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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CykaeHa u 0100peHa s peanuzamnuu B 2024 - 2025
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1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

- pa3BUTHE y  CTYyJEHTOB CIIOCOOHOCTH  TPOHHUKATh B CYLTHOCTh
XUMHUKO-TEXHOJIOTMUECKUX IPOIECCOB, pacCMaTpPUBaTh MX BO B3aMMOCBS3U JI YIPABIICHUS
KauyeCTBOM  XUMHUYECKOW  MPOIAYKIMH, OCBOCHHE METOJOB  aHaiM3a M  CHHTE3a
XUMHUKO-TEXHOJIOTUYECKIX CHUCTeM, (POPMUPOBAHHE HABBIKOB MPAKTHYECKOTO HCIOIH30BAHUS
MOJIy4YEHHBIX 3HAHUM A7 Oyyiiel mpoecCuoHaNbHON 1eATEIbHOCTH.

2 MecTo TMCHHMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa30oBaTe/bHOil IPOrpaMMbl

Juctummmaa OOmas XuMudecKkasi TeXHOJIOTHSI BXOJUT B 0053aTeNbyI0 4acTh Y4eOHOTO
11aHa 00pa3oBaTeIbHON MPOTrPaMMBI.

JUis  w3ydeHus  JAWCHUIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHsS,  BJAJICHUSA),
c(hOpMHUPOBAHHBIE B Pe3yJIbTaTe U3yUCHUS TUCIUILINH/ PAKTUK:

Marematuka

OO01ast 1 HeOpraHUYECKask XUMUS

®usuka

BBenenue B HanpaBieHue

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYEHUH AAHHON AUCLHUILIIMHBI OyayT
HEOOXOIUMBI JIJISl U3YYCHHSI JUCIIUILTIH/TIPAKTHK:

HccnenoBanue nporeccoB NpoOU3BOICTBA KOKCA

Cucremsl yripaBiaeHUs: XUMUKO-TEXHOJIOTHYECKUMH ITPOLIECCAMHU

CoBpeMeHHbIE METOIbI TIOJIYYCHHS] CHHTE3-Ta3a

VY naBnuBaHue, nepepadoTKa U UCMOJIb30BaHNE IPOMBIIIIICHHBIX Fa30B

3 Komnerenunu ody4yarouierocsi, popMupyemMbie B pe3yabTaTe 0CBOEHUsI

AUCHMILIMHBI (MOAYJISA) U IVIAHUPYEMbIe pPe3yJibTaThl 00y4eHUs

B pesynbrare ocBoenus mucuMmuiiHbl (Moaynsi) «OOmmiasi XUMHUYECKass TEXHOJIOTHS)
oOyJaronuiicst ToJKeH 007Ia1aTh CIEAYIONUMU KOMITETEHITUSIMU:

KO,[[ HHJAUKATOpa I/IHI[I/IKaTOp JOCTHIXKXCHHUA KOMIICTCHIIMH

OIIK-1 CrnocobeHn pemiaTh MpOU3BOACTBEHHBIE U (MJIM) HCCIEAOBATEIbCKUE 3a]]a4l, HA OCHOBE
GyHIaMEHTAIBHBIX 3HAHUU B 00JIACTH METAJUTYPTUU

OIlK-1.1 Pemaer npodeccronanbubie 3aaun B 00J1aCTH METAJUTYPTUH U TIPOILIECCOB
METaII000padOTKH, UCTIOIB3Ysl QD yHIaMEHTATIbHbIC 3HAHUS

OIIK-1.2 Brnaneer cnocobaMu M npuemMaMM pelIeHHs UCCIIEOBAaTEeNbCKUX 33a/1a4 B
MPeIMETHOM 00JIACTH METAIITYPTIUU M METAJNIOO0PAa0OTKH

OIIK-1.3 [Ipumensier  QyHaamMeHTaNbHBIE MEXKIUCUMIUIMHAPHBIE 3HAHUS IS
peleHus 33124 B IPo(hecCHOHAIbHON 1€ TEIbHOCTH




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCITUIUIMHBI COCTABISIET 6 3a4eTHBIX enuHuIl 216 akaa. 4acoB, B TOM
qyuce:
— KOHTaKTHas paboTta — 67 akaJl. 4acos:
— aynuTopHas — 63 akaj. 4acoB;
— BHEAyJUTOpPHAs — 4 aKaJ1. 4acoB;
— caMocTosTenbHas pabora — 113,3 akaj. 4acos;
— B (hopMe MpaKkTUIECKOM o AroToBku — 0 akaj. Jyac;,
— IMOATOTOBKA K 3K3aMeHy — 35,7 akaj. gac

dDopMa aTrecTaluu - 3K3aMCH, 3a4€T

AynuropHas g
o | xoHTaKTHas pabota E E dopma TEKyIIEero
Paznen/ Tema % (B axaz. yacax) E [ Bux . KOHTpOJIA Kon
[ — : g O | caMOCTOATEINbHOT | - yeTeBaeMOCTH 1 KOMITETEHIIHH
@) g £ padoThI MIPOMEKYTOUHOM
Tlex. mab. [ mpaxr. zS aTTeCTaluu
3aH. 3aH. | O &
1. Beenenue
1.1 OcHOBHBIC TOHSATHS W
onpenenenus. Criphesas 1 IMoaroroBka k CobecenoBanue OIIK-1.2,
JHEepreTUYecKast bazal 1 2 0,5
N cobece0BaHNIO DK3aMeH OIIK-1.3
XUMHUYECKOU
TPOMBIIIIEHHOCTH
HWroro no pazaeny 2 0,5
2. OOmme  3aKOHOMEPHOCTH
XHUMHYECKHAX MPOLIECCOB
CamocTosTenbHOe
M3yYeHre yueOHOH
U Hay4yHOH BeicTynnenue Ha
JUTEPaTypHL. ceMu-Hape,
2.1 TepmoanHaMuka 2 1 2 ITogroroBka k BBITIOJTHEHUE OIIK-1.2,
XHUMHYECKUX MPEeBPAICHUH PAKTHIECKOMY pacyeTHbIX OIIK-1.3
3aHSITHIO, 3aganui, TecT.
TECTUPOBAHHIO, Ok3ameH
CEeMHHapy
(KOIIIOKBHY-MY)
1
CamocTosTenbHOe
M3y4eHHe yueOHOH
Y Hay4HOU Brictynnenue Ha
JIUTEPATYPHI. ceMHu-Hape,
2.2 Kuneruka XTII. 4 2 5 TToaroroBka k BBITIOJIHEHHE OIIK-1.2,
IIpombltieHHbIN KaTaIN3 MIPAKTUIECKOMY pacyeTHBIX OIIK-1.3
3aHSTHIO, 3aaHui
ceMuHapy Tect, Dx3amen
(KOJUIOKBHY-MY),
TECTHPOBAHHIO
Wroro no pazaeny 6 3 4
3. XUMUKO-TEXHOJIOTHUECKHE
cucremsl ( XTC)




3.1 XUMHYECKOE

CamocrosrenbHoe
u3ydyeHue yueOHoU

BricTynnenne Ha

U Hay4yHOH
npousBogctBo kak XTC. ceMHU-Hape,
JIUTEPATYPBHI. OIIK-1.1,
Ioxa3arenu BBINIOJTHEHUE
3¢ PEeKTUBHOCTH 3 Tonroroska K ACUYCTHBIX OIIK-1.2,
MPaKTUYECKOMY p . OIIK-1.3
(YHKIIMOHUPOBAHHUS. 3a7aHui
3aHATHIO,
Cocras u ctpykrypa XTC. DKx3amMeH
CeMHUHApY
(KOJTOKBHY-MY)
Hroro no pazzpery 3
4. TIpou3BOACTBO  OCHOBHBIX
XUMHYECKUX TPOIYKTOB
CamocrosTensHoe
u3ydeHue yueOHon
U Hay4yHOH
i BricTynnenne Ha
41 IIpoussoacTeo fIATCPaTyPhL. ceMHHape
’ P - Brmonnenue P OIIK-1.2,
aMMHaKa, HEOPraHUYECKUX 49 PacuerHoe
N pacdeTHBIX OIIK-1.3
KHCJIOT, yI0OpeHHi . 3aganue. Tecrt
3amaHui
OK3aMeH
IloaroroBka k
CeMUHapYy,
TECTUPOBAHHIO
HWroro no pazneny 4,9
5. Pa3pabotka XTC
CaMocrosTensHoe
M3y4eHne yueOHon
W HAy4IHOH CobecenoBanne
5.1  OcHoBHbIE  3Tarbl v .
JIUTEPaTypHl. BricTynnenue Ha OIIK-1.1,
paspabotku XTC. 2
- [loaroroBka ceMHHape OIlK-1.3
Monemu XTC.
MPaKTUYECKOMY OKk3aMeH
3aHATHIO,
cobeceI0BaHUIO
CaMocrosTensHoe
u3ydeHune yaeOHon
W HAy4YHOH CobecenoBanue
5.2 Csgoiictea XTC xak 2 JIUTEPATYPBHI. BeicTynnenue Ha OIIK-1.1,
CHCTEMBI - [ToaroroBka k ceMuHape OIlK-1.3
MIPaKTUYECKOMY OK3aMeH
3aHATHIO,
cobeceI0BaHUIO
Hroro mo pazneny 4
6. Anamz XTC.
6.1 3amaun aHaJIN3a.
O¢ddexTHBHOCTD CaMocrosTensHoe
MCIIOIb30BaHUS n3ydeHune yaeOHon
MaTepUaIbHBIX PECYPCOB 1 HAy4IHOH CobecenoBanue OIK-1.1
OHepreTuyeckas 51 2 JIUTEPATYPBI. BricTymnenne Ha OIK 1' 2'
JKCepreTudecKas - [loaroroBka x ceMHHape T
OIIK-1.3
3¢ deKTUBHOCTH XTC. MPAKTHYECKOMY OK3aMeH
O dexTHBHOCTD 3aHSTHIO,
OpTaHM3alyy Mpolecca B cobeceI0BaHUIO
XTC.
Hroro mo pazaeny 2

7. Cunres XTC.




7.1 3agaun HW  METOMBI

CamocrosrenbHoe
u3ydyeHue yueOHoU

cunteza XTC. Y HAYIHOH CobecenoBanue OIK-1.1
TeXHOIOTHYECKUE JIATEPaTypPhIL. BeicTymuieHue Ha o
6 1 2 OIIK-1.2,
KoHuenuuu co3nanus XTC TToaroroBka k ceMuHape OIK-1.3
COBMEIIICHHBIE TIPOIECCHI. MPAKTHICCKOMY DK3aMeH '
[TepectpanBaembie XTC. 3aHSTHIO,
co0eceT0BaHHIO
HUroro no pasaeny 6 1 2
Hroro 3a cemectp 32 16 20,4 9K3aMeH
8. Pacuer u anamms XTC.
TToaroroBka k
MPAKTHIECKOMY
3aHATHIO
8.1 Pacuer MarepHalbHBIX CEeMHHA ’ HAomaumee OIIK-1.1,
I/I.TEHJ'IOBLIX 6ana}r1)0013 XTIT 10 459 (KOJ’IJ’IOKBI/Ip}IIVI ) SaNAHHC. OIK-1.2,
My 3auer OINK-1.3
BBIIIOJHEHHE
JTOMAIITHETO
3a1aHus
CaMoCTOsATENBHOE
M3y4eHne yueOHon
U Hay4HOH
JUTEPATYPHI.
8.2 AHamu3 U CHHTE3
Tlogroroska k CobecemoBanue OIIK-1.1,
pa3IMYHBIX ~ CHUCTEM  H
5 47 npaktudeckomy |lomamnee 3amanue| OIIK-1.2,
[IOJCUCTEM  XHMHYECKOI'O
3aHSITHIO, 3auer OIIK-1.3
MIPOU3BO/ICTBA
cobeceoBanuIo,
BBITIOJIHEHHE
JIOMAIITHETO
3a1aHus
Hroro no pazaeny 15 92,9
Hroro 3a cemectp 15 92,9 3a4ET
Hroro no aucnumninuze 32 31 113,3 JK3aMeH, 3a4eT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

[TpoekTHpoBaHKHe 0OYICHUS CTPOUTCS HA OCHOBE CIIEYIOIINX IPUHIIAIIOB:

- OOyueHne Ha OCHOBE MHTETPALIUU C HAYKOW U MPOU3BOCTBOM.

- [IpodeccnonanbHO-TBOpUYECKas HAPABICHHOCTh OO yUCHHS.

- OpueHTHPOBaHHOCTH 00yUEHHS HA TUYHOCTD.

- OpueHTHpPOBaHHOCThL OOydYEHHUS] Ha pa3BUTHE OIbITa CaMOOOpa30BATEIBHOM
NeSITEILHOCTH OYIyILIETro CICIHAIIHICTA.

st TOCTMKEHUsSI TUIAHUPYEMBIX pe3y/lbTaToB OOydeHWs, B aucuuiuimHe «OOmmast
XUMHUYECKast TEXHOJIOTHS» UCTIONB3YIOTCS Pa3InyHbIe 00pa30BaTebHbIC TEXHOJIOTHH:

1. TpaguuuoHHble O00pa3oBaTENbHBIC TEXHOJOTUU: WH(GOPMAIMOHHAS  JICKIIHS,
NPAaKTUYECKHE 3aHITHS.

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

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

4. ]JlesATeNbHOCTHBIC MPAKTHKO-OPUCHTUPOBAHHBIC TEXHOJOTHH, HAIPABICHHBIC Ha
¢dopmupoBaHuE CHCTEMBI TPOPECCHOHATBHBIX MPAKTUIECKAX YMEHUH MPHU pazd0pe KOHKPETHBIX
CUTyallMii, OCHOBAaHHBIX Ha TIPAKTHYECKUX NpUMEpax, OOECICUMBAOIINX BO3MOXKHOCTh
Ka4eCTBEHHO BBITIOIHSTH MPO(ECCHOHANBHYIO AEITEIBHOCTb.

5. Pa3BuBaromue mnpoOJEMHO-OPHEHTUPOBAHHBIC TEXHOJOIHH, HAIPaBICHHBIC Ha
dopmupoBaHHEe W pa3BUTHUE TNPOOJIEMHOTO MBIIUICHUS, MBICIUTEIFHOW AKTUBHOCTH,
CIOCOOHOCTH BHUJIETh M (HDOPMYJTUpPOBATh MPOOJIEMBI, BBIOMPATh CIIOCOOBI M CPEJICTBA JJIS MX
pereHws.

6. MHTepaKkTUBHBIC TEXHOJOTHH: KOJUICKTHBHOE OOCYXJICHHE KaKOro-JTHOO CIIOPHOTO
BOIpOCa, MpoOJIeMBbl, BBIABICHHE MHEHMH B rpymnme. M3noxkeHue mpobieM W MX COBMECTHOE
perieHue.

7. JIMYHOCTHO-OPHEHTUPOBAHHbIE TEXHOJIOIMH OOydeHHs, OOecledyMBaloOIUe B XOJe
y4eOHOro TIpollecca Y4eT paszIMYHBbIX CIOCOOHOCTEH OO0ydaeMbIX, CO3/IaHHE HEO0OXOIMMBIX
YCIOBUH JUISl pa3BUTHUS UX MHIUBHYaJIbHBIX CIIOCOOHOCTEH, pa3BUTHE aKTUBHOCTH JIMYHOCTH B
yueOHOM Tmporiecce. JIMYHOCTHO-OPUEHTHPOBAHHBIE TEXHOJOTHH OOYYSHHsS peau3yloTcsi B
pe3yibTaTe WHAMBHMIYaJIbHOIO OOILIEHHs TMpenojaBarens M CTYAEHTa, MPHU BBITOJHEHUU
pa3IMYHBIX 33JaHUH, HA KOHCYJIbTAIHSIX.

B xone numanoroBoro oOyuyeHMsI CTYAEHTBI y4arcs KPUTHYECKH MBICIUTh, pelaTh
CJIO’)KHBIE TPOOJIEMBI Ha OCHOBE aHajM3a OOCTOSTEIHCTB M COOTBETCTBYIONIEH WH(MOpMAIHH,
B3BEIIMBATh aJbTEPHATUBHBIE MHEHHUS, MPUHUMATh NPOAYMaHHBbIC pPEIIEHHUs, y4acTBOBATh B
TMCKYCCHsIX, o0marbes. [ 3Toro Ha 3aHATHSIX OPTaHU3YIOTCS TpyNNoBas padoTa, padoTa ¢
JOKYMEHTaMH U pa3InYHBIMU HCTOYHUKAMH UHGOPMAITUH.

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

1. Pacnpenenenue TeM JAOMalIHUX 3anaHuii (pedeparoB) c ydeToM MOXKETaHUN
CTYAICHTOB, TEMAaTHKH UX HAYYHBIX HHTEPECOB U T.II.

2. IloaroroBka cryneHTaMu (OpMBI OTYETHOCTH CaMOCTOATENbHOI paloThl (pedepart-
NPe3CHTAIHs, BRICTYIICHUE HAa CEMHHAPE, BBITIOJTHEHHOE PAaCUETHOE 3a[aHNe).

3. OOcyxJeHue MOJArOTOBICHHOTO OT4YeTa B PEXHME IUCKYCCHH C 3JIEeMEHTaMHU
KOJIJICKTHBHOTO PEIICHUSI TBOPUYECKHX 3a/1aY.



6 YueOHO-MeTOAUYECKOE 00eciedeHHe CAMOCTOSITeJIbHOI PadoThl 00y4YaroIMXcst
[TpencraBneno B nmpuioxeHun 1.

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

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

a) OcHoBHas TUTEpaTYypa:

1.UrnarenkoB, B. M. O0mas xumudeckass TEXHOJOTHS: TEOPHs, NMPHUMEPHI, 3aa4d .
yuebHoe mocodue st By30B / B. U. UrnarenkoB. — 2-e u3a. — Mocksa : M3narensctBo HOpaiir,
2022. — 195 c. — (Bwicmee oOpazoBanme). — ISBN 978-5-534-09222-6. — Tekct
anekTpoHHbli /[ OOpasoBarenbHas  tiatpopma  HOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/489904

2. OCHOBBI TIPOSKTUPOBAHMSI MPOIIECCOB MEPEePabOTKHU MPUPOTHBIX SHEPTOHOCUTEIICH:
Yuebnoe mocodue / Kpasuos A.B., Cambopckas M.A., Bonsh A.B., - 2-e uza. - Tomck:M3a-B0
Tomckoro mnonutex. yHuBepcutera, 2015. - 166 c¢. / HsmarensctBo « HWHDOPA-M»
DekTpoHHO-0MOIMoTeuHas cuctema. https://znanium.com/read?id=268307

0) JlomostHuTEIbHAS JIATEPATYpA:

1. KpoutoBa C. A. BBeneHue B aHaiW3 M CHUHTE3 XUMHUKO-TEXHOJIOTMUYECKUX CHUCTEM
[Dnek-TpoHHbIi pecype] : yueoHoe nocobue / C. A. Kpoutosa ; MI'TY. - Maruutoropek : MI'TY,
2016. - 1 AJIEKTPOH. OIIT. JTUCK (CD-ROM). - Pexum JoCTyma:
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/113146
4/25.pdf&view=true .- MakpooOBEKT.

Ps60B, B. JI. Xumus vedTu u raza : yueonoe nocodue / B.JI. Ps6oB. — 3-e uzn., ucnp. u
non. — MockBa | MHO®PA-M, 2022. — 311 c¢. — DOI 10.12737/1017513. - ISBN
978-5-16-015106-9. - Texkcr : AJIEKTPOHHBIN. - URL:
https://znanium.com/catalog/product/1876804 . — Pexwum qocTyma: 1Mo mOAIMUCKE.

2. TexHonorus mepepabOTKH YIIIEBOJOPOJHBIX Ta3oB : yuyeOHuK s By3oB / B. C.
ApytioHos, . A. T'ony6esa, O. JI. Enucee, ®. I'. XKarpapo. — Mocksa : N3garenscTBo
FOpaiit, 2022. — 723 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-12398-2. — Teker :
snektpoHHslii  //  OOpasoBarenbHass  mmardpopma  FOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/495689

3. Komuccapos, 0. A. Xumuueckas TEXHOJIOTHSI: MHOTOKOMITOHEHTHAs! PeKTU(UKAIUS |
yuebHoe nocobue s By30B / H0. A. Komuccapos, K. 1. Jlam. — 2-¢ u3z., nepepab. u g0m. —
Mocksa : M3natensctBo IOpaiit, 2020. — 255 c¢. — (Bsicmee ob6pazoBanue). — ISBN
978-5-534-05626-6. — Tekcr : onektponnsii /[ DBC IOpaiit [caiit]. — URL:
https://urait.ru/viewer/himicheskaya-tehnologiya-mnogokomponentnaya-rektifikaciya-454367#p

age/l

4. IlepeBanios, B. I1. Tonkuii opraHMyecKuil CUHTE3: MPOEKTUPOBaHUE U 000pPYIOBAHUE
POM3BOJICTB . yuebHoe mocobue ais By3oB / B. I1. Tlepesainos, I'. Y. Konmgobckuit. — 2-e us.,
nepepad. u gon. — Mocksa : M3narensctBo HOpaiit, 2020. — 312 c. — (Bricuiee obpa3oBanue).
— ISBN 978-5-534-11860-5. — Texkct : anektponHsiii // DBC IOpaiit [caiit]. — URL:
https://urait.ru/viewer/tonkiy-organicheskiy-sintez-proektirovanie-i-oborudovanie-proizvodstv-4
46284#page/1

5.CmupHoB A. H. I'ereporeHHble XMMHYECKHE HPOLECCHl [DIIEKTPOHHBIN pecypc] :
yuebnoe nocobue / A. H. Cmupnos, C. A. Kpsinosa, B. U. Ceicoes ; MI'TYV. -



https://urait.ru/bcode/489904
https://znanium.com/read?id=268307
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Marnuroropck : MI'TY, 2016. - 1 snekrpon. ont. auck (CD-ROM). - Pexum pocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=67.pdf&show=dcatalogues/1/113004
6/67.pdf&view=true .- MakpooOBEKT.

6. CmupHoB A. H. Xumudeckue peakTopbl. |'OMOTeHHBIH W30TEPMUYECKUN IPOIIECC
[Dnek-TponHbId pecypce] : yueoHoe mocooue / A. H. Cmupnos, C. A. Kpsutosa, B. U. Ceicoes ;
MI'TYVY. - Maruuroropck : MI'TY, 2016. - 1 snekrpon. ont. auck (CD-ROM). - Pexxum goc-tyma:
https://magtu.informsystema.ru/uploader/fileUpload?name=70.pdf&show=dcatalogues/1/113034
5/70.pdf&view=true .- MakpooOBEKT.

7. becko B.C. O6mas xumuyeckas texHonorws|Tekcr]: YueOuuk nns By30B./B.C.
beckos .- M.: UKL «Axanemkaura», 2005.-452c¢. 6 w1, Tadi.- ISBN 5-94628-150-X.

8. JleroBanbiieB, A. O. XuMudeckasi TEXHOJIOTHS: METALTYpPIUs, KOPPO3Us METAJUIOB U
CIOCOOBI 3alIUTHI OT HEE, CHIPHEBOE U SIHEPreTUUEeCKoe 0OecreyeHrne XUMUYECKUX POU3BOICTB,
XHUMHUYECKOe MaTepuanoBeneHue: yaeonoe nmocodue / A. O. JletoBanbies, E. A. Pemernukosa ;
HOxubIl denepanbublii yHUBepcuTeT. — PocroB-Ha-Jlony ; Taranpor : M3gatensctBo KOxHOTO
denepanproro yausepcutera, 2019. - 102 c. - ISBN 978-5-9275-3174-5. - TekcT : 37€KTPOHHBIN.
- URL.: https://znanium.com/catalog/product/1088139 . — Pexxum gocTyra: 1Mo MOIMHCKe.

9. Uptioro, JI. A. KuHeruka reTeporeHHBIX IpoleccoB : yueOHoe mocodue / JI. A.
Uptioro, A. A. lly6un. - Kpacnospck : Cub. denep. yn-t, 2021. - 132 c. - ISBN
978-5-7638-4282-1. - Tekcr : JJIEKTPOHHBIH. - URL:
https://znanium.com/catalog/product/1818744 . — PexwuM HOCTyMa: 1O MOAIMUCKE.

B) MeToauyeckue ykasaHus:
1.CmupHOB, A. H. TIpou3BoACTBO XUMHUECKHX MPOIYKTOB : yueOHoe mocodbue. Y. 1/ A.
H. Cmupnos, C. A. KpsuioBa, B. 1. CeicoeB ; MI'TY. - Maruutoropck : MI'TY, 2018. - 1

9JIEKTPOH. OIIT. JICK (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3663.pdf&show=dcatalogues/1/1526
324/3663.pdf&view=true . - MakpooOBeKT. - TeKCT : 3JeKTPOHHBIA. - CBEACHUS TOCTYITHBI

takxe Ha CD-ROM.

2. Ilpou3BojacTBO XMMHYECKMX HpoaykToB. Y. 2. IIpouM3BOACTBO CEpHOW KHUCIOTHI :
npaktiukyM / A. H. CmupHOB [u jp.] ; MarHuToropckuii roc. TexHuueckuii yu-t um. I'. .
Hocoga. - Marauroropck : MI'TY um. I'. . Hocoga, 2019. - 1 CD-ROM. - 3aru. ¢ TuTy1. 3KpaHa

URL
https //magtu.informsystema.ru/uploader/fileUpload?name=3941. pdf&show—dcataloques/1/1530
516/3941.pdf&view=true . - MakpooOBeKT. - TeKkcT : 37eKTpOHHBIH. - CBEACHUS TOCTYITHBI

takke Ha CD-ROM.

3. CmupaoB, A. H. IlpousBonctBo xuMudeckux mnpoaykroB. Yacte 3. IIpomsBoacTBo
dopchopHoit kucmotel : mpaktukym [mast By3oB] / A. H. Cmupros, C. A. Kpsutosa, /1. U.
AnexceeB ; Marauroropckuii roc. rexuuueckuid yH-T uM. I'. Y. HocoBa. - Marauroropck : MI'TY
um. I'. U. Hocoa, 2020. - 1 CD-ROM. - 3arn. c¢ Tturyn. skpana. - URL :
https://magtu.informsystema.ru/uploader/fileUpload?name=4172.pdf&show=dcatalogues/1/1535
316/4172.pdf&view=true . - MakpooOBeKT. - TeKcT : 3JIeKTpOHHBIA. - CBEACHUS TOCTYITHBI
takke Ha CD-ROM.

4. CmupnoB, A. H. Teoperudeckne OCHOBBI XHMHUKO-TEXHOJIOTHUYECKHX IPOIECCOB !
yueOHoe nocobue / A. H. Cmupnos, C. A. Kpbuiosa, B. . CeicoeB ; MI'TY. - MarauToropck :
MI'TY, 2018. - 1 osnektpon. ont. auck (CD-ROM). - 3arm. ¢ tutyn skpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3515.pdf&show=dcatalogues/1/1514
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cucteMa — Poccuickuit HHAEKC HAYYHOTO
[TouckoBas cucrema Axagemus Google
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DONEeKTpOHHbIE  pecypchl  OMOJINOTEKU
MI'TY nm. I'.1. HocoBa

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

https://magtu.informsystema.ru/Marc.html?locale=ru
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crcTenta POCCILSI https://uisrussia.msu.ru
denepanbHOC rOCY/IapCTBEHHOE

oromketHoe yupexaenne «Penepansubiii|URL: http://wwwl.fips.ru/
HUHCTUTYT POMBIILICHHOM

9 MaTtepHaJIbHO-TEXHHYECKOE o0ecneueHne TUCIUTIIHHBI (MOLYJIs1)

MatepuraiabHO-TeXHUYECKOE 00eCrIeYeHNE IUCHUIUIMHBI BKIIOYAET:
VY4eOHble ayJUTOPUN [Tl TPOBEACHUS 3aHATHI JIEKIIUOHHOTO THUIIA
MynpTuMeaniiHbIE CPEICTBA XPAaHEHUS], IEpEaun U IPECTaBICHUs UHPOPMAaLIUH.

Vuebnas ayauropust il TpOBCACHUS IPAKTHUYCCKUX 3aHHTHﬁ, 3aHITHI CCMHHApPCKOIo
TUIIA, TPYIIIOBBIX U WHAUBUAYAJIbHBIX KOHCyJ'II:T&IIHfI, TEKYHIEro KOHTPOJIA U HpOMe)I(YTOHHOﬁ
aTTeCTallnuu Z[ocxa, y‘{e6HLIC CTOJIBI, CTYJIbA

VYyebHbIC ayaUTOPUU IS CAMOCTOSITENBHOM paboThl oOydwaromuxcs IlepconanbHbie
kommeioTepsl ¢ maketom MS Office, Brixogom B MHTepHET W ¢ IOCTYIOM B 3JEKTPOHHYFO
nH(pOPMaAIIMOHHO-00PA30BATENBHYIO CPEAY YHUBEPCUTETA

[Tomemenuss ayis  XpaHeHUs W TOPOPUIAKTHYECKOTo OOCTYXHBaHUS  y4eOHOTO
o0opynoBanus CTennaxu s XpaHeHNs 000py10BaHUS

MeTtoaudeckas auTepaTypa Juist yueOHbBIX 3aHAT

WHCTpyMEHTBI 11 pPEeMOHTa W NPOQPHIAKTHYECKOTO OOCITYXHBaHHS Y4eOHOTO
o0opymoBaHus
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Ipuioxenne 1

Y4yeOHO-MeTOoAUYeCKOe 00ecTieYeHrne CAMOCTOSITeIbHOI padoThl 00y4yaromuxcs

IIpumepsl pacUeTHBIX 3aJaHUMN:

Pacuem pacxoonwix koighgpuyuenmos

Ipumep 1. PaccunTarh pacxoj1 WIBMEHUTOBOM Py/Ib U CepHOM KucnoThl 1yt nonydenust 1t TiO, ,

€CIIM COZIepKaHue THTaHa B pyze cocTaBisieT 24,3% (Macc.), a crenieHs pasnoxennst FeTiO, u Fe, O,

89 %. B npomzBozctse npumensiercs: 80% cepHas kuciota ¢ 50% H30bITKOM OT TEOPETUYECKOTO.

Penrenne: [Mosmyuenne TiO , HJIET IO CIIETYIOIIUM PEaKLAM:
FeTiO,+2H, SO, =(Ti0)SO, +FeSO,+2H,0 @
Ti0OSO,+2H,0=H,TiO,+ H,SO, )

H,TiO,—»TiO,+ H,0
Fe, O, Tawoxe pearupyerc H, SO, (mobounas peaxiws) :
Fe,0,+ 3H,SO,=Fe,(SO,), +3 H,O 4
Hatinem coneprxanue Ti B UMCTOM WITBMEHUTE:
1 Moms FeTiO, -1 moms Ti
W 152 kr FeTiO,-48 kr Ti

o (Ti)= 1‘;—82 100 = 31,5%

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

Haiinem coneprxanne FeTiO , B pyne:
31,5-100%
243 —-x , x=78%
3Haunt, Fe, O, B pyze comepxurcs 100 — 78 = 22%.
Pacxon FeTIO ; mst momydennst 1 T TiO , mo peakmpsiv (1) - (3) cocTaBisiet:
1 xmonb FeTIO ;- 1 kmoms TiO,

152 kr FeTiO, -80xr TiO,

©)



X - 1000 kr, x = 1900k,
C yuerom crenenu pazinokenus:  1900: 0,89 =2130 kr,
¢ yuetoM coctaBa pyabl:  2130: 0,78 =2731 kr.
Pacxon H, SO, :
- o peakipu (1) :
1 mons FeTiO, - 2mome H, SO,
152 xr - 2*196 kr
1900 xr -X, x =2450 xr
- 110 peakiwu (4) :
Il moms Fe,O, -3mompH, SO,
160 xr - 294 xr
(2731- 0,22) xr -X, x=1104 kr
Bcero 2450 + 1104 = 3554 xr.
C yuerom 50%-T0 M30bITKA OT TEOPETHUYECKOTO :
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. dns peaknun A =C +2 D paccuuTaiite cocTaB peaKllnOHHON CMECH, €CIH
HavaJbHOE KOIN4ecTBO peareHta A — 30 MoJb, a cTeneHs ero npespamenus — 0,8.

Hns peakmmn C,H, + H,0 < C,H;OH  omnpenenure BO3MOKHOCTh ITPOTEKAHUS

B TPSMOM HaNpaBJICHUH W KOHCTAHTY PABHOBECHS TPU CTAHIAPTHBIX YCJIOBHSIX U TpHU
temriepatype 700 K (Bocnonb3oBaBmuch ypaBHeHueM TemkuHa-IlIBapumana).

2. [Ipu cuHTEe3e aMMHaKa ra3, BEIXOISIINUN U3 KOJIOHHBL, uMeeT coctaB (00.%): NH3-17,0;
N,—11,0; Hy— 72,0. PaccunraTts cootnomenue N, : Hy B ncxoaHoii cMecH.

3. Jlst oneMeHTapHoii peakuun  Hy ) + Ar,y = 2H,y + Ar .,

koHcTaHTa ckopocty npu 3000 K pasna 2,2- 10* x-mome ¢, KoHuentpanum peareHToB
paBHBI, MOJIB/JI: Bojopoja - 4,1+ 10° ,aproHa - 4,1- 10, [Ipu Kakoil KOHIIEHTPALIMU aprOHa
CKOPOCTh peaKlluy yBeIUYHUTCS B 2 paza?



4. Hexotopass xuMu4eckasl peakiusi MpoTeKaroinas 0e3 KaTaliu3aropa UMEeT IHEPTHI0
aktuBauun By = 5-10* k/lx/Mons u KOHCTaHTy ckopoctH K; mpu temmeparype 500 "C. B
MPUCYTCTBUHM KaTalau3aTopa MpPHU 3TOHM K€ TeMIIepaType SHEprus akTUBAIMU cocTaBwia Ep =
3,5 10* kJ[k/MoJIb, a KOHCTaHTa cKopocTh Ky, Ompenenure:

a) BO CKOJIBKO pa3 YBEJIMYUTCS CKOPOCTh KaTAIMTUUYECKOW PEAKIIMH 110 CPAaBHEHUIO C
HEKaTATUTUYECKOM MPH TeX K€ YCIOBUIX?

0) Ipu KaKo# TeMIiepaType KaTaaTuTHIeCcKas peakius OyAeT MPOTEeKaTh C TAKOU Ke
CKOPOCTBIO, YTO U HeKatasuTrudeckas mpu 500 oC,

Cocmaenenue mamepuailbHoco oananca

IIpumep 2 . CocraBuTh MaTepuaIbHBIN OaTaHC OKUCIICHNS aMMHaka (Ha 1T a30THOM KUCTIOThI). CTereHb
okucienns NH; mo NO-0,97; 0 N,-0,03; NOno NO, - 1,00. Creniens abcopOrm 0,92.

Conep:kaHue aMMHaKa B CyXOil aMMHa4HO — BO3yIIHOM cMecH 7,13% (macc.). Bo3myx HachliieH mapamu
BozibI TipH 30°C. OTHOCHTEIBHAS BIGKHOCTH 80%.

Tennosvie pacuemobl. Cocmasnenue menoeozo oananca

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

0) cocraB 00UTOBBIX Ta30B (00.%); B) TeruioBoi ekt peakimm ooxura. CTeneHb pasioKeHHs pr
o0xkure m3BecTHsIKA 95%. Bozmyx momaercs ¢ 40% n30bITKOM.

Ipumep 4. Cvmernami 2xr 20%-T0 pacTBopa cepHoi KUCIOTHI U 3 KT 12%-ro pactBopa NaOH .
OnpenenuTs TEMIIEpaTypy pacTBOpa Mocie CMEIIEHHs, €CIIM IEPBOHAYAIBHASI TEMIIEpaTypa KUCIIOTbI U
mienoun 20°C, oTepu Teruia B OKpy»Karolryto cpery 1%.

IIpumep 5. CocTaBUTh TEIIOBOM OAIAHC peaKTopa sl TIOTyYeHHS BOAOPO/IA KaTATUTHYECKOM
KkoHBepcueit Metana. CocTa HCXoHOM rasosoit emecu (M*): CH, - 97,8; H,0 - 250,0. [ToTepu TemioTs!

coctapysttoT 4% ot npuxona. Temmneparypa cMecu Ha Bxozie B peaktop - 380°C, na Beixoze 800°C.

C HpI/IMepaMI/I BBIITOJTHCHU A paC‘IeTHBIX SallaHI/Iﬁ MOXHO O3HAKOMUTHCA IIO yqe6HI)IM
[IOCOOUSM:

O0mas xumu4eckasi Texnosorus : yueonoe nocodue / C. A. Kpouiosa, P. H. A6npaxmaHnos,
. B. [lonypko ; MI'TVY. - Marautoropck : MI'TY, 2017. - 1 35meKkTpoH. ONT. AUCK
(CD-ROM). - Pexxum goctyma:
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/113
9098/26.pdf&view=true . - MakpooOBEKT.

Teoperndeckue OCHOBBI XUMHUKO-TEXHOJIOTMYECKUX MPOLIECCOB [ DIEKTPOHHBIH pecypc] :
yuebHoe nocodue / A. H. Cmupnos, C. A. Kpsuiosa, B. 1. Ceicoes ; MI'TY. - Marauroropck


https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/1139098/26.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/1139098/26.pdf&view=true

: MI'TVY, 2018. - 1 anektpos. onrt. auck (CD-ROM). - Pexxum mocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=3515.pdf&show=dcataloques/1/1
514321/3515.pdf&view=true . - Makpooobekt. - ISBN 978-5-9967-1095-9.

CwmupnoB, A. H. [Ipon3BocTBO XUMHUYECKUX MTPOIYKTOB : yueOHoe mocodme. Y. 1/ A. H.
Cwmupnos, C. A. Kpsuiosa, B. 1. CeicoeB ; MI'TY. - Maruutoropck : MI'TVY, 2018. -1
anekTpoH. ont. auck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3663.pdf&show=dcatalogues/1/1
526324/3663.pdf&view=true - MakpooOBEKT. - TeKCT : 371eKTpOHHBIH. - CBEICHHS
noctynHbl Takke Ha CD-ROM.

[IpousBoacTBO XMMHUYECKHX MPOAYKTOB. Y. 2. [Ipon3BOACTBO CEPHOM KUCIOTHI : TPAKTUKYM /
A. H. CmupHOB [u ap.] ; Marauroropckuii roc. tTexunueckuid yu-T uMm. I'. 1. Hocoga. -
Marnautoropck : MI'TY um. I'. W1. Hocosa, 2019. - 1 CD-ROM. - 3ara. ¢ tutyn. akpana. - URL

https://magtu.informsystema.ru/uploader/fileUpload?name=3941.pdf&show=dcataloques/1/1
530516/3941.pdf&view=true - MakpooObeKT. - TekcT : AIeKTpOHHBIH. - CBeeHHs
noctymHbl Takke Ha CD-ROM.

Cwmupsos, A. H. ITpousBoacTBo xuMuueckux npoaykroB. Yacte 3. [IponsBoactso
dopchopHOIt KUCITOTH : pakTHKYM [ By30B] / A. H. Cmupnos, C. A. Kpsutona, /1. 1.
AnexkceeB ; Maruutoropckuii roc. rexuuueckuit yu-T uM. I'. 1. HocoBa. - MaruuTtoropck :
MI'TY um. I'. K. Hocoga, 2020. - 1 CD-ROM. - 3armn. ¢ tutya. skpana. - URL :
https://magtu.informsystema.ru/uploader/fileUpload?name=4172.pdf&show=dcatalogues/1/1
535316/4172.pdf&view=true . - MakpooOBeKT. - TEKCT : 31eKTpOHHBIN. - CBeIeHHS
noctynssl Takxke Ha CD-ROM.

Memoouueckue yKazanus K 6bIN0JIHEHUIO 00OMAUIHE20 3A0AHUA RO AHAIU3Y U CUHMEZY
PA3ITUYHBIX CUCIEM XUMUUECKO20 RPOU3600cmed (no 3a0anuto npenooasameis uiu 6bloopy
cmyoenma, co21aco08aHHO20 ¢ npenooagameiem).

Ipumepwt unousudyanvhvix domawnux 3adanutl (M/13):

HJ[3 Nel TIposect  aHanu3 paOOThI OEH30JBHOTO OTAEICHHU B ycinoBusix AO
«Ypanbckas CTanby ¢ 1IeTbI0 YBEIUYEHUS CTETIEHU U3BJICUeHUs OCH30IbHBIX YTIIIEBOJOPOIOB U3
KOKCOBOT0 rasa, CTaOMUIn3au padoThl U YIIYYILIEHUs] TEXHUKO-D)KOHOMUYECKUX MTOKa3aTesei
XTC nmpousBocTBa CHIPOro OEH3011a.

H/[3 Ne2 IIpoBecTH aHaIN3 MOJCUCTEMbBI TEPMOXUMHUYECKON OUMCTKHU MIEUHOT'O arperara
muaun AHT'1I-3 TTAO «MMK» u chopmynrpoBaTh peKOMEHIAIMH 10 YIYYIIEHUIO KauecTBa
OYHCTKH U MOJATOTOBKH IOBEPXHOCTH MOJIOCHI.

HJ[3 Ne3 TTpoBectu aHanmu3 3pPEeKTUBHOCTH PaOOTHI HCKPOBOTO CHEKTPOMETPA MAPKH
«SpectroMAXX-2y, HCIoJIb3yeMoTo B JlabopaTopuu aHamuTHaeckoi xumuu [TAO «MMK» Ha
yuactke [IMIT u JITTL{-8. CpopmynrpoBaTh peKOMEHAAINH 110 YCTPAHEHUIO HEAOCTATKOB B €T0
paboTe ¥ MOBBIIICHUS TOYHOCTH PE3YJIbTaTOB aHAIIN3A.
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PexomenayeMoe Ha3BaHHUE pa3/eiiOB B MOSICHUTEILHOM 3aIiCKe
1. Conepxanue.

2. 3agaHue.

3. BeeneHue.

4. Cunre3 XTC.

4.1. O6ocHoBanue coznanus dpdexrunont XTC;

4.2. Onpegenenue TexHonorunyeckoit Tonosoruu XTC;

4.3. YcraHOBIIEHHE TEXHOJIOTMUECKUX U KOHCTPYKIIMOHHBIX apameToB X TC,
TEXHOJIOTUYECKUX MapaMeTPOB PEKUMA U ITOTOKOB;

4.4. Nzo6paxenue rpadpudecknx moaeneit XTC (PpyHKIMOHAIBHON, CTPYKTYPHO,
OTIEPATOPHOM, TEXHOJIOTMUYECKOM CXEMBI C OIUCAHUEM ).

5. Anamus XTC.
5.1. IlpeacraBienue u3y4yaeMoro o0beKTa B BUJE HEPAPXUUECKOM
ctpykrypsl XTC;

5.2. lloctpoenne Mmatematuueckoit Mmojenu XTC; (mpu BO3MOXKHOCTU WJIK BHECTH
3TOT pa3fell MOocie U3YYSHHSI JPYTUX COOTBETCTBYIOIUX JUCLUIUINH)

5.3. Uzyuenue cBoicTB U 3ppextuBHOCTH PyHKIIMOHUpOBaHUS XTC
6. 3akiroueHue.
7. ClIUCOK UCTIOJIB30BaHHON JIUTEPATYPBHI.

Paznen «3aganme». B HeM 1oimkeH ObITh YKa3aH KOHKPETHBIN THIT
IPOM3BOJICTBEHHOTO MpoLIecca, sl KOTOPOro OyAeT MpoBOAUThCs cMHTe3 U aHanu3 XTC.
371ech ke MPUBOANTCS 3aja4a, KOTOPYIO CIEAYET peliaTh Ul N3y4eHHsI CBOUCTB U
s pextuBHOCTH PyHKIMOHUpOoBaHus X TC.

Bo BBeieHnHu (OpHEHTUPOBOYHO 1-3 CTp.) B KpaTKoi M 4yeTKoi opMe JOTKHBI OBITh
chopMyIHpOBaHbl U 0OOCHOBAHBI OCHOBHBIE ITYTH Pa3BUTHs pacCMaTpUBAEMOI0
MIPOU3BOJICTBA, ChOpMyIHpOBaHa 11eJb Pa0OTHI, OLIEHEHA aKTYalbHOCTh BEIOPAHHOU TEMBI U
IIyTH pELIECHUs [TOCTABIECHHOM 3aJauH.

Paszgea 4. Cunre3 XTC npeacTaBiseT OJIHY U3 TJIaBHBIX COCTABHBIX YaCcTei
pacueTHO-MOSICHUTENbHOM 3anmucku. JIro6oi paccMaTprBaeMblii XMMUKO-TEXHOJIOTHUECKHM
MIPOIIECC WM XMMHUKO-TEXHOJIOTUYECKOE TPOU3BOACTBO CIEAYET MPEACTABIATh KaK CIOKHYIO
XTC, cocrosmiyro u3 OOJBIIOTO YKCIIa anapaToB U CBsA3eH Mex 1y HUMU. KoHeuHas 11eb
cuntesa (pazpadbotkn) XTC — co3nanmne BEICOKOI(PPEKTUBHOTO XUMHYECKOTO TIPOMU3BOJICTBA,
T.€. MPOU3BOJICTBA, TIO3BOJISIOIETO MOTYYaTh MPOIYKIIUIO HE TOJIBKO B 33JIaHHOM 00beMe U
TpeOyeMoro KauecTBa, HO M SKOHOMHYECKH 11eJ1eCO00pa3HbIM MTyTEM.



Pa3nen 4.1. O6ocHoBanue co3manus BeicokodpdexktuBHbIX X TC. [IpoBoauTcs Ha
OCHOBE JINTEPATYPHBIX TaHHBIX. B kpaTkom 0030pe auTepaTypsl (OpueHTHPOBOYHO 5-10
CTpaHUII) JOJDKCH COICPIKATHCS KPUTHYESCKUIN aHAITU3 IaHHBIX O pacCMaTPUBACMOM
IPOM3BOICTBE, UMCIOLIMXCS B YUeOHUKAX, MOHOTpausX, IEPHOANICCKON 1 MATCHTHOM
auteparype. B 0030pe 10mKHBI ObITh 0003HaUEHBI HanOoJIee MPOrPECCUBHBIC
TEXHOJIOTUYECKHE CXEMBI 1 000PYI0BaHNE, IPEATIOKEHA TaKasi CXeMa TEXHOJIOTHYECKOTO
nporecca, KOTOpast HO3BOJIUT BRIITYCKATh MPOIYKIIMIO BEICOKOTO KaYeCTBA C HAMMEHBIINMU
3aTpaTaMy MaTEPHAIBHBIX U SHEPTETHYECKUX PECYPCOB M OJTHOBPEMEHHO 00ECIICUHT
TpeboBaHus, MPEIbABISIEMBIC K 3alIUTE OKpYKatomieil cpeapl. [Ipu sToM B muteparypHom
0030pe T0JKHBI OBITh HA3BaHBI MYTH CO3AaHUS Y(P(PEKTUBHON TEXHOJIOTMUYECKON CXEMBI
(BBeIIeHHE UKIMYECKUX TTOTOKOB, CXEM 3aMKHYTOT'0 BOJI0OOOPOTa, 3aMeHa 000py10BaHHUs
0oJiee MPOrpeCcCUBHBIM, BBEICHUE M3MEHCHUH B TEXHOJIOTMYECKHUI MTPOLIECC U T.1.).

Pa3nen 4.2. Onpenenenue texnosorunueckoit ronosnorun XTC. Texnomornyeckon
tononorueil XTC Ha3bIBalOT XapakTep U MOPSIOK COETUHEHHS OTAEIbHBIX allapaToB B
TexHoJoruueckoi cxeme. C yueToM IuTepaTypHOU MpopabOTKU Ha OTAEIBbHOMN CTpaHUIIe
CTYJEHT JIOJIKEH BBIOPATH aIllapaThl CXEMbI, ONPEAEIUTh XapaKTep CBI3EH MEXIy
anmnaparaMy, yCTaHOBUTb ONTUMAJIbHBIN MOPSIIOK COEUHEHHS OTACIBHBIX 3JIEMEHTOB B
TEXHOJIOTHYECKYIO CXEMY.

Pa3nes 4.3. YcraHoBI€HHE TEXHOIOMMUYECKUX U KOHCTPYKLIIMOHHBIX ITapaMeTpOB
XTC, TeXHONOTUYECKHX MTapaMeTPOB PEKUMA U TIOTOKOB.

B sTOM pazaene pacueTHO-NOACHUTENBHON 3aIIMCKH CIIEyeT Ha OTJEJIBHOM CTpaHULIe
(MOXHO B BUJIe TaOJIUIIbI) YKa3aTh 3HAUCHUSI BXOJHBIX [IE€PEMEHHBIX, T.€. PU3NUECKUe
napaMeTpbl BXOAHbBIX IOTOKOB ChIPbsI (TEMIIEPATYPBI, AaBICHUS U JIp.), TEXHOJIOTHYECKUX
napametrpoB X TC (cTeneHb MpeBpalieHust ChIpbsi, CTENEHb Pa3/IeleHUs XUMHUUECKUX
KOMITOHEHTOB, KOHCTaHT CKOPOCTeH peakuuit, K03 HUIIMEHTOB Macco- U TEIUIoNepelaun U
T.11.), KOHCTPYKIMOHHBIX TapameTpoB X TC (reoMeTpuyeckux XapakTepuCTHK
anmnapaTypHOro opopmieHus — 00beMa XUMHUECKOr0 PEakTopa, OCHOBHOI'O CE4YEHUS
anmnapara, BbICOTHI CJIOSl HACAJIKH U T.I1.), TApaMETPOB TEXHOJIOTMUYECKOTO pexnma B
annaparax (anementax XTC) — reMneparypsbl, 1aBJIeHHs, aKTUBHOCTH IIPUMEHSEMOTO
KaTajan3aTopa, yCIOBUN THIPOJMHAMUKYU IIOTOKOB KOMIIOHEHTOB; [TapaMeTPOB
TEXHOJIOTHYECKUX MTOTOKOB (MacCOBBIN pacxo, TeMIleparypa, JaBlieHHe, KOHIIEHTPALUs
BELIECTB B IIOTOKE U T.II.).

Pa3nean 4.4. 3o0paxenne rpapuyeckux moxaenenn XTC.

KauectBennsie (000011I€HHBIC) MOJIENN CYIIECTBYIOT JIByX BUJIOB:
OTIEPAIIMOHHO-OIHCATENIbHBIE U NKOHOTpadUIeCKHe.

HNxoHorpadgudeckrne MOAEIN CBSI3aHbI C HATTISTHBIM rpadUuecKiuM H300paKeHuEM,
YEPTEKOM. ITO PA3TMUHbBIE BUIBI CXEM XUMHUKO-TEXHOJIOTUUECKOTO MPOIIECCa, BHIMOTHEHHBIX
B BHJIC YEPTEKEH: PyHKIIMOHAIBHAS, CTPYKTYpPHAsl, ONlepaTopHas, TEXHOJIOTUYECKas.

OyHKIMOHANIbHAS cXeMa JlaeT o0liee npeacTaBiIeHue o npouecce ¢ yHKIIUOHUPOBAHUS
XTC. I1o Hel MOXKHO OIIPENEINTh, KAKHUE ONEPALMH COBEPIIAIOTCS B IPOU3BOJICTBE U B KAKOU
nocyenoBaTeabHOCTH. CBEIEHN O THMaX OTACIBbHBIX 3JIEMEHTOB (DYHKIIMOHAIbHAS CXEeMa He
JIaeT.



CtpykTypHas cxema Jaet n3oopaxenue Bcex 3neMeHToB X TC B Buze OJOKOB U
TEXHOJIOTHYECKHUX CBSA3EH MCKAY HUMMU.

OnepaTopHaﬂ CXEMa JacT HariigaHoeC IMpEACTABICHUE O @HSHKO'XHMH‘ICCKOﬁ
CYIITHOCTU TCXHOJOTMYCCKUX MPOUCCCOB CUCTCMBI.

TexHonoruueckas cxema aaer Haubosee KadeCTBEHHOE IPEACTaBICHUE O IPOLIECCE.
Kaxip1ii 2;1eMeHT mporecca okas3aH B BU/IE€ YCIOBHOIO OOLIETIPUHSITOrO CTaHAAPTHOTO
n3o0paxenus. I1o cxeme MOXKHO CyAUTh O TUIAX U CIIOCO0AX COEANHEHUS 3JIEMEHTOB, O
[0CJIE0BATENBHOCTU OTAEIbHBIX TEXHOJIOTHYECKUX ITPOLECCOB.

Bce moaenu paccmarpuBaemoit XTC npeacTaBistoTCs MOJHO, KaXaas Ha OTACIbHOM
nmucte. BHayane nmpuBogutcst xumudeckas cxema XTC B crexuomerpudeckoit popme, ganee
MOCIIE0BATENHHO (DYHKIIMOHAIIbHAS, CTPYKTYPHAsI, OTIEpaTOpHAs, TEXHOJIOTHYECKAsl.

I/I306pa)KeHI/Ie TEXHOJOTUYECKON CXEMBI COIIPOBOKIACTCA OIIMCAHHUCM
TEXHOJIOTHYCCKOTIO ITpo1ecca.

Onucanue TEXHOJIOIMYECKOr0 IIpoLecca MPOBOJUTCA ¢ YUETOM NOCIIEI0BATEIbHOCTH
OCHOBHBIX TEXHOJIOTHUECKUX OIEPAIUiA B COOTBETCTBUU C BBIOPAHHOUW TEXHOJIOTHICCKON
CXEeMOU TPOU3BOACTBA U €€ ammaparypHbiM opopmiieHreM. B onrcanny yka3pIBaroTCs
Ha3HAYCHHE OTACTBHBIX CTATUH, PU3NKO-XUMHUYECKas CYITHOCTh MIPOIECCOB, HOMEpa
MO3UIIMIA ¢ TEXHOJIOTHYECKOU cxeMbl. [IpuBoIUTCS KpaTkoe onucanue paboThl OCHOBHOTO
000pyI0BaHuUs.

Pa3nea 5. Ananu3 XTC — T1.e. nonydyenue cefeHuit o pyuknuonuposanun XTC B
3aBUCHUMOCTH OT BbIOpaHHON XMMHUYECKOM CXEMBI, CTPYKTYpPbl TEXHOJIOTUYECKUX CBSA3EH
MEXy 2JIEMEHTAMHM U MOJICUCTEMAMH, A TAKXKE OT KOHCTPYKI[MOHHBIX U TEXHOJIOTMUECKUX
napaMeTpoB, UCXO/Is U3 33/IaHHBIX CBOIMCTB U MOKa3aTesel (yHKIMOHUPOBAHUS, UMEIOIINX
ONTUMAJILHOE 3HAUEHUE.

Pazpnean 5.1. Uepapxuueckas crpykrypa XTC nmpenacrasinser co0oi BO3pacTaromiyto o
MaciTadam 1ocie0BaTeNbHOCTh!

A% XII
F
v XTII
II1 arperartel
F 3
I ammaparhbl
I OT/IeTBHBIE MIPOIECCHI




Nepapxuueckas ctpykrypa XTC noka3piBaeT HUIMYKHE OTHOIICHUI COMOTYUHEHHOCTH
MCKAY YPOBHIAMU (HOI[CI/ICTeMaMI/I) " CYHICCTBOBAHUC B3aAUMOCBA3U MCKAY MMOACUCTECMaMU
OJIHOTO U TOTO € YPOBHSI.

Pa3nes 5.2. CymHOCTh MATEMAaTUYECKOTO MO/IEIIMPOBAHNS, BIISIOLIETOCS
MaTEMAaTU4YCCKUM MECTOAOM XUMHYECKOM KI/I6epHeTI/IKI/I, 3aKJII04acTCAa B TOM, UYTO ACTAJIBHOC
M3Y4EHHUE IIpolecca IPOU3BOANUTCS HA MATEMAaTUUYECKON MOJIeH Npyu oMoty OBM.

MaremMaTudeckoe MOACIINPOBAHUC OCYHICCTBIIACTCA B TPU B3AUMOCBA3aHHBIC CTAIUU:

1) bopmanu3zanus u3ydyaeMoro mnpoiiecca - IOCTPOeHUE MaTeMaTHYECKOM MOIETTN
(cocTaBiieHHEe MAaTEMaTHYECKOTO OMHUCAHUA);

2) mporpaMMUpOBaHUE PeLIeHUs 3a7auu (aIrOpUTMH3aIus ), oOecreynBaoniee
HAXO0XJ/ICHUE YHCIICHHBIX 3HAUEHUH ONpeieNiieMbIX TapaMeTpOB;

3) YCTAHOBJICHUC COOTBETCTBUSA (a,IleKBaTHOCTI/I) MOZCIIN U3y41aEMOMY IIPOLECCY.

MaremaTudeckoe MOACIIMPOBAHUEC HAUYMHACTCA C COCTABJICHUA COOCTBEHHO
MaTeMaTH4YeCKOM MOIOCIH. Ora MO/JICJIb, OTpaKaromiasi COOTBCTCTBYIOH_[I/Iﬁ (I)I/I3I/I‘IGCKI/II71 U1
XUMHYCSCKHI mpouecce, MpeACTaBIACTCA B BUIAC onpeﬂeneHHoﬁ MaTeMaTHYECKOMN 3allucy,
06’Le,Z[I/IH$IeT OIIBITHBIC (1)8.KTLI " YCTAaHAaBJIMBACT B3AUMOCBA3b MCIKAY ITapaMeTpaMu
HCCIICAYEMOTIO IMponecca; Ipu 3TOM HUCIIOJIB3YIOTCA TCOPECTUICCKHUE METOAbI 1 H606XOI[I/IMBIG
SKCIICPUMCHTAJILHBIC TAHHBIC.

KoHeuHoi1 1enpro pa3paboTKi MaTeMaTHIeCKUX MOJIEIICH SIBISETCS IPOTHO3
pe3yNbTaTOB MPOBEICHUS MPOLIecca U BEIPa0OTKa pEKOMEHAAINUN TT0 BO3MOXKHBIM
BO3JE€MCTBUEM HA €T0 XOJI.

[Tpu oTcyTcTBUM JOCTATOYHOM MH(pOpMAIMK 00 ONTUCHIBAEMOM IPOLIECCE, €ro
U3y4eHHE HauWHAETCs C MOCTPOEHUS MPOCTEHIINX MoJienelt, Ho 0e3 HapyleHUsl OCHOBHOM
KaueCTBEHHON CHEeU(PUKU UCCIIEAYyEMOT0 Mpoliecca.

IIpu BBINOJIHEHUH JOMAIIHETO 3aJaHUs CTYIEHTaM IPeAJIaracTcsl yCTaHOBUTh
OCHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUS UCCIELYEMOTO ITPOLECCA U COCTABUTD
MaTeMaTUYECKHE YPaBHEHUS UCTIOIb3Ys JIUTEPATYPHBIC JaHHBIE 00 OMMCHIBAEMOM IPOIIECCE
Y OTMPasiCh Ha 0a30BbIC 3aKOHBI XUMHUHU — 3aKOH JieicTBUsI Macc, npuHnui Jle-Illatense u ap.

Maremaruueckasi MOJIETTb MOXKET OBITh JIByX YPOBHEH:

v = fxpz,)

- onucanue nemenma XTC

rae XK — mapameTp COCTOSHUS MOTOKA Ha BXojie B K-ThIif armapat (3JIEMEHT);
ZK - KOHCTPYKIIMOHHBIH MMapaMeTp dIIEMEHTA;

UK — ympaBansiromuii mapamerp;



Yk — mapameTp moToka Ha BBIXO€ U3 K-Toro ammapara.

- ORUCAHUE MEXHOJI02UYECKUX C8A3ell Meofcdy annapamamu

X, =«

* 4,
- -k -'l

ML

rae LK - s MOTOKa, BRIXOAIIEro u3 L-ro ammapara u BXOISIIETO B
K-ThIifanmapar;

y
< L. nmapaMeTp COCTOSAHUA IMTOTOKA, BBIXOJAICTO U3 L-oro arirapara.

ITPUMEP:

CO3Z[aTB MAaTeMaTUYCCKYIO MOJICJIb U BBIABUTD ITYTH ITOBBIILICHUA B(b(l)eKTI/IBHOCTI/I
nponecca CMHTEC3a aMMHUaKka.

XuMHYecKas cxema mnpoiecca

N2 + 3H2 — 2NH3

CKopoCTb MPSAMOU PeaKIK BhIPAKACTCS ypaBHEHUEM

r | 3
V= k[j\"z] [Hz]
[Tpunumas, yro [N] = const, MoxHO 3anmcars:
Y:kl*xli

I7ie Y - CKOpPOCTb NPSIMOM peaKkIuu
k1 - ko3 pUIHEHT MPOMOPIIUOHATIBHOCTH
X1 - koHIeHTpalus Bogoposa [H].

[TpuHuMast, 4To TeMIepaTypHbIi KOAPGHUIMEHT CKOPOCTH JaHHOM XMMHUYECKON
peakuuu paBeH 2.7, MOKHO 3alKcaTh, 4YTO

Xy

. ;
v=>rk.x .2.71°

r7ie X2 — I3MEHEeHUE TeMIepaTypbl XuMudeckoi peakmun AT.

[TockonpKy mpoliecc CHHTE3a MPOUCXOJUT B ra30BOM (paze, MOXKHO KOJIMYECTBEHHO
OLICHUTH BIUSHUE JaBJICHUS B CUCTEME HAa CKOPOCTh XMMHUYECKOI0 Ipornecca. Tak, npu
YBEJIMYEHUH JIaBJICHUS B CUCTEME, SKBUBAJIEHTHOI'O YMEHBIIEHUIO 00BbEMa CUCTEMBI B 2 pa3a
(TIpu 3TOM BO CTOJIBKO € pa3 MPOUCXOJUT MOBBIIIEHNE KOHIIEHTPALUIl pearupyomumx



BEIIIECTB), CKOPOCTh MPSIMOM pPeakiuu Bo3pacraeT B 16 pa3. Takum oOpazoM mpaBOMEPHO
3amucaTh

Y=kt 270 4

r/ie X3 — I3MCHEHHE JJaBJICHUS, COOTBETCTBYIOIIEE YMEHBIIEHUIO 00beMa CH-
CTEMBI B 2 pasa.

AHanu3upys NOJy4YEHHYI0 MAaTEMaTUYECKYIO 3aBUCUMOCTb MOXKHO C/I€JIaTh BBIBOJ O
XapakTepe BIMSHMS OCHOBHBIX TEXHOJIOIMYECKHUX apaMeTpoB (KOHLIEHTPAIMH UCXOIHBIX
peareHToB, TEMIIEPATYPHI U JaBJICHUS) HA CKOPOCTb MPSAMON XUMUYECKON PEAKIIUH.

Pa3nen 5.3. H3yuenue cBoiictB u a3ddektuBHOCTH PyHKIHOHUpoBanus X TC.
[Tpou3BOaUTCS MyTEM BBIIIOJIHEHUS TEXHONIOTHYeCKUX pacuetoB st XTC, koTopsle (1o
3a/1aHUI0) MOTYT BKJIIOUYATh!

— OIpeIeTIeHne TEOPETUIECKUX PACXOAHBIX KOA(PPHUIIMEHTOB pacCMaTPUBAEMOTO
IIPOU3BO/ICTBA;

— ompeneneHne (HaKTUIECKUX PACXOTHBIX KOA((UIMEHTOB paccMaTpUBAEMOIO
IIPOU3BO/ICTBA;

— OIpeneieHre TEXHUUECKOTO COCTaBa MPOAYKTa;

— COCTaBJICHHE MaTepHAIIbHOrO OanaHca OTAETBHOrO Yy3Jia, XUMHYECKOIO
peaxkTopa WJIn IpoLecca;

— COCTaBJICHHE TEIJIOBOrO OajaHca OTIENbHOIO Y3Jla, XMMHYECKOI0 peakTopa
WM TIpoliecca.

Pacuer Teopernueckux pacxoaHbIX KOA((ULIMEHTOB IPOU3BOIUTCS B COOTBETCTBUU

CO CTEXHOMETPUYECKUMHU YPAaBHEHUSIMHA XUMUYECKON PEAKIINN, TPOTEKAIOIIEN B
paccmarpuBaemoit XTC.

Pacuer paxTrueckux pacxoIHbIX KOIPHHUIMEHTOB IPOU3BOJUTCS C YUETOM
BO3MO>KHOT'O MEHSIOLIETOCs] TEXHUYECKOIO COCTaBa MPOIYKTOB IIPH UX XPaHEHUH U
TPAHCHOPTUPOBKE, a TAKXKE C YUYETOM MOTEPh ChIPbs U BO3BPATHBIX (MM 0€3BO3BPATHBIX
OTXOJIOB).

MarepuanbHsiii 0ananc paccmarpuaemoid X TC unn €€ moacucTeMbl CTPOUTCS Ha
OCHOBE 3aKOHA COXPAHEHHUs MAacChl C Y4ETOM CTEXMOMETPHUECKUX OalaHCOBBIN
COOTHOILIEHUH U MOXeT ObITh MpeJICTaBlIeH TabauIlel, AuarpaMmoit u T.1. TertoBoii 6anaHc
paccmarpuBaemoil XTC ninm €€ moacucTeMbl CTPOUTCS HA OCHOBE 3aKOHA COXPAHEHHUS
SHEPIUU C YUETOM TEPMOXUMHUUYECKHX, TEPMOAMHAMUUECKUX OalaHCOBBIX COOTHOIIIEHUH.

KpoMme pacueTHbIX XapaKTepUCTHK JUIsS OLIEHKH Y(PPEKTUBHOCTH (QYHKIIMOHHUPOBAHUS
XTC MOXHO HCIIOJIB30BaTh SKOJIOTHYECKHUE PEKOMEHJAIU, KOTOPbIe HOCHIIU ObI
ONHUCaATENbHBIN XapaKTep WM KOHKPETHYIO HH(POPMALIHIO [0 OXPAaHE OKPYKaroIIeH Cpe/ibl.



B sToMm paszzaene KypcoBoit paboThl MOTYT IPUBOAUTCS CXEMbI 00€3BpEKUBAHMS,
XUMU3MBI TPOIIECCOB, MPOTEKAOIINX C ETbI0 00€3BPEKUBAHUS OTXOISAIINX Ta30B WU
CTOKOB, OCOOCHHOCTH ammapaTypHOro 0OPMIICHHS STUX MTPOLIECCOB, XapaKTEPUCTHKA
MPUMEHSIEMBIX JUIsl 00€3BPEKMBAHUS BEIIECTB, MATEPHAIIOB | JIP.

Pa3nen «3akiarouenue» (OpueHTUPOBOUHBIN 00beM | cTpanuna). Dopmynupyrorcs
KpaTKHUE BBIBOJIbI, BRITEKAIOIIME U3 BHIMOJIHEHHOW paboThl. B HUX XapakTepusyroTcs
TEXHHYECKOE PEIICHHE BEIOPAHHOM TEXHOJIOTHYECKON CXEMBI, JaeTCs OI[CHKA
PEKOMEHIyeMOr0 MpoLecca, ero TEXHUKO-3KOHOMUYECKOH 3(hPeKTUBHOCTH, peLICHUS
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 CPEICTBA

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

OIIK-1.1

Pemraer nmpodeccuoHanpHbie 3a1aun B 001aCTH
METaJUTYpPTHH U TTPOLIECCOB METAIIO00PabOTKH,
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 CTaau.
[Iporneccrl, mpoTekaromye B KHHETHIEeCKOM, AU Py3MOHHOMN U MepeXoqHON 00IacTaX.

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

Hanpasnenne xummunueckux peakuuil. M3menenue sHeprum I'mbbca B Xoae peakiuH.
VpaBuenue uzorepMmbl Bant- 'opda. OcHOBHBIE 3a7aull TEXHOJOTHUECKUX PacyeToB Ha
OCHOBAaHMUH TEPMOJUHAMUYECKUX 3aKOHOMEPHOCTEN XUMUYECKUX IPEBPALICHUMN.

OO0mue 3aKOHOMEPHOCTH XHMHUYECKHUX TpolreccoB. PaBHOBecHe B TEXHOJIOTUYECKUX
nporeccax. [lpunmun Jle-Illatenbe. Cnocobsl cmemenuss paBHOBecus. (CremneHb
MIPEBPALIEHUS CBIPhsI. BBIXOJ] POJTYKTOB.

CKopocTh XHMMHKO-TEXHOJIOTMUECKUX TMpoueccoB. Kunermueckas u auddysnoHHas
00JIaCTH TeXHOJIOTHYECKUX TMpolieccoB. CriocoObl yBeTUUYEHUSI CKOPOCTH MpoLecca.

@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.
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10.

KoncranTa (ko3¢ pUIeHT) CKOPOCTH.

3aBUCHUMOCTb CKOPOCTH PpEaKLMHM OT TEMIEpaTypbl. ODHEpPrus akTUBALUU. YpPaBHEHUE
Appennyca. Karanuzatopsl. [IpoMbinienssiii katanus. Kontaktaeie Macebl. Mx cocTas.
TexHonornueckre NpUEMbl YCKOPEHHUS (3aMEUICHUs]) peakuuil. DKOHOMHYECKHE W
TEXHOJOTUYECKHE (DaKTOpBI, OTPaHMYMBAIOIIME TPUMEHEHHWE BBICOKHX TEMIeparyp |
JIaBJICHUH KaK CPeICTB perynnpoBanus ckopoctu XTII.

— OrnpenenuTs NPUHIMITHAIBHYIO BO3MOXKHOCTh IIPOTEKAHUS PEaKIUH
COZ(z) + 4H2(2) <~ CH4(2) + 2H20(2)
-3944 0 -508 —2284  klloc| monw
npu cranfapTHbeix ycaoBusx (T=298 K). 3nauenus AG%gg  Bcex Y4aCTHHKOB

pCaKkuu NpUBCACHBI IO YPABHCHHUEM.

— MUcnonwsys npunnun Jle-lllatense mpemiokuTe CocoObl YBEIWYEHHUS PaBHOBECHOMU
CTEIEHU PEBPALICHUS IPU MIPOTEKAHUH PEAKIIHI

_ 'CO+H0=CO, + H, + 0, CHy=CHy + Hy— 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
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P =045 MIla

Hurposnsie
2 > 33D
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UHMKATOpa
— Ilpou3BoAcTBO aMMMaka U3 MPUPOAHOIO Tra3a MOXKHO MPEACTaBUTh XHMHUYECKOU
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 (TernoBoit) 6ananc. [IpuHIMI €ro cocTaBiaeHuUS.
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

6anancosoro pacuyera XTC.

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

— CocraBbTe XHMHYECKYI0O U (DYHKIHMOHAIBbHYIO CXEMbl IPOU3BOJCTBA aMMHAYHOU
ceqnTpbl. Kak ucnonp3yeTcs TenioTa HeWTpaau3aluy B nporecce?
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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 cmenenu npespawenus x(t) npu temmneparypax 11 u To>Tiaas 3HI0-
TEPMHUYECKOW M IK30TEPMHYECKON pEAaKUUN B PEAKTOPE HUACAIBbHOI'O BBITECHEHUS
IIpEACTaBJICHA HA PUC.

1

srnoo- (1,)

IITPUXOBBIMHU JTHHUAMH IOKA3aHbI PABHOBECHBIE CTENEHU IpeBpallleHus X, s
TeX e yCJAOBHH
Kakoii TemneparypHblii pexxum OyeT ONTUMaIbHBIM JJIs1 00eCTIeYeHUs] MAaKCUMaJIbHOM
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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 ¢ maccoBoit noneii: C -0,862, Hy — 0,046, No— 0,012, Bnaru
-0,010, 30me1 — 0,070.

Kaxkoit o6beM 3anumaeT kuciaopoa maccoi 8 r ripu 28 0C u naBnenun 744 mm prt. cT.?
DOHTaNbIMS peakluyu HeWTpaauzanuu ammuaka 52,5%-HoW a3oTHOM kuciorod AH =
—106,09 kJIx/mMonb. OnpenenuTe, CKOJIBKO BOJAbI MOKET MCIAPUTHCS 332 CUET TEIUIOTHI

peakuuu HelTpanuzanuu 212,5kr aMMuaka. DHTanbenus napooOpazoBanus Bojbl 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, MOKA3aTeJ M M KPUTEPHUHU
OLlCHUBAHMUSL:

[TpoMexxyTouHass aTTecTanus Mo JuciuiuHe «OOIas XUMHUYecKas TEXHOJOTHs» BKIIIOYACT
TEOPETUYECKHE BOTPOCHI, TO3BOJISIONINE OLEHUTh YPOBEHb YCBOCHHUSI 00YUAIOIIUMUCS 3HAHUH, U
NPAaKTUYECKHE 3a/aHusl, BBIABISIONIME CTENEHb C(POPMHUPOBAHHOCTH YMEHUI W BIaJCHUM,
npoBoauTcs B popme sk3amena (1 cemectp) u 3adera (2 cemectp).

DK3aMeH 0 JaHHOM TUCIUIUIMHE IPOBOJUTCS B YCTHOU (hOpME 1O 3K3aMEHALMOHHBIM OHIIeTaM,
KQKIbIH U3 KOTOPBIX BKIIIOYAET 2 TEOPETUYECKUX BOIIPOCA U OAHO IPAKTHUUECKOE 3a/1aHHUE.

Iloxa3arenu u KPUTECPHUHA OLICHUBAHUSA IK3aMeEHaA:

— Ha OLEHKY «OTJIHYHO» (5 OayutoB) —0Oydaromuiics IEeMOHCTPUPYET BBICOKMI YpPOBEHBb
c(OPMUPOBAHHOCTH KOMIICTCHIMH, BBICOKMI YpPOBEHb 3HAaHMH HE TOJIBKO Ha YpOBHE
BOCIIPOM3BEJCHUS M OOBsICHEHHsS WH(OpMAalWU, HO W HMHTEIUICKTYaJIbHbIC HABBIKH PEIICHUS
npo0JieM u 3ajau:

® JJaeTCs KOMILUIEKCHAs OLIEHKA MPEIJI0KEHHON CUTYallHH;

® JICMOHCTPUPYIOTCSI TJyOOKHE 3HAHUS TEOPETHUYECKOTO Marepuaja U yMEHHE HX
[IPUMEHSATB;

® [I0CJEN0BATEIbHOE, PABUIILHOE BBIIIOJHEHUE BCEX MPAKTUYECKUX 3aJaHHI;

e yMcHHE 000CHOBAaHHO M3JIaraTh CBOM MBICIIH, JEJIaTh HEOOXOAMMBIC BBIBO/IBI.

— Ha OILEHKY «xopomo» (4 Oamna) — oOyyaroluiics EMOHCTPUPYET CpEeIHUN YPOBEHb
c(hOpMUPOBAHHOCTH KOMIIETEHIIUH:

® JTacTCa KOMIIJICKCHAA OIICHKa npezmoxceHHoﬁ CUTYyalluH,

® JCMOHCTPHUPYIOTCSA NOCTATOYHBIC 3HAHUA TCOPCTUYCCKOTO MAaTCpUajla 1 YMCHHUEC UX
IMPUMCHATH, HO JOIMYCKAOTCA HE3HAYHUTCIbHBIC 0HH/I6KI/I, HECTOYHOCTH

®  BbLIIIOJIHCHUC BCEX MPAKTUYICCKHUX 38.,[[3HPII>’I; BO3MOXXHbBI CIWHHWYHBIC OIJ_II/I6KI/I,
HUCIIPABJISICMBIC CAMUM CTYICHTOM IIOCJIC 3aMCHAHUS ITPEIIOAaBaTCIIA,

® 3aTpyAHCHUA IPU AHATUTUUYCCKHUX OIICpaluiax, MCPEHOCC 3HAHUN H YMGHI/Iﬁ Ha
HOBBIC, HCCTAHAAPTHBIC CUTYyalluH.

— Ha OIEHKY «YAOBJETBOPUTEILHO» (3 Oamina) — 00ydyaromuicss JEMOHCTPUPYET MOPOTOBBII
ypOBeHb CHOPMUPOBAHHOCTH KOMITETEHIIUH:

® 3aTpPyJHEHHs C KOMIUIEKCHOM OLIEHKOM MPEUIOKEHHON CUTYallNH;

® HENOJHOE TEOpeTHYECKoe OOOCHOBaHME, TpeOyrollee HaBOAAIIUX BOIPOCOB
[IPENoIaBaTels;

e  BBINOJHEHNE 3a/IaHUM ITPU NOJICKA3Ke MPEToJaBaTes;

e 3aTpynHEHUus B (GOPMYJIHPOBKE BHIBOJOB.

— Ha OIEHKY «HEYJAOBJIETBOPUTEIbHO» (2 0amma) — oOydarommuiicss TeMOHCTPUPYET
3HaHuss He Oojee 20% TeOopeTHHYecKoro Marepuasna, JOMYCKaeT CYIIECTBEHHBbIE OLIMOKH, He
MO>KET MOKa3aTh MHTEJUIEKTYaJIbHbIE HABBIKU PEIICHUS TPOCTHIX 3a/1a4.



— Ha OILICHKY «HeY/A0BJIeTBOPUTEIbHO» (1 6ain) — o0ydJaromuiicss He MOXKET MOKa3aTh 3HAHUS Ha
YPOBHC BOCIIPOU3BCACHUA U 06'LSICHCHI/IH I/IH(bOpMaI_II/II/I, HC MOXCT IMOKa3aThb MHTCIUICKTYAJIbHBIC
HAaBBbIKH PCIICHUA IMPOCTHIX 3a/la4 HCIIPABUJIbHAA OLICHKA HpeIUIO)KeHHOI\/JI CUTyalluu,

3ayer Mo AAHHOW IMCUMIUIMHE MPOBOAUTCS B YCTHOW (hopMe IO pe3yibTaTaM BBIIOJHEHHBIX
33JIaHMM Ha IMPAKTHYECKUX 3aHATHAX M JOMAIIHUX 3aJaHUM M OTBETaM Ha BOIPOCHI
IIPENOoAaBarelisd 10 TEME 3aJaHUs U €r0 BBIIIOIHEHUIO.

IToka3zaTenu u KPUTEPHUHA OLICHUBAHUA 3a4Y€Ta:

— OLEHKY «3a4YTeHO0» CTYICHT I0JIy4aeT, €ClId MOXKET IOKa3aTb 3HAHHUS Ha ypOBHE
BOCIIPOU3BECHUS U 00BACHEHUs MH(POPMALIMHU, UHTEIUIEKTYaIbHble HaBBIKU PEIIEHUS MPOCTHIX
3a/1a4, MOXKET JaTh OLEHKY MPEAJIOKEHHON CUTYallUH.

— OICHKY «HE€3AYTECHO» CTYACHT II0OJIYy4acT, €CJIM HE MOXXET IIOKa3aTh 3HAHHA HAa YPOBHE
BOCIIPOU3BCIACHHUA U 00BACHEHUS I/IH(bOpMaI_II/II/I, HE MOJKCT IIOKa3aThb UWHTCIVICKTYAJIbHBIC HABbIKU
PCIICHHUA ITPOCTHIX 3a4a4, JaTh OLICHKY HpGIIJIO)KCHHOﬁ CUTyalru.






