHMA/IBHOM
peareHTHOM peXkUMe Mo CXeMe, Npe/ICTaB-
MIeHHOM Ha pUc. 6, ¢ ONTUMa/IbHBIM COoYe-
TaHWeM cobupaTteneit (orbirel 1-3). Kak
BUAHO U3 Tabn. 6: BO BCexX OIbITax 3a-
(PUKCHPOBAHO AOCTATOYHO BBHICOKOE W3-
B/leUeHVie Me/lM B KOHIIeHTPaT OCHOBHOM



Pyna

Na,S

T

Ca0

\ OcHosHasa Cu-Zn cnoTauus

10 MuH

Cu-Zn KONNEeKTUBHbIN K-T

v

MNepeyncTHasn

Yeprosoi Cu-Zn k-T Ha
[,0BOAKY

I'Ipl.np.

Zn np. Ha JOBOAKY

pH =10,8-11,2

KoHTponbHas dpnotauusa 10 MuH

i pH > 11,0

OTBanbHble XBOCThI

Puc. 6. Hpuuunnuanbnaﬂ CXeMa npoBeAeHHA OTKPbIThIX OINbITOB

| XambKOmpUT |

[upur |

Cdpanepur

Puc. 7. AHIIIHG-OpHKeT XBOCTOB (b/IOTallHH C NpHMeHeHHeM OytHaoBoro Kx (uso-

6pakeHHe B OTpaxkeHHOM cBeTe)

drotaumu (84,90-87,51 %), 6eatbie no
COMePXKaHNIO META/IZIOB OTBA/IbHBIC XBO-
CTbl, MH/EKC Ce/leKTHBHOCTU Io droTa-
LMY MMHEpaZioB Meau U LIMHKa B KO-
MeKTUBHBIM KOHLIGHTPAT BLICOK U PaBeH
or4 no7.

[lo pesynbrataM OIBITOB Hauboree
3(pPeKTUBHBIM SB/SETCH PeareHTHbIN
pexuM: OYTH/IOBBIM KcaHToreHat c «be-
pacnot-3035». Tlo cpaBHeHuiO ¢ ApY-
TMMU peareHTHBIMH peXMMaMH AaHHBIE
PEareHTHbIM PeXUM (BYTH/IOBBIM KCaH-

141



Tabmua 1

CpaBHHTenbHbIE pe3yabTaThl (pI0TalHH PYAbl B KO/I/IGKTHBHOM LHK/E

NpPH nepeHoce TOYKH A03HPOBAaHHA MeAHOIro KyIopoca H3 ro/10Bbl npouecca
B KOHTPO/BbHYIO h/10TauHro (IPH BCeX MPOYHX PaBHBIX YC/IOBHAX)

N MpoavKT Bsixona, Coaepxanue, % Hssneuenune, % Pacxoa cobuparens,
i} poay % Cu Zn Cu Zn r/T

Konn. k-1 19,9 5,80 6,73 84,4 35,3 Byr. kx — 120 r/T
1 Kontp. dr1 11,6 0,87 9,86 7.4 51,9

XB. OTB. 68,5 0,16 0,71 8,2 12,8

Pyna 100,0 1,37 3,79 100,0 | 100,0

Konz. k-1 15,9 7,0 7,5 80,8 30,6 Byr. kx+Bepadnot-
2 Koutp. dont 15,1 1,1 15,1 12,0 58,5 40-120r/T

XB. OTB. 69,0 0,145 | 0,62 7,2 10,9 CYMMapHO

Pyna 100,0 1,38 3,9 100,0 | 100,0

Konz. k-1 14,5 7,96 9,35 84,9 36 Byr. kx+Bepadaot-
3 Kourp. dn 9,5 1,2 22,1 8,4 56 3035-120r/T

XB. OTB. 76,0 0,12 0,40 6,7 8,0 CYMMapHO

Pyna 100,0 1,39 3,76 100,0 | 100,0
MeaHBIM KYMOPOC A03UPOBA/IN B KOHTPO/IBHYIO (D/IOTALIHIO

Konz. k-1 20,5 5,6 5,15 83,9 27,6 Byr. kx — 120 r/T
4 Koutp. dn 10,8 1,0 21,6 7,7 61,6

XB. OTB. 68,7 0,17 0,6 8,4 10,8

Pyna 100,0 1,38 3,8 100,0 | 100,0

Konn. k-1 11,1 9,97 7,2 83,1 20,9 Byr. kx+bBepadnot-
5 Koutp. dont 9,6 1,45 28,6 10,5 71,3 40-120r/T

XB. OTB. 79,3 0,109 | 0,38 6,4 7,8 CYMMapHO

Pyna 100,0 1,33 3,85 100,0 | 100,0

Kona. k-1 12,2 9,6 8,2 87,6 26,3 Byr. kx+Bepadnot-
6 KouTtp. dort 8,2 1,0 30,8 6,1 66,4 3035-120r/T

XB. OTB. 79,6 0,107 | 0,35 6,3 7,3 CYMMapHO

Pyna 100,0 1,34 3,80 100,0 | 100,0

Cdbanteput cpeay 06/10MKOB
MMpUTa

Puc. 8. Aumng-6pHKeT XBoCcTOB (protaunn ¢ npumeneHnem «bepagaor-3035» (uso-

6pakeHHe B OTPaKeHHOM cBete)

[Muppotun

XambKOIMUpUT

toreHar ¢ «bepadnor-3035») nozsonser
cHuauth notepy Cu U Zn ¢ OTBa/IbHBIMH
xBoctaMd Ha 1,5-2,1 % u 3,548 %
COOTBETCTBEHHO, MOBLICUTh COAEeDXKaHHe
v usBnedenvie Cu u Zn.

[lepeHoc TOUKM TMoOAaUM MEAHOTO KY-
ropoca repea Haya/loM KOHTPO/IBHOM

142

doTalmu  MO3BOASET CKOHLIGHTPHUPO-
Bath 60-70 % 1MHKa B MEHHOM MPOAYK-
Te KOHTPO/IbHOM (P/IOTAllMHM C CcoAepKa-
nreM 28-30 % uuvHKa, nocne 1-2 nepe-
YKUCTOK TMO/NYYaeTCs TOTOBBIM MO HIMHKY
KoHUeHTpaT. [lo conepxaHmio Meaun
XBOCTBI 1IMHKOBOI [TePeUnCTKU HeHee



CaO 8 «r/T, pH=8,3-8,7

l Na,S 50 r/

W3menbuenue 10 78-82% kit. —

0,074

CaO po pH=11
cobup. - 80 r/T (apobHo B 2 3Tana)
T-80 3040 r/T

*Konnexkrusnas Cu-Zn ¢uoraums 11'

l pH — 10,8-11
JR Cu-Zn K-T
R

ICuSQO,4 200 r/T
cobup. - 40 r/T
-805-10r/T

Ocnonast Zn ¢uortarms 11'

Jlousmenpuenue 10 92-
97% xn -0,074 i
XBOCThbI B

JCaO 710 pH 11
oTBal

cobup. -5/t
[Tepeuncrka Cu-Zn k-1 9'

Ly

Na,S 800 r/T

pH-11

Cu-Zn k-T

#ZnS0O, 1000 r/t (Apo6HO) OTMBIBKA T
cobup. 2-5 1/t (1poGHO) _CTYILIEHHE

®noranus Cu 20'
i pH-7-7.8
Cu K-T

CaO
1,2 Ilepeuncrka
xB [ pH8,5-9,5

Cu K-T

|

Zn npoJ.

pH 11-11,5
Cu-Zn Py
CaO
JloBosika

Vv pHIL-ILS
Cu-Zn mpo.

}

HeCOp6L[iHﬂaKT'¥r0ﬂb 30 i/t

-

1,2,3 Ilepeuncrka

cobup. 5-10 r/t

Py npoga.

CaO mo pH 11-11,5
K.CT S 1/T

1 H!’peqncma Zn 3-5'

l pH-11,2
Zn X

pH-11

-T 1

CaO
CuSO, 500 r/T
cobup. 5-10 r/t

T-80 mo mpoueccy

Zn k-T2

Zn k-T

Puc 9. PaspaboranHaa cxema nepepaboTKH
TaHHOTO peareHTHOro peikKuMa

pPyabl ¥ MOTYT ObITh HaIlpaB/eHbl B 0-
BO/IKY LIMHKOBOI'O KOHLIGHTpaTa B Orle-
paumy cenekuun. Hiuxke B Tabruie 6
MpUBeZIeHbl pe3y/IbTaThl OIbiTa C Iepe-
UKCTKOM LIMHKOBOTI'O MPOAYKTA.
OTBasibHble XBOCThI IIOC/IE TTpHMeHe-
HUs OYTM/IOBOTO KCAHTOTeHaTa Xapak-
TepU3yIoTcs  MpeobrafiaHueM  cpeau
PYAHBIX MHUHEPa/IOB IMMHPUTa, ITHMPPOTHHA
Y raZieHuTa M He3HauWTe/bHbIM KO/uue-

Cu-Zn-Py pyasl c npuMeHeHHeM pa3pabo-

ctBoM chanieputa (2,1 %) v xanbkoru-
pura (0,61 %).

Bce muHepanbl cBOGOAHBI OT CPOCT-
KOB, TO/IbKO B chanieprTe Hab/moaaoTCs
MMKPOCKOIMUYECKHE BK/IOUEHHS Xa/lbKO-
nupura (puc. 7).

OTBazbHBIe XBOCTHI T10C/Ie TIPUMEHe-
Hus «bepadnor-3035» xapakTepusyioT-
cs npeobnanaHyeM MHUPHUTa M HesHauu-
Te/lbHbIM  KO/IMYeCTBOM  IIHMPPOTHHA,
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Tabmiua 2

Pesynbtatel pnoraunu Cu-Zn-Py pyasl no ¢pabpu4Hoii cxeme
C NpHMeHeHHeM TO/TbKO OYTH/IOBOTO KCaHTOIeHaTa

Ipo- Bor- Conepxanue, % vB Hssneuenne, %

aywr | x00% | oy | zn | s | cu | zn s cu | zn | s
Cuk-r 6,8 17,1 |22 1240 [116,28 (1496 ]163,20 |79,89 |3,73 4.84
Zn K-T 6,5 14 1485 [39,5 [9,13 316,22 | 257,54 16,27 78,81 7,63
Py k-T 6,2 1,3 16,37 40,0 [8,06 39,49 248,00 (5,54 9,84 7,35
XB. o1B. | 80,5 0,15 10,38 33,6 12,08 |30,59 704,80 18,30 7,62 80,18
Pyna 100,0 |1,46 |4,01 |33,7 |145,54 [401,26 [3373,54 [100,00 [100,00 |100,00

Tabmia 3

Pesyabstatsl ¢paotaunu Cu-Zn-Py pyasi ¢ npumeHenHeM pa3paboTaHHOTO
peareHTHOro pexHma no pa3paboTaHHOHN cxeMe C BblAe/eHHeM YaCTH UHHKOBBIX
MHHepa/IOB B PYIHOM LHK/Ie H Moc/1eayiolleli ce/leKUHeH KO/NIeKTHBHOTO KOHLIeHTpaTa
C Moy4eHHeM MeZHOro H BTOPOro UHHKOBOIO KOHLEHTPAaToOB

TMpo- E:Lll: Conepxanne, % vB Hseneuenune, %

Ayt % Cu Zn S Cu Zn S Cu Zn S
Curr | 641 | 190 |15 | 275 [121.8]963 [1765 1840 |24 |51
Zner | 703 | 125 | 270|419 B8 [3484 [2046 |60 [871 |85
Pyrr 1383 | 152 | 558 | 439 ©84 [214 |168 |40 |53 |49
xe.om. | 8274 | 010 | 025 | 338 Bes [206 [2793[59 |52 815
Py | 1000 | 145 |40 | 343 1450|4000 |3432 | 1000 | 1000 | 100.0

chanepuTa U Xanpkornvpura. Tak cdarne-
YT B OTBa/IbHBIX XBOCTax coctaeasier 1,1
%, a xamkormpur 0,55%. [locneannit
BCTpeYyaeTcsi B BU/E MOHOMUHEPA/IbHBIX
YacTWIl W CpacTaHuél Cco cdhasiepuToM
(puc.8). Paamep 3epeH Xa/IbKOMMpUTa 10
50 MkM, cdanieputa — 10 25 MRM.

BbinonHeHHbIMY  KCC/IeIOBAaHHMAMH  OTT-
peneneHo, uro peareHT «bepadyior-
3035» sBnsieTcst ceneKTHBHBIM COBHpaTe-
neM, Havboree CcnaboIOTUPYIOIINM TTH-
PUT U OMHOBPEMEeHHO O6/Ia/aioNIM Bbl-
COKMM COBHpaTe/IbHbIM [IEHCTBHEM T10 OT-
HOIIIGHUIO K Xa/IbKOITUPUTY U ChasiepuTy.

TarkuM 06pasoM, BBITO/THEHHBIMM MC-
CMIeIOBAaHUAMU B KO/I/ICKTUBHOM  LIMK/I@
ornpenesneHo:

— nonoGpaH ONTUMA/IbHBIA peareHT-
HBIM pexuM: pacxoabl cobupartens, pH
pasrpysky  MenbHULIE, pH  ocHOBHOH,
KOHTPO/TbHOM, TMepPeUrCTHOM Orlepalivi;
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— HaWleHO ONTUMa/IbHOe COueTaHVe
HCTIbITAHHBIX HOBBIX COBUpaTesiel:

OyTUAOBBIA KcaHToreHat U «bepadp-
no1-3035»;

— oInpesiereHa 11e1ecoobpa3HOCTb Bbl-
BOZa B rozioBe Ipotiecca 55-70 % meran-
Mla LIMHKA U3 LMPKY/ISLIMY, YTO T03BO/ISET
CHU3WTD TMOTEPU LIMHKOBBIX MHHEPa/IOB U
CTaava/IbHO BbIACMNUTH — CTaBOaKTUBHUPO-
BaHHbIM LIMHK B FOTOBbIM [MPO/YKT;

— HU3KHE TIOTepU Mer U LIMHKa C OT-
BavIbHBIMU XBocTaMU 6,5-7.5 % u 89 %
COOTBETCTBEHHO CBH/ICTE/ILCTBYIOT O T1O/1-
HOM PacKphITMM MMHEPa/IOB OT PYAHOM
rnopoasl Tpu UsMensdaemoct 78-82 %
krnacca -0,074 mm;

— paspaboTaHa cxeMa MepepaboTKH
Cu-Zn pyabl C MMPHYMEHEHWeM HOBBbIX CO-
Guparency.

B T1abn. 3 mnpuBeneHsl pesynbTathl
ornbiTa b/IOTAllMK Pyl € MPUMEeHeHHeM



coyeTaHusi cobupaTesiell M MO CXeMe C
Bbl/le/IeHreM YaCTH LIMHKOBBIX MHUHepasioB
B Io/I0Be PYAHON (O/I0TaLIHH.

OrmbIThl 10 KO/IIGKTUBHOMY  LIMK/TY
3aMKHYTBI, MO CeeKIIMU — B OTKPHITOM
LMK/

PesynbTathl cpaBHeHMs OIBITOB, MPU-
Be/IeHHBIX B Tabnvlax 2 U3 , MOKa3biBa-
IOT, YTO OTpabOTaHHBIMA pPeareHTHbIN pe-
KM TI03BO/ISICT TIO/MYUMTh:

— KauyeCTBeHHbINM MeAHbIM KOHLIeHTpaT
¢ conepxanveM 19 % npu u3sBneueHUH
meau 84 %;

— OOLIMM LIMHKOBEIM KOHLIGHTPAT CO-
nepxut 49,65 % 11vHKa npy M3B/IeUeHNH
87,1 %, uro HamHOro mMpeBbiaer ad-
pUUHbIE TTOKa3aTe!.

— [IOTEePU MeaM Y LIMHKA C OTBa/IbHBI-
MM XBOCTaMM CHiXKaioTca Ha 2,4 % u
2,42 % CcOOTBETCTBEHHO.

BbiBoasbt

o PaspabGoTaH ceneKkTUBHBIA pea-
TeHTHBIM M CXeMHBIM pexuM QrIoTaluu
Me/THO-1IMHKOBO-TIMPUTHOM pYabl C TpH-
MeHeHreM MOAM(PULIMPOBAHHBIX AWUTHO-

docdator

o Hatigensl omnrrMasibHble COOTHO-
ieHuss cobupaTtesiel, CXeMbl MX TMprMe-
HEeHMs 10 LIMK/IaM ¢/IOTalMy M TOUKH [10-
3UPOBaHNA

o [lo HOBOW cXeMe BO3MOMKHO BbI-
fiefleHre 3HAUMTE/TbHOM YacTH LIMHKOBOTO
KOHLIeHTpata (6onee 70 % ot obieit
MacChl) Cpa3y B PYAHON /IOTaLK T10C/Ie
MpOBe/leHUs KO/I/IeKTMBHOM MeHO-
LIMHKOBOM (p/IOTaLMM, TakKUM OBOpasoM,
CHIKAETCH KOMMUECTBO TeXHO/IOTMUECKUX
orepaLyi 10 pasieneHHio KO/IIeKTHBHO-
ro  MeAHO-LIMHKOBOTO  KOHIIeHTpaTa,
YMeHbIIIaeTcs TMy/IbIIoBasi Harpyska Ha 3TH
orepaLlvv, YTO B KOHEYHOM MTOre I03BO-
IUT COKPaTUTh OOIME  (/IOTALIMOHHBIN
PPOHT M CHUBUTH TOTEPU LIMHKA B LIMP-
KY/ISILIN

o Ilo HoBOW cxeMe doTalmy BO3-
MOMKeH TMPUPOCT U3B/IeYeHHsl LIMHKA B
LIMHKOBBIM KOHLIeHTpaT Ha 8,29 % u us-
B/ledeHrie Me/li B MeHbIi KOHLIGHTPaT Ha
411 %

o  CokpallleHrie TMOTepb LIMHKa Ha
2,42 % v meav Ha 2,4 % ¢ OTBa/IbHBIMH
XBOCTaMH.
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