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1. BBEJJEHUE

[Iporpamma BCTYNUTEIBHBIX HWCIBITAHWM MpeJHa3HAYeHA i JIMI],
xenaromux noctynute B Maructparypy PI'bOY BO «PXTY wum. AU
MenneneeBa» 1o HampaBiieHuto mnoarotoku 18.04.02 — Duepro- wu
pecypcocoOeperaronye Mporecchl B XUMUYECKON TEXHOJOTUU, HEPTECXUMHH U
OMOTEXHOJIOTMH 10 Maructepckod mporpamMme «COBpPEMEHHBIE MPOIIECCHI,
arnrmapatbl ¥ TEXHOJOTMU XUMUYECKUX MPOU3BOJICTBY.

[Iporpamma paszpabotana B cooTBercTBUM ¢ [lopsiakom opranuzanuu u
OCYIIECTBJICHUSI  00pa30BaTENIbHOM  JACATENBHOCTH IO  00pa3oBaTeIbHBIM
porpaMmam BbICIIEro oOpa3oBaHUs — MporpamMmaM OakajlaBpuara, MporpaMMam
crnenuainTeTa,  MporpaMmMaM  Marucrparypbl  (yTBepXkKJeHa  IMPUKA30M
MunucrepcTBa oopazoBanus u Hayku PD ot 5 ampesnst 2017 1. Ne 301).

[Iporpamma  pekoMeHIyeTcss Il TMOATOTOBKA K  BCTYNHUTEIbHBIM
UCIIBITAHUSIM  BBIMTYCKHUKOB 0OakajaBpuaTa WM CHElUaIuTeTa KJIACCHYECKUX
YHUBEPCUTETOB, TEXHUUYECKUX M TEXHOJOTUYECKHMX BY30B, B OCHOBHBIX
00pa3oBaTENIbHBIX MPOTpaMMax MOATOTOBKU KOTOPBIX COAEPKATCS TUCIUILUIMHBI
(Momynu), paboure TpOTrpaMMbl KOTOPHIX AHAJIOTHYHBI MO HAMMEHOBAHUIO U
OCHOBHOMY COJIEpAHUIO padOUMM MporpaMMaM MEPEUUCICHHBIX HUXKE YUEeOHBIX
JUCUUIUIMH M0 YPOBHIO OakanaBpHara.

Conepkanue MNporpaMMbl  0a3upyeTcs Ha  CICAYIOMMX  Y4eOHBIX
IUCHUITIMHAX, penogaBaemMbix B PXTY um. /.M. Menneneena:

1. «IIporecchl u anmapaTbl XAMUYECKON TEXHOJIOTUNY», KOTOpasi OTHOCUTCS K
06a30Boil wactu Onoka «JlucruruHbl (MOMYJHM)» OCHOBHOM 0Opa3oBaTeIbHOM
IporpaMmbl  MOATOTOBKM  0OakajaBpOB IO  HaMpaBlICHUIO «JHEPro- W
pecypcocOeperaroniye Mnporecchl B XUMHUYECKOW TEXHOJOTHMH, HEPTEeXUMUU U
ouorexHonorun» ((peaepanbHblil TOCYJapCTBEHHBIN 00pa30BaTENbHBIA CTAHIAPT
BhIciiero oopazoBanus (OI'OC BO));

2. «O0mas XxuMHAYecKasi TEXHOJIOTHs», KOTOpasi OTHOCHUTCS K 0a30BOM 4acTH
onoka «JlucuumiaumHel (MOAYJIM)» OCHOBHOW 00pa3oBaTeIbHOM MPOrpamMMbI
MOATOTOBKM OakaJlaBpoB MO HampaBleHUIO «DHEpPro- M pecypcocOeperaroniue
MpOLIECChl B XUMHUYECKOW TEXHOJIOTUH, HePpTexumuu u ouorexHomgorun» (OI'OC
BO);

3. «MognenupoBaHle SHEPro- M pecypcocOeperarommx MpoIeccoB B
XUMHUYECKON TEXHOJIOTUH, HePTEeXUMUU U OUOTEXHOJOTHUW», OTHOCSIIEHCS K
0a30Boil wactu Onoka «JlucrurumMHbl (MOMYJH)» OCHOBHOW 0Opa30oBaTeIbHOM
MporpaMMbl  MOATOTOBKM  0akajJaBpoOB TIO0  HaMpaBlIEHUIO «JHEPro- W
pecypcocOeperaroniye Mnporecchl B XUMUYECKOW TEXHOJOTUH, HEPTEeXUMUU U
ouorexuonorum» (OPI'OC BO);

4. «Metoapl KUOEPHETUKHA XUMHUKO-TEXHOJIOTHIECKUX MTPOIIECCOBY, KOTOPast
OTHOCUTCA K BapUaTUBHOW dYacTu OJioka «J{MCIMIUIMHBI (MOYSN)» OCHOBHOM
o0Opa3oBaTeIbHON MPOrpaMMBbl MOATOTOBKH OaKaJaBpOB 10 HAIIPABIEHUIO « DHEPTO-
U pecypcocoOeperaroime mnporecchl B XUMUYECKONM TEXHOJIOTMH, HEPTEXUMUU U
ouotexnosoruny (GPI'OC BO);

5. «OCHOBEHI KI/I6€pHCTI/IKI/I N CUCTCMHOI'O aHaJIM3a XUMHKO-TCXHOJOTHYCCKHUX
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MIPOIIECCOBY, OTHOCSIIEHCS K BAPUATUBHON YacTH OJ10Ka «J[MCIMIITMHBI (MOTYITN )
OCHOBHOM  00pa3oBaTeIbHOW  MPOrpaMMbl  TOJATOTOBKM  OakamdaBpoB IO
HampaBJIeHUI0 «JHEPro- M pecypcocOeperaronme Mpouecchl B XMUMHYECKOU
TeXHOJIOTUU, HeTexumuu u ouorexHosorun» (GI'OC BO);

6. «MudopManMOHHBIE CHCTEMBl XpaHCHHS HM OOpaOOTKH JTaHHBIX,
OTHOCAIIEHCS K BapuaTUBHOM 4YacTu OJioKa «JucuMIuiMHbl (MOAYJIN)» OCHOBHOM
o0Opa3oBaTeIbHON MPOrPaMMBbI MMOJATOTOBKH OaKaJaBpOB 10 HAIIPaBICHUIO « DHEPTO-
U pecypcocoOeperaroiue Mnporecchl B XUMUYECKONM TEXHOJIOTHH, HEPTEXUMUU U
ouotexnogorum» (PI'OC BO);

[IporpaMMa BKIIIOUYAET MEpeuyeHb BOMPOCOB K BCTYMHUTEIbHBIM HCIBITAHUSIM
U IIEpEYEHb PEKOMEHYEMOW OCHOBHOU U TONIOJIHUTEIBHOU JINTEPATYPHI.

BerynurensHpie UCTIBITAHUSI TPOBOAATCA B (OpME YCTHOTO SK3aMEHa II0
HK3aMEHAIMOHHBIM OWJieTaM, KaXKJIbIi W3 KOTOPBIX BKJIOYAET JBa 3aJaHUS U3
CJIEIYIONTUX JIBYX TUCIMIUIMHAPHBIX OJIOKOB:

brmox 1. Ilpomecchl M anmaparbl XUMHUYECKONW TEXHOJOTHM, W OOIIas
XUMHUYECKasi TEXHOJIOTHUA.

bnokx 2. MoaenupoBaHue 3HEPro- U pecypcocOeperaroumx MpoLeccoB B
XMUMHYECKOIN TEXHOJIOTUH, HEPTEXUMUHN U OMOTEXHOIOTHH.

2. COJJEPXKAHUE MMPOT'PAMMBI BCTYIIUTEJIbHBIX UCITBITAHUM

2.1 Baok 1. Ilpouecchl 1 annapaTbl XMMHYECKOH TEXHOJIOT UM, U 0011AsI
XMMHYeCKasi TEXHOJIOTrusl
2.1.1 lpouecchl U aNNAPATHI XUMUYECKOH TEXHOJIOTHHI

Pa3znen 1. O0uue 3aK0OHOMEPHOCTH THAPOINHAMUKH

CBoiicTBa  KHIOKOCTEM. 3aKkOH  BHYTpPEHHero TpeHus  HprooToHa.
JluHaMuyeckuid M1 KUHEeMaTH4ecKui Koa(puuueHtsl Bsa3kocTH. Knaccudukanms
JKUIKOCTEM.

PexxuMbl IBHXKEHUS KUAKOCTEN. XapaKTEPUCTUKUA TEUCHUS KUJKOCTEU IO
TpybonpoBoaam. [Ipodunu ckopocTei pu pa3HbIX pexkuMax. MoJiens CIUIONIHON
cpenbl. OCHOBHBIE THIPOJMHAMHYECKHE BEJIIMYMHBI. YPaBHEHUE HEPA3PBIBHOCTH.
VYpaBuenue Ditniepa u HaBbe-Crokca.

Tedenue >XuAKOCTEH 1Mo TpyOam u kaHaiam. [lmeHoyHoe TeueHue.
Koaddumuentsr Tpenus. I'napapnnueckie MamiHbl.

OcHOBHBIE napamMeTphl paboThI TUAPABINYECKHUX MalIuH:
IPOU3BOJUTEIBHOCTD, HAIOP, MOUIHOCTh, KIJ. DHEPreTUUYECKUN CMBICI HAropa
Hacoca. BeicoTa BcacklBaHUs Hacoca. SIBIIeHNE KaBUTAIIMU U €TI0 MIPENOTBPAICHUE.

Pa3nes 2. TunoBble MOAe/ U CTPYKTYPbI HOTOKOB B ANNapaTax HelpepbIBHOIO
aencTBus

Mopnens uneanbHOrO cMmeuleHus. BeiBon nuddepeHimanbHOro ypaBHEHHUS
Mozenu. Mojenb uAealbHOrO BbITECHEHMs. BbiBoa — auddepeHnnaibHoro
ypaBHeHuss Mozaenu. llepenatounas ¢yHkuus mozaenu. CpaBHMTENbHAs OLIEHKA

3



UIeaIbHBIX MOJICIIEH.

Slueeynas monens. BBIBOJI ypaBHEHHMsI NPENEIBHOTO NEPEX0Ja K MOJEIU
UJICATBHOTO BHITECHEHUS.

Huddysuonnas wmoaens. KomOuHHMpoBaHHBIE (MHOTONapaMeTpUYeCKue
moaenu). baitnacuposanue. [locnenoBarenbHoe U apaJICIbHOE BKIIOUEHHE TUEEK
UJCAIBHOTO CMEIIICHUS U BHITECHEHUS.

Pa3nen 3. l'uapoMexannyeckue mpouecchbl

Krnaccudukarus sXuIKUX U ra30BBIX TETEPOTCHHBIX CHUCTEM: CYCIICH3MH,
OMYJIbCHH, TICHBI, BUIH, TYMaHbl. MaTepuaabHbIA 0agaHC MPOIECCOB Pa3ACICHUS
TE€TEPOrE€HHBIX CHCTEM.

Bremnss 3agava rugpoanHaMuku. O0Tekanue TBepAbIX Tel. TedeHue yepes
HETIOJABUKHBIC 3€PHUCTBIC CJIOMU.

['uaponuHaMuiKka  TICEBAOOXKMIKEHHBIX  (KUMAIMX) ciaoeB. OCHOBHBIE

XapaKTEPUCTUKHA TICEBAOOKMKEHHOTO CJIOSl. 3aBUCUMOCTH IMOTEPU HABIICHUS OT
CpEIHEN CKOPOCTH MTOTOKA.
[Iponiecchl oTCTanBaHus MOJA JNEHCTBHEM CHIIBI TSKECTH. PacdeTr MmoBEpXHOCTH
OCaXJICHMUSI. Y CTpOUCTBO HEIIPEPHIBHO JICCTBYIOIIETO OTCTOMHMKA.
OunpTpoBanue cycneHsuil. OcHOBHOe ypaBHeHHE (GUIbBTpOBaHMS. Bumisl
(bUIBTPOBATILHBIX  TTeperopo oK. DOUIBTpEl 00BEMHOTO M  IMOBEPXHOCTHOIO
JICHCTBUSL.

Pa3nen 4. TepmoaguHaMuvecKne Npouecchbl

Cucrema M COCTOSTHUE CUCTEMBI. YpaBHEHHUsS! cOCTOsHUs. DHeprud. Pabora.
Temora. HyneBo# u iepBbIii 3aKOHBI TEPMOAMHAMUKH. PaBHOBECHBIE 1 00paTUMBIE
npoiieccel. Bropoii u TpeTuid 3aKOHbI TEPMOJAMHAMUKHU. DKCEPTHSL.

OCHOBHBIE TEIUIOBBIE NPOLECCHI: HAarpEBAHUE-OXJIAKIECHUE, KOHICHCAIUs,
ucnapeHue. TersoBble OanaHChl MPU HM3MEHEHUWHW W 0e3 M3MEHeHWi (Ha30BOTO
COCTOSIHUS TeIUIOHOcuTener. [IpsIMOTOK M MPOTUBOTOK TEIIOHOCUTENER. Pacuer
CpellHEel IBHXKYILEH CHIIBI ITpoliecca Terutonepenadn. CpeaHss ABUKYINas CUila Ipy
IPSIMOTOKE U IPOTUBOTOKE TEIUIOHOCUTEIIEH.

TennonpoBOIHOCTh, KOHBEKTUBHBIN TEMJIOOOMEH, TEMJIOBOE H3ITyUYEHUE.
3axoH dypse u ypaBHenue Oypre-Kupxroda.

TennooTaaua u Teruionepenada. MatemaTuueckoe onucanue, Gu3nuecKuil
cMbICT KO3 (UIMEHTOB, TEMOEpaTypHbld  TpaaueHT. [IBmwxymas cuia.
KoadduimenTsl TemiooTnaun U ux pacueT NMpu JBHKEHUM B TpyOax M KaHallax.
BrusiHue THIPOIMHAMUYECKOTO PEeXUMA TEUSHHSI TEMJIOHOCUTENS Ha KOO PUITUEHT
TErI00TAauM. PacueT TemnooOMeHHbIX anmnapaTos.

Paznen 5. MaccooOMeHHBIE POLECCHI

Knaccuduxkarus nporeccoB maccoooMena. CriocoObl BRIpaXKEHHSI COCTABOB
¢a3. PaBHOBecHbIC ycnmoBus MaccooOMeHa. Juddysus, 3akon duka. YpaBHEHUS
HEPa3pbIBHOCTH, KOHBEKTUBHOW auddys3uu. [Buwxymme cunbl. [loHstHe o
mMaccootnaye U Macconepenade. CooOTHoOIIeHHE MexAy KodhdUIMeHTaMH

MaccoOT/Iauu U Maccomnepenadu. PacueT cpeaneii ABMKYIIEH CHIIBI MaccoIiepeiayun.
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MartepuanbHblii OajmaHc U ypaBHeHHE paOouel JIMHUMU MpU Maccomepenade (Ha
npumepe abcopOrun). Tumbl aOCOpPOIMOHHBIX anmapaToB M WX MaTeMaTHYECKOe
onucanue. MUHUMasbHBIN pacxo] abcopOeHTa.

Pacyer BBICOTBI MacCOOOMEHHBIX allapaToB Ha OCHOBE IOHSTHS
TEOPETUUECKOM CTyIEeHU pa3naencHus. [loHsTHe uncna equHuL IepeHoca U BBICOTHI
€IMHULIBI TepeHoca. PektuduxanuoHHple anmapatel W ux Tumbl. CpaBHEHHE
IPOLIECCOB IMPOCTON MEPEroHKH U pekTUuKauuu. Pacder pexkTUPUKaMOHHBIX
anmnaparos.

2.1.2 O01mas xXuMu4ecKas TeXHOJIOTUsl

Pasznen 1. XumMuueckuii mpouecc

Knaccudukaiuys XUMHUYECKUX TIPOLECCOB MO XHUMHUYECKHMM U  (Pa30BbIM
npusHakam. HMepapxudeckass CTpyKTypa XuMHYecKoro npouecca. Crpykrypa
MaTeMaTU4ECKOM MOJEIN XUMUYECKOI0 IpoLecca.

['OMOreHHbIli XUMUYECKUA MPOLECC. 3ABUCUMOCTH CKOPOCTH IPEBPAILICHUS
ChIPbSl OT KOHLICHTPALIMHM, CTEIIEHW NPEBPALICHUS U TeMIEpaTypbl IS MPOCTBIX
o0OpaTUMBIX M HEOOpAaTUMBIX peakluil. AHAIUTHYECKOE U TpapuuecKoe
M300paKeHHEe ATUX 3aBUCUMOCTE. (OCHOBHBIE [OKAa3aTeJIHM T'OMOI'€HHOTO
XUMHAYECKOTO TIpollecca CO CIOKHOW pPEaKIUEN: CTENEeHb IPEBPAILCHHUS,
CEJIEKTUBHOCTD, BBIXOJ ILIEJIEBOTO NPOAYKTA. BiusHME HAa OCHOBHBIE IOKA3aTENIH
KOHIICHTPALMH, IOPSI/IKA PEAKIIMU U TEMIIEPATYPBI.

[lonarne onTuUManbHBIX TemmepaTyp. OnNTUMalbHbIE TEeMHOEPaTypbl IS
00paTUMBIX U HEOOPATUMBIX IK30- U IHAOTEPMHUUYECKUX PEAKITHI.

['eTeporeHHbIit XUMUYECKUM TIpoLiecC «ra3 ((KUIKOCTh) - TBepoe». Mojenb
«cxkuMaronasicss  chepa» U MOJENb  «CxkuMawmeecs  anpo». Cxema
MaTeMaTUYECKOe ONMMCAaHUE MPOIECCOB B 00enx moaensax. s odenx moaeneit —
Ha0nogaemMasi CKOpoCTb, BPEMs MOJIHOTO MPEBpALEHUs, TUMUTUPYIOILIAs CTaus,
CIOCOOBI HHTEHCU(PUKALIMH.

['eTeporeHHbIi XUMUYECKUMH Tpolecc «ra3 (KHAKOCTb) - KUAKOCTHY.
CTpykTypa M MaTeMaTHYe€CKOE OTMHCAHHE IMpoIecca ¢ MEIJICHHOW M OBICTPOid
peakuueil. PexxuMel npouiecca, HabmogaeMast CKOpOCTh, MyTH HHTEHCU(UKALIUY.

Karanutnaeckuit xuMudeckuil mpouecc. I'ereporeHHbpIid KaTajin3 Ha TBEPAOM
karanu3atope. OOOCHOBaHUE, IOCTPOCHUE M aHAIIU3 MaTeMaTHUYECKOM MOJIEIH Ha
KaTaJUTUYECKON MOBEPXHOCTU U B MOPUCTOM 3€pHE KaTanuzaropa. Habmromaemast
CKOPOCTh TpEBpalleHuss U 00JacTH NpoTekaHus mnpouecca. OmnpeaeneHue
OO0JICHIITETHOBCKUX U HEOOJCHIITEHHOBCKUX BEIIECTB. PacueT ux KOHIEHTpaIUi
JUIS. Pa3IMYHOTO BpPEMEHM NPOTEKaHHus peakunu. CTEneHb HMCIOJIb30BAHMS
BHYTpEHHEU nmoBepxHocTu. [TyTh nHTeHCHPUKaUK KaTATUTUYECKUX TTPOLIECCOB.

Pasznen 2. Teopernueckue 0CHOBbI XUMHUYECKHUX MPOLIECCOB H PEAKTOPOB
CrexuoMeTpuuecKkue 3aKOHOMEPHOCTU. CTEXMOMETPUUECKUE YpaBHEHUS,
CTEXHOMETPUIECKUE KOI(DPUITUEHTHI, pacueT KOJIMIECTBA PEarupyIONINX BEIIECTB.
[Ipocras u cnoxnas peakuua. ba3ucHas cucrtema JIMHEMHO HE3aBUCHUMBIX
YPAaBHEHHM XUMHUUYECKHX peakluui. PacdeT OCHOBHBIX IMOKa3aTeled — CTENECHb
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IIPEBPAILEHHUS], CENIEKTUBHOCTD, BBIXOJI ITPONYKTA.
TepmonnHaMHu4eCKre 3aKOHOMEPHOCTH. KoncranTa paBHOBECHUS,

PaBHOBECHAs CTENEHb IIPEBPALLEHNUS, UX 3aBUCUMOCTD OT TEMIIEPATYPBI IJIs 9K30- U

SHAOTEPMUYECKUX peakiuii. CrocoObl yIipaBieHNs PaBHOBECHEM.

Kunernueckue 3akoHOMEpHOCTH. CKOpPOCTb pEakUMH U CKOPOCTh
IpEeBpalleHNs] BEIIECTBA JUIsI HPOCTOM M CIoXKHOM peakuuu. HaOmogaemast
CKOpPOCTh  mpeBpamieHusd. KuHeTnueckoe ypaBHEHHE, TOPSAIOK  pEaKIUH,
KHHeTH4eckas kpupas. Cxema MpeBpallieHus U ee OTIMYUe OT 0a3UCHOM CUCTEMBI
JIMHEWHO HE3aBUCUMBIX YPABHEHUN XUMHUUYECKUX PEAKIIUMN.

Pasznen 3. XumMnueckue peakTopbl

Knaccudukanusa XumMudeckux peakTopoB. DYHKIIMOHAIBHBIE 3JIEMEHTHI
peakropa. OOmuUNA BUA MaTeMaTHYECKOM MOJIETH XUMHYECKOTO IIpolecca B
peakTope.

XUMHUYECKHE PEAKTOPBI — UJCATIBHOTO BBITECHEHUS, UJICAUIBHOTO CMEIICHUS
HETNPEPBHIBHOTO JICUCTBUS, HACATBHOTO CMEIICHUS MEPUOJAUYECKOrO JAEHCTBUA.
MaremaTn4ecKkoe ONMCaHNE H30TEPMUYECKOTO U HEM30TEPMHAYECKOT0 IIPoLiecca B
peakTopax Bcex TUNOB. CpaBHEHUE UX MEKY COOOM.

Kackajg peakTopoB ujeanbHOro CMEIIeHHs. AHATUTHYECKUHN U TpaduuecKkuit
METO/IbI pacyera KacKaza.

SlBieHue  TEIUIOBOM  YCTOMYMBOCTM B XMMHMYECKOM  PEAKTOpE.
Heonno3HauHOCTh cTalmoHapHBIX pexUMOB. CrocoObl YNpaBICHUS TEIJIOBBIM
PEKUMOM.

Pa3znen 4. XumMuveckoe Npou3BOACTBO KAK XUMHKO-TEXHOJIOTHYECKAs CHCTEMA
(XTCO)

Onementl XTC, TUOBI TEXHOJIOTMYECKUX CBsI3ed, (PYHKIMOHAJIbHbBIE
noacucteMbl. OcHoBHbie cBoiictBa XTC, cocrosaue XTC (HaaEXKHOCTD,
0€301macHOCTh, YCTOWYNUBOCTD, 3 (HEKTUBHOCTH).

Ananu3 XTC. Pacuer XTC — marepuanbHbie U TEIIOBBIE OamaHChl. DOpMbI
MpeACcTaBIeHUs 0aJaHCOB.

Cunte3 XTC. OnrtumanbHOE COEIMHEHUE XUMHUYECKUX PEAKTOPOB
pasiM4yHOro Tumna. Maremarnueckue U sBpuctudeckue metoasl cuaTeza XTC.

Konnenmuu sHepro- u pecypcocoepexenus rnpu cunrese X1TC:

— MOJIHOE UCTIOJIb30BaHKE ChIPHEBBIX PECYPCOB;

— MUHUMHU3AIHUS OTXO/IOB;

— MOJIHOE MCMOJIb30BAHUE SHEPTETUUECKUX PECYPCOB;

— ONTUMAJIBHOE UCIIOJIb30BaHUE 000PYI0BAHMUS.

XapakTepucTuka  MOPUEMOB  JUIsl  peaiu3allud  dTUX  KOHIICTIIUH.
D¢ (HeKTUBHOCTH MCIOIB30BAaHUS MaTepUaIbHBIX pecypcoB. [IpuHIUNBI co3qaHus
0€30TXO0IHBIX, SHEPTO-H PeCypcocOeperaroIux TEXHOIOTUH.

Kimaccupukanus wmeromoB  ontumuszanuu  XTC. OCHOBHBIC — ATaIlbl
ontumu3anuu XTC. OO0mmii anamu3 3amadu ontuMusarmu. OOmmas MeToauKa
ONTUMHU3ALMOHHBIX  mpoueayp. OmnpeneneHue  KpuTepuss  ONTUMU3ALNM.
HeoOxonumbie v 1OCTaTOYHBIE YCIOBUS ONTUMAIBHOCTH PEILICHHUS.
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2.2 baok 2. MojaenpoBaHue JHEPro- u pecypcocéeperammmux NpoueccoB B
XUMHUYECKOH TEXHOJI0TUH, He(pTeXUMUHN U OMOTEXHOJIOTHH

2.2.1 MopaeJupoBaHue YHEPro- U pecypcocoeperarouux
MpPoLEeccOB B XUMHYECKOH T€XHOJIOTHH, He)TeXUMHUH U OMOTEXHOJIOTHH

Pa3gen 1. MaremaTu4eckue MoaeIu

OmnpeneneHue. B3auMOCBs3b MaTeMaTHUYECKUX M (U3HMYECKUX MOJEICH.
[TpuOIKeHHBIN XapaKkTep MaTeMaTHIYeCKUX MOeIIeh. JlonmyImeHus], MpuHUMaeMbIC
IIpY MOCTPOCHHHM MaTeMaTHYecKor Mojenu. Kiraccmdpukamus MareMaTHYeCKUX
MoOJIeNIeN 110 BPEMCHHOMY (cTanoHapHbIE, HeCTallMOHAPHBIC,
KBa3MHECTAIIMOHAPHBIE  MOJEIM) W  IMPOCTPAHCTBEHHOMY  TpH3HAKy  (C
COCPEIOTOUYCHHBIMH TTapaMeTpaMu, ¢ PACTIPECICHHBIMU TTapaMeTPaMH, TICCTHBIC
MOJICTIN ).

Pasnen 2. IlpuHUMOBI MOCTPOEHHSI MATEMAaTHYECKHX MojAeJeil M ITamnbl
MAaTEMaTHYeCKOTr0 MOJAeJIUPOBAHMS

[IpencraBienrie MaTeMaTUYECKOTO OIMUCAHUS B COOTBETCTBUE C OJIOYHBIM
npuHuunoM. OCHOBHbIE OJIOKM, COCTAaBIISIONIME OINKUCAHUE TMpolecca M UX
B3aUMOCBS3b. OTpakeHre MPUHITUIIOB CUCTEMHOI'O aHaIN3a B OJIOYHOM MOJIXO0JIE K
MMOCTPOCHUIO MATEMATUYECKUX MOJICIICH.

VYpaBHEHMS, OTpaKaloOIMe OCHOBHBIE 3aKOHBI COXPaHEHHSI MACChl, SHEPTUH,
UMITYJIbCa, TIEPEHOCA, YCIOBUS paBHOBECHs, orpanndcHus. Juddepernuaipaas u
WHTETpaJIbHAs  3allUCh  3aKOHOB  coxpaHeHus. [IpumeHeHue  TeopeMbl
Octporpanckoro-I'aycca nisi BeiBoga aud@epeHnmranbHoi  GOpMbl  3aKOHOB
coxpaHeHus. [locTaHOBKa HaYaIIbHOTO ¥ TPAHUYHBIX YCIIOBUM.

N3ydeHue XUMHKO-TEXHOJOTMUECKUX MPOIIECCOB METOA0M
MaTeMaTH4YECKOr0 MOJAESINPOBAHUS. DTallbl MATEMATUYECKOTO MOJICTUPOBAHUSA

a) CocraBjieHME MAaTEeMaTUYECKOTO0 OMHCAHUS AHATUTHYECKUM CIIOCOOOM,
AMIIUPUYECKUM CIIOCOOOM, AHATUTUKO-IMITUPUYECKUM CITOCOOOM.

0) BriOop Metona pemieHus. AHAIUTHYECKHUE W YHUCJICHHBIE METOIBI.
M cTOYHMKM BO3HMKHOBEHUS MOTPEIIHOCTEN. AHAIN3 CXOJUMOCTH UTEPAMOHHBIX
MeTof0B. Peanuzaius BBIOpAHHOTO METOJA pEIICHHUs] B BHUJIE aJITOPUTMA.
PazpaboTka mporpaMMbl pacyeTa 1o ajiropuTMy.

B) YcCTaHOBIEHHE aJeKBATHOCTH MOJETH MO 00BeKTy. CTaTUCTHYECKHE
TUIIOTE3bl M TMPOBEPKA THUIIOTE€3 IO CTAaTUCTUYECKUM KpuTepusM. Kputepuu
YCTAHOBJICHHS aICKBATHOCTU OJIHOOTKJIMKOBBIX U MHOTOOTKJIUKOBBIX MOJIENEH.

r) Koppekuus Mmoaenu mo pe3ysibraraM HaKOTUICHHON WH(OpMAaIUu.

[Tpumepsl.

Pasnen 3. 3agaum ynpaB/jieHusi XHMHUKO-TEXHOJIOTHYECKMMHM MPOLECCAMH
IlocTaHOBKa 3amaunM yHpaBiICHUS XUMHUKO-TEXHOJIOTMYECKHUM IIPOLIECCOM.
Knaccudukanus cucrem ympaBiaenuss XTII. Ilonarue perymupyemoit
MIEPEMEHHOM, YOPABJSAIOMEr0 W BO3MyLIArOUIEro BozuencTBus. Cucrema
aBromaTudeckoro peryiupoanus (CAP).
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Otanbl aHann3a u cuate3a CAP.
3a7auy ONTUMHU3AIUHA U METOJIbI UX PEIICHUS:

a) ['eoMeTpruueckoe MpOrpaMMUPOBAHUE, BBIBOJI OOIIMX COOTHOIICHUM.
OO6m1as cxema perieHus 3a/1ad4 MeTOJ0M Fr€OMETPUUYECKOT0 MPOrpaMMUPOBAHMUSL.

0) Meron wuckyccTBeHHOro 0Oasuca. OnTumanbHas  OpraHU3alUs
IIPOM3BO/ICTBA MPOIYKIIMH IIPH OTPaHUYEHHBIX 3aI1acax ChIPhS.

B) Henunelinoe nmporpammupoBanue. OO1as xapakTepuCTHKa, MOCTAaHOBKA
3a/1a4¥ HEJIMHEHHOTO TMPOTrpaMMHUPOBaHUsA. METObl HYJIEBOTO TOPSAKA, METOIbI
NepBOro TOpsiiKa (METOJI KPYTOro BOCXOXACHHUS, 3(PGEeKT OBparoB), METObI
BTOpOro nopsiika (Mmerox Hetotona, meton Herorona-Padcona).

Pa3nen 4. HeiipoceTreBoe Moie/inpoBaHue

Onpenenenne ©  KiIaccUpUKAMS HEHPOCETEBBIX  MojeNeH.  DTarbl
pa3pabOTKH HEUpPOCETEeBBIX Mojenel. ANropuTMbl 00ydeHus. HeiipocereBbie
IIPOTPAMMHBIE ITAKETHI U IIPUMEPBI IPUMEHEHUS HCKYCCTBEHHBIX HEUPOHHBIX CETEH.

Pa3znen 5. CucTeMHBIH aHAJIU3 XUMHUYECKUX MPOU3BOICTB

Hepapxudeckre ypoBHU aHaIW3a U UCCIIEIOBAHUSA XUMUYECKUX IIPOLECCOB.
OcCHOBHBIE MTOJIXO/IbI K TOCTPOCHUIO MOJIENEH PEaKTOPOB U K PEIIECHUIO MPOOIEMbI
MOJIEIMPOBAHUS OJTHO- U MHOTO(a3HbIX XUMUYECKUX nporeccoB. Knaccudpukanus
MaTeMaTUYECKUX METOJ0B MOAEIMPOBAHUS IIPOMBIIUIEHHBIX IIPOLIECCOB.

Teopernyeckne OCHOBBI CHCTEMHOro aHayiu3a. OCHOBHBIE IOHATHSA O
IPUHLMANIAX CUCTEMHOIO AaHalIu3a XUMHUYECKUX IIpoueccoB. Maremarudeckue
METOJbl peleHns ypaBHEHMM wMognenend. CTpykTypHas U mapamMeTrpuyeckas
uaeHTU(UKAIIS MOJIETIEN.

Paszges 6. IlporpaMmmublie makersl JJfl MPOCKTHPOBAHUSA, MOJACTMPOBAHUSA U
pacyéTa XUMHMKO-TEXHOJIOTHYeCKUX MPOLECCOB H MPOU3BOJCTB

[TakeTer ASPEN kak npuMep KOMMEPUYECKUX MAKETOB ISl IPOECKTUPOBAHUSA
XUMHUKO- TEXHOJOTMYECKHX, (papMaleBTHUECKUX, HedpTenepepadaThIBaIOIINX
npou3BoacTB. CocraB nakeToB ASPEN. [IpoekTupoBaHue TEXHOIOTUYECKUX CXEM.
HYSYS — kak onun u3 makeroB ASPEN. Ilpumepsr 3amay mMopenupoBaHus u
MIPOEKTUPOBAHMS XUMHUKO-TEXHOJIOTMUYECKUX ITPOLIECCOB U CXEM.

[Tporpammusiii  kommiekc CHEMCAD nnst monenupoBaHusl W pacuera
TEXHOJIOTUYECKHUX CXEM.

[Takerst ANSYS miis pemieHus 3aaa4 MOACTUPOBAHUS TEUCHUSI )KUKOCTEH U
ra3zoB, MeX(}a3HbIX B3aUMOACHCTBUN U TETUIOOOMEHOM METOaMHU BEIYUCIUTEILHOMN
ruapoarnaaMukn. ANSYS Fluent — kak oguH u3 naketoB ANSYS. Pemenus
ANSYS nmns mexanuku aedopmupyemoro tBepaoro tena. ANSYS Mechanical —
Kak oauH U3 naketoB ANSYS.

Paspnen /. CoBpeMeHHBbIe IPO0JIEMBbI CO3JaAHNS IHEPro- U pecypcocOeperawmmx
NMPOMBIILJIEHHBIX MIPOIECCOB

OCHOBHBIE KPYMHOTOHHA)XKHBIE MPOMBIIIJICHHBIE MPOLECChl XUMHUYECKON U
HE(TEXUMUYECKON MPOMBIIUICHHOCTH. TEeHAEHIMH WX Pa3BUTHUSI U OCHOBHBIE
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HaIpaBJICHUS] UX WHTCHCU(PUKANA. XUMHUUYECKHE PEAKTOPBI, UX KOHCTPYKIIUHA U
pPEXHUMBI AKCIUTyaTanuyu. HOBbIE THUIIBI XUMHUYECKHX PEAKTOPOB, MEPCHEKTUBBI UX
UCIIOJIb30BAHUSl B PA3IUYHBIX OTPACIAX MPOMbBINUIIEHHOCTU. [Ipobiemsbl sHEepro-u
pecypcocOepexeHrss B XUMUYECKONH TEXHOJOTUU, HE(PTEXUMHUHU, OHMOTEXHOJIOTHUHU:
SHEPrOEMKOCTh CYIIECTBYIOIIUX TEXHOJOIMYECKUX IPOLIECCOB B XMMHYECKON H
He(TEeXUMUYECKON TEXHOJIOTHH, OMOTEXHOJIOTHH; yTH DHEPro-u
pecypcocOepekeHrs Ha Pa3IMYHbIX HePAPXHUUECKUX YPOBHSIX.

Bropuunsie suepropecypcel (BOP). Bo3oOHonsemass sHeprusi. Bumbl
BTOPUYHBIX 3HEPrOPECYpPCOB: TOTUIMBHBIE, TEILJIOBbIE, N30BITOYHOTO AABICHUS.

Pexkynepanun BTOpUYHBIX 3HepropecypcoB (BOP), koMruiekcHas yTunuzanus
TEIUIOTA.

NuTencudukanus padoThl XUMHUYECKUX PEAKTOPOB HA OCHOBE MPHHIIMIIOB
COBMEUICHUS XMMHUYECKHMX M TEIJIO- M MacCOOOMEHHBIX IMpOIECCOB, KaK B
PEaKTOPHOM Yy3JIe, TaK M B OTACIBHOM XUMHUYECKOM peakrope. IlepcrieKTuBHBIE
UCTOYHUKHU CBIPbSl M dHepruu. Kilactepuzanus XUMUYECKON MPOMBIIIJIEHHOCTH.
CoBMmenieHHsble npouecchl. [ mOkue u nepecTpanBaeMble TEXHOJIOTHUYECKHE CXEMBI.

3. Bonpochl K BCTYNHMTEJIbHBIM HCTIBITAHUSIM [0 MAarHCTEPCKOM MporpaMmme
«CoBpeMeHHbIE MPOIECChI, AMNMAPATHI U TEXHOJIOTHH XUMHYECKUX
MPOU3BOJACTB»

[lepedyeHp BOMPOCOB BCTYMHUTEIBHBIX WMCIBITAHUNA BKJIIOYACT BOMPOCHI IO
CIEIYIONUM YYeOHBIM KypcaM, OTHOCSIIUMCS K 0a30BOM M BapHMATHBHOM YaCTSIM
po(ecCHOHaTBHOTO MKIIA TUCIUILINH OCHOBHOM 00pa3oBaTeIbHOM MpPOrpaMMbl
MOJITOTOBKM 0OakajaBpOB IO HAIpaBICHUI0 «DHEPro- U pecypcocOeperarorme
IIPOLIECCHI B XUMUYECKOW TEXHOJOTUU, HEPTEXUMUHU U OMOTEXHOJIOTUNY» PO
«CoBpeMEeHHBIE MTPOIIECCHI, ANMapaThl K TEXHOJIOTUA XUMUYECKUX MPOU3BOJICTBY (B
COOTBETCTBUM ¢  (enepanbHbIMH TOCYIApCTBEHHBIMU  00pa3oBaTEIbHBIMU
cranaaptamu Boiciiero oopaszosanus (PI'OC BO)) o aym Gokam:

brmox 1. Ilpomeccsl u ammapartbl B XUMHYECKOW TEXHOJOTHUU, U OOIIas
XUMUYECKasT TEXHOJIOTHS.

brnokx 2. MoaenupoBaHue SHEPro- U pecypcocOeperaronmx MpoIEecCoB B
XUMUYECKON TEXHOIOTHUHU, HEPTEXUMHUH i OMOTEXHOIOTHU

Baok 1. DHepro- u pecypcocOeperawiinyue mnpouecchbl B XHUMHYECKOH
TE€XHOJIOTHH, HepTeXMMUM U OUOTEXHOJIOTHH

1.  TIpoGmiemsl s3HEPTO-U pecypcocOepeKeHUsI B XUMUUECKOW TEXHOJOTHH,
He(TexuMun, OMOTEXHOJIOTHHU: SHEPTOEMKOCTh CYIIECTBYIOIMMUX TEXHOJIOTHIECKUX
MIPOIIECCOB B XUMUYECKOM U HEYTEXUMHUIECKOU TEXHOJIOTUN, OMOTEXHOJOTUH; Ty TH
DHEPTO-U PEeCypCcOCOEPEKEHUS Ha PA3INYHBIX UEPAPXUICCKUX YPOBHSIX.

2.  Bropuunsie 3Hepropecypcsl (BOP). BozobHoBnsemas sneprusi. Bust
BTOPUYHBIX JHEPrOPECYpPCOB: TOIUIMBHBIC, TEIUIOBBIE, M30BITOYHOTO JdaBJICHUS.
Pexynepanuu BTOpUYHBIX 3HepropecypcoB (BOP), xommnekcHas yrumuzanus
TEIUIOTA.

3. OcHOBHbIE HaMPAaBIICHUS FHEPTO-U PECYPCOCOECPEHKEHUS B XUMUUECKOMN
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MPOMBITTUIEHHOCTH. D(P(GEKTUBHOCTh HMCIOJB30BAaHUS MaTEePUATBHBIX PECYPCOB.
[TpuHLMIBL cO3MaHMsT O€30TXOIHBIX, SJHEPTO-U PECYPCOCOEPETAIONINX TEXHOIOTHM.
4.  HWureHcudukanus pabOTbl XUMHUYECKHX pEAKTOPOB HA OCHOBE
MPUHIIMIIOB COBMEIIEHUSI XMMUYECKUX U TEIJIO- U MaCCOOOMEHHBIX MPOIIECCOB, KaK
B PEAKTOPHOM Y3J1€, TaK U B OTJAEIHLHOM XUMUYECKOM PEaKTOpE.
5.  XapakTepUCTUKU U PEKUMBI TCUEHHS KUIKOCTH IO TPYyOOMpPOBOIY.
[Ipodunu ckopocTeil pu pa3TUYHBIX PEKUMAX.

6. TemmooTmaua u  TerwionepeAada: MaTEMaTUYECKOE  OIUCAHUE,
busnueckuit cmbicn K03GOUIIMEHTOB, TEMIIEPATyPHBII TPaUeHT.

7. Pacuer cpenHen JBWKYILEU CUJIbI MaccoIepeIayH.
I'maponmHaMuyeckue pexrMbl B HACAIOYHBIX KOJIOHHAX.

8. CrexuomeTpuyeckue 3aKOHOMEPHOCTH XHMHUYECKHX IIPOIIECCOB.
CTexnoMeTpuuecKoe YpaBHEHHE, CTeXHOMETpHueckue KodpduuueHtrl. Pacuer
OCHOBHBIX ITOKa3aTeJEeN: CTENEHb IPEBPALIECHHUS], CEJIEKTUBHOCTD, BBIXOJI IIPOAYKTA.

9. TepmoauHaMHU4YeCKHE€ 3aKOHOMEPHOCTH XHMHYECKHUX IPOIIECCOB.
3aBUCUMOCTb KOHCTAHTBI PABHOBECHUS U PABHOBECHOM CTEIEHU NPEBPALLCHUS OT
TEMIIEPATYPhI IJISI IK30- U IHAOTEPMUUECKUX PEAKLIUM.

10. KwuHeTnyeckue 3aKOHOMEPHOCTH XUMHUYECKHX TporeccoB. [loHsTus
CKOPOCTH PEaKIMU U CKOPOCTH ITPEBPAILCHUS BEIIECTBA JJIsl IPOCTOU U CIIOKHOU
peakuuu. KuHeTnyeckoe ypaBHEHHE, OPSAIOK PEAKIIUN, KHHETUYECKAs] KpUBasl.

11. Peaktop wuaeanbHOrO BBITECHEHHsS. MarTeMaTHu4ecKoe OINKMCAHHUe
M30TEPMHUYECKOTO U HEM30TEPMUYECKOTO MPOLIECCOB B PEAKTOPE.

12. Peaktop  WIOEaNIBHOTO  CMEIICHUS  HETMPEPHIBHOTO  JICHUCTBUA.
MaremaTn4ecKkoe ONMCAHUE U30TEPMUYECKOTO U HEU30TEPMHUYECKOTO MPOLIECCOB B
peakTope.

13. VYpaBHeHHs, OTpakalollMe OCHOBHBIE 3aKOHBI COXPAHEHHsI MAacCHhl,
uMITysbca, dSHepruu. JuddepeHnuanbHas W UWHTErpajbHas 3alUCh 3aKOHOB
coxpaHeHus. [locTaHOBKa HaYaJIbHOTO ¥ TPAHUYHBIX YCIIOBUM.

14. SIBnaeHue TEIJIOBOM YCTOMYMBOCTH B XHMHYECKOM  PEaKTOpE.
HeoaHo3HauHOCTh CTanoOHApHBIX pexUMOB. CrocoObl yHpPABICHHS TEIUIOBBIM
PEKUMOM.

15. HecramnuonapHas, KBa3HWCTAallMOHApHAs W CTallMOHApHas o00JacTH
MPOTEKaHUsI XUMUYECKHX peaknuit. OmnpeneneHue OOMCHIITEHHOBCKUX H
HEOOJCHIITEHHOBCKUX BeEIIECTB. PacdeT MX KOHUEHTpalui Ui Pa3IM4dHOrO
BPEMEHU MPOTECKAHUS PEAKIUH.

Baok 2. CoBpemeHHbIE POLECCHI, ANMNAPATHI M TEXHOJOTMH XUMHYECKHX
NPOU3BOACTB

1. OcHOBHBIE KPYITHOTOHHAXHBIE IIPOMBILIIJICHHBIE IIPOLIECCHI
XUMUYECKON ¥ HEPTEXUMHUECKOW MPOMBINUIEHHOCTU. TeHACHIIMN X Pa3BUTUS U
OCHOBHbIE HAIIPaBJICHUS X UHTEHCU(PUKALIUU.

2. Tekymiee cOCTOSSHUE XUMHUYECKOW MPOMBILUIEHHOCTH B MHUpE U
TEHJICHUUU ee pas3BuTud. llepcrieKTUBHBIE HCTOYHUKHU ChIPbS U DHEPIUMU.
Kiacrepuzanmss XUMHUYECKOM NPOMBIINLIEHHOCTH. (COBMELICHHBIE IIPOLIECCHI.
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['ubxue n mepecTpanBaeMpie TEXHOJIOTUIECKUE CXEMBI.

3.  XUMHYECKHE PEaKTOPbhl, X KOHCTPYKIIUU M PEKUMBI IKCILUTyaTaIlUH.
HoBble THNBI XWMHYECKHX PEAKTOPOB, IEPCIEKTUBBI HX HCIOJIb30BAaHUS B
Pa3JIMYHBIX OTPACISAX MTPOMBIIIJIEHHOCTH.

4.  Ananu3 xuMuko-TexHosornuecko cucreMsl (XTC). MaTtepuanbHbie U
TerIoBble OanaHchl Kak ocHoBa pacyeta XTC. OOmue mnpaBuiia COCTABICHUS
OasiancoB. @OpMBI IpeICTABIICHUs OaTaHCOB.

5. Kunaccuduxanus wmeronoB ontumuzanuu XTC. OcHOBHbIE 3Taribl
ontumuzanuu XTC. OO6mmit aHanu3 3anauu ontuMusaiuu. OOmas MeToauKa
ONTUMHU3ALMOHHBIX  mpouenyp. OmpeaeneHue  Kputepuss  ONTHUMH3AIIH.
HeoOxoaumble 1 1OCTaTOYHBIE YCIOBUS ONTUMAIBHOCTH PEIICHUSI.

6. Omnpenenenue MaTeMaTH4eCKON MOJIEJH. B3aumocssi3p
MaTeMaTudeckux W (Qusumyeckux Mozenei. [IpuOmkeHHBIH — xXapakTep
MaTeMaTU4YeCKux Mojeneil. JlomymieHus, NpUHUMAaeMble TMPU TMOCTPOCHUH
MaTeMatuyeckon Mojenu. Kraccudukanuss MareMaTHueckKuxX MoJeliel 1o
BPEMEHHOMY U MTPOCTPAHCTBEHHOMY MPU3HAKAM.

7. IlpencraBieHne MaTeMaTHYECKOTO OMHCAHUS B COOTBETCTBUE C
0J104HBIM TPUHLIUIIOM. OCHOBHBIE OJIOKH, COCTABJIAIOIINE ONMCAHUE MTPOLIECcca U UX
B3aMMOCBs3b. OTpa’keHUE MPUHIIUIIOB CUCTEMHOT'0 aHaJIn3a B OJIOYHOM MOAXOE K
MOCTPOEHUI0 MATEMATHYECKUX MOJEIIEH.

8. Hepapxmyeckue ypOBHM aHalW3a M HCCICNOBAHUS XHUMHUYECKUX
nporieccoB. OCHOBHBIE MOJIXO/IbI K TOCTPOEHUIO MOJIENIEH PEAKTOPOB U K PELICHUIO
npo0ieMbl MOJCIUPOBAHUS OJHO- M MHOTO(A3HBIX XUMHUYECKUX MPOIIECCOB.
Knaccudukanus mareMaTHyecKUX METOJ0B MOJEIMPOBAHUS TPOMBIIIICHHBIX
IPOLIECCOB.

9. Teopernyeckue OCHOBBI CUCTEMHOro aHanu3a. OCHOBHbBIE MOHSATHUS O
NPUHIIMIAX CHUCTEMHOTO aHallu3a XUMHUYECKUX TMPOIECCOB. MareMaTuueckue
METONbl pelieHus: ypaBHEeHUW wojeneil. CTpyKTypHas W MapaMeTpuyecKas
UICHTH(PUKALIMS MOICIICH.

10. TlocranoBka  3amauM  YOPaBICHUS  XUMHUKO-TEXHOJIOTHMYECKUM
nmpoiueccoM. Perynupyemas nepemMeHHas. YTNpaBIAOIIME W  BO3MYILAIOIIME
Bo3neicTBUs. Cuctema aBTomaTuueckoro perynuponanust (CAP).

11. Knaccudukauusa cuctem ynpasienuss XTIL. ITo Buny Maremarnueckoro
OTHCAaHUs, 10 MPHUHIIUITY PETYINPOBAHUS, IO (PYHKIIMOHATHPHOMY Ha3HAYCHHIO, IO
YHUCITy KOHTYPOB YIMpaBICHHS: OJHOKOHTYpHbIE M MHOTOKOHTYPHBIC, TIO0 YHCIY
YVIPABISIEMBIX TIEPEMEHHBIX U YIPABIISIONINX BO3/ICHCTBUM.

12. Oramnsl ananu3za u cunte3a CAP: ananu3 XTI kak o0bekTa ynpaBieHus,
cunte3 cTpykTypsl CY XTII, BeIOOp 3aK0OHA pETyIUPOBAHUS.

13. T'eomeTrpuyueckoe MporpaMMHUPOBAHHE, BBIBOJ OOIIUX COOTHOIICHHI.
OO1as cxema pemeHus 3a1a4 METO0M FreOMETPUYECKOTO MPOrpaMMHUPOBAHUSI.

14. Meton wuckyccTBeHHOro 0Oaszuca. OnTuManbHas  OpraHU3AIMS
MIPOU3BOICTBA MPOAYKITUU TIPU OTPAaHUYEHHBIX 3armacax ChIpbsl.

15. HenuneitHoe  mporpaMMHpOBaHHE. OOmiass ~ XxapakTepHCTHKa,
MOCTAHOBKA 337a4d HEJIMHEHHOro MporpaMMUpOBaHUs. MeTOoJbl HYJIEBOTO
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MOpsAJKa, METOAbI IMEPBOr0 MOpsAAKa (METOA KPYTOTrO BOCXOXAEHHUA, 3(PPexT
OBparoB), METObI BTOporo nopsizika (Mmetoq Hetotona, meton Hetotona-Padcona)

4. PekoMeHyeMas JJuTepaTypa
IIo 610Ky 1. DHepro- u pecypcocoeperamoniue nNpoueccbl B XMuMU4eCKOil
TEXHOJIOTHH, He(PTeXUMHUM U OMOTEXHOJIOTHHI

OcHoBHas:

1. Komuccapon, FO.A. Tlponecchl u anmaparbl XUMHUYECKOH TEXHOJIOTUU
[Tekct]yuebnoe mocooue / FO.A. Komuccapos, JI.C. I'opaees, 1. I1. Benr; pen. IO.
A. Komuccapos. — M.: Xumus, 2011. — 1229 c.

2. KpacaBun, A.B. OO6mas xumuueckass texHosorus [Tekct]: ydeOHOe
nocobue / A.B. KpacaBun, T.A. Tapacenko, B.C. becko. — M.: PXTVY um. JI.1.
Menneneena, 2010 — Y.1: Xumuueckue nporieccol U peaktopsl. — 2010. — 123 c.

3. O0mas XuMHUYecKast TEXHOJIOTHS B BOTIpocax M oTBeTax [TekcT]: yueOHOe
nocobue / coct.: B. C. beckos, B. U. Banuypun, B. U. Urnarenxos. — M.: PXTY
mMm. JI.. Menneneena, 2011 —Y.1. — 2011. — 82 c.

JlonosiHUTEILHAS

1. deitHepckuid, FO.M. Tlponeccel M anmapaTbl XMMHYECKOW TEXHOJOTUU
[Tekct]: yaeOnuk 11 By3oB: B 2 4. / FO.W. JIpitHepckwmid. — 3-¢ u3a. — M.: Xumust —
U.I: TeopeTrnueckne  OCHOBBI  IPOLECCOB  XUMHYECKOW  TEXHOJIOTHH.
I'mapoMexaHnyeckrue U TEIUIOBBIE MPOIIECCHl M ammapaThl: peKOMEHI0BaHO MuH.
obpazoBanus. — 2002. — 400 c.

2. Hertaepckuii, FO.U. Tlpouecchl u anmapartbl XMMHYECKOW TEXHOJIOTHH
[Texcr]: yuebnuk nmst By3oB: B 2 u. / FO.U. JeitHepckuit. — M.: Xumus. — Y.2:
MaccooOMeHHbIE TPOIeCChl U amnmaparbl: peKOMEHI0BaHO MuH.00pa3oBaHUS. —
2002. - 368 c.

3. OcHOBHBIE TIPOLIECCHI U anmapaThl XUMUYECKOW TEXHOJIOTHU: MOCOOHE 1O
npoektupoBanuio / pen. FO.U. JlpitHepckuii. — 4-¢ m3n., crep., Ilepeneu. ¢ u3m.
1991r. — M.: Anesnc, 2008. — 493 c.

4. TlaBnos, K.®. IlpumMepsl u 3agaun 1o Kypcy MHpOLECCOB M ammapaToB
XUMHUYECKOH TeXHoJoruu: yueb. mocobue s By3oB / K.®. Ilaenos, ILT.
PomankoB, A.A. HockoB. — 11-e¢ uzn., crep. Ilepeneuatka ¢ uza. 1987 r. — M.:
PycMeaunaKoncant, 2004. — 576 c.

5. beckos, B.C. O6mias xuMmuueckasi TeXHOJI0TUs: yueOHUK 17151 By30B / B.C.
BbeckoB. — M.: Akanemknura, 2005.

ITo 6710ky 2. CoBpeMeHHbIE MPOLECCHI, ANMNAPATHI U TEXHOJIOTHH
XHMHYECKHUX MPOU3BOICTB

OcHoBHas:

1. AxwnazapoBa C.JI. MonenupoBanue W  ONTUMM3ALUA  XUMHUKO-
TEXHOJIOTUYECKUX IIPOLIECCOB C HEMOJHOM HHpOpMalMe O MeXaHUu3Me
[DnexTpoHHBIN pecypc]: yueoHoe nocodue /C.JI. Axnazapora, JI.C. I'opaees, M.b.
I'ne6oB. — M.: PXTY um. JI.1. Menaeneena, 2010. — 100 c.
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