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VK 621:658.512.6
O®OPMUPOBAHMUE DJIEMEHTOB HPOI/I3BO)I[CTBEHHOI7[ CHUCTEMBI
HA YPOBHE ITPOU3BO/JCTBEHHOI'O YYACTKA
O.F. Anopeesa, B.A. Caoos

Paspa60TaHb| MeponpuATUA Mo POPMUPOBAHUIO ANIEMEHTOB NPOU3BOACTBEHHOW CUCTEMbI Ha YpOBHE NMpon3BOACTBEHHbLIX y4aCTKOB
Ha OCHOBE aHasin3a MaTpuubl CTPYKTYpbl NpON3BOACTBA. MpuBegeHsb! ycnoBua 1 pekomMeHaaunm no coBepLueHCTBOBAHUIO CTPYKTY-
pbl NPOU3BOACTBEHHOIO y4acTka, no3pondumne Ha paHHeVI CTaaun nNpoeKkTnpoBaHuUA npoun3sBoacTea .’:)CbcbeKTI/IBHO HamMme4vaTb NyTn
ANs BUAOU3MEHEHUSI MPON3BOLACTBEHHON CUCTEMbI, OPUEHTUPOBAHHON Ha U3rOTOBIEHNE npoAyKTta B COOTBETCTBUN C TpeGOBaHMH-

MU noTpeduTens.

Lens QopMuUpOBaHHS 3IEMEHTOB CHCTEMBI
MIPOM3BO/ICTBA HAa YPOBHE NPOM3BOACTBEHHOIO Y4acT-
Ka WK paboyero Mecra 3aKIOYacTcss B HU30JMPOBA-
HUM 3aBHCHMOCTH MEXJAy IapaMeTpaMu Iporecca,
CBSI3aHHBIMH C TPOIYKTOM, W IPOU3BOICTBEHHBIM
MeCTOM (y4acTKkoM). B aTom ciydae m3mMeHeHHE 3THX
napaMeTpoB He OyAeT NMPUBOAUTH K CYIIECTBEHHBIM
HW3MEHEHUsSM y4acTKa, T.€. BIUSHIE U3MEHEHUH mapa-
METpOB Mpolecca Ha (OPMUPOBAHUE Yy4acTKa Orpa-
HU4YeHo. Ha 3ToM yuacTke JMIIbL HamMe4aeTcs CMeHa
UHCTPYMEHTOB WJIM U3MEHEHUs I1apaMeTpPOB IIPOLEC-
ca, CBA3aHHBIX C MpoAyKToM. Ilpu 3TOM 3aTparhl 1O
W3MEHEHHSM TPOM3BOICTBEHHOI'O YdYacTKa Ha 3TOH
JIMHUY MUHUMHU3UPYIOTCS.

Jnst hopMHpOBaHHS 2JIEMEHTOB Ha yd4acTKe B
MpuHIUNE TpeOyeTcst TpexMmepHas (WM oO0beMHas)
Marpula MpOAyKTa, KOTOPBI HEOOXOAUMO H3TOTO-
BUTH [1]. B 3TOl MaTpuile JOMKHBI OTpaXkaThCs B3au-
MOZEHCTBHS MEXTY NPU3HAKAMH HPOIYKTa, €ro KOM-
NIOHEHTaMU U CTPYKTYypOH IIPOU3BOJCTBA, KOTOpas
JOJDKHA OOECIeYnTh BBIMYCK MPOIYKTa B COOTBETCT-
BUU C €ro mpusHakamu, cM. puc. 1. [lox aprymentom
CTPYKTYpPHI IIDOM3BOJICTBA B JJAHHOM CIIydae CIEIyeT
MIOHUMAaTh COOCTBEHHO ITPOM3BOJCTBO, BKIIOYAIOIIEE
cpeactBa (00opynoBaHME, NPOU3BOJCTBEHHBIE ILIO-
[ai, MHCTPYMEHTHI U TPUCTIOCOOICHUS U T.II.), TeX-
HOJIOTHYECKHE TIPOLIECCHI, HEOOXOAUMBIC IS (hOPMHU-
pOBaHUS KOMIIOHEHTOB MPOIYKTa, W 3aBUCHMOCTH,
OKa3bIBAIOLIME BIMSHUE HA MPOLYKT 4Yepe3 YCTaHOB-
KH, TIEpEXO0/IbI, CMEHbI HHCTPYMEHTOB [2].

CTpyKTYypa IPOU3BOACTBA
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KoMmoHeHThI POAYKTA

74| I — L ___

Ipu3naku npoaykTa

Puc. 1. TpexmepHasi MaTpuua ¢popMHpPOBAHUS HPOAYKTA

Ecin Y4eCTb, 4YTO B3aHMOﬂeﬁCTBHﬂ MCKIY
MPOU3BOJICTBCHHBIMU yYaCTKAMH OTPAKAIOTCS CMEH-
HBIMH BO3JICHCTBHSAMU MEXIy TPU3HAKAMU IIpOIecca,
a TaKKe TO, YTO MPU3HAKHU MPOIYKTa (MU TpeOOBaHUS
noTpeOuTeNei) BOCIIPOU3BOAATCS Yepe3 MPOIECCH, TO
MOJKHO OTPaHHYHUTHCS IBYMEPHON MaTpHUIIEH, IIpUMep
BEIpE3KH W3 KOTOpOW mpexactaBieH Ha puc. 2. Ilpm
3aIOJIHEHUH CTOJOIOB TaKOW MaTpPHUIBI HEOOXOIUMO
MPUHUMATH CJEAYIOUINE YCIIOBHS: OTCYTCTBHE Iepe-
YCTaHOBOK OTIpeNesieTcss Kak Hylb, IOCTIKCHHE
(mposiBneHME) MpHU3HAKa MpoIlecca MOCPEACTBOM BbI-
MOJTHEHHUSI COOTBETCTBYIOIIETO MPOIIEcca M0 U3rOTOB-
JICHUIO KOMIIOHEHTa MNPOAYKTa ONpEACIACTCA CIAUHHU-



LeH, B MPOTUBHOM cilyyae — HyJieM. [ pananus yacto-
Thl UI3MEHEHHH KOMIIOHEHTOB IIPOAYKTA, KaK U U3Me-
HCHMH €ro MNpPHU3HAKOB, OMNPEAEISIETCS Ha OCHOBE
ABC-ananu3a (criocoba omnpenesneHus IJIaBHOIO Ha-
MIpaBJICHUS JIEATENbHOCTH, Ba)KHeHWIIel 3amadm, oc-
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HOBHOTO 3BEHA MyTEM JICICHUS] HA TPHU YaCTH: CaMOe
Ba)KHOE, CpEJHEH BAKHOCTH, HAMMEHEee Ba)XKHOE),
BBIMOJIHSAEMOTO TPH pPAaCHpEeAC]CHUH I[POrpaMMbl
BBIITyCKa MPOAYKIUH MO0 00beMaM MapTUU U THIIaM
n3aenuii [3].

BEHHBIX Y4YaCTKOB;

@ — CMEHa PUHAJICKHQCTH NMPOU3BOACTBEHHOMY IpOLECCy;

— muddepeHimalys TpOU3BOICTBEHHBIX YYaCTKOB

— MHTETPAIHs TPOU3BOJICT-

CoxkpalieHus: KII 1 | KII 2 | KII 3
KII — xoMrioHenT npojykra; Yucno BApUaHTOB KOMIIOHEHTOB MPOYKTa
P — nporiecc, BBIMOTHIEMbII BPY4HYIO, 6 " 5 " B
A — miporiecc, BBINOTHIEMBbIH aBTOMATHYECKH. -
O003HaYeHMs JUIsl YACTOTHI U3MEHEHUH HIpHU- Yacrora M3MCHEHUI KOMIIOHCHTOB POIYKTa
3HaKOB ponykra: H — amskas; C — cpenHss, Cpennss Cpennsis Bricokas
B — BbIcOKas
0O0603HaueHue mporecca ITapameTps! mporiecca
Yucno nepeycraHoBOK —la ol gl =laleal =1 ] e
— | =]l =]l =]l ] |eA]eanlen
KonnuectBo nporpamm Uucio BapuaHToOB
Yucno cMeH UHCTPYMEHTOB
B HANAIKE 2 5 4 4 3 3 3 1 3 1
Uuciio MHCTPYMEHTOB YacTtoTa M3MEHEHUH IPU3HAKOB MIPOIYKTa
Howmep HanmenoBanue
YUaCTKa | pnonecca ¢c |B |C |C |H |H |C |B C |H
1.1 (1)1 0[P <
Vi 1.2 1|11 0[P
1.3 1{of1 [o]P Ve ? 1)
2.1 T[o]1 [4 P \\J —/
V2 2.2 1101 0[P
2.3 1101 0P
3.1 1 (0|5 |1 (P
V3 32 o1 [2 A J
33 411 11 g lp >( 3

Puc. 2. Cxema ¢popMupoBaHuSs 31€MEHTOB POU3BOICTBEHHOI 0 Y4aCTKA.

Ecmu ¢pyHKUIMOHMpOBaHUE TPOU3BOICTBEHHOTO
ydacTKa 3aBHUCHT OT KaKOTro-THOO0 IpU3HaKa IIpoIecca,
BBIITOJTHAEMOTO Ha JOPYTOM YYacTKe, TO MOXHO yT-
BEP)KIaTh, YTO TaKWE€ YYACTKH B3aHMMO3aBHUCHMEI JPYyT
oT Apyra. BosgelicTBug MeXIy ydacTKaMM OTpaka-
IOTCA 3THUMHU B3aMMOCBA3SIMH: MCKAY YydYaCTKaMH U
MEXIy Mpu3Hakamu mpoiecca. [Ipu Beipabotke dop-
MUPYIOIIUX MEPONPHUSITHHA 3JIEMEHTOB CHUCTEMBI OHHU
JIOJIKHBI YUYUTHIBATHCS.

Cy1ecTByeT TpU UCXOAHBIX MOJOXKEHUS K H3-
MEHEHUIO BJIMSHHS MPOAYKTa HA MPOU3BOJCTBEHHBIN
Y9acTOK:

1. [TapameTp npornecca, CBA3aHHbBIN C IPOLYKTOM.

2. BzanMoieiicTBHE TTapaMeTpoB Tpoliecca Ha YUacToK.
3. B3anmoneiicTBre MeXIy MPOU3BOACTBEHHBIMH y4a-
CTKaMH.

Momudukanus mapaMmerpa IpOIecca, CBsI3aH-
HOTO C MPOAYKTOM, MOXKET IPOUCXOIUTH Yepe3 h3Me-
HEHHE KOMIIOHEHTa MPOAYKTa I H3MEHEHHE IHC-
MepCHH ero KOMIOHEHTOB. dopMmupyromue Mepo-
MPUATHS B CBSI3M C KOMIIOHEHTaMHU IPOAYKTa BBIBO-
JIATCSI HA 0a3e MaTPUIlBI CTPYKTYPHI poaykTa. M3me-
HEHHUE BO3JICHCTBUS apaMeTpa mpoliecca, CBI3aHHOT0
C MPOAYKTOM, Ha IPOU3BOACTBEHHBIN yUYaCTOK MOXET
JIOCTUTaThCs MIPHU OTKA3€ OT CYLIECTBYIOILIEH TEXHOJIO-
TUU POU3BOCTBA.

Nmeercst Takke BO3MOMXKHOCTb MEPECMOTPETH
MPUHAAJICKHOCTS TIPOU3BOJCTBEHHOTO TpoIIecca y4a-
CTKy. DJTO [IeiicTBHE HAa3BIBACTCA «CMEHOW TPHHA-
JISKHOCTH K TPOU3BOICTBEHHOMY y4yacTKy». B main-
HelImeM ydJacTOK MOXET IpPOOWTHCS Ha J1Ba MPOU3-
BOJICTBEHHBIX y4acTKa, YTO Ha3bIBAIOT «IAU(depeHIn-



poBaruem». CyMMHpOBaHHE IBYX YYaCTKOB B ITOCITE-
OyromeM o003HadaeTcs KaK «UHTErpamisp. Takum
00pazomM, (GOPMHUPYIOIUMH MEPOIIPUATHSIME Ha YPOB-
HC MMPOU3BOACTBCHHOI'O YYAaCTKa ABJIAIOTCA:

1. CMeHa npuHaATIEKHOCTH POU3BOICTBEHHO-
ro mporiecca.

2. MHTerpanus mpou3BOACTBEHHBIX YIACTKOB.

3. IuddepeHnmpoBanre MPOU3BOICTBCHHBIX
YYacTKOB.

OTH MEpOTPHUATHS MOXKHO TPEJICTABUTH CXEMOH,
TIPUBEICHHON Ha prcC. 2. [ HATTISTHOCTH CXEMEI sTaei-
Ka C COUHHIECH TMPH KOMITIOHEHTE IPOAYKTa Oynmer 3a-
KpaIIeHHOH, a C HyJIeM — He3aKpaIIeHHOH («ITyCTO»).

IIpu BEIpaOOTKE MEPONPUATHH MO CMEHE TPH-
HAUISKHOCTH KOMIIOHEHTa IPOAYKTa IPOM3BOJCT-
BCHHOMY MPONUCCCY U UHTETPALUN ITPOU3BOACTBEHHBIX
YYaCTKOB aHAIM3UPYIOT CTOJIOLBI 10 KAXKIOMY BapH-
aHTy KOMIIOHEHTOB IIPOAYKTA.

CMeHa MPHUHAIICKHOCTH MPOU3BOJICTBCHHOMY
MIPOLIECCY JAOCTUTAeTCsl CMEIIEHHEM Ipouecca B Ipe-
JIeNlaX TPaHHMIl, KOTOPBIC 3a/IaHbl IPOHU3BOJCTBEHHBIM
yaacTkoM. [Ipom3BoacTBeHHBIN Tporiece 3.1 3aBUCHM
oT mapamMeTpa mporecca 1.1, cBI3aHHOTO ¢ MPOAYK-
ToM. Bece ocTanmpHBIE y9acTKH, HA KOTOPBIX OCYILECT-
BIISIIOTCSI TIPOIIECCHI, SBISIOTCS HE 3aBUCHUMBIMH OT
atoro napamerpa. Cmemenue nponecca 3.1 B mpowus-
BOJCTBEHHBIN y4acTOK Y1 BBITOJHO, T.K. BBINIOJIHSE-
MbI€ TaM TPOLECCH TaK K€ 3aBUCHUMBI OT IapaMeTpa
1.1. Tlocne cmenieHus y4acToK Y3 MOXET HE OCHa-
maThCs y)KE MHCTPYMEHTAMH U TPUCTIOCOOICHUSIMH,
HEoOX0MMBIMHE 151 Tapamerpa 1.1.
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WnTterpanus mpon3BOICTBEHHBIX yYaCTKOB OC-
HOBBIBAaCTCS HAa TOM, YTO HECKOJIBKO NPOM3BOACTBEH-
HBIX YYaCTKOB OObeauHsroTcs B onuH. CoequHeHne
JABYX NPOU3BOJACTBCHHLIX YYACTKOB BO3MOKHO TOJIBKO
IpH BKIIFOYCHHWHU U3MCHCHUA MPOAYKTa, T.K. IMPOU3BOI-
CTBEHHasl I10CJIEI0BATENBHOCTD, 3aJaHHasl MPOJYKTOM,
HE JIOITyCKaeT TaKoro MCKJIIOYeHHus. J[Ba NMpoM3BOACT-
BEHHBIX y4acTka 1 u 2 sBJISIOTCS 3aBUCUMBIMHU OT Ia-
paMeTpoB Tpolecca, OAWHAKOBO CBS3AHHBIX Yepes3
nponykT. CoequHEHHe 3THX YYaCTKOB BBITOJHO TEM,
YTO W3MEHEHHE MapameTpa rporecca 2.2 TODKHO MOoJ-
JIep>KUBATHCS TOJNBKO ONHUM ydacTKoM. IIpwm sTom co-
enuHeHuH HaOmoaaercs 3pdexT cuHeprusma.

Bo3moxHOCTh auddepeHnraniy y4acTkoB Bbl-
BOJUTCSI HA OCHOBE aHAIM3a CTPOK MPH KOMIIOHEHTax
npoaykra. JuddepeHunpoBaHue MpOU3BOACTBEHHBIX
YYaCTKOB OCHOBAaHO Ha MX pa3lelieHUH. DTO Mepo-
NPUSATHE JIOJDKHO UCIIONB30BAaThCS B TOM CIIydae, eClld
HapaMeTpsl poLecca, CBSI3aHHbIE C MPOIYKTOM, OTIIH-
YaloTcs 10 MX 4acrore n3MeHeHui. [Ipumep mudde-
PEHIMPOBAaHMS MTPOU3BOJICTBEHHBIX YYAaCTKOB IIpHBE-
JieH B puc. 2. IIpou3BoacTBeHHbIN yyacTok Y3 uepes
MPOIIECC 3aBHCUT OT TapaMeTpoB mporecca 1.1, 1.2 u
3.1, cBsA3aHHBIX ¢ TpoAyKToM. [lapamerpsl mporecca
1.1 u 1.2 U3MEHSIOTCS CO CPelHEN 4acTOTOM, B TO Bpe-
Ms Kak mapamerp 3.1 uMeeT BBICOKYIO 9acTOTy H3Me-
HeHul. Ha 3Tolf OCHOBE BBIFOJIHO pa3lelieHue MpOou3-
BOJICTBEHHOTO y4acTka Y3 Ha aBa yuactka Y3au Y3b.

Takum 00pa3oM, MOXKHO MPEACTABUTH MATPHILY
YCOBEPIICHCTBOBAHHOW CTPYKTYphI NPOM3BOACTBA B
BHU€E TaOIuubl 1.

Tabmuna 1.
Martpuua cTpyKTypbl IPOU3BOACTBA MIOCIIE BBINOIHEHHUS MEPOTIPUATHI
110 COBEPIICHCTBOBAHUIO MPOU3BOICTBEHHBIX YYACTKOB
Coxkpalienys: KII 1 | KII 2 | KII 3
KII — xoMIIOHEHT IPOIyKTa; Yucno BapuaHTOB KOMIOHEHTOB TPOAYKTA
P — nporiecc, BBITOIHAEMBIH BpyUHYIO, 6 | 5 | 12

A- mpouecc, BBITIOJIHSIEMBIN aBTOMATHYCCKH.
0O603Ha4YeHus JUJIS YaCTOThI M3MEHEHUH IIPU3HAKOB IIPO-

YacToTa M13MEHEHUH KOMITIOHEHTOB IIPpOAYKTa

Cpennss H Cpennss H

aykra: H — amskas; C — cpensisi, B — BbICOKast Bricokast
O6o03Ha4yeHue mporecca:. [Tapamerpsl mpouecca
Uneso niepeyeranoso clafz(zlglalglslala
KonmyecTBo nmporpamm Uncno BapuaHTOB
Yucino cMeH MHCTPYMEHTOB B HaJlaJIKe 5 | 5 ‘ 4 ‘ 4 H 3 ‘ 3 ‘ 3 H 1 | 3 ‘ 1
Umncio MHCTPYMEHTOB YacToTa W3MEHEHHH IIPU3HAKOB MPOJIYKTa
Howme Haumenosanue
yqamfa nponeca c |8 |c |c |H |H |c |B |C |H
1.1 1 1|1 0[P 1 0 0 0 0 0 0 0 0 0
Vi 3.1 1 0[5 |1 |P 1 0 0 0 0 0 0 0 0 0
1.3 1 0|1 0O [P 0 0 0 0 0 0 0 0 0 0
1.2 1 1|1 0 |P 0 0 0 0 0 1 0 0 0 0
\% 2.1 1 0 |1 4 P 1 0 0 0 0 1 0 0 0 0
22 1 0|1 0 |P 0 0 0 0 0 0 0 0 0 0
23 1 0|1 0O |P 0 0 0 0 0 0 0 0 0 0
V3a 32 1 0|1 2 | A 0 1 0 0 0 0 0 0 0 0
V3 V3b 33 4 1|1 0 |P 0 0 0 0 0 0 0 1 0 0
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BMmecre ¢ XOIOM BBINOIHEHUS] TPOU3BOJCT-
BEHHOTO TIPOIECCa Ha MPOM3BOACTBEHHBIX YYacCTKax
MOTYT (DOPMHPOBATLCS CMEHHBIE BO3ICHCTBUS MEXIY
caMMMH YydYacTKaMH. Marpuna 3THX BO3JeiCTBUI
MPOTUBOIOCTABISAETCS. NPOU3BOACTBEHHOMY YYacTKy.
OcoOeHHbIE MPOU3BOACTBEHHBIE YYacTKH, KOTOpbIE
4acTO M3MEHSAIOTCS WINM INEePEOCHAIAIOTCS, JOJKHBI
UMETh KaK MOXXHO MEHBIINE CMEHHBIE BO3JEHCTBUS
Ha JIpPyTHUe YYaCTKU.

BBIBO/IbI

1. dopMupoBaHUE HIIEMEHTOB MTPOU3BOICTBEH-
HOTO y4YacTKa, BXOAAIIETO B COCTaB NPOH3BOICTBCH-

HOH JINHUH, MOXKET OCHOBBIBAThCS HA aHAIN3E MaTpH-
bl CTPYKTYPBI IPOU3BOJCTBA.

2. ITockompKy B3aUMOICHCTBUS MEXY IIPOU3BO/I-
CTBECHHBIMU YYAaCTKaMH OTPAXKArOTCSA CMEHHbBIMU BOS[[eﬁ-
CTBHSIMM MEXKy IPU3HAKAMH TPOLIECCa, JUIS BBIPAOOTKA
PEKOMEH/IALMi  MOXKHO BOCIIOJIB30BAThCSl  JIBYMEPHOM
Matpuieil CTPYKTypsl POU3BOJICTBA, T/I€ OTPAKAIOTCS
BO3JICHCTBYS IIApaMETPOB MPOLIECcca Ha YYaCTOK.

3. IIpou3BOJCTBEHHBIE Y4aCTKH MOTYT (op-
MHUpOBAaThCs 4Epe3 CMEHYy NPUHAIIICKHOCTH MPOM3-
BOJICTBEHHOMY TIpOLIeCcCy, HHTerpanuio u auddepen-
IIUALUIO TTPOU3BOICTBEHHBIX YIACTKOB.

CITUCOK JIMTEPATYPHI
1. Cagos B.A. MeToauka OpraHu3aiiOHHOTO (HOPMUPOBAHHUS ITPOM3BOICTBCHHBIX CHCTEM MAIIMHOCTPOeH s / B. A.

Canos. — Koctpoma : KI'TVY, 2007. — 114 c.

2. Piller F.T. Modularisierung in der Automobilindustrie neue Formen und Prinzipien / F. T. Piller, D. Waringer //
Berichte aus der Betriebswirtschaft. — Aachen : Shaker Verlag, 1999.

3. Boér C. Modular Assembly Stations : SPI-3 Project in Innovative Produktion Systems / C. Boér, R. Rinaldi ;
sponsored by Italian Ministry of University and Scientific and Technological Research (MURST); CNR-ITIA —
V.le Lombardia, 20/A 1-20131 Milano (Italy); Project time scale: 1998-2001.

O.B. Andreeva, V.A. Sadov
INDUSTRIAL SYSTEM ELEMENT FORMATION ON PRODUCTIVE BAY LEVEL



