MHWHUCTEPCTBO HAVKH M BBICILEI'O OBPA30BAHUSA
POCCHICKONM ®EJIEPALIMHU

DejepaibHOC rocyaaperseroe HiopreTHoe 00pasoBaTensEHOe YupeKaeHne
BRICIICTO OGP&:!OB&!!HS!
«Marunroropekil rocyaapersenustii rexundeckuit ynusepcenrer um. [ M. Hoconan

YTBEPXJIAIO
Hupexrop UMMuM
- A:C. CapHHOB

09.02.2023 r.

PABOYAS MPOI'PAMMA JIMCHHILIMHBI (MOJIYJIA)

DPH3IHYECKAA XHMHA THPOMETA/IZIYPTHYECKHX ITPOIIECCOB

Hanpasnesue noAroToBkH (CHeuHaIbHOCTh)
22,03.02 Metamnyprus

Hanpasnennocts (mpoduns/cnennan3aiis) mporpaMmel
MeTtannyprius 4epHuIX METAUIOB

Yposenb suicuiero obpasosanns - Gakanaspuar

®opma oGyueHHA
3a049HAA

Hucruryt/ dakyabrer  MHCTHTYT MET/LTYPrin, MAUIHHOCTPOSHHA H MaTepranootpaboTky

Kadenpa Merannyprian # XHMHYECKHX TEXHOJIOT Ui
Kype 3

Maruuroropek
2023 ron




PaGouas nporpamma coctasniena Ha ocaose @I'OC BO - GakanaBpuar no Hanpap’IeHHIo
noarorosku 22.03.02 Merannyprus (npuka3s MunoGprayku Pocern ot 02.06.2020 r. Ne 702)

PaGouas nporpamMMa paccMoTpena i 0100peHa Ha 3aceauny Kadeaph, MeTamTyprin u
xumuyeckny rexsonoruii 08.02.2023, nporokon Ne 5 )

3as. kadeapoit L A C. XapyeHKo

PaGoyas nporpamma onoGpena metojmdeckoii kommecneii UMMuM 09.02.2023 r.
nporokon Ne § .

[Ipencenarens " A.C.CasuHon

PaGoyas nporpaMma cocTasieHa: / g
cr. npenonasaress Kadeapsl MaXT, £ Z 7 C.B.1Ommna

Penen3enr: f :
nouent kabenpst TCHCA, KaH1, TeXH. HayK 54;% = W.B.Ionypxo




JIner akryaauszanuu padoueil mporpaMmbl

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

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMmma repecMoTpena, 00CcykaeHa u o100peHa s peanuzamnuu B 2025 - 2026
yuyeOHOM rofy Ha 3acejaHuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzanuu B 2026 - 2027
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTauTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 . Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogqodpena st peamsanuu B 2027 - 2028
y4eOHOM ro1y Ha 3aceqaHuu Kapeapbl MeTauTypruu ¥ XUMHYECKHX TEXHOIOT Ui

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

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM roy Ha 3aceqaHuu kapeapbl MeTauTyprud ¥ XMMHUYECKHX TEXHOIOT Ui

IIporokomor 20 1. Ne

3aB. kadenpoit A.C. YapquKO




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Hensitmu  ocBoeHuss auCHUIUIMHBL «Du3nueckas XHUMHUS HHPOMETAIUTYPrUYECKUX
MIPOLIECCOBY SIBISIOTCS:

- U3Y4YEHHE COBPEMEHHBIX METOJIOB UCCIIEIOBAHUS CTPYKTYPhl U (PU3UKO - XUMUYECKUX
CBOMCTB METAJUNIMYECKUX U OKCUJIHBIX PACILIaBOB;

- U3y4€HHe MpoIieccoB (Pa3oBbIX MPEBPALICHUI B METAJUIMYECKUX CUCTEMAX;

- IpUOOpETEHNE HABBIKOB NMPHUMEHEHHUS TEOPETUYCCKUX Pa3padOTOK K MPAKTHUYCCKHM
3aJjauaM HCCIe0BATEIbCKOM eI TeIbHOCTH;

- garb OOydYalImUMCS OCHOBBI 3HAaHMW B OOJACTH  BBICOKOTEMITEPATYPHBIX
METAJTyPrUYeCKUX MPOLIECCOB;

- obecreynTh TMOATOTOBKY K YCBOCHHIO MNPOPWIMPYIOMUX  TUCIHUILUIMH |
CaMOCTOSITENIbHOM HHKEHEPHOU AESITETbHOCTH.

2 MecTo THCHHIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30oBaTe/IbHOI NporpaMmal

JucuunnmnHa @Pusndeckass XUMHUS NUPOMETAUTYPrUYeCKUX MPOLIECCOB BXOAHUT B
00s3aTenpyo0 YacTh y4eOHOro 1aHa 00pa3oBaTeIbHON IPOTrPAMMBI.

Jnst  w3ydeHus  IUCHMIUIMHBI ~ HEOOXOoAuMbl  3HaHUS  (YMEHHUs,  BJIaJICHUSA),
c(hOpMHUPOBAHHBIE B PE3YJIbTATE U3yUEHUS TUCIUILINH/ PAKTUK:

Nudopmarrka u nahopMalnoHHbIE TEXHOJIOTUI

dusnyeckas XuMus

OCHOBBI METaJULYprUU€CKOr0 MPOU3BOCTBA

MaremaTuka

®usuka

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUHN AAHHON AMCLUHUIUIMHBI OyayT
HEOOXOIUMBI JIJISl U3YYCHHSI JUCIIUILTIH/TIPAKTHK:

JIuTeiiHOE TPOU3BOACTBO

KosmreBast 06paboTka cranu

Merto/1bl HCClieIOBaHUS MATEPUAIIOB U IIPOLIECCOB

HoBble TexHONOrNnYECKUE pEeICHUS] B METAJUIYPIMU YEPHBIX METAJJIOB

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS) U IJIAHUPYEMble Pe3yJIbTAThl 00yUeHu st

B  pesynbrare  ocBoeHuss — aucuMIiiMHbl  (Monyns) — «®Dusmueckas — XUMHUS
NUPOMETAITYPTHYECKUX  TpoIleccoBy» oOyyaromuidcss JODKeH oOsafaTh  ClelylolUMU
KOMIETEHIMSIMHU:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN N

OIIK-1 CrnocobeH pemaTh 3agayd NPOPEecCHOHATBHON AEATENbHOCTH, MPUMEHSSI METOJIbI
MOJIEJUPOBAHUS, MATEMaTHUECKOI O aHaJIN3a, €CTECTBEHHOHAYUYHbIE M OOLIEMH)KEHEPHBIE 3HAHUS

OIIK-1.1 Hcnons3yeT €CTECTBEHHOHAYYHBIE 3aKOHBI W IPUHLUIIBI [IPU PELLICHUU
MIPAKTHUYECKUX 33]1a4

OIlK-1.2 Pemaer crangaptHeie mnpodeccuoHaNbHBIE 3aladd ¢ PUMEHEHHEM
00IIeMH)XEHEPHBIX 3HAHUHI

OIIK-1.3 [IpuMeHsieT MeTOABl MOJEIUPOBAHUS M MAaTE€MaTHYECKOro aHaau3a I
PELIECHMS 33144 TEOPETUYECKOT0 U IPUKIIAAHOIO XapaKTepa




4. CTpyKTypa, 00bEéM H coep:KaHue AUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTAaBIsieT 3 3a4eTHBIX enuuuil 108 akaa. gacoB, B TOM

YUCJIC:

— KoHTakTHas padora — 10,6 akaz. yacos:
— ayIuTOpHas — 8 aKkaJl. 4acoB;

— BHEAyIUTOpHas — 2,6 akaJl. 4acoB;

— caMocTosTeNbHas pabota — 88,7 aka. 4yacos;
— B (hopMe MpakTUIECKOi moaroToBku — 0 akaj. Jyac;,
— IMOATOTOBKA K 3K3aMeHy — 8,7 akaj. yac

dDopMa aTTCCTalluH - OK3aMCH

AynuTopHas s e
KOHTaKTHas pabora E 5 dopma TeKyero
s g Bu KOHTPOJIS
Pazyien/ tema g| (Baxax vacax) £ 2] A . p Kon
= 3 ©| caMOCTOATEIBHOM YCIEBAEMOCTH U
JUCIIUILIAHB & [ " KOMIIETEHLINN
o B padoThI MIPOMEKYTOYHOM
na6. |npaxr. | € 8
Tlex. . 128 aTTecTaluu
3aH. | 3aH. |Q &
1. Pazgen 1 . TepmoauHamuka
MPOIIECCOB FOPEHUS TOTLTHBA
1.1 Kucnopoansrit IToaroroBka x OIIK-1.1,
MOTEHIUAT Ta30BoM  (asbl. 1 15 | naGoparopHomy [CoGecenoBanue mo teme| OIIK-1.2,
Peakius BoasHOrO rasa 3aHATHIO OIIK-1.3
1.2 Kunernka u MexaHmM| 3 IIpoBepka u 3ariura
eaKIun TOpPEHMS Ionroroska K I/II:-I/Z[I/IEI:I/IZ[ anL:(I)ro OIK-1.1,
l”}e MOJHHAMUKA el:n( 1/1171 0.5 5 | naboparopHomy ACYeTHO-T }z/i(bnqecxoro OIIK-1.2,
P peaxt 3aHSATHIO P P OIIK-1.3
TOpEHUs yriepoaa 3amanus Nel
HWroro no pazneny 051 1 20
2. Paznen 2. TIpouecchr
o0pa3oBaHHMsT W  JUCCOLMALIUU
XUMHAYECKUX COCIMHEHHI
CaMocTosTeNbHOS
H3ydeHne
}iq Brimonaenne n
yueOHO U Hay4yHO OIlK-1.1,
2.1 Juccormarnus 00CyXICHUE JaHHBIX
KapOOHATOB U OKUCIIOB 1 > MTCEPATYPEL n1abopaTopHO PaboTHI OIK-1.2,
IToaroroska No 1 OIIK-1.3
naboparopHoi -
pabote Ne 1
3
CamocrosTensHoe
M3YHCHHIC Beinonnenue n
2.2 KuHeTHka, MeEXaHH3M y4eOHOM U HayYHO OIlK-1.1,
00CyXICHUE JaHHbBIX
nporecca JIMCCOLIMAIIUN 1 5 JIUTEePaTyphl. M OI1K-1.2,
nabopaTopHO PaboTHI
KapOOHATOB IToaroroska No2 OIIK-1.3
naboparopHoi -
pabote Ne 2
Wroro no pazneny 2 10
3. Pasmen 3. OCHOBBI TEOpUH
BOCCTaHOBJICHHUST OKCH/IOB
BrinonHenue n
3.1 TepmonnHammka IlogroroBka k OIIK-1.1,
00CYXICHHUE JaHHBIX
BOCCTAHOBJICHHSI ~ METaJUIOB 1 5 | maboparopHOMY M OIIK-1.2,
nabopaTtopHOii paboThI
razamu 3aHATHIO No3 OIIK-1.3
3
3.2 Boccranosinenue aMOCTOSITENBHOE
OKCHJIOB MeTajia © HU3ydeHUe OIIK-1.1,
At 5 }f, CobGecenosanne mo teme| OIIK-1.2,
BOJIOPOJIOM M OKCHJIOM y4eOHOM U HAyYHO OIK-1.3
yriaepoaa JUTEepaTyphl '




CaMocCTOSTENbHOE

3.3 - OIIK-1.1,
Kap6o-meramiorepmuueckoe 0,5 5 v CobecenoBanue mo teme| OIIK-1.2,
y4eOHOH U HayuHO
BOCCTAHOBJICHHE OKCHOB OIIK-1.3
JIUTEPaTyphI
HUroro no pazaeny 0,5 15
4. Pazgen 4. Meramryprudeckue
pacaBbl
BeinonHeHne 3ammra OIK-1.1,
4.1 AKTHUBHOCTb 16.4 pacueTHo- WHIUBUIYaJIHOTO OIK-1.2
KOMIIOHEHTOB B PacTBOpax ' rpaduueckoil  |pacueTHO-rpaduUecKOro OHK-lI 3’
paboTer Ne2 3aganus No2 '
3
4.2 Merautypriudeckue Honrotosia k BeinosHeHHe 1
nutak.  Teopun  (MOJEIH) nabopatopHoMy 00CYXICHUE JaHHBIX OIK-1.1,
MeTaJ'IJ'; THYECKUX SaHATHIO. J1a00paTOpPHOI PabOTHI OIIK-1.2,
P JlaGoparopHast patop p OIlK-1.3
pacriaBoB Ne4
pabora Ne4
HUroro no pazaeny 16,4
5. Paznen 5.
DU3NKO-XUMUIECKHUH aHaJm3
IIJJAKOB
5.1 JIBoiiHble JAMArpaMMbI ziigai(iﬁ(: VYcTHBI onpoc OIlK-1.1,
COCTOSTHUS MITAKOBBIX 0,5 7 p (cobecenoBanue); OIIK-1.2,
BBITIOJTHEHUS
CHCTEM. pelieHue 3aaa4 OIIK-1.3
penieHus 3a1a4d
5.2 lmarpaMMbl COCTOSIHHS CaMngOz:iBHOG YeraEri onpoc OIK-1.1,
' P 0,5 10 YHCHIS (cobecenoBanue); OI1K-1.2,
TPEXKOMITOHEHTHBIX CHCTEM. y4eOHO
pelieHue 3aaa4 OIIK-1.3
3 JIATEPaTyphI
CamocrosTenpHOe
u3yveHue
5.3 [luarpamMma COCTOSIHUS nn};:)g?s;m YerHbiit onpoc OIK-1.1,
cucremsr CaO-Al203-Si02 103 PaspaboTka (cobecenopanue); OIIK-1.2,
pelieHue 3a1au OIIK-1.3
aNropuT™Ma
BBITTOJTHEHHS
pelieHus 3a1a4.
HWroro no pazaeny 1 27,3
Hroro 3a cemectp 2 88,7 SK3aMeH
HWroro no aucuuninnxe 2 88,7 9K3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

OO6pazoBaTenbHble TEXHOJIOTUN — 3TO LIEJIOCTHAs MOJENb 00pa30BaTENbHOIO Mpolecca,
CUCTEMHO ONPEICNSIONIass CTPYKTYPy M COJEpKaHUEe IEATCIIbHOCTH OOEUX CTOPOH 3TOTrO
npouecca (mpernojaaBareiss U CTYACGHTa), HMEIOLAs LEIbI0 JIOCTHXKEHUE IUIAaHUPYEMbIX
pe3ylbTaTOB € MONPaBKOW Ha WHAWBUAYyAJIbHBIE OCOOCHHOCTH €r0  Y4aCTHUKOB.
TexHonOrnyHOCTh y4eOHOTO IMpoliecca COCTOMT B TOM, YTOOBI clenarh Y4eOHbIM mporecc
MOJIHOCTBIO YIIPABIIIEMbBIM.

OcCHOBHBIMU MpPU3HAKAMH 00pa30BaTEIbHON TEXHOJIOTHUU B €€ COBPEMEHHOM IOHUMAaHUU
SIBJISIFOTCSA:

— JIIeTalIbHOE OMHCaHne 00pa30BaTENIbHbIX IIEJICH;

— TMOdTamHOe omnucaHue (NMPOEKTUPOBAHME) CIIOCOOOB  JTOCTHIKEHHS  3a/JaHHBIX
pe3ynbTaTOB-1LIEIIEH;

— WCMOJB30BaHHE OOpATHOW CBS3M C IENBI0 KOPPEKTHUPOBKH O00pa30BATEILHOTO
npolecca;

— rapaHTUPOBAHHOCTD JOCTUTAEMBIX PE3YJIbTATOB;

— BOCIIPOU3BOJIMMOCTh 00pa30BaTENbHOTO MpOIlecca BHE 3aBUCUMOCTH OT MacTepCTBa
MIPENo/1aBaTelis;

— ONITUMAJILHOCTh 3aTPAYMBAEMBIX PECYPCOB U YCUIIHIA.

Peanu3zaiust KOMIETEHTHOCTHOTO MOAXO0/a MPEAYCMAaTPUBAET UCIIOJIH30BAHUE B YUEOHOM
MpolLecce AaKTHUBHBIX M HHTEPAKTUBHBIX (OpM TPOBEACHHSI 3aHSATHA B COYETAHUU C
BHEAYIMTOPHON paboTOi ¢ MENbI0 POPMHUPOBAHUS U Pa3BUTUS MPO(HECCHOHATBLHBIX HABBIKOB
oOyJaromuxcs.

enu, mocTaBieHHBIE MPU H3YUYCHUHM Kypca, TOCTHUTAIOTCSA 3a CYET KOMIUIEKCHOTO
noaxofa K OOYYEHHIO CTYJEHTOB, OCHOBAaHHOTO HAa COYETAHUU TEOPETHYECKOro Kypca,
7a00paTOPHBIX 3aHATUW W CaMOCTOSATEIBHON TO3HABATEIBHON JESITEIbHOCTH CTYJEHTOB.
N3yueHue TEOPETHUECKOrO Kypca MPOBOJUTCA B  CIELHAIU3UPOBAHHBIX JIEKIMOHHBIX
AyIUTOPHUSX C UCIIOIB30BAHUEM BHUACOTEXHUKH, MTO3BOJISIONICH TPAHCIUPOBATH YEPE3 MOHUTOP
PHCYHKHU, CXEMBI, MOJIEJIH, KOTOPhIE B 3HAUUTEIHLHOM CTEIeHH 00JIEryaroT MOHMMaHue Kypca.

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

JIeKIIMOHHBIN MaTepHal 3aKperIsseTcsl B X0/e MPAKTUYECKUX 3aHATUH U JTabopaTOPHBIX
paboT, Ha KOTOPHIX BBIMOJIHSAIOTCS TPYIIOBBIE WM WHAUBUAYATbHBIC 3aaHUs 110 MPONICHHON
TemMe. Ha mpakTuueckux U Ja0OpAaTOPHBIX 3aHATUAX CTYACHTHI MTPHUOOPETAIOT HaBBIKU
WCCJIEIOBATENICKOM  JIEATETPHOCTH U yMEHHUS OOBSCHATH PE3YJIbTaThl IKCIIEPUMEHTA,
OCHOBBIBASICh Ha 3HAHUSAX TEOPETUYECKOW uacTH Kypca. [Ipum mpoBeneHUM J1abopaTOPHBIX
3aHSTUN UCIIONB3YETCS METOJ KOHTEKCTHOTO O0yUeHHUsI, KOTOPBIM MO3BOJISIET YCBOUTH MaTepuall
MyTEM BBIBICHUS CBSI3€ld MEXAY KOHKPETHBIM 3HAaHHEM M €ro MNpPUMEHEHHEM, a TaKkKe
TEXHOJIOTHSI MOJYJBHOTO OOY4YEeHHS M KOJUIEKTHBHOTO B3amMoOOydeHus (mapHas pabota Tpex
BUJIOB: CTaTHYeCKas Mapa, TMHAMUYecKasl apa, BapuallioHHas napa).

NunuBuayanpHasi caMOCTOATENbHAsT — TO3HABATENbHAs  JICSITEIIBHOCTh  CTYJIEHTOB
3aKJII0YaeTCs B MOAOOpEe JHMTepaTypbl MO paslienaMm Kypca H ee wu3ydeHuu. llpu 3ToMm
MIPEAYCMOTPEHBl WHIWBHUAYAIbHBIE W TPYIIOBBIE KOHCYJIBTAIIMUM IO HM3y4aeMbIM pa3jieiam
Kypca. B pesynbrare u3ydeHUs NaHHOW JUCIMILTUHBI CTYICHTHI JTOJDKHBI PUOpPECTH 3HAHUS,
YMEHUS M ONPENETECHHBIN OMBIT, HEOOXOAUMBIE I OyAyIIeH MPaKTHUYECKOW IeSTEITHHOCTH.
CamocTosTenpHas padoTa CTYIEHTOB CTUMYIUPYET CTYJASCHTOB K CAMOCTOSITEIbHON TpopaboTKe
TEeM B TIPOLIECCE BBIMOTHEHUS HWHIWBHAYAIBHBIX 3aJlaHW, B TIPOIECCE IMOATOTOBKH K
KOHTPOJIbHBIM paboTaM © HTOroBoil arrecranuu. (CaMocTosiTenbHas paboTa CTYAEHTOB
HalpaBjieHa Ha 3aKpeIICHHE TEOPETHYECKOTO MaTepHalia, M3JI0KEHHOTO IMpEnoaaBaTesieM, Ha
popaboTKy TeM, OTBEJACHHBIX Ha CAMOCTOSITENIbHOE U3yUYCHHE, Ha MOATOTOBKY K BBHITIOTHEHUIO U
3amuTe JJA0OPATOPHBIX padOT, OJITOTOBKY K KOHTPOJIBHON pab0Te M UTOTOBOM aTTECTAIIHH.



6 YueOHO-MeTOAuYecKOe 00ecreueHHe caMOCTOSITeIbHOI padoThI 00y4yaommxcst
[Ipencrasneno B npuioxxenuu 1.

7 OueHoYHbIE CPeICTBA IJIfl IPOBEIeHUs MPOMEKYTOUYHOM aTTecTauuu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAHYecKOe M MHPOPMAIMOHHOE 00ecnedyeHue JUCIUIIMHBI (MOTYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Tompamreitn H. JI. Kpatkuii kypc ¢pu3ndeckoil XUMUU METALTyPTUYECKUX IPOIIECCOB
[Tekcr]: yuebnoe mocodue / H. JI. IN'onpairreiin; MI'TY. - 2-¢ u3a. - Marautoropck, 2012. - 338
C.: WL, AMarp., rpad., cxemsl, Ta0JI.

2. OCHOBBI METAJLTyPru4ecKoro mpou3BoacTsa : yueonuk / B. A. burees, K. H. BnosuH,
B. M. Konokonbiies [u mp.] ; mox obmeit penakuuerd B. M. Konokonbresa. — 2-e u3f., crep. —
Cankr-IlerepOypr : Jlanb, 2020. — 616 c. — ISBN 978-5-8114-4960-6. — TekcT : 37€KTpOHHBIN
Il Jlanb : anekTponHo-6ubmoTeuHas cucrema. — URL: https://e.lanbook.com/book/129223 —
Pexum noctymna: asis aBTOpH3. MOJIb30BATENCH.

0) JlomostHMTEIbHAS JIATEPATYpA:

1. Muxaiinos, I'.I'. TepMoanHaMHKa METAUTYPIHYCCKUX MUIAKOB | yueOHOE mocooue /
I''I". Muxaiino, B.M. Antomenko. — MockBa . MHUCHUC, 2013. — 173 c. — ISBN
978-5-87623-729-3. — TekcT : anekrpoHHblii // JlaHb : 3JIeKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/47475

2. Muxaiinos, ['.I'. TepmoaumHamM#Ka METaUTyprHYECKHX TIIPOIECCOB M CHCTEM .
moHorpa-¢us / I'.I'. Muxaiinos, b.1. Jleonosuu, F0.C. Ky3uemnos. — Mocksa : MUCHUC, 2009.
— 520 c¢. — ISBN 978-5-87623-224-3. — Tekct : oanektponHwii // Jlanp
ANIEKTPOHHO-OMOIHoTeYHas cu-ctema. — URL: https://e.lanbook.com/book/117016

3. Jlysrun, B.I1. Teopust ¥ TeXHONOTHUS METAJUTYpruM cTanu . ydebHnoe mocooue / B.I1.
Jysrun, A.E. Cemun, O.A. KomomnoBa. — Mocksa : MUCHUC, 2010. — 72 c¢. — ISBN
978-5-87623-346-2. — Tekcr : 3neKTpoHHBIH // JIaHb : 2IeKTPOHHO-OMOIMOTEUHAas: CUCTeMa. —
URL: https://e.lanbook.com/book/2062

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

5. TepmomuHamuKa, KHHETHKA W pacyeTbl Meraurypruueckux mporecco / C.H.
[Manepun, JI.W. Peokonkos, I'.B. Cepos [u np.]. — Mocksa : MUCHUC, 2010. — 235 ¢. — ISBN
978-5-87623-312-7. — Tekcr : aneKTpoHHBbIH // JIaHb : 2IeKTPOHHO-OMOIMOTEUHAsT CUCTeMa. —
URL: https://e.lanbook.com/book/117022

B) MeTonuyeckue ykazaHus:

1. CmupunoB A. H. TepMmoanHamuka HpOLECCOB TOPEHHUs TOIUIMBA [DIIEKTPOHHBII
pecypc]: MeTo-guYecKkue yKazaHusd i1 CTYAEHTOB 10 JIUCUUIUIMHE "®u3nueckas XUMHS
metautyprudeckux npouecco" / A. H. Cmupros, M. A. lllectoouros, C. B. IOquna; MI'TY. -
Marnauroropck : MI'TY, 2013. - 1 snekrpon. ont. auck (CD-ROM). - Pexum pocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/112430
2/68.pdf&view=true . - MakpooOBEKT.

2. MatepuanpHble W TEIUIOBBIE pPACUEThl XHUMHKO-TEXHOJOTHMYECKHX IPOIECCOB
[DnexkTponHsIii pecype]: yaeoHoe mocooue / C. A. Kpsutoa, 3. . Koctuna, . B. TTonypko, A.
B. T'opoxos; MI'TVY, [kad. XTHMu®dX]. - Maraurtoropck, 2011. - 50 c.: Tadu.



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

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

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

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecnneuenmne

HaunmenoBanue N

0o Ne noroBopa Cpok neiicTBHS TULIEH3UH
7Zip CBOOOJIHO PaCIPOCTPAHIEMOE 0eccpoyHO
FAR Manager |cBoOOJHO pacnpocTpaHsIeMoe OECCPOYHO
Bpayzep CBOOOJHO PacIpOCTPaHIEMOe 0OeccpouHO

IIpodeccuonanbablie 6a3bl JAHHBIX 1 HH(POPMAIMOHHbIE CIPABOYHbIE CHCTEMbI
Hazsanue xkypca CchliIKa

Hanmonansnas
undopMmanronHo-anaauthuueckas cucrema —|URL: https://elibrary.ru/project risc.asp
Poccuiickuii  MHJEKC HAay4YHOTO IMTHPOBAHUS
Undpopmannonnas cuctema - EauHoe okHO
J0cTyna K HHGOPMAIIMOHHBIM pecypcaM

Poccuiickass T'ocynapctBeHHas OuOinoTeka.

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

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

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

9 MaTtepHaJIbHO-TEXHHYECKOE o0ecneyeHne TUCIUTILIHHBI (MOLYJIs1)

MaTepI/IaJ'IBHO'TCXHI/ILICCKOe obecrneucHue JUCITUITIIIMHBI BKIIFOUYACT:


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

MarepuanbHO-TEXHHUECKOE 00ecrieueHUe JUCUUTUINHBI BKITIOYACT:

1. Yuebnas ayauropus Ui IpOBENCHUS 3aHATUIN JIEKIIMOHHOIO TUIIA OCHAIIIEHA!

- TEXHUYECKHMMH CPEICTBAMU OOYUEHUS, CIYXAIIUMH Uil TpEACTaBICHUS y4eOHON
uHpopMauuu OOJIBLUION ayAMTOPUHU: MYJIbTUMEIUNHHBIMU CpEACTBA XPAaHEHUs, IepeJadyd u
npeCcTaBiIeHUs y9eOHOH nH(pOopMaInu;

- CIIELUAIN3UPOBAHHON MEOEIbIO.

2.YueOHast ayauTopus MJIs TPOBEACHHS JTa0OpaTOPHBIX 3aHATUH «XUMHUYECKHUE
1abopaTopUn» OCHaILleHa J1a00paTOPHBIM 000PYAOBaHUEM:

- XMMHYECKUE PEAKTUBBI,

-XuMuyeckas nocyzaa

-JIabopaTtopHbie yCTaHOBKHU

-IInakaTsl o TemMam paboueil mporpamMmbl

- CTIeMAIN3UPOBAHHON MEOETIBIO.

3. YuebHas ayquTopus Ui IPYIIOBBIX U MHAWBUAYAJIBHBIX KOHCYJIbTALIUH, TEKYIIETO
KOHTPOJISI ¥ TPOMEKYTOUHOM aTTECTallMy OCHAIICHA!

- KOMIIBIOTEpHOI TexHUKOi1 ¢ makerom MS Office, ¢ moaximouennem k cetu «HTEpHET»
U C JOCTYIIOM B DJIEKTPOHHYIO HH()OPMAITMOHHO-00pa30BaTEeNbHYIO CPETY YHUBEPCHUTETA,

- CIIeLMAIN3UPOBAHHON MEOEIBIO.

4. [TomenieHue st CAMOCTOSITEILHOM PabOThI OCHAIIICHO:

- KOMIIBIOTEpHOI TexHUKOi1 ¢ makerom MS Office, ¢ moaxmouennem k cetn «HTEpHET»
U C JOCTYIIOM B DJIEKTPOHHYIO HH()OPMAITMOHHO-00pa30BaTEeNbHYIO CPETY YHUBEPCHUTETA,

- CIIeLMAIN3UPOBAHHON MEOEIbIO.

S5.Ilomemenne pansi XpaHeHUS M NPO(PUIAKTHYECKOTO OOCIYyKHBaHUS y4eOHOTO
000pyI0BaHUS OCHALIECHO:

- CHIeMAIM3UPOBAHHON MEOEIIbIO: CTeITaKaMHU JJIsl XpaHEeHHs y4eOHOTro 000pyJ0BaHMUS;

-MHCTPYMEHTaMHU JJIsl PEMOHTA y4eOHOIro 000py10BaHMS;

- mkadamu U1 XpaHeHus yueOHO-METOAMYECKON TOKYMEHTAIUY U MaTEPUAIOB.



IIpunoxenne 1
6 YueOHO-MeTOAHYECKOe o0ecledeHne CaMOCTOATEIbHO padoThl 00yYar0IIMXCS
Conep:xaHue TeOpeTUYECKOr0 pa3jiesia IMCUUILINHbI
(camocTosiTEILHOE U3YyUEeHHUE)

1. Knaccudukanus Metamutyprudeckux mnpoueccoB. OCHOBHbBIE 3aKOHBI TEPMOJAMHAMUKH.
Oneprus ['m66ca n xumudecknit noreHnuan. KoHcraHTa XMMUYECKOTO PAaBHOBECHS U YPaBHEHHE
uzotepmbl peakiuu. CrangaptHoe usMmeHenue sHepruu ['nb6ca. CmeleHue paBHOBECHUS U
npaBuio ¢as.

2. T'openue oxcuma yriepona. ['openue Bomoponaa. Peakuusi BogsiHoro rasa. Peakuus
B3aumojeiictBusi yriepona ¢ COz. Peakiuu HEMOJHOTO W TMOJHOTO TOPEHUS yriepoja.
PaBHOBecHBIN cocTaB ra3a. BocruiameHeHnue ra3oBeix cMmecei. llennbie peakuuu. Kunetuka u
MEXaHU3M TOpeHUus TBepAoro yriaepoga. OCHOBbI KHUHETUKH TE€TEPOre€HHBIX IPOLIECCOB.
Xapakrepuctuka Au(Gy3HOHHBIX mporieccoB. OCOOEHHOCTH MPOIECCOB B KUHETHUECKOH U
T Py3nOHHOH 00IaCTAX.

3. Kuneruka oxucnenus wmeramuioB. Ponp auddys3um peareHTOB uepe3 OKaluHy U
KPUCTAJUIOXUMUYECKOTO TIPEBPAILICHUS HA TPaHUIE METAILT - OKCU. POpMaIbHO-KMHETHYECKOE
ypaBHEHHUeE mpoliecca u ero ananu3. Kunernueckuit u nudy3noHHBINA pexxuM peakuuu. Bnusaue
TEMIIEpaTypbl Ha CKOPOCTh OKHCIeHUS. OKHUCIUTETbHOE paUHUPOBAHUE >KUIKUX METAJUIOB.
[TocnenoBaTrenbHOCT,  OKUCHEHMsSI mpuMeceil. TepMoauHaMHUYeCKHil  aHANU3  peakiuu
JIUCCOIUAIINN KapOOHATOB. Kuneruka npoiiecca JTUCCOITUAIINH, 0COOEHHOCTH
KPUCTAIJIOXMMUYECKOTO TpeBpalleHus. ABTOKaTajau3 IMpoiecca. BiusHue wu3MenbueHus
TBEepABIX (pa3 Ha TEPMOJMHAMHYCCKHE U KHHETUICCKHIE XapaKTEPUCTUKHU TpoIiecca.

4. CTpoeHHe U CBOMCTBAa METAJUTYPTUYECKUX pacIuiaBoB. PU3MKO-XMMHUECKUN aHAIHU3
nu1akoB. [[BolHBIE quarpaMMbl COCTOSIHUSI IIUTAKOBBIX CUCTEM. /luarpaMma COCTOSIHHSI CUCTEMBbI
Ca0O—AI1203—SIiO,. PaciiaBnensbie nutaku. MoJiekyisipHas Teopus. BsS3KocTh 1UTaKoB.

Cepa B uyryHax u ctaysix. [Iporeccsr gecynbdyparuu xKelle3HbIX CIu1aBoB. ['a3sl (BOg0po1
M a30T) B OKeJNe3HbIX cmuaBax. PactBopumocts Ta3oB. Kwuciopog B kele3HBIX
crutaBaxHemeTannuueckre BKIIOUEHUS B CTAIAX U TEXHOJIOTMUYECKHE CTIOCOObI papUHUPOBAHUS
MeTajlla OT HEMETAIUIMYECKUX BKIOUEHUU. [IOBEpXHOCTHBIE SBJIEHHS B METALTYPrUYECKUX
mpolieccax. [ToBepxHOCTHOE HaTSOKCHHE [IUTAKOB u KEJIE3HBIX CIIJIaBOB.
[ToBepXHOCTHO-aKTUBHBIE BEILIECTBA.

JlabopaTopHble padoThI:

JIaGoparopHas padota Ne 1:

['paBuMeTpHrUecKoe HccIeOBaHNE KUHETHKH JUCCOLMAIINK KapOoHaTa KalbIus;

JlaboparopHass pabota No 2: ['paBuMETpUYECKOE HCCIEIOBAHUE MaKPOKMHETHKHU
OKHUCIICHUS Keye3a

®opMyJIMPOBKA MHAUBHAYAJIBHOTO 3aAaHus Nel
(PacueTrHo-rpadpuueckas padora Nel)

Hnsa peaknuu BogsHoro raza CO + H20 = CO2 + H2 onpenenuts BO3MOKHOE
HaIpaBJICHUE PEAKIIMU U PAaBHOBECHBIN cOCTaB raza npu temmneparypax: 700, 800, 900 u 1000°
C, ecnu ucxopanas razoBasi cMech coaepxxut 23% CO u 27% H20, 20% CO2 u 30% H2.

OmnpenenuTh paBHOBECHBIH cocTaB rasza B peakuuu bemna-bynyapaC  + CO2 =2CO

®opMyJIMPOBKA MHANBHAYAJIBLHOIO 3aJaHuA Ne 2
(PacuerHo-rpadguueckas padora Ne2)
3amaua 1
OnpenenuTh aKTUBHOCTH OKCHJIA Jkelie3a FeO B mommkoMIIOHeHTHOM nutake (Tad. 1).
Tab6muna 1
CocraB 1IJIaKOBOTO pacruiaBa Mac. %



Bapuaut CaO MgO MnO FeO SiO2 P20s
1 40,0 50 3,0 25,0 25,0 2,0
3agaua 2

Onpenenuth aKTUBHOCTh KOMIIOHEHTOB B CIIJIaBaX Ha OCHOBE kene3a (Tabi. 2,3).

Tabnuua 2
XUMUYECKHI COCTaB JKeNE3HbIX CIUIaBOB (Macc.%)

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

Tabaumal

T[TapaMeTpsl B3aUMOJIGHCTBHUSA &1 KOMIIOHEHTOB CIUIABOB HA OCHOBE JKelle3a

npu 1600 °C

OnemMeHT OnemeHr 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 BOIPOCHI I CO0eCeOBAHMSA 10 TEMAM:

1. B Kakux TEXHOJOTMYECKHUX MpOoIeccax IMPOUCXOAUT TEepMUYECKas IHUCCOLMALINS
CaCO3?

2. JlaiiTe onpenesieHuEe TEPMHUHY «YNPYTOCTh JUCCOIMAIIMU KapOoHarta”.

3. B yem 3akmitogaercs OTJIMYME KOHCTAHT paBHOBecus Ka u Kp?

4. B kakom cnywyae 3HaueHus Kp um ympyroctu muccommanuu CaCOsz YuCIECHHO
COBIAJAIOT?

5. C KaKkoi 1eTbI0 Mepe;] ONBITOM BaKYyMHUPYIOT pabouylo YCTaHOBKY?

6. TepmoamHaMuka oOpa3oBaHUs M JUccoLMaIUs  KapOOHATOB; TeMIepaTyphl
HayaJja.

7. TepMoarHAMHUKaA TOPEHUS TBEPIOTO TOILIINBA

8. Kak BnusieT cTeneHb AUCIEPCHOCTH KapOOHAaTa U M3BECTU HA YIPYrOCTh UCCOLMALINN
CaCOs.

10.Kakue MeTtaimyprudeckre mpouecchl ABISIOTCS TONOXUMUYECKUMH PEeaKIUsIMU?

11.Kakue XuMHYeCKHe PeaKkiuu MPOTEKAIOT M0 aBTOKATAIUTHYECKOMY MeXaHu3my? Uto
ABJISIETCS KaTaIU3aTOPOM TaKUX MPOIIECCOB?

Uro Takoe KpHUCTaNIMYecKash pEeIIeTKa, M KaKhe XapaKTePUCTHUKU KPUCTAIUTHYECKON
pemerku Bel 3Haere?

Pacnpenenenue KOMIIOHEHTOB MEXKAY METAJJIOM M UIJIAKOM;
K03dpuuneHT
pacnpeneneHus

OO0bscHUTE H3MEHEHHE CKOPOCTH TOMOXUMHUYECKUX MPOIIECCOB HA IPUMEPE BBIITOJIHEHHOM
paboTHI.

KakoB Mexanu3m nauccornanuu kapOoHaTa KambIus?

KOHCTaHTa H

IIpumepHbIe 3a1a4u:



3amaua 1. OnpenenuTs paBHOBECHOE MAPLUATBLHOE IABJICHUE KUCIOPO/Ia B Ta30BOM CMecH
CO-CO2 ipu remneparype 1300 °C u Pcoo/ Pco = 0,35.

3amaua 2. OnpenenuTh paBHOBECHOE MAPIHUATBLHOE IaBJIICHUE KUCIOPO/Ia B Ta30BOM CMecH
H>-H20 npu temnepatype 1500 °C u Puoo /P 12 =0,30.

3agaua 3. Kakoe nomxno ObITh oTHOIIEHHE %6C02/%CO B razosoii cmecu CO-CO2, 4TOOBI
npu Temneparype 1200 °C paBHOBeCHOE JaBIEHHE KUCIOPOJa B Heil cocTapisno Por= 1,5-10°
[Ta?

3amaua 4. Kakoe noinkHo ObITE oTHOIeHHe %H20/%H2 B raszosoi cmecu Hz-H2O, yToO5BI
nipu Temmepatype 1300 °C paBHOBeCHOE aBjieHHE KUCIOPOAa cocTaBmsiio Poo=2-107 I1a?

3anava 5. OnpenenuTb TeMepaTypy, Ipu KOTOPOH paBHOBECHOE MaplHaIbHOE JIaBIICHUE
kucinopoaa B razoBoir cmecu CO-CO2 npu otHomennu PCO2 /PCO=0,2 cocraBut Pox = 4-10-5
ITa.

3amaua 6. 3ayaya 1. OxapakTepu30BaTh X0 KPUCTAJUTM3ALMU PACILIABOB, coaepxamux 10
% CaO.

3amaga 7. [ns cmecei, cOOTBETCTBYIOHIMX TodykaM | — 8, M300pa)K€HHBIX Ha pHC.,
onpeaenuTh: 1) kakue ¢a3pl U B KAKOM KOJMYECTBEHHOM COOTHOIICHHH OYIYT HAXOIUTHCS B
paBHOBeCHM IIpHU HarpeBaHuM cMmeceil 1o Temmepatypsl 1200 °C.; 2) mpu kakoil Temmneparype
HAYHETCS U 3aKOHUYUTCS TIJIaBJICHUE CMECeH.




puioxenne 2

7 OHeHO‘IHBIe cpeacrea AJisi MIPpOBECACHUSA HpOMe)l(yTO‘lHOﬁ arrecranuu

a) [lnanupyembie pe3yJbTAaThbl 00yUYeHHS U OLlEHOYHbIE CPEACTBA ISl POBEACHUS NMIPOMEKYTOUHON aTTeCTAlNM:

CrpyKTypHBII
JJIEMEHT

KOMIICTCHII N

[Tnanupyemble pe3yabTaThl 00yUeHHS

OneHouHble CpeacTBa

OIIK-1: CnocobeH pemath 3a1a4u Mpo(heCCHOHANBHON JISSITEIBHOCTH, IIPUMEHSSI METO/IbI MOCIMPOBAHHS, MAaTEMAaTHYECKOTO aHaJIM3a, CCTCCTBCHHOHAYYHBIC U
O0IIenH)KEHEPHBIEC 3HAHUS

OIIK-1.1

I/ICHOHBBYCT C€CTCCTBCHHOHAYYHbIC
3aKOHbI W IIPUHOMIIBI IIpU PCUHICHHUHU
MMPAaKTUYCCKUX 3aaq

Chucokx BOIIPOCOB [Jid IMPOBECACHUSA IK3aMEHA II0 AUCHUILJIMHE «Du3udecKas XUMUS
MMUPOMETAIUTYPTUICCKUX ITPOLECCOB»

1. B kakux T€XHOJOTMYECKUX ITpoLeccax MPOUCXoauT Tepmuueckas qucconuanus CaCO3?

2. [laiiTe onpenenenrne TEpMUHY «yIpPyrocTb JUCCOLMALUU KapOoHaTa”.

3. B yeM 3akitoqaeTcsi oTiamuue KoHcTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3HaueHust Kp u ynpyrocru aucconuanuu CaCO3 4rcieHHO coBIaiaoT?

5. C xakoif 1es1bto epesi OMbITOM BaKyyMHPYIOT pabouyto yCTaHOBKY?

6. TepmommHamuka oOpa3oBaHHUS u JUCCOLMAIIM S KapOOHATOB; TeMIEepaTypbl

Hayaja.

7. TepmoauHaMMKa rOpeHHs TBEPIOTO TOIINBA

8. Kak BnusieT cTemneHb AMCIEPCHOCTU KapOoHaTa W M3BECTH HA YIPYIOCTh AMCCOLUAINH

CaCO:s.

10.Kakue Metamtyprudyeckue mpouecchl IBIsSIOTCS TOMOXUMHUUYECKUMH PeaKusIMu?

11.Kakue XMMHYECKHME pEaKUUU MPOTEKAIOT IO aBTOKAaTAIUTUYECKOMY MexaHusMy? Yro

SIBJIIETCS KaTaIu3aTOPOM TaKUX IPOIECCOB?

12. Yto Takoe KpUCTAJUIMYECKas pelleTKa, M KaKhe XapaKTepUCTUKU KPHCTATTMYECKOM
peuietkn Bel 3Haere?

13. PacnipenienneHrie KOMIIOHEHTOB MEXJy METaJuIOM M [IJAKOM; KOHCTaHTa M
K03hpuuUeHT
pacnpeneneHus

14. O6bsicHUTE U3MEHEHHE CKOPOCTH TOMOXMMHUYECKHUX MPOILIECCOB HA MPUMEPE BHIIOTHEHHON
paboThI.

15. KakoB MexaHU3M Juicconuaiy kapOoHaTa KajabIus?




CTpyKTypHBI
AJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3ynbTaThl 00ydeHHUs

OrneHOYHBIC CPEICTBA

16. Pacckaxxute O METOIMKE OIpENeNeHUs] CKOPOCTH JUCCOLMALUU KapOoHaTa KaJblus,
IIPUMEHEHHOH B IaHHOM OIIBITE.

17. B 4eM 3aKkir04ar0TCs pa3iavyus TOMOT€HHBIX U T'€TePOreHHbIX PEaKIui?

18. U3 kakux cTajuii CKJIabIBAIOTCS TETEPOTSHHBIC PEAKIUNU?

19. YTo Ha3BIBAIOT PEKMMOM I€TEPOTrEHHOMN peaKIuu?

20. KakoBbI 0COOCHHOCTH MPOTEKAHUS PEAKIUil B Pa3INYHBIX PEKUMAX pearupoBaHus?

21. Kak u3MeHsieTcss TOJIIMHA IUIEHKW OKAJIMHBI IMPHU OKUCIEHUH METAIOB B PA3IUYHBIX
pexuMax pearupoBaHusi?

22. B yeM CyLIHOCTb IPaBUMETPUYECKOI0 METO/1a UCCIIEI0OBAHNS OKHCICHHUS METAJUIOB?

23. KakoBa CTpyKTypa >KeJIe3HON OKaJMHBI U OT KakuX (DakKTOpOB OHA 3aBHCHUT?

24. Yto Takoe BIOCTUT M KaKOBa €r0 POJIb B OKUCIECHUH KeJE3HBIX CIIJIaBOB?

25. ChopmynupyiiTe MPUHLIUT KaPOCTONKOCTH JKEJIE3HBIX CIIABOB.

26. JlaiiTe onpeneneHusi KOHCTAaHTBHI CKOPOCTH peakluu U kodpduirenta guddys3um.

27. B uyeMm 3axirouaercs peakuuoHHas IUPGY3Us W KaKk OHA MPOSBIAETCS MPU OKHUCICHUU
xKenesa?

28. KakoBbl OCHOBHbIE KOMIIOHEHTbI METAJUTYPIrHUECKUX LITAaKOB?

29. Kak onpeenstoT yAeabHY0 dJEKTPHISCKYIO TPOBOAMMOCTE PACIIIIABOB?

30. Yro Takoe SHEprys akTUBAIMM JIEKTPONEPEHOCa, U KaK OHa MOXKET OBITh onpezencHa?

31.KakoBbI 3KCIEpUMEHTANIbHBIE 0KA3aTeIbCTBA HOHHOTO CTPOEHUS IIJIAKOB?

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

33.JlaiiTe onpeaeneHUe MOHATUS "KMHEMAaTHYeCKas BA3KOCTh " pacIuiaBa.

34.13 kaKuX 4acTHI] COCTOSIT METAJUTYPrHUECKUE [IUTaKU?

35.Kakue yacTuiibl KOHTPOJUPYIOT BA3KOE TEUEHHE B IIUIaKax?

36.Kax onpenenstor BA3KOCTb IUIAKOBBIX U METAJUIMYECKUX PaCIIaBOB?

37.YTo Takoe HEeprusi akTUBALMU BSI3KOTO TEUEHUS], U KaK OHa MOKET OBbITh OIpeeieHa?

38.Uro MokeT OBbITh NPUYMHOW KPUBOJIMHEMHOTO XapakTepa H3MEHEHHUs BS3KOCTH C

TeMIlepaTypoii B kooauHarax Inn — 1/T?

41.laiite onpeneneHue NOHATUSA "yAeIbHas IEKTpUYECKas 3JIEKTPOIPOBOJHOCTE" .

42 .13 KaKuX 4acTHUI] COCTOSIT METAJUTYPTrUY€CKUE NUIaKH?

OIIK-1.2

Pemraer CTaHAApTHBIC
HpO(I)CCCI/IOHaJ'IBHBIC 3aJadn C
MMPUMCHCHUCM 06H_IeI/IH)KCHepHBIX

3a1aun I CaMOCTOSITEILHOTO PEIICHHUS:
3amaga 1. OnpenenuTh paBHOBECHOE MapIiMaibHOE JaBJICHHE KHCIOPOAA B Ta30BOM cMecH
CO-CO2 mipu Temmneparype 1300 °C u Pcoz/ Pco = 0,35.




CTpyKTypHBI
AJIEMEHT

KOMIICTCHII U

[Tnanupyemsble pe3ynbTaThl 00ydeHHUs

OrneHOYHBIC CPEICTBA

3HAHUI

3amaua 2. OnpenenuTh paBHOBECHOE MaplMalbHOE HAaBJICHHWE KUCIOPOJa B ra30BOH CMecH
H»-H20 mipu remnieparype 1500 °C u Puzo /P 12 =0,30.

3anmaua 3. Kakoe momkHo ObITh oTHOMIEHHE %CO02/%CO B razosoit cmecu CO-CO2, 4To0BI pu
Temneparype 1200 °C paBHOBeCHOE JaBIeHHE KUCIOPO/a B Hell cocTaBisno Po,=1,5-107 I1a?

3anmaua 4. Kakoe nomkHo O0bITh oTHOIEHUE %H20/%H> B razooit cmecun Hz-H20, uTo6b1 nipu
Temneparype 1300 °C paBHOBECHOE JaBIeHHE KHCIOPOA COCTABIAI0 Poy= 2-107 I1a?

3amaua 5. OmnpenenuTh TemIepaTypy, MpU KOTOPOHl paBHOBECHOE MaplUajbHOE JABJICHHE
kuciopoaa B razoBoi cmecu CO-CO2 nipu otHomennn PCO, /PCO=0,2 coctaBut Pozx = 4-10-5
Ila.

3amaua 6. OnpenenuTs TeMIepaTypy, MPU KOTOPOM pPaBHOBECHOE MapIUaIbHOE IaBICHUE
kucnopoaa B razoBoit cmecu Hao-H20 nipu otHomienuu P o/ P 12=0,25 cocraBur Por = 5:10-5
ITa. 3amaga 7. OnpenenuTh paBHOBECHBIN cocTaB ra3oBoii cMecu Ha - Oz - H2O mpu remmnieparype
700 °C, eciau UCXOJHBIE NMapUHAIbHBIE JAaBJICHUS Ta30B B 3aKpbITOM cucTteMe coctanisim 0,333
aTM™.

3amauda 8. OnpenenuTs paBHOBECHBIN cocTaB razoBoit cmecu CO - Oz - CO, npu TemnepaType
800 °C, ecnu UCXOIHBIC MapIMaIbHbIC 1aBIeHUA Ta30B B cucTeMe cocTasisiu: CO — 0,5 atm, O2
- 0,3 arm, CO2 - 0,2 aTm.

3amaua 9. OmnpenenuTbh, NpU KaKOH TeMIEpaTrype CpOACTBO KHUCIOpoAa K BOAOPOLY H
MOHOOKCHJIY yTIIepo/ia OJIMHAKOBO.

3amaua 10. OnpenenuTh BO3MOKHOE HAMpaBieHHE PEaKlUU BOASHOTO ra3a MpH TeMIlepaTrype
900 °C, ecnu ncxoaHas ra3oBasi cMmech conepxkut 23% CO, 27% H20, 20% 14 CO2 u 30% Ho.
Oo6mee nasienue B neun paBHo 105 Ila, a koHcTaHTa paBHOBecus peakiuu npu 900 °C paBHa
0,76.

3amaua 11. OmpenenuTh TeMIeparypy, IpU KOTOPOW B pe3ylbTaTe MPOTEKAHHS PEaKIUH
BOJISTHOTO Ta3a PaBHOBECHAs ra3oBas cMech conepxkut 26,2% CO, 30,2% H.0, 16,8% CO2 u
26,2% H2. TemmneparypHas 3aBuUcHUMOCTb 3Hepruu [u06ca mns peakumuu CO(r)+H20(r)=
CO2(r)+H2(r) umeet Bug G= - 36600 + 33,5* T, JIx

OIIK-1.3

[IpumeHsieT MeTOIbl MOJICTHPOBAHHS U
MaTeMaTUYECKOr0 aHaIHM3a JUIs PEIICHUs
3a7a4 TEOPETHYECKOTO0 M TPHKIIATHOTO
Xapakrepa

3ajaHne Ha pelIeHHe 3aa4 13 Mpo(ecCHOHANTBHOM 001aCcTH (JOMAIIHEe HHIUBUIYaTIbHOES
3a/IaHHE)
3amaua 1.

s peakuu: Ciry + CO2¢y = 2CO() ypaBHEHHE 3aBUCUMOCTH KOHCTAHTHI PABHOBECHS
OT TeMITEPaTypbl KOTOPOH UMEET BH/I:




CTpyKTypHBI
AJIEMEHT
KOMIIETEHIINH

[Tnanupyemsble pe3ynbTaThl 00ydeHHUs

OrneHOYHBIC CPEICTBA

19K, = —%Oﬂg,zs

OTIPEICIIUTh PABHOBECHBI COCTAB ra3a B 3aBUCUMOCTH OT TeMIIepaTyphl U 1aBlieHUs (Tadr.).
[TonydeHHble 3HaUEHUS TIPEICTABUTH B BUIE TaOIUIbI U IrpaduKa.

Bapuant | Temnepatypa °C CocTaB HCXO0/IHOM 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

3agaua Ne2. JIns peakiuu:
Ca) + CO2ry =2CO(
ypaBHEHHE 3aBUCUMOCTH KOHCTAHThI PaBHOBECHS OT TEMIIEpPaTyphl HMEET BU/I:

P T

OTIPEJICITUTh PABHOBECHBIN COCTAB ra3a B 3aBUCHMOCTH OT TEMIIEPaTyphl U AaBieHUs (Ta0I.).
[TonydeHHble 3HaUCHUS PEJICTABUTH B BUJE TaONUIIBI U rpaduka.

Bapuant | Temnepatypa °C JaBnenue (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) Ilopsinoxk mnpoBedeHHUs] TNPOMEKYTOYHON AaTTeCTAIlMU, IMOKA3aTeJM W KPUTEepPUH
OLlCHUBAHMUSL:

ITpomexyTouHas aTTecTanus o JUCLUIIIINHE «Pusuyeckasn XUMUA
NUPOMETAUIYPrU4eCKHX IPOLECCOB» BKIIOYAET TEOPETUYECKUE BOIPOCHI, ITO3BOJISAIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUYAIOIIMMUCS 3HAHUH, U MPAKTUYECKHE 3a/IaHUs, BBISBIISIOIINE
CTeneHb CPOPMUPOBAHHOCTH YMEHUN U BIIAICHUH, TPOBOIUTCS B (hOpME IK3aMEHa.

DK3aMeH M0 JaHHOW JIMCUUIUIMHE MPOBOJHUTCSA B YCTHOM (popMe Mo 3K3aMEHAMOHHBIM
OwiieraM, KaKIbli M3 KOTOPBIX BKJIIOYAET 2 TEOPETHMUECKUX BOIIPOCA U OJHO IPAKTHUECKOE
3a/laHue.

IToxa3zatenn u KPUTECPUHA OLNCHUBAHUS IK3aMEHA:

— Ha OLICHKY «OTJIHYHO» (5 0arioB) — 00yJaromuiics 1eMOHCTPUPYET BHICOKHUI YpOBEHb
c(OpPMUPOBAHHOCTH KOMIIETEHIIMI, BCECTOPOHHEE, CUCTEMAaTHMYeCKOoe U TIy0OoKoe 3HaHue
yueOHOro Marepuajnga, CBOOOJHO BBIIOJHSET MPAKTUYECKUE 3a/laHus, CBOOOJIHO ONEpUPYET
3HAHUSIMU, YMEHUSIMU, IPUMEHSET UX B CUTYalMsIX MOBBIIIICHHOW CIIOKHOCTH.

— Ha OILICHKY «Xopomo» (4 6aina) — oOyJaroniuics IeMOHCTPUPYET CPEHUN YPOBEHB
Cq)OpMHpOBaHHOCTI/I KOMHCTGHHHﬁI OCHOBHBIC 3HaHHWA, YMCHUA OCBOCHBLI, HO OOITYCKArOTCA
HE3HAYUTCIIbHBIC OHII/I6KI/I, HCETOYHOCTH, 3aTPYAHCHHUA IPHU aHAIIMTUYCCKUX OIICpalusiax, I€PpeHOCe
3HAaHUU U YMGHI/II?I Ha HOBBIC, HCCTAHAAPTHBIC CUTyalluU.

— Ha OIEHKY «YyIOBJIETBOPHUTEJbHO» (3 Oama) — 0O0y4aromuiicss IEMOHCTPUPYET
MOPOTOBBIA YPOBEHb C(HOPMUPOBAHHOCTH KOMIIETCHIIMM: B XOA€ KOHTPOJBHBIX MEPOIPHUATUN
JIOTTYCKAIOTCS OLIMOKU, TPOSIBISETCS OTCYTCTBHE OT/ACJIbHBIX 3HAHWNA, YMEHUW, HaBBIKOB,
0oOy4JaromMiCsl HCIBITHIBAET 3HAYUTENbHbIE 3aTPYAHEHUS TPU ONEPUPOBAHUU 3HAHUSAMH U
YMEHHSIMH MPU X MIEPEHOCE Ha HOBBIE CUTYaIIUU.

— Ha OIIEHKY «HEeYAOBJIETBOPUTEIbHO» (2 Oamia) — oOydJarouuics JEeMOHCTPUPYET
3HaHus He Oojnee 20% TeopeTHHYecKoro Marepuaia, JOMYCKaeT CYIIECTBEHHbIE OIIMOKH, He
MOJKET MOKa3aTh MHTEIUICKTYaIbHbIE HABBIKH PEIICHUS MPOCTHIX 3a/ad.

— Ha OLIEHKY «Hey/I0BJIeTBOPUTEJbHO» (1 Oamn) — 3aaHue npenojaBaTesis BbIIOIHEHO
YaCTUYHO, OOydaroUuiics He MOXKET BOCIPOU3BECTH U OOBSICHUTH COJEpKAHHWE, HE MOXKET
MIOKAa3aTh UHTEJUIEKTYyalIbHbIE HABBIKU PELICHUSI IOCTABJIEHHOM 3a/1auH.



