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KOMTUTEKCHOE NCMNOJNb30BAHME MUHEPAJIbBHOTO CbIPbA

YK 622.765:553.6

MoBbiweHne s¢pPeKTnBHOCTN PpnotTaumm anaTnT-
wradpPenntoBbIX pya C NPUMEHEeHNEM pexnma
ABYXCTaANanbHOro CryweHnaA WwiamMmos

Apatite-staffelite ore flotation efficiency improvement

using two-stage slurry thickening

Mopo3sos B. B., lNlonnBaHckas B. B.

IIpoBeéHHBIMH HCCJIEJOBAHUAMU II0KAa3aHO, YTO
npuunHoii noreps P,O; mpu oboraiienun anaTut-mradp-
denurobix pyn (AILIP) siBasieTcsa HecesmekTuBHAs (HJio-
KYJIAIIMA TOHKHUX KJIaCCOB B IIporiecce GioTanuu. B ycio-
BUAX IPUMEHEHUA CUJIBHBIX (QJIOKYIAHTOB HeoOXoquma
crenyasipHas MOATOTOBKA CIYIIEHHBIX IIJIAMOB K OIle-
panuu ¢iotanuu, obecreunsaioman ux AedIOKyIAIUIO
nepen npoueccoM dioranuu. PazpabotaHs! cxema u pe-
JKUM IOATOTOBKM TOHKHUX KJIACCOB K IIpoleccy ¢iora-
LMY, BKJIIOYAIOIWE CTYIIeHUE CJIMBOB KiaacCUPUKAIUU
C IPUMEHEHHEM CHUJIBHBIX AHUOHHBIX QJIOKYIAHTOB M
nedIoKyIANMIO CIYIIEHHOIO MIPOAYKTa Iepe]] Ipolec-
coMm droTanuu peareHTaMHU-AUCIIEPraTOPaMy, UCIIOJIb-
3yeMbIMU B 6a30BoM pexuMe diotarnuu. [Ipengoxken
pexxuMm moxaroroBku 1mmamoB AP pyn xk diortaruu,
BKJIIOYAIOIINH CryIlleHUe CJIWBOB OIlepaliuu Kjiaccupu-
KaIlu¥ ¢ IpUMeHeHreM aHHuOHHOro ¢JokyinaHTa «IIpae-
cT0J1-2540», KOHIUITUOHUPOBaHUE CTYIIEHHOI'O MPOAYK-
Ta ¢ fobaBKaMu JKUJIKOT'0 CTeKJIa U KayCTUIeCKOU COABI B
cooTHotenuu 1 : 1, pasbaBiieHre U IOBTOPHOE CTyIIleHIE
IebIIoKyINPOBAHHBIX IIJIaMOB, 00bequHeHNe U dJioTa-
IIMIO CTYIIEHHBIX II1JIAMOB U ITIECKOB. YKPYIIHEHHBIMH JIa-
60OPATOPHBIMU HCHBITAHUAMU IT0OKa3aHO, YTO IPUMeEHe-
HUe pa3paboTaHHOTO pekuMa 00ecreunBaeT CyMMapHoe
yBenmuenue ussineuenusa P,O; us pynst ¢ 70,1 mo 71,5 %
IIpY TOBBINIEHUU copiep:kaHuAa P,O; B amaTUTOBOM KOH-
nentpare ¢ 37,1 mo 37,8 %, uto mesaeT paszpaboTaHHYIO
TEXHOJIOTUIO IIePCIIeKTUBHOM IJIA ITepepaboTKU TPYLHO-
ob6orarumbix AIITP na Kosmopckom I'OKe.

Kmiouessle cioBa: mraddennt, anaTuT, MIJIaMOBbIe
KJIACCHI, CryIeHue, GJIOKYIALNA, peareHThI-UCIIepraTo-
pbI, nedaokynanusa, paoTarus.

Morozov V. V., Polivanskaya V. V.

The studies were performed suggesting that the
cause of P,O; losses during apatite-staffelite ores (ASO)
treatment are due to non-selective flocculation of fine
classes during flotation. When using strong flocculants,
special preparation of condensed slurries is necessary,
ensuring their deflocculation before the flotation process.
A scheme and mode of preparation of fine classes for the
flotation process have been developed, including thicke-
ning of the classification overflows using strong anionic
flocculants and deflocculation of the thickened product
before the flotation process with reagents-dispersants
used in the basic flotation mode. A mode of prepara-
tion of slimes of ASO ores for flotation is proposed, in-
cluding thickening of the discharge of the classification
operation using the anionic flocculant “Praestol-2540”,
conditioning of the condensed product with additions of
liquid glass and caustic soda in a ratio of 1 : 1, dilution
and re-thickening of deflocculated slimes, consolidation
and flotation thickened sludge and sand. The big labo-
ratory tests have shown that the application of the deve-
loped regime provides a total increase in the extraction
of P,O; from ore from 70,1 to 71,5 % with an increase
in the P,O; content in apatite concentrate from 37,1 to
37,8 %, which makes the developed technology promi-
sing for processing refractory ASO at Kovdorsky GOK.

Keywords: staffelite, apatite, sludge classes, thicke-
ning, flocculation, dispersant reagents, deflocculation, flo-
tation.
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Amnarut-miraddenuronsie pynst (AILP) sBmisa-
I0TCA BajKHBIM HCTOYHHKOM IIPOM3BOJICTBA alla-
TUTOBOTO KoHIleHTpara Ha Kosmopckom ['OKe [1].
Onuako 5$deKTUBHOCTH ObOOTallleHUs AlMaTUT-
mrabPesUTOBBIX PYA HE JOCTUTAET IJIAHOBBIX
mokasaTeJsieit, YTo 00yCJIOBJIEHO 3HAUYUTEIbHBIMU
IoTepsAMH anaTuta U mradpdesnnuta ¢ TOHKUMU
knaccamu [13, 14]. I1s 6oJiee IOJIHOIO U3BJIeYe-
HUA GochaTHBIX MUHEPAJIOB ITPUMEHAETCA TEX-
HOJIOTUA CTYIIeHUA U QJIoTanuy IIJIaMOB C HC-
[M0JIb30BAHUEM CUJIbHBIX QJIOKYJIAHTOB KJjacca
nosmmakpuamugos [10, 15]. IIpumenenue cuiib-
HBIX (QJIOKYJIAHTOB [aJI0 IOJIOXKUTENbHBIN 3¢-
dekT mpu oboraieHun Jgexkasbix xBocToB Kos-
nmopckoro I'OKa [7], HO ux mcmoJsib30BaHUE MTPHU
oborareHun >KeJIBAKOBBIX U amaTut-mtadpde-
JIUTOBBIX Py, COIPOBOKIAETCA CYIIECTBEHHBIM
cuuxkenuveM sdpderTruBHocTH diroranuu [2, 8].
[IpruynHOU noTeph TOHKHUX KiiaccoB pocdaTHBIX
MUHepaJsioB npu GoTanum ABJIAETCA WX Hece-
JeKTUBHAA QJIOKYJIANUA C TOHKUMH KJacCcaMu
OPO000Pa3yIINX MUHEPAJIOB, MPOTEKAIOIIA
B OIepaIuAX CTyILIeHUA U HENOCPeACTBEHHO B
doTaroHHbBIX MalnHax [8].

[ToBbiienuie sdpderTrBHOCTH PIoTANINU IIIIa-
MOBBIX KJlaccoB pochaTHBIX MHUHEPAJIOB JIOCTU-
raeTcs Co3JlaHUEeM YCJIOBUM A NeIOKyIAUN
CTYIIEHHOTO IPOAYKTA U YCJIOBUH AJIA MOCIIENY-
fortielt ceseKTUBHOM duiokymsaiuu [4, 11]. L pe-
IIeHUA TIOCTaBJIEHHON 3a/auy NPUMEHAIOT He-
CKOJIBKO PEareHTOB-JUCIIEPTaTOPOB, BKIIIOUAs CU-
JuKatr Harpud, GocHopHYI0 KUCIOTY, OpraHmde-
cKkue mmosiuMepsi [5, 12, 16].

3ajava HACTOAIIMX UCCIIEJOBAHUI — paspa-
60TKa cXeM U PeKMMOB IMOJITOTOBKY IIJIaMOBBIX
kjaccoB AIIIP k ¢ioTanmuu ¢ UCIOIb30BaAHUEM
CUJIbHBIX QJIOKYJIAHTOB U onepaiuu aedIoKyis-
LMY CTYILIEHHOTO NPOAYKTa peareHTaMU-JUCIIeP-
raTopaMu, MCII0JIb3YeEMBIMU B 6230BOM pexRUMe
droranun.

Xapaxmepucmuxa mpyonoobo2amumulx ana-
mum-wmacggenumosvix pyd. [To MexaHUIECKUM
ceotictBam AIIIP KoBmopckoro MecToposxkaeHus
rofipasiesIAl0T Ha KaMeHUCThle U phIxjble. Ka-
MeHuctelie AIIIP mMmeloT cpegHI0OI0 HMJIOTHOCTH
2600 xr/m3, kosdduiiuenT kKpemoctu mo I[IporTo-
IBAKOHOBY 4—6, eCTeCTBEHHYIO BJIaXKHOCTD 7 %;
OTHOCATCS K XOPOIIo 060oraTuMbIM. PhIXjIbie py-
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JIbI XapPaKTEPU3YIOTCA TTOHUIKEHHOMN JIOTHOCTHIO
(~ 2300 kr/m?®), MeHbIIIeH TPOYHOCTHIO (K0P PHu-
UEHT KperocTy 1o [[poTombAKOHOBY paBeH 2—3)
¥ IOBBIIIEHHON BiaaxkHocThIo (12 %). Haubosee
TpyaHOoOGOTaTUMasi YacTh Py[ — TOHKHE KJjac-
col (kpymHOCTh -0,02 MM). B Hux mpeobiamator
mraddenut (33-38 %), amatut (24-28 %), Bep-
Mukyaut (20-24 %). [1laMoBbIe Ky1acChl MaCCUB-
HBIX py7A (knacc -0,02 mm) mmo comepskanuo P,0O;
Ha 12-15 % Goraue, uem 6o0Jiee KpyIIHbBIE KJIACCHI.
[ITnamoBbIe KJIaCChl PBIXJIBIX U3MEJIbYEHHBIX DY
o cogepkanuio P,O; 1 MUHepaJIbHOMY COCTABY
6JIM3KY K PYIHON Macce B I[eJIOM.

[ITradpdenut obmamaer cHUKeHHON BIIOTHPYE-
MOCTBIO 110 cpaBHEeHUIO ¢ amaTuToM (Ha 3-8 %),
IIPY 3TOM MeJIKMe KJjacchl mrabdennuta u3 poix-
JBIX anaTuT-mraddenuToBbiX pyL GIOTUPYIOT-
cs ocobenHo ciabo. VzBieyenue amaTuta U3
poixsbeix AIIIP Ha 3-5 % HMXKe, UYeM M3 MaCCUB-
HBIX PYI. DTO 00BACHSAETCH, B IIEPBYIO OYEPEb,
TeM, YTO TOHKUE KJIacChl amaTuTta u mradpdesn-
Ta MOABUJINCH ITPU U3MEJIbYEHNY MUHEPAITBHBIX
00pas3oBaHUM, XapaKTEPU3YIOIUXCs CYIIEeCTBEH-
HBIMU TUIEPreHHbBIMU U3MEHEHUSAMHU, IIPOU30-
MIeIINMU B pyHax [2, 3].

OrnuuurenbHas 0COOEHHOCTH TPYymHOOOOTA-
tuMbix AIITP KoBrmopckoro MecTopokaeHus 3a-
KJII0YaeTCs B MPUCYTCTBUU OOJIBIIIOTO KOJIUYE-
CTBA LIJIAMOB. Pe3ysibTaThl MIPOMBIIIIJIEHHOTO OIl-
poboBaHMs MMOKA3bIBAIOT, UTO B HMCXOIHOHN APO-
Os16HOI pyZe KPYMHOCTHIO -25 MM CO/iep:KaHue
kiaacca -0,04 mm cocraBiser g0 15 %. Bropuu-
HBIE 11J1aMbl, 00pa30BaBIINECS B ITPOIECCE PY/I0-
IIOJITOTOBKY, UMEIOT IIOBBIIIIEHHOE COJlepKaHMe
P,0;, cocrasnsmimiee 18,1-26,4 % (tabs. 1). 13
P€e3yAbTATOB aHaJN3a I'PAHYJIOMETPHUUECKOTO CO-
craBa u cojepxkanusa P,O; B anmaTUTOBOM KOH-
LeHTpaTe BUHO, 4TO ToHKHe Kjaccbl AIITP us-
BJIEKAIOTCs ¢1ab0 U CyIIeCTBEHHO CHUIKAIOT Ka-
YecTBO KOHIleHTparTa (Tabi. 2).

[IpencraBieHHbIe Pe3yabTaThHl 060CHOBHIBA-
0T BaXXHOCTh 3aJ[a4H, pPelIaeMoul B HaCTOAIIeHN
pabore, HaleJIEHHON Ha BHIOOP PERUMOB, 0be-
CIIEYMBAIOIINX TTOBBIIIIEHUE TTOKA3aTeJeN Crylie-
HUA U1 poTanuy 1miaaMoBbsix KiraccoB AITP.

Memooduku uccnedosaruii. JIas uccaemosa-
HUA MIPOI[ECCOB CTYIIEHUA IIJIAMOBBIX IPOYK-
TOB MCITOJIb30BaJIach YCTAHOBKA, 00eCmeunBaro-
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Imasa MexXaHU4YecKoe IepeMelInBaHUEe U II0CJie-
JlyIoIllee OTCTaWBaHUeE IIyJIbIIBI OTHOBPEMEHHO B
IIeCTY TUJIWHAPAX, YTO [T03BOJIAET OIPENEINUTH
CKOPOCTb OCa’KJeHHs IIJIaMOBBIX IIPOAYKTOB IIO
rpaHuIle OCBETJIEHHOH 30HBL. B Xome skcmepu-
MeHTa B BOOHYIO pasy Ipu IepeMellnBaHUH J0-
0aByAnu peareHT-QJIOKYJIAHT, 3aTeM MEIIaJIKy
BBIKJIIOYAJIH, U3BJIEKAJIN €€ U3 IUJINHPA U IIPO-
BOJIMJIV CTYIIIeHHEe CJINBA C KOHTPOJIEM I'PaHUITBI
ocBeTJIEHHOM ob1acTu [9].

ITpu mccienoBaHUM BIUAHUSA peareHTOB-AHC-
IIEPraTopoB B J00aBJIAEMYIO IIOCJIE IEPBUYHO-
r'o CryllleHUsA U OTHeJsIeHUsA cJIUBa BOAHYI0 dasy
IofiaBaJIN peareHThI-fucnepraropsl. lediokymna-
IV ¥ TIOBTOPHOE CTYITeHHUE IIIJIAMOB OCYIIIECTBIIA-
JINCh B TeX 3Ke IUJINHAPAX I0CJe YOAaJeHUuA BOJ-
HO# dasbl ¢ n36bITKOM GJIOKYyIAHTA, HobaBie-
HUA BOOHOH ¢asbl ¢ peareHTaMU-AHCIIepraropa-
MU U MEXaHUYECKOTO IlepeMelIuBaHuA. 3aTeM,
II0CJie U3BJIEYEHUA MEIIaJIKH, TPOBOAUIIN IIPO-
Ilecc ITOBTOPHOTO CTYIIeHU:A, BogHYy0 dasy oTne-
JIAJIM TAKUM 00pa30M, 4TOOBI IIJIOTHOCTD CTyIIIEH-
HOTO IIPOYKTa COOTBETCTBOBAJA TPeOOBAHUAM
¢dnoranuu. Otnenénnasn BogHasa ¢pasa, cogepKran-
I1as peareHTHI-IUCIIEPTaTOPhl, OCBETJIAIACEH B CTy-
CTHUTeJIe ¥ TIOBTOPHO II0[]aBaJIach B PERUME 3aM-
KHYTOTr'0 BOooO0OpoTa B omepanuio aedioKyia-
IIUY CT'YIIEHHOI'O IPOAYKTA UJIH B OIlepaIiuio ¢Jio-

Tabn. 1. paHynomeTpuyecKnin coctaB u pac-
npepeneHue P,O, no Knaccam KpynHOCTY BTO-
pPUVYHBbIX Wiamos pbixnbix ALLUP

Table 1. Granulometric composition and P,O; distribution by
size classes by size classes of secondary sludge of loose ASO

e g, St e
MM 0 % P,0;, %
+0,05 4,9 18,1 3,7

-0,05...+0,032 6,0 19,6 2,4

-0,032...+0,020 3,7 12,4 1,9

-0,020...+0,010 | 21,4 26,2 22,5

-0,010...+0,005 | 21,3 26,4 22,7
-0,005 42,7 24,6 45,2
Hroro 100,0 23,9 100,0

raruu. CryméHHbIi TPOAYKT Aajiee 00beIuHAI-
Cs C TTECKOBBIM TTPOJYKTOM, B HUX IOABaJIUCH
daoTanoHHbIe peareHThl U MPOBOAUJIICA MPO-
necc goranuu.

JlaboparopHble HcCaeIOBAHUA 000raTUMOCTH
AIIIP c mpuMeHeHWEM TEXHOJIOTHU ITOCJIEI0OBa-
TEJBHOTO CTyIeHus U GIOTAIUY IIJIAMOB ITPO-
M3BOJIUJIACH HA MPOMBIIIJIEHHBIX TTPOAYKTAX CXe-

Ta6n. 2. CuToBasA xapakTepUCTUKA anaTUTOBOro KoHueHTpaTa ¢notauun ALLP n nokasarenu

060raTnMocCTu Knaccos KPYNHOCTUN pPbIXNbIX pyA

Table 2. Sieve characteristics of apatite concentrate made by ASO flotation and washability indices of loose ores’ size classes

Kitaccer Houtst kmacca Copepxanue P,0O; Copepxkanue P,O; WsBieuenue

KPYITHOCTH, KPYITHOCTH B KJlacce KPyITHOCTH | B Kitacce kKpymHoctu | P,O; mo kmaccy

MM B KOHIIeHTpare, % pyzsrL, % KOHIleHTpara, % kpynHoctH, %
+0,1 32,2 23,3 36,5 69,3
-0,1...+0,074 20,1 24,9 38,9 71,3
-0,074...+0,040 9,2 26,7 42,7 73,4
-0,040...+0,020 8,7 22,5 42,6 68,9
-0,020...+0,010 9,6 22,2 32,2 47,4
-0,010 8,8 22,5 24,6 38,2
-0,05 11,4 16,4 21,3 24,3
NToro 100,0 22,9 34,9 65,6
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MBI [TIepepaboTKH, BKIIIOYAIOIIENH Oepanuu 1po-
OJ1eHUsI, OTMBIBKM M KJaacCUPUKAIIUU PYIBI C
yIajieHueM EPBUYHBIX IIJIAMOB, U3MeJIbUeH U,
KJIaccupUKaAIMY, CTYIIeHUA BTOPUYHBIX II1JIAMOB,
dnoraruu [3, 6]. B xo/ie 3aMKHYTHIX OMBITOB U3-
MeJIbU€HHAA amaTuT-mraddesnToBas pyna Imo-
cJie orepaluy MarHUTHOM cemapaluy mojBepra-
Jlach TOM3MEJIBUYEHUIO U obeciiaMmanBanuio. Ile-
CKU KJIacCUPUKAIMU TOCTYMATU Ha IECKOBYIO
dnoTanuio, MIIAMOBBIH IPOAYKT HANPABIAICA
Ha CryIleHue U HamMoByio ¢uotamuio. [lo ane-
TePHATUBHOU CXeMe UCII0JIh30Bajiach cxeMa 00b-
eIUHEHHOU (PJIOTAIMU TTECKOB U 11jaaMoB. L{uks
daoTanuy BKIIOYA OCHOBHYIO, IEPEUYUCTHYIO U
KOHTPOJIbHYIO onepanuu. [IpoMIIpoayKThl CXeMbl
pasesisii Ha KOHIIEHTPAT U XBOCTBI, KOTOPBIE
00beINHSAINCEH C COOTBETCTBYIOIIMMHU MTPOyKTa-
MU OCHOBHOU cXeMbl. B KauecTBe peareHTOB-IUC-
[epraTopoB M OJTHOBPEMEHHO JIETIPECCOPOB IIy-
CTOU MOPOMBI UCIOJIb30BAJIN KAYCTUUECKYIO CO-
ny (pacxonm 300 r/T) u kumkoe cTekyao (pacxon
300 r/T). B kauecTBe cobuparens NIpUMeHATU
ombiiennyio 2KKTM (kupHOKHUCIOTHYIO dpak-
10 TajoBoro Macia) (pacxon 350 r/T), B Kade-
CTBe peryasaTopa BCIIeHUBaHUA — peareHT M-246
(pacxop 150 r/T).

[Tpu nabopaToOpHBIX MCCIIENOBAHUAX IIIJa-
MOBBIM TPOAYKT CryIasu ¢ mobasienueM ¢pio-
KyJsHTa B PaJUaJIbHOM CTyCTHUTeJIe, CJIUB OT-
npaBiAau B gpeHax. CryéHHbIA IPOAYKT pas-
OaBJisyii 0O0OPOTHOM BOJOH IIJIAMOBOTO I[MKJIA,
HAIMpPaBJsAAU HAa KOHAUIMOHUPOBAHUE C pea-
reHTaMU-UCIIEPTATOPaMU U Pa3essijii Ha Cry-
MEHHBIN MPOAYKT U ¢uB. Crymi€éHHBINA TPOAYKT
HAINpaBaAad Ha PJIOTAINIO, CIUB IIOBTOPHOI'O
CTYIIeHUsI — Ha OTCTAWBAHUE; OYUIeHHass 000-
poTHas Bofa TOfaBajach AJs pa3baBaeHus Cry-
MEHHBIX IJTAMOB MEPBOU CTAAUU CryleHus (B
3aMKHYTBIX OITBITAX) U Ha GJIOTAIHIO.

Peszynomamut ucciedoganus u ux obcyxcoerue.
st BBIOOpa ONTUMAJIBHBIX PEKUMOB OBLIN TTO-
CTaBJIEHBI ONBITHI IO CTYIIEHUI0 U GIOTAIUU
CTYLIEHHOTO LIJIAMOBOT0 Kiyacca. Cxema ombiTa
BKJIIOUAJIa MOCJIeIOBATEIbHbIE OMEPAIUU CTyIIe-
HUS 11JIAMOBOT'O KJIacca, IMOJIyYEHHOT0 B PE3yJib-
Tare KjgaccuPUKAIUU U3MEJTbUYEHHOU PY/IBI, C
IIPUMEHEHUEM CHUJIbHBIX aHUOHHBIX (QJIOKYJIAH-
ToB «IIpaecton-2530» u «IIpaectosn-2540» u ero
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droTanuu ¢ UCIOIB30BAHUEM PEATEHTHOTO pe-
JKUMa, OJIU3KOTO K pexkumMy GJIOTAIMN U3MEITh-
uéunon AIIIP o mpoekTHOM cxeMe repepaboTKu.
®oTanOHHBIE ONMBITHI HA CTyIIEHHON Mpobe
1IJTAMOB TTOKA3aJIN: 3aBUCUMOCTY CyMMAapHBIX TI0-
Tepb P,O; oT pacxona ¢GJokyasHTa B oleparuu
CTyLIeHUA UMEIOT BBIPAKEHHbBINI MUHUMYM, UTO
00ycJI0BJIEHO BO3pacTaHHeM MOoTepb pochaTHBIX
MUHEPAJIOB BO GJIOTAIIUY KaK TP ITOBBIIIEHUH,
Tax U U CHUKEHUU pacxofa ¢iokynsaaTa (puc. 1).
ITpu pacxonme dpokynanToB «IIpaecton-2530» u
«IIpaecros-2540» 6ostee 15 r/T HabaomaeTcs 3a-
MeTHoOe cHusKeHue comepxkauus P,O, B amaTturto-
BOM KOHI[eHTpaTe (puc. 2).

CHukeHMe KauyecTBa KOHIIEHTPATa, Kak U yBe-
nmuenue norepsb P,O; mpy MOBBIIIIEHHBIX PaCX0-
nIax GJIOKYIAHTA, CBA3AHBI C BO3paCTaOIIel NH-
TEHCUBHOCTHIO BTOPUYHOI HeCeJIeKTUBHOU (JI0-
KyJIAIUYU, TPOTEKAIIIell HEMOCPeICTBEHHO BO
doTaroHHOM TIpoIIECCe.

30
X 1
25 \ * 2
m3
hN
X 20
o \
D_N
= 15
o}
2 ~ -
o 10
= _/.><‘/
5 E—
—
0
0 5 10 15 20 25 30

Pacxopg crokynsHTa, r/T

Puc. 1. 3aBucumoctb nortepb P,O; npu cryuie-
HUM 1 ¢notaymm wWnamoB oT pacxoga ¢pno-
KynaHTta «[paecTton-2540»:

1 — oburue moTepu; 2 — IOTEPU B OTIEPALUU CTYI[EHUS;
8 — notepu B onepanuu GIoTAUN

Fig. 1. Dependence of P,O; losses during slurry thickening
and flotation on “Praestol-2540” consumption:

1 - total losses; 2 — thickening losses; 3 — flotation los-
ses
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Puc. 2. 3aBucumoctb copgepxaHua P,0, B KOH-
ueHTpaTe npu ¢notauymm wnamos ALUP ot
pacxona ¢pnoOKyNnAHTOB:

1 - «IIpaecT01-2530%»; 2 — «IIpaecron-2540»

Fig. 2. Dependence of P,05 content in concentrate during
ASO sludge flotation on flocculant consumption:

1 —“Praestol-25307; 2 — “Praestol-2540”

Inst Beibopa pekuMa CryIieHdus C MHUHU-
MaJIbHBIMH TIOTEPAMHU TOHKUX KJjaccoB ¢docdart-
HBIX MUHEPAJIOB OBIJIM MTOCTABJIEHBI CeIUMEHTA-
I[MOHHBIE OMBITHI. Pe3yIbTaThl OCAKIAEHUs P06
1IIJTAMOB IIPY MCIOJIb30BaHUU GioKynaHTa «IIpa-
ecTosn-2530» 1mokasajy, 9YTO CKOPOCTb OcazKje-
HUA, OTOXJECTBJIAEMasaA CO CKOPOCTBIO yBeJIU-
YeHUA BBICOTHI OCBETJIEHHOTO CJIOA, BO3PACTAET
C TIOBBILIIEHWEM PACXO[a KaK IPU MEePBUYHOM,
TakK ¥ MMPU BTOPUYHOM ocaxkjenuu. ma AIIIP
9 deKT BTOPUYUHON (PJIOKYIIALNYN IIJIAMOB BECh-
Ma yCTOHYMB U IOABJIAETCA He TOJIbKO IIpU Iep-
BUYHOM pas3baBJIEHUHN CTYIIEHHBIX I1JIaMOB, HO
U IIPpU TIoCTIeAyoIeM (BTOPUYIHOM U TPETUUHOM)
X pa3baBIeHUN U OCAKACHUN.

DdbderTuBHOCTD cryleHus maamor AP
OIleHMBAaJIaCh C MCIIOJIb30BaHUEM KUHETHUYEeCKO-
ro nokaszaresnd Gpiaokyaanuu D, mpeIoKeHHOTO
B pabore [4]:

o) o o} o
D _ Voca}le - VOCa)K}I _ oce — hOCG
Voocax;: hgcs ’
rae: VO o TV aun — CKOPOCTD OCaZKJeHUA

TBEPJIOTO TIPU KUCIIOJIH30BAHUN (DJIOKYJIAHTA U B
KOHTPOJIbHOM ormbite (M/c); h®* , u h°,,, — BbICcOTA

ocB OCB

© Mopos3os B. B., [lonueaHckas B. B., 2021
© Morozov V. V., Polivanskaya V. V., 2021

OCBETJIEHHOTO CJIOA KUAKOCTU (M) IPU HUCIIOJb-
30BaHUY QJIOKYIAHTA U B KOHTPOJIBHOM OIIBITE.

[Tokazarenb GIOKYIAIMM PACCUUTHIBAIIN JIJIA
HAYaJbHBIX YYACTKOB CPAaBHUBAEMBIX KPUBBIX
ocaxkmenus (muisa nepsbix 60 c). OnleHKa UHTEH-
CUBHOCTHU BTOPUYHOU (DJIOKYJIAIUHU TPOBOAUIIACE
cpaBHeHMeM Iokasaresnsa Gokynanuu D npu mno-
BTOPHOM U IIEPBUYHOM CTYIIIEeHUHU IIJTAMOB.

Amnanus pes3ysbTaTOB OIBITOB IO CTYIIEHUIO
mmaMoB AIITP nokasasi, 4To MakcuMasbHas CKO-
POCTB OCaXKIEHUA TOCTUTAETCA IIPU pacxoje (Jio-
KyJaAaHTOB 6ostee 25 1/t mama (tab. 3). [pu ta-
KOM pacxoze GJIOKYIAHTA ToKa3aTerb GIOKYIA-
nuu D mocTuraer MakKCUMyMa.

[Ipu ucmonb30BaHUYM BBIOPAHHBIX (DIIOKYIIAH-
TOB OB TOJIyYEH CTYIEHHBI MaTepuasl BbI-
COKO¥ TJIOTHOCTHU (C CoZlep:KaHUEeM TBEP/IOTO 0
45 %). CpaBHeHHE pPe3yJIbTATOB BBISABUJIO, UTO
WHTEHCUBHOCTDH MEPBUYHOrO CTYIIeHUs TOHKUX
kaaccoB AIIIP npu npumenenuu GIoKyIAHTA
«IIpaectos-2540» Ha 5—-8 % BbIllle, YeM ITPU UC-
nosib3oBaHUM «IIpaecto1-2530%». CKOpOCTh BTO-
pudHON (GIOKYIAAIUU TPU KUCIOJIH30BAHUU 0O-
see cunpHOro ¢yokynanTta «[Ipaecton-2540» cy-
IIECTBEHHO BBIIlIE, UeM npu npuMeHenuu «IIpa-
ectos1-2530» (cM. Tab1. 3), 9TO, C OHOI CTOPOHBI,
TTOITBEPK/IAET BBIBO/L, O €ro 60Jibiitedt aphekTuB-
HOCTH, a C JIPyTOi — TOBOPUT 0 O0Jiee MHTEHCUB-
HOM IPOTEKAaHUU ITPOoIecca HeCeJIeKTUBHON BTO-
pUYHON GJIOKYJIAINNU U BEPOATHOM CHUIKEHUU
rnokasareJsieit GJIoTaINH.

Ilo momydyeHHBIM pesyabraraM QIIOKYJIAHT
«ITpaecton-2540» ObI BBIOpPAH [JIA TPUMeEHE-
HUA B ONEPAINU CTYIIEeHUA IIJIAMOB IIMKJA U3-
menbueHua AIIIP. JIn1s moBbIIIEHUA M3BJI€YEHUsI
P,O, u kayecTBa KOHIleHTpaTa ObljIa MMOCTaBJIE-
Ha 3aJada CHUXKEHUA WHTEHCUBHOCTU BTOPUY-
HOUW GJIOKYJIANUY U, B ONTUMAaJJIbHOM BapUAaHTE,
obecrieyeHuss MPOTEKAHUS CETEKTUBHOU (PIIOKY-
AT maamMoB. Takod pesysabTaT MOKET OBbIThH
JOCTUTHYT IIPU UCIIOJIb30BAHUM pPeareHTOB-IUC-
nepraTtopos [11].

Ha mavaspHOM BTarne ncciaenoBaioch BIUA-
HUE peareHTOB-IUCIIePraTopoB Ha BTOPUUHYIO
drokynanuio maaMoB npu ¢ioranuu. Metonu-
Ka DKCIIEPUMEHTA IpeIojaraja mojgady B Cry-
LIEHHBIN TPOAYKT Iepen poTamyei peareHToB-
JIUCIIepPTaTOPOB.
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Ta6n. 3. 3HaueHUA NoKasarens d)J'IOKyﬂFlLI,I/II/I D npoueccos ceguMeHTaln WiamMoBbIX Kj1aCcCoB

npun ncnosib3oBaHnn (I)HOKyHﬂ HTa

Table 3. Values of flocculation index D for sludge classes sedimentation in flocculant use

Pacxop «IIpaecron-2530» «IIpaecron-2540»
$rokynanTa, [TepBuunoe Bropuunasn [TepBuunoe Bropuunas

r/T CryIIeHue borysAMS CryIeHue biokyssMS
0 1 1,3 1 1,3
5) 2,2 1,6 2,4 1,7

10 2,7 1,9 2,8 1,95

15 3,5 2,4 3,7 2,35

20 3,7 2,6 3,9 2,5

25 3,6 2,8 3,75 2,7

30 3,4 2,9 3,5 2,85

C y4uéToM paHee BBITIOJTHEHHBIX UCCIIEOBAHUN
[7] B KauecTBe peareHTOB HCIIBITHIBAJIACH CMECH
JKUKOTO CTeKsa U Kayctudeckout combl (NaOH).
KouxkpeTHoti 3amadeit 661710 onpe/iesieHre ONTH-
MaJIbHBIX COOTHOIIIEHU! peareHTOB-IUCIIepraTo-
POB. Pe3ybTaThl SKCIIEPUMEHTOB ITOKA3AJIU, YTO
HauboJiee CUJIbHBIM AUCIEPTUPYIOIUM CBOUCT-
BOM, OI[€HMBAEMbBIM IO 3HAYEHHUIO MOKA3aTEJIs
bnokynanuu D, obramaeT cMech KUAKOTO CTEK-
Jia U KayCTUYECKOU COZBI ITPU J0Jie KOMIIOHEHTOB
ot 40 mo 60 % BecoBrix (puc. 3, KpusBbie 2—4).

JaHHbIe nccyieToBAHUE TTO3BOJIMJIN PEKOMEH-
JIOBaTh CMeCh JKHUJIKOI'O CTEKJa U KayCTUUIECKOH
cobl B cOOTHOIIEHUU Osimskom 1 : 1 mimsa med-
JIOKYJANWUYU CTYLIEHHOTO MPOAYKTA U yCTpaHe-
HUA 3PdeKTa BTOPUIHON QIOKYIIAIUYU IIIJIaMOB
ATIIIP B omeparuu paoraruu. DPPeKT OT UCIIOTb-
30BaHUS CMECHU PEeareHTOB-IUCIEPTaTOPOB Ipe-
BBIIIaeT 5PpGEeKTUBHOCTD OTAEIBHO B3ATBIX pe-
areHTOB IIPU TOM 3Ke 00111eM pacxoze. CuHepreTu-
JecKUil 5PODEKT cBABAH C MEePEBOJOM KUIKOTO
crekyia B nonuyio ¢popmy (HSiO,” u SiO,*), xa-
PaKTepU3YOINYI0CA BBICOKOW XMMUYECKON aK-
THUBHOCTBHIO 110 OTHOIIIEHUIO K TIOBEPXHOCTHU He-
CcyIbOUIHBIX MUHEPAJTIOB.

Amnanus 3aBucumocTy (CM. puc. 3) MOKasaJl,
YTO peareHTHYI0 00paboTKy Ajs AedIoKyIAnun
II1JTAMOB HE0OXOTMMO TTPOBOAUTD ITIPU CyMMAapPHOM
pacxome pearenToB-gucnepraropos 600-800 r/T.
OnHaKO CTOJIb BBICOKAsi KOHIIEHTPAIIUSA UCIEP-
raTopoB, 00JIaAIOIUX CBOMCTBAMU JEIIPECCOPOB
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110 OTHOWIEHHWI0 K dochaTHBIM MUHepasiaM, He
mo3BoJiAeT ux 9pbeKTuBHO PpoTUPOBaATH. Pesysb-
TaThl OIPOOOBAHUA JIEMOHCTPUPYIOT, YTO doc-
daTHBIe MUHepaJIbl XOPOIIIO U3BJIEKAIOTCA B KOH-
LIeHTPAT, ecJIM cyMMapHasA KOHIIeHTPaIlUuU XKUJI-
KOT'O CTeKJIa U KayCTHUYeCKOU conbl BO (IIOTAIU-
oHHOU mynbiie He mpeBbimaeT 300-400 mr/a [7,

52,8
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CyMMapHbI pacxod peareHTOB-AUCNepraTopos, r/T

Puc. 3. 3aBucumoctb nokasarens D pgnsa BTO-
pVYHON GNOKYNALUM WIAaMOB OT [ONN XKNA-
KOro cteKkJsia B CMecun gncnepratopos:

1-70 %;2-60 %; 3 - 50 %; 4-40 %; 5-30 %

Fig. 3. Dependences of D index for secondary slurry floc-

culation on liquid glass proportion in the dispersant mixture:
1-70 %;2-60 %; 3 - 50 %; 4-40 %;5-30 %
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10]. TloaToMmy HeoOx0IMMO PA36ABIIATH MUTAHME
[IJ1aMOBOM (PJIOTAIUU BOAOU WUJIU CMEIIUBATH
IIIJIAMOBBIH MPOAYKT C IPYTUM IPOAYKTOM.

s npenmorspaiienus genpeccuu docdart-
HBIX MUHEPAJIOB pU GIIOTAIUY ObIJT UCIIOJTH30-
BaH JIBYXCTAAUaJIbHBIN PEKUM CTYIIEHU IIIJIa-
MOB, TIPelyCMaTPUBAIOIINH KOHIUITUOHUPOBA-
HUe [JIAMOBBIX KJIACCOB C TIOCJIE0OBATEIbHOU TI0-
nmadeii cuiabHOTO duiokynaHTa «IIpaecton-2540»,
yAajeHue ciauBa, NobaBiieHUe peareHTOB-IUC-
mepraTopoB (3KUAKOE CTEKJIO + KayCTUYecKas Co-
Ia B cooTHotennu 1 : 1), Bropyio cTaguio cryie-
HUA U 00beIMHEHHYIO (JIOTAIMIO IIECKOBOM U
[IIJIAMOBOMU JacTel ncxoguoro nutauud. Caus BTo-
POl CTagUU CTYIIEHUs TOCJe€ OTCTAMBAHUS Ha-
MpaBJIsJICsA B pa3baBiieHue CTYIEHHOIO MIJIaMa 1
Ha ¢uoraruio. CornacHo BeIOpaHHON cxeme Tie-
CKOBBIY W IIJIAMOBBIN MTPOAYKTHI MOCIE 00Bbeu-
HeHUs obpabaTbiBasiv cobupareseM U PErysasTo-
pom (2KKTM u Heonoun). B nepeuncrusie onepa-
[[UU JOTIOJIHUTEJIFHO MOAaBaJIU KHUIKOE CTEKJIO,
B KOHTpOJbHBIE — cobupaTens 2KKTM.

[Mpu o6BbeqUHEHUN CTYUIEHHBIX NIJTAMOB U
MTeCKOBOTO TIPO/IYKTA CyMMapHasi KOHIIEHTPAI[US
KayCTUUYECKOH COMIbI U JKUJKOT'O CTEKJIA B BOITHOU
daze ymensimunack g0 300-400 mr/m, yto obe-

cneunsio 3¢deKTUBHOE MofaBaeHue GIoTaUU
I0POI0006PA3YIOIINX MUHEPAJIOB IPU YCTONYU-
Bo# ¢uioranmu amarurta u mwradpdenura. Takum
00pasom, mpeJioxKeHHbIE CXEMbI U PEXKUM IO/ -
TOTOBKH IIIJIAMOB K GJIOTALIMY TIO3BOJIAIOT, C OfI-
HOUW CTOPOHBI, MPUMEHUTDL dPdeKTuBHbIE (JIO-
KyJAHTBI U YMEHBIIUTD MOTEPU POCPaTHBIX MU-
HepaJIoB CO CJIMBaMM OIlepalluy CryIeHus:d, a ¢
JIPyrofl — MpeJOTBPATUTDh CHUXKEHUE [ToKa3aTe-
Jieti 3a CUET HECEJIEKTUBHOU QIJIOKYIIAIMU TOHKUX
kJtaccoB pochaTHbIX MUHEPAJIOB U TOPOI000pa-
3YIOI[MX MUHEPAJIOB HETIOCPEICTBEHHO B IIPO-
necce GIOTAIUH.

[IpensioxkeHHBIN NBYXCTaUAJIBHBIN PEKUM
KOHIUITMOHUPOBAHUA MIJIAMOBOTO KJacca Ieper
daoTarueri 66171 aPOOUPOBAH B JTAOOPATOPHBIX
YCJIOBUAX B OTKPBITBIX OIBITAX C KOHTPOJIEM KHU-
HeTuku Qioranuu. Pacxon npumeHAeMbIX (Jio-
kynsaaTta «[Ipaecton-2540» — 20 /T, peareHTOB-
JUCIIEPraTopoB (KayCTUUECKON COMIbI U JKUJAKOTO
creksa) — o 200 r/T. Pe3ysnbrarTsl 5KCIIEpUMEH-
TOB (TabJ1. 4) TOKA3bIBAIOT, UTO IPUMEHEHUE IBY X~
CTaINaJIPHOT'O PEXUMa CTYIIEHUA C olepalyei
e bIIOKYIANMY CTYIEHHBIX IIJIAMOB ITO3BOJIAET
CYIIECTBEHHO YBEJIUYUTH CKOPOCTH (GJIOTAIUU
dochaTHbIX MUHEPAJIOB U UX U3BJI€UEeHUe, IPU-

Ta6n. 4. CpaBHeHMe noKasaTenen ¢pnoTtauyum nsmenbyéHHbix ALLP npu ncnonb3oBaHum ogHO-
CTaAnanbHOro 1 ABYXCTaANaNbHOrO PEXUMOB KOHANLIMOHNPOBaHUA CrYLIEHHDIX LWIAaMOB

Table 4. Comparison of crushed ASO flotation indices in using one-stage and two-stage conditioning modes for thickened

slurries

Kiace kpynHocTH, MM

Pexxum dpnoranyn

+0,1 | +0,074...-0,1 | +0,044...-0,074 | +0,010...-0,044 | -0,010 | Cpentee
Koncmanma ckopocmu ¢promayuu
OpHocTaguaIbHbIA
PeRUM CTyIIeHud 0,110 0,116 0,130 0,091 0,034 0,110
IIIJIAMOB
AByXCTauaIBHBLA PEXIM | 113 0,122 0,131 0,093 0,064 | 0,124
CI‘yH.IeHI/IH I1JjIaMOB
H3zeneuenue P,0; 8 konuenmpam gpromavuu, %
OnHocTazmanb LI pexuM | g 4 93,5 94,7 83,3 52,4 86,56
CTyIIeHUs IJIAMOB
AsyxcraguanbHbIL pexuM | g o 93,7 95,2 87,9 76,5 89,12
CTyIIeHUs [JIAMOB
oM B.B., I B.B., 2021
Opo30B OJINBaHCKaA 127
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Puc. 4. Cxema nsmenbyeHus n ¢pnotauyum AP c AByXCTaananbHbIM LMKIOM CryLLEHMWA WIAMOB:
2KC - xupgkoe creksio; KC — kaycruueckasi cona; 2KKTM — sxkupHokuciaoTHas dpakuus tasosoro macaa; OB —

obopoTHas Boga

Fig. 4. Scheme of ASO grinding and flotation involving two-stage slurry thickening cycle:
2KC - liquid glass; KC — caustic soda; 2KKTM - tall oil fatty acid fraction; OB — recycled water

4yéM B HaMOOJIbIIIEH CTEleHU — AJIsA I1JIaMOBOI0
kjacca -0,01 mm.

[TpuuuHa ynydiieHusa mokasartesaei ¢piora-
IUU — paspylleHne HeceJeKTUBHBIX GJIOKYJI ama-
TUTOBBIX MUHEPAJIOB C MUHEpPaAJaMU IIyCTON IO-
POIIbI U peasyin3arus mpolecca ceJeKTUBHON (Jio-
KYJIAI[UY, TT03BOJIAIONIEN BBIBECTH U3 IIpOIecca
YacTh IIIJIAMOBBIX KJIACCOB MTOPO000PA3YIONX
MUHEPAJIOB HA BTOPOU CTAIVU CTYIIeHUA.

VkpymHEHHBIE J1ab0PATOPHBIE HUCCIIENOBAHUS
pekuMa MOATOTOBKM IIJIaMOBBIX KJIACCOB W3-
Mepd€HHBIX AITP K doTanyu npoBOAMINCE 110
3aMKHYTOHM CXeMe, BKJIIOUAIOIIEH MpOoIlecchl U3-
MeJIbueHUsd, Kiiaccupuraimm, cryuenud u ¢oJio-
Tanuu. BeiesleHHBIN B omepanuu Kiaccupuka-
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WU II1JIAMOBBIM MTPOAYKT MOCTYIIAJl Ha OIEPAIIUI0
crymieHud ¢ npuMmeHeHueM ¢uiokynaHTa «[Ipae-
ctos-2540». CryuiéHHbIe I1JIaMBbl C COJlep>KaHU-
eM TBEpmoro 48 % pasbasisiiuch 0o 35 % TB. u
MOABepPrajuch KOHAUITMOHUPOBAHUIO C peareHTa-
MU-IVCIIEPTATOPAMU IIPU PACXOJiEe KUIKOTO CTe-
kaa 400 r/T u kayctuueckoii compt 400 r/T 11s1a-
MOB, IOBTOPHO CTYIIAJIUCh B PaJUaIbHOM Cry-
CTUTeJIe ¥ HATIPABJIsJIUCDH Ha GJIOTAIINIO.

CnuB crycTuTessa BTOPOU CTANUU COLEPIKUT
6enubiii mo P,O, mamoseiéi mpoaykt (15,4 %),
HaIpaBJieHre KOTOporo Ha GJoTanuio Hellese-
coobpasuo. Boguas dasa ciuBa COMEPKUT TO-
BBINIIEHHBbIE KOHIIEHTPAIMU JKUJKOTO CTEKJIa U
okcuma Hatpus (500-600 mr/i), 4TO TO3BOJIAET

© Mopos3os B. B., [TonueaHckas B. B., 2021
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Tabn. 5. Pe3ynbratbhl YKPYnNHEHHbIX Nnabopa-
TOPHbIX nccnegoBaHnin no ¢pnotauyum ALLUP ¢
NpUMeHeHNEeM CryweHna n aepnokynayum
LnamoB

Table 5. Laboratory study results for ASO flotation using
slurry thickening and deflocculation

Uszsneuenne | Comep:kanue
Cxema
P,O; P,0;5
MSMEJIEICHITA B KOHIIEHTPAT, | B KOHIIEHTpPATE,
u doraruu % %
Co cryuienueM
IIIJIAMOB
U COBMEILIEHHON 70,1 37,1
dnorarueit
IIECKOB U IIIJIAMOB
C aByxcTaiaIbHbIM
CTYII[EHUEM IIIJIAMOB
U COBMEILIEHHOM 71,5 37,8
dnorarueit
IIECKOB M IIIJIaMOB

HCII0JIb30BATH €€ I10CJIe OTCTAUBAHUA B PERUME
3aMKHYTOTO BOJIOO60OPOTA B TEXHOJIOTHUYECKOM
mporiecce AJsi pasbaBeHusA CryIEHHBIX IIIJIa-
MOB U B I[uKJIe Guiotarnuu (puc. 4).

B kauecTBe peareHTOB-IUCIEPTATOPOB HC-
[T0JIb30BAJIN KayCTUYECKYIO COAY M JKUIKOE CTEK-
Jo npu pacxome 300 u 300 r/T COOTBETCTBEHHO.
B xauecTBe cobuparesis MpUMEHSIIA OMbIJIEHHY 0
2KKTM npu pacxome 350 r/t. s perynupoBa-
HUA BCIEHUBAHUA IofgaBasu peareHT M-246
(150 1/7). PesympraThl yKpymHEHHBIX J1abOpaTOp-
HBIX HCCJIEOBAHUMU, IIPeCTaBJIeHHbIE B TA0JI. 5,
mokaszanu 3pheKTUBHOCTH pa3paboTaHHOTO pe-
KUMa IOATOTOBKHU IjiaMoBoro kiacca AIIP k
dioTaruu, KOTOPBIH MO3BOJINJ TTOBBICUTDH U3BJIE-
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uenue P,O; Ha 1,4 % u mOJIyYuTh Ka4eCTBEHHbBIH
kourentpar (37,8 % P,O;).

[TostyuenHble TpU yKPYITHEHHBIX UCITBITAHU-
SIX TEXHOJIOTUUECKUE Pe3yJIbTAThl 0Ka3aJINCh BbI-
1Ile, YeM B MCXOJIHOI CXeMe, KaK M0 U3BJIEUEHUIO
P,0O;, Tak 1 1Mo KadyecTBy KOHIIEHTPATa, UTO IIO-
CJIY3KUJI0O OCHOBAHMEM TOTO, YTOOBI PEKOMEH]IO-
BaTh pa3paboOTaHHBIA PEXXUM ITOATOTOBKHU W3-
Menpu€HHBIX AIlIP k dnotanym n1a mpoMmsIi-
JIEHHOT'O OCBOEHUA.

Buigodut. [IpoBenénnble MCCaeqOBaAHMS JOKA-
3aJI¥, YTO NMPUMEHEHUE CUJIbHBIX (QJIOKYJIAHTOB
TpebyeT crenua bHOU MOATOTOBKY CTYIEHHBIX
IIJIAMOB K omepariuu GJioTaiuu, obecrnednBaio-
el KOMOMHUPOBAHUE ONepaluil CTyIeHUud U
IedJOKYIANUY B IeJIsAX Pa3pylIeHUus HeceJleK-
THUBHBIX arperatoB ¢ocparHbiXx U MOpomoobpa-
3yIOIINX MUHEPaJioB. [IpesioxKeH pexkuM MOro-
toBku nsiamoB AIITP k pioTaruu, BKIrOYaromui
CTyllleHVEe CJIMBOB ONlepaliuy KilaccuPUKAIUU C
npumeHeHneM ¢uokynaaTa «lIpaecTon-2540»,
KOHJIUITMOHUPOBaHME CTYIIEHHOTO MPOAYKTa C
mobaBKaMU JKHUIKOTO CTEKJia M KayCTUUEeCKOH
combl B cooTHourenuu 1 : 1, pasbaBieHre u 1o-
BTOPHOE CrylieHue edJIOKYyJIUPOBAHHBIX IIIJIa-
MOB, (IoTanuio 06beqUHEHHOTO MMECKOBOTO U
IIJIAMOBOTO IMPO/YKTOB, BO3BPAT BOLHOU ¢asbl
CJIMBa IIOBTOPHOI'O CrYIIEHUSA B TEXHOJIOTHYe-
cKU# mporiecc. YRPYTHEHHBIMU 1a60paTOPHBIMU
UCTIBITAHUAMU ITOKa3aHa 5PPeKTUBHOCTH MPU-
MEHEeHHsI pa3paboTaHHOro pexuma, KOTOPHIA
obecreynBaeT CyMMapHOE yBeJINYEHe U3BJieue-
ausa P,O; us pyznst ¢ 70,1 1o 71,5 % mpu moBkIIie-
Huu maccoBout monu P,O; ¢ 37,1 mo 37,8 %, uTo
nmenaeT pa3paboTaHHYI0 TEXHOJIOTUIO MEepCIek-
TUBHOM 7151 IepepaboTKU TPYAHOOOOTraTUMBIX
AITP KoBropcKOro MeCTOPOKIEeHUA.

CKUi1 OrojieTeHb (HAYyYHO-TEXHUYECKUN JKYPHAI). —
2016.— No 1. — C. 345-359.

3. Muxaiinosa A. B., I'aparuuee A. B. ViccnenoBanus
dioranuu anaruta us pynasl Kosmopekoro mecro-
poxmenus // Topuerit xkyprat — 2010. — Ne 10. —
C. 42-44.

4. Hebepa B. Il. ®nokynsiiusi MUHEPAIbHBIX CyCIIEH-
suii. — M. : Henpa, 1983. — 288 c.
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Ilecmpsax M. B. ObocHoBanme u paspaborra sd-
(beKTUBHBIX METOIOB KOHAWUIIMOHHPOBAHUA 0DOPOT-
HBIX BOJ oboraTtuTesbHbIX npenmnpustuii // Top-
HBIH MHGOPMAIMOHHO-aHAIUTHYECKHUH OI0JIIeTeHb
(mayuHO-TexHUYeCKUH KypHai). — 2018. Ne 7. — C.
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Ionusanckasn B. B., Mopozog B. B. TlosbliieHue ag-
dextuBHOCTH duroTanuu anatuT-mrTaddeTUTOBBIX
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ynrBOCTY I11aMOB // HayuHble OCHOBBI U IPAKTUKA
epepaboTKY PyJ ¥ TEXHOTEHHOTO ChIPbs: MaTepHua-
g1 XXIIT MexkayHaponHO# HaydHO-TEXHUYECKOU
KOHepeHIuH, IpoBoauMoOi B pamkax X VI Ypasb-
CKOUM TOPHOIIPOMBIIIIIeHHOM Aekanbl. — 2018, — C.
109-112.

Ilonusanckas B. B., Moposog B. B., Cumenen A. A.
[ToBeimenue adpdexruBHOCTU oTaruu docdar-
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ycroruuBocTH 1aMoB // Matepuansr MexayHa-
POJIHOM Hay4YHO-IIPaKTUYeCcKol KoHpepeHIHH «50
ser Pocculickoil Hay4YHOU IIIKOJIE KOMIIJIEKCHOTO
ocBoenus Henp 3emuu». — UITKOH PAH, 2017. —
C. 45-47.
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