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PaGouast nporpammva coctasiena Ha ocHoBe @I'OC BO no HanpapiIe€HHIO MOArOTOBKH
22.03.02 Merautyprus (ypoBeHs Oakaiaspuara) (npuka3 Munobpaayku Poceun or 04.12.2015
r. Ne 1427)

PaGouas nporpaMma paccMoTpeHa i 0400peHa Ha 3aceaHuu Kadenpsl Meranayprau u
xumuyeckux Texnonorui 18.02.2020, nporokon Ne 6

3as. kadenpoii A.C. XapueHko

PaGouast nporpamma og06pena metoanueckoi komuccueit MUIMMuM

20.02.2020 r. mpoToxosn Ne 5 e
Hpencqnaln/ A.C. CaBuHOB
—
PaGouast mporpamMma cocraBiieHa: ,7 S
cT. npenoaasarens kadeapsl MuXT, / //q//;/ C.B.lOauna
174

Pelensent: %ﬂ
noueHT Kadeapel TCuCA, KaH1. TEXH. HayK oy W//W U.B.ITonypko



JIueT akTyaau3anuu padodeii nporpaMmel

Pa6ougas mporpaMma nepecMoTpeHa, o0cyxkieHa i ofo0pena uis peanusanuu B 2020 - 2021
y4e6HOM oy Ha 3acefaHuy Kadenpsl MeTajulypriay i XHMHYECKHX TEXHOIOTHH

Tporokon ot 37 %%) of %W_ r. Ne 7
3as. xadenpoii < A.C. XapueHko

Pa6ouas IporpaMma IepecMOTpeHa, 00CyKaeHa i o100peHa Juis peanusanuu B 2021 - 2022
y4eGHOM rojty Ha 3acefaHud Kadeapsl MeTammyprud i XMMHYECKHX TEXHOIOTHI

[Tporoxonm oT ___ 2 20 . Ne
3aB. kadenpoit A.C. XapueHko

Pa6ouas mporpaMma epecMoTpeHa, o0cyxeHa i ogo0pena /urs peannsanuu B 2022 - 2023
y4eGHOM oy Ha 3acemanud kadeapsl MeTalTyprui i XMMHYECKHX TEXHOJIOTHH

IMporokon oT 20 1. Ne

3as. kapenpoit A.C. ?apqemco

Pa6ouas IporpaMma nepecMOoTpeHa, oocysKIeHa i oxoOpena Juist peanusanuy B 2023 - 2024
y4eOHOM oy Ha 3acefaHud kadeapsl MeTaurypruu 1 XUMHYECKUX TEXHOJIOTHH

IIporokom ot __ 20 . Ne
3aB. kadenpoit A.C. XapueHko




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Lenstmu 0CBOCHUS AUCUUTIIUMHBI (MOAYIs) «PU3NYECKasi XUMUS TUPOMETAIUTYPrUYeCKUX
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;

- gmath oOydJaloomuM OCHOBBI 3HAaHWH B 00JacTH  BBICOKOTEMIIEPATYPHBIX
METAJTyPrUYECKUX MTPOLIECCOB.

2 MecTo TMCHHMIIMHBI (MO/1YJIsI) B CTPYKTYpe 00pa3oBaTe/bHOil POrpaMMbl

HucuuruinHa @usnueckass XHUMUS [MUPOMETAUTYPTUYECKUX MPOLECCOB BXOAMUT B
BapHUaTUBHYIO 4acTh y4eOHOT0 T1aHa 00pa30BaTeIbHON TPOrPaMMBI.

Jns  u3ydeHUs  JUCLUIUIMHBI ~ HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIAJICHUsA),
c(OpMHUPOBAHHBIC B PE3YIIbTATE U3YUCHHS JUCITUTUTUH/ IPAKTUK:

Xumus

duznueckas XuMus

dusuka

Maremaruka

MaremaTHueckasi CTaTUCTUKA B METAIITypruu

3HaHus (YMEHHUs, BIaJIeHHs), OJIYYEeHHbIE MIPU U3YYEHUHU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI [Tl U3yYCHUS TUCIUTLTH/TIPAKTHK:

BeinnaBka cranu B KOHBEpTEpax

BeinnaBka ctanu B 3JeKTponeyax

Hossle nporieccb! MeTamypruu

Kogmeast 06paboTka cranu

OCHOBBI IPOKATHOT'O MPOU3BOACTBA

DneKTpOMEeTaIITypIys CTall U CIJIaBOB

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yUeHu st

B  pesynbrare  ocBoeHuss ~— AMcuMIUIMHBL  (Monyns) — «Dusmueckas — XUMHUS
NUPOMETAITYPTHYECKUX  TpoIleccoBy» OOyyaromuidcss JODKeH o0najaTh — ClelyolUMU
KOMIETEHIMSIMU:

CtpyKTypHBII [Inanupyemsble pe3yabTaThl 00yUeHHS
JJIEMEHT
KOMIIETEHIINHU

[TK-2 criocoGHOCTHIO BBIOUPATH METO/IbI CCIIEI0OBAaHUS, INIAHUPOBATEH U MPOBOIUTH
HE00XO0/IMMBbIE SKCIIEPUMEHTHI, HHTEPIIPETUPOBAThH PE3YbTATHI U JI€TaTh BBIBOIBI

3HaTh - KJ'IaCCI/I(l)I/IKaHI/II/I 1 CYIIHOCTb METOAOB aHAJIN3a; TCOPECTUICCKHNEC OCHOBBI U
NPUHOUIIBI TCPMOAUHAMHUYCCKUX MCTOJOB aHaJIM3a, OCHOBHBIC 3aKOHLI
TEPMOANHAMHUKHU MCTATUTYPIrHYCCKUX ITPOLIECCOB;

- MCTOABI UCCIICAOBAHUA U YCIIOBUS NPOBCACHUS SKCIICPUMCHTOB U
AHAJIN30B, OCHOBHBIC OKCIICPUMCHTAJIBHBIC U PACYETHBIC METO/bL
OIPCACIICHUA TCPMOJUHAMUYCCKUX XAPAKTCPUCTHK.




VYmeTb

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

- IPOBOUTH (PUUKO-XUMUYECKUE HCCIEAOBAHUS CUCTEM U MTPOLIECCOB C
HCII0JIb30BAHUEM COBPEMEHHBIX METOJ0B U IPUOOPOB; IPOBOAUTH
(U3HKO-XMMHYECKHUE PACUETHI

Bnanets

- MPAKTUYECKUM MTPUMEHEHUEM BAKHEUILINX COBPEMEHHBIX TEOPETUUYECKHUX,
TEPMOJIMHAMHYECKUX METOJIOB; HABBIKAMH BEIACHUS MOMCKA HEOOXOqMMBIX
3HaHUU MO JTUTEPATYPHBIM U JIPYTUM HCTOYHUKAM;

- METOJIaMH JKCIIEPUMEHTAILHOT'O UCCIIEOBAHUS; OTIPEICTICHUS COCTaBa
CUCTEM, METOJIaMHU TMPEJCKA3aHUsI TPOTEKAHUS BO3MOKHBIX XUMHUYECKHUX
peakuuii

I1K-4 TOTOBHOCTBIO HCITOJIB30BAaTh OCHOBHEIC INOHATH:A, 3aKOHBI U MOACIIN TCPMOJUHAMUKH,
XHUMHYISCKOM KHHCTHUKHU, IICPCHOCA TCIIJIa U MACChI

3HaTh

- OCHOBHBIC ITOJIOKCHHU A 0611_[6171 XUMHH, OCHOBHBIC 3aKOHBI (1)I/ISI/IIIGCKOI‘/'I
XHUMHHU, a TAKXKC CII0COOBI BX IMPUMCHCHUA IJId PCIICHUA TCOPECTHICCKUX U
IPUKIAOHbIX 3a/1a4;

- OCHOBHBLIC ITOHATHUS, 3aKOHBI U MOJACIIN TCPMOANHAMUKH, XHUMHYICCKOMN
KHUHCTHUKH,; BIUAHHC OCHOBHBIX 3dKOHOB TCPMOJINHAMUKHU U XUMHUYECKOU
KMHCTHKHU Ha POLECChI B MCTAJLUTYPIruu.

YmMmern

- rpaduvecku 0ToOpaXkaTh MOyYSCHHbBIE 3aBUCUMOCTH; aHAJTHM3UPOBATh U
00CyX/1aTh pe3yabTaThl (PU3MKO-XUMUYECKUX UCCIIEOBAHUI; BECTH
HAy4YHYIO IUCKYCCHUIO IO BOIIpOcaM (PU3UYECKO- XUMHUYECKHM OCHOBAM
METAJITyPrUUECKUX IPOLECCOB, IPOBOIUTH MAaTEMATHUECKYIO
MHTEPIIPETALMIO MTOTYYEHHBIX PE3YJIbTAaTOB U ONPEENATh Haubosee
3HaYMMbIe (DAaKTOPBI.

Bnanerts

- HaBBbIKaMU BBIUMCJIEHMSI TEIIOBBIX 3()()EKTOB XMMHUUECKUX PEAKIUM MTpH
3aJJaHHOI TeMmIepaType B yCIOBUAX ITOCTOSIHCTBA JIaBJICHUS WK 00beMa,
KOHCTAHT PaBHOBECHs XUMUYECKUX PEAKLIUU ITPU 3aJaHHON TEMIIEPATYPE;
- IPUMEHATh COBPEMEHHOE Qu3nudeckoe 000py10BaHUE U TPHUOOPHI TPU
pELIEHUN NTPAKTUYECKUX 3314, IPOBOJANTH CTATUCTUYECKUI aHAIU3
MIOJIyYE€HHBIX DKCIIEPUMEHTAIbHBIX JaHHBIX

[1K-13 roTOBHOCTBIO OIIEHUBATh PUCKU U OMPENIETISATH MEPHI 10 00ecreueHnto 0€30MacHOCTH
TEXHOJIOTMYECKUX MPOLECCOB

3HaTh

- TCOPCTUUCCKHUEC OCHOBBI XUMHUUYCCKUX U (I)I/ISI/IKO-XI/IMI/I‘-ICCKI/IX mponeccos,
JICKAIMX B OCHOBE METAJINTYPIru4€CKOIro rnpon3BOACTBA

YmMmern

-BECTH HAYUHYIO TUCKYCCHUIO IO BONIPOCaM (PU3UKO - XUMHUUECKUX OCHOB
METAJTyprUuecKuX MpoIecCcoB, MPOBOIUTH MAaTEMATUYECKYIO
MHTEPIPETAIMIO MTOTYYSHHBIX PE3YJIbTATOB U ONpEeNsTh Hauboee
3HaYUMBbIE (DAKTOPBHI.

Bnanetn

-METOJaMU MPOTHO3UPOBAHHUA PEIYIILTATOB BOS}IGfICTBI/IfI Ha
TCXHOJIOTUYCCKHUC ITPOLUCCCHI B METAJLNIYPIrU; BbIABUT'ATh TUIIOTE3bI U
YCTaHaBJIMBATh I'paHUIIbI UX IPUMCHCHUA.




4. CTpykKTypa, 00bEM H coep:KkaHue TUCHUIIMHBI (MOAYJISA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 5 3adyeTHbIX enuuuil 180 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKkTHas pabora — 12,9 akaj. 4acos:
—aynuropHas — 10 akaj. 4acos;

— BHeayuTopHas — 2,9 akaJi. 4yacoB

— caMocrosiTenbHas pabora — 158,4 akan. 4acos;
— MOJITOTOBKA K K3aMeHy — 8,7 akaji. yaca

dopma aTTecTaluu - SK3aMEH

AynuropHas ) s
KOHTaKTHas paboTa E 3 dopma TeKyIIEro
s X Bu KOHTPOJIS
Paznen/ Tema 2 (B axaz. yacax) E B A . p Kon
> g © | caMOCTOATENBbHOM YCIEBAEMOCTH U
JIACIMTUTHHBI = [ N KOMITETECHIIUH
Q & paboThI MIPOMEKYTOYHOM
1a6. |mpakr. | € 3
Tlek. S Rl - aTTecTauu
3aH. | 3aH. | O &
1. Pazgen 1. TepmoguHamuka
MPOLIECCOB TOPEHUS] TOILINBA
11 Kucnopoassiit TToaroroska K 1IK-2, IIK-4,
HOTeHIMAN ra3oBoif 05 105 | 30 nabopaTopHO- CobeceioBanue Mo IIK-13
(a3l Peakuus BogsHOro ' ' HPaKTUYECKOMY TEME
rasa 3aHATHIO
1.2 Kunetnka u| 3
. Brimonuenve ITposepka u 3amura | [1K-2, IIK-4,
MEXaHU3M peakiuii o [K-13
pacyeTtHo- UHMBUTYATBHON
TOPCHUSI. 20 . N
rpadudeckoil  |pacueTHO-TpadUUECKOM
TepmoanHamuka
N pabotsr Nel pabotst Nel
peakimit TOPEHMS
HWroro no pazaeny 0,5 1/0,5 50
2. Pazmen 2. [Ilponeccs
00pa3oBaHMs M IUCCOLHALHN
XHMHUYECKUX COCIMHCHUI
TMoaroToBka K Brinonaenue u [K-2, TIK-4,
21 Jucconmanust 05 1 20 71a00paTOPHO- 00CYXK/IeHHEe TaHHBIX TK-13
KapOOHATOB M OKHCJIOB ' IPaKTUYECKOMY | 1abopaTopHOIl paboTHI
3 3aHATHIO Nel
Pazpabotka I1K-2, T1IK-4,
2.2 KuHerrka, MEXaHH3M MK-13
IrOpUTMa CobecenoBanue 1o
npoiiecca TUCCOLUAIMN 0,5 2/1 20
BBITIOJTHEHNS TeMe, peleHue 3a/1a49
KapOOHATOB
peIICHUs 3a/1a91
Hroro no pazaeny 1 1 2/1 40
3. Pazgen 3. OcHOBHI Teopuu
BOCCTAHOBJICHHS] OKCHJIOB
3.1 TepmoanHaMuka IIK-2, TIIK-4,
BOCCTaHOBJICHUS IMoaroroBska K Brinonnenue u MK-13
METaJUIOB rasami.| o 2 105 | 5 71ab0paTOpHO- o0CyKIeHne TaHHBIX
Boccranosnenune ' IpakTu4yeckoMy | mabopaTtopHoi paboThI
OKCHUJIOB MeTajuia 3aHATUIO Ne2
BOJIOPOJIOM W OKCHIIOM
HWroro mo pasmeny 2 1/05 | 45

4, Pasnen 4,
MeTaJuTypruueckue paciuiaBbl




Brinosnnenue IK-2, TTIK-4,
4.1 AKTHUBHOCTb IIposepka u 3amura IK-13
pac4erHo- .
KOMITIOHEHTOB B 0,5 23,4 adpuaccKoii pacueTHO-rpadUeCKON
pacTBopax rgaGOTLI No2 paboter Ne2
HUroro no pazaeny 0,5 23,4
TIK-2, [IK-4,
Hroro 3a cemectp 4 4/2 1158,4 9K3aMeH K-13
[K-2, IIK-4,
TK-13
Wroro no aucuurinze 4 4/2 1158,4 JK3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

OO6pazoBaTenbHble TEXHOJIOTUU — 3TO LIEJIOCTHAS MOJIENb 00pa30BaTEIbHOIO Mpolecca,
CUCTEMHO ONPEICNSIONIasi CTPYKTYPy M COJEpKaHUEe IEATEIILHOCTH OOEUX CTOPOH 3TOTO
npo-miecca (mpernogaBareNss W CTYACHTA), HMMEIOIIas LEJIbl0 JOCTHKEHHE IUIAHUPYEMbIX
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 (NMPOEKTUPOBAHME) CIIOCOOOB  JOCTHIKEHHS  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
PUCYHKHU, CXEMBI, MOJIEJIH, KOTOPHIE B 3HAUUTEIHLHOM CTEIIeHH 00JIEryaloT MOHUMaHue Kypca.

3aHATUSA MPOBOJATCS C MPUMEHEHHWEM TPAJAMIIMOHHOW M MOJIYJIbHOKOMIETEHTHOCTHOM
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 TPHOOPETAIOT HAaBBIKU
WCCJIEIOBATENIbCKOM  JIEATETPHOCTH W yYMEHHUS OOBSCHATH PE3YJIbTaThl IKCIIEPUMEHTA,
OCHOBBIBASICh Ha 3HAHUSAX TEOPETUYECKOW YacTH Kypca. [Ipu mpoBeneHUM J1abopaTOPHBIX
3aHATUH UCIIOJIB3YETCSI METO/I KOHTEKCTHOTO 00YUYeHUs, KOTOPBIN MO3BOJIIET YCBOUTH MaTepral
MyTEM BBIBICHUS CBSI3€d MEXKAY KOHKPETHBIM 3HAaHHEM M €ro MNpPUMEHEHHEM, a TaKkKe
TEXHOJIOTHSI MOJYJBHOTO OOY4YEeHHS M KOJUICKTHBHOTO B3amMooOydeHus (mapHas paboTa Tpex
BUJIOB: CTaTHMYECKas Mapa, IMHAMH4YecKas 1apa, BapualloHHas napa).

NunuBuayanpHasi CcaMOCTOATENbHAs  TMO3HABATENbHAS  JICSITEIIBHOCTh  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,
YMEHHSI U ONPEICNICHHBIM OIBIT, HEOOXOAUMBIE i Oyaylield MpakKTUYECKOW AESITeTbHOCTH.
CamocTtosTenpHas paboTa CTYJEHTOB CTUMYJIHPYET CTYACHTOB K CAMOCTOSATEIHHON



popaboTKe TeM B IPOIecce BHITOTHEHNS HHIMBUAYATbHBIX 3aJaHHi, B TPOIIecCe MOATOTOBKH K
KOHTPOJIHBIM paboTraM W wWTOroBoi arrectaimu. CamocrosiTenbHas paboTa CTYICHTOB
HalpaBJIeHA Ha 3aKPEIJICHHE TEOPETHUYECKOr0 MaTepuaia, M3JI0KEHHOTO MpernojaBareieM, Ha
npopalbOTKy TeM, OTBEICHHBIX Ha CAMOCTOSITEIbHOE U3y4YEHHUE, Ha OATOTOBKY K BHIIOJIHEHUIO U
3amuTe 1a00paTOPHBIX padoT, MOATOTOBKY K KOHTPOJIBHON pab0OTe M UTOTOBOM aTTECTAIIUU.

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

- co3maHHe TPOOJEMHBIX CHTyallii C T[IOKa3aTelbHBIM pPELHICHHEM IPOOJIEMBI
Iperno/iaBaTesieM;

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

- CaMOCTOSITEIIbHOE PEIICHHE TPOOIEM CTYACHTAMH 101 KOHTPOJIEM IPETIO1aBaTels.

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

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

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

-  UWHAMBHAyalbHOE OOydeHHEe — BBICTpaMBaHUE CTYJCHTaMH COOCTBEHHBIX
00pa3oBaTENbHBIX TPACKTOPUI Ha OCHOBE (JOPMUPOBAHUS HHIMBUIYAIbHBIX YICOHBIX TUIAHOB U
IPO-TPaMM C YU4E€TOM HUHTEPECOB M MPEATIOYTEHUH CTYIEHTOB.

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

- OIlepeXKaroIIas CaMOCTOsATEeNbHAs paboTa — U3y4EHUE CTYACHTaMU HOBOTO MaTepHaia
JI0 €T0 M3JIOKEHHS IPENo/aBaTeeM Ha JISKIUH U JIPYTUX ayAUTOPHBIX 3aHATHSIX.

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

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

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

a) OcHoBHas1 IMTEpPaTypa:

1. OCHOBBI METAJUTYpPTrUUECKOro Mpou3Bo/cTBa | yueOnuk / B.A. burees, K.H. Bnosus,
B.M. Konokonbues, B.M. Canranuk. — Cankr-IlerepOypr : Jlans, 2017. — 616 c. — ISBN
978-5-8114-2486-3. — Texkcr : anekrpoHHbIit // JIaHb : 21eKTPOHHO-OMOIMOTEYHAS CHCTEMa. —
URL: https://e.lanbook.com/book/90165

0) lonoJiHMTE ILHASA JIUTEpaTypa:

1. Muxaiinos, I'.I'. TepmonnHaMuka MeTALTYprHYECKUX IUIAKOB : yueOHoe mocobue /
I''T". Muxaiinos, B.M. Anromenko. — MockBa : MUCUC, 2013. — 173 c¢. — ISBN
978-5-87623-729-3. — Tekcr : anekrpoHHbIit // JlaHb : 31eKTPOHHO-OMOIMOTEYHAS CHCTEMa. —
URL: https://e.lanbook.com/book/47475

2. Muxaitno, I'.I'. TepMmonuHamuKa METaLTyprHYeCKUX NPOIECCOB M CUCTEM !
monorpa-¢us / I'.I'. Muxaiinos, b.1. Jleonosuy, 10.C. Ky3uernos. — Mocksa : MUCHC, 2009.
— 520 c¢. — ISBN 978-5-87623-224-3. — Tekcr : onekrponsbii // Jlanp
aJIeKTpoHHO-OMboTeunas cu-crema. — URL: https://e.lanbook.com/book/117016



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

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

4. Usnes, C.A. Meraurypruyeckue TEXHOJIOTUU. MeTamunyprusi 4€pHbBIX METAJJIOB .
yue6-noe nmocooue / C.A. Usaes, M.II. KinroeB. — Mocksa : MUCHC, 2017. — 45 ¢. — ISBN
978-5-906846-57-0. — TekcT : anexkrpoHHbli // JIaHb : 3JIeKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/108106

5. TepmomuHamuka, KMHETMKAa M pacyeThl Merauryprudeckux mpomecco / C.H.
[Tanepun, .. Pepxonkos, I'.B. Cepos [u ap.]. — Mocksa : MUCHC, 2010. — 235 ¢. — ISBN
978-5-87623-312-7. — Tekcr : anekrpoHHblii // JIaHb : 37€KTPOHHO-OMOIMOTEUHAsT CUCTEMA. —
URL: https://e.lanbook.com/book/117022

B) MeToanyeckne yKazaHus:

1. CmupnoB A. H. TepmomuHamuiKa MpPOIECCOB TOPEHUS] TOIUIMBA [DIEKTPOHHBIMA
pecypc]: Me-ToAu4YecKHe yKazaHusd Jid CTYAEHTOB M0 JuCHUIUIMHE "®dusznueckas XUMHS
metautyprudeckux npouecco" / A. H. Cmupnos, M. A. llecroouros, C. B. IOmuna; MI'TY. -
Maruautoropck : MI'TY, 2013. - 1 snektpon. ont. auck (CD-ROM). - Pexxum mocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/112430
2/68.pdf&view=true . - MakpooOBEKT.

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

3. CreunmkoBa H.IO., CmupaoB A.H., IOgura C.B. Metoaudeckue yka3aHwis: s
BBITIOJTHEHUS n1abopaToOpHBIX pabor 1o JTUCITUTLIINHE «Duznueckas XUMUS
MUPOMETALTYPTHYECKUX TIPOIECCOB» IS CTYACHTOB BCEX CIENHATbHOCTEH Bcex (opM
oO0yuenust. Marauroropck: M3n-Bo Marauroropcek. roc. Texs. yH-ta uM. I.M1.Hocoga, 2015, 29 c.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:
IIporpammHoe o0ecneuenne

Haumenoanue 10 Ne norosopa Cpox neicTus
JIMIICH3UU
MS Windows 7 J1-1227-18 o1 08.10.2018 11.10.2021
Professional (s kitaccoB)
MS Office 2007 Professional [Ne 135 ot 17.09.2007 OeccpouHo
FAR Manager cB0OOAHO pactpocTpansemoe [10 06eccpouHo
7Zip cB000THO pacrpoctpansemoe [10 0EeCCPOUIHO



https://e.lanbook.com/book/2062
https://e.lanbook.com/book/108106
https://e.lanbook.com/book/117022
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/1124302/68.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=68.pdf&show=dcatalogues/1/1124302/68.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(GOPMAIMOHHBIE CIPABOYHbIE CHCTEMbI

HasBanue xypca CchlLIKa
HaI_[I/IOHaJIbHaﬂ I/IHq)OpMaL[I/IOHHO-aHaJII/ITI/I‘-ICCKaH URL
cucteMa — POCCHICKMI MHIEKC HAYYHOTO IUTHPOBAHUS :

https://elibrary.ru/project risc.asp

(PVIHILI)
[Touckosas cucrema Akanemust Google (Google Scholar) JURL: https://scholar.google.ru/

WNudopmannonnas cucrema - EnuHoe okHO AocTyma K

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

denepanbHOE rocyIapCTBEHHOE OroIKETHOE
yupesxaenue «DenepanbHbiii vHCTUTYT npoMsiiuiennon|URL: http://wwwl.fips.ru/
COOCTBEHHOCTH

9 MaTepHaJLHO-TEXHHYECKOE o0ecneuyeHne TN CIUIINHBI (MOLYJIf)

MarepuanbHO-TEXHHUECKOE 00ecrieueHUe AUCUUIUINHBI BKIIIOUAET:

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

- TEXHUYECKUMHU CpeACTBaMM OOYy4YEHHUs, CIYKallUMH Uil IpPEICTaBICHUS y4eOHOMH
uHpopMauuu OOJbIIOW ayAUTOPUM: MYJIbTUMEAMWHBIMU CpEJICTBA XPAaHEHUs, Iepefadd U
npeJcTaBiIeHus yueOHOM HHpopManuy;

- CIIeLMAIN3UPOBAHHON MEOETIBIO.

2. YueOHas ayauTopusi JUIS TPOBENEHUS JAOOPATOPHBIX 3aHATHHA «XUMHYECKHE
1abopaTopun» OCHaIlleHa J1a00paTOPHBIM 000PYAOBaHUEM:

-XHMUYECKUE PEaKTUBBI,

-XMMHUECKas 1ocyia

- 1abopaTtopHOe 000pyHOBaHNE

- CIIeLMAIN3UPOBAHHON MEOEIbIO.

3. YueOHast ayauTopus UIs IPOBEICHHS IIPAKTUIECKUX 3aHATHI OCHAIIICHA:

- TEXHUYECKUMH CPEJICTBAMU OOYYEHHs, CIYKalllUMU JUIsl TPEACTaBICHUs Y4eOHOM
uH(popMaluu OOJILLIOW ayAUTOPUM: MYJIbTUMEAUMHBIMH CpEICTBAa XpAaHEHHUd, IMepeAayud u
npecTaBieHus yueOHOH nH(popMalnu;

- CHIeMaIM3UPOBAaHHON MeOebIo.

4.YyeOHast ayIuTOpHsl JUI TPYIIOBBIX U MHAMBUAYAIBHBIX KOHCYJIbTALUH, TEKYILEro
KOHTPOJISI M TPOMEKYTOUHOM aTTeCTalluK OCHAIIIECHA:

- KOMIIbIOTepHOIT TexHukol ¢ makerom MS Office, ¢ noakmrouennem k cetu «MHTEpHET
U C JIOCTYIIOM B 3JIEKTPOHHYIO HH(OPMALMOHHO-00pa30BaTeNbHYIO CPely YHUBEPCUTETA;

- CIIeLUAIN3UPOBAHHON MEOETIBIO.

5. [Tomemnienue y1st CaMOCTOSITENILHOM PaOOTHI OCHAIIICHO:

- KOMIIbIOTepHOI TexHukol ¢ makerom MS Office, ¢ noakmrouenuem k cetu «MHTEpHET
U C JIOCTYIIOM B 3JIEKTPOHHYIO HH(OPMaLMOHHO-00pa30BaTeNbHYIO Cpely YHUBEPCUTETA;

- CIIeUUAIN3UPOBAHHON MEOETIBIO.

6. Ilomemenue Isi XpaHEHUS © MPOQUIAKTUYIECKOTO OOCITY)KUBAHUS Y4eOHOTO
000pyI0BaHUS OCHALIECHO:

- CHIeMaIM3UPOBAHHON MEOEIbIO: CTeITaKaMH1 JJIs XpaHeH!s y4eOHOTro 000pyJ0BaHMUS;

-MHCTPYMEHTaMH JJIsl PEMOHTa Y4eOHOTr0 000py10BaHMS;

- mkadamMu JUIsi XpaHEHUsS] yueOHO-MEeTOINYECKON JOKYMEHTAIIMY U MaTEpPUAJIOB.


https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
http://window.edu.ru/
http://www1.fips.ru/
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6 YueOHO-MeTOqMYEeCKOE 0OOecTIeYeHHe CAMOCTOATEIBLHOM padoThl 00y4Yarommxcst
Conep:kaHue TeOPeTHYECKOI0 pa3jesia JUCHHILIHHbI
(camocTofiTeIbHOE U3YUYCHUE)

1. Krnaccudpukamuss MeTayurypruueckux mporeccoB. OCHOBHBIE 3aKOHBI TEPMOJUHAMMUKH.
Oueprus ['m60ca u xumuueckuii noreHuan. Koncranta XUMHUYECKOTO paBHOBECHUS U ypaBHEHHUE
u3oTepmbl peakiuu. CraHgapTHoe u3MeHeHue 3Heprum [ubO0ca. CmeleHne paBHOBECHUS U
npaBuio das.

2. Topenmne oxcuga yriaepona. ['openue Bomopoaa. Peakumst BoasHoro rasza. Peaxnus
B3aumozeiictBuss yriepona ¢ COj,. Peakuuu HENOJHOTO W IOJHOTO TOPEHUS YIepoJa.
PaBHOBecHBINM cocTaB raza. Bocrmamenenue ra3oseix cMmecei. Llennbie peakuuu. Kuneruka u
MEXaHU3M TOpEHUs TBepAoro yriaepoga. OCHOBbI KHHETUKM TI€TEPOr€HHBIX IPOLECCOB.
Xapakrepuctuka AUQPQPY3MOHHBIX TporieccoB. OCOOCHHOCTH MPOIECCOB B KHHETHUYECKOW W
b dy3noHHON 001aCTAX.

3. Kunermka okucieHuss MetaiioB. Ponb auddy3um peareHTOB depe3 OKaIWHYy |
KPUCTAJUIOXUMUYECKOIO IIPEBPALLECHUS HA TPaHULE METAILT - OKCUJ. POpMalIbHO-KMHETHYECKOE
ypaBHEHHE Tporiecca u ero aHanu3. Kunernueckuii 1 qudQy3noHHBIN pexuM peakuuu. BrusHue
TEMIEPaTypbl HAa CKOPOCTh OKHCIEHUs. OKHCIUTENbHOE papUHUPOBAHUE KHUAKUX METAJUIOB.
IlocnenoBaTenbHOCT  OKMCIECHHsS  Ipumecedl. TepMOIMHAMMYECKHMM  aHalu3  PEaKUuu
JUCCOLMaluu KapOOHATOB. Kuneruka npoiecca M CCOLIMALIAH, O0COOCHHOCTH
KPUCTAIZIOXMMHUYECKOIO IpeBpallleHus. ABTOKaTaiu3 Ipolecca. BiusHue wu3MelnbyeHUs
TBEpAbIX (pa3 Ha TEPMOJMHAMHYECKHUE U KHHETUUYECKHUE XapaKTePUCTHKH TpoIiecca.

4. CTpoeHue U CBOMCTBA METAJUTYPrUUYECKUX paciiiaBoB. OU3NKO-XUMUUYECKUI aHaIU3 IIUIAKOB.
JIBOoliHBIE JuarpaMMbl COCTOSIHMSI ULUIAKOBBIX CHUCTEM. Jluarpamma COCTOSIHUSI CHCTEMBI
Ca0—AI1,03—SIi0,. Pactmaiennsie miaku. MojiekyssipHast Teopusi. BS3KoCTh ILIaKOB.

Cepa B uyryHax u cramsax. [Ipoueccsl necynbdypanun Keae3HblX CIU1aBoB. 1'a3el (Bogoposa u
a30T) B  JKeNe3HbIX crulaBax. PactBopumocTs  ra3oB. Kuciaopon B JKene3HBIX
crutaBaxHemeTannndeckre BKIIOUEHUS B CTAIAX U TEXHOJIOTHMYECKUE CTIOCOOBI pahUHUPOBAHUS
MeTajljla OT HEMETaUNIMYEeCKUX BKIOYeHHH. [lOBEpXHOCTHbBIE SIBJIEHMS B METALITYPrHUECKUX
poreccax. IToBepxHOCTHOE HaTSKCHHE [IUTAKOB u JKEJIE3HBIX CILIaBOB.
[ToBepXHOCTHO-aKTUBHBIE BEIIECTBA.

JlabopaTopHble padoThbI:

JlaboparopHas pabota Ne 1: TepmoamHaMHUeCKHUl aHAIHM3 PEaKIUU AUCCOIMAIMHN KapOoHaTa
KQJIbIIUS;

Jlaboparopuass pabora Ne 2: ['paBUMETpHUUYECKOE HCCIEIOBaHWE MAKPOKUHETHKU OKHCIICHUS
Kelesa;

DopMyJIMPOBKA HHAUBUAYAJIBHOIO 3a1aHus Nel

Hns peakuun BogsiHoro raza CO + H20 = CO2 + H2 onpenenuTh BO3MOKHOE HaIlpaBIICHUE
peakuu M paBHOBECHBIM cocTaB rasza npu temmneparypax: 700, 800, 900 u 1000° C, ecin
MCXOJIHAs razoBast cMech coqieput 23% CO u 27% H20, 20% CO2 u 30% H2.

Onpenenuts paBHOBECHBIN COCTaB ra3a B peakunu bena-bynyapa Cn+CO2 =2CO

®opMyJIMPOBKA MHAUBHAYAJIBHOTO 3a1aHusA Ne 2

3amauya 1

Onpenenuth aKTUBHOCTH OKcHIa kelne3a FeO B monmukoMnoHeHTHOM nutake (tab. 1).
Taomuma 1

Cocras 11aKoBOro pacruiaBa Mac. %

| Bapuaur | CaO | MgO | MnO | FeO | SiO, | P,Os




1 40,0 5,0 3,0 25,0 25,0 12,0

3agaua 2
Ornpenenutb aKTUBHOCTH KOMIIOHEHTOB B CIUIaBaX Ha OCHOBE xkee3a (Tadm. 2,3).

Tabnuma 2
XUMUYECKUI COCTaB KEJIe3HbIX CIIaBOB (Macc.%)

Bapuant C Si Mn Cr S P @)
2 0,08 0,30 0,40 0,15 0,045 0,035 0,047
Tab6ymma3 _
[TapameTphl B3aUMOJEHCTBUS & KOMIIOHEHTOB CIJIABOB Ha OCHOBE JKejle3a
npu 1600 °C
DJIeMEHT OnemeHT J
i C Si Mn Cr S P 0]
C 0,14 0,08 -0,012 -0,024 0,046 0,051 -0,34
Si 0,18 0,11 0,002 -0,0003 0,056 0,11 -0,23
Mn -0,07 0 0 0 -0,048 -0,0035 | -0,083
Cr -0,12 -0,0043 0 -0,0003 -0,020 -0,053 -0,014
S 0,11 0,063 -0,026 -0,011 -0,028 0,29 -0,27
P 0,13 0,12 0 -0,03 0,028 0,062 0,13
O -0,45 -0,131 -0,021 -0,04 -0,133 0,07 -0,20

IIpuMepHbIe BONPOCHI 1JIsl co0eceI0BaHUS M0 TeMaM:

1. B KakuX TEXHOJIIOTHYECKUX MPOIECCax MPOUCXOAUT Tepmudeckas nuccoruanus CaCO3?

2. JTaiiTe onpeaeneHne TEPMUHY «yNPYroCTh TUCCOLMAIMN KapOoHaTa”.

3. B yem 3akirodaercs oTiIn4re KOHCTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3Ha4eHust Kp u ynpyroctu nuccouuanuu CaCO3z; 4MCI€HHO COBIAAAI0T?

5. C xakoif 1enpto nepes OnbITOM BaKyyMHUPYIOT pabouyto YCTaHOBKY?

6. TepmomuHamuka oOpa3oBaHUA 51 JHUCCOLHALUS KapOOHATOB; TEMIIEpaTyphl
Hayaa.

7. TepMoarHaMKKa TOPEHUS TBEPOTO TOILUIMBA

8. Kak BnusieT cTeneHp AMCIEpCHOCTH KapOoHaTa M U3BECTH Ha ynpyrocth auccouuanuu CaCOs.
10.Kakue MeTamurypruueckue mpoIecchl sIBISIOTCS TOMOXUMHUYECKUMU PEAKIIUSIMU?

11.Kakne XMMHYECKHME pPEAKIUU MPOTEKAOT IO AaBTOKATAIMTHYECKOMY MexaHusMmy? Yto
ABJISIETCS KaTalIU3aTOPOM TaKUX MPOIeCCOB?

Yo Takoe KpUCTAIIINYECKAs! PEIIETKA, U KAKHE XapaKTEPUCTUKN KPUCTAUNINYECKON pemeTku Bol
3Haere?

Pacnpenenenne KOMIOHEHTOB MEXAY METAJUIOM M IIJIAKOM; KOHCTAHTa U KO3 PULIHEHT
pacnpezeneHus

OOBsicHUTE M3MEHEHHE CKOPOCTH TOIMOXMMHUYECKUX IPOIIECCOB HAa TMPHMEPE BBIMOJIHEHHOM
paboTHI.

KakoB MexaHu3M Juccoruanuy KapooHaTa KaubIus?

IlpumepHbie 3a1a4u:

3agaya 1. OnpenenuTh paBHOBECHOE MapUUAIBHOE IABJICHHE KHUCIOPOJa B Ta3oBOM CMECH
CO-CO; ipu temnieparype 1300 °C u Pcoy/ Pco = 0,35.

3agaya 2. OmnpenenuTh PaBHOBECHOE MAPUHAIBHOE JABJICHUE KHCIOPOJa B Ta30BOM CMECH
H;-H>0 npu tremmnieparype 1500 °C u Pyypo /P 1 =0,30.

3amaua 3. Kakoe gomkHo O0bITh oTHOImEHHE %CO2/%CO B razoBoit cmecu CO-CO,, 9T00BI IpH
temneparype 1200 °C paBHOBeCHOE JaBJIE€HHE KUCI0pOia B HEM cocTaBisio Por= 1,5-10° ITa?



3amava 4. Kakoe momwkHo ObITh oTHOmEHUE %H,0/%H; B ra3osoii cmecu Hy-HpO, urobb1 mpu
temnepatype 1300 °C paBHOBECHOE aBl€HUE KUCIOPOIa COCTABIISIIO Poy= 2+ 107° ITa?

3amaua 5. Omnpeaenutb TEMIEPATypy, MPU KOTOPOM pPAaBHOBECHOE MaplHaIbHOE [aBJICHUE
kucioposa B razoBoit cmecu CO-CO, ipu otHomennu PCO, /PCO=0,2 coctaButr Po, = 4-10-5
ITa.



[puioxenne 2

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

a) HHaHpreMLIe pe3yJbTaThbl oﬁyqe}mﬂ U OLCHOYHBIC CpeACTBA JIA IIPOBCACHUA HpOMe)KyTO‘lHOﬁ aTreCcranum:

CrpyKTypHBIi
JJIEMEHT

KOMIICTCHIIHN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

OrneHOYHBIC CPEICTBA

I1IK — 2 - cnocoOHOCTBIO BEIOMPATh METOMbI UCCIIEIOBAHUS, TIaH

BBIBObI

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

3HaTe

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

- KraccupuKaMk © CYIIHOCTh METOOB
aHaJIN3a; TEOPETUUECKUE OCHOBBI U MPUHIUIIBI

TEPMOJMHAMUYECKUX  METOJOB  aHaJM3a;
OCHOBHBIE 3aKOHBI TEPMOJTUHAMUKHU
METaJUTypTUUECKHX MPOIIECCOB;

- METOJbl  HUCCIENOBAHMS UM  YCIOBUSA

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

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

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

2. JlaiiTe onpeniesieHue TEPMUHY «yMPYTOCTh TUCCOIMAIIMU KapOoHarta”.

3. B yem 3akirogaercs oTiIM4YMe KOHCTaHT paBHoBecus Ka u Kp?

4. B xakom ciyuae 3HaueHust Kp u ynpyroctu aucconumanuu CaCO3 4rcieHHO coBIaiaoT?

5. C xakoif 11es1bto epesl OMbITOM BaKyyMHPYIOT pabouyto yCTaHOBKY?

6. Tepmommnamuka oOpa3oOBaHUS " JACCOL AN KapOOHATOB; TeMIepaTypbl
Hayasna.

7. TepMoarHAMHUKa TOPEHUS TBEPJIOTO TOIJIMBA

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

10.Kakue MeTamypruueckue npoLeccsl BISIOTCS TONOXUMHUECKUMH PEAKIUAMU?

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

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

Pacnpenenenne KOMIOHEHTOB MEXAY METAJNIOM U IIJIaKOM; KOHCTAHTa U KO3 PULIHEHT
pacnpeneneHus

OObsCHUTE U3MEHEHHE CKOPOCTH TOMOXMMHYECKHX IPOIECCOB Ha MPHUMEPE BBITOJIHEHHOU
paboThI.

KakoB Mexanu3m auccornyanuu kapOoHaTa Kaublys?




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

Pacckaxute O METOIMKE OIpeNesIeHUus] CKOPOCTH JUCCOLMAaLUMU KapOoHaTa KajbLus,
IIPUMEHEHHOH B IaHHOM OIIBITE.

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

W3 kakux craguil cKi1apIBalOTCs FETEPOreHHbIE PeaKuu?

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

KakoBbl 0COOEHHOCTH MPOTEKaHUs pEaKLUi B PA3INYHBIX peKUMaX pearupoBaHus?

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

B uem cymHOCTh TpaBUMETPUUYECKOTO METOAA UCCIIEI0BAaHUSA OKUCIIEHUS METAIIIOB?

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

Yo Takoe BIOCTUT U KaKOBa €r0 pPOJib B OKUCICHUM JKEJIE3HBIX CILIAaBOB?

ChopmynupyiiTe TPUHIUI )KapOCTOMKOCTH JKEJIE3HBIX CIUIABOB.

JlaiiTe onpeeneHust KOHCTaHThl CKOPOCTH peakiu U ko3ddunuenta nuddysun.

B uewm 3akmtouaercs peakimonHas qudy3ust U Kak OHa MPOSIBIIIETCS IPU OKUCIICHUH XKee3a?
KakoBbI OCHOBHBIE KOMITOHEHTHI METAJUTYPTUYECKUX [IUIAKOB?

Kak ornpenenstor yaenbHyI0 3JIeKTPUYECKYI0 POBOIUMOCTh paciyiaBoB?

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

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

33.JlaiiTe onpeaeneHUe MOHATUS "KMHEMaTHYeCcKas BA3KOCTh " pacIuiaBa.

34.113 KakuX 4acTUIl COCTOST METAJUTYpPTrU4E€CKUE IIUTAKU?

35.Kakne gacTuIpl KOHTPOJIIMPYIOT BA3KOE TEUEHHE B IIaKax?

36.Kak onpenenstoT BA3KOCTh IIJIAKOBBIX U METAJUIMUECKUX PacIlIaBoB?

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

41.laiiTe onpeneneHue NOHATUSA "yAeIbHAs IEKTpUYECKas JIEKTPOIPOBOJHOCTE" .

42.113 KxaKuX 4acTHUIl COCTOAT METAJUTYPTHUECKHUE ITAKH?

VYMeTh

- CaMOCTOATEIbHO (QOPMYIMPOBATH 3ajady

3amauu 11 CaMOCTOSITETLHOTO PEIICHHUS




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

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

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

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

3amaua 1. OnpenenuTh paBHOBECHOE MapliMalibHOE JaBJIEHUE KUCIOpPOJa B ra3oBOil cMecu
CO-CO; ipu temneparype 1300 °C u Pcoy/ Peo = 0,35.
3amaua 2. OnpenenuTh paBHOBECHOE MaplMalbHOE HAaBJIICHHWE KUCIOPOJa B Tra30BOW CMecH
H2-H20 IIpyu TEMIIEPATYPE 1500 °C u PHZO /P H2 :0,30.
3anmaua 3. Kakoe momkHo ObITh oTHOIIEHHE %CO2/%CO B razosoit cmecu CO-COy, 4To0bI pu
Temmeparype 1200 °C paBHOBECHOE JaBICHHE KHCIOPOA B HEl cocTaBIsiio Poy=1,5-107 ITa?
3anmaua 4. Kakoe nomkHo ObITh oTHOMmEeHUE %H,0/%H, B razoBoit cmecu Hy-Ho0O, uT0o0b1 Mpu
Temmeparype 1300 °C paBHOBECHOE JaBICHHE KHCIOPOIA COCTABISLIO Poy= 2107 I1a?
3amaua 5. OmnpenenuTh TeMmIepaTypy, MpU KOTOPOHl paBHOBECHOE MaplUajbHOE JABJICHHE
kuciopoa B razoBoit cmecu CO-CO; pu otHomenuun PCO, /PCO=0,2 coctaBut Po; = 4:10-5
Ila.
3amauya 6. OnpenenuTh TEMIIepaTypy, MPU KOTOPOW PaBHOBECHOE MapIMaIbHOE HdaBICHUE
kucnopoaa B razoBoit cmecu Hy-HoO mipu otHomienuu P o/ P 12=0,25 cocraBur Pp, = 5-10-5
ITa. 3amaga 7. OnpeaenuTs paBHOBECHBIN cocTaB ra3oBoii cMecu Hj - O - H,0 npu remmieparype
700 °C, ecnu UCXOAHBIE apLUAIbHbBIE JABJICHUS ra30B B 3aKpbITON cucteme cocrasisui 0,333
aTM™.
3amaua 8. OnpenenuTs paBHOBECHBIN cocTaB razoBoil cmecu CO - Oy - CO; mpu Temnepatype
800 °C, ecnu MCXO/IHBIE TAPIIUATLHBIE JaBJIEHUs ra30B B cucteme coctaisuii: CO — 0,5 atm, O2
—0,3 atm, CO2 — 0,2 atm.
3amaua 9. Omnpenenuth, NpU KaKOH TeMIEpaType CpOACTBO KHUCIOpOAa K BOJAOPONY H
MOHOOKCHUJY yTIepo/ia OJMHAKOBO.
3agaua 10. OnpeaenuTs BO3MOXKHOE HAMPABJIECHUE PEAKIIMHU BOJSHOTO Ta3a MpPHU TEMIIEpaType
900 °C, ecnu ucxoaHas ra3oBasi cmech conepxkut 23% CO, 27% H0, 20% 14 CO; u 30% Ho.
O6mee nasienue B neun paBHo 105 Ila, a koHcTanTa paBHoBecus peakiuu mpu 900 °C paBHa
0,76.
3agaua 11. Onpenenuth TeMIeparypy, NMpU KOTOPOM B PE3yibTaTe MPOTEKAHUS PEaKIUU
BOJSIHOTO Ta3a paBHOBECHAs ra3oBasi cMech coaepxkut 26,2% CO, 30,2% H,0, 16,8% CO, u
26,2% H,. TemmeparypHas 3aBuUcHMOCTBb 3Hepruu [mb06ca mns peakmmu CO(r)+H20(r)=
CO2(r)+H2(r) umeet Bug G= - 36600 + 33,5* T, JIx




CTpyKTypHBI

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

COBPEMEHHBIX TEOPETUYECKUX,
TEPMOJMHAMMUYECKUX METOAOB; HaBBIKAMHU
BEJICHUSI TOMCKAa HEOOXOAWMBIX 3HAHUHU I10
JUTEPATYPHBIM U IPYTUM UCTOUHHUKAM;

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

- METOJIMKaMH PacueTOB KMHETHKHU IPOIIECCOB
B METAJUIyprU4ecKuX CHCTeMax; IMpHeMaMu
OLIEHKH pE3yJabTaTOB HKCIIEPUMEHTA;
HaBBIKAMU CAMOCTOSITENIbHON PabOTHI.

3a71aHue)
3agaua 1.

Hns peakiuu: Cpy + CO2y = 2CO() ypaBHEHHE 3aBUCHUMOCTU KOHCTAHThI PaBHOBECHS
OT TeMIIepaTypbl KOTOPOH UMEET BHUI:

9001
(9K, = —==-+9,28
T

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

Bapuant | Temmeparypa °C CocTaB MCXOJIHOM ra30BOM 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(F)
YpaBHCHHE 3aBUCHMOCTH KOHCTAHTBI PABHOBECHSI OT TEMIIEPaTypPbl UMEET BHI:
8916
9K, = - ——+911
T
OTIpEICTTUTh PABHOBECHBII COCTaB raza B 3aBUCHUMOCTH OT TEMIIEpaTyphl U JaBieHHs (Tali.).
[TosrydeHHbIC 3HAUCHUS IPEICTABUTH B BUJIC TAOJIHUIIBI U TpaduKa.

Bapuant | Temneparypa °C JaBnenue (at™m.)

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




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS

OneHouHble CpeaCcTBa

I1IK- 4 roToBHOCTH

IO MCII0JIB30BaTh OCHOBHBIC IIOHATHA, 3aKOHBI U

MOACIIN TCPMOANHAMUKH, XAMHYECKOH KMHCTHUKHU, IICPEHOCA TCIIJIa U MACChI

3HaTh

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

KoHTposbHBIE BOIIPOCH! 17151 CAMOIIPOBEPKHU:

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

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

3. laiiTe TepMOAMHAMMYECKYIO OLIEHKY PEAKIUSAM TOPEHUS.

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

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

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

7. YpaBHeHue nzotepmsl Bant-I'odda u ero ucnosnb3oBaHue A1 OnpeAeacHHs HanpaBiIeHUs
MIPOTEKAHUS PEAKIIM.

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

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

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

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

ocTOsIHHBIM oTHoweHuem H2 / H20?

14. Kak mpon3BOIUTCS pacueT PaBHOBECHOI'O COCTaBa CIIOKHOM ra3oBOM CMECH, B COCTaB
kotopou Bxomsat CO2, CO, H2 u H20?

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

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

18. PackpoliTe TEpMUH «TeMIEpaTypa BOCINIAMEHEHUS» ra30BOM CMECH
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20. Kak paccuutarh coctaB razooii cmecu CO — CO2 — N2, Haxod1eicsi B paBHOBECUH C
TBEP/BIM YIJIEPOJOM?

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

22. Kunerndeckre 0COOEHHOCTH U MEXaHU3M TOPEHHsI TBEPAOTO yriepoa.

YMmers

- HUCHOJB30BATh OCHOBHBIE  XHUMHYECKHE
3aKOHBI M TIOHATHUS, TEPMOJMHAMHYCCKHE
CIpaBOYHBIC JAaHHBIC; TPUMEHATH METOMIBI
MaTeMaTU4eCKOr0 aHaIn3a ¥ MOJCITUPOBAHUS;
- YMETh CO4YeTaThb TEOPUI0 W TPAKTHKY IS
pelIeHUs] WHXKCHEPHBIX 33/1a4; IPOBOJIUTH
TEPMOJIMHAMHYECKHE pacyeTsl
METAJUTyprMYecKUX TpOLECCOB, Ha OCHOBE
NPaKTUYECKUX JTAHHBIX;

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

3agauu JUIsi CaMOCTOSATEIBHOTO PEIICHHUS:
3amaua 1. Kakoe 3HaueHWEe IOJDKHO HMMETh paBHOBecHOoe oTHomenue PH2/PH20 s
0E30KHCIUTENBHOTO HAarpeBa YHCTOrO MapraHia B ra3oBoil ¢asze H2-H20 mpu temmeparype
1173 K u oOmiem naBieHuH 3- 10° Ia.

3amaga 2. Kakoe 3HaueHWe IOKHO HUMETh paBHOBecHOe orHomeHue PCO/PCO2 s
0E30KUCIUTEIHHOIO HAarpeBa YHCTOTO XkKeesa B razoBoi paze CO2-CO2 npu temneparype 1073
K u o6miem naBiaenuun 2,5 10° Ta.

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

3amaua 4. PaccunraiiTe, Kakoe HOJKHO ObITh oTHOmeHne CO2/H2 B HCXOAHOM CMECH, YTOOBI
obpazyromasca npu Temmeparype 1000 °C razomas cmecs CO2-CO-H2-H20 Obuta Obl
0€30KUCIUTEIHLHON MO0 OTHOIIIEHUIO K YUCTOMY MapraHily.
3amaua 5. PaccumTaiite paBHoBecHoe oTHomeHue (%CO)/(%CO2) nmpu temneparype 1400 K u
JaBJICHUH 10° Ta ISl peakiuu BoccTaHoByieHus mapraniia MnOt + CO = Mnt + CO2.

3amaua 6. Paccuuraiite paBHoBecHOe oTHomeHue (%H?2)/(%H20) npu Temnepatype 1700 K u
nasiernn 2-10° [a s peakiuu BocctaHoBieHus xpoma Si02(t) + H2 = Si(t) + H20.

Bnanets

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

3ajaHue Ha pelleHHe 3a7a4 U3 NpoQecCHOHATBbHOW 00NacTu (JIoMallHee WHIMBHIyaIbHOE
3a/IaHHE)

DopMyJIMPOBKA 3a]aHUA:

3agaua 1

XUMHYECKMX  peaknuid  mpu  3amaHHol | OnpenenuTh akTUBHOCTH OKcuAa xkene3a FeO B monukoMmnoHeHTHOM Tmiake (1ad. 1).
TeMITepaType; Tabmuma 1
- TPUMEHITh COBpeMeHHoe (Qu3ndeckoe | CocTaB MIIAKOBOTO paciiiaBa Mac. %




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaThl 00yUSHHS
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o0opynoBaHue u NPUOOPHl TPU PEUICHUH
MPaKTUYECKUX 3a/1ady, MIPOBOJIUTH
CTaTHUCTUYECKUN aHam3 MOJTy4YEHHBIX
AKCIIEPUMEHTANIbHBIX JTAHHBIX;

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

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

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

Tabuua 2

XUMHYECKUH COCTAB JKEJIE3HBIX CIUIaBOB (Macc.%)

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

Tabmumal .

[TapameTpsl B3aUMOJICHCTBYS & KOMIIOHEHTOB CILIABOB HA OCHOBE JKeJe3a

npu 1600 °C

OneMeHT OnemMeHT J
i C Si Mn Cr S P O
C 0,14 0,08 -0,012 -0,024 0,046 0,051 -0,34
Si 0,18 0,11 0,002 -0,0003 0,056 0,11 -0,23
Mn -0,07 0 0 0 -0,048 -0,0035 | -0,083
Cr -0,12 -0,0043 0 -0,0003 -0,020 -0,053 -0,014
S 0,11 0,063 -0,026 -0,011 -0,028 0,29 -0,27
P 0,13 0,12 0 -0,03 0,028 0,062 0,13
0] -0,45 -0,131 -0,021 -0,04 -0,133 0,07 -0,20

I1IK — 13 - TOTOBHOCTBIO OIICHHBATh PUCKU U OIIPEIIEISTH MEPHI 10

obecreueHnI0 0€30MaCHOCTH TEXHOJIOTHIECKUX TPOIECCOB

3HaTh

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

KoHTposnbHBIE BOITPOCH! JIs1 CAMOIIPOBEPKU:

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




CTpyKTypHBI

DJICMCHT [TnanupyemMble pe3ynbTaThl 00yICHHUS OueHouHbIE CpEACTBA
KOMIIETEHIUN
OCHOBE METAJLTYPTrUYECKOTO IMTPOU3BOJICTBA; benna-bynyapa, ropenust yraepoja. Uem oIlieHMBAeTCS OKHCIMTEIbHBIC CBOWMCTBA Ta30BOM
¢a3p?  KakoBBI  OCHOBHBIE  KOMIIOHEHTHI ~ METATypruueckux  muiakoB?  KakoBbl
AKCTIICPUMEHTAIIbHBIC JOKA3aTeIbCTBA HOHHOTO CTPOCHMs IiIakoB? Kakue peakunu Ha3bIBalOT
TONOXUMHUYECKUMU?
VYMmeThb BECTH HAYYHYIO MHCKYCCHIO IO BompocaM |3aiadu Jisl CAMOCTOATEIbHOTO PEIICHUS:
busnKo - XUMUYECKUX ocHOB | 3amaua 1. Yuctsiii Mapranen HarpeBatot 10 Temneparypsl 800 K B ra3oBoii ¢asze, comeprkarieit
METaJULypruuecKux ImporeccoB, MpoBoauts | 15% CO2, 5% CO u 80% N2. Byner nu npoucXoAuTh OKUCIECHUE MapraHiia B 3TUX yCIOBUAX?
MaTeMaTHUYECKYIO uHTeprperauuto | 3anaya 2. Yucroe xene3o HarpeBatoT 10 1000 K B razosoii dase, cogepxarueit 20% H20, 10%
MOJIyYEHHBIX pe3ynbTaToB W onpenensts | H2 u 70% N2. Byaet a1 npoucxoauTh OKUCIIEHUE kKele3a B 9TUX yciaoBusix? B uem mposiBisiercs
HanboJee 3HAYUMBbIC (DAKTOPBHI. CYIIHOCTH I[EMTHOTO MEXaHU3Ma PeaKIui TOPeHUs?
Bnanets METOJJaMH  MPOTHO3MPOBAHUS  pe3yabTaToB | 3a/laHue Ha pelleHue 3agady u3 NpodecCHOHANbHOM 00nacTu (JoMmallHee WHAMBHAYalbHOE

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

3a/IaHHe)

3agaua 1. Onpenenure 3HaueHUe TemmepaTypbl, npu kotopoi peakuus Cr203(t) + 3CO =
2Cr(t) + 3CO2 Oyner HaxXOIUTHCS B paBHOBECUH IIPH yCIOBHMHM, 4TO B razoBoil cmecu H2-H20,
otHomenue (H2/H20) = 10%,

3anaya 2. Yepe3 meub, B KOTOPOM HAXOJIWUTCS YUCTBIA HUKENb, pu Temneparype 1500 K
npomnyckatoT cmech razoB CO-CO2 mpu obmem npaenenuun 1 atMm. Kakoe naumbosbliee
conepxkanue CO2 moxet 0bITh B cMecu CO-CO2, uToObI HE MPOUCXOIUIIO OKUCIICHHE HUKES
IIpY YKa3aHHOH TeMIiepaTrype?




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

[TpomexxyTounas aTTecTanus o TUCLIUTUTAHE «Dusznyeckas XUMMUA
NMPOMETALIYPrU4ecKHX IPOLECcCcOB» BKIIOYACT TEOPETHUYECKHE BOMPOCHI, IMO3BOJISIIOIINE
OLICHUTHh YPOBEHb YCBOCHHS OOYUAIOIIMMUCS 3HAHUM, U MPAKTUYECKHE 3a/IaHUs, BBISBISIOIINE
CTerneHb c(pOPMUPOBAHHOCTH YMEHUH U BIIaJICHUI, IPOBOJUTCS B pOopMe dK3aMeHa.

DK3aMeH M0 JIaHHOW JHCUUIUIMHE MPOBOJHUTCSA B YCTHOM (popMe MO 3K3aMEHALMOHHBIM
OousietaM, KaXIbId M3 KOTOPBIX BKIIOYAET 2 TEOPETHMUYECKHUX BOIPOCA U OJHO MPAKTHUECKOE
3ajaHHe.

IToka3aTenu U KPUTEPUHU OLIEHHBAHUS IK3aMeHa:

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

— Ha OIIEHKY «Xopoiio» (4 6aia) — 00y4Jaromuiicss J1eEMOHCTPUPYET CPEAHUN YPOBEHb
c(OpPMUPOBAHHOCTH KOMIIETEHIMII: OCHOBHBIC 3HAHHS, YMEHHS OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAYNTENIbHBIC OMIMOKH, HETOYHOCTH, 3aTPYJHCHUS IPU aHATUTUYECKHUX ONEepaIHsIX, IEPEHOCe
3HAaHUU U YMEHUU Ha HOBbIE, HECTAHIAPTHBIE CUTYAI[HH.

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

— Ha OLICHKY «HEYJIOBJIIETBOPUTEILHOY (2 6asia) — o0ydarouuiicss IEMOHCTPUPYET 3HAHUS
He Oosiee 20% TeopeTHuecKoro marepuaiia, JOMYCKAaeT CYIIECTBEHHBIC ONIMOKH, HE MOXET
MOKa3aTh MHTEJUIEKTYaJIbHbIC HABBIKU PEIIEHUs MPOCTHIX 3a]1ay.

— Ha OLICHKY «HEYAOBJIETBOpUTENIbHO» (1 Oayn) — 3aaHue MpenojaBaress BHIIIOIHEHO
YaCTUYHO, OOydaroUIMiics HE MOXKET BOCHPOU3BECTH M OOBSACHUTH COJEpXKAHHWE, HE MOXKET
N0Ka3aTh MHTEJUIEKTYaJIbHbIC HABBIKU PEIICHUS TOCTABJICHHOM 3a/1auu.



