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[TIASEPHASA NIE®PPAIMEHTALIMA TEXHOI'EHHBIX
NMPOAYKTOB H MUHEPA/IBHOI'O CbIPbA

H TEPMOKAITH/I/TAPHOE U3B/IEYEHHE
V/IBTPAAHUCIIEPCHOI'O 30/10TA

I'lpeacraBieHo KayeCTBeHHOe OITHCaHHe IPOLIECCOB AepparMeHTallMi H TepMOKaITH/T-
/IAPHBIX U3B/Ie4eHHSA Y/IbTPaAHCIIePCHOrO 30/10Ta M3 UCKYCCTBEHHbIX MPOAYKTOB H MHHe-
pa/ioB MpH /1a3epHOH 06paboTKe. Pe3ysrpTaTtel M BbIBOABI MOATBEPXASHBI HCC/ICA0BA-
HHAMH MeToAaMH PeHTIeHOBCKOro (hba3oBoro, MHKPOCKOITHYECKHX aTOMHO-CH/IOBBIX H
3/IeKTPOHHBIX, BK/IIOYas 3/IeMeHTHble aHa/lH3bl MOAE/IbHbIX U eCTeCTBeHHBIX OOpas3LioB,
KaK 40, TaK 1 rocae ob6pabotku. IlokasaHo, 4To napaMeTpbl H pesKHMbl 1a3epHOH 06-
pabOTKH CYIIECTBEHHO 3aBHCAT KaK OT MHHEPa/lOrH4eCKOro, TaK M 3/IeMEeHTHOIO CoCTa-
Ba HCXOAHBIX MaTepHasoB. [lo/myueHHble AaHHbIe MOATBEPXAAIOT, YTO U3B/ICUeHHEe Y/IbT-
paaucriepcHOro 30/101a OOYC/IOBICHO AEHCTBHEM TepPMOKAITH//IAPHbBIX SB/IHHE, BO3HH-
KaloIllIMX B MpoLecce /1a3epHOro BO3AEHCTBHA.

KrtoueBble croBa: /1a3epHas o6paboTKa, Y/IbTpaAHCIIepPCHOIO 30/10Ta, TeXHOreHHbIe
TMPOAYKTBI, MHHEPA/IbHOE ChIpbe, TepMOKaITH/I/IAPHBIE MeXaHH3M H3B/IeUYeHHs, /1a3epHas

arzioMeparLlv.

C OKpallleHVe PecypCHOM Ga3bl
3aracoB 61aropoaHBIX MeTasl-
0B B reorpadruecky AOCTYMHBIX 30-
HaX, AVMKTYeT HeoOXOANMOCTb BBe/IeHHs
B TIPOMBILI/ICHHBI 0OOPOT MeCTOPOK-
[IeHUi, conepkallliX TOHKOe, CY/ibdu/-
HOe U BXoZsllee B CTPYKTYPHO-C/IOKHbIC
CPOCTKH 30710TO, flake MPU CYIIECTBYIO-
lleM YpOBHE H3B/CUeHHsI He TpeBbl-
matonieM 50 %. B psaay npuurH crox-
HOCTH BBIZIC/ICHUs] TaKOrO 30/10Ta Bbile-
ASIIOTC  KpUCTa//Iorpadpryeckie  oco-
GeHHOCTH, H30MOP(QHOCThL MHHEPa/IoB,
BTOpUYHAs MUHEpanu3allvs, HeBO3MOXK-
HOCTh CYIIECTBYIONIMMH CMIOCOBaMH pac-
KPbITHS CPOCTOK MuHeparnoB [1]. Ms-
BeCTHO, UTO CaMOM 3aTpaTHOM ollepalu-
el SB/ISeTCH [e3UHTerpalvs HUCXOAHOTO
MUHepanbHoro chipbsg  (okomo  70%).
YBenuueHue noneBoro o6beMa CPOCTOK

(30 - 45 %), ymenblieHHe pa3MepoB
071e3HBIX BK/AoUeHuit (MeHee 40 MKM
A7s1 30710Ta) TPeOYIOT MOBHIIICHHE YPOB-
HA ae3vHTerpaiiid. OnpaBaaH HMHTepec
K MPUMEHEHHUIO /7Sl 30/I0TOA0OBIUM TeX-
HO/IOTMI OCHOBaHHHIX Ha ero pactBope-
HUM CIeLHa/IbHBIMHA peareHTaMu KYycTo-
BOe 1 GakTepHa/lbHOM BhIlle/IauBaHNH,
OCBOGHHIO T[IOABOAHBIX MIe/Mb(POBBIX U
MOPCKMX  H/IOBBIX  MECTOPOKACHUH].
Bropoit o octporte npobaemMoi cTaHo-
BUTCHA pa3paboTKa TeXHO/OTHI IIOBbI-
IIAIOMMX YPOBEHb M3B/ICUEHUs YbTpa-
AWCIIepCHOro 30710Ta. [las 3ThxX Lenewr
vcrnonbayior CBY-,  anekTpouMmnyibc-
HYIO, MarHUTHO-UMITY/IbCHYIO, 3/1eKTPO-
XUMUUYECKYIO 0OpabOoTKY, 3/1eKTPOarHa-
MHUecKoe U YaapHO-BO/HOBOE BO3ael-
cteue [2]. MccnenyioTcss BO3MOXKHOCTH
HCTIO/Tb30BAHUS 3/IGKTPOMArHUTHOIO H3-
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Tabmua 1
CunukaTHbI aHaau3 obpasuos IarichoHCKOro MecropoxaeHus
(Ilpunck N23),%

n/n | Ppakuuu, MM SiO; Al,O3 Fe;0O3 CaO MgO SO; INpoune >

1 -1,0+0,071 | 82,41 | 9,58 256 | 1,29 0,7 | 0,137 1,8 98,48
2 -0,071+0,04 | 80,72 | 11,52 1,44 0,76 | 2,28 | 0,103 1,8 98,62
3 -0,04+0,02 | 76,69 | 14,37 | 1,82 | 0,56 | 0,98 | 0,137 25 97,08
4 -0,02+0,01 | 72,13 | 15,60 | 3,29 | 0,98 | 1,96 | 0,24 3,6 97,8

5 -0,01+0,005 | 66,02 | 19,38 | 540 | 1,26 | 0,7 | 0,103 4,78 97,74
6 -0,005 58,12 22,8 7,42 0,48 | 1,41 | 0,309 8,0 98,54
My4yeHrd, BK/IO4Uad /la3epHoe, KaK /14 peHTl"eHOCba3OBbII;I aHa/1M3, H3Y4a/ioCb

MoBhilIeHUsE 3PdEeKTUBHOCTH oboralle-
HYS, TaK U A48 YyraybneHus aHaausa co-
CTaBa U COAEPXKaHUs IUCIIEPCHOro 30-
nota [3]. /lasepHas arnoMepalysi Y/IbT-
PAAUCIIEPCHOrO  30/10Ta, KaK [IPpH  UM-
MY/IbCHOM, Tak M TIPH HeNpepbiBHOM 06-
paboTKe MUHEepaZlbHbIX aCCOLMALMM U
TeXHOTeHHbIX Hab/onanach U UCCIen0Ba-
Ha TPy 0B/MYYeHr PacdOKYCUPOBAHHBIM
ny4yoM (avametp 2 — 5 mm) [4 — 6].

B HacTosier paGoTte OIBITHO 060C-
HOBBIBAEeTCs TMPUMEHHMOCTh /1a3epPHOr0
WU3yUeHUs] /171 KOMIVICKCHOTO PelleHHs
3a7a4, KakK Mo AedpparMeHTalu MUHe-
PanbHbIX Y TEXHOTEHHBIX aCCOLIMALIMM,
TaK U [0 BbIAE/ICHHIO Y/IbTPaAHCIIEPCHO-
ro 30710Ta IPH /1a3epPHOM BO3ICHCTBUH,
3a CueT WHHLIMMPYEMOro TepMOKaIlW/-
MSIPHOTO MexaHu3Ma [7].

ViccnenoBaHb! mpoliecchl ¥ MPOAYKTHI
MTa3epPHOr0 BO3ACHCTBUS Ha HECKO/IBKUX
[eCATKax  30/10TOCOACPKAIIMX  IMPO6
Pa3HBIX 30/I0TOHOCHBIX [TPOSB/ICHUI B
BUZE: KOPEHHOro (ruapoTepMaribHOe
Au), MesKoYelyMyaToro XOpOIIO OT-
I/TMPOBAHHOIO POCCHITHOrO Au, LI/Iv-
XOBOIO M TOHKOrO Au, TOHKOAMCIIePC-
HbIX BK/IOUYEHHWI B Cynbdraax, YabTpa-
AWCTiepcHOro Au B I/IMHMCTOM ChIpbe, a
TakXke TeXHOreHHOro Au MPOHCXOXKae-
HUA M3 oTBasioB. OOGpasiibl KccieaoBa-
MIUCh, KaK B UCXO/THOM COCTOSIHUU, TaK U
roc/sie nMasepHOr 06PabOTKU MeToAaMU
aTOMHO-CH/IOBOM M 3/I@KTPOHOM MHKPO-
ckorimu.  [lpoBoawsics  3neMeHTHBIMN,
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MUKPOCTIEKTpa/ibHoe (06/1acTh ¢ pasMe-
pamu ~ 50 HM) paMaHOBCKOe paccesiHue
cBeta. MccrnenoBaHusi CTPYKTYPBI U CO-
CTaBa, Kak [0, Tak U TOC/e [1a3epHOM
06pPabOTKH BBIMO/THAIHMCH Ha PacTPOBOM
mukpockorne «LEO EVO 40HV» ¢ sHep-
TOAMCTIePCUOHHBIM aHa/M3aTOPOM
INCA-ENERGY» (Kapa Lleiic, ['epMma-
HUSI) Y aTOMHO-CW/IOBOM MHKPOCKOIIE
(ACM - Aist-NT SmartSPM, r. 3eneHo-
rpaz).

Muoroo6pasrie  MHUHepanoruiecKHx
BK/IIOYEHUIT B COCTaBe HCC/IeI0BAHHBIX
00paslioB  MPOW/IOCTPUPOBAHO  Ha
npuMepe [ aidoHCKOro MecTopoxae-
nus ([purck Ne23), yto noaTBepRaeHO

[AHHBIMM  CHU/WKATHOTO aHa/v3a, pe-
3ynbTaThl KOTOPOrO TPEACTaB/IeHBl B
Tabrn. 1. MOXKHO 3aKmMOYUTb, UTO C

YMeHbllleHeM (pPaKLMOHHOIO COCTaBa
(HaMMeHbIIMI Kaacc 6) BO3pacTazio Co-
nepxanve okcuaoB AlpOs u MgO, uto
M0 MHHEPa/IOTMUeCKUM JaHHBIM OOY-
C/IOB/IGHO POCTOM CO/IepKaHUs TOEeBbIX
LIMaTOB, 1IeO/TMTOB M T/IMHHCTOTO MHHe-
pania — MOHTMOpW/TIOHHTa. [ Ipeacras-
neHHele Ha puc. 1 u B Taba. 1 naHHbIe
CBU/ICTE/ILCTBYIOT, UTO TUITHUHbIE OObeK-
Thl BO3JEWCTBHS /1a3ePHOTO U3/YUeHUs]
06/1a1al0T 3HAYUTE/TbHOM HeOAHOPOAHO-
CThIO, KaK MHHEPa/lOrMYeckoi, TaK M
dpakLHMOHHON. YabTpaavcriepcHoe 30-
0TO, BXOAslee B HCXO/AHBbIE OBpasliibl
MOMOBHOM CTPYKTYPhl U COCTaBa, SB/s-
ercid TPYAHO U3B/CKAeMbIM, YTO I1O/-



Puc. 1

YepKHBaeT C/IOXKHOCTb pellaeMoy 3aza-
Yy [0 ero BCKPBITUIO, BCEMH CYIIeCT-
BYIOIIMMH METOZIaMU, BK/IIOUas KYCTOBOE
Bhlllle/lauMBaHye.

[ns y“3ydeHHs CTOMb C/IOKHBIX MH-
Hepa/lorMiyeckuX OObEKTOB Obll  HC-
IO/Ib30BaH [eTEKTOP BTOPUUHBIX 3/1€K-
TpoHoB (SE-metektop), uTo Mo3BOMUIO
eTa/In3UPOBaTh TOIOMIOTHIO OOPa3sLIoB
(puc. 1). ITomuMo metekTOopa BTOPHY-
HbIX 371eKTpoHOB (SE-metekTop) 6bia
[IPUMEHEeH TaKXe [IeTeKTOp ob6paTHO
paccesiHHBIX 3MEKTPOHOB (QBS-
netextop). QBS-merekropa mnossonser
MPOBECTH MHHEPA/IOrMUeCcKri aHa/Iu3
[0 KOHTPACTHOMY Pa3/HWuMIo OTpa-
JKEeHHBIX 3/IeKTPOHOB, Koraa 6o/ee Bhl-
COKOe CpesHee aTOMHOe UMC/IO CO3aa-
eT Oo/ee KOHTpacTHOe u3obpaKeHue
[0 CpaBHeHMIO ¢ dha3aMu C MeHBIIUM
atoMHbIM uncioM. CyiliecTBeHHOe pas-
/IM4Me aTOMHBIX BeCOB 30/10Ta M MHHe-
ParnoB, CoMePXKALIMXCH B UCCAeAYeMbIX
MUHepanorndeckux OObeKTaX, BhI3bl-
BaeT (popMHpOBaHHe OGonee KOHTpa-
CTHBIX M306paxKeHui, UTO HCIIO/Ib3yeT-
CA [718 HernoCpeACTBEeHHOM BU3ya/rsa-
LUK 30710Ta. Takol croco® BU3Ya/Iu-
3aLMY MIPYMEeHeH Ha BCeX CTaAusiX, Kak
710, TaK U Toc/e na3epHor 06paboTKU.
STO XKe AeTeKTop IO3BO/AN BbIABIATh

OCOBEHHOCTH penbeda Ha arioMepu-
POBaHHBIX TMOBEPXHOCTAX 30/10Ta MPHU
WMITY/IbCHBIX WM HeIpPepbIBHBIX /1a-
3epHbIX BO31eNCTBUAX. [IpuHsATbIe MU-
Hepasiornyeckre 0b6o3HaYeHUs 7Sl UC-
crienyeMblx COCTaBOB, OIllpesie/ieHHbIe
TakuM ob6pa3oM, TMpeacTaB/ieHbl B Tab-
n.2wu3.

C moMolbio 3HeproarcIiepCUOHHOTO
criektpoMetpa (EDX) “INCA-ENERGY c
BBICOKMM YpOBHEM MPOCTPaHCTBEHHON
MOKa/IM3alMK 3/IeKTPOHHOTO Ty4Ka (LI-
putHa ~ 20 — 30 uM, raybuHa TPOHMK-
HOBeHUs ~ 1 MKM) Obl/T MPOBe/IeH Kaue-
CTBEHHBIM M KO/TMYECTBEHHbIM XUMHYe-
CKMI1 aHa/IM3 MUHEPa/IOTMYeCKrx OObeK-
TOB ¢ uyBcTBUTenbHocThioO ~ 0.1%. B
KauecTBe W/AMOCTPalliy, MpUMeHseMon
METOMMKU MUCCAe/oBaHUM, Ha puc. 1
MpeACTaB/IeHO PacTpoBoe H306paxe-
HUe TAXKe/IOro KOHLIeHTpaTa B MCXO-
HOM COCTOSIHUM C 00O3HaueHHBIMU
uvMdpaMyd  MUHEpasibHBIMM  BK/IOYE-
HUAMH. PesynbTaThl OTHOCUTENMBHOTO
37IeMEHTHOTO COCTaBa B BECOBOM U
AQTOMHOM ITPOLIEHTHOM COOTHOIIIGHHUH B
KaK/IOM M3 OTMEUeHHbIX MHHepa/IoB,
MO/IyUeHHble C TOMOMIBIO 3HeProanC-
MePCHUOHHOTO aHa/u3aTopa, A0 W Io-
Cfle 1a3epHOro BO3IEMCTBHA IpHUBeae-
HbI B Tabn. 2 u 3.
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Tabmmua 2

/laHHbBIe ClIeKTpa/lbHOr0 HCXOAHOIO COCTaBa Io MHHepa/1aM

Ne Hassa- DneMeHTHbIN cocTaB: BecoBoi, %,/ aToMHbIH, %
HHe MH- Hg Au (0] Mg | Al Si Ca Fe Zx Cl | Mo S
n Hepana
/
n
1 | Ca-Mg- 59.7211.69]2.59|31.47|2.04|2.50
Fe 72.99]1.36/1.87|21.91/1.00|0.88
2 | Llupkon 49.28 11.57 39.15
78.55 10.51 10.94
3 | Au-Hg 9.46 |90.54
9.31 90.69
4 | 3onotu- 64.87|30.12 5.01
Ha 13.78|78.76 7.46
Urornbya-
Tast
5 | umpkoH 36.15 13.54 50.31
2 68.62 14.64 16.75
6 | 3omoto 100
aXypHOE 100
7 | FeMo- [52.91 11.77 5.29 1.19]28.84
Hg 18.46 51.52 6.63 2.34121.04
8 | Fe-S 42.46 57.54
29.76 70.24
[ns nazepHoM 0OpPabOTKH HCIOMb30- MepaToB  (puc. 2, 6).  CrieKTparibHbIi

Ba/vCh, MO0 HMMYIbCHBIA  (m1a3ep
YAG+Nd*"), m6o HempepbiBHbIt (BO-
nokoHHbIM n1azep [1C-06, akTHBHUpPOBaH-
Hei YbY). [lavHa BOAHBI M3IyUeHHs
3TMX  WCTOUHHUKOB  Oblla  OGIM3KOM
~ 1060 uMm. [letanbHoOe OMMCaHWE CIIO-
coba M pPexkUMOB /Ma3epHON 06PabOTKU
npencraerieHo B [4]. HarnsaHoe npen-
CTaB/IeHUE O /la3epPHOM BO3IEHMCTBUM, Ha
rpyMepe TMpeacTaB/leHHbIX B Taba. 1
00paslIoB MUHEPaTbHOrO Chipbf [ akidhon-
CKOTO MeCTOpOXKIeHHs, AaeT UX (PoTo-
rpadoysi rocie  o6pabotku  (pyc. 2, a).
Cnepa (ana HarasaHOCTH) COXpaHeHa
HCXOAHAs YacTh [1eCYAHOrO TMPOAYKTA.
Cdpepuueckort opMbI  TTPOAYKTHL  /1a-
3epHOM arioMepaly UMenu aAdaMeTp
or 1 MM u no 6 — 8 mm. Kak BuaHO U3
doTtorpacuu, arziomMepartbl IMpeacTaB-
fIeHbl  TPeHMYIIECTBEHHO  OO/IBbIINMU
pasMepaMy. AHa/v3 MoKasas, 4Tto cde-
pUYeckre arzioMepathl BHYTPH  Oblau
rosibiMU. MayueHa BHYTpPeHHsIST CTPYKTY-
pa U codepxaHHe CepUuecKuX ar/o-
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aHa/M3 TOKasasl, uTo /lasepHasd obpa-
GOTKa COIMpPOBOXKAaMach araoMepaliveit
YABTPAAUCIIEPCHOTO 30/10Ta € 0Opaso-
BaHUeM ccpepuueckux popM, Kak BHYT-
pU 06OMOUKU arioMepaTa, Tak U Ha ero
BHelllHelr roBepxHocTy (taba. 3). Buiss-
NIeHO KO/IMYeCTBeHHOe H3MeHeHHe ITpo-
AB/IGHWN 30/10Ta B IMPOAYKTaX ar/ioMme-
paLMKM B 3aBUCUMOCTH OT MOIIHOCTU M3-
yueHrs, 4yTo ObIIO HCIO/Ib30BAHO /715
ornpe/ie/leHNsl PalMOHA/IBHBIX PEeKHMOB
Y MapaMeTPOB Ma3epHoi 06PaboTKHU.
BbICOKOMHTEHCHBHOE — 3/1eKTpoMar-
HHUTHOE BO3/eCTBHEe Ha MUHepa/bHble 1
TeXHOTeHHble  Cpeabl, coaepKallve
BK/IIOUEHHS Y/IBTPAAUCIIEPCHOTO 30/10Ta,
COTPOBOXKIAETCsA, KakK HX aedpparMeH-
Tallell B pesy/bTaTe BBICOKOCKOPOCT-
HOTO TV/IaB/IeHUs, TakK W TOC/IeayIoe
KpUCT/I/I3alle TPU  OX/IaMKASHHWH.
[lnaBneHue coONMpoOBOXKAAIOTCA TEpPexo-
IOM MaTepHasa B HOBoOe (pa3oBoe CO-
cTosiHMe. ['pamveHT TeMmniepatypbsl B
pacrziaBe HarmpaBaeH BHH3. [lpu aTom



Tabmmua 3

/[laHHbIE CIIeKTpa/IbHOro coctaBa Imo MHHepa/laM

rnocne nas3epHoH o6paboTKH

Ne Hassanue 00- DneMeHTHbIA COCTaB: BecoBor, %/ aromusbiii, %
n/n pasoBaHHA C Ag Au o Al Si K Fe
1 3010THHBI 4.45 5.58 89.97
ceprueckre 42.14 | 5.89 51.97
2 Amomocumukar | 16.30 | 1.73 55.28 | 17.63 | 0.84 | 642 0.69 | 1.11
AuunAgl 44 .45 | 0.73 9.19 36.10 | 1.01 | 7.49 0.58 | 0.65
3 Auu Ag 2 8.46 3.39 46.52 | 29.81 | 0.92 | 10.69 1.21
21.58 | 0.68 7.24 57.12 11.04 | 11.67 0.67
4 Amomocumukar | 13.37 | 2.64 29.05 13.73
CuAg 30.48 | 0.64 49.73 13.39

a
Puc. 2. O6pasusi I'ailipoOHCKOro MecTopoKaeHHs noc/Ae Aa3epHoi o6paboTKH

crefyeT Y4ecTb, UYTO IPOLecC I/1aB/ie-
HUMA W WCMapeHHs MaTepuasra Hepas-
PBIBHO CBfi3aHBl, YTO BbI3bIBaeT HCKaKe-
HUA POPMBI 30HBI Pacri/iaBa BC/IeACTBUE
adderta ormaun. B 3oHe pacrnzaBa, B
TOM WIUM UHOW Mepe, NeHCTBYIOT KOH-
BEeKLIMOHHBIN, ANGQYIUOHHBIN, Karln/-
AAPHBIN U TepPMOKaIWI/ISAPHBIN  MeXxa-
HM3MBI, KOTOpble BbIBIBAIOT CTPYKTYP-
Hble U (pa3oBble H3MEeHEeHUs CBOMCTB
obpabaTbiBaeMoro MaTepuasa.

[ns yrpolueHys aHanu3a IIpUIMeM,
YTO [1a3epHOe U3/1yueHre BhICTYraeT B
KauecTBe BbICOKO3(P(PeKTUBHOIO Harpe-
Batesd. lorma and mpoliecca ero Ha-
rpeBa, I/IaB/eHUs U UCMapeHUs MOXKeT
OBITb 3aIMCaHO MPOCTOe YpaBHEHUE Te-
rizioBoro GasaHca:

[OA = Vrmp(Ln + er + C(Trm - TO))

engin 1357w

Date :31 Jan 2006

U Stage atX=25.122mm  Detector = SE1
'—| Time :11:39:21

StageatY=44.124mm  Mag= 4.00KX

MicroscopeIAcceIera!ing Voltage|Working DistanceFJetector
- 20 kV

11 mm 20 um

[lnsi OLIeHKW XapaKTepHBbIX MapaMeT-
POB 0OpabOTKM BCe 3HAUYEHWSI MOMKHO
YCPeaHUTb C YUeTOM /O/IeBOro BK/aja
coctaBa. 3aech p — nAoTHOCTh, C — Te-
[1710eMKOCTh, L,;, L, ¥ TeruoTta I/iaB/e-
HAA W MCTapeHus, Toun Ton—
TeMriepatypa cpeabl ¥ M71aBneHus, Iy —
[/IOTHOCTh MOIIHOCTHU TIaZIAloIero us-
nydeHys, A — TeMIVIONPOBOAHOCTh Cpe-
mel. Micxoast M3 ypaBHeHUs! TerioBOTO
OanmaHca MOXKeT ObITb paccuuTaHa CKO-
POCTb PACIPOCTPaHeHUs BO/HBI I1/1aB-
nenvst — Vj,; 1 BpeMsl TTpOTeKaHUs BCeX
npotieccoB — t.  CraLMoHapHash  CKO-
POCTb BO/IHBI T/IAB/IEHUS BI/IyOb Mare-
pyana:

Vrm = IOA/P(LM + Lnn + qu - TO))

PeanbHo BemuMHa 3TOM CKOPOCTH B
CTaLIMOHAPHOM pexXUMe IIIaB/IeHHs A0C-
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TUraeT HeCKO/IbKUX COTeH M/C, UTO CO-
OTBETCTBYeT COCTaBy OOpabaTblBaeMok
cpenbl C CWIbHOM amcrniepcHocThio. Oa-
HAKO C POCTOM IIOTHOCTH MOIIHOCTH
BeunHa |3, MOXeT CYIIecTBeHHO BO3-
pacty, a npu aocTuxeHur V,; mpolecc
MpeBpallaeTcs B HeCTALIMOHAPHBINA, 4YTO
1 HabMoAa/IOCh OTBITHO TTPH WCIO/B30-
BaHWM M31YUyeHUs] C MOIIHOCTBIO CBBbIIIE
COTHU BaTT. YUWThIBas TO/IIMHY HaChIIl-
HOTO C/10s1, TIOABEpPraeMoro /a3epHor
06paboTKe, MOKHO pacCUMTaTh BpeMs
ero IpOoIIaB/IeHUS:

t = an((phnQTon = To)/(2DLe)) ~
~1078:10%c.

3nech a— TakkKe YcpeaHeHHasl TeM-
[epaTypoIPOBOAHOCTb, a Iy, — TOMIIMHA
HACBITHOTO C/108 MaTepuarnia Ans obpa-
6otku. Cronb Maras Be/lMUMHa 3TOTO
BpeMeHU 06yc/ioB/eHa OO/bIION UHTeH-
CHMBHOCTBIO M KOHLIEHTpallMer Ha OAHOM
[ANVMHE BO/THBI U3MYUeHUs.

W3 mnpeacraBneHHOro aHa/ivsa cCrie-
AyeT, UTo HccreayeMble IMpoliecchl aed-
parMeHTallMd W TepPMOKAMW/IASPHOTO
M3B/IeUeHs YIbTPaAKCIIEPCHOTO 307/10Ta
MPOTEKAIOT Hanbornee >3pPEeKTUBHO TIpU
HCTO/Tb30BAHMM  HMIIY/IbCHOTO  /1a3epHO-
ro usnyueHus (C AMUTENBHOCTAMU [0
COTHU MKC). B 3THX yc/10BUSIX CHUXKaeT-
Csl A0S SHEePTHUY U3MYYeH s UAYIIero Ha
vcrapeHve. TonmuyHa cros ans obpa-
OOTKHM A0MKHa ObITh HeJAOCTATOYHOM /15
Pa3BUTHA HeCTALMOHApPHOCTH IMpoliecca
[/1aB/IeHHs MaTepuasia, 4TO pPeasbHO
COOTBETCTBYeT HeCKO/bKMM MM. Ornru-
Ma/sbHBIM SIB/ISIETCS COBIaZieHHe BpeMe-
HU TMPOI/IaBIeHUs] C AMUTE/NbHOCTBIO
UMIybca uanydenus. [lpu atux ycrio-
BUSX IMPOLIECC I/IaB/IeHUsl, C OAHOM CTO-
POHBI,  AedpparMeHTHpYeT  HCXOAHbIe
¢razoBble BKAIOUEHUs, a C APYro, cos-
[aeT YC/IoBUs, TMPU KOTOPBIX TepMOKa-
[MH/IZIIPHBIA MEXaHU3M BbIZE/ICHHS Y/IbT-
PAAUCIIEPCHBIX BK/AIOUEHUH 30710Ta, CTa-
HOBUTCS AOMHUHUPVIOLIMM, KaK 3TO ObI/IO
paHee 060CHOBaHO [6]. 9TO OOBsCHSAET-
cs TeM, YTO pellaiolias posib BO B3au-
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MOJEMCTBUAX pasHbIX (pa3 B pacriiaBe
[IPUHA/ICKUT  CH/Ie  TIOBEPXHOCTHOTO
HaTskenusi. OHa orpesenseT KpaeBbie
yI/Ibl Ha FpaHULIe paszesna pasHeix a3 B
pacriziaBe: o012 = 01— 0. Korma 1o-
BEepPXHOCTHOE HATSKEHUE /718 KUIKO-
¢asHOro THKeNoro KoHLIeHTpaTa — O
Wb He3HaYMTe/IbHO MeHbllle Op /s
pacr/iaBa arZioMepHpOBaHHOTO 30710Ta,
MMeeT MeCTO YaCTMYHOEe CMauvBaHHe
(KpaeBOM Yron HECKONIbKO MeHblie w/2).
[Ins amoMOCWTMKATOB, Hauboree JacTo
BCTPEUAIOLIMXCH B TIPUPO/IE, TTOBEPXHO-
CTHOE HaTsKeHWe CYIIeCTBeHHO MeHb-
me, yeM Yy O6/aropoaHBIX MeTa/l/IoB:
MMeeT MeCTO fIBHO BbipaxeHHOe HecMa-
yuBaHue [4,5] (KpaeBoil yrosn MpeBhiiia-
et n/2). IamepeHHble yrabl cMaurBaHKs
Q718 TAXKENOTO KOHIIeHTpaTa U BBICOKO-
[7IMHUCTBIX TIeCKOB OT/IMYAIOTCH MOYTH B
2 pa3a.

BenvurHa oTtHomenus yvcia Penest K
ypcly MapaHroHd, Tak HasblBaeMoe
yrcao bonaa: pgah4/0 [7] okasbiBaetcs
3HAUYMTE/IbHO MeHbllle 1. DTO BHITEKaeT
M3 TOTO, YTO TPH XapaKTepHBIX pasMe-
pax arzioMepartoB (He 6oree COTHH MKM)
yncno BoHaa ompenensierca B OCHOB-
HOM Be/IMUMHOM 0, KOTopad a1a 61aro-
POAHBIX META/l/IOB AB/SETCH PEKOPAHO
BoIcOKO# (Pt — 1.82 u Au- 1.1 [Ix/MD).
3neck g — YCKOpeHue CBOBOAHOrO Ma-
neHusi, h — XapakTepHBIii pa3Mep arsao-
MepaTa (TormiwmHa (PO/BIH WU pa3Mep
cpepornonobHoro o6pa3oBaHus) 30710-
Tocozepxkalieit cpeast. KMeHHo ycrio-
Bue, Korna pgPh/o<l cooreercrryer,
cornacHo [7], AoOMMHUpYOLIEH POr
TePMOKAITW/I/IIPHOTO MexXaHW3Ma /1a3ep-
HOM ar/ioMepalyy YIbTPaarcIriepCHOro
30710Ta (M ApYrux 61aropoaHbIX MeTasl-
NOB).

TarkuM o6pasoM, BO3AEHUCTBHE /1a-
3epHOr0 HM3/IydyeHHsT Ha MHHepa/ibHbie
aCCOLMALIMM M TeXHOTEHHbIE TPOAYKTHI,
conepallve YIbTpaarcCIiepCHble U Kol-
MOVHO-MOHHBIE BK/IOYEHHs 30710Ta CO-



MPOBOXKAAETCH TOC/IeI0BaTe/IbHO  TPO-
LleccaMr aedpparMeHTalliu, BC/1eACTBHe
M7IaB/IeHHs, U arioMepalmy 3a cyeT
TePMOKaIWAIAPHOrO MexaHH3aMa. M-
nynbcHasg oOpaboTKa BbI3bIBaeT 0Opa3o-
BaHUe CepuuecKHxX rpaHys C CYOMH/-
NUMETPOBBIMHM  pa3MepaMH, a Herpe-
PbIBHasA — CBEPXTOHKUX 30/I0ThIX (PO/IBT,
YyTO, Ha Hall B3I/194, MOzKeT BIIO/THe

VMeTb [IpakTHUYecKoe 3HaueHue. Ero
NpYMeHeHHe OT/IMYaeTCs OT  CYIIeCT-
BYIOIIMX TEXHO/IOTHI BBICOKMM YPOBHEM
u3BedeHrs (oueHouyHo cBbimie 90%
MIPOTHB cyiliecTByionieM He Gonee 50 %)
11 5KO/IOTHUECKOM 6e30MacHOCThIO, U TT0-
3BO/IUT BOB/IEUb B ITPOMBILIZICHHBIN 060~
POT Hepa3spabaTbiBaeMble MeCTOPOXKIe-
HUA U TeXHOI'eéHHbIe HOBOO6pa3OBaHI/IH.

CraTthbs oAroToB/AeHa B XOZe BBIIO/AHEeHHS paboT [0 rocyaapCcTBEHHOMY KOH-
TPaKTy Ha BBIITO/THEHHe Hay4YHO-HCC/AeA0BaTe/bCKuX pabot ot 29 anpeas 2011 r.
M 16.552.11.7027 ¢ MurrictepctBoM obpa3oBarus v Hayku Poccru.
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