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OT ONBITHO-CTATHCTHYECKOIrO HOPMHPOBAHMA
K UMSMEPHTENI0 TPYOOEMKOCTH $AKTHYUECKH
BBINMOJIHEHHBIX PABOT B COCTABE PLM
WINDCHILL

Bonxos A. B., Capanyur B.A. ProTECHNOLOGIES . Mocksa
CapanyuH A. B., 3A0 «PML «Mporpecc MHdopm» 1. keBck

Heobxommocts CORCPINEHCTBOBAHHS YIIPaBACHH IIPOH3-
BORHTEREHOCTRIO TPYA Onpenelidercd GyHKIHOHHPOBAHHEM
COBPEMEHHOI0 MANTHHOCTPOHTEIBHOTO NPEANPHATHA B YCIIO-
BHSIX eCTKOI KoHKypeHiHH. KOHKypeHTHAs cnoco6HOCTS 11Po-
AYKIMH TAKOr0 NPEANPHATHS JOCTHTACTCH MAKCHMANBHO BO3-
MOXHOI 3GHEKTHEHO CTHE, TIO ONPEASACTCA IKOHOMHEH 3a1-
PaT Ha €€ NPOH3BOICTBO, OCHOBHEIM KOMIIOHCHTOM KOTOPHIX
ARIAIOTCH SATPATH] HA OTLIATY TPYROBBIX PECYPCOR, D10 030448~
€T, UTO MOCTARNEHHEIE IICTH MOTYT DEANH30BBIBATECH ITYTEM CO-
BEPINEHCTROBATHA AeHCTBYIONHX CHCTEM HOPMHPOBAHYA TPY-
Jia, OCHOBAHHBIX HA ZOCTATOYHO TOUHBIX HAHHLIX O Pe3epBax
(axTHgeckoll TPYAOCMKOCTH, B HACTOANICE BPEMA NPHHATO
CHHTATE, YTO OIPAHHUYEHHE TPY/IOBIX 3ATPAr BO3MOMKHO [IYTeM
TUTAHHPOBAHKS H CCYNIECTBICHHA MEPOTIPHATHIH 10 CHIDKCHHIO
TpynoemrocTH, OIHAK0, AX OPaKTHIECKOE NPHMCHEHIE, KAk
TPABHIIO, HE TIPHROIHT K MOTHBATHH BEICOKOIPOH3BONHTE -
HOTO TPY/A OCHOBHEIX paGourx. Ha (oHe BHOBE pacmpoctpa-
HHBHIHXCS 3aHOMKEHHOCTeH RRpeAUpHATIEL 1o 3apaboTHoit nna-
TE 570 MOYKET CITYHHTECA H3-32 OTCYTCTBHA JIOCTATOYHRIX CPCICTB,
HATIPABJIAEMBIX JIA CONPOBOKICHHA HopMaTHBHOil 6a361 ¥ yC-
TaHOBICHHA BBOMHMBIX HOPM TPYZAA. B yCHOBHAX HENPePLBHO
MeHsIonIeHca HOMEHKJIATYPH! BRITYCKAeMOH NPOXYKIHHE H
MEOTOHOMEHKIATYPHOTO HPOH3BOACTBEHHOTO NIPOLECCa MpH-
XOIHTCH KOHCTATHPORATE, TT0 OCYINECTRICHHE KOHTPOIIL HANPS-
FKEHHOCTH H COMPOBOKICHI HOPOH ACCATHOB THICAT HOPM TPYZAR
TIOCTOSHHO COREPHICHCTRYHOIHXCA IPOLECCOB O PAHHMEHHEIM
KDYTOM CHELHAIHCTOB CTAHOBMTECH HE BOIMOXHEIM. A TaM,
IJE TaKyIo paGOLy ILITAIOTCH BEITIONHATS, OHA HOCHT (JopMalib-
HEBIH XapaKTep.

TIo »T0l npHayHe HACTYNAIOT MOCHEACTBNSA, CBA3AHHEIC C
HH3KOH TIPOH3BOAHTENLHOCTHIO TPYA, HE PEANbLHOI OLEeHKOM
THCIIEHHOCTH IEPCOHAa H NPOH3BOACTECHHON MOITHOCTH, He
Tpe/ICKA3yeMOCTRIO IPOTHO30B JANBHEIIIEro PasBHTHA H HE-
BO3MOMKHOCTEIO OCYIICCTRICHHA ONEPATHRHO-TPOH3BO/CTEEH-
HOTO IAaHHPOBANHs,. 3aTPATEI BPEMCHH Ha BEITIOIHEHAES Ofe-
patii u pabor, IpeLyCMOTPEHHEIE CTPYKTY PO OBCEMECTHO
YCTAHOBNIEHHEIK TaKAM 00Pa3oM HOPM TPY/Ad, CTAHOBATCA HH-
JaxaTopaMH (AKTHIECKH BEIIQTHEHHBIX PaboT, HCKWKas OLeH-
KH [IPOM3BONHTENFHOCTH PabOT, Ha OCHOBAHHH KOTOPBIX Tipil-
HHMAOTCA YIPABISHICCKIHE petllernia. B croxuBLmxed yei1o-
BISAX JOCTATOYHO TOMHOE 0O0CHOBAHHE TPYIOSMKOCTH, B TOM
qHcAe, AEHCTEYIONMK HOPM TPYIa MOXHO JOCTHIHYTh TONBKO
HyTeM aBTOMATH3ALIHH IIPOIECta HIMEPEHIA TPYAO0EMKOCTH.
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B crzu ¢ 3umM kovmarneii Pro{TECHNOLOGIES & coor-
BETCTBHH C COBPEMEHHBIM cnpocoM Ha priike CATIP ocyme-
CTBILUICA MHOTOACTHHIH HOMCK HADOPMAIHORHEIX TEXHOJOTHII,
MAKCHMAILHO NPHGIHKEHHEIX 14 YCJIOBHH HIMCPEHHA TeX-
HONOTHYECKOH TPY/IOEMKOCTH B ABTOMATHYECKOM PeXHME.
[IyTeMm BpoBEAEHI MHOXKECTBA OIBITHEIX H SKCIEPHMEHTAN b
HEIX paBoT yCTaHOBIICHO, 4T0 HanboIee MpHOILKECHHEIMH 11
STHX Leelt ARITHOTCA AHAOPMAHOHHBIC TEXHOIOrHH Ha Gase
nponyxros kommarnn PTC (CIUIA), koTopsie APOKO HCTIONb-
3yI0TCA TPEINPHATHAMHA MAIIHHOCTPOSHUA H 060pOHHOH
NPOMBIIINEHHOCTH A1 ABTOMATH3AIH TEXHHYECKOH HOITo-
TOBKH NPOH3BOJICTBA.

Wx 6a30BEIE BO3MOXKHOCTH H3HAMANHHO NPHCIOCODNEHS!
U1 OFFTHMH3ATMH KOHCT PYKITHE B TEXHOIOTHYE CKOTO TIPOLEC-
€4 H3TOTORICHES! H3ACTHA, 970 00eCIeUHBAET OCYIMECTBICHHE
HOCHEYImEro NPOHIBOACTBEHHOTO IPONECea ¢ MHHHMANE-
Hoif TpyaoeMKocTIo. B mponecce TeXHHYECKOH HONTOTOBKH
3 eNHA HCIONB3YIOTCA OHA M Ta ke RHpOopMarHoHHas 6asa
06 H3LEIIHH ¥ YCAOBIAX MPOH3BOACTECHHOTO NPOTIECCa, YTO H
HpH pa3pab0TKe i yCTAHORICHHH HOPM TpYA2, B COOTBETCTBHH
€ 3THMH HPHHIBIAMH CIICIHATHCTAMH KOMITAHHH IPEATONe-
HAa MOZENs H3MEPEBHS TpYIOeMKOCTH omepanuii B Pro/
Bngineer u Windchill, Bo3MOoXHOCTH KOTOpOi IPOHIUHOCTPH-
poBaHEl Ha pHC. 1.

JlaHHE1i Ipotece IPAMERATENBHO K MeXanHTeckoi o6pa-
H0TKE COCTONT H3 H3Mepenus ManmuHoro (T ) 1 BCTIOMOT -
tensoro speMentt (T, ). uHsmechHe T oEymemnﬂemg
OIOBPEMEHHO C HMHTATHEH COOTBETCTBYIOHEH OTICPALHY TeX-
HosIoTHYecKoTO nponecca B Pro/Engineer B2 0CHOBE CAMEBIX I0-
CTOREPHBIX JAHHBIX, IPHHATHIX Ha ocHoparmH 3D Mozierm 13ne-
JIHst B MOZIETTH IPOEKTHPYCMBIX YCHOBHi 00paboTka 1pd orre-
pars, TIps H3MeHeHHH Mofieneii cHeteMa criocobHa H3MeHHTh
TPYAOEMKOCT Ha BCEX 5Tanax TeXHHYECKOH HOAPOTOBKH HIH
IPOM3BOACTEEHHOTO IPOLECea. A 3TO 03HAYACT, I10 HIMEHE-
HIe TPYIOEMKOCTH ONEPALIIH CHCTeMa criocofHa B aBTOMATH-
YECKOM PEXKHME OCYTIECTBUTE OMHOBPEMEHHO!

- ¢ BEUTONHEHHEM MeponpuaTHil, 06ecrcusalomKX TeX-
HOTIOTHYHOCTE H3ZEJHA,;

- ¢ IPOEKTHPOBAHMEM H BHEPSHHEM OCHACTKH H HECTAH-
RApTHOID OBOPYAOBaHHS;

- ¢ OCYIIECTBICHHESM MEPONPHATHH M0 MEXaHH3AMH H
ABTOMATH3AIHK IPCH3BOACTBEHHOTO TpOIecca H 3aMeHET yC-
TapesInero o0opyNoBaHIA

*
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AsTOMaTHaUpOBaHHasA
obpaboTka uHopma-
Li¥¥ CpeacTeamm
Pro/Engineer n
Windchill;

MTM
(MEK)

Puc. 1. Humocmpayus o3modicrocmei npednazaemoil Mooe UIMEPEHUA nipydoesmrochu

M3mepeHue TpyAoeMKOCT! B
COOTBETCTBUN
¢ BocTpeG0BaHHbLIMU YCTIOBUAMHA,
onpeaeneHHeIMi Pro/Engineer

YueT 1 aHanva TPySOSMKOCTH B
pacyeTe
Ha epvHULY u3genvs, no
NpeanpuaTHo

MrHOBEHHKIA NPOrHo3
YUCNEHHOCTH,
Y3KUX MECT U
MPOM3BOACTEEHHBIX MOUIHOCTEN

Wsmepenue T BCIT, BPEMEHH BRHIOAHEHHA PYTHbIX H cbo-
POUHBIX OmEpalHii OCYIECTBIAETCA HA OCHOBE BCEMHPHO

NpH3HAHHBIX cTauapTOB BPEMEHH B COOTBCTCTBHH C COBpB-'

MEHHBIMH METOLAMI H3MEPEHHA TPYROEMKOCTH Method Time
Measurement (MTM) ins MEK, xoropsie HOAACPKHBAIOTCA
Pro/Engincer & Windchill fns Bcex THIIOB IIPOH3BO/CTRA.

K IOCTOMHCTBAM METO/IOB CIIE/[YeT OTHECTH:

¢ IPHMEHACMOCTh IS BOEX OTPACHEH IKOHOMHKIL

# JOCTYTHOCTb /ijist IPAKTHEECKOTO NIPHMEHCHH fe3 yon-
TOCPOYHOTO OOYYCHIA; .

4 He TpeOYIOT HANTHYNA HOPMATHBOB BPEMCHH;

¢ TOCTOAHEHO OOECTIEHHBAIOT COH3MEPUMOCTE pe3yIbTa-
TOB HE 3aBHCHMO OT ChEpHl 80 IPHMEeHCHHUA;

& 0BECICIHBAIOT BHICOKYH0 TOYHOCTE HIMEPEHHA TPYA0-
EMKOCTH; :

4 CHOCODHOCTE CHCTEMBI H3MEPEHHA TPYHOEMKOCTH 110~
CTOMHHO CAMOCOBEPIIEHCTBORATECH;

& Cr10COBHOCTh HEMEICHHOTO Ipeo0pa3oRaHiia BRABIICH-
HOTO MOTCHLHAA B YCOBCPIICHCTROBAHIA HPOH3BOCTBCHHOIO
Ipouecta.

CrpyxTypa IPC/UIATAEMOT0 PEHICHIS OPHBCICHA HA PHE. 2.

PeaynsraThl H3MEPEHHs TPYAOEMKOCTH IPHMEHHTENBHO K
[epexoy COXPAHAIOTCH B HAMATH Windchill H cymmupyores
Ii0 BCEM IEpexoaM TeXHONOTHUECKOTO TPOHECea. 3ra e
CHCTEMA B QBTOMATHHCCKOM PEKHMe (OPMHPYCT HMITYTHOC
BPEMS OIIEPALIHH TEXHOTIOTHUCCKOTO NPOLEcca (T.,) c yuerom
IpeABAPHTENEHO H3MEPEHHOTO MAUIHHHEOTO H BCTIOMOTaTes-
HOro BPEMEHH Ha ORCPAIHY.

B CcBOJO OUEpCilb, TEXHHUECKH 0GOCHORAHHAS TpynosM-
KOG TEXHOTIOTHYECKOTO IPOLIECCa NIepefiaéres B CHCTEMY Plant
Simulation, IHe CTAROBHTACA OCHOBOH J1: TOHIOrO MPOTHO3MH-
pPORATIS M MIAHHPOBAHIIA XO/2 IPOM3BONCTRR.
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CHcTeMa TNaHEpOBaHuA IponaBoicTBa (Ha Gase Plant
Simulation) H cHCTEMA IHCHIETHEPCKOTO yueTa Onarogaps Tod-
HEIM HOPMATHBAM BPEMEHH NO3BOIAIOT:

* cHOPMHPOBATH JCTATTHHBH mnan-rpagux pabot no
BHIIOHEHII NPOH3BOACT BCHHEIX 3aKA308;

* [IOTYYATE B PEKHME PEaIbHOTO BPCMEHH rndiopMalHn
O BHITTOJIHEHHH IIPOH3BOICTBCHHEEX 38KA308;

® Ha OCHOBE IHCKPETHO-COOEITHItHOIO MOACTHPOBAHHA C
BEICOKOTT TOMHOCTHIO IPOTHO3HPOBATH X0/ IPOH3BOJICTRE;

® QIEHHBATH BIEHAHHS BO3MOMHBIX HCIHTATHRIX CHTYaTHil
118 XOJI [IPOH3BOJICTBA (CPETBBL CPOKOB IO CTABOK KOMIICKTY F0-
11X, BEIXOL #3 CTpOA 0GOPYIOBAHILL);

¢ OITHME3HPOBATH CPOKH 3ABEPILCHI 33KA30B, 3AIPY3KY
pecypcos (060pyRoBaHRA U pabouux), o6pEM 3anacOB M HE-
3aBepIIEHHOTO IPOH3BO/ICTRE.

Crcrema Taxoke GOPMHPYET B ABTOMATHICCKOM PEHHME

 MACCHB HAHHAIX O TPY/IOSMKOCTH B HEMOM I10 HISHAHIO, B
TOM THCIIE, TI0 BH/AM PaboT H 000PyAOBAHHIO;

* CYyMMapHYIO TPYIOEMKOCTE COBOKY THOCTH Haxonsmeii-
¢S B [IPOHECCe POH3BONCTRA H3MIEMiH, B TOM HCKE [0 CTPYK-
TYPHBIM HOAPA3ICISHHAM i IPC/IPHATHIO B ICTIOM;

¢ RHECEHHE HEOOXOTHMBIX ACCONMATHBHEIX H3MEHCHHI
B pesynbTaTsl GOPMHPOBAHNAL ITHX AHHBIX OHOBPCMEHHO
¢ KOppPeKUHE] INTYYHOTO BpEMEHH (T ) & 38BHCHMOCTH OT
BHECCHHEIX HiMEHEHNIH B KOHCTPYKIHIO HIACHHA, TSXHOJIO-
PHYECKHI IpoLece, IIaHHPOBKY pasMelleHHA o6opymoRa-
HUf.

ToUHOCTE M3MEPEHHA TPYAOEMKOCTH ofecneynBasTes
BO3MOKHOCTEIO CHCTEME! MOTEIHPOBATE NPAKTHUECKH G-
60ii TpYZOROI HPOITECC C OMHOBPEMEHHOI ero ONTHMH3ANH-
eit. Taxum o6pazoM, IPSIIATAESMOE PEIHCHHE obecneduBacT
BHIBOI H3 COCTARA MEHCTBYIONX HOPM TPY/A 3ATPaThl Bpe-
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OnepataBHOE
Pro/Engineer SR Maummmoe spesst Ha " HIaHHPOBAHHE
Nepexox
+
HIryunoe ppeMsa Ha
P mexammueckyio ofpaborky [
Windchill Plant
HMryunoe BpeMs pyYHBIX
R npeneccos {cGopKu) —
Bpenms 0CHOBHOTO
MTM (MEK) — > ABHGKCHHHA 3arpy3xa obopyaoBaHks
(paGouero npHema)

Puc. 2. Cimpyxmypa modenu usmepenus mpyooemxocmn

- MaxcHmMaaLHan ABTOMATHIAU U
Brmon nsburronoit TIPOH3BOAHTEILHOCT apJeHHn MOBOkH
YHCIEHHOCTH 3 P ’ ymp TPy
" SKOHOMHS TPYAOBBIX 3ATPAT HArpy3Koii
MOIHHOCTEH
Kouxypenrsias Toumoct,
yp .. JddexrusHOCTE (B OHePATHRHOTO
crocofHOCTE H3gemii [
IIJ1aHHPOBAHAA
OnTaMuU3aLHI Murnosenan MakcHMARRRO
OPOA3ROACTEEHHOI O IPeicKazyeMoCTh BO3MOKHAS MOTHBAIHA
npouecea NPOTHO30B, Y3KHUX MeCT

Puc. 3. Cocmasnaonjue dexmusnocmu npednazaemoii modenu

MEHH HA ONepayH K paboThy, He OTPeICNEHHEIE TEXHOIOTH-
YCCKHM IIPOHEcCcoM M KOHCIPYKIHCH HIICINA, YT0 I0BRICHT
NPOUIBOAHTERLHOCTE TPYA B KOHKYPEHTHYI) CriocobHOCTE
H3ENHA 33 CHET OrPAHHYEHHS 3aTPAT Ba cogepXaHue Tpy/Io-
BHIX pecypcoB, ORHOBPEMEHHO JOCTHIAETCA CIPYKTYPa HOPM
TPYAa, KOTOpas npeacrasaaet coboii uamepurens GakriiecKku
BHEINONHEHHEX paoT, criocobeTBy ot MoTHBali s(dek-
THBHOTO TPY/IA, TIOBBIICHHIO YPOBHS YIPARIASMOCTHIO H €CTe-
CTBEHHOH ONTHMHM3AMIH IPOM3BOACTBEHHOIO Hponecea. Di-
GEeKTHBHOCTE APE/IATAEMOTO PEIHEHHS XapAKTEPH3YETCA prc.3.

HpeanaraeMas aBTOMATHIECKas KOMITHIOTEpHaN CHCTEMA
OCHOBAaHa Ha H3MEPCHHH TPYROEMKOCTH B NPOHECCE TEXHH-
YeCKOH OATOTORKH NPOH3BOACTEA TOTHA, KAK TPARHIHOHHEC
CHCTEMEI HOPMHPOBAHEA TPYAA O CHOBLIBAIOTCA Ha Pe3yILTa-
TaX 3KCIEPTHHIX ONGHOK FI0 HTOraM APOH3BOACTBEHHOTO po-
necca. OHa HANpaBNeHAa HE Ha BEISBICHHE PE3CPROB IPOH3BO-

JUTENEHOCTH TPY/A B NIPOLSCCE €8 SKCITYATALMHE, & Ha HX He-
JONYIICHHC W YTIPA3MHEHHE €IN¢ B NpoLecee TEXHHIECKOH
MOATOTOBKH H3LCHHS,

70 OTKPHIBACT BO3IMOKHO CTH HE TOIHKO M eKTHBHO He-
HHOJIB30BATE PECYPCHI [0 YTIPABNEHH0 HPOH3BOHTENLHOCTRIO,
HO H CBOCBPEMEHHO 0003HAYHTD BOMOKHOCTH BO3HHKHOBE-
HHA Y3KHX MECT H HafAIKRO NPOTHO3HPORATH HOTPeOHYIO YHC-
HEHHOCTE paboTAIOMIHK H PA3BHTHE IIPOHIBONCTREHHBIX MOII-
HocTei, Pacuer nmokasarenelt, NPHEATEHIX /% IPOTHO3, ABTOMA-
THZRPOBAH H BEINIONHRCTCH MPHOBEHHO C Y4ETOM XapakTepHe-
THEH HIETH, HAXOLAINEro B HPOLECCe TeXHIue ko MoAToToR-
Ki IPOM3BORCTRA, PYKORORCTBO BpeANpHATHI, MIHHCTEPCTS H
BEAOMCTB OJ{HOBDPEMEHHO ¢ 9THM NpHOOPETaIOT B YCIOBHAX
MHOTOHOMEHKITATYPHOTO H MHOIOOTPACTIEBOI0 IPOH3BOACTBEH-
HOTO npouecca €CTCCTBCHHEET HHCTPYMCHT OHCHKH COM3MCpH-
MBIX PESYIBTATOR QYRKIHOHHPOBAHHA PaG0UHX LICHIPOB.
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