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[Iporpamma BCTYNUTENBHOTO MCHBITAHUS, COOTBETCTBYIOLIAS HAYYHBIM
CIIeIMATIBHOCTAM 2.6.2. MeTammyprusi Y4epHbIX, IBETHBIX U PEIKUX METAILIOB, 2.6.7.
TexHomorrsa HEOPraHUIECKUX BemecT, 2.6.12. Xumudeckas TEXHOJIOTHS TOILTUBA U
BBICOKODHEPTETHYECKUX  BEIMIECTB TPYNNbl HAYYHBIX  CIENHAIbHOCTEH  2.6.
XUMUYECKHE TEXHOJOTHM, HAYKH O MaTepuanax, MeTaJulyprus, pa3paboTaHa Ha
OCHOBaHHH (perepaibHbIX TOCYIAPCTBEHHBIX 00PAa30BATEIBHBIX CTAHIAPTOB BHICIIICTO
oOpa3oBaHHsS ypOBHEW MarucTparypbl H chenuanuteta, omoOpeHa Ha CoBete
dakyapTeTa IEpPepadOTKH MUHEPATBHOTO CHIPHSI.

METOINYECKHUE YKA3ZAHUA K ITPOTPAMME
BCTYIIMTEJBHOI'O UCHIBITAHUSA « COBECEJJOBAHUE»

OCHOBHOH 11€JIbI0 BCTYIHUTEILHOTO UCIBITAHUS B ACTUPAHTYPY MO CHEIHATBHOM
JTUCIMILTAHE SIBJISIETCS BBISIBJICHHE KOMITETEHITNI B pa3IMYHBIX 00JaCTsIX, TAKUX KaK:

- 3HaHMe OOLIMX 3aKOHOMEPHOCTEH 3JEKTPOHHOTO U AaTOMHOTO CTPOCHHMS
METaJJIOB U CIUIABOB;

- 3HaHHUE OCHOB TEOPUU JAEPEKTOB KPUCTATNIMYECKOTO CTPOCHUS;

- 3HAHHE MEXaHU3MOB W KUHETUKHU ()a30BBIX U CTPYKTYPHBIX IPEBpAILCHUN B
MeTajllax U CIUIaBaX B TBEPJIOM COCTOSTHUU;

- 3HaHUE BUJOB TEPMUUYECKON 0OpabOTKH, pEXUMOB HX TMPOBEACHUS W
MPOUCXOMSAIIUX MPU STOM (Pa30BbIX WM CTPYKTYPHBIX MIPEBPAILICHUSX;

- 3HaHWE OCHOBHBIX PAa3HOBUJHOCTEH TEPMOMEXaHUYECKOW 00paboTKH,
PEXXHUMOB €€ TIPOBEACHUS 1 BIHMSHHS Ha CTPYKTYPY M CBOMCTBA CTaJIeH M CILUIaBOB;

- 3HaHHE MEXaHMYECKHX CBOMCTB METAJIIOB,;

- 3HaHHE HEeMETaNINYECKUX MaTePHaoB;

- 3HaHHWE OCHOB (PM3MKO-XMMHUYECKOTO aHAIN3a OCHOB MUPOMETATYPTHUECKUAX
MPOILIECCOB;

- 3HAHME XapakTepa B3aHUMOCBS3€H, CTPOEHHUS U (PU3UKO-XUMUYECKUX CBOMICTB
BEIIECTB;

- 3HAHUE MOHSATUHN AIIEKTPOMETAJUTYPTUU U JICKTPOXUMUMH;

- 3HAaHWE OCHOBHBIX TEXHOJIOTMYECKHX TMPOIECCOB W allllapaTOB METAJUTYPIHH
0JIarOpOHBIX METAIIJIOB,;

- 3HaHUE COBPEMEHHOI'O COCTOSIHUS HSKOHOMHUKHM pEAKHUX METalIoB U ee
TUHAMUKH (00€CTIeUeHHOCTh ChIpheM, 00JIaCTH MPUMEHEHHUs, 00bEMbI IPOU3BOJICTBA U
MOTpeOIeHUs, LIEHbI, IEPCIEKTUBBI), a TAK)KE UCTOYHUKU 3TOW HH(POpMaLUu;

- 3HAHHUE TEOPETUYECCKUX OCHOB M TexHojoruii mpoussoactea Mo, W, Ti, Re, Se,
Ge, Ga, U;

- 3nanue npuHIunoB npoussojactea V, Nb, Ta, In, Tl, Te, Ra, P33, Li, Rb, Cs,
Be;

- 3HAHHWE OCHOBBI COBPEMEHHBIX TEOPUU KHCIIOT U OCHOBAHMU;

- 3HaHUE PU3NUYECKUX U XUMUYECKUX CBOMCTB HEOPIaHUYECKUX BEILIECTB;

- 3HAHWE OCOOEHHOCTEH CBHIPHEBOM M DHEPreTHUYECKOM 0a3bl XMMHYECKUX
MIPOU3BOJICTB, TPATUITMOHHBIX UCTOUHUKOB CHIPhSI U IHEPTOHOCUTEIIH;

- 3HaHWE MPUHITMIIOB BHIOOPA M 0OOCHOBAHUS CHIPHEBOM M SHEPTETUUYECKON Oa3bI
MIPOU3BOJICTB HA OCHOBE TEXHOJOTMUYECKUX U 3KOHOMUYECKUX KPUTEPUEB;

- 3HAHHUEC TCXHOJIOTHMH IIOJYYCHHA HCOPTaHUYCCKHUX KHCIIOT H OCHOBAaHUHN U3



MUHEPAIBHOI'O ChIPBS U CIOCOOOB YIPABIEHUS TEXHOJOTHYECKHMMH MPOLECCAMU;

- 3HAHWE TEOPETUYECKUX 3aKOHOMEPHOCTEH pacueTra TEPMOJUHAMUYECKHX H
KMHETUYECKUX XapaKTEPUCTHUK OCHOBHBIX IHPOLECCOB XHWMHYECKOW TEXHOJIOTUU
HEOPraHNYECKHUX BELIECTB;

- 3HaHHE TEOPETHUYECKUX OCHOB  XMMHKO-TEXHOJIOTMUECKHX  IPOLIECCOB
HEOPraHUYECKOTO CUHTE3A;

- 3HAHHWE THUIOBBIX TEXHOJIOIMYECKUX CXEM IPOM3BOJCTBA HEOPraHUYECKUX
BEIECTB;

- 3HAaHHE NApPAMETPOB THUIIOBBIX TEXHOJIOIMYECKUX IIPOLECCOB IMPOU3BOJICTBA
HEOPraHUYECKUX BELICCTB;

- YMEHHE COCTaBJIAITh MATEMAaTHYECKUE MOJEIU THUIOBBIX MPO(PECCHOHATBHBIX
3a/1a4, HAXOJIUTh CIOCOOBI MX PEIICHWH W HMHTEPHPETUPOBATH MpodeccroHaTbHbBIN
(u3mueckuii) CMBLI MOJYYEHHOTO MaTEMAaTUYECKOTO PE3YNIbTaTa;

- YMEHHE HUCIIOJIb30BaTh 3HAHUSA O CTPOECHUHU BEUIECTBA, NMPUPOJE XUMHUYECKOU
CBA3M B pA3JIMYHBIX KJIACCAX XUMHUYECKUX COCIMHEHHHA NJii MOHUMAaHUSA CBOWCTB
MaTepualoB U MEXaHW3Ma XMMHUYECKHX MPOLECCOB, MPOTEKAIOIINX B OKPYKAIOUIEM
MHUpE;

- yMeHHue pa3palaTeiBaThb Hay4yHbl€ M TEOPETHUECKHE OCHOBBI KOMILIEKCHOM
nepepaboTKU KHUJIKHX, Ta3000pa3HbIX U TBEPJIbIX TOILJIUB, B TOM YHCII€ HEPTH, Ta30BbIX
KOH/ICHCAaTOB, ra3a, KaMEHHBIX YIJIeH, claHleB, Topda, NPUPOIHBIX TIpaduTOB,
IIYHTUTOB, MPUPOAHBIX OUTYMOB W MHHEPAIBbHOIO CHIPbSl C CO3JaHUEM 3aMKHYTBIX
CUCTEM;

- YMEHHE HCNOJIb30BaTh CETEBbIE KOMIIBIOTEPHBIE TEXHOJIOTUHU U 0a3bl JaHHBIX B
CBOEH TMpeaMeTHOM o00JacTH, TMaKeThl NPHUKIAJAHBIX MporpamMM sl pacyeTa
TE€XHOJIOTUYECKHUX MTapaMeTpPOB 000PYI0BAHNUS;

- YMEHHE CHCTeMaTH3UpOoBaTh U 0000IIAaTh MH(POPMALMIO MO MCIOJIb30BAHUIO
pPECYpPCOB NPEATPUSATHIA;

- YMEHHeE IUTAaHUPOBATh U IPOBOJAUTH (PU3NUYECKHE U XUMHYECKUE IKCTIEPUMEHTHI,
MPOBOJIUTH 0OPa0OTKY MX pEe3yJbTaTOB M OLIEHMBATH MOTPEUIHOCTH, MaTeMaTHYECKU
MOJIEIUPOBATh GU3NYECKUE U XUMUYECKUE TTPOLIECCHI U SABJICHHUS, BBIAIBUTAaTh THIIOTE3bI
Y YCTaHABJIMBAaTh TPAHULIBI UX TPUMEHEHUS;

- YMEHHE TpPOBOAUTH CTaHAAPTHbIE U CEPTU(PUKAIMOHHBIE HCIIBITAHUS
MaTEpPHUAJIOB, U3JIEIUI U TEXHOJIOIMYECKUX ITPOLIECCOB;

- YMEHHE HCIIOJb30BaTh 3HAHUE CBOWCTB XMMUYECKHUX JIEMEHTOB, COCINHEHUN
¥ MaTepUaJIOB Ha UX OCHOBE JJIsl pEeLIEHUS 3a1a4 Npo(eCCUOHATBHON AeSITEIbHOCTH;

- YMEHHUE HCIOJIb30BaTh 3HAHUS OCHOBHBIX (PU3NYECKUX TEOPHM AJIs pelIeHUs
BO3ZHUKAIONIMX (U3UYECKUX 3aJa4, CAMOCTOSATEIBLHOTO MPHOOpEeTeHUs (HU3NUECKUX
3HAHUM JUIsl TIOHUMAHUS MPUHLMIIOB paOOThl MPUOOPOB M YCTPOMCTB, B TOM YHCIIE
BBIXOJSIIIMX 32 MPEebl KOMIIETEHTHOCTH KOHKPETHOTO HAlpPaBIICHHUS;

- YMEHHME H3y4aTb HAYyYHO-TEXHUYECKYI0 HH(GOPMAIMIO, OTEUYECTBEHHBI H
3apyOeKHbBIN OMBIT IO TEMATUKE UCCIIEI0BAHMUS.

COJIEPKAHUE BCTYNUTEJBHOI'O UCHBITAHUS IO CIELIUMAJIBHOM
JAUCHUIIVIMHE « XUMHWYECKHUE TEXHOJIOT'YHU, HAYKHA O
MATEPHUAJIAX, METAJLUIYPI'USI»

Ha BCTynuTenbHOM MCHBITAHUM COMCKATENb JOJDKEH IPOJAEMOHCTPUPOBATH
OCHOBHBIC KOMIETEHIINH, C(HOPMHUPOBAHHBIE B PpE3yJbTaTe OCBOCHUS Y4eOHOU
OACHUIUIMHBL  «Teopuss M TEXHOJOTMST TEPMHYECKOM M XHUMHUKO-TEPMHUYECKOU
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o0paboTkn», «Teopuss METATYyprHYECKUX MPOIECcCOB», «MeTammyprus IBETHBIX,
peakux © OJaropogHbBIX MeETalwioB», «TeopeTHueckue OCHOBBI TEXHOJOTHUU
HEOPTaHMYECKUX BEUIECTB» M CMEXHBIX C HUMHU TUCIHHUIUIMH B BBICIIEM Y4eOHOM
3aBEACHUM NpU 00YUEHUU 10 MpOorpaMMaM CIIEHUATUTETA, MAaTUCTPATYPHI.

CTPYKTYPA BCTYIHMTEJBHOI'O UCIIBITAHUSA

BCTYHHTCJILHO@ HUCIIBITAHHUC BKIIIOYACT:

l) YcTHBIE OTBETHI Ha TPH BOIIpOCa U3 CIIMCKa BOIIPOCOB I BCTYIIUTCIBHOI'O
HUCIIBITAHUS.

2) Becez:a C 4JICHaAMH BKSaMeHaHHOHHOﬁ KOMHCCHH 110 BOIIPpOCaM, CBA3AHHBIM C
HAaY4YHBIM HUCCJICIOBAHUCM CONCKATCIIA.

1. PA3JEJIbI METAJLJTYPT UM YEPHBIX IIBETHBIX U PEIKHNX
METAJIJIOB, PACCMATPUBAEMBIE B XOJIE BCTYIIUTEJIBHOI'O
HNCIIBITAHUA

1. Metanaypruu 4épHbIX HBETHBIX U PEAKUX METAJLIOB

1.1. BBeagenue. Teopuss METAUTypruyeCKMX IPOLECCOB — HAy4dHAas OCHOBA
COBpeMeHHOW MeTtamuryprud. OCHOBHBIE 3a/auu Kypca. Poiib (u3nyeckoil Xumuu u
(M3HKHM B CTAaHOBJIEHUU AUCHUILUIMHBL. Kiaccuukanus MeTasuryprudyecKux MpoLeccoB,
OCHOBHBIE IIPUEMBI, MPOLECCHl M PEaKIUU IPU BBIICICHUM IBETHBIX METAIOB M3
MOJIMMETAUIMYECKUX Py M HUX TIyOOKOM OYUCTKE OT MpuMeced. 3HauyeHHe
IMAPONPOLIECCOB B PA3BUTUHA METAJUIYPTHHM LBETHBIX METAJUIOB M POJb POCCUHCKHX
YYEHBIX B CO3JaHUU TEOPUHA OCHOB METAJLUIYPIUU. MecTO TEpMOJIMHAMUKYA U KUHETUKU
IIPOLIECCOB B TOMOT'E€HHBIX U I'€TEPOr€HHBIX CUCTEMAX KaK OCHOBHBIX IIPUEMOB aHAIN3a
METAJTYPrUYeCKUX IPOLIECCOB.

1.2. CoctaB u cBoiicTBa ra3oBoil ¢a3pl. XapaKkTepuCTUKa Tra30BOH ¢asbl.
TepMmoauHaMyKa B3aMMOJACHCTBUS Ta30BBIX pEAreHTOB € KHCIOpogoM. OneHka
coctosiHusA paBHOBecHs. Bzammoneiicteue CO, H;, SO;, CHs ¢ xucrnopomom.
PaBHOBeCHBII cocTaB Kak (PyHKIMS JaBieHusa. KuHeTHKa 1 MeXaHU3M peakuuid TOpeHust
BOJOpOJa U OKHMcH yriepona. IIpenemsr camoBocmiameHeHHs1 cMeced. MexaHusM u
KMHETHKA B3aUMOJEHUCTBHUS KOMIIOHEHTOB BOASHOTO Tra3a.

1.3. IIpoueccsl B3auMoAeCTBUSA yrJjiepoaa ¢ ra3oBoi (pasoil. OxuciaeHue u
razupukanus yriepoaa. TepMOOMHAMMYECKHM aHAIM3 TOPEHMS YIrjiepoaa ¢
KMCJIOPOAOM M BOJAHBIM napoMm. PasHoBumHOcTHM yriepona. OneHKa COCTOSIHUSA
paBHOBecusa. Hampasinenne mnpounecca. KuHeTMka M MEXaHHW3M TOPEHHS TBEPIOIO
yraepoaa. Cxema rereporeHHoro mnpouecca. OcCOOEHHOCTH MPOTEKaHMs Ipolecca B
KMHETHYeCKuX M AU (y3nOHHBIX 00nacTax. BolsiBIeHHE TMMHUTHUPYIOIIUX CTaaAUNA U
nyTed MHTeHCU(UKAMU Tpoliecca. TerioBoe BOCIUIAMEHEHUE U TYIIEHUE TBEPAbIX
matepuanoB. OCOOEHHOCTM  CTAIlMOHAPHOTO  MPOTEKaHWsI  HHIAOTEPMUYECKOM
FETEPOr€HHOU PEAKIINU.

1.4. Teopuss oOpa3oBaHusi M JAUCCONMUANMU XHUMHYECKHX COeIMHEHMHMH.
Jlucconpanysi COCOUHEHHM IEPEMEHHOIO COCTaBa IIPU IOCTOSIHHOW TeMIIEpaType.
Juccoumanusi COeIMHEHU ¢ 0Opa30BaHMEM KOHJIEHCHUPOBAHHBIX (a3 MOCTOSITHHOTO
cocraBa. BiausHue arperatHbIix NpeBpAIIEHUN HA TPOLECCHI TUCCOUNAINN COEAUHEHUN
MeTaioB. Jluccouuanusi cCoeJMHEHUH, 00pa3yroIIMX pacTBOPbl. MeXaHW3M U KHHETUKA
JUCCOLMALINY COETMHEHUM.

1.5. IIpouecchbl OKUCTCHUS METAJIOB. TepMOIMHAMUKA, KHHETUKA U MEXaHU3M
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OKHUCJIEHUSI TBEpAbIX MeTamioB. CTpykTypa oOKajauHbl Ha Metauiax. OxucieHue
pacCIUIaBICHHBIX METAJIJIOB.

1.6. Ilpomecchl BOCCTAHOBJIEHHMSI COCJIMHEHHWI MeTAJJIOB. l'azoBoe
BOCCTAHOBJICHUE OKCHJOB HEJETy4YMX METauIoB. BOCCTaHOBIEHME OKCHUAOB JIETYYHMX
METAJUIOB. BOCCTaHOBIEHHE XJIOPUAOB METAIOB. BOCCTAaHOBIEHHE OKCHIIOB W3
pacruiaBoB. PackuciieHre MeTaioB. AJTIOMOTEpPMUS U CUIIMKOTEpMUS. BoccTaHOBIIEHHE
B YCJIOBUSIX IUIA3MEHHBIX TeMmrieparyp. Posib Bakyyma mpu BOCCTAHOBJIEHUHU JIETYUHX
METaJIJIOB.

1.7. Ilpouecchl B cyab(PuaHbIX cucTeMax. BzaumoneicTBue cyabQumaoB c
razamMu. YciaoBusi oOpa3oBaHUsI M JHUCCOLMALMU CYyIbPUIOB. MeXaHu3M U KUHETHKA
okucieHus: cyabdumoB. OOGxur cynbhumoB. Crekanue. BzammomenicTBue MeExXIy
OKCHJaMU H CyiabpuaaMu OAHOTO MeTamia. Peakmuum wmexny cyinbdhugamu u
cynabpatamu. OCHOBBI TEOPHH IUIABKH CylIbPuaoB. COBpEeMEHHbIE TEOPUH MEXaHU3MA
OKHCJIEHUS CYTb(UIOB.

1.8. IIpoueccrl, 0CHOBAHHbIC HA MCIOJb30BAHUM CBOMCTB CHCTEM MeETaJLI -
rajorenu. BzanmoaencTeue OKCUIOB C TAJIOTEHAMU, XJIOPUJIAMU JAPYTUX 3JIIEMEHTOB.
Pons yraeponcoaepxammx 100aBOK IIPU  XJIOPUPOBAHUU OKHUCIOB. (OCHOBBI
xJiopupytouero ooxura. Cerperanusi.

1.9. Merasutypruueckue pacmiaBbl. (CXOACTBO M pa3iauyue BENIECTBAa B
TBEPAOM M KUAKOM COCTOSHUM. COBpPEMEHHBIE TEOPUU CTPOEHUS IKUIKOCTEH.
PacninaBnenneie cmecu okxkuciioB. CTpoeHHME MIIAKOBBIX paciuiaBoB. KaTWoHbl —
MOJU(DUKATOPBI U CETKOOOpa3oBarean. MUKPOHEOJHOPOIHOCTh IIJIAKOBBIX CHUCTEM.
JluarpaMMbl COCTOSIHUSI OCHOBHBIX IUIAKOBBIX CHCTEM LIBETHOM METAJLUTyprUH.
IIoBEpXHOCTHOE HATSHKEHWE KaK OTPAKEHHE CTPOCHMS ILIJAKOBBIX CHCTEM. BimsHue
OCHOBHBIX KOMIIOHEHTOB Ha BEJIMYMHY MTOBEPXHOCTHOTO HATSDKEHUS HUIakoB. DU3MKO-
XUMUYECKHE CBOMCTBA U CTPOCHUE PACIUIABICHHBIX CYJb(puaoB. Jenenue cynbpuaos Ha
HMOHHBIE KUIKOCTU W TOJYNPOBOJHUKU. MeTauiM3upoBaHHbIC MTEHHBI. AKTUBHOCTD
KOMIIOHEHTOB B OKCUJIHBIX U CYyIb(QUAHBIX cucTeMax. OCHOBHbIC (DU3UKO-XUMUYECKUE
XapaKTEpUCTUKN  PACIUIABJICHHBIX METAJUIOB. OHEPIeTHUYECKAasl XapaKTEPUCTUKA
TpaHMIIBl KOHTaKTa MeETal — IUIaK, IMTedH — nwiak. OOpa3oBaHuE JBOWHOTO
ANeKTpuueckoro ciosd. KoHTakTHass rpaHWlla MeTajll — HOHHBIM MPOBOJHUK.
Pacnipenenenue 3apsiioB 1BoMHOTO ciosi. Mexda3Hoe HaTsDKEHHE B CUCTEMaxX MeTasll
— IIJIaK, IITeHH — IUIaK. BiausHue cocrapa Iaka v mTeliHa Ha U3MEHEeHHE MeK(pa3HOTo
HaTsDKeHUs. BrusiHue TemriepaTypsl Ha MeK(]a3zHoe HATSHKEHHE.

1.10. ITorepu UIBETHBIX METANIOB €O HUIaKaMu. CKOpPOCTh OCaXICHUS U
BCIUTBIBAaHUSL AucnepcHor (a3pl B kuakod cpeme. Koamucnenius B pacriiaBax.
Pacnpenenenne mreiiHa U nUIaka, METaJUla M [IJaka. MexaHu3M Iepexona LEHHBIX
KOMIIOHEHTOB 4Uepe3 rpaHuly pasaena. [lorepu meramioB npu miaBkKax. 3aBUCUMOCTh
NOTEPH METAJJIOB OT BSI3KOCTH, YJIEJIBHOTO BECA, TEMIIEPATYPHI, COCTABA IIIAKOB.

1.11. Kpucra/uinzaumoHHbie MeTOAbI pAQMHUPOBAHUA METALIIOB. JIMKBanus
U JIMKBallMOHHOE paduHupoBanue MmetawioB. Kunetuka mnporecca. Hanpasnennas
Kpuctauizanusi. PaBHOBeCHBIH U A(PPEKTUBHBIA KOIPPUIMEHTHI pacrpeeeHus
MpUMeceil py KPUCTAUIM3aliK. 30HHas IJ1aBKa. BripaninBaHue MOHOKPUCTAILIOB.

1.12. IIpouecchbl, OCHOBAHHbIC HA HMCINAPEHUH M KOHJeHcAUWH. BennuuHbl
JIABJICHUS TAPOB METAJUIOB, OKCHJIOB, CYIb(GUI0B. TepMOIuHAMUKA UCTIAPEHUS POCTHIX
BEILIECTB M PAcTBOPOB. MexaHuU3M M KHUHETUKa Mpouecca ucrnapenus. MdakTopsl,
BJMSIOININE HA CKOPOCTH IMpoLiecca HCTapeHus. 3apoablieo0pa3oBaHue HOBOHM (a3bl.
Kunenne pacruiaBoB. MonexkyisipHblii pesxxum ucnapenus. [lorepu mertamiosB B BHIe
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MapoB MpU BOCCTAaHOBUTENHHOM Tporecce. OTroHka MeTauia M3 MUIaKa MpH
(BIOMUHTOBaHHH.
Teopust mpoiieccoB KOHIEHCAIMM YHUCTBHIX TMAapoB M CMECH TapoB C
HEKOH/ICHCUpYeMbIMH razamMu. KoHeHcalus B )KUIKOCTh U B KPUCTAJUTMUECKYIO (azy.
OCHOBHBIE 3aKOHOMEPHOCTH IPOILIECCOB IEPETOHKU KHUAKOcTed. BakyymHoe
papUHUPOBAaHUE METAIJIOB.

2. Teopus 3JIEKTPOMETALTYPrUYeCKUX MPOIECCOB, pACCMATPUBAaeMbIe B
X0/1e BCTYNMUTEIbHOT0 HCITBITAHUS

2.1. Beenenue. IlpenMer u conepkaHue€ IUCHUIUIMHBL. DJIEKTPOXUMHYECKHE
nporeccbl.  OCHOBHBIE  JJEKTPOXMMHUYECKME U DIEKTPOMETAJLIypPrHUECKUE
npousBoacTBa. KpaTkuit nctopudeckuii 0030p pa3BUTHS SICKTPOMETAILTYPTUU LIBETHBIX
METAJLJIOB.

2.2. JIBOMHOM 3JIEKTPUYECKHUI CJI0M HA IPaHUIE IJIEKTPOH - FIEKTPOJIMT.
Ckayok MOTEHIMalda Ha TPaHUIIC JIEKTPOA — IJIEKTposauT. Tok oOmeHa. [[BoWHOMU
anekrpuueckuit cinoit ([.9.C.). Monens ['enbmronsia, Teopus I'yu-Hamnena, reopus
repna. ITnotHaa u nuddysmnonnas yacts J.9.C., ux norenuuansl. Cnenudpuyeckas
a7copOIMs Ha 3apsSHKEHHON MOBEPXHOCTH 3JIEKTPOAA. DNEKTPOKAIWILISIPHBIE SBJICHUS.
DIeKTPOMETPBI, AIEKTpoKanmLIsipHble KpuBble. HyneBas touka mertamna. CopOuus u
necopOLys NOBEPXHOCTHO-aKTUBHBIX BelecTB. EMkocTs /1.0.C., MeTonbI ee n3MepeHust
Y UCTIOJIb30BaHUs I OIIPEIEICHUs TIOTEHINAIOB HYJIEBOTO 3apsiia, pacuera acopouuu
IIOBEPXHOCTHO-aKTUBHBIX HOHOB Y BEJIMYNHBI [IOBEPXHOCTH 3JIEKTPOJIOB.

2.3. DJyIeKTPOAHbIe MOTEHIHAJBI M JJIEKTPOABHAKYIIHME CHJIbI. PaBHOBECHBIE
ANEeKTpoaHble  noTeHuuansl. CranmaptHeii  noteHuuan. @®opmyna  Hapaera.
Hcnonb3oBaHne CTaHAAPTHBIX MOTEHIIUAIOB ISl OMMCAHUS XUMUYECKOTrO pAaBHOBECHS B
pacTBope.

Knaccudukanus 35eKTpoAoB.  DIEKTpOAbl NEPBOrO pojia, BTOPOro poja.
OnekTpoabl cpaBHeHMs. CTEKIISHHBIN 3J€KTPOJI, MEMOpaHHbIE 3eKTpoabl. 3mepenue
pH. Amanbramusie 351€KTpoIbl. DneMeHT BecToHa.

OKMCIUTENBHO-BOCCTAHOBUTEIIBHBIE WJIM PENOKC-TOTEHIMANbI. VX n3mepeHne n
pacyeT C y4eTOM MOHHOW CHJIBI pacTBopa M KO3((PUIMEHTOB AaKTHUBHOCTH.
[ToTeHUUOMETPUYECKUN METOJ M3YYEHHUS] CTOMKOCTM M COCTaBa KOMILIEKCHBIX
COCAMHEHUN METAJLIOB.

["anpBaHMYECKHUI SJIEMEHT U €r0 JIEKTPOABHXKYILAS cuila. MeTobl 1 anmaparypa
JUTSL I3MEPEHMS AJIEKTPOABMKYIUX cril. KOHIIEHTpallmOHHBIE 2JIIEMEHTHI C IEPEHOCOM U
0e3 nepenoca. Jluddy3noHHbIN TOTEHIIUAT. DICKTPOJIUTHUCCKUES KITFOUH.

2.4. DuexkTpoJu3 BOAHBLIX PpacTBOpPOoB. (OCHOBHBbIE 3aKOHOMEPHOCTH.
[IpoxoxkIeHnE IIEKTPUUECKOTO TOKA Yepe3 AIEKTPOXUMUYECKYI0 cucteMy. KatogHele u
AQHOJHBIE TIPOLIECCHI, AKTHUBHBIE M TACCHUBHBIE JJIEKTPOABI. 3AKOHBI JJIEKTPOIU3A.
DNeKTpOXUMHUYECKUI SKBUBaJIEHT. Bbixos 1o Toky. Kyinonomerpsl. Bo3aMoxHbIe citydan
HecoOmoiennsa 3akoHa @apanes. [loHsTHe 0 rajabBaHOCTETMH M TaJIbBaHOIIACTHUKE.
DIIEKTPOAHAIN3 U KYJIOHOMETPHSL.

DIIEKTPONPOBOIHOCTh AIEKTPOIUTOB. N3mepenune 17} pacuer
ANEKTPONpoBOAHOCTU. llonBrkHOCTE HMOHOB. Uucna  mepeHoca W METOAMKA HUX
onpeneneHus. [[puHINN KOHIYKTOMETPHH.

Hampsokenue pasnoxeHus. Pacder 1o TepMOAMHAMUYECKMM JaHHBIM U
npakTuueckoe ompezenenue. OOpaTHast 3JIEKTPOABUKYIIAs CUiIa. Y AENbHBIM pacxon
SHEPTUU MPH JIEKTPOJIU3E, BBIXO/ 10 IHEPTUU.

2.5. KuHeTMKa 3JJIEKTPOAHBIX MPOLECCOB. JJIEKTPOAHAS MOJSIPU3ALUS.
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[Tousite 00 AMEKTPOTHOW MONsApHU3aU. BiausHue TIOoTHOCTH ToKa. CTarOHAPHBIHN
noreHuuain. [lonspuzanuonHas kpuBas. Amnmaparypa U METO/Abl CHATUSA (IOJYUYEHUS )
OIS PU3ALMOHHBIX KPUBBIX.

Huddysuonnsie orpanndenus. Konmenrpamuonnas nosispusanus. [Ipenensaas
IJIOTHOCTh TOKAa. BBIBOJ ypaBHEHUs KOHILIEHTPAMOHHON mnoJigpu3anuu. Ciyyan
pacTBOpUMOro  aHoJa. BocCTaHOBIEHME  HECKOJNbKUMX  KaTHOHOB. [IpumHnmn
nosisporpaduu. OCHOBHOE ypaBHEHHE mMojsiporpaduu sk PTYTHOTO KameabHOTro
anekTpoda. lIpuHIMI aMIIepOMETPUYECKOTO TUTPOBAHUS.

DnekTpoxuMuueckas noJisipusanus (rnepeHanpspkenue). [lepenanpspkenue npu
BbIJICICHUA Bojopona Ha karoge. [wumnoressl. VYpaBuenue Tadens. Teopus
3aMEeJIEHHOTO pa3psiaa, ee craHoBiaeHue. OCHOBHOE YpaBHEHUE JJIA MEPEHANPSHKEHUS
BBIJICTICHUS BOJOpoja. BriusiHue pasznuuHbix (akTopoB (Marepuan M COCTOSTHUE
IIOBEPXHOCTU JJIeKTpojaa, pH W HWOHHBIM COCTAaB pacTBOpa, HalW4ue B pPacTBOpE
MMOBEPXHOCTHO-aKTUBHBIX BEIIECTB, BEIMUMHA TOKA, TEMIIEpAaTypa pacTBoOpa U Ap.) HA
IIEpEHANPSKEHUE BOAOPOAA.

Onpenenenue MNPUPOIBI  AJIEKTPOJHOW MoOspu3auuu. BriusHue CKOpOCTH
MEPEMEIIMBAHUS AJICKTPOJINTA HAa KOHUCHTPALMOHHYIO mNoJisspu3anuio. [IpumeHnenune
BpAIIAIONIErocss AUCKOBOTO 3JIEKTpoJia sl ornpeaesieHus kodhduimeHToB auddy3uu
paspsOKAOLIMXCs. HOHOB. BimsHME TemIiieparypbl 3JIEKTPOJIMTAa HA  CKOPOCTh
ANEKTPOIHON paspsaaku. DPpdeKkTuBHAS PHEPrUsi aKTUBAIMK AJIEKTPOJHOTO Mpolecca.
TeMnepaTypHO-KMHETUYECKMM  METOJ  OINPENCIICHUS  OPUPOABl  DIIEKTPOIHOM
HOJISIPSIPU3ALIAH.

2.6. DiaexkTpoaHble MPOUECCHI NMPH OCANKACHUM METALIOB U3 PACTBOPOB.
Ka4yecTBO o0CagkoB M mNOpPOMIKOB. XapakTEPUCTUKA KAaTOAHBIX OTJIOKECHHU U
TpeOOBaHMUS K OCaJKaM. 3aKOHOMEPHOCTH OOpa3OBaHMs OTAENIbHBIX KpPUCTAJUIOB U
MOJMKPUCTAINIMYECKUX OCAAKOB. [lonsipuszanusi mpu BBIAEICHUM KPUCTAIMYECKON
(a3l Ha Katoge. DaKTOphI, BAUSIONIME HA CTPYKTYPY OCaJKa. Y CIOBUS U OCOOEHHOCTH
00pa30BaHUsI KOMITAKTHBIX U MOPOIIKOOOPA3HBIX KATOJAHBIX OCAIKOB.

Karognsie npoiieccsl B pacTBOpax KOMIUIEKCHBIX coJiel MeTamioB. OcoOeHHOCTH
KUHETHUKHU JIEKTPOOCAXKICHHUS METAIUIOB U3 KOMIUIEKCHBIX 3JIEKTPOJIUTOB.

CoBMecTHBI pa3psag  HMOHOB Ha kKaroje. OOmacTh  3IEKTPOXUMHUYECKOM
yCTOMYMBOCTU BOJIbl. COBMECTHBIM pa3psl HMOHOB METaula M BOJOPOJA, HOHOB
OCHOBHOTO W TMPUMECHOTO MeETa/lIa. DIEKTPOXUMHUUYECKAs OYMCTKA 3JIEKTPOJUTA OT
npumMecen. [lonyyenue criinaBos.

Oco0eHHOCTH PTYTH KakK KaTOJHOTO Marepuana. AMaibramel. Jlemnomnspusaius
IIpY pas3pslie MOHOB MeTajula Ha pTyTU. llepeHanpsbkeHue BbIACICHHUS BOAOpPOJA Ha
pTyTU. AManbramMHas MeTaIyprusi. PTyTHBIN 3JIEKTPOJ B MPOMBIILICHHOCTH.

AHOIHBIE MPOECCHl. AHOJHOE PACTBOPEHUE METAIIIOB C 00pa30BaHUEM XOPOIIO
pactBopuMbIX coenuHeHun. [laccuBanus meramoB. HepactBoprumble aHoabl. Peakiuu
aHOJIHOTO OKHcIeHus. BeiOop MaTepuana aHoA0B.

2.7. DJeKTpoJM3 PpacIUIaBJCHHBIX COJIell. OJIEKTPOJHOE pPAaBHOBECHE B
pacmiaBax. CIOXKHOCTh U3MEPEHHUS DJICKTPOAHBIX MOTEHIIMATIOB U 3JIEKTPOABMKYIIAX
CUJI B PACIUIABJICHHBIX COJSIX. OJIEKTPOXUMHUYECKHUE PsAbl METAJIOB B paclljiaBax.
Hampsixkenue pasznoxkeHus paciuiaBieHHBIX cojied. OCOOCHHOCTH TOJSIpU3AINKA B
pacIuiaBax.

Bpixox 1o TOKy W yIEJIBbHBIM pacxXo]l SHEPruu. B3auMoaencTBrue 3JI€KTPOIHBIX
MIPOJTYKTOB MEXIY COOOM 1 C pacIIaBOM AJIEKTPOJIUTA. BiusiHue TemmepaTyphl.

Brnusane (QU3NKO-XMMUYECKUX CBOMCTB SJEKTPOJIUTA (TUIOTHOCTH, BSI3KOCTH,
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MOBEPXHOCTHOTO HATSDKEHMS, NABJICHHUS Tapa M JAp.) Ha MPOLECC 3JIEKTPOJIH3a.
Crenuguyeckue SBICHUS MPHU AIIEKTPOIIN3E paciuiaBoB. KpuTnueckas mioTHOCTh TOKA.
AnonHbIN 3 PexT.
OCHOBBI TOJTYYCHHS AIFOMUHUSA, MAarHUS U HATPUS AJIEKTPOJIM30M PACILIIaBOB.

3. Teopusi ruAPOMeTALIYPrudecKuX NpoueccoB

3.1. Beemenme. Ileap wm 3agaum Kypca. Hcropus  pa3ButTus
TUAPOMETAILUTYPTHUECKUX MPOLIECCOB U BO3PACTAHUE UX POJIU B CBSI3U C MOBBIIIEHUEM
TpeOOBaHMI K KOMIUIEKCHOMY HMCIIOJIb30BAHUIO ChIPhs, KAUE€CTBY MPOAYKIIMH, 3alIUTE
OKpY’Karolmen cpeasl. Poib ruapoMeTaulypru B COBPEMEHHOM METAJLUIYyPrHYeCKOM
IIPOU3BO/JICTBE. OcHOBHBIE MpOLECCHl TUAPOMETAUIYPTHH. 3aladyd  TEOPUU
TUAPOMETAILUTYPTHUECKUX NPOLecCoB. [IoHATHE O TEXHOIOTMYECKUX CXEMAX.

3.2. XuMHM3M ¥ TEPMOAMHAMMKA IPOLECCOB BbINICJAYUBAHUA. XUMHU3M
IIPOLIECCOB BHILIENAYMBAHHNS, HE CONTPOBOKIAIOIINXCS U3MEHEHNEM CTEIIEHU OKUCIICHUS
koMrnoHeHTOB. [IpocToe pactBopenue. Peakiuu Heiitpannzanuu. OOMEHHbIE peaKInu,
CONPOBOXKAAIOIIMECS ~ OOpa3oBaHUEM  MaJIOPAaCTBOPUMBIX  COCAMHEHWH  WJIHU
ra3zo00pa3HbIX BEIIECTB.

XHAMHU3M  OKHUCIMUTEIbHO-BOCCTAHOBUTENIBHBIX IMPOLIECCOB  BBIIIEIAYNBAHUS.
Brimenaunsanue, COpoBOXKAAOIIEECS OKUCIEHUEM KaTUOHA, AaHUOHA WJIN KaK KaTUOHA,
TaK M aHWOHA. BrilenaunBanue, CONpOBOKAAOIIEECS] BOCCTAHOBIEHUEM KATHOHA WJIU
aHroHa. OKUCIUTENN U BOCCTAHOBUTENH, IPUMEHSEMbIE B THIPOMETAILUTYPIHH.

TexHonornyeckue acrekThl BbilenayuBanus. [IoAroroBka Ceipbs K Ipoueccam
BbIIIEAUMBaHus. MeToapl BbllenauyuBaHus. [IpsIMOTOYHBIH M TPOTHBOTOYHBIN
IIPOLIECCHI.

TepmoauHaMuKa IIPOCTOTO  PACTBOPEHUA. XAapAKTEPUCTHUKA BOABI  KakK
PacTBOPHUTEIIA.

TepmoanHamMuka ITPOLIECCOB BBILIETIAYMBaHNS, CONPOBOKIAIOIIETOCA
OOMEHHBIMU XUMUUYECKUMH peakiusaMu. MeTonbl pacdyeTa KOHCTAHT PaBHOBECHS.
BimsHue Temmeparypel M JABJICHHS Ha PaBHOBECHBIM cOCTaB cucteMm. IloHAtne o
TEPMOJIMHAMHKE AE(PEKTHBIX KPUCTAILIIOB.

TepMmoanHaMuka IIPOLIECCOB BBIILICJIAYNBAHNS, COIIPOBOXKIAOLIUXCSA
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIMU pEaKUAMU. OKHUCIUTENBHO-BOCCTAHOBUTEIIBHOE
paBHOBecHE BOJIbI U BOAHBIX pacTBOpoB. Eh — pH —muarpammer (muarpammer [lyp6e),
UX MOCTPOCHUE U aHANIHN3. BiusiHue KOMIIEKCOOOPa30BaHUs Ha TOTCHIIMAIIBI CUCTEM.

3.3. KuHernka mnpoueccoB BbllegaunBanusa. OOmas xapakTepUCTHKA
BBIIIIECJIAYNBAHNUS KAaK F€TEPOr€HHOTO MIPOLEcCa, MPOTEKAIMIEr0 ¢ y4acTUEM JBYX M
6onee (a3. OOmiee ypaBHEHHE KMHETHKHU IPOIECCa BBHINIEIAYMBAHUS M €r0 aHAJIU3.
Oco0eHHOCTH TTpoliecca BhILIETauuBaHUs MPU YYaCTUH ra30BOM (has3bl.

3aKOHOMEpPHOCTH BHEIIHEW u BHyTpeHHel muddysuu. Ilpasuno Iummmnara —
benBopaca. 3akoHOMEPHOCTH IPOTEKaHUS MpoLecca B 00JaCTH XUMUYECKOH KUHETHKHU.
Onpenenenne Npupoabl JUMUATHPYIOLIEH CTaIHH.

BrimenaunBanue aucriepcHoro wmarepuana. BiusHue QopMbl  3epeH  Ha
M3MEHEHHE BEJINYMHBI IOBEPXHOCTH B MPOLIECCE BHILIETAYMBAHNS U CKOPOCTH IPOLIECCA.

Brnusane nedeKkToB KpUCTAUIMUECKOW PEMIeTKH Ha CKOPOCTh TMPOIECCOB
BbIeaunBaHusl. [[oHsITHE 0 MEXaHOAKTUBALIUH.

Karamuszaropel mpouecca BblllenaunBanus. Heopranmueckue Kartaau3aTopsl.
buokatammuzatopsl. [loHaTe 0 GakTepualbHOM BBINIEIAYUBAHUN M €T0 MPUMEHEHUN
[IPYA KyYHOM U MMOJI3EMHOM BBIIIEIIAYNBAHNM.

XUMH3M, KHHETMKAa W MEXaHHW3M BBIIIEIAYMBAHUS METAJUIOB, OKCHAOB U



cynabunos. [Ipumepsr.

3.4. OcHOBBI TeOpUM NMPOLECCOB HOHHOTO 00MeHAa M IKcTpakuuu. OOmue
CBelleHWsI O COpOEHTax © HMOHOOOMEHHBIX Marepuanax. Heopranuueckue
MOHOOOMEHHUKH, aKTUBUPOBAHHBIE YTJIH, CHHTETHYECKUE CMOJIBI M X XapaKTePUCTHKA.

PaBHoBecue noHHOrO OOMeHa. CeneKTUBHOCTh MOHHOro oOmeHa. M3oTepMbl
copbuuu. Bnusaue cocraBa u pH pactBopa Ha KOd(pPUIIMEHTHI pacrpeiesieHus U
pa3zeieHus.

Kunetuka nonHoro ooOmena. [loHsTHe O IUJIGHOYHOW U TeJIEBON KHUHETHKE.
Nonnsiit o6MeH B koioHkax. COpOIIMOHHOE U3BJICUEHHUE METAJUIOB U3 MYJIbII.

DIIIOUpOBaHUE " xpomarorpadus. ®poHTaNbHAsA xpomarorpadus.
BriTecHurenpHas xpomatorpadus. OmtoeHTHas xpoMarorpadus. M3meHnenue 3HaKa
3apsiia MOHA 3a CYET KOMILIEKCOOOpa30BaHUs KaK METOJT AIIOUPOBAHMS.

DJNIEKTPOJIUANIU3 U €ro HCMHOJb30BAHUE JUIsl ONPECHEHUSI BOJABI , pPEreHEpaluu
pEareHTOB U TOJIYYEHHUS YUCTHIX BEIIECTB.

OO61ue cBeIeHUs 0 METOJIaX KUAKOCTHOM IKCTPAKIUU. THUIIBI SKCTPAreHTOB U UX
XapakTepucThka. PacTBOpUTEIN U UX BIUSHUE Ha MPOLECC IKCTPaKIuu. TpeboBaHus K
Ka4yeCTBY JKCTPAreHTOB M PAaCTBOPUTEJICH, CBSI3aHHBIE C TEXHUKOW OE30MAaCHOCTH U
3alIUTON OKPYKAIOIIEH CPEBI.

Oco0eHHOCTH paBHOBECHsI PEaKklMid B MPOIECCaX AKCTPAKIMU HEHTPaJbHBIMHU,
KaTHOHOOOMEHHBIMU U aHMOHOOOMEHHBIMU JKCcTpareHTamu. [loHATHE O CUHEpreTHOM
s dexTe mpu UCTIOIH30BAHUM JIBYX SKCTPAr€HTOB.

Kunetnka mpoieccoB 3KCTpaklUU U pa3/ielieHuss OPraHuYecKo u BOJAHOU (a3s.
[IpyHIMOBI anmapaTypHOTO OCYIIECTBJICHUS MPOLIECCOB 3KCTPAKIUU. IJKCTPAKTOPHI
TUIA CMECUTEIb—OTCTOMHUK, KOJIOHHBIE U IIEHTPOOEIKHBIE SKCTPAKTOPHI.

[IpuMephl UCTIOIB30BaHUS MPOIECCOB SKCTPAKIIMK B IIBETHOU METAJLTYPTUH.

3.5. OcaxaeHue MeTa/LIOB M3 PacTBOpPOB. BoccTaHOBIEHHE METAJIOB
BOJIOPOZIOM. 3aBHCHMOCTh IMOTEHIMaAa cucteMbl HY/H, OT mapiuaibHOTo JaBiICHHS
Bojiopoaa u pH pactBopa. MexaHn3M U KMHETHUKA MPOLIECCOB BOCCTAHOBJICHUS MEJIA B
CEpHOKHUCIIOM M AaMMHUAYHOM pacTBOpax. TEOpPEeTUYECKUE OCHOBBI OCaXKIACHUS
BOJOPOJIOM  3JIEKTPOOTPUIIATEIILHBIX METANIOB — HUKENs U koOanbTa. [IpumeneHue
npyrux razoodpasusix BoccranoButeneid — CO u SOx.

OcaxJaeHue METajuioB M3 PAacTBOPOB HEOPraHMYECKHMMHU W OPraHUYECKUMU
peareHTaMHu—BOCCTaHOBUTENSIMU. 30upaTenbHOe ocaKeHue 30J10Ta B XJIOPUIHBIX U
nawiaguss B cyinbdartasix pactBopax comsimu Fe (II). Ocaxnenue O651aropoaHbIx
METasioB (hOPMHUATOM HATPHSI.

[{emeHTanMs METAUIOB KAK MPOLIECC BHYTPEHHETO JJICKTPOIN3a. TeopeTnuecKnii
U peallbHbId Mpenesibl leMeHTaluu. MexaHu3M U KUHeTHKa mporecca. [lo6ouHbie
MIPOIIECCHI M UX TOJIaBJICHHE.

OCo0OEHHOCTH IIEMEHTAIlMU AJIEKTPOOTPUIIATEIBHBIX METAIOB. [IpuMeHeHue
amanmpraM. llemMeHTamusi ramius ramiamol  amoMmuHus. BiusHue oOpa3zoBaHus
XUMUYECKUX COSTMHEHHM 1 CIIJIaBOB Ha MOJHOTY M CKOPOCTh OCaXACHUS METAJIJIOB MPHU
IIEMEHTAIUH.

Metoasl ucclieloBaHMsS Mpoliecca LeMeHTauuu. llocTpoeHne u  aHanu3
MOJISIPU3ALMOHHBIX KPUBBIX. ONpeiesieHre KaTOIHOTO (aHOITHOT0) KOHTPOJIS Mpolecca.
N3menenune CKkopoCcTH IeMEHTAIIUY TT0 Mepe 00€THEHUS pacTBOPA.

[Tpuntunel  anmapatypHoro o¢GOpMIICHHUS TMpoIecca IeMEHTAluu U (OPMBI
IIEMEHTUPYIOIIETO MeTayla (CTPYyKKa, ApOoOb, JIMCTHI, MOPOIIOK, JKUJKHE CIIIABbl —
aMaJIbraMbl, Tajiama).
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3.6. 3aKOHOMEpPHOCTH OCaXJAeHHs TPYAHOPACTBOPMMBIX COEIMHEHUH M
KPHUCTAJVIM3ALHMH COJICH.

3aKOHOMEPHOCTH  OCaXJACHUS  TPYJAHOPAaCTBOPUMBIX  COEAUMHEHUH  H
KPHUCTAJUIN3ALANA COJIEN.

Kpucramnmmsanus coneil. PaHoBecue B cucteMax coib-BoAa. [[BOMHBIE CUCTEMBI.
Mertons!l KpucTamm3anuu conei. Mzorepmuueckas 1 M30rupuyecKasi KpuCcTauIn3aus.
Pacuer BBIXOJ1a IPOAYKTOB IPU KPUCTAJUIM3ALMH 110 TAArPAMME COCTOSTHUS.

Tpoiiasie cuctembl. M300pakeHne N30TEPMUICCKUX CEUYEHUH TPOMHBIX CUCTEM C
nomMoibto TpeyrosibHuka ['nud0ca u nuarpammel Illpeilinemakepca. AHaiIN3 IPOLECCOB
KPUCTAJUIM3aLUU COJIEH B TPOWHBIX CHCTEMAX.

MexaHn3M W KHHETHKAa IIPOLIECCOB KpUCTAM3auu coijed. Ilonsarne o
FOMOI€HHOM M  TE€TepOreHHOM  3apoibllieoOpazoBaHuu.  Ponp  3aTpaBku.
[lepexpucrammsanus.

OOmue 3aKOHOMEPHOCTH OCAXACHHUS TPYIHOPACTBOPUMBIX COCIUHEHUH.
PacTBOpuMOCTh M TIPOU3BEAEHUE PACTBOPUMOCTH TPYIHOPACTBOPUMBIX COEAMHEHUM.
Bnugaue temneparypbl, W30bITKa OJHOMMEHHBIX HOHOB, MOHHOM CHIJIBI pPacTBOpA,
MpoLIeCCOB KOMIUIEKcooOpa3zoBanua U pH pactBopa (B cilydyae OcCaKIeHUs COJel
CIa0bIX KHCIOT M CJa0bIX OCHOBAHMH) Ha pacTBOPUMOCTb MaJIOPaCTBOPUMBIX
COCIMHEHU.

SIBnenue uzoMop(duzMa MpU OCAXKJIEHUU TPYAHOPACTBOPUMBIX COEAMHEHUM.
3akoH XuomnuHa. [Ipyrvue OpHYMHBI 3arpsi3HEHHsT OCaaKoB. BiMsHue 3aTpaBKM Ha
CKOPOCTh (POPMHUPOBAHUS U KauecTBO ocajaka. IIporeccel MpOMBIBKHU, pemyiblaluu U
EPEOCAKICHUS.

3akoHOMepHOCTH rusipaTooOpazoBanusa. PH Hauana ocaxxnenus kak pyuxuus [1P
Y aKTUBHOCTHU MOHOB B pacTBOpe. BiusiHue cTeneHn OKUCIICHHS MOHA Ha 3Ty (PYHKIIHIO.

Paznenenue MetanoB MeTo oM Tuapoan3a. CoocakIeHUe TUIPOKCUIOB.

Ocaxpaenue ocHOBHBIX coneld. flnarpamma ['pomoBa — JloOpoxoToBa.

OcaxaeHue xaabKoreHu10B MeTauioB. Bnusnue pH pactBopa Ha pacTBOPUMOCTD
XaJIbKOTE€HUJI0B. BO03MOXHOCTH 00pa30BaHUs XaJIbKOT'€HOCOJICH npu  U30BITKE
ocanutens. BnusiHue koMIiekcooopa3oBaTenen.

4. MeTa/utyprusi TSKEJIbIX IBETHBIX METAJLJIOB

4.1. BBegeHne B MeTA/UIYPIMK) MeAHM M COBPEMEHHbIE JKOJIOIO-
JKOHOMHUYECKHE TpeOOBaHUSI K TEXHOJIOIMH. OcHOBHBIE 3Talbl pa3BUTHA
MeTajuTypruu Mmeau B Poccnn. XapakTepucTuka MEJHBIX Py KaK KOMIUIEKCHOTO CBhIPbSI.
CoBpeMEHHbBIE  NPUHLWIHAIBHBIE  TEXHOJOIMYECKHME  CXEMbl  KOMIUIEKCHOTO
WCIIOJIb30BAaHUS MEHBIX PY/I.

4.2. IlITeiiHOBbIE¢ IUIABKH MEIHbIX PyA M KOHLEHTpPaTtoB. PazHoBHIHOCTH
ABTOTCHHBIX IJIABOK: IIAXTHBIE, BO B3BEIIICHHOM COCTOSIHUH, B )KUJKON BaHHE. LIITelHbI
U LJTaKUA TIpU TiepepadoTKe MEAHBIX Pyl M KOHIIEHTPATOB. TeXHUKO-3KOHOMUYECKHUE U
HKOJIOTUYECKHUE MTOKa3aTeld MIaBOK.

4.3. IIpou3BOACTBO YePHOBOM MeM M ee OrHeBoe papuHupoBanue. CylIHOCTb
U o0mas XapakTepUCTUKAa KOHBEPTUPOBAHMS MEAHBIX IITEHHOB B TOPU30HTAIBHBIX
KOHBepTepax. Teopus U MpakTUKa OTHEBOTO paMHUPOBAHUSI KOHBEPTEPHOI Meu.

4.4. JaekTpoxuMuveckoe pa)MHUPOBAHHE M OCHOBbI T'HMIPOMETAJLIYPrUU
Meau. OOmue BOMPOCH TEOpUU 3JEKTponn3a Meau. KOHCTpyKUHs 3JIEKTPOIU3HOM
BaHHBI. TE€XHHKO-3KOHOMHYECKHE IOKa3aTeNH Inporecca. MakTopbl, ONPEAEIISIONINe
PEXKUM M TEXHOJOTHYECKHE MMOKA3ATENH OCHOBHBIX MPHUEMOB IMAPOMETAITYPTUYECKON
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TEXHOJIOTHH MEePepadOTKU METHOTO ChIPbS.

4.5. Benenue B MeTaJIyprul0 Hukesdsi. OCHOBHBIE 3Tallbl PAa3BUTHUS
MeTaitypruu Hukens B Poccuu u 3a pyoesxom. ['maBHbIE CBONCTBA HUKEISI, COSTUHEHUI
M MHHEpajoB. MeToapl NOATOTOBKM HUKEIEBBIX pPYId U KOHIIEHTPATOB K
METaTypruyecKoi nepepadoTke.

4.6. AlbTepHATHBHBIE TEXHOJOIUM MEPEePAOOTKH OKHCICHHBIX HUKEJIEeBBIX
pya. BoccranoBurtensHo-cynbhuaupytomas miaBka ariomepara. BocctaHoBuTenbHas
wiaBka Ha ¢eppoHukenb. KoMOuWHUpOBaHHBIE MHUPO-, TUIPOMETALTYPrUUYECKUE
CIOCOOBI epepaboTKU OKUCIEHHBIX HUKEIEBBIX PY/.

Paznen 7. AdbTepHATHBHBIE CIIOCOOBI NMEPepadOTKU CYJab(PUIHBIX MEIHO-
HHMKeJIeBBIX PYyA. DJEKTPOIUIABKA MEIHO-HUKEJEBbIX IIMXT HA IITEHH. ABTOTrEHHBIE
TEXHOJIOTHH MepepadOTKH METHO-HUKENIEBbIX Py M KOHLIEHTPATOB Ha IITEHH.

4.8. IIpon3BOACTBO HMKEJIEBOI0 U MeJAHO-HMKEJIEBOro (pailHIITEHHOB W HX
nepepaborka. KoHBEpTHpOBaHHME HUKEJIEBBIX M MEIHO-HUKEIEBBIX IITEHHOB.
OcobenHoctu moBeAeHUsT kKoOanbTa. O030p MPOMBINIIEHHBIX CIOCOOOB pa3AeiICHUS
MEJIHO-HUKENEBbIX PpaliHIITEHHOB. OKUCIUTENbHBIA 00KUT HUKEIEBOTO (paliHIITEeHA U
HUKEJIEBOT0 KOHLIEHTpaTa 10 3aKUCH HUKENs. BOCCTaHOBUTENBHBIN 00KUT TEXHUYECKON
3aKHCU HUKEJIA U BOCCTAHOBUTEIbHAS JIEKTPOIIJIaBKa BOCCTAHOBIEHHOTO IIPOIYKTA.

4.9. Duaekrpoxummnyeckoe paduHUpOBaAHWE UYepHOBOro Hukeas. OOmas
XapaKTePUCTHKA TEXHOJOTUYECKOM CXEMBbl 3JIEKTPOXMMHUYECKOTO pa(pUHUPOBAHUS
HuKkens. Ouuctka daekTponutra oT npumeced. KoHcTpykuus u  oOciyKuBaHUE
OCHOBHOT'0 000py10BaHMsl. TEeXHUKO-3KOHOMHUYECKHE TOKA3aTeNHN MpoLecca.

4.10. BBegenme B MeTa/LIyprulw unmuHkKa. KpaTkas wucropuss pa3BUTHS
MPOMU3BOJCTBA IMHKA B Poccuu, cTpaHax nanbHEro m OnvkHero 3apyOexbs. Ousmko-
XUMUYECKHE CBOMCTBA IMHKA UM ero coeauHeHui. IlpumeHenue, wacmTaObl
MPOU3BOJCTBA U MOTPEOJICHUS LINHKA.

[{uHKOBBIE MUHEpANIbI, PYIbl W KOHIEHTpAThl. BTOpMYHOE LMHKCOAEpKallee
celpbe. KpaTkast xapakTepucTuKa METOAO0B MepepadOTKH LIMHKCOAEPKAIIETO ChIPBS.

4.11. OO0xkMr UIMHKOBBIX KOHUIeHTpaToB. Llenp oO0XWra UIMHKOBBIX
KOHIIEHTPATOB U €r0 OCOOEHHOCTH TPH MOCJEAYIOIeH epepadboTKe MPoayKTa 00Kura
OUPO- U TUAPOMETAIUTYPTUYECKUMH METOIaMU. J[ONOJHUTENBHBIE CBENECHUS IO TEOPUU
o0xura cyiab(QUAHBIX LUHKOBBIX KOHIIEHTpaToB. OOOpyZOBaHME, MPUMEHSEMOE IJis
00XHra LMHKOBBIX KOHLEHTPAaTOB. TEeXHUKO-DKOHOMHUYECKHE IOKa3aTelu OoOura
IMHKOBBIX KOHILIEHTPATOB. Mcroap30BaHNe BTOPUYHOTO TEIUIA. Y THIIM3ALMS ra30B IS
IPOU3BOCTBA CEPHON KUCIOTHI. YIIpaBiIeHUE IPOLECCOM 00KUTa.

4.12. IMupomerasnnyprus HUHKA. O6mas XapaKTEPUCTHKA
OUPOMETAJUTYPIHUECKOr0  (IMCTWUISIMUOHHOTO)  METOJa  MOJy4YeHUs  LMHKa.
Teopernyeckue OCHOBBI JUCTWUISILIMM I[MHKAa (TEPMOJMHAMUKA M  KHUHETHKA
BOCCTAaHOBJICHMSI OKCHJIa ITMHKA). TeopeTnyeckue OCHOBBI KOHJEHCAIIMU MapoOB IIUHKA.
[IpakTvka mMONyYeHHUS] LMHKA NUPOMETAJUTYPTHYECKHUM  crocoboM  TexHUKo-
SKOHOMMYECKHME MOKA3aTeIN MPOoLecca.

Teopernyeckue OCHOBBI M TMpakTUKa paUHUPOBAHUS LMHKA JIMKBAaIMEHd H
pexktudukanuer. XuUMHUYECKHE CmocoObl padUHUPOBAHUS IMHKA. | E€XHUKO-
HSKOHOMUYECKHE TIOKa3aTeau padUHUPOBAHUS UYEPHOBOTO LIMHKA. YTpaBICHHUE
poLeccaMy MOTYYeHHs IMHKA MUPOMETATyPrUH4eCKIM CIIOCOOOM.

4.13. I'maposnexktpomeranaypruss uuHka. OOmas  xapaKTepUCTHKA
TUAPO3IIEKTPOMETAIUTYPTHYECKOIO METO/1A ITOTYUYEHUS IMHKA. TEXHOJOTUYECKHE CXEMBbI
MOJIyYeHUs] LMHKA THIPOMETALIYPrUYECKUM METOAOM. TE0pEeTHUYECKHE OCHOBBI
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BBIIICJIAYMBAHUS IMUHKOBOI'O OrapkKa. Ponnb HeﬁTpaHBHOFO K KHCJIOI'O IIHKIIOB

BblIIIIETIaYMBaHMs. TepMOMHAMIKA U KHHETHKA poliecca BhlllenaunBanusd. [loBenenne
OTZIETTLHBIX KOMIIOHEHTOB Orapka IpH BhlmenadynBanni. O4YucTKa pacTBOPOB Cyib(dara
IIMHKa OT TpuMecedl. Amnmaparypa, TpuUMeHseMas Ui KjIacCU(UKAIUU |
BBIIIEIAYMBAHUS OrapKa, OYMCTKU PACTBOPOB OT IMPUMECEU, pa3AeiiCHUs] JKUIKOTO U
TBEpAOro. TEeXHOJOTMYECKHE CXEMbl BBIIIETAYMBAHUS IIMHKOBOTrO orapka. OOmiee
onKCcaHue Ipolecca IEKTPOOCAKIACHUS IMHKA U3 CYyIb(haTHBIX pacTBopoB. [Ipoiecchl,
POTEKAIOIINE Ha KaToAe U Ha aHoje. [loBeneHue mpuMeceil mpu 3IEKTPOOCAKICHUN
nuHka. [Ipaktuka mporecca. KoHCTpyKuus BaHHBI. Y CTPOMCTBO KaTOJOB M AHOJOB.
CriocoObl OXJIaXKIEHUS dJEKTposinTa. BrieMka U cliupka KaTOAHOTO IUHKA. TEeXHUKO-
SKOHOMHUYECKHE TIOKAa3aTelu SJIEKTPOJM3a pacTBopa cyibdara muHKA. [leperiaBka
KaTOJHOTO IIMHKA. ABTOKJIABHO€ BBIIICIAYMBAHUE IIMHKOBBIX KOHIIEHTPATOB.
VYpasienue npolieccaMmu MPOU3BOJICTBA IUHKA THAPOMETAILTYPTrUYECKUM METOIOM.

4.14. IlepepaboTka  MNOJYNPOAYKTOB  IUHKOBOI0  TPOU3BOJICTBA.
XapakTepucTuka MOIYNPOIYKTOB MIPOU3BOJICTBA [MHKA 1po- u
TUAPOMETAIUTYPTUUECKUMH  clioco0aMu U MeToAbl ux mnepepadbotku. IlepepaboTka
[IUHKOBBIX KEKOB MUPOMETAILTYPTUUECKUM METOJA0M. MeToibl epepadOTKH IIMHKOBBIX
KEKOB, OCHOBAHHbBIE€ HAa BHICOKOTEMIIEPATYPHOM BBIIIIECJIAYNBAHUU.

PU3NKO-XUMUYECKHE CBOMCTBA KaMUA U €ro coeTuHeHUN. [Ipumenenns kaamus
U MacimTadbl ero mpousBojacTBa. ChIpbe NIl MPOU3BOJICTBA KAJMHUS U METOJBI €ro
nepepabotku. IlepepaboTka  MeJHO-KaAMHUEBBIX KEKOB THIPOMETAIUTYPTHUECKUM
MEeTOA0M. BrillleniaunBanue MEHO-KaIMHEBOTO KEKa M OYMCTKA PACTBOPA OT IPUMECEH.
Briienenne kaamMusi U3 pacTBOpa LEMEHTAMEN [IMHKOM U 3JiekTpoJin3oM. [leperaBka
1 pauHUPOBAHUE KaIMUSI.

4.15. BBeaenue B MeTa/LIyprui0 cBuHOA. Kparkas wucTopus pa3BUTHA
MPOM3BOJICTBA CBUHIIA B Poccun, cTpaHax gajibHEro u OJKHero 3apyOexbs. dusuko-
XUMUYECKHE CBOMCTBA CBHHIIA M ero coeauHeHuil. IlpuMenenue, MacimTaObl
MPOU3BOJICTBA U MOTPeOIeHUsI CBUHIIA. CBUHIIOBBIE MUHEPAJIbI, PYJIbl U KOHIIEHTPATHI.
BropuuHoe cBuHelconepxaiiee chipbe. KpaTkas XapakTepuUCTHUKA MPOMBIIUICHHBIX
METOJIOB MepepabOTKU CBHHEIICOICPKAIIIETO ChIPHSI.

4.16. BblluiaBKa CBHUHIA M3 CBHHLHOBBIX KOHIEHTPATOB. TeopeTHueckue
OCHOBBI PEAKIMOHHOW TIaBKU. [IpakTMKa M TEXHUKO-DKOHOMHUYECKHE I0Ka3aTeln
MOJIYYCHHS CBUHIIA PEAKIIMOHHBIM CIIOCOOOM B TOpHaX, KOPOTKOOapaOaHHBIX MeYax U B
AIEKTPOIEYH.

JIByxctynenyaTbiii  (yHUBEpPCAIbHBIA) METOA  MepepaboOTKH  CBUHIIOBBIX
KOHIIEHTpaToB. TexHoysormueckass cxema mepepadOTKH CBHUHIIOBBIX KOHIIEHTPATOB
JIBYXCTyNeHYaTbIM MeToaoM. OOmas XapakTepUCTUKA arjioMEepUpYIOIIEro 00ura
CyJlb(UIHBIX CBUHIIOBBIX KOHIICHTPATOB. JlOMOJMHUTEIbHBIE CBEICHHUS O TEOPUU
npoiiecca arjiomepupyroiiero odxura. [loeaeHrne oTaeIbHBIX KOMIIOHEHTOB IIIMXTHI B
nporiecce arjoMmepupyromero ooxwura. IIpakThka arJoMepupyromero o00Xxura
CBHUHIIOBBIX  KOHIICHTpPATOB YTMpaBjeHHWE TMpoIeccoM arjioodxkura. TexHUKo-
SKOHOMMYECKHE IIOKa3aTeln Tmporecca. Mcmoib3oBaHWe Ta30B arjioo0kura s
MIPOU3BOJICTBA CEPHOUN KHUCIIOTHI.

OOmee omuMcaHWE BOCCTAHOBUTENHLHOW IUIABKM CBUHIIOBOTO arjoMepara B
maxTHO meun. OCHOBHBIE MPOLECCHl W TeMIlepaTrypHble 30HbI neuyu. lloBeneHue
OT/ICJIbHBIX KOMITIOHEHTOB IIMXTHI MPH TUIaBKE. Peakunuu, mpoTeKaIMINE B CI0€ IMINXThI
[0 BbICOTE Ieud. ['OpeHue yriepoJucToro TOIUIMBA. XapaKTepUCTHKA MPOIYKTOB
IJaBKM  CBUHILOBOrO  ariioMepara. KOHCTpyKIus  IIaXTHBIX  TeUed [
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BOCCTAHOBUTEIHHOW TUTABKUA CBUHIIOBOTO arjioMepara U MpaKThKa WX OOCITy>KUBaHUS.
3arpys3ka neuu. Belmyck »KMIKUX TIPOAYKTOB IUTaBKH. [Iyck 1 ocTaHOBKa 1eun. TeXHUKO-
PKOHOMHUYECKHUE MTOKA3aTeln Mpolecca. Y IpaBIeHUE NPOLUECCOM IIaXTHOM IJIaBKH.

ABTOTEHHBIE TIPOIECCHI epepabOTKU CBUHIIOBBIX KOHIIEHTpATOB. [Ipeanochuiku
U HEOOXOAMMOCTh pa3palOTKU M BHEIAPEHHsS] aBTOTCHHBIX IPOLIECCOB IMepepadbOTKU
CBUHIIOBBIX KOHIIEHTpaTOB. BapuanTsl anmapaTypHoro odopmiieHus nepepaboTKu
CBHMHITOBBIX KOHIICHTPATOB aBTOT€HHBIM crtocoOoom B arperatax KUBLDT-LC, KO-K,
I[DKB, Q-S-L u ap. TexHHKO-3KOHOMUYECKHE IMOKA3aTEIM aBTOIE€HHBIX MPOLIECCOB U
NEPCIEKTUBBI UX MPOMBIIIJIEHHOTO BHEAPEHHUS.

4.17. Pa¢punupoBaHue 4epHOBOro cBuHua. OOmIas TEXHOJOrMYecKas cxema
paduHUpPOBAaHUSl CBUHIIA OTHEBBIM criocoboMm. TeopeTnueckne OCHOBBI M MpPaKTHUKA
MIPEABAPUTEILHOIO 00€3MEKUBAHUS CBHHIA. TE€OPETUUYECKHME OCHOBBI M IpPaKTHUKa
TOHKOI'0 00e3MexuBanus cBUHIA. [lepepaboTka MEIHBIX ChEMOB (IIUIUKEPOB).

OuncTka CBMHLOA OT Teulypa. TeopeTHdeckne OCHOBBI M IPAKTHKA
paduHUPOBaHUS CBUHIIA OT MBIIIbSIKA, CYpPbMbI, OJJOBA OKUCIUTEIHHBIM U IIETOYHBIM
Meroaamu. [lepepaOoTka IIETOYHBIX IJIaBOB. TE€OpPETHUYECKHME OCHOBBI U IPAKTHKA
o0eccepeOprBaHus CBHHIIA BMEIIMBAHUEM B paciuiaB HuHKa. [lepepaboTka cepeOpucToii
MICHBI.

Teopernyeckue OCHOBBI U TMpaKTHKa paUHUpPOBAHMA CBUHIA OT IIMHKA
OKHUCJIUTEIbHBIM, IIEIOYHBIM, XJIOPHBIM U BAKYYMHBIM CITIOCOOAMHU.

Teopernueckue  OCHOBBI M TNpakTUKa  O0E3BUCMYYMBAaHUS  CBUHIA
MUPOMETAIUTYPIHUYEeCKUM crocoboM. OkoHYaTenbHOE paUHUPOBAHME CBHUHIIA U €T0
paznuBka. [lpuHimmn pabGoThl W YCTPOMCTBO arperaroB Jyisi HENPEPHIBHOTO
padMHUPOBAHUSI YEPHOBOI'O CBUHIIA. DJIEKTPOJIUTHYECKOE paUHUPOBAHUE YEPHOBOTO
cBuHLA. [Tpoueccel, npoTekaromuye Ha KaroAe U Ha aHoje. CocTaB AJIEKTPOJIUTA U €ro
peredepauus. IlpakTMka ¢ TEXHUKO-3KOHOMHUYECKHME TIOKa3zaTeld Ipolecca.
[lepepaboTka nutama.

4.18. IlepepaboTKa MOJYNPOAYKTOB M OTX0/I0B CBMHIIOBOI0 IMPOU3BO/CTBA.
OCHOBBI THAPOMETAJLUIYPIrUM CBHHIA. XapaKTEPUCTHUKA MOIYIPOYKTOB CBUHIIOBOTO
POM3BOJICTBA. MeToAbI MepepadOTKH IMHKCOAEPIKAIINX ITTAKOB CBUHIIOBOM IIaXTHOM
aBku. [lepepaboTka MeIHO-CBMHIIOBOTO ITeHHA W Immei3bl. [lepepaboTka mbiieit
CBHHIIOBOT'O ITPOU3BO/CTBA.

XapakTepucTuKa TBEPIBIX, KUIKUX M Ta3000pa3HBIX OTXOJOB IIMHKOBOTO WU
CBUHIIOBOIO Tpou3BoAcTB. OOecnbulMBaHUE, YTHIM3AalMS U 00E3BPEKUBAHHUE Ta30B.
Oumnctka cTouHbIX BoJ. Opranuzaius Bogo000poTa.

[ToaroroBka CBUHIIOBBIX KOHIEHTPATOB K BbINIEIaUnBaHu0 PacTBoputenu u
IpaKTUKa BhILLEIaYuBaHus. Bblienenrue cBUHIIA U3 pacTBOpA.

5. MeTtajnyprusi 6J1aropoJHbIX METAJLJIOB

5.1. O6opynoBanue u cxeMbl APOOJICHUSA U U3MEJbYCHUS PYA 0J1aropoaHBIX
MeTaJJIOB. Py/lHbIE U POCCHIMHBIE MECTOPOXKICHUS 30J0Ta. BakHelilne MUHEpaIbI
3ojota. CocTtaB W KPYNMHOCTh  caMmMopoiHoro  3ojota.  Kiaccuduxanus
30JI0TOCO/IEPKAIIMX PY/ MO BEIIECTBEHHOMY COCTaBY W T€XHOJOTHMYECKUM CBOMCTBaM.

OcHOBHBIE THUTIBI PYJ U MECTOPOXKACHHM cepebpa. Bakneimme MuHEpabl
cepeopa.

['eorpadust m0OBIYM W TPOM3BOJCTBA OJIATOPOAHBIX MeETAIOB B Poccum u 3a
pyOexom.

CxeMbl npoOJieHNs U U3MENbUYCHHUSI, IPUMEHSIEMbIC Ha 30JI0TOM3BIICKATEIHHBIX
dadbpukax. ObopynoBanue ajs IpoOaeHUS U U3MeNbYeHUs. [ paBUTAIIMOHHBIE allTapaThl
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JUIA  U3BIEYEHHUS CBOOOAHOro 3050Ta. CXeMmbl 30JI0TOM3BIEKATEIbHBIX (DaOpUK,
MPUMEHSIOIINX TPABUTALIMOHHBINA METO/I.

5.2. lluanupoBaHue Py M KOHUEHTPATOB. TepMOIMHAMHMKA LHMAHUCTOTO
npouecca. KuHeTnka M MexaHU3M pacTBOPEHHs 30JI0Ta M cepedpa B LIMAHUCTBIX
pactBopax. DakTopsl, BAUSIONINE HA CKOPOCTh IMAHUPOBAHUS B 3aBOACKHUX YCIIOBHSIX.
['maponu3 HMaHUCTHIX pacTBOPOB U 3aIIUTHAS LIETIO0Yb.

[{nanupoBanue mnpocauuBanueM. KyuyHoe BblmenauuBanue. lloazemuoe
BbILEaunBanne. [{[manHupoBaHue nepeMelmrBaHUEM. ATUTATOPbl C MEXaHHYECKUM,
HEBMAaTUYECKUM M I[HEBMOMEXAaHMYECKMM IepeMemmnBaHueM. CrymieHne u
(buIBTPOBaHME BBHIMIEIOYEHHBIX MYyJbIl. OCOOCHHOCTH IMAaHUPOBAHUS KOHIIEHTPATOB.

TepMoanHaMHKa HEMEHTALMH 0JIAarOPOAHBIX METAJIOB U3 IIMAHUCTHIX PACTBOPOB.
DNEeKTpOXUMHUYECKUIT MexaHu3M Inpouecca. PakTopbl, ONPEACIAIONIME MOJHOTY H
CKOpPOCTh lleMeHTarmu. [IpakTruka u anmapatypHoe opopMIIeHHE MPOIecca OCAKIACHUS
30J0Ta U cepedpa UMHKOBOW mbUIbIO [lepepaboTka 30J0TOLMHKOBBIX OCaJIKOB C
MOJIy4YEHUEM YEPHOBOTO METaIaA.

5.3. CopOLIMOHHO-IKCTPAKIHOHHBbIE NIPOLECCHI U3BJICYCHU 30J10TA U cepedpa
U3 pacTBOpPOB M MmyJbll. CylIHOCTh COPOLIMOHHOTO BblIIeNauyMBaHus. OCOOEHHOCTH
copOLMHU 30JI0Ta U3 IIMAHUCTBIX pacTBOPOB U Nyibn. [loBenenue npumeceit. M3orepma
copoumu. PakTopbl, BIMAIOIIKE HAa €MKOCTh HOHHUTAa MO 30J0Ty. CeleKTUBHOCTH
MOHUTOB.

VYcerpoiictBo mauykoB i copObuuu u3 nmyaen. Cxema IenM  anmapaToB
COpOLIMOHHOTO BbIIIENauMBaHus. Perenepanust voHuta. [luHamuKa >SIIOMPOBAHUA.
HecopOuus 3o050Ta, cepedbpa u npumeceil. [Ipaktuka u anmapatypHoe odopmiieHHE
pereHepalnd MOHHUTA. DJEKTPOIKCTPAKUMsA 30J0Ta U cepedpa M3 TUOMOYEBHHHBIX
pacTBOPOB. YCTPOMCTBO JJIEKTPOJU3EPA C KATOAAMU U3 BOJOKHHUCTBIX YTJIEPOJIHBIX
MarepuanoB. TeXHUKO-2PKOHOMHYECKHE MOKa3aTeau COPOIIMOHHOIO Mpoliecca.

CopOLnoHHOE BbIIIETAYMBaHNE C TPUMEHEHUEM aKTUBHBIX yrieil. OcCOOeHHOCTH
anmapatrypHoro odopmiieHusi Tmporecca. Perenepaumsi yried. JloctouHcTBa U
HEJIOCTATKU aKTUBHBIX YIJIEW Kak COpOEHTOB OJaropoHbIX MeTaioB. Bo3mMoxHOCTH
AKCTPAKIMOHHBIX METOJOB JIJISI BBIACIICHHS 30JI0Ta U3 HUAHUCTBIX PACTBOPOB U ITYJIBII.

5.4. Cxembl U paKTHKA PpadoThI 30J10TOM3BJIEKATENbHBIX (padpuk. Tunosas
cxema mnepepaboTKH 30JI0THIX pynA. Pojib TpaBUTAIMOHHBIX METOJOB U UX MECTO B
TEXHOJIOTMUECKOl cxeMe. TeXHOIOrnuecKkrue CXeMbl ¢ IpUMEHEHnEM (QUIIbTPaLlMOHHBIX
U COpOIMOHHBIX MeToJoB. C(CpaBHEHHE TEXHMKO-3KOHOMMUYECKHUX IOKa3aresei
pa3nnuHbIX cxeM. TexHuka 0e30MacHOCTH Ha 30JI0TOM3BIIEKATEIbHBIX MPEINPUITUSIX.
Ou4ncTKa CTOYHBIX BOJ OT LIMAHHJIOB.

5.5. BropuuHas MeraJuiyprusi 0JIarOpOAHBIX MeETAJJIOB. XapaKTEpUCTHKA
BTOPUYHOTO CHIPBS, €ro onpodoBaHue. MeToabl nepepadOTKH BTOPUYHOIO 30JI0TO- U
cepeOpocoepkaiiero ceipbs. M3BieueHue 3010Ta M cepedpa U3 aHOAHBIX LUIAMOB
AIEKTPOJIU3A MEJIH.

5.6. Apdunax 30s10Ta U cepedpa. OCHOBHBIE BUJBI ChIPbSI, TOCTYIAIOIINAE Ha
apunax. Ilpuemnas  mnaBka.  XUJIOpHBIA  mpouecc.  DIEKTPOIUTHUECKOE
padunupoBanue cepedpa. Ilporeccsl Ha aHone u karoae. BaHHbI ¢ BEpTUKAIBHBIM U
TOPU30HTAJIBHBIM PACIIOIOKEHUEM IEKTPOJ0B. OCHOBHBIE TApaMETPBI AIEKTPOIU3A.

DnexTponuTryeckoe paguHupoBaHUe 3050Ta. [Ipoleccel Ha aHOIE M KaToJe.
[Ipumenenne acummerpuueckoro Toka. KoHcrpykuus BaHHbl. OCHOBHBIE IapaMeETPhI
ANEKTPOJIN3A.

5.7. IlepepadoTka MIATHHOBBIX HLIaMOB. Cynb(uaHbIE MEIHO-HUKETICBBIC
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PyAbI KaK CBIpBeBOﬁ HCTOYHUK ITIJIaTUHOBBIX MCTAJIJIOB. CDopMa HaXO0XACHUA I1IJIaTUHBI,

najviafivsl U PelKUX IUIATHHOWIOB B Cylb(PUAHBIX pyAax. lloBeneHue miaTHHOBBIX
METaJJIOB MpH oborameHuu. [I[puunHbl 1 OCHOBHBIE KaHAJbl MOTEPh IJIATUHOUIOB B
mpoleccax MeTauTypruueckoi nepepaboTKu CyIb(PUAHBIX KOHIIEHTPATOB.

[TepepaboTka MIATHHOCOAEPKAIIMX IMIJaMOB. XHMHUYECKUNH U BEIIECTBEHHBIN
COCTaB NUIaMOB. XHWMHYECKOE OOOrallleHHE IIJIaMOB METOJOB Cyib(paTHU3aluu U
METOJOM  CYyJIb()aTU3UPYIOIIET0 OOXKHUra C MOCIEAYIOIUM 3JIEKTPOJUTHUYECKUM
pPacTBOPEHUEM BTOPUUYHBIX aHOJIOB.

6. MeTa/utyprusi peiKux MeTajlji0B

6.1. BBegenue. PacnpoCTpaHEHHOCTh 3JIEMEHTOB B 3eMHOUM Kope. Ilonsatue o
penkux sieMeHTax. TepmMuH “penkue MeETauibl”’ U €ro YCIOBHOCTh. TexHuueckas
KJ1acCU(UKALUS PEIKUX JIEMEHTOB.

Hcropust pa3BUTHS NMPOU3BOACTBA PEIKUX METAIIOB. PONb penkux METauioB B
pPa3BUTHUM HAYKHM M TEXHUKH. MacmTaObl Npou3BojAcTBAa U MOTpeOieHus. LleHsl.
TenneHuny pa3sBUTHS IPOU3BOJACTBA PEIKUX METAIIOB.

6.2. TyromnaBkue peakue Mera/uibl. OOHIas XapakTepucTuka rpymnmsl. Mecto
TYTOIUIABKUX METAJUIOB B nepuoanyeckon cucreme [ .M.MenneneeBa. XapakTepucTuka
CBOMCTB TYrOIUIaBKUX METAJJIOB, OIIPEIEIUBIINX OCHOBHBIEC O0IACTH UX IPUMEHEHMSL.

Tyromnaskue penkue metaysl [V rpynmsl nepruogudeckod CUCTEMBI (TUTaH,
UPKOHUH, radHMiA).

Hcropus OTKpBITHA U CO3JaHUs MPOU3BOACTBA dTUX METaJLIOB. IIponsBoacTso,
notpebjaeHue, TMpPUMEHEHHE, LeHbl. [lepcrneKkTuBbl  pa3BUTHS  IPOU3BOJACTBA.
XuMudeckue U (pU3NUecKue CBOMCTBA IEMEHTOB U UX COEIMHEHUH, UCIIONIb3yEMbIE B
TE€XHOJIOTMU UX ITPOU3BOJICTBA.

PacnpoctpaneHHOCT, B mpupoge. Munepansl v pyasl. OoOoramieHue py/a.
XapakTepuCcTUKa KOHLIEHTPATOB TUTAHA U [IUPKOHUS.

Mertamnyprua tutana. OOIIHMe KOHTYpPbl TEXHOJOTHMU. TeopeTHUYeCKHUE OCHOBBI
nmpouecca xjopupoBaHus. lloAroTtoBka pyAHBIX KOHUEHTPATOB K XJIOPUPOBAHUIO.
Mertoapl ynaneHus Keie3a W3 WIbMEHHMTOBBIX KOHIIEHTPAaTOB M WX CpPaBHUTENbHAsS
OLICHKA. XJIOPUPOBAHUE TUTAHOBBIX IIUIAKOB M PYTUJIOBBIX KOHLEHTPATOB B IIAXTHBIX
xjioparopax. XJiopupoBaHue B pacmiaBax. (CocTraB MNpPOAYKTOB XJOPUPOBAaHMS,
yJIaBIMBaHUE Ta3000pa3HbIX MNpoaAyKTOB. ComocTaBieHHE METOAOB XJIOPHUPOBAHUS.
Ouuctka TeTpaxjiopuaa TUTaHa.

Teopernyeckne OCHOBBI METAJUIOTEPMHUH THUTAaHA. BBIOOp BOCCTAaHOBHUTEINECH.
TexHonmormss w®  anmapaTypa  MarHMe- WM HATPUETEPMHUYECKHUX  METOJOB.
BakyymrepMuueckas cenapanus M THIPOMETALTYPrHYECKOE YHAJICHHUE XJIOPUIOB U
u30bITKa BoccTaHOBUTENs. CpaBHHUTENIbHAs XapaKTEPUCTHKAa METO0B. KOHTYpHI
METOJI0B MepepabOTKU TUTAHOBOM I'yOKHU.

TexHuka 0€30MaCHOCTH MPU UCTOIB30BAHUHM METOJOB XJIOPHON METaUIypruu U
METAITIOTEPMUHU.

Mertannyprus uupkonus u raduus (00630p). Metoasl nepepabOoTKH ITUPKOHUEBBIX
KOHILEHTpaToB.  ['mapomerammypruyeckue  crnocoObl.  Meroa — XJIOpPUPOBAHMSL.
[lepcnekTHBBI MCHOJIB30BAHMS IUIA3MbI JJII BCKPBITHS LUPKOHOBBIX KOHIIEHTPATOB.
Metoasl pa3aeneHust HUpkoHus U rapuus. [logydyeHne MeTalIMYecKuX LUPKOHUS U
ragHUs U3 UX COeIMHEHUN. MeToIbl METAJUIOTEPMUU U JIEKTPOJIN3a PaCIIaBJICHHbBIX
cpen. KoHTypbl TEXHOJIOTHYECKUX CXEM IMOJIyYEeHUS LIUPKOHUS U TaQHHUSL.

TyromnaBkue penkue Meramibl V Ipyninbl NEPUOJINYECKON CHCTEMbI (BaHaIMIA,
TaHTaJl, HUOOWH)
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OcoOeHHOCTM TE€OXMMHMU BaHagus. MuHepaisl U pyAsl. Banagmii kak
COMYTCTBYIOIIMI 3JEMEHT KOMIUIEKCHOTO ChIpbi. MHHEpasbl, pyJIbl U KOHLIEHTPATHI
TaHTaJla ¥ HUOOUSL.

Merannyprus BaHA/IUs (0630p). [ToBenenue npu  nepepaboTke
TUTAHOMAarHeTUTOB. TeopeTHuecKne OCHOBBI U TEXHOJIOT Y U3BJICUEHUS BaHAIUS U3 Py
Y KOHBEPTEPHBIX IIJIAKOB. MeTO/ bl MOTy4YeHHsI IUBAHAUITIIEHTOKCH A, (peppoBaHans
Y METAJUINYECKOTIO BAHAIUS.

Meramnyprus tantana u Huoous (0030p). TeopeTnueckre OCHOBBI U TEXHOJIOTHS
[OJyYEHUS] YUCTBIX COCAUHEHUN TaHTajga U HuoOus. BeiOop MeTosa B 3aBUCUMOCTH OT
cocTaBa repepadaTbIBaEMOTr0 ChIpbsi. MeTObI pa3enieHus: TaHTajla 1 HuoOus. MeTo sl
MOJIyYEHHUS] METAJLIOB.

TyromnaBkue Mertamnsl VI rpynmbl NEpUOAMYECKON CHCTEMbI (BOJbGpaM u
MOJIUOJICH).

Hcxoanoe coipbe. OcoOOEHHOCTH T€0XUMUU BoJib(pama u MonubdieHa. MuHepassl
U pyasl. MeToibl oboranienus pya. KoHIUIHOHHbBIE U HEKOHIUIIMOHHBIE KOHIEHTPATHI.

Metonbl mosiydeHus Jierupyroomux no0aBok. [IpomsBonctBo (eppocmiiaBoB u
MOJIMOJaTa KaJIbIUsl.

[TosryueHue YUCTBIX TPUOKCHIOB MoauOaeHa u Boib(dpama. Ilepepabotka
KOH/JMLIMOHHBIX MOJIMOJCHOBBIX KOHIIEHTPATOB METOJOM BO3TOHKH. OOXKHUTOBO-
aMMUAa4YHBI METOJ. A30THOKHUCIIBIA METO/I.

TeopeTnueckre OCHOBBI M TEXHOJIOTHS BCKPBITUS BOJIb(PAMOBBIX KOHIIEHTPATOB.
MeTonbl CiEKaHHs U aBTOKJIABHOTO BBILIEIAYNBAHMS. METO KUCIIOTO BBILIEIaunBaHUS
IIEETTUTOBBIX KOHIEHTPAaTOB. BbIOOp MeTO1a B 3aBUCUMOCTH OT COCTABA ChIPbSI.

MeTtonbl pa3aenenus Bojbppama u monudaeHa. [lomyyenue IIBA u tpuokcuaa
BOJIb(pama.

[Tonyyenne MeTaNIMYECKUX TMOPOIIKOB MOJMOAEHAa M BoibPpama U3 HX
TPUOKCUJOB BOCCTAHOBJIEHHUEM BOAOPOJAOM. TexHHuka Oe30macHOCTH HpHu padoTe C
BOJOPOJIOM.

OCHOBBI TIOPOIIKOBOW MeTanypruu [lomydeHrne NpecCOBAHHBIX W3ICIUN U3
IOPOLIKOB M METOAbl TEPMHUECKOM U MEXaHMYEeCKOM 0OpabOTKH 3aroTOBOK.
[Ipon3BoacTBO TPOBONOKM W JIeHTHL. [lepCrieKTWBBl  pa3BUTHs  MOPOILIKOBOM
METaJLUTyprUu.

[InaBka TyronjaaBKMX METAJJIOB.

DnekTponyroBas IUIABKa C HEPACXOAYEMBIM M PACXOAyEMBIM 3JIEKTPOIOM.
DJIEKTPOHHO-TTy4eBast IJIaBKA. [ToBenenne IpUMeCen B pouecce
BBICOKOTEMIIEPATYPHBIX BAKYyMHBIX IIaBOK. KauecTBO moirydaeMbIX METAILIIOB.

6.3. Penkue paccesiHHbIe 3j1eMeHThbI. OO11ast XapaKTepUCTUKA IPYIIIIbL.

Mecto PPD B nmnepuomuueckoid cucreme dyeMeHTOB. (CpaBHUTENbHas
XapakTepucThKa cBOMCTB PPD, onpeaenstomas ux CKIIOHHOCTb K PACCESHHIO B IPUPOJIE
U npu nepepaboTke PyIHOTO Chipbi. KOMIJIEKCHOE MCIOJIb30BAaHUE ChIPhS — OOLIUH
npuHUHUI noaydenus PPO.

PP3 Il rpynnel nepuoanueckoi cucTeMsbl (Tajuiiid, MHIUHN, TaJTUN).

PacnpoctpanenHocts B mpupoae. OCOOEHHOCTH TE€OXMMHUU TaJUIMsl, WHIMS,
taius. [loBeneHue mpu oOorameHMM M METALTYPTHUYECKOM Mepeerne pa3indHbIX
BUJIOB CBIPBS.

Mertamnyprus raus. [lonmyTHOe W3BI€UYEHHE TAIIUS U3 ATIFOMUHUEBOIO ChIPbS.
OcoOeHHOCTH HE(EeINHOB KaKk HanOoyiee BBITOJHOTO ChIPbs JUIS W3BJICUCHUS TaJlIus,
KOHLICHTPUPYIOILIETOCS B MOTAIIHBIX MAaTOYHHUKAaX. [€0pEeTHYECKHE OCHOBBI U
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BBIACJICHUC I'aJIJINA U3 AJIFOMUHATHBIX PaCTBOPOB. OC&)KI[CHI/IC raJllinCBbIX KOHIICHTPATOB

KapOOHHU3alKeH, IEMEHTAIH Ha TajljlaMax, 3JIEKTPOJIN3 C )KUJIKUM B TBEPJIBIM KaTOI0M.
[lepcnieKTUBBI UCIIONB30BAHUSA IPYTUX BUAOB CHIPbS.

MeTtoabl paduHHPOBAHUS TaJUIKA, TOTyYEHUE METAIa BHICOKONH YHCTOTHI.

Metamnyprusa uaaus u taus (003op). [lonyTHoe u3BIeYeHNE UHIIUA U TAJIUS
npu mnepepaboTKe MbUIEH KW BO3TOHOB CBHHIIOBO-IIMHKOBBIX 3aBOAOB. MeTobl
KOHIEHTPUPOBAHUSI HHIWA U TaUIUS W3 CYJIb(ATHBIX PacTBOPOB: THAPOJIH3,
HEMEHTalusA, JKCTpakuus W JAp. MeroAbl. [lpueMbl amManbraMHOW METaJUTyprUU.
[Tony4yeHue TeXHUYECKUX UHIUS U TAIUIAA U METOABI UX paduHupoBanus. [lepcrnexkTuBbl
UCIIOJIb30BaHUs JPYTUX BUJIOB CHIPBS.

PP3 IV rpynmnsl nepruoanyeckoi cucteMbl. MeTauryprusi repMaHusl.

Hcxomuoe ceippe. PacmpoctpanenHocts B mpupoge. OCOOCHHOCTH TEOXUMHUHU
repmanusi. [loBeneHune repMaHus TpU TEpepadOTKE pa3IUYHBIX BHUAOB CHIPbS.
Teopernyeckue OCHOBBI KOHLEHTPUPOBAHHUS repMaHMs upo- U
TUAPOMETANNTYprudecKuMu Metofgamu. llepepaboTka OoOraTelX TIe€pMAaHHEBBIX PY.
[lepepaboTka  BO3TOHOB  METALTYPTHUYECKUX  3aBOJIOB, oTxogoB IOl wu
KOKCOXMMHUYECKOTO MPOU3BOACTBA. Jlpyrue nepcrneKTUBHbIE MCTOYHHKU H3BICYEHUS
repMaHusl.

[TepepaboTka repmaHieBbIX KOHLEHTPATOB. [lomyueHue u ouncTka TeTpaxiopuaa
U JMOKcHaa  repmanus. BoccraHoBieHwe auokcujga repManus. [Ipon3BoacTBO
[OJIYIIPOBOJHUKOBBIX MOHOKPUCTAJUIOB FEPMAHMS.

PP3 VI rpynmnsl nepuoanyeckoit cucteMsl (CeJeH U TEJIyp).

OcoOeHHOCTH TEOXMMHHM celieHa W Tejurypa. MuHepansl. PaccesHHbie (OpMBI.
[loBenenue mnpu mnepepabOTKe Cyab(DHUIHOIO ChIpbS NpH  OOOTallleHHH, Ha
METAJUIypTHYECKHUX M XUMUYECKUX MNpeanpusaThsx. OCHOBHbIE MPOIYKTHI —
KOHLIEHTPATOPBHI.

TexHonorus npous3BoAcTBa. MeToAbl U3BJIEUEHUS U3 AIEKTPOJUTHBIX IIJIAMOB.
Teopernyeckue OCHOBbI M TEXHOJIOTHSI METONOB Cylb(paTu3alu, 00XUT0BO-
CEJICHUJHOTO M JAp. Meroasl W3BIECYEHUSI M3 CEPHOKUCIOTHBIX IUJIAMOB H
HOJIYIPOAYKTOB CBHHIIOBO-LIMHKOBOT'O IPOM3BOACTBA. [loydeHue 4YUCTBIX CelieHa U
TEJLTypa.

PP3 VII rpymmber nepuogudeckoit cuctembl. MeTammyprust peHus.

HcTtounuku cbipbst. OcobeHHOCTH reoxumun penus. [loBenenue npu odorameHnu
U METAJUTypTrUYECKOl nepepadoTKe CyIb(MUIHOTO ChIPbS.

TexHonorus Npou3BOJACTBA pPEHMS. MeTonbl KOHLIEHTPUPOBAHUS pEHUS U3
pacTBOpPOB: COpOLMSA, OHKCTPAKIMS, OCAXKJIECHUE MaJIOpaCTBOPUMBIX COEIWHEHUM.
N3Bnedenne peHust U3 IPOMBIBHON CEpPHOM KUCIOTHI U MOTYIPOIYKTOB MOJIHOIEHOBOTO
npousBojacTBa. BoccTaHoBieHMe mneppeHaTa aMMOHusi BojopoaoMm. Ilepepabotka
BTOPUYHOTO CBIPBS.

6.4. Jlerkne peakme mMeTasbl. Jlerkue peakue MeTamibl (JUTHH, pyOUIUid,
1e3ui, OepuLInii).

OO011ast XxapaKTepUCTHKA TPYIIIIbI.

MecTo Jerkux peakux METauIoB B Nepuoanudeckoi cucreme. CpaBHUTEIbHAS
XapakTepUCTHKa MX OCHOBHBIX cBOWCTB. OOnacTM MNPUMEHEHHUS. O06beMbl
pou3BoACTBA. L{eHbl.

Jlerkue penkue Metayuibl | rpynmpl meproOaUIECKO cUCTeMbl (JIMTUN, PyOUAHiA,
1Ie3UM).

HcxomHoe coiphe. PacipocTpaneHHOCTH B 3eMHOM Kope. OCOOCHHOCTH T€OXUMUH
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muTus, pyouaus u ue3us. MuHepansl U pyasl. OOoraiieHue JHUTHEBBIX PYII.
OOoramenne pyOMIMEBBIX W II€3MEBBIX pyA. KOMIIIEKCHOE CBHIpbE, COJEpXKaIiee
HIeJIOYHble peAkue MeTauibl. [loBeneHue ATUX METaUIOB NpH  MHepepadOoTKe
KOMILUIEKCHOT'O CBIpbSl M MPOJIYKTHl UX KOHIEHTpUpoBaHus. Pama o3ep u MopeH,
MUHEpAJIbHbIE BOJABI, MOpPCKasg BOJAa — KPYNHEWIINA WCTOYHUK PEAKUX IIETOYHBIX
METaJIJIOB.

Meramnyprus nuTtus. BCKpbITHE JUTHEBBIX pyAd M KOHUEHTPATOB. MeTonabl
CIEKaHMsI CO UICJOYHBIMM peareHTaMu M CyJb(paTaMu, KHUCIOTHOTO pPa3JIOKECHHUS,
xjopupoBaHus. O4uCTKa pacTBOPOB OT IpuMeceil. MeToapl BBIACICHUS JUTUS W3
pacTtBOopoB. OcaxIeHUE MaJIOPaCTBOPUMBIX COECIMHEHUM, HKCTpakuus. I[Ipumeps
TEXHOJIOTHYECKHUX CXEM IPOU3BOJICTBA JIUTHSL.

[Tpon3BOACTBO METAIIMYECKOTO JIUTHSL. METOABI METAJUIOTEPMHUH U 3JIEKTPOJIH3A
paciuiaBieHHbIX coisied. [IpsAMoe moaydeHue JuTusl U3 CIOJTYMEHOBBIX KOHIIEHTPATOB.
PadunupoBanue 4epHOBOTO JTUTHSL.

Metamnyprusa pyounus u nesus. IlepepaboTka MOMUTYHHUTOBBIX KOHIIEHTPATOB.
Ouncrtka pacTBOPOB OT pUMece. MeToIbI BBIAETIEHUS LIE3Ns.

[TonyTHOE W3BJIEUYEHHE 1€3U U3 CI0KHOTO KOMIUIEKCHOTO ChIpbsi. 3BieueHue
pyOouaus 1 1e3us npu nepepadboTKe JENUA0IUTA U JPYTUX aTiOMOCHIMKATOB. [lomyTHOoe
KOHIICHTpUPOBaHUE pyOuauss npu mnepepaboTke He(ETMHOBBIX KOHIIEHTPATOB.
IlepcnieKTHBBI U3BJICYEHUS 3THUX 3JIEMEHTOB W3 panbl. [[poM3BOACTBO METAIIIMYECKUX
pyouauss u ue3us. OJEKTPOJUTHYECKHEe MeToabl. [IpsMoe momydyeHue wLe3ust us3
MOJUTYIUTOBBIX KOHLIEHTPATOB.

Mertamnyprus Gepunus.

HcxonHoe chlpbe, paclipoCTPaHEHHOCTh B 3€MHOM KOpE, 0COOEHHOCTH T€OXUMHUU
oepwutusg. Munepaisl 1 pyabl. O0oraiieHue py.

[lepepaboTka OEpWUIMEBBIX Pyl W KOHLEHTPATOB. MeTOIbl BCKPBITHUS
KOHLIGHTPATOB:  CIEKaHHWe, TepMUYecKas  JEKpUNTauus ¢  Hocleayrouiei
cynbdaruzanuen, mpsMas  cyiabdaTuzanuss  OEpPTPAHIAUTOBBIX  PYId,  METObI
XJIOPUPOBAHUS U TOdydeHus ¢ropOdepuiriaToB. O4YUCTKAa pacTBOPOB OT IMpHUMECEH.
Metonpl BblaeneHus Oepwuivst M3 pacTBOpoB. OUMCTKAa TUAPOKCHUIA OepuLIus.
[TomyueHne MeTauIM4ecKoro OepuilIMsS METOAAMHU METAUIOTEPMHUU M BIJIEKTPOJIU3a
pacruiaBieHHbIX cpell. PadbunupoBanue Gepusiims.

TexHuka Oe3omacHOCTH HpU pabOTe C JETKUMH PEIKMMH MeTallylaMH U HX
COECIMHEHMSIMU.

6.5. PaguoakTuBHbBIE U PelKO3eMelIbHbIE peAKhe MeTa/LUIbl. PailioakTUBHBIE U
peaKOo3eMeIbHbIE PEAKNE METAILTBI (YpaH, pajnii, TOPUH, TaHTaH U JJAHTAaHOUbI, UTTPUH
U CKaHIUM).

OOmmast xapakrepucTuka Tpynmnbl. MecTo 3THUX 3JIEMEHTOB B NEPUOJUYECKOMN
cucteMe. OOIIHOCTD ChIPbS U TEXHOJOTUU MTPOU3BOCTBA.

Meramtyprus ypaHa v paausi.

HNcxonHoe chipbe, pacnpoOCTPAaHEHHOCTh B 3€MHOM Kope. OCHOBHBIE YEpPThI
reOXMMUU ypaHa U paausi. MUHepasbl U pybl.

TexHoyorust Npor3BOACTBA YpaHa U paausi. MeTollbl BCKPBITUSL YPAHOBBIX PY/I.
Bri6op pactBopurens, posib okuciautend. KucioTHoe n kapOoHaTHOE BhILIEIaYMBaHUE.
[ToBenenue paausi Ipy BBIIIECIAYUBAHUN YPAHOBBIX PY/I.

MeTonpl u3BNEUYEHHUS ypaHa M3 IYJIbII U PACTBOPOB: COPOLHMS, SKCTPAKIIUA,
OCAXJIEHWE MAaJOpacTBOPUMBIX cOeauHeHui. llepcnexkTuBa W3BIEYEHHsI ypaHa W3
MOPCKOHU BOJBI. METOIbl OUNCTKU COEIMHEHUH ypaHa. [I[pon3BoICTBO METANINYECKOTO
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ypaHa.
N3Bneyenue paausi U3 OTXOA0B YPAHOBOTO MPOU3BOJICTBA.

Mertannyprus TOpusi U peAKO3eMEIbHBIX 3JIEMEHTOB.

Hcxonanoe ceipre. PacnpocTpaHeHHOCTh B 3eMHOM Kope. OCHOBHBIE YEpPThI
reoxuMuu Topus u P32. Munepanisl, pybl U UX o0oraiieHue.

TexHonorus mpousBoaAcTBa. MeToAbl BCKPBITUS KOHIIEHTPATOB: CyJb(aTu3anus,
XJIOPUPOBAHHUE, CIIEKAHUE €O 1Iesiouamu. [ 'pynnoBoe BoiaeneHne P39 u3 pacTBOpOB U UX
oTaelieHHe OT Topud. [IpuHIMOBI MeTOnOB pazneneHus P3D: W3MEHEHHE CTeneHu
OKHUCJICHUS, DKCTPAKIHUs, XpoMaTorpadusi.

[Tonyyenne MumMeTaljia 1 HUHAUBUAYAIbHBIX PEAKUX 3€METb.

TexHonorus npon3BoacTBa Topusi. KOHTYpbl TEXHOIOTUU UTTPUS U CKAH]IUS.

Texnuka Oe3omacHocTH Tpu  paboTe C PAJIUOAKTUBHBIMU  DIEMEHTAMH.
duszuonornyeckoe JAeiictBue oO0myueHus. BHemHee U BHyTpeHHee OOIy4eHHE.
XapakTepucTuKa U3 Ty4YEeHUN IPUPOIHBIX PAIUOAKTUBHBIX AJIEMEHTOB. MEeTOIbI 3a1TUTHI
OT PaJIMOAKTUBHBIX U3ITYYCHUH.

6.6. OCHOBBI KPUTHYECKOI'0 AHAJIM3a TEXHOJOrM4eckux cxem. [lonstue o
Hay4YHOU KJacCcU(UKAIMU TEXHOJOTUYECKUX 3ajiad. TpoilHas HeoNnpeaeaeHHOCTh
TEXHOJIOTUYECKUX 3aJlad U METOJbl €€ PACKPBITUSA. AHAIU3 TEXHOJOTHYECKUX 3ajad
NEPBOT0 U BBICIINX JUAINIA30HOB.

AOCOJIIOTHBIE KPUTEPUU OLIEHKH TEXHOJIOTHYECKUX CXEM M MX IMPUMEHEHHUE MpHU
aHaJM3€ CYIIECTBYIOIIMX M CO3/IaHUM MOJEJIEH HIICAIBbHBIX TEXHOJOTHYECKUX CXEM.
Pacuer uncna muHuManeHbiX craguil. [lonsarue o0 skcepruu. PacueT MUHUMAaIBHBIX
SHEPreTUYECKUX 3aTpaT. DKOJOTUYECKUN KPUTEPUH — MHUHUMAIIbHAS IUCCUNALUS
SHEPIUU U BEILECTBA.

Pa3paboTtka METOJI0B peaynpexIeHUs TEXHOT€HHOT O paccesHus
MUKPOKOMIIOHEHTOB — PEIKHX 3JIEMEHTOB M OJIarOpOAHBIX METAJUIOB — B paMKax
JEUCTBYIOUIMX TEXHOJOTMUYECKMX CXEM 3a CUYET W3bICKaHHWS BHYTPEHHUX DPECYpPCOB
(“rexHonoruu 6e3 TexHonoruun”). Ilpumepsi.

[TpuHIMIIBI pa3paboTKU MOJIENEH HCANTBHBIX TEXHOJOTUYECKUX CXEM Ha IPUMEpE
TE€XHOJIOTUHU MMPOU3BOJICTBA TYTOIJIABKUX PEIKUX METaJIIOB.

7. I1lo MeTa/LIyprum JIErKux MeTa/lI0B

7.1. BBenenue. Kiaccudukanus Jerkux MeTauioB. 3HaU€HUE JIETKUX METaJJIOB B
coBpeMeHHOM TexHuke. Conepxanue Kypca. OCHOBHBIE HalpaBJICHUS Pa3BUTHUS
METAJUIYPIUH JIETKUX METAJIJIOB.

7.2. IlpousBoactBo  riamHo3ema. CeipbeBas  0aza  aJIOMHUHUEBOMU
MPOMBINUIEHHOCTH. OCHOBBI TEOXUMUH ATIOMUHUS, BaXKHEHUIIINE MUHEPAIIBI ATFOMUHUS.
AJIOMHUHHEBBIE PYJbl, UX MecTOpoxkaeHuss B PO u apyrux crpanax. OcoOeHHOCTH
Pa3BUTHUS CHIPbEBOM 0a3bl aTIOMUHUEBOW MNpPOMBINIIEHHOCTH B P®. TpebOoBanus
ATIOMUHUEBOMY CBIPBIO JJIS1 TPOU3BOJICTBA TJIMHO3EMA.

TpeboBanus K KauyecTBY riauHo3eMma. [ TMHO3eM Kak MCXOIHBIN MaTtepuas s
ANEKTPOJIUTUUECKOTO TOJMyUYeHUs amoMUHHS. TpeOoBaHUS K XMMHUYECKOMY COCTaBy
rIIMHO3eMa W ero (Qusnueckum cBoiicTBaM. Kiaccudukanus MeTamTypruayeckoro
rimHo3eMa. Hemeramnyprudeckuii TmHO3eM U 00JacTH ero npuMeHeHus. CTaHaapThl
HA TJIMHO3EM.

Cnoco6 baitepa. Obmas anmapaTypHO-TEXHOJIOTHYECKasi cxema. TeopeTndeckue
OCHOBBI Tpoliecca baiiepa. AJIFOMUHATHBIE pPacTBOPbBI, UX CTPYKTypa U CBOMCTBA.
Cucrema Na,O- Al,O3-H;O. Texnonorus cmocoba baiiepa. IloaroroBka ChIpbs.
BrimenaunBanre pa3iudyHbBIX OOKCHTOB. ABTOKJIABHAs YCTaHOBKA HEMPEPHIBHOTO
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BblnenaunBanus. CrylieHue M MpOMbIBKa KpacHoro muiama. MHTeHcudukamms
CTYIIEHUS HA OCHOBE (PIIOKYJISHTOB. J[eKOMIO3UIIMS alFOMUHATHBIX pacTBOPOB. Teopus
¥ TEXHOJOTHS TOJY4YeHHUs KPYMHO3EPHHUCTOro rinHo3ema. HempepoiBHas Oartapes
JeKOMII03epoB. BrimapuBaHue 0OOPOTHBIX IIEIOYHBIX pacTBopoB. Kayctudukanms
npombIBHBIX BoJ. [{uki Baitepa B cucreme NayO- Al,03-H,0. Kanpuunanus rugpokcuia
aMOMHUHUS BO Bpamaroniuxcs neyax u KC.

OcHOBHBIE IYTH YCOBEpIIEHCTBOBaHUS crocoba baliepa. BrimenaunBanue
OOKCUTa MpU BBICOKUX TeEMIEparypax, pa3paboTka W NpuMeHeHHe 3>(PPEKTUBHOIrO
BBICOKOMPOU3BOJIUTENBHOTO 000pyaoBanus. [lonyTHOe U3BICUEHNE TAJUIUS U BaHAIUS.
[IpoOneMa KOMILJIEKCHOTO HCIOJIb30BAaHUSI KpPACHBIX NUIAMOB. AHAJIU3 TEXHUKO-
SKOHOMMYECKHUX IMOKa3aTesie Mpou3BOJICTBA TJIMHO3eMA 1o ciocoly baitepa B PO u 3a
pyoexom. [Ipobiiembr pecypcocOepekeHHs.

Crioco6 crnekanusi OOKCUTOBBIX MIUXT. PU3MKO-XMMHUYECKHE OCHOBBI CIOCO0a.
OO0mias anmapatypHO-TexXHoJorndeckas cxema. [lyTu ycoBepiieHCTBOBaHUS Mpolecca
CIIEKaHMsI Ha OCHOBE MCIOJb30BaHMs HOBBIX IIEYHBIX arperaTtoB. BrilienaunBanue crieka
B IUIOTHOM CJIO€ (BEpTHUKAJIbHBIC allapaThl), aruTalMOHHBIA M TEPKOJIALIMOHHBIN
METO/Bl. ANNapaTypHO-TEXHOJOTUYECKHE CXEMBbI nepepadoTKU  AFOMUHATHBIX
pacTBOopoB.  DU3UKO-XMUMUYECKHUE  OCHOBBI  OOECKpPEMHHUBaHHA.  TEXHOJIOrHs
00eCKpeMHHUBaHUS. Kapbonuzanusa  amlOMMHATHBIX  PacTBOPOB. TexHuko-
HKOHOMUYECKUH aHaJIU3 MPOU3BOICTBA INIMHO3EMA U3 BHICOKOKPEMHHUCTHIX OOKCUTOB O
CIIoco0y CIIeKaHUs.

KomOuHMpoBaHHbIE 11IETOYHBIE CITOCOOBI TPOM3BOCTBA IIIMHO3EMA U3 OOKCUTOB.
CyImHOCTh KOMOMHHPOBAaHUS TUAPOXMMUYECKUX U  CIEKATEIbHBIX CIOCOOOB.
[TapannensHbii BapuanT baiiep-criekanue. [locmenoBarenbHblld  BapuaHT baimep-
CIIEKAHHE.

Kommnekcnas mnepepaborka HedenuHoB. OOmas cxema. OcobeHHOCTH
HIMXTOMOATOTOBKY M ClIeKaHusl. BollienaunBanrue He(heTMHOBBIX CIIEKOB, aruTallMOHHAS
M TMPOTOYHO-aruTalMOHHAs cXeMbl. KopeHHoe yCOBEepIIEHCTBOBAHHUE TEXHOJIOTUU
BBIIIEJIAYMBAHUS CIIEKOB U IPOMBIBKM HE(PEIMHOBBIX IIJIAMOB Ha OCHOBE NMPUMEHEHHUS
dbaokynsaTOB. IlepepaboTka amroMuHATHBIX pacTBOpoB. HoBas kapOoairoMuHaTHAs
TEXHOJIOTHs TIOJyYeHUs INIMHO3eMa BBICHIET0 KayecTBa U3 HedenuHoB. KomruiekcHast
nepepaboTKa T'MJIporpaHaToBbIX IIamoB. [lomydenue conpl, notaia, nemeHTa. Hobie
CIIOCOOBl KOMIUIEKCHOM TiepepaboTKu HedelIMHOB. TEeXHHKO-DPKOHOMHUYECKHH aHaIu3
croco6a KOMIUIEKCHOW Mepepad0TKU HE(EIHMHOB B YCIOBUSAX PHIHOYHON SIKOHOMUKH.

KomnnekcHast nepepaboTka amyHUTOB. BoccTaHOBUTEIBHO-IIENIOUHON C€HOCOO
nepepaboOTKU Ha TJIMHO3EM, Cylb(ar Kanus, CEpHYI0 KUCIOTY U APYTrue MPOJYKTHI.
OO6xur u BoccranoBieHue anyHuta B nedax KC. KopeHHOe ycOBEpIlIEHCTBOBAaHHE
TEXHOJIOTUU Ha OCHOBE "oOpalieHHOU" cxeMbl epepaboTKH alFOMUHATHBIX PACTBOPOB
U KOHBEpPCUHU CYIb(ATHBIX cojleill. DKOHOMHKa croco0a B YCIOBUSAX PHIHOYHBIX
OTHOILLIEHUM.

[M'inpoxumuueckuii cnoco6 [TonomapeBa-Caxxnna. OU3MKO-XUMHUUYECKHUE OCHOBBI
cnocoba.  OOmias  TexHoJorhyeckas  cxema.  TexHosjorus  mepepadOTKu
BBICOKOMO/TYJIbHBIX HIEJI0YHO-aTIOMUHATHIX pacTBOpPOB. [TepcriekTUBBI
THAPOXUMHYECKOTO CII0c00a.

[TpoGieMsbl 3aIIUTHI OKPY>KaIOIIEH Cpebl B IPOU3BOICTBE IITMHO3EMA.

7.3. Meramnyprus anwomuuus. OOmas cxema OPOU3BOACTBA ATIOMUHUS
ANEKTPOIU30M KPUOJIHUTO-TIIMHO3EMHBIX PacCIlJIaBOB.

[TpousBoacTBo (ropucTeix cojeil. TexHomornyeckass cxema MPOU3BOACTBA
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KpUOJIUTAa M JPYruxX (PTOpHUCThIX coJie KHUCIOTHBIM MetoaoM. Cyxoit cmocob

mpou3BOACTBA (TOPHUCTHIX cosield mo crocoly Ilemuue. TeXHUKO-PKOHOMHUYECKUE
MOKa3aTeNId MPOU3BOACTBA (PTOPCOICH.

[IponsBoncTBo 31eKTpoAOB. Buael anexkrpoaHslx wusnenui. I[IponssBoactso
aHOAHOM Macchl. TexHoyorus O0O0O0MIKEHHBIX aHOJIOB, TEXHOJIOTHS '"Cyxoil" Macchl.
[TpousBoaCTBO rpaUTUPOBAHHBIX JICKTPOIOB.

TeopeTndeckre OCHOBBI AJICKTPOJIN3a ATIOMUHUS. PU3UKO-XUMHUUYECKHUE CBOMCTBA
anekTponuTa. CUCTEMBI: KPUOJIUT — TIWHO3EeM, (PTOPUCTHI aFOMUHHUN — (DTOPHUCTHIM
HaTpuil. PacTBOpUMOCTH TIJIMHO3€Ma B DJJIeKTpoiuTe. HampspkeHuwe pa3nokeHus
KOMITOHEHTOB JJICKTpoIMTa. MexaHu3M ajekTpoiun3a. AHoaHbld 3¢ dext. Brixon mo
TOKY ¥ TI0 SHepTUd. BrisiHre pa3nnyHbiX (PaKTOPOB HA BBIXOJ 10 TOKY U MO YHEPTHUHU.

KoHcTpyKIns amroMUHUEBBIX IEKTPon3epoB. Kiaccudukamms 37eKTpon3epoB
[0 aHOJHOMY YCTPOWCTBY, MOIIHOCTH, MOABOAY ToKa. OCHOBHBbIE KOHCTPYKTHUBHBIC
AJEMEHTHl BaHHBI. MOHTaX U JIEMOHTaXX BaHHBI. COBEPIICHCTBOBAHWE KOHCTPYKIUU
BaHH.

TexHoyorus 3JIEKTpoJM3a ajtoMuHUs. ballaHc HampsbKeHus, TEIIOBOM OalaHc
ATIOMUHUEBONM BaHHBL. llex anekTposmsza amomMuHHs. OCHOBHBIE TEXHOJOTHYECKHUE
omnepanuu 1 napaMeTpsl npoiiecca ekrpoausa. ACYTII "Inekrponus". ['a300uncTHBIC
CUCTEMBI, TPOOJIEMBI 3aIIUTHI OKPYXKAIOMIEH Cpelibl. AHAIN3 TEXHUKO-IKOHOMUYECKUX
nokasaresieil mpou3BoAcTBa amoMuHusl B PO u 3a pybexom. OCHOBHbBIE HaNpaBIICHUS
COBEPIIIEHCTBOBAHMS TEXHOJOTUH AJICKTPOIN3a AMIOMUHUS. TexHuka 6€301macHOCTH IIPH
anekTponuse amomuHus. [IpobremMbl pecypcocOepekeHus. 3aluTa OKPYKAIOIICH
Cpenpl.

PadunupoBanue anmomunus. CBOMCTBA aTlIOMUHMS BBICOKOM YHCTOTHI U 00J1aCTH
npuMeHeHus.  Ilpunuun  paduHupoBaHUsA.  DJIEKTPOJHBIE  TPOILECCHI  MpHU
padunupoBanuu. KoHcTpykius BaHHbL. TexHosorus paduuupoBaHus. OCHOBHbBIC
TEXHUKO-3KOHOMUYECKHE MOKA3ATEIIH.

DJIEKTPOTEpMHST ATIOMUHUS M €ro ciuiaBoB. Pa3paboTka JBYXCTaauHHOIO
ATIOMOTEPMHUUECKOTO CIOC00a MOTyYEHUS ATFOMUHUS C UCTIOJIb30BAHUEM T1JIA3MEHHOTO
HarpeBa. OXuJgaeMble TEXHUKO-3KOHOMHYECKHUE I10KAa3aTelld aJlOMOTEPMHYECKOIO
croco0a MoJy4YeHHsI ATFOMUHUS, TIEPCTIEKTUBBI BHEPECHHS.

7.4. Metaaayprusi marausi. CBolicTBa Maruus u ero cruiaBoB. CeipbeBas 6a3a
MarHueBOM MPOMBITIUIEHHOCTH B PD u 3a pyGexom.

TeXHOJOTUYECKHE CXEMbl TMOJATOTOBKM ChIPbS IS TOJYYECHUS MarHus
anekTponauzoM. OOmas xapakrepuctuka cxem. Kapnammmrosast cxema. IlepepaboTtka
XJIOP-MAarHUEBBIX MIETOKOB. TUTaHO-MaruueBas cxema. [lojrydeHue Marausi u3 MOpCKOH
BOJIbI. TexHosorust 6€3BOHBIX XJIOPUJIOB MarHHUs.

Teopernueckre OCHOBBI JIEKTPOiu3a MarHus. PU3MKO-XUMUYECKHUE CBOMCTBA
3JIEKTPOJINTAa MAarHMEBOM BaHHbI. HanpsikeHne pas3nokeHrus KOMIIOHEHTA JIEKTPOJIUTA.
Karonueie nponeccsl. AHOIHBIE TTPOLECCHI.

TexHomorus 3mekTposin3a Maruus. KOHCTpyKIysi MarHueBbIX BaHH,
nuadparmMerHbie u 0e3auadparMeHHbIe dIEKTPoIu3epbl. OCHOBHBIC TEXHOJIOTHYECKUE
oTiepalliy ¥ apaMeTphl Ipoliecca AIeKTpoau3a. MexaHuzanus 00CTyKUBaHUS
31eKTpoan3epoB. OCHOBHBIE HAIPABJIEHUS YCOBEPIIEHCTBOBAHUS TEXHOJIOTUHN MarHus
(moTouyHasi aBTOMaTHYECKas JTUHUS IMPOU3BOACTBAa Maruus ). PadmHMpoBaHne Martus.
TeXHUKO-PKOHOMUYECKHUE MMOKA3aTeIM MPOU3BOICTBA MATHUS AJIEKTPOIU30M
xyopuaoB. Texanka 6e3onacHocTr. Coco0 CHIIMKOTEPMUN MarHus (Teopus u
TEXHOJIOT ).
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ba3sb1 JAAHHbIX, l/IH(l)OpMalII/IOHHO-CHpaBO‘lHI)Ie H MMOUCKOBbIC CUCTEMBbI:

Bbubnuorexn

bu6mmotexa ["'opHOTO yHHUBEpCHTETA

Poccwuiickas rocynapcTBeHHas OnOIHOTEKA
Poccuiickas HanpoHanbHas 6ubIMoTeKa
bubnuoreka AkajgeMun HayK

bubmmoreka mo ecrectBeHHpIM Haykam PAH
Bceepocculickuii HHCTUTYT HAyYHOM U TEXHUUYECKOU
napopmaru (BUHUTU)

l'ocynapcTBenHas myOnnyHas Hay4YHO-TEXHUYECKAs
o6ubnmoreka

Hayunas 6ubmuoteka Cankr-IletepOyprekoro
roCyJapCTBEHHOI'O YHUBEPCUTETA

Hayunas snextponnas 6ubmmoreka eLIBRARY.RU

www.spmi.ru/node/891
www.rsl.ru

www.nlr.ru
www.rasl.ru
www.benran.ru

WWW.Viniti.ru
www.gpntb.ru

www.geology.pu.ru/library/
elibrary.ru

CrenuanbHble HHTEPHET-CAalThI

HNudopmarmonnas cucrema «EanHoe okHO TocTyna K

00pa3oBaTEIbHBIM pecypcam»

window.edu.ru/window/
library?p_rubr=2.2.74.9
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2. PA3JIEJIBI TEXHOJIOI'MX HEOPTAHUYECKHUX BEHIECTB,
PACCMATPHUBAEMBIE B XOJIE BCTYIIMTEJIBHOI'O UCIIBITAHUSA

1. BBoaHas 4yacTh

OCHOBHBIE pa3/ieiibl, U3y4aeMbl€ B AUCLUIUIMHE, UX B3aUMOCBA3b MEXAY COOOIl.
[TpoayKTBl TEOPETHUECKON TEXHOJOTUH, 00JacTH uxX npumeHeHus. Kiaccudukanus
TEXHOJOTMYECKHX MPOIECCOB C TOYKH 3PEHHUSI UX SKOHOMHUYECKOH 3((eKTHBHOCTH.
brok cxema HEOpraHMYECKUX MPOU3BOJICTB. XapaKTePUCTHKA U KIACCU(DUKALIUS ChIPbS
[0 IIPOUCXOXKIACHUIO, arperaTHOMY COCTOSIHUIO, XMMUYECKOMY COCTaBy. Pa3merieHnue
XUMHUYECKHUX IPOU3BOJICTB B 3aBUCUMOCTU OT MecTa J100bIYM ChIpbsi. KommiekcHoe
UCIOJIb30BAaHUE IOCTYITHOTO U JIEHIEBOIO ChIPbsl, 0€30TXOIHBIE TPOU3BOJICTBA. Pe3epBnl
JUIS COBEPILIEHCTBOBAHMSI XUMUYECKOW TEXHOJIOTHH NepepadOTKU ChIPbsl 1 MATEPUAJIOB.
OcCHOBHBIE HANpaBJIEHUs B BBIOOPE CHIPbSI.

OU3NKO-XUMUYECKUN aHAIN3 HEOPraHWYECKUX BEIIECTB: PEHTreHO(a30BbII
aHaJuu3, ONTUYECKAs MMKPOCKOIHS B MCCICHOBAHUSIX HEOPraHMYECKHUX BELIECTB,
XUMHAYECKUHN aHAIIN3 COJIOBBIX IIPOIYKTOB.

2. IIpou3BOCTBO TEXHOJIOTHYECKHX I'a30B

OCHOBHBIE TPOMBIIUICHHBIE W CHHTE3-Ta3bl B TEXHOJIOTMU HEOPraHUYECKHUX
BEILIECTB, UX CBOWCTBA. METOIBI ITOJIy4EHU TEXHOJIOTUYECKUX ra3oB. [lonmyuenune azora,
KHCJIOPOJIa U PEIKUX ra30B U3 BO3/lyXa METOAOM Iiy0okoro oxjaxjaeHus. [lomnydyenue
BOJIOPO/1a KOHBEPCHUEHN YIIeBOAOPOIHBIX Ta30B U APpyrUMHU MeToaaMmu. HoBbie criocoObl
KOHBEPCHUU YTIJIIEBOAOPOIHBIX ra30B. OUHMCTKA TEXHOJIOTMYECKUX I'a30B OT KOHTAKTHBIX
AI0B M Jpyrux npumeced. Meroabl OYMCTKM W MX Kiaccudukaius. OCHOBHbIE
HAaIlpaBJICHUS B IPOM3BOJCTBE TEXHOJIOTMYECKMX Tras3oB. KaranuTnueckas ouucTka
TEXHOJIOTMYECKUX Ta30B (IMIPUPOAHOIO raza OoT CEpOCOJEpKaIIMX MpUMecei, OUnCTKa
XBOCTOBBIX I'a30B B ITPOM3BOJACTBE a30THOM KHUCJIOTHI U Ap.). KoHBEpcHus nmpupoaHoro
ra3a Ha HUKEJIEBOM KaTaJln3aTope.

3. XuMusl ¥ TEXHOJIOTUSI CHHTE3a KATAJIU3aTOPOB U a/ICOPOEHTOB

[IpousBoAcTBO KaTanu3aTopoB U  copOeHToB. (CocTaB MPOMBINIJIEHHBIX
KaTaJn3aTopoB U TpeOoBaHUs K HUM. HayuHble OCHOBBI IPUTOTOBJIEHUSI U TEXHOJIOTUU
KaTanu3atopoB. DHU3MKO-XMMHYECKHE UM  OKCIUIyaTallMOHHBIE  XapaKTEPHUCTUKH
KaTajan3aTopoB U copOeHToB. I[lopucras cTpykTypa KOHTaKkTHBIX Macc M €€ pojib B
KaTtanuse. Y enbHas IOBEPXHOCTh U METOIBI €€ U3MEpeHUs. MexaHndecKas IPOYHOCTb.
OCHOBHBIE METOJIbI TPUTOTOBJICHHS KaTaau3aTtopoB. OCHOBHBIE THIIBI KaTAJIN3aTOPOB,
UCIIOJIb3YEMBIX B IPOU3BOACTBE HEOPraHMYECKUX BELIECTB, IPUHLHUINAAIBHBIE
TEXHOJIOTUYECKUE CXEMBbl HMX MpPUTOTOBIEHUA. [lpupoma H3MEHEHUS AKTUBHOCTHU
KaTajiM3aropa IOJ JACWCTBUEM PEAKUMOHHOW Cpelbl M YCIOBUWM DKCIUTyaTallWH.
Perenepanus npoMBINUIEHHBIX KaTanUu3aTopoB. COBEPIIEHCTBOBAHNE TEXHOJIOTHYECKHUX
IIPOLIECCOB C IPUMEHEHUEM HOBBIX BHJIOB KaTaJau3aTOPOB.

OO61mume 3aKOHOMEPHOCTH TMOA00pa KaTanu3aTopoB U ancopOeHToB. TpeboBaHus,
NpexbsBIsieMble K TPOMBIIUICHHBIM KaTajnu3atopaM U ajacopOeHTam. DakTopsl,
ONpPENEIAIME  KAaTaJUTUYECKYK0  aKTUBHOCTb.  BO3MOXHOCTP  NpEIBUACHUSA
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KaTaJIuTU4YCCKOI'O HeﬁCTBHﬂ XUMHUYCCKHUX BCIICCTB. Knaccmbmcaunﬂ KaTaJIn3aTOpPOB.

OnTtumanbHas TIOpUCTasl CTPYKTypa KaTanu3atopoB H  anacopOentoB. CocrtaB
IPOMBIIUICHHBIX KOHTAKTHBIX Macc. OCHOBBI TEXHOJIOTMHU. 3HAYCHUE KaTAIU3aTOPOB U
ancopOeHTOB. TeXHONOIUsl OCaXIECHHBIX KaTaJau3aTOpPOB, HOCUTENEH U aOCOpOEHTOB.
OcHOBHBIE CcTaauM TEXHOJOTMU. IIpOM3BOACTBO TI'PaHYIMPOBAHHOIO CHJIMKAres,
AIIFOMOCHJIMKATHBIX KaTaJm3aTopoB, Ta0JIETUPOBAHHBIX KaTaJIM3aTOPOB.
TexHOI0rn4ecKkrne CXemMbl, ONTUMAJIbHBIE TAPAMETPBI TEXHOJIOTHYECKOTO PEKUMA.

TexHonorus noay4yeHus KaTaau3aTopoB METOAOM NPONUTKH. CITOCOOBI U PEKUMBI
nponuTKu. OCOOEHHOCTH CYIIKH M MPOKAJIKH IPOMUTOYHBIX KaTanu3aTopos. [Ipumepsl
CHUHTE3a  KOHTAaKTHBIX Macc. TeXHOJIOrm4yeckne CXeMbl M ONTUMAJbHBIC
TEXHOJIOTUYECKHE ITapaMETPBI.

TexHONOrnM CMEIIaHHBIX W IUIABJICHBIX Karainu3artopos. lIpuHIunuanbHbIe
TEXHOJIOTUYECKHE CcXeMbl. IIpOM3BOACTBO  KaTaqnM3aTOpOB CHHTE3a METAHOJIA,
MIPOU3BOJICTBA CEPHOM KUCIOTHI U aMMHaKa. TEeXHOJIOTUYECKHE CXEMbl U ONTUMAJIbHBIE
TE€XHOJIOTUYECKHE MTapaMETPBHI.

OcHoBbl TexHONOruu cuiaukareneil. LleomuTel. OCOOEHHOCTH CTPYKTYpHBIX U
(PU3UKO-XUMUYECKHX CBOMCTB. OCHOBBI TEXHOJIOTMH CUHTETUYECKHUX LEOJIUTOB.

Texnonorus yriepoaHelx copOeHToB. TeopeTnyeckue OCHOBBI aKTHUBALUU
YIJIEpOAHBIX MaTepuajoB. TpeOoBaHHMS K CBIPHEBBIM MaTepuajgaM Uil MOJTYYEHHs
aKTUBHBIX yried. Ilpumepsl NpoM3BOACTB aKTUBHBIX yrieil. OcHOBHBbIE oO01acTu
MIPUMEHEHUSI aKTUBHBIX YTJEH.

Anmapatypa U 000pYyJOBaHHE IPOU3BOJCTB KaTaJM3aTOPOB U aJCOPOEHTOB.
Anmapatel s KUJIKO(]a3HbIX TpoueccoB. O0opynoBaHHE ISl CYIIKA WM TPOKAIKH
KaTaan3aTopoB. MalMHbl U anmapathl Jisi MEXaHUYECKUX MPOIIECCOB B MIPOU3BOICTBE
KaTaJm3aToOpoB.

4. XUMHUKO-TeXHOJOTHYeCKU i MpoLecc MmoJIy4eHus: KHCJI0T

Paz0aBneHHast azoTrHas Kuciotra. OU3NKO-XMUMHUYECKHE OCHOBBI NMPOM3BOJCTBA
a3oTHOM  kucnmoTel.  Karammszatopsl  okucineHus — amMmuaka.  COBpEMEHHBbIE
KPYIHOTOHHaXKHbIE Mpou3BoAcTBa. KoHIeHTpupoBaHHasi a3oTHas kuciora. dusuko-
XUMHAYECKUE OCHOBBI MPOWU3BOACTBA KOHLIECHTPUPOBAHHOM a30THOM KHUCHOTHL. HoBbIE
HaIpaBJIEHUS NMOJYYECHHS] a30THOU KUCIIOTHI.

3HauYE€HHE CEPHOM KHUCJIOTHI B HApOAHOM XO3siiicTBe. ChIppe IS MOIYYEHUS
cepHOi KucaoTel. IIpou3BoAcTBO cepHHCTOro ra3a. OuucTKa M OCyIIKa Tasa,
MIOCTYTAIOIIET0 B KOHTAKTHOE oTxaejeHne. OU3NKO-XUMUYECKHE OCHOBBI KOHTAKTHOTO
OKHUCJIEHUS IUOKCcHaa ceprl. KaTann3aTopsl 1711 OKUCIEHUS.

[IpoMbIlIEHHBIE CXE€Mbl KOHTAKTHOTO y37ia. AOCOpOLMs CEpHOro aHTHAPHUIA.
[IpombllIEHHBIE CXEMBI POU3BOJICTBA CEPHOM KUCIOTHI. DKOJOTUYECKHUE MPOOJIEMBI —
CIOCOOBI OUUCTKHU OTXOAAUIUX Tra30B. OCHOBHBIEC HAIIPABJICHUS 110 COBEPIIEHCTBOBAHUIO
CEPHOKHUCIIOTHOTO IPOU3BOJICTBA.

5. ITosryyeHHe BBICOKOKOHIEHTPHPOBAHHBIX MUHEPAJIbHBIX Y100peHu il

ATpOTEXHUYECKOE 3HAYCHHUE MUHEPAIbHBIX YIAOOpPeHUH. ACCOPTUMEHT W
KJaccupuKalys MUHEPAIbHBIX y10OpeHHi. A30THBIE yA00peHuss. AMMHUayHas CeJIUTpa.
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XHWMHU3M ¥ OCHOBHBIE CTaJUU ITPOU3BOJICTBA.

TexHomornyeckass cxeMa ¢ MCIOJIb30BAaHUEM TEIUIA PEaKLIMH HEeUTpaIu3alvu.
Kap6amua. OntumManbHble yCIoBUs Mpou3BoicTBa. OCHOBHBIE CTAJIMU B IPOU3BOJICTBE
kapObamuga. MeTopl yTHIIU3aIUU Ta30B TUCTUIUISIUY.

TexHomornyeckass cxema C TMOJHBIM JKMAKOCTHBIM peuukiomM. HoBbie
HampaBJeHUs B TPOU3BOJICTBE aMMHAuyHOM cenuTpbl. DocopHbie ynoOpeHus Hu
dbochopHbIE KUCTOTHI.

dochopconepxkamiee CbIpbe W METOABI ero mnepepabotku. IlomydeHue
AKCTPAKIIMOHHOMN (hochopHOM KUCTOTh. XUMU3M mporiecca. TexHomoruyeckas cxema
npowusBojictBa DDK. IIpoctoii u nBotiHOM cynepdocdaTsl. MeTOIbI X MPOU3BOACTBA.

TexHomOrnyeckue CXembl MOMydeHus: U rpanyisiuuu cynepdocdaroB. Hosbie
HampaBjieHuss B Mpou3BoACTBE (ochopHbix ynoopenuid. Kanuiinbie ynoOpeHus.
KanuitHoe cpipbe 1 criocoObl ero nepepadoTku. ["amtypruyeckuil cnocod npon3BoaACTBA
xyopuaa kanus. KommiekcHas nepepaboTka kanuiiHbIX pyZ. HoBble HampaBiieHus B
MPOU3BOACTBE KanuilHbIX ynoOpenuil. Kommekcuoie (KVY) u cioxsbele ynoOpeHus.
Mertoasl mnpousBoiactBa KVY. Ilonmyuenue KY Ha ocHoBe ¢dochopHON KHCTOTHI.
[Ipou3BoACTBO yA0OpEHUI HA OCHOBE a30THOKHUCIOTHOTO pa3yiokeHHs (ochaToB.

Mexannyeckue ciocoObl MOIYYEHHs! IUCIIEPCHBIX HEOPraHMUECKUX MaTepUaIoB:
TaOJIETUPOBAHUE  MOPOIIKOOOpPA3HbIX  MaTepHaloB  METOJOM  IPECCOBaHMUS,
IpaHyJMpOBAaHUE ChIMY4YHX MarepuanoB. OmnpezeneHue BOAHO-(U3HUECKUX CBOMCTB
MUHEpaIbHBIX YIOOPEHUN.

6. Ilpou3sBoaCcTBO KApOOHATA HATPHUS U KAYCTUYECKOH 1Ie109H1

Heoprannueckue 1menouyn W MX [PUMEHEHHE B  JPYrUX  OTpacisix
MPOMBINUIEHHOCTU. CIIOCOOBI M OCHOBHBIE CTaJMM MPOU3BOACTBA KAJIBLIMHUPOBAHHON
coJibl. AMMUAYHbIN cI0cO0 MPOU3BOJCTBA U ITyTH €r0 UHTEHCU(UKALIUY.

[IpuHnMnuaneHass cxema IMPOU3BOJCTBA KaJbLIMHUPOBAHHOM conabl. HoBbIE
HaIPABJICHUS B IIPOM3BOJICTBE KAJIBLIMHUPOBAHHOM cobl. [Ipon3BoACTBO KayCcTHUECKOU
consl. Metoael nponsBoacTBa NaOH u ux cpaBHHTENBbHAs XapakTepucTuka. OU3nKo-
XMMHUYECKUE OCHOBBI MPOM3BOJCTBA THAPOKCHIA HATPUS KayCTHU(PHUKALUEH COLOBOTO
pacTBopa.

7. TexHoJIOTMS NPOAYKTOB TOHKOI0 HEOPraHMYeCKOro CHHTe3a, YHCTHIX
BELECTB U PEaKTHBOB

Knaccudukanus HeopraHn4eckux MpOIyKTOB MO CTENEHU MX YHUCTOTHI; METObI
riTyOOKON OYMCTKH T'a30B U TEXHOJIOTHSI MPOTYKTOB TOHKOT'O HEOPTAaHUYECKOTO CUHTE3a
(peakTHBOB, JEKapCTBEHHBIX MpENaparoB, MHILEBBIX J00aBOK, CBEPXIIPOBOASIIUX
MaTepuasoB U Ip.).

TexHonorus MpoIyKTOB TOHKOTO HEOopraHM4eckoro cuHtesa. Knaccuduxanus
IPOJYKTOB TOHKOI'O HEOPraHMYECKOro CHHTE3a W 00JacTh MX NpuMeHeHHUs. Pu3nko-
XUMHUYECKHUE acCleKThl BbIOOpa MeToaa cuHTe3a. CHHTE3 HEOPraHWYECKUX BEIIECTB
OCQXKJIEHUEM U COOCAXKICHUEM.

CHHTE3 HEOPraHMYECKHX BELIECTB B CHEIUAIBHBIX Cpeax, KPUOXHUMHUYECKUM
METOJOM, MpPU BBICOKMX TEMIEPATypax M CBEPXBBICOKMX JaBJICHUsX. I[Ipumepsl
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TEXHOJIOTUYECKHUX MPOLIECCOB.

TeXHOI0rus YUCTHIX HEOPraHUYECKUX BEILECTB U PEaKTUBOB. OCHOBHBIE TOHATHUS
o uucrore BemectBa. Gopmel pumecet. HopmupoBanue npumeceit. Teopetnyeckue
OCHOBBI OYHCTKH BEIIECTB U KJIacCUu(UKAIUs METOJAOB OUUCTKH. VICTOUHUKH TpuMeceit
B YHMCTOM BEILIECTBE.

OuncTKa METOJAAMHM OCAKICHUS, IEPEeBOJOM BEIeCTBA B Ta3oByl ¢a3y,
NPUMEHEHUEM TPAHCIOPTHBIX peakiuil. DHU3NKO-XUMUYECKUE METOAbl TIyOOKOi
OUYMCTKHM BemecTB. O4KMCTKa BEUIECTB IUCTUUISILIUOHHBIMU, KPUCTAILIM3ALMOHHBIMU,
HKCTPAKIIMOHHBIMH, aJICOPOIIMOHHBIMH, HOHOOOMEHHBIMH, JJIEKTPOXUMHUUYECKIMH,
MeMOpaHHBIMU METOJaMHU.

8. TexHoJI0TMA IIIMHO3EMA

3HavYeHue TNIMHO3EMA B HAPOJHOM X03sicTBE. ChIphe ISl MOJYYEHUS TIIMHO3EMA.
TpeboBanusi, npeabsaBiIsieMble K TIUHO3EMY, (PU3NKO-XMMHUYECKHE CBOMCTBA OKCUAA
AJIOMUHUS U €r0 THIPATOB.

[Tonydyenune rnmHO3emMa meronamu baliepa u cnexkanusd. PU3MKO-XUMHUYECKHE
OCHOBBI MeT0A0B. (CXeMbl TPOU3BOJACTBA, ammaparypa M pPeXUMbl pabOTHI.
KoMmOuHupoBaHue CyXuX W MOKpBIX  CIOCOOOB  MOJYYEHUS  T[JIMHO3EMA.
Herpaguunonnsie METOABI NIOJYUYEHUSI OKCHIA AIFOMUHUS M €r0 THapaTtoB. TEeXHUKO-
YKOHOMMYECKOE CPABHEHHE PA3IIMYHBIX METOJOB IIOJIyYEHHUs TIIMHO3EMA.
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PEKOMEH/JATEJIbHBIN BUBJIAOT PAOUUYECKHWI CITUCOK

K PA3JIEJY 2

OcHoBHas JuTEparypa:

1. Awmenun A.I'. TexHonorusi cepHoit kuciaoTel. M.: Xumusi, 1983.-360 c.

10.

11.

12.

13.

14,

15.

16.

BacunbeB B.T., OrBarnna M.U. TexHonorust cepHoit kuciaotel. M.: Xumus, 1985.-
384 c.

KpamenunnukoBa H.C. Texnomorus coabl M.: Xumus, 1988.-304 c.
Heoprannueckux Bemects. JI.: Xumus, 1989.-492 c.

ITo3un M.E. TexHomorusi MunepaiibHbIx conei. JI.: Xumus, 1974. 1.1.-792 c., 1. 2.-
760 c.

[To3un M.E. TexHonorust MuHepaibHbIX yaoOpenuid. 4-e u3a. JI.: Xumus, 1974,-375
c.; 5-e m3xa. JI.: Xumus, 1983,-336¢.; 6-¢ u3n. JI.: Xumus, 1989.-352c.

[To3un M.E. TexHonorust MunepaiibHbix yaoopenui. JI.: Xumus, 1989.-352 c.
[To3un M.E., Konbines b.A., benpuenko T.B. u ap. Pacuersl no TexHosorun

[Ipon3BOACTBO a30THOM KHUCIOTHI B arperatax OOJbIIOW €AMHUYHON MOIIHO-CTH
/Tlon pea. B.M. Onesckoro. M.: Xumus, 1987.-464

ITpor3BOJACTBO TEXHOJIOTUYECKOTO Tra3a Jjisi CUHTE3a aMMHMaka M METaHoJIa W3
yrieBoopoaHbIx Ta3oB / [lox pen. A.I'. JleitOymr, M.: Xumus, 1971.— 286 c.

Pacuersl o TexHosorun Heoprannueckux periects / [Tozun ML.E., Konsuies B.A.,
benvuenko I['.B. u ap. /Tlox pen. M.E. [To3una 2-e uzna. JI.: Xumus, 1977.— 496 c.

Pymsnnies O.B. O6opynoBaHue 11€XOB CHHTE3a BBICOKOTO JABJICHHS B a30THOM
npombIlUIeHHOCTH. M.: Xumus, 1970.— 385 ¢

Cunrtes ammuaka / JI.J1. Ky3uenos, JI.M. JImutpuenxo, I1./]. Ps6una u np. Ilox pen.
JLA. Ky3nenoBa M.: Xumus, 1982.— 296 c.

CnpaBounuk ceprokuciorunka / [Toxg pen. K.M. Manunauna M.: Xumus, 1971.— 744
C.

Texnonorusa ceszanHoro aszora /Ilog pen. B.M. Atpomenko.- Kues: Beicmias
mKkosa,1985.-327 c.

Texnonorus cszanHoro azota. / B.M.Atpomenko, A.M.Anekcees, A.Il.3acopun u
np.: ITox pen. B.M.Atpomenko. Kues.: Buia mkona, 1985.-326c¢.

Xumudeckasi TEXHOJorus Heopranwmueckux BemiectB: B 2 k. Ku. 1. YueOHoe
nocodue / T.I'. Axmeros, P.T. Ilopedupsnes, JI.I'. I'aticun u np./ Iloxg pen. T.I'.
AxmeroBa — M.: Bricmr. mk., 2002. — 688 c.

JlonoJIHUTeIbHAS JIUTEepaTypa:

Pacdertsl mo TexHosorun Heopranndeckux pemiects / [loa pex. [lozuna M.E. — JL.:
Xumus, 1974. — 496 c.

SAxumenko JI.M. IIpous3BoacTBo xjaopa, KayCTUUYECKOW COIBI U HEOPraHUYe-CKUX
XJOpIpoayKToB. — M.: Xumus, 1974. — 597 c.

[Tosun M.E., 3uniok P.FO. ®u3nuko-XxUMHUYECKHE OCHOBBI HEOPTraHHYECKOU
texHonorud. - JI.: Xumus, 1985. — 389 c.
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4. Crenun b.Jl. u a1p. MeTonpl noay4yeHUs: 0COOOYUCTHIX HEOPTAHUYECKUX BE-IIECTB.
- JI.: Xumus, 1969. — 480 c.

5. Tamyprus: Teopus u npaktuka / [Tog pea. 1U.J1. Coxomosa. — JI.: Xumus, 1983. —
368 c.

6. IIpousBoacTBo cynbdara HaTpus u3 paccosioB o3epa Kyuyk / Ilom pen. E.E.
®ponosckoro. — CI16: Uza-Bo C.-Iletepd. YH-Ta, 2001. — 444 c.

7. CnpaBounuk azotuuka / [log pen. E.Sl. MenpHukoBa. — 2-¢ usn., nepepad. — M.:
Xumnus, 1986. —1. 1. — 512 c.

8. CmpaBounuk azoruuka / [log pen. E.fl. MensHukoBa. — 2-¢ usj., nepepadb. — M.:
Xumus, 1986. — 1. 2. —464 ¢

9. Ao6pamos B.A., AnekceeB A.U., bapmambsan, X.A. KommiekcHas mnepepaboTka
HedenmnHoB.- M.: Mertamnyprusi, 1990, 332 c.

3. PA3JEJI XUMUYECKOM TEXHOJIOI' MU TOILIUBA U
BBICOKOOHEPI'ETHUYECKHUX BEIIECTB, PACCMATPUBAEMBIE B
XOAE BCTYIIMTEJIBHOI'O UCIIBITAHUA

1. BBogHast yacTh

OcHOBHBIE pa3fienbl, U3ydyaeMble B IUCUUIUINHE, UX B3aUMOCBSI3b MEXIY COOOM.
[IpoaykThl TEOpEeTUUECKON TEXHOJOTWH, 00JacTh UX IpuMeHeHus. Knaccuduxanus
TEXHOJIOTUYECKUX MPOIECCOB C TOYKU 3PEHUS] UX HKOHOMUUYECKON 3P(HEKTUBHOCTH.
biok cxemMa mNpOU3BBOACTB JKHJAKWX, Ta3000pa3HbIX U TBEPIAbIX TOIUIMB U
BBICOKOPHEPTETUYECKUX BEIIECTB. XapaKTePUCTUKA M KIAacCU(UKAIUS CHIPbS TIO0
IIPOMCXOXKICHHUIO, arperaTHOMy COCTOSIHUI0, XUMHYECKOMY COCTaBy. Pa3MmeuieHue
XUMHUYECKUX TMPOU3BOJCTB B 3aBUCHUMOCTH OT MeCTa JOOBIUM ChIphsi. KomruiekcHoe
UCIIOJIb30BAaHUE JOCTYITHOTO U JICIIEBOTO ChIPhsi, 0€30TX0IHbIE TPOU3BOICTBA. Pe3epBbl
JUISl COBEPIIIEHCTBOBAHUS XUMHUECKON TEXHOJIOTUU MEPEPabOTKU ChIPhS U MaTEPUAJIOB.
OcCHOBHBIEC HAMPABJICHUS B BLIOOPE CHIPHSI.

OU3NKO-XUMUYECKU aHaIU3 TOIUIMB M BBICOKOOHEPTETUYECKUX BEILIECTB:
CTaHJapTHBIE METO/bI aHaIN3a (U3UKO-XUMHUECKUX CBOMCTB HEDTH, HE(PTEIPOTYKTOB,
TOPIOYUX CJAHIEB M YIJIsl; PEHTreHo(a30BbI aHadu3, PEHTreHO(IyOpEeCICeHTHBIN
aHaJIM3, ONTHYECKas MUKPOCKOMUS, OJJICKTPOHHAs MHKPOCKOMHUs, HHpaKpacHas
CIIEKTPOCKONUS, SIAEPHBI MATHUTHBIN PE30HAHC, TEPMOTPABUMETPHUSL.

2. llepBuuHasi nepepadorka HepTH

OcHoBHbIe cxeMbl armocdepHoit TmieperoHku HedTH. OCHOBHBIE CXEMBI
BaKyyMHOU nieperonku HedTu. OCHOBHBIE anmapaThl YCTAHOBOK MIEPBUYHOMN MEPETOHKU
HepTu.  PekTuduKalMOHHBIC  KOJIOHHBL.  TeImIoOOMEHHUKH,  KOHIEHCATOPHI,
XonomuibHUKH. TpyOuatbie meun. [IpombllieHHBIE  YCTAHOBKH  MEPBHYHOMN
nepepabotku HehTH (DJIOY-ABT-6, DJIOY-AT-6). biok crabunu3anuy 1 BTOPUIHOM
neperonku 6enszuna yctanosku DJIOY-ABT-6.



31
3. Tepmu4eckue npouecchl 1eCTPYKTUBHOI nepepadoTku HedTH U ra3a

Knaccudukanus BTOpHUHBIX MPOIIECCOB XUMUUECKON MepepadoTKu He(hTH U ra3a.
OCHOBHOE Ha3HAUY€HUE AECCTPYKTHBHBIX IMPOLECCOB. XMMHM3M M MEXaHU3M peaklui
TepMoiM3a. XMMHM3M peaklMi pacmaja Mpu TEPMHUYECKHX Ipoueccax. MexaHu3m
peakuuil KpekuHra (pacmajga) ¥ YIIoTHEHUs. DakTopbl TEPMHUECKOIO KpPEKHHIa.
PeakunoHHbIe ycTpolicTBa U IPUHIMI UX pacdyeTa. KauecTBO NpoAyKTOB TEPMUYECKOTO
KpeKkuHra. TeopeTndyeckne OCHOBBI Ipoliecca MUPOJIM3a. YCTAaHOBKH IHPOJIH3A
He(TAHOTO ChIpbs. [IpomblniienHOE 0dopmieHue mpouecca. XKunkodasHblid TEPMOIHU3.
TepMudeckuii KpeKUHT AUCTHIUIITHOTO CHIphbs. BHUCOPEKUHT TSXKENOro HEPTSIHOTO
celpbs. IIponecc 3amennieHHOro KokcoBaHus. [Ipon3BOICTBO TEXHUYECKOTO yIiepoa.
[Tpou3BoacTBO HEPTAHBIX OUTYMOB. TE€XHOJIOTUS OKUCIEHUSI OUTYMHOIO CBHIPBS.

4. KatajquTn4yeckue npoueccbl B HerenepepadoTke

OCHOBHOE Ha3HA4Y€HUE KaTaauTH4YeCKuX TmporeccoB. CyIIHOCTh KaTaausza U
OCOOEHHOCTH TPUMEHEHHsI KaTanu3aTopoB HedTenepepadboTku. [uddy3mnonHo-
KMHETUYECKHUE OCOOCHHOCTH TETEPOreHHBIX KaTaduTudyeckux peakuuil. Craguu
FeTepOreHHoro karanusza. (CBOMCTBAa KaTalW3aTOPOB M METOAbl HMX OICHKA.
Knaccudukanus  karanuzatopoB  HedrenepepaboTku. CrnocoObl  pereHepanuu
Katain3atopoB. IIpomecc katanuTuyeckoro KpekuHra. (OCHOBHBIE 3JIEMEHTHI
peakIMOHHBIX anmapatoB. [loHsTHEe 0 GOPCUPOBAHHOM KHITSIIEM CIIOE, TUPT-PEaKTope
U CKBO3HONPOTOYHOM  peakTope. TEeXHOJIOTUYECKHE OCHOBBI  MPOU3BOJICTB
BBICOKOOKTaHOBBIX KOMIIOHEHTOB OCH3MHOB. AJIKMJIMPOBaHUE U300yTaHa OJIeUHAMH.
Karanutuueckas »tepudukanus MetadHojsa wuzo0ytuieHom (KOT). Texuonorus
MOJTYyYEHUS] METUITPETOYTUIIOBOTO 3upa.

5. T'mapokaranuTnyeckue U TWIAPOreHM3ALMOHbIC TMpouecchl B
He(TenepepadoTke

Karanuzaropel pudopmunra. Katanutuyeckas uzomepuzanus (KW3) nenrtan-
rekcaHoBoi (Qpakuuu OensuHoB. Karamuzatoper KW3. Ilponecc ruapoodncTku
HedrenpoaykroB. Karanuzaropsl mnpouecca TuApOOYUCTKH. OpHOCTyneHYaThld U
IBYXCTYNEHYAThId MPOLECC THAPOKpPEKUHra. PDakTopbl Mpolecca THMAPOKPEKUHTra.
Karanu3aTopsl rHApOKpPEKHHTa.

6. O0masi cucTeMaTuKa Pa3jiMYHbIX TBEPABLIX IOPIOYMX UCKOMAEMbIX H HX
OTJINYUTE/IbHbIE NPU3HAKH (TOP(, Oypble YIiIHW, KaMEHHbIE YIJIH, AHTPALMTHI,
roproyvue CJIAHIbI)

XapakTepUCTUKA TBEPJABIX TOPIOYMX MCKOMAEMBIX MO JAHHBIM UX TEXHUYECKOTO
aHanu3a. Biara, MuHepaJbHbIE KOMIIOHEHTHI U 30JIbHOCTH YyIJied. Bbixoa mneryuux
BEILIECTB U3 TBEPJBIX T'OPHOYUX HCKOMAEMBIX. XapaKTEPUCTUKA TBEPAOTO HEJIETYYEro
octatka. O0611as cepa U BUJIBl CEPHUCTHIX COCTUHEHUN B yIIsAX. Y CIOBHAS U UCTUHHAS
OpraHuyecKas M roproyas Macca yriieid. 3aBUCUMOCTh MEXIY JTaHHBIMU TEXHHUYECKOTO
AHAIN3a W XUMHYECKOW IPUPOAOH, 3PEIOCTBI0O M COCTABOM TBEPABIX TOPHOYUX
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HCKOIIaCMBIX. XapaKTepI/ICTI/IKa TBCPABIX TOPHOYNX HCKOIMMACMBIX 110 JdHHBIM

AJIEMEHTAPHOIO aHa/M3a. B3auMoCBsA3b MEXAY JAaHHBIMU 3JIEMEHTApPHOIO aHAIN3a U
XUMHUYECKON MPUPOJON TBEPABIX TOpIOYMX HCKomaeMbix. Kiaccudukamus yried mo
JAHHBIM MX 3JIEMEHTHOTO COCTaBa. DJIEMEHTHBIN COCTAB U TEIIOTa CTOPaHUsl TBEPABIX
FOPIOYMX HCKONMAEeMbIX. B3auMOJENHCTBUE TBEPABIX TOPHOYUX HMCKOMAEMBIX C
pa3NUYHBIMK pacTBoOpUTeNsiMU (OEH30JI, aHTpPALIEHOBBIE Maclia, MUPUIUH U JTIp.) U
XUMUYECKUMH peareHTaMu (MUHEpaIbHbIE KHUCIOTHI, IIEJIOYH, TaJIOMABI U JIp.).
['pynmnoBoil XMMHUYECKU COCTAB Pa3IMYHBIX BHUJIOB TBEPABIX TOPIOUMX HCKOMAEMBIX.
MounekyisipHas CTpYKTypa OpraHU4E€CKUX TBEPJIBIX TOPIOYNX UCKONAEMBIX.

7. TexHojoruyeckue mpouecchl MNepepadoOTKU TBEPAbIX TOPHYHX
HCKONaeMbIX

KokcoBanue yrnei. CrniekaHue, NpeBpalleHue MOJIYKOKCa B KOKC. Bpiaenenune
ra3000pa3HbIX MPOJYKTOB Ha Pa3HbIX CTaAMAX Mpolecca KOKkcooOpa3oBanus. BiusHue
pazInuHbIX (haKTOPOB Ha Mpoilecc KokcoBaHus. O1eHka kauyecTBa Kokca. CoBpeMeHHas
TEXHOJIOTHUSA TMPOU3BOACTBA KOKca. [lyTw pacmmpeHusi cblpb€BOM 0a3bl KOKCOBAHUS.
MeToabl HEMPEPBIBHOIO KOKCOBaHUs yrie. JlecTpyKTUBHAs THIPOTr€HU3AIUS TBEPIbIX
rOpPIOYMX MCKONAEMbIX M CHUHTE3 U3 BOAOpOJa U okcuaa yriaepona. OCOOEHHOCTH U
Ha3HA4YE€HUE Mpolecca JECTPYKTUBHOM ruaporeHn3anuu. OueHka MPUTOJHOCTU YIJIsS
JUIsl TUApOreHu3auu. Kartaim3atopsl 1 TEXHOJIOTHUYECKUE MTapaMeTphl AECTPYKTUBHOM
ruaporenn3anuu. CTyneHdaras JECTPYKTHBHAS THJIPOTE€HU3AIMS CMOJ M HE(TSIHBIX
octatkoB. JKunkodazHas u napodazHas ruaporeHusanus. BbIxoq M XapakTepucTuka
MPOJIYKTOB ruaporeHu3auuu. IlomydyeHne XHMMHYECKMX TMPOAYKTOB  METOJIOM
ruporeHn3anuu TormB. CoBMecTHas THApPOreHu3anus yried m HepTu. PU3MKO-
XUMHYECKUE OCHOBBI KaTaIMTUUECKOTO Tpoiiecca cunre3a uz CO2 u Hy.

8. Teopernueckue OCHOBHI mpouecca rasuuKanum UM KOHBEPCHH
yIJIeBOIOPOJAHBIX I'a30B

MexaHu3M peakiuy yriepojia ¢ ra3aMu U peakiiuii KOHBEPCUHU YTIIIEBOAOPOIHBIX
razoB. OOpaThMble, MOCIEI0BATEIbHbIE U NapaJJICIbHO-TIOCIEI0BATEIbHbBIE PEAKIIUU
mpoliecca B3aMMOJEHCTBUS yriiepoa ¢ ra3aMd U KOHBEPCUU YTIIE€BOAOPOIHBIX T'a30B.
Cxema mexanm3Mma peakmuii yraepoga ¢ CO,, HoO, O,. Xumuyeckas aacopOIus.
OOpa3zoBaHusi U pa3pylIeHUE TBEPJOTO MOBEPXHOCTHOTO KoMIuiekca. KuHetuueckue
ypaBHEHUS, OCHOBAHHBIC HA MPE/ICTABICHUAX O MEXAHU3ME PEAKIU YTIIepo/ia C ra3amu.

9. TexHoJIOrHYECKHE MPOIECCHI CHHTE3A CMENNATbHBIX MPOAYKTOB

CoBpeMEHHOE COCTOSIHUE W TEPCIEKTHBBI Pa3BUTHS MPOU3BOJICTBA MaTEPHAIIOB
Ha OCHOBe yriepona B Poccumm m napyrux crpaHax. OCHOBHBIC BHJIBI YTJIEPOJIHBIX
MaTepHuasoB U 00JIaCTH MX UCTONb30BaHus. CBOMCTBA yTiepoIHbIX MaTepraioB. OOmue
npeacraBienuss 06 yriepoxae. Kpucrammueckue dopmbl yriepoma. I'padutr u ero
KpUCTaJUTMUecKasi CTpyKTypa. McxomHoe ChIppe I MPOU3BOACTBA  YIVIEPOIHBIX
MarepuanoB. CoBpeMeHHbIE (PH3UKO-XMMUYECKHE TPEACTABICHUS O Tpoleccax
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(GopMupOBaHUA CTPYKTYphl M CBOMCTB yIIepoAHbIX MaTtepuanoB. CBoicCTBa u

IIPUMEHEHUE MaTepuajgoB Ha oOcHOBe yriepona. CelpbeBble MaTepuasbl. KOKCHI
Auntpanutel. [lpupoassiii rpadur. Texuumyeckuid yriepoa. KameHHOyTrosibHbIE U
He(TAHbIE TIEKU, CHHTETUYECKUE CBSI3YIOIIHE.
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