OT3bIB
Ha aBTOopedepaT U auccepTauuio Beiapiin Ctenana Onerosuya
Ha Temy «IloBbIIIEHHE KOMILIEKCHOCTH MepepadoTKH LIJIAMOB 31€KTPOJHTHYECKOr 0
padHHHPOBaHUS BTOPUYHOI MeaH», NPEICTaBIEHHON Ha COUCKaHWE YUEHOH cTeneHU
KaHANAaTa TEXHUYECKUX HAYK 10 ClieUanbHOCTH 2.6.2. MeTamnyprusi 4epHbIX, LIBETHLIX U
PENKUX METAJIJIOB

Pabora Bbiabiina Crenana OneroBuua nocpsileHa OJHOW W3 BaXKHbIX TEM MEIHOM
NPOMBILLIIEHHOCTH — MepepaboTKe MEAE3eKTPONUTHBIX INaMOB BTOPHUYHOTO MPOHU3BOACTBA,
obpasyemblX B pe3ysbTaTe MnepepaboTKH Meabcojepxkaiuux JoMoB. [logoGHble Lunamsl
OTJIMHAIOTCA HU3KUM COZEPXAHUEM CENeHAa U TEJUTYPa, U BLICOKUM COIEP>KaHUEM 0/10Ba U HUKEJIS.
CoBpeMeHHbIE TEXHOJOTMM NepepaboTKM LIIaMOB  3JIEKTPONMTHYECKOro paduHUpoBaHus
BTOpUUYHOH Menn (manee — OPBM) aHanoruuHbl TexHOJOrWAM MepepabOTKU [UIAMOB U3
NMEepBUYHOrO Chipbsl M CONPSXKEHbl C MOTEPAMU ONaropoAHbLIX METaJsIOB M JAPYIMX LEHHbIX
KOMIOHEHTOB. Pa3paboTka KOMIIEKCHOH pecypco- U 3HeprocOeperarolleil TEXHOJIOruu
MpEACTaBIAETCA BEChbMa aKTYyalbHOM.

ABTopom pazpaboraHa meroanka «Pacuer sHTanbnuy o6pazoBaHus CN0XKHbBIX COEANHEHUH
C yuyeToM  JOJIEBOrO  BKNaja 3HEpPrud  cBsizeil» ¢ NpPUMEHEHWEM  KOHLENUWU
3MIEKTPOOTPULIATENLHOCTH, CHIDKAtOIAs OWMOKY pacuera Ajis KpUCTalJOrMApaToB M ABOMHBIX
cone mo 1-2 %, no koropoil paccuuTaHbl 3HTanbnNud obpasoBaHus CuPbSO4(OH),,
Cus(SO43(OH)s-4H20, Bxonswmx B coctaB liama. B pamkax auccepTanlinoHHOU paGoThI
UCClIeJ0BaHbl BIUAHME TepMUUuecKoil 06padboTku (06xxur 1 CBY) Ha coBmecTHOe H3BnedeHue Cu
M Ag B pacTBOp CEpHOKMCIOTHOrO BbilllenauvBanHus wnama IOPBM. TexHonoruueckumu
UCCIIEI0BaHUAMHU NMOATBEpKAeHa 3(P(EKTUBHOCTL CENIEKTUBHOIO W3BIEUEHUS MEAW U3 lijlama
OPBM c nonyTHO# KOHBepcueil cynbdara CBUHIIA B COJIb YTONBHOM KHUCJIOTHI, & TAKXKE YTOUHEHbI
PEXHMMbl  HHM3KOTEMIIEPATYpHOTO aMMHA4YHO-aMMOHMIMHOro BblllenauvBaHus. BeinonHeHna
TEXHOJIOrHYECcKas MpoBepka BO3MOXKHOCTH M3BJIeHeHMs cepebpa U 30510Ta U3 000ralleHHOro Mo
BbM umama 1apcko-BOJOYHOW W KUCJIOTHO-THOCYNbGaTHOH oOpaboTkoit. [lns pacuéra
KWHETUYECKUX XapaKTEPUCTUK OMpeNeneHbl KaXKyLasacs IJHEPruy akTUBaLWK, MOPSAA0K Mpoliecca
N0 peareHTy M OMpeAefeHbl JIMMUTUPYIOLIME PEXUMBL BbILICNAYUBAHUA JJS1 MPOLIECCOB:
aMMMa4HOro BhILIENAYMBaHUs Meau U3 Luama DBPM U a30THOKUCIOro BhillefaunBaHus cepebpa
B NPUCYTCTBUH NEPOKCHAA BOAOpOAA U O€3.

HayuHas HOBU3HaA ucciie10BaHuUs 3aKJIIOYAETCs B pa3paboTKe HOBBIX METOA0B U MOJXOA0B
K CEJIEKTUBHOMY M3BJIEYEHHUIO MeAK U cepedpa U3 11aMa 3JIEKTPOTUTUUECKOTO papUHUpOBaHKA.
BnepBele  yCTaHOBAEHO, YTO TMpPU CEPHOKMCIOTHOM  BbIILENAYMBAHUM l1aMa  [ocie
OKMCJMTENBLHOTO 00Xura cepedpo u3BjeKaeTcs 3a cueT o0pa30BaHUS PACTBOPUMBIX B CEPHOM
kucnore a3 — ruapokcocynbdara mean (AgCux(S04)2(OH)-H20) u cynsdara cepebpa. Ha
OCHOBE TEPMOJMHAMUYECKOro aHajii3a aMMHauHO-aMMOHHUHHON cucTeMbl Oblla MaTeMaTHUECKU
ONKMCaHa 3aBUCMMOCTb DAaBHOBECHBIX KoHLeHTpauuit uoHoB [Cu(NH3)2]", [Cu(NH3)4]*,
[Ag(NH3)2]" 4 pacxoma peareHToB OT COCTaBa aMMMa4dHOrO pacTBOPA, UYTO [O3BOJIMIIO
ONTHUMU3UPOBATL NPOLECC BbIIENAYMBaHUS Meaun. BrepBble npennoxeH OKUCIHUTENBHO-
BOCCTaHOBMTE/NbHBIN noTeHuMan cuctemsl (+245+10...+280+10 MB) kak kputepuii cenexTuBHOro
U3BJICUEHUs MeJW [IPM aMMMHAuHOM BBILLETAUMBAaHUM, KOTOPLII MoaaBiseT nepexon cepebpa B
pactBop. HMccnemoBaHa KuHETMKa aMMMA4HOTO BblILENaYMBAHUA MeAW, TOE BblABIEHA
B3aMMOCB3b Mexay koHueHTpauuedl NH3-H20 u NHi" v cMmeHol pexxuma BblllenaduBadus ¢
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KUHETHUYECKOTO ¢ INMUTHPOBAHUEM CKOPOCTH mpoliecca aacopduneil peareHToOB Ha MOBEPXHOCTH
TBEPAbIX 4acTHL Ha AUQQy3uoHHBIHA, 4TO MO3BOJsSET D(PEKTHBHO YMpPaBIATH MPOLIECCOM U
M3BJIEKaTh Melb. TaKke NpoBeAeHbl KMHETHYECKUE WCCIAEA0BAHMA BhILUEIAYMBAHUSA cepebpa B
a30THOM KMCJIOTE C MPUMEHEHHUEM MepOKCHIa BOAOPOA A MOAABEHMS HUTPO3HBIX ra3oB, rae
yCTaHOBJIEHbI 3aBUCUMOCTH CKOPOCTH PEAKLIMU OT TeMIEPaTypbl U KOHUEHTPALIMU PeareHTOB, YTo
MO3BOJIMIIO BbIABUTb YCIOBUA 3((EKTUBHOrO BblllefauyrMBaHus cepebpa ¥ ONTUMU3UPOBATH
npouecc.

[TpakTuueckas 3HaAYMMOCTb AMCCEPTALMOHHOH paboThl COCTOMT B pa3pabOTKe H
BHEAPEHHU 3P EKTUBHBIX TEXHONOTWH [  nepepabOTKW  1naMa  3J1EeKTPOJUTHYECKOro
paduHUpOBaHUs, OOECMEYMBAIOIINX BbICOKYIO CTENEHb H3BJIEYEHUS] LEHHBLIX METANIOB ¢
MUHHMMAaJIbHBIMU 3aTpaTamMu pecypcoB U 3Hepruu. PazpaboTaHHas MeTOAMKA pacueTa 3HTaTbIIUU
o0pasoBaHus  CJIOXKHBIX  COEAMHEHHH  3HAUMTENBHO  CHMXKAET  MOTPEWHOCTb  FIpH
TEPMOJMHAMHUYECKOM aHaANIM3€ B3aMMOJAEHCTBMI B CHCTeMax BbllLIENaYMBAHMS, YTO YJyulllaeT
TOYHOCTH [POrHO3MPOBAHUA TEXHOJOrMYecKux mpoueccoB. KommniekcHsle ucciea0BaHuU
CEJICKTUBHOIO W3BJIEYEHUS] METAUIOB [MO3BOJIUIM ONPEAE/IUTh ONTUMAJBHBIE PEXKUMBL [J1s
pasIUYHBIX METOJOR BhIIENAYURAHUS (AMMUAUHOrO, ALIETATHOTO, Knc_r!oTHo-Tuocy_rgbdl)aT_Horo),
uyTo O0ECMeuMBAeT BLICOKME NOKazaTeld H3BJeueHus meau (He menee 99 %), cBuHLA
(ne menee 93 %), Gapus (10 95 %), onoea (no 89 %), cepebpa (He menee 95 %), 3050Ta
(He menee 77 %) n npyrux O61aropoAHbIX MeTannoB. BHeapeHuwe npesnoxeHHOM pecypco- u
3Heprocoeperarolieii cxembl NepepaboTKW B yKPYMHEHHBIX Ja0OpaTOPHLIX YCJIOBUSAX OBLIO
yCleuHo anpoOMpoBaHo Ha MPeanpusTUU, YTO NOATBEP)KAAET BO3MOXKHOCTh MacITAOMPOBAHUA
B T0JIYTPOMBILLICHHBIX MaclITadax.

CreneHb 1OCTOBEpHOCTH pabOTHI He BbI3bIBACT COMHeHHH. [losyueHHBIE pe3y/bTaThl
UCCIE0BaHNH O6a3UpYIOTCS Ha NMPUMEHEHHH KOMIIEKCa COBPEMEHHbBIX METO/I0B MCCIeJOBaHMS,
KOTOpBIE TMMOATBEPKIAAIOT M B3AUMHO JONOJIHAKT JApPYr Apyra, a TaioKe COracyloTcs ¢
MOJIy4YEeHHBIMU JaHHbIMM ApPYruX aBTopoB. [1o Teme auccepraumnu onybaukoBaHo 8 pabot, 3 u3
HUX B PEUEH3UPYEMBIX HAYYHBIX XypHanax pekoMmeHaoBaHHbIXx BAK P® u ATrectanMoHHbIM
cosetoM HUTY «MHUCHC», B ToM uncne 3 — B MexxayHapoaHbIx 0a3ax JaHHbIX Scopus u WoS, B
cOOpHMKAX TE3UCOB JOKIANOB HayuHbIX KOHbepeHUui — 4, 3aperucTpupoBano 1 Hoy-xay.

1o aBTOpedepaTy U auccepTaLui UMEIOTCS CeAyOIIe BOMPOCH U 3aMeyUaHus:

1. IlpuHuunuansHas TexHonorudeckas cxema (pucyHok 87, crp. 148) noapasymeBaer noa

co00i MOLYNBHOCTH B 3aBUCUMOCTH OT MOCTYIAeMOro ChIPbs, YTO B LIEJIOM JEJIaeT
CXeMy HOCTaTo4HO rubOkoil. OAHaKo B TEKCTe JUCCepTallid HEe PacKpPBIThbl COCTABBI
NOoJIy4aeMbiX pacTBOPOB, NOCTYNAIOIIMX HAa HEWTpanu3auuld M HX BO3MOXHbBIC
CNocoObl YTUIIM3ALMK/HeHTpanu3auuu.

2. B nucceprauMM  He  OpeAcTaBieHA  annapaTypHO-TEXHONOrMYecKas  cXxema
npejnaraeMoil TEXHOJOTUM, YTO BbI3bIBAET BOMPOCHl O HEOOXOAMMOM COCTaBe Kak
OCHOBHOTO, TaK U BCMIOMOrarebHOro obopynoBanus. C yueToMm nepeMeHHOro cocraBa
ChIPbSl 4aCTb 00OPYIOBAaHUA MOXET NPOCTAUBaTh, YTO YKa3bIBAET HA HEOOXOAUMOCTh
ONITUMU3ALMHK 000pYAOBAHMS Ui KaXAOTO MOAYJs C YYETOM U3MEHYMBOIO COCTaBa
nepepadarblBaeMbIX 11J1aMOB.

3. B rnaBse 6 aucceprauMu OTCYTCTBYeT HHGMOpPMAUMs O KPaTHOCTU [POMbBIBKH
MOMYNPOAYKTOB U KOHEUHBbIX MPOAYKTOB. DTO OCOOEHHO Ba)KHO, YUMTHIBas, YTO B
HEKOTOPhIX MOAYNAX (2 U 4) MpPOUCXOOUT CMEHA Cpelbl C KUCIIOW Ha HIENO0YHYIO.
HenocrarouHas npomMbiBKa MOXET HEFaTUBHO CKa3aThCsl HA KAUECTBE 0CAJKOB, MOXKET
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NPHUBECTU K TNOBbLIIIEHHOMY PacXOAy pEareHTOB, YTO MOAHMMAET BONPOC O BOAHOM
OanaHce M BOAOOOOPOTE TexHoJoruueckoid cxembl. HeobGxoaumbl pasbiaCHEHHUS
OTHOCHUTEJILHO YNpPaBIE€HUA NPOMbIBHBIMU BOJAMH, UX NepepaboTKu UK YTHIU3ALIUH.

YKazaHHbIE 3aMeUaHUs He CHUXKAIOT O0ILEeH LEHHOCTU U NOJIOKHUTENLHOTO BNEYATIEHHS O
paboTe, KOTOPas BHIMOJIHEHA HA BLICOKOM HAYYHOM U 3KCIEPUMEHTAILHOM YPOBHE, U HE BIUSIOT
Ha [JIaBHblE TEOPETUUECKHUE U NPAKTUUECKUE Pe3yJIbTaThl JUCCEPTALMU. 3aMeuaHUs HOCAT JIMLLb
JHCKYCCUOHHBIN Xapakrep.

ABTOpOM Ha OCHOBaHUH BBINOJHEHHOTO KOMILIEKCa HCCAe0BaHUI pa3paboTaHa METOANKA
«Pacuer sHTanbnUu 06pa3oBaHKs CAOKHBIX COEJUHEHHH C YueTOM JI0JE€BOrO BKIafa dHepruii
CBA3€i» C TPUMEHEHHWEM KOHLEMUUH 3AEKTPOOTPULATENLHOCTH, SBAAIOILEECS HAYYHBIM
AOCTHOKEHWEM [l BBINOJIHEHMS TEPMOJMHAMMYECKOTO aHajM3a CXOXKUX IIPOLECCOB.
Jucceprauumst  siBisercst 3aKOHYEHHOW HaydyHO-KBaIMUKAUMOHHOW paGoToil, B KOTOpOi
MpeyIoKEHO PELICHNE aKTyallbHOM 3a/auu, NO3BOJAIOLIEH MOBBICUTH KOMIJIEKCHOCTb U IyOUHY
1epepaboTKHU ILIAMOB JIEKTPOIMTHUECKOTO pabUHUPOBAHUS BTOPUYHOMN MEIH.

[IpeacraBneHHble B aBTOpedepare U JUCCEPTaLlMM HAYUHBIE U NMPAKTUUECKUE PE3yJIbTaThl
CBUJETENLCTBYIOT O TOM, UTO auccepTanuoHHas pabora Boibiina Ctenana OneroBuua, ABIsSeTCA
HayyHbIM HCCJIC/IOBAHMEM, HANpaBJICHHbIM Ha MOBBILIEHWE KOMIJIEKCHOCTH IepepaboTku
MPOMIPOAYKTOB METAJIJTypPruuecKoro mnpOU3BOACTBA, aKTyajbHOCTh KOTOPOro o0ycCnoBjeHa
IlocraHoBnenuem [lpaButensctea PO ot 29 aexabps 2023 roma Ne2394. JlucceprauvoHHas
paboTa NOoJHOCTBIO COOTBETCTBYET TpeGoBaHUAM «IlonoKeHust 0 MopsAAKe MPUCYKACHUS YUEHBIX
creneneit B HUTY MUCHC» v TpeboBarusam n. 9 [lonoxeHus 0 NpUCyKACHUU yUEHBIX CTENCHEH,
yTBepxaeHHoro [locranosnenuem Ilpasurenscrea P® ot 24 ceutsdps 2013 ropa No 842,
NPEeabsBIAEMbIM K KAaHIMIATCKUM AMCCEpTaLUsM, a €€ aBTOp 3aC/y>KMBAeT MPUCYKIACHHUA
MCKOMOM CTENEHH MO HaYyYHOH crneuuanbHocTh 2.6.2. «MeTannyprus YepHbIX, LIBETHBIX U PEAKUX
METaNI0BY.
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