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
VYrnpapneHue MeTaITyprudeCKUMU MPEANPUITUIMHI U TEXHOJIOTUYECKUMHU MTPOLIECCAMHU

VYpoBeHs BrIcIIEro o0pa3oBaHus - 0aKajiaBpuat

®opma oOyueHus
OuHas

WUuctutyt/ pakynprer MHCTUTYT METaJUTypruu, MalllMHOCTPOEHUS U MaTepuanooOpaboTKu

Kadenpa Meramutypruu 1 XMUMHYECKUX TEXHOJIOTUI
Kypc 2
Cemectp 3

Maruuroropck

2024 ronx



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

Pabouas mporpamMMa paccMoTpeHa U 0100peHa Ha 3aceqanuu kadenpsl Metamtypruu u
xumuuecknx Texnonoruit  09.01.2024, mpoTtoxoi Ne 4

3aB. kadenpoit e A.C. XapueHKo

PaGouas nporpamma ogoOpena metoauueckoi komuccueir UMMuM

20.02.2024 r. nporokoin Ne 4 . ”
IIpencenarens //“”/ /{&./CQBHHOB
PaGouas nmporpamma cocraBicHa: € /
CT. ipenoaaBaTenb kapeapsl MuXT, 7 C.B.IOgnna

7

PelieH3€eHT: : 7%
noteHT kapeapst JINuM, kana. TeXH. HAYK W N.B. MuxaikuHa
]/ 4




JIner akryaauszanuu padoueil mporpaMmbl

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

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM Toly Ha 3acefaHuu Kapeapsl MeTauTypriui 1 XUMHYECKUX TEXHOJIOTHN

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuszauuu B 2027 - 2028
y4eOHOM ToJly Ha 3aceaHuy Kapeapsl MeTauTypriui i XAMUYECKIX TeXHOJIOTUN

[Iporokom ot 20 1. Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM roy Ha 3aceqaHud kadeapsl MeTalulypruu ¥ XUMHYECKHX TEXHOJIOT 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

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00yUeHust

B pesynbrare ocBoeHus AMCHUIUIMHBI  (MoAyisl) «OcCHOBBI  (DPM3HKO-XMUMHH
NUPOMETAITYPTHYECKUX — TpoIleccoBy» OOyyaromuidcss JODKeH o0najaTh  ClelyolUMU
KOMIETEHIMSIMU:

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

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

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

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

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




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0eMKOCTh JUCIUIUIMHBI COCTAaBisieT 3 3a4eTHBIX enuuuil 108 akaa. gacoB, B TOM
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]: yue6Hoe nocobue / H. JI. T'onpamreiin; MI'TY. - 2-e uzn. - Marautoropcek, 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
3JIEKTPpOHHO-0MOInoTeyHas 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.
[Tagepun, JI.W. Peixonkos, I'.B. Cepos [u 1p.]. — Mocksa : MUCHUC, 2010. — 235 c. — 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 . - TekcT : 3JIeKTPOHHBIH. .

2.  MarepuanpHble W TEIUIOBBIC PACYETHl XUMHKO-TEXHOJOTHYECCKUX IPOIECCOB :
yuebHoe nocobue / C. A. Kpbuiosa, 3. 1. Koctuna, . 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://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 JJIs 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
Conep:xaHue TeOPeTUYECKOr0 pa3jiesia TUCHUILINHBI

(camocTosiTEIbHOE U3YyUEHHE)

1. Knaccudukanus Meramuryprudeckux mpoieccoB. OCHOBHBIE 3aKOHBI TEPMOIUHAMUKH.
Oueprus ['m60ca 1 xumudeckuii moreHman. KoHcTaHTa XHMHYECKOTO PAaBHOBECHS U ypaBHEHUE
n3orepMbl peaknuu. CTaHmapTHoe W3MeHeHHe sHeprum [mO6ca. CmelieHue paBHOBECHUS W
npaBuio ¢as.

2. T'openue oxcuna yraepoaa. ['openune Bomopoaa. Peakuusi BogsiHoro raza. Peakuus
B3anmoyeiicteus yriepona ¢ CO,. Peakuuu HEMONHOTO W TIOJHOTO TOPEHUS YIiIepoja.
PaBHOBecHBIN cocTaB ra3za. Bocriamenenue ra3oBbix cMmeceid. Llenmnbie peakunu. Kunetuka u
MEXaHU3M TOpeHus TBepAoro yriaepoga. OCHOBbI KHUHETUKH TE€TEPOreHHBIX IPOIIECCOB.
Xapakrtepuctuka AuQPGY3HOHHBIX mporieccoB. OCOOEHHOCTH MPOIECCOB B KUHETHUECKOH U
T Py3nOHHOM 00IacTAX.

3. Kuneruka oxucnenuss MetamioB. Ponp nuddy3uum peareHTOB uepe3 OKAIMHY U
KPUCTAJUIOXUMUYECKOTO TIPEBPAILICHUS HA TPaHUIE METAILT - OKCU. POpMaIbHO-KMHETHYECKOE
ypaBHEHHUe mpoliecca u ero ananu3. Kunernueckuit u qudy3noHHbINA pexxuM peakuuu. Bnusaue
TEMIEPaTypbl HAa CKOPOCTh OKHCIEHUs. OKHCIUTENbHOE papUHUPOBAHUE KHUAKUX METAJUIOB.
IlocnenoBaTenbHOCT  OKMCIECHHsS  Ipumecedl. TepMOIMHAMMYECKMH  aHalu3  PEaKUuu
JMCCOIaIlN KapOOHATOB. Kuneruka npoiecca JIFCCOIAIINH, 0COOEHHOCTH
KPUCTAJUIOXUMUYECKOTO TIpEeBpallleHusl. ABTOKaTaJu3 Mpolecca. BiusHue wu3MenbueHus
TBEpIbIX (Da3 HA TEPMOJTUHAMUYECKUE U KUHETHYCCKUE XapaKTEPUCTHKH TIpoliecca.

4. CTpoeHHe U CBOMCTBA METAUTYPrHUYECKUX pacriiaBoB. DU3NKO-XUMHUYECKHUI aHAIN3
nu1akoB. [[BolHbIE quarpaMMbl COCTOSIHUSI IUTAKOBBIX CUCTEM. /luarpaMma COCTOSIHUSI CUCTEMBbI
Ca0O—AIl,03—SIi0,. PactmaBienusie miaku. MojekyssipHast Teopusi. BS3KoCTh IIIaKOB.

Cepa B uyryHax u crajusx. [Ipomecchl gecynb(ypaiuu xelle3HbIX CIiaBoB. ['a3sl (BOAOPOT
M a30T) B OKEJNe3HBIX CIlaBax. PactBopuMocTh Ta30B. Kuciaopox B Kelne3HbIX
crutaBaxHemeTannndeckre BKIIOUEHUS B CTAIAX U TEXHOJIOTHMYECKUE CTIOCOOBI paUHUPOBAHUS
MeTajula OT HEeMETAUTMYECKUX BKItOueHUU. [IOBEpXHOCTHBIC SIBICHHUS B METALTYPTrUYECKUX
MpolIecCax. [ToBepxHOCTHOE HaTsDKCHUE IIJIaKOB u JKEIIE3HBIX CILIABOB.
[ToBepXHOCTHO-aKTUBHBIC BEIIECTBA.

JlabopaTopHble padoThbI:

JlaboparopHass padora Ne 1: TepmoauHamMU4ecKwii aHanW3 pEaKUUW JUCCOIHAIMU
KapOoHaTa KaJbIIUS;

JlabopaTtopHas paborta Ne 2: I'paBUMeTprUUYECKOE MCCIIEIOBAHNE KHHETUKU IUCCOIHAITIHT
KapOoHaTa KaJbIIUS;

Jlabopatopnass pabora Neo 3: ['paBUMETpHUYECKOE HCCIEAOBAHNE MaKPOKWHETUKH
OKHCJICHUS Kele3a;

JlabopaTtopHas pabota Ne 4: OnpeneneHue 3JIeKTPOIPOBOIHOCTH IIJTAKOBOTO pacIiiaBa.



®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 raza npu temmneparypax: 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 Xkene3a FeO B moaukoMIIoHeHTHOM Iiake (Tad. 1).

Tabmuma 1
Cocras 11IJJaKOBOro paciuiaBa Mac. %
Bapuanr CaO MgO MnO FeO SiO, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0

3agaua 2. OnpenenuTs akTHBHOCTH KOMIIOHEHTOB B CIJIaBax Ha OCHOBE Jkene3a (tadi. 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 OneMeHT 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

[IpuMepHbBIE BOIIPOCHI A1 cOOECeIOBAHUS 10 TEMAM:
B Kkakux TEXHOJOTHYECKHX mponeccax IMPOUCXOAUT TEPMHUUCCKAA OUCCOLUAINA

1.
CaCO3?

2. JlaiiTe ompeneneHue TEPMUHY «YMPYTOCTh TUCCOIMAIIMU KapOoHaTa”.

3. B ueM 3akmtouaeTcst oTiinune KoHCTaHT paBHOBecus: Ka u Kp?

4. B xakom cmydae 3HaueHus Kp um ympyroctm aumcconmanmu CaCOgz 4nciaeHHO
COBHIAmAIOT?
5. C Kako# 1eJbIo Tepe]] ONBITOM BaKyyMHUPYIOT pad0Uuyi0 YCTaHOBKY?
6. TepmonnHamMuka oOpa3oBaHUs U

HaydaJjia.

Jucconuanusa

7. TepMoaMHaAMKKa TOPEHUS TBEPAOTO TOIUIMBA

KapOOHATOB; TeMIEPaTyphI




8. Kak BimsieT cTeneHp AUCIEPCHOCTH KapOOHAaTa M U3BECTU Ha YIPYTrOCTh JUCCOLUAINN
CaCOs.

10.Kakue MeTamurypruueckue mpoiecchl siBISIOTCS TOMOXUMUYECKUMU PEaKIUSIMU?
11.Kakue XxuMU4YecKue peakiuu MpOoTEeKalT M0 aBTOKATAIUTUYECKOMY MexaHu3my? Uto
ABJIETCS KaTaIU3aTOPOM TaKUX MPOLIECCOB?

12. Yro Takoe KpHCTAJUIMYECKasl PEIIeTKA, M KaKHe XapaKTEPUCTUKH KPUCTAIITHYECKOM
pemerku Bol 3HaeTe?

13. PacnpeneneHue KOMIIOHEHTOB MEXIYy METANIOM M I[UIAKOM; KOHCTAaHTAa H
KO3 dunHeHT pacnpeneneHus.

14. OObBsICHUTE H3MEHEHHE CKOPOCTH TOMOXMMHYECKUX IIPOLECCOB HAa TMPHUMEPE
BBITIOJTHEHHON PaOOTHI.

15. KakoB MexaHU3M JUCCOIMAIIN KapOoHaTa KalbIus?

[IpumepHble 3a1aun:

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

3amaua 2. OnpeenuTh paBHOBECHOE MAPIHUATBLHOE JIaBJICHHE KUCIOPO/a B Ta30BOM CMECH
H-H,0 npu tremneparype 1500 °C u Pypo /P 12 =0,30.
3amaua 3. Kakoe nomkao 061Th oTHOIIEHNE %0C0,/%CO B razosoii cMecu CO-CQO,, 4T005I

npu temneparype 1200 °C paBHOBECHOE JaBlIieHUE KUCIOPOJa B Hel cocTaBisio Por= 1,5- 10°
[Ta?
3amaua 4. Kakoe momxkHo ObITE oTHOIIeHHE %H,0/%H; B rasosoii cmecu Ho-H,O, 4T008BI
npu Temmeparype 1300 °C paBHOBECHOE IaBIICHHE KHCIOPO/A COCTABISIIO Poy=2-107 ITa?
3amava 5. OnpenenuTs TeMrepaTypy, IpH KOTOPOil paBHOBECHOE MapIHalbHOE ABJICHHE

kucnopoa B razoBoit cMecu CO-CO; npu otHomenuun PCO, /PCO=0,2 cocraBur Po; = 4-10-5
I1a.

3amaua 6. 3agaua 1. OxapakTepu30BaTh X0/ KPUCTAIUIA3AIMHU PACIIIIaBOB, coepkanux 10
% CaO.
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3agaua 7. Jlns cMecell, COOTBETCTBYIOIIMX ToukaM | — 8, m300pa’keHHBIX Ha pHC.,
onpenenuTs: 1) kakue ¢aspl U B KAKOM KOJIMYECTBEHHOM COOTHOIIEHUHU OyIyT HaXOAUTHCS B
paBHOBECHM TpU HarpeBaHuM cMmeceil 10 temmepatypbsl 1200 °C.; 2) npu Kakoil Temmeparype
HAYHETCs ¥ 3aKOHYMTCS IUIaBICHUE CMECEH.




IIpunoxenne 2

7 OueHoYHbIE CPeACTBA IJIsl IPOBEeHUs POMEKYTOYHOM aTTeCTAMHU

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 3a1a4n Mpo(ecCHOHANBHON AEITEeIbHOCTH, IPUMEHSISI METO/IbI MOJICIMPOBAHUS, MATEMAaTHIYECKOTO aHAJIN3a, €CTECTBEHHOHAYUHBIE U
O0IIEMH)KEHEPHbIE 3HAHMSI

OIIK-1.1

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

Cnucoxk BONPOCOB ISl MPOBeEHUsI IK3aMeHa Mo AucHuIImHe «OCHOBBI (PU3UKO-XUMUU
MUPOMETAILTYPTUUECKUX ITPOIIECCOB

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 JMCCOLMAaIINs KapOOHATOB; TeMIepaTypsl
Hadasa.

7. TepMoaMHAMUKA TOPEHUS TBEPIOTO TOIJIMBA

8. Kak Bnuser cremeHb QuCnepcHOCTH KapOoHaTa M M3BECTH HAa YIPYTrOCTh JAMCCOLMAIMU
CaC03.

10.Kakue MeTamutypruieckue mpoiecchl SBIsSIOTCS TOMOXUMHUYECKUMU PEAKIIUSIMU?

11.Kakue XMMHYECKHE pEaKIMU MPOTEKAIT IO AaBTOKATAIUTHYECKOMY MexaHuzmy? Yto
SIBJISIETCS] KaTaTu3aTOPOM TaKUX MPOIECCOB?

12.Yt0 Takoe KpUCTAIIIMYECKas pelIeTKa, U KAKHE XapaKTePUCTUKU KPUCTATNIMUECKOU PEIIeTKH
Bri1 3HaeTe?

13.Pacnipenenenue KOMIIOHEHTOB MEXYy METAJIJIOM | IIJTaKOM; KOHCTAaHTa U KO3 DU UEeHT
pacrpeaeneHus

1400bsicHITE U3MEHEHHE CKOPOCTH TOMOXUMHUYECKUX MPOIIECCOB HA MPUMEPE BBIMOTHEHHOMN
paboTHI.

15.KakoB MexaHH3M JHCcCOLMAluN KapOoHaTa Kalblus?

16.Pacckaxute O METONUKE OMPEAEICHUSI CKOPOCTH JHCCOLMAIMM KapOOHaTa KaJbIlus,
MIPUMEHEHHON B JAHHOM OIIBITE.




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

17.B ueM 3akirouaroTCs pa3inurs TOMOTEHHBIX U T€TEPOreHHBIX PeaKuii?

18.B yem CcyImHOCTh rPaBUMETPUYECKOTO METO/1a UCCIIEOBAHMS OKUCICHUSI METAJIOB?
19.KakoBa CTpyKTypa *KeJIe3HOW OKAJIMHBI U OT KaKuX (PaKTOPOB OHA 3aBUCUT?

20.Yr1o Takoe BIOCTUT M KaKOBa €r0 POJib B OKUCICHUH KEJIE3HBIX CIIJIaBOB?
21.ChopmynupyiiTe IPUHIIMIT )KAPOCTOUKOCTH KEJIE3HBIX CILIABOB.

22 JlaiiTe onpezeneHusi KOHCTAHTbI CKOPOCTHU peakiuu U kodpdunuenta quddysuu.

23.B yem 3akimiouaercs peakuuoHHas Iud@dy3us U Kak OHA MPOSBISETCS MPU OKHCICHUU
xenesa?

24.KakoBbl OCHOBHbIE KOMIIOHEHTHI METAJUTYPTUYECKUX HUIAKOB?

25.Kak onpenesnsoT yAeIbHYIO JIEKTPUUECKYIO IPOBOAMMOCTD PACIIJIaBOB?

26.YT1o Takoe YHEeprusi aKTUBAIMH JIEKTPONEPEHOCca, U KaK OHA MOXET OBbITh onpe/eneHa’?

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
temmneparype 1200 °C paBHOBecHOE AaBlieHHE KUCIOPOAa B Hel cocTaBisio Pox= 1,5 10° IMa?
3amaua 4. Kakoe nomxuo ObiTh oTHOMmEHUE %H>0/%H; B razoBoit cmecu Hy-HoO, uTo6s1 ipu
temmneparype 1300 °C paBHOBeCHOE AaBlI€HHE KUCIOPOAA COCTaBIISAIO Poyr=2- 10” IMa?
3amaua 5. OmnpenenuTs TeMIepaTypy, MPU KOTOPOM PaBHOBECHOE MapIMaIbHOE IaBICHUE
kucnopoa B razoBoit cmecu CO-CO; npu otHomenuu PCO, /PCO=0,2 coctaBut Po,; = 4:10-5
ITa.
3amaua 6. OmnpenenuTh TemmepaTypy, MPU KOTOPOHl paBHOBECHOE NapliUajbHOE aBJICHHE
kucioposa B razoBoit cmecu Hp-HoO nipu otHOmIeHnu P yppo/ P 112=0,25 coctaBut Poy = 5-10-5
[Ta. 3amaga 7. OnpeaenuTs paBHOBECHBIN coCTaB ra3oBoii cmecu Hj - O - H,O npu remmnieparype
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. OmnpenenuTh, NMpU KaKOH TeMIepaTrype CpOACTBO KHUCIOpOAA K BOAOPOLY H
MOHOOKCHJIY yTIepo/ia OJTMHAKOBO.
3anaya 10. OnpenennuTs BO3MOKHOE HAaIPaBJIEHUE PEAaKIMKM BOJSHOIO ra3a IpU TEMIEpaType




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

900 °C, ecnu ucxoaHas ra3oBasi cmech conepxkut 23% CO, 27% H,0, 20% 14 CO; u 30% H.
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
BOJSTHOTO Ta3a paBHOBECHAs ra3oBasi cMech coaepxkut 26,2% CO, 30,2% H,0, 16,8% CO, u

26,2% H,. TemneparypHas 3aBHCHUMOCTh 3Hepruu [n66ca mius peaknuu 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 peaknuu: Cpy + CO2y = 2CO() ypaBHEHHE 3aBUCMMOCTH 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 MCXOJIHOM 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/ICITUTh PABHOBECHBIN COCTaB ra3a B 3aBHCHMOCTH OT TEMIIEPAaTyphl U JaBJicHHs (TaOI.).
[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  (DM3HKO-XUMHUH
MUPOMETALTYPTHUECKUAX  MPOLIECCOB» BKIIOYACT TEOPETHUECKHUE BOIMPOCH], MO3BOJISIFOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYYAIONIMMUCS 3HAHUWH, U MPAKTHYCCKHUE 3aJIaHUS, BBISBIISFOIINE
CTeTneHb cPOPMHUPOBAHHOCTH YMEHUH U BIIAJICHUI, IPOBOIUTCS B (pOpME dK3aMeHa.

DK3aMeH M0 JTaHHOW JHMCIUILUIMHE TMPOBOAMTCS B YCTHOW (popMe 1Mo 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
y4eOHOTO MaTepualia, CBOOOJHO BBINONHSICT TMPAKTHUYECKUE 3aJaHMsi, CBOOOIHO OIEpUPYET
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 ONIMOKU, HETOYHOCTH, 3aTPYTHCHHUS TIPU aHATMUTUYECKUX OTIEPAIIUsX, IEpEeHOCEe
3HAHWI U YMEHU Ha HOBBIC, HECTAH/IAPTHBIC CHUTYAIUH.

— Ha OLEHKY «YyIOBJIETBOPUTENbHO» (3 Oamna) — oOyyarouuiicss JeMOHCTPHUPYET
MIOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIICTEHIIHI: B XO0JI¢ KOHTPOJIBHBIX MEPOTPHUSTHI
JIOMYCKAKOTCS OMIMOKH, TPOSIBIISECTCSI OTCYTCTBHE OTACIbHBIX 3HAHWHM, yYMEHUWH, HABBIKOB,
OOYJaIOIIUICS HWCIBITHIBACT 3HAYUTEIBHBIC 3aTPYJAHCHUS TNPU OICPHPOBAHWM 3HAHUSMHU U
YMEHUSIMH TP UX TIEPEHOCE HA HOBBIC CUTYAIIUH.

— Ha OIEHKY «HEeYJAOBJIETBOPUTEIbHO» (2 Oamia) — oOydarouiuics JEeMOHCTPUPYET
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, OOYYAIONIMICS HE MOXKET BOCHPOU3BECTH M OOBSICHHUTH COJIEpP)KaHUE, HE MOXKET
MOKAa3aTh UHTEIUIEKTyalbHbIe HABBIKU PEIICHUS TOCTABICHHON 3a/1a4H.



