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1. BBEAEHHE

[IporpamMMa BCTYNUTENbHBIX HWCIBITAHUWA TMpeAHAa3HAu€Ha JJid  JIHI,
KENMAloIMMX  HocTynuTh B maructpatypy  ®I'BOY BO  «PXTY
umenu JI.M. MenneneeBa» no Hampasienuto noarotoBku 18.04.02 — Duepro- u
pecypcocoOeperaroiye Mporecchl B XUMUYECKOH TEXHOJOTUU, HEPTEXUMHH U
OMOTEXHOJIOTMM MO Marucrtepckoi mporpamme «CoBpeMEHHBIE TPOIECCHI,
anmnaparbl U TEXHOJIOTUU XUMHUYECKUX MMPOU3BOICTBY.

[Iporpamma pazpadborana B cooTBeTcTBUU C [Iprkazom MuHucTepcTBa HAYKU U
BEICIIETO 0OpazoBaHus Poccuiickoit deneparuu ot 6 ampenst 2021 roga Ne 245 «O6
yrBepxkaeHun llopsaka opraHu3anu M OCYIIECTBIEHHUS 00pa3oBaTEIbHON
JESTENIbHOCTH 1O 00pa3oBaTeNbHBIM MpPOrpaMMaM BBICHIETO OOpa3oBaHHs -
mporpaMMaM  OakanaBpuaTa,  IporpaMmMaM  CIE€UMAJIUTETa,  MporpaMmam
MarucTpaTypb».

ITporpamMma pekoMeHayeTCs IS MOATOTOBKH K BCTYIUTEIbHBIMUCTIBITAHUSIM
BBIIIYCKHUKOB 0OakajaBpuaTa WU CIELUAIUTETa KIACCUYECKUX YHUBEPCUTETOB,
TEXHUYECKUX U TEXHOJIOTMYECKUX BY30B, B OCHOBHBIX O0pa30BaTEIbHBIX
nporpaMmax MoAroTOBKH KOTOPBIX COAEpKATCS TUCLUIUIMHBI (MOZYJH), paboune
IpOrpaMMbl KOTOPBIX aHAJIOTMYHBI 10 HAUMEHOBAHUIO U OCHOBHOMY COJIEPKaHUIO
pabouyuM mporpamMmaM MNEPEUYUCIECHHBIX HI)KE YYEOHBIX NUCUUIUIMH 0 YPOBHIO
OakanaBpuara.

Conepkanue MNporpaMMbl  0a3upyeTcs Ha  CICAYIOMMX  Y4eOHBIX
IUCHUITIMHAX, penoaaBaemMbix B PXTY um. J[.1. Menneneena:

1. «IIpomeccel 1 anmapaThl XAMUYECKONH TEXHOJIOTHIY, KOTOPast OTHOCUTCS K
0a30Boil vactu Onoka «JlucuuruiHbl (MOAYJIHM)» OCHOBHOM 0Opa3oBaTeIbHOU
MporpaMmbl  MOATOTOBKM  OakaJaBpoB MO  HaMpaBlIEHUIO «ODHEPro- W
pecypcocOeperaromniye mporecchl B XUMHUYECKOW TEXHOJOTHH, HEPTEeXUMUU U
ouorexHonorun» ((peaepanbHblil TOCYJapCTBEHHBIN 00pa30BaTENbHBIA CTaHIAPT
BhIcIiero oopazoBanus (OI'OC BO));

2. «O0mIas xuMrIecKass TEXHOJIOTHS», KOTOpasi OTHOCUTCS K 0a30BOM yacTu
onoka «JlucuurmuHel (MOAYJIM)» OCHOBHOW 00pa30oBaTEIbHOM MPOTPaMMBI
HOJArOTOBKM OakalaBpoB MO HamNpaBlIeHUIO «JHEPro- M pecypcocOeperaronme
IPOLIECCHl B XUMUYECKON TEXHOJIOTHH, HepTexumun u ouorexHomorun» (OI'OC
BO);

3. «MogenupoBaHue DSHEPro- U pecypcocOeperarommx MpoIeccoB B
XUMHYECKON TEXHOJOTUH, HEPTEXUMHUU M OHUOTEXHOJOTHUW», OTHOCAIICHCS K
0a30Boil vactu Onoka «JlucuuruiMHbl (MOAYJIHM)» OCHOBHOM 0Opa3oBaTeIbHOM
OporpaMmbl  MOATOTOBKM  0OakajlaBpoB MO  HAMpaBIEHUIO  «DHEPro- W
pecypcocOeperaromnye mporecchl B XUMUYECKOW TEXHOJOTUH, HEPTEXUMUU |
ouotexnogorum» (OI'OC BO);

4. «MeToibl KHOEPHETUKN XUMHUKO-TEXHOJOTHUECKUX MPOIIECCOBY», KOTOpast
OTHOCUTCA K BapuWaTUBHOW dYacTu OJioka «JlMcImmmHbl (MOIYJN)» OCHOBHOM
o0Opa3oBaTeIbHON MPOTPAMMBI MOJATOTOBKH OaKaJaBpOB IO HAMIPABIECHUIO « DHEPTO-
U pecypcocOeperaroniye mporecchl B XUMUYECKOW TEXHOJIOTHH, HEQTEXUMUU U
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ouorexuonorumy (PI'OC BO); «OcHOBBI KHOEPHETUKH M CHUCTEMHOTO aHAIW3a
XUMHUKO-TEXHOJIOTHIECKUXITPOIIECCOBY, OTHOCSIIEHCS K BApUATUBHOM YacTh OJI0Ka
«Iucuumnuuel (MOAYJIN)» OCHOBHOW 00pa30BaTENbHONW MPOTrpaMMBbl MOJATOTOBKH
0akajaBpOB IO HaIpaBleHUIO «DHEPro- U pecypcocOeperarmmue mpouecch B
XUMUYECKONUTEXHONOTHH, HedTexumuu u ouorexnonorun» (GI'OC BO);

5. «HMubopManMOHHBIE CHUCTEMBl XpaHCHHS HM O0OpaOOTKH JTaHHBIX),
OTHOCAIIEHCS K BapuaTUBHOM 4YacTu OJioKa «JucuMIUIMHBI (MOAYJIN)» OCHOBHOM
o0Opa3oBaTeIbHON MPOrPaMMBbI MMOJATOTOBKH OaKaJaBpOB 10 HAIIPABICHUIO « DHEPTO-
U pecypcocOeperaromuye mporecchl B XUMAYECKONW TEXHOJIOTHH, HEPTEXUMUU U
ouotexnogorum» (PI'OC BO);

[Iporpamma BKIIIOYAET MIEPEUYCHH BOIPOCOB K BCTYMHUTEIBLHBIM HCTIBITAHUSIM
Y IIEpEYEHb PEKOMEHIYEMOW OCHOBHOU U TONIOJIHUTEIBHOU JINTEPATYPHI.

BerynuTenbHble MCHBITaHUS TPOBOJATCA B (hOpPME YCTHOTO 3K3aMeHa M0
HK3aMEHAIMOHHBIM OWJieTaM, KaXKJIbIi W3 KOTOPBIX BKJIOYAET JBa 3aJaHUS U3
CJIEIYIOUTUX JIBYX TUCIMIUIMHAPHBIX OJIOKOB:

brmox 1. Ilpomeccsl M ammaparbl XUMHUYECKONW TEXHOJOTHM, W OOIIas
XUMHUYECKasi TEXHOJIOTHUS.

bnokx 2. MoaenupoBaHue 3HEPro- U pecypcocOeperaronmx MpoLEeccoB B
XUMUYECKON TEXHOJIOTHH, HEPTEXUMHUHU ¥ ONOTEXHOJIOTHH.



COJIEP)KAHUE ITPOT'PAMMBI BCTYIUTEJIBHBIX UCIIBITAHUN

2.1 baok 1. IIpouecchbl 1 anmapaTbl XUMHYECKO TEXHOJIOTHH, U 00111as
XHMHYecKasl TEXHOJIOT U
2.1.1 IIpouecchl U aNMapaThl XUMUYECKOH TEXHOJIOTHI

Paznea 1. O0uiue 3aKOHOMEPHOCTH T'HAPOAMHAMUKH

CpolicTBa  XKMJAKOCTEM. 3akOH  BHYTpeHHero TpeHus  HproToHa.
JluHaMUYeCKUi U KuHeMaTH4decKu koddduimeHnTsl BsaszkocTu. Kiaccuduxarms
JKUIIKOCTEM.

PexxuMbl JBMXKEHUS KUAKOCTEH. XapaKTEPUCTUKU TEUEHUS KUJIKOCTEU IO
TpyOornpoBoaam. [Ipodunu ckopocTeit pu pa3HbIX pexuMax. Mojienb CILTOITHOM
cpeabl. OCHOBHBIE THIPOJIUHAMUYECKUE BEIUYMHBI. YPaBHEHUE HEPA3PHIBHOCTH.
VYpasuenue Jinepa u HaBpe-CToKca.

Teuenne  xuakocTel mno TpydamM U KaHamaM. [lneHouHOoe TeueHwue.
Koadduuments! Tpenus. ['uapaBindyeckre MaliuHbl.

OcHOBHBIE rnapamMeTphl paboThI TUPaBINYECKUX MaIIINH:
MPOU3BOUTENBHOCTD, HAop, MOIHOCTh, KII/[. DHepreTnueckuii cMbICII Hamopa
Hacoca. BeicoTa BcackiBaHUs Hacoca. SIBieHHEe KaBUTAIIUM U €r0 MPEI0TBPaICHUE.

Pa3nes 2. TunoBble MoeIH CTPYKTYPHI NOTOKOB B aNNIapaTax HeNpepbIBHOTO
AeHCTBUSA

Mopnens uneanbHOrO cMmenieHud. BeiBon auddepeHuuaibHOro ypaBHEHUS
Monenu. Mogenb uAealbHOrO BbITECHEHMs. BbiBoa  auddepeHunnaibHoro
ypaBHeHusi Mmozaenu. llepenatounas ¢ynkuus monaenu. CpaBHHUTENbHAs OILIEHKa
HUJcaIbHBIX MOJEIICH.

Adeeunass monenb. BbIBOJ ypaBHEHMS NPENEIbHOIO MEPEX0Ja K MOJEIH
UJCATBHOIO BBITECHEHHS.

Hudbdysnonnass wmonens. KoMmOuHMpoBaHHBIE (MHOTOMapaMeTPUUYECKUE
mozenu). balinacuposanue. [locinenoBarensHoe U NapaieIbHOE BKIIOUEHHE TUYEEK
UJI€ANbHOTO CMEIICHUS U BHITECHEHUS.

Pasznen 3. I'uapomMexannyeckue nMpouecchbl

Knaccudukanuys >KUIKHMX M Ta30BBIX TETEPOTCHHBIX CHUCTEM: CYCIICH3HH,
AMYJIbCUH, TICHBI, TIBIIU, TyMaHbl. MaTepuanbHbIi OajaHC MPOIIECCOB Pa3CICHUS
TE€TEPOrE€HHBIX CUCTEM.

Buemnss 3agava ruapoauHamMuku. OO0TeKaHne TBEPAbIX Tel. TedeHue yepes
HETOIBMYKHBIEC 3€PHUCTHIE CIIOM.

['uaponuHaMuka TCEBAOOXKMKEHHBIX  (KUMSAIIMX) ciaoeB. OCHOBHBIE
XapaKTEPUCTUKU TCEBIOOKUKEHHOTO CJO0sl. 3aBUCUMOCTh MOTEPHU NABJICHUS OT
CpEIHEN CKOPOCTH ITOTOKA.

[Ipoueccel oTCTanBaHus MO AEMCTBUEM CUJIbI TSKECTU. PacueT moBepxHOCTH
OCaXJCHUS. Y CTPOMCTBO HEMPEPHIBHO JIEUCTBYIOIIErO OTCTOMHKUKA. PUIBTPOBAHUE
cycnien3uid. OCHOBHO€ YypaBHeHHUE (UIbTpOBaHUS. Buabl (GUIBTPOBAIBHBIX
neperopoaok. GuiabTpbl 00BEMHOTO ¥ TOBEPXHOCTHOTO JICHCTBUSI.
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Pasznen 4. TepMoauHaMuvecKue Mpouecchbl

Cucrema U COCTOSTHUE CUCTEMBbI. YpaBHEHMs COCTOsIHUA. DHeprusi. PadoTa.
Tennora. HyneBoii 1 mepBbIi 3aKOHBI TEPMOJIMHAMUKH. PaBHOBECHBIE 1 00paTHMBIC
nporeccel. Bropoii u TpeTuid 3aKOHbI TEPMOJAMHAMUKHU. DKCEPTHSL.

OCHOBHBIE TEIUIOBBIE MPOLECCHI: HArpeBaHUE-OXJIAXKICHHUE, KOHICHCALUS,
ucnapeHue. TerioBble OanaHChl MPU HU3MEHEHUHM M 0e3 M3MEHEeHM (Ha30BOTro
COCTOSIHUSA TeIUIoHOcuTener. [IpsAMOTOK M MPOTUBOTOK TEIUIOHOCUTENer. Pacuer
CpellHEel IBIXKYILEH CHIIBI ITpoliecca Terutonepeaadn. CpeaHss ABUKYILAas CUila IpH
IIPSIMOTOKE U MPOTUBOTOKE TEMIOHOCUTEIIEH.

TennonpoBOIHOCTh, KOHBEKTHBHBIN TEIJIOOOMEH, TEIUIOBOE H3ITydYCHUE.
3akoH @ypre u ypaBHenue Oypne-Kupxroda.

Tennoornaua u temonepenaya. MaTtemaTruueckoe onucaHue, GU3NUecKui
CMbICT KO3 (UIMEHTOB, TEMOEpaTypHbId TpaaueHT. [[Bmwxkymas cuna.
KoadduimenTsl TemmooTnayn u UxX pacyeT NMpu JBHKEHUU B TpyOax M KaHaiax.
BivsiHMe THIPOIMHAMUYECKOTO PEXUMA TEUCHHSI TEIJIOHOCUTENS Ha KOA(DPUITUEHT
TEII00TAaud. PacueT TemmooOMEeHHBIX anmnapaTos.

Pa3znen 5. MaccooOMeHHbBIE NPoIecChl

Knaccudukanus npoueccoB maccooOmeHa. CriocoObl BbIpaKEHUSI COCTABOB
¢a3. PaBHOBecHble ycnoBus maccooOMmeHa. [{uddysus, 3akon Puka. YpaBHeHus
HEpa3pbhIBHOCTH, KOHBEKTUBHOM muddys3un. JBmwxymme cuibl. [lonarue o
Maccootnaye u Macconepenaye. CoOOTHOIIEHHE MexAy KodpdUIHEeHTaMH
MacCOOTAAYH M Macconepenadn. Pacuer cpennen ABMKyIIEN CHUIIBI MAaCCOIIEpEaayH.
MarepuanbHblii O0alaHC M ypaBHEHHE pabodeil NTMHUK TpH Maccornepenade (Ha
npumMepe adcopOumu). Tunbl aOCOPOIIMOHHBIX aNMmapaTtoB U UX MAaTEeMaTUYECKOe
onucanue. MUHUMAaJIBHBIN pacxo]; abcopOeHTa.

Pacyer BBICOTBI MAacCOOOMEHHBIX alapaToB Ha OCHOBE MOHSTHS
TEOPETUYECKOM CTYNEHU pasjesieHus. [IoHsaTHe ynciia equHuI NEPEH0Ca U BBICOTHI
eIMHULIBI TiepeHoca. PektuduxanuonHple anmapatel W ux Tumbl. CpaBHEHHE
MIPOLIECCOB TMPOCTOM TMEPEroHKH M pekTuduKaiuu. PacdeT pekTu(UKAIMOHHBIX
anmnaparos.

2.1.2 O0mas XuMu4ecKas TeXHOJIOT Us

Paznen 1. XumMudeckuii mpouecc

Knaccudukaims XUMUYECKUX TIPOIECCOB IO XUMHUUYECKHMM H  (Pa30BbIM
npu3zHakaMm. Hepapxudeckas CTpyKTypa XuMudeckoro rmnpouecca. CTpykrypa
MaTeMaTUYECKOW MOJEIIN XMMUYECKOTr0 IIpolLiecca.

['oMOreHHbII XUMHYECKUN MPOLEeCcC. 3aBUCUMOCTA CKOPOCTH IPEBPaICHUS
ChIPbS OT KOHIIEHTPALMM, CTEIIEHU IMPEBPALICHUS U TEMIIEPATYPHI I MPOCTHIX
oOpaTUMBIX U HEOOpAaTUMBIX peakiuil. AHaIUTHYEeCKOe U TpaduuecKoe
n300paxkeHne HTHX 3aBUcHUMoOcTei. (OCHOBHBIE TOKa3aTeld TOMOT€HHOIO
XMMHMYECKOIO IIpolecca CO CIOKHOM peakluen: CTEIEeHb MPEBpALLECHUs,
CEJIEKTUBHOCTb, BBIXOJ LIEJIEBOTO NPOAYKTAa. BiusHHE HAa OCHOBHBIE MOKA3aTENIH
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KOHLEHTPAIMU, NTOPSAJIKA PEAKLIUHA U TEMIIEPATYPHL.

[lonatne onTtuManpHbIX TemmepaTyp. ONTUMalbHbIE TEMHEPATypbl IS
00paTUMBIX U HEOOPATUMBIX K30~ U IHAOTEPMHUUECKUX PEAKIIHI.

['eTeporeHHbIt XUMHUYECKUM TIpoLiece «ra3 ()KUIKOCTh) - TBepoe». Mojenb
«oxuMaromasca  cpepa» U MOJEIb  «CxkKuMaromieecss  sapo». Cxema U
MaTeMaTUYeCKOe OMUCAaHWE MPOIECCOB B 00enx Mojensax. Jlms obenx momeneit —
HaOro/1aemMasi CKOpOCTh, BpeMs MOJIHOTO MPEBpAICHUs, JIUMUTUPYIOIIAsl CTaIus,
CrocoObl HHTEHCU(DUKAITIH.

['eTeporeHHbIi XMMHUUYECKUNA TpolecC «ra3 (GKUIKOCTh) - KHIAKOCTBHY.
CTpykTypa M MaTeMaTHYeCKO€ OMHCaHHWE IMpolecca ¢ MEJIEHHOW M OBICTPOil
peakuueil. Pexxumebl niporiecca, Habto1aeMasi CKOpOCTh, ITyTH UHTEHCU(UKAITUY.

Kartanutnuecknii XuMu4eckuii npouecc. [ eTeporeHHplii KaTalnu3 Ha TBEPIOM
karanuzarope. OO0OCHOBaHUE, TOCTPOCHUE M aHAJIM3 MAaTeMaTUYECKOW MOJENU Ha
KaTaJIMTUYECKOM MOBEPXHOCTU U B MOPUCTOM 3€pHE Karanuzaropa. HaGmromaemas
CKOpPOCTh TIpEBpallleHUs U 00JacTH TpoTekaHusi mporecca. OmnpeneneHue
OO0JICHIITEMHOBCKUX W HEOOJCHINITEHHOBCKUX BelIEeCTB. PacyeT ux KOHIEHTpaIui
UL Pa3IMYHOTO BPEMEHU TMpOTeKaHus peakuuu. CTEeneHb MCIOJIb30BAHUS
BHYTpPEHHEU noBepXxHOoCTU. [1yTH nHTEHCU(pUKAIIUK KaTaTUTHYECKUX MTPOIIECCOB.

Pa3nes 2. TeopeTnyeckne 0CHOBbI XUMHU4YECKHUX MPOLECCOB H PEAKTOPOB

CrexnoMeTpryeckue 3aKOHOMEPHOCTH. CTEXMOMETPUYECKHE YpPaBHEHUS,
CTEXHMOMETPUYECKUE KOI(PPUIMEHTHI, pacyeT KOJIMYECTBA PEArupyrOIIUX BEIIECTB.
IIpocTtas u cioxHasg peakuus. basucHas cucreMa JIMHEHHO HE3aBUCHUMBIX
YPAaBHEHUM XHMHYECKUX peaklui. PacueT OCHOBHBIX IIOKa3aTesel — CTENEHb
IIPEBPALLEHUs, CEJIEKTUBHOCTD, BBIXOJ, IIPOAYKTA.

TepMmoauHaMuueckue 3aKOHOMEPHOCTH. Koncranra paBHOBECHS,
PaBHOBECHAs CTENEHB PEBPALLCHUS, UX 3aBUCUMOCTD OT TEMIIEPATYPHI I DK30- U
SHAOTEPMUYECKUX peakuuii. CocoObl yrpaBieHNs PaBHOBECHEM.

Kunernueckue 3akoHOMEpPHOCTH. (CKOpPOCTh pPEAaKIMU U CKOPOCTh
MpEBpallCHNs] BEIECTBAa MJisi MPOCTOM M CHOXKHOM peakuuu. Habmromaemas
CKOpOCTh mpeBpauieHusa. KuHeTnueckoe ypaBHEHHME, TMOPSANOK PEAKIUH,
KHHeTH4YecKas KkpuBas. CxemMa NpeBpalleHus U €€ OTJIMYMEe OT Oa3UCHON CHCTEMBI
JIMHEWHO HE3aBHCUMBIX YPABHEHUN XUMHUUYECKUX PEAKLIUMN.

Pa3nen 3. Xumuueckne peakTopbl

Knaccudukanuss XUMHYECKUX pPeakTopoB. DyHKIMOHAIBHBIE AJIEMEHTHI
peaktopa. OOmMI BHUJI MaTEeMaTHYECKOW MOJEIM XHMHUUYECKOTO TMpoliecca B
peaxkTope.

XUMHUUYECKHE PEAKTOPhl — UJCATIBHOTO BBITECHEHUS, UICATBHOTO CMENIEHUS
HETIPEPBIBHOTO JECUCTBUS, HACATBHOIO CMEIICHUS MEePUOJAYECKOrO JICUCTBHUS.
MareMaTu4eckoe ONMCaHue U30TEPMUUECKOTO U HEM30TEPMHUUECKOTrO Ipolecca B
peakTopax Bcex TUNOB. CpaBHEHHUE UX MEXKTY COOOH.

Kackan peakTopoB ujaeaibHOTO CMEIICHUS. AHAIUTUYECKUN U TpapuiecKuii
METO/Ibl pacyeTa KacKasa.

SlBneHne  TEIUIOBOM  YCTOWYMBOCTA B XHMHUYECKOM  PEAKTOpE.
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HeonHo3zHayHOCTh cTalMOHAPHBIX pexUMOB. CrocoObl yNpaBieHHs TEIIOBBIM
PEKUMOM.

Pa3nes 4. XumMuueckoe Npou3BOACTBO KAK XUMHKO-TEXHOJIOTHYeCKasi CHCTeMAa
XTO)

Onementsl XTC, THUIBI TEXHOJOTWYECKUX CBS3€H, (PYHKIIMOHAJIbHBIE
noacucteMbl. OcHoBHbIe cBolicTBa XTC, cocrosuue XTC (HamAEKHOCTD,
0€301MacHOCTb, yCTONYUBOCTD, 3PPEKTUBHOCTD).

Anamu3 XTC. Pacuer XTC — maTepuanbHbie U TETUIOBbIE Oananchl. DOpMbI
IpeICTaBICHNs OaIaHCOB.

Cunre3 XTC. OnrtumanbHOE COEIMHEHHE XUMUYECKUX PEaKTOPOB
pasznuyHoro tuna. MareMatnyeckue 1 3BpucTuueckue Meroasl cuate3a XTC.

Konnenmumu sHepro- u pecypcocoepexenus npu cuarese X 1C:

— ITOJTHOE MCTOJIB30BAHUE CHIPBEBBIX PECYPCOB;

— MUHUMHU3AIUs OTXO/IOB;

— IIOJIHO€ UCIIOJIb30BAHUE DHEPIETUYECKUX PECYPCOB;

— ONTUMAaJIbHOE UCII0JIb30BaHHE 000PYAOBAHNUS.

XapakTepucTuka IMPUEMOB Ui peaNM3alMM  3TUX  KOHLEIILIHM.
D¢} PexTUBHOCTD UCTIONB30BAHUS MaTepUalbHbIX pecypcoB. [IpuHIMIBI co3naHus
0€30TXO0IHBIX, SHEPTO-HU PECYpCOCOEPEraroIuX TEXHOIOTUH.

Knaccupukauus wmerogoB ontumuszauuu  XTC. OcHOBHBIE — 3Tarbl
ontuMmmsammu XTC. OOmmii aHanmu3 3amaun ontumusanuu. OOmIas MeTomauKa
ONTHUMHM3AaLMOHHBIX  mpouenyp. OmnpeneneHne  KpUTEpUs  ONTUMUBALMH.
HeobOxoaumbie U JOCTaTOYHBIE YCIOBUSA ONTUMAIBHOCTH PELICHUS.

2.2 Baok 2. MojeupoBaHue 3HEPro- U pecypcocéeperarwiux npoueccoB B
XHMHYECKO! TeXHOJI0TuH, HepTeXuMUM U OMOTEXHOJIOT U

2.2.1 MojaeimpoBaHue FJHEPIo- U pecypcocheperaommx
MPOIECCOB B XUMUYECKOH TEXHOJIOTMH, He)TEeXUMUM ¥ OMOTEXHOJIOTHH

Pa3znen 1. MatemaTuueckue Mojaean

Onpenenenue. B3anMOCBSI3b MaTeMaTUYeCKMX M (PU3WYECKUX MOJIETeH.
[TpubnmxeHHbIN XapakTep MaTeMaTUUYECKUX Mojelel. Jlomyienus, MpuHUMaeMbIe
MpyU TOCTPOCHUU MaremaTudecko mojenu. Kiaccudukanus maTeMaTHUeCKUX
MOJIeIIen o BPEMEHHOMY (cTanmoHapHbIE, HECTal[MOHAPHbIE,
KBa3MHECTALIMOHAPHBIE  MOJIEIM) W MPOCTPAHCTBEHHOMY  MpPHU3HAKYy  (C
COCPEOTOYEHHBIMH MapaMETPaMH, C PACIpPEICICHHbIMU MTapaMETPaAMHU, SYECUHBIE
MOJICIIN ).
Pasnen 2. IlpwHIUIBI TOCTPOSHHMS MaTEMaTHUYCCKUX MOJEISeH U JTaIlbl
MAaTEMATUYECKOTO MOJAEIUPOBAHUS

[IpencraBienne MaTeMaTHYECKOTO OMHUCAHUS B COOTBETCTBHE C OJIOYHBIM
npuHiunoM. OCHOBHbIE OJIOKH, COCTaBJSIONIME OMHUCAaHUE TMpolecca M MX
B3aUMOCBS3b. OTpaKEHUE MPUHITUIIOB CUCTEMHOTO aHajii3a B OJIOYHOM TMOAXOJE K
MOCTPOEHUIO MATEMATUYECKUX MOJEIIEH.
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YpaBHEHUS, OTPAXKAIOIINE OCHOBHBIE 3aKOHBI COXPAHECHUSI MACChl, SHEPTHUH,
HMMITyJIbCa, TIEPEHOCa, YCIOBUS paBHOBecus, orpanudeHus. /(uddepennmansuas u
WHTETpaJIbHAs  3allUCh  3aKOHOB  coxpaHeHus.  [IpuMeHeHue  TeopeMbl
Octporpanckoro-I'aycca mns  BeiBoja auddepeHnranbHO  (GOpMbI  3aKOHOB
coxpaHeHus. [locTaHOBKa HaYaJIbHOTO ¥ TPAHUYHBIX YCIIOBHIA.

N3ydyeHne XuMHKO-TEXHOJOTMYECKUX MPOILIECCOB METOJIOM MAaTe€MaTUYECKOTrO
MOJICTTUPOBAHUA. ITalbl MATEMATUYECKOTO MOJICJIMPOBAHUS:

a) CocraBieHHE MAaTEeMaTHYECKOTO OMHMCAHUS AaHAJUTHYECKHM CII0COOO0M,
AMITUPUIECKUM CITOCOOOM, AaHATUTUKO-IMITUPUIECKAM CITOCOOOM.

0) Bpibop wmeroma pemieHUs. AHUIUTUYECKUE UM YHUCICHHBIE METOIbI.
N CcTOYHMKM BO3HMKHOBEHUS MOTPEUIHOCTEN. AHAIU3 CXOJUMOCTH HUTEPAMOHHBIX
MeTOJI0B. Peanuzaiust BBIOpaHHOTO METO/1a pElIeHUs B BUjie anroputMa. Pazpadborka
MpOrpaMMBbl pacueTa o alropuTmy.

B) YCTaHOBJIEHUE aJICKBATHOCTH MOJACIU MO 00bekTy. CTaTHUCTHYECKUE
TUIIOTE3bl W TPOBEpPKA THUIIOTE3 MO CTAaTUCTUYECKUM KputepusMm. Kpurtepuu
YCTAHOBJICHUS aI€KBATHOCTH OJJHOOTKIIMKOBBIX 1 MHOTOOTKJIMKOBBIX MOJICJICH.

r) Koppekius Mozenu nmo pe3ysiabTaTaM HaKOIUICHHON MH(OpPMAaIIUH.
[Ipumepsr.

Paszgea 3. 3agauu ynpaBjieHUs XUMHKO-TEXHOJOIHYECKMMU MPOLECCAMH
[locTaHoBKa 3agaudl  yNOPABICHHUS  XUMHUKO-TEXHOJIOTMYECKUM  IPOLIECCOM.
Knaccudukanusa cucrem ynpasienuss XTIL. Tlonstue peryaupyeMoii nepeMeHHOM,
YOPABILIONIETO M BO3MyLIaromiero Bo3aeicTBud. (CucreMa aBTOMAaTHYECKOTO
perynupoBanus (CAP). Dramnsl aHanu3a u cuate3a CAP.

3amaun ONTUMH3AIMN U METOJIbI UX PEIICHHUS:

a) ['eomeTpuueckoe mnporpaMMHpPOBaHUE, BBIBOJA OOIIUX COOTHOIICHUH.

OO01as cxema pelieHus 3a/1a4 METOJIOM reOMETPUYECKOTro
MPOTpaMMHUPOBAHUS.

0) MeTon uckyccTBeHHOT0 Oazuca. OnTuManbHas OpraHu3alus Iporu3BOICTBA
MPOIYKIIMU TTPU OTPAHUYCHHBIX 3a11acaX ChIPhSI.

B) Henuneiitnoe mporpammupoBanue. OOmasi xapakTepUCTHKA, MOCTaHOBKA
3a/lauyd HEJIMHEWHOTO TMporpaMMupoBaHus. MeToabl HYJEBOTO MOPSIKA, METOIbI
NEePBOTro Mopsijika (METO1 KPYTOTO BOCXOXKIeHHUS, 3P EKT OBparon), METOIbI BTOPOTO
nopsnka (meron Hetorona, meton Hetorona-Padcona).

Pasnen 4. HeiipoceTeBoe MoieiupoBaHue

Onpenenenne W Kiaccupukaius HEUPOCETEBBIX MoJeNIe. DTambl pa3padOTKU
HelpoceTeBbIX Mojenel. Anroputmbel oOydenus. HelipocereBble NporpammHbie
NAKEThI K IPUMEPBI IPUMEHEHUS HCKYCCTBEHHBIX HEMPOHHBIX CETEM.

Pa3znen 5. CucreMHbIH aHAJIU3 XUMUYECKUX MPOU3BOICTB

HNepapxudeckre ypoBHM aHalv3a M MCCIEIOBAHUSA XUMHUYECKUX MPOILIECCOB.
OCHOBHBIE MMOJXO0JIBI K MOCTPOCHUIO MOJIETIEH PEaKTOPOB U K PEHICHUIO TTPOOIEMbI
MOJICTUPOBAHUS OJTHO- U MHOTO(a3HBIX XMMHUYECKUX TpolieccoB. Kiaccudukanus
MATEMAaTHYECKUX METOJ0B MOJICIMPOBAHHUS TPOMBIIIIEHHBIX MTPOIECCOB.
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TeopeTnyeckrue OCHOBBI CHUCTEMHOrO aHanu3a. OCHOBHbIE TOHSTHS O
MPUHLKUNAX CHUCTEMHOTO aHaju3a XUMHUYECKUX MpoleccoB. MaremaTuyecKkue
METOJIbl pElIeHUs YypaBHEHUH Mojened. CTpyKTypHas W mapaMeTpudecKas
UJECHTU(PUKALIISA MOICIICH.

Pa3znen 6. IlporpamMHubie makeThl IS MPOEKTHPOBAHMUS, MOJAEJIMPOBAHUA U
pacyéTa XUMHMKO-TEXHOJOTHYeCKUX MPOLECCOB H MPOU3BO/JCTB

[Taketst ASPEN kak nmpumep KOMMEPUECKHX MAKETOB JUIsl MPOCKTUPOBAHMUS
XUMHUKO- TEXHOJOTMYECKUX, (QapMalleBTUUECKUX, HedTenepepadaThIBAIOIINX
npousBoacTB. CoctaB makeToB ASPEN. [IpoekTupoBaHue TEXHOIOTMUYECKUX CXEM.
HYSYS — kak ogumn u3 makeroB ASPEN. Ilpumeps! 3amau momenupoBaHus U
MIPOCKTUPOBAHMS XUMHUKO-TEXHOJIOTHIECKUX MTPOIIECCOB U CXEM.

[Tporpammusiii  komruieke CHEMCAD nns MoaenupoBaHusi U pacyera
TEXHOJIOTUYECKHUX CXEM.

[Taketsr ANSY'S miis pemenus 3a1a4 MOACIUPOBAHUS TCUCHUS KUIKOCTCH U
ra3oB, MeX(a3HbIX B3aUMOJICHCTBUN M TEIUIOOOMEHOM METO/IaMH BBIYHCIATEIHLHOM
rugpoaunamuku. ANSYS Fluent — kak oguH u3 maketoB ANSYS. Pemienus
ANSYS nns mexanuku negopmupyemoro tBepaoro tena. ANSYS Mechanical —
Kak oauH 13 naketoB ANSYS.

Pa3nen 7. CoBpeMeHHbIe PO0JIeMBbI CO3IaHUSI IHEPTO- U pecypcocieperaruux
NPOMBIILJICHHBIX IIPOLIECCOB

OCHOBHBIE KPYNTHOTOHHA)XHBIE IPOMBIIUICHHBIE MPOLECCHl XUMHUUYECKOW MU
HEPTEXUMUYECKON TMPOMBIIUIEHHOCTH. TEHACHLMH HX Pa3BUTHS U OCHOBHBIE
HampaBJe€HUS] UX HWHTEHCU(PUKAUUU. XUMUYECKUE PEAKTOphl, UX KOHCTPYKIUH U
pEeXUMBI 3KCIUTyaTauuyd. HOBbIE THUIIBI XMMHYECKUX PEAKTOPOB, MEPCIEKTUBBI MX
UCIIOJIb30BaHUSl B PA3IMUYHBIX OTPACIsAX MpPOMbIILIEHHOCTU. [Ipobiemsbl sHepro-u
pecypcocOepexeHns B XUMHUYECKOW TEXHOJIOIMH, HEePTEXUMHUHU, OUOTEXHOJIOTUU:
DHEPrOEMKOCTh CYIIECTBYIOIINX TEXHOJOTHMYECKUX IPOLUECCOB B XWMHYECKOM H
He(pTeXuMUYECKOn TE€XHOJIOTUH, OMOTEXHOJIOTHH; yTH DHEPro-u
pecypcocOepekeHrs Ha Pa3IMyHbIX HEPAPXHUUECKUX YPOBHSIX.

Bropuunbsie sHepropecypcel (BOP). BozoOnoBnsiemas sHeprusi. Bus
BTOPUYHBIX JHEPrOPECypCOB: TOIJIMBHBIE, TEIUIOBbIE, H30BITOYHOTO JIABJICHHMS.
Pexynepanuu BTOpHYHBIX 3HepropecypcoB (BOP), kommnekcHas yTuiauzauus
TEIIOTA.

WNuTencudukanus paboThl XMMHUYECKUX PEAKTOPOB HA OCHOBE MPHUHIIUIIOB
COBMEILIEHUSI XMMHMYECKHX M TEIJO- M MAacCOOOMEHHBIX IIPOLIECCOB, Kak B
PEaKTOPHOM y3J€, TaK M B OTAEJIBHOM XMMHYECKOM peakrope. IlepcnexkTuBHbIC
HMCTOYHHMKM ChIpbsl M 3Hepruu. Knacrepusanuss XMMHYECKOW MNPOMBIIIIEHHOCTH.
CoBmMmernienHble npouecchl. [ MOkue u nepecTpanBaeMble TEXHOJIOTHUECKHE CXEMBI.

3. Bonpochl K BCTYNHUTEJIbHBIM HCTILITAHUSIM [0 MATUCTEPCKOM MporpaMmme
«CoBpeMeHHbIE NMPOLECChl, ANMAPATHI M TEXHOJIOTHH XUMHUYECKUX
NMPOU3BOACTBY
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[lepedyerp BOMPOCOB BCTYMUTEIBHBIX HCHBITAHWM BKJIIOYAET BOIMPOCHI IO
CIEIYIONUM y4eOHBIM KypcaM, OTHOCSAIIUMCS K 0a30BOM M BapHATHBHOM YaCTSIM
Mpo(eCCHOHAIEHOTO IHKJIA JAUCIHMIUINH OCHOBHOW 00pa30BaTeIbHOW MPOTPaMMBbI
MOJTOTOBKM OakalaBpOB IO HAaMpaBleHUIO «DHEPro- M pecypcocOeperarome
NIPOIECCHl B XUMHUYECKOW TEXHOJIOTHU, HE(PTEXUMHUN U OMOTEXHOJIOTHI» MPOQHIIS
«CoBpeMeHHBIE MPOIIECCHI, anmapaThl ¥ TEXHOJIOTHA XUMUYECKUX TPOU3BOACTBY (B
COOTBETCTBUM C  (elepalbHBIMA  TOCYAApCTBEHHBIMH  O00pPa30BAaTEIbHBIMU
cranaaptamu Boiciiero oopaszosanus (PI'OC BO)) no asym Ookam:

brnokx 1. Ilpomecchl m ammapaTel B XMMHYECKOH TEXHOJIOTUH, W 0OImIas
XUMUYECKass TEXHOJIOTHS.

brnokx 2. MonenupoBaHue SHEPro- U pecypcocOeperaronmx MIpoIeccoB B
XUMUYECKON TEXHOJIOTUHU, HEPTEXUMHUHN ¥ OMOTEXHOJIOTHU

Baok 1. Duepro- u pecypcocOeperawinyue mnpouecchbl B XHUMHYECKOMH
TEXHOJIOTHH, HepTeXMMUM U OUOTEXHOJIOTHH

1. [Tpo6GsieMbl 3HEPro-u pecypcocOepekeHNs B XUMUYECKON TEXHOJIOTUH,
HE(PTEXUMHUHU, OMOTEXHOJIOTUHU: SHEPrOEMKOCTh CYHIECTBYIOIIUX TEXHOJIOTMUECKUX
IPOIIECCOB B XUMUYECKON U HEPTEXUMUUYECKON TEXHOJIOTHH, OUOTEXHOJIOTUH; MTYTH
HHEPro-u pecypcocOepeKeHNs Ha Pa3InYHbIX HEPAPXUUECKUX YPOBHSIX.

2. Bropuunsie sHepropecypcsl (BOP). BozooHoBisiemas sHeprusi. Buibl
BTOPUYHBIX JHEPrOpPECypCoOB: TOIUIMBHBIC, TEIUIOBBIE, H30BITOYHOTO JIaBJICHMUS.
Pexynepanuu BTOpuYHBIX 3HepropecypcoB (BOP), kommnexkcHas yruiamzanus
TEIUIOTA.

3. OCHOBHBIE HANPABJIEHUS SHEPTO-U peCypcocOEPEKEHHS] B XMMUUECKOM
MPOMBIIUIEHHOCTU. D(P()EKTUBHOCTh HCIOIb30BAHUS MAaTEPHAIBHBIX PECYPCOB.
[TpuHIMIIBI cO3MaHMsT O€30TXO0IHBIX, SHEPTO-U PECYPCOCOEPETAONIUX TEXHOIOTHMA.

4, NuTencudukanus paboTbl XMMHUYECKHX pEAKTOPOB HA OCHOBE
MPUHIUIIOB COBMEILIEHUS XMMUYECKUX U TEIJIO- U MAaCCOOOMEHHBIX MPOLECCOB, KAKB
PEaKTOPHOM Yy3JIe, TaK U B OTAEJIbBHOM XUMHYECKOM PEAKTOPE.

5.  XapakTepUCTHKH W PEXKHUMBl TEUEHMs KHUJIKOCTU IO TPYOOIPOBOLY.
[Tpodunu cxopocTeit mpu pa3auuHBIX peXUMax. TemrooTaaua U Temonepeaaya:
MaTeMaTU4YeCKOe OMUcaHue,hU3NIeCKuil CMBICT KOA(PHUITMEHTOB, TEMIIEPATYPHBIHA
TpajfeHT.

6. Pacuer cpenHen JIBWKYILEH CHJIbI MaccCOIepeIayn.
['uaponuHamMudeckne pesKMMbl B HaCAJOYHBIX KOJIOHHAX.

7.  CTexuoMeTpudecKHe 3aKOHOMEPHOCTH XHMHUYECKHX TIPOIECCOB.
CrexroMeTpHUecKoe ypaBHEHHE, CTeXHOMETpuieckue KoddduiueHTsl. Pacder
OCHOBHBIX ITOKa3aTeleii: CTeNeHb MPEBPAIEHHUs, CETIEKTUBHOCTb, BBIXOJI IIPOAYKTA.

8. TepmomuHamMu4veckwe 3aKOHOMEPHOCTH XHUMHUYECKHX IMPOIECCOB.
3aBHCHUMOCTh KOHCTAHThl PaBHOBECHSI U PABHOBECHOM CTENEHU MPEBpAIlCHUS OT
TEMIEPATYPhI IS 3K30- U SHTOTEPMUUYECKUX PEAKIIHI.

9. Kunernueckue 3aKOHOMEPHOCTH XHMHUYECKUX mporeccoB. llonsrus
CKOPOCTH PEaKklMu U CKOPOCTH MPEBpalleHUs BEUIeCTBa ISl MPOCTOM U CIOXKHON
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peakuuu. Kunetnyeckoe ypaBHEHHE, OPAIOK PEAKIIMN, KHHETHYECKAs] KpUBasl.

10. Peaktop wuAeanpHOr0 BBITECHEHHA. MaTeMaTHYecKOe OIMHUCaHue
U30TEPMHUYECKOTO U HEU30TEPMUYECKOTO MPOLIECCOB B PEAKTOPE.

11. Peaktop  HIEaNBbHOTO  CMEUIEHUS  HEMNPEPHIBHOTO  JIEHCTBHUS.
MaremaTu4ecKoe OMMCAHUE U30TEPMUYECKOTO U HEU30TEPMUYECKOTO MPOLIECCOB B
peakTope.

12. VYpaBHeHHs, OTpa)KalollU€ OCHOBHBIE 3aKOHBI COXPAHEHHSI MacCChl,
UMITyJibca, dSHepruu. JuddepeHinuanbHas W UHTErpajbHas 3aluCh 3aKOHOB
coxpaHeHus. llocTaHoOBKa HAYaIbHOTO M TPAHUYHBIX YCIOBHUM.

13. SIBneHue TEIIOBOM YCTOMYMBOCTHM B XHMHYECKOM PEAKTOPE.
HeoaHo3HaYHOCTh CTAaMOHAPHBIX peXUMOB. CHocOOBl yIPABIECHHS TEILUIOBBIM
PEKUMOM.

14. HecranuonapHasi, KBa3UCTallUOHApHAs M CTallMOHapHas oOO0JacTu
MPOTEKaHUSI XUMHYECKUX peakuuid. OnpeneneHue OOJCHIITEHHOBCKUX U
HEOOJCHIITEHHOBCKMX BeIIeCcTB. PacyeT WX KOHLEHTpauud [Uisi pa3InyHOTro
BPEMEHU NPOTEKAaHUs PEAKLUU.

Baok 2. CoBpeMeHHBbIE IPOLECCHI, ANNAPATHI U TEXHOJIOIUM XUMUYECKHUX
MPOU3BOJCTB

1. OcHOBHBIE KPYITHOTOHHAKHbBIE MIPOMBIIIJICHHBIE MPOLIECCHI
XUMUYECKON U He(PTEeXMMUYECKOU MPOMBIILICHHOCTU. TEHIEHIIUN WX Pa3BUTHUS U
OCHOBHBIC HAIIPaBJICHUS UX UHTEHCU(DHUKAIIUH.

2. Tekyliee COCTOSIHHE XUMHMYECKOW IIPOMBILIJICHHOCTH B MHpPE W
TEHJACHUUU €€ pa3BUTUA. IlepCreKTUBHBIE MCTOYHUKUA CBIPbSI W DHEPIUU.
Knacrepuzanust xumudeckoit npomsinieHHOCTH. COBMEIIEHHbIE MPOIecChl. [ nOkue
Y [IEPECTPAUBAEMBIE TEXHOJIOTMYECKHE CXEMBI.

3. XUMHUYECKHUE PEAKTOPBI, UX KOHCTPYKLUHUHU U PEKUMBI IKCIUTyaTalWH.
HoBpie THIIBI XMMHYECKMX pEAKTOPOB, IMEPCHEKTUBBI HMX HCIOJb30BAaHUS B
PAa3IMYHBIX OTPACISX NPOMBIIUIEHHOCTH.

4, AHanu3 xuMuko-TexHosornueckou cucremsl (XTC). MaTepuaiibHbie U
TeIJIOBble OanaHchl kKak ocHoBa pacuera XTC. OOmue mnpaBuia COCTaBICHHS
OanmancoB. @opmbl mOpexactaBieHus OanaHcoB. Kiaccudukaius — MeETOAOB
ontumusanuu X TC. OcHoBHbIe dTanbl onTuMu3anuu X 1TC. OOmmii aHaiIu3 3aga4yu
ontuMuzanuu. OOImas METoJIUKa ONTUMHU3AIMOHHBIX mpouenyp. OnpenereHue
Kputepusi ontuMmuzanuu. HeoOxoaumbie U 10CTaTOYHBIE YCIOBUSI ONTHUMATbHOCTH
pelIeHus.

S. Onpenenenue MaTEMaTHYECKON MO/ICJIH. Bzanmocss3b
MaTreMaThuyecknx u  Qusnueckux  Mojenei. [IpubnmkeHHBIH — xXapakTep
MaTeMaTH4ecKux Mojeneil. JlomymieHus, NpUHUMAEeMble TMPU MOCTPOCHUH
MareMmaTudyeckod wmojaenu. Kraccudukanus MaTeMaTHYeCKUX MOJENIEeH 1o
BPEMEHHOMY U MPOCTPAHCTBEHHOMY MPU3HAKAM.

6. [IpencraBieHne MaTeMaTUUYECKOTO OIKUCAHUS B COOTBETCTBUE C
0J104HBIM PUHIIMTIOM. OCHOBHBIE OJIOKH, COCTABJISIOIIUE OMMCAHKUE MIPOIECCa U UX
B3aUMOCBS3b. OTpaKeHUE MPUHIIMIIOB CUCTEMHOTO aHa/li3a B OJIOYHOM TOAXOJE K
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ITIOCTPOCHUIO MATEMATUYECKUX MOJIEIIEH.

7. Hepapxuyeckne YpOBHH aHAJIN3a W HUCCIECAOBAHUS XHUMHUYECKHUX
nporeccoB. OCHOBHBIE MOIXO0bI K IOCTPOECHUIO MOJIENIEH PEAKTOPOB U K PEIICHUIO
npo0iemMbl MOJEIHUPOBAHUS OJIHO- U MHOTO(A3HBIX XMMHUYECKUX MPOIIECCOB.
Knaccudukanus MareMaTuuyeckux METOJOB MOJACIUPOBAHUS TPOMBIIICHHBIX
ITPOLIECCOB.

8. TeopeTnueckre OCHOBBI CUCTEMHOro aHanu3a. OCHOBHbBIC TOHSITUS O
IIPUHLMANAX CHCTEMHOTO aHajgu3a XUMHYECKUMX MpoLeccoB. MaremaTuyecKkue
METOABl peuieHusl ypaBHeHUH Mozeneid. CTpyKTypHas M HapamMeTpuyecKas
uaeHTU(UKAIIS MOZETEH.

Q. [locTaHOoBKa  3amayud  yHOpaBI€HUS  XHUMHKO-TEXHOJIOTHYECKUM
nmpoueccoM. Perymmpyemass nepeMeHHas. YIPaBILIOIME W BO3MYIIAIOIIUE
BozneiicTBUs. Cuctema aBTomaTruueckoro perynupoBanust (CAP).

10.  Knaccuduxanus cucrem ynpasienust X TII. Tlo Bumy maTemMatuueckoro
ONHCaHUs, IO NMPUHIUILY PETYINPOBaHU, 10 (QYHKIIMOHATHLHOMY Ha3HAUYECHHUIO, 110
YUCIIy KOHTYpPOB YIIPABJICHUS: OJHOKOHTYPHbIE M MHOTOKOHTYPHBIE, IIO YHCIY
YIPABIIIEMBIX IEPEMEHHBIX U YIIPABISAIOIINX BO3AECHCTBUN.

11.  Dtansi ananuza u cunte3a CAP: ananu3 XTII kak 00bekTa ynpaBieHus,
cunte3 cTpykTyphl CY XTII, BBIOOp 3aKOHA peryIupOBaHUS.

12. T'eomeTpuyeckoe MpOTpaMMHUpPOBAHUE, BBIBOJ OOIIMX COOTHOIIICHUH.
OO6m1as cxeMa pelieHus 3a/1a4 METOI0M T€OMETPUUYECKOTO TPOrPAMMHUPOBAHHS.

13.  Metog wuckycctBeHHOro 0Oasmca. OnTuManbHas — OpraHHU3aIlHs
MIPOU3BOICTBA NPOAYKIMU IPU OI'PAaHUYEHHBIX 3aMacax ChIpbsl.

14. HenuueliHOe  IpPOrpaMMHpPOBAHUE. O6mias ~ XapakTepUCTHKA,
ITOCTAHOBKA 33/1a4¥ HEJIMHEWHOTO MPOrpaMMHUpPOBaHKs. MeTOIbI HYJIEBOTO MOPSJIKA,
METO/IbI IEPBOT0 MOPsiIKa (METOI KPYTOTO BOCXOXKACHHUS, 3D (DEKT OBPAroB), METOIbI
BTOpOTO nopsiika (meron Hetorona, meton Hetorona-Padcona).

4. PexomeHayeMasi JiuTepaTrypa

Ilo 610Ky 1. DHepro- u pecypcocoeperamomue nNpoueccbl B XUMNU4€eCKOM
TEXHOJIOTUH, HepTeXuMHUMN U OMOTEXHOJIOTUH

OcHoBHas:

1. Komuccapos, FO. A. Ilpouecchl U anmapatbl XUMHUYECKON TEXHOJIOTHUU
[Tekct]yueOnoe mocobue / FO. A. Komuccapos, JI. C. T'opaees, /1. I1. Benr; pen. 1O.
A. Komuccapos. — M.: Xumus, 2011. — 1229 c.

2. KpacaBun, A. B. OOmas xumuueckass TexHojorusi [TekcT]: ydeOHOe
nocobue / A. B. Kpacasun, T. A. Tapacenko, B. C. beckoB. — M.: PXTVY um. JI.W.
Menneneera, 2010 — Y.1: Xumuueckue nporecchl U peaktopsl. — 2010. — 123 c.

3. OOmast xuMu4yeckasi TEXHOJIOTHS B BOMpocax U oTBeTax [TekcT]: yueOHoe
nocobue / coct.: B. C. beckos, B. U. Banuypun, B. 1. Urnarenkos. — M.: PXTVY um.
JI.1. Menneneena, 2011 —4.1. - 2011. — 82 c.

JlonosiHUTEILHAS
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1. HeitHepckuid, FO. . IIpoueccsl u anmapaTsl XHMHYECKOW TEXHOJIOTUU
[Tekct]: yueOHuk mist By3oB: B 2 4. / FO.W. JIprtHepckwmid. — 3-¢ u3a. — M.: XuMus.—
Y.1:  Teopernueckue  OCHOBBI  MPOLIECCOB  XWMHUYECKOW  TEXHOJOTHH.
['unpomexaHnyeckue U TEIJIOBbIE MPOIECCHl U ammaparbl: PEKOMEHIA0BAaHO MUH.
ob6pazoBanus. — 2002. — 400 c.

2. HeitHepckuii, FO. W. ITpoueccel n anmaparbl XUMUYECKONH TEXHOJIOTHH
[Texcr]: yueOHuk st By3oB: B 2 4. / FO.W. [dpitHepckuit. — M.: Xumusa. — Y.2:
MaccooOMeHHbIEe TIPOLIeCChl W almapaThl: peKOMEHJI0BaHO MuH.o0pa3oBaHUs. —
2002. - 368 c.

3. OcCHOBHBIE MPOIIECCHI U aNMapaThl XUMUYECKOW TEXHOJIOTUHU: TOCOOUE T10
npoektupoBanuio / pen. 0. U. JIpitHepckuit. — 4-e uza., crep., Ilepeneu. ¢ uzg.
1991r. — M.: Ansesnc, 2008. — 493 c.

4. [TaBnos, K. @. [Ipumeps! 1 3a1a4u o Kypcy IPOLIECCOB U aAIllIapaToB
XUMHYCCKOH TexHoJIoruu: yue0. mocoodue mis By3oB / K.®. [1asnos, I[1.I'. PomaHkoB,
A.A. HockoB. — 11-e wusn., crep. Ilepemeuatka ¢ w3g. 1987 r. — M.:
PycMenunaKoncant, 2004. — 576 c.

5. beckos, B. C. Obmas xumudeckas TeXHOJI0rus: yueOHuk aiig By308 / B. C.
BbeckoB. — M.: Axkagemknura, 2005.
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