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JIner aktyanu3anuu padoyeil mnporpamMmsl

Pabouas mporpamma nepecMoTpeHa, 00cyxieHa u ogoOpena uist peanmsarmu B 2026 - 2027
y4eOHOM oy Ha 3aceanuu Kagenpsl MeTalmyprud U XUMHYECKUX TEXHOJIOT Ui

[Iporokom or 20 1. Ne

3aB. kadenpoii A.C. iapqemco

Pabouas mporpamma nepecMoTpeHa, 00cykieHa u oo0pena uist peanmsarmu B 2027 - 2028
y4eOHOM roJly Ha 3aceqaHuu Kageapsl MeTauTyprui i XUMHUYECKUX TEXHOJIOTUN

[Iporokom oT 20 1. Ne

3aB. kadenpoit A.C. YapquKO

Pabouas mporpamma nepecMoTpeHa, 00CykieHa u oo0pena uist peanm3armu B 2028 - 2029
y4eOHOM rojly Ha 3aceJaHuM Kadeapsl MeTamnyprui 1 XUMHUYECKUX TEXHOJIOTUN

[IpoTokomor 20 . Ne

3aB. kadenpoit A.C.YapquKo

Pabouas mporpamma nepecMoTpeHa, 00CcykieHa u oo0pena it peanm3armu B 2029 - 2030
y4eOHOM roy Ha 3aceaHuu Kadeapsl MeTamtyprud 1 XUMUYECKUX TEXHOJIOTUI

[IpoTtokonm oT 20 1. Ne

3aB. kadenpoit A.C.YapquKo

Paboyas nmporpamma nepecMoTpeHa, o0cyxeHa 1 ogo0pena s peanusaruu B 2030 - 2031
yueOHOM roay Ha 3aceqaHuu Kadeapsl MeTauTyprud ¥ XAMHUECKUX TEXHOJIOTUH

[Ipotokom ot 20 r. Ne

3aB. xadenpoit A.C. iapquKo




1 eau ocBOeHUSI AUCHUNIMHBI (MOTYJISA)

MOJIYYCHHEC CTYACHTAaMU 3HAHUH 110 TCOPCTUUCCKHUM OCHOBAM XMMHYCCKUX PCAKTOPOB
U MIPOTEKAIOIIUX B HUX IPOLECCAX, & TAKKE PAKTUYECKUX YMEHUN U HABBIKOB IIpU
PacCMOTPEHUM TUIOBBIX KOHCTPYKLIIMM XUMHUUYECKUX PEAKTOPOB, COCTABICHUN
MAaTEMAaTHYECKOTO OMKUCAHUS MMPOTEKAIOINUX B HUX ITPOLECCOB, AHAIN3€E PE3YJIbTATOB
pacdéra peakTopoB.

2 MecTO IUCHUILIHHBI (MOAYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHOM NPOrpaMMbl

Juctumimaa XUMHUYeCKHe PEaKTOPBI BXOIUT B 00s13aTEIIBHYIO YaCcTh Y4eOHOTO IIaHa
00pa3oBaTeNbHON POTPAMMBI.

JI1st u3ydeHust TMCUUIUIMHBI HE0OX0IMMBbI 3HAHUS (YMEHUS, BIAJICHUS),
chopMUPOBaAHHBIC B PE3YJIHTATE U3YUCHUS TUCIUILTNH/ MPAKTUK:

®dusuka

OO6mrast 1 HeOpraHUYecKas XUMUs

BBenenune B HanpaBieHue

MaremaTuka

duznyeckas XuMus

OO6mrast XuMHUUYecKasi TEXHOJIOTHS

3nanus (yMEHHUsI, BIaICHUSI), TIOJTYYCHHBIE TIPU U3YUYCHUH TaHHOU JUCITUTITUHBI
OyyT HEOOXOIUMBI JIJTsI U3yUCHUS JUCITUTUITNH/TIPAKTHK:

[TnanupoBaHue SKCIIEPUMEHTA U MOICITUPOBAHNE XUMHKO -TEXHOJIOTUUECKHUX
IIPOLIECCOB

[Ipoun3BoacTBEHHAS - PEAUILIOMHAS TPAKTHKA

3 Komnerennun ody4yaruierocsi, opmupyembie B pe3yJbTaTe 0CBOCHMSI

AUCUUIJIMHBI (MOYJIs1) M IVIAHMPYeMble Pe3yJbTAaThl 00yUYeHust

B pe3ynbraTe ocBOeHUS AMCUUIIINHBI (MOIYNs) «XUMHYECKHE PEaKTOPhD»)
oOyuarouuiics 10KeH 001a1aTh CIEAYIOIUMU KOMIIETEHIIUSIMU:

KOI[ HHAWKATOopa I/IH,Z[I/IKaTOp JOCTHXKCHHA KOMIICTCHILIN

OIIK-4 Cnioco6en obecrieunBaTh MPOBEACHUE TEXHOJIOTHYECKOTO MPOIIECcCa, UCTIOIh30BaTh
TEXHUYCCKHE CPEACTBA JJII KOHTPOJIS TapaMeTPOB TEXHOJOTUYECKOTO MPOIecca, CBOMCTB
CBIPbSI 1 TOTOBOM MPOIYKIIMU, OCYIIECTBIISATh N3MEHEHUE TTapaMeTPOB TEXHOJIOTHUECKOTO
rporiecca Mpyu U3MEHEHUN CBONCTB ChIPhs

OIlK-4.1 OmnpenensieT TEXHUYECKUE CPEJICTBA HA MPOU3BOJCTBE I 00eCIeUeHUS
TEXHOJIOTHYECKUX MPOIECCOB
OIIK-4.2 OneHuBaeT ¥ KOHTPOJIUPYET MapaMeTpsl U 3PPEKTUBHOCTD

TCXHOJIOTUYCCKUX ITPOLECCCOB, CBOMCTBa ChIPbA U TOTOBOM IMpoOAYKIUU B
007aCTH XMMHYECKON TEXHOJIOTHU

OIIK-4.3 [IporHo3upyer u peryaupyer HU3MEHEHHUE MapaMeTPOB TEXHOIOTHUECKUX
MIPOIIECCOB B 3aBUCUMOCTH OT CBOMCTB CBHIPbhsI




4. CtpyKTypa, 00b€éM U coep:kaHHe TUCHHUILINHBI (MOLYJIs1)
OO01mmast TpyI0eMKOCTh IUCIUTUINHBI COCTaBIsAET 4 3adeTHBIX eauHmIl 144 akaa. 94acoB, B TOM

YHUCIIC:

— KOHTaKTHast paboTa — 8,6 akaJl. 4acoB:
— ayIuTopHas — 6 akaJl. 4acos;
— BHeayAuTOpHas — 2,6 aKaJl. 4acoB;

— caMocTosTeNbHas pabota — 126,7 akaj. 4acos;

— B JopMe IpaKTUIEeCKOH moaAroToBKH — 0 akaj. vac;
— MOJATOTOBKA K 9K3aMeHy — 8,7 aka. Jac

d)opMa aTTeCTalMu - 3K3aMCH

AynuTopHast g
KOHTaKTHas paborta 3 z dopma TeKyIero
5
B akaj. yacax 3} By, KOHTpPOJIsS
Pasnen/ Tema 2 ( A ) = A . P Kox
> 3 © | caMocTOsITeNnbHOM |  ycreBaeMOCTH U
JUCITUTLTHHBI = B ® . | xommerenin
2 5 paboThI MPOMEKYTOTHON
nab. | mpakT. ta}
Jlexk. P 'S aTTeCTaLH
3aH. 3aH. | U &
1. Beenenue
1.1 Tloka3zaTenu
3¢ GEeKTUBHOCTH PabOTHI
b P Pabora ¢ OIlK-4.2,
peaxropos u XTI 4 10,25 5 Koncmekr
KOHCIICKTOM OIIK-4.3
Knaccugukanus peakropos
U P&KHMOB UX paOOThI
Wroro no pazaeny 0,25 5
2. MaTtemaTuaeckoe
MOJICIIMPOBAHUE XUMH-YECKUX
MIPOLIECCOB ¥ PEaKTOPOB
CaMOoCTOsATEIbHOE
U3yUYCHHUE
yueOHOI n
Hay4IHOU
2.1 Monenb peakTopa HI/ITC;I;Typr Homamsin
I/I:Hea.]'ILHOI‘O CMEIIEHHS 0,25 10 Iloaroroska K KOHTpOTIbHAA OIIK-4.2,
N ' A pabota OIIK-4.3
MIEPUOUYECKOTO ICHCTBHSI. TECTUPOBAHHIO
Tect, Dx3amen
Brmonnenue
JIOMAIHER
KOHTPOJIbHOM
paboThI
CamocTosTenpHoe
4 U3y4eHue
yueOHOM 1
HayJIHOU
2.2 Mogenb peakTopa JIUTE azq ol.IToar Homammsi
I/I:HeaJ'ILHOI‘O EMCH.IEEI/I)I 10 ng};ia K KOHTpOThHAA OIIK-4.2,
N pabota OIlK-4.3
HEMPEPBIBHOTO ACHCTBHS TECTUPOBAHHIO
Tect, Dx3amen
Brmonaenue
JIOMAaIITHeR
KOHTPOJIBHOU
paboThI
2.3 Mogenb peakropa CamocrosTenbHOe Jomamisss OIK-4.2
W/ICaNTbHOTO BHITECHEHHS 10 n3ydeHHe KOHTPOJBbHAs OIK 4' 3’
HETIPEePBIBHOTO IEHCTBHS yueOHOI pabota '




Hay4YHOU
aurepatypsl.Ilonr

OTOBKA K
TECTHPOBANHIO Tect, Dx3amMeH
Beinonnenue
JIOMaIIHEN
KOHTPOJIBHOM
padoTHI
HUroro no pazneny 0,25 30
3. M30oTepMuYeCcKuii TOMOT€HHBIN
MPOIIECC B XUMHIECKOM PEaKTOpe
CamocTosTenbHOe
U3yUCHHE
yueOHOI n
HaytHon Jomamnss
3.1 Ananu3 nporiecca B nurepatypet.Hoar KOHTpPOJIbHAS OIK-4.1,
XHUMHYECKOM PEaKTope. 0.5 2 16,7 OTOBKA K pabora OIIK-4.2,
TECTUPOBAHUIO OIIK-4.3
Tect,Ox3aMeH
Brinonnenue
JIOMaIHen
KOHTPOJIbHOM
paboThI
CamocTosTenbHOe
U3yUeHHe
yueOHOI u
3.2 CpaBHeHue Hay4YHOU
3¢ dexTHBHOCTH pabOThI nureparypsl.IToar Homauis OIIK-4.1,
KOHTPOJIbHAs
HU30TEPMHUYECKUX PEAKTOPOB. 0,25 1 15 OTOBKa K 6 OI1K-4.2,
Kackan peakropos TECTUPOBAHHIO pabora OI1K-4.3
Tect, Dx3aMeH
H/ICaTILHOIO CMellle-HUs Beinonuenue
JIOMaIHeH
KOHTPOJIbHOM
paboThI
Wroro no pazaeny 0,75 3 31,7
4. I'eTeporeHHbIN Npolece B
XUMHYECKOM PEaKTope
CaMocTosTeNnbHOe
u3ydeHne
4.1 Pexxum u yqe6HOHVH
JUMUTHPYIOLINE CTaIuH HaytHon Jomanrasst
nporiecca. Oouue nurepatypi.Ioar KOHTPOJIbHAS OlLIK-4.1,
HIPUHIHITE yIpaBICHNS 0,25 0,5 15 OTOBKa K pabora OI1K-4.2,
TECTUPOBAHHIO OIlK-4.3
CKOPOCTBIO T€TEPOr€HHOT O Tect, Dx3amen
npoliecca. BI:IHOJIHeHI:Ie
JIOMaIIHEeH
KOHTPOJIbHOM
paboThI
CamocTosiTensHoe
n3ydeHne
4.2 Cucrema «ra3 yueOHOM 1
KHIKOCTh) — TBEPIIOE HE HaYJHOIH
1('IOJIHOCTB}(3 : ( HHTepaz;{prHo;[r Homansis OIlIK-4.1,
pearupytoiiee)y. 0,25 0,5 15 OTOBKa K KOHTp6O TIbHA OI1K-4.2,
Cucrema «ra3 (KHIKOCTB) - TECTHPOBAHUIO T pabora OIIK-4.3
ecT, DK3aMeH
TBEp-A0€ (IIOTHOCTHIO Brimonnenue
pearupyromiee)». JIOMalIHeH
KOHTPOJIbHOU
paboThI
Uroro no pazueny 0,5 1 30




5. HemzoTepMmudeckuii mpouecc B

XHUMHYECKOM PEaKTOope.

CaMOCTOsTEIIEHOE
U3ydeHHE
5.1 PexxuMbl Ha€aIbHOIO N
CMEIICHHUS II¢] lezlozmqecm/li/i yaebHoH u OIK-4.1,
P 0,25 15 HAYYHOI Tect, DKk3ameH OIIK-4.2,
M U/I€aJIbHOIO BEITECHEHUS C
JIUTEPaTypBbl. OIIK-4.3
TEI1000MEHOM
IloaroroBka k
TECTHUPOBAHUIO
5.2 TemnepaTypHbIil pEXKUM
patyp P CaMOCTOsTEIEHOE
B IIPOTOYHOM PEAKTOPE
U3yUCHHE
HJIEAIEHOIO CMEIIEHHS " Jlomartsss
yueOHOI u OIIK-4.1,
CormocraBieHue N KOHTPOJIbHAs
15 Hay4HOH OIIK-4.2,
aanabaTUYecKoro rnporecca pabora
JIUTEPaTypBhl. OIIK-4.3
B IIPOTOYHBIX PEKUMAX Tect, DKk3aMeH
IloaroroBka k
HJIEAIEHOIO CMEIIEHHS U
TECTHUPOBAHHUIO
BBITECHEHUS
HUroro no pazueny 0,25 30
Hroro 3a cemecTp 2 126,7 SK3aMEH
Hroro o gucuuIuiiie 2 126,7 JK3aMeH




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

[IpoexTupoBanue 00y4eHUsI CTPOUTCS HA OCHOBE CIECAYIOUINX MPUHIUIIOB!

- OOyueHne HAa OCHOBE MHTETPAIMH C HAYKOW U TPOU3BOJICTBOM.

- IIpodeccuonanbHO-TBOpUYECKast HATPABICHHOCTh O0yYECHHUSI.

- OpHeHTHUPOBAHHOCTH OOYUEHHMS HA JIMYHOCTD.

- OpueHTUPOBAHHOCTb OOYYEHUS HA Pa3BUTHE OMBITA CAMOOOPa30BaTEIILHON
NEeSITeIbHO-CTU OYAYIIEro CelHUaInucTa.

JUig nocTrKeHus IIIaHUPYEMbIX Pe3yJIbTaTOB 00Y4YEHHUs, B JUCLIUILINHE
«XUMHUYECKUE PEAKTOPBD» HCIHOJIB3YIOTCS pa3INuHbIe 00pa30BaTeIbHBIC TEXHOJIOTHU:

1. TpaguumonHbie 00pa3oBaTeNbHbIC TEXHOJIOTHH: HHPOPMALMOHHAS JICKLIUSIU
MIPaKTU-YECKUE 3aHSTHUS.

2. ndopmanioHHO-KOMMYHUKaIIMOHHbIE 00pa30BaTeIbHbIE TEXHOJIOTHUU:
nexuusa-pusyanusanus. [Ipakruyeckoe 3anstue B Gopme Mpe3eHTalll — IpeCTaBIeHNe
PE3yJbTAaTOB C UCIIOJIB30BAHUEM CHEIUAIN3UPOBAHHBIX IPOTPAMMHBIX CPEl.

3. MadopManiioHHO-pa3BUBAIONTNE TEXHOJIOTHH, HAIPABJICHHBIC HA
(dhopMHpOBaHHE CHUC-TEMBbI 3HaHUH, 3alIOMUHAHUE U CBOOOJHOE onepupoBanue umu. [lpu
CaMOCTOSITEIbBHOM M3yde-HUH JIUTEPaTyphl IPUMEHEHUE COBPEMEHHBIX NH(POPMAIIMOHHBIX
TEXHOJIOTUH JIJIs1 CAMOCTOSI-TETIbHOTO MOTIOJTHEHUSI 3HAHUM, BKIIIOYasi UCTIOJIb30BaHHE
TEXHUYECKUX U DJIEKTPOHHBIX CPEJCTB HHPOPMAIHH.

4. JlesTenbHOCTHBIE IPAKTUKO-OPUEHTUPOBAHHBIE TEXHOJIOTMH, HAIPaBJIEHHbIE
Ha (OPMHUPOBAHHUE CUCTEMBI TPO(HECCHOHATBHBIX MPAKTUYECKUX YMEHUH MpHU pazdope
KOHKPETHBIX CUTYalllii, OCHOBAHHBIX Ha MPAKTUYECKUX MPUMepax, 00eCredrBaronINX
BO3MOYHOCTh KaY€CTBEHHO BBIMOIHITH MPOPECCUOHABHYIO 1€ATEIbHOCTb.

5. Pa3zBuBaromiue npo0ieMHO-OpUEHTHPOBAHHbIE TEXHOJIOTUH, HApaBIeHHbIEC HA
(dbopMu-poBaHUE U Pa3BUTHE MPOOIEMHOTO MBIIUIEHUS, MBICIUTEIbHON aKTHBHOCTH,
CIIOCOOHOCTH BU-JETh U (POPMYJIMPOBATH MPOOJIEMBI, BRLIOUPATh CIOCOOBI M CPEACTBA JJIS UX
pelIeHHUS.

6. HTepakTHBHBIE TEXHOJIOTHU: KOJUIEKTUBHOE OOCYX ACHHUE KaKOT0-JIN00
CIIOPHOTO BOIpOca, MpoOJIeMbl, BEISIBICHHE MHEHHI B rpymmne. V3noxxenue npodiemM 1 ux
COBMECTHOE pEIICHHE.

7. JINYHOCTHO-OPUEHTUPOBAHHbBIE TEXHOJIOTUU 00yUYEHHsI, 00ECIIeUnBaIOIIUE B
X0Jie y4eOHOTO MpoIiecca yueT pa3InyHbIX cIocoOHOCTel 00yyaeMbIX, CO3aHNe
HEOOXOIUMBIX YC-JIOBUM JUIS Pa3BUTHUS UX MHAUBHUIYAIbHBIX CIOCOOHOCTEH, pa3BUTHe
AKTUBHOCTH JIMYHOCTH B yueOHOM mporuiecce. JINYHOCTHO-OPHUEHTHPOBAHHBIE TEXHOJIOTUU
o0yueHus peaqu3yroTcs B pe-3yJibTaTe UHANBUAYAIBHOTO OOIICHUS [IpernogaBaTelis u
CTYyICHTA.

6 YueOHO-MeTOAMYECKOE O00ecnieyeHre CaMOCTOATEIbHOM PadoThl 00yYAKIIUXCH

Hpe,[[CTaBJ'IeHO B IPHUJIOKCHUHN 1.

7 OneHo4YHbIe CPeACTBA IS IPOBEACHHUS IIPOMEKYTOYHON aTTeCTalluu
[IpencraBneHbl B IPUIIOKEHUH 2.

8 YueOHO-MeTOAMUYECKOE U MH(OPMAITMOHHOE 00ecTiedeHUe TN CIIUTINHbI

a) OcHoBHas JIMTEpaTypa:

1. Urnarenkos, B. . OOmias xumuyeckas TEXHOJIOTHSL: TEOPUSI, IPUMEPHI, 3a]1a4H :
yuebHoe mocobue st By30B / B. . IrnatenkoB. — 2-¢ u3a. — MockBa : M3natenscTBo
HOpaiit, 2024. — 195 c. — (Bsicuiee oopazoBanune). — ISBN 978-5-534-09222-6. —

Texcr : anexTponHsIit / ObpazoBarenbHas iatdopma IOpaiir [caiit]. — URL:
https://urait.ru/bcode/536887



https://urait.ru/bcode/536887

2.CmupHoB A. H. I'ereporennbie XUMHUYECKUE TTPOLIECCHI [ DIEKTPOHHBIN pecypc] :
yuebHoe mocobue / A. H. Cmupnos, C. A. Kpsutosa, B. 1. Ceicoes ; MI'TY. -
Maruurtoropek : MI'TVY, 2016. - 1 anektpon. ont. quck (CD-ROM). - Pexxum nocrymna:
https://host.megaprolib.net/MP0109/Download/MObject/20953 . - MakpooObekT. - Tekcr :
ANIEKTPOHHBIN. - CBeneHus gocTynHsl Takke Ha CD-ROM.

3. CmupHoB A. H. Xumnueckue peaktopsl. ' OMOreHHbIN N30 TEPMUYECKHI Ipoliece
[Dnek-TpoHHBIH pecype] : yaebnoe nocodue / A. H. Cmupnos, C. A. Kpsiiosa, B. H.
CricoeB ; MI'TY. - Maraurtoropck : MI'TVY, 2016. - 1 anekrpoH. onr. auck (CD-ROM). -
Pexxum noc-tyma: https://host.megaprolib.net/MP0109/Download/MObject/20954 . -
MakpooOBbeKT. - TekcT : a1neKTpoHHBIN. - CBenenus noctynHsl Takke Ha CD-ROM.

0) JonosiHuTebHAsA JIUTEPaTYpa:

1.boukapes, B. B. OntuMu3anys XMuMHUKO-TEXHOJIOTHUECKHUX MTPOIIECCOB : YIeOHOE
nocobue 1715 By30B / B. B. boukapes. — Mocksa : U3znatensctBo FOpaiirt, 2022. — 263 ¢. —
(Brwicmiee o6pazoBanue). — ISBN 978-5-534-00378-9. — TekcT : 21eKTpOHHBIH //
OopazosarenbHas iathopma FOpaiit [caiit]. — URL: URL.: https://urait.ru/bcode/490258

2. 3arkeiim, A. FHO. OOmras XxuMudeckas TEXHOJIOTHS: BBEJICHHE B MOJCIMPOBAHUE
XHUMHKO-TEXHOJIOTHIECKHX TIPOIecCcoB : yueOHoe nocodue / A. FO. 3akreiim. - 3-e usg., mepepad.
u jgon. - Mockga : Jloroc, 2020. - 304 c. - (HoBas ynmBepcurerckas Omubmmoreka). - ISBN
978-5-98704-497-1. - Texcr : AIIEKTPOHHBIH. - URL:
https://znanium.com/catalog/product/1212487 . — Pexwum gocTyma: 1o mo/mcKe.

3. CmupHOB, A. H. TeopeTndyeckrie OCHOBbI XUMHUKO-TEXHOJOTUYECKHUX MTPOIECCOB :
yaebHnoe nmocodue / A. H. Cmupnos, C. A. Kprutosa, B. 1. CeicoeB ; MI'TV. -

Marnutoropck : MI'TV, 2018. - 1 anektpon. onr. guck (CD-ROM). - 3ari. ¢ TuTys1. 9KpaHa.
- URL.: https://host.megaprolib.net/MP0109/Download/MObject/2066 - MakpooObeKT. -
Tekcr : anexkTpoHHBINA. - CBeieHus noCcTynHbI Takke Ha CD-ROM.

4. CmupHoB, A. H. IIpon3BoCTBO XMUMHUYECKUX MPOAYKTOB : yueOHoe nmocodbue. Y. 1/
A. H. Cmupnos, C. A. Kpsutosa, B. . CeicoeB; MI'TY. - Marautoropck : MI'TVY, 2018. - 1
anextpoH. ont. auck (CD-ROM). - URL.:
https://host.megaprolib.net/MP0109/Download/MObject/2227 - MakpooObekT. - Tekcr :
ANEKTPOHHBIN. - CBeieHus 1ocTynHbl Takke Ha CD-ROM.

5. KpeutoBa C. A. BBezaeHue B aHaJIU3 U CHHTE3 XMMHUKO-TEXHOJIOTUYECKUX CUCTEM :
yauebHnoe nocodue / C. A. KpeutoBa ; MI'TVY. - Marautoropck : MI'TVY, 2016. - 1 a5ekTpoH. OIT.
muck (CD-ROM). - URL: https://host.megaprolib.net/MP0109/Download/MObject/1379 . -
TekcT : 3NeKTPOHHBIN.

6. XaitOoymnuH, A. A. KuneTnka v KaTanu3 B XUMHUYECKON TEXHOJIOTUH : y4eOHOe
nocobue / A. A. XaitOymuiun. — Ya : YTHTY, 2020. — 187 c¢. — ISBN 978-5-7831-1998-
9. — Tekcrt : amekTpoHHbIH // JIaHb : 3neKTpoHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/245258 — Pexxum moctymna: s aBTOPH3. TOJIb30BATEICH.



https://host.megaprolib.net/MP0109/Download/MObject/20953
https://host.megaprolib.net/MP0109/Download/MObject/20954
https://urait.ru/bcode/490258
https://znanium.com/catalog/product/1212487
https://host.megaprolib.net/MP0109/Download/MObject/2066
https://host.megaprolib.net/MP0109/Download/MObject/2227
https://host.megaprolib.net/MP0109/Download/MObject/1379
https://e.lanbook.com/book/245258

B) MeToanyecKue yKa3aHus:

1. CmuphoB, A. H. Xumudeckue mporeccsl B peakTopax : yaeonoe nocooue / A. H.
Cmupnos, C. A. Kpsuiosa, B. 1. Ceicoes ; MI'TV. - [2-e u3a., noarot. mo mneu. uza. 2016 1.].
- Marnu-Toropck : MI'TVY, 2017. - 1 anekrpoHn. ont. quck (CD-ROM). - 3ari. ¢ tutyi.
akpana. - URL: https://host.megaprolib.net/MP0109/Download/MObject/3584 . -
MaxkpooObeKT. - TekcT : 31eK-TpoHHBIH. - CBeneHus 1ocTynHbl Takke Ha CD-ROM.

2. Kpeutora, C. A. [Ipou3BocTBO MeTaHoJIa : TPakTUKYM [mis By3oB] / C. A.
Kpruosa, . Y. AnekceeB ; Marautoropckuii roc. rexuuueckuid yH-T uM. I'. M. Hocosa. -
Maruuroropck : MI'TY um. I'. U. Hocosa, 2023. - 1 CD-ROM. - 3ar. ¢ TUTYyI. 9KpaHa. -
URL.: https://host.megaprolib.net/MP0109/Download/MObject/21173 - MakpooOBEKT. -
Texcr : anexTpoHHbIH. - CBeeHus noctynHel Takke Ha CD-ROM.



https://host.megaprolib.net/MP0109/Download/MObject/3584
https://host.megaprolib.net/MP0109/Download/MObject/21173

r) Ilporpammuoe ob6ecnneuenune u UurepHer-

IIporpammHoe oGecnieueHue

pecypchbl:

HanmenoBanue o
o Ne norosopa Cpox aelicTBUS TULEH3UU
7Zip CBOOOJIHO pacIpoCTpaHIeMOe 0eccpoyHO
MS Office 2007
Professional Ne 135 o1 17.09.2007 06eccpovHO
FAR Manager CBOOOJIHO pacIpoCTpaHIeMOe 06eccpovHO
Bbpaysep Yandex |cBOOOIHO pacmpocTpaHsemMoe 0eccpodHO

HpO(l)eCCI/IOHaJIbeIe 0a3bl JAHHDLIX U HH(l)OpMaHHOHHbIe ClIPpaBOYHBLIC CUCTEMbI

Haspanwne xypca

Ccruika

denepanbHOE  rOCYIapCTBEHHOE  OHOJIKETHOE
YUpeKIACHUE «DenepanbHbIi UHCTUTYT
MIPOMBIIIITIEHHONW COOCTBEHHOCTHY

URL: http://www1.fips.ru/

Hanmonanenass wuH(OpMalMOHHO-aHATUTHYECKAS
cucteMa — Poccuiickuil WHIEKC HAYYHOTO
uutuposanus (PYHII)

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

ITouckoBas cucrema Axamemusi Google (Google
Scholar)

URL.: https://scholar.google.ru/

DnekTpoHHBbIE pecypcehl Oubnmuorexkun MITY um.
I''1. HocoBa

https://host.megaprolib.net/MP0109/Web

9 MaTepuajibHO-TEXHHYECKO0e o0ecnevyeHue TUCHUIIJIMHBI (MOMLYJIA)

MaTepI/IaJ'IBHO-TeXHI/ILIeCKOC obecneyeHue JUCIHUITINIMHBI BKIIIOYACT:



http://www1.fips.ru/
https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
https://host.megaprolib.net/MP0109/Web

VY4eOHble ayIUTOPUH [T TPOBEACHUS 3aHATUHN JIGKITHOHHOTO TUIIA
MynbTUMeUHHBIE CPEACTBA XPAHEHUS, TIEpelaun U MPeICTaBICHU HH(OPMAITHIH.

VYuebHast ayUTOpUS IS IPOBEICHHS IPAKTHUECKUX 3aHATHH, 3aHATHI
CEMUHAPCKOI0 THIIA, TPYNIIOBBIX U NHIUBUAYAIBHBIX KOHCYJIbTAUN, TEKYIIEr0 KOHTPOJIS U
IIPOMEXYTOUHOM arTecTtanuu Jlocka, yaueOHbIE CTOJIbI, CTYJIbS

VYyeOHble ayAUTOPUU IJI1 CAMOCTOSITEIHLHOM paboThl oOydaromuxcs [lepconanbHbie
komrbioTepsl ¢ makerom MS Office, Beixonom B IHTEpHET U ¢ OCTYIIOM B 3JICKTPOHHYIO
MH(POPMAIMOHHO-00Pa30BaTEIbHYIO CPEly YHUBEPCUTETA

[Momemenus 11t XpaHeHUs U TPOPUIAKTHIECKOTO 00CTY)KHBaHUS y4eOHOTO
o6opynoBanust CTeaxu st XpaHeHUs1 000PyI0BaHUS

Metonuyeckas nuTeparypa As yueOHbIX 3aHATUI

Xumuyeckas mocyaa

WNHcTpyMeHTBI U1 peMOHTa U MPOPUIaKTUYECKOTO 00CTy)KUBaHHs yueOHOTO
000pyI0BaHUs



IIpuioxenue 1

Y4eOHO-MeTOAUYECKOE 0O0ecTeYeHHe CAMOCTOATeIbHOMH padoThl 00yYaromuxcs

BOI’IpOCbl 07151 CAMOCOSAMENbHO20 KOHmMPpOJiA SHAHU

MaTteMaTH4YeCKOE MOACTUPOBAHUEC XUMHUYCCKHUX ITPOLECCOB U PEAKTOPOB

B uem 3akmrouaeTcst METO] MOJICTUPOBAHUS ?

CdopmynupyiiTe OCHOBHBIE TPEOOBAHUS, MIPEIBABISIEMbIE K MATEMATUUECKOM MOIEIH
XUMHUYECKOTO peaKkTopa.

B gewm 3akirouaercs I/IepapXI/I‘IeCKI/Iﬁ IMPUHIUIT MOACTUPOBAHUA XUMHUYCCKHUX ITPOICCCOB U
peakTopoB?

Kakue npuszHaku MOTYT OBITH 1OJIOKEHBI B OCHOBY KJIaCCU(UKALUN XUMUUYECKUX PEaKTOPOB?

KakoBbI pa3nuuusi B yCIOBHUSAX MEPEMEIIUBAHUS B TPOTOYHBIX PEAKTOPAX CMEIICHUS 1
BBITECHEHUA?

Kaxoit pexxumM paboThl XUMHUYECKOTO PEaKTOpa Ha3bIBACTCs CTarmoHapHbIM? Bo3MoskeH u
CTallMOHAPHBIN PEKHUM B MIEPUOJUYECKOM peakTope? B momyHenpepblBHOM peakTope?

HazoBute MOCJICA0BATCIIPHOCTD 3TAIIOB IIPHU COCTAaBJICHUU MaTeMaTU4eCKOi MOJCIIN IIpoLecca B
peaKHI/IOHHOﬁ 30HC.

Kakum ycnoBusiM T0JDKEH YIOBIETBOPATH JIEMEHTapHbBIA 00BEM, JIIsI KOTOPOTO COCTaBIISIOTCS
OanmaHCcOBBIC ypaBHEHUS?

Kakum nosmkeH ObITh 3JIEMEHTAPHBIN TPOMEKYTOK BPEMEHH MIPU COCTABJICHUN OATaHCOBBIX
ypaBHEHUH AJI PEaKTOPOB, pabOTAIOMIMX B CTAlIMOHAPHOM pexume? B HecTarmoHapHOM
pexume?

Hanumure YpaBHCHUC MATCPUAIIBHOT'O banaHca p€aKkTopa B 06H_[6M BHUAC.

Hoquy HMEHHO OaJlaHCOBEIC YpaBHCHUA (ypaBHeHI/IH MaTCprUaJIbHOTO U SHCPICTUYCCKOI'O
6aJ'IaHCOB) COCTaBJISIFOT OCHOBY MaTeMaTUYEeCKOH MOJEIIN XUMHUYECKOTO peaKTopa?

Hoquy IIpU CTATUOHAPHOM PCIKUMC pa6OTBI XUMHUYCCKOTO pCakTOpa B HEM HE IIPOUCXOAUT
HaKOIIJICHUS BEIICCTBA U TETJIOTHI?

CocTaBbTe MaTeMaTHYECKHE MOJCTH IS PEAKTOPOB
PUC-m,

PUC- n,



P1B

I/I30Tepanec1mﬁ nmpouecc B XuMHYECCKOM peaKTope

KakxoBBI OCHOBHBIE THITBI XUMHYECKHX PECAKTOPOB, MPEABABIIACMBIC K HUM TpC6OBaHI/I$I,
IMPUBCANUTEC ITPUMCPBI UX UCII0JIb30BaHWA B TCXHOJIOTUA BaOXHEHUIITNX XUMHUYECKHX IMPOAYKTOB.

B uem 3akmiouaercs nogoOue u paznuuue nporecca B peakropax UC-nu UB ?

UTo Takoe yCIOBHOE BpeMs PEaKIMK U YeM OHO OTJINYAETCsl OT BPEMEHHU MTPeObIBaHUS B
peaktope?

Kak MeHstoTCsl KOHIIEHTpaIMi HCXOJHOTO KOMIIOHEHTa U POAYKTa Mo JUIMHE peakTopa 1B?
KaxoBbI ux npezenbHble 3HAaUCHUS ?

Kaxk n3mMeHuTCs cTeneHp npeBpalieHus B peakTope Mpu MPOTEKAHUHM PEAKIUU IEPBOTO MOPSIKA
IIpY YBEJIMYEHNUN HaYaIbHOW KOHIIEHTpanuu B 1,5 paza? OTBET nosiCHUTE.

Kaxoe npenenpHOE npeBpalieHne MoKHO NMOoIy4duTh B peakrope MC-mm npu nporekanumn
obparumoii peakiuu? [ToaTBEpANTE 3TO C MOMOIIBIO MATEMATUUECKONW MOJICIIA U U300pa3uTe
rpaduIecKy.

B peaktope UC-nm mpoTekaer obpatumas peakmus. Kak v3MEHHUTCS CKOPOCTh TIPEBPAIICHUS B
HayaJjie Impolecca B pe3ysbTaTe yBeIHnueHus Temnepatypsl? U3MeHuTcs U npeaenbHoe
MpeBpalleHue, KaK U moyemy?

[TomyuuTe MaT.MOz€Ib Mpoliecca B peaktope VB mpu npoTtekanuu CioxHON peakiuu: a) ¢
napajuieJIbHOM CXeMOM MpeBpanieHus; 0) MociaeoBaTeIbHOM cxeMoil mpeBpamienus. [lokaxure
rpaduk U3MEHEHHs KOHIIEHTPALUi KOMIIOHEHTOB 110 JUIMHE PeaKTopa U 0OBSCHUT, €ro BUI (
MO4YeMy KOHIICHTPAIUH YBEJIMYMBAIOTCS, YMEHBIIIAIOTCSI, HE MEHSIOTCS).

B peaktope B npoTekaer nocnenoBarenbHas peakius. Kakue pekoMeHIau MOKHO C/IeJIaTh,
YTOOBI TOOUTHCS: &) MAKCUMAJILHOTO BBIXOJa POMEKYTOYHOTO MPOAYKTa; 0) MaKCUMAaIbHO
CEJIEKTUBHOCTH IO MTPOMEKYTOUHOMY IIPOIYKTY; B) MAaKCUMAIbHOTO BBIXOAa KOHEYHOTO
npojaykra?

Kak meHsieTcs KOHIEHTpalus BEeUIeCTBa 1o 00bemy npoTouHoro peakropa UC ?

[Touemy mpou3BOIUTENHHOCTH peakTopa B pexume B 6ombiie, yem B pexume MC npu
MPOTEKaHUM MPOCTHIX peaKIuii?

MoskeT 11 peKUM PEaKTOpa OKa3bIBaTh BIMSHUE HA CEIEKTUBHOCTD MIPOLEcca MPU IPOTEKaHUU
cioxxHoi peakuun? OTBET 0OOCHYIITE.

HazoBure nprunHbI OTKJIIOHEHUS PEKUMOB B TPOMBINUIEHHBIX peakropax oT UC nu UB?

5. HpoaHaJlmeyﬁTe OCHOBHBIC HCAOCTATKH U JOCTOUHCTBA PCAKTOPOB NCPUOJUICCKOTO
JIeiicTBus. B kakux MMPOU3BOACTBAX Yalll€ BCTPCUYAKOTCS TaKHC peaKTOpLI?



FeTeporeHHLIe MMpoueccChl

Kaxkue IMPpOUECCChl OTHOCATCA K FeTepOFGHHI)IM? Hepe‘H/ICJII/ITe CTaguu IecTCPOrCHHOrO
npouecca. HazoBure obiactu npoTekaHus reTeporeHHoro mnpoiecca.
Kax moapazaenstorcst reTeporeHHbIe MPOIeCcChl 0 BUIY y4acTBYROIMHX (a3?

B uem 3akioyaercs MHOTOCTaAMHHOCTB FeTeporeHHoro npouecca? Yem oTianydaroTcs ycaoBUs
reTepOreHHOro Mpolecca U YCIOBHSI MPOTEKAIOIIEN B HEM peakiuu?

Yro Takoe HaOIIOMaeMast CKOPOCTHh I'CTCPOTCHHOTO MMpoHecca, OT 4€ro OHa 3aBUCUT

YTto Takoe JJUMHUTHpPYIOIIas CTaaus B TCTCPOrCHHOM Hpouecce? Kaxk JIUMUTHPYIOIIAasg CTaanusd
OTIPENENISET PEXKUM Ipolecca?

Uem oTirgaeTcst MOJIETb «CKUMAROTIIAsICS cepar OT MOJIETH «CxKkuMaroleecs sapo»? [puseaure
MIPUMEPHI TPOIIECCOB.

Hapucyiite cxeMy 1 00BSCHUTE CTPYKTYPY MpoIlecca «ra3-Tpepaoe (MoJHOCThIO
pearupyomiee). Kakue stansl mpoiiecca MO>XKHO BbIACIUTH? Hanuimmre ncxoaHoe ypaBHEHUE
MaT. MOJIEJIA TOTO MpoLecca.

Hanummure ypaBHeHus A1 HaOJII01aeMOM CKOPOCTH MpeBpallieHus (7151 peaKkiuu epBoro
MOPSIJIKA) U BPEMEHHU MOJTHOTO MPEBPAIEHUS TBEPOM YACTHIIBI.

Hapucyiite rpadguku u 00bsICHUTE, KaK MEHSETCS BO BPEMEHHU pa3Mep YacTUIIbI, CTEIICHb
MpPEeBpALEHUs] TBEPJOTO peareHTa, CKOpoCTh MPEBPALECHUS YaCTHIIBL.

Kak 3aBucut HaOr01aemMasi KOHCTaHTa CKOPOCTH MPEBPAIICHHS B ITPOLIECCE «CIKMMAIOIIASCS
cdepa» OoT Temnepatypsl UM CKOpocTH notoka? Kak 3Tu 3aBUCUMOCTH CBSI3aHBI C PEKUMOM
nporecca?

Kak M0xkHO HHTEHCHUUIIUPOBATH MPOIIECC «Ta3-TBep0€ (MOJHOCTHIO pearupyoiiee)?

Hapucyiite cxemy 1 00bsCHUTE CTPYKTYpY IIpoLiecca «ra3-TBepaoe (HemOJIHOCThIO
pearupytomiee). Kakue sransl mporuecca MOXHO BbAenUTh? Hannmure ncxonHoe ypaBHEHNE
MaT. MOJEJIN TOTO IpoLecca.

Hamwuiure YpaBHCHUS JIA Ha6moz(aeM0171 CKOPOCTHU MPEBpALICHUA U BPEMCHHU IIOJIHOTO
IpeBpalICHUSA TBepHOﬁ YaCTHULIBI IJIA pa3HBIX PEXKUMOB IIPOLECCa.

HapncyﬁTe Fpa(bI/IKI/I u 06’B}ICHI/ITC, KaK MCHACTCA BO BPEMCHH pPa3sMCpP 4aCTUIIbI, CTCIICHDb
NnpeBpaliCHUus TBCPAOTO p€arcHTa, CKOPOCTh MPEBpAIICHUSA YaCTULBI UIA IpoIecca
«CIKHUMAroIeecd s1Ap0» B pa3HbIX pCKUMaAX.

Kak MOXHO HHTEHCU(DUIIPOBATH MPOLIECC «Ta3-TBEPA0€ (HEMOTHOCTHIO pearupyoluiee) B pa3HbIX
peXHMax ero NpoTeKaHus?



VYkaxkure crmocoObl ONpCACICHUA obnactu IMPOTCKaHU: IMPOoLCCCa B CUCTCME «TI'a3 — TBEPAOC
TCIIO».

[TpuBenuTe MpUMEpPbI TEXHOJIOTUYECKUX MTPOLECCOB «T'a3-)KUIKOCTh)» U CIIOCOOBI OpraHU3aIiu
B3aUMO/JICHCTBUS T'a3a C HKUIKOCTBIO.

Hapucyiite cxemy u 00BbACHUTE CTPYKTYpPY MpOLECCA «Ta3-KUAKOCTbY». Kakue sTamnsl npoiecca
MO>KHO BbIIeNINUTH? Hanummre ncxoqHoe ypaBHEHHE MaT. MOJIENH 3TOTO MpoLecca.

B uem paznuune cTpyKTyp IPOLIECCOB «Ta3-TBEPIOE» U «Ta3-KUJIKOCTb)?

Hanummure BoipaykeHue 1151 HaOIr0AaeMOM CKOpoCTH npeBpanieHus. OT KakuX yCIOBHUH U Kak
3aBUCHUT Ha0Jt0/1aeMasi CKOPOCTh MPEBPAILlEHUs B Pa3HBIX pexumax”?

C 4yeMm cBsI3aHO BO3MOXHOE YMEHBIIEHHE CKOPOCTU NMPEBPAIICHHs] TP MOBBIIICHUN
TeMIleparypbl?

Kak M0xHO HHTEHCH(PUITUPOBATH MPOIECC «Ta3-KUIAKOCTH»?

[IpuMeps! TECTOBBIX 3aJaHUI

1. Uto m300pakeHO Ha pUCYHKE?

A,B,C,P

=

B
d) peaKTop HUACATLHOTO CMEIICHHUS;
b) peakTop MaEATLHOTO BHITECHEHUS;

C) ammabaTUYEeCKU PeaKTop.

2. B xakux cimyyasx onpaBJaHO MPOBEACHUE PEAKIIMH MPH U30BITKE OJTHOTO U3
KOMITIOHEHTOB?

a) €clIU peakiusi oopaTumasi, OIMH U3 KOMIIOHEHTOB (OoJiee nemméBblit
wi Ooliee JOCTYMHBIN) Oepercs B W30BITKE [UIsI TOBBIIMICHUS CTEICHH
npeBparieHus apyroro (6osee leHHOT0) KOMIIOHEHTa;

b) U30BITOK OJHOTO M3 KOMIIOHEHTOB HE OMpaBlaH, TaK Kak It
HAWIY4YIIero TPOTEKaHUS peakluud HeoOXoAuMo OpaTh KOMIIOHEHTHI B
CTEXMOMETPUYECKUX KOJTHUECTBAX;

C) M30BITOK OJIHOTO M3 KOMIIOHCHTOB YMCCTCH B CJIy4dac, Korjga
I[perfI KOMIIOHCHT SAJO0BUT HWJIM KOrJa MNPOAYKTBI PCAKIHWU IMOBBIIICHHO
TOKCHUYHBI,

d) Koraa OJWH H3 KOMIIOHCHTOB TOKCHUYCH WJIM KOT'Ja IPOAYKTHI

pCakiun ANO0OBUTBHI, PCArc¢HTbI CJICAYCT 6paTB CTPOro B CTCXUOMCTPHUYCCKUX
KOJIHNYCCTBAax.



3. Ha rpaduke npuBeaeHbl 3aBUCUMOCTH CKOPOCTH MPOCTBIX HEOOPATHMBIX PEaKLUUi OT
TEMIIEpPaTyphl C Pa3HbIMU SHEPIUAMHU akTuBauuu £1 u E>. Kakoe cootHomenue Mmexny E1 u

EY?
r

E, E

a) E1>E;
b) Ei1<Ey;
C) Ei1=E>.

[IpuMepsl pacueTHBIX 3a1laHH 110 TEMaM:

IIpumep 1. Paccuutats cpeHee BpeMs IpeObIBaHUS PEAreHTOB B IPOTOYHOM PEAKTOPE
UJeabHOTO CMEILIeHUs, HEOOXO0AMMOE JIJIsl IOCTHKEHUS CTETNIeHU MPEBPALICHUS] HCXOTHOTO
pearenTa X, ; =0,8.

B peakrope npoTekaeT peakuus BToporo nopsgaka 24— R+S, cKopocTb KOTOPOW ONMUCHIBAETCSA

o 2
IIPY TIOCTOSIHHOW TeMIepaTrype KWHEeTHYeCKUM ypaBHEHUeM @, , = 2,5 ¢ ,” . HauanpHas

r

KOHIIEHTpaIKs pearenta 4 Ha BXOJIE B PEAKTOp ¢, , = 4 kmonw | m°

Pewenue. Jlns onipeneneHusi 7 MOXHO HCIIOJIb30BaTh ypaBHeHHE (12); KOHLIEHTPALIUIO peareHTa

B peaKkTope, HeOOXOAUMYIO JJIsl pacyeTa CKOPOCTH MPOTEKAoIIel B HEM PEeaKIMH, BRIPA3UM uepe3

CTCIICHDb ITPCBPAIICHUA

_C, X C,o-X C,q X 0,8
T = A,0 A, f — A,0 A, f — A,0 A, f _24

o keZ, ke -x,,F 25-4-0-08)

Takum o6pa30M, UL JOCTUKCHU A CTCIICHU NIPCBPALICHUSA XA = 0,8 HeO6XOI[I/IMO, YTOOBI

COOTHOLICHUC MCIKIY 00BEMOM pCaKTOpa U 00BEMHBIM pacxogoM 4epe3 HEro COCTABIIAIO

f:%=2 Yy,

IIpumep 2.

OHpe,Z[eJ'II/ITB MMPONU3BOAUTCIILHOCTD 1 M3 KaTalin3aropa CMHTC3a aMMHaAKa IIpu CICAYIOIINUX

YCIIOBHSIX: KOHIIEHTpAIMsI aMMHUaKa B KOHEUHOM Ta3e (Ha Beixoje u3 peaktopa) CkoH = 26.5%



(00), B HauanpHOM Ta3e (Ha Bxoze B peakrop) C Had = 2.7% (00), 00beMHast CKOpPOCTh raza Voo =
45000 m3/(u-M3) karanuzaropa.

Pewenue.

CuHTe3 aMMHaka OCHOBAH Ha 3K30TepMUYECKOW 00paTUMON peaKkLMK, UAYIIEH C YMEHbIIEHUEM
o0bema

N2 +3H2 <> 2NHsz + g

Peakuus cunTe3a ammuaka TpeOyer 00JbII0M 3Hepruu aktuBauuu. Ilponecc Benyr B
MIPOMBIIIJIEHHOCTH B IPUCYTCTBUU KaTaJIu3aTopa MpU BHICOKOM JABJIEHUH, OBBIIIAIOIIEM
PaBHOBECHYIO CTEIIEHb MPEBPAICHNUS, U IPU BBICOKOHM TeMIiepaType, 00ecredrBaromiei
J0CTaTOYHO OOJIBIIYIO CKOPOCTh MIPOIEcca, HO B M3BECTHOW Mepe CMelIalollei paBHOBECHE B
CTOPOHY MCXOJIHBIX IPOAYKTOB. KaTanu3atopoM CHHTE3a aMMHaKa CITyKUT JKEJIe30 C
aktuBaTopamu K20, SiO2, Al,03, CaO. OgHako B ONTUMAIBHBIX YCIOBHUSX MPOBEECHUS ITpoliecca
(akTuyeckuil BeIxo 1 amMuaka HeBelnuk (X =18-22%) nostomy mporiiecc BeAyT MO HUKINYECKON
cxeme.

B xonoHHY cuHTE3a oAaeTCsl HMPKYIALMOHHBIN Ta3, COAEPKAIIN HECKOHACHCUPOBABIIIMICS B
XOJIOIMJIBHUKE aMMHUAKa U CBEXasi a30TO-BOJIOPOIHASL CMECh, B KOJIMYECTBE, KOMIIEHCUPYIOIIEM
MOJIYYEHHBIN TPOAYKT M OTEPH. BBIX01 aMMuaka x OTBEYaET COJIEPKAHUIO €r0 B
a30TO-BOJIOPOJIHAS CMECH, BBIXOJAIIEH U3 peakTopa. B Hamiem ciayyae

x = Cxon — CHau/100 + Ckon = 26.5 — 2.7/102.7 = 23.2%(06.) wiu 0.232 moa. gosm NH3.

[Tpon3BOANTENEHOCTD KaTallN3aToOpa B KOJIOHHE CHHTE3a aMMHUaKa TpU JaHHOM JaBIICHUU U
COCTaBe a30TO-BOJIOPOTHASI CMECH OTIPEACIISIIOT 1o (hopmyie

1=0.771x -Vo6-B

3nech 0.771 —macca 1 M3 NH3; B — ko3¢ dutineHT, xapakTepu3yroiuid yMeHbIIIeHHE 00beMa raza
B pe3yJIbTaTe PEaKIMU CHHTE3a aMMHaKa, OTIPeNIeIIeMbIN TI0 opMyIie:

B =100+ Cnau /100 + Cxon =100 + 2.7/100 + 26.5 = 0.81

I1=0.771 - 0.232 - 45000 - 0.81 = 6500 kr/(4-M3 KaTanMU3aTOPA).

IMpumep 3

B peaktope nmportekaeT peakusi BToporo nopsiaka 24— R+S, CKopocTb KOTOPOM ONMUCHIBAETCA

o 2
NIPY TIOCTOSIHHOW TeMIepaType KWHETHYEeCKUM YpaBHEHUeM @, , =2,5c¢," .

3
HauanbHas KOHIEHTpanus peareHta 4 Ha BXOJIE B PeakTop ¢, , =4 kmonv [ m” , crenenn
NPEBPAILEHUS UCXOHOTO pearenTa X, = 0,8), mpoBOJAT B KacKkaJe PEaKTOPOB UJIEAILHOTO

cMmeneHus. Bee cekimm kackaa IMEIOT OJJMHAKOBBIA 00beM, 10100paHHbINi TaKUM 00pa3oM, 4yTo
cpeaHee BpeMs peObIBaHUs B K0 U3 HUX 7; paBHO 1/10 oT cpeaHero BpeMeHH MpeObIBaHUS

B €JMHUYHOM PEAKTOPE UACAIBLHOTO CMELIEHHs, paccuuTaHHoro B npumepe 1 (7; = 0,2 4).



OmnpenenuTthb, CKOJIBKO TAKUX CEKIUI MOTPeOyeTCst A1 TOCTHXKEHUS 331aHHON CTETICHH
IIpEBpAILCHUS.

Pewenue. ]l penieHns ucnoiibzyeM rpaduaeckuii Metoa. s 3Toro nocrpouM rpaduku

bynkmmn @, , =2,5c¢ Az (mapabona) u

CA, i—0 4 1
y=—"—-2C,=——-——c,
T, T, 0,2 0,2
1
(psimasi ¢ TaHTEHCOM yTJla HakiIoHa tga = ——=-0,5).
T

Touka nepeceueHust STUX TUHUNA M1 (pUC.) TTO3BOJSET ONMPEIETUTh KOHIICHTPAIIMIO HA BBIXOJIE U3
MepBOM ceknu kackaaa. [IpoBois mapasnienbHble TpsSMbIe

Pucynok . I'padmyeckoe onpenenenue uncia CeKIMii Kackaia peakTopoB HI€aTbHOTO

CMCIHICHUA
Cain 1
Y=———"=Cpr¢
T T

JIO TEX TI0P, MOKA He OY/IET BBINOIHEHO ycoBue ¢, ; < 0,8 xmonn/ v (Tak Kak
Cat =Cpoll—X, ) =4-(1-0,2) =08 xmons/ m>), MoTydaEM, 4TO JUIsk TOCTIKECHAS YKA3aHHOM

CTCIICHU IIPEBPAlICHUA HCO6XOI[I/IMO 4 CCKIIMH. HpI/I O9TOM OKa3bIBACTCA, YTO HA BBIXOJAC M3
quBepTOﬁ CCKIIMHU CTCIICHB IPCBpPAICHUS JA’KE BBIIIC, YCM 3alaHa 110 YCIIOBHIO, HO B TPEX
CCKIMAX 3aJaHHAas CTCIICHb MMPEBpAllCHUA HC NOCTUTACTCA.

Taxum 06pa3oM, cyMMapHOe cpeiHee BpeMs MpeObIBaHMsI PEareHTOB B KaCKaJe peakToOpOB
UJICaJIbHOTO CMELIEHHUS JUIS YCIIOBUM IPUMeEpa COCTaBIAET Ty ., =4-7, =08 u.



IIpunoxenne 2

OneHouHble cpeacrea AJisi MpoBEACHUSA l'[pOMe)KyTO'lHOﬁ arreCcTanmmu

a) l'[.ﬂa}mpyeMble PE3yJdbTaThbl oﬁyqemm H OCHOYHLIC CPEACTBA NJISl IPOBCACHUSA l'[pOMe)KyTO‘-lHOﬁ aTreCralum:

Kon
I/IH)]I/IKaTOpa I/IH)II/IKaTOp JOCTHUXXCHUS KOMIICTCHIINN

OneHouHbIE CpeAcTBa

OIIK-4: Cnoco0eH o0ecnneunBaTh MPOBeAeHUE TEXHOJOTNYECKOr0 Mpoiecca, UCMoJb30BATh TEXHUYECKHE CPeACTBA ISl KOHTPOJISI IapaMeTPoB
TeXHOJOTNYeCKOr0 NMpouecca, CBONCTB ChIPbsl M TOTOBOM MPOAYKIHH, OCYIIECTB/ISTH H3MeHEeHHe NapaMeTPOB TeXHOJI0IMYecKoro npouecca npu

H3MeHEHHH CBOMCTB ChIPpbA

OIIK-4.1 Onpenensier TEXHUYECKUE CPEJICTBA HA
MIPOM3BO/ICTBE ISl 00CCIICUCHHS
TEXHOJIOTHYECKUX MPOIIECCOB

— OOGxur ZnS npoBoAUTCS B HAKJIIOHHOM TpyO4aToM peakTope. YacTHllbl TBEPIOTO
BEIIIECTBA JIBUXKYTCS CO CKopocThio 11,5  cm/c. I3BecTHO, 4TO IpH IaHHBIX YCIOBUSX 32
1 MuH crenens npeBpaiieHusa ZnS coctapiseT 65 %. Onpenenuts UIMHY peakTopa,
obecnieunBaroiyo 95% crerneHp NpeBpaleHus HCXOIHOTO ChIPbs, €CIIN 00XKUT
IPOBOJUTCS B KHHETHUYEeCKoU oOnacTu. [Ipu perennu MoXKHO UCIIOIB30BaTh
CIpaBOYHbIE TAOIUILIBI ¢ HOPMYJIaMHU.

— M3o06pa3ure cxemy peaktopa MC-H. BeiBenute ypaBHeHus1, onucbiBatoiue pexum NC-H.

— M3o0pasure cxemy peaktopa MB. BeiBenute ypaBHeHMs, onuckiBaonye pexxum 1B.

— M3o06pasure cxemy peaktopa MC-n. BeiBenute ypaBHeHus1, onucbiBatomue pexxum UC-m.

— JlokaxkuTe, 4TO MOJIENb KAacKaJa peaKTOPOB UACAIBHOTO CMELICHMUS ABIIAETCS
IIPOMEXYTOUYHON MEXKIY MOJEISAMU UI€AIbHOIO BEITECHEHUS U UAEATIBbHOTO CMELICHHUS.
— TIlo ¢a3oBomMy cocTaBy peakIIMOHHOM CMECH peaKkTopbl KilacCU(PUIIUPYIOTCS Ha!
a) cTalluOHapHbIE, HECTALIMOHAPHBIE,
0) nepuoIMUecKue, HempepbIBHbIE, MTOJTYHENPEPBIBHBIE,




Kon
HHOUKAaTOpa

Nuaukatop JOCTUKEHUS] KOMIIETCHIUN

OneHouHbIE CpeICTBA

B) MOJINTEPMUYECKHE, aTHA0aTHIECKUE, N30 TEPMUIECKUE, aBTOTEPMHUIECKUE,
T') peakTopa Ui MPOBEJACHUS TOMOTEHHBIX U TE€TEPOTEHHBIX MPOIECCOB.

Urto xapakTepu3yeT aguabaTHIeCKUil pekuM pabOTHI armapara:

a) peaklus B peakTope UJIET C MOTJIONEHUEM TeTlIa,

0) mpo1iecc B peakTope UIET MPH MOCTOSTHHOM JaBJICHHH,

B) OTCYTCTBYET TEIJIOOOMEH C OKPYKaIoIlel cpeoii,

') 00beM PEeaKIIMOHHOI CMECH B PeaKkTope B X0JIe MpOoIiecca He MEHSETCsl.

OIIK-4.2

OneHuBaeT U KOHTPOJIUPYET MapaMeTphl U

3¢ GEeKTUBHOCTD TEXHOJIOTUYECKUX MTPOLIECCOB,
CBOJCTBa ChIPbs U TOTOBOW MPOAYKLIUHU B
00JacTl XMMUYECKON TEXHOJIOTUU

[Touemy mJist OCTHKEHUSI TOM K€ CTETIEHU MPEBPAILCHUS TTPU OJMHAKOBBIX YCIOBHUSIX
MIPOBEACHMS PEAKIIMU B IPOTOYHOM PEAKTOPE HACATLHOTO CMEIICHUS TPeOyeTCs
CYIIIECTBEHHO OOJIbIlIee BpeMsl MPeObIBAaHUS PEAKIIMOHHOW CMECH, YEM B PEAKTOPE
HNACATTbHOT'O BEITCCHEHUS W B IIEPUOJUIECCKOM PEAKTOPC NACATIBHOI'O CMeIIeHuI?
CocTaBbTe KUHETHUECKHE YPpaBHCHUSA CJIOKHBIX peaKuHﬁ [0 KaKJA0MY U3 BCIUICCTB,
Y4aCTBYOIIUX B pCaKIHu, npOTeKanmeﬁ I10 CXEME

A+B—5P+C

A+P—5C+D

TermnoBeIM pacucToOM OIPECACIUTD TEMIICPATYpPy, A0 KOTOpOfI HCO6XO,Z[I/IMO HarpeThb
AMMHUAYHO-BO3AYIIHYIO CMCChb, LITO6I>I Mponecc OKHUCJICHUA aMMHUaKa IMMpOTCKaAJl
ABTOTCPMHUYHO. I[aHHLIe UL pacucTa:

Crenens npespamienuss NH, sNO ,% 96,0

Crenens abcopOiuu, % 96,5
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ConeprkaHre aMMHUaKa B CyXOi aMMHAvHO — BO3TYIITHOM cMecH , % (Macc.). 10,0
TemmepaTypa kouBepcun, °C: 800
TermonoTepu B OKpyXarouyro cpeay, % OT MpHUX0/a TEIUIOThI 5

Jlns mocTrKeHnsT MaKCUMAaJIbHOM HHTCHCUBHOCTH ITpoIiecca ¢ 00paTuMoi
9K30TEPMHUYECKON peaKIMeil MepBOro MopsaKa ONTUMAIbHBIM TEMIIEPATyPHBIM
PEKUMOM SIBIISICTCS

a) TIPOILIeCC MPOBOIAT MPU MAKCUMAJIBHO JOITYCTUMOM TeMIiepaType.

0) mpo1iecc HaYMHACTCS TIPHU BBICOKOM TeMIIepaType, 3aTeM B X0JIe Ipoiiecca (1o Mepe
YBEJIMYCHHS CTCTICHH MPEBPAICHUS) €€ CHIDKAIOT 110 JJMHUU ONTUMAJILHBIX TEMITepaTyp.
B) IIPOIIECC MPOBOIAT P MUHUMAIILHO JIOMTYCTUMOM TEMIEpaType

') TeMIIEpaTypa He BIMSICT HAa HHTCHCUBHOCTh MpoIiecca

[Toka3zarenu mpouecca B peakTope 3T0:

a) CTeNeHb peBpalleHNs X, CEJIEKTUBHOCTb S, BBIXOJI MpoayKTa E, a Tak ke npoduian
KOHIIEHTPALIMH, CTETICHU MPEBPAILECHUS U TEMIIEPATyphl B peakTope, UX U3MEHEHUE BO
BpPEMEHU

0) cxema IpeBpalleHHs ¥ TUIT PeaKiii (BUJI KHHETHUECKUX YPaBHEHUIT), SHEPTUs
aKTUBAIMH, TETIJIOBOH 3 (DEKT; U1 HEM30TEPMUUECKHUX MPOIIECCOB — apaMeTphl

TCIIJIOOTBO A ( KOBd)d)I/II_[I/ICHTBI TCIionepeaaiu, BCJIM4rnHa IOBEPXHOCTU TCHJ'IOO6MCH8.,
TGHHO(I)I/BI/I‘IGCKI/IC CBOMCTBaA HOTOKa.).




Kon
HHOUKAaTOpa
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OneHouHbIE CpeICTBA

B) COCTaB MCXOHOM PEaKIIMOHHOM cMecH (MCXOIHbIEe KOHIIEHTpaluu peareHToB  Cig),
00BEM TIOCTYIAOIIETO MOTOKA (Harpy3ka Ha peakTop Vo), TeMIepaTypsl BXOJHOTO
noToka To, XagareHTta Tx (711 MPOIecCOB € TEIIOOTBOJIOM) WIIH B peakTope (Iis
U30TEPMHUECKOTO mporiecca — T).

') HCCICAOBAHNE BIUSHHS YCIOBHI ITPOIIecca U XapaKTepUCTHK (CBOMCTB) ero
COCTABJISIOIINX Ha MOKa3aTeau paboThl peakTopa, a TAK)KE BBISBICHHE 0COOCHHOCTEH
mporiecca  pexuma.

B kakoii 005acTi 0CyIIECTBIISICTCS TeTePOTCHHBIN IIPOIECC, SCIN TMOBHIIIICHNE
TEMIIEPATYPhl MPUBOIMT K 3HAYUTEIIBHOMY BO3PACTAHHIO CKOPOCTH Ipoliecca?
a) B IEPEXOHOM;

0) Bo BHYTpUAU(DPY3NOHHOM

B) BO BHemHe U Y3MOHHOM;

I') B KHHCTHYECKOM

OIIK-4.3

[IporHo3upyer u peryaupyeT u3MeHEeHUe
MapaMeTpoB TEXHOJOTUYECKUX MPOIECCOB B
3aBUCHUMOCTH OT CBOMCTB ChIPbS

B peaktope 1B mnpotekaer mocieaoBareiabHas peakiusa. Kakue peKOMEeHIaIul MOYKHO
caenaTh, YTOObl JOOMTHCS: a) MAKCHUMAJIBHOTO BBIX0JIa IIPOMEKYTOYHOTO IIPOIYKTa; 0)
MaKCHMaJbHO CEJIEKTHMBHOCTH TO MPOMEXKYTOYHOMY MPOAYKTY; B) MaKCHMaJIbHOTO
BBIXOJ[a KOHEYHOTO MPOIyKTa?

[TpoBeaute ananu3 Mozaenu usorepmudeckux npouecco UC-n u B-H ¢ npoTekanuem
NPOCTHIX HEOOpPAaTUMBIX peakuuii A—B pa3Horo mopsijaka (XapakTepUCTHUECKOE
ypaBHeHHe ans T, 3aBucumoctd C(7) u x(1). BiausHMEe KOHLIEHTPAIMM HCXOJHOTO
BEIIIECTBA , TEMIIEPATyphl HA U3MEHEeHUE PyHKINHU X(T).
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[IpoBeauTe ananu3 nzorepmuyeckux npoueccos MC-n u IB-H ¢ mpoTekanrueM nmpocroii
00paTUMOii peakuMH MEPBOro MOpsiAka (3aBUCHUMOCTH X(T), BIUSHUE KOHIICHTPAIUU
UCXOJHOTO BeIllecTBa Ha H3MeHeHWe QyHKuuu X(t). BrusHue temmepaTypbl Ha
CKOPOCTbh M MHTEHCUBHOCTD IPOLIEcca B CIIyyae 3K30- U SHJOTEPMHUUECKUX peakLuil).

IIpoBeaute ananu3 n3orepMudeckux npoiiecco MC-mm u IB-H ¢ mpoTekanneM CJI0KHOI
peaknuu ¢ napajulejibHOil cxeMoii mpeBpamenusi (3aBucumoctu CA(T), XA (1),
CR(1), CS(t). Bnusiaue TemmnepaTypbl HA HHTCHCHBHOCTh M CEJIGKTHBHOCTH TIPOIIEcca).

[IpoBeaure aHamm3 wu30TepMHYECKUX IIporeccoB B peakrope MC-m um UB-mH ¢
MPOTEKAaHUEM CJI0KHOM PpeaKkluu ¢ IO0CJeI0BaATeJbHON CXeMoil NpeBpamleHust
(3aBucumoctn CA(t), XA (1), CR(1), CS(1). MakcumanbHbIli BBIXOA HIpOoaykTa R
(CRmax.) . Brnusaue TtemmepaTypbl Ha HMHTEHCHMBHOCTh, CRmax M CEJIeKTHBHOCTH
mpoiiecca).

[Tpouiecc ocymiecTBisieTCsl ¢ MPOTEKaHWEM MPOCTOH 00PaTHMOIl peakUH MEePBOro
ks

A —= R

nopsAaKa k2 .

3aBUCHUMOCTH CTeNEeHH npeBpalieHus X(t) npu temneparypax T1 u T2>T1 ans sHz0-
TEPMUYECKON U 3K30TepMUUecKoi peakuuii B peakrope B (nau MC-m) npexacrasiena
Ha puC.
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YHOO- ( | 1)

x30-(T5)

0 T
LITPUXOBBIMU JIMHUSIMU [TIOKa3aHbl PABHOBECHBIE CTEIIEHU IIPEBPALLIEHUSA Xp JUIS TEX XKe
YCIIOBUU
Kakoii TemmnepaTypHbIi pexxuM OyIeT ONTHUMAaIbHBIM AJIs OOeCeueHUs MaKCUMaIIbHOM
MHTEHCUBHOCTH IPOLIECCA C IK30TEPMHUUECKON U SHIOTEPMHUECKOU peaKLnei?




6) HOpHI[OR NMpOBEACHUA HpOMe)KyTO‘{HOﬁ aTTeCTaluy, 1NoKa3aTe/im 1 KpUTEpuu
OICHUBaAHUA:

[TpomexyTouHas aTTecTanus N0 AUCHUIUINHE « XUMHUYECKHE PEaKTOPhD BKIIOYAET
TEOPETUYECKHE BOTIPOCHI, TO3BOJISIOIINE OLICHUTh YPOBEHb YCBOCHUS O0YJaIOIMMHUCS 3HAHUH, U
MPAKTUYECKHE 3aIaHus, BBISBISIONINE CTENIEHh CHOPMUPOBAHHOCTHA YMEHHH U BIIaJICHUH,
POBOIUTCS B (hopMe dK3aMeHa.

DK3aMeH 10 JaHHOW JMCUUIUIMHE TPOBOAUTCS B YCTHOHM (popMeE 0 IK3aMEHAIIMOHHBIM OHJIETaM,
KaXK/IbI U3 KOTOPBIX BKIIIOYAET 2 TEOPETUUECKUX BOIIPOCA U OJJHO MTPAKTUUECKOE 3aJJaHHE.

Iloxa3zarenu u KPUTECPHUHA OLICHUBAHUA IK3aMEHaA:

— Ha OLEHKY «OTJMYHO» (5 0anoB) —00Oy4arouuiicss AEMOHCTPUPYET BBICOKUN YPOBEHb
c(hopMUPOBAHHOCTH KOMIIETSHITHI, BRICOKHI YPOBEHb 3HAHUM HE TOJIHKO Ha YPOBHE
BOCITPOU3BE/ICHUS U 00BSICHEHUSI NH(OPMAIIMU, HO M MHTEJUIEKTYaJIbHbIE HABBIKU PEIICHUS
npoOieM U 3ajau:

® JaeTcad KOMIUIEKCHAs OLIEHKA MPEJI0OKEHHON CUTYallUH;

® JIEMOHCTPUPYIOTCS TIyOOKHE 3HAHUS TEOPETHUECKOT0 MaTepuaja W YMEHHE HX
MPUMEHST;

® [IOCIIEIOBATENIBHOE, MPABUILHOE BBHIITOJTHEHUE BCEX MPAKTHUYECKUX 3aJaHUN;

e yMeHHe 000CHOBAHHO M3JIaraTh CBOM MBICIIH, AeNaTh HEOOXOAUMbIE BBIBOIbI.

— Ha OIICHKY «Xopo1ioy» (4 6amra) — oOydarmuiicss AEMOHCTPUPYET CPEAHUIN YPOBEHB
c(OPMHUPOBAHHOCTH KOMITCTCHIINI:

e JaeTCsl KOMIUIEKCHAs OIICHKA MPEJI0KEHHON CUTYallHH;

® JIEMOHCTPUPYIOTCSI JOCTaTOYHbIE 3HAHUS TEOPETUUECKOI0 MaTepuana U yMEHUE UxX
IPUMEHSITh; HO JIONYCKAIOTCS He3HAUUTENbHbIC OIIMOKH, HETOUHOCTH

e BBINIOJIHEHUE BCEX MPAKTUYECKUX 3aJaHUil; BO3MOXKHBI €IUHUYHbBIC OILIMOKH,
UCIPAaBIIiEMbIE CAMUM CTYACHTOM IOCJIE 3aMEYaHus MperogaBaTens;

® 3aTpyIHEHHUS NpPHU AHATUTUYECKUX OMNEpalUiX, MepeHoce 3HAHWKW M YMEHHIl Ha
HOBBIE, HECTaHJAPTHBIE CUTYaIIUH.

— Ha OLIEHKY «y/JI0BJIeTBOPUTEIbHO» (3 Oanna) — 00y4yaroniuiicst 1IeMOHCTPUPYET MOPOTOBBIN
ypoBeHb C(HOPMUPOBAHHOCTH KOMITETEHITUI:

® 3aTpyAHEHHs ¢ KOMIUIEKCHOM OLIEHKOM MpeyI0KEHHON CUTYyalluy;

® HEMOJHOE TeopeTHYeckoe O0OOCHOBaHUE, Tpedyrolee HaBOISIMX BOIMPOCOB
npernoiaBaTes;

e  BBINOJIHEHHE 3aJJaHUH ITPU TOJICKa3Ke MpernoaBaTes;

e 3aTpynHEHHs B (OPMYIHPOBKE BHIBOIOB.

— Ha OIICHKY «HeyA0BJIeTBOPUTEJIbHO» (2 Oaiia) — 00yJaromuiics: 1eMOHCTPUPYET
3HaHus He 60see 20% TeopeTHuecKoro MaTepuaa, JOMyCcKaeT CYIeCTBeHHbIE OINOKH, He
MOJKET MM0Ka3aTh MHTEIJIEKTYabHbIE HAaBBIKH PEILICHUs MTPOCTHIX 3aj1ay.



— Ha OIIEHKY «HEYI0BJIeTBOPHUTEIbHO» (1 6armn) — 00ydaromuiics He MOXKET MOKa3aTh
3HAHMS HA YPOBHE BOCIIPOU3BEICHUS U OOBSICHEHHS HH(DOPMAIINY, HE MOXKET MTOKa3aTh
WHTEJUICKTYaJIbHbIE HABBIKH PEIICHUS TPOCTHIX 3a/1a4.
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