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MODILLING OF THE PRODUCTION PROCESSES IN ORDER TO
IMPROVE ITS ENERGY EFFICIENCY

B cmamve uznooicena 0cobeHHOCMb  UCNONBL308AHUS  BUPMYATILHBIX MoOelel npu
NPOEKMUPOBAHUU NPOMBIULIEHHBIX Npeonpusimuil, 0O00CHO8AHUE UCHONb308AHUS UMUMAYUOHHBIX
MoOeneld  OUCKDEMHO20  NpPOCPAMMUPOBAHUs, 4 MAKdce UX GIUAHUE HA  NOBbIULEHUE
HeaghpexmusHoCmu nPOU3800CMBEHHBIX NPOYECCOS.

Knroueeswie cnoea: MoOenupogaHue, npouU3800CmEeHHble npoyeccol,
IHEP20IPPEeKMUBHOCMb, ONMUMUZAYUSL.

Y cmammi euknadena ocobnusicmv  GUKOpUCMAHHA — GIDMYANLHUX MoOeneli npu
NPOEKMYBaHHI NPOMUCTOBUX NIONPUEMCME, OOIPYHMYBAHHA BUKOPUCMAHHA IMImMayiuHux modenel
OUCKPEemMHO20 NpOSPAMYBAHHS, A MAKONC IX 6NIUE HA NIOBUWEHHS eHEeP2emuYHOi epexmuenocmi
BUPOOHUYUX NPOYECIB.

Knrouogi cnoea: mooentosanns, supobHuui npoyecu, enepeoegh)ekmusHicms, onmumizayis.

This article describes features use of the virtual models in design of industrial enterprises,
the rationale use of the simulation models of discrete programming, as well as their impact on the
energy efficiency improvement of the production processes.

Keywords: modelling, production processes, energy efficiency, optimization.

IHocranoBka npo0.JieMbl. OHEPreTUYeCKyl0  CHUCTEMY  MPEIIPUATHS
parrioHajIbHEee paccMaTpUBAaTh Ha dTare €€ MPOSKTUPOBAHMS, KOTJA OMPEICIITIOTCS
ee OyayIlye MpeuMyIecTBa U HeJJOCTATKH, a TAaK)Ke BHOCSTCS JTI0ObIe H3MEHECHHS 0€3
3HAUUTETBHBIX MaTepUaIbHbIX 3aTpat. [Ipy HamuuMK roTOBOM U GYHKIIMOHUPYIOIIEH
CUCTEMBI CYIIECTBYET CIIO)KHOCTh B OIPENIEJICHUU €€ peajbHbIX HEJOCTATKOB, a MPHU
BBIJIBUKEHUU PEKOMEHJIAlU TI0 TOBBIIMICHUIO SHEProdPPeKkTuBHOCTU PadOTHI
CUCTEMBI, CJIO)KHO MPOBEPUTH IKOHOMUYHOCTH JAHHOTO PELICHHUS.

Heab crarbu. Llens uccrnenoBanus 3akiatodyaeTcs B 0030pe CYIIECTBYIOLIUX
METOJIOB MOBBIIICHUS YHEPTOIP(HEKTUBHOCTH TPH MPOCKTUPOBAHUH TIPOMBIIIIICHHBIX
OPEeNNpHUsITHA ¢ TPUMEHEHUEM COBPEMEHHBIX METOJIOB MOJCIUPOBaHMsS sl Oosee
TOYHOTO pacyeTa MPOU3BOCTBEHHOW JIMHHH.

AHaIM3 MOCJEeIHUX HCCIeI0BaHMUA W myOgukaumi. B Hacrosiee Bpems
aKTUBHO  pacCMaTPHUBAIOTCS  pa3lUYHbIE  TOAXOABl K  MOJCTHPOBAHUIO
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TEXHOJIOTHYECKUX MPOLIECCOB MPEANPUITHI, AHAIU3UPYIOTCS OTHEJIbHBIE STaIlbl
CO3JaHUsl UX MAaTEeMAaTHYECKUX U MporpaMMHbIX Mozenel. [lo pesynpraTaM aHanmza
MOCJIETHUX ITyOJIMKAlUi, pACCMOTPEHHBIX KaK B CETH MHTEPHET, TaK U B PA3JIUYHBIX
HAy4YHBIX XypHallaX, MOXHO cJielaTh BBIBOJl, YTO Haubojee 4acTo ISl pelleHUs
MOCTABJICHHBIX 3aJa4 MpUOEraroT K KOMIIBIOTEPHOMY MOJECIMPOBAHUIO TI00ATBHO
00OOIIIEHHBIX TMPOIIECCOB Ha TMPEANPUATAA U PEXKE KOHKPETHBIX DJIEMEHTOB
POU3BOJICTBEHHBIX TporeccoB [1]. DTo U cTamo MPUYMHON MPOBEICHHOTO B CTaThe
UCCIICOBAHUS.

OcHoBHBbIe MaTepHaJbl HcciaeqoBaHusi. OOBEKTOM MPOCKTUPOBAHUS
MIPOMBIIUIEHHOTO MPEANPUATHS ABJISIFOTCS MPOU3BOJICTBEHHBIE IIPOLIECCHI, MPOLIECCHI
MaTepUalIbHO-TEXHUYECKOTO  OOECIeYeHHsl, HEOOXOAMMBbIE  BCIIOMOTaTEIbHBIC
MIPOU3BOJICTBEHHBIE TPOIIECCH, a TakKe OJHeprocHaOkenue [2]. I'maBHas wunes
MIPOEKTUPOBAHMS B JAHHOUW paboTe SIBISETCS BhIPAOOTKA 3KOHOMHYECKHX PELICHU,
KACarOUIMXCs MOBBIIIEHUS SHEPT03(hPEKTUBHOCTU UCTIOIB30BAHUS SJHEPrOPECYPCOB U
UX pallOHAIbHOE BOIUIOIIEHHUE HA TPEANPUATHH.

BaxxHBIM BCHOMOTaTelbHBIM CPEACTBOM B IIPOILIECCE MNPOEKTUPOBAHUS
MIPOMBIIIUIEHHOT'O TPEIPUSATHUS SIBISIOTCAS METOIbI MojieniupoBanus [3]. [Ipenmerom
WCCJIC/IOBAHUS CTAHOBATCS TPOOJIEMBI, CBSI3aHHBIE C aHAJIU30M, CTPYKTYpPHBIM
MPOEKTUPOBAHUEM  (pacyeT  MapaMeTpoB), ONTUMH3ALUMUEH U  MPOBEPKOU
(YHKIMOHUPOBAHUS MPOU3BOJICTBEHHO-3aBOJICKMX CUCTEM U CHUCTEM MaTepUaTbHBIX
ITIOTOKOB.

[IpuMeHeHnE METOA0B MOJIETUPOBAHHUS MPU MPOCKTUPOBAHUY ITPOMBIIUICHHO-
ro MPEINpHusTUs T[O3BOJIAET MCIOJIb30BaTh B MPOLECCE MPOEKTUPOBAHUS H
IJIAHUPOBAHMS JaHHBIE O JMHAMUYECKOM MOBEACHUM BO BPEMEHHU HCCIEAYEMbIX
CUCTEM, YTO B JaJbHEHIIEM MOXET IOJOKUTEIbHO OTPAa3UThCS HAa KayecTBe
npoektupoBanus. [lockoiabKy yXke Ha 3Tane NPOEKTUPOBAHUS  MOSBIIAETCS
BO3MOKHOCTh  BBISIBUTH  NIPOOJIEMBbI, BO3HUKAIOUIME T[O3JHEE B  IpolEecce
MPOU3BOJICTBA, C BHECEHUEM UCTPABJICHUN U UX YUYETOM IPU MPUHITUU JaTbHEUIIINX
pELIEHNU.

Meroanueckuii TPUHIMI MOJETUPOBAHUS COCTOUT B TOM, YTOOBI B
COOTBETCTBHH C KOHKPETHO IMOCTABJICHHOMN ITPOoOIeMOi, OTM3KO0 K IeHCTBUTEILHOCTH,
0TOOpa3uTh OOBEKTHI MPOCKTUPOBAHUS B BHJIE YINPABISIEMOM MOJEIU H 3aTeM
CMOJIEJIMPOBAaTh XOJ MPOLECCAa BO BPEMEHU B PAMKAX LEJIEBBIX 3KCHEPUMEHTOB C
MOAKIIOYEHUEM  WHTEJUICKTyallbHOM  oOpaTtHOW  cBsizu. Ilocme  omneHku o
MHTEpIPETAllUi  pPe3yJIbTAaTOB  DKCIEPUMEHTUPOBAHUSA, B  3aBUCUMOCTH  OT
MOJIYYEHHBIX BBIBOJIOB, MPOUCXOIUT JIMOO MpPEKpalleHUe SKCIEPUMEHTOB U OLICHKA
pe3yNbTaTOB, JIMOO 1EJIeHANPABICHHOE U3MEHEHUE MTapaMeTpoB MoieNu (pa3paboTka
BAPUMAHTOB) M HOBBIA MOCJIENYIOUMH 3alMyCK SKCHepuMeHTa (MpOAODKEHHE
WCTIBITAHUI ).

B xayecTBE MHCTPYMEHTOB MOJIEIMPOBAHHUS BBICTYIIAIOT CUCTEMBI ITPOTrpamMM-
HOT'O U anmnapaTHoro odecrnieueHust (MMuTatopsl). [Ipu 3TOM UX clieyeT pa3anyath C
TOYKHA 3PEHUS NMPUHIIMIOB CHUCTEMHOTO MPOTPaMMHUPOBAHUSA (KOHIEMINI S3BIKOB
MPOrpaMMHUPOBAHUS) U CUCTEMHOTO MOJCIUPOBAHUS (KOHUETILINI MOJAEIEH ).
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JIng  pemieHUss  OPOEKTHOM  3aJadyd  IIOBBIIEHUS  DHEPreTUYECKOU
3 (PEKTUBHOCTH MPOCKTUPYEMOIO MPEANPUITHS TPEIJIOKEHO HCIOJIb30BAHUE
POrpaMMHOTO obecriedueHus: kommanuu Siemens “Tecnomatix Plant Simulation”
(TPS). IIporpamMma npencTapiiseT co00i HHCTPYMEHT TUCKPETHOTO UMHTAITMOHHOTO
MOJICJIUPOBAHUS, KOTOPBIA MO3BOJSET CO37aBaTh LU(PPOBBIE MOJEIU JOTHUYECKHUX
cUCTeM (HarpuMmep, MPOU3BOJACTBA) JJI OMPENCICHUS XapaKTEPUCTHUK CHCTEMbI U
ONTUMH3ALMU €€ MPOoU3BOAUTENbHOCTU. Co3/laHHbIe IIU(GPOBbIE MOJEIN MO3BOJISIOT
MPOBOAWTH JKCHEPUMEHTH U TMpopabaTbiBaTh CHEHApUU «4YTO eciau» 0e3
BMeEIIATEeNIbCTBA B pabOTy CYIIECTBYIONIMX MPOU3BOJCTBEHHBIX CHUCTEM WU (TIPU
UCIIOJIb30BaHUU B TMpollecce IJIAaHUPOBAHUS) 3a70JT0 JO0 BHEIPEHHS peabHbBIX
CUCTEM.

C 1menpl0 TPOBEPKH MPUMEHSEMOCTH JIOTHCTHYECKMX METOMO0B TPS Kk
HHEpProcrucTeMaM MpeanpHusaTHil ObUTa B3ATa OTJIaXKEHHAsI MOJIEIb 1IeXa COPTUPOBKHU U
YIaKOBKM  KOHAUTepckux  um3nenudt  (puc.l). C mnoMomplo  crelHralibHbIX
MHCTPYMEHTOB OLICHEHA YHEPreTUYECKasl COCTABISAIONIAs MPOU3BOICTBEHHOMN JTUHUM.
JUis 3TOro cosgaHa MMUTAIMOHHAs MOJENIb BBICOKOTO YpPOBHS, BKJIHOYAIOIIAs
POMEXYTOUHbIE HakonuTeau. ONucaHbl BCE BPEMEHHBIE XapaKTEPUCTHKH, a TAKKE
napaMmeTpbl HaAEKHOCTH BCEX 3JEMEHTOB MoJeiH. BbInonHeHa cuMynanus s
Pa3IMYHOTO COOTHOILIEHUSI CKOPOCTH YIAKOBKHU MPOIYKIUH, a TaKXKE OTTPY3KH IJIs
XpaHEHUsl.

B pamkax wuccienoBaHusi 1mo BbIOpaHHOMY OOBEKTY OCHOBHBIMH 3aJadaMu
ObUTM: MHUHUMH3ALMS OYEPEON OXKHJAHUS, BBIIBICHHUE «TOPMO3SIINX» CHUCTEMY
3BEHBEB, KOTOPbIE HETaTUBHO BIMSIOT HAa OOIIYIO YHEPreTUYECKYIO 3(PPEKTUBHOCTD

IMpOU3BOACTBA.
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Puc. 1. UmMuTarnimonHas MOJi€Jb IPOU3BOICTBEHHON JTMHUU
B xoxe uccnenoBaHus MOAENM HEOOXOAMMO BBIMOJHATH KAaYECTBEHHBIH U
KOJIMYECTBEHHBIH aHanu3 paboTel oObekTa [4]. Kaxkaslii 00bEeKT B  MOAETH
ABTOMATHUYECKU OCYIIECTBIISIET COOpP CTAaTUCTUKU CBOEH paboThl — BpeMsi paboThI,
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KOJIMYECTBO U THUIMBI OOCITY)XEHHBIX OOBEKTOB, MOJIOMKH U aAp. I[lpumensitorcs
crenuaibHble HHCTPYMEHTHI, O3BOJISIIOIIME aBTOMAaTUYECKH COOpaTh CTaTUCTUKY U
HaliTH Hauboyiee/HaMeHee 3arpyKeHHble ydacTkd. Emie oaHONW BO3MOMXHOCTBIO
ABJIIETCS aBTOMATHUECKOE NOCTpoeHue auarpamm CaHKH 1O pe3yibTaTaM padoThl 3a
onpefeNéHHOEe BpeMs M IOMCK  YYacTKOB C  Hambojee HHTCHCUBHBIM
MaTepuaionoTokoM. [Ipyn HEoOXOqUMOCTH OTpa)KEHUs] TEUEHHsI MOJICIMPOBAHUS Ha
BPEMEHHOM T'pauKe MOKHO BOCIIOJIb30BATHCSA TOCTPOUTENIEM uarpaMM [ aHTa.

BbIiBOABI

[IpakTuueckuit ombiT nmpumeHeHus: Plant Simulation mpu npoexTHpoBaHUH
MPOMBINIICHHBIX MPEANPUATAN U OIICHKE YHEPreTHUECKON COCTaBISIONIEH MoKasal,
YTO UMUTAIIMOHHOE MOJICTUPOBAHUE TTO3BOJISET:

- JOCTHYb CylecTBeHHOro (mpubnusurensHo 10 10-20%) ymydiieHus
HHEPreTHUECKUX U MPOU3BOJACTBEHHBIX MOKa3aTeNlel 3a CUeT Moa00pa ONTUMAIbHBIX
MapaMeTpPOB CUCTEMBI;

- COKpaTUTh MHBECTHMLIMM B O0OpyJOBaHHME U  IMPOU3BOJICTBEHHYIO
HH(PACTPYKTYPY;

- TOBBICUTH TPEJCKA3YyEMOCTh IOBEIEHUS CHUCTEMbl IPU MEHSIOIIUXCS
BHEUTHUX BO3/CHCTBUSIX.
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