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VUCCJIELOBAHUE D®OEKTUBHOCTHU
BO3IENCTBUS CBU-TIOJIEN
HA [TUPUTOCOJEPKAILUE PYIbI
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' YHuBepcuTeT Hayku u TexHonormin MMUCUC, Mocksa, Poccus,
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Annomauyus: [TanHas pabora mpencTasisieT cob6oi uccienoBane 3bGeKTUBHOCTY TpUMeEHe-
Hus1 cBepxBbicokouacToTHOro (CBY) mamyveHus mjis pasynpoyHeHMs] MeTaIoCOAepsKaIx
pya. BeimonHen 0630p MPOBEIEeHHBIX OTEUECTBEHHBIMU U 3apYOEsKHBIMY aBTOPaMiM HayUHbIX
MCCIeOBaHMIA TT0 TeMe: OOBbSICHEHbI MTPUUMHBI BHICOKONM 3aMHTEPECOBAHHOCTY B PasBUTUM U
MIpYMeHeHU) SHePro3GOEeKTUBHBIX TEXHOJIOTHIA, PACKPBITHI OCHOBHbIE TOHSTHS, TTOTEHIIAI
" aKTyaJabHOCTb pumMeHeHuss CBU-sHepruu npu oboraiienni, IpuBeIeHbl PETPOCIIEKTUBHbIE
ITOKa3aTeJM 10 KOJIMUECTBY €XKEroJHO BBIMOJHIEMBIX MCCIEIOBaHNUII B 06J1aCTU BO3AENCTBHUS
CBUY Ha ropHble MOpOfbl, MpeICcTaBIeHbl OCHOBHbBIE TOCTMKEeHMsI HayKu 1 «6esible msiTHa». Ha
TIpyYMepe KBaplieBO-TIMPUTOBBIX 0O6PA3IIOB PYIbI SKCIIEPUMEHTATBHO YCTAHOBIEHBI 3aKOHOMED-
HoCTU M3MeHeHus apderTrnBHOCTM CBU-BO3MEICTBIUS B 3aBUCMMOCTH OT IIPOLIEHTHOTO COIEep-
SKaHMS 3epeH MUPUTA U UX KPYIMHOCTH. B 4acTHOCTH, YCTaHOBJIEHO, UTO COfiepsKaHue MupuTa
BausieT Ha apdexTuBHOCT CBU-BO31eiCTBIS B GOIbIIIEl CTETIeHM, YeM KPYITHOCTh €r0 3€peH,
YyTO B 06pasiax ¢ 6osee BHICOKMM COfepsKaHMeM MUPUTA TEMITbl POCTA TEMIIepaTyphbl BBIIIIE,
a TIepuoj, «TeMIIePaTypHOI CTabUIM3alMi» HaCTyIaeT paHbiie. Takke ObIJIO OTMEUEHO, UTO
IOCJIe BbIXOMA U3 30HbI «T€MITIEpaTypHON CTabuaMsanuumu» B 006pasiax ¢ 6ObIIMM coepika-
HUEM MMUpuUTa HabsomaeTcs: 60/iee MHTEHCUBHBIN POCT TEMITepaTypbl, YTO MOSKET TOBOPUTD O
6oJ1ee pe3KOM TOBBIIIEHNM TUIOTHOCTY KPUCTA/UTMUECKOM PELIeTKM TaKuX 06pasIioB Py Jaib-
HeJIlIeM Harpese.

Kntouesste cnoea: oboraiiienne, nuputoBas pyaa, abdexkrnsHocts CBU-Bo3meiicTBus, Temiie-
parypa CTabuansanyu, CTpyKTypHbIe U3MeHeHMsI, pPasyIUIOTHEHMEe PYIbl, peslakcaiys TOPHbIX
rmopof, sHepro3dPeKTUBHOCTb.
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Abstract: This article describes the study into effectiveness of ultra high frequency (UHF) ex-
posure of metal-bearing ore for its softening. The review of the domestic and foreign research
on this topic is implemented: the reasons of high interest in development and application of
energy-efficient technologies are explained; the basic notions, potential and relevancy of UHF
energy application in mineral processing are revealed; the retrospective data on the amount
of annual research in the field of UHF effects on rocks are presented; the main achievements
and science gaps are described. The patterns of change in the UHF treatment effectiveness
as function of percentage and size of pyrite grains are experimentally found as a case-study
of quartz—pyrite ore samples. In particular, it is determined that the content of pyrite has a
higher influence on the UHF treatment efficiency than the coarseness of pyrite grains, and the
rate of temperature growth is higher and the “temperature stabilization” period arrives earlier
in the samples with the higher pyrite content. Furthermore, beyond the zone of “temperature
stabilization” in the samples with the higher content of pyrite, the temperature grows more
intensively, which may imply a sharp rise in the density of the crystal lattice in such samples
in their further heating.

Key words: processing, pyrite-bearing ore, UHF treatment effectiveness, stabilization tempera-
ture, structural changes, ore softening, rock relaxation, energy efficiency.
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BBepeHue

ObecneunBasi MPOU3BOLCTBEHHYHO MO-
TpebGHOCTb B YEPHOW U LIBETHOW MeTasnyp-
r1K, FOpHasi MPOMBILLIEHHOCTb HEU3MEHHO
OCTaeTCst OCHOBHbIM ApaviBEPOM Pa3BUTUS
peanbHOro cekTopa 3KoHOoMWKkKM Poccuum.
C 3ToM TOYKM 3peHUs MOBbILLEHUE Kaue-
CTBa 406bIuM 1 3pHEKTUBHOCTM NOArOTOB-
KW MeTannocogepxxalimx pya — npuopu-
TETHas 3afa4a rocyfapCTBEHHOrO YPOBHS.

PelieHve 3TOM 334auM COMPSIXKEHO C
HeobXoAMMOCTbIO UCCNef0BaHUM NpUMe-
HeHus B paboyeM mpouecce TEXHOMOMUMN,
OCHOBAHHbIX Ha 31eKTpPOMarHUTHOM (M)
BO3LEWCTBUM B Pa3/IMUHbIX fMana3oHax
[1-3].

B ycnoBusax Bbicokux TpeboBaHMI K
3HeproaddeKTUBHOCTM MpOLLECCOB, KOraa
OAHMM U3 FNaBHbIX HaNpPaBieHWUM ONTUMU-
3aUMM SIBNSIETCS MEPeXof K MeToaaM, npe-
LyCMaTpUBalOLWMM WCMOMb30BaHWe Mepe-
MEHHbIX UCTOYHMKOB SHEPT UK, CBEPXBbLICO-
KOYaCTOTHOE M3NyYeHue paccMaTpuBaeT-

€S creumanmcTaMm Kak 0aHo 13 Hanbonee
MepCrNeKTUBHbIX HamnpaBleHUN pa3BUTUS
PYAOMNOArOTOBKM.

O6nacTb BO3MOXHOIO MPUMEHEHUS] MUK-
POBOJIHOBOM 3HEPTUM B FOPHOM Jene Brie-
YaT/ISIeT: Ha CErOAHSLLHWUIA AeHb B HaY4HbIX
paboTax MOXHO HalUTW OMMCaHWe Cloco-
60B OTTanBaHWS Mep3/ibiX FPYHTOB, BblEM-
KW ¥ pa3ynaoTHeHWs FOpHbIX Nopog [4, 5],
B3pbIBHOrO paspyLueHuns mMaccuea [6], no-
NyYeHUs KOMMNO3UTHbIX MaTepuanos [7],
MOBbILLEHMWSI BbIXOAA LLEHHbIX KOMMOHEH-
TOB 13 pyA [5, 8] n T.A4.

OcobeHHo GonbLion noteHuman CBY-
TEXHOMOrUM MMEKT B 061acTu oboralue-
HWS pyA, MOCKObKY MMEHHO 3TOT y4acToK
TEXHOJIOrMYEeCKON LeMoYKM pyaonoaro-
TOBKM IBNsSIeTCS HauMeHee 3PdeKTUBHBIM
W 3aTPaTHbIM.

Ha cerogHsilwHuM neHb apobneHune u
M3MenbYeHWe B NpoLecce oboralleHus pya
OCYLLECTBASIETCS, KakK MPaBwuIo, MexaHu-
YeCkuM CnocoboMm, YTo NPUBOIUT K BbICO-
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KWUM 3HEPreTUYeCcKUM NoTepsiM, HU3KOMY
MPOLEHTY BbICBODOXAEHUS LLEHHbIX KOM-
MOHEHTOB U, KaK CNeCTBUE, K JOPOroBU3-
He npoLecca 1 KoHe4yHoro npoaykra. [Mpu
3TOM Ha (oHe MocTerneHHOW BbIpabOTKU
KPYMHbIX 3aMacoB U CHWXXEHWSI JONWU Py.
C BbICOKUM COLEPXKaHUEM MOME3HbIX KOM-
MOHEHTOB aKTyasbHOCTb NPO6NeEMbI TONb-
ko Bo3pacTaer [9].

CornacHo 1ccnenoBaHKsIM Ha OCYLLECTB-
NeHWe NpoLeccoB ApobneHns 1 U3Mesb-
YEHUs MPUXOLAATCS MO OLHUM AAHHBIM Mo-
pagnka 62% [9], no ppyrum — 6onee 80%
BCEM 3aTpayMBaeMoun Ha oborallueHue pya
3Hepruwu, npu 3ToM nuwb 1 —5% notpeb-
NSIeMOW 3HEPrUM YXOAUT Ha HEnocpencT-
BeHHoe u3menbueHue [10]. B pesynbrate
KO3(pPULMEHT NONE3HOTO AEUCTBUSA Me-
XaHUYECKUX MeNbHUL, 06bIYHO HE MPEBbI-
waet 1—2% [5, 9], uTo B COBpeMeHHbIX
YCNOBUSIX HE MOXET ObITb MPUEMIEMBIM.

Mo naHHbIM HEKOTOPbIX UCCnenoBaTenen
npeaBapuTeNibHas 0bpaboTka pyz, 3neKTpo-
MarHWTHbIM MONIEM CBEPXBbICOKOYACTOT-
HOro Mana3oHa MOXET B 3HaUYMTESIbHOM
CTEMEHM NMOBAUSATb Ha CHUXKEHWE SHEPrOeM-
KOCTU M3MesbYeHUs pyA, NOBbILLEHME Bbl-
X0A@ KOHEYHOro MPOAYKTa, a TakXKe CHU-
YKEHWS CTEeMeHM U3HOCa MeTanIMyeckmux
yacTen MenbHuy, [11].

Takon 3cdekT 0bbaCHseTCS cnocob-
HOCTbH MUKPOBOJIHOBOM 3HEPTUU KBbIOO-
POYHO» HarpeBaTb 3epHa LiEHHbIX KOMMO-
HEHTOB, YTO B KOHEYHOM CYETE NMPUBOIUT K
YBENIMYEHUIO UX pa3MepoB U HOpMUPOBa-
HWIO B 30HaX KOHTaKTa Hamps>eHuK, npo-
BOLMpYHOLWMX MUKpoaedopMaLLMm BLONb
rpanHuu 3epeH [1—3, 12—14]. Mpu 3Tom
meTon CBY-BosgericTBma oTnmyaetca oT
knaccuueckmx Tem, yto CBY-none npo-
BOLMpPYeT NMo GosblUen YacTu pacTarmea-
toLLMe (M B MeHbLLEN CTEMEHU CABUMOBbIE)
HanpsKeHUsl, a He CXMMatoLLMe, YTO U
obycnaenuBaeT 3HePro3hPeKTUBHOCTb ero
NPUMEHEHUS: Npesen NPOYHOCTM Ha OKa-
Tve (Npv LpobneHnn) KpaTHO NPEBOCXOAUT
npeAen NpoYHOCTM Ha pacTsdkeHue [15].
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lMepBble MOMbITKM M3yYeHUs 3TOrO Mpo-
uecca npuwnaunce Ha 80-e roabl, UMEHHO B
3TOT nepvopa bbina yCTaHOBIEHA BO3MOX-
HOCTb CENEeKTUBHOIO Pa3pyLUEHUSI C MEHb-
WWUM yOeNnbHbIM PacXofoM 3HEPruu Mo
CPaBHEHUIO C TPaAMLMOHHBIMU Crocoba-
MU (ApobuNKK, LapoBble MenbHULbI) [4].

B HacTosiLLee BpeMs NPUHSATO CUMTaTb,
yTo:!

e nog so3agencTenemM CBY-nonen npo-
MCXOAUT HEPaBHOMEPHOE MOBbILLEHWE TEM-
nepaTypbl 3epeH, YTO CnocobcTByeT UX
PaCLUMPEHUIO M MOSIBJEHWUIO pacTaruga-
FOLLIMX Hampsi)XEHWUM, MPOBOLMPYHOLLMX MUK-
ponedopmauum [5, 16];

* 3KCMepUMEHTaNbHO YCTaHOBIEH Cre-
LyHoLLMIA akT — Ha KOPOTKOM BPEMEHHOM
NPOMEXYTKe YBEJIMYEHME BPEMEHW BO3-
nenctems CBY He BneyeT 3a cobont ysenu-
YeHUs TeMMepaTypbl MUHEPasbHbIX 3€PeH
(cumTaeTcs, YTO UIMEHHO B 3TOT MPOMEXY-
TOK BPEMEHW MPOUCXOAST CTPYKTYpPHbIE U3-
MeHeHwus KpucTanamyeckon pewetkm [10]);

* CTPYKTYpHble U3MEHEHUSI TOPHbIX MO-
pog, npu CBY-Bo3nencTBUM B OCHOBHOM
(DUKCUPYHOTCS B TEYEHUWE MepBbIX Tpex-nsi-
TU MUHYT (BPEMSI MOXKET BbITb Pa3/IMUHbIM,
W 3aBUCUT OT KOHKpPeTHbIX 06pasuos) [5,
16], npu aTOM fanbHenLwee yBenuyeHue
BPEMEHU BO3AEWCTBUSI HE MPUBOLMUT K CY-
LLeCTBEHHOMY YMEHbLLIEHUIO 3HEProeMKo-
CTU U3MeNTbYEHUS, MOCKONbKY Npu bonee
DJIMTENbHOM BO3LeNCTBUM HAaCTyMaeT 3Tan
penakcauuu, Korga ynpyrve xapaktepu-
CTVKM CTaBUIU3MPYHOTCS, YTO B KOHEYHOM
UTOre NMPUBOAUT K YNPOYHEHUIO FOPHOW
nopoabl [17, 18];

* B METa/NICOLEPXKALLUMX pyLaxX Npouc-
XOAWT 3HAYMTENIbHOE YMeHbLLUEHUE 3HEp-
roemMKkocTu usmensieHus nocne CBY-sos-
nencteus [5], abpeKTMBHOCTL U3BNEYEHUS
MONIE3HOr0 KOMMOHEHTa MOXEeT BO3pacTu
Ha 50% v 6onee [10];

* Ha TepMoAMHaMuyeckume 3pdeKTbl Mo-
ryT MOBAUSTb KakK BHELUHWE, TaK U BHYT-
peHHUe dakTopbl. K BHELLHWUM 06bIYHO OT-
HOCSIT MOLLIHOCTb M YacToTy uznyyeHus [9],



paccTosiHue 00 0bbekTa, AIUTENbHOCTb
BO34eNCTBMS U T.4. K BHYyTPEHHUM — MU-
Hepanornyeckuni (BeLLeCTBEHHbIN) COCTaB,
pa3mep 1 opMy MUHepanbHbIX 3epeH, Npo-
LLEHTHOE CoZepyXaHWe MWHepanos, Mopu-
CTOCTb U TPELLMHOBATOCTb, BNAXKHOCTb U Ap.

HecmoTpsi Ha o4eBMAHbIE MPeMMyLLECT-
Ba U POCT MHTEpeca CO CTOPOHbI Hay4HO-
ro coobuectea, CBY-texHonornm go cux
MOp He HaLUW LUMPOKOrO MPUMEHEHWS B
ropHou uHayctpuu. [MomMmnMo BbICOKOM
3aTpaTtHocTn CBY-Bo3mencTeus, ooHa u3
MPUYUH 3TOMO0 — HEefoCTaTOYHas U3YYeH-
HOCTb HEKOTOpbIX aCMeKTOB BO3LEeNCTBUS
MWUKPOBO/IHOBOW 3HEPTUU Ha FOpHble Mo-
poapl [19].

OcHoBHas Macca onybnMKoBaHHbIX Ha-
YUHbIX paboT nocasiueHa nogbopy onTu-
ManbHbIx napameTpoB CBY-u3nyveHus ans
BO34EMCTBMUS Ha KOHKPETHbIe nopogbl. [pu
3TOM 04eBUAHO, 4TO napameTpbl CBY-u3-
nyyeHust ByoyT BO MHOMOM 3aBUCETb OT
HaYaNbHbIX (QU3NKO-MEXaHNYECKMX XapaK-
TEPUCTUK 0BpabaTbiBaeMbiX MOPOA, Mpwu-
YyeM Kakue-TO U3 XapakTepucTuk byayT
BNUSATb Ha Mpouecc B Hbonbluen, a Kakue-
TO — B MeHbLLUEN CTEMEHMN.

Ha cerogHsilWHWI OeHb B nuTepaTtype
HET JaHHbIX O CTEMEHU BAUSIHUS TEX UK
MHBIX MCXOLHbIX QU3NKO-MEXaHNYECKUX
XapaKTepucTuk pyn Ha pesynbTtatel CBY-
Bo3gencTems. [lo cux nop cpeam uccneno-
BaTeNell HeT eAMHOTr0 MHEHUst O TOM, Ka-
KoV hakTop SIBNSETCS TNaBEHCTBYHOLLUM:
MO AAaHHbIM OOHWX — MWHEPANOrUYeCKUiA
(BeLecTBEHHDBIN) cocTas [5, 20], no AaHHbBIM
LOPYrUx — BNaXKHOCTb, HEKOTOPbIE YKa3bl-
BalOT Ha pa3mep yactu, [9] u T.A.

B cBsi3M € 3TMM OCHOBHOW 3a4a4en npu
MpOBEeLEHWM JaHHOMO UCCNef0BaHMS HblIo
CpaBHeHUWe CTENeHU BIUSHUS COAEPYKaHUS
MUPUTOBbIX 3€PEH M UX pa3Mepa Ha OTK-
vk nopoabl npu CBY-BozgencTeumm.

MpoBepeHMe UcnblTaHUM
McnbiTaHus nposoamnmch Ha 0bpasiax
nupuTtoBoun pyabl. [Mopspok nposeneHuUs

MccnenoBaHMs COCTOS U3 TPEX 3TamnoB:
noAroToBka obpasuoB M 0b6opysoBaHUs,
npoBeaeHMe 3KCNepuUMeHTOB, 06paboTka U
aHanu3 pesynbratoB. Bce obpasupl pyabl
npeLcTaBnsav cobomn pacnuieHHble No Ana-
MeTpy Cpe3bl KEPHOB AMaMeTpoM 62 MM,
MMetoLMe TONWMHY 5— 6 MM,

Ha aTane noarotoBku obpasLoB C Le-
NbI0 NMONYYEeHUs MAaKCMManbHO YEeTKOro
OYepTaHUsS MUHEPaJIbHbIX 3epeH HECKO/b-
KO AeCATKOB 06pa3LLoB pyab! 6bI10 OTLWANW-
(OBaHO ¥ 3aTeM MpW OAMHAKOBbIX YC/O0-
BMSIX OTCHSITO Ha KaMepy C ABYX CTOPOH C
Le/IbIO MOCNEeayOLWEro U3yyeHus B npor-
pPaMMHOM MakeTe /11 MUKpOoaHaiu3a.

AHanuz rpaHynoMeTpuyeckoro cocra-
Ba 3epeH 06pa3uoB Obin MpoBeseH Mo ux
doTorpacdmsM c NOMOLLHO NPOrpaMMHO-
ro NpofyKTa aHanm3a 1 06paboTku U306-
paKeHW C OTKPbITbIM kogoM Imagel u
BKJItOYan B cebs paboTy c:

e (UNbTPaMu ANS YAANEHWS NMOCTOPOH-
HUX LIYMOB,

* MOpPOroBbIMM 3HAYEHUSIMU OTTEHKOB,
HaCbILLEHHOCTM U SIPKOCTU 4Yepe3 yHK-
umto colorthreshold ons BblaeneHms 3epeH
MMpUTa U OLEHKM 3aHMMAeMOU UMU CyM-
MapHoM niowaau (MpoLeHTHoe coaepya-
HWe nupwuTa),

* TeOMeTPUYECKMMU XapaKTepuCTUKa-
MW BbILENSIEMbIX 3epeH [/s OnpefeneHus
3KBMBAJIEHTHOrO IMaMeTpa BKJTKOUEHUI Ni-
puTa, HaXOXAEHUs CpeaHero ans obpasua
3KBWBANEHTHOMO AMaMeTpa U paHXMpoBa-
HMS 06Pa3LOB OTHOCUTENbHO 3TOFO MOKa-
3atens (puc. 1).

Ha ocHoBe pe3ynsTaToB rpaHynoMeTpu-
YECKOro COCTaBa MUHEPasbHbIX 3epeH A/1s
3KCMNepUMeHTOB bObl10 0TOBpaHo 5 npea-
CTaBUTeNbHbIX 06pasLoB. (2,12, 24, 6, 18),
OT/IMYAIOLLIMXCS KaK MO COAEPXKaHUIO, Tak
M MO CpeaHen BelvUMHe 3KBUBANEHTHOIO
AMaMeTpa 3epeH nupuTa.

MoproToBka 0bopyaoBaHMS 415t IKCMe-
PUMEHTOB 3aK/1t04aiacb B YCTAHOBKE U Ka-
NMBPOBKE TEXHUYECKMX YCTPOMCTB, Mpea-
CTaBneHHbIX B Tabn. 1. B koHeyHOM cueTe
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Puc. 1. MuKkpocTpyKTYpHbIN aHanu3 AByx CTOPoH obpasua N2 2 B Imagel: oTwmngosaHHbIN obpasel (a);
oTuUNLTPOBaHHLIN 0bpasel (6); obpasew npu onpeseneHun obLues naowanm (cosepxxkaHms) nuputa (B);
obpaseL, Npy MoAcYETE MIOLLAAEN OTAENbHbIX 3€PEH /1S ONPEAENEHNS UX IKBABA/IEHTHbIX AMaMeTPOB (r)

Fig. 1. Microstructural analysis of two sides of sample No. 2 in ImagelJ: polished sample (a); filtered sample (b);
sample while determining the total area (persentage) of pyrite (v); sample while calculating the areas of indi-
vidual grains to determine their equivalent diameters (g)

Tabnuua 1

O6opynoBaHue ana NpoBeaeHUsA IKCNepUMeHTOB

Experimental equipment

Ne O6opynoBaHue OcHoBHas byHKUMA BbicTaBnsieMble napameTpbl
n/n
1. | CBY-neub NcToununk CBY-BonH MakcuManbHasi MOLLIHOCTb
«DNEeKTPOHMKa» moLHocTbio 1300 Bt
37x42x60 M YaCTOTOM U3NyYeHUs
2450 MTl'y
2. | MupomeTp 3amep MakCUMasibHOM Pe>xuMm dbukcaumm MakcMManbHoOM
BbICOKOTEM- TeMnepaTypbl Harpesa TeMneparypbl
nepaTypHbIN 3epeH nNupuTa KoadduumeHT nznyuenms: 0,8
DT-8868H MdokycupoBaHUWe NasepHbIX yKasaTenen
LieNIM B OAHOW TOYKE — Ha OAHOM
M TOM XKe 3epHe nmpuTa
3. | KomnbtoTepu- Coemka peHtreHorpamm | Uznyuenne Fe K
31POBaHHbIN MapameTpbl CbeMKU: ANMHA BOMHbI —
KOMMeKc 1,93597 (Ang.); uncno Touek Ans Craaxu-
PEHTreHOBCKOM BaHUA — 7; CTeneHb NnoanHoma poHa — 4;
AnbpakToMeTpun nopor 4yBcTBuUTENbHOCTM — 3,0 sigma;
ADP2-01 LUMpMHa ocHoBaHmsa nukos — 3,0 MLLUMBY,;
MLWMNB, rpag. — 0,120; acummeTpusa —
,00; dakTop dopmbl — 0,
1,00; 0,60
4. | KioBeTa c BogoM MornoweHune n3bbITOY- -
500 mn HoM 3Heprum (emndep)
5. | BeHtunatop OxnaxpeHue obpasua MakcuManbHasi MOLLHOCTb
Moc/ie Harpesa o KoM-
HaTHOW TeMnepaTypbl
6. | Kepamuueckas Mopnoxka ans pasmelte- | —
Tapesnka Hua obpasua B CBY-neun
7. | Wratus ®ukcaums nupomeTpa -
B HY)XHOM MOJIOKEHUM
1MLWNB — nonHas WMpMHa CNeKTPaibHOM JIMHUM Ha MONOBUHE BbICOTbI.
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Puc. 2. Pabouee mecTo
Fig. 2. Work place

paboyee MecTO BbIFMSAENO TaK, Kak rMoka-
3aHO Ha puc. 2.

DTan NpoBefeHNst SKCNEPUMEHTOB Npea-
CTaBnsn cobov nocnenoBaTenbHbIN Harpes
KaXZoro obpasua npu BpeEMeHU BO3LEu-
cteus CBY o1 15 no 135 c c warom 8 15 c.

Mocne kaxporo Harpesa obpasew, 0Ox-
NaXAancs L0 KOMHaTHOW TeMnepaTtypbl U
TO/IbKO MOC/e 3TOro MOABeprancs cremy-
toLLien, anawencs Ha 15 ¢ ponblue, ntepa-
LMK Harpesa.

Mepen, nepBbIM HarpeBoM, Ha 3Tare pes-
KOro 3aMefJIeHMs pOCTa TeMnepaTypbl Npu
NUHeNHoM yBenuyeHun Bpemenn CBY-
BO3AEUCTBMS M MO OKOHYaHUIO paboT Ha

Tabnuua 2

PesynbTatbi uccnegoBaHmsa
Research results

KOMMbHOTEPU3MPOBAHHOM KOMIM/IEKCE PEHT-
reHosckou aucdpakTomeTpun ADP2-01 npo-
BOZLMJIACb CbeMKA PEHTrEHOrpaMM.

B T1abn. 2 npencraBneHbl CBOAHbIE pe-
3y/bTaTbl NPOBELEHHbIX 3KCMEPUMEHTOB.

Ha 3akntountenbHom 3Tane o6paboTkm
pe3ynsTaToB OblLIM MOCTPOEHbI BPEMEHHbIE
3aBMCUMOCTM TeMMepaTypbl 06pa3LLoB (CM.
puc. 3).

KpynHbIMU LIBETHBIMM TOYKaMU Ha rpa-
¢uKax puc. 3 oTMeYeH 3Tan UCMbITaHWK,
Ha KOTOPOM MPOBOAMIACH CbEMKA PeHTre-
HOrpaMMbl — MO OKOHYaHWKO PE3KOro 3a-
MeLJIeHVs pocTa TeMrepaTypbl 06pasLia npu
NUHENHOM yBenu4yeHun BpemeHn CBY-

O6paseu N 2 | 6 | 12| 18 M
Pe3ynbTaTbl rpaHyN10MeTpMUECKOro aHanmsa
CpepnHee 3HayeHMe 3KBMBANEHTHOMO AvameTpa 3epeH, MM | 5,82 | 11,44 | 2,24 | 3,97 | 2,07
MpoueHTHOE coaepkaHue NupuTta, % 35,39 | 54,12 | 21,8 | 19,97 | 241

PaHr no pasmepy 3epeH

2 1 4 3 5

PaHr no copepxaHuto nupwmTa

2 1 4 5 3

3KCHepMMEHTaJ1 bHaA 4acCTb

CBY-Bo3pencTaug, c

BpeMmsi okoHYaHUs pe3koro 3aMenJieHns pocTa Temne-
paTypbl 06pasua Npu TMHENHOM YBEJIMYEHUN BPEMEHMU

95 60 95 95 75

TemnepaTypa 06pasua B 3TOT MOMeHT BpeMeHu, °C

231,6 | 207,6 | 210,9 | 174,7 | 223,3
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Puc. 3. BpeMeHHble 3aBUCMMOCTH TeMepaTypbl 06pa3LioB nuputoBou pyasl npyu CBY-so3aericTeum
Fig. 3. Time dependences of the temperature of pyrite ore samples under microwave exposure

BO3AENCTBMS (MpWU MPOBELEHWMU IKCMEepu-
MEHTOB TemrepaTypa cuuMTanacb «CTabu-
NN3UPOBABLLENCS», eCNIN ee NMpUpaLLeHue
OTHOCMTENbHO MPOLLIOro 3amMmepa He rpe-
Bbiwano 10%).

Ha puc. 4 u 5 npuBeneHbl 3aBUCMMOCTH
BEJIMYMHbBI TeMMepaTypbl Ha y4YacTke pes-
KOro 3aMef/ieHusl ee pocTa npu TIMHENHOM
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yBenuueHun spemeHn CBY-Bo3penicTaus
OT AMaMeTpa 3epeH NUpUTa U OT NMPOLLEHT-
HOMO CoflepyXaHus NUpuTa B 0bpasLie.

O6cyxpeHue pesynbTaToB

Mepexoas K HEMOCPEACTBEHHOMY aHa-
NW3y pe3ynbTaToB, CNefyeT NOAYEpPKHYTD,
YTO OTCYTCTBME BNaru B obpasuax M oOT-

10 15

OKBUBAJICHTHBIH IHAMETP 3€PEH IMUPUTA, MM

Puc. 4. 3aBucUMOCTb BeMYMHbI TEMMEPATYPbl HAa Y4YaCTKe PE3KOro 3aMeasieHns ee pocTa fpu JIMHEHHOM
yBenudeHun spemeHn CBY-Bo3gesicTBus oT anameTpa 3epeH nuputa
Fig. 4. Dependence of the temperature in its sharp growth slowdown area while microwave exposure time linear

increasing on the diameter of pyrite grains
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Puc. 5. 3aBucumMocTb BeMUMHBI TEMMEPATYpbl HA Y4acTKe Pe3Koro 3aMeasieHusl ee pocTa npu TMHeNHOM
yBenndeHun spemeHn CBY-Bo3nesicTBusS OT NPOLEHTHOro coaep)KaHms nupuTa B obpasue
Fig. 5. Dependence of the temperature in its sharp growth slowdown area while microwave exposure time linear

increasing on the percentage of pyrite in the sample

HOCWUTENbHO HU3KUE MUKOBbIe TEMMEpa-
TYpbl MO3BOMWAM UCKOUUTD BO3MOXKHOE
BNvsHME Pa3oBbIX NEPEXOAOB, @ MUHU-
MaJlbHbI Habop cnaratoLLmMX 0bpasLbl MU-
HepasioB MpefoCTaBM BO3MOXHOCTb ab-
CTParMpoBaTbCst OT BAMSIHUS PazfIMYHbIX
BKJIFOUEHWM, YTO B LIEJIOM YMEHBLUWIO KO-
JINYECTBO OLIEHMBAEMbIX (hakTOPOB, HO yryy-
LLIMJIO Ka4YeCTBO UX OLEHKMU.

Ncxons u3 pesynsTaToB MOXKHO Bblae-
NUTb CNeayHroLLIMe 3aKOHOMEPHOCTU:

* C MOBbLILLIEHNEM COLEPXKAHUS MUPU-
Ta M yBEIMYEHMEM pa3Mep ero 3epeH B 06-
pasle OTMEeYaeTCs yBelMYeHUe CKOpPOCTH
poCTa ero TemMnepaTypbl;

* yeM bosbLUe MPOLEHTHOE CopepKa-
HWE NWpuTa B 06pasLe pyabl, TEM paHbLUe
HaCTymnaeT 3Tan pe3Koro 3aMenJieHust po-
CTa TemnepaTtypbl 06pa3ua Npu AMHENHOM
yBenuyeHun BpemeHn CBY-Bozpenctsus
(cOOTBETCTBEHHO, MOXHO MPELONOXUTD,
yto npumeHeHne CBY-Bo3gencTems B Ta-
KoW pyne byneT 6onee 3HeprosddekTms-
HbIM);

* comep)xaHue NupuTa B bonbLUen cTe-
MEHWU BNIUSIET Ha BPEMS HACTYMJIEHWs pe3-
KOro 3aMefJIeHMsl pocTa TeMnepaTypbl 06-

pasua npuv IMHEMHOM YBENMYEeHUUN BpeMe-
Hu CBY-Bo3pelicTBuMSsI, YeM pa3mep 3epeH
nupuTa (0bpaseL, 24, MMeOLWMIA MEHbLLNIA
pa3Mep 3epeH, HO bonbluee comep)aHue
nupwuTa, Yem obpasew, 18, xapakTepuzyeT-
€9 6onee BbICTPbLIM BbIXOAOM Ha 3TOT yua-
CTOK TEMMEPATYPHOM 3aBUCUMOCTH);

* MoCne BbIXO4A U3 30Hbl «Temnepa-
TYpHOM CTabunmsaumm» B obpasuax c 6o-
Nee BbICOKMM COLEPXXaHUEM MeTanna Ha-
6ntogaeTcs GbICTPLIN POCT TEMMEpPaTypbl,
YTO MOXXET rOBOPUTL O Bonee peskoMm no-
BbILUEHUU MAOTHOCTU KPUCTaNUYECKOM
peLueTKu B Takmux obpasuax.

[anbHeMW M aHann3 OTCHATbIX PeHT-
reHOrpaMMm Mo3BOJIUT OLLEHUTb U3MEHEHME
BHYTPEHHEN CTPYKTYypbl 06pa3LoB v che-
natb BbiBOAbI No pesynbrataM CBY-Bo3-
LEVCTBUS Ha rOpHble Noposbl.

BbiBogbl

UccnepoBaHne 0b6pasLoB NMPUTOBOM
pyAbl NO3BOMAMIO YCTaHOBUTb, YTO COmEp-
YKaHWe NUpuUTa ABNSETCS, BEPOSTHO, bonee
cyLecTBeHHbIM akTopom CBY-Bo3penicT-
BUS Ha MOPOAY, YEM KPYMHOCTb €ro 3epeH.
DKCNepUMEHTANIbHO MOATBEPXKAEHO, UTO

29



yeM BonbLLe NPOLEHTHOE CofepKaHUe nu-
puTa B 0bpasue pyabl, TEM paHblle Ha-
CTYMaeT 3Tan pe3koro 3aMefeHus pocTa
TemMnepatypbl obpasua npu JMHENHOM
yBenunyeHun spemeHn CBY-Bo3penicTaus.
Takxke 6bII0 OTMEYEHO, YTO MOC/E OKOH-
YaHUs pe3KOro 3aMeAsieHUs pocTa Temne-
paTypbl 0bpasua npv TMHEWHOM yBenu-
yeHun BpemeHn CBY-BozgencTeus B 06-

pasuax c bonbwMM copepXkaHueM nupuTa
Habntomaetca 6osiee UHTEHCUBHBIN POCT
TemnepaTypbl. Takum 06pa3oMm, NpuMeHe-
Hve CBY bynet Hanbonee 3ddekTUBHLIM
Npu yCNOBMM OCTAaHOBKM NPOLLecca Ha 3Ta-
re pe3Koro 3amMeAIeHUs pocTa Temnepary-
pbl NMPU NTUHENHOM YBENMYEHUUN BPEMEHM
CBY-Bo3nenicTBUS, B MPOTMBHOM Ciy4ae
MOXeT HaCTynuTb 06paTHbI 3ddeKT.
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