MMHUCTEPCTBO HAYKHU U BBICIIEI'O ObPA3OBAHIA
POCCHUHNCKOU OEJEPAIINN

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

PABOYASA TIPOTPAMMA JUCHUIIJIMHBI (MO YJIS)

OCHOBBI ®H3HKO-XUMHH ITHPOMETAJTYPTHYECKHX
ITPOIIECCOB

Hanpasnenue noaroToBku (CrenuagbHOCTD)
22.03.02 Metamnyprus

HamnpasnennocTs (npoduis/crienuanu3aims) IporpaMMbl
Texnonoruu u U poBoE yrpaBiIeHUE MPOIECCAMH TPOU3BOJICTBA YEPHBIX METAIIIOB U CILJIABOB

VYpoBeHb BhICIIEr0 00pa3oBaHus - OakanaBpuar

®opma 0OyueHus
OuHast

WUuctutyt/ pakynprer MHCTUTYT METaJUTypruu, MalllMHOCTPOEHUS U MaTepuanooOpaboTKu

Kadenpa MeTamurypruu ¥ XdMUYECKUX TEXHOJIOTHIA
Kypce 2
Cemectp 3

Maruuroropck

2024 ronx



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

PaGouas mporpamMmMa paccMoTpeHa U 0100peHa Ha 3aceqaHuu kadenpsl Metamtypruu u
xumuuecknx Texnonorui 09.01.2024, npotoxost Ne 4

3aB. kadenpoit ey A.C. XapueHKo

2 > &
7 7

[Ipencenarens ~A.C. CaBHHOB

PaGouas nmporpamma cocraBicHa: V /
CT. ipenoaaBaTenb kapeapsl MuXT, L C.B.IOgnna
74

PaGouas nporpamma ogoOpena metoauieckoi komuccueit UMM
20.02.2024 r. npotokoia Ne 4

Penenzenr: . 7%
noteHT kapeapst JINuM, kana. TeXH. HAYK W N.B. MuxaikuHa
77

/



JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2025 - 2026
y4eOHOM roy Ha 3aceqaHuu kadeapsl MeTauryprui i XUMHUYECKHX TEXHOIOT Ui

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM ToJly Ha 3aceaHuu Kapeapsl MeTaTyprui i XUMHUYECKUX TeXHOJIOTUN

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuszauuu B 2027 - 2028
y4eOHOM ToJly Ha 3acefaHuu Kadeapbl MeTaurypriui i XAMHYEeCKHX TEXHOJIOTHUH

[Iporokom ot 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM roy Ha 3acemaHuu Kageapbl MeTaluTyprud ¥ XUMHUYECKHX TEXHOIOT Ui

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




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Hensimu  ocBoeHust TUCHUIUIUHBI «OCHOBBI (PU3UKO-XMMHH MHPOMETAIUTYPrUYECKUX
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 |
CaMOCTOSITENIbHOM HHKEHEPHOU AESITETbHOCTH.

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

Juctumummaa OCHOBBI (DPU3UKO-XUMHH MHUPOMETALTYPTUYECKUX TIPOIIECCOB BXOIUT B
00s13aTeJIbHYIO 4aCTh Y4E€OHOTO I1aHa 00pa30BaTEeIbHONU MPOTrPAMMBI.

Jns  wW3ydeHWs  JUCHUIUIMHBI ~ HEOOXOOWMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
chOpMHUPOBAHHBIE B PE3Y/IbTATE U3YUCHUSI AUCLHUILIUH/ IPAKTUK:

OO1w1ast 1 HeopraHuyecKast XUMus

duznueckas XuMus

dusuka

OCHOBBI METAILITYpPrUYECKOI0 IPOU3BOICTBA

3nanus (YMEHHs, BIAJICHUS), TOJyYCHHbIE NMPH M3YyYCHUU TAHHOW NUCIMIUIMHBI OyIyT
HEO0XO0AUMBI JUIsl U3yYSHUS UCHUILINH/TIPAKTHK:

ITpousBosacTBO UyryHa

BrimmaBka cranym v peppocIiaBoB B SJIEKTpOIedax

BrearperatHas o6paboTka ctanu

Meramnyprus xenes3a

3 Komnerenuun odyuarouierocs, popMupyembie B pe3yJibTaTe 0CBOEHUS

AUCHHUILUIMHBI (MOYJI5) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4YeHH s

B pesymbrate ocBoeHMs JUCUMIUIMHBL  (Moayns) «OCHOBBI  (DUBHKO-XUMHH
NUPOMETAILTYPrUYEeCKUX  IPOIEcCOoB» OOydarolmMics JOKeH o0najarh — ClelyrolUMU
KOMIIETEHIMSIMU:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN

OIIK-1 Crnocoben pemath 3amadu NpoGECCHOHATBHOU ACSITEIBHOCTU, MPUMEHSST METOIbI
MOJICTTMPOBAHUS, MATEMATHUECKOTO aHAJIN3a, €CTECTBEHHOHAYUYHBIEC 1 OOIIEMH)KEHEPHBIC 3HAHHS

OIlIK-1.1 Hcnone3yeT ecTeCTBEHHOHAy4YHbIE 3aKOHbI M IMPUHLUIIBI NPU PELICHUH
IIPaKTUYECKHX 3a1a4

OIlK-1.2 Pemaer crangaptHeie mnpodeccuoHanbHbIE 3aladd ¢ PUMEHEHHEM
00IIeMH)KEHEPHBIX 3HAHUHI

OIIK-1.3 [Ipumensier METOABl MOJENIMPOBAHMS W MAaTEMaTHYECKOrOo aHailu3a AJs
pelIeHus 3a71a4 TEOPETUYECKOTO U MPHUKJIAIHOTO XapakTepa




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

dDopMa aTTecTaiuu - 3K3aMCH

AynutopHas s s
KOHTaKTHas paboTa E z dopma TeKyIIero
Paznen/ tema § (B axaz. acax) E E(‘ Bux . KOHTpOJIA Kon
J— : g 0| caMoCTOATeNbHOH yereBaeMocTH 1 KOMITETeHIIHH
@) 2 5 paboThI MIPOMEKYTOUHOM
Tex. 7. | MpaxT. = aTTeCTaluu
3aH. | 3aH. O &
1. Pazgen 1 . TepmoauHamuka
MPOLIECCOB TOPEHUS] TOILINBA
1.1 Kucnoponnsrit ITogroroBka k OIIK-1.1,
MOTEHIUAT Ta30BoM  (asbl. 2 5 | maboparopromy |CobGecenoranue o Teme| OIIK-1.2,
Peaxuust BogsiHOTO raza 3aHSTHIO OIlK-1.3
1.2 Kunetmka W MexaHmsm| 3 IpoBepka u 3amuTa
peakuuit TOPEHHUS. Ionroroska I/III){/:[I/IEI;)I/IZ[yaJ'ILII;-([)FO OIIK-1.1,
TepMonuHamMuKka  peakUuid 2 nabopatopHomy pacdeTHO-TpaduIeCcKoro OIK-1.2,
3aHATHIO OIlK-1.3
TOpPEHH YIIepoaa 3aganus Nel
Hroro no pazneny 4 5
2. Pazgen 2. Iporecchr
o0pa3oBaHHs W JAMCCOLMAINU
XHUMHYECKUX COSTMHEHHI
Pazpabotka
aJropUTMa
BBITIOJTHEHUS
peuIeHust
WH/I.33[aHUS; BeimosHeHne 1 OIK-1.1
21 Jucconmanys 2 10 5 |cavoctosTenshoe 00CYXK/IeHHEe TaHHBIX OHK-l-Z‘
KapOOHATOB U OKHCIIOB U3yueHHE nabopaTtopHoii paboThI OHK-l' 3‘
y4eOHOI U Hay4yHO Nel '
JUTEPATYPBHI.
IToaroroBka k
3 71a00paTOpHOI
pabote Ne 1
CamocTosTenbHOe
MI3YHCHHE Bemonnenue u
2.2 Kuneruka, MeXaHU3M y4eOHOI U Hay4yHO OIIK-1.1,
00CyXICHHE JaHHBIX
npoiiecca JTUCCOLIMAIIH 2 8 JUTEPATYPBHI. . OIlK-1.2,
nabopaTtopHOi paboThI
KapOOHATOB IToaroroBka k No2 OIIK-1.3
71a00paTOpHOI B
pabote Ne 2
Uroro no pazneny 4 18 2
3. Pazgen 3. OcHOBBI TeopuH
BOCCTAHOBJICHHS] OKCHIOB




Brimonaenne n

3.1 TepMmonrHamuka ITogroroBka k OIIK-1.1,
00CyXJIeHHE JaHHBIX
BOCCTaHOBJICHUSI ~ METaJJIOB 2 8 2 | mabGoparopHOomy . OIlK-1.2,
nabopaTopHO paboThI
rasamu 3aHATHIO No3 OIIK-1.3
Pazpabotka
gxzcn oB BOCCTaH;]:;Ziﬁz ITOpUTMa OIIK-1.1,
5o oao oM M OKCHIOM 2 2 peimosiHeHnss  |CoOecenoBanue mmo teme| OIIK-1.2,
Ji[e po Ha A pelieHus OIIK-1.3
YHICpont MHJI.3a1aHUs
Pazpabotka
3.3 aropuT™Ma OIIK-1.1,
Kap0bo-merannorepmuueckoe 2 2,1 BBIITOJTHEHUS cobecenoBanne no teme | OITK-1.2,
BOCCTaHOBJICHHE OKCH/IOB pelieHus OIIK-1.3
MHJI.3a1aHUs
Htoro no pasueny 6 8 6,1
4. Paznen 4. Merautyprudeckue
pacIuIaBbl
Brimonnenue amura OIK-1.1,
4.1 AKTHUBHOCTB 2 2 pacueTHo- WHIUBUIYaIIbHOTO OTNK-1.2
KOMIIOHEHTOB B PacTBOpax rpaguueckoil  |pacyeTHO-TpaguYecKOro T
OIIK-1.3
paboTer Ne2 3ananus No2
4.2 MertannypriauecKie Togroroska k Beinonnenue u
nutaky.  Teopuu  (MoOJesnu) naGopatopHoMy 00CyXJIeHHE JaHHBIX OIK-1.1,
MeTanﬁ THYECKUX 2 10 SaHATHIO. 71ab0paTOPHO pabOTHI OIIK-1.2,
yp JlabopaTopHas parop p OIlK-1.3
pacIuiaBoB Ned
pabora Ne4
Hroro no pazneny 4 10 2
Hroro 3a cemectp 18 | 36 15,1 9K3aMeH
Hroro no aucrumnnuze 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
pe3ynbTaTOB-1IEIIEH;

— WCMOJB30BaHUE OOpAaTHOW CBS3M C IENBI0 KOPPEKTHUPOBKH 0Opa30BATEILHOTO
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, 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
PHCYHKH, CXEMBI, MOJIEJIH, KOTOPhIE B 3HAUUTEIHLHOM CTETIeHH 00JIEryaroT MOHUMaHue Kypca.

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

Jlexiuu pOXOAAT Kak B TPaTUIMOHHON dopMe, B BUE 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
MOJA-TOTOBKM  BOMPOCOB  JIEKTOPY, TakuM oOpa3oM, JIeKIUS MPOXOJUT MO  THUIY
BOIIPOCHI-OTBETHI-TUCKYCCHUS.

JIeKIIMOHHBIN MaTepHal 3aKperuIsIeTcsl B X0/e MPAKTUYECKUX 3aHATUN U JTaOOopaTOPHBIX
paboT, Ha KOTOPBIX BBIIOJHSIOTCS TPYIIOBLIC WJIM WHIWBHUAYAIbHBIC 3a/IaHUS TIO0 MPOWICHHON
TeMe. Ha mpakTuueckux U Ja0OpAaTOPHBIX 3aHATUAX CTYACHTHI MTPHOOPETAIOT 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 MOAOOpEe JHMTEepaTypbl MO pasienaMm Kypca u ee u3ydeHuu. l[lpu 3ToM
MPEAYCMOTPEHBl WHIWBHAYAIbHBIE W TPYIIOBBIE KOHCYJIBTAIIMU IO HM3y4aeMbIM pa3jieiam
Kypca. B pesynbrare m3ydeHUs NaHHOW JUCIMILTUHBI CTYICHTHI JIOJDKHBI IPUOpPECTH 3HAHUS,
YMEHHUSI U OIIPEICIICHHBIH OIbIT, HEOOXOUMbIE JIJIsl OyAyIei MPaKTHYEeCKON 1eATeTbHOCTH.



6 YueOHO-MeTOAUYECKOE 00eciedeHHe CAMOCTOSITeJIbHOI PadoThl 00y4aroIIMXCst
[TpencraBneno B mpuioxeHun 1.

7 OueHoYHbIE CPeICTBA IJISA MPOBeIeHUs POMEKYTOYHOM aTTecTaluu
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCKOEe H HH(POPMALIMOHHOE 00ecneyeHue TUCIUIIHHBI (MOTYJIs1)

a) OcHoBHas TUTEpaTYypa:

1. l'onpamrreita H. JI. Kpatkuii kypc pu3HdecKoil XUMUHA METAJUTYPTHUECKUX MPOIIECCOB
[Tekcr]: yae6Hoe nocobue / H. JI. T'onpamureiin; MI'TY. - 2-¢ usa. - Marauroropcek, 2012. - 338
C.: W, TUarp., rpad., CXemsl, Ta0J1.

2. OCHOBBI METAJUTYpPrUYECKOro Ipon3BoicTBa : yueOHuK / B. A. burees, K. H. Bnosus,
B. M. Kosnokosnbiie [u ap.] ; mox obmeit pexakiueii B. M. Komokonbresa. — 2-e uz., crep. —
Cankr-IlerepOypr : Jlanmp, 2020. — 616 c. — ISBN 978-5-8114-4960-6. — Texkct :
snekTpouusi  //  JlaHb : AJICKTPOHHO-OMOIMOTEYHAS cucrema. - — URL:
https://e.lanbook.com/book/129223 . — Pexxum focTyna: IjIst aBTOPHU3. IIOJIL30BATENEH

0) JlomostHuTEIbHAS JIATEPATYpa:

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

2. Muxaitnos, I'I. TepmoamHamuKka METALUTyPrHUYECKHX IPOLECCOB U CHUCTEM
moHorpa-¢dus / I'.I'. Muxaiinos, b.U. Jleonosuu, }0.C. Ky3ueroB. — Mocksa : MUCHUC, 2009.
— 520 c¢. — ISBN 978-5-87623-224-3. — Tekcr : oanekrponsbiii // Jlanp
9JIeKTpOHHO-O0MboTeunas cu-crema. — URL: https://e.lanbook.com/book/117016

3. Jlysrun, B.I1. Teopus U TeXHOJOTrUsI METALTYpruu crayu : yuyeOHoe mocodue / B.I1.
Jlysrun, A.E. Cemun, O.A. KomonoBa. — Mocksa : MUCHUC, 2010. — 72 c¢. — ISBN
978-5-87623-346-2. — Tekcrt : anekTpoHHbIi // JIaHb : 3JIEKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/2062

4. Usnes, C.A. Mertamtyprudeckue TEXHOJOTUU. MeTainyprus 4€pHBIX METAJUIOB !
yueb-noe mocodbue / C.A. Usnes, MLII. KimtoeB. — Mockea : MUCUC, 2017. — 45 ¢. — ISBN
978-5-906846-57-0. — Tekcr : anekTpoHHbIii // JIaHb : 3IEKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/108106

5. TepmoauHamMuKa, KHHETHKA M pacdeThl MeTaurypruyeckux mpomeccos / C.H.
[Tanepun, JI.1. Peoxonkos, I'.B. Cepos [u ap.]. — Mocksa : MUCHUC, 2010. — 235 ¢. — ISBN
978-5-87623-312-7. — Tekcrt : anekTpoHHbIi // JIaHb : 3IEKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/117022

B) MeTonuyeckue ykazaHus:

1. CmupHoB A. H. TepMoauHaMuka MpOIECCOB TOPEHHs TOIUIMBA : METOJAMYECKUE
yKa3aHUs JJI CTYICHTOB 110 quctuiuinHe "dusndeckas XuMus METaUTypPrUueCKUX MpoIeccoB’ /
A. H. Cmupnos, M. A. lllectobutos, C. B. FOquna ; MI'TY. - Maraurtoropck : MI'TY, 2013. -1
AIIEKTPOH. OIIT. TICK (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/3573 . - TekcrT : 3JeKTPOHHBIIA..

2. MarepuanbHble ¥ TEIUIOBBIE PAcUYeThl XUMHKO-TEXHOJOTHYECKUX IPOIECCOB :
yuebHoe nocobue / C. A. Kpsinosa, 3. U. Koctuna, U. B. ITonypko, A. B. 'opoxos; MI'TY, [kad.
XTHMu®X]. -  Maruauroropck, 2011. - 50 c. : Tabm. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2156 . - Tekct : HemoCpeICTBEHHBIHA.
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https://e.lanbook.com/book/117022
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https://host.megaprolib.net/MP0109/Download/MObject/2156

3. CeunukoBa H.1O., CmupnoB A.H., lOnuna C.B. Meroauueckue yka3zaHHs: JJIs BBITOJIHEHHS
1ab0paTOpHBIX paboT MO JUCHUILINHE «DPU3ndecKas XUMUS MHPOMETALTYPrHUYeCKHUX MPOLIECCOB
JUISL  CTYJEHTOB BCEX chenuaibHocTel Bcex ¢GopMm oOyueHus. Marautoropck: M3n-Bo
MarnuToropck. roc. TexH. yu-ta um. I .M.Hocoga, 2015, 29 c.

r) [IporpammHoe o6ecneuenue u UnTepuer-pecypcebi:

IIporpammHoe o0ecnieuenmne

HaumenoBanue N
o Ne norosopa CpOoK JIeHCTBYSI JINIICH3UH

7Zip CcBOOOIHO 0ECCPOUHO

Bpaysep Yandex|cBo6oaHO 0EeCCPOYHO

FAR Manager |cBo601HO 0eCcCpovHO
IIpodeccuonanbHbIe 6a3bl JAHHBIX H HH(POPMAIHOHHBIE CIPABOYHbIE CHCTEMBbI

HaszBanue kypca Ccblika
HauumonansHast
HH()OPMAIIMOHHO-aHATUTHYCCKAs URL: https://elibrary.ru/project_risc.asp

cucteMa — POCCHMCKUN MHAEKC HAYIHOTO
DONEeKTpOHHbIE  pecypchl  OMOINOTEKU
MI'TY nm. I'.1. HocoBa

9 MaTepuaJbHO-TeXHHYECKOE o0ecnevyeHne JUCIHILTHHBI (MOIYJIs1)

https://magtu.informsystema.ru/Marc.html?locale=ru

MaTepI/IaJ'IBHO'TeXHI/I‘IeCKOG obOecrieueHue JUCHUITIIIMHBI BKIIFOYACT:


https://elibrary.ru/project_risc.asp
https://magtu.informsystema.ru/Marc.html?locale=ru

1. Yuebnas ayautopus Ui IPOBECHUS 3aHATUIN JICKIIMOHHOTO TUIIA OCHAIIIECHA!

- TEXHUYECKHMMH CPEJICTBAMU OOYUYEHMs, CIyXKallUMH Ul MpeACTaBIeHUs ydeOHOH
uHpopManuu OOJIBIION ayAUTOPUHU: MYJIbTUMEIUHHBIMU CpEACTBA XPAaHEHUS, IMepenadyd u
MpeACTaBICHHS Y4eOHON HHPOpMAIIHH;

- CTIeUUAIN3UPOBAHHON MEOETIBIO.

2.YyeOHast ayauTopus JJis TNPOBEACHHs J1a0OpaTOpHBIX 3aHATUH «XUMHUYECKHUE
nabopaTtopun» OcHaleHa Ja00paTOpPHBIM 000PYAOBAHUEM:

- XMMHUYECKHE PEeaKTHBBHI,

-XMMHUYECKas TOCYAa

-JlaGopaTopHble yCTaHOBKH

-IInakaTsl mo Temam paboueit mporpamMmbl

- CIELMAIN3UPOBAHHON MEOEIBIO.

3. YuebHas ayquTopus Ui TPYIIOBBIX U MHAWBUAYAIBHBIX KOHCYIbTAIIMN, TEKYIIETO
KOHTPOJISI ¥ IPOMEKYTOUHOM aTTeCTalluy OCHAIIICHA!

- KOMITBIOTepHOI TexHHKO# ¢ makeTom MS Office, ¢ moakiroueHnem k cetu «MHTEpHETY
U C JOCTYIIOM B 3JIEKTPOHHYIO MH()OPMAIIMOHHO-00pa30BaTeNbHYIO CPEly YHUBEPCUTETA,

- CHIeMaIM3UPOBAaHHON MeOebIo.

4. ITomerieHue 7151 CaMOCTOSATENILHOM pabOThl OCHALIEHO:

- KOMITBIOTepPHOI TexHHKO# ¢ makeTom MS Office, ¢ moakiroueHnem k cetu «MHTEpHETY
U C JOCTYIIOM B 3JIEKTPOHHYIO MH()OPMAIIMOHHO-00pa30BaTeNbHYIO CPEly YHUBEPCUTETA,

- CIIeMaIM3UPOBAHHON MeOebIo.

5.Ilomemienue It XpaHeHUs M NPO(UIAKTUYECKOrO OOCIyKUBaHUS y4eOHOro
000py1I0BaHUS OCHAIIICHO:

- CIIeLUAIM3UPOBAHHON MEOEIbIO: CTeNIaKaMy JJ1s XpaHeHHsl ydeOHOro 000pyA0BaHMS;

-MHCTPYMEHTaMHU JUIsl PEMOHTA yueOHOro 000py10BaHus;

- ikadamu U1 XpaHeHus: yueOHO-MEeTOMUECKON TOKyMEHTAllUU U MaTepUaoB.



Ipuioxkenne 1

6 YueOHO-MeTOAHYECKOe o0eclieyeHrne CaMOCTOSATEeIbHOI PadoThl 00y4a0IMXCS
Coaep:xaHue TeOPeTUYECKOr0 pa3iesia IuCUUILINHbI

(camocTosiTEIbHOE U3YyUEHHE)

1. Knaccuduxanus MeTamTyprudeckux mnporeccoB. OCHOBHBIE 3aKOHBI TEPMOJUHAMUKH.
Oueprus ['m60ca u xumuueckuii noreHuan. Koncranta XMMHUYECKOTO paBHOBECHUS U ypaBHEHUE
u3oTepMbl peakiuu. CraHgapTHoe uW3MeHeHue 3Heprum [ubOOca. CmemieHue paBHOBECHS W
npaBuio das.

2. I'openue okcupa yriaepona. ['openue Bomopona. Peakuus BoasiHoro raza. Peaknms
B3aumoaeiictBuss yriepoaa ¢ COj,. Peakuuu HENOJHOTO W MOJHOTO TOPEHUS YIiepoja.
PaBHOBecHBIN cocTaB raza. Bocramenenue ra3zoBeix cMeced. llennble peaknun. Kunernka u
MEXaHU3M TOpeHUus TBepAoro yriaepoga. OCHOBbl KHUHETHKHM TI€TEPOre€HHBIX IPOLECCOB.
Xapakrepuctuka AUQPQPY3HOHHBIX TporieccoB. OCOOCHHOCTH MPOIECCOB B KUHETHUYECKOH W
b dy3noHHON 001aCTAX.

3. Kunernka okucinenusi merawioB. Pomb muddys3um peareHTOB uepe3 OKaTuHy |
KPUCTAJUIOXUMUYECKOIO IIPEBPALLEHUS 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  Ipumecedl. TepMOIMHAMMYECKMM  aHalu3  PEaKUuu
JUCCOLMaluu KapOOHATOB. Kuneruka npoiecca JUCCOIAINH, 0COOCHHOCTH
KPUCTAIZIOXMMUYECKOIO TpeBpallleHus. ABTOKaTalau3 Impolecca. BiusHue wu3MenbueHus
TBEp/bIX (a3 Ha TEPMOJMHAMUYECKHE U KUHETUUYECKHE XapaKTePUCTUKU Tpoliecca.

4. CtpoeHue U CBOMCTBa METAITyPrMUECKUX paciuiaBoB. DU3MKO-XMMHUYECKUN aHAIIN3
IJIAKOB. /[BOIHBIE TMarpaMMBbl COCTOSIHUS IIUIAKOBBIX CUCTEM. JlMarpaMMa COCTOSIHHS CUCTEMBbI
Ca0O—Al1,03—SIi0,. PacruiaBienusie niaku. MojekyssipHas Teopusi. BsI3KOCTh IUTaKOB.

Cepa B uyryHax u ctaisax. [Iponeccsl aecynbyparum sxene3Hbix ciuiaBoB. ['assl (Bogopoa
M a30T) B OKeJNe3HbIX clulaBax. PactBopumocTs Tra3oB. Kucimopox B Kele3HBIX
crutaBaxHemeraminyeckre BKIIOUEHHS B CTAISAX U TEXHOJIOTMYECKHE CIIOCOOBI papUHUPOBAHUS
MeTajljla OT HEMETaUNIMYECKUX BKIIOYEHHH. [loBEpXHOCTHBIE SBJICHHS B METAITyPrHUECKUX
poreccax. IToBepxHOCTHOE HaTSKCHUE IJIAKOB U HKEJIE3HBIX CIUIaBOB.
[ToBepXHOCTHO-aKTUBHBIE BEIIECTBA.

JlaGopaTropHble padoThbI:

JlabopatopHas pabora Ne 1: TepmomumHaAMHYECKUW aHAIM3 PEAKIUW JAUCCOIMAIINH
KapOoHaTa KaJbIIUS;

JlabopaTtopHas paborta Ne 2: I'paBUMeTprUUYECKOE MCCIIEIOBAHUE KHHETHUKU IUCCOIHAITIT
KapOoHaTa KaJbIIUS;

JlabopatopHass pabora Neo 3: ['paBUMETpUUYECKOE UCCICIOBAHHE MAaKPOKWHETHUKH
OKHCJICHUS Kele3a;

JlabopaTtopHas pabota Ne 4: OnpeeneHue JIeKTPOITPOBOTHOCTH IIUTAKOBOTO PaCIiaBa.



®opMyIMPOBKA HHIANBHAYAJIBLHOTO 3a1aHus Nel
(PacuerHo-rpaduyeckas padora Nel)

3amgaua 1

Jus peaknuu BogsiHoro raza CO + H20 = CO2 + H2 ompenenuTh BO3MOXKHOE
HaIpaBJICHUE PEAKIIMU U PAaBHOBECHBIN cocTaB ra3a npu temneparypax: 700, 800, 900 u 1000°
C, ecnu ucxoanas razoBasi cmech coaepxut 23% CO u 27% H20, 20% CO2 u 30% H2.

3agaua 2

Onpenenutbh paBHOBECHBIN COCTaB ra3a B peakiinu bena-byayapa Cnpt+CO2 =2CO

@®opMyJIMPOBKA HHANBHUAYAJIBHOIO0 3a1aHus Ne 2

(PacueTrHo-rpadpmueckas padora Ne2)
3amaua 1. OnpenenuTh akTUBHOCTD OKcHIa xene3a FeO B moaukoMIIoHeHTHOM 1iake (Tad. 1).

Tabauua 1
CocTaB 1u1akoBOro pacmiasa mac. %
Bapuanr CaO MgO MnO FeO SiO, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0

3anaya 2. OnpeaenuTh aKTUBHOCTh KOMIIOHEHTOB B CIJIaBax Ha OCHOBE *keune3a (Tabi. 2,3).

Tabnuua 2
XUMHUYECKUN COCTAB JKEJIE3HBIX CIIIaBOB (Macc.%)
Bapuant C Si Mn Cr S P @)
2 0,08 0,30 0,40 0,15 0,045 0,035 0,047
. Tabnuna3
[TapameTpsl B3aUMOJICHCTBYS & KOMIIOHEHTOB CILIABOB HA OCHOBE JKeJe3a
npu 1600 °C
DneMeHT DnemeHr 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
) -0,45 -0,131 -0,021 -0,04 -0,133 0,07 -0,20

IIpumepHbIe BONPOCHI 1151 codeceJOBAaHU 110 TeMaM:
B Kkakux TEXHOJOTMYECKUX MpoLeccax IPOUCXOAUT TEPMUYECKAs ITUCCOLUALINS

1.
CaCOg3?

2. JaiiTe onpeaeneHne TEPMUHY «yNPYroCTh TUCCOLUAIMK KapOoHaTa”.

3. B 4yem 3akmrodaeTcst OTIIMYME KOHCTAHT paBHOBecust Ka u Kp?

4. B kakom cnywae 3HaueHus Kp u ynpyroctn aucconmamuun CaCOjz 4YnCIEHHO
COBIANAIOT?
5. C xakoif 1esplo nepesi ONbITOM BaKyyMHPYIOT pabouyto YCTaHOBKY?
6. TepmonuHamuika oOpa3oBaHUs U

Hayaja.

IUCCOIHAIIUS

7. TepMoarHaMKKa TOPEHUS TBEPOTO TOILUIMBA

KapOOHATOB; TeMIIEPaTypPhl




8. Kak BiusieT cTeneHb AUCIEPCHOCTH KapOOHATa ¥ M3BECTH HA YIPYTrOCTh TUCCOIMAIIAN
CaCOs.

10.Kakre MeTayuTyprudecKkue MpoIecChl SBISIOTCS TOMOXUMHYESCKUMHU PEAKITUSIMU?

11.Kakue XxuMU4YecKue peakiuu MpOoTEeKalT M0 aBTOKATAIUTUYECKOMY MexaHu3my? Uto
SBJISICTCS] KaTAIM3aTOPOM TaKUX MPOIIECCOB?

12. Yto Takoe KpuCTAIIMYECKas pelieTka, U Kakue XapaKTepUCTHUKU KPUCTAILTHYECKON
pemerku Bol 3HaeTe?

13. Pacnpenenenue KOMIIOHEHTOB MEXJy METajjoM M [UIAKOM; KOHCTaHTa H
K03 PUIUEHT pacpeesieHus.

14. OObsicHUTE U3MEHEHUE CKOPOCTH TOIMOXMMUYECKUX TMPOIECCOB Ha IpUMEpe
BBITIOJTHEHHON PaOOTHI.

15. KakoB MexaHHM3M JUCCOLMAIIMKM KapOOHAaTa KaJIbIHs?

IIpumepHbIe 3a1aun:

3amaua 1. OnpenenuTs paBHOBECHOE MAPIHUATBLHOE JIABJICHUE KUCIOPO/a B Ta30BOM CMECH
CO-CO; ipu temneparype 1300 °C u Pcoy/ Pco = 0,35.

3amaua 2. OnpeeuTh paBHOBECHOE MAPIHUATBLHOE JIABJICHUE KUCIOPO/a B Ta30BOM CMECH
H-H,0 npu tremneparype 1500 °C u Pypo /P 12 =0,30.

3amaua 3. Kakoe nomkao 06ITh oTHOIIEHNE %0C0,/%CO B razosoii cMecu CO-CQO,, 4To05I
npu temneparype 1200 °C paBHOBECHOE aBJIEHUE KUCIOPOJa B HEl cocTaBisio Po,= 1,5- 10°
[Ta?

3amaua 4. Kakoe momxkHo ObITE oTHOIIeHHE %H,0/%H; B rasosoii cmecu Ho-H>O, 4T005BI
npu Temmeparype 1300 °C paBHOBECHOE IaBIICHHE KHCIOPO/IA COCTABISIIO Poy= 2107 ITa?

3amava 5. OnpenenuTs TeMrepaTypy, IpH KOTOPOil paBHOBECHOE MaplHalbHOE TABJICHHE
kucnopoa B razoBoit cMecu CO-CO; npu otHomenuun PCO;, /PCO=0,2 cocraBur Po; = 4-10-5
ITa.

3amaua 6. 3agaua 1. OxapakTepu30BaTh X0/ KPUCTAIUIA3AIMHU PACIIIIAaBOB, cojepkanux 10
% CaO.
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3amaua 7. Jlns cMmecei, COOTBETCTBYIOIIMX To4dkaM 1 — 8, M300pakeHHBIX Ha pHC.,
onpenenuth: 1) Kakue (Ga3pl U B KAKOM KOJMYECTBEHHOM COOTHOIIEHUHM OYyAyT HaXxOIUThCS B
paBHOBECHM IIpU HarpeBaHuM cMmeceil 1o Temnepatypsl 1200 °C.; 2) npu kakoil Temmneparype
HAYHETCS U 3aKOHYMTCH IIIaBJIEHUE CMECEN.
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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.:

CTpyKTypHBIH
JJIEMEHT

KOMIICTCHI N

[TnanupyemMble pe3ynbTaThl 00yICHHUS

OneHouHble CpeaCcTBa

OIIK-1: CnocoGeH pemaTh 3agaun Mpo(ecCHOHANBHOMN eI TeIbHOCTH, IPUMEHSS METO/Ibl MOJICIIUPOBAHUS, MATEMAaTHIYECKOTO aHAJIN3a, €CTECTBEHHOHAYYHBIC U
O0IIEMH)KEHEPHbIE 3HAHMSI

OIIK-1.1

Hcrnonb3yeT eCTeCTBEHHOHAY4YHbIE 3aKOHBI U
IIPUHLUIIBI [IPY PEILICHUH PAKTUYECKUX 3a1a4

Criucok BONPOCOB JUIsl MPOBEAEHHUS 3K3aMeHa Mo AucuuIuiuHe «OCHOBBI (U3UKO-XUMHHU
MAPOMETAILTYPTrUYECKUX ITPOLECCOB

1. B Kakux TEXHOJIOTUYECKHX MPOLIECCaX MPOUCXOANT Tepmuueckas aucconuarnms CaCOz?

2. [aiiTe onpeneneHrne TEpPMUHY «yNPYrocTh TUCCOLMALMU KapOoHaTa”.

3. B uem 3akirouaercst oTiiMure KoHcTaHT paBHoBecus Ka u Kp?

4. B xakom ciydae 3HaueHust Kp u ynpyroctu auccounanuu CaCO3z 4MCIEHHO COBIAAAOT?

5. C xako# 1eJbI0 Tepe]] OMBITOM BaKyyMHUPYIOT pad0UYyi0 YCTAaHOBKY?

6. TepmoamHamuKka oOpa3oOBaHUS u JUCCOIUAITUs KapOOHATOB; TeMIepaTypsl
Hayaja.

7. TepMoaMHAMUKA TOPEHUS TBEPIOTO TOIJIMBA

8. Kak Bnusier creneHb AMCIEPCHOCTH KapOoOHATa W W3BECTH HA YIPYTOCTh AMCCOLUAINH
CaC03.

10.Kakue MeTamutypruieckue mpoiecchl SBIsSIOTCS TOMOXUMHUYECKUMU PEAKIIUSIMU?

11.Kakue XMMHUYECKHE PEAKIMU TMPOTEKAIOT IO aBTOKATAIUTUYECKOMY MexaHusMmy? Yrto
SIBJIIETCS KaTalu3aTOPOM TaKUX MPOIECCOB?

12.Yrto Takoe KpucTaUIMYecKas pelieTka, U Kakue XapaKTepUCTUKU KPUCTATNTNYECKON PEeIIeTKH
Bl 3HaeTe?

13.Pacnpenenenne KOMIIOHEHTOB MEXK/1Y METAJJIOM U IIUIAKOM; KOHCTaHTa U KOYPUIIUEHT
pacnpezeneHus

1400bsacHUTE U3MEHEHHE CKOPOCTH TOIMIOXMMHUYECKUX MPOIECCOB Ha MPUMEPE BHITOTHEHHOU
paboTHI.

15.KakoB MexaHH3M JUCCOIMAlUN KapOOHaTa KaabIHs?

16.PacckaxuTe O METOAMKE OIPENEICHUs CKOPOCTH JMCCOIMANMK KapOOHaTa KaJbITus,
MIPUMEHEHHOH B IAHHOM OIIBITE.




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

17.B 4yewm 3aKIII04arOTCs Pa3Indusi TOMOT€HHBIX U T'€TEPOTeHHBIX PEaKIIHii?

18.B ueM cyuiHoCTh IpaBUMETPUUECKOTO METOIa UCCIIEI0BAHUS OKUCIICHUS METAIIIIOB?
19.KakoBa cTpyKTypa >KeJIe3HON OKaJIMHBI U OT KaKuX (PakTOpOB OHA 3aBHCUT?

20.YTo Takoe BIOCTUT M KaKOBa €r0 POJIb B OKUCIIEHUH KeJIe3HbIX CILIaBOB?
21.ChopmynupyiiTe NPUHLIUI KaPOCTORKOCTH JKEIE3HBIX CIIABOB.

22.JlaiiTe onpeaeeHuss KOHCTaHThI CKOPOCTH peakiuu 1 Kodddunnerta nuddys3uu.

23.B yem 3akirovaercs peakiuoHHas MUdQy3us U Kak OHAa MPOSIBISIETCA IMPH OKHUCICHUH
xenesa?

24 KakoBbl OCHOBHbIE KOMIIOHEHTHI METAJLTYPIrHUECKHUX ITAKOB?

25.Kak onpeiensifoT YASIbHYIO 3JIEKTPHYECKYIO TPOBOAMMOCTE PACILIIABOB?

26.YTo Takoe SHeprusi akTUBAIIMU AJIEKTPOINEPEHOCca, M KaK OHa MOXKET OBITh onpezeneHa?

OIIK-1.2

Pemaer crangaptHbhle MpodecCHOHANTbHBIC
3a/1aud C TPUMEHEHHEM OOIICMHKXEHEPHBIX
3HAaHUU

3amaun sl CaMOCTOSATEIBHOTO PEIICHUS:

3amgaua 1. OnpenenuTh paBHOBECHOE MapIMAIBHOE JIaBJIICHUE KUCIOpPOAAa B ra30BOM CMeECH
CO-COy pu temneparype 1300 °C u Pcoy/ Pco = 0,35.
3amaua 2. Omnpenenuth pPaBHOBECHOE MaplHAIbHOE JAaBICHUE KHUCIOpPOJAa B Ta30BOM CMeECH
H3-H>0 npu temnieparype 1500 °C u Pypo /P 12 =0,30.
3amaua 3. Kakoe momkHo 06T oTHOIIEHHE %CO02/%CO B razoBoit cmecu CO-CO,, yToObI ipH
temneparype 1200 °C paBHOBeCHOE JaBlIeHNE KACIOpOoJa B HEH cocTaBisio Por,= 1,5 10° IMa?
3amaua 4. Kakoe nomxuo ObiTh oTHOMmEHUE %H>0/%H; B razoBoit cmecu Hy-HoO, uTo6s1 ipu
temneparype 1300 °C paBHOBECHOE JaBJIEHHE KUCIOPOIa COCTaBIsuIO Poyr= 2+ 10” IMa?
3amaya 5. OmnpenenuTh TeMIeEparypy, HNpU KOTOPOM paBHOBECHOE MaplHalbHOE JaBJIEHUE
kucnopoa B razoBoit cmecu CO-CO; nmpu otHomenuu PCO, /PCO=0,2 coctaBut Po, = 4:10-5
I1a.
3amaua 6. OmnpenenuTh TeMIepaTypy, MPU KOTOPOM pPaBHOBECHOE MNapUUaIbHOE JaBICHHUE
kucioposa B razoBoit cmecu Hp-HoO nipu otHOmIeHnu P yppo/ P 11,=0,25 coctaBut Ppy = 5-10-5
I1a. 3agaya 7. OnpenenuTh paBHOBECHBIHM cocTaB ra3oBoii cmecu Hy - O - HoO npu remnepatype
700 °C, ecnu UCXOHBIE MApUHAIbHBIE JABJICHUS Ta30B B 3aKpbITOM cucTeMe coctasisim 0,333
aTM.
3amada 8. OnpenenuTh paBHOBECHBIN cocTaB razoBoit cmecu CO - O, - CO, pu Temmepatype
800 °C, ecnu ncxoAHbIE MApLUATIbHBIE JaBJIEeHUs ra30B B cucteme coctaBisuin: CO — 0,5 atm, O2
—0,3 atm, CO2 - 0,2 aTm.
3amaua 9. Ompenenutb, NpU KakOW TEMIEpaType CpPOACTBO KHUCIOpPOJa K BOJOPONY H
MOHOOKCHUJY yTJIepo/ia OJIMHAKOBO.
3anaya 10. OnpenennuTs BO3MOKHOE HAaIPaBJIEHUE PEAaKIMKM BOJSHOIO ra3a IpU TEMIEpaType




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

900 °C, ecnu ncxoaHas ra3oBasi cmech conepxkut 23% CO, 27% H0, 20% 14 CO; u 30% Ho.
O6mee naBienue B reun paBHo 105 Ila, a koHcTanTa paBHOBecus peakiuu npu 900 °C paBHa
0,76.

3agaya 11. OnpenenuTh TeMIeparypy, NpU KOTOPOH B pe3yibTaTe MPOTEKAaHUSI pPEaKIUU
BOJSIHOTO Ta3a PaBHOBECHAs ra3oBasi cMech coaepxkut 26,2% CO, 30,2% H,0, 16,8% CO, u

26,2% H,. TemneparypHas 3aBHCHUMOCTh 3Hepruu [n66ca mius peaknun CO(r)+H20(T)=
CO2(r)+H2(r) umeet Bug G= - 36600 + 33,5* T, JIx

OIIK-1.3

HpI/IMGHHeT MCETO/bI MOACIIUPOBAHUA u
MAaTCMAaTUYCCKOI'O aHaJIn3a JJIsd PCHICHHUA 3a1a4
TCOPCTUUCCKOTO U MMPUKIIAAHOI'O XapaKTepa

3aganue Ha peuieHue 3ajaad u3 NpodeccHOHANbHOW 00JacTH (IOMallHee WHIAMBUAYATbHOE
3a/IaHHE)
3amava 1.

Hnsa peakuu: Cpy + CO2y = 2CO() ypaBHEHHE 3aBUCHMOCTH KOHCTaHTHI PaBHOBECHS
OT TeMIIepaTypbl KOTOPOH UMEET BUJ:

9001
(9K, =——-+9,28
T

ONPEJIeNIUTh PABHOBECHBIM COCTAaB ra3a B 3aBHCUMOCTH OT TEMIEpATyphl M JaBjieHHs (Tabi.).
[TonydeHHble 3HaUE€HHS NPEACTABUTE B BUJIE TAOINIBI M rpadHKa.

Bapuant | Temneparypa °C CocTaB HCXO0JIHOM ra30Boi cMecu
% 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) = 2CO(1—)
YpaBHEHHE 3aBUCHMOCTH KOHCTAHTBI PABHOBECHSI OT TEMITEPaTyPbl UMEET BHI:
8916
gK, = ———+911
T
OTIPE/ICITUThL PABHOBECHBIN COCTaB ra3a B 3aBHCHMOCTH OT TEMITepaTypbl W JaBicHUs (Tabi.).
[TonydeHHbIe 3HAUEHUS IPEICTABUTH B BUI€ TAOMUIIBI U TpaduKa.




CrpyKTypHBII

JIIEMEHT [Inanupyemble pe3ysbTaThl 00y4eHUs OueHoYHBIE CPENICTBA

KOMIIETEHINH
Bapuant | Temneparypa °C HaBiieHue (at™.)
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) Ilopsanox mnpoBeaeHMs TMPOMEKYTOYHOHM aTTeCTALMH, MOKA3aTeJH M KPHTEPHH
OLICHUBAHUS:

[lpomexxyrounass  arrectanus 1o  jguciuiiiHe  «OCHOBBI  (DMBHKO-XUMHH
MUPOMETALTYPTHUECKUAX  IPOLIECCOB» BKIIOYACT TEOPETHUECKUE BOIPOCHI, TO3BOJISIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYYAIONIMMUCS 3HAHWH, U MPAKTHYCCKHUE 3aJIaHUS, BBISBISIFOIINE
CTeTneHb cPOPMHUPOBAHHOCTH YMEHUH U BIIAJICHUI, IPOBOIUTCS B (pOpME dK3aMeHa.

DK3aMeH M0 JTaHHOW JHMCIUILUIMHE TMPOBOAMTCS B YCTHOW (popMe Mo 3K3aMEHAIMOHHBIM
OwmyietaM, KaKIbId M3 KOTOPBIX BKIIOYAeT 2 TEOPETHUECKUX BOIMPOCA U OJHO MPAKTHUECKOE
3ajlaHue.

IMoka3aTeu U KPUTEPUH OLIEHNBAHUS IK3aMeHa:

— Ha OICHKY «OTJIHYHO» (5 0aJUI0B) — 00yUaIONIHIACS JEMOHCTPUPYET BHICOKUH YPOBEHB
c(OPMHPOBAHHOCTH KOMIIETEHIMI, BCECTOPOHHEE, CHCTEMAaTH4YecKOoe U TIIyOOKOe 3HaHHE
y4eOHOTr0 MaTepualia, CBOOOJHO BBINOJIHACT MPAKTHUYECKHE 3aJaHus, CBOOOJHO ONEPHPYET
3HAHUSIMH, YMCHHUSMH, TIPUMEHSCT UX B CUTYAIUSIX TOBBIIIICHHON CII0)KHOCTH.

— Ha OIICHKY «Xopomio» (4 O6amna) — o0y4aronuiicss AeMOHCTPUPYET CPEAHUI YPOBEHb
c()OPMUPOBAHHOCTH KOMITCTEHII: OCHOBHBIC 3HAHHS, YMCHHS OCBOCHBI, HO JIOIYCKAIOTCS
HE3HAYUTEIIbHBIC OIIMOKU, HETOYHOCTH, 3aTPYTHCHHUS TIPU AaHATUTUYECKUX OTIEPAIUsX, IepeHOCe
3HAHWI U YMEHU Ha HOBBIC, HECTAH/IAPTHBIC CHUTYAIUH.

— Ha OLEHKY «YAOBJIETBOPUTENbHO» (3 Oanna) — oOyyaromiuiicss AeMOHCTPUPYET
MIOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIICTEHIIHI: B XOJI¢ KOHTPOJBHBIX MEPOTPHUSTHI
JIOMYCKAKOTCS OMIMOKH, TPOSIBJIICTCS OTCYTCTBHE OTACIBHBIX 3HAHWM, YMEHUH, HAaBBIKOB,
O0OyJaIOIIUICSA HCIBITHIBACT 3HAYUTCILHBIC 3aTPYAHCHHS TIPU ONCPUPOBAHUU 3HAHUSIMU W
YMEHUSIMH TP UX TIEPEHOCE HA HOBBIC CUTYAIIUH.

— Ha OIECHKY «HEeYJAOBJIETBOPUTEIbHO» (2 Oamia) — oOydaronuics IEeMOHCTPUPYET
3HaHus He Oojee 20% TeopeTHdYecKoro MaTrepuaia, JOMYCKaeT CYIIECTBEHHBbIE OLIMOKH, He
MOJKET TI0Ka3aTh MHTEIUICKTYAIbHBIC HABBIKH PEIICHHMS MPOCTHIX 3a]1a4.

— Ha OLICHKY «HeY/I0BJIETBOPUTENbHO» (1 0amn) — 3aaHue npenoaBaTesis BhIMOTHEHO
YaCTHYHO, OOYYArONIMICS HE MOXKET BOCIPOU3BECTH M OOBSICHHUTH COJIEp)KAHUE, HE MOMKET
MOKAa3aTh UHTEIUIEKTyalbHbIe HABBIKU PEIICHUS TOCTABICHHON 3a/1a4H.



