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

1.1 [ducopummHa «Teopus mNHpoMeTa/UTyprudecKux MpPOLIECCOB»  oDecreuynBaeT
(opMupoBaHue C/1eAyIONUX KOMIIEeTeHIMH C yUéTOM HHANKATOPOB UX AOCTH)XeHHUS

Kopa, HanMeHOBaHHe KOMITeTEeHIIUH

Kop uHANMKaTOpa KOMIIeTeHIUHI

ITKC-1 I'oTOBHOCTB UCII0/Ib30BaTh OCHOBHBIE TTOHSITHSI,
3aKOHbI U MO/Ie/Id TePMOIMHAMUKY, XUMUUEeCKOU

pellieHus 3a/jau, BO3HUKAIOIUX B X0/e
ripodecCHOHabHON J1eATeTbHOCTH

. [IKC-1.4
KUHEeTHUKH, 3/IeKTPOXUMHU B NPO(eCcCUOHATBHON
JlesATe/IbBHOCTH
[MTKC-7 I'0TOBHOCTb UCII0/Ib30BaTh (PU3UKO-
MaTeMaTUueCKWy anmnapaT U MPOBOJUTh pacyeThl J/1s TKC-7.4

1.2 B pe3ysbTaTe 0CBOEHHUsI JUCLUIIMHBI Y 00y4arOIUXCA AO/DKHBI ObITH ChOpMUPOBaHbBI

Kopg,

Copep)xaHue HHAMKATOpa
UH/HMKaTopa Aep A P

Pe3yabTaT 00yuyeHust

Wcrnosib3yeT OCHOBHBIE TIOHATHS,
3aKOHbI U MOJIe/TN
TepMO/IMHAMUKH, TIepeHoca Teria
Y MacChl IPUMEHHUTENBHO K
MAPOMeTa//TypPruyecKum
rpoLieccam LIBETHOM MeTa/llypruv

IIKC-1.4

3HaTh TeopeTUUeCKHe OCHOBBI
TIPOLIECCOB T10JIyYeHUs] MEeTa/VIOB U UX
padhMHUPOBaHMS, MPOTEKAOIIHX B
NMpOMeTasTypruueckix cucreMax,
HarpaB/IeHUsI X COBEPIIeHCTBOBAHUS
Ha OCHOBE OCHOBHBIX IOHSTHH,
3aKOHOB M MO/ieJlell TepMOIMHaMUKH.
YMeThb 1UCNO/b30BaTh OCHOBHBIE
TIOHSITHSI, 3aKOHBI M MOJIe/TH
TepPMOJMHAMUKU TIPU OLieHKe
TepMOAMHAMUYECKOMN BePOSITHOCTH,
pacyeTe KOJIMYeCTBEHHbIX ITapaMeTpPOB
PaBHOBECHS] TIMPOMETAJLTyPriuuecKux
TNIPOLIECCOB; aHA/IM3UPOBATh (Pa3oBble
PaBHOBECHSI Ha OCHOBE /IMarpaMm
COCTOSIHUSI TMPOMeTalTy Pruueckux
CUCTEM.

BiiaieTh HayyHbIM TOHUMaHUEM
CYLIIHOCTU Y aHa/u3a (pr3nko-
XMMHUUECKMX 3aKOHOMepPHOCTel
TIPOLIECCOB, MPOTEKAIIIMX B
NMpOMeTasTypruueckix cucreMax, Ha
OCHOBe OCHOBHBIX TTOHSITHH, 3aKOHOB
U Mo/ieiell TepMOIMHaMUKH,
HaBBIKaMH TEPMOAWHAMUYECKOTO
aHa/M3a M pacuéTa (pa3oBbIX
PaBHOBECHIA TTMPOMETaJLTy PruuecKux
CHCTEM Ha OCHOBE OCHOBHBIX
TIOHSTUM, 3aKOHOB U MO/leJiei
TepMOJMHAMUKH.

[IKC-7.4 Ocy1ecTBiisieT pacyeTsl B

3HaTh MaTeMaTUUeCcKue MeTO/Hbl,
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obsactu Teopun
MMPOMETaJLTy Pru4ecKux
TIPOLIeCCOB

rvHopMaTHBHEIe /151 GU3UKO-
XMMHUUeCKMX pacueToB B 00/1acTu
TeOpPUU MUPOMeTasTypruyeckux
TIPOLIECCOB

YMeTb BBINO/HATL pacueThl
TepMOJMHAMUKU
MUPOMeTa/lIypruuecKux MpoLeccoB C
UCI10/Ib30BaHNEM (PU3UKO-
MaTeMaTHU4ecKoro anrapaTa

BiaieTb He06XOJUMbIMY 3HAHUSIMU U
yMeHHeM UCII0/Ib30BaHUs (PH3MKO-
MaTeMaTHUecKoro arrapara Ipu
BBITMIO/THEHUM  (PH3UKO-XUMHUUECKUX
pacyeToB B TEOPUU
MMpOMeTasyTypruyeckKUx MpoLeccoB

2 MecTo aucnun/IvHbl B cTpykTrype OOII

W3yuenune aucuuruiiHel «Teopusi mMMpoMeTaTypruueckux TpoLeccoB» Oasupyercsi Ha
pe3y/bTaTaXx OCBOEHUS Ce[YIOLMX [JUCLIMIUIMH/TIDAKTUK: «AHanWTHUecKas U (Qu3nueckas
XUMHUSI», «MaTtemMaThKa», «Dusmka», « Xumusi», «MeTautypruueckue TeXHOIOT Uk»

OucuunivHa sB/sSieTCSl TpeALIecTBYIOLIeN [/s AUCLIMILIMH/TPAKTUK: «MeTtasnyprus
JIETKUX MeTalioB», «MeTannyprus peikux MeTamioB», «MeTamnyprus TsDKeNbIX LBeTHBIX
MeTa/uioB», «MeTaulypruss 0/1arOpOIHBIX  MeTasioB», «[IpOM3BOJCTBeHHasi TpaKTHKa:
TeXHOJI0ruuecKas (IpoeKTHO-TeXHOI0ruuecKas) pakTUKa»

3 O0beM AUCIHMILTMHbBI

O6Bem aucHMIuIMHLBL cocTaBaseT — 4 3ET

TPpyA0eMKOCTh B aKafileMHYeCKHX Yacax
(OpvH akazieMU4yeCcKri 4yac COOTBETCTBYeT 45 MUHyTaM
. aCTPOHOMHYECKOTO yaca)
Buj; yue0HOI padoThI Vaebn
Bcero BIM TOJT YueOHsiii rog Ne 4
Ne 3

OO0111ast TPYZ0EMKOCTh 144 36 108
JACLIATITAHBI
AyauUTOpHBIe 3aHSTUS], B TOM 2 ) 20
yHCse:

JIEKIINU 10 2 8

nabopatopHbie pabOThI 8 0 8

NpakTUYeCcKue/ceMrHapcKue 4 0 4
3aHATHUSA
CamocrosiTenbHasi pabora (B
T.4. KypCOBOe 118 34 84
TIPOEKTHPOBAHUE)
TpynoemMKOCTb 4 0 4
TIPOMEXXYTOYHOM aTTeCcTaluu




By npomexxyTouHOU
aTTecTaly (UTOrOBOr0
KOHTPOJIS 110 AUCLIATIIINHE)

, 3aUeT C OLIeHKOMH,
Kypcogas pabora

3aueT C OLIeHKOM,
Kypcogas pabora

4 CTpyKTypa U co/iep>KaHue JUCLUII/INHBI

4.1 CBojiHbIE JaHHbIE M0 COAEP)KaHHUIO AMCLUTI/IUHBI

Yueonsbiii rog Ne 3

Ne HaumeHoBaHHe HEKL[I/II/IB“ALI KOHT?;(};[ HOH paﬁonl% (CEM) CPC dopma
n/n PasAe/a u TeMbl N Kon. N Kon. N Kon. N Kon. TeKyrero
AV CLIMILTUHBI o Yac. o Yac. o Yac. o Yac | KOHTPOIA

1 2 3 4 5 6 7 8 9 10 11
TeopeTtnueckas
MeTa/UTyprus —

1 Hay4Hasi OCHOBa 1 2 1 8 dcce
MeTa/UTypruyecKor
0 NIPOM3BO/ICTBA
IIpomesxyTounas
aTTecTalus
Bcero 2 8

YueOHbIi rog Ne 4
Ne HaumeHoBaHMe HEKHHHB"AM Ko““};{; HoH paﬁonﬁg (CEM) CPC dopma
n/n PasAe/a ¥t TeMbl Kon. Kon. Konm. Konm. TeKymero
JHUCHUTLTUHBI No Yac. Ne Yac. No Yac. No Yac. KOHTPOJIA

1 2 3 4 5 6 7 8 9 10 11
OcHOBEI TeOpUH 24 Ortuet no

2 JIMKBAL[MOHHBIX 1 1 2 2 5’ 8’ 16 saboparop
TIPOLIeCCOB ’ HOM pabore
OcHOBBI TEOpUH

3 MpoLIeccoB 3 1 3 7 2,4, 16
WCrapeHus U 5,8
KOHJIeHCaluu
Teopus niporieccos
OKHCJIeHUS U 14

4 OKHUCJIUTESTLHOTO 5 1 ’8 ’ 10 Tect
paduHUpOBaHUS
MeTaJJIOB
OcHOBBI TEOpUH 13 Tecr,

5 BOCCTaHOBJIEHUS 8 1 3 4 4.6 14 Ortuer 1o
MeTa//IOB U3 UX 78 naboparop
coe/IMHeHuH ’ HOM pabore
Mertannypruuecku Otuer 1o
€ [JTaKK 1, 3, naboparop

6 2 2 5 4 4,6, 14 HOU

7,8 pabore,
Tect
OcCHOBBI TEOPUU

7 cynbpUAHBIX 11 1 4,8 7
TI7IaBOK
DusuKo-

8 XUMHYeCKHe 13 1 4.8 7
OCHOBBI TIPOLIECCOB
obkura




IIpomesxyTouHas 3auet c
aTTecTarys OLIeHKOM,
4
KypcoBas
pabora
Bcero 8 8 4 88

4.2 KpaTkoe cojiep>xaHue pa3/ie/ioB ¥ TeM 3aHATHH

YueOusbIii rog Ne 3

Ne

Tema

Kpatkoe copepxaHue

Teopetnueckas
MeTa/Ulyprusi — Hay4Hast
OCHOBa

MeTa/uTy pruueckoro
TIPOU3BO/ICTBA

B oCHOBY MeTa/iTypruueckyx Crioco0oB repepaboTku
CBIPbSI TT0JIOYKEH TIPUHIIUTI ITePeBO/A
o0OpabaThiBaeMOro ChIphsI B TETEPOreHHYIO0 CUCTEMY,
¢a3bl KOTOPOI OT/IMYAIOTCS TI0 COCTaBY U
bu3nueckuM cBorctBam. CyITHOCTB H060T0
MeTaJ/UTypruuecKoro mporecca CBOAUTCS K
TIOJTYYeHUIO U3 MCXO/THOTO ChIPbSi ABYX IPOZAYKTOB,
OJIVH M3 KOTOPBIX 000TalléH 13BIeKaeMbIM
KOMIIOHEHTOM, a /Ipyroi 00efHEH UM. DTU TIPOAYKThI
MOTYT ObITh pa3/eeHbl IOCTaTOYHO MTPOCTHIMHU
npuémMamMu. MeTasTypruueckyie mpoLecchl
TIPe/ICTaB/ISIFOT CO00M COBOKYITHOCTH (DHU3MUECKHIX
SIBJIEHUM U (PU3UKO-XUMHUUYeCKUX TIpeBpallieHUi.
Axkagemuku A.A. baiikoB 1 A.H. Bonbckuii
TOJUEPKUBAJIH, UTO METaJUTypIusi — IpesK/ie BCero
HayKa O 3aKOHOMEPHOCTSIX ITpeBpallieHH BeIeCTB B
Xozie uX TiepepaboTKu. [/ C/I0XKHBIX
MeTaJTypruueckix CUCTeM, MMEIOIINX
cretypryeckre 0c06@HHOCTH, KOTOPbIe 3aUacTyro
CTaHOBSITCS OTIPe/IeSIFOIMMH Ha TIPAKTHKE, Hapsiay C
WCTI0/Ib30BaHKeM 3aKOHOB (pyH/aMeHTaIbHbIX HayK
TpebyeTcs crieriaibHass 00/1aCTb 3HAHUU —
TeopeTHYecKast MeTa/UTyprusi. 3HaHue 001X
TIPUHLIWTIOB ¥ TEOPEeTHUECKMX OCHOB CII0COO0B
TIOJTyYeHUsI LIBETHBIX METaslJIOB IO3BOJIUT
COBEpIIIeHCTBOBATh CYIIECTBYIOIINE U
pa3pabarbiBaTh HOBBIE TEXHOJIOTUU.

YueOHbIi roj Ne 4

Ne

Tema

Kpartkoe copep:xanue

OcHOBBI TeOpuU
JIMKBALIMOHHbIX
TIPOLIeCCOB

JIMKBaLys — 3TO HapylleH’e OJHOPOJHOCTH paclljiaBa
B )KUJKOM COCTOSIHWY WJIU B IIPOL{eCCe ero
3aTBep/ieBaHMs. JIMKBal[MoHHOe padvHUpOBaHNe
MeTa/UIOB OCHOBAHO Ha pa3/W4yMU B TeMIlepaTypax
T/1aBJIeHNs], TVIOTHOCTSIX U Masiod B3aMHOM
pacTBOPUMOCTH MeTas1a ¥ npuMecy. OHO MOKeT
OCYIIIEeCTBJIATHCS Pa3/IMUHBIMU criocobamu: 1)
KPUCTa//IM3aLys — OXJIaKeHHe U Bbllep>KKa
pacriaBa IMpu omnpeze/éHHOM TeMrepaType C
Bbl/le/IeHreM NIPUMeCH B BH/ie TBEP0M WU
CaMOCTOsITe/IbHOM >KUKOU (ha3bl, HepaCTBOPUMOIA B
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OCTa/IbHOM pacIliaBe; 2)3eldrepoBaHue- HarpeBaHue
YepHOBBIX METaJlJIOB JI0 TeMITepPaTyphbl, TP KOTOPOM
MIPOMCXOJUT BbIMJIaBIeHUe JIeTKOIIaBKOM
COCTaB/IsItOLLeH: 3)-TIpY TTIOCTOSTHHOW TeMIlepaType
MyTéM BBe/IeHUs B PacIljlaB peareHToB, 00pa3yromux
C TMPUMeCsIMU TYTOTJIaBKUe coeiuHeHus. He3aBucumo
oT criocoba JMKBALMOHHBIE MTPOLeCChl TIPOTEKAIOT B
JiBe ctazuu: obpa3oBaHue U3 TOMOTeHHOTO CI/IaBa
reTepOreHHOW CUCTeMbl U pasiesieHre MOMyYeHHbIX
¢a3, CKkopoCTh KOTOPOT'O OTpe/iefisieTcsi o popmysie
Crokca. OrieHKa BO3MOKHOCTH IIpoLecca U ero

3¢ QeKTUBHOCTA TIPOBOAUTCS HA OCHOBE aHa/M3a
JvarpaMM cucteM padMHUpYeMblid MeTasll — IpUMecCh
[MosmyueHre CBEPXUUCTHIX METAJVIOB U
TIOTYTIPOBO/IHUKOB 00€CIieurBaroT
KpucTasuiodusnueckue criocobbl: HarpaB/ieHHast
KpUCTasyIM3alysi ¥ 30HHasi T/1aBKa.

OCHOBBI TeOpUH
TIPOL[eCCOB UCIIapeHus U
KOHZIeHCalun

PaBHOBecre Mexy mapoobpa3Hoii u
KOHZIeHCUPOBaHHOU (a3aMy XapaKTepu3yeTcsi
JlaBJieHueM HacbIleHHOro rapa. OHO MOXeT ObITh
paccuutaHo (yp-Hue Knanelipona — Knaysuyca) u
oripejie/ieHO KCcriepuMeHTanbHO. C MOBBIIIEHHeM
TeMIiepaTyphbl jaBjieHue rapa Bo3pacTaeT, I10 3TOU
3aBUCHUMOCTH OTIPeZIesISTFOTCS TOUYKa KUTIeHUsI U TOUKa
pockl. [To pa3mnunio B 3aKOHOMEPHOCTSIX UCITapeHust
JBYXKOMITOHEHTHbIe CCTeMbI TIOpa3/iesisoT Ha
«CMeCH» U «pacTBOpPbI». JlaB/ieHWe U COCTaB rapa
CMecH He 3aBUCHUT OT eé cocTaBa. [laByieHue Tapa
pacTBopa noAurHsieTcs: 3aKoHy Payrs, rap
oboraiijaeTcst HU3KOKHUTISIILAM KOMITOHEHTOM, a
pacTBOp oborarraeTcsi BHICOKOKUTSIUM. CoCTaBbl
COCYIIeCTBYIOIIUX (a3 ompezessiFoTCs 10 JuarpaMme
KUTeHusl. Pa3nure cOCTaBOB KHUIISIIEH KUAKOCTU U
TI0JTy4aeMoT0 T1apa TMoJIoyKeHO B OCHOBY
JUCTUJUISIIUOHHBIX U PeKTU(MUKAI[MOHHBIX CITOCOO0B
paduHupoBanus. Vicronb3oBaHue BaKyyMa MO3BOJISIET
CYILL[eCTBEHHO TIOHU3UTh TeMIIepaTypy mpoiiecca u
TIOBBICUTD CTeleHb UACTOThI AUCTHIISTA.

Teopus npoweccos
OKUCJIeHUS U
OKUC/IUTE/ILHOTO
pabrHUPOBaHUs
MeTaJl/IoB

Teopusi OKMC/IMTENBHBIX TIPOLECCOB OCHOBAaHA Ha
YyUeHUU O CPOJCTBE MeTa/uIOB K KUCJIOPOZAY,
OLleHMBaeMOM BeJIMYMHOM JIaB/IeHHs] JUCCOLMaLliuu
OKCH/IOB MeTaJlJIOB — PABHOBECHOI'0 [aBJIeHUs
KHCJIOPO/ia, pa3BUBAOLLEr0Cs NP AUCCOLMALIMU
okcyzia. HanpasiieHne npoTekaHus peakuyy B
CTOpoHY 00pa30BaHUs WK AUCCOLMALIUM OKCHZA
OIpe/iesisieTCsl COOTHOLIeHUeM [JaBJIeHNUs]
JMCCOLMaLy U MapLyaibHOro JlaBjeHus: KUCI0poa
B ra3oBoii (a3e. [laB/ieHre AUCCOLMAIIMN OKCHIOB
3aBUCUT OT TeMIlepaTypbl U BO3pacTaeT C ee
TIOBBILLIEHWEM, a B paclljlaBax U OT akTUBHOCTell Me U
MeO. IIpu noBblllIeHWH KOHLIEHTpaLMy OKCH/a
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JlaBJIeHUe ero MCCOLMalMi BO3pacTaeT, a CPO/CTBO K
KHC/IOPOZly YMeHbllaeTcsl. JTa 3aBUCUMOCThb
oripejiesisieT MeXaHW3M OKUC/TUTeTbHOTO
parHUpOBaHUs, IPY KOTOPOM CHayajia OKUC/ISeTCs
paduHUpyeMmbIit MeTain ¢ obpa3oBanueM MeO,
pacTBOPSIOLLErocsl B pacIulaB/IeHHOW BaHHe U
OT/IAIOIIero KUCI0PO/, IIPUMeCSIM € OOJbIINM
CPOJICTBOM K IIOC/Ie[JHEMY, IOPSIZIOK BIFOPaHUS
TipuMecei 1 BBIOOp packucuTesisi. B momHoM
COOTBETCTBUM C TepMOJIMHAMHUECKUM aHaIu30M
NpoTeKaeT OKUCIUTeIbHOe padMHUPOBaHKe UepHOBOM
MeJIH.

OcHOBBI TEOpUU
BOCCTaHOBJ/IEHHUSI
MeTaJlJIOB U3 UX
coeIMHEeHUI

OcHoBHOe TpeboBaHKe K BOCCTAHOBUTEJTIO — Oosiee
BBICOKOE CPO/ICTBO K KUCJIOPOAY (X/I0pYy, Ccepe), ueM y
BOCCTaHAaB/IMBaeMOro Merasuia. B kauectse
BoccTaHoBuTesel nmpumensitor H2, CH4, meTanibl,
TBepZbIN yriepoy, (yromns, Kokc) u CO,
UICTI0/Ib30BaHKe KOTOPOT0O TIOMyUn/Io Haubosbliee
pacripocTtpaHeHue. Bzaumogencrsue B cucteme
yT71epO/-KUCI0PO/, IPe/iCTaB/IeTCS COBOKYITHOCTBIO
peakLyii IepBUYHOTO ¥ BTOPUUHOTO TOPEHUs], U3
KOTOPBIX HauboJjiee Ba)kHa [10JIHOTA MPOTEKaHUs
peakiuu raudukaiuu yriaepoga C + CO2 = 2CO.
[Tpu ra3oBoM BOCCTaHOB/IEHUH 00/1aCTh
BOCCTaHOBUTE/IbHBIX COCTaBOB ra3oB /JIs1 JaHHOTO
MeO pacrioiokeHa Bblllle COOTBETCTBYIOLLEN
pPaBHOBECHOM KPUBOW, T'a3 OJHOI0 M TOTO )Ke COCTaBa
SIBJIIETCS. BOCCTAHOBUTEJ/IbHBIM /11 OJHUX U
OKUCUTeNbHBIM 1 Apyrux MeO. I1pu nporekaHuu
rporiecca B pacrjlaBax MeTa/ulbl paclipe/essitoTCsl
MeX/y 11JIaKOBOM U MeTa/l/Inueckoi ¢asamu B
COOTBETCTBUU CO CPOZCTBOM K KMCJIOPOZY, [I03TOMY
BO3MOJXHO TI0/IyYeHHe JIMIIb YePHOBOI0 MeTaslla.
Mertaniorepmusi IpUMeHsIeTCs], KOr/ia Hellpyuem/ieMbl
C u H2 BcnencTBUe B3aMMOIEUCTBUS C
BOCCTaHOB/IeHHbIM Me.

Mertannypruueckue
1IJIaKU

[IInak — crijiaB OKCHU/IOB METa/IJIOB, 00pa3yoImx
MeXy co00l XUMUUeCKre CoeIMHeH s, TBEP/bIe 1
JKUZIKHe pacTBOPHI, 3BTeKThueckre cmecu. [llnaku
(hopMHpYIOTCS M3 KOMIIOHEHTOB ITyCTOM MOPO/bI U
¢dmocoB. OcHOBHast GYHKIUS 11I71aKa — BbIBe/IeHUE U3
Tiporiecca MyCTol TOpPO/IbI U OTAe/IeHNe ee OT
T0JIe3HbIX MPOJYKTOB T/IaBKU. Hapsily ¢ 3TUM LIaKk
SIBISIETCSI CPeJI0M, B KOTOPOM MPOTEKAIOT C/I0XKHbIE
¢bU3MKO-XMMHUYeCKHe TIPOLIeCChl, OCaKJeHUe MeTasia
(wTeliHa); TepMOpPEry/IATOPOM MJ1aBoK U T.1. CocTaB
11IJIaKa OTpe/iesisieT pe3y/IbTaThl M1aBKH, T.K. €ro
(hU3UKO-XUMHUeCcKre CBOCTBA (TI/IaBKOCTh, BSA3KOCTD,
MOBEPXHOCTHOe HaTshKeHUe U AIp.) SIBSIOTCS
CTPYKTYPHO-UYBCTBUTe/IbHBIMU. CyIIIeCTBYIOT JBE
TeOPUU CTPOEHUsI IIJIAKOBBIX PAaCI/IaBOB:
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MOJIeKy/IsIpHasi U MIOHHAs1, MPSIMBIM MTOATBepKAeHreM
KOTODOIA SIBJ/ISIETCS 37IeKTPOIIPOBO/JHOCTH LITaKOB. C
TOUKU 3peHusi oc/e/IHel 11JlaK — pacryiaB MOHOB
KaTHOHOB MeTaJIJIOB-MOJU(PUKATOPOB U CIIOXHBIX
KHCIOPO/CO/IeprKalliiX aHUOHOB, MTPENMYIeCTBEHHO
Ha OCHOBe KpeMHUsi. Pa3nuaroT Tpu BUjja MoTeph
MeTaJlJIOB CO IIJlakaMu: XUMUUYecKre, pusnyeckue u
MexaHuueckue. [TocyenHve npeo6iazaroT, UX
CHIKEHHE MOXKeT OBITh JOCTUTHYTO MyTeM
rioBbIlIeHUs 3 (HeKTUBHOCTH pas/iesieHust POAYKTOB
T7IaBKY 3a CUeT TOBbIIIeHUs] Me)K(a3HOTO HaTsHKeHUs,
riepeMelIMBaHus C U3B/eKarollel a3oii, ra3oBoi
dnoTarum.

OCHOBBI TeOpUH
CyTb(GUHBIX T/1aBOK

[aBneHveM AuccoLyaluu Cyab(puioB,

orpeie oMM UX YCTOMUYHMBOCTD (CPOZCTBO K cepe),
Ha3bIBAeTCsl PABHOBECHOE /IaBJIeHKe TIapOB Cepbl,
BbIIe/IAOLLeiCs TpU Arccolanuu cynsduza. [pu
T71aBKax Cy/Jb(UIHOTO ChIPbsI BBICIINE CYIb(UbI
JVICCOLIMMPYIOT /10 HU3IINX, KOTOpPbIe 00pa3yoT
CruiaB — LUTeMH. /171 NpaKTUKX UMEIOT 3HaueHue
MeJiHble U HUKeJleBble IITelHbl. [IpescTaBienye o
TIpUPO/Jie MeJHbIX IITEeMHOB /laeT AUarpaMma TPOMHOU
cuctembl Cu- Fe-S.IIITeliHbI pacrnionoykeHbl MeXAy
obmacTeio pacciavBanus U uHued Cu2S-FeS
(copmepxxanue S ~25%). HukeneBble ITEHHBI
XapaKTepU3yHTCsl BbICOKOW CTETNeHbIO
MeTa/ur3alru. OCHOBY Cy/b(UHBIX T71aBOK
COCTaBJISIIOT PeakLuU MeXAy Cy/ibhugamu U
OKCHJIAMU:

1.[ MeS ]+ 2[MeO] = 3[Me] + SO2-peakijoHHasi
T/IaBKa, OHa NPOTeKaeT B [IepBOM eprojie
KOHBEPTUPOBaHMUS;

2. [Me’S]mr + (MeO)uin = [MeS ]t + (Me”O)min
B3aUMO/IeICTBUe, Ompe/iesisitoliiee pacrpejeieHue
MeTa/IJIOB MeXX/y LIJIAKOM U IITEMHOM.
PadurHrpoBaHue ¢ MOMOILIBIO Cepbl TPUMEHSIOT [I/1s
yaneHust ipuMeceid, 06/1ajaroiux 60/bIINUM
CPOZICTBOM K Cepe, YeM OCHOBHOM MeTaJl/l, Haripumep,
[JJ1s TOHKOTO 00e3Me)KiBaHUsI CBUHLA TTOCTTe
JIMKBALIMOHHOTO.

DUBHUKO-XUMUYECKHEe
OCHOBBI TIPOL[ECCOB
oOxkura

[Tpu 06>kure CHIPbE HArpeBarOT A0 TeMIIepaTypbl, Py
KOTOPOW MPOUCXOUT U3MEHEHUE ero XMMUUeCKOro
cocraBa 6e3 pacriaByieHys: MaTepuasa. B mporeccax
o0>Kura MOTyT TIPOTeKaTh Kak TBEPjo(da3HbIe
ripeBpall{eHus], TaK ¥ B3aUMO/leliCTBUe TBEPJ 0N 1
ra3zoob6pa3Hoii da3. Kakzapiii U3 BUZOB 00>KHTa
(OKHMC/IUTENIBbHBIN, XJIOPUPYIOLLUH,
BOCCTaHOBUTEJIbHBIN, KaTbLIUHUPYIOL[UI) TpeOyeT
[J1sl CBOETr0 OCYIL|eCTBJ/IeHUsI OMpe/ie/IEHHbIX YCI0BUH.
Tak, py OKUC/TUTETLHOM 00XKUTe TIPOUCXOIUT
B3aUMO/IeHCTBUE TBEPBIX Cy/Ib(GUA0B C KUCIOPO[OM
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c 0Opa3oBaHKEM TBeP/IbIX IPOAYKTOB (OKCHZIOB WIIH
cy/ib(aToB) U ra3oBoi ¢a3bl (OKCHUIOB Cephl).
B03MOKHOCTh MPOTEKaHUsS 00KUTA TI0 THITY
Cy/Ib(haTU3MPYIOLLErO OMpe/iesisieTCsl COOTHOLLEeHUEeM
[laBJIeHUs] JUCCOLMALIMY Cy/b(arta U MapLyaJbHOro
nasnienust SO3 B ra3oBoi (ase. [1pu HU3KKX
TemIepaTypax yCTOMUMBEI Cy/Ib(aThl, MPUBLICOKUX-
okcubl. OkucieHye cyab(hu0B — 5K30TePMUYECKUI
niporiecc. TemmnepaTypa BocrjlaMeHeHus! CyIb(uoB-
3TO TemriepaTypa, P KOTOPOH BbIZe/ISIFOIerocst
Teria JOCTaTOYHO /i/Is1 pacClpoCTPaHeH!sl peakLivy Mo
BCell Macce 06)KUraemMoro Matepuarsa 1 mpoiecc
TpoTeKaeT CaMOIpor3Bo/ibHO. KuHeTHyeckue
3aKOHOMEPHOCTH 00XKUTa 3aBUCAT Kak OT
¢bu3nuecKrx CBOUCTB Cy/ib(dr/a U ero peaki[MOHHOU
MOBEPXHOCTH, TaK U OT TeMI1epaTyphl, XapakTepa
JIBIKEHUS U COCTaBa ra3oBoit (pasbl. IIporpeccuBHbIM
Crioco6oM, TI03BOJISIOLUM CYI[eCTBEeHHO
WHTEeHCU(UIMPOBATh TPOLIECC, SAB/SETCS 00XKUT B
KUTIALLEM CJI0€

4.3 IlepeueHb /1abOPaTOPHBIX PadoT

YueoOusbIii rog Ne 4

. Ko/1-Bo akajieMmuuecKux
Ne HaumeHoBaHue 1abopaTopHOil padoThl
4acoB
3 MeTannoTepMUYeCKOe BOCCTAHOBJIEHHE XJIOPH/IOB 4
5 N3yueHue Hpr3nyecKUx CBOMCTB IIJIAKOB 4

4.4 TlepeyeHb NPAaKTHYECKUX 3aHATUH

YueOusbIii rog Ne 4

” Ko-Bo akafieMuueckux
No TeMbl NpaKTHUeCKUX (CeMHUHAPCKUX) 3aHATHI
4acoB
PacueTsI nporjeccoB JIMKBaLIMOHHOTO
2 papUHUPOBaHUS C UCII0/Ib30BAHUEM Jarpamm 2
COCTOSIHUSA
Pacuets! nporjeccos ucnapenus. Ilocrpoenue
3 JUarpamMM «/iaBJjieHHe Tapa — COCTaB» 2
JBYXKOMITOHEHTHBIX CUCTEM

4.5 CamocrosiTesibHas padoTa

YueOusbIii rog Ne 3

Ne Buj CPC Ko/1-Bo akageMnuyeckux
4acoB
1 BbImo/THeHWe MUCbMEHHBIX TBOPUECKUX paboT 8
(rceM, mok/aznoB, coobuienuii, JCCE)
2 ITpopaboTKa pa3/ie/ioB TeOPeTHUYECKOr0 MaTepuasia 26
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YueOHbIi roj Ne 4

Ne Buj CPC Ko/1-Bo akageMuuyeckux
4acoB
1 BbinonHeHre TpPeHUPOBOUHBIX U 00yYaroInX 6
TeCTOB
2 Harmrcanue KypcoBoro mpoekTa (paboThbl) 18
3 OdopmiieHre 0TYETOB TI0 1TaOOPaTOPHBIM U 4
TTPAKTUYECKUM paboTam
4 [ToaroroBka K 3a4éTy 10
5 IToAroTOBKA K MPAKTUYECKWUM 3aHSITUSIM 4
6 [ToAroTOBKA K MPaKTUYECKUM 3aHATUIM 9
(1abopaTopHBEIM paboTam)
7 [ToAroTOBKA K CAjaue U 3alUTe OTUETOB 2
8 [TpopaboTKa pa3/ie/ioB TEOPETUUECKOTO MaTepHasia 38

B xo[ie npoBezieHNs 3aHSITUI 10 JUCLUIIMHE UCTIOJb3YOTCS C/eyollie UHTePaKTUBHbIe
MeTOZbI 00yUeHHs: TPEHUHT, UCC/IeZl0BaTe/IbCKUN MeTO[

5 ITepeueHb yueOHO-MeTOJUUECKOT0 00ecrieyeHUus1 JUCHUILTHHBI
5.1 Metoanueckue yKa3aHUA /1A 00yYarOIIUXCSA 110 0CBOEHHIO JHUCLIUILIMHBI

5.1.1 Metoauueckue yKa3aHHUA A1 o0yuaromuxcs 1no KypCOBOMY
NMPOEeKTHPOBaHMIO/padoTe:

Teopuisi MMpOMeTaTyprudecKux MpoLeccoB: MeToguuecKre yKa3aHus 10 BbIOTHEHUIO
KypCoBOi paboTsI [3/1eKTpoHHbIHN pecypc] /coct. MuneeBa T.C. —Vpkyrck: M3a-Bo VpI'TY,
2013.— 23c.

5.1.2 Meroauueckue yKa3aHHus /i 00yUJarOIUXCA M0 MPAKTHYECKHUM 3aHSITHAM

Teopusi nMpoMeTa/lITypruyecKux rpoLeccos: Metoauueckre yKasaHus 110 IIPOBeIeHUI0
MPaKTUUeCKUX 3aHATUM [371eKTpoHHbIN pecypc] /coct.MuneeBa T.C. — VIpkyTck: U3a-Bo
NpI'TY, 2013. — 43c.

5.1.3 MeToauuecKne yKa3aHus /sl 00y4arOmMXcs 10 JIab0paTopHBIM padoTam:

Teopust MTUpOMeTa/TyPruuecKux MporeccoB: MeToanueckre yKa3aHUs 110 BBIMOTHEHUIO
nabopaTopHbix pabort /coct. MuneeBa T.C. — Upkytck: M3a-Bo IpI'TY, 2013.— 46c.

5.1.4 MeToauuecKue yKa3aHus /ISl 00y4aromMXCs 110 CAaMOCTOSTe/IbHOM pabore:

Teopust mMpoMeTaTypruyeckux rnporeccoB: Metosryeckre yKa3aHuUsl 1O BBINOJIHEHUIO
camocCTosiTe/IbHOM paboThl [3neKTpoHHbIN pecypc] /cocT. MuHeeBa T.C. — VpkyTck: 137-Bo
UpI'TY, 2013.— 19c.

6 @DoHJ OLEHOUHBIX CPeACTB A/ KOHTPOJIA TeKyllell ycCrneBaeMOCTHM W TPOBe/eHUsl
NMPOMe)XyTOUHOM aTTeCcTaliu M0 AUCIUIIUHE

6.1 OneHouyHble cpeACTBa /I IPOBEJEeHUA TeKyIlero KOHTPOJIs
6.1.1 yueOHbIi#i rog 3 | Icce
OnucaHue npoueaypsbl.
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JlaHHBIN BUJ, CAaMOCTOSITeIbHOW pabOoThI MpeAToiaraeT MHAUBH/yalbHOe CaMOCTOSITe/TbHOE
BBITOJIHEHUe MTMCbMEeHHOU paboThI (3cce) 110 MpejiaraeMoi TeMaTUKe C MCI0J/Ib30BaHUEM
peKoMeH/lyeMOi1 TMTepaTypbl U MHPOPMAaLMOHHBIX PECYPCOB.

Ha nocniepHeti Hejesie ceMecTpa 00yuaroIMIACS Mpe/iCTaB/IsIeT MOAr0TOB/IeHHbIN MaTepyar B
BH/Ie OTUETHOTO ZIOKyMeHTa (TeKCT 3Cce Jo/KeH ObITh BhIMoHeH ¢ nomoreio [1K , HameuaraH
Ha yiuctax Gesioit 6ymaru ¢opmata A4, UMeTb TUTYJIbHBIN JIUCT, 00BeM 70 2 cTp.) [domyckaeTcs
Tnipe/iCTaB/ieHye TIperno/aBaTe/Io B 37IeKTPOHHO BU/E.

Bornpocsl f/151 KOHTpOJIS:

1. CyujHoCTb M060T0 MeTa/UTypruyeckoro mpotjecca (Ha KOHKPeTHOM ITprUMepe).

2. Pa3nienenue (a3 reTeporeHHbIX MTMPOMETA/ITyPrUYeCKHUX CUCTEM.

KpuTtepun oneHUBaHus.

Odopmnenue B cootBercTBUM ¢ CT0.005-2020. [TosTHOTa pacKphITUsST pacCMaTpPUBaeMbIX
BOIIPOCOB. V3/10)keHue 1 apryMeHTal|si COOCTBEHHOM 1o3uLiuu (00si3aTebHO).

6.1.2 yueOHsIii rog 4 | Tect
OnucaHue npoueaypsbl.

[1py NOArOTOBKe K TECTHPOBAaHUIO CaMOCTOSTE/IbHO U3YUUTh TeOPeTUYeCKUi MaTepuar C
TIOMOIL{bI0 OCHOBHOM U JIOTIOJTHUTETBHOM IMTepaTypbl U MHPOPMALMOHHBIX PECYPCOB U
npopaboTaTh KOHCIIEKT JIeKLIMOHHOTO MaTepHara.

[Tpumep Tecra:(ro Teme "MeTatypruueckue njiaku')

BapuanTt

1. UTto siBnsieTcst OCHOBHOM (DyHKI[MeH 111/1aKa?

a) TroJiyueHue ITeliHa

b) BbIBe/IeHHe 13 Tpoliecca MyCTOU MOpo/bl

) TroJiyueHre MeTasnia

2. CtenieHb KUCJIOTHOCTH 111/IaKa — 3TO OTHOLLEHUe

a) KOJIMUeCTBa KUC/bIX OKCHUJIOB K KOJIMYECTBY OCHOBHBIX

b) KOJIMUECTBO KHUC/IbIX OKCH/IOB K 00I1IeMY KOJTMUEeCTBY OKCHZOB
) KHUCJIOPO/ia KUCJTBIX OKCU/IOB K KUC/I0PO/ly OCHOBHBIX OKCH/IOB
3. Ha3HaueHue ¢roCoB:

a) yelleBeHYe 111/1aKa

b) CHW)KeHHe BbIX0/la 11/IaKOB

) OMTHMHU3ALIUS COCTABOB I1IaKOB

4. IHTepBaJl IJIaBKOCTHU LLJIAKOB 3aBUCUT OT:

a) TJIOTHOCTH I1JIaKOB

b) TOBEPXHOCTHOT'0 HAaTS)KeHUS 111/1IaKOB

) CTereHU KUC/IOTHOCTH 1171aKOB

5. Kakoe CTpyKTypHO-UyBCTBUTE/TbHOE CBOMCTBO IIJIAKOB SIBJISIETCS HEMOCPeACTBEHHBIM
Jl0Ka3aTebCTBOM UX MOHHOT'O CTPOeHUsI?

a) BSI3KOCTb
b) 3/1eKTPOIPOBO/IHOCTh
C) TJIOTHOCTh

6. Kak u3mMeHsieTCsl TOBePXHOCTHOE HATsPKeHHe IIIJITAKOBBIX PacIiaBoB IMpH JobaBienuu [TAB?
a) TIOBBIIIAeTCS

b) ITAB He BAUSIIOT Ha MOBEPXHOCTHOE HaTsSKEHUE

C) TTIOHVDKAETCs

7. Kakast popma rotepb ripeo6s1aziaeT B 0011jeM OajlaHCe MoTepb MeTa/IJIOB CO IIIJTaKaMH ?

a) XUMHUYECKUe

b) MexaHHuUecKre
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) dusnueckue
8. Kakoe oTHoLLIeHHe onpejiesisieT CJI0’KHOCTb CTPOEHUS] KPEMHEKUCIOPOAHBIX KOMITJIEKCOB U
CW/INKATOB?

a) Si: Me
b) O :Si
) O :Me

9. Kakas CTpyKTypa TUIIMYHA /i1 KOPOTKHUX I1JIAKOB I10C/Ie 3aTBepJeBaHus?
a) dhopdopoBuHast

b) CTeK/IOBH/JHAsI

) KaMHeBU/Hasi

10. D1eKTpoIrpoBOAHOCTD LIJIAKOB C MOBbILLIEHUEM TeMIlepaTypbl

a) TIOHW)XaeTCst

b) He MeHsIeTCsI

) TIOBBILLIAETCS

11. TIpu kakom oTHowIeHuH O :Si CUTUKATBI UMEIOT KOJIBLIEBYIO CTPYKTYPY
a) 3:1

b) 4:1

) 2:1

12. TloBepXHOCTHOE HaTsKeHHUe LIJIaKOB He 3aBUCUT OT UX COCTaBa.

13. [llnak siBasieTCs Cpefior, B KOTOPOM MPOTEKat0T OCHOBHBIE (PU3MKO-XUMUYECKHEe
TipeBpallleHus.

14. Xumunyeckye 1oTepy MeTa/l/IOB CO IJIaAKaMU 3aBUCAT OT CTeIleHW OKUC/IEHHOCTH L11JIaKOB.
15. KakvM TUIIOM NIPOBOJAUMOCTY XapaKTepU3yHTCSA LIIaKu?

a) VOHHOU

b) 3JIeKTPOHHOMN

) JbIDOUHOU

16. Uem npyHLMNUAIBHO OT/INYAIOTCA AJIMHHBIE U KOPOTKUE LLJIaKU?

a) TJIaBKOCTBIO

b) BSI3KOCTBIO

) 3/1eKTPOIPOBOHOCTBIO

17. CoryiacHO NOHHOM TEOPUM CTPOeHHs JIaKOB cuvkaT 3MeO-2Si02 gucconmupyer 1o
peaxkLuu

3MeO-2Si02 - 3Me2+ + Si2076-

18. Tpu kakom oTHoLeHUH O:Si 00pa3yrOTCs CIBOEHHBIE TeTPa3/phI?

a) 4:1

b) 2:1

C) 3,5:1

19. B o611iem 6anaHce oTepb METasIOB CO 11IaKaMU ITpeo0s1afiatoT 3/1eKTPOXUMUUYECKHe
NoTepu

20. Bs3kocTb 11171aK0B 00yC/I0B/IeHa HaIMUMeM MaJsIoTIO/[BMXKHBIX KPeMHEeKHC/IOPOJHBIX
KOMIL/IEKCOB.

Kpurepuu onieHMBaHUsl.

TecT cuMTaeTcs yCIeIHO MPOMIeHHBIM TPY MTPaBW/ILHBIX OTBETAaX Ha BOMPOCHI TecTa Oomee 75%
6.1.3 yue6HbIii roj 4 | OTuer o 1aboparopHoii pabore

OnucaHue npoueaypsbl.

ITepex ripoBesieHreM JlabopaTOpPHBIX PaboT Bce oOyyaroiuecst 06s13aHbI 03HAKOMUTBCS C
MpaBU/IaMU OXPaHbI TPY/la U CTPOTO MX BBIMOMHATH. K BBINO/HEHHIO 1Tab0paTOPHBIX paboT
JIOTTYCKArOTCs1 00yYaroIyecs, poC/IyIIaBIliie UHCTPYKTaX 10 TeXHUKe 6e30MacHOCTH U CJie/laB
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COOTBETCTBYIOLIYIO 3aMMCh B )XypHase 1o Th B ayjuTopu, npejHa3HaueHHOH [i7sk IPOBeJieHusT
71abopaTopHLIX PaboT 1Mo AAHHOM AUCIUTIIAHE.

1. 3aganue Ha BbITIO/THEHME 1TabopaTOpHOI paboThI 00YYAOIIMIACS TT0/Ty4YaeT Ha MpebIAyIeM
3aHsTUM. [1py MoAroToBKe K 1abopaTopHoi paboTe obyyaroluiics 00s13aH 03HAKOMUTBCS C eé
cofiep)KaHreM, TIOBTOPUTh WA U3YUYUTh TEOPETUUeCKUI MaTeprasl, OTHOCSIIUICS K paboTe,
WCII0JIb3YysI PEKOMEHAYEMYIO JIUTEPATypy, TIOHATD 1ieJTb U 33/lauu pabOoThI.

2. K Hauany 3aHsTHIA 10/DKHA OBITH MTOTOTOBJIEH 1a0J/I0H OTYeTa Io 1abopaTopHOi paboTe, B
KOTOpbIN He0OX0IUMO He0OXOIUMbIe PACUETHBIE (YOPMYJIBI, TIOATOTOBUTH TabOIULIBI J1IsT
HabJroIeHu .

3. Otuet odopmsiseTcs AJis KaKA0u 1abopaTopHO paboThl. OTUET AO/DKEH COZlePKATh
Ha3BaHHe paboThI, U3/10)KeHHe Lie/Td U 3aiay paboThl, KpaTKOe TeopeTHUecKoe BBeJjeHHe, CXeMy
YCTaHOBKH M KPaTKO€ OTMCaHWe MEeTOJUKH MPOBe/IeHUs1 pabO0ThI, TAO/IUITY C ONBITHBIMUA U
PacUETHBIMU IaHHBIMU; TpayKy (Tam, e 3T TpebyeTcsi), CripaBOYHbIe JaHHbIE, BHIBO/BI 110
pabote. OTUéThI M0 TabopaTOpHBIM paboTam 0hOPMJISIFOTCSI B COOTBETCTBUM C TPeOOBaHUSIMHU
METOANUECKUX YKa3aHWUH TI0 BITTOJIHEHHIO JlJabopaTopHbIX paboT u TpeboBanusimu CTO «027-
2021 CUCTEMA MEHE/IJ)KMEHTA KAUECTBA. YuebHo-MeToguuecKasi 1esiTeTlbHOCTb.
OO61ve TpebOBaHUS K OpraHU3aIuy U MPOBeIeHUI0 1ab0paTOPHBIX paboT».

4.Ha cnepyroiiem 3aHsITUY OTYET MPeJOCTAB/ISIeTCS MIPeTo/aBaTesito 1/t poBepKu. [1pu 3aiure
OT4YéTa TIPOBEpPsIeTCs 3HaHHE TEOPeTHUYeCKOT0 MaTeprasa COOTBETCTBYIOIIUX pa3/ie/ioB Kypca U
BOIIPOCOB METO/VKH, CBSI3aHHOM C BBITIOJTHEHUEM PabOTHI.

Bormpocs! 7151 KOHTpOIs (Ha ripuMepe ylabopaTopHO# paboTel «MeTanioTepMuyeckoe
BOCCTaHOBJ/IEHHE XJIOPU/I0B"):

1. Yro Takoe MeTasuioTepMHs U KakoBa 00/1aCThb ee PpUMeHeHHs ?

2. TpeboBaHMsI K METa//IaM-BOCCTAaHOBUTEJISIM.

3. Uem ormpeziesisieTcs HarpaB/ieHWe NPOTeKaHWsl MeTa/lJIOTePMUUECKON peakLiuu?

4. UTo Ha3bIBaeTCs IaB/IeHueM AMCCOLMALUK XJIopy/a Metania? Kakol TepMoguHaMUuuecoi
¢byHKUYel OHO siBsieTCs?

5. 3aueM AJIsi MeTa/UIOTEPMHUUECKHX MPOLIeCCOB TPeOyeTCst Co3/laHue 3alluTHOW aTMOChepbI?
Kak oHa co3paeTcsi mpy IpoBejeHrH JaHHOW PaboThI?

6. ITouemy Mpu IPOTEKaHWX MeTaFIOTEPMUYECKOTO0 BOCCTAHOBJIEHHUS B paCIl/IaBe TMOIyvyaroT
CIIJIaB, a He MeTaJ?

7. UTo Takoe TeMIiepaTypa MeTa/yIoOTePMHUYECKOW peakL[ii U OT Uero oHa 3aBUCUT?

8. B uem npeumy1[eCTBO BAKyyMHOW MeTa//IOTepMUM?

KpuTepuu onieHUBaHM.

[MTpaBW/ILHOCTb 0(hOPMIIEHHSI OTYETOB U MOJTHOTA OTBETOB Ha BOIIPOCHI 110 KOHTPOJILHBIM
BOIpPOCaM, MPUBeIEHHBIM K Ka)K/J0l 1abopaTOpHOI paboTe B METOJUUECKUX YKa3aHHSIX.
[Toapo6HOe ommcaHue 1ab0paTOPHBIX PabOT U BOITPOCHI K 3allldTe OTUYETa MPe/ICTaB/IeHbl B
METOANUECKUX YKa3aHUSIX.

6.2 O1jeHOYHBbIEe Cpe/JCTBA /ISl NPOBe/ieHUs1 MPOMe)XXyTOUHOM aTTeCcTaliu

6.2.1 Kpurepun u cpeacrBa (MeTo/bl) OLEHMBAHUA WHJUKATOPOB [OCTH)KEHUS
KOMIIeTeHI[UH B PaMKaX NMPOMe)XyTOUHOM aTTecTaluu

CpeactBa
(MeToaBI)
NHauKaTop J0CTHIXKeHMs
Kpurepumn onjeHuBaHus OLIeHHBAHMSA
KOMIIEeTeHI[HH o
NMPOMEe)XyTOYHOH
aTTecTanyu
[TIKC-1.4 CriocobeH  UCrmosb30BaTh  OCHOBHBIE | YCTHOe
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TIOHSATHS, 3aKOHBI u Mojiesiu | cobeceioBaHue TI0
TEePMOAMHAMMKM, TIepeHoca Tella M | BOMPOocaM K
Macchl /ISl TIOHUMAHHUSI TeOPeTUUeCKuX | AnddepeHIpoBaH
OCHOB TIPOLIECCOB, TIPOTEKAMI[UX B | HOMY 3a4eTy

MTHPOMEeTa//TyPriyecKMX CUCTeMaXx.

[IKC-7.4 Criocoben BBITIO/THATD pacueTHO- | BreimosHeHue u
TEOpeTHUecKylo  paboTy,  HCIO/b3ys | 3aliyUTa KypCOBOMU
(br3MKo-MaTeMaTHUeCKUM arrapar /s | paboTbl
TepMOJMHAMUUYECKOT0 aHa/lu3a U pacueTa
(hazoBbIX paBHOBeCUM
TMPOMeTaJ/TypPruueCcKUX CUCTEM.

6.2.2 TunoBble O1|eHOUYHBbIE CPeACTBA NPOMEe)XXYTOYHO!N aTTecTaniu

6.2.2.1 Yue6HbIi rog 4, TunoBbie oLieHOYHbIE CPe/ICTBA /1A NMPOBe/JeHHs
A depeHMPOBaHHOTO 3aUeTa MO JUCHUIUITHHE

6.2.2.1.1 OnucaHue npoueaypsl

3aueT MPOBOAUTCS B BUjle cobeceloBaHUS 10 BOMPOCaM, MpeiHa3HaueHHBIM /IJIs 3aueTa, C
yUeTOM pe3yJIbTaTOB TEKYIIero KOHTPOJIs (TeCTUPOBAHUS, 3all[UThI OTUETOB T10 Ta00paTOPHBIM
pabotam). [Isist ycrelrHOM c/lauu 3aueTa KOHTPOJIbHBIE BOTIPOCKI BBIAIOTCS 00yYaroiemMycs
3apaHee.Kpurtepuu o1jeHKH OTBETOB o0yuaroterocs u (hoopma rpoBe/ieHust U opma TIpOBe/IeHUsT
JIOBOZSTCS 10 CBeJleHUst 00yuaroIuxcs 1o Hauasa 3aueta. Pe3ynbTaT oObsBIsieTCs
HETOCPeICTBEHHO IOC/Ie CIaud U BBICTABJISAETCS B 3JIGKTPOHHYIO 3K3aMeHal[MOHHYH0
BeJJOMOCTb.

Borpoce! K 3auety:

1. [TpegMeT TeopuM NMMpoOMeTa/ypruueckux nporeccoB. CyIIHOCTh U Ha3HaUeHHUe
MeTasTypruueckoro rporecca. Crioco6sl pasgenenus (a3 B [IBeTHOIN MeTa/UTypri.
TexHonoruueckas Kiaccupukalys MipoMeTasTypruueckix NpoLeccoB.

2. JIvkBaryst, crioco0bl U ctazuu niporecca. @opmyna Crokca. JIMKBalMOHHOE
paduHMpOBaHKe MeTa/UIoB. Pa300p Ha OCHOBe AuarpamMm COCTosiHUs cructeM: Pb — Ag, Ni3S2 —
Cu2S — Na2S, Al - Si, Sn — Fe, Cu — Pb, Zn — Pb. HaripaBnieHHast KprcTa/iiu3alysi ¥ 30HHast
T/1aBKa.

3. 3aKOHOMEpHOCTHU UCTapeHusi B OJHOKOMITOHEHTHBIX CUCTeMaX. TeopeThuecKkrie OCHOBBI
rnponecca KOHAeHCal1u.

4, 3aKOHOMepHOCTI/I HCIlapeHrd B IBYXKOMIIOHEHTHBIX CUCTEMAX — «CMeCAX» U
«paCTBOpPAX».

HNuarpamma kurieHus. [IMCTH/UIALMOHHBIE U peKTU(UKAIIMOHHBIE CITOCOOBI padhTHUPOBAHMSI.
Ponb BHelHero fjaBaeHus B rpoLieccax UCIapeHusl.

5. HInaku. ®yHKOMY ¥ TpeOOBaHMS K HUM. XUMHUYeCKasi XapaKTepHCTHKA II/IaKOB.
[11aBKOCTSH II/1aKOB.

6. Bs3K0CTb 11171aKOB. D/1eKTPOIPOBOLHOCTD, IOBEPXHOCTHOE HaTsKeHHe, IJIOTHOCTh
11U1aKOB BivsiHKMe TeMIlepaTypbl U COCTaBa.

7. Monexky/isipHas U MOHHasi TeOpUsl CTPOeHHUd LIakoB. CTpoeHre KpeMHEeKHUC/I0POAHbIX
KOMILJIEKCOB.

8. [ToTepu MeTa/IoOB CO LIIaKaMH. XapaKTepUCTHKA OCHOBHBIX (hOPM MOTepk.

9. TepMmoriHaMHKa IPOLIeCCOB OKUCJ/IEHHs MeTa/lJIOB U IUCCOLMaLiuA OKCUI0B. [laBieHue
JccoLaly OKCU0B MeTasuloB. Jlucconparys OKCUZ0B MeTal/IoB B CUCTeMax C paCTBOPaMM.
10. OkucUTebHOE papMHUPOBaHUE MeTasIoB. MexaHu3M U MOPSIA0K BHITOPAHUS
TIpUMeCeH.
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OxucnutensHOe padhMHUPOBaHKe Me/Id U CBUHIIA. PackuciieHre MeTasioB.

11. BoccTaHoBUTeM LIBETHOM MeTa/UTypruu, TpeboBaHus K HUM. Peaki[uu ropeHus yriaepoa.
12. TepMoriHaMMKa BOCCTaHOBJ/IEHUS] OKCU/IOB MeTa/lJIOB OKCHU/IOM yIJIepo/a.
TepMorHaMKKa BOCCTaHOBJIEHUS] PACTBOPEHHBIX OKCH/IOB OKCH/OM YyTJiepo/ia U3 IIIaKOB.
Yrierepmuyeckoe BOCCTaHOBJ/IEHUE OKCH/IOB MeTaJl/IOB.

13. Mertannorepmus. TepmoarHaMuKa rporiecca. Obyacty npumMeHeHus. BakyyMHast
MeTa/yIoTepMusi. MaraueTepMuueckoe BOCCTAHOB/IEHHE TUTaHa.
14.  TepmoauHamHuuecKast OIjeHKa MPOYHOCTH Cyib(uaoB. Obirjas XxapaKTepruCTHKA IITeHHOB.

[Huarpamma Cu — Fe — S u npupozia MeJHBIX IITEHHOB.

15.

TepMoAMHAMUKA OKUC/UTELHOTO 00KUra. Y cjioBusi cysibharoobpa3oBanust. OCHOBHbIE

(aKTOpHI, BAUSION[ME HAa OKUC/UTEeNbHBIN 00kur. TeMriepaTypa BoCTylaMeHeHHs Cy/Ib(GHUI0B.
16.KanbLyHupyroImuyii 06Kur (TepMoJUHAMKKA TIpoLiecca, TeMriepaTypa MoJTHOTO Pa3/ioyKeHUst

KapOOHaTOB).

6.2.2.1.2 Kputepuu orjeHuUBaHus

OCHOBHBIE TTOHATHUS,
3aKOHBI I MOJIe/IN
TePMOJUHAMUKHU U

XUMHUUECKOU
KUHETUKU 11
ITOHUMaHUs
TeopeTUUeCKUX
OCHOB TIPOI[ECCOB,
TPOTEKAIOIIHX B
TTUPOMeTa//Typruue
CKHX CUCTeMax.

3aKOHBI ¥ MOJIeJTH
TePMOZAMHAMUKH U
XUMUUECKOU
KUHETUKU [IJIs1
TTOHUMaHUs
TeOpeTHUUECKHX
OCHOB TIPOL[eCCOB,
TPOTEKAOIIUX B
MTUPOMeTa//Typruye
CKUX CHCTeMax, HO
HeJOCTaTOYHO
r1y00KO | JIDOUHO.

3aKOHBI U MOJIEe/IN
TePMOZANHAMUKH H
XUMUYECKOU
KUHETUKU JJIsI
[IOHUMAaHUS
TeOPeTHUYECKUX OCHOB
TIPOL[eCCOB,
TIPOTEKAIOLIUX B
MTUPOMeTa/LTypruuecK
HX CHCTeMax.

Y poBieTBopuUTe/IbH
OT1/1MuHO Xopouro o HeypoBiierBopure/1bHO
CriocobeH riy0boKo Crniocoben Cnabo criocoben He criocoben
Y TIPOYHO VICII0/1b30BaTh WCII0/1b30BaTh VICII0/1b30BaTh OCHOBHbIE
WCII0/Ib30BaTh OCHOBHBbIe [TIOHATUS, | OCHOBHBIE IOHATHS, TIOHATHSL, 3aKOHBI U

Mo/Ieu
TePMOJUHAMHKHU U
XUMUUYECKOH KUHETUKU
LTSI TIOHUMaHHSI
TEeOPeTUYECKHX OCHOB
TIPOLIECCOB,
TIPOTEKAOIUX B
MTUPOMeTaJTyPrudeCcKUx
cucTeMax.

6.2.2.2 YueOHblIii roj 4, TunoBbie oLleHOYHBIE CPEACTBA /151 KyPCOBO# paGoThI/KypCOBOro
NMPOEeKTUPOBAHUA N0 AUCHHIIMHE

6.2.2.2.1 Onucanue npoueaypol

151 otieHKH chopMUPOBAHHOCTH UHAMKaTopa KomrieteHmid [TKC-7.4 Heo6X0[UMO BBITTO/THUTH
pacueTHy0 KypCOBYHO paboTy (110 BapuaHTaM) U OTBETUTb Ha KOHTPOJIbHbIE BOTIPOCHI TIPH ee

3aluTe.

3a,Z[aHI/I$I " MIpUMep pacyeTa rpruBejeHbl B METOAUUECKHUX YKA3dHUAX.

[TepeueHb BOIIPOCOB K 3alljUTe KypCOBOIl paboThI:
1. 3HaueHMe AUarpaMMbl CUCTEMbI MeTaslI-IPUMECH Z1J1s OLIeHKU BO3MOYXHOCTH JIMKBALIMOHHOT'O

paduHUpOBaHMSL.

2. Uro Takoe (urypatiBHasi TOUKa MCXOZHOrO crijiaBa? Kak oHa HaXoJUTCs Ha juarpamme?
3. Kak no griarpamme CHMCTeMbl paCCUMTHIBAETCSl BBIXO/, MPOJYKTOB pahMHUPOBAHKSA?

4. 15151 4ero UCTI0JIb3yeTCsl «TIPABUI0 OTPE3KOB»?
5. Kakoii 3aK0H 103BOJIsSIeT PaCCUMTaTh HEOOXOJUMYIO MPO/I0/DKUATETBHOCTD Paszie/ieHust
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obpa3zoBaBumxcs ¢as?

6. ObocHyiiTe BbIOOp criocoba MMKBAILMOHHOTO paMHUPOBAHUSI.
7. KakoMy 3aKOHy MO/IUMHSIETCS JlaB/ieHre 1apa CUCcTeM-pacTBOpoB? CopmynvpyiiTe ero.
8. [Touemy 3aBMCHMOCTb JjaB/IeHUS T1apa OT COCTaBa CUCTeMbl HeOJHO3HayHa?

9. Kakoii MpUHLMIT TI0/I0’KeH B OCHOBY BbIOOpA KCIIEPUMEHTAIbHOTO METO/ia OTIpe/ie/IeHHst
JlaBjieHus rapa MeTasuia?
10. Ha yeM oCcHOBaHbI KOCBeHHbIe METO/Ibl OIpe/ie/ieHrs JaBjieHuys [1apoB MeTaslIoB?

6.2.2.2.2 Kpurepuu orjeHUBaHUsA

ro aHa/u3a u
pacueta ¢a30BbIX
paBHOBeCUI
NMpOMeTa/l/Typruyue
CKHX CUCTEM.

pacueTa ¢a30BbIX
paBHOBeCHH
MTUpOMeTalTypruue
CKUX CUCTeM, HO He
B [TI0OJTHOM Mepe

MUpoMeTa/lJIyprudyeck
HUX CUCTEeM.

Y noBierBopuTe/lbH
OT1/mMmuHO Xopoiuo o HeypoB/ieTBopuTe/1IbHO
Criocobex Crniocoben CriocobeH BBITIOTHSTh He criocoben
BBITIO/THATh BBIMOJTHATh pacyeTHO- BBITIO/THATH PaCYeTHO-
pacyueTHO- pacyeTHO- TEOPeTHUECKYIO TEOpeTHUeCKyIo pabory,
TeOPeTUYeCKYIo TEOPeTUYECKYIO pabory, crmabo UCTIONB3Ys (HHU3UKO-
paboty, riyboko u | paboTy, UCTOJB3ys | UCIONb3ys (PU3MKO- MaTeMaTUUeCKUn
000CHOBAHHO bu3smko- MaTeMaTH4eCKUn arrapar s
UCIOJb3Yyst (GU3UKO- |  MaTeMaTH4YeCKUi armapar JJis TepMOAMHAMUUYECKOTO
MaTeMaTHUeCKUH armrapar st TePMOITUHAMUUECKOTO aHa/iM3a U pacuera
anrapar JJist TepMOIMHAMUYECKO | aHa/M3a U pacyeTa (ha30BbIX paBHOBECUH
TePMOITUHAMUYECKO TO aHa/M3a 1 (ha30BBIX PABHOBECHM | MTMPOMETA/LTyPrUueCcKux

CHUCTEeM.

7 OcHOBHas y4yeOHas MTeparypa

1. Bonsckuii AuToH Hukonaesuu. Teopust MeTa/ulypruyeCcKux IpoLjecCcoB.
[TrpomeTasTypruyeckye IpoLiecchl : yueOHOe Tiocobue /st CTYIeHTOB BY30B IO
cnenanbHOCTA "Metatyprus nBeTHbIX MeTa/vioB" / A. H. Bonbckum, E. M. Cepruesckas,

1968. - 344.

2. Teopusi MeTa/Typruyeckux MpoLeccoB : yueOHUK /it By30B 110 HaripaeieHro 150100
"Metannyprus”, cieriuaabHocTh 150102 "MeTtamnyprus 1jBeTHbIX MeTa/uioB" / I'. I'. MuHeeB [1
np.]; mopg o6, pea. I'. T'. Muneesa, 2010. - 522.

8 lonotHUTE/TbHAS yueOHasi TUTepaTypa U CipaBoOYHast

1. T'osmpgurerin Hucon JIsBoBuu. Teopust MeTaulypruueckux nporeccos. BoccraHoBrTeIbHbIE
Y OKUCJTUTE/IbHBIE TPOLiecch : yueOHoe mocobwue / H. JI. Tonmpaiireiin, 1979. - 91.

2. Teopusi MeTaTyprudeCckKux MpoLieccoB : yued. /71si MeTa/lTypr. CrieljiaJbHOCTel By30B / TIo/
pen. . U. Pepkonkosa, 1989. - 390.

3. TToropesnbiii Anekcanzip ImutpueBud. Teopusi MeTa/uTypruuecKuX MpoOLeccoB : yuel.
rocobue 7151 BY30B 110 criell. "MeTa/typrus LiBeTHbIX MeTa/yioB" / Anekcanp JMuTpreBru
[Toropensiy, 1971. - 503.

4. Tonbareiin H. JI. Teopus MeTainypruyeckyx npoLeccoB. MeTaniiypruyeckie CUCTEMBI :
yuebHoe ocobue / H. JI. T'onpamreiis, 1979. - 81.
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5. JlunyeBckuit boprc Bagumosuu. Teopusi MeTa/uTypruyecKux MpoLeccoB : yuel. 11 By30B 110
Harpas/eHut0 "Metayprusa” u cretl. "®u3.-XUM. MeTO/bI UCCJIe[,. IIPOLIeCCOB U
Matepuasnos" / bopuc Bagumosuu JInHueBckui, 1995. - 352.

6. Jpo3zos H. H. Teopus metamnypruueckux nporeccoB. Paszgen: ITponeccel ucrapeHus 1
KOH/IeHCalluy B MeTa/Typrum : Kypc jekuuii / H. H. [Ipo3aos, I1. I1. ApcentseB; niog peg. C. U.
dununmnosa, 1976. - 50.

7. Teopust MeTa/ulyprudeckux rporeccos / pen. I1. I1. ApcenTreB. 1969 : ®dusnko-xummuyeckue
CBOMCTBA )XUAKUX METa/JIOB, CIIJIaBOB U APYTUX PacIjiaBOB, IPUHUMAIOIIMX y4YacTHe B
MeTa/lJTypruueckrx nporeccax; MeToZbl UCC/Ie[0BaHus, TOBePXHOCTHbIe cBoricTBa / C. U.
[Monens, 1971. - 132.

8. EcuH. ®usnyeckas XuMusl NIMpOMeTaypruueckux rpoueccos [Teker]. Y. 2 :
B3auMogeiicTBuYs € yyacTheM paciyiaBoB, 1966. - 703.

9. Banrokor A. B. Teopusi nupomMeTa/lTypruuecKyx MpoLiecCoB : yueOHUK /ISl BY30B T10
cnerMasbHOCTA "MeTartyprus LBeTHbIX MeTa/uioB" / A. B. Bantokos, B. . 3anues, 1973. -
504.

10. BanrokoB AHppett Biagumuposuy. Teopust TUpoMeTasTypruyecKUx MpoLeccoB : yuel. s
BY30B M0 criel]. "MeTamnyprus 1B. MmeTa/vioB" / AHzpel BiagumupoBuy BaHiokoB, Biagumup
SkoBneBuu 3aiitieB, 1993. - 384.

11. Knér B. 3. OcHOBBI MMpOMeTa/LTyprudecKrx MPOU3BO/CTB : yuebHoe mocobue Jist By30B 110
HarnpasieHuto "Metamnyprus” / B. 3. Knéu; B. 3. Kner, H. B. Hemuunoga, B. C. KokopuH,
2009. - 143.

12. EcuH. ®u3nueckas XMMUs IMpoMeTa/l/lypruyeckux npoueccos. Y. 1 : Peakuuu Mexay
ra3oo0pa3HbIMU U TBepAbIMHU (azamu, 1962. - 671.

13. Teopust nupoMeTa/lITypruuecKux MpoLeccoB : MeTOAUUYeCKUe YKa3aHUs K MPaKTUYeCKUM
3aHATUAM OakanaBpoB 110 HarpaBieHuto 22.03.02 "MeTa/utyprus' 0UHOM U 3a0UHOM (hopM
oOyuenust / IpKyT. Hall. ucciiefi. TexH. yH-T, 2017. - 44,

14. Teopus nupoMeTa/Iypruyeckux IpoLeccoB : MeTOAUYeCKUe yKasaHus [/
caMoCTosITe/IbHOM paboThl 6akanaBpoB 1o HaripassieHuto 22.03.02 "MeTannyprusi” ouHOU U
3a0uHOM (hopm oOyuenusi / VIpKyT. Hall. ucciefi. TexH. yH-T, 2017. - 20.

15. Teopusi TUpoOMeTa/LTypruuecKyx MpoLieccoB [ DeKTPOHHBIN pecypc] : MeToAuuYecKre
yKa3aHHsI 10 BBITIOJIHEHHIO KypPCOBOM paboTel / IpKyT. Hall. uccies. TexH. yH-T, 2018. - 38.

16. Teopusi nMpoMeTa/lIIypruyeckux rpoLeccoB : MeTOAUYeCKHe YKa3aHus 110 BbITIOJTHEHUI0
nabopaTopHbIX paboT /s CTYAEHTOB 3a0YHOU (hopMbl 00yuenust / VIpKyT. roc. TexH. yH-T, 2013.
- 45.

17. Atnac nuiakos / ITep. ¢ Hem. I'. 1. JKmoriguna, 1985. - 208.

18. TIporiecch! 1 anmaparsl [IBETHOM MeTa/UTypryu : yue0. /7 By30B 110 HallpaB/IeHUIO
"MeTannyprus" u crielaabHocTH "MeTamtyprus 1. Metaio" / IToa pen. C. C. HaboitueHKo,
1997. - 655.

19. JKyxoBunkuii Anekcangp AbpamoBuy. Ou3nuecKasi XUMU : yUeOHUK [Ji1 METaJUTypr. CIIell.
By30B / Anekcanzap Abpamoruu JKyxosuikuii, JI.A. [lIBapiman, 1987. - 687.
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20. ArpaueBa P. A. OCHOBBI TeOpHH MeTaITyPrUuecKrx MPOLeccoB : yueOHOe mocobue fist
TeXHUKYMOB LjBeTHOW MeTannypruu / P. A. ArpaueBa, U. I1. 'opman, 1965. - 276.

9 Pecypcol cetu IHTepHeT

1. http://library.istu.edw/
2. https://e.lanbook.com/

10 IpodeccuoHanbHBIE 6a3bI JAHHBIX

1. http://new.fips.ru/
2. http://'www1.fips.ru/

11 IlepeyeHb HHGOPMALMOHHBIX TEXHOJIOTHH, JIMEH3HOHHBIX M  CBO0O/HO
PacrpocTpaHsieMbIX CHeMa/IM3MPOBAHHBIX MPOrPaMMHBIX CPeACTB, WH(OpPMAIHOHHBIX
CIIPAaBOYHBIX CHCTEM

1. Microsoft Office 2003 VLK (roctaBku 2007 1 2008)

2. Microsoft Windows (XP Prof + Vista Bussines) rus VLK nocraska 08_2007

3. Microsoft Office 2007 VLK (moctaBku 2007 u 2008)

12 Marepua/ibHO-TeXHHYECKoe ofecrieyeHUue AUCIUILTHHBI

1. ITpoekTop "Epson EB-518"

2. MydenbHas reub OKIIC 10 (1100*C, 101,maTepuan Kamepbi-BookHO MKPB)
3. Bechbl TexHuueckue jsabopaTtopHsie "BT-1500"

4. IlIkad BeITsDKHOM 1200*750%2200

5. 9kpaH Projecta SlimScreen HacTeHHBIM

6. M3n0>KHML]a, TUT/H, L[aHTH

7. TexHoJjiornyecKye MaTepualibl, peareHThbl
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