MUHUCTEPCTBO HAYKH Y BBICIIIEI'O OBPA3OBAHNS
POCCHUHNCKOU ®ENEPAIINA

DeepabHOE TOCYIapCTBEHHOE OI0/KETHOE 00pa30BaTeIbHOE yUPEKICHHE
BEICIIEr0 00pazoBaHus
«MarHuTOropcKuii rocy/1apCTBEHHBIH TexHuueckuit yausepcuter um. I.1. Hocosa»
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gy I[upelcmi) NMMuM
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PABOYASI ITPOTPAMMA JTUCHHUIIJIMHBI (MOY JIST)

OBILIAA XUMHYECKAA TEXHOJIOTUA

HamnpagsiieHue moAroToBKY (CIEHaIbHOCTD)
18.03.01 Xumuyeckasi TEXHOJIOTHS

HanpasieHHOCTS (PO ML/ CrIenHaTH3aIus) IPOrpaMMBI
XuMHYecKast TEXHOJIOTHS IPHPOIHBIX SHEPrOHOCUTENEH U yTIIepOAHBIX MATEPHATIOB

VYpoBens Beicuero oopasoanus - GakaaaBpuar

®opma 00ydeHus
OYHast

WUncturyt/ Gakynsrer  VIHCTHTYT METaJLTypriH, MalIHHOCTPOCHHS H MaTepHanoo6paboTKu

Kadenpa MeTtauyprui ¥ XMMHYECKUX TEXHOJIOTHH
Kypce % 3
Cemectp 5,6

MarsuToropck

2024 rox



Pa6ouast mporpamMma coctasiieHa Ha ocHope @T'OC BO - GakanaBpuar 1o HapaB/ICHAIO
noarorosku 18.03.01 Xumuueckas TexHosnorus (nmpukas MunoGpnayku Poccuu ot 07.08.2020 r.
Ne 922)

Pa6ouas mporpaMMa pacCMOTpEHa H onobpena Ha 3aceqannu kadeapel Merauypruu u
XUMHYECKHAX TEXHOJIOTHHI V.
09.01.2024, mpotoxoxn Ne 4 [ /

3aB. kaempoii L€ ccee [ A.C. XapueHko

Pa6ouas nporpamMma o106pena MeTonudeckoi komuccneii UIMMuM
20.02.2024 r. npoTtoxon Ne 4 TS i
IIpencenarens A.C. CaBuHOB

Pa6Gouast mporpaMma COCTaBIICHA: T /
Y]

nouenT kKapenpst MuXT, Kan1. XuM. HayK Yt C.A. Kpbuiosa

Penensent: )
noneHT Kadenpsl XMMHH, KaHI. TEXH. HAyK T 72—- JLT. Komsna




JIner akryaauszanuu padoueil mporpaMmbl

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

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.C. XapueHko

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM rofy Ha 3acejanuu Kadeapsl MeTammyprud U XUMHYECKUX TEXHOJIOTHIA

IIporokomor 20 1. Ne

3aB. kadeapoii A.C. iapquKo

Pabouast mporpamMma repecMoTpena, 00CcykaeHa u 0100peHa s peanuzamnuu B 2027 - 2028
y4eOHOM Toy Ha 3aceaHuu Kapeapsl MeTaTypriud U XHMHYECKAX TEXHOJIOTUI

[Iporokom ot 20 . Ne

3aB. kadeapoii A.C. iapquKO

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM ro1y Ha 3aceqaHuu Kapeapbl MeTauTyprui ¥ XUMHYECKHX TEXHOIOT Ui

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




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

- pa3BUTHE y  CTYyJEHTOB CIIOCOOHOCTH  TPOHHUKATh B CYLTHOCTh
XUMHUKO-TEXHOJIOTMUECKUX IPOIECCOB, pacCMaTpPUBaTh MX BO B3aMMOCBS3U JI YIPABIICHUS
KauyeCTBOM XMMHUYECKOH MPO-ITyKIUH, IPEAYIPEKICHIUS U yCTpaHeHHs Opaka, yMEHHS TPaMOTHO
OIICHUBATH PabOTy CUCTEM KOJIOTMYECKOTO YIPABICHUS MIPEANPUATUEM, a TAKKE MIPU PEILICHUU
JIpYTuX 3aaa4 Oyayiieit npodeccruoHalbHON eI TEbHOCTH.

2 MecTo THCHHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMsl

Jucuumnnuna O61as XuMHYecKasi TEXHOJIOTUSI BXOJIUT B 0053aTENbHYIO 4acTh y4eOHOTO
TTaHa 00pa30BaTeILHON MPOTPAMMBI.

JUis  u3ydeHus  JAMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJaJCHUsA),
c(hOpMUPOBAHHEIE B PE3YJIbTATE U3yUCHUS TUCITUTUINH/ TPAKTUK:

Maremaruka

OO01mas 1 HeOpraHUYECKask XUMUS

dusuka

BBenenue B HanpaBieHue

3Hanus (YMEHUS, BIaJICHUs), MOTYICHHBIC TTPH M3yYEeHUHW TAHHOW IUCIUTLIMHBI OyIyT
HEOOXOUMBI 17151 U3YUCHUS] JUCIUILITIH/TIPAKTHK:

N3Bnedenne u nepepadoTka XUMUYECKUX MPOAYKTOB KOKCOBaHUS

XHAMHYECKHUE PEAKTOPBI

[InanupoBaHue 3KCIEPUMEHTA U MOJIETTUPOBAHNE XUMUKO-TEXHOJIOTHUECKUX IIPOLIECCOB

3 Komnerenuun odyuarouierocs, popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJIS) U IVIAHUPYEMbIe pPe3y/IbTaThbl 00y4eHHUs

B pesynbrare ocBOeHMs AUCUMIUIMHBL (MOAynst) «OOmas XUMHUYecKas TEXHOJIOTHUS
oOyuyaromuiics 10JeH 001a1aTh CAEAYIOIMMU KOMIIETEHIUSIMU:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN

OIIK-4 Cnocoben obecrieuynBaTh MPOBEACHHE TEXHOJIOTHUYECKOTO MpPOIEcca, HCIMOJIb30BaTh
TEXHHYECKHE CPEJICTBA JIJIsI KOHTPOJIS TTapaMeTPOB TEXHOJIOTHIECKOTO MTPOIECCca, CBOHCTB ChIPHS
¥ TOTOBOM MPOIYKIIMH, OCYIIECTBIIATH U3MEHEHHE MapaMeTPOB TEXHOJIOTUYECKOTO Ipolecca Mpu
M3MEHEHUHN CBOWCTB CHIPbS

OIlK-4.1 OmnpenensieT TEXHUYECKUE CPEACTBAa Ha IMPOU3BOJCTBE ISl 0OecreyeHust
TEXHOJIOTHYECKUX MPOLIECCOB
OIIK-4.2 OneHuBaeT W KOHTPOJHMpPYeT  mapamMeTpel M 3(PQPEeKTUBHOCTb

TE€XHOJOTMYECKHUX IPOIIECCOB, CBOMCTBA CBIPhS U TOTOBOM MPOIYKIIMH B
00J1aCTH XUMUYECKON TEXHOJIOTHH

OIIK-4.3 [IporHo3upyer u peryaupyer M3MEHEHHE NapaMeTpPOB TEXHOJOTHYECKUX
MPOLIECCOB B 3aBUCUMOCTH OT CBOMCTB ChIPbS




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCITUIUIMHBI COCTABISIET 6 3a4eTHBIX enuHuIl 216 akaa. 4acoB, B TOM

qyuce:

— KOHTaKTHas paborta — 112,2 akan. 4acos:
—aynuropHas — 105 akan. 9acos;

— BHEAyIUTOpHAs — 7,2 aKkaJl. 4acoB;

— caMocCTosTebHAs paboTa — 68,4 aka. 4yacos;

— B (hopMe MpaKkTUIECKOM o AroToBku — 0 akaj. Jyac;,
— MOJrOTOBKA K hK3ameny — 17,7 akazn. gac

dDopMa aTTeCcTaluu - 3a4€T, 9K3aMCH

AynuropHas s
o | KoHTaKTHas pabota E 3 dopma TEKyIIEro
=
5 B aKaJl. 4acax 3] Bun KOHTPOJIS
Pazzen/ Tema 3 (B axaz. yacax) = . p Kon
S 3 © | caMOCTOSITENbHOU | yCIIeBaeMOCTH U
JUCIUATIIHHBI 3 = . | kommereHM
@) g £ paboThI MIPOMEKYTOUHOH
nab. | mpakrt. | = 8 ATTeCTAIIH
Jlek. < < 11
3aH. 3aH. | &
1. Beenenue
1.1 OcHOBHLIE TOHATHI H Tloaroroska k
5 2 0,5 A CobecenoBanue OIIK-4.2
ornpeJesieHHs co0eceI0BaHUIO
Wroro no pazneny 2 0,5
2. ColppeBast U dHEpreTHyecKas
noacucteMsl XTC
CaMoCTOATEIBEHOE
M3y4eHne yueOHon
U Hay4yHOH -BricTynuienue Ha
JIUTEPATYPHI. CceMHHape,
- [TogroroBka k BBITIOJTHEHHUE
21 CripbeBas 0aza A
o TIPaKTHYECKOMY pac4eTHBIX OIlK-4.2,
XUMHUYECKOM 4 8 4 4.8 .
3aHSITHIO, 3aJaHnMN OIIK-4.3
MPOMBIII-JICHHOCTH.
CEMHHapy - 3ammra
- [loaroroBka x 71a00PaTOPHBIX
3amuTe pabot
5 71a00PaTOPHBIX
pabot
CaMoCTOATETHLHOE
H3ydycHue yueOHOoi
Y yHes BeicTymienue Ha
U Hay4HOMH
2.2 Dmuepreruueckas 0a3za ceMHHape,
o JUTEPATYPBHI.
XAMHAYECKOM 1 3 BBITIOJTHEHHE OIIK-4.2
- [loaroroBka k
MPO-MBILUICHHOCTH pacueTHBIX
NPaKTUYECKOMY o
3a7aHUI
3aHATHIO,
CEeMHHapy
Wroro no pazaeny 5 8 4 7.8
3.  OO6mme  3aKOHOMEPHOCTH
XMMHYECKUX MPOIIECCOB




CamocrosrenbHoe
u3ydyeHue yueOHoU

Wroro no pazneny

Y HAYIHOH
BricTynnenne Ha
JIUTEPATYPBI. coMU-HaDe
3.1 TepmoauHaMKKa TToaroroBska k pe, OIIK-4.2,
. 5 BBITIOJITHEHHE
XUMHYECKUX MPEBPAICHUI MIPAKTHYECKOMY OITK-4.3
pacueTHbIX
3aHSTHIO, o
3aganui, TecT.
TECTHPOBAHHUIO,
CEMHHApy
(KOJJIOKBUY-MY)
CamocTosaTensHoe
u3ydeHue yueOHon
W Hay9IHOU
i BricTynnenne Ha
JIUTEPATYPBI.
ceMHu-Hape,
TloaroroBka
BBITIOJIHEHHE
3alTe aCYETHBIX
11a00paTOPHBIX p - OIlK-4.2,
3.2 Kuneruka XTII 5 3aaHui
pabot OIIK-4.3
3amuTa
ITogroroska k
11a00paTOPHBIX
NPaKTUYECKOMY
pabor
3aHSTHIO,
Tecr,
CEeMHHapy
(komTOKBHY-MY),
TECTHPOBAHHIO
HWroro no pazneny 10
4, XUMHUKO-TEXHOJIOTHUECKHE
cucremsl ( XTC)
CamocTosaTensHOe
u3ydeHue yueOHon
1 HAyYHOH
. BricTynnenue Ha
JUTEPATYPBHI.
ceMHu-Hape,
Toaroroska k BBITIOJTHCHUE
3aIIUTe OIIK-4.1,
4.1 Mopemn XTC. Tunsr pacYeTHBIX
N 6 71ab0paTOPHBIX . OIlK-4.2,
TEXHOJIOTMUYECKUX CBsI3eH 3aaHui
pabot OIlK-4.3
3amuTa
IToaroroBka k
11a00PaTOPHBIX
MPaKTUYECKOMY
pabot
3aHSTHIO,
CEMHHApy
(KOJIJIOKBUY-MY)
TToaroroBka k
MIPAKTHYECKOMY
BBITIOJTHCHUE
SAHATHIO, aCUETHBIX
4.2 Pacuer XTC. ceMuHapy p B— OIIK-4.1,
MarepuanbHblil 1 TEIUIOBOM 3 (KOJUIOKBHY-MY) OIlK-4.2,
3amnuTa
OaTaHChl - [ToxroroBka x OIIK-4.3
71a00PaTOPHBIX
3aIUTe
pabot
1a00paTOPHBIX
pabot
Wroro no pazaeny 9
5. [IpoMbIIIICHHBIH KaTanus3
CamocTosaTensHoe
U3ydeHHe yueOHOM
W HAyYHOU
5.1 Karanurnueckue JIUTE }E/iT 13§ Koncmexr, OIK-4.1,
C;ICTeMH 5 Hoargmﬁa 1< CobecegoBanue, OIIK-4.2,
’ 3auer OIIK-4.3
MPAKTHYECKOMY
3aHSTHIO,
cobeceI0BaHUIO
5




| 18 | 18 [323]

Uroro 3a cemectp 18 3a4éT
6. BaxxHeiflme MpOMBIIUICHHEIE
XHUMUYECKHE TIPOU3BOJICTBA
6.1 ITpousBoacTBO
CaMoCTOATEILHOS
Boopoa " H3ydeHUe yueOHON Koncnekr OIIK-4.1,
cuHTe3-raza.OuncTKa 5 qu Ha y;oﬁ 3K3aMeH’ OIIK-4.2,
NpU-POHOTO  ra3a  OT i OIlK-4.3
. JUTEPATYPBHI.
CEPHHUCTBIX COCIMHCHUH
CaMoCTOATEILHOS
u3yucHHe y4eOHOMH
M HAYYHOU
JIUTE };li Bl 3amra
HO)JI;"OT}(])I;KQ < 11ab0paTOPHBIX
aboT
6.2 IIpousBoacTBO sauyte naGopa- BBICTpHHe};He Ha OIIK-4.1,
allv[MnaKa P 4 6 5 10 TOPHBIX paboT cei/mHa . OIIK-4.2,
’ - Bemmosnenne Pacqule)e OIIK-4.3
pacyeTHBIX
sanaHuii 3aganue. TecT
DKk3aMeH
ITogroroBka k
CEeMHHapYy,
TECTHPOBAHHIO
CaMoCTOATEIEHOE
M3y4eHne yueOHon
M Hay4YHOU
JIUTE };T Bl 3amra
HOZ[IIJ“OT}(;I;KZ.I < 11a00paTOPHBIX
aboT
6.3 TIpousBoacTBO sauyte naGopa- BLICTpHHe};He HA OIIK-4.1,
) P A 6 5 8 10 TOPHBIX paboOT y OIIK-4.2,
HEOPraHUYECKUX KUCIOT ceMHHape
- ITogroroBka k PacueTHoe OIIK-4.3
CeMUHapY,
3aganue. TecT
TECTHPOBAHHIO SK3aMeH
Brimonnenue
pacUeTHBIX
3aJJaHuH
CaMoCTOATEIEHOE
U3ydeHHe y4eOHOM
¥ HAy4YHOU
JIUTE }EliT 131 3amwra
Ho;; OT};I;KA < 11a00paTOPHBIX
a0oT
6.4 TIpou3BOICTBO coNel U sauyte nabopa- BbICTpHﬂeI-;He Ha OINK-4.1,
M.I/IHe I;HLHLIX TIOOpeHnit 2 6 4 16,1 TOPHEX paGoT ce};mHa e OlIK-4.2,
P y P - Brimosnenne PvaeTHIZ)e OIIK-4.3
pacdeTHBIX
sanaHuii 3aganue. TecT
DKk3aMeH
ITogroroBka k
CEeMHHapYy,
TECTHPOBAHHIO
HWroro no pazaeny 17 17 17 36,1
Wroro 3a cemectp 17 17 17 36,1 3K3aMeH
Hroro no aucnumiuze 35 35 35 68,4 3a4eT, IK3aMEH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

[TpoekTHpoBaHKHe 0OYICHUS CTPOUTCS HA OCHOBE CIIEYIOIINX IPUHIIAIIOB:

- OOyueHne Ha OCHOBE MHTETPALIUU C HAYKOW U MPOU3BOCTBOM.

- [IpodeccnonanbHO-TBOpUYECKas HAPABICHHOCTh OO yUCHHS.

- OpueHTHPOBaHHOCTH 00yUEHHS HA TUYHOCTD.

- OpueHTHpPOBaHHOCThL OOydYEHHUS] Ha pa3BUTHE OIbITa CaMOOOpa30BATEIBHOM
JesITeIbHO-CTU Oy yIIEeTo CIeHUAINCTA.

st TOCTMKEHUsSI TUIAHUPYEMBIX pe3y/lbTaToB OOydeHWs, B aucuuiuimHe «OOmmast
XUMH-YECKasi TEXHOJIOTUS» HCTIOJIb3YIOTCS Pa3IMUYHbIe 00pa30BaTEIbHBIE TEXHOIOTHH:

1. TpaguuuoHHble O00pa3oBaTENbHBIC TEXHOJOTUU: WH(GOPMAIMOHHAS  JICKIIHS,
n1abopa-TOpHBIE U MMPAKTHUECKUE 3aHATHSL.

2. HHpOopManmOHHO-KOMMYHUKAITMOHHBIC o0pa3oBaTeNbHbIC TEXHOJIOTHH:
JAexkuus-su3yanusanus. [lpakTuueckoe 3aHsATHE B (opMe Npe3eHTaluuu — MPEICTaBICHHE
pE3yJIbTATOB C UCTIOIB30BAHUEM CIICIIUATM3UPOBAHHBIX IPOTPAMMHBIX CPE/I.

3. WudopmannoHHO-pa3BUBAIONINE TEXHOJIOTUH, HAIpaBICHHbIE HAa (OpPMUpOBaHHE
CHC-TEMbl 3HAHUM, 3allOMHHAHWE M CBOOOJHOE OlepupoBaHHe UMH. lIpu caMocTOSTEIHPHOM
U3yde-HUU JIUTEpaTypbl MPHUMEHEHHE COBPEMEHHBIX WH(OPMAIIMOHHBIX TEXHOJOTHHA st
CaMOCTOSI-T€JIbHOTO ~ TOTOJIHEHHSI 3HAHWW, BKIIOYas HCIOJb30BAaHHE TEXHUYECKHX U
AIIEKTPOHHBIX CPEICTB UH(OPMAIIHH.

4. ]JlesATeNbHOCTHBIC MPAKTHKO-OPUCHTUPOBAHHBIC TEXHOJOTHH, HAIPABICHHBIC Ha
(dopmMupoBaHUE CHCTEMBI TPO(PECCHOHATBHBIX MPAKTUIECKUX YMEHUH MPHU paz0d0pe KOHKPETHBIX
CUTyallMii, OCHOBAaHHBIX Ha TIPAKTHYECKUX NpUMEpax, OOECICUMBAOIINX BO3MOXKHOCTh
Ka4eCTBEHHO BBITIOIHSTH MPO(ECCHOHANBHYIO AEITEIBHOCTb.

5. Pa3BuBaromue mnpoOJEMHO-OPHEHTUPOBAHHBIC TEXHOJOIHH, HAIPaBICHHBIC Ha
dopMu-poBaHME U pa3BUTHE TMPOOJIEMHOTO MBIIUICHHUS, MBICIUTEILHON aKTUBHOCTH,
CIOCOOHOCTH BH-JI€Th M (OPMYIIMPOBATH MPOOJIEMBI, BHIOMpPATh CHOCOOBI M CPEICTBA IS HX
pereHws.

6. MHTepaKkTUBHBIC TEXHOJOTHH: KOJUICKTHBHOE OOCYXJICHHE KaKOro-JTHOO CIIOPHOTO
BONpOCca, MpoOieMbl, BhISBICHHE MHEHHH B rpymme. M3noxkenne mpobieM M X COBMECTHOE
perieHue.

7. JIMYHOCTHO-OPHEHTUPOBAHHbIE TEXHOJIOIMH OOydeHHs, OOecledyMBaloOIUe B XOJe
y4eOHOro TIpollecca Y4eT paszIMYHBbIX CIOCOOHOCTEH OO0ydaeMbIX, CO3/IaHHE HEO0OXOIMMBIX
YC-TIOBHH JIJIs1 pa3BUTHS UX WHAUBHUIYAIBHBIX CIIOCOOHOCTEH, pa3BUTHE aKTUBHOCTH JIMYHOCTHU B
yueOHOM Tmporiecce. JIMYHOCTHO-OPUEHTHPOBAHHBIE TEXHOJOTHH OOYYSHHsS peau3yloTcsi B
pe-3yabTaTe WHAMBHIYAIbHOTO OOIIEHUS MpernojaBaTelss M CTYAEHTa, MpPU BBIIOJIHEHUU U
3ammTe J1abopaTOpPHBIX paboT, HA KOHCYIIbTAITUSX.

B xome numanoroBoro oOydeHHs CTYAEHTHI y4yaTcsl KPUTHUYECKHU MBICIUThH, PElIaTh
CJIO’)KHBIE TPOOJIEMBI Ha OCHOBE aHajM3a OOCTOSTEIHCTB M COOTBETCTBYIONIEH WH(MOpMAIHH,
B3BEIIMBATh aJbTEPHATUBHBIE MHEHHUS, MPUHUMATh NPOAYMaHHBbIC pPEIIEHHUs, y4acTBOBATh B
TMCKYCCHsIX, o0marbes. [ 3Toro Ha 3aHATHSIX OPTaHU3YIOTCS TpyNNoBas padoTa, padoTa ¢
JOKYMEHTaMH U pa3InYHBIMU HCTOYHUKAMH UHGOPMAITUH.

Peanm3zanus Takoro 1o/ xo/1a OCYIIECTBIISIETCS CIETYIONIM 00pa3oM:

1. Pacnpenenenue TeM pedepaToB € y4ETOM MOXKENaHHH CTYJEHTOB, TEMaTHKH HMX
Hay4-HBIX HHTEPECOB U T.I1.

2. IloaroroBka cryneHTaMu (OpMBI OTYETHOCTH CaMOCTOATENbHOI paloThl (pedepart-
MPE3CHTAINsI, BEICTYIIJICHUE HAa CEMUHApE, MOJIrOTOBKA OTYETa 10 JabopaTopHOi padboTe).

3. OOcyxJeHue MOJArOTOBICHHOTO OT4YeTa B PEXHME IUCKYCCHH C 3JIEeMEHTaMHU
KOJIJICK-TUBHOTO PEIICHHUS TBOPYECKHX 33/1ad.



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

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

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

a) OcHoBHas TUTEpaTYypa:

1. UrnarenkoB, B. M. O0mass XxuMu4ecKasi TEXHOJIOTHS: TEOpHsl, MPUMEPHI, 3aTa4H .
yuebHoe mocodue s By30B / B. Y. UrnarenkoB. — 2-¢ u3zn. — Mocksa : M3natensctBo FOpaiir,
2024, — 195 c¢. — (Bwicmiee obOpazoBanue). — ISBN 978-5-534-09222-6. — Tekcr
aekTpoHHbii  // OOpasoBatenbHast — twiatdpopma  FOpait  [caiit]. —  URL:
https://urait.ru/bcode/536887

2. CmupHoB, A. H. Teopernyeckre OCHOBBI XMMHKO-TEXHOJIOTMYECKHX IPOIECCOB :
yuebnoe nocobue / A. H. Cmupnos, C. A. Kpsutosa, B. . CeicoeB ; MI'TY. - MarHuToropck :
MI'TY, 2018. - 1 snekrpon. ont. auck (CD-ROM). - 3arn. ¢ Turyn. skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2066 . - MakpooobekT. - TekcT :
ANIEKTPOHHBIN. - CBeneHus noctynHsl Takke Ha CD-ROM.

0) JlomostHuTEIbHAS JIATEPATYpa:

1. KomeneBa, M. K. O0mass XxuMudeckass TEXHOJOTHS B IMpHUMEpax, JabOpaTOpHBIX
pabortax, 3aga4ax u Tectax . yueOnoe mocodbue / M.K. KormreneBa. — 2-e¢ usn., mepepab. —
Mocksa : UIHOPA-M, 2024. — 210 c. — (Bsicmuee obpazoBanue: bakamaBpuar). — DOI
10.12737/textbook_5d41326ae8b036.68219388. - ISBN 978-5-16-014977-6. - Tekcr
anekTpoHHbIi. - URL: https://znanium.ru/read?id=436846 .— Pexxum gocTtyrma: o mojammcke.

2. 3arkeiim, A. 0. OOmas xuMHuuYecKas TEXHOJOTHS: BBEIACHHE B MOJCIHMPOBAHUE
XHUMHKO-TEXHOJIOTHYECKHX TPOIIeCCOoB : yueOHoe mocodue / A. FO. 3akreiim. - 3-¢ u3 ., nepepad.
u jon. - Mocksa : Jloroc, 2020. - 304 c. - (HoBas ynuBepcurerckas 6ubnuoreka). - ISBN
978-5-98704-497-1. - Texcrt: snekrponnsiid. - URL: https://znanium.ru/read?id=367469 . —
PexxuM Jtoctyma: 1o moJimmcke.

3. CmuphoB, A. H. TIpon3BoACTBO XUMHUYECKUX MTPOAYKTOB : yueOHOe mocooue. U. 1/ A.
H. Cmupnos, C. A. KpsioBa, B. U. CeicoeB; MI'TY. - Maruutoropck : MI'TY, 2018. - 1
DIIEKTPOH. OIIT. TIICK (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2227 - MaxkpooosekT. - Tekcr
AIIEKTPOHHBIN. - CBefeHus noctynHel Takke Ha CD-ROM.

4. Tlpou3BoACTBO XMMHUYECKHUX MpoAykToB. Y. 2. IIpon3BOACTBO CEpHOM KHCIOTHI :
npaktiukyMm / A. H. CmupHoB [u ap.] ; Marauroropckuii roc. TexHu4eckuit yH-T um. I'. U.
HocoBa. - Marauroropck : MI'TY um. I 1. Hocosa, 2019. - 1 CD-ROM. - 3arn. ¢ turyim.
skpana. - URL: https://host.megaprolib.net/MP0109/Download/MObject/2514 .-
Maxkpoo0beKT. - TeKCT : aeKTpoHHBIN. - CBeieHHs 10ocTynHbI Takke Ha CD-ROM.

5. CmupHoB, A. H. IlpomsBoactBo xumudeckux mpoaykroB. Yacts 3. [IpomsBojacTBo
docdoproii kucnoThl : mpaktukym [mis By3oB] / A. H. Cmupnos, C. A. Kpsuiosa, /1. W.
AnekceeB ; Marauroropckuii roc. texuuueckuii yH-T uM. I'. . HocoBa. - Marnutoropck :
MITY um. I'. U. Hocoma, 2020. - 1 CD-ROM. - 3arn. ¢ turyn. »oskpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2765 . - Makpooobekr. - TekcT :
ANIEKTPOHHBIN. - CBefeHus noctynHbl Takke Ha CD-ROM.

6. Kpeutora, C. A. O61mas xumudeckast TexHoJorus © yaueonoe mocooue / C. A. Kpsbutosa,
P. H. A6npaxmanos, U. B. [Tonypxko ; MI'TY. - Marautoropck : MI'TY, 2017. - 1 a1ekTpoH. onT.
auck (CD-ROM). - 3aru. ¢ Tutya. sxkpana. - URL:
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B) MeTouuecKkue yKazaHus:

1. KpeutoBa, C. A. JlabopaTopHblii MPAKTUKyM IO OOIIEH XUMHUYECKOW TEXHOJIOTHH .
yue6Hoe nocobue / C. A. Kpsutora, 3. U. Koctuna, U. B. Tlonypko ; MI'TY. - MarauToropck :
MI'TY, 2014. - 1 saekrpon. ont. auck (CD-ROM). - 3ara. ¢ turyn skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2187 - Makpooobekr. - Tekcr
3JIEKTPOHHBIN. - CBeieHust 1ocTyHbI Takke Ha CD-ROM.

2. llonypko, U. B. [lomyyeHnne u CBONCTBa CTEKJIOBHIHBIX (HOC(ATHBIX KOMITOZUIUH !
npaktukym / U. B. Ilonypko, C. A. KpsutoBa ; MI'TY. - Maruutoropck : MI'TY, 2018. - 1
DIIEKTPOH. OIIT. JTUCK (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2246 - Makpooobekr. - Tekcr
ANIEKTPOHHBIN. - CBeneHus noctynusl Takke Ha CD-ROM.

3. Teopernueckre OCHOBBI XMMHYECKOW TexHONOrHH: y4ueO. mocooue /A.H. CmMupHOB,
C.A. Kpnpuiosa, B.1. CeicoeB. Marauroropck: M3n-Bo Marautoropck. roc. TexH. yH-ta um. I'.1.
Hocoga, 2018. 61 c. - TekcT :HEmoOCpeICTBEHHBI.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypcebi:
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Y4eOHble ayTUTOPUH JUIS TIPOBEACHUS 3aHATHUIN IEKIIMOHHOTO THIIA
MynsTuMeanHbIE CPEeICTBA XPaHEHUS, TIepeau U MPeCTaBIeHUs HHPOPMAIIHH.

VYdeOHas aynmuTOpHsl UIsl IPOBEJCHUS MPAKTHYECKUX 3aHSATHMA, 3aHATHH CEMUHApPCKOTO
THIIA, TPYIIOBBIX ¥ WHAUBUIYaIbHBIX KOHCYJIBTAlUi, TEKYIIEro KOHTPOJIS U IPOMEXKYTOYHOM
arrectanuu J{ocka, yaeOHbBIE CTOJBI, CTYIIbS

VYuebHas ayaAuTOpUs IS IPOBEACHHUS TaO0paTOPHBIX paboT:

Xumuueckas 1a0opaTopusi.

Xumuueckasi 1mocyja, peakTUBBI, Bechl Jaboparopubie paBHormieune BJIP-200, Bechb
anektpoHHsle nabopatopusie BK-300, HuskoremmeparypHast naGopaTopHas »3IIEKTpOIEYb
SNOL10/10, snekrporieds conpotusienus kamepHas jgaboparopuas CHOJI 10/10, maruuTHbIC
MeIaiaku, 3. [ ImuTkn.

VYueOHas ayaAuTOpUs IS IPOBEACHHUS TaO0paTOPHBIX paboT:

JlaGoparopus TEXHOJIOTUHU TOILUIUBA

AxBamuctuiuiatop, Anmapar CanoXHUKOBA C KOMIBIOTEPOM, IUIACTOMETPUUYCCKUN
ammapat, Ui omnpezaeneHus crnekaemoctd TI'M, Beckl nabopar.kBaapatueie BJIKT-500,
Onekrpodortokonopumerp KOK-3-01, Hlkad cymmnbnsiii, dunatomerp UT'U-/IMetH, yuebunie
KoJuteKkuuu 1no oopaszosanuto TT'U u nponykToB ux nepepaboTKu;

VY4eOHble ayJUTOPUM Ui CAMOCTOATEIbHOW paboThl oOyuaromuxcst IlepconanbHbie
xomnbroTepsl ¢ maketom MS Office, Beixomom B MHTEpHET M C JOCTYIIOM B DICKTPOHHYIO
nH()OPMAIIMOHHO-00PA30BATENIBHYIO CPEAY YHUBEPCUTETA

[Tomemenuss s XpaHeHUsT U HPOQWIAKTUYECKOTO OOCIYKHMBaHUS  y4yeOHOro
o0opynoBanus Ctenaxu s XpaHeHHs 000py10BaHUS

Metoauueckast 1uTepaTypa A yueOHbIX 3aHATUI

Xumuyeckas nocyia

WHCTpyMEHTBl Il PEMOHTa U MNPO(UIAKTUYECKOro OO0CIyXHBaHUA y4eOHOro
000opyI0BaHUS



Ipuioxkenne 1

Y4eOHO-MeTOoANYEeCKOe o0ecTieYeHrne CAMOCTOSITeIbHOI padoThl 00y4yaromuxcs

[Ipumepbl pacyeTHBIX 3aJIaHUM:

Pacuem pacxoonwix koighgpuyuenmos

Ipumep 1. PaccunTarh pacxoj1 WIBMEHUTOBOM Py/Ib U CepHOM KucnoThl [yt nonydenust 1t TiO, ,
€CIIM COZIepKaHue THTaHa B pyze cocTaBisier 24,3% (Macc.), a crenieHs pasnoxennst FeTiO, u Fe, O,

89 %. B npomzBozctse npumensiercs: 80% cepHas kuciota ¢ 50% M30bITKOM OT TEOPETUYECKOTO.

Pemenne: [Monyuenrie TiO, WIET IO CISAYFOIIMM PEAKIISIM:
FeTiO,+2H, SO, =(Ti0)SO, + FeSO,+2H, 0O @
Ti0OSO,+2H,0=H,TiO,+ H,SO, 2

H, TiO,—»TiO,+ H,0 3)

Fe, O, Tawoxe pearupyerc H, SO, (mobounas peaxiws) :
Fe,O0,+ 3H,S0O,=Fe,(SO,), +3 H,0 4)
Hatiinem coneprxanue Ti B UMCTOM WIIBMEHUTE:
1 Moms FeTiO, -1 moms Ti
W 152 kr FeTiO,-48 kr Ti

o (Ti)= % 100 = 31,5%

Io ycnoBuro coneprxanwe Ti B pyze cocrasisieT 24,3%.

Haiinem coneprxanne FeTiO, B pyne:
31,5-100%
24,3 —x , x=78%
3Haunt, Fe, O, B pyze comepxurcs 100 — 78 = 22%.
Pacxon FeTIO ; mst momyuennst 1 T TiO , mo peakmpsiv (1) - (3) cocTaBisiet:
1 xmoms FeTiO, - 1 kmons TiO,
152 xr FeTiO, -80kr TiO,

X - 1000 xr, x = 1900k,



C yuerom crenenu pazinokenust:  1900: 0,89 =2130 kr,
¢ yuetoM coctaBa pyabl:  2130: 0,78 =2731 k.
Pacxon H, SO, :
- o peakipn (1) :
1 moms FeTiO, - 2moms H, SO,
152 kr - 2*196 xr
1900 xr -X, x=2450 xr
- 110 peakiwu (4) :
1mom Fe, O, -3mompH, SO,
160 xr -294 xr
(2731- 0,22) xr -X, x =1104 xr
Bcero 2450 + 1104 = 3554 k.
C yuerom 50%-T0 M30bITKA OT TEOPETHUYECKOTO :
3554 -1,5=5331 kr.
C yuerom 80% KOHIICHTpAIHH :
5331:0,8= 6664 kr

Ortsert : pybl 2731 kr, KUCI0THI 6664 KT.

Tepmoounamura u kunemuxa XTII

1. dns peaknun A =C +2 D paccuuTaiite cocTaB peaKiimOHHON CMECH, €CIIU
HavaJbHOE KOIN4ecTBO peareHta A — 30 MoJb, a creneHs ero npespamenus — 0,8.

Hns peaknmn C,H, + H,0 < C,H;OH  omnpenenute BO3MOKHOCTb ITPOTEKAHUS

B IIPSMOM HANpPaBICHUM M KOHCTAHTY PaBHOBECUS IPU CTAHJAPTHBIX YCIOBHAX W IIpU
temneparype 700 K (Bocnonb3oBaBminck ypaBHeHueM Temkuna-11IBapumana).

2. [Tpu cuHTE3e aMMHaKa Ta3, BRIXOSIINN U3 KOJOHHBI, UMeeT cocTaB (00.%): NH3-17,0;
N,—11,0; Ho— 72,0. Paccunrats cootHomenune N, : Hy B ucxomgHoi cMecH.

3. Jlnst onieMeHTapHOi peakiumu  Hy )+ Ary = 2H )+ Ar ),

koHcTaHTa ckopoctH npu 3000 K pasna 2,2- 10* x-momp ¢, KoHuenrtpanum peareHToB
paBHBI, MOJIB/J: Bojlopoaa - 4,1+ 10, aprona - 4,1- 107, IIpu kaKoi KOHIIEHTPALlUK aproHa
CKOPOCTb peakluy yBEINIUTCS B 2 paza?

4. HekoTopass XxuMHUYecKasi peakiiysi MPOTEKarolias 0e3 KaTalu3aTopa UMEET SHEPTHIO
aktuBaun By = 5-10* k/bx/Mons u koHcTanTy ckopoctd Ki mpu Temmeparype 500 °C. B



NPUCYTCTBUM KaTajlu3aTopa IMpHU 3TON K€ TEeMIlepaType HEprusi akTuBalUuM coctaBmwia E; =
3,5 10* kJ[k/MoJTb, a KOHCTaHTa cKopocTh Ky, Onpenenure:

a) BO CKOJIBKO pa3 yBEJIMYUTCS CKOPOCTh KaTaIUTUYECKON peaKLUU 110 CPABHEHMIO C
HEKaTaIUTUYECKOM NPHU TEX )K€ YCIOBUAX?

0) pu Kakoil Temreparype KaTaTuTHUECKas peakius OyaeT MpoTeKaTh ¢ TaKOH ke
0
CKOpPOCTBIO, UTO U Hekatanutuueckas npu 500 “C.

Cocmaenenue MamepuaibHo20 bananca

IIpumep 2 . CocraBuTh MaTepraIbHBIN OaJTaHC OKUCIICHNS aMMHaka (Ha 1T a30THOM KUCTIOThI). CTereHb
okucenns NH,; mo NO-0,97; 0 N,-0,03; NO o NO, - 1,00. Crenens abcopOrm 0,92.

Conep:kaHne aMMHaKka B CyX0i aMMHa4HO — BO3yIIHOM cMecH 7,13% (macc.). Bo3myx HachlIieH mapamu
BojibI TipH 30°C. OTHOCHTEIBHAS BIGKHOCTH 80%.

Tennosvie pacuemol. Cocmasnenue menoeozo oananca

Ipumep 3. [pu oOxure mmxTHI, cofepskarield 10T M3BECTHSIKA U KOKC ONPE/ICIUTH:
a) pacxoj1 kokca coctasa (Macc.%): C - 91; 3oma— 7; Biara— 2;

0) cocTaB 00XKHTOBBIX T'a30B (00.%0); B) TeTUIoBol ekt peakiwu ooxura. CTeneHb pa3ioKeHUs TPU
o0xkwre m3BecTHsIKA 95%. Bozmyx momaercs ¢ 40% n30bITKOM.

Ipumep 4. Cveramu 2k 20%-r0 pacTBopa cepHoi KUcaoThl 1 3 KT 12%-1o pactBopa NaOH .
OnpenenuTs TEMIIEpaTypy pacTBOpa Mocie CMEIIEHHs, €CIIM IEPBOHAYAIBHASI TEMIIEpaTypa KUCIIOTbI U
mienoun 20°C, oTepu Teruia B OKpy»Karolryto cpery 1%.

Ipumep 5. CocTaBUTh TEIUIOBOM OATAHC peaKTopa sl TIOTyYeHHS BOAOPO/IA KATATUTHYECKOM
KOHBepcHeii MeTana. COCTaB HCXOIHOM rasooii cmecu (M°): CH,-97,8; H,0 - 250,0. TTotepu TemmnotsI

cocTapysttoT 4% ot npuxosa. Temmneparypa cMecu Ha Bxozie B peaktop - 380°C, na Bbixoze 800°C.

C mpuMepaMu BBIIIOJTHCHHUS PACUYCTHBIX 3aJaHWA MOXXHO O3HAKOMHTHCS, HAIpUMeEp, IO
yueOHBIM MTOCOOUSIM

1. OOmas xumuueckasi Texnonorus: yued. mocooue / C.A Kpoutosa, P.H. Abnpaxmanos, 1.B.
[Tonypko. Maruutoropck: 1M3a-so MaruuToropck. roc. texs. yH-ta um. I'.1. Hocosa, 2016.
87 c.

2. Teoperndeckue OCHOBBI xuMuueckoi TexHonoruu [Tekcr]: yue6. mocodue /A.H. CMupHOB,
C.A. Kpriosa, B.W. CeicoeB. Maruuroropck: 1M31-B0 MarHuToropck. roc. TeXH. yH-Ta UM.
I''". Hocona, 2018. 61 c.



[IpumepHbIe TeMBbI pedepaToB

1. Knaccugukanus npoayKToB XUMHYECKOM MPOMBIIIIIEHHOCTH, OTXOIbI TPOu3BoAcTBA. [loTepu

u 6opb0a ¢ HUMU

TBep10e TOIUINBO KaK ChIPbE Il XUMUUECKOHN IIepepabOTKu. YTIeXuMus

CtouHble BOJBI XUMHUYECKUX MPOU3BOACTB. CIOCOOBI OYMCTKH CTOUYHBIX BOJI.

OU3UKO-XUMUYECKUE CIOCOOBI yMSr4eHus BObL. DUIIBTPHL

BuJibl 1 MICTOYHUKH SHEPTUH, UCIIOJIb3YEMbIE B XUMUYECKUX ITPOM3BOJCTBEHHBIX ITPOLIECCAX

KoHnenuys nosHOro MCrosib30BaHUs SHEPTETUUYECKUX PECYPCOB. DHEPrOTEXHOJIOTHYECKHE

CHUCTEMBI

7. OOoramenue CcheIpbsi. ['paBUTanMOHHOE oOOOTrameHue. DJIEKTPOMarHUTHOE OOOTalIeHHE.
CymHOCTb, IBUXKYIIUE CUIIbI, 0coOeHHOCTH. [Ipumeps! npumenenus. O0opynoBaHue.

8. IlpuMmeHeHMe 3aKOHA ACUCTBYIOLIMX MacC I OIMCAaHUsS PAaBHOBECHS B TEXHOJOTMYECKHX
npoueccax. [Tpumepst.

9. IlpombinuieHHbIE KaTamu3aTopbl. O030p.

10. IIpomblnuieHHBIN KaTaJus. CyuiHocTtb u BH/IbI Karajiusa
(OKMCIHUTEIbHO-BOCCTAHOBUTEIBHBIN, KUCIIOTHO-OCHOBHOM, IIEMTHON MEXaHU3MBbI KaTaau3a).

11. .I'ereporenHbiii karanus. [[poMoTHpoBaHuE U OTpaBIEHUE KaTAIN3aTOPOB.

12. AnmapatypHoe opopMIIEHHE KaTATUTHIECKUX MTPOIECCOB.

13. YcTpoHCTBO KOHTAaKTHOTO y37la M aOCOpPOLIMOHHONM ammaparypbl B MPOU3BOJICTBE CEPHOM
KHCJIOTBI

14. MuHepallbHbIE COJIU B CEIbCKOM XO03siicTBe. MUHEepalibHbIE yI00pEHHUS U UX KiIacCuPHUKaIus.

15. TIpou3BoAcTBO KainuiHbIX cosied. OCHOBHbBIE IPOLECCHl MOJYUYEHUSI XJIOPUCTOrO KaJUs U3
CUJIbBUHTA.

16. Meronpl  ynayylleHHsT CBOWCTB  yJOOpEHUM: TIpaHyJUpOBaHHE, KOHIEHTPUPOBAHUE,
KarcyJIupOBaHUE U JIp.

17. 1Iponu3BOACTBO XJI0pa U ILIEIOYH.

18. TIpousBoactBo cymepdocdara

19. CuHTE3Bl Ha OCHOBE OKHCH yriepoja. [IpoMblleHHbIE ICTOYHUKU OKHCH YIJIEpoAa.

20. 1Ipoun3BOJICTBO METaHOJA

21. OCHOBHBbIE HaIlPaBJICHUS] HIPUMEHEHHUS AIEKTPOXUMUYECKUX [IPOU3BOJICTB

22. IIpou3BOACTBO KOKCA.

23. TpeboBaHNs XUMUYECKOTO MAIIMHOCTPOECHUSI K MaTepuasam JJis U3TOTOBIICHUS allllapaTypbl
(MexXaHU4eCKOW TPOYHOCTH, TEPMHUECKON YCTOMYNBOCTH, XUMHUECKON CTOHKOCTH)

24. DKOJOrMYecKHue MpoosIeMbl XUMUYECKUX MTPOU3BOJICTB U UX PELICHUS

25. OCHOBHBIE HAIIPABJICHUS PA3BUTHSI XUMUUYECKONU TEXHOJIOTHHI

o0 A WD

HpI/I HU3YUCHUHU TCXHOJOIMHU OCHOBHBIX XHMHUUYCCKHUX TMPOAYKTOB JOJI?KHBI OBITH
pPacCMOTPECHEI CICAYIOIINE BOIIPOCHI:

- CBOMCTBa MOJY4aeMOTro MPOJYKTa, €ro HapOAHOXO3HWCTBEHHOE 3HAUYEHHUE, MAaCIITA0bI
IIPOU3BOJICTBA

- ICTOYHUKHU U XapaKTEepPUCTHKA IepepadaTbiBa€MOro ChIpbs;
- IPOMBIIIIJIEHHbIE CLIOCOOBI TOTYUYEHHS

- CbI/ISI/IKO-XI/IMI/I‘IeCKI/Ie OCHOBEI IIponecca (CTeHeHB IpeBpalCHuA, CTEXUOMECTPUICCKUE U
KHHETHYCCKHUC 3aKOHOMCpHOCTI/I)

- OCHOBHBIC TCXHOJIOTUYCCKUC ITapaMCTPhI IpoLecca
- 000CHOBaHHE BBI60pa TEXHOJOTHYECKOM CXEMEI U €€ HOI(pO6HOC OIIMCaHHC,
- almnapaTypHbIC pCHICHUS OTACIBHBIX Y3JIOB B PACCMATPUBACMOM ITPOU3BOJCTBEC

- OTXO/bl IPOM3BOJICTBA, BO3ZMOXKHOCTU W3 MCIIOJNB30BAaHMS WU YTWIM3ALUHU, PELICHUE
npo0JieM HKOJIOrHYeCcKOil 0€30MacHOCTH IPOU3BOICTBA.



IIpunoxenne 2

OIIeHO‘leIe cpeacrea Jid MIPpOBEACHUA l'[pOMe)KyTO‘{HOﬁ aTTeCTallumn

a) HHaHpreMLIe pPe3yJabTaThbl oﬁyqe}mﬂ H OICHOYHLIC CpeACTBA NJIsI IPOBECACHUS l'[pOMC)KyTO‘IHOfI aTrrecranumn.

Kon

I/IH,I[I/IKaTop JOCTHIXKCHUA KOMIICTCHIIHN
HHAWKATOpa

O1neHOYHBIC CPEICTBA

OIIK-4: Cnoco0en o0ecnedyuBaTh NpPOBeJAeHHE TEXHOJOTHYECKOro Ipouecca, HCMO0JAb30BaTh TEXHHYECKHE CPeACTBa I KOHTPOJIA IapaMeTpoB

TEXHOJOTHYIECCKOIo Ipoiecca, CBOMCTB CbhIpbA H roTOBOM NPOAYKIUHU, OCYHICCTBJIATL M3MCHCHHUEC NMapaMETPOB TEXHOJOIHYECKOro Ipoumecca mnpu

H3MEHEHHNH CBOMCTB ChIPbS

OIlIK-4.1 OnpenensieT  TEXHUYECKUE  CpeICTBA  Ha
IIPOU3BOJICTBE UL obecneyeHus
TEXHOJIOTUYECKUX MTPOLECCOB

— CocraBbTe XUMHYCCKYHO U (I)YHKI_[I/IOHaJ'IbHYIO CXCMbI IIPOHU3BOACTBA p836aBJ'ICHHOI71
a30THOUN KMCIIOTHI. OHpeI[eJ'II/ITC YCJIOBUA CHUHTC3A. HazoBute ocHOBHOE O60py,Z[OBaHI/I€,
HCTIOJIB3YEMOC B 9TOM ITPOU3BO/ICTBE.

— CocraBbTe XUMHYCCKYHO U (I)YHKI_[I/IOHEUIBHYIO CXCMbI TMPOU3BOACTBA aMMHaYHOHI
CCIIUTPHIL. Kak HCIIOJIB3YCTCA TCIJIOTA HeﬁTpanmauI/m B npouecce?

— OnpenenuTh pacxoa TEXHMYECKOro KapOuaa Kaibiws, /it momydeHust 200 1 areTuieHa 1o
peakimn CaC+H,0=CaO+H,C, . Conepxanne CaC, B TexH.kapouzme, % (macc)- 82;

Crenens paznoxkenuss CaC, 95%.

— IIpemioxuTe TEXHOJOTUYECKUE METObl YCKOPEHUS (3aMe/JICHUs) peaKIuu KOHBEPCUU
MIPUPOJHOTO Ta3a.

— CocraBpTe (PYHKIIMOHATHHYIO CXEMy TIpoIiecca TMOMYYeHHs BOJOpOIa KOHBEPCHEH MeTaHa..
HazoBure ocHOBHOE 000pYIOBaHHME, HCTIONB3YEMOE B STOM TIPOU3BOJICTBE.

— CocTaBbTe XUMHUYECKYI0 U (DYHKIMOHAIBLHYIO CXEMbI MPOU3BOJCTBA CEPHON KHCIOTHI
KOHTaKTHBIM METOJIOM. Beinenure mojacucreMy o0xura kKomdemaana. HazoBure ocHOBHOE
000pyI0BaHKE, UCTIONB3YEMOE JIJISI OUMCTKHA 00KUTOBOTO Ta3a
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OIIK-4.2

OneHuBaeT W KOHTPOJHUPYET MapaMeTpbl U
3¢ (HEeKTUBHOCTh TEXHOJOTHYECKHUX IMPOIIECCOB,
CBOMCTBA CBIpbS M TOTOBOH MPOIYKIMH B

00/1aCTH XMMHUYECKON TEXHOJIOIHU

Paccumraiite Maccy u 00BEM CYXOro BO3AyXa, TEOPETUYECCKH HEOOXOIUMOTO IS
MOJIHOTO cropanus 1 kr yris ¢ maccoBoit noseii: C -0,862, Hy — 0,046, No— 0,012, Bnaru
-0,010, 30me1 — 0,070.

Kakoit 00bem 3annMaeT kucinopo maccoid 8 T pu 28 0C u naBnennn 744 mMwm pr. cT.”?
DHTaNbIUS peakluu HeuTpaiu3anuu ammuaka 52,5%-Hoi a3oTHOU kucimoto AH =
—106,09 xJx/Monb. Onpenenure, CKOJIBLKO BOABI MOXKET HCIAPUTHCS 33 CYET TETIOTHI
peakuuu HelTpanuzanuu 212,5kr aMMuaka. DHTaIbIus napoodpazoanus Boasl AH = —
2684 xJIx/xKr.

OrnpenenuTs pacxoll ChIpbsl (IIOBApEHHAS COJb, KYIIOPOCHOE MAcio) Jyisi TpOM3BoACTBA 1 T
cynb(ara Hatpust ( B pacuyere Ha unctelii Na,SO, ). ConepkaHne OCHOBHBIX KOMIIOHEHTOB B
ceipbe, % (Macc): NaCl - 96,0; H,SO,4 - 93,0. Crenens pasnokernst NaCl (macc momm) - 0,9.

Ypasnenne peakumn H, SO, +2NaCl,,) = Na,SO, +2HCI T

CocTaBuTh MaTepUaIbHBIA OalaHC — TPOIEecca CKUTaHUS | T CEpPOCOACPIKAIIETO ChIPhS
KHUCIOpoIoM Bozyxa. CheIpbe cofepikut, (Mac. gormu ): S - 0,99, H,O - 0,06, 30ma— 0,04

OO6ocHyiiTe BEIOOP YCIOBUI MpoIlecca KOHBEPCHUU METaHa BOJSHBIM MapoM (J1aBleHUE,
TEeMIepaTypa, COCTaB PEAKIMOHHON cMecH ).

OIIK-4.3

[IporHo3upyer u  perynupyer

HN3MCHCHHC

mapaMEeTpoB TEXHOJIOTHYCCKUX IIPOLECCOB B

3aBUCUMOCTH OT CBOWCTB CHIPbS

Onpenenuts NPUHIMIHAIBHYIO BO3MOXHOCTh IPOTEKAHUS PEAKIINH

-3944 0 -508 —-2284  «x/Dic! momw
npu craHgaptHeix yenoBusax (T=298 K). 3nauenus AG%gs  Bcex YYaCTHHKOB
peakuuy IpUBEIEHBI 1101 YpaBHEHUEM.

Brruncnnre BpeMEHHYIO JKECTKOCTh BOJIbI, 3Has, 4To B 250 1 ee comepxurcs 202,5 v
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Ca(HCOy)s,.
Hcnonssys npunnun Jle-Illatenbe mpemiokuTe CHoCOObl YBEIUYEHHS DPaBHOBECHOM
CTCIICHU MPEBPAIICHUSA IIPU IIPOTCKAHUU PCAKIIUN .
_ CO+H0=CO, +H,+Q, CyHy=CiHy + H,— 0,
Hanwnmmre BBIPAXKCHUC IJI1 KOHCTAHTBI PABHOBCCHA.

Kakme mnpeumyiiectBa MMeeT cxeMa IPOU3BOACTBA Aa30THOM KHUCIOTHI MPH ABYX
JABJICHUAX (pHUC.) O CPAaBHEHUIO CO CXEMOU MPHU €IUHOM JABICHUH?

Boaayx

1 H,0

P =045 MIla l
Hurposnele Orxopsume
2 | rasw [; 4 F— rasm
3 [ P=1.2MTla JHNO,

|

[Ipon3BoaCTBO aMMHUaKa U3 MPUPOTHOTO T'a3a MOKHO MPEICTABUTh XUMUYECKON CXEMOM:
CH, + 2H,0= CO, + 4H,
3H, +N, = 2NH,

W CYMMapHBIM YpaBHEHUEM
3CH,+6H,0+4N, = 3CO, +8NH,.

Teopernuecku Ha mnpom3BoacTBO 1T NH; HeoOxomumo 3arpatuth 494 M

MPUPOAHOTO raza (MeraHa). PeanbHbIN pacXomHbi KOd(D(PHUIIMEHT COCTaBISIET
6onee 1000 m/1T NH3;. Ha3oBuTe BO3MOXKHBIE MPUYUHBI JOMOJHUTEIHHOTO

o

o

3
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pacxoa mpupoaHOro rasa.

— Kak Brusier maBnenue Ha caxxeoOpazosanue B peakiiuu CO + Hy= C,; + H,0 ?

— 3aBucu

MOCTbh cmenenu npespawenus x(t) npu temreparypax 71 u 1>,>T; s 3HAO-

TEPMUYECKONW M PK30TepMUUEcKoi peakiuii B peaktope B (unmu UC-m) npencrapnena

Ha puc.

snoo- (T,)

IITPUXOBBIMH JIMHUSIMU IOKA3aHbI PABHOBECHbIE CTENEHU NPEeBPALLCHUS X,
JJISl TeX 7Ke YCJAOBHI
Kako#t TtemmepaTypHbIi pexuM OyAeT ONTHMAJIbHBIM i OOecredYeHus

MakKCUMaJbHOM  WHTEHCHUBHOCTH  Hpolecca €  AK30TEPMHUECKOH U
SHIOTEPMHUYECKON peakuuen?




0) Ilopsimoxk mnpoBedeHUSs TNPOMEKYTOYHON AaTTecTAMU, IOKA3aTeJM W KPUTEPHH
OLlCHUBAHMUSL:

[TpoMexxyTouHass aTTecTanus Mo JuciuiuHe «OOIas XUMHUYecKas TEXHOJOTHs» BKIIIOYACT
TEOPETUYECKHE BOTPOCHI, TO3BOJISIONINE OLEHUTh YPOBEHb YCBOCHHUSI 00YUAIOIIUMUCS 3HAHUH, U
NPaKTUYECKHE 3a/aHusl, BBIABIIONIME CTENEHb C(HOPMUPOBAHHOCTH YMEHUN W BIaJCHUM,
npoBoauTcs B hopme 3aueta (5 cemectp).u dK3ameHa (6 cemectp).

3ayer mo JAaHHOM JUCHUIUIMHE MPOBOAMTCS B YCTHOH (pOopMe IO BOTIPOCAM M3 CIIUCKA,
JIOBE/IEHHOTO JI0 CBEJICHUS CTYEHTOB, BOIIPOC MOXKET CO/IEPKATh HEOOIBIIOE IPAKTUIECKOE
3a/laHue.

IMoka3aTeu U KPUTEPUH OIIEHUBAHUS 3a4eTa:

— OICHKY «3a4YTE€HO0» CTYACHT MMOJIYy4acT, €CJIM MOKECT IMOKa3aTh 3HAHUS HAa YPOBHC
BOCIIPOU3BCACHUA U 00BACHEHHS I/IH(l)OpMaI_[I/II/I, HWHTCJUICKTYAJIbHBIC HABBIKH PCHICHUS IPOCTBIX
3aa4, MOXKET OaThb OLICHKY HPCHHO)KGHHOI;'I CUTyalllu.

— OICHKY «HE€3AYTCHO0» CTYACHT I10JIYYACT, CCJIM HC MOKCT ITOKAa3aTh 3HAHHA Ha YPOBHC
BOCIIPOU3BCACHUA U 00BsACHEHHUS I/IH(l)OpMaI_[I/II/I, HE MOXKCT IIOKA3aThb HHTCIIJICKTYAJIbHBIC HABBIKH
pemicHus NpOCThIX 3a/ia4, AaTb OLICHKY npezmoxceHHoﬁ CUTYyalluU.

DK3aMeH 10 JaHHOW JUCHMILIMHE MPOBOJUTCS B YCTHOM (hOpMe MO dK3aMEHAIIMOHHBIM OUJIeTaM,
KaKIbIH U3 KOTOPBIX BKIIIOYAET 2 TEOPETUYECKUX BOIIPOCA M OHO MPAKTHUECKOE 3a/1aHHUE.

IToka3zarenu u KPUTEPHH OCHUBAHUSA IK3aMeEHa:

— Ha OIEHKY «OTJMYHO» (5 0amioB) —oOyyarolmuiicss AEMOHCTPUPYET BBICOKHI YpPOBEHb
c(OpPMHUPOBAHHOCTH KOMIIETEHIINH, BBICOKUNA ypOBEHb 3HAHUN HE TOJBKO Ha YpPOBHE
BOCTIPOM3BEJICHUSI U OOBSICHEHHs] MH(POpPMAIMK, HO M HHTEJUICKTYalbHbIE HABBIKU DPEIICHUS
npoOJeM U 3a71a4:

® JJaeTCs KOMIUIEKCHAs OLIEHKA MPEITI0KEHHON CUTYallHH;

® JIEMOHCTPUPYIOTCS TIyOOKHE 3HAHUS TEOPETHYECKOTO MaTepuaja M yMEHHE HX
[IPUMEHSTB;

® [IOCIEN0BATEIbHOE, MPABUILHOE BBHIIIOJHEHUE BCEX MPAKTUYECKUX 3aJaHHI;

e yMeHHE 00OOCHOBaHHO M3J1araTh CBOW MBICIIH, JIelaTh HEOOXOIUMBIE BEIBOJIBI.

— Ha OIEHKY «xopomo» (4 Oamna) — oOydarouiuiics JEMOHCTPUPYET CpPEIHUH YpPOBEHb
c(OpPMHPOBAHHOCTH KOMITETEHIIMIA:

® JacTCsa KOMIIJICKCHAsA OICHKa Hpel[JIO)i(eHHOfI CUTYyalluHu,
® JCMOHCTPHUPYIOTCA NOCTATOYHBLIC 3HAHUA TCOPCTUYCCKOIO MAaTCpUala 1 YMCHHUEC UX
MMPUMCHATE, HO JOIMYCKAOTCA HE3HAYUTCIILHBIC OHH/I6KI/I, HETOYHOCTH



®  BBIIIOJIHCHUC BCCX MPAKTHYCCKUX 3anaH1/1171; BO3MOXHBI CIUHHUYHBIC OI_HI/I6KI/I,
HCITPABIISICEMBIC CAMHM CTYJCHTOM ITOCJIC 3aMCYAaHUA IIPEIOJaBaTCIIA;

® 3aTpyAHCHHUA IPU AHATUTUUYCCKUX OIICpaluiax, MCPCHOCC 3HAaHUI U YMeHI/Iﬁ Ha
HOBBIC, HCCTAHAAPTHBIC CUTYyalluH.

— Ha OLIEHKY «yI0BJIETBOPHUTEJBLHO» (3 6amia) — oOyyarouuiicss ITeMOHCTPUPYET MOPOTOBBIiA
yYpOBEHb C(HOPMUPOBAHHOCTH KOMITETEHIIUA:

® 3aTpyJHEHHUs C KOMIUIEKCHOM OLIEHKOM IPEUIOKEHHON CUTYalluH;

® HEMOJHOE TEOpeTHYeCKoe OOOCHOBaHME, TpeOyrollee HABOAAIINX BOIPOCOB
IIpenoaaBaTels;

e  BBINOJHEHUE 3aJaHUM IIPU NIOJICKA3KE IPEIOJaBaTes;

e 3arpyaHEHUs B (OpPMYyIHUPOBKE BHIBOIOB.

— Ha OLEHKY «HeYyJAOBJIETBOPUTEJIbHO» (2 Oamia) — oOydaromuiicss 1€MOHCTPUPYET
3HaHUs He Oosiee 20% TEOPETHUECKOro MaTepualla, JOMYyCKAaeT CYIIECTBEHHbIE OIIMOKH, He
MOKET IOKa3aTh UHTEIUICKTyalbHbIE HABBIKH PELICHUS MTPOCTHIX 3a/1au.

— Ha OLICHKY «Hey/0BJIeTBOPUTEILHO» (1 6ain) — o0ydaromuiicss He MOXET MoKa3aTh 3HaAHUS Ha
YpOBHE BOCIPOU3BENICHUS U OOBSICHEHUSI UH(POPMALIUK, HE MOXKET MOKa3aTh UHTEIUICKTyaJIbHbIC
HABBIKU PEUICHHS MPOCTHIX 3a/1a4 HETIPaBUIIbHAS OIICHKA MPEIOKEHHON CUTYaIUH;



