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JIner akTyanu3anuu padoyeil nporpaMmsl

Pabouas mporpamma nepecMoTpeHa, odcyxieHa u ogoopena s peanusanuu B 2026 - 2027
y4eOHOM TOJTy Ha 3aceanuu Kageapsl MeTaTypruu U XUMHYECKUX TEXHOJIOTHI

[Iporokom ot 20 . Ne
3aB. kadenpoii A.C. XapueHko

Pabouas mporpamma nepecMoTpeHa, odcyxieHa u ogoopena s peanusanuu B 2027 - 2028
y4eOHOM TOJTy Ha 3aceannu Kageapsl MeTaTypruu U XUMHYECKUX TEXHOJIOTHI

IIporokom ot 20 . Ne

3aB. kadeapoii A.C. Yap‘-ICHKO

Pabouas mporpamMma rnepecMoTpeHa, 00CykaeHa u ogo0peHa s peanusaruu B 2028 - 2029
y4eOHOM TroJly Ha 3acefaHuu Kadeapsl MeTaTypruu 1 XUMUYECKHX TEXHOJIOTUI

IIporokom or 20 . Ne
3aB. kadeapoii A.C. XapueHko

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2029 - 2030
yueOHOM rojty Ha 3aceqaHnu Kadeapsl MeTauryprud U XUMHUECKUX TeXHOJIOTHIA

IIporokom or 20 . Ne
3aB. kadeapoii A.C. XapueHko




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

Lensimu ocBOGHUSI TUCHUIUIUHBI «DHU3ndecKkass XUMHUS MTUPOMETAITYPIrHYECKUX
MIPOLIECCOBY SIBIISIOTCSA:

- U3y4YEeHHE COBPEMEHHBIX METOJIOB HCCIEA0BAaHUS CTPYKTYPhI U (PU3HUKO -
XUMHUYECKHUX CBOMCTB METAINIMYECKUX U OKCHIHBIX PACILIaBOB;

- M3yYeHHeE MpoleccoB (a30BbIX MPEBPAIICHHUN B METALTHYECKUX CUCTEMAX;

- IpHOOpETEeHNE HABBIKOB MPUMEHEHHS TEOPETUUYECKUX Pa3pabOTOK K MPAKTUYECKUM
3aJlayaM HCCIIeI0BaTeNIbCKON eI TeIbHOCTH;

- 1aTh 00yYaroIMMCsI OCHOBBI 3HAHUN B 00J1aCTH BHICOKOTEMIIEPATYPHBIX
METAJLTyPrUUeCKUX MPOIECCOB;

- 00ecreynTh MOArOTOBKY K YCBOCHUIO MPOPUINPYIOLIUX TUCIUILUINH U
CaMOCTOSITENIbHON MHXKEHEPHO J1eATeIbHOCTH.

2 MecTo qucHuIIMHBI (MOYJIsl) B CTPYKType 00pa3oBaTeIbHOM NPOrpaMMbl

Jucnunnuna @uznyeckass XUMHS TUPOMETAJUTYPTHUECKUX ITPOLECCOB BXOIUT B
00s3aTeNbHYI0 YaCTh Y4eOHOT0 T1aHa 00pa30oBaTeNbHOM MPOrpaMMBl.

st u3ydeHus TUCHUIUIMHBI HEOOXOAUMBI 3HAHUS (YMEHHUS, BIAICHHUS ),
c(hOpMHUPOBAHHEIC B PE3YJIBTATE U3YUCHUS AUCIHUILINH/ TIPAKTUK:

dusznyeckas XuMus

dusuka

OCHOBBI METAJLTYPTUYECKOTO MMPOU3BOICTBA

3uanus (yMEHUs, BIaJICHNUs ), TOTYYCHHbIE IPU U3yYEHUU JaHHOM IUCIUTUINHBI
OyayT HEOOXOAUMBI AJIs U3YYCHUS TUCIUILINH/TPAKTHK:

[IpoekTHas neATeIbHOCTD

Teopus ¥ TEXHOJIOTHS BBIIIABKU CTAIN B KUCIOPOAHBIX KOHBEpTEpaxX

Teopust ¥ TEXHOJOTHS JOMEHHOTO MpoLecca

KosmieBast o6paboTka cranu

3 Komnerenuuu odyyaromerocsi, popmupyemsbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOYJIS1) M IVIAHMPYeMble pe3yJIbTaThl 00y4eHust

B pe3ynbrare ocBOeHUS AUCHUILUINHBL (MOAYJs) «Du3nyeckas XUMHUS
MUPOMETALTYPTUYECKUX IIPOLIECCOBY» 00yUaroLuiics JOIKEH 001a1aTh CIEAYOIUMI
KOMIIETEHIIUSIMHU:

KO,[[ HHAUKATOpa I/IHI[I/IKaTOp JOCTHXXCHHA KOMIICTCHIIMH

OIIK-1 CnocobeHn pemaTh 3a1a4u TPO(PECCHOHATEHON ACSITEIBHOCTH, TPUMEHSISI METO/IbI
MOJICTTUPOBAHUS, MATEMAaTHICCKOTO aHAJIN3a, €CTECTBEHHOHAYYHBIC H OOIIEUHKCHEPHBIC
3HAHUA

OIIK-1.1 Hcronb3yeT eCTECTBEHHOHAYYHBIE 3aKOHBI U IIPUHIIUIIBI IIPU PELLIEHUH
IIPaKTUYECKUX 3a/1a4

OIIK-1.2 Pemaer ctannapTHbie mpodecCHOHATBHBIE 3a/1a4H ¢ TPUMEHEHUEM
OOLIEMH)KEHEPHBIX 3HAHHM

OIIK-1.3 [IpumeHnsieT MeToABI MOACIIMPOBAHNS U MATEMATHYECKOTO aHAIIN3a JIIs
pelIeHus 33]1a4 TEOPETUUECKOTO U NPUKJIIAJHOTO XapaKkTepa




4. CTpyKTYypa, 00bEM U COJEpKAHNE TUCUUIIIMHBI (MOXYJIs)

OO6mias TpyA0€MKOCTh JUCIUIUIMHBI COCTABIISIET 4 3a4eTHBIX eAuHUI] 144 akaja. yacoB, B TOM

HHUCJIIC:

— KOHTaKTHas paboTta — 55 akaj. 4acos:

— aynutopHas — 54 akaj. 4acos;

— BHeayquTopHas — | axaj. 4acos;

— camocTosTenbHas pabota — 89 akaj. 4acos;
— B (popme npakTuieckoil moarotoBku — 0 akai. yac;

@dopma aTTecTaluy - 3a4eT

AynuropHas ] o
o KOHTaKTHas pabora E z ®dopma TeKyero
S
Paszen/ Tema 5 (B akaj. yacax) S Bug 3 KOHTPOJISt Kox
g 3 © | camocTosTenbHOM | ycreBaeMOCTH U
JUCIIUILIAHB 3 2 . KOMIIETEHIIHH
3 g 5 paboThI MIPOMEKYTOYHOM
Texk. mal. | mpakT. 'S aTTeCTaluu
3aH. 3aH. O &
1. Pa3men 1 . TepmoanHamuka
MPOIIECCOB TOPEHHSI TOIUINBA
1.1 Kucnoponustit ITogroroBka k OIIK-1.1,
. CobecenoBaHue 110
HOTEHIMAJI Ta30BOH (a3bl. 1 6 1 1a00paTOpHOMY OIIK-1.2,
TEME
Peakius BoastHOrO rasza 3aHSATHIO OIIK-1.3
IIpoBepka u 3amura
1.2 KuneTnka u MexaHU3M S POBCp =
N IlogroroBka k WHJIMBUYaJIbHOTO OIIK-1.1,
peaxiuii TopeHus.
TepMoHamiKa peaxiii 1 6 8 nabopaTopHOMY pacyeTHo- OIlK-1.2,
ODEHMS VITIEPOIa 3aHATHIO rpaduuecKoro OIlK-1.3
P YHICPOZL 3amadusg Nel
Hroro no pazaeny 2 12 9
2. Pazgen 2. Iponeccrr
00pa3oBaHMs U JUCCOIUAIIH
XUMHYECKHUX COCAMHEHUI
CamocTosTenbHOe
H3YYEHHE
eygﬁoﬁ " Brimonnenue u
2.1 Jincconmanms y(;a Ho oOcyxeHue OIlK-1.1,
K;i 60HaT0L1[3 I/ILE)KI/ICHOB 2 6 10 JIATE Y;IT Bl FLAHHBIX OIIK-1.2,
P PATYPEL nabopatopHoi OIlK-1.3
TToaroroBka k
N paboter Ne 1
nabopaToOpHOM
. pabote Ne 1
CamocTrosaTensHoe
H3y4eHne
ggﬂoﬁ " Brinmonnenue u
2.2 KuHeTuka, MEXaHu3M yi o0cyxeHne OIIK-1.1,
HAY4HO
npoiiecca JUCCOLUAIH 1 6 10 JTAaHHBIX OIlK-1.2,
JIUTEPATYpPHI. .
KapOoOHaTOB 71a00paTOpHOI OIIK-1.3
ITonroroBka k
N pabotbr Ne2
nabopaToOpHOI
padote Ne 2
HWroro no pasaeny 3 12 20
3. Paznen 3. OcHOBBI TEOpUU
BOCCTAHOBJICHHSI OKCHJIOB
3.1 TepmomuHamuKa 5 2 6 5 IlogroroBka k Bremonaenne n OIIK-1.1,




o0cyxieHne

BOCCTaHOBJICHUS METAJUIOB nabopaTopHOMY JTAHHBIX OIIK-1.2,
razamu 3aHATHIO nabopaTopHOi OIIK-1.3
paboter Ne3
CamocrosTensHoe
3.2 BoccraHoBneHue
HU3y4YECHHE OIIK-1.1,
OKCHJIOB MeTalIa 2 5 GHOM 1 CobecenoBanue 10 OIK-1.2
BOJOPOJIOM U OKCHJIOM ylilaytmo TeEMe OHK-l. 3‘
yrepona JIUTEPaTypHI
CamocrosrensHoe
3.3 Kapbo- H3yuYeHHe OIIK-1.1,
. CobecenoBanue 10
METAJTIOTEPMHUUYECKOE 1 5 yueOHOI u rene OIIK-1.2,
BOCCTaHOBJIEHHE OKCHIIOB HAY4HO OIIK-1.3
JIUTEPaTypHI
HWroro no pazaeny 5 6 15
4. Pazgen 4. Meramryprudeckue
pacruiaBbl
3ammra
Brmomachpe HWHAWBUYaJIEHOTO OIIK-1.1,
4.1 AKTHBHOCTB pacdeTHo-
KOMIIOHEHTOB B PacTBOpax ! 3 auueckoi PacHeTHO" OIK-1.2,
P P P rpadUuecKoro OIlK-1.3
pabotsr Ne2
3aganus Ne2
[Toaroroska k Brinonnenue u
4.2 MeTtamtyprudeckue
i, Teopri (MojeH) nabopaTopHOMY o0cyxieHne OIIK-1.1,
MeTaJ'IJ'; MECKIX 1 6 3aHATHIO. JTAHHBIX OIlK-1.2,
acnnag(l))a JlaGopaTopHas nabopaTopHOH OIIK-1.3
p pabota Ne4 paboThr Ned
HWroro no pazaeny 2 6 3
5. Pazgen 5. ®usuxo-
XHUMUYECKUH aHAJIN3 [IJIAKOB
5.1 JIBoitHbIE AMAarpaMMBI l;i?gai(;ﬁ: YcTHbIH ompoc OIIK-1.1,
COCTOSIHUSI IIUTAKOBBIX 2 3 P (cobecenoBanue) OIlK-1.2,
BBITIOJTHEHHUS
CUCTEM. OIIK-1.3
peleHus 3a1a4
59 CamocrosTensroe VYcTHbIH ompoc OIIK-1.1,
.2 luarpaMMbl COCTOSTHUS 2 2 u3yeHne (coBecenonarpe) OIK-1.2.
TPEXKOMITOHEHTHBIX CUCTEM. y4eOHOI OTIK-1.3
JIUTEPATypPbl '
CamocrosTensHoe
H3y4YCHHE YcTHbIH ompoc OIlK-1.1,
3.3 Jlnarpamma cocTosHus 2 2 eOHOM (cobecenmoBanwue) OIlK-1.2
cucremsr CaO-Al203-Si02 i )
JUTEPATyPBHI. OIIK-1.3
HWroro no pazaeny 6 42
Hroro 3a cemectp 18 36 54 3a4éT
HWroro no aucumruinHe 18 36 89 3a4er




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

OO0pa3oBarenbHbIe TEXHOJIOTHH — ATO LENOCTHAS MOJIEb 00pa30BaTEIbHOTO
IpoIIeCcca, CHCTEMHO ONPEACISIIONIas CTPYKTYPY M COJIepKaHUE ACATSIBHOCTH 00CHUX CTOPOH
3TOTO Mpoiiecca (MpernojaBarelis U CTYACHTA), UMEIOIIAst LENIbI0 JTOCTH)KECHHE TUIAHUPYEMBIX
PE3YJIBTATOB C MONPABKOW Ha MHIUBHUyaIbHBIE OCOOCHHOCTH €r0 y4acTHHKOB.
TexHOTOrMYHOCTh Y4eOHOTO MPOoLIecca COCTOUT B TOM, YTOOBI ClleaTh y4eOHBIN Ipoliecc
MOJHOCTBIO YIIPABIISIEMbBIM.

OCHOBHBIMHU TIPU3HAKAMHU 00Pa30BaTEIbHON TEXHOJIOTHH B €€ COBPEMEHHOM
MOHUMAHUH SIBJISIFOTCS:

— JIETaIbHOE OITUCAaHUE 00Pa30BATEILHBIX IIEIICH;

— MO3TAITHOE OMUCaHue (IPOSKTUPOBAHKE) CIOCOOOB JIOCTHKEHHS 33 JaHHBIX
pe3yJIbTaTOB-UENEH;

— HCIOJIb30BaHKUE 00PATHOM CBSI3H C LIEJIBI0 KOPPEKTUPOBKH 00Pa30BaTEIILHOTO
porecca;

— rapaHTUPOBAHHOCTH JIOCTUTAEMBIX PE3YJIbTATOB;

— BOCIIPOM3BOIUMOCTH 00pa30BaTEIBHOTO MTPOIIEcca BHE 3aBUCMOCTH OT MacTepCTBa
IpenoaBaTels;

— ONTUMAJILHOCTD 3aTPauMBAEMBIX PECYPCOB U YCHIIUI.

Peanusanus KOMIETEHTHOCTHOTO MOX0/Ia MTPEIYCMaTPUBAET HCIIOJIb30BaHHE B
y4eOHOM Iporiecce aKTUBHBIX M MHTEPAKTUBHBIX ()OPM IPOBEICHUS 3aHATHI B COUCTAHUH C
BHEAYIUTOPHOU paboToii ¢ 1enbio (POPMUPOBAHUS M PA3BUTHS MTPOPECCHOHATIBHBIX HABBIKOB
00y4aroIuxcs.

Llenu, mocTaBiIeHHBIE TPU U3YYEHUH KypcCa, JOCTUTAIOTCS 33 CYET KOMIUIEKCHOTO
noJxo/a K 00y4eHHUIO CTYJCHTOB, OCHOBAaHHOTO Ha COYETAaHUU TEOPETUIECKOrO Kypca,
71a00paTOPHBIX 3aHATUI U CAaMOCTOSTEIBHOM MO3HABATEIBHON IS TEILHOCTH CTYICHTOB.
H3y4yeHne TeopeTHIecKoro Kypca IpoBOIUTCS B CIICIIHATM3UPOBAHHBIX JICKIIMOHHBIX
ayZIMTOPHAX C MCIIOJIH30BAHUEM BHICOTEXHUKH, TO3BOJISIONICH TPAaHCIUPOBATh Yepes3
MOHUTOP PUCYHKH, CXEMBI, MOJIEIIH, KOTOPBIC B 3HAUNTEIBHOI CTETIEHH 00JIEr4atoT
MOHUMaHUE Kypca.

3aHATHS TPOBOJASATCS C MPUMEHEHUEM TPAJAUIIMOHHON U MOTYJIBHO-
KOMITETCHTHOCTHOW TEXHOJIOTHI C HCTOIb30BaHneM VIHTepHeT-pecypcoB.

JIeKIMOHHBIN MaTepHal 3aKPETUISIETCS B X0/1€ MMPAKTUYECKUX 3aHITUH 1
71a00paTOPHBIX pabOT, HA KOTOPBIX BBITOIHSIOTCS TPYIIOBbIC I WHANBUIYaIbHbIC
3a7aHus 1Mo MpoHaeHHON TeMe. Ha mpakTHuecKux u 1abopaTOPHBIX 3aHATHAX CTYACHTHI
NPUOOPETAIOT HABBIKH UCCIIE0BATEIbCKOM JEITEIEHOCTH U YMEHUS OOBSICHATH PE3YIIbTAThI
IKCTIEPUMEHTA, OCHOBBIBASICh HAa 3HAHUSX TEOPETHUYECKOM YacTH Kypca. [Ipu npoBenennn
71a0OpaTOPHBIX 3aHATHI UCIIONB3YETCSI METO/I KOHTEKCTHOTO 00Y4YeHUsI, KOTOPBIi ITO3BOJISIET
YCBOHTBH MaTepHa IyTeM BBISIBICHUS CBSI3ei MKy KOHKPETHBIM 3HAaHHEM U €TO
PUMEHEHHEM, a TAK)KE TEXHOJIOTUSI MOAYJIBHOTO 00yUYeHHUS i KOJUIEKTUBHOTO
B3auMOOOy4eHUs (TTapHast paboTa Tpex BHJIOB: CTaTHUECKas Mapa, AMHaAMUYecKas rapa,
BapUaIMOHHAS 11apa).

WNunuBHyanbHast CaMOCTOSITEIbHAS TO3HABATEIbHAS IS TEIBHOCTh CTYJCHTOB
3aKJIF0YaeTCs B MO00pe TUTEPATyphI IO pasjenaM Kypca u ee u3ydeHun. [1pu stom
NPEAYCMOTPEHBI MHIUBHIYAIbHBIE U TPYIIIOBBIE KOHCYJIBTALMH 110 N3y4aeMbIM pa3zeaM
Kypca. B pe3ynbraTe nzyueHus JaHHOM JUCHUILIHHBI CTYICHTHI JOJDKHBI TPUOPECTH 3HAHUS,
YMEHHS ¥ OTIPEICIICHHBIH OIBIT, HEOOXOIMMBIE sl OYAYIIEeH MPaKTUIECKON e TeTbHOCTH.
CamocrosiTenbHas paboTa CTYJACHTOB CTUMYJIHPYET CTYACHTOB K CAMOCTOSATEIbHOM
npopaboTKe TeM B MPOIIECCE BHIMOIHCHUS MHMBHUIYAIbHBIX 331aHUi, B MPOIECCe
MOJI'OTOBKH K KOHTPOJILHBIM Pad0TaM M UTOroBoM arrectaiuu. CaMocTosTebHAas paboTa
CTYJICHTOB HalpaBlieHa Ha 3aKPEIJICHUE TEOPETHUSCKOT0 MaTepHaa, H3JI0KEHHOTO
npernojaBaTesieM, Ha MPOPadOTKy TeM, OTBEICHHBIX Ha CAMOCTOSTEIbHOE U3yUCHHUE, HA
MOJITOTOBKY K BBITIOJIHEHHIO U 3alHUTe Ja00OPaTOPHBIX PabOT, MOATOTOBKY K KOHTPOJIBHON



paboTe ¥ UTOTOBOI aTTECTAIIHH.

6 YueOHO-MeTOoaAHUYeCKOe o0ecneyeHne caMoCTOATEIbHOI padoThl 00y4aloIUuXCs

[IpencrapieHo B mpuioxeHuu 1.

7 OueHO4YHbIE CPeICTBA ISl POBEeHUS POMEKYTOYHOM aTTeCTAIlUN
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYECKOe U MH(OPMAIIMOHHOE o0ecTieYeHre TUCIUIIUHBI

a) OcHoBHas JUTEpaTypa:

1. Tompamreitn H. JI. Kpatkuii kypc ¢pU3n4ecKoil XUMUH METAJUTyPTUYECKIX
npoueccoB [ Teker]: yaebnoe mocodbue / H. JI. Tompmmreiin; MI'TY. - 2-e u3m. -
Maruurtoropck, 2012. - 338 c.: ui., muarp., rpad., cxemsl, Ta0JI.

2. OCHOBBI METAJUTYPTHUECKOTO MTPOU3BOICTBA : yueOHuK / B. A. burees, K. H.
Bnosun, B. M. Kosokounbies [u ap.] ; mox obmeit pexaknueit B. M. Kosokonbiesa. — 2-¢
u3n., crep. — Cankr-IlerepOypr : Jlans, 2020. — 616 c. — ISBN 978-5-8114-4960-6. —
Tekcr : anexTpoHHbIH // JlaHb : 51eKTpOHHO-OMOMMOTeUHas cucrema. — URL:
https://e.lanbook.com/book/129223 . — Pexxum noctyma: it aBTOPH3. MOJIb30BATEIICH.

0) lono/iHUTeILHAS JIUTEPATYypa:

1. Muxaiinos, I'.I". TepmoauHamMiKa METAJUTYprHYECKUX UTAKOB : yaeOHOE TTocooue /
I'.I". Muxaiinos, B.U. Autonenko. — Mocksa : MUCHUC, 2013. — 173 ¢. — ISBN 978-5-
87623-729-3. — TeKcT : aneKTpOHHBIN // JIaHb : AIIeKTPOHHO-OMOINOTEeYHAs CUCTEMA. —
URL: https://e.lanbook.com/book/47475

2. Muxaiinos, I'.I'. TepmonHamMuKa METaUTyprUu€CKUX MPOIIECCOB U CUCTEM :
MoHorpa-¢us / I'.I'. Muxaiinos, b.U. Jleonosuu, }0.C. Ky3nenos. — Mocksa : MUCHUC,
2009. — 520 c. — ISBN 978-5-87623-224-3. — Texkcr : 2neKTpoHHbIH // JIaHb : 2IEKTPOHHO
-oubimmoTeunas cu-crema. — URL: https://e.lanbook.com/book/117016

3. JIy3run, B.I1. Teopus u TexHOJIOTMs METAILTYpTUU CcTaNH : yuebHoe nocoodue / B.I1.
JIysrun, A.E. Cemun, O.A. Komonoa. — Mocksa : MUCHUC, 2010. — 72 c¢. — ISBN 978-5
-87623-346-2. — Tekcr : aneKTpoHHbIH // JIaHb : 2JeKTPOHHO-OMOIMOTEYHAs cCHCTeEMA. —
URL.: https://e.lanbook.com/book/2062

4. Usnes, C.A. MeTtamuypruueckue TeXHOIOTHU. MeTalmyprusi Y4EpHBIX METAILJIOB :
yuebnoe mocodue / C.A. Usnes, M.II. KitoeB. — Mocksa : MUCHUC, 2017. — 45 c. —
ISBN 978-5-906846-57-0. — TekcT : anekTpoHHBIH // JIaHb : 21eKTpOoHHO-O0nOIMoTe Has
cucrema. — URL: https://e.lanbook.com/book/108106

5. TepmoanHamMuKa, KHHETUKA M pacyeThl MeTaJLTyprudeckux npoueccos / C.H.
[Tagepun, JI.1. Perxonkos, I'.B. Cepos [u ap.]. — Mocksa : MUCHUC, 2010. — 235 ¢c. —
ISBN 978-5-87623-312-7. — TekcT : 251eKTpOHHBIH // JIaHb : 31eKTpOHHO-01OInoTe HAas
cuctema. — URL.: https://e.lanbook.com/book/117022

B) MeToauyecKkue yKa3aHus:

1. CmupnHoB A. H. TepmonnHamuka mporeccoB ropeHus TOIIMBA | METOANYECKHE
yKa3aHUs JUIs CTYIEHTOB MO AUCHMILTHHE "Du3ndeckas XUMUs METAIITyprUuecKux
nporeccoB" / A. H. Cmupuos, M. A. lllectooutos, C. B. IOauna ; MI'TY. - Marautoropck :
MI'TY, 2013. - 1 sanekrpon. ont. auck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/3573 . - TekcT : 3JIeKTPOHHBIH.

2. Cseunukosa H. 1O. Ilpaktukym no ¢pu3nko-XxuMu4ecKuM OCHOBaM
METaJTypruuecKux nporeccoB : mpakTukyM [ By30B] / H. FO. Ceunukosa, C. B.

KOnuna ; MarnuTtoropckuii roc. Texuuueckuit yH-T uM. I'. 1. HocoBa. - MarauToropck :



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://host.megaprolib.net/MP0109/Download/MObject/3573

MI'TY um. I'. UI. Hocoga, 2020. - 1 CD-ROM. - 3arm. ¢ Tutyn. skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2707 . - TekcT : 3JIeKTPOHHBIH.

3. Ceunukosa H.1O., CmupnoB A.H., IOauna C.B. Meroanueckue ykazanus: 1Jis
BBITOJIHEHUS JTAOOPAaTOPHBIX PadoT Mo AuctuIinHe «Puzndyeckas XUMHS
MUPOMETAITYPTUYECKHUX TPOLIECCOBY IS CTYJACHTOB BCEX CIIEHUAIBHOCTEH BceX popM
oO0yuyenus. Marauroropck: M3a-so Marauroropck. roc. TexH. ya-ta uM. I'.J1.Hocoga, 2015,
29 c.

4.CmupHoB A. H. Onpenenenre akTHBHOCTH KOMIOHEHTOB METAILTYPIrUUYECKUX
pacmuiaBoB : MmeToguueckue ykazanus / A. H. CmupaoB, M. A. lllepcroburos, C. B. IOauHa ;
MI'TY. - Maruutoropck : MI'TY, 2013. - 1 anekrposn. ont. auck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/262 . - TekcT : 3eKTPOHHBIIA.

r) [Iporpammuoe odecneyenne u UHTepHer-pecypcebi:

IIporpammuoe obecnevyenue

HanmenoBanue .
o Ne norosopa Cpoxk nelicTBUS TULIEH3UH
7Zip CBOOOJITHO pacrpocTpaHsIeMOe 06eccpodHo
FAR Manager CBOOOJTHO pacrpocTpaHsIeMoe 06eccpovHO
bpay3ep Yandex |cBOOOIHO pacnpocTpaHsIeMoe 6eccpouHO

HpO(l)eCCI/IOHaJIbeIe 0a3bl JAaHHbIX U I/IH(l)OpMaIII/IOHHI)Ie CIIPaBOYHbLIC CUCTEMbI

HasBsanue kypca Cchuika
?JEKTPOHHHG pecypeet Gubmuorexn MITY uu. https://host.megaprolib.net/MP0109/Web
Poceniickas  Tocynapersennas  Guommorexa. https://www.rsl.ru/ru/4readers/catalogues/
Karanoru
HaLII/IOHaJ'IBHaSI I/IH(I)OpMaLII/IOHHO-aHaJ'II/ITI/ILIeCKa}I URL:
cucreMa — POCCHMCKMH HHACKC  HayHHOTO https://elibrary.ru/project_risc.asp
HUTUPOBAHU

9 MaTepuajibHO-TeXHHYeCKOe o0ecrneyeHue JUCHUIIMHBI (MO1yJIs1)

MaTepI/IaJILHO'TeXHI/I‘IeCKOC obecrneucHue JUCIUIIIIMHBI BKITHOYACT!:


https://host.megaprolib.net/MP0109/Download/MObject/2707
https://host.megaprolib.net/MP0109/Download/MObject/262
https://host.megaprolib.net/MP0109/Web
https://www.rsl.ru/ru/4readers/catalogues/
https://elibrary.ru/project_risc.asp

MartepuanbHO-TEXHHUECKOE 00eCTIeYeHUE TUCITUTUTMHEI BKITIOYAET:

1. YueOHas aynutopus AJis IPOBEACHUS 3aHITHI JIGKIIMOHHOTO THUTIA OCHAIICHA!

- TEXHUYECKUMH CPEJCTBAMU O0YUYEHUS, CITYXKAITUMU JJIS IIPEJCTaBICHUS yUeOHOM
nHpopManuu OOJIBIION ayUTOPUN: MYIbTUMEIUHHBIMU CPEICTBA XPAaHEHUs, TIepeaaun 1
MpeACTaBICHUS yueOHOM HHPOpMAIIHH;

- CIICIMAITU3UPOBAHHON MEOEIBIO.

2.YueOHas ayAuTOpUs VI MPOBEACHUS J1a00paTOPHBIX 3aHATUN «XUMHUYECKUE
nabopaTopum» OCHAIIICHA JJA0OPATOPHBIM 000PYI0BAHUEM:

- XMMHUYECKHE PEAKTHUBHI,

-Xumudeckas rnocyjaa

-JIabopaTropHbIe YCTaHOBKH

-IlmakaTel 10 TeMam pabodeit mporpaMmbl

- CIICHMATU3UPOBAHHON MEOEIIBIO.

3.YueOHas ayIuTOpHS JJIs TPYIIIOBBIX U MHIWBHIYAIbHBIX KOHCYJIbTAIMM, TEKYIIEro
KOHTPOJISI ¥ IPOMEKYTOYHOM aTTeCTalluyd OCHAIICHA!

- KOMIIbIOTEpHOI TexHuKOH ¢ maketoMm MS Office, ¢ moakmoyeHnem kK cetu
«IHTEepHET» U € JOCTYIOM B AJIEKTPOHHYIO HH()OPMALIMOHHO-00pa30BaTENbHYIO CPEy
YHHUBEPCUTETA;

- CIICHIMAIU3UPOBAHHON MEOEIBIO.

4. ITomereHue Il CaMOCTOSATEIILHON PabOThI OCHAIIEHO:

- KOMIIbIOTEpHOH TexHuKO# ¢ maketom MS Office, ¢ moakmoyeHnem Kk cetu
«IHTEepHET» U € JOCTYIOM B AJIEKTPOHHYIO HH()OPMALIMOHHO-00pa30BaTENbHYIO CPEy
YHHUBEPCUTETA;

- CIICHIMAIU3UPOBAHHON MEOEIbIO.

5.Ilomemnienue ast XpaHeHUs ¥ MPOPUIAKTUYECKOT0 00CTyKUBaHUS y4eOHOTO
000pyIOBaHUs OCHAIIEHO:

- CIICUAIM3UPOBAHHOM MEOEIbI0: CTeUIaXKaMH JIJIsl XpaHEeHHUs! y4eOHOTo
00opynoBaHUs;

-MHCTPYMEHTaMHU JIJIsl peMOHTa y4eOHOTr0 000pYy/I0BaHMS;

- mkadaMu 171 XpaHeHus: y4eOHO-MEeTOANYECKON JOKYMEHTAIIMU U MaTepUasoB.



Mpuiaoxenne 1

6 YueOHO-MeTOAHYECKOe o0eclieyeHrne CaMOCTOSATEeIbHOI PadoThl 00y4a0IMXCS
Coaep:xaHue TeOpPeTHYECKOr0 pa3jiesia TUCHUILINHBI

(camocTosiTEIbHOE U3YyUEHHE)

1. Knnaccudukaius MeTamuryprudeckux mporeccoB. OCHOBHbBIC 3aKOHBI TEPMOJMHAMUKH.
Oueprus ['m60ca un xumuueckuii noreHuan. Koncranta XUMHUYECKOTO paBHOBECHUS U ypaBHEHHUE
u3oTepMbl peakiuu. CraHmaptHoe w3MeHeHwe dHepruu [mbOca. CmelieHue paBHOBECHS W
npaBuwio ¢as.

2. T'openue okxcuma yriepona. ['openue Bomoponma. Peakuusi BogsHoro rasa. Peakuus
B3anmoyeiicteus yriepona ¢ COp. Peakuuu HEMONHOTO W TIOJHOTO TOPEHUS YIiepoja.
PaBHOBecHBIN cocTaB ra3a. BocriameHneHnue ra3oBbeix cMmeceid. llennbie peaknuu. Kunetnka u
MEXaHU3M TOpeHus TBepAoro yriaepoga. OCHOBbI KHUHETUKH TE€TEPOreHHBIX IPOLIECCOB.
Xapakrepuctuka Au¢Gy3HOHHBIX mporeccoB. OCOOEHHOCTH MPOIECCOB B KUHETHUYECKOH U
b dy3noHHON 001aCTAX.

3. Kuneruka oxucnenus meramioB. Ponbp auddys3uu peareHTOB uepe3 OKaluHYy U
KPUCTAJUIOXUMUYECKOTO TIPEBPAILICHUS HA TPAaHUIE METAILT - OKCU. POpMabHO-KMHETHYECKOE
ypaBHEHHUE Tpoliecca u ero aHanu3. Kunernueckuit 1 quddy3noHHBIN pexuM peakiuu. Biusaue
TEeMIIEpaTypbl Ha CKOPOCTh OKHUCIEHHUS. OKHCIUTETbHOE papUHUPOBAHHE KUIKUX METAILIOB.
[TocnenoBaTrenbHOCT,  OKUCHEHMsSI mpuMmeceil. TepmMoauHaMUYecKWil  aHAaTU3  peakuuu
JIUCCOIUAIINN KapOOHATOB. Kuneruka nporecca JMCCOLIMALNY, 0COOEHHOCTH
KPUCTAJIOXMMHUYECKOTO TpeBpalleHus. ABTOKaTajau3 IMpoiecca. BiusHue wu3MenbueHUs
TBEpAbIX (pa3 Ha TEPMOJMHAMHYECKHUE U KHHETUYECKHE XapaKTePUCTUKHU MpoIecca.

4. CtpoeHHe W CBOMCTBAa METAJUTYPTUUECKHX pacriiaBoB. DU3MKO-XMMHUYECKUN aHAIN3
nu1akoB. /[BOMHBIE AUarpamMMbl COCTOSHUS IIUTAKOBBIX CUCTEM. JlMarpamMma COCTOSIHUSL CHCTEMBI
Ca0O—AIl203—SiO,. PaciiaBnenHbie UTakd. MoJIeKyIsipHas TeopHst. BA3KOCTh IITaKOB.

Cepa B uyryHax u cransx. [Iponeccsl gecynbdyparum kene3HbIX CIiiaBoB. ['a3sl (BOI0pOT
U a30T) B OKeJe3HbIX cIulaBax. PacTBopuMocTs ra3oB. Kucimopon B Kelle3HBIX
crutaBaxHemeTannnueckre BKIIIOUEHUS B CTAJIAX U TEXHOJIIOTMYECKUE CIIOCOOBI papMHUPOBAHUS
MeTajula OT HEMETAUIMYEeCKUX BKIOUeHUi. [IoBepXHOCTHbBIE SIBIEHHS B METALTyprUYECKHX
nporeccax. [ToBepxHOCTHOE HaTSDKEHHE [IJIAKOB u KEJIe3HbIX CILJIABOB.
[ToBepXHOCTHO-aKTUBHBIE BEIIECTBA.

JlabopaTopHbie padoThbI:

JlaGopaTtopnast pabota Ne 1: TepmoarmHAMUYECKUA aHAIA3 PEAKITUHN JTUCCOIIUAIINN
KapOoHaTa KaJbIINs;

JlaGopaTtopHnast pabota Ne 2: I"'paBuMeTprUYECKOE UCCIIEIOBAHNE KHHETUKH THCCOIUAIINN
KapOoHaTa KaJbIINS;

JlaGopaTtopHnas padota Ne 3: I"'paBuMeTprUUeCcCKOE MCCIIETIOBAHNE MAKPOKHHETHKA
OKHCJICHUS Kele3a;

JlaGopaTtopnast pabota Ne 4: OnpeneneHue IEKTPOINPOBOTHOCTH IIUTAKOBOTO PaCIiaBa.

DopMyJIMPOBKA HHAUBUAYAJIBHOTO 3a1aHus Nel
(PacueTrHo-rpadpmueckas padora Nel)



1. Jlnsa peaxiuu BoasiHoro raza CO + H20 = CO2 + H2  ompenenuTh BO3MOKHOE HalpaBJIeHUE
peakIMy U PaBHOBECHBIN cocTaB rasza npu temmeparypax: 700, 800, 900 u 1000° C, ecnu
UCXOHas ra3oBasi cmech coaepxut 23% CO u 27% H20, 20% CO2 u 30% H2.

2. OmnpenenuTh paBHOBECHBIN cocTaB rasza B peakiuu bena-bynyapa C 5+ CO2 =2CO

@®opMyJIHMPOBKA HHANBUAYAJIbHOI0 3a1aHus Ne 2
(PacueTrHo-rpadpmueckas padora Ne2)

3amaua 1
Onpenenuts akTUBHOCTH OKcua xene3a FeO B mommkoMrnoHeHTHOM 1iake (Tal. 1).
Tabmuma 1
CocraB IJIaKOBOTO paciuiaBa mac. %
Bapuant Ca0o MgO MnO FeO SiO; P20Os
1 40,0 5,0 3,0 25,0 25,0 2,0
3agauya 2
Onpenenuth aKTUBHOCTh KOMIIOHEHTOB B CIIJIaBaX Ha OCHOBE jkene3a (Tabm. 2,3).
Tabnuua 2
XUMHUYECKUH COCTaB XKeJIE3HBIX CIIaBOB (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
T[TapaMeTpsl B3aUMOJIGHCTBHUSA &1 KOMIIOHEHTOB CIUIABOB HA OCHOBE JKelle3a
npu 1600 °C
DJIeMEHT OneMeHT 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 COOECEOBAHMA 110 TEMAM:
1. B KakuX TEXHOJIOTHYECKHX MPOIeccax MPOUCXOAUT Tepmudeckas auccormarus CaCOs?
2. JTaiiTe onpeaeneHne TEPMUHY «yNPYroCTh TUCCOLMAIMK KapOoHaTa”.
3. B uem 3akmmrovaercs oTiimane KOHCTAaHT paBHOBecus Ka u Kp?

4. B xakom ciyuae 3Ha4eHus Kp u ynpyroctu aucconumanun CaCO3 4MCIEHHO COBIIAAAIOT?
5. C Kako# 1eJbIo Tepe]] ONBITOM BaKyyMHUPYIOT pad0Udyi0 YCTAaHOBKY?
6. TepmonuHamuka oOpa3oBaHUA

HaydaJjia.

H ITUCCOINAIINS

7. TepMoarHAMUKA TOPESHHS TBEPIOTO TOIUIHBA
8. Kak BnusieT creneHp MCIEPCHOCTH KapOOHAaTa M U3BECTH Ha ynpyrocth auccormanuu CaCOs.
10.Kakue Metammyprudeckue npouecchl ABISIIOTCS TONOXUMUYECKUMHU PEAKIIUAMU ?
11.Kakue XuMHYECKHE peaklIHH MPOTEKAIOT MO aBTOKATAIUTUYECKOMY MexaHusMy? Urto
ABJISIETCS KaTaIU3aTOPOM TaKUX MPOLIECCOB?
12. Yro Takoe kpucTasIndecKkas perieTka, i Kakue XapakTepUCTUKN KPUCTATNINYECKON PEIIeTKH

Be1 3Haere?

KapOOHATOB; TeMIIepaTypbl




13. Pacnpenenennie KOMIIOHEHTOB MEXAY METAJJIOM U IIUIAKOM; KOHCTAaHTa U K03 U HeHT
pacnpenenexus

14. O6bacHUTE U3MEHEHUE CKOPOCTH TOMOXMMHUYECKHX MPOIIECCOB HA MPHUMEPE BBHIOJHEHHOM
paboTHI.

15. KakoB MexaHHM3M TUCCOIMALNN KapOOHATa KaJIbIHs?

IIpumepHbIe 3a1aun:

1.

2.

3anaya 1. OnpenenuTsh paBHOBECHOE MaplHalibHOE JaBJICHHUE KUCIOPO/a B ra30BOM CMECH
CO-CO2 mpu Temmieparype 1300 °C u Pcoa/ Pco = 0,35.

3anmaya 2. OnpenenuTbh paBHOBECHOE MaplHalbHOE JaBJICHHE KUCIOPO/a B Fa30BOM CMecH
H>-H>0 mpu tremmnieparype 1500 °C u Pwzo /P 12 =0,30.

3amaua 3. Kakoe gomkHo ObITh oTHOLIEHHE Y0CO2/%CO B razosoit cmecu CO-CO2, 4T0ObI
npu temneparype 1200 °C paBHOBECHOE JaBIEHHE KUCIOpPOJa B HEW cOCTaBisLIO Pox=
1,5-107° ITa?

3amaua 4. Kakoe nomxHo ObiTh oTHOmEeHUe %H20/%H? B razosoii cmecu Ho-H20, 4T0o0bI
npu Temneparype 1300 °C paBHOBecHOE NaBJeHHE KHCIOpPOAa cocTapisiio Po= 2-10°
[Ta?

3amava 5. OnpenenuTs TeMrepaTypy, IpH KOTOPOil paBHOBECHOE MapIHalbHOE IaBJICHHE
kucnopoa B razoBoit cMecu CO-CO2 npu otHomenuun PCO2 /PCO=0,2 cocraBur Por =
4-10-5 Ila.

3amaua 6. 3agaua 1. OxapakTepu30BaTh X0/ KPUCTAILIM3AIUHN PACIIaBOB, coaepxKanmx 10
% CaO.

3agaua 7. Jlns cMecell, COOTBETCTBYIOIIMX TodykaM | — 8, m300pakeHHBIX Ha pHC.,
ompenenuth: 1) kakue (a3pl U B KAKOM KOJMYECTBEHHOM COOTHOIIEHUU OyayT
HaXOJIUThCSl B PaBHOBECUM NP HarpeBaHuM cmecer o Temmeparypsl 1200 °C.; 2) npu
KaKoW TeMIepaType HauHeTCS U 3aKOHUYMUTCS IIJIaBJIEHUE CMECEH.




IIpuaoxenne 2

7 OueHoYHbIE CPeCTBA JIJIsl MPOBeIeHH s IPOMEKYTOYHOM aTTeCTALMHU

a) [Inanupyemslie pe3yabTaThl 00yU€HUS U OLIEHOUHBIE CPE/ICTBA JJIs TPOBEACHUS IPOMEKYTOUYHOM aTTECTALIUU:

CrpyKTypHBII
JJIEMEHT

KOMIICTCHII N

[Tnanupyemsble pe3ynbTaTbl 00yUeHUs

OrneHOYHBIC CPEICTBA

OIIK-1: CriocobeH peraTh 3a1auu NpohecCHOHATBHON JeATeIBHOCTH, IPUMEHSISI METOAbI MOJICIIUPOBAHHS, MATEMAaTHYECKOTO aHaJIM3a, ECTECTBCHHOHAyYHbIC U
O0IIenH)KeHEPHBIEC 3HAHMSI

OIIK-1.1

I/IcnonwyeT CCTCCTBCHHOHAYYHBIC 3aKOHBI U
IMPUHIMUIIBI ITPHU PCHICHHUU IMMPAKTUYCCKUX 3a1av

Choucokx BOIIPOCOB IJIsA TMNPOBEACHUA 3a4YeTa M0 AUCHHUILIMHE «Duznueckass XHUMH
MMUPOMETAIUTYPTUICCKUX ITPOLECCOB»

B kakMx TEXHOJIOrHYeCcKHX Mpoleccax IpoucXoauT Tepmudeckas auccouuanus CaCOs?

2. [laiiTe onpenenenne TEpMUHY «yNPYyrocTb JUCCOLMALNU KapOoHaTa”.

3. B yeM 3akitoqaeTcst oTiauuue KoHcTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3HaueHust Kp u ynpyrocru aucconuanuu CaCO3 4ucieHHO coBIaiaT?
5. C xakoif 1esibto nepes ONbITOM BaKyyMHPYIOT pabouyto yCTaHOBKY?

6. TepmoanHamMuka oOpa3oBaHusl W JUCCOIManus  KapOOHATOB; TEMIEPATYPHI
Hayasna.

7. TepMoarHaAMHUKa TOPEHUS TBEPIOTO TOIJIMBA

8. Kak BiusieT creneHb JUCIIEPCHOCTH KapOOHAaTa U U3BECTH HA YIPYTOCTh AUCCOLUAIIUIH
CaCOsg.

10.Kakue MeTarypruueckue IpoLeccsl ABISIOTCS TONOXUMUUECKUMU PEAKIMSIMU?

11.Kakue xumuueckue peakiiuy NpoTeKaloT M0 aBTOKaTAIUTHYECKOMY MexaHu3My? Uto
SBJIAETCS KaTaIu3aTOPOM TaKHX IIPOLECCOB?

12.Yro Takoe KpuCTAJUTMYECKAst PEUIETKA, U KaKWe XapaKTEPUCTHKU KPUCTATUTNIECKOHN PEeIIeTKH
Bbl 3HaeTE?

13.Pacnpenenenne KOMIOHEHTOB MEX/Iy METAJJIOM M IUTAKOM; KOHCTaHTa U K03 puIment
pacnpeneneHus

14.00bsicHUTE U3MEHEHHE CKOPOCTH TOMOXUMHUYECKHUX MPOIECCOB HAa IPUMEPE BBITTOJIHEHHOM
paboThI.

15.KakoB MeXaHU3M JUCCOIMAINN KapOOHAaTa KaTbIIHs?

16.Pacckaxute 0 METOJIMKE OIpeJIeIEHUs] CKOPOCTH JUCCOIMALIMU KapOOHaTa KaJbIMs,




CrpyKTypHBII
JIEMEHT

KOMIICTCHII N

[Tnanupyemsble pe3ynbTaTbl 00yUeHHs

O1ieHOUHBIE CPEACTBA

IIPUMEHEHHOH B IaHHOM OIIBITE.

17.B 4yeM 3akir04ar0TCs Pa3Inuns TOMOI€HHBIX M F€TEPOreHHBIX peaKuii?

18.13 kakux cTaguil CKJIaIbIBAIOTCS TETEPOTCHHBIC PEaKIuu?

19.YTo0 Ha3bIBAIOT PESKMMOM I€TEPOTreHHOMN peaKIun’?

20.KakxoBbl 0COOCHHOCTH MIPOTEKAHUS PEAKIUI B pa3IMYHBIX PEKUMaX PearupoBaHus?
21.Kak u3MeHsIeTcs TONIMHA IUIEHKU OKAJIMHBI IPH OKUCIIEHUN METAJIIIOB B Pa3JIMUHBIX
peKuMax pearupoBaHus?

22.B yeM CcymHOCTh TPABUMETPUUYECKOTO METO/1a UCCIICIOBAaHHUS OKUCIICHHSI METAJIOB?
23.KakoBa CTpyKTypa KeJIe3HOW OKaJIMHBI U OT KAKUX (PaKTOPOB OHA 3aBUCHUT?

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

26.JlaiiTe onpeneneHUs] KOHCTAHTBI CKOPOCTH peakiuu U Kodpurmerra quddy3uu.
27.B uem 3akmouaercs peakinoHHas A dy3us 1 Kak oHa MPOSBISAETCS IPU OKUCICHUN
xKenesa?

28.KakoBbl OCHOBHbIE KOMIIOHEHTbI METAJUTYPIrHUECKUX LUIAKOB?

29.Kak onpeeNsifoT yASIbHYIO 3JIEKTPHIECKYIO TPOBOAMMOCTE PACILIIABOB?

30.Yto Takoe 3Heprus aKTUBALUK JIEKTPOIIEPEHOCa, U KaK OHa MOKET OBITh olpeeseHa?
31.KakoBbI 3KCIEpUMEHTANIbHBIE 0KA3aTeIbCTBA HOHHOTO CTPOEHUS IIJIAKOB?

32.JlaiiTe onpeneneHUe MOHATUSA " TMHAMUYECKasl BA3KOCTh'" pacIliaBa.

33.JlaiiTe onpeaeneHUe MOHATUS "KMHEMAaTHYeCcKas BA3KOCTh " pacIuiaBa.

34.13 kaKuX 4acTHI] COCTOSIT METAJUTYPrHUECKUE [IUTaKU?

35.Kakue yacTuiibl KOHTPOJUPYIOT BA3KOE TEUEHHE B LIIaKax?

36.Kax onpenenstor BA3KOCTh IUIAKOBBIX U METAJUIMYECKUX PaCIIaBOB?

37.YTo Takoe HEeprusi akTUBALMU BSI3KOTO TEUEHUS], U KaK OHa MOKET OBbITh OIpeeneHa?
38.Uto MOXeT ObITh MPUYMHON KPUBOJIMHEHHOTO XapaKkTepa U3MEHEHUs BA3KOCTH C
TeMIlepaTypoii B kooauHarax Inn — 1/T?

41.laiiTe onpeneneHue NOHATUSA "yAeIbHAs IEKTpUYECKas JIEKTPOIIPOBOJHOCTE" .
42.113 KaKuX 4acTHUI] COCTOST METAJUTYPruYeCKUe NIIaKku?

OIIK-1.2

Pemaer crangapTHeie npodeccHOHANbHBIE
3alayd ¢ TPUMEHEHHEM OOIIEUHKEHEPHBIX
3HAHUH

3ajauu sl CAMOCTOSATENBHOTO PEIICHUS:

3amada 1. OmpenenuTh paBHOBECHOE MaplHalbHOE NABJICHHE KUCIOpOJIa B Ta30BOM cMech
CO-CO2 ipu temneparype 1300 °C u Pcoa/ Pco = 0,35.
3amada 2. OmpenenuTh PaBHOBECHOE MaplUANbHOE JABICHHE KHCIIOPOJa B Ta30BOM CMecH
H>-H20 npu temmnepatype 1500 °C u Pr2o /P 12 =0,30.




CrpyKTypHBII
JIEMEHT

KOMIICTCHII N

[Tnanupyemsble pe3ynbTaTbl 00yUeHHs

O1ieHOUHBIE CPEACTBA

3amaua 3. Kakoe nomkno ObiTh oTHOIEHHE Y%CO2/%CO B razopoii cmecu CO-CO2, 4To0bI pH
temnepatype 1200 °C paBHOBECHOE JaBJICHHE KMCIOPOAA B Hell cocTaBisiio Poy=1,5-107 I1a?

3anaua 4. Kakoe nomwkHo ObiTh oTHOmeHue %H20/%H2 B razosoit cmecu Hz-H20, uTo6b1 nipu
temnepatype 1300 °C paBHOBECHOE JaBJIeHHE KHCIOPOaa cocTaBisio Poo= 2107 [Ta?

3amaga 5. OmnpenenuTh TeMIEPaTypy, IpHU KOTOPOM paBHOBECHOE MapLUAIbHOE JaBJICHUE
kucioposa B razoBoit cmecu CO-CO2 npu otHommennu PCO2 /PCO=0,2 cocraBut Po2 = 4-10-5
[1a.

3amgaua 6. OnpenenuTh TeMIepaTypy, MPU KOTOPOM pPaBHOBECHOE MapIUaIbHOE JdaBICHUE
kucnopoaa B razoBoit cmecu Hao-H20 nipu otHomienuu P o/ P 12=0,25 cocraBur Poy = 5:10-5
ITa. 3amaga 7. OnpenaenuTs paBHOBECHBIN cocTaB ra3oBoii cMecu Ha - Oz - H2O mpu remmnieparype
700 °C, eciau UCXOHBIE NTapUHAIbHBIC JABJICHUS Ta30B B 3aKpbITOM cucTeMe coctaBisuim 0,333
aTM™.

3amaua 8. OnpenenuTs paBHOBECHBIN cocTaB razoBoil cmecu CO - Oz - CO2 mpu Temnepatrype
800 °C, ecnu MCXOIHBIE TAPIIUATLHBIE JAaBJICHUS ra30B B cucteme coctasisuiu: CO — 0,5 atm, O2
—0,3 atm, CO2 — 0,2 atm.

3amaua 9. Omnpenenuth, NpU KaKOH TeMIEpaType CpOACTBO KHUCIOpoAa K BOAOPOLY H
MOHOOKCHUJY yTIJIepo/ia OJIMHAKOBO.

3amaua 10. OnpenenuTs BO3MOKHOE HaIlpaBJI€HUE PEAKIMK BOJSHOTO Ta3a MpH TeMIeparype
900 °C, ecnu ucxonHas ra3oBas cmech coaepxxut 23% CO, 27% H20, 20% 14 CO2 u 30% Ho.
Ob6mee nasienue B neun paBHo 105 Ila, a koHcTanTa paBHOBecus peakiuu mpu 900 °C paBHa
0,76.

3amaua 11. Onpenenuts Temmeparypy, IpH KOTOPOW B pe3yJbTaTe MPOTEKaHUs pPEAKIUU
BOJSIHOTO Ta3a paBHOBECHAs ra3oBasi cMech conepxkut 26,2% CO, 30,2% H20, 16,8% CO2 u
26,2% H,. TemmneparypHas 3aBucHMOCTb 3Hepruu [mu06ca mns peakmmu CO(r)+H20(r)=
CO2(r)+H2(r) umeer Bug G=- 36600 + 33,5* T, J[xx

OIIK-1.3

[Ipumenser MeTOAbl  MOJEIMPOBAHUS

n

MaTCMAaTUYCCKOI'0 aHain3a JJIsd pCHICHUSA 3a1a4d

TECOPCTUUCCKOTO U MMPUKIIAHOI'O XapaKTepa

3amanne Ha pernieHue 3aaad 13 NpodecCHOHATbHONW 00JacTH (JIOMAallHee WHIAWBUAYATbHOE
3a71aHue)
3amaua 1.

Hans peakiun: Ciry + CO2y = 2CO¢) ypaBHEHHE 3aBUCUMOCTH KOHCTAHTBI paBHOBECHUS
OT TeMIEpPaTypbl KOTOPOH UMEET BU/I:

9K, = —%01+9,28
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OTIpEICIIUThL PABHOBECHBIN COCTaB ra3a B 3aBHCHMOCTH OT TEMIIEpPAaTyphl U JaBicHHs (Ta0.).
[TonydeHHble 3HaUEHUS TPEICTABUTH B BUIE TaOIUIbI U rpaduKa.

Bapuant | Temneparypa °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) = 2CO(F)
ypaBHEHHE 3aBUCUMOCTH KOHCTAaHTBI PABHOBECHUSI OT TEMIIEPATYpPhl HIMEET BH/I;
8916
9K, = ———+911
T
OTIpeCTUTh PAaBHOBECHBII COCTaB raza B 3aBUCHUMOCTH OT TEMIIEpaTypbl U JaBieHus (Tali.).
[TosrydeHHbIC 3HAUEHUS IPEICTABUTh B BUC TaOJUIIBI B rpaduKa.

Bapuant | Temnepatypa °C [aBnenue (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




6) Iopsinok mpoBeeHHs TPOMEKYTOUHOM aTTeCTAI[H, TOKA3aTeIN U KPUTEPUN OLICHUBAHMS:

[IpomexxyTouHasi arrecTanus IO JAUCHHUIUIMHE BKIIOYAET TEOPETUYECKHE BOMIPOCHI,
MO3BOJISIIONINE OLIEHUTH YPOBEHb YCBOCHHS OOYYAIOUIMMUCS 3HAHHUH, U MPAKTUYECKUE 3aTaHUs,
BBISBIISIIOLINE CTETIEHb CPOPMUPOBAHHOCTH YMEHHUH U BIIQJICHUH, TPOBOIUTCS B (hopMme:

- BBIIIOJTHEHUS U 3AIUTHI Ja0OPAaTOPHBIX padoT;

-BBITIOJTHEHUS M 3aLUTHI JOMAIIHEeH pacueTHO-TpaduuecKoil paboThl,

- 3a4eTa.

Brimonnenue mabopaTopHbIX pabOT MPOBOIUTCS B YUEOHBIX ayIUTOPHUSX Ui MPOBEACHUS
7a00paTOPHBIX PadOT MO JucHUILIHHE «PU3NUecKast XUMHS IHPOMETAILTYPIHYECKUX TIPOLIECCOBY
I0Jl PYKOBOJCTBOM IIPENOJAaBaTelIs, pacueT M IOArOTOBKAa K caade JabopaTopHOH paboThI
OCYIIECTBIISICTCSA 00YJAIOLIMMCS CAMOCTOSTEIBHO.

Kputepuu oneHuBaHusi AOMAIIHEHl pacdyeTHO-TpadUuecKoil paboThl: «3a4YTEHO», «He
3a4TEHO».

IMoka3aTeu U KPUTEPUH OIIEHUBAHUSI 3a4eTAa:

— OLCHKY «3a4TeHO0» CTYJICHT I10JIy4aeT, €CJIM MOXKET II0Ka3aTh 3HAaHUs HAa YPOBHE
BOCIIPOU3BEICHUS U 00bACHEHHSI HH(OPMALIUY, MHTEIJIEKTYalIbHbIe HABBIKU PELICHUS IPOCTHIX
3a/1a4, MOXKET JaTh OLEHKY MPEAJIOKEHHON CUTYallUH.

— OLEHKY «He3a4TeHO0» CTYACHT IOJy4aeT, €CIM He MOXKET [10Ka3aTh 3HAHUs Ha yPOBHE
BOCIIPOM3BEICHHUS U OOBSICHEHUSI MHPOPMALINHU, HE MOXKET ITOKa3aTh UHTEIUICKTya IbHbIC HABBIKU
peleHHs IPOCThIX 3ajiay, 1aTh OLIEHKY NPEAI0KEHHON CUTYyaIuHu.



