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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

[Iporokom ot 20 r. Ne
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. YapquKo

Pabouas mporpamMma rnepecMoTpeHa, 00CykaeHa u o00peHa s peanusaruu B 2028 - 2029
y4eOHOM TroJly Ha 3acefaHuu Kadeapsl MeTauTypruu i XUMUYECKHX TEXHOJIOTUI

IIporokom or 20 . Ne
3aB. kadeapoii A.C. XapueHko

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2029 - 2030
yueOHOM rojty Ha 3aceqaHnu Kadeapsl MeTamuryprud 1 XUMHUECKUX TeXHOJIOTHIA

IIporokom or 20 . Ne
3aB. kadeapoii A.C. XapueHko




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

MOJIy4YeHHUE CTYACHTAMU 3HAHUN N0 TEOPETUUECKIM OCHOBAM XUMHUYECKHX PEAKTOPOB
Y IPOTEKAIOIIUX B HUX MPOLIECCaX, a TAKKe MPAKTUYECKUX YMEHHUIM U HABBIKOB MpU
PaCCMOTPEHHUH TUIIOBBIX KOHCTPYKIIMM XUMUYECKUX PEAKTOPOB, COCTABICHUU
MaTEMaTHYECKOI0 OMUCAHUs MPOTEKAOIUX B HUX MPOIIECCOB, aHAJIN3€ pPE3yIbTaTOB
pacuéra peakTopoB.

2 MecTo JUCUMILIMHBI (MOIYJIsS]) B CTPYKTYpe 00pa30oBaTeibHOI MPOrpaMMbl

Juctumimaa XMMUYeCKUe PeakToOphl BXOJUT B 0053aTEIbHYIO YaCTh YI€OHOTO IIaHa
00pa3zoBaTeNbHON MPOTPAMMBI.

JIist u3ydeHwus! TUCIUTUTMHBI HEOOXOTMMBI 3HAHUS (YMEHUS, BIAICHHS),
c(hOpMHUPOBAaHHBIC B PE3YNIbTaTE U3YUCHUS TUCIUILIAH/ TPAKTHK:

TexHuveckas TepMOJIMHAMHUKA U TETUIOTEXHUKA

OO01mas XUMUYECKas TEXHOJIOTUS

dusnyeckas XUMUA

MaremaTuka

OO6m1as 1 HeOpraHu4ecKas XuMus

dusnka

3uanus (yMEHUS, BJIQJICHUS), IOTYICHHBIC IPU U3yYCHUU JTAHHOUN JTUCITUTUTHBI
OyayT HEOOXOIMMBI JJIsI U3YICHUS TUCITUILTAH/TIPAKTHK:

[Tpou3BoICTBEHHAS-TIPEAIUTITIOMHAS TTPAKTHKA

[TnarupoBaHMe SKCIIEPUMEHTA U MOJICTHPOBAHUE XUMHUKO-TEXHOJIOTHUECKUX
MIPOIIECCOB

3 Komnerennun odyuaronierocsi, opmupyemMbie B pe3yJbTaTe 0CBOEHMSI

AUCHUILIMHBI (MOAYJIs1) M IVIAHUPYeMble Pe3yJIbTAThI 00y4eHHUs

B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI (MOIYJs) «XHMHUYECKHUE PEAKTOPhI»
o0yyaroIuics 10JbKeH o0afaTh CIEAYOIMMI KOMIIETEHIMSMU:

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

OIIK-4 CnocoOeH obecrieunBaTh IMPOBEACHNEC TEXHOJIOTUYCCKOI'0O Ipouecca, UCIO0JIb30BaATh
TCXHUYCCKUEC CPCACTBA JIA KOHTPOJIA MMapaMETPOB TEXHOJOTHYCCKOI0O IpOoI1ecCCa, CBOICTB
ChIpbS U TOTOBOH MMpOAYKIUH, OCYHIECCTBIIATH U3MCHCHUC ITaPaAMETPOB TCXHOJIOTHICCKOTO
Iponecca npu NSMCHCHUU CBOICTB ChIpbs

OIIK-4.1 OrnpenensieT TEXHUYECKHE CPEACTBA Ha MIPOU3BOJICTBE JJISI 00ECTICUSHUS
TEXHOJIOTHYECKUX MPOIECCOB
OIIK-4.2 OrneHuBaeT U KOHTPOJIUPYET apameTpsl U 3PPEeKTUBHOCTh

TEXHOJIOTHYECKHX TPOIIECCOB, CBOMCTBA CHIPhS M TOTOBOW MTPOYKIINH B
00J1aCTH XUMHUYECKOI TEXHOJIIOTUH

OIIK-4.3 ITporo3upyer u peryaupyer HU3MEHEHHE 1apaMeTPOB TEXHOJIOTUYECKUX
ITPOLIECCOB B 3aBUCUMOCTHU OT CBOMCTB ChIPbSI




4. CTpykTypa, 00b€M U copepkaHue JUCHUIIIMHBI (MOTYJISA)

OO6mias TpyA0€MKOCTh AUCIUIUIMHBI COCTABIISIET 4 3a4eTHBIX eauHuI] 144 akaja. yacoB, B TOM

qHCIIe:

— KOHTaKTHas pabora — 76,1 akaz. 4acos:

— ayuTopHas — 72 axkaj. 4acos;

— BHeayauTopHas — 4,1 akaj. 4acos;

— camocTosITenbHas pabota — 32,2 akaj. 4acos;

— B (popme npakTudeckoil moaroroBku — 0 akai. yac;

— MOATOTOBKA K 3K3aMeHy — 35,7 akaj. yac

<DopMa aTTeCTaluu - 3K3aMEH

AynuropHas % o
KOHTaKTHas paboTa E z dopma TeKyIero
o =
I B aKaJl. yacax 3} Bun KOHTPOJISt
Paznen/ Tema 3 (B axan ) =l = . P Kox
g 3 © | caMOCTOSITEIBHOM | yCIIeBaeMOCTH U
JUCIUATITAHBI b g« " KOMITETEHIIUH
3 O paboThI MIPOMEKYTOUHOH
na6. | mpakr. [ € 8
Tlek. g aTTeCTalun
3aH. 3aH. O &
1. Benenue
1.1 TlokazaTenu
3(pHEKTUBHOCTH PaOOTHI OIIK-4.2
b P Pa6ora ¢ Koncmekr '
peaktopoB u XTII. 5 2 2 0,5 OIIK-4.3,
KOHCIICKTOM 3auer
Knaccugukarms peakropoB OIlK-4.1
U PEKAMOB UX pabOTHI
HWroro no pazaeny 2 2 0,5
2. MaremaTHuecKoe
MO/JICTUPOBAHNE XUMH-YECKUX
MPOIIECCOB U PEaKTOPOB
CaMocTosTeNbHOE
U3y4YeHHE
yueOHOi u
HAVAHOM BeicTyniieHue Ha
2.1 Mopens peaktopa J'Il/ITey ATVDEL ceMuHape, OIIK-4.1,
HJI€aJTBHOTO CMEIICHUS 3 4 4 PaTypel. BBIIIOJTHEHHE OI1K-4.2,
N - [TogroroBka k .
NEPUOJUUYECKOT0 JIeHCTBUS. PacueTHBIX 3alaHUH OIIK-4.3
MPaKTHYICCKOMY
Tect, 3auer
3aHSTHIO,
CEeMHHapYy,
TECTHPOBAHHIO
CamocTosTenbHOe
U3y4YeHHE
e¢OHOIt 1
5 y:a o BricTynnenue Ha
2.2 Mogens peaktopa nHTeyle . ceMuHape, OIlIK-4.1,
HJICaJIBHOTO CMEIICHUS 2 6 4 PaTypl. BBITIOJIHCHUE OIIK-4.2,
M - I[loaroroBka k o
HETPEPBIBHOTO ACHCTBHS pacCUeTHBIX 3aJaHUi OIIK-4.3
MPAaKTUYECKOMY
Tect, 3auer
3aHATHIO,
CEeMHHapYy,
TECTHPOBAHHIO
CamocTosaTensHoe BRICTVILICHIE Ha
2.3 Mogens peaktopa U3y4eHue ce}b:[?/ma R OI1K-4.1,
U/I€aJIbHOTO BBITECHEHUS 2 4 2 y4eOHOi u pe OIIK-4.2,
. . BEITIOJTHEHHE
HENPEePBIBHOTO NEHCTBUS Hay4HOU OIIK-4.3

JUTEPATYPBHI.

pacUeTHBIX 3adaHUN




- IloaroroBka k

MPaKTUYECKOMY
3aHATHIO, Tecr,3a4er
CEeMHUHApY,
TECTUPOBAHHIO
HWroro no pazaeny 7 14 10
3. U3oTepMuyecKuii roMOT€HHBIN
IpoLece B XUMHUYECKOM PEaKkTope
CaMocTosTeIbHOE
n3ydeHue
eOHOit
y:a Hoi Brictynienue Ha
3.1 Ananu3 nporiecca B nnTeyle bI COMHHAPE, OIIK-4.1,
) p 5 4 4 PaTyphL. BBITIOJIHEHUE OIIK-4.2,
XHUMUYECKOM PEeaKTope. - [loaroToBka k .
paCUCTHBIX 3aJaHUI OIlK-4.3
MPAKTUYECKOMY
Tecr.3auer
3aHATHIO,
CEeMHUHApY,
TECTUPOBAHHIO
CamocrosTensHoe
u3ydeHue
qeOHOM U
3.2 CpaBHeHUE y . BricTynnenne Ha
HaY4YHOU
3¢ GeKTUBHOCTH pabOTHI ceMHu-Hape, OIlK-4.1,
JIUTEpaTyphl.
HU30TEPMUYECKHX PEAKTOPOB. 2 2 4 BBITNIOJIHEHNE OI1K-4.2,
- I[loaroroska K o
Kackag peakropos pPacueTHBIX 3alaHUH OIIK-4.3
MPAKTHIECKOMY
U/leabHOTO CMellle-HUs Tecr,3a4er
3aHSTHIO,
CEeMHUHApY,
TECTUPOBAHUIO
Hroro no pazneny 7 6 8
4. I'eTeporeHHslii npouecc B
XUMHUYECKOM PEaKTope
CaMocCTOoATenbHOE
n3ydeHue
eOHOM 1
4.1 Pexxum u ¥ N
Hay4JHOI BeicTynnenue Ha
JTUMUTHPYIOLIUE CTAHH
Hporiecea, Oe JIUTEPATYPBHI. ceMHU-Hape, OIIK-4.1,
P ’ 4 2 3,5 ITogroroBka k BBIIIOJTHEHHE OIIK-4.2,
MIPUHLHUIIBI YIIPaBICHHS .
MIPaKTUYECKOMY | pacUETHBIX 3aJaHUI OIIK-4.3
CKOPOCTBIO F€TEPOTeHHOTO
3aHATHUIO, Tect,3auer
nporecca.
CEeMHUHapy
(KOIIIOKBHY-MY)
TECTUPOBAHHIO
CamocrosTenpHoe
n3ydeHue
4.2 Cucrema «ra3 yaeOHOU 1
(>kuoKoCTh) — TBepHoe  (He HayJHOU BricTymnenne Ha
MOJHOCTBIO JIUTEPATYPBHI. ceMHU-Hape, OIIK-4.1,
pearupyoiiee)». 6 4 4 IMonroroska BBITTOJTHCHUE OI1K-4.2,
Cucrema «ra3 (KUIKOCTD) - MIPAKTUYECKOMY | pacUETHBIX 3aJaHUI OIIK-4.3
TBep-10¢ (IOJHOCTHIO 3aHSTHIO, Tect,3aueT
pearupyroiee)». CEeMUHApy
(KOJIIOKBUYMY),
TECTUPOBAHHIO
HWroro no pazaeny 10 6 7,5
5. Heuszorepmuueckuii mpouecc B
XUMHYECKOM PEaKTope.
5.1 PexuMBI HIIeaIbHOTO CamocrostensHoe | BricTyruienue Ha OIK-4.1
CMEIIICHHS TIEPUOHICCKUI n3y4YeHUe ceMU-Hape )
prox 4 4 2 yehy pe, OIK-4.2,
¥ MJCaTFHOTO BBITECHEHUS C yueOHO# BBITIOJTHEHHE OIK-4.3
TEII000MEHOM HAay4JHOI PacCUETHBIX '




JUTEPATYPHI.
IToaroroBka

MPAKTHIECKOMY
3aHATHIO, 3aJJaHUH
CeMHHapy Tecr,3auer
(KOJLIOKBHY-
MY),TECTHPOBAHU
10
CamocrosTensHoe
n3ydeHue
5.2 TemniepaTypHbIit peKUM yueOHOI u
B IIPOTOYHOM PEAKTOPe Hay4HOI
I/II[epaJ'II)HOFO cﬁemenﬁs{ nme}p,:wypm. Beicrynuenne xa
ConocTaBieHHE ITogroroBka k CceMH-Hape, OIIK-4.1,
aznabaTUuecKoro npouecca 6 4 42 MPaKTUYECKOMY BPITOHCHAC OIR-4.2,
paCUETHBIX 3aJJaHUI OIlK-4.3
B MPOTOYHBIX PEKUMAX 3aHSTHIO,
Tecrt,3auer
UJI€aJIbHOTO CMEIeHUS U CEeMUHapy
BBITECHEHUS (KOJTOKBHY-
MY),TECTHPOBAHH
10
HWroro no pazaeny 10 8 6,2
Hroro 3a cemectp 36 36 32,2 DK3aMeH
Hroro no gucuuruinae 36 36 32,2 DK3aMeH




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

[TpoekTrpoBaHnEe 00YUYEHHUSI CTPOUTCS] HA OCHOBE CJIEAYIOUIMX TMPUHIIUIIOB:

- OOyueHHe Ha OCHOBE MHTETPAIMU C HAYKOH M MMPOU3BOACTBOM.

- IIpodeccronanbHO-TBOpUECKask HAPABICHHOCTh O0YUYCHUSI.

- OpHEeHTHPOBAaHHOCTH OOYUEHUS HA JIUYHOCTD.

-  OpueHTHPOBAHHOCTH O0YUEHHUS HA PA3BUTHE OMBITA CAMOOOPA30BATEIHHON
JesITeIbHO-CTU OYIYIIETO CIIEIUAUCTA.

Jist JOCTHXKEHHS TUTAHUPYEMBIX PE3YJIbTaTOB 00yUYeHHUS, B IUCIUILIUHE
«XUMHYECKUE PEAKTOPBD»  HCHOIB3YIOTCS Pa3InYHbIe 00Pa30BaTEIbHBIE TEXHOIOTHH:

1. TpaguumonHsle 00pa3oBaTEIbHBIC TEXHOIOTUU: HHPOPMALMOHHAS JICKIIHS,
MPAKTU-YECKUE 3aHATHA.

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

3. NndopmamoHHO-pa3BUBAIOLINE TEXHOJIOTHH, HAIIPABJICHHbBIE HA
(dbopMupoBaHUE CUC-TEMBI 3HaHUMH, 3aIIOMHHAHKE U CBOOOIHOE ornepupoBanue umu. [pu
CaMOCTOSITEIIbHOM M3y4Ye-HUU JIUTEPATYPhl IPUMEHEHHE COBPEMEHHBIX HH(POPMAIIHOHHBIX
TEXHOJIOTUH JUIsSl CAMOCTOS-TEJIBHOTO MOMOTHEHHS 3HAaHUH, BKIIIOYasi HCIIOJIb30BaHHE
TEXHUYECKHUX M DJICKTPOHHBIX CPEICTB MH(POPMALIHH.

4. JlesSsITeIbHOCTHBIE TPAKTUKO-OPHEHTHPOBAHHbIE TEXHOIOTUH, HAIIPABJICHHbIC
Ha (hopMHUPOBaHHE CHCTEMBI TPO(PECCHOHATBHBIX MPAKTUYECKUX YMEHHUH TpH pa3dope
KOHKPETHBIX CUTYalllii, OCHOBAaHHBIX HA MPAKTHYECKUX MTPUMEPaxX, 00eCICUHMBAIOIINX
BO3MO)KHOCTh KAYECTBEHHO BBIMTOIHSITH MPO()ECCHOHANBHYIO 1ESTEIbHOCTb.

5. Pa3zBuBaromue npodaeMHO-OpPHEHTHPOBAHHBIE TEXHOJIOTHH, HalIPABJICHHbBIC HAa
(dbopMu-poBaHue U pa3BUTUE MTPOOIEMHOTO MBIIUICHHS, MBICITUTEIbHON aKTUBHOCTH,
CIIOCOOHOCTH BU-ZIETh U (POPMYIIHPOBATh NPOOIIEMBI, BEIOMPATh CIIOCOOBI U CPENICTBA ISl UX
peuieHusl.

6. IHTepakTHBHBIC TEXHOJIOTHHU: KOJUICKTUBHOE O0OCYKACHUE KaKOT0-TTH00
CIIOPHOTO BOIPOCa, IPOoOIeMBbl, BEISIBICHHE MHEHHH B rpymie. M3noxenue npodiem u ux
COBMECTHOE peIlIeHHE.

7. JINYHOCTHO-OPHUEHTUPOBAHHBIE TEXHOJIOTMH 00yUeHUs, 00eCTIEYHBAIOIUE B
X07Ie yueOHOT0 MpolLecca yyeT pa3InyHbIX CHOCOOHOCTEH 00yuaeMbIX, CO3/1aHUE
HEOOXOAUMBIX YC-IOBUH JJISl pa3BUTHUS UX MHIUBUIYaJIbHBIX CIOCOOHOCTEH, pa3BUTHE
aKTUBHOCTH JIMYHOCTH B y4€OHOM Mporecce. JINUHOCTHO-OPHEHTUPOBAHHBIE TEXHOJIOTHH
00y4YeHHs pean3yIoTCs B pe-3yJIbTaTe MHIUBUAYAIbHOTO OOIIEHUS MPENoAaBaTelis u
CTY/IEHTA.

B xozxe auanoroBoro o0y4eHus CTyI€HThI Y4aTcsi KpUTUYECKU MBICIUTD, peIaTh
CJIO’KHBIE TIPOOJIEMbI HA OCHOBE aHalIN3a OOCTOSTENLCTB U COOTBETCTBYIONLIEH HHopMaruH,
B3BEILIUBATh ATbTEPHATUBHBIC MHEHUS, IPUHUMATh NTPOyMaHHbIE PEILICHHs], y4aCTBOBATh B
JMCKYCCHSIX, 00maTbes. Jlist 3Toro Ha 3aHATUSAX OPraHU3YIOTCS IpymnoBas paboTa, paboTa ¢
JOKYMEHTaMH U Pa3IMYHbIMU UCTOYHUKAMU HH(DOpMAIUH.

Peanu3zanus Takoro noaxo/a OCyIiecTBISIETCs CEAYIOIINUM 00pa3oM:

1. Pactipenienenue teM pedepatoB (TeM Ui BBICTYIJICHUS) C YU€TOM MOXKeTaHHH
CTY/IEHTOB, TEMAaTUKU MX HAy4-HBIX UHTEPECOB U T.II.

2. IloaroroBka cTyaeHTaMH (POpPMbI OTYETHOCTH CAaMOCTOSITENIbHON paboThI (pedepart-
MpE3eHTAIMs], BBICTYIJICHUE HA CEMHHApE).

3. OOcyxIeHue MOATOTOBICHHOTO OTYETa B PEKUME TUCKYCCUH C DIIEMEHTaMHU
KOJIJICK-TUBHOTO PEIICHHSI TBOPYECKUX 3a/1a4.



6 YueOHO-MeTOqMYECKOE 0OOecTedeHHe CAMOCTOATEIBLHOM padoThl 00y4YaroImXxcst

[TpencraBieHo B npuioxeHuu 1.

7 OneHo4YHbIe CpeACTBA JJIsl IPOBeAeHHUS IIPOMEKYTOYHOM aTTeCTalluu
[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.CmupnoB A. H. I'eteporennbie XMMUYECKHUE TTPOLIECCHI [ DNEKTPOHHBINA pecypc] :
yuebnoe nmocodue / A. H. Cmupnos, C. A. Kpesutosa, B. U. Creicoes ; MI'TV. -
Maruutoropck : MI'TV, 2016. - 1 anekrpos. onrt. auck (CD-ROM). - Pexkum mocryma:
https://host.megaprolib.net/MP0109/Download/MObject/20953 . - MakpooObeKT. - TeKcT :
ANEeKTPOHHBIN. - CBeneHus noctynusl Takke Ha CD-ROM.

3. CmupHoB A. H. Xumudeckue peakTopsl. ['OMOTreHHBINH H30TEPMUYECKUN TIPOIECC
[Dnek-TpoHHBI pecype] : yaebnoe mocodue / A. H. Cmupnos, C. A. Kpsiiosa, B. W.
CeicoeB ; MI'TY. - Maruautoropck : MI'TV, 2016. - 1 anektpoH. onr. auck (CD-ROM). -
Pexxum noc-tyma: https://host.megaprolib.net/MP0109/Download/MObject/20954 . -
MaxkpooObeKT. - TeKCT : aeKTpoHHBIH. - CBeaeHus goctymnHsl Takke Ha CD-ROM.

0) lono/IHUTeILHAS JIUTEpPaTypa:

1.boukapes, B. B. OnTuMuzanus XuMHUKO-TEXHOJIOTUUECKHUX MTPOIIECCOB : Y4EOHOE
nocobue 11 By30B / B. B. boukapeB. — Mocksa : M3znarensctBo FOpaiit, 2022. — 263 ¢. —
(Beicmiee oopazoBanme). — ISBN 978-5-534-00378-9. — Tekcr : 351eKTpOHHBIH //
OopasosarenbHas miathopma FOpaiit [caiit]. — URL: URL: https://urait.ru/bcode/490258

2. 3arkeiim, A. FO. OOmass XuMHYeCKas TEXHOJOTHS: BBEJICHUE B MOJICIHMPOBAHUE
XUMHKO-TEXHOJIOTHYECKHX MPOIIeCcCcoB : yueOHoe mocooue / A. 0. 3akreiim. - 3-e u3., mepepaod.
u qom. - Mocksa : Jloroc, 2020. - 304 c. - (HoBas yHmBepcurerckass Oubimmoreka). - ISBN
978-5-98704-497-1. - Texkcr : AJIEKTPOHHBIH. - URL:
https://znanium.com/catalog/product/1212487 . — PexximM J0CTyma: 1O MOJIIHCKE.

3. CmupHoB, A. H. TeopeTrnueckre OCHOBbI XUMHKO-TEXHOJIOTHYECKUX TTPOIIECCOB :
yuebnoe mocodue / A. H. Cmupnos, C. A. Kprsuiosa, B. U. Ceicoes ; MI'TVY. -

Maruutoropck : MI'TV, 2018. - 1 anektpos. ont. guck (CD-ROM). - 3ari1. ¢ TuTy1. 9KpaHa.
- URL.: https://host.megaprolib.net/MP0109/Download/MObject/2066 - MakpooObeKT. -
Texcrt : anexTpoHHbIHA. - CBeneHus noctynHsl Takxke Ha CD-ROM.

4. CmupHoB, A. H. IIpon3BoACTBO XMMHUECKUX MPOAYKTOB : yueOHoe nocodue. Y. 1/
A. H. CmupHos, C. A. Kpsutosa, B. U. CeicoeB; MI'TVY. - Marautoropck : MI'TY, 2018. - 1
anekTpoH. ont. auck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/2227 - MakpooObekT. - Tekcr :
AJIEKTPOHHBIN. - CBeneHus noctymnHbl Takke Ha CD-ROM.

5. KpeutoBa C. A. BBenenue B aHaM3 U CHHTE3 XUMHUKO-TEXHOJIOTHYECKUX CHCTEM :
yuebHoe nocobue / C. A. Kpputosa ; MI'TY. - Maraurtoropck : MI'TY, 2016. - 1 31eKTpoH. onT.
miuck (CD-ROM). - URL: https://host.megaprolib.net/MP0109/Download/MObject/1379 . -
TekcT : 2eKTPOHHBIH.
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6. XaiiOynnuH, A. A. KuneTnka u KaTaau3 B XMMHUYECKON TEXHOJIOTHH : yueOHOe
nocobue / A. A. XaitOymmn. — Y¢a : YTHTY, 2020. — 187 c. — ISBN 978-5-7831-1998-
9. — Tekcrt : anekTpoHHbIH // JIaHb : anekTpoHHO-0MOMMoTeyHast cuctema. — URL:
https://e.lanbook.com/book/245258 — Pexxum octyma: ajis aBTOpU3. MOJIb30BATEIICH.

B) MeToanueckue yKazaHusi:

1. CmupHoB, A. H. XuMuueckue mporeccsl B peakTopax : yueoHoe rmocodbue / A. H.
Cwmupnos, C. A. Kpsuiosa, B. U. CeicoeB ; MI'TV. - [2-e u3a., moaror. mo med. uza. 2016 r.].
- Maruu-toropck : MI'TY, 2017. - 1 anekrpon. ont. auck (CD-ROM). - 3ari. ¢ tuTy.
skpana. - URL: https://host.megaprolib.net/MP0109/Download/MObject/3584 . -
MakpooObeKT. - TekcT : aeK-TpoHHbIN. - CBenenus nocTynHbl Takke Ha CD-ROM.

2. Kpsinoga, C. A. IIpon3BoacTBO MeTaHoOMA : MPakTUKyM [ i1 By30B] / C. A.
Kpsuiosa, /1. Y. AnekceeB ; Maruutoropckuii roc. rTexuuueckuit yu-t um. I'. 1. Hocosa. -
Maruautoropck : MI'TY um. I'. U. Hocosa, 2023. - 1 CD-ROM. - 3aru. ¢ TuTy:n. SKpaHa. -
URL.: https://host.megaprolib.net/MP0109/Download/MObject/21173 - MakpooOBEKT. -
Texcr : anexTpoHHbIA. - CBeneHus noctynusl Takxke Ha CD-ROM.

r) [Iporpammuoe odecneuenue u UnTepHer-pecypcebi:

IIporpammuoe obecnevyenne

HanmenoBanue .
o Ne norosopa Cpoxk nelicTBUS TULIEH3UU
7Zip CBOOOJHO pacIpoCTpaHsIeMOe OeccpodHo
MS Office 2007
Professional Ne 135 ot 17.09.2007 6eccpodHo
FAR Manager CBOOOJHO pAacIpOCTpaHsIeMOe 0eccpovHO
Bpaysep Yandex |cBOOOIHO pacmpocTpaHsIeMoe 0eccpodHO

IIpodeccnonanbubie 6a3bl JAHHBIX 1 HHPOPMALMOHHbIE CIIPABOYHBIC CHCTEMbI

HazBanue kypca Cchlika
denepaibHOE roCyZIapCTBEHHOE O10JKETHOE URL: http:/AwwL.fips.ru/
YUpEKICHUE «DenepabHbIN UHCTUTYT

HpOMBIHIHCHHOﬁ COOCTBEHHOCTH

IMouckoBas cucrema Axagemusi Google (Google

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

I7IEKTpORHbIE. pecypent Ouomorekn MITY nv. https://host.megaprolib.net/MP0109/Web

I".'". HocoBa

HaL[I/IOHaJ'ILHa}I I/IH(bOpMaLII/IOHHO-aHaHI/ITI/I‘-ICCKaH

cucteMa — Poccumiickuit uHmekc Hayunoro|URL: https://elibrary.ru/project risc.asp
nutupoBanus (PYHIL)

9 MaTtepuajibHO-TeXHHYECKOe o0ecreyeHne TUCUUIINHbI (MOLYJIs1)

MaTepHaHBHO-TCXHquCKOG obecreyeHne JUCIHHUIIIIMHBI BKIIIOYACT:
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Y4eOHble ayAUTOPUH TS TPOBEICHUS 3aHATUH JICKIIHOHHOTO THIIA
MynbTUMEIUIHBIE CPEACTBA XPaHEHUs, Iepeaaun U MpeACcTaBlIeHus HHPOpMAIIH.

Y4eOHast ayTuTOopus AJIs IPOBEACHUS MPAKTUYCCKUX 3aHATHMA, 3aHATUN
CEMHHAPCKOIr0 TUNA, TPYIIIOBBIX U UHAUBUAYAIbHBIX KOHCYJIbTAMI, TEKYILIETO KOHTPOJIS U
MIPOMEXYTOYHOM arrecTanuu Jlocka, yaeOHbIC CTOJIBI, CTYIbS

Y4eOHbIe ayIMTOPHH ISl CAMOCTOSITEIILHON pa0boThl oOy4aromuxcs [lepconanbHbie
komIbioTephl ¢ makerom MS Office, Beixomom B IHTEpHET U ¢ IOCTYIIOM B 3JIEKTPOHHYFO
MH(POPMAIIMOHHO-00Pa30BATEIBHYIO CPEly YHUBEPCUTETA

[TomernieHust 115t XpaHEHHsI ¥ TPOPHIAKTHIECKOTO 00CITYy)KUBaHUSI Y4eOHOTO
obopynoBanusi CTerutaKu JUisi XpaHeHHsI 000pyI0BaHUS

Mertoandeckas auTeparypa JUist yaeOHbBIX 3aHATHMA

Xumudeckas mocysia

WHCTpYMEHTHI ISl pEMOHTA U TIPO(PHUIAKTHYECKOTO 00CITY>)KUBAHHS YI€OHOTO
o0opyoBaHUs



Mpuiaoxenne 1

Y4eOHO-MeTOAMYECKOE O0ecTIeYeHre CAMOCTOSITEIbHOM PadoThl 00y4ar0IUXCs

Bonpocw 0751 CAMOCOAMENbHO20 KOHmMpOJiA SHAHUU

MarteMaTH4ecKoOe MOACTHUPOBAHUEC XUMHYECCKHUX MMPOIECCOB U PEAKTOPOB

B yem 3akmrouaercs MCTOJ MO,Z[CJ'II/IPOBaHI/IH?

Cdopmynupyiite OCHOBHBIE TPeOOBAaHUS, MIPEABABIsEMbIE K MATEMAaTHUYECKONH MOJIEIH
XUMHYECKOTO PEaKTopa.

B yewm 3akirovaercs nepapXxuuecKuil MPUHIIUI MOJICTHUPOBAHUS XUMUYECKUX MTPOLIECCOB U
peaxkTopoB?

Kakne IMPU3HAKU MOT'YT OBITH MOJIOJKEHEI B OCHOBY KJ'IaCCI/I(l)I/IKaI_[I/II/I XUMHNYCCKHX peaKTOpOB?

KakoBbI pa3nnyus B YCIOBHSX TIEPEMEITMBAHUS B TIPOTOYHBIX PEAKTOPAX CMEIICHUS H
BBITECHEHUS?

Kakoii pesxuM paboTbl XUMHUYECKOTO peakTopa Ha3bIBaeTcs CTallMOHapHbIM? Bo3MoXkeH 1
CTaIlMOHAPHBIN PEKUM B MIEpUOINYECKOM peakTope? B monyHenpepbiBHOM peakTope?

HazoBure nocnenoBaTenbHOCTh 3TANOB IPU COCTABJICHUU MaTeMAaTUYECKON MOJENN Ipolecca B
PEAKIMOHHOM 30HE.

KakuMm ycioBusiM TOJKEH yIOBIETBOPSTH AJIEMEHTAPHBIN 00bEM, JUISI KOTOPOTO COCTABIISIOTCS
OaslaHCOBBIEC ypaBHEHUS?

KakuMm nomkeH ObITh 3JIeMEHTapHBIA IPOMEKYTOK BPEMEHH IIPU COCTaBIEHUH 0alaHCOBBIX
YpaBHEHHIA Il PeaKTOPOB, padOTAIOIIMX B CTAI[HOHApHOM pexxume? B HecTanmoHapHOM
pexume?

Hanumure YpaBHCHHUEC MATCPUAIIBHOTO Oananca pCaKTopa B O6H_ICM BUC.

Hoquy MMEHHO OaJIaHCOBBIC YpaBHCHUA (ypaBHeHI/ISI MaTCpUAIIbHOTO U QHECPICTUYCCKOI'O
68.J'IE[HCOB) COCTaBJIAKOT OCHOBY MaTeMaTUYEeCKON MOASIN XUMHUUECKOTO peaKTopa?

HO‘-ICMy IIpU CTAITMOHAPHOM PCIKUME pa60TBI XUMHUYCCKOTO pCaKTOpa B HEM HE ITPOUCXOAUT
HaKOIIJICHUA BEIICCTBA U TEIJI0THI?

CocTaBpTe MaTeMaTHYECKUE MOJIENIA ISl PEAKTOPOB
PUC-n,
PUC- u,

PUB



N3oTepMuyecknii npouecc B XUMUYECKOM peakTope

KaxoBbI OCHOBHBIC THITHI XUMHYECKUX PCAKTOPOB, NPCABABIIACMBIC K HUM TpGGOBaHI/ISI,
MMPUBCAUTEC MPUMCPBI UX HUCIIOJIb30BAHHA B TCXHOJIOTUA BaXXHEHUIITNX XUMHUYECKHX MMPOAYKTOB.

B gem 3akmoyaercss momobue U pasianume mnporecca B peakropax UC-nu B ?

UTto Takoe yCIIOBHOE BpEMs PEAKIIMH U YeM OHO OTJIMYACTCS OT BpEeMEHHU NPEObIBAHMUS B
peaktope?

Kak MEHSI0TCS KOHLIEHTpAallMi NCXOJHOTO KOMIIOHEHTA U IIPOAYKTa 10 JuInHEe peakTopa B?
KakoBbl X npesienbHble 3HaUeHN?

Kak u3mMeHHuTCs cTeneHs NpeBpalleHus B peakTope Mpu NPOTEKaHUU Peakliy MEPBOro MopsIKa
IIpY YBEJIMUYEHUHU HaYaIbHON KOHIIEHTpaluu B 1,5 pa3a? OTBeT MosicHUTE.

Kakoe npenenbHoe mpeBpaleHine MOKHO MOJyuuTh B peakrope MC-1 mpu npoTekaHuu
obpaTtumoii peakiun? [TonTBepANTE ITO C HTOMOIIBIO MAaTEMAaTHYECKOW MOJIEIH U N300pa3uTe
rpadu4ecKy.

B peakrope MC-i1 npotekaer obpaTtumast peakius. Kak n3aMeHUTCS CKOPOCTh IPEBPALCHUS B
HauaJie poliecca B pe3yJibTaTe yBeJIHnueHHs TeMnepaTypbl? I3MeHUTCs JIU MpeiesIbHOe
IpeBpalieHNe, KaK U o4eMy?

[TomyuuTe MaT.MoA€Nb Ipolecca B peaktope B mpu npoTtekanuu CI0KHOW peakiuu: a) ¢
napaujelbHONW cXeMo mpeBpalleHus; 0) mocieroBaTeabHON cxeMol npeBparienus. [lokaxure
rpaduk U3MEHEHHs KOHIIEHTpalii KOMIIOHEHTOB 110 JUIMHE PEaKTopa U 00BSCHUT, €ro BUJ (
MOoYeMy KOHLEHTPALIUH YBEJIIMYUBAIOTCS, YMEHBIIAIOTCS, HE MEHSIOTCS).

B peaxrtope 1B npotekaeT nocnenosarenpHas peakius. Kakne pekoMeHJauu MOXHO CAEaTh,
YTOOBI JOOUTHCS: @) MAKCUMAJIbHOTO BBIX0OJIa IPOMEKYTOYHOT'O TPOAYKTA; 0) MAKCUMAJIbHO
CEJIEKTUBHOCTH IO TPOMEKYTOUHOMY IPOAYKTY; B) MAKCUMAJIBHOTO BbIX0/1a KOHEYHOT'O
npoaykra?

Kax MeHseTcst KoHIIEHTpalusl BEHiecTBa o 00bemy npotounoro peakropa MC ?

[Touemy npoU3BOAUTENBHOCTH peakTopa B pexume 1B Oonbiite, uem B pexxume UC npu
MIPOTEKAHUU ITPOCTHIX PEAKIIL?

MoskeT 11 peKUM peaKTopa OKa3blBaTh BIUSHUE HA CEJIEKTUBHOCTD IIPoOLIEcca PU IPOTEKAHUU
cioxHOoM peakuun? OTBeT 000CHYHTE.

Ha3oBure npuunHbI OTKIOHEHUS PEKUMOB B IPOMBIIIIEHHBIX peakTopax oT UC n B?

5. IIpoananu3upyiite OCHOBHBIE HETOCTATKH U JOCTOMHCTBA PEAKTOPOB MEPHOIUIECKOTO
JeicTBus. B kakux mpou3BOACTBAX Yalle BCTPEYAOTCS TAKME PEAKTOPHI?



I'ereporennnie mpoueccbl

Kakwue mporecchl 0OTHOCATCS K reTeporeHHbIM? [lepednciuTe cTaauu reTeporeHHOro
nporecca. HazoBute 001acTi mpoTEeKaHUs TETEPOreHHOTO MPOoLecca.
Kak noapasnenstorcst rereporeHHble MpoIecchl M0 BUY y4acTBYHOUIHNX (a3?

B yem 3akmrouaercs MHOFOCTaI[HfIHOCTB reT€poOrcHHOro HpOHCCC&? Yem oTIHYaIOTC YyCJ10BUA
TCTEPOTCHHOrO IMpouecca u yCiIoBUs HpOTeKaIOHICﬁ B HCM peaKHI/II/I?

Yro Takoe Ha6moz[aeMaﬂ CKOPOCTB I'€TCPOTCHHOr0 IIpouecca, OT 4€ro OHa 3aBUCUT

Uto Takoe TUMUTHPYIOIIAs CTa/Iusl B rereporeHHoM npouecce? Kak numutupyromas craaus
oTpezeNisieT pexuM mporecca?

UYeM oTiiMYaeTCs MOJICIb «CKMMAIOIIAsCS chepar 0T MOJCIH «Cxumaromieecs sapo»? [Ipuseaure
HPUMEPBI MPOIECCOB.

Hapucyiite cxeMy 1 00bsCHUTE CTPYKTYpPY IIpoLiecca «ra3-TBepaoe (IOJHOCTHIO
pearupyiomiee). Kakue stamnsl mporiecca MOKHO BbIIENUTh? Hanummre nucxoaHoe ypaBHEHUE
MaT. MOJIEJIU 3TOT0 IIpoLecca.

Hanumure ypaBHeHus a1 HabJt01aeMOM CKOPOCTHU IpeBpalleHus (A1 peaKkiu epBoro
MOPSAJIKA) U BPEMEHU TIOJTHOTO MPEBPALLEHUS TBEPON YaCTULIBI.

Hapucyiite rpaduku u o0bsCHUTE, KaK MEHSETCS BO BPEMEHHU pa3Mep YacTHIIbI, CTETICHb
MPEBPAILCHUS] TBEPAOrO peareHTa, CKOpOCTh MPEBPALICHUS YaCTULIBI.

Kak 3aBucuT HaOmoaeMasi KOHCTaHTa CKOPOCTH TPEBPALICHHUS B TIPOIIECCE «CIKUMATOIIASICS
cdepa» oT TeMmepaTypbl H CKOPOCTH ToToKa? Kak 3TH 3aBUCHMOCTH CBSI3aHBI C PEXKIMOM
npoiiecca?

Kak M0>XHO HHTEHCUPHUITUPOBATH MPOIIECC «Ta3-TBEPI0E (MMOTHOCTHIO pearupyroiiee)?

Hapucyiite cxemy u 00BsICHUTE CTPYKTYpY IIpoliecca «ra3-TBepoe (HemoJIHOCTbIO
pearupyromiee). Kakue sTamnsl nmporecca MOXHO BbIAEIUTh? Hanmumure ncxoqHOe ypaBHEHNE
MaT. MOJEIIU 3TOr0 MpolLecca.

Hanumure ypaBHeHus 11 HaOIr01aeMON CKOPOCTH MPEBPAIICHUS M BPEMEHU TOJTHOTO
IIPEBPAILCHHS TBEPION YACTHIIBI JUISl pa3HBIX PEKUMOB IPOLECCA.

HapHCYﬁTC l"pa(l)I/IKI/I u 06’L$ICHI/ITC, KaK MCHACTCA BO BPpEMCHH pa3sMCp 4aCTUIbI, CTCIICHDb
MMpeBpaliCHus TBEPAOro p€arcHTa, CKOpOCThb IMPEBPAIICHUA YaCTHLLI JIA ITpoLecCa
«CIKUMAOMIECCA AAp0>» B Pa3HBIX PEXUMAX.

Kak MOHO HHTEHCU(UIIMPOBATH MPOLECC «T'a3-TBEPI0€ (HEMOIHOCTHIO pearupyroliee) B pa3HbIX
pEeXHUMax ero NpoTeKaHus?



VYkaxuTe criocoObl ONpe/esIeHUs 00J1aCTH IPOTEKAHMUS TIPOIIecca B CUCTEME «T'a3 — TBEPIIOE
TEJION.

HpI/IBeI[I/ITe IMPUMEPBI TEXHOJIOTHYECKUX IPOLCCCOB «I'a3-KUAKOCTb» U CIIOCOOBI OpraHu3anmuunu
B3aMMOJCHCTBHUS T'a3a C )KUJKOCTHIO.

Hapucyiite cxemy u 00BsICHUTE CTPYKTYPY Mpollecca «ra3-;KuaKocTby». Kakue stamsl npouecca
MO>KHO BBIIENNUTH? Hanumure ucxoaHoe ypaBHEHHE MaT. MOJIENIN ATOTO Mpolecca.

B uem pas3inunue CTPYKTYp IIPOUECCOB «Ia3-TBEPAOE» U ((FaS')I(I/II[KOCTB»?

Hanummre Beipaxenue 1ist Ha0I0AaeMoi ckopocTu npeBpaiieHus. OT KakuX yCIOBHM U Kak
3aBHCUT HaOIt0/1aeMasi CKOPOCTh MPEBPAILICHUS B pa3HbIX peKUMax?

C ueM CBsI3aHO BO3MOKHOE YMEHBIIIEHWE CKOPOCTH MPEBPAICHUSI [IPU MOBBILICHUN
TeMIiepaTypbl?

Kak MOKHO MHTEHCHU(HUIIMPOBATH MPOLIECC «TA3-KUIAKOCTH)?

[Tpumepsl TECTOBBIX 3a1aHUN

1. Yro uzo0OpakeHo Ha prUCyHKe?

=) e

B

a) peakTop HACATHHOIO CMEIICHHUS;
b) peakTop HIEATHLHOTO BHITECHEHHUS,

C) aauabaTHUYECKHiIl peaKkTop.

2. B kakux ciydasx onpaBIaHO MPOBEJICHUE PEAKITHH ITPU H30BITKE OJTHOTO 3
KOMITOHEHTOB?

a) €CJIM peakIusi oopaTuMasi, OJIMH U3 KOMIIOHEHTOB (OoJiee neméBbIit
un  Ooyiee JOCTYMHBIN) Oepercs B W3OBITKE MAJNs TIOBBIIICHHS CTENEHU
MpeBpamieHus Apyroro (6ojee 1eHHOT0) KOMITOHEHTA;

b) M30BITOK OJHOTO W3 KOMIIOHEHTOB HE OMpaBlaH, TaK KakK [
HaWJIydIIero TMPOTEKaHWUS peakIuu HeoOXOIMMO OpaTb KOMIIOHEHTHI B
CTEXHOMETPUYECKUX KOJIHMUECTBAX;

C) M30BITOK OJHOTO M3 KOMIIOHEHTOB YMECTEH B Cllydae, Korjaa
OpPYro KOMIOHEHT SJIOBUT WM KOTJa NPOAYKThl PEAKIMU MOBBIIIEHHO
TOKCHUYHBI;

d) KOrjga OAWMH M3 KOMIOHEHTOB TOKCHYEH WM KOrJa MPOAYKTHI

p€akuuu AO0BUTBI, PEArcHThbl CICAYCT 6paTL CTPOro B CTEXHUOMCTPHUYCCKHUX
KOJINMYCCTBAXx.



3. Ha rpaduke npuBeseHbl 3aBUCUMOCTH CKOPOCTH MPOCTHIX HEOOPATHUMBIX PEaKUUi OT
TeMIepaTypbl ¢ pa3HbIMHU SHEPrUsAMH akTUBauuK E1 u E,. Kakoe cooTHoeHne mexny £y u
Ey?

r

E, E

a) E1>Ey;
b) Eq1 < E5;
c) Ei=~E,.

[Tpumepsl pacueTHBIX 3aJaHHil 110 TeMaM:

IIpumep 1. PaccuutaTs cpeHee BpeMs NIPeObIBAHNUS PEareHTOB B IPOTOYHOM PEAKTOPE
UJ1€aJbHOI0 CMELIEH s, HEOOXOAUMOE ISl JOCTUXKEHUS CTENIEHU NIPEBPAILEHUs HCXOJHOTO
pearenta X, ; =0,8.

B peakTope nmpotekaet peakius BTOporo nopsaka 24— R+S, ckopocTb KOTOPOM OMUCHIBAETCS

o 2
IpY NOCTOSIHHOU TeMIlepaType KHHETHYECKUM ypaBHeHUeM @, , = 2,5 ¢ ,” . HauanbHas

r

KOHIICHTPAIKs peareHTa 4 Ha BXOJIE B PEAKTOp c , , = 4 kmonw/ m®

Pewenue. JIns onpenenenus 7 MOXXHO UCIOJIb30BaTh ypaBHEHHE (12); KOHIIEHTpALHIO peareHTa
B PEAKTOPE, HEOOXOJUMYIO JUISl pacdeTa CKOPOCTH IIPOTEKAIOIIEH B HEM peaKIUK, BEIpa3uM 4epe3
CTENEeHb NpEeBpalEHUs

— CA,O 'XA,f CA,O ‘XA,f CA,O ’XA,f 0,8
T = _ _ =24

Py k2, ke -x,,F 25-4-1-087

Takum 00pa3oM, [UIs TOCTHKEHHS cTeneHn npeBpamenus X, = 0,8 HeoOxomumo, 4ToObI

COOTHOHICHUC MCKIY 00BEMOM pCaKTopa u 00BEMHBIM pacxoaom 4epe3 HEro COCTABIIAIO

f=%=2 Y,

IIpumep 2.

Ornpenenutb NpOU3BOIUTENBHOCT | M3 KaTanu3aropa CHHTE3a aMMUaKa IIPH CIETYIOIINX
YCIIOBHSIX: KOHIIEHTpPALIMI aMMHUaKa B KOHEYHOM ra3e (Ha BbixoJe u3 peakropa) CkoH = 26.5%



(06), B HauanbHOM rase (Ha Bxoze B peaktop) C Hau = 2.7% (00), o6beMHast CKOpoCTh raza Voo =
45000 m3/(4-M3) xaTanuzartopa.

Pewenue.

CHHTe3 aMMHaKa OCHOBAH Ha 3K30TEPMUYCCKON 00paTUMON PEaKIuu, HIYIIEH ¢ YMEHBIIICHUEM
o0Bema

N, + 3H; <> 2NH3 + g

Peaknuus cunTe3a aMmMuaka Tpedyet 00bIIol YHepTrun akThBanuu. [Ipouecc BeayT B
MIPOMBILIUIEHHOCTH B IPUCYTCTBUU KATAJIM3aTOPa IPHU BBICOKOM JABJIECHUH, TTOBBILIAOIIEM
PaBHOBECHYIO CTEICHb MPEBPAILIEHUs, U IPU BBICOKOI Temiiepatype, o0ecrednBaromiei
JIOCTaTOYHO OOJIBIITYIO CKOPOCTH MPOLIEecca, HO B U3BECTHOM Mepe CMelIarollel paBHOBECHE B
CTOPOHY MCXOAHBIX IPOIYKTOB. KaTtannuzaropoMm CHHTE3a aMMUaKa CIIy>KHUT JKEJIe30 C
aktuBaropamu K0, SiO;, Al;03, CaO. OnHako B ONTUMAaNIBHBIX YCIOBHUSAX IIPOBEIECHUS Mpoliecca
(dakTudeckuit BbIxo ammuaka HeBesk (X =18-22%) mosromy nporecc BeAyT Mo MUKINYECKON
cXeMme.

B xon0HHY cMHTE3a TOAAETCS UUPKYJIALMOHHBIN ra3, COAEP KAl HECKOHAEHCUPOBABIINICA B
XOJIOAWJIbHUKE aMMHUaKa U CBCXKasd a30TO-BOAOPOJHAA CMECh, B KOJIMYCCTBEC, KOMIICHCUPYIOIEM
IIOJIY4EHHBIN IPOAYKT M IOTEPH. BpIX0oa aMMHuaka x 0TBEYaeT COIEPKaHUIO €ro B
a30TO-BOJIOPOJIHASL CMECH, BBIXOIAIIECH U3 peakTopa. B HameMm cinydae

x = Ckon — Crau/100 + Cxon = 26.5 — 2.7/102.7 = 23.2%(06.) wim 0.232 mon. mosm NH3.

[Tpon3BOIUTENLHOCTE KaTaIM3aTOPa B KOJIOHHE CHHTE3a aMMHUAaKa TIPU JIAaHHOM JIaBJICHUH U
COCTaBe a30TO-BOJIOPOIHASI CMECH OMPEACISIOT 10 popMmyIie

I1=0.771-x -Voo-p

3nech 0.771 —macca 1 M3 NH3; B — koaddunmenT, xapakTepu3yonuil yMeHbleHue oobema raza
B pe3yJIbTaTe PeaKkIMy CUHTE3a aMMHaKa, OIpeieiieMblii 1o popmye:

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

I[1=0.771 - 0.232 - 45000 - 0.81 = 6500 kr/(u-M3 KaTanu3aTopa).

IIpumep 3

B peakrope npotekaeT peakuus BToporo nopsiaka 24— R+S, ckopocTb KOTOPOH ONHCHIBAETCS

o 2
IpY IOCTOSIHHOW TeMIlepaType KHHETUYECKUM ypaBHeHUeM @, , =2,5c¢ .

3
HavanbHast KOHIIGHTpALMs peareHTa 4 Ha BXOJE B PeakTop ¢, , =4 kmonsl M° | cTeneHb
IPEBpALCHHs UCXOAHOTO peareHTa X, ; =0,8), IpoBOIAT B KacKaJie peaKTOPOB UAEaTbHOIO

cMmerneHus1. Bee cekmum kackaia MMEIOT OJJMHAKOBBIN 00heM, TI0I00paHHbBIN TaKUM 00pa3oM, 4TO
cpeaHee BpeMs IpeObIBaHUA B KaKI0M U3 HUX 7; paBHO 1/10 oT cpeaHero BpeMeHu npeObIBaHUs

B €IMHUYHOM PEAKTOPE UACANBHOTO CMEIIeHUs, paccuuTanHoro B npumepe 1 (7; =0,2 u).



OnpenenuTtp, CKOJIBKO TaKUX CEKIHI MOTpeOyeTcs s JOCTHIKEHHUS 3aIaHHON CTENEH!
MpeBpallCHHUS.

Pewenue. Jlns pemieHus ucnoiab3dyem rpaduueckuii Meto. Jis 3Toro noctpouM rpaduku

bynknuu @, , =2,5¢ AZ (mapabona) u

C..
yoomo Lo 41

02 0,2
1

(mpsiMasi ¢ TAHT'€HCOM yTJja HakioHa tga =—— =-0,5).
T

Touka nepecedeHus 3TUX TUHUN M7 (pHC.) MO3BOJSET OMPEIEIUTh KOHIIEHTPALIMIO Ha BBIXOE U3
nepBoi ceKuuu Kackana. [IpoBoas napasuienabHbie IpsIMbIe

PI/ICYHOK . Fpa(bnqecxoe OIpCACIICHUC YUCIia CEeKIMM KacKkaaa PCAKTOPOB HACATILHOT'O
CMCIICHUA

Y=——"=Cyr¢

i Ti
JI0 TEX TOP, TIOKa He Oy/IeT BHINOIHEHO yCIoBHE C, ; < 0,8 kxmonn/ m® (Tak kak

Cat =Cnold—X,)=4-(1-0,2) =08 xmonn/ M>), IoNTydaeM, uTo JUIsl JOCTIKEHHUs YKa3aHHOM

CTCIICHU IIPECBPAILCHUA HCO6XOIII/IMO 4 CCKIIMH. HpI/I O9TOM OKa3bIBACTCA, YTO HA BBIXOJC U3
I{CTBepTOI‘/’I CCKIMU CTCIICHDb ITPECBPAIICHHUA OaKC BBILIC, YCM 3a/laHa 110 YCJIOBUIO, HO B TPEX
CCKIMAX 3alaHHas CTCIICHb MPEBPALICHUSA HC NOCTUTACTCA.

TakuMm o6pa3oM, cyMMapHOe cpeHee BpeMsl IPeObIBaHUsl peareHTOB B KacKaJle pEakTOpOB
U/I€aIbHOTO CMEIIEHUS ISl YCJIOBHMM IpuMepa coctasister 7y . =47, =08u.



puiioxenne 2

OIIeHO‘leIe cpeacrea Jid MpoOBEACHUSA l'[pOMC)KyTO‘lHOﬁ arrecranum

a) HHaHpreMLIe pe3yJabTaThbl oﬁyqe}mﬂ H OICHOYHLIC CpeACTBA NJIsI IPOBECACHUS l'[pOMC)KyTO‘IHOfI arrecranmumn.

Kon
HHIUKATOpa

Nuaukatop JOCTHKEHUS] KOMIIETEHIUA

OneHouHbIE CpECTBA

OIIK-4: Cnoco0eHn o0ecieunBaTh MPOBEACHUE TEXHOJOINIECCKOI'O IMpouecca, HCIoJab30BaTh TEXHUYECCKUE CPEACTBA IJIA KOHTPOJIA IMapaMEeTpoB

TEXHOJOTHYIECCKOI'0 nmpouecca, CBOMCTB ChIPpbA H TOTOBOM NMPOAYKIUH, OCYIHECTBJIATL U3SMCHCHUE NTAPAMETPOB TEXHOJOTHYIECKOI'0 mpouecca 1npu

H3MEHEHHH CBOMCTB ChbIPbs

OIIK-4.1

OHpe,I[CJ'ISICT TCXHUYICCKHUEC CPCACTBA HA
MMPOU3BOACTBEC JIA obecneyeHUs
TEXHOJIOTUYCCKUX IIPOUCCCOB

OO6xur ZnS npoBOANUTCS B HAKJIOHHOM TpyO4yaToM peakTtope. YacTuiipl TBEpAOTro
BElIEeCTBa JBUXKYTCS co ckopocThio 11,5 cwm/c. I3BecTHO, UTO NpU JaHHBIX YCIOBUSX 3a
1 MmuH cTeneHs npeBpaiieHus ZnS coctaBisieT 65 %. Onpenenuts IIUHYy peakTopa,
obecneunBaroyo 95% cTeneHp NpeBpalieHNs UCXOIHOTO ChIPbs, €CIIN 00XKUT
MIPOBOJIUTCS B KUHETHUECKOH o0nacTu. [Ipu pemeHnn MOXKHO UCII0JIb30BaTh
CIpaBOYHbBIE TAOJIHUIIBI C POPMYIIAMHU.

— N3o6paszute cxemy peakrtopa MC-H. BeiBenure ypaBHeHUs1, onrchiBaroniue pexum MC-H.
— N3o6paszute cxemy peaktopa MB. BeiBenure ypaBHeHUs, onuchiBaromiue pexum NB.
— N3o06pazure cxemy peakropa UC-1. BeiBenure ypaBHeHUs1, onuckiBaronme peskum NUC-.

JlokaxuTe, 4TO MOJIENh KackKaja peakTOpOB UACAIIbHOTO CMEIICHHUS SIBISETCS
MIPOMEXKYTOUHON MEXIY MOJEISIMU UICAIBHOTO BRITECHEHHS M UI€AJIbHOTO CMELIEHUSI.
ITo dazoBoMy cocTaBy peaKITMOHHOW CMECH PEAKTOPHI KJIIACCUPHUITUPYIOTCS Ha!

a) CTallMOHApHbIE, HECTAllMOHAPHEIE,
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0) nepuoanYecKue, HeMpePbIBHBIE, MTOJYHETPEPHIBHEIE,

B) MOJIMTEPMUYECKHE, alnadaTHIECKUEe, U30TEPMUUYECKHE, AaBTOTEPMHUYECKHUE,
T') peakTopa Jjsl MPOBEACHHSI TOMOT€HHBIX U T€TEPOreHHBIX MPOLIECCOB.

Urto xapakTepusyeT aanadaTuyecKuil pexxuM paboThI anmapara:

a) peakius B PEaKTOpe UJET C MOTJIOLIEHUEM TEILa,

0) mpolecc B peakTope UAET P MOCTOSTHHOM JIaBIICHUH,

B) OTCYTCTBYET TEIJIOOOMEH C OKPYXKAIOIIEH CPeIou,

') 00beM peakIMOHHON CMECH B peaKTOpe B X0JIe MPOoIlecca He MEHSIETCSL.

OIIK-4.2

OneHuBaeT U KOHTPOJIUPYET apaMeTpsl U

3 (PEKTUBHOCTH TEXHOJOTUUECKHUX MPOIIECCOB,
CBOMCTBA CHIPbsl 1 TOTOBOW NMPOAYKIIMH B
00J1aCTH XUMHUYECKOH TEXHOJIOTHH

Hoquy HJI1 JOCTUXKCHUA TOU K€ CTEIICHU MMpEeBpalIiCHU ITPU OJJUHAKOBLIX YCIIOBUAX
MMPpOBEACHUA PCAKIIUU B IIPOTOYHOM PCAKTOPEC UACAIIBHOI'O CMCIICHUA Tpe6yeTc;1
CYIICCTBECHHO 60J'II>I.H€C BpeMs Hpe6LIBaHI/I$I peaKHI/IOHHoﬁ CMCCH, UCM B PCAKTOPC
UACAIBHOTO BBITCCHCHUS WJIN B IICPUOANICCKOM PCAKTOPE NACAIIBHOTO CMGIHGHI/ISI?
CocraBbTe KHHETUUECKHUE YpaBHCHHS CIOKHBIX peaKI_[I/Iﬁ o KaXXx10My U3 BCIICCTB,
Y4acTBYIOIIMX B pEaKLMK, IMPOTEKAIOLICH 110 CXEME

A+B—5P+C

A+P—5C+D

TenyoBeIM pacueToM ONpPENEIUTh TEMIIEPATYPY, 10 KOTOPOH HEOOXOAMMO HarpeThb
AMMHAYHO-BO3AYIIHYIO CMCCh, ‘-ITO6BI mponecc OKUCJICHUA aMMHUaKa NPOTCKaI
ABTOTCPMHUYHO. I[aHHLIC JJIg pacucTa:

Crenenp npespamennss NH, sNO % 96,0

Crerrens abcopOimu, % 96,5
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Conep:kaHre aMMHUaKa B CyXOi aMMHAYHO — BO3TYIITHOM cMecH , %o (Macc. ). 10,0
TemrepaTypa KOHBepcHH, "C: 800
Temionorepu B OKpYyKarolyto cpeay, % OT IpUXo0/a TEIUIOThI )

JIns mocTrKeHUsI MaKCUMaJIbHOW MHTEHCHBHOCTH IIpoIiecca ¢ 00paTuMoit
JK30TEPMHYECKON peakIMel NepBoro Nopsaka ONTUMaIbHBIM TEMIIEPATYPHBIM
PEKUMOM SIBIISIETCS

a) MpolLecc MPOBOAAT MIPU MAKCUMAJIBHO JIOITyCTUMOM TeMIeparType.

0) mporiecc HaUMHAETCSI P BBICOKOH TeMIIepaType, 3aTeM B Xojie Iporiecca (1o Mepe
YBCIMYCHUA CTCIICHU npeBpameHI/m) €€ CHMKAIOT I10 JIMHUHW ONITUMAJIbHBIX TEMIICPATYP.
B) MpoIlecC MPOBOAAT MPU MUHUMAIILHO JIOMYCTUMOM TeMIepaType

') TeMIlepaTypa He BIUSIET HAa UHTEHCUBHOCTH MpoIecca

[Tokazarenu nporecca B peakTope 3T0:

a) CTeTeHb MPEBPAICHHUS X, CEIEKTUBHOCTD S, BBIXOJ MMPOIyKTa E, a Tak e npodumm
KOHLIEHTPALUH, CTETIEHU IIPEBPAIIEHUS U TEMIIEPATYPBl B PEAKTOPE, UX U3MEHEHUE BO
BpEMEHU

6) cxema NpeBpalleHus U TUI peakuii (BUJ KUHETUYECKUX YPAaBHEHUM ), SHEPTHs
aKTUBALIMH, TETIOBOU 3P GEeKT; /ISl HEM30TEPMUUYECKUX MPOLIECCOB — IMapaMeTphl

TE100TBOAA ( KOA(PPUIMEHTH! TerIonepe auu, BETMYMHA TOBEPXHOCTH TeMJI000MeHa,
Tero(r3nuecKre CBOICTBA MOTOKA. ).
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B) COCTaB UCXOHOM PEAKIIMOHHOM cMecH (MCXOIHbIe KOHIeHTpaluu peareHToB  Cig),
00BbEM IOCTYIAIOIICTO OTOKa (Harpy3Kka Ha peakTop Vo), TeMiepaTypbl BXOIHOTO
MoToKa To, XJagarenta Ty (A1 MPOIECCOB € TEIIOOTBOAOM) WJIU B PeakTope (IJis
HM30TEPMHUYECKOTO Tporiecca — T).

I') KCCIIeIOBAaHKME BIMSHUS YCIOBUH MpOIecca U XapaKTEPUCTUK (CBOMCTB) €ro
COCTaBJISIONINX Ha TOKa3aTelid paboThl peakTopa, a TAKXKE BBISIBICHUE 0COOCHHOCTEH
Iporecca U pekKuMa.

B kakoit 065acTH OCyIIECTBIIsI€TCS F€TEPOreHHBIH MPOoIiece, €M MOBBIIIEHNE
TeMIIepaTypbl IPUBOAMUT K 3HAYUTEILHOMY BO3PACTaHUIO CKOPOCTH Ipolecca’?
a) B TIEPEXO/THOM;

0) Bo BHYTpUAUDPY3HOHHOIA

B) BO BHEIIHEAU(PPY3NOHHOM;

T') B KHHETUYECKOM

OIIK-4.3

[IporHo3upyer u peryaupyer u3MeHeHue
[1apaMeTPOB TEXHOJIOTMYECKUX MPOLIECCOB B
3aBUCUMOCTH OT CBOWCTB CBIPbS

B peakrope VB nporekaeT mocienoBarenbHas peakiusa. Kakue pekoMeHIauu MOKHO
ceNaTh, YTOOBI JOOUTHCS: a) MAKCUMAIBHOTO BBIXO/A MPOMEKYTOYHOTO MPOAYKTA; 0)
MaKCHMAaJIbHO CEJICKTHBHOCTH TIO0 TPOMEXKYTOYHOMY TPOAYKTY; B) MaKCHMAaJILHOTO
BBIXOJ]a KOHEYHOTO MPOyKTa?

[IpoBeauTe ananu3 monenu uzorepmuueckux npoueccoB MC-n u UB-u ¢ nporexkanuem
NPOCTHIX HEOOpPaTHMBIX peakuuii 4A—B pa3Horo mopsiika (XapakTepuCTUUYECKOE
ypaBHeHue st T, 3aBucumoctH C(z) u x(t). BiusHue KOHIIEHTpallMM HMCXOIHOTO
BEIIECTBA , TEMIIEPATyphl HA U3MEHEHHE (QYHKITUH X(T).

IIpoBenute ananu3 nzorepmuueckux npoueccos MC-nm u MIB-H ¢ npoTrekanuemM npocroit




Kon
HHOUKAaTOpa

Nuaukatop JOCTHKEHUSI KOMIIETEHIUN

OneHouHble CpeCTBA

o0paTuUMOli peaklUu MEePBOro MOPSAAKA (3aBUCUMOCTH X(T), BIUSHUE KOHIICHTPAIHH
HCXOJHOTO BeEIIeCTBa Ha W3MeHeHHe (yHkmmm Xx(t1). BrusHue Temmepatypsl Ha
CKOPOCTh M HHTEHCUBHOCTD IPOIECcCca B CIIyyae 3K30- U SHIOTEPMHUUECKUX PEAKIIUil).

[IpoBeaute ananu3 uzorepmudeckux npoueccos MC-nm u B-H ¢ npoTekaHueM c10:kHOM
peakuuu ¢ mapajulejibHO# cxemoii mpeBpamenusi (3aBucumoctu CA(T), XA (1),
CR(7), CS(r). Bnusinue TemnepaTypbl Ha MHTEHCUBHOCTb M CEJIEKTUBHOCTD IIPOLIECCA).

IIpoBenute aHaNMM3 U30TESPMHUUECKUX IIpolieccoB B peaktope MC-m u MB-H ¢
MPOTEKAaHWEM CJIOJKHON peakluu ¢ MOC/IeI0BATEIbHON CcXeMOil mnpeBpalleHust
(3aBucumoctu CA(t), XA (1), CR(1), CS(1). MakcumanbHblii BBIXOJ TpoaykTa R
(CRmax.) . Brnusaue Ttemmeparypbl Ha HHTEHCMBHOCTh, CRmax u CeneKTUBHOCTH
nporecca).

IIpouecc ocymecTBiaseTcss ¢ NPOTEKAHUEM NMPOCTOH 00PATHMON peakuuy NepBoro
ki

AT R

nopsiKa k2 :

3aBHCHUMOCTH CTeTeHH mpeBpaiieHus x(t) nmpu temrneparypax Tl u T2>T1 mnst sum0-
TEPMUYECKON U DK30TepMUUecKoi peakuuii B peaktope B (umu UC-m) npencraBnena
Ha puC.
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ynoo- (15)

;] + 2

sk30-(T5)

0 T
LITPUXOBBIMU JIMHUSAMH ITOKa3aHbl PABHOBECHBIE CTENIEHU IIPEBPALLCHUS Xp AJIS TEX Ke
YCIOBUI
Kakoit TemneparypHblii pexkuM OyJIeT ONTUMAIbHBIM Ul 00ecliedeHus] MaKCUMalIbHON
MHTEHCUBHOCTHU IpOIECcca C IK30TEPMHUUYECKOI U SHAOTEPMHUUECKOIN peakinen?




0) Ilopsiiok mpoBeaeHUs MPOMEKYTOUYHOM ATTECTAIUN, IOKA3ATEIN U KPUTEPHH
OlLleHUBAHUS:

[IpomexyTouHast aTTecTalus Mo JUCHUIITHHE «XUMHUYECKUE PEAKTOPBI» BKIIOUYAET
TEOPETUYECKHE BOIIPOCHI, MO3BOJISIFOIINE OLICHUTh YPOBEHb YCBOCHHS 00yYaIONIMMUCS 3HAHU, U
MPAKTUYECKHE 3a/IaHUs, BBIABIAIONINE CTENIeHb C(OOPMUPOBAHHOCTH YMEHUH U BIIaJICHUM,
npoBoAUTCA B (hopme IK3aMeHa.

DK3aMeH I10 ,Z[aHHOﬁ JUCHUIINIMHE ITPOBOAUTCS B YCTHOﬁ (bopMe 10 5K3aMCHAIIlMOHHBIM 6I/IJ'IeTaM,
Ka)K,I[BIfI M3 KOTOPBIX BKIHOYACT 2 TECOPECTUUCCKHUX BOIIpOCa U OJHO IIPAaKTHYCCKOC 3aJaHuC.

Iloxa3arenu u KPUTECPHUHA OLICHUBAHUA IK3aMeEHaA:

— Ha OLIEHKY «OTJINYHO» (5 6aJU10B) —00yJarOMUIiCs TEMOHCTPUPYET BHICOKUI YPOBEHb
c(OpPMHPOBAHHOCTH KOMITETCHIIUH, BRICOKHI YPOBEHb 3HAHHI HE TOJIBKO HAa YPOBHE
BOCIIPOU3BECHUS U 00BACHEHHs HH(OPMALIUY, HO U HHTEJUIEKTYyaJIbHbIE HABBIKU PEIICHUS
npobieMm u 3aaay:

® JacTCA KOMIIJICKCHAas OLCHKa HpeﬂHO)KeHHOﬁ CUTYyalluHu,

® JICMOHCTPUPYIOTCSl TJyOOKHE 3HAaHHS TEOPETHMUYECKOTO0 Marepuaia U YMEHHE HX
MIPUMCHSITD;

® JI0CICAOBATCIIBHOC, ITPABUJIBHOC BBIIIOJIHCHHUEC BCCX IMPAKTHYCCKUX 3a,I[aHI/II71;
® YMCHHC 000CHOBAHHO M3JIaraTh CBOU MBICJIM, AC€JIaTb H€06XOI[I/IMBI€ BBIBOJbI.

— Ha OILICHKY «X0po1o» (4 6amia) — o0yJarouiicss AEMOHCTPUPYET CPEAHUN YPOBEHB
c(OpMHUPOBAHHOCTH KOMIIETEHIIUH:

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

® JCMOHCTPHUPYIOTCA NOCTATOYHBIC 3HAHUA TCOPCTUYCCKOTO MAaTCpUajla 1 YMCHHUEC UX
MPUMCHATH, HO JOIMYCKAOTCA HC3HAYUTCIIbHBIC 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 OLIEHKY «Y/JA0BJIETBOPUTEJIBHO» (3 Oauta) — 00y4arouuiicss JeMOHCTPUPYET MOPOTrOBBIN
ypOBEHb C(HOPMUPOBAHHOCTH KOMITETEHIIMHA:

® 3aTpyJHEHHUs C KOMIUIEKCHOM OLIEHKOM MPEUIOKEHHON CUTYallNH;

® HEMOJHOE TEeOpeTHYecKoe OOOCHOBaHME, TpeOyrollee HABOAAIIMX BOIPOCOB
npernoaaBaTers;

e  BBINIOJIHEHUE 3aJJaHUI NTPH MOJCKA3Ke MPENOIaBaTeNs;
e 3arpyaHEHUs B ((OPMYIUPOBKE BHIBOIOB.

— Ha OIICHKY «HEeY/A0BJIeTBOPUTEIbHO» (2 6aia) — 00ydJaroIuiicss JeMOHCTPUPYET
3HaHuA He 6onee 20% TeopeTHUecKoro MaTepuaia, JOIMyCKaeT CylIeCTBeHHbIE OLINOKH, He
MOXCET IMOKa3aTh UHTCIJICKTYAJIbHBIC HABBIKU PCHICHUA IMTPOCTHIX 3aaa4.



— Ha OIICHKY «HeYA0BJIeTBOPUTEIbHO» (1 0amr) — 00yJaromuiicsi He MOYKET TTOKa3aTh
3HaHWS Ha YPOBHE BOCIPOU3BEACHUS M 00BICHEHNST MHPOPMAIINHU, HE MOXKET TI0Ka3aTh
MHTEJUICKTYaJIbHBIC HABBIKU PEIICHUS IMPOCTHIX 33j1au.



