MMHUCTEPCTBO HAYKHU U BBICIIEI'O ObPA3OBAHIA
POCCHUHNCKOU OEJEPAIINN

T ®enepalibHOE TOCYAAPCTBEHHOE 0I0/PKETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIET0 00pa30BaHUs
«MarsuToropckui rocy1apCTBEHHbIA TeXHUUEeCKU yHuBepcuteT um. I'.11. HocoBa»

PABOYASA TIPOTPAMMA JUCHUIIJIMHBI (MO YJIS)

OUSHYECKAA XUMUA ITUPOMETA/UIYPTHYECKUX IIPOLIECCOB

Hanpasnenue noaroToBku (CrenuagbHOCTD)
22.03.02 Metannyprus

HanpasnenHocTs (mpoduiib/crieriuanu3anys) nporpaMmbl
MerTannyprust 4epHbIX METANIOB

VYpoBeHs BrIcIIEro o0pa3oBaHus - 0aKajiaBpuat

®opma oOyueHus
OuHas

WUuctutyt/ pakynprer MHCTUTYT METaJUTypruu, MalllMHOCTPOEHUS U MaTepuanooOpaboTKu

Kadenpa Meramutypruu 1 XMUMHYECKUX TEXHOJIOTUI
Kypc 2
Cemectp 3

Maruuroropck

2024 ronx



Pabouas mporpamma cocraiena Ha ocHoBe @I'OC BO - GakanaBpuat 1o HarpaBiIeHHIO
noarotoBku 22.03.02 Mertamnyprus (npuka3 Munoopaayku Poccun ot 02.06.2020 r. Ne 702)

Pabouas nporpamma paccmoTpeHa u onoOpeHa Ha 3aceganuu Kadeapsl Metamnypruu u
xumuuecknx Texnonoruit  09.01.2024, mpoTtoxoi Ne 4

3aB. kadempoit oLt A.C. XapueHko

PaGouas nporpamma ogoOpena metoauaeckoi komuccueit UMMuM )
20.02.2024 r. mpotokoin Ne 4 ﬂ//&/
I[Ipencenarens ZZ < AC. CaBunoB

PaGouas nmporpamma cocraBicHa: g
CT. ipenoaaBaTenb kapeapsl MuXT, g C.B.IOgnna

4
Penensenr: ,, 7&
noueHT kadeapsr JINTuM, kaHI. TeXH. HAYK W N.B.Muxankuna

/




JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2025 - 2026
y4eOHOM roy Ha 3acenaHud kapeapbl MeTauTypruu ¥ XUMHUYECKHX TEXHOJIOT Ui

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM rofy Ha 3acejanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuszauuu B 2027 - 2028
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM ro1y Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

IIporokomor _ 20 . Ne
3aB. kadeapoii A.C. XapueHko




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Henssmu  ocBoeHuss aucHUIUIMHBL  «Du3nueckas XUMHUS HHPOMETAIUTYPrUYeCcKUX
MIPOLIECCOBY SIBISIOTCS:

- U3Y4YEHHE COBPEMEHHBIX METOJIOB UCCIIEIOBAHUS CTPYKTYPHl U (PU3UKO - XUMUYECKUX
CBOMCTB METAJUNTMYECKUX U OKCUJIHBIX PACILIaBOB;

- U3y4eHHe MpoIieccoB (Pa3oBbIX MPEBPALICHUI B METAJUIMYECKUX CUCTEMAX;

- IpUOOpETEHNE HABBIKOB NMPHUMEHEHHUS TEOPETUYCCKUX Pa3padOTOK K MPAKTHUYCCKHM
3aJja4aM HCCIeI0BATEIbCKOM e TeIbHOCTH;

- garb OOydJalImUMCS OCHOBBI 3HAaHMKW B OOJACTH  BBICOKOTEMIIEPATYPHBIX
METaJTyPrUueCKUX MPOLIECCOB;

- obecreynTh TMOATOTOBKY K YCBOCHHIO MNPOPWIMPYIOMUX  TUCIHUILUIAH |
CaMOCTOSITENIbHOIM HHKEHEPHOU AESITETbHOCTH.

2 MecTO TUCHUILTUHBI (MOIYJIs1) B CTPYKTYpe 00pa30BaTe/ibHOI NPOrpaMMbl

JucturuimHa @usnueckas XHMHUS MUPOMETALTYPTUYECKHX MPOIECCOB BXOAHWT B
00s13aTeNbHYI0 YacTh YUeOHOTO IIaHa 00pa30BaTEIbHON IPOTrPaMMBEI.

Jns  wW3ydeHWs  JUCHUIUIMHBI ~ HEOOXOOWMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(OpMUPOBAaHHBIC B PE3yJIbTATE H3YUCHHS TUCIUIUINH/ TIPAKTHK:

duznyeckas XUMUI

®dusuka

OCHOBBI METAILTYPIrHYECKOTO IPOU3BO/ICTBA

3HaHus (YMEHHUs, BIaJIeHHs), IOJIYYEeHHbIE MIPU U3YYEHUU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI JUISl U3yYSHUS TUCIUTLTNH/TIPAKTHK:

[TpoekTHast 1A TETBHOCTH

Teopust ¥ TEXHONOT WS BBIIUIABKU CTAIM B KUCIOPOIHBIX KOHBEpTEpax

Teopust 1 TEXHOIOTHS IOMEHHOTO TIpoIiecca

Kogmeast 06paboTka cramu

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00yUeHust

B pesynbrare  ocBoeHuss ~— AMcuMIUIMHBL  (Monyns) — «Dusmueckas — XUMHS
NUPOMETAITYPTHYECKUX — TpoIleccoBy» OOyyaromuidcss JODKeH o0najaTh  ClelyolUMU
KOMIETEHIMSIMU:

KO,[[ HHJUKATOpa I/IHI[I/IKaTOp JOCTHIKXCHHUA KOMIICTCHIIMH

OIIK-1 CrnocobeH pemaTh 3agaydl NPOPEecCHOHATBHON AEATENbHOCTH, MPUMEHSSI METOJIbI
MOJIEJTMPOBAHUS, MATEMaTHUECKOT 0 aHaJIN3a, €CTECTBEHHOHAYYHbIE M OOLIEMH)KEHEPHBIE 3HAHUS

OIlIK-1.1 Hcnone3yeT ecTecCTBEHHOHAy4YHbIE 3aKOHBI M IMPUHLUIIBI NPU PELICHUH
IIPaKTUYECKUX 3a1a4

OIIK-1.2 Pemraer cranmapTHele TOpoQecCHOHATbHBIE 33aJaud C IPUMEHEHHEM
OOIEHMHKEHEPHBIX 3HAHUI

OIIK-1.3 [IpuMeHsieT MeTOABl MOJEIUPOBAHMS M MAaTE€MaTHYECKOro aHaau3a I
peLIEeHNs 3a/1a4 TEOPETUUYECKOI0 M MPUKJIATHOTO XapaKTepa




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0eMKOCTh JUCIUIUIMHBI COCTAaBisieT 3 3a4eTHBIX enuuuil 108 akaa. gacoB, B TOM

YUCJIC:

— KOHTaKTHas paborta — 57,2 akaj. 4acoB:
— ayauTopHas — 94 akaJ. 4acos;
— BHEAyIUTOpHAs — 3,2 aKaJl. 4acoB;

— caMocTosTenbHas pabora — 15,1 akan. yacos;

— B popMe mpaxTHIecKoi moaroroBku — 0 akas. 4ac;
— IMOATOTOBKA K 3K3aMeHy — 35,7 akaj. gac

dDopMa aTTecTaiuu - 3K3aMCH

AynutopHas s s
o KOHTaKTHast paboTa E 5 dopma TeKyIero
s X Bu KOHTPOJIS
Paznen/ Tema 3 (B akan. uacax) £ B A N P Kon
S & ©|caMocTOATeNbHON YCIIEBAEMOCTH U
JIACIMTUTAHBI 5 g « . KOMITETCHIIUH
@) 2 5 paboThI MIPOMEKYTOUHOM
nab. | mpakT. [ 3 & aTTeCTAIMH
Jlek. < <
3aH. | 3aH. O &
1. Pazgen 1 . TepmoauHamuka
MPOLIECCOB TOPEHUS] TOILINBA
1.1 Kucnoponnsrit ITogroroBka k OIIK-1.1,
MOTEHIUAT Ta30BoM  (asbl. 1 6 naboparopaomy |CobecenoBanue mo teme| OITK-1.2,
Peaxuust BogsiHOTO raza 3aHSTHIO OIlK-1.3
1.2 Kunetmka W MexaHmsm| 3 IpoBepka u 3amuTa
eaKLui TOpEHUS Tonrorosia k I/III)-I m?n anL:([)ro ONRK-1.1,
I1)“eplvllloz[I/IHaMI/IKa peI;KuHﬁ ! 6 2 | maGopatopromy pacqeiﬁo-r):[[)};quecmro OIK-1.2,
3aHATHIO OIlK-1.3
TOpEHUs yriepoaa 3amanus Nel
HWroro no pazaeny 2 12 3
2. Pazgen 2. Iporecchr
o0pa3oBaHHs W JAMCCOLMAINU
XHUMHYECKUX COSTMHEHHI
CamocTrosTenpHoe
13YHCHIe Beinonnenue n
y4eOHOI 1 HAYTHO OIIK-1.1,
2.1 Juccormarnus 00CyXICHUE JaHHBIX
KapOOHATOB U OKHCIIOB 2 6 2 AIMTCPATYPEL. nabopaTopHO paboThI OIIK-1.2,
P TToxroroBka k p ]13{0 1 p OIlK-1.3
71a00paTOpHOI -
pabote Ne 1
3
CamocTosTenbHOe
MI3YHCHHE Bemonnenue u
2.2 Kuneruka, MeXaHU3M y4eOHOI U Hay4yHO OIIK-1.1,
00CyXICHUE JaHHBIX
npoiiecca JTUCCOLIMAIIH 1 6 JUTEPATYPBHI. . OIlK-1.2,
nabopaTtopHOi paboThI
KapOOHATOB IloaroroBka k No2 OIIK-1.3
nabopaTtopHOr h
pabote Ne 2
Uroro no pazneny 3 12
3. Pasmen 3. OcHOBBI TeopHHU
BOCCTaHOBJICHUSI OKCHJIOB
Brimonaenue u
3.1 TepmonnHnamuka IToaroroBka k O6CVIICHIE TAHHAIX OIIK-1.1,
BOCCTaHOBJIeHHsT  MetawoB| 3 | 2 6 nabopaTopHOMY YAA e OIIK-1.2,
nabopaTtopHOii paboThI
razaMu 3aHATHUIO No3 OIIK-1.3




3.2 BoccranoBnenne CamocTosaTenbHoe OIK-1.1
OKCHIOB Meraa 2 2 13yHCHIC CobecenoBanue o Teme| OITK-1.2,
BOJOPOJIOM ¥ OKCHIOM yueOHO# 1 Hay4IHO OINK-1.3
yriepoaa JUTEPATYPbI '
33 CaMi)I(SZTOHe’II:;IHeLHOG OIK-1.1,
Kap06o-merannorepmuueckoe 1 1 }f,q CobGecenosanne o teme| OIIK-1.2,
yueOHOI U HayYHO
BOCCTAHOBJICHHE OKCHOB OIIK-1.3
JIUTEPATYPHI
HWroro mo pasueny 5 6 5
4. Paznen 4. Merautyprudyeckue
pacaBbl
BeinosHeHHE 3ammra OIK-1.1,
4.1 AKTHUBHOCTb 1 11 pacueTHo- WHIUBUIYaJIHOTO OTNK-1.2
KOMITOHEHTOB B pacTBOpax ’ rpaduueckoil  |pacyeTHO-rpaduUecKoro o
OIIK-1.3
paboTer Ne2 3aganus No2
3
4.2 Merannyprudeckue Tozrotoska k Brimonnenue u
nutaki.  Teopun  (MOJEIH) nabopatopHomy 00CYXIICHHE TaHHBIX OIR-1.1,
MeTanﬁ THYECKHUX ! 6 SAIITHIO. nabopaTtopHoi paboThI OIK-1.2,
yp JlabopaTopHas patop p OIlK-1.3
pacriiaBoB Ne4
pabora Ne4
HWroro no pazneny 2 6 1,1
5. Paznen 5.
DU3NKO-XUMUIECKHUIHA aHaNu3
IIJJAKOB
5.1 JIBoiiHble AMArpaMMbI Paspaborka YcTHBI onpoc OIIK-1.1,
aropuT™Ma )
COCTOSTHUS [IAKOBBIX 2 1 (cobecenoBanue); OIlK-1.2,
BBITIOJTHEHHUS
CHCTEM. pelieHue 3a1a4y OIlK-1.3
pelenus 3aaa4q
5.2 JlmarpaMMbl COCTOSIHHS CaMzzTOZf{iIJ?Hoe YeTHbii onpoc OIK-1.1,
' P 2 1 YHCHH (cobecenoBanue); OIlK-1.2,
TPEXKOMIIOHCHTHBIX CUCTEM. y‘le6HOI/I
pelieHue 3a1au OIIK-1.3
3 JIMTEPATYPHI
CamocTosTenpHoe
H3y4eHHE
5.3 [luarpamma COCTOSIHUS nn};z;?;;gu YerHbii onpoc OIK-1.1,
cucremsr CaO-Al203-Si02 2 ! Paspabotka (cobecenopanue); OIK-1.2,
peuienue 3anayd OIIK-1.3
aNropuTMa
BBITIOJTHEHNUS
pelICHus 3a1a4.
HWroro no pazaeny 6 3
Hroro 3a cemectp 18 | 36 15,1 SK3aMeH
Hroro no pucrumianne 18 | 36 15,1 dK3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

OO6pazoBaTenbHble TEXHOJIOTUU — 3TO LIEJIOCTHAS MOJIENb 00pa30BaTEIbHOIO Mpolecca,
CUCTEMHO ONPEICNSIONIasi CTPYKTYPy M COJEpKaHUEe IEATEIILHOCTH OOEUX CTOPOH 3TOTO
npouecca (mpernoaaBareiss U CTYACHTa), HMEIOLAs LEJIbI0 JIOCTIKEHUE TIUIAaHUPYEMbIX
pe3ylbTaTOB € TMONPAaBKOW HAa WHAMBUAyAJIbHBIE OCOOCHHOCTH €ro  Y4aCTHUKOB.
TexHonornyHOCTh y4eOHOTO IMpoliecca COCTOMT B TOM, YTOOBI chenarh Y4eOHbIM mporecc
MOJIHOCTBIO YIIPABIISIEMbBIM.

OcHOBHBIMU IpPU3HAKAMH 00pa30BaTEIbHON TEXHOJIOTUU B €€ COBPEMEHHOM IOHUMAaHUHU
SIBJISIFOTCSA:

— JIeTaJIbHOE OMHCaHNe 00pa30BaTENbHbIX 1IEJIEH;

— mod3TamHoe omnucaHue (MPOEKTUpOBAHHME) CHOCOOOB JOCTHOKEHHS — 3aJaHHBIX
pe3yJbTaTOB-1IENEeH;

— WCMOJB30BaHUE OOpAaTHOW CBS3M C IENBI0 KOPPEKTHUPOBKH 0Opa30BATEILHOTO
nporecca;

— rapaHTUPOBAHHOCTD JOCTUTAEMBIX PE3YJIbTATOB;

— BOCIIPOU3BOJIMMOCTh 00pa30BaTENbHOTO MpoIlecca BHE 3aBUCUMOCTH OT MacTepCTBa
MIPENo/1aBaTels;

— ONTUMAaJILHOCTh 3aTPAYUBAEMBIX PECYPCOB U YCHUIIUH.

Peanu3zarust KOMIEeTEHTHOCTHOTO MOAXO0/Aa MPEAYyCMAaTPUBAET UCIIOJIH30BAHUE B YUEOHOM
MpoLecCe AaKTHUBHBIX M HHTEPAKTHUBHBIX (OpM TPOBEACHHSI 3aHSATHA B COYETAHUU C
BHEAYIMTOPHOW paboTOi ¢ MEeNb0 POPMHUPOBAHUS M Pa3BUTUS MPO(HECCHOHATBLHBIX HABBIKOB
oOyJaromuxcs.

enu, mocTaBieHHBbIE MPU H3YUYCHUHM Kypca, TOCTHUTAIOTCS 3a CYET KOMIUJIEKCHOTO
noaxofa K OOYYeHHIO CTYJEHTOB, OCHOBAaHHOTO HAa COYETAHUU TEOPETHYECKOro Kypca,
7a00paTOPHBIX 3aHATUW W CaMOCTOSATEIbHON TO3HABATEIBHON JESITEIbHOCTH CTYJEHTOB.
N3yueHue TEOpPEeTHUECKOTO Kypca MPOBOJUTCA B  CIEHHAIU3UPOBAHHBIX JIEKIIMOHHBIX
aAyIUTOPHUSIX C UCIIOIH30BAHUEM BHICOTEXHUKH, TTO3BOJISIONICH TPAHCIUPOBATH Y€PE3 MOHUTOP
PUCYHKHU, CXEMBI, MOJIEJIH, KOTOPHIE B 3HAUUTEIHLHOM CTEIIeHH 00JIEryaloT MOHUMaHue Kypca.

3aHATUSA MPOBOAATCS C MPUMEHEHHEM TPAJIULHUOHHON U MOAYIbHO-KOMIETEHTHOCTHOU
TEXHOJIOTHH ¢ UCTIONb30BaHneM VHTepHEeT-pecypcoB.

JIeKIIMOHHBIN MaTepHal 3aKperUIsIeTcsl B X0/Ie MPAKTUYECKUX 3aHATUN U JTaOOopaTOPHBIX
paboT, Ha KOTOPHIX BBIMOJIHSAIOTCS TPYIIOBBIE WM WHAUBUAYATbHBIC 3aaHUs IO MPONICHHON
TemMe. Ha mpakTuueckux U Ja0OpAaTOPHBIX 3aHATUAX CTYACHTHI MPHOOPETAIOT HAaBBIKU
WCCJIEIOBATENICKOM  JEATETPHOCTH U yMEHHUS OOBSCHATH PE3YJIbTaThl IKCIIEPUMEHTA,
OCHOBBIBASICh Ha 3HAHUSAX TEOPETUYECKOW YacTH Kypca. [Ipu mpoBeneHUM J1abopaTOPHBIX
3aHSTUN UCIIONIB3YETCS METOJ KOHTEKCTHOTO O0yUEHHUsI, KOTOPBIM MO3BOJISIET YCBOUTH MaTepuall
IyTEM BBIBICHUS CBSI3€d MEXAY KOHKPETHBIM 3HAaHHEM M €ro MNpPHUMEHEHHEM, a TaKkKe
TEXHOJIOTHSI MOJYJbHOTO OOYYEeHHS M KOJUICKTHBHOTO B3amMoOOydeHus (mapHas pabota Tpex
BUJIOB: CTaTHMYECKas Mapa, IMHAMH4YecKas 1apa, BapualloHHas napa).

NunuBuayanpHasi CcaMOCTOATENbHAs — TO3HABATENbHAS  JICSITENIBHOCTh  CTY/IEHTOB
3aKJII0YaeTCs B MOAOOpE JHMTEepaTypbl MO pasienaM Kypca u ee u3ydeHuu. llpu sToMm
MPEAYCMOTPEHBl WHIWBHAYAIbHBIE W TPYIIOBBIE KOHCYJIBTAIIMU IO HM3y4aeMbIM pa3jieiam
Kypca. B pesynbrare m3ydeHus NaHHOW JUCIMILTUHBI CTYICHTHI JOJDKHBI IPUOpPECTH 3HAHUS,
YMEHUS M ONPENETECHHBIN OMBIT, HEOOXOAUMBIE IJIsi OYAYIIeH MPaKTHUYECKOW IeATEIHHOCTH.
CamocTosTenpHas padoTa CTYIGHTOB CTUMYIUPYET CTYJACHTOB K CAMOCTOSITENIbHON TpopaboTKe
TeM B TIPOLIECCE BBINMOTHEHUS WHIWBHAYAIBHBIX 3aJlaHW, B TIPOIECCE TMOATOTOBKH K
KOHTPOJIBHBIM paboTaM © HTOroBoil arrecranuu. (CaMocTosiTenbHas paboTa CTYAEHTOB
HaIpaBlieHa Ha 3aKpeIUIeHHE TEOPeTHMUYECKOTro MaTepHalia, M3JI0KEHHOIO MperojaBareieM, Ha
popaboTKy Te€M, OTBEACHHBIX Ha CAMOCTOSITENILHOE U3yUYCHHE, HA MOATOTOBKY K BBHITIOJHEHUIO U
3aIuTe JJAOOPATOPHBIX padOT, MOJATOTOBKY K KOHTPOJIBHON pab0Te M UTOTOBOM aTTECTAIIHH.



6 YueOHO-MeTOAuYecKOe 00ecreueHHe caMOCTOSITeIbHOM padoThI 00y4Yalomuxcst
[Ipencrasneno B npuioxeHuu 1.

7 OueHoYHbIE CPeICTBA IJIf IPOBEIeHUs MPOMEKYTOUYHOM aTTecTauuu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAHYecKOe M MHPOPMAIMOHHOE 00ecnevyeHue JUCIUIITIMHBI (MOYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Tonpamreiin H. JI. Kpatkuii Kypc ¢pu3nueckoil XMMUU METAILTyPTHYECKHUX ITPOLIECCOB
[Tekcr]: yuebuoe nocobue / H. JI. T'onpamrreiin; MI'TY. - 2-¢ uza. - Marauroropcek, 2012. - 338
C.: WL, AMarp., rpad., cxemsl, Ta0JI.

2. OCHOBBI METAJUTYPTUYECKOT0 Tpon3BoIcTRa : yueOHuK / B. A. burees, K. H. BnouH,
B. M. Kosokoubies [u ap.] ; mox obmei penaknueii B. M. KonokonbiieBa. — 2-¢ u3j., cTep. —
Cankr-IlerepOypr : Jlanb, 2020. — 616 c. — ISBN 978-5-8114-4960-6. — Tekcr :
anekTpoHHbi /[ JlaHb . DJJEeKTPOHHO-OmOimoteuHas  cucrema. —  URL:
https://e.lanbook.com/book/129223 . — Pexxum nocTyna: 1Jist aBTOPHU3. MOJIb30BATEIICH.

0) JlomostHuTEIbHAS JIATEPATYpA:

1. Muxaitnos, I'.I". TepMoarHaMUKa METAUTYPIHYSCKUX IMUIAKOB : yueOHOE mocooue /
I''I". Muxaiinos, B.M. Antonenko. — MockBa : MUCUC, 2013. — 173 c. — ISBN
978-5-87623-729-3. — Tekcr : anekTpoHHbIi // JIaHb : 3JIEKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/47475

2. Muxaitnos, I'I. TepmonumHamuika METAJLTyPTHYECKHUX IMPOIECCOB M CHUCTEM
moHorpa-dus / I'.I'. Muxaiinos, b.U. Jleonosuu, }0.C. Ky3uero. — Mocksa : MUCHUC, 2009.
— 520 c¢. — ISBN 978-5-87623-224-3. — Tekcr : oanekrponnbiii // Jlanp
ANIEKTPOHHO-OMOIHoTeYHas cu-ctema. — URL: https://e.lanbook.com/book/117016

3. Jlysrun, B.I1. Teopus U TeXHOJOTUSI METALTYPruu ctayu . yuyeOHoe mocodue / B.II.
Jlysrun, A.E. Cemmn, O.A. KomomoBa. — Mocksa : MUCHUC, 2010. — 72 ¢. — ISBN
978-5-87623-346-2. — Tekct : anekTpoHHbIH // JIaHb : 21eKTpOHHO-OMOIHOTeYHAs CHCTeMa. —
URL: https://e.lanbook.com/book/2062

4. Usnes, C.A. Metajulypruueckue TEXHOJOTUH. MeTanayprusi 4€pHbBIX METaJUIOB '
yuebnoe nocobue / C.A. Usnes, M.I1. KimtoeB. — Mocksa : MUCUC, 2017. — 45 c. — ISBN
978-5-906846-57-0. — Tekct : anekTpoHHbIi // JIaHb : 21€KTPOHHO-OMOIHOTEYHAs CHCTeMa. —
URL: https://e.lanbook.com/book/108106

5. TepmoauHamMuKa, KHHETHKAa M pacdeThl Meramurypruueckux mnporeccoB / C.H.
[Manepwun, JI.W. Peokonkos, I'.B. Cepos [u 1p.]. — Mocksa : MUCHUC, 2010. — 235 c. — ISBN
978-5-87623-312-7. — Tekcr : anektpoHHbIit // JIaHb : 3IeKTPOHHO-OMOIMOTEYHAS CHCTEMa. —
URL: https://e.lanbook.com/book/117022

B) MeTonuyeckue ykazaHus:

1. CvmupnoB A. H. TepmoauHamuka MpolEecCOB TOPEHUs TOIUIMBA . METOAMYECKUE
yKa3aHus Ul CTYJICHTOB MO JUcHUIUTNHE "DHu3ndeckas XUMHs METAILTYprUIecKuX mporeccoB” /
A. H. CmupnoB, M. A. lllectobutos, C. B. FOauna ; MI'TY. - Maraurtoropck : MI'TY, 2013. - 1
DIIEKTPOH. OIIT. JTUCK (CD-ROM). - URL.:
https://host.megaprolib.net/MP0109/Download/MObject/3573 . - TekcT : 3IeKTPOHHBIH.

2. CeunukoBa H. 1O. IIpakTukym 1o Gpu3MKo-XUMHUECKUM OCHOBAM METAJUTYPIHUECKUX
nporieccoB : mpaktukym [ By30B] / H. FO. Ceeunukoa, C. B. FOnuHa ; MarHuToropckuii roc.
texHnyeckud yH-T uM. ['. . HocoBa. - Maruuroropck : MI'TY um. I'. 1. Hocoga, 2020. - 1
CD-ROM. - 3arm. c TUTYIL. JKpaHa. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2707 . - TekcT : 2IeKTPOHHBIH.
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3. CeunukoBa H.1O., CmupnoB A.H., lOnuna C.B. Meroauueckue yka3zaHHs: JJIs BBITOJIHEHHS
1ab0paTOpHBIX paboT MO JUCHUILINHE «DPU3ndecKas XUMUS MHPOMETALTYPrHUYeCKHUX MPOLIECCOB
JUISL  CTYJEHTOB BCEX chenuaibHocTel Bcex ¢GopMm oOyueHus. Marautoropck: M3n-Bo
MarnuToropck. roc. TexH. yu-ta um. I .M.Hocoga, 2015, 29 c.

4.CmupaoB  A. H. OrmpeneneHue akTUBHOCTH KOMIIOHEHTOB METAJULypPrU4eCKUX
paciiaBoB . metoauueckue ykazanus / A. H. Cmupuos, M. A. Illepcroburos, C. B. FOauna ;
MI'TY. - Marnuroropck : MI'TY, 2013. - 1 saekrpon. ont. auck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/262 . - TekcT : 37eKTPOHHBIIA.

r) [Iporpammuoe odecnneuenne u UHTEepHeT-pecypcehl:

IIporpammHoe o0ecnieueHue

HaumenoBanue .
o Ne morosopa Cpoxk neiicTBUS JTULEH3UH
7Zip CBOOOJHO PACIPOCTPAHIEMOE 0ecCcpoYHO
FAR Manager CBOOOJHO PpacHpOCTpaHIEMOe OecCpoUHO
Bpaysep Yandex |[cBoGomno pacmpocrpaHsemoe OECCPOUHO

IIpodeccnonanbubie 0a3bl JAHHBIX U HHGOPMAIMOHHBIE CIPABOYHbIE CUCTEMbI

HasBanue xypca CchLIKa
HannonansHass wuH(pOpMaIMOHHO-aHATUTHYECKAS
cuctema — Poccmiickuii umHmekc Hayunoro|URL: https://elibrary.ru/project_risc.asp
nutuposanus (PUHIL)
Poccuiickas  T'ocynapctBeHHass — OuOnmMoTeKa.

https://www.rsl.ru/ru/4readers/cataloques/

Karanoru

IneKTpoHHEIe pecypchl bubmaorexn MITY BM.|p o host megaprolib.net/MP0O109/Web
I'.. HocoBa

9 MaTtepuaJbHO-TEXHHYECKOE o0ecTedeHne TUCIUTITHHBI (MOILYJIs1)

MaTepHaano-TeXHqucxoe obecrneucHUe JUCITUITIIIMHBI BKIIFOYACT:


https://host.megaprolib.net/MP0109/Download/MObject/262
https://elibrary.ru/project_risc.asp
https://www.rsl.ru/ru/4readers/catalogues/
https://host.megaprolib.net/MP0109/Web

MarepuanbHO-TEXHHUECKOE 00ecrieueHUe JUCUUIUINHBI BKITIOUAET:

1. Yuebnas ayauropus Ui IPOBENCHUS 3aHATUIN JIEKIIMOHHOIO TUIIA OCHAIIIEHA!

- TEXHUYECKHMMH CPEJCTBAMU OOYUEHUS, CIYXAIUMH Uil TPEACTaBICHUS y4eOHOMN
uHpopManuu OOJIBLUION ayAUTOPUHU: MYJIbTUMEIUNHHBIMU CpEACTBA XPAaHEHUs, IMepeJadyn u
npeCcTaBiIeHUs yaeOHOH nH(pOopMaInu;

- CIIELUAIN3UPOBAHHON MEOEIbIO.

2.YueOHast ayauTopus MJisi TPOBEACHHS JTa0OpPATOPHBIX 3aHATUH «XUMHYECKHUE
1abopaTopUn» OCHAILleHa J1a00paTOPHBIM 000PYAOBaHUEM:

- XMMHYECKUE PEAKTUBBI,

-XuMuyeckas rnocyzaa

-JIabopaTtopHbie yCTaHOBKHU

-IInakatsl o TeMam paboueil mporpamMmbl

- CTIeMAIN3UPOBAHHON MEOETIBIO.

3.YuebHasg ayauTopus JUls TPYNIOBBIX M MHAMBUAYAJIBHBIX KOHCYJIbTALlUH, TEKYIIETO
KOHTPOJISI ¥ TPOMEXKYTOUHOM aTTECTAllUK OCHAIIIECHA!

- KOMIIBIOTEPHOI TexHHUKOi1 ¢ makerom MS Office, ¢ moaximouennem k cetu «HTEpHET»
U C JOCTYIIOM B DJIEKTPOHHYIO HH()OPMAITMOHHO-00pa30BaTeNbHYIO CPETy YHUBEPCHUTETA,

- CIIeLMAIN3UPOBAHHON MEOEIBIO.

4. [TomenieHue 1j1si CAaMOCTOSITEILHOM PabOThI OCHAIIICHO:

- KOMIIBIOTEPHOI TexHHUKOi1 ¢ makerom MS Office, ¢ moaxmouennem k cetu «HTEpHET»
U C JOCTYIIOM B DJIEKTPOHHYIO HH()OPMAITMOHHO-00pa30BaTeNbHYIO CPETy YHUBEPCHUTETA,

- CIIeLMAIN3UPOBAHHON MEOEIbIO.

5.Ilomemenne pansi XpaHeHUS M TNPO(PUIAKTHYECKOTO OOCITYyKHBaHUS y4eOHOTO
000pyI0BaHUS OCHALIECHO:

- CTIEUMAIM3UPOBAHHON MEOEIBIO: CTeIIaKaMH ISl XpaHEHHsI y4eOHOT0 000pyA0BaHMS;

-MHCTPYMEHTaMH JJIsl PEMOHTA Y4eOHOTr0 000py10BaHMS;

- mkadamMu U1l XpaHEHUs] yueOHO-MEeTOINYECKON JOKYMEHTAIlMM U MaTEpPUAJIOB.



Ipuioxkenne 1

6 YueOHO-MeTOAHYECKOe o0eclieyeHrne CaMOCTOSATEeIbHOI PadoThl 00y4a0IMXCS
Conep:xaHue TeOPeTUYECKOr0 pa3jiesia TUCHUILINHBI

(camocTosiTEIbHOE U3YyUEHHE)

1. Knaccudukanust MeTauryprudeckux mpoueccoB. OCHOBHBIE 3aKOHBI TEPMOJTUHAMUKH.
Oneprus ['m06ca u xumudeckuii moreHnuan. KoHcranta XMMHYECKOTO paBHOBECHSI U YpPaBHEHHE
u3oTepMbl peakiuu. CraHmapTHoe u3MeHeHue dHepruu [mb60ca. CmelmieHue paBHOBECHS U
npaBuio ¢as.

2. Topenne okcuaa yriepoaa. ['openue Bomoponaa. Peakuust BoasiHOro rasza. Peakius
B3auMmoseiictBus yriepoga ¢ CO;. Peaknum HEMOJIHOTO M TOJHOTO TOPEHHUS YIIIepoja.
PaBHOBecHBIN cocTaB ra3a. BocriameHneHue ra3oBeix cmeceil. Llenmnbpie peaknuu. Kunetnka u
MEXaHH3M TOpeHHsS TBepaoro yriaepoaa. OCHOBBI KHHETUKH TETEPOTCHHBIX IIPOICCCOB.
Xapakrepuctuka AuQGy3HOHHBIX mporeccoB. OCOOEHHOCTH MPOLECCOB B KUHETHUYECKOH U
b dy3noHHON 001aCTAX.

3. Kuneruka oxucnenus meramioB. Ponbp nuddy3mm peareHTOB uepe3 OKalvHYy U
KPUCTAJUIOXUMUYECKOTO TIPEBPAILICHUS HA TPaHUIE METAILT - OKCU. POpMaIbHO-KMHETHYECKOE
ypaBHEHHUE Mpoliecca u ero ananu3. Kunernueckuit 1 quddy3noHHBINA pexuM peakiuu. Biusaue
TEeMIIepaTypbl Ha CKOPOCTh OKucCIeHUA. OKHUCIUTEIbHOE padUHUPOBAHME KUIAKUX METAJIJIOB.
[TocnenoBaTenbHOCT,  OKUCHEHMSI mpuMmeceil. TepmMoauHaMUYecKWil  aHamU3  peakiuu
JUCCOLIMALIUU KapOOHATOB. Kuneruka nporecca JMCCOLIMALINH, 0COOEHHOCTH
KPUCTAJUIOXMMUYECKOTO TpEBpallleHusl. ABTOKaTalU3 Mpolecca. BiusHue wu3MenpyeHus
TBEpAbIX (pa3 Ha TEPMOJUHAMHYECKHE U KHHETUYECKHE XapaKTePUCTUKHU TpoIiecca.

4. CtpoeHHe M CBOMCTBAa METAUTYPTHUUECKHX pacriiaBoB. DU3NKO-XMMHUYECKUN aHAIN3
1u1aKoB. J[BoiHbIE AMarpaMMbl COCTOSIHMS IITAKOBBIX cUCTeM. /lnarpaMma COCTOSIHUS CUCTEMBbI
CaO—AI,03—Si0,. PacrinapnenHsle nutaku. MonekynsipHast TeOpHs. BS3KOCTh 1U1aKOB.

Cepa B uyryHnax u craysx. [Iporeccsl gecynbdyparum kee3HbIX CIiiaBoB. ['a3sl (BOI0POT
M a30T) B OKEeNe3HBIX cmiaBax. PactBopumocTs Ta3oB. Kucmopox B JKele3HBIX
crraBaxHemerammmueckre BKIIIOUEHUS B CTAIAX U TEXHOJOTHUECKHUE CIIOCOOBI pa(l)I/IHI/II)OBaHI/ISI
MeTalljla OT HEeMEeTAUTMYeCKUX BKJIIOYeHM. [[OBEpXHOCTHBIE SBJICHHS B METALTYPTHUECKUX
nporeccax. [ToBepxHOCTHOE HaTsDKEHUE IIUTaKOB u KEJIe3HBIX CILTaBOB.
HOBerHOCTHO-aKTI/IBHBIe BeIIIeCTBA.

JlabopaTopHblie padoThI:

JlaGopaTtopHnas padota Ne 1: TepmoamHAMUYECKUN aHATTN3 PEAKIHH TUCCOIUAITAN
KapOoHaTa KaJbIIUS;

JlaGopaTtopHnast pabota Ne 2: I'paBUMeTpHUYECKOE UCCIIEIOBAHNE KHHETUKH TUCCOIUAITIN
KapOoHaTa KaJbIIUS;

JlaGopaTtopnast pabota Ne 3: I'paBUMeTpHUYECKOE UCCIIEIOBAHNE MAKPOKUHETHKH
OKHCJICHUS Kele3a;

JlaGopaTtopnast pabota Ne 4: OnpeneneHue JIeKTPOIPOBOTHOCTH IINIAKOBOTO PaCIiaBa.

@®opMyTHPOBKA MHANBUAYAJIbHOTO0 3a1aHus Nel
(PacueTrHo-rpadpmueckas padora Nel)



1. Jlna peaxuu BoasHoro raza CO + H20 = CO2 + H2  omnpenenuTs BO3MOXXKHOE HalpaBJiIeHUE
peakIMy U PaBHOBECHBIN cocTaB rasa npu temmeparypax: 700, 800, 900 u 1000° C, ecnu
UCXOHas razoBasi cmech coaepxut 23% CO u 27% H20, 20% CO2 u 30% H2.

2. OmnpenenuTh paBHOBECHBIN cocTaB rasza B peakiuu bena-bynyapa C ; + CO2 =2CO

@®opMyJIMPOBKA HHANBHAYAJIBHOIO0 3a1aHus Ne 2

(PacueTrHo-rpadpmueckas padora Ne2)

3amaua 1
Onpenenuts akTUBHOCTH OKcua xene3a FeO B mommkoMmnoHeHTHOM 1iake (Tal. 1).
Tabmuma 1
CocraB 1IJIaKOBOTO paciuiaBa mac. %
Bapuant CaO MgO MnO FeO Sio, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0
3agauya 2
OnpenenuTb aKTUBHOCTh KOMIIOHEHTOB B CIUIaBaX Ha OCHOBE kene3a (Tadui. 2,3).
Tabnuua 2
XUMHUYECKUH COCTaB XKeJE3HbIX CIUIABOB (Macc.%o)
Bapuant C Si Mn Cr S P O
2 0,08 0,30 0,40 0,15 0,045 0,035 0,047
_ Tabnuna3
[lapaMeTpbl B3aUMOJICHCTBHS &) KOMIIOHEHTOB CILUIABOB HAa OCHOBE Kelle3a
pu 1600 °C
OneMeHT OnemeHrt J
i C Si Mn Cr S P @)
C 0,14 0,08 -0,012 -0,024 0,046 0,051 -0,34
Si 0,18 0,11 0,002 -0,0003 0,056 0,11 -0,23
Mn -0,07 0 0 0 -0,048 -0,0035 | -0,083
Cr -0,12 -0,0043 0 -0,0003 -0,020 -0,053 | -0,014
S 0,11 0,063 -0,026 -0,011 -0,028 0,29 -0,27
P 0,13 0,12 0 -0,03 0,028 0,062 0,13
) -0,45 -0,131 -0,021 -0,04 -0,133 0,07 -0,20

IIpumepHBIe BONPOCHI IS COOEeCeIOBAHMA 110 TeMaM:
1. B KakuX TEXHOJIOTHYECKHX TPOIeccax MPOUCXOANT Tepmuueckas auccoruarus CaCO3?
2. JlaiiTe onpeaeneHne TEPMUHY «yNPYroCTh TUCCOIUAIMK KapOoHaTa”.
3. B ueM 3akmrouaeTcs oTiinune KOHCTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3Ha4eHus Kp n ynpyroctu aqucconumanun CaCO3z 4MCIEHHO COBIIAAAIOT?
5. C KaKko# 1eTbI0 Mepe;] ONMBITOM BaKyyMHUPYIOT pad0Uuyi0 YCTaHOBKY?
6. TepmonuHamuka oOpa3oBaHUA

HaydaJjia.

H ITUCCOINAIINS

7. TepMoarHAMUKA TOPEHHS TBEPIOTO TOTUIMBA
8. Kak BnusieT creneHb NMCIEPCHOCTH KapOOHAaTa M U3BECTH Ha ynpyrocts auccormanmu CaCOs.
10.Kakue Metammyprudeckue npouecchl BISIIOTCS TONOXUMUYECKUMHU PEAKIIUAMU?
11.Kakue XMMHYECKHE pEeaKlHMH MPOTEKAIOT MO aBTOKATAIUTUYECKOMY MexaHuzmy? Yto
ABIISIETCS KaTaIU3aTOPOM TaKUX MPOLIECCOB?
12. Yro Takoe KpHuCTaIIMYEeCcKas pelieTka, U KaKue XapaKTePUCTUKH KPUCTAJUIMYECKOHN PeIIeTKH

Br1 3HaeTe?

KapOOHATOB; TEMIIEPaTyphl




13. Pacnpenenenne KOMIIOHEHTOB MEXAY METAJJIOM U IIUIAKOM; KOHCTAHTa U KO3 HUITHEHT
pacnpeeneHust

14. OOBsicHUTE U3MEHEHUE CKOPOCTH TOIIOXMMHUYECKUX IPOLECCOB HA MPUMEPE BBIITIOJHEHHOU
paboTHI.
15. KakoB MexaHHM3M JUCCOIMALNU KapOOHATa KaJIbIHs?

IIpumepHbIe 3a1aun:

1.

2.

3anmava 1. OnpenenuTs paBHOBECHOE MaplHalbHOE AaBJICHHE KUCIOPO/a B Fa30BOM CMeCH
CO-CO; ipu temnieparype 1300 °C u Pcoy/ Peo = 0,35.

3anaya 2. OnpenenuTbh paBHOBECHOE MaplHalbHOE JaBJICHHE KUCIOPO/a B Fa30BOM CMecH
H,-H,0 nipu remmnieparype 1500 °C u Pyypo /P 2 =0,30.

3amaua 3. Kakoe nomkHO 0bITh oTHOIIEHHE %0C02/%CO B razosoii cMecu CO-COy, uToOBI
npu temneparype 1200 °C paBHOBECHOE JaBIEHHE KUCIOpPOJa B HEW cOCTaBisLIO Pop=
1,5-10° Ia?

3agaua 4. Kakoe nomxno 0biTh oTHOmeHue %H,0/%H; B razosoii cmecu Hy-H,O, 94T00BI
npu temreparype 1300 °C paBHOBeCHOE AaBIEHUE KUCIOPOJa COCTaBIsIO Poy= 2:107
[Ta?

3amava 5. OnpenenuTs TeMrepaTypy, IpH KOTOPOil paBHOBECHOE MapIHalbHOE TaBJICHHE
kuciopoa B razoBoit cMecu CO-CO; npu otHomenuun PCO;, /PCO=0,2 cocraBur Pg; =
4-10-5 Ila.

3amaua 6. 3agaua 1. OxapakTepu30BaTh X0/ KpUCTAIUIA3AIMHU PACILIIABOB, coaepkanmx 10
% CaO.
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3agaua 7. Jlns cMmecell, COOTBETCTBYIOIIMX ToukaM | — 8, m300pakeHHBIX Ha pHC.,
ompenenuth: 1) kakwe (a3pl U B KAKOM KOJMYECTBEHHOM COOTHOIICHHUU OYIyT
HaXOJWUTHCSI B PABHOBECUU IIpU HarpeBaHuu cmeceil 1o temmeparypsl 1200 °C.; 2) npu
KaKOW TeMIepaType HaUHETCs ¥ 3aKOHYUTCS TUIABICHUE CMECEH.
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7 OueHoYHbIE CPeCTBA JIJIsl MPOBeIeHH s IPOMEKYTOYHOM aTTeCTALMHU

a) [Inanupyemslie pe3yabTaThl 00yUEHUs U OLIEHOUHBIE CPE/ICTBA IS IPOBEICHUS IPOMEKYTOUHOM aTTECTALIUU:

CrpyKTypHBIi
JJIEMEHT

KOMIICTCHII N

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1neHOYHBIC CPEICTBA

OIIK-1: CnocobeH pemath 3a1a4u Npo(HEeCCHOHANBHON JIESTENbHOCTH, TIPUMEHSSI METO/IbI MOICIMPOBAHUS, MATEMAaTHYECKOTO aHAIN3a, €CTECTBCHHOHAYYHbIEC
O0IIenH)KeHEPHBIEC 3HAHMSI

OIIK-1.1

I/IcnonwyeT CCTCCTBCHHOHAYYHBIC 3aKOHBI U
IMPUHIMUIIBI ITPHU PCIICHUHU IMPAKTUYCCKUX 3ada4

Crucox BOIIPOCOB Jid MPOBCACHUA DOSK3aMC€HA 110 AUCHHUIIJIMHE «Pu3znueckas XUMHS
MMUPOMETAIUTYPIrUICCKUX ITPOLECCOB»

B kakux TEXHOJIOrHYecKHX Mpoleccax IpoucxoauT Tepmudeckas auccouuanus CaCOz?

2. [laiiTe onpeneseHrne TEPMUHY «yNPyrocTb JUCCOLMALUU KapOoHaTa”.

3. B yeM 3akiroqaeTcsi OTiaMyue KoHCTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3HaueHust Kp u ynpyrocru aucconuanuu CaCO3 4ricieHHO coBIaiaoT?
5. C xakoif 11es1bto epesl OMbITOM BaKyyMHPYIOT pabouyto YCTaHOBKY?

6. TepMmoauHaMuka oOpa3oBaHUsl W JUCCOIHMAIMA  KapOOHATOB; TEMIIEPATypPHI
Hayasna.

7. TepMoarHaAMUKa TOPEHUS TBEPJIOTO TOIJIMBA

8. Kak BiusieT creneHb JUCIIEPCHOCTH KapOOHAaTa U U3BECTH HA YIPYTrOCTh AUCCOLUAINH
CaCOs.

10.Kakue MeTarypruueckue npoLecchl ABISIOTCS TOMOXUMUUECKUMU PEAKIMSIMU?

11.Kakue xuMuueckue peakiiuy IpoTeKaroT 0 aBTOKaTAIUTHYECKOMY MexaHnu3My? Uto
SBJIAETCS KaTaIu3aTOPOM TaKMX IPOLECCOB?

12.Yro Takoe KpUCTAIUTMIECKAs PEIIeTKA, H KAaKUe XapaKTEPUCTHKH KPUCTAUTUICCKOHN PEeIIeTKH
Bbl 3HaeTE?

13.Pacnpenenenne KOMIOHEHTOB MEX/y METAJJIOM M IUTAKOM; KOHCTaHTa B KOYPPUIIUEHT
pacnpeneneHus

14.00bsicHUTE U3MEHEHHE CKOPOCTH TOMOXUMHUYECKHUX MPOIECCOB HA IPUMEPE BBITTOJIHEHHOM
paboThI.

15.KakoB MeXaHU3M JUCCOIMAIINN KapOOHAaTa KaTbIIHsI?

16.Pacckaxute 0 METOJIMKE OIpeJIeIEHUs] CKOPOCTH JUCCOIMALMU KapOOoHaTa KalblUs,




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

IIPUMEHEHHOH B IaHHOM OIIBITE.

17.B 4yeM 3akir04ar0TCs Pa3Inuns TOMOI€HHBIX M F€TEPOr€HHBIX peakiuii?

18.13 kakux cTaguil CKJIaIbIBAIOTCS TETEPOTCHHBIC PEaKIuu?

19.YT0 Ha3bIBAIOT PSKMMOM I€TEPOTEHHOMN peaKIun’?

20.KakoBbl 0COOCHHOCTH IPOTEKAHUS PEAKLIUH B PA3IMYHBIX PEKUMAX pearupoBaHus?
21.Kak u3MeHsIeTCsl TONIIMHA IUIEHKU OKAJIMHBI IPY OKUCIIEHUN METAJIIOB B Pa3JIMYHBIX
peKuMax pearupoBaHus?

22.B yeM CymHOCTh TPABUMETPUYECKOTO METO/1a UCCIICIOBAHNS OKUCIICHHS METAJIOB?
23.KakoBa CTpyKTypa KeJIe3HONW OKaJIMHBI U OT KAKUX (PaKTOPOB OHA 3aBUCHUT?

24.Yto TaKoe BIOCTHUT M KaKOBA €0 POJIb B OKUCIICHUH JKEJIE3HBIX CILIaBOB?
25.ChopmynupyiiTe NPUHLIKI )KaPOCTONKOCTH JKEJIE3HbIX CIUIABOB.

26.JlaiiTe onpeneneHus] KOHCTAHThI CKOPOCTH peakiuu U KodguiueHTa muddy3uu.
27.B uem 3axmouaercs peakinoHHas AU y3us 1 Kak OHa MPOSABISIETCS IPU OKUCICHUU
xKenesa?

28.KakoBbl OCHOBHBIE KOMIIOHEHTbI METAJUTYPIrHUECKUX LUIAKOB?

29.Kak onpeensifoT YASIbHYIO 3JIEKTPHIECKYIO TPOBOAMMOCTE PACILIIABOB?

30.Yto Takoe sHeprusi aKTUBAIUH JIEKTPOIIEPEHOCa, U KaK OHa MOKET OBITh omnpeeneHa?
31.KakoBbI 3KCIIEpUMEHTAJIbHBIE JI0KA3aTEIbCTBA HOHHOTO CTPOECHHUS IIAKOB?

32.JlaiiTe onpenencHUe MOHATUSA " TUHAMUYECKAasl BA3KOCTh'" pacIliaBa.

33.JlaiiTe onpeaeneHue MOHATUS "KMHEMaTHYeCcKas BA3KOCTh " pacIuiaBa.

34.13 kaKuX 4acTHI] COCTOST METAJUTYPrHUECKUE [IUTaKN?

35.Kakue yacTuiibl KOHTPOJUPYIOT BA3KOE TEUEHHE B IIUIaKax?

36.Kaxk onpenenstor BA3KOCTh IUIAKOBBIX U METAJUIMYECKUX PaCIyIaBOB?

37.YTo Takoe 3HEeprusi akTUBALIMU BSI3KOTO TEUEHUS], U KaK OHa MOKET OBbITh ompeeneHa?
38.Uto MOXeT ObITh MPUYMHON KPUBOJIMHEHHOTO XapaKkTepa U3MEHEHUs BI3KOCTH C
TEMIIepaTypoi B kooauHarax Inn — 1/T?

41.laiiTe onpeneneHne NOHATUSA "yAeIbHAs IEKTpUYECKas JIEKTPOIPOBOJHOCTE" .
42.113 KaKuX 4acTHUI] COCTOSIT METAJUTYPruYeCKue NUIaKku?

OIIK-1.2

Pemaer crangaptHeie npodeccHOHANbHBIE
3alayd ¢ TPUMEHEHHEM OOIIEUHKEHEPHBIX
3HAHUH

3aauu ISl CAMOCTOSATENBHOTO PEILICHUS:

3amada 1. OmpenenuTh paBHOBECHOE MaplHalbHOE NABICHHWE KUCIOpOJa B Ta30BOM cMecH
CO-CO; mpu Temneparype 1300 °C u Pcoo/ Pco = 0,35.
3amada 2. OmpenenuTh PaBHOBECHOE MaplIUaNbHOE MABICHWE KUCIOPOJa B Ta30BOM CMecH
H,-H,0 nipu remnieparype 1500 °C u Pyypo /P iy =0,30.




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

3anaga 3. Kakoe gomkHo 0b1Th oTHOIIEHUE % CO2/%CO B razosoii cmecu CO-CO,, 4To0bI ipu
temnepatype 1200 °C paBHOBECHOE J1aBlI€HUE KMCIOPOJa B HEM cocTaBisio Po,= 1,5- 10” ITa?

3anaga 4. Kakoe momxkHo ObiTh oTHOIEeHHE %H,0/%H; B razosoii cmecu Hp-H,O, uToOBI TpH
temnepatype 1300 °C paBHOBECHOE J1aBJI€HUE KMCIOPOJa COCTaBIsIO Poy= 2+ 10” ITa?

3amgaua 5. OnpenenuTs TeMIeparypy, MpU KOTOPOM paBHOBECHOE MApLMAIILHOE JABJICHUE
kucioposa B razoBoit cmecu CO-CO, npu otHommennu PCO;, /PCO=0,2 cocraBut Po, = 4-10-5
Ila.

3amaua 6. OnpenenuTh TEMIepaTypy, MPU KOTOPOM pPaBHOBECHOE MapIMaIbHOE JdaBICHUE
kuciopojia B ra3oBoit cmecu Hy-HoO nipu otHOmIeHnu P ppo/ P 11,=0,25 coctaBut Poy = 5-10-5
I1a. 3amaya 7. OnpenenuTh paBHOBECHBIH cOCTaB ra3oBoii cMecu Hy - O - HoO ipu remniepatype
700 °C, eciau UCXOHBIE NTapUHAIbHBIC JABJICHUS Ta30B B 3aKpbITOM cucTeMe coctasisuim 0,333
aTM.

3amaua 8. OnpenenuTs paBHOBECHBIN cocTaB razoBoit cmecu CO - Oy - CO; mpu Temnepatrype
800 °C, ecnu UCXOIHBIE TAPIIUATILHBIE JaBJIEHUS ra3oB B cucteme coctaisuii: CO — 0,5 atm, O2
—0,3 atm, CO2 — 0,2 atm.

3amaua 9. Omnpenenuth, NpU KaKOH TeMIEpaType CpOACTBO KHUCIOpOAa K BOJAOPOLY H
MOHOOKCHUJY yTIepo/ia OJMHAKOBO.

3anaya 10. OnpenenuTs BO3MOXHOE HAIPaBJIEHUE PEaKIMM BOJSHOTO Taza MpHU TemrepaType
900 °C, ecnu ucxoaHas ra3oBasi cmech conepxkut 23% CO, 27% H0, 20% 14 CO; u 30% Ho.
O6mee nasienue B neun paBHo 105 Ila, a koHcTanTa paBHOBecus peakiuu mpu 900 °C paBHa
0,76.

3amaua 11. Onpenenuts Temmeparypy, NpH KOTOPOW B pe3yJbTare MPOTEKaHUs PEaKIuu
BOJSIHOTO Ta3a paBHOBECHAas ra3oBasi cMech coaepxkut 26,2% CO, 30,2% H,0, 16,8% CO, u
26,2% H,. TemmneparypHas 3aBuUcHMOCTb 3Hepruu [mb6ca mns peakmmu CO(r)+H20(r)=
CO2(r)+H2(r) umeet Bug G= - 36600 + 33,5* T, JIx

OIIK-1.3

[Ipumenser MeTOAbl  MOJEIMPOBAHUS

n

MaTCMAaTUYCCKOI'0 aHajin3a JJIsd pCUICHUA 3aaa4

TECOPCTUUCCKOTO U MMPUKIAJHOI'O XapaKTepa

3amanne Ha pernieHue 3aaad u3 NpodecCHOHATbHONW 00JacTH (JIOMAallHee WHIUBUAYATbHOE
3a71aHue)
3amaua 1.

Hnsa peakiuu: Cpy + CO2y = 2CO() ypaBHEHHE 3aBUCHMOCTU KOHCTAHThI PaBHOBECHs
OT TeMIIepaTypsl KOTOPOH UMEET BUJ:

gk, =226




CrpyKTypHBII
JJIEMEHT [Tnanupyemsble pe3yabTaThl 00yUeHHUs OneHouHble CpeCcTBA
KOMIIETEHIIUH

ONpEJICTUTh PABHOBECHBIN COCTaB rasa B 3aBUCHUMOCTU OT TEMIIEpaTypbl U JaBjieHHs (Talil.).
[TonydeHHble 3HaUEHUS TIPECTABUTH B BUE TaOJIULbI U rpaduka.

Bapuanr | Temmeparypa °C CocTtaB UCXOIHOM Ta30BOM CMECH
% CO | %H20 | %CO2 | % H2

1 500 600 700 800 900 5 15 35 45

2 550 650 750 850 950 10 20 40 30

3 1000 1050 1100 1150 1200 15 25 45 15

3amaua Ne2. Jlynst peakiuu:
C(T) + Coz(r) = ZCO(F)
ypaBHEHUE 3aBUCUMOCTH KOHCTAaHTBI PABHOBECHSI OT TEMIIEPATYPhl HIMEET BH/I;
8916
9K, = ———+911
T
OTIpeIeTUTh PAaBHOBECHBII COCTaB raza B 3aBUCUMOCTH OT TEMIIEpaTypbl U JaBieHHs (Tali.).
[TosrydeHHbIC 3HAUCHUS IPEJICTABUTH B BUJIC TAOIUIIBI U TpaduKa.

Bapuant | Temneparypa °C [aBnenue (aTm.)

1 500 600 700 800 900 5 15 35 45
2 550 650 750 850 950 10 20 40 30
3 1000 | 1050 | 1100 |1150 |[1200 |15 25 45 15




6) Iopsiiok mpoBeieHHsI TPOMEKYTOUHOM aTTECTAIlMH, TIOKA3aTeI U KPUTEPUHU OLICHUBAHUS:

[TpomexxyTounas aTTecTanus o TUCLIUTUTAHE «Dusznyeckas XUMMUA
NMPOMETALIYPrU4ecKHX MPOLECCOB» BKIIOYACT TEOPETHUECKHUE BOIPOCHI, MO3BOJIAIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUAIOIIMMUCS 3HAHUH, U MPAKTUYECKHUE 3a/IaHUs, BBISBIISIONINE
CTerneHb chOPMUPOBAHHOCTH YMEHUH U BIaJCHU, IPOBOAUTCS B (pOpMe SK3aMeHa.

DK3aMeH M0 JaHHOW AMCHUIUIMHE MPOBOAMTCS B YCTHOW (popMe Mo dK3aMEHAIMOHHBIM
OousietaM, KaXIbId M3 KOTOPBIX BKIIOYAET 2 TEOPETHMUYECKHUX BOIPOCA U OJHO MPAKTHUECKOE
3ajaHHe.

[Toxazarenu ¥ KpUTEPUHU OLIEHUBAHUSA HK3aMEHA:

— Ha OLIEHKY «OTIUYHOY (5 0aimioB) — 00ydaromMiicss IEMOHCTPUPYET BHICOKHI YPOBEHb
c(hOpMHUPOBAHHOCTH KOMIIETEHIIMI, BCECTOPOHHEE, CHUCTEMAaTHMYeCKOe U TJIyOOKoe 3HaHue
y4eOHOTO MaTepuasia, CBOOOJHO BBINMOJHSAET IMPAKTUYECKHE 3aJaHus, CBOOOJHO OIEpPHPYET
3HAHUSAMU, YMEHUSMHU, TPUMEHSET UX B CUTYallUAX MOBBIIICHHON CIIOKHOCTH.

— Ha OIIEHKY «Xopoiio» (4 6aia) — 00y4Jaromuiicss J1eEMOHCTPUPYET CPEAHUN YPOBEHb
c(OpPMUPOBAHHOCTH KOMIIETEHIMII: OCHOBHBIC 3HAHHS, YMEHHS OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAYNTENIbHBIC OIIMOKN, HETOYHOCTH, 3aTPYJHECHHUS IPU AaHATUTHIECKUX OTIEPaIUsX, IepeHoce
3HAaHUU U YMEHUU Ha HOBbIE, HECTAH/IaPTHBIC CUTYAIUH.

— Ha OIICHKY «YIOBJIETBOPUTENHHO» (3 Oamia) — oOOydaroluiics IeMOHCTPHUPYET
MOPOTOBBIN YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETEHIMI: B XOJi€¢ KOHTPOJIBHBIX MEpONPHUATUI
JIOITYCKAIOTCS OIIMOKH, TPOSIBISICTCS OTCYTCTBHE OTHCIBHBIX 3HAHWI, YMEHUWH, HAaBBIKOB,
00Oy4arolMiCsl HCIBITHIBAET 3HAYUTENbHbIE 3aTPYAHEHUS TPU ONEPUPOBAHUU 3HAHHUSAMH U
YMEHUSIMH TIPH UX TIEPEHOCE Ha HOBBIE CUTYALlUH.

— Ha OLICHKY «HEYJIOBJIIETBOPUTEILHOY (2 6asia) — o0ydarouuiicss IEMOHCTPUPYET 3HAHUS
He Oosiee 20% TeOpeTHUECKOro MaTepHalia, JOMYCKAeT CYIIECTBEHHBIC OIIMOKH, HE MOMKET
MOKa3aTh MHTEJUIEKTYaJIbHbIC HABBIKU PEIIEHUs MPOCTHIX 3a]1ay.

— Ha OLICHKY «HEYAOBJIETBOpUTENIbHO» (1 Oain) — 3aaHue MpenojaBaress BbIIOIHEHO
YaCTUYHO, OOydaroUIMiics HE MOXET BOCHPOM3BECTH M OOBSCHUTH COAEP)KAaHHE, HE MOXKET
N0Ka3aTh MHTEJUIEKTyaJIbHbIC HABBIKU PEIICHUS TIOCTABJICHHOM 3a/1auH.



