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@e1epajibHOIO rOCy1apCTBEHHOI0 610/KeTHOr0 yupexaenus Hayku Hucruryr
npob.Jem KomniiekcHoro ocBoenus Heap Poceuniickoii akagemun nayk (MITIKOH PAH)

Ha JHCCePTAUHOHHYIO paboty Yxon YxuxyHa «CosepumieHCTBOBaHHE Nponecca
KY4YHOTr0 OMOBbINIeJIaYUBAHHS CYIbQHIHBIX Py HA OCHOBe HHTEHCH(PHKAIIMH CHHTE32

OHopeareHTa HMMOOH/IH30BAHHBIMH MHKPOOPraHH3IMaMH»,
NpeacTaBJeHHYI0 HA COHCKAHHE YHeHOH CTeNneHH KaH/IH/I1aTa TeXHHYECKHX HaYK Mo
cneuuanabHocTH 25.00.13 — «O6oramenue nojae3HbIX HCKOMAeMbIX»

[IpencraBieHHas Ha pacCMOTpEHHE AMCCEPTALMOHHas paboTa COCTOMUT M3 BBEICHMA,
ISTA TJ1aB, BBIBOJOB, 3aK/IIOYEHHs, CIMCKAa WCMONb30BaHHOW jureparypsl u3 102
HaUMEHOBaHHI, TpeX NMPUI0KeHHiH, H3I0keHa Ha 98 cTp. Tekcra, BnoyaeT 43 pucyHKa ¥ 22
TabJIULBL.

AKTYaJIbHOCTb.

B Hacrosimee Bpemsi B NpPUMEHSEMBIX IpoOLEcCaX Ky4yHOro OMOBBIILEIaYMBAHUSA
CyabUIHBIX PYJ MHUKPOOPTaHM3Mbl HAXOAATCA U «padoTaloT» HEMOCPEACTBEHHO B Ky4e,
IOpd 3TOM CHHTe3 OMopeareHTa M OKHCJICHHE CYIbQHUIHBIX MHHEpaloB B Ipolecce
KU3HECATEIBHOCTH MHKpPOOPTaHM3MOB IMPOHCXOAST B pyaHoMm mrtabene. Ilpu stom,
MPOAOJIKUTEIHOCTh BBINIETAYMBAHUS MOXKET JOCTHraTh 2-3-X JIeT, TaK KaK YCJIOBHSA
obecrieyeHHs KHU3HEAEATEIBHOCTH MHUKPOOPIraHU3MOB, CO3JAIOIIMECS B Kyye, OTJIHYaIOTCs
OT YCIOBHI MHTEHCHMBHOTO OKHCIICHHS CylbOUIOB — TeMmmeparypa, pH, KoHLeHTpaius
OunopeareHra.

B cBA3u ¢ 3TUM, npouecchl Ky4HOro OMOBBILIEIAYMBAHUS TPYAHOOOOraTUMBIX PYI
XapakTepu3yIOTCsl HHU3KMM M3BJICYECHHEM META/UIOB IIPM BBICOKMX KAlHMTAJbHBIX H
JKCIUIyaTaLlMOHHBIX 3arparaX, OOYC/IOBJICHHBIX 3HAYMTEIBHOW IPOAODKUATEIBHOCTHIO
mpouecca, HEOOXOAMMOCTBIO [MOCTOSHHOM a’palMd Bced Macchl pylsl, UIATEIBHOM
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MHOKYJIAIMEH KYJIBTYPHON CpeloH, peryJHpoOBaHHs TEMIIEpATypbl H JIpYTHX IapaMeTpoB
OHOOKHUCITEHHMS.

Jina noBeiicHAS 3((GEKTHBHOCTH, IKOHOMHYHOCTH M YCTOHUMBOCTH IIpoLiecca
Ky4HOTO OHOBBIIIETAYUBAHUS TIPEIAraeTCs OCYIIECTBIATh CHHTE3 OuopeareHTa OTACIbHO
OT BBILICNAYMBAHHUS PYAbl ¢ HUCHOIB30BAHHEM MHKPOOPIaHHU3MOB, CKOHIICHTPHPOBAHHBIX
afacopOIMOHHON UMMOOMIH3aIMEelH HA TBEPABIX MaTepHaIaX-HOCUTEIAX.

Tema naucceprammonHoit pabGorel YKoH YWKuXyHa, TOCBAIIEGHHAs H3Y4YEHHIO
TEOPETUYECKUX M TMPAKTHYECKUX OCHOB [Ipolecca Ky4dHOro OHOBBIIIEIAYNBaAHHS
Cyab(pHIHBIX PyA HA OCHOBE HHTeHCH(UKAILIMK CHHTe3a OHopeareHTa UMMOOHIM30BAaHHBIMU
MHKPOOPraHU3MaMH, SBISETCA aKTyaldbHOW M MPAKTHYECKH 3HAYUMON JUIs IBETHOM
METaJLTyprHH.

Hay4yHnas HOBH3HA.

B auccepraumu naHo HaydyHoe 0OOCHOBaHHE MeXaHM3Ma MHTEHCH(QUKALMHU KY4YHOTO
OHoBBIlIETAYNBAHUSA CYJIB(QUIHBIX PYJ 32 CYET IMOBBIIIEHUS OKHCIHTEIbHONH CIIOCOOHOCTH
OuopeareHTa METOJOM €r0 CHHTE3a JKEIE300KHCIAIOUIMMH  MHKPOOPraHW3MaMH,
MMMOOMIM30BaHHBLIMH Ha TBEPABIX MaTepHalaXx HOCHTESX.

ABTOpPOM TMpeIOKEeHa KBaHTOBO-XMMHYECKas MOZIEIb YCTOHUMBOCTH Hauboiee
JHEPIreTUYECKH BEpOATHONH KOH(POpPMALIMKM  MOJEKYJibl OHOpeareHTa-OKMCIuTENls -
IIFOKYPOHOBOH COJIM JKelle3a M paccyMTaHbl €e OCHOBHbIC mapamerpsl. Ha ocHoBaHuu
pe3yJbTaTOB paccyera JaHO TEOPEeTHYECKoe OOOCHOBAaHHE MOBBIMIEHHOW OKHCIMTEIBHOM
aKTHBHOCTH OHOpeareHTa OTHOCHTENbHO cybdara xenesa (1II), obycnoBnenHoe GombMM
YaCTUYHBIM 3apAJIOM aroMa JKejne3a ¥ MEHbIued JHeprueil Husmel cBoOOAHOM
MOJIEKYJIsipHO# opOuTanu OuopeareHta, OonblleH CTENEHBIO MEepeHoca 3apsjia IpH
B3aMMO/IelcTBHM GUopeareHTa ¢ CyabOUAHBIMU MUHEPAIAMH.

YcTaHOBNICHB! HOBBIC 3aKOHOMEPHOCTH Mpollecca CHHTe3a OHopeareHTa-OKHCIUTENs
NpH HCIOJB30BAHMM PA3IMYHBIX MAaTepUAIOB-HOCHTENEH M crocoba MMMOOMIM3AIMH,
ofecreyrBaloONIfe MOBBIICHHE KOMINYECTBA M YCTOHYHBOCTH aKTUBHOM OHOMACCHI, a TAKKe
YBEIIMYEHUS OKUCIUTENIbHON CrnocobHOCTH OuopearcHTa IpH YBEIWYEHHH CKOPOCTH
NMpoTeKaHus pacrBopa depe3 Ouopeaxrop. [lpumenenue s  HUMMOOHIM3ALHH
MHUKPOOPTaHU3MOB JIPEBECHOM CTPYKKHM M HEOJUTA MO3BOJIAET CTaOHIM3UPOBATh CKOPOCTh
OMOOKHUCIEHHS TIPH YCKOPEHHUH NTPOTEKaHHs pacTBOpa.

Onpenenens palMoHaIbHbIE YCIIOBHS Ky4HOTO OuoBbILIEeIaYHBAHKS,
obecneunBaroe yBeauyeHue B 3 u 60i1ee pa3 CKOPOCTH CHHTE3a OuopeareHTa, oBbIlIeHue
M3BJICYCHHUS [IBETHBIX METATOB — MEJIM M HHKEJIS B Mpollecce Bhile1a4yuBaHus Ha 5,8 — 24,2
% npu CHIKEHHMH pacxoja cepHoi kucaotel Ha 4,4 — 14,6 %, npeanonararoige rnoaavy
pacTBOpa B pabouyio 30Hy GHOpeaKTopa CBepXy IpH €CTECTBEHHOH adpaluu paboyeii 30HBI
M KCIOJIb30BAaHME B KayecTBE MaTepuaia UMMOOWIM3YIOLICH cpelbl CMECH IPEBECHOI
CTPYXKH U LICOJIUTA.

HayuHas HoBH3Ha paboThl MoATBepKAeHa CBUACTEIBCTBOM O PETHCTPALIMK HOY-Xay.



IIpakTH4eckasi 3HAYUMOCTb.

VYKpYNHEHHBIMU UCTIHITAHUAMYU NOATBEPXKIeHa (G PEKTHBHOCTH CHHTE3a GHOpeareHTa-
OKHCIUTENS TIIOKYPOHOBOHM COJTM JKesle3a MMMOOMIM30BAaHHEIMM Ha TBEPIOM MaTepHalie-
HOCUTEJIE M3 CMECH [JPEBECHOW CTPYKKM W II€ONHTa IKEJIC300KHCIAIOIINMH
Mukpoopranusmamu Buma Acidithiobacillus ferrooxidans, o6ecneunBarolero yBenndcHue
CKOpPOCTH I'€HEpUPOBaHMs B 3 pasa.

Pa3paboTaHbl U SKCIIEPUMEHTAIBHO 00OCHOBAHBI PAIMOHAIBHBIE TApaMETPhl KyYHOTO
OMOBBILICTAYNBAHUS  CYIb(QUIHBIX MEIHO-HHUKEIEBBIX pya, obecneunBaionme 6Oe3
NPHHYIUTEIBHOM a’palliy MOBBIIIEHUE W3BJIEUEHHS B IIPOIIECCE BRIIIETaUMBaHUA HUKEIS Ha
6,3 — 19,5%, Menu — Ha 5,8 — 24,2 % npu CHHXKEHUH pacxojia CEPHOM KUCIAOTHI Ha 4,4 — 14,6
%.

HckiroueHue onepaiyy adpalii pu Ky4HoM OHOBBIIIEIauHBaHUH MTO3BOJISAET CHU3HUTD
3arpaTsl Ha niepepabotky | TOHHBI pyasl Ha 973 py6us.

Peannsanus pe3yJbTaToB paboThl.

Pa3paGoTaHHbIit aBTOPOM HpOLIECC KYyYHOTO OMOBBILICTAYMBAHUSA CYIBQHIHBIX Py
PEKOMEHIOBAH /I BHEIPEHHS B MPOCKTUPOBaHUE MPEANPUATHIA MO nepepaboTke OeaHBIX
CyAbGUAHBIX Pya KyYHBIM criocoOoM, niepenad OAQO «['unpoluBeT™MeT» M HCIIOJIB30BaH s
METOIUYECKUX peKOMeH Jaluit MIPOEKTUPOBaHUSA TIpeINPpUATH It Ky4HOT'O
OMOBBIIIETAYMBAHUS CYTb(YUIHBIX PYI.

JlocToBepHOCTH Pe3y/IbTATOB.

ITonydyeHHsle aBTOpOM Hay4HblE JaHHBIE, BBIBOABI M PEKOMEHIALIMH JIOCTATOYHO
XOpoImo OOOCHOBaHBI, MOATBEPKICHB OOJBIIMM  OOBEMOM  IKCIIEPUMEHTATIBHBIX
HCCIeIOBaHUIT Ha peanbHOH CyIbQUIHON MeIHO-HHUKENIEeBOH pyIde W HE BBI3BIBAIOT
COMHEHUH.

JocroBepHOCTh pe3ynpTaToB paboThl o0eclieunBaeTCS NMPUMEHEHHEM COBPEMEHHBIX
METOLOB HMCCIEeJOBaHMI M MPOrPaMMHBIX KOMIUIEKCOB, 3HAaYHTEIbHBIM 00beMOM
JKCIIEPUMEHTAIBHBIX [TAHHBIX, COOTBETCTBUEM TEOPETHUUECKHX pEe3YJbTaTOB U BHIBOJIOB
pe3yabTaTaM KCMEPUMEHTANIbHBIX HCCIeI0BaHHM.

Anpo6anus paGoThl.

Conep:kaHue JuccepTallid TOJHOCTBIO OTpakeHO B aBTopedepare U B 11
ny6nukauuax, B T.4. B 2-X u3maHuAX, pexoMeHaoBaHHbIX BAK. Ilpu stom aBTOpedepar
JUCCEPTALIMU B MOJIHOH MEpe OTPaXKaeT OCHOBHOE €€ COJIEPIKaHuUe.

Pesynbratel  MccnenoBaHWil  ONIOKEHBI HAa  pasMYHBIX  HAYYHO-TEXHHYECKHX
KOH(EPEHIUAX U COBEIIAHUAX, 00CYKIAEHBI U 0JJ0OpeHBI HAYYHOM 00I11eCTBEHHOCTBIO.

Jlucceprauus 4yeTko W SACHO U30KEHA, COCTaB/IeHa M OopMiIeHa B COOTBETCTBUU C
TpeboBanusmMu BAK.

JIu4HbIA BKJIAJ AaBTOpA.
JIn4HBIH BK1a/1 aBTOpPa COCTOUT B 0000IIEHUH MTOCIEeIHUX JOCTHKCHHI HAYKH, TEXHUKH

U TCXHOJIOTHH 110 TEME JUCCEPTALIHH, (l)OpMI/IpOBaHI/II/I H IIPOBEPKE OCHOBHLIX TCOPCTHYCCKHUX
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TIOJIOXKEHHUH, BKIIOYAs pacyeT M aHaIM3 KBAaHTOBO-XMMHMYECKMX XapaKTEPUCTHK MOJIEKYII
peareHToB M CyJbQHIOB METAIOB; I[UTAHUPOBAHUHM, I[IOATOTOBKE M IPOBEACHHU
SKCNEPUMEHTAIIBHBIX  HCCIEOBaHMM, 0O0paboTke M  WHTEepNpeTalyd  pe3yJbTaToB
UCCIIEIOBAHMN; YCTAHOBJIEHHWH 3aBHCHUMOCTEH M3YYeHHBIX [IPOIECCOB; IOATOTOBKE
OCHOBHBIX ITyOIuKaluii M0 BRIIOJTHEHHOH paboTe.

3ameuyanusi no padore.

1.  DkcmepuMeHTH MO HU3YYEHHIO TIpollecca HMMOOHMIIM3AIMA MHKPOOPTaHH3MOB Ha
Pa3IMYHBIX TBEPABIX MaTEPUANIaX-HOCUTENAX (C LENBIO ONpe/ie]IeHUs ONITUMANIBHOTIO)
BBIMIOJIHEHBI HE B MACHTHYHBIX YCJIOBUAX: MPHU peaM3alMU ITUKIOB UMMOOWIH3ALUN
OTIMYaIuCh Maccsl MatepuaioB (ot 0,06 10 2 Kr), HCXOAHBIE KOHLIIEHTpAIMd HOHOB
xenesa (II) (or 5 mo 10 r/n), komuYecTBO MOJaBaeMbIX pacTBopoB (o1 1 xo 1,7 autpa),
CKOpOCTU mpoTekaHus pactBopoB (oT 0.5 go 0,6 11/4), UCXOAHBIM COAEpKAHHEM
nHOKysssHTa (0T 30 1mo 50%), ucXOAHBIE KOHLIEHTpAllMM HHOKYJISHTAa B LHMKIAX
UMMOOHITU3AIINH.

2. Tlokazatens wumMoOWIM3anuu OakTephii M CKOPOCTh CHHTe3a OuopeareHTa
OIIPEAEAOTCS € YUeTOM CHIKEeHHS KOHIleHTpaluii skenesa (II) B 6mopeakrope. Onnako
B JJaHHOM CJTy4yae He YYTeHO okucieHue xenesa (II) kucaopoaom, IpUCyTCTBYIOMIEM B
UCXOIHOM pAacTBOpe, TaK W TOCTYMAIOUIMM B pacTBOp W3 BO3JAyXa B IMporecce
UMMOOWIN3ALIUY, T.€. OTCYTCTBYIOT HYJIEBBIE OIIBITHI.

3.  OrtcyrctByer oOocHOBaHHEe BbIOOpa OOBEMAa MCXOTHOTO pAacTBOPa, MCXOAHOH
KOHIIEHTPALIMM WHOKYJISIHTA B KaX10M LUKJIe ¥ IpHYuH NoBbiieHus pH pactsopa npu
KyJIbTUBUpOBaHuHM ¢ 1,6 1o 2 (ctp. 33).

4. CompeMeHHBIE METO/IBI MCCIICIOBAHUI TTO3BOJIAIOT U3Y4aTh pa3IMYHBIE OPraHUYECKUe
KOMIUIEKCHL. B ¢Bsi3m ¢ 3TUM, B paboTe XOTenoch OBl YBUIETh Pe3yJIbTaThl HE TOJIBKO
TEOPETUYECKUX, HO M IKCIEPHMEHTAIBHBIX HCCIENOBaHM camMoro OHMopeareHra, a
TaKXKe [aHHBIE O TOBEJEHWHM, KaKk OaKTepHil, TaKk M pearcHTa Ipd pPa3IMYHBIX
TeMIepaTypax, 0COOEHHO 10 MPOU3BEIECHUIO PACTBOPUMOCTH peareHTa.

5. B pazgene 5.1 Ha ctp. 75 yka3zaHO, YTO BBIIEIAYMBAHHE MHUHEPAIBHOIO CBIPBS C
UCTOIB30BAaHHEM HCCIIEIOBAHHOTO OHOpeareHTa MOXXHO IIPOBOAUTH NPH MEHBIIHX
3HavyeHusx pH, yeM ¢ ucnons3zoBaHueM cyiabdarta sxenesa (III), yro mpoTHBOpedHT
JIaHHBIM, MPEJCTABICHHBIM Ha pHC.5.1, COrIacHO KOTOPBIM OcaxJeHHe OuopeareHra
yckopsietTcs mpu 6obimx 3HaueHnsx pH (6osee 2,8) B cpaBHeHHH € CyIb(aToM jKenesa
(TIT), ocaxkneHne KOTOPOTO YCKOpseTcs yxe B quanazone pH 2,4 —2,7.

6. DxoHoMuueckas 3(GeKTHBHOCTh paccuuTaHa 6e3 ydera MOBBIICHHS H3BJICYCHUS
METAJUIOB U CHWXKEHHS pacXo/ia CepHOH KUCIIOTHI.

B 1enom, ykazaHHble 3aMEUYaHHs HE CHIDKAIOT LEHHOCTH pPacCMaTpHBacMoi
IUCCEPTALIMOHHON paboThl, MMEIOMIEH Hay4YHYH) HOBH3HY U IPAKTHYECKYIO 3HAYHMOCTB.
[TomydyeHHBlEe aBTOPOM Hay4yHBIE IaHHBIE, HECOMHEHHO, BHOCAT BKJIAJ B H3yUYCHHE
TEOPETHYECKUX OCHOB MPOIECCOB OOOTAIIEHUS TPYAHOOOOTaTHMBIX CYJIbQHIHBIX PYI
METOJIOM KYYHOT'O BBILIE/TaUMBaHKs, a pa3paboTaHHbIE aBTOPOM HOBBIE HAYYHO-TEXHHYCCKHE

pelleHHs 110 COBEPIIEHCTBOBAHMIO MpPOIEcca KYYHOTO OHOBBINIETAUHBAaHUA CYJIb(QUIHBIX
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pyd Ha OCHOBE MHTEHCH(pUKAIMM CHHTe3a OuopeareHTa HWMMOOMJIN30BaHHBIMH
MHKPOOPraHU3MaMH BHOCSAT BKJIaJl B pa3BUTHE OTPAaCIU LIBETHOMH METaJLLIypruu CTpaHBbl.

Jluccepraumonnas pabora npezacrasiser co0oif 3aBepIICHHOE CHUCTEMHOE HAy4YHOE
MCCIICIOBAHMUE U ABJISETCS HAYyYHO-KBAIU(PUKALIMOHHOM paboToii, B KOTOPO# pelieHa 3ajaya
NoBbIEHUA YPHEeKTHBHOCTH MepepaboTKH TPy AHOOOOraTHMBIX CYJIb()UIHBIX PYI.

Jluccepranonnas pabora orBewaer TpeboBanusM BAK, npeabsBiseMbiM K
KaHIMJAaTCKUM JucceprauusM, a ee aBrop, YWkdH UWkuxyH, nokaszaBmui cebs
BBICOKOKBATH(DUIIMPOBAHHBIM YUEHBIM, 3aCIy)KHBAET MPHUCYKACHHS €My YYeHOW CTerneHH
KaHIuJaTa TeXHHYEeCKHX HayK mno cremmaibHoctH 25.00.13 — «O6oraienue mnoje3HbIX
MCKOIAeMBIX».

Benymuii HayuHbIi COTPY/IHUK OT/Ie]1a

«IIpobiemM KOMIUIEKCHOTO H3BICUEHUS MUHEPATHHBIX

KOMITOHEHTOB U3 MPUPOIHOTO U

TexHorenHoro ceipbs» UTIKOH PAH,

KaHJI. TEXH. HayK B.I". MuneHko

3aMecTHTeNb AUPEKTOpA NG
npodeccop, JOKT. TEXH. H{f
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Juccepranmonnas pabora :
paccMOTpeHbl Ha 3aCelaHuM OTAeNa “KOMILIEKCHOTO M3BJICYECHNS MHHEPAIBHBIX
KOMIIOHEHTOB U3 IIPUPOAHOro U TeXHoreHHoro cuipbs» UITKOH PAH (l'lpOTOKOJI Ne3or23
mas 2016 1.).



