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PaGouast mporpamma aucturuimHbl «[Ipormecchl u anmapaTtbl XUMHUYECKUX TEXHOJIOTHI
JUTSL aCIIMPAHTOB crienuaibHOCTH 2.6.13 «IIporecchl u ammapaThl XUMHYECKHX TEXHOJIO-
ruii»/aBT. A.A. Cunsarun — Huwxuuit Hosropoa: HI'TY, 2022. — 20 c.

Pabouas mporpamMma npeaHazHaueHa sl METOJUYECKOTO COMTPOBOXKICHUS MIPETo/ia-
BaHUs TUCUUIUIMHBI (Moayns) «lIponeccsl u anmapaTbl XUMUYECKUX TEXHOJIOTHI» acIu-
paHTaMm O4HOM GopMbl 00yUYeHHUs 1o crenuaibHocTh 2.6.13 «Ilpomecchl U anmapaThl Xu-
MUYECKUX TEXHOJIOTHID».

Pabouass mporpamMma JHCHUIUIMHBI COCTaBJI€HA B COOTBETCTBHM C TPEeOOBaHUSIMU
CJIETIOIINX HOPMATUBHBIX IOKYMEHTOB:

1. ®enepanbHple TOCYyNapCTBEHHBbIE TPEeOOBaHUS K CTPYKType IpPOrpaMM IOJArOTOBKHU
HAYYHBIX W Hay4YHO-TIEIaTOTHYECKUX KaJIpOB B aclUpaHType — npuka3 MunoopHayku Poc-
cum oT 20.10.2021 r. Ne 951.

2. [TacnopT HayuHo#l crienmanbHOCTH 2.6.13 «IIporeccs! u anmapaTbl XUMUYECKUX TEXHO-
jgoruit», pazpadborannblii skcnepramu BAK Muno6puayku Poccun B pamkax Homenkia-
Typbl Hay4HbBIX CIELUAIBHOCTEHN, YTBEp>KAEHHON mpukazoM MwuHoOpHayku Poccum ot
24.02.2021 1. Ne 118.

3. YueOnsiii iian HI'TY mo mporpamme moAroTOBKM HAYYHBIX U HAYYHO-TIEAArOTMYECKUX
KaJpOB B aCHMpaHType N0 HaAy4HOH cnenuaibHocTH 2.6.13 «IIpouecchl u anmapaTbl XUMU-
YECKUX TEXHOJIOTHIN».

4. IIporpamMma KaHIUJIATCKOTO 2K3aMeHa 1o creruaibHocTh 2.6.13 «IIpomecce u anmapa-
Thl XUMHUUECKHX TEXHOJIOTUI».

7, o
ABTOp 1724 Lkl A.A. Cugsrun

" (#Woamuce)

4 mas 2022 1.

© Cunsarun A.A., 2022
© ®I'bBOY BO HI'TY, 2022
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CK-PII-15.1-04-22 Pabouyasi nporpaMma TuCHUIIHHBI
«IIponecchl 1 anmapaTbl XHMHYECKHX TEXHOJOTHI»

1 IIeJIb H 3aJa491 OCBOCHHUA JUCIHUITIINHBI

eanb ocBOeHMs AUCHUILIUHBI: (OPMHUPOBAHUE W PA3BUTHE Yy aCIIUPAHTOB KOMIIE-
TEHIUN TSI TPOGECCUOHATBHON AEATEIBHOCTH MO crnernuanbHocTu 2.6.13 «IIpomecch u
anmapaTrbl XUMHUYECKUX TEXHOJIOTHI», BKIIOYAIOIMHNX B CE0SI COBOKYITHOCTh CPENICTB, CITO-
co00B ¥ METOJIOB YEJIOBEUECKOU JEATECILHOCTH, HAITPABICHHONW HA MOJyYeHUE acTIupaHTa-
MU 3HAHUH JJI1 TOHUMAaHUSI OCOOEHHOCTEH TEXHOJIOTHYECKUX TPOIECCOB, UCIIOIh3yEMbIX B
XUMUYECKOHN TIPOMBIIIICHHOCTH.

3amaun:
— (GopMHpOBaHKE HABBIKOB U YMEHHUI B 00JACTH MPOBEACHUS PACYETOB IIPOLIECCOB, arla-
paToB M MalIWH, a TaKXe aHAJIU3 3aKOHOMEPHOCTEW MPOTEKAaHUs OCHOBHBIX IMPOIIECCOB,
MacIITaOHBINA IEPEX0 U MOJICITHUPOBAHUE;
— 3HaHHWE TEOPUH OCHOBHBIX MPOIIECCOB, MPUHIIUAIA YCTPONUCTBA U JEHCTBUS TUIIOBBIX all-
napaToB U MaIlIVH.

2 MecTO AUCHUIIMHBI B CTPYKTYpe NPOrpaMMbl aCIMPAHTYPbI

HNucuumnaa (Moxyiib) «lIpormecchl M ammaparbl XUMHUYECKHUX TEXHOJOTHI»
BKJIIOUEHA B OJIOK 00s3aTEIbHBIX IUCIUIUIMH, HAMpaBJIEHHBIX Ha MOATOTOBKY K cjaye
KaHJWJIaTCKOTO YK3aMEHa.

JucruminHa 6a3upyercss Ha 3HAHUSAX, MOJYYCHHBIX aclMpaHTaMU B PeE3yJIbTare
OCBOCHHSI 00pa30BaTENbHOW TPOrPAMMbl BBICIIETO OOpa30BaHUS BTOPOTO YPOBHSA
(MarucTparypa, CrieiuainTeT).

JlucuunivHa Hampasji€HAa HAa cJady KaHAUAATCKOTO MHUHUMYMA, OCYLIECTBJICHUE
HAay4YHO-HCCJIEOBATEIIbCKONW JIESATEIbHOCTH aCIUPAaHTA MO HAIPABIECHHOCTH IPOTPAMMBI
ACIIUPAHTYPHI U TOATOTOBKY HAYYHOTO J0KIaa o pesynbratax HKP (aucceprammm).

Cemectp, B Tpym0eMKOCTh AUCIUTUTHHBI
’ Yachl Bun mpomexy-
KOTOPOM N

HaumenoBanune 010ka 3ayeTHbIE B ToM uncie TOYHOM arTe-

penoaaercs 06

JUCIUIUTHHa | CAUHHLBL 2t | Aynuropuas | CPO CTanun
OO6s3aTenpHas TUCIU-

6 3 108 24 84
[UINHA
UTOIro 3 108 24 84 DK3aMeH

3 CTpyKTYypa M cojep:KaHue JUCHUILTUHBI (MOTYJINA)

OO11ast TPYI0€MKOCTh AUCIUILUIMHBI cOcTaBisieT 6 3aueTHbIX eanuull (108 yacos).

Bepcu}l: 1' 0 KBe3 noo QoKymenm Oeit 3 cymox nocne pacnewamxku. [lama K9 y3 NQ Cmp 4 uz 20

u epems pacnevamiku:
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CK-PII-15.1-04-22

Pa6ouast nporpamma JuCHUIIIMHBI
«[Ipoueccm U anmnaparbl XUMH4Y€CKUX TEXHOJIOTHii»

3.1 CTpyKTypa IMCHUILIUHBI (MOIYJIs1)

JucuunnuHa npenoaercs B 6 ceMecTpe.

O0bem yueOHO# padoThl (B Yacax)
HaumenoBanue Bupa urorosoro
Ne Beero N3 aynutopHbIX Cam.
AUCHUILIUHBI Beero KOHTPOJIs
n/n aymuT. | Jlekn. | JIa6. | Ipak.| KCP. | pa6ora
[Tpoueccel u amma-
1 patel xumuueckux | 108 24 24 - 84 DK3aMeH
TEXHOJIOTH
3.2 Conep:kaHue ITMCHUNIMHBI (MOTYJISA)
3.2.1 Pa3nesibl AMCHUILITHHBI (MOXYJIs1) M BHABI 3aHATHH
Ne Buabl yueOHoii padoThI 1
] HaumenoBaHEe Pasela (HCIpuImaEI TPYI0€MKOCTh (B 4acax) CamocrosTebHast
pasieaa padora (CP)
Jlex. | JIaG. | IIp. | KCP
1 CucTtemMHBIN aHAIU3 MPOIECCOB XUMUUYECKON TeX- 5 ) ) ) 8
HOJIOTUU
5 TunoBele Mogenu CTPYKTYpbI IIOTOKOB B anmnapa- | i ) i 8
Tax HEMPEPHIBHOTO JICHCTBUS
3 Teuenue KUAKOCTH B MIIEHKAX, TPyOax, CTPysIX U 1 i ) i 8
MTOTPAHUYHBIX CJIOSX
4 XUMHUYECcKasi TEPMOJMHAMHUKA 2 - - - 8
5 Macco- u TemnonepeHoc B IUIEHKAX >KUIAKOCTH, 9 i ) i 6
TpyOax M IJIOCKHUX KaHaJIax
6 MaccooOMeH, OCIIO)KHEHHBI  MOBEPXHOCTHOM 2 ) ) ) 6
1 00bEMHON XMMHYECKOUN peakiueit
7 DNeMEeHTH MEXaHUKHU TBEP/BIX UCIEPCHBIX CPEXL | 4 i ) i 5
B ITPOIIECCaX XUMHYECKOH TEXHOJIOTHN
8 TenoBble TpoLEeCChl 2 - - - 6
9 Jnddy3nonnbie mporecch 2 - - - 6
10 MaremaTuueckue MOJIENH CYIIUIBHBIX YCTaHO- 1 i ) i 5
BOK
11 MaremaTuueckue MOJAETH KPUCTAJUTH3AIIMOHHBIX 1 i ) i 5
YCTAaHOBOK
12 MaremaTryecKkue MOJIEIU MPOLECCOB pa3AeIeHUs 2 - - - 4
13 | 'oMoreHHbIE XUMHUECKUE PEAKTOPbI 2 - - - 6
14 | 'eTeporeHHbIe XUMHYECKHIE PEAKTOPHI 2 - - - 8
NTOI'O: 24 - - - 84
Bepcusa: 1.0 f“;} m;pm’:x‘f,"‘f;’j”’ et 3 cymox nocne pacneuamxu. JJama | L7y V3 Ne Cmp. 5 u3 20
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CK-PII-15.1-04-22

Padouan nporpamma JuCHUIIIMHBI
«[Ipoueccm U anmnaparbl XUMH4Y€CKUX TEXHOJIOTHii»

3.2.2 Conep:xkanue pa3ieioB AUCHUILTHHBI (MOXYJINA)

Ne | HammenoBanue opwa
Conepxanue pasaeina (TeMbl) IIPOBEAECHUA
n/u | pasgena (TEMbI) .
3aHITUN
1 2 3 4
OcHOBHbIC NPUHLIMIIBI CUCTEMHOTO aHAJIM3a; B3aUMOCBS3b SIBICHUI B
OTAENBHBIX IPOLECcCaxX M ammaparax; uepapxus SBJICHUH M UX COIOA-
YMHEHHOCTh B M3YYEHHMU INPOIIECCOB M allapaToB; HepapXuiecKas
CucremHblit CTPYKTypa XMMHMYECKOIO IIPOU3BOJICTBA; B3AMMOBIIMSHUE alIaparos.
aHanu3 Tpouec- | Teopus momobust u aHanW3 pa3mepHocted. [logoOHBIE Tpeobpa3oBa-
1 |cos XHMUYE- | HUSL, PU3NUECKOE MOACIHPOBAHKE, METO/Ia XapaKTePUCTHIECKUX Mac- Jlexuun
CKOIi TexHOoJjo- | ITaboB. OCHOBBI TEOPHHU TEPEHOCa KOJIUYECTBA JBUKEHHS, SHEPTUH,
TUH MAacchl; THIPOAXHAMUKA U THIPOANHAMUYECKHE MPOLIECCHI: OCHOBHBIC
YpaBHEHHUSI ABWXKEHHUS >KUIKOCTEH, THAPOJMHAMHUYECKAs CTPYKTypa
MIOTOKOB, C)KaTHE W NEepeMelIMBaHUE Ta30B, pa3JieIeHUuss HEOTHOPOI-
HBIX JKHJIKHX U Fa30BbIX CHCTEM, IEPEMELINBAHUE B )KUIKUX CPEAaX.
Mogens uneansHoro cMemieHus. BeiBon nuddepeHunansHoro ypas-
TunoBeie Mone- | yepus Monenu. Bun GpyHKIMU OTKIMKA MOJICNIM Ha CTaHIAPTHHIC BO3-
1 CTPYKTYPBI | myuieHusi. HacTOTHBIE XapaKTEPUCTUKU MOJEIU. Y CIIOBUS peanu3ye-
o | IOTOKOB B all- | MOCTH MPHHATBIX JOIYLUICHUH B MPWJIOKEHUM K armaparaM XUMHYe- Texim
rmaparax Herpe- | CKod TexHonoruu. Monenb uaeanbHOro BhITeCHEHHS. BriBoa mudde-
PBIBHOTO  Jieli- | PCHIMANBHOrO ypaBHeHus Mmozenu. Ilepenarounas ¢bynkuus. Bun
CTBHS (YHKLIMY OTKIIMKA M YaCTOTHBIC XapaKTEPUCTUKH Mojenu. SdeeyHas
Mozenb. lnddy3nonHas MOJeNb.
TeueHue XKUA- | YpaBHEHHS W TPaHHYHBIE YCIOBHS THIPOJAWHAMHKU. TedeHue, BbI-
KOCTH B ILUIEH- | 3BaHHOE BpalleHHeM JucKa. ['WapoArHaMWKa TOHKHX CTEKaroIlux
3 | Kax, Tpy6ax, | TICHOK. Crpyiinsle TeueHus. JlamunapHoe TeUeHNE B TpyOax pas3nmy- 1
cTpysx u To- | HOH Q)opliu,l. ITpoaonbHOE 0OTEKaHUE TUTOCKOM TUTACTHHEL. IMorpanny- CKIIMH
IPAHHYHBIX HBII CJIOH. JIBH)KerIe YacTHII, Karesb, My3bIpeil B xkuaroctu. Oomee
CIOSIX peuienne ypaBHeHH CTOKca B 0CECHMMETPUYHOM CIIy4dae.
Cucrema. CoCcTOSIHUE CUCTEMBL. Y paBHEHUSI COCTOSIHUA. DHeprus. Pa-
6ota. Termora. HyneBoii u mepBblii 3akoHBI TepMOAUHAMHUKHA. OCHOB-
HBIE 3aKOHBI TepMOXUMUH. O PAaBHOBECHBIX M OOPATHUMBIX MPOLIECCAX.
XyMuueckas Bropoii u TpeTtuii 3akoHBI TEpMOJUHAMUKH. JIMHEHAs TepMOINHAMU-
4 Ka B 3a/layax XMMHH ¥ XUMWUYECKOW TEXHOJOTMH. YPaBHEHHUS cOXpa- Jlexum
TEPMOJAUHAMUKA . .
HeHus. [luccunatuBHast GYHKIUS MHOTO(A3HON TeTepOreHHOM Cpeibl.
CootHomenne B3auMHOcTH Omn3zarepa. IloTokm Maccel U Temna B
crutomHo# (aze. MacconepeHoC B XUMHUKO-TEXHOJIOTMUECKUX CHUCTE-
Max C y49eTOM HaJIn4Hs Mex(a3HBIX TOBEPXHOCTEH.
VYpaBHEHHE M T'paHUYHBIE YCIOBHS TEOPUU KOHBEKTHBHOIO TEILIO- H
Macco- un ren- Macconepernoca. Juddysust k BpararoneMycs aucky. TermonepeHoc
JIONEPEHOC B | K TuiocKO# muiacTuHE. MacconepeHoc B IJIEHKAaX XKUJIKOCTHU. Terno- u
5 IUVICHKaX  JKHJ- | MaccOIepeHoc MpH JaMHUHAPHOM TE€UEHHH B Kpyriol TpyOe. Teruro- u Texuuu
KOCTH, Tpy0axX M | MaccolepeHoC NPH JIAMUHAPHOM TEYEHHMH B IIIOCKOH TpyOe. IIpenens-
IUIOCKUX Kaua- | Hble yncna HyccenpTa mpu JIaMUHApPHOM TE€YEHUH JKUAKOCTEH IO TPY-
T1aX 0aM pasnuyHOi (opMel. Macco- U TemnI000MeH YacTHll, Kanesb U IIy-
3bIpEN C TOTOKOM.
Bepcuﬂ: 1'0 KBe3 noo QoKymenm Oeit 3 cymox nocne pacnewamxku. [lama K9 y3 NQ Cmp 6 uz 20

u epems pacnevamiku:
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CK-PII-15.1-04-22

Padouan nporpamma JuCHUIIIMHBI
«[Ipoueccm U anmnaparbl XUMH4Y€CKUX TEXHOJIOTHii»

Ne | HaummenoBanue Popma

/n | pasnena (remb) Coneprxanue pasjesa (TeMbl) HpoBeaeHU

1 3aHATUU
MaccooOMeH, MacconepeHoc, OCJIOKHEHHBIA ITOBEPXHOCTHOM XUMUYECKON peakLiy-
OCTIOKHEHHbIIH eil. Iudpdysnsa x BpamaromeMycss AUCKY W TUIOCKOW IUIACTHHE TPH
[OBEPXHOCTHOI MPOTEKaHUU 00bEMHOMN peakunn. Bremnune 3agaun MmaccooOMeHa 4a-

6 . | CTHL, Kamejib U My3bIpell ¢ OTOKOM IIpH Pa3InyHbIX yncnax Ilexne u Jlexuun
v 061’61:41{014 HaJIMYUN 00BEMHON XMMHUYECKOW peakiuu. BHyTpeHHHe 3amadu mac-
XHMquCf(OH coliepeHoca Mpy HaTMIud 00beMHON XUMHYecKol peakuu. Hecraru-
pcaknucu OHapHBIA MaccoOOOMEH ¢ 00BEMHOM PEAKIMEH.

OneMeHTsl Me- | CTpyKTypa U CTPYKTYPHBIE CBSI3M TBEPIBIX TUCIEPCHBIX cpen. [Toms-
XaHUKM  TBep- | THC (OPM H pa3MepoOB TBEPAbIX YACTHLI, IPAHYIOMETPHYECKOTO COCTa-
TIBIX nHcmepe- Ba, CLIHy'ieCTI/I, CHJI B3aUMOJIEUCTBUA MEXAY dacTuiiaMu. Peosioruye-

7 HBIX CpeI[ B CKHC CBOUCTBaA CBITYYHUX MafepHaHOB, KOHTAKTHBIC CHUJIbI BHCIIHEI'O HeKHI/H/I
npomeccax  Xu- TpeHHsI M aJATe3WOHHBIE CBOWCTBA CHITYYHX MaTepuaioB. [IBikeHue
MUHCCKON  Tex- | OKWKCHHBIX TBEP/IBIX THCTIEPCHBIX CHCTEM.

HOJIOTUU
OcHoBHBIE ypaBHEHHUsI TporieccoB. Kiaccndukanus MCHOIB3yeMbIX

8 TemunoBsle Mpo- | ammapatoB. TerrooOMeHHHKH C Tiepefavei Temia depe3 creHky. Oc- ek

LIECChI HOBHBIE TIepeMeHHbIe mporecca. OOBEKTHI C COCPENOTOYCHHBIMH H
pacnpezieleHHpIMU apamerpamu. [Ipumepsl.
MartemaTuyeckoe ONMCaHHE PaBHOBECHS B MHOTOKOMIIOHEHTHBIX CH-
cTeMax. TepMOIII/IHaMI/IKa PaBHOBECHBIX U HEPABHOBCCHBIX COCTOSTHUM.
Maremarnyeckoe onmcaHue rnporeccoB muddysun. OaaodazHas He-

9 Anddysnonnrie nonBmwkHas cpena. CrannoHapHast muddy3ust B ABKYIIUXCS CpeAax. Jlekun

Tporeceet Huddy3uss B MHOTOKOMIIOHEHTHBIX cucTeMax. [uddy3nonHblii mo-
TeHIan. Macconepenaya B 1uPpy3noHHBIX mporieccax. Mojenu mac-
corepenaym.

Maremarnue- Kunetuka cymku. Kontaktaele cymuiaku. CyIIUIKA CO CTalMOHAp-

10 CKHUe MoAenu | HbIM CIIOCM. 1
CYLIMIIBHBIX CKIH
YCTaHOBOK
Marematuyue- Onucanue pocTa KPUCTAJIOB W 3apojbliieo0pa3zoBaHusl. Tumbl HC-

CKUue MoOJenu | HOJIb3yEMBIX KPUCTAJNIM3aTOPOB.

11 | xkpucrannuza- Jleknn
LIMOHHBIX yCTa-

HOBOK

MaTeMaTne- PaBHOBecue u Maccorepeiaya B CUCTEMAX KUJIKOCTb-KUIKOCTh. THIIbI
UCTONB3YEMBIX 3KCTPAKIIMOHHBIX anmnaparoB. PekTu(ukannoHHBIE H

12 | SKH© Moaen abcopOumnonHble anmapartel. OnucaHNe PaBHOBECHS B CHCTEMaXx >KU- Jlexun
TPOTECCOB  pas- KOCTb-TIap, KUJAKOCTb-Ta3. THIbl peKTHOUKAMOHHBIX U abCOpOIUOH-
ACTICHUS HBIX aNnapaToB, MX MaTEMATHYECKOE ONMCAHUE.

I'omorenHsle u30TEepMHUUEcKre peakTopsl. Kiaccupukamus peakropos

I'omorennsie [0 TUAPOJMHAMHYECKOMY MpH3HaKy. Peakrop mepuoandeckoro aei-

13 | xumMuueckue ctBus. [IpoTtounslii peaktop ¢ mMemankoil. Kackaj peakTopoB ujaeaib- Jlexun
peaKToph Horo cMemreHus. OnNTUManbHOE COOTHOIIEHHE OOBEMOB PEaKTOPOB B

Kackaze. BeiOOp THIa peakTopa ¢ y4eTOM CeJIEeKTHBHOCTH PEaKIHH.
Bepcuﬂ: 1'0 be3 noo QoKymenm Oeit 3 cymox nocne pacnevamxu. /lama K9 y3 No Cmp 7 uz 20
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®opma
Ne | HaummenoBanue p
Conepxanue pasaena (TeMbl) IIPOBE/ICHUS
n/n | pasaeina (TeMbl) .
3aHATHI
['eTeporeHHbIe KaTaIUTHYECKUE PEAKTOPBI, KiIacCH(UKAIMs KaTallu-
THYECKUX PEAKTOPOB IO KOHCTPYKTHBHOMY M T'HIPOAWHAMHYECCKHM
TeTeporenibie npu3HakaM. OJHO- U MHOTOCJOMHBIE PEAKTOPbl CO CTAlMOHAPHBIM
ciloeM KaTanu3zaTopa. KBasUroMOoreHHas M TeTepOreHHas MOJICIH.
14 | xumnueckue Jlexuuun
Kraccupukanusi mo KOHCTPYKTUBHOMY M THIPOJMHAMUYECKUM MpPHU-
peaKTOphI 3HakaM. PeakTop ¢ memankoil. Tapenpuarbie U HaCaAOYHBIE PEAKTOPBI.
Knaccudukanus mpoMBIIIIEHHBIX PEAKTOPOB MO KOHCTPYKTUBHOMY U
THAPOANMHAMUYCCKOMY ITPU3HAKAM.

3.3 IlpakTHyecKkue 3aHATHS

VY4eOHbIM IIJIaHOM HE TIPEAYCMOTPEHO.

3.4 JlaGopaTopHble padoThI

Y4eOHBIM IIJIaHOM He TIPEAYyCMOTPEHO.

3.5 CamocTosiTeibHAsI pa60Ta ACNMPAHTA NPH U3YYEHUH Pa3/1e/i0B JUCHUILIUHBI

CaMocTosTenbHast padoTa acupaHTa Mpu U3ydyeHuu AucuuIiuHbl «IIporeccs u
anmapaThl XUMHYECKUX TEXHOJOTHI» cocTaBisieT 84 Jaca.
B xoze camocTosTenbHON pabOThl ACIIUPAHT:

- U3y4YaeT MaTepHallbl, HE OCBEILIEHHBIE B JICKIUSX;
- TOTOBUTCS K IK3aMEHY.

No
paznena

BOHpOCBI, BBIHOCHUMBIC HAa CAMOCTOATCIIBHOC N3YUYCHUC

Kom-Bo
JacoB

MareMatuueckoe MOJETHUPOBAHUE KaK COBPEMEHHBIM METOJl aHaliu3a M CHUHTE3a
XUMHKO-TEXHOJIOTUYECKUX MPOIECCOB U XMMHUKO-TEXHOJIOTHYECKUX cucteM. Cyi-
HOCTh U eI MaTeMaTHYECKOTO MOJIETUPOBAHUS O0OBEKTOB XUMHUYECKONH TEXHOIO-
ruu, GopMbl TIpeAcTaBiIeHUsT WHMOpMaIuu o mporecce (ynpaBlICHHs, PETPECCHH,
muddepeHIanbHbIe YpaBHEHUS, UHTETPATbHBIC YPAaBHEHUS, KOHEYHBIE M KOHEUHO-
pasHOCTHBIE ypaBHeHHUs). [locTaHOBKa 3ajadul MaTEMaTHYECKOTO OIMHMCAHHUSA TPO-
necca. /IBa moaxoja K COCTaBICHUIO MAaTEMAaTHUYECKONM MOJENM Mpoliecca: AETep-
MUHHPOBAHHBIN U CTOXAaCTUYECKUN. VX BO3MOKHOCTH U c(hepbl UCTIOIb30BAHUSI.

Bepcus: 1.0

u epems pacnevamiku:
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Ne
paszzena

BOHpOCH, BBIHOCHUMBIC Ha CAMOCTOATEIIBHOC U3YUYCHUE

Kom-Bo
JacoB

CpaBHuTE/IbHAs OLEHKA WACAIbHBIX MOJENEH. OHTPONMIHAS OLIEHKa Mepbl
YIOPSIOYEHHOCTH  ABMKEHMsI dvacTul. KaHOHHMYecKoe M MHKPOKaHOHUYECKOE
pacripenenenue I'nu66ca. @akrop pacnpeneiaeHns Kak BBIPAXKEHHE BTOPOTO 3aKOHA
TEPMOJMHAMMKH. YdYeT paccesHus 10 BpeMeHH npeObiBaHusa. CBoiicTBO
JIETeKTUPYEeMOCTH. YacTOTHBIE XapaKTEPUCTHKU M BUA (PYHKIMH OTKJIHMKa. BbIBOX
YpaBHEHMsI IpPENEJBHOrO IepexoJa K MOJENHM HUACAIbHOTO  BBITECHEHHUS.
KomOunupoBannele  (MHOTOmapamMeTpuuecKkue)  Mojaendu.  baiimacupoBaHue.
[TocnenoBarenbHOEe U MapajuleIbHOE BKIIOUEHHE SYEEK HICANbHOIO CMELICHUS U
BBITECHEHUs. MOZeIIb ¢ 3aCTOMHON 30HOM.

OOrekanue chepuvecKkoil YacTUIlbl, KaIUTH ¥ Y3bIPsI TIOCTYNATEIbHBIM CTOKCOBBIM
notokoM. Ceprueckie 4acTULBI B MOCTYIATEIBHOM IOTOKE MPU YMEPEHHBIX H
Oonpmmx yncnax PeliHonbaca. Cdepuueckue Kamiyd U My3bIpU B MOCTYNATEIbHOM
MOTOKE TPU YMEPEHHBIX U O0bImuX ynciax PeitHonpaca. O0rexkanue chepuueckon
YacTUIIbl, KallId M Iy3bIps CABUIOBBIM INOTOKOM. OOTekaHue HechepudyecKux
TBepAbIX yactull. OOTexkanne wwiIMHApa (IWIockas 3agada). OOTekaHue
nepopMHUPOBaHHBIX Kamnesb U ny3biped. CTECHEHHOE TBMKEHUE YaCTHIL.

BapranvoHHBI IPUHOMII MHUHHMYMa IIPOM3BOACTBA OHTponuu. [IpmHnmn
MUHUMYyMa NPUBEIEHHBIX TEPMOAMHAMHUUYECKUX MOTOKOB. OmpenencHue cpeaHeu
TOJILUHBI IJICHKUM B JMCIIEPCHO-KOJBIEBBIX pexumax TedeHus. HepaBHoBecHas
TEPMOJMHAMHKA HEOOpPaTUMBIX MPOLECCOB B  XMMHUYECKOH  TEXHOJIOTUH.
Tepmonunamuueckass ¢ynkuus JlsnyHoBa Bmamu oT paBHOBecus. Meton
TepMOAMHAMHUYECKUX  (QyHKUuH JlsmyHoBa 111  BBISIBIEHHS  XMMHYECKHUX
ocuuIATOpoB. COBPEMEHHOE COCTOSIHHME MPOOJIEeMBbI KOJIeOATEIbHBIX PEAKIUN B
XUMHH. DKCEprus, IKCEPreTUUYEeCKU METOJ| aHalIu3a XUMHUKO-TEXHOJOTHYECKUX
cUCTeM;  HMH(POPMAIMOHHO-TEPMOJMHAMUYECKUM  NPUHLUI;  UCIOJIb30BAHUE
METOZOB ONTHUMM3AlMM TPU CO3JaHMM DHEPro- U pecypcocOeperaromumx
MIPOU3BOJICTB (MpsIMbIE, JEKOMIIO3UIIMOHHBIE, CTPYKTYpPHO-JE€KOMIIO3UIIMOHHBIE
METO/IbI).

Merto acMMOTOTHYECKHX AaHAJOTHM B TEOPUH MAacCo- U TEIUIoNepeHoca.
BHyTpenHue 3amaun o TemigooOMeHe Tel pa3nu4yHOM (Gopmbl. Macco- H
TEII000MEH YacTHI] pa3InyHOM (OpMbI ¢ HEMOABMXKHOM cpenoil. MaccomnepeHoc B
IIOCTYNATEIbHOM IOTOKE IpU Manbix uuciax llexne. MacconepeHoc B JTMHEHHOM
CIBUTOBOM IOTOKE MpH Majbix unciax [lekne. MaccooOMeH yacTHll U Kamenb ¢
MOTOKOM Tpu Oonpmux uucnax Ilexne (teopust aud@y3noHHOro MOrpaHUYHOTO
cnost). Auddy3usa k chepuueckor yacTuile, Karie U My3bIPI0 B MOCTYMATEILHOM
MOTOKE TpH pa3nudHbiXx yuciax llexne u Pelinonbiaca. Juddysus k chepuyeckoit
yacTulle, Karuie ¥ My3bIpio. B nMHEHHOM COBUTOBOM NMOTOKE MPU MallbIX YHCIaX
PeitHonbca m mo6bix umcnax Ilekne. uddysus k cdepe B mocrymareiabHO-
CIABUTOBOM ITOTOKE M TTOTOKE C MapabOoJInIeCKUM MPOohUiieM.

Bepcus: 1.0

u epems pacnevamiku:
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Kom-Bo
JacoB

IM'mppoaunamuka, wmacco- W TEMJIOOOMEH B HEHBIOTOHOBCKUX KHIAKOCTSX.
Peonornyeckue Momeny HEHbIOTOHOBCKHMX HECKMMAEMbBIX >KHUIKOCTEH. JIBMIKEHHE
IUICHOK HEHBIOTOHOBCKHUX JKHMJIKOCTEH. MacconepeHoC B IUICHKAaX PEOJIOTMYECKH
CIIOXKHBIX JKHIKOCTEH. J[BM)KEHHE HEHBIOTOHOBCKHX JKHJIKOCTEH IO TpyOoam u
KaHasiaMm. TerionepeHoc B IUIOCKOM KaHajle M Kpyrjoil Tpybe (¢ yderom
auccunanuu). [mapoaMHaAMUYEeCKUH  TEIJIOBOM B3PHIB B HEHBIOTOHOBCKHX
)uakocTsax. OO0TekaHue IJI0CKOW IUIACTHHBI CTEICHHOM »KUKOCThIO. 3aTOIJICHHAS
CTpYsl CTEIIEHHOW >KUJIKOCTU. J[BM>KEHHME YaCTHIl, Kaneib U My3bIpeil B CTEIEHHOU
JKHJIKOCTH.

[lceBmooxrkeHnHble  ciaou.  [Ipomecchl  Temo- M MaccomepeHoca B
TICEBJIO0KIDKEHHBIX CIIOSIX. MexXaHHuecKue mporecchl. [Iporecchl u3MeNnbueHus 1
u3Menpyaromue Mamuabl. Kiaccudukanus npoieccoB U MamuH. THITBI JpoOHIIOK
(IIeKoBbIe, KOHYCHBIC, BaJKOBBIC, MOJIOTKOBBIC H POTOPHBIC). THITBI MEIbHUIL
(bapabanHbIe — IEHTPOOCIKHBIC M BHOpPAI[MOHHBIC, YIApHOrO JCHCTBUSA U Jp.).
CMecHUTeNH CHITYYHX MaTepUaIOB, KHHETUKA MTPOIECCOB CMEIICHHSI

Kunsatuwieauku. TennooOMeHHUKHM cMenieHus. TernaooOMEHHMKH C UAeallbHOM
M30JISAUEH, TeIUIOOOMEHHUKH € TIOTEPSIMHU TEIIa 4epe3 CTeHKY. MaTemaThdyecKue
MOJIEJIN KOXKYXOTPYOHBIX TerI000MEHHUKOB. Brimaphusle anmapaTsl. OCHOBHBIE
ypaBHeHusA. MaremaTudeckass MOJEIb OJHOKOPIYCHOM M TPEXKOPITyCHOM
ycTaHOBKHM.  TernooOMeH  M3idydeHHeM. 3aKOHbl  TEIUIOBOTO  HM3JIyYeHHs.
TemooOMeH HU3TydYeHHEM MEXY MOBEPXHOCTSIMH TBEPABIX TEJ, MEXAY Ta30M U
TBEPOH TOBEPXHOCTBIO.

[IneHouHBIE M pacHBUIMTENBHBIE KOJOHHBL. MaTemMaTudecKkue MOJENIN alapaToB C
MOBEPXHOCTBIO KOHTAKTa, 00pa3yoliencs B mpoliecce ABMKEHHs TOTOKOB. Mojenu
TapenpyaTblX ~ KOJOHH.  Mojenun  Hacalo4yHblX  KoJoHH.  Jlepopmarus
MaTeMaTUYeCKUX MOJENEH IpU M3MEHEHHH TUIPOJMHAMHUYECKUX PEKHMOB.
Maremarnueckass MOJENb 3MYJIbIAIMOHHBIX KOJIOHH. Moaenu mnyJabCallMOHHBIX
KOJIOHH. Moieny poTalMOHHBIX alnaparosB.

10

CYIHI/IJ'IKI/I C ICEBJOOKHMKXCHHBIM u JABWXXYIIUM CJIOEM. OcobeHHOCTH
MAaTEMAaTHYCCKOT'O OINMMCAHUS CYHINJIOK.

11

MareMaTH4ecKrue MOJIEIIH KpHUCTAJJIN3AaTOPOB PA3JIMYHOI'O THUIIA.

12

MareMaTtnueckre MOJENTH KOJIOHHBIX 3KCTPAaKTOpOB. MaremaTtwueckue MOAeNn
MEMOpaHHBIX yCTaHOBOK. OOImas XapaKTepUCTHKa MEMOpaHHBIX CIOCOOOB
paznenenus cmeced. Mx kmaccudukamms. Buapr memOpan. Onucanue mporiecca
nepeHoca B MeMOpaHax. MareMaTtudeckue Mofelu (UIBTPAIIMOHHBIX YCTaHOBOK,
YCTaHOBOK 00paTHOT'O 0OCMOCA, NEPBANOPAIIMOHHBIX YCTAHOBOK.

Bepcus: 1.0

u epems pacnevamiku:
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Kom-Bo
JacoB

13

PeakTop ¢ mpoioIbHBIM NTEpEMEIINBAHUEM TIOTOKA (JJAMHUHAPHBIN U TYpOyJICHTHBIH
pexum). Mukpo- M MakpocMelleHHe B peakTopax. Pacuer peaktopa mpu
IIPOM3BOJIBHOM DAcIpeAeeHUd U BPEMEHM NpeObIBaHMS pearupyromeil CMeECH.
KomMOunupoBanubsie Moaenu peakTopoB. [Ipumepbl mocTpoeHHs MaTeMaTH4YeCKHX
MOJENE M pacueT  HEKOTOPbIX  THUIIOB  IPOMBILIUIEHHBIX  PEAKTOPOB.
@OTOXUMUYECKHE PpPEAKTOpbl. ['OMOre€HHbIE HEU30TEPMUYECKHE  PEaAKTOPBI.
Knaccudukanus peakropoB Mo 3HEPreTUYECKOMY MpHU3HAKY. AAuadbatuueckue u
nonutponuyeckue peaktopbl. CpaBHeHue 3((HEKTHUBHOCTH aAnadaTUYECKUX W
M30TEPMUUYECKUX PEAKTOPOB. AnMa0aTUUYECKHE U TMOJIUTPOINMUYECKUE PEAKTOPHI C
MPOI0IBHBIMU nepeMeIINBaHUSIMU. KomOunupoBanusie MOJEeIN
HEM30TEPMHUYECKHX peakTopoB. OnTUMalbHBIE TPOQHIN TeMIepaTyp B KacKaje
pEaKTopoB U TPyOUATOM MOJUTPOMHYECKOM peakTope. OnTtuMuzanus TpyouaToro
peakTopa C TPOMEXKYTOYHBIM BBOJAOM XOJIOAHOM pEarupyrouied CMecH.
ABTOTEpMUYECKUE PEAKTOPbl. YCTOWYMBOCTH PAOOTHI  aauabaTUYECKUX U
MIOJIMTPONIMYECKUX PEAKTOPOB. B3aMMOCBA3b yCTOMYMBOCTH U CEIEKTHUBHOCTH.
[IpuMepsl MOCTPOEHUSI MATEMATHUYECKUX MOJENEH M pacyeTa HEKOTOPBIX THUIIOB
IIPOMBIIIJIEHHBIX HEU30TEPMHUUYECKUX PEAKTOPOB.

14

I'opsiune TOUKHM B peakTope cO CTallMOHAPHBIM CJ10eM Karanu3aropa. Ontumuzanus
MHOTOCJIOMHBIX KaTaIUTUYECKHUX PEAKTOPOB C MPOMEKYTOUHBIM BBOJOM XOJIOIHON
pearupyromeit cmecu. OnpeneneHue NpoI0JIbHOTO U paAHaIbHOTO IEPEMEIINBAHUS
B aaMabdaTHYeCKUX peakTopax €O CTAallMOHAapHBIM CJOEM KaTajau3aTopa. Yder
MaJCHNUSI aKTUBHOCTH KaTajlu3aTopa M W3MEHEHUE CEJIEKTUBHOCTHU. Y CTOMYMBOCTD
peakTopa €O CTAallMOHApHBIM CJIOEM KaTalu3aropa U BBIOOp auameTpa TpyOoOK.
ABTOTEpMUYECKUE KaTaJIUTHUECKUE PEAKTOPBL. PEaKTOpbl C IICEBIOOKMKEHHBIM
cioeM katanuzaropa. JIByxdaszHas u TpexdaszHas Mojenau peakTopa. PeakTopsl ¢
JOBUKYIIMMCS CIIOEM KaTalu3aTropa. Y4eT W3MEHEHUs aKTUBHOCTH KaTalu3aropa B
peakTopax C MCeBJO0KIKEHHBIM U JBUXKYIIMMCS clloeM Karainuzaropa. [lonstue o
MHOT0()a3HbIX KaTaJIUTHYECKUX peaxkTopax. ITpumepsr IIOCTPOEHHUS
MaTeMaTHYeCKUX MoJieled pacueTra HEKOTOPbIX THUIIOB  IPOMBIIUIEHHBIX
KAaTaJIUTUYECKUX  PEAKTOpPOB. ['a30)KMAKOCTHBIE M KHAKOCTb-KUIKOCTHBIE
peakTopel. Mojenb WIeaTbHOTO BBITECHEHHSI B Ta30BOM M OKHAKOM (azax.
CuMMeTpUYHBIE U aCHMMETPUYHBIE sSYeeUHbIe MOJETH ¢ 00pa30BaHUEM TBEPAOi
¢a3zpl. OCOOEHHOCTH COCTaBJIEHHS MaTeMaTHYeCKOM MoJenu MHOroa3Horo
peakTopa. Ilpumepsl cocTaBiaeHMsT MaTeMaTHYECKUX MOJAENEH M pacuera
HEKOTOPBIX THUIIOB Ta30KUIAKOCTHBIX PEAKTOpPOB. PeakTopbl nis mpoBeaeHUs
MIPOIIECCOB B CUCTEMaX ra3-TBepoe. Mojenn peakTopoB ¢ TBeproi dazoit. [Ipumep
COCTaBJICHUS] MaTeMaTHYECKHX MOJIeled M pacuera peakTOpOB JJIsi OKHCIEHUS
CEpHOT'0 KOJIYE/IaHA U U3BJIEUYEHUSI METAJIJIOB U3 PY/I.

NTOI'O:

84
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4 Oo6pa3oBaTe/ibHbIE TEXHOJIOTUN

[Ipu ocBoenun nucuuiuivHbl «lIpomeccsl u anmapaTbl XUMHYECKUX TEXHOJOTHI»
UCITIOJIB3YIOTCS CIIeIyIoIIre 00pa30BaTelIbHbIE TEXHOJIOTUU:

- AKTUBHBIC (JICKIUN);
- nH(opManOHHBIE (aHATTU3 U 0030p UCTOYHUKOB HH(POPMAIIUN);
- KOMIIBIOTEpPHBIE (BUPTYaJIbHBIE U CETEBbIE NHTEPHET-TEXHOJIOTUN),
- THPOPMAITMOHHO-KOMMYHUKATUBHBIE (KOMIIBIOTEPHI, TEIEKOMMYHUKAIIUOHHBIE CETH),
- KOMMYHUKaTUBHbIE (00CyXJeHuEe MpoOJIeM Ha ayJIUTOPHBIX 3aHATHUSAX, KPYTJble
CTOJIbl, TUCIYThI, YYaCTHE B ACMHUPAHTCKUX HAYYHBIX U HAYYHO-TIPAKTUUYECKHX KOH-
bepeHnusx),
- Ipo0JIeMHBIE 3aJ]aHMsI ACTIUPaHTaM, U UX MPEACTABICHUE, pa300p KOHKPETHBIX CUTY-
aruil.

5 OneHoYHbIEe CpeacTBa JJsl TEKYLIero KOHTPOJIA YCIeBaeMOCTH W IPOMeEKY-
TOYHOM ATTECTALMH 110 MTOraM OCBOCHMA TMCHMILINHBI

I1o nToram ocBoeHUSA AUCHUILIIMHBI ACIIMPAHTOM CAACTCA 3K3dAMCH.

DKk3aMeH OICHHUBACTCA II0 CUCTCMC: OTJIMYHO, XOPOIIO, YAOBJIICTBOPUTCIIbHO, HCYIO-
BJICTBOPHUTCIIBHO.

MOJIHBIM IPAaMOTHBINM OTBET IO BCEM TPEM BOIPOCAM, COACPAKAILUN [IPUMEPBI, B TOM YUCIIE COOT-

OTian4uHO .
BETCTBYIONINE TEME HAYTHO-UCCIIEOBATENHLCKON IeATEbHOCTH COUCKATETIS.

IIPABWIBHBIM IPAMOTHBINA OTBET, HO:

a) TpeOYIOUINH yTOUHEHHS 10 OJHOMY U3 3aJJaHHBIX BOIIPOCOB;
0) IIpu HAJTMYUHU OJHOTO - ABYX HEIOUETOB;

B) JIONyIIIEHA O/iHA HerpyOas ommoka.

Xopowo

IIPABWIBHBIM IPAMOTHBINA OTBET, HO:

a) TpeOyIOINii yTOUHEHHUH 110 BCEM BOIIPOCaM;

0) morrymena rpyoast ommoKa;

B) IIPY HAJIM4MH OOJIee JIBYX HEI0YETOB;

T) HA TEOPETUYECKHE BOMPOCH! JAaHBl MCUEPIIBIBAIOIINE OTBETHI, HO OTCYTCTBYIOT NPUMEPHI, HII-
JIOCTPUPYIONIHNE COMCKaTeJIeM NOHUMaHNE CyTH BOIIPOCOB.

Y,IlOBJ'IeTBOpI/ITe.TILHO

a) HCIIPpAaBUJIbHBIC OTBCTHI HA JIBA U Ooiee BOIIPOCOB 6I/IJ'I€Ta;
HCy,HOBJ'[eTBOpI/ITCJ'IBHO @ Korjga 4mciio OIIHOOK MIPEBOCXOAUT HOPMY, IpU KOTOpOﬁ MOKET OBITH BBEICTABJIEHA ITOJIO0KH-
TCJIbHAas OLICHKA.

Tekyuuii KOHTPOJIb OCBOEHHUSI MaTepualia 1Mo KaxXJIoMy paslieny JUCHUILUIUHBI OCY-

IMCCTBILACTCA TCCTUPOBAHUCM.

Oopa3zuvt oyenounvlx cpeocme
0J151 NPOBEOCHUA MEKYULe20 KOHMPONA 8 6UOE MeCH 08
Tecmut Kk pazoeny 1:

Bomnpoc 1: ®usnueckoe u maTeMatuueckoe MojenupoBanue. [I[pumenenue ajis MOAEIUpPO-
BAHUS TEXHOJIOTHMYECKUX MPOLIECCOB BBIUYMCIHUTEILHON TEXHUKH; €€ POJIb U 3HAYCHUE IS
aHaju3a, pacueTa U ynpaBJeHUs OCHOBHBIMU MPOLIECCAMU U aIlllapaTaMH.

Bepcu}l . 1 0 be3 noo Qoxymenm oeit 3 cymox nocne pacnevamxu. /lama K9 y3 N° Cmp 12 uz 20
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Bonpoc 2: O6mire NpuHIKUIIBI pacyeTa MpoIeccoB U ammapaToB. OnpeneaeHue MacCOBBIX
MOTOKOB M SHEPIeTUUECKUX 3aTPaT C MOMOIIbIO0 MaTEPUATbHBIX U SHEPIEeTUYECKUX (TEIIO-
BbIX) OQJIaHCOB.

Tecmul k pazoeny 2:
Bonpoc 1: Moaenu nieaibHOro CMELICHHS U UJI€ATBHOTO BBITECHEHUS.
Bomnpoc 2: YacToTHbIE XapaKTEPUCTUKU U BUJ (YHKIIUUA OTKIIUKA.

Tecmut K pazoeny 3:
Bomnpoc 1: JlamunapHoe TeueHue B Tpyoax pazauyHol GOpMBI.
Bomnpoc 2: O6uiee pemenue ypaBHeHuit CTokca B OCECUMMETPUYHOM CIIydae.

Tecmul K pazoeny 4:

Bonpoc 1: MacconepeHOC B XMMHUKO-TEXHOJIOTHYECKHX CHCTEMax C y4E€TOM HAJIAYUs
MeXK(pa3HbIX TOBEPXHOCTEH.

Bomnpoc 2: JIuneliHas TepMOIMHAMUKA B 33/1a4aX XUMUU U XUMAYECKON TEXHOJIOTUH.

Tecmut K pazoeny 5:
Bomnpoc 1: AnnapatypHoe odopmiieHre MacCOOOMEHHBIX MPOLECcCOB. BUbI, yCTpOKCTBO,
PEXKUMBI padOTHI KOJIOHHBIX aIlapaToB.

Bomnpoc 2: Pacuer BBICOTHI almnapatoB Ha OCHOBE MOJEIIH TEOPETHUYECKON CTYNEHU H3Me-
HEHUs KOHILIEHTPALUU; rpapuiecKoe U aHATUTUYECKOE ONPEIETICHUE YK CIIa TEOPETUYECKHUX
ctyneHeil. BwicoTta skBuBasieHTHas Teoperuueckord crtyneHu (BOTC); smmmpuyeckue
ypaBHeHus 1o pacuety BOTC nnst annmapaToB ¢ HENPEpbIBHBIM KOHTAKTOM (a3.

Tecmul Kk pazodeny 6:

Bonpoc 1: O0mue Meronbl pacueTa OCHOBHBIX Pa3MEpOB MacCOOOMEHHBIX amllapaToB.
AnmapaTel ¢ HENPEPHIBHBIM U CTYNEHYAThIM KOHTAKTOM (a3. PannoHanbHbIi BIOOp B3a-
MMHOTO HalpaBJeHUs ABUKEHUS (a3.

Bonpoc 2: Bayrpennue 3agaun MacconepeHoca npu HaInduu 0ObeMHON XUMUYECKOU pe-
aKIUU.

Tecmul Kk pazoeny 1
Bomnpoc 1: [Ipoueccsl Tenino- 1 MacconepeHoca B NCEBAOOKMKEHHBIX CIOSX.

Bepcu}l: 1' 0 KBe3 noo QoKymenm Oeit 3 cymox nocne pacnewamxku. [lama K9 y3 NQ Cmp 13 uz 20
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Bonpoc 2: XapakrepucTtuka crnocodoB usMmenbueHus. [IoHATHS: cTeneHb W3MEIbYEHMS,
IPOYHOCTh, TBEPJAOCTh M XPYIKOCTh MaTeprasa. 3aTpaThl SHEPTUU HA U3MEJIbUCHUE.

Tecmut K pazoeny 8:

Bonpoc 1: Jlumutupyromue crajdd Ipoiiecca TeIIoNnepe1adyd U BbIOOp palMoOHaIbHBIX
TUAPOIMHAMUYECKUX PEKUMOB JABUKEHUS TEIIOHOCUTENel. [loBbillieHne HHTEHCUBHOCTH
TeIIonepeaayu MyTeM BO3ICUCTBUS HA €€ IUMUTUPYIOIIUE CTaUU.

Bonpoc 2. AnnaparypHoe odopmiieHHE TEIIIO0OOMEHHBIX MPOIeccoB. BUbI, yCTpOMCTBO,
PEXKHUMBI padOTHI TEINIOOOMEHHBIX aNmapaToB.

Tecmul k pazdeny 9:

Bonpoc 1. Marematudeckoe onucaHue mnpoieccoB auddy3um.
Bonpoc 2: Maccomnepenada B 1uPpy3noHHBIX Tporieccax. Moeln Maccorepe1ay.

Tecmut k pazoeny 10:

Bonpoc 1: CpaBHUTENbHBIC XapaKTEPUCTUKHU M 00IACTH MPUMEHEHHS CYITUIIOK Pa3IMYHbIX
KOHCTPYKIIMHI. BbIOOp THIA CYIIUIIKH; pacieT OCHOBHBIX Pa3MEPOB.

Bonpoc 2: Cioco6s! cymiku. opmel cBsizu Biiaru ¢ matepuaiom. PaBHoBecue B mpoiieccax
CYLIKH.

Tecmut K pazoeny 11:

Bomnpoc 1: Turnsl uCronb3yeMbIX KPUCTAIIIU3ATOPOB.
Bonpoc 2: Kpucrammmmsanusa. CyIHOCTh METO/IA.

Tecmut k pazdeny 12:
Bonpoc 1: HenpepsiBHast pekTudukanus OMHApHBIX cMeceld. AHanu3 paboThl U pacyer
PEKTU(PHUKALMOHHBIX KOJIOHH.

Bomnpoc 2: Onpenenenne MUHUMAJIBHOTO U paboydero (ONTUMAalIbHOTO) (PJIerMOBOTO YHCIIA.
3aBUCHMOCTh MEXIYy (PJIIETMOBBIM YHCIIOM, pabo4eil BRICOTOM KOJOHHBI U dHEpro3arpara-
MU (pacxo/laMH TPEIOIIETO Mapa U OXJIAKIAIOIICH BOIBI).

Tecmut k pazoeny 13:

Bonpoc 1: Knaccudukanus peakTopoB 10 3HEPreTHYeCcKOMY MpPU3HaKY.
Bonpoc 2: Pacyer peakTopa npu NpoU3BOJIBHOM PaCHpe/IeIeHUH U BPEMEHU NPeObIBaHUS
pearupyromnen CMECH.

Bepcu}l . 1 0 KBe3 noo QoKymenm Oeit 3 cymox nocne pacnewamxku. [lama K9 y3 N° Cmp 14 uz 20
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Tecmut k pazoeny 14:

Bomnpoc 1: CpaBHenue u BoiOOp peakTopoB. [IpuHIKIIBI pacyeTa, MOJIETUPOBAHUS U ONTH-

MU3alUN PabOThHI

PEaKTOpOB.

Bonpoc 2: Knaccudukaius peakTopoB 110 KOHCTPYKTUBHOMY M TUJIPOJIMHAMUYECKUM TPH-

3HaKaM.

6 YueOHO-MeTOoAMUEeCKOe U MH(OPMAITHOHHOE 00ecTiedeHe JUCIMILTHHbI

6.1 OcHoBHas TUTEpaTypa

No W3 narenscTBO, Hasznauenwme, Buj Kon-Bo 3K3.
ABTOD(BI) 3arnaBue
n/a o U3JIaHUsA u3IaHus, rpud B OUOI-KE
1 2 3 4 5 6
CHOBHBIE ITPOLIECCHI U
Kacarknu 0 pott N M.: Xumus, o
1 anmnaparbl XUMHUYECKON Y4eOHUK, neyaTHbIN 60
AT. 2009
TEXHOIOTHHI
OCHOBHBIE IIPOLIECCHI U all-
2 I'enpniepun LADATLL XHMI:I)/I qI::CKoﬁ Tex M.: Xumus, VYuebHoe mocodue B 43
H.N. p 1981 2-X KH., Ie4aTHOE ’
HOJIOTHH
HeiTHEp- IIpoueccsl u anmaparsl Xu- M.: Xumus, VY4ebHUK B 2-X KH.,
3 . . N 133,136
ckuii 10.1. MHYECKOH TEXHOJIOTNHU 1995 MeYaTHbINA
. | Ilporecchl 1 anmaparsl XH-
IInaHoBCcKM pon o p M.: Xumus, .
4 MUYECKOW U HepTeXuMuye- Y4eOHuUK, neyaTHbIN 95
A.H. . 1972
CKOIl TEXHOJIOTUH
M.: MammmHo-
YepHoObUIb- | MammHsl U1 annapaThl XH- .
5 . CTpPOEHHE, Y4eOHUK, IeYaTHBIH 118
ckuii 1.1. MHUYECKUX IPOU3BOACTB
1975
6.2 JlonoJiHUTe/ILHAS JIUTEPATYypa
Ne W3narenscTBO, Hasnauenwme, Buj Koia-Bo 3k3.
ABTOD(BI) 3arnaBue
/1 roJ U3IaHUA u3JIaHus, TpUd B OUOII-K€E
1 2 3 4 5 6
JILSIHOB XUMHYECKHE PEAKTOPHI U yeOHOE II )31
1 % o €CKHe PeaKkTop HITY, 2006 VYuebHoe mocoodue, 169
B.M. neyu neyaTHoe
ViIbsHOB VYuebHoe mocodue,
2 CymunpHble anmnapartbl HI'TY, 2006 167
B.M. neyaTHoe
Cungarua Kosonusle anmapatsl 41 VYueOHOE mocodue
3 ! pathl X HI'TY, 2009 : 192
A.A. MacCOOOMEHHBIX TIPOIIECCOB Te4aTHOE
Vieaaos | O6opynoBaHue AjIg OTCTOMHO- VYueOHOE mocodue
4 Pyl 00T 1 HT'TY, 2013 : 100
B.M. IO pa3JIeJICHUs] CYCIIEH3UN II€YaTHOE
VieaHOB VYuebnoe mocodue
5) I"'poxoTsl HI'TY, 2011 ’ 100
B.M. ne4aTHOE
Bepcu}l: 1'0 Bes noo QoKymenm Oeit 3 cymox nocne pacnewamxku. [lama K9 y3 NQ Cmp 15 uz 20
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6.3 Ilepuoanyeckue U31aHUA

Kypnan «Kypnan npuknaanoit xumuu» http://xnx.pd/

Kypnan «Membpansl 1 MemOpaHHbIe TexHOMOrHm» http://www.memtech.ru/
Kypnan «Kypuan odmieit xumun» http://genchem.ru/

Kypnuan « KypHan opraHU4ecKOl XHMHI)
http://www.chemjournals.net/main/mjoc.htm/

Kypnan «Xumudeckas NpoMbIIIIEHHOCTH» http://www.chemprom.org/

Kypuan «Kunetuka u katanu3» http://www.maik.ru/ru/journal/kinkat/

Kypnan «Kypnan ¢pusndeckoit xumuu» http://www.maik.ru/ru/journal/physcha/
Kypnan «/lokimansl akaneMun HayK. XUMUS»
http://www.maik.ru/ru/journal/danchem/

6.4 UnTepHeT-pecypchl

Hayunas siekrponnas oudnmoreka http://elibrary.ru
DiekTpoHHO-0MOIMoTeuHas cucrema http://elanbook.com
DaeKTpOHHO-0MOIHoTeuHas cucreMa http://ibooks.ru

Poccuiickoe oOpazoBanue. @eaepanbHblid mopTan http://www.edu.ru/
Caiit Muno6puayku Poccun http://mon.gov.ru/

Hayuno-texauueckas 6ubnuorexka HI'TY um. P.E AnekceeBa
http://www.nntu.ru/RUS/biblioteka/bibl.html
e HayuHno-Texuuueckas oubmmoreka AT HI'TY http://http://www.dpi-ngtu.ru/

6.5 HopmaTuUBHBIE JOKYMEHTbI

o OepepanbHblil 3ak0H Poccuiickoit @enepanuu «O6 obpazoBanuu B Poccutickoit de-
neparumy oT 29 nexadbps 2012 r. Ne 273-D3.»;

o OenepanbHbiii 3ak0H No 261-D3 00 sHeprocOepekeHnn U 3HEProdPPeKTUBHOCTH
(pen. ot 13.07.2015)

e crauaapt MCO 9001:2008 (T'OCT P CO 9001-2008).

6.6 YueOHO-MeTOqUUECKOE OOecTIeueHHe CAMOCTOSTEILHOI PadoThl aCUPaAHTA

Hcnonp3ytoTes cneayromme BUABl CAMOCTOSITEIBHON pabOThl acMpaHTa: B YATAIb-
HOM 3ajie OMOIMOTEKH, B yUeOHBIX KaOMHETaxX, KOMIBIOTEPHBIX KjaccaxX C JOCTYIOM K pe-
cypcam VHTepHET U B TOMAIITHUX YCIOBUSX.

[Topsok BBIMOTHEHHUS CaMOCTOSATEIBHONW pabOThl COOTBETCTBYET MPOTPaMME Kypca
Y KOHTPOJIMPYETCS B XO1€ JIEKIIUOHHBIX 3aHATHMN.

Bepcu}l . 1 0 be3 noo Qoxymenm oeit 3 cymox nocne pacnevamxu. /lama K9 y3 N° Cmp 16 uz 20

u epems pacnevamiku: _—
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CamocTtosaTenbHas paboTa MOAKpPEIUIseTCs] yaeOHO-METOANYECKUM U HH(OPMAIIMOH-
HBIM 00€cTeYyeHHEeM, BKITIOUAIOIIUM PEKOMEHI0BaHHbIE MOHOTpadun, yueOHUKH U y4eOHO-
METOIMYECKHE OCOOHS, IEPUOANYECKYIO JINTEPATYPY, a TAK)KE KOHCIEKTHI JIEKLIHA.

7 MaTepHaJIBHO-TeXHH‘leCKOQ o0ecrneueHue ANCIHUIIJINHBI

HauMeHoBaHHE CIIeNHAb-
HBIX IOMeIeHUii 1 moMe-
IIeHUH JJISl CAMOCTOATE I b-
HOM padoThI

OCHaIEeHHOCTH CNIENHAJBHBIX IOMENEHNH 1 IlepeyeHb JMLEH3UOHHOTO POrPAMM-
NoMelleHMil VI CAaMOCTOATEIbHOM padoThl HOro odecneyeHust. PeKBH3UTHI N1O/I-
TBEP:KIA0IIEro JOKyMeHTa

3112  Aymurtopus s
JICKITMOHHBIX 3aHITUN
Hwmxeroponckas o0m., T.
H3epxunck, yn. alimapa,
I.49

KommuiekT nemoHcTparmoHHOro 000pymoBa-
HUSL:

ITK, ¢ BBIX0OM Ha MyJIbTUMEIUUHBIN MPOCK-
Top, Ha Gasze Intel Pentium G4560 3.5 I'Tw, 4
I'6 O3Y, monutop 20’ — 1 mT.
MynbsTumenuitHeli mpoexTop Epson- 1 mr.;
Okpan — 1 mrt.

3104 JlaGoparopus "Macco-
OOMEHHBIX U TEIJIOBBIX mpo-
eccos”

Hwxeroponckass o0, T.
Hzepxunck, yn. aligapa,
. 49

Jlaboparopusie ycraHoBku: «KuHeTHKa cyti-
km»;, «lcnplTaHre KOXYXOTpYOHOTO TeIuIo-
oOmenHuKay; «VchnelTanue TEMmIO0OMEHHHUKA
TpyOa B TpyOe»; «MaccooTaada B Ta3oBOWM
¢daze»; «l'mmpaBmuyeckoe COMPOTHUBIICHHE
HacaJlouHOM KOJIOHHB»; «['mapaBiauueckoe
COTPOTUBJICHUE KOJIOHHBI C KOJIAYKOBBIMH
Tapenkammy; «['HapaBanuyeckoe COMpOTUBIIE-
HHE KOJIOHHBI C IPOBATHHBIMH TAPEITKAMI).

3106 Jlabopartopus «['un-
POMEXaHUYECKUX Mpoliec-
COB»
Hwxkeropopackas o0m., T.
[3epxunck, yin. Ialimapa,
I. 49

JlabGopaTtopusie ycTaHOBKH: «VccrnemoBanue
TUIPABIMYECKUX COMPOTUBJICHHHA TpyOOmIpo-
BOJOBY; «CHSTHE XapaKTEPUCTUK LEHTPO-
O0exxHoro Hacoca»; «CHSTHE XapaKTepUCTHK
BHUXPEBOTO Hacocay; «lIchbITaHne LUKIOHAY;
«UcmeiTanne 1abopaTopHOTO BaKyyM-
¢duIbTpay.

3107 Jlaboparopus «I'mua-
POMEXaHUYECKUX H Tell-
JIOBBIX IPOLIECCOBY
Hwuxeroponckas o0m., T.
Jzepxunck, yn. laiinapa,
a. 49

JlaGopatopusle  ycraHoBku:  «lcmpiTanue
MOPITHEBOTO  KoMIpeccopay; «McnbiTanue
BBIITAPHOI YCTaHOBKM.

HaunmMmeHoBaHHe cienuaJib-
HBIX IOMeENIeHnii 1 moMe-
IIeHHIi JJISE CAMOCTOSATEb-

OcCHAIEHHOCTH CIENHAJbLHBIX OMEIEHHH 1 IlepeyeHb JMIEH3UOHHOTO MPOTPaAMM-
noMenleHMii 1JIS cCaMOCTOSATEILHOMH PadoThI HOTro 00ecneueHuss. PeKBH3UTHI moa-
TBEPKIANIEr0 JOKYMEHTA

Bepcu}l . 1 0 be3 noo Qoxymenm oeit 3 cymox nocne pacnevamxu. /lama K9 y3 N° Cmp 17 uz 20
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HOM padoThI

1234
Hayuno-texauueckas
oubnumorexa I HITY,
CTYICHYECKUA YUTAIBHBIN
3air; Huxeropopckas o0:1.,
T. J3epxxuHCK, yaI.
Taiimapa, 1. 49

KommiekT neMOHCTpalioHHOTO 000pyIoBa-
HUS:

[IK, ¢ BbIX01OM Ha MYJIBTUMEAUHHBIA TPOEK-
Top, Ha Gase Intel Pentium G4560 3.5 I'Tw, 4
I'6 O3Y, monutop 20’ — 1 miT.
MynbsTumenuitHbi mpoexTop Epson- 1 mr.;
Okpad — | mT.;

Habop y4e6HOo-HarmsiiHbIX TocoOni

» Microsoft Windows 10 JTomarmss
(mocraBka c I1K)

* LibreOffice 6.1.2.1.
[10)

* Foxit Reader (cBo6omuoe 110);

o 7-zip mma Windows (cBoOomHOE
[10)

(cBOOOIHOE

1443a KOMITbIOTEPHBIN
KJIacC - TIOMEIICHHE IS
CPC, kypcoBoro mpoek-
TUPOBaHUS (BBIOJHEHUS

I[IK ua 0Oase Intel Celeron 2.67 ITu, 2 I'6
O3Y, monutop Acer 17° — 4 1.
I[IK mnoakmrouenbl k cetn «MHTEpHET» U

* Microsoft Windows 7 (moammcka
DreamSpark Premium)

» Apache OpenOffice 4.1.8 (cBobo-
noe I10);

» Mozilla Firefox (cBo6omanoe I10);

» Adobe Acrobat Reader (cBoGoxnoe

KypcoBbIX pabot), Hioke- | obecreunBaOT J0OCTYI B JIEKTpOHHYIO HH- | I10);

ropozckas ob6ir., r. JI3ep- | hopmannoHHo-00pa3oBaTenbHy0 cpeay yHu- | ¢ 7-zip mas Windows (ceobomnoe

JKUHCK, yi. [aiinapa, n. 49 | Bepcuteta [10);
» Koncymprantllmroc  (I'TIJ No
0332100025418000079 oT
21.12.2018);

Bepcusa: 1.0 f“;} &u;pm’:m"‘fg"j”’ et 3 cymox nocne pacneuamxu. JJama | L7y V3 Ne Cmp. 18 u3 20
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JIUCT
corjiacoBaHus pado4eii mporpaMmsbl

['pynna Hay4yHBIX ClieNAATBHOCTEN: 2.6. XMMHYECKHE TEXHOJIOIMHU, HAYKH O MaTepHallax,
METAJTYPrUs

HayuHas crieruanbHOCT: 2.6.13 Ilpoiieccsl U armapatbl XUMAYECKHUX TEXHOJIO-
TUH

I[HCHI/IHJII/IHaZ [Ipouecchl ¥ annapaTbl XMMUYECKMX TEXHOJIOTUM

dopma oOydeHUs: OuHas
Y4eOHblil TO; 2022 - 2023

PEKOMEH/IOBAHA kadeapoii «TexHonornuyeckoe 000py/10BaHUE W TPAHCIIOPTHBIE CH-
CTEMBD»

npotokoa Ne 7 ot "5" mas 2022 .

OTBETCTBEHHBIN UCIIOJHUTEND, 3aBeytomuil kadeapoil « TexHoIoruueckoe 000pya0BaHue
U TPAHCIOPTHBIE CUCTEMBD)

K.T.H., JIOIIEHT /{é/ym B.A. Jlukos 05.05.2022
nHch pacmmQpoBKa MOIMHCH Jiara

AgBrtop: ,
ILT.H., podeccop ¢ f"/é g~ A.A. Cunarun 05.05.2022

=& <
C AONHEL pacmippoBKa MOTHCH naTa
s

{
12

COT'JTACOBAHO:

N.o0. nexana ¢akynbTeTa MOATOTOBKHU CIICIIMAIIMCTOR BICIICH KBaTU(pUKAIIUN

E.JI. TpyOboukuHa 05.05.2022

MO ATTHCH pacurigpoBKa MOAMUCH nara
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JlonmoiHeHUs ¥ UI3MEHEHMsI B padoyeil mporpamme
AUCHMILUIAHBI HA 20 /20 yu.r.

Bnecennple u3menenus Ha 20 /20 y4e0-
HBIN TOJ

YTBEPXIAIO
[Ipopektop no HayuyHol paboTe

(moamuck, pacuIM(pPOBKA IOAIICH)

13 29 20 r

B pabouyto nporpammy BHOCSATCS CJIEAYIOIINE U3MEHEHHUS:

L) ;

)
WIM JIeJaeTcsl OTMETKA O Helleseco00pa3HOCTH BHECEHMS KaKUX-TM00 U3MEHEHUN Ha J1aH-
HBIM y4eOHBbIN T0JT

COTI'JTACOBAHO:

Jexan ®CBK

HauMeHosanue axKyiromema (UHCMUmMymad, 20e pedaiusyemcst 0anHoe Hanpaeienue) JaudHas noOnucs pacuiu@poska noonucu oama

Bepcu}l: 1' 0 KBe3 noo QoKymenm Oeit 3 cymox nocne pacnewamxku. [lama K9 y3 NQ Cmp 20 uz 20

u epems pacnevamiku:




