
OT3hiB O<I>H~HAJihHOrO OIIIIOHEHTA 
Ha J];HCCepT3D;HOHHYIO pa6oTy qiK3H qiKHXyHa 

«CosepmeHCTBOBaHue npou;ecca KyqHoro 6uoBbiiD;eJiaqusauuH cyJIM}lHl.J:HhiX PYA ua 

OCHOBC HHTCHCH<i>HK3D;HH CHHTC33 6uopeareHT3 HMM06HJIH30B3HHbiMH 

MHKpoopraunJMaMu», npeACTaBJieuuyro ua coucKauue yqeuoii CTeneuu KaHAHAaTa 

TexuuqecKux uayK no cneu;uaJihHOCTH 25.00.13 "06oram;euue noJieJHhiX ucKonaeMhix" 

AKryaJihHOCTb H B3iKHOCTb TCMbl HCCJIC)];OB3HHH. 

Pe~eH3HpyeMa~ ~wccepTa~H~ npe~cTaBn~eT co6oii pa3BHTHe II coBeprneHCTBOBaHIIe 

rrpo~eCCOB Kyquoro BbiiiJ.enaqlfBaHII~ (KB) cynn!l>H~HbiX py~ Ha OCHOBe IICIIOnh30BaHH~ 

HOBbiX CIIHTe3HpOBaHHhiX 6HopeareHTOB. 

PerneuHnie B ~IIccepTa~HII 3a~aq1I - IIHTeucii!l>IIKa~II~ CIIHTe3a 61IopeareuTa-

OKHCniiTen~ IIMM061Inii30BaHHhiMII M1IKpOOpraHII3MaMII, KBaHTOBO-XHMIIqecKIIe 

xapaKTepiiCTIIKII MOneKynni 6HopeareuTa II ero CBOHCTBa, IIOBbillieHIIe 3!l>!l>eKTIIBHOCTII, 

3KOHOMHqHQCTII II yrrpaBn~eMOCTII eyquQfO 6HOBbiiiJ.enaqiiBaHII~ cynn!l>II~HbiX py~, 

aKzyMbHbi ~n~ pa3BIITII~ HayKII II rrpaKTIIKII li>II31IKO-XIIMIIqecKIIX MeTO~OB o6oraiiJ.eHH~ II 

61IoTexuonoriiii MeTannoB. B pe3ynnTaTe BHe~peH~ pa3pa6oTauuoro rrpo~ecca eyquoro 

6woBhiiiJ.enaqiiBau~ cynn!l>H~HhiX py~ IIOBhirnaeTc~ peuTa6ennHOCTh II3Bneqeu~ MeTannoB 

II3 6e~uoro, TPY~Hoo6oraTIIMoro MIIHepannuoro Cnipn~ II IIHBeCTII~IIOHH~ 

rrpHBneKaTennHOCTh IIX rrepepa6oTKH B PoccHII. 

B xoJJ;e nposeJJ;eHHH uccJieJJ;oBaHuii JJ;nccepTaHTOM noJiyqeH pHA HOBhiX HayqHo­

o6ocHoBaHHhiX TeXHUqecKHX H TeXHOJIOruqeCKHX pemeHHH DO DOCT3BJieHHOH 

npo6JieMe, BHCJJ;peHHe KOTOpbiX BHOCHT 3HaquTeJibHbiH BKJI3J]; B npou;ecc Kyquoro 

6HOBhiiD;eJiaqHsauuH cyJih<i>HAHhiX PYA· 

CqHTaJO uy)l(HhiM rrepeqHcJIHTh ueKOTOpnie H3 HHX, co~ep)KaiiJ.He 3JieMeHThi HayqHoif 

HOBH3Hbl. 

1. BrrepBnie orrpe~eneuni uaw6onee 3uepreTIIqecKII Bepo~THnie Kou!l>opMa~IIII II 

KBaHTOBO-XIIMIIqeCKIIe xapaKTepiiCTIIKH MOneeynni 61IopeareuTa, 3!l>!l>eKTIIBHOCTb 

B3aHMO~eHCTB~ 61IopeareHTa C cynn!l>II~HbiMII MIIHepanaMII, orrpe~eneHbi CBOHCTBa 

61IopeareuTa B cpaBHeHIIII c cyni>!l>aTOM )Kene3a, B qacTHOCTII TeopeTIIqecm o6ocuoBaua 

IIOBbillieHH~ OKHCniiTenbH~ aKTIIBHOCTb 61IopeareHTa IIpii B3aiiMO~eHCTBIIII C 

cyrrn!l>H~HbiMII MIIHepanaMII, 

6wopeareuTa oT 3uaqeuii~ pH. 

2. B pe3yni>TaTe 

3KCIIep1IMeHTanbHO OIIpe~eneua 3aBIICIIMOCTb OCa)K~eHII~ 

IICCne~OBaHIIH pacrn1Ipeuuoro crreKTpa 

HMM06Hnii3a~IIII M1IKpoopraHII3MOB Ha pa3niiqHbiX MaTepiianaX-HOCIITen~X II 61IOOKHCneHII~ 

HMM061Inii30BaHHOH 61IOMaCCOH, ycTaHOBneHhi HOBbie 3aKOHOMepHOCTII - IIOBhillieHHOe 

paCTBOpeuHe KIICnOpO~a B rrpo~ecce 61IOOKIICneHII~ IIMM061Inii30BaHHbiMII 

MHKpOOpraHH3MaMII IIpii IIpOTeKaHIIII paCTBOpa CBepxy II IIHTeHCII!l>IIKa~~ CIIHTe3a 

6wopeareuTa 6e3 rrpiiHY~IITenbuoM: a3pa~IIII. HoBhiM TexuwqecKIIM perneHIIeM ~Bn~eTc~ 

IIpHMeHeHIIe B KaqeCTBe MaTepiiMa-HOCIITen~ ~n~ IIMM061Inii3a~IIII MIIKpOOpraHII3MOB 

CMeCII MaTepiiMOB C pa3niiqHbiMII li>H31IKO-XIIMIIlleCKHMII CBOHCTBaMII, II03BOn~IOI.I.J:ee 
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HCnOJlb30BaTb npeHMy~eCTBa Ka)I(.IJ:OfO H HHBeJJHpOBaTb HX He.IJ:OCTaTKH. 

3. BnepBbie HccJJe,n:oBaH npou;ecc Ky"(moro Bhi~eJJa"l!HBamrn cyJJM}m,n:HhiX py.n: c 

HCnOJlb30BaHHeM 6HopeareHTa-OKHCJlHTeJl~ CHHTe3HpyeMOro HMM06HJlH30BaHHbiMH 

MHKpoopraHH3MaMH B OT,n:eJlbHOM annapaTe H Bbi~BJleHO nOBbiiiieHHe H3BJle"l!eH~ MeTaJlJlOB 

B paCTBOp, CHH)I(eHHH pacxo,n:a cepHOH KHCJlOTbl H npO.IJ:OJl)I(HTeJlbHOCTH npou;ecca npH 

yBeJlH"l!eHHH KOHIJ;eHTpaiJ;HH 6HOpeareHTa. 

,lJ;OCTOBepHOCTb 060CHOBaHHH noJiyqeHHLIX TexHuqecKux u 

TexHoJioruqecKux perneHuii o6ecneqeH: 

• npHMeHeHHeM naKeTa nporpaMM ChemBio3D M nporpaMMHoro MO.IJ:YJJ~ 

MOPAC 2012; 

• npHMeHeHHeM aTTeCTOBaHHOH annaparypbl .IJ:Jl~ TeXHOJlOfH"l!eCKHX 

3KCnepHMeHTOB H aKKpe,n:HTOBaHHbiX cpe,n:CTB H MeTO.IJ:HK <l>H3MKO-XHMH"l!eCKHX MeTO.IJ:OB 

HCCJJe,n:oBaHHH - P<l>A, cneKTpaJJbH0-3MHCCHOHHbie MeTO.IJ:hi c HH.IJ:YKTHBHO-CB~3aHHOH 

nJla3MOH. 

IIpaKTuqecKaH JHaquMOCTb ,lJ;HccepTa~uu JaKmoqaeTcH B TOM, qTo: 

- Pa3pa6oTaHbl cnoco6 H pe)I(HMbl HHTeHCH<l>HKaiJ;HH CHHTe3a 6HopeareHTa-OKHCJ1HTeJl~ 

HMM06HJlH30BaHHbiMH MMKpoopraHH3MaMH. 

- Pa3pa6oTaH npou;ecc KY"l!Horo 6HOBhi~eJJa"l!HBaHH~ cyJJh<l>H.IJ:HhiX py,n:, no3BOJl~IO~Hi1: 

c03,n:aTb onTHMaJlbHbie ycJJOBM~ .IJ:Jl~ H3BJJe"l!eH~ MeTaJJJlOB M3 PY.IJ:hi. 

IIpHMeHeHHe npou;ecca Ky"l!Horo 6HOBhi~eJJa"l!HBaH~ cyJJh<l>H.IJ:HhiX py.n: 

HHTeHCH<l>Hu;HpyeT H3BJle"l!eHHe MeTaJlJlOB H CHH)I(aeT paCXO.IJ: cepHOH KHCJlOTbl no cpaBHeHHIO 

c H3BeCTHhiM Ky"l!HhiM Bhi~eJJa"l!HBaHHeM c HHOKyJJ~u;Heii py,n:hi. 

- 060CHOBaHO npMMeHeHMe CHHTe3HpOBaHHOro 6HopeareHTa, o6ecne"l!HBaiO~ero 

nOBbiiiieHHe 3<P<PeKTHBHOCTH, 3KOHOMH"l!HOCTH H YCTOH"l!HBOCTH npou;ecca. 

- Pa3pa6oTaH HaH6oJJee ,n:ocTOBepHhiH cnoco6 ou;eHKH cKopocTH 6HOOKHCJJeHH~ B 

npou;ecce HMM06HJlH3aiJ;HH MHKpoopraHH3MOB H CHHTe3e 6HOpeareHTa. 

- Pe3yJJhTaTbi pa6oTbi peKoMeH,n:oBaHbi ,n:JJ~ BHe,n:peH~ npH npoeKTHpoBaHHH 

npe,n:npH~THH no nepepa6oTKe 6e,n:HhiX cyJJh<l>H.IJ:HhiX py,n: KY"l!HhiM Bhi~eJJa"l!HBaHHeM. 

Pe3yJJhTaTbi pa6oTbi HcnoJJb30BaHbi B MeTO.IJ:H"lleCKHX peKoMeH,n:au;~x ,n:JJ~ 

npoeKTHpoBaH~ npe,n:np~THii no nepepa6oTKe 6e,n:HhiX cyJJh<l>H.IJ:HhiX py.n: KY"l!HhiM 

Bbi~eJla"l!HBaHHeM. 

HayqHLie noJio~eHuH, JaKJIIOqeHue u BbiBO,lJ;LI, c<PopMyJJHpoBaHHhie B ,n:HccepTaiJ;HH, 

nOJlHOCTbiO 060CHOBaHbl H npoBepeHbi BbiiiOJlHeHHbiMH HCCJle.IJ:OBaHH~MH. 

,lJ;OCTOBepHOCTb pe3yJILTaTOB o6ecnequBaeTCH npMMeHeHHeM COBpeMeHHbiX MeTO.IJ:OB 

HCCJle,n:OBaHHM, npe,n:CTaBHTeJlbHbiM 06'heMOM 3KCITepHMeHTaJlbHbiX ,n:aHHbiX, COOTBeTCTBHeM 

TeopeTH"l!eCKHX pe3yJlhTaTOB H BbiBO.IJ:OB C pe3yJlbTaTaMM 3KCITepHMeHTaJlbHbiX 

HCCJle.IJ:OBaHHH. 

2 



CoHcKaTeneM BbiiiOJIHeH rny6oKH:M: aHaJIHTHqecKH:M: o63op JIHTeparypHbiX HcToqHHKOB 

no HMM06HJIH3aiJ;HH MHKpoopraHH3MOB, OC06eHHO HCCJie.D:OBaHHM BbiiiOJIHeHHbiX B KHTae, 

pa3pa60TOK B qaCTH eyqHoro 6aKTepHaJibHOrO Bbi:tneJiaqHBaHIDI cynb<l_}H.ll:HbiX py.n:. 

B pa6oTe HCnOJib30BaHbi COBpeMeHHbie MeTO.lJ:bl HCCJie.D:OBaHHM KaK MOJieKymipHOe 

MO.D:eJIHpOBaHHe, TeOpH51 rpaHHqHbiX MOJieKyJI51pHbiX op6HTaJieif, npHHIJ;Hn I1HpCOHa M 

onpe.n:eneHHe CBOMCTB MOJieeyJI Be:tneCTB no KBaHTOBO-XHMHqeCKHM xapaKTepHCTHKaM. 

QeHHbiM 51BJI51eTC51 nO.D:TBep)K.lJ:eHHe pe3yJibTaTOB HCCJie.D:OBaHHM yKpynHeHHbiMH 

HCnbiTaHH51MH, n03BOJIHBIIIHMH peKOMeH.lJ:OBaTb pa3pa6oTaHHbiM npou;ecc .ll:JI51 BHe.n:peHIDI Ha 

npe.n:npiDITH51X no nepepa6oTKe 6e.D:HbiX cynh<l_lH.D:HbiX py.n: eyqHbiM cnoco6oM M npHMeHHTb B 

MeTO.lJ:HqecKHX peKoMeH.n:au;IDix .D:JI51 npoeKTHpoBaHIDI nonHroHOB KB. 

K ue.n:ocTaTKaM .n:uccepTa~uu u asTope<J>epaTa MO~uo oTuecTn cJie.n:yrom;ee: 

1. B .lJ:HCCepTaiJ;HH He HCCJie.D:OBaH HJIH He npe.n:cTaBJieH MIIHepaJibHbiM M <l_}a30Bblll 

cocTaB KeKOB KyqHoro Bbi:tnenaqHBaHH51 Me.D:HO-HHKeneBo:M: PY.ll:hi, no3BOJI51IO:tnH:M: 6onee 

rny60KO npoaHaJIH3HpOBaTb npeo6pa30BaHHe MHHepaJIOB npH B3aHMO.D:eMCTBHH C 

6HopeareHTOM. 

2. He Hccne.n:oBaHo Bbi:tnenaqHBaHHe o6eciiiJiaMJieHHOM PY.ll:bi M rpaHynHpoBaHHo:M: 

.n:po6neHo:M: PY.ll:bi KpynHOCTbiO - 5 MM, npHMeH51eMoe Ha HeKOTOpbiX npe.n:npiDITH51X. 

3. B aBTope<l_)epaTe He rrpe.n:cTaBJieHhi HeKOTOpbie nonyqeHHbie B .n:HccepTau;ml 

pe3yJibTaTbi HCCJie.D:OBaHHM, B TOM qfiCJie pa3pa60TKa cnoco6a .lJ:OCTOBepHOM OIJ;eHKH 

CKOpOCTH 6HOOKHCJieHH51 HMM06HJIH30BaHHOM 6HOMaCCOM, BJIH51HHe CKOpOCTH no.n:aqH 

paCTBOpa Ha CHHTe3 6HopeareHTa HMM06HJIH30BaHHbiMH MHKpOOpraHH3MaMH, BpeM51 

a.n:re3HH KJieTOK Ha py.n:e npH KyqHOM Bbi:tneJiaqHBaHHH. 

0TMeqeHHbie He.D:OCTaTKH He CHH)KalOT n03HTHBHOrO MHeHH51 onnoHeHTa 0 

.lJ:HCCepTaiJ;HOHHOM pa6oTe, ee HayqHOM H npaKTHqecKOM 3HaqHMOCTH. 

,lJ.uccepTa~UOHH3H pa60T3 COOTBeTCTByeT Tpe60B3HHHM, rrpe,ll.bHBJIHeMbiM K 

K3H,li.H,li.3TCKHM ,li.HCCepTa~UHM. ,lJ;HCCepTaiJ;H51 o6na.n:aeT BHyTpeHHHM e.D:HHCTBOM 

co.n:ep)KaHH51, 51BJI51eTC51 3aKOHqeHHOM HayqHO-KBaJIH<l_}HKaiJ;HOHHOM pa60TOM, B KOTOpOH 

CO,D;ep)KHTC51 peiiieHHe HayqHbiX 3a.n:aq, HMeiO:tnHX 3HaqeHHe .ll:JI51 pa3BHTH51 <l_}H3HKO­

XHMHqeCKHX MeTO.lJ:OB o6ora:rneHH51 noJie3HbiX HCKOnaeMbiX, H3JIO)KeHbi HOBbie HayqH0-

060CHOBaHHbie TeXHHqecKHe M TeXHOJIOrHqeCKHe peiiieHH51 HHTeHCH<l_}HKaiJ;HH CHHTe3a 

6HopeareHTa-OKHCJIHTeJI51 H nOBbiiiieHH51 peHTa6eJibHOCTH H3BJieqeHH51 He06XO.lJ:HMbiX .ll:Jl51 

pa3BHTH51 Bbi:tnenaqHBaHH51 u;BeTHbiX MeTaJIJIOB KyqHbiM cnoco6oM. OcHOBHbie pe3yJibTaTbi 

,IJ;HCCepTaiJ;HOHHOM pa60Tbi ony6JIHKOBaHbi B HayqHbiX H3.lJ:aHIDIX, B TOM qfiCJie B 

peu;eH3HpyeMbiX )KypHanax peKoMeH.D:OBaHHbiX BAK, H npe.n:cTaBJieHbi Ha HayqHbiX 

KoH<l_)epeHIJ;H51X. ABTope<l_)epaT orpa)KaeT co.n:ep)KaHHe .n:HccepTau;HH. CcbiJIKH Ha JIHTepaTypy 

COOTBeTCTBYIOT fQCT, CnHCOK co.n:ep)KHT 102 HCTOqHHKa. 

B u;enoM .n:HccepTaiJ;H51 npe.n:cTaBJI51eT co6o:M: 3aKoHqeHHoe HayqHoe Hccne.n:oBaHHe, 

BbiiiOJIHeHHOe Ha BbiCOKOM npo<l_}eCCHOHaJibHOM ypOBHe, CO.D:ep)Ka:rnee peiiieHHe aKryaJibHbiX 

HayqHbiX H npaKTHqeCKHX 3a.n:aq, 
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,l(HCCepTaiJ,HOHHaH pa6oTa COOTBeTCTByeT rraCIIOpTy CIIeiJ,HClJibHOCTH 25.00.13 

"06oraiiJ,eHHe IIOJie3HbiX HCKOIIaeMbiX" M BCeM rpe6oBaHHHM, rrpe.ll:bHBJIHeMbiM K 

.ll:HCCepTaiJ,HHM Ha COHCKaHHe yqeHOH CTeiieHH KaH.ll:M.ll:aTa TeXHHqeCKHX HayK, «IlOJIO)l(eHHH 0 

rrpHcy)l(.n:eHHH yqeHbiX CTerreHeif», yTsep)l(.n:eHHoro rrocTaHOBJieHHeM IIpaBHTeJibCTBa P<I> OT 

24 ceHTH6pH 2013 r. N2 842, a ee aBTop q*3H q*uxyH 3aCJIY)l(MBaeT rrpHcy)l(.n:eHHH yqeHoif 

CTeiieHH KaH.ll:M.ll:aTa TeXHHqeCKMX HayK ITO CIIeiJ,HaJibHOCTH 25.00.13 "06oraiiJ,eHHe 

IIOJie3HbiX MCKOIIaeMbiX". 

KaH.n:M.n:aT TeXHMqecKMX HayK, 
HaqaJibHMK oT.n:eJieHMH «Ilepepa6oTKM rrpoMhiiiiJieHHbiX OTXO.ll:OB» 
AKu,MoHepHoro o6IIJ,eCTBa «Be.n:yiiJ,MH HayqHo-MccJie.n:osaTeJibCKMH 
TexHOJIOrMM» (AO «BHllllXT» ), 
115409, MocKBa, KaiiiMpcKoe IIIocce .n:.33 
TeJI. 8-499-324-65-95 
Email: Basilik2@ ya.ru 
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OT3hiB O<l>HIJ;HAJihHOrO OllllOHEHTA 
ua .LJ:HCcepTaU:HJO lbKJuq~mxyua «CosepmeucTBOBaune npou:ecca Kyquoro 

6noBbiiiJ.eJiaqusaunH cyJib«<JH.LJ:HbiX py.LJ: ua ocuose HHTeucn«<JnKau:nn cnuTe3a 6nopeareuTa 

HMM06HJ1H30B3HHbiMH MHKpoopraHH3M3MH», npe.LJ:CT3BJ1CHHYIO Ha COHCKaHHe yqeuou 
CTeneun KaH.LJ:H.LJ:aTa TexunqecKnx uayK no cneu:uaJlbHOCTH 25.00.13 - 06oram.eune 

llOJ1C3HbiX HCKOll3CMbiX 

KyY.HOe Sbi1UenaY.11sam1e c HCITOnh3osaHI1eM M11KpoopraHI13MOS - OJJ:I1H 113 Ha116onee 

ITpOCTbiX H .nerneSbiX MeTOJJ:OS ITepepa60TKH 6e.IJ:HOf0 MHHepanbHOfO CblpMI. 3THM MeTOJJ:OM S 

MHpe (llHnH, CiliA, AscTpanH~, KHTaif H .np .) 113SneKaeTc~ 6onee 25% Me.IJ:H H3 cynh<):>11JJ:HhiX 11 

CMernaHHbiX py.IJ:. B COOTSeTCTSHI1 C cymeCTSYIOlUeH Ha 6onhlll11HCTSe ITpOMbilllneHHhiX 

ITpe.niTp11~TI1H ITpaKTHKOH, yno)l(eHHM s KYY.Y py.na 3aKI1cn~eTc~ (sbilUenaY.I1saeTc~) pacTsopoM 

cepHOH KHCnOTbl , 3aCei1SaeTC~ M11KpoopraHI13MaMH, ITyTeM oporneHI1~ cepHOKI1CnhiM 

6aKTep11MbHhiM paCTSOpOM (HHOKyn~TOM) C ITHHlTenhHOH cpe.IJ:OH 11 )l(ene30M, 3aTeM 

ShilUenaY.I1saeTc~ .nn~ ITepeso.na MeTannos s pacTsop H ITocne.nyiOmero 113sneY.eH11~ 11x s 

TosapHyiO ITpo.nyKU:HIO. He.nocTaTKOM cymecTsyiOmeif TexHonorHI1 ~sn~eTc~ 6onhllla5f 

.nnHTenbHOCTh ITpou:ecca BbilUenaY.HsaHH~ , 11Hor.na .no 2-3 neT H HeiTonHoe OKI1cneH11e 

MeTannco.nep)l(aml1x cynh<):>11.nos. I1ocne.IJ:HI1e, KaK H3secTHO, OKHcn~IOTC~ K11cnopo.noM ITPI1 

yY.aCTI111 6aKTepHH, KOTOpbie pa3SHSaiOTC~ S KyY.e, a TaK)I(e C ITOMOlUblO OKI1Cni1Ten~ - cynh<):>aTa 

Fe(III)(611opeareHTa), KOTOphiH o6pa3yeTc~ ITPH OKI1cneHH11 Fe(II) 6aKTep115IMI1. 

Bo seeM MHpe se.nyTc5I Hccne.nosaHH5I ITO HHTeHcH<):>HKaU:H11 ITpou:ecca 6110XHMI1Y.ecKoro 

SbilUenaY.I1SaHH5I cynbcpHJJ:HbiX py.n c HCITOnh3osaHHeM 611opeareHTa-oKI1CnHTen5I, o6na.na10mero 

6onbllleH CKOpOCThiO OKHCneHI1~ , ITOnyqeHHOfO C ITOMOlUhiO HMM0611ni130BaHHbiX 

MHKpoopraHI13MOS Ha TSep.IJ:OM HOCHTene S OTJJ:enbHOM aiTITapaTe. 0.nHaKO 3TOT ITepCITeKT11SHblli 

MeTOJJ: He.IJ:OCTaTOY.HO HCCne.IJ:OSaH: He OTpa6oTaHa MeTOJJ:I1Ka, He H3yY.eHhl HayY.Hhie OCHOShl 

ITpou:ecca H He pa3pa6oTaHbl 3<):>cpeKTI1SHbie TeXHOnOrHY.eCKHe perneHH5I ITO ITpHMeHeHI110 ero B 

ITpou:ecce KYY.Horo 6HOShilUenaY.HSaHH5I. I1o3TOMY TeMa JJ:I1CcepTaU:110HHOH pa60Thi, 

ITocs~meHHa~ cosepweHCTsosaHHIO ITpou:ecca KYY.Horo BhilUenaY.I1SaHI1~ cynhcp11JJ:HbiX py.n Ha 

OCHOSe 11HTeHCHcpHKaU:1111 CHHTe3a 6HopeareHTa 11MM0611ni130SaHHhiMI1 M11KpoopraH113MaMI1, 

HBJlHCTCH 3KTy3JlbHOH. 

)],11CCepTaU:I15I COCTOI1T 113 sse.neHI15I , 5 mas, 3aKniOY.eHI1~ , 6116n 110rpa<):>11Y.eCKOfO CITI1CKa, 

SKniOY.aiOmero 102 HaHMeHOSaHH~ , co.nep)I<HT 33 pHCYHKa, 22 Ta6n11U:bl, 3 ITpHnO)I(eHH~ 11 

H3nO)I(eHa Ha 98 CTpaHHU:aX MaWHHOITHCHOfO TeKCTa. 

B nepsou r JlaBe .LJ:HCcepTau:uu ITp11se.neH aHanHTHY.eCKHH o63op cse.neHI1H ITO 

COspeMeHHOMY COCTO~HI110 6110SbllUenaY.I1SaHI15I MeTannos C ITp11MeHeHI1eM pa3ni1Y.HbiX pOJJ:OB 11 

SHJJ:OS 6aKTepHH H ITOKa3aHO, Y.TO S C006lUeCTSe Me30<):>11nhHbiX aU:HJJ:0<):>11nhHhiX 

XeMOnHTOTpO<):>HhiX )l(ene300KHCn5IIOlUI1X M11KpoopraHH3MOB JJ:OMI1H11pyiOlUI1MI1 ~Bn5IIOTC~ 

6aKTepHH sH.na Acidithiobacillus ferrooxidans (A . ferrooxidans) , KOTOphie Ha116onee ITOnHo 

H3yY.eHbi H 5!Sn5IIOTC5I ycTOHY.I1SbiMH K HOHaM T5I)I(enbiX u:seTHhiX MeTannos. MHorHMI1 

11CCne.nosaTen5IMH OTMeY.aeTC5I , 4TO CKOpOCTb OKI1CneHI15I )Kene3a C 11CITOnh30BaHI1eM A. 
Ferrooxidans 3aSHCHT OT p~.na <):>aKTOpOS (pH, KOni1Y.eCTSa paCTSOpeHHOfO KI1Cnopo.na, 

yrneKHCnOrO fa3a, TeMITepaTypbi , KOHU:eHTpaU:1111 KneTOK HnH KOni1Y.eCTBa 6110MaCCbi 11 JJ:p.). 

CymeCTseHHoe ITOShillleHHe KOni1Y.ecTsa 6HoMaCCbi H ITpe.noTspameHI1e SbiMbiBaHI1~ 

KneTOK .LJ:OCTHraeTC5I ITp11KpeiTneHI1eM 6aKTep11H a.ncop6u:11eH Ha TBep.IJ:biX MaTep11anax­

HOCHTen5IX M11KpOOpraHH3MOS, ITpH 3TOM 3HaY.HTenhHO ITOSbiWaeTC~ CKOpOCTh OKHCneHH~ 

)l(ene3a M11KpoopraHH3MaMI1. 0ITI1CaHhi <):>aKTOphi, sni1~IOW.11e Ha 3<):><):>eKT11BHOCTh 

11MM06HnH3aU:1111: ShJ6op MaTep11ana-HOCHTen5I, CSOHCTBa 6aKTepHH, xapaKTepHCTHKa )1(11JJ:KOH 

cpa3bl. f10Ka3aHO, Y.TO S nHTepaType OTCYTCTSYIOT e.IJ:HHhie MeTOJJ:I1Y.eCKI1e ITOJJ:XOJJ:bi K 113yY.eHI110 

ITpOU:eCCa 11MM06Hnl13aU:11H H He Shipa6oTaHbl e.IJ:I1Hhie Kp11Tep11H ITO OU:eHKe CKOpOCTI1 

OKI1CneHI1~ )l<ene3a HMM0611nH30SaHHOH 6110MaCCOH ITp11 HCITOnh30SaHI111 pa3ni1Y.HhiX 

MaTep11aiTOS-HOCI1Teneif. 
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TipHMemiTeJTbHO K Bbi6paHHOMY 06beKTY HCCJTe)J.OBaHH~ - 6e)J.HOH Me)J.HO-HHKeJTeBOH 

py.n.e, onHcaHhi cnoco6hi 11 TeXHOJTOrHH KY'-IHoro 6HOBhiiUeJTaY.HBaHH~ Me.LJ.HbiX H Me.LJ.HO­

HHKeneBhiX py.LJ. B pa3JTH'!HhiX perHOHaX H KJTHMaTHY.eCKHX yCJTOBH~X MHpa. Ha OCHOBaHHH 

aHaJTH3a HCT04HHKOB JlHTepaTyphi aBTOpOM )l,eJTaeTC~ npaBHJlbHhiH BhiBO)l. 0 nepcrreKTHBHOCTH 

npHMeHeHH~ HMM06HJTH30BaHHOH 6HOMaCChi B npou.ecce KYY.HOfO BbiiUeJTaY.HBaHH~ py)l. 

u.seTHbiX MeTannos. B BhiBO)l.ax no nepsoti rnase He ccpopMynHposaHhi u.enh 11 3a)l.a'!H 

)l.HCCepTaU.HH. 0HH Onpe)l.eJTeHbl aBTOpOM BO BBe)l.eHHH K )l.HCCepTaU.HH COCTO~T B HayY.HOM 

060CHOBaHHH nOBhiiiieHHOH OKHCJTHTeJTbHOH aKTHBHOCTH 6HOpeareHTa-OKHCJTHTemi )l.Jl~ 

BbiiUeJTaY.HBaHH~ MeTaJTJTOB HMM06HJTH3HpOBaHHOH 6HOMaCCOH )l{eJTe300KHCJTXJOIUHX 6aKTepHH 

A.Ferrooxidans Ha TBep)l.biX HOCHTeJT~X, H3y4eHHJO 3aKOHOMepHOCTeH H pe)I{HMOB npou.ecca 

IIOJTyY.eHH~ ( CHHTe3a) 6HopeareHTa H YCJTOBHH nOBbiiiieHH~ 3cpcpeKTHBHOCTH KYLJ.HOfO 

BbiiUeJTaY.HBaHH~ ynopHOH cyJThcpH)l.HOH Me)l.HO-HHKeJTeBOH py)l.hl. 

Bo BTopou rJiaBe JJ,uccepTau.uu npHse.n.eHhi pe3yJThTaThi H3YLJ.eHH~ semecTBeHHoro 

COCTaBa cynhcpH)l.HOH Me)l.HO-HHKeJTeBOH py)l.hl. Y CTaHOBJTeHbl HH3KHe CO)l.ep)l{aHH~ U.BeTHbiX 

MeTaJTJTOB: 0 ,32 % HHKeJT~ , 0 , 11% Me)l.H H 0 ,02% K06aJThTa, a TaK)Ke cepbl 0 ,79%. Tio )l,aHHbiM 

MHHepanorHY.eCKHX HCCJTe)l.OBaHHH OTMe4eHa TOHKM BKpanJTeHHOCTb cynhcpH)l.HhiX MHHepanOB 

(40-60% MeHee 0 ,05 MM) B py.n.e, a TaK)I{e 3aMeiUeHHe HX MarHeTHTOM H BTOpHY.HbiMH 

CHJlHKaTaMH . TipHBe)l.eHbl MeTO)l.HKH npoBe)l.eHH~ 3KCnepHMeHTOB H OnHCaHHe o6opy)l.OBaHH~ 

)l.Jl~ HCCJle)l.OBaHHH no HMM06HJ1H3aUHH 6aKTepHH H H3y4eHHJO OKHCJTHTeJTbHOH CIIOC06HOCTH 

noJlyLieHHoro 6HopeareHTa. AsTopoM npe)l.JlO)I{eHbi cpopMyJlhi pacLieTa cpe.n.Heti H TeKymeH: 

CKOpOCTH OKHCJTeHH~ )l{eJTe3a. 

TpeTbH r JiaBa JJ,UCCepTaU,UU nOCB~IUeHa H3y4eHHJO HayY.HhiX OCHOB nOBhiiiieHHOH 

XHMHY.eCKOH aKTHBHOCTH 6HopeareHTa, nonyLieHHOfO nyTeM OKHCJleHH~ fe(II) 

HMM06HJ1H30BaHHhiMH MHKpoopraHH3MaMH. Jtb JlHTepaTypbl H3BeCTHO, 'iTO 6HopeareHT COCTOHT 

H3 HOHOB fe(III) C nOJTHCaxapH)l.aMH - KHCJlOTHbiMH OCTaTKaMH fJlJOKypoHOBOH KHCJlOThl, 

CHHTe3HpyeMbiMH MHKpOOpraHH3MaMH. BnepBbie H3yY.eHa CTpyKTypa 6HOpeareTa H nOCTpOeHbl 

3D MO)l.eJTH. TipHBe)l.eHbl pe3yJTbTaTbi H3y4eHH~ KBaHTOBO-XHMHY.eCKHX xapaKTepHCTHK 

cynhcpaTa )l{eJle3a, fJTJOKypOHOBOH KHCJTOTbl H 6HopeareHTa -Fe(C6H907)3 HeU.HKJTHY.eCKOH 

CTPYKTYPhi (KoHcpopMaUH~ 1) H UHKJTHY.ecKOH (KOHcpopMaU.H~ 2). Bna.n.e~ HOBeHIIIHMH 

Hay4HbiMH MeTO)l.aMH HCCJTe)l.OBaHH~ , aBTOp HCnOJlh3yeT COBpeMeHHbie naKeTbl nporpaMM 

MOJleKyn~pHOfO MO)l.ei1HpOBaHH51. JJ:n~ paCY.eTa KBaHTOBO-XHMH4eCKHX xapaKTepHCTHK 

npHMeH~eTc~ noJly3MnHpHY.eCKHH naKeT nporpaMM ChemBio3D cneuHanH3HposaHHoro 

KOMnneKca ChemOffice KopnopaU.HH « CambridgeSoft» (BeJ1HKo6pHTaHH~) H 

noJly3MnHpH4eCKHH nporpaMMHhiH MO)l.Yilh MOPAC 2012 (CiliA), BKJ1I04aJOIUHH MeTO)l. PM7, 

npH pa3pa60TKe KOTOpOrO HCnOJlb30BaHhl 3KCnepHMeHTaJTbHhie )l,aHHbie H pe3yJTbTaTbi pacY.eTOB 

He3MnHpH4eCKHMH KBaHTOBO-XHMH4eCKHMH MeTO)l.aMH 6oJlee 9 Tb!C. COe)l.HHeHHH. 

PaccY.HTaHhi xapaKTepHCTHKH H napaMeTphi MOJleKyJl peareHTOB: TepMO)l.HHaMHLieCKHe 

xapaKTepHCTHKH, ra6apHThl , noTeHUHaJT HOHH3aU.HH, 3HeprHH BbiCIIIeH H HH3IIIeH 

MOJTeKyil~pHOH op6HTaJTH H )J.p. J1HTepnpeTaUH~ nOilYLJ.eHHbiX )l.aHHbiX npoBe)l,eHa C 

npHMeHeHHeM TeopHH rpaHHY.HhiX op6HTaneH: H npHHUHna TIHpcoHa ou.eHKH «)l{eCTKHX 11 

MHfKHX KHCJlOT H OCHOBaHHH» )l.Jl~ KaY.eCTBeHHOH OU.eHKH CnOC06HOCTH MOJleKyJT K 

3cpcpeKTHBHOMY B3aHMO)l.eHCTBHIO. ABTOpOM npOBe)l,eHa TeOpeTHY.eCKM OU.eHKa 

B3aHMO)l.eHCTBH~ CYilbcpH)l.HhiX MHHepanOB (neHTJlaH)l.HTa, XaJTbKOnHpHTa H nHpHTa) C 

peareHTaMH. YcTaHOBJleHa HaH6oJlee 3HepreTH4eCKH ycTOHY.HBa~ cTpyKTypa (KOHcpopMaU.HX) 

MOJTeKyJlhl 6HopeareHTa, CO)l.ep)l{ama~ KHCJlOTHbie OCTaTKH fJTJOKypoHOBOH KHCJTOTbi, 

COOTBeTCTBYJOIUM MHHHMYMY noTeHU.HaJTbHOH, CTepH4eCKOH 3HeprHH MOJleKyJlhi. 0TMeY.eHa 

HaH60JlblliM CTeneHb nepeHOCa 3ap~)l.a npH B3aHMO)l.eHCTBHH CYJTbcpH)l.HbiX MHHepanOB C 

6HopeareHTOM no CpaBHeHHIO C )l.pyrHMH peareHTaMH. 

B qeTBepTou rnaBe JJ,uccepTau.uu H3y4eHbi 3aKOHOMepHOCTH npou.ecca 

HMM06HJ1H3aUHH MHKpOopraHH3MOB H CHHTe3a 6HopeareHTa. J1CCJle)l.OBaHO BJlH~HHe 

IIpO)l.OJl)I{HTeJTbHOCTH HMM06HJ1H3aUHH, no)l.a4H paCTBOpa CBepxy H CHH3y, BJlH~HHe 

KOHU.eHTpaU.HH )l{eJle3a B paCTBOpe, pH, cnoco6a a3paU.HH H )J.p. Ha npou.ecc 6HOOKHCJleHH~ 
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Fe(II). J1crrbiTaHbl pa31UfliHbJe TBep)J,bie HOCHTeJU:I )J,JUI HMM06HJIH3al{HH MHKpoopraHH3MOB: 

rrHpHT, aKTHBHposaHHbiH yroJih, HOH006MeHHa.SI cMona, ueoJIHT H .upesecHaSI cTpy){{Ka npH 

IIO)J,alie paCTBOpa B 6HopeaKTOp CHH3Y H CBepxy. DOKa3aHO, liTO C HCIIOJib30BaHHeM .npeBeCHOH 

CTPY){{KH H ueoJIHTa )J,OCTHraiOTCSI Ha 6onee BbiCOKHe IIOKa3aTeJIH HMM06HJIH3al{HJ-I 6aKTepHH: 

Bbiiiie cpe)J,HSISI CKOpOCTb OKHCJieHHSI Fe (II), MeHbiiiee KOJIHYeCTBO l{HKJIOB H 

rrpo.nOJI){{HTeJibHOCTb HMM06HJIH3aUHH. O.uHaKo cKopocTb OKHCJieHHSI Fe(II) 6HoMaccoH:, 

HMM06HJIHOBaHHOH Ha .upesecHOH CTPY){{Ke, He nocTOSIHHa, T.K. npH npoTeKaHHH pacTsopa 

liepe3 6HopeaKTop nerKaSI cTpy){{Ka CHJihHO Kone6neTCSI. AsTop peKoMeH.uyeT npHMeHeHHe 

.upesecHoH: cTpy){{KH BMecTe c ueonHTOM. B pe3yJihTaTe Hccne.uosaHHH no oueHKe BJIHSIHHSI 

CIIOC06a IIO)J,aliH paCTBOpa B 6HopeaKTOp ycTaHOBJieHO, YTO CKOpOCTb 6HOOKHCJieHHSI Fe (II) 

cymecTBeHHO Bhiiiie npH no.nalie pacTsopa csepxy, lieM npH no.nalie CHH3Y B )J,Harra30He 

CKOpOCTH IIO)J,aliH 0,6-3 ,0 JI/ li. 

B nHTon rJlaBe llHCcepTaQHH npHse.ueHbi pe3yJihTaThi H3yYeHHSI BJIHSIHHSI pH Ha 

rH.UpOJIH3 Tpa.UHUHOHHOfO XHMHlieCKOfO OKHCJIHTeJISI - paCTBOpOB cepHOKHCJIOfO ){{eJie3a H 

6HopeareHTa. DoKa3aHa 6onhiiia51 ycTOHliHBOCTb 6HopeareHTa B o6nacTH HH3KHX 3HalieHHH pH 

.no 2 ,3. CpaBHHTeJibHbie HCIIhiTaHHSI MeTo.uos BhiiUeJialiHBaHHSI Me.UHO-HHKenesoH: PY.Uhi 

KpyrrHOCTb!O -} 0 MM rrpH KOHUeHTpaUHH ){{eJie3a B paCTBOpe 5-15 r/JI rrpoBe)J,eHbl C 

rrpHMeHeHHeM MeTO)J,a 3aKHCJieHHSI (KYliHOfO Bbill{eJiaYHBaHHSI paCTBOpOM cepHOH KHCJIOTbl), 

KYliHoro 6HOOKHCJieHHSI B pe){{HMe HHOKYJISIUHH KYliHoro 6HOBbiiUeJialiHBaHHSI 6HopeareHTOM, 

HMM06HJIH30BaHHOM MHKpoopraHH3MaMH. Y CTaHosneHo, liTO npH 3aKHCJieHHH PY.Uhi B Teliem:I:e 

1 00 CYTOK H3 Hee H3BJieKaeTCSI HHKeJISI He 6onee 3 7%, Me)J,H 28% rrp11 paCXO)J,e cepHOH KHCJIOTbl 

46,3 KriT. B ycnoBHSIX BbiiUenalii1BaHI151 c 611opeareHTOM, CHHTe311posaHHhiM 

HMM0611JII130BaHHbiMI1 MHKpOOpraHI13MaMI1 np11 peKOMeH)J,yeMOH KOHUeHTpaUH11 ){{eJie3a B 

HCXO.UHOM pacTsope 15 r /n .uocTHraeTCSI BbiCOKoe H3BJielieHHe MeTannos 113 6e.nHoi1 PY.Uhi: 

89,4% HHKeJISI, 67,5% Me)J,I1 H 57,5% ){{eJie3a npH MeHbiiieM paCXO)J,e cepHOH K11CJIOTbl 36,8Kr/T. 

Dp11 KYYHOM 6HOOKHCJieHHI1 PY.Uhi B pe){{I1Me HHOKYJISIUH11 113BJielieHI1e MeTannos HeCKOJibKO 

Hl1){{e H COCTaBJIS!eT 75 ,25; 56,8 11 51 ,4% COOTBeTCTBeHHO. 

HayquaH HOBH3Ha 

1. Bnepsbre TeopeTI1lieCKH o6ocHosaHa rrOBhiiiieHHaSI OKHCJII1TeJibHaSI aKTHBHOCTb 

6HopeareHTa, npHMeHSieMOfO )J,JISI Bbill{eJialiHBaHHSI MeTaJIJIOB H3 CYJib<PH)J,HbiX py.U H 

nonylieHHoro npH OKHCJieHH11 pacTsopos cynh<PaTa Fe(II) ){{eJie300KHCJISIIOIUHMI1 

MHKpoopraHH3MaMH, HMM06HJIH30BaHHbiMH Ha TBep)J,OM HOCHTeJie, B cpaBHeHHH C XHMI1lieCKI1M 

·peareHTOM OKHCJIHTeneM - cynh<PaTOM Fe(III). B cooTBeTCTBHH c paccYHTaHHhiMH KBaHTOBO­

XI1MHlieCKI1MH xapaKTep11CTHKa.MH HaH60Jiee ::mepreTI1lieCKI1 BepOSITHbiX KOH<!>OpMal{I1H 

MOJieKyJibl, 6HopeareHT HMeeT 60JibiiiHH liaCTHYHbiH 3apSI.U aTOMa ){{eJie3a, MeHbiiiYIO 3Hepr11IO 

H113IIIeii: CB060,1J,HOH MOJieKyJIS!pHOH op611TM11, 60JibiiiYIO CTerreHb rrepeHOCa 3apSI)J,a rrp11 

B3ai1Mo.nei1cTBHH c cynh<PH.naMH. Onpe.ueneHa CTPYKTYPHaSI <PopMyna 611opeareHTa, coCTOSIIUaSJ: 

H3 HOHOB Fe(IIJ) H KHCJIOTHbiX OCTaTKOB rJIIOKypOHOBOH KHCJIOTbl fe(C6H907)3. DocTpOeHa er9 

3D MO,lJ,eJih, B KOTOpOH aHHOH KHCJIOTbl HMeeT aU11KJIHlieCKYIO CTpyKTypy, SIBJISIIOIUYIOCSI 

HaH6onee 3HepreTHlieCKH sepOS!THOH H ycTOHliHBOH. 

2. Y CTaHOBJieHbl HOBbie 3aKOHOMepHOCTH 11MM06HJIH3aU11H ){{eJie300KI1CJISIIOll{I1X 

M11KpoopraHI13MOB Ha pa3JII1liHbiX MaTepHMaX-HOCI1TeJISIX - II11p11Te, aKT11B11pOBaHHOM yrne, 

HOHoo6MeHHOH cMone, .upesecHoH: CTPY){{Ke, ueoJIHTe H CI1HTe3a 6HopeareHTa 

HMM06HJIH30BaHHOH 6HOMaCCOH OT KOHUeHTpaUH11 ){{eJie3a B 11CXO)J,HOM paCTBOpe 11 CIIOC06a 

IIO)J,aliH paCTBOpa B peaKTOp ( CHH3Y HJII1 CBepxy), pe){{I1Ma a3paU11H. PeKOMeH)J,OBaHa CMeCb (1: 1) 
.npeBeCHOH CTpy){{KH 11 UeOJIHTa, o6ecrrelii1BaiOll{a51 HaH60JiblllyiO CKOpOCTb OKHCJieHHSI ){{eJie3a 

rrpH IIO)J,alie paCTBOpa CHH3Y B npouecce HMM06HJIH3aUHI1 . 

3. BhiSIBJieHbi 3aBHCI1MOCTI1 H3BJielieHHSI MeTannos H3 cynh<PH.UHOH Me.UHO-HI1Kenesoi1: 

PY.Uhl npH ee KYliHOM 6HOBhiiUeJialiHBaHHH c HCIIOJib30BaHHeM 611opeareHTa - OKI1CJII1TeJISI, 

IIOJiylieHHOfO C IIOMOll{b!O 11MM0611JII130BaHHbiX M11KpoopraHI13MOB Ha CMeiiiaHHOM HOCI1TeJie, 

OT KOHUeHTpaU11H 6HopeareHTa. Y CTaHOBJieHO IIOBbiiiieHI1e 113BJielieHHSI MeTaJIJIOB B paCTBOp, 
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CHH.)KeHH.e pacxo,L(a cepHoif KHCJIOThi H. npo.l(OJI)KHTeJihHOCTH npou,ecca npH yBeJIHYeHH.H 

KOHIJ,eHTpau,H.H 6HopeareHTa. 

HOBH.3Ha pa60Thi IIO,L(TBep)K,L(aeTC51 CBH,L(eTeJihCTBOM 0 pemcTpaU,HH. HOy-xay Ha «Cnoco6 

H.MM06H.JIH.3aiJ,HH. Me30<lJH.JihHhiX )l(eJie300KHCllillOIIJ,H.X 6aKTepHH Ha TBep,L(hiX MaTepHaJiaX­

HOCH.TeJ151X», 3apemCTpHpOBaHHOM B LJ:en03HTapHH HOy-xay HI1TY «MI1CHC». 

IIpaKTHI.fecKan JHaLIHMOCTh 

1. Pa3pa6oTaHhi HOBhie TeXHH.YeCKH.e perneHH.51 ,L(JI5! coBeprneHCTBOBaHH.5! npou,ecca 

KYYHOfO 6HOBhillleJiaYHBaHH5! ynopHhiX cynh<lJH,L(HhiX py.l( Ha OCHOBe IIpHMeHeHH51 6HopeareHTa 

C IIOBhiiJleHHOH OKH.CJIH.TeJihHOH aKTHBHOCThlO H. CH.HTe3H.pOBaHHOf0 H.MM06HJII130BaHHhiMH 

)l(eJie300KH.CJI5!IOUlH.MH. MH.KpoopraHI13MaMI1 Ha TBep,L(OM HOCI1TeJie. I1CIIOJih30BaHI1e 

611opeareHTa no3BOJIHeT 3cpcpeKT11BHO nepepa6aThiBaTh 6e.l(Hhre ynopHhie Me,L(HO-HHKeneBhie 

cynhcp11.l(Hhiepy.l(hl C BhiCOKI1M 113BJieYeHI1eM IJ,BeTHhiX MeTaJIJIOB:89,4o/o HI1KeJI5!, 67,5% Me,L(I1 11 

57,5% )KeJie3a 3a I 00 CYTOK KyqHOfO 6HOBhiUleJiaYH.BaHH.5! IIpH OTHOCH.TeJihHO HH.3KOM paCXO,L(e 

cepHOH KH.CJIOThi 36,8 KrfT. 

2. Pa3pa6oTaHhi TexHonori1YeCKH.e pe:>KH.Mhi npoueccos CI1HTe3a 611opeareHTa s 

OT,L(eJihHOM IJ,H.KJie C IIOMOUlhlO H.MM06H.JIH.3HpOBaHHOH 6HOMaCChi H. KYYHOfO 

6HOBhiUleJiaYI1BaHH.5! py ,L(hl C IIpH.MeHeHH.eM 6110peareHTa, o6eneYH.BaJOUlH.e IIOBhiiJleHHe 

113BJieYeHI151 MeTaJIJIOB H. B u,eJIOM TeXH11K0-3KOHOMH.YeCKYIO 3<lJ<lJeKTH.BHOCTh nepepa60TKH. 

py.l(hl. 

PeaJIHJaunn nccJieLJ.OBaHHH. 3cpcpeKT11BHOCTh H. ytmsepcaJihHOCTh pa3pa6oTaHHoro 

ycoseprneHCTBOBai-IHOfO npou,ecca KYYHOfO 6HOBhiUleJiaYH.B3HH.5l cynhcp11.l(HhiX py.l( Ha OCHOBe 

CH.HTe3a 6110peareHTa 11MM0611JIH.30BaHHhiMH. M11KpOOpraHI13MaMH. IIO,L(TBep)l(,L(eHa pe3yJihTaTaMI1 

yKpynHeHHhiX 11CIIhiTaHI1H, npose,L(eHHhiX asTopoM cosMeCTHO c OAO «fi1HIJ,BeTMeT» no 

nepepa60TI<e 6e,L(HOH Me,L(HO-HI1KeJieBOH py.l(hl KpyiiHOCThlO -10 MM C CO.l(ep)l(aHI1eM 0 ;29% 

H11KeJIH 11 0,12% Me,L(I1. IlOKa3aHO, YTO IIp11 11CIIOJih30BaHI111 peKOMeH,L(yeMOH TeXHOJIOfH.H 

,L(OCTI1raeTC5l BhiCOKOe 113BJieYeHH.e IJ,BeTHhiX MeTaJIJIOB:88,6o/o, HI1KeJI51 H. 70,2% Me,L(I1 3a 98 

CYTOK KYYHOfO 6110BhiUleJiaYI1BaHI15l , YTO OTpa:>KeHO B aKTe 11CIIhiT3HI1H. 

tJ:ocTOBepHOCTb H3Y'-IHbiX OOJIO/KeHHH, BhiBOLI.OB H pe3yJihT3TOB OCHOBhiBaeTC5l Ha 

1Ip11MeHeHI111 HOBeHIJ111X KOMIIhlOTepHhiX TeXHOJIOfi1H H3y"t.JeHI151 Hay"LJHhiX OCHOB 

pa3pa6aThiBaeMOH TeXHOJIOfH.I1 - OIIpe,L(eJieHI111 KBaHTOBO-XH.MI1YeCK11X xapaKTep11CTI1K 

peareHTOB 11 BhiUleJiaYI1BaeMhiX cynh<lJI1,L(OB, 60JihlliOM 06oeMe 3KCnep11MeHTaJihHhiX 

H.CCJie,L(OBaHI1H, BhiiiOJIHeHHbiX aBTOpOM C np11MeHeHI1eM COBpeMeHHhiX MeTO,L(OB 11 np1160p0B, 

CXO,L(H.MOCThlO pe3yJibTaTOB TeopeTI1YeCKI1X H. 3KCnep11MeHTaJihHhiX 11CCJie,L(OBaHI1H. 

JlH'-IHbiH BKJI3LI. 3BTOpa COCTOH.T B I-IaYYHOM o60CHOBaHI1H. ITOCTaHOBK11 pa60Thi, u,en11 11 

3a,L(aY 11CCJie,L(OBaHI1H, o6o6meHH.I1 11 aHaJIH3e H.HcpOpMaiJ,H.OHHhiX 11CTOYHI1KOB, BhiiiOJIHeHI111 

3KCIIepH.MeHTaJibHhiX pa60T, o6pa60TKe l1 aHaJII13e IlOJiyYeHHhiX pe3yJibTaTOB, Bh151BJieHI11111 

ycTaHOBJieHl1l1 HOBbie 3aKOHOMepHOCTeH 11 3aBI1CI1MOCTeH H3y"YeHHbiX npou,eCCOB. 

Anpo6aunn pa60Thl n ny6JinKaunn. Pe3ynhTaThi 11ccne,L(osaHI1H ,L(OCTaTOYHO rronHo 

OTpa)l(eHbi B I 0 ny6JII1KaiJ,I15lX, B TOM YI1CJie B 2 pa60TaX, orry6JII1KOBaHHhiX B )l(ypHaJiaX, 

peKoMeH,L(OBaHHhiX BAK MI1Ho6pHayKI1 PoccH.I1, anpo611posaHhi Ha pa3ni1"LJHhiX Hay"YHhiX 

KBOpyMaX 11 0.l(06peHhi HayYHOH o6mecTBeHHOCThlO. ABTOpe<J>epaT H ny6JIHK3UHH 

fiOJIHOCTbiD OTp3iK3IDT COLJ.epiK31-IHe LI.HCCepT3UHH. 

3aMe'-13HHJI 

1. B ,L(I1ccepTau,l111 ,L(OCTaTOYHO ,L(eTaJihHO Hccne.l(yiOTC51 .l(Ba rrpou,ecca c yYaCTI1eM 

M11KpoopraHH.3MOB - Cl1HTe3 6110peareHTa 11MM06HJII130BaHHhiM11 :>KeJie300KI1CJI51IOUli1MI1 

MI1KpOOpraHI13MaMI1 l1 rrpouecc KYYHOfO 61100KH.CJieHI15! cynh<lJI1,L(HhiX py.l( C 11CIIOJib30BaHH.eM 
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6IropeareHTa. BMeCTe C TeM B pa60Te He yLJ:eJieHO LJ:OJI)KHOfO BHHMaHIUI H3yqeHHJO 

MHKpOOpraHH3MOB: COCTaBy H qJ1cJieHHOCTH B HCXOLJ:HbiX H npOLJ:YKTHBHhiX paCTBOpax, 

KOHQeHTpaU:HH KJieTOK 6aKTepHH B )KHLJ:KOH H TBepLJ:OH <lJa3aX BO BpeMeHH 6HOBbii.IJ;eJiaqHBaHH51 B 

pe)KHMaX HHOKYJI51U:HH H C HCnOJih30BaHHeM 6HopeareHTa H LJ:p., a TaK)Ke He npHBeLJ:eHbl LJ:aHHbie 

no onpeLJ:eJieHHJO OKHCJIHTeJihHO-BOCCTaHOBHTeJibHOfO riOTeHQHaJia, OLJ:HOrO 113 Ba)I(HbiX 

napaMeTpOB 6HOXHMHqeCKOrO OKHCJieHH51 CYJib<iJHLJ:OB. 

2. ITpH npoBeLJ:eHHH cpaBHHTeJThHhiX JKcnepHMeHTOB no H3yqeHHJO 3aBHCHMOCTH 

OCa)KLJ:eHH51 6HopeareHTa H cyJihCpaTa fe(III) OT pH HCnOJib30BaJIC51 6HopeareHT, 

CHHTe3HpOBaHHbiH He HMM06HJIH30BaHHbiMH 6aKTepH51MH Ha TBepLJ:OM HOCHTeJie, a nonyqeHHhiH 

npH OKHCJTeHHH fe(Il) 6aKTepl151Ml1 B paCTBOpe cepHOH KHCJTOThl, qTO npeLJ:CTaBJI51eTC51 

MeTOLJ:HqecKH He KOppeKTHhiM. 

3. PeJyJihTaThi no onpeLJ:eJieHHJO cKopocTH <iJHJihTpau:ww wccneLJ:yeMoif PYLJ:hi, 

LJ:p06JTeHHOH LJ:O KpynHOCTH -5 , -10 l1 -20 MM, CBHLJ:eTeJibCTBYJOT 0 HH3KHX <lJHilbTpaU:HOHHhiX 

CBOHCTBaX BCeX HJyqeHHhiX KJiaCCOB KpynHOCTH, COOTBeTCTBeHHO 0,43; 0,51 H 0,58 M/ CyTKH. 

ITpHqeM py.IJ:a KpynHOCTbJO -5 MM 06JTaLJ:aeT CKOpOCThJO <lJHilbTpaU:l111 <0,5 M / CyTKH, KOTOpa51 

xapaKTepw3yeT PYLJ:Y LJ:aHHOH KpynHOCTH, KaK He npwro,D,Hyio ,D,JT51 KyqHoro Bhii.IJ;enaqwBaHH51. ITo 

MHeHHJO peo;eHJeHTa, uenecoo6pa3HO 6hiJTO wccne,D,oBaTh npouecc KyqHoro Bhii.IJ;enaqHBaHH51 

OKOMKOBaHHOH py,D,hl, ,ll,Jl51 OKOMKOBaHH51 HCTIOJlb30BaTb paCTBOp cepHOH KHCJIOThl. C U:eJibJO 

CHH)KeHH51 3aTpaT Ha nepepa6oTKY 6e,D,HOH PYLJ:hi uenecoo6pa3HO 6hiJTO H3yqHTh rrpou:ecc 

KyqHoro 6HOBbiW.eJiaqwBaHl151 OKOMKOBaHHOH py,D,hl KpyrrHOCThiO -20 MM B cpaBHeHHH C 

KpyiiHOCThJO -1 0 MM. 

4. CooTHoweHwe MaTepHanoB-HOCHTeneH: HMM06HJTH30BaHHhiX MHKpoopraHH3MOB -

CMeCH ,D,peBeCHOH CTpy)I<KH H u;eOJIHTa, paBHOe 1 :1 , He o60CHOBaHO JKCIIepHMeHTaJibHhlMH 

,D,aHHhiMH. 

5. He OIIpe,D,eJieHbl KOHQeHTpaU:HH HHKeJT51 H Me,D,H B IIpO.D.YKTHBHhiX paCTBOpax H He 

YKa3aH CIIOC06 HX rrepepa60TKI1 C nonyqeHHeM TOBapHOH rrpO.D.YKUHH. 

6. J1MeJOTC51 HeKOTOpbie pe,D,aKU:HOHHbie OWH6KH H HeTOqHOCTH, TaK, HaiipHMep, Ha 

pHCYHKaX (pHC. 4 , KpHBa51 3 ; pHC.5, KpHBa51 4 ; pHC 6, KpHBa51 3 H ,D,p.) OTCYTCTBYJOT 

JKCIIepHMeHTaJibHbie TOqKH Ha KpHBhiX ; Ha CTp. 83 B TeKCTe IIpHBe,D,eHbi ,D,aHHbie, He 

comacyJOI.IJ;Hec51 c rroKa3aTeJI51MH H3BJieqeHH51 MeTannoB B Ta6nHu:e, YKa3aHHOH B cchiJIKe. ITo 

MHeHHJO peo;eH3eHTa, aBTOp ,D,wccepTau:ww H3JIHWHe yBneKaeTC51 corrocTaBneHHeM pe3yJTI>TaToB 

JKCIIepHMeHTaJibHhiX HCCJie,D,OBaHHH He B HX a6COJIIOTHhiX qJ1CJTeHHhiX BeJIHqHHaX, a rryTeM 

cpaBHeHH51X B «pa3bi» HJIH ITO pa3HHQe BeJTHql1H ( « 60Jibllie HJTH MeHbWe Ha CTOJlhKO-TO» ), qTo 

3aTpy,D,H51eT BOCIIpH51THe MaTepHana. 

C,D,eJiaHHhre 3aMeqaHH51 He CHH)KaJOT o6my1o noJIO)KHTeJihHYJO ou:eHKY .D.HccepTaU:HH. 

B u.eJJoM, LJ.HccepTau.uSI q:~KJH q:~KuxyHa SIBJlSICTCSI xopomeu HayqHo-

K8aJJu<J>uKau,uoHHou pafiOTOH, OT JlH'-IaiOIIJ,eHCSI r JlyfioKUMH HCCJlCLJ.OBaHUSIMU Hay'-IHbiX 

OCJ-108 U C03LJ.aHUCM 3<J><J>eKTH8HbiX Hay'-IHO-TCXHOJlOrH'-ICCKHX pemCHUH 8 06JlaCTU 

o6orallJ,CHUSI CYJlb<J>ULJ.HbiX pyLJ.. C npHMeHCHHCM 6uopearei-ITa, CHHTC3Hp08aHHOrO 

HMM06HJ1H30BaHHbiMU MHKpoopraHH3MaMH H 06JlaL).aiOIIJ,CrO DOBbllliCHHOH 

OKUCJlUTeJlbi-IOH aKTHBHOCTbiO DO OTHOlliCHUIO K CYJlb<J>ULJ.aM, 31-la'-IHTCJlbHO 

yco8epmencT808aH npou.ecc KY'-II-IOro 6uoBhlllJ,CJlaqusauuSI TPYLJ.Hoo6oraTHMhiX 6eLJ.HhiX 

MeLJ.HO-HHKCJlCBbiX pyLJ.. Ha ocHose noJJy'-leHHhiX HOBhiX 3Hai-IHH o KBaHT080-XHMH'-IecKux 

xapaKTepHCTHKaX MOJleKyJl peareHTOB U CYJlb<J>ULJ.I-IbiX MUHepaJlOB, yqaCT8YIOIIJ,HX 8 

npou,ecce fiHOOKUCJleHHSI, a TaK:~KC 60JlblliOrO 06beMa JKCDepHMeHTaJlbHbiX UCCJleL).08aHUH 

a8TOpOM ycTaH08JleHbl 3aBUCHMOCTH CKOpOCTU npoTeKaHHSI npou,ecC08 CUHTe3a 

6uopeareHTa u Kyquoro 6uoBbiiiJ,eJla'luBaHuSI cyJJh<J>nLJ.HhiX pyLJ. OT pSILJ.a <J>aKTopo8, 

00380JlU8lliUe OnpeLJ.eJlUTb ODTUMaJlbHbie pe:~KUMbl nepepafiOTKH U 8biCOKOrO H38J1C'ICHUSI 

U.8CTHhiX MeTaJlJlOB H3 TPYLJ.Hoo6oraTuMoro CbipbSI. IIoJJy'leHHhiC a8TOpOM pe3yJlhTaThl 

TCOpCTU'ICCKHX U npHKJlaL).HbiX HCCJ1CLJ.08aHUH 81-IOCSIT BKJlaL). 8 pa38UTUC TCOpHH U 

npaKTUKU npOU,CCCOB o6oraii{CI-IHSI MUHepaJlbHOrO CblpbSI U HMCIOT Ba:~KHOC 3Ha'ICHUC L).JlSI 
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cTpanbi, nocKOJihKY no3BOJIHIOT JlJ>lJ>eKTHBHO BOBJieKaTb B oTpa6oTKY TPYJJ.Hoo6oraTHMhie 
pauee ue nepepa6aTbiBaeMhie 6eJJ.Hbie cyJihlJ>HJJ.Hbie PYJJ.hi. ,ll,nccepTau.nH no csoeMy 
COJJ,epmaHHIO, uay'IHOH HOBH3He H npaKTH'IeCKOH 3Ha'IHMOCTH OTBelJaeT TpefioBaHHHM, 
npeJJ.bHBJIHeMbiM BAK K KaHJJ.HJJ.aTCKHM JJ,nccepTaU.HHM B cooTBeTCTBHH c n.9 lloJiomennH 
o npncyiKJJ,ennn yqennhiX cTeneueH:. AsTop JJ,nccepTau.nn qiKJH qmnxyu 3acJiymnsaeT 
npncyiKJJ,eHHH eMy y'leHOH CTeneHH KaHJJ,HJJ,aTa TeXHH'IeCKHX nayK no cneu.naJibHOCTH 
25.00.13 - 06oraiiJ.ei-me noJie3HhiX ncKonaeMhiX. 

Ce)J,eJibHHKOBa fan11aa BacHnbesaa 

Cse)J,eHiui o peueH3eHTe: 
Ce)J,eJibHHKOBa fanHHa BacHJih'eBHa 
MecTo pa6oTbi - <De)J,epanbHoe rocy)J,apcTseaaoe yHHTapHoe rrpe)J,rrpmiTHe 

lJ,eHTpaiibHhiH HayqHo-Hccne)J,oBaTeJibCKHH reonoropa3Be)J,O'IHbiH HHCTHTYT useTHbiX 11 

6naropO)J,HbiX MeTaJIJIOB ( <D rYrr lJ,HMfPM) 

~ ;:JnMCb 

ITo'!TOBbiH a)J,pec: 117545, MocKBa, BapwascKoe wocce, 129, Koprr.1 
E-mail: gsedelnikova@mail.ru 
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