CTEPJINTAMAKCKHNI ®UJIAJ
OEJIEPAJIBHOI'O 'OCYJAPCTBEHHOI'O BIO/DKETHOI'O ObPA3OBATEJIBHOI'O
YYUYPEXJAEHMA BEICIHEI'O OBPA3OBAHUA
«BAIIKMPCKUIN TOCYJIAPCTBEHHBI YHUBEPCUTET»

®dakynbTeT Ecmecmeennonayunuiii

Kadenpa Xumuu u Xumuueckoi mexHonozuu

PaGouyas nporpamMma qucuunJInHbI (MOIYJIs1)

JUCLHMITIIIMHA Hpoueccw u annapamal XUMUUECKOI MEXHON0ZUU

bnok b1, 6azoean wacme, 61.5.17

LUKJT AUCIUIUIMHBI ¥ €T0 4acTh (0a30Basi, BapuaTUBHAS, JUCIUILIMHA 110 BBIOOPY)

HampaBnenue
18.03.01 Xumuueckas mexmnonozus
KO HAaMMCHOBAHHUEC HaHpaBHeHI/Iﬂ
[Iporpamma

Texnonozcus u nepepadomka no1uUMepPos

dopma 00ydeHust
3aouynas

s mocTynuBIIMX Ha 0O0y4YEeHHE B
2020 r.

Pa3zpaboTunk (cocTaBUTEND)
K.X.H., 00UeHm

Konuuna I'. 10.

ydeHasl CTeeHb, 0KHOCTh, DO

Crepnutamak 2022



1. [lepeyeHb MIIAHNUPYEMBIX Pe3yJIbTATOB 00YUYEHHS MO0 JUCUUIIIMHE (MOIYIIIO) .....ceeeennnnee. 3
1.1. Ilepeuens MmIaHUPYEMBIX PE3YJIbTATOB OCBOCHUSI 00Pa30BaTEIIbHON MTPOTPAMMEHI .......... 3

1.2. [lepedenp MmIaHUPYEMbIX PE3yIbTATOB 00YUESHHS 110 AUCHHUIUIMHE (MOJYJIIIO),
COOTHECEHHBIX C IJIAHUPYEMBIMU Pe3yJIbTaTaMU OCBOCHHS 00pa30BaTEIbHON IPOrpaMmbl .3

2. MecTo TUCUMILIMHBI (MOYJISAA) B CTPYKTYPe 00pa30BaTeJIbHOM MPOTPAMMBDBI ............ceeenn... 6

3. O0beM JUCHUIIMHBI (MOAYJIs) B 3aUeTHBIX ¢IMHUIAX € YKA3aHUEM KOJIUYeCTBA
aKaJeMHYeCKHX WM ACTPOHOMUYECKHMX YACOB, BbI/IEJIEHHbIX HA KOHTAKTHYIO padoTy
00y4yaIIUXCH ¢ nmpenojaBaresieM (110 BUAAM YUeOHbIX 3aHATHI) U HA CAMOCTOSITEJIbLHYIO
PADOTY OOYUAROIIIMIXCI ..ccenuuvrreeeuureeeesuereeesaauseeeeassseeessasseseesssnseeessssssseessasssseesssnseeeessssseesssnssneessnnns 6

4. Coneprxkanue IMCHUILIMHBI (MOAYJIs1), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3aesam) ¢
YKa3aHHeM OTBEJCHHOI0 HA HUX KOJIMYeCTBA aKaJeMUYeCKHX YaCOB U BH/I0B Y4eOHBIX
221 0 1 )7 PP PPPPRPNE 7

4.1. Paznenbl IUCHUIUIMHBI U TPYAOEMKOCTh IO BUJIaM y4eOHBIX 3aHSTHI (B
AKATIEMHIUCCKIX TACAX ) +euvveerurreesureeesuseeesseeesseeesseeassseesssseesssseesnsseesnssessnseessnseeesnseessnseessnseesnns 7

4.2. ConeprkaHue JUCHUILTUHBL, CTPYKTYPUPOBAHHOE 110 PA3AETAM (TEMAM) «..evernveenereanrennses 8

5. YueOHO-MeTOANYecKOe o0ecnieyeHne 11 CAMOCTOSITeIbHOI pa0oThl 00y4alOIIUXCH 110

JMCIHMIIIIMHE (MOILYJTEOD) ...c.uevveinitieenitieeiteeesteeeasteeebteeesteeebeeesbeeeaabeeesabaeeaabeeesabeeesaseessabeessaneessaneeas 17
6. YueOHO-MeTOAMUYECKOE M HH(POPMALIMOHHOE 0O0ecnieYeHUue TUCHUILINHBI (MOAYJS) ........ 18
6.1. [Tepeuenp yueOHOU JIUTEPATYPHI, HECOOXOAMMOH /Il OCBOCHUS JUCIUTUIHHEI ............. 18

6.2. [lepeueHb AJIEKTPOHHBIX OMOJIMOTEYHBIX CUCTEM, COBPEMEHHBIX IPO(ECCUOHATbHBIX
0a3 TaHHBIX U MH(POPMAIIMOHHBIX CITPABOUYHBIX CHCTEM ...uverurevienrieiresreeresneseresseenessnesseenne 19



1. [lepeyeHb MIAHNUPYEMBbIX Pe3yJIbTATOB 00YUYEHHS 10 JUCHHUILIIMHE (MOTYJIIO)
1.1. ITepevyeHb MJIaHNPYeMbIX Pe3yJIbTATOB OCBOCHHS 00pa30BaTeIbHON NMPOrPaMMbl

BbInycKkHUK, OCBOMBIIMI MpOrpaMMy BBICHIETO OOpa30BaHMS, B paMKaxX H3y4aeMoi
TUCIUIUIMHBI,  JOJDKEH  Oo0JiajaTh  KOMICTCHIHUSMH,  COOTBETCTBYIOIIMMH  BHJaM
npodeccuoHaNbHOM e TeIbHOCTH, Ha KOTOPbIe OPUEHTHPOBAHA MPOrpamMma:

CnocoOHOCTHIO ¥ TOTOBHOCTBIO HCIIOJIb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCIHUIUTAH B ipodeccruonanbroi nesreiaproctu (OTTK-1)

['0TOBHOCTBIO K OCBOCHHIO U 3KCILTyaTallid BHOBb BBOAMMOT0 o0opynoBanus (I1TK-8)
CriocoOHOCTBIO aHATM3UPOBATH TEXHUYECKYIO TOKYMEHTAIINIO, TOA0UpaTh 000py0BaHUE,
TOTOBMTBH 3asBKH Ha MPHOOpeTeHne u peMoHT obopyaoBanus (ITK-9)

['0TOBHOCTBIO MCIIOJIL30BATh 3HAHUSI OCHOBHBIX (DM3MUYECKUX TCOPUU IS PEIICHUS
BO3HHUKAIOMINX (PU3MUYECKHX 3a/1a4, CAMOCTOSATEIILHOTO MMPHUOOPETCHUsT GU3NICCKUX 3HAHUH, VIS
MOHWMAaHUS IPUHIIAIIOB PA0OTHI MPUOOPOB M YCTPOMCTB, B TOM YUCJIE€ BBIXOJSIINX 32 TPEIECITBI
KOMIIETEHTHOCTH KOHKpeTHOro Hampasienus (ITK-19)

1.2. IlepevyeHb NIIAHMPYEMBIX Pe3yJIbTATOB 00y4eHHUs M0 JUCHHUILINHE (MOLYJIIO),
COOTHECEHHBIX ¢ IJIAHUPYEMbIMHU Pe3yJIbTaTAMH 0CBOCHHS 00pa30BaTeJbHOI MPOrpaMMbl

®opmupyeMasi KoMneTeHIus (¢ JTanbl IInanupyemble pe3yJibTaThl
yKa3aHueM Ko0/a) (¢opmupoBanus 00y4eHMs Mo TUCHUILIMHE
KOMIIeTeHIIN U (Mmony.110)

['0TOBHOCTBIO UCTIONIB30BATh 1 sTan: 3Hanus OOyuaromuiics TOMKEH 3HATh:
3HAHUS] OCHOBHBIX (PH3UYECKUX OCHOBBI HH(POPMAITMOHHBIX
TEOpUH AJIsl pelIeHUS TEXHOJIOTUI, OCHOBHbIE
BO3HHUKAIOMUX (pU3HUYECKHX 33134, BO3MOYKHOCTH U TIpaBUIIa pabOTHI €
CaMOCTOSITENILHOTO MPUOOpETEHHUS MPOrPaMMHBIMH MPOIYKTaMH MPU
(bU3HMYECKUX 3HAHUU, IS perieHnu npodeccuoHanbHbIX 3a/1a4.
MOHUMAaHUS IPUHIIUIIOB Pa0OTHI
puOOPOB U YCTPOMICTB, B TOM 2 oram: YMeHus OO0yuaromuiicst 10KEH YMETh:
YHCJIe BBIXOIAIIMX 3a MPeIeNbl paccUMTHIBATh OCHOBHBIE
KOMITIETEHTHOCTH KOHKPETHOTO XapaKTEPUCTHKN XUMHUYECKOTO
Harnpasienus (I[TK-19) npoliecca, BHIOUpaTh PalliOHAIbHYIO

CXEMy IIPOU3BOJICTBA 3a/1aHHOTO
IPOAYKTa, OLIEHUBATh

3¢ (HEeKTUBHOCTH IPOU3BO/CTBA;
IPUMEHSTH TPOrpaMMHOE
oOecrneyeHne Mpy pelieHnH 3a1au
OXPaHbl OKPY’KAIOIIEH CpeIbl.

3 stan: Bnamenuss  OOyuaromuiicst 10JKEH BIaIETh:

(HaBI)IKI/I / OIIBIT HaBbIKaMH BBITTIOJTHCHUSA IIPOCKTHBIX

JESITEIIbHOCTH) paboT ¥ TEXHOJOTHYECKHUX PACYETOB
000py1I0BaHUS C IPUBIICYCHUEM
BBIUHCIUTENFHON TEXHUKH,
CTAaHJAPTHBIX U OPUTMHAJIBHBIX

porpamm.
CriocoOHOCTBIO aHAIN3UPOBATH 1 aran: 3HaHus OOyuaromuiics TOMKEH 3HATh:
TEXHUUYECKYIO JOKYMEHTAIHIO, TEOPETHYECKHUE OCHOBBI XUMHUKO-
noaouparb 000pyJ0BaHUE, TEXHOJIOTUYECKUX IPOLECCOB U
TOTOBHTH 3asBKH HA TPUOOPETCHUE YCTPOWCTBO OCHOBHBIX THUIIOB
u peMoHT obopynoBanus (ITK-9) MPUMEHSIEMbBIX MaIINH U allapaToB;



C110cOOHOCTBIO M TOTOBHOCTBIO
HCIIOJIB30BaTh OCHOBHBIE 3aKOHEI
eCTeCTBeHHOHay‘IHLIX OUCIIUIIJINH B
poeCCHOHATIBHOMN 1eATETbHOCTH
(OIIK-1)

001IKe TPUHITUIIBI pacyeTa 1
Ha3HAYEHHS TEXHOJOTHYECKUX
rapamMeTpOB XUMHUYECKHX MPOIIECCOB
Y METO/Ibl T0100pa MAaIlIUH U
anmapaToB JIJIS UX peaTu3allyH.

2 3Tamn: YMeHus

OO0yuaromuiics T0KEH YMETh:
BBITIOJIHSITH PACU€Thl OCHOBHBIX
pa3MepoB MallIvH U anmnaparos;
PacCUUTHIBATh ONTUMAJIbHbBIC
PEXKUMBI MPOIECCOB U TIOI0MPaTh
HEOOXOIUMBIE IS DTOTO MAIIUHBI U
anmaparsl.

3 sramn: Bnanenus
(HaBBIKH / OTIBIT
JESATETLHOCTH)

1 »ram: 3uaHus

OOyuaromuiicst TOJKEH BIIAJICTh:
METOJIaMU OIIPEICTICHUS
ONTUMATBHBIX U PAI[MOHATBHBIX
TEXHOJIOTUYECKHIX PEIKUMOB PAOOTHI
000pyI0BaHusI; HAaBBIKAMU PabOThI
CO CITCIUATBHBIMU TPOTPAMMAaMH.
OOy4aromuiicst TOJKCH 3HATh:
6a30Bble 3aKOHOMEPHOCTHU
THJIPOMEXaHUYECKHX, TETIJIO- U
MacCOOOMEHHBIX MPOLIECCOB U
MIPUHIIAITEI KX MOJICITHPOBAHHSI,
OCHOBBI PAaCU€TOB anmnapaToB JJs
OCYIICCTBIICHUS ITHX MPOIECCOB,
Teopuio (pusmueckoro
MOJICTTUPOBAHUS TIPOIECCOB
XUMHUYECKON TEXHOIIOTUH;
pa3JelieHre JKUIKAX ¥ Ta30BbIX
HEOJIHOPOIHBIX CUCTEM,
MepeMEeNTUBaHUE B XKUJKHAX Cpeax;
TEIUIOBBIE MPOIIECCHI U alapaThl:
OCHOBBI TCOPHH TTePEIady TEIIOTHI,
MIPOMBIIIIJICHHBIE CIIOCOOBI MTOIBOIA U
OTBOJIa TEIJIa XUMHYECKON
amnmnapatype; MacCOOOMEHHBIE
MIPOIIECCHI U almapaThl B CHCTEMAax
co cBOOOTHOM TpaHMILIEH pa3jena
(a3: OCHOBHI TCOPHH MACCOTIEPEIAYN
¥ METOJIbI pacueTa MacCOOOMEHHOM
anmapartypsl (abcopOIus, meperoHka
U PeKTH(PUKAIUS, SKCTPAKIINA);
MacCOOOMEHHBIE TIPOIIECCHI C
HEMO/IBIYKHOU MOBEPXHOCTHIO
KOHTaKTa ¢a3: azcopOus, CyIka,
MOHHBIN 0OMEH, paCTBOPEHHUE U
KPUCTAIIU3AIUS; MEMOpaHHBIC
MPOLIECCHl XUMUYECKON TEXHOJIOTUH.

2 sram: YMeHus

OO0yuaromuiics T0KEH YMETh:
MIPOBOJAMTDH PACUETHI C




I'0oTOBHOCTBIO K OCBOEHHIO U
3KCIULyaTallui BHOBb BBOJIUMOTO
obopynosanus (I1K-8)

3 oran: Bnanenus
(HABBIKY / OTIBIT
JeSATEIbHOCTH)

1 aram: 3vannsa

HCTI0Ib30BaHUEM
AKCIIEPUMEHTAJIbHBIX U CIIPABOYHBIX
JIaHHBIX; ONIPEJETSATh XapaKTep
JBMKCHUS KUAKOCTEH 1 ra30B;
OCHOBHBIE XapaKTEPUCTUKHU
MPOLECCOB TEIIO- U MACCOIEPEIAYH;
paccuuThIBaTh IapaMeTPhl U
BBIOMpATH anmaparypy A
KOHKPETHOI'O XUMHKO-
TEXHOJIOTHYECKOT0 IpoLecca.

OOy4aromuiicst JOHKECH BIA/ICTh:
HaBBIKAMH MPAKTHUYECKOI paboThI C
THAPOMCXaHUYCCKHUMU, TCIIIIO- U
MacCOOOMEHHBIMH alllapaTaMH,
pacdeToB U ONPEAEIEHUS OCHOBHBIX
apamMeTpOB U KOJMUYCCTBEHHBIX
XapaKTEPUCTHUK MPOLIECCOB.

OOyuaromuiicst TOJKCH 3HATH:
OCHOBHBIE METO/IbI
WHTCHCU(PUKAIUH, TOBBIIICHUS

3 (PEKTUBHOCTH U ONITHMHU3ALUN
THUTTOBBIX XUMHUKO-TEXHOJIOTHUECKUX
MIPOIIECCOB.

2 3Tam: YMeHusd

OOyuaromuiicst 10JKEH yMETh:
pa3pabarbiBaTh KOHCTPYKIIMH
TUIIOBOTO 000PYIOBaHMS ISt
OCYHICCTBJICHUSA TUIIOBBIX XUMUKO-
TEXHOJIOTHYECKUX MPOLIECCOB.

3 sran: Binagenuns
(HaBBIKM / OTIBIT
NeSATETbHOCTH)

OOyuaromuiics JOHKEH BIAIETh:
HABBIKAMU TIPOCKTUPOBAHUS
MPOCTEHIINX TUIOBBIX allapaToB
XUMHUYECKOW TTPOMBIIIICHHOCTH,
BKJIIOUAsi COCY/IbI M armaparthl s
XPaHEHHUS KUJIKOCTEHN U Ta30B,
TpYyOONPOBOIHBIE THAPABINYECKUE
CHUCTEMBI C TOJJOOPOM HACOCOB U
BEHTUJISITOPOB, a TAKXKe
THAPOMEXaHUYeCKOe 000py0BaHUE
JUTS pa3IeNIeHUs] HEOTHOPOIHBIX
CUCTEM; HaBBIKAMHU TTPOCKTHPOBAHHUS
TEMI000MEHHOTO 000pYyI0OBaHUS U
anmnapaToB NS IPOBEACHHUS
MacCOOOMEHHBIX MPOLIECCOB;
METOJIaMH ONITUMHU3AIIUN PEKUMHO-
TEXHOJIOTHYECKHX TTapaMeTPOB
MIPOBEJICHUS THUITOBBIX XUMUKO-
TEXHOJIOTUYECKHX MPOIECCOB U
paboThl XUMHYECKOTO
000pyI0OBaHUA.



2. MecTo JUCUMILIMHBI (MOYJISAA) B CTPYKTYpe 00pa30BaTe/IbHOM NMPOrpaMMbl

[lenp u3yueHUs OUCHUIUIMHBI BKIIOYACT BBISBICHHE OOLIMX 3aKOHOMEPHOCTEH IPOILIECCOB
IIEPEHOCA U COXPAHEHHUs BEIIECTB U DHEPIHM; O3HAKOMIJICHHE C KOHCTPYKLHSIMM almaparoB U
MalluH XUMHUYECKOTO IPOU3BOACTBA, HMX XapaKTEPUCTUKAMH; OCBOEHHE METOAOB pacyera
TEXHOJIOTMYECKUX IPOLECCOB U aNIapaToB Ul UX POBEACHUS.

B pamMkax mocTaBiaeHHOM eI MOXKHO BBIIEIUTH CIEIYIOLIUE 3a/1a4uu:

a) (opMupoBaHHE 3HAHUH O TEOPETHUECKMX OCHOBAX MPOIECCOB XUMHUYECKOW TEXHOJOTHH,
NPUHLIMIIE JCWCTBUS W OCHOBHBIX KOHCTPYKUMSIX amnmapaToB [Uisl TMpoBeneHus (U3MUKO-
XUMHUYECKHX IIPOLECCOB,

0) U3y4yeHHEe MEXaHU3MOB OCHOBHBIX XUMUKO-TEXHOJIOTHYECKUX MTPOLIECCOB,

B) 00OCHOBaHHE BBIOOpa ONTHUMAIBHBIX IMAPAMETPOB PEKHMMA IMPOTEKAIOUINX IPOLECCOB U
pacyera OCHOBHBIX pPa3MEpOB COOTBETCTBYIOLIMX aIIapaToB ISl MOJIYYEHUS MaKCHUMAJIbHOIO
BBIXO/JIa IIPOJYKTA,

') OBJIaJICHUE HABBIKAMU MPUMEHEHUS MONYUYEHHBIX 3HAHUM IS pElIeHUs MPAKTHUYECKUX 3a]ad
U IIPOEKTUPOBAHUS XUMUYECKUX IIPOU3BOJICTB.

TakuM 00pa3oM, 3HaHMS, MOJTYYCHHbIE MPH M3YYEHHUU Kypca, HEOOXOIUMBI MPU MOJATOTOBKE
TEXHOJIOTOB IIUPOKOTO MPOUIsl AJIsi HAYYHO-UCCIEA0BATEIIbCKOM, MPOSKTHON M MPAKTHYECKOM
paboThl HA MPEAIPUITUSIX.

JucnuminHa npeacTasisieT co0ol B3aMMOCBA3b MEXKIY OOLIEHAYYHBIMHU, OOIIEXUMUYECKUMH,
OOLIEMHKEHEPHBIMU AUCHUIUIMHAMY U MPO(GUIBHBIMU JUCHUILTUHAMU. 3HAHUS, MMOJYYCHHBIC B
JAHHOM Kypce, HeOOXOIMMBI Il AajbHEeWIero oO0ydeHus: mo MpoQHIbHBIM JAUCHUILUINHAM U
YCHEIIHOTO MPOXOKAEHUS MPEAIUILIIOMHON MPAKTUKH.

Hucnurnnuna uzydaercs Ha 4, 5 kypcax B 7, 8, 9 cemecTpax

3. O0beM AUCHHUILVINHBI (MOAYJI) B 32a4€THBIX eJUHULIAX C YKa3aHHEM KOJIH4eCTBa
aKajgeMMYecKMX HJIM ACTPOHOMHYECKHUX YaCOB, BbIIeJICHHBIX HA KOHTAKTHYIO padoTy
00y4YaIIHXCH € mpenojaBaresieM (110 BUAAM YUYeOHBIX 3aHATHIA) H HA CAMOCTOATEIbHYI0
padoTy o0y4aromuxcs

O6mas TpyA0eMKOCTh (00beM) NUCHUIIINHBI COCTaBIsAeT 324 akaj. u.

Bcero yacos

O0beM 1M CHMIJIMHBI 3aounas ¢popma
o0yueHust

OO0miast TpyA0€MKOCTh TUCITUTLIUHBI 324
Y4eOHbIX YacOB Ha KOHTAKTHYIO pabOTy C MpernoaaBaTesaem:

JIEKIIUHA 20

MIPAKTUYECKHUX (CEMUHAPCKUX ) 18

npyrue ¢hpopmbl KOHTaKTHON paboTsl (PKP) 3,4
Y4eOHbIX YacOB Ha KOHTPOJIb (BKJIFOYAs YacChl TOATOTOBKH): 11,6

3auer

KypcoBast paboTta

9K3aMeH
Y4eOHBIX YacOB Ha CAMOCTOSITENIbHYIO paboTy 00yJaromuxcs 271

(CP):

KypcoBast paboTta



DopMbl KOHTPOJIA CemecTpnl
3a4yeT 8
KypcoBas pabota 9
9K3aMEH 9

4. Coneprxkanue IMCHUILIMHBI (MOAYJIs1), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3aesam) ¢
YKa3aHUEM OTBEJeHHOI0 HA HUX KOJMYEeCTBA aKaJeMUYeCKUX YaCOB U BHI0B Y4eOHBIX
3aHATHI

4.1. Pa3znenbl IUCHMILUIMHBI M TPYI0EMKOCTD 110 BUJIaM Y4eOHbIX 3aHATHH (B
aKaJeMHU4YeCKHX 4acax)

Buabl yueOHbIX 3aHATHI, BKJIOYAs
CaMOCTOSITEIbHYIO pa0oTy 00y4aromuxcst

Ne HanmenoBanmue pasiesia / TeMbl U TPYA0EMKOCTH (B 4acax)
n/n JUCIUIIJINHBI KonTakTHasi padora ¢
npenoaaBarejieM CP
Jlek IIp/Cem Jlad
3.1  Krnaccudukanus HEOTHOPOIHBIX CUCTEM U 1 0 0 9
METOJIOB pa3/IeIICHUS
3.2 OcHOBHBIE CTIOCOOBI © METOJIbI 1 3 0 9
UHTCHCU(DUKAIMH TTPOIIECCOB pa3iCiICHHS
HEOJHOPOJHBIX CHCTEM
4  Temyi000MeHHBIE MPOLECCHI H 6 6 0 81
anmnaparbl
4.1 TemnnoBbIe MPOIECCHI B XUMHUECKOU 1 0 0 9
TEXHOJIOTUH, UX POJIb U 3HAUCHHE B
NPOBEICHUN XUMHKO-TEXHOJIOTHUECKUX
IPOIIECCOB
4.2 | TermnoBsie OaaHCHI 1 3 0 9
4.3 | Ilepenaua TEIIOTHI TEIIONPOBOJIHOCTHIO 0 0 0 9
4.4  KOHBEKTUBHBIH TEMJIONEPEHOC 0 0 0 9
45 | Temmoormaua 1 0 0 9
4.6  TemnooOMeH U3Ty4eHUEM 0 0 0 9
4.7 Tennomepenaua 1 0 0 9
4.8  TemnooOMEHHBIE annapaTsl 1 3 0 9
4.9  BrmapuBanue 1 0 0 9
5 | MaccooOMeHHbIe MPoLecChl U 6 5 0 105
anmnaparbl
5.1 Macconepenaua 1 2 0 9
5.3  Ab6copOrus 0 0 0 10
1  OcHoBHBbIE 3aKOHOMEPHOCTH MPOLECCOB 2 0 0 18
1 o0lIye MPUHIIUIIBI pacyeTa
annmapaToB XUMHYeCKOH TE€XHOJIOTHH
3 Pa3jenieHne HEOJHOPOAHBIX CHCTEM 2 3 0 18
2.5 Cxartue U pa3pexeHHe ra3oB 1 0 0 9
2.4  TpaHCTIOPTHPOBaHHE KHUIKOCTEH M ra3oB 1 2 0 9
2.3 T'maponmHammka 1 2 0 9
5.11 MemMOpaHHBIE TIPOIIECCHI PA3ICICHUS 0 0 0 10
5.9 Kpucramm3zamus 0 0 0 10
5.8 HoHHBII 00MeH 0 0 0 9
5.7  Ancopbmus 0 0 0 9




5.6 MaccooOMeHHBIE TTPOIIECCHl B CUCTEMAX 1 0 0 10
KUJAKOCTB-TBEPIOE: aICOPOITHS, HOHHBIN
00MeH, pacTBOpEHHUE U KPUCTaIU3AIHS

5.5  JKuakocTtHas SKCTpakuus 1 0 0 9

5.4  Tleperonka (mpocTas U CJIOKHas) 1 0 0 9

5.2  OcHOBBI pacueTa MacCOOOMEHHBIX 1 3 0 10
anmnaparoB

1.1  Bgexpenue. [Ipenmer u 3amaum Kypca 1 0 0 9
MIPOLIECCOB U aNnapaToB XUMUYECKOM
TEXHOJIOTHH

1.2  TeopeTnyeckue OCHOBBI MMPOIIECCOB 1 0 0 9
XAMHYECKON TEXHOJIOTUH

2  T'mapoMexaHu4ecKue NMPoUecChl U 4 8 0 45

anmaparsbl

2.1  OCHOBBI THJIPABIUKH 1 2 0 9

2.2 T'mppocraTtuka 0 2 0 9

5.10 Cymka 1 0 0 10
Hroro 20 22 0 267

4.2. Conep:xaHue TMCUMILUIMHBI, CTPYKTYPUPOBAHHOE MO pa3ieiaM (TeMam)

Kpr JICKIIMOHHBIX 3aHATHUH

Ne

3.1

HaumenoBanue pasgesa /
TEeMbI JHCIMILTHHbBI
Knaccudukanus
HEOAHOPOJHBIX CHCTEM H
METOIOB pa3/ielICHUs

Conep:xkanue

Onpenenenue, BOSHUKHOBEHUE, OCHOBHbBIE CBOWCTBA U
XapaKTEPUCTUKUA HEOAHOPOAHbIX cucteM. Llenu u 3anaun
nporieccoB pasnenenus. Ocoboe 3HaueHUE CIIoco00B U
3¢ (HEeKTUBHOCTD pa3AeNeHUs] HEOJHOPOIHBIX CHCTEM IPH
pelIeHnn YKoIornyeckux npoodsnem. [Tpunuumne! Bei6opa
METOJOB pa3/ieJIeHUs U CPAaBHUTEIbHbBIE OLICHKU

3¢ PeKTUBHOCTHU TIPOIIECCOB pazneneHus. OCHOBBI
COCTaBJICHHS MaTepHalIbHOTO OanaHca MpoIeccoB
paszneneHus.

Pa3nenennie HEOMHOPOIHBIX CUCTEM OCAXACHHUEM B I10JIE
JENUCTBUSI TPABUTAIIMOHHBIX CUJI (OTCTaWBAHHUE).
OcHOBHBIE 3aKOHOMEPHOCTH IIPOLIECCa, 3a1a4 U
MeToAbl pacyeTa. [IpuHINIIBI yCTPOICTBA CIyCTUTENEN U
MBUIEOCATUTENBHBIX KaMep.

Pa3nenenuie HEOMHOPOIAHBIX CUCTEM OCAXIECHUEM B 0JIE
JENCTBUS LIEHTPOOCKHBIX CUIT. XapaKTePUCTUKH U
MIPUHITUIIBI CO3aHUS IIEHTPOOSKHBIX Cuil. DakTop
pasnenenus. llukiaoHupoBaHue U HEeHTPUPYTUPOBAHUE
HEOAHOPOAHBIX ccTeM. OCHOBHBIEC TUIIOBHIE
KOHCTPYKIIUHU ITUKIIOHOB ¥ OTCTOMHBIX TEHTPUYT,
YCTPOWCTBA U XapaKTEPUCTUKH UX PaOOTHI.

Pa3nenenurie HEOMHOPOIHBIX CUCTEM OCAXACHHUEM B I10JIE
JEUCTBUSA PIEKTPUUECKUX CHII. DU3NYECKHE OCHOBBI
IIPOLIECCOB pa3/IEIeHNs HEOJIHOPOAHBIX CUCTEM B
anekTpuyeckoM mnose. CriocoObl co3qaHus
HEOAHOPOAHBIX DJIEKTPUUYECKUX TTOJIECH.
[IpuHnMIManTBEHBIE 0COOEHHOCTH KOHCTPYKITHI
ANEKTPOGUITBTPOB, IITEKTPOIU3EPOB U
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AIIEKTPOJIETUAPATOPOB.

Paznienenue HEOTHOPOIHBIX CUCTEM (PHIIBTPOBAHHEM.
dusnyeckas CyImHOCTb, BUBI K METO/IbI (PMIIBTPOBAHMUSL.
CrniocoObl co31aHus IBUXKYILEN CUIIBI IPOLIECCOB
¢unpTpoBanust. OCHOBHOE ypaBHEHHE (HITPOBAHUS U
€ro aHaJINU3 C TOYKH 3PEHUS MOBBIIICHUS YPPEKTUBHOCTH
npouecca. Kiaccnukanys TpoMBIIIIICHHBIX
(GUIBTPOBANBHBIX YCTAHOBOK U UX OCHOBHBIE
XapaKTEePUCTHKH: (PHIBTPOBAIBHBIC YCTAaHOBKH,
paboTarolye 1moJ1 1aBJICHUEM H 0T BAKYYMOM,
bunpTpyromue neHTpudyru.

OunbTpOBaAIEHBIE IEPETOPOIKU: OCHOBHBIE THUIIBI U
TpeOOBaHUs, IPEABABISIEMbIC K HUM.

3.2

4.1

4.2

OcCHOBHBIE CITOCOOBI U
METO/bI I/IHTCHCI/I(l)I/IKaL[I/II/I
IIponueCCOB pa3aACICHUA
HCOAHOPOAHBIX CUCTEM

Tennoo6MeHHbIE PoLECCHI U
TenuoBsle IpoLecch B
XMMHMYECKON TEXHOJIOTUH, UX
pOJIb U 3HAYECHUE B
IIPOBEJICHUU XUMUKO-
TEXHOJOTUYECKHUX IIPOLECCOB

TenmoBbie OanaHChI

Knaccudukanus, 0CHOBHbIE XapaKTEPUCTUKU U METO/IbI
pazzeneHus HeOJHOPOAHBIX cUcTeM. VX poib B
XUMHYECKON TexHOoJIoTuru. OCHOBHBIE MTapaMeTphl
rpoLecca pa3JIeleHUs KUAKUX HEOTHOPOJHBIX CUCTEM.
OcaxeHue B 1moje JeHCTBUS CHII TSKECTU U O]
JEHCTBUEM IEHTPOOCIKHBIX CHIL.

annaparbl
Krnaccugukanus croco0oB nepeHoca TerioThl.
CranuoHapHbIi U HECTAIMOHAPHBIN ITPOIIECCHI
teronepenoca. OCHOBHBIC MOHATHS, ONIPEACIICHUS U
Tero(ru3nuecKre CBOMCTBA BEIIECTB: TEMIIEPAaTypHOE
10JIe, TEMIIEPATYPHBIN TPAAUEHT, TEMJIOBON MOTOK,
TEIIOEMKOCTbD, SHTANBINSA, TETIONPOBOAHOCTD U
TEMIIEPaTypPOIPOBOIHOCTD. JIBIXKYIIIE CHIIBI TTPOLIECCOB
teruiooOMena. TeroBoe paBHoBecue. OCHOBHBIE 33/1a4U
CTAaTUKHU U KUHETUKHU MPOIIECCOB TETIOOOMEHA.
Ha3nauenue, 11e11b 1 METO/IBI COCTABJICHUS TETIIOBBIX
OanaHcoB. Byl TenaoBbIx OanaHCcoOB AJis pa3IMUHbIX
TEII000MEHHBIX TPOIIECCOB.

4.5

Temmoornaua

Temnoornaya B ycloBUsX €CTECTBEHHOU U
BBIHYKJICHHON KOHBEKIIMU 0€3 U3MEHEHUS arperaTHoro
COCTOsIHUA TeloHocuTeneld. OCHOBHas LENb U
MIPUHLIMIIBI pacyeTa KUHETUKHU ITpoLiecca.

Temnoornada npy H3MEHEHUH arperaTHOrO COCTOSIHUS
TEIUIOHOCHUTENEH (KOHAEHCalKs apoB U KUIIEHUE
XKuJKocTel). OCHOBBI pacueTa KUHETHKH MpoLecca.

4.7

4.8

Temnonepenaua

TennooOmMeHHbIE anmapaThl

OcHOBHOE ypaBHEHHE TEIUIONEPEIaun MPU MOCTOSHHBIX
Y TIEPEMEHHBIX TeMITepaTypax TeTUIOHOCUTENCH.
[TpuHNHIB pacyera KodhHUIMEHTOB TEIIONEPEIadH.
JIBrKyIas cuiia mpoIeccoB TEIIoNepe1aduu.
[IpakTHueckoe UCIOIb30BAHNE YPABHEHUS
TEIJIONepeIad B IPOSKTHBIX M TIOBEPOUHBIX pacuéTax.
Knaccudukanms TemiooOMeHHBIX anmnapaToB, UX
KOHCTPYKTHUBHBIE XapaKTEPUCTUKUA U OCOOCHHOCTH
MPaKTHUYECKOT0 MX UCMoyib30oBaHusa. Karamoru Ha
TerI000MeHHYI0 anmapaTypy. OCHOBHBIE METOBI
TEIJIOBOTO pacyeTa TETUIOOOMEHHBIX alapaToB:
MIPOEKTHBIHN, TEXHOJIOTMYECKUN U TTOBEPOUYHBIM pAaCUETHI.
OCHOBHBIE TCHICHIIMN COBEPIIIEHCTBOBAHMSI
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KOHCTPYKLHUN TEIIIOOOMEHHBIX amnmnapaToB.

4.9

5.1

BrimapuBanne

MaccooOMeHHbIe Mponecchl U
Macconepenaua

Ha3nauenue u cyniHOCTh MPOLECCOB BhIIIapUBAHUSI.
JBrkymas cuiia npotecca. OTHOKpATHBIN 1
MHOI'OKPATHBIN ITpoliecchl BbinapuBaHus. OCHOBHBIE
TUIIOBbIE KOHCTPYKIIMU BBIMAPHBIX aMapaToB U CXEMbI
BBINAPHBIX YCTAHOBOK. MaTepuaabHbIi U TEIIOBOU
OanaHchl mporeccoB BeinapuBanus. [lonarus o
pacroylaraeMoi u oO1el oJIe3HOM Pa3HOCTH
TeMIiepaTyp. Busbl TemneparypHbIX MOTEPh B BBIMAPHBIX
yCTaHOBKax. PacnpeneneHue 1none3Hoi pasHocTu
TEMIIEPATyp MHOTOKOPITYCHBIX BBIIIAPHBIX YCTAHOBOK I10
Koprycam. MeTOuKH TEIUIOBBIX pacy€TOB U
OTIpeJIeJIeHUE TeMIIePaTYPHBIX PEKUMOB paObOTHI
BBINIAPHBIX YCTaHOBOK. OCHOBHBIE MPUHIUIIBI TOI00pa U
ONITUMH3AIMH PAOOTHI BHITAPHBIX AIapPaToOB U
YCTaHOBOK B 11eJIoM. BecmoMorarenbHoe 000opynoBaHue.
OcHOBHBIE METO/IbI MTOBBIIICHUE (PPEKTHBHOCTH
MIPOLIECCOB BBIMAPUBAHUS B XUMUYECKON U IPYTUX
CMEXXHBIX OTPACISIX POMBIIIJIEHHOCTH.

anmnaparsbl

VYpaBHeHUs Macconepeaayu, ONpeaeIeHIE CPETHNUX
JBUKYIIHUX CUJI IPOLEccOB Macconepenayu. OCHOBHBIE
KMHETUYECKHUE MOKa3aTeNlu IpoLiecca Macconepeaadn u
METOJIbI UX pacyéra: kKod(PUIMEeHTH Maccornepeaayu, B
T.4. 00BEMHBINA KOAPDUITUEHT Macconiepeauu, OOIIue U
yactHble yncna equnull nepeHoca (OYEITL u YEIT) u
BbIcoThl equHul nepeHoca (OBEIT u BEII). [Tonsitue u
ONpeJIEJICHUE TEOPETUUECKOM CTYIIEHU U3MEHEHUs
KOHIICHTPALlU{ UIIM TEOPETUYECKOM TapesiKu, BbICOTA
SKBHUBAJICHTHAsI OJHOW TEOPETHUYECKOMN CTYNEHU
M3MEHEHUs KOHLIEHTPALUK NN OJTHON TEOPETUUECKON
Tapenke. J{elicTBUTeNbHAs WIN pealbHasi CTYIEHb
W3MEHEHUS KOHIIEHTPAlWU WIH I€VCTBUTEIIbHAS
tapenka. O0uuit K03 PUINEHT MOJIE3HOTO ACHCTBUS
Tapenaku U KodpduiueHt s¢pdexruBHOCTH 10 MapdpH.
Ornpenenenne KHHETHYECKON KPUBOH Tpoliecca
Maccolepeiayn.

2.5

2.4

OcHOBHBIE 3aKOHOMEPHOCTH NMPOLECCOB U 001I1e MPUHIUINBI PacyeTa annapaTon

XMMHY€CKOH TEXHOJIOTHH

Pasznenenue HEOAHOPOAHBIX CUCTEM

CxxaTue U pa3pe’keHue ra3oB

TpancnoptupoBanue
KUIKOCTEN U Ta30B

OcHOBHBIE XapaKTEPUCTUKH MPOLIECCOB CHKATHUS T'a30B,
kiaccudukanus komrpeccopos. TepmoauHaMuyeckue
OCHOBBI IIPOIIECCa CHKATHUS, CTETIEHb CKAaTHsI U €€
IIPEJEIIBI, ONPEIEIEHUE MOIHOCTH KOMIIPECCOPOB.

Y CTpOoHCTBO OCHOBHBIX TUIIOB M MPUHIIUITBI PaOOThI
MOPIIIHEBBIX, IEHTPOOEKHBIX, BAHTOBBIX U OCEBBIX
KOMITPECCOPOB. MHOrOCTYIIEHUATOE CXKATHE.
CpaBHuTENbHAsA XapaKTEPUCTHKA KOMIIPECCOPOB.
BakyyMm-HacoChl B XUMHUYECKOM MPOMBIIIIIEHHOCTH.
Hacocbl 1 BeHTUIISATOPBI, UX KiIacCupUKaLus U
OCHOBHBIE XapaKTEPUCTUKHU. Y CTPONCTBA U IPUHIUIIBI
paboThI MOPUTHEBBIX, LIEGHTPOOESKHBIX U OCEBBIX MAIIHH,
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MEeTOMKa MoA00pa HACOCOB U BEHTHIIATOPOB. OO011ee
IIPEICTaBIICHUE O APYIUX TUIIAX HACOCOB U IPYTrUX
CIoCc00ax MepeMeICHHS KUIKOCTEH.

2.3

I'mpponunamuka

[Ipenmer u 3a1a4u r’UAPOAMHAMUKY - HAYKH O
3aKOHOMEPHOCTSX MOBEACHUS JBUKYIIEHCS KUAKOCTH.
BHyTpeHHs 1 BHEIIHASA 3a/1a4M I'MJIPOAUHAMUKHY.
Cwmemannast 3a1a4a. [IoHATUSA O CKOPOCTAX IBUKEHUS:
JIOKaJIbHAsI U CpeAHss ckopocTu. Metosl Jlarpanxa u
DOlinepa AJi ONMCAHNUS KUHEMAaTUKU KUAKUX CPeNl.
IIpencraBneHue o NOTOKE JKUAKOCTH KaK MOTOKE
3JIEMEHTAPHbBIX YACTHIL: IUHUS TOKA, JJIEMEHTapHas
cTpylika (TpyOKa Toka), moTok. [Tosie ckopocTteii.
CranuoHapHBI U HECTALIMOHAPHBIM TOTOKU. 3aKOH
BHyTpeHHero TpeHust Hetotona. HetoToHOBCKHE 1
HEHBIOTOHOBCKHE JKUJKOCTH, OOIIasi XapaKTepUCTUKA
PEOIOrMYECKUX CBOWCTB HEHBIOTOHOBCKHUX JKUIKOCTEH.
Bs3K0CTh )KHIKOCTH U €€ PU3nUecKast CyIIHOCTb, KaK
Mepa OLEHKHU MepeHOoca KOJIMYECTBA ABHKEHHS.
OcCHOBHbIE XapaKTEPUCTUKH JIBUKECHUS JKUKOCTEH:
CKOpOCTb MOTOKA, 00BbEMHBIA U MACCOBBIM PacXo/bl.
I'uapoarHaMuUECcKUe PEKUMBI TEUSHHSI JKUIKOCTEH B
YCIIOBUSAX BHYTPEHHEW U BHELIHEH 3a1a4
ruapoauHaMuku. OnbIT U yKciio PeliHonbaca.
Omnpenenstomnii reOMeTpUYECKUN pa3Mep B yCIOBUAX
BHYTPEHHEH U BHEIIHEH 33]1a4d THIPOJIUHAMUKH:
TMJIPABINYECKUHN paJnyC, SKBUBAIICHTHBIN UaMeTp U
np. O0uue XapakTepUCTUKU JIAMUHAPHBIX U
TypOyJIEHTHBIX IOTOKOB HJIKOCTH.

OcHOBHbIE YpaBHEHUS TUAPOAMHAMUKHU:
muddepeHnranbHble ypaBHEHHS HEPa3phIBHOCTH MOTOKA
U nBrKeHus xkuakoctu HaBbe-Ctokca u Ditnepa, ux
IIPaKTUYECKOE IPUMEHEHHUE B BOIIPOCAX
TUApOIMHAMUKU. Paznuunble popmbl 3anucu
nudQepeHInanbHbIX YPAaBHEHUH IBUKEHUS XKUKOCTH
HaBbe-Crokca. OCOOEHHOCTH TeUEHUS! BUXPEBOI
KHUJIKOCTU. YpaBHeHUEe bepHyuum ans onucanus
TEUEHUS UICATBHBIX U PEATBHBIX )KUIKOCTEH — KaK
YacTHBIN ClTyyail BepakeHHs 00IIero 3aKkoHa
COXpPAHEHHUS SHEPTUU JIBUKYIIEHCS KUKOCTH.
IIpencraBnenus o TypOyIEHTHBIX MOTOKAX KHUJIKOCTEH.
CrtpykTypa TypOyJe€HTHBIX TOTOKOB MHTEHCHUBHOCTH U
MacmTal TypOyJIeHTHOCTU TypOyJIeHTHas BA3KOCTb.
Oco0eHHOCTH TeUeHHUs Ia30B: U30TEPMHUUECKHUN U
HEU30TEPMUUYECKUI TIOTOKHU I'a30B, TEYEHUE T'a30B C
y4€TOoM (akTopa C)KUMAaEMOCTH.

DneMeHTBl TEOPUHU TUAPOTUHAMUYECKOTO TO100US.
IMuapoamaamudeckoe nomoobwue. [TogobHoe
npeoOpa3oBaHue YpaBHEHUH IBMKEHUS KUIAKOCTH
HaBse-Crokca. OCHOBHBIE M IPOU3BOIHBIE KPUTEPUHU
THJIPOAMHAMHUYECKOTO 1M0100us1, MOAU(UITUPOBaHHbIE
KpuTepuu noaodus. OnpenensiemMble U ONpenestolie
Kkputepur. OCHOBHBIE THITbI KPUTEPHAIbHBIX YPaBHEHHH
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JUTSl peIIEHUs] OCHOBHBIX 3a/1a4 THAPOJAMHAMUKH.
[TpubnmxEéHHOEe MOIENUPOBAaHUE B THIPOAMHAMUKE.
OcHOBHbBIE IPUKJIAJIHBIC 33140 TUIPOJINHAMUKU:
N3mepenune 1MHaMU4ECKOT0 Hanopa, CKOPOCTH
JBIKEHUS U 00BEMHOTO pacxo/1a )KUJIKOCTeH (TpyOKH
[Tuto u IMuto-Ilpanaris), pacxonomMepbl IOCTOSHHOTO U
[IEPEMEHHOT0 NIEPENa 0B J1aBJICHHUS.

TeueHrne HbIOTOHOBCKHX KUJIKOCTEN B LIMJIMHAPUYECKUX
TpyOax u KaHauax:

JlamuHapHOE TeueHue, 3aKOH PacIpeAcIICHAs] CKOPOCTEN
Crokca u ypaBHenue I'arena-Ilyaszeitsist. OCHOBHbIE
XapaKTePUCTHKU pacdyéra TypOYICHTHBIX TSUCHH.
XapakTepUCTUKHU TEUEHHSI HECHbIOTOHOBCKHX KUIKOCTEN
B LIWIMHAPUYECKUX KaHanax. [ uapaBindeckoe
COIPOTHUBIIEHUE TPYOOIPOBOIOB U AINIapaToOB: MOTEPU
Haropa Ha TPEHHE U IIPEOI0JICHHE MECTHBIX
conpotuneHuil. Pacuér tpy0onpoBo1oB 1
TPAHCIIOPTUPOBAHUS KUJIKOCTEM: MTPOCTHIE
TpYOOIIPOBO/IbI, Pa3BETBIEHHBIE TPYOOTIPOBOIBI U
TpyOOIIPOBOIHBIE CUCTEMBI C TYTEBBIM U TPAH3UTHBIM
pacxoaoM kuakoctu. OCOOEHHOCTH pelIeHHs 3a/1a4 110
pacuéry razonpoBo/i0B. 3aKOHOMEPHOCTH UCTEUEHHUS
KUJKOCTEH Yepe3 OTBEPCTHUsl, HACAIKU U BOJOCIUBBI IPU
MOCTOSSHHOM M IEPEMEHHOM YpOBHAX. ['mapoanHamuka
MJIEHOYHOI'O TEYEHUS KUAKOCTEH. J[BH>KEHHE )KUIKOCTEN
Y Ta30B 4e€pe3 HENOABUKHBIE CIIOU 3€PHUCTBIX
MaTepuasoB U HacaaokK. ['uapoaunamuka 6apboTaxa.
M'uapoamHamMuKka 1MceBA00KIKEHHBIX (KUTIAIINX ) CTOEB
TBEPIBIX JUCHEPCHBIX MaTepHasioB. [ nuapoanHamMuka
JIB>)KEHUE TBEPJIBIX TEN B )KUIKOCTSX.
JucnieprupoBanue KUAKOCTEW: HA3HAYEHUE U OCHOBHBIE
crocoObl aucneprupoBanus. lpodienue u
KoaJjieclueHUus Kanenb. ['mapaBnuueckuil yaap B
TpyOOIpOBOJaX: MPUPOIa THIPABINYECKOTO yaapa,
CKOPOCTb paclpOCTPaHEHMS yIapHOW BOJIHBI, BIIMSIHUE
TUAPABIMYECKOIO yAapa Ha TPAaHCIOPTUPOBAHUE
KHUJKOCTEH TI0 TPYOOIIPOBOaM, MEPhI IPEIOTBPAIIICHHS
BO3HHUKHOBEHHUS I'MIpaBINYECcKOro yaapa. OCHOBHbIE
XapaKTEPUCTUKU KaBUTALIUH.

5.6 | MaccooOmenHbie poriecchl B OO011IMe CBeIeHU O MPOIIeccax ¢ y4acTueM TBEPIOM
CUCTEMaX >KUJIKOCTh-TBEPAOE: = (ha3bl: OCHOBHbIE 3aKOHOMEPHOCTH MPOIIECCOB
asicopOITus, MOHHBI 0OMEH, MaccorepeHoca B TBEPIOM v BHEITHEH (a3ax, ypaBHEHUs
pacTBOpEHUE U muddy3un 1 MaccooTaaun. Y paBHEHHE
KPUCTAJUTU3ALINS MacCOIPOBOIHOCTH.

5.5 | JKunkocTHas SKCTpaKIus Kpatkue cBenenus u o0mas XxapakTepuCcTHKa MPOLIECCOB

AKCTPAKIMHU B CUCTEMAX JKUIKOCTh-KUIKOCTD.
PaBHOBecue B cucTeMax KUIKOCTb-KUKOCTb, H30TEPMBbI
SKCTPaKIUHU U TPEYTOJIbHbIE AUATPAMMBI.
MarepuanbHblii OanaHc npolecca XHUIKOCTHON
9KCTPaKIUU U OCHOBHbIE KHHETHYECKHE
3aKOHOMepHOCTH Inporecca. CriocoObl MPOBeAEHUS
SKCTPAKIMU U OCHOBHbBIE THIIbl IKCTPAKIIMOHHBIX
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anmnapatoB. [[pUHIMIIBI TEXHOJIOTUYECKOTO pacuéra
3KCTPAKTOPOB.

5.4

[Ieperonka (mpoctast u
CJIOXKHAs)

DU3NKO-XUMUYECKUE OCHOBBI IIPOLIECCOB
MaccolepeHoca B CUCTeMaXx KHUJIKOCTh-Tap.
TepMonnHaMuyeckoe paBHOBECHE B cucTEMax (IIPaBUIIO
(a3 I'n66ca u 3akon Payns). UneanbHble 1 HeneaaIbHbIE
cucteMbl. OCHOBHbBIE TUIIBI OMHAPHBIX cMecei (10
nanubeIM Topmanna). OcHOBOIONIArarOIINE 3aKOHBI
neperouku Konosanosa u Bpesckoro. @a3oBbie
JarpamMmbl COCTOSTHUM (t-X-Y, Y-X U oHTajbnuiiHas h-X-
y JrarpaMMbl) OWHAPHBIX CMECEH.

[Ipocras neperonka. Buasl mpocToi neperoHku
(mpocrasi, ppaknuonHasi, ¢ nediermanueii u 6e3
neduierMaiym, ¢ BOASHBIM apOM H UHEPTHBIM
HocHTeneM). MaTtepuanbHbIi 6aTaHC U OCHOBHEIE
MOKa3aTesu mpoiiecca

Crnoxnas neperonka (pexruduxanus). OnpeneneHue u
(U3UKO-XMMHYECKHE OCHOBBI PEKTU(PHUKAITIOHHOTO
pazaenenus Kuakux cmeceil. CXxeMbl yCTaHOBOK
HEMpPEepPHIBHON U MEPUOINYECKON PEKTU(DUKALINU.
[IpuHIMIBI COCTAaBIEHHS] MATEPUATIBHOTO U TEIJIOBOTO
6anancoB. OCHOBHBIE TTOKA3aTENH Mpoliecca
pextudukanyn: GprerMoBoe yucio U k03P PUIreHT
nuTtanus. ['paduueckoe npeacrapieHue mpoecca
pexTuduKanuy Ha t-X-y quarpamme.

HenpepriBHast pextudukanysi OMHApPHBIX CMeceid,
MaTepUaIbHBIA U TEIIOBOM OallaHChI
pexTu(UKAIMOHHON ycTaHOBKU. OCHOBHbBIE
XapaKTepUCTHUKU Mpoliecca peKTU(PUKALUY U ypaBHEHUS
JUHUNA pabouymnx KOHLEHTpanui ¢az. daermoBoe yucio,
€ro MUHUMaJIbHOE U ONTUMaJbHOE 3HaueHne. OCHOBHbBIE
HKOHOMHYECKHUE MOKa3aTeNu Mpoliecca peKTUPHUKALINUH.
Bnusinue ¢ermoBoro ymnciia Ha XapakTepPUCTUKU
pPeKTU(UKAIIMOHHBIX KOJIOHH U TIpolecca
pextudukanui. OCHOBHBIE CITOCOOBI MTUTAHUS
PEKTHU(PHUKAIIMOHHBIX KOJIOHH: CIIOCOOBI OPOLIEHHUS
KOJIOHH, CIIOCOOBI BBOJIa UCXOQHON CMECH, CITOCOOLI
MUTAHUS KOJIOHH MTapoM.

OCHOBHBIE METOJIBI 1 OCOOEHHOCTH TEXHOJIOTHYECKOTO
pacuéra peKTH(PUKAIMOHHBIX KOJOHHBIX allapaToB U
noAdop BcmoMmoraTenbHOro obopyaoBanus. CriocoOb
MHTEHCU(UKAIIMH [TPOLIECCOB PEKTHU(PHKAIINH.

OO61ue cBeIeHNs U OCHOBHBIE XapaKTepUCTUKA
MEPUOINYECKON PEKTH(PHUKAIINY, PEKTU(DUKAIIH
MHOTOKOMIIOHEHTHBIX CMECEe, a3€0TPOMHbBIX cMecel 1
Ip. DKCTPAKTUBHAS U a3€0TPOIHAS PEKTU(DUKAIIUSL.

5.2

OcHoBBI pacueTa
MacCOOOMEHHBIX aIlapaToB

OCHOBHbBIE TUIIOBBIE KOHCTPYKIMH annapaToB
KOJIOHHOT'O THIIA: MaCCOOOMEHHBIE alIaparsl ¢
(UKCUPOBAHHOM U CO CBOOOIHOM OBEPXHOCTHIO
KOHTakTa (a3, INIEHOUYHbIE MaCCOOOMEHHBIE amnapaThl.
OO111e MpUHIUIBI ONIPEeNICHHs U pacyeTa pexKUMHO-
TEXHOJIOTUIECKUX MTapaMeTPOB pabOTHl M HAXOKICHUS
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OCHOBHBIX T'€OMETPUUYECKHX Pa3MEPOB KOJOHHBIX
anrmaparoB: IMaMeTpa U BBICOTHI KOJIOHHBIX aIllapaToB.
[IpencraBnenus o0 ONTUMATIBHBIX THIPOAMHAMUYECKUX
pekumax paboThl anmapaToB. MakpoIKOHOMHUKA
MaccOOOMEHHBIX ITPOLIECCOB.
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1.2

Brenenue. [Ipeamer u 3agaun
Kypca NpoleccoB U anmnapaToB
XUMHAYECKOH TEXHOIOTUU

TeopeTnyeckre OCHOBBI

[IpenmMer u 3agaun Kypca IpOLECCOB U alIapaTroB
XUMHYECKOH TexHonoruu. O0mmue cBeeH s 0
IIpoLeccax XMMHUYECKON TEXHOJIOTUU. 3HAKOMCTBO C
COBPEMEHHBIM COCTOSIHUEM XUMUYECKON U JPYTUX
CMEXKHBIX C HEH OTPACISIMU IPOMBIIUIEHHOCTH, UX
OCHOBHBIMH OOLITMMH XapaKTEPUCTUKAMU U
pobieMaMy, a TakK )K€ BO3MOXHBIMH ITyTAMHU HX
peuieHnsa. MecTo 1 poJib IPOLECCOB U alnapaTroB
XUMHMYECKON TEXHOJIOTHH B COBPEMEHHOM MHpPE
XUMHUYECKON IIPOMBINUICHHOCTH. KpaTkas
XapaKTEepUCTHKA NPEIMETA U 3aJa4l JaHHOU
JUCLUIUIMHBL U €€ poJIi B JI€JI€ MOATOTOBKU
BBICOKOKBAIM()UIIUPOBAHHBIX CHELUATUCTOB IS
OTE€UYECTBEHHON IIPOMBILIEHHOCTH B YCIIOBUSAX
MHOT'OYPOBHEBOI CHCTEMBI BBICILIEI0 00pa30BaHMSL.
Kpatkue uctopuueckue cBeJeHUS O Pa3BUTUU U
CTaHOBJICHUH Kypca IIPOLIECCOB U aIllapaToB
XUMHUECKOM TexHosoruu. O01ue cBeieHus o
MO0OHBIX TUCIUILIMHAX 32 pyOexom (B CILA,
BenukoOpuTtanuu u ap. ctpaHax). OCHOBHbIE
METOI0JIOTHYECKUE TIPUHLIUIIBI U3YYEHHsI JAaHHOTO Kypca
B ycloBUsX MHCTHUTYTa IPUPOIHBIX PECYPCOB
HanumonaneHoro uccienoBatesnbekoro ToMckoro
MOJINTEXHUYECKOT0o YHUBepcuTera. OCHOBHBIE
TpeOOBaHUS K YPOBHIO 3HAHHUH CTYAECHTOB 110 TAKUM
KPUTEPUSIM, KaK «3HATh», KYMETbY», «UMETb
MPEJCTABICHUE» U «BJIAJIETh)» B 00JIACTH TaKUX
(yH1aMEHTaJIbHBIX €CTECTBEHHOHAYUYHBIX U
o01enpopeccHOHATbHBIX JUCIUIUIMH, KaK BBICILIAS
MaTeMaTHKa, pU3nKa, TEOpeTHUecKas U MPUKIaTHas
MEXaHMKa, TEXHUYECKas U XMMHYECKas TEPMOAMHAMHUKA,
oOu1ast 1 HeopraHU4ecKast XUMHs, OPraHu4eCKOl XUMHUSI,
¢bu3nyecKkoil XuMusl, KOJUTOUIHAs XUMUS, UHXKEHEpHas U
KOMIIbIOTEpHas rpaduka, MHPOpMaTHKa, KOMIIbIOTEPHBIE
TEXHOJIOTHH U JIp..

Krnaccugukanys 0oCHOBHBIX MTPOLIECCOB U alapaTtoB
XUMHYECKON TEXHOJIOTUU. POJIb M B3aMOCBS3b TUIIOBBIX
MIPOLIECCOB B XUMHUYECKOM TeXHOJIOruu. HenpepriBHBIE U
nepuoaudeckue npoueccel. CrannoHapHble U
HecTalmoHapHbIe mporecchl. [lonst ckopocTei,
TEMIEPATYp U KOHIIEHTPALMil B CTALlHOHAPHBIX U
HeCTallMOHapHBIX Npolieccax. OCHOBHbIE MPUHLHUIIBI
COCTAaBJIEHUS] MATEMAaTUYECKUX OMMCAHWMN, aHAJIN3a U
pacuera THIOBBIX MTPOLIeccoB U amnmnapatoB. OCHOBHbBIE
3a/1a4M CTaTUKU, KHHETUKU U TNHAMUKHA XUMHKO-
TEXHOJOTMYECKHUX MPOIECCOB.

3aKOHBI COXPAHEHHUS MAcCChl, JHEPTHH U UMITYJIbCA — KaK
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2.1

5.10

MPOLECCOB XUMUYECKOU
TCXHOJIOTHUUA

OCHOBBI COCTaBJIEHHUS OAJIaHCOBBIX YPaBHEHMI
(MaTepuanbHBIX U TEIUIOBBIX 0aJlaHCOB, OaTaHCOB
JEHCTBYIONUX HAa CUCTEMY CHJI U OallaHCa KOJIMYeCTBa
neuxkeHws ). OCHOBHBIE THIIOBBIC YPaBHEHUS OaJIaHCOB
MAacChl, TEIUIOTHI U KOJIMYECTBA JBUKEHHS (METOJIbI UX
COCTaBJICHUSI, LIEJIN U CIIOCOOBI perieHus1). Y paBHECHHS
JIUHUAN pab0YnX KOHIICHTPALIHH.

3aKOHBI TEPMOJIMHAMUYECKOT'O PABHOBECHS — KaK
OCHOBBI OIIPE/ICIICHUS YCIIOBUH MIEpEeHOCa MACCh,
SHEPIUU ¥ UMITYJIbCa (BO3MOXKHOCTH U HAIIPABIICHHS
nepeHoca, npeaes NpoTeKaHus MPOIECCOB MEPEHOCca, X
JIBIKYIIHME CUiibl). OCHOBHBIE 3aKOHBI
TEPMOAMHAMHYECKOTO PAaBHOBECHS: THIPOMEXaHUUECKOE
U TEIJIOBOE PaBHOBECHE, MeK(ha3HOEe paBHOBECHE:
npaBuiio ¢a3 ['m60ca, 3akons! JanpToHa, ['eHpu n
Payms.

3aKOHBI IEpPEHOCa MACChI, YHEPTUH U UMITYJIbCA B
CIUIOIIHBIX CPE/ax — KaK OCHOBBI aHAJIN3a U
MOJIETTUPOBAHUS TUIOBBIX MIPOLIECCOB XUMUYECKOU
TEXHOJIOTHH U aHAJIOTHs 3THX Ipouecco. OnpeneneHue
IJIOTHOCTH MOTOKOB MAacChl, JHEPTUU U UMITYJIbCa, KaK
OCHOBBI OIPEIeNICHIS] HHTEHCUBHOCTH MPOTEKAIOIINX
XUMHKO-TEXHOJOTHYECKHUX MPOIECCOB U B KOHEYHOM
UTOTE - IPOU3BOIUTEIBHOCTH aIlapaToB.
Juddepennnanbabie ypaBHEHUS, OMUCHIBAIOIINE OIS
CKOpOCTEH, TeMIEPATYp U KOHUEHTpaUuil. AHaIOrust
MeXay HUMH. MeTOo/Ibl aHaIi3a 3TUX YPaBHEHHIA.

VY cnoBus aHAIUTUYECKOTO PEIEHUs
nuddepeHMaIbHbIX ypaBHEHUH] (YCIOBHS
OJIHO3HAYHOCTH).

FHI[pOMexaHI/[‘-leCKI/Ie MPpOUECCHI U allNapaThbl

OCHOBBI THUPABIUKH

Cymika

Bsenenue B runpasnuky. IIpenmer u 3agaun
TUAPABIIMKY - HAYKH O 3aKOHOMEPHOCTSX IOBEICHHUS
xuakocteid. OCHOBHBIE MMOHATHS, TEPMHUHBI 1
ONPEIEICHUSA: CUCTEMBI KOOPAUHAT:
TUAPOJUHAMUYECKHE ITOHATHS TOUYKH, DIEMEHTAPHOT O
o0beMa, 3J1eMEHTapHOM MOBEPXHOCTH, 3JIEMEHTapHON
yactuubl. Kiaccudukanus cui, 1eHCTBYOIUX Ha
XKUAKOCTh. CKaJIIpHBIE U BEKTOPHBIE BETUYHHBI.
[IpencraBnenue o rpanuenre. [Ipeacrasienue o
KHUAKOCTAX KaK O CILIOIIHBIX cpefax. KanenbHble u
yIpyrue XuaKkocTH. MneanbHas u peanbHas KUIKOCTb.
OcHoBHbBIE (PU3NYECKHE CBOMCTBA KHJIKOCTEH:
IUIOTHOCTH U YAEJIBbHBIN BEC, CKUMAEMOCTh, CBOMCTBO
KUJKOCTU K PaCIIMPEHHUIO, IOBEPXHOCTHOE HATSKEHUE.
[ToHsATHE O KPUTHUECKUX MapaMeTpax: KpUTHYECKas
TeMIIepaTypa, KpUTUYECKOE AABICHUE U KPUTUYECKUI
00BEM.

Omnpenenenue nporiecca CyIKkH, o0Ias XapakKTeprucTUKa
rporecca 1 006J1acTH puMeHeHusl. MeTo/Ibl CYIIKH.
OcCHOBHBIE 337]aUl CTATUKU U KUHETHUKH IIpOLIECcCa.
JInHaMyKa ¥ TEXHOJIOTHS IIPOLIeCcCa CYIIKU BIAXHBIX

15



Matepuainos. Kiaccudukanus npoueccon Cymku.
Crioco0bI CyIIKH BIAYKHBIX MaTEPHATIOB: KOHBEKTUBHAS
CylIKa, CyOJIMMalMOHHas CYyIKa, paJualioOHHas CyIlKa,
CyIIIKa TOKaMH BBICOKOM YaCTOTBI, CYILIKa CO CITyTHUKOM,
KOMOMHHPOBAHHBIE CIIOCOOBDI.

Craruka nporeccoB cymku. OCHOBHBIE XapaKTEPUCTUKH
BIIQXKHBIX MaTEepPHAaJIOB Kak 00BEKTOB Ipolecca
BeICymMBaHus: Knaccudukaius BIaKHBIX MaTEPHUAJIOB,
(hopMBI CBsI3U Biaru ¢ TBEPIBIM MaTEpUaIoOM, OCHOBHBIE
BUJIBI BlIaru. PaBHOBecue ¢a3 npu cymike. JBrkymime
CHJIBI MPOIIECCOB MIEPEHOCA BIIark BO
BHYTpUIU((Y3HOHHON ¥ BO BHELITHE MDD Y3HOHHOM
00JacTax mpolecca CyIKH BIIaXXHBIX MaTepHAIIOB.
OcHoBHbBIE TEIUTOPUINIECKUE CBOWCTBA BIAKHOTO
BO3/lyXa, IMarpaMMa COCTOSTHUS BIIaXKHOTO BO3/1yXa
Pam3una u €€ ncnosib30BaHKe B MPAKTUYECKUX PAaCUETaAX.
MartepuanbHbIi U TEIJIOBOK OallaHC mpoiiecca
KOHBEKTHMBHOW CylIKH. MieanbHas u peanbHas
KOHBEKTHBHasl cymuika. OCHOBHBIE CTIOCOOBI
KOHBEKTHBHOI'O ITPOLIECCA CYLIKU U pacy€T MPOLIECCOB
CYLIKU 1o quarpamme PamsuHa: mpocTas cylka, cyiika
C IPOMEKYTOUYHBIM T0JIOTPEBOM BO3/1yXa IO 30HAM,
CYIIKa C YaCTUYHON PEeUUpKYIsueil oTpaboTaHHOTO
BO31yXa.

OcHOBHbBIE KHHETUYECKHE 3aKOHOMEPHOCTH MpoIiecca
CYIIIKH: KPUBBIE CYIIKH ¥ KPUBBIE CKOPOCTH TIpoIIecca,
ypaBHEHHE MaccolepeHoca Mnpu CyIuike,
MIPOJOJKUTEIBHOCTD IIPOLECCa.

OcCHOBHBIE BOIPOCHI TEXHOJIOTUHU MPOLIECCOB CYIIKH,
Ka4eCTBO BBHICYIICHHBIX MaTEPHAIIOB.

OcHOBHBIE KOHCTPYKIIMH U MIPUHIIAITB paOOTHI
KOHBEKTHUBHBIX CYIIUJIBHBIX allllapaToOB U OCHOBHbBIE
SKOHOMUYECKHE MMOKA3aTEeNN UX IKCILTyaTalluu:
CYIIUIIKH C HETIOJBUYKHBIM WJIH JIBHKYIIUMCS TUIOTHBIM
CJIOM MaTtepuana, CylIHIKU ¢ IEpeMellInBaHuEM
Marepuaia, CyIIIKU C KUTISIIIUM CIIOEM,
paclbUIMTENbHbBIE CYIIUIKA U JPYTHE TUIBI CYIIUIIOK.
MeTo/1b1 TOBBIILIEHUS 3PPEKTUBHOCTH MTPOLIECCOB
CYILIKH.

Kypc npakTuuecknx/ceMuHapCKuX 3aHSITUN

Ne  HaumenoBaHue pazaesa / Conepxanue
TeMbl JMCIUILTHHBI
3.2 OcHoBHbIE cIIOCOOBI U I'mnpomexaHnueckre METOIbl pa3/IeeHNus CMeCEN.
METO/Ibl UHTEHCU(UKALIUN XapakTepUCTUKU KHUIISILIETO CI0S: TOPO3HOCTb,
IIPOLIECCOB pa3cICHUs KOA(PHUIHUEHT NCEBA00KMKEHUS, THIPABINYECKOE
HCOAHOPOAHBIX CUCTEM COITPOTUBJICHHC, (1)I/IKTI/IBHa${ u )ICI\/'ICTBI/ITGJ'II)HaSI CKOpPOCTE.
Omnpenenenne CKOPOCTH Havala MCEBIO0KIKEHUS U
CKOpPOCTH YHOCA.
4 | Temnoo0MeHHbIE MPOLECCHl U ANNAPATHI
4.2  TemoBble OanaHChl TemnoBble 6amaHChl, CpeTHSS ABUKYIAs CHIIA TETIOBBIX

IIpOLECCOB, OCHOBHOC YPAaBHCHHUEC TCILIONICPEAAYN.
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4.8

TennooOMeHHBIE anmapaThl

KpurepuansHbie ypaBHEHHUS TETUIOBBIX MPOIIECCOB, PACYET
TerI000MEHHBIX anmnapartoB. Pemenue 3aga4 o
JY9UCTOMY M KOHBEKTHBHOMY TEIIJIOOOMEHY B TPyOJaThIX
neuax. TermnoBoi 0agaHC TEIIOOOMEHHHUKA.
TennonpoBOAHOCTH OAHOCIOMHOW U MHOTOCTIONHON
I0cKoi cTeHOK. KoadduimeHTs! TeriooTauu mpu
TerI000MeHe 0e3 U3MEHEHUS arperaTHOTO COCTOSTHUS
teronocuteneid. Ko puuenTs! TemnooTnaun npu
TEIJI000MEeHe TTPU KOHACHCAIIMU ¥ UCTIApCHHH.
[Toctpoenne quarpamm Gpa3zoBOro paBHOBECHS HICATHHON
JBYXKOMIIOHCHTHOM CMECH.

MaccooOMeHHbIe Po1ecChl U

annaparsbl

5.1

2.4

2.3

Macconepenaua

Crnioco0OnI BeIpakeHHS cocTaBa ¢a3. MaTepuanbHbIiA
0anaHc MacCOOOMEHHBIX IPOIIECCOB.

Pasznenenue HEOAHOPOAHBIX CUCTEM

TpancnopTupoBanue
KHUJIKOCTEH U ra3oB

I'mpponunamrika

Omnpenenenue conpoTuBiieHUs B TpydbonpoBoaax. Pacuer
MOIIHOCTH MOPIIHEBBIX M HEHTPOOEKHBIX HACOCOB.
Pacder OCHOBHBIX TapamMeTpoOB B HACOCAX.

Pemenne 3a1a4 Ha OCHOBHBIE 3aKOHBI THAPOJUHAMHKH.

5.2

2.1

2.2

OcHoBBI pacyera
MacCOOOMEHHBIX aIlapaTroB

Cpenusis IBHXKYIIas CHJIa MaCCOOOMEHHBIX IPOLIECCOB, €€
OIIpEeIETICHUE, METO/IbI PacueTa MacCOOOMEHHBIX
anmapaToB. MarepuanbHblii OaaHc nporecca abcoponuy,
pacuer HacaJl0uHbIX U Tapeab4yaThiXx abcopOepoB.
MarepuanbpHbIil 1 TEIUIOBOI OanaHc mporecca
peKTI/I(bI/IKaIII/II/I, PacUCT 4KuCiia TapCJIOK U BBICOTHI HACAIKH
KOJIOHHBIX amnmaparoB. PacueT MUHHMMaNbHOTO U
IeHCTBUTENBLHOTO (priermoBoro uucna. OnpeneneHue
YHCIIa TApEJIOK M0 KHHETHYECKOH KpuBOi. MarepuanbHbIi
U TEIUIOBOI1 OalaHe mporiecca CyIIKH, AuarpaMma
Pam3una. Pacuer npouecca SKCTpakIMK B CHCTEME
KHUIKOCTb-)KMJIKOCTh B KOJIOHHBIX aIlliaparax.

FHI[pOMexaHI/[‘-leCKI/Ie MPpOUECCHI U alInapaTbl

OCHOBBI TUPABIUKH

I'mppocratuka

O3HakoOMJICHUE C Pa3JIMYHBIMU CUCTEMAMU EIUHUIL
n3MepeHus: GU3NYeCKuX BeTU4HH. BeipaxeHue
KOHIEHTPALHU CMECEN B Pa3JIMYHbIX €IMHUIIAX
n3mepeHus. CBOMCTBA KUIKOCTHU: MIIOTHOCTb,
CKUMAEMOCTh, PaCIIUPEHHUE.

Pemenue 3aga4 Ha OCHOBHBIE 3aKOHBI THIPOCTATHUKHU.

5. YueOHO-MeTOANYeCKOe o0ecnedeHne I CAMOCTOSITeIbHOI padoThl 00y4arOIIMXCs 110
AUCHHILINHE (MOIYJIIO)

ITepeueHp TEM, pEKOMEHIYEMBIX JUUIsl CAMOCTOSATEIBHOTO U3yUEHUS:

Paznen 1. OcHOBHBIE 3aKOHOMEPHOCTH IPOLIECCOB W OOIIME MPHUHIMIIBI pacyera ammnapaToB
XUMHYECKON TEXHOJIOTUU
OCHOBHbBIE TEOPETUYECKHE U SKCIIEPUMEHTAJIbHBIE METOJAbl HCCIEIOBAaHUN THUIOBBIX
XUMHUKO-TEXHOJIOTUYECKHUX IIPOLIECCOB U allapaToB

Paznen 2. 'mapomexaHnyecKue mpoIecchl U anmaparthbl

[IpakTnueckoe NpUMEHEHNE 3aKOHOB THPOCTaTHKH.

[ToHsiTHE YCIIOBHOTO TMaMETpa U YCIOBHOT'O 1aBJICHUS.

I'mnpaBnuueckre ¥ MHEBMATUYECKUE UCTIBITAHUS COCYJIOB U aIlllapaToB.

1.

2.
3.
4.
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S. OcCHOBHBIE KOHCTPYKIIMM HACOCOB U KOMIIPECCOPHBIX MAIINH.
Paznen 3. Paznenenne HEOAHOPOIHBIX CUCTEM

6. KoHcTpykuuu razopacnpenenurenbHblx pemerok anmnapatos KC.

7. Mokpast 0O4rCTKa T'a30B.

8. Anmnaparsl 111 MOKPOH OYMCTKH I'a30B.

Paznen 4. TermooOMeHHBIE TTPOLIECCH M anmapaThl

9. OnbITHBIE JAHHBIE MO TEIJIONEepeaye.

10. [Tepenava TeMIOTH TEMIOMPOBOIHOCTHIO.

11. KonBekTHBHBIN NIEPEHOC.

12. [IpombInIeHHBIE CIIOCOOBI TMOABOJA W OTBOJA TEIUIOTHI B alllaparax XUMHYECKOMN
TEXHOJIOTHH.

13. KpurepuanbHbie ypaBHEHHUS IS TEIUIOBBIX MPOIECCOB C U3MEHEHHEM M 0€3 M3MECHCHHS
arperaTHOroO COCTOSIHUSI BEIIECTBA.

14, HecrannonapHsliii TemiooOMeH.

Paznen 5. MaccooOMeHHBIE TIPOLIECCHI U aNapaThl

15. JKunkocTHast SKCTPAKITHSI.

16. PactBopeHue B cucreMe )KUIKOCTb-TBEPIOE

17. AOGcopOrus.

18. HonHbIi 00MEH.

19. Amnmaparypa AJis SKCTPAKIIUU B CUCTEME KUJIKOCTh-KHJIKOCTb.

20.  MeMOpaHHBIE IPOLIECCHI PA3/IEICHUSI.
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