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JIner akryaauszanuu padoueil mporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzanuu B 2021 - 2022
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpena, 00CcykaeHa u 0100peHa s peanuzamnuu B 2022 - 2023
yueOHOM rofy Ha 3aceanuu Kadeapsl MeTammyprud 1 XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 . Ne

3aB. kadempoii A.C. iapquKo

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2023 - 2024
y4eOHOM rojly Ha 3aceqaHuu Kadeapbl MeTauryprud 1 XUAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas nmporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl MeTaryprud 1 XAMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKO




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
BapHATUBHYIO YaCTh Y4eOHOTO IJ1aHa 00pa30BaTeNbHON IPOrPaMMBL.

Jnst  w3ydeHuss  IUCHMIUIMHBI ~ HEOOXOoauMbl  3HaHUS  (YMEHHWs,  BJIAJICHUSA),
c(hopMUPOBaHHBIC B pE3YyJIbTaTe U3yUCHHUS JUCITUTUIHH/ TPAKTHK:

OCHOBBI METAJULYPrUU€CKOT0 MPOU3BOJCTBA

duznyeckass XUMHUS

dusuka

Maremartuka

Xumus

3Hanus (YMEHUS, BIaJIeHUs), MOTYYSHHbIE TPU MU3yYEeHUU JAHHOW AUCHUILIIMHBI OyIyT
HEOOXOIUMBI JJISI U3YUCHUS TUCIUTUTAH/TIPAKTHK:

MonenrpoBaHue MPOLECCOB U 0ObEKTOB B METAILTYPIUH

[IpousBocTBO (heppocmiaBoB

DKCIuTyaTanus JOMEHHBIX Meuei

Metoas! KOHTPOJIS JOMEHHOTO Ipo1ecca

Teopus u TEXHOJIOTHS OKYCKOBAHMS JKEJIE3HBIX Py

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00yUeHust

B  pesyaprare  ocBoeHMs ~ JUCHMIUIMHBL  (Monynst) — «®usnyeckas — XUMMS
NUPOMETAITYPIrUYECKUX — MIPOLIECCOB)  OOydaromuiicss JOKEeH o0najaTh  CIEeayIOIUMU
KOMIETEHIMSIMU:

CTpyKTypHBIit [Tnanupyemsble pe3ynbTaThl 00y4eHUs
JIEMEHT
KOMIIETEHIINH

ITK-2 cnocoOHOCTBIO BBIGI/IpaTB MCTOABI UCCIICAOBAHUA, INITAHUPOBATH U IIPOBOJUTH
H€O6XOJII/IMI)IG OKCIICPUMCHTBI, MHTCPIPECTUPOBATh PE3YJIbTAThI U ACJIATh BHIBO/bI

3HaTh - 0230BYIO TEPMUHOJIOTHIO, OCHOBHBIE MOHSATHS M 3aKOHBI, KX
MaTeMaTHUIeCKOE BHIPAKEHUE;

- KJ1accu(UKAIMK U CYITHOCTh METO/IOB aHAIIN3a; TEOPETUIECKHE OCHOBBI U
MIPUHITUTIB TEPMOJUHAMUYECKUX METO/I0B aHAIN3a; OCHOBHBIE 3aKOHBI
TEPMOJIUHAMUKUA METAJUTYPTUUECKHUX MPOIIECCOB;

- METO/IbI HCCIIEIOBAHNUS U YCIOBHSI MPOBEICHUS HKCIIEPUMEHTOB U
aQHAJIN30B; OCHOBHBIE SKCIIEPUMEHTAIbHBIE U PACUETHBIE METOIbI
oTpesieNieHUs] TEPMOIUHAMUYECKUX XapaKTEPUCTHK.




VYmeTb

- CaMOCTOATENBHO (POPMYIUPOBATH 3a/1a4y (PU3HUKO-XUMUUECKOTO
HCCIIEIOBaHMS B XUMUYECKUX CUCTEMAX; M10JIb3YSACh NIOJy4YEHHBIMU
3HAHUSMH, YMETh BEIOUPATH ONTUMAIIBHBIE ITYTH U METO/IbI pEIICHUS
IIOCTABJICHHBIX 3a7a4;

- IPOBOUTH (PUBUKO-XUMUYECKUE HCCIEAOBAHUS CUCTEM U MPOLIECCOB C
HCII0JIb30BAHUEM COBPEMEHHBIX METOJ0B U IPUOOPOB; IPOBOAUTH
(U3UKO-XMMHYECKHUE PACUETHI.

Bnanets

- IPaKTHYECKUM MTPUMEHEHHEM BaKHEHIIINX COBPEMEHHBIX TEOPETUUECKUX,
TEPMOJIMHAMUYECKMX METO/I0B; HABBIKAMH BEJCHMSI TOMCKA HEOOXOAUMBIX
3HAHUH 110 TUTEPATYPHBIM U IPYTUM UCTOUYHUKAM;

- METOJJaMH HKCIIEPUMEHTAIBHOTO UCCIIEJOBAHUS; OIIPEEIICHHs COCTaBa
CHCTEM, METOJJaMH MTPECKa3aHMs MPOTEKAHHS BO3MOKHBIX XUMHUYECKUX
peaKInii;

- METOJIMKAMH PacyeTOB KHHETHUKH MIPOIIECCOB B METAJUTYPTrHUECKUX
cucTeMax; IpueMaMH OLIEHKH Pe3y/IbTaTOB HKCIEPUMEHTA; HaBbIKAMHU
CaMOCTOSITETbHON PaOOTHI.

[1K-4 roToBHOCTEIO

HCIIOJIb30BATh OCHOBHBIC ITIOHATHUS, 3AKOHBI U MOJACIIU TCPMOANHAMUKH,

XUMHYECKOHN KHHCTHUKHU, IICPCHOCA TCIIJIa U MACChI

3HaTh

- OCHOBHBIC ITOJIOKCHH A 0611_[6171 XUMHH, OCHOBHBIC 3aKOHBI (1)I/ISI/I"ICCKOI71
XHUMHHU, a TAKXKC CII0COOBI BX IMPUMCHCHUA IJId PEIICHUA TCOPETHICCKUX U
IPUKIAOHbIX 3a/1a4;

- TCOPECTUUCCKHUEC OCHOBBI XMMUUYCCKHUX U (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/IX mponeccos,
JIeXKalrX B OCHOBEC MCTAJUTYPIrUICCKOIO IMTPONU3BOJACTBA,

- OCHOBHBIC ITOHATHSA, 3aKOHBI U MOACIIM TCPMOJANHAMHKH, XHUMHYISCKOM
KUHCTHUKHU; BIIMUSHUC OCHOBHBIX 3dKOHOB TCPMOANHAMUKH U XUMHYECKOMN
KWMHETHKHU Ha POLUECChI B MCTAJLTYPIruu.

YMmern

- UCIIOJIb30BaTh OCHOBHBIE XUMHYECKHE 3aKOHBI U MTOHATHA,
TEPMOJMHAMUYECKUE CIIPABOYHBIE JAaHHBIE; TPUMEHSATHh METO/IbI
MAaTeMaTUYECKOTO aHAJIN3a U MOJEIMPOBAHMUS;

- YMETh COYETaTh TEOPHUIO U MPAKTUKY JJI PEIICHUS MHKEHEPHBIX 3a/1a4;
MPOBOJUTH TEPMOJIUHAMUYECKUE PACUETHI METAIUIYPIrHYECKUX IPOLIECCOB,
Ha OCHOBE MPAKTHUYECKUX JaHHBIX;

- rpaduuecku 0TOOpaXkaTh MOTYyYCHHbBIE 3aBUCUMOCTH;, aHAJTM3UPOBATh U
00CyX/1aTh pe3yabTaThl PU3NKO-XUMHUUECKUX UCCIEIOBAHUH.

Bnanetn

- HaBBbIKaMU BBIUMCJICHUS TETJIOBBIX 3(P(PEKTOB XUMUUECKHUX PEAKIHUM Tpu
3aJlaHHOM TeMIepaType B YCIOBUSIX IMOCTOSHCTBA AAaBJIEHUS WIH 00beMa,
KOHCTaHT paBHOBECHSI XUMUYECKUX PEAKIHI NP 33JaHHON TEMIIEpaTypeE;
- IPUMEHSATH COBpEMEHHOE (u3nUecKoe 000pyJ0BaHKEe U TPUOOPHI TPU
pELIEHNN IPAKTUYECKUX 3a4a4, IPOBOJUTH CTATUCTUYECKUI aHATIN3
MOJIYYE€HHBIX IKCIIEPUMEHTAIbHBIX TaHHBIX;

- METO/IaMU IPOrHO3UPOBAaHMS PE3yJIbTaTOB BO3AEUCTBUS Ha
TEXHOJOTHYECKHE MPOLIECCHl B METAITYPIHH; BBIABUTaTh TUIIOTE3bI U
YCTaHaBJIMBATh I'PAHUILIBI UX IPUMEHEHMSL.

ITK-13 roToBHOCTBIO OLIEHUBATH PUCKHU M ONPEAEIATH MEPHI 110 0OecreueHnIo 0€30MacHOCTH
TEXHOJIOTUYECKUX ITPOLIECCOB

3HaTh

- TCOPCTUUCCKHUEC OCHOBBI XUMUUYCCKUX U q)HSI/IKO-XI/IMI/I‘{eCKI/IX mponeccos,
JICKAIMX B OCHOBE METAJINTYPIru4€CKOro rnmpon3BoaACTBa




Ymers -BECTH HaYYHYIO AUCKYCCHIO 110 BOIpOcaM (PU3UKO - XUMUIECKUX OCHOB
METAJUTYPTHUECKUX MPOIIECCOB, TPOBOIUTH MAaTEMATUIECKYIO
MHTEPIIPETALHNIO TIOIYYCHHBIX PE3Yy/IbTaTOB U ONPEICIATh Hanboee
3HaYMMBbIe (DaKTOPBI.

Brnaners -METOJIaMH [TPOrHO3UPOBAHMS PE3yIbTaTOB BO3CHCTBUS Ha

TEXHOJIOTHYECKHUE ITPOUECCHI B METAJINTIYPIrH; BbIABUTaTh THIIOTE3bI U
YCTAHABJIMBATb I'PAaHUIIbI UX ITPUMCHCHU .




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 5 3adyeTHbIX enuuuil 180 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKkTHas padorta — 71,15 akan. yacos:
— aynuTopHas — 68 akaj. 4acos;

— BHeaynutopHas — 3,15 akaz. gyacos

— caMocTosTenbHas pabora — 73,15 akan. 4acos;

— IIOATr0TOBKA K 9K3dMCHY —

35,7 akaz. yaca

dopma aTTecTaluu - SK3aMEH

AynutopHas g e
KOHTaKkTHas paboTa E z Dopma TeKymero
Paznein/ rema § (B axaz. yacax) E E(‘ Buzn . KOHTpOIL Kon
[ — : g O |camocToATeBHOM yCTIeBaeMOCTH 1 KOMITETEHIIHH
@) 2 5 paboTsl MIPOMEKYTOYHOH
Tex. ab. | mpaxT. z aTTecTaluu
3aH. | 3aH. |Q &
1. Pazmen 1 . TepmoauHamuka
MIPOIIECCOB FOPEHUS TOTLINBA
1.1 Kucnoponnsrit H%MOTOBKaK MK-2. TIK-4
MOTEHIUAI Ta30Boil  (a3sl. 2 2 10 J1abopaTopHo- CobecenoBaHue 110 TEME i o
Peaxuust BogsiHOTO raza TPAKTHICCKOMY TK-13
3aHATHIO
1.2 Kunernka M MeXaHU3M S IloaroroBka k IIpoBepka u 3amura
peakuuit TOpEeHMUsL. 2 2 10 nmabopatopHo- WHIWBUIYAIEHOTO TIK-2, I1K-4,
TepmoauHamMuka — peakumit MPaKTUIECKOMY |pacdyeTHO-rpaduueckoro IK-13
TOpeHHs yriepoaa 3aHSTHIO 3amaHus Nel
Wroro no pazneny 4 4 20
2. Paznen 2. Iporecchr
o0pa3oBaHHMs ¥ JAMCCOLMUAINU
XHUMHYECKUX COSTMHEHHI
Pazpabotka
aJropUTMa
BBITIOJTHEHUS
pelieHus 3aaay;
CaMOCTOSITENEHOE Beimosaenne u
2.1 Jucconumarus > laon | 6411 | 10 U3y4YeHHE obcyxnenue aanubix | [IK-2, IIK-4,
KapOOHATOB U OKUCIIOB yueOHOM U nabopaTopHO PaboThI I1K-13
HAy4YHO Ne 1l
JIUTEPATYPBI.
IToaroroBka k
5 nabopaTtopHOH
pabote Ne 1
CamocTosaTenbHOoe
n3y4deHUe
2.2 Kunernka, MeXaHH3M yaeGroit n Bemomenne n
npoiiecca JICCOLHAIINH 2 621 | 6/21 8 HayHHo O6CymHeHMevﬂaHHBIX TIK-2, IIK-4,
KapGoHaTOB JUTEPATYPBHI. nabopaTtopHOii paboThI IK-13
ITogroroBka k N2
71a00paTOpHOI
pabote Ne 2
Uroro no pazaeny 4 (10/41| 12/61 | 18

3. Paszgen 3. OcHOBBI Teopuu
BOCCTAHOBJICHHS] OKCHJIOB




31

TepMonrHamuka

ITogroroBka k

Brmmonnenne n
00CyXJIeHHEe JaHHBIX

BOCCTaHOBJICHUSI  METaJIJIOB 1 14211 621 | 10 Jaboparopto- nabopaTopHO paboThI TIK-2, TIK-4,
MIPAKTHYECKOMY ITK-13
ra3amu Ne3
3aHSTHIO
Pemenue 3anau
3.2 BoccraHosnenue Pazpabotka
OKCHJIOB Meraia 2 421 | 10 aJIrOpHTMa CobecenoBaHueE 110 TEME TIK-2, IIK-4,
BOJIOPOJIOM ¥ OKCHJIOM BBIMOJTHCHUS IK-13
yriepoaa pelIeHHs 3a1a9u
33 Pazpaborka
) anropuTMa cobecetoBaHuE 110 TIK-2, TIK-4,
Kap6o-MeTannorepMuueckoe 2 4 5
BBIMOJIHCHHS TeMe, pelIeHUE 3a1a4 IK-13
BOCCTAHOBJICHHE OKCHOB
pelIeHus 3a1a9u
Hrtoro no pasgeny 5 (421 | 14/411| 25
4. Pa3nen 4. Merautyprudeckue
paciiaBbl
Brinonnenue 3amura
4.1 AKTHBHOCTB pacueTHo- HHIUBUYAIIbHOTO TIK-2, I[1K-4,
2 4/41 (10,15 N
KOMIIOHEHTOB B PacTBOpax rpaduueckoil  |pacueTHoO-TpadHUECcKOro IK-13
paboTer Ne2 3aganus No2
ITogroroBka k
4.2 Merannyprudeckue nabopaTopHo- Brinonnenue n
uutakd. Teopuu  (Mozesu) 2 3 npaktuiaeckoMy | obcyxnenue aanubix | [1K-2, TIK-4,
METaJUTyPTUYECKUX 3aHATHIO. nabopaTtopHOi paboThI IK-13
pacruiaBoB JlaGopaTopHas Ne4
pabora Ne4
Hroro no pazneny 4 3 4/41 (10,15
Hroro 3a cemectp 17 |17/611|34/141|73,15 SK3aMeH
Hroro no aucnumninuze 17 |17/611|134/141(73,15 JK3aMeH TIK-2,[K-

4,ITK-13




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
pe3ynbTaTOB-1IEIIEH;

— WCIOJB30BAaHUE OOpPATHOW CBS3M C IEBI0 KOPPEKTHUPOBKH 00pa30BATEIILHOTO
npoiecca;

— rapaHTUPOBAHHOCTD JOCTUTAEMBIX PE3YJIbTATOB;

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

— ONITUMAJILHOCTh 3aTPAYMBAEMBIX PECYPCOB U YCUIIHIA.

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, OCHOBAaHHOIO HAa COYETAHUU TEOPETHYECKOro Kypca,
7a00OpaTOPHBIX 3aHATUW W CAMOCTOSATEIBLHON TIO03HABATEIBHON JESITEIbHOCTH CTYJEHTOB.
N3yueHue TEOpPEeTHUECKOTO Kypca MPOBOJUTCA B  CIEHHAIU3UPOBAHHBIX JIEKIIMOHHBIX
aAyIUTOPHUSIX C UCIIOIH30BAHUEM BHICOTEXHUKH, TTO3BOJISIONICH TPAHCIUPOBATH Y€PE3 MOHUTOP
PHCYHKH, CXEMBI, MOJIEJIH, KOTOPbIE B 3HAUUTEIHLHOM CTEIIeHH 00JIEryaroT MOHMMaHue Kypca.

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

Jlexiuu poOXOaAT Kak B TPaTUIIMOHHON dopMe, B BUJE MPE3CHTALUN, TaKk U B Gopme
JeKIUi-uHPOPMaIINA, OPUESHTUPOBAHHBIX HA H3JIOKEHUE U OOBSICHEHUE CTYACHTaM Hay4dyHOU
uH(pOpMaIlMK, TOJUIekKAIIeH OCMBICICHUIO M 3allOMUHAHUIO, JEKIUI-KOHCYIbTAllUH, TIe
TEOPETHUECKUI MaTepral 3apaHee BhIAACTCS CTYACHTaM JJIsl CAMOCTOSITEILHOTO U3y4YEHUs, ISt
MOJATOTOBKA  BOIMPOCOB  JIGKTOPY, TakuM 00pa3oM, JeKIHsS TMPOXOAUT MO  THUIY
BOIIPOCHI-OTBETHI-TUCKYCCHS.

JIeKIIMOHHBIN MaTepHal 3aKperUIsIeTCsl B X0/Ie MPAKTUYECKUX 3aHATUH U JTaOOpaTOPHBIX
paboT, Ha KOTOPBIX BBIIOJHSIOTCS TPYIIOBLIC WJIM WHIWBHUAYAIbHBIC 3a/IaHUS TIO0 MPOWICHHON
TeMe. Ha mpakTuueckux U Ja0OpAaTOPHBIX 3aHATUAX CTYACHTHI TPHOOPETAIOT HAaBBIKU
WCCJIEIOBATENIbCKOM  JIEATETPHOCTH W yYMEHHUS OOBSCHATH PE3YJIbTaThl IKCIIEPUMEHTA,
OCHOBBIBASICh Ha 3HAHUSAX TEOPETUYECKOW YacTH Kypca. [Ipu mpoBeneHUM J1abopaTOPHBIX
3aHATUH UCIIOJIB3YETCSI METO/I KOHTEKCTHOTO 00YUYeHUs, KOTOPBIN MO3BOJIIET YCBOUTH MaTepral
MyTEM BBIBICHUS CBSI3€d MEXKAY KOHKPETHBIM 3HAaHHEM M €ro MNpPUMEHEHHEM, a TaKkKe
TEXHOJIOTHSI MOJYJBHOTO OOY4YEeHHS M KOJUICKTHBHOTO B3amMooOydeHus (mapHas paboTa Tpex
BUJIOB: CTaTHMYECKas Mapa, IMHAMH4YecKas 1apa, BapualloHHas napa).

NunuBuayanpHasi CcaMOCTOATENbHAs — TO3HABATENbHAS  JICSITENIBHOCTh  CTY/IEHTOB
3aKJII0YAeTCs B MOAOOpE JHTEepaTypbl MO pasnenaMm Kypca u ee u3ydeHuu. l[lpu 3Tom
MIPEAYCMOTPEHBl WHJMBHUAYAIbHBIE M TPYIIOBbIE KOHCYJIbTAIMM IO HM3y4aeMbIM pa3ernam
Kypca. B pesynbrare m3ydeHUs NaHHOW JUCIMILTUHBI CTYICHTHI JIOJDKHBI IPUOpPECTH 3HAHUS,
YMEHHSI U ONPEICNICHHBIM OIBIT, HEOOXOAUMBIE i Oyaylield MpakKTUYECKOW AESITeTbHOCTH.
CamocTtosTenpHas paboTa CTYJEHTOB CTUMYJIHPYET CTYACHTOB K CAMOCTOSATEIHHON



popaboTKe TeM B IIPOIecce BHITOTHEHNUS MHINBUAYAIbHBIX 3a/JaHH, B TPOIEcCe MOATOTOBKHU K
KOHTPOJIbHBIM paboTraM W wuTOroBoil arrecraiuu. CamocrositenbHas paboTa CTYICHTOB
HalpaBJIeHA Ha 3aKPEIJICHHE TEOPETHUYECKOr0 MaTepuaia, M3JI0KEHHOTO MpernojaBareieM, Ha
npopalbOTKy TeM, OTBEICHHBIX Ha CAMOCTOSITEIbHOE U3y4YEHHUE, Ha OATOTOBKY K BHIIOJIHEHUIO U
3amuTe 1a00paTOPHBIX padoT, MOATOTOBKY K KOHTPOJIBHON pab0OTe M UTOTOBOM aTTECTAIIUU.

B xoze 3ansTHii npeanonaaraeTcsi HCIOIb30BaHHE KOMITJIEKCa HHHOBAIIMOHHBIX METOZIOB
MHTEPAKTHUBHOTO OOYUCHHSI CTY/I€HTOB, BKIIFOUAIOIIETO B ceOsl:

- co3maHHe TPOOJEMHBIX CHTyallii C IIOKAa3aTelbHBIM pPELHICHHEM IPOOJIEMBI
Iperno/iaBaTesieM;

- CaMOCTOSITEIbHYIO TOMCKOBYIO JICATEIIFHOCTh B pEHICHHH Y4eOHBIX mpoOliem,
HaMpaBJIIEMYIO PENoaBaTesieM;

- CaMOCTOSITEIIbHOE PEIICHHE TPOOIEM CTYACHTAMH 101 KOHTPOJIEM IPETIO1aBaTels.

- mpobaemMHoe 00yUeHHE — CTUMYJIMPOBAHNUE CTYIEHTOB K CAMOCTOSITEIbHON «100bIue
3HAHWH, HEOOXOAUMBIX JUIS PEIICHNsI KOHKPETHOH IPOOIIEMBI.

- KOHTEKCTHOE OOYy4YeHHWE — MOTHBAIlUS CTYJCHTOB K YCBOCHHUIO 3HAaHUH IIyTeM
BBISIBJICHUS CBSI3€H MEXKly KOHKPETHBIM 3HAHUEM H €T0 IPUMEHEHUEM.

- 0OyueHre Ha OCHOBE OIbITA — aKTUBHU3AIMS TO3HABATEIBHOMN EATEILHOCTH CTYICHTOB
3a CYeT aCCOLMAIMU UX COOCTBEHHOTO OIIBITA C TPEAMETOM U3yUYCHHUSI.

-  UWHAMBHAyalbHOE OOydeHHEe — BBICTpaMBaHUE CTYJCHTaMH COOCTBEHHBIX
00pa3oBaTENbHBIX TPACKTOPUI Ha OCHOBE (JOPMUPOBAHUS HHIMBUIYAIbHBIX YICOHBIX TUIAHOB U
POTPaMM C YI€TOM HHTEPECOB U MPEANOYTCHUH CTYACHTOB.

- MEXIUCHUIUIMHAPHOE OO0y4YeHWE — HCIOJIb30BaHMWE 3HAHMW M3 pa3HBIX 00JacTe, ux
IPYNIMPOBKA M KOHIEHTPAIHSI B KOHTEKCTE KOHKPETHOM perraeMoii 3a1a4m.

- OIlepeXKaroIIas CaMOCTOsATENbHAsA paboTa — U3ydYEeHUE CTYACHTaMU HOBOTO MaTepHaia
JI0 €T0 M3JIOKEHHS TIPENo/jaBaTeeM Ha JISKIIUHU U JPYTUX ayAUTOPHBIX 3aHATHSIX.

6 Y4eOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4aroImmMxcst
IIpencrasneno B npuiioxeHuu 1.

7 OneHOYHBIE CPeACTBA /sl IPOBeeHHs POMEKYTOYHOM aTTecTAlMI
[IpencraBneHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIHUHbBI (MOTYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Tonpamreiin H. JI. Kpatkuii kypc pusndeckoid XUMUHM METAILITyPrUueCcKUX MpOIECCOB
[Tekcr]: yae6uoe ocobue / H. JI. T'onpamrreiin; MI'TY. - 2-¢ uza. - Marautoropcek, 2012. - 338
C.: WJ., 1uarp., rpad., CXemsbl, TabI.

2. OCHOBBI METAJTypPrHYeCKOro Mmpou3BocTBa : yueonuk / B.A. burees, K.H. Baosus,
B.M. Konokonbues, B.M. Canranuk. — Cankr-IlerepOypr : Jlans, 2017. — 616 c. — ISBN
978-5-8114-2486-3. — Tekcr : anekTpoHHbIii // JIaHb : 3IeKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/90165

0) lomostHuTeIBLHASI TUTEPaTypa:

1. Muxaiinos, I'.I". TepmoarHaMHKa METAUTYPIHYSCKUX MUIAKOB : yueOHOE mocooue /
I''I". Muxatino, B.M. Antonenko. — MockBa : MUCUC, 2013. — 173 c. — ISBN
978-5-87623-729-3. — Tekcr : anekTpoHHbIii // JIaHb : 3IeKTPOHHO-OMOINOTEYHAS CHCTEMA. —
URL: https://e.lanbook.com/book/47475

2. Muxaiinos, I'.I'. TepmomumHamMuka METALTyPrUYECKUX TMPOIECCOB U CHCTEM .
MoHorpa-¢dus / I'.I'. Muxaiinos, b.U. Jleonosuu, 10.C. Ky3nenoB. — Mocksa : MUCHUC, 2009.
— 520 c¢. — ISBN 978-5-87623-224-3. — Tekcr : onektpoHubii /| JlaHb
AJIEKTPOHHO-OMOIMoreunas cu-crema. — URL: https://e.lanbook.com/book/117016



https://e.lanbook.com/book/90165
https://e.lanbook.com/book/47475
https://e.lanbook.com/book/117016

3. Jlysrun, B.I1. Teopust u TeXHOJOTHSI METAJUTYpTUu cTaiu . yueOHoe mocodue / B.I1. Jly3rum,
A.E. Cemun, O.A. KomosoBa. — Mocksa : MUCHC, 2010. — 72 ¢. — ISBN 978-5-87623-346-2.
— Tekcr : oanexrponnwid // Jlawp : anexkTpoHHO-OMONMMOTEeyHas cucrema. — URL:
https://e.lanbook.com/book/2062

4. Usnes, C.A. Meraurypruyeckue TEXHOJIOTUU. MeTamunyprusi 4€pHbBIX METAJJIOB .
yuebnoe mocodbue / C.A. Usnes, M.II. KimroeB. — Mocksa : MUCHUC, 2017. — 45 ¢. — ISBN
978-5-906846-57-0. — TekcT : anexkrpoHHbli // JIaHb : 3JIeKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/108106

5. TepmoauHaMuKa, KHHETHKA M pacyeTbl MeTatyprudeckux mpoueccos / C.H.
[Tanepun, .. Pepxonkos, I'.B. Cepos [u ap.]. — Mocksa : MUCHC, 2010. — 235 ¢. — ISBN
978-5-87623-312-7. — TekcT : anekrpoHHbli // JlaHb : 3JIeKTpPOHHO-OMOIMOTEYHAsT CUCTEMA. —
URL: https://e.lanbook.com/book/117022

B) MeToanyeckne yKazaHus:

. CmupnoB A. H. TepmomHamMuka mpoueccoB ropeHus TOIIMBa [ DIEeKTPOHHBIN pecypc]:
METO-AMYECKHe YKa3aHus JUId CTYAGHTOB Mo aucuuiiuHe "dusnueckas  XuUMUs
metauryprudeckux mporeccos” / A. H. Cmupros, M. A. Illecrooutos, C. B. IOauna; MI'TY. -
Maruautoropck : MI'TY, 2013. - 1 snektpon. ont. auck (CD-ROM). - Pexxum mocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/112430
2/68.pdf&view=true. - MakpoOOBEKT.

2. MarepualibHble W TEIUIOBBIE pacdeThl XHUMHKO-TEXHOJOTHYECKHX IPOIIECCOB
[DnexkrponHslii pecype]: yuebHoe mocodue / C. A. Kpsutora, 3. M. Koctuna, 1. B. TTonypko, A.
B. I'opoxos; MI'TVY, [kad. XTHMu®X]. - Maraurtoropck, 2011. - 50 c.: tab:x. - Pexxum gocryna:
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/107901
2/36.pdf&view=true. - MakpoOBEKT.

3. CreunmkoBa H.IO., CmupaoB A.H., IOgura C.B. Metoaudeckue yka3aHwis: s
BBITIOJTHEHUS n1abopaToOpHBIX pabor 1o JTUCITUTLIINHE «Duznueckas XUMUS
NUPOMETAILTYPTUYECKUX TIPOIIECCOB» ISl CTYAEHTOB BCEX CIEIUABHOCTEH BceX (opm
oO0yuenust. Marauroropck: M3n-Bo Marauroropcek. roc. Texs. yH-ta uM. I'.M1.Hocoga, 2015, 29 c.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:
IIporpammHoe o0ecnieuenune

Haumenosanwue [10 Ne norosopa Cpoxk neiicTBHS TUIIEH3UH
MS Windows 7
Professional (st J1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)
MS Office 2007 |y, 135 o1 17.09.2007 GeccpoHO
Professional
7Zip CBOOOJIHO PACIIPOCTPAHIEMOE 0ECCPOYHO
FAR Manager CBOOOIHO paclpocTpaHsIeMoe 06eccpouHO
IIpodeccnonanbHble 0a3bl JaHHBIX M MH(POPMAIMOHHBIE CIPABOYHbIE CHCTEMbI
HaspaHwue Kypca Ccruika
Harmmonanenass  uH(pOpMaMOHHO-aHATHTUYECKAS
cucrema — Poccuiicknit  wngexc  nayunoro|URL: https://elibrary.ru/project risc.asp

mutuposanus (PUHIL)



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
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

ITouckoBass cucrema Axamemusi  Google
(Google Scholar)
Wudopmannonnas cucrema - EnuHOe OKHO
JI0CTyTa K MHPOPMAIIMOHHBIM pecypcaM
Poccuiickass T'ocymapcTBeHHass OuOIHMOTEKA.
Karanoru
DOneKTpoHHBbIE pecypchbl Oubmmoreku MITY
nM. I'.1. HocoBa

9 MaTepuajibHO-TeXHHYeCKOe o0ecredeHue TUCIIUIIHHBI (MOTYJIs1)

URL: https://scholar.google.ru/

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

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

http://magtu.ru:8085/marcweb2/Default.asp

MarepuanbHO-TEXHHUECKOE 00ecrieueHNe JUCIUTUINHBI BKITIOYACT:

1. Yuebnas ayauropust JUisi IPOBECHUS 3aHATUN JICKIIHOHHOTO TUIIA OCHAIIICHA!

- TEXHUYECKMMH CPEICTBAMU OOYYEHMs, CIYKallUMU Ui IpPEJCTaBICHUA ydeOHOIl
uHpopManuu OOJIBIION ayAWTOPUH: MYJIbTUMEIUHHBIMH CPEICTBA XPaHEHHs, NEepeaaydl U
npezcTaBieHus yueOHOH nHpopMaluu;

- CHIeHaIM3UPOBAaHHON MeOebIo.

2.YyeOHast ayauTopus s IPOBEACHUs JIAOOPAaTOPHBIX 3aHATHH «XUMHUYECKUe
nabopaTtopun» ocHaleHa Jab0paTopHbIM 000PYAOBAHUEM:

- XMMHUY€ECKHE PEeaKTHBHI,

-XUMHUYECKas MOCyaa

-JlaGopaTopHble yCTaHOBKH

-IInakatel mo Temam paboueil mporpamMmbl

- CIIeLMAIN3UPOBAHHON MEOETIbIO.

3. YueOHast ayquTopust U POBEICHHS PAKTUIECKUX 3aHATHI OCHAIICHA:

- TEXHUYECKHMMH CPEICTBAMU OOYYEHMs, CIY)KALIUMU Ui HpPEJCTaBICHUS y4eOHOI
uHpopManuu OOJIBIION ayAUTOPUH: MYJIbTUMEIUHHBIMU CPEICTBA XPaHEHHs, Nepeaaddl U
npecTaBieHus yueOHOH nH(popMalnu;

- CHIeMaIM3UPOBAaHHON MeOebIo.

4. YuebHas ayauTOpUs Ui TPYNIOBBIX U MHIUBUAYAIbHBIX KOHCYJIbTALUHN, TEKYILEro
KOHTPOJISI M TPOMEKYTOUHOM aTTECTallMy OCHAIICHA!

- KOMITBIOTEpHOI TexHuKoit ¢ maketom MS Office, ¢ monkirouenuem k cet «MHTEpHET
U C TOCTYIIOM B DJIEKTPOHHYIO HH()OPMAITMOHHO-00pa30BaTeNbHYIO CPETY YHUBEPCHUTETA,

- CIIeMAIN3UPOBAHHON MEOETIBIO.

5. [Tomemnienue y1st CaMOCTOSITENILHOU PaOOThHI OCHAIIICHO:

- KOMITBIOTEpHOI TexHuKoit ¢ maketom MS Office, ¢ monkirouenuem k cetu «MHTEpHET
Y C TOCTYIIOM B DJIEKTPOHHYIO HH()OPMAITMOHHO-00pa30BaTeNbHYIO CPETY YHUBEPCHUTETA,

- CTIeUUAIN3UPOBAHHON MEOETIBIO.

6.Ilomemenne 1 XpaHeHUS U MPOPUIAKTUYECKOTO OOCTY)KHMBAHHUS y4eOHOTO
000pyI0BaHUS OCHALIECHO:

- CHIeMaIM3UPOBAHHON MEOEIbIO: CTeITaKaMH1 JJIsl XpaHEeHHs y4eOHOTro 000pyJ0BaHMUS;

-MHCTPYMEHTaMHU JJIsl pEMOHTa Y4eOHOTr0 000py10BaHMS;

- mkadamu It XpaHeHus yaeOHO-METOMYECKON TOKYMEHTAINY H MaTEPUAIIOB.


https://scholar.google.ru/
http://window.edu.ru/
https://www.rsl.ru/ru/4readers/catalogues/
http://magtu.ru:8085/marcweb2/Default.asp

Ipuioxkenne 1

6 YueOHO-MeTOoANYeCcKOe o0ecTieyeHne CAMOCTOATEILHOH PadoThl 00y4arouXxcst
Conep:xaHue TEOPEeTHYECKOI0 pa3jiesia JUCHHUILIHHBI
(camocTosiTeIbHOE U3YyUEHHE)

1. Krnaccudpukamuss MeTayurypruueckux mporeccoB. OCHOBHBIE 3aKOHBI TEPMOJUHAMMUKH.
Oueprus ['m60ca u xumuueckuii noreHuan. Koncranta XUMHUYECKOTO paBHOBECHUS U ypaBHEHHUE
u3oTepMbl peakiuu. CraHgapTHoe uW3MeHeHue 3Heprum [ubO6ca. CMeleHWe paBHOBECHS U
npaBuio das.

2. Topenmne oxcuga yriaepona. ['openue Bomopoaa. Peakumst BoasHoro rasza. Peaxnus
B3aumozeiicteus yriepona ¢ CO,. Peakuuu HEMONHOTO W IOJHOTO TOPEHUsS Yriepoja.
PaBHOBecHBIN cocTaB raza. Bocramenenue ra3oBeix cMeced. llennble peaknuu. Kuneruka u
MEXaHU3M TOpEHUs TBepAoro yriaepoga. OCHOBbI KHHETUKM TI€TEPOr€HHBIX IPOLECCOB.
Xapakrepuctuka AUQPQPY3HOHHBIX TporieccoB. OCOOCHHOCTH MPOIECCOB B KUHETHUYECKOH W
b dy3noHHON 001aCTAX.

3. Kunermka okucieHuss MetaiioB. Ponb auddy3um peareHTOB depe3 OKaIWHYy |
KPUCTAJUIOXUMUYECKOIO IIPEBPALLECHUS HA TPaHULE METAILT - OKCUJ. POpMalIbHO-KMHETHYECKOE
ypaBHEHHE Tporiecca u ero aHanu3. Kunernueckuit u 1udy3noHHbIN pexuM peakuuu. Biousaue
TEMIEPaTypbl HAa CKOPOCTh OKHCIEHUs. OKHCIUTENbHOE papUHUPOBAHUE KHUAKUX METAJUIOB.
IlocnenoBaTenbHOCT  OKMCIECHHsS  IpuMmecedl. TepMOIMHAMMYECKUM  aHalU3  PEaKUuu
JUCCOLMaluu KapOOHATOB. Kuneruka npoiecca JUCCOIAINH, 0COOCHHOCTH
KPUCTAIZIOXMMHUYECKOIO IpeBpallleHus. ABTOKaTaiu3 Ipolecca. BiusHue wu3MelnbyeHUs
TBEpAbIX (pa3 Ha TEPMOJMHAMHYECKHUE U KHHETUYECKHE XapaKTEePUCTUKHU TpoIecca.

4. CTpoeHue U CBOMCTBA METAJUTYPrUYECKUX paciiiiaBoB. OU3NKO-XUMUUYECKUI aHAU3 IIUIAKOB.
JIBOoliHBIE JuarpaMMbl COCTOSIHMSI ULUIAKOBBIX CHUCTEM. Jluarpamma COCTOSIHUSI CHCTEMBI
Ca0O—AIl,03—SIi0,. Pactmaiennsie miaku. MojekyssipHast Teopusi. BS3KOCTh IIIaKOB.

Cepa B uyryHax u craisax. [Ipoueccsl necynbdypanun Keae3HblX CIUIaBoB. 1'a3bl (Bogoposa u
a30T) B  OKeNe3HbIX crulaBax. PactBopumocTth  rasoB. Kucimopong B JKene3HBIX
crutaBaxHemeTannndeckre BKIIOUEHUS B CTAIAX U TEXHOJIOTHMYECKUE CTIOCOOBI pahUHUPOBAHUS
MeTajljja OT HEMETaUNIMYEeCKUX BKIIOUeHHM. [loBEpXHOCTHbBIE SBICHUS B METALTyprHUECKHX
poreccax. IToBepxHOCTHOE HaTSKCHHE [IJIAKOB U HKEJIE3HBIX CILJIaBOB.
[ToBepXHOCTHO-aKTUBHBIE BEIIECTBA.

JlabopaTopHble padoThbI:

JlaGopatopHas pabota Ne 1: TepmoanHamuueckuil aHaiau3 peakUM AUCCOLMAIMN KapOoHaTa
KaJIbIUS;

JlaGopatopHass paGora Ne 2: I'paBUMETpUYECKOE HCCIEIOBAHWE KHUHETHKH JHUCCOLUAINU
KapOoHaTa KaJbIlus;

JlaGopatopHast pabora Ne 3: I'paBuMeTpHUecKoe HCCIIEOBAaHHE MAaKPOKHHETUKU OKHCICHHS
Keresa;

JlaGopatopHnast pabora Ne 3: JlaGopatopHas pabora Ne 2: OmpeseneHue 3JI€KTPOIPOBOJHOCTH
[IJTAKOBOT'O pacIuiaBa.

DopMyJIMPOBKA HHAUBUAYAJIBHOTO 3a1aHus Nel

Jns peakuun BoasiHOro raza CO + H20 = CO2 + H2 ompenenuTs BO3MOXXHOE HAlpaBJICHUE
peakIMyu ¥ paBHOBECHBIH cOCTaB raza mpu temmnepatypax: 700, 800, 900 u 1000° C, ecnu
MCXOJIHAs razoBast cMech conepkut 23% CO u 27% H20, 20% CO2 u 30% H2.

Onpenenuts paBHOBECHBIN COCTaB ra3a B peakuuu bena-bynyapa C5+CO2 =2CO

®opMyJIMPOBKA MHAUBHAYAJIBHOTO 3a1aHusA Ne 2
3amaua 1
Onpenenuth aKTUBHOCTH OKcHJIa kelne3a FeO B MOMMKOMITIOHEHTHOM miake (Tad. 1).



Tab6muna 1
CocTaB 1IJJaKOBOr0 pacruiaBa Mac. %

Bapuanr CaO MgO MnO FeO SiO, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0
3agaua 2
OnpeaenuTh aKTHBHOCTH KOMITOHEHTOB B CIUIaBaX Ha OCHOBE keJje3a (Tabi. 2,3).
Tabnuma 2
XUMUYECKUH COCTaB KeJIe3HbIX CIIIaBOB (Macc.%)
Bapuant C Si Mn Cr S P @)
2 0,08 0,30 0,40 0,15 0,045 0,035 0,047
Tabymma3 _
[TapaMeTpbl B3aUMOJICHCTBHS & KOMIIOHEHTOB CILIABOB HA OCHOBE JKeJe3a
npu 1600 °C
DJIeMEHT DJyieMeHT J
i C Si Mn Cr S P O
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
O -0,45 -0,131 -0,021 -0,04 -0,133 0,07 -0,20

IIpumepHBIE BONPOCHI IS COOECEIOBAHMSA 110 TEMAM:

1. B KakuX TEXHOJIIOTHYECKUX MPOIECCaX MPOUCXOAUT Tepmudeckas nuccoruanus CaCO3?

2. JTaiiTe onpeaeneHne TEPMUHY «yNPYroCTh TUCCOLUAIMU KapOoHaTa”.

3. B uem 3akmtouaetcst otiinune KoHcTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3HaueHus Kp n ynpyroctu gucconmanuu CaCO3z 4MCIEHHO COBIIAAAOT?

5. C xako# 1eJbI0 Mepe]] ONBITOM BaKyyMHUPYIOT pad0Uuyi0 YCTaHOBKY?

6. TepmonunHamuka oOpa3oBaHUS u aucconranus KapOOHATOB; TeMIepaTyphl
Hayasja.

7. TepMoarHaMUKa TOPEHUS TBEPJIOTO TOIIIMBA

8. Kak BimsieT cTeneHs AUCIepCHOCTH KapOoHaTa U M3BECTH Ha ynpyrocTh auccormaiun CaCOs.
10.Kakue MeTamrypruueckue mpoueccsl BIAI0TCA TOOXUMUUYECKUMHU PEAKIIUSAMU?

11.Kakpe XMMHYECKHME peakIUu MPOTEKAOT IO AaBTOKATAIUTUYECKOMY MexaHu3My? Yto
ABJIIETCS KaTaIU3aTOPOM TaKHUX MPOLIECCOB?

Yto Takoe KpuCTaJIINYECcKasl pelIeTKa, U KaKhe XapaKTepUCTUKN KPUCTaNINYECKOU pemeTku Bl
3Haere?

Pacnipenenenre KOMIIOHEHTOB MEXAy METAJIJIOM U IIJIAKOM; KOHCTaHTa M KOA(pHuIueHT
pacnpezeneHus

OOBsicHUTE M3MEHEHHE CKOPOCTH TOMOXMMHMUYECKHX IIPOLIECCOB Ha IMPHUMEpE BBINOJHEHHON
paboTHI.

KakoB MexaHu3M Iuccolanuy KapOoHaTa KaubIus?

IIpumepHbIe 3a1a4u:
3agaya 1. OmnpenenuTh paBHOBECHOE MapUUAIBHOE JABJICHUE KHUCIOPOJa B Ta30BOM CMecCH
CO-CO; ipu temnieparype 1300 °C u Pcoy/ Pco = 0,35.



3amaga 2. OmnpenenuTh PaBHOBECHOE NApLMAIbHOE [aBIEHUE KUCIOpPOJAa B Ta30BOM CMeECH
H3-H,0 npu remneparype 1500 °C u Pypo /P 12 =0,30.

3amava 3. Kakoe momxHo ObITh oTHOIICHHE %CO2/%CO B razosoii cmecu CO-CO,, yToOBI TpH
temriepatype 1200 °C paBHOBECHOE JaBleHHE KHCIOPOa B HEl cocTaBisuio Po,= 1,5¢ 10”° ITa?
3anmava 4. Kakoe mommkHo ObiTh otHOmEeHue %H0/%H; B ra3osoii cmecu Hy-HpO, uTo0b1 mpu
temriepatype 1300 °C paBHOBECHOE JaBieHHUE KHCIOPOa COCTABIISLIO Por= 2+ 10° ITa?

3amaua 5. Omnpenenutb TEMIEPaTypy, MPU KOTOPOM pPAaBHOBECHOE MNaplLHAIbHOE [aBJICHUE
kucioposa B razoBoit cmecu CO-CO, ipu otHomennn PCO, /PCO=0,2 coctaButr Po, = 4-10-5
ITa.



[puioxenne 2

7 OIIeHO‘IHBIe cpeacrea AJisi MIPpOBECACHUSA l'[pOMQ)KyTO‘lHOﬁ arrecranmuu

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

CrpyKTypHBIi
JJIEMEHT

KOMIICTCHIIHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

I1IK — 2 - cnocoOHOCTBIO BEIOMPATh METOMbI UCCIIEIOBAHUS, TIaH

BBIBObI

HUpOBaTh U MPOBOJAUTH HCO6XOI[I/IMBIG OKCIICPUMCHTBI, UHTCPIIPECTUPOBATL PC3YJILTATBI U ACJIATH

3HaTe

- 0a30BYIO TEPMHUHOJIOTHIO, OCHOBHBIC TTOHSTHS
Y 3aKOHBI, UX MaTeMaTHYeCKOE BhIPAKECHUE;

- KraccupuKaMk © CYIIHOCTh METOOB
aHaJIN3a; TEOPETUUECKUE OCHOBBI U MPUHIUIIBI

TEPMOJMHAMUYECKUX  METOJOB  aHaJM3a;
OCHOBHBIE 3aKOHBI TEPMOJTUHAMUKHU
METaJUTypTUUECKHX MPOIIECCOB;

- METOJbl  HUCCIENOBAHMS UM  YCIOBUSA

MMPOBCACHUA OKCIICPUMCHTOB W  aHAJIM30B,
OCHOBHBIC JKCIICPUMCHTAJIBHBIC U PACYCTHBIC
MCTOJAbI OMNPCACIICHHUA TECPMOJUMHAMUYCCKUX
XapaKTCPUCTHK.

Choucokx BOIIPOCOB [JIl NPOBEACHHUA 3K3aMEHa M0 AUCHMUILJIMHE «Dusznueckass XUMHS
MMUPOMETAIUTYPIrUICCKUX ITPOLECCOB»

1. B kakux T€XHOJOTHYECKUX ITpoLeccax MPOUCXOaAuT Tepmuueckas qucconuanus CaCO3z?

2. JlaiiTe onpeniesieHue TEPMUHY «yIPYTOCTh TUCCOIUAIIMU KapOoHarta”.

3. B yem 3akirogaercs oTiIM4YMe 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. TepmommHamuka oOpa3OBaHUS 51 JIUCCOLUAIMS KapOOHATOB; TEMIIEPATYypbI
Hayasna.

7. TepMoarHAMHUKa TOPEHUS TBEPJIOTO TOIJIMBA

8. Kak Biuser cremeHp AMCHEPCHOCTH KapOoOHAaTa M W3BECTH Ha YHOPYTOCThb JAMCCOLMAIIUH
CaCOsg.

10.Kakue MeTamypruueckue npoLeccsl BISIOTCS TONOXUMHUECKUMHU PEAKIUAMU?

11.Kakpe XuMHYECKHME peaKIUu MPOTEKAIT I10 AaBTOKAaTAIUTHYECKOMY MexaHuzmy? Yrto
SBJIAETCS KaTaIu3aTOPOM TaKMX IPOLECCOB?

Uro Takoe KpUCTAITIMYECKasl peuieTka, U Kakue XapaKTepUCTUKH KPUCTAJUIMYECKOMN peleTKu
Bbl 3HaeTe?

Pacnpenenenrne KOMIOHEHTOB MEXAY METAJJIOM U IIJIAKOM; KOHCTaHTa U KO3(PpPUIIUEHT
pacnpeneneHus

OObsCHUTE U3MEHEHHE CKOPOCTH TOMOXMMHYECKHX IPOIECCOB Ha MPHUMEPE BBITOJIHEHHOU
paboThI.

KakoB Mexanu3m auccornyanuu kapOoHaTa Kaublys?




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

Pacckaxute O METOIMKE OIpeNesIeHUus] CKOPOCTH JHUCCOLMAalUMU KapOoHaTa KajblLius,
IIPUMEHEHHOH B IaHHOM OIIBITE.

B yem 3akimo4aroTcs pa3inyusi TOMOT€HHBIX U FE€TEPOTEHHBIX PEaKLIAN?

W3 kakux craguil cKi1apIBalOTCs FETEPOreHHbIE PeaKuu?

UYro Ha3bIBaIOT PEKXUMOM I'e€TEPOTr€HHON peaKuuu?

KakoBbl 0COOEHHOCTH MPOTEKaHUs pEaKLUi B PA3JINYHBIX peKUMaX pearupoBaHus?

Kak n3MeHsercs TONMHA IUVIEHKH OKAJIMHBI IPH OKUCIIEHUU METAJIJIOB B PA3JIMYHBIX PEKUMaxX
pearupoBaHus?

B uem cymHOCTh TpaBUMETPUUYECKOTO METOAA UCCIIEI0BAaHUSA OKUCIIEHUS METAIIIOB?

KakoBa cTpykTypa jxelne3HOli OKaJIHHbI U OT KakuX (JakTOpOB OHA 3aBHCUT?

UYrto Takoe BIOCTUT U KaKOBa €r0 POJIb B OKUCICHUH JKEJIE3HBIX CILIAaBOB?

ChopmynupyiiTe TPUHIUI )KapOCTOMKOCTH JKEJIE3HBIX CIUIABOB.

JlaiiTe onpeeneHust KOHCTaHThl CKOPOCTH peakiu U ko3ddunuenta nuddysun.

B uem 3akmtouaercs peakimonHas quddy3ust ¥ Kak OHa MPOSIBISIETCS TPU OKUCIEHUHU XkKee3a?
KakoBbI OCHOBHBIE KOMITOHEHTHI METAJUTYPTUYECKUX [IUIAKOB?

Kak ornpenenstor yaenbHyI0 3JIeKTPUYECKYI0 POBOIUMOCTh paciyiaBoB?

UYro Takoe SHEprys aKTUBAIMK JIEKTPONEPEHOCa, U KaK OHa MOXET ObITh onpezaeeHa’?
31.KakoBbI 3KCIIEpUMEHTAJIbHBIE JI0KA3aTEIbCTBA HOHHOTO CTPOEHUS IIJIAKOB?

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

33.JlaiiTe onpeaeneHUe MOHATUS "KMHEMaTHYeCcKas BA3KOCTh " pacIuiaBa.

34.113 KakuX 4acTUIl COCTOST METAJUTYpPTrU4E€CKUE IIUTAKU?

35.Kakne gacTuIpl KOHTPOJIIMPYIOT BA3KOE TEUEHHE B IIaKax?

36.Kak onpenenstoT BA3KOCTh IJIAKOBBIX U METAJUIMUECKUX PacIlIaBoB?

37.YTo Takoe HEeprusi akTUBAIIMU BSI3KOTO TEUEHUS, U KaK OHa MOKET OBbITh orpeeneHa?
38.Uro MokeT ObITh NPUYMHONW KpPUBOJIMHEMHOTO XapakTepa H3MEHEHUs BA3KOCTH C
TEMIIepaTypoi B kooauHarax Inn — 1/T?

41.laiiTe onpeneneHue NOHATUSA "yAeIbHAs IEKTpUYECKas JIEKTPOIPOBOJHOCTE" .

42.113 KxaKuX 4acTHUIl COCTOAT METAJUTYPTHUECKHUE ITAKH?

VYMeTh

- CaMOCTOATEIbHO (QOPMYIMPOBATH 3ajady

3amauu 11 CaMOCTOSITETLHOTO PEIICHHUS




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

(U3UKO-XMMHUYECKOTO UCCIIEI0BaHMS B
XUMHUYECKHUX CUCTEMAX; HOJIb3YACh
HOJYYEHHbIMU 3HAHUSAMH, YMETb BBIOMpATh
ONTUMAJIbHBIE IYTHU M METOJAbl PpEIICHUS
IOCTaBJIEHHBIX 3a]1a4;

- IIPOBOAUTD (U3UKO-XUMHUECKHUE
UCCIICIOBAaHUSL CUCTEM M IPOLECCOB  C
HCIIOJIb30BAaHUEM COBPEMEHHBIX METO/IOB MU
npuOOpoOB; MPOBOAUTH (PUZUKO-XUMHUUECKUE
pacuersl;

- IIPOBOJIUTH (U3NKO-XUMHUECKHUE
UCCIICIOBAHUS CHCTEM M IIPOLIECCOB  C
UCIIOJIb30BAHUEM COBPEMEHHBIX METOJOB MU
npuOOpoOB; MPOBOJIUTH (PUIUKO-XUMHUUECKHE
pacueTsl.

3amaua 1. OnpenenuTh paBHOBECHOE MapliMalibHOE JaBJIEHUE KUCIOpPOJa B ra3oBOil cMecu
CO-CO; ipu temnieparype 1300 °C u Pcoy/ Peo = 0,35.
3amaua 2. OnpenenuTh paBHOBECHOE MaplMalbHOE HAaBJIICHHWE KUCIOPOJa B Tra30BOW CMecH
H2-H20 IIpyu TEMIIEPATYPE 1500 °C u PHZO /P H2 :0,30.
3anmaua 3. Kakoe momkHo ObITh oTHOIIEHHE %CO2/%CO B razosoit cmecu CO-COy, 4To0bI pu
Temmeparype 1200 °C paBHOBECHOE JaBJICHHE KHCIOPOAA B HEl cocTaBIsiIo Poy= 1,5-107 ITa?
3anmaua 4. Kakoe nomkHo ObITh oTHOMEeHUEe %H,0/%H> B razoBoit cmecu Hy-HoO, uT0o0bI pu
Temmeparype 1300 °C paBHOBECHOE IaBICHHE KHCIOPOIA COCTABISIIO Poy= 2107 ITa?
3amaua 5. OmnpenenuTh TeMIeEpaTypy, MpU KOTOPOH paBHOBECHOE MaplMaIbHOE JIaBICHHE
kuciopoaa B razoBoit cmecu CO-CO; pu otHomennu PCO, /PCO=0,2 coctaBut Po; = 4:10-5
Ila.
3amauya 6. OnpenenuTh TEMIIepaTypy, MPU KOTOPOW PaBHOBECHOE MapIMaIbHOE HdaBICHUE
kucnopoaa B razoBoit cmecu Hy-HoO mipu otHomienuu P o/ P 12=0,25 cocraBur Pp, = 5:10-5
ITa. 3amaga 7. OnpenenuTh paBHOBECHBIN cocTaB ra3oBoii cMecu Hj - O, - H,O mpu remmieparype
700 °C, ecnu UCXOAHBIE apLUAIbHbBIE JABJICHUS ra30B B 3aKpbITON cucteme cocrasisui 0,333
aTM™.
3amaua 8. OmpenenuTs paBHOBECHBIN cocTaB razoBoii cmecu CO - Oy - CO; mpu Temnepatrype
800 °C, ecnu MCXO/IHBIE TAPIIUATLHBIE JaBJIEHUs ra30B B cucteme coctaisuii: CO — 0,5 atm, O2
—0,3 atm, CO2 — 0,2 atm.
3amaua 9. Omnpenenuth, NpU KaKOH TeMIEpaType CpOACTBO KHUCIOpOAa K BOJAOPONY H
MOHOOKCHUJY yTIepo/ia OJMHAKOBO.
3agaua 10. OnpeaenuTs BO3MOXKHOE HAMPABJIECHUE PEAKIIMHU BOJSHOTO Ta3a MpPHU TEMIIEpaType
900 °C, ecnu ucxoaHas ra3oBasi cmech conepxkut 23% CO, 27% H,0, 20% 14 CO; u 30% Ho.
Ob6mee nasienue B neuu paBHo 105 Ila, a koHcTanTa paBHOBecus peakiuu npu 900 °C paBHa
0,76.
3agaua 11. Onpenenuth TeMIeparypy, NMpU KOTOPOM B PE3yibTaTe MPOTEKAHUS PEaKIUU
BOJSIHOTO Ta3a paBHOBECHAs ra3oBasi cMech coaepxkut 26,2% CO, 30,2% H,0, 16,8% CO, u
26,2% H,. TemmeparypHas 3aBUcHMOCTB 3Hepruu [m06ca mns peakmmu CO(r)+H20(r)=
CO2(r)+H2(r) umeer Bug G= - 36600 + 33,5* T, [




CTpyKTypHBI

3JIEMEHT [TnanupyemMble pe3ynbTaThl 00yICHHUS OueHouHbIE CpEACTBA
KOMIIETEHIIUU
Bnanets - MNPaKTUYECKUM MPUMEHEHHEM BaKHEWIINX | 3aJlaHue Ha pellleHue 3a7a4 U3 NpodecCHOHaIbHOM 00nacTu (JoMallHee WHIWBUYaJbHOE

COBPEMEHHBIX TEOPETUYECKUX,
TEPMOJMHAMMUYECKUX METOAOB; HaBBIKAMHU
BEJICHUSI TIOMCKAa HEOOXOAMMBIX 3HAHUM IO
JUTEPATYPHBIM U IPYTUM UCTOUHHUKAM;

- METOJIaMHU AKCIIEPUMEHTAIBLHOTO
UCCIICIOBaHMS; ONPEAEICHNUs COCTaBa CUCTEM,
METOAAMU peJICKa3aHus POTEKaHUs
BO3MOXHBIX XMMUYECKUX PEaKIHii;

- METOJIMKaMH PacueTOB KMHETHKHU IPOIIECCOB
B METAJUIyprHYECKUX CHCTEMax; IpHeMaMH
OLIEHKH pE3yJabTaTOB HKCIIEPUMEHTA;
HaBBIKAMU CAMOCTOSITENIbHON PabOTHI.

3a71aHue)
3agaua 1.

Hns peakuuu: Cpy + CO2y = 2CO(y) ypaBHEHHE 3aBUCHUMOCTU KOHCTAHTbI PaBHOBECHs
OT TeMIIepaTypbl KOTOPOH UMEET BHUI:

9001
(9K, = ————+9,28
T

OIpEe/IeNTh PABHOBECHBIM COCTaB Ta3a B 3aBUCHMOCTH OT TEMIIEpaTyphl U JaBjieHus (Tadi.).
[TonyyeHHbIC 3HAYCHUS IPEIACTABUTh B BH/IE TaOIHUIBI U rpaduka.

Bapuant | Temnieparypa o°c CocraB HCXOIHOM ra30BOil 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. Jlnst peakiuu:
C(T) + Coz(r) = ZCO(F)
YpaBHCHHE 3aBUCHMOCTH KOHCTAHTBI PABHOBECHSI OT TEMIIEPaTypPbl UMEET BHI:
8916
9K, = - ——+911
T
OTIpEICTTUTh PABHOBECHBII COCTaB raza B 3aBHCHUMOCTH OT TEMIIEpaTyphl U JaBieHHs (TaOu.).
[TosrydeHHbIC 3HAUCHUS IPEICTABUTH B BUJIC TAOJIHUIIBI U TpaduKa.

Bapuant | Temmeparypa °C JaBnenue (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




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

I1IK- 4 roToBHOCTH

IO MCII0JIB30BaTh OCHOBHBIC IIOHATHA, 3aKOHBI U

MOACIIN TCPMOANHAMUKH, XAMHYECKOH KMHCTHUKHU, IICPEHOCA TCIIJIa U MACChI

3HaTh

OCHOBHBIC TIOJOXKEHUs OOLIeH XUMMH;
OCHOBHBIC 3aKOHBI (DU3UYECKOH XHMHUH, a
TaKXe CIOCOObI UX NPUMEHEHUS Ul pelieHUs
TEOPETUYECKUX U NPUKIIAJHBIX 3a/1a4;
TEOPETUYECKUE OCHOBBI XUMHUYECKUX W
(U3UKO-XMMHUYECKUX IPOLECCOB, JIeXKAlllUX B
OCHOBE METAJIIYPrUu4eCKOro IpOU3BOIACTBA;
OCHOBHBIC TIOHATHS, 3aKOHBI M MOJEIU
TEPMOJAMHAMUKH, XUMHUYECKOM  KUHETUKH;
BIIMSIHUE OCHOBHBIX 3aKOHOB TE€PMOJMHAMHUKH
U XUMHUYECKOW KHHETHMKM Ha IPOLECCHl B
METaJULypPIHH.

KoHTposbHBIE BOIIPOCH! 17151 CAMOIIPOBEPKHU:

1. Yro noHumaercs noj ropeHueM toriauBa? Kakue OCHOBHBIE pEakLMM IOPEHMs TOIUIMBA
XapaKTepHBI JJI1 METATyPrUYeCKHUX MPOLECCOB?

2. Kak paccuntath paBHOBECHOE JaBjeHHUE Kuciaopoaa B razoBbix cmecsix CO — CO2 u H2 —
H20 npu BeicOKMX TemmnepaTypax?

3. laiiTe TepMOAMHAMMYECKYIO OLIEHKY PEAKIUSAM TOPEHUS.

4. Kak Biuser TeMieparypa Ha OKHCIHTENbHbIE CBoMcTBa razoso cmecu CO — CO2 ¢
nocToSsTHHBIM oTHOIeHneM CO/CO2?

5. Kak BiusieT naBiieHHe Ha paBHOBECHE PEAKIIMN B3aMMOIECHCTBHS YIJIepo/ia ¢ KUCIOPOJIOM U
C0O2?

6. Jlaiite ouenky xumuueckoro cpojactea CO um H2 k kucinopomy mnpu Ttemmeparypax
METAJLITyPrUueCcKUX MPOLECCOB

7. YpaBHeHue nzotepmsl Bant-I'odda u ero ucnosnb3oBaHue A onpeAeacHHs HanpaBiIeHUs
MIPOTEKAHUS PEAKIIM.

8. Kak n3mensercs xummnaeckoe cpoactso CO u H2 ¢ temnepatypoii?

10. Kak BnusieT qaBjaeHue Ha paBHOBECHE peakiuii ropeHus cpojactso CO u H2?

11. Kak u3MeHHUTCS paBHOBECHOE JAaBlIeHHE Kuciaoponaa B rasosoi cmecu CO — CO2 npu

MOBBILLIEHUH TEMIIEpaTypbl U yBenuueHuu coaepxanus CO2 B coctaBe cmecu?
13. Kak BiuseTr TeMieparypa Ha OKHMCIUTENBbHBIE CBOWcTBa razosoil cmecu H2 — H20 ¢

ocTOsIHHBIM oTHoweHuem H2 / H20?

14. Kak mpou3BOIUTCS pacueT PaBHOBECHOTO COCTaBa CIIO)KHOM ra30BOM CMECH, B COCTaB
kotopou Bxomsat CO2, CO, H2 u H20?

15. Kak npou3BoauTCs pacdyeT NapLUuaibHOIO JaBJIECHUS KUCIOPOAA CI0KHON ra30BOi cMecH, B
coctaB kotopoi Bxoaar CO2, CO, H2 u H20?
16. Kak BiusieT Temnepartypa Ha paBHOBecue peakiuu benna-bynyapa? Kakue temneparypHbie
00JacTy MPOTEKAHUS ITON PEAKIIMH MOXKHO BbIIECTUTH?

17. Kak paccuutsiBaercs coctaB razoBoi cmecu CO — CO2, Haxonsuielcs B paBHOBECHH C
TBEPBIM YIJIEPOAOM?

18. PackpoliTe TEpMUH «TeMIEpaTypa BOCIUIAMEHEHNUS» ra30BOM cMecu




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

20. Kak paccumrarh coctaB razooii cmecu CO — CO2 — N2, HaXxos1IeiCcsl B PABHOBECHH C
TBEP/BIM YIJIEPOJOM?

21. VYkaxuTe MOCIeAOBATEIbHOCTh PA3BUTHUS IEMHON peaklUd TOPEeHHUs BOJOpPOJa H
MOHOOKCH/JIAa YIJIepoa.

22. Kunernueckre 0COOEHHOCTH U MEXaHU3M FOPEHHS TBEPJOTO YIIepoa.

YMmers

- HUCHOJB30BATh OCHOBHBIE  XHUMHYECKHE
3aKOHBI M TIOHATHUS, TEPMOJMHAMHYCCKHE
CIpaBOYHBIC JAaHHBIC; TPUMEHATH METOMIbBI
MaTeMaTU4eCKOr0 aHaIn3a ¥ MOJCITUPOBAHUS;
- YMETh CO4YeTaThb TEOPUI0 W TPAKTHKY IS
pelIeHUs] WHXXCHEPHBIX 33/1a4; IMPOBOJIHUTH
TEPMOJIMHAMHYECKHE pacyeTsl
METAJUTyprMYecKX TMPOLIECCOB, HAa OCHOBE
NPaKTUYECKUX JTAHHBIX;

- rpaduyecku OTOOpakaTb MOJYy4YECHHBIE
3aBHCHMOCTH; aHAIM3UPOBATh M OOCYXKIATh
pe3yibTaThl (U3UKO-XUMHUYECKUX
UCCIIEIOBaHMIA; BECTH HAYYHYIO JUCKYCCHIO IO
BONpocaM (U3UYECKO- XUMUUYECKHUM OCHOBaM
METAJUTypPrHYeCKUX TIPOLECCOB, MPOBOJIUTH
MaTeMaTHYECKYIO MHTEpIpeTaLNIO
MOJYYCHHBIX PE3YJIbTaTOB H  ONPEACISAThH
HanOoJiee 3HaYNMBbIE (PAKTOPBI.

3agauu JUIsi CaMOCTOSATEIBHOTO PEIICHHUS:
3amaua 1. Kakoe 3HaueHWe MODKHO HMMETh paBHOBecHOe otTHomeHue PH2/PH20 nmns
0E30KHCIUTENBHOTO HAarpeBa YHCTOrO MapraHia B ra3oBoil ¢asze H2-H20 mpu temmeparype
1173 K u oOmiem naBieHuH 3- 10° Ia.

3amaga 2. Kakoe 3HaueHWe IODKHO HUMETh paBHOBecHOe orHomeHue PCO/PCO2 s
0E30KUCIUTEIHHOIO HAarpeBa YMCTOro xenesa B razoBoi paze CO2-CO2 npu temneparype 1073
K u o6miem gaBiaenuu 2,5 10° Ia.

3agaua 3. Yucrslii XEOM BBIIEP)KMBAIOT BO BJIAXKHOM Bojopoze npu temneparype 1500 K u
obmem nmasnennu 107 Ila. Kakoe moxkeT ObITh MakCHMalbHOE JIaBJICHHE BOJISHOTO IMapa B
ra3oBoii (haze, YTOOBI HE MPOUCXOAUIIO OKUCICHHE XpOoMa NP YKa3aHHOU TemrepaType?

3amaua 4. PaccunTaiite, kakoe HOKHO ObITh oTHOomeHre CO2/H2 B HCXOOHON CMECH, YTOOBI
obpazyromascas npu Temmeparype 1000 °C razomas cmecs CO2-CO-H2-H20 Obuta Obl
0€30KUCIUTEIHLHON M0 OTHOIICHUIO K YUCTOMY MapraHily.
3amaua 5. PaccumnTaiite paBHoBecHOoe oTHoIeHue (%CO)/(%CO2) nmpu temneparype 1400 K u
JaBJICHUH 10° Ta JUISl peakIuu BoccTaHoByieHus mapraniia MnOt + CO = Mnt + CO2.

3amaua 6. Paccuuraiite paBHoBecHOe oTHomeHue (%H?2)/(%H20) npu Temneparype 1700 K u
naBiernu 2-10° Ia s peakimu BocctaHoBerns xpoma SiO2(t) + H2 = Si(t) + H20.

Bnanets

- HaBBIKAMH BBIUYMCIICHUS TETUTOBBIX 3((HEKTOB
XUMHYECKHUX peakuui npu 3aJaHHOMN
TeMIEpaType B  YCJIOBUAX  IIOCTOSIHCTBA
JABJICHUS WK 00beMa, KOHCTAHT PaBHOBECHSI

3ajaHue Ha pelleHHe 337a4 U3 MpoQecCHOHATbHON 00JacTh (JoMalllHee WHAMBHyalbHOE
3a/IaHHE)

DopMyJIMPOBKA 3a]aHUA:

3agaua 1

XUMHYECKMX  peakiuil  mpu  3aaaHHoM | OnpenenuTh akTHBHOCTh OKcUAa xkene3a FeO B monukoMmnoHeHTHOM Iiake (tal. 1).
TeMITepaType; Tabmuma 1
- TPUMEHITh COBpeMeHHoe (Qu3ndeckoe | CocTaB MIIAKOBOTO paciiiaBa Mac. %




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

o0opynoBaHue u NPUOOPHl TPU PEUICHUH
MPaKTUYECKUX 3azay, MIPOBOJIUTH
CTaTHUCTUYECKUN aHam3 MOJTy4YEHHBIX
AKCIIEPUMEHTANIbHBIX JTAHHBIX;

- METOJaMHU TPOTHO3UPOBAHUS PE3YyJIbTaTOB
BO3JICUCTBUS HA TEXHOJOTUYECKUE MPOIIECCHI B
METAITypruM;  BBIABUTATh  TUIIOTE3Bl U
yCTaHABIUBATh IPAHUIIBI KX TPUMEHEHHUSI.

Bapuanr CaO MgO MnO FeO SiO, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0
3anauya 2

OrnpenenuTh aKTUBHOCTh KOMITOHEHTOB B CIUIaBaX Ha OCHOBE keie3a (Tadi. 2,3).

Tabuua 2

XUMHYECKUH COCTAB JKEJIE3HBIX CIUIaBOB (Macc.%)

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

Tabmumal .

[TapameTpsl B3aUMOJICHCTBYS & KOMIIOHEHTOB CILIABOB HA OCHOBE JKeJe3a

npu 1600 °C

OneMeHT OnemMeHT J
i C Si Mn Cr S P O
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

I1IK — 13 - TOTOBHOCTBIO OIICHHBATHh PUCKU U OIIPEIIEISATH MEPHI 10

obecreueHnio 6€30MacCHOCTH TEXHOJIOTHYECKUX MPOIECCOB

3HaTh

- TCOPETHYCCKHUEC OCHOBBI XHUMHWYCCKUX U
(I)I/ISI/IKO-XI/IMI/I‘IGCKI/IX IMPpOLCCCOB, JICKAIINX B

KoHTposnbHBIE BOITPOCH! JIs1 CAMOIIPOBEPKU:

IIpowuntocTpupyiite npuUMEHEHUE 3aKoHa l'ecca Ha npumepe peakuui BOASHOIO rasa,




CTpyKTypHBI

DJICMCHT [TnanupyemMble pe3ynbTaThl 00yICHHUS OueHouHbIE CpEACTBA
KOMIIETEHIUN
OCHOBE METAJTYPTrUYECKOT0 MTPOU3BOJICTBA; benna-bynyapa, ropenust yraepoja. Uem oIlieHMBAeTCS OKHCIMTEIbHBIC CBOWMCTBA Ta30BOM
¢a3zp? KakoBBI  OCHOBHBIE  KOMIIOHEHTHI ~ METa/UTyprudeckux  nuiakoB?  KakoBbl
IKCIICPUMEHTAIIbHBIC JOKA3aTeIhCTBA HOHHOTO CTpoeHHUs nutakoB? Kakue peakiuyu Ha3bIBarOT
TONOXUMHUYECKUMU?
VYMmeThb BECTH HAYYHYIO MHCKYCCHIO IO BompocaM |3aiadu Jisl CAMOCTOATEIbHOTO PEIICHUS:
busnKo - XUMUYECKUX ocHOB | 3amaua 1. Yuctsiii Mapranen HarpeBatot 10 Temneparypsl 800 K B ra3oBoii ¢asze, comeprkarieit
METATyPrUYecKux MporeccoB, MpoBoAuTh | 15% CO2, 5% CO u 80% N2. byner a1 nporcxoauTh OKUCICHUE MapraHila B 3TUX yCIOBHIX?
MaTeMaTHUYECKYIO unTepnperanuio | 3agaya 2. Yucroe xkene3o HarpeparoT 10 1000 K B razosoii dase, cogepxatueit 20% H20, 10%
MOJyYEHHBIX pe3ynbraToB W omnpenessats | H2 u 70% N2. bynet nu npoucxouTh OKUCIICHUE XKee3a B 3TUX yciaoBusax? B uem mpossisercs
HanbOoJIee 3HAaUUMBbIC (DAKTOPBHI. CYIIHOCTH I[EMTHOTO MEXaHU3Ma PeaKIui TOPeHUs?
Bnanets METOJJaMH  MPOTHO3MPOBAHUS  Pe3yabTaToB | 3alaHue Ha pelleHue 3agad u3 NpodecCHOHANbHON 00nacTu (JoMalllHee WHAMBHAYalIbHOE

BO3I[€I>1CTBI/I$[ Ha TEXHOJOTHYCCKUEC MMPOLECChI B
MCTAJUTYPIUH, BbIABHUI'aTh THUIIOTE3bI n
YCTaHABJIMBATDb I'PAHUIIBI UX ITPUMCHCHU.

3a/IaHHe)

3agaua 1. Onpenenure 3HaueHue TeMmepaTypbl, npu kotopoi peakuus Cr203(t) + 3CO =
2Cr(t) + 3CO2 OGymer HaXOUTHCS B PAaBHOBECHH IIPH YCJIIOBUH, YTO B Ta30Boi cMecu H2-H20,
otHomenue (H2/H20) = 10%,

3anaya 2. Yepe3 meub, B KOTOPOM HAXOJIWUTCS YUCTBIA HUKENb, pu Temneparype 1500 K
npomnyckatoT cmech razoB CO-CO2 mpu obmem npanenuun 1 atMm. Kakoe naumOosbiiee
conepxkanue CO2 moxeT 0bITh B cMecu CO-CO2, uToObI HE TPOUCXOINIO OKUCICHHE HUKESA
IIpU yKa3aHHOH Temnepatype?




6) Iopsinok mpoBeeHHs TPOMEKYTOUHOM aTTeCTAI[H, TIOKA3aTeNu U KPUTEPUN OLICHUBAHMS:

[TpomexxyTounas aTTecTanus o TUCLIUTUTAHE «Dusznyeckas XUMMUA
NMPOMETALIYPrU4ecKHX IPOLECcCcOB» BKIIOYACT TEOPETHUYECKHE BOMPOCHI, IMO3BOJISIIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUAIOIIMMUCS 3HAHUM, U MPAKTUYECKHE 3a/IaHUs, BBISBISIOIINE
CTerneHb c(pOPMUPOBAHHOCTU YMEHUHN U BIIaJICHU, MPOBOIUTCS B pOpME IK3aMeHa.

DK3aMeH M0 JaHHOW AMCHUIUIMHE MPOBOAMTCS B YCTHOW (popMe Mo K3aMEHAIMOHHBIM
OousietaM, KaXIbId M3 KOTOPBIX BKIIOYAET 2 TEOPETHMUYECKHUX BOIPOCA U OJHO MPAKTHUECKOE
3ajaHHe.

IToxka3aTe/u U KPUTEPUHU OLlEHMBAHUS IK3aMeHa:

— Ha OLIEHKY «OTIUYHOY» (5 6amioB) — 00ydaroUiics TEMOHCTPUPYET BHICOKHIA YPOBEHb
c(hOpMHUPOBAHHOCTH KOMIIETEHIIMI, BCECTOPOHHEE, CHUCTEMAaTHMYeCKOe U TJIyOOKoe 3HaHue
y4eOHOTO MaTepuasia, CBOOOJHO BBHINONHAET MPAKTHUYECKUE 3aJaHHs, CBOOOIHO ONEpUpPYET
3HAHUSAMHU, YMEHUSAMHU, TIPUMEHSET UX B CUTYallUAX MOBBIIICHHON CII0)KHOCTH.

— Ha OIIEHKY «Xopoiio» (4 6aia) — 00y4Jaromuiicss J1eEMOHCTPUPYET CPEAHUN YPOBEHb
c(OpPMUPOBAHHOCTH KOMIIETEHIMII: OCHOBHBIC 3HAHHS, YMEHHS OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAYNTENIbHbIC OMIMOKH, HETOYHOCTH, 3aTPYJHCHUS ITPHU AaHATTMTUYECKHUX OTepaIHsIX, IEPEHOCEe
3HAaHUU U YMEHUU Ha HOBbIE, HECTAHIAPTHBIE CUTYAI[HH.

— Ha OIICHKY «YIOBJIETBOPUTENHHO» (3 Oamia) — oOOydaroluiics IeMOHCTPHUPYET
MOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETEHIMI: B X0Ji€¢ KOHTPOJIbHBIX MEpONPHUATUI
JIOMTYCKAIOTCSL OIIMOKH, TPOSIBISCTCS OTCYTCTBHE OTHCIBHBIX 3HAHWH, YMEHUH, HaBBIKOB,
00Oy4arolMiCsl HCIBITHIBAET 3HAYUTENbHbIE 3aTPYAHEHUS TPU ONEPUPOBAHUU 3HAHHUSAMH U
YMEHUSIMH TIPH UX TIEPEHOCE Ha HOBBIE CUTYALlUH.

— Ha OLIGHKY «HEYJIOBJIIETBOPUTEIHHOY (2 6asna) — 00ydaroluiicss IeMOHCTPUPYET 3HAHUS
He Oosiee 20% TeopeTHuecKoro marepualia, JOMYCKaeT CYIIECTBEHHBIC OIIMOKH, HE MOXET
MOKa3aTh MHTEJUIEKTYaJIbHbIC HABBIKU PEIIEHUs MPOCTHIX 3a]1ay.

— Ha OLICHKY «HEYAOBJIETBOpUTENIbHO» (1 Oayn) — 3aaHue MpenojaBaress BHIIIOIHEHO
YaCTUYHO, OOydaroUIMiics HE MOXKET BOCHPOM3BECTH M OOBSICHUTH COJEpXKAHUE, HE MOXKET
N0Ka3aTh MHTEJUIEKTYaJIbHbIC HABBIKU PEIICHUS TOCTABJICHHOM 3a/1auu.



