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PaGouas nmporpamma cocrasiera Ha ocHoBe @I'OC BO - 6akamaBpuart mo
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JIner akTyanusanuu padoyeil nporpaMmsl

PaGouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2026 - 2027
y4eOHOM TOJTy Ha 3aceanuu Kageapsl MeTalmyprud U XUMHYECKUX TEXHOJIOTHI

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

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2027 - 2028
y4eOHOM TOJTy Ha 3aceanuu Kageapsl MeTalTypruu U XUMHYECKUX TEXHOJIOTHI

IIporokom ot 20 1. Ne

3aB. kadeapoii A.C. iapquKo

PaGouas mporpamma nepecmMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2028 - 2029
y4eOHOM TroJly Ha 3acefaHuu Kadeapsl MeTauTypruu i XUMUYECKHX TEXHOJIOTUI

[Iporokonm ot 20 . Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2029 - 2030
yueOHOM rojty Ha 3aceqaHnu Kadeapsl MeTamuryprud 1 XUMHUECKUX TeXHOJIOTHIA

[Iporokonm ot 20 . Ne
3aB. kadeapoii A.C. XapueHko

PaGouas mporpamma nepecmMoTpeHa, odcyxieHa u ogoopena s peanusanuu B 2030 - 2031
y4eOHOM TOJTy Ha 3acefaHuu Kageapsl MeTanmypriuu U XUMHUECKUX TEXHOIOTUH

[Iporokom ot 20 . Ne

3aB. xadenpoit A.C. ?apquKO




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

Lensimu oCBOCHMSI TUCHUIUIUHBI «DHU3ndeckast XUMHUs MUPOMETAILTYPIrHYECKUX
MIPOLIECCOBY SIBIISIOTCSA:

- U3y4YEeHHE COBPEMEHHBIX METOJI0B UCCIEAOBAHUS CTPYKTYPhI U (PU3UKO -
XUMHUYECKHUX CBOMCTB METAINTMYECKUX U OKCHIHBIX PACILJIaBOB;

- M3yYeHHeE MpoleccoB (a30BbIX MPEBPAIICHHUN B METAITHYECKUX CUCTEMAX;

- IpHOOpETEeHNE HABBIKOB MPUMEHEHHS TEOPETUUYECKUX Pa3pabOTOK K MPaKTUYECKUM
3aJlayaM HCCIIeI0BaTEIbCKON e TeIbHOCTH;

- 1aTh 00yYaroIMMCsl OCHOBBI 3HaHUH B 00J1aCTHU BHICOKOTEMIIEPATYPHBIX
METAJLTyPrUueCKUX MpPOIECCOB;

- 00ecreynTh MOArOTOBKY K YCBOCHUIO MPOPHINPYIOLUIUX TUCIHUILUINH U
CaMOCTOSITENIbHOM MHXKEHEPHO 1eATeIbHOCTH.

2 MecTo qucHuILIMHBI (MOYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHON NPOrpaMMbl

Hucnunnuna @uznueckas XUMHUS TUPOMETAJUTYPTHUECKUX ITPOLECCOB BXOIUT B
00s3aTeNbHYIO YaCTh Y4eOHOT0 T1aHa 00pa30oBaTeNbHOM MPOrpaMMBl.

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

HNudopmarrka u nHGOPMAITMOHHBIE TEXHOJIOTUU

duszndyeckas XUMUA

OCHOBBI METAJLTYPTUYECKOTO MMPOU3BO/ICTBA

MaremaTuka

dusnka

3nanus (yMEHHUs, BIAJICHUS ), TOJTYYCHHBIC IPU U3YUCHUU JAHHOM JTUCHIUTLITUHBI
OyyT HEOOXOUMBI JIJIsI U3YUYEHUS TUCIUTIITNH/TIPAKTUK:

JluteitHoe MPOU3BOICTBO

Koaieas 06paboTka craiu

MeTtoabl uccien0BaHus MaTepUaIOB U IMPOLIECCOB

HoBrie TexHOMOTHYECKHE PEIICHUS] B METAJUTYPTHH YEPHBIX METAJJIOB

3 Komnerenuun odyuarouierocsi, popmupyembie B pe3yJibTaTe 0CBOEHUS

AUCUUIUITUHBI (MOYJIsI) M MJIAHUPYeMble Pe3yJIbTAThI 00y4eHHs

B pe3ynbrate ocBO€HUS TUCHMITIMHBI (MOyis) «Pu3nyeckast XUMHS
MUPOMETAITYPTUYECKHUX IPOLIECCOBY» 00yUaroUuiics JoKeH 00J1a1aTh CIeAyIOIUMU
KOMIETEHIHSMHU:

KO)I HHAUKaTopa I/IHI[I/IKaTop JOCTHXKCHUS KOMIICTCHIIN

OIIK-1 CnocoOeH pemaTh 3a1a41 MpoheCcCUOHATBHON 1EATEIbHOCTH, TPUMEHSST METO/IbI
MO/JICIMPOBAHUS, MATEMAaTHUYECKOT0 aHAIN3a, ECTECTBEHHOHAYYHbIE U OOIIEMH)KEHEPHBIE
3HaHUS

OIlK-1.1 Hcnonb3yeT ecTeCTBEHHOHAYUYHBIE 3aKOHBI M IPUHITUIIBI IPU PEILICHUH
MIPAKTUYECKHX 3a7a4

OIIK-1.2 Pemaer crannapTHbie mpodecCHOHaIbHBIE 33Ja4l ¢ IPUMEHEHUEM
OOLIEMH)KEHEPHBIX 3HAHUH

OIIK-1.3 [IpumeHsieT MeToABI MOAECIIUPOBAHNS U MATEMATHYECKOTO aHAIIN3a JIIs
penIeHus 3a/1a4 TEOPETUIECKOTO U NPUKIIAJHOTO XapaKkTepa




4. CTpyKTYpa, 00bEM H COJEepIKaAHNE TUCHUILIMHBI (MOIYJIs1)

OO6mias TpyA0€MKOCTh JUCIUILUIMHBI COCTABIISIET 3 3aueTHbIX eaunul] 108 akaa. yacoB, B TOM

HHUCJIIC:

— KOHTakTHas pabora — 10,6 akaz. 4acos:

— ayIuTOpHas — § akaJl. 4acos;
— BHeayauTopHas — 2,6 akKaJl. 4acoB;
— camocTosTenbHas pabota — 88,7 akaj. 4acos;
— B (popme npakTudeckoil moaroroBku — 0 akai. yac;

— MO/ATOTOBKA K 3K3aMeHy — 8,7 akaj. Jac

<DopMa aTTeCTaluu - 3K3aMEH

AynuropHas

=N
s g
KOHTaKTHas paboTa & z dopma TekyIero
. s X Bn KOHTPOJIS
Pazzen/ Tema 2, (B axaz. 1acax) == A . p Kon
> 3 © | caMoCTOSITeTbHON YCIIEBAEMOCTH U
JIACIIATIIAHEL < [~ o KOMIIETEHIIMH
o & paboThl MPOMEXYTOYHOH
na6. | mpaxr. | € &
Tex. . . 5 2 aTTeCTalllu
3aH. 3aH. O =
1. Pazmen 1 . TepmoanHamuka
MPOIIECCOB TOPEHHSI TOTUINBA
1.1 Kucnopoausrit TToaroroBska k OIIK-1.1,
. CobecenoBanue o
MOTEHIIAA Ta30BOH (a3bl. 1 15 nabopaTopHOMY OIlK-1.2,
TeMe
Peaknus BoasHoro rasza 3aHATHIO OIIK-1.3
IIpoBepka u 3amura
1.2 KuHeTHKa 1 MEXaHU3M 3 POBCP 1
caKiuii ropenus ITogroroska k WHINBUIYaIBHOTO OIIK-1.1,
I%e MOMHAMIKA ) caKumii 05 5 nabopaTopHOMY pacueTHo- OIlK-1.2,
o p eHHI:I 1ePo 5 H 3aHATHIO rpaduueckoro OIIK-1.3
P YHICpoa 3amanus Nel
HWroro no pazaeny 0,5 1 20
2. Pazgen 2. Ilponecchl
00pa3oBaHMs ¥ JUCCOLUAIIH
XHMHUYECKUX COCIMHCHUN
CaMocCTOATETHLHOE
H3ydeHne
qeygﬁoi/i " Bremonaenne n
2.1 Jucconmanus yHa YHO obcyxeHne OIK-1.1,
Ka 60HaTOL113 I/ILE)KI/ICJ'IOB 1 5 auTe yaT BI FAHHBIX OIIK-1.2,
P PATYPEL nabopatopHoi OIlK-1.3
ITonroroBka k
N padotsr Ne 1
nmabopaTtopHoOi
3 pabote Ne 1
CaMoCTOATETBLHOE
H3ydeHne
engoﬁ " Brmmonnenue n
2.2 Kunernka, MeXaHH3M i obcyxaeHme OIIK-1.1,
HaY4HO
Mporecca TUCCOIUAIII 1 5 JAHHBIX OIIK-1.2,
JUTEPATYPBHI. .
KapOOHATOB nabopaTtopHOH OIIK-1.3
TToaroroBka k
N pabotbr Ne2
nmabopaTtopHoOi
pabote Ne 2
HWroro no pazgeny 2 10
3. Paznen 3. OcHOBBI TEOpUU
BOCCTaHOBJIEHHS OKCUIIOB
3.1 TepmoguHamMKKa 3 1 5 TToaroroBska k Brimonnenue u OIIK-1.1,




o0cyxieHne

BOCCTAHOBJIEHHS METAILJIOB 1ab0paTOPHOMY JAHHBIX OIIK-1.2,
razamu 3aHATHIO nabopaTopHOi OIIK-1.3
paboter Ne3
CaMocCTOsATENBHOE
3.2 BoccraHoBieHue
OKCHJIOB M€Tajja H3YHUCHHC CobecenoBaHue 1o OIIK-1.1,
BOJOPOJOM M OKCHAOM 5 y€OHOM 1 TEeMe OIIK-1.2,
Ji[e po Ha A HAY4HO OIIK-1.3
yHIepon JUTEPATYPBI
CaMocCTOsATENBHOE
3.3 Kapbo- u3ydyeHue CobeceroBanme o OIIK-1.1,
METAJUIOTEPMUYECKOE 0,5 5 yueOHO U o OIIK-1.2,
TEME
BOCCTAHOBJIEHHE OKCHJIOB HAYYHO OIIK-1.3
JUTEPATYPBI
HWroro no pazaeny 0,5 15
4. Pazgen 4. Meramrypriudeckue
pacmaBbl
3amuTa
4.1 AKTUBHOCTH BI’EL?{Z?ZI;I_’W MHIMBHAYATBHOTO OIIK-1.1,
K;)MHOHeHTOB B pacTBOpax 164 paq)H%CKOI?I PacteTHO- OIIK-1.2,
P P P rpadUuecKoro OIlK-1.3
pabotsr Ne2
3amanus Ne2
ITogroroBka k Brinonsenue u
4.2 MeTtamtyprudeckue
1k, TeopuH (MojeiH) nabopaTopHOMY o0cyxieHne OIIK-1.1,
MeTaJ'IJ'; I 3aHATHIO. JIaHHBIX OIIK-1.2,
acnnag(l))B JlabopaTopHas nabopaTopHO OIIK-1.3
p pabota Ne4 paboter Ned
HWroro no pazaeny 16,4
5. Paznen 5. ®usuxo-
XUMHMYCCKUHM aHaJIN3 IIIJIAKOB
5.1 JIBoitHBIE AUArpaMMBI I;iil())ai(;ﬁ(; VYeTHbll onpoc OIIK-1.1,
COCTOSIHUS LINTAKOBBIX 0,5 7 p (cobecenoBanue); OIlK-1.2,
BBITTOJTHEHHS
CHCTEM. peleHue 3a1a4 OIIK-1.3
peleHus 3amaq
5.2 lnarpaMMBbI COCTOSTHHSI CaMI(/)IgTOZf{iIHeBHoe Yerubiii onpoc OIK-1.1,
) p 0,5 10 YHCHH (cobecenoBanue); OIlK-1.2,
TPEXKOMITOHEHTHBIX CUCTEM. yueOHOM
pelieHue 3anau OIIK-1.3
JIUTEPATyPhI
CamocTrosaTeasHoe
H3yUYeHHE
5.3 JInarpamMma COCTOSTHHS nn};z:;?;;;u YCTHEIT orpoc OIK-1.1,
cuctems Ca0-Al203-Si02 103 | paspagorka | (coOccenosamme); | OIK-1.2,
pelreHue 3aaa4y OIIK-1.3
aNropUTMa
BBITTOJTHEHNS
pelleHHs 3a/1a4.
HWroro no pazaeny 27,3
HWroro 3a cemectp 88,7 DK3aMeH
Hroro no aucuuruinie 88,7 DK3aMeH




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

OO0pa3oBarenbHbIE TEXHOJIOTHH — 3TO LETI0CTHAS MOJIENIh 00pa30BaTEIHHOTO
polecca, CUCTEMHO OTPEEIISAIONIAasl CTPYKTYPY B COACPIKAHUE JIEATSILHOCTH 00€UX CTOPOH
3TOTO Tpoliecca (MPenogaBaTelis U CTYJASHTa), UMEIOMIast IEebI0 JOCTHKCHHUE TUTAHUPYEMBIX
PE3YNIBTATOB C MOMPABKOW HA WHAUBHUIYAbHBIE OCOOCHHOCTH €TI0 YYaCTHUKOB.
TexHOIOrMYHOCTh Yy4eOHOTO MPOIIecca COCTOUT B TOM, YTOOBI C/IeTaTh Y4eOHBIH mporecc
MTOJIHOCTBIO YITPABIISIEMBIM.

OCHOBHBIMHU TIPU3HAKAMU 00Pa30BATEIHHON TEXHOJIOTHH B €€ COBPEMEHHOM
IMOHMMAaHUH SIBJISIOTCS:

— JIeTaJbHOE OMKMCaHue 00Pa30BATEIbHBIX IIENICH;

— TI0ATAITHOE OMHKCAaHUE (TIPOSKTUPOBAHUE) CIIOCOOOB TOCTHIKEHUS 33 JaHHBIX
pe3yJIbTaTOB-UENEH;

— UCTIOJIB30BAaHUE OOPATHOM CBSI3U C LIETBI0 KOPPEKTUPOBKH 00pa30BaTEIHHOTO
mporecca;

— rapaHTHPOBAHHOCTb JOCTHTACMbIX PE3YJIbTATOB;

— BOCIIPOM3BOJIMMOCTh 00Pa30BaTEIBHOIO MPOIIECCa BHE 3aBUCUMOCTH OT MacTepCTBA
IpernoaBaTeis;

— ONTHUMAJIBHOCTh 3aTPAUYNBACMBIX PECYPCOB U YCHIIUH.

Peanu3zanus KOMIIETEHTHOCTHOTO TI0IX0/1a TIPEAYCMAaTPHBAET HCIIOJIb30BAaHKE B
y4eOHOM IPOIECCe aKTUBHBIX U MHTEPAKTHBHBIX ()OPM MPOBEACHUS 3aHATHI B COUYCTAHUU C
BHEAYJUTOPHOM PabOTOM C 1EeTbI0 (POPMHUPOBAHUS M Pa3BUTHS MPO(ECCHOHATBHBIX HABBIKOB
00y4aroIuxcs.

[lenu, MoCTaBICHHBIC TPH U3YYEHUH KYpPCa, IOCTUTAIOTCS 33 CUET KOMIUIEKCHOTO
M0JIX0/1a K 00YYCHHIO CTYJCHTOB, OCHOBAHHOT'O Ha COYETAHUHU TEOPETHUECKOTO Kypca,
71a00paTOPHBIX 3aHATHIA U CAMOCTOSTEILHON TTO3HABATEIILHOMN JICATEIILHOCTH CTYICHTOB.
N3ydeHnne TeopeTHueckoro Kypca mpoBOAUTCS B CIICIUATM3UPOBAHHBIX JIGKIIMOHHBIX
ayTUTOPHUSIX C UCIOIB30BaHUEM BUACOTEXHUKH, TO3BOJISIONICH TPAHCIUPOBATh Yepe3
MOHHTOP PUCYHKH, CXEMbI, MOJIENIN, KOTOPbIE B 3HAYUTENHHOMN CTETIEHN 00IeT4aroT
MMOHMMAaHHE Kypca.

3aHATHS IPOBOJATCS C MPUMEHEHUEM TPATUIIUOHHON U MOAYJIHHO-
KOMITETEHTHOCTHOM TEXHOJIOTHI ¢ UCTIONb30BaHUEM MIHTepHET-pecypcoB.

JIeK1IMOHHBIN MaTepual 3aKperIsseTcs B X0/1e MPAKTHUECKUX 3aHATHI U
nabopaTopHBIX paboT, Ha KOTOPBIX BBIMOIHIIOTCS TPYIOBBIC WM UHIUBUAYATbHbBIE
3aJlaHus 1o MpoKIeHHON Teme. Ha mpakTrueckux v 1abopaToOpHbBIX 3aHITHAX CTYACHTHI
MPUOOPETAIOT HABBIKU MCCIEA0BATEIHCKON NEATENBHOCTH U YMEHUSI OOBSICHATH PE3YIbTaThl
HKCIIEPUMEHTAa, OCHOBBIBASICh Ha 3HAHUSX TEOPETUYECKOM yacTu Kypca. [Ipu npoBeaeHnn
1ab0PaTOPHBIX 3aHITHI UCTIONB3YETCSI METO KOHTEKCTHOTO O0y4YeHHsI, KOTOPBIi MO3BOJISET
YCBOUTH MaTepual MMyTeM BBISIBICHUS CBA3EH MEXITY KOHKPETHBIM 3HAHUEM U €r0
MPUMEHEHHUEM, a TaK)Ke TEXHOJIOTHS MOAYIHHOTO 00YYEHHS U KOJIIEKTUBHOTO
B3anMo00OyueHus (mapHas paboTa Tpex BUJIOB: CTaTUYecKas Mapa, IMHaMudecKas mapa,
BapHaIlOHHAs Tapa).

NuauBuayaibHas caMOCTOSTENbHAS TO3HABATEbHAS e TEILHOCTh CTY/ICHTOB
3aKJIF0YAeTCs B IOJ00pE TUTEPATypHI IO paszienaM Kypca u ee uzyueHnuu. [Ipu atom
MIPEeIyCMOTPEHBI MHAUBHUYyaIbHBIC U TPYMIIOBBIE KOHCYIBTAIIMU TI0 U3YYaeMbIM pa3ieiam
Kypca. B pe3ynbraTe u3yueHus: JaHHON NUCIUIUIMHBI CTYACHTHI TOJDKHBI TPUOPECTH 3HAHMUS,
YMEHHUSI U OTIPEICIIEHHBIN OTBIT, HEOOXOAUMBIE JIJIs OyAyIIel MPaKTUIeCKON AeSITETbHOCTH.
CamocTosTenpHas padoTa CTYJICHTOB CTUMYJIMPYET CTYJCHTOB K CAMOCTOSITSIIbHON
popaboTKe TEM B MPOIIECCE BHITIOTHCHHS HHIUBUAYAIBHBIX 3a/IaHUH, B TIPOIIECCe
MTOJTOTOBKH K KOHTPOJBHBIM paboTaM W UTOroBoi aTrTectanuu. CaMocTosTeIbHAs paboTa
CTYJICHTOB HaIlpaBJIcHA Ha 3aKPEIUICHUE TCOPETHYSCKOTO MaTepHralia, H3JI0KEHHOTO
IperoaBaTesieM, Ha MPopaboTKy TeM, OTBEJICHHBIX Ha CAMOCTOSATEILHOE H3YUYCHUE, Ha
MOJITOTOBKY K BBIMTOJTHCHHIO H 3aIIUTE JJAOOPATOPHBIX padOT, MOATOTOBKY K KOHTPOJIBHOM



paboTe ¥ UTOTOBOM aTTECTAIIHH.

6 YueOHO-MeTOoaAHUYeCKOe o0ecneyeHne caMoCTOATEIbHOI padoThl 00y4aloIUuXCs

[IpencrapieHo B mpuiokeHuu 1.

7 OueHO4YHbIE CPEICTBA ISl IPOBEeHUs POMEKYTOYHON aTTecTallun
[IpencraBieHbl B IPUIOKEHUH 2.

8 YueOHO-MeTOAMUYECKOE U MH(POPMAIIMOHHOE o0ecnieYeHre TUCHUIIMHBI

a) OcHoBHAas JUTEpaTypa:

1. l'onpamreitn H. JI. KpaTkuii kype Gpu3ndeckoit XUMUH METALTYPTrHISCKUX
npoueccos [ Teker]: yaueObnoe mocodue / H. JI. l'onpamteitn; MI'TVY. - 2-e u3n. -
MarnuToropck, 2012. - 338 c.: ui., nuarp., rpad., cxemsl, Ta01.

2. OCHOBBI METAJUTYPrUYECKOT0 MPOU3BOACTBA : yueOHuk / B. A. burees, K. H.
Bnosun, B. M. KonokounbiieB [u ap.] ; mox obmieit penakmueit B. M. KonokomibiieBa. — 2-¢
u3n., crep. — Cankt-IlerepOypr : Jlans, 2020. — 616 c. — ISBN 978-5-8114-4960-6. —
Tekcr : anexTpoHHbIH // JlaHb : 2eKTpOHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/129223 — Pexwum nocTyma: isi aBTOPU3. TOJIb30BaTEIICH.

0) lonoJiHUTeILHAS JIUTEpPaTypa:

1. Muxaiinos, I'.I'. TepmoauHamika METaAITyprUYECKUX MIUTAKOB : yueOHOe rmocodue /
I'.I". Muxaiinos, B.. AaToHenko. — Mocksa : MUCHUC, 2013. — 173 ¢. — ISBN 978-5-
87623-729-3. — TekcT : 3neKTpoHHBIH // JIaHb : 3IeKTpOHHO-0MOINOTEeYHAs cUcTeMa. —
URL.: https://e.lanbook.com/book/47475

2. Muxaiinos, I'.I'. TepmoauHamuka METaITyprUYECKUX MPOLIECCOB U CUCTEM :
MoHorpa-¢us / I'.I". Muxaiinos, b.1. Jleonosuy, }0.C. Ky3nernos. — Mocksa : MUCHUC,
2009. — 520 c. — ISBN 978-5-87623-224-3. — Texkcr : 31eKTpoHHbIH // JIaHb : 3JEKTPOHHO
-onbnmoreunas cu-crema. — URL: https://e.lanbook.com/book/117016

3. JIy3run, B.I1. Teopus u TeXHOJIOTUSI METAITYpPruM cTalu : yuedHoe nocodue / B.IT.
Jlysrun, A.E. Cemun, O.A. KomonoBa. — Mocksa : MUCHUC, 2010. — 72 c. — ISBN 978-5
-87623-346-2. — Tekcr : >neKkTpoHHbIH // JIaHb : 37eKTPOHHO-OMOIMOTEUHas cUCTeEMA. —
URL.: https://e.lanbook.com/book/2062

4. UBnes, C.A. Metajurypruueckue TeXHOIOTuU. MeTauryprusi 4€pHbIX METAIJIOB :
yuebnoe nocooue / C.A. UBnes, M.II. KintoeB. — Mocksa : MUCHUC, 2017. — 45 ¢c. —
ISBN 978-5-906846-57-0. — TekcT : a5eKTpoHHbIH // JIaHb : 31eKTpOHHO-01OInoTe HAas
cucrema. — URL: https://e.lanbook.com/book/108106

5. TepmoanHaMuKa, KHHETHKA M pacyeThl MeTaJLTyprudeckux npoueccos / C.H.
ITagepun, JI.1. Peixonkos, I'.B. Cepos [u ap.]. — Mocksa : MUCHC, 2010. — 235 ¢c. —
ISBN 978-5-87623-312-7. — TekcT : 251eKTpOHHbIH // JIaHb : 31eKTpOHHO-01OInoTeYHAas
cucrema. — URL: https://e.lanbook.com/book/117022

B) MeToanueckue yKazaHusi:

1. CmupnHoB A. H. TepmoanHaMuka mpoLeccoB ropeHus TOIJINBA | METOAUUYECKUE
yKa3aHus Ui CTYJI€HTOB 110 AUCUHUIIINHE "PU3ndecKast XUMUs METAITypruu4ecKuX
npoueccoB" / A. H. Cmupnos, M. A. lllecroburos, C. B. FOauna ; MI'TY. - MarHUTOTOpCK :
MI'TVY, 2013. - 1 anektpon. onrt. quck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/3573 . - TekcT : AIEeKTPOHHBIH.

2.Cseunukosa H. 1O. [Ipaktukym 1o ¢pu3nKo-XxMMUYECKUM OCHOBAM
METAJUTYPrHUECKUX MPOIECCOB : MpakTUKyM [ By30oB] / H. FO. CBeunukona, C. B.
KOnuHa ; MaruuTtoropckuii roc. Texauueckuil yH-T uM. I'. 1. HocoBa. - MarauToropck :



https://e.lanbook.com/book/129223
https://e.lanbook.com/book/47475
https://e.lanbook.com/book/117016
https://e.lanbook.com/book/2062
https://e.lanbook.com/book/108106
https://e.lanbook.com/book/117022
https://host.megaprolib.net/MP0109/Download/MObject/3573

MI'TY um. I'. U. Hocoga, 2020. - 1 CD-ROM. - 3aru. ¢ Tutyn. skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2707 . - TekcT : 3JIEKTPOHHBIH.
3. Ceunukosa H.1O., CmupnoB A.H., IOauna C.B. Meroanueckue ykazaHus: 1is
BBITOJIHEHUS TAOOPaTOPHBIX PadOT MO AUCHUILINHE «DPu3ndecKas XuMus
MUPOMETAILTYPTUYECKHUX TPOLIECCOBY VIS CTYACHTOB BCEX CIIEIHAILHOCTEH Beex (hopMm

o0yuyenus. Marauroropck: M3a-so Marauroropck. roc. TexH. ya-ta uM. I.J1.Hocoga, 2015,
29 c.

4. CmupnoB A. H. Onpenenenue akTHBHOCTH KOMIIOHEHTOB METAJUTYPIHUECKUX
pacmiaBoB : Mmetoauueckue ykazanus / A. H. Cmupaos, M. A. Illepcrobutos, C. B. KOnuHa ;
MI'TY. - Marnutoropck : MI'TY, 2013. - 1 anekrpos. onT. auck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/262 . - TekcT : 37CKTPOHHBIA.

r) [Iporpammuoe odecneyenne u UHTepHeT-pecypcebi:

IIporpamMHoe odecnevyenue

HaumenoBanue .
10 Ne norosopa Cpok neicTBUS JTUIEH3UH
7Zip cBOOOIHO 0OeCCpOYHO
FAR Manager CBOOOJTHO 0OeCCpOYHO
Bpaysep Yandex |cBoOGOAHO 0OeCCpOYHO

HpO(l)eCCI/IOHaJ'IbHI)Ie 0a3bl JaAaHHbIX U I/IH(l)OpMaIII/IOHHI)Ie CIIPaBOYHbLIC CUCTEMbI

HazBanwme kypca CcrUika
Harmuonaneuasa . . )
11 URL:https://elibrary.ru/project_risc.asp
MH(POPMaAITMOHHO-aHAIUTUYECKAS
cucteMa — Poccuiickuil HWHIEKC Hay4yHOro

Poccmiickass T'ocymapctBennass — Oubnmoreka. | https://www.rsl.ru/ru/4readers/catalogues/
Karasorn

DnektponHbie pecypcbl oudmuorekn MI'TY um. | https://host.megaprolib.net/MP0109/Web
I''N.

9 MaTepuajibHO-TeXHHYeCKOe o0ecrneyeHue JUCHUIIMHBI (MO1yJIs1)

MaTepI/IaJ'[BHO-TCXHI/IqGCKOG obOecreyeHne JUCITHUIIIIMHBI BKIIIOYACT:


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

MarepuanbHO-TEXHHUECKOE 00eCTIeueHUE TUCITUTUTMHEI BKITIOYAECT:

1. YueOHas aynuTopus AJis IPOBEACHUS 3aHITHH JIGKITMOHHOTO THUTIA OCHAIICHA!

- TEXHUYECKUMH CPEJICTBAMHU O0YUEHUS, CITYXKAIIIUMU JJIs IPEJCTaBICHUS yueOHOM
nHpopManuu OOJIBIION ayUTOPUN: MYIbTUMEIUHHBIMU CPEIICTBA XPaHEHUs, TIepeaaun 1
MpeACTaBICHUS yueOHOM HHPOpMAIIHH;

- CIICIMAITU3UPOBAHHON MEOEIBIO.

2.YueOHas ayaAuTOpus VI MPOBEACHUS J1a00paTOPHBIX 3aHATUN «XHUMHUYECKHE
nabopaTopum» OCHAIIICHA JJAOOPATOPHBIM 000PYI0BAHUEM

- XMMHUYECKHE PEAKTHUBHI,

-Xumudeckas rnocyjaa

-JIaGopaTtopHbIe YCTaHOBKH

-IlrakaTel 10 TeMam pabodeit mporpaMmbl

- CIICHMATU3UPOBAHHON MEOEIIBIO.

3. VYueOHas ayquTOpHS AJS TPYIIIOBBIX U MHAWBUIYaTbHBIX KOHCYJIbTALIUM,
TEKYIIIET0 KOHTPOJIS ¥ MPOMEKYTOYHON aTTeCTAllUU OCHAIIICHA:

- KOMIIbIOTEPHOM TexHuKO# ¢ maketoMm MS Office, ¢ moakmoyennem K cetu
«IHTEepHET» U ¢ JOCTYIOM B AJIEKTPOHHYIO HH(OPMALIMOHHO-00pa30BaTENbHYIO CPEy
YHHUBEPCUTETA;

- CIICHIMAIU3UPOBAHHON MEOEIBIO.

4. ITomereHue Il CaMOCTOSATEIILHON PabOThI OCHAIIEHO:

- KOMIIbIOTEPHOI TexHHKO# ¢ maketoMm MS Office, ¢ moakmoyeHnem Kk cetu
«IHTEepHET» U C JOCTYNOM B AJIEKTPOHHYIO HH()OPMALIMOHHO-00pa30BaTEIbHYIO CPEy
YHHUBEPCUTETA;

- CIICHIMAIU3UPOBAHHON MEOEIbIO.

5.Ilomemnrenue ast XpaHeHHs ¥ MPOPUIAKTUYECKOT0 00CTyKUBaHUS y4eOHOTO
000py/IOBaHUs OCHAIIEHO:

- CIICIUATM3UPOBAHHOM MEOEINbI0: CTeUIaKaMH JIJIsl XpaHEHHs Y4eOHOTO
000pynOBaHUS;

-MHCTPYMEHTaMH JIJIsl peMOHTa y4eOHOT0 000pYI0BaHMUS;

- mkadaMu 171 XpaHeHus: y4eOHO-MEeTOANYECKON JOKYMEHTAIlMU U MaTepUasoB.
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6 YueOHO-MeTOoAHYeCKOe o0eceyeHne caMOCTOATEIbHOI PpadoThl 00y4aloIuXCs

CoaepixaHue TeOpeTHYECKOr0 pa3/ieJia I CUMIIMHbI
(camocTosiTeIbHOE U3YyUEHHE)

1. Krnaccudpukamust MeTayurypruueckux mporeccoB. OCHOBHBIE 3aKOHBI TEPMOJUHAMHUKH.
Oueprus ['m60ca n xumuueckuii noreHuan. Koncranta XUMHUYECKOTO paBHOBECHUS U ypaBHEHHUE
u3oTepMbl peakiuu. CraHmapTHoe w3MeHeHuwe dHepruu [mb0ca. CmelieHue paBHOBECHS W
npaBuio as.

2. Topenmne oxcuga yriaepona. ['openue Bomopoaa. Peakumsi BoasHoro rasza. Peaxnus
B3aumoaeiictBuss yriepona ¢ COp. Peakuuu HENOJHOTO W IOJHOTO TOPEHUS YIiepoJa.
PaBHoBecHBIN cocraB raza. Bocramenenue ra3oBbix cMmeced. Llennble peaknuu. KnHernka u
MEXaHU3M TOpeHUs TBepAoro yriaepoga. OCHOBbl KHUHETUKM TI€TEPOre€HHBIX IPOLECCOB.
Xapakrepuctuka AUQPQPy3HOHHBIX TporieccoB. OCOOCHHOCTH MPOIECCOB B KUHETHUYECKOH W
b dy3noHHON 001aCTAX.

3. Kunermka okucieHuss wmetaiioB. Ponb muddy3um peareHTOB 4Yepe3 OKaIMHY |
KPUCTAJUIOXUMUYECKOIO IIPEBPALLEHUS HA TPaHULE METAILI - OKCUJ. POpMalIbHO-KMHETHYECKOE
ypaBHEHHE Tporiecca u ero aHanu3. Kunernueckuit u 1udy3noHHbIN pexuM peakuuu. Biousaue
TEMIEPaTypbl Ha CKOPOCTh OKHCcIeHUs. OKHCIUTENbHOE padUHUPOBAHUE >KUIKUX METAIOB.
IlocnenoBaTenbHOCT  OKMCIECHHsS  Ipumeced. TepMOIMHAMMYECKMM  aHalu3  PEeaKUuu
JUCCOLMaluu KapOOHATOB. Kuneruka npoiecca JUCCOIAINH, 0COOCHHOCTH
KPUCTAJZIOXMMHUYECKOIO IpeBpallleHus. ABTOKaTaiu3 Ipolecca. BiusHue wu3MenbuyeHUs
TBEpAbIX (pa3 Ha TEPMOJMHAMHYECKHUE U KHHETUUYECKHE XapaKTePUCTHKH TpoIiecca.

4. CTpoeHue U CBOMCTBA METAJUTYPrUYECKUX paciiiaBoB. OU3NKO-XUMUUYECKUI aHaIU3 IIUIAKOB.
JIBOoliHBIE JuarpaMMbl COCTOSIHMSI LUIAKOBBIX CHUCTEM. Jluarpamma COCTOSIHUSI CHCTEMBI
Ca0—AI1,03—SIi0,. Pactmaiennsie miaku. MojekyssipHas Teopusi. BsI3KOCTb IITaKOB.

Cepa B uyryHax u crausax. [Ipoueccsl necynbdypanun Keae3HbIX CIU1aBoB. 1'a3el (Bogoposa u
a30T) B  OKeNe3HbIX crulaBax. PactBopumocTth  rasoB. Kucimopong B Kene3HBIX
crutaBaxHemeTannnyeckre BKIIOUEHHUS B CTANIAX U TEXHOJIOTUYECKUE CIIOCOOBI padMHUPOBAHUS
MeTajljjla OT HEMETaUNIMYECKUX BKIOYeHHH. [loBEpXHOCTHbBIE SIBJIEHMS B METALIYPrHUECKUX
poreccax. IToBepxHOCTHOE HaTSKCHUE [IJIAKOB U HKEJIE3HBIX CILJIaBOB.
[ToBepXHOCTHO-aKTUBHBIE BEIIECTBA.

JlabopaTopHble padoThbI:

JlaGopatopHass paGora Ne 1: I'paBuMeTpuueckoe HCCIEIOBaHHE KHHETHUKU IMCCOLMAINU
KapOOoHaTa KaJblus;

JlaGopatopHast pabora Ne 2: ['paBuMETpHYECKOE HCCIIEOBAaHHE MAaKPOKHHETUKU OKHCICHHS
xKernesa

D®opMyTHPOBKA HHAMBUAYAJIbHOI0 3a1aHus Nel
(PacueTrHo-rpadpuueckas padora Nel)

1. J{ns peakun BoasHoro raza CO + H20 = CO2 + H2  onpenenuTh BO3MOKHOE HAMPABICHHE
peakIuu M paBHOBECHBIN cocTaB Ta3a mpu Temmepartypax: 700, 800, 900 u 1000° C, ecin
UCXO0/IHas razoBas cMech coiepkut 23% CO u 27% H20, 20% CO2 u 30% H2.

2. OnpenenuTh paBHOBECHBIN COCTaB rasza B peakiuu bema-bynyapa C+C0O2 =2CO

®opMyJIMPOBKA MHANBHIYAJIBHOIO 3aJaHuA Ne 2
(PacueTHo-rpaduueckas padora Ne2)
3agaua 1
Ornpenenuth aKTUBHOCTB OKcHIa kene3a FeO B monmkoMmoHeHTHOM make (Tad. 1).



Tabmuna 1
CocraB 1I1aKOBOTO pacruiaBa mac. %

Bapuanr CaO MgO MnO FeO SiO, P,0s
1 40,0 5,0 3,0 25,0 25,0 2,0
3amaua 2
Ornpenenutb aKTUBHOCTH KOMIIOHEHTOB B CIIaBaX Ha OCHOBE xkeie3a (Tadi. 2,3).
Tabmuna 2
XUMHUYECKUH COCTaB KeJIe3HbIX CIIIaBOB (Macc.%)
Bapuant C Si Mn Cr S P @)
2 0,08 0,30 0,40 0,15 0,045 0,035 0,047
_ Tabnuna3
[lapaMeTphl B3aUMOJICHCTBHS &) KOMIIOHEHTOB CILIABOB HAa OCHOBE Kelle3a
npu 1600 °C
OnemMeHT OnemMent 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

IIpumepHBbIe BONPOCHI 115 co0ece0BAHUS 10 TeMaM:

1. B KakuX TEXHOJIOTHYECKHX TPOIeccax MPOUCXOANT Tepmuueckas auccoruarus CaCO3?

2. laiiTe ompeseneHue TEpPMUHY «YIIPYrocTh JUCCOIUAIIMN KapOoHaTa”.

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

4. B xakom ciyuae 3HadeHus Kp n ynpyroctu aucconmanuu CaCO3z 4MCIEHHO COBIIAAAOT?

5. C xako# 1eJIbI0 Mepe]] ONBITOM BaKyyMHUPYIOT pa00Uuyi0 YCTaHOBKY?

6. Tepmonunamuka oOpazoBaHUSA u JHUCCOLUAUS KapOOHATOB; TeMIepaTypsl
HayaJja.

7. TepMoarHAMUKA TOPEHUS TBEPIOTO TOIUIHBA

8. Kak BimsieT cTeneHs AUCIepCHOCTH KapOoHaTa U M3BeCTH Ha ynpyrocth aucconuanuu CaCOs.
10.Kakue MeTamrypruueckue npouecchl sIBISIOTCS TOMOXUMUYECKUMU PEaKIUSIMU?

11.Kakne XMMH4YECKHE peakIMM MPOTEKAIOT MO aBTOKATAIUTUYECKOMY MexaHu3my? Yrto
SABJISIETCS] KATAIM3aTOPOM TaKUX MPOLIECCOB?

Yro Takoe KpucCTaIIMYecKasl pelieTka, U Kakie XapaKTepUCTHKN KPUCTAJUIMUECKOH pereTku Bel
3Haere?

Pacnpenenenre KOMIIOHEHTOB MEXKIy METAJJIOM U MIJIAKOM; KOHCTaHTa U K0P DUIHeHT
pacnpeneneHus

OObsicHUTE M3MEHEHUE CKOpPOCTH TOMOXMMHUYECKUX IPOLIECCOB Ha IMPHUMEpPE BBHIMOIHEHHON
paboTHI.

KakoB MexaHnu3m nuccornuanuu kapOoHaTa Kaablus?

IIpumepHbIe 3ana4n:
3amaga 1. OmnpenenuTs paBHOBECHOE NApLMAIbHOE [aBIEHUE KUCIOPOJA B Ta30BOM CMeECH
CO-CO; ipu remneparype 1300 °C u Pcoy/ Peo = 0,35.



3amaua 2. OmnpenenuTh PaBHOBECHOE MAapLUUAbHOE JABJIEHHWE KHUCIOpOAa B Ta30BOM CMecH
H»-H,0 npu remmeparype 1500 °C u Pypo /P 12 =0,30.

3amava 3. Kakoe momxHo ObITh oTHOIICHHE %CO2/%CO B razosoii cmecu CO-CO,, yTOOBI TpH
temnepatype 1200 °C paBHOBECHOE J1aBlI€HUE KUCIOPOJa B HEM cocTaBisiio Po,= 1,5 10”° ITa?
3anmava 4. Kakoe mommkHo ObiTh otHOmEeHue %H0/%H; B ra3osoii cmecu Hy-HpO, uTo0b1 mpu
temnepatype 1300 °C paBHOBECHOE 1aBlI€HUE KUCIOPOa COCTaBIsLIO Poy= 2+ 10° ITa?

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

3amaua 6. 3amaya 1. Oxapakrepr3oBaTh XOJ KpUCTaUIM3alMU PACILIaBOB, coxaepxkammx 10 %
CaO.

t,°C
-~
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-
2000F - Bﬁkcu Si0c+
S\ d-CasiosH | S VT30
1800}y 2K +CaxSi, 07 G_‘_P," Ca;5i0s+
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3anayva 7. Jlns cmeceid, COOTBETCTBYIOIIUX TOUKaM 1 — 8, n300pa’keHHBIX HA PUC., OPEEIUTD: 1)
Kakue (as3bl 1 B KAKOM KOJIMYECTBEHHOM COOTHOILEHHU OYIYT HaXOIUTHCS B PAaBHOBECHUU IIPH

HarpeBaHuu cmeceil 1o Ttemmeparypsl 1200 °C.; 2) mpu Kakodl TeMIiepaType HadHETCS U
3aKOHYUTCS IIABJICHUE CMECEH.




puioxenne 2

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

a) [Inanupyemsle pe3yabTaThl 00yUEHUS U OLIEHOUHBIE CPENICTBA AJIs IPOBEACHUS IPOMEKYTOUHON aTTECTALIUN:

CTpyKTypHBI
JJIEMEHT
KOMIIETCHIINH

[Tnanupyembie pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

OIIK-1: CrocobeH periaTh 3a1au IpoheCCHOHATBHON AEATSIBHOCTH, IPUMEHSSI METOIbI MOJICITUPOBAHMS, MATEMATHYECKOTO aHAIN3a, ECTECTBCHHOHAYYHbIC U
OOIIENH)KEHEPHBIC 3HAHMUSI

OIIK-1.1

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

Cnucoxk BONPOCOB /Jisi NPOBeJCHHs JK3aMeHa mo aucnuminHe «®dusmueckas Xxumus
MIAPOMETALTYPTrUYECKHUX IIPOLIECCOB)

B Kak#ux TEXHOJIOTMYECKHX MpoIeccax MPOUCXoauT Tepmudeckas auccouuarms CaCO3?

2. [laiiTe onpeneneHrne TEpMUHY «yNIPYrocTh 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# 1eNbIo Tepe] OMBITOM BaKyyMHUPYIOT pab0Uuyi0 YCTAaHOBKY?

6. TepmoanHaMuKka oOpa3oBaHusi W JHUCCOIMANMS  KapOOHATOB; TEMIEPATYPhI
Hayaja.

7. TepMoarHAMUKA TOPEHUS TBEPIOTO TOIJINBA

8. Kak BnusieT cTeneHp JUCIEepCHOCTH KapOoHaTa U M3BECTH Ha YIIPYroCTh JUCCOLUALIUN
CaC03.

10.Kakue MeTamurypruieckue mporecchl BISIOTCS TOMOXUMUYECKUMU PEAKIIUSIMU?

11.Kakue xumMudeckue peakiuy MpoTEKarOT 0 aBTOKATATUTUYECKOMY MeXaHu3My? Uto
SIBJIIETCS KaTalu3aTOPOM TaKUX MPOIECCOB?

12.Yrto Takoe KpHucTaUInYecKas pelieTka, U Kakue XapakKTepUCTUKU KPUCTATNINYECKON PEeIIeTKH
Bl 3HaeTe?

13.PacnpeneneHne KOMIIOHEHTOB MEXK/1Y METAJJIOM U IIUIAKOM; KOHCTaHTa U KOAPUIIUEHT
pacnpeseneHus

14.00BsicHUTE U3MEHEHHE CKOPOCTH TOMOXUMHUYECKHX MPOIECCOB HA TIPUMEPE BBHITTOIHEHHOM
paboTHI.

15.KakoB MexaHH3M IUCCOIMAlUU KapOOHaTa KaabIHs?

16.PacckaxnuTe 0 METOIMKE OTIPEIEIIEHUS] CKOPOCTH JUCCOIMAIINU KapOOHATa KalbIIHs,
MIPUMEHEHHOMN B JJAaHHOM OIIBITE.

17.B 4yem 3aKJIFO4ar0TCsl Pa3Indrsl TOMOTCHHBIX M T€TEPOTEHHBIX PEaKIIHii?




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

18.13 kakux cTaguil CKJIaIbIBAIOTCS TETEPOTCHHBIC PEaKIuu?

19.YTo0 Ha3bIBAIOT PEKMMOM I€TEPOTrEHHOMN peaKIun’?

20.KakxoBbl 0COOCHHOCTH IPOTEKAHUS PEAKLUI B PA3IMYHBIX PEKUMAX pearupoBaHus?
21.Kak u3MeHsIeTCsl TONIIMHA IUIEHKU OKAJIMHBI IPU OKUCIIEHUN METAJIIOB B Pa3JIMYHBIX
pexuMax pearupoBaHusi?

22.B uyeM cylHOCTh TPaBUMETPUUYECKOIO METO/1a UCCIIEI0OBAaHUS OKUCICHHS METAJIOB?
23.KakoBa CTpyKTypa KeJIe3HOW OKaJIMHBI U OT KAKUX (PaKTOPOB OHA 3aBUCHUT?

24.Yto0 TaKkoe BIOCTHUT M KaKOBAa €0 POJIb B OKUCIICHUH JKEJIE3HBIX CILIaBOB?
25.ChopmynupyiiTe NPUHLIKI )KaPOCTONKOCTH JKEJIE3HbIX CIUIABOB.

26.JlaiiTe onpeneneHUs] KOHCTAHTBI CKOPOCTH peakiuu U KoddduiueHTa muddy3uu.
27.B uem 3axiouaercs peaklinoHHas AU y3us 1 Kak OHa MPOSABISIETCS IPU OKUCIEHUN
xKenesa?

28.KakoBbl OCHOBHbIE KOMIIOHEHTbI METAJUTYPIrHUECKUX IUIAKOB?

29.Kak onpeeNsifoT YASIbHYIO 3JICKTPHUIECKYIO TPOBOAMMOCTE PACILIIABOB?

30.Yto Takoe sHeprus aKTUBALUK JIEKTPOIIEPEHOCa, U KaK OHa MOKET OBITh ompeesneHa?
31.KakoBbI 3KCIIEpUMEHTAJIbHBIE JI0KA3aTEIbCTBA HOHHOTO CTPOECHHUS IIAaKOB?

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

33.JlaiiTe onpeaeneHUe MOHATUS "KMHEMaTHYecKas BA3KOCTh " pacIuiaBa.

34.113 KakuX 4acTHIl COCTOST METAJUTYpPTrU4E€CKUE IIUTAKU?

35.Kakue yacTuiibl KOHTPOJUPYIOT BA3KOE TEUEHHE B IIUIaKax?

36.Kak onpenenstoT BA3KOCTh IJIAKOBBIX U METAJUIMYECKUX PACILIaBOB?

37.YTo Takoe 3HEeprusi akTUBALIMU BSI3KOTO TEUEHUS, U KaK OHa MOKET OBbITh ompeeneHa?
38.Uto MOXeT ObITh MPUYMHON KPUBOJIMHEHHOT0 XapaKkTepa H3MEHEHUs BA3KOCTH C
TeMIlepaTypoii B kooauHarax Inn — 1/T?

41.laiiTe onpeneneHne NOHATUSA "yAeIbHAs IEKTpUYECKas JIEKTPOIPOBOJHOCTE" .
42.113 KaKuX 4acTHUI] COCTOSIT METAJUTYPruYECKUe NUIaKu?

OIIK-1.2

Pemaer crangaptHeie npodeccHOHANbHBIE
3alayd C TPUMEHEHHEM OOIIEHHKEHEPHBIX
3HAHUH

3amaun sl CAMOCTOSATEIBHOTO PEIICHUS:

3agaya 1. Onpenenuts paBHOBECHOE MapIMAIbHOE JABJICHUE KUCIOPOJa B ra30BOM CMECH
CO-CO; mpu Temneparype 1300 °C u Pcoo/ Pco = 0,35.
3amaua 2. OmnpenenuTh paBHOBECHOE MapIHAIbHOE JAaBICHHE KHUCIOPOJAa B Ta30BOM CMECH
H3-H>0 nipu remnieparype 1500 °C u Pyypo /P 12 =0,30.
3amada 3. Kakoe mowkHo 06T oTHOMIEHHE %0CO2/%CO B razoBoit cmecu CO-CO,, yToObBI ipH
temriepatype 1200 °C paBHOBECHOE JaBJIeHUE KUCI0poa B Hel cocTaBisuio Po,= 1,5- 10” 1a?




CrpyKTypHBII
JJIEMEHT

KOMIICTCHIIUHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

3anaga 4. Kakoe momxkHo ObiTh oTHOIEeHHE %H,0/%H; B razosoii cmecu Hp-H,O, uToOBI TpH
temnepatype 1300 °C paBHOBECHOE J1aBJI€HUE KMCIOPOJa COCTaBIsIO Poy= 2+ 10” ITa?

3amgaua 5. OmnpenenuTs TeMIeparypy, MpU KOTOPOM paBHOBECHOE MApLMAIbHOE JABJICHUE
kucioposa B razoBoit cmecu CO-CO, npu otHommennu PCO;, /PCO=0,2 cocraBut Po, = 4-10-5
Ila.

3amaua 6. OmnpenenuTh TEeMIIEpaTypy, NMPU KOTOPOM PABHOBECHOE MapIMaIbHOE JIaBICHHUE
kuciopoja B razoBoit cmecu Hy-HoO nipu otHOmIennu P ppo/ P 11,=0,25 coctaBut Poy = 5-10-5
ITa. 3amaga 7. OnpenenuTs paBHOBECHBIN cocTaB ra3oBoii cMecu Hj - O, - H,0 npu remmieparype
700 °C, eciau UCXOHBIE NTapUHAIbHBIC JABJICHUS Ta30B B 3aKpbITOM cucTeMe coctaBisuim 0,333
aTM.

3amaua 8. OnpenenuTs paBHOBECHBIN cocTaB razoBoil cmecu CO - Oy - CO; mpu Temnepatrype
800 °C, ecnu UCXO0IHBIE TAPIIUATILHBIE JAaBJICHUs ra30B B cucteme coctaisuii: CO — 0,5 atm, O2
—0,3 atm, CO2 — 0,2 atm.

3amaua 9. Omnpenenuth, NpU KaKOH TeMIEpaType CpOACTBO KHUCIOpOAa K BOJAOPOLY H
MOHOOKCHUJIY yTJIepo/ia OJIMHAKOBO.

3anaya 10. OnpenenuTs BO3MOXXHOE HAIPaBJIEHUE PEaKLMM BOJSHOrO Tasza IpU TemIepaType
900 °C, ecnu ucxoaHas ra3oBasi cmech conepxkut 23% CO, 27% H0, 20% 14 CO; u 30% Ho.
O6mee nasienue B neun paBHo 105 Ila, a koHcTanTa paBHOBecus peakiuu mpu 900 °C paBHa
0,76.

3amaua 11. Onpenenuts Temmeparypy, NpH KOTOPOW B pe3yJbTare MPOTEKaHUs PEaKIuu
BOJSIHOTO ra3a paBHOBECHAas ra3oBasi cMech coaepxkut 26,2% CO, 30,2% H,0, 16,8% CO, u
26,2% H,. TemmneparypHas 3aBuUcHMOCTb 3Hepruu [mb6ca mns peakmmu CO(r)+H20(r)=
CO2(r)+H2(r) umeer Bug G=- 36600 + 33,5* T, J[xx

OIIK-1.3

HpI/IMeHSIeT METOAbI MOJCIINPOBAHUSA n
MaTCMaTUYCCKOI'0 aHajin3a JJId pCHICHUA 3aaa4
TECOPECTUUCCKOTO U MMPUKIATHOI'O XapaKTepa

3amaHue Ha penieHue 3a1ad U3 NpodecCHOHATbHOW 00JacTH (IoMallHee WHIMBUAYAThHOE
3a71aHue)
3amaua 1.

Jus peakiuu: Cpy + CO2y = 2CO(y ypaBHEHHE 3aBUCUMOCTU KOHCTaHTbI paBHOBECHUS
OT TeMIIepaTypbl KOTOPOH UMEET BU/I;

9001
(9K, =——-+9,28
T

OTIpEICTTUTh PAaBHOBECHBIN COCTaB raza B 3aBHCHUMOCTH OT TEMIIEpAaTyphl U JaBieHHs (Tali.).
[Tony4yenHble 3HaYEHUS IPEJACTABUTH B BUJIC TAOIHIIBI U Tpaduka.




CrpyKTypHBII

AIIEMEHT [Tnanupyemsble pe3ynbTaThl 00y4eHHUs OneHouyHbIe CpECTBA
KOMITETCHIIHI
Bapuanr | Temmeparypa °C CocTtaB UCXOIHOM Ta30BOM CMECH
% CO | %H20 | %CO2 | % H2
1 500 600 700 800 900 5 15 35 45
2 550 650 750 850 950 10 20 40 30
3 1000 1050 1100 1150 1200 15 25 45 15

3amaua Ne2. Jlns peakiuu:
C(T) + Coz(r) = ZCO(F)
ypaBHEHHE 3aBUCUMOCTH KOHCTAaHTBI PABHOBECHSI OT TEMIIEPATYpPhl HIMEET BH/I;
8916
9K, = ———+911
T
OTIpeIeTUTh PAaBHOBECHBII COCTaB raza B 3aBUCHUMOCTH OT TEMIIEpAaTypbl U JaBieHHs (Talu.).
[TosrydeHHbIC 3HAUCHUS IPEICTABUTH B BUJIC TAOIUIIBI U TpaduKa.

Bapuant | Temneparypa °C [aBnenue (aTm.)

1 500 600 700 800 900 5 15 35 45
2 550 650 750 850 950 10 20 40 30
3 1000 | 1050 | 1100 |1150 |[1200 |15 25 45 15




6) Iopsiiok mpoBeeHHsI TPOMEKYTOUHOM aTTECTAIlMH, TIOKA3aTeI U KPUTEPUHU OLICHUBAHUS:

[TpomexyTouHas aTTecranus 1o TUCLUILINHE «Pusnyeckas XUMHUS
NUPOMETALUIYyPIHYeCKHX IPOLECCOB» BKIIOUYACT TEOPETHUYECKHE BOIPOCHI, IMO3BOJIIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUYAIOIIMMUCS 3HAHUH, U MPAKTUYECKHE 3a/IaHUs, BBISBISIOIINE
CTeneHb CPOPMUPOBAHHOCTH YMEHUH U BIIaIEHUI, TPOBOIUTCS B (hOpME IK3aMEHa.

DK3aMeH M0 JaHHOW AMCIUILUIMHE MPOBOAMTCS B YCTHOW (popMe Mo 3K3aMEHALMOHHBIM
OuneraM, KaAblil U3 KOTOPBIX BKIIKOYAeT 2 TEOPETUYECKUX BONPOCA U OAHO IPAKTUYECKOE
3aJaHHue.

IToxazarenu u KpUTEpUN OLICHUBAHUSA YK3aMEHA:

— Ha OLIEHKY «OTIUYHOY (5 6amioB) — 00yJaroUMiics TEMOHCTPUPYET BHICOKHIA YPOBEHb
c(OPMHUPOBAHHOCTH KOMIIETEHIMI, BCECTOPOHHEE, CHCTEMAaTH4YecKkoe U IIIyOOKOoe 3HaHMeE
y4eOHOTO MaTepuasia, CBOOOJHO BBHINONHAET MPAKTHUECKUE 3aJaHHsl, CBOOOIHO ONEpUpPYET
3HAHUSAMH, YMEHUSMH, IPUMEHSET UX B CUTYaLUsAX IIOBBILICHHON CII0KHOCTH.

— Ha OIIEHKY «Xopoiio» (4 6aia) — 00ydJaromuiicss 1eMOHCTPUPYET CPEIHUN YPOBEHB
c(OPMHUPOBAHHOCTH KOMIIETEHLIUH: OCHOBHBIE 3HAHMS, YMEHMS OCBOCHBI, HO JOMYCKAIOTCS
HE3HAaYUTENbHbIE OIIMOKN, HETOUHOCTH, 3aTPYAHEHUS [IPH aHATUTUYECKUX OINEpaLlUsiX, IEPEHOCE
3HAaHUU U YMEHUI Ha HOBbIE, HECTAHIAPTHBIE CUTYaLUH.

— Ha OLEHKY «yAOBJIETBOpUTENbHO» (3 Oamra) — oOyuaromuicss AEMOHCTPUPYET
IIOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETEHIMI: B X0J€ KOHTPOJIbHBIX MEpONPUATUI
JIOIYCKAIOTC OLIMOKM, MPOSIBISAETCSI OTCYTCTBHE OTAEIbHBIX 3HAHUM, yMEHUI, HaBBIKOB,
0Oy4arolMiCs HCIBITHIBAET 3HAYUTENbHBIE 3aTPYAHEHUS IpPU ONEPUPOBAHUM 3HAHUSMHU U
YMEHMSIMHU [IPU UX NIEPEHOCE HA HOBBIE CUTYALIUU.

— Ha OLIEHKY «HEYJOBJIETBOPUTEILHOY (2 Oasuia) — o0yJarouuiicss IeMOHCTPUPYET 3HAHUS
He Oosee 20% TeopeTHYECKOro MarepHaja, JOMYCKAaeT CYLIECTBEHHbIE OLIMOKH, HE MOXKET
MO0KAa3aTh MHTEJUIEKTyalIbHble HABBIKU PELICHMS MPOCTHIX 3a]1a4.

— Ha OLIEHKY «HEYJOBIeTBOpHUTENbHO» (1 Oamin) — 3ajaHue mpernojaBareist BHIITOJHEHO
YaCTUYHO, OOYyYaroIMiicsi HE MOYKET BOCHPOM3BECTH U OOBSICHUTH COJEp)KaHUE, HE MOKET
MIOKAa3aTh MHTEJUIEKTYyalIbHbIE HABBIKU PELICHUSI IOCTABJIEHHOM 3a/1auH.



