MuUHHCTEPCTBO HayKH U BbIciiero oopasoBanus Poccuiickoii ®egepanuu

®dejepaibHOE rOCYJapCTBeHHOe 0K/ PKeTHOe 00pa30BaTe/IbHOE YUPEeXKAEHHE BbICIIEro
oOpa3oBaHus

«APKYTCKHU HAIITMOHAJ/TbHBIN CCJIEJJOBATE/IbCKUN TEXHUUYECKUN
YHUBEPCUTET»

CTpyKTypHOe nofipa3zesieHre «MeTanilypruu LBeTHbIX MeTa/lioB (129)»

YTBEP)X/JIEHA:
Ha 3ace/jaH|K Kadeapbl METa/TyPriH [[BETHBIX METAJIIOB
ITpotokon Ne9 ot 09 deBpans 2026 r.

Pabouas nporpaMma JHCLMILIMHBI

«METAJIJTIYPI'YA TSDKEJIBIX IBETHBIX METAJIJIOB»

Harnpassienue: 22.03.02 Metaunyprus

METaJ'IJ'Iypl"I/ISI LIBETHLIX, DEIKUX U GHHFOPO'E[HBIX MeTaJ/1JIOB

Keamudukaims: bakanaBp

dopma 00yueHwUsI: OUHast

JJOKyMeHT To/[TicaH MPOCTOH 3/1eKTPOHHOM JOKyMeHT To/iTIMCcaH MPOCTOMN 3/IeKTPOHHOM
TTOATIHMCHIO TTOZTTUCHIO0

CocrasuTesnb nporpammbl: HemunHoBa HuHa YTBepaun u cornacosan: HemurnHoBa Huna
ByagumuposHa BnagumupoBHa

[Jara nognucanus: 12.06.2026 Jara nognucanus: 12.06.2026

I'og Habopa — 2026

WpkyTtck, 2026 r.



1 IlepeyeHb IJIAHUPYEMBIX Ppe3y/IbTAaTOB O0yYeHHs MO JUCLHHUIUIAHE, COOTHECEHHBIX C
IUIAaHUPYEMbIMH pe3y/IbTaTaMHU 0CBOEHHs 00pa30BaTe/IbHOM MPOrPaMMbI

1.1 [AucuunavHa

«MeTa/slyprusi TSDKe/IbIX ILBETHBIX MeETa//IOB» 00ecreunBaeT
¢opmupoBaHue C/IeAyIOIUX KOMIIETeHI[UH C YUéTOM UHAUKATOPOB MX JOCTKEeHUs

Kopa, HanMeHOBaHHe KOMITeTEeHIIUH

Kop uHANMKaTOpa KOMIIeTeHIUHI

MeTaJ/lJIOB

[TKC-5 CriocoOHOCTb OCYIIeCTBIIATh, AHATU3UPOBATh U
KOpPPEeKTHPOBaTh TEXHOIOTMYEeCKHe TTPOLeCChl IOy YeHUsI [TIKC-5.6, ITKC-5.9

1.2 B pe3yibTaTe 0CBOEHHs JUCIUIIHHBI Y 00y4YaOIIMXCA AO/DKHBI ObITH C()OPMHUPOBAHBI

Kopg,
WHAUKATOpa

CojpepxaHue HHAUKATOpaA

Pe3ynbTar 00yueHus

IIKC-5.6

IleMOHCTpPHUpYET CIIOCOOHOCTH
OCYILIeCTBJIATh U KOPDPEKTUPOBATh
TeXHOJIOTUYeCKHe MPOLIeCCh
riepepaboTKU DY/, TSHKebIX
LIBETHBIX METAJIOB (COZieprKaIX
Me/lb, HUKeJIb)

3HaTb OCHOBHbIE TTApAMETPHI,
OKasbIBaloII[1e B/IMsHKE Ha

3¢ ()eKTHBHOCTb MeTa/lTypruuecKux
TIpOI[eCccoB (repepaboTKu Py
TSDKeJTbIX MeTasIOB, COZleprKallux
Me/lb, HUKeJTb) U Juara30Hbl UX
ONTUMaJbHBIX 3HaU€HHI; OCHOBHbIE
MIPUYWHBI HapYIIIeHnH paboThI
TeXHOJIOTMUeCKUX MPOLIeCCOB B
MeTal/Typruu

YMeTb NprUMeHSITh M0TyueHHbIe
3HaHUS 00 yC/IOBUSIX MPOTEKAHUS
TeXHOJIOTMYeCKUX MPOLIeCCOB
repepabOTKU Py, TSHKEJTbIX LIBETHBIX
MeTasl/IoB (CoZeprKalux Me/b,
HUKeJTb) /i71s1 00ecrieueHust
TIPaBU/ILHOTO BeJieHUsI
TeXHOJIOTMUeCKOro Tpoljecca
BnapeThs HaBbIKaMU KOPPEKTUPOBKU
TeXHOJIOTMUeCKUX TPOL[eCCOB
TOJTyYeHUsI TSDKeNbIX [JBETHBIX
MeTa/uIoB (MeJy, HUKeJIs1) B CIyvasix
HapylleH!sl TeXHOJIOTUU
TIPOM3BO/ICTBA

ITKC-5.9

leMOHCTpPUpYeT CrIoCOOHOCTh
OCYIIECTB/IATh U KOPPEKTHUPOBATh
TEXHOJIOTYeCKHe TIPOLIeCChI
riepepabOTKU Py TSKeJTbIX
L[BeTHBIX METaJIJIOB (COZiepyKariyx
CBUHELl, L[UHK)

3HaTh OCHOBHBIE NTApaMeTphI,
OKa3bIBAOII[Me BIUSHHUE Ha

3 PEeKTUBHOCTb METaTyPriUueCcKux
TIPOI[eCcCoB (TepepaboTKu Py
TSDKEJTBIX METAJI/IOB, COZIePIKaIluX
CBUHEII, I[UHK) U [iara30Hbl UX
OTTHMA/IbHBIX 3HAUE€HUIA; OCHOBHBIE
MIPUYKHBI HAPYILIeHUH paboThI
TEXHOJIOTUYECKUX TIPOLIECCOB B
MeTaTypruu

YMeTh MPUMEHSITh TT0/TyUeHHbIe
3HaHUs 00 YC/IOBUSIX MPOTEKAHUS




TeXHOJIOTUUeCKUX MPOLIeCCOB
riepepaboTKU P/ TSHKeNbIX [[BETHBIX
MeTasuIoB (Cozep KalljuX CBUHeLl,
LIUHK) /7151 00ecrieyeHUst TIPaBUIbHOTO
Be/IeHUsI TeXHOJIOTMUeCKOoro mporecca
BnapeTs HaBbIKaMU KOPPEKTUPOBKU
TeXHOJIOTUUeCKUX MPOLIeCCOB
TIOJTyYeHHsI TSKEebIX [IBETHBIX
MeTaJlJIoB (CBUHIA, LIMHKA) B CIyYasix
HapylleHUs TeXHOJIOTUH
TIPOM3BO/ICTBA

2 MecTo aucnunIvHbl B cTpykrype OOII

W3yueHne JUCLIMIUIMHBI «MeTalayprusi TsSKebIX L[BETHBIX MeTa/uioB» Oa3upyeTrcsi Ha
pe3y/ibTaTaXx OCBOEHUS Ce[YIOLMX [JUCLIMIUIMH/TIDAKTUK: «AHaIWTHUecKas U (Qu3nueckas
xumusi», «MaTtematuka», «MeTannypruueckass — TeIUIOTEXHUKa»,  «MeTa/ulypruyeckue
TexHOMOruM», «OOoraijeHre pyJ LBETHBIX MeTa/ioB», «TeopHs THIpOMeTa/uTyprudecKrux
TIPOLIECCOBY, «Teopust MYMpOMeTalJTypruueckux TIPOLIECCOBY, «Teopust
3JIEKTPOMETa/TyprudecKuX MpoLeccoB», «O00pyZoBaHHe MeTa/UTypPrUuecKoro TpOU3BO/ICTBA U
3aluTa MeTa/JIOB OT KOppo3un», «IIpou3Bo/ICTBeHHAsl MPaKTHKA: TEXHOJIOrHYecKas (IIpOeKTHO-
TeXHOJIOTUecKasi) MpakTUKa»

Jucounuivza SIBJISIeTCS TpeileCcTBYIOLen JJ1s JVICLIUTUIVH/TIDAKTHK:
«[IponsBo/icTBeHHas IIPAKTHKA: IIPeAAUIIIIOMHast ITPaKTHKa»

3 O0BeM AUCIUILIMHbBI

O0beM AMCHMITHHBI cocTaByisieT — 6 3ET

TPpyAoeMKOCTb B aKafileMHUYeCKHX Jacax
(OpvH akazieMHU4eCcKHid yaCc COOTBETCTBYeT 45 MUHyTaM
Buj yue6HoI paboThI aCTPOHOMHYECKOTO yaca)
Cemec
Bcero 1p Ne 7 Cemectp Ne 8

OO0111ast TPYZ0EMKOCTD 216 108 108
JUCLIATUTUHEI
AyauUTOpHBIe 3aHSTUS], B TOM 98 48 50
yHCse:

JIEKIINU 52 32 20

nabopatopHbie pabOThI 20 0 20

NpakTUYeCcKue/ceMrHapCcKue 26 16 10
3aHATHUSA
CamocrosiTenbHasi pabora (B
T.4. KypCcOBOe 82 24 58
TIPOEKTHPOBaHUE)
TpynoemMKOCTb y 36 36 0
NIPOME)XYTOYHOM aTTeCcTaluu
Buz npomexxyTouHOM
aTTecTaluyy (UTOroBOro 3aueT. DK3AMEH JK3am 3auer
KOHTPOJIS 110 AUCLIUIIIUHE) ’ eH

4 CTpyKTypa U Cofiep>XaHHe JUCHUITUHBI



4.1 CBopHbIe JaHHBbIE 110 COAEPKaHHUIO AUCLUII/INHBI

Cemectp Ne 7

Bujbl KOHTAaKTHOH padoThI

HaumeHoBaHHe

Ne Jlekiuu JIP I13(CEM)

CPC

/i pasjesa U TeMbl
JHUCLUTLTUHBI No Ne No

Kon. Kon. Kon.
Yac. Yac. Yac.

Ko
Yac.

dopma
TeKyILero
KOHTPOJIAA

1 2 3 4 5 6 7 8

11

OG611jpie BOMPOCHI
MeTaslIypruu
TSDKeJIBIX [[BETHBIX
MeTaslIoB:

1 MIPUHLUIBI U 1 8 1 2
METO/[bl
TIOTyUeHUst MeJy U
Hukens. CBoiicTBa
Y IPUMeHeHHe

23, 14

Pecdepar

IMupomeranayprus
CyJIb(UAHBIX
MeJHbIX, MeJHO-
2 HUIKeJIeBBIX PYZ U 2,4 14 2,3 6
KOHLIEHTDPATOB,
OKMCJIEHHBIX
HUKeJIEBBIX DY/

Tect

KoHBepTHpOBaHue
MeJHbIX,
HUKEJEBBIX U

3 Me/THO-HUKeJIeBbIX 3 4 4 4
IITeHHOB.
IepepaboTka
(haliHIITETHOB

Pertienue
3a/1a4

PadunupoBanue
MeJu.
I'mppometannypru
sl MeJJ1 U HUKeJIsl

5,6 6 5,6 4

Tect

IIpomesxyTounas
arrecrauus

36

OK3aMeH

Bcero 32 16

60

Cemectp Ne 8

Bujbl KOHTaKTHOH paboThI

HaumeHoBaHHe

No Jlexuu JIP [13(CEM)

CPC

/i pa3jesa u TeMbl
JMCHUTLTUHBI No Ne No

Ko Kos. Kom.
Yac. Yac. Yac.

Ko
Yac.

dopma
TeKylero
KOHTPOJIA

1 2 3 4 5 6 7 8

9 10

11

CBoIicTBa,
TIPOU3BO/ICTBO U
TIpUMeHeHNe

1 1uHKa. O0Kur 1,2 4 1 4 1 2
LJUHKOBBIX
CyJIb(UAHBIX
KOHIIEHTPATOB

22

Ortuet no
yaboparop
Ho¥ pabore

I'mppometannypru
2 1 I[UHKA 3,4 6 2,3 10 2,3 4

, 14

Otyet 1o
saboparop
HoW pabore

3 CBoIiCTBa, 5,6 4 4,5 4
ChIpbeBast Oa3za,
TIPOU3BO/ICTBO U
NIpUMeHeHue

Tect




CBUHIIA.

AryioMepUpyIOLMiA

00>XXUT CBUHIOBBIX

KOHIL|eHTPaTOoB

Cr1oco6m! 2,5, Oryer 110
4 TMOJIyYeHusl CBUHLA 7 2 4 6 6, 7, 14 naboparop

8 Ho¥ pabore

5 PadunupoBanue 8 4 1 ’ Tecr

YepHOBOI'O CBUHILIA

IIpomesxyTouHas 3auer

aTTecTalys

Bcero 20 20 10 58

4.2 KpaTKoe cofiep)xaHue pa3/ie/ioB 4 TeM 3aHATHH

Cemectp Ne 7

Ne Tema

Kpartkoe coaepxanue

1 OO011[1e BOTIPOCHI
MeTa/UTyPIHU TSDKETBIX
L[BETHBIX METaJIJIOB:
TIPUHITUITBI U METOZIbI
TIOJTyYeHUst MeJId U
HuKess. CBOMCTBA U

K TspKesibIM [JBETHBIM MeTasljlaM OTHOCSTCSI MeTaslJIbl
C IVIOTHOCTBIO 7-11 r/cM3 — CBUHeLl, LIMHK, Me/ib,
HUKeJb, 0710B0. OHU sIBJISIFOTCS Haubosiee MacCOBBIMU
1o oObemMaM NPOM3BO/ICTBA MeTaslJlaM{ B MUDE.
ChIpbeM /1Jis1 [T0/TyYeHust MeJi CIy’KaT PYyZpl,
TIPO/IYKThI UX 00OTaIlleHUs1 — KOHI[EHTPAThI, a TAK)Ke

NnpruMeHeHue

aMOPTHU3aL[MOHHBIM JIOM U OTXO/bI (BTOPUUHOE
cbipbe). MeziHbIe py/ibl BCer/ia MojmMeTasyinuecKye.
LleHHBIMU CITyTHUKAaMH SBJSIOTCS 0K0sio 30
371eMeHTOB. HuKkesieBbie 3aBO/IbI TiepepabaThIBarOT ABa
TUIMAa py/: oKucaeHHble HUKeneBble (OHP) u
Cyb(pUHbIe MeJHO-HUKe/IeBble. BTOpUUHOe ChIpbe.
TormBo (B MeTa/sTypruu CTpeMSTCS UCII0/Ib30BaTh
KaueCTBEeHHOe TOI/IMBO C BBICOKOW TeMI0TBOPHOU
CIOCOOHOCTBIO U HU3KUM CO/Iep>KaHKeM 30J1bl:
NIPUPOJHBIN ra3, Ma3yT, KOKC), OTHeYIIOpHbIe
MaTepuabl (K1acCU(PULIMPYIOT 110 OTHEYTIOPHOCTH,
XUMUKO-MHUHEPaJOrMueckOMy COCTaBY, XMMUUYECKOH
CTOMKOCTH), (b/1rOCHI (MCTI0/Ib3YIOT, KaK MpaBUIo,
KBapll, U3BECTHSIK, JKeJle3HYy10 pyay). Tsokesnble
L[BeTHbIe MeTaJl/Ibl [10/1y4aroT MUPO- U
TUPOMETa/TyPrUUeCcK|M CTIoCoOaMHu.

1151 Bcex Me/IHbIX Y HUKeJeBbIX MpeANpUsATHI
XapaKTepHbl MHOT'OCTYIeHUaThle TeXHOJIOTUYeCcKHe
cxeMbl. B ocHOBe 11060r0 MeTasiypruueckoro
TripoLiecca JIeXKUT TIPUHLUII IlepeBo/ia
00pabaTbIBaeMOT0 ChIPhs B TeTepOreHHYI0 CUCTEMY,
COCTOSILYIO U3 [IBYX, TPeX, a UHOrAa 1 bosee das3,
KOTOpBIe JJ0/DKHBI OT/IMYAThCS APYT OT Apyra
COCTaBOM M (py3ruecKMMHU cBovicTBamu. [1pu 3TOM
ojHa 13 (a3 Ao/rKHa 060ramaTbCsi U3BIeKaeMbIM
MeTaslyioM U 00eJHITHCS IPUMECSIMH, a Ipyrre (a3sbl,
Haob0pOoT, 06eJHATHLCS OCHOBHBIM KOMITOHEHTOM. B
KaX/10M 13 Moc/ie/joBaTe/IbHO MPOBOAUMBIX
TeXHOJIOTMUeCKHX OTepaLivii MOCTeNeHHO MOBBIILAKT
KOHLIEHTPAaL1MI0 MeJIJi B OCHOBHOM
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MeTaJlJICOZieprKallieM MPOJyKTe 3a CUeT OTZe/IeHUs
MyCTOM MOPO/bI ¥ COMYTCTBYIOLMX 3/IEMEHTOB,
TJIaBHBIM 00pa3oM >kere3a U cepbl. Ha mpakTuke
yZlajeHue kere3a U Cepbl OCYILIeCTBJISIFOT 3 CYET UX
OKHCJIeHUsI B TpU (00)KUT, T/IaBKa, KOHBEPTUPOBAHHe),
B /iBe (TJ1IaBKa, KOHBEPTUPOBAHUE) WU B OJHY
CTafvo.

Megp - snemenT I rpynmei [Teproanueckoit CUCTeMbI
3/IeMEeHTOB; ITOPSAKOBbIN HOMep 29; aToMHas Macca -
63,546; mnoTHOCTE - 8,92 r/cm3; trn =1083°C; tkur =
2595°C. Meap 06/1a/1aeT BBICOKOM TeIIo- U
3/IEKTPOTIPOBOJHOCTHIO Y JIETKO MO BEPraeTcst
TulacThyeckoii oopabotke. Hukenb — meTtamn
MO/rPYIMIIbI XKesle3a. Y CTOMYMBAasi ero BaJIeHTHOCTh
paBHa 2. Ob6ajaeT BBICOKOUM TTPOUHOCTHIO U
TJIaCTUUHOCTBIO, XOPOLIO 00pabaTbiBaeTcsi U B
XOJIOAHOM U B TOpSiUeM COCTOSTHUU. B xumuueckom
OTHOILIEHUU MaloaKTHUBeH. triy1 =1455°C, tkur =
2900°C. I1noTHOCTB IMTOrO HUKeJIA - 8,8 r/cM3.Menb
MPUMEHSeTCS B 37IeKTPOTEXHUKE U 3/IEKTPOHKKE,
MallMHOCTPOEHWH, TPAHCTIOPTE, CTPOUTEIbHBIX
MaTepuajax, XMMAYeCKOU MPOMBIILIEHHOCTH, B
U3/Ie/usiX U Mpubopax ObITOBOTO Ha3HAUeHWH,
ceslbCKOM X03s1icTBe. Ni - OCHOBHOM 3/1eMEHT,
n00aBKH KOTOPOTO yJTyuIllat0T CBOWCTBA CTau (ee
MIPOYHOCTH M BSI3KOCTb MPY MOBBILLIEHHOW
Temneparype). CriaBbl HUKess € xene3oM (8-80%
Ni) - HepykaBeroll[Me U kaporpouHsle. JKene3o-
Me/JHO-HUKeJIeBble CIIaBbl UCTIOb3YHOT J/Is1
M3rOTOBJIEHUS HarpeBaTe/IbHbIX 3/IEMEHTOB
snekTporieuer. Hukesb MCMonb3yroT AJ1s MOKPBITUS
(HMKenMpOBaHUA) APYTUX METa/IIOB.

ITupometannyprus
Cyb(QUIHBIX MeHBbIX,
Me/JJHO-HUKeJIeBbIX Py[ U
KOHL|eHTPAaTOB,
OKUCJ/IEHHBIX HUKeJIeBbIX

PYA,

[TpuMeHSIIOT c/iefiyrolijrie TPOLeCcChl T/IaBKU Ha
LITelH: OTpa)kaTe/ibHasi M/IaBKa ChIPbIX
(He00O0>KEeHHBIX) KOHI[EHTPATOB WJTH OTapKa; IJlaBKa
B DYJHOTEPMHUECKUX 3/IeKTPUUECKUX Tevax; MiaBKa
B IIIaXTHBIX TeUax py/ibl UK KOHIIeHTpaTa rocie
Trpe/IBapUTE/IbHOTO OKYCKOBaHUSs ITyTeM
OpUKEeTUPOBAHUS WJTH arjioMepariuy; Tporiecc
«Hopanga»; riporiecc «Muilyoucu»; KUCIOPOAHO-
tdakenbHas riaBka (KPIT); B3BelieHHas (puHCKas)
raBka (OyTokyMIly); ryiaBka BaHrokoBa.llesb
maxTHOU 11aBku OHP — MakcrMasibHOe u3BieueHre
HUKeJIs1 ¥ KobasnbTa B IITEMH U OLLIJITAKOBaHHe ITyCTOMH
nopo/ibl. B 11axTHO neur pyu BOCCTaHOBUTETbHO-
cy/bpuanpytollel TijiaBKe MPOTeKaroT C/ieyrole
OCHOBHbIe (DU3UKO-XUMUUECKHe TIPOLIeCChl: CKUTaHKe
TOIJIMBa; BOCCTAHOB/IEHUE U CYy/Ib(QHUIUPOBaHNe
OKCH/IOB; IIITEHHO- U IIJIaKOOOpa3oBaHKe; pa3ieseHre
11aKa ¥ mreiHa. Haubosibliliee pacripocTpaHeHye B
mupe s nepepabotku OHP nonyunsia
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3JIeKTPOIUIaBKa Ha ()epPOHUKEb.

KonsepTrpoBaHue
MeZHbIX, HUKe/IeBbIX U
Me/IHO-HUKeeBbIX
mreiiHoB. [TepepaboTka
(aliHIITeiHOB

KoHBepTHpoBaHUe — OKUC/IUTEbHBIN MPOLiecc,
3aK/TFOUAIOIUICs B 00paboTKe Cy/IbGHUIHBIX
pacIyiaBoB KMCIOPOJCO/iepKaliUMU razaMu (Bo3ayX,
KHCIOPOAHO-BO3YIIIHAsA CMECh) C Lie/Ibi0
KOJIMUeCTBEHHOTO0 yZa/eHus JKeJle3a, a TakKe
YaCTUYHO WJ/IM TOJTHOCTBIO U Cephl. TIPU
KOHBEDTUPOBAaHUU MeJHbBIX LITEHHOB yAa/sOT
MPUMeCHU Cepbl U MOy4YatoT UePHOBYIO Me/lb,
coziepxkaiyto meHee 1 % npumeceit. [1pu
KOHBEPTUPOBaHUM MeTHO-HUKeJIeBbIX IITeHOB
VMEIOT APYTYIO Lie/lb — [oy4YeHre MeHO-HUKeIeBOro
(atiHiTeliHa, Mpe/iCTaB/IeHHOTO MPeUMYI[eCTBeHHO
cynbpuaamu meau Cu2S u Hukens Ni3S2.
HuikesneBble 1ITeMHbI OTIMUAIOTCS COZIeP>KaHUEM 0
20 % HuKens U »Kejie3a B popMe MeTaThueCcKou
¢a3bl. Llesbi0 KOHBEPTUPOBAHUS SIB/ISIETCS TIOJTyUeHue
HHKeJ/IeBOro (haiiHIITeliHa C MUHUMAa/IbHbIM
cofiep>KaHreM >Kesiesa.

dalHIIITeIH MMpe/iCTaB/IsIeT COOO0M CIIIaB CyIbGHI0B
HUKeJs U MeJj1, B KOTOPOM pacTBOPEHO HEKOTOpoe
KOJINYeCTBO Cy/Tb(MUA0B >Kese3a U KobanbTa, a TakxKe
MeTa/uinyeckoit gasel. CocTaB MeJHO-HUKe/1eBOro
¢atiHmrelida, %: 40-55 Ni, 20-30 Cu, 0,6-1,2 Co, 2,5-
3,5 Fe. CocraB HuKeseBoro (aiiHiiTeiiHa, %: 76-78
Ni, 19-21 S, 0,2-0,4 Fe, 0,5-0,9 Co, mo 2 Cu. ns
pasziesieHusi Meii ¥ HUKeJsl IPUMEHSIIOT MeTO/,
dbnoTalum: Npy MeJIeHHOM OXJIaXKeHUU
KOMIIOHEHTHI pacrijiaBa MeJJHO-HUKe/IeBOro
(aliHiITeliHa KpUCTa/UTU3YIOTCS B pa3/ie/ibHble, UeTKO
pa3rpaHuyeHHbIe KpUCTa/uinyeckue ¢assbl.
Kapb6oHunbHasi TeXHOJI0THS (KapOOHU/TBI HUKEeJIS U
KeJsie3a py HOPMaJ/IbHOM TeMriepaType sIBJISTFOTCS
JKUZKOCTSIMU; pa3/IUuusi B TemrepaTypax KUIeHus
TMO3BOJISIFOT UX Pa3feNisiTh CeJIEKTUBHOM BO3TOHKOMN)
M03BOJISIeT YBEJIMUUTh U3BJIeUeHUe HUKEeJIS 13
¢aitHiuTeliHa 10 95-96% U COKpaTUTh
TIPO/IOJDKUTETBHOCTD LIUKJ/Ia TTepepaboTKu
datinirelida 1o 3-4 gHei.

PadunupoBanue mesu.
T'ugpomMeTaniyprusi Meu
Y HUKeJIs

bonee 95% BbiT1aB/IeHHOW UepHOBOUW Me/IU B
HacTosIlee BpeMsl M0/IBepratoT JBYXCTaJUMHOMY
papuHupoBaHuto. Llesb onepaiuy OrHeBoro
padUHUPOBaHUS — TIO/ITOTOBUThL UEPHOBYIO Me/lb K
3/1IeKTPOJIMTUUECKOMY paMHHMPOBAHUIO: - y1aTUTh
Bpe/iHbie IpuMecH (KUC/IOPO/l, Cepy, »Keme30, HUKe/b,
LVHK, CBHHEL], MbIIIbSIK, CYPbMY, PACTBODPEHHbIE
rasbl); - MMOYYUTh OTJIMBKU MeIy B hopMe TUIOTHBIX
POBHBIX I/IaCTHH MTOCTOSTHHOW Macchl. B pesynbraTte
OrHeBOT0 paMHHUPOBaHMs CO/lep>KaHre Me/iu B
aHoziax noBsImaeTcs 10 99,4-99,6 %. Llenb
3/IEKTPOJIUTUUECKOTO PAQPUHUPOBAHUST — TIOJTyUeHHe
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Me/i1, yI0BIeTBOPSIOLIel 10 3/IeKTPOIPOBOJHOCTH
TpebOoBaHUsIM MeX/IyHapoJHoro ctaHzaapTa (1,724 -
10-6 Om-cm). Takast Mesib COZEPXXUT 00BIYHO Oostee
99,96 % menu, okosio 0,02 % kucmopoga u 0,02 %
HOPMHDYEMBIX B CYyMMe JIeBSITH IIpUMecei.
I'uapomeTanypruyeckuie poLiecChl CBOJSATCS K
pacTBOpeHMUIO (BbIllie/lauMBaHUI0) MeTasljia u3 Py U
KOHILIEHTPATOB, TIPOU3BO/[CTBEHHBIX TOTYTIPOAYKTOB U
Pa3/IMUHBIX OTXO/IOB C MOC/IeAYIOIIMM Bblle/IeHUeM U3
TI0JTyYeHHBIX PaCTBOPOB MeTaslla Uik ero
XUMUUECKoro coeiiHeHusi. YacTo mpoBoAsT
oriepaLiy OYUCTKH pacTBOpa OT NpUMecei u
KOHIIEHTPUPOBaHUIO OeIHBIX PacTBOPOB. B
TUPOMeTasTypruv HUKeJIsi [I7Is1 OCYILeCTBIIeHHs
TIPOIIECCOB BBIIIIe/TAUMBAHMSI, TPEOYIOIIUX BBICOKUX
TeMIiepaTyp ¥ y4acTHsi B MpoLjecce ra3oBoii (asbl,
HanboJ/IbIlIee IPUMEHeHNe UMEIOT aBTOK/IaBbI U
JIpyTHe arnraparbl ¢ THTeHCUBHBIM MacCOOOMeHOM.
Haubosee pacnipocTpaHeHHbIH U JIeIEBbIN peareHT
JUTs1 BbIL[e/IaulBaHUsI MeJJHBIX DY/, — PAaCTBOPbI CepHOM
KUCJIOTHI. B MPOMBIIII/IEHHBIX YCIOBUSIX B
MeTa/UTypruu HuKesst Haubosiee yacTo MPUMEHSIIOT
Oostee fietieBbIe U OCTYITHBIE PACTBOPUTETUA —
PaCTBOPBI CEPHOM KUCIOThI M1 aMMHUaKa. DKCTPaKLUs
MeJI U3 paCTBOPOB MOJKET OCYILeCTB/STLCS IBYMS
crioco6amu: 3/1eKTPOIKCTPaKLel 1 MOHOOOMeHHOM
copbiueit. [TpeumMyIIiecTBO 3KCTPAKIIUM TI0
OTHOIIIEHHUIO K IPYTUM CI1I0cob6aM M3BeueHUst Meid 13
PaCTBOPOB 3aK/TFOUAETCS B ee CIIoCOOHOCTH
OpraHu30BaTh HerpepbIBHbIM, TPOM3BO/ICTBEHHBIH
TMpOoL[eCC, KOTOPbIM CHUKAeT 3KCITyaTalluOHHbIe
3aTparhl ¥ yBenuuuBaeT 3¢ GeKTUBHOCTh TPYAA.

Cemectp Ne 8

Ne

Tema

Kpartkoe copep:xanue

CBoticTBa, MPOU3BO/CTBO
Y TIpUMeHeHue L[MHKa.
OOGXKHT [TUHKOBBIX
CyTbGUAHBIX
KOHLIEHTPAaTOB

LInHK — 351emeHT I rpyrine! meproguuecKoi Tab/ILIb]
I.W. MenpeneeBa, MeTa/lll CHHeBaTo-0e/1oro 1BeTa,
aToMHbI HOMep 30, aToMHas macca 65,38,
BaJIPHTHOCTL - 2.  7Zn =7,14 r/cM3; trit =419,4°C,
tkun = 906°C.X0/10HbIM LIMHK XPYIIKUW U He
npokatbiBaeTcsi. LIUHK — CUJTBHO JIeTYy4YMii MeTasll.
CraHZ,apTHBIN 3/1eKTPO/HBIN MOTeHLMal LiMHKa = -
0,763 B. Zn — camblii 3/71eKTPOOTpULIATE/IbHBIN MeTasll
13 TSDKeJIbIX L{BETHBIX META/I/IOB U BbITECHSIeT UX U3
pacTtBopa. CeIppeM SIBJIAFOTCS NTOJIMMeTa/lJInyecKre
PYZpl, COZieprKallie Kpome Zn, MeJb, CBUHeLl,
6J1aropo/iHbIe MeTaslTbl, pefiKue U pacCesiHHbIe
3/1eMeHTbl, MUHepaJibl JKeJe3a, aTlOMUHNS, KpeMHUS,
KaJibLusi, MaruHus u p. Paznuuatot cyabbuaHbe U
OKMCJIEHHbIe LIMHKCOZiep Kallyie pyZpbl. Zn Mo/yJyaroT
TTUPO- ¥ TUAPOMETA/TYPrUUeCcKUM CIIOCODaMHU.
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KpynHenimmimy mpou3BOAUTENSIMUA LIMHKA SIBJISTFOTCS:
Kuraii, Kanagia, ABctpanus. Kpynuetiiimu
notTpeOuTeNIIMH 1IUHKA siByisitoTcst Kuraid; CIIA,;
SAnonus; ['epmanusi; Benmukobputanuvst; @paHis;
Benbrus, Kanazna, Utanus, ABcTpanus,
Wupus.MupoBoe noTtpebsieHre IUHKA 110 OCHOBHBIM
00/1aCTSIM TIPUMEHEHUs] B CPeZIHEM PACIIPe/ie/ieTCs]
cnenytomumM obpaszom (% oT obiiero norpebdsieHus):
OLIMHKOBaHWe CTa/u — 36, IPOU3BO/CTBO JIATYHU U
OpoH3bI — 26, (hacoHHOE UThHE TI0/] AaBeHUeM — 26,
LIMHKOBBIW MPOKAT — 3, XUMUUECKHe TOBaphI (B TOM
Yuc/ie UHKOBBIe Oenrna) — 6,5.

[Tpu OKUC/TUTENTEHOM 00KUTe OKUC/IEHHE CY/Th(MUI0B
MeTaJlJIOB COCTOUT U3 C/IeyIOIIMX OCHOBHBIX
craguii: 1) BHemHel auddysum Kuciopoja us
ra3oBoro o6béma K rMoBepxHOCTU CyJTbGHI0B; 2)
a/icopOIMK MOJIEKY/IIPHOTO KUCIOPOZia Ha
MOBEPXHOCTH Cy/Ib(GHU/0B U AUCCOLUALIUU ero MpU
KaTaJIMTUYeCKOM JIeHiCTBUU MTOBEPXHOCTU Ha
aToMapHbIY Kuciopog; 3) auddys3uu Kucaopoza
BHYTPb PeIéTKY cynbdua;4) obpa3oBaHus
MepPBUYHBIX COe/JMHEHUM MPY B3aUMOZEeNCTBUN
cybuga c aToMapHbIM KUC/IOPO/IOM; 5)
XUMHYeCKOT0 B3aUMOJeliCTBUSI 00pa30BaBILIerocst
MIPOMEKYTOUHOT0 MPOAYKTa (Cy/bdaTta) C cyabhuiom
C ToJyueHreM OKCH/Ia U BbljlesieHreM (fecopOiiyn)
SO2; 6) XuMHUUeCKOro B3auMO/IelCTBUS
MOBEPXHOCTHOM IMJIEHKU OKCH/Ia C CEPHUCTBIM
AHTU/IPU/IOM C 00pa30BaHUEM BTOPUUHOTO
cynbdara.[lns1 06)Kura KOHLIEHTPAaTOB HUCTIOb3YIOT
MperMYILeCTBEHHO Meur «kursiero ciost (KC)».
OTOT cr1ocob 06ykura oTaMYaeT BbICOKast
TIPOU3BO/IUTE/TLHOCTBIO, CTaOU/TBHBIN PEXKUM 00XKUTa,
BBICOKOE KaueCTBOM Orapka, aBTOreHHOCTb MpoLecca
C BBICOKOU CTeMeHbI YTUINU3al[uu TeEXHOJIOTHYECKOT0
Teria, MPOCTOTOM 00C/Ty>KUBaHUS U OObIION
JUTATe/IbHOCThIO KaMIiaHuM Teueld «KC», BbICOKOU
KOHLIeHTpauuu SO2 B OTXOASIIMX ra3ax.

I'mppometannyprus
LMHKa

Lenb Bbile/lauMBaHUs - MaKCUMaJIbHOE W3B/leUeHUe B
pPacTBOP LIMHKA YU HEKOTOPBIX COMYTCTBYIOLLUX €My
L[eHHBIX KOMIIOHEHTOB IMPYU MUHUMAaJIbHOM
3arpsi3HeHUM pacTBOpa NMPUMeCSIMU, BPeHbIMU [I/Is
MOC/IeYIOLIUX OMepalyii OT/e/ieHsl TBePIOT0 OT
JKUAKOTO U 3/1eKTPOOCaXKAaHHsI LIMHKaA.
BeiiiesiauriBaHe LIMHKOBOTO Orapka BelyT
pa30aB/IeHHBIM PaCTBOPOM cepHOM KucoThI (120-140
r/am3 H2S0O4) npu temneparype 65-70°C:ZnO +
H2S04 = ZnS04 + H20./ns BbifiesieHUs IpUMecei
13 pacTBopa Cy/bdaTta LWHKA UCT0/Ib3YIOT Pa3IuyuHbie
MeTO/Ibl: TUAPOIUTUUECKUH, [ieMeHTal[MOHHbIH,
XUMHUYECKUM, 371eKTPOJIUTAYECKUN. []/1s1
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OCYLLeCTB/IEHUS TIPOLIECCOB BbIL|e/IaurBaHUs
LIMHKOBOT'O OrapKa ¥ OUMCTKH PacTBOPOB OT
rpuMecel UCTOoJb3YIOT CTaHAAPTHOE
TUIpOMeTasuTypruueckoe o00pyioBaHHe: aruTaTOPhI,
MavyyKu, CTYCTUTEe/H [1JIs1 pa3/ie/ieHusi MyJibIl U
(UIBTPBI pa3TMYHON KOHCTPYKLIUU.

Brigenenue juHKa U3 OUMIEHHOTO PacTBOpa
cyJsib(aTa LIMHKA C TI0JlydyeHrueM rOTOBOTO TIPOAYKTa
OCYLLeCTBJ/ISIFOT METOJ0M 3j1eKTposin3a. s
OCYILeCTB/IeHUS TIpoLiecca MOABOAST 3/1IeKTPUUeCKUN
TOK K 3/IEKTPO/IaM 3/IeKTPOJIN3HOU BaHHbBI: KaTo/aM
(amroMuHKEBBIM) M aHO/laM (CBUHLIOBBIM). Ha KaToze
WJieT BOCCTaHOBJ/IeHHWe UOHOB Zn2+ U3 pacTBopa J0
MeTa/VIMUeCKOro COCTosiHus: Zn2+ + 2e — 7Zn0O. Ha
aHo/le 37eKTpruYecKast SHeprus pacxolyeTcs: Ha
pasfiokeHHe BOZIbl C 0Opa30BaHWeM T'a3000pa3HOTo
kucnopoga: H20 — 2e - 0,502 + 2H . BanHbl A5
3/1eKTPO/IM3a LIMHKA U3rOTOBJISIIOT B OCHOBHOM U3
keyie300eToHa. VX pacrionararT B 3/JaHUHU 1jeXa
psigamu o 20-30 BaHH. KaToiHble Zn TMCThI
TIePeTUIaB/sSIOT B MHAYKIMOHHBIX IeYax C J00aBKOU
¢droca — xyopucroro ammonus (0,5-0,6% oT macchl
LIMHKA). BbIX0/ UylIKOBOrO [IUHKA OT MacChl
3arpy’kaeMoro KaToJHOro ocajka — okoso 98%.
Pa3nuBKy meTasia MpOBOJAT Ha KapyCelbHbIX WIN
MPSIMOJIMHEMHBIX PAa3/IMBOUHBIX MalllMHaX.

CBoMCTBa, ChIpbeBast
0a3a, MPOU3BO/ICTBO U
TIpUMeHeHKe CBUHIIA.
Arnomepupyromnmi
00>KUT CBUHI[OBBIX
KOHLIEHTPATOB

CauHerl] — 35emMeHT [V rpynrsl nepuoguveckon
TabJINI[bI, aTOMHBIN HOMep 82, aToMHast Macca 207,19,
BaJIPHTHOCTb 2 Wi 4. trut cBuHuUa 327,4°C, tkurl -
1745°C, nnotHocTb cBUHI]A - 11,336 r/cm3. B
XMMHYECKOM OTHOILIEHHWY CBUHEL] J0CTaTOYHO
vHepTeH. ChIpbeM SBJ/ISOTCA [T0/IMMeTa/yInuecKue
pyZbl, coziepskailye Kkpome Pb, mMefib,
L[UHK,b/1aropo/iHble MeTasl/ibl, pe/IKie U paccessHHbIe
3/1eMeHTbl, MUHepaJbl JKeJe3a, aJTlOMUHNS, KpeMHUS,
KaJIbLusl, MarHus u p. Paznuuatot cynbhuaHble 1
OKMCJIEHHbIe CBHUHeLICOZeprKallue
roJiMMeTasTueckue pyibl. OCHOBHOM Crioco6
T0JIyYeHus] CBUHLIA —

nypoMeTaTyprudeckuii. OCHOBHbIMU
nipousBozuTesiMu Pb 3a pyGexom siBnisiroTcst: Kuraid,
CHIA, Tlepy, Kanaga, [lIBewnsi, ABCTpasus,
Mekcuka. OcHoBHbIe rioTpeduTenu cBuHIa — CIIA,
BenmukoOputanus, ['epmanus, Arnonus, @panHiys,
Wtanus, Vicnanws. ['1aBHBI IOTpeOWTe/Tb CBUHLIA -
aKKyMYJIATOPHAasl IPOMBILLIZIEHHOCTb. /151 3TOM Lienu
tpatutcs 30-45% rnpousBoaumoro Pb. 15-20% Pb
WJeT Ha HYK/bl 3IeKTPOTeXHUYECKOU
NIPOMBILLIJIEHHOCTH, XOpOLLIYe aHTUKOPPO3WOHHbIe
cBoiicTBa Pb mo3BoisitOT MCM0/Ib30BaTh €r0 B
XMMHUYECKOM M MeTa/UTypruyeCckor IpOMBILIJIEHHOCTH.
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B Bu/e cryiaBoOB € IpYTUMU MeTaljlaMU
notpebsistorcs ot 5 10 15 % Pb.

Ha3HaueHue arjioMepupymoIero o0>kura —
MO/IrOTOBUThH CBUHLIOBBIM KOHLIEHTPAT K LLIaXTHOMN
TJIaBKe Ha uepHOBOU cBuHel]. Llenb: 1) ynaneHue u3
KOHL|eHTpaTa Cephbl IyTeM OKUC/IeHUs CyIb(QUIHOTO
CBIPbS1 KUCIOPOJIOM BO3/lyXa (OrTUMasbHasl CTereHb
Jecynbdypu3anyu npu o6xure kKosebsercs ot 60 10
85 % M 3aBUCUT OT XMMHUUYECKOI'0 COCTaBa CBUHL|OBBIX
KOHL|EHTPAaTOB); 2) OKyCKOBaHHE MeJIKOr0 MaTepuasa
Y TI0JTyueHue MOPUCTOr0, ra30MpPOHUI[aeMOoro,
MIPOYHOrO arjioMepara NpUroJHOro Jijisi MJIaBKU B
LIaXTHOU Teuu; 3) NepeBOoJ, LIeHHbIX JIeTYYnX
KOMITOHEHTOB KOHLIeHTpaTa B ra3oByto ¢asy C
TIOC/Ie Iy FOII[UM U3BJIEUEHHEM UX U3 OO)KUTOBBIX I'a30B
(S, As, Sb, Cd u peakue MeTtasbl). [Tosydyaembiii ipu
ob>kure aryiomepar Ao/pKeH 00/1a/1aTh CeIyOIUMU
KaueCcTBaMM: BLICOKOM MPOUHOCTHIO; XOpOLLer
TIOPUCTOCTBIO (CyMMapHbIH 00beM TIop 65-75%);
OJIHOPO/IHOCTBIO TI0 XMMUUECKOMY U
rpaHyJ/IOMeTPUYeCKOMY COCTaBy; COJiepyKaHue Cephbl -
1,5-2,5%, cBuHLa 45-55%); UMeTb TeMIiepaTypHbIi
vHTepBan pasMarueuss 950-1000°C.

Crioco0bI TI0/TyUeHust
CBUHIIA

[TupoMeTasTypruueckue Crioco0bl TIOJTyueHHs] CBUHI]A
(ocagurenbHasi, peaklMOHHas M1aBka, KUBLIOT-
ripotiecc). [IlaxTHas BOCCTaHOBUTE/IbHAs T/laBKa —
YHUBepCa/TbHbIA crIocob mosyuyeHus cBuHLA. Leu:
TMO/TyYMTh MaKCUMaJ/lbHOe KOJTMUeCTBO CBUHI]A B BU/le
YepHOBOI'0 MeTaslia, cogepxaujero Au, Ag, Cu, Bi,
Sb, As, Sn, Te; oly1akoBaTh MYCTYO MOPOJY U
repeBecTH B LIJIAK MaKCUMaJlbHOe KOJTMYeCTBO
LIMHKa. VIcXoAHBIMUM MaTepyaiaMu JJ1sl T/1IaBKU
SIBJISIFOTCSI CBUHLIOBBIN arjioMepaTt, KOKC U BO3[yX.
Arnomepar co/iep>KUT CBHHEL], COMYTCTBYIOILIME
MeTaJuTbl (Me/lb, [IUHK, 30JI0TO, Cepedpo, BUCMYT U
T.JI.) ¥ BCe He0OX0[Mble KOMITOHEHTHI /IS
obpa3oBaHu I11aKa. 3arpy3Ka arjioMepaTa U KOKca B
Treyb OCYIeCTB/IsIeTCs MOCI0MHO. [TIpogyKTaMu
LIaXTHOW BOCCTAHOBUTE/TbHOM T/1IaBKU SIBJISTFOTCSI:
YepHOBOM CBUHELI, 11I/1aK, IITeWH, 11meli3a U Mblib. B
YepHOBOM CBUHLIE MOKET cojiepKaThcs, %: 92-98 Pb;
1-5 Cu; 0,5-2 As; 0,5-2 Sb; 0,1-0,2 Bi; 0,01-0,05 Te;
1000-1500 r/T Ag; 50-100 r/T Au. Obi1iee
cofiep>kaHue pumeceit gocturaeT ot 2 10 10 %.

PaduHupoBanue
YepHOBOT'0 CBHHIIA

KoHeuHast cTerneHb OUYMCTKH OT OCHOBHBIX NPHUMeCel
pernameHtupyetcsi 'OCT 3778-98. PadvHrpoBanue
YEepHOBOI'0 CBUHI]A OT MpUMecel TTPOBOJAT OAHUM U3
JIByX METO/IOB: MUPOMETA/LTyPruueckKuM Uin
3J1IEKTPOIMTUYECKKM (B BOAHBIX pacTBopax).llpu
MYMpOMeTaTypruueckom padvHMPOBaHHUH,
OCYIIIeCTBJIIeMOM B paHUPOBOUHBIX CTa/IbHbIX
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KOTJIaX, U3 UePHOBOTO CBUHI]A MOC/Ie/[0BAaTETbHO
yJa/ISIFOT METaJUTbL: - Me/Tb JIMKBALIMEH U C TIOMOIIIbIO
00paboTKH pacriaBa 3/ieMeHTapHOU CepOi; - TeJUTyp C
TIOMOIIIbI0 META/THUECKOTO HATPUSI B TIPUCYTCTBUM
e/JKOTO HaTpPa; - MBIIIbSIK, CYPbMY U OJIOBO B
pe3yJibTaTe OKUC/TUTE/bHBIX OTepalyii; - cepedpo u
30JI0TO C TIOMOLIBI0 META/UTHUECKOTO IIMHKA;- LIMHK
OKHC/IEHWEM B CBUHIIOBOM BaHHE WU B LI[€JIOUYHOM
pacrijiaBe, BaKyyMUPOBaHUEM U JPYTUMHU Criocobamu;
- BUCMYT yJJa/ISTFOT METa/UTAUECKUM KaJlbIHeM,
MarHueM, CypbMOM, TIPU 3TOM MPOUCXOAUT
3arpsisHeHre CBUHIIA STUMH MeTajlJlaMu;-
KauecTBeHHOe pa(puHUPOBAHUE OT KasIbL¥isl, MAaTHUS U
cypbMbl.Ha KaXxjo¥i cTasiuu papuHUpOBaHUS
00pa3yroTcst CheMbl (TIPOMEXKYTOUHBIE TTPOYKTHI), B
KOTOpBIE MEPEXOASAT MPUMECH U YacTh CBUHIIA. VX
TIOIBEPTalOT CaMOCTOSITeIbHOM TiepepaboTKe.

4.3 IlepeueHb 1a0O0pPaTOPHBIX padoT

Cemectp Ne 8

. Ko/1-Bo akajieMmuuecKux
No HaumeHoBaHue /1a00paTOPHOI padoThI
4acoB
1 O6xur cynbGUAHBIX MHKOBBIX KOHLIEHTPATOB 4
2 BeiniesiaurBanue LMHKOBOIrO Orapka 1 O4MCTKa 6
pacTBopa OT MpuMecei
3 ONeKTPOIUTAYEeCKOe OCaKJeHHe LMHKA M3 4
CEepPHOKHUCIIbIX PacTBOPOB
4 BoccraHoBuTenbHas I/1aBKa CBUHLIOBOTO 6
arjiomepara

4.4 IlepeyeHb NPaKTHUYECKHX 3aHATHHN

Cemectp Ne 7

. Ko/1-Bo akajieMmuuecKux
Ne TeMbI NPaKTHUECKHUX (CEMHUHAPCKHX) 3aHATHI
4acoB
1 Pacyer palMoHa/NbHOTO COCTaBa CyAb(QUAHOTO 9
MeZIHOr0 KOHI|eHTpaTa
’ Pacuetr pyaoTrepmMuueckoil reuu IJIaBKU MeJHbBIX 9
Y Me/IHO-HUKeJIEBbIX DY/
MarepuanbHbIN 0a/laHC TUTaBKU CYIb(QUIHOTO
3 MeZIHOTO KOHI[eHTpaTa Ha Mo/IorPeTOM BO3/yILIIHOM 4
Iy The
PacueT palMoHanBLHOTO COCTaBa IITelHa,
4 KBapLIeBOro (uitoca MpU KOHBEPTUPOBAHUU 4
MeJ/IHOrO IITelHa
5 YCTpOMCTBO ¥ MPUHLIUTI IeMCTBYSL aBTOK/IaBa [i/ist )
KUCJIOTHOTO BBIIlIe/TaUMBaHUsI HUKeJIsI
6 OKCTpaklMOHHAsl YCTAaHOBKaA [I/Isl BbiJieJIeHUsl MeIx )
13 paCTBOPOB
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Cemectp Ne 8

Ko-Bo akajeMu4ecKHx

CBUHLIOBBIX KOHLIEHTPATOB

No Tembl NpakTHUeCKHX (CEMHUHAPCKHX) 3aHATHI
4acoB

Pacuet TersioBoro 6anaHca rporjecca ooxxura

1 LIMHKOBBLIX KOHL[EHTPAaTOB B €YU KUIIAL[Ero 2
1051
Pacuer mapameTpoB 000pyJOBaHUS IS

2 TMPOLIECCOB BBILLIE/IAUMBAHUSA U OYMCTKHU 2
pacTBOPOB OT MNpUMeceu

3 3azauu 1o ruZpoMeTa/uTyprum LIMHKa. 9
CrexroMeTpHUUeCcKre pacyeTsl

4 PacueT palMoHa/NbHOTO COCTaBa CyAb(MUAHOTIO 9
CBUHL|OBOT'O KOHL|EHTpaTa
Bbibop Tuma muiaka ¥ pacyéT KoJMuecTBa

5 (G/IIOCOB TIPH arJIOMEpUPYIOIIEM 00XKUTe 2

4.5 CamocrosiTesibHasA padora

Cemectp Ne 7

Ne Bup CPC Koi-Bo akajeMuueckux
4acoB
1 BbImosHeHre TPeHUPOBOUHBIX U 00YUarOIINX 4
TeCTOB

2 Harnucanue pedepara 4

3 IToAroToBKa K 3a4éTy 4

4 [ToaroToBKa K NpakTUYECKUM 3aHSITHUSM 6

5 PenteHne crierjyanbHBIX 33/1a4 6

Cemectp Ne 8

Ne Bup CPC Koi-Bo akajeMuueckux
4acoB
1 BbIroiHeHre TPeHUPOBOUHBIX U 00YUarOIIUX 4
TeCTOB
9 OdopmiieHre 0TYETOB TI0 1Ta0OPaTOPHBIM U 6
TTPAKTUYECKUM paboTam
3 IToaroroska K 3a4éTy 6
4 IToAroTOBKa K KOHTPOJIBHBIM paboTam 6
5 [ToAroToBKa K NpakTUUeCKUM 3aHSITUSIM 6
6 [ToaroroBka K NpakTUUYeCKUM 3aHSITUSIM 10
(y1abopaTopHBIM paboTam)
7 [ToaroTroBka K cfjaue M 3alluTe 0TYeTOB 4
8 ITpopaboTKa pa3ie/ioB TeOPeTHUECKOI0 MaTepuasia 16

B XoJe rpoeeieHust 3aHSITUN 110 AUCHUIT/IMHE MCIIOJIB3YOTCA C/ieAyIole NHTEPAKTUBHbBIE
MeTO/bI O6y‘—IeHI/IHI TPEHUHI', KOMITBIOTE€DHAasA CUMYJIALNsA, TPYIIIIOBAA AUCKYCCHUA

5 IlepeueHb y4eOHO-METOJUUECKOT0 00eciedeHUsl JUCHUILTMHBI
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5.1 MeToanueckue yKa3aHHs /1A 00yYarOIIUXCS 110 0CBOEHHIO JUCLUILTHHBI
5.1.1 MeToauuecKne yKa3aHusl /ISl 00y4aOUXCsA N0 MPAKTHYECKUM 3aHATHSIM

MeTannyprus Ts>KeJbIX LIBETHBIX METa//IOB: MeTO/,. YKa3aHWH K MPaKTUUeCKUM 3aHSTUSIM /COCT.
H.B. Hemuunnoga, C.C. Benbckuii. — Upkytck: U3a-so UPHUTY, 2018. — 52 c.

5.1.2 MeToauuecKne yKa3aHus /ISl 00y4aromuxcs 1Mo JIabopaTopHbIM padoTam:

MeTatyprust TSDKe/bIX I[BETHBIX METAJUIOB : METO/]. YKa3aHUs 10 BBITIOJTHEHUIO J1abop.

pabort. /coct. H.B. HemunnoBa. — Upkyrck: N3a-8o UpI'TY, 2001. — 49 c.

MeTantyprus TSDKebIX I[BETHBIX META/UIOB : METO/]. YKa3aHUs I10 BBITIOJTHEHHUIO 1ab0PaTOPHBIX
pabot / coct. H.B. Hemuntoga, C.C. Benbckuii. — Upkyrck: M3a-8o UpI'TY, 2012. — 43 c.

5.1.3 Meroauueckue yKa3aHHus /i 00yUYarOIUXCA 10 CAMOCTOATeTLHOM padoTe:

MeTtatyprus TSDKesbIX I[BETHBIX METAJUIOB : METO/]. YKa3aHUs 110 CaMOCTOSITe/TbHOM paboTte
ctypenToB / coct. H.B. HemurHoBa, A.B. AkceHoB. — pkyTck: WU3a-so UpI'TY, 2014. — 16 c.

6 @DoHJ OLIEHOUHBIX CPeACTB A/ KOHTPOJIA TeKylleill ycrneBaeMOCTHM W TPOBeJeHHUs
NMPOMEeXYTOYHOH aTTeCTaluy MO0 JUCHHUIINHE

6.1 OreHoYHbIe Cpe/CTBA /IS NPOBeieHUs TeKyIero KOHTPOJIs
6.1.1 cemectp 7 | Pedpepar
OnucaHue npoueaypbl.

[laHHBI BUZ, CaMOCTOSITe/TbHOM PaboThI Mpe/[TiosiaraeT MHANBUYaTbHOe CaMOCTOSITeTbHOe
BBINOJIHEHUe MUCbMeHHOU paboThI (pedepara) 1o rpe/jioKeHHOW TeMaTHKe C UCI0Ib30BaHHeM
repeuHsi peKOMeH/lyeMbIX JIUTepaTypbl 1 MHPOPMAaIL[MOHHBIX PecypcoB. B Hauasne cemecTpa
oOyuatoliuiicsi BBIOMpaeT 0Hy U3 Mpe/IoKeHHbIX TeM [IJIsl HarrcaHus pedepara (CoryiacHO
MOPsIIKOBOMY HOMepY B CITMCKe rpytmbl). [locie caMoCTosiTeIbHOTO M3yUeHtsi peKOMeHlyeMou
JIUTepaTyphl Ha MoC/ieiHel Hejjesle ceMeCTpa CTYZAEHT 0/DKeH NpeJioCTaBUTh TIpero/jaBaTesTto
OTYeTHBIN JJOKYMEHT 110 IaHHOMY BUJTy CaMOCTOSITe/IbHOU paboThl B BUzie pedpeparta (TEKCT
pecdepaTa fomkeH ObITH BBITIONMHEH ¢ romornklo 1K, Ha micTax Geoii 6ymaru ¢popmata A4,
odopmiieHHbIN B cooTBeTcTBUM ¢ CT0.005-2020). Jonyckaetcsi caaua pepepaTta
TIpero/iaBaTesito B 37IEKTPOHHOM BU/IE.

[TpumepHas TemaTtuika pecdepaToB

1. MepHble MUHepasbl U py/ibl; KOMIJIEKCHOCTb MeJJHOTO ChIPBSI.

2. OrpakaresbHas I1aBKa; 0COOEHHOCTH KOHCTPYKLIMU OTpa’kaTe/IbHOU TIeuH.

3. XUMU3M OTpa)kaTe/IbHOW I/1aBKW; XapaKTePUCTHKA NMPOJYKTOB OTPa’kaTe/IbHOM MJIaBKHU.
4. [MupuTHas 11aBKa MeJHbIX Py/[], 0COOeHHOCTH MOTYTTMPHUTHOM T/IaBKH.

5. HayuHble OCHOBBI U NTpaKTHKa aBTOTeHHBIX NpoLeccoB. [11aBKa BO B3BellIeHHOM
COCTOSIHUM Ha KUCJIOPOJHOM (TIOZ0rpeToM) AyThe; I1aBKa B pacrijlaBax.

6. Cy1L[HOCTB MPOL[eCCOB OTHEBOT0 pahMHUPOBAHKS Meiu (TeopHsl, TTPAaKTHKaA).
[Tpou3BozcTBO BaiiepbapcoB.

7. Cy1L[HOCTb 37IeKTPOJUTUYECKOTO padHUPOBaHUs Me/id. [IpakTHKa 3/1eKTPOTUTUUECKOTO
pabrHUPOBaHUS Me/IH.

8. HukesneBble py/ibl U MUHepaslbl; KOMIJIEKCHOCTb Me/IHO-HUKe/eBbIX CyIbQUIHBIX PY/.
9. CyLHOCTb BOCCTAHOBUTE/IbHO-CY/Ib(UANPYIOLLE [7IaBKU HHUKe/IeBbIX OKUC/IEHHBIX DY/,
10. Oco6eHHOCTH 111aXTHOM T/IaBKYA OKUC/IEHHBIX HUKeJeBbIX Py (KOHCTPYKLMS ey,
XHMMU3M TpoLecca).

11.  Teopwus u npakTHMKa KOHBEPTUPOBaHMS HUKEJIEeBbIX LLITEHHOB.
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12. Cy1LHOCTb U TIPAaKTHKa 3/1IeKTPOJIMTUUECKOT0 paHMPOBaHUS HUKEJIS.

13. OunCTKa HUKeJ/IeBOT0 3/1IeKTPOJIUTA OT OCHOBHBIX rnpuMeceit (Fe, Cu, Co, Zn).

14.  Llenu n MeToAbI r'MAPOMeETa/UTyPruYeCcKoro Nporu3BO/CTBa B META/I/TyPrX HUKeJIs
(CepHOKMC/IOTHOE M aMMHAUHOE Bblll|e/lauBaHUe).

15. OrnekTposIMTHYeCKast epepaboTKa MeIHO-HUKe/IeBbIX CynbGuAHBIX pyA. OcobeHHOCTH
KOHCTPYKLIMY PYAHO-TEPMHUYECKUX MeYei.

16.  IloBesmeHue 6/1arOpOAHBIX META/UIOB NP TIepepabOTKe MeAHBIX U MeJHO-HUKeTeBbIX
Cy/b(OUIHBIX PY/I.

17. [TnaBKa BO B3BeIlIEHHOM COCTOSIHMM Ha MOJ0rPeTOM /1yThe CyJIb(UAHBIX MeJHO-
HUIKeJIeBbIX KOHLEHTPaTOB.

18. I'mapomeTaniyprus Mey — perMyLecTBa U HeZlOCTaTKU.

19.  YCTpoHCTBO 3KCTPaKLMOHHOM YCTaHOBKHU.

20.  XapakTepuCTHKa pa3/MuHbIX (PJIFOCOB, UCTIO/Ib3YyeMbIX B IPOM3BO/ICTBE MU U HUKEJIs.
VX posib B miporjeccax IiaBKy.

21.  YCTpOWCTBO aBTOKJIaBa.

KpuTepuu onieHUBaHM.

[TonHOTa pacKpbITHS TEMBI, Mpe/JlaraeMo /1Jisl HanrcaHus pedepara; epeueHb UCTO0b3yeMbIX
HCTOYHUKOB ¥ YPOBEHb KOMITUISTUBHOCTH 110 TeMaTUKe; KaueCTBO O OpPMIIeHHSI.

6.1.2 cemectp 7 | Tect
Omnucanue npoueypsl.

Cemectp No7

[MupoMeTannyprusi Cy/ib(PUIHBIX MeHbIX, MeJHO-HUKe/IeBbIX DY/ U KOHLIEHTPATOB,
OKMCJIEHHBIX HUKeNeBbIX py/l, KoHBepTHpOBaHUe MeJIHbIX, HUKe/eBbIX U MeJHO-HUKe/IeBbIX
LITETHOB

PadunupoBanue meau

Cemectp Ne8

ATJIOMEpUPYIOLIUM 06KUT CBUHLIOBBIX KOHI[EHTPATOB

PacdvHrpoBaHre YepHOBOT'O CBUHIIA

[1pu MoAroToBKe K TECTUPOBAHMIO CAMOCTOSITEIbHO M3yUUTh TEOPETUUECKU MaTepral C
MOMOII[bI0 OCHOBHOM U JIOTIOJIHUTE/TIbHOM JINTepaTyphbl U UH()OPMALIMOHHBIX PeCypCOB U
MPOYMUTATh KOHCIEKT JIeK[JMOHHOTO MaTepuasa, pe3eHTaLyu.

KpuTtepun oueHuBaHus.

TecT cunTaeTcs yCremHo MpoijeHHbIM TPY MTPaBWILHBIX OTBETAaX Ha BOTIPOCHI TecTa Oosee
50%.

6.1.3 cemectp 7 | Pemienue 3agau
Omnucanue npoueaypsl.

[To maHHOM TemMaTHKe 00yUarOIMMCS BbIZIAeTCs 111a0JIOH 3alaudl U UHAWBU/YaTbHOM 3a/jaHue
(cornacHo BapHaHTY 0 CIUCKY B TPYIITe) Jisi CAMOCTOSITE/IbHOTO ee pelleHHs.

B koHIIe cemecTpa 00yuaroIuiics claeT TIpero/jaBaTesTio BeIIOTHEHHOe 3a/jaHue. JomycKaeTcs
c/laya 3aJjaHusl TIpero/jaBaTesTto B 3/IeKTPOHHOM BU/IE.

Kpurepumu onjeHuBanus.
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[TpaBUIBHOCTH pellieHus 3a/jauu.
6.1.4 cemectp 8 | Tect
Omnucanue npoueaypsl.

Cemectp Ne7

[Mupometannyprusi Cy/nb(UAHBIX MeIHbIX, MeJHO-HUKe/eBbIX DY/, U KOHLIEHTPaTOB,
OKMCJIEHHBIX HUKeNeBbIX py/l, KoHBepTHpOBaHNe MeIHbIX, HUKe/eBbIX U MeJHO-HUKe/IeBbIX
LITEMHOB

PacdunrpoBanve mesu

Cemectp Ne8

ArioMepUpyHOLL1ii 06)KUT CBUHLIOBBIX KOHLIEHTPATOB

PacduH1poBaHre uepHOBOIrO CBUHLIA

[Ipu noAroToBKe K TECTUPOBAHUIO CAMOCTOSITENIbHO M3yUNUTh TEOPETUUECKUW MaTepral C
TIOMOIL{bI0 OCHOBHOM U JIOTIOJTHUTE/IbHOM JIMTepaTypbl U MH(POPMAaLMOHHBIX PECYPCOB U
MPOYMUTATh KOHCIEKT JIEK[JMOHHOTO MaTepuasa, pe3eHTaLyu.

KpuTepun onieHUBaHuUs.

TecT curTaeTcsi yCIemHo MpoiAeHHBIM TIPY MPaBU/IbHBIX OTBETAaX Ha BOMPOCHI TecTa Oosee
50%.

6.1.5 cemectp 8 | OTuer no 1abopaTopHoi padore
OnucaHue npoueaypsbl.

ITepex ripoBesieHreM JlabopaTOpPHBIX PaboT Bce oOyyaroiuecst 06s13aHbI 03HAKOMUTBCS C
MpaBU/IaMU OXPaHbI TPY/la U CTPOTO MX BBIMOMHATL. K BBINO/HEHHIO 1Tab0paTOPHBIX paboT
JIOTTy CKarOTCsl 00yuaroIyecs, MpoCIyIIaBIiie HHCTPYKTaX 10 TeXHUKe 0e30T1aCHOCTH U C/lefiaB
COOTBETCTBYIOLIYIO 3aMMCh B )XypHase 1o Th B ayquTopu, npejHa3HaueHHOH /17 IPOBe/IeHHsT
71ab0paTOPHBLIX PaboT M0 AAHHOM JUCIUTUIAHE.
1. 3agaHue Ha BbITIO/THEHME J1TabOpaTOPHOH paboThI 00YUAIOIIUIACS TT0/TyYaeT Ha MpebIAyIeM
3aHsATHM. [Ipy MOATOTOBKeE K TabopaTopHOi paboTe oOyyJaroluiics 00s13aH 03HAKOMUTBCS C eé
cofiep)KaHueM, TIOBTOPUTh WA U3YUUTh TEOPETUUECKUI MaTepuasl, OTHOCSIIUIACS K paboTe,
WCTIO/b3Ysl PEKOMEeH/IyeMYT0 JINTepaTypy, MOHSTH 1ieJib U 3a/jauid PaOOTHL
2. K Hauany 3aHsTHI 0/DKHA OBITh MTOTOTOBJIEH I1a0JIOH OTYeTa T0 J1abopaTopHOI paboTe, B
KOTODbIM He0OX0ANMO HeoOX0oMMbIe pacuéTHble (HOPMYJIbI, IOATOTOBUTD TaOIHULIBI JIIsT
Ha0JII0IeHUH.
3. Otuer odopmsieTcs AJist Kaxkaoi abopaTopHoi paboTel. OTUET TO/KEH COIepKaTh
Ha3BaHUe paboThI, U3/10)KeHHe 1[e/Td U 3aiay paboThl, KpaTKOe TeOpeTHUeCKoe BBe/leHUe, CXeMY
yCTaHOBKH M KPAaTKOe OTMMCaHHe MeTOJUKHU MPOBejeHNsT Pab0ThI, Tab/MIly C ONBITHBIMU U
PACUETHBIMU IAHHBIMH; TPadUKH (TaM, TJe 3To TpeOyeTcs ), CipaBOYHbIE JaHHbIE, BLIBOZBI 10
paboTte. OTUETHI 0 TabopaTOpHBIM paboTam 0hOPMJISIFOTCSI B COOTBETCTBUM C TPeOOBaHUSMHU
METO/IUUeCKUX YKa3aHWH 110 BBITIOIHEHUIO JabopaTopHbIX paboT u TpeboBanusmu CTO «027-
2021 CUCTEMA MEHEI)KMEHTA KAUECTBA. YuebHo-MeToguuecKasi 1esTeTbHOCTb.
OO6111e TpeOOBaHUS K OpraHU3aluy U MPOBeJeHUI0 1ab0paTOPHBIX paboT» (B pyKOITUCHOM
BUJIE).
4.Ha cniefytoliieM 3aHsITUMA OTYET TIPeJi0CTaB/IsSIeTCs Mpero/iaBaTesito il MpoBepKu. [1pu 3aiure
OTYéTa MPOBEPSIeTCS 3HaHHe TeOPeTUUeCKOro MaTeprasia COOTBETCTBYIOIIMX pa3ziesioB Kypca U
BOIIPOCOB METO/VKH, CBSI3aHHOM C BBITIOJTHEHHUEM PabOTHI.
Bompoch! /i1t KOHTpOJIs (Ha mpuMepe JlabopaTopHOi paboThl «OOKUT CYTb(GUAHBIX LIMHKOBBIX
KOHL|EHTPaTOB»):
1. Lesb OKUC/TUTETBHOTO 00XKUTA [IUHKOBBIX KOHIIEHTPATOB.
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2. [ecynsdypusarus rpu oosxure.
3. HazoBuTe OCHOBHBIE XUMHUUeCKUe PeakKLMu MPU OKUCIUTebHOM 00)KUre LIMHKOBBIX

KOHILIEHTDPATOB.

4. Temriepatypa o6kura u TeMriepaTypa BocrylaMeHeHus CyIb(puioB.
5. YcioBusi mpoBefieHust 00XKuTa.

6. YCTpPOICTBO Neuu KUISILEero CJI0sl.

7. Pe3ynbTaThl 3KCIIepUMeEHTa, BBIBOJ, 110 pabore.

KpuTepuu onieHUBaHM.

[TpaBUABLHOCTH OOPMIIEHHS OTUETOB, HaJTMUKe BBIBO/jA 10 labopaTopHO# paboTe

6.2 OueHouHbIe Cpe/iCTBA /I/IfA IPOBe/leHHs TPOMEe)XyTOUHOM aTTecTalul

6.2.1 Kpurepun wu

KOMIIETEHIIMH B PAMKdAX HpOMe)I(yTO‘-IHOﬁ aTTeCTanuu

cpeacTBa (MeTOABI) OLIEHMBAHUSA HWHAMKATOPOB /IOCTH)KeHHUSA

TeXHOJIOTMUeCKUX IMPOLIeCCOB IM0J/yUeHUs
TSDKeJIbIX 1[BETHBIX MeTaJioB (CBUHLIA,
L[MHKA) U  peXWMbl  IPOBeJeHUs
TeXHOJIOTUUeCKHUX Orepalyi, a Takxke
JIEMOHCTpUpPYeT  3HaHWS  OCHOBHBIX
TIPUYMH HapyLIeHUs paboThI
MeTa/uTypruyeckux MIPOL|eCCOB v
rapaMeTpoB, B/IUSIFOLLIAX Ha
3 GeKTUBHOCTh pPabOTHI TIPEATIPUSATHS, a
Takke [Mara3oHOB WX ONTUMaJbHbBIX
3HaYeHUM.

CpeactBa
(MeToppBI)
NupukaTtop focTHxeHus
S — KpuTepuu oneHMBaHUsA OLleHMBAHHA
NMPOMe)XXyTOYHOH
arrecTanuu
[TKC-5.6 [JeMoHCcTpUpyeT criocobHocTh | Tecr, yCTHOE
copMypoBaTh TepeueHb W AMarasoH | cobecesoBaHUe 10
3HaueHU TPOM3BO/CTBEHHBIX | BOMPOCAM K
roKasaTeJsiei NIPUMEeHsIeMBIX | 3a4eTy
TeXHOJIOTUUeCKUX MPOLIeCCOB MOJyUeHusI
TSDKe/JbIX 1L[BETHbIX MeTalioB (Meaw,
HUKeJIs1) Y DeXUMBbl TpOBeJeHus
TeXHOJIOTUUeCKHX OIepalyi, a Takxke
JIeMOHCTPUPYET  3HaHWA  OCHOBHBIX
TIPUYHH HapyllIeHNs paboTbl
MeTaJlJTypruueckrux TMpPOLIeCCOB "
rapameTpoB, BJIVSIFOLLUX Ha
3¢ dekTUBHOCTL PabOTHI TIPEATIPUATHS, a
TaKKe [Mara3soHOB WX ONTUMAaJIbHBIX
3HaYeHUM.
ITKC-5.9 JeMoHCTpUpyeT criocobHocTs | Tecr, yCTHOe
copMyIpoBaTh TiepeueHb M JMara3oH | cobeceoBaHUe TI0
3HaYeHUU" TIPOX3BO/CTBEHHBIX | BOIIPOCAM K
ToKa3aTesiei rpuMeHsieMbIx | AuddepeHLIMpPOBaH

HOMY 3aueTy
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6.2.2 TunoBbie OLleHOUHbIE CPeACTBA IPOMEXXYTOUHOH aTTecTaluu

6.2.2.1 Cemectp 7, TumnoBble oLjeHOYHBbIE CPeACTBA /ISl NPOBe/JeHUs K3aMeHa 110
AUCLHMIIUHE

6.2.2.1.1 Onucanue npoueaypol

OK3aMeH COCTOMT U3 2-X YacCTei.

1 yacTb - pa3giensl Kypca «IIupomeTtannyprust CynbGUAHBIX MeJHbIX, MeAHO-HUKeeBbIX PY/[, U
KOHIL[€HTPATOB, OKUC/IeHHbIX HUKe/IeBbIX Py/», «KoHBepTHUpOBaHWe MeIHbIX, HUKEe/IEeBbIX U
MeIHO-HUKeJIeBBIX IITeHHOB» 00yUYaroL[UiCs C/laeT B BUe TeCTa.

2 yacThb — YCTHOe cobeceZioBaHHe T10 OIHOMY M3 TeOPETHUECKUX BOPOCOB, BLIHECEHHBIX Ha
3ayeT.

Eciiu obyuaronuiics B TeueHHe ceMecTpa HEYCIIeIIHO CZasl TeCT 1o TeMe «PadbuHupoBaHue
MeIi» - JaHHAasi TeMa Tak>Ke BLIHOCHUTCS Ha 3aueT B BH/e TecCTa.

1. Crioco6bI TosryueHUst Meid U3 CyIbPUIHBIX PY/;: IIOKa3aTesiy mpoiecca, 000CHOBATh
BBIOOD TOM W/ UHOM T€XHOJIOTUYeCKOU CXEMBI.

2. Crioco0blI rosTyueHUst HUKeJIst U3 CyIbGUIHBIX MeHO-HUKeJIeBBIX PY/: TIOKa3aTen
niporiecca, 000CHOBAaTh BHIOOP TEXHOJIOTHUECKON CXEMBI.

3. Crioco0bI TosTyueHUst HUKeJIsl U3 OKMC/IeHHBIX HUKeJIeBBIX PY/I: TIOKa3aTey mpotiecca,
000CHOBATh BLIOOP TEXHOIOTUUECKOH CXEMBI.

4. Kakue cBolicTBa MeZiy ¥ HUKeJisi 00yC/TOBU/INA UX TIPUMEHeHHe B COOTBETCTBYIOIINX
OTpac/IsAX MPOMBIIIIEHHOCTH.

5. Kakue cBolicTBa 00yC/IOBU/IN ero TIpUMeHeHre B Pa3/IMuHbIX 00/1acTax
TIPOMBIILL/IEHHOCTH.

6. CyILHOCTb I1JIaBKU Cy/Ib(UJHBIX MeIHbIX KOHL|EHTPaTOB: OTPa’kaTebHOM, LIaXTHOM,
pyzHoTepmuueckon. [TokasaTenu nporecca.

7. ABTOreHHbIe TIpOLiecca: BUJbI, TI0Ka3aTesu

8. [TupuTHasi, moayNUPUTHAS], MeJJHO-CepHasi TIJIaBKK MeJJHOTO ChIPhsi: TIOKa3aTeln
ripoijecca, 000CHOBaTh BBIOOP TOM W/ UHOU T€XHOIOTUU

9. [Tporjecc KOHBePTHPOBaHUS MeIHbIX, MeJHO-HUKe/IeBbIX U HUKeJIeBbIX IIITEeMHOB: B UeM
OCHOBHbIE OT/INYMSI 3TUX TEXHOJIOTUI

10. OrHeBoe U 371eKTPOUTUYeCKOe padhHUPOBaHKe Me/IU: CYIIIHOCTh MPOLIeCCOB.

11.  CymHoCTb BOCCTAaHOBUTEILHO-CYIb(QUAUPYIOLLIeH TIJIaBKH OKUC/IEHHBIX HUKETEeBbIX PY[;
OCHOBHbIE TeXHOJIOTMUeCKHe NapaMeTpbl, IToKa3aTeln IpoLecca.

12.  Tlpou3BoACTBO (peppOHKKEJISl U3 OKMCIEHHBIX HUKEe/IeBbIX PY/; OCHOBHbIE

TeXHOJIOTMYeCKHe MMapaMeTphl, ITI0Ka3aTe/Id IIpoLecca.

IIpumMep 3agaHud:

[Mpumep Tecta (o pasgeny «PaduHupoBaHue Meaun»):
Bapuant
1. HaliTu HETOYHOCTb NP OINMCAHWY MPOLiecca OTHeBOrO PaUHHPOBaHUS MeJU:
A) B pesysnbTare orHeBoro pahMHUPOBaHUS COJiepKaHre MeJJu B aHO/jaX ToBbIlaeTcs 7o 99,96-
99,98 %.
b) OrneBoMy paMHHPOBaHUIO MOBEPra0T PacIulaB/eHHYI0 Me/lb.
B) INporjeccrl okucnenvs meau BeayT rpu 1150-1170°C.
I') Inst orHeBoro payHKMpPOBaHUS YepPHOBOI MeJj B OCHOBHOM TNPUMEHSIIOT CTallMOHapHbIe
OTpakaTe/lbHble T1e4r, HaK/IOHSOLMeCs 1eyy KOHBePTePHOro TUIIA U BpalllatoIlyecs Ieyu
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G6apabaHHoro THMA.

2. Kakosa Mpoao/KUTE/IbHOCTE OTHEBOT'O pa(l)I/IHI/IpOBaHI/IH Meau:

A) 12 y;

b) or 12 10 32 u;

B) 1,5-2 cyT;

T)9-10 u.

3. BuibepuTe MaTepuasl, KOTOPbIH He UCITO/b3YIOT B KauecTBe BocctaHoBUTe st Cu20 rpu
OCYILIeCTB/IEHWHU JIpa3HeHrs Ha KOBKOCTb:

A) Bogopop;

b) TBeppblii yriiepos; B) kameHHbIM yrosb; 1) yrapHslii ras.

4. TlpaBubHO BbIOEpHUTe C/I0BO (M3 TIpe/iaraeMbiXx B CKOOKax) B ciiefiyroieid ¢pase: «B psagy
3/1eMEHTOB, BXO/SIIMX B COCTaB UePHOBOM Me/j1, CPOZICTBO K KMCIOPOAY MPU TeMIlepaTtypax
nipotiecca ... (yObIBaeT/Bo3pacTaeT) B HalpaB/IeHUX OT aTFOMUHUS K 30/I0TY».

5. Ha3oBuTe NpoAyKT, B KOTOPBIY NP 3/1€KTPOIUTUUECKOM PapUHUPOBAaHUM Me/IU TIepeXo/isT
TIpUMeCH 30710Ta U cepebpa ...

A) mnam;

b) snektponur;

B) kaTozHbI MeTanI.

6. Haligute nuiiiHuii MaTepus, U3 KOTOPOTO U3rOTAB/IMBAIOT TOHKKE KAaTO/IHbIE OCHOBBI /IJIsi
3/IeKTPOJIUTHUECKOro pagunrpoBanus Cu:

A) snekTposuTHasi MeJib; b) TuTaH;

B) Hep>kaBeto111as CcTasb;

I') cBunewn,.

7. Kakoil 13 3/1eMeHTOB, sIB/SISICh O0Jlee 3/1eKTPOOTPULIATeTbHBIM 3/IEMEHTOM I10 CPaBHEHHIO C
Me/Ibto, TIpY paMHUPOBAHUY He MepexO/UT B 3JIEKTPOJIUT, & OCAXK/AETCs B ILLJIaM:

A) xene3o; b) nuHK;
Kpurepuu onjeHku:

B) Hukenb.

TecT cuuTaeTtcs YCIIeIIHO HpOﬁ,E[EHHBIM IMpH MPaBUJ/IBHBIX OTBETAX Hd BOIIPOCHI TECTa OoJstee

50%.._

6.2.2.1.2 Kpurepuu orjeHUBaHUs

MeTasioB (Mey,
HUIKeJI1) U Pe)XHMBbI
MpoBe/leHus
TeXHOJIOTUUeCKHX
orepaiyii, a Takxe
JIeMOHCTpUpYeT
3HaHHsI OCHOBHBIX
MIPUYMH HapyLLeHUs

TSDKeJIbIX 1[BETHBIX
MeTaJlyioB (Meiy,
HUKeJIs) Y PeXXUMbl
TpOBe/IeHus
TeXHOJIOTMUeCKHUX
oneparyi, a Takxe
JIeMOHCTPUPYET
3HaHUsI OCHOBHBIX

L[BETHBIX METa/I/IOB
(menu, HUKeNs) U He
B IIO/THOM Mepe
PE>KHUMBI TPOBe/IeHNsI
TeXHOJIOTMUeCKUX
orepaLyii, a Takxe
J€EMOHCTPUpYeT
3HAHUSI OCHOBHBIX

Y poBneTBopuTebH
O11nuHO Xopouio R HeypoBeTBopuTe/1bHO
HemoHcTpUpyeT LemMoHCcTpUpyeT Cnabo He nemoucTpupyet
CIIOCOOHOCTh (He B MOJTHOM Mepe) JIeMOHCTPUPYET CITIOCOOHOCTB
cchopMyMpoBaTh CTI0OCOOHOCTh CTIOCOOHOCTh chopMyTMpOBaTh
riepeueHb U copmypoBaTh copMyTpOBaThH repeyveHb U Uara3oH
JiMaria3oH 3HaueHui riepeyeHb U riepeyeHb U JUara3oH 3HayeHuM
TIPOM3BO/ICTBEHHBIX | ZMara30H 3HaUeHUH 3HaUeHUH TIPOM3BO/ICTBEHHBIX
roKa3saTeJsieit TIPOM3BO/ICTBEHHBIX | TPOU3BOZCTBEHHBIX roKa3aTeJsieit
TIPUMEHSIEMBIX TIoKa3aresien TIoKa3artesien TIPUMEHSIEMBIX
TeXHOJIOTUUeCKUX TIPUMeHSIeMbIX TIpUMeHsIeMbIX TEXHOJIOTHUeCKUX
TIPOLIeCCOB TeXHOIOTUUeCKIX TeXHOIOTUYeCKUX TIPOLIECCOB TIO/TyYeHHsT
TIOTyYeHus1 TIPOLIECCOB TIPOLIECCOB TSDKeJTBIX [[BETHBIX
TSDKEJTBIX 1[BETHBIX TIOJTyUeHUsT TMOJTyUeHUsT TSDKETTBIX MeTasuyioB (Meay,

HUKeJIs) U PeXUMbI
TIPOBE/IEHUST
TEXHOJIOTHUeCKUX
orepaLyii, a Takxe
JeMOHCTPUPYeT 3HaHUS
OCHOBHBIX TIPUUYHH
HapyIeHust paboThI
MeTa/UTypPruuecKux

paboThI MPUUYH HapylleHWsl | MPUYUH HapyLIeHUs TMpOLIeCCOB U
MeTaJlTypruuecKkux paboTHI paboTHI rapaMeTpoB, BIUSIIOIIUX
TMpPOLIeCCOB U MeTa//Typruueckrix | MeTa/ulypruueckux Ha 5 PeKTUBHOCTb

rapameTpoB, TIPOLIECCOB U TIPOLIECCOB U pabOThI TIPeANPUATHS, a
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BUSIIOIINX Ha rapaMeTpoB, rapameTpoB, TaK’)Ke Mara3oHOB UX
3 PeKTUBHOCTD B/USIIOLLIAX Ha B/IMSIIOLL[UX Ha OTITUMAJTbHBIX
paboTHI 3¢ heKTUBHOCTh 3¢ heKTUBHOCTh 3HaUeHUM.
TIpeATIPUSITYS, a paboThI paboThI MpeTpUsTHS,

TaK>Xe JIMara3oHoB
UX OITUMAa/ILHBIX
3HAYeHUI.

TIpe/ITIpUsITUS, a
TaK>Ke JTMara3oHOB
HX ONTUMa/IbHBIX
3HAueHUH.

a TakKXxe iara30HOB
UX OITUMAa/ILHBIX
3HAUYEeHUH.

6.2.2.2 Cemectp 8, TumnoBble oLjeHOYHBIE CPeCTBa /IS IPOBe/jeHUs 3ayeTa 110
JUCITUTIMHE

6.2.2.2.1 Onucanue npoueaypbl

[Mpoueaypa npoBesenus 3aueta (ceMectp Ne8) Mo KypCy COCTOUT U3 2-X yacTeil.
Pa3nen «PadbvHUpOBaHWEe YEPHOBOTO CBUHIIA» O0OYUAIOIUICS CAaeT B BU/Ie TeCTa.
OcrtanbHble TeMbl — B BU/Ie YCTHOTO coOeceZioBaHUs 110 BOIIPOCAM, BEIHECEHHBIM Ha 3auer.

6.2.2.2.2 Kpurepuu ornjeHUBaHHs

3auTeHo He 3auteHo

He memoHCcTpUpyeT crioco6HOCTh
copmyipoBaTh TIEpeUEHb U JUaria3oH

ITeMOHCTpPHUpYET CIIOCOOHOCTD
copmyupoBaTh NIepeyeHhb U JUara3oH

3HauyeHHWI MMPOW3BO/CTBEHHBIX [T0Ka3aTesiei
MpUMeHsIEMbIX TeXHOJIOTMUYeCKUX MPOL[eCCOB
TIOJTyYeHUsI TSDKeTIbIX L{BeTHBIX MEeTaJlIOB
(CBUHLIA, IIUHKA) U PEXXUMbI ITPOBeIeHUS
TeXHOJIOTMUeCKUX Orepaliyi, a Takxe
JIEMOHCTPUPYET 3HaHUsI OCHOBHBIX MPUUKH
HapyIIeHus: paboThl MeTa/TyprudecKux
MpOLIeCCOB U NapaMeTpoB, BUSIOLIMX Ha
3¢ deKkTUBHOCTb PabOTHI MPeATNPHUITHS, a
TaK’Ke 1ara3oH0B UX ONTUMa/bHBIX
3HaYeHUM.

3HaueHUI POM3BO/CTBEHHbBIX M0Ka3aTesieit
MIPUMEeHsIEMbIX TeXHOJIOTMUeCKUX MPOLIeCCOB
TMOJTyUeHHUs TSDKe/IbIX L{BeTHBIX MeTaslyIoB
(cBUHLIA, LIUHKA) U PE>KUMBbI TIPOBeIeHUsT
TeXHOJIOTUUeCKHX OrepaLiii, a Takxke
JIeMOHCTPUPYET 3HAaHUSI OCHOBHBIX IMPUYMH
HapyIeHus: paboThl MeTa/lTyprudecKux
TMPOLIeCCOB U NapaMeTpOB, B/USIOLIUX Ha
3¢ dekTUBHOCTL pabOTHI MIPEATIPUATHS, a
TaK)Ke /Mara3oHOB UX ONTHMabHbIX
3HaYeHUH.
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