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®K1O: Kotosa Jlapnca AHatonbeBHa
[HomkHocTb: OupekTop Gpunmana
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HoBorpouuxui ¢puaual

Pabouas mporpamma JUCITUTLIMHBI (MOTYIIS)

XUMHYECKHE PEAKTOPHI

3akperuieHa 3a noJpas3AeleHueM Kadenpa maremaruku u ectectBo3Hanus (HoBoTponnkuii pumair)
Hamnpasnenue noarotroBku 18.03.01 Xumuueckass TEXHOJIOTHS
[Tpodums XUMHYecKask TEXHOJIOTHsI IPHPOIHBIX SHEPTOHOCHUTENEH U YIIIepOIHBIX
MaTepHajoB
Keamuduxanums Bakanasp
dopma o0yueHHs o4Has
OO0mast TpyI0EMKOCTh 43ET
YacoB 1o y4eOHOMY IIJIaHy 144 ®DopMbI KOHTPOJISL B CEMECTpaAX:
B TOM UYHUCIJIE! 3a4eT C OLEHKOH 5
ayJUTOPHBIE 3aHATH 51
caMoCTOsITeNbHAs paboTa 93

Pacnpe)le.ﬂe}me YacoB JUMCHHUIIMHBI 110 ceMecCTpaM

CemecTtp
(<Kypc>.<Cemectp Ha 5@3.1)
Kypee>) Uroro
Henens 19
Bun 3anaruit i | PO | VI PII

Jlexmun 17 |17 (17 |17
[IpakTuueckue 34 134 |34 |34
Uroro ayn. 51 |51 |51 |51
KonrakTHas paboTa 51 |51 |51 |51
Cam. pabora 93 193 |93 |93
B tom uucne cam. 12
pabota B pamkax ®OC
HUroro 144 | 144 | 144 | 144




IIporpammy cocraBum(u):

x.m.H., [Joyenm, Anexceeg /. U.

Pabouas mporpamma
XuMHYeCKHe PeaKTOpbI

Pazpaborana B coorBerctuu ¢ OC BO:

DenepanbHBII rOCYIapCTBEHHBIN 00pa30BaTENBHBIA CTAaHIAPT BRICIIEr0 00pa30BaHMs - OakalaBpHAaT 110 HAIIPABICHHIO TOATOTOBKH
18.03.01 Xummueckas TexHonorus (npuka3 Muno6prayku Poccun ot 02.04.2021 r. Ne 1190.8.)

CocraBneHa Ha OCHOBaHMHU y4eOHOTO IUIaHA!

18.03.01 Xummueckas texHomnorus, 18.03.01 24 XumTexnonorus IIplIOuYM.plx Xumudeckas TeXHOIOTHS MPUPOTHBIX
SHEProHOCHUTENEN U YIIepOIHBIX MaTepHajIoB, yIBepxkaAeHHOro YuensiM coetoM ®I'’AOY BO HUTY "MUCuC" B cocrase
cootserctBytomierd OITOIT BO 30.11.2023, nporoxoi Ne 49

VrBepxnena B coctase OIIOII BO:

18.03.01 Xummueckast TeXHONOTHsI, XUMHUYECKasi TEXHOJIOTHS IPUPOJHBIX YHEPTOHOCHTENCH U yIIepOAHBIX MaTEPHAIIOB,
yrBepxkeHHol YueHnbiM coBeToM ®TTAOY BO HUTY "MUCuC" 30.11.2023, npotokosn Ne 49

Pabouas mporpamma ogoOpeHa Ha 3aceaHUH
Kadenpa matemaTuku u ecrecrsosHanust (HoBorpounxuii puianai)

IIpotokon ot 12.03.2025 r., Ne3

PyxoBonutens noxpasnenenus k.1.H. [lIBanésa A.B.



1. HEJIX OCBOEHUA

1.1 | momydeHue 3HaHUN O KOHCTPYKLIMU PEAKTOPOB, UX OCHOBHBIX 3JIEMEHTAX U METOJaX MAaTEMaTUIECKOT0 OIIMCaHUsI C
LEITbI0 ONTHMU3ALUHU PAOOTHI MO IETEBBIM KPUTEPUSIM HITH TpeOyeMoMy 00BbEMY TPOU3BOACTBA.

2. MECTO B CTPYKTYPE OBPA30BATEJIbHOM ITPOT'PAMMBI

bnok OII: b1.B

2.1 TpebGoBanus K npenBa]PnTenbnoﬁ MOATOTOBKE 00y4aI01Ierocsi:

2.1.1 Be3omacHOCTE JKH3HENEITEIHFHOCTH

2.2 JucuunianHbl (MOIY/IH) U MPAKTHKH, VIS KOTOPBIX 0CBOEHHE JAHHOW AUCHHUIJIMHBI (MOIYJIs1) HEOOX0IUMO KaK
npeaecTByIoOmIee:

2.2.1 |IlepBuuHas nepepaboTKa YIriIeBOJAOPOIHBIX Fa30B

2.2.2  |IloarotoBka yriei Ajsi KOKCOBaHUS

2.2.3 | IIpousBojcTBEeHHAs MPAaKTHKA

2.2.4 |U3BnedeHue u nepepaboTka XUMUYECKHUX IIPOTYKTOB KOKCOBAHHUS

2.2.5 |Koxkcoanue yruei

2.2.6 |Texnomorus riry0oKoi nepepaboTku HePTH

2.2.7 | TexHONOTHS POMBICTIOBOM TIOJTOTOBKH M TiepepaboTKy HEPTH U ra3a

2.2.8 | OHU3UKO-XHUMHUYECKHE OCHOBBI HE(YTAHBIX AUCIIEPCHBIX CHCTEM

2.2.9 |IoaroroBka K MmpoImeaype 3amIiThl M 3aIINTa BRITYCKHON KBaTH()UKAIIMOHHOH PadoTHI

2.2.10 |IlpennunioMHasl IpaKTHUKa

3. PE3YJIbTATBI OBYUYEHUS IO JUCIUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSAMHA

IIK-4: CniocoGeH 01leHMBATh TEXHHYeCKoe cOCTOsIHUE M 3 (PEeKTUBHOCTH padoThl 000py10BaHNs, IPeAIaraTh
COBEpPLICHCTBOBAHNE KOHCTPYKIUH OTAEeJILHBIX 371eMEHTOB 000py10BaHMs, OCYLIECTBJIATH PAIIMOHAJILHBII BBIOOD
THUIIOBOTO 000PY10BAHMS

3HaTh:

I1K-4-31 oO1iee cTpoeHHE W OCHOBHBIC AJIEMEHTHI XUMHUUECKUX PEAKTOPOB

TIK-4-32 0CcHOBBI IPOBEIEHUS TOMOI€HHBIX U T€TEPOr€HHBIX XUMUYECKUX IIPOLIECCOB

[1K-4-33 ocHOBHBIE 3aKOHOMEPHOCTH TpoLiecca TEII000MEHa, BCTPEYAKOLIETOCs B PEaKTOPax

IIK-5: Cnioco6en aHa1u3npoBaTh 3¢ (PeKTHBHOCTH peau3yemMoii Ha NpeInpPUsITUH TEXHOJIOTHH, PEAIaraTh cnocoobl ee
COBECPIICHCTBOBAHUSA M IMYTH MOJICPHU3ALIUA MMPOU3BOACTBA

3HaTh:

ITK-5-31 ocHOBHEBIE hopMaTBHBIE TapaMETPHI, ONUCHIBAIOIINE PA0OTY U 3P (HEKTUBHOCTE JIFOOOT0 peakTopa

TIK-5-32 BiusiHME CKOPOCTH XMMUYECKOM PeaKluU HAa T€OMETPHUUECKUE XapAKTEPUCTUKU PEAKTOPa

ITK-4: CnnocoGeH o1leHMBATH TEXHHYeCKOe cOCTOsIHUE M 3P (PEeKTUBHOCTH padoThl 000py10BaHNs, PeAIaraTh
COBEpPLICHCTBOBAHHE KOHCTPYKIHUH OTAEJILHBIX 371eMEHTOB 000py10BaHMs, OCYLIECTBJIATh PAIIMOHAJILHBII BBIOOD
THUIIOBOTO 000PY10BAHMS

YMmerhb:

ITK-4-Y1 xaccupuuupoBaTh peakTOPbl, HCXOI U3 MOJCIBHBIX MPEACTABICHUH

TIK-4-Y?2 ontuMu3upoBaTh OCHOBHBIE TEOMETPHUECKHE NTAPaMETPhI peakTopa

IIK-4-¥Y3 conoctaButh 3)(HeKTUBHOCTH pabOTHI PEaKTOPOB C PA3IMIHON CTPYKTYPOH IIOTOKOB

[1K-4-Y4 onuceiBaTh KaTaTUTUYECKUE MTPOLIECCHI

ITIK-5: Cnocoben aHaian3upoBaTh 3Q(PeKTHBHOCTD peaju3yeMoii Ha NPeANPUSITHH TEXHOJIOTHH, IPELJIAraTh cocodbl ee
COBEPILICHCTBOBAHHS M IIyTH MOJEPHU3ALMH IIPOU3BOACTBA

YMmerb:

TIK-5-Y1 cocTaBuTh MaTeMaTHIECKYIO MOAEIH JUIsl ONTMCAHUS PEeaKTOpa JIF000To THITA

TIK-5-Y2 npemiokuts MEpOIIpUsATHS 10 HHTCHCU(PHKALUA XUMHIESCKOTO MPOIIECCa B XUMUUCCKOM PEaKTope




IIK-4: Cnioco0eH o11eHUBaTh TEXHUYECKOe COCTOsIHUE U 3P (PeKTHBHOCTL Pad0Thl 000PY10BAHUS, IPELJIATATh
COBEPIIEHCTBOBAHNE KOHCTPYKIUH OT/eJILHBIX 3J1eMEHTOB 000PY10BaHHsl, OCYIECTBJISTh PAlIHOHAILHBIH BHIOOD
THHIIOBOTO 000PY10BAHUS

Baagern:

IIK-4-B1 HaBbIKaMu COCTaBJICHHUSI MaTEpUAILHOTO OaaHca, UCXOIs U3 MOJCNbHBIX MPEACTaBICHUI

[1K-4-B2 HaBbIKaMU COCTaBJICHHUS TEILIOBOTO OallaHCca peakTopa

[1K-4-B3 HaBBIKaMH OIHCAHUS T€TEPOTCHHOTO KaTATUTHYECKOTO IpoIecca

IK-5: Cnocoden anHaau3upoBaTh 3¢ (eKTHBHOCTH Peajin3yeMoii Ha MPeANPUITHH TEXHOJOTHH, PeJIAraTh crocoobl ee
COBEPIIEHCTBOBAHHUS U IYTH MOIEPHU3ALNHU MPOU3BOACTBA

Baagern:

TIK-5-B1 HaBbIkamMu OnUcaHus paboThl XUMHYECKOT'O PEaKTOpa U MPOBEIEHHS ONTUMH3ALNHN €r0 KOHCTPYKINU

[TK-5-B2 ananmu3oM 3 QeKTHBHOCTH pabOTHI JSHCTBYIOIIETO peakTopa

4. CTPYKTYPA U COJEPKAHMUE

Kon HaunmenoBanue pasnesioB u | Cemectp | YacoB | ®opmupyemsie | Jlutepatypa | Ilpumeuanue KM Boinosn
3aHATHSA TeM /BUJ 3aHATHS/ / Kypce HHIUKATOPBHI H L. siemble
KOMIeTeHIUi pecypcesl padoTsl

Paspgen 1. IlousiTue o
XHMHYEeCKOM peaKkTope U
€ro 3HaYeHue B

XUMHYECKOM
MPOU3BO/ICTBE.

1.1 [ToHsTHE O XUMUYECKOM 5 2 IIK-4-31 TIK-4- | JI1.1 JI1.2
peakrtope, ero GQyHKIUHU U Vi J1.3
3HAYUMOCTh Ha JI1.4J12.1
npousBoJcTe. DopMalbHbIE JI2.2J12.3
dopmanbHbIe TOKa3aTeNn 2.4
PpaboThl XUMUYIECKUX 2102233
peaktopos. /JIex/

1.2 MarepuanbHblii U TEIUIOBOI 5 6 [1IK-4-B1 IIK-5 JI1.1 JI1.3
OanmaHc B XUMHUYECKOM -31 IIK-5-32 JI1.4J12.1
peakrtope /TIp/ [K-5-Y1 TIK-5 2139233

-B1

1.3 Meron MoaenupoBaHus Ipu 5 2

U3y4eHHU paboTHI
XUMHYECKOTO PEaKTopa.
BrBon muddepennmansaOro
YpaBHEHUS MaTePHUAIILHOTO
Gananca peakTopa Jr000ro
tuna. Kiaccuduxanms
XHUMHYECKHX PEaKTOPOB
(moHATHE O peakTopax
UJICaTbHOTO CMELICHUS U
HJIeaIbHOTO

BbITeCHEHU ). /JIek/

1.4 3anuch BUJIEEOTBETA C 5 12
BBIBOJIOM

T PepeHITHATEHOTO
YpaBHEHHUS peakTopa JIrodoro
tuna. /Cp/

Pa3gen 2. Ctpykrypa
NMOTOKA B peaKkTope.
HNneanbHble (MpeaeibHbIE)
Pe:KHMBbI padoThI
peaKkTopoB.




2.1 2 IIK-4-31 TIK-4- | JI1.3 J11.4
32 [IK-4-Y1 313233
ITK-5-31 TIK-5-
UzoTepmudeckuii mporece B 32
XHMHYECKOM PEaKkTope.
VneanbHbIC pEXKIMBI B
XUMHYECKHX PEaKTOpax
(ueanbHOrO CMEIIICHUS,
U/ICATTBHOTO BBITCCHEHHUS).
/JTex/
2.2 2 TIK-4-31 [IK-4- | JI1.2 JI1.3
32 T1IK-4-33 1.4
IK-4-Y3 TIK-5 212233
CpaBrenue 3¢ GHeKTHBHOCTH -32 TIK-5-B1
MPOTOYHBIX PEAKTOPOB
U/ICATBHOTO CMEIICHUS 1
W7ICaTBHOTO BBHITECHEHUSI.
/JTex/

2.3 HeunpneanbHbie pexxumbl B 10 [MK-5-31 TIK-5- | JI1.2J11.3 KM1
peakropax. [Ipuunnsb 32 T[IK-5-V1 JI1.4J13.1
OTKJIOHEHUM OT UJealIbHbIX IIK-5-B1 212233
pexumoB. Mogenu
PEaKTOPOB ¢ HEUIeaTbHON
CTPYKTYpPO# IIOTOKOB. 3a1uch
BHJICOOTBETOB I10 TEMaM
JIeKIMK 1 3amadam. /Cp/

2.4 VYpaBHeHus: HopMaIbHOR 10 P1
KHHETHKH. FIX 3HAYUMOCTb
JUTS OTIMCaHUS PadOTHI
peaktopa. YpaBHenue Bant-

T'odda. Koncranra ckopocTu
peakiin. Heobpatumas u
oOpatumasi peakiysi IepBoro
nopsaka. Heobpatumast u
obOpatumast peakiusi BTOporo
nopsiaka. [locnenoBarenbHbIe
peakiun. [lapatensHbie
peaxuuu. CIOXKHOCTh 1
MHOT'OCTaIMHHOCTD Ipolecca
XUMHYECKOTO

npespamienus. /I1p/

2.5 Bpewms npeObIBanHus, 6 [TK-5-31 TIK-5- J1.2
NepeMEIINBaHUE B 32 TIK-5-Y1 JI1.4J12.1
XHUMUYECKOM PEaKTOpeE B [K-5-B1 212233
3aBUCHMOCTH OT THIIA
peakropa. /TIp/

Pa3gen 3. Temsioo0MmeH B
peaxkTope. PexxumMbl padoThl
peaKTopa ¢ TemI000MeHOM.

3.1 2 ITK-4-32 TIK-4- | JI1.1JI1.3
Pexxumbl naeabHOTO 33 [IK-4-V1 JI1.4
CMEIIECHUs IepUOINYECKU U [K-4-Y3 TIK-4 212233
WJICaIbHOTO BBITECHEHUS C -B2 I1K-4-B3
TEII00OMEHOM. ITK-5-31 TK-5-

/JTex/ 32

32 Heunzorepmuueckuii mporuecc 4 TIK-4-Y3 T1K-4 JI1.3 J11.4
B XUMHYECKOM PEaKTOpe. -B1 I1K-4-B2 213253
Opranu3anus Terioo0MeHa B ITK-5-31

peakTope U TeMIIepaTypHEIC
PEXKUMBL.

/JIex/




33 Temn000MeH B XUMHUYECKHX 6 [IK-4-B2 [IK-5 JI1.2 J11.3
peaktopax /TIp/ -31 IIK-5-32 JI1.4J712.1
313233

34 CamocToATenbHOE U3yYeHUE 12 [1IK-4-B2 [IK-5 JIT.1JI1.3 KM4,K
Martepuana B "ONeKTpOHHOM -31 TIK-5-32 | JI1.4J12.1J13. M1,KM
kypce'": TemnepaTypHbIit IK-5-Y1 TIK-5 1 2
PEKUM B IPOTOUHOM -Bl 2102233
peaKTope HaeaabHOTO
cMelIeHus. AnnadaTH4ecKuii
IIPOLIECC UIEaTLHOIO
CMEIICHUS ¥ BEITECHEHUSI.

ABTOTEpMUYECKUM

peakrop /Cp/

Pa3gen 4. OnTumusanus
XHMHKO-TE€XHOJOTHYECKOr0
npoiuecca B peakTope.

4.1 OnTuMHU3aus XUMUIECKOTO 3 IIK-4-31 [IK-4- | JI1.1JI1.3
mpoiiecca B peakrope. /JIex/ 32 [IK-4-Y2 JI1.4J12.1

IK-4-V3 313233

4.2 PaccmoTtpenue npumepos 6 [1K-4-B1 I1IK-4 P2
PpacuéToB 0 ONTUMU3ALUH -B2 TIK-5-31
npoueccos /T1p/ IIK-5-32

43 CamocTosATeNnbHOE U3yYCHUE 10 ITIK-4-Y2 TIK-5 JIT.1JI1.3
MaTepuaia B "DIEKTPOHHOM -31 IIK-5-32 JI1.4J13.1
kypce'": CiocoOst MK-5-Y1 IIK-5 313233
OCYIECTBICHUS -B1
ONTUMAJILHOTO
TEMIIEPaTypHOTO PEKNMA B
peakrope. /Cp/

Pasnea 5. I'ereporennnie
XHMHKO-TEXHOJIOTHYECKHUe
npoIecchl

5.1 [IpompinieHHbIE 10 TIK-4-32 TIK-4- JI1.2 JI1.3
XMMUYECKUE PEAKTOPHI JJIs 33 IIK-4-Y4 JI1.4J12.1
MPOLIECCOB: T1K-4-B2 T1K-5 215233
- TOMOT€HHBIX; -32 [IK-5-Y1
- TETEPOTE€HHBIX; IIK-5-B1
- TETepPOTreHHO-

KaTaJIUTHYECKUX.
/Cp/

5.2 Pacuers! s rereporeHHo- 10 TIK-4-Y2 T1K-4 JI1.1 J11.3
KaTaIUTHYECKHX MPOLIECCOB. -YV4 I1K-4-B3 JI1.4J12.1
CpaBHeHUE U BHIOOD [TK-5-31 TIK-5- 213253
XHUMHYECKHX peakTopos. /Cp/ 32




53

CamocTosTensHOe U3yUeHUe
Matepuana B "DJIeKTPOHHOM
Kypce": Peakrops! mist
Ta30BbIX TOMOTEHHBIX
IIPOLIECCOB. Y CTpOMCcTBa I
CMELIEHUs
B3aUMOJIEUCTBYIOILUX
PEareHToB: COILIO, KEKTOP,
LEHTPOOEKHBII CMECUTENb.
KamepHbie u TpyOUaThie
PEaKTOpHI.

PeaxTops! ans
MKHJIKOCTHBIX TOMOT€HHBIX
npoueccoB. Mexannueckoe u
MTHEeBMaTHYECKOE
nepeMelIBaHue.
KoHCTpyKIMH MEXaHHYECKHX
MeIIAJIOK. Y CTpoiCTBa s
MOJBOJA U OTBOJIA TEIlIa.
KosonHble peakTopbl
WJICaTBHOTO BHITECHEHUSI.
ABTOKJIaBHI.

/Cp/

[K-5-31 TIK-5-
32 [IK-5-V1
[IK-5-B1

JI1.1J11.3
JI1.4J13.1
01030233
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Peaxrops! aiist
Ta30’KUIKOCTHBIX
TeTepOreHHBIX ITPOIIECCOB.
[IneHoYHbBIE KOJOHHBIE
pEaKTOpPhI TPYOUaTOrO U
HAcaJI04YHOro TUIOB. Buasl u
XapaKTePUCTUKU HACAIOK.
TpeboBanws,
MIPEIbSBISIEMbIC K HACATKAM.
Bap6oTaxHbIe peakTOpEIL.
Tumel Tapenok, ux
CpaBHUTEIbHAS
XapaKTePUCTHUKA.

KosnonHble peaxTopsl
Pa30pBI3TUBAIOILETO TUIA.
Croco0B! uCIIeprupOBaHAS
KHUIKOHN (pazel. PeakTopsr
MIEHHOT'O THIIA.

Peakrtops! st
TeTepOTeHHBIX ITPOIIECCOB C
TBepaoi ¢a3zoit. Pe-akTopsl
JUISL IPOLIECCOB B CUCTEME
"KUIKOCTh-

TBepaoe" (pacTBope-HuUE,
SKCTparupoBaHue,
KpucTtaymu3anus). Peakropsl
¢ GuBTpyOmMUM U
B3BELICHHBIM CJIOEM
TBepaoro pearenra. /Cp/

I1K-5-31 TIK-5-
32 TIK-5-V1
IIK-5-B1

J3.1
01030233

KM3

Pa3nen 6. IloaroroBka K
KO]—ITpOJI])l-l])lM
MeponpUsITUAM U
BBINOJIHSIEMBIM padoTam

6.1

O0BeM yacoB
CaMOCTOSTENILHOM paboTHI Ha
noarotoBky k KM /Cp/

6.2

O0beM yacoB
CaMOCTOATEIBHON paboThl Ha
moarotoBky k BP /Cp/

5. ®OHJ OHEHOYHBIX MATEPUAJIOB




5.1. KoHTpoJbHbIe MeponpusITHS (KOHTPOJbHas padoTa, TecT, KOJUIOKBHUYM, 3K3aMeH M T.I), BONPOCHI JJIsl
CaMOCTOSITETbHOM MOATOTOBKH

IIpoBepsiemble
Kon KonTponsHoe
WH/IUKaTOPbI Bomnpock! 11 NOArOTOBKH
KM MEpOIpUsITHE .
KOMITCTEHIIH
KM1 Konnoksuym. [1K-4-31 1) B uem cocTout mMeToa MOAECTUPOBAHUS TIPHU OMHCAHUU
MaremaTtHdeckoe paboTHI peakTopoB?
MOJIETTHPOBAHNE 2) HasoBute ocHOBHBIE TPeOOBaHUS, IPEIBIABIIEMBIC K
XUMUYECKUX MaTeMaTH4YeCKOi MOJIENIN XUMHUYECKOTO peaKTopa.
IIPOLIECCOB U 3) [puBenuTe nmpuMepsl KIACCU(PHUKANH XUMAIECCKIX
peaKkTopoB PEaKTOpOB.
4) KaxoBbl pa3nuuus B yCIOBUSX NEpEMELIMBAaHUS B
MPOTOYHBIX PEAKTOPaX CMELICHUS U BHITECHEHUS ?
5) [puBenuTe ycnoBHS IS CTAMOHAPHOTO PEKUMa pabOTHI

XUMHYECKOT0 peakTopa. Bo3MokeH 1M CTallMOHAPHBIA PEXUM B
HEepHOIUUECKOM peakTope?

6) Ha3zoBure mociienoBaTenbHOCTh 3TAOB IIPU COCTABICHUU
MaTeMaTUYECKOH MOJIEJIN XUMUUECKOTO PEAKTOPA.
7) HazoBure npenenpHbl AONYIIEHNS, KOTOPBIE UCIIONb3YIOT

MIPU COCTABJICHUH 0aTaHCOBOTO YpaBHEHHUSI ISl peakTopa JTF000ro
THIA?

8) BriBennTe ypaBHEHHE MaTepHALHOTO OalaHCa peakTopa B
0o011EM BHJE.
9) ITo xakuM npuYMHAM OallaHCOBBIE YpaBHEHHs (YpaBHEHHs

MaTEepPHAIBHOTO U YHEPTETUIECKOTO OATAHCOB) COCTABIISIIOT OCHOBY
MaTeMaTH4YeCKOM MOJIENI XUMHYECKOTO peakTopa’?

10) JlokaxxuTe ¢ MaTeMaTHYeCKON TOYKU 3PEHUS, YTO TPH
CTaIMOHAPHOM PEKUME PaOOTHl XUMHUYECKOTO PEaKTOpa B HEM HE
MPOMCXOJIUT HAKOTUIEHUS BEIIECTBA U TETUIOTHI?

11) BriBenute mMatemarudeckue mojenu g peakropa PUC-m.
12) BriBeaure Matemarnueckue monenu s peakropa PUC-H.




KM2

Konnoksuym.
Nzotepmuueckuii
IIpoIecc B
XUMUYECKOM
peakTope.

I1K-4-31;I1K-4-
32;11K-4-33;11K-4-
V1;I1K-4-Y2;I1K-4-
V4;11K-4-Y 3;I1K-4-
B1;I1IK-4-B2;I1K-4-
B3;ITK-5-31;I1K-5-
V1;I1IK-5-32;I1K-5-
V2;IIK-5-B1;I1K-5-
B2

1) VKaxuTe OCHOBHBIE TUIIBI XUMUUYECKUX PEAKTOPOB,
TpeOOBaHUS K HUM;

2) [IpuBenuTe MprMeps! MPUMEHEHNS PEaKTOPOB B TEXHOJIOTHU
BOKHEHIINX XUMUYECKHX IIPOTLYKTOB.

3) B yem 3akmrouaercs mogobue u pasnuyuue mporecca B
peakropax UC-nm u UB? OtBer HaunuTe ¢ 3anucy auddepeHmanrsHoro
YpaBHEHHUS MaTepHAIIbHOTO OanaHca peakTopa JII000ro THIIA.

4) Vkaxure, 4TO TaKO€ yCIOBHOE BPEMs PEaKLHMHU U YEM OHO
OTJIMYAETCsl OT BPEMEHH IIPEObIBAHNUS B PEaKTOPE.

5) Kak MeHSfoTCSl KOHIIGHTPAIliH MCXOMHBIX KOMIIOHEHTOB U
IIPOAYKTa 10 JIUHE peakTopa B 1 peakiiuu nepBoro u BTOporo
NOpsSIAKOB?

6) Kak u3MeHHTCS CTeNeHb NMPEBpPaIleHnsl B PeakTope MpH
MPOTEKaHWH PEAKIUH ITEPBOTO ITOPSIKA IPH YBETHICHIH HAYaTbHON
KOHIIEHTpanuu B 1,5 paza? OTBET MHOACHUTE PACUETOM.

7 Kakoe npenenbHOe MpeBpalieHle MOXKHO MONYy4YUTh B
peaktope MC-it mpu nmpoTekannu odpatumoii peakiuu? [loarBepaute
3TO C MOMOIIBI0 MATEMAaTHIECKON MOJIEIH U H300pa3uTe rpadaecky.
8) B peakrope UC-n mpotekaer oOpaTumas peakius. Kak
U3MEHHUTCS] CKOPOCTh MPEBPAIEHNs B HaYae Mpoliecca B pe3yabTaTe
YBEIMYEHUS TeMIeparypbl? MI3MeHUTCs JIn peeNIbHOE IIpeBpalleHHe,
Kak ¥ nouemy?

9) [Tonyunte Mat.Mozens nporecca B peaktope B npu
MPOTEKaHUH CIIOKHOHM PeakIyy: a) ¢ MapayIeTbHON CXeMOoit
npeBpamieHus; 0) Mmociae0BaTeIbHON CXeMOM peBpaIIeHusl.
IMoxaxwure rpaduk U3MeHeHHs KOHIIEHTpanuil KOMIIOHEHTOB I10 JJTHHE
peakTopa 1 0OBACHUT, €ro BUJ ( TOYEMY KOHIIEHTPALUH
YBEJINUMBAIOTCS, YMEHBIIAIOTCS, HE MEHSIOTCS).

10) B peakrope B npotekaeT nociuenoBaTesbHas peaKiys.
Kaxue pexoMeH1alluy MOKHO CJIeIaTh, YTOOBI JOOUTHCS: a)
MaKCHMaJIbHOTO BBIXOJa IPOMEKYTOUHOTO MIPOIYKTa; 0) MAaKCHMAIIBHO
CEJIEKTUBHOCTH IO IIPOMEKYTOYHOMY IPOAYKTY; B) MAKCHMAJIBHOTO
BBIX0J]a KOHEYHOT'O IPOYyKTa?

11) Kak MeHsieTcsl KOHIICHTPAIUs BEIIECTBA 10 00beMY
npoTto4Horo peakropa 1C ?

12) Ilouemy npou3BOAUTENBHOCTL peakTopa B pexxume UB
Gombire, yeM B pexxume VIC npy npoTekaHuH IPOCTHIX PEaKIMii?

13) MosKeT T peXMM peakTopa OKa3bIBaTh BIMSHHE Ha
CEJIEKTUBHOCTB IIPOLIecCa IIPU NPOTEKaHUM CII0KHOM peakuun? OTBeT
obocHyiiTe.

14) HazoBuTe npuyrHbI OTKIIOHEHUSI PEKUMOB B
IpOMBIIIIEHHBIX peakTopax oT IC u B?




KM3

Konnoksuym.
I'ereporennsie
IIPOLIECCHI.

I1K-4-31;I1K-4-
32;11K-4-33;11K-4-
V1;I1K-4-Y2;I1K-4-
V3;11K-4-Y4,I1K-4-
B1;I1IK-4-B2;I1K-4-
B3;ITK-5-31;I1K-5-
32;I1K-5-V 1;I1IK-5-
V2;IIK-5-B1;I1K-5-
B2

1) Kakue nporeccsl oTHOCATCS K rereporeHHsM? [epeuncnute
CTaJluy reTepOreHHOro

2) nporecca. HasoBure 001acTH mpoTeKaHHUs T€TEPOTeHHOTO
mporecca.

3) Kak moapasnenstorcsi reTeporeHHble MpoLecchl M0 BUAY
y4dacTByonmx ¢as?

4) B deMm 3akirouaercss MHOTOCTaAMHHOCTh FE€TEPOI€HHOIO
nporecca? YeM OTIIMYAIOTCS YCIOBHSA T€TEPOTreHHOT0 Ipolecca 1
YCJIOBUS MPOTEKAOIEeil B HEM peakLuu?

5) UYro Takoe HaOmOmaeMasi CKOPOCTh TETEPOTSHHOTO
mporecca, OT 4ero OHa 3aBUCUT

6) Uro Takoe JTUMUTHPYIOIAS CTagusl B T€TEPOreHHOM
npouecce? Kak muMuTUpyrowmas craays onpeenseT pexuM npouecca?
7) YeM oTiH9aeTcs MOJEIb «CKMMAromascs chepa» oT MOAenn
«cxumaromieecs sapo»? [IpuBenure mpuMepsl MPOLECCOB.

8) Hapucyiite cxemy u 0OBSCHUTE CTPYKTYpPY IpoIecca «ra3-
TBepIoe (MTOTHOCTRIO pearupyroiee). Kakue stamsr nporiecca MOXHO
BBIIEINTH? Hamummre ncxoqHoe ypaBHEHHE MaT. MOJICITH ATOTO
npoiiecca.

9) Hanummure ypaBHeHUs Ui HaOMIOaeMO CKOPOCTH
TpeBpameHus (JUId peakyy MepBOTo MOPsIKa) M BPEMEHH MTOTHOTO
MpEeBpAaIeHUs TBEPIOH YaCTHUIIBL.

10) Hapucyiite rpaduku u 00bSICHUTE, KaK MEHSIETCS BO
BpPEMEHH pa3Mep YacTHIBI, CTETICHb IIPEBPAIIEHHsT TBEPAOTO PearcHTa,
CKOPOCTB NPEBPAIICHHS YaCTHUIIBI.

11) Kak 3aBucut HabiaromaemMas KOHCTaHTa CKOPOCTH
MPEBPAIICHUS B IIPOIECCE KCKUMAIOIIASCS chepay» OT TeMITepaTypsl U
ckopoctu noToka? Kak 3TH 3aBUCUMOCTH CBSI3aHBI C PEKUMOM
nporecca?

12) Kak MOYXHO MHTEHCH(DHUIIMPOBATEL MPOIIECC «Ta3-TBEPIOEC
(TIOTHOCTRIO pearupyroiiee)?

13) Hapucyiite cxeMy 1 0OBSICHUTE CTPYKTYpPY IpOIecca «ra3-
TBep0e (HEMOIHOCTRIO pearupyromiee). Kakue stamnsl nporecca MOXXHO
BbLIeNUTH? Hanumure ucxoqHoe ypaBHEHHE MaT. MOJENIH 3TOrO
mporecca.

14) Hanwmmre ypaBHeHus1 Ui HaOMI0aeMOi CKOpOCTH
MPEBPALICHUS U BPEMEHH MOJIHOTO MIPEBPALLCHHUS TBEPAOH YaCTHULIbI
JUTSL pa3HBIX PEXXHMOB TIPOIIecca.

15) Hapucyiite rpaduku u 00bICHUTE, KaK MEHSETCS BO
BpPEMEHH pa3Mep YacTHUlIbl, CTETIEHb IPEBPAILEHUsT TBEPIOTO PeareHTa,
CKOPOCTh MPEBpAILEHHs YACTHULIBI I IPOLIECCa «CKUMAIOLLEECS SIPO»
B Pa3HBIX pPEKUMAaX.

16) Kak MOXHO MHTeHCH(HUINPOBATH MPOIIECC «Ta3-TBEPIOE
(HETOTHOCTBIO pearupyrollee) B pa3HbIX PKUMAaxX €ro NpoTeKaHus?
17) VYkakuTe crocoObl onpeneneHuss 00JIaCTH MIPOTEKaHUs
mporecca B CHCTEME «Ta3 — TBEPJO0E TEIO.

18) [IpuBeauTe MpUMeEpHl TEXHOJIOTHUECKUX MPOLIECCOB «Ta3-
JKHJKOCTB» 1 CITOCOOBI OpraHM3alliH B3aHMOJICHCTBHUS ras3a ¢
JKHJIKOCTBIO.

19) Hapucyiite cxeMy 1 00BSCHUTE CTPYKTYpY IpoIiecca «ra3-
SKUAKOCTbY. Kakue aTansl mporiecca MOXHO BbAeUTh? Hanumure
HCXOHOE YpaBHEHHE MaT. MOJIEIIH ATOTO TIpoIiecca.

20) B 4eMm paznuuue CTpyKTyp IPOLIECCOB «Tra3-TBEPAOE» U «ra3
-KUIKOCTE»?

21) Hamnumure Bhipaxkenue i HabIOJaeMONH CKOPOCTH
npeBpamnieHus. OT KaKuX yCIOBHH M KaK 3aBUCHT HalOIrogaemMas
CKOPOCTB MPEBPAIIEHHS B PA3HBIX PexKUMax?

22) C 4yeM CBSI3aHO BO3MOXKHOE YMEHBILIEHHE CKOPOCTH
TpEeBpaNIeHUs] TIPH MOBBIIICHUN TEMITepaTyphl?

23) Kak MOXHO MHTEHCH(HUINPOBATH MPOIECC «Ta3-KUIKOCTH)?
24) [Ipoananu3upyiiTe OCHOBHBIE HEAOCTATKU M JOCTOMHCTBA
PEAKTOPOB MIEPUOIUUECKOr0 ACHCTBUA. B KakuX Npou3BoACTBaX yalle
BCTPEYAIOTCSI TAKHE PEaKTOPhI?

KM4

Buneootser 1

IK-4-Y2;I1K-4-
V3;I1K-4-YV4;T11K-4-
Bl

BrBenute anddepeHnmansHoe ypaBHEHIE MaTepHANIBHOTO OaaHca
JUIS peakTopa Jr00ro TUMA U MOIYyYUTEe U3 HEro MpeaeabHbIe
cootnomenus misgs PUB, PUC-u, PUC-m.




KMS5 Bomnpocsl k I1K-4-31;11K-4- Bompocs! k 9k3aMeny
JK3aMEHY 32;11K-4-33;11K-4- 1) Orpenienenne XMMHYECKOro peakropa. Haznauenue
VI;IIK-4-Y2;I1IK-4- | xumuueckoro peakropa. IlpumMepsl XUMHUECKUX PEAKTOPOB B
V3;I1K-4-Y4;I1K-4- | mpoMBIIITIEHHOCTH;
B1;I1K-4-B2;I1K-4- |2) [Toxa3zarenu paboThl XUMHUECKOTO peakTopa. HazHauenue
B3;TTK-5-31;I1IK-5- | moka3zateneii paboThl peakTopoB. [Ipon3BOIUTETHLHOCTD.
32;ITK-5-Y I;IIK-5-  |3) [Mokazarenn pabOTHI XUMHUECKOTO peakTopa. HazHaueHne
Y2;IIK-5-B1;IIK-5- | moxasareneit paboTs! peakTopoB. IHTEHCHBHOCTS.
B2 4) [Tokazarenu paboThl XUMHUYECKOTO peakTopa. HasHaueHue
mokazareneit paboThl peakTopoB. PacxomHbiil K03 GUIHEHT.
5) INokazaTenn paboTel XUMHUYECKOTO peakTopa. HazHauenue
nokasarenei paboTsl peakTopoB. CTeneHb NpeBpaieHus.
6) IokazaTenn paboTel XuMHu4eckoro peakropa. HazHauenue
ToKazaTerneil padoTsl peakTopoB. Berxox mpoaykra.
7) INokazaTenu paboTel XUMHUYECKOTO peakTopa. HazHauenue
nokasaTteneil paboTsl peakTopoB. CeneKTUBHOCTb.
8) INokazaTenn pabOTEI XUMHUYECKOTO peakTopa. HazHaueHue
nokasateneil paboTsl peakTopoB. CKOPOCT XUMHUYECKOH PEaKITHH.
9) Bananc paboTbl XUMHYECKOTO peakTopa. MaTepraibHbIi
OamnaHc.
10) Bamanc paboTel XuMH9eckoro peakropa. TenmoBoii OanaHc.
11) CTpyKTypHBIE 3JIEMEHTHI XUMHUYECKOTO PEaKTOpPa;
12) OCHOBHbBIE KOHCTPYKIIMOHHBIEC THUIIBI XUMHYECKUX
PEaKTopoB;
13) CxeMbl JBU)KEHMSI IOTOKOB B PEaKTOPAX;
14) AHanu3 mpoIeccoB B XUMHUYECKOM PEaKTOpe;
15) OO1ast mocne10BaTeNIbHOCTD aHAIN3a pabOThl PEAKTOPOB;
16) XapakTepuCTHKa PSKIMOB Pa0OTH XUMHUYECKHX PEaKTOPOB.
Peakrop uneanbHOro cMemeHus (IEPHOANIECKUN) HA IPUMEpPE
peakIiy IepBoro NopsaKa;
17) XapaKkTepuCTHKa PEXUMOB PAOOTHI XUMHYIECKUX PEaKTOPOB.
PeaxTop naeanbHOTO BEITECHEHUS HA IPUMEPE PEaKIUH IEPBOTO
HOpATIKa;
18) BrnusHue nopsiika peakiuy Ha U3MEHEHHE KOHLEHTpPAIUU
pearnpyromux BEIeCTB BO BPEMEHH;
19) BnusHue TemnepaTypsl Ha PEeXXUM pabOThI XUMHUYECKUX
KM6 Konrponbnas MK-5-Y 1;I1K-5- Hcnonp3ys repmonuHamMuueckue qannbie (To) paccuntarh KOHCTAHTY
pabora 32;11K-5-31;11K-4- paBHOBeCHS Ta30(ha3HON peakIMy THAPATAUU STUIICHA TIPU

B3

temmneparype 3000

5.2. Ilepeyenb paGoT, BHINOJIHSE

MBIX 110 JUCIHUIIJINHE (

Kypcosas padora, Kypcosoii npoexr, PI'P, Pedepar, JIP, IIP u 1.11.)

Kox Hasparue IIposepsiemble
WHIUKATOPBI Copeprxanue paboTbI

paboTsI paboTsI .

KOMIIETEeHLU I

P1 IIpakTuyeckas I1K-4-32;11K-4- Peanu3oBaTh B TaOIMIHOM MpoIiEcCOpe pacdEThl HEOOPATUMOM U
pabora. 33;I1K-4-Y 1;ITIK-4- | o6paTHMOii peakiius MepBoro mopsaka, 00paTuMoil 1 HeoOpaTUMBbIe
dopmanbHas V2;I1IK-4-Y3 peakuy BTOPOTO MOPsKa, TOCIEN0BATEIbHBIE U ITapaJlICIIbHbIC
KHWHETHUKA. peakiuy. M3yanTh 1 10Ka3aTh pe3ylnbTaTaMy pacuéToB BIUSHHE

TeMIIepaTyphbl peaklu, SHEPTUU aKTUBAIlMH, HAYaIbHON
KOHILIEHTPALMK Ha CKOPOCTh XUMHUECKON peaKiH.

P2 [IpakTuueckas [TK-5-B2;I1K-5- 1. IIpu ycTaHOBJIEHUU MaTeMaTHYECKON MOJIEIH arrapaTa B pe3yibTrare
pabora. aHanu3 B1;TTK-5-Y2;TTIK-5- | HajmoxeHus: BOMYIICHHsI B BUJIE IeNbTa-(QyHKINU (MMITYJIbCHBIN BBOJT
3¢ dEKTUBHOCTU VI;IIK-5-32 WHMKATOpa) MOIYyYEeHbI CIEAYIOINE 3HaUeHUS] KOHIIEHTPALlUH
JIeHCTBYIOIIErO MHJMKATOpa Ha BbIXOJ/E U3 annapata. IlocTpouts KpuByio
peakTopa pacmpeneneHus.

2. OmpenenuTh pa3Mepsl OTKPBITOTO MPSIMOYTOIBHOTO 0aka EMKOCTHIO
1000 M3 mpu yclnoBUM NOTYYEHHS MUHUMAIBHOW OBEPXHOCTH JAHA U
cteHok. O0béM Oaka V=Ibh, rae | - qymHa, b - mmpuna, h - BeicoTa

3. PaccunTarh 3Ha4EHHSI KOHICHTPAIIMH MCXOIHOTO PEarupyroOIero
BEILIECTBA M0 YPaBHEHUIO HEOOPATUMOW peaKIK MEPBOro MOPsIIKa,
nporekatoieit B peakropax UB u UC-n

4. PaccunTath 3HaYEHUS KOHIIEHTPAIMH UCXOIHOTO PEarnpyIoIIero
BEI[ECTBA M0 YPABHEHUIO HEOOPATUMOH PeaKIu IEePBOTO MOPSIIKa,
npotekatoiieit B peakropax UB u UC-u




5.3. OuneHovHbIE MaTepuaJibl, HCNOJb3yEeMbI€ VISl IK3aMEHa (omlcalme 6I/IJ'IeTOB, TECTOB M T.l'l.)

DopMOil IPOMEKYTOUHOH aTTECTALUU 110 JUCLUIUIUHE SIBJISIETCS DK3aMEH.

Hixe npezncraBnen obpaser; OuieTa uist 9K3aMeHa, IPOBOANMOTO B YCTHOW (opme.
MUHMCTEPCTBO HAYKH U BBICILIET'O OBPA3OBAHM ST POCCUMCKOM ®EJIEPALIMNA
DemepanbHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTENbHOE YIPEKICHNE BEICIIETO 00pa30BaHUs
HAILIIOHAJIBHBIN UCCJIEJJOBATEJIbCKMI TEXHOJIOTMYECKWI YHUBEPCUTET
«MHUCuC»

HOBOTPOMILIKHIA ®UITHATT

Kadenpa MaTeMaTHKH U €CTECTBO3HAHUS

BUJIET Ne 0

1 Xumunueckue peaktopsl. OCHOBHbIE TPEOOBaHUSI K MPOMBIIIIEHHBIM PEAKTOPAM.

2 T'ereporennsie npouecchl. O01e 0cOOEHHOCTH TpoIecca.

3 Paccuuraiite BBIXOI IMPOAYKTa P, €CJIM U3BECTHO, YTO IIPH MPOBECACHUH ITOCIICAOBATCIbHBIX peaKHI/Iﬁ

CocTaBuit: K.T.H., ToueHT kadeapsl MuE JI.U. AnekceeB
3aB. kadenpoit MuE A.B. llIpanéna

5.4. Meroauka oLleHKH OCBOeHHsI JUCHMILUINHBI (Moay.is, npakTuxku. HAP)

IMTokazaTenu 1 KpUTEPHH OIICHIUBAHKS YK3aMEHa:
— Ha OIICHKY «OTJIMYHOY (5 0ayu10B) —00y4aromuiics AEMOHCTPUPYET BBICOKHH ypOBEHb C(HOPMUPOBAHHOCTH KOMIICTCHIIUH,
BBICOKHH yPOBEHb 3HaHMII HE TOJIBKO Ha YPOBHE BOCHIPOU3-BEICHHS U O0BSICHEHHSI MH()OPMAIINK, HO ¥ UHTEJJIEKTYaJIbHbIe HaBBIKH
peleHust npodieM U 3a1ad:
* JaeTCsI KOMIIIEKCHAsI OLIEHKA MPEI0KEHHOH CHTYaIuy;
* IGMOHCTPHPYIOTCS TTTyOOKHE 3HAHUS TEOPETHIECKOr0 MaTepraa U yMEHHE UX IPUMEHSTH;
* [IOCJIEZI0BATENbHOE, IPAaBUIILHOE BBINOJIHEHHE BCEX MPAKTHYECKHX 3a/laHUMH;
* yMEeHHE 000CHOBAaHHO M3JIaraTh CBOU MBICIIH, JIETaTh HEOOXOANMBIEC BBIBOIBI.

— Ha OLIEHKY «X0poIoy (4 6ata) — o0yJaromuiics: IeMOHCTPUPYET CpeAHUi ypoBeHb C(HOPMHUPOBAHHOCTH KOMIIETEHLINH:
* JaeTCsi KOMIIIEKCHAs! OLICHKA MPE/JIOXKEHHOM CUTYaluy;

* IGMOHCTPHPYIOTCS JOCTATOYHBIE 3HAHUS TEOPETHIECKOTO MaTepralla i YMEHHE UX IIPHMEHATH; HO JOITyCKarOTCs
HEe3HA4UTEIbHBIC OUTHOKH, HETOYHOCTH

* BBITIOJIHEHNE BCEX MPAKTUUECKUX 33AaHMIT; BOSMOXKHBI €IMHIYHBIC OLIMOKH, UC-TIPABIISIEMbIE CAMHUM CTYAEHTOM IOCIIe
3aMe4aHus MPETIOIaBaTeNs;

* 3aTPYAHEHUS [IPU AaHATUTHIECKHX OIEPaIHsX, IIepeHOCce 3HAHMH 1 yMEHUH Ha HO-BbIE, HECTAHJAPTHBIC CUTYAIlHH.

— Ha OLICHKY «YIOBIETBOPUTENBHOY (3 Oaia) — 0Oydaronuiics: IeMOHCTPUPYET IIOPOT0-BbIi YPOBEHb COPMUPOBAHHOCTH
KOMIIETCHIIU:

* 3aTPYIHEHUS C KOMIUIEKCHOHM OLICHKOH IIPEUI0KEHHOM CUTyaluy;

* HETIOJTHOE TEOPETHUECKOEe 0O0CHOBaHME, TpeOyrolllee HaBOSAIUX BOIIPOCOB Mpe-1101aBaTes;

* BBITIOJIHEHME 3a/1aHUM [TPU NIOJICKa3Ke MPENoIaBaTes;

* 3aTPyAHEHUS B ()OPMYITNPOBKE BEIBOIOB.

— Ha OIICHKY «HEY/IOBJICTBOPUTEIBHOY (2 Daita) — 00OyJaroIuiicss IeMOHCTPHPYET 3HaHus He 0ojee 20% TeopeTHIecKoro
MaTepHaa, JOIMyCKaeT CyNIeCTBEHHbIC ONIMOKH, HE MO-)KET TI0Ka3aTh HHTEIUIEKTyIbHbIC HABBIKH PEIICHHUS TIPOCTHIX 3a]1ad.

— Ha OLICHKY «HEY0BJIETBOPUTENHHOY (1 6ayun) — oOydyarouuiicsi He MOXKET IMOKa3aTh 3HAHUS HA YPOBHE BOCIIPOU3BEICHHS U
00BsICHEHVSI THPOPMALINH, HE MOXKET MOKA3aTh HHTEN-JICKTyalIbHbIC HABBIKKM PEHICHUS MPOCTHIX 33724 HEMIPABUIIbHAS OIICHKA
MPeIOKEHHON CUTYallUH;

6. YHEBHO-METOAWYECKOE U HHO®OPMAIIMOHHOE OBECIIEYEHME

6.1. Pexomenayemas iureparypa

6.1.1. OcHoBHas JIMTEpaTypa

ABTOpBI, COCTaBUTEIH 3arimaBue Bubnuoreka W3natenscTBO, TOA, 311, afpec

JI1.1 |Kacarkuua AT OCHOBHBIE TIPOLIECCH U M/Anbsuc, 2014 ,
amnmapaTbl XUMHIECKOM
TEXHOJIOTHHU




ABTOpBI, COCTaBUTENHU

3arnaBue

Bubanoreka

M3parenscTBO, roa, 3i1. anpec

JI1.2 | Ky3uenosa .M., OO01mas XuMu4IecKas CII6/J1ans, 2013,
Xapmammuan X.0, TeXHoJorus. Meromnojorus
HBanos B.I'., MIPOEKTUPOBAHUSA XUMHKO -
YupkyHos O.B. TEXHOJIOTMYEKHX IPOLIECCOB:
YueOHUK
JI1.3 | K.B. bpsiakun, A.1. O061ast xuMuyeckast TamoOo0B : Usnarenscteo ®PI'BOY BIIO
Jleontnenra, B.C. TeXHOJOTHA B 2-x u. U. 2. : «TI'TY»,, 2012, URL:
OpexoB y4aeOHOe mocobue http://biblioclub.ru/index.php?
page=book&id=277912 (18.11.2015).
JI1.4 | AN. JIeouTheBa O6opyaoBaHNEe XUMUYECKUX Tam0Oo0B : U3snarenscteo ®PI'BOY BIIO
MIPOU3BOJICTB B 2 YaCTSX : «TI'TY»,, 2012, URL:
yaeOHOe mocooue http://biblioclub.ru/index.php?
page=book&id=277813 (18.11.2015).
6.1.2. lono/THUTeILHAS JINTepaTypa
ABTOpBI, COCTABUTEIH 3arnaBue bubnnorexa W3maTenscTBO, TOA, 371. ampec
JI2.1 |IlaBnoB K.®., [Ipumeps! 1 3a1a4u 10 Kypcy M/Anbsinc, 2013,
Pomankos I1.T., MPOIIECCOB M aIIApaToOB
HockoB A.A. XUMHUYECKON TEXHOJIOTUI
JI2.2 | H. IO. CannukoBa, A. | OGmias xumu4eckas — Boponex : Boponexckuit
C.I'youn, A. A TEXHOJIOTHS U XUMHYECKUE roCyIapCTBEHHBIN YHUBEPCUTET
Kymaup [u op.] ; peakTopsI (Teopus u UH)KEHEPHBIX TexHonorui, 2023,
Hayu. pex. O. B. HpaKTHKa) : yueOHOe mocodue https://biblioclub.ru/index.php?
Kapmanosa page=book&id=712762
JI2.3 |T. B. JlanteBa, H. H. Pacuets! u MogenupoBaHue B Kazans : Kazanckuii HarqmoHaIbHBIN
Busataunos, C. A. XUMHYECKOH TEXHOJIOTHH C HCCIIEI0BATEIbCKUN TEXHOIOIHUECKHUI
Jlanres, 1. . npumeHeHneM Mathcad : yauBepcuretr (KHUTY), 2018,
[epByxuH yaeOHOe mocooue https://biblioclub.ru/index.php?
page=book&id=612446
JI2.4 |10O. JI. ITaBnos, H. H. CHCTeMHBIHN aHaau3 U Kasans : Kazanckuil HarmoHaIbHBIN
3ustouHoB, 1. U. 0COOCHHOCTH YTIPaBJICHHS UCCIICIOBATELCKUI TEXHOIOTHUCCKHI
EwmenbsiHoB TUTIOBBIMU 00bEKTaMH yauBepcuret (KHUTY), 2015,
XUMHYECKOH TEXHOJIOTHH : https://biblioclub.ru/index.php?
yueOHOe mocodue page=book&id=561120
6.1.3. MeTtoanueckue pa3padoTKku
ABTOpBI, COCTaBUTENH 3arnaBue bubnuoreka WznarenscTBO, O, 371. aapec
JI3.1 |Jleontnena, A.M. O06opynoBaHHE XUMUIECKIX TaMOo0BCKHIT rOCYIapCTBEHHBIH
IIPOU3BOJICTB : B 2 YaCTSIX : TEXHUYECKUll yHuBepcurer , 2012,
y4deOHOe mocodue https://biblioclub.ru/index.php?
page=book&id=277812
6.2. ITepeuennb pecypcoB HHPOPMALMOHHO-TEJIEKOMMYHUKALMOHHON ceTH « UHTepHeT»
D1 |Poccuiickas HaydHas dNIEKTPOHHAS OMOIHOTEKA www.elibrary.ru
32 | KubepJlenunka www.cyberleninka.ru
33 |H® HUTY "MUCuC" www.nf.misis.ru
6.3 IlepeyeHb NPOrpaMMHOro odecrneyeHust
I1.1 | WinPro 10 RUSUpgrdOLVNLEachAcdmcAP
I1.2 | Microsoft Office Professional Plus 2013 Russian OLP NL AcademicEdition;
I1.3 |Microsoft Office Standart 2013 Russian OLP NL AcademicEdition
1.4 | Microsoft Office 2010 Russian Academic OPEN 1 License No Level
6.4. Tlepeyens MHPOPMANHOHHBIX CHPABOYHBIX CHCTEM H MPOdecCHOHAIBHBIX 023 JaHHBIX
.1 |- Odunmansusiii caitt HoBotpourkoro ¢punuana HUTY "MUCuC" http://nf.misis.ru/
N.2 |- Dnexrpornas 6ubmmoreka HUTY "MUHCuC" http://elibrary.misis.ru
N.3 |- YHuBepcuTeTcKas oubimoreka omnaiiu http://bibliclub.ru

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE

Ayn.

Haznauenue

OcHarnieHnne




133 VYuebHas  aymuropust i 3aHATHH | KomMmimekr — yueOHOM — mebemm  Ha 56 Mmect
JIEKLHIOHHOTO THMA, NPaKTHYECKUX | oOyyarommxcs, 1  CTalMOHapHBIH  KOMIIBIOTED

Logitech, KOJIIOHKH, JHIICH3MOHHBIE MPOTPaAMMBI
Office, MS Teams, antusupyc Dr.Web.

136 VYuebnas  aymuropmst  [uid  3aHATHH | Kommmekr  yueGHOMT  mebenmm  Ha 24 Mecra
JIEKIIUOHHOTO THIIA, MPaKTUYECKUX | OOyJarommxcs, JOcKa ayAuTOpHas MeloBas, HOYTOYK,
3aHATHH WHTCPAKTHBHAs  JKK-TIaHeNb, BeO  Kamepa,  CTOMKa

antusupyc Dr.Web, windows 10, anapowun.

8. METOANYECKHUE YKA3AHUSA JJIS1 OBYYAIOIIIUXCS

OCHOBHO TIe7TbI0 00pa30BaHUs MO TUCIUTUINHE SBISICTCS OCBOCHHE CTYICHTAMK OCHOBHBIX 3aKOHOMEPHOCTEH XUMHUECKUX
MIPOLIECCOB, MPOTEKAIOUINX B PEAKIIMOHHBIX aIIapaTax, 1 OCHOB TEOPHH XUMHUECKHUX PEaKTOPOB, KOTOPhIE B CBOIO OYEpEab
(hopmMupYIOT pohecCHOHATBHBIN YPOBEHD CHEUAINCTA IO JAHHON CIIEHaIbHOCTH.

[Ipu u3y4eHnn AUCUHUIUIMHBI CTYIEHTaM CJIelyeT OMUPaThCs HA 3HAHUE, a TIPU HEOOXOAMMOCTH MOBTOPEHHUE OTIEIBHBIX
pa3eroB CISMYIONHX Y4eOHBIX JUCIUTUINH: «Matematuka 4.1, 4.2» «J{omoTHuTeIbHbIC TTIaBbl MaTeMaTUKNY, « THpOopMaTHKay,
«OO0mas 1 HeopraHuyeckast XuMus», «Pusnueckas XuMus, «O01as XuMudeckas TeXHOIOTUs», «[Iporecchl 1 anmapaTsl
XUMHYECKOH TEXHOJIOTHI.

Paboyeli mporpaMMoi TUCIMIUTHHBI « XUMHUYECKUE PEAKTOPBD MPEAYCMOTPEHA CAMOCTOSTENbHAS paboTa CTY/ICHTOB B 00bheMe
54 gacoB, 4TO IpeanoaaraeT HeoOXOMMOCTh BBIJIETSTh HA CAMOCTOSATENFHYIO paboTy HE MeHee 3 4acoB B HEJIEITIO.
Lenecoobpa3Has mocinea0BaTeIbHOCTh CAMOCTOSTENBHOTO U3YYEHHUST MaTepralia TUCIMIUIMHBL OTIPEAENSETCS COOTBETCTBYIOMINMHU
peKOMeHJanusAMu npernoaBatesns. CaMocTosTenbHas paboTa MPOBOIUTCS C LIEIbIO YIITyOJIeHHUS 3HAHUH 110 TUCIUTUINHE 1
npexrycMaTprBaeT:

- YT€HHUE CTYJEHTaMU PEKOMEH/I0BaHHOW JIUTEPATyphl U YCBOCHHUE TEOPETUUECKOI0 MaTepraa JUCIHUIIUHBL

- IOATOTOBKY K MPAKTUYECKUM 3aHATHUSIM;

- paboty ¢ IHTepHET — HCTOUHUKAMH;

- MIOATOTOBKY K HAIMCAHUIO KOHTPOJIBHOM paboThI, TECTOBBIX 33JaHUH, C1ade dK3aMeHa.

[TnanupoBaHre BpeMEHU Ha CAMOCTOSITENbHYIO paboTy, HEOOXOJUMOTO Ha 3yUeHHEe HACTOALICH AUCHUIINHDI, CTYICHTaM
JIy4Ille BCEro OCYIIECTBIISATh Ha BECh CEMECT], IIPEIyCMaTpUBas IPU STOM PETYJIIPHOE TOBTOPEHUE MPOMIEHHOT0 MaTepuraa.
Marepuai, 3aKOHCIIEKTUPOBAHHBIN Ha JISKITUAX, HEOOXOUMO PETYISPHO JOMOTHSITh CBEICHUSMH U3 JTUTEPATYPHBIX HCTOYHHUKOB,
PEKOMEHIOBaHHBIX MPENOJaBATENEM H JONOJIHATENHHO HaleHHBIX. [10 KaxI0i u3 TeM AJIsl CaMOCTOSATENFHOTO O0YUeHHUS,
npuBeieHHBIX B «Pabouel mporpaMmmey» TUCUUIUIMHEL CIIEAYeT CHadana NpOYUTaTh pEKOMEHI0BaHHYIO JIUTEPATypy U Ipu
HEOOXOTUMOCTH COCTABHTh KPATKUH KOHCTIIEKT OCHOBHBIX MOJIOKEHHH, TEPMUHOB, CBEIICHUH, TPEOYIOIINX 3aTIOMHHAHUS H
SIBIIFOIIMXCSI OCHOBOIIOJIATAIOIIMMU B 3TOM TeMe U JUIsl OCBOCHUS MOCTIEAYIOIINX Pa3/IesioB Kypca.

CamocTosTeIbHast pa60Ta CTYACHTOB

TemaTnka caMOCTOSTEIFHON PabOTHI CTYJCHTOB IIpeAcTaBIeHa B «Pabouelt mporpamme». OneHKa pe3ybTaToB
CaMOCTOSATENBHOM pabOThI OPraHU3yeTcsi Kak SANHCTBO JBYX ()OPM: CAMOKOHTPOJIb M KOHTPOJIb CO CTOPOHBI MTPEIojaBaTells.

CaMOKOHTPOJIb 3aBHCUT OT ONPENENECHHBIX KaUECTB IMYHOCTH, OTBETCTBEHHOCTH 3a PE3YJIbTAThl CBOET0 00y4eHNs,
3aMHTEPECOBAHHOCTU B IOJIOKUTEIBHON OLICHKE CBOETO TPYy/Ja, MAaTEPUAIbHBIX U MOPAIIbHBIX CTUMYJIOB, OT TOTO HACKOIBKO
00yJaeMblii MOTUBHPOBAH B JOCTHKEHUN HAUITYUIINX PE3yJIbTAaTOB.

KonTpoms 3a TekyIel caMocToATeNbHON pabOTOM CTYIEHTOB OCYLIECTBIISIETCS HA MPAKTUYECKUX 3aHATHAX.

KonTpous 3a mpopaboTKoMH JIEKIIHOHHOTO MaTeprasa 1 CaMOCTOSTEIHOTO H3yIeHHUsI OTAEIbHBIX TEM OCYIIECTBISIETCS BO
BpeMsI pyOexKHOTO KOHTPOJIS (KOHTPOJIEHBIE PaOOTEHI).

OCHOBY CaMOCTOSITENBbHOM pabOTHI CTYAEHTOB COCTABIISET BHIIIONIHEHUE U 3alIUTa pedepara o TeMaM, MPeaoKeHHbIM
nperofansaresneM (IIpUBEIECHHBIM B paboueii mporpaMMe JUCLMILIMHBL). Y CIIeNTHAas 3aluTa pedepara sBIsSETCS IOIIYCKOM K cliade
DK3aMEHa.

VxkazaHus o CaMOKOHTPOJIIO U IMOATOTOBKE K KOHTPOJIbHOMY TECTHUPOBAHUIO

OrieHKa TeKylIell yceBaeMOCTH U TPOMEXKYTOUHON aTTECTAI[MH CTYAEHTOB [0 UTOTaM OCBOCHUS JUCIUIUINHBI « XUMHYECKUE
PEaKTOPBI» MPENICTaBISIOT COO0H KOMIUIEKT KOHTPOJIHMPYIOIINX MaTEPHUAIIOB CIIELYIONINX BUIOB:

- Bxopmoit xorTposs. I[Ipencrasiser coboit nepeders n3 10 — 20 OCHOBHBIX BOIIPOCOB, OTBETHI HA KOTOPBIE CTY/ICHT JIOJDKEH
3HATb B pe3yAbTaTe U3ydECHHs NPEIbIIYIINX IUCIUIUINH (MaTeMaTUKH, (GH3MIECKOH XUMUH, IPOLECCOB H alNapaToB XHUM.
TexHoJorun). [locTaBieHHbIe BONPOCH TPEOYIOT TOUHBIX U KOPOTKHUX OTBETOB. BX0O1HOM KOHTPOIb NPOBOANTCS B YCTHOH hopme
Ha NepBOil JeKIMU B TeueHue 15 MUHYT.

- ITpomerxyTouHBIi KOHTPOIB. IIpoBepseTCS CTENEHb YCBOGHHS TEOPETHUECKUX M MPAKTHIECKUX 3HAHHH 10 OCHOBHBIM
pasnenaM AuCUUILTHHBL OCYIIECTBISETCS B BUJIE MPOBEAEHHS ayJUTOPHBIX KOHTPOIBHBIX paboT. KoHTpoabHbEIE pabOTHI
HpEIycCMaTPUBAIOT TEOPETHUECKHE BOIIPOCH, TECTOBBIE M IMPAKTHUYECKHE 3a1aHus. KOHTpOIbHBIE paOOTHI IPOBOISTCS B
MICEMEHHOM BHJIE Ha TPOMEXYTOUHBIX ATAIIAX OCBOCHUS ANCIIAILIIHEL.

- Dx3ameH. [IpoBoaNTCS B KOHIIE ceMecTpa MyTeM OalIbHON OLEHKH. DK3aMEeHalMOHHBIE OMIIETHI 7SI CAauH SK3aMeHa

3aHATUI IIPEnojaBareisd C BBIXOJOM B HHTEPHET, IPOEKTOP, 3KPaH
HACTCHHBIM, JOCKa aylIUTOpHas MelnoBas, BeO Kamepa

MoOwibHas, 2 mrT., TeneBu3op LED, mTaTHB HamOJIbHBIH.
nuieHsnonHele  mporpammel MS  Office, MS  Teams,




COCTOSIT U3 TEOPETHIECKUX BOIIPOCOB M 33/1a4H 110 BCEM pa3jiesiaM, H3ydaeMbIM B JaHHOM ceMecTpe. CTyIeHT, KOTOPhIi HabupaeT B
Hporiecce MPOBEICHHS BXOAHOTO U MPOMEXYTOUYHOI0 KOHTPOJIS MAaKCUMaIbHOE KOJINYECTBO OaJIOB, 0CBOOOXKIACTCS OT CAAUN
9K3aMeHa. MaKCHMaJIbHBIH HTOTOBBII PEUTHHT COOTBETCTBYeT 50 Oasmam.

OdopmiieHre KOHTPOJILHON paboTHI
Jns cTyneHToB 09HON (OpMBI 00yIeHHS

Jliist cTyneHToB OYHOW (hOpMBI 00YIEHHS OCHOBOIOIATAIOIINM SIBISICTCS. 0(OpMIICHHE U 3amuTa pedepara, K 0HOpMICHHUIO
KOTOPOTO MPEIBSBISIOTCS ONpeelieHHbIe TpeOoBanus. KOHTpOIbHBIE U TECTOBBIC paOOTHI BHITIOMHSIOTCS B AyJUTOPUHU Ha Oymare
(dbopmara A 4, ¢ ykazaHreM (aMUINK 1 HHUIHATIOB U OIIEHUBAETCS OT 5 10 15 6anioB B 3aBUCUMOCTH OT 00beMa M CII0)KHOCTH
paboThI.

Iepen BEITOTHEHHEM KOHTPOJIBHONW pabOTHI CTyAEHTY HEOOXOJMMO BHIMATEIIFHO H3YIHTh METOIMYECKUE YKAa3aHNA K TeMaM
U PEeKOMEHIyeMyI0 JTUTepaTypy, B COOTBETCTBUH C IIPOTPAMMOIL.

KonTtposbHas pabora BelosiHseTCs B yueOHOH Terpanu (12 muctoB). Ha Terpaapb HakiienBaeTcst TUTYIIBHBIN JHUCT, KOTOPBIH
3aIIOJTHSETCS 110 YCTaHOBICHHOW B y4eOHOM 3aBeZieHIH (GopMe (pacIioiokeH Ha HH(GOPMAIIMOHHOM CTEH e KadeapsI).

Pabota nomxHa OBITH BBITOTHEHA IPAMOTHO B aKKyPaTHO, 9eTKHM, pa30opumuBEIM moguepkoM. He momyckaercs coxparenne
CJIOB (KpOMe OOLIETIPUHATHIX COKPAIIEHHH).

KonTtposnbHas pabora MoxxeT OBIT BBINOJIHEHA Ha KoMmibioTepe mpudrom Times New Roman, pasmepom 14 1 Haneuarana Ha
Oymare hopmaTta A4 Ha TUIIEBOI CTOPOHE KaXKIOTO JIUCTA.

Odopmisist paboTy, HEOOXOIUMO ITPOHYMEPOBATH CTPAHUIIBI, OTBECTH MOJIS MIMPHUHOM 2-3 CM IS 3aMEUaHUH perieH3eHTa,
HPHUBECTH YETKYIO (POPMYIMPOBKY BOIIPOCA M IIJIaH BEIOPAHHON TEMBI, M3JI0XKUB OTBET Ha Hero. B KoHIe paboThl yKa3ath
HCTIONB3YEMYIO JTUTEPATypy, TOCTABUTH AATY BHIITOJIHEHHS pabOT U HOAITHUCE.

BrimonHeHHas paboTa ciaercst Ha Kadenpy.

ITpu noJryueHnH OTpeLieH3UPOBAHHON PabOThI CTYIIEHT JOJDKEH BBIIIOJIHUTH BCE YKa3aHUs pelieH3enTa. Pabora Hax
ommOKaMu, TOTIOJTHEHUS K OTBETaM, COTJIACHO PELIEH3MH, BBINOIHACTCS B 3TOH JKE TeTPaju.

Ha penensuto He mpuHUMAIOTCS paOOTHI:

- BBIIIOJTHEHHBIE 110 HEMIPAaBIILHOMY BAPHAHTY;

- TIepeIiCaHHbIe Y APYIHX CTY/ICHTOB;

- BHITIOJTHEHHBIE HEOPE)XHO, HE pa300PUMBEIM TOTIEPKOM.

BosBpameHHsIe 6e3 perneH3un (HO ¢ 00sA3aTeNbHBIM yKa3aHHEM IPUYUHEI BO3BpaTa) pabOTh CTYACHT 0053aH BHIIIOIHUTH
HOBTOPHO, B COOTBETCTBUH CO CBOMM BapUaHTOM M TPEOOBAHUIMH, IPEIBSIBISIEMbIMI K KOHTPOJIbHBIM paboTaM, M BHOBb CJJaTh Ha
kadenpy.

ITocre BEITOTHEHNS M 3aIIUTHI KOHTPOJIBHOM PaOOTHI CTYJEHT JOIyCKaeTcs K caade K3aMeHa.




