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JIner akTyanusanuu padoyeil nporpaMmsl

PaGouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2026 - 2027
y4eOHOM TOJTy Ha 3aceanuu Kageapsl MeTalmyprud U XUMHYECKUX TEXHOJIOTHI
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3aB. kadenpoii A.C. XapueHko

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

IIporokom ot 20 . Ne

3aB. kadeapoii A.C. iapquKo




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

- pa3BUTHE Y CTYJIEHTOB CIIOCOOHOCTH MPOHUKAThH B CYIIHOCTH XUMHUKO-
TEXHOJIOTUYECKHX MPOIECCOB, PACCMAaTPUBATh UX BO B3aUMOCBSI3U IS YIIPABICHUS
KaueCTBOM XUMHYECKON MPOAYKIIMH, OCBOEHUE METOOB aHAIM3a U CUHTE3a XUMHKO-
TEXHOJIOTUYECKHUX CUCTEeM, ((OPMUPOBAHKHE HABBIKOB MPAKTHYECKOTO UCIOIb30BaAHUS
MOJIyYE€HHBIX 3HaHUHU AJis1 Oyayuiei npodeccuoHanbHON AeITeIbHOCTH.

2 MecTo qucHUILINHBI (MOYJIsI) B CTPYKTYype 00pa3oBaTeIbHOM NPOrpaMMbl

Hucrtunmuaa O01mast XuMHU4YecKasi TEXHOJIOTHS BXOJIUT B 0053aTENIbHYIO YacTh
y4eOHOro Ij1aHa o0pa3oBaTebHON TPOTrPaMMBI.

Jnst u3ydeHus TUCIUIUIMHBI HEOOXOMMbI 3HAHUS (YMEHHSI, BIIAJICHUS ),
c(hOpMHUPOBAHHBIEC B PE3YJIbTATE U3YUCHUS AUCIHUILTNH/ TPAKTUK:

Maremaruka

OO0mas 1 HeoOpraHuvecKas XUMUs

dusnka

BBeneHue B HarnpaBiieHUE

3uanus (yMEHUs, BJIaJICHNUs ), TOTYYCHHbIE IPU U3yYEHUU JaHHOM TUCIUTLINHBI
OyayT HEOOXOAMMBI AJI U3YUYECHUS JUCIUILTNH/TIPAKTHK:

Uccnenoanue mpoeccoB Mpor3BOACTBA KOKCA

Cuctembl yIpaBJIeHUS] XUMUKO-TEXHOJIOTUYECKUMH MPOIECCaMuU

CoBpeMeHHbIE METO/Ibl TOJIYYEHUSI CUHTE3-Ta3a

VYnaiauBaHue, nepepadoTKa U UCIIOIH30BAHNE ITPOMBIIIUICHHBIX Ta30B

3 Komnerennun odyyaronierocsi, opmupyemMbie B pe3yJbTaTe 0CBOEHMSI

AUCHHILIMHBI (MOAYJIs1) ¥ IVIAHMPYeMble Pe3yJIbTaThl 00y4eHHus

B pe3ynbrate ocBoeHUs TUCHMITIMHBL (Moayis) «OO0Imas XMMUYecKas TEXHOJIOT S
o0yyaromuiics 10JbKeH o0s1afaTh CIECAYIOIMMI KOMITETEHIIMSMU:

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

OIIK-1 CrocobeH pemiaTh TPOU3BOACTBEHHBIE U (MJIM) UCCIIEOBATEIbCKUE 3a]auu, Ha
OoCHOBE (hyH/IaMEHTAJIbHBIX 3HAHUN B 00JIaCTH METAJLTypTHH

OIlK-1.1 Pemaer npodeccrnonanbHble 3a1a4i B 00J1aCTH METAJUTYPTrUu U
IIPOLIECCOB METAINIO00PAa0OTKH, UCIIONIb3Ys (DyHIaMEHTaIbHbIEC 3HAHUS

OIIK-1.2 Brnaneer cnocobamu 1 mpreMaMy peleHust UCCIIe0BATENbCKUX 3a/1a4 B
MPEAMETHOM 00JIACTH METAJUTYPTHH M METAILII000pabOTKHI

OIIK-1.3 [TpumensieT pyHIaMeHTaNbHbIE MEXIUCIUIUIMHAPHBIC 3HAHUS IS

penieHus 3aa4 B npo(ecCHoHaIbHON AeSITENHHOCTH




4. CTpyKTYypa, 00bEM U COEpPIKaAHUE TUCUUIIMHBI (MOXYJIs1)
OO6mias TpyA0€MKOCTh JUCIUIUIMHBI COCTABIISIET 6 3a4eTHBIX eAuHuI] 216 akaja. yacoB, B TOM

HHUCJIIC:

— KOHTaKTHast pabota — 67 aKkaJ. 4acoB:
— aynutopHas — 63 akaj. 4acos;
— BHeayAuTOpHas —4 aKaj. 4acos;

— camocTosTenbHas pabora — 113,3 akaj. dacos;

— B (popme npakTudeckoil moaroroBku — 0 akai. yac;
— MOATOTOBKA K 3K3aMeHy — 35,7 akaj. yac

d)opMa aTTeCTaluu - 3K3aMCEH, 3a4€CT

AynuropHas g
KOHTaKTHas paboTta E z dopma TeKyIero
o =
B B aKaJ. yacax 3 Bun KOHTPOJIS
Paszen/ Tema 3 (B axan ) £ y P Kox
g 8 © | camocrosTenbHON |  yCIIeBa@MOCTH H
JTACIUTUTAHBI 3 g = . | xommeTeHIHUH
O g g paboThI MIPOMEKYTOUHOM
Tex mal. | mpakT. e aTTeCTalnuu
3aH. 3aH. | U &
1. Beenenue
1.1 OcHOBHBIE TIOHSTHUS U
omnpeneneHus. CrlpbeBas 1
pel P IToaroroBka x CobecenoBanue OIIK-1.2,
sHepreTuueckas 0asa 1 2 0,5
. cobeceI0BaHUIO Ok3aMeH OIlK-1.3
XHUMHYECKOH
MPOMBIIIIEHHOCTH
Hroro no paszpeny 2 0,5
2. O01IHMe 3aKOHOMEPHOCTH
XHUMHYECKHX IPOIECCOB
CamocrosTensHOE
U3yUYeHHE
yueOHOI 1
. Brictymiienne Ha
HAY4YHOI
TUTEPaTypHI COMHHADE,
2.1 TepMmonrHamMuKa PaTyphL. BBIIIOJTHEHHE OIIK-1.2,
. 2 1 2 IMoaroroBka
XMMHUYECKUX NPEBPaIECHUN pacueTHBIX OIIK-1.3
MIPaKTHYECKOMY o
3aganuii, Tect.
3aHSTHIO,
DKx3amMeH
TECTHPOBAHMUIO,
CeMHHapy
(KOJIOKBHY-MY)
1
CamocTosiTenbHOe
U3yueHHE
yueOHOit n
Hay4YHOU Boictynnenue Ha
JIATEPaTypHL. ceMHu-Hape
2.2 Kuneruka XTI, patyp pe, OIK-1.2,
o 4 2 2 IToaroroBka x BBIIOJIHEHUE
IIpombltieHHbIN KaTaau3 N OIIK-1.3
MIPaKTHYECKOMY | pacueTHBIX 3agaHui
3aHATHIO, Tect, Dx3aMeH
CeMHHapy
(KOJIOKBHY-MY),
TECTHPOBAHHIO
Hroro no paspeny 6 3 4
3. XUMHKO-TEXHOJIOTHIECKHE
cucrembl ( XTC)
3.1 Xumuyeckoe 1 2 | | 5 | 3 | CamocrosarenbHo | BeicTynnenue Ha OIIK-1.1,




€ U3ydeHue

yueOHOH U
npousBoAcTBO kKak XTC. Hay4YHOU
Iloxa3zarenu JIUTEPaTypbl CEMH-HAPE,
PaTypl. BBITIOJIHEHHE OIIK-1.2,
3¢ deKTUBHOCTH IToxroroBka k N
pPacUEeTHBIX 3aJaHUI OIIK-1.3
(YHKIIMOHUPOBAHMSI. IIPaKTHYECKOMY
Ok3aMeH
Cocras u crpykrypa XTC. 3aHSTHIO,
CeMHUHApY
(KOJLJIOKBUY-MY)
HWroro no pazaeny 3
4. IIpon3BOICTBO OCHOBHBIX
XHMHYECKUX IPOTYKTOB
CamocrosTenpHOe
n3yvdeHne
yueOHOH U
Hay4YHOU BeicTynnenne na
4.1 TIpon3BOACTBO aMMHUAKa, JIUTEPaTyphl. CeMHHape OIIK-1.2
HEOPTraHMYECKHUX KHUCJIIOT, 49 - Brmonnenue | Pacuernoe 3amanue. OTIK 1' 3‘
ynoOpeHuit pac4eTHBIX Tect '
3aJaHu’ OK3aMeH
ITogroroBska k
CeMHHapYy,
TECTHPOBAHHIO
HWroro no pazaeny 4,9
5. Pa3pabotka XTC
CamocrosTenpHOe
n3yJdeHune
4eOHOU U
y . CobecenoBanne
5.1 OcHOBHBIC 3TaNbI HaY4YHOU
BeicTymienue Ha OIIK-1.1,
paspabotku XTC. 2 JUTEPATypBI.
ceMHHape OIlK-1.3
Mopemu XTC. - [lonroroBka x
OKk3aMeH
MIPaKTHYECKOMY
3aHATHIO,
cobecemoBaHUIO
CamocTosiTensHOe
HU3y4YeHUe
eOHOI U
1 N CobecenoBanue
. Hay4IHOH
5.2 CpoiictBa XTC kak BricTynnenue Ha OIIK-1.1,
2 JUTEPATYPHI.
CUCTEMBI ceMHHape OIIK-1.3
- [lonroroBka k
DKx3amMeH
NPaKTUYECKOMY
3aHSTHIO,
cobeceJoBaHUIO
Hroro no pazuery 4
6. Anammz XTC.
6.1 3amaun ananmsa.
CamocTosiTenbHoe
D pekTuBHOCT
U3ydeHHe
UCTIOJIb30BaHUS N
yaeOHOU 1
MaTepHabHBIX PECYPCOB N CobecenoBanne
HAay4YHOU OIIK-1.1,
OHepreruyeckas u Boictynnenue Ha
2 JIUTEPATYPBHI. OIIK-1.2,
JKCepreTuIecKast CeMHUHape
- [loaroroBka k OIIK-1.3
a¢ppexruBaocTs XTC. OK3aMeH
NPaKTUYECKOMY
Db pekTuBHOCT
3aHATHIO,
OpraHU3allMy IIpoLecca B COBECEI0BAMIIO
XTC.
Hroro no pazzaeny 2
7. Cunre3z XTC.
7.1 3agaun ¥ METOMIBI 2 CamocTosATEIHOE CobecemoBanue OIIK-1.1,
cunresa XTC. U3yueHHE Brictynnenue Ha OIIK-1.2,




yueOHOI U

HayJHOU
TeXHOJIOTMYECKUE S
KoHIenuuu co3ganus XTC ) ceMuHape
Hern A TToaroroBka k P OIIK-1.3
CoBMeIIeHHbIE MTPOLIECCHI. Dx3amMeH
MIPaKTHYECKOMY
ITepectpauBaemsie XTC.
3AHSTHIO,
cobece10BaHNIO0
Hroro no pazzneny 6 1 2
HWroro 3a cemectp 32 16 20,4 9K3aMeH
8. Pacuer n anamm3 XTC.
ITogroroBka k
MIPaKTHYECKOMY
3aHATHIO
8.1 Pacuer MaTepHallbHBIX U CEMUHA] ’ Homaimee OIIK-1.1,
T.eHJIOBLIX 6aJIaHI:)0B XTIT 10 459 (KOJ’IHOKBI/IP}I\I/I ) Ja1anme. OIK-1.2,
My 3aueT OIIK-1.3
BBITIOJIHEHHE
JIOMAIIHETO
3a/1aHus
CaMocCTosATEIbHOE
U3yUYCHHE
yueOHOM U
HayqIHOU
8.2 AHanu3 v cuHTE3 JINTEPATYPHI.
a3JIMYHBIX CUCTEM H HOﬂFETOﬁa K Cobecenonarmze OIK-1.1,
EOI{CI/ICTCM XHUMHYECKOIO 5 at [IPAKTHYECKOM Jlovamsee 3ananue OIIK-1.2,
P y 3auer OINK-1.3
MPOU3BO/ICTBA 3aHSTHIO,
co0eceI0BaHuIo,
BBITTOJTHEHHE
JIOMAIITHETO
3a1aHus
Hroro no pazneny 15 92,9
HWroro 3a cemectp 15 92,9 3a4€T
Uroro no aucuuruinae 32 31 113,3 JK3aMe€H, 3aYeT




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

[TpoekTrpoBaHnEe 00YUYEHHUSI CTPOUTCS] HA OCHOBE CJIEAYIOUIMX TMPUHIIUIIOB:

- OOyueHHe Ha OCHOBE MHTETPAIMU C HAYKOW M MPOU3BOACTBOM.

- IIpodeccronanbHO-TBOpUECKask HAPABICHHOCTh O0YUYCHUSI.

- OpHEeHTHPOBAaHHOCTH OOYUEHUS HA JIUYHOCTD.

- OpueHTHPOBAHHOCTH OOYUEHUS HA PA3BUTHE OMBITA CaMOOOpa30BaTEILHON
JESITeIbHOCTH OYAYIIEro CIelHaInCTa.

Jis JOCTHXKEHHS TUTAHUPYEMBIX Pe3y/IbTaToB 00yueHHs, B AuciuiuinHe  «OO0rmas
XMUMHAYECKast TEXHOJIOTUS» — MCHOJIB3YIOTCS pa3iIMuHble 00pa30BaTeIbHbIC TEXHOJIOTHU:

1. TpaguumonHsle 00pa3oBaTeIbHBIC TEXHOIOTUN: HH(POPMAITMOHHAS JICKITHS,
MPAKTUYECKHUE 3aHATHS.

2. NadopmMannoHHO-KOMMYHUKAITMOHHBIE 00pa30BaTeIbHbIC TEXHOJIOTHU:
nexkuus-su3yanuzanus. [Ipaktuueckoe 3ausaTHE B (hOpME MPE3CHTAUH — TIPEICTABICHUE
Pe3yIbTATOB C UCTIOIB30BAHUEM CHEIMATH3UPOBAHHBIX IPOTPAMMHBIX CPE/I.

3. ndopmamoHHO-pa3BUBAIOLINE TEXHOJIOTHH, HAIIPABJICHHbBIC HA
(bopMupoBaHUE CUC-TEMBI 3HAHUM, 3aIIOMHHAHKE U CBOOOIHOE onepupoBanue umu. [pu
CaMOCTOSITEIIbHOM M3y4Ye-HUU JIUTEPATYPhl IPUMEHEHHE COBPEMEHHBIX HH(POPMAIIHOHHBIX
TEXHOJIOTUH JUIsi CAMOCTOS-TEIBHOTO NMOMOTHEHHS 3HAaHUH, BKITIOYasi HCIIOJIb30BaHHE
TEXHUYECKHUX M DJICKTPOHHBIX CPEICTB MH(POPMALIHH.

4. JlesiTenbHOCTHBIE TPAKTUKO-OPHEHTHPOBAHHBIE TEXHOJIOTHH, HAIIPABJICHHbIC
Ha (hopMHUPOBaHHE CHCTEMBI TPO(PECCHOHATBHBIX MPAKTUYECKUX YMEHHUH TpH pa3dope
KOHKPETHBIX CUTYalllii, OCHOBaHHBIX Ha MPAKTHYECKUX MTPUMepax, 00eCIeYnBarOIINX
BO3MO)KHOCTh KAYECTBEHHO BBINOIHATH TPO()ECCHOHANIBHYIO AESTEIBHOCTb.

5. Pa3zBuBaromue npodaeMHO-OpPHEHTHPOBAHHBIE TEXHOJIOTHH, HalIPABJICHHbBIC HAa
(dbopMupoBaHUE U Pa3BUTHE MPOOIEMHOTO MBIIIICHHUS, MBICITUTEILHON aKTUBHOCTH,
CIIOCOOHOCTH BUAETH U (POPMYJIHPOBATH MTPOOIEMBI, BHIOUPATH CIIOCOOBI M CPEACTBA IS HX
peuieHusl.

6. IHTepakTHBHBIC TEXHOJIOTHHU: KOJUICKTHBHOE O0OCYKICHUE KaKOTO-TTH00
CIIOPHOTO BOIPOCa, IPOoOIeMBbl, BEISIBICHHE MHEHHH B rpymie. M3noxenue npodiem u ux
COBMECTHOE peIlIeHHE.

7. JINUHOCTHO-OPUEHTHPOBAHHBIE TEXHOJIOIMH 00yUdeHUs, 00eCTIeYHBAIOIUE B
X07Ie yueOHOT0 Mpolecca yyeT pa3IMyHbIX CIocoOHOCTEel 00ydyaeMbIX, CO3/1aHNE
HEOOXOAUMBIX YCIIOBHHM Ui Pa3BUTHS UX UHIUBUAYAIBHBIX CIOCOOHOCTEN, pa3BUTHE
aKTUBHOCTH JIMYHOCTH B y4€OHOM Iporecce. JINUHOCTHO-OPHUEHTUPOBAHHbIE TEXHOJIOTHH
00y4yeHMs pean3yloTcs B pe3yJbTaTe HHANBUIYAIbHOTO OOLIEHUs IPenoiaBaTens 1
CTY/I€HTA, IIPU BBINOJIHEHUH Pa3IMYHbIX 3aJJaHUH, Ha KOHCYJIbTAlUsX.

B xozxe auanoroBoro o0y4eHus CTyI€HThI Y4aTcsi KpUTUYECKU MBICIUTD, peIaTh
CJIO’KHBIE TIPOOJIEMbI Ha OCHOBE aHalIM3a OOCTOSATENBCTB U COOTBETCTBYIONIEH HH(OpMAIH,
B3BEILIUBATh ATbTEPHATUBHBIC MHEHUS, IPUHUMATh POJyMaHHbIE PEILIEHHs, y4aCTBOBATh B
JMCKYCCHSIX, 00maTbes. Jlist 3Toro Ha 3aHATUSAX OPraHU3YIOTCS IpymnoBas paboTa, paboTa ¢
JOKYMEHTaMH U Pa3IMYHbIMU UCTOYHUKAMU HH(DOpMAIUH.

Peanu3zanus Takoro noaxo/a OCyIiecTBISETCS CISAYIOINUM 00pa3oMm:

1. Pactipenienenue TeM JoMalIHUX 3a7aHuil (pedepaToB) ¢ yUETOM MOKETaHUN
CTY/IEHTOB, TEMAaTUKU X HAYYHBIX HHTEPECOB U T.II.

2. IloaroroBka cTyaeHTaMH (POpPMbI OTYETHOCTH CAaMOCTOSITENIbHON paboThI (pedepart-
MIPE3eHTAIMs], BBICTYIJICHHE HAa CEMUHAPE, BBIMOJIHEHHOE PACUEeTHOE 3aaHue).

3. OOcyxIeHue MOATOTOBICHHOTO OTYETa B PEKUME TUCKYCCUH C DIIEMEHTaMHU
KOJJICKTHBHOTO PEIICHHUS] TBOPUYESCKHX 3a7ad.



6 YueOHO-MeTOqMYECKOE 0OOecTedeHHe CAMOCTOATEIBLHOM padoThl 00y4YaroImXxcst

[TpencraBieHo B npuioxeHuu 1.

7 OneHo4YHbIe CpeACTBA 1JIsl IPOBeAeHHUS IPOMEKYTOYHOM aTTeCTAlluH
[TpencraBieHbl B IPUIOKEHUU 2.

8 YuebOHo-MeToquUecKoe U MHPOPMALHOHHOE O0ecTieYeHUe TN CHUTIIMHBI

a) OcHoBHas JIMTepaTypa:

1. Urnatenkos, B. 1. OO0mas xuMuueckast TEXHOJIOTHS: TEOPHUS, TPUMEPHI, 3a]1a4H :
yaeOHoe nocodue it By30B / B. . UrnatenkoB. — 2-¢ u31. — MockBsa : 3parenbcTBo
IOpaiir, 2024. — 195 ¢. — (Bricmee o6pazoBanne). — ISBN 978-5-534-09222-6. —

Tekcr : anexTponnsiii // O6pa3oBarenbHas maaTdopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/536887

2. OCHOBBI POEKTUPOBAHUS IIPOLIECCOB MEPEPAOOTKU MPUPOTHBIX SIHEPTOHOCUTEIICH:
VYuebnoe nocodbue / Kparor A.B., Cambopckas M.A., Bonsd A.B., - 2-e uza. - Tomck:U3a-
Bo Tomckoro nosmrex. yauBepcurtera, 2015. - 166 c. / UznarensctBo « MHDOPA-M»
DnekTpoHHO-0MOIMoTeUHast cucteMa. https://znanium.com/read?id=268307

0) lono/IHUTeILHAS JIUTEPaTypa:

1. KpsunoBa C. A. BeeneHue B aHalIU3 U CHHTE3 XUMHUKO-TEXHOJIOTUYECKUX CUCTEM
[Dnek-TpoHHbI pecype] : yuebnoe nocodue / C. A. Kpeutosa ; MI'TVY. - MarHuTOTrOpCK :
MI'TY, 2016. - 1 sanekrpos. ont. auck (CD-ROM). - Pexxum nocryna:
https://host.megaprolib.net/MP0109/Download/MObject/1379 . - MakpooObEKT.

2. Ps6og, B. [I. Xumus Hedtr 1 Ta3a : yuebHoe ocodue / B.[l. Ps6oB. — 3-e u3.,
uchp. u gon. — Mocksa : UHOPA-M, 2022. — 311 ¢.— DOI 10.12737/1017513. - ISBN
978-5-16-015106-9. - Tekct : anexkrponHsiid. - URL:
https://znanium.com/catalog/product/1876804 . — Pexwum gocTyma: Mo monucKe.

3. TexHomorust mepepabOTKH yrJI€BOIOPOIHBIX ra30B : yueOHuUK s By30B / B. C.
Apytionos, 1. A. l'ony6eBa, O. JI. Enucees, ®. I'. XKardapoB. — Mocksa : M3naTenscTBO
IOpaiit, 2022. — 723 ¢. — (Bsicmee oopazoBanue). — ISBN 978-5-534-12398-2. —

Texkcr : anexTponnsiit // O6pazoBarenbHas maatdopma FOpait [caiit]. — URL:
https://urait.ru/bcode/495689

4. Komuccapos, 10. A. Xumudeckas TEXHOJIOTHS: MHOTOKOMITOHEHTHAas
pexTudukamnus : yaeoHoe ocodue s By3oB / FO. A. Komwuccapos, K. 1. [lam. — 2-e u3z.,
niepepad. u gon. — Mocksa : UznarensctBo FOpaiit, 2020. — 255 ¢. — (Bricmiee
obpaszoBanue). — ISBN 978-5-534-05626-6. — Texkcr : anexrponnstit / DbC KOpaiit [caiit].
— URL:
https://urait.ru/viewer/himicheskaya-tehnologiya-mnogokomponentnaya-rektifikaciya-454367#
page/l

5. Ilepesanos, B. I1. ToHKui opraHn4ecKnii CHHTE3: IPOESKTUPOBAHKUE U
o0opynoBaHue MPOU3BOACTB : yueOHoe mocodue st By3oB / B. I1. Tlepeanos, I'. 1.
Konnobckuii. — 2-e uzn., nepepad. u qomn. — Mocksa : U3parensctBo KOpaiit, 2020. — 312
c. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-11860-5. — Tekcer : anexktponnsiii / 9bC
Opaiit [caiiT]. — URL.:
https://urait.ru/viewer/tonkiy-organicheskiy-sintez-proektirovanie-i-oborudovanie-proizvodstv-4
46284#page/1

6.CmupHOB A. H. I'eTeporeHHble XUMUYECKHUE MPOLIECCHI [ DIIEKTPOHHBIN pecypc] :
yuebHoe ocobue / A. H. Cmupnos, C. A. Kpsutosa, B. U. Cricoes ; MI'TY. -

Marnutoropck : MI'TV, 2016. - 1 anektpoH. ont. quck (CD-ROM). - Pexxum nocryma:
https://host.megaprolib.net/MP0109/Download/MObject/20953 . - MakpooObekT. - Teker :



https://urait.ru/bcode/536887
https://znanium.com/read?id=268307
https://host.megaprolib.net/MP0109/Download/MObject/1379
https://znanium.com/catalog/product/1876804
https://urait.ru/bcode/495689
https://urait.ru/viewer/himicheskaya-tehnologiya-mnogokomponentnaya-rektifikaciya-454367#page/1
https://urait.ru/viewer/himicheskaya-tehnologiya-mnogokomponentnaya-rektifikaciya-454367#page/1
https://urait.ru/viewer/tonkiy-organicheskiy-sintez-proektirovanie-i-oborudovanie-proizvodstv-446284#page/1
https://urait.ru/viewer/tonkiy-organicheskiy-sintez-proektirovanie-i-oborudovanie-proizvodstv-446284#page/1
https://host.megaprolib.net/MP0109/Download/MObject/20953

7. CmupHOB A. H. Xumnueckue peakTopsl. ' oMOreHHbIN H30TEPMUYECKHUI MTPOLIECC
[Dnex-TponHBIi pecypce] : yuebHoe mocooue / A. H. Cmupnos, C. A. Kpsiora, B. U.
Cricoe ; MI'TVY. - Marautoropck : MI'TY, 2016. - 1 snektpoH. onrt. auck (CD-ROM). -
Pexxum moc-tyma: https://host.megaprolib.net/MP0109/Download/MObject/20954 . -
MakpooObeKT. - TekcT : aneKTpoHHBIN. - CBeneHus 1ocTynHbl Takke Ha CD-ROM.

8. JleroBanpiieB, A. O. XuMuueckasi TEXHOJIOTHUS: METAJUTyprusi, KOPPO3HUsi METAIIIIOB
Y CIIOCOOBI 3aIIUTHI OT HEE, CBIPEBOE U IHEPTETHUECKOE 00ECIIeUeHNe XUMUUECKUX
MIPOM3BOJICTB, XMMHUYECKOE MaTepuagoBeacHue: yueoHoe mocooue / A. O. JletoBanbiies, E.
A. PemernukoBa ; FOxHbIil Gpenepanbubiii yaupepcurer. — PoctoB-Ha-Jlony ; Taranpor :
NznarensctBo KOxHOTO henepanbroro ynuepcurera, 2019. - 102 c. - ISBN 978-5-9275-
3174-5. - Tekcr : anexrponnsrii. - URL: https://znanium.com/catalog/product/1088139 . —
Pexxum noctyna: mo mojnucke.

B) MeToauuyecKue yKa3aHus:

1. CmupnoB, A. H. TIpon3B0ACTBO XUMHUYECKUX MTPOIYKTOB : yueOHOe mocooue. Y. 1/
A. H. Cmupnos, C. A. Kpsuiosa, B. U. CsicoeB; MI'TVY. - Marautoropck : MI'TY, 2018. - 1
anektpoH. ont. auck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2227 - MakpooObekT. - Tekcr :
AJIEKTPOHHBIN. - CBenenus poctymnusl Takke Ha CD-ROM.

2. IlpousBocTBO XUMU4eCKUX NpoAYyKTOB. Y. 2. IIpon3BOACTBO CEPHOI KUCIIOTHI :
npaktukyM / A. H. CMupHOB [u ap.] ; MarHuTOrOpCcKuii roc. TeXHHYECKUit yH-T UM. . U.
Hocoga. - Marautoropck : MI'TY um. I'. U1. Hocosa, 2019. - 1 CD-ROM. - 3armx. ¢ tuTy.
skpana. - URL: https://host.megaprolib.net/MP0109/Download/MObject/2514 . -
MaxkpooObeKT. - TeKCT : aeKTpoHHBIH. - CBeaeHus goctymnHsl Takke Ha CD-ROM.

3. CmupHoB, A. H. [IpousBoctBo xumuueckux npoAaykroB. Yacts 3. IIponsBoacTso
dbocdopHOii KUCTOTHI : MpakTUKyM [ By30B] / A. H. Cmupnos, C. A. Kpsinosa, 1. U.
AnekceeB ; Maruutoropckuii roc. rexunueckuit yH-T um. I'. 1. HocoBa. - Marauroropcex :
MI'TY unm. I'. UI. Hocoga, 2020. - 1 CD-ROM. - 3aru. ¢ Tutyn. skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2765 . - MakpooObekT. - TekcrT :
ANEeKTPOHHBIN. - CBeeHus noctymnHel Takke Ha CD-ROM.

r) IIporpammuoe obecieuenune u MHTEpHET-pecypchl:

IIporpamMHoe odecnevenue

HaunmenoBanue .
o Ne norosopa Cpox nercTBUs TUIIEH3UN
Qﬂrg’f(e)sg'gﬁjow Ne 135 ot 17.09.2007 GeccpouHo
7Zip cB0OOaHO pactpocTpansemoe [10 6eccpouHo
FAR Manager cB00OOIHO pactpocTpansemoe [10 O6eccpouHO
Bbpaysep Yandex |cBoOoaHo pacnpoctpansiemoe [10 0eccpovHO

IIpodeccnonanbubie 0a3bl JAHHBIX 1 HH(POPMALMOHHBIE CIIPABOYHbIC CHCTEMbI

| HasBanue kypca | Ccplika
denepaibHOE  TOCYJapCTBEHHOE  OIOJKETHOE
yupexaeHue «DenepanbHbIT urctutyT|URL: http://www1.fips.ru/

MTPOMBITIIUICHHON COOCTBEHHOCTH)

HarmonanpHas WH(MDOPMAIHOHHO-aHATUTHYCCKASI
cucrema — Poccuiickuii  umHzmekc Hayunoro|URL: https://elibrary.ru/project risc.asp
nutupoBanus (PYHI)
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[TouckoBas cuctema Axamemusi Google (Google

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

OnexTpoHHbIe pecypchl Ooubmmoreku MITY um. hitps://host.megaprolib.net/MPO109/Web
I".1. HocoBa ' ' '

9 MaTtepuajibHO-TEXHHYECKOe o0ecriedeHne TUCHUIINHbI (MOLYJIs1)

MarepuanbHO-TEXHHUUECKOE 00eCIIeYeHHEe AUCIUIINHBI BKIHOYALT:
VY4eOHble ayAUTOPUH [T IPOBEACHUS 3aHATUN JIGKLIMOHHOTO TUIIA
MynbTUMEANIHBIE CPEICTBAa XPAHEHHUS, IEPEIaud U MPeICTaBIeHI HH(OPMAIIHH.

YueOHast ayuTopus JJis TPOBECHUS MPAKTHUECKUX 3aHATHHA, 3aHITUN
CEMHHAPCKOI0 TUNA, TPYIIIOBBIX U MHIUBUAYAIbHBIX KOHCYJIbTAMW, TEKYILIETO KOHTPOJIS U
MIPOMEXYTOYHOH arrectanuu Jlocka, yaeOHbIE CTOJIBI, CTYIbS

Y4eOHbIe ayTUTOPUH )T CAMOCTOSITEIILHOM paboThl 00y4aroimuxcs [lepcoHaibHbIe
komibioTepsl ¢ makerom MS Office, BeixogoM B IHTEpHET | ¢ JOCTYIIOM B 3JIEKTPOHHYIO
MH(POPMAIIMOHHO-00Pa30BATEIBHYIO CPEly YHUBEPCUTETA

[TomernieHust 17151 XpaHEHHs ¥ TPOPHIAKTHYESCKOTO 00CITy)KUBaHUSI Y4eOHOTO
obopynoBanusi CTennaxu I XpaHeHHus] 000pyI0BaHUS

Mertoandeckas auTeparypa s y4eOHbIX 3aHST

WHCTpYMEHTHI ISl PEMOHTA U TIPO(PHUIAKTHUECKOTO 00CITY>)KUBAHHS YI€OHOTO
o0opynoBaHus



https://scholar.google.ru/
https://host.megaprolib.net/MP0109/Web

Ipuioxenne 1

Y4eOHO-MeTOAMYECKOE O0ecTIeYeHre CAMOCTOSITEIbHOM PadoThl 00y4ar0IUXCS

[Ipumepbl pacyeTHBIX 3aIaHUM:

Pacuem pacxoonvix koIgpghuyuenmos

IIpumep 1. Paccuurars pacxos WIIbMEHUTOBOM py/ibl M CepHOI KucioThl Juist nomydenus 1t TiO, ,
€CIM COoIeprKaHue TUTaHa B pyJie cocTasisieT 24,3% (macc.), a crenens paznoxkenus FeTiO, n Fe, O,

89 %. B mpomsBoactBe npumensiercst 80% cepHast kuciora ¢ 50% U30bITKOM OT TEOPETHUYECKOTO.

Pemnenue: [MTomyuenne TiO, WAET MO CIETYOLM PEAKLIHSM:

FeTiO,+2H, SO, =(Ti0)SO, +FeSO,+2H, O 1)

Ti0OSO,+2H,0=H,TiO,+ H,SO, 2
H,TiO,—TiO,+ H,O 3)

Fe, O, raroke pearnpyer ¢ H, SO, (moGouHast peakusi) :
Fe,O0,+ 3H,SO,=Fe,(SO,), +3 H,0 @)
Haiinem coneprkanue Ti B UMCTOM WIIbMEHUTE:
1 moms  FeTiO, -1 moms Ti
WiIn 152 kr FeTiO,-48 xr Ti

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

ITo ycnosuto conepxanue Ti B pyze cocraisieT 24,3%.
Haiinem coneprkanue FeTiO, B pyne:
31,5-100%
24,3 -x , x="78%

3Hauurt, Fe, O, B pyze conepxurcs 100 — 78 = 22%.

Pacxon FeTiO ; msa nomyuenust 1 T TiO , o peaxuusiv (1) - (3) coctasmser:



1 xmonb FeTiO, - 1 kmoms TiO,
152 xr FeTiO, -80xr TiO,
X - 1000 kr, x = 1900k,
C yuerom crenenu paznokenus:  1900: 0,89 = 2130 kr,
¢ yueroM coctaBa pyasl:  2130: 0,78 =2731 kr.
Pacxon H, SO, :
- 1o peakimu (1) :
1 moms FeTiO, - 2moms H, SO,
152 kr - 2*196 xr
1900 xr -X, x =2450 xr
- 110 peakiwu (4) :
1mom Fe,O, -3momH, SO,
160 xr - 294 xr
(2731-0,22) kr -X, x=1104 kxr
Bcero 2450 + 1104 = 3554 xr.
C yuerom 50%-10 n30BITKA OT TEOPETHYECKOTO :
3554 -1,5=5331 k.
C yuerom 80% KOHIICHTpAITHH :
5331:0,8= 6664 kr

Ortsert : pynbl 2731 kr, KUCHOTHI 6664 KT.

Tepmoounamuka u kunemuxa XTIT

1. s peaknun A =C +2 D paccuuTaiite cocTaB peaKLIMOHHON CMECH, ECIIH
HavalbHOE KOJIM4YecTBO peareHTa A — 30 MoIb, a cTeneHsb ero npespamienns — 0,8.

Hns peakiun C,H, +H,0 < C,H;OH  omnpenenure BO3MOKHOCTb IIPOTEKAHUS

B IIPSMOM HANpaBICHUM M KOHCTAHTY pPaBHOBECUS IPH CTAHAAPTHBIX YCIOBHUAX U IIpU
temneparype 700 K (Bocnonb3oBaBminch ypaBHeHueM TemkunHa-11IBapumana).

2. [Tpu cuHTE3e aMMHaKa Ta3, BEIXOSIINN U3 KOJOHHBI, UMeeT cocTaB (00.%): NH3-17,0;
N,—11,0; Ho— 72,0. PaccuntaTth cootHomienne N- . Hy B HCXOIHON CMECH.

3. Jlnst oneMeHTapHoi peakumu  Hy )+ Ar,y = 2H )+ Ar,y,



Lot Konnentpanuun peareHToB

koHcTaHTa ckopoctu npu 3000 K paBua 2,2 10* - moup™
paBHBI, MOJIB/JT: Boopoaa - 4,1 10, aprona - 4,1- 107, IIpu KaKo¥ KOHLICHTPALlUKA aprOHa

CKOPOCTb pPEaKLIU{ YBEIUYUTCS B 2 pa3za?

4. HekoTtopass XMUMHUeCKas peakiisl MpoTeKarollas 0e3 KaTaiu3aTopa MMEET JHEPrHiO
aktuBamun By = 5-10* k/Dx/Mons 1 koHcTanty ckopoctd Ki mpu Temmeparype 500 °C. B
NPUCYTCTBUH KaTalnu3aTopa MpPU 3TOW e TeMIepaType JHEeprusi akTUBAalMU cocTaBuia Ep =
3,5-10" k>x/Moub, a KOHCTaHTa ckopoctu ky. Onpenenure:

a) BO CKOJIBKO pa3 YBCIIMYUTCA CKOPOCTb KaTaJIuTHYSCKOMN P€aKknuu 1o CpaBHEHHIO C
HEKaTATUTHICCKOMN IIpH TEX KE YCJ'IOBI/IHX?

0) Ipu KaKo# TeMIiepaType KaTaJTuTHIecKas peakius OyAeT MPOTEKaTh C TAKOU ke
CKOPOCTBIO, YTO M HeKatasuTrudeckas mpu 500 oC,

Cocmasenenue MamepuatbHoco oananca

ITpumep 2 . CocTaBUTh MaTepUalibHBIN OaaHC OKUCIICHUSI aMMUaKa (Ha 1T a30THO# kucnotel). CTeneHb
okucnenns NH,; mo NO-0,97; n0 N,-0,03; NOgo NO, - 1,00. Crenens abcopOrpm 0,92.

Conep:kaHue aMMHUaKka B CyXOi aMMHavHO — BO3IyIIHOM cMecH 7,13% (macc.). Bo3myx HachlIieH mapamu
BozibI TipH 30°C. OTHOCHTEIBHAS BIAKHOCTH 80%.

Tennosvie pacuemobl. Cocmasnenue menoeozo oananca

ITpumep 3. [pu obxwure mmxTHI, copepskareil 10T M3BeCTHsIKA M KOKC OTIPEIeIUTh:
a) pacxoj1 kokca coctaBa (Macc.%): C - 91; 3oma— 7; Biara — 2;

0) cocraB 00KUTOBBIX Ta30B (00.%); B) TeruioBoi ekt peakipm ooxura. CTeneHb pasioKeHHs PU
o0xkure m3BecTHsIKA 95%. Bozmyx momaercs ¢ 40% n30bITKOM.

Ipumep 4. Cvmernamu 2xr 20%-T0 pacTBopa cepHoi KUCIOThI U 3 KT 12%-r0 pactBopa NaOH .
OnpenenuTs TEMIIEpaTypy pacTBOpa Mocie CMEIIEHHs, €CIIM IEPBOHAYAIBHAS TEMIIEpaTypa KHCIIOTbI U
mienoun 20°C, oTepu Teruia B OKpy»Karolryto cpery 1%.

IIpumep 5. CocTaBUTh TEIIOBOM OAIaHC peaKTopa sl TIOTYYeHHS BOAOPO/Ia KATATUTHYECKOM
KoHBepcueit Metana. CocTas HCXOHOM rasosoit emecu (M*): CH, - 97,8; H,0 - 250,0. [ToTepu TemioTs!

cocTaBysitoT 4% oT npuxosa. Temmeparypa cmecu Ha Bxozie B peaktop - 380°C, va Berxoze 800°C.

C npuMepamul BBHITIOJTHEHHSI HEKOTOPBIX PACUETHBIX 3aJIaHUH MOYKHO O3HAKOMHUTBCS I10
yu4eOHBIM TOCOOHSIM:

1. Cmupnos, A. H. [Ipon3BoACTBO XUMHUYECKUX MPOIYKTOB : ydeOHoe mocobue. U. 1/ A.
H. Cvmupnos, C. A. KpsutoBa, B. U. CsicoeB; MI'TY. - Marautoropck : MI'TY, 2018. - 1
DIIEKTPOH. OIIT. JTUCK (CD-ROM). - URL.:
https://host.megaprolib.net/MP0109/Download/MQObject/2227 - Makpoodbekt. - Tekct
ANIEKTPOHHBIN. - CBefieHus gocTynHbl Takke Ha CD-ROM.



https://host.megaprolib.net/MP0109/Download/MObject/2227

2. IlpousBoncTBO XUMHYeCKHX MpoaykToB. Y. 2. IIpom3BOACTBO CEpHOIl KUCIOTHI :
npaktukym / A. H. CmupnoB [u 1p.] ; Marauroropckuii roc. TexHudeckuid yH-T um. . .
Hocoga. - Maruutoropck : MI'TY um. I'. U. Hocosa, 2019. - 1 CD-ROM. - 3arxn. ¢ tuty:n.
skpana. - URL: https://host.megaprolib.net/MP0109/Download/MObject/2514 .-
MakpooOBeKT. - TeKCT : AneKTpoHHBIN. - CBeieHus qocTymHbl Takke Ha CD-ROM.

3. Cmupnos, A. H. IlpousBoacTBo xummuueckux mnpoayktoB. Yacte 3. IIpomsBomcTBO
dbocdopHOii KUCTOTH : TpakTUKyM [ai1s By30B| / A. H. Cmuphos, C. A. Kpsinosa, /. 1. Anekcees
; MarauToropckuii roc. Texuuueckuid yH-T um. I'. 1. HocoBa. - MarauTtoropck : MI'TY um. I'. U.
HocoBa, 2020. - 1 CD-ROM. - 3arn. ¢ turyn. o9kpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2765 . - Makpooobekr. - Tekcr
ANIEKTPOHHBIN. - CBenenus poctynusl Takke Ha CD-ROM.

Memoouueckue yKazanusa K blNOJIHEHUIO 00OMAUIHE20 3A0AHUA NO AHANU3Y U CUHME3Y
PA3TUYHBIX CUCIEM XUMUUECKO20 RPOU3600cmed (no 3a0anuto npenooasameis uiu 6bloopy
cmyoeHnma, co2n1aco8anHo20 ¢ npenooasamenem).

Tpumepor unousudyanvuwvix oomawinux 3aoanuti (M/[3):

H/I3 Nel TIpoBect  aHanu3 paboOTHI OEH30IBHOTO OTAENEeHUS B ycioBusax AO
«Ypanbckas Ctanby C LENbI0 YBEIIMYCHHS CTETIEHU U3BIICYEHUS OEH30JIbHBIX YTIIEBOJIOPOAOB U3
KOKCOBOT0 rasa, CTaOMIN3aluuu padoThl U yJIy4IIEHUS TEXHUKO-DKOHOMUYECKUX MTOKa3aTesen
XTC npousBocTBa CHIPOro OeH30J1a.

HJ13 Ne2 TIpoBecTu aHanu3 MOACUCTEMBI TEPMOXUMHUUYECKOW OUMCTKY IIEYHOIrO arperara
muann AHT'TI-3 TTAO «MMK» u copmynpoBaTh peKOMEHIAIMH M0 YIyYIIEHUIO KauecTBa
OYHCTKH ¥ TIOATOTOBKH OBEPXHOCTH IOJIOCHI.

HJ[3 Ne3 TTpoBectu aHanmu3 3pPEeKTUBHOCTU PaOOTHI HCKPOBOTO CHEKTPOMETPA MapKH
«SpectroMAXx-2», ncrosb3yeMoro B Jlabopatopuu aHanutruueckoi xumuu [TAO «MMK» Ha
yuactke [IMIT u JITTL{-8. ChopmynrpoBaTh peKOMEHIAINH 110 YCTPAHEHUIO HEJJOCTaTKOB B €r0
paboTe U MOBBIICHUS TOYHOCTH PE3Y/IHTaTOB aHAIIN3A.

PekomennyeMoe Ha3BaHUE pa3/ieliOB B MOSICHUTEIBLHOM 3aIMCKe
1. Conepxanue.

2. 3amanue.

3. BeegeHue.

4. Cunre3 XTC.

4.1. O6ocHoBanue co3nanus dpdextuBHoit XTC;

4.2. Onpenenenue TexHonorndeckoi Tomonoruu X1C;

4.3. YcraHOBJIEHHE TEXHOJIOTMYECKHUX U KOHCTPYKIIMOHHBIX mapameToB X TC,
TEXHOJOTMYECKHUX ITapaMeTPOB PEKMUMA U IIOTOKOB;


https://host.megaprolib.net/MP0109/Download/MObject/2514
https://host.megaprolib.net/MP0109/Download/MObject/2765

4.4. Nzobpaxenue rpadpuuecknx mozaene XTC (pyHKIIMOHATBHOM, CTPYKTYpPHOM,
ONEPATOPHOM, TEXHOJIOIMUECKON CXEMBI C OIMUCAHUEM).

5. Anamus XTC.
5.1. IlpencraBienue n3ydyaeMoro o0beKTa B BUJIE HEPAPXUICCKOM
ctpykTypsl XTC;

5.2. lloctpoenne Mmatematrnueckoit Mmojienu XTC; (mpu BO3MOXKHOCTU WK BHECTH
3TOT pa3zeil NOCIe U3YyUEHUS IPYTUMX COOTBETCTBYIOIINX JAUCLHUIIIMH)

5.3. U3yuenue cBoiicTB 1 3hexkruBHOCTH PyHKIMOHUpOBaHUS XTC
6. 3aKiroueHue.
7. CHUCOK UCHOJIb30BaHHOMN JINTEPATYPBHI.

Pa3nen «3aganue». B Hem nomkeH ObITh yKa3aH KOHKPETHBIN THIT
MIPOU3BOJICTBEHHOTO MIpOLIecca, UIsi KOTOPOro OyaeT MpoBOAUTHCs cuHTe3 U aHanu3 XTC.
3neck ke MPUBOJIUTCS 3a7a4a, KOTOPYIO CIeAYeT peliaTh Ui U3y4eHHs] CBOUCTB U
s dextuBHOCTH dyHKIIMOHUpOBaHus XTC.

Bo BBeieHnHU (OpMEHTUPOBOYHO 1-3 CTp.) B KpaTKoi M 4yeTKol opMe JOKHBI ObITh
chopMyIHpOBaHbl U 0OOCHOBAHBI OCHOBHBIE ITYTH Pa3BUTHsI pacCMaTpUBAEMOI0
IPOM3BOJICTBA, C(HOPMYIMPOBaHA 1IeJIb PaOOTHI, OLIEHEHA aKTYalIbHOCTb BEIOPAHHOM TEMBI U
IIyTH pPELICHUs ITOCTABICHHOM 3aJa4H.

Pasnen 4. Cunre3 XTC npencrapiisier 04Hy U3 IJIaBHBIX COCTABHBIX YaCTEU
pacueTHO-MOSICHUTENbHOM 3amucku. JIro0oi paccMaTprBaeMblii XMMUKO-TEXHOJIOTHYECKHIA
MIPOIIECC WM XMMHUKO-TEXHOJIOTUYECKOE TPOU3BOCTBO CIEAYET MPEACTABIATH KaK CIOXKHYIO
XTC, cocrosmryro u3 OOJBIIOTO YKCIIa anapaToB U CBs3e Mex 1y HUMU. KoHeuHas 11eb
cuntesa (pazpadborku) XTC — co3ganue BEICOKOI(PPEKTUBHOTO XUMHYECKOTO TIPOU3BOJICTBA,
T.€. IPOU3BOJICTBA, MO3BOJIAIONIETO MOJYy4aTh MPOAYKIIUIO HE TOJIBKO B 33JJaHHOM O0BheMe U
TpeOyeMoro KauecTBa, HO M1 SKOHOMHUYECKH 11eJIeCO00pa3HbIM ITYyTEM.

Pa3nen 4.1. O6ocHoBanue co3ganus BeicokodPdextuBHbix XTC. IIpoBoautcs Ha
OCHOBE JIUTEPATYpHBIX TAaHHBIX. B KpaTkom 0030pe nuteparypsl (OpHeHTHPOBOYHO 5-10
CTPaHUL) TOJKEH COAEPKATHCS KPUTHUUECKUIN aHAJIN3 JaHHBIX O PACCMaTpPUBAEMOM
IPOM3BOJICTBE, UMEIOIINXCS B yUeOHUKAX, MOHOTpa(UsIX, MEpUOANYECKON U AaTeHTHON
auteparype. B 0030pe 10KHBI ObITh 0003HaUEHbI HanboJiee MPOrpeCCUBHbIE
TEXHOJIOTHYECKHE CXEMBI U 000py/I0BaHUE, PEITI0KEHA TaKasi CXeMa TEXHOJIOTHYECKOT0
mpolecca, KOTopasi O3BOJIUT BBITYCKAaTh MIPOAYKIIMIO BEICOKOTO Ka4eCTBAa C HAMMEHBIIUMU
3aTpaTaMy MaTE€pUAIbHBIX U SHEPTeTUYECKUX PECYPCOB U OJJHOBPEMEHHO 00ECTIeUUT
TpeOoBaHUs, MPEAbSBISIEMbIE K 3aIIUTE OKpYXkatomiei cpenbl. [Ipu 3ToM B iuTepaTypHOM
0030pe T0JKHBI OBITH HA3BAaHBI IYTH CO3aHUS YPPEKTUBHON TEXHOIOTUYECKON CXEMBbI
(BBeJIeHHE IUKIMYECKUX TTOTOKOB, CXEM 3aMKHYTOI'O BOJI0OOOPOTa, 3aMeHa 000py10BaHHUs
0oJiee MPOrpecCUBHBIM, BBE/IEHNE N3MEHEHHH B TEXHOJIOTMUYECKHI Mporece u T.1.).

Pa3nen 4.2. Onpenenenne texunonorundeckoit rononoruu X TC. TexHomornueckon
tonosiorueil XTC Ha3bIBaIOT XapakTep U NOPSIOK COEAMHEHUS OT/ACIbHBIX allapaToB B



TeXHOJIOTHYecKoi cxeme. C y4eToM JTUTEpaTypHOi MpopabOTKH Ha OTACIBHOU CTPAHUIIS
CTYZCHT JIOJDKEH BbIOpATh amlmaparhl CXeMbl, ONPEACTUTh XapaKTep CBA3EH MEXKILY
arraparaMu, yCTaHOBUTDb ONTHUMAIbHBIN MOPAIOK COCANHCHUS OTACIBbHBIX 3JICMCHTOB B
TEXHOJIOTUYECKYIO CXEMY.

Pa3nen 4.3. YcraHoBI€HHE TEXHOIOIMUECKUX M KOHCTPYKLIMOHHBIX TApaMETPOB
XTC, TeXHOIOTMUECKUX MTAPaMETPOB PEXKUMA U IIOTOKOB.

B aTom pa3zneine pacueTHO-IIOSICHUTENbHOM 3alMCKU CIEAYET HAa OTAEIbHON CTPAHULIE
(MOXHO B BUJIe TaOJUIIBI) YKA3aTh 3HAUCHHSI BXOTHBIX IEPEMEHHBIX, T.€. (PHU3NUIECKUe
[apaMeTpbl BXOJHBIX IIOTOKOB ChIPbsI (TEMIEPATYPhl, JaBICHUS U Ap.), TEXHOJIOTMUYECKUX
napamerpoB XTC (cTeneHb npeBpalieHus Colpbs, CTENIEHb PAa3AEICHUS XUMUIECKUX
KOMIIOHEHTOB, KOHCTaHT CKOPOCTEH peakuuii, KoapHUIMEHTOB Macco- U TEIUIoNepelaun U
T.I1.), KOHCTPYKIMOHHBIX apameTpoB X TC (reoMeTpuyeckux XapakTepuCTHK
anmnapaTrypHoro opopmieHHust — 00beMa XUMHUYECKOTO PEakTOpa, OCHOBHOTO CEUEHUS
anrmapara, BbICOTHI CJI0S1 HACAIKH U T.I1.), TAPaMETPOB TEXHOJIOTNYECKOI0 pexXUMa B
annaparax (anementax XTC) — reMneparypsbl, 1aBJICHHs, aKTUBHOCTH IIPUMEHSAEMOTO
KaTajau3aTopa, yCJIOBUM THIPOJMHAMUKY IOTOKOB KOMIIOHEHTOB; [1apaMETPOB
TEXHOJIOTMYECKHUX IIOTOKOB (MaCcCOBBIM pacxo, TeMIEpaTypa, 1aBJIeHUE, KOHLIEHTPALUs
BEIIIECTB B MIOTOKE U T.II.).

Pasnen 4.4. 3o0paxenue rpapuueckux moxaenenn XTC.

KauectBennsle (0600111€HHBIE) MOJIETH CYIIECTBYIOT ABYX BUIOB:
OTIePAIIMOHHO-OIMCATENIbHBIC U HKOHOTPaQHIeCKHe.

HxoHorpaguueckue MO/IEIH CBA3aHbI ¢ HAIJISIHBIM I'pa@UuecKuM U300pakeHueM,
4epTEKOM. DTO Pa3IMUHBIE BUJIBI CXEM XUMHUKO-TEXHOJIOTHUYECKOTO MPOLIECCA, BBIMOIHEHHBIX
B BU/JIE uepTexkei: QyHKIMOHAIbHAs, CTPYKTYpHasl, OllepaTOpHasi, TEXHOJOTHYECKasl.

OyHKIMOHATBHAS cXeMa JIaeT o0Iiee mpecTaBiIeHue o mpoiecce () yHKIIMOHUPOBAHUS
XTC. Ilo Helt MOXKHO OIPENENUTh, KAKUE ONEPallMi COBEPIIAIOTCS B POU3BOJICTBE U B KAKOH
nocJyenoBaTeabHOCTH. CBEEHNN O THMaX OTACIBbHBIX 3JIEMEHTOB (DYHKIIMOHANIbHAS CXEeMa He
JTaeT.

CrpykTypHas cxema JaeT n3odpaxenue Bcex aaemMeHToB X TC B Buze 010KOB 1
TEXHOJIOTHYECKUX CBsI3EH MCKIY HUMU.

OnepaTopHaﬂ CXCMa JAaCT HaArJIAAHOC IIPEACTABIICHUC O (I)I/I3I/IKO'XI/IMI/I‘-ICCKOI71
CYITHOCTHU TCXHOJOTHYCCKUX MMPOUCCCOB CUCTCMBI.

TexHomorudeckas cxema aaer HanOoJIee KaUeCTBEHHOE OpCACTABJICHUC O IIPOLCCCEC.
Kamnmﬁ 9JICMCHT IIpoLeCCa MOKa3aH B BUAC YCIIOBHOT'O O6H_IerI/IH$ITOF O CTaHAAPTHOT'O
I/1306pa)KeHI/I$I. IIo cxeme MOKHO CYAUTh O TUIIAX U crocobax COCIUHECHUA 3JIEMECHTOB, O
MOCJICA0OBATCIIBHOCTU OTACIIBHBIX TEXHOJIOTHYCCKUX IMTPOLECCCOB.

Bce monenu pacemarpuBaemoit XTC npeacTaBisitoTes MOTHO, KaXK/1asi Ha OTAEIbHOM
nucte. BHauyane npuBoauTcs xumudeckas cxema X TC B cTexuoMeTpuieckoit popme, naiee
MOCJIeIOBATEILHO (PYHKITMOHAIBHAS, CTPYKTYPHAs, OllepaTOpHasi, TEXHOJIOTHYECKasl.



N300pakeHre TEXHOJIOTHYECKOW CXEMBI COTTPOBOXKIACTCSI ONTMCAaHHEM
TEXHOJIOTUYECKOTO Tpolecca.

Onucanue TEXHOJIOTMYECKOTO MPOLECcca IIPOBOJUTCS C YYETOM IOCIEN0BATENBHOCTH
OCHOBHBIX TEXHOJIOTHYECKUX OTEpaIuii B COOTBETCTBHH C BRIOPAaHHON TEXHOJIOTMYECKON
CXEMOIi TPOU3BOJICTBA U €€ anmapaTypHbIM opopMileHHeM. B onncannn yka3pIBaloTCs
Ha3HAYEHHUE OTJIENbHBIX CTAANN, (PU3UKO-XUMHUYECKAs CYIIHOCTh MPOIIECCOB, HOMEpa
MO3HILIMHN C TEXHOJIOTHYECKOH cxeMbl. [IpuBoanTCs KpaTkoe onucanue paboTbl OCHOBHOTO
00opyIoBaHuUs.

Paznen 5. Anamuz XTC — T.e. nonydenue csenenuii o pyaxnuonupoBanun XTC B
3aBHCUMOCTH OT BHIOPAHHON XUMHUYECKOW CXEMBI, CTPYKTYPBI TEXHOJIOTHUYECKUX CBSA3EH
MEXy 2JIEMEHTAMH U MOJICUCTEMAMH, & TAKXKE OT KOHCTPYKLIMOHHBIX U TEXHOJOTHYECKUX
apaMeTpoB, UCXO/Is U3 33/IaHHBIX CBOICTB U MOKa3aTesel (PyHKIMOHUPOBAHUS, UMEIOIINX
ONTUMAJILHOE 3HAUEHUE.

Pa3nea 5.1. Uepapxuueckas ctpykrypa XTC npencrasisier coboit BO3pacTarolyo 1mo
MaciiTabam mociae10BaTeIbHOCTh:

A% XII
F
v XTII
II1 arperartel
F 3
I ammaparhbl
I OT/IeTbHBIE NIPOIECCHI

Hepapxuueckas ctpykrypa XTC noka3biBacT HaIMYHE OTHOLIEHUH CONIOJYNHEHHOCTH
MEX/y YPOBHSAMHU (IIOICUCTEMAMH) U CYIIECTBOBAHNE B3aUMOCBS3H MEXY MOJCUCTEMAMU
OJIHOTO U TOTO 7K€ YPOBHS.

Pasznen 5.2. CYIJ_IHOCTL MAaTEMaTUYICCKOTr0o MOACIIUPOBAHUS, SABJIAIOMICTOCA
MaTeMaTHYeCKUM METOAOM XMMHYECKOM KI/I6epHeTI/IKI/I, 3aKJII0O49ac€TCsAa B TOM, UTO JCTAJIbHOC
HU3YUCHHUC MMpOoLEeCCa NPOU3BOINUTCA HA MaTeMaTH4eCKO MoAeIu IIpr TOMOIIH OBM.

MareMaTuueckoe MOACIIUPOBAHUC OCYHICCTBIIACTCA B TPU B3aAUMOCBA3aHHBIC CTAIUU:

1) popmanuzanms n3ygaemMoro mporecca - IOCTPOSHHE MaTeMaTHYECKOH MOJIEIN
(cocTaBieHHE MAaTEMaTHYECKOTO OTMCAHMUS);

2) mporpaMMHUpOBaHUE peLIeHUs 3a7auu (aIrOpUTMH3aIus ), obecreunBaoniee
HAXO0X/ICHNE YUCIICHHBIX 3HAUEHUH ONpeieiieMbIX TapaMeTpOB;



3) yCTaHOBJICHHE COOTBETCTBHUS (2I€KBATHOCTH ) MOJIEIIH H3y4aeMOMY TIPOIIECCy.

MaremaTtnueckoe MOJEINPOBAHNE HAUNHAECTCS C COCTABICHUS COOCTBEHHO
MaTeMaTHYeCKOM MoJiesin. DTa MOJIelb, OTPAXKAKOILasi COOTBETCTBYIOUINN (PU3HUECKUNA Min
XUMUYECKHUM IPOLECC, PEJACTABISAETCSA B BUJIE OIIPEICICHHON MaTEMaTUYECKOM 3aIIUCH,
00BbEeIMHSET OMBITHBIE (DAKTHI U YCTAHABIMBAET B3aUMOCBS3b MEX/1Y IapaMeTpaMu
HCCIIEIyEMOTO MPOLIECcCa; TP TOM HCIIOJIb3YIOTCS TEOPETUYECKHE METOABI M HEOOXOIUMBIE
JKCIIEPUMEHTAJIbHBIE JTAHHBIE.

KoneuHol 1enpto pa3paboTKu MaTeMaTHYECKUX MOJEIEH SIBIISIETCS TPOrHO3
pe3ysIbTaTOB MPOBEICHHUS IPOIIEcca M BEIPAOOTKA PEKOMEHIAINNA IO BO3MOXKHBIM
BO3JICHCTBUEM Ha €T0 XOJ.

[Tpu oTCyTCTBUM JOCTATOYHOM MH(pOpMAIMK 00 ONMUCHIBAEMOM IIPOLIECCE, €ro
M3y4YeHUE HAUMHACTCS C OCTPOCHUS TPOCTEUILINX MOJIeIeH, HO O0€3 HapyIlIeHUs] OCHOBHOM
KaueCTBEHHOMN CHEIU(PUKN UCCIIEyEMOT0 IIpolecca.

HpI/I BBIITOJIHCHHUHU JOMAIIHCTO 3aaHUA CTyJCHTaM NpeajaracTcsa yCTaHOBUTH
OCHOBHBIC 3aKOHOMCPHOCTHU IMMPOTCKAHUA UCCICAYCMOI'0 IMTpouecca U COCTaBUTh
MAaTCMAaTUYCCKUEC YPABHCHUSA UCIIOJIB3YA JIUTCPATYPHBIC TaHHBIC 00 OMKMCHIBAEMOM mponecce
H OIIUpasCh HAa 0a30BbI€ 3aKOHBI XUMHHU — 3aKOH JEHUCTBUS MaccC, IMPpHUHIMIT Jle-IllaTense u Ap.

Maremaruueckast MOJIETTb MOXKET OBITh JIBYX YPOBHEH:

ve =[x, z.u,)

- onucanue nemenma XTC

rae Xk — mapamerp COCTOSHHSI TOTOKA Ha BXo/ie B K-ThIii anmapar (3JeMeHT);
ZK - KOHCTPYKIIMOHHBIH MapamMeTp JJIEMEHTa;
UK — ymipaBasitornuii mapamerp;

Yk — napaMeTp MOTOKa Ha BBIXOAC U3 k-Toro alrrapara.

- ORUCAHUE MEXHO102UUEeCKUX C8A3elL Meochy annapamamu

_ % 1,
X, =a, ,*y,.

o, .
rne  L—K - 1is moToka, BRIXOZSIIEro U3 L-ro anmapaTta u BXOISIIETO B
K-Thrifanmapar;

y
< L. napaMeTp COCTOsIHHUA IIOTOKA, BBIXOOAIICTO U3 L-OFO ar[napaTa.



ITPUMEP:

CO3I[aTB MaTEMATUYCCKYIO MOJICJIb U BBIABUTD ITYTH ITOBBIIICHUA 3(1)(1)6KTI/IBHOCTI/I
nmponecca CHHTE3a aMMHUaKa.

XnMHYecKas cxeMa Ipouecca
N2 +3H2 — 2NH3

CKopocTb MPSAMON PEAKIMH BBIPAKAETCS] ypaBHEHUEM

T e 3
V= k[*mz]' [Hz]
[Ipunumas, yto [N] = const, MOXHO 3aMKCaTh:
3
y=k;*x4

T€ Y - CKOPOCTb IIPSIMOM peaKuu
k1 - k03 HUIHEHT TPOMOPIHOHATIBHOCTH
X1 - koHueHntpamus Bogopoaa [HJ.

[TpunuMmasi, 9To TEMIEpaTypHbIH KOAPPUIHEHT CKOPOCTH JAaHHON XMMHUYECKON
peakuuu paBeH 2.7, MOXKHO 3aIACaTh, 4TO

Xa
, .=
y=rk .x 2,71

IZie X2 — U3MEHEHHE TeMIEPaTypbl XuMudeckon peakuu AT.

[TockonbKy mpoliecc CHHTE3a MPOUCXOANUT B Ta30BOM (ha3e, MOKHO KOJIMUYECTBEHHO
OLICHUTH BIIMSHUE JIaBJICHUS B CHCTEME Ha CKOPOCTh XMMHUYECKOr 0 npouecca. Tak, npu
YBEJIMYEHUH JIaBJICHUS B CUCTEME, SKBUBAJIECHTHOTO YMEHBILIEHUIO 00beéMa CUCTEMBI B 2 pa3a
(TIp1 3TOM BO CTOJIBKO € pa3 MPOUCXOMUT MOBBIIIEHHE KOHIIEHTPALUI pearupyromux
BEIIIECTB), CKOPOCTh MPSMON peakiuu Bo3pacTaeT B 16 pa3. Takum o6pazoM mpaBoMepHO
3anucarhb

Y=kt 2704

rae X3 — u3MEHEeHne JaBJICHUs, COOTBETCTBYIOINIEE YMEHBIIIEHNUIO 00BheMa CH-
CTeMBI B 2 pasa.

AHanu3upys NOJy4YEeHHYI0 MaTEMaTHYECKYI0 3aBUCUMOCTh MOKHO C/I€JIaTh BBIBOJ O
XapaKTepe BIMUSHUS OCHOBHBIX TEXHOJIOIMUECKUX MapaMeTpoB (KOHIIEHTPAIIMH UCXOTHBIX
peareHToB, TEMIEPATYPHI U JIaBJICHHS) HA CKOPOCTh MPSAMON XUMUYECKON PEAKIIHH.



Pa3nen 5.3. Mzyuyenue cBoiictB 1 3 pextuBHOCTH (hyHKIIMOHMpOoBanus X TC.
[Tpou3BoaUTCS IMyTEM BBINIOJIHEHUS TEXHONIOrHYeckux pacuetoB st XTC, koTopsle (1o
3a/1aHUI0) MOTYT BKJIIOUYATh!

— OIpe/IeTIeHNe TEOPETUIECKUX PACXOAHBIX KOAPPHUIIMEHTOB pacCMaTPHUBAEMOTO
IIPOU3BO/ICTBA;

— ompeneneHre (HaKTUYECKUX PaCcXOJHBIX KOd(h(UIMEHTOB paccMaTpUBaEMOIO
MIPOU3BOJICTBA;

— OIIpezeIeHNE TEXHUUECKOTO COCTaBa MPOAYKTa;

— COCTaBJICHHE MaTepHaIbHOr0 OanaHca OTAEIBHOrO Yy3Jia, XUMHYECKOIrO
peaxkTopa WIu mpolecca;

— COCTaBJICHHE TEIJIOBOTO OallaHCa OTAEIBHOTO Yy3Ja, XMMHUYECKOTO peaKTopa
WM IIpolLiecca.

Pacuer TeopeTrueckux pacxogHbIX KOAPPHUIIMEHTOB MTPOU3BOJAUTCS B COOTBETCTBUU

CO CTEXHOMETPUYECKUMHU YPABHEHUSIMHA XUMUYECKON PEAKLIUN, IIPOTEKAIOIIEN B
paccmarpuBaemort XTC.

Pacuer daxTrueckux pacxoaHbIX KOAPPHUIUEHTOB TPOU3BOIUTCS C YIETOM
BO3MOYKHOT'O MEHSIOIIETOCS TEXHUYECKOTO COCTaBa MPOIYKTOB IIPU UX XPAHCHUH U
TPAHCHOPTHPOBKE, a TAKIKE C YUYETOM IOTEPH CHIPhs U BO3BPATHBIX (MM 0€3BO3BPATHBIX
OTXOJIOB).

Marepuanbabiii 6ananc paccmatpuaemMoil XTC win e€ mojacucTeMbl CTpOUTCs Ha
OCHOBE 3aKOHA COXPAaHEHHUSI MAaCcChl C Y4€TOM CTEXHOMETPUUECKUX 0alaHCOBBIH
COOTHOILIEHUH U MOXET ObITh Npe/ICTaBIeH TabuuLel, auarpammoit 1 T.4. TernoBoii 6anaHc
paccmarpuBaeMoil XTC nnm e€ moacucTeMsl CTPOUTCS HA OCHOBE 3aKOHA COXPAHEHHUS
HHEPIUU C YUETOM TEPMOXUMUYECKHX, TEPMOJANHAMHUECKUX OaTaHCOBBIX COOTHOLIEHUH.

KpoMme pacueTHbIX XapaKTEepUCTHK JUIs OLIEHKH 3P PEKTUBHOCTH (PYHKIIMOHUPOBAHMS
XTC MOXHO HCTIOJIb30BaTh SKOJIOTHYECKHE PEKOMEHJAIIMH, KOTOPbIe HOCUIIU Obl
OnucaTeIbHBIN XapakTep WM KOHKPETHYIO HH(POPMALIHIO [0 OXPAaHE OKPY KaroIlel cpe/ibl.

B stom pas3zaciie KprOBOﬁ pa60TBI MOTYT IIPUBOJUTCA CXEMbI O6€3Bpe)KI/IBaHI/IH,
XUMH3MBI IPOOECCOB, MPOTCKAOMIUX C LEJIBIO 06e3Bpe)KI/IBaHI/I$I OTXOOAIINX Ia30B UJIN
CTOKOB, 0COOCHHOCTH arrapaTypHoro O(l)OpMJ'IeHI/IH OTUX ITPOLECCOB, XaAPAKTCPHUCTHUKA
MPUMCHACMBIX IJIA O6€3Bpe)KI/IBaHI/I$I BCIICCTB, MAaTCPHAJIOB U AP.

Paznen «3akimouenue» (OpueHTHPOBOUHBIN 00beM 1 cTpanuia). DopmynupyroTcs
KpaTKHe BbIBOIbI, BHITEKAIOIINE U3 BHIIIOJHEHHOW paOOThl. B HUX XapaKkTepu3yroTcs
TEXHUUYECKOE pelIeHNEe BHIOPAaHHOW TEXHOJIOTMUECKON CXEMBI, JaeTcs OIleHKa
PEKOMEHIyeMOr0 IpolLecca, ero TEXHUKO-3KOHOMUYECKOH 3(pPeKTUBHOCTH, peLIeHHS
BOIIPOCOB OXpaHbl OKPYXKAIOIIEH Cpeibl.



IIpunoxenne 2

OIIeHO‘leIe cpeacrea Jid MpoBEeACHUSA l'[pOMC)KyTO‘lHOﬁ aTTeCTalluMn

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

Kon
WHJIUKaTOpa

I/IH,I[I/IKaTop JOCTHIXKCHUA KOMIICTCHIIHN

O1neHOYHBIC CPEACTBA

OIIK-1: Cnoco6eH pemiaTb NPOM3BOACTBEHHbIE H (MJIH) HCCIEA0BaTEeIbCKUE 321241, HA 0CHOBE QYHIAMEHTAJbHBIX 3HAHUH B 00/1aCTH MeTAJLIIYPIrUH

OIIK-1.1

Pemaer npodeccuonanbubie 3aa4u B 007IaCTH
METAJUTYPTHH U ITPOLECCOB METAIIO00Pa0OTKH,
UCTIOJB3YS yHIaMEHTAIbHBIC 3HAHUS

1.

XUMHUYECKOE MPOU3BOACTBO. Mepapxuyeckas opraHu3anus MNPOLIECCOB B XUMHUYECKOM
MIPOU3BOJICTBE: MOJIEKYJSIPHBIA yYpOBEHb, YPOBEHb MAJIOr0 00bEMa, YPOBEHb ITOTOKA,
YPOBEHb PEAKTOPa, YPOBEHb CUCTEMBI.

Xumuko-texnonornueckuit npouecc. Kmaccudukanus XTII . Jlumutupyromme CTagu.
[Iporneccrl, mpoTekaromye B KHHETHIEeCKOM, AU Py3MOHHOMN U MepeXoqHON 00IacTaX.

Kpurepun s¢p¢exruBHocTr xum.npousBoactBa U XTII: TexHuuyeckue, SKOHOMHUECKUE;
COLIMAJIbHBIE.

Hanpasnenne xummunueckux peakiuil. M3menenue sHeprum ['mbbca B Xome peakuuu.
VpaBuenue uzorepMmbl Bant- 'opda. OcHOBHBIE 3a7aull TEXHOJOTHUECKUX PacyeToB Ha
OCHOBAaHMUH TEPMOJUHAMUYECKUX 3aKOHOMEPHOCTEN XUMUYECKUX IPEBPALICHUMN.

OO0mue 3aKOHOMEPHOCTH XHMHUYECKUX TpoIreccoB. PaBHOBecHe B TEXHOJOTHYECKHX
nporeccax. [lpunmun Jle-lllatense. Cmocobsl cmemenust paBHOBecusa. (CTerneHb
MIPEBPALIEHUS CBIPhsI. BBIXOJ] POJTYKTOB.

CKopocTh XHMMHKO-TEXHOJIOTMUECKUX TMpoueccoB. Kunermueckas u auddysnoHHas
00JIaCTH TEXHOJIOTHYECKUX TpolieccoB. CrocoObl yBETHMUEHHUsS] CKOPOCTH MpoIiecca.

@DaKTOphl, OMPENETSAIONINE CKOPOCTh XUMHUKO-TEXHUYECKHUX IPOIIECCOB, MPOTEKAIOIIUX B
TOMO- U TE€TEPOreHHbIX cpefax. Poiib KOHIIEHTpALMK PEAreHTOB, TEMIIEPATYpPhl, TABICHUS U
OOHOBJICHHSI TIOBEPXHOCTU Pearupyronmx (a3 Ha CKOPOCTh MPOTEKAHUSI TEXHOJOTHYECKUX
IIPOLIECCOB.

3aBUCUMOCTb CKOPOCTH PEAKIIMM OT KOHIEHTpaluu peareHToB. Kunernueckoe ypaBHEHHE.




Kon
WHIUKaTOpa

I/IHI[I/IKaTOp JOCTHIKCHUA KOMIICTCHIIUHN

OneHouHble CpeCTBA

10.

KoncranTa (ko3¢ pUIeHT) CKOPOCTH.

3aBUCHUMOCTb CKOPOCTH PpEaKLMHM OT TEMIEpaTypbl. ODHEpPrus akTUBALUU. YpPaBHEHUE
Appennyca. Karanuzatopsl. [Ipomeinuienssiii katanus. Kontaktaeie Maccel. Mx cocTas.
yCKOpeHHs (3aMeUIeHHs) peakuuid. OKOHOMHYECKHE U
OTPaHUYMBAIOIINE INPUMEHEHUE BBICOKMX TEMIIEpaTyp H
JIaBJICHUH KaK CPeICTB perynnpoBanus ckopoctu XTII.

TexHonornueckue MpUEMBI
TEXHOJIOTUYECKUE (PaKTOpBHI,

- OHpe,[[eJ'II/ITB IMPUHIHUITIHAIBHYIO BO3MOKHOCTD IPOTCKaHUA pECaKIINN

-3944 0 -5038

—2284

k{orc | monw

npu cranfapTHbeix ycaoBusx (T=298 K). 3nauenus AG%gg  Bcex Y4aCTHHKOB

pCaKkuu NpUBCACHBI IO YPABHCHHUEM.

— MHUcnonw3ys mpunnun Jle-lllatense mpemokuTe CrocoObl YBEIWYEHHUsS PAaBHOBECHOM
CTEIEHU PEBPALICHUS IPU MIPOTEKAHUH PEAKIIHI

CO+ H,0=C0,
. 2

+HE+Q1'

=Gyt o 0

Hanumure BBIPAXKCHUC IJI1 KOHCTAHTBI PABHOBCCHUA.

— Kakue npeumMynieCrBa MMCEET CXEMa IMPOU3BOACTBA a30THON KHUCIIOTBI npu AByX
JaBJICHUAX (pI/IC) 10 CPaBHCHUIO CO cxXeMoi Ipu CAUHOM ,[[aBJ'IeHI/II/I?

Boagyx

P =045 MIla
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Kon

I/IHI[I/IKaTOp JOCTHIKCHUA KOMIICTCHIIUHN

OneHouHble CpeCTBA

UHMKATOpa
— Ilpou3BoAcTBO aMMMaka M3 MPUPOAHOIO raza MOXKHO IPEACTaBUTh XUMHUYECKOM
CXEMOM:
o CH, + 2H,0= CO, +4H,
3H,+N, = 2NH
2 2 3
WIH CyMMapHBIM ypaBHEHHEM
Teopernuecku Ha npou3BoAcTBO 1T NH3 HeoOxoaumo 3aTparuts 494 M
MPUPOAHOTO raza (MeraHa). PeanbHblil pacXomHblii KOd(D(PHUIIMEHT COCTaBISIET
3
6onee 1000 m”/1T NH;. Ha3oBuTe BO3MOXKHBIE MPUYMUHBI JOMOJHUTEIHHOTO
pacxoja NpUpOAHOro rasa.
OIIK-1.2 Brnaneer cmocobamu u mnpuemamu pemenusi| 1. Knaccuduxanus moneneit XTC u ux 0OCHOBHBIE OCOOCHHOCTH.
HCCIIEIOBATENbCKUX 3a7ad B  IPEIMETHOU .
a . peaL 2. Pacuer XTC. [Ipunuuns! pacueta. bazoBsle ypaBHeHUs. MatepuanbHblii 6ananc. [TpuHunst
00J1aCTH METAUTYPTUU U METaI000paboTKH
COCTaBJIEHHS  MaTepuaJbHOro  OajlaHca  XUMHKO-TEXHOJIOTMYECKOTOo  Ipolecca.
DOHepreTuyeckuii (TemaoBoit) 6ananc. [IpuHIMI ero cocTaBiaeHus.
3. D¢ddexTHBHOCTD UCTIONB30BaHUS MAaTEPUANBHBIX pecypcoB. PacxoaHbie KO UIMESHTHI.
CrerneHpb UCIIOIB30BaHUS ChIPHSI.
4. Dueprernueckas 3¢ dexruBrocts XTC.
5. Omnpenenenune >3 pexTrBHOCTH Opranu3amuu npoiecca B X TC mo pe3ynbratam

6anancoBoro pacuyera XTC.

— CocraBbTe XMMHYECKYI0O U (YHKIHMOHAJIBHYIO CXEMbl IMPOHM3BOJCTBA pa3z0aBIeHHON
a30THOM KkucaoThL. Ompenenure ycloBHs cuHTe3a. HazoBHTe OCHOBHOE 00OpYyHOBaHHE,
HCIIOJIb3YEMOE B 9TOM IIPOU3BOJICTBE.

— CocraBbTe XHMHYECKYI0O U (DYHKIMOHAIBHYIO CXEMbl IPOU3BOJCTBA aMMHAYHOU
ceqnTpbl. Kak ucnonp3yeTcs TenioTa HeWTpaau3aluy B nporecce?




Kon
WHIUKaTOpa

I/IHI[I/IKaTOp JOCTHIKCHUA KOMIICTCHIIUHN

OneHouHble CpeCTBA

OmpenenuTh pacxoi TEXHUYECKOro KapOwma Kabiws, Wi momyderus 200 1 aneTwieHa 1o
peakmyu CaC+H,0=CaO+H,C, . Conepxanne CaC, B TexH.kapbune, % (macc)- 82;

Crenens paznoxxenuss CaC, 95%.

[Ipeu10XnuTh TEXHOIOTNYECKHE METO/Ibl YCKOPEHHUS (3aMeJIeHNUs1) peaKkMi KOHBEPCHH
MIPUPOJHOTIO Ta3a.

Ilpomece ocymecrBisieTcss ¢ mpoTexaHWeM IIPOCTOH — 0OpATHMOH — peakiMy IIEePBOT0  IIOPSIAKA

3aBUCUMOCTb cmeneHu npegpaujenus x(t) npu temneparypax 11 u T>>Tiams 3HI0-
TEPMHUYECKOH M IK30TEPMHYECKON peakIuii B peakTope UIAealbHOTO BHITECHEHUS
MpeJCTaBlIeHa Ha PHC.

1

srnoo- (1,)

IITPUXOBBIMH JTHHUAMH IOKA3aHbI PABHOBECHBIE CTEIEHU IpeBpalleHus X, s
TeX e yCJAOBHH
Kakoii TemneparypHblii pexxum OyeT ONTUMaIbHBIM JJIs1 00eCTIeYeHUs] MAaKCUMaJIbHOM




Kon
WHIUKaTOpa

I/IHI[I/IKaTOp JOCTHIKCHUA KOMIICTCHIIUHN

OneHouHble CpeCTBA

HHTCHCHBHOCTH IIpoLecca C 3K30TepMquCKOﬁ nu SHHOTepMH‘IeCKOﬁ peaKHHGfI?

OIIK-1.3

[Tpumensier (yHIaMeHTalbHbIE
MEXIUCIUIIMHAPHBIC 3HAHUS Ui PEIICHHS
3a/1a4 B MpodeccruoHalbHON 1eATeIbHOCTH

Paccunraiite Maccy u 00BEM CyXOro BO3AyXa, TEOPETUYECKH HEOOXOIUMOTO IS
MOJIHOTO cropanus 1 kr yris ¢ maccoBoii noneii: C -0,862, Hy — 0,046, No— 0,012, Bnaru
-0,010, 30me1 — 0,070.

Kakoii 06beM 3anuMaet kucnopoa maccoit 8 r pu 28 0C u gaBnenuu 744 MM pT. CT.?
DOHTaNbIMS peakluyu HeWTpaauzanuu ammuaka 52,5%-Hoi a3oTHOM kuciorod AH =
—106,09 kJIx/mMonb. OnpenenuTe, CKOJIBKO BOJAbI MOKET MCIAPUTHCS 332 CUET TEIUIOTHI

peakuuu HelTpanuzanuu 212,5kr aMMuaka. DHTanbnus napoodpasoanust BoJasl AH = —
2684 xJIx/Kr.

Onpenemuts pacxo] ChIpbs (TIOBApEHHAs COJb, KYIOPOCHOE MAcCIo) i TPOM3BOACTBA 1 T
cynb(ara Harpust (B pacuyere Ha wnctelii Na,SO, ). ConepkaHrne OCHOBHBIX KOMIIOHEHTOB B
ceipbe, % (Macc): NaCl - 96,0; H,SO,4 - 93,0. Creniens pasnokernst NaCl (mace momm) - 0,9.
Ypasuenue peakumu H, SO, +2NaCl,,,) = Na,SO, + 2HCI T

CocTaBuTh MaTepUabHBIA OalaHC  MpOIEecca CKUTaHUS | T CEpPOCOACPIKAIIErO ChIPhS
KHCII0poZIoM Bozztyxa. CeIpbe coepxuT, (Mac. tom ): S - 0,99, H,O - 0,06, 30ma—0,04.

OO6ocHyliTe BBIOOp YCIIOBHM MpOIecca KOHBEPCHU METaHa BOJISIHBIM MapoM (JaBJICHUE,
TEMIIepaTypa, COCTaB PEaKIIMOHHON CMECH).




0) Ilopsinoxk mnpoBedeHUs TNPOMEKYTOYHON aTTecTalluU, MOKA3aTeJH M KPUTEPHUH
OlLleHUBAHUS:

[TpomexxyTouHasi aTTectanus Mo guciuruiHe «OO0mas XUMHUYeCKas TEXHOJOTHS» BKIIIOYAET
TEOPETUYECKHE BOTPOCHI, TO3BOJISIONINAE OLICHUTh YPOBEHb YCBOCHUSI 00YYarOIIUMUCS 3HAHUH, U
NPaKTUYCCKHE 3a/laHusl, BBIABISIONIME CTENCHb C(OPMHUPOBAHHOCTH YMEHWIH W BIAJICHUA,
npoBouTcs B popMme sk3amena (1 cemectp) u 3aueta (2 cemectp).

DK3aMeH 10 JTaHHOHN JUCITUIUTMHE MPOBOAUTCS B YCTHOM (popMe IO IK3aMEHAITMOHHBIM OHJIeTaM,
KQKJIbIH M3 KOTOPBIX BKIIOUAET 2 TEOPETHUYECKUX BOIPOCA M OJTHO MPAKTHIECKOE 3aaHHE.

Iloxa3arenu u KPUTECPHUHA OLICHUBAHUA IK3aMeEHaA:

— Ha OLEHKY «OTJMYHO» (5 OamuioB) —oOyyarommuics AEMOHCTPHPYET BBICOKHI YpPOBEHb
c(OPMHPOBAHHOCTH KOMIIETCHIIMH, BBICOKMHA YpPOBEHb 3HAaHMHA HE TOJBKO Ha YPOBHE
BOCIIPOU3BECHHUS U OOBSICHEHUS MH(OpMAIMM, HO W HHTEUIEKTyaJlbHbIE HABBIKM PEIICHUS
npobieMm u 3aaay:

® J1aeTCs KOMILIEKCHAs OLIEHKA MPEIJI0KEHHON CUTYaLUH;

® JICMOHCTPUPYIOTCSI TJyOOKHE 3HAHUS TEOPETHUYECKOrO Marepuaja M yMEHHE HX
IIPUMEHSTB;

® [I0CJIEIOBATEIbHOE, TPABUIILHOE BHIMOJHEHUE BCEX MPAKTUYECKHUX 3a/1aHUM;

e yMeHHEe 000CHOBAaHHO M3JIaraTh CBOM MBICIIH, AeNaTh HEOOXOANMBIE BBIBOIBI.

— Ha OLIEHKY «Xxopomo» (4 Oamna) — oOOydYarOIIMIICS JEMOHCTPUPYET CPEIHUM YpPOBEHb
c(OpMHUPOBAHHOCTH KOMIIETEHIIUH:

® Jac€TCsa KOMIIJICKCHasA OICHKa HpGI[J'IO)KGHHOfI CUTyalluHu,

® JCMOHCTPHUPYIOTCA NOCTATOYHBIC 3HAHUA TCOPCTUYCCKOTO MAaTCpUajla 1 YMCHHUEC UX
MNPUMCHATH, HO JOIYCKAOTCA HC3HAYNUTCIIbHBIC OH_II/I6KI/I, HCTOYHOCTH

®  BBIIIOJIHCHUC BCCX MPAKTHYCCKUX 3a)1aH1/1171; BO3MOXHBI CIAWHHUYHBIC OHII/I6KI/I,
HCIIPABIIICMBIC CAMHM CTYACHTOM ITOCJIC 3aMCHYAaHUA ITPEIIOaaBaTeCIIA;,

® 3aTpyYAHCHUA IMPU AHAJTIUTUYCCKUX OIICpaluiax, MCPEHOCC 3HaHUN H y'MeHI/Iﬁ Ha
HOBBIC, HCCTAHAAPTHBIC CUTYyallnH.

— Ha OIICHKY «yJAOBJIETBOPUTEJIBbHO» (3 Oayna) — oOydarouuiics 1eMOHCTPUPYET MOPOTOBBIH
ypOBEHb C(HOPMUPOBAHHOCTH KOMITETEHIIMHA:

® 3aTpyJHEHHUs C KOMIUIEKCHOM OLIEHKOM MPEUIOKEHHON CUTYallNH;

® HEMOJHOE TEeOpEeTHYECKOe OOOCHOBaHHWE, TpeOyrollee HAaBOASIIUX BOIPOCOB
IIpenoaaBaTels;

e  BBINOJHEHUE 3aJaHUM IIPU NIOJICKA3KE MPENOoJaBaTes;

e 3arpyaHEHUs B ((OPMYIUPOBKE BHIBOIOB.

— Ha OIICHKY «HEYAOBJIETBOPUTEIbHO» (2 Oanna) — OOydYaroIMIACS JAEMOHCTPUPYET
3HaHusa He Oonee 20% TeopeTHUECKOro Mmarepuana, JOMYCKAeT CYIIECTBEHHbIE OMIMOKH, He
MOXKCET IMOKa3aTh MHTCIJICKTYAJIbHBIC HABBIKKW PCIICHUA MMPOCTHIX 3a1a4.



— Ha OILICHKY «HEeY/A0BJIeTBOPUTEIbHO» (1 6ain) — oOydJaromumiicss He MOXKET MOKa3aTh 3HAHUS Ha
YPOBHE BOCIPOU3BEACHUS U 00BICHEHHS HH()OPMAIIMH, HE MOKET TIOKa3aTh HHTEIICKTYaIbHBIC
HaBBIKH PEUICHUS IPOCTHIX 3a1a4 HEMIPaBHIIbHAS OIICHKA MPE/I0KEHHON CUTYallnH;

3adeT 1o ,HaHHOﬁ JUCHUIIIIMHE ITPOBOIHUTCA B YCTHOﬁ (bopMe 10 pe3yJjibTaTaM BBIIIOJTHCHHBIX
Sa,I[aHI/Iﬁ Ha IPaKTHYCCKHUX 3aHATHAX MW JOMAIIHUX Sa,I[aHI/Iﬁ U OTBCTaM Ha BOIIPOCHI
mnmpenoaaBaTeid 110 TEME 3alaHUA U €0 BBIIIOJIHCHHUIO.

IMoka3aTeu U KPUTEPUH OIlEHUBAHUSI 3a4eTa:

— OLEHKY «3a4YTE€HO0» CTY/ACHT IOJY4YaeT, €CIM MOXKET IOKa3aTh 3HAHUS HA YPOBHE
BOCITPOM3BEICHUS U 00BICHEHHS WH(POPMAIINH, HHTE/UICKTYyaJIbHbIC HABBIKH PEIICHUST TIPOCTHIX
3aJ1a4, MOKET JIaTh OIICHKY MPE/JI0)KEHHON CUTYyaIl1H.

— OICHKY «HE€3AYTECHO» CTYJACHT IOJIY4acT, CCJIM HC MOXKCT IMOKa3aTh 3HAHHA HAa YPOBHC
BOCIIPOU3BCIACHHUA U 00BACHEHUS I/IH(bOpMaI_[I/II/I, HE MOJKCT I1OKa3aThb UWHTCIVICKTYAJIbHBIC HABbIKU
pemicHus NpOCThIX 3a/Ja4, A1aTb OLUCHKY npezmo;erHoﬁ CUTyallu.



