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BA3KC.TEXHOJIOTUYECKOE MOJIEJTUPOBAHUE 9 BA3UNC

OYHKIUOHAJIBHBIE XAPAKTEPUCTUKU

1. HABHAUYEHUE JOKYMEHTA

ITporpammubiii  kommieke «BA3MC. TexHoiaoruueckoe MOAEIUPOBAHUE» NPEJHA3HAYEH U
UHXEHEPHOI0 MOJEJIMPOBAHUS, IPOEKTUPOBAHMS, SKCILIyaTalldd M ONTUMHU3ALUU TEXHOJOTHYECKUX
YCTaHOBOK M IPOMBIIIJIEHHBIX IpoleccoB. B ocHOBe pacueToB sexar (yHnamMeHTaabHbIE (PU3NUECKUE
3aKOHBI, OaJaHCOBBIC YPABHEHUS M COBPEMEHHbIC (DU3MKO-XMMUYECKHE MOJENU: 3aKOHbl COXPaHEHUS
Macchl, SHEPIUU U UMITyJIbCa, TEPMOJUHAMUYECKHE MOJIENIN, MOAETH (a30BOro U XUMHUYECKOTO paBHOBECHS,
KMHETHKH PeaKI1ii, TeMI0- U MacCOOOMEHA, THAPABIMKH TOTOKOB U TEXHOJIOIMUYECKOro 000py10BAHHUS.

[TporpaMMHBIN KOMIIJIEKC IO3BOJIIET CTPOMTh TEXHOJIOIMYECKHE CXEMbl, 3a/laBaTb XMMHUYECKHE
KOMIIOHEHTBI, TEPMOJIMHAMHYECKHE MAKEThl, IOTOKH MU MapaMeTpbl 000pYyIOBaHMS, BBINOJHATH pacueT H
IIPOBEPKY COTJIACOBAHHOCTH MOJEIHM, AHAIM3UPOBATh U BU3YAIU3UPOBATh pPE3YJIbTAThl, YIPaBISThH
BEPCUSMH M KaTaJIOrOM MOJIEJIEH, HIMIIOPTUPOBATh U SKCIIOPTUPOBATH JaHHbIE, (HOPMUPOBATH OTUYETEHI.

Hacrosiuii JOKyMEHT NpUMEHSETCSI COBMECTHO C JJOKYMEHTaMHU:

o «BA3UC. TexHonmoruueckoe MojAeIMpoBaHUEe. PyKOBOACTBO MONb30BaTeNss», B  KOTOPOM

(GYHKIMOHATBHBIE BO3MOXKHOCTH PACKPBITHI Y€PE3 MOJIb30BATEIBCKUE CIICHAPUH U OTIEPALIHH;

e «bA3UC. TexHonornueckoe MoJeInpoBaHue. PykoBoJICTBO aIMUHUCTPATOPa», B KOTOPOM OMMCAHBI

(yHKIMOHATFHBIE BO3MOXKHOCTH ISl aIMUHHCTPATOPOB;

e «bA3UC. Texnonorumueckoe mozenupoBaHue. OnucaHue apXUTEKTypbl U HE(PYHKIIMOHAJIbHBIX

XapaKTEPUCTUKY, ONPEJEIAIONIMM apXUTEKTypHbIE U He()YHKIIMOHAJIbHBIE YCIIOBUS peau3aliiy;

e «bA3UC. TexHonormyeckoe MojJenupoBaHHe. PyKOBOJICTBO IO YCTaHOBKE M 3KCILTyaTallun»,
yCTaHaBJIMBAIOUIUM TPeOOBaHUS K pa3BEPTHIBAHUIO U SKCILTyaTalUH;
o «BA3UC. Texnonornyeckoe mozenupoBaHue. OmnucaHue >KU3HEHHOIO IUKJIAa, OOHOBIEHUS U

COIIPOBOKACHUS», ONPEACISAIOIINM HOPSI0K PAa3BUTHUSA, BBITyCKa, OOHOBIEHHUS M CONPOBOXKJICHHS

MIPOJYKTA.
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2. TEPMUHBI U COKPAIIEHU A

Tepmun / cokpamenue Onpenenenue

Adjust

API

Aspen EDR

Aspen HYSYS

ASME Steam Tables
ASTM D323

Batch

Black QOil (BO)

Case Study
COSTALD
CPA

CSTR
Cv

Define from Stream
Envelope

EO

EOS

FUG

Pacuernbiii 610K mogbOpa 3HAYEHHUS OJHOTO MapaMeTpa IyTeM
BapbUPOBaHUs APYTOro mapameTpa

Application Programming Interface — mnporpammubiii uHTEpdeiic
MPUJIOKEHHU S, UCTIOTIB3YEMBIN JJI MHTETpallK IPOrPAMMHBIX CUCTEM
Aspen Exchanger Design and Rating — cneumamu3upoBaHHOE
nporpaMMHoOe oOecrieueHHre il MPOCKTUPOBAHUS U IIOBEPOUYHOTO
pacuera TemI000MeHHOro 000py10BaHHUs

KomMmepueckas  cuctema  TEXHOJIOTHYECKOTO  MOEIHMPOBAHUS
nporiieccoB HeTerazoBoil, HeprenepepadaTbiBaONIEH U XUMUYECKOM
MIPOMBIIIIJICHHOCTH

Tabnuupl TEpMOJMHAMUYECKUX CBOWCTB BOIBl M BOJSHOIO Iapa
AMepHKaHCKOTro 00IeCTBa HHKEHEPOB-MexaHUKOB (ASME)
CraHmapTHBI METOJ OIpEIENICHUsS JaBJICHUS HACBHIIICHHBIX IapOB
HedrenpoaykToB o Peiiny npu remneparype 37,8 °C
[lepuonnyeckuif peakTop MWIM NEPUOAUUYECKUN PEXUM BEIECHUS
poruecca

Mopnens HenmeTyuyedl Hedtu — ynpomieHHass PV T-Momens miacToBbIX
(ron10B, OCHOBaHHAsI HA YCPETHEHHBIX CBOMCTBAX M AMITMPHYECKUX
KOPPEISIUsIX

MHoTroCIIeHapHOe HCCIIeIOBAaHHE BIMSHUS BapHHPYEMBIX MAapaMETPOB
Ha pe3yJIbTaThl pacueTa

Corresponding States Liquid Density — meTom cOOTBETCTBEHHBIX
COCTOSIHUH JIJIsl pacyeTa INIOTHOCTH KHUJIKOCTH

Cubic-Plus-Association — kyOu4eckoe ypaBHEHHE COCTOSHHS C
YYETOM acCOIHAIAN MOJIEKYIT

Continuous Stirred-Tank Reactor — peakTop HENpPepHIBHOTO JACHCTBHS
U7eaIbHOr0 CMELICHUs

KoadduuneHT nponyckHoil cmocoOHOCTH PEryIMpYIOLIEro KianaHa
@OyHKIUS KONMPOBAHUS IapaMeTPOB M3 OJHOIO MaTepUalbHOTO
IIOTOKA B JAPYyrou

®dazoBas orumbaromas — TpaHHIa oOnacTel ¢a3oBBIX COCTOSHHUMA
CMECH Ha Juarpamme JaBjeHue-TeMIieparypa

Equation-Oriented — wmeronq pacdera, Hpu KOTOPOM ypaBHEHHUS
MOJIEJIN PELIAI0TCs COBMECTHO KaK eIMHasi CHCTeMa

Equation of State — ypaBHeHHE COCTOSHUS, ONHCHIBAIOIICE
B3alMOCBS3b TEPMOJIMHAMUYECKUX MTAPAMETPOB BEIIECTBA HIIK CMECH
Fenske—Underwood-Gilliland — mnpubnwkeHnuslii MeToq pacuera
apaMeTPOB PEKTHPHUKAIMOHHON KOJOHHBI
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Tepwun / cokpameiine

Tepmun / cokpamenue

HTRI

IAPWS

Inside-Out

NRTL

PFD
PFR

PVT

Set

SM
Spreadsheet
SRK

TP, TQ,PQ, TH, TS

T-x-y, P-x-y, X-y

UA

UNIQUAC
VL

VLL

ABO

ABT

Omnpenesienue

Heat Transfer Research, Inc. — cnenuanu3upoBaHHOE MPOrpaMMHOE
obOecrieueHrne ¥ pacyeTHbIE METOIBI JUISl  TEIJIOOOMEHHOTO
o0opyaoBaHus

International Association for the Properties of Water and Steam —
MesxayHapo/iHast acCOIMAaIUs 110 CBOWCTBAM BOJBI M BOJISIHOTO Iapa
JIByXKOHTYpHBII UTEpaLMOHHBIN METOJ pacuera
MHOTOKOMIIOHEHTHBIX ~ PEKTU()UKALMOHHBIX M  aOCOPOIMOHHBIX
KOJIOHH

Non-Random Two-Liquid — wMoaens JIOKaJbHBIX COCTABOB IS
pacuera KO3 PHUIMEHTOB aKTUBHOCTH KOMITOHEHTOB YKHIKOH (ha3b
Process Flow Diagram — texHooru4eckas cxema mnporiecca

Plug Flow Reactor — peaktop u1eabHOrO BEITECHEHHSI
Pressure-Volume-Temperature — COBOKYIHOCTb OOBEMHBIX U
(a30BBIX CBOWCTB BEIECTBA WM CMECH B 3aBUCHMOCTH OT JABIICHHS
U TeMIIEepaTyphl

PacueTHblii ONIOK Tiepenayn 3HAUYCHHS IapaMeTpa OJHOTO0 OOBbEKTa
JIPyromMy oObeKTy

Sequential Modular — nocnenoBarenbHbIN MOAYJIBHBIA METO]] pacyeTa
TEXHOJOTMYECKOU CXEMBI

Berpoennas snekTpoHHass Tabnuua Juis pabOThl C HapaMeTpamu
MOJICJIU ¥ pe3yJIbTaTaMH pacueTa

Soave-Redlich-Kwong — xybuueckoe ypaBHeHue coctosinus Coae-
Pennuxa-KBoHra.

[Mapsl cneuudukanmii  ¢udm-pacuera: T — Ttemmneparypa, P —
nasnenue, Q — mois mapoBoit ¢asel, H — sHTanenus, S — sHTpOnUs
Juarpammbl  ()a30BOr0  paBHOBECHs JIByXKOMIIOHEHTHOW CMECH:
TEMIEpaTypa-coCTaB, JaBJICHHE-COCTaB M PABHOBECHBIE COCTaBBI
KUJKOU U TapoBoil a3

IIpousBenenue obmero ko3¢p¢unuenta Ttemwionepenayn U Ha
TJIOLIA/Ib TOBEPXHOCTHU TEeIIo00MeHa A

Universal Quasi-Chemical — wMomenar TOKalbHBIX COCTAaBOB IS
pacuera KO3 PHUIMEHTOB aKTUBHOCTH KOMITOHEHTOB KHIKOH (ha3bl
Vapor-Liquid — aByxda3Hast cuctemMa «Imap-KHIKOCTh)
Vapor-Liquid-Liquid — Tpexdasnas cucrema «map-KHIKOCTh-
KHUJIKOCTB)»

AnmapaT BO3IyITHOTO OXJIQXKICHHSI

ATMochepHO-BakyyMHasi TpyOdarass YCTaHOBKAa [UIsi TEPBUYHOMN
nepepaboTku HEPTH
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Tepmun / cokpamenue Onpenenenue

ACIIO AcdanbrocmoiionapaguHOBbIE OTI0KESHHUS
rax l'azonuHamuyeckas xapakTepUCTHKA KOMIIpeccopa
Ircc I"azocOopHas ceThb

JKC Jlo’)kMMHasi KOMIIPECCOpPHAst CTAHLIMS

JAHC JloskxruMHasi HacCOCHas CTaHIUs

b Nudopmannonnas 6e30macHOCTh

KII Koaddumuent monesnoro aecTpus

HPX Hanopno-pacxoaHast xapakTepucTUKa Hacoca
HCC Hedrecbopnas cetp

HTC HuskoremnepatypHas cenapanus

CHu MexnyHapoaHas cuctema exuHun (SI)

CIIr CoknKEHHBIN IPUPOJHBIN ra3

YKIIT VYcraHoBKa KOMIUIEKCHOM IIOJATOTOBKY Ia3a
YIIH YcTaHoBKa MOATOTOBKY HE(TH

YCK VYcranoBka crabuim3anuy KOHaeHcara

IIC LentpanbHbiii myHKT cOopa

9BM ONEeKTPOHHAs BBIUMCIUTEIbHAS MAIIUHA
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3. OBJIACTb [IPUMEHEHU A

ITporpammusliii komieke «bBA3UC. TexHoa0rnueckoe MoAENpPOBaHUE) MO3BOJISET:

e Omnpenensate PVT-cBolicTBa Ha OCHOBE KOMITO3UIIMOHHBIX MOJiesiei — ypaBHeHui cocrosinus (EOS),
MoJIesIel aKTUBHOCTH XKHUIKOH (a3el u ap. — u Mmoaenu «uHenerydeit nedgru» (Black Oil)

e PaccuutsiBaTh (pa30BOE€ paBHOBECHE MAP-KUIAKOCTh M Map-)KUIKOCTb-)KUIKOCTH (B TOM YHCIE B
cucreMe He(pTh-ra3-BoJia), a TakKe PU3NKO-XMMUYECKHE CBOMCTBA KayKION (a3bl

e PaccuuThIiBaTh THIIOBOE 000pYAOBaHKE B HE(PTEra30Boi oTpaciu (cenapanuoHHOe, TEII00OMEHHOE,
MaccoOOMEHHOE, TPAHCIIOPTHOE, PEAKIIMOHHOE) B CTALlMOHAPHOM PEXHUME

e PaccuuThIBaTh NapaMeTpbl MHOTO(a3HOIo OTOKA B TPYOOIPOBOJHBIX CETSIX

e [IpoBoauTh aHANM3 PUCKOB NPH 3KCILTyaTallUd aKTUBOB M BBIABIIATH MOTEHIMAIbHBIE OCIOXKHEHUS
(runpaToobpazoBanue, kKopposus, s3po3usi, ACIIO)

e  OnTUMHU3HPOBATH PEKUMBI PAOOTHI TEXHOJOTUYECKUX YCTAHOBOK
OTH BO3MO>KHOCTH ITO3BOJISIFOT MOJIEJINPOBATD:

e  OOBEKTHI IPOMBICIIOBOM MOATOTOBKH JOOBIBAEMOIO YTIIEBOIOPOAHOIO CBHIPBS:

o Taz/konpencar (YKIII', B Tom uncine HTC, YCK, ycTaHOBKH TNIMKOJIEBOM OCYIIKH, a TAKKE
JIKC)
o Hedrs (YIIH, LUIIC, AHC)

e Tpy6onposoausie cuctemsl coopa (I'CC, HCC)

e CoBMECTHBII pacyeT MPOIECCOB B CUCTEMaX cOOpa, HOATOTOBKH U TPAHCIIOPTUPOBKU

e OrtnenbHblE TEXHOJIOTHYECKUE Y3JIbl HeTenepepadaThIBaOIUX, XUMUIECKUX U HE(PTEXUMUUECKUX
IIPOU3BOJICTB

[Tporpammusiii kommieke «BA3HC. TexHomoruueckoe MOAETUPOBAHNE» MOXKET MPUMEHSTHCS Kak
JUIS pelIeHHs] 3aJa4 TMPOCKTUPOBAaHUS, TaK M s 3aJay OKCIUTyaTalldd, B TOM YHUCJE MpPU CO3JaHHUH
U (POBBIX TBOHHUKOB.

OYHKIMOHATBHBIE BO3MOXHOCTH M CTaTyC WX pealu3alil B TEKyIIEH BEPCHUU PEIICHHUS
MpeACTaBJICHBI B TaOuIle 1.
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4. OCOBEHHOCTH PEAJIM3ALINUA

e [lonHOCTBIO UMIIOPTOHE3ABUCUMOE OTEYECTBEHHOE PELICHHE

e BeO-poayKT ¢ KIIMEHT-CEPBEPHOU apXUTEKTYpO

o CoBpeMEHHbII TEXHOJOTMYECKMH CTEK Ha OCHOBE OTKPBITBIX OHOJIMOTEK C JIMIEH3USIMU,
JIOIYCKAIOLMMU UX UCIOJIb30BaHUE B COCTABE MPOrPaMMHOIO KOMILIEKCA

e [lonHOCTBIO PYCCKOSA3BIYHBIA IPrOHOMUYHBI HMHTEp(ENC C BO3ZMOXKHOCTBIO MEPEKIIOYEHUs Ha
JPYTHE A3BIKOBBIE JIOKATU3ALUI

e KpoccmiatopMeHHOCTD, B TOM YHCIE moaaepxkKka Astra Linux

e Bo03MOXHOCTb paclIUpeHHs 3a CUET JONOIHUTEIbHBIX MOJENIEH

e MacmTabupyemMocTb 1 0aJaHCUPOBKA HArpy3KH MEX/ly BBIUMCIUTEIIbHBIMU JABUKKAMU

e CooTBeTcTBHE CTaHAAPTHBIM TpeOoBanusM b KpynHBIX KOMIaHUN

e [ly6muunbie mporpammubie uHTEpdeiicel (APl) s  aBromMarW3anMm #W  HHTErPAIIHOHHOTO
B3aMMOJEICTBUS C CYIIECTBYIOLIMMH CUCTEMaMU 3KCIULyaTUPYIOLIEH OpraHu3alnuu

e TemHas U cBeTsIas TeMbl MHTepdelica

e PeecTp NpoeKTOB ¢ BEPCHOHUPOBAHUEM MOJIEIEH

e CoBmecTHas paboTa ¢ MPOEKTaMU
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BA3NC.TEXHOJIOTMHECKOE MOAEJIMPOBAHME
®YHKIMOHAJIBHBIE XAPAKTEPUCTHUKU

5. ®YHKIMOHAJIBHBIE BO3MOXHOCTHU

Tabnuna 1. ®yHKIMOHAIBHBIE BO3MOXKHOCTH U CTATyC MX peaau3alun (@ — pealiu30BaHo,

Ne  DyHKUHHOHAJIBHAsI BO3MOKHOCTH Craryc

Tepmomnuamuueckmii 6a3uc (marerpanusi ¢ BASUC. PVT na6opatopus)

baza pmamnbeIx, BKIOYarmomas oOonee 1500

1 KOMIIOHEHTOB CO BCEMH HEOOXOIMMBIMU
CBOMCTBaMM I  pacueToB, a  TaKXe
KO3 (HUIIMEHTHI OMHAPHOTO B3aUMOICHCTBUS

2 PaboTa ¢ runmoTeTHIECKMMU KOMIIOHEHTaAMHU

3 Tepmonunamuueckuit mnaker Ilenr-Pobuncon
(Peng-Robinson)

4 Tepmonunamuueckuii maker CoaBe-Pennmnx-
KBonr (SRK)

5 Tepmonnnamuveckuii maker CPA (Cubic-Plus-

Association)
6 Tepmoannamuueckuit maket NRTL

7 Tepmognnamuueckuit maketr UNIQUAC

©

© © ©®

® &

< BA3UC

IlosicHenue

VYr1eBoopo/ibl, A30TCOICPIKAILUC
KHCJIOPOJICO/ICPIKAIINE COCAMHEHHS, HEOPraHUYCCKHE

COCIUHCHHS,

BCIICCTBA, CEpOCOACpKAIUEC COCANHCHUA U T. .

Bo3moxHOCTD CO3aaHusA ITOJIb30BAaTCIbCKHUX
KOMIIOHEHTOB Ha OCHOBE 0a30BBIX CBOMCTB C pacye€ToM
BCEX HCIOCTAOIIMX Huor, Ja
HCIIOJB3YCTCA TCPMUH KIICEBAOKOMIIOHEHT»

[NapaMeTpoOB.

Knaccuueckoe kyOudeckoe YypaBHEHHE COCTOSIHUS
(EOS), mupoko mnpuMeHseMoe ISl MOJIETHPOBAHMS
nporeccoB B HedrerasoBoil oTpaciau. PeanmmnzoBana
koppekuust 1iotHocTH 1o COSTALD; nmoctymHbl
JOTIOJTHUTEbHBIE HACTPOMKHU, BKIIIOYAs MEPEKIIOYCHUE
MeToAuKU pacueta sHTanenuu ¢ EOS Ha koppensuuio
JIn—Kecnepa (Lee—Kesler)

Momudukamuss EOS pans Oonee ToOYHOTO pacuera
CHUCTEM C TIOJISIPHBIMH KOMIIOHEHTaMH (BOJa, METaHOII,

TJIMKOJIA U T. 11.)

Kimaccnaeckue MOJACIIN aKTUBHOCTH XUJIKOCTH
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BA3UC.TEXHOJIOTUYECKOE MOJEJINPOBAHUE

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Cratyc IHosicHenue

8 Crennanu3upoBaHHBI  TEPMOJAMHAMUYECKUI
MaKeT: AMUHBI

9 Crnenuanu3upoBaHHbIA  TEPMOJUHAMUYECKUN
naket. Boxma

10 Menemxkep HedTEH

11 | Menemkep peakuii

12 Moguens «Henerydeit Heptm» (Black Oil, BO)

13  Ilepexon mexnay moaensimu BO u EOS

14 [Tepexon MEXITY TEPMOTUHAMHUYCCKHUMH
naketamu Ha ocHoBe EOS

IHoTroxu

15 MarepuanbHbIi TOTOK

16  MarepuanbHBII MOTOK ((PIIAII-pacyeTs)

SHONE

© O X ®

< BA3UC

KommenTtapuii

Jist MoJenupoBaHMs MPOIIECCOB aMMHOBOW OYMCTKHU

ra3oB OT KHUCIBIX TpuMecerd (Kak
abcopOITus, TaK U XeMOCOPOIIHS)
Pedepencarie mogemm IAPWS-IF97 u ASME Steam
Tables

Xapakrepuzanust He(QTIHBIX (DIIOWIOB Ha OCHOBE

buzuveckas

JAHHBIX J1a0OpaTOPHBIX MCCIeN0BaHUN ((hpaKIMOHHBIN
COCTaB, IPYMIIOBOM COCTaB, CBOMCTBA U T. [I.)

Texkymass  peanuszanmust  OrpaHHYCHa  3aJaHUEM
CTEXMOMETPUYECKUX DEaKIHi W PacueTOM TEIUIOBBIX
3 PEKTOB IS IK30- U IHJOTEPMHUYECKUX PEAKIIUH

PazButne 3aIJIAHUPOBAHO B
MOCJICAYIOIIUX BEPCUAX

VYopomennas PVT-monmens mnacToBbIX — (IIIOUIOB.
[loBenenne Qa3 3amaercs uepe3 HaOOp yCPEAHEHHBIX
CBOWCTB W AMITMPHYECKUX KOPPEJALUH 0e3 IOIHOTO

KOMIIOHEHTHOTO pacueTa ()a30BOTr0 paBHOBECHS

Peanuzanus 3amnanupoBaHa B
Jlamnuar/nenaMnuHr. KoHTpoib cornacoBaHHOCTH
MIOCJIEIYIOIINX BEPCUAX

OOBEKT TEXHOJOTHYECKOH cXeMbl. J[nsg momHo#M
XapaKTepHU3allud 3aJaf0TCS COCTAaB, PAacXod U JBE W3
Tpex crnenupuKami

Bce tunmunsie komOuHammu ¢ui-pacuera: TP, TQ,

PQ, TH, TS u ap. nns cucrem VL u VLL
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BA3KC.TEXHOJIOTUYECKOE MOJIEJTUPOBAHUE @ BA3NC

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne | @DyHKHMOHAJBLHASI BO3MOKHOCTH Cratyc IMosicuenue KommenTapmuii

. OOBeKT TexHoIornyeckoi cxembl. OCHOBHOH mapameTp
17  DuepreTnyeckuii MOTOK
— Harpyska
18 DHEPreTUYeCKuit MOTOK (pacuer @ Pacuer TtpeOyemoro pacxoma TEIUIOHOCUTENS IS
TETTIOHOCHTEJIS ) obecrieueHurs TeIIOBOTO PEeKUMa

DU3NKO-XUMHUYECKHE CBOIICTBA MATEPHAJILHOI0 IIOTOKA

19  Temmneparypa
20  JlaBneHwe

21 Jlons a3 MaccoBasi, MOJIIpHasi 1 00bEMHAsT OISt KaXI0H (a3bl

MaCCOBHe, MOJIAPHBIC U 00BEMHEBIC J0JIM KOMIIOHCHTOB

22 Cocras (a3 .
B KaxkJ0i (haze

23 | MosipHBIN pacxon

24  MaccoBblil pacxoxn
P Pacxoapl Kak [jIg BCEro IOTOKA, TaK M IS Ka)KIOrO

. KOMIIOHEHTa
25 | OObeMHBIN pacxo IpU paboUHX YCIOBHUIX

26  OOBeMHBIN pacxo]l IpU CTAaHAAPTHBIX YCIOBUAX
27 | IInoTHOCTH NpH pabOYUX YCIOBUAX MaccoBas 1 MOJISIpHasi TNIOTHOCTh
28  DHranpnus

MaccoBas u MOJIApHAsA SHTAJIbIINA

29  DuTponus MaccoBast © MOJIIpHasi SHTPOITHS

SICISICISICISICISICIO,
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BA3KC.TEXHOJIOTUYECKOE MOJIEJTUPOBAHUE @ BA3NC

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne | @DyHKHMOHAJBLHASI BO3MOKHOCTH Cratyc IMosicuenue KommenTapmuii

30  MornekysipHas Macca

31 | Koaddumuent Barcona Watson K
32  MomsipHblii 00beM
33 | KoadduuueHT cxxmmaeMocTi Z-(akrop

34  TemnoeMKoCTbh MaccoBas 1 MOJIsIpHas TEIUIOEMKOCTD

35 | Temnora mapooOpa3oBaHus
36  Jlunamuueckas BA3KOCTh

37 | Kuremarnueckas BA3KOCTh

Hctunnoe naBnenue HachlmeHHBIX napos (True Vapor
38  JlaBneHue HaCHIIIEHHBIX MapoB mpu 37,8 °C Pressure) u naBieHue HACBILIEHHBIX MapoB 1o Peiiny

(Reid Vapor Pressure)
39  JlaBnenwue HachimeHHBIX TapoB ASTM D323-82

JlaBneHue Hayana KWIEHUS NpPHU TEMIIEparype
MOTOKA

40
41  TloBepXHOCTHOE HATSKEHHE

42  TennompoBOIHOCTH

QOO O OOOOOOOO
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BA3KC.TEXHOJIOTUYECKOE MOJIEJTUPOBAHUE @ BA3NC

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Cratyc IHosicHenue KommenTtapuii

43 | Touka pochl MO yTIEBOAOPOAAM

44  Touxka pochl IO BOJIE

46 | Hunexc Bo06e

. Temrmiepatypsl 3acThIBaHUS, IOMYTHCHHUS, 3aMep3aHus U | Peanu3aius 3aruiaHupoBaHa B
47 | HedTtsaHble cBOMCTBA

45 | TemnnoTsl cropaHus @ Bricnrast v Hu3MmAas; MaccoBas, MOJISIpHAsi U 0ObeMHast

BCIIBIIIIKKW, OKTaAaHOBBIC YHCJIa U T. A. MOCJICAYIOIIUX BEPCUAX

OGopynoBanue u Apyrue 00beKThl TEXHOJOTUYECKOH CXeMbI
«OIHOMOTOYHBINY» TEIIOOOMEHHUK, PACcYET TEIJIOBOTO
48 | HarpeBaTelb/OXJIaAUTEIh

Oananca 6e3 ydera reoMeTpuun
«/IByXMOTOYHBII» TEMIO00OMEHHUK, PAcUeT TEIIOBOTO
49 | TenmooOMEHHHUK
6ananca 6e3 yueta reometpun (UA-iogxon)
TermmoBoM M TUAPABIMYECKUM pacdyeT Ha OCHOBE
TeOMETpHUH ammapara, 0e3 JeTalu3alud Ha YpOBHE

cnenuanuzupoBanHbix cucteMm Aspen EDR u HTRI

50  KoxyxoTpyOuaTslii TETUIOOOMEHHUK

Pacuer TemioBoro 6ananca ¢ y4eToM pacxojia BO3Iyxa,

© O OB

51 ABO Vi
(ymporerHbri) HO 6€3 TeOMETPHUH arnmapara

TermmoBoM M TUAPABIMYECKUM pacdyeT Ha OCHOBE
52 | ABO (nmeranbHBbI) reoMeTpuM amnmapara, 0e3 JeTanu3anud Ha YpoBHe @ Mmer tectupoBaHme
cnenuanu3upoBanHbix cucteM Aspen EDR u HTRI
Peanu3zanus 3amianupoBaHa B

53  TlmacTHHYATHIA TEIIOOOMEHHUK (JIeTaTIbHBIN)
MOCTIEIYFOIIINX BEPCHSIX

®
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BA3NC.TEXHOJIOTMHECKOE MOAEJIMPOBAHME
®YHKIMOHAJIBHBIE XAPAKTEPUCTHUKU

< BA3UC

IHosicuenue

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Craryc

54 | Tleun

55  CrnupanbHbli TEMIOOOMEHHUK

56 | MHOronoTo4YHbIA TEII00O0OMEHHUK

57  Cwmecurenb
58 | Jlemurenb
59  Knanan (ynpoIeHHbIH Moaxo/)

60 | Kianan (uepe3 Cv)

61 TpyOompoBoj (IOBEPOUHBII peKUM pacueTa)

62 | I'maopaBimueckas ceTh cOopa

® O OO0 ® ¥X

Pacuer TemmoBoro OaitaHca JJIs1  MHOTI'OIIOTOYHBIX

TETI00OMEHHUKOB (manpumep, BUTBIX
TETNIOOOMEHHUKOB, TPUMEHSIEMBIX B MPOH3BOJICTBE
CIII)

JlaBneHne Ha BBIXOJE (PUKCHUPYETCS IO BXOIHOMY
[IOTOKY C HAMMEHBIIUM JIABICHHEM
dukcanus pacxojoB

Ha BbIXOJaX C IIOMOLIBIO

K02 (HUIIMEHTOB pacTpeeIICHuUs
Oukcarus nepenaaa JaBiIeHUS

Pacuer ¢ yuerom mnpomyckHoil cmnocoOHoctn (Cv) u
CTETIEHU OTKPHITHS KJIallaHa

I'mapaBnuueckuii pacder OAHO(A3HBIX TOTOKOB IO
dopmyne Jlapcu—Beiicbaxa u MHOTO(a3HBIX TOTOKOB
o MHorogasHeIM KoppessiiusM (Hampumep, Beggs &
Brill) ¢ yuerom npodusist BBICOT, PUTHHIOB U TEILIOBBIX
noTepb

l'unpaBnuueckuil pacyeT MHOro(a3HOro MOTOKa IO
OMITUPUYECKUM W MEXaHUCTHUYECKHM MOJETSIM  C
YYETOM Ppa3IMYHBIX Tpoduiield Tpacchl; TEMIOBOU
pacuer MO MOJENH SHTAIBIMHHOTO OallaHca; pacder
HedTe- u

BOOO- u ra30Haro€TraTCiabHbIX,
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KommenTtapuii

Peanusanus 3anmaHupoBaHa B
HOCJIEIYIOLUX BEPCUIX
Peanu3zanus 3amianupoBaHa B
MOCTIEeIYIOIUX BEPCUAX

BA3UC.
Tpyb6omnpoBoaHbIE cETH

HNuterpamus ¢



BA3UC.TEXHOJIOTUYECKOE MOJEJINPOBAHUE

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

< BA3UC

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Cratyc IHosicHenue

63

64

65

66

67

68

69

70

71

72

73

74

Tpy0OorpoBo (TPOEKTHBII peXUM pacuera)
Hacoc (ympoieHHblii moaxom)

Hacoc (1a ocaose HPX)

Kommpeccop (ynpoiieHHbIi moaxon)
Kommnpeccop (na ocHose I'JIX)

Herannep (ynpoueHHbIH MOIX0)

Jeranaep (Ha OCHOBE XapaKTEPUCTHYECKUX
KPUBBIX)

JIByxda3Hblii cenapatop (naeaabHbIN)
Tpexdasnblii cenapatop (uaeanbHbIN)
JIByxda3Hblil cenapaTop ¢ yueToM YHOCOB
Tpexda3zHplii cenapatop ¢ y4eTOM YHOCOB

JIByx(a3Hblii cenapaTop ¢ y4eTOM reOMETPUHI

QOOOOOOOOOX®

Fa30I[06BIBaIOH_[I/IX CUCTEM C Y4YCTOM  KOJIBICBBIX

Y4aCTKOB (JIYITHHTOB)

[TonGop auamerpa TpyOOMIpoOBOIa

Pacuer no nepenany nasnenus u KITJ{

Pacyer ¢ yueTroM 3agaHHBIX HANOPHO-PACXOIHBIX
xapakrepuctuk (HPX)

Pacuer no nepenany nasnenns u KI1/]

Pacyer ¢
xapakrepuctuk (I'/1X)

YU4E€TOM 3aJaHHBIX Ta30AWHAMHUYCCKUX

Pacuer no nepenany nasnenns u KI1/]

Pacuer ¢ yderoM 3agaHHBIX XapaKTEPUCTUUYECKUX
KPUBBIX

Wneanbupiil ¢pdm-pacyer ans cuctem VL u VLL 6e3
ydera yHOCOB. B0O3MOXEH NOABOA HSHEPreTHYECKOrO

MOTOKA
VYHOCBHI MOJIEIIUPYIOTCS (UKCUPOBaHHBIMH
KO3 pureHTaMu

Pacyuer yHOCOB Ha OCHOBE CBOWCTB TMOTOKa U
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KommenTtapuii

Peanu3zanus 3amianupoBaHa B
MOCIIEAYIOIINX BEPCUIX

Wner tectupoBanue



BA3NC.TEXHOJIOTMHECKOE MOAEJIMPOBAHME
®YHKIMOHAJIBHBIE XAPAKTEPUCTHUKU

¢ DYHKIUOHAJIBHAA BO3MOKHOCTH Cratyc IHosicHenue

75  Tpexdasnblii cenapaTop ¢ y4eTOM reOMETpUn

JIByxdazHpiii cenapatop (MPOCKTHBIA PEXUM

76
pacuera)

77 Tpexdasublii cenapatop (MPOEKTHBIA pPEXKUM
pacuera)

78 | DxexTop (IOBEPOYHBII PEKUM pacuera)

79 DxekTop (IPOEKTHBIN PEKUM pacueTa)
80  Komonna: abcopbep

81 Komonna: nonHas peKTH()UKAIMOHHAS KOJIOHHA

Kononna: TOJBKO C

82 .
peboitnepoM/KUTIATUITBHUKOM

83  KosonHa: TOJIBKO ¢ KOHAEHCATOPOM

84 | CinoxHbIE KOJOHHBI

85  I'mapaBianueckuil pacyeT KOJIOHH

86 | DxcrpakTop

P ®OOOO® & ®®

< BA3UC

KommenTtapuii

TreOMETPHUH anmapara, BKIIIOYasi  BHYTPCHHHE
yCTpoHCcTBa (IT0 KOPPETAIUIM)

[TonGop OCHOBHBIX T€OMETPHUYECKUX XaAPAKTCPUCTHK
COCYIIOB Ha OCHOBE MAaTEpHaJbHOIO U TEIUIOBOro = Peanm3anms 3aruiaHupoBaHa B

O0amaHcoB W TpeOyeMbIX  OKCIUTyaTal[HOHHBIX = IOCIEAYIOMIUX BEPCHIX
IIOKa3aTesaeu
B TOM umcne ¢ onpezieieHueM MaKCUMAIIbHOTO pacxoa
MAacCMBHOTO Ta3za 1mpu (UKCUpOBaHHBIX Mojadax —Muer tectupoBaHue
AKTUBHOTI'O T'a3a M JIABJICHUSIX HA BXOJE U BBIXOJIC

Peanu3zanus 3amnanupoBaHa B

MOCIIEAYIOIINX BEPCHUAX

TI'oToBEIC 1a0JI0HBI JUISA MOZACIIMPOBAaHUA.

Inside-Out
(IBYyXKOHTYpHBI MeToxa). Pacuer Ha TeopeTHUecKHX

Kiraccuueckas METOJ0JIOTHS
Tapenkax 0e3 ydyera reoMeTpuu TapeioK/HacaloK, HO C
BO3MOKHOCThIO  3amanust  KIIJI Br16op
cneunuKanuii B 3aBUCUMOCTH OT 4YHCIA CTeleHeH
cB0001b1. DUKCHpOBaHHBIN NPO(UIH JaBIEHUS

TapesIoK.

C yyeroM CTPUIIUHI-CEKIMH, HUPKYJIAUOHHBIX
OpoIlIeHUH U OOKOBBIX OTOOPOB.

Heprenepepadbotke (ABT)

[IpumeHnenne B

Peanmuzanus 3allJITaHUpPpOBaHa B

PeanpHbIe TapeCJIKU U HACaJIKN OCICAYIOIHNX BCPCUAX
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BA3UC.TEXHOJIOTUYECKOE MOJEJINPOBAHUE

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

< BA3UC

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Cratyc IHosicHenue

87

88

89

90

91

92

93

94

95

96

97

98

VYnpouieHHas KoJOHHA

CrexruoMeTpUUYeCcKuil peakTop
PaBHOBeCHBIN peakTop
Peaxrop I'nu66ca

Kunernueckuii peaktop H1€aabHOIO CMELICHUS

Kunernueckui pE€aKTop nacaJbHOI'O

BBITCCHCHUA

[Tepuonnueckuii peakTop

PeakTops! BTOpruHON HedTenepepaboTKu

KoMIIOHEHTHEIN EIUTEND

Caryparop

Perukn

3amanne mapaMeTpa («ycTaBKay)

OO OO IIINOXO ®

IIpoeKkTHBI peXUM pacyera I NPEIBAPUTEIBLHOTO

OIIpENeJICHUs] pa3MepoB KOJIOHHBL: MeTo] DeHcke-

Yupnepsyaa-l'minmnenna (FUG)

CSTR

PFR

Batch

Karanntuueckuit PUGPOPMUHT, KaTaIuTHYSCKHUI
KPEKUHT, U30MepU3alusl, aNKUIUPOBAHUE U T. 1.
MatremaTnuyecknii 0JI0K, pa3AeSOMH MIOTOK
MOKOMIIOHEHTHO ~ Ha  OCHOBE  KOX((HUIHEHTOB

pacrnpeneneHus
MareMmaTuueckuii OJOK, HACBHIIIAIONIMKA IIOTOK Tra3a
BOJOM

Marematuueckuid OJIOK, MO3BOJISIFOIIUNA HUTEPALMOHHO

paccuuThIBaTh CIIOXKHBIE CXEMbl C PEUUKIOBBIMU
MOTOKaMH
Marematuueckuii  OJIOK, TO3BOJIAIOIIMKM  TepeaaTh

mapaMeTp M3 OJHOro 00bekTa B Ipyroi (Set)
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KommenTtapuii

Peanmauml 3allJTaHUpPpOBaHA B
MOCIIEAYIOIINX BEPCHUAX

Peanmauml 3allJTaHUpPpOBaHA B
MOCICAYIOIINX BECPCUAX



BA3KC.TEXHOJIOTUYECKOE MOJIEJTUPOBAHUE @ BA3NC

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Cratyc IHosicHenue KommenTtapuii

Maremaruueckuid  OJIOK, TO3BOJISIIONIMIA  IMOA00pAaTh
99  biok HacTpoWKH 3HAQUYEHHE OJHOI0 IapaMmeTpa IMyTeM BapbUPOBAHUSA
npyroro (Adjust)
B T.4. pyHKIMS KOMUPOBaHUS MapaMETPOB U3 OJHOTO

100 ' BupTyanbHBIN TOTOK
Pty noTtoka B apyroi (ananor Define from Stream)

101 DaextpoHHas Tabnuna Spreadsheet

YTuiautol u HHCTPYMECHTHBI

102 ®azoBble AuarpaMMmbl T-X-Yy, P-X—y u x-Yy mus
JIByXKOMIIOHEHTHOM CMeCH (ITap—KHIKOCTb)
AHanu3 (a3oBOro COCTOSHHUS Hap->KUIKOCTh-

KHUIKOCTH

Peanuzanus 3allllTaHUpOBaHa B
MOCJICAYIOIIUX BEPCUAX

103

104 ®da3zoBas orubaroras Envelope

Peanmuzanus 3allJIaHUPpOBaHA B

105 Kpusble KUNeHUs
HOCJIEIYIOLNX BEPCUIX

106 Ilpexnckazanue oOpa3oBaHUS THIPATOB PaBHOBecHast KprBasi THAPATOOOPa30BAHUS

Pacuer KOJINYECTBA MHTUOHUTOpA

107 Omnpenenenne pacxoia METaHOIA
T'HJIpaTo0Opa3oBaHUs

108 DOposzus

Peanu3zanus 3amianupoBaHa B

109  Koppo3sus
MOCIIEAYIOIINX BEPCHSIX

110 Brmagenwue mapapuHOB

PXRXOOXOX® OO ©
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BA3NC.TEXHOJIOTMHECKOE MOAEJIMPOBAHME
®YHKIMOHAJIBHBIE XAPAKTEPUCTHUKU

< BA3UC

IHosicuenue

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Craryc

111  Ckopocts otnoxenus ACITO
112 MHorocCIeHapHbIE PacUCThI
113 = Onrumuzarop

114 bubnauoreka 3HeproHOCUTENIEH

115 Tlowuck azeoTporos
Oo0mmne pyHkumnu

116 | Karanor mozenei

117 CoBmecTtHas paboTa ¢ IpOeKTaMu

118 = EnuHuIBI N3MEpEeHUS

119 PeecTp KOMIOHEHTHBIX JUCTOB
120 Kaprouka KOMIIOHEHTa
121 Peectp TepMOANHAMHYECKUX MTAKETOB

122 = OxHO HAaCTPOWKM TEPMOJIUHAMUYECKOTO MTaKeTa

OO ® OO OO

Case Study

PeanmuzoBano HCCKOJIBKO AJITOPUTMOB IIOHCKa

OKCTPEMYMOB, B TOM YHUCJIC C YyUYCTOM OFpaHI/I‘ICHI/Iﬁ

Tunuaabie XJIagarcHThl U TCIIJI0ArCHThI

Cozpanue 00J1aCTh

MIPOCMOTpa MPOEKTa

IHariloOKk H npeaABapUTCIbHOIO

[IpuBaTHBIC, COBMECTHBIE U ITYOJIUYHBIE TPOSKTHI

Cranpmaptaeie  Habopsl emunun (CM u  gap.) w

MI0JIb30BATEIIbCKHE HaOOpBHI. ABTOMaTHYECKAS
konBepranus. OtaenvHblil MHCTpyMeHT «KoHBepTep

€TUHUL

[IpocmoTp mapameTpoB KOMIIOHEHTa, Bkiro4as 2D u
3D mpencraBiaeHUE MOJICKYJTBI

N3MmeHeHne METOIMK pacdeTa, MPOCMOTP M M3MCHCHHE
k03¢ HUIMeHTOB OMHAPHOTO B3aUMOACHCTBUS
Crpanuna 19 u3 22

KommenTtapuii

Peanu3anus 3annaHupoBaHa B
HOCIELYIOIUX BEPCUIX



BA3KC.TEXHOJIOTUYECKOE MOJIEJTUPOBAHUE @ BA3NC

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne | @DyHKHMOHAJBLHASI BO3MOKHOCTH Cratyc IMosicuenue KommenTapmuii

123 PeecTp XUMUYECKHX PEaKIUit

124 ' PeecTp ruIOKOMITOHEHTOB

Hactpoiika pedepeHCHBIX yCIOBHH (CTaHIAPTHBIX,
125 OkHo 17100aTBHBIX HACTPOCK MOICITUPOBAHUS HOPMAaJIbHBIX, YCJIOBUH OKpYXaloleld Cpelbl U Ip.), a

TAKIKC pasMECpPOB U IBETOB NKOHOK

126 Penaktop cxem [TocTpoenue TexHomornueckoit cxemsl npouecca (PFD)

127 TIlanutpa mozeneit 000opy1oBaHUs
128 OcHoBHas neHTa

129 OkHo nOTHpPOBAHUS Coo01enust 17151 TOJIb30BaTENIsl, TPACCUPOBKA pacueTa

H3menenue OBCTa IIOTOKOB U 00BEKTOB B 3aBUCHMOCTH

130 IIBeroBas majauTpa CXeMbl .
OT 3aJJaHHOM OM3HEC-TOrMKH

131 Pab6orta c rpadpuxamu

132  Peectp yTHiauT

[Monpobnas uHpopMaius He TOIBKO 00 HHTEpdeiice,
HO W O MEeToAoJIornYeckoil  Oase: OPMYJIbI
133 CnpaBka Gopmyste,

KOPPEJSINY, OTPAHNYCHHS U CCHUTKM Ha aBTOPUTETHHIE

HCTOYHHUKH

134 OOwmen nannsiMu Mexay Excel u Tabnunamu Pabota ¢ 6ydepom obmeHa

® © OOOVOO® © O®

Crpanuna 20 u3 22



BA3NC.TEXHOJIOTMHECKOE MOAEJIMPOBAHME
®YHKIMOHAJIBHBIE XAPAKTEPUCTHUKU

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Craryc

< BA3UC

KommenTtapuii

IHosicuenue

135 Pabora ¢ moacxemamu

136 = dopmMupoBaHUE OTUETOB

137 TlocinenoBaTenbHBINA PEIIATEb

138 TI'pad pacuera

139 MarpuuHslii penarens

140 [IuHamMu4YecKHid periaTenb

141 TIlanens pacueta

142 ' ]JlepeBo OOBEKTOB CXEMBbI

143 KoHTeKkCcTHOE MEHIO 00BEKTOB
144 | JloGaBnenue TabmIl 0OBEKTOB
145 BepcuonupoBaHue MOJEICH

146 TloaximroueHUEe BHENTHUX KOMIIOHEHTOB

QOOOORIRO ©® OO

SM-pemarens.  B03MOXHOCTH ~ aBTOMATHUYECKOTO
3alycKka pacueTa NpPU HM3MEHEHUH IapameTpa WIH
3amycka BpYyYHYIO KHOmKoi «Run». Bo3moxxHoCTh
OCTaHOBKHU pacueTa
ABTOMaTHueckoe TmocTpoeHue rpada pacuera Ha
OCHOBE CXEMBbI
EO-pemarens

Peanu3anus 3amianupoBaHa B

MOCIICAYIOIINX BEPCHUAX

CTaTy'C pacucTa, METPUKU CXOAUMOCTHU

Oynkiun Tpanchopmanuu oObekTa (MIOBOPOT BIIEBO,
BIIpaBo, Ha 180° u mp.), nepeMenieHre HaJuucH u T. 1.
OTtobpakeHue Ha cxeme TabJHl] C HaCTPauBaCMbIMU
napameTpamu

B akTuBHOl pa3paboTke
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BA3UC.TEXHOJIOTUYECKOE MOJEJINPOBAHUE

OYHKIIMOHAJIBHBIE XAPAKTEPUCTUKN

Ne  dyHKuHHMOHAJBbHasi BO3MOKHOCTH Crartyc

147

BHyTpeHHUI HHTEPIIPETATOP CKPUIITOB

< BA3UC

IHosicHenue KomMmenTapui

Python-momo0HbIi S3bIK

148

AyTeHTHHUKAIHS U aBTOpU3aLUA
HoJIL30BaTelIeH

149

Enunas manenb aIMUHUCTPUPOBAHUS

150

Kypnan aygura, Bxitouas b

151

MoJyab MOHUTOPUHTA PabOThl CUCTEMBI

152

Mopnyne nuueH3upOBaHUsA

153

Moyss KOHTPOJIS 3aITyCKOB PacdeToB

154

Monayns  paboTel €  TMOJNB30BATENAMU U
rpynmnamMmu

155

Monayns onpenesieHust poJiei U mpaB JOCTyna

156

Mopyns Bepcuit 1 0OHOBIECHUH

157

Kongeprep moneneit Aspen HYSYS

158

[Ty6nuunsie API

QOOOOOOOOOO®

@OyHKIHOHAT JUIsi aBToMaTtu3anuu u uaterpamun, SDK
na Python u C#
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