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BBenenue

TexHosorus MalIMHOCTPOEHUS — O00JACTh TEXHUYECKOM HayKH, 3aHUMAIOLIAsICs
W3YYECHHUEM CBS3€H U yCTAaHOBJICHHEM 3aKOHOMEPHOCTEH B IIPOLIECCe N3rOTOBICHUS MalnH. OHa
npu3BaHa pa3paboTaTh TEOPHIO TEXHOJOTHYECKOTO OOECTeYeHHsT M TIOBBIMICHHUS KadecTBa
U3/IeNIUil MallIMHOCTPOEHUS ¢ HAaUMEHbLIeH ce0eCTOMMOCTBIO UX BBIITYCKa

KoMmnbrorepHple TEXHOJIOIMHM B MAIIMHOCTPOCHHHM — 3TO HOBBIE HHTEIUICKTYaJbHBIE
UHCTPYMEHTHI A1 00paboTku HMHpOpMaIMM, KOTopas (GOopMUpYETCs NpU HNPOEKTUPOBAHUU U
NPOM3BOJICTBE HM3AEIHA MAaIIMHOCTPOEHUS M mpubdbopocTpoeHus. OHM HE TOJIBKO H3MEHSIOT
TpaJULMOHHbIE (POPMBI pabOTHI MHXKEHEPA, HO U MPEIbSBIAIOT 0oJjiee BBICOKHE TPEOOBaHUS K
ero mpodeCCHOHAIBHON MOJITOTOBKE: IOJB30BATENb JIOJKEH YMETh HE TOJIBKO paboTaTh ¢
pa3IMYHBIMU IPOOJIEMHO-OPUEHTUPOBAHHBIMU CUCTEMAaMHU aBTOMATU3UPOBAHHOTO
IIPOCKTUPOBAHUSA, HO M IIOHMMaTb METOJOJOTMIO  pellaeMbIX  3ajgad. MHxkenep-
MAaIIMHOCTPOUTENb CErOJHS — 3TO CIELUAIUCT IUPOKOro Mpoduis ¢ BbICOYAMIIUM ypOBHEM
poheccuoHaNbHOM MOATOTOBKH, 3HAIOIINK B COBEPUIEHCTBE OJMH WJIH JIBA HHOCTPAHHBIX S3bIKA
U IOCTOSIHHO MOBBIMIAIONIMKA CBOIO KBAIU(UKALUIO MyTEM OCBOEHHUS HOBBIX KOMIIBIOTEPHBIX
TEXHOJIOT .

IIpakTnueckn He Tak JaBHO — B Haudayue 80-X roloB IPOLUIOTO BEKA, MEPCOHAIBHBIC
KOMIIBIOTEpBl Hadyajld CBOE NMOOEJOHOCHOE HIECTBHE HAa PHIHKE AJIEKTPOHHO-BBIYMCIUTENIBHBIX
mammH. Ho yxe ceromns paGouee MecTO HH)KEHEpa HEBO3MOXHO mpezactraBuTh Oe3 IIK,
OCHAIIICHHOTO0 IPOrpAMMHBIMM IPOAYKTaMH, ITO3BOJSIIOIIMMHM aBTOMAaTU3MPOBATh 3aJadu
YIPaBICHUS NPEANPUATUEM, KOHCTPYUPOBAHUSA HM3JEIINN, NMPOCKTUPOBAHUS TEXHOJOTHYECKHX
MPOLECCOB, YNPABISAIOIIMNX MpOrpaMm i CTaHKOB ¢ YIIY M TEeXHOIOrMYecKkOdM OCHACTKH.
Pa3pa0oTtaHbl Takxe U CUCTEMBI YIPaBJIEHUs] JUCKPETHBIMU NPOU3BOACTBEHHBIMHU IIPOLIECCAMHU.
Bo3moxxHocTe mepemaun uHboOpManmuy (TPEXMEPHBIX MapaMETPHUECKUX MOJICNIEH H3ACIHiA,
YyepTexke, TEeXHOJIOTMYEeCKMX MpPOIECCOB, YIPABIAIOMIMX HPOrpaMM U JIp.) MEXIY
ABTOMATU3MPOBAaHHBIMU  PAabOYMMU  MeCTaMHM  IO3BOJIMJIA  CO3JaTb  MHTETPUPOBAHHbBIE
IpOTrpaMMHBIE KOMIUIEKCBHI, KOTOpbIE Y)K€ NpUIUIM HIM B Omikaiiiiee Bpems NpUAYT Ha
OOJBIIMHCTBO MAIIMHOCTPOUTEIbHBIX MPEANPUITHH.

KoHCTpyKkTHBHBIE pelleHHs, NMPUHUMaeMble MpH pa3paboTKe H3Jenus Kak Oyaymiero
00BeKTa MPOU3BOJICTBA, OMPEIEIIAIOTCS C OJTHOM CTOPOHBI COJEPKaHUEM TEXHUUYECKOTO 3aJIaHus
Ha IPOCKTUPOBAHHME, & C JAPYrOM — TEXHOJOIMYECKUMHU BO3MOMKHOCTSAMHU IMpeAnpustus. B
YCIOBUSIX ~ MHOTOHOMEHKJIATYpHOTO  NPOM3BOJACTBA  JKOHOMHYECKass  3()PEeKTUBHOCTH
MPEANPUATHI ONIPEAECIIAECTCS, B OCHOBHOM, Ka4€CTBOM TEXHOJIOTMUECKOI0 IPOECKTUPOBAHUS.

Kakum ke TpeOoBaHUSM JOJKHBI OTBEYaTh IPOrPAMMHBIE KOMIUIEKCHI ISt
aBTOMATHU3alMM KOHCTPYKTOPCKO-TEXHOJIOTHUECKOM MOATOTOBKM NIPOM3BOACTBAa? Bo-mepBbIX,
BO3MOXXHOCTBIO MPOEKTUPOBAHUSI TEXHOJOTHYECKUX IPOILIECCOB MEXaHMUYECKOH 00paboTKHU Ha
ocHoBe HH(popMaIu, GopMUPYEMOil TPH aBTOMATU3MPOBAHHOM KOHCTPYHPOBAaHUM JieTanu. Bo-
BTOpBIX, HAMYMEM OOpATHBIX CBSI3eM Kak Ha JTarne OTPabOTKU KOHCTPYKIMHM H3JEIHs Ha
TEXHOJIOTMYHOCTb, TaK W HENOCPEACTBEHHO IIPU IPOCKTUPOBAHUM TEXHOJIOTHYECKUX
HpOHeCCOBl.

' TeXHOJIOTUYECKHUI MPOIIECC — ITO YACTh MPOU3BOACTBEHHOIO IPOLIECCA, COIEPIKAIIAs
LIEJICHAIIPaBJICHHbIE JEMCTBUSI MO W3MEHEHUI0 M (WIN) ONPENEIICHUIO COCTOSIHMS IIpenMeTa
Tpyna.



1 JKu3HeHHBIN MUK U31eTUs
1.1 /Ku3HeHHBbIN MUKJI U3/1eJIMS] U €ro CTPYKTYypa

JKusnenHulil yukn uzoenus — 3TO COBOKYIMHOCTb MPOIECCOB, BBHIMTOJIHAEMbBIX OT MOMEHTA
BBISIBJICHHSI TIOTPEOHOCTEH OOIIECTBa B ONMPEACICHHOM H3/EIUH 10 MOMEHTa yJOBIETBOPEHUS
9TUX NOTPEOHOCTEH W YyTWIM3alUU u3Aenus. M30eiuem B MaUIMHOCTPOSGHUU HAa3bIBAETCS
MpeaAMET MPOU3BOACTBA, MOJICKAIINN N3TOTOBICHHUIO HA Tpeanpusatuu. M3aenuemM MoxeT ObITh
MAaIIMHA, TEMEHT MalluHbl U JaXKe OTAeNbHas JeTallb, B 3aBUCUMOCTH OT TOTO, YTO SBJISETCS
IPOAYKTOM KOHEYHOM CTaJuM JAAHHOTO Ipou3BoAcTBa. Hampumep, 11 aBTOMOOMIIBHOTO 3aBOJ1a
U3JIeIMeM SBIIIETCS aBTOMOOWIIb, JJISi CTAaHKOCTPOUTENIBHOTO 3aBOjla — CTAaHOK, s
WHCTPYMEHTAJILHOTO 3aBOJIa — PEXKYIIUN UM MEPUTEITbHBI HHCTPYMEHT.

B cootBerctBUM ¢ 'OCTom 2.101-68 ycTaHaBiuBarOTCA CIAEAYIOUIME BHUIbl W3JIEIUMN:
JeTanu; cOOpOYHbIE €AMHULIBI (Y3J1bl); KOMILIEKCHI; KOMIUIEKTHI; arperaThl.

Jemans sBnsgeTcs W3IENMEM WIM COCTAaBHOW YacThI0 WU3JENHs, H3TOTOBJICHHON U3
OJIHOPOJHOI'0 M0 HAUMEHOBAHUIO U Mapke Marepuana 0e3 MpUMEHEHHUs] COOPOUHBIX OIEpaLUi.
Hanpumep, Banuk, BUHT, KOpIyc, 3yOuaToe Kojeco. JleTtanb — 3TO HEepBUYHBIA COOPOYHBIN
AJIEMEHT Ka)X10i MalluHBI.

Coopounou eounuyeu (y3IOoM) — Ha3bIBae€TCS U3JENHE, COCTABHBIE YacTH KOTOPOTO
NOJJIEKAT COCTUHEHUIO Ha MPEANPUITUN U3TOTOBUTENIEC WIM €r0 CTPYKTYPHOM IOApa3/IEIeHUN
(uexe) cOOpOYHBIMH OIEpalUsIMU, TaKUMHU KaK IPOCTOE COEIWHEHHUE JeTalieidl, COeqMHEHHE
JIeTalied UX 3alpeCcCOBKOM, CBUHYMBAHUEM, CBAPKOM, MANKOW, KIEHKOW, CKICHMBAHHEM H T.1.
Hanpumep, craHOK, peayKTOp, CBapHON KOpIyc, KOpoOKa CKOpOCTeW, pOTOp TYpOUHBI,
LINUHJENbHBIN y3e. XapakTepHbIM IPU3HAKOM COOPOYHOM €IMHUIIBI C TEXHOJIOTMYECKON TOUKU
3peHUs SBJSETCS BO3MOXKHOCTD €€ COOpKH 000COOIEHHO OT IPYTHX AJIEMEHTOB M3/ETHUS B IIEJIIOM
(MamIuHBI).

Komnnexcom Ha3pIiBaeTcs 1Ba U Oolee criend(UIUPOBAHHBIX U3ENUS, HE COSTUHEHHBIX
Ha TIPEANPUATHH W3TOTOBUTENE COOPOUHBIMU ONEpANMSAMHU, HO TpPEJHA3HAYEHHBIX IS
BBITIOJTHEHHS] B3aMMOCBSI3aHHBIX OJKCIUTyaTallMOHHBIX (YHKIMI, HampuMmep, aBTOMaTHYecKas
nuHUA. B KOMIUTEKC Kpome W3eNui, BBIMOIHSIONIMX OCHOBHBIE (DYHKIIUHU, MOTYT BXOJHUTH
neTand, CcOOpOYHbIE EAWHHIIBI M  KOMIUIEKTHI, [pEeJIHAa3HAauYeHHbIC JJs  BBINOJHEHUS
BCIIOMOTATENbHBIX (DYHKITMH, HAPUMED JCTAIU U COOPOUYHBIC €AMHUIIBI, MPETHA3HAYCHHBIC JIJIsI
MOHTaka KOMIUIEKCa Ha MECTE €ro HKCILTyaTaliy.

Komnnexm mnpencraBnser coboit 1Ba u Oojiee U3ACIUA, HE COCAMHEHHBIX Ha
OPEINPUATHH HU3TOTOBHUTENE COOPOYHBIMHU OIEpalusIMHU, W MPEACTaBIsAoIUe co0oil Habop
U3JIeNNH, UMEIoUIMX oOllee SKCITyaTalliOHHOE Ha3HAueHHE BCIIOMOTaTeNIbHOTO XapakTepa,
HalpuMep, KOMIUIEKThl 3alacHbIX YacTed, HMHCTPYMEHTOB, HW3MEPHUTEIBbHOM ammaparyphl,
YIIaKOBOYHOW Taphl.

Aepecam — 3T0 cOOpoyHas €JUHMIA, OO0JIAAaouas TMOJHOM B3aMMO3aMEHSIEMOCTbIO
BO3MOXXHOCTBIO COOpPKM OTAEIBHO OT JPYTMX COCTAaBHBIX HacTell u3nenus (Wiau U3Jenus B
[EJIOM) ¥ CTIOCOOHOCTBIO BBITIOJHSATH ONPEACTICHHYIO (DYHKIIMIO B U3JICTHH U CAaMOCTOSITENIEHO
(Hampumep, ABUTATEND).

Ku3HeHHBI UK MamuHOCTpouTenbHBIX u3fenuid (OKL[M) BkmtouaeT psng dTamos,
HauMHAasg OT 3apOXKIACHMS MJIEM HOBOTO M3JAENUS A0 €ro yTWIM3allMd MO0 OKOHYaHHHM CpOKa
UCIONb30BaHus. OCHOBHBIE ATambl >KU3HEHHOTO IMKJIA MAIIMHOCTPOUTEIBHOTO H3AENUs
npencTaBieHbl Ha puc. 1. K HMM OTHOCATCS 3Tambl npoeKmupo8anus, mMexHOI02UYecKou
noozomosku npouzeoocmea (TIII), cobcmeenno npouzeoocmea, peanuzayuu npooOyKyuu,
9KCNIyamayuu, peHogayuy N, HAaKOHel, ymuauzayuu (B YUCJIO TAOB KU3HEHHOTO IIUKJIa MOTYT
TaK)XK€ BXOJIUTh MAPKETHHT, 3aKYIKH MaTEpHUAJIOB U KOMIUIEKTYIOIIUX, MPEIOCTABIECHUE YCIIYT,
yIakoBKa M XpaHEeHHEe, MOHTaXX U BBOJI B OKCILTYaTaIlHIO).
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Puc.1. )KuzneHnnnrit UK MAIMAUHOCTPOUTCIIBHOTO U3ACIINA

Paccmotpum coneprkanue ocHoBHBIX 3TanoB XKL 1is u3nenuii MalimHOCTPOEHHS.
MapKeTHHTOBBIE HMCCIIEIOBAaHUs. OTOT JTall SBISAETCA INPEIBAPUTEIBHBIM, HO OYEHb
BaXHbIM. Ha HeM OCHOBHOH 3ajadeil MapKeToJOoroB OyAET BBISBICHHE MOTPEOHOCTU
notrpedureneil B mpoaykre. [ 3Toro nmpuaercs npoaHaau3upoBaTh PHIHOK Ha MPEIMET
HAJIMYMS [TOXOXKEro MPOAYKTa, ONMpPEAETeHNUs CUIBHBIX U CIa0BbIX CTOPOH KOHKYPEHTOB.
VY3HaTh €MKOCTh U TIIYOMHY pBIHKA, a TaKKe OIpEeAeTUThCs ¢ 00BEMOM cIpoca M
NEepCHEeKTUBHOCTBIO JalbHeHmel pa3paboTku. Ecinum MapKeTHHTOBBIE HCCIETOBAHUS
JIaT¥ IO3UTUBHBIN PE3yJbTAT, TO MOYKHO MEPEXOJNUTH K CIEIYIOLIEMY JTaIly.
[IpoextupoBanue nponykra. [lanHbiil sTanm kpaiiHe BaxkeH. Ha ocHoBe mH(popmanuwy,
MOJIyUEHHOW B paMKax MapKETHHTOBOTO HCCJIEeNOBaHUS, POPMHUPYETCS CyTh MPOIYyKTa.
I'py6o roBopsi, 31ech co3faercss cama ujaest OyAyLIero W3JeNusi: ONpPEIeNsieTcsl €ro
GyHKIIMOHAM, LeNeBas ayAuTOpUs, BHEIIHMM BUJ, KOHKYPEHTHbIE IMpEeHMYyIIecTBa M
MHOXECTBO JPYTrUX MapamMeTpoB, OT KOTOPHIX OyleT 3aBHCeTh JalbHeWas cyan0a
IPOAYKTa, TO, KaK OH OyJIeT BOCIPHUHMMATBHCS PBIHKOM, M KaKHe 3aTpaThl NPUIETCS
IIOHECTH Ha ero BeIMycK. Ha odrame npOEKTUPOBAHUSA BBINOJIHSAIOTCS IMPOEKTHBIC
npouenypsl —  (opMupOBaHME ~ NPUHLMIMAIBHOTO  peIleHus,  pa3paboTka



FEOMETPUUECKUX MOJENEH M uepTexeil, pacyeTbl, MOJICINPOBAHUE IPOLIECCOB,
ONTUMH3ALMS U T.II.

o [IlmanupoBanme u pa3paboTka Tmpouecca npousBoiacTBa. llocme Toro, Kak
IPOEKTHUPOBAHUE MTPOAYKTA 3aBEPILEHO, HEOOXOAMMO YETKO CIUIAHUPOBATh caM IpoLecc
€ro Mpou3BoJCTBa. Ha 3Tarne moAroToBKH MPOU3BOACTBA Pa3padaThIBAIOTCA MAPIIPyTHAS
U OINEpalMOHHAs TEXHOJIOIMM M3TOTOBJICHUS IETAlC, B TOM 4YHCIE PEATU3yeMblEe B
nporpammax s crankoB UITY; TexHomorus cOOpKM W MOHTa)Ka M3JEIIUN; TEXHOIOTHS
KOHTPOJISI M UCHBITAHUH. 37ech HEOOXOOUMO pa3o0paThCsi C TeM, Kakoil 00beM
MHBECTUIIUI HEOOXOANM ISl CTapTa, Kakoe 000pyA0BaHHE U IPOrpaMMHOE 00ecTIeYeHHE
IIPUJETCS 3aKyNHUTh, KAKAE TEXHOJOTMYECKHE IIPOLECCHl OTIAIUTh, KAKOE ChIPbE WM
TFOTOBbIE KOMIUIEKTBl HCIIOJIb30BaThb IPHU IIPOU3BOJCTBE, KaKHE€ Kaapbl U B KaKOM
KOJINYECTBE MOHA100ATCS U T.JI.

e 3akynka. JlaHHBIN IyHKT JIOTMYECKU BBITEKAET W3 Ipenplayuero. Ilocine toro, kak Bce
CIUIAHUPOBAHO, MPEIIpPUATHE NEPEXOAUT K MOKYNKe 00OpyIOBaHUS AJS JAIbHEHIIEro
BbIIyCKa Mpoaykiuu. Ha stane 3akynku mpou3BOAUTCS NPUOOPETEHHE COCTABIISAIONINX,
HEOOXOIUMBIX JUIl W3TOTOBJIEHUS HU3JENUs: MaTepUalioB JUIsl W3TOTOBJICHUS JeTajei,
KOMIUIEKTYIOIIUX (B TOM YHCJE CTaHAApPTHBIX) A1 COOPKU M3/€Ius, OCHOBHOTO U
BCIIOMOTaTeJIbHOI'0 HHCTPYMEHTA, 000PYA0BAaHUS U OCHACTKH U T.JI.

e IlpousBoactBo. Ha naHHOM 3Tane npou3BOAUTCS M3rOTOBJIECHUE JA€Talei (M3roTOBIEHUE
3arOTOBOK, MX MeXaHooOpaOoTka, TepMOOOpabOTKa, HaHECEHHE MOKPBITUH M Jpyrue
TpeOyemble BUIBI 00paOOTKH), KOHTPOJIbL PE3yJbTaTOB 00paboTKH, cOOpKa M KOHTPOJIb
y3710B (COOpPOYHBIX €IUHMI]) M BCEro M3AEIUs B I€JIOM, WCIBITAHUS WU HTOTOBBIN
KOHTPOJIb..

e VYmnakoBka u xpaHeHue. [locie U3roToBieHus 1 KOHTPOJIS U3AEIHs U1l HEr0 He00X0AUMO
MPOU3BECTU KOHCEpBalMIO (TP HEOOXOJMMOCTH), H3JCIHE HYXHO YIaKOBaTh.
M3BecTHO, YTO YNaKOBKa 4acTO SIBISETCA OJHUM U3 CEphe3HBIX (DAaKTOPOB B MOJB3Y
BbIOOpa TOr0 WJIM HMHOro IMpoAaykTa. Ho B OCHOBHOM yIaKOBKa CIYKUT IS
IIpEeIOXpaHEHNsT M3AENusl OT NOBpexkAcHMs. [lanee, ecim u3nenue He OTIPABIAETCSS
cpa3y K nmorpeduresnto (Hampumep MpHu U3TOTOBJICHHUH "TOJT 3aKa3') WM Ha peaau3alluio,
TO JJIsl HEero JOJDKHO OBITh OpPraHM30BaHO XPAaHEHHE B TOMEIIEHUSX HaJUIeKalero
KayecTBa U MPH YCIOBUAX XPAaHEHHsI, KOTOpbIE HE HAHEC/IN Obl YPOHA MPOTYKIIHH.

o Peamusanumsa. 37ech HanaXHWBAaIOTCS KaHAIbl MOCTaBOK COOCTBEHHON MPOAYKLUUH H
3aHMMAIOTCSI IOUCKOM JIUJIEPOB WM MOKYTaTeNeH.

e MoHrax 1 Hanaaka. JlaHHBIM IIYHKT aKTyajaeH Uil TeX MPOM3BOIUTENCH, Y€ IMPOLYKT
HEOOXOJUMO YCTaHaBIMBAaTh CHJIAMU CBOUX CHEIHATUCTOB. AKTyaJlbHO 3TO TOTJa,
Harpumep, Korja pedb UJeT O MPOU3BOACTBE MPOMBIIUIEHHOT0 000py10BaHUs, 3a4acTyIO
OBITOBOW TEXHUKH (CTHpaJIbHbIE MAILIMHBI, TEJIEBU3NOHHOE 000PY/I0BaHUE) U YCTAaHOBUTH
€r0 CaMOCTOSITEIILHO IOKYNATeIb HE CMOXKET.

o Texnuueckas noanepxka u odciayxuBanue. Ha taHHoM 3Tane HEOOXOAMMO PEIIUTH BCE
BOIIPOCHI, CBA3aHHBIE C TEXHUUYECKOW MOAJIEPKKOW M OOCTYXMBaHMEM IPOIYKTa YiKe
1ocJiie TOro, Kak KJIMEHT ero Kynui. Peusb, Hanpumep, UAET 0 pa3HOro poja rapaHTHsIX.

o PenoBanus. DTO - TEXHMKO-DKOHOMHUYECKHH MPOLIECC 3aMEIICHUs BBIOBIBAIOIIMX U3
MIPOM3BOJICTBA WJIM SKCIUTyaTallid BCJIEACTBUE (U3MYECKOTO M MOPAJIbHOIO H3HOCA
MallliH, O0OpYAOBaHMs, WHCTPYMEHTa WM JAPYIMX H3JEeNUil M COCTaBHBIX 4YacTei,
HOBBIMH 32 CYET CPEJICTB aMOPTU3ALIMOHHOTO (hoH/A.

o VYrunmuzanus u/mim nepepadortka. JIro0as MpoIyKIMs UMEET CBOM CPOK KHU3HU U UMEET
CBOMCTBO BBIXOAUTh M3 CTpos. Jlus 3Toro mpemycMaTpuBaeTcsi BO3MOXKHOCTh
YTWIM3AMK UM TepepabdOTKU MPOAYKLIUHU MPEIIPUATHS, YTO MOXKET CTaTh HE TOJBKO
KOHKYPEHTHBIM MPEUMYLIECTBOM, HO U, NMPU TPAMOTHOM IOAXOJE, JONOJHUTEIbHBIM
VCTOYHUKOM JI0XO/I0B.

Ha Bcex sTamax >KM3HEHHOIO LMKJIAa MMEIOTCA CBOM LEJNEBbIE YCTaHOBKH. lIpm sTOM
YYaCTHUKH JKU3HEHHOIO LMKJIA CTPEMATCS JOCTUYbL IIOCTABJICHHBIX LEJEH C MaKCUMaJIbHON



spdextuBHOCTRIO. Ha stamax mpoextupoBanus, TIIII u mpousBoicTBa HYKHO 00ECIEUYUTH
BBITIOJTHEHUE TPEOOBAHUH, IPEABSIBIAEMBIX K IPOU3BOANMOMY H3/ICIHUIO, IPH 33aHHON CTETICHH
HAJIKHOCTH M3JIeNIMs U MUHUMHU3AIUN MaTEpUAIbHBIX U BPEMEHHBIX 3aTpar, 4YT0 HEOOXOIMMO
JUISL IOCTHIKEHUS ycIexa B KOHKYPEHTHOW OOpb0e B yCIOBHUSAX PHIHOYHOW SKOHOMHUKH. [loHsATHE
3 PEKTUBHOCTH OXBATHIBAET HE TOJBKO CHMIKEHHE CEOECCTOMMOCTH MPOIYKIHUU U COKpAIIeHUE
CPOKOB TIPOEKTHPOBAHMS M IIPOM3BOJICTBA, HO M O0eCleUeHHE YA00CTBA OCBOCHUS U CHUYKCHHS
3aTpar Ha Oyaymyr SKciuryatauuio u3gennid. OcoOyio BaXHOCTh TpeOoBaHMS YHI0OCTBa
9KCIUTyaTallil MMEIOT JUISl CJIOKHOM TEXHHKH, HAallpUMEp, B TAKUX OTPACiX, KaK aBHa- WIN
aBTOMOOMIIECTPOCHHE.
B nacrosimmee BpeMs Ha MEPOBOM PBIHKE HAYKOEMKHUX IPOMBIIIJICHHBIX U3AETHNA OTYET-
JUBO HAOIIOAIOTCS TPH OCHOBHBIC TEHACHIINU:
o lloBBIlIEHNE CIOXKHOCTH M HAYKOEMKOCTH H3/ENNH, IOBBILIECHHE HX KadecTBa W
CHIDKEHHE PECYPCOEMKOCTH;
o [loBbIlIeHNE KOHKYPEHIIMY HA PBIHKE M3/ENUH, IPEANPUITHIA U KOPIIOpaLuii;
o PasButue xoonepauuu mexay yuyactHukamu KL nznenus.
VYrpaBneHue >KU3HEHHBIM LUKIOM H3/ENUs TO3BOJISICT IPEAYCMOTPETh pEIICHHE
MHOXeCTBa MPOOJIEM elle M0 MX TOSBJICHUSA, a TakKe HalaauTh 3((EKTUBHOE MPOU3BOJCTBO
1r000¥ TPOIYKIIUH U TIPH 3TOM CHU3UTH COOCTBEHHBIC H3ICPIKKH.

2 ObecnieyeHue ynpaBJieHHs KU3HEHHbIM HUKJIOM H3/1eJIusl

VYnopaBiieHue JKM3HEHHBIM ILIMKJIOM W3JEIMHA  SBISAETCS CHCTEMHOM, KOMIIJIEKCHOM
3a7a4eif, A8 KOTOpPOM HEOOXOIMMO YCTaHOBUTH B3aUMOCBSI3b MEXIY TpeMs OCHOBHBIMU
3JIEMEHTaMU: UCXOIHBIMA CBOMCTBAMHU U COCTOSIHUEM MAaTE€pPUAJIOB, YCIOBUSMU JKCILTyaTalluu U
pecypcoM, Uisl TOro 4yToObl, 3aJaBIINCh (WIM YHpPaBisAs) JBYMS U3 3THUX DJIEMEHTOB, MOXHO
ObUIO0 0OOCHOBAHHO pPErVIAMEHTUPOBATh (WIM BO3AEWCTBOBAaTH Ha) TpeTuil. C TOYKM 3peHus
IPAKTUYECKONM IIEHHOCTM MOJKHO BBIJICIUTHh MpPSAMYI0 M OOpaTHYK IIOCTAHOBKY 3aJaud
ynpasnenus JKLU. IlepBas cocToUT B MPOrHO3UPOBAHUU pecypca MaTEPUAIOB 110 UMEIOIIUMCS
JAHHBIM 00 MCXOJIHBIX U TEKYILHUX CBOMCTBaX 0OBEKTA U YCIOBUAX €ro 3KCIulyarauuu. Bropas —
B BbIOOpE ¥ HOPMUPOBAHUM CBOICTB MaTepuasIOB IJs oOecrieyeHus: ux TpedyeMoro pecypca B
33IaHHBIX YCJIOBMAX OJKcIulyatanuu. LleHTpansHeIM 3BeHOM cucteMsbl ynpasieHus KLU
JIOJDKHBI CTaTh (PU3MYECKH OOOCHOBAaHHBIE MHOTO(AKTOPHBIE pacyeTHblE MOJIENH; B KaueCTBE
TaKOBOI MO>KET OBbITh HCIIOJIb30BAaHA, HApUMEp, IHEPreTUYEecKass MOJENb MOBPEXKAAEMOCTH U
pa3pyLIeHHs] IOBEPXHOCTHBIX CIOEB ITPH SKCILTyaTalluu.

Cucrema ymnpasnenus XK1 umeer MHOTO 00111€T0 € CUCTEMON Ka4yecTBa, BHEIPEHHOM Ha
MHOECTBE COBPEMEHHBIX NMPEANPUITUI coryiacHO TpeboBaHusAM cranaaptoB cepuu MCO 9000.
Opnako WX TJaBHOE pa3JIMYUEe COCTOUT B TOM, YTO CHCTEMa KadecTBa HallpaBlieHa Ha
pealn3alMio IOJHOIO COOTBETCTBHMSI TEXHOJOTMU M3TOTOBJIEHUS W3JEIUNA JEMCTBYIOIUM
HOPMAaTUBHBIM JOKYMEHTaM C LEJNbI0 MOJAEpkKaHUs TapaHTUPOBAHHOTO YPOBHSA KayecTBa
W3JIENNH, B TO BpeMs Kak cucrtema ynpasieHus )KL HanpaBieHa Ha MOCTOSHHOE yJIydlEHUE
UX TEXHUYECKHX XapaKTEepUCTHUK, YTO MPHOIMKAET €€ K H3BECTHOH cHCTeMe YIpaBICHUS
kagectBom TQM (anrn. Total Quality Management, TQM — o01ieopraHu3aiuOHHBIA METOJ
HENPEpPHIBHOTO MOBBIIIEHUS KayecTBa BCEX OPraHU3alMOHHBIX MpoleccoB). [nmaBHas
ocobeHHOCTh cucteMbl ynpasnenus XKL cocTouT B TOM, UTO €JMHCTBEHHBIM KpUTEpPUEM B HEl
ABIIIETCS TEXHUYECKHUM pecypc U3JeNus, Ha OCHOBE KOTOPOTO MPOU3BOJIUTCS YIpPaBICHHE €ro
CPOKOM CIIYKOBI C LIeNbl0 OOecreueHHs] SKCIUTyaTallMOHHOW HaleXHOCTU. M Bce NaHHBIE O
CBOICTBax MaTepUajoB, IPUMEHSIEMbIE MOJIENH, IPOrPaMMHOE OOecTieueHure U T.]I. HalpaBJIeHbI
Ha OIIEHKY, oOeclieueHue U MOBBIIIEHUE pecypca U3/eusl.

CoBpemennble cucteMbl ynpasieHuss KW wmoxHO kiaccubuuupoBaTe 1O psay
IIPU3HAKOB.

Buowt cucmem ynpaenenusn KI[H no cnocoby ynpaenenus. 1lo cocoOy yrnpaBieHUs
cucrembl ynpasieHus JKIIM MOXHO pa3nenuTh Ha aKTHBHBIE M IACCUBHBIE. B akmueHbix



cucmemax YIUpPaBJIEHUS PECYPCOM MPEAIOIAraeTcs Ha BCEX ATalax NPEANpUHHUMATh MEPHI 110
LeJIEHANPaBIEHHOMY BO3/ICHICTBHUIO HA CBOMCTBA MaTepuaa u yCJIOBUS €ro (PyHKIIMOHUPOBaHMUS,
a TaKXKe M0 ONTHMHU3ALUU TEXHOJIOTUYECKUX MPOIECCOB HA ATale M3rOTOBJIECHUs o0bekTa. Tak,
aKTUBHAsl CUCTEMa YIIPABJIEHUS CPOKOM CIYXKObl TEXHHMYECKMX CHCTEM Ha 3Tale 3KCIUTyaTalluu
TpeOyeT HMX IOCTOSIHHOTO COBEPIICHCTBOBaHUS (MOJEPHU3ALMK, PEMOHTA), YTO HapsAIy C
3aJI0’KEHHBIM MPU KOHCTPYUPOBAHUM M M3rOTOBJIEHUU HM30BITOUHBIM 3allacoOM IPOYHOCTH HAET
OCHOBAaHME JUII MHOTOKPATHOTO TPOJUICHUS UX CIY)KObl Ha JIOTIOJIHUTENBHBIA CpPOK. B psne
CJlydaeB IIpHM SKCIUTyaTallMd OTBETCTBEHHBIX, U OCOOEHHO ONAaCHBIX OOBEKTOB YCJIOBUS HX
W3TOTOBJIEHUSI U HCIOJIBb30BaHUS CTPOTO PErVIAMEHTUPOBAHBI, YTO JAENAET 3aTPyIHUTEIbHBIM
IPUMEHEHHE AKTUBHBIX CHUCTEM YIPABJIECHUS; TOIZa €AMHCTBEHHBIM CpPEACTBOM YIPAaBJICHUS
CPOKOM CI1Y>KOBI SIBJIIFOTCS 1IACCUBHBIE CUCTEMBI.

B naccusnvix cucmemax ynpasnenus KLU npeamonaraercs nuiip HaONroAeHUE 3a
€CTECTBEHHBIM H3MEHEHHEM CBOICTB (KOHTpOJb CTapeHHs) MaTepuaga M KOHTpPOJIb 3a
UCUEPIIaHUEM 3aJI0KEHHOTO IPH M3rOTOBJIEHHM OOBEKTa 3araca MPOYHOCTH C TE€M, YTOObl Ha
OCHOBE MMEIOLIUXCS KPUTEPUEB JaTh 3aKIIOYEHHE O BO3MOKHOCTH JlalbHENIEro 6e301acHOro
UCIOJIb30BaHUSI O0BEKTAa WIM O HEOOXOAMMOCTH BBIBOAA €ro M3 3KciulyaTauuu. Eme oaHo
Ha3HAuYeHHWE TACCUBHBIX CHCTeM — cOop mHpopManmuu u (opmMupoBaHue Oa3bl JaHHBIX 00
yCIOBUAX (YHKIIMOHMPOBAaHUS OOBEKTAa, O KMHETHKE M MEXaHM3Max €ro MOBPEXAaeMOCTH U
paspylieHus, 0 peXHMax TEXHOJIOTUYECKOH 00pabOTKH, O IIONTOBEYHOCTH OOBEKTa U T. 1.
JlaHHble cBefeHUS HEOOXOIUMBI JJIsl aHajgu3a aJeKBATHOCTH IPHUMEHSAEMBIX pacueTHbBIX
MoJieJIeH, OLIEHKU [TapaMeTpOB HAaJEKHOCTH, T.€. UIsl peaan3aluu «0OpaTHOU CBSI3U» B CUCTEME
ynpasnenus JKIU . [TaccuBnas cuctema ynpasienus KLU Taxoke npezamnonaraer ycTaHOBJICHUE
JaThl OKOHYaHUS pabOThl TEXHUYECKUX cHUCTEM (MpPeJOTBpAIlAOIIEl JOCPOUHBIM BBIBOJ M3
9KCIUTyaTalui) U o0ecreyeHre MOCIeqHHUX JIET CIyXKObl Ha OCHOBE JUArHOCTUKU TEXHUUYECKUX
CHUCTEM.

AKTUBHBIE U TIACCUBHBIE CHUCTEMBI INIyOOKO B3aHMMOCBSI3aHbl U MOTYT HCIIOJIb30BaThCS
COBMECTHO B paMKax peEIIeHUs Kak MNpsMbIX, TaK M OOpaTHBIX 3ajad ympasieHus. Takoe
KOMOMHUPOBAaHHOE YMPABJICHUE >KU3HEHHBIM IIUKJIOM M3JAEIMi MpeJcTaBiseTcd Haubolee
3¢ (PEKTUBHBIM.

Buowvi cucmem ynpaeénenus JKIIH no smany peanuszayuu. YTPaBICHUE DPECYPCOM
BO3MO>KHO Ha BCEX 3Talax >KU3HEHHOTO IUKJIA U3JIEIHSL.

Koncmpyxmopckue. Ha craguyu KOHCTpYHMpOBaHMS B MaTepHal HEOOXOIMMO 3aJI0KUTh
3armac MPOYHOCTH, JIOCTATOYHBIM JUId 3aJaHHOTO CpoKa CciyxObl wuzfenus. J[ias atoro
HEOO0XO/MMBl Hay4HO OOOCHOBAaHHBIE METOJIbl PETJIAMEHTHPOBAHUS MEXaHMUYECKHX CBOWCTB
U3JIeNUi, BBIOOpAa CMa30YHBIX MaTepuajioB. PermamMeHTUpYIOTCS JONMYCKH, HapaMeTpbl
MUKporeomerpuu. IIpm KOHCTpyMpOBaHHMH TakXe IPENyCMAaTPUBAIOTCA CPEACTBA CHUKEHUS
JUHAMUYECKUX HAIpSOKEHUH, OXJIaX/IECHUs MaTepHualla, YCTPaHSIOTCS YYacTKH KOHLEHTpaluu
HanpspkeHud. [Ipu 3ToM B mocieHee BpeMs BCe 4Yallle MCHOJIb3YIOT CPEICTBA KOMIIBIOTEPHOTO
KOHEYHO-3JIEMEHTHOT'O0 MO/IETTUPOBAHUSI.

Ilpouszsoocmeennvie. Ha 9srame OpPOM3BOJACTBA  MPOUCXOAUT  TEXHOJIOTHYECKOE
obecrnieueHre 3aaHHOrO pecypca. OCHOBHOE BHHUMaHUE IPU ATOM YAENSETCS YNPOUYHSIOLIUM
TEXHOJIOTUSM U cOOpKe. BakKHBIM 3TanioM MPOU3BOJICTBA SBJISIETCS KOHTPOJIb KaueCcTBa M3AEIIH.
3nech B TOCIEOHEE BpeMs Ha JIMAMPYIOUIME TMO3UIMHA BBIXOJAUT NPUMEHEHHE YCKOPEHHBIX
METOZOB HUCHBITAaHWH, HO JUISI 3TOr0 HEOOXOJUMO CTpOroe OOOCHOBAaHUE PEXHMOB
(bopcupOBaHHBIX UCIBITAHUN, YTO MpPEICTaBIseT cOOON BechbMa HEMPOCTYIO 3a/ayy, KOTopas B
HACTOAIIEE BpEeMs PEIIAETCSI IMOMCKOM SMIIMPUYECKON KOpPPENSILUU MEXIy pe3yibTaTaMu
OOBIYHBIX U YCKOPEHHBIX UCIIBITAHUH.

Oxennyamayuonnvie. Ha ctanuy sKCIutyaTallMi MPOUCXOIUT pallMOHaIbHAs pealn3alusl
3aJI0’KEHHOTO0 B u3Jienue pecypca. [lpu HopMupoBaHUM TOKa3aTeslel HaJeKHOCTH, KaK MpaBuiio,
NOJIB3YIOTCS TIPUHIMIIOM W30BITOYHOCTH, BCJIEJCTBHE YEro IOCie BBIPAOOTKM HA3HAYEHHOTO
CpoKa CiIy:KOBbl y M3AEIMH 4acTO OcTaeTcs 3amac MPOYHOCTH, HO BEIMYMHA €ro ciydaiHa u
TpeOyeT NpU SKCIUTyaTallud JOMOJHHUTEIbHON OLEHKU. DTO TpeOyeT KOPPEKTHBIX METO/I0B



JUArHOCTUKM W TPOTHO3UPOBAHHSA OCTATOYHOIO pECypca, OCHOBAHHBIX Ha aJIeKBAaTHBIX
KPUTEPUAX NMPOYHOCTH. AHAJIOTUYHAS CUTyallls BO3HUKAET, KOTAA B DKCIUIyaTallUIO BBOISATCS
JeTajd, UMEBIINE paHee HapaOOTKy, JUIS KOTOPHIX HYKHO OLIGHHUTHh BBIpAOOTAHHBIA pecypc.
JluarHocTuka COCTOSHUS MAaTepUalloB HeoOXoauma Iepes PEMOHTOM (BOCCTaHOBIICHHEM)
WU3HOILLIECHHBIX JIeTaleH.

Buovt cucmem ynpaenenua KIH no xapaxkmepy pewaemoii 3adauu. Cucrema
ynpasinenuss KLU xapakTepusyercss HaaMuueM TMPSIMBIX W OOpaTHBIX CBA3CH MEXIY
BO3JCHCTBUEM Ha MaTEpHal U €ro pecypcoM. OTU CBS3U SABIIOTCA, 10 CYTH, NPUYMHHO-
CJIICICTBEHHBIMM, UX AaHAJIU3 IIPOU3BOAMUTCS HAa OCHOBE JKCIEPUMEHTAIBHOIO HCCIEHOBaHUS
00BEKTOB W UX Mojened. Eciau NpuHATH HamnpaBiIeHUE peIleHUs 3aJadd OT COBOKYIHOCTH
OpUYMH M YCIOBUH K CIEACTBUIO Kak MpsMOE, TO TPOTUBOIMOJIOKHBIA aHanu3 Oyaer,
COOTBETCTBEHHO, SBIATHCS OOpaTHBIM. TakuMm 00pa3oM, B MPSIMOM ITOCTAHOBKE 3aJjaudl CUCTEMA
ynpasienus KL Bo3aeiicTByeT Ha pecypc 3a CueT ynpaBlieHHs] CBOWCTBAMH CaMOTO OOBEKTa,
B 00paTHOM — 3a CYeT yNpaBJIeHUs YCIOBUSMH €ro M3rOTOBJIEHUS U 3KCIUTyaTauuu. B mepBom
Cllydae MCXOJHBIMHU JTAaHHBIMH JUIS YIIPABJICHUS JKU3HEHHBIM ITUKJIOM SIBIISTIOTCS (PaKTHUECKOE
COCTOSIHUE, CBOICTBAa MaTepuasia U YCJIOBUsS paboThl. Bo BTopoM — Ha OCHOBE 3aJaHHOrO (MJIn
U3BECTHOIO) pecypca M BbIABICHHBIX IPU HCHBITAHUAX WM OSKCIUIyaTalldd JAaHHBIX O
MEXaHU3MaX U KUHETHKE IOBPEXKIAEMOCTH MAaTEpUaIoB KOPPEKTHPYIOTCS HMX CBOMCTBaA,
oOecnieunBaroTCs WAAsIMKE yciaoBus padboTel. [Ipu pemenun o6patHoil 3a1aum, HapuUMep, JUIs
MOBBILICHUS pecypca Y3JI0B TPEHMsI CO3AIOT YCJIOBMS AJII CHHYKEHHUS DHEPIUU Pa3pyIIAIOIINX
MEXaHUYECKUX, TEPMUUECKUX U XMMHUYECKHUX BO3JEHUCTBUM, UTO peaiu3yeTcsi COOTBETCTBEHHO
IpUMEHEeHHEM JeMIdepoB, OXJIaguTene, HHruOUTOpoB Koppo3uu U T.4. Kpome Toro, myrem
coopa UM CONOCTaBJIEHUS PACUYETHBIX M OKCIEPUMEHTAJbHBIX JaHHBIX IPOBEPSAETCS
IPOTHOCTUYECKAs CIIOCOOHOCTh MPHMEHSEMOW [Uld YIPABICHUS PECYpCOM COBOKYITHOCTH
MaTeMaTHYECKUX, PACUETHBIX, KOHEYHO-3JIEMEHTHBIX M JpPYyruX Mojeneil 00BeKTa, YTO
HE00X0MMO Il COBeplIeHCTBOBaHUA camoil cuctembl ynpasienus XKW . C touku 3peHus
TEOpUU HAJIEKHOCTH, PEIICHHWE MPSAMBIX 3aJad CBA3aHO C MPUMEHEHHEM (U3HKU OTKa30B,
UCTIONB3YIOUIed (QU3MUecKue M MaTeMaTHuecKue Mojenu oObekTa. PemieHue ke oOpaTHBIX
3a/1a4, KaK IIPABUJIO, BBIIIOJIHAETCS 110 CTATUCTUYECKUM MOJEINISIM OTKa30B.

Buowvt cucmem ynpaenenua KLU no uenu ynpaénenus. MOXHO BBIIECIUTH IBE
OCHOBHBIE II€JIM YIIPABICHUS PECYPCHBIMH XAPAKTEPUCTHKAMU MaTepuaia: IepBas U OCHOBHAs
IeJIb 3aKIIF0YAeTCs] BO BCEMEPHOM MOBBIIIEHUH 0€30TKa3HOIO CpoKa CIyXObl M3/enusd, T.e. B
MOBBILICHUH JIOJITOBEYHOCTH MAaTE€pHaIOB B CYIIECTBYIOUIMX YCJIOBUAX (DYHKIMOHHPOBAHUS;
BTOpas — B TAPUPOBAHHOM IIOHWKEHUHM JOJTOBEYHOCTH, YTO aKTyaJlbHO, HAIpUMEp, IpU
pa3paboTke METOJUK YCKOPEHHBIX HCHbITaHMH. B mepBom cioyyae HMeeT MeCTO
pecypcomnoBBILIaoIIas CUCTeMa, BO BTOPOM — pecypcocOeperatomias. HaumeHoBaHue nmocieHei
OOyCJIOBIIEHO TE€M, 4TO IOBBIIIEHHE pecypca JOCTUTaeTcs 3a CHeT JOMOJIHHUTEIbHBIX
MaTepuaibHbIX, JHEPIrEeTUYECKUX M BPEMEHHBIX 3aTPAT Ha IOBBIIIEHUE ITPOYHOCTH MaTepHala.
IIpyyem ¢ mNOBBIIEHWEM TIOKa3aTeNeld KadecTBAa OTHOIICHHE IPUPAIICHUS JOJTOBEYHOCTH
00BbEeKTa K MPHUPAIICHUIO 3aTpaT Ha oOecreueHHe ero HaJeKHOCTH HEeIMHEHHO BO3pacTaer.
[ToaTOMy, KaKk HM3BECTHO, ITOKA3aTEIM HAJEKHOCTH HOPMHUPYIOTCS, HAIpPHUMEP, MO KPUTEPHIO
MUHHMAaJIbHOH CTOMMOCTH KM3HEHHOro mMkia usfenus. OmpHuM u3 3(pQeKTUBHBIX crocoOoB
CHI)KEHMsI 3aTpaT Ha HW3rOTOBJIEHHME CIIOKHBIX OOBEKTOB SIBISIETCSl BbIPAaBHMBAHHE pa3pbiBa
MEXY J0JITOBEYHOCTSIMH (JUIsI BOCCTAHABIMBAEMBIX M3JENUIl — cpeHel HapaOOTKHU Ha OTKa3)
camMoro «ciaboro» M c€aMoro HaJEKHOIO D>JEMEHTOB B cHcTeMe. Takum o0pazoMm, 1o
OTHOLIEHUIO K TMEPBBIM JJIEMEHTAaM IIeJeCO00pa3sHO NPUMEHEHHE PECYpPCONOBBIIIAIOIIETO
BO3/ICIICTBUS, a IO OTHOLIEHUIO KO BTOPBIM — pecypcocOeperaroniero.

2.1 PLM-cucremsl.

Koneunas nens mo0oro npeanpustasi — npuObLib, dpdekTuBHOCTh Ou3Heca. OaHON U3
XapaKTEPHBIX YepPT COBPEMEHHOIO IIPOMBIINUIEHHOTO IIPOM3BOJACTBA SABJAIOTCS JKECTKHUE


http://ru.wikipedia.org/wiki/PLM

TpeOOBaHUS K KOHKYPEHTOCHOCOOHOCTH MPOAYKIMH. UTO, B CBOIO 0Uepe/b, TpeOyeT U OBICTPHIX
TEMIIOB pa3pa0dOTKH U 3aIlycKa MPOIYKIIUU B MIPOU3BOJCTBO U HajaraeT BhICOKHE TpeOOBaHUS Ha
KayeCTBO IPOJYKTa, €ro0 COOTBETCTBUE PBHIHKY. VHXKEHEPHBIM A3BIKOM T'OBOPSI, IPOU3BOJICTBO
paboTaeT B MEHBILUX JIOMYCKaX OTHOCUTEIBHO TOTO, KaK 3TO ObUIO JBaALATh-TPUALATH U Jaxe
JecaTh JIeT Has3al. JTO CTajl0 BO3MOXKHBIM BO MHOIOM Oyarofiapsi HIMPOKOMY BHEIPEHHUIO
cuagyala CAIIP, 3arem opraHm3anud oOOMEHa JaHHBIMH MEXAY THPOSKTHBIMH U
IIPOU3BOJICTBEHHBIMU CHUCTEMAMM M Ha COBPEMEHHOM 3Talle CO3JAHHUIO CHCTEM, IOJIHOCTHIO
OMMCHIBAIOIIUX >KU3HEHHBIA LMKJI M3JENIUS OT KOHILENIHH A0 ONUCAHUS TEXHOJOTHYECKHX
IIPOLIECCOB €r0 U3TOTOBJIEHUS U SKCILIyaTal1u.

Tem He MeHee BpeMs NODKUMAET, €CIU MPEANPUATHE HAMEPEHO YCIEIIHO
KOHKYPHPOBAaTh Ha COBPEMEHHOM IO CYTH MHTEPHAIIMOHAIBHOM PBIHKE, CTOUT 3aJlyMaThCsl 00
HCIIOJIb30BAaHUU COBPEMEHHBIX CpPEICTB CO3JaHUSA MPOAYKTOB. I[IpuMepbl TakMX YCHEIIHBIX
NOJIXOJI0B Y€ ecTb. KoHEeuHO, pabOThI 110 OCBOEHUIO HOBBIX TEXHOJIOTUI MPEACTOUT HEMAJIO, HO
JOPOTY OCWJIMT WIYUINI, a OMBIT T€X, KTO YK€ IMPOIIEN 3TOT MyThb, TOBOPHUT, YTO 3 eKT, B
IEPBYIO OYEPEb SKOHOMUYECKUI, B KOHEYHOM UTOre 3HauuTeNeH. Tak, HanpuMep, 1o OLeHKaM
cnenuanuctoB KpacHospckoro kKoMOaifHOBOTO 3aBoja 3a cyeT ucmnoib3oBaHusi PLM cpoku
CO3/71aHMsI HOBOM MOJEJIM M 3allyCKa €€ B IPOMU3BOJACTBO COKpaTWIUCh ¢ 6-7 jer Ao 3-X.
Konctpykropam OAO "I'paxxnanckue Camonersl Cyxoro" wucrnonb3oBanue PLM obGecnieunio
ONEpPaTUBHYIO KOJUIEKTHBHYIO PAa0OTy C MHOTOYMCICHHBIMU CMEXHUKAMU, B TOM YHUCIE U
3apyOeKHBIMHU TOCTABUIMKaMU 000pYIOBaHUS U KOMILIEKTYIOIIHX.

Cucrempl PLM mnosiBUIMCH NPUMEPHO J1Ba AECATUIIETHS Ha3all, HO BCKOPE BO3HHUKJIA
HEOOXOJUMOCTh OTAETUTh AaBTOMATU3ALMIO TPOIECCOB MPOEKTUPOBAHHUS M MOJATOTOBKHU
npousBojactBa (CAD/CAM) ot ynpasienus HHGOpMaIUEH, CONpoBOXKAAONMEeH nzaenus. Torma
nosiBuiiock camocrostensHoe oT CAD/CAM nanpasnenue Product Data Management (PDM), T.
€. yIpaBlieHHE JaHHBIMH 00 H3IENHUSIX; B OCHOBHOM OHO CBSI3aHO C JIOKYMEHTOOOOpOTOM
KOHCTPYKTOPCKOM M TEXHOJOTMYECKOW NOKYMEHTaluu. ABHALlMOHHBIE KOHCTPYKTOpa Kak-TO
ckazanmu: «JlokymMeHTanMel Ha COBPEMEHHBI HUCTPEOUTENb MOXHO 3arpy3uThb IEJIIMKOM
OoNbIIONH TpPaHCHOPTHBIM camosieT». M3 3TOro mpumMepa BHJIHO, HACKOJIBKO AKTyalbHO OBLIO
co3znanue PLM.

Bb11ens1oT Tpy OCHOBHBIX 3Tara 3BOJIFOLUY MIIATGOPM yIpaBIeHUS )KU3HEHHBIM [IUKIOM
W3JIeNus 3a mocyenHee Bpems. Ha kakaoM aTane mosBIsICS HOBBIM OJIOK BO3MOxHOCTEH PLM,
HE OTMEHSS IPU 3TOM (DYHKIIMH, CIIOKUBILIMECS HA MIPEBIAYIIEM dTalle.

2000—2005 roxmpl. YmpaBiieHWE NaHHBIMH 00 W3ICIUU C TOJIACPKKONM COBMECTHOMN
paboTHI:

e IIEHTpaJIM3alNs UHKEHEPHBIX JAHHBIX;

e €IMHOE NPENCTABICHUE CTPYKTYPHI POIYKTA;

e BUByanu3anus u 1udposas cOopka;

e  YIPAaBJIECHUE U3MEHEHUSIMH B MHKEHEPHBIX JaHHBIX;
e obecrieueHre 0€30MaCHOCTH U MpaB JAOCTYIIA.

2005—2010 rompl. PacummmpeHHble BO3MOKHOCTH YIPABIEHUS KU3HEHHBIM IIMKIIOM

U3JIEIHS:

e yIpaBlIeHUE NTPOEKTAaMH U NOPTPEIIMHU;

e yIOpaBlieHUE TPEOOBAHUSIMHY;

e oOecrieyeHHe KayecTBa U COOTBETCTBUS PETYISATUBHBIM HOpMaM;

e HHTErpallys »JTaloOB TIOCTaBKU MaTE€pHaJIOB, MPOU3BOJACTBA M MOCTIPOIAKHOTO
00CITy>)KUBaHMS,

e KpocchyHKIIMOHATIBHBIE TOTOKU PaloT.
2010 rox u nanee. ConuanbHas pa3paboTKa MPOAYKTOB:

e  YCOBEpUIECHCTBOBAHUS COBMECTHOM pabOTHI B paclpeieIeHHbIX KOMaH 1axX;

e HOBBIC UJIEH, PELICHUs PoOJeM U 00paTHast CBA3b OT BHEIIHUX COOOILECTB;

e MHTErpals HOBBIX CEPBUCOB B TPAAUIIMOHHBIEC TPOIYKTOBBIE MPEATIOKEHUS.



OCHOBHBIM ~OTJIMYMEM Ha COBPEMEHHOM OJTale CTajo HCIOJb30BaHUE BeO-
OPUEHTHUPOBHOW IUIaTGOPMBI, Kak €IMHOW Oa3bl A KOMILJIEKCA PELICHWH, OCHOBAHHBIX Ha
CBSI3HBIX MPOYKTaX.

VYnpaBieHne AaHHBIMH B HMH(GOPMALlMOHHOM IMPOCTPAHCTBE, €IMHOM JJs Pa3IMYHBIX
ABTOMATH3UPOBAHHBIX CHCTEM, BO3Jaraercs Ha CUCTEMY YIPABJICHUS >XKU3HEHHBIM ITUKIOM
OpOAYKIHH, peanu3yronlyio TexHoigorurn PLM (Product Lifecycle Management). IToqx PLM
NOHMMAIOT MpoIecC YNpaBieHHs HHPopMmanueil 00 H3AETMH Ha NPOTSDKEHHH BCETO €ro
KU3HEHHOTO LHWKJIa, T.e. TexHojgoruu PLM  oObenuHAIOT METOOUKHM M CPEICTBa
UH(POPMALIMOHHON MONICPKKH H3JIEIMHA Ha MPOTSDKEHUH BCEX JTAloOB JKU3HEHHOTO IIHKIIA
mznenuii. PLM-cuctema - 3TO OpraHM3allMOHHO-TEXHHUYECKas CUCTeMa, oOecreuyuBaroIas
yIlpaBiieHue Bceil mHpopMarmeil 00 M3AeTNH U CBSI3aHHBIX C HUM IpOIeccax Ha MPOTSHKEHUU
BCEr0 €ro >KM3HEHHOI'O IUKJIA, HAuMHas C IPOEKTHPOBAHUS U IPOM3BOJACTBA JIO CHATUS C
skcrutyaranuu. Ilonsatue PLM-cuctema TpakTyeTcss ABOSKO: JTHOO Kak HHTErPUPOBAHHAsS
COBOKYMHOCTh aBToMatu3upoBaHHbIX cucteM CAE/CAD/CAM/PDM u ERP/CRM/SCM, nu6o
KaK COBOKYITHOCTH TOJIBKO CPEJCTB MH(MOPMAIMOHHOHN MOMJICPKKH HU3IENUs U WHTETPUPOBAHUS
aBTOMATH3UPOBAHHBIX CUCTEM HPEIANPUATHS, YTO MPAKTUYECKH COBHANACT C OMNpeAeiICHHEM
nousitust  CALS. XapakrtepHas ocoOeHHOCT PLM  —  BO3MOXHOCTH — TIOJJICPKKH
B3aUMOJICHCTBUS PA3JIMYHBIX aABTOMATH3MPOBAHHBIX CHCTEM MHOTUX MpPEIIpUATHH, T.e.
TexHosnoru PLM SBISIOTCS OCHOBOHW, MHTETpHUPYIOUICH WH(POPMALMOHHOE MPOCTPAHCTBO, B
koTtopoMm ¢yHkuuoHupytoT CAIIP (cuctembl aBTOMAaTU3MpPOBAHHOTO MpoekTupoBaHus), ERP
(cucrema mIaHUpPOBAHUS MMPOM3BOJCTBEHHBIX pecypcoB), PDM (cucrema yrpaBieHus JaHHBIMH
06 wm3menmuu), SCM (cucrema ympaBineHus nernouykamud moctaBok), CRM (cucrema
B3aUMOJICHCTBUS C KIIMEHTaMH) U JIPYTUE aBTOMAaTH3MPOBAHHBIC CUCTEMbI MHOTUX MPEIPHSITHI
(cm. puc.).

B cocraB PLM nns oTpacieil MalIMHOCTPOEHHsI OOBIUHO BKJIFOYAIOT IPOTrPaMMbl CUCTEM
CAD, CAM, CAE, PDM, ERP u cpencrBa CUCTEMHON UHTETPALIHH.

Nupopmanus o0 oObekTe, conepkamasics B PLM-cucreme sBisercs UHUQPPOBBIM
MakeToM 3Toro oobekra. LludpoBoil MakeT — COBOKYNMHOCTb 3JIEKTPOHHBIX JIOKYMEHTOB,
OTMCHIBAIOIINX H3JIENINE, €r0 Co3/aHue W oOcmyxuBaHue. COMEPKUT AIIEKTPOHHBIE YEPTEIKU
U/ TpEXMEpHbIE MOJIENN U3/IENUS U €r0 KOMIIOHEHT, YePTeXH WU/WIM MOJENIN HEeoOX0AuMOon
OCHACTKH JIJIS1 U3TOTOBIICHUS KOMIIOHEHT HM3/ICIIHsI, PA3INYHYI0 aTpUOYTHBHYIO WH(OPMAIIHIO TT0
KOMIIOHEHTaM (HOMEHKJIaTypa, Beca, JJIMHBI, 0COObIE MapaMeTpbl), TEXHUUECKUue TpeOOBaHMUs,
JTVPEKTUBHBIE JIOKYMEHTBI, TEXHHUECKYIO, DKCIUTYaTallMOHHYI0O W WHYIO JOKyMeHTarui. Poib
U(POBOro MPOTOTUIIA BO MHOTHUX OTPAcisAX, TAKUX KaK CIO0KHOE MAIIMHOCTPOEHHE, OCOOCHHO
aBTO- CyJI0- aBUACTPOEHUU — IIPOCTO HEOIIEHNUMa U Oe3yCcIOBHA.

IlpoekTuporanne
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Pucynok 1. Orans! X1 npomMbInUIEHHBIX U3AeNUN U Ucoib3yemble AC

B ¢pynnamente PLM nexar Tpu KpaeyrojibHbIX KaMHS:

e 1udpoBas MOJENb-IIPOTOTHIT U3AEH (HE yTaTh U3/ENINE C MPOAYKTOM!);

e MOJEIU IIPOLIECCOB, CBSA3AHHBIX C €ro JKU3HEHHBIM LHMKJIOM — IIPOU3BOJICTBOM,
JKCILTyaTanueil, 00cmyKuBaHUeM, pEMOHTOM U, HaKOHEI, YTHJIU3alliei;

e MOJEJU PECYPCOB, BOBJICUEHHBIX B )KU3HEHHBIN LIUKJI IPOJYKTA.

Bce 5TM Tpu KOMIIOHEHTHI, OOBEAWHEHHBIE CBS3YIOIIMM — €AMHOW CHUCTEMOM
nokymenTtoobopora (PDM) um obpasytor cucremy PLM, obGecrneunBaronyl0 BO3MOKHOCTh
ONTUMM3AIMKU MPOAYKTa C Y4ETOM BCEX MIIOCTAce €ro >KU3HEHHOIro IMKJIa U, TEM CaMbIM,
J0OMBAThCS MAKCUMAJIBLHOTO Ka4eCTBa MPH aJCKBATHON CTOMMOCTH.

OcHoBHbIMU KOMITIOHEHTaMu PLM-cucreMsl Ha npednpusamuu SBISIOTCS:

e PDM-cucrema (Product Data Management, PDM) — cucrtema ynpaBieHus JaHHBIMH 00
u3nenuu, sBnsiercss ocHoBoi PLM, mpenHasHaueHa Ui XpaHEHUsS U YIPABICHHS
JAaHHBIMU;

e CAD-cucrema (Computer Aided Design, CAD) — npoekTupoBaHue u3aenuit;

o CAE-cucrema (Computer Aided Engineering, CAE) — uHXeHepHbIE pacyeThl;

e CAPP-cucrema (Computer Aided Production Planning, CAPP) — pa3paboTka
TEXIPOLIECCOB,;

e« CAM-cucrema (Computer Aided Manufacturing, CAM) — pa3paboTka ympaBIsiomnx
nporpamm A ctaikos ¢ UITY;

e MPM-cucrema (Manufacturing Process Management, MPM) — wmonenupoBaHue u
aHAJIN3 POU3BO/ICTBA U3IEIIHSL.

Takum oOpa3zom Ha naHHbli MomeHT PLM — 3T0 coBpemeHHas Ou3Hec-cTpaTerus,
MpPUMCHSIEMass BEAYIIUMHU IPOW3BOJCTBEHHBIMH TPEIMPHUATHIMEI JUISI COKPAIICHUS BpPEMEHU
BBIBOJI2 HA PHIHOK HOBBIX MPOJYKTOB 3a CUET MCIOJB30BaHUS MEPEIOBBIX CPEICTB Pa3pabOTKH
mynenuii  (CAD/CAE) u mnoarotoBku mnpousBoacrsa (CAM/CAPP/MPM), ywmenblieHus
CTOMMOCTH pPa3pabOTKH 3a CYET TOBTOPHOTO HCIONb30BAHMS WHKCHEPHBIX JaHHBIX U
OpraHM3aIi COBMECTHON paboThI pacipeneaeHHbIX KoJuiekTHBoB (PDM).
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Pucynoxk 2.

ABTOMaTHU3MPOBAHHOE  IUIAHUPOBAHUE  TeXHoJormdyeckux mnpoueccoB CAPP -
IUTAHUPOBAHKE MPOIIECCOB C MOMOIbI0 Kommbrorepa (anri.Computer-Aided Process Planning)
— TEPMHH, UCIOJIb3YEMBIN Ui 0003HAaYeHHs MPOTPAMMHBIX UHCTPYMEHTOB, IPUMEHSIEMbIX Ha



CTBIKE CHCTEM aBTOMaTu3upoBaHHOro npoektupoBanus (CAD) u npoussoactea (CAM). 3anaua
CAPP-cucrembr — mo 3aganHot CAD-Momenu u3nenus COCTaBHTh IUTAH €ro MPOU3BOJICTBA,
Ha3bIBAEMBIN OIEPALlMOHHON MJIM MapLUIPYTHOM, KapTOW. /[aHHBIN IUIaH COAEPKUT yKa3aHWs O
MOCIIEA0BATEILHOCTH TEXHOJIOTUYECKUX U COOPOYHBIX OIEpaluii, UCHOJIb3YeMbIX CTaHKaX M
MHCTPYMEHTAaX W Ipod. Paszimuaror nBa moaxoza K aBTOMAaTU3MPOBAHHOM TEXHOJIOTMYECKOU
MOATOTOBKE  —  MOAU(MUIMPOBAHHBIA  (BapUaHTHBIN) U TEHEpaTUBHBII. [Ipu
MoIUGHUIMPOBaHHOM Monxoze 3anavya cucteMbl CAPP cocrout B momncke Hanbosee Moxoxero
u3JIeNusl B CyHIECTBYIOIIEH 0a3e HaHHBIX M MPEAbSBICHUIO €r0 ONEPallMOHHOW KapThl JUIS
Momudukanuu. Ilpu MoauMpUIMPOBAaHHOM MOAXOAE IIMPOKO TPUMEHSETCS TpYNIoBas
TEXHOJIOTHS, TO3BOJSIONIasl MPOBOJAUTH KIAacCU(pUKALUMU JAeTajeil B CceMelcTBa IMOXOXKHX.
['eHepaTuBHBI NOJIXOJ COCTOMT B pACHO3HABAHMM Yy JE€TalIM THUIIOBBIX KOHCTPYKTHUBHBIX
9JIEMEHTOB U MPUMEHEHWU K HUM THUIIOBBIX TEXIPOIIecCOB (TokapHasi oOpaboTKa, CBEpJICeHUE U
npod.) Ilpu reHepaTBHOM NOJIXOJE MCHONb3YIOTCS W3BECTHBIE METOJbI HCKYCCTBEHHOIO
WHTEJUIEKTA JJI1 PAClIO3HABAHUS 3JIEMEHTOB U JIOTUYECKOTO BBIBOJA.

VYhpaBineHue TpPOU3BOACTBEHHBIMH mporeccamu (anrin.  Manufacturing  Process
Management, MPM) — 00001ieHHOEe Ha3BaHHE HA0Opa TEXHOJIOIHMH, METOIAOB M IPOrPaMM,
HCIIOJIb3YEMBIX MIPU MIPOU3BOACTBE U3aeauid. MPM sBisieTCsa KIOUEBBIM 3JIEMEHTOM KOHILIENIUN
yIOpaBlIeHUS >KU3HEHHbIM LUKIOM wu3aenuit (PLM), sBhsisich CBS3YIOIIUM 3BEHOM MEXKAY
CUCTEMAaMM aBTOMaTu3HpoBaHHOro mnpoektupoBanusi (CAD) u cucremMamMu mjIaHUPOBAHUS
pecypcoB npeanpusarus (ERP). I[InanupoBanue mpou3BOJICTBEHHBIX I[E€XOB, TEXHOJIOTHYECKHUX
npoueccoB (CAPP, mporpammupoBanue crankoB ¢ YIIY sBuasioTcs xomnoHeHtamu MPM.
Cucrema MPM TecHO B3auMOJEHCTBYET C CHUCTEMaMH YIPaBIEHUS NAaHHBIMU 00 H3AEITUU
(PDM), mnanupoBanusi pecypcoB npeanpustis (ERP), ucnonnenus npoussoactsa (MES) u
ONTUMU3UPOBAHHOTO MTPOU3BOJICTBEHHOTO MaHupoBanus (APS).

Takum oOpazom mon PLM-cucremoil MOHUMAIOT HE OJMH  CYNEPHIPOAYKT, a
COBOKYIHOCTb HPOTPaMMHBIX TMPOJYKTOB (B TOM YHCJIE€ OT PAa3HBIX IOCTABUIMKOB, XOTS
HEKOTOpbIE€ IPOU3BOJUTENN CTAPAIOTCS 3aKPBITh BCIO JIUHEHKY).

[IpenmymmectBa PLM-cuctem:

e  YCKOpPEHHE BBIITYCKa HOBBIX MPOAYKTOB;

e  YCWIEHHE KOHTPOJIS 3a Ka4eCTBOM;

e  COKpallleHHE U3JePKEK MTyTeM 3aMEHbl PU3NYECKUX MAKETOB BUPTYAJIbHBIMU;

e DKOHOMHMS 3@ CUET MHOIOKPAaTHOT'O MCIIOJIb30BaHMsI IPOCKTHBIX TaHHBIX;

e pacmIMpEHHE BO3MOKHOCTEW ONTHUMU3ALUN U3IECTUH;

e HKOHOMMUS Oarojapsi COKpaleHHIo 0TX0/10B TPOU3BO/ICTBA;

e  CHIDKEHHE 3aTpaT C MOMOIIBIO [TOJIHOM MHTErpallii HH)XKEHEPHOT'O JJOKYMEHTO000pOTa;
e  COINPOBOXXJEHHE UHTEIUIEKTYaIbHONH COOCTBEHHOCTH MPEANPUITHUS;

e oOecneuenue ganubeiMu ACYII/ERP-cuctewMm;

e cootBercTBUe TpeOoBanusM ISO 9000.

NmenHo »9Tu gocToMHCTBA U OOBACHSIOT monyisipHocth PLM. Hampuwmep,
aBTOMOOWJIbHAsT WJIM AaBHAIMOHHAS KOMIIAHUS MOJKET YCKOPUTH BBIIYCK HOBBIX MOJEJEH,
MPOEKTUPOBIIMKH - COKPaTUTh M YCOBEPLICHCTBOBATH ILMKJI pa3pabOTKH, MOCTABIIUKU -
MHOTOKpPaTHO HUCIOJIBb30BATh yXKe CO3/IaHHBIE NMPOEKThI, OTAENbl TEXHUUECKOT0 OOCITYKUBAHUS -
ObICTPO HAWTH MHPOPMAIUIO 00 U3/IETNH, & PYKOBOJIUTENN - MOJIYYUTh MOJTHOE MPEICTaBICHNE
0 pe3ynbTaTax BCEro IPOU3BOJICTBEHHOIO IIpOIEcCa HAa OCHOBE CBEIEHUM OT pa3iIM4YHBIX
TEXHOJIOTMYECKHUX yYaCTKOB, IICHTPOB rapaHTUHHOTO 00CITy>)KMBaHHsI 3aKa3unKoB. Bee 1o cynut
OTPOMHYIO  PKOHOMMIO. Tak, 1O OIeHKe aHaJIUTHYecKod KommaHuu  Daratech
(www.daratech.com), kpymmHbIe aBTOMOOUIIECTPOUTEIbHBIE KOHIIEPHBI MOTJIH OBl COKOHOMHTH OT
50 no 100 mmH. momt. mpu pa3paboTKe Kak0ro HOBOT'O aBTOMOOWIIS, €clii Obl OpraHU30BaIH
oOMeH uepTexaMu U MoJensiMu Mexay pasHbiMu CATIP.

Ho... PLM-cucrema mnpoekTupyercs IMOJ KOHKPETHOE NpENNpHUsITHE. IJTO HeKasd
COBOKYITHOCTh TEXHOJIOTUH M METOJ0B MHTETpaluu yxe (HYHKIHOHHPYIOIMIMX KOPHOPATHUBHBIX
cuctem (CAIIP, ERP, CRM u T. A.) ¢ cucTeMaMu KOJIJICKTUBHOH pabOThI HaJ CO3JaHUEM



3aKOHUEHHOW Cpenibl, MO3BOJAIOLIEN IOJHOCTBIO YIPABIATH IpOLECCaMU IPOEKTUPOBAHUSA,
TECTUPOBAHUS, IPOU3BOJICTBA, OOCITYKUBAHUS, CIIMCHIBAHUS U YTHJIN3ALUU NPOAYKTOB. TepMuH
PLM oxBartbiBaeT MHOTHE cocTaBistonue. Ananutuku n3 CIMdata nmepeuucinnim OCHOBHbBIC U3
HuX: 0a30Bble cTaHIapThHI U TexHosoruu (XML, cpencTBa BU3yann3anuu, COBMECTHOM paboOThI U
MHTETPAlUH MPUIIOKEHUH ); HHCTPYMEHTHI MOArOTOBKH HHKeHepHoi nHpopmanuu (CAD, CAE,
CAM wu mp.); BcrioMoratenbHble IPOrpaMMBbl (XpaHeHHE JaHHBIX, yIpaBieHHs] WH(GOpMalueH,
JIOKYMEHTO000pOT); (DYHKIIMOHAIBHBIE TPUIOKEHUS (A7 yIpaBieHHUs KOHPUTYpaAIUIMU,
BepcusiMu) U kopriopatuBHbie cucteMbl (ERP, CRM, SCM u 1. n.). O0benunssi Bce 3TH
KoMmoHeHTh, PLM mo3Bossier co3math cBoero pona cesasyromiee [0 (middleware),
UHTETpUpYIOIlee Bce HH(DOPMALIMOHHBIE CHCTEMbl NPENNPUITHS U MOJAJIEP>KUBaIOIIEe
KOJUIEKTUBHYIO pa0OTy Ha/l MPOCKTAMH TSI IPEATIPUSTHUSI.

JInnepsl MUPOBOrO phIHKA

PLM-
Kommmanus Omnucanue
POIYKTHI

CAIIP u PDM-cucrem
Unigraphics NX:Ha6op CAD, CAM u CAE Beicmiero kiacca (Tsoxessie CAIIP)

EDS Solid Edge CucTeMa TBepOTEIILHOTO MOJICIIMPOBAHUS CPETHETO Kitacca
Habop cpeacTB ynpaBiieHUs HHXEHEPHBIMU JAHHBIMU U
Teamcenter P CPCACTE YIIp p na
MIPOCKTAMH BU3YyaTH3AI[UN W KOJUICKTHBHOW PabOTHI
E-factory Habop cpeacTB aBTOMaTU3UPOBAHHOTO IIPOU3BOICTBA
IBM / Dassault: Wurterpuposannsbiii Habop CAD, CAM u CAE Beicuiero
CATIA
Systemes kiacca (Tsoxensie CAITP)
KommuiekT pemenuil 1uist ynpaBieHUs] COBMECTHOM,
ENOVIA pacIpeIeICHHON MOJICIIbIO AJIEKTPOHHBIX MPOAYKTOB,
IIPOLIECCOB U PECYPCOB
Habop cpeAcTB s yrpaBlieHUs WHKEHEPHBIMH JaHHBIMU U
SmarTeam p cpei o JULA YIIp P :
KOJUIEKTUBHON pabOThI
SolidWorks CucTeMa TBepOTEILHOTO MOJICIIMPOBAHUS CPETHETO Kiracca
DB2 CYB/]
Lotus Cucrema KOJIJIEKTUBHOM pabOThI
. HnarerpupoBannsiii Ha0op CAD, CAM u CAE Briciiero
PTC Pro/Engineer pHp p
KJ1acca
Windchill HaGop cpeacTB s yIpaBJIeHUS WHKCHEPHBIMH JAHHBIMH,
KOJUIEKTUBHON PaOOTHI M B3aUMOJICHCTBUS C MOCTaBIIMKAMU
. Habop cpeacTs [1s ynpaBlieHUs] HHKEHEPHBIMH JAHHBIMU U
\ValueChain p cpel JULA YIIp p o

MatrixONE Portfolio TIPOEKTAMHU, KOJJIEKTUBHOM pabOThI, JOKYMEHTO0O0pOTa U
B3aMOJICHCTBHS C TTOCTABIIUKAMHU

ERP-cucremsr

Baa iBaan PDM Cucrema oOMeHa TaHHBIMH O POAYKTaX
LEEE Cuctema oOMeHa JaHHBIMU O MIPOAYKTaX C MOCTABIIMKAMHU
PartnerNert
iBaan Product C
Packager PEICTBO Nepeaayn JaHHBIX B Pa3HbIX hopMaTax
iBaan Lifecycle 1 .
Analyser porpamma Juis aHaJIM3a M3MEHEHUH TPOTyKTOB

CKBO3HOE pelIeHHE 1151 KOJUIEKTUBHOM paboThI BCeX
SAP MySAP PLM  iygacTHHKOB Tipoliecca pa3paboTKH, IPOU3BOJICTBA,
00CITY>)KUBAHMS, TPOBEPKH KAaUeCTBA M PEMOHTA MPOAYKTa




2.2 CALS-rexHnoJsiorus

TexHONIOrMM KOMILIEKCHOM KOMITBIOTEpU3alui chep MPOMBIILICHHOTO MPOU3BOCTBA,
L[eJIb KOTOPBIX - YHU(UKALUSA U CTaHAAPTU3ALUA CHelU(pUKanuil NPOMBIIUIEHHON MPOAYKLIUU
Ha Bcex JTamax e€ JKu3HeHHoro mnukia, Ha3eBaloT CALS-texnonorusmu. (OCHOBHBIC
cneuu(UKauy  MPEeICTaBIEHbl  MPOEKTHOH,  TEXHOJOTMYECKOW,  IPOU3BOJCTBEHHOM,
MapKETUHTOBOW, S3KCIUTyaTaunoHHON nokymenrtanueii. B CALS-cuctemax mnpemycMoTpeHbI
XpaHeHHe, o0paboTka U mepenada HMH(GOPMAlMU B KOMIBIOTEPHBIX CpellaX, OlepaTHBHBIN
JOCTYTI K IaHHBIM B HY)KHOE BpEMs M B HY)KHOM MECTe.

CALS - Computer Aided Logistic Support - koMmbloTepHas MOAACPKKa IpoIecca
nocraBok wim Continuous Acquisition and Life Cycle Support - HempepbIBHbIC MOCTaBKH H
nH(OpPMaIMOHHAs TOAJCPKKA KU3HEHHOro Iukia nponykiuu. [lepas dacte - Continuous
Acqusition  (HempepbIBHBIC — IMOCTaBKM) O3HAYaeT HEMPEPHIBHOCTh  HMH(OPMALMOHHOTO
B3aUMOJICHCTBUS C 3aKa3uMKOM B XoJie (OpMHUpPOBaHMS 3aKa3a, Ipolecca MOCTaBKU U T.A.
Bropas wacth - Life Cycle Support (mommepikka >KU3HCHHOIO IHMKJIA W3JCIHs) - O3HA4YaeT
CHUCTEMHOCTh HOJX0Aa K MH()OPMALMOHHOW IMOJJIEPXKKE BCEX IMPOLECCOB KU3HEHHOIO IMKJIA
U3JIeNUs, B TOM YHCIIE, TPOIIECCOB IKCILTyaTallMH, OOCITy)KUBAHHSI, PEMOHTA U YTHIIN3ALUH U T.JI.
Pycckosi3piuHoe HamMeHoBaHuMe SToi KoHueniuu u crparerun - WUIIN (Mudopmarnmonnas
[Tonnepxka >xusHeHHoro uukna Mzgenuit) miu KCIIA (komMnbroTEpHOE CONPOBOXKICHHUE U
HOJ/IEPIKKA U3JENUiT).

3anmaueit CALS sBisiercs ipeodpazoBanue XKL u3menust B BBICOKOAaBTOMATH3UPOBAHHBIN
Tporece myTeM HHQOPMATH3AIME U PECTPYKTYPH3ALMH (PEHHKHHUPUHTA”) BXOALINX B HETO
omsHec-mporeccoB. CpeacTBOM JOCTH)KEHUS STOW 3a/1a4H SBISIETCS IPIMEHEHHE COBPEMEHHBIX
MH(OPMAILIMOHHBIX U TeIeKOMMYHUKAMOHHBIX TexHoioruil (MKT). CALS cumBonu3upyer iBe
ocHOBHbBIE mjew, peanmmsytomme 3amady CALS. IlepBas wactes Tepmuna «CALS» (Continuous
Acquisition) oO3Ha4yaeT IOCTOSIHHOE TMOBBIIIEHHE A(PGEKTUBHOCTH (pa3BUTHE) KaK CaMoOro
U3JIeNUs], TaK U MPOLIECCOB B3aUMOJICHCTBUS MEXKIY IMOCTABIIMKOM U TIOTPEOUTETIeM U3 B
teuenue ero XK. Bropas yacts Tepmuna «CALS» (Life cycle Support) 0003HauaeT myTb Takoro
pa3BUTHS: BHEIPEHUE HOBBIX HH()OPMAIIMOHHBIX W OPTaHU3AIMOHHBIX TEXHOJIOTUH pa3paboTKH
U3JIeNus, HampuMmep, MapajuleIbHOr0 MPOEKTUPOBAHUS WM MEXIUCHMIUIMHAPHBIX PabO0dYMX
rpynm. DTO TPUBOAUT K YBEIMYCHHUIO MHBECTHIIMK Ha JdTamax CO3/JaHUS W MOJCPHU3AIUH
U3JIeNus, MO3BOJSET Oojiee MOJIHO Y4eCTh NMOTPEOHOCTH 3aKa3uhKa M YCJIOBUS JKCIUTyaTallHH,
YTO, B CBOIO O4Yepenb, BeIeT 3a co0O0il CHIDKEHHE 3aTpaT Ha JTamax OdKCIUTyaTalud u
00CITy’)KUBaHUs U3/1€1Ms U, B KOHEUHOM UTOr'e, COKpaleHue 3arpart Ha Bech JKL| nznenus.

[Tpumenerne CALS-TeXHONOTHI TO3BONSET CYHIECTBEHHO COKPAaTUTh  OOBEMBI
IPOEKTHBIX PabOT, TaK Kak ONMUCAHMA MHOTUX COCTaBHBIX 4YacTed 0OOpYAOBaHUS, MAllUH U
CHCTEM, TPOCKTUPOBABIIMXCS paHee, XpaHATCS B YHH(PHUIMPOBAaHHBIX (opMaTax HTaHHBIX
CETEBbIX CEPBEPOB, JOCTYMHBIX J000My monb3oBaremo TexHoioruid CALS. CymectBeHHO
o0JierdaeTcs pemeHne mpodieM peMOHTONPUTOTHOCTH, HHTETPAIIMY POAYKIIMH B Pa3IUIHOTO
poJia CUCTEMBI U CpEeJIbl, alaTallii K MEHSIOMIMMCS YCIOBUSAM JKCIUTyaTalluy, CHelMaIn3alun
MPOEKTHBIX OPTaHU3AINI U T.II.

CALS-rexnonorun MI0/Ipa3yMEBAIOT HCII0JIb30BaHHE pa3IMYHBIX CAD/
CAM/CAE/PDM-cuctem. OtaenbHbIE MOIYJIH 3THX CHCTEM B paMKaX OJHOTO MPEANPUSTHS
MO3BOJISIIOT OCYILECTBIIATh yrpanieHue npoektoM (PDM-cucremsl), MHXEHEpHbIE DPacCUETHI,
aHaJN3, MOJEIHMPOBAHWE W ONTUMHU3AIMIO NMpOoeKTHBIX pemeHnid (CAE-cuctemsr), nByX- H
TpéXMepHOe MpoekThpoBaHue aeraned u coopounsix eaunuil (CAD-cucremsr), pa3zpaboTky

? PermxMHUpUHT Ou3Hec-TpoLieccos (anrii. Business process reengineering) —
byHIaMEHTaJIbHOE MEPEOCMBICIICHUE U PAIUKATBHOE MEPENPOSKTUPOBAHNE OM3HEC-TIPOIIECCOB
JJIA JOCTHNXKECHHUA MaKCUMAJIBHOI'O 3(1)(1)CKT3 HpOI/ISBO):[CTBeHHO-XOSHﬁCTBGHHOﬁ n (pl/lHaHCOBO-
HKOHOMHUYECKOH AESITEIBHOCTH, 0(POPMIIEHHOE COOTBETCTBYIOIIUMH OPraHU3allMOHHO-
pacnopAaAUTCIbHBIMA U HOPMATUBHBIMHU JOKYMCHTAMU.



TEXHOJOTMYECKUX IPOLIECCOB, CHUHTE3 YIPABIAIOMMX HPOrpaMM JUIsl TEXHOJIOTHYECKOIO
obopynoBanus ¢ UIIY, momenmupoBaHue mporeccoB OOpabOTKH, B TOM YHCIIE MOCTPOEHUE
TPAaeKTOPUH OTHOCHTEIBHOTO JBM)KCHUS HHCTPYMEHTA M 3aroTOBKHM B Tpolecce 0o0padoTKH,
pacuét HopM BpemeHu 00paboTku (CAM-cuctemsl).

Buenpenne CALS-TexHOIOTHH - CI0KHAsI, MHOTOIUTAHOBAsE U KOMIUIEKCHAs pobiema, B
KOTOPOM OJHO W3 KIIOUEBBIX MECT MPHUHAIICKUT cTaHaaptusauuu. HopmaruHas 0a3a B
oo0mactu CALS-TexHOI0rHi T0IKHA, B YACTHOCTH, 00CCIIEUNBATh:

®  pErjamMeHTalUI0 HENPEPbIBHONW KOMIIBIOTEPU3UPOBAHHOW MOJJIEPKKU >KM3HEHHOIO
HMKJIA CO3JAaHHUS M OKCIOPTa CIOKHOW HAYKOEMKOW MPOAYKUHH C YYETOM
TpeOOBaHUI MEXyHAPOIHBIX CTAH/IAPTOB;

e (opMHUpPOBaHHE CTAHAAPTH30BAHHOTO KOMILJIEKCA TEXHOJOTHH paboThl ¢ JTaHHBIMHU,
BKJIIOUAs JAHHBIE O CAMOM IIPOJYKTE, IPOLECCaX €ro CO3/1aHus U CPELE;

® CO3JaHME, BHEJIPEHUE U HSKCIUIyaTalUI0 THUIIOBBIX MPOrPAMMHO-ANMNAPATHBIX
CPEJCTB;

e  HHTErpanuio WHOOPMAIMOHHBIX CHCTEM PAa3JIMIHBIX YPOBHEH W BHUIOB, CUCTEM
CAIIP u ACVII Ha ocHOBE MPUMEHEHMSI TEXHOJIOIMH OTKPBITBIX CUCTEM U METO/OB
(GyHKIIMOHATBHON CTaHIaPTU3AIUH.

B Poccuu pabotel o BHenpenuro u crangaptuzanuun CALS-TexHomoruii HaxomsITcs Ha

Ha4yaJIbHOM 3Tarle.

Slapo WIINA® (CALS) - TexHONOTHii COCTABISET MHTEPHPOBAHHAS HH(OPMAIHOHHAS
cpena (MUC). MUC mnpexncrabnser coO0ol XpaHWIHILE NAaHHBIX, CYIIECTBYIOIEE B CETEBOI
KOMIIBIOTEPHOM CHCTEME, OXBaThIBAIOLIEH BCE CIyKObl W TMOJPA3AEICHUS TPEANpPUATHS,
CBs3aHHbIE C mpoueccamu xuzHeHHoro Iukiaa (KL) wmzmenmuit. B UMC neiictByer enuHast
cucTeMa MpaBUJI MPECTABICHHS, XpaHEHUS U 0OMeHa uHpopmanueil. B cooTBeTcTBHU ¢ 3TUMU
npasmwiiaMmu B UUC mporekaroT uH(GOpPMAlMOHHBIE MPOILIECCHl, COMPOBOXAAOIINE H TMOJ-
nepxuatomue KL n3aenns Ha Bcex €ro sTamnax.

Kax munumym, MNC nomkHa BKIIIOUATh B CBOM COCTaB JiB€ 0a3bl JaHHBIX: OOIIyI0 6a3y
naHHbIX 00 uzaenuu (u3aenusax) (ObAN) u oburyro 6a3y nanubix o npeanpustuu (OBIT).

C OBAN cBszanbl Bce mporecchl Ha Bcex craamsx JKI[. OBJAU obGecneunBaet
MH(}OPMaLMOHHOE O0CITYKHUBaHUE U MOAJEPKKY JA€ATEIbHOCTH:

® 3aKa3uMKOB (BJIAJENbIIEB) U3CTHS;

® DPa3pabOTUYUKOB (KOHCTPYKTOPOB), TEXHOJIOT OB, YIIPaBIEHYECKOTO "
MIPOU3BOJICTBEHHOTO NIEPCOHANIA TPEANPUATHS - U3TOTOBUTENS;

® DOKCIUTyaTallMOHHOTO M PEMOHTHOTO NEpCOHalla 3aKa3uuKa U CIEeHUAIU3UPOBAHHBIX
CITYX0.

OBI[H4 uMeeT HWH(OPMAIMOHHBIE CBS3M C TPOIECCAMH TEXHOJOTHYECKOH W
OpPraHU3aI[MOHHO - SKOHOMHYECKOH MOATOTOBKH MPOU3BOJCTBA U COOCTBEHHO MPOU3BOJACTBOM
(BKJIFOYAsl MPOLIECCHI OTTPY3KHM M TPAHCIIOPTHPOBKU TOTOBOW mpoaykiuu). [Ipu peanusarmu
npouecco, oxparbiBatonnx JKL[ mpoaykuuu, B KadecTBE MCXOJHBIX JAaHHBIX HCIHOJIb3YeTCS
uHpopmanus, coaepxkamascs B UUC, a undopmanmonnsie 06bektsl (MO), mopoxnaembie B
xoae mpoueccoB, Bo3BpamarTcs B MNC mis XpaHeHUs M MOCIEAYIOLIETO HWCMHOJIb30BAHUS B
npyrux nporeccax. Kaxnprit MO obnagaer HabOpoM XapaKTEpPUCTHUK, OMHMCHIBAIOIIUX CBOHCTBA
peanibHOTO ¢usnyeckoro oobekTta. Kaxapnii MO maeHTHuIMpyeTcs yHUKaIbHBIM KOJOM U
MoskeT ObITh u3Bieu€H u3 OB/l nns BemonHeHwus aevictBuil ¢ HUM. Kpome MO, oTHOCSImUXCS
(mpssimo unu KocBeHHO) K um3nenusiM, B MMC coxepxkutcs uHpopManus O MPENNpHITHH: O

3 Nudopmanmonnas [Mogaepxka sxu3HeHHOTO 1TKIia M3nenuit

* ba3a JaHHBIX, b/l - uMeHOBaHHas COBOKYIIHOCTbH JAHHBIX, OTpa)karollas COCTOSHHE
00BEKTOB M MX OTHOUICHWH B paccMaTpuBaeMoil mpeamerHol obsactu. Cuctema ymnpaBieHHUs
0azamu  gaHHbIX, CVYBJ[ - COBOKYMHOCTh SI3BIKOBBIX H  INPOTPAMMHBIX  CPEICTB,
NpeAHa3HAYEHHBbIX JJI1 CO3JaHusl, BEJACHHS U COBMECTHOTO wHcmnoiib3oBaHus BbJl MHOrumm
M1OJIb30BATEIISIMH.



IPOM3BOJICTBEHHOIN YIPAaBICHUECKOW CTPYKTYpE, O TEXHOJIOTUYECKOM M BCIOMOTATEIbHOM
obopynoBaHnH, O TepcoHale, (UHAHCAX U T.J. BCA COBOKYIMHOCTh ITHUX JaHHBIX 0Opasyer
OB/II, xotopasi, B CBOIO 04epeb, COCTOUT U3 HECKOJIBKUX pa3/IesioB, HallpUMep, « IKOHOMHUKA U
¢buHaHCch, «BHemHue cBs3u npennpuAtusy, «lIpousBoacTBO M TexHONOrus», «Cucrema
kauectBay W Ap. llpu nHeobxomumoctn u3 MUC morytr ObITh H3BJICYEHBI Pa3HOOOpPA3HBIC
JOKYMEHTBI, HE00X0AUMbI€ 17151 (PYHKIIMOHUPOBAHUSI IPEIPUATHSL.

OcHOBHBIE acTieKThl, onpeesstonue 3¢ dpexruBHocTs npuMenenus: CALS-texHonoruii:

® KOMIIBIOTEpHAs aBTOMAaTHU3allys, IO3BOJISIIOIAS TOBBICUTh IPOM3BOJUTEIBHOCTD
OCHOBHBIX IIPOIIECCOB M OTIEpaluii CO3IaHusI HH(POPMALINH;

e uH(OpPMalMOHHAs MHTErpalus MpPOLEeccoB, OOeCHeuuBarollas COBMECTHOE M
MHOTI'OKpaTHOE HCIHOJb30BAHNE OJHMX M TEeX K€ AaHHBIX. VIHTerpauus mocTturaercs
MUHHMH3ALKEH YUCla M CIOKHOCTH BCIOMOTATEIbHBIX IPOLECCOB M OMNEpaIuii,
CBSI3aHHBIX C IIOHUCKOM, IpeoOpa3oBaHueM U mnepenauedl uHdopmanuu. OpgHUM U3
MHCTPYMEHTOB HHTETPAIlMH SBISETCS CTaHIAPTU3AIUSA CIIOCOOOB M TEXHOJOTUH
NpPEICTaBICHUs JaHHBIX C TeM YTOOBI pe3yjbTaThl IMPEIIIECTBYIOLIEr0 Mpolecca
MO OBITh HCHOJB30BAHBI ISl TMOCIEIYIONIUX IPOLECCOB C MHUHUMAIbHBIMU
npeoOpa3oBaHUsAMY;

e mepexo K 0e30yMakHOUM OpraHU3aIiK MPOIECCOB U NPUMEHEHNE HOBBIX MOJIENIEH UX
OpraHu3aIuHg.

M3 53TuX acmeKToB MOXKHO BBIIEIUTh KOHKPETHblE (DaKTOpbl, HENOCPEICTBEHHO

BIIMSFOIME Ha DKOHOMHYECKHE MTOKa3aTelH MPOnu3BoACTBa, mpuMensomero CALS-TexHOIOrHH:

® COKpalleHHE 3arpaT M TPYHOEMKOCTH IPOLECCOB TEXHUYECKOM IOArOTOBKH U
OCBOCHMS IPOU3BO/ICTBA HOBBIX U3JIEIIHI;

® COKpallIeHHE KaJICHIAPHBIX CPOKOB BBIBOJA HOBBIX KOHKYPEHTOCHOCOOHBIX H3JENUi
Ha PBIHOK;

e CoOKpalieHue Joiu Opaka M 3aTpaT, CBS3aHHBIX C BHECEHHEM H3MEHEHUH B
KOHCTPYKIIHUIO;

e yBeJIMYEHUE OOBEMOB MPOJAX HU3JAEIUN, CHAOKEHHBIX SJEKTPOHHOM TEXHUYECKOU
JTIOKyMEHTaIuen (B 4aCTHOCTH, IKCILTyaTallMOHHOM ), B COOTBETCTBUU C TPEOOBAHUSIMU
MEXYHApOAHBIX CTaHIapTOB;

® COKpallleHHE 3aTpaT Ha 3KCIUTyaTalllio, 00CITyKUBaHUE U PEMOHTBI U3JI€IHI, KOTOpPbIE
JUISL CIIO’KHOM HayKOEMKOM NMPOYKIMHU MO4ac paBHBI WIIM MPEBBIILAIOT 3aTpaThl Ha €€
3aKyTIKY.

Bcero nestenpHOCTh, cBsizaHHYI0 ¢ CALS-TeXHOIOTUAMH, MOXKHO pa3leiauTh Ha YEThIpEe

chepsl.

BHepenne CALS-texHonoruit Ha npeanpusATHSIX;

ucnonb3oBanue CALS-TexHoI0THiA IpU pa3paboTKe U MPOU3BOJICTBE MPOAYKIUH;
pa3paboTKa IporpaMMHBIX CpeACTB, peanusytomux CALS-texHnomoruu;
ylpaBJIeHUE KaueCTBOM Mpoaykiuu Ha ocHoBe CALS-texHonoruii.

Pazpabotka mporpaMMHBIX cpeacTB, peanusytonmx CALS-texHomoruu, mpezamnonaraer
CO3/IaHME clleHualu3upoBaHHOro mporpammHoro obecneuenuss (I10), peamusytromiero
KOHIICTIIIMIO TIpe/CTaBIEeHUsl Bce WHpopManuu 00 wu3Ienuu B 3JeKTpoHHOM Bujae. Crona
OTHOCSATCS BCE TPOTPaMMHBIC TPOAYKTHI, HCIIOJNb3yeMble TPU pPa3paboOTKe, MPOU3BOACTBE U
skcrutyatanuu npoaykuuu: CAIIP pa3nuyHOro ypoBHs, CUCTEMBI YIpaBJIEHUS JaHHBIMH 00
u3nenuu  (PDM-cucteMbl), mnporpaMMbl HHXEHEPHBIX PACYETOB, CHCTEMbl IOJITOTOBKHU
HKCIUTyaTal[MOHHON JTOKYMEHTAIUU U T. 1.

CALS-TexHOIIOTHH MOTYT TPUMEHSTHCS B MPOMBIIUICHHOCTH TOJBKO TIPU BBITIOJTHEHUH
CJICAYIOIINX HEOOXOIUMBIX YCIOBUIA:

e HAIU4YMsA COBPEMEHHBIX BBIUHCIUTEIBHBIX CPEICTB M COBPEMEHHOM ceTeBOH

UHPPACTPYKTYPHI (NIepeaadul TaHHbBIX);

e MpHUAAHUA JITUTUMHOIO CcTaTyca »JJIEKTPOHHOW MPOEKTHOH, MPOU3BOJACTBEHHOM,

TEXHOJOTHYECKOM, IKCIUTYaTallMOHHON U MHOM TEXHUYECKON JOKYMEHTALINU;



e pEOopraHu3aly TPATUIIMOHHBIX MPOIECCOB MPOSKTUPOBAHUS, MPOU3BOJICTBA, COBITA,
SKCILTyaTalluy, YTWIM3AUU U3JENUNA C LETbI0 UX aJaNnTalud K YCJIOBUSM IOJTHON
uH(popMaTu3anuy U 6€30yMaKHbBIX TEXHOJIOTHIA,

e CO3JAaHMM CHCTEMbI CTAHJAPTOB, JOMOJHSAIOMIMX U 3aMEUIAOIIMX TPaJuLlUOHHbBIE
ECKJ, ECTH, ECII/], ¢ uenpto agantanuy MPOMBIIIJICHHOCTH K (DYHKIIMOHUPOBAHHIO
B ycioBusix coBpemMeHHbIx WT, emuHoro HHPOPMAIMOHHOTO MPOCTPAHCTBA U
UH(POPMALIMOHHOM paboueil cpebl;

e Hanmuuus Ha pbiHKe npoMblnieHHbIX UT u UC, coorBercTByronmx TpeOoBaHUSM

crannaptoB CALS.
OcnoBoit CALS-texHOMOTHIA  SBJISIFOTCS aBTOMAaTHU3UPOBAaHHBIE HMH(POPMAIMOHHBIE
cuctembl (AMC) - KOMIBIOTEPHBIE CHUCTEMBI aBTOMAaTH3alMM IPOBEACHHUS HAy4dHO-

HCCJIEIOBATEIbCKUX U OMBITHO-KOHCTPYKTOPCKUX PA0OT, KOHCTPYKTOPCKOM M TEXHOJIOTHYECKON
MOJTOTOBKH ITPOU3BOJICTBA.

B 3aBucumocTu oT opraHuzanuu MH(GOpMaAMOHHBIX npoueccoB, AVC nenstcs Ha 1Ba
OonpIIMX Kiacca: (aBTOMAaTU3MpPOBAaHHBbIE cUCTEMbl HayuyHbIX ucciaenoBanuii (ACHWN), CAIIP,
skcnepTHble cucteMbl (DC) u ap.). [lo neneBomy Haznauenuto AUC knaccudunupyrores Ha:

e Oyxrarrepckue (accounting information system - AlS);

e anmuHHCTpaTuBHBIE (Management information system - MIS); ocymiectisitor c6op u
00paboTKy BceX /aHHBIX, HEOOXOAMMBIX JUIl IUIAHUPOBAHUS, OOCITY>KUBaHUS,
IPOBEPKH, OLIEHKHU H YIIPABJICHUS JIESTEIbHOCTHIO OpraHU3alHH;

e wuH(popmanuoHHsle cucteMsl pykoBoautenei (MCP, uiu executive information system
- EIS) mpunuMaroT maHHble M3 MHOTMX HCTOYHHKOB, OOBEAMHSIOT M JAETAIOT UX
JOCTYITHBIMHU B YI0OHOM THAJIOTOBOM (opmare;

e ckiansl maHHbIX (data warehouses) - ato 6a3a maHHBIX, XpaHsAIas BCIO HHGOPMAILIHIO,
KacalolllyloCcsi JIeATENIbHOCTH KOMIIaHWU. Bce mpukiagHple mporpaMmbl KOMITAHUU
MOTYT 00paIaThCs K Hel C pa3InIHBIME 3alpOCaMH;

e cucrembl aBTOMaTH3UpoBaHHOTO npoekTupoBanus (CAIIP, unu CAD/CAE - computer
assisted design/engeneering);

® aBTOMAaTH3MPOBAHHBIE CUCTEMBbI ympasiieHus npousBojacTBoM (ACVYIL, umu CAM -
computer assisted manufacturing) mpencraBistoT U3 cebs KOMIUIEKC ammapaTHBIX U
IPOTPaMMHBIX CPEACTB, YYaCTBYIOIIMX B MPOU3BOJACTBE. K HUM OTHOCATCSI CTAHKH C
UITY, poboroTexunueckue komruiekcsl U T.1. CoBMectHO ¢ CAIIP, Takue cuctemsl B
HEKOTOPBIX ClIyyasiX JalT BO3MOXHOCTb CTEpETh I'paHb MEXAy pa3paboTKod u
MIPOM3BOJICTBOM.

e cucrembl momaepkku pemenuii (CITP, wmm decision support systems - DSS)
MO3BOJIAIOT TOJIB30BATENI0 M3y4yaTh AlbTEPHATHBBI, 33JaBaTh BOMPOCHI TUIA «UTO
Oyzer, ecimy», ONepUpOBaTh W3MEHSIOMIMMUCS YCIOBHSIMU M TIPUHUMATH PEIICHHS B
HENpeIBUCHHBIX cuTyarusax. Kpome 0a3bl JaHHBIX, TaKHE CUCTEMBI cojJiepxkar 0a3y
MOJIeNIel M IMEIOT AMAJIOTOBEIE CPENICTBA, MTO3BOJISIONINE TPUMEHSITh 3TH MOJIEITH, KaK
Obl «IIpOUTPHIBAsH» HUMEIOIIMECS JaHHbIlE HAa MOJEIM C IENbI0 Y3HaTh, Kakue
TIOCJIC/ICTBHSI BBI30BET TO WM WHOE pemeHne. YToObl 00Jerduth NpUMEHEHHE
mopeneit, CIIP odeHp yacTo MOCBSIMIAIOTCS y3KOW mpeaMeTHol obmactu. s paboTbl
¢ CIIP pocratouyHo BnaaeTrh rpaduueckuM uHTepdeiicom u 3HATH 00JaCTh
MPUMEHEHUS;

e okcreptHbie cucteMsl (OC, uam expert system - ES) comepikar 3HaHHSI U OIBIT OJHOTO
unu Oosee CIeNnaluCTOB B OMpeNeaEHHON mpeameTHo obmactu. DC, kpome 0asbl
JTAHHBIX, COJAEPXKHUT 0a3zy 3HaHWH ((aKTOB M MPABMJI JIOTHUYECKOTO BBIBOJA), KOTOPAs
MOJICIUPYET TIO3HAHHUS JKCIEepTa B KakKoW-To mpenMeTrHod obmactu. [lomcucrema
JIOTHYECKOTO BBIBOJIA MPU3BAaHA OTBEYATh HA BOIPOCHI MOJIb30BATENEH, a MOACUCTEMA
00BsICHEHUH MpeHa3HaueHa Ui OTBETa Ha BOIIPOCHI, KaK ObLI MMOJIy4€H TOT UM UHOMN
BBIBOZ. Yalle BCEro Takue CHCTEMBl MPUMEHSIOTCS JJISI TOTO, YTOOBI «PACIIMPHUTDHY



cdepy IeATeTbHOCTH BEIYLIUX CHEIHATUCTOB (PUPMBI UM «IPUBJIEYBY IKCIEPTa CO
CTOPOHBI;

e cucremMbl KoHeuHoro moib3oBatenss (CKII, wmmm end user system - EUS)
pa3pabaTbIBalOTCA I0JIb30BATEISIMHM, YTOOBI YJIOBJIETBOPUTH CBOM COOCTBEHHBIE
HYXJbl B TIOMCKE HWH(POPMALUHU, JIMYHOM TPOU3BOAMTENIBHOCTH U pa3paboTKe
TIPUITOKEHU .

ITo crpykrype AMC MOXHO pa3ienuTh Ha JBE 4YacTU: (YHKIHOHAIBHYIO U
obecneunBaromyro. @OyHKIMOHANBbHAs 4YacTh O00ECHEUMBACT PpEANHU3ALUI0  ONpPEAeNEHHbIX
¢ynkuunit ynpasienus. K G yHKIMOHATBHBIM MOACUCTEMAaM OTHOCATCS: TEXHUUECKAs IOATOTOBKA
IPOM3BOJICTBA; IOATOTOBKA ONEPATUBHOTO  YIPABICHMS; IOATOTOBKA MAaTepHaIbHOIO
cHa0XEHHUs; TOATrOTOBKA COBITa M peaju3allid TOTOBOM MPOAYKIIMH; MMOATOTOBKA YIIPaBJICHUS
KaJ[paMy; MOArOTOBKA yIpaBieHUs OyXyd€ToM, oTaen kaapoB .ObecnednBarouiye noICHCTEMbI
JeNATCS Ha:

e [IporpamMMHOe obecreueHue,

e upHpopMalMOHHOE oOecreyeHne (COBOKYIHOCTh MAacCHUBOB HMH(OpManuu, KOTOpbIE
3alycaHbl Ha MAlIMHHBIE HOCUTENH, CUCTEM KOJMPOBaHMs HH(OpMAIMK NEPBUYHBIX U
BTOPUYHBIX JOKYMEHTOB, CXEM, ONHCAaHUH, TEXHOIOTUH O0OpabOTKHM JaHHBIX,
UHCTPYKLUH, KOTOpbIE 00ECHEeunBaIOT OTOOpa)K€HHWE INPOU3BOJCTBA U I1O3BOJIIOT
IPUHUMATD YIIPABIEHUECKOE PELICHUE);

e TexHUYeckoe oOecreyeHHe (COBOKYIMHOCTb TEXHHYECKHX CPEICTB Mo cOopy,
perucrpanuu, nepeaayd, oopaboTku MHPOPMALUU U TEXHUUYECKOH, JOKYMEHTAIUH,
MO3BOJISIOIINE SKCILTYaTHPOBATh 3TH TEXHHUECKUE CPEIICTBA);

e OpraHu3alMoOHHOE  o0ecrneyeHHe  (COBOKYHMHOCTh  TEXHMUYECKHX  JIOKYMEHTOB,
periaMeHTUpYoUX (QYHKIMOHHUPOBAHUE CHCTEMbI B LIEJIOM, a TakKXe IOBEAECHUE
YeJIOBEKa B paMKaxX 3TOM CUCTEMbI);MaTEMaTUYECKOE 00ECTIEUEHUE;

e JIMHIBUCTHYECKOe  obecredeHue  (MCIOJIb30BaHME  CIIOBaped,  ONpeeNeHHH,
NO3BOJISIIONIEE UIASHTU(PULINPOBATH pa3IMYHbIE 3JIEMEHThI CUCTEMBI).

3 PLM-cucTreMbl B MAIIMHOCTPOECHUH
3.1 Cucrembr CAIIP: CAD/CAM/CAE
Ku3HEHHBI LUK NPOMBIIUICHHBIX H3JEJIUN BKIIOYACT psii ATANOB, HA4yMHAs OT

3apOJK/ICHUST MJCU HOBOTO TPOAYKTA 10 YTHIM3AIMH 10 OKOHYAHHUH CPOKa €ro HCIIOJIb30BaHUSI
(pucyHok 3).
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Pucynok 3.

Ha Bcex »Tamax >XH3HEHHOTO LUKJIAa HU3IEIUI HMMEIOTCS CBOU II€JIEBbIE YCTAHOBKHU.
JlocTrokeHue MOCTaBJICHHBIX IIeNieil Ha COBPEMEHHBIX NPEINPHUSITHSX, BBITYCKAIOUIINX CIIOKHBIC
IPOMBIIIJICHHbIE M3/IeIHs, OKa3blBaeTCsl HEBO3MOXKHBIM 0e€3 Immpokoro ucnosb3oBanus ANC.
Cremuduka 3agad, pemiaeMblX Ha pa3IMYHBIX dJTamax > JKU3HEHHOTO IIUKJIA  H3JICIHiA,
oOycioBiauBaeT pa3HooOpazue mnpumeHsembix AWMC.  ABToMaTu3alMs MPOEKTUPOBAHMS
ocymecteisiercsi CAIIP. Ilpunsto Bbeimenste B CAIIP mammHOCTpOUTENbHBIX OTpaciei
HPOMBIIIJICHHOCTH CUCTEMbI (PYHKIIMOHAIBHOIO, KOHCTPYKTOPCKOT'O M TEXHOJOTHYECKOTo IMpo-
EKTUPOBAHHUS.

IlepBble M3 HUX HAa3BIBAIOT CUCTEMaMH pPACYETOB W WH)KEHEPHOTO aHajau3a WIH
cucremamu CAE (Computer Aided Engineering).

CucreMbl KOHCTPYKTOPCKOTO MPOEKTUpoBaHMs Ha3biBaroT cucremamu CAD (Computer
Aided Design).

[TpoexTHpoBaHHE TEXHOJOTMUECKUX IPOIECCOB COCTABIAET YacTh TEXHOJOTMUYECKOU
MOIrOTOBKH MPOM3BO/ICTBA U BhIMoHseTcs B cuctemMax CAM (Computer Aided Manufacturing).

@ynakuun koopauHamuu padotel cucreM CAE/CAD/CAM, ympaBieHus MpOSKTHBIMU
JAHHBIMH ¥ TIPOCKTHPOBAHUEM BO3JIOKEHBI HAa CHCTEMY YIPABJICHUS TPOCKTHBIMU JTAHHBIMH
PDM (Product Data Management).

VYike Ha CTaJuH MPOSKTUPOBAHMS TPEOYIOTCS YCIYTH CHCTEMBI YIIPABJICHUS IETIOYKAMU
nocraBok (SCM - Supply Chain Management), uHorna HaseiBaemoit cuctemoit Component
Supplier Management (CSM). Ha stame mpou3BOJACTBa 3Ta CHUCTEMa YIPABISIET MOCTaBKaMHU
HEOOXO/IMMBIX MAaTEPUAIOB U KOMIUIEKTYIOIIHUX.

WudopmanmonHass TOJIEep)KKa JTara TMPOU3BOACTBA TPOMYKIIMH  OCYIIECTBIISCTCS
aBTOMATH3UPOBAHHBIMU cucTeMaMu yIIpaBJICHUS IpeanpusTHEM (ACVYII) "
aBTOMAaTHU3UPOBAHHBIMU CUCTEMaMH yIIpaBiieHUus TexHosornueckumu mporeccamu (ACYTII). K
ACVII oTHOCATCS CHCTeMBI IUTAHUPOBAaHUS M yrpaBieHus mnpeanpustuem ERP (Enterprise
Resource Planning), miaHupoBaHUs MPOW3BOJACTBA W TpeOoBaHmii K Martepuaniam MRP-2



(Manufacturing Requirement Planning), mpou3BoacTBeHHass HCHOJHHUTEIbHAs cuctema MES
(Manufacturing  Execution  Systems), a Taxke SCM wu cucrema  ympaBieHUs
B3auMoOOTHOIIeHUsAME ¢ 3akazunkamu CRM (Customer Requirement Management).

Crpykrypa CAIIP.

CAIIP cocTouT U3 NOJCUCTEM, KOTOPBIE IENAT Ha MIPOEKTUPYIOLIUE U 00CTYKUBAIOIIHUE.

IIpoexmupyrowue noocucmemsvl HETIOCPEICTBEHHO BBINOIHIIOT POEKTHBIE MPOLIETYPHI
(moacucTeMbl T€OMETPUYECKOTO TPEXMEPHOI0 MOJCIUPOBAHUS MEXAHUYECKUX OOBEKTOB,
U3TOTOBJIEHUSI KOHCTPYKTOPCKOW JOKYMEHTAIUU U T.J1.).

Obcnyacusarowgue noocucmemsvl 00ecrieynBaOT (HYHKIIMOHUPOBAHHE MPOCKTHPYIOIIUX
MOJICUCTEM, WX COBOKYITHOCTh YaCTO HA3BIBAIOT CUCTEMHOHW cpeno (wmu obomoukoi) CAIIP.
TUnUYHBIME ~ OOCIY)KMBAIOIIMMH  TOJCUCTEMAaMU  SIBJIIOTCSL  TMOJCUCTEMbl  YIIPaBICHUS
NPOCKTHBIMH JJAHHBIMH, MTOJICUCTEMBI Pa3pabOTKU U COMPOBOKICHUS MPOTPaMMHOTO obecreye-
uust CASE (Computer Aided Software Engineering), o0y4aroiiiie moaCHCTEMbI JJIsI OCBOCHHUSI
10JIb30BATEISIMU TEXHOJOT Ui, peain3oBaHHbIX B CAIIP.

Knaccugpurayuro CAIIP  ocymecTBISIIOT 1O psAy TNPU3HAKOB, HampuMep M0
MPUWIOKEHUIO, IICJICBOMY Ha3HAYCHUI0, MacimTabaM (KOMIUIEKCHOCTH peIIaeMbIX 3ajad),
xapaktepy 0a30Boii moacucremsl - siapa CAIIP.

[To macwmabam pa3nuyuaroT OTACIBHBIE IPOTPaMMHO-MeToanueckre komruiekesl (IIMK)
CAIIP, nanpuMep: KOMIUIEKC aHAIM3a MPOYHOCTH MEXAHMUYECKHX HM3JENUNA B COOTBETCTBHH C
METOJIOM KOHEUYHbIX 37eMeHToB (MKD) miau komIiuiekc aHaiu3a 3JIEKTPOHHBIX CXEM; CHCTEMBbI
[IMK; crcTeMbl ¢ YHUKAJIbHBIMH apXUTEKTypaMH HE TOJBKO mMporpammuoro (Software), Ho u
texuudeckoro (hardware) obecrieueHwiA.

Ilo yenesomy  mnasuwauenuro pazimmuaror CAIIP  wumu  noacucremsr  CAIIP,
oOecrieunBarOINe pa3HbIe acleKThl mpoektupoBanus. Tak, B coctaBe MCAD mnosBustorcs
CAE/CAD/CAM-cucTeMsi.

[lo xapaxkmepy 6azo6ou noocucmemul paznuyaroT cineayroume pasHoBugHoctu CAIIP.

1. CAIIP Ha O06a3e mOJACHCTEMBl MAUIMHHOM TpagUKM UM T€OMETPHUYECKOTO
monenupoBanusi. Otu CAIIP opueHTHpoBaHBI Ha NPUIIOKEHUS, TJ€ OCHOBHOM Mpolenypoit
IPOEKTHPOBAHUS SBISIETCS KOHCTPYHWPOBAHHUE, T.€. ONpEeeNieHHe MPOCTPAHCTBEHHBIX (HopM U
B3alMHOTI'0 pacnojoxeHus: o0bexToB. K aToii rpymnme cuctem orHocutcs 0onbmmHcTBO CAIIP B
00J1acTH MAaIIMHOCTPOCHMs, TIOCTPOCHHBIX Ha 0a3e rpaduueckux saep. B Hactosiiee Bpems
IIMPOKO UCIIONB3YIOT YHU(PUIIMPOBAaHHbIE rpaduueckue sapa, IpuMeHseMble 0oJiee 4eM B OJHOMN
CAITIP (smpa Parasolid ¢pupmer EDS Unigraphics u ACIS ¢upmsr Intergraph).

2. CAIIP na Gase CYBJI°. Onn OPHUEHTHPOBAHbI HA IPHUJIOKEHHUS, B KOTOPBIX IIPH
CPaBHUTEIBHO HECIOXKHBIX MaTeMaTHYeCKUX pacuérax mnepepadareiBaeTcsi OOJNbIION 00BEM
JAHHBIX (TEXHUKO-IPKOHOMUYECKUX MPUJIOKEHUS, HalpUMep, MpU NPOEKTUPOBAHUU Ou3HEC-
TIJIAHOB).

3. CAIIP nHa 0a3e KOHKPETHOTO MPHKIAJHOTO MaKeTa, HalmpHMep, WMHUTAIIHOHHOTO
MOJIEJIMPOBAaHUS MPOM3BOACTBEHHBIX IpOLECCOB, pacuéra npouHocth no MKD, cuHTeza u
aHajgM3a CHCTeM aBTOMarhyeckoro ympasieHus W T.1. Yacto Ttakme CAIIP ortHocsTcs K
cucreMaM CAE. Ilpumepamu MOTYT CIYXHUTh MPOTrpaMMbl JOTHYECKOTO MPOEKTHUPOBAHMS Ha
6ase s3pika VHDL, matemarnyeckue naxersl Tuna MathCAD.

4. Kommuekcuble (uHTerpupoBaHHbie) CAIIP, cocrosimiue U3 COBOKYIMHOCTH
HoJICUCTeM mpeabiayinux BunoB, Hanpumep, CAE/CAD/CAM- cucteMbl B MAITHHOCTPOCHHUH.

CAD-cucremsi.

@ynkiun CAD-cucreM B MalIMHOCTPOEHUH MOJPA3ALIIAIOT Ha (DYHKIIMH ABYMEPHOTO U
TpéxMepHoro mpoektupoBanus. K ¢ynkuusm 2D oTHOcAT depueHue, oQopMIIeHHE
KOHCTPYKTOPCKOM JOKyMEHTalu; K GyHKIusaM 3D - noiaydeHue TpEXMEpHBIX T€OMETPHUECKUX
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MoJieNiell, MEeTpUUECKUE pacy€Thl, PEATUCTHYHYIO BHU3YallU3allMIo, B3aUMHOE NpeoOpa3oBaHUE
2D- u 3D-mopeneit. B psjge cucteM NpemycCMOTPEHO TakK)Ke BBIMOJHEHUE TIPOIETYP,
Ha3bIBAEMBIX NPOLEAYPAMU IO3ULMOHUPOBAHUS, K HUM OTHOCST KOMIIOHOBKY U pa3MEIlEHUE
000pyoBaHus, IPOBEACHUE COSIMHUTENBHBIX Tpacc.

Cpenu CAD-cucrem paznuvaroT cuctembl HuxkHEro (Jierkue CAIIP), cpennero (cpennue
CAIIP) u BepxHero ypoBHei (Tsoxensie CAIIP). IlepBble M3 HUX MHOT/A HA3BIBAIOT <JIETKUMUY
CHCTEMaMH, OHH OPHUEHTHPOBAHBI MPEUMYIIECTBeHHO Ha 2D-rpaduky, cpaBHUTENBHO AEMIEBHI,
OCHOBHOM ammapaTHOW IIaThOPMOM JJIsi UX HCIOJIB30BAHUS SIBISIIOTCS INepcoHaIbHbIe DBM.
CucTteMbl BEpXHETO YPOBHS, Ha3bIBAEMbIC TAKXKE «TSHKENBIMUY», TOPOTH, 0OJiee YHHBEPCAIbHBI,
OpUEHTUPOBaHbl Ha T'€OMETPUYECKOEe TBEPAOTENbHOE M MOBEPXHOCTHOE 3-D-monenupoBanue,
opopmieHre 4YEPTEKHONW JOKYMEHTAlMM B HHUX OOBIYHO OCYIIECTBIISICTCS C MOMOIIBIO
MpeBapUTENbHON Pa3pabOTKU TPEXMEPHBIX TeoMeTpudeckux Mojeseil. CUcTeMbl CpeaHero
YPOBHS I10 CBOUM BO3MO’KHOCTSIM 3aHHMAIOT IPOMEKYTOYHOE MOJIOKEHUE MEXKAY WIETKUMU» U
«TSHKENBIMUY CUCTEMaMU.

K BaxueiMm xapakrepuctukam CAD-cucrem  oTHOcATCS — mapamerpu3amus U
accolMaTuBHOCTG. [lapamerpusanus noapazyMeBaeT UCIOIb30BAHUE FEOMETPUUECKUX MOJeIen
B IIapaMeTpuueckoi (¢opme, T.e. IPU MPEACTABICHUU YaCTH WIM BCEX MMapaMEeTpoB OOBbEKTa HE
KOHCTaHTaMH, a nepeMeHHbIMH. [lapamerpuyeckas MoJienb, HaxosIascsa B 6a3e JaHHbBIX, JIETKO
aJanTUpPyeTcss K pa3sHbIM KOHKPETHBIM peaJu3alusM U IOTOMY MOXKET MCIIOIb30BaThCSl BO
MHOTMX KOHKPETHbIX MHpoekTrax. I[lpm 53ToM mosiBIsSeTCs BO3MOMKHOCTh  BKJIKOYEHUS
apaMeTpUuecKod MOJEIM JeTald B MoOJ€Ib COOpPOYHOIO y3Jda C aBTOMAaTUYECKUM
ONpENIETICHUEM pPa3MEpOB JETAIM, JUKTYEMbIX IPOCTPAHCTBEHHBIMH OrPAHUYECHHUSIMU. OTHU
OTPaHWYEHUS B BUAEC MATEMATHYECKMX 3aBHCHMOCTEH MEXKIy YacThIO IapaMeTpoB COOPKHU
OTPaXKaroT acCOLMAaTUBHOCTh Mozenel. [lapamerprsanus U acCOUMATUBHOCTh UTPAIOT BAXKHYIO
pOJIb MpU MPOEKTUPOBAHUHM KOHCTPYKLUH Y3J10B M OJIOKOB, COCTOSALIMX M3 OOJIBLIOrO 4Hucia
neraned. JIeHCTBUTENBHO, M3MEHEHHE pa3MEpOB OJHUX JeTajlell OKa3bIBAacT BIIMSHHUE Ha
pa3Mepsl M paclojioKeHHe JApyrux. braromaps mapamMeTpusallid M acCOLUUMATUBHOCTU
U3MEHEHHUs, CAeaHHbIe KOHCTPYKTOPOM B OJIHOM 4acTH cOOpKHU, aBTOMAaTHYECKU MEPEHOCATCS B
JIpYrHe 4YacTH, BbI3bIBas M3MEHEHMsI COOTBETCTBYIOLIUX IN€OMETPHUYECKHX IMapamMeTpoB B ITHUX
qacTsX.

3HauUTENbHOE MECTO B JKM3HEHHOM IIMKJIE U3JENHs, a HUMEHHO €ro CTaHOBJICHUH,
NPUHAISKAT TEXHOJOTMM MAIIMHOCTPOCHMs, KOTOpas BKIIOYaeT B ce0s NPOU3BOJCTBO
3aroTOBOK, U3TOTOBJIEHUE JeTajeil, COOPKY, KOHTPOJIb U MCIBITAHUE TOTOBBIX M3/IENINMN, a TAKXKe
UX PEMOHT U BOCCTAHOBJIEHHE B IIPOLIECCE IKCILTyaTalluH.

[IpyueM, yem paHblle B 3TOM LMKJIE OYAYyT 3aJ€lCTBOBAaHbl TEXHOJOIMM, TEM BBIIIE
3QPEKTUBHOCTH W  KOHKYPEHTOCHOCOOHOCTh  W3JeNMi  MammHOCcTpoeHus. Eme Ha
NpeIBapUTENbHON  CTaguM MapKeTHMHra M MNpopabOTKM TEXHOJOIM MOTYT OLEHUTh
KOHKYPEHTOCIIOCOOHOCTh TEXHOJIOTHYECKOTO MpoIecca, Uil KOTOPOTo MPeanoiaraeTcs BhITYCK
uznenusi. [Iposenenne HUP u onmbITHO-KOHCTPYKTOPCKUX pabOT 0e3 ydeTa TEeXHOJIOTHYECKHX
aCIIeKTOB TpPAKTUYeCKH HeI(P(EeKTUBHO, TaK KaK cebecTOMMOCTh, a CIIEOBAaTeNbHO U
KOHKYPEHTOCIIOCOOHOCTh ~ W3J€JMIl BO MHOIOM OMNpEAENsAIOTCd WX  TEXHOJIOTHMYECKOH
ce0eCTOMMOCTBIO.

CAM (anrn. computer-aided manufacturing wim Computer Aided Mechanical Process,
«KOMITBIOTEpHAs TIOMOIIb B MEXaHOOOPabOTKe») — CPEICTBAa TEXHOJOTUYECKOW IMOJITrOTOBKH
MIPOM3BOJICTBA U3/ENNi, 0OecleynBaroe aBTOMAaTU3alHMI0 IPOrPaMMHUPOBAHUS U YIIPaBIECHUS
ob6opynoBanus ¢ UITY wmu 'ATIC (I'mOkux aBTOMAaTU3UPOBAHHBIX MTPOU3BOJCTBEHHBIX CUCTEM).
Pycckum ananorom TtepmmHa sBuserca ACTIIII — aBroMaTu3upoBaHHas cHUCTEMA
TEXHOJIOTUYECKOM MOoAroToBKU npou3BojcTBa. OcHoBHbIE QyHKIMU CAM-cuctem: pazpaboTka
TEXHOJOTMYECKHUX TMPOILIECCOB, CHHTE3 YIPABIAIOIMIMX MPOrpaMM JUIsl TEXHOJIOTHYECKOTO
obopynoBanus ¢ UYITY, monenupoBaHHe MPOILECCOB 00paOOTKH, B TOM YHCIIE MOCTPOCHUE
TPaeKTOPUI OTHOCUTENBHOIO ABM)KEHUS WHCTPYMEHTAa U 3aroTOBKM B Ipoliecce o0paboTKw,
reHepanus MOCTHPOLIECCOPOB ISl KOHKPETHBIX THUIOB obopynoBanus ¢ UYIIY, pacuér Hopm



BpeMeHH 00paboTku. ['eomeTpuyeckass MOJENb W3JAETUsl, KOTOpas HCIOIb3YeTCS B KadecTBe
BXOAHBIX AaHHBIX B cuctemax CAM, u Ha ocHOBe kotopoil B cucreMax CAE dopmupyercs
TpeOyemast 1Jisl UHKEHEPHOTO aHaJIM3a MOJIENb HCCIEAYEMOro npouecca co3gaércs ¢ MOMOIIBIO
CAD-cpencts.
CAPP (amrm. computer-aided process planning) — cpeactBa aBTOMaTH3alUU
MJIAHUPOBAHUS TEXHOJOTMYECKUX IPOILIECCOB MpuMeHsemble Ha cThike cucteM CAD u CAM
cucteM. MHOTHME CHCTEMBl aBTOMATH3MPOBAHHOTO MPOSKTHPOBAHMS COBMEIIAIOT B cebe
pelieHre 3a7a4  OTHOCAIIMXCA K pa3IuvHbIM acnekram npoektupoBanuss CAD/CAM,
CAD/CAE, CAD/CAE/CAM. Takue cucTeMbl HAa3bIBAIOT KOMIUIEKCHBIMUA WU
UHTETPUPOBAHHBIMH.
Oynkiun  CAE-cuctem  (cucTeMbl aBTOMATH3allid  HMHXCHEpPHbIX pacdeToB CAE
(Computer Aided Engineering, «KOMIIBIOTEpHas IIOMOIINb B WHXXECHEPHBIX pacuerax) u
TPEXMEPHOT'0 MOJICIIMPOBAHUS (B TOM YHCIIE TEOMETPHUECKOT0)) JOBOJIBHO Pa3HOOOPA3HBI, TaK
KaK CBSI3aHbI C MPOEKTHBIMHU MPOLIEIypaMH aHalli3a, MOACTUPOBAHUS, ONITUMU3AINH MPOSKTHBIX
pemennn. B cocraB mamuHocTpontenbHBIX CAE-cucTeM Tpekae BCEro BKIFOYAIOT IMPOTPaMMBI
JUTSI BBITIOJTHEHUS! CIISYIOIIUX MPOLIETYP:
- MOJCIIMPOBAHME MOJICH (PU3UYECKUX BEIWYMH, B TOM YHCJIC aHAIW3 MPOYHOCTH,
KOTOPBIiA Yallle BCEro BIMOIHIETCS B cOOTBeTCTBUU ¢ MKD;

- pacu€T COCTOSHHI MOJEIUPYEMbIX OOBEKTOB M TMEPEXOJHBIX IPOIECCOB B HHUX
CpEICTBAMU MaKpPOYpPOBHS;

- UMHUTALMOHHOE MOJICIMPOBAHUE CIIOKHBIX MPOU3BOJCTBEHHBIX CHCTEM Ha OCHOBE
Mojiesieit MaccoBoro oocnmykuBanus u ceteit [lerpu.

Buszyanuzanus pe3yiabTaToB MOACIUPOBAHUSA
CTOJKHOBeHHMS, BbimoaHeHHas B NTNU
(Hopsexckuit TEXHOJIOTUYECKUI
YHUBEPCUTET)

OCHOBHBIMH YacTSIMM IporpamMm aHanusa ¢ nomomsio MKD sBistorcs OMOIMOTEKH
KOHEYHBIX 3JIEMEHTOB, MPENpPOLEccop, peuareab U MOCTIpoLeccop. BUOIMOTEeKHM KOHEUHBIX
AJIEMEHTOB COJEPKAT UX MOJENIN - MaTpULbI JKECTKOCTH. OUEeBUIHO, YTO MOJEIM KOHEUHBIX
AJIIEMEHTOB OyIyT pa3IMYHBIMU Ui Pa3HbIX 3a4ad (aHaIu3 YHOPYruX WIM IUIACTHYECKHUX
negopmanuii, MOJEIMPOBAHUE TMOJIEH TEeMIeEepaTyp, HJIEKTPHUUECKUX MOTEHIMAJIOB U T.IL.),
pa3HbIX (OpPM KOHEUHBIX 3JIEMEHTOB (HampuMep, B JBYMEPHOM CIIlydae - TPEYroJibHbIE WM
YeThIPEXYTOJIbHBIE AJIEMEHTHI), Pa3HbIX HA0OPOB KOOPAMHATHBIX (yHKUUH. McXonHbIe AaHHBIE
JUIsL TIpempoleccopa - TeoMeTpuueckas Mojelb OOBbeKTa, dalle BCero Imojydaemas U3
HOJCHCTEMBbl KOHCTpyupoBaHHs. OcCHOBHas (YHKIMS Iperpoueccopa - MpeICTaBICHUE
HCCIIeTyeMOl cpenbl (eTau) B CETOYHOM BUJE, T.€. B BHJI€ MHOXKECTBA KOHEUHBIX 3JIEMEHTOB.
Pemarens - mporpamma, kotopas accemOiupyeT (cobupaer) MOAETH OTAENbHBIX KOHEYHBIX
3JIEMEHTOB B OOIIYI0 CHUCTEMY alreOpanvyecKuX YpaBHEHHUH W peliaeT 3Ty CUCTEMY OJHUM M3
METOJIOB pa3pexeHHbIX MaTpull. [locTmponeccop CIyXHT [Uisl BU3yalIM3allMM pe3yJIbTaToOB
pemieHuss B yAoOHOW nansi monb3oBatens ¢opme. B mammuoctpoutensHbix CAIIP - sto
rpapuueckas ¢opma. Ilonp3oBarens MOXeT BUAECTh MCXOAHYIO (0 HarpyXeHus) u
nehopMUPOBaHHYIO (OPMBI J€TalM, MOJS HANpPSHKEHWH, TemIepaTyp, MOTEHUUalIoB U T.I. B
BUJIC IBETHHIX H300paXEHWH, B KOTOPBIX MAJIUTpa IBETOB MJIM HHTEHCUBHOCTH CBEUEHUS
XapaKTEepU3yIOT 3Ha4eHUs (pa30BO IepEeMEHHOM.

B cocraB mammnoctpoutensHbix CAE-cucteM mpekae BCero BKIIOYAIOT MPOrPaMMbI
JUIs CIEAYIOIIUX IPOLEayp: MOJEIUPOBAaHUE NOJIeH (GU3NYECKUX BEIUUYHMH, B TOM YHUCIIE aHAIIU3
npounoctu (Nastran, ANSyS u ap.); pacu€T COCTOSHMM M TEPEXOJHBIX MPOLIECCOB Ha
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makpoypoBae (Adams wu  LS-Dyna); umuTanMoHHOE  MOICIMPOBAHUE  CIOXKHBIX
MIPOU3BOJICTBEHHBIX CHCTEM Ha OCHOBE MOJIeNIeil MacCOBOT0 00CIykuBaHus u cereit [lerpu.

Tsaxénbie CAIIP

3TO CUCTEMBI, KOTOPBIE, BO-TIEPBBIX, 00ECIEUNBAIOT BECh IMKJI CO3JAaHUS HM3ACIHS OT
KOHILIENITYyalbHON WU 10 peanu3alii, a BO-BTOPBHIX, CO3JA0T IPOEKTHO-TEXHOJIOTMYECKYIO
cpemdy A7l OJHOBPEMEHHOU pabOThl BCEX YUACTHUKOB CO3JIaHUS U3/IEIUS C €IUHON BUPTYaIbHOM
3JIEKTPOHHONW MOJEINIBIO0 3TOr0 M3JeNus. DTH CUCTEMbl IPUMEHSIOTCS Ul pelleHus Hauboee
TPYAOEMKHUX 3ajlad - MOJCIMPOBAHUS MOBEICHUS CIOKHBIX MEXaHUYECKUX CHUCTEM B PEaIbHOM
MacimTabe BpPeMEHH, ONTHMMU3MPYIOUIMX PACYETOB C BHU3yalM3allUed pPe3yslbTaToB, PACUETOB
TEMIIEpaTypHBIX TMOJIeH W TeruiooOMeHa U T.A. OOBIYHO B COCTaB CHUCTEMBI BXOJSAT KaK YHCTO
rpaduyeckue, Tak ¥ MOJYJIH Ul IPOBEIEHUS pacyeToB M MOJCIMPOBAHUS, MOCTIPOLIECCOPHI
Jutst cTankoB ¢ YITY?®,

Tsoxénsie CAIIP npuMeHHTENBbHBI K CO3[aHUIO CIIOXKHBIX U3JIEUI MAalIMHOCTPOEHUS, B
OCHOBE OpraHHM3alM{d KOMITBIOTEPHON TEXHOJOTMH JISKUT CO3JIaHHE ITOJHOTO 3JIEKTPOHHOTO
MaKeTa M3JeNus, TaK KaK UMEHHO CO3[JaHHe TPEXMEPHBIX IEKTPOHHBIX MOJENEH, aJleKBaTHBIX
peabHO MPOEKTUPYEMOMY H3JIENINI0, OTKPBIBAET KOJIOCCAJIbHBIE BO3MOXHOCTH ISl CO3JAHHS
Oojee KaueCTBEHHOW MPOAYKLUUU (OCOOEHHO CIIOXKHOW, HAYKOEMKOH MpOAyKIuu) U B Ooiee
cKaTele CpoKM. B mpomecce MPOEKTUPOBAaHHMS W MPOU3BOJACTBA  CIOXKHBIX U
MHOI'OKOMIIOHEHTHBIX M3/EIMi BCE Yy4yacTBYIOLIME B IPOEKTUPOBAHMU JOJDKHBI, paboTas
OJTHOBPEMEHHO W Halmromass paboTy ApYyr Ipyra, MOTYT CO3[aBaTh Cpa3y Ha KOMIBIOTEpax
3JIEKTPOHHBIE MOJIENH JIeTallel, y3JI0B, arperaToB, CUCTEM M BCETO U3EIHS B LIEIOM.

OMHOBPEMEHHO PEUIarOTCs 3a/1a4d KOHIENTYAJILHOTO MPOSKTHPOBAHMS, BCEBO3ZMOKHBIX
BUJIOB MH)KCHEPHOI'O aHAJIM3a, MOJAEIMPOBAHUS CUTYyallUil, a TakkKe KOMIIOHOBKHM H3IEIHs U
¢dopmupoBaHuss BHENIHHX 00BOMOB. He NOXMAAsCh MONHOTO OKOHYAHUS Pa3pabOOTKH HOBOTO
U3Jenusi, 3Ty UH()OPMAIUIO UCTIONIB3YIOT U TEXHOJOTHYECKOM MOJArOTOBKM MPOM3BOJCTBA U
IIPOM3BOJICTBA KaK TakoBOT0. Kpome TOro, BO3MOXXKHO aBTOMAaTH3UPOBAHO YIPABIATH U BCEMHU
CO3/1aBaCMbIMH JaHHBIMHM JJIEKTPOHHOM MoOJAeIH (TO €CThb CTPYKTYpOH H3JAeiHs), U CaMUM
IPOIIECCOM CO3JaHUs W3JENUs, M K TOMY >K€ MMETh BO3MOXKHOCTH YIIPABIATH CTPYKTYPOH
npoliecca Co3JaHus U3eusl.

B HacTosiee BpeMs Ha pbhIHKE ocTanoch B ocHOBHOM Tpu CAIIP BepxHEro 1eHOBOTro
kiacca - Unigraphics NX komnanuun EDS, CATIA ¢paniy3ckoir ¢pupmbl Dassault Systemes
(xoropas nponsuraet ee BMecte ¢ IBM) u Pro/Engineer ot PTC (Parametric Technology Corp.).
Bce 1pu mocraBumka npemiarator s cBoux CAIIP cucremsl ynpaBieHHMs WH)XEHEPHBIMU
nanHeiMu - (PDM), nmnoszBossitomue  ympaBisiTh  BCe  KOHCTPYKTOPCKO-TEXHOJOTMYECKOU
JOKYMEHTAIlMe M MpeJoCTaBIIATh JOMOJHUTEIbHbIE JAAaHHBIE, SKCIOPTHUPOBAHHBIE M3 APYrHX
KOPITOPATHBHBIX CHCTEM.

IIpumepsI TsKEIBIX CAITP’

1 ANSYS

2 CATIA

3 EUCLID

4 MSC.ADAMS

® YIIY - KOMIBIOTEPH30BaHHAs CHCTEMA YIIPABJICHHs, YIPABIAIOMIAs HPUBOIAMH

TEXHOJIOTHYECKOr0 000py10BaHus, BKIIOYasi CTAHOUYHYIO OCHACTKY

7 Cucrembl, KOTOpHIE, BO-TIEPBBLIX, OOECIEUYMBAIOT BECh LMKI CO3JAHHMS M3IEIHS OT
KOHILIENITYyallbHON HJEM A0 pealu3allid, a BO-BTOPBIX (M 3TO caMoO€ IJVIABHOE), CO3AAI0T
IIPOEKTHO-TEXHOJOTUYECKYIO0 Cpeay AJIi OJAHOBPEMEHHOM padOThl BCEX YYACTHHUKOB CO3JAHUS
W3JIENHsSl C €UHON BUPTYaIbHOM 3JIEKTPOHHON MOJEIIBIO 3TOTO U3AEIIHS.


http://seniga.ru/index.php/sapr/tsapr/81-ansys.html
http://seniga.ru/index.php/sapr/tsapr/60-catia.html
http://seniga.ru/index.php/sapr/tsapr/82-euclid.html
http://seniga.ru/index.php/sapr/tsapr/80-mscadams.html

5 NX Unigraphics

6 Pro/ENGINEER

Cuctema Unigraphics - yauBepcaipHas crcTeMa T'€OMETPUYSCKOTO MOJICITMPOBAHUS U
KOHCTPYKTOPCKO-TEXHOJIOTUYECKOTO IMPOCKTHUPOBAHUS, B TOM 4YHCIE pa3pabOTKH OOJbIIMX
CcOOpOK, MPOUYHOCTHBIX Pacdy€TOB M TMOJTOTOBKM KOHCTPYKTOPCKOW JOKymMeHTanuu. Cucrema
MHOTOMOJYyJbHas. B koHcTpykTOpckoit wactu (moacucrema CAD) mMeroTcst cpencTBa Juis
TBEPAOTEIBHOIO KOHCTPYUPOBAHUSI, FEOMETPUUYECKOTO MOAEIUPOBAHUS HA OCHOBE CILIAMHOBBIX
Mojiesiel MOBEepXHOCTEH, co3nanus yeprexeit mo 3D-moaenu, npoeKTupoBaHus cOOPOK (B TOM
YKCJI€ C COTHSIMU M THICSTYaMH KOMIIOHEHTOB) C Y4ETOM aCCOIMAaTUBHOCTHU, aHAJIU3a JIOMMYCKOB U
np. B Texnonornueckoii yactu (noacucrema CAM) npeycMOTpEHbI pa3padoTKa yrpaBiIsOIIX
IporpaMM JUIsi TOKAPHOW M DJIEKTPOIPO3HOHHOW OOpabOTKH, CHUHTE3 W aHAlU3 TPaeKTOPUU
UHCTpYMEHTa Npu (Gpe3epHol TpEX- U MATUKOOPAMHATHOM 00paboTKe, MpU MPOEKTUPOBAHUU
npecc-popM, mramnoB u ap. s umxkeHepnoro anammsa (moacucrema CAE) B cucremy
BKJIFOYEHBI MOJYJIM IMPOYHOCTHOTO aHainu3a C¢ ucnosb3zoBaHueM MKD ¢ cooTBercTByrOIMMU
Ipe- W MOCTOPOLECCOPAMH, KMHEMATHYECKOT0 M JWHAMUYECKOTO AHAJIM3a MEXAaHU3MOB C
ONpENIETICHUEM CHUJI, CKOPOCTEH M YCKOPEHMi, aHallu3a JIMThEBBIX IPOLIECCOB ILIACTUYECKUX
Macc.

Unigraphics NX — sto CAD/CAM/CAE cucrema. CrcreM TBEPAOTEIBLHOIO TPEXMEPHOTO
MoerpoBanus, O0asupyroercs Ha siape PARASOLID u Bkimowaer B ceOsi BECh KOMILICKC
KOHCTPYKTOPCKO-TEXHOJIOTUYECKUX MOIYIIEH.

OcHOBHbBIE OCOOEHHOCTH CUCTEMBI

= [laker TBepaOTETHHOrO THOPUAHOTO MOJEIHUPOBAHUS C MOJHBIM HaOOpoM (GYHKIUI
paboThl ¢ TBEPIBIM TEJIOM, MOBEPXHOCTHIO MJIM KAPKACHOM MOJENbI0, OCHOBAaHHBIM Ha
MOJIHOCTBIO ACCOIIMATUBHOM, MTAPAMETPUUYECKOM JIEPEBE MOCTPOCHHUSI.

* MouIHble cpeicTBa BU3Yyalu3alui, aHUMalluU U MIOCTPOEHUSI IPOTOTHUIIOB.

* MoriHble BO3MOXXKHOCTHM 10 CO3JaHMI0O U YIPABICHUIO KPYNHBIMH COOpKaMmH,
COJIEPIKAIMU JIECATKUA U COTHU ThICSY KOMITOHEHTOB.

* Moaynu BBICOKOCKOPOCTHOH TEXHOJOTHMUECKOW 00paboTKM [uis JHOOBIX  THUIIOB
000pyT0BaHUs.

* Moaynu HMHXEHEpHOro aHaju3a, Oa3upyrollecs Ha BCTPOEHHBIX pelaTeNsX TaKuX
nakeroB kak MSC.Nastran, MSC.Adams, koTopble NO3BOJIIIOT IPOBOJUTH OLIEHKY
pasIMYHBIX CIIEHapUeB IOBEJNCHMS pa3pabaThiBA€MBIX KOHCTPYKIMM, a Takxke
UCCIIEIOBaHME TaKUX THUIIOB 3aJad KaK JIMHEWHas CTaTUCTUKA, pPAaBHOBECHas
TeruIonepeaya, MoTepss yCTOMUYMBOCTH, aHAIN3 COOCTBEHHBIX YacTOT, KHHEMaTHUYECKHM
aHaJIN3 U CUMYJISIIIUS TPAKTUYECKH JTF000TO 3-X-MEPHOTO MEXaHU3Ma U T.JI.

*  OTKpBITBII MOUIHBI OpOrpaMMHBIH HMHTEpdENHC ¢ BO3MOXKHOCTBIO pa3pabaThiBaTh
COOCTBEHHOE TMPHUKIIATHOE MPOTPaMMHOE oOecreueHrne, KOTOpoe OyIEeT MOTHOCTHIO
uHTerpupoBano B Unigraphics NX.

* Dd@dexTuBHbII O0OMEH MNaHHBIMM C JpyruMH cuctemMamu. llogaepikka BHENIHHMX
dopmaroB nanubix IGES, STEP, DXF u npsMeix unrepdeiicoB k Hanbojee U3BECTHBIM

rakeTam.
Hpyras cucrema BepxHero ypoBHs CATIA— cucrema aBTOMAaTU3HPOBAHHOTO
npoektupoBaHusi  (ppanmysckoit ¢upmbr  Dassault Systémes - mo3BOMSET 3aKa3uMKy

reHepupoBath coOcTBeHHbI BapuaHT CAIIP CKBO3HOTO NPOEKTHPOBAHUS - OT CO3JAHMS
KOHUENIMK M3AeNuss 1O TEXHOJOTUYECKOW TMOAJEPKKH TMPOM3BOACTBA U IJIAHUPOBAHUS
IPOM3BOJICTBEHHBIX pecypcoB. B cucreme peann3oBaHO MOBEPXHOCTHOE M TBEpHOTEIbHOE 3D-
MOJIEJIMPOBAaHUE U ONTHUMHU3ALUS XapaKTEepPUCTUK u3aenuid. Bo3moxHbl (oTopeamucTiuuHas
BU3yalM3alsi, BOCCTAHOBIECHUE MAaTEMaTHUECKON MOJENIN U3 MaTepualbHOro Makera. Cucrema
Mmacmtabupyema. Ilpemmaraiorcs TUIIOBbIE KOHQUIypaluud, B TOM YHCIIE€ BapUaHTBI JUIS
NOJHO(YHKIIMOHAIBHOTO CKBO3HOTO MPOEKTHPOBAHUS CIOXKHBIX H3JCIUN W MPOEKTUPOBAHHS
KOMIUIEKTYIOIIUX Ha HEOONBIINX U CPETHUX MPEATNPUATHUSIX.
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3D-mozenb, co3naHHasi ¥ BU3yallu3UpOBaHHAs
B CATIA

Cpennnii kiaacc CAIIP
Cpennue CAIIP 3aHs1M OPOMEXYTOYHOE IOJOKEHUE MEXKAY TSKEIbBIM U JIETKUM

KJIaCCaMHM, YHACJIEIOBaB OT MEPBBIX TPEXMEPHbBIE MapaMeTPUIECKHe BO3MOXKHOCTH, @ OT BTOPBIX
- HEBBICOKYIO LIEHy W opHueHTanuio Ha miargopmy Windows. BaxHyio ponb B CTaHOBJICHUH
CpeIHEro Kiiacca ChIrpaliv J1Ba siipa TBEPIOTEIbHOr0 napaMmerpuueckoro moaenuposanus ACIS
u Parasolid, koTopsie mosBuirch B Havdane 90-x TOAOB M ceiyac HMCIOJIB3YIOTCS BO MHOTHX
Benyumx CAIIP. T'eomerpuyeckoe SIp0  CIOYKUT s TOYHOTO MATEMAaTUYECKOTO
NPEICTaBICHUS TPEXMEPHOU (HOPMBI M3/I€HS U YIIPABICHUS 3TOK MoJenbio. [lomydeHHbie ¢ ero
MOMOIIIbI0 reoMeTpuueckue aaHHbele ucnoiyib3ytorcs cucremamu CAD, CAM u CAE nns
pa3pabOTKU KOHCTPYKTUBHBIX 3JIEMEHTOB, COOPOK U U3JICTHUH.

B Poccum mosnyumnm pacnpoctpaneHue cuctembl kommanuii Autodesk, Solid Works
Corporation, Beantly, Ton Cuctemsi, Ackon, UaTepmex, Bee-Pitron u vekotopbix npyrux. Bee
9T CHUCTEMBl HUMEIOT MOJCUCTEMBI: KOHCTPYKTOPCKO-uepTéxHyo 2D, tBEprnorensHoro 3D-
MOJICIIUPOBAHHS, TEXHOJIOTHIECKOTO MPOSKTUPOBAHMUSI, YIIPABICHUS IPOCKTHBIMH JTaHHBIMH, PSIIT
MOJICUCTEM HWHXXEHEPHOTO aHajin3a M pacuéTa OTACNbHBIX BHUIOB MAIIMHOCTPOUTEIbHBIX
U3JIeNNi, a TaKkKe OMOIIMOTEKN THITOBBIX KOHCTPYKTHBHBIX PEIICHUH.

IIpumepsi cpeannx CAIIP.

JIuHMA COBpPEMEHHBIX NPOTPAMMHBIX CHCTEM KOHCTPYKTOPCKOTO HPOEKTHPOBAHUS
dupmbr Autodesk BkiIOYAaeT ps CHCTEM, CPEAM KOTOPHIX HAmOOJee Pa3BUTBIMH SIBIISIOTCS
cuctembl AuUtoCAD Mechanical Desktop u Inventor. Cucrema Inventor mpenxasnavena st
TBEPJIOTEIHHOTO TAPaMETPHUECKOTO MTPOSKTUPOBAHHS, OPUEHTHPOBAHA HA Pa3pabOTKy OOJIBIINX
COOpPOK € COTHSAMM M ThICSIUAaMHU JeTajel, HMMeeT pa3BUTYI0 OHOJIMOTEKY CTaHAapTHBIX
aneMeHTOB. B ocHoBe cuctembl nexut rpaduueckoe sapo ACIS. Tlocrpoenue 3D -mopeneit
BO3MOKHO BBIJIaBIMBAaHUEM, BpallleHUEM, IO CEYeHUusM, no TpaekTopusMm. M3 3D-monenu
MOYKHO TOTy4uTh 2D-ueprexkn u cnenmdukanuu Matepuano. [logaepxuBaeTcst KOJJIEKTHBHAS
paboTa Haj MPOEKTOM, B TOM YHCIE B Ipeaenax OAHOM u Toil ke cOopku. IIpenycmorpena
aBTOMAaTHYECKasl MPOBEPKa KWHEMATHUKH, Pa3MEpOB JETAM C YYETOM TMOJOKEHHS COCETHHX
nerajei B cOopke. 3HauMTENbHBIE yI00CTBa pabOThl KOHCTPYKTOPOB OOYCIOBJIEHBI TEM, YTO
ACCOIMATHUBHBIC CBS3M 3a/IAI0TCS HE IMyTEM OMHMCaHUs OTEepanyii ¢ TapaMeTpaMy U YpaBHEHHH, a
HETOCPEACTBEHHO OMpeieeHneM (POPMBI U MOJIOKEHHUSI KOMIIOHEHTOB.

B uncno npoxykroB Autodesk BXOauT psi APYruX MporpaMM aBTOMATH3UPOBAHHOTO
npoektupoBanus, B Tom uncie Autodesk Data Exchange - Habop KOHBEpTOpPOB /sl B3AUMHOTO
npeoOpa3zoBanust aHHBIX U3 popmatoB DXF u SAT (dbopmar smpa ACIS) B Takme ¢opmartsr,
kak STEP, IGES, VDA-FS.

Cucrema  TBEpIOTEIBHOTO  IMApPaMETPUYECKOTO  MOJICITUPOBAHHUS  MEXaHHYECKHX
xoHcTpykuuit Solid Works (xommanus Solid Works Corporation) nocrpoena Ha rpaduyeckom
sape Parasolid, paspaboranrom B Unigraphics Solution. CuHTe3 KOHCTPYKIIMH HAYMHAETCS C
MOCTPOCHHS OIMOPHOTO TejNa C MOMOIIBIO ONEpaluil TUIA BBIJABJIMBAHUS, MPOTATUBAHUS MU
BpalIeHUs] KOHTYpa C IMOCJIEAYIONMM J100aBIeHHEeM U (WJIM) BBIYUTAHWEM TEX WM WHBIX TEIl.
Hcnosp3yercss TEXHOIOTUs TpaHUYHOTO MojenupoBanus (B-representation) ¢ anamutuyeckum
WM CIUTAWHOBBIM OMHCaHUEeM ToBepxHOcTel. [Ipu mpoekTupoBaHuu cOOPOK MOXKHO 3a7aBaTh
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pa3uyHble YCIOBUS B3aMMHOTO PACIOJIOKEHHUS JeTaneil, aBTOMaTHYECKH KOHTPOIUPOBATH
3a30pbl U OTCYTCTBHE B3ammorepecedeHus: neraneit. [Ipemycmorpenst IGES, DXF, D WG-
UHTEPQEICH ¢ APYTUMH CUCTEMaMH.

Cpemu CAIIP cpennero ypoBHs, Hapsiay ¢ MPOAYKTaMHU 3apyOEKHBIX (UPM, HEIIOXO
3apEKOMEHI0BANIN Ce0sl CHCTEMbI OTEUECTBEHHBIX Pa3pabOTUMKOB - 3TO, MPEXKJIE BCETO, CUCTEMBI
Kommac (kommnanust AckoH) u T-Flex CAD (Tom Cucremsr).

B cucreme Komnac st TpEXMEpPHOTO TBEPAOTEIBLHOIO MOJACIUPOBAHUS HCIIOJIb3YETCS
opuruHaipHoe rpaduueckoe aapo. CHHTE3 KOHCTPYKIUI BBIMOJHACTCS C MOMOIIBIO OyJEeBbIX
omepauudii Hag OOBEMHBIMH TNPUMHUTHBAMH, MOJENIH JeTaned (OpMHUPYIOTCS TYTEM
BBIJIABIIMBAHUS WIA BPAILIECHHUS KOHTYpPOB, ITOCTPOECHHUEM IO 33JaHHBIM CE4YeHHSIM. B0O3MOKHO
3a/laHue 3aBUCHMOCTEH MEXIy IapamMeTpaMu KOHCTPYKLHH, pPacyéT Macc-MHEPLUOHHBIX
XapakTepucTuK. Pa3paboTka NPOEKTHO-KOHCTPYKTOPCKOM JOKYMEHTAallMkM, B TOM 4YHCIE
pasnuYHBIX  crnenudukanuid, BbimonHseTcss noacucremoi  Kommac-I'papuk. Hwmerorcs
OMOMMOTEKH C JAaHHBIMHU O THUIOBBIX JAETaNsAX M TpadUUECKUMHU H300paKEHHUSIMH, a TaKkKe
[IPOrpaMMbl CHELUAIBHOIO Ha3HAu€HUs (MPOEKTUPOBAHUE TENl BPALIEHUS, MPYKUH, METal-
JIOKOHCTPYKIIMHA, TPyOONPOBOIHOM apMaryphl, IITAMIIOBOM OCHACTKH, BHIOOpA MOAIIUIIHUKOB
KaueHUsl, pacKposi JINCTOBOro Marepuaia u ap.). [IpoekrupoBaHue TEXHOIOTHYECKUX MPOLIECCOB
BBITIOJHSETCSI ¢ MOMOIIBI0 MojacucTeMbl KoMmac-ABTONPOEKT; MporpaMMUpOBaHUE OO0BEMHOMN
o0paboTkn Ha crankax ¢ UIIY - ¢ momompro moacuctembl [EMMA-3. Psing HeoOX0IMMBIX
GbyHKIMI ynpaBieHus: IPOSKTHBIMU JaHHBIMU BO3JIOKEHO Ha nojcucremy Kommac-Menemxkep.

CAIIP TII BEPTUKAJIb xommanum ACKOH - D3TO CHCTEMA aBTOMAaTH3alNH
TeXHOJIOTMYeckor moaroroBku mnpom3BoacTBa BEPTUKAJIb (sa3b1k  mHTEpdeEiica: TONIBKO
pycckuii). Cuctema BEPTUKAJIb npenHa3HaueHa Uit HHXEHEPOB-TEXHOJIOTOB.

OYHKIMOHAIbHBIE BO3MOKHOCTHU:

- JUIsl TEXHOJIOTOB:

e KoHcTpyKTOpCKas ¥ TeXHOJIOTHYecKast HHPOpMAIUs — B OKHE OJHON MPOTrpamMMBbl.
e lcnonb3oBaHue OMOIUOTEKH YACTO OBTOPSEMBIX TEXHOJIOTHUECKUX PEILICHUH.
e ABTOMaTU3MPOBAHHOE MPOEKTHPOBAHUE TEXIPOIIECCOB C MCIOJb30BaHHEM bubinorexu

KOHCTPYKTOPCKO-TEXHOJIOTHUYecKuX 31emMeHToB (KTD).

e DbricTpelii mouck HEOOX0IMMOI HMH(OpMAIMK, aBTOMATUYECKUN MOA00p MaHHBIX MPH
npoektupoanuu TII.
e Hapuramnus 1o TeKCTy TEXHOJIOTHH C Hcnoib3oBaHueM 3D-Monenu unu yeprexa. TecHas

CBSI3b KOHCTPYKTOPCKUX U TEXHOJIOTMUECKUX JTaHHBIX.

e ABTOMaTHM3MPOBAHHBIN PacUET BPEMEHHBIX U MaTepUAIbHBIX 3aTpar.

- 17151 TJIaBHBIX TE€XHOJIOTOB:

e DBo03MOXHOCTh XpaHEHMs] TEXHOJIOTMUECKHUX IPOLECCOB KakK JIOKAJbHO, TaK U B Cpele
mo6oii PDM-cuctemsl.
e DBO3MOXHOCTH  UCHONB30BaHUS  JIIOOBIX  CYIIECTBYIOIIUX  HA  MPEANPUATHU

TEXHOJOTMYECKHUX 0a3 TaHHBIX.

e PaznuuHbie MEXaHU3MBI OBICTPOTO JOCTYyMa K HEOOX0AMMO# MHOpMaIuK, IpoBEpKa U
yrBepxkaenue TII 3a cuuTaHHbIE MUHYTHI.
e DBo03MOXHOCTh HaKaluIMBaTh U MCIOJB30BaTh TEXHOJOTMYECKHI OMBIT mpu paboTe B

CUCTEME.

e Paznuunbie BapuaHTHI 3alIUTH HHPOpMaIK. Pasrpannuenue npas qocTyma.
e Moaynu pacyeTa BpeMEHHBIX U MaTepUaIbHBIX 3aTparT.
- s [T-qupexkTopos
e HoBbIil KOMIIOHEHT €IMHOTO0 UH(POPMAIIIOHHOTO MPOCTPAHCTBA MPEATIPUATHS.
e Tecnas unrerpanus c KOMITAC-3D, JIOLIMAH:PLM.
e Bo3moxHocTh uHTerpanuu cnpaBodHuKoB cuctembl BEPTUKAJIb ¢ mo6eivu PDM-,
ERP-, CAD-, CAM-cucremamu.
e OOBEKTHBIE MOJIETH IaHHBIX.



e Pa6ota cucremsr ¢ CYB]] FireBird, Microsoft SQL Server, Oracle.

e ['uOKOCTH CUCTEMBI, pa3BUTHIC CPEACTBA AIMUHUCTPUPOBAHHUS.

- st pazpaboruukos [10

CAIIP TII "BEPTHUKAJIB" paboraer TOJBKO ¢ onepaunoHHbIME cuctemamu: - Windows
2000 Service Pack la u Beie, - Windows XP.

CAIIP TII BEPTUKAJIb no3Bosser:

* [IPOEKTHPOBATh TEXHOJIOTUYECKUE MPOLECChl B HECKOJIbKUX aBTOMATU3HPOBAHHBIX
peXHUMax;

*  paccUUTHIBATH MaTEPHUAIbHBIC U TPYIOBBIE 3aTPaThl HA MPOU3BOACTBO;

*  pacCuUMTHIBATH PEKUMBI PE3aHHUS, CBAPKU U JIPYIHe TEXHOJIOTMUYECKHUE TapaMETPhL;

* aBTOMaTHuYecKd (opMHpOBaTH BCE HEOOXOAUMBIE KOMIUIEKTHl TEXHOJOTHYECKON
nokymeHtauu B coorBerctBuM ¢ 'OCT P® u cranpapramu, HCHOJIb3yEMBIMU Ha
npeaAnpusITHH (TpeOyeTCs TOTOJHUTEIbHAS HACTPOUKA);

* BECTU MapaJJICIIbHOE MPOEKTUPOBAHHUE CIIOKHBIX M CKBO3HBIX TEXIIPOLIECCOB TPYIION
TEXHOJIOTOB, B PEaJIbHOM PEXHME BPEMEHHU;

* OCYUIECTBJIATh MPOBEPKY JaHHBIX B TeXIpolecce (Ha aKTyaJlbHOCTb CIPAaBOYHBIX
JTAHHBIX, a TAK)K€ HOPMOKOHTPOJIb);

* (opmupoBaTh 3aKka3bl Ha MPOEKTUPOBAHUE CHELHAIBHBIX CPEJICTB TEXHOJIOIMUYECKOTO
OCHAIIIEHUS U CO3[JaHHE YIPABISAIOIUX IPOTPaMM;

*  TOJJICPKUBATh AKTYAJIbHOCTh TEXHOJOTMUYECKOW MH(POPMAIMK C TOMOIIBIO IPOILIECCOB
yIpaBIeHUS U3MEHEHUSIMU;

*  TOJJICP)KMBATh TPOLECC TOCTPOCHHS HA NPEANPHUATHA EAMHOTO HH()OPMAIIMOHHOTO
MPOCTPAHCTBA Ui YIPABICHUS >KU3HEHHBIM IIUKJIOM H3JENHsl OT pPa3pabOTKH [0
YTUIIU3ALUH.

YHuBepcanbHbli TEXHOJOTHYECKUM cripaBouHUK, BXosamuidi B CAIIP TII BEPTUKAJID,
MPEIOCTABIISAET IOJB30BAaTENSIM BCIO HEOOXOJUMYIO CIPAaBOYHYI0 HH(MOpMalLMI0, a TakKke
MO3BOJISIET OPraHNU30BaTh U Pa3BUBATh 0a3bl TAaHHBIX NPEANPHUATHS.

Wnrterpaus BEPTUKAJIb ¢ JIOOMAH:PLM, KOMIIAC-3D u ngpyrumu
aBromarusupoBaHHeiMH cuctemamu ACKOH pemaer 3amaum co3gaHusi €IUHOM 3JEKTPOHHOU
Cpelpl Ui COBMECTHOM pa3paldOTKH HU3JeNHsi, MOJATOTOBKM NPOM3BOACTBA. B pesynbprate
AJIEKTPOHHOE OIMCAaHME U3JEeNUs COACPKUT TMOJHYI HHPOPMALUIO, HEOOXOTUMYIO s
HNOJJIEPKKU BCEX 3TAIlOB XU3HEHHOro IMKJiIa u3fenus. Ha stame moAroToBKM MpPOM3BOJCTBA
o0ecreunBaeTcsi HAKOIUIEHHE JaHHBIX O pe3yJbTaTax KOHCTPYKTOPCKO-TEXHOJIOTHYECKOTO
IPOEKTUPOBaHUS U 0OMEH MHpOopMaIeil MEX Iy HHKEHEPHBIMU CITYKOaMHU.

CAITIP TII BEPTHUKAJIb mnonnepkuBaeT Bce OW3HEC-TIPOLIECCHI ANEKTPOHHOTO
MHXEHEPHOr0 JOKYMEHTO000pOTa, B TOM YHCJIE YIPABJIEHUE TEXHOJOTUYECKUMH U3MEHEHUSIMU
U 3aKa3 Ha pa3pabOTKy CIELUAIbHBIX CPEJICTB TEXHOJIOTHYECKOT0 OCHAIIECHUS U YIPABISIOIIMX
nporpamm s crankoB ¢ UITY. B cucrteMe nmpuMeHEH KaueCTBEHHO HOBBIM MHTEIUIEKTYaJIbHbBIN
MOJXO0Jl K OpraHM3allMy JaHHBIX O TE€XHOJOTMYECKUX MpoIleccaxX, OCHOBAaHHBIM Ha OOBEKTHOU
Mojenu npeacraBienus u oopadorku nnpopmanuu. B CAIIP TII BEPTUKAJIb peanu3oBaHbl
HOBeMIIne 00bEKTHO-OPUEHTUPOBAHHBIE METO/IbI OPTaHU3alMU TEXHOJOTUYECKUX 0a3 JaHHBIX,
COM-TexHOIOTUH, COBpPEMEHHbIe HHTep(EHCHbIE pEIIeHUs, OTKpBITAas apXUTEKTypa,
OCHOBaHHas Ha KoMIoHeHTax ActiveX.

[Moncucrema Tp€xmepHoro TBepaoTenbHoro monenupoanus T-Flex CAD 3D B CAIIP
T-Flex CAD moctpoena na 6a3e sapa Parasolid. PeammsoBana JByHanpaBieHHas
aCCOLMAaTUBHOCTb, T.€. U3MEHEHHE M1ApaMETPOB YEPTEKa aBTOMATHUECKH BBI3BIBAET U3MEHEHUE
napaMeTpoB Mojenu u HaobopoT. Ilpu mpoexTupoBaHuUU COOPOK H3MEHEHHE pa3MEpPOB WIIU
MIOJIOKEHUSI OJHOM JETalu BENET K KOPPEKTHPOBKE IMOJIOKEHMs Apyrux. Moxens 3D moxer
OBITh TIOJyYy€HAa HEMOCPEJICTBEHHO IO MMEIOIIEMYCS YepTexy, WIM C IOMOIIbIO OYIIEeBBIX



olepalyii, WIM IMyTéM BBITAIKHBAHMS, POTSTHBAHKS, BPALICHHs npodus, nopTrHra® u T.I.
[IpenycmMoTpeH pacu€T Macc-WHEPLHUOHHBIX MapaMmMeTpoB. B To ke Bpems MOXKHO IO BUAAM U
pazpe3aM TpEXMEPHON MOCIH MOIYUYUTh YepTEX, VIS Yero UCHoJb3yercs nojacucrema T-Flex
CAD 3D SE. ns mapamMeTpHuecKoro NpPOSKTUPOBAHHS W O(OPMIICHHS KOHCTPYKTOPCKO-
TEXHOJOTMYECKOW JTOKYMEHTauuu ciayxkutr noacucrema T-Flex CAD 2D, nmnst ympaieHus
OpOCKTaMH H  JOKyMeHTooboporom - mozacuctema T-Flex DOCs. B moacucreme
TEXHOJIOTMYECKOTO IIPOCKTUPOBAHUS T-Flex/TexHollpo BBITIOJTHAIOTCS CUHTE3
TEXHOJIOTHYECKHUX TPOIECCOB, pacuy€T TEXHOJOTMUECKUX pa3MepoB, BBIOOP pPEXYILIEro U
BCIIOMOTaTeILHOTO HHCTPYMEHTa, (POPMHUpPOBAHUE TEXHOJIOTUYSCKOW JTOKYMEHTAI[MH, B TOM
YHClIe OINEPAlMOHHBIX W MAapUIPYTHBIX TEXHOJOTMYECKUX KapT, BEIOMOCTEH OCHACTKU U
MaTepualoB, KapT KoHTpois. IloaroroBka nporpamm mus crankos ¢ YIIY ocymectBisercsa B
noacucreme T-Flex UITY. Kpome Ha3BaHHBIX OCHOBHBIX mozacuctem B cocraB T-Flex CAD
BKIIIOUEH sl IPOrpaMM JUIsi WHXKCHEPHBIX PAcu€TOB JeTajlei, MPOCKTUPOBAHUS IITAMIIOB U
npecc-Gopm.

Jlerkue CAIIP.

[IporpaMMbl 3TOrO BUAa CiIyKaT AJi1 JBYMEPHOTO YE€pPUEHHUS U OOBIYHO MX Ha3bIBAIOT
JJIEKTPOHHOW 4YepTeKHOM Jockoi. B Hacrosimiee Bpemst OHM IONOJIHUIMCH HEKOTOPBIMU
TPEXMEPHBIMU BO3MOKHOCTSMH, HO HE HMMEIOT CPEJCTB MAPaMETPUUYECKOTO MOJAEIUPOBAHUSA,
KoTopeiMu 001a1at0T Tsokenble u cpeqaue CAIIP. Otu CAIIP cnyxart A BBINOJIHEHHS [TOYTH
BCeX pabOT C JABYMEpPHBIMH YEpPTEKaMU W MMEIOT OrpaHUYEHHBIH Habop (QyHKUMN 10
TpeXMEpHOMY MoJenupoBaHuio. C MOMOIIBI0 3TUX CHCTEM BBINONHAIOTCA nopsaaka 90% Bcex
pabot o mpoektupoBaHuio. O6acTh UX PabOTHI — CO3JAHKE YSPTEIKEH OTACIBHBIX JETANCH H
CcOOpOK.

[epBas yeprexxnas cucrema Sketchpad Obina co3nana eme B Hayane 50-x rogax, a 3aTeM
NOSIBWIOCH HEMAJIO JPYTHX HPOAYKTOB TaKOro poJa, HCHOJB3YIOUIMX JOCTHKEHUS
KOMIIbIOTEpHOU rpaduku. OgHaKo NOJIMHHBINA paclBeT B 3TO 00JacTH HACTynui Juilb B 80-¢
TOJIbl C TIOSIBJICHNEM NIEPCOHAIBHBIX KOMIIBIOTEPOB.

[TepBeiM B 9TOM OOmactu crana kommanusi Autodesk, koropas B 1984 r. BeimycTHiIa
CAIIP nns IIK non nHazBanueM AutoCAD. Celiuac CyniecTByeT MHOXKECTBO APYTHUX (WIETKUX)»
CAIIP, Bxmouass DataCAD onnoumennoi komnanuu, TurboCAD ¢upmer IMSI, SurfCAM or
Surfware u npyrue.

CAIIP «rskenoro» YpoBHS HE ONTHMajbHbI JUISI BBINYCKAa M KOPPEKTHPOBKH
KOHCTPYKTOPCKOM JOKYMEHTAllMM, KOTOpas MO-NPEKHEMY COCTAaBISIET MAaKCHUMAaJbHYIO OO
3aTpar Ha MPOEKTUPOBaHHUE U3aenus. [1o MHEHHMIO HKCIIEpTOB, KOJIMUYECTBO pabOUUX MECT TaKuX
CAIIP nomxHO cocTaBisTh npuOmu3uTeasbHo 5-10% ot obmero konudecTBa paboyux MecT. ITa
mudppa TOATBEpKIaeTca NpuMepamMu HauOonee ycmemHbix BHeapenuit CAIIP  Ha
OTEUYECTBEHHBIX NpeAnpusaTusix, Hanpumep, B CAIIP LIKb MT «Py6un».

ITostomy B CAIIP KpymHBIX NpeanpusATH OOBIYHO HCIIOJIB3YIOT MPOTPaMMBbl Pa3HBIX
ypoBHeil. CsizaHo 3TO0 ¢ TeMm, yTo Oosnee 80% Bcex mpoleayp KOHCTPYHPOBAHHS MOKHO
BeIMoyIHUT, Ha CAD-cucTeMax HUKHETO M CpEIHEro YypOBHEH, KPOME TOTO, «TSDKENbBIe»
cuctembl Joporu. Ilostomy mnpeanpusarue mnpuoOpeTaeT JUIIb OrPAaHUYEHHOE YHUCIIO
HK3EMIUIAPOB (JIUIIEH3HI) MPOrpaMMbl BEPXHETO YPOBHS, a OOJIBIIMHCTBO KIMEHTCKUX PabOUYMX
MeCT 00ecTIeunBaeTCs AK3EMILIIPAMU [TPOTPAMM HUKHETO MJIU CPEIHETr0 YPOBHEH.

3.2 Cucrembl PDM

® Loft-06beKTb! CTpOATCS ImyTeM (POPMUPOBAHUS 0OOJOYKH 110 OTIOPHBIM CEUCHUSIM,
paccTaBiisieMbIM BJIOJIb HEKOTOPOH 3a1aHHOM TpaekTopuu. O00I0UKa Kak Obl HATSATUBAETCS HA
CEUeHHMsI BIIOJIb YKa3aHHOTO MTyTH, a B PE3yJIbTaTe MOJydaeTcsi TpeXMepHast MOJIENb



PDM-cucmema (anrn. Product Data Management — cuctema yrpaBiieHusl JaHHBIMU 00
U3JICNIMN) — OPTaHU3aIlMOHHO-TEXHUYECKash CUCTeMa, OOecCTeuMBarolas YIpaBiICHUE Bcei
uH(popMalueit 00 W3ACNUU, WM CHCTEMa YIMPABJICHHS MPOCKTHHIMU JaHHBIMH, WU CIUHAsS
cucremMa JOKyMeHTooOoporta. Ilpm 3TOM B KauecTBe W3JEIMHA MOTYT paccMaTpHUBAThCs
pa3MYHbIC CIIOKHBIE TEXHHUYECKHE OOBEKTHI (KOpaOiIu M aBTOMOOWIM, CAaMOJIETHI M PAKETHI,
KOMITBIOTEPHBIE ceTH M Ap.). PDM-cucremsl, 3amavyell KOTOPBIX SIBISICTCS MPEIOCTABICHHE
HY)KHBIX JIaHHBIX B HYXXHOE BpPEMsl U B HYXXHOW (opMe B COOTBETCTBHUU C IMpaBaMH JIOCTYyIA,
SIBJISIIOTCSI HEOTHEMIIEMON YaCThIO M UTPAIOT KIIFOUYEBYIO posib B PLM-cucremax (pucynok 4).

PLM

/ CAM."GAE.’C.&LE‘\

LivppoBsie MOdeand

CADICAE NPOLSCoOE.
Liveppesinf NpaTamin Magenus TEXHTHT WG R,
T ETALNOHHERS

N THAWIALMA

PDM

[cwcTema pokymeHTooGopoTa)

CALS/BOM
Maonens noTpefib

_ =

ERP/CRM
¥npasnedue pecypcami
W npoueccamMMd
npeanpUaTHRA

Pucynoxk 4

B PDM-cucremax 0000IIIEHBI TAKHE TEXHOJIOTUH, KaK:

yIpaBJeHUE WHXKEHEPHBIMH JaHHbIMHE (engineering data management — EDM));
yIpaBJIeHUE JOKYMEHTaMHU,

yrpasienue napopmarien 06 usaenun (product information management — PIM) ;
yIIpaBJeHUE TEXHUYECKIUMU TaHHbIMU (technical data management — TDM) ;
yIpaBJeHue TeXHuUeckoi napopmarueii (technical information management —TIM);
ylpaBJieHUE U300paXKEHUSAMHU U MaHUITYTUpOBaHHe HH(POpMalrei, BCeCTOPOHHE

OTIPEIENIAIONIEH KOHKPETHOE HU3/ICITHE.
bazoBbie (yHKIMOHAIBHBIE BO3MOXXHOCTH PDM-cHCTeM OXBaTBIBAIOT —CIIEAYIOIINE
OCHOBHBIC HaHpaBJ’IeHI/Iﬂ:

yIpaBJIeHUE XpaHEHHEM JaHHBIX U JOKYMEHTaMH,
yIIpaBJIeHUE TOTOKaMHU paboT U MpoIeccamMH,
yIpaBJIeHUE CTPYKTYpPOU MPOAYKTa,
aBTOMATH3AIHs TeHEePAIuy BBIOOPOK U OTYETOB;
MEXaHU3M aBTOPU3ALINH.

OcHoBHbIMEU QyHKIIMU PDM-cucteMsl SBISIOTCS:

e XpaHEHHE JAHHBIX M JOKYMEHTOB (BKJIIOYash M3MEHEHMs) U obOecredeHue OBICTPOro
J0CTyTa K HUM;

e DIIEKTPOHHBIN TOKYMEHTOO0OPOT (YIpaBieHHE MPOLecCaMH TPOSKTUPOBAHHUSA);



e yIpaBJIEHUE CTPYKTYPOH M3JeNusl, BKIItOYasl yrpaBjieHue KoH(urypamuei;
e BEJCHHUE KIACCU(PUKATOPOB U CIIPABOYHUKOB.

Haubonee Tunuunble 3a1auu, pemaemsle npu nomormu PDM-cuctem:

e BEJCHUE JIEKTPOHHOIO ApXMBA JTOKYMEHTALUHU (KOHCTPYKTOPCKOM, TE€XHOJIOTMYECKO,

OpraHU3aIlMOHHO-PACTIOPSAIUTEIBHOM, MPOSKTHON, HOPMATUBHO-TEXHUYECKOM );

e BEJCHUE HIIEKTPOHHOI'O JOKYMEHTOOOOpOTa (COrjIacoBaHME JaHHBIX U JOKYMEHTOB,

KOHTPOJIb UCIIOJIHEHUS);

e yIpaBileHUE DPa3pabdOTKOM IaHHBIX M JOKyMEHTAlMH (COBMeCTHas pabora B paboueit
rpyImre, yupaBjieHue COCTaBaMH U KOH(UTypauueit u3nenuii);

e KOMIIBIOTEpHAs CUCTEMA MEHEI)KMEHTA Ka4eCTBa;

e DJIEKTPOHHBIE clipaBouyHUKHU (Matepuaisl, [IKU, crangapTHelie n3nenus u T.1.).

C nomouipto PDM-cucteM ocymiecTBisieTcs: OTCISKUBaHUE OONBIINX MaCCUBOB JIaHHBIX
U UWHXEHEPHO-TEXHWYECKOH WHPOpManuu, HEOOXOIMMBIX Ha JdTamax MPOSKTUPOBAHMS,
IIPOU3BOJCTBA WM CTPOMTENBCTBA, a TAKXKE IOAJAEP)KKA DKCIUIyaTal[ud, COIPOBOXACHHUS U
YTUIM3ALUKA TEXHUYECKUX wu3Aenuid. Takue AaHHbIE, OTHOCSALIMECS K OJHOMY HW3JACIUI0 U
opranusoBaHHble PDM-cuctemoli, HaspiBatoTcs LU(ppoBbIM MakeToM. PDM-cucremsl
MHTETPUPYIOT UHPOPMALHIO JIFOOBIX (POPMATOB U TUIIOB, IPEIOCTABIIASA €€ MOJIb30BATENAM yXKe
B CTPYKTYpHUPOBAaHHOM BHJE (IpU 3TOM CTPYKTypU3alus IMpHBs3aHa K OCOOEHHOCTSIM
COBPEMEHHOT0 NMPOMBIIIIEHHOT'O IIPOU3BOJICTBA).

PDM-cucrempl pabOTarOT HE TOJIBKO C TEKCTOBBIMU JOKYMEHTaMH, HO U C
TEOMETPUYECKUMH  MOJCISIMH W JTaHHBIMH, HEOOXOAWMBIMH s (DYHKIIMOHUPOBAHHS
aBTOMATUYECKUX JIMHMUM, craHkoB ¢ YIIY wu ngp, npuyém poctynm K TAakuM JTaHHBIM
OCYILIECTBIISIETCS HEMOCPEACTBEHHO U3 PDM-cucTemsl.

C nomousto PDM-crcteM MOXXKHO €O3/1aBaTh OTYETHl O KOH(UIYpalMu BBITYCKAEMBIX
CUCTEM, MapLIpyTax MPOXOXKIACHUS U3JIEIHUM, YacTAX UM JeTalIX, a TAKXKE COCTABIATh CIIMCKU
MmatepuaioB. Bce 3TH JOKyMEHTBHI MpH HEOOXOIUMOCTH MOTYT OTOOpa)xaTbCsi Ha JKpaHe
MOHMTOpPA MPOU3BOJCTBEHHOW MJIM KOHCTPYKTOPCKOM cucTeMbl U3 0aHOM U Toi ke bJI. OxgHoit
u3 uened PDM-cucrtem u sBisercss oOecrneyeHHE BO3MOXKHOCTH TpYINIIOBOM pabOThl HaJ
IIPOEKTOM, TO €CTb, NPOCMOTPA B pEaJbHOM BPEMEHHM M COBMECTHOTO MCIOJIb30BaHUS
(dparMeHTOB 00X MH(POPMAIIMOHHBIX PECYPCOB MPEANPUATHS.

[Tpumep PDM-cuctemsr SEARCH npencrasiieH Ha pucyHke 5.

ITPUMEP. Cucmema Team PDM - SmarTeam (¢pupma 1BM)

Cuctema Team PDM - SmarTeam mo cBoell (pyHKIIMOHATHHOCTH MOXKET OBITH OTHECEHA
K kiaccy CPC ¢ pa3BuToil (pyHKIIMOHAIBHOCTBIO, a TaKkXke paccmarpuBarbes kak CPD cuctema
HavyampHOTrO ypoBHS. PDM-cucrema SmarTeam mpencrarisier co0oi OBICTPO BHEAPSEMYIO,
MaclTabupyemMylo, HacTpauBaeMyl0 Ha HWH(GOPMAIMOHHYI0 MOJENb U OM3HEC—IPOIECCH
KOHKPETHOT'O MPEANPUITHS CUCTEMY, OTHOCSIIIYIOCS K KJIaccaM:

— CPC/CPD (Collaborative Product Commerce/ Collaborative Product Development) —
COBMECTHas pa3paboTKa, MPOU3BOJICTBO U MOCTaBKAa MPOIYKIIMH, TEXHUYECKOE OOCITYKHUBaHUE
olepalvoHHOE 00CTY)KUBAaHNUE;

— PDM (Product Data Management) — ympaBieHHe JaHHBIMA O MPOIYKIIUH,
KOPIIOPAaTUBHBIMH JJAHHBIMU U OWU3HEC — POIIECCaMH.
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Pucynoxk 5

O6bvenunenne ¢yukauiit PDM, CPC u CPD o6ecneunBaer paboTy B cpene
pacmpeHHoro mnpennpuatus. Vcmonp3ys Ipyryro TEpMHHOJOTHIO, MOXXHO CKaszaTh, 4TO
SmarTeam mnpunamnexxur Kk kimaccy cucreM CPDm, 1. e. takux PDM, kotopble Hapsay c
o0ecrieyeHreM yIpaBlIieHUEM TaHHBIMH O TPOIYKIHWH W OW3HEC-TIpoIleccaMH Ha MPOTSDKEHUH
BCETr0 JKM3HEHHOI'O IMKJIA W3JeNus, TaKkKe OoO0JIafaloT pa3BUTBIMU CpEACTBAMH JUIsl oOMeHa
uHpOpManrei co CMeKHUKAMHU, 3aKa3YMKaMH U TIOCTABITUKAMH.

Haubonee pazsuteiMu PDM-dyHKIusaME cuctemMbl SmarTeam no cpaBHEHHIO C IpYTUMHU
cucremamu kiacca PDM sBastores:

— Yrpasienue nokymerTooboporom (TDM);

— YnpasneHue nrxeHepHsiMu n3MeHenusimu (ECO);

— Yrpasnenue ousnec-nporeccamu (Workflow);

—WnaTerpanus ¢ pazmumuasiva CAD-cucremamu.

OcobenHocTh SmarTeam cocToUT B TOM, YTO oOecrieunBaeTcsi OOMEH JaHHBIMHU Kak C
napTHEpaMH, WMEIOIMUMH CHCTEMBl YIpPAaBICHHS JaHHBIMH O WPOAYKIMH WIW Jpyrue
UH(POPMALIMOHHbIE CHCTEMBl, TaK M C NapTHEPaAMH, HE HMEIOIMMH IMOJOOHBIX cucTeM. B
MOCJIETHEM CITy9ae MCIOJIb3YeTCs CIeUAIbHBI KOMIIOHEHT CUCTeMbI SmarTeam, ¢ moMOIIbio
KOTOPOT'O MPOU3BOJUTCS BRIOOPKA BCETO MIIM YaCTH COCTaBa U3JIENHS U CO3JaeTCsl UCTIONHAEMBIN
MOAYJb. OTOT (Qaitn mepeaa€rcss mapTHEPY JOOBIM JOCTYIMHBIM CIIOCOOOM, HampuMeEp, IO
AJIEKTPOHHOM MoYTe UK Ha Juckere. [lapTHEp BeimonHseT 3ToT Moayinb Ha I1K u B quamorosom
pEeKUMe BHOCHT M3MEHEHUS B TOJYYEHHBIH COCTAaB WM3/EJHS, ITOCIE Yero BO3BpAlIaeT MOYJIb-
¢aiin oTpaBUTEINIO.

CpenctBa pasrpaHWueHHs] JIOCTyNIa W 3allUTHl OT HECAHKIIMOHWPOBAHHOTO JOCTYyIIa
o0ecreynBaroT MpeI0CTaBICHNE TPYIaM MOJIb30BaTese U OTJeNbHBIM MOJIb30BATENAM MIPAB HA
UCIOJIb30BAaHUE TOJBKO HEOOXOAMMBIX 3JEMEHTOB CHCTEMbl KaK B CMBbICIE OTpaHUUYCHUS
JOCTyMa K MHPOPMAIUH, TaK U K PYHKIIUSIM CUCTEMBI.



Cuctema oOecmeunBaer paboty Oosee yem co 150 ¢opmaramu AaHHBIX M HMEET
cpejcTBa HHTErpaluu ¢ Hanbosee pacrnpoctpaneHabiMu CAD-cucremamu, a Takke ¢ MS Office.

3.3. Cucremsr ERP, MRP

NudopmanronHas mojjep)KKa 3Tana I[POU3BOACTBA IMPOIYKIHMH OCYLIECTBISAETCS
aBTOMAaTU3UPOBAHHBIMU CHUCTEMaMHU YIIpaBJICHUSA HpEAIPUATHEM (ACYII) u
ABTOMAaTHU3UPOBAHHBIMU CUCTEMaMU yIpaBiieHUus TexHosornueckumu mnporeccamu (ACYTII). K
ACVII oTHOCATCSI CUCTEMbI TUIAHUPOBAHHS U YIPABJICHUS MPEIIPUITAEM (WK TUIAHUPOBAHUE
pecypcos npeanpustus) ERP (Enterprise Resource Planning), mianupoBanust IpoM3BOICTBA U
TpeboBanuii k marepuaniam MRP-2 (Manufacturing Requirement Planning), npousBoacTBeHHas
ucnonautenbHas cucreMa MES (Manufacturing Execution Systems), a Takke cucrema
ympaeieHus: nensimu moctaBok (supply chain management) SCM u cucrema ympaieHus
B3auMOOTHOIIeHUAMHE ¢ 3akazunkamu CRM (Customer Requirement Management).

ERP — »T0 opraHusanuoHHas cTpaTerus HMHTETpallud IPOM3BOJCTBA U OIEpaluii,
yIpaBJIeHUs] TPYAOBBIMHM pecypcamM, (MHAHCOBOI'O MEHEPKMEHTAa U YIpPaBJICHUS aKTHUBaMH,
OPUEHTHPOBAaHHAs Ha HEMPEPHIBHYIO OAJIAHCHMPOBKY M ONTHMHU3AIMIO PECYpPCOB MPEIIPUATHS
IOCPEJICTBOM CIEUAIN3UPOBAHHOIO MHTEIPUPOBAHHOIO IMAKeTa MPHUKIAIHOTO MPOrpPaMMHOI0
obOecrieueHrs, OOECIICUMBAIOIIECTO OOIIYI0 MOJETh JAaHHBIX M IPOLECCOB IS Bcex chep
nesrenbHocTH. ERP-cricremMa — KOHKpETHBIM MporpaMMHBIN MakeT, peaau3yoUil cTpaTeruto
ERP.

B kauectBe xapakrtepuctuueckoi  ocobeHHoctu ERP-ctparermn  otmeuaercs
OPUHLMIIAAIBHBIA IOAXOA K HCIOJb30BAaHUIO €IUHOW TPAH3AKIMOHHOM CHCTEMbI s
HOAABJISAIONIEr0 OOJIBIIMHCTBA ONEepalii 1 OM3HEC-TIPOLIECCOB OPraHMU3aluU, BHE 3aBUCHUMOCTHU
OoT (YHKIMOHAJIBHOH W TEPPUTOPHAIBHONW pa30OMIEHHOCTH MECT WX BO3HUKHOBEHHS U
NPOXOXK/IEHHS, 0053aTeIBHOCTh CBEICHUS BCEX OINEpaIfii B €IUHYI0 0a3y Ul MOCIEAYIOIeH
00paboOTKH U MOJIYYEHHs] B pealbHOM BPEMEHM COaJIaHCHPOBAHHBIX IIJIAHOB. THPaKUPYEMOCTb,
TO €CThb BO3MOXXHOCTb IPHUMEHHTb OJUH M TOT >KE€ INPOTPaMMHBIA IaKeT s pa3HbIX
opraHu3anuii (BO3MOXHO, C Pa3HbIMU HAaCTPOMKaMU U PacIIMPEHUsIMH), GUTYPUPYET KaK OJHO
u3 o0s3aTenbHbIX yenoBuii ERP-cucteMsl.

[IppuMeHMMOCTE B pa3NM4YHBIX OTpaciAX HakjaaasiBaeT Ha ERP-cucremsl, ¢ oxHOM
CTOPOHBI, TPeOOBAaHUS K YHUBEPCAIBHOCTH, C APYTrOd CTOPOHBI — MOAJEPKKY PACHIUPSIEMOCTH
orpacieBod  creuupukoid.  OCHOBHBIE  KPYIHBIE  CHCTEMBl  BKJIIOYAlOT  T'OTOBBIE
CHEeLMaTU3UPOBAHHBIE MOJYJAM M pacUIMpeHHs JUIsl pa3lUyHbIX OTpacieil (M3BECTHBI
CIEMaIM3UpPOBAaHHbIE pemeHuss B paMmkax ERP-cuctem i1 ManIMHOCTPOUTENBHBIX U
00pabaThIBalOIIUX MPOM3BOJCTB, NPEANPUATHH JTOOBIBAIOLICH MNPOMBIIIICHHOCTH, chepbl
00pa3oBaHus U APYTUX OTPACIECil).

MonynbHbII TPUHLUII OpraHU3alUMy MO03BOJIAET BHEAPITh ERP-cuctemsl mosrtamnHo,
NEePEeBOIs B AKCIUTYaTallMIO OJMH WM HECKOJIBKO (YHKIIMOHATIBHBIX MOJYJIEH Ha Ka)KJIOM 3Talle,
a TaKke BbIOMPATh TOJBKO T€ W3 HUX, KOTOPBIE aKTyalbHbI JUIs opranuzamuu. Kpome Toro,
MoayiabHOCTE ERP-cucTemM mo3BoiisieT CTpouTh penieHuss Ha OCHOBE HecKoipknx ERP-cucrewm,
BBIOMpAst U3 KaXJI0M JTydlIne B CBOEM Kilacce Moy Tu. Pa30uBKa Mo MOy IsIM U UX TPYNITUPOBKA
pa3inyHas, HO y OOJBIIMHCTBA OCHOBHBIX ITOCTABIIMKOB BBIJIEISIOTCS TPYMHIBl MOIYJIEH:
(uHAHCHI, IEpCOHA, OTIEePALIUH.

Monynu onepaniMoHHOro OJI0Ka MOKPBIBAIOT AESITEIbHOCTh OPTaHU3ALUU 10 CO3JaHUIO
IOPOAYKTOB U YCIYI W HeoO0XoauMble (YHKIHMHM IO 00ecmeueHHro 3TuX mporeccoB. Ecmu
KaJIpoBble 1 (PMHAHCOBBIE MOAYJIM JIOCTATOYHO YHUBEPCAIbHBI ISl Pa3JINYHBIX OpraHU3aIli, TO
MHOTHE ONEpaloHHbIE MOJYyIH Oosiee crneuu(UYHb AN PAa3IUYHBIX OTpacieil, Tak Kak
MOJIXO/IbI K MPe00pa30oBaHUIO PECYPCOB B PA3HBIX OTPACIISIX CYHIECTBEHHO OTJINYAIOTCS.

Haubonee pasButeie cucrembl ERP  BomonssoT pasnuyable  OuzHec-(QpyHKINH,
CBSI3aHHBIE C IUIAHMPOBAHUEM IIPOM3BOJCTBA, 3aKyNKaMH, COBITOM MNPOIYKIHMH, aHAIU30M
NEPCHEeKTHB MapKEeTHHIa, YIpaBiIeHHEM (HUHAHCAMM, TEPCOHAIIOM, CKIIAJICKUM XO3sIHCTBOM,



yu€ToM OCHOBHBIX (oHAOB U T.N. Cuctemsl MRP-2 opueHTHpOBaHBI, TJIaBHBIM 00pa3oM, Ha
OusHec-(DyHKIIMU, HEMOCPEJCTBEHHO CBS3aHHBIE C TPOM3BOACTBOM, a cuctrembl MES - nHa
pellIeHNEe OTIePATUBHBIX 3a/1a4 YIIPABJICHUS POSKTUPOBAHUEM, IPOU3BOJICTBOM U MAPKETHHIOM.

MRP (Material Requirements Planning — rmianupoBaHie moTpeOHOCTH B MaTepHasiax)
— CHCTEeMa IUIAHUPOBaHUS MOTPEeOHOCTEH B MaTepuasax, OJHa W3 HaubOosiee HOIMYJSAPHBIX B
MUpE JIOTUCTHYECKUX KOHLICTIINH, HA OCHOBE KOTOPOW pa3paboTaHo v (HYHKIIMOHUPYET OO0JIbIIOe
YUCIO0 MHUKposioructuueckux cucteM. Ha konnenumm MRP  Gasupyercs mnoctpoeHue
JIOTHCTHYECKHX CHCTEM «TONKAIOMEro THma» . B PoccHH, Kak MpPaBHIO, MPEACTABICHA
Pa3IMYHBIMU [IPOrPAaMMHBIMU IPOAYKTAMU HHOCTPAHHOIO IIPOM3BOJICTBA.

MRP-cucrema npumensiercss 1npu  paboTe ¢ MaTepuargamMHM, KOMIIOHEHTaMH,
noiypabpukaTaMu U MX YacTSMM, CIIPOC Ha KOTOPBIM 3aBUCHUT OT CIIpoca Ha CleUU(pUIECKYIO
TFOTOBYIO IIPOJYKIIUIO, TO €CTh CIIPOC HAa UCXOJIHbIE MaTepUaIbHbIE PECYPChI CUJIBHO 3aBUCHUT OT
cnpoca moTpedureneil Ha KoHeuHyr npoxaykunuto. Taxxke MRP-cucrema Mmoxker pabortath ¢
HIMPOKOH HOMeHKnaTypoﬁlO MaTEPUAIIBHBIX PECYPCOB.

OObluHas mpakThka ucnosnb3oBaHuss MRP B OusHece cBsi3aHa C IUIAHUPOBaHUEM H
KOHTPOJIEM IPOLENYp 3aKa3a U CHaOKEeHUs (3aKyNOK) MaTepHallbHbIX PECYPCOB, KaK IMpaBHIIO,
OOoNbIIOW  HOMEHKJIATYphl, JJIi  INPOMBIIUIEHHBIX  HPEANpPUSATHA 1O  HU3TOTOBJICHUIO
MAaIIMHOCTPOUTENIbHOM MPOYKIUH.

OcuosHble neau MRP

e Y/OBJETBOPEHUE IMOTPEOHOCTH B MaTepHajlaX, KOMIOHEHTAaX U MPOAYKLIUHU JUIS

IUTAHUPOBAHMSI TPOU3BOJICTBA U JOCTABKYU IMOTPEOUTEIISAM;

e TOAJEP>KKA HU3KUX YPOBHEH 3aI1ACOB;
e I[UIAHUPOBAHHE IPOU3BOJCTBEHHBIX ONEpaluil, pacnMCaHUil JOCTABKH, 3aKYHNOYHBIX
onepauui.

Cuctema MRP mno3Bonser omnpenenutb CKOJIBKO M B Kakue CPOKH HEoO0XOAUMO
IIPOM3BECTH KOHEYHOW MPOAYKIMH. 3aTeM CHCTeMa OmIpeleiseT BpeMs M HeoO0XOAMMbIe
KOJINYECTBA MAaTEPUANIbHBIX PECYPCOB ISl YIOBJIETBOPEHHs MOTPEOHOCTE NMPOU3BOACTBEHHOIO
pacnucaHusl.

Crnemuduxanusa (bill of material) mpeacraBnser coboil mepedeHb KOMIIOHEHTOB U
MaTepuaioB, HEOOXOIMMBIX JUIsl POU3BOACTBA FOTOBOTO M3/ENNs, C YKa3aHUEM KOJIMYECTBA U
IUIAaHOBOTO BPEMEHHU IPOU3BOJACTBA WM TNOCTaBKU. TakuM 00pa3oM, rotroBas HpPOAYKIHUS
ONMMCHIBAETCS BIUIOTH JI0 MaTrepuasioB U KomnoHeHToB. C yuyetoMm crenudukanui
pacCUUTHIBAIOTCSA TOJHbIE MOTPEOHOCTH B KOMIIOHEHTaX. OTH KOMIIOHEHTBHI JOJKHBI OBITh
FOTOBBl K MOMEHTY Hayajla «pPOAUTENbCKOTO» y3ma. Anroputm MRP  oGpabarsiBaer
creun(UKaLuIo B TOM K€ MOpsAJKEe, B KAKOM CIEAYIOT YPOBHH JepeBa COCTaBa M3/EHs, a Ha
OCHOBaHUU TJIABHOT'O MPOU3BOJACTBEHHOI'O PACIUCAHUs PACCUUTHIBAIOTCS MOJHBIE MOTPEOHOCTU
B €IMHMIIAX TOTOBOM MPOAYKIUH.

® JIist MEUKPOJIOTHCTHYIECKOM CHCTEMBI "TOJKAIOIIET0" THIIA XapaKTEePHbI IPOU3BOICTBO JeTaleH,
KOMIIOHEHTOB, TOIy(paOpHKaToB U cOOpKa M3 HUX TOTOBOM MPOAYKIMH B COOTBETCTBUHU C
KECTKO  3aJaHHBIM  NPOMU3BOACTBEHHBIM  pAaclUCaHUEM. OJTO CHUCTEMa  OpraHU3alHH
IIPOU3BOJCTBA, B KOTOPOM IPEAMETHI TPYZAa, MOCTYINAIOIMIME Ha IPOU3BOJICTBEHHBIN YYacTOK,
HEIOCPEICTBEHHO 3TUM YYACTKOM Y MPEABIIYIIETO TEXHOJIOTHYECKOTO 3BEHA HE 3aKa3bIBAKOTCSI.
MarepuanbHblii MOTOK Kak Obl BBITAIKMBAETCS IMOJy4YaTeNIr0 MO0 KOMaHIe, MOCTyHaromeld Ha
NepeJaroniee 3B€HO U3 LIEHTPAJIBHOM CUCTEMBI YIIPABIECHUS IIPOU3BOJCTBOM.

10 Homenknarypa — COBOKYITHOCTbh Ha3BaHUH, YIOTPEOIIIEMBIX B KAKOW-IMOO OTpacian HAyKH,
MIPOM3BOJICTBA U T. 1. I 0003HAYCHUST 0OBEKTOB.
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MES (Manufacturing Execution System, cucrema ympaBieHHs MPOH3BOJICTBEHHBIMH

nporeccamu) —. MES-cucTemMbl OTHOCSATCS K KJIaCCy CHCTEM YIPABJICHUS YPOBHS IIeXa.

1.

2.

o

10.

[Tonoxenus pabotrst MES- BkitouaroT B ceOsi:
AKTHBaIMs MIPOU3BOJICTBEHHBIX MOIIHOCTEH Ha OCHOBE JETAJbHOTO IMOONEPAIIMOHHOTO
IUTAHUPOBAHMSI IPOU3BOJICTBA.
OtcnexuBaHue NPON3BOACTBEHHBIX MOIIIHOCTEH.
C6op unpopmaryu, CBI3aHHON C TPOU3BOICTBOM OT
1. Cucrem aBTOMaTH3aIMU TPOU3BOACTBEHHOTO IpOIIecca.
2. JlaTuukoB.
3. Ob6opynoBanus.
4. Tlepconana.
5. IlporpaMMHBIX CHCTEM.
OtcnexuBaHue U KOHTPOJIb IapaMETPOB KaueCTBa.
OOGecneyenune nepcoHana U o0opyaoBaHUsT WHGOpMaIMEl, HEOOXOIUMOM Il Hadasa
npolecca NpoU3BOJICTBA.
VYcraHoBieHue cBsizel MEX1y IEPCOHATIOM U 000py/I0BaHUEM B paMKax IMPOU3BOJICTBA
VYcTaHoBieHHE CBA3€M MEXIy MPOU3BOACTBOM U TOCTAaBIIMKAMH, MOTPEOUTENSAMH,
MHXEHEPHBIM OT/I€JIOM, OTJEJIOM MPOAaXK U MEHEKMEHTOM.
PearnpoBanue Ha
1. TpeGoBaHMs MO HOMEHKIJIAType MPOU3BOCTBA.
2. V3MeHeHME KOMIIOHEHTOB, ChIPbs U MONy(HhaOpUKaTOB, MIPUMEHSEMBIX B Ipoliecce
IIPOU3BO/ICTBA.
3. U3menenue cnenudukanuy npoayKkToB.
4. JlocTymHOCTh TIEpcoHaja ¥ MPOU3BOJICTBEHHBIX MOIIIHOCTEH.
I"apanTupoBanue COOTBETCTBUS IPUMEHNUMBIM IOPUANUECKUM aKTaM.
CooTBeTCTBHE BBIIIENIEPEUNCIECHHBIM HHAYCTPUAIbHBIM CTaHAAPTAM.
Oynkiun MES-11



RAS (Resource Allocation and Status) — KoHTposib cOCTOSHHS M pacrpeelicHue
pecypcoB. YIpaBlIeHHE pecypcaMH: TEXHOJOTHUYECKUM 00OpyIOBaHHWEM, MaTepUallaMH,
nepcoHaioM, OOy4YeHHMEM MepcoHalia, a TaKXkKe JAPYTMMH OOBEKTaMH, TaKUMH Kak
JOKYMEHTBI, KOTOPBIC IOJDKHBI OBITh B HAJIWMYMW IS Havyalla TPOM3BOJCTBEHHOM
nesrenbHOCTH. OOecIeYnBaeT JETalbHYI0 HCTOPHUIO PECYpCOB M TapaHTHPYET, 4TO
000pyI0BaHUE COOTBETCTBYIONIMM 00pa3oM MOJATrOTOBJICHO JUIsl paboThl. KoHTpomupyer
COCTOSIHHE PECYypCOB B pCalbHOM BpEMEHH. YNpPaBICHHE pecypcaMu BKIHOYACT
pe3epBUPOBAHUE M JHCIECTYCPHU3ANNIO, C IIETbI0 JOCTIKEHHS IeJIeld ONepaTUBHOTO
TUIAHUPOBAHHS.

ODS (Operations/Detail Scheduling) — OmneparuBHoe//leTanbHoe IJIAHHPOBAHUE.
OOecrieunBaeT  ymopsiJOYEHUE  IMPOU3BOJICTBEHHBIX  3aJaHUil, OCHOBaHHOE Ha
OUYEPEHOCTH, aTpHOyTaX, XapaKTePUCTHUKAX M PEENTax, CBI3aHHBIX CO CICHUPHKON
U3JCIMH TakuX Kak: Qopma, MOCIeI0BaTeIbHOCTh ONEpPAalUil M Jp. U TEXHOJIOTUEH
npou3BojcTBa. L{elb — coCTaBUTh NMPOU3BOACTBEHHOE PACIHCAHUE C MHUHUMAIbHBIMH
NepeHACTPOMKaMH O0OpYIOBaHHMsI M MapauieIbHOH pPaboOTOil  IPOM3BOICTBEHHBIX
MOITHOCTEH JUIsl YMEHBIICHUS BPEMEHHU MOJYYCHHS TOTOBOTO IMPOJYKTA W BPEMEHU
HPOCTOSI.

DPU (Dispatching Production Units) — Jlucnierdepusaiiisi MpOU3BOACTBA. Y IPABIISIET
MIOTOKOM €/IMHUII POAYKIMH B BUJIC 3aJJaHUH, 3aKa30B, CEPUM, MAPTUIl U 3aKa3-HAPSIOB.
Jucrnietdyepckass nHGOpMAIHS TPEICTABISACTCS B TOH MMOCIEAOBATEILHOCTH, B KOTOPOM
pabora JO/DKHA OBITh BBIIOJHEHA, M H3MEHSETCS B pEaJbHOM BPEMEHHU II0 Mepe
BO3HUKHOBEHUSI COOBITUH Ha IEXOBOM YPOBHE. DTO JIa€T BO3MOXKHOCTh W3MCHCHHS
3aJ]aHHOTO KaJICHJApHOr0 IUIaHA Ha YPOBHE IPOM3BOJCTBEHHBIX IEXOB. BKitodaer
GyHKIMU ycTpaHeHHs] Opaka W TepepadOTKH OTXOJOB, HApsAAy C BO3MOXKHOCTBIO
KOHTPOJISL TPY/I03aTpaT B KAKIOH TOUKe mpoiiecca ¢ Oydepusaiueii JaHHbIX.

DOC (Document Control) — Ynpaenenue nokymentamu. KoHTponmupyer comepxanue u
MPOXOXJICHHE JOKYMEHTOB, KOTOPBIC JIOJDKHBI COMPOBOXIATh BBIMYCKAEMOE H3JCITHE,
BKJIIOYas HMHCTPYKIMM H HOPMAaTUBBI Pa0OT, CHOCOOBI BBIOJHEHUS, YEPTEHKH,
MPOLIENYPhl CTAHAAPTHBIX OMEpPAIHii, porpaMMbl 00paOOTKU JEeTalIei, 3aluCH MapTUi
NPOTYKIIUH, COOOLIEHUS O TEXHMYECKHX M3MEHEHHUSIX, Mepeady HHQOpMaluu OT CMEHBI
K CMEHE, a TaKKe 00eCIeYMBaeT BO3MOXKHOCTh BECTH TUIAHOBYIO U OTYETHYIO LIEXOBYIO
JOKyMeHTarui. Takke BKIIOYAET WHCTPYKIMH 1O 0OE30IacCHOCTH, KOHTPOJb 3allUTHI
OKpYXalollIel Cpeilbl, TOCyJapCTBEHHBIE M HEOOXOAUMBIC MEXKTYHAPOIHBIC CTAHIAPTHI.
XpaHHUT UCTOPHIO MTPOXOXKACHHUS U N3MEHEHUS TOKYMEHTOB.

DCA (Data Collection/Acquisition) — Co6op u XpaHeHHe IaHHBIX. B3anmojeicTBue
UH(QOPMAIIMOHHBIX TOACUCTEM B MENIIX MOJYYEHHUsS, HAKOIUICHUS W Iepeaadyu
TEXHOJOTUYECKUX W YIPABIISAIONINX [AHHBIX, IUPKYIUPYIOMIUX B MPOU3BOJCTBEHHOM
cpene mpennpustus. OyHKIMS oOecrieunBaeT MHTEp(eEiic AN MOTyYEHHs TaHHBIX H
HapaMeTPOB TEXHOJOTMYECKUX OINEpallfif, KOTOpbIE HCHONB3YIOTCS B (GopMax H
JOKYMEHTAaX, MPUKPEIUISIEMBIX K €IMHHIE TPOIYKIUH. [laHHBIE MOTYT OBITH TIOJTYUYEHBI C
IIEXOBOTO YPOBHSI KaK BPY4YHYIO, TAaK U aBTOMAaTHYECKHU OT 000pYJ0BaHHUs, B TpeOyeMOM
Maciirade BpeMEHH.

LM (Labor Management) — VYmpasnenue mnepconasioMm. OOecreunBaeT MOIydCHUE
UH(pOpMAIIMM O COCTOSHUHM MepcoHalla W YIpaBlieHHE MM B TpeOyeMoM Macmrade
BpeMeHHU. BKiIoyaeT 0T4eTHOCTh M0 MPHUCYTCTBHIO U pabovyeMy BPeMEHH, OTCIIC)KUBAHHE
cepTu(dUKaMK, BO3MOXKHOCTH OTCIICKHUBAHHS HETPOU3BOJICTBEHHON JIESTEIBHOCTH,
TaKOW, KaK TOJrOTOBKA MAaTepHaJOB WM HHCTPYMEHTAIbHBIE pPaOOThI, B KavyecCTBE
OCHOBBI JUIS ydYeTa 3arTpaT MO BHAAaM JESTeNbHOCTH. B0O3MOXHO B3aMMOIEHCTBHE C
dbyHKIMEN pacpeeneHns pecypcoB, A GOpMUPOBAHUS ONTUMAIBHBIX 3aaHHM.

QM (Quality Management) — VYmnpasienue kadecTBoM. OOecreunBaeT aHAIU3 B
peaTbHOM BpPEMEHH H3MEpSEMBIX MOKa3aTesei, MOJyYeHHBIX OT TPOM3BOJCTBA, LIS
rapaHTUPOBAHHO NPABHJIBHOTO YIPABICHHS KAayeCTBOM MPOIYKIUU M ONPEACICHHS



npobiem, TpeOyIoIuX BMEIaTeN-CTBa 00CIyKHBatolero nepconana. Jlannas ¢pyHkuus

dbopMHUpYyET PEKOMEHJAIMH IO YCTPAHEHUIO MPOoOJieM, OmpeneseT NMPUYUHBI Opaka

yTEM aHaJM3a B3aUMOCBS3M CHUMIITOMOB, JIEHCTBHMI IEpCOHANA U PE3yJIbTaTOB 3THUX
neiictBuil. MoOKeT TakKe OTCJIEeKHMBATh BBINOJHEHHE TMPOLEAYp CTaTHCTUYECKOTO
yIpaBJIEHUS MPOIECCOM M CTAaTUCTUYECKOTO YIPABJICHUS KAayeCTBOM MPOAYKIHH

(SPC/SQC), a Taxke yOPaBJIATh BBITOJIHECHUEM JIA0OPATOPHBIX HCCIEAOBAHUI

napameTpoB mponayknuu. [lns storo B cocraB MES nobGasnsrorcs nmabopartopHbie

nHpopmanmoHHo-ypasstomue cucreMsl (LIMS).

8. PM (Process Management) — VYmnpaicHue NIpPOH3BOJICTBCHHBIMH IPOIECCAMHU.
OtcnexuBaeT NPOU3BOJICTBEHHBIN MPOIIECC U INOO KOPPEKTUPYET aBTOMATUYECKH, JTHOO
o0ecrieynBaeT TMOAJACPKKY TPUHATHS PEHICHUH ONepaTopoM ISl  BBITOJHEHHS
KOPPEKTUPYIOIIUX JACUCTBUN U YCOBEPIICHCTBOBAHHUS ITPOU3BOJICTBEHHOM JIEATEIHHOCTH.
OTta [eATeNbHOCTh MOXET OBbITh Kak BHYTPHOIICPALMOHHOW W  HalpaBICHHOU
UCKJTIOYUTENIFHO Ha OTCJIEKMBAaEeMble M YIIpaBisieMble MAlIMHBI U 000pYyAOBaHHE, TaK U
MEXOTIEPAIIMOHHOMN, OTCJICKUBAIOIIEH X0/1 MpoIecca OT OJAHOU ornepanuu K apyroil. Ona
MOKET BKIIIOYATh YIpaBJICHHE TPEBOraMu Ui OOECleueHus: TapaHTUPOBAHHOTO
YBEIOMJIEHHSI TepcoHalla 00 M3MEHEHMSIX B IPOLIECCE, BBIXOASIIMX 3a IMpPUEMIIEMBbIE
peIebl YCTOMYHUBOCTH. Omna o0ecrieunBaeT B3aMMOJICIICTBHE MEXITY
UHTEIUICKTYyaTbHBIM 00opynoBanreM u MES, Bo3MokHOe Onarogaps GyHkuuu coopa u
XpaHEHUs JaHHbIX.

9. MM (Maintenance Management) — VYmpasieHne Tex0OCTy)KHBaHHEM W PEMOHTOM.
OtcnexuBaeT W yOpaBiseT OOCTy>KMBaHHEM OOOpPYIOBaHHMS U HMHCTPYMEHTOB.
ObecneunBaeT ux padorocnocodHocTh. OOecneunBaeT MIAHUPOBAHUE TTEPHOIMYECKOTO
U TpeayNpelnuTeTbHOI0 PEMOHTOB, PEMOHTa IO COCTOSHUIO. HakamnmuBaer W XpaHUT
HCTOPHIO MTPOU3OMIEANINX COOBITHIA (OTKa3bl, YMEHBIICHUE TIPOU3BOJUTEIHLHOCTH U JIP.)
JUIS MCIOJIb30BAHUS B JUATHOCTUPOBAHUU BO3HHKIIUX M MPETYNPEKACHUS BO3MOKHBIX
npooiieM.

10. PTG (Product Tracking and Genealogy) — OTcnexuBaHne ¥ TeHEATOTHS TPOIYKIHH.
ObecnieunBaeT BO3MOKHOCTb MOTYUYEHUS] HHPOPMAIIUU O COCTOSHUU U MECTOIIOJIOKEHUH
3aKa3a B KaXJbli MOMEHT BpeMmeHHu. VHopmamus O COCTOSIHUHM MOXKET BKIIOYATh
JTAHHBIE O TOM, KTO BBITIOJIHSET 3a/1a4y, KOMIOHEHTaX, MaTepuaiaXx U UX MOCTABIIUKAX,
HOMEpE JI0Ta, CEpUHHOM HOMEpe, TEKYIIHMX YCIOBHIX MPOM3BOJCTBA, a TAaKKe JIIOObIe
TPEBOTH, JAaHHbIE O TOBTOPHOM 00pabOTKEe M Jpyrue CoOOBITHUS, OTHOCSIIUECS K
npoaykTy. OyHKIMS OTCIEKHUBAHUS B PEaTbHOM BPEMEHHU CO3/1aeT TaKXkKe apXHBHYIO
3anMch. JTa 3aMnuch 00ecrneYnBaeT OTCIEKUBAEMOCTh KOMIIOHEHTOB U X UCIOJIb30BaHUE
B KaXJIOM KOHEUHOM IPOJIYKTE.

11. PA (Performance Analysis) — Awnamu3 mnpousBomutenbHocTH. OOecreunBaer
¢dopmMHpoBaHUE OTYETOB O (PAKTUUECKUX Pe3yJbTaTax MPOU3BOJCTBEHHON JESITEIbHOCTH,
CpaBHEHHE WX C HCTOPHUYECKUMH JAHHBIMU U OKHIAEMBIM KOMMEPYECKUM PE3yIbTaTOM.
Pe3ynbraThl TpPOM3BOJICTBEHHON JAEATENBHOCTH BKIIOYAIOT TaKHE IIOKa3aTelu, Kak
KOA(p(UIIMEHT HCIOJIb30BaHUS PECYpPCOB, JOCTYIMHOCTb PECypCOB, BpeMs LMKIJIA IS
€IMHUIBl  MPOAYKUUH, COOTBETCTBME IIJJaHy M COOTBETCTBHE  CTaHAapTaM
GyHKIMOHUPOBaHUS. MOXKET BKIIFOUATh CTATUCTHUYECKUI KOHTPOJIh Ka4eCcTBa MPOIECCOB
u npoaykiuu (SPC/SQC). CucremaTtusupyer HH(GOpPMAIHIO, MOJYYEHHYIO OT pPa3HbIX
(GYHKINH, N3MEPSIONINX MPOU3BOICTBEHHBIE TTApAMETPhl. DTH PE3yJIbTaThl MOTYT OBITh
HOJTrOTOBJECHbI B (opMe OT4YeTa WM MPeJCTaBlIeHbl B pealbHOM BpPEMEHH B BHJIE
TEKYyIIeH OLIEHKH SKCIUTyaTalluOHHBIX IOKa3aTeseil.

I[To cocrosauro ©Ha 2004 ronm, GYHKIUU, OTHOCAIIMECS K  COCTaBIECHUIO
npou3BoJACTBeHHbIX pacnucanuii (ODS), ynpasnenuto TO u pemontamu (MM), a Takxke
1exoBoMy jgokymentoobopory (DOC) — ¢ynkmum, BocTpeOOBaHHBIE B JAMCKPETHBIX
MPOM3BOJICTBAX — OBUIM HUCKIIOYEeHBI u3 0a3oBoil Momenmun MESA-11 mpumeHHTENBHO K
IPOIIECCHBIM TPOU3BOJCTBAM, HO OHU HCIOIB3YIOTCA B JPYIMX MH()OPMAIMOHHBIX CHCTEMaX.



Monens Collaborative Manufacturing Execution System (c-MES) naet BO3MOXHOCTb MOJTyYHUTh
MOJIHYIO KapTHHY MPOUCXOASAIIEro, He0OOX0UMYIO AJisl IPUHATHA pelieHuid. B wactHocTH, pu
YIPaBICHUH [IETIOYKAMK MMOCTABOK U MPUHATUH perienuii c-MES npenoctasisier nHbopMaInio
O BO3MOXKHOCTAX IPOU3BOJACTBA («UTO»), MPOU3BOAUTEIBLHOCTU («CKOJBKOY»), pPACHUCAHHUU
(«korga») u KauecTBe («IOCTYIHBIM YPOBEHDY).

B 3aBucuMocTu ot xapakrepa, Maciitaba 1 0COOEHHOCTEH TPOU3BOJCTBEHHBIX CTPYKTYP
U CaMUX CHUCTEM, CYIIECTBYIOT Pa3lUYHbIE KOMOWHAIIMM COYETAHHWA KOPIOPATUBHBIX CHCTEM
ERP, APS" u MES B oGuieit CTPYKTYpE CHCTEMBI yMpaBJIeHHS TpeanpustueM. Hamboiee
pa3Butbie cucreMbl ERP  BBIMONHSAIOT pa3nuuHble Ou3HeC-QYHKIUHU, CBSI3aHHBIE C
IUTAHUPOBAHUEM IIPOU3BOJICTBA, 3aKyNKaMH, COBITOM MPOAYKIMH, AHAJIU30M MEPCHEKTUB
MapKeTHHTa, yIpaBiIeHHeM (QHHAHCAMHU, TEPCOHAIOM, CKIAJCKUM XO3SHCTBOM, YYE€TOM
OoCHOBHBIX (oHAO0B U T. 1. CucreMbl MRP-2 opuenTupoBaHsbl, TJ1aBHBIM 00pa3oM, Ha OW3HEC-
(GYHKIINH, HETIOCPEICTBEHHO CBSI3aHHBIC C MPOU3BOJCTBOM. B HEKOTOPBIX CIIydasx CHCTEMBI
SCM u MRP-2 Bxoasat kak nojacucreMbl B ERP, B mociennee BpeMsi X Yaiie paccMaTpUBaIOT
KaK camocTosiTelbHble cucTeMbl. [Ipomexyrounoe nonoxkenue mexay ACYII u ACVYTII
3aHMMaeT NPOU3BOJCTBEHHAs wucnonHuTenbHas cucrema MES (Manufacturing Execution
Systems), npegHazHaueHHas AJI1 PEIICHUs] ONIEPATUBHBIX 3a7a4 yIPABICHUS TPOCKTUPOBAHUEM,
npousBoJcTBOM U MapketuHroM. B cocta ACYTII Bxomut cucrema SCADA (Supervisory
Control and Data Acquisition), BBITIOJHSOIIAS AUCTIETYEpCcKre QyHKIuH (cOOp M oOpaboTka
JaHHBIX O COCTOSHUM OOOpYIOBaHUS W TEXHOJIOTHMYECKHX IIPOIECCOB) W TMOMOTAOIIas
paspabateiBath [1O nns BctpoeHHOro obopynoBanus. s HEMOCPEACTBEHHOTO MPOTPAMMHOIO
yIOpaBICHUS TEXHOJOTHYECKUM o0opynoBaHueM wucnoib3yloT cuctemMbl CNC (Computer
Numerical Control) Ha 6a3e KOHTPOJUICPOB (CHEIHMATM3HPOBAHHBIX KOMITBIOTEPOB, HA3BIBAEMBIX
MPOMBINIJICHHBIMHU ), KOTOPBIE BCTPOEHBI B TEXHOJIOTUYECKOE OOOpPYIOBAaHHE C YHUCIOBBIM
nporpammubiM  yrpasienueMm (UITY). Cucrempr CNC Ha3bpIBalOT TakXe BCTPOCHHBIMU
KOMITBIOTEPHBIMH CUCTEMAMH.

4 Jj1eMeHTDI YiupaBJ/iecHUSI Ka4€CTBOM TE€XHOJOI'MY€CKOro nmpomecca npu momMoumm
KOMIIBIOTEPHBIX TEeXHOJI0Thii

Texnonocuueckuti npoyecc — 3TO YaCTh MPOU3BOJCTBEHHOTO MPOIECCa, COeprKalias
I[eJICHAIIPABJICHHbIE JEHCTBHUSI MO W3MEHEHHWI0 W (WIIM) OMPENENICHUI0 COCTOSIHHS TpeaMeTa
Tpyna. IlpakTudecku J000OW TEXHOJIOTHYECKUN MPOIECC MOXXHO paccMaTpuBaTh KakK YacTh
0oJee CIOXKHOTO TpOIlecca U COBOKYITHOCTh MEHEE CIOXKHBIX (B Mpeenie — 3IEMEHTaPHbIX )
TEXHOJOTHYECKHX  TPOIECCOB.  DJIEMEHTAPHBIM  TEXHOJOTHYECKHUM  TIPOIECCOM WA
TEXHOJIOTHYECKON olepalieil Ha3blBaeTCs HAaUMEHbIIas 4YacTh TEXHOJIOTHYECKOro Mpollecca,
obmnajaromiass BceMH ero cBoMcTtBaMu. To ecth 310 Takod TII, mampHeHImas JeKOMIIO3HITUS
KOTOpPOTO MPHUBOJIUT K TMOTEPE MPU3HAKOB, XaPAKTEPHBIX JJIsI METO/A, MOJOKEHHOTO B OCHOBY
JTAaHHOM TEXHOJIOTHUH.

JIro00¥ TEXHOJOTMUYECKUN TPOIECC CO3JAETCs NIl TOro, YTOOBI 00ECIeunTh 3aJaHHOe
KaueCTBO TPOJYKIIMH W TPOU3BOJUTEILHOCTh TPyJa, a TaKkKe CTaOMJIBHOCTh KadecTBa BO
BpEMEHH, HEOOXOAMMOM I BBITyCKa MPOAYKIUU B Tpebyemom oObeme. Takum oOpazom,
JIBYMsI OCHOBHBIMH COCTABJISIOIIMMH HAJCKHOCTH TEXHOJOTHYECKOTO TpoIlecca BUOPAIMOHHON
00paboTKH SABJISAIOTCS OOecleueHne 3aJJaHHOTO YPOBHS KauecTBa 0OpadaThIBaeMBIX JeTalei U
cTaOUIIBHOCTh pe3yibTaTa 00paboTku BO BpemeHH. C Jpyrod CTOPOHBI OTPaHUYUBAIOLIUMU
napaMeTpamMH SIBJISIFOTCS. TEXHUKO-DKOHOMHUYECKHE TIOKa3aTelld IMpollecca: TPYAOEeMKOCTh
OTIEpaIMH U Ce0ECTOMMOCTh OOPaOOTKH.

Texnonoeuueckas cucmema u npocmpancmeo ee COCMOSHULL

1 APS (Advanced Planning & Scheduling Systems) - «OnTHMHU3HPOBAHHOE IPOM3BOICTBEHHOE
IUIAHUPOBAHKE» - HEMOCPEACTBEHHBIH HHCTPYMEHT IJIAHUPOBAHUS pabOT Ha MPEIIPUITHN



Jlnst onucaHusl U3MEHSIOIIEHCST BO BPEMEHH TEXHOJOTHYECKOW CHCTEMBI JJOJKHBI OBITh
3aJlaHbl HaYaJIbHbIE YCIIOBUS, 00pa3yolue I- MEPHBIN BEKTOP, KOTOPBIN MOJTHOCTHIO ONpEAETseT
COCTOSIHME CHCTEMBI B HAa4aJbHbI MOMEHT BpeMeHU lp. M3MeHssACh BO BPEMEHM, ITOT BEKTOP
JlaeT IIOJIHOE ONMCaHue cucTteMbl. IIpenmosaraercs, 4ro Bce BXOAHBIE M BO3MYILAIOIIHE
BO3JICUCTBUS M3BECTHBI C MOMEHTa typ m pmamee. Takol BEKTOP 1), HA3bIBACTCS BEKTOPOM
COCTOSIHUSL CHUCTEMBI, a €ro KOMIIOHEHTBl — IIEPEMEHHBIMM COCTOSHHSA. YPaBHEHHE,
OIMCBIBAIOLIEE DBOJIOLMIO BO BPEMEHU BEKTOPA COCTOSHMS, SIBJIAECTCS YPABHEHUEM COCTOSIHUS
JUHAMUYECKOH cUCTeMbl. MHOECTBO JIOIYCTUMBIX BEKTOPOB COCTOSIHUSI CHCTEMBI 00pasyer
IIPOCTPAHCTBO COCTOSAHMM. Ero pasmMepHOCTh paBHA 4YUCIy IEPEMEHHBIX COCTOSHUS CUCTEMBI,
TOYHEE — YHUCITy IEPEMEHHBIX COCTOSIHUS, YYUTBIBAEMBIX IIPUHATON MOJEINBIO.

B ynpasensemyro mexnonocuueckyro cucmemy BXOIOUT YIPABISEMBIA TEXHOJIOTMYECKHUM
nporecc, mnpeodpasyrmmii ¢ MOMOIIBI omnepatopa A(®) BeKTopsl ynpasnawowux U,
udenmuuyupyrouwux 6030eicmseuti a U BEKTOpP uiyma w B BEKTOP COCMOANUS CUCTIEMbL 1).

W3mepuTenbHOE  YCTPOMCTBO KOHTPOJHMPYET IEPEMEHHBIE COCTOSHHMS W BBLIAET
uHpOpMaLUI0 O eexkmope omxauka cucmemsvt y. CUCTEMa OLEHUBAHUSA COCTOSHUS IIO
3alIyMJIEHHBIM HAOJIIOJIEHUSM U TI0 MOJIEIU MPOoLiecca CTPOUT HAMTYUIIyl0 B HEKOTOPOM CMBbICIIE

OLIEHKY COCTOSHHSI — BEKTOp 1. YIpPaBisIoOLlee YCTPOHCTBO (OPMUPYET YIPABISIOIIUE
BO3AECUCTBUS U, UCHOJB3Ys JUISL 3TOTO TEKYIIHUE OLIEHKH COCTOsHUA 1). CucreMa uaeHTUUKALIH
o pe3ysipraTamMm o0paboTku U3MepeHuit y BOCCTa

aBJIMBAET MapaMeTpbl MOJENH Mpoliecca ®, Ipu 3TOM MOXKET OKa3aTbCsl HEOOXOIMMBIM MOAaBaTh
Ha BXOJ 00BEKTa CHEIHaIbHO CO3/1aBaeMble HICHTU(UIMPYONIUe Bo3AeHCcTBIs. Ha nmpakTike B
COCTaB YNPaBJISIEMOM TEXHOJOTMUECKOW CHCTEMbl MOTYT BXOJHUTb HE BCE, a JIMILIb HEKOTOPbIE
KOMITOHEHTBI.

4.1 YI[paBJIeHI/Ie HAACKHOCTHBI0 TEXHOJOIHIECKOI'o nmpouecca ¢ mnoMoibIo
CTATHCTHYICCKOI'O aHA/In3a

Haoéscrnocms — cBONWCTBO 00BEKTA COXPAHITH BO BpEMEHU B YCTAHOBJICHHBIX TIpeeax
3HAUEHUs BCEX MAPaAMETPOB, XapaKTEPUIYIOIIUX CIIOCOOHOCTDH BBIMOIHITH TpeOyeMble (QyHKIUU
B 33/IaHHBIX PEXUMaX M YCIOBUAX MPUMEHEHHs, TEXHUYECKOTO OOCITY)KMBAHHs, XpaHEHHUS U
TpaHcOpTHpOBaHMs. IHaue TOBOpS, HAAEKHOCTH OOBECKTA 3aKIIFOYACTCS B  OTCYTCTBUU
HENPEIBUICHHBIX HEAOMYyCTUMBIX HM3MEHEHHIl ero KadecTBa B IMpOllecCe JKCITyaTaluud U
xpaHeHus. [lpm oOecrieueHUW  HAEKHOCTH  TEXHOJOTHYECKOTO  TpoIecca HMEIOTCS
OTIIMYHUTENbHBIE OCOOCHHOCTH B TIOKA3aTeNX, XapaKTePU3YIOMIMX HAJIeKHOCTh, M B 3ajadax
oOecrieueHnst HaJeKHOCTH.

Kakum o6pazom obecrieunBaeTcs HaASKHOCTh TEXHOJIOTHYECKOTo mpolecca? B mepByro
ouepelb HEOOXOIMMO OO0ecreunTh TpeOyemblli YpOBEHb KauecTBa BBIITYCKACGMOIO H3ICIHUS
(TmokazaTenu KayecTBa JIOJDKHBI HAXOJUTHCS B MIPeieiax JOMycKa). ITO OCYHIECTBISIETCS 3a CUeT
BbIOOpa 00OpynoBaHUS TpeOyeMON TOUYHOCTH M YKECTKOCTH, MHCTPYMEHTa COOTBETCTBYIOLIEH
TEOMETPUHM M MaTepHalla PexyIlleld 4acTH, PeKHMMOB 0OpaOOTKH, BHIOOpPA COOTBETCTBYIOIIETO
COCTaBa M CKOPOCTH IMOJa4yu COTC* u np. Ho aToro Hemoctaro4Ho, HEOOXOIUMO TaKKe
obOecreunTh CTAaOMIBHOCTh BO BPEMEHHM JTHUX TMOKa3aTeled (TO eCTh 3HAueHHUs MOKazarenei
KadyeCTBa B Hpouecce N3TOTOBJICHUA HapTI/II/I PIS}IGJ'II/IIZ HE€ OOJIX)KHBI BBIXOAUTH 3a HpeJIGJ'II)I
JOMYCTUMBIX 3HAYEHHUH), TOIBKO TOTJa MOXHO TOBOPUTH O HAAECKHOCTH TEXHOJIOTHYECKOTO
IpoIecca H3rOTOBJICHUS U3JICITHSL.

s Toro, 4ToOBl HE JOMYCTUTH TOSABIEHUS Opaka, HEOOXOJUMO KOHTPOIHUPOBATH
HEKOTOpBIC IMapaMeTphbl Tporecca (KPUTEPUH OICHKH HAJICKHOCTH IMpoIlecca MM KadecTBa
U3JIeNNid B MApTUH) U MPU HEOOXOAMMOCTH BIMATH Ha TapaMeTphl Mpollecca C IENbI0 €ro
PETyJIMPOBAHMS, YIIPABICHUS TEXHOJIOTHICCKUM TIPOIIECCOM.

12 Cmaszouno0-0X Ak TArOMIAs TEXHOIOTHYeCKas cpena



KonTponbs mapameTpoB mporiecca MOXKET BBIIOJHATHCS MO TeHEpaIbHOW COBOKYITHOCTH
(ecnmu m3roraBiIMBaeTCs HeOosblIas MapTUS M3AETUN WIM BBIXOJ IapaMeTpa KauecTBa 3a
npezensl JOMycKa HeAONYCTUM (HampuMep, U3 YCIOBUI 0€30IMacHOCTH AKCIUTyaTalluH U3eNHs
WIK B CBSI3U C OOJIBLIIMMH MAaTE€pPUAIbHBIMHU TMOTEPSIMHU IMPU HEKAYeCTBEHHOM H3TOTOBIIEHUU
U3JIeNus)), @ MOXKET OCYIIECTBIATHCS HA OCHOBE HEKOTOPOTO KOJMYECTBA M3ICTUI M3 MapTHH,
B3SITHIX U3 MMAPTUHU MTOAPS]T WU CIIYIaitHBIM 00pa3oM (BBIOOPKH).

Buvibopka wnu 6vl00pouHas COBOKYNHOCMb — MHOXKECTBO CIIydaeB (HCHBITYEMBIX,
00BEKTOB, COOBITHI, OOpa3IOB), C IOMOIINBID ONPEACIEHHOW MPOIEAYpPhl BBHIOPAHHBIX W3
TeHEPaNbHOM COBOKYITHOCTH > JIsl yJaCTHS B HCCIICTOBAHHH.

XapakTepuCTUKH BHIOOPKHU:
o KayecTBeHHast xapakTepucTHKa BEIOOPKH — YTO UMEHHO MBI BBIOMpPAeM U KaKHe CIIOCOOBI

MOCTPOCHHUS BHIOOPKHU MBI IS TOTO UCIIOJIb3YEM.

o KonuyecTBeHHast XapakTepUCTHKAa BBIOOPKM — CKOJIBKO CIydaeB BBIOMpaeM, APYTHMH
ci0BaMHu 00BEM BBIOOPKH.

O6vém 6b160pKU — YHUCIIO CITyYaeB, BKIIOYEHHBIX B BBIOOPOYHYIO COBOKYITHOCTh. O0beM
BBIOOPKHU OIpenesieTcss HECKOJIbKUMHU (akTopaMH, HO B IEPBYID OdYepeAb 3HAUMMOCTHIO
¢axTopa, ero BIMSHUEM Ha YKOHOMHUYECKHE XAPAKTEPUCTHKH H3ACTHs (BEpOATHBIC MOTEPH) U
ycloBusi 0€30MacHOCTH. Takke HMeeT 3HaueHUEe pa3Mep TEeHEepPAIbHONM COBOKYITHOCTH,
HAJIKHOCTh TEXHOJIOTUYECKOTO OOOPYIAOBaHUS M OCHACTKM W Ip. B psame cimydaer pasmep
BBIOOPKU OIpeessieTcsl HOPMATUBHBIMU MaTepUaIaMU.

[Ipu cpaBHeHum nByx (u Oosee) BBIOOPOK BaKHBIM IMApPaMETPOM SIBISCTCS HX
3aBHCUMOCTh. ECITu MOKHO yCTaHOBUTH TOMOMOPGHYIO Hapy (TO ecTh, KOrJa OJHOMY CIy4aro
13 BBIOOPKH X COOTBETCTBYET OJIMH M TOJBKO OJIMH CiIy4ail u3 BHIOOpPKH Y W HA00OpOT) Hjst
KQXKIO0ro ciiydas B JABYX BBIOOpKax (M 3TO OCHOBAHME B3aUMOCBSI3H SIBIISICTCS BAKHBIM IS
U3MEPSIEMOro Ha BBIOOpPKAx NMpH3HAKa), TAKHE BBIOOPKM HA3BIBAIOTCS 3aBHCUMBIMU. [Ipumepsl
3aBUCHMBIX BBIOOPOK (HampuMmep, [Ba H3MEPEHHs Kakoro-mubo Mpu3HaKa [0 U MOCIe
IKCIIEPUMEHTAIILHOTO BO3JeiCTBUs). B cityuae, eciu Takas B3aMMOCBSI3b MEKAY BBIOOpKaMU
OTCYTCTBYET, TO 3TH BBIOOPKM CUUTAIOTCA He3aBUCUMBIMH. COOTBETCTBEHHO, 3aBHCHMBIE
BBIOOPKH BCETa UMEIOT OJIMHAKOBBIA 00BEM, a 00BEM HE3aBUCUMBIX MOKET OTIINYATHCS.

CpaBHeHHEe BBIOOPOK HPOM3BOJUTCS C TIOMOIIBIO PA3IMYHBIX CTATUCTUYECKHX
KPUTEPUEB:

o t-xpurepuii CtoromenTa™
o U-kpurepnii Maunna-Yutau® u ap.

BbibOpka ~ MOXET — pACCMATpPHBATBCS B KAyeCTBE  PEIPE3CHTATHBHON ° WM

HEpENpPEe3EeHTaTUBHOM.

13 ['enepanbHas COBOKYIHOCTb, F'€HEpaJIbHAs BHIOOPKA — COBOKYIHOCTH BCEX OOBEKTOB
(eIMHUI), OTHOCUTENBHO KOTOPBIX YUYEHBIH HaMepeH JeiaTh BBIBOABI MPH H3yYEHUU
KOHKpETHOU mpobyiembl. ['eHepanbHas COBOKYIMHOCTh COCTOUT W3 BCEX OOBEKTOB, KOTOPHIE
noJseKatr u3ydeHnto. CocTaB reHepaabHOU COBOKYITHOCTH 3aBUCHUT OT LIEJIEH UCCIENOBaHU.

Y t-kpurepnii CthlofieHTa — 00IIee HA3BaHME T KIACCA METOIOB CTATHCTHYECKON
MIPOBEPKHU THIOTE3 (CTATUCTUYECKUX KPUTEPUEB), OCHOBAHHBIX Ha pacnpeneneHun CTblo/IeHTa.
Haubosnee yacthle ciydan mpUMEHEHHs t-KpUTEpHs CBSI3aHBI C MPOBEPKOM PAaBEHCTBA CPEIHUX
3HayeHuil B ByX BblOOpkax. Pacnpenenenue CThIOJEHTa B TEOPUU BEPOSITHOCTEH — 3TO
OJTHOTIapAMETPUYECKOE CeMEICTBO a0COIIOTHO HEMIPEPBHIBHBIX PACHIPEACTICHUMN.

** U-kputepuit ManHa — YUTHH — CTATUCTHYECKHUI KPUTEPUIA, HCTIOIb3YEMBbIi IS
OLIEHKH PA3TUYU MEXIy IBYMs HE3aBUCUMBIMHU BBIOOPKaMHM IO YPOBHIO KaKOT0-1100
IIPU3HAKA, U3MEPEHHOTO KOJIMYECTBEHHO.

'® Penpe3eHTaTMBHOCTh MOKHO OINPENEIHTh KaK CBOWCTBO BBIGOPOYHON COBOKYITHOCTH
MPEACTABIIATL ITapaMETPbl I'€HEPAJIBHOW COBOKYIIHOCTH, 3HAYMMbIE C TOYKHM 3pEHHUS 3aaad
VICCIICIOBAHMUS



Haubonee wyacto mNpUMEHSIOTCS BEPOSTHOCTHBIE BBIOOPKH, HAlpUMEp, MpoCTas
BEPOSITHOCTHAsA BbIOOpKa. Vcnonbp3oBaHue Takol BBIOOPKM OCHOBBIBAETCS HA MPENNOJIOKECHHUH,
YTO KXKIBIA AJIEMEHT C PaBHOW JI0JIeH BEPOATHOCTH MOXKET IMOMACTh B BHEIOOPKY (Hampumep
00paboTaHHbIE JAETaNH, B3SAThIC U3 Tapbl B CIy4allHOM MOPSJIKE C LIETIbI0 ONpPEIEICHUs KauecTBa
00paboTku). Pe3ynbraThl MCCIeI0BaHNs MOKHO PACIIPOCTPAHSITh HA U3y4aeMyl0 COBOKYITHOCTb.
BonbIIMHCTBO MOAXOA0B K IOJYYEHHMIO CTAaTUCTHUYECKUX BBIBOAOB IpENyCMaTpUBaIOT cOOp
UH(OPMALIUH C TOMOIIBIO TPOCTOMN CITy4aiiHOM BHIOOPKH.

Omnako  pe3yapTaThl  NMPUMEHEHHs]  MPOCTOM  CIIy4allHOM  BBIOOPKHM  MOTYT
XapaKTepU30BaTbC HU3KOH TOYHOCTHIO M OOJBIICH CTaHIAPTHOM OMIMOKOM, 4eM pe3ylbTaThl
INPUMEHEHHs JIPYTMX BEPOSATHOCTHBIX METOJOB IPH HENPaBWIBHOM OIpeesieHuH o0beMa
BBIOOPKH (BEPOSTHOCTH 3TOTO OCOOCHHO BEJIMKA MPH HEOOJIBIIOM 00beMe BBIOOPKH).

Cucrtematuueckass  BEpOSITHOCTHas ~ BbIOOpKa  sBISETCd  BapUMaHTOM  IIPOCTOMH
BEPOSTHOCTHOH BBIOOPKH. VI3 reHepaibHON COBOKYITHOCTH Yepe3 OnpeaenEéHHbIN HHTepBai t uiu
OIS OTOMPAIOTCS 3JIEMEHThI (HampuMmep, IpU KOHTPOJE CTa0MJIBHOCTH TEXHOJIOIMYECKOIo
npouecca). Benuunmna t ompenensiercss 3amadamu uccienoBaHus. Hawbonee nocToBepHbIi
pe3ysbTaT IOCTUraeTcsl NPU OAHOPOJHOM TI'€HEpPaJbHOM COBOKYIIHOCTH, HMHA4ye€ BO3MOXHBI
COBIA/ICHUE BEIMUYMHBI 11ara U KAKUX-TO BHYTPEHHUX UKINYECKUX 3aKOHOMEPHOCTEH BBIOOPKU
(cMmerreHre BRIOOPKH).

Jlia onpeneneHusi HEOOXOAMMON YUCIEHHOCTH BBIOOPKM MCCIIE0BATENb JO0JKEH 3HATh
YPOBEHb TOYHOCTH BBIOOPOYHOM COBOKYIHOCTU C OINPEAEICHHOH BeposTHOCThIO. B obuiem
cilydae HeoOXO0auMasi YUCIEHHOCTh BHIOOPKHU MPSMO MPOINOPLHUOHANIbHA IUCIIEPCUN TIPU3HAKA U
kBagpaty kKo3hduuuenra nosepus t. Ilpu mpoBeneHMHM CTaTUCTUYECKOIO KOHTPOJIL 00beM
BBIOOPKH OIPENENISCTCSl COCTOSIHUEM M XapaKTepPUCTHUKAaMH 00OpyIOBaHHSA, Ha KOTOPOM
BBINOJIHAIOTCS  (DMHHUIIHBIE oONepauuu oOpabOTKM Hambolee TOYHBIX M  OTBETCTBEHHBIX
orepanuii, 1 IPUMEHsAEMbIM UHCTPYMEHTOM M OCHAcTKOW. IIpu oTCyTCTBUM TakuX JaHHBIX WM
UX HETOCTOSHCTBE NMPUMEHSIOTCS CIIeMaIbHble TaOIHIIbI Ui OonpeeseHns o0beMa BEIOOPKH B
3aBUCUMOCTM OT KPUTHYHOCTH Jedekra U oObeMa NapTUM U3rOTABIMBAEMBIX U3IEIUN
(reHepaIbHOM COBOKYITHOCTH).

Buvioopka uz co6oKxynnocmu Kak ucCmo4HuK noay4eHus 4ucio6olx OUeHoK

B npouecce maentudukanuu mojaenei, Hanpumep, TexHonorudeckoil cucremsl (TC),
BO3HUKAET HEOOXOIUMOCTb IKCIIEPUMEHTAIILHOTO ONPEIEICHNS BETMYMH BXOIHBIX BO3IEHCTBUI
(cui, pexuMoB U T..) U mapameTpoB coctossHus TC (pa3mepHas TOUHOCTb, CTaOUIBHOCTD U
ap.). Ilpu 3TOM SKCIEpUMEHTaIbHO ONpEJeNseMble BEJIWYMHBI, KaK IMPaBUIIO, 3allyMJIEHbI
MOTPEIMIHOCTSIMH TOTO WJIM HHOTO MTPOUCXOKACHHUS.

OOBIYHO MPUMEHSOTCS HEKOTOPBIC JAOMYIIECHHS OTHOCUTEIBHO BHIOOPKH (B 3aBUCHMOCTH
OT 3a7aun). YacTo npuMeHsieTcs A0MyIIeHne 00 OAHOPOAHOCTH BBIOOPKH, COCTOSILEE B TOM, YTO
OHAa TMOJy4YeHa M3 OJHOM COBOKYNMHOCTH. Kpome TOro, HexenaTelbHO, 4YTOOBI BBIOOpKA
coJiepKalia CHCTeMAaTHYeCKUE OLTHOKH.

C nomonibio BHIOOPOUYHBIX MU3MEPEHUN ONpEeAeNstoTCs (MJIM BBIYUCISIFOTCS) HEKOTOpHIE
cTaTHCTHYECKHE MoKazarenu. OHM HCHOJIB3YIOTCS KaK OCHOBA JUIsl BBIBOJIOB OTHOCUTEIIBHO
KOJIMYECTBEHHBIX XapaKTEPUCTUK UCXOJHONW COBOKYITHOCTH, U3 KOTOPOH B3siTa BHIOOPKA.

Yucnoevie xapaxmepucmuKku 6b100poK. Xapakmepucmuxku nojao0HceHus,.

— 1 n
- cpenmee apudMeTHIECKOE (CpeMIHEe) SHAYCHAE: X =—- Y X,
n

- MCJHaHa — TO 3HAYCHHUC X, KOTOPOC ACIIUT IIOII0JJIaM IJIoIaab HOCTpOeHHOI\/'I 110 JaHHBIM
BI)I60pKI/I TUCTOTpaMMBbl UJIW IMOJIMT'OHA
- MoJa — Han0oJIee YacTo BCTpCHAOMICCCAd B BBI60pKC 3HA4YCHHUEC X

— n n
- CpCaHEC TCOMETPUUCCKOC 3HAUCHHE:. X = (H X ) )
i=1

Yucnoevie xapakmepucmuku ev100poK. Xapakmepucmuku pacceanus (pazopoca)



n —
*  BBHIOOPOYHOE CPENTHEKBAAPATHYHOE OTKIOHEHHE: S° = Z(Xi - X)/ (n-1)
i=1

BHIOOpOYHas aucnepcus: D =+/s’
* pasMax: R=X_ — X, -

n
*  BBIOOpOYHOE CpeiHee OTKIOHeHHe : U = Z
i=1

Crartuctuueckas 00paboTKa pe3ylbTaTOB U3MEPEHUI MOXKET MPOU3BOIUTHCS C IIOMOIIBIO
KOMITBIOTEPHBIX TEXHOJIOTHH, cpeau KOTopbix Takue kak Microsoft Excel, Microsoft Access,
MathCAD u op.

Microsoft Excel — mporpamma mjast paGoTBl € 3JIEKTPOHHBIMH TaOJIUI[AMU, CO3JaHHAs
Koproparnueid Microsoft s Microsoft Windows, Windows NT u MacOS. Ona npenocraBiser
BO3MOXXHOCTH 3KOHOMHKO-CTaTUCTHYECKHX pPAacyeToOB, TpauuecKue WHCTPYMEHTHI U, 3a
uckmouerrem Excel 2008 mox Mac OS X, s3pik MakponporpammupoBanust VBA (Visual Basic
for Application). Microsoft Excel Bxomut B coctaB Microsoft Office u Ha ceroaHsAIIHUN IeHB
Excel sBnsercs omHuM W3 HamOoliee TMOMYISAPHBIX HpuiokeHud B mupe. Excel Obul mepBbIM
TAOJMYHBIM TPOIECCOPOM, TO3BOJISIBIIUM TI0JH30BATEIII0 MEHSATh BHEIIHUN BUJ TaOJHIBI HA
9KpaHe: mpu(TH, CHMBOJIBI U BHEIIHWHA BUJ sdeek. OH TakkKe TMEPBBIM IPEICTABHII METOT
YMHOTO TIepecuéra siueek — OOHOBIICHHS TOJIKO SYEEK, 3aBUCSIIUX OT M3MCHEHHBIX SYCCK:
paHbIIIe TaOJIMIHBIC TIPOIIECCOPHI IEPECUNTHIBATN BCE STUCHKH.

ITpunoxenne Microsoft Office Excel 2007 — 3T0 MOLIHBIN MHCTPYMEHT, UCIIOIb3YEMbIi
Ui co3laHus u (OpPMATHPOBAHUS DJICKTPOHHBIX TaONUWI], aHalW3a JaHHBIX W OOMeEHa
uHpopManuei s NpUHATUS 0ojiee 00O0CHOBAaHHBIX pemieHui. [lomb3oBarenbekuii HHTEpdEic
Microsoft Office Fluent, HarysiiHas BU3yanu3aiysi JaHHBIX ¥ IPEICTABICHUS CBOJHON TaOJIUIIbI
VIPOLIAIOT CO3JaHWE W UCIOJIb30BaHUE MPOo(ecCHOHAIBHO O(OPMIICHHBIX JHATPaMM.
[Tpunoxenue Office Excel 2007, o6benunenHoe co ciyxoamu Excel, — 3T0 HOBast TeXHOJIOTHS,
npenocraBnsieMass ¢ Microsoft Office SharePoint Server 2007 u xapakTepusyromiasics
3HAUUTENBHO OoJiee yMOOHBIMU CpEICTBAMH OOMEHA JaHHBIMH ¥ TIOBBIIICHHBIM YPOBHEM
Oe3omacHOCTH, Onarojnaps KOTOpPOMY BBl CMO)KeTe Oojiee CBOOOJHO MPENOCTaBIISATh
COTPYAHMKaM, KJIMEHTaM W OwW3Hec-TmapTHepaMm O0e30MacHBId JOCTYNl K KOH(HUACHIIHAILHOU
KoMMepueckoi nadopmanmu. [Ipu coBMecTHOM UCTIONB30BaHUU 3IEKTPOHHBIX Tabmuil B Office
Excel 2007 u cnyx0ax Excel MoxkHO mpocmaTpuBaTh, COPTUPOBATH, PUIBTPOBATH U BBOJIUTH
mapaMeTpbl, a Takke B3aMMOJACWCTBOBATH C MPEACTABICHUSMHU CBOJHOM  TaOIHIIBI
HETMOCpPEICTBEHHO B BeO-Opayzepe. B EXEL wumeercs moctaro4Ho OOJBINOM BCTPOCHHBIN
CIpaBOYHHUK ¢opMyn, B TaM uuciae U GopMyl cTatucTudeckux. DOopMynbl TakkKe MOXKHO
BBOJWUTH BpYUHYIO. DOPMYIIBI MPEACTABISAIOT CO00I BBIPAKECHHUS, 1O KOTOPHIM BBITOTHSIFOTCS
BBIUMCJICHHSI HA JIHCTE.

Microsoft Office Access mm mpocro Microsoft Access — pemsimonnas CYBIY
kopropanuu Microsoft. Imeet mmpokuii criekTp QyHKIIMIA, BKIIIOYasl CBSI3aHHBIE 3aIIPOCHI, CBS3h

X —i‘/n

Y Pensunonnas CYBJI (PCYB/I; unaue Cucrema ynpaBieHUs PENSIMOHHBIME 0azamu
nannbiX, CYPBJ]) — CVYB/l, ympasnsromasi peisiiMOHHBIME 0a3aMu JaHHBIX. DTH MOJEIU
XapaKTepU3YIOTCSl MPOCTOTOM CTPYKTYpPHI JAaHHBIX, YAOOHBIM JUISl MOJb30BaTeNs TaOIUYHBIM
IpEJCTaBICHUEM U BO3MOXHOCTBIO HCIIONB30BaHUA (DOpManbHOTO ammapara anreopbl
OTHOIIEHUHA W PEJSLUOHHOTO HCUUCIEHMS JUIsi 0OpabOTKH [aHHBIX. PenduuoHHas MoOJenb
OpPUEHTHpPOBAaHA HA OPraHMU3ALMIO JAaHHBIX B BUJE JBYMEpHBIX Tabmuu. Kaxnas pensuuoHHas
TabnuIa MpeACTaBiIseT cO0OW ABYMEPHBIH MAacCHB M 00JIaaeT CIEAYIOIIUMH CBOWCTBAMMU:
KaXIbI 3JIEMEHT TaOMUIBI — OAMH DJIEMEHT JAaHHBIX, BCE SYCHKH B CTOJOLE TaOIUIIBI
OJTHOPOJHBIE, TO €CThb BCE JJEMEHThl B CTOJOLIE MMEIOT OJMHAKOBBIM THUIl (YHCIOBOM,
CHUMBOJIBHBIN U T. J1.); K&K CTOIOEI] UMEET YHUKAIBHOE UMSI; OIMHAKOBBIC CTPOKU B TAOIHIIE
OTCYTCTBYIOT; MOPSAAOK CJIEJOBAHUS CTPOK U CTOJIOIIOB MOXKET OBITh POU3BOJIBHBIM.



C BHEUIHMMHU TaOnuuamu u 0a3amu AaHHBIX. brnaromapst BctpoeHHOMY si3bIKy VBA, B camom
Access MOKHO MHCATh MPUJIOKEHUSI, padoTaroIIue ¢ 6a3aMu TaHHBIX.
OcHoBHbIe KOMIIOHEHTHI MS Access:
e IIOCTPOMUTEIH TAOJINIL;
e TOCTPOUTENH SKPAHHBIX (HOPM;
e TIOCTPOUTENH SQL18-3anp0c013;
e IIOCTPOUTEIb OTYETOB, BHIBOJAUMBIX HA I1€YATh.

MS Access mo3BosisieT pa3pabarbiBaTh NMpUIOKeHUS U BJl mpakTuuecku «C HyJs» WIH
HanucaTh 000104Ky 17 BHemHer B/l

Mathcad — cucTema KOMIIBIOTEPHON areOphl U3 Kilacca CUCTEM aBTOMAaTH3HPOBAHHOTO
IIPOEKTUPOBAHUS, OPUEHTUPOBaHHAs Ha IOJAIOTOBKY HHTEPAKTUBHBIX JOKYMEHTOB C
BBIUUCIICHUSIMH ¥ BHU3YaJIbHBIM COIIPOBOKIACHUEM, OTIMYACTCS JIETKOCTBIO MCIIOJIb30BaHUS U
NpUMEHEHHs JUIS KOJUIEKTUBHOW paboTel. Mathcad mMmeer HMHTYWTHMBHBIA W TNPOCTOM ISt
UCIOJIb30BaHus HTepdeiic nonb3oBarens. s BBOAa GOPMYII U JTaHHBIX MOXHO HCIOJIb30BaTh
KaK KJIaBHATypy, TaK U ClIeHUaIbHbIE TAHETU UHCTPYMEHTOB.

Pabora ocymiecTBisieTcss B Ipenenax padouyero Jjucra, Ha KOTOPOM YpaBHEHHS U
BBIpOKEHUS  OoToOpakatorcsi rpaduyecku. IIpm  co3maHuM  JOKYMEHTOB-TIPHIIOKEHHM
ucnons3yercs npuniun WYSIWYG (What You See Is What You Get — «4ro Buauiib, TO U
nosyyaenby). HecmoTpss Ha TO, 4YyTO 3Ta IporpamMma, B OCHOBHOM, OpPHUEHTHMPOBAaHAa Ha
noJjb30Barenen-HenporpaMmmuctoB, Mathcad Takke MCIIONB3yeTCs B CIOXKHBIX MPOEKTAX, YTOOBI
BU3YAJIU3UPOBATh PE3yJbTaThl MaTeMaTHYeCKoro wmopenupoBanusa. Taxxke Mathcad dacto
UCMONB3YeTCsl B KPYIHBIX HH)KEHEPHBIX MpOEKTax, Inae Ooiblloe 3HaueHHe HMeeT
TPacCUpPyEMOCTb U COOTBETCTBUE CTAHIaPTAM.

Mathcad nocrarouHo ya06HO UCIOIB30BaTh AJ1s1 00Y4YEHHUs, BBIYMCICHUNA U HHXXEHEPHBIX
pacueroB. OTKpbITas apXUTEKTypa MPUIOKEHUS B COUYETAHUM C MOJJAEPKKOW TEXHOJIOTHUI
NETY u XML? nossomstior nerko uHTerpupoBath Mathcad mpaktuueckun B mrobbie UT-
CTPYKTYPBI M WH)KEHEPHbIC MPUIOKEHHS. ECTh BO3MOXHOCTh CO3[IaHUs 3JICKTPOHHBIX KHHT (€-
Book).

Mathcad comepXUT COTHH ONEpPaTopoB W BCTPOCHHBIX (YHKIMHA JJIsI PEIICHHUS
pa3INYHBIX TEXHUUYECKHUX 3a/1ad. [IporpaMmMa 1mo3BosisieT BHINOIHATh YUCIEHHBIE U CUMBOJIbHBIE
BBIUMCJICHMS], IPOU3BOJIUTE OINEPAIH CO CKAISPHBIMU BEIMYMHAMHU, BEKTOPAMH U MaTPULIAMU,
ABTOMATUYECKU NIEPEBOAUTH OHH €IUHULIBI U3MEPEHUS B IPYTHE.

Cpenu Bo3moxuocTeit Mathcad MOXXHO BBIZIETHTE:

* Pemenne quddepeHnnanbHbIX ypaBHEHUH, B TOM YHCIIE U YUCIEHHBIMU METOIaMHU

* IloctpoeHne NBYMEpPHBIX M TPEXMEPHBIX rpa@uKoB (QyHKUUN (B pa3HBIX CHUCTEMAax
KOOpJMHAT, KOHTYPHbIE, BEKTOPHBIE U T. 1I.)

* Hcnonp3oBaHue rpedeckoro andaBuTa Kak B ypaBHEHUSX, TaK U B TEKCTE

* BrinonHeHne BEIYUCIECHUH B CHUMBOJIBHOM PEXUME

* BreimosnHeHue onepanmii ¢ BEKTOpaMu U MaTpULIaMU

* CHMBOJIBHOE PELIEHUE CUCTEM ypaBHEHUN

* AnmpoKcuMaIusi KpUBbIX

* BrinonHeHHe NOAIPOrpaMM

'® YV HMBEpCANbHBINA KOMIILFOTEPHBIN S3bIK, TPUMEHIEMBIN IS CO3MaHus, MOIU(DUKALIIN 1
YIIpaBJICHUS TAHHBIMH B PEJISIIMOHHBIX 0a3aX JaHHBIX.

" TlaTeHTOBaHHAst TEXHOJOTUS Kopropauuu Microsoft, opuIMansHO paccuMTaHHas Ha
paboTy moJl omneparMoHHBIMU cucTtemamu cemeiicta Microsoft Windows.Hasnauenune .NET
Framework — ciayXuThb Cpeaod s TOMJEPKKH pa3pabOTKH H  BBIMOJIHEHUS CHIBHO
pacmpeeleHHbIX KOMIIOHEHTHBIX TPUI0KEHUH.

% SI3bIK ¢ IPOCTHIM (HOPMATIBHBIM CHHTAKCUCOM, YIOOHBIM JUTs CO3aHus 1 00pabOTKH
JIOKYMEHTOB MPOTpaMMaMH B OJHOBPEMEHHO yIOOHBIH JIJIsl UTEHUS ¥ CO3JaHUs IOKYMEHTOB
YeJI0OBEKOM, C TIOJUEPKUBAHIEM HAIIEJICHHOCTH Ha UCTIOJIb30BaHue B MIHTEpHETE.



* Tlouck KOpHEH MHOTOWIEHOB U (DYHKIUN

+ IIpoBeneHHE CTATUCTUUECKUX PACUETOB U paboOTa C paclpeieIeHeM BEpOATHOCTEH

* Ilouck coOCTBEHHBIX YUCEN U BEKTOPOB

* Beruncienus ¢ equHULIAMYA U3MEPEHUS

* Wnterpauus c¢ CAIIP-cucremaMu, HCIONBb30BaHME pPE3YJIbTATOB BBIYMCICHUNH B
KadyecTBe ynpasisitonux napamerposC nomouisro Mathcad nH>xeHepsl MOTYyT JOKYMEHTHPOBATh
BCE BBIYMCIICHUS B IIPOLIECCE UX ITPOBEACHMUS.

Perpeccuss — 3aBHCHMOCTh CpPEIHETO 3HAYCHUS KAKOH-IMOO CIyJailHOW BEIMYUHBI OT
HEKOTOPOM JIpyroil BEeNWYMHBI MM HECKOJIBKMX BEJIWYMH (B IOCIEIHEM Clydyae — HMEEM
MHOXECTBEHHYIO perpeccuto). CiieoBaTenbHO, IPU PETPECCHOHHOMN CBSI3M OJHOMY U TOMY K€
3HAQYEHUIO X BeIMUYUHBl X (B OTIMYME OT (DYHKIMOHAIBHOW CBSI3U) MOTYT COOTBETCTBOBATh
pasHble ciyd4ailHble 3Ha4eHUs BenuuuHbl Y. PacmpeneneHune 3TUX 3HAYEHUH Ha3bIBACTCA
YCIIOBHBIM pacrpeseneHueM Y Mpu JaHHOM X = X. YpaBHEHHUE, CBSI3bIBAIOIIECE 3TU BEJINYMHBI,
Ha3bIBACTCSl yYPAaBHEHHUEM pETPECCHH, a COOTBETCTBYIOIIMH TpapuK — JHMHHEH pPEerpeccHH
BenuunHbl Y o X. [lepeMeHHas X Ha3bIBaeTCS PErpeCCUOHHOMN MEPEMEHHOI MM PerpeccopoM.
To4HOCTB, ¢ KOTOPOM JMHUSA perpeccuu Y MO X MepelaeT HM3MEHEeHue Y B CpPEIHEM IIpH
U3MEHEHUU X, U3MEPSIeTCs Aucnepcueil BeTMUUHbI Y, BBIUUCIAEMON I KaXKJI0r0 3HAaYCHUS X:

Perpeccronnple MoOJenuM YacTo NPHUMEHSIOTCS B KadyecTBE MOJENEH IPOLECCOB,
HOCTPOCHHBIX HA OCHOBE SKCIIEPUMEHTAIIbHBIX JJAHHBIX.

Mathcad Bxmrouaer psn GyHKImA a5 BeYUciHeHus: perpeccud. OOBIYHO 3TH (YHKIUU
CO3/Ial0T KPUBYIO WJIM TOBEPXHOCTh ONPEAEICHHOTO THIMA, KOTOpas B HEKOTOPOM CMBbICIIEe
MUHUMH3HPYET OIMMOKY MEXIy COOOH M WMEIOMMMHUCS MaHHBIMH. DYHKIUH OTIUYAIOTCS
OpeX/e BCEro THUIIOM KPUBOW WM TOBEPXHOCTH, KOTOPYIO OHHM HCIIOJIB3YIOT, YTOOBI
aNMpOKCUMUPOBATh JaHHbIE. DTH (QyHKIHHM HE TPeOYIOT, YTOOBI alMpOKCUMHPYIOIIas KpUBast
WIA TIOBEPXHOCTh MPOXOAMJIA Yepe3 TOUKH JaHHbIX. DYHKIMU perpeccuu ropasio MeHee
YYBCTBUTEIbHBl K OMMOKAaM [aHHBIX, 4YeM (QYHKIUW WHTepHossimuy. KoHeuHBId pe3ynbTar
perpeccu — (QyHKIUS, ¢ MOMOIIBIO KOTOPOH MOXXHO OLEHHTh 3HAYEHHs B IMPOMEKYTKAX
MEXy 3aJJaHHBIMHA TOYKAMH.

Jlunevinasa peepeccusi. i GYHKUUU BO3BPAILAIOT HAKIOH M CMEILEHUE JIMHUHU, KOTOpast
HAWTy4IIIM 00pa3oM MpHOIIKAeT JaHHBIE B CMBICIIE HANMEHBIIINX KBAJ[PATOB.

OTH QYHKIMM MOJIE3HBI HE TOJBKO, KOTJa JaHHbIE MO CYIIECTBY JOJDKHBI MPEICTABIAT
JMHEHHYI0 3aBUCHMOCTh, HO M KOT/Ia OHHU MPEJCTABISIOT AKCIOHEHIMAIBHYIO 3aBUCHMOCTD.
Torna MOXHO MPUMEHHUTh 3TH (PYHKIMU K JOrapu(My JaHHBIX M UCHOJIb30BATH TOT (aKT, YTO
log(y) = log(A) + kx. Takoe npuOIMKeHHE B3BCIIMBACT ONIMOKH IMO-IPYroMy, HEKEIH
npuOJIMKEeHNe OKa3aTeNbHON (PyHKIMEH B CMbICIe HAUMEHBIINX KBaJPaTOB, HO OOBIYHO 3TO —
XOpoIIas anmpOKCHMAITHSI.

THonunomuanvuas peepeccus. IT1 QYHKIMU TOJE3HBI, KOrZla €CTh HAOOp M3MEpPEHHBIX
COOTBETCTBYIOIIIMX 3HAYCHUH Y W X, MEKIYy KOTOPBIMH OXHAAETCS TOJIMHOMHAIbHAS
3aBHCUMOCTh, U HYXHO MNPHOIM3UTH 3TH 3HAYEHHUS C IOMOIIBIO MOJIMHOMA HAWIYYLIMM B
ornpenenéHHOM cMbIciie oOpa3oM. Ha mpakTuke He ClleyeT MCIIONb30BaTh CTENEHb MOJIMHOMA
BbIIIE N = 4.

4.2 Pemienne 3aa4 ONTHMMU3AIMU C MOMOIIBI0 KOMIILIOTEPHBIX TEXHOJIOT Uil

OnTtumu3aiusi B MHUPOKOM CMBICIIE CIIOBa HAXOIUT NMPUMEHEHHE B HAayKe, TEXHUKE U B
m000# Apyroi 00JacTH dYeNOBEUeCKOW MeATenbHOCTH. OnTUMU3amus - IIeJICHanpaBleHHAs
JESITENIbHOCTD, 3aKIFOYAIONIAsICs B MOTYYSHUH HAWIYYIIUX PE3yIbTaTOB MPU COOTBETCTBYIOIIMX
YCIIOBUSIX.

HpI/I IIOCTAHOBKE 3aJa4u OIITUMU3AIIUU HCOGXOI[I/IMO:

1. Hammuue oObeKTa ONTUMHU3ANMHN U Ienu onTuMusanuu. [Ipu 3ToM dopmynupoBka
Ka)KHOﬁ 3aa4dyu OIITHUMH3AIIMU OOJIDKHA TpGGOBaTL 9KCTPEMAJIbHOI'O 3HAYCHUA JIUIIb OI[HOI>'I



BEJIMYHMHBI, TO €CTh OJJHOBPEMEHHO CUCTEME HE JIOJKHO IPUIHCHIBATHCA J1Ba U 00Jiee Kpumepus
ONTUMH3ALMH, TaK KAK MPAKTHYECKU BCErAa HKCTPEMYM OJHOTO KPUTEPHUS HE COOTBETCTBYET
JKCTpEMyMy ApPYroro. THINHWYHBIA IIPUMEP HENPABUIBHOM IOCTAHOBKHU 3aa4d ONTUMHU3ALUU:
«[lomyunTh MaKCUMaJbHYIO NPOU3BOIUTEIBHOCTh IIPU MHHHUMAJIBHOM CE0ECTOMMOCTH.
Ommbka 3aKiIo¥aeTcs B TOM. 4YTO CTaBUTCS 3ajJada IIOMCKAa ONTHUMyMa JIBYX BEJIWYHH,
IPOTUBOPEYALIUX APYT IpYry 1o cBoei cytu. IIpaBuiibHOM MOCTAaHOBKOH 3a/laud MOXKET OBbITh:
a100 TONYYUTh MAKCHUMAIBHYIO HPOM3BOJIUTEIBHOCTh MPHU 33JaHHONW ceOecTOMMOCTH, OO
HOJYYUTh MUHUMAJbHYIO C€0ECTOMMOCTh HpPU 33aJaHHON NPOMU3BOJUTENBHOCTH. B mepBom
cllydae KpUTEpUi ONTHMH3ALNH - IPOU3BOAUTEIIEHOCTD, @ BO BTOPOM - CE0ECTOMMOCTb.

2. Hanuuue pecypcoB onTHMHU3AILUH, 1101 KOTOPBIMU TOHUMAOT BO3MOXHOCTb BbIOOpa
3HaYCHUH HEKOTOPBIX napamemposé OonTUMH3NpyeMoro oobekta. OOBEKT MOMKEeH o01anaTh
OIpeIeNIEHHBIMU CTENEHSIMU CBOOOIBI - YIPABJISIOIINAECS BO3ICHCTBUAMMU.

3. B03MOXXHOCTh KOJMYECTBEHHOH OIICHKH ONTUMHU3UPYEMOH BETUYMHBI, TTOCKOJBKY-
TOJIbKO B 3TOM CJIy4ae MOXHO CpaBHHUBaTh 3()(eKThl OT BHIOOpA TEX MM MHBIX YIPABISIOLIMX
BO3JICHCTBUM.

4. VYder orpaHu4eHuil (OrpaHUYEHUsI B OCHOBHOM OINPENEISIIOT O KaKoW ONTHUMM3aLUU
UJICT PeUb: YCIOBHOM MM 0€3YCIIOBHOM, UIIIEM IIIO0ATBHBIN ONTUMYM WIIH JIOKATBHBIH ).

OObluHO  oNTUMHU3MpYyeMas BEIMYMHA CBA3aHA C OSKOHOMHYHOCTBIO  PabOTHI
paccMaTpuBaeMoro o0bekTa (TEXHOJIOTHsS, y4acTOK, LeX U Ap.). OnTUMH3UpYyeMbld BapHaHT
paboTbl O0BEKTa JOJKEH OLIEHUBATbCS KAaKOW-TO KOJIMYECTBEHHOW MepoN — Kpumepuem
onmumanvhocmu. KpurepueM  ONTHMAIBbHOCTH  HA3bIBAETCS  KOJIMYECTBEHHAs  OLICHKA
ONTUMHU3UPYEMOr0 KauecTBa 0OBEKTA.

Ha ocHOBaHMM BBEIOPAaHHOTO KPUTEPHUS ONTHMAIBHOCTH COCTABIISICTCS yenesds (hyHKyus,
IpeCTaBIIAIoIas COOON 3aBUCUMOCTb KPUTEPUS ONITUMAIILHOCTH OT I1apaMeTpOB, BIUSIOIIUX Ha
ee 3HaueHue. Bua kpurepus onTUMaibHOCTH WM LIEJIE€BON (PYHKIIMU OINpPENEseTCs] KOHKPETHON
3ajadedl ontuMmu3anuu. TakuMm oOpa3oM, 3ajaya ONTUMH3ALMM CBOAMTCA K HAXOXKIACHUIO
HKCTpEMyMa IeICeBOM (PYHKIINHU.

HauOonee oOmieil mocTaHOBKOW ONTHUMAIbHOM 3a/lauM SIBJSIETCS BBIPAKEHUE KPUTEPHUS
ONTUMAJIBHOCTH B BHUAE DKOHOMHUYECKOW OLEHKU (IIPOU3BOJIUTENIBHOCTh, CE0ECTOMMOCTD
npoaykiuuu M T.1.). OfHAakKo B 4YacTHBIX 3aJadax HMHOIZA HE YyJaeTcs WIM He Bcerja
1e1€cO000pa3HO BBIIEIATh MPSAMOM IKOHOMUYECKHH IMOKa3aTenb, KOTOPBIH Obl IMOJHOCTHIO
XapakTepu3zoBasl 3(PHEKTUBHOCTh PpabOThl paccMaTpUBaeMoOro ooObekTa. B Takux ciydasx
KPUTEPUEM ONTUMAJIBHOCTH MOXKET CIY)KMTh TEXHOJOTHYECKAs] XAPAKTEPUCTHKA, KOCBEHHO
OLICHUBAIOIIAsl SKOHOMHUYHOCTH paboTbl. Hampumep, ycraHaBiuMBaeTcss ONTHMAalIbHAs
TEMIIEpaTypa B 30HE pe3aHUs IPH 00pabOTKe MOBEPXHOCTHU JAETAIH.

TpeboBanust, KOTOPbIE JOKHBI MPEABSIBIATHCS K KPUTEPUIO ONITUMAIILHOCTH:

1. Kputepuii onTUManbHOCTH JI0JIKEH BBIPAXKAThCSA KOJIMYECTBEHHO.

2. Kpurepuii onTUMaIbHOCTH JIOJIKEH OBITh €TUHCTBEHHBIM.

3. Kputepuii onTHMaibHOCTH IIOJKEH OTpakaTh HamOoJiee CYIIECTBEHHBIE CTOPOHBI
mporecca.

4. XenatenbHO 4TOOBI KPUTEPUI ONTUMAIBHOCTH MMEN SICHBIM (PU3MUECKHI CMBICT U
JIETKO pacCYUTBIBAJICS.

Ecnu ciydaitHple BO3MYILIEHHS] B ONTUMU3HPYEMOM IPOLECCE JOCTATOYHO BEIMKU U HUX
HEO0XO/IMMO YUUTBIBATh, TO CIENYET MPUMEHATh SKCIIEPUMEHTAIbHO-CTATUCTHUECKUE METOJIBI,
KOTOpBIE MO3BOJIAT MOMYYUTh MOJIENIb 00bEKTa B BUAE (DYHKLNHU, KOTOpasi CIIpaBe/ljInBa TOIbKO
JUTSL U3yIeHHOM JIOKaTbHOU 00IacTH.

B 3agagax onTMMM3anuu pasznuyaroT MPOCTBIE U CIOKHBIE KPUTEPUH ONTUMHU3ALUU.
Kpurepuii onTHUManbHOCTH HA3bIBAETCS MPOCHMbIM, €CIH TPeOyeTcs ONpeNeNuTh IKCTPEMyM
neneBoi QyHKIMM 0e3 3aJaHus YCIOBHM Ha Kakue-nuOo Apyrue BelIU4yuHbL. Takue Kputepuu
0OBIYHO MCTOJIB3YIOTCS MPHU PELICHUH YaCTHBIX 3aja4y onTtuMu3aimu. Kpurepuil ontumMaibsHOCTH
Ha3bIBACTCS CIOMNCHBIM. €CIH HEOOXOIUMO YCTAaHOBUTb HKCTPEMYM LeJIeBOM (DYHKIUH IpU
HEKOTOPBIX YCJIOBMSIX, KOTOpBbIE HAKIAABIBAIOTCA Ha psA JpYrMX BEIUYMH (HampuMep,



OlpeneieHne  MaKCUMaJbHOW  MPOM3BOAUTEIBHOCTH TpU  3aJaHHOM  cebecTOMMOCTH,
onpejiefieHue ONTUMAJbHOM  TeMIlepaTypbl IMpPH OrPAaHUYEHHUSX 1O TEPMOCTOMKOCTH
KaraausaTropa u Jp.).

[Ipouenypa peuieHust 3aaydl ONTHUMH3AIMKU 00s3aTEIbHO BKJIIOYAET, IIOMUMO BbIOOpa
YIPaBJIAIONINX MTapaMETPOB, €Ille U YCTAaHOBJICHHE OTPAaHMUYCHHMN Ha TH MapameTpsl (Ipeaelsl
1oJia4y ¥ 4yrces 000pOTOB METAIIOPEXKYIIEr0 CTaHKa, MAKCUMAJIbHO J0MyCTUMas TeMIIEpaTypa B
30HE pe3aHus u Jp.). OrpaHUUEHHUs] MOTYT HAKJIAABIBAThCA KaK MO TEXHOJIOTMYECKUM, TaK U IO
SKOHOMHUYECKHUM COOOPaKEHUSIM.

Jlnist perieHus 3a1a4i ONTUMHU3AIUH HE00X0AUMO!

1. CocTaBuTh MaTEMaTUYECKYIO MOJENIb 00BEKTa ONTUMU3ALINH.

2. BeiOpath KpUTEpHii ONTUMATEHOCTH U COCTAaBUTD LEJIEBYIO (PYHKIIHIO.

3. VYcTaHOBUTH BO3MOXKHBIE OTPAHUYEHUS, KOTOpPHIE JOJDKHBI HAaKIAIbIBaThCA Ha
NIEpEMEHHBIE.

4. BpiOpaTh METOJ ONTUMHU3ALNHU, KOTOPBIA MMO3BOJIUT HAWTU HKCTPEMabHbIE 3HAUCHUS
WCKOMBIX BEJIMYUH.

[IpunATO pa3znuyaTh 331a4U CTATUYECKON ONTUMH3AIUH JIJIS TIPOIIECCOB, MPOTEKAIONIUX B
YCTAaHOBMBIIMXCS PEXKUMaX, W 3aJaud JUHAMUYECKOH ontumm3anud. B mepBoMm ciydae
pelaiTcs BOMPOCH CO3JaHMS M pealu3allid ONTHUMAalbHOM MOJENH Mpollecca, BO BTOPOM -
3aaud  CO3JaHMs W peau3alliil CUCTEMBI ONTHUMAIILHOTO YIIPABICHHUS IPOIECCOM IPH
HEYCTAaHOBHBIIIMXCS PEKUMAX IKCILTyaTaI[UH.

Boob6me roBopsi, o01ias 3anuck 3a/1a4 ONTUMHU3AIUH 33a€T OONBIIOE Pa3HOOOpa3ne Mx
kimaccoB. OT Kkimacca 3ajayd 3aBUCHT moAbop wmeroaa (9dexTUBHOCTH €€ perieHus).
Knaccudukanuio 3amad onpenensior: meneBas (QyHKIusS W jormyctumas obiacte (3amaércst
CUCTEMON HEpaBEHCTB M PAaBEHCTB WJIU 0OJiee CIIOKHBIM aITOPUTMOM). MeTo bl ONTUMH3AIUU
KJIacCU(UIUPYIOT B COOTBETCTBUH C 3a7a4aMH OTITUMHU3AIIH:

o JlokanbHble METOABI: CXOHATCS K KaKOMY-HUOYIb JIOKaJTbHOMY JKCTPEMyMY II€IeBOM
¢byHkuu. B ciydae yauMoanbHOH 11e51eBoil QyHKIMH, 3TOT SKCTPEMYM €IMHCTBEHEH, U
OyzeT rinodanbHbBIM MAKCUMYMOM/MUHUMYMOM.

o ['moGabHBIE METOABI: UMEIOT JEJI0 C MHOTOIKCTPEMAJHHBIMH LEIEBBIMHU (DYHKITUSMH.
[Ipu rnoGanbHOM TIOMCKE OCHOBHOW 3aJladyeil sIBISIETCS BBISBICHHE TEHICHIIUM
[J100aJIbHOTO MOBEJEHUS 11€TE€BOM (PYHKINU.

CymecTByronye B HacTosIIEe BpeMsi METO/Ibl MIOMCKA MOXKHO pa30UTh Ha TpU OObIINE
TPYIIIBL:

1. neTepMUHUPOBAHHEIE,

2. cinydaiiHbIe (CTOXaCTUYECKUE);

3. KOMOMHUPOBaHHBIE.

[To kpuTepuro pa3MEepHOCTH JOMYCTHMOTO MHOXKECTBA, METOBI ONTUMH3AINA ACTAT Ha
METOJBI 0OHOMEPHOU ONMUMUZAYUYU Y METOBI MHO2OMEPHOU ONMUMUZAYUU.

[To By 1ieneBoii (YHKIIMH U TOITYCTUMOTO MHOYKECTBA, 3319l ONTHMHU3AIIUU U METOIBI
UX PELICHNUS MOXKHO Pa3/IeNIUTh Ha CIEAYIOIINE KIacChl:

. 33}13‘-11/1 ONTUMH3allMM, B KOTOPBIX MCJICBadA q)yHKI_[I/IH f(:'f) U OrpaHUYCHUSA

Gi (I): i=1,...,m ABIIAIOTCS JIMHEHHBIMU  (QYHKUMSAMH, pa3peliaroTcss Tak
Ha3bIBAEMBIMH METOJAMU JUHEUHO20 NPOCPAMMUPOBAHUA.

e B mnporuBHOM ciyyae HMMEIOT J€10 C 3aJadyell HEeNUHEUHO20 NPOSPAMMUPOBAHUSL W
MIPUMEHSIOT COOTBETCTBYIOIINE METO/BI.
IToMuMO TOr0, ONITUMHU3AMOHHBIE METOBI JEIIATCS Ha CIEIYIOLUE TPYIIIbL:

e  AHANTHTHYECKHE METOMBI

e YHCJICHHBIC MCTO,Z[BIZZ;
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e TrpaduvecKue METO/BI.

ITonckn ONTHMAIBHBIX PEIICHUH MPUBEIN K CO3AAHUIO CHEIUAIBHBIX MAaTEMaTHYECKHX
METOIOB M YK€ B 18 Beke ObUIM 3aJOXKEHbl MaTeMaTH4YeCKHE OCHOBBI ONTHMH3ALUU
(BapHaLlMOHHOE MCUUCIIEHHE, YUCIEHHbIE METOIbl U Jp.). OJHaKO 10 BTOpOo mosoBuHbI 20 Beka
METOABl ONTHMHU3ALMK BO MHOTHX OOJIACTSX HAYKM M TEXHUKH MPUMEHSUIUCh OYEHb PEAKO,
IOCKOJIBKY IPAaKTUYECKOE MCII0JIb30BaHHE MAaTEMATUYECKUX METO0B ONTHUMM3ALUU TpeOOoBaio
OTPOMHOM BBIYHCIUTEIBHON paboThl, KOTOpYIo 6€3 DBM peanusoBaTh OblIO KpaiiHEe TPYIHO, a B
psze cilydaeB - HEBO3MOKHO. OCOOEHHO OoJIblLIME TPYAHOCTU BO3ZHUKAIN IPU PELICHUU 3ajad
ONTUMU3AIMH H3-32 OOJBIIOTO YUCIIA APAMETPOB M UX CIIOKHOW B3aMMOCBSI3U MEXIY COOOM.
[Tpu Hanmuuuun IBM psij 3a1a4 onTUMHU3ALME TTOAAACTCS PEUICHUIO.

I'paouenmuvle mMemoObl ONTUMHU3ALMHN OTHOCSTCA K YHCICHHBIM METOJaM IOMCKOBOTO
tuna. OHU YHUBEPCAJIbHBI, XOPOIIO IPUCIOCOOIIEHBI [l pabOThl ¢ COBPEMEHHBIMH LIU(POBBIMU
BBIYUCIUTEIFHBIMU MAlllMHAMU M B OOJIBIIMHCTBE CIIy4aeB BecbMa A(P(PEKTUBHBI MPU TOUCKE
9KCTPEMAJIBHOTO 3HAUEHHs HETMHEWHBIX (PYHKIMN ¢ OrpaHMYEHUSIMHU U 03 HUX, a TaKkXke TOorjia,
KOT/J]a aHATUTUYECKUN BUA (PYHKIIMH BOOOIIE HEM3BECTEH. BeieacTBre 3TOT0 rpaJieHTHBIC, HITH
IIOMCKOBBIE, METOJBl IIMPOKO NPUMEHSIOTCA Ha NpakTuke. CyIIHOCTh yKa3aHHBIX METOJOB
3aKJII0YAeTCsl B ONpEACIICHUHM 3HAYCHHWH HE3aBUCHUMBIX TEPEMEHHBIX, MAIONIMX HaWOOJNbIINE
u3MeHeHus 1eneBod  QyHKuuu. OOBIMHO A  3TOr0 JIBUraloTCsd BAOJNb T'PajUEHTa,
OPTOrOHAIIBHOI'O K KOHTYPHOU IIOBEPXHOCTH B IAHHOW TOYKE.

PaznuuHble MOMCKOBBIE METO/bl B OCHOBHOM OTJIMYAOTCS OJUH OT JAPYroro crocooom
OIpe/IeNICHUs] HAIlPaBJICHUs JBM)KEHUS K ONTHUMYMY, pa3MEpOM Illara U MpOJ0JIKUTEIbHOCTHIO
IIOMCKAa BJOJIb HAWJCHHOIO HANpaBICHUS, KPUTEPUSAMU OKOHYAHUS IIOMCKA, IPOCTOTON
QITOPUTMU3ALMKN U IPUMEHUMOCTHIO JUIsl pasnuuHblx OBM. TexHuka mnoucka sKCTpemyma
OCHOBaHa Ha pacueTrax, KOTOpbIE IMO3BOJSIOT ONpEAEIUTh HalpaBieHue Haubosiee ObICTPOro
M3MEHEHHUS ONITHUMU3HPYEMOTO KPUTEPUSI.

Hapsiny ¢ onpeneneHneM HampaBiaeHHs] I'DAJUEHTHOIO BEKTOpAa OCHOBHBIM BOIPOCOM,
pelIaeMbIM MPH UCIOJIb30BAHUU TPAJIMEHTHBIX METOJIOB, SBJISETCS BBIOOP Iara JBMKEHHUS 1O
rpaauenty. Bennuuna mara B HanpaBieHuu gradF B 3HauUMTENbHOW CTENEHU 3aBUCUT OT BUAA
noBepxHocTu. Ecinu miar ciumkoM Mai, NOTpeOyIOTCS NPOJOKUTEIbHBIE PacueThl; €CIu

CJIMIIKOM BEJHMK, MOXHO HPOCKOYUTH ONTHMyM. Pa3mep 1mara Az JIOJDKEH  yJIOBIIETBOPSITH
YCIIOBHIO, TIPA KOTOPOM BCE HIark OT 0A3MCHON TOYKH JISKAT B TOM K€ CAMOM HAIIPaBIICHUH, YTO
U TpaJUeHT B 6a3UCHON TOUKeE.

HecmoTpss Ha  cymiecTByrOIIME — Pa3fiuuus MEXIy TPaJUCHTHBIMA  METOIAMH,
NOCJIEI0BATENbHOCTD ONEpaluid MpHU MOMCKE ONTHUMyMa B OOJIBIIMHCTBE CIy4aeB OJMHAKOBA U
CBOJIUTCS K CIIEYIOUIEMY:

a) BeIOMpaeTcst 6a3ucHast TOUKa,;

0) ompeenseTcs HampaBlIeHUE TBUKEHUSI OT Oa3UCHOMN TOUKH;

B) HAXOJMUTCS pa3Mep Iiara;

T) OTIPENeNSIeTCs CIeNYIOIas TOYKa IMOCKa,

1) 3HaueHHe IeJeBOod (PYHKIMM B JaHHOM TOYKE CPaBHUBAETCS C €€ 3HAu€HHEM B
MpEeABIAYIIEN TOUKE;

€) BHOBb OINpeAeNseTCs HalpaBlIeHUEe [BW)KEHUS M Mpoleaypa IOBTOpseTcs 0
JOCTIHKEHUS] ONTHMAIBHOTO 3HAYCHHS.

Metox rpagueHTa BMECT€ C €ro MHOTOYMCIEHHBIMH MOAM(UKALUAMHU SBISETCS
pacrpocTpaHeHHBIM H 3()()EKTUBHBIM METOJIOM IOHMCKAa ONTHMYyMa HCCIEAYeMBIX OOBEKTOB.
PaccmoTpuM oHy 13 MoaudUKauili MeTo1a TpalueHTa — METO KPYTOTO BOCXOXK/ICHHS.

Metoa KpyToro BOCXOXKJICHHUSI, WM WHaYe MeToll bokca-YuicoHa, oObenuHseT B cede
JIOCTOMHCTBA TpeX MeToNoB - MeToaa ["aycca-3elinens, MeToa TpalueHTOB U METO/Ia TOJHOTO
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(v apoOHOro) (aKTOPHOTO HKCIEPUMEHTOB, KaK CpEACTBa MOJY4YCHUS JIMHEHHOU
MaTeMaTHYeCcKOW Mojenu. 3ajadya MeToja KPyTOro BOCXOXKJEHHS 3aKIII0YAeTCsl B TOM, YTOOBI
[IaroBO€ JIBWKCHHWE OCYIIECTBIATh B HAINPABICHUM HAUCKOpEHIIero Bo3pacTaHus (WiIu
yOBIBaHMS) BBIXOAHOM MepeMeHHOH, To ecTh 1o grad y(X). B oTimuum oT MeToma rpaiueHToB,
HalpaBJIeHUE KOPPEKTHPYETCs HE IOCNe KaXAO0ro CIEAYIOUIero Iara, a Ipu JOCTH)KEHUH B
HEKOTOPOM TOUKE Ha JIaHHOM HalpaBJIEHUU YACTHOI'O 3KCTpeMyMa LieJeBoi (yHKIHHU, KaK 3TO
nenaercss B Merone laycca-3eiinens. B Touke 4YacTHOro SKCTpeMyMa CTAaBUTCS HOBBIN
(akTOpHBIN IKCIEPUMEHT, OINpENEeNsIeTCsl MaTeMaTU4ecKas MOJIelb U BHOBb OCYILECTBIIAETCS
KpPYTO€ BOCXOXKJEeHHME. B mporecce IBIKEHUS K ONTHUMYMY YKa3aHHBIM METOJIOM PETYIISPHO
IPOBOJIUTHCA CTATUCTUYECKUH aHalIM3 IPOMEXKYTOUHBIX pe3yabTaToB Mmoucka. Ilouck
npeKpamaercs, KOraa KBaapaTU4Hble JPQPEKT B YPAaBHEHHUU PErpecCUd  CTAHOBSTCSA
3HAYMMbIMU. DTO O3HAYAET, YTO JOCTUTHYTa 00JacTh ONTUMYMa.

D¢ dexkTuBHOCT, MeTOJa KPYTOrO BOCXOXKIEHHS 3aBUCHT OT BBIOOpa Macmradba
INEpPEMEHHbIX W BHUJAa NOBEPXHOCTU OTKJIMKA. [loBepXHOCTH €O chepuyecKMMH KOHTYpaMu
o0ecrieynBaeT OBICTPOE CTSATUBAHUE K ONTHUMYMY.

K HemocTaTkaM MeTo/1a KpyTOro BOCXOX/IEHUS CIelyeT OTHECTH:

1. OrpaHn4eHHOCTh SKCTPAIOJSIUH. J|BUTAsICh BIOJIb TPAIUCHTA, MBI OCHOBBIBAEMCS Ha
SKCTPANOJISALMH YAaCTHBIX MPOU3BOHBIX LEJIEBOM (PYHKIIMU IO COOTBETCTBYIOIUM EPEMEHHBIM.
OpHako ¢opMa TOBEPXHOCTH OTKIMKA MOXKET HU3MEHSAThCA W HEOOXOOMMO H3MEHSTh
HafpaBjeHue Imoucka. JlpyruMu cioBamMH, [BHXXEHHE HA IUIOCKOCTH HE MOXET ObITh
MPOIOJKUTEIHHBIM.

2. TpynHOCTh NHOHUCKA TIJI00aJbHOrO ONTUMyMa. MeToJ NPUMEHUM s OTBICKAHUS
TOJILKO JIOKAJIbHBIX ONITHUMYMOB.

Meton Monre-Kapno — ob1iee Ha3BaHue TPYIIIbl YUCIEHHBIX METO/I0B, OCHOBAaHHbBIX Ha
MOJIyY€HUHU OOJIBIIOrO YMCIA peanu3alil CTOXacTUYECKOro (CilydailHOro) mpouecca, KOTOpPbIi
dopmupyeTcsi TakMM 00pa3oM, YTOOBI €ro BEPOSTHOCTHBIE XapaKTEPUCTUKU COBMAIAU C
AQHAJIOTUYHBIMU BEJIMYMHAMHU pelraeMol 3ajgauu. VHade roBOps 3TO METOJM CTaTUCTHYECKUX
UCTIBITAHUH, YUCIIEHHBIA METOJ] PELIeHUs] MaTeMAaTUYECKUX 3ajay IPU MOMOIIH MOJIEITMPOBAHUS
CITy4alHBIX MPOIIECCOB M COOBITHIA.

C momomipio cpeacts Mathcad MoxHO pemiath 3aauyd  ONTHMHU3ALUK  HPOLECCOB
NPOM3BOJICTBA, B TOM YHCJIE TEXHOJOTHYECKUX IMpOIeccoB. Ha mpakTudeckux 3aHATHAX OyaeT
paccMOTpeH MpUMEp PELICHHs ONTUMHU3AIMOHHOMN 3a1a4H.

3aiaur ONTUMU3aLMKU penaroTes 1 ¢ nomouibio nakera MATLAB.

4.3 MoaeimpoBaHue CHCTEM ¢ MoMolbio cucrembl Matlab

OnHoil M3 OCHOBHBIX 3amad mnpu co3ganuu cuctembl MATLAB Bcerma ObL10
IIPENOCTABIICHUE T10JIb30BATENISIM MOIIHOIO A3bIKa IPOrPaMMHUPOBAHUS, OPUEHTUPOBAHHOIO Ha
TEXHUYECKHEe U MaTeMaTU4YeCKHe pacdyeTbl M CIIOCOOHOTO TMPEB30HTH  BO3MOXKHOCTHU
TPaAULMOHHBIX S3BIKOB IPOrPpaMMHUPOBAHUSA, KOTOPBIE MHOTME TOJAbl HCIIOIB30BAIUCH IS
pean3alii YUCIEHHBIX MeToJ0B. [Ipum 3TOM 0coboe BHHMaHUE YIENsUIOCh KaK IMOBBIILIEHUIO
CKOpPOCTH BBIUMCIIEHUH, TaK M aJaTallid CUCTEMBbI K PELICHUIO CaMbIX pa3HOOOpa3HBIX 33134
II0JIb30BATENEH.

MATLAB (cokpaienue ot anri. «Matrix Laboratory», B pycCKOM f3bIKE€ TPOU3HOCUTCS
Kak Marnad) — makeT MpHUKIAIHBIX IPOTPaMM ISl PEIICHHUS 3a7ad TEXHHYECKUX BBIYUCICHUHA 1
OJTHOMMEHHBIN SA3bIK MPOTrPaMMHUPOBAHMS, UCTONIb3yeMblil B 3ToM makere. MATLAB paGotaer
Ha OOJIBIITMHCTBE COBPEMEHHBIX OIEpAlMOHHBIX cucTeM, Bkimrodas Linux, Mac OS, Solaris.
[Tporpammel, Hanucanuele Ha MATLAB, ObIBaloT ABYX THUNOB — (QYHKUUH U CKpHHTLIZ3.

# CrieHapHBIN 361K (@HTII. scripting language, B pyccKoil IuTepaType NMPUHSITO Ha3BaHUE
S3BIK CIICHAPHEB) — BBICOKOYPOBHEBBIN SI3bIK POrPAMMHUPOBAHMS [T HAITMCAHUS CLIEHApUEB
— KPATKUX OMUCAHHUU AEMCTBUM, BBITIOJHIEMBIX CUCTEMOM.



OyHKIMU HMMEIOT BXOJHBIC M BBIXOAHBIE apryMEHTBl, a TaKKe COOCTBEHHOe pabouee
MIPOCTPAHCTBO JUISl XPAHEHUs NPOMEXKYTOUYHBIX pE3yJbTAaTOB BBIYUCICHUH W TEPEMEHHBIX.
CKpUNTHI K€ HCIONB3YIOT obmiee pabouee mpocTpancTBO. Kak CKpUNTHI, Tak U (QYHKIUU HE
KOMIIWIMPYIOTCS B MalllMHHBIA KOJ M COXPAHAIOTCA B BHUJIE TEKCTOBBIX (haiiioB. CyliecTByeT
TaK)K€ BO3MOXKHOCTH COXPaHSATh TaK HasbiBaeMble pre-parsed mporpamMmbl — (QYHKIUH U
CKpHUNTHI, 00pabOTaHHbIE B BUJI, yIOOHBII JIJIs1 MAIIMHHOTO UCIIONHEHUA. B o0miem ciyyae takue
IPOTPaMMBI BBITIOJIHAIOTCS ObICTpee OOBIYHBIX, OCOOCHHO €CM (YHKIHS COACPKUT KOMAaHIbI
noctpoeHus rpaduxoB. OcHOBHOW 0c0OeHHOCTHIO si3bika MATLAB sBISIOTCS €ro Mmupokue
BO3MOXKHOCTH 110 paboTe C MaTpUIIaMH.

MATLAB - 3TO BBICOKONIPOM3BOAMUTEIBHBIA SI3BIK JJII TEXHUYECKHUX pacueTroB. OH
BKJIIOYAaeT B ceOs BBIUMCIICHUS, BU3yaIM3allMI0 U MPOrpaMMHUPOBAaHUE B YIAOOHOH cpexe, rie
3aJaud W peuleHHs BblpakaoTca B (Gopme, Onu3kod K MaTemaruueckoil. TunuyHoe
ucnonbzoBanue MATLAB - 3T0 Maremaruueckue BBIYHMCIICHUS, CO3JaHUE aJITrOPUTMOB,
MOJICJINPOBAHUE, AHANIM3 JAaHHBIX, WCCIEAOBAaHUS M BU3YyalW3allMsi, Hay4yHas W WH)KEHEpHas
rpaduka, pazpaboTKa IPUIIOKEHUH, BKITIOYas co3nanue rpaduaeckoro uarepdeiica. MATLAB -
3TO MHTEPAKTUBHAs CUCTEMA, B KOTOPOH OCHOBHBIM 3JIEMEHTOM JaHHBIX SIBISIETCS MAacCHUB. DTO
MO3BOJIIET PelIaTh pa3UYHbIE 33]aul, CBSI3aHHbIE C TEXHUYECKUMU BBIYUCIEHUAMU, OCOOEHHO
B KOTOPBIX HUCHOJB3YIOTCS MAaTPHIIBl U BEKTOPA, B HECKOJBKO pa3 ObICTpee, YeM MPHU HaMMCAHUU
IIPOrpaMM C UCIIO0JIb30BaHUEM "CKASIPHBIX" SI3bIKOB IPOrpaMMHUPOBAHUS.

B ynuBepcurerckoit cpene, MATLAB mnpencraBisin coboit cTaHAApTHBIA WHCTPYMEHT
uis  pabOThl B pa3IMYHBIX O0JACTSAX MaTeMaTHKH, MAIIMHOCTPOSHHH W Hayku. B
MPOMBIIIIICHHOCTH - 3TO HHCTPYMEHT JJIsi BBICOKOIPOAYKTUBHBIX HCCIIEIOBAaHUM, Pa3pabOTOK U
aHaJIu3a JaHHBIX.

MATLAB peanusyet Tpu Ba)KHbI€ KOHLIENIIUN IPOrPaMMHPOBAHUS:

* NIPOLEAYPHOE MOYJIBHOE IPOrPAMMHUPOBAHME, OCHOBAHHOE HA CO3JaHUU MOAYJIEH —
nporuenyp U GyHKIMMH;

* 00BEKTHO-OPUEHTUPOBAHHOE MPOTrPaMMHPOBAHUE, OCOOEHHO IIEHHOE B peanu3aliiu
rpau4ecKux CpesiCTB CUCTEMBI;

* BHU3YAJIbHO-OPHEHTHPOBAHHOE IIPOrPpaMMHUPOBAHUE, HAIIPABICHHOE Ha CO3/IaHUE
cpeacts rpaduueckoro unrepgeiica nonszoBatens GUI (Graphics User Interface).

Azpik nmporpammupoBanus MATLAB oTHocuTcss K Kiaccy HMHTEPIPETATOPOB. ITO
3HAYUT, YTO JI00as KOMaHJa CHCTEMBbl paclo3HaeTcs (MHTEpIpeTUpyercs) Mo ee HMEHHU
(uneHTUGUKATOPY) U HEMEMJIEHHO HCIOJHIETCS B KOMAHJIHOM CTpOKe, 4YTO 00ecreyrBacT
JEeTKyl0  TPOBEPKY IO  YacTsIM  JIOO0Oro  mporpaMMHoro  koja.  OJHOBpPEMEHHO
MHTEPIIPETUPYIOMIUN XapakTep s3blka nporpammupoBanuss MATLAB o3HauaeT, 4To ¢ mepBbIX
CTPOK  ONMCaHUS  CPEACTB  OITOM  CHUCTeMbl  (DAaKTUYECKH  OIUCBIBAETCS €€  A3BIK
IPOrpaMMHUPOBAHUS.

B MATLAB BaxHas poJib OTBOAMTCS CHENMAIU3UPOBAHHBIM TIPYIIAM IPOTPAMM,
Ha3pIBaeMBIX toolboxes. OHM O4YeHb BaKHBI JUIs OOJILIIMHCTBA MoJib3oBaTeied MATLAB, tak
KaK TMO3BOJIIOT H3y4aTh M MPUMEHSTHh CHEelMaIu3upoBaHHble MeToiabl. Toolboxes - 3To
BcecTopoHHsIsT Koyutekuust ¢yHkuuii MATLAB (M-¢aiinoB), KoTopble MO3BOJSIOT peliaTh
qyacTHBIE KJ1acchl 3a1a4. Toolboxes nmpumenstores 1ast 00pabOTKM CUTHAJIOB, CUCTEM KOHTPOJIA,
HEUPOHHBIX CETEW, HEUETKOM JIOTUKH, BOUBJIETOB, MOACIUPOBAHUS H T.]I.

Cucrema MATLAB cocTOUT U3 IISITU OCHOBHBIX YaCTEM.

S3pik MATLAB. DT0 sA3bIK MaTpHIl U MAacCCHMBOB BBICOKOTO YPOBHSI C YHPaBICHHUEM
NOTOKaMH, (GYHKUUSAMH, CTPYKTYpaMH JaHHbBIX, BBOJOM-BBIBOJIOM U OCOOECHHOCTSIMU OOBEKTHO-
OPUEHTUPOBAHHOTO MPOTPAMMHUPOBAHHUSI.

Cpena MATLAB. 310 Habop HHCTPYMEHTOB U NMPHUCIIOCOOIEHUH, C KOTOPhIMU paboTaer
nosib3oBarens win nporpaMmmuct MATLAB. Ona Bxitodaer B ceOsi cpelcTBa AJsl yIpaBICHUS
nepeMeHHbIME B pabodem mpoctpanctBe MATLAB, BBOJOM U BBIBOJIOM JIaHHBIX, a TaKkKe
CO3JIaHUs, KOHTPOJIA U oTiIanku M-daitnos u npunoxennit MATLAB.



VYnpasisemas rpaduka. 1o rpapudeckas cucreMa MATLAB, koTopas Bkitoyaet B ce0st
KOMaH/bl BBICOKOTO YPOBHS JI BHU3yaJlM3allUM JIBYX- M TPEXMEPHBIX JaHHBIX, 00paboTKu
n300paKeHMid, aHMMAlWUd M WUIIOCTPUPOBAaHHOW rpaduku. OHa TakKe BKIIOYACT B ceOs
KOMaH/Ibl HU3KOI'O YPOBHSI, MO3BOJISIOLINE TOJHOCTHIO PEAAKTHUPOBATh BHEIIHUN BUJ TpaduKu,
Takke Kak mpu co3manuu ['padpudeckoro Ilomp3oBarensckoro Wutepdeiica (GUI) mns
MATLAB npunoxxeHui.

bubnmoreka matemMaTHueckux (QyHKIMA. ITO OOMIMPHAS KOJUICKIHS BBIYMCIUTEIBHBIX
QITOPUTMOB OT AJIEMEHTapHBIX (DYHKUUH, TaKUX KaK CyMMa, CHHYC, KOCUHYC, KOMILJIEKCHAs
apupmeTHKa, 10 0ojiee CIOKHBIX, TAKMX KaK OOpalleHHe MaTpHll, HaXO0XJIEHHE COOCTBEHHBIX
3HaueHui, pyakmuu beccens, OpicTpoe mpeodpazoBanne Dypobe.

[Tporpammusiii naTepdeiic. To 6ubIMoTeKa, KOTOpas MO3BOJSET MUCATH MPOTPAMMBbI Ha
Cu u ®oprpane, kotopbie B3anmoaeicTBYIOT ¢ MATLAB. Ona BkiIt0YaeT cpecTna Jjisl BhI30BA
nporpamm U3 MATLAB (nunamuueckasi cBsizb), BbI3biBasi MATLAB kak BbIYMCIMTENbHBIN
WHCTPYMEHT U uig yTeHus-3anucu MAT-daitnos.

Simulink, comyrcrByromas MATLAB mporpamma, - 3TO MHTEpPaKTHBHAs CHCTEMa JUIS
MOJICTTUPOBAHUS HETMHEHHBIX AMHAMUYECKUX CHUCTEM, UHBIMU CIIOBAMHU - 3TO WHTEPAKTHBHBIN
UHCTPYMEHT Il MOJCIMPOBAHUS, MMHTALMKM W aHaiM3a auHamuueckux cucrem. Simulink
MpeJICTaBIsIeT cOO0M Cpey, YIPaBIseMyI0 MBIIIbIO, KOTOpas MO3BOJSET MOJECINPOBATH MIPOLIECC
IyTEM TepeTacKUBaHus OJIOKOB JUarpaMM Ha 9KpaHe W X MaHunyssinued. Simulink paboTaer ¢
JUHEHHBIMU, HEIWHEHHBIMU, HENPEPBIBHBIMU, AUCKPETHBIMHU, MHOTOMEPHBIMH CHCTEMaMHU.
Blocksets - sto nononnenus k Simulink, KoTOpbie oOecneYrBalOT OMOIMOTEKU OJIOKOB ISt
CHEIHUAIM3UPOBAHHBIX MPUIOKECHHM, TaKUX KaK CBA3b, 00pabOTKa CUTHAJIOB, YHEPIETUUYECKUE
cucrembl. Real-Time Workshop - s3To nporpamma, kotopasi mo3BoJsier reaepupoBatb C Ko u3
OJIOKOB AWarpaMM M 3alyCcKaThb HMX Ha BBIMOJIHEHHE Ha pPa3IMYHBIX CUCTEMax pPeaJbHOTro
BpPEMEHHU.

ITaker Simulink npencraBnser coOoli MOUTHEHIIUNA WHCTPYMEHT [UIsl CO3JAaHMS,
UCCIIIOBAaHHUS M TIPAKTUYECKOTO MCIOIB30BAHUS MOJIENEH IHUPOKOTO Kpyra CHUCTEM, BKIIOUAst
JUHEWHbIE U HEMHEHHbIE ¢ JUCKPETHBIM U HENpPEPhIBHBIM BpeMeHeM. SIBIISACH paclIMpeHHEM
cucrembl Matlab, Simulink ucnons3yer Bce ero rpaguueckue M BBIYUCIUTEIbHBIE CPENICTBA,
N00aBIIsAsE BO3MOYKHOCTH:

A. OBICTPO CO37aTh CUMBOJIMUYECKYIO CXEMY MOJICITHPYEMOTO yCTPOIHCTBA

b. rubkoro wu3MeHeHHs NapaMeTpoB KaXXJIOro HCIOJIb3yeMOro OJIoKa, CO3/1aHUs
CyOOJIOKOB, a TaK)K€ UX BEKTOPU3ALMHU U PETUCTPALNN TIEPECEUCHHUS HYIIS.

B. HaGmoieHs] JMHAMUKHU TTOBEIECHUS JIIOOBIX MEPEMEHHBIX MOJEIH C MOMOUIbIO THOKO
HACTPaMBAEMBIX CPEJICTB BU3yaJIH3aIlHH.

I'. reHepauun koaa pa3paboTaHHbIX Mojened Ha s3bikax C u CH++, OTKOMOMIMPOBaB
KOTOPBIH, MOJIH30BATEIb MOTYYaeT MOTHOIICHHOE aBTOHOMHOE WINdOWS-TipriioxKeHue.

J1. aHMMaLU¥ IBUXKYIIUXCSI CUCTEM U CO3[aHUs BUICOKIIHIIOB.

['padmueckuit uaTepdeiic nmporpaMMbl MO3BOJISIET CO3[aTh U OTIAAUTHh MOJEIb
HCCIIEyEMOT0 TIpolieCcca.

bubnmoreka ocHoBHBIX Moaysel Simulink BkirouaeT mecth OT/IeNI0B:

VIcTOYHMKM— MOAYNH, CO3AAIONIME CUTHAT BO30YXICHHS pPa3IMYHON aMIUIUTYIbI,
(bOopMBI, IEPHOANIHOCTH, CIBUTA TO (a3e. B 3aBUCUMOCTH OT TOYKH, KyAa TOIBOTUTCS ITOT
CUTHAJI, OH MOET OBITh IO CBOEH MpPUPOJE CUIION, CKOPOCTBIO, JaBlIeHUEM, MH()OPMAIIHOHHBIM
CUTHAJIOM H T.II.

CToKM — >IEMEHTHI, Ha KOTOpbI€ MOJAeTCs BBIXOJHOW CUTHAN, W Onarojaps 3ToMy,
MOET OBITh 3apErUCTPUPOBAH.

JIMCKpEeTHbIE 3JIEMEHThl — 3JEMEHTH, BOCIPHHHMMAIOUIME U TpaHCHOPMUpYIOIIUE
TUCKpeTHble (UM(POBBIE) CHUTHABL, PACIPOCTPaHSIONIMECS 4Yepe3 paBHbIE JIUCKPETHBIE
UHTEPBaJIbl BPEMEHHU.

JluHelHble AJIEMEHTHI - D3JEMEHTHl, BOCHPUHUMAIOIIUME U TpaHchopMHpyrOIIKe
HETpepbIBHBIE (AHAJIOTOBBIC) CUTHAJIBI.



HenuneitHple 5»M€MEHTHI — B OCHOBHOM, MPEACTAaBISAIOT €000 (QYyHKUMH WK
(GYHKLIMOHAJBI, CTPYKTYPHO BXOASIIUE B MOJIEIb.

CoenuHHUTENN — SIIEMEHTBI, CIYKalie JUIsi OObEAMHEHUS CUTHAJIOB, 3a/1aHUS HAYAJIbHBIX
YCIIOBUM, YCTAHOBJIEHUS TOUYEK Hayala U OKOHYAHUS pabOThl MOJAEIIH.

Buemnne G0KM W pacmIMpeHHs — TO3BOJSIIOT MOAKIIOYUTH BHENIHHE OuOIMOTEKH,
CIIOXKHBIE M CIIELUAIM3UPOBAHHBIE MOAYJH, a TAKKE BBINOAHUTH KoMmmusinuioo B C m CH++
CO3JaHHBIX MOJEIEH.

Ilpumenenuel

Mamemamuxa u evluucierus.

MATLAB mnpenocrtaBisieT MOJIb30BATENIO OO0JIBIIOE KOJUYECTBO (HECKOJIBKO COTEH)
GyHKIMA U1 aHaM3a JaHHBIX, MOKPBIBAIOIIUE MPAKTUYECKH BCe OOJIACTH MaTeMaTHKH, B
YaCTHOCTH:

* Marpuubl M JWHEWHas anreOpa — anreOpa MaTpHil, JIMHEHHBIC YPaBHEHUS,
COOCTBEHHBIC 3HAYCHUS ¥ BEKTOPA, CHHTYJISIPHOCTH, (DaKTOpPHU3AIUs MATPHUI] U IPYTHE.

* MHOrowieHbl W HWHTCPHOJSIIHMS — KOPHA MHOTOWICHOB, OIEpalud  HaJ
MHOTOYJICHAMH U UX TU(hdHepeHIMPOBAHUE, MHTEPIIOJISIIHS U YKCTPAIIOJISIIAS KPUBBIX U JAPYTHE.

* Maremaruyeckass CTaTUCTHKAa M aHAJIW3 JaHHBIX — CTATHUCTUYECKHE (YHKIIUH,
CTaTHCTUYECKas perpeccus, udposas GuiabTpaius, ObIcTpoe nmpeodpazopanne Dypre U Ipyrue.

* OOpaboTka HaHHBIX — Ha0Op CHENHUaTbHBIX (QYHKIMMA, BKIIOYas TOCTPOCHUE
rpaduKoB, ONTUMHU3ALMIO, TOUCK HYJICH, YHCICHHOC WHTETpHpOBaHUE (B KBajaparypax) W
JpyTHE.

» Jludpdepennmanpaple  ypaBHeHUs  —  pemeHue — AUPQPEpeHIHATBHBIX U
mubdepeHanpHO-anreOpanyeckux  ypaBHeHHM,  AuddepeHnnanbHblX — YpaBHEHHH ¢
3arma3ApIBaHueM, YPAaBHCHHH ¢ OTPAaHHUYCHUSMH, YPABHCHHUI B YaCTHBIX IPOU3BOJIHBIX U JIPYTHE.

* PaspexeHHbIE MaTpullbl — CIELUaNbHbIA Kiacc nAaHHbIX naketa MATLAB,
HCITOJIB3YIOIIUICS B CIIEMAIN3UPOBAHHBIX MPUIIOKECHUSIX.
» llenouncnenHas apudMeTMka —  BBINOJHEHHE ONEpalUil  [EeJ0YHCICHHOM

apudmeruku B cpene MATLAB.

Paspabomxa ancopummos

MATLAB mnpenocraBiser yaoOHbIe cpeAcTBa A pa3paboTKU aarOpUTMOB, BKIOYAsS
BBICOKOYPOBHEBBIE c HCIIOJIb30BAHUEM KOHLEMINH 00BEKTHO-OPHUEHTUPOBAHHOTO
nporpaMMupoBaHusa. B HEM uMmerorcs Bce HEOOXOIMMBIE CpENCTBa MHTETPUPOBAHHOM CpEbl
pa3paboTKH, BKIIOYas OTJIAUUKU podaitnep. @yHKIuM 11 paboThl ¢ LEIbIMU TUITAMU TaHHBIX
00JIeryaroT Cco3/laHue aJIrOpPUTMOB JJIi MUKPOKOHTPOJUIEPOB M JIPYIMX HMPHIIOKEHUH, TJe 3TO
HEOOXO0AUMO.

Busyanuzayus oannvix.

B cocraBe makera MATLAB nmeetcst 0omnbIoe KOIMUECTBO (GYHKUUHM sl TOCTPOCHUS
rpagukoB, B TOM 4YHCIE€ TPEXMEPHBIX, BHU3yaJbHOIO aHalIM3a JAHHBIX U CO3JaHUs
aHMMHPOBAHHBIX POJIMKOB. BeTpoeHHast cpena pa3paboTKu MO3BOJSET CO3A4aBaTh rpaduuecKkue
uHTEep(deNchl MOIB30BaATENS C Pa3IMUYHBIMU 3JIEMEHTAMH YIIPABIICHUS, TAKUMHU KaK KHOMKH, OIS
BBOJIA U JPYTHUMH.

Hezasucumvie npunosrcenus.

ITporpammbr  MATLAB, kak KOHCOJBbHBIE, Tak W C TpapuuecKuM uHTepdeiicom
MOJIb30BaTENsl, MOTYT OBITh coOpaHbl ¢ mnomoimbio KomnoHeHTel MATLAB Compiler B
He3aBucuMble oT MATLAB ucnonHseMble NpUIOKEHUS WM AWHAMHYECKUE OMOIMOTEKH, IS
3allycKa KOTOpPbIX Ha JIpYyIrMX KOMIIbIOTepax, OJIHAKo, TpeOyercs yCTaHOBKa CBOOOJHO
pactpoctpansiemoit cpenst MATLAB Compiler Runtime (MCR).



