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MATHEMATICAL MODELS AND SOFTWARE
IN THE CONVECTIVE TYPE APPARATUS DESIGN SYSTEM

B cratbe paccmaTtpuBaeTcsa 3agadva OPMUPOBaHUSA MaTemaTudeckon 6asbl cUcTeMbl
aBTOMAaTM3MPOBAHHOIO MPOEKTUPOBAHMA annapatos, peanuaylolmx TEXHOMOTUI AUHAMUYECKOW
KOHBEKLMWN. B oCHOBY MaTeMaTnyeckux Moerieit NonoxeHbl ypaBHEHNUs B YaCTHbIX NPOV3BOAHbIX,
onucblBatLLme PU3NKY npouecca. [na peanusaummn anropuTMOB YACTIEHHOTO PeLLIEHUS YpaBHEHWIA
pa3pabaTbiBaeTCsA KOMMMEKC KOMMbIOTEPHbIX MPOrpamm.

Knio4yeBble croBa: matemaTnyeckas mogenb, Npouecc, anroputM, cuctema, NpoekxT.

The article considers the problem of forming the mathematical base of the automated design
system for apparatuses implementing the technology of dynamic convection. The mathematical
models are based on partial differential equations that describe the physics of the process. To
implement algorithms for the numerical solution of equations, a set of computer programs is being
developed
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n

BBepneHune

Ha coBpemeHHOM 3Tare JanpHeilnee pa3BUTHE HAyKH W TEXHUKH HEMBICIMMO Oe3
BCECTOPOHHEW WH(POpMATH3aLMKU M aBTOMaTH3anuu mporeccoB. OcoOEHHO OCTpo 3Ta
npobemMa CTOUT NPU IPOSKTHPOBAHUU HOBBIX M MOAM(DHKAIINN UCTIONB3YEMBIX YCTPOUCTB
U 1poieccoB. TpalulMOHHBIE METOAbl pacuera MapaMeTpoB M IMPOECKTUPOBAHHS HOCST
HKCTEHCUBHBIN XapakTep, OHU ObLTH 3P PEKTUBHBI 10 ONPEAETICHHOTO MOMEHTAa — MOMEHTA
TaK Ha3bIBAEMOT'0 «HACBILIICHMS», KOTJa HA MEPBBIA IUIAH BBIBUTaeTCS HEOOXOAMMOCTh
nepexojia K MHTEHCUBHBIM METOAaM npoekTupoBanus [ 1], [2].

C oT0i nenpio pa3pabaTbiBaeTcsl MOJCUCTEMA AaBTOMATH3UPOBAHHOTO MPOEKTHPOBAHUS
TEXHOJIOTMYECKHUX CXEM, MpU3BaHHAs MOBBICHUTH KaueCTBO MPOEKTOB 3a cueT 3(deKxTun-
HOT'O IPUMEHEHUS! KOMIIBIOTEPHBIX TEXHOJIOTUI Ul pealu3alul TPYIOEMKUX PYTHHHBIX
bynkmii [3-5].

AkTyanbHocTb pa6otbl. [IprMeHseMble Ha TPAKTUKE annapaTbl KOHBEKTUBHOIO TUIIA
00JIaat0T PAIOM HEOCTATKOB, YTO OMpeeNsieT He0OX0AUMOCTh JATbHEHUIIINX HCCIICT0BAaHUN
npouecca U peKOHCTPYKIMU oOopynoBaHus. PekoHcTpykuus anmapaTta TpeOyeT COOTBET-
CTBYIOILIETO OOOCHOBAHUS, YTO BBI3BIBAET HEOOXOAUMOCTh TEOPETUYECKUX M IKCIIEPH-
MEHTAJIbHBIX UCCIICIOBAHUN.

Opnnum u3 Hanbosee 3pPEeKTUBHBIX METOA0OB HCCIEA0BAHUS MpoIlecca SIBISIETCS Me-
TOJI MaTEMaTHUYECKOTO MOJEIUPOBAHMS, [MO3BOJISIFOIINUN MOJIYYUTh C IOMOILBIO KOMIIbO-
Tepa AOCTATOYHO IIUPOKHM HAOOp MAHHBIX O PEKOHCTPYUPYEMOM OOBEKTE 6€3 MpOBEICHHS
JIOJITOBPEMEHHBIX U JOPOTOCTOSIIINX HATYPHBIX HCClieoBaHui [6], [7].

C npyroit cTOpoHBI, B Mpoliecce MPOSKTUPOBAHUS PETYISIPHO BO3HUKAET HEOOXOAM-
MOCTb JIOIIOJIHUTEJIbHON MIPOBEPKU MPUHUMAEMBIX PEILIEHUH, 1JI Yero B CUCTEMY aBTOMa-
TU3UPOBAHHOTO MPOEKTUPOBAHMS 0053aTEIbHO BKIIIOUAETCS MoJIebHast 0a3a U KOMILJIEKC
IPOrPaMMHBIX CPEJCTB.

B nanHOi1 crathe paccmaTpuBaeTcs 3aa4a UCCIEJOBAaHNS MaTeMaTUYECKUX Mojenel u
IIPOrPaMMHBIX CPEJCTB UX PeaTU3alIUU.

B 571011 cBsI31 Tema paboTBhI SIBIIsSETCS aKTyaJIbHOM.

Llenb pa6oTbl — 000CHOBaHHE HarpaBiieHUs (POPMHUPOBAHUST MOJEIHHON 0a3bl M TPO-
IpaMMHBIX CpPEJICTB CHUCTEMbI aBTOMaTu3nMpoBaHHOro npoektupoBaHus (CAIIP) anmapartoB
KOHBEKTUBHOI'O THUIIA.

OcHoBHOe coaepxaHue paboThl

[Tporecc MPOEKTUPOBAHKS BKITFOYALT PSJ] OTAIIOB, B TOM YHCJIE PACCMOTPEHHUE U OI[CHKA
BapHaHTOB INPOEKTOB, OOOCHOBAaHME M BepU(HKALUS MPUHUMAEMBIX MPOEKTHBIX pEIICHUH.
[To Mepe yCITO)KHEHHS TEXHOJIOTHH, pacUIMpEeHHs YHCIIa BOSMOXXHBIX BApPHAHTOB IPOEKTOB
BO3HUKAET HEOOXOAMMOCTh aBTOMAaTH3allMU IIpollecca MPOEKTUPOBAHHMSA C IPUMEHEHHUEM
METOJIOB MATEMaTHUECKOTO MOJICITUPOBAHUS U KOMITBIOTEPHBIX TEXHOJIOTHH.

TeopeTHueckyro OCHOBY CHUCTEMBbI COCTABJISIET MAaKeT MaTeMaTH4YeCKUX MoJenei,
UMUTHPYIOLINX Ipolecc GyHKIMOHUpPOBaHUs o0opyaoBanus [8-10].

Ha ocHOBaHWMM TNOCTPOEHHOM MaTeMaTHYeCKOW MOJIENM MOryT OBITh pa3paboTaHbI
pPEKOMEH Al K, TIpeTHa3HaYeHHbIC TSl pa0OTHUKOB CITY)KO W MOJpa3/IeIeHU TIPEIIPHSTHIA,
BBINIOJIHAIOIIMX PabOTHl MO NMPOEKTUPOBAHUIO M AKCIUTyaTallMM TEXHOJOTMYECKUX CXeM H
000pyI0BaHUSI.

ATnpoKcUMalusl pacyeTHBIX COOTHOIIEHHI OCHOBBIBA€TCS Ha JIMHEApU3ALUU U
MaKCHUMaJIbHOM YIPOIIEHUH YpaBHEHHH, OTMCHIBAIOIIHX TTPOIIECC.
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Ha puc. 1 npuBenena ¢ynkuuonamsHo-orudeckas cxema CAIIP.
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Pucynok 1 — OyHKITHOHAIEHO-IOTHYECKAS] CXEMa CUCTEMBI
ABTOMAaTU3UPOBAHHOI'O TPOEKTUPOBAHUS TEXHOJOTUUECKHUX CXEM

PaCCMOTpI/IM CTPYKTYpPY MOJEIBbHOMU 0a3bl U COOTBCTCTBYIOLICTO IMPOrpaMMHOI0

obecnieuenns CAIIP.
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Onucanue nporpamm
1. Mogens (1-D).
1 8C 1 oC D, 6 C
==V _- + + f(x,t
T o 1 ox > ox® S x1)

f(x,t) _ Q1(C1 +C2 +C3 +C4)+Q2C5 _QC

7
C.(0,0))=C_(l,1)=0
C(0,x) =C, =40.

2. Mogens (2-D), nporpamma SILITE.
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Ha puc. 2 npuseaena o6001eHHast 0J10K-cxema.
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Pucynok 2 — O600miéHHas 0JI0K-CXeMa ajirTOpUTMa YUCIICHHOM peaiu3aliui MOeei

Ha puc. 3 nmpuBeneHs! pe3ynbTaThl JUIsl TPEX BApUAHTOB.

&

\

©

Pucynok 3 — Pe3ynbpTaTsl MOAETUPOBAHUS:
a) cIydaiiHOe pacroiioxeHne; 0) CHMMETpHYHbIE KOOPIMHATHI; B) PACIIOIOKEHHUE B 001IeH TOUKe
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[IpeanoxeHHble MO U METOABI UX PEeaTU3alliy MO3BOJISIOT MPOBOJUTH YHUCIEHHOE
MO/ICIMPOBAHUE MPOLIECCOB U PEIIaTh 337a4i COBEPILICHCTBOBAHMSI KAK KOHCTPYKTUBHBIX, TaK
U TEXHOJIOTUYECKUX MTapaMeTPOB.

K mocrouHncTBam 1TaHHOTO METO/A CIEAYET OTHECTH BO3MOXKHOCThH IIMPOKOM BapHa-
MU TIapaMeTpoB 0e3 mpoBeAeHHs (U3NUECKUX U HATYPHBIX IKCIEPUMEHTOB, YTO yJICIIEB-
JISIET ¥ YCKOPSET MPOIIECC MPOEKTUPOBAHUS HOBOM ammapaTyphbl.

Kak pe3ynbTaTr paboThl 6J10Ka MOTYYarOTCs 3HAUEHUSI YKa3aHHBIX TapaMeTPOB U BbI-
YHUCIISIOTCS BCE APYTHE BETHUMHBI, XapaKTePU3YIOIIHNE MTOKa3aTeIl pabOThl yCTAHOBKHU.

TakxuMm o6pazomM, pazpaboTaHa CTPYKTypa CUCTEMbI aBTOMAaTU3UPOBAHHOTO MMPOEKTH-
pPOBaHMUsI CIIELUATU3UPOBAHHOI0 000PYI0BaHUS JJIsl BCIIOMOTaTeIbHOIO Mpoliecca MoJryde-
HUSl COMYTCTBYIOILIETO MaTepHaa Mpu OO0OTralleHUU IMOJIE3HBIX HCKOMAaeMbIX, pa3paboTaH
AITOPUTM (YHKIIMOHUPOBAHUSI TOJIOBHOM MPOTPaMMBI MaTEMaTHYECKOTO O00eCIeYCHHUS
CUCTEMBI.

OCHOBHBIM MPEUMYIIIECTBOM CHCTEMBI aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS SIB-
JSIETCSl TO, YTO C €€ MOMOIIBI0 yIAeTCsl MOMYUYUTh TOCTATOYHO IMOJIHYI0 MH(OpPMALHIO O
pa3IMYHBIX BapuaHTaxX MPOEKTa, MPH 3TOM H30€KaTh MAcChl PYTUHHBIX ONEpAIil U He-
00X0JIMMOCTH MPOBEACHUS 3HAYUTEILHOTO KOJIMYECTBA JOPOTOCTOSIINX IKCIEPUMEHTOB.

BbiBOAbI

Pa3paborana (GyHKIIMOHAILHO-JIOTHYECKAs CXE€Ma CHUCTEMbI aBTOMATU3UPOBAHHOTO
npoektupoBanusi (CAllp) TexHomoruu mnporecca, Ha OCHOBaHUU MOCTPOEHHOM MaTeMaTuye-
CKOM MozienH pa3paboTaH aaroput™ (GyHKITMOHUPOBAHUS TOJIOBHOM MPOrpaMMbI MaTeMaTHUC-
CKOro o0OecriedeHusi cucTeMbl. 1o pe3ynbraram HCCIIeOBaHUM MOTYT OBITh pa3pabOTaHbI
pEKOMEHIalvH, MTPeAHAa3HAYECHHbIC [Tl paOOTHUKOB CIY)KO ¥ IMOpa3/IeIeHUH TPEIIPHSATHIA,
BBITIONHSIOMIMX PabOTHI MO MPOEKTUPOBAHUIO M IKCIUTyaTallUM TEXHOJIOTMYECKUX CXEM U
00opyTOBaHUS

C ucnonbp3oBaHrEeM pa3pabOTaHHBIX KPUTEPUEB MPOBEICHO HccienoBanue ddhdex-
TUBHOCTH IpoLecccCa B 3aBUCUMOCTH OT IMapaMETPOB TEXHOJIOTHUECKOHU CXEMBbI, PC3YJILTAThI
KOTOPBIX TOJTBEPKIAIOT paHee MOJyYeHHbIE JaHHbIE MATEMaTHYECKOTO0 MOJAECTUPOBAHUS.

HpeI[J'IO)KeHHI)Ie MOZCIIM U MCTOABI UX PCATIU3alluH MO3BOJIAKOT IIPOBOJUTH YHUCJICH-
HO€ MOJICIUPOBAHKE MPOIIECCOB U PEIIaTh 33a4d COBEPIICHCTBOBAHUS KaK KOHCTPYKTHB-
HBIX, TaK U TCXHOJIOTUYCCKUX MMapaMETPOB.

K nmocronHcTBaM AaHHOTO METO/A CIEIYEeT OTHECTH BO3MOXKHOCTH IIMPOKOW Bapua-
oUn napamMeTpoOB oe3 IMPOBCACHUA q)HBH‘IeCKI/IX M HATYPHBIX 3KCIICPUMCHTOB, YTO YJACUICB-
JSIET U YCKOPSIET MpoIlecc MPOSKTHUPOBAHUS HOBOH ammapaTypbl.
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RESUME

E. V. Perinskaya
Application of the Method of Computational Experiment to Investigation
of Parameters of Convective Processes

At the present stage, the further development of science and technology is unthinkable
without comprehensive informatization and automation of processes. This problem is
especially acute when designing new and modifying used devices and processes. To this end, a
subsystem for automated design of technological schemes is being developed, designed to
improve the quality of projects through the effective use of computer technology to implement
labor-intensive routine functions.

This article discusses the problem of studying mathematical models and software
tools for their implementation. The theoretical basis of the system is a package of
mathematical models that simulate the process of equipment operation [8-10].

Based on the constructed mathematical model, recommendations can be developed
for employees of services and departments of enterprises performing work on the design
and operation of technological schemes and equipment. The structure of the model base
and the corresponding CAD software has been developed.

The proposed models and methods for their implementation make it possible to carry
out numerical modeling of processes and solve problems of improving both design and
technological parameters. The advantages of this method include the possibility of a wide
variation of parameters without conducting physical and full-scale experiments, which
reduces the cost and speeds up the process of designing new equipment.

As a result of the work of the programs, the values of the specified parameters are
obtained and all other quantities characterizing the performance of the installation are
calculated.

The functional-logical scheme of the computer-aided design system (CAD) of the
process technology has been developed, on the basis of the constructed mathematical
model, an algorithm for the functioning of the head software of the system software has
been developed. Based on the results of the research, recommendations can be developed
for employees of services and departments of enterprises performing work on the design
and operation of technological schemes and equipment.

Using the developed criteria, a study was made of the efficiency of the process
depending on the parameters of the technological scheme, the results of which confirm the
previously obtained data of mathematical modeling.
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MaTtemaTunyeckne Moaenu n nporpaMMHble CpeacTBa B CUCTEME MPOEKTUPOBAHUS. ..

PE3IOME

E. B. lNepuHckasi
Mamemamuyeckoe MO@GHUPOSGHUG ripouyeccos (pyHKL(UOHUpOGGHUFI
crieyuariu3upo8aHHsbIX aririapamoe KOH8eKmMuUue8HoOc0 muria

Ha coBpemeHnHOM »Tamne jpaibpHEiIee pa3BUTHE HAYKH M TEXHUKH HEMBICIUMO 0e3
BCECTOPOHHEN MH(POPMATH3AIMH U aBTOMaTH3aluK mporieccoB. OcoOEHHO 0CTpo 3Ta mpodiema
CTOMUT IPU MPOEKTUPOBAHNH HOBBIX M MOJH(UKAIIMY UCTIOB3YEMBIX YCTPOMCTB U MPOILIECCOB.
C oroif menbio pazpabarbIBaeTCsl MOACUCTEMAa aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS
TEXHOJOTMYECKUX CXEM, MPU3BaHHAs MOBBICUTH Ka4E€CTBO MPOEKTOB 3a cYET IPPEKTUBHOIO
MPUMEHEHHS KOMITBIOTEPHBIX TEXHOJIOTHI ISl pear3aluil TPYI0EMKUX PYTUHHBIX (QYHKIIHI.

B nmanHoii ctatbe paccMaTpuBaeTcs 3ajada UCCIeOBaHU MaTeMaTHUECKUX MOZEINeH U
NPOTPAMMHBIX CPEJICTB HMX peain3alud. TeopeTHYecKyl0 OCHOBY CHUCTEMBI COCTaBIISET
MakeT MaTeMaTHYeCKUX MOJellel, UMUTUPYIOUIUX Tpoliecc GyHKIIMOHUPOBAHUS 000pPYI0-
Banus [8-10].

Ha ocHOBaHuU MOCTPOEHHOI MaTeMaTH4YeCKOW MOJAENTU MOTYT OBbITh pazpaboTaHb
pEeKOMEHAaNNH, MpeTHa3HaueHHbBIE UI PAOOTHUKOB CIIY)KO M MOJpa3/IeeHuil TMpearpus-
TU, BBITOJTHAIOIIMX PAOOTHI 10 MPOSKTUPOBAHHUIO M SKCILTyaTallMH TEXHOJOTHYECKUX CXEM U
obopynoBanusa. Pa3paboTtana cTpyKTypa MOJEIbHON 0a3bl MU COOTBETCTBYIOIIETO IPO-
rpamMHoro obecneuenus CAIIP. IlpemioxkeHHble MO U METOJIbI X peaTu3aluu IMo-
3BOJISIFOT MPOBOJUTH YHCICHHOE MOJEIMPOBAHUE IPOLECCOB M peliaTh 3aaud COBEp-
[IEHCTBOBAHUS KaK KOHCTPYKTHUBHBIX, TAK U TEXHOJIOTHUUYECKUX ITaPaMETPOB.

K mocromHcTBaM TaHHOTO METOJA CIIEAYET OTHECTH BO3MOKHOCTh IIUPOKOW Bapua-
MU TIapaMeTpoB Oe3 mpoBeAeHHs GU3MUECKUX U HATYPHBIX IKCIEPUMEHTOB, YTO yJICIIeB-
JSIET W YCKOPSET IMPOIecC MPOCKTUPOBAaHUS HOBOHW ammapaTypbl. Kak pesynbrar paboThI
MpOrpaMM TMOJIYYal0TCs 3HAYECHHS YKAa3aHHBIX MapaMEeTPOB W BBIYMCISIOTCS BCE JIPYTHe
BEJIMYHMHBI, XapaKTEPU3YIOIINE TIOKAa3aTeIH PadOThl yCTAHOBKH.

Pa3zpaborana (hyHKIIMOHAIBHO-IOIMYECKasi CXeMa CHUCTEMbl aBTOMATH3UPOBAHHOTO
npoextupoBanus (CAllp) TexHomoruu mpoiiecca, Ha OCHOBAaHWH MTOCTPOSHHON MaTeMaTH-
4ecKoil Mozienu pa3paboTaH aaropuT™M (YHKIMOHHPOBAHUS TOJIOBHOM NMPOTrpaMMbl MaTe-
MaTH4YecKoro odecrieueHus cuctemsl. [1o pesynbpraTtam ucciemoBaHuii MOTYT OBITH pa3pa-
00TaHbl PEKOMEHJAlMY, MpeAHa3HAYEeHHbIe I PaOOTHUKOB CIY)XO0 M TMOApa3fesieHuit
NPEINPUSATHIA, BHITOTHIIOMUX PaOOTHI IO MPOSKTHUPOBAHUIO M AKCIUTyaTaI[MH TEXHOJIOTH-
YEeCKHUX CXEM U 000pYyIO0BaHUS

C ucnonb3oBaHueM pa3pabOTaHHBIX KPUTEPUEB NPOBEJCHO HccienoBaHue 3P dek-
TUBHOCTH TIPOIIECCa B 3aBUCHMOCTH OT ITapaMeTPOB TEXHOJIOTHUECKOW CXEMBI, Pe3yIbTaThI
KOTOPBIX MOATBEPXKIAIOT paHee MOJyUeHHbIE JaHHbIE MaTEMaTHUYECKOT0 MOIETMPOBAHUS.

CraTtbs noctynuna B pegakuuio 29.04.2022.
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