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JKOHOMMYECKNe Kputepum npm
NPOEeKTUPOBAHUUN aPXUTEKTYPbI
NPOuU3BOACTBEHHbIX CUCTEM

Maaunoeckasn 2Kanna Baadumuposna — kanoudam
SKOHOMUHMECKUX HAYK, douenm Mockosckozo
20cy0apcmeenHo20 yHueepcumema nymeii coooujeHus
(MHUHT), Mockea, Poccus.

Ilonoe Arexcandp Ilemposun — Kanoudam
mexHuueckux Hayk, douenm MUUT, Mockea, Poccus.

OJl APXUTEKTYPOI TEXHUYECKON CUCTEMBI
(B mMaHHOM CJTy4ae aBTOMaTU3MPOBaH-
Hoit UT1C — uHTETprpOBaHHOI ITPOU3-
BOJICTBEHHOU CUCTEMbI) TOHUMAETCS CTPYKTYP-
HO-(YHKIIMOHAJIbHAST MOJIENb, OMTMCHIBAIOIIAS:

— COCTaB CHCTEMBI (3JIEMEHTHI: TIOICUCTEMBI,
YPOBHU, KOMIIOHEHTHI);

— (YHKIIUU 2TIEMEHTOB;

— CBSI3U U B3amMojeiicTBue (MHTephenCh)
3JIEMEHTOB,

— TIpaBUJIa KOMIIO3UIIMY 3JIEMEHTOB.

[Ipu npoekTupoBaHUM CTPYKTYPHO-(DYHK-
LIMOHAJIBHOW MOJIIEN MPOU3BOACTBEHHOUN CHC-
TEMBbI CJIEIYET YUUTHIBAThH OTIPEAETIEHHBIE 9KO-
HOMUWYECKME KPUTEPUU, pa3pabOTKa KOTOPBIX
YCIIOXHSIETCS HEOMPEAeNEHHOCThIO BHEITHE
cpenbl. CructeMa 0KHA OBITh SKOHOMUYECKU
3(hheKTUBHOI 1 TTPY 3TOM YIOBIETBOPSTH KPU-
TEPUSIM Ka4ueCcTBa, 00YCIOBJICHHBIM TPEOOBAHU-
SMHU pbiHKA. HeobxonMmMo OTMETUTh, YTO, KaK
TPaBWIIO, TIOJl APXUTEKTYPOI TTOHUMAETCs He
BCSIKAsI CTPYKTYPHO-(YHKIIMOHATTbHASI MOJIETTh,
a JIUIIb Ta, B KOTOPOW BHYTPUCUCTEMHBIE WH-
Tepdeiichl IMEIOT TOCTaTOYHO TOYHOE (IT0 Kpaii-
Heil Mepe, MCKITIoUaloliee HeOMHO3HAYHOCTb
MoHUMaHus1) onucanue [1-3].

ApXUTEKTypa, BOOOIIe TOBOPsI, HE OMpejie-
JISIET CPENICTB Pean3alnuu, B YaCTHOCTH, OHA HE



oTtobpaxaeT (PyHKIIMIA Ha anmapaTHY0 KOHbU-
rypaumio (DBM, annapatypy cBSI3M U T. [1.).

Hpyroit 0COOEHHOCTBIO APXUTEKTYPHI SIBJISI-
€TCs TO, YTO Kaxmast BblaesieMast Py TeKOM-
TO3UIIMY TIOAICMCTEMA MMEET BITOJIHE OTpejie-
JeHHoe (DyHKIIMOHabHOE Ha3HaueHue. boee
TOTO, YTOUHEHUE (HYHKIIMU TOCTUTAETCS C TI0-
MOIIBIO OMUCaHus WHTepdeiica TOACUCTEMBI,
TO €CTh ITOJIHOTO Habopa ee CBsI3el (MaTepraib-
HBIX, UH(GOPMAITMOHHBIX, aITOPUTMUIECKUX
U T. I.) C OOBEMITIONIEN CUCTEMOM, a TOUHee —
¢ IpyrumMu cuctreMamu. akTIeCcKu ONMcaHue
uHTepdeiica MoICUCTEMBI OTPAXKAET e BHEIITHEEe
MOBeJIEHNE, B TO BpeMsI KaK BHYTPEHHUE MeXa-
HM3MBI peain3alliy 3TOTo TOBeIeHUS He pac-
CMaTpUBaIOTCs (Ha IPUHSATOM YPOBHE JeTalli-
3al1Hn).

Takum 00pa3zoM, apXUTEKTypa OMpeaessieT
MOJIeJTb MHOXECTBA PEeaIbHBIX CUCTEM, NMEIO-
IIUX Pa3IMIHYIO peayn3alnio, HO 9KBUBAJICHT-
HBIX B TOM CMBICJIE, UYTO OHUM TTOCTPOEHBI U3
OIHOTO Habopa KOMITOHEHTOB O OIMHAKOBBIM
TIPaBUJIaM, TTOJTHOCTHIO OTBEUYAIOIIINX OTTMCAHN -
aM uHTepdeiicoB. CiaeaoBaTeabHO, J1000M
KOMITOHEHT B CUCTEME, MMEIOIIEeil TaHHYIO ap-
XUTEKTYpPY, MOXKET JIOITyCKaTh MHOXECTBO pea-
JIM3AIiA TIPY TOM YCJIOBHMM, UTO KaX/1asl pea-
3alMsl He HapyllaeT MPaBuJI OpraHU3aluy B3a-
WMOJEICTBUS OTACIBHO B3ATOTO KOMITOHEHTA
¢ obbemuTtoleil cucteMoi (WK ¢ APYTUMU ee
KOMITOHEHTaMu).

ITonoOHBII MTOAXOM K MPOEKTUPOBAHUIO
CUCTEM, OCHOBAHHBIN Ha (DYHKIIMOHAIbHOMN
CTPYKTYpU3alMM, 00JIaJaeT CJeAYIOIUMU TIpe-
UMYIIIECTBAMM:

— 0coboe BHUMaHUe yaenseTcs: (byHKIMO-
HaJIbHOMY OTTMCAHUIO CUCTEMBI, KOTOPOE SIBJISI-
eTcsl HanboJsiee OTBETCTBEHHBIM TIPU TIPOEKTHU-
POBaHUY OOBEKTOB, MMEIOIINX CJIOXKHOE TTOBE-
JICHWE;

— Kaxnast GyHKIIMS BBIIESETCST KaK CaMo-
CTOSITe TbHAS JIWIITH B TOM CJTydae, KOT/1a BO3BMOX-
HO ee olpeesieHre Yepe3 YeTKoe ONucaHue
BHEIIIHETO IMOBEACHNST KOMITOHEHTA, PeaTM3yio-
1LIETro JaHHYI0 (DYHKIIMIO; 3TO YCIIOBUE obecre-
YUBAET CTPOTOCTh OMMCAHMS CUCTEMbI Ha Ka-
KIOM YPOBHE JeTalu3alluu, CIIOCOOCTBYS
B KOHEYHOM CYETe YITyJIIeHUIO KauyecTBa Mpo-
eKTa;

— OTIPEIEISIIOTCS TIPEIIIOYTUTEIbHbIE BApH-
AHTBI peaTu3allii CUCTEMBbI, B KOTOPBIX TpaHU-
11a MEXTY «peabHBIMU» IIOACUCTEMAaMU IIPOXO-
JIIT TIO0 TPAHUIIe MEXIY TIOJICUCTEMAaMU, BbIIe-
JIEHHBIMU B CTPYKTYPHO-(DYHKIIMOHATBHOM
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MOJIENIN; MTPU TAaKOM TOJXOJE peanu3alus co-
XpaHSIeT JOTUIECKYIO CTPYKTYPY, UTO MOBBILIAET
€€ «IMOHATHOCTb» U O0JIeryaeT B JaJbHENIIeM
00yveHMe U COMPOBOXKICHUE;

— yXe Ha 0oJjiee paHHe# cTaguu obecreyun-
BAeTCsl BO3MOXKHOCTb pacrapauieIMBaHUs padoT
10 MMPOEKTUPOBAHUIO U PEATU3aLlUU CUCTEMBI;

— 00JsieTyaroTcs CTHIKOBKa KOMIIOHEHTOB
1 KOMITIEKCHASI OTJIa/IKa CCTEMbI TIPY HATMIUT
YETKUX TPeOOBAHUI K B3aMMOIEHCTBUIO MOACU-
CTeM U KOMIIOHEHTOB;

— UMeeT MOTEHIIMAl CUCTeMa Pa3BUTHS 32
CYET BO3MOXHOCTU YJIYYIIEHUS peaau3aluu,
a TakXe ynajJeHus/no0aBIeHUsT OTAEIbHBIX
3JIEMEHTOB MPU COOTIOACHUU UX CUCTEMHBIX
nHTepbecoB; MprUYeM KOPPEKIIMY BCETIa HOCST
«JTOKAJIbHBIN» XapaKTep: U3MEHEHUE BHYTPEH-
HEero MexaHu3ma (yHKIIMOHUPOBAHUS OTAE/b-
HOTO KOMITOHEHTA MPU COXPAHEHUU €rO BHEIII-
HETO TOBEACHUS HE HapylIaeT LEJOCTHOCTU
CUCTEMBI.

[TprmepoM apXUTEKTYphI CIOKHOW TEXHU-
YECKOW CUCTEMbI MOXKET CIYXUTh 3TaJOHHAS
MOJIeJTb COEIMHEHUST OTKPBITBIX CUCTEM, OITUCHI-
BaloIas IPUHIUITB MePapXudeCKU-MOIYJIbHO-
ro nmocrpoeHusi ceteit DBM [4—6]. [TonsTre
APXUTEKTYPbI, BBEACHHOE BBILIE, TECHO CBSI3aHO
C TIOHSITUEM OTKPBITOM cuctemsl [7,8].

B knaccuueckom MOHUMaHUK CUCTEMA CUM-
TaeTCsl OTKPBITOH, €CIM OHA UMEET HEYCTPaHU-
MbI€ CBS3U (MaTepualbHble, SHEPreTUYECKUE,
MHGOPMALMOHHbIE) C BHELIHEN Cpenoi, uiu,
YTO TO XK€ CamMoe, CBSI3U, HATMYMEM KOTOPBIX
HeJIb3sl MpeHeOpeyb.

ITomo6GHoe onpeneneHue SIBSETCS CAUIKOM
OOIIIMM 1 HEJOCTATOYHO KOHCTPYKTUBHBIM TIPU
aHaJu3e OPraHU3allMOHHO-TEXHUYECKUX CUC-
TeM. [ToaToMy MBI BBEIEM Ipyroe OnpeieieH1e.
Bynem cuutath cuCTEMY OTKDBITOM, €CJIN BbI-
TTOJTHEHBI CJIEAYIOLIUE YCIOBUS:

1)onpeneneHo Ha3HaYeHUE (DYHKIIKS) CUC-
TEMBI;

2)uMeeTcs KOHEUHbII Habop CBsI3el U mpa-
BUJ B3aUMOJEUCTBUSI CUCTEMBI C BHEIIHEH!
cpenoit (BHEIIHUI UHTepdENic);

3)(yHKLMS CUCTEMbI TTOJTHOCTBIO OTIPEeAeIs-
€TCsI €€ BHEIITHUMU CBSI3SIMU;

4)ompeienieH KOHEUHBIT HA0OP TOUEK IOCTY-
T1a, yepe3 KOTOPbIe OCYLIECTBIISIETCS B3aUMOICH-
cTBUe (0OMEH) ¢ BHEILIHE Cpeaoid.

Habop ycnoBuii B onpenesieHUN He YTOUHS -
€T IPUPOJIbl CAMOU CUCTEMBI, €€ BHELITHUX CBSI-
3eil u Touek noctyna. BHemHuil untepdeiic
BBICTYITIAET B KAYECTBE aHAJIOTa KAHAJIOB, a TOY-
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KU JIOCTYTa — B KAYECTBE aHAJIOIOB KOHTAKTOB.
Takum 00pa3oM, OTKpBITast CUCTEMa — 3TO, MO
CYLIECTBY, (DYHKIIMOHANBHBIA OJOK, KOTOPbIi
M0 MpaBuUjaM, MOJHOCTbIO TUKTYEMbIM €ro
BHEIIHUM UHTepdericoM, MOXET COMpSraTbCs
C IpyTUMU OJIOKaMU WX BCTPAUBAThCS B CUCTE-
MBI.

Hormyckas BOJIBHOCTb Pe4M, MOXHO CKa3aTh,
YTO «OTKPBIThIE» BHEIIHWE CBSI3U HAJ0 «3a-
MKHYTb», YTOOBI cCcTeMa «3apadboTtana». Coot-
BETCTBEHHO, «OTKPBITOCTb» O3HAYaeT MPOCTO,
YTO CHCTE€Ma OTKPBITA JJIsI UCMOJIb30BaAHUS
(BBIMOJHEHUS CBOEH (DYHKIIMU) B TIOOOM KOH-
TEKCTEe — JIUIIb Obl ObLIU YIOBIETBOPEHHI TPE-
OoBaHMS ee BHELIHEro nHTepdeiica.

BaxxHo moguepKHyTh, YTO BHELIHUI UHTEP-
(eiic momHOCTHIO ONpenenseT GYHKIIMOHUPO-
BaHME OTKPBITON cuctemsl. [1pu aTOM ycioBuu
BHYTPEHHEE €€ YCTPONCTBO HE MMEET 3HAUEHUSI,
TaK 4TO JIt0OObIE 1BE OTKPBITHIE CUCTEMBI C OIU-
HaKOBBIM BHEIIHUM WHTepdeiicoM SBISIOTCS
(DYHKIIMOHABHO 3KBUBAJEHTHBIMU, 3aMeHa
OITHOW M3 HUX Ha APYTYIO B 00bEeMJIIONIEH crc-
TeMe He IPUBEIEeT K U3MEHEHUI0 (DYHKIIMOHU-
pOBaHMUS MOCIETHEN.

[TonsiTHe BHeLIHero uHTepdenca CTaHOBUT-
€51 0COOEHHO HATJISIAHBIM, €CJTU CBSI3U TPAKTO-
BaThb Kak 0OMeH 00beKTaMU TOU WU UHOU
MPpUPOABI (HATPUMED, MAaTePUATbHBIMU MPENI-
METaMU, 2JIeKTPUYECKUMU CUTHATIaMU, MHGbOP-
MallMOHHBIMUA COOOLIEHUSIMU U T. 1.). B aToM
ciyyae paBuia B3aUMOAECTBUS OMPEAETSIOT
MpolLeaypbl 0OMeHa, a caMa HYHKIIMS CUCTEMbI
TpakTyeTcsl Kak Npeodpa3zoBaHue 00bEKTOB,
YYaCTBYIOUIMX B OOMEHE.

C OTKPHITON CHCTEMOII MOXHO CBSI3aTh
Kakue-a1bo XapakTepuCcTUKM (MoKa3aTelu,
KpUTEpUN) GYHKIIMOHUPOBAHUS (BHEUIHErO
noBeneHus ). I3MeHsIsl BHyTpeHHEe YyCTPOIICTBO
(peanu3anuoo), MOXHO YXyIIIUTh WIK yIyd-
LIUTh €€ MOoKa3aTeJu, HO OHa, TEM He MEeHee,
OyIeT BBITIOJHSATH MO-TIPEXKHEMY CBOIO OTIpe/ie-
JIEHHY10 BHEIIHUM UHTepdericoM hyHKIINIO.

ConepxareabHO IO MPOU3BOJICTBEHHOMN
CUCTEMOIi MOHUMAETCH 1IeJIOCTHASI CTPYKTYPHAs
eIUHWUIA, IpelHa3HauYeHHas 1715 BbIIycKa
Onpee/IeHHON MPOAYKIIUU B Mpeeax CBOMX
TEXHOJOTMYECKUX BOZMOXHOCTEN MTPU YCIOBUU
obecreyeHusI HEOOXOMUMBIMU PECYPCaMU.

WNwmed B Bumy 3amady co3naHus MPOU3BOA-
CTBa C PETYJISIPHOW CTPYKTYPOW, Mbl TaIuUM
npyroe onpenenaeHue. [1ox mpon3BoaACTBEHHOMN
cucteMoit (ITC) OyneM moHMMAaTh OTKPBITYIO
cuctemy, (PyHKIMS KOTOPOW COCTOUT B LieJie-
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HampaBJeHHOM MpeoOpa30BaHUM CBOWCTB
MaTepualbHBIX 00BEKTOB HAa OCHOBAHUMW WH-
(opmanMy U KOMaHI, MOCTYIAIOIINX U3BHE.

TIC BricTynaert ajas o0beMIIoLIet CUCTeMbI
KakK «0000ILIEHHOE» TEXHOJOTHYECKOoe 000py-
JIOBaHUE, BHYTPEHHEE YCTPOMCTBO U MEXaHU3-
Mbl QYHKIIMOHUPOBAHUS KOTOPOW OT Hee
CKPBITHI.

Takum obpazom, uToObl onpeaenuts I1C,
HEOOXOAUMO 33/]aTh:

a) TEXHOJIOTUYECKHE BO3MOXKHOCTHU ((DYHK-
LHI0);

0) Habop 0OBEKTOB, YUACTBYIOLIUX B OOME-
Hax ¢ BHEIIHEH Cpeioif;

B) HAOOP MpPaBWI, PErIaMeHTUPYIOLIUX 3TU
OOMEHBI;

r) Habop TOYEeK JOCTyMa, 4epe3 KOTOphie
TPOXOJISIT TOTOKKU OOBEKTOB.

B nomonHeHMe K HUM BO3MOXHBI TTapaMe-
TPBHI pean3aliuu, moka3arean GyHKIMOHUPO-
BaHMsI TUITA TIPOU3BOIUTETLHOCTH, HAIEKHO-
CTU U T. I. 71 MpOM3BOICTBEHHBIX CUCTEM
MOTYT OBITh BBIIIEJIEHBI, K TIPUMEPY, CJSIYIOIIIe
BUJIBI CBSI3eil, (DOPMUPYIOIIMX BHEITHUN WH-
Tepdeiic:

— TeXHoJoTh4eckuii nHtepdeiic, onpene-
JISIIOIIMI BO3MOXHOCTH 00pabOTKHM, a TaKxKe
CBOICTBA U MapaMeTphl Mpeodpa3yeMbIX 00b-
€KTOB (3arOTOBOK) M BCEX PECYpPCOB, HYXKHBIX
JUTSt pabOThI (MHCTPYMEHT, OCHACTKA U T. [1.);

— MEXaHWYECKUI nHTepdeiic, onpenenso-
LM crtoco0 mogaum MaTeprualbHbIX 00BEKTOB
BHYTpb [1C 1 BBIIaYM UX 0OpATHO;

— OpraHM3alMOHHBII UHTepdelic, UIeHTH-
urmpytonuii cpemy, B KOTOpoit (PyHKIIMOHU -
pyer I1C;

— nHGOpPMallMOHHBIN UHTepdeiic, oTpaxka-
oM conepxaHue, GopMy MOCTPOECHUS
U TIpolieIyphl 0OMeHa MH(bOopMaIrei ¢ BHeII -
HeW cpenoi;

— KOMMYHMKAIITMOHHBIN (CETEBOI) MHTEP-
(eiic, mMoKa3bIBAIOIINIA CPEICTBA U BOBMOXKHO-
CTH Tiepeayu nHpOopMaInm;

— T0JIb30BaTENIbCKUIT UHTEPPEIC, TeMOH-
CTPUPYIOLIUIA CPECTBA U BOZMOXHOCTHU Tep-
COHaJIa MO YMPaBJeHUIO MPOU3BOACTBEHHOU
CUCTEMOIA;

— uHTepdeiic THPPACTPYKTYpPhl, ONPeaeis-
IOLU I MOJKJTIOYEHUE K CUCTEME XU3Heo0ecne-
yeHUs (9HeprocHaOXeHue, KaHaau3alus, mo-
nada Bo3myxa, COX u . 1.).

ITpu netasbHOM aHaIM3e HE UCKIIOUEHBI
pacliMpeHue cocTaBa U NOTMOJHUTEIbHAS
CTPYKTYpU3allvs YKa3aHHBIX UHTeP(ENCcoB.
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JL1st Kaxk[ioro U3 HUX MOTYT OBITh OTIpEe/IeIeHbI
U CBOWMCTBEHHBIE MM BUJIBI TOYEK JTOCTYTIA.

TTo onpenenenuio, otkpuiThie I1C nmpenHas-
Ha4YeHBI IJIST COMPSKEHUS C IPYTUMU OTKPBITHI-
MU crcTeMaMu. B kauecTBe rmocieHuX Crocoo-
HBI BBICTYIATh (TaKKe OTKPBITHIE) YIIPABIISIO-
1I1e, TPAHCITOPTHBIE, CKJIAICKME, KOMMYHUKA-
IIMOHHBIE M T. O. B pesynbrare MOTyT
obpazoBbiBaThcs [1C Gosiee BBICOKOTO paHra.
CxazaHHOE WUTIOCTPUPYET puc. 1.

Hao6opor, kaxnyio ITC MOXHO TpaKTOBaTh
KaK COCTOSIIIYIO M3 HAO0pa OTKPBITBIX CUCTEM,
CKaxeM, TeXHoJornueckoi (odpabdaTbiBalo-
1Ieit), TPAaHCITOPTHOM, CKJIaJACKOM, KOHTPOJIb-
HO-U3MEPUTETbHOM, YIIPABJISIONIEH.

M Bo0O111e BOBMOXHbI J1I00bIe KOMOMHALIMY,
YIOBJIETBOPSIIONINE TPEOOBAHUIO COTJIACOBAH-
HocTu uHTepdeiicoB. Hanpumep, «3amMbIkaHue»
psiia TPOM3BOICTBEHHBIX CUCTEM Uepe3 TPaHC-
TIOPT, CKJIaJ] WU, TOTYCTUM, yripaBieHue. Ta-
KUM CITOCOOOM, B YAaCTHOCTH, PEAJIbHO TOJTy-
YUTH MIPOU3BOJILHOE YKCIIO YPOBHE B Mepap-
XWUHW YIIpaBJICHUSI.

PakTHIecKu TMpaBuiIa KOMIIO3UIIUN OTIpe-
JEeSI0TCS ABYMsI (DakTopaMu: (pyHKIIMOHAb-
HBIM Ha3HAYeHUEM CHUCTEM U UX BHEITHUMU
uHTepdericamu.

JletasbHOE OTIpe/ieieH e BUIOB OTKPBITHIX
CHUCTEM, M3 KOTOPBIX CTPOSITCSI TPOU3BOJICTBEH-
HBIC CHCTEMBI, a TAKXKE X BHEITHUX MHTepdeii-
COB, TI0 CYTH, ¥ CTAHOBUTCS 3aaueil mocTpoe-
Hus apxutekTypsl [1C.

Co3saHue apXuTeKTypbl IPON3BOICTBEH-
HOM CCTEMBbI MOXET MMOHMMAThCS KakK 3a1avya
MocTpoeHus Habopa GYHKIMOHATBHO-OPU-
SHTHPOBAHHBIX OTKPBITEIX CUCTEM W MPaBUI
WX KOMIO3UIMK. MIMeHHO Hanuuue 4eTKO
BBIBEPEHHBIX ITPABWJI KOMITO3UIIUKA KOMITO-
HEHTOB TIO3BOJIUIIO ObI TOBOPUTH O PETYJISIP-
HOM CTPYKTYpe WJIM PeTyJISIpHOU Tpoleaype
(opMUpOBaHUST TPOU3BOJICTBEHHON CHCTE-
MbI. PazpaboTka apXuTeKTyphl, TOHUMaeMOU
TaKUM 00pa3oM, SIBJISIETCS CJIOKHOI HAyYHO-
TeXHUYECKOM 3ajaueit, Tpedyrolleii coriaco-
BaHHBIX YCUTUI MHOTHX UCCIEN0BATEIbCKUX
KOJIJIEKTUBOB. M Hago MOAYEpPKHYTh, UTO
pa3paboTKa apXUTEKTYpPhl 3aBUCUT OT pellie-
HUS 3aj1a4 pa3HOTO, B TOM 4YuCJe U Oojee
BBICOKOTO KOHIIETITYaJIbHOTO YpOBHS. Mme-
eTCs CIIelytolast uepapxus 3a1aq Ipyu co3aa-
HUU WHTETPUPOBAHHON MPOU3BOICTBEHHON
CUCTEMBI:

— MIOCTPOEHUE COLUATEHO-9KOHOMUUYECKOM
MOJIEJI 1 OTIpeNie/IeHNEe TTPUHITUTIOB JAeSTeNb-
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a) "3amblkaHue" no TpaHcnopTy

nc nc nc
TpaHcnopTHas cuctema
6) "3amblkaHne" no ynpaBneHuo
YnpaBneHve
nc nc nc
B) BTOpuyHOe "3ambikaHue” no ynpasneHuo
YnpaBneHve
Ynpasnexue YnpaeneHue

Puc. 1. Mpumepbl KOMMO3ULINN OTKPbITbIX CACTEM.

HOCTU COBPEMEHHOTO IIPEATNPUITHSI B HOBBIX
VCIIOBHSIX;

— JEKOMITO3ULINST (PYHKIU yIIpaBICHUS
SKM3HEHHBIM LIUKJIOM U3JIENNI;

— ompenelieHre ONMTUMAJIbHOIO YPOBHS
HMHTETrpaliu;

— 000CHOBaHNE OPTaHU3ALMOHHOM CTPYK-
TYPBI IPOU3BOACTBECHHON CHCTEMEI;

— TocTpoeHune apxuTekTypsl I1C;

— BBIOOP CMOCOOOB pelLleHUs YACTHBIX 3a1a4
VIIpaBJICHUS,

— ompenelieHNe ONMTUMAJIbHOIO YPOBHS
aBTOMAaTU3alINN;

— BHYTPEHHEE IIPOCKTUPOBAHNE U OTITUMHM-
3a1usl TapaMeTPOB MOICUCTEM U KOMITOHEHTOB
MIPON3BOACTBEHHOM CUCTEMBI;

— peaym3anug [1C B Bume opraHmu3ammoH-
HO-TEXHUUYECKOTO KOMILIEKCA;

— BHEIpPEHHNE ¥ MOIEPHU3AINS IIPOU3BOI-
CTBEHHOI CHUCTEMBI.

B Hay4HO-MeTOmOIOTMUECKOM IIJIaHE TIpe-
cemayeTcs IeJb HAMETUTD ITOIXO0 K TTOCTpoe-
HUIO METOOUKU CKBO3HOTO ITPOCKTUPOBAHUS
MHTETPUPOBAHHBIX ITPOM3BOJACTBEHHBIX CHUC-
TeM, HauyMHas ¢ o0IIell KOHLIETIUY U KOHYas
peanu3anueil oTAeIbHBIX UX KOMIIOHEHTOB.
[MapanneabHO BemeTcs MTOMCK BapHMAHTOB CO-
KpalleHUs CPOKOB W 3aTpaT Ha pa3paboTKy
IIPOTPAMMHO-AIIAPaTHOTO 00eCIIeYeHUs TIPU
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rapaHTUPOBAaHHOM YpOBHE (DYHKIIMOHAJIBHBIX
BO3MOXHOCTEH M KauyecTBE pean3aluu Mmpo-
ekrta [11].

B kauecTBE OCHOBHOTO METO/Ia MCCIIEIOBA-
HUI UCTIONB3YeTCS CTPYKTYPHO-(PYHKIIMOHAb-
Hasl IEKOMITO3UIINST — BBIIEIEHNE KAKOTO-JT100
KJ1acca OTKPBITBIX CUCTEM M OTIpeJeieHue
MpaBUJI UX B3aUMOJEHCTBUS (KOMITO3UIINHN).
IIpu 3TOM IJIaBEHCTBYET METOJOJOTUYECKUI
TIPUOPUTET — YITOPSITIOUEHNE KOHLIENTYyaTbHOI
U TEPMUHOJOTUYECKON 0a3bl UccaeayeMoi
TIPeIMETHOI 00J1aCT! 1 CO3IaHNE TeM CaMbIM
TIPEATIOCHIIOK JUISI TIepeXo/ia Ha HEOOXO MBI
YPOBEHb CTPOTOCTU OMUCAHUS, TOTTYCKAIOIITNI
ABTOMATU3MPOBAHHYI0 00pabOTKY B paMKax
00bEKTHO-OpHUEHTUPOBAHHOTO Moaxoa [9].

B ocHoBe 0003HaUYEHHOTO MOIX0/A JieXaT
TTOHSITHS KJIacca U 00beKTa, CTPYKTypa, rapa-
METpPHBI ¥ TIpaBWIa B3aUMOIEUCTBHUS KOTOPHIX
C BHEIITHEH cpeqioil MOTYT ObITh OITMCAHBI B TEP-
MUHaX GopMaTbHOTO s13bIKa. Kitacchl mpeaHas-
HavyeHbl 00pPa30BHIBATH UEPAPXUIO TUIIA «Ipe-
Ba», TaK YTO OOBEKTHI OTHOTO KJIacca Hacliey-
IOT BCE CBOMCTBA OOBEKTOB TeX KJIACCOB, UTO
JIeXaT Ha MyTH K BEPIIMHE, MPeACTaBISIONIei
HEKWII MaKCHMaJIbHBIA ypoBeHb. [Ipn Takom
packiajie osIBIISIETCS BO3MOXKHOCTD OTIMCAHUS
KJIacCOB aOCTPaKTHBIX 00BEKTOB C TPOU3BOJIb-
HBIMU OTHOIICHUSIMH MEXIY HUIMU. DTH OTHO-
HIEHWS TPECTABIISIIOTCS:

— Wepapxuei KjaaccoB (KOHUENTYyalbHas
cxema);

— MpaBUJIaMU KOHCTPYUPOBAHUS OOBEKTOB,
T. €. BKJIIOYEHUSI OJIHUX OOBEKTOB B COCTaB
IpyTUX (CTPYKTYpHAasI cXeMa);

— MpaBWIaMK B3aUMOJEHCTBUS, OOMeHa
CoO0OLIEeHUsIMU (TIpOLIeIypHasl cXema).

B MeTomosiornueckoM M MpakTUIECKOM
TIaHe YPEe3BBIYATHO BAXKHO TO OOCTOSITENTLCTBO,
YTO0 00BEKTHO-OPHEHTUPOBAHHBIN SI3BIK MOXKET
CITy>KMTb OJTHOBPEMEHHO SI3bIKOM cITelinduKa-
LM 1 SI36IKOM peain3aliiu, a 3TO CyIIeCTBEH -
HO o0JiervyaeT pa3paboTKy M COMPOBOXIEHUE
KPYITHBIX TIPOTPAMMHBIX CCTEM.

SAKJIKOMEHUE

ABTOMaTHM3aIMsI UHTETPUPOBAHHOTO TTPO-
M3BOJICTBA MPEIbSIBISET BEICOKME TPEOOBAHUS
K 9KOHOMUYECKOH 3(p(heKTUBHOCTU yIIpaBiie-
HUSI, a TOTOMY HeJTb3sT HeJIOOIIeHMBATh BOTIPOC

GopMHUpOBaHUS SKOHOMMYECKNX KPUTEPHUEB
1 IETaJIbHOTO OIUCAHMS YIIPABIISIEMOTO 00beK-
ta. [1o cymecTBy, pedb UAET O MOCTPOCHUU
ceMeiicTBa KOHIIETITyaIbHBIX MOJIEJIeH CIIel -
¢duyeckoii mpeaAMeTHOI 00JJaCTU Ha YpOBHE
CTPOTOCTH, DOTYCKAIOIIeM aBTOMATUYECKYIO
(mporpaMMHy10) uHTepnpetauuio. UMeHHO
C 3TOi TOYKM 3pEHUSI IPUMEHEHME METOIOB
00BEKTHO-OPUEHTUPOBAHHOTO TTOIXO0/A ITPe/i-
CTaBJISIETCSI YPE3BbIUANTHO MEPCIIEKTUBHBIM.
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ECONOMIC CRITERIA IN DESIGNING PRODUCTION SYSTEMS ARCHITECTURE

Malinovskaya, Zhanna V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Popov, Alexander P., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Architecture of integrated automated produc-
tion systems is considered, its definition as a
structural and functional model is given. The sub-
stantiation of economic efficiency indicators of
production systems is provided. The relationship

of architecture with an open system concept is
shown. An approach to design systems based on
functional structuring is demonstrated. Economic
criteria are developed; the quality of system man-
agementis analyzed in terms of minimizing product
lifecycle costs.

Keywords: management, design, architecture of integrated production systems, economic efficiency,
structural-functional model, composition, object-oriented approach, automation.

Background. Under technical system architecture
(in this case, an automated IPS - an integrated production
system) is understood structural- functional model, describ-
ing:

— System composition (elements: subsystems, layers,
components);

- Functions of elements;

- Relations and interaction (interface) of elements;

— The rules of composition of elements.

When designing structural-functional model of a produc-
tion system it is necessary to take into account certain eco-
nomic criteria, development of which is complicated by un-
certainty of external environment. The system should be
cost-effective and meet quality criteria of, due to market
requirements. It should be noted that, generally, the archi-
tecture does not mean any structural and functional model,
but only one in which intersystem interfaces have suffi-
ciently accurate (at least exclusive ambiguity understanding)
descriptions [1-3].

Architecture in general, does not specify means ofimple-
mentation, in particular, it does not display functions on
hardware configuration (computers, communication equip-
ment, etc.).

Another feature ofthe architecture is that each released
during decomposition subsystem has a well-defined func-
tionality. Moreover, function specification is achieved by
describing subsystem interface, that is, a full set of its con-
nections (material, information, algorithmic, etc.) with com-
prehensive system or rather, with other systems. In fact, the
description of the subsystem interface reflects its external
behavior, while internal mechanisms of realization of this
behavior are not considered (at the accepted level of detail).

Thus, the architecture defines a model of the set of real
systems having different implementation, but equivalent in
the sense that they are constructed from the same set of
components according to the same rules that are fully com-
pliant with interface description. Therefore, any component
in the system having this architecture, may allow multiple
implementations with the proviso that each implementation
does not violate the rules of the organization of interaction of
individual components with comprehensive system(or other
components).

Objective. The objective of the authors is to study eco-
nomic criteria, which are applicable in the process of produc-
tion system architecture creation.

Methods. The authors use general scientific methods,
comparative analysis, economic evaluation.

Results. This approach to system design, based on the
functional structuring, has following advantages:

— Emphasisis put on functional description of the system
that is most responsible for design of objects with complex
behavior;

— Each function stands out as an independent only when
itis possible to define, through a clear description of external
behavior, a component that implements this feature; This

condition provides description of system rigidity at every
level of detail, helping to ultimately improve project quality;

— Preferred embodiments of the system are defined in
which the boundary between «real» subsystems runs along
the border between subsystems identified in the structural
and functional model; with this approach, the implementation
maintains logical structure that enhances its «clarity» and
facilitates further training and support;

— Already at an earlier stage it is possible to parallelize
design and implementation of the system;

— It facilitates docking of components and integrated
debugging of the system with clear requirements for interop-
erability of subsystems and components;

- System development has potential due to the possibi-
lity of improving implementation, as well as removing / add-
ing individual elements while respecting their system inter-
faces; and corrections are always «local» in nature: change
in internal mechanism of the single component while main-
taining its external behavior does not violate system integrity.

As an example of architecture of complex technical
systems can serve a reference model for connection of open
systems, describing principles of hierarchical modular con-
struction of computer networks [4-6]. The concept of archi-
tecture, introduced above, is closely related to the concept
of an open system [7,8].

In the classic sense the system is considered open if it
has an unavoidable connection (material, energy, informa-
tion) with external environment, or what is the same, connec-
tion, which presence cannot be ignored.

Such a definition is too general and insufficiently mean-
ingful in the analysis of organizational and technical systems.
Therefore, we introduce another definition. We consider the
system open if the following conditions are met:

a) purpose (function) of the system is identified;

b) there is a finite set of relationships and rules of interac-
tion with external environment (external interface);

c¢) function of the system is completely determined by
its external relations;

d) final set of access points, through which the interac-
tion (exchange) with external environment is performed, is
determined.

A set of conditions in the definition does not specify the
nature of the system itself, its external relations and access
points. The external interface serves as an analog of channels
and access point s — as analogs of contacts. Thus, an open
system is essentially a function block which by rules dictated
entirely by its external interface, can be interfaced with other
units or may be integrated into the systems.

Loosely speaking, we can say that «open» external rela-
tions must be «closed» in order that the system «works».
Accordingly, «<openness» simply means that the system is
open for use (performing its functions) in any context — ifonly
it had satisfied the requirements of the external interface.

It is important to emphasize that the external interface
fully determines functioning of an open system. Under this
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“Closing” by transport In addition to these options implementation param-

eters, operation indicators such as performance, reli-
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PS PS PS

Transport system

b) “Closing” by management
Management
PS PS PS

c) Secondary “closing” by management

Management

Management

=1 )

Management

Pic. 1. Examples of composition of open systems.

condition, its inner organization does not matter, so that any
two open systems with the same external interface are func-
tionally equivalent, replacement of one of them to another
system in the comprehensive system will notlead to a change
in functioning of the latter.

The concept of an external interface becomes
especially clear if relations are regarded as exchange
of objects of a different nature (for example, material
objects, electrical signals, information messages,
etc.). In this case, the rules of interaction define pro-
cedures for exchange and the function of the system
is treated as transformation of objects involved in the
exchange.

An open system can be associated with any characte-
ristics (indicators, criteria) of operation (external beha-
vior). By changing the internal structure (implementa-
tion), its performance can be worsened or improved, but
it nevertheless will continue to carry out its function
specified by external interface.

Substantially the production system refers to an in-
tegrated structural unit, intended for production of certain
products within its technological capabilities, given that
necessary resources are provided.

Bearing in mind the task of creating production with
aregular structure, we give another definition. Under the
production system (PS) we mean an open system, the
function of which is targeted transformation of properties
of material objects on the basis of information and instruc-
tions coming from outside.

PS stands for comprehensive system as a «general-
ized» technological equipment, internal structure and
functioning of which are hidden from it.

Thus, to identify PS it is necessary to set:

a) technological capabilities (function);

b) a set of objects involved in exchanges with exter-
nal environment;

c) a set of rules governing these exchanges;

d) a set of access points through which object flows
run.
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ability, etc. are possible. For production systems can be
distinguished, for example, following types of linkages,
forming external interface:

- Technological interface defines processing capa-
bilities, as well as properties and parameters of con-
verted objects (workpieces) and all the resources neces-
sary for the work (tools, equipment, etc.);

- Mechanical interface that defines the method of
supplying the material to the inside of PS and giving them
back;

- Organizational interface that identifies the environ-
ment in which PS operates;

- Information interface that reflects content and
form of construction and procedures for exchange of
information with the external environment;

- Communication (network) interface, showing
means and capacities to send information;

- User interface, showing means and ability of staff
to manage the production system;

- Infrastructure interface that defines connections
to the life support system (power supply, drainage, air
delivery, coolant, etc.).

In a detailed analysis further expansion of the content
and structuring of these interfaces cannot be excluded.
For each of them inherent types of access points can be
identified .

By definition, open PS are designed to interface with
other open systems. As the latter can serve (also open)
control, transport, storage, communication, etc. As a
result, PS of a higher rank can be formed. This is illus-
trated in Pic. 1.

On the contrary, each PS can be regarded as consist-
ing of a set of open systems, for instance, technological
(processing), transport, storage, monitoring and measur-
ing, management.

In general, any combination is possible, satisfying
the requirement of interface consistency. For example,
«closing» of a number of production systems through
transport, storage, or assume management. In this way,
in particular, it is possible to get an arbitrary number of
levels in the management hierarchy.

In fact, composition rules are determined by two
factors: functionality of systems and their external inter-
faces.

Detailed definition of types of open systems, from
which production systems are built and their external
interfaces, in essence, becomes a task of building PS
architecture.

Creating production system architecture can be
understood as a task of constructing a set of function-
oriented open system and rules for their composition.
The presence of well-tuned rules of composition of
components would speak of a regular structure or a
regular procedure for production system formation.
Development of architecture, understood in this way is a
complex scientific and technical task that requires con-
certed efforts of many research groups. And it must be
emphasized that development of architecture depends
on solution of tasks of various, including higher concep-
tual level. We have the following hierarchy of tasks in
creating an integrated production system:

- Building social and economic model and definition
of operation principles of modern enterprise in new con-
ditions;

- Decomposition of functions of product lifecycle
management;

— Defining the optimal level of integration;

- Substantiation of the organizational structure of
the production system;
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- Construction of PS architecture;

— The choice of ways to solve particular problems of
management;

- Defining the optimal automation level;

— Interior design and optimization of parameters of
subsystems and components of the production system;

- Implementation of PS in the form of organiza-
tional and technical complex;

- Implementation and modernization of the produc-
tion system.

At the scientific and methodological level, the aim is
to outline an approach to building design techniques of
through integrated production systems, starting from
general concepts and ending with realization of their
individual components. In parallel, the search is con-
ducted for options of reducing time and costs for devel-
opment of hardware and software with guaranteed level
of functionality and quality of the project [11].

The main method of research is structural and func-
tional decomposition - allocation of a class of open
systems and definition of rules for their interaction (com-
position). The methodological priority dominates — order-
ing of conceptual and terminological databases of inves-
tigated domain, thus creating the prerequisites for
transition to the necessary level of rigor descriptions,
allowing automated processing within the object-oriented
approach [9].

The designated approach is based on the concepts
of class and object, structure, parameters and rules of
interaction of which with the external environment may
be described in terms of formal language. Classes are
designed to form a tree-like hierarchy, so that objects of
the same class inherit all of the properties of objects of
the classes that lie on the way to the top, representing a
maximum level. In this scenario, itis possible to describe
classes of abstract objects with arbitrary relationships
between them. These relationships are represented by:

— The hierarchy of classes (conceptual diagram);

- The rules of design of objects, i. e. inclusion of
some objects into others (block diagram);

— The rules of interaction, messaging (procedural
scheme).

In methodological and practical terms, itis extreme-
lyimportant that the object-oriented language can serve
both as the language of specification and implementation
language, which greatly facilitates the development and
maintenance of large software systems.

Conclusion. Automation of integrated production
puts forward high demands on economic efficiency of
management, and therefore one should not underesti-
mate the issue of formation of economic criteria and
detailed description of a managed object. Essentially, it
is about building a family of conceptual models of a par-
ticular subject area at the level of rigidity that allows for
automatic (program) interpretation. It is from this point
of view, that application of object-oriented approach is
extremely promising.
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