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PaGouas nporpamma cocrasiena Ha ocHope ®I'OC BO - GakanaBpuar 1o HanmpapieHUIO
noxrorosku 22.03.02 Meramtyprus (npukas MunoGprayku Poccuu ot 02.06.2020 r. Ne 702)

PaGouas mporpamMma paccMOTpeHa H 0100peHa Ha 3aceJanuu Kadeaps) MeTauTyprua 1
xumuaeckux Texnosorui 08.02.2023, mpotoxon Ne 5

3aB. xadenpoit A.C. XapuyeHko
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JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl MeTamuryprud U XUMHYECKUX TEXHOJIOTHIA

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. XapueHko

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzanuu B 2025 - 2026
yueOHOM rofy Ha 3acejanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouas nporpamma nepecmotpeHa, o0cyxieHa u ogoopena s peanuszauuu B 2026 - 2027
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 . Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2027 - 2028
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 OOydYalImUMCS 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

Huctunnuna Ousmyeckas XuUMHUS NHPOMETAUTYPTHUECKHX IPOILIECCOB BXOAUT B
00s13aTeNpHYI0 YacTh y4eOHOr 0 MIaHa 00pa30BaTEIbHOMN IPOTPAMMBI.

Jnst  w3ydeHuss  IUCHMIUIMHBI ~ HEOOXOoauMbl  3HaHUS  (YMEHHWs,  BJIAJICHUSA),
c(hopMUPOBaHHBIC B pE3yJIbTaTe U3yUYCHHUS JUCITUTUIHH/ TPAKTHK:

HNudopmartrka 1 nHGOPMAIIMOHHBIE TEXHOJIOTHH

dusnueckas XUMH

OCHOBBI METAJULYprUU€CKOr0 MPOU3BOCTBA

Maremartuka

3Hanus (YMEHUS, BIaJICHUs), MOTYICHHBIC TTPH M3yYEeHUHW TAHHOW IUCIUILIMHBI OyIyT
HEOOXOIUMBI IJIS1 U3YUCHUSI JUCIUILITNH/TIPAKTHK:

Teopus 1 TEXHOJIOTHS TOMEHHOTO MpoIecca

BrinnaBka cranu u ¢heppocIiiaBoB B 3JIEKTPOIIEdax

Kogmeast 06paboTka cramu

Teopus 1 TEXHOJIOTHS BBITIJIABKH CTAJU B KHCIOPOIHBIX KOHBEPTEPAX

PaznuBka u kpucTaIM3anus CTaan

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yUeHust

B  pesynbrare  ocBoeHuss — AvcuMIiMHbBL  (Monynsa) — «Dusmueckas — XUMHUS
NUPOMETAITYPTHYECKUX  TpoIleccoBy» OOyyaromuiicss JODKeH o0najaTh  ClelyolUMU
KOMIETEHIMSIMU:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITNN

OIIK-1 Crnocoben pemaTh 3afaydl NPOPEecCHOHATBHON JAEATENbHOCTH, MPUMEHSSI METOJIbI
MOJIEJMPOBAHUS, MATEMATHUECKOTO aHaJIN3a, €CTECTBEHHOHAYYHbIE M OOLIEMH)KEHEPHBIE 3HAHUS

OIlK-1.1 Hcnons3yeT €CTECTBEHHOHAYYHbIE 3aKOHBI W IPUHLUIIBI [IPU PELLICHUU
MIPAKTHYECKUX 337124

OIlK-1.2 Pemaer crangaptHeie mpodeccuoHalbHBIE 3alayd ¢ PUMEHEHHEM
00IIeMH)XEHEPHBIX 3HAHUHI

OIIK-1.3 [IpuMeHsieT MeTOABl MOJEIUPOBAHMS M MAaTE€MaTHYECKOro aHaau3a I
PEILICHM 3a/1a4 TEOPETUYECKOT0 U IPUKIIAAHOIO 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:
— ayIuTOpHas — 54 akaJl. 4acoB;

— BHEAyIUTOpHAs — 3,2 aKaJl. 4acoB;

— caMocTosTenbHas pabora — 15,1 akan. yacos;
— B (hopMe MpaKkTUIECKOM o AroToBku — 0 akaj. Jyac;,
— IMOATOTOBKA K 3K3aMeHy — 35,7 akaj. gac

(DOpMa aTTecTaiuu - 3K3aMCH

AynutopHast ) s
o |KonTaKTHAS pabora E 3 dopma TEKyIIEro
= s & Bu KOHTPOJIS
Paznen/ tema 3 (B axaj. uacax) £ B A . p Kon
S 3 ©|caMOCTOSTEbHOM YCIIEBAEMOCTH U
JUCIIMILIAHB 3 g o " KOMIIETEHLINN
@) 2 £ paboThI MIPOMEKYTOUHOH
na0. [mpakr. | 3 & aTTecTa
Jlexk. 5 Huu
3aH. | 3aH. |Q &
1. Pazgen 1 . TepmoauHamuka
MPOIIECCOB FOPEHUS TOTUTHBA
1.1 Kucnopoansrit TToaroroBka k OIIK-1.1,
MOTEHIUAI Ta30Boi  (hasbl. 1 6 2 | maboparopuomy |CobGecenoBanue no teme| OIIK-1.2,
Peakmusa BogsHOrO rasa 3aHATHIO OIIK-1.3
1.2 Kunermka m MexaHm3M| 3 TIpoBepka u 3ammra
eaKIuil TOpPEHMS Tonrorosxa K I/IFI,-I 1/11?14 anb:z)ro OIIK-1.1,
I1)“6 NIIIOI[I/IHaMI/IKa egu( 1/1171 1 6 2 naGopatopHoMy acqeilﬂo-rll };(bnqecxoro OIIK-1.2,
P peaxit 3aHATHIO p P OIIK-1.3
TOpEHUs yriepoaa 3amanus Nel
HWroro no pazgeny 2 12 4
2. Pazgen 2. [poueccs
00pa3oBaHus W JAMCCOLUAIIMU
XHMHUYECKUX COCIMHCHUI
CaMoCTOATEIEHOE
H3y4deHue
yvq Brimonaenne n
2.1 Juccormanus Y€OHOH 1 Hay1HO 00CyKIeHne TaHHBIX OIIK-1.1,
Kili OOHATOB M OKHCJIOB 2 6 1 MTCPATYPHI. na60y aTOPHOU padOTHI OIIK-1.2,
p TToaroroBka k P ]r\)fol p OIIK-1.3
nabopaTtopHOit N
pabote Ne 1
3
CaMOoCTOSITEIbHOE
M3YACHIE Brinonnenue n
2.2 Kuneruka, MexaHU3M yueOHOI 1 Hay4HO OIIK-1.1,
00CyXICHHE JaHHBIX
npoiiecca IUCCOLUAIINT 1 6 1 JIUTEPATYpPHL. N OIIK-1.2,
nabopaTtopHOi paboThI
KapOOHATOB ITogroroBka k No2 OIIK-1.3
nabopaTtopHOU -
pabote Ne 2
Wroro no pazneny 3 12 2
3. Pasmen 3. OcHOBBI TeopHHU
BOCCTaHOBJICHHUST OKCH/IOB
Brimonnenue u
3.1 TepMmonnHamuka ITogroroBka k o6c CHUC NAHHBIX OIIK-1.1,
BOCCTaHOBJIEHUsT  MertaioB| 3 | 2 6 2 | nmaGoparopHomy YA I OIlK-1.2,
nabopaTopHOi paboThI
rasamu 3aHATHIO 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(SJTOHe’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 2 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 rnqepcmx § ! 6 SAIITHIO. na6oy§fo Hoﬁﬂ a00ThI OIK-1.2,
yp JlabopaTopHas patop p OIlK-1.3
pacriiaBoB Ne4
pabora Ne4
HWroro no pazneny 2 6 2
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 CaMzzTO’;f{iI?Hoe YeTHbii onpoc OIK-1.1,
' P 2 11 v N (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 2,1
Hroro 3a cemectp 18 | 36 15,1 SK3aMeH
Hroro no aucrumianne 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;

— TMOdTamHOe omnucaHue (IMPOEKTUPOBAHME) CIIOCOOOB  JTOCTHIKEHHS  3a/JaHHBIX
pe3yJbTaTOB-1IENEeH;

— WCMOJB30BaHUE OOpAaTHOW CBS3M C IENBI0 KOPPEKTHUPOBKH 0Opa30BATEIILHOTO
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. Tompamreitn H. JI. Kpatkuii kypce ¢pu3ndeckoil XUMUU METALTyPTUYECKUX POIIECCOB
[Tekcr]: yuebnoe mocodue / H. JI. IN'onpamrreiin; MI'TY. - 2-¢ u3a. - Marautoropck, 2012. - 338
C.: WL, AMarp., rpad., cxemsl, Ta0JI.

2. OCHOBBI METAJUTYPrHYECKOTO MPOU3BOACTBA : yucOHUK / B. A. burees, K. H. Baosus,
B. M. Konokonbiie [u np.] ; mox obmei penakmueid B. M. Konokomnbrea. — 2-¢ u3j., crep. —
Cankr-IlerepOypr : Jlanb, 2020. — 616 c. — ISBN 978-5-8114-4960-6. — TekcT : 37eKTpOHHBIN
Il Jlansb : anekTponHo-6ubnoTeunas cucrema. — URL: https://e.lanbook.com/book/129223 —
PexxuMm noctyna: 115 aBTOpU3. OJIb30BaTEIIEH.

0) JlomostHuTEIbHAS JIATEPATYpA:

1. Muxaiinos, I'.I'. TepMoauHaMHKa METAUTYPIHYSCKUX MUIAKOB | yueOHOE mocooue /
I''I". Muxaiino, B.M. Antomenko. — MockBa . MHUCHUC, 2013. — 173 c. — ISBN
978-5-87623-729-3. — TekcT : anexkrpoHubliii // JIaHb : 3JIeKTpPOHHO-OMOIHOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/47475

2. Muxaiinos, ['.I'. TepmoaumHamMuKa METaUTyprHYECKHX TIPOIECCOB M CHCTEM .
moHorpa-dus / I'.I'. Muxaiinos, b.1. Jleonosuu, F0.C. Ky3uemnos. — Mocksa : MUCHUC, 2009.
— 520 c¢. — ISBN 978-5-87623-224-3. — Tekct : onektponHsii [/ Jlaub
ANIEKTPOHHO-OMOIHoTeYHas cu-ctema. — URL: https://e.lanbook.com/book/117016

3. Jlysrun, B.I1. Teopust ¥ TeXHOIOTHUS METAUTYPrHM cTanu . ydaeOnoe mocooue / B.I1.
Jysrun, A.E. Cemun, O.A. KomomnoBa. — Mockea : MUCHUC, 2010. — 72 c¢. — ISBN
978-5-87623-346-2. — Tekcr : 3neKTpoHHBbIH // JIaHb : 2IeKTPOHHO-OMOIMOTEUHAasT CUCTeMa. —
URL: https://e.lanbook.com/book/2062

4. Usnes, C.A. Metajurypruueckue TEXHOJOTUU. MeTalutyprust 4€pHbBIX METaJIoB !
yuebnoe mocooue / C.A. Usnes, M.I1. KiroeB. — Mocksa : MUCHUC, 2017. — 45 ¢. — ISBN
978-5-906846-57-0. — Tekcr : aneKTpoHHBbIH // JIaHb : 2IeKTPOHHO-OMOIMOTEUHAsT CUCTeMa. —
URL: https://e.lanbook.com/book/108106

5. TepmomuHamuka, KWHETHKAa M pacyeThl MeTauryprudyeckux mpomeccoB / C.H.
[Manepun, JI.U. Peokonkos, I'.B. Cepos [u np.]. — Mocksa : MUCHUC, 2010. — 235 ¢. — ISBN
978-5-87623-312-7. — Texcr : anekTpoHHbIi // JIaHb | 371€KTpOHHO-OMONIMOTEYHAsT CHCTEMA. —
URL: https://e.lanbook.com/book/117022

B) MeTonuyeckue ykazaHus:

1. CmupuoB A. H. TepMmoanHamuka MpOLECCOB TOPEHHUS TOIUIMBA [DIIEKTPOHHBIN
pecypc]: MeTo-guYecKkHe yKazaHusd i1 CTYJEHTOB 10 JIUCHUIUIMHE "®uznueckas XUMHS
metautyprudeckux npouecco" / A. H. Cmupros, M. A. lllectoouros, C. B. IOquna; MI'TY. -
Marnauroropck : MI'TY, 2013. - 1 snekrpon. ont. auck (CD-ROM). - Pexum mpocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/112430
2/68.pdf&view=true . - MakpooOBEKT.

2. MatepuanpHble M TEIUIOBBIE pacueThl XHMMKO-TEXHOJOIMYECKMX IPOLECCOB
[DnekTponHsIii pecype]: yaeoHoe mocooue / C. A. Kpsutosa, 3. . Koctuna, 1. B. TTonypko, A.
B. T'opoxos; MI'TY, [kad. XTHMu®dX]. - Marautoropck, 2011. - 50 c.: Tabu.



https://e.lanbook.com/book/129223
https://e.lanbook.com/book/47475
https://e.lanbook.com/book/117016
https://e.lanbook.com/book/2062
https://e.lanbook.com/book/108106
https://e.lanbook.com/book/117022
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/1124302/68.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/1124302/68.pdf&view=true

- Pexxum Jocryna:
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/107901
2/36.pdf&view=true . - MakpoOBbeKT.

3. CeeunukoBa H.IO., CmupnoB A.H., IOguna C.B. Mertoauueckue ykazaHus: s
BBITTOJTHECHHS n1abopaTOPHBIX pabor o JUCIIUILINHE «Dusnueckas XAMUSA
MAPOMETALTYPIrUYECKUX TPOIECCOBY» [UJII CTYACHTOB BCEX CIECHHAIBHOCTEH BceX ¢GopMm
o0yuyenus. Marauroropck: M3n-Bo Marauroropcek. roc. Text. yH-ta uM. I.M1.Hocosa, 2015, 29 c.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecnieuenmne

HanmenoBanue .

1o Ne moroBopa Cpox IeiCcTBUS JIMLICH3UU
7Zip CBOOOJIHO PaCIPOCTPAHIEMOE 0eccpoyHO
FAR Manager |cBoOOIHO pacnpocTpaHsIeMoe OECCPOYHO
Bbpaysep CBOOOJIHO PaCIpPOCTPaHIEMOE 0ECCPOUYHO

IIpodeccuonanbublie 6a3bl JAHHBIX U HH(OPMAIMOHHbIE CIPABOYHbIE CHCTEMbI
Hazsanue xkypca CchlIKa

HaunonaneHas
undopMmanronHo-anaautiuueckas cucrema —|URL: https://elibrary.ru/project _risc.asp
Poccuiickuii MHJEKC HAay4YHOTO IMTHPOBAHUS
Undpopmannonnass cucrtema - Eaunoe okHO
JI0CTYMa K MHPOPMALIMOHHBIM pecypcaM

Poccuiickas T'ocynapctBeHHass Oubiamorexa.

URL: http://window.edu.ru/

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

Karanoru
DnexkTponHbIe pecypcsl oubmmorekn MI'TY um.|https://magtu.informsystema.ru/Marc.html?
I".1. HocoBa locale=ru

9 MaTtepHaJIbHO-TEXHHYECKOE o0ecneyeHne TUCIUTILIHHBI (MOLYJIs1)

MaTepHaano-TeXHqucxoe obecrneucHue JUCITUITIIIMHBI BKIIFOYACT:


https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://elibrary.ru/project_risc.asp
http://window.edu.ru/
https://www.rsl.ru/ru/4readers/catalogues/
https://magtu.informsystema.ru/Marc.html?locale=ru
https://magtu.informsystema.ru/Marc.html?locale=ru

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
000py/I0BaHUs 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-MeTOoAHYeCKOe o0eceyeHne caMOCTOATEIbHOI PpadoThl 00y4aloIuXCs
Coaep:xaHue TeOPeTHYECKOr0 pa3iesia TUCHUILINHBI

(camocTosiTEIbLHOE U3YyUEeHHUE)

1. Knaccudukanus Metaquryprudeckux mnpoueccoB. OCHOBHbBIE 3aKOHBI TEPMOJAMHAMUKH.
Oueprus ['m60ca n xumudeckuii moreHmal. KoHcTaHTa XUMHUYECKOTO PaBHOBECHS U YPaBHEHUE
uzotepMbl peakiuu. CrangaptHoe usMeHenue sHepruu ['nb6ca. CmeleHue paBHOBECHUS U
npaBuio ¢as.

2. T'openue oxcuma yriepona. ['openue Bomoponma. Peakuusi BogsHoro rasa. Peakuus
B3aumozeiictBus yriepoga ¢ CO;. Peakuuu HENOJHOTO M IIOJHOTO TOpPEHUs YIJepoja.
PaBHOBecHBIN cocTaB raza. BocriameHnenue rasoBbix cMmeceil. Llenmubie peaknuu. Kunetuka u
MEXaHU3M TOpEeHHs] TBepaoro yriaepoaa. OCHOBbI KHHETUKM TE€TEPOr€HHBIX IIPOIIECCOB.
Xapakrepuctuka AuQGy3HOHHBIX mporieccoB. OCOOEHHOCTH MPOIECCOB B KUHETHUECKOH U
T Py3nOHHOH 00IacTAX.

3. Kuneruka oxucnenus wmeramuioB. Ponbp auddys3uu peareHTOB uepe3 OKalHHY U
KPUCTAITIOXMMHUYECKOI0 MPEBPAIllEHUsI Ha TPaHUIle MeTalll - OKcuJ. PopManbHO-KUHETUYECKOE
ypaBHEHHUe mpoliecca u ero ananu3. Kunernueckuit u nudy3noHHbINA pexxuM peakuuu. Bnusaue
TEMIEPATypbl HAa CKOPOCTb OKHCIEHUS. OKHCIUTENbHOE papUHUPOBAHUE KHUAKUX METAJUIOB.
[TocnenoBaTenbHOCT,  OKUCIEHMSI mpuMmeceil. TepmMoauHaMUYecKWil  aHamU3  peakiuu
JUCCOLMALIUU KapOOHATOB. Kuneruka nporecca JMCCOLIMALUY, 0COOEHHOCTH
KPUCTAIJIOXMMHUYECKOTO TpeBpallleHus. ABTOKaTaiu3 IMpoiecca. BiusHue u3MelbYeHUsS
TBEP/BIX (a3 Ha TEPMOJMHAMUYECKHE U KHHETUYECKHE XapaKTEPUCTUKU TPOIIecca.

4. CTpoeHHE U CBOMCTBA METAJUIYPTUYECKUX pacIulaBoB. PU3NKO-XMMHYECKUNA aHAIN3
IIJIaKOB. /IBOiHBIE HarpaMMBbl COCTOSIHUS IIUTAKOBBIX CUCTEM. JlMarpaMma COCTOSIHHSI CUCTEMBI
CaO—AI,03—Si0,. PacrinapnenHsle nutaku. MonekynsipHas Teopus. BS3KOCTh UTaKOB.

Cepa B uyryHnax u craysx. [Iporeccsl gecynbdypaium kee3HbIX CIi1aBoB. ['a3sl (BOI0pOT
M a30T) B OKEJNE3HBIX cCIulaBaXx. PactBopumocTs Ta3oB. Kwuciopog B KelIe3HBIX
crutaBaxHemeTannnueckre BKIIOUEHUS B CTAIAX U TEXHOJIOTMYECKUE CTIOCOOBI papUHUPOBAHUS
MeTajljla OT HEMETAUNIMYECKUX BKIOYEHHMH. [IOBEpXHOCTHBIE SBJICHMSI B METAITYPTHUECKHUX
nporeccax. [ToBepxHOCTHOE HaTSKEHHE [IJIAKOB u HKEJIE3HBIX CILIaBOB.
IToBEpXHOCTHO-aKTUBHBIE BEILIECTBA.

JIaGopatopHble pabOTHI:

JlabopatopHas pabotra No 1: TepmMoauHaMHUeCKUN aHAIM3 PEAKIUHU JHUCCOIUAIIAN
KapOoHaTa KaJbIIUS;

JlabopaTtopHas pabota Ne 2: I'paBUMeTpHUYECKOE MCCIIEIOBAHNE KUHETUKH JHCCOLAAIINN
KapOoHaTa KaJbIIUS;

JlabopatopHnas pabGota Ne 3: I'paBUMETpUUYECKOE WCCIAEAOBAaHHUE MAKPOKHHETHKHU
OKHCJICHUS Kele3a;

JlabopaTtopHas pabota Ne 4: OnpeneneHue 3JIeKTPOIPOBOIHOCTH IIJTAKOBOTO pacIiiaBa.

®opMyIUPOBKA MHIUBUAYATHHOTO 3aaaHus Nel
(Pacuetno-rpaduueckas padora Nel)

Jlna peakunn BogsHoro raza CO + H20 = CO2 + H2  onpenenuTs BO3MOXHOE HaIlpaBJICHNE
peaKkMu U paBHOBECHBIM cOCTaB ra3a npu temneparypax: 700, 800, 900 u 1000° C, ecnmu
MCXO0JIHas razoBasi cMech cojepxkut 23% CO u 27% H20, 20% CO2 u 30% H2.

Ornpenenutbh paBHOBECHBIN cOCTaB ra3a B peakuuu bena-bynyapa Cp+CO2 =2CO



®opMyIUPOBKA MHIUBUAYAIHHOTO 3agaHus No 2
(PacuerHo-rpaduueckas pabora Ne2)

3amauva 1
Onpenenutb akTUBHOCTB OKcHJIa xkene3a FeO B moamkoMnoHeHTHOM nuiake (tad. 1).
Tabmua 1
CocraB nu1aKoBOTO paciuiaBa Mac. %
Bapuant CaO MgO MnO FeO Sio, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0
3anaya 2

Onpenenuts aKTUBHOCTh KOMIIOHEHTOB B CIIJIaBaX Ha OCHOBE kene3a (Tadi. 2,3).

Tabmuia 2
XUMHYECKUH COCTAB JKEJIE3HBIX CIUIABOB (Macc.%)

Bapuant C Si Mn Cr S P O
2 0,08 0,30 0,40 0,15 0,045 0,035 0,047

Tabnuma3 _

[TapameTpsl B3aUMOJIEHCTBHS & KOMIIOHEHTOB CILUIABOB HA OCHOBE KeJe3a

npu 1600 °C

OneMeHT Onemenr J
i C Si Mn Cr S P 0]
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] -0,45 -0,131 -0,021 -0,04 -0,133 0,07 -0,20

IIpumepHbIe Bonpockl 1J1s cobeceJOBAHUSA 10 TeMaM:

. B KakuxX TEXHOJIOTMUYECKHUX MpOILEeccaX NPOUCXOAUT TEPMUYECKAs IUCCOLMALIMS
CaCOg3?

2. laiiTe onpeiesieHHe TEPMUHY «yIPYroCTh AUCCOLMAIMU KapOoHaTa”.

3. B ueM 3akimrouaercs oTiiMune KOHCTaHT paBHOBecus Ka u Kp?

4. B xakom cnydae 3HaueHuss Kp wu ymnpyroctu nuccoumanuu CaCOgz 4uCIEHHO
COBIIANAIOT?

5. C xakoil uenpio nepes; OnbITOM BaKyyMHPYIOT pabouyto YCTaHOBKY?

6. TepMmogmHamMuka OoO0pa3oBaHWS ©  JAWCCONMANMs  KapOOHATOB; TEMIIEPaTypHI
Hayasia.

7. TepMoarHaAMHIKa TOPEHUS TBEPIOTO TOIJIMBA

8. Kak BiusieT creneHb AUCHEPCHOCTH KapOOHaTa M U3BECTH Ha YIIPYroCTh JUCCOLUAIINN
CaCOs.

10.Kakue MeTamrypruieckue Mpoueccsl BISI0TCA TOIOXUMUYECKUMH PEAKIUAMU?

11.Kakne xuMuyeckne peakiyy NpOTEKAOT MO aBTOKATAIUTHYECKOMY MexaHu3My? UTto
ABJIIETCS KaTaIU3aTOPOM TaKUX MPOLIECCOB?

Uro Takoe KpHUCTANIMYECKass PEIIETKA, M KaKHE XapaKTEPUCTUKU KPUCTAJIIMYECKON
pemerku Bol 3HaeTe?



Pacnpe,ueneHHe KOMIIOHCHTOB MCXKAY MCTAJJIOM W NIJIAKOM; KOHCTaHTa U
ko3 duIueHT
pacripenesieHus

OOBsicHUTE U3MEHEHHE CKOPOCTH TOOXMMHUYECKHX MTPOIIECCOB HA IIPUMEPE BHIMTOJIHEHHON
paboTHI.

KakoB MexaHu3M nucconuanuy kapOoHaTa Kaiblus?

IIpumepHbIe 3ana4n:

3amaua 1. OnpenenuTs paBHOBECHOE MAPIUATBLHOE IaBJIICHUE KUCIOPO/Ia B Ta30BOM CMecH
CO-CO; ipu remneparype 1300 °C u Pcoy/ Peo = 0,35.

3amaua 2. OnpenenuTh paBHOBECHOE MAPIUATBLHOE IaBJIICHUE KUCIOPO/Ia B Ta30BOM CMecH
H,-H>0 npu remneparype 1500 °C u Pypo /P 12 =0,30.

3amaua 3. Kakoe gomxuo 0bITh oTHOIIEHHE %0CO2/%CO B razosoii cmecu CO-CQOy, 4T0O0BI
npu temneparype 1200 °C paBHOBECHOE aBJIEHUE KUCIOPOJa B HEH cocTaBisio Po,= 1,5- 10°
[Ta?

3amaua 4. Kakoe nomkHo ObITh oTHOIIeHHEe %H>0/%H; B razosoii cmecu Ho-HyO, uTo05BI
npu Temmeparype 1300 °C paBHOBECHOE IaBIICHHE KHCIOPO/IA COCTABISIIO Poy=2-107 ITa?

3amaua 5. Onpenenuts TeMIeparypy, Ipu KOTOPOi paBHOBECHOE MapluaibHOE JaBICHHE
kucnopoa B razoBoit cMecu CO-CO; npu otHomenuun PCO, /PCO=0,2 cocraBur Po; = 4-10-5
ITa.

3amaua 6. 3aymaya 1. OxapakTepu30BaTh X0/ KPUCTAJUIM3ALIMU PACIUIABOB, coaepxammx 10
% CaO.
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3amaua 7. [lng cMmeceil, cOOTBETCTBYIOIIMX ToukaM 1 — 8, M300pa’kK€HHBIX Ha pHC.,
onpenenuTs: 1) kakue ¢aspl U B KAKOM KOJIMYECTBEHHOM COOTHOILIEHUH OYyIyT HaXOAUTHCS B
paBHOBECHM TpU HarpeBaHuM cMmeceil 10 temnepatypbl 1200 °C.; 2) npu Kakoi Temmeparype
HAYHETCs ¥ 3aKOHYMTCS IIaBICHUE CMECEH.
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IIpunoxenne 2

7 OueHoYHbIE CPeCTBA JIJIsl IPOBeIeHH s IPOMEKYTOYHOM aTTeCTAlMHU

a) HHaHpreMLIe pe3yJbTaThbl oﬁyqe}mﬂ H OIICHOYHBIC CpeaACTBA AJIsl IPOBECACHUSA l'[pOMC)KyTO‘IHOfI aTrrecramum:

CrpyKTypHBIi
JJIEMEHT

KOMIICTCHIIHU

[Tnanupyemsble pe3yabTaThl 00yueHHs

O1neHOYHBIC CPEICTBA

OIIK-1: CnocobeH pemats 3a1a4u mpo(hecCHOHATLHON IeSTEIIbHOCTH, TPAUMEHSISI METOJIBI MOJICIIMPOBAHMS, MATEMATHYECKOTO aHAIIN3a, ECTCCTBEHHOHAYYHBIC U
OOIIeMH)KEHEPHbIE 3HAHUS

OIIK-1.1

HCHOHBSyeT €CTCCTBCHHOHAYYHBIC 3aKOHBI U
IMPUHIMUIIBI ITPHU PCIICHUHU MMPAKTUYCCKUX 3ada4

Chucokx BOITPOCOB VI IPOBECACHUSA IK3aMEHA 110 JUCHUIIJIMHE «Dusznueckas XUMHS
MMUPOMETAIUTYPIrUICCKUX ITPOLECCOB»

1. B kakux T€XHOJOTHYECKUX ITpoLeccax MPOUCcXoauT Tepmuueckas qucconuanus CaCO3z?
2. [laiiTe onpeneneHrne TEPMUHY «yNPyrocTb JUCCOLMALUU KapOoHaTa”.

3. B yem 3akirogaercs oTIM4YMe KOHCTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3HaueHust Kp u ynpyroctu aucconumanuu CaCO3 4rcieHHO 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 JUCIEPCHOCTH KapOOHaTa U U3BECTH HA YIPYTroCTh AUCCOLUAIIH
CaCOsg.

10.Kakue MeTamrypruuyeckue Mpoueccsl ABISI0TCS TONOXUMHUYECKUMH PEaKIUsAMU?
11.Kakne xuMuyeckne peakiimy MpOTEKAOT MO aBTOKATATUTUYECKOMY MeXaHu3My? Uto
SBJIAETCS KaTaIu3aTOPOM TaKHX IPOLECCOB?

Uro Takoe KpucTalsInyecKas penieTka, i Kakiue XapakKTepUCTUKN KPUCTAJUTMUECKON perieTKu
Bbl 3HaeTe?

Pacnpenenenne KOMIOHEHTOB MEXAy METAJIJIOM M IUIAKOM; KOHCTaHTa U KO3pQUIUEHT
pacnpeneneHus

OObscHUTE U3MEHEHUE CKOPOCTH TOTIOXMMHUYECKUX MPOILIECCOB Ha MMPUMEPE BHITOTHEHHON
paboThI.

KakoB Mexanu3m auccornyanuu kapOoHaTa Kaublys?




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

Pacckaxute 0 METOIMKE OTIPEIeIEHUs] CKOPOCTH JUCCOIMALINY KapOOoHaTa KaJIbIIHs,
IIPUMEHEHHOH B IaHHOM OIIBITE.

B uem 3akiroyaroTcs pa3inyus TOMOIEHHBIX U FE€TEPOTreHHBIX peaKnii?

W3 xakux cTaguil CKJIagbpIBalOTCs FETEPOreHHbIE PEAKIUU?

UTO Ha3BIBAIOT PEKUMOM IF€TEPOreHHOM peakiuu?

KakoBbl 0COOEHHOCTH MPOTEKAHUS pPeaKLUil B pa3IMUHbIX PeKUMax pearupoBaHus?

Kax n3MeHseTcs ToNIMHA IUIEHKU OKaJIUHBI IPA OKUCIICHUH METAJIJIOB B Pa3JIMYHbBIX PEXKUMAX
pearupoBaHus?

B yem cymHOCTh TpaBUMETPUUYECKOTO METOAA UCCIIEI0BAHUSA OKUCIIEHUS METAIIIOB?
KakoBa cTpykTypa jkelne3HOli OKaJIHHbI U OT KakuX (JakTOpOB OHA 3aBHCUT?

Yo Takoe BIOCTUT U KaKOBa €r0 POJIb B OKUCICHUH JKEJIE3HBIX CILIABOB?
ChopmynupyiiTe TPUHIUI )KapOCTOMKOCTH JKEJIE3HBIX CIUIABOB.

JlaiiTe onpeeneHust KOHCTaHThl CKOPOCTH peakiuu U ko3dduuuenta nuddysuu.

B uem 3akitouaercs peakumonHas qudy3us U Kak oHa MPOSIBISIETCS IIPU OKUCIEHUHU XkKee3a?
KakoBbI OCHOBHBIE KOMIIOHEHTBI METAJUTYPTUYECKUX LIUIAKOB?

Kak ornpenenstor yaenbHyI0 3JIeKTPUYECKYIO IPOBOIUMOCTb pacijiaBoB?

UYro Takoe SHEeprys aKTUBAIMU JIEKTPONEPEHOCa, U KaK OHa MOXET ObITh omnpezeeHa’?
31.KakoBbI 3KCIEpUMEHTANIbHBIE JI0KA3aTeIbCTBA HOHHOTO CTPOEHUS IIJIAKOB?

32.JlaiiTe onpenencHUe MOHATUSA " TUHAMUYECKasl BA3KOCTh' pacIulaBa.

33.JlaiiTe onpeaeneHue MOHATUS "KMHEMaTHYeCcKas BA3KOCTh " pacIuiaBa.

34.113 KakuX 4acTHIl COCTOST METAJUTYpPTrUYE€CKUE IUTAKU?

35.Kakue yacTuiibl KOHTPOJUPYIOT BA3KOE TEUEHHE B IIUIaKax?

36.Kak onpenenstoT BAI3KOCTh IIJIAKOBBIX U METAJUINYECKUX PACILIaBOB?

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.aiite onpeneneHue NOHATUA "yAelIbHAs IEKTPUUYECKAs JIEKTPOIIPOBOJHOCTD' .
42.113 KaKuX 4acTHUI] COCTOSIT METAJUTYPruYeCKue NUIaKku?

OIIK-1.2

Pemaet crangaptHbie mpodeccroHanbHbIe
3a/1au C MPUMEHEHUEM OOIENHKEHEPHBIX
3HAHUH

3aauu ISl CAMOCTOSATENBHOTO PEILICHUS:

3amada 1. OnpeenuTh paBHOBECHOE MaplAaIbHOE JaBIIEHUE KHCIOPOa B Ta30BOI cMeCH
CO-CO; mpu Temneparype 1300 °C u Pcoo/ Pco = 0,35.
3amada 2. OnpenenuTh paBHOBECHOE MaplaIbHOE JaBIEHUE KHCIOPOa B Ta30BOI CMeCH
H,-H,0 nipu remnieparype 1500 °C u Pyypo /P iy =0,30.
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3anaga 3. Kakoe nomkHO ObITh oTHOIIEHHE %C02/%CO B razosoii cmecu CO-COy, 4To0bI mpu
temnepatype 1200 °C paBHOBECHOE J1aBlI€HUE KMCIOPOJa B HEM cocTaBisiio Po,= 1,5: 10” ITa?
3anaga 4. Kakoe nomkHo ObiTh oTHOIIEHHE Y%H20/%H> B razosoii cmecu Ho-HpO, uTo6bI ipu
temnepatype 1300 °C paBHOBECHOE J1aBJI€HUE KMCIOPOJa COCTaBIsIO Poy= 2+ 10” ITa?

3amaua 5. OnpenenuTs TeMIEpaTypy, MPU KOTOPOH paBHOBECHOE MAPIHUATBLHOE 1ABJICHHE
kucioposa B razoBoi cmecu CO-CO; npu otHomennu PCO, /PCO=0,2 cocraBut Py =4-10-5
Ila.

3amaua 6. OnpenenuTs TEMIEPaTypy, P KOTOPOH paBHOBECHOE MAPIIUATILHOE TaBJICHHE
Kucioposa B razoBoi cmecu Hp-HoO nipu otHOMmIEHNMM P 1150/ P 11o=0,25 coctaBut Poy = 5-10-5
[Ta. 3amaga 7. OnpenenuTh paBHOBECHBIN cocTaB ra3oBoii cMecu Hj - O - H,O npu remmieparype
700 °C, ecnu UCXOJIHBIE TTApIIUATIbHBIC 1aBJICHUS Ia30B B 3aKPbITOM cucteme coctaisu 0,333
aTM.

3anaua 8. OnpenenuTs paBHOBECHBIN cocTaB ra3zoBoii cmecu CO - Oy - CO; npu Temmepatype
800 °C, ecnu UCXOIHBIE TAPIIUATILHBIE JaBJIEHUS ra3oB B cucteme coctaisuii: CO — 0,5 atm, O2
—0,3arm, CO2 —0,2 atm.

3amada 9. OnpenenuTs, Ipu KaKOH TeMIepaType CpoJACTBO KUCIOpOAa K BOAOPOAY U
MOHOOKCHUJY yTIepo/ia OJMHAKOBO.

3amaua 10. Onpeaenuts BO3MOKHOE HaIlpaBJIeHNUE PEAKIIMU BOJSHOTO Ta3a P TEMIIEpaType
900 °C, ecnu ucxoanas razoBasi cmech coaepxur 23% CO, 27% H,0, 20% 14 CO, u 30% Hy.
O6mee naBnenue B neun paBHo 105 [la, a koHcTanTa paBHOBecus peakuuu npu 900 °C paBHa
0,76.

3amaua 11. Onpeaenuts TeMneparypy, Ipu KOTOPOU B pe3yJbTaTe MPOTEKaHUS PEaKluu
BOJISTHOTO Ta3a paBHOBECHAs Ta30Basi cMech coaepkuT 26,2% CO, 30,2% H,0, 16,8% CO; u
26,2% H,. Temnepatypnas 3aBucumocts 3Hepruu [ m66ca ast peakiuu CO(T)+H20(r)=
CO2(r)+H2(r) umeet Bug G= - 36600 + 33,5* T, JIx

OIIK-1.3

HpI/IMeHSIeT METOJbI MOACIIMPOBAHUSA U
MaTCMAaTUYCCKOI'0 aHajin3a JJIsd pCUICHUA 3aaa4
TECOPCTUUCCKOTO U MMPUKIAJHOI'O XapaKTepa

3amanne Ha penieHue 3a1a4d u3 npodecCuoHaIbHOM 00IacTh (JoOMalTHee WHIUBUTyaIbHOE
3a71aHue)
3anayva 1.

Hns peakunn: Cipy + CO2yy =2CO(y ypaBHEHHE 3aBUCHMOCTH KOHCTAHTBl PABHOBECHS
OT TeMIIepaTypbl KOTOPOH UMEET BHU:

gk, =226
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OTIPEICIUTh PABHOBECHBI COCTAB ra3a B 3aBUCUMOCTH OT TeMIIepaTyphl U TaBlieHUs (Tadr.).
[TonydeHHble 3HaUEHUS IPEICTABUTH B BUIE TaOIUIBI U IrpaduKa.

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)
ypaBHEHHE 3aBHCUMOCTH KOHCTAHTBI PABHOBECHUSI OT TEMIIEPATYpPhl HIMEET BH/I;
8916
9K, = ———+911
T
OTIpeICTUTh PABHOBECHBIM COCTAB ra3a B 3aBUCHMOCTH OT TeMIIepaTypbl U 1aBleHus (Tadu.).
[TosrydeHHbIC 3HAUYCHUS IPEJICTABUTH B BUJIC TaOJIMIIBI U rpaduKa.

Bapuant | Temneparypa °C JlaBnenue (aT™m.)

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




0) Ilopsinok mpoBeaeHHs] MPOMEKYTOYHON ATTECTALMHU, MOKA3ATEJH M KPUTEPUH
OLlCHUBAHMUSL:

IIpomexyTouHas aTTecTanus 1o JUCLUIIIIMHE «Pusuyeckas XUMUA
NHUPOMETAUIYPrU4eCKHX IPOLECCOB» BKIIOYAET TEOPETUYECKUE BOIPOCHI, ITO3BOJISAIOLINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUYAIOIIMMUCS 3HAHUH, U MPAKTUYECKHE 3a/IaHUs, BBISBIISIOIINE
CTereHb CPOPMUPOBAHHOCTH YMEHUN U BIIAICHUH, TPOBOIUTCS B (hOpMe IK3aMEHa.

DK3aMeH 10 JAaHHOW IUCIMILIMHE MPOBOAMUTCS B YCTHOHM (opMe MO IK3aMEHAIIHOHHBIM
Owiieram, KaKIblii M3 KOTOPBIX BKJIIOYAEeT 2 TEOPETHMUYECKHUX BOIIPOCA U OJHO IPAKTHUECKOE
3a/laHue.

Iloka3zatenu n KPUTECPUHU OLICHUBAHUA IK3aMEHA:

— Ha OLEHKY «OTJIHYHO» (5 06ayuioB) — oOydarouuiics 1eMOHCTPUPYET BHICOKHH YPOBEHb
c(OPMHUPOBAHHOCTU KOMIIETEHIMH, BCECTOPOHHEE, CHUCTEMAaTHYEeCKOe U INIyOOKOoe 3HaHue
yueOHOro Marepuajga, CBOOOJHO BBINOJHSET MPAKTUUYECKHE 3a/laHus, CBOOOJHO ONEpUpYET
3HAHUSIMH, YMEHUSIMU, IPUMEHSET UX B CUTYalUsIX OBBILIEHHON CII0)KHOCTH.

— Ha OIICHKY «Xopomo» (4 Oamia) — oOyJarouuics AeMOHCTPUPYET CPEIHUN YPOBEHBb
Cq)OpMHpOBaHHOCTI/I KOMHCTGHHHﬁI OCHOBHBIC 3HaHHA, YMCHUA OCBOCHBLI, HO JOITYCKArOTCA
HE3HAYUTCIIbHBIC OHII/I6KI/I, HCETOYHOCTH, 3aTPYAHCHUA TP aHAIIMTUYCCKUX OIICpalusiax, I€PpeHOCe
3HAaHUU U YMGHI/II?I Ha HOBBIC, HCCTAHAAPTHBIC CUTyalluU.

— Ha OILIEHKY «YyIOBJIETBOPUTEJbHO» (3 Oamia) — oOydwarouuics JIEeMOHCTPUPYET
MOPOTOBBIA YPOBEHb C(HOPMUPOBAHHOCTH KOMIIETCHIIMI: B XOA€ KOHTPOJBHBIX MEPOINPHUSTUN
JIOTTYCKAIOTCS OLIMOKU, TPOSBISETCS OTCYTCTBHE OT/ACIbHBIX 3HAHWNM, YMEHUW, HaBBIKOB,
0oOy4aromMiicsl WCIBITHIBAET 3HAYUTENbHbIC 3aTPYAHEHUS TPU ONEPUPOBAHUU 3HAHHUSIMH U
YMEHHSIMH MPU X MIEPEHOCE Ha HOBBIE CUTYaIIUU.

— Ha OLICHKY «HeYyJI0BJIETBOPHUTEJbHO» (2 Oamia) — oOydaromuiicss JEMOHCTPUPYET
3HaHus He Oojee 20% TeopeTHdecKoro MaTrepuaia, JOMYCKaeT CYIIECTBEHHbIE OIIMOKH, He
MOJKET TOKa3aTh MHTEIUICKTYaIbHbIE HABBIKH PEIICHUS MTPOCTHIX 3a7ay.

— Ha OLICHKY «HeyJI0BJeTBOPHUTeJbLHO» (1 Oamn) — 3agaHue npenoaaBaress BhIIOIHEHO
YaCTUYHO, OOy4aloUIMiics HE MOXKET BOCHPOM3BECTH U OOBSICHUTH COJACpXKAHUE, HE MOXKET
NOKa3aTh MHTEJUIEKTYaJIbHbIC HABBIKU PEIIeHUs TOCTABJICHHOM 3a/1auu.



