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Hayunsiii pykoBoautes: [onsix O.A., K.T.H., JOLEHT, TOIEHT Kadeaphbl
METAJUTYPrUY LBETHBIX METAJIJIOB U XUMUAYECKON TEXHOJIOTUN
OI'BOY BO «Crubupckuii rocy1apCTBEHHBIA HHIYCTPHAIBHBIA YHUBEPCUTETY,
r. HoBoky3Henk

[Tpocreiimmii apoMarnyeckuii  yriieBOJOpox OEH30JI BXOAWUT B COCTaB
OCH3MHA, ITUPOKO MPUMEHSETCS B TPOMBILIJIEHHOCTH, SIBISETCS HCXOIHBIM ChIPbEM
JUIS TTPOM3BOJICTBA JIEKAPCTB, PA3JIMYHBIX IJJACTMACC, CHHTETHYECKON PpE3HHHBI,
Kkpacuteneid. XoTs OCH307 BXOAUT B COCTAB CHIPOH HEPTH, B MPOMBILIIEHHBIX
Macmradax OH CHHTE3UPYETCS M3 JPYruxX €€ KOMIIOHEHTOB. TOKCHYEH,
KaHLICPOreHeH. BriepBeie OEH30COAEPKalINE CMECH, 00Pa3yIOIIMECs B PE3YIbTATE
NEPETOHKN KAMEHHOYTOJIBHON CMOJIBI, onucan Hemelkuid XxumMuk Yorann [ 'nayoep
B KHUre Furni novi philosophici, onyonukoBanHoii B 1651 roay. benzonm kak
WHAMBUAYAIBHOE BEUICCTBO Obln onucaH Maiikiom dapaneem, BbIICIUBIIAM 3TO
Bemecte0 B 1825 romy M3 KOHACHCATa CBETWIBHOTO Tasa, NOJIy4acMoro
KOKcoBaHueM yris. Bekope, B 1833 roay, monmyumn O€H301 — MpH CyXOid
NEPETOHKE KATbLMEBOM COJIM OEH30MHON KUCIOTBI — M HEMELKUH (PU3NK-XHUMHK
Oiinerapa Muuepnux. UIMEHHO TOra BemEeCTBO CTal Ha3biBaTh OCH30JI0M. [1, 2]

[Tpon3BoACTBO OEH30J1a OCHOBAHO HA MEPEPAOOTKE LEJOTO Psifa ChIPbEBBIX
KOMIOHEHTOB. Ha(ThI, TOIYOJIA, TSHKENOH (PpakLMy MUPOJIM3A, CMOJIBI KOKCOBAHUS
yIJIs1, IO3TOMY BBIITYCK O€H30J1a BEAETCS KaK HA MPEANPUITHAIX HEPTEXUMUH, TAK U
HA METATYPrHYECKUX 3aBOAaX. B 3aBUCUMOCTH OT TEXHOJOTHH TONYYCHHS H
Ha3HAYeHUs: OCH30J MOAPA3ACSAIOT Ha OCH301 HEPTSIHOH W KaMEHHOYTOJbHBIN
«BBICHICH OYMCTKHWY», «UII CHHTE3a», «BBICIIETO COPTa», «MEPBOTO COPTa», «IJIs
HUTPALMW»,  «TEXHUYECKWI»,  «cbipoil». Hambonee  «crapelit»  MeToA
NPOMBILIJIEHHOTO TMOJyYeHHsl OCH30Ja — BBIACIEHUE €r0 W3 NPEABAPHTEIBHO
OXJIWKICHHBIX ~ MUPOTa30BBIX MPOAYKTOB  KOKCOBAHMS KAMEHHBIX  YIJICH
abcopOuuell OpraHMYEeCKUMHU TOMJIOTUTENSIMU, HAMpUMEP, MAacilaMu KaMEHHO-
YIOJIBHOTO M HE(MTAHOTO MPOUCXOXKACHHS, JUIS OTHCJICHUS TOTJIOTUTENS
WCIOJIL3YIOT MEPErOHKY C BOASHBIM mapoM. OT mpumeceil (Hanpumep, THOdEHa)
CBHIpOM OCH30JT OTACSIOT TUAPOOUUCTKOM. [1-5]

OCHOBHOE KOJIMYECTBO O€H30J1a MONYYarT KaTaIUTHYECKAM PUPOPMUHTOM
(470-550 °C) nedrsaHoi (ppakumu, Beikunaromeid npu 62-85 °C. beH3051 BBICOKOH
YUCTOTHI TIOJYYArOT SKCTPAKTUBHONW NEPETOHKON ¢ AuMeTundopmamMuaom. benson
BBLICTISIFOT U U3 KUJIKUX MPOIYKTOB MUPOJIA3A HEPTEMPOAYKTOB, OOPA3YIOIINXCS B
MPOU3BOACTBAX ATUJICHA W MPOMUJIEHA. DTOT CMoco0 SBISIETCS 00Jie€ BBITOHBIM
SKOHOMMYECKH, TTOCKOJIBKY B 00pa3yrolEeiicss CMeCH MPOAYKTOB Ha JOJK0 OEH30/1a
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npuxoautcst 0koJio 40 % (3 % npu pudopmunre). OOHAKO CHIPHEBBIE PECYPCHI IS
3TOr0 crnocoda BEChbMA OrPAHWYEHBI, MMO3TOMY OOJBUIYKO YacTh O€H301a
npou3BoasaT pudopmurrom. [Ipum u30BITKE peCypcoB Toyonaa OCH30 MPOU3BOAST
TaKKE JCATKUIUPOBAHUEM, KOTOPOE MPOBOJAT TEPMUUECKUM ciocoOoM mpu 600—
820 °C B npuCYTCTBMM BOIOPOAA U BOASHOIO MApa WK KATAUTMTUYECKHA TIpU 227—
627 °C B IPUCYTCTBUU LIEOJIMTOB UIIM OKCUIHBIX KaTaIM3aTOPOB.

Jloyst KOKCOXUMHYECKOTO OeH3051a B 00I1eM OajaHce HEBEJIMKA U COCTABJISCT
nopsiaka 6—7 %. [2]

JIis MoydYeHrsl KOKCa HA METAYPrHYECKUX NPEINPHITHIX HCHOJIB3YIOT
CYXYI0 NIEPETOHKY KaMEHHOTO YIJIsl, KOTOPBIA MPEACTABIAET COOOH, B OCHOBHOM,
CMECH TOJIMAJEPHBIX APOMATHYECKUX COCIMHEHUIN C BBICOKOW MOJIEKYJISIPHOM
Maccoii. B mporecce Cyxoii MEPEroHkn KaMEHHBIM yroib HarpeBaroT 0e3 A0CTyIa
Bozayxa a0 1200-1500 °C. M3 1 TOHHBI yIiIsl MOKHO MONYYUTh OKONO 680 Kr
KOKca W 227 K- KaMEHHOYTOJIBHOTO Ta3a, KAMEHHOYIOJIbHOM CMOJIBI W
KaMEHHOYTOJIbHOTO Macjia. KaMeHHOYronbHOE Maciio (CbIpoi O€H30J1) — 3TO CMECh
oensona (63 %), Tosyona (14 %) u kcunosnos (7 %).

JITsl KOKCOXMMUYECKOTro OeH30/1a HeoOxoauMa Oosee TiyOoKasi OYMCTKA OT
HEHACBILICHHBIX YIJIEBOJOPOAOB, OCOOCHHO OT H-T€NTaHa W METHJILMKIOTEKCAHA.
Kokcoxumuuecknii OCH30JT MOJABEPracTcs PEKTU(PUKALMK TPUXKIBL MPU OTOOPE
CEPOYIIICPOIHON (pakyK, neperoHke ounmuieHHoH (pakumu BTK — monydenue
OcH30Ma «JJIs HUTpAUMW» — M OKOHYATEIbHOM BBIJCICHUM OEH30J1a TMOCIHE
JOTMOJIHATENIBHONH OYMCTKA — TOdy4YeHue OeH3ona BbicIMX Mapok. [lomydenwme
OCH3071a KOKCOBAaHWEM VYIJISl SIBISETCS TPAAULMOHHBIM KM HAuOOJee «CTapbIM)
cnocobom, oaHako B 1950-¢ roael cranm TEPITh AKTyaJIbHOCTh, TAK KaK PBIHOK
OeH3071a cTajl pacTH CYIIECTBEHHO OBICTPEE, YEM PBIHOK CTAJIM M TOSBHJIOCH
MPOU3BOACTBO O€H30j1a HA OCHOBE mnepepabotku HedTu. Tak, CIIA — B cuny
O0COOCHHOCTEM  MPUPOAHBIX  YCIOBUH  OBICTPO  MEPECOPUEHTHPOBAINACH  HA
IPOU3BOACTBO O€H30/1a M3 HE(PTIHOrO ChIPhs, Kak Oojee aewmeBoro. M ecnu B
1960 rony B 3amamnoii EBpore pake HE 3aAyMBIBAINChL O TOJYUYEHUH
apoOMaTHUYECKUX COoenuHEHM u3 chipoil HegTH, B CIIA yxe 83 % 3Tux BelecTB
nonydasim uMeHHO u3 Hee. K 1990 romy CIIIA mONHOCTBIO OTKA3aIACh OT
WCIOJIb30BaHUS KAMEHHOYTOJIBHOTO CBIPbSi B MPOM3BOJACTBE APOMATUUYECKUX
YIAEBOJ0POAOB, a B 3anmaaHoit EBpore k 3ToMy BpeMeHu U3 HeTu nojydanu 93 %
OeH307a W ero romonoroB. B Hacrosmiee Bpems B EBpore CymiecTBYET TOJBKO
YeThIPe NPOM3BOACTBA O€H307a, pabOTArOIIMX HAa KAMEHHOYTOJIBHOM CBIPBE. B
I'epmanuu, [loneme, Yexun m benbrun. IIponsBoactBo OeH3ona B Poccum enie
TECHO CBA3aHO C KOHBIOHKTYPOH PBIHKA METAJUIOB. [2, 5]

B Hacrosimiee Bpemst Ha 3aBoax Poccuy NpUMEHSIFOTCS pa3IMYHbIE CIIOCOOBI
npou3BojacTBa OcH3oma. Ha AO «EBPA3 3CMK» OpuUMEHSIOT CIEAYIOMIYIO
TEXHOJIOTHIO.

VYi1aBnuBaHuEe OCH30JIBHBIX YTIIEBOJAOPOAOB M3 KOKCOBOTO raza B CKpyoOepax
I, II, III ouepenel NHPOUCXOIUT IO OJWHAKOBBIM TEXHOJOTMYECKAM CXEMaM.
OOOpOTHOE  MOrJIOTUTEIBLHOE  MAcio, OCBOOOXKIEHHOE  OT  OEH30JBHBIX
YIJIEBOAOPOAOB («aeOeH3nHe») u OXIDKASHHOE 10 Temmeparypsl 30-50 °C,
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nofaércsl Ha MOCHEAHANA TO XOAy rasza ckpyOoOep. Ilpoiins mocnenoBarenbHO BCe
Tpu ckpyOOepa, a Ha | ouepeau — 2 ckpyOOepa, Macio, HaChIICHHOE OEH30IbHBIMU
yraeBoaopoaaMu (Macyio «OCH3MHE») M3 HWKHEH 4YacTu MEpPBOro Mo XOAy rasa
CKpyOOepa MOCTynmaeT Ha IUCTWUISILMOHHYK) YCTaHOBKY. Macno «OeH3uHE)
HACOCaMU MOJAETCs HA MACIISIHbIE Ae(IerMaToOpbl IMCTUILISIUOHHON YCTAaHOBKH 1,
II, mw III ouepenei, rae 3a CUYET TeIJIa OTXOMSIIUX MMApOB OCH30JbHBIX
YIJIEBOAOPOAOB HArpesaeTcs 10 Temneparypsl 7075 °C.

[Tocne peduermatopa Macno «OCH3MHE» MTPOXOAUT TMOCIECA0BATEIBLHO
TEI00OMEHHUKH 10 3 annapara. Macino «0en3uney no I-111 ouepensm nogaéres B
TPyOHOE TMPOCTPAHCTBO MACSHOTO TEMIOOOMEHHMKA, TAEC 3a CYET Teria
00e30€eH30IEHHOr0 Maciia HarpeBaercs a0 Temmeparypsl 105-130 °C u 3arem
NOCTYNAaeT B TPyOUaThIid 3MEEBUK OECIIIAMEHHOIO MOJ0TPEBATENS A/l HAarpeBa 110
160 °C. Harperoe macino mnocjie OecIUIaMEHHBIX IOJOrpeBareseil MOoCTymaeT B
OCH30JIbHYIO  (TUCTWJUIAIIMOHHYIO)  KOJIOHHY. [l OTAyBKM  OCH3OJIBbHBIX
YIJIEBOIOPOAOB U3 Maciia «OCH3MHE» B HUKHIOKO YaCTh KOJIOHHBI TOJAETCS OCTPBIA
nap.

OxnaxnéHHOE Macio «ACOEH3MHE» TMOCHE XOJOAWIBHUKOB TMOCTYMACT Ha
CKpyOOephl Uil yiIaBIMBaHWs OCH30JIbHBIX YIIIEBOJOPOIOB. Boma Ha oxmaxacHue
Macia «IeOCH3MHE» MOJAéTcs HAcoCaMu € MPUSMKOB TPaAHpPHU OOOPOTHOTO
nukna. [lapel OEH30JBHBIX YIVIEBOAOPOIOB, BOABI, JIEMKMX [MOTOHOB Maca,
HaTamHa W3 OCH30JBHBIX KOJOHH TMOCTYMAKT B JAeduerMaropsl, T
KOHICHCUPYIOTCS YHECEHHBIE Macia, HaQTauH W, YaCTUYHO, BoAa. Temneparypa
NapoB Ha BBIXOAE M3 Ae(JIETMATOPOB PErYJIUPYETCS KOJIMYECTBOM IMOAABAEMOIO
napa B OCH30JbHYI0 KOJIOHHY. O0pa3yroluics Mpy OXJIKICHUE NapOB KOHJAEH AT
(merma) oTBOAUTCS B cenaparop (UierMbl, BoJa — B COOPHUK CEMapaTOPHBIX BOJ,
OTKYJa HACOCOM IMOJAETCS B KOHEYHBIE Ia30BbIE XOJIOAUTBHUKH.

HeckonaeHcnpoBaHHbBIE APl OCH30JIBHBIX YIJIEBOJOPOAOB C TEMIIEPATY PO
89-98 °C mocne meduerMaropoB MOCTYNAKOT B PA3ACIUTENBHYIO KOJOHHY —HIIA
PEKTU(UKALMOHHBIE KOJOHHBL. B KOJOHHAx CeIpoi O€H3051 pasnensercs Ha
NEPBBIA (ChIPOil JETKMIA) U BTOPOM (CBIPOH TsDKENBINA) OeH30i. PaznenurenbHas
KOJIOHHA COCTOMT M3 2 4YacTel — BEPXHEH (PEKTH(PHUKANMOHHON) M HWKHEH
(ucnapurenbHoii). M3 BepxHEH YacTW pa3CAUTEIbHOW W PEKTH(UKAIMOHHBIX
KOJIOHH mapel I Gensomna ¢ temmeparypoit 70-78 °C mocTynaroT B KOHIEHCATOPhI—
XOJIOTUTbHUKH.

[Tocrie KOHAECHCATOPOB—XOJIOAWIBHUKOB MEPBBIA  OEH30JI TOCTYMacT B
cenaparopel, TAE OTACHAETCS OT BOAbL. M3 COOpPHMKOB ChIpoW OEH30J HACOCOM
OTKQUMBACTCA Uil JalbHEWINEH mnepepaboTKM WM XpaHWIUIIE, COOPHUKHA
COJIbBEHT-HA(PTHI OTHACIACHUS TNEpepadOoTKU CcMoJbl. Bce mapbl OC€H30JbHBIX
YIIEBOIOPOAOB U HEKOHACHCUPYIOIIUECS Mapbl U3 CEMapaTopoB, KOHACHCATOPOB—
XOJIOMUIBHUKOB 4Y€pPE3 BO3AYIIHWKM MOCTYNAlOT B JIOBYLIKM MapoB, TAC
OpOLIAKTCA TEXHUYECKOW BOJOW, KOHACHCUPYIOTCS M KOHACHCAT MOCTYMAET B
cenaparopsl OeH301a.

OtpunarenbHas CTOPOHA TPUMEHEHUSI JAHHOW TEXHOJIOTUH COCTOMT B TOM,
YTO HAa OJHOW M3 CTaauil MoJiyueHWs O€H307a KOKCOBBIM Ta3 OXJKIAETCS B






