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HpeauciioBue

[Ipennaraemplii  Kypc  JIGKUMA  CIY>)KUT  BBEJICHUEM  NPUMEHECHUS
uHpopmarmonusix TexHonoruit (MT) B mpoekTUpoBaHMM U MPOU3BOACTBE

kubeppusznueckux cucrem (KOC).

K®C o0benunsaoT reTeporeHHble ((pu3nuecku pasHOPOAHBIC) OOBEKTHI
yYIpPABJICHHUS, HU3MEPUTETHLHO-TIPEOOpa3yIoIIHeE, TEJIEKOMMYHUKAIMOHHBIE,
KOHTPOJMpYIOIIME U MHorue apyrue mnoacuctembl. Takue KPC kak «ropomy»,
pacripefiei€HHble TeOMH(OPMAIIMOHHBIE CHUCTEMBbI, THOKHE MPOU3BOJACTBEHHBIC
cuctembl (I'TIC), cuctemsl ynpaBienus «npupoaa-texnorenunka» (CVYIIT),
MUJIOTaXKHO-HABUTAIIMOHHBIE KOMIUIEKCHI, MEXIUTAHETHbIE KOCMUYECKHE CTaHIIUU
(MKC) craHOBsTCST 00BbEKTaMH MPOCKTUPOBAHUS M TMPOU3BOJCTBA HapsAy C

TpaaAuITUOHHBIMHA 00BbEKTaMHU IMPOMBINIJICHHOCTH.

HeoOxomumocts co3nanusa KOC onpenensercs HENPEepbIBHBIM MPOLIECCOM
pa3BUTHS MOTPEOHOCTEH o0miecTBa U Npou3BOoJACTBeHHBIX cuil. Co3nanue KOC
HEBO3MOKHO 0€3 pa3pabOoTKU U MPUMEHEHUS HauboJee MOABUKHOM COCTaBISIOIIEH
IPOU3BOJCTBEHHBIX CHJI — OPYJIUH TpyJa — MHCTPYMEHTAapusl MPOCKTUPOBAHUS U

npousBoacTBa KOC B Bue coBpeMeHHbIX HHPOpManoHHbIX TexHojorui (WUT).

Hzrorosienue ONBITHBIX 00pas1ioB K®C C MOCJIETYFOIIIMMHU
MHOTOYHCIICHHBIMU UCIBITAHUSMHU aHAJOTUYHO TPAIUIIMOHHBIM MPOMBIIIJICHHBIM
M3MEHEHUSIM JIMOO BeChMa 3aTPYAHUTEIBHO, JIMOO MPAKTUUECKH HEBO3MOYKHO HU3-32
HEJIOMYCTUMOM 3aTPaTHOCTH MaTepHAIbHBIX W BPEMEHHBIX pecypcoB. [loaTomy
HauOONBIIMK BeC NPHOOPETAIOT MPEANPOSKTHBIC HCCICIOBAHHUS, HaYaJIbHBIC HU
MOCJIEAYIOIIUE dTalbl MPOSKTUPOBAHUS C TOCTPOCHUEM MaTePUATBHBIX MOJICIICH,
MaTE€MaTU4YECKUM MOJCIUPOBAHUEM, METOJIaMHd M aJITOPUTMAMU HMHUTALUU

ucnbiTanuit KOC u ipyruMu cocTaBisIIOIIMMU MaTeMaTuyeckoro ooecrneuenust UT

K®C.



Nuctpymenrapuiit.  UT  npoexktupoBuimka K®C  OCHOBBIBaeTCS  Ha
MaTeMaTU4YeCKOM oOecredeHn Kak Ha ¢yHaamMeHTe. MHOKeCTBO MHCTPYMEHTOB
coBpeMeHHbIX T MOXHO CpaBHUTH C MPOUUIBIMU CPEACTBAMU aBTOMATHU3ALUU
MIPOCKTUPOBAHKMS W MPOM3BOJCTBA KaK COBPEMEHHBbIN CylmepMapKeTr C
OCCUMCIICHHBIMU TOJKAaMH, 3aloJHEHHBIMU oOpa3iiamu uHCTpymMeHToB UT ¢

HeOoabmMM MarasuHom cpeacts CAIIP, ACYTII u T.0. — B IpOLUIOM.

OpHako B 3TOHM CBSI3M BO3HHMKACT POJIb BBHIOOpA M3 MHOKECTBA IIUPOKO
pa3pekinaMUpoBaHHbIX HMHCTpyMeHTOB HWT Tex, KoTopele mOAXOLAT  JJIA

KOHKPETHOI'O NPpEANIPUATHUA, €T0 IIPOCKTHBIX U ITPOU3BOACTBCHHLIX IIPOLCAYP.

B cozpanun K®C BbIOOp Takoro MHCTPYMEHTapHUsi BOCTPEOOBAH MPEXKIE
BCErO0 JUId TOJIOBHOTO  MPEANpPHUSATHS, ONpPEIEISIONIEr0o  KOH(Urypaluio,
(GYyHKLIHMOHAJIBHYI0O M CTPYKTYpHYH0 cxembl KO®OC, e€ [neKoMIOo3uIu Ha
nojacucTeMsl (MyibTHAreHTsl). OrpannyeHHOCTh UH(popmarmu o oyaymein KOC u
BBICOKAsl 3aTPaTHOCTh 0 CO3JaHUI0 TAaKUX CHUCTEM IPEACTaBISIOT TPEOOBAHUS K
nHctpyMeHTaMm UT «mocTpoeHne MaTeMaTHdeCKUX MOJEINIEH», «MOACIUPOBAHUEY,
«aHAN3», «CHHTE3» U TOJYYEHUS MAKCUMyMa BO3MOYKHOI'O IO JKEJIaeMbIM
xapakrepuctukam co3aaBaeMor K@®C. CyliecTBEHHOE MECTO Cpeau TaKoro
WHCTPYMEHTApUs 3aHUMAIOT MHCTPYMEHTBI Ha OCHOBE CPEACTB HCKYCCTBEHHOTO
MHTEJJIEKTA, PEIIAIONIUe 3a1a4 paHee JOCTYIIHbIE TOIbKO YEJI0BEKY, B TOM YHCIIE
AHAJIMTUYECKUE BBIUMCIEHUS Ha OBM, »JBpHCTHYECKHE METOIBI, a TaKkKe
peanu3anuoo OTAENIbHBIX 3BeHbeB KDC paccMOTpPEHHBIX B IIPENJIaraéMoOM Kypce

JICKIIWH.

[Ipennpusrus, pazpadaThIBAIOIINE ITOACUCTEMBI, OTACIbHBIC 3BeHbsI KDOC, B
OCHOBHOM HYXJAlOTCA B MHCTpyMeHTax WT nmga mpoueayp KOHCTPpyHpPOBaHUS,

TEXHOJIOTUYECKON MOATOTOBKY MTPOU3BOCTBA, IOKYMEHTOO00POTA.

BBuay OrpaHM4eHHOCTM pPaMOK B 3TOM Kypce JIEKUMHA HE IPUBOIAUTCS
noctpoenue 0a3pl 3HaHuit UT KOC u He paccmarpuBarorcs aeranbHo CAIIP,

ACTIIII n gpyrue cpencrsa U'T Ha NpOEKTHBIX U TPOU3BOICTBEHHBIX MPOLIEIypax
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co3nanust KOC kak MakpoMOAYJIbHOW CUCTEMBI U3 MHOKECTBA OTAEIbHBIX 3BEHbEB
— JIaTYMKOB, (CEHCOPOB)-MPEOOPA3YIOIINX YCTPOUCTB, MHTEP(EHCHBIX OJIOKOB,
MUKpPOIIPOLIECCOPOB, ~ MYJBTOB W  IIUTOB  KOMMYHHUKAIMi,  I[OJBHKHBIX

MH(OPMAIMOHHO-U3MEPUTENBLHBIX MOAYJIEH U MHOTUX JPYTHX.

[Ipumenenne UT gnsa stux monayneit KOC petanbHO paccMOTPEHO B
PEKOMEHIATEILHOM JUTEpaType. B JaHHOM Kypce B KadeCTBE HEKOTOPOU
KOMIICHCAuu npuBogATcs cBeAeHus no WMT mpoekTtupoBaHus U MPOU3BOJCTBA
noacucteM TUnuuHblx KOC. «Cucrema ynpaBieHUs MPUPOAA-TEXHOTECHUKAY,
(bITA), MAJIOTa)KHO-HABUTALIMOHHOTO KOMIIJIEKCa (bLIBM), THOKHUX

npounsBoacTBeHHBIX cucteM (I'TIC).

PGKOMGHIIyeMaH JUTCpaTypa IIPpUBOJUTCA B KOHIIC KEDKIIOﬁ I'IaBbI TAKIKC KaK

N KOHTPOJIbHBIC BOIIPOCHI HCO6XOI[I/IMBI€ AJIs1 YCBOCHUSI MaTCpualia.



CIIUCOK OBO3HAUYEHWHN Y COKPAILLIEHUM

K®C - xubepdusuueckas cucreMa (anri. cyber-physicalsystem)

CPS - uHbOopManmoOHHO-TEXHOJOTHYECKAsT KOHIICTIINA, MOIpa3yMeBaromias
HNHTerpaumio BHIYUCIUTENBHBIX PECYPCOB B (PU3UUYECKHE MPOIIECCHI

CYHBI'A - cucrema ymnpaBlIeHUSI HEWTpaiu3alMeldl BBIXJOMHBIX Ta30B
aBTOMOOMJIS

CVIIT - cucrema ynpaBlieHUs «TPUPOA-TEXHOTCHUKA

['eoMOHUTOPUHT - TpOrpaMMHO-UH(POPMAIIMOHHAS CHUCTEMA JIJIi KOHTPOJIS
MoOuabHBIX OOBEKTOB C UCIIOIB30BAaHUEM HABUTAIIMOHHOTO 000PYJ0BaHUS.

Ontosiorusi - oOmas cxema MPECTaBICHUS W HCIOJb30BaHUS 3HAHUU B
KOHKPETHOM NpeIMETHON 00JacTh

BBI' - BpenHbI€ BBIXJIOMHBIC Ia3bl

M2M - MeXKMaIIMHHOE B3aNMOJICHCTBHE

M2I - B3auMoeiicTBIE MAIIHBI ¢ HHOPACTPYKTYPOH

M2N - B3auMoOJIeiCTBHE MAIIIUHBI C IPUPOION

I'N'IOHACC - rino0anbHasi HaBUTalIMOHHAS CITyTHUKOBAsI CUCTEMa

CAY - cucrteMa aBTOMaTU4YECKOTO YIIPABIICHUS

DFM - (anrn. Design for Manufacturing) mnpoektupoBanue s
npousBoactBa 1PC - crawgaptel asid  pa3pabOTKH, KOHCTPYHPOBAHUS U
MPOU3BOJICTBA MIEYATHBIX ILJIAT

PCBA (anra. Printed Circuit Board Assembling) - MoHTaXx me4aTHOM IIaThI
AD - agnuTrBHAsT TEXHOIOTHSA

SMT (aurn. Surface Mount Technology) - Texnomoruss MoHTaxka Ha
MMOBEPXHOCTh MEYATHBIX ILJIAT

IDEFO (anrn. Icam DEFinition for Function Modeling) mertomomorus
byukImoHaasHOTO MoaeaupoBaHust

DFD (anrn. Data flow diagrams) - muarpammel motokoB ganubix B3 - 6aza

sHanuii B/l - 6a3a maHHBIX



SPI - (anru. solderpasteinspection) - KOHTPOJIb HAHECEHUS MAasJIbHOM acThI
IT - (aurm. InformationTechnology) undopmarmontsie TexHojgoruu iThink -
MPOTPAMMHBIM  TPOAYKT JUIA MOJAECIUPOBaHUS JuHamMuku cucrem, HUII —
WHHOBAI[MOHHBIN IPOLIECC

HNupycrpus 4.0 - nepexon Ha MOJHOCTHIO aBTOMATU3UPOBAaHHOE ITU(POBOE
[Ipon3BOACTBO, YNPABISEMOE HHTEIUICKTYAIbHBIMU CHCTEMAMU B PEXUME
pearbHOr0 BPEMEHU

0T (InternetofThings) - WatepHeT Bemiel, BBIYHCIUTEIBHBIC CETH
bu3nue—CKUX 0OBEKTOB («BEIICH»), OCHAIICHHBIX BCTPOCHHBIMU CHUCTEMaMH JIsl
B3aUMO- JICUCTHMSI JIpyTr ¢ ApyroM wid ¢ BHemHed cpenort CM K - cucrema
MEHEIKMEHTA KauyecTBa

FMEA (aurn. FailureModeandEffectsAnalysis) - aHaiu3 BUAOB U
MOCJIEICTBUM OTKA30B; METOA0JIOTUS MPOBEACHUS aHAIN3a U BBIABICHHS Haubojee
KPUTHYECKUX IIaroB ITPOU3BOJCTBEHHBIX IIPOLECCOB C LEJIBK YNPABICHUS
Ka4eCTBOM

ACK — aBTOmMaTu3upoBaHHast CUCTEMA KOHTPOJIS

KL — >)ku3HEHHBIN [UKJT U31CTUS

CAIIP — cucrema aBTOMaTU3ally MPOESKTUPOBAHUS

ACTIIII- aBTOMaTU3WpOBaHHAs CUCTEMa TEXHOJOTHMYECKOW IMOJATOTOBKHU
IIPOU3BOJICTBA

I'TIC - rubkue npon3BOJCTBEHHBIE CUCTEMBI

ACY - aBromaru3upoBaHHas cuctema ynpaBienus ACYII -
aBTOMATH3UpPOBaHHAs cuctema ymnpasieHus npousBoiactBoMm CAIIVII - cucrema
aBTOMATHUYECKOI'0 IPOEKTUPOBAHHUS YIIPABIAIOLINUX IIPOrpaMm I CTaHKOB ¢ UITY

KUC - xopriopaTuBHbIe HHPOPMAIIMOHHBIE CHCTEMBI

NMJIII - uadopmarimonHas MoJieb JUCKPETHOTO MPOU3BOICTBA

NMU - undopmaiiionHast MOJENb U3AEIIHS

NMOII - undopmarmorHast MoJieib 00BEKTa MPOSKTUPOBAHUS

NCVII - naTEerpupOBaHHasi CUCTEMA YIIPABICHUS IPEANPUITUEM

ACHUMU - aBToMaTu3upoOBaHHasl CUCTEMA HAYYHBIX UCCIIEIOBAHUIMA
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UIIIIC - uHTerpupoOBaHHAs TPOEKTHO-TIPOU3BOJACTBEHHAS CUCTEMA
LCP — Lifecycle Products

CAD - Computer Aided Design

CAM - Computer Aided Manufacturing

CAE - Computer Aided Engineering

DFM - Design for Manufacturing

PDM - Product Data Management

CIM - Computer-integrated Manufacturing

CAMP - Computer Aided Production Manufacturing

KADS - Knowledge Acquisition and Design Support

1KADE - Intelligent Manufacturing Assisted Design Environment
CAPP - Computer Aided Product Planning

CPDM - Collaborative Product Definition Management
PocKocmoc — denepanbHO€ KOCMHUYECKOE ar€HTCTBO

NASA — National Aeronautics and Space Administration

ESA — European Space Agency

CNSA — China National Space Administration



I'masa 1. OnpenesieHusi, HOHATHS U NPUMePbI KUOepPU3NIECKUX CHCTEM

(K®C) kak 00beKTOB NPOEKTHPOBAHNS M POU3BOICTBA

Uccnenosanue, npoexktupoBanre u npousBoactBo KOC npencrapisercs B
BUJIE MHOTOATAITHOTO MpOIlecca, B KOTOPOM MPOUCXOJUT «IBUIKEHUE» OOBEKTa
MIPOEKTUPOBAHKS U IPOU3BOJCTBA OT UCXOAHBIX JAHHBIX 10 CAMOTO U3EIU.

JlanuMm ocHoOBHbIE ompenenaeHus W noHsaTus 1o KOC kak o0bekTa
npoektupoBanus U npousBojcTBa. Ilog K@C OyneMm nmoHUMATH MHTETrPAIUIO
(pu3uYecKUuX, BLIYUCIUTEIbHBIX U MH()OPMAIUOHHBIX MOACHUCTEM B €MHYIO
cucTeMy, (PYHKUMOHMPYIOIIYI0 B PpeajJbHOM BpeMeHHM H TMPOCTPAHCTBE.
Uctopuueckn noHsitue KOC BO3HUKIO OT HOBOrO HAalpaBlICHHs B Hayke, -
KHOepHeTHKH, - OcHOBareneM Kotoporo cuutaror H. Bunepa. B 1948 r. Obuia
omyoimkoBaHa kaura H. Bunepa «YmpaBieHue u cBsi3b B d)KUBOTHOM M MAIlIUHE», B
KOTOPOU ObLITM U3JI0KEHBI OCHOBHBIE MPUHITUITBEI KUOCPHETUKHU KaK HAyKH:

— TPUHINI OOPAaTHOM CBSI3M B TEXHUKE U )KUBOM OPTaHU3ME;

— TETePOreHHOCTh B TEXHOTE€HHBIX M OMOJIOTUUECKUX CUCTEMAX;

— moj00ue MPOIECcCOB AMHAMUKHU W YIPaBICHUSI B MallIMHAX» U <«GKUBBIX

OpraHu3Maxy;

— HEONPEACIICHHOCTh B MPEACKA3aHUH MOBEIACHUS,

— HaJW4Me «CBs3EN» - nmepenaun nHPopMaIuu MEeXy MOJICUCTEMAMH.

K®C kak TexXHOre€HHbIE CHUCTEMbl BO3HUKJIM BO BpPEMsl BTOPOW MHUPOBOM
BOWHBI B BUJE WHKEHEPHBIX PEIICHUM 3a7a4 YMPaBJICHUS PaTuOIOKAIMOHHBIMU
CTAaHUUSIMU YTPABJICHUS apTUIUICPUUCKUMU 3€HUTHBIMU OPYIUSMH, CAMOJIETAMHU -
cHapsgamu GAVY-1, DAY - 2.

B nocnenyromye nepruoapl MOSBUIUCH MOHATHS «CJI0KHBIE cucTeMbD (CC),
«0oabmme cucrembD» (80-¢ roabl), KOTOphIE, MO CYIIECTBY, PAacHpOCTPaHUIIU
npuHuunbl  «KuOepHEeTUKW» HAa  WHXKEGHEPHbIE  pelIeHUusT B 00JacTsIx

AdPOKOCMHUYECKOM, CYAOCTPOUTEIBHOM, aTOMHO-DHEPIETUYECKOM U APYTUX



oTpaciyieil IPOMBILIUIEHHOCTH, a TAKKE€ Ha COLUAIbHO-DKOHOMUYECKUE OOBEKTHI
(ypOaHu3auus TeppuTOpHUil, IPOEKTHO-IIPOU3BOCTBEHHBIE IIPOLECCHI T.1I1.).

B [nanpHelimieM TOSBUJIOCH TIOHSATHE «BCTPOEHHBIE CHCTEMBD», Kak
cocrtairstrone KOC.

DTO NOHATHE PACKPHIBAET CO3JAHHBIE PAHEE BBIYMCIUTEIbHBIE KOMIUIEKCHI,
BCTPOCHHBIE B CHCTEMbl YNPABICHUS TMOABUXKHBIX OOBEKTOB, B OCHOBHOM,
kocmudeckux («Ksapm» - 1958 1., «Boctok» - 1960 r., «Jlyna - 16» - 1970 r.,
«Mapcoxon» - 1980 r. u np.).

B nocneanee BpeMs MOSABUIOCH MOHATHE «MYJbTHATEHTBI», 101 KOTOPBIM
noHuMarotces nojacuctemsl KOC, BKItoyaromnyie n3MepuTesIbHO-UHPOPMAIIMOHHBIE,
oOpabarbIBaroIIKe, KOMMYHUKAIIMOHHBIE  yCTPOWCTBA, 151 CIIOCOOHBIE
UHTEPIPETUPOBATh BXOAHbBIC JaHHBIE U NEpEJaBaTh BBIXOAHYIO HH(OpMAaLHIO C
AJIIEeMEHTaMHU caMoopraHu3anuu («poeBoil 3ddexr»). Hcnonb3dys 3TH HOBbBIE
noHsATus, MoxHO omnpegenute K®OC kak «CC ¢  MyJbTHAreHTHbIMHU
MOACUCTEMAMM.

Knaccudpukauuro KDOC moxno, crnenys H. BuHepy, mnpeactaButh c
NOBEJCHYECKON TOUKH 3pEHUS B BUJI€ CTPYKTYPBI, IPEACTABICHHON Ha puc. 1, rae
K®C kak 0OBEKT, B3aMMOJICUCTBYIOIIUM C BHEIIHEW Cpeaoi, OIeHHUBAETCS

00O0OIIICHHBIMU XapaKTEPUCTUKAMH KaK «IOBeACHUECKash cucteMa (puc. 1.1).

Bxon Broxon
» KoC >

BHemHss BosneiictBust

cpena Ha BHEUIHIOIO
cpeny

AxTUBHaS LenenanpapneHHAS C obpatHoii cs3bio (OC)—
[NaccuBnas Cryuaiinas be3 obparHoii cBsA3zn
. e IcKasbBAIOLIAS IIpenckaspiBaromas
T C orpuuarensroit OC —»E pen mas —» 1, 2,...N TOPSIOK
C nonoxwurensaoit OC He npenckaseiBaromas

Pucynok 1.1 — Knaccupukanus KOC
Knaccudukanuro KOC, kak cuctem ynpasinenus (CY), MOKHO TIPEICTaBUTh

B BUJIC CTPYKTYPHI, TOKa3aHHOU Ha puc. 1.2.
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Bamkaytas —» > CAY  ———> AnanTuBHasT—»

Crnensias
PazomknyTas VAL ITapamerpuyeckas
cucTema
t CamooOyyarormascs Camoopranuzyromasics
Be3 o6yuenns be3 camoopranusanuu

Pucynok 1.2 — Kmaccudukamnuio KOC
TepMunsl, ykazanHble Ha puc. 1.2, 0ObIYHO MCHOJB3YIOTCS MPUMEHUTEIBHO
K CHUCTEMaM YIpaBJieHUs IIHPOKOro HazHauyeHus. Paccmorpum mpumepbr KOC
B COOTBETCTBUE MIPUBEACHHBIMH OINPEACICHUAMM, MOHATUIMHU U KJIaCCU(PHUKALUEH.

[Tpumep 1.1. Cucrema ynpasinenus «[lpupoma — Texnorenuka» (CVYIIT)
(puc.1.3)

MypMaHKC
Canxr-Terepdypr f/ji': f: & D’*;(\/\/f
Tep AT

e

| MapkeTuHr

l IIpoexTupoBanue

|
| IIpousBoacTro V

‘ MomnTax
L
/

| DKcITyaTanus

MownuTopusr u 0opadorka
naHHbIX 1o 3B

| Texuonorus u o0yuenue

CTpyKTypbl M apamMeTpbl
DoHpI H PETYIIATOPOB _
MOIAEPIKKA (

Poccwuiickue

HHBECTOPbI
p — UuBe-

TocyapcTBeHHbIH

OrOIKET CTULIUU

WHoctpansie

MHBECTOPbI

Pucynok 1.3 — Cucrema ynpasnenus «lIpupona — TexHorennka»
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CVIIT saBngercas tunuyHod K®C, TOCKOJIBKY  COAEPKUT  BCE
MIPUHLHNHAAIbHBIE XapPAKTEPUCTUKHU TAKUX CUCTEM.

[To nmoBenenueckoit knaccudukanuu B CYIIT mpocnexuBaercss BCs LENb
B3aUMOJICHCTBUA ¢ BHENIHEH cpenoi, B TO ke BpeMst CYIIT, kak CAY, Bkitodaer
MOCJIEIOBATENBHOCTh MEPEXOAOB OT pa3oMKHYTOH CVY ¢ SBHO BbIpaXXKEHHBIM
«4eJIOBEYECKUM (PaKTOpOM» J0 CaMOOPTaHM3YIONMICHCS Ha KOHEYHOM JTame ef
CO3/IaHUS.

Conepxanue npusHakoB KOC B CYIIT cnenyromiee:

B HOpMaTUBHO-IOPUANYECKUX JOKYMEHTAX MO OXPaHE OKPYKAOUIEH Cpeabl
GbOpMHPYIOTCS OCHOBHBIE 3JIEMEHTHI BEKTOPHOTO KPUTEPHUS HKOJIOTHYECKOM
0€30MacHOCTH:

— CTENEHb PUCKOB U BO3JICMCTBUS HA OKPYKAIOIIYIO CPETY;

— HAWJIy4IlUe JIJIs1 JAHHOTO MPEINPUATHS TEXHOJIOTHH;

— BBIOODP MPOU3BOJICTBEHHOM IJIOMIAKH 10 KPUTEPUI0O MUHUMU3AIIMK Bpeaa
OKPYXaroIIEH CpeIe;

— MHHUMM3ALMSA PECYPCO- U SHEPro3aTpar;

— MUHUMM3AIMS (WM HCKJIIOYEHHE) XUMUUYECKHUX TEXHOJOTHN WU
OMOTEXHOJIOTHIA, OACHBIX JJI OKPY>KaroUIeil Cpeibl;

— CHWYKEHHE LIEHBI PUPOJAOOXPAHHBIX MED;

— rereporenHocts CVYIIT, Bkmrovaromiedl pasHOpPOJHbIE (U3UYECKUE WU
XUMUYECKUE TIOJSl, TEXHOTEHHbIE OOBEKTHI, MCKYCCTBEHHBIE M €CTECTBEHHBIC
AKOMNOJICUCTEMBI;

— MHOTOKPUTEPHUATBLHOCTh MIPU MIPOCKTUPOBAHUM U TIPOU3BOJICTBE;

— HeomnpeneneHHocTh B mporiecce co3ganust CYIIT, nanpumep, npu 3aganuu
HCXOJHBIX JAHHBIX (MPUPOJHBIC SIBJICHUS, TEXHOTCHHBIE «OTKAa3b» U T.J.);

— MYJIbTHAr€HTHOCTh, BBIp@XKAIOIIAsCid B MOJCUCTEMaX HH(OpPMaIMOHHO-
m3mepurenbHoit (M), moaBuxHbIx HocuTene M, uCIIOTHUTENBHBIX B COUETaHUU

C perysisTopamy;
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— HEJIIMHEWHOCTh - PACIPOCTPAHEHUE MATCPUATBHBIX M MH(GOPMAIMOHHBIX
MOTOKOB, TPOIIECChl POCTa M YOBIBAaHUS MAcCCOBOTO JBMXKEHHUS MPOUCXOAAT IO
HEJIMHEWHBIM 3aKOHAaM,;

— MHOTOMepHOCTh U MHOTOCBSI3HOCTh CYIIT, BeIpaxaromasics B MHOKECTBE
PETryJIMPYEMBIX BBIXOJHBIX CUTHAJIOB, BUJIOB 3B, BHYTPEHHHX M BHEIIHUX CBS3EH,
BHEIIIHUX BO3CHCTBUM;

— Hasimuue oOpatHbix cBsazeid B CYIIT, kak oTpullaTeNbHBIX, TaKk U
MOJIOKUATEIIbHBIX, B YACTHOCTH, 3IMUHUCTPATUBHBIX BO3JAEHCTBUI, KOTOPBIE YBOASAT
B CTOPOHY OT LIEJIH;

— COIIPOTUBIISIEMOCTh  AAMHWHUCTPATHUBHBIM  BO3JCUCTBUSIM,  KOTOpas
omnpenensieTcss HeuyBCTBUTEIbHOCThI0O CYIIT K HEBEpHO BBHIOPAHHBIM «TOYKAM
TaKUX BO3JCUCTBUM.

— o0Os3arenbHoe BioueHue B CYIIT «uenoBeka-oneparopay, JIIIP;

— COOTHOUIIEHHMS KPATKOCPOYHBIX U IOJITOCPOYHBIX PEAKIMI HA BO3IEUCTBUS
B CVYIIT HeonpeneneHHbI - MOXKET 0Ka3aThCs «CHAYalIa XyXe, IOTOM JTy4Ile» (Kak
OOBIYHO PEKJIAMUPYETCS aJIMUHUCTPATUBHOE BO3JEHCTBHE) WIM «CHadalla XYyXKe,
MOTOM eI Xyxke» (Kak OObIYHO OBbIBACT Ha MPAKTUKE);

— yyBcTBUTENIBbHOCT, CVYIIT Kk omumOkaMm, BBI3BAHHBIMH «YEJIOBEUYECKUM
dhakTopoM».

CocTaBasIOMKUMH Y€JI0BEUECKOTO (PaKkTopa sSBISIOTCS:

— JUIMHHBIC 1IEMTHA MPOXOKICHUS IOKYMEHTOB C PE3yJIbTaATAMU MOHUTOPHUHTA
3B uepe3 OHOpOKpaTHUYECKUE YUPEXKACHUS B BUJE COTJIACOBAHWM, KOOpPIUHAIUH,
pa3pelieHnit, 3aTpar;

— CyOBEKTHBHU3M aKTOB, OTYETOB, HHCTPYKIIUHU 10 pe3yIbTaTaM MPOBEPOK;

— HAKOIUICHHE MaJIbIX OTKJIOHEHUW «YEJTIOBEKOM - OIepaTtopom» OT
YCTaHOBOK (MHCTPYKIMI) TEXHOJIOTMYECKOTO MPOIECCa;

— Bo3MoxkHbIe omnOKu JIITP («JIIIP - Toxe demoBek»);

— TMOJAJENIKAa 3alacHbIX YacTed, IMOCTaBISIEMbIX B TEXHOJOTHYECKYIO
coctapisitonyto CYIIT (MoxkeT mpUBOAKTH K aBapUsM U KatacTpodam);

~ HECOBEPIIEHCTBO 3aKOHOIATEIHHO-HOPMATHBHOM 0a3bl.
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[Tpumep 1.2. l'opox kak KOC (puc. 1.4)

I'opon kak K®C BkIroyaeT TakWe BaKHEWIINE IIOJCHCTEMBI, KakK
CTPOUTENBCTBO,  TPAHCHOPT,  TEIUIODHEpreTHyeckas W BOAOIPOBOJIHO-
KaHaJU3alMOHHAsA,  CBS3b,  NPOMBILUICHHbIE  NPEANpPUATHSA,  TOPIOBIIA,
3/IpaBOOXPaHEHUE, KYJIbTYPHBIE TPEAPUATHS.

MHorouunciaeHHbIe MPOOIEMbl, BOSHUKAIOIINE B CUCTEME «TOPO/I» U3BECTHBIC
Kak oOmias mpoOsema ypOaHM3alMM, HACTOSATENBHO TPeOYHOT MHOJIXOIbl K €€
pemenuto kak KOC. BoT HEeKoTOpbIE U3 ATHX MPOOJIeM: HEMPEKpaaoIIHics pocT
rOpOJIOB; pa3pylI€HUE OKPYXKAIOUIel cpeabl BCIEACTBUE YpOAHU3AlMM; HEXBATKU
KWIbsl, TPAHCIIOPTA, CPEJICTB CBSI3U; HECOATAHCUPOBAHHOCTD OT/AEIBHBIX OTpacien

TOPOJCKOTO XO35MCTBA.

0 Heucrsyto- 3arHusato- 0
N Hosbie N e N e N
|/| npeanpusi- |/| [peiupus- [/] npepus- |/|
THSI TH THs
2] 26] 2] 26] 28] 26] 2
8 9 10 11 12 13 14
0 AMuau- Ipaxcian- Hesxunoit 0
|I>I| CTPaTHBHEII l[>|| CKUH KUIIOH |l>|| q)();\;[ |I>||
JKIHJI0H (hOH,T (honj

26] 28] 2] 28] 2] 2]

28 28 21

16 18 19 20 23

LM ¥ MCHCI-
Kepbl

15 17

N AT N PaGoTatontue N Gespab )
paGoTHbie

> = ) L~

5 26} 28

N4
o
—

T T T P T 28 | AJIMUHHCTpALUS |

ropojia -
DenepanbHas | T T 79 | gggglzllé}#?p{?pameﬂqe-
it i ATMHHCTPATHBHEII | 0.2,4,6,9,11,13, 16, 18,21
BJIACTD TIPaBIIEHYE CKUI TICHT! -
(MMHMCTEpCTBA W ap.) | yIp P | MyHuULMNAIbHbIE LEHTPbI

Puc. 1.4 —T'opon xak KOC
JUist  pemieHuss 3TUX TOpoOieM TMpexae BCEero HEoO0XoIuMa MOJENb,

JOCTAaTOYHO y,2106Ha$I pIRIb: | I/ICCJ'ICI[OBaHI/Iﬁ U TIPOrHO3UPOBAHHA TOPOACKOTO
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xo3siicTBa. OJHA W3 TakWX MojeNied, MOCTpPOEHHAas Ha OCHOBe Mozenu JIx.
doppecTtepa, npencrapieHa Ha puc. 1.4. ['ne 06o3HaveHo:

0 — okpykaroias ropoJ cpesa;

1,3,5,7,8 10,12,14,15,16,17,19,21,22,23,24,25 — yripaBiisieMble «BEHTUIIN;

26 — IpenpUITHS;

9,11,13 - sxunble qOMa;

16,18,20 — nacenenue;

27,28,29 — yripaBiieHHE TOPOJIOM.

B sT0i1 MOosIen IpUHAT psij] IONMYIIEHU, B TOM YKciie CopHbIX. OHaKo 3Ta
MOJIeJIb POCTa, KOHKPETHA U yA00Ha JiJist ucciienoBanuit. [Ipeuiaraercs, 4o ropos
CBS3aH C OKpPYXalollel Cpelloil, HO HE M3MEHSET €€; ropoj ciado 3aBUCUT OT
UCTOPUYECKONW JMOXU M COIUAIBHOTO CTpOs; M30paHHbIE TPU TOJICUCTEMBI
MIPEBATMPYIOT HAJl BCEMU OCTAJILHBIMU; TOPOJI - aBTOHOMHAsI 3aMKHYTas CHCTEMA.
HecMmoTps Ha 3HaYUTENbHOE YIPOIICHNE pealbHONU CUCTEMBI «TOPO» B €€ MOJIEIH,
npeacTaBlieHHON Ha puc. 1.4 yke mpocMaTpUBAIOTCA CIIOKHBIE MPOTHBOPEUNBHIC
MPOLIECCHI, U3YUYEHHE KOTOPBIX MPEACTABISIECT O0NbIION nHTEpEC. Tak, ueM OoJibiie
CTPOUTCS KHIIBIX JJOMOB, TEM MPUBJICKATEIbHEE TOPOJI ISl PUTOKA pabOUeii CUITBIL.
Ho dem Ooble >KHIWITHOE CTPOUTEIBCTBO, TEM MEHBIIE MPOMBIIIICHHBIX
MPEANPUATAN U, CJCAOBATEIBHO, pa00YHX MECT, YTO CHIDKAET MPUBJIEKATEILHOCTh
ropojia; 4eM 00JIbIlle KOMMYHAJIBHBIE U KYJIbTYPHBIEC PACXObl HA TYIITY HACEICHUS,
TeM TpuBIeKaTenbHee Topoa. Ho uem Gosbliie 3T pacxofsl, TeM OOJbIle HAJIOTH
Ha HACEJICHUE U, CJIeIOBATEIHLHO, MEHBIIIE MPUBJICKATEIBHOCTh TOpoia. OTAeNbHbIE
noacuctembl K®C «ropom» Qusuyecku pasHOPOIHBI, COAEpPKAT MHOTO
HEomnpeAeeHHbIX  (akTopoB,  00JIaal0T  MHOXKECTBOM  SKOHOMHUYECKUX,
COIMOJIOTUYECKUX, TEXHUUECKHUX CBS3EH.

OtH U npyrue (pakTopbl XapaKTepU3yIOT COBPEMEHHBIC CUTYAITUH U CO3/Ial0T
MHOTOKPHTEPUATBHOCTH PEIICHHS JTF000H TPOOIEMBI TOPOJICKOTO CTPOUTENIHCTBA.

I'oponickoe X0351UCTBO reTeporeHHo. KoOMITIOHEHThI Topo/ia - CTPOUTENBCTBO,
HaCeJIeHHe, TPAHCTIOPT, KOMMYHHUKAIIUK U T.JA. — MPEACTABISIOT co00i (hu3muecku

pa3HOpOJAHbIE O00JacTH, KaxJas U3 KOTOPbIX BKJIIOYAET CaMOCTOATEIbHOE
15



MHO>KECTBO O0BEKTOB, TUCIUTUINH, TeOpuil. [[0SBUIICS BayKHBIM OrpaHUIHBAIOIIHIA
dakTop - oOXpaHa OKpy:Kamlleid cpeabl, B KOTOPOM  MHOXXECTBO
HEOIIPEAEIEHHOCTEN.

[Ipumep 1.3. Cucrema opueHTaAMM W CTAOWIM3AlMM MEKILIAHETHOM
kocmuueckoi crannu (COuC MKC) (puc.1.5)

st mpencraBienus 00 MKC mocrtaTodHo paccMoTpeTh (PYHKITMOHATBHYIO

cXeMy ee cucTeMbl opreHTaluu u crabuusaiuu (COuC) (puc. 1.5).

Cucrema IIOJIyaBTOMaTHYECKOTO

yHpPaBICHUS Cucrema opueHTauuu

< u ctabunmn3anuu MKC

|
KocmonasTsl, nprlops! |
PYUYHOTO yTpaBIeHUs [

|

F——— — — —
|

CucrteMa aBTOMaTHYECKOTO |
I yIpaBlieHUs I

» BIIBM Goprosas uupoas

BBIYHUCJIMTCIIBHAS MAIOWHA

\ 4 v ¢+ S

[
[
|
|
[
[
[
[
| ! |
[
: Cucrema Cucrema HcnonanTenbHble | !
|
| HaBUraLUK NPUBEACHUS 3NIEMEHTBI [ i
[
I I
| [pubopst I'upockonuye- Curosbie ' |
" [
| HUHCPpLUHUAJIBHOU CKHE II I/I6O bl THUPOCKOITBI |
[ " PHDOP - I 1 Kopmyc |
| HaBUTALIUU c _ | i
HEYHBIH !
: SIS PeakTuBHbIE o :
ATYUK
| I[aqu/lKlfl' a T — Lo |
| BHELIHEH Pl |
! uH(pOpManu AcTpoliok ! : |
[ [ [
I
| | e el
| v v |

Pucynok1.5 — COuC MKC
COuC saBnsgerca Toibko oaHou u3 mojacucteM MKC, koTopas, HOMHUMO
CUCTEeMbl CTAOMIM3alMM W OPUCHTAIIMHU, BKJIOYACT CUCTEMbI YHEProCHAOXKEHMUS,
TEPMOPETYJIMPOBAHUS, TeJIEMETPHH, CTapTOBYIO, JKU3HEACITEIILHOCTH
KOCMOHABTOB # T.1. [Ipy co3maHum u SKCITyaTali TaKOW CHCTEMBbI HEM30EKHO
BCTYIMAIOT B NPOTUBOpPEUUs] TPEOOBAHUS: BBICOKOM TOYHOCTH CTAOMIM3ALMKU U
OpHEHTAllMM TPW MUHUMH3AIUU Beca, TabapuTOB, IHEPTOPECYPCOB, BBICOKOU

HAaJCKHOCTH W AJIMTCIBHOCTHU pa6OTBI IIpxu MUHUMYMC 3aTpaTHa allapaTHbBIC H
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porpaMMHBIE CPEeACTB U T.J1. TakuM oOpa3oMm, U B 3TOM NpPHUMEpPE UMEET MECTO
dbusnyeckass pazHOPOJHOCTH nojacuctem, MHoromeneBoi xapakrep ColIC MKC,
MHOTOMEPHOCTh U MHOT'OCBSI3HOCTh €€ BHYTPEHHHUX CUCTEM YHPABJICHUS.

[Tpumep 1.4. HaBuranuonnsiit Mmoayias B COuC

A ny

Pucynok1.6 — HaBuranmmonnas noacucrema COuC MKC
(1 — mnardopma; rHPOCKOMIYECKHE YyBCTBUTENbHBIE AeMeHThI (UD) — I'-1, I'-2, I'-3; akcenepoMeTphl —
4, 5, 6; m3mepsromue TuHeHpIe yermmtenn JIA 1o ocsiM &, 1, {; onTHYeckre neneHraTop 7; qaTduku
yrios (AY-1, IY-2, IY-3), yeunurenbHo-ipeodpasyromue menu (Y-1, ¥Y-2,Y-3); ucnoaHuTenbHbe
yCTpoiicTBa — ABUraTenu ¢ peaykropamu (-1, JIB-2, JIB-3); 0ch pBICKaHbs — (@, Y — OCh KPEHa, U — 0Ch
TaHTaXa; 01, O2, 03— YIIIbl cTabmmzanuw; B1, B2, B3 — yriasl crabunmzanuu, M1, M2, M3 — ynpasisionye

MOMEHTBHI)

Ha puc. 1.6 mpeacrasnena ruporuiatdhopma, KoTopas ¢ OJHONW CTOPOHBI
asisieTca moaysieMm COuC, ognoro u3 mynstuareHToB MKC, a ¢ nqpyroit ctopoHsl
conepxkuT Bce npusHaku K®PC: rereporeHHoOCTh (MEXaHUYECKHUE, 3JIEKTPOHHBIE,
ONTHUYECKUE ITHEBMATUYECKHE COCTABIIAIONINE), MHOTOKPUTEPUAIBHOCTh MpHU
NPOCKTUPOBAHUU M TPOM3BOACTBE (TOYHOCTh, BEC, TabapUTBI W T.1.),

HEOIPEICIIEHHOCTD MO UCXOAHBIM JAHHBIM U JIP.

17



[IpoexkTupoBaHue 1 MPOU3BOICTBO NMpHBeAeHHBIX TpuMepoB KDC Takke, Kak
1 MHOTHX JIPYTUX HEBO3MOXKHBI 0€3 MPUMEHEHHUS COBPEMEHHBIX HH(POPMAITMOHHBIX
texHonorui (MT). [ToarBepikIeHHEM 3TOTO OOCTOSATEIBCTBA SIBIIIOTCS PaOOTHI
Hay4YHO-HMCCIIeI0OBATEIbCKUX IIEHTOB B PD 1 3a py6exom (Pockocmoc, NASA, ESA,
CNSA), B wuactHoctu — moctpoenue CAIIP B HUT CVYIIT, CYHBTA
MIPOCKTUPOBAHMSI PACTIPEACIIEHHBIX TeOMH(OPMAITMOHHBIX CHCTEM, BBITOJTHECHHOE
A.JO. I'pumiennioBeiM. MHorouuciiennsie cuctremsl UT B Buge CAIIP, ACTIIII,

['TIC u T.n. npeacTtaBiaeHbl Ha puc. 1.7 ¢ COOTBETCTBYIOUIMMHU AHTJIOSA3BIYHBIMU

dHaJIoraMu.
Poccua 3anaaHele CTPaHkl
KL - »L.CP
CAIP g . »CAD
ACTTIT s e CAM
e DFM
[TIC st ' CAE
ACY = CAPP
=
ACVII i .I EDM
NeZ e\
CAIYIT X N, _—#ERP
KUC wr‘ M
—q-!Eﬂ..llI.L.
HUMJIII : . N ﬁf- PDM

MMOII “

HCVII 4= X ‘ KADS
,‘4’ o

ACHH

HUITTIC e - +» RGD
- CPDM

Pucynok 1.7 — CooTHolIeHre MeX Ty aOOpeBHaTypamu
Henocpencreennoe npumenenue 3tux cpencts UT B npoekTupoBaHuu U

npousBoicTBe KOC 06b19HO TpeOyeT pemieHus 3a1a4u Bpioopa nacrpymerToB UT.
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WUx apmanTanuum K KOHKPETHBIM OOBEKTaM, YTO YacTO CBOJUTCS K pa3paboTke
KOMIIOHEHT  MAaTeMaTU4YEeCKOro,  JIMHIBUCTUYECKOrO,  MPOTPAMMHOTO  H
WH(OPMAITMOHHOTO 00ECTICUCHHI COOTBETCTBYIONUX HHCTpyMeHTOB MT.

Baxxnoit oco6ennoctrio pazpadotku UT nius KOC sBiseTcs He06X0AMMOCTh
MIOCTPOCHHSI HMUTATOPOB, KaK COCTABIIAIOIINX MATEMATUUYECKOTO MOICIIMPOBAHUS.
Takue UMUTATOPBI MPUMEHSIOTCS KaK Ha HAYAJIBHBIX 3Tamax MPOCKTUPOBAHUS U
npousBosictBa KOC, Tak W npu 3aMEHE MX «UCIBITAHUI» BBUAY «EAUHUYHOCTH
sxzeMmuisipoB KOCy». B miobom ciydae coznaBaemass KOC 3amensercs eé
HMHUTATOPOM, PEATU30BAHHOM CPEJICTBAMU MaTeMaTH4ecKoro MoaenupoBanus UT
K®C, Ha KOTOpOM NPOBOJSATCS JKCHEPUMEHTHI OCOOCHHO B Hayaje Ipoliecca

IPOEKTUPOBAHMS U IPOU3BOJICTBA.
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— Cucrema ynpasnenus «lIpupona — TexHOTeHUKAY,

— Cucrema «I'opoa»

— Mexminanetnas Kocmuueckas Cta”muys

— Hapuramnuonssiit mpubdop

4. ITpusenute «cBoi» npumep KOC.

5. Kakue cpeacTBa nHGOPMAIIMOHHBIX TEXHOJIOTHI MPUMEHSIOTCS B

co3gannu KOC?
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I'masa 2. TpaaMuMOHHBIH MPOLECC NPOEKTUPOBAHKMS U MPOU3BOJACTBA U €ro

uu(ppoBU3aN M.

CoOOTBETCTBYIOIIMI KOMIUIEKC Yy4YacTHHUKOB pa3paboTtkn K®PC Brirodaer
MHOKECTBO OTJEJbHBIX MPEANPUATHNA, KaxIO0€ U3 KOTOPBIX IPOEKTUPYET U
MPOU3BOJIUT OTAEIBHBIE TIOJICUCTEMBI («areHThl») Win 3eMeHThl KOC.

TpanuuuoOHHBIN TpoliecC NPOEKTHUPOBAHUS NPAKTUYECKH HE MEHSETCS U
OCTa€TCsl aKTyaJlbHbIM JO CHUX IOp, HE CMOTpS Ha pa3BUTHE, MPOUCXOASUIEE B
HYKOHOMUYECKOM 1 IPOU3BOACTBEHHBIX chepax.

Hanpumep, pa3paboTKy KOMaHIHBIX TPHUOOPOB OCYLIECTBIISET MPEATIPUATHE
«HAM  KIl»; BcTpauBaeMbIX  BBIYUCIUTEIBHO-YIPABISIONINX  MPUOOPOB
«NEKTPOABTOMATHUKAY, a JeTaTenbHble anmnaparsl Kak KOC B Bune noacucrem. B
KayecTBE WUIIOCTpalUd Ha puc. 2.1 npuBeneHbl HOpUOOPOCTPOUTEIbHBIE
npeanpusatug  Cankr-IlerepOypra,  Opoaykuus  KOTOPbIX  BXOJWJa B

coorBeTcTByHOmMe KOC.
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Pucynok 2.1 — IIpennpusitua — noacuctemel KOC
Konnenmus, ob6muk K®C B 1menom paspabaThiBaeTcs, Kak MpaBUIIoO,

['onoBHBIM TIpeANnpuUsATHEM, KOTOPOE OCYLIECTBIISIET KOOPIMHALIMIO, 1EJIeyKa3aHue,
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nexomno3uinio KOC Ha noacuctemsl olieHKH pyHkimonupoBanust KOC B menom.
[Mpenmpusitust —  paspabotunku  moacucreM  (arenroB) K®C  Beayr
COOTBETCTBYIOIIME MPOIECCHl MPOSKTUPOBAHUS M MPOU3BOJCTBA COIJIACHO C
TEXHUYECKUMHU 3aJIaHUSIMU OT TOJIOBHOTO mNpeanpusTtus. B mobom ciiydae Ha
KOKJIOM TMPEANPUATUH CYIIECTBYIOT ONPENCIICHHbIE TPaaului. MHOTOJIETHSA
MpaKkTUKa BbIpaboTana TPAAUITMOHHBIA TIPOIECC MPOEKTUPOBAHUSA, KOTOPHIH, B

000011IeHHOM BH/JIE, MPE/ICTABJICH Ha pucC 2.2.
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3a7aHue IIPOEKT TIPOEKT IPOEKT Ha OIBITHBIH obpaszen
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TpanumuoHHBI  Mpolecc MPOSKTHUPOBAHUS  BKIIOYAET  MHOXKECTBO
MIPOEKTHBIX M MPOU3BOJICTBEHHBIX MPOIIETYP, O0bETUHEHHBIX B CIICIYIOIINE ITAITbI:

1. TexHuueckoe 37aHWE — WCXOMHBIH JTOKYMEHT Ha TMPOEKTUPOBAHUE
TEXHUYECKOTO oO0bekTa (u3nenusi). T3 ycTaHABIMBAE€T OCHOBHOE HA3HAUCHUE
pa3pabaTeiBaeMOro OOBEKTa, €ro TEXHUYECKHE XapaKTEPHUCTHUKH, ITOKa3aTeNn
KauyeCcTBa U TEXHUKO-IKOHOMUYECKHUE TPeOOBaHUS, TIPEANMCAHUE IO BBHITOJTHCHHUIO
HEOOXOMUMBIX  CTaaAud  CO3JaHMsl  JOKyMEHTalmuu  (KOHCTPYKTOPCKOH,
TEXHOJIOTHYECKOW, MPOTPAMMHON W T.J.) M €€ COCTaB, a TaKKe CIEIHaTbHBIC
TpeOOBaHMUS.

2. ABaHNPOEKT — TMPEABAPUTENBHBIA TUIAH  CO3JaHUS  W3JeINus,
BKJTFOYAIOITUI pacyeThl, YEPTEKU, MAKETHI ¥ MMPOIYI0 HEOOX0IUMYI0 HH(OPMAITHIO.

3. DCKU3HBIH TIPOEKT — COBOKYIHOCTh JOKYMEHTOB, COJAEp KalluX
NPUHLIUNHAIBHBIE PEIICHUs U JAoluX oOllee MpeCTaBlIeHne 00 yCTpOICTBE U
MIPUHITUIIE PaOOTHI pa3padaThIBAEMOT0 00BEKTa, a TAKKE JAaHHBIC, OMPEICIISIONTNE
€ro Ha3Ha4YeHHE, OCHOBHBIC MapaMeTphl U rabaputHbie pa3Mepsl. JlabopatopHo —
OTpabOTOYHBIC UCITBITAHUS IPUMEHSIOTCSI Ha TOM JTarle;

4. PabGoumii MPOEKT — COBOKYIMHOCTh TEKCTOBBIX M T'pa@UUYECKUX
JIOKyMEHTOB, OOECIEYMBAIOIINX pEANTH3aAIMI0 TPUHATBHIX B  yTBEPKICHHON
MPOCKTHOM  JTOKyYMEHTAIMM  TEXHWUYECKUX  pEIICHUH, HEOOXOMUMBIX IS
MPOU3BOJCTBA. VcTbITaHUSI MakeTOB W MPOTOTUIIUPOBAHUE COMPOBOXKIAIOT ITOT
JTarm,

5. TexHuueckasi JOKYMEHTAllMsl HAa ONBITHBIA OOpa3ell - COBOKYITHOCTH
JIOKyMEHTOB, coJepKalmmx B cebe uHbopMaIuio 00 ONBITHOM 00pasie, ero
0COOCHHOCTSIX U CBOMCTBAX;

6. OmnwiTHBINA 0Opaser) — paboTaromiasi MOJENb YCTPOMCTBA WM JIETadd B
TM3aifHe, KOHCTPYHPOBAHUH, MOJACIUPOBAHUH. VICIIBITAHUS OIBITHBIX OOpPA3IOB -
oOsi3aTesibHas IPoLeaypa;

7. KoHTponp kKauecTBa — MPOBEpKa COBOKYITHOCTH CBOWCTB MPOIYKIIUH,
00yCIIOBIIMBAIOIIHMX €€ MPUTOTHOCTD YIOBJICTBOPATH ONPE/ICICHHBIC TOTPEOHOCTH

B COOTBCTCTBUU C €€ HA3BHAUCHUECM,
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8. 3asBKa Ha MaTepualbl;

9. Pacyer nNpouU3BOJICTBEHHBIX MOIIHOCTEH - pacyeT 3arpaT, KOTOphIe
ITIOHECET UCIIOJIHUTEIb B XOA€E CO3JaHUs U3IEINS;

10. Texuuyeckass MOATOTOBKAa TMPOM3BOACTBA - Ha OTOM  JTame
YCTaHABJIMBACTCs, IPU ITOMOIIM KAaKMX TEXHOJOTMYECKUX METOJIOB U CPEACTB,
CrI0c000B OpraHU3aIlMy IPOU3BOCTBA JIOJDKHO U3TOTAaBIMBATHCS JAHHOE U3JIEINE,
OKOHYATEJILHO OMPEIEISAETCS €ro ce0eCTOMMOCTh U 3P(GEKTUBHOCTH TPOU3BOACTBA.

11. T/l Ha TEXHUYECKYI0 OCHACTKY - COBOKYIHOCTb NMPHUCHOCOOJICHHNA st
YCTAaHOBKM U 3aKPEIUICHHs 3aTOTOBOK W MHCTPYMEHTA, BBIIOJIHEHHSI COOPOYHBIX
onepaluii, TPaHCHOPTUPOBAHUS 3aroTOBOK, NOJdy(paOpuKaToB, AeTaledl WM
m3aenui. Mcnonb30BaHWE OCHACTKHU IMO3BOJISIET OCYHIECTBISATH JOMOJHUTEIBHYIO
WIH CHIEUAbHYI0 00paO0OTKY /WU 1I0paOOTKY BBIITYCKAEMbIX U3JIEIHA;

12. U3roroBiieHre TEXHUYECKON OCHACTKH,

13. Koppexkmus T/] mo pe3ynpTaTam HUCTIBITAHUIA;

14. HopmupoBaHuie NpPOU3BOJCTBA - C II€JIbIO COKpAIllEHUs CpPOKa 3aKasa
MAaTEepUAJIOB PACUYET HOPM HAYMHAETCS MPH COTNIACOBAHUU TEXHUYECKOTO IPOEKTA.
Ha ocHOBaHMM KapThl MPEIBAPUTEIIBHOTO 3aKa3a MeTajuioB, cocTaBisgemoit OI'K
OTJZIE€JI MATEPUAIBHBIX HOPMATUBOB, PACCUUTHIBAET HOPMBI PAcX0/1a MaTEPUAIOB Ha
opurvHaiabHble AeTanu. OKOHYATEIbHBIA pPACYeT HOPM MPOUZBOIAUTCS TOCIE
pa3paboTKu KOHCTPYKTOPCKOM noKyMeHTauuu. Takum oOpa3om, paboTa pazaerneHa
Ha 7aBa drama. JT1o mno3BoisieT OMTC cBOeBpeMEHHO KOMIUIEKTOBATH IUIAH
MaTepUaJbHO-TEXHUYECKOT0  CHaOkeHuss u  (opMUpOBaTh  3asiBKH  Ha
LEHTPAJIN30BaHHbIE TOCTABKU MAaTEpUaJOB,;

15. Pacuer 3aTpar Tpyja H IIEHBI,

16. TexHuueckue ycaoBus NPEANPUATHUS;

17. YcraHoBOYHOE TPOM3BOJACTBO — IM€pBasg MPOMBIIUICHHAsS MapTus,
W3TOTOBJICHHAs] B TMEPHUOJ OCBOCHHUS IPOU3BOJACTBA C LENBIO MOATBEPKICHUS
TOTOBHOCTH IPOM3BOACTBA K BBIIYCKY NPOAYKUWHA C YCTAaHOBJIEHHBIMHU
TpeOOBaHMSIMU W B  3aJaHHbIX oObemax. IlpoBoasTcs 3aBoackue U

MEKBCIOMCTBCHHBIC UCIIBITAHUA,
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18. Ananu3 3aMeuyaHuii 1o pe3yJbTaTaM UCIbITaHUH;

19. IlepeBon T/ a «iutepy Ay,

20. HopMupoBaHue TEXHOJIOTHUECKHUX MPOIIECCOB - HA3HAUYCHNUE TEXHUICCKU
000CHOBaHHBIX HOPM BPEMEHHU Ha MPOJIOJKUTEILHOCTD BBIMIOJIHEHUS OTIEPaLIUi.

21. KaneHngapHbpIil IJIaH — TMOJHBIA KOMIUIEKC padoOT, COAEPKAIIUN CPOKHU
Hayajaa U OKOHYaHUs MpoIecca MPOSKTUPOBAHUS U ITPOU3BO/JICTBA,

22. CepuiiHoe TPOU3BOJACTBO — THUIl MPOU3BOJICTBA, XapaKTEPUIYIOUIUHCS
OTPaHUYCHHOW HOMEHKJIATYPOU U3JIeNINIA, U3rOTABIMBAEMbBIX WA PEMOHTHPYEMBIX
NEPUOIMYECKU MOBTOPSIIOUTUMUCS MAPTUSMU, U CPABHUTEIHLHO OOJIBIINM 00BEMOM
BBITTYCKa,;

23. IlpuemMo-caTOYHbIE HWCIBITAHUS — OTH MCIBITAHHWS TIPOBOJATCS Ha
COOTBETCTBHE TNPOJYKIIMM HEKOTOPbIM, Hauboiee BaXXHBIM TpeOOBaHUAM
CTaHIapTa. OTWU UCHBITAHUSA MPOBOIATCS IS KaXJIOM NapTUU W3ACIUNA Ha
OIPEJETICHHOM YUCJIE OTOMPAEMBIX U3 3TOW MAapTHH 00Pa3LOB;

24. 3aMeuaHus 110 UCHBITAHUIM,

25. Ilepeson T]1 B «wtutepy b»;

26. OnleHka KayecTBa — O3TO BBIOOp TIOKaszaTesied, OIpeAcieHHuE UX
JEWCTBUTEIHLHOTO 3HAYEHHUS M COMOCTaBJIEHHE X ¢ 0a30BbIMU MokazaTensimu. [Ipu
BBIOOpE TOTPEOUTENbCKUX CBOMCTB W IIOKa3aTesled BaXHO BbIOpATh TaKue
MOKa3aTeln, KOTOPbIE UMEIOT PEIIAIOIIEe 3HAUCHHUE,

27. Tlepenaua 3aka3qmKy.

Kaxnaplii 3Tan npoeKTUpPOBaHUs U MPOU3BOACTBA MPEJICTABISIET MHOXKECTBO
IpOLEAYp W OIEepauuid, BBINOJHAEMBIX MHOIOYHMCICHHBIMU KOJUIEKTUBAMU
IIPOEKTUPOBILMKOB U IMPOU3BOJCTBEHHUKOB C NPUMEHEHUEM COOTBETCTBYIOILETO
000pyI0BaHUs, THCTPYMEHTApHs B UHOPACTPYKTYpE MPEIPUSATHSL.

BaxxHo OoTMETUTH, UTO HapylIEHHE JI0OOr0 M3 MIAroB MPOCKTHUPOBAHUS U
MIPOU3BOJICTBA MOKET MOBJIEUb 32 COOOW JOMOIHUTENbHbIE (DMHAHCOBBIE PACXOIbI
WJIM TIEPEHOC CPOKOB CIIayy IPOEKTA B LIEJIOM, YTO B HEKOTOPBIX CIIy4YasiX MOKET

MOBJIEYh 32 COOOW BIUIOTH JO IOPUAMYECKOM OTBETCTBEHHOCTH. OCOOEHHOCTHIO
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MIPOEKTHO-ITPOU3BOJICTBEHHBIX MPOLIEAYP SBIJISIETCA MOBBIIIEHHBIA KOHTPOJb
KauecTBa Ha KaXXJIOM IIare MyTéM — UCTIbITAaHUH (TPOTOTUITMPOBAHMS ), UTO B CIIy4yae
K®C cBoautcst K MMUTAIIMK HAa OCHOBE MaTEMaTUYE€CKOTO MOACIUPOBAHUSI.

«IudpoBuzanus»  TpaguIMOHHOTO  Mpollecca  MPOCKTUPOBAHHUS U
MPOU3BOJICTBA MOJIPA3yMEBAET CKBO3HOE «JIBHKEHUE» MATEMaTUUECKUX MOJeNeh
OT TEXHUYECKOIro 3aJaHus JO ONBITHBIX OO0pa3lloB W3JENUsS U BBINOJIHEHUE
MIPOEKTHBIX ¥ IPOU3BOJCTBEHHBIX MPOLEAYP HA OCHOBE 3TUX MOJIEIEH

OcHOBHBIC HHCTPYMEHTHI OOeCIIeunBaroIne Takoe nprkenne B Buge ACHU,
CAIIP, ACTIIL, I'TIC, ACYT (cMm. puc 1.7, 2.3) npuMeHSIOTCS] Ha IPEANPUSATUSAX B
OOJBIIIOM MHOTO00pa3uu UHCTPYMEHTapus nHpopmarmoHHbIx TexHoorui (MUT):

— CAIIP (CAD/CAM CATIA, UNIGRATH, PROENG;

— Solid Work, Solid Edgo ... PTC ..));

— ACTIIII (Technomatrix, PLM, NX CAM ...);

— I'TIC (CAMExpress ...).

[IpuMeHeHne aaIUTUBHBIX TEXHOJIOTUN MPOEKTUPOBAHUS U HU3TOTOBJICHUS
no6asmiio k 3TuM cpeactBam UT 3-D npuHTep M COOTBETCTBYIOIIEE TPOTPAMMHOE
oOecrieueHue HapsAy C COOTBETCTBYIOIIMMHU Marepuaniamu (puc. 2.4). UT
MPOEKTUPOBaHUS UHTErpupyroTcsi ¢ UT yrpaBieHus npoueccoM MpoeKTUPOBAHUS

Y TIPOM3BOJICTBA HA OCHOBE 001IIeH 0a3bl 3HaHUM (puc 2.5, 2.6).
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Pucynok 2.6 - Uaterpanus UT nponeccoB npoeKTUPOBaHUS U TPOU3BOJICTBA
OcranoBuMcs oApoOHee Ha Mpolecce MPOEKTUPOBAHUS, IPEICTABIEHHOM

Ha puc. 2.7:
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PI/IcyHOK 2.7 — Ortanbl npouecca IIPOEKTUPOBAHUS

Bb160p onTUManbHBIX MPOEKTHBIX PEIIEHUH SBJISIETCS OCHOBHOM 3a7auyeil BO
BCEM IIPOLIECCE MPOEKTUPOBAHUSA U IIPOU3BOACTBA.
[IpencraBuMm, 4TO MHOXKECTBO NPOEKTHBIX pemieHnid o B merpudeckon CK

IPEJICTaBISIIOT COOON HEKOTOPYIO CUCTEMY:
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3ajaya NpPOeKTHPOBAHMS: BHIOpAaTh B MHOXECTBE 0 Takoe o,
COCTaBJISIIONIME KOTOporo al*, a2*, ..., Takue 4To O SBIACTCS HAWIYYIIAM IIO
3aJIaHHBIM KpUTEpUsM. JTa 3a/1adya B OOILIEM Cllydae He JIOCTH)KMMA, TO3TOMY MPHU
MPOEKTUPOBAHUM  PEIIAIOTCA  KOMIIPOMHUCCHBIE  3amaud. [IpoekTupoBIIMKH
CTPEMSTCA HAWUTH TAKOE€ MHOYKECTBO MPOCKTHBIX PEIIEHUM, KOTOPOE C OJIHOU
CTOPOHBI YJIOBJIETBOPsieT TpeboBauusM T3, a ¢ Apyroi CTOPOHBI HE TPOTUBOPEUUT
OCHOBHBIM KPUTEPHUSIM.

JIns pemeHuss KOMIIPOMHCCHOM 3aJa4d NPUBJIEKAIOTCA MaTEMaTHYECKUE
METOJbI U AIITOPUTMBI.

Bo Bcem mpornecce npoeKTUPOBAHUS U MPOU3BOACTBA CYIIECTBYIOT IOHATHUSA
IIPOEKTHOM MPOLEAYPBI, IPOCKTHOU ONEPALA U TPOEKTHOTO PELICHMUS.

IIpoexTHBIE MpOUEAYPHI - YACTH IPOLECCA MIPOCKTUPOBAHUSI, COCTOSIAS U3
psila MPOEKTHBIX ONeparuii HajJ HUCXOJHBIMU JaHHBIMA M 3aKaHUYMBAIOIIASCS
IIPOEKTHBIM PELICHUEM.

IIpoexTHBIE OnepaNuM - ICUCTBUS MPOSKTUPOBIIIMKOB HAJT UCXOIHBIMU WUJTH
MIPOMEKYTOUHBIMU JJAHHBIMU BHYTPU MPOEKTHOM MPOLIEAYPHI.

IIpoexTHOE pelieHHe - OKOHYATEIBHBIA WJIM IPOMEXKYTOUYHBIA PE3yJIbTAT
MPOEKTUPOBAHMUSL.

Becp mnpouecc NMpOEKTUPOBAHUS CTPOUTCS W3 NPOECKTHBIX MPOUENYyp U
COOTBETCTBEHHO ITPOEKTHBIX pEEHH. VMEHHO MNpPOEKTHBIE pEIIEHUS HECYT
OTBETCTBEHHOCTh 3a COOTBETCTBHE 00bekTa T3. OMMOKM MPOEKTHBIX PEIICHUM
MPUBOJST K 3HAYUTEIBHBIM (PUHAHCOBBIM U MOPAIBHBIM MTOTEPSIM MPETPUSITHSL.

B npoexktupoBanuun KOC, B 0TIMYMK OT OTAECIBHBIX YCTPOUCTB U arperaTton

C aKICHTUPOBAHUCM Hd KOHCTPYKTOPCKUC U TCXHOJIOTUICCKUC 3TAllIbI, HanOOIbIINI
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BeC MPUOOPETAIOT HAaYyalbHBIE ATAlbl, BKIIOYAIOUIME NPOUEAYPhl (POPMUPOBAHUS
(GYHKIHMOHATIBHBIX, CTPYKTYPHBIX, JIOTHYECKUX CXEM U 3BEHBEB MEXIY
MOJICUCTEMAMH U MYyJIbTUAareHTaMH. BbIMONHEHHnE STUX NPOIEeAyp CBS3aHO C
MOCTPOEHUEM MaTEMaTUYECKUX MOJelield, MMUTATOPOB HAa OCHOBE METO/OB U
aJITOPUTMOB MOJICTTUPOBAHUS PACHIMPEHUS CIIEKTPa KPUTEPUEB OT TPAAUIIMOHHBIX
st CAY — yCTOMYMBOCTH, Ka4yecTBa, TOYHOCTU JO JTOCTATOYHO MOJHOTO Habopa
ycinoBuit  paborocriocooHoctn  KOC  (ympaBisieMocTH,  HaOII0JaeMOCTH,
HAJIC)KHOCTH, Beca, radapuToB | T.1.). OMIMOKN B MPOEKTHBIX PEUICHHUSIX HA 3THUX
stanax coznanus KOC crpemsaTcss MUHUMU3UPOBATh B HAUOOJIBIIEH CTEIIEHU.

IIpoexTHOE pemieHne - GyHKINS OT MHOXKECTBA [TAPAMETPOB.

W — O60011eHHBII KpUTEPUA, IO KOTOPOMY IIPOU3BOJUTCS MPOEKTUPOBAHUE
(ocHOBHOM (hYHKIIMOHAJ), MO’KHO IPEACTABUTH B BUJIE:

(DW(a) = @ (fi(@), fz(a), ..., fu(@))

a = (aq,ay, ..., &y )— MHOKECTBO MIPOCKTHBIX PEIICHUN

fi(a), (@), ..., f,(a) — TpeboBanus T3 (YyCTOWYMBOCTH, YNPABIIIEMOCTb,
Ha0JI10/1aeMOCTh, TOUHOCTh, BEC, Ta0apUThI, HAJISKHOCTD U JIp.)

B gactHOCTH,

max
a {W} — MmakcumMyM QyHKIIMOHAI, MOXKET MPEACTABIIATHCS KaK IPHUObLIE;

min

o {W?} — muanMyM QyHKIIHOHA, KaK CCOECTOUMMOCTD H3IEIIHSL.

C 1nenbr0 COBEPIICHCTBOBAaHUS CaMOro IpoLEecca IPOEKTUPOBAHUSA U
HauIy4liero Bbibopa u pacrnonoxenuss uacrpymenrapus UT KOC, npoBoautcs
(dbopManmu3zaius 3Toro nporecca ¢ JalbHEHIINM €ro MOIETUPOBAHUEM.

[Ipouiecc MpOEKTUPOBAHUS MOKHO MPEACTABUTH TpadoM U3 MPOEKTHBIX

nporenyp, I;, u csa3ei MexIy HUMH ;.
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n,O ;

dopManuzanus Mpolecca MPOCKTUPOBAHUS CBOAMUTCS K MOCTPOEHUIO
MaTeMaTUYECKUX MOJICNICH UX «IBHKEHUSD OT T3 /10 MOTyUYeHHs OBITHOTO 00pa3iia
npu 00s3aTEIbBHOM JIMHTBUCTUYECKOM M TMPOTPAMMHOM OOECIEUYEHUSX HTOTO
nporecca.

[IpeacraBnenue Takoi (popmManu3alnuu ¢ NO3ULUU TEOPUH MHOKECTB MOYXKET
ObITh B BHjE 0000mEHHBIX (DyHKIMN Gy, G4, G, G,. TIpoliecc mpoekTUpoBaHUS
MPEACTABISACTCS B BUJIE:

G, = (V,R,W), rae:

V — MHO>KECTBO IIPOLIEYp MPOCKTUPOBAHMSI,

R — MHO>eCTBO CBSI3CH,

W- nipaBuiia mocTpoeHUs CBS3EH.

JluarBuctuueckoe  obecreuenne, G,, BKIOYaeT mpeoOpa3oBaHUs
(TpaHCHSATOPHI), A3BIKOB MPOEKTUPOBAHUS:

G, = (Lrs, Lgy, Lrn, -, U, Uk, --- ), TRE:

Lz — sa3bik T3, Ly — s361k KJI, Ly — 361K THOPHIHOTO NPOM3BOJICTEA,

Urp — npeobpaszosarens Ly B Ly,

Uyy — npeobpasosarens Lcy B Lgj, Lep — A3BIK CXEMOTEXHHYECKOIO
MPOCKTUPOBAHUS

«/IBmkeHne»  Mozened  MPOEKTHUPYEeMOro  OOBEKTa  MPEJCTaBISETCA
byHKLMEH:

G; = (M, 0,K), rne:

M — monenu, O — onepanuu Hag moAensiMu, K — kpurepuu.

BrinosHeHre MpOeKTHBIX MPOLEAYp NPpeCTaBIseTCs PyHKIIUECH:
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Gy, = (A, C,M,T,R), rnue:

A, C — ncxoaHble JaHHbIE U OTPAaHUYEHUS,

M — mozienu (MpOTOTHUIIBI) OOBEKTA,

T — pemaroiue npoueypsl,

R — npoekTHbIe pemeHusl.

ABTOMAaTH3alMs WM II0 COBPEMEHHOM TEPMHUHOJIOTMU UM(ppoBH3aALUs
MIPOCKTUPOBAHMS CBOJUTCS K HaIodHeHUIO QyHKIuH Gq,G,, G3, G, 1 pa3paboTKu
wmu axantauuu  WUT, goBegeHuo ©X 70 ypoBHA  pabOTOCIOCOOHOTO
WHCTPYMEHTApUs IPOCKTUPOBILHUKA.

NucTpyMeHTapuii npoekTupoBaHuss U npousBoactBa KOPC B menom
(roJIOBHOE MPEANpPUITHE) U TPEANPUATUNR-PA3PAOOTUNKOB MOJCUCTEM BKIIIOYAET
UHCTPYMEHTHI UMHUTALHOHHOTO MOJEIINPOBAHUS (MMUTATOpBHI),
CXEMOTEXHUYECKOTO, KOHCTPYKTOPCKOTO, TEXHOJIOTMYECKOTO MPOEKTUPOBAHUS.
OTOT MHCTPYMEHTApUI, PACIIMPEHHBI HA MPOU3BOJCTBEHHBIE IMPOLEAYPHI, NPU
HAJIMYUHU JIMHTBUCTUYECKOTO oOecnedyeHus cBsize Mexy mHcTpymeHTamu UT u
COCTAaBJISIET COZEpKaHNue HU(PPOBU3AIIMN NPOEKTUPOBaHUs U TTponusBoacTBa KOC.

Ha pwuc. 2.8. mpencraBineHo pacnpeneiieHue WHCTpyMeHToB WT s

M pOBU3ALMH TPOEKTUPOBaHUS U NpousBoacTBa KOC:
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MHCTpYMEHTBI Noa4epXku MHCTPYMEHTLI MPOEKTUPOBaHNUA U
ynpasnexus (PDM/CAMP) rpoussogctea (CAD/CAM)

bas

‘Cornacosanye TlocTpoenue MM
T.3. :

J Yrsepggexve MM

CUVeamn il e | Mopenuposanue |
“PDMPD" ABaH NpoeKT

AHanus

l CuHTes

SCKU3HbIA P
npoexT Pacuer |

Pucynok 2.8 — Pacnipenenenrne HHCTpYMEHTOB IPOEKTUPOBAHUS U IIPOU3BOACTBA
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Pucynok 2.8 (mponomkenue) — PactipeeneHue HHCTPYMEHTOB MPOEKTUPOBAHUS U

IIPpONU3BOACTBA
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. Texonamecire

TexHonoruyeckas
noaroroeka
npouseoacTea
S YNanaYRH
“CAM NPC”

ACYI

MMpon
“CAPM" - ?BOACTBO

Pucynok 2.8 (nmponomkenue) — Pacnpenenenre HHCTPYMEHTOB TPOEKTUPOBAHUS U
IIPOU3BOJCTBA

[TosiBuBIIMECS B ocienHee Bpems noustue « Muaycrpus 4.0» npeacrasisier
co00ll IBONIOIMOHHOE pa3BuTHe HUHPOpManmoHHbIX TexHomorue (MUT) wu
npuMmenenne UT or T3 nmo Bemycka roroBoro wuzaenus. COOTBETCTBYrOLIAs
KoHUenmuss Obuta mnpemiokeHa K. IIIBaboMm kak cpeacTBO  MOBBILLIEHUS
KOHKYPEHTOCIIOCOOHOCTH ~ MPOMBIIUIEHHOCTH ['epMaHun myTéM  BHEIpPEHUs
knOep(U3MUECKUX CUCTEM B MPOLECCHl MPOU3BOACTBA. B 3TOH CBA3M OTMETUM
CJIO>KUBILIHECS TeHACHIMU B pazsutuu UT.
Pa3BuTHEe HAayKM W TEXHUKHM W COOTBETCTBEHHO MPOU3BOJUTEIBHBIX CHJI
00ecCreynBalOT B HACTOSIIEE BPEMs pealn3alri0 «MAIIMHHO-OPUEHTHUPOBAHHBIX)
Ujieii, METOIOB U AJITOPUTMOB, KOTOpbIe ObLTH co37aHbl B 70 - 80-X ToABI IPOIILIOTO
Beka. HenocTaTouHblil ypOBEHB aIapaTHO-IIPOIPAMMHON IOJIEPKKU B TO BPEMS
OPUBOJWII K pa3pabOTKe M YCOBEPIIEHCTBOBAHMIO MaTEMaTHYECKHX METOIOB U

AJITOPUTMOB  MOJCIIMPOBAHUA, HCKYCCTBCHHOTO HWHTCJIJICKTA, B33HMOI[€I>1CTBH$I
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aBTOMATOB W JIPYTUX CPEJCTB KUOEpHETHMKU. B HacTosiee Bpems 3Tu 0a30BbIe
METO/IbI ¥ aJITOPUTMBI MOTYT OBITh PEaTM30BaHbI, UTO MPHUBOJIUT K HOBOMY BCILJIECKY
«MamuHHOU peBononun» 70 - 80-X T.T., - MOBTOPEHUIO MOJTHON 3aMEHbI YeIOBEKa
cuctemamu ACHU, CAIIP, ACTIILI, I'TIC, ACY u t.11. Pa3Huna B MHOXECTBE
«KUOEPHETUYECKUX IMyOJIMKAIMi» TOrO BPEMEHU U aHAJIOTUYHBIX B HACTOSIIEE
BpEeMsl 4acTO CBOJUTCS JIUIIb K 3aMEHE TEPMHUHOB «aBTOMAaTHU3aALIUS,
CMHTETpalMsi», «CKBO3HAs aBTOMAaTH3alMs» M T.I. Ha HOBBIE TEPMHUHBI -
«uupposuzanusny, «Mumyctpus 4.0», «KMHTEpHET BELIECH» U T.II.

[To cymecTBy, A€NO CBOAUTCS K MPOTpeccy Opydud TpyAa Kak caMou
MOABWKHOW COCTAaBIIIONIEH MPOU3BOJIUTENbHBIX CHUJI. JeMCTBUTENBHO, Opyaus
TpyJa — MHCTPYMEHTApU UCCIIeI0OBATENS, TPOECKTUPOBIIUKA, TPOU3BOICTBEHHUKA,
- ¢ mporpeccoM UHGpacTpyKTypsl uHMOpMaIMoHHbIX TexHoJoru# (IT) n3meHmmcs
CYIIECTBEHHO, YTO CHAENaJ0 JOCTYIIHBIM MacCOBO€ MPUMEHEHHUE HWHTEpPHETA,
100aNbHBIX U JIOKAJIBHBIX CeTel TexHojorui Oonbmmx gaHHbix (Big Data) nmns
peLIECHUs TTPOEKTHBIX U MPOU3BOJCTBEHHBIX 3ajay. B 3TOH CBSI3M B MEPCIIEKTUBE
TaKoW MHCTpyMEHTapuil OyJeT Bce 00Jiee MHTEIIEKTYalbHbIM, HHTETPUPYIOITUM
y>Ke XOPOIIO ampoOUPOBAHHBIE U BHOBH CO3/1aBA€MbIe HHCTPYMEHTHI B COCTaBHBIE,
KOMIUIEKCHBIE U MHOTOLIENIeBbIE cpeficTBa. OIHAKO, MO-TIPEKHEMY 3TO BCETO JIUIIIb

opyaus Tpyaa UemoBeka U NPUMEHSTh UX OH JOJDKEH «I10 MECTY U TI0 JICITY».
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KoHTpoJibHBbIE BOIPOCHI
1. Boigenute B TpaAUIIMOHHOM TPOLIECCE€ MTPOESKTUPOBAHUS U MTPOU3BOICTBA
TO, YTO OTHOCHUTCS K MPOCKTUPOBAHUIO.

2. Uto Takoe TeXHOJIOrH4ecKas IIOATrOTOBKA HpOI/IBBOI[CTBa?

3. Kakue «oOpaTHbIe CBSI3W» CYIIECTBYIOT B MPOIECCE MPOESKTHUPOBAHUA U

MPOM3BOJICTBA?

4. Yto coOoi mpeACTaBIsAIOT CYIIECTBYIOIINE CPEACTBA «IIU(DpOBU3ALIUNY -

ACHU, CAIIP, ACTIIIL, I'TIC?

5. Kakum o00pa3om opraHusyercs <«JBHXKEHHE» LU(POBOM MOAEIH OT

TEXHUYECKOTO 3aJIaHMsl 10 ONBITHOTO 00pasia’?

6. Chopmymupyiite OCHOBHBIE po0JIeMbl «uudpoBU3aLUI
IIPOEKTUPOBAHMSI U IPOU3BOJICTBA.
/. Nanyctpus 4.0 — peBomouMs WM JalIbHEWIEe  pa3BUTHE

MH(OPMAIMOHHBIX TEXHOJIOTHI1?
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I'nasa 3. IloaroroBka npeAnpusTis K BHEAPEHUI0O HHPOPMALHOHHBIX

TEeXHOJIOTUM

3.1. OGcnenoBanue npeanpusaTus 10 BHeaApeHus UT

Buenpenne WT npu mnpoekrupoBanun u npousBoactee KOC Ha
CYLIECTBYIOIIUX NPEIIPUATUAX MPOUCXOIUT MyTEM IOCIIENOBATEIBLHOTO BHIOOPA,
ajanTalid M MPAKTUYECKOro IpuMeHeHuss uHcTpyMeHtapus HWT ¢ yuyerom
OCOOCHHOCTEH, TPAAUIIUNA, PECYPCOB KaXKI0T0 MPEANPUATHS — yIaCTHUKA CO3/aHUs
K®C.

Pemennsa, Bo3Hukaromme npu BHeapenun WT 3amau, Oaszupyrorcs Ha
IpeIBAPUTEILHOM OOCIIEIOBAaHUM MPEANPUATHUS 10 COCTOSTHUIO U BO3MOXKHOCTSIM
sddexTuBHOrO NpuMeHeHus: uHctpymeHTapuss UT (uudpoBuzanmm) Ha Kaxaou
IIPOEKTHOW M ITPOU3BOJCTBEHHOM MpoLeAype. BBUAY NPUHIIUIIHAIBHOTO Pa3IHYNs
poJieli TOJIOBHOTO NMpeanpusitus, orpevaromiero 3a KOC B 11ey10M, U NpeANPUSATHIA,
CO3MIAIOIIUX OTHACJIBbHBIE arperarbl MW ycTporcTtBa, Bxoasume B KOC
(MynbTHAreHThl), HCTpYMeHTapuit UT MoxeT cymiecTBeHHO oTiauvarhes. Tak Jst
TOJIOBHOI'O IPEAIPHUATHS, KOOPAUHUPYIOLIErO IPOLECC NPOCKTUPOBAHUS U
npousBojacTBa K®OC, MNOAUUHSAIOMIETO JOKAJbHBIE LEIN IPEAUPUATAA —
MYJIbTHAreHTOB» TJoOanbHBIM LeisiM co3fanuss KPC, HeoOXonuMbl Takue
UHCTpYMeHTHI, kKak TechNet, cpenctBa ynpaBieHHsS W KOOPIMHAIIMU HA OCHOBE
KOHIICMIIMKM  CEeTeleHTpu3Ma, umuTatopsl pabotei KDOC Ha  ocHOBe
MaTeMaTHYECKOr0 MOAEIUPOBaHus. [IpennpusaTrs, npon3BoAAIIME COCTABIISIOIINE
noacucteMbl KOC, akneHtrupytor coctaB uHCTpyMeHTapuss T Ha KOHKpeTHbIE
pOLEAYPl M ONEpalMd  CXEMOTEXHHYECKOTO, KOHCTPYKTOPCKOTO U

TEXHOJIOTUYECKOTO TANoOB MPOCKTUPOBAHUS U TTPOU3BOJICTBA (cM. [771.2).
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B nro60M citydae MeTo010TUsl NOATOTOBKY NpeAnpusaTus Kk BHeapenuto 1UT-
nu(pOBU3AIMY OJUHAKOBA U TECHO CBS3aHA C TPAJAWLMOHHBIM JUIsSl IPEAIPUATUS
IIPOLIECCOM ITPOEKTUPOBAHMS U IPOU3BOJCTBA.

TpaanuroOHHBIN IIpoLecC NPOESKTUPOBAHUS U3JAEIMM Ha pAAe NMPEAIpUITHIA
MOJET OBITb pPAacCMOTPEH KaK CHCTEMa, COCTOsIas W3 JABYX IOJICUCTEM:
yIpasisironiel 1 ynpasisieMord. OyHKIMOHUPOBAHUE CUCTEM OCYILECTBIISETCS 3a
CUET YIPaBJISIOIIMX BO3IEHCTBUM, KOTOPbIE (POPMUPYIOTCS Ha OCHOBE IOKa3aTeseil

Ka4yecTBa, NOJy4YaeMbIX B pe3yJibTaTe pa3paboTKU TEXHUYECKOro 3a1aHus (puc. 3.1).

1 I‘ﬁ.
E t] [ﬂ lif _1% e ii

~

| | R
to [ oo, ] Fo ] T H

- ) SRS 1 = .Y

________________ T

Pucynok 3.1 — CTtpykTypHO-uH(OpMAIIMOHHAS CXEeMa MPOoIecca MPOCKTUPOBAHUS

m3nenus (1IN - npeanpoekTHbie uccienoBanus, T3 — TEXHUYECKOE 3a/laHue,

IIT — npennoxxenne Texuuueckoe, 11 — acku3nblil npoekT, TII — TexHUYECKUil MPOEKT,
PII — paGouee npoektupoBanue, M — ucneitanus, B — BHeapeHue)

Ha cxeme mpuHSTHI Clieayronie yciaoBHbIE 0003HaueHus: |1 — ympaBisromias
nojicucTeMa; 2 — ympaBisgemas mojcucteMa; Xo— ucxomHas uHbopmarms; X —
uHpopMalusi, TpeACTaBICHHAs TEXHUYECKOW JOKYMEHTAllUe ¢  OIBITHBIM
o0pa3ioM 00beKTa MPOESKTUPOBAHUS, Y12 — OOIIIee yIpaBJstoiiee Bo3aeiicTBIe; Y1
2-1, Y1_2_2, Y1_2_3, Y1_2_4, Y1_2_5, Y1_2_5— YaCTHBIC YIIPABJIAIONINC BOSHeﬁCTBHH; Q1_2—
o0mas uHpopmanus 0 npoeKTUpoBanuu; Q1 21, Q1 22, Q1 23, Q1 24, Q125 Q1256

— gacTHas HHGOPMAIHS O TPOCKTUPOBAHUH.
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VYrpaBiaenue pa3pabOTKONW TMpOEKTa paccMaTpUBAETCs KaK IEIeBOE
BO3JICCTBHE, MPU KOTOPOM OOBEKT U3 MHOXKECTBA BO3MOXHBIX COCTOSHUUN
MEPEXOJUT B TAKOE, KOTOPOE COOTBETCTBYET 3aJaHHON LIEU MTPOEKTUPOBAHHUSL.

Lenu u 3agaun 00CIIeIOBaHUS CBSI3aHbI C OLEHKOW BO3MOYKHOCTH BHEPEHUS
Ungopmayuonnvix Texnonoeut (UT) na npeanpusituu. ['7aBHON 1ENbIO TaKOTO
oOcrenoBaHus ABiseTcs paspaboTka Tpedoanuii k UT, BeIOOp mpUHLIKIIHATBHBIX
TEXHUYECKUX peIllIeHui u pa3zpaboTka nporpammbl BHeApenus UT Ha ocHoBaHuuM
(GyHKIIMOHATBLHO- CTOMMOCTHOTO aHaNW3a Pa3UYHBIX BAPUAHTOB pEaHM3aIUu.
COOTBETCTBEHHO, HAa JTOM CTaJuM HEOOXOJAMMO PACCMOTPETh 3HAUUTEIHHBIN
KOMIUIEKC B3aWMOCBSI3aHHBIX BOIPOCOB, OXBATBIBAIOIIMX ASKOHOMHYECKHUE,
OpraHU3allMOHHbIC, TEXHOJOTHUYECKHUE M MPOrPAMMHO-AIIAPATHBIE ACTIEKTHI
npoGiemsbl coBepiieHcTBoBanust UT.

[IpennonaraeMple TEXHUYECKUE PEUMICHUS W HMX SKOHOMHYECKHE OLECHKHU
JIOJDKHBl HOCUTh BApUAHTHBIA XapakTep, C Y4YE€TOM CHEUU(PUKH JaHHOTO
NpPEANPUATUS, HO ONUPAThCS HA €OUHYI KoHuenuuio mnocrpoeHus WT kak
WHCTPYMEHTApHs MPOEKTUPOBIIHKA.

[Ipy aHanmu3e aBTOMATHU3alMU MPOLECCA MPOEKTHUPOBAHUS OMPEACIISIOT:
KOJINYECTBEHHBIE U KAUECTBEHHBIE XapaKTEPUCTUKHU YIIPABIISIEMON U YIIPABIISIONICH
noacucteM (puc. 3.1), menecooOpazHocth BHenapenus WT wu  creneHb
ITOATOTOBJIEHHOCTH COOTBETCTBYIOIIEH MOJCUCTEMBI [JIsi €€ JaJbHEUIIEro
COBEPILICHCTBOBAHUSI.

CucTeMHBIN aHanIu3 Mpolecca MPOEKTHUPOBAHUS C 1eibio BHeapenus WT
yA00OHO pa3eNuTh Ha BHEITHUN U BHYTPEHHUIA:

® OCHOBHBIC 33/1a4M GHewHe20 aHaIW3a IPoLecca NPOCKTUPOBAHMS
CHENYIOLINE: ONPEACIICHNUE €€ OPTaHU3ALMOHHONW CTPYKTYPBI U MIEPEYHS TPOEKTHBIX
MPOLIETYP, BBIMOJHSAEMBIX B HEW; BBISIBIICHUE CBSI3€M MEXAY VYIIPABISIIONIEN U
yrpasiisieMoi nojacucteMamu (puc. 3.1); mocTpoeHrue Wik KOPPEKTUPOBKA MOJICIN
YIPaBIIIEMOU MOJICUCTEMBI;

® Ha JTalle GHYMpeHHe20 aHalu3a Ipolecca MpoeKTupoBaHus (OJ0K 2 Ha

puc. 3.1) pemaroTcs 3aJadd MOCTPOSHHUS MOJENeH KOHKPETHBIX IMPOCKTHBIX
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NpOLEyp, BBIACICHHBIX B KauyeCTBE THUIIOBBIX; ONpENEICHUE UX TEXHHUKO-
HPKOHOMHYECKUX XapaKTEPUCTUK C YYETOM BCEed BXOJHOM U  BBIXOJIHOMU
JTOKYMEHTAITNH, a TAKKE TEXHOJIOTHH MPOSKTUPOBAHUS U UCTIBITAHHM.

PaccmoTtpum 60mee noipoOHO gHeuiHUl aHATIN3.

1. IlepBbIM 1IAroM gHeutre2o aHaan3a MpoLecca MPOSKTUPOBAHMS SIBISIOTCS:

— PAaCKpbITUE OPraHU3ALMOHHON CTPYKTYpPHI MOAPA3ACICHUN MPEATPUITHS,
3aHATBIX ~ pa3pabOTKOM  CXeM, KOHCTPYKTOPCKMUM U  TE€XHOJIOTHYECKUM
MPOECKTUPOBAHUEM, & TAKIKE UCIIBITAHUSIMU OTIBITHBIX 00PA31[0B;

— BBISIBJICHUE TEXHUKO-3KOHOMHUYECKON HHGOpMaIMK 00 MMEIOUUXCS Ha
MPEANPUATANA TEXHUUECKUX CPEJICTBAX, MPOTPAMMHO-METOIMYECKUX KOMIUIEKCaX U
MaKeTax MPUKIAJTHBIX MPOrPaMM.

[Ipp >TOM TPOCICIKHUBAIOTCS MMYyTH MPOXOXKACHHUS HWHPOPMAIMU  OT
Mo/Ipa3/ieNIeHus K MOJAPa3ICICHHIO, a TAKKE MPOU3BOIUTCS aHAIIU3 ITUX MyTeH s
MOJTYYEHHUsI OTBETOB Ha CJIEAYIOIIUE BOMIPOCHI:

— KakWe JIaHHble TMepeNaloTcs IO  JIMHUSIM  CBSI3M  JIOKAJbHOM
BBIYHMCIIUTENILHOM CETH, a Kakhe C TOMOIIBI0 JOKYMEHTOB Ha OYMaKHBIX U
MAaITUHHBIX HOCUTEIISX;

— KakKoBbI (DaKTUYECKUE CPOKH MEepeIaun IaHHbIX;

— kakasg wHpOpManusg HE HAXOAUT CBOWX TMOJydaTelIeH B JIPYrux
MO/Ipa3IeTICHUSX MPEIITPHUSITHUSI.

Nudopmarnmonneiii  aHanu3 1e71ecoo0pa3Ho pa3OUTh Ha  CIEAyIOIIne
oneparuu:

COCTaBJICHUE TIEPEYHS MPOSKTUPYEMBIX M3JEIUN B I[EJIOM U MX COCTaBHBIX
4acTeu;

— COCTaBJIEHUE MEPEYHsI MPOEKTHBIX MpoLeayp (oneparuii);

— COCTaBJICHUE MOJHOTO MEePEYHs BXOIHON U BBIXOIHON MH(pOpMAIINH;

— kiaccudukaiys nHGOpMaIHH;

— BBISIBJICHUE U30BITOYHON HH(POPMAIIMH U TyOIUPYIONTUX CBSI3eH U IIMKIIOB.

TexHrueCcKyr0 TOKYMEHTAIIUIO KIAaCCU(PUITUPYIOT MO CISAYIOMUM BHIAM:
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— BXOJHAs JOKYMEHTAIHS;

— BBIXOJHAS JTOKYMEHTAIIHS;

— JIOKyMEHTaIus, BeIpabaTbiBaeMasi B pe3yJIbTaTe BBITIOJIHCHHS MPOEKTHBIX
HPOLENYP,

— BHYTPEHHSSI JOKYMEHTAIMsI, HCIOJb3yeMasi HCKIIOUUTEIbHO BHYTPH
No/ipa3/ieICHU N IpeanpUsTUS.

Pesynbrarhl aHanm3a yao0HO 3aHOCHThH B CHEIHAIBHBIE (POPMBI, KOTOPHIC
3aT€M MOTYT OBITh 3aKOAUPOBAHBI U XPAHUTHCA B MaMsITH IBM.

B pesynbTaTte BBITIOJIHEHMS MEPBOTO IlIara BHEIIHETO aHaIW3a IMOJIY4YaroT
CTPYKTYPHYIO CXEMy YIPaBISIEMOW MOACHCTEMBI C TMPUBI3KOW K KOHKPETHBIM
MO/Ipa3/IeICHUSIM MIPEATPUATHS.

2. Ha BTOpOM 11are gHewHe2o aHamu3a mnpoiiecca MpoOeKTUPOBAHUS:

— paccMaTpuBaIOTCS ~ NPOEKTHBIE  TPOLEAYpPbI,  BBINOJHSIEMBIE B
MO/Ipa3ICTICHUSIX MPEIPUSITHUS;

— OIPEACIISFOTCS TUITBI MPOSKTHBIX MPOIIEAYP W UX KOJTHYECTBO IO THITAM.

Knaccudukanys mpoeKTHBIX MPOIIEIyp MPOU3BOIUTCS IO MPU3HAKAM:

— CXOJCTBA XapaKTepa UCXOIHBIX TaHHBIX M PE3yJbTAaTOB, TOJIYIaCMbIX TIPH
BBITIOJIHEHUU PA3TUYHBIX POEKTHBIX MPOIEAYD;

— CXOJCTBa KaTErOpHil MPOCKTUPOBIIUKOB: Pa3padOTYNKOB, KOHCTPYKTOPOB,
TEXHOJIOTOB Y UCTIBITATEIICH.

JIJist cocTaBlieHUs TIEPEYHsT TUIIOBBIX MPOEKTHBIX MPOIEAYP aHATU3UPYETCS
MIPOCKTHAs JTOKYMEHTAIMsI, BXOJSIAsl B MPOCKT. [Ipu 3TOM yYHTHIBAIOTCS TaKhe
TEXHUKO-IKOHOMHYECKHE XapaKTePUCTUKH, KaK:

— BpEMCHHBIC U (DMHAHCOBBIC 3aTPATHI,

— 00BeMBI ¥ BUABI HH(POPMAIMHU, IEpepadOTAaHHON B MPOIECCE BHITIOJIHCHUS
IIPOEKTHOM MPOLIETYPHI.

Ha nannom srtame oOcienoBanus He TpeOyeTcs 3HATh XapaKTEPUCTUKH

MPOCKTHBIX TMPOIEAYP C TOYHOCTHIO OOJBINEH, YeM 3TO HEOOXOIUMO ISl HX
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KaueCTBEHHOIO  MPEABAPUTENBHOIO CpPaBHEHUsS 1O BKJIaaAy B  Ipoliecc
MPOECKTUPOBAHUS.

3. TperbuM 1IaroM 6HewHe20  aHANIW3a  SABISAETCA  TOCTPOCHUE
MH()OPMAIMOHHOW MOJIEIM CUCTEMbl MPOEKTUPOBAHUS, KOTOpas, MO CYIIECTBY,
npeacTaBiIsieT co00il MHTerpajibHOe O0TOOpakeHHE pe3yJIbTaToOB, MOJTYYCHHBIX Ha
MPEABIAYIINX IIarax.

Ha panHom miare 1enecooOpa3HO HUCIOJIB30BaTh WTEPATUBHBIM MpOIIECC
nocie0BaTeabHOro Mpubmmkenus. Kaxxaas urepaius Takoro mpoiiecca cBsizaHa C
nojsyuyeHueM wuHpopManuu o0 00BEKTe U Ipolecce MNPOEKTUPOBAHUSA TPU
pas3nuyHOM cTenenu ux nuddepeHIanum, Hanpumep:

— Ha MepBOM UTEpAIMU MOXET OBITh MoydeHa uHbopmaius 00 0OBEKTE B
1e’oM 0e3 ero pacuJIeHEeHHUs,

— Ha BTOPOW UTEpALUUd — O CTPYKTYPHOU cXxemMe OOBEKTa; Ha TPETbel — O
CBSI3SIX COCTABHBIX YacTel 00bEKTa  T. 1.

NudopmarnmonHas MoJenb TaKKe SBJISIETCS OCHOBOM JIJIsi CO3/IaHUSI MOJICTH
npeaIMeTHON 00J1acTH Il 00CIeAyeMOro npolecca MpoeKTHPOBAHMUS.

Jlanee pacCMOTPHUM 8HYympeHHUl aHATHA3 TIPOIIecca MPOSKTUPOBAHMS: HA ITOM
dTamne yTOYHSETCS W JCTaNM3UpyeTcs UHPOpMaIUs O MPoIecce MPOSKTUPOBAHUS,
MOJTyueHHAas Ha dTare BHEIIHETO aHaIH3a.

1. ITepBbIM 1mIaroM BHYTPEHHETO aHAIIM3a SIBISIETCS BBIACICHUE U3 KaXIOH
TPYIIIBI:

— MPOEKTHBIX TMPOIEAYP, MOJYYCHHBIX B PE3ysbTaTe KilacCUPUKAIMKU Ha
JTare BHEITHETO aHAIN3a;

— THNOBBIX  TPOEKTHBIX  MPOIEAYP,  HA3bIBAEMBIX  IPOCKTHBIMU
POLIETypaMH-TIPEACTABUTEISIMHU.

Br160p Takux mpoueayp oOCyImeCTBISIeTCs, KaK MPaBHUIIO0, SKCTIEPTHBIM Ty TEM.

2. Ha BropoM miare Jjist BCeX MpoueAyp-IPEACTABUTENEH ONpeaestOTCs:

— KOJIMYECTBEHHBIC OTICHKU;

— BPCMCHHBIC OLICHKH.
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Takue OIEHKH OCYHIECTBISIOTCS JIMOO AKCIIEPTHBIM IyTeM, JIMOO METOJI0OM
XPOHOMETPAKHBIX HAOIIOACHUH (IIPH 3TOM IOCIICTHUI TTO3BOJISACT MOJIYUUTh OOJiee
TOYHBIC JAHHBIC O TPOCKTHBIX MPOIIETyPax MO CPABHEHHUIO C METOJIOM DKCIIEPTHBIX
OIICHOK).

Ha »sTom »sTame Takke yTOUHSIOTCS CTPYKTypa W oObeM uHdOpMaImu,
UCITOJIb3yeMOM B TMPOIECCE NPOSKTHPOBAHUS, B TOM YHCIEC W HOPMATHBHO-
CIIPAaBOYHON JOKYMCHTAIIMH. DTH CBEJCHHS BITOCIICICTBHH HCIIOJIB3YIOTCS IIPH
pa3paboTtke 6a3 nanusix UT (CAIIP, ACTIIII u ap.).

Bcs undopmamus, moiydeHHas B pe3yJbTaTe BHYTPEHHEIO aHallM3a,
3aHOCHUTCSl B CIIEIIHAIbHBIE (POPMBI, KOTOpBIE 3aTEM KOAUPYIOTCS M XPaHATCS B
namMsatu DBM.

Takum  00pa3oM, BHYTPEHHHMM aHajIu3 3aBepIIacTCS  IOJIYyUYCHHEM
WHTETPATTbHBIX XapaKTEPUCTUK IO TPYAOEMKOCTH, JJIMTCIHHOCTH U Py APYTHX
MapaMeTPOB BBITOJTHCHHSI THIOBBIX TPOSKTHBIX TMPOIEAyp-TipeacTaBuTeneii. Ha
OCHOBE BHEIITHETO ¥ BHYTPEHHETO aHaJn3a OllCHUBaeTcs crparerus BHeapenus UT.

[Ipu 5TOM BBISBIISIOT:

O0OBEKTHl aBTOMATU3alUU (ITPOECKTHBIE MTPOLIEYPbI);

COCTOAHHNEC TCXHUYCCKHUX CPCACTB aBTOMATHU3AlIUH IIPOCKTHLIX ITPOICAYP,

— YPOBEHb aBTOMATU3ALUH POECKTHBIX MPOLEAYD;

YpPOBEHb  yHH(UKAIMKM W CTaHJAAPTU3AIMd  KOHCTPYKTOPCKO-
TEXHOJOTUYECKUX PEIICHUI.

B wuactu cocraBmsaromer MMT — CAIIP mno pesyiabrataM JaeTcs
NPUHIUNKATBHAS OlIEHKAa HeoO0xoaumocTu paszpadoTku HoBor CAIIP nubo
COBEpIICHCTBOBaHUsI  cyllecTByromux uHCTpyMeHToB CAIIP. Ilpu sTom
HEO0OXOIMMO OIICHUTh YPOBEHBb MOJATOTOBICHHOCTH MPEANPHUSITHS TIO CICTYIOIIIM
MOKa3aTeNsIM:

— 00€CTeYeHHOCTh  CHEHUATMCTaMH, HMEIOIUMHM  OIBIT  palOThl ¢
uHctpymentamu CAIIP;

— HaJgu4Iue HeoOXoauMBIX TeXxHHUecKuX cpeacts CAIIP;
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— BO3MOXHOCTb (puHaHcupoBanus padot mo CAIIP;

— COOTBETCTBHE OPraHU3ALMOHHOW CTPYKTYpbl MNPEANPUITHS YCIOBUAM
npuMenenus: CAIIP.

Ouenka ctpateruu BHeapenus CAIIP unu coBepiieHCTBOBaHUS UMEIOLTUXCS
Ha npeanpustuu nHCTpyMeHTOoB CAIIP 3aBepiiaercs Bbiaaueil HCXOAHBIX TAHHBIX
JUIsL  pa3padOTKM TexHUYeckoro 3aaanuss Ha BHeapenue CAIIP, kortopoe
dbopmupyetcst B coorBerctBuu ¢ 'OCT 34.602-89.

O} hekTUBHOCTh CUCTEMHOT'0 aHaJIM3a IMpollecca MPOSKTUPOBAHUS B IEIAX
BHeApeHus: CAIIP B 3HaUUTENBHOM CTETIEHU 3aBUCUT OT OpraHU3aluu padoT MO €ro
oOcnenoBanuto (puc. 3.2). Jlns npoBeneHus: paboT Ha JaHHOM 3Tare GOpMHUPYETCs
paboyast rpymnma, KOTopas PpYKOBOJCTBYETCS  IPHUKAa30M  PYKOBOJIUTEIS
NPEANPUATHS, B KOTOPOM JOJIKHBI OBITh ONPE/EIICHBI:

— cocTaB 00cienyeMbIX TMOAPA3ACIICHUN, 3aHATBIX IPOECKTUPOBAHUEM
KOHKPETHBIX U3IEIHI;

— COCTaB MCIIOJHUTENEH, y4acTBYIOUIMX B 00CI€I0BaHUM;

— 00513aHHOCTH, BBITIOJIHAEMbIE KK IbIM MOJIpa3/IeIeHUEM U UCTIOTHUTEIIEM,
MPOBOJIANIUM 00CIIEIOBAaHUE;

— CpOKH IIpOBeeHUS 00CIe10BaHus U OPSI0K MPECTABICHUS PE3yIbTaTOB
paboTHI.

OO6cnenoBaHue BBITOIHAETCS ClIEHUATNCTaMU MOAPa3IeIICHUN IPEANpUsATUs,
B YMCJIO KOTOPBIX BKJIFOYAIOTCS:

— CHCTEMOTEXHUKH;

— pazpabotuuxu CAIIP;

— OIBITHBIC CIICHUAIIMCTDI ITIO0 COOTBCTCTBYIOIIICMY HAIIPABJIICHUIO TCXHUKH.
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[poCKl HI‘UH.IHHZ-I

PI/ICYHOK 3.2 — Cxema OpTraHu3alvy BBIITOJHCHUA CUCTCMHOT'O aHAaJIM3a IMponecca

IMPOCKTHUPOBAHUA

Kak cmpaBenmmBo oTMedaeT OJWH W3 BEAYIIUX CIEIUATUCTOB B 00JACTH

asromatm3anuun K. Kacremmanu:

«HcKImrounTebHO BaxXHO, YTOOBI JIFOAU

HEMOCPEJCTBEHHO Ha CBOMX pabouyMx MecTax OIIyTUIW HEoOXOAUMOCTh

nepecMoTpa MpoLeayp, KOTOPbIMU OHHM MOJb3yloTcs. Torma paspaboTka 3amayu

OyZeT uMeTh Ccepbhe3Hble HIAHCHI HA YCINEX, IOCKOJbKY COBMECTHBIM TpYyA

pa3pabOTYMKOB U MOJIb30BaTeNei OyIeT MpoTeKaTh B 00CTAaHOBKE COTPYIHUYECTBA

U COrJlacusi, KOTOpas KpaiHe jkeJaTelbHa AJisi OJaromojlydyHOrO BBITOJHEHUS

pa3paboOTKm.
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3.2. Meroauka o0OCle€IOBaHUS TMPEANPUATHS TIepel  BHEIAPEHUEM

MH(OPMAIMOHHBIX TEXHOJIOTUH

[Tpu npoBenennn oOcae0BaHUs Ipoliecca TPOSKTUPOBAHUS IS TOJTyICHUS
JAHHBIX MOYKHO HCITOJIH30BATh CIICAYIONIYIO METOINKY:

— W3y4YeHHE JOKYMEHTOB (COCTOUT B TOM, YTO HE0OXoauMas WH(popMaIus
BBIOMpAETCS U3 PA3IMYHBIX JIOKYMEHTOB, OTPAKAIOIIUX JEATCIBHOCTh MPOSKTHBIX
nojApa3eiaeHui);

— aHKETUPOBAHHUE (B ATOM Cllydae HEOOXOAUMbIC JaHHBIEC MOJIYYalOT MyTEM
3ar0JIHCHHS CIISIIUAIUCTAMU COOTBETCTBYIOIIMX (OopM (aHKET));

— YCTHBIH OIPOC (COCTOUT B TIOJYYCHUH JAHHBIX MTyTEM ITPOBEACHHS Oece C
MPOECKTUPOBIIMKAMHU).

[Ipu mnpoBeneHUU MPEANPOCKTHBIX MCCIEIOBAHMNA, KaKk © Ha BCeX
nocyenyonmx craausiax Baeapenus YT, 60mb110e 3HaueHHEe UMEIOT TUTAaHUPOBAaHUE
W ympaBliecHHe. B 9acTHOCTH, AESITEIBHOCTh paboyeli TPyNIbl Py 00CIeI0OBaHUN
OpPraHU3yeTCs B CICAYIONIEM MOPSIJIKE:

1) moArOTOBKA M BBITYCK MPHKa3a M0 MPEANPHITHIO;

2) pa3paboTKa,  COIJIacCOBaHWE H  YTBEpXKJICHHE  IUIaHa-rpaduka
00CJIeI0BaHMuS;

3) cOOp MaHHBIX, IPOBEACHHUE OMPOCA;

4) aHayu3 pe3yIbTaTOB 00CICIOBAHHMS;

5) MoienupoBaHue mpoliecca MPOSKTUPOBAHUS, B TOM YHUCIIE C BHEAPEHHBIMU
uHctpymentamu UT,

6) OAroTOBKA HAYYHO-TEXHHYECKOTO OTYETA.

PaccMoTpuM  mpuMeHsieMyr0  METOAMKY  OOCJEeIOBaHUS  MPOEKTHO-
IPOU3BOJCTBEHHOIO MPEANPHUATHUS, 3aHUMAIOLLETOCsl MPOCKTUPOBAHHUEM OOPTOBBIX
uupposeix 9BM (BLIBM) kak noacuctem, oqHOro u3 myibtruarenTon, KOC.

@yHKIMOHAIBHASL CXE€Ma Ipolecca MPOEKTUPOBAHUS W3/EJIUN B YCIOBHSX

¢dbynkuuonupoBanuss UT - 3To0 uHBapuaHTHas K OOBEKTaM, YHOPSAIOYEHHAs
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COBOKYMHOCTh MH(OPMALMOHHO CBS3aHHBIX MPOEKTHBIX MPOLEAYP U ONeparuii,
OPUBOMASIIUX K COCTaBIICHUIO OMHUCAHUS, HEOOXOJUMOIO Uil M3TOTOBJICHHS U
AKCILTyaTallMy B 33JJaHHBIX YCIOBUAX €€ HE CYLIECTBYIOUIEr0 OOBEKTA.

B 3aBucuMOCTM OT TOro, B KakOW IOCJIEIOBATEIBHOCTH BBIOJIHSIIOTCS
IIPOLIEAYPHI U ATAIbI, PA3JIMYAIOT JBA BUAA IPOCKTUPOBAHUSA:

— 80cx00sUee TIPOEKTUPOBaHUE (CHU3Y-66epX: OT YacTel K ILIeJIoMY),
KOTOpOE€ TMPUMEHSIETCS Ha TE€X MEPapXUUECKUX YPOBHAX, HA KOTOPBIX
MPOCKTUPYIOTCSI TUMOBBIE OOBEKTHI, NMPEAHA3HAYEHHBIE /JI HCIOJIb30BAHUS B
KAaueCTBE 3JIEMEHTOB BO MHOIMX OOBEKTax Ha 0o0Jiee BBICOKMX HEpPapXUUYECKHX
YPOBHSIX (HampuMep, CEpUUHBIE MUKPOCXEMBbI, CTaHJApTHHIC STYEHKU MATPUUHBIX
BUC u 1. i.);

— HuUcxooawee NMPOECKTUPOBAHUE (c6epX)y-6HuU3: OT LIEJIOr0 K €ro 4acTsiM)
OPUMEHSETCSd Ha TeX YPOBHIX, Ha KOTOPBIX HPOEKTUPYIOTCI OOBEKTHI,
OPHUEHTUPOBAHHBIE HA UCITOJIb30BAHUE B KAUECTBE AJIEMEHTOB B OJTHOM KOHKPETHOM
CUCTEME.

Hanpumep, nmpoekTupoBaHHIO H3AETUI MPUOOPOCTpOEHHs (B YaCTHOCTH,
BIIBM) CBOHCTBEH HTEpalMOHHBIA XapakTep, MNpU KOTOPOM MPUONMKEHHE K
OKOHYATEIbHOMY PE3YJIbTaTy OCYILECTBIAETCS IIyTEM MHOTOKPATHOI'O BBIIIOJIHEHUS
OIHOW M TOW K€ IMOCIEAOBATEIBHOCTH MPOEKTHBIX MPOUEAYP C KOPPEKTUPOBKOM
JUISL OTOM MOCIEN0BATEIBbHOCTH TaHHbIX. MITepanii MOTYyT OXBaThIBaTh Pa3IMYHbIC
4acTH IpoLecca MPOEKTUPOBAHUS, BKIKOYAKOLIIUME KAK HECKOJIBKO 3TallOB, TaK U
HECKOJIBKO ONEPALUH.

CxeMa KOHLENTYyalbHOW MOJENM MpOLEccCa NPOEKTHUPOBAHUSA HW3AEINN
BIIBM, nmoctpoeHHOro Ha 06a3e MHKPOIPOIIECCOPHON TEXHHUKH, MpECTaBiIcHa Ha
puc. 3.3, HW3 KOTOPOTrO BHJHO, 4YTO TEPEUYCHb YPOBHEH HuUCXo0sauUje2o
IIPOEKTUPOBAHUS M3IENHS (OT COCTABJIECHHS] TEXHUYECKOIO 3a/JaHMS JI0 BBIITYCKa
TEXHUYECKON JOKYMEHTAI[MM Ha MPOEKT) COJAEPKUT CIEIYIOUIME BEPTUKAIbHbBIC

YPOBHH MIPOEKTHOTO TIpoIiecca:
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Pucynok 3.3 — Cxema KOHIENTyalbHOM MOJIENH Ipolecca npoektuposanus b1IBM

1. Cucmemnoe npoexmuposanue, BKIOYaKOIIEe ABa MOTYPOBHS:

— BHEIIHEE MPOEKTUPOBAHME (MpPU KOTOPOM BBIOMPAIOTCS OCHOBHBIE
HaIIPaBJICHUS CXEMOTEXHUUYECKUX, KOHCTPYKTOPCKUX ¥ TEXHOJIOTUYECKUX PELICHUN
UCXOAS W3 33JaHHOIO0 TEXHUYECKOrO0 3aJaHusl M HAa OCHOBE IIPOBEACHHOTO
IIATEHTHOTO ITOMCKAa, HAKOIUICHHOIO OIbITa W TBOPYECKUX JOCTHKCHUU
pa3paboOTYNKOB);

— CTPYKTYpHO€  IIPOEKTUPOBAHHUE (3akmroyaeTrcs B BBLACIICHUU
¢ynkuoHanpHbix uyacTtedl BIIBM u cBs3zeil Mexay HUMH, a Takke B BBIOOpE

AJIEMEHTHOU 0a3bl).
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2. CxemomexHuueckoe NPOEeKmMuposaHue MO3BOJISIET  pa3paboTarhb
MPUHIUIHAIBHBIE CXeMbI OTIeIbHbIX YacTeil BIIBM u BbeIOpath ee mapameTrphl.
Ha 53TOM ypoOBHE BBIMOJHIETCS MAaTEMaTUYECKOE MOJECIUPOBAHUE MPOIECCOB
GYyHKIMOHUPOBAHUS — peajbHOM  ammapaTypbl, 4YTO T[O3BOJIIET 3aMEHHTH
MaKeTUPOBAHUE ATOM ammaparypbl U MPOBECTU CTATUCTUYECKUE MCCIICIOBAHUS,
CBSI3aHHBIC C aHAIU30M pa3zdpoca mapameTpoB. COOTBETCTBYIOIAs MPOEKTHAas
npolielypa, Tak Ha3bIBaeMbIN napamempuyeckuil cunme3s (0 KOTOPOM pedb MOUIET
Janee), maeT BO3MOKHOCTh HAa OCHOBE MOJIEIHM yCTPONCTBAa BHIOPATh UYMCIIOBBIC
3HAYEHUA [MapaMeTPOB YCTPOUCTBA JIJIsl 3aJIAaHHOMN pa3pabOTYMKOM CTPYKTYPBHI.

3. Ilpoexmuposanue npoepammuoco obecneyeHus, TIPU BBITOJTHEHUH
KOTOpOro  pazpabaThiBalOT  paboure MNpOrpaMMbl U KOHCTPYKTOPCKYIO
JOKYMEHTAIUI0 HA MUKPOCXEMBI TaMATH.

4. Koncmpykmopckoe npoekmupoganue, BKIIOYAIOIIEe BbIOOP (OPMBI,
pa3pabOTKy KOHCTPYKTHMBOB, HMX KOMIIOHOBKY U pa3MeEIIeHUEe, TPaCCUPOBKY
COEIMHEHUI, U3TOTOBJICHUE KOHCTPYKTOPCKON JOKYMEHTALIUH.

5. Texnonocuueckas no020mo8Ka Npouz8o0CmMeda U KOHMpOJs, COCTOSIIAS
B pa3paboTKe MapUIPYyTHOM ¢ OMNEPAIMOHHONW TEXHOJOTUH, YIPaBISIOMIUX
nporpamm st 00OpyJOBaHUsI ¢ YUCIOBBIM MporpaMMHbIM yrpasieHuem (UITY),
MIPOBEPKE U3JIEIUS HA TEXHOJIOTUYHOCTD.

6. Komnnexcuas ompabomka (omaadka) BKIOUYaeT B ce0s MpoBepKy oOpasia
u3ienuss Ha pabOTOCIOCOOHOCTh, COOTBETCTBHE TEXHUYECKUM  YCJIOBHSM,
pa3pabOTKy KCIUTyaTAIlMOHHON JJOKYMEHTAIUH.

PaccmatpuBass UT ¢ coorBerctByrommmu  CAIIP, ACTIIIT kak
OpraHU3alMOHHO-TEXHUYECKYIO CHUCTEMY, HEOOXOAMMO K BBIIICIEPEYUCICHHBIM
YPOBHSIM TTPOCKTUPOBAHUS TOOABUTH €I11€ OJNH- OP2aAHU3AYUOHHO-YNPABIIEHYECKUE
pabomsi. Ha 3TOM ypoBHE (MpU HUCXOIAIIEM MPOSKTUPOBAHUHU B paMKax TEKYIIIEeH
W TPOTHO3HOW  KOOPAMHAIMOHHO-  YIPaBIAIONIEH W OpraHU3aIllMOHHO-
METOJUYECKON JEATENbHOCTU) BBIMTYCKAIOTCA MPHUKA3bl, YTBEPKIAIOTCS IIAHbI-
rpaduKy, KaJbKYJSIUHU, 3aKI0YAIOTCS JOTOBOPHI; MPU 3TOM KaXXIbIi JOKYMEHT

odopMIIsieTCs IO YTBEPKACHHOU (hopme.
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AHanu3 opraHu3allMOHHO-YNPABIEHYECKUX padOT pacCMOTPUM Ha MpUMEpE
o0cneIoBaHus AKCILTyaTaIl[MOHHO-TUCTPUOBIOTOPCKOro npeanpusatust (puc. 3.4) B
CBSI3U C TEM, UTO «BEC» TAaKUX PabOT Ha MPEANPHUATHU SBISICTCS HAUOOIBIITHM.

Ha nauanpHOM ypoBHE mpoekTHpoBaHUsi (puC. 3.4) peliaioTcsi TUIMOBBIC
3aJaud  JUIsl  KaXJOM COCTaBHOM 4YacTH  CIOXKHOTO u3fenus  (0ObekTa
IPOEKTUPOBaHUs). B  mporecce NPOEKTUPOBAHUS  CBEpX)-6HU3  WU3JCIINE
HaMOOJIBIIETO YPOBHS CIOKHOCTU pa30oUBaeTCs (IEKOMIIO3UPYETCs) HA COCTABHbIE
yacTu (y3Jibl, yCTPOMCTBA, KOMIOHEHTHI). [Ipu 3TOM 1151 KaXK10M COCTaBHOM 4acTu
U3JIeNusl, KOTOpyl TpeOyeTcsi CHpOeKTHUpOoBaTh, (HOPMHUpPYETCSs YacTHOE

TCXHUYCCKOC 3aJaHUC.

Dopmyauposka 173

YpoReHk

CIPVKTYPHOTO

MPOEeKTHPOBAHHS CIIIM|PIA]JO| A

Jexomnosunns 1 ohopwienue gacTupx T3

VYporensn L I
CIIIM|PJIAJO | N

(Y HKIHOHAILHOTO

NPOCKTHPOBAHHA

Jekomnozuums hvHKIHOHATEHON CXeMBI ]
<1
Yporeun r JJ
: ;
exemorexanveckoro |C JIIMI P JAJO | ]
NMPOCKTHPOBAHMS
K YPOBHIO KOHCTPYKTOPCKOTO NPOSKTHPOBAHHNS

54



PucyHnok 3.4 - YpoBHU HauadbHBIX 3TAIOB MPOIECCA TPOCKTUPOBAHUS
(T3 - Texanueckoe 3ananue, C - cunres, [IM - nmoctpoenue moaenu, P - pacuer,
A - ananus, O - onieHka, /] - BBIMYCK JOKYMEHTAIUH)

Ha puc. 3.5 npencrasiena cxema, MoO3BOJSIONIAA YCTAHOBUTH B3aUMOCBSI3b
TUITOBBIX IPOEKTHBIX 3aJ1a4. BII0)KEHHOCTH 3a71a4 OJJHA B IPYTYIO CBUIACTEIBCTBYET
O PEKYPCHUBHOM BBIIIOJTHEHUH OJHUX U TE€X K€ MPOLIEAYP HA KaXKIOM YPOBHE.

[Ipu cunmese co3narorcs, a IpU aHa1u3e OLICHUBAKOTCS TPOEKTHBIE PEIICHUS.
[Ipouenypsl ananuza NeNATCS HA TPOUEAYPHI OJHO U MHOTOBAPUAHTHOTO aHAJIM3a:

— 00HOBAPUAHMHBIN AHAAU3 JUISI 3aJaHHBIX BHYTPEHHUX W BHEIIHUX
MapaMeTpOB COCTOUT B ONPEACICHUN 3HAUCHUI BBIXOIHBIX MapaMETPOB OOBHEKTA; B
JaCTHOCTH, MPHU MOJICIUPOBAHUU T0J00HAs 3ajadya OOBIYHO CBOJMTCS K

OJIHOKPATHOMY PEIICHUIO YPABHEHUM, COCTABJISIONIMX MATEMATUYECKYIO MO/IEIIb;

— MHO208APUAHMHBII  AHAIU3 3AKJIIOYAETCS B HCCIEJOBAaHUU CBOWCTB
00BbEKTa B HEKOTOpPOHl 00JacTh NpOCTpaHCTBA BHYTPEHHHUX IapaMeTpPOB, 4TO
TpeOyeT 1npu  MOACIUPOBAHUM  MHOTOKPAaTHOTO  pEUIeHUs  YpaBHEHUU

(MHOTOKPATHOTO BBHITIOJTHEHUSI OJHOBAPUAHTHOTO aHAJIN3A).
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Pucynok 3.5 — B3auMocBS3b TUIIOBBIX TPOEKTHBIX MPOLELYP

(T3 - TexHMYECKOE 3a]JaHUE)

Hpone,uprI CHHTC3a ACIATCA Ha npoucaypsnl CTPYKTYPHOTO n

napamMeTpU4ecKoro CHHTE3a:

— cmpykmypHolil cunme3 (COCTOUT B ONPEICICHUU CTPYKTYpbl OOBEKTa:

NEPEYHs €ro COCTaBHBIX YacTel U crioco0a CBSI3U ATHX YacTeld Mexay co0oi);

- napaMempuquKuL? CUrHmes (BaKJ'IIO‘—IaCTCH B OIIPCACIICHUN YHUCIIOBBIX

3HaYEHUI MapaMeTpoB 0OBEKTa (COCTABHBIX YACTEHl) MpHU 3alaHHON CTPYKType U

YCJIOBHUSAX PabOTOCTIOCOOHOCTH 3TOT0 O0OBEKTa, T. €. TpeOyeTCs HAWTH TOYKY WU
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00JaCTh B MPOCTPAHCTBE BHYTPEHHUX MAPAMETPOB, B KOTOPBIX BBIMOJIHSIOTCS TE
WJIU UHBIE YCJIOBHS (OOBIYHO YCIIOBUS pabOTOCTIOCOOHOCTH)).

CoctaB paboOT W TPOCKTHBIX TPOIEAYp IO BCEM YPOBHAM H JTamam
MPOEKTUPOBAaHUS mpeacTaBieH B Tabn. 3.1 — 3.7 (oOo3HaueHusr craauid
MIPOCKTUPOBAHMUSI, TIPEJICTABIICHHBIX B TAaOJMIIAX, aHAJIOTHYHBI MPUBEICHHBIM Ha
puc. 2.6).

Tabmuna 3.1

Ortarn paboTkl, COOTBETCTBYIOLINI CTaIUN Craaus NpoeKTUPOBAHUS

MPOEKTUPOBAHMUS, TIPeICTaBIeHHoM Ha puc. 1.4 | IIT | OIT | TII | PII

Pa3zpaboTka rpukasza 00 OTKPBHITUU TEMBI + + - -
(3akaza)
[TonroroBka MaTepuanoB MO COCTABICHUIO U + + - -

0(OPMIICHUIO TOTOBOPOB

Pa3paboTka KaJIbKyJISALIUHA, OPUEHTUPOBOYHOMN + + - -
CMETHON CTOMMOCTH palboT 10 10TOBOPY U UX
COTJJaCOBAHME C 3aKa3YMKOM

Brlyck npuka3oB U ykazaHuii 00 opranuzaiuu + + + +
paboT mo Teme (3akasy)

CocTraBiieHuE, COTIaCOBAHUE U YTBEPKICHUE + + + +
aHoB-rpaduKoB padboT Mo TeMe (3aKasy)

Pa3paboTtka u coriracopanue mpoTOKOJIa + - -
B3aUMOJENCTBUS

3aKIII0YCHHE JIOTOBOPOB Ha pa3pabOTKy U - + - -
MOCTaBKY KOMIUICKTYIOIIUX H3/ICIHIA CUCTEM U
DIIEKTPOPATUOITICMEHTOB

3akIo4eHne JOTOBOPOB C KOHTPAreHTaMHU + -

Pa3paboTka u cormacoBaHue MPOTOKOJIOB - - + -
HOMEHKJIATypbl KOHCTPYKTOPCKOM
JOKYMEHTAIUU

OdopmiieHre aKTOB Ha 3aKPBITHE 3TAIIOB PaOOTHI + + + +
1o TeMe (TEXHUYECKUX U (PUHAHCOBBIX )
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Tabmuna 3.2

[IpoekTHas mpoiierypa, COOTBETCTBYIOIIAs

CTaI[I/ISI IIPOCKTUPOBAHUA

CTaJIn¥ MPOCKTUPOBAHUS, TPEACTABICHHON HA IIT OIl TII PII
puc. 1.4

AHann3 NCXOOHBIX JaHHBIX 3aKa3a + + - -
AHaJIN3 TEXHUYECKOU JIMTEPATyPhI U + - -
IPOTOTHIIOB
[TaTeHTHBIN MOUCK U OJ00P MATEHTHBIX + + - -
MaTepUaioB
Pa3zpaboTka u coriiacoBaHue mpoeKTa + - - -
TEXHUYECKOTO 3aJaHUsI
Br160p 1 000CHOBaHUE CTPYKTYPHOM CXEMBI + - - -
PazpaboTka cxeMbl AeneHus + - - -
MaremaTuyeckoe OnrcaHue 3ajad, BIOOp + - - -
YUCJICHHBIX METOJOB PELICHUS 3a1a4
PazpaboTka anropuTMoB pabOThl CUCTEM U + - -
YCTPOUCTB
Ornpenenenre TpeOOBAHUM K TEXHUUECKUM + - - -
CpPEACTBAaM CUCTEM M YCTPOWCTB

Taomuna 3.3

[IpoektHas mpoueaypa, COOTBETCTBYIOIIAs

Craausi TpOeKTUPOBAHMUS

CTAJINU MPOCKTUPOBAHUSI, TTPE/ICTABIICHHON Ha IIT OI1 TII PII
puc. 1.4

Pa3paboTka u cornacoBaHue CUCTEMBI CBSI3El - + - -
CocraBnenue nepeyHs IEKTPOPaauodIEMEHTOB - + + -
HU31CIINSA
CocraiieHue TEMaTUYECKUX KapTOUYEK Ha - + - -
pa3paboTKy HOBBIX AJIEKTPOPATNO3TIEMEHTOB
Pa3zpaboTka anropuTMOB MUKPOTIPOTPAMM - + - -
MHKPONPOLIECCOPHBIX YCTPOUCTB
PazpaboTka npuHIUNHATBHBIX dJIEKTPUUECKUX - + + +
CXEM U MepeyHell 2JIEMEHTOB (MaKeTUPOBAHUE,
MOJICJIMPOBAHUE COCTABHBIX YACTEH W3/1eIus)
Pa3zpaboTka kapT pabouux pexumMoB - + + +
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[IpoekTHas mpoueaypa, COOTBETCTBYIOIIAS Craausi TpOEKTUPOBAHMUS
CTaJu¥ IPOEKTUPOBAHMS, IPEICTABICHHON Ha IIT oIl TII PII
puc. 1.4

Pa3zpaboTka cTpyKTyp MUKPOKOMaH/ U - + - -
pa3zpaboTKa MUKPOIIPOrpaMM
MHUKPOIPOLIECCOPHBIX YCTPOUCTB

PazpaboTka cxeM 3IeKTpUUECKUX COCTUHCHUIN + + +
PazpaboTka cxeM 3IeKTpUUeCKUX MOKIFOYECHUN + + +
Pa3paboTka yaCTHBIX TEXHUYECKHUX 3a/IaHUN Ha - - + -

MPOEKTUPOBAHUE KOHCTPYKTUBHO-
(GYHKIIMOHATBHBIX MOJTYJIEH

Tabmuma 3.4
[IpoekTHas mpoueaypa, COOTBETCTBYIOIIAs Cranusa npoeKTUPOBAHUS
CTaJIn¥ MPOCKTUPOBAHUS, TPEACTABICHHON HA IIT oIl TII PII
puc. 1.4

Cocraienue crienudpuKaui + + + +
CocrapieHue BeIOMOCTH ClienupuKaIii + + + +
CocraBiieHHE BEIOMOCTH CCHIIOYHBIX + + + +
JIOKYMEHTOB
Pacuer gparoneHHbIX METAJIIOB - - + +
PacdeT niBeTHBIX METAJIOB - - + +
Pacder nokazareneil ypoBHs CTaHAAPTU3ALNN U - + + +
yHUDUKAUU
CocraBiieHue nacnopra - - - +
CocTaBlieHUE BEJOMOCTH YIIaKOBKHU - - - +
CocTaBlieHME UHCTPYKIIUU IO YIAKOBKE - - - +
Pa3paboTka 3TUKEeTKH - - - +
CocTaBiieHHE BEJOMOCTH JepKaTeIeH - - - +
MOUTMHHUKOB
CocTraBlieHHE TTOSICHUTEIILHOM 3aIIMCKHA + + + +
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[IpoekTHas mpoueaypa, COOTBETCTBYOLIAS

Craus NpoeKTUPOBAHMS

CTaJIn¥ MPOCKTUPOBAHUS, TPEACTABICHHON HA IIT oIl TII PII
puc. 1.4

Cocranenue Begomoctu 3UII (3amacHbIx - - - +
U3JICTINI MpUslaraeMbix)
CocraBieHue HHCTPYKIIMHU IO UCTIOJIb30BAHUIO - - - +
3UII (3anacHBIX U3JIEIUHN IpUIaracMbIX)
CocraBnenue hopmymsipa - - - +
CocraBneHue onucu - - - +
CocraBiieHue KapT TEXHHYECKOTO YPOBHS U - - + +
KauyecTBa
Pacuer HOpMBI pacxoaa 3anacHbIX yacteit Ha 100 - - - +
Y HKCIUTyaTalluu
Pacuet HOpMBI pacxoga MmatepuaiioB Ha 100 4 - - - +
AKCIUTYaTaluu
Pa3paboTka cOOpOYHBIX YepTEKE - + + +
Pa3zpaboTka rabapuTHbIX YyepTexen - + + +
Pa3paboTtka ueprexeit netaneit (CaoeB) - + + +
PazpaboTtka uepTexeit odmero Buaa - + + +
Pa3zpaboTka 31eKTPOMOHTaXHBIX YepTEKEH - + + +
Pa3paboTka MOHTaXHBIX YepTexKeH - + + +
Pa3paboTka ynakOBOUHBIX YEPTEKEH - + + +
CocraBienre BeIOMOCTH JJOKYMCHTOB Ha - + + +
HOCHUTEJISIX JaHHBIX
CocraBieHue JaHHbIX KOHTPOJIS - + + +
CocTaBlieHUE JaHHBIX CBEPJICHUS - + + +
CocrapieHue JaHHbIX (GOTOIIA0IOHOB - + + +
CocrapieHue TabauI TPOBEPKU MOHTaXKA - + + +
AIIEKTPUUECKUX CXEM
Temnodusndeckre pacdeTsb - - + +
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[IpoekTHas mpoueaypa, COOTBETCTBYOLIAS

Craus NpoeKTUPOBAHMS

CTaJIn¥ MPOCKTUPOBAHUS, TPEACTABICHHON HA IIT oIl TII PII
puc. 1.4
PacueTnl cucteM oxJtakaeHUS - - + +
PacueTtsl nokazaresnei HaIEKHOCTH U - - + +
paMallMOHHON CTOMKOCTH
Taomuna 3.5
Otan paboThl, COOTBETCTBYIOLIUHN CTaAUU Cranust npOEKTUPOBAHUS
MPOEKTUPOBAHMUS, TIpe/ICTaBIeHHoM Ha puc. 1.4 | IIT | OII | TII | PII
Pa3paboTka TeXHUYECKOTO 3a/laHus Ha - - - +
MIPOTPaMMHUPOBAHUE
Pa3zpaboTka kapT pacnpeencHus: naMsTu - - - +
MUKPOIIPOLECCOPHBIX YCTPOMCTB
Pa3paboTka Tabnuil 1aHHbIX (pabounx - - - +
IPOrpaMm)
CocrapneHue JaHHBIX IPOrpaMM (Ha MaIIMHHBIX - - - +
HOCHUTEJISIX)
Cocrapnenue cnenupukanui - - - +
PazpaboTka cOOpOUYHBIX UepTexKen - - - +
MPOTPaMMHOTr0 obecrieyeHust
Pa3zpaboTka KoMILIeKTa TOKYMEHTAIIMHU IO - - - +
IPOrpaMMHOMY 00€CTICUEHHUIO
Pa3paboTka METOAMKY UCTIBITAHHUM TPOTPaAMM - - - +
Tabnuna 3.6
Otan paboThl, COOTBETCTBYIONIUHN CTaJNH Cranust npOEKTUPOBAHUS
IPOEKTUPOBAHUS, IPeICTaBaenHoi na puc. 1.4 | 1T | OII | TII PII
OtpaboTka, aHalu3 U3JeIui Ha - - + +
TE€XHOJIOTUYHOCTh
[IpoekTrpoBanue nepCnEeKTUBHBIX - + + +
TEXHOJIOTUYECKUX MPOIIECCOB
[IpoekTrpoBanue 37IEMEHTOB - - + +

IIPONU3BOACTBCHHBIX CUCTCM
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Otan paboThl, COOTBETCTBYIOIINMA CTAANH Craus NpoeKTUPOBAHMS

IPOCKTUPOBAHUS, TIPEICTABICHHON Ha puc. 1.4 IIT oIl TII PII

Pa3paboTka TeXHOIOTHYECKOU MIaHUPOBKHU - - - +
IPOU3BOJICTBEHHBIX MO/Ipa3/IeTICHUN

Omnpenenenve cnenupuKanuy pabounx MecT - - - +
IIpoexkTpoBaHUE TEXHOJIOTHYECKHUX MTPOLIECCOB + + +
PazpaboTka ynpaBiasitomux NnporpamMmm JJist - - - +

obopynoBanus ¢ UITY (uucioBsiM
IPOrpPaMMHBIM YIIPaBICHUEM )

Pa3pa60TI<a OCHACTKH, MHCTPYMCHTA U - + + +
MCPHUTCIbHOI'O HHCTPYMCHTA

PazpaboTka cpeacTB KOHTPOJIS - - + +
Tabnuua 3.7
Otan paboThl, COOTBETCTBYIOLIUHN CTaANH Cranus npOEKTUPOBAHUS
MPOEKTUPOBAHMS, TIpeCTaBIeHHol Ha puc. 1.4 | 1T | OIT | TII | PII
CocraBnieHnue PYKOBOACTB I10 TEXHHUYCCKOM OKCILTyaTalunu - - - +
CocraBienue periiaMeHTa TCXHUYICCKOTIO O6CJ'Iy>KI/IBaHI/I$I - - - +
CocraBnieHnue I/IHCTI)YKLII/Iﬁ 110 IIPOBCPKCE, HaCTpOﬁKC )51 - - - +
pETyIUpPOBKE
CocrapiieHue mporpaMm 1 METOJUK UCIIBITAaHUI - - - +
CocTraBiieHue UHCTPYKIMHA IO CTBIKOBKE - - - +
CocraBiieHne UHCTPYKIMHA IO TPOBEPKE - - - +
CocraBienne PYKOBOACTBA 11O UCITIOJIb30BAHUIO - - - +
OKCINTyaTallUOHHBIX TOKYMCHTOB
CocraBienue I/IHCTp}/'KLII/Iﬁ 110 3KCIUTyaTalluu - - - +
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Ortarn paboThl, COOTBETCTBYIOLINI CTaIUN Craaus IpOEKTUPOBAHUS
IPOCKTUPOBAHUS, TIPEICTABICHHON Ha puc. 1.4 IIT oIl TII PII

CocraBneHre HHCTPYKIHH 110 TEXHHIECKOMY - - - +
00CITyKUBaHHUIO
Pa3paboTka TeXHUUECKUX yCIOBUI - - - +
[TpoBepka paboTOCTIOCOOHOCTH WU3IEITHS - - - +
HpOBepKa n3acianst Ha COOTBETCTBHE TEXHUYCCKUM - - - +
YCIIOBUSIM
AHanu3 pe3ysbTaTOB UCIIBITAHHIA, COCTABICHHE IPOTOKOJIA - - - +
10 pe3yJibTaTaM UCIbITaHUI

[Tocne omnpeneneHus mepeyHs ITanoB MpoeKTUpoBaHusa (cM. Tabdn. 3.1) u

MPOEKTHBIX Tporenyp (cMm. Tadma. 3.2 — 3.7) Ay Kaxa0ro YpOBHS MPOSKTUPOBAHUS

o0bekTa (cM. puc. 3.4) MoxeT ObITh mocTpoeHa martpuna (tadn. 3.8), cTonOibl

KOTOPOH ONPEAEIISIIOTCS KOTMYECTBOM U COCTABOM MPOEKTHBIX POLETYP, @ CTPOKU

COOTBCTCTBYIOT XapaKTCPUCTUKAM IIPOCKTHLBIX IIPOLCAYP.

TabOmnuma 3.8
Kon Kon cpencrsa ITpu3nak Tpynoemkocts | KomuuectBo | CtoumocTh
HpOGKTHOfI ABTOMATU3allMU | aBTOMATHU3AI[UH HpOGKTHOﬁ JIUCTOB BBIIIOJTHCHUSL
MIPOLICTYPBI 0,1,2) IpoUeaypel, | JOKYMEHTa | MPOLCIYPHI,
YeIl.-4 B (hopmare TBIC. P.
A4

Kak BugHo wu3 T1abn. 3.8, mo mpu3HAKy aBTOMAaTU3allUU MPOCKTHbHIC

MPOLEYPBI HOAPA3IEIAOTCS Ha CICIYIOIIME BUIBIL:

— Koz 0: BBIMOJIHSIEMbIE BPYUHYIO;

— KOJ 1: BeITIOJIHAEMBIC IMyTEM YaCTUYHOH aBTOMATHU3alluu,

— KOJ 2: BBITIOJIHSIEMBIC IMyTEM MOJTHOM aBTOMAaTHU3alluu.

MatpudHoe TMpeACTaBIeHHE NPOEKTHBIX MPOUEAYp, MOJIy4aeMoe IMOocIie

3armojgHeHus1 Tabn. 3.8, maeT BO3MOXKHOCThH, HapsAy C HMCIOJIB30BAHHEM XOPOIIO

pa3pabOTaHHOIO arrmapaTa MaTpPUYHBIX MpeoOpa3oBaHuil Mpu (HOPMHUPOBAHUU

63




MaTpHI] CMEKHOCTU M MAaTPHI] UHIMJICHLUUNA, €CTECTBEHHO MEPEHUTH K METoiam
CEeTEeBOTO aHaliu3a Ha TpadoBBIX OPUEHTUPOBAHHBIX U HEOPUEHTHUPOBAHHBIX
CTPYKTYypax.

[Ipennaraemeie K. Illtadpdom moaxonsl x “BHeapenuio 4.0” mMoryT OBITH
WCIIOJB30BaHbl  TOJBKO TMOCJE MPOBEACHUS OOCICIOBAHUS  MPEANPUSITHSI.
N3noxeHHas 371eCh METOIUKA SIBIISIETCS TIPH 3TOM HEOOXOMMBIM STAIIOM.

[IpuBeneHHas MeTOAWMKa MOATOTOBKM MNpeanpusTvss K BHeapeHuto MT
MOATBEPkKACHA MPaKTUUECKUMU pe3ynbTatamMu BHenpenus UT na npeanpustusx C.

[TerepOypra, pazpabarsiBatomux nojacucrembl KOC.
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KoHTpoJibHBIE BONPOCHI

1. KakoBbI 1€ U 3aauu 00ClieIOBaHUs MPEANPUITHS TIepe]l BHEIPEHUEM
nT?

2. KakoB nopsiiok moAroToBKU NpeAnpusTis Kk BHeaperuto UT?

3. HazoBuTe OCHOBHBIC TMO3UIIMM METOAMKH OOCIICIOBAHUS IPOCKTHO-
MPOU3BOJICTBEHHOTO MPEPUATHS?

4. Kakum  o0pa3oM  OCYIIECTBIISCTCS ~ JIEKOMIIO3UIMS  IPOIIECCOB
MPOEKTUPOBAHMS U TPOU3BOJICTBA HA OTJIETbHBIC MTPOIIEAYPHI?

5. HazoBuTe 0CHOBHBIE CTaHAAPTHI, MpUMEHseMble TTpu BHeApenuu UT.

6. Kakoro otnuune unctpymentapusi UT ronosHoro npennpusitus KOC u

NPEANPUATAN-MYJIbTHAT€HTOB.

Jlureparypa

1. Yepemunix C.B., CemenoB 1.0., Pyukun B.C. MogenupoBanue u aHanu3
cucteM. |IDEF-texnonoruu: nmpaktukym. M.: “®@unancel u cratuctuka’, 2006r.,
192c.

2. ConmpaunieB P. U., I'punranosa JI. . BHenpenue cuctem aBTOMaTH3aIluu
npoekTupoBanus: yueo. mocooue. U3a-so CIIGIITY, 2016r, 110c.

3. https://www.is0.0rg/ - oduranbHbIN CAiT MEXTyHAPOIHONH OpraHU3aIuH
no crangapruzanuu [SO.

4. Buenpenne u pazsutue Wugyctpum 4.0. OCHOBBI, MOACIUPOBAHUE H
npumepsl U3 npakTuku. M.: “TexHocdepa”, 017r., 294c.

5. Marepuabl U3 HHTEpHET-CAaUTOB MO TeMe 3.
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I'nmaBa 4. MatemaTuueckue Moae/u B o0ecriedeHN HHPOPMALMOHHBIX

TEeXHOJIOTUM

Marematnueckue mojen (MM) BXoAsT B MareMaTHuecKoe oOecredyeHue
WUT, xoTopoe BKIIOYAET MAaTEeMaTHYECKUE MOJEIH, METOAbl W aJITOPUTMBI,
sBIstonIrecs: GyHAaMeHTOM JJIsl TOCTPOCHHS MPOrPaMMHOTO 0OECIICUeHHUSI.

B ochHoBe no6oro wunctpymeHTapuss MUT U COOTBETCTBYIOIIETO IaKeTa
MPUKIAJAHBIX IPOIPAMM JIEKUT NUPaMUAa U3rOTOBJIEHUS TPOrPAMMHOTO IPOYKTa
(puc. 4.1).

MareMaTtnyeckre MOJENIW BKJIIOYAIOT: ONepaTopHble, MuddepeHnnanbHble
anredpanyecKue ypaBHEHHUs, TpapUUecKue U Apyrue MaTeMaTH4eCKue OOBEKTHI.

MeTobl IpeCTaBIAI0OT OO0 MaTeMaTHUYECKHE CPEICTBA PEILICHNUS 3a/1au.

AJTOPUTMBI - 3TO MOCIEAOBATEIILHOCTU BBITOJHEHHUS ONEpaluii Haja
VCXOJHBIMH JTaHHBIMU, IIPUBOJAIIAS K PE3ybTaTy. BBIUMCINTEIbHBIN aJTOPUTM -
QITOPUTM C YYETOM OCOOEHHOCTEH NpOrpaMMHMpOBAHUS M «MAalIMHHOU
MaTEMaTUKI.

Marematnueckue moaenu (MM) KOC Ha koHIIENTyaIbHOM YPOBHE HA30BEM
«meramonaensiMu KOCy». Takue MM cayxaT 1yl OLEHOK CaMOW KOHLENIUU
coznanust KOC (cm. mpumMepsl B T1aBe 1).

Ha cnenyromux ypoBHSX IIPH PEIIEHUN IPOEKTHO-ITPOU3BOACTBEHHBIX 33]1a4
115 moacucteM KOC npumenstores MM, COOTBETCTBYIOIIME KOHKPETHBIM dTanaM

Y MpoLeaypaM NIPOEKTUPOBAHHUS U ITPOU3BOACTBA.
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Pucynok 4.1 — MaremaTtuueckoe o0ecriedeHue

Knaccudukanuio mMaTeMaTHUeCKUX MOAeNeH, yA00HO NpPEeACTaBUTh B BUJE
MaTEMaTHUYECKUX MOJCJICH CHCTEM,
YCTPOUCTB M 3JIeMEHTOB. Ilpu sTOM
cuctembl MOryT BxoauTh B KOC kak
noacucteMsl. Hanpumep, neratenbHbIM
anmmapart (JIA) - ato cucrema (puc. 4.2).
B To ke Bpemsa cucrema, JIA saBusercs
noacucreMorn K®C — mnunoraxHo-
HaBUTALIMOHHOTO — HAa3¢MHOI'0
CONPOBOJIUTEIBHOTO KOMILJIEKCA.
Pucynox 4.2 — JlerarenbHbli
anmapat kak KOC
B cucreme JIA MOXXHO BBIIEINTD CIEAYIOIIME YCTPOUCTBA:
1 — ynpaBienus pyJieBbIMU arperaramu; 2 — rmpeoOpasyiomue; 3 —
aBTONWIOT; 4 — BU3yanu3auuu; 5 — xxu3Heodecneuenus; N- 6optoBas nudponas

BBIUMCIIMTEIbHAS MalinHa. B YCTpOﬁCTBaX HUMCIOTCA DJICMCHTBI — MCXaHUYCCKHC,
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AIIEKTPUYECKUE, ONTHUECKHE, TUIPABIMUECKUE U ApyTrUe (PU3NUECKU pa3HOPOAHbIE
4aCTH YCTPOUCTB.

Maremartnueckue wmonaenu (MM) cucreM, Kak MHOXECTBO YCTPOICTB,
OOBEIMHEHHBIX €IMHOM wenbto (Hampumep, B JIA - mepeBo3ka Ipy30B u
MacCCaXUPOB), TMPEACTABIAIOTCS B  BHUJAC: CTPYKTYpHBIX cXeM, rpados,
nuddepeHIaTbHbIX YPaBHEHUH, KOTOPBIE MO3BOJSIOT MPUHUMATh PEIICHUS Ha
Ha4yaJIbHBIX 3TAINAaX IPOCKTUPOBAHHUS.

MM ycTpoiicTB paccMaTpuBaroTcs B Buie AuQdepeHInaIbHbIX ypaBHEHUH,
areOpanvyeckix ypaBHEHUN U IPYTUX MaTEMAaTUYECKUX OOBbEKTOB, pACKPBIBAIOIINX
oleparopsl, cocrasisiomue MM cucrem; MM 351€eMEHTOB IIPEACTABIISIOTCS B BUJIE
mu(ppepeHInanbHbIX YpPaBHEHUH B YacCTHBIX IPOU3BOAHBIX, TPAHCLEHJICHTHBIX
YPaBHEHUM, FTEOMETPUYECKUX MOJENIEM, KOTOPBhIE MPUMEHSIOTCS HA MOCIEAYOIINX
JTanax MNpoeKTUPOBAHUS.

[Ipy npUHATHUY POEKTHBIX PEIIEHUN «IIPOUTPBIBAETCS» MHOKeCTBO MM Ha
BCEX ATanax, KOTOPbIE IPOJABUTAIOTCA 110 «CIIMPATIU POESKTUPOBAHUSY.

Coznpanne KOC HaunHaeTcs ¢ aHaian3a KOHIICIIMH, KaYeCTBEHHOM OIIEHKHU C
NOMOILBIO HAJCUCTEMHBIX MOJIEJEH, KOTOpbIE Ha 3TOM YPOBHE HAa30BEM
MeTaMo/ieJISIMHU.

Paccmotpum Takue MM Ha npumepe CYIIT (cm. ray 1)

[Ipu pazpadotke Meramopeneir CVYIIT MOXHO HCHONB30BATh 3aKOHBI
COXpaHEHHMs] B BHJEC ypaBHEHMH OanaHca. VYpaBHeHUs OajaHca MOTYT
IOPEJCTaBISATbCS  YPAaBHEHUSIMU MAaTE€pPUAIbHOTO, JHEPreTMYecKoro OanaHca,
OaslaHca paBHOBECHS CHUII.

VYpaBHeHUE MaTepuaIbHOTO OaaHca OCHOBAHO Ha 3aKOHE COXPAaHEHUS MaCChI

BEIIECTBA U MOXKET OBITh MPEACTABICHO PA3HOCTHIO MEXIY MPHUXOIOM U
pacxoziom

BEILIECTBA, PaBHOM M3MEHEHUIO €ro KOJIMYECTBAa B paccMaTpUBacMOM

oonekte. B
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CTAIIMOHAPHOM PEKHUME HE MOXKET MPOUCXOIUTH HU YObLIIb, HU HAKOTUICHHE.
B 3TOM ciyuae ypaBHEHHE MaTepUAIBHOTO OaaHca JIJisl N-TO KOJIMYeCTBa BEIIEeCTBA
MOKET OBITh 3aITMCAaHO B BUJIE
(Gr-a6l)=0o, (4.1)
rae GJ' — Ipuxoj i-ro BElecTBa; Gip — pacxoJ i-ro BEIlIecTBa.
C yueroM U3MEHEHHUS KOJMYECTBA BEIIECTBA B OOBEKTEC YpPaBHCHHE
MaTepHaIBHOTO 0ajaHca MOKET OBITh 3alIMCaHO B BUJIC
=1 [GF () — 6P (D] = T, AG;(®),
rae G (t), Gip (t)— MrHOBEHHbIE 3HAYEHUS MPUXO0JIa U PacXo/ia i-ro BellecTBa
cooTBeTCTBeHHO; AG;(t) — MTHOBEHHOE 3HAUYCHHE HAKOILICHHUS 1-r0 BEIIECCTBA.
PaccmarpuBasi mMaliblii mpoMexyTOK BpeMeHH Al OT 3TOro ypaBHEHUS TPH

At—0, nepeitném k nuddepeHImaIbHOMy YpaBHEHHIO:

S, S =3 KGR (D) — KPGP (1), (4.2)

i=1"g¢

rae K{* u Kip — KO3(pPUIMEHTHI TPONOPLIMOHATBHOCTH.

Pemenne ypaBHeHus (4.2) npu M3BECTHBIX HAYaIbHBIX YCIOBHUSX H
kodpdunmentax K, Kip MO3BOJIUT OIIEHUTH cocTosHue Oamanca B KDC Bo
BpPEMEHH.

[Ipu ompeneneHud yCPeAHEHHBIX oLeHOK AG;(t) = AG, MOJKHO

BOCITIOJIB30BATbCA MHTCTPAJIbHBIM YPABHCHHUCM B (bOpMeZ
—-— 1 T
AG, = 7 X0t J, [6I(®) - 6P (0] dt (4.3)

Marepuanpaplii  0amaHc B TEPEXOAHOM  MPOIECCE, OIMUCHIBAIOIIEM
CMEIIMBAIOIIYIO CUCTEMY, B KOTOPYIO IMOCTYNAOT JABA MOTOKA BEUIECTB, & BBIXOJIUT
OJIMH CMEIIIAHHBIA TIOTOK, MOXET OBbITh BBIPAKEH KaK M3MEHEHUE KOJMYECTBA
BEII[ECTBA, HAXOJIAIIETOCS B pe3epByape, HapUMep, Ha y4acTKe aTMOCHEPhl MEKTY
«TpyOOi» W HM3MEPUTENIEM 3arpsi3HSIONIETO BEIIECTBA, PABHOE PA3HOCTH MEXKIY
KOJINYECTBOM ITPUTEKAIOIIMX BELIECTB U KOJIWYECTBOM BBITEKAIOIIETO BEIIECTBA 3a

OJHO M TO KC BpCM:A:
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dc

Q161 + Q6 —Q3C3 =V a (4.4)

rae Q1, Q— MOTOKM MOCTYIUICHHUS B CMEIIIMBAIOIIIEE YCTPOMCTBO 1-10 U 2-TO
MIOTOKOB BEIIECTB COOTBETCTBEHHO; C1, Co— KOHIIEHTpAaIluu BEUIECTB B 1-M U BO 2-
M npuxomdmux notokax; Qg, C.— pacxoa BemecTBa M3 EMKOCTH U €ro
KOHIICHTpAITUs COOTBETCTBEHHO; V — 00BhEM CMEIIMBAIOIICTO YCTPOUCTBRA.

B ycraHoBuBHIEMCS PEXUME KOIMYECTBO BHOCHUMOIO BEIIECTBA JOJIKHO

OBITH PaBHO KOJINYCCTBY BBIHOCHUMOI'O BCIICCTBA, T. C.:

Q1C1 + Q26 = QC (4.5)

He menee penko, yem MaTepuabHbIA OallaHC, TPUMEHSETCS YJHEPTe€TUYECKUI
OaslaHC, OCHOBAaHHBIN HA 3aKOHE COXPAaHEHUs SHEPTrUU. B ycTaHOBUBILIEMCS peXUME
KOJIMYECTBO JHEPIUH, MPHUTEKAIOUIE B OOBEKT, pPaBHO KOJWUYECTBY OSHEPIUH,

YXOJSLIEH U3 HETO.

PaccMoTpuM ypaBHEHHS MaTepUaNbHOTO OanaHca B MEPEXOJHOM MPOIecce
cucteM «IIpupoma — TexHorenuka» 6e3 yrpapieHus (CM. puc. 3 B Ii1aBe 1) corjaacHo
ypaBHeHuto (4.2).

VYpaBHeHHsI ~MaTepuanibHOro OajaHca [ OKpYXKamoleid  cpeabl
npeanpusaTHsa ucTouHuka B mpeicrasum B Bue:

— OKpyXaroias cpeia —

dzt

= = Y KXy + 2o KGOV (4.6)

— IpeAnpUsTHE — UCTOYHMKA 3B —

dzj _

2 2 2)p .
= L= KX = B KDY = B KPRy (4.7)

— TOTpeOUTENIN — OKpY Karolasi cpeia

azt

— = Xj=1 Ki(j3)Rj — Xj=1 Ki(j3)Yj; (4.8)

B ypaBHenusx (4.6, 4.7, 4.8) 0603HaueHo: Z! - Macca MaTepHanoB i-ro Tuma

B OKpYy»arolei cpeae(T, Kr); Z;, — Macca MaTepUaioB i-T'0 TUIA HAa TPEANPUITHH;
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. ' 1
Z% — MaTepuajoB i-r0 THIA B MOTPEOJICHHU; ZKi(j )XJ- — Macca ChIpbi
JUIs TPOU3BOJCTBA NPOAYKIMHM J-To THHa Xj B OKpYXKarolel cpene;

ZKi(]-Z)Xj — Macca ChIpbsl Ul MPOU3BOJCTBA NPOAYKUMU Xj HA MNPEINPUSATUY;
(1.23)y, . @p.
ZKL-J- Y; — macca OTXOILOB,ZKU R; - Macca npOAyKIUH PEIIPHUSTHS.

3HaueHuss KO3PPUIMEHTOB ONPENEIAOTC W3 YPAaBHEHUM CBS3U

Ki(j1,2,3)
IKCIEPUMEHTAIBHO.

N3 ypaBHeHMit (4.6) - (4.8) MOXKHO NMOIY4YUTh YACTHBIA Cly4yaill ypaBHEHUS
CTAaTUKU:

| Lj=1 Ki(jl)Xj = Yj=1 Kig'l)lG

!Zj=1 Ki(jz)Xj = Yj=1 Ki(jz)Yj +Y Ki(]_Z)Rj

| Sk =T kPR,

]
! (4.9
|

Paccmotpennsie  3mecs  metamoaenn  CVYIIT  ucnonb3yrorcss  npu
Ka4eCTBEHHOU olleHke U moaenupoBanuu 3CYIIT.

B obmiem ciyuae Ha KoHIeNTyalnbHOM ypoBHE co3nanusi KOC Mmeramonenu
MPEACTABIISIOTCS COBOKYIHOCTBbIO YPAaBHEHUH IMOTOKOB, BKJIIOUAIOIIUX IMOMUMO
MaTepUaJIbHBIX, - DSHEpPreThuYeckue U WHOOpPMalMOHHBIC. YpaBHEHUsS OalaHCOB
HYHEPreTUYECKUX MOTOKOB OTOOPaXarOT HAKOIUICHUE, Mepeady U mpeoodpa3oBaHue
SHEpPruM. YpaBHeHUs UH(POpPMalMOHHOTO OajnaHca OTOOpaXkaroT MPHUEM,
nepepadoTKy, nepeaady u XpaneHue nHpopmaruu.

Pazpabortka LIEJIOCTHBIX MeTamMmojienen K®dC COOTBETCTBYIOILIIUX
COBMECTHOMY JIBUKEHHUIO BCEX TPEX MOTOKOB SIBJISIETCS BEChbMa CJIOKHOW 3ajaye,
MOAXOABl K PEHICHUI0 KOTOPOW paccMaTpHBAIOTCS B OOIIEH TEOpUH CHUCTEM
JI. bepranandu, M. Mecapoudem, 3. Hanmens6aymowm, JI. 3ane, /1. [locnienoBsim
U JIp. HA OCHOBE TEOPUU MHOKECTB, MATEMATHUYECKOW JIOTUKH, MPOCTPAHCTBA
COCTOSIHUM JUHAMHYECKUX CUCTEM.

3agada noctpoenust Meramozenerd B CYIIT 3HaunTenpHO ynpouaercs mpu
PACCMOTPEHUU KaXKJIOTO NPEANPUITUS — HCTOYHHKA 3B — ¢ 4acTbhio mpupojbl,

MPUJIETAIOIIEN K ’TOMY MPEINPHUSITHIO.
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[Tocne mpUHATHS KOHLENTYAJIbHOTO PELIEHUS C MOMOILBID METaMOJEINIEH
cienyer Ooisiee aetanbHOoe mpencraBieHne KOC Ha ypoBHE cHCTEM, KOTOPOE
nokaxkem Takke Ha npumepe CYIIT.

CVIIT coctout u3 obbekTa ympasieHus (OY) u KOHTypa yrpaBJieHUs, MO/
KOTOpPBIM B OOIIEM ciydae MoHuMaeTcs u ynpasieHue pazomkHyTort CYIIT ¢
YEeJI0BEKOM- ONEPATOPOM H JIMLIOM, ITpuHUMaroieM petenus (JIITP).

Marematuueckue w™oaenu CVYIIT B oOmem ciywae (cMm. puc. 1.1)
YPE3BBIUAWHO CJI0KHBI, TOCKOJIBKY OHU JOJIKHBI BKJIFOUATh TAKUE MOJICUCTEMBI, KaK
HaCEeJICHHE, IPOMBIIIUIEHHBIE U CEIbCKOXO03MCTBEHHbIE TPEAIPUATHS, B TOM YHCIIE
OPEANPUATUAS TI0 TepepaboTKe OTXOJO0B, KUJIMIIHO-KOMMYHAJIbHOE XO3SHCTBO,
TPAHCIOPT, MPUPOIHBIEC MOJICUCTEMbI — T'a30BbIE, JKUIKOCTHBIE, TBEPABIC C YUETOM
B3aUMOJICUCTBUS (Pu3nyeckux mojiei, auddy3uil xumudeckux coeauHeHuit. [Ipu
TOM BaXHEWled mnpodreMoill sBIseTca pa3padoTka HUHTEPPEHCOB MEXIY
MaTeMaTHYECKUMU MOJICNISIMH Pa3IMYHbIX MOJCUCTEM M yrpoineHue MM s
WHKEHEPHBIX PEIICHUII.

OObBeKT ympaBleHHs BKIOYaeT NOTOKM 3B, pacnpocTpasstoniyecs B
OKpYyXarliei MNpUpOJHONW cpelle OT BbIXOJAa ¢ HCTOouyHMKa 3B g0 mect ux
u3MepeHusa. Takoil OOBEKT ympaBiieHUss B OOIIEM Ciydae OINHMCHIBACTCS
ONEPATOPHBIMU YPABHECHUSIMM B KJIACCE YPaBHEHUW C PpacHpeIesICHHbIMU

IapaMeTpaMH:
L{Y(q,A,t)} = X(q,t),g€ D,t € 0,T; (410
B{Y(q,A,t)} = G(g,t),qe D*,t 0,T;

I{Y (g, t)} = Yo(g,%),q € D,t € 0;

D* < D,

rae L — omneparop, AEUCTBYIOIIMI U3 IPOCTPAHCTBA X B IIPOCTPAHCTBO Y; B
— OIEepaTop KPAEBbIX YCIOBUM; | — omepaTop HaYaIbHBIX YCIOBHUU; Y — BEKTOP
BBIXOJIHBIX CUTHAJIOB (paszinuHbix 3B), pacnpeneneHHbIX MO TPOCTPAHCTBEHHBIM

napaMeTpaMm (, U BpemeHu t; X — BEKTOp BXOAHBIX Bo3aeWcTBUM Ha OY
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(mpoayKuusi mOpeanpusTUss — uCTOYHUKa 3B, ceipbe, »Heprus u T. 1.),
pacrpeiesieHHbIX 10 q, t, A — napameTpbl OY;  — NpocTpaHCTBEHHBIE TApPAMETPHI
— KOOpJIMHATHI B 3€MHOU cucTeMe KoopauHaT (, 1, &.

Ecnu BxonHoe Bo3zeiicTBue X(q, t) He HAXOJUTCS B HAILIEM PACHOPSKEHUH,
TO JIBIPKEHUE ATOU CUCTEMBI HE OYJIET YIIPaBIsIEMbIM U BO3MOXHO JIUIIIH TACCUBHOE
HAOMIOJIeHUE 32 TMPOMCXOMALIMMH  TpolieccaMu. B dYacTHOCTH, TyTeM
MaTeMaTU4YecKoro mMojenupoBanus Ha DBM mMoxHO momyuuts pyskiuio Y(t). C
JPYroil CTOPOHBI, €CJIM BXOJIHOE BO3JelcTBUE BKiItovaer yrnpasienue U(Y,q, t), TO
MO>KHO BO3J/IEHCTBOBATh Ha OOBEKT YIPaBICHUS JJIsi JOCTUXKEHUS OCHOBHOM 1IE€TTH
— MUHUMM3AIUU 3B, mocTymnanmux B OKPY>KaloIIyo IpUPOAHYIO cpeay. B aTom
cllydae Mbl BIIpaBe BEIOUpaTh U (POPMUPOBATH YIIPABICHUE 10 CBOEMY YCMOTPEHHIO
— u HauOosee dpPextruBHO myTem noctpoerust CYIIT kak CAY.

31ech B OTJIWYUE OT IMACCUBHOIO HAOJIOJEHUS Mbl MOXEM aKTHUBHO

BO3JIEHICTBOBATH HA 00OBEKT yrpasiieHus. C yuerom 3Toro cuctema 4.10 npumeT BUI:
L{Y(q, A, 1)} = X(q,t) +U(Y,q,t),q€ D,t € 0, T; (4.11)
B{Y(q,A,t)} = G(g,t),q€ D*,t€ 0,T;
I{Y (g, 1)} = Yo(q,t),q€ D,t€ 0;
D* ¢ D,

Cunte3 ypaBaenuit U(Y, (, t) cBoaMTCSA K MOCTPOCHHUIO 3aKOHA YIIPABICHHS, a
ormepatop U(Y, Q, t) B obmem ciydae mnpeacraBisieTcs auddepeHuanbHbIM
ypaBHEHUEM.

PackpoiTue onepatopoB o0bekToB ympasieHus L, B, [ B dopmynax (4.11)
npuBoAUT K MM ¢ KOHKpETHOM MpUBA3KOM K OOBEKTY NpPOEKTHpOBaHUs. B
NPAKTUKE MPOCKTUPOBAHUS TAaKHE «PACKPBITUS» CBOAATCA K MpeoOpa3oBaHUsIM C
Henplo  ynporieHus MM, BbIIETEHUS TJIaBHBIX COCTABIISIOMIMX aJeKBAaTHBIX
POECKTUPYEMOMY OOBEKTY.

[Ipenmnonaraercs, 4To Takoe MpeoOpa3oBaHUE MPHUBOIUT K OOBIKHOBEHHBIM
croxactuyeckuM  auddepennuanbasiM - ypaBHeHus  M(OCIY),  xotopsie

npeacraBuM B BUIC:
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O(Y™,y®-D )y, 4,X) =0, (4.12)

—_ T
rae @ - BelleCTBEeHHAs BEKTOP-(PYHKIIMSI CBOMX apTyMEHTOB; Y=012,--5Yn)" .
BEKTOP UCKOMBIX ()a30BbIX KOOPJUHAT CUCTEMBI.

T
Yy = ()’1(1),}’2(1); ---;}’n(l))
- BEKTOPBI U3 MPOU3BOIHBIX OT Y (1);

Y = (y,™, 5,0,y @)
YO (), YA (1), ..., Y (t)- cnyuaiinbie yHKUHM BpeMeHH (HAIpHMeEp, I

JIA (cm. puc. 4.2). Y BKIIIOYAET yIJIbl TAaHTaXKa, KPEHa, Kypca, [IOBOPOTA PYJIEH U T.
1.); A - BEKTOp mapaMeTpOB CUCTEMBI (ITapaMeTpamMu SIBJISIOTCS MacChl, MOMEHTBI
UHEpIUH, KOA((UIMEHTHl YCUJIEHUS, IOCTOSHHBIE BpPEMEHU - ClIy4ailHble
BCJIMYMHBI); X— BEKTOpP BO3MYINAIOMIUX BO3ACHCTBHA (BeTep, aTMochepHbIC

BO3MYIIEHUS U T.JI.) - CTy4aliHbIX (PYHKIIUN BpEMEHHU.

1 —1
HauanbHple ycinoBust Yo, Yo, ..., Ypln =1

CIIy4YalHbIC BEJIUYUHBI.
Bricokuii MOpsiAOK 1 MHOTOYKCIIEHHBIA HA0Op WICHOB YPaBHEHUH TPUBOJISAT
K TOMY, 4TO 33ja4a aHanu3za MM B Buae OCJIY cTaHOBUTCSA TPYyAHOPA3PEUINMOI.
[TosToMy Ha mpaKTUKE HEOOXOIUMO MTPOU3BECTHU €€ YIPOILECHHS, €CTECTBEHHO, NPU
3TOM HE MOTEPSATH CYTH.
Ympomenue OCIY (4.12)

1) u30aBUMCsT OT MaccHBa HAYaJIBHBIX YCJIOBUH (H. y.) TyTEeM 3aMEHbBI

IIEPEMEHHBIX:

Z=Y-Y,
7(1) — y@) _ Yo(l)

20D = y(-1) _y (1)

Torna npu t=ty moay4um HyJseBbIE H.y. 110 Z:

Z0=0
zP=0
z" V=0

[Tepexogum ot cucremsl (4.12) k cucreMe ypaBHEHUI
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d(zM,Z,u,X) =0, (4.13)
Il {1 — pacIlIMpeHHbIA BekTop napamerpos u = (A, Zy, Z3, ..., Z3+1)

2) n30aBUMCS OT CITyYalHBIX IporieccoB X(t) 3aMEHOM IMepeMEHHBIX

X;(t) = }”zlAjsin Qjq, (4.14)
rae (2, — cnydaiinble BenmuuHbl. [pencrasnenne 4.14 0CHOBaHO Ha M3BECTHBIX
pPa3OKEHUSIX CIIY4alHOro TMpolecca Ha CyMMY M3BECTHBIX (QYHKUIUNA C
rapamMeTpaMu CITy9aifHbIMA BETMIMHAMHU.

C nomorbto 3amensbl (4.14) BMecTo cuctemsl (4.13) nonyyaem:

®(zM,..,2,9,X)=0 (4.15)

9= (WA, .., Ay, 24, ... 02,),

rzie ¥ — HOBBIN paCIIMPEHHBIN BEKTOP MapaMeTPOB.

B ypaBHenun (4.15) ciyvailHple NpoOLECChl 3aMEHEHbl Ha Ciy4yallHbIE
BeJIMUMHBL. CiydailHple BennurHbl Ha OBM BOCHpPOM3BOIASTCA T€HEpATOpaMHU
CIIy4ailHbIX BEJIUYHH.

Haubonee yno6uoit hopmoit MM niist peanuzanuu Ha DBM sBisiercst popma
Komu, -

Y =F(Y,v,X) (4.16)

VLTH JUIS YIIPOILGHHS 3aITHCH, OITyCKas BEKTOp mapameTpos - v, ¥ = F(Y, X).

Ecnu cucrema (4.15) pa3zpemmma OTHOCHTEIBHO CTAPIIEH MPOU3BOIHOM

ZW =@(z-V, 7= 7,v,X), (4.17)

TO €€ MOXKHO MpuBecTH K opme Komu mpocToit 3aMeHOM IMepeMEeHHBIX
=1
Z = Z, : (4.18)

Z, = cb(zl,zlz, weir Zy 0, X)
e Z, Zy,...,Zy- BEKTOPHI U3 TIEPBBIX MIPON3BOTHBIX.
B uensx panpHelimero ympoiueHus cuctembl (4.18) mpencraBisiior B
JUHEWHOU popme:
Y = AY + BX, (4.19)

rae A, B — N X N -Matpuilsl U3 MOCTOSIHHBIX JIEMEHTOB.
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[ToxkaxxeM Takylo JMHEapU3alMI0 Ha KIACCHYECKOM (QopMe myTem

JMHEeapHu3aluy HETUHEHHBIX (YHKIIHNA:

—vOo,v
FOVX)ix ol

rie Yo,Xo- OCHOBHOE JIBIKEHUE, a Y, X OTKJIOHEHHUS OT OCHOBHOTO JIBM)KCHUS
B npeanoioxenuu, uro |X||Y|<«<|Xo|,|Yo|. Torma, mpuMeHHUB pa3lIOKEHUS B PSII
Thritnopa, HalaeEM:

X+
Xo,Yo

dF
aY

_ OF
Y +—

F(Y,X) = F(Y° X°) +
XO’YO aX

Hamnpumep, ecniu tpaekropust nsuxkenus JIA npocuutana, To Y°(t) u X°(t)
U3BECTHBI U MOXXHO COCTABUTH YPaBHEHUE B MaJIbIX OTKJIOHEHHSX OT OCHOBHOI'O
JBUKEHUS:

o, £ OF -, OF — 4.20
PO4Y=F(r'x°)+ X (4.20)
oY oX

NP VN

BrrunTas us (4.20) «ocHoBHOe nmxkenue» Y0 = F(Y°, X%) | nonaras

oF oF
i = A, o = B' ManI/IHa U3 TIIOCTOAHHBIX JJICMCHTOB,
aYy Yo Xo 0X Yo Xo
HaléM
Y = (Ep — A)"'BX, (4.21)
1 0 0
_dp_f[o 1
rac p == a ) = . . — CAMHHUYHAaA ManI/H_Ia.
0 - 1

®opwma (4.21) ynoOna nsis BerurcieHuit Y (t) B SBHOM BUJIE.

[Tocne nekommno3unun KOC Ha mnoacucTeMbl (MyJIbTHAr€HThI, areHTHI),
KaXJIasi U3 KOTOPHIX MOXKET OBITh OOBEKTOM IMPOEKTHUPOBAHUS M IMPOU3BOJCTBA
OTJCJIBHOTO TMPEANPUATHS, MaTeMaTUYECKHE MOJIeN KIACCU(PUIUPYIOTCS 10
HepapXuu CUCTEMA-YCTPOINCTBO-3JIEMEHT.

Hanpumep, na puc. 4.3 nokazaHa »Ta uepapxusi 1 HABUTAIMOHHOTO

npubopa JieTaTeaIpHOro anmnapara (cM. TiaBy 1, mpumep 4).
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fmpaz}cmﬁo

nemeum

Pucynox 4.3 — Uepapxus: cucrema — yCTPOMCTBO - SJIEMEHT
CoOOTBETCTBYIOIIME MATEMATUYECKHE MOJEIN B ’TOM CJIy4ae, COCTABICHHbIC

II0 OTHOHICHHUIK TOJBKO K OI[HOﬁ ocHu CTa6I/IJII/I3aI_[I/II/I, HUMCIOT BHI.
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TeTh=f1xy) |yl g)eo,

(s}%gg{:aegg ) Ylux,y)=0,

NCMEHIT

Vo #1p #C)p = H{up cosp-aysins)-

Gy Mo signfiity | pefy SO (42)

, WK(P) , CUCmeMO
My 1ZpPthip L e 3 (BPrhlp 4
£ Hp Tﬁﬁo
We (P

B ypaBuenusix (4.22) o603HaueHO:

U — JaBJI€HHE B BO3YIIIHOM IOJIBECE YYBCTBUTEIBHOI'O JJIEMEHTA,

X,¥Y — KOOpIMHAThl B BO3AYIIHOM IIOJIBECE, OCTaJbHbIE O0O3HAUEHUS
IIPUBEICHBI B pUMepe 4 TIaBsl 1.

MM »sneMeHTa HCHOJB3YKOTCS HAa KOHCTPYKTOPCKOM M TEXHOJOTHYECKOM
JTanax NpoeKTHupoBaHus, a MM yCTpOWCTBa U CUCTEMBI Ha CXEMOTEXHUYECKOM
JTAaIle.

Bri6op noaxosimiei MM 13 U3BECTHBIX YACTO CTAHOBHUTCS TPYAHOM 3a/1aueH,
IIPU PELICHUM KOTOPOM MNPUXOAMUTCS INPUBJIEKATH MATEMAaTUYECKUE METOIBI JUIS
MOJEPHU3ALMH, TONOJHEHUA, axantauuu MM K KOHKPETHBIM MPOEKTHBIM U
IIPOU3BOIUTENIBHBIM MPOLIETYPaM.

[TosTomy B coctaBe nncrpymentapus UT npoextupoBanust KOC tpedyercs
MHCTPYMEHT «I11ocTpoeHrne MMy.

B 3TOM HanpasieHUN BO3MOXKHBI CJIETYIOIIHE MOIXO/BI:

- popmupoBanue 6a3bl JaHHBIX U3 TOTOBBIX MM;
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- noctpoeHue MM B npoliecce IPOEeKTUPOBAHUS IO MEpe MOTPEOHOCTH B HUX

IIpHU IIOATOTOBKC IIPOCKTHBIX pCHICHHﬁ.

basbl

MM  dopmupyrores

CorjiaCHoO

IIPUMEPHOMN

uepapxuu

KJ1accuuKaIiu, MPOCTaBJICHHBIX Ha pucC. 4.4 u B Ta0. 4.1.

Knaccsr MM

¢

CucreMbl

Hazgagesme MM. fe—no

3ampoc

[IpoexTHpoBUMK

3J1IeMEBTHI

/ Ycrpoiicra \

&

ITpuzaaxu MM

n

4

10 3ampocy [*

OTtser

Pucynok 4.4 — K nocTpoeHU0 MaTEMaTUYECKUX MOJIEIIEH

Tabauma 4.1
Kiace YpoBHHU IIpusnaku MM
Cucremsl Cynno, nerarensHbl | HazHaueHue Hccnenosanue
arnmapar, MM JTMHAMUKH, pacuer,
TypOOorexneparop, ... KOHCTPYHUPOBAHHE, ...
Yerpoiictea | BIIBM, Buast MM CTpyKTypHBIE CXEMBI,
HaBUTallMOHHBIE rpadsi,
MpUOOpPHI, ABTOMUIIOT, b depeHuranbHbIe,
: anredpandecKue
YpaBHEHMUS, ...
DJIEMEHTBl | DNEKTPOABUTATENH, ®opmsr MM Omneparopsl,
MTOJBECHI, MOJIMHOMBI,  (POpMBI
MHKPONPOLECCOPHI, ... Kommn, Jlarpanxka,
ITOJIMHOMUAJIbHBIE
MAaTpHULBL, ...

Ha puc. 4.5 npencrasnena npoieaypa noctpoenus MM.
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3anpoc I i
JOEKT «pemaTenby
Ha rotoryrxo MM P PIEGIES
nponexypa >
HOCTPOCHHS

MM [ —————————— f

g s s W | ¢ @DopmupoBazHe i
i o i

: ! : HOBO¥M MM. i
! Baza naHHRIX: i ! !
: Baza nammm: 7] 1 | Hcxommnie nanmse: |

]

{ paspaboTarKa ] : | KHHEMaTHJecKue :
H : Jla i CXEMBI, :
| KOHCTpYKTOpa + oo €T .  ONEeKTpAYECKHE
: : v : CXEMBI, .
! TEXHOJIOTE * : | CHCTEMBI KOOP/(HHAT, :
1 i { KOHTYPBL i
! wmcmeITarens 'J ' ! !
b o s : Cocrasnenue MM :
: "a OBM :

[ MM

e - | B aHAJTHTHYCCKOM
l BUIE

B «pemarensy

Pucynok 4.5 — Iloctpoerne MM

ITocnenoBarenbHOCTH MOCTpOEHUE MM CBOAUTCS K CIIEYIOLIEMY:

- mouck noaxoasamier MM B 0a3e TaHHBIX;

- popmupoBanue HoBoM MM, eciiy TOTOBOM MOJIENI HE HAWJIEHO;

- nepecblika MM B «pematens» (cM. puc. 4.5).

ITon pemieHnsiMA MOHUMAETCS PeaTu30BaHHbI HAa DBM maker nmporpamm.

[Toctpoenune maremaTuueckux Mojieneid Ha 9BM xenaTeabHO BBITIOJIHSTH B
aHanuThueckon (cumBoibHOM) (opme. Takas ¢dopma mo3BosseT Mpu BeIOOpE
MPOCKTHBIX PEIICHUN «HAIMOJHATH» CHUMBOJIBHBIC BBIPAKEHUSI KOHKPETHBIMU
YUCJIOBBIMU 3HAYCHUSIMU MTAPAMETPOB U TEM CaMbIM PACCMATPUBATh IITUPOKUN KPYT
BO3MOYKHBIX PELICHUM.

B obmiem ciaydae BbIOOp MeTO/Ia M aIrOpUTMOB NocTpoenust MM Ha DBM B
aHAJIMTUYECKOM BUJIE TOAUYUHSIETCA 3aBUCUMOCTH

min{F = G/H}, (4.23)

rae G — KOJIMYECTBO OoNepalii ICXOIHOTO aJiTOPUTMa, MPE/ICTABICHHBIX Ha
BBIOPAHHOM SI3bIKE aHATTUTUIECKUX MTpeoOpa3zoBanuii; H — KommdecTBo omepaTopos
ATOTO CpPEeACTBa AHAIMTHYECKUX MpeoOpa3zoBaHui. AHamu3 OO0JBIIOrO Kpyra

METOJIOB U aJITOPUTMOB TIOKAa3all, 4TO ¢ mo3uiuen kputepus (4.23), mpocTOThI
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INOATOTOBKKM MCXOJHBIX JAaHHBIX, <«IJUHBD) IIPOTpaMMbl, BPEMCHH «CUCTA»

MNpECUMYyIICCTBA UMCCT MCTO Harpa}m(a Ha OCHOBC q)OpMaJ]I/IBMa BH]A.

d (0T oT Nl OR B

—-({—)-—=———— L1 =1,n, 4.24

dt (GQi) 2q; 0q; aqi-l_ Qu ’ ( )
raie T - KUHeTHYecKas SHeprus; Ji — 0000IIeHHble KoopauHaTel; I -

NOTEHIMaNbHAast PHeprusi; R — sHeprus paccesiHuas; ¢,- 000011eHHbIe CKOpOocTH; Qi
— 00001IIeHHbIE CUJIBI.

VYpaBuenue (4.24) MOXHO TPUMEHSTh K JIOOBIM CHCTEMaM, TJ/I€ €CTb
NEPEYHCIICHHBIE BUbI SHEPTUH.

st Toro 4ToOBbl BBIBECTH YpaBHEHUE JIO00Or0 OO0BEKTa, HEOO0XOIUMO
MPOJIeNIaTh B COOTBETCTBUU C ypaBHEHHEM (4.24) ciieayoIre OCHOBHBIC OTIEpalluu:

1. CoctaButhb Beipaxkenus st sHepruid T, [1, R u 060061menHoM cubl Qi.

2. [IpousBectn omnepauuu audPepeHIUpoBaHUsl B  COOTBETCTBUHM C
ypaBHeHUEM (4.24).

3. Ocy1ecTBUTh NIPUBEICHNE OJOOHBIX YJICHOB.

O4eBUIHO, YTO ISl CJIOXKHBIX OOBEKTOB 3TH OIEpalMid TPOMO3AKUE U
OPUBOASIT K omMOKaMm npu pyuyHoMm BeiBojge MM. Hanpumep, MM nerarenbHOro
ammapara, CyJiHa, TypOWHbBI, HABUTAIIMOHHOTO Mpudopa B (popMe OOBIKHOBEHHBIX
i epeHInanbHbIX YPAaBHEHUN JAOCTUTAIOT MOPSAAKOB n> 20 ¢ COTHAMM YJICHOB
YpPaBHEHUM.

JUJ1s SIEKTPUYECKUX CXEM B KauecTBE OOOOIIEHHBIX KOOPAUHAT U CKOPOCTEH
BBICTYMAIOT 3apsii U TOK. DJIEMEHTapHas 3JIeKTpUUecKas 1eNb SBISIETCS aHAJIOTOM
MEXaHUYECKOTO 3JIEMEHTa, a MHAYKTUBHOCTH L, emkocTs C, comnporuBieHue R,
npuwiokeHHoe HampsibkeHue E(t) - awnanorm mapamerpoB m, 1/k, h, F(t)
MEXaHUYECKOTO 3JIEMEHTA.

[ToaroroBka coOTBETCTBYIOIIUX ypaBHEeHU Jlarpanika (4.24) 3J1eKTpUUYeCKUX
O0OBEKTOB CBOJUTCS K ONPEECICHUIO KOHTYPOB, HA3HAYEHUIO B BUI€ 000OIIEHHbIX
KOOpJIMHAT W CKOPOCTEM COOTBETCTBYIOIIMX 3apsAJ0B W TOKOB, a TaKKe
00O0OILIEHHBIX CUJI - HATPSDKEHUI. AHAIOTUYHAs TOATOTOBKA JIJIsl THEBMATUYECKHUX,
TUAPABINYECKUX M AKYCTHYECKMX KOHTYpOB, BXomamux B KPC Opaum u3

unctpyMeHToB UT KOC sBnsiercs naket nporpamm «Iloctpoenne MM» no3BossieT
81



ctpoutb MM OOBEKTOB € Pa3MYHON CTENEHbIO MNPUOJIVIKEHHS: HEIMHEHHBIE,
JUHEWHbIC B 1-M NPUONMKCHUN U JTUHEHHBIC BO 2-M NMpUOMKeHUU. B 3TOT maker
BKJIFOUEHA COOTBETCTBYIOIIAS MOJCUCTEMA YIPOILICHUSA. SIpo Mmakera COIECPKUT
onepanuu qudGepeHIIMPOBaHUsI, YMHOKEHHS MTOJIMHOMA Ha MOJMHOM, BO3BECHUE
B CTEIEHb, MPUBEACHNUE MOJOOHBIX WICHOB U APYTHE MaTeMaTHYECKUE OIEpaIlny,
BEITIOJIHSIEMBIC CUMBOJIBHBIMH ~ BBIYUCIICHHSIMH B aHAJIUTUYECKOH  (opMme.
CootBerctBytomuii uHCTpyMeHT WT coaepxut mpoOIeMHO-OpUEHTAIIMOHHBIN
sa3bIK(ITO ) m1st mosib3oBaTenei.

[Toctpoerne MM MO>KHO OCYIIIECTBUTH B BUJIC CTPYKTYPHBIX CXeM U rpados,
a TaK’Ke€ Ha OCHOBE CUMBOJIbHBIX BbhluKclIeHUI HAa DBM u coorBerctBytomiero [TO.

CTpYyKTypHBIE CXEMBI CTPOSATCSA M3 IOocieaoBaTeaIbHOCTH ornepaTopos li, Li.

J171s1 CTPYKTYPHBIX CXEM CO CKaJIIpHBIMU oniepaTopamu li o01iiero Buaa

abp+alp®14...+al
= (4.25)
bop™+bip™ 1+-+bp,

MOCJIeIOBATEIBLHOCTD Onepaluii mocrpoenust MM cnenyronias:

1. Beog B DBM maccuBoB cBsizeil Mexay omeparopamu MC = (i, )YV, ¢
BBIXO/1a I-r0 oreparopa Ha BXo[ j-ro — (i,j); N- KOJIM4eCTBO OnepaTopoB.

2. BBog mMaccuBOB Mpom3BOAHBIX yuciutened B (4.25) MUi = (n, n-1,..0),
i=1N.

3. BBox MaccuBOB MPOM3BOIHBIX 3HaMeHateneH B (4.25) M3i= (m, m-1,..0),
i =1,N.

4. Brox MacCHBOB K03 puImeHToB YUCITUTENEN B (4.25)
MKY; = (a,ai, ...,al),i =1,N.

5.BBog  maccuBoB  ko3(pduimenTtoB  3HameHarened B (4.25)
MK3; = (b, B, ..., bL),i =1,N.

CrpykTtypHyto cxemy mnocie BBoja B OBM ee mnapamMeTrpoB MOKHO
nmpeo0pa3oBaTh B COOTBETCTBUH C MPABHIIAMHU TTPEOOPA30BAHUS CTPYKTYPHBIX CXEM.

[Toctpoenue MM, 3ananHoi B Buje rpada, OCyIIECTBIISIETCS aHAJIOTUYHO

CTPYKTYPHBIM CX€MaM, HO OTepaToOphl 331af0TCS AyraMu, a B BepIInHax rpada
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pa3MATYaroTCs UCXOIHBIE U BBIXOHBIE IEpeMeHHbIE orepaTopoB. CTpyKTypa
rpada 3amaeTcs MaccUBOM cBszell Mexxnay BepmmHamu rpada: MC = (i,j)V.
Omneparopsl B rpadax aHaJOTHYHBI ONEpaTOpaM B CTPYKTYpHOH cxeme (CM.
Omneparop li) mosToMy BBOJ ONEpaTopoB CBOAUTCS K (OPMHUPOBAHUIO MACCHBOB:
MY, M3, MKY, MK3.

B cmywae  BEKTOpPHBIX  OMEpPaTOpPOB  MPHUXOAUTCA  (POPMHUPOBATH

MOJIMHOMHUAJIbHBIE MaTPHULIbL:

L(p) = i ()™™ (4.26)

rae l;j(p) = af,jp" + aijp"_1 + -4 ailj.

Takue mMaTpuIilbl UCTIOJIB3YIOTCS ISl JIMHEWMHBIX BEKTOPHO-MATpUuHbIX MM
ycTpoicTB B popme (4.21) unu B SKBUBaJICHTHOM opme

L(p)Y=R(p)X, (4.27)

e Y =,V ., ¥n)T — BEKTOP MCKOMBIX IEPEMEHHBIX; X =
(X1, X3, ..., X, ) T—BEKTOP BXOMHBIX BO3/IEHCTBHIA.

L(p) = (a?jp" + ailjp"_l + -+ a?j)n'n- «TOJIMHOMUAJIbHAST ~ MaTpHIIA
COOCTBEHHOI'O JBWIKCHUS;

R(p) = (ri(}pm + riﬁ-pm_l + -+ ri‘} ™™ . nonuHoMuaibHas MaTpuIia
BXOJHBIX BO3/ICHUCTBHIL.

B stoM cnydae mocienoBarensHOCTh onepanuii popmupoBanusi MM kak B
BUJIC CTPYKTYPHBIX CXEM, TaK M B BUJE TpadoB CIACAYIOIIAS:

1) BBOJI OPSIIKOB 3JIEMEHTOB M, n B Matpuiie (4.26) wiu B matpunax (4.27);

2) BBOA ko3(duinmentoB marpuiibl L(p), T. e. koahdummeHTs aij C
COOTBETCTBYIOIIMMH HHICKCAMU;

3) BBOI KO3 purreHTOB MaTpUIlbl R(p).

Yacto mpw BBOAC IMOJMHOMHAIBHOW MaTPHUIIBI MHOTHE DJCMEHTHI
OKa3bIBAIOTCS HYJICBBIMH (MaTpHIla pa3pexeHHas). B ciydae pa3peskeHHBIX MaTPHI]
ocymiecTBisieTcsi BBog B OBM Tonmbko 3HAYMMBIX KOA(DPHUITUEHTOB, HYJICBBIC

AJIEMEHTHl HUCKIIOYarTCs U3 MaccuBa. CooTBeTcTByromMd HHCTpyMeHTapuilt UT
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K®C cTpoutcs ¢ moMOIIbIO0 CPEJCTB aHATUTHYECKUX TTpeoOpazoBanuii Ha DOBM -

cucrema REDUCE.
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KoHTpoJibHBbIE BOIPOCHI
1. Kakue cocTaBisitonue BXoIAT B MaTreMaruueckoe obecrneuenue UT?
2. [Tpuenure npumepst MM KOC na METAYPOBHE.
3. Kakue popmbl MM B Bujie ypaBHEHUN COCTOSIHUSI CYLIECTBYIOT?
4. B uém cocrout 3agava ynpouenus MM KOC?
5. Kakue ocHOBHBIE oniepaiuu noctpoeHuss MM B aHaIUTUYECKOM BUJIE

MIPUMEHSAIOTCS?
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5. lHTepHeT-CcalThI 10 TEME.
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I'masa 5. MeToabl M aJIrOpuT™MbI B 00ecnieYeHuH HH(POPMALMOHHBIX

TEeXHOJIOTUM

HpOGKTHBIe N IIPOU3BOJACTBCHHBIC IIPOUCAYPBI CO3aHUA K®C BBIIOIHSAIOTCS
Ha OCHOBC MCTOZ 0B U AJITOPUTMOB, OTHECEHHBIX K CITOCO0aM BEIYMCIICHHUH Ha SBM,

3a/1a4aM NPOEKTHBIX U NMPOU3BOACTBEHHBIX IIPOLIEAYD.

KHaCCI/ICbI/IKaHI/IH MCTOZO0B U aJITOPUTMOB B TaKOM CBSI3U MOKHO MpCaACTaBUTh

B BUj€ puc. 5.1.

OtHowmenune kK IBM - cmoco0bI BbIYHCICHHI

1. AHanuTHYECKHUE
2.YucneHHbie
3.YncneHHO-aHAIUTHIECKHE OTHoOmEeHHuE
K MATEMATHYECCKHUM
MO EJISAM
OTHomeHue K 3a1a49aM 1. HenpepbisHbie

1. Anammsa 3. Upentndukanuu 2. H“CKECTHHC

1.1. YeroiuuBocTn 3.1. CTpyKTypHBbIe 3. Jluneiinsie

1.2. Kauecrsa 3.2. [lapameTpuueckue 4. Henmneiirbie

5. JleTepMHHHUPOBAHHBIE

6. CTaxocTHueckue

4. O6paGoTkn 7. C NOCTOSIHHBIMH MapaMeTpamu

8. C nepeMeHHbIMH TapAMETPAMH

9. C pacnpenenéHHbIMU TapaMeTpaMu

1.3. TouHocTH
1.4. Hapéxuoct

1.N1. PemoHTONIPHTOOHOCTH 4.1. CrauMoHapHBIX MPOLIECCOB
4.2. HecrauroHapHbIX npoLec-

2. Cunresa COB

2.1. CtpyKTypbI

2.2. [TapametpoB 5. Pacuera

5.1. Yerpotiict
2.N:. BeposTHOCTHBIE 5.2. DnemeHTOB

Ha npennpoekTHoM © HadalbHBIX ATanax npoektupoBanus KOC
IPUMEHSIOTCS. UMHUTATOPbl HAa OCHOBE MAaTEMaTUYECKOrO MOJEIMPOBAHUS 110
MatamozessiM (cM. riaBa 4) u 3Bpuctuyeckre Metojnl. [locneaHue cTaHOBSTCS
IPEIMOYTUTENBHBIMY TIPU aHAJIM3€ BAPUAHTOB (DYHKLIMOHAIBHBIX U CTPYKTYPHBIX
cxeM K®OC. CymectByer 0o0iblIoi HaOOp MAaKETOB MPOTpaMM, peaTUu3yIOLIUX
pa3IuYHbIE 3BPUCTUYECKAE METOABI W AITOPUTMBL. B HMHKEHEpHON NpaKTHKE
YCHEIIHO TPUMEHSAETCS METO/I IJIATEXHOW MaTPULbl OLEHKH MTPU KOHUENTYJIbHBIX

pEIICHUSIX.
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Cy1ecTBO 3TOro MeTo/ia ClieAyIoLIee:
[Tycte BapwaHThl KOHUENTYAJIbHBIX TPOCKTOB  XapaKTEpU3yloTcs 2
BEKTOpPAMH:
BekTop KputepueB K=|K1, K2, ..., Kr| Ki €K,
Bektop pemenuit Y=|Y1, Y2, ..., Ys| Y] €Y,
rze: 1, | Homepa BapraHT HabOpoB cocTaBistoMuX BeKTopoB Ki u Yj.

BeoauTtcs onenounsie pyukuuu Z (K, ¥Y) cormacuo taou. 5.1.

Taomuna 5.1
Bapuantsl ctpyktyp KOC
Y1 Y> Ys

- K; Z11(K,Y) Z12(K,Y) Z1s(K,Y)
~ K, Zu(K,Y) | Zn(K, Y) N Za(K, Y)
=

>

M Kr Zrl(K, Y) ZrZ(K, Y) o er(K, Y)

DT QYHKIIUU MOTYT CIY>KHUTh JJI Pa3IMYHBIX OIEHOK, B TOM YHCIIE U T10
CTOMMOCTH KaXJIOTO BapvaHTa IO KaXJIOMy KpUTEpHUI0 (OTCIOla Ha3BaHUE
«IIAaTEXHAS MAaTPULIAY).

Pacuer ¢pynkimit Z(K,Y) BBITONHIETCS B 3aBUCHMOCTH OT UCXOIHBIX JTAHHBIX
u mareMatudeckux mojeneid KOC. B wactHOcTH, 3TO MOTYT OBITH MOJEIHU
MaTeMatudeckoro Oamanca (4.6) — (4.9). IloaydeHHble B pe3yjibTaTe pacueTa
Zij(K, Y)Benn4uHBI 3aMOHSIOT TUIATEKHYIO MAaTPHILY ¥ TIPU OOJIBIION pa3MEpPHOCTH
<s,r>, TpeOyroTcs yCpeIHEHHbIE OTICHKH.
Jlnst o6neruenus padbotel o marpuite Z(K, Y), BBOIATCS KPUTEPUN YCPETHSFOIIIX
OLICHOK:

1) Kputepuii Banpaa (kpurepuii MUHUMAaIbHBIX 3aTParT)

S T
min; — max;Z;;(K,Y)
j=1 i=1
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2) Kpurtepuii Jlamnaca (kpuTepuii MUHUMyMa cpeiHeapu(pMETHUECKHUX 3aTpar)

S r
min 1(1/r) X Z Z;i(Ki, K;)
j=1 i=1
3) Kpurepuii CaBumka (KpuTepuii MUHUMAKCHOTO PUCKA)

S r r
mlnjmaXiRij, Tac RL] = Zl] — mlanU
j=1li=1 i=1

4) Kpurepwuii ['ypBuna (Kputepuii «recCiMHU3Ma - ONITUMH3Ma) )
S r r
min; \gmax;Z;; + (1 —a)min; Z;;|,rne 0 < a < 1;

npu o = 1 — nonyyaem kputepuii Banbaa;
npu o = 0 — moslydaeM KpUTEpH KpalHETo ONTHMHU3Ma - JIY4IIee CTCUCHUE
0OCTOSATEBCTB.

Taxke mpakThuecku okazaicsi 3GGEKTUBHBIM HIBPUCTUYECKUN METOJ
NOJJIEP>KKU BbIOOpA JINLIOM, IpuHUMatomuM pemtenus (JIIIP).

AJITOPUTM HNPUMEHEHHUS 3TOTO METO/1A CJIETYFOIIIHIA:

[Tycts 3amanb —

IM={X; = (xy, x5, ..., %)}, i=1, N (5.1)
-MHO>KE€CTBO BO3MOJKHBIX pellieHnH (BO3MOMKHBIX 3aKa30B, MPOEKTOB, TEXHUYECKUX
MPOIIECCOB, IPUHATUSI PEIICHUH U T.11.),

N - KOJMYECTBO XapaKTEPHUCTHK, MPU3HAKOB 1-TO pEIIEHUs (TEXHUYECKHUE,
MapKETHUHTOBBIE, COLIMAIbHBIC, IPTOHOMUYECKHUE XaPAKTEPUCTUKH )

K = (K, Ky, ..., Kp) (5.2)
-moka3arenb 3(PQPEKTUBHOCTH => MHOXKECTBO KputepueB dopmupoBanus I,
Ka4yeCTBO, HAJIC)KHOCTh Macca, rabapuThl, YI00CTBO TEXHUYECKOTO 0OCTY KUBaHMUS;
OPrOHOMHUYHOCTH:  DJHEpPreTHYecKas, aHTporoMeTpuueckas, Ounodusndeckas,
ACTEeTUYECKast

0 = (04,04, ...,0,) (5.3)
-MHO>K€CTBO orpanudeHuii popmuponanus [1 mpu 3agannom K (ctoumocTs,

MOIITHOCTb, BE€C, rabapuThl U T.1.)
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Okcnepthl, BO3MOxHO U3 JIIIP, popmupyroT ko3pduiineHTs NpruopuTeThI

/1]-,2’1” /1]- < lotnenbHbIXx KpuTepueB, wWiMU; -MOJIE3HOCTh OTIEIBHBIX

peUIECHUM.
Tpebyercs Haitu X, iI=[1,S], S<<N, Takue, 4TOOBI BHITOJIHSIOCH CIICAYIOIISE

yCIIOBHE:

r
r = max;(R), r, = f(k;;), rae (5.4)
=1

I - onpezien-a cBepTKa 3HaUYCHUN KpUTEpUEB

R - MHOXECTBO CBEPTOK,

f - GyHKIMS TOTyYCHUS CBEPTKH, | = 1,m

Oynkuio f MOXHO OTBHICKHMBAaTH MHOXKECTBOM HM3BECTHBIX CITOCOOOB
(anreOpamyeckue, BEpOSITHOCTHBIC, SKCTPEMaJIbHBIC U T.I1.).

Haubonee mpocToii cioco0 - agAuTUBHBIN => f => X,

n = }\1Ki1 +)\2Ki2 + "'}\mKl’m,= 1,N (55)

Bri6op K;jocymecTrisercs Ha OCHOBE CTATUCTHYECKUX METOJI0B 00pabOTKH
DKCIIEPTHBIX OLIEHOK, BCE K;; — OTHOCHTENLHBIE BEJTUYMHbI YA < 1.

B ocHoBe anropurma - paH)XKMpPOBaHHWE BapHAHTOB PEIICHUSA IO

MPEANOYTUTENBHOCTHU (TIOJIE3HOCTH).

)\1Z11 + }\2212 + }\mzlm == }\1U1 > UZ > U3
(5.6)
}\1le + A2ZN2 + }\mZNm = }\1 H)\l < 1

N — KoM4ecTBO BapUaHTOB pelieHus, Uy, ..., Uy- MOJAe3HOCTh pelIeHUH,
M - KOJIMYECTBO KPUTEPUEB,
A;- BecoBbIe KO3(PDUIIUEHTHI,

Zij = (Zij = Zminj) | Zmax,j—Zmin,j)

K;j — J-b1il kputepuii i-ro Bapuanra,

BapuaHTsl perueHui
K,\'Z yossstanaccs ’ KA\'m )’
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JITTP na3navaet npeanourenus U, = 1, U, =09,U; =0,7,...,Uy = 0.1,

Torna u3 (5.6) HaxoaUM

Az +tA4z, + 4,7, =1
.......................................... (5.7)
Azy tAzy, +4 2z, =0.1
Zﬁj = (Ki‘j - Kmin.j)/ (Kmax.j - Kmin.j)’ Hﬁ‘] = 1

JIJIs KaXJI0ro BapuaHTa PEIICHHS | COCTABISIEM CTPOYKY W3 3HAYCHHH
kputepues K, j=1, m.

IIpu 5TOM OnpenensaeM (Ha3HaYaeM U3 CTATUCTUKK) Ky in i) Kmax, j» r]

Pemmaercs cucrema anreOpandeckux ypaBHEHUM (5.7) OTHOCHTENBHO A;.

CocCTaBIISIIOTCSI CBEPTKH:

zZ; = Z;’;l A X K; (5.8)

N
Bribupatorcs pemienue, cooTBeTcTByomee — max;{R} U COOTBETCTBEHHO
i=1
onenupaem U,.

CocraBiisieM HEBsI3Ka

A=|U; —Uy|l,ecrm A< § Jon.» TO TIPOIIECC OKOHYEH, €CITU HET, TO JeIaeM
CJEYIOIIYIO UTEPALUIO.

[Tocne BBIOOpa (PYHKIIMOHAIBHOW W CTPYKTYPHOU cxeM (KOH(UTyparium)
K®C panpHedmuili mpouecc NpoeKTUPOBaHUSA TpeOyeT NPUMEHEHUE METOAOB U
anropuTMOB aHanu3a u MoaenupoBanuda KOC. Pemenue 3Tux 3aay HAUMHAETCS C
nekomno3uuun K®C Ha mnoacuctemsl (areHThl, MYJIbTHAr€HTHI), aHAIN3a
dbyukimonupoBanus KOC no moxaensim KOC oTaenbHBIX MOJICUCTEM, OIEHKH
BO3MOXKHOCTeH BbimosHeHus GyHkimid KOC npu 3agaHHBIX KpUTEPUSX U
orpaHuveHmsix. Ha 93ToM JTame cymiecTBEHHOE 3HA4YeHHe mpuodperaer
npeobpa3zoBaHHass MM moa MeToAbl W ANTOPUTMBI aHAIM3a M HUMHUTAIUU
dbynkuuonupoBanusi KOPC Ha OCHOBE MaTreMaTWUyeCKOro MOJICITUPOBAHMUS.

HaubGonee ynoOnoit ¢opmoit mnpexacraBinenuss KOC sBasercs cTpykTypa H3
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HOJICUCTEM, NPEACTABISIEMbIX MEPEJATOUYHBIMU (QYHKIUSAMH «BXOJ BBIXOI.
OObIYHO MaTpuLa U3 IEPEAATOUHBIX (PYHKIUI peoOpa3yeTcs B NOJUHOMUAIBHYIO
matpuity (4.21 — 4.26). OcoOble TPyIHOCTH BO3HUKAIOT MIPH MPOBEICHUH 3BEHHEB
K®C, npencrapistomux pacrpeneaéHHble B IPOCTPAHCTBE U BPEMEHU OOBEKTHI
(cm. rnaBy 1) k hopme «BXOA-BBIXOI».

Nmutamms ¢yakiuonupoBanuss KOC Ha ocHOBE MeTofa «IEPEMEHHBIX
COCTOSIHMID»  TO3BOJIIET MPOM3BOAMTH  aHaIM3  (YHKIHUOHUPOBAHUSA  IPU
MOCTETIEHHOM YyCToKHEHUH MM, B TOM uncIie mepexoy K cucTeMe u3 0000IIeHHbBIX
CTOXacTU4YeCKuX auddepeHInanbHbIX ypaBHeHui (4.12).

ITocnenoBaTenpHOCT NPHUMEHEHHST METOJOB M AITOPUTMOB JUISL  3TUX

WCXOIHBIX MOJIEJIEN MOKa3aHa B Ta0J1. 5.2.
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Taomuna 5.1

Jexommo3suiusg KOC Ha 110 1CHCTEMBI

v

Bxon ucxonHbIX JaHHBIX, GOPMYIUPOBKA 33]]a4l B TEPMUHAX

Y], Ki, Z (Y, K)
|
[Touck u BBIOOD TIPEACTaBUTEIHLHOTO [Touck 1 BEIOOP MpenCTaBUTEIHHOTO
Habopa BekTopoB Ki € K kputepues Habopa Y] € Y Bapuantos
JIEKOMIIO3UIIUN JIEKOMIIO3 MU

y

dopmupoanue wiatéxHoi Matpuiisl Z (Y, K)

'

Pacuet mnaré&xuoit marpuiist Z (Y, K)

'

AHaJmM3 ¥ BBIOOP PAIIMOHATBHOTO BapHaHTa JEKOMIIO3UIINH Y]
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Tabmuma 5.2

Ananu3 u Mmatemarudeckoe Mmojaempopanue KOC

|
v

\
Bxon HCXOMHBIX JaHHBIX UX
BU3YyaIU3aLys Iyl KOHTPOJIS YucneHHOe HHTETPUPOBAHIE CHCTEMBI
MPaBUIIBHOCTH BBOJa MM B hopme 4.18

(4.16)

i Y

[Noctpoenue u BbIBOI rpaduKoOB
I[IpeoOpazoBanue k popme (4.18) — BPEMEHHBIX ITPOLIECCOB

Il

v

AHanM3 ¥ OleHKa (YHKIOHUPOBAHHS
K®C 1o pe3ynsraram o0paboTKH

IMpeobpaszoBanue k dpopme (4.19) BpEMEHHBIX TIPOTIECCOB

Y

AHau3 1 OLIEHKU OTpaHUYEHUl 1o

Ipeobpasosanue k popme (4.21) BPEMEHHBIM IIpOLIECCam

IIpeoGpasoBanue k popme
«Bxon - Beixom»

\

AHanu3 yCTOMYUBOCTH

INocTpoenue u BuIBOJ 00IacTei
YCTOHYUBOCTH

\

Ornenka ycroiunBocT MeTogoM JIUX

'

INocTpoenue n BeIBOJ 00IacTe it
YCTOMYMBOCTH
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«MamvHHass ~ OpHEHTalMsD»  AHAIMTHYECKMX  METOJOB  CTaHOBHTCS
IPUMEHUMOM JUII HH)XCHEPHOW MPAKTUKUA IyTEM NPUMEHEHUS CPEACTB
aHAJIMTUYECKUX BbhrunciaeHuit Ha 9BM, - yxe ynomunasmascsa cuctrema REDUCE,
a taxoke MAXIMA, MAPLE, SCRATCHPAD, BUBPAH, AHAJIUTUK u np.

[IpuMeHeHre aHAIUTHUYECKUX BBIYMCICHUA Mpu npoektupoBaHuun KOC
OKa3bIBAETCA IOJE3HBIM HA HAYaAJIbHBIX 3Talax, MOCKOJIbKY IOJIy4Y€HUE OOIIUX
aHAJIMTUYECKUX 3aBUCUMOCTeN (yHkunonupoBanuss KOPC npu 3amaHHBIX
TpeOOBaHUSX W OTPAHUYCHHUSIX TO3BOJIIET Cpa3y OLIEHUTh BCE BO3MOXKHBIC
TPaeKTOPHH, & HE OT/IEIIbHBIE YACTHBIE PELICHUS.

Kak Opu1o mokazaHo B riiaBe 4, aHAJIMTUYECKHE BBIUMCICHHS W30aBIISAIOT
MOJI30BATENSl OT YTOMHUTENBHOW paOOThl € TMOJMHOMHUAIBHBIMH MaTpULAMHU
001b111011 pa3MepHOCTH, MU HEPEHIIUPOBAHUEM CIOKHBIX (PYHKINNA, TPUBEICHUEM
MOJO0OHBIX YJICHOB W APYTMMH MATEMaTUYECKUMU WUTEPALUSIMU C CHUMBOJIbHBIMU
BbIpaKEHUSIMHU. Tak mpu pemeHnu audPpepeHralbHbIX YpaBHEHUN CpelIcTBaMu
cuctembl REDUCE ocymectBisiercs anreOpauzanusi B BUE psifa ¢ TpeOyeMbIM
KOJIMYECTBOM YJIEHOB, HEOOXOAUMBIM JIJIsl OLICHKHU XapakTepuctuk KOC.

OnHako TakWe BBIYMCIEHUS YacTO NPUBOIAT K JOBOJBHO TPOMO3AKUM
KOHEYHBIM BBIPAKEHUSAM, UTO 3aTPYAHSIET PACUEThl U aHAJIM3.

MHOX€eCTBO YHCJICHHBIX METOAOB PEIICHHS MPOEKTHBIX 3a7a4 BOCXOIUT K
KJ1laccuueckuMm uaesm Jinepa, Ko, Pynre-Kyrtel, Anamca-Itépmepa, KpbsuioBa
U MHOTHX APYIMX y4eHbIX. « MalluHHAs OpPUEHTALMSD ATUX METOJ0B MOpPOAMIIA
MHOTOUHCJICHHbIE TOAXOMbI, CBSI3aHHBIE C BBIOOPOM IAra, MOPsSAKa, CTEINEHU
TOYHOCTH U JAPYTHX NTapaMETPOB YUCIEHHBIX METOJIOB.

B Toxe BpeMs npH pElIeHHMM KOHKPETHBIX 3a/lad YacTO BO3HHUKAIOT
HECOOTBETCTBUSI MEXIY aJTOPUTMUYECKOM 0a30if METo/la W €ro MPOrpaMMHON
peanu3anuen, HanpuMep, NpHU aHAIU3€ JKECTKUX CHUCTEM M TOYHOCTHBIX OLEHOK
npenu3uoHHbIX puoopoB B coctaBe KOC. ITosromy nenecooOpa3Ho MpeACTaBUTh
OCHOBHBIE HJICOJIOTMYECKUE TMOAXOAbl K METOJAaM YHCIECHHOTO PElIEHUS U UX
anroputMuzanuu. Hambonee npakTUUYeCKu NPUMEHUTEIBHBIMU SIBIISIFOTCSI METO/IbI

YUCJICHHOTO WHTETPUPOBAHMS OOBIKHOBEHHBIX IU(DPEpeHIMATBHBIX YpaBHEHUN.
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[Tockosnbky MM K®C u ux nojacucremaM 0OBIYHO CBOJSATCS K ATOMY Kiaccy MM
(cm. 2.4.), TO paccCMOTpPUM METOJbl YHUCJICHHOTO pelIeHUsI OOBIKHOBEHHBIX
muddepeHINaTbHBIX YPaBHEHUI.

Pa3BuTHE KIIaCCMYECKUX METOIOB IPUBEIIO K MHOTOUYMCIIEHHBIM AITOPUTMaM,
KOTOpPBIE OBLIM Pa3pabOTaHbl BBUY MHOT00Opas3us ypaBHeHui (5.9) B cucreme Y =
F(Y,t), ocobennocreit pynkuuii F(y, t). K Takum ocooennoctsim B KOC oTHOCHTCS
CBOMCTBO KECTKOCTH, KOTOPOE MPOSIBISETCA B HAJTMYHUU JIBYX YYACTKOB JBHKCHUS
C CYILIECTBEHHO Pa3IUYHBIMU XapAKTEPUCTUKAMU, MPUYEM IPOJIOHKUTEIHLHOCTh
MEPBOr0 y4YyacTKa 3HAYUTEIbHO MeEHblIE, yeM Broporo. Hampumep, B CVYIIT
MEJIJIEHHO JIEUCTBYIOMUNA OOBEKT yIpaBJIEHUsI ¢ OBICTPOJICHCTBYIONIEH CUCTEMOM
perynupoBanuss (Ilpumep 1, rmmaBa 1) wuiaM  HyTallMOHHBIE  KOJEOaHUS
YYBCTBUTEJIHHOTO 3JIEMEHTA HABUTAIIMOHHOTO MpUOOpa MPH JIUTEIILHOM «YXOJIe»
ocH cTabmiu3anuu ot 3aaaHHoro Hanpasienus (IIlpumep 4, rnasa 1).

B nmuddepennmanpapix ypaBHeHHsSX (5.9) 3TO CKa3bIBaeTCs HaIUYUeM

MOTPAaHUYHOTO cliosd Ty, K T, rae T — 3amanHOe BpeMsi HAOJIIOACHUSI U YHUCIOM

max|Rel;| A=— — MaTpuLa ﬂKO6I/I, Reﬂ.i -

F
00YCIIOBJIIEHHOCTH A) = r
y [.l( ) min|Rel;|’ A Y

JIEUCTBUTENIbHAS YaCTh COOCTBEHHBIX YHCEN XapaKTEPUCTUUYECKOTO YpaBHEHUS
(E—24) = 0.

Haunbonee pacnpocTpan€HHBIMA HAa OCHOBE pa3jioKeHus B psabl Teitnopa u
anmpOKCUMAIUU TIOJIbIHTErpaibHOM QyHKIHN B hopmyse Hriorona-Jleitonuiia.

Ilycth ucxonnas cuctema 3aaaHa B popme Komu (4.16). Torna ckansipoe
ypaBHEHUE NPEJICTABUM B BUJIC:

}'/=f(y,t),y0. (59)

Pemienue 3TOoro ypaBHEHUs MPEICTAaBUM B BHJIE pAJla C HE3aBUCHUMBIMU
koddpurenTamu:

Y = k=1 t" + agag = yo. (5.10)

[ToncranoBka 3Toro psja B ypaBHeHHe (5.9) mocie pa3ioKeHHs ero npaBou
yacTu B psan Teiyiopa TpUBOAUT K PEKYPPEHTHBIM (hopMysiaMm sl HEU3BECTHBIX

ko3 durenTos B (5.10).
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Ao = Yo,

_ (Y, Y )
az_zl(dt+dya1 ’

_1(1rdr  df 14 5, 1 d* )
a3_3!(2!dt2+dya2+2!dy2a1 +2!dydta1’ (5.11)

B pesynpraTe momyuaem pemienue ypaBHeHHS (5.9) ¢ TOYHOCTBIO

n+1
o[(t—tj) ]
(t—t;) n+1
y(t)=y(ti)+Z?:1y<1>(t,-)Tf+o[(t—tj) ] (5.12)
Henoctatok »3TOro Meroma COCTOUT B HEOOXOAUMOCTH BBIYKCIIEHUS

IIPONU3BOAHBIX BBICOKOI'O ITOPAAKA U OTPAHUYCHHOCTH IIPOMCIKYTKaA (t — tj)

Wnes nepexona k mpeactabieHuio pemicHus Y(t)B Buae psaaa 0e3 BEIYUCICHHS
MPOU3BOIHBIX MPUHAMICKUT Diiepy U B JainpHediem Obuia pasButa Komm u

Pynre. BpogmTcsa 1mar uucieHHoro wmeroma h = tj.; —tjn BBYUCIAIOTCA

nocienoBareabHo  koabdummentsl  K;(h), Torma - UYMCIEHHOE  PEIICHUE

MpeCTaBIsACTCS TaOIUIICH 3HAUYCHUM y(tj) =Y;,J] = 0,n B BUzIE:
Vi1 =¥, + X1 piKi(h), rne (5.13)
K;(h) = hf[ij + a;hy; + R Ky (R) + B Ko (h) + -+ + B ;1 K;—4 (R)]
Viai=Y tKih)-h, K h)=[f(yt).

N3 »srtoro 06HIGFO BBIpAXKCHUA  MMOJYHAKOTCS  HIMPOKO  HU3BCCTHLBIC

SKCTPANOIANUOHHBIC YUCIICHHBIC MCTOAbI:

Ve =y K ) +KM] KB = fOonKa(R) - hit; + h)(5.14)
Ve =y + K (5)h K (5) =f (v +5KM +3); (5.15)
Vo1 = ¥ + 2 (Ko (h) + 2K; (5) + 2K5 (5) + K4(h)), rne (5.16)

K (5) =101 +35(5)6 +D)
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Ky(h) = f(; + his (5) t; + ).

I[pyraﬂ NACA IIOCTPOCHUA YHUCICHHOI'O PCIHICHUSA OCHOBAHA HA PA3JIOKCHUU B

UHTEPIOIALUOHHBIN oauHOM (QyHKIMH y(t)B popmyrne HoroTona-JleliGuura —
tit1 - .
Yirr =Y+ [T y@dt, e y(©) = f(,0).

Tak, wuHTEepHOJALMOHHBIE MeToAbl Anamea-llIt€épmepa crTposATcs Ha

MPEICTaBICHUN MOABIHTETPAIbHON (PYHKIIMU PSIAOM —
y() =ag+a,(t — tj) + a,(t — tj)(t — tj_l) + - (5.17)
Torna ko3¢ dunuenTs! ay, a,, A, ... ONPEIEIAIOTCS B BUE:

_ Y(tj-2)=25(tj-1)=-5(t))
h )

ap = y(t), a;

_ ¥(tj—2)—25(tj-1)-5(t))
-_ 2h2 9 e =

2

B pe3ynpTaTe 4nciieHHbIX 3HAaU€HHUI penieHus: ypaBHeHus (5.9) uMeroT Bua:

7(t;1) = 5(t) + hy(t) + Iy(tj_z)z—y(tj)lh N |y(tj—2)—2y(Ijz'—1)_y(tj)|5h +(5.18)

Od4eBHIHO, YTO B ATHUX METOJAX HEOOXOIMMO HMMETh HAYajio TaOJIHIIBI
Yji-1,Yj—2y -

MHoroo6pasue 4YMCIEHHBIX METOJIOB B OCHOBHOM CBOJHTCS K CKaJISIPHBIM
YPaBHEHHUAM, T.€. JUIS KAXKJIOT0 ypaBHeHHs cucTeMsl (4.16), Y = F(Y,t),
e Y=, ¥, Y=04 o), FO) =L f) — Bektopsl n-
Pa3MEpPHOCTH, COCTABIISIETCS COOTBETCTBYIOIEE PA3HOCTHOE ypaBHeHHe. [loaToMy
OHH 00JTaJIAI0T MPUCYIIUMHU CKAISIPHBIM METOJIaM HEIOCTaTKaMH TPUMEHHUTEIHHO K
cucTeMaM OOJIBIION pa3MepHOCTH. [locTpoeHHeM pa3IMYHBIX PAa3HOCTHBIX CXEM
yJaeTcs pelaTh 3aJ1ayM 3a c4eT BbIOOpa Imara h u mopsijika, 0JlHaKO MPU 3TOM HE
YUUTBIBAIOTCS CBOMCTBA MpaBoil yacTu ypaBHeHus (4.16) u He oOecrieunBaeTCs
HE3aBHCHMOCTh BBIOOpA IlIara OCH YCTOMYHMBOCTH BBIYHCIUTEIILHOTO MPOIiecca.

13 060061ienH0l GopMyIisl, 3aMensttomeii ypasaenue (5.9), Y0 _o[a,Zp 4 —
hb, f (ty4+r» Zn+r)] = O B 3aBHCHMOCTH OT TAPAMETPOB A, b,., IKaK YaCTHBIE CITyYaH

HOJTyYarOTCS:
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OJIHOIIAroBbI€ METOJIbI MpH =1,

MHOTOIIIaroBbIe mpu >1,

saBHbIE Tipub,-=0,

HesiBHBIE b, # 0.

MopenupoBanue KOC ¢ yyeToM UX OCOOEHHOCTEH CBOICTBA KECTKOCTH,
BBICOKOM Pa3MEPHOCTH, JJIMTEIbHBIM IPOLIECCOM HAOIIOACHUS, YIPaBICHUS
0Ka3aJioch 3¢ HeKTUBHBIMU MaTpUYHbIC METO/IbI, MpeIJI0KEHHBIE
FO.B. Pakutckum.

CymiecTBO 3TUX METOJIOB OCHOBaHO Ha TocTpoeHuu Matpuilsl D(AH),
3aMEHSIONIEH AT HHTErPUPOBAHKS 110 OTHOIICHHIO K ypaBHeHnio Y = F (Y, t), -

Yier1 = Y + @(A H) - F(Yy, ty),

J0F(Y,t)
oy t=ty, Y=Y .

rae A — matpuiia Sxkoou

B aToM ciyuae coxpaHsieTcs BBIYUCIIHMTENbHAS YCTOMYMBOCTH MPHU JTHOOOM
yno0HoM miare H u BeUmcnseTcs cpa3y BECh BEKTOP HAOIIOJAEMBIX KOOPIWHAT
K®C.

Martpuia ®(A,H) ctpoutcs 1mo peKyppeHTHOMY alrOpUTMY —

D, =D,(2E + AD,),v=0,1,...,N-1 (5.19)

B xauectse ¢pynkuun O(A,H) npunaumaercs MaTpuyHas skcrioHenta e a

An\~1
HadYaJlbHOE 3HAYeHWE ompenensercs mo ¢dopmyne @, = h( E -~ ) . rme h —

MaJjblii HAYaJIbHBIM I1Iar, OMpPEAeNIEHHBbIN MO TpeOyeMOol TOYHOCTH BBIYMCICHUS

MAaTPUYHOU IKCTIOHEHTHI.

AHAJIMTHYECKHE MEeTObI /ISl YMCJIEHHbIX METO0B:

3anaya ananmza KOC Ha ocHoBe MM 00b1110# pa3MepHOCTH YIIPOILAETCS,
€CIM TPHUBECTH HCXOJHYI) CHCTEMY OOBIKHOBEHHBIX JU(epeHITNATBHBIX
YpaBHEHUW K SIBHBIM QHAIUTUYCCKUM BBIPOKEHUSAM. JTO yma€Tcs chaenarb AJis

JIMHENHBIX YPaBHEHUM:
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Y=A4xY,Y(0) =Y, ]
Y=A4xY+X,Y(0) =Y,
AY + CY = R(t),Y(0) = Y,,Y(0) = Y,,
AY + BY + CY = R(t),Y(0) = Y, Y(0) = Y,,

(5.20)

raeY,Y A, B, C)Y,, Yy,— cooTBeTCTBYIOIITME BEKTOpPA M MATPHIIHI.

Pemenue 3Tux ypaBHeHUN UMEET U3BECTHBIC aHATUTHYCCKHUE (POPMBI:
— LAt

Y(t) =e " Yo,

Y(t) = e Y, + [ edtdt - X,

Y(6) = cos(VA-t) Yo + (VA) sin(VA- )Y+ )
+(\/Z)_1 fol sinVA(t — 1) - R(r)dr,

Y(t) = e 34 Bt [cos ( J (A-1C) — % (A~1B)%t — cD0>] P, +

~"

(5.21)

+ [ cos [ \/ (A1C) — 2 (A7 1B)*(t — r)] R(r)dr.

YuclieHHOE PeIlIEHHE B 3TOM CIIy4ae CBOJUTCS K BIYMCICHUIO (DYHKIIMIA:

242 343
e = E+At+—+ o, )
242 34+3
[eftdt = Et+ 5+ + .,

> (5.22)

242 4:+4
Cos(\/z-t) = E+A2't +A4f + -,

Sin(\/Z't)=\/Z't—\/Z'At3—3!+---.J

[Tepexon ot mpeapiaymiero 3uadenus Y(f) k mocienyromemy Y (t+H) ¢

TpeOyeMbIM Ul HaONIO/eHUs IaroM H Tpou3BOAMTCS MyTEM MEPEMHOKEHHUS
1
matpur e, fo e4tdt na Bextops Y(t), X, R.

Y(t+H) =ed"-Y(1),
Y(t+H) = e Y(t) + [ edr- X, (5.23)

[IprMeHeHne YMCIEHHO-aHAIMTUYECKUX METOJI0OB MO3BOJISIET IMOJYyYHUTh B
aHAJUTUYECKOM BHJIC€ 3aBUCHMOCTh XapaKTEPUCTUK IPOIIECCOB OT MapameTpoB

npoektupyeMoit KOC B Busie hopmy, KOTOpbIE B JATLHEUINIEM UCTIOIB3YIOTCS IS
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aHajau3a MapaMeTpUYECKOr0 CUHTE3a U PACUETHBIX ONEPALHi CXEMOTEXHUYECKOTO
MIPOEKTUPOBAHHS.

Hapsiny ¢ ye ymoMuHaBIIMMUCA CUCTEMaMH CUMBOJIBHBIX (AHATUTUYECKHUX )
Beruuciennii REDUCE, MAXIMA, AHAJINTUK aBTopy COBMECTHO C TPYIIION
pa3pabotunkoB A.C. IIpecusik, 1.B. KoBtyH, u ip. moctpoen Habop HHCTPYMEHTOB
uHpopManmoHHbIX TexHodoruit «TEMID», B xoTopbix Ha 0a3e mporpamMMHON
cuctembl «CITMH» npoBoautcst 06paboTka B aHATUTUYECKON (OpME HCXOIHBIX
nanHbix MM, BBOoA B DBM 1 pellieHue 3a/1a4 MOJEIMPOBaHUs, aHAJIN3a, CUHTE3a U
pacuera.

CpenctBa 00paboTku aHanutudeckux ¢popm B cucteme «CIIMH» no3posstor
3aJaBaTh u o0pabaTbiBaTh TaKue OOBEKTHI, KakK OOBIKHOBEHHEIE
muddepeHIManbHble  YpaBHEHUs, IOJMHOMMAIIBHBIE MAaTpULbl, Pa3HOCTHBIE
YpaBHEHUS, HEJIWHEWHbIE 3aBUCUMOCTH, Cily4aiHble mpornecchl. IIpobremHo-
opueHTUpOBaHHbIN s3bIKk «TEMID» mnpenHasHadyeH sl NPOEKTUPOBIIMKOB,
pelmarommMx 3aJa4yd MOJAEJIMPOBAHUSA, aHAIU3a, CHHTE3a, PAcueTa Ha HA4YaJIbHBIX
sranax mpoektupoBanus KDC (paHee «CIOXKHBIX CHUCTEM», «KOMILIEKCHBIX
CUCTEM).

ANTOpUTMU3ALINS YUCIEHHO-aHAIUTUYECKUX METOJ0B CBOAMUTCS K Hanbosee
3¢ ()EeKTUBHON MHTETpallMy YUCICHHBIX U aHATUTHYECKUMX METOJOB BBIYMCIICHU.
OavH U3 Takux METOAOB, HAa3BaHHBIX «MAIIMHHO-AHAJUTHUYECKUM», ObLI
MIPEUIOKEH aBTOPOM U IIPUMEHSIETCS Ha HAYAJIBHBIX ATANlaX MPOCKTUPOBAHUS.

[TpuHIMI 1EHCTBHS TAKOTO YUCICHHO-aHATUTHYECKOTO METOa MPEACTABIICH

Ha puc. 5.2.
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MaremaTuyeckas

MOZeNb
N
_ 20(t,8)
[Mapamerpsl Y(t) i=1
9BM Annpokcumauus
Hayanshbie ]
YCIOBHSA

Y
Kontpons 'J_é__ S= < Onpegengomm

MaWHHHBIX PEILEHH DO(A, t) YPaBHEeHHs

v 7

Jlna ananu3a, cHHTe3a, Maremar.
pacyera. Monenb.

Pucynok 5.2 —IIpuHuun aeiicTBUs YUCIEHHO-aHATUTHYECKOTO METO1a

Maremaruueckas Mmojensb (nuddepeHnuansubie ypaBHeHUs) BBoAsATCS B OBM
B CHUMBOJIbHOM (QHQJIUTUYECKOM) BHJE, OJHOBPEMEHHO BBOJATCS YHCIICHHbBIE
3HAQYCHUS MTapaMeTPOB U HaYaJIbHBIX (TPAHUYHBIX) YCIOBUH.

Ha ocHOBE 4YMCIEHHBIX METONOB MOJIYYalrOTCS YHUCJICHHBIE PELICHUS
muddepeHIManTbHEIX ypaBHerHii (4.16), - Y = F(Y,t) — Y (¢).

Crnemyromuii 1ar — anmpokcumanus Y (t) aHaIUTMYECKMMH (yHKIUAMU
yIOOHBIMH U1 UCCIICAOBAHMI M HaOII0AeHMH, Hanpumep, aSint, ae ™, ae ™" -
Sinf)t, rne S =< a,n, () > - XapaKTEPUCTUKH MTPOLECCOB MPOBOJUTCS CPEACTBAMU
CHUMBOJIBHBIX npeoOpa3zoBaHu B 3aJaHHOU METPHUKE
min{p = |7(£) — 1y 0:(6, S)I}.

Jlanee OCyIIECTBIISIETCS «IOJCTAHOBKA» CHUMBOJIBHBIX BBIpaXkeHUN @;(t,S)
B CUMBOJIbHYI0 UCXOAHYI0 MM, uTO cBsI3aHO ¢ onepanusamMu AudpepeHmpoBanus,

NPUBEACHUS TMOJOOHBIX WICHOB, TMOJYYEHUE OMNPEACISIIONIMX YpaBHEHUH,
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CBSI3BIBAIOIINX XapaKTEPUCTHKH IPOIIECCOB, S, C MapaMeTpaMu OOBEKTOB (B €ro
MM), L. OTr ypaBHEeHUs IpuBOAATCS K popme S = D (4, t)mis ananuza, CHHTE3a U
pacueTra 00bEeKTa UCCIIeI0BaHUSI.

AJII‘OpI/ITMI/IBaHI/ISI 9TOIr0 YUCJIICHHO-AHAJIMTUYICCKOI'O MCTOId ITIOKAa3daHa Ha PHUC.

5.3.

Bsox MM, napameTpoB
on , IapaMeTpo McxoaHasi MareMaTHyecKast

U Ha4YaJIbHBIX YCJ'IOBI/Iﬁ MOJCJIb

9BM Knacc, anmnpokc.
GbyHKIMI

Yucnennoe
(MALIMHHOE) PELICHUE

A 4

Kpurepuii
NPUOIMIKEHUS

biok anmpokcumanun e

ITapamMeTpel

3a1aH. TOYHOCTH
anmnpoKCUMaLUU

v Anmp. (DYHKIUH

biox cumMBoOJIBHOM 3arTICH

Anmnp. pyHKIHH
B CUMBOJIBHOM BHIE

brok coctaBneHus omnpe-
JETSAIOMIUX YPaBHEHUM

RL Onpexpensromue

ouHMNUIQUdII ,, |
ouHXUIQUdI ,,u

YPaBHCHUS

bnok BelumMciieHUss OTHOCH-
TCJIbHOU IMOTI'PCITHOCTH ¢ - - -

b e o oo oo e e e o e e

[TorpemwHocTs
MPUOTMKCHHS

Her

bnoxk pewmenus onpenens-
IOIIMX YPABHEHUN

Hckomeie
v 3aBUCUMOCTH
AHanu3, napaMeTpudYeCKui Kpurepuu, ananusa,
CHUHTE3 CUHTE3A

A 4

A

PucyHnok 5.3 — AJIropuT™ MalimHHO-aHAIUTUYECKOTO METOAA
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Meronvka NIPUMEHEHUS OTOTO METOJA, a TaKXKe IIPUMEPHI PEIICHHUS
IPOEKTHBIX 3ama4 uHcTpyMeHTamu WMT Ha ero oCHOBE MpHUBENEHBI B
pekomenayemoit nuteparype. HMuctpymentet T K®C mnoctpoeHHblE Ha
PacCMOTPEHHBIX METOAAX U aNropurMax «MoaennpoBanue», «AHann3», « CHHTE3»,
«O06paboTka», «Pacuer» ampoOMpOBaHBI Ha PEIICHUH TNPAKTUYECKUX 3a/1ad B

coctaBe CAIIP «IIpubopsl cucteM ynpaBiaeHU.
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KoHTpoJibHBIE BONPOCHI

1. Yro Takoe «IBPUCTUUECKUE METOIBI»?

2. Kakum o6pasom npumensercs «[IJIATEXXHASI MATPULIA» k aHanusy
K®C?

3. [lepeuncnure omepamuy aaroOpuTMa MPUHATHS TMPOCKTHOTO PEUICHUS
JITIP?

4, Kakue uncnennbie MeTo bl pemenus 3anauu KO Bel 3Haete?

5. Kakue cuMBoJsibHBIE  (aHAMUTUYECKUE) BbIUMCICHHUST Ha OBM
npuMensitorest B UT KOC?

6. B uém npeumyIiecTBa YnCICHHO-aHATIUTUYECKUX METOIOB?

7. Kakas nocnenoBarenbHOCTh IpuMeHeHHst MeTo10B U T KOC?

Jlureparypa

1. Msrkue BbuMcieHuss U usMmepeHus // Mogenu u Meronsi, T.3, M.,
«Hayunas 6ubnmotexay, 2017r.

2. Compaunie  P. WM. ABroMarusamuss TMPOCKTUPOBAHUS  CHCTEMBI
aBTOMATHUYECKOTO yrnpaienus // yaeonuk, M., «BIlI», 315c.

3. Kubepdpusnueckue cucreMbl B IKOJOTMYECKHE O€30MAaCHOCTH U
reomoHuTopunre aprorpancnopta. CI16. I'OTY «JI9TW», 2019r. 148c.

4. Asromatuzanus mnpoektupoBanus [TIC. / P.U. Conbaunen, A.E.
Konontk, ®.M. Kynakos JI.: Mammnoctpoenue, 1990 r., 415 c.

5. Hearn A.C. REDUCE-2, UsersManual, University of Utah, 1973
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I'maBa 6. Ouenku npouecca NPOEeKTHPOBAHMUA W NPOU3BOACTBA

Makpockonudyeckre OIleHKU B Mpoliecce MPOeKTUpOBaHus U pousBojacTa KOC
OCYIIECTBIISIOTCS TI0 U3MEPSEMBIM BBIXOIHBIM MTepeMeHHBIM, Y () = (Y1...Yn).

- MexaHn4eckuM, repeMenieHus, yIriibl TOBOPOTa;

- DIIEKTPUYECKUM, 3apsiibl, TOKU, HAPSKEHHUS,

- 'mapaBiIryeckuM U MHEBMATUYECKH, 1ABICHHE, 00bEMBI;

COOTBETCTBYIOIIUM CKOPOCTSIM M YCKOPEHUSIM.

B To e Bpemsi pu3NYECKU 3TU MEepeMEHHbIC 3aBUCAT TOMUMO BpeMeHH toT
MHOTHX apryMEHTOB, T.€

Y(t, M, A2, ... An), Tae Ai— nmapameTpbl KOC (Macchl, MOMEHTBI MHEPIIUH,
WHIYKTUBHOCTH, EMKOCTH, MaTepuasbl 3JIEMEHTOB U T.J).

[TapameTpsl B 00111EM ClTydae HOCAT BEPOATHOCTHBIN XapakTep. «/IBuxeHue»
TUX TapamMeTpoB MIOJOOHO MHMKPOCKOIIMYECKOMY JIBH)KEHHIO MOJIEKYJIBl B
MaKpOCKOITMYECKOM  «O0BEME» €  HU3MEpPSEMbIMH  MaKpPOCKONUYECKUMU
XapaKTepUCTUKaMH BEILIECTBA, 3aMOJIHSIOLIET0 ITOT O0BEM.

B omimuum ot «(dusmyeckoro» MpeAcTaBiICHUS NMPU MNPOEKTUPOBAHUU H
IIPOU3BOJICTBE HM3MEPSAEMbIE MAKPOCKOIIMYECKHE IEPEMEHHbIE (OHH K€ |
xapaktepucTuku), Y (t, A1, A2, ... Ay) 3aBUCST HE TOJBKO OT MapaMeTpoOB CaMOTo
00BEKTa, HO U OT MPOEKTHO-TIPOU3BOACTBEHHOrO Mpoliecca, B OCOOEHHOCTH Ha
JTanax TEXHOJIOTMYECKOM MMOArOTOBKH IIPOU3BOICTBA U UCIIBITAHUM, B TOM YHCJIE OT
TEXHOJIOTUYECKOr0 000PYI0BAHHUS.

VMIMeHHO, Ha 3THX 3Talax Ha «IPEeAIpUSATHE NPOESKTUPOBIIMKA» MOCTYIAIOT
OT «IPEINPUATHS - U3TOTOBHUTEIN» (3aBona), u3BenieHus o0 m3menenun (MN) u
npeaynpexaenuss o6 usMmeHeHusx (I1M), KOHCTPYKTOpCKOW TOKyMEHTaluu W,
CIenoBaTeNbHO, napaMeTpoB usnenus. Takxe MU u 1M gacTo crnenyroT HOTOKOM U
HOCSIT CIy4YalHbIN xapakTep. B coOOTBETCTBUM C OTMEUEHHBIMH OOCTOSITEHCTBAMU
BEPOSITHOCTHBIE OIleHKU XapakTtepuctuk KPC B mpouecce Ux MpOSKTUPOBAHUS U
IPOM3BOJACTBA HMMEIOT Ba)XHOE 3HAYEHHE B OCOOCHHOCTH [UJIsi TOJIOBHOTO

MPEANPUATHS.
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[IpuBeném 3mech HEKOTOpbIE 0a30BbIC MOHATHS TPUKIATHOW TEOPUH
BEPOATHOCTEH, KOTOPBIC TTOHAO0ATCS B JATbHEHIIIEM.

BeposiTHOCT, — KOJIMYECTBEHHAs Mepa BO3MOXKHOCTH JAHHOTO COOBITHS
P(CY (D) <A(tk<t<ty+1)).

Cnyuaitnas ¢pyskius (C.D), -

- Y() = [ya(t), y2b),..., yn(t)] — dyHKIHS, 3HAYCHHUS KOTOPOU MPH JIFOOOM
3HAYEHUU apryMeHTa t siBisercs ciydaiinoi BenuuuHoi (C.B).

CnyyaiiHas BeIMYMHA B MOMCEHT BpPEMCEHH U[3aBUCHUT OT KOHKPETHOU
BEJIMYMHBI CITydast

Y (t) = [vij(td)], J=1,N, i=1,n (cm. puc. 6.1)

MowmenTtsl C.B:

[MepBsiii - y; (t,) = f_oooo yi(ty) . P (y;)dy - MmaTemaTn4eckoe OKuIaHKe,

Bropoii - Dy, = [ (vi(tx) — ¥i(t,))? P (y;)dy — aucnepens,

rae P, (y;) - mioTHOCTH BepositHocTH C.B vy, (t,).

Bri6pockr C.® «3amaya o BeIOpocax» (CM. puc. 6.2) UTpaloT BaXXHYIO POJIb B

oreHkax xapaktepucTuk KOC mo uzmepsiembim nepemeHHbiM Y (1).

Pucynok 6.1 — Aucam6ip peanuzarnus
J— HOMep peanu3aiiu (OIbITa) B CEPHUH OIBITOB I1°" IEPEMEHHOA,

| — HOMEp TEepPEMEHHOW UCCIeayeMOro oObekTa (NepEeMEIICHUs, YTIIbI

MOBOPOTA, JIEKTPUUECKUE CUTHANIBI U IPYTHUE NTEPEMEHHBIE)
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7T

Pucynok 6.2 — BEIOpOCHI 3a 3a1aHHBIN TIpe/ien

P[ yi)<alt <t< tM] - OLICHKA BEPOSITHOCTH BbIOpOCaA 3a 3aJaHHBIN Npejed,

[IpuBeném mnpumepst K®C ©U uUX KOMIOHEHT C BEpPOSATHOCTHBIMU

XAPaKTCPUCTHUKAMU Ha IIponcaAypax MMpOCKTUPOBAHUA U IIPOU3BOACTBAX.

1) Cucrema ynpasnenus «IIpupona-Texnorenuka» (CYIIT) npeacrasnena B
. 1 B kadecTBe OOBEKTAa YNpAaBIECHUSA BKIIOYAET HMCTOYHUK 3arpsi3HSIOMIMX
BenlecTB. Ha puc. 6.3 npeacTaBieHbl Takie HCTOYHUKU BEIOPOCOB B aTMOC(hepy.

MOHUTOPUHT HMCTOYHUKOB 3arpsisHeHus atmocdepbl (M3A) Ttakke kak
u3MepuTeabLHO-TIpeoOpazoBaTebible 3BeHbs CYIIT cBsi3eH C BEepOSTHOCTHBIMU
XapaKTepUCTUKaMHU (BETEp, MOTOKU 3arpsI3HAIOLIUX BEILECTB).

KoHTposibHbIE 3aMephl «BBIOPOCOB U3 TPYOb» U KonnuecTBa 3.B. B 3agaHHOM
TOYKE MOMEHTa BPEMEHHM HE JAIOT JETEPMHUHUPOBAHHOIO OTBETA IO BEJIWYUHE U
BPEMEHH MO OTHOLIEHUIO K YCTaHOBIICHHOW HOPME.

[Tponenypsl mpoektupoBanuss u npousBoactBa CYIIT (puc. 6.4) tpeOyroT
MPUMEHEHUSI BEPOSITHOCTHBIX XapaKTEPUCTHUK JJIsl OLIEHKH «IBHXKEHUs» oT T.3 110
MOATOTOBKHM MPOU3BOJICTBA. Hanmpumep, yxe npu MpeAnpoeKTHBIX UCCIEI0BAHUSIX
W Ha HavaibHbIX ATanmax npoektupoBanus CYIIT TpeOyercs koHmenTyaimbHas

orterka ¢ dextuBHocT 3aMkHyTol CYIIT (BCVYIIT).
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Pucynok 6.3 — McTrounukm 3arpsi3HeHHs] aTMOC(ephl

1 — BuiCOKasa awIMOBas TpyOa; 2 — aspanMoHHLIN doHAPH Hexa; 3 — HUIKAaA
AnIMOBaA Tpy6a; 4 — mnblleHHe MPH PA3rpys3Ke CHINIYYUX MATEPHAIOB; § —
yTeuKH dYepe3 HenJoTHocTH obopynoBarmusa; 6§ — HCHADEHHA C NOBEPXHOCTH
GacceitHa; 7 — BmIXJOnHaA Tpyba aa’x;omoﬁnnn; 8 — HanpaBJieHWEe NBHIKEHUA

R ]

Omxodbt om i-e nped- H
nepepadomKu _ npuamue aceaenue
npodyxyuu j=Li=Ln
j-20 nped-
npusamus
“
Bt
A
Cuipbe
7 Cayacbor |«
ITpupoda :
(3emana. 80da, Mpednpusamue i ITpodykyusa
8030yx)
Omxodby
> Ouucmmnbre
- azpezambt
—
) T
Monumopunz Ynpasaenue
(npubopot SYCIIT (nputo- Kpumepuu,
usMepeniLs Pbl ynpasirenua OZpAHUYEHUS
u oopadom- u npesgit}laoew
Ku)

Pucynok 6.4. 3amknyTas cucrema ynpasinenus «lIpupona-TexHnorenuka»

B cucreme ympaBneHuss HEWTpaau3alMeil BBIXJIOMHBIX Ta30B aBTOMOOWMIICH

(CYHBTI'A) (puc. 6.5), «aBmwxenue » ot T3 10 MOATOTOBKH MPOM3BOJCTBA TAKKE
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CBA3aHO C BEPOSITHOCTHBIMU XAPAKTEPUCTUKAMHU OLIEHKH MPOEKTHBIX U
MIPOU3BOJICTBEHHBIX MPOLEAYP: TOYHOCTh AATYMKOB, BIMSHUE ITIOMEX B Iepeavyax
curHaioB B 3BeHbsX CYHBI'A, ycnoBuii skcruryatauuu CYHBI'A  Ha
aBroTpancnopte. B atoit KOC Takxke, kak u B CYIIT Tpebyercs KOHIENTyalbHOE
onpenenenue dpdextuBHocTd 3CYHBI'A 1 Gonee moyHBIE OTICHKU «IBUKEHUS
IIPOEKTa Ha BCEX ATanax MPOEKTUPOBAHUS HAUYMHAS OT CTPYKTYPHOU cXeMbl (puc.
6.6) 10 TEXHOJOTMYECKON MOATOTOBKM IMPOU3BOJCTBA JJIEKTPOHHBIX OJOKOB —

HarpuMep, KOHTPOJUIEPOB — puc. 6.7.

-I'HOHACC
GPRS [;.
(o)
) e—s
MNpueMHuK < [cneryep-
* | T oneparop
KoHTponnep 3 Mepepatymk
r 3
*D ¢ KoHTponnep 1 <
NHavkaTopsl
BBI'A ans KowTponnep 2
BoauTens
Tenno-
2 HarpeBaTenb 1
3 \ 2 ~gaTan n3atop A
~—— T2 gy .
— rnywurens ( / NO, \

(
/

NO, COCH (/| cocu /
T

BBI'A - BpegHble BbIX/I0NHbIE TeMnepaTypHbie

rasbl aBToMobmnsa AaTUMKM

Pucynok 6.5 — Cuctema ynpapiieHus: HEUTpalu3alen BHIXJIONHBIX Ta30B aBTOMOOMIIEH
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1 0y (ocr) u CO, 3
JIBurarens » Katamusarop . > BHXHO; Has » Jlatuux CO s Hepeua;qnx
} TpyOa Konit. CO, ! aBTOMOOMIIS
Y | }
| T
| I v ‘
i i VYcrpoiicTBa BXOAAIIUE B TIpHEMHIK
HarpeBarens | } cocras IJIOHACC ciuc.
| i I'JIOHACC
|
Ipémuux i Tepenaramk Pazuuua Hopm CO
MuxkpokoHTpoIIep [« ABTOMOGHIS i cuc.
| I'JIOHACC
! CnpaBHuBatoliee
e yetpofereo .
Puc. 6.6 — CtpykrypHas cxema 3CYHBI'A
OrneHKH
300
250
200
150
B KoIH49eCcTEO HECIJ EKTOB
100

Tpadapetnas OmIaBaeHHE YCTaHOBKA
KOMIIOHEHTOBKOMIIOHEHTOB

Puc. 6.7 BeposiTHOCTHBIE OTIeHKH J1e(DEKTOB 1O dTanam MpOu3BOJICTBEHHOTO

npoiiecca 31eKTpoHHbIX 0710K0B B 3CYHBI'A.

1

110

YCTaHOBEA
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Pucynok 6.8 — TexHonornueckast IMHHUS U3TOTOBIICHUS TAPTHUH AIICKTPOHHBIX OJIOKOB
EcrecTtBEHHO, YTO BEpOSTHOCTHbIE OLEHKH npu co3ganun KOC Ha
MAaKpOYpPOBHE CKJIQJIBIBAIOTCS W3 TaKUX K€ OLEHOK IOJICUCTEM, YCTPOWCTB W
sanemeHToB K@C. Tak, HM3roTOBIEHHE OTBETCTBEHHBIX MEXAHWYECKUX JeTalieh
yctpoiictB KOC: Harpumep, «KOJIEHBAJI aBTOMOOUIIS, - COOTBETCTBYIOIIUIA IIITAMIT
W3HAIIMBACTCS U TPEOYIOTCS BEPOSITHOCTHBIE OIEHKH XapaKTEPUCTHUKU H3HOCA
nyTeM U3MepeHusi HecooTBeTCTBUM pa3mepoB 1o EC/II (orieHku HECOOTBETCTBUI

1o 6,7 KBaJIUTETaM).

B TouHOM mnpuOOpPOCTpOEHUU: BBICOKHE TPEOOBaHMUS TIO TOYHOCTHBIM
XapakTepUCTHUKaM 3aBsi3aHbl Ha BCE IMapaMeTpbl M  OMNEpalud MPOEKTHO-
MIPOM3BOJICTBEHHOTO IIpoIecca, 0COOCHHO BO3pacTaloT 3TU TPeOOBAaHMS Ha dTarax
TEXHOJIOTUYECKOM MOATOTOBKH MPOU3BOACTBA U UcTIbITaHuii. Ha puc. 6.8 B Ta0m. 6.2
MPUBEJICHHl HECOOTBETCTBHS Ha THUIIOBBIX OIEpAlMAX HW3TOTOBJICHUS OJIOKa

HaBUTAIIMOHHOTO TIpubopa (cM. 1. 1, mpumep 4).

r 2 3 4 1P 5 6 7 @
- 9
3 4 o
-1 x
© 1"
——— = i
F

Pucynok 6.8 IIpunnunuansHast cxema 0J10Ka HAaBUTALMOHHOTO MPUOOPA JBYXCTETIEHHOTO
TMPOCKOIIA C ra30CTaTHYECKUM 0JIBECOM
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I, 13 — paTtu¥k yraom; 2, 8 — xpuwmxa; 3, 7 — xopnyc; 4 — cTakan
¢ connaMu; 5 — monnamok; 6 — potop: 9, 10 — AATYHK MOMEHTOB;

11, 12 —nandpwm

Tumnosbie orcpannuu TEXHOJOTMYECKOM MMOATOTOBKHU IIPOU3BOACTBA O10Ka

HaBUTAIIMOHHOTO TIpubopa B % k o01ieMy 00BbEMY omneparu.

Tabnuna 6.1

1. Pa3beMHBbIe pe3b00BBIE COCTUHEHUS 10,0
2. COopka JaBlieHHEM (3alpecCOoBKa, pa3BasIbI[OBKA U T.II.) 5,0
3. HamoTouHble  omeparuu 3,5
4. CoequHeHue  IanKkou 5,0
5. 3aroroBUTEIBHBIC oOlEpanuu (3aroToBKa MOHTAXHBIX MPOBOJOB, | 1,0
U30JISIIIUOHHBIX TPYOOK U T.I1.)

6. [TogbOopka, COPTHPOBKA, KOMILICKTALIUS 2,5
7. CnecapHsie paboThI (3arudka, 00KUMKa, 3aUUCTKA) 10,0
8. Mexanmdeckass 00paboTKa B y3i1ax 2,5
9. DAEKTPOMOHTaXKHBIE PAOOTHI 10,0
10.0T1nenounsie onepanuu 10,0
11.KoHTponbHbIE onepanuu 12,5
12.PerynupoBouHbie pabOThI 18,0
13.0Onepanuyn ypaBHOBEILIMBAHUS 4,5
14 . UcnibITanus 1 npourie padoThbl 9,5

HaubGonpimuit  mporieHT HecooTBeTcTBUM Ha 4, 7 u 12 omepauusix, OICHKH

BCPOATHOCTHBIX XaPAKTCPUCTUK UCXOIAT U3 CTATUCTUKH HA 3THUX OIICpallHAX.
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Tumnossie 3aauu 110 MPHUMCHCHHIO BCPOATHOCTHBIX XapaKTCPUCTHUK B

IMPOCKTUPOBAHUHU U ITPOU3BOACTBC K®dC IIPpCACTaBILIIOTCA CICAYIOIIUMH MIaraMH.

1) OneHku BEPOSATHOCTHBIX XapaKTEPUCTUK 3 PeKTUBHOCTH
KUOEpPU3NIECKUX CUCTEM Ha METaypOBHE.

2) OnpenesieHre BEPOSITHOCTEH BBIXOJa OpJAMHAT IMEPEMCHHBIX, 3aJaHHBIX B
T.3., 3a mpeiesibHbIC 3HAYEHUS U BPEMEHHBIE MTPEBBIIICHUS TUX 3HAYCHUH.

3) KoHTpoIb HECOOTBETCTBHH, OLIEHKH HAJICKHOCTH, TIPEIyIpexkKACHHE Opaka
Ha paHHUX dTalax MPOCKTUPOBAHUA U TIPOU3BOJICTBA.

4) OLIEHKH COCTOSIHHSI TEXHOJIOTHYECKOTO 00OpYJAOBaHUS MPHU IMOATOTOBKE
MIPOU3BOJCTBA U MPOIECCa ITPOU3BOICTBA.

5) 5011eHKN COCTOSHUS MPOCKTA MIPH €ro ABMKCHHH OT T.3. 10 MOHTaXa I10
BEPOSTHOCTHBIM XapaKTEPUCTUKAM BBIXOJHBIX MIEPEMEHHBIX.

6) CokpailleHre Tpy[o3aTpaT Ha HCIBITAHHS 3a CUYET KOPPEKTUPOBKH
KOHCTPYKTOPCKOM JTOKYMEHTAllMM U YJIYYILICHHUS TEXHOJIOTHYECKOW IMOJrOTOBKHU
MIPOU3BOJCTBA.

Pemenue nepednciaeHHbIX 3a/1a4 CBOJAUTCSA K MOCTPOCHUIO MaTeMaTHYECKUX
MOJIesIel TI0 OTHOIICHUIO K BEPOSTHOCTHBIM XapaKTEPUCTUKAM U peaiu3alliu 3TUX

onieHoK nHctpyMentamu U T KOC.

HauGonee MTOJIHOU XapaKTEPUCTUKON K®C IIPEJICTaBIAEMBIX
croxactTudeckumu MM (4.12) ¢ mepeMeHHbIMU — CIy4YalHbIMU (QYHKIUSIMU U
napameTpamH, —
A-ciy4yaliHbIMU BEJIMYMHAMMU, SABJISIFOTCS INIOTHOCTH PaCIIpEAEIICHHs BEPOSITHOCTEN

P (Y,..y,t) u P,(4,..Am) IToaTOMy, BEpPOSTHOCTHBIE MaTEeMAaTHYCCKUEC MOJICIH

(MM) Ha 3Tanax mpOEKTUPOBAHUS U TPOU3BOACTBA OyA€M CUUTAThH IO OTHOILICHUIO

K 3TUM IIEPEMEHHBIM U [TApAMETPAM.

«CKBO3HOI» TMpolecC MPOEKTUPOBAHUS M TMOATOTOBKM NPOU3BOJICTBA
COIIPOBOXJIAEMBIN CTOXaCTUYECKUMU MM 1 BEPOSITHOCTHBIMU XapaKTEPUCTUKAMU

YKPYITHEHHO MPEJICTAaBIIEH Ha pPUCYHKE 6.9.
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PI/ICYHOK 6.9 — CkBO3HOI IMponIecCC IMPOCKTUPOBAHUA U ITPOU3BOACTBA C BEPOATHOCTHBIMU
XapaKTCpUCTUKaAMHU

Ha puc. 6.9 o603HaueHO:

L;, L, Ls, Ly - omeparopsl, (MaTemMaTH4YeCKue MOJENTH) OOBEKTa

IMPOCKTUPOBAHUA HA COOTBCTCTBYIOIIMX STallaX.

P1o,Pyy, P39,P4o - HAaYaIbHBIE 3HAYEHUSI COOTBETCTBYIOIIMX IUIOTHOCTEU
BEPOSITHOCTEH, 3aJa0TCs M0 alPUOPHBIM JAHHBIM M KOPPEKTUPYIOT B IIpOLECCe

IMPOCKTHUPOBAHUA U ITPOU3BOACTBA.

HauanbHple MIOTHOCTH BEPOSTHOCTU paCTpeieSieHUs CIIydyalHbIX (QYyHKIUN
(IIBPC®) Pio(Yo, Ao, ty) B BHOE IJIOTHOCTH BEPOSTHOCTH pacCIpeaeICHUs
cnyuaitabix BenmunH (ITBPCB) 3amatorcs mo ampuopubsiM ganubsiM (T.3.), P2o(Zo, vo,
to) — myTém «nepecuer» [IBPCB nocneayromux mapaMmerpoB, B Vo Pso(Zo, &o, to) T
pe3yiibTataM KOHCTpYKTOpckux pacuetoB [IBPCB u kak nepecuér nociaeayroumx

napaMmeTpoB, &, a Taxke pesynbraroB ucibiTanui; [IBPCB Pyo(Eo, Mo, to) kak
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nepecu€t m mno npeapiaymuMm I[IBPCB &, a Takke MaHHBIX MOJYyYEHHBIX

IMOJIYUYCHHBIM II0 TCXHUYCCKHUM XAPAKTCPHUCTHUKAM KOMILICKTYIOIINX

Y, Z, R, E — BbIXoAHBIE TEpEMEHHBIC HA COOTBETCTBYIOIMUX JdTamax,

cllyqaiiHble (YHKIIMH, MaKpOIIEPEMEHHbIE TOJIeKAIINE U3MEPEHUIO (OLIEHKE).

[Toctpoenne MM 10 OTHOIIEHWIO K BBIXOAHBIM TEPEMEHHBIM B BUJE
XapaKTEPUCTUK CIyYalHBIX PYHKIIUN TPOBOIUTCS AHAJIOTMYHO BBIBOIY YPaBHEHUN
B 1. 4. OqHako BMECTO BEKTOpa Y, BBOJUTCS B KaU€CTBE BHIXOJAHBIX MEPEMEHHBIX
BEPOSITHOCTHBIE ~ XApAaKTEPUCTUKH, a HMEHHO IUIOTHOCTU paclpeneneHus

BepositHocTel C.® cnywaitabix ¢pyakmnuii (IIBPCD) P (Y, t).

Knaccuueckue oneparopusie ypaBHeHus Jlarpanxka u ['aMuibTOHA SBIISIIOTCS
OJIHUMHU U3 OOIIMX omepaTopHbIX ypaBHeHuii (1). B3sB 3a ocHOBY omepaTopHbIe
ypaBHeHue Jlarpamka (4.24), monyunm B oOmiem Bujae auddepeHIranbHbIC

ypaBHeHus coctossHusg KOC B popme —

®(Y,V,Y,X,AU,t) = 0,Y €R™, A € R™ 6.1)
WJIM ociie mpeoopazoBanui, B hopme Komm —
Y=F(Y,X,A,Ut),Y €ER*F = (fy, fo - fon)- (6.2)
[Ipumensis ~ MeTO[  NPENCNbHBIX  IEPEXOAOB,  HUCIOJb3yEeMBIH B
CTaTHUCTUYECKOU (pr3MKe, MO OTHOIICHHIO K YUKy HHTETPaIbHBIX KpUBbIX Yj(t) mpu
Y, 3alaHHbIX ciTy4aiHbIX BeauunHax (CB) ¢ motHocThio pacnpeaenenus Po(Yo,to)

nepeitem ot ypaBHenus (6.2) k quddepeHnmanbHbBIM YPaBHEHUSIM 110 OTHOIIICHUIO
k [IBPC®P (Y, t). PaccmarpuBast 1u1st Hauala equHAYHOE ypaBHeHue, Y = f (Y, 1,t)

, noiayduM guddepeHimanbHOoe ypaBHEHHME B YaCTHBIX IMPOU3BOJHBIX TIO

oTHOWeHNIO K [IBPCOP = fy,A0):

P 0P 5 Af(yAD 5
S A1) 5~ P20 = 0,Po(, o) (6.3)

Jy1st MHOTOMEpHOM cUCTeMBI (6.2) COOTBETCTBEHHO, TTOJTYIUM

_y2n L% _py2n O _
L1 i s Yom A ) oy, PY5L, oy,

6_13

at

0,Po(Y1, oo Yoms Ar to), J = 1,n, (6.4)
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rae P = P(yq, oo, Yo, A, t) - GyHKIHS 2M+1 IepEMEHHBIX M ApaMETPOB
A= (/11, /12, 'AT)'
Paccmotpum nepexon k HOBbIM niepeMeHHbIM, [IBKDC miis meramonenei

K®C na ocHoBe ypaBHenutii (6.3), (6.4).

Ucxonnusie metamosienu KOC takux kak CYIIT, CYHBI'A npeacraBisitoTcst
B Bujie AuddepeHInaIbHbIX YPaBHEHHH MEPBOTO MOPSIIKA;

CVIIT, rae o6bekTOM yripaBiieHus siBisercs, Hanpumep, TOLI:

% =KX, —K)Y,, Y1, 20e X1- TOIUIMBO, yroib (CIanus)[T, Kr]. (6.5)
Y 1—BbiOpochl guokcun cepel SO; (1, k), K[, K} - K0 PUIUEHTEI

npeoOpa3oBaHusg MO  pacxoqy TOIUIMBA M KOMIIEHCAHUMU  BBIOPOCOB
COOTBETCTBEHHO, sBIIsAIOMMXCA PyHkImsamu napametpo CYIIT, A.

[Toctpoenue 3amknytoit CYIIT (BCVYIIT) cBoauTcst K BBEICHUIO OOpaTHOM
CBSI3U uepe3 MHGOPMAIMOHHO-U3MEPUTEIBHBIN, TEICBU3UOHHO-KOMMYTHPYIOITUN
u npyrue Onoku 3CVYIIT Ha HCHOTHUTENBHOE YCTPOMCTBO, «IEPEKPHIBAIOIIEE
3aCJIOHKY» UCTOYHHKY 3arpsi3HAIOIIMX BEUIECTB (CM. puc. 6.4).

[Ipeasaputenbhuas onenka konnenmuu 3CYIIT mo ypaBHenuio (6.5) s
paccMaTpUBaEMOro MpuUMepa MPOBOJAMUTCS MO HayadbHBIM HMCXOJHBIM JaHHBIM:
IJIOTHOCTH BEPOATHOCTH BbIOpocoB SO, B HayalubHBIE MOMEHT BPEMEHU;
ko>(uuuenta npeobpazosanus, K1, paccuuranHoro depes mnapamerpsl A
TormBHOM cuctembl TTLI; koapdunmenta K} paccunrannoro yepes napamerpsl,
A, IPUPOTHOM KOMOMHAIIMK U OOPATHOM CBSI3H C PETYIISTOPOM.

Metamonens CYHBI'A, riae oObeKTOM YIpaBIICHHS SIBISIETCS BBIXJIOMHAS

CHCTEMa aBTOMOOMIISI UMEET BU.

dy,
dt

=KX, —KJY , Yz, rne X2 - [kr]-Tommmso, (6.6)

CY2- CO (xr) -Boiopochl, K/, K’ -koadduiments mpeobpazoBanus Mo pacxomy
TOIUIMBA W HEHTpAIU3alMU BBHIOPOCOB COOTBETCTBEHHO. OIEHKA KOHLEIIIUH

CYHBTI'A 1o ypaBHeHuto (6.6) aHaoruyHa npeaplayeMy.
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ITepexon k HoBbIM mepeMeHHBIM Py(Y,t) mms CVYIIT oT mpuBeaeHHBIX
nuddepeHnanbHBIX YpaBHEHUH BBIMOJHICTCS B BUAe ypaBHeHUS (6.3):

OP(Y,t) OP(Y, t)
ot ot

=(KX-K)) +P(Y.1).K,, R (Yo b)) (6.7)

AHaJOTHYHBIE TMEPEX0bl BBITOIHAIOTCS 1 Metamojenen CYHBI'A, u
npyrux KOC.
[TpuBeném npumMep penreHus 3a1a4 Ha ocHOBe ypaBHeHwmi (6.3), (6.4), (6.7).
1) O1ieHKa BEpOSITHOCTH BbIx01a epemMeHHoi Y (t), 3a 3a1aHHbIH KOPUAOP
(mpenenbHO JOIMYyCTUMBIN KOPHUIOP) B TCUCHUH MPOMEKYTKaA BpeMeHH, T,
Pla<yt)<b|t, <t<T|A, <A<A_]
Hanpumep, ecnm HalineHO perieHue ypaBHeHHs (6.7), TO BEpOSATHOCTH

Bbixoaa SO,B kopuaop a, boyaer: d = J.:LT P (y,4,t)dy.dt.

B xaxxaplil 3a1aHHBIA MOMEHT BpEMEHH 1 U1 Cilydasi HOpMaJIbHOTO 3aKOHA

PacipCcacCiacHus Py MOJKHO ITOJIYYHUTh YUCJIICHHYIO OLICHKY BCINYHNHBI @:

D= 1 j‘e_(yk_y)

= d b ()]
N e Y= ( ) ( )
rae @1, @, —Tabnuunsie Gynakunu, Yi=Y(ty).

CpeI[HHH IPOIAOJIKUTEIIBHOCTD BbIXOJa 34 KOPUIOD 4, br , B TCUCHHUEC JAaHHOI'O

BpPCMCHU TOL[CHI/IBaCTCSI 110 U3BCCTHOMY B TCOPHUHU CHy‘laf/'IHBIX COOTHOLICHUIO:

T (ay) [1 q)(ay)]

a)"
2)Pacuet BeiOpocoB CYIIT

UcxogHoe ypaBHeEHWE U 3a4aHHaA HavanbHas NMBPCP umeet Bna:

B, KX —KY.Y P (Y )= e

dt orto\l 1l ‘\/ZG
[Tocne mepexona k HOBbIM niepeMeHHBIM P(Y ), momyurm:
oP : v\ OP . _

P = (KX - KzY)ﬁ_Y + P.K, B ciayuae X=Xo,Y, =Y, , U3 pelIeHus 3T0ro

HEOJHOPOIHOTO AuddepeHITNaTFHOTO YPABHEHUS HAMIEM:
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7. o 1z
P, :(Po_?)'e “ + o e

2 2

1

Z=(KX,-K)Y o)m - PaCCUMTHIBACTCS YepPe3 UCXOJHBIC JTaHHBIC.

MareMaTnyeckoe OKHJIaHWE KOJUYECTBA BHIOPOCOB B TCUCHHH 3aJaHHOTO
MPOMEXKyTKa BpeMeHu T OyJer:

@, = D)€ -+ 2L
2 2 2

3) O1ieHKa TpaHCTPAHUYHOIO MEPEHOCA 3arpsI3HSIONIUX BelecT (3B)

[IpennpoexTHblid aHanu3 nepen coszgannem takod KOC kak 3aMkHyTas
cuctema ynpasieHus npupoaa-texnorenuka (3CYIIT) Bkimtouaer oLeHKy nepeHoca
3arpsA3HSAIONIMX aTMOC(epy BEIIeCTB Ha OOJIBIINE PACCTOSIHUS, B TOM YUCJTIE U Yepe3
IPAaHUIly MEXK]y TOCyJapCTBaMHU, TaK HA3bIBAEMBIN TPAHCTPAHUYHBIN IEPEHOC.
PaccMoTpuM BEpOATHOCTHYIO OIIEHKY TAaKOT'0 IIEPEHOCA IO OTHOIIEHUIO K TUOKCUTY
cepol (SO2), TPUBOAAIIETO K «KHUCIABIM JOXKISIM» W BBIMAJCHUIO cepbl (S) Ha
MOACTUJIAIOLIYIO IOBEPXHOCTb.

CornacHo UMEIONIUMCS JaHHBIM, BBITIAJICHUE CEPbl BAOJIb rpaHullbl PO ¢
DcTOHMEH MPOUCXOANUT MPUMEPHO C MHTEHCUBHOCTBHIO 1 T/kKMZ.roj. O6GO3HAYMM
MOTOK CEphbl Uepe3 eAUHUYHBIN OTpe30K rpaHullbl Y. Torma oOmias macca cepbl

BBIIIAACHHUA OT TI'paHHIbI 10 TOYKHM Ha pPaCCTOSIHUC IOHpCI[CJ'II/ITCH N3 PCIICHUA

YpaBHEHUSI-

dy

E:/I.y.yo;yon A — 3amandeie C.B, HauvanbHbIE KOJMYECTBO Yo U

WHTEHCUBHOCTD BBINA/ICHUS CEPBI.
[Tonaraem, uyto P(yo) u P(A) 3amanel B COOTBETCTBUU C 3aKOHOM

pacrnpeiecHus:

1 __ 2
P(iut) = e~ Y
1 1

P ()= 1 e_(ﬂ—Z)z
’ \N2r .0, 20,

, 1 Tpedyetcs Haiitu Py(Y,4, t).
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B cootBerctBUN ¢ nuddepeHunanbHbIM ypaBHeHHEM (6.3)10 HCXOTHOMY

YPaBHEHUIO HANJEM:

P d
% =PA+ d—)t/.i.y, P(y,,t,), OTKyma dYacTHBIA WHTETpal OIpENeNsIeTCs depes
Y—=Yo
a_P —_ . — —At _ ; _( o2 ) —At
YpaBHEHHE —— = 0t, Py; B BUsIE Py = Py.e ™" = Tomon € 1/, e™™

Ecmu A = ZTO Py = Poe_’“,

ectid—A=0,, 10 Py = Pye~ (o)t

[IpuMeHUTETPHO K PEIICHUIO 3aJa4d  TPAHCTPAHWYHOTO TEepeHoca
3arps3HSAIONIMX BemiecTs, Hampumep (cM. puc. 6.1) mo otHomeHuio Kk SO(S),
(komruectBO S B SO2 M3BECTHO), 337aF0TCS CIICAYIONIUE BETHUNHBIL:

Vo - KomruecTBo SO Ha TpaHHUIIe [T, KT'|, COOTBETCTBEHHO - Po(Yo) -IIIOTHOCTH
pacrpeiesieHUs BEpOsITHOCTH,

A- ko3(pduiMeHT npeoOpa3oBaHUsI PACCUUTHIBAETCS 4YEpPE3 HU3BECTHHIC
napamMeTphl epeHoca (CKOPOCTh MOTOKA, BPEMS KU3HH, IPOTSHKEHHOCTH TPAHHUIIbI );

Py — nnoTHOCTB pacinpcaciaCHus BEPOATHOCTU BBI6pOCOB SOZ Ha ITPOMCIKYTKC

to<t<T.

I
[Tonaras T = v BpeMsI IIEpeHOCa OT IPAHUIIBI Ha paccTOsTHKE ICO CKOPOCThIO

V, naiiném [ P, (Y, )Y (t)dt

CnemoBaTenbHO, MOXXHO  HAWUTH  MaTeMaTHYeCKOE  OXHUIAHHWE |
cpenHekBaapaTnyHoe oTHomieHue Macchl SO, (S) B Touke | =T.V. Ilpu 3ananHOM
NpOTSHKEHHOCTH TPaHUIbl, paccuuThiBacTcs Macca SO; (S) Ha mrormaau L X 1.

BosBpamasich Kk cxeme, MNPEICTAaBICHHOM Ha pPHUCYHKE 6.9, OUEHKH MO
BEPOSTHOCTHBIM XapakTepucThkam Pa(z, v, t), P3(z, &, t), P4(E, n, t) npoBoasTCs
UTEPAIMOHHO C KOPPEKIMEH HavalbHBIX 3HAUCHUH mmapameTpoB A, v, § 1 B
ucxomgror L1(Y, A, t) m mocimeayoomux mMaTeMaTHdecKux Mmoneiasx La(z, v, t),
Ls(z, & t), La(E, n, t). B mpeanonokeHnn, 910 CTPYKTYpHO OmepaTopsl Lij-14
npeacraBisgiorcs MM B dopme (6.2), a KOPPEKTUPYIOTCS TOJIBKO TapameTphl

(A, v, &,). BeposTHOCTHBIE OIICHKH «JIBHYKECHUS Mpoliecca mpoekTupoBanusy KOC
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cBoasaTcs k onpenenenunto [IBPC® Z, R, E - Py(Z, v, t), P3(R, &, t), P4(E, 1, t).
WNHuTtepakTuBHas mpoleaypa pacyeTa U KOPPEKIUMU HayalbHBIX MapaMeTpoB
Ay ¥ HaualbHBIX ILUIOTHOCTEH pachpeneleHus BeposTtHocTell P = 1,4
MPOU3BOJIMTCSI «CHU3Y - BBEPX» COIJIACHO CXeMe MpeAcTaBieHHi Ha puc. 6.9 u
HaunHaetcs ¢ nepepacuéra [IBPCB cooTBeTcTBYIOIIMX mapamMeTpoB 1, &, v. Ho as

9TOT0 HaJ0 UMCTb (bYHKHI/II/I CBA3HU 3TUX I1apaMCTPOB.

B yacTtHOCTH, M3 KOHCTPYKTOPCKHUX pPacue€TOB OOBIYHO M3BECTHBI CBSI3U
MOCIIEAYIONUX MapaMeTPOB uepe3 MpeblTyIue.

Hampumep, pacuersl Beca, MOMEHTOB WHEPIIUH, IIEHTpa TSXKECTH, JETaIH
yepes e€ pa3Mepsl.

N3 Teopun BepositHOCcTEN M3BecTHa cBsizb  [IPCB y,x ¢ 3amaHHOU
gynkumeit y = @(x), - Py = P,[¢ 1(W)].[¢ 1 (v)]'(6.8). TlosToMy 13 0OBIYHO
U3BECTHBIX pPacUeTHBIX (GopMyl Y = @(X) BBIUHCISCTCS HCKOMas IUIOTHOCTD
BEPOSITHOCTU P;uepe3 3aaanuyo P,

[Ipumepamu Takux pacdyeTOB Ha HIDKHEM YpoBHEe mporiecca (puc. 6.9)
SBIISIIOTCS CIIEAYIONIHE:

1) IlycTe mOrpemHOCTh H3TOTOBJICHHS TBEPAOTO 3JIEMEHTa KyOMuecKou

(bopMbI UMEET HOPMAJIBHOE PaCIpeIeICHUE C TUIOTHOCTHIO
1 _(m-m?
P,(v) =——e 27
2M 0
TpeOyeTcs OINpeneauTh IUIOTHOCTh BEpPOSITHOCTH pAaclpeaeseHusl Beca
aneMeHnTa v, B, (v).

UssectHov = @(n) = r.n3 , rae r- IIOTHOCTh MaTepuana, a 1) - pasmep

kax 01 croponsl. Tornan = ¢~ 1(v) = %
() d (v 1 1 -2/ — 1
o™ W] = dv\rB) T3 An Y = 3.Vr.v2

OTKyaa HaXOaUM UCKOMYIO INIOTHOCTh BEPOATHOCTH P\ —
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V2rm-o 3-Vr-22

2) Ilyctb TOTpEemIHOCTh HM3MEPEHUS TOKOBOH HArpy3ku Kabens

Ileax <1Ll<llein’

u
ceuenue kabens v = f(u) =K - \/;, IJIOTHOCTH BEPOSITHOCTH |\ 3a/1aHa-

7)2
1 _(H—‘U—)
B, = et - Tpebyetcs onpenenuTh MIIOTHOCTh PacpeaeICHUs

BCPOATHOCTHU CCUCHUA KaoeJs.

Cornacho (*) momyuum:

_ 3p2
u=f"1tw) = —7 ¥ IUIOTHOCTb PACIIPEICNCHUS BEPOATHOCTH BEIMYMHDI

cedyeHus kades oyaer

382 _
_[xkz7H
p 1 202 6&
= e *— W COOTBETCTBYIOIIECE MATEMATHYECKOEC OXKUJAHUC
v~ Vzmo K? yrom A

Uil BBIOOpa cedyeHus kabemst Oyaer M (§)='|.:R:.d§ , rae a,b—u3BecTHBIC

JIOTTYCKOBBIE€ OTPAaHUYCHUSI.

Ha cnenytromem ypoBHe npoBoautcs nepecuer Pszp uepe3 Py mo nucxomnomy
nuddepenimanbiomy  ypaBHeHuto  (6.2).  IlpeaBapuTenbHO — HEOOXOAUMO
yctanoBuTh cBsi3b [IBPCB Yy, Zy, Ro c mapamerpamu. Takas cBsI3b 7151 CKaJISIPHOTO

ypaBHeHUs, momydeHHas u3 (6.2) mpu X=0, v=0 ycTaHaBIMBaeTCS OYCBUIHBIM

obpazom mpu t=0, % = 0, y=Yo. Ecin %z f(y,A,1),y,, To mpu t=0 f(yo,A) = 0,

otkyna yo=¢(4) u P, =P, [p(A)].[¢"(A)]".
Onpenenenne P(y, A,t)B cinydae mapamerpoB A, 3amanubix [IBPCB Pjmo

HCXOJTHOMY YpaBHEHUIO (6.2) OCYIIECTBISAETCS CICAYIOMUM 00pa3oM.
N3 ypaBaenus (6.3.) mepexomasi, K CHMMETpUUYECKOrH (Gopme, BHaYalE s

CKaJIsIpHOTO ypaBHeHUs y = f(y, A, t), momyunm
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dt  dy dP

1 f(yah pdf(nAD

dy
Orkyna HaxoauM ypaBHeHHe 10 oTHOMIEHUIO [IBPC®D Py
dP, _ df(yAt)
p: =" 4P ©9

N3 storo YPaBHCHMS I1IOCJIC MHTCTPUPOBAHMUS CICOYCT.

Tdf(y A,t)
ft -dt
P, = Py.e’* , CJICJIOBATEIILHO yepes

f f(y,,

KBaJIpaTypy )dtHOHY‘-II/IM Py=y(y,A,1).

Ecnu mapametp A — 3agaH BeposATHOCTHOM Xapakrepuctukoi [IBPCB Py B

(2-2)°
- 2
e 1, 10 P,MOXHO

1
BHUAC HOPMAJIBHOI'O 3aKOHA p21C1'Ip€,ZIeJICHI/IHP)L = T
Varo )

BBIPA3HUTh 4CPC3 BEJIUYHUHBI A U o,,rae A — MaTeMaTHYECKOE OXKHIAaHUC ITapaMCTpa

A

Ha npeapinymux ypoBHsX mpouecca (cM. puc. 6.9) 3agada moctpoeHwus,
BBIUUCIICHUS U KOPPEKTHPOBKH BEPOSTHOCTHBIX OIICHOK P2(R, v, 1), P3(Z, &, t),P4(Y,
A, t) cBOOUTCS K CHCTEME U3 CUMBOJBHBIX YpaBHEHHUH (6.9), OCTPOCHHBIX IO
ypaBHeHUt0 MHoromepHou wmonenu KOC (6.4). B psne paboT mnpemsiokeHbl
BEPOSITHOCTHBIE XapPAKTEPUCTHUUYECKUE OIEHKH COCTOSIHUS M TPOU3BOJACTBA Ha
OCHOBE JMCKPETHBIX W HENPEPBIBHBIX MAapKOBCKHUX Ienei. Takue oOuneHkn
3p(EeKTUBHO MPUMEHSIOTCS NPU aHajdu3e MaTeMaTHuecKux NoTokoB B KOC,
Hampumep, B TMOkuX npousBojcTBeHHbIX cuctemax (I'TIC) na stamax cOopku
(MoHTaxa) ycrpoicts, Bxoaamux B I'TIC.

Nuctpymenramu UT KOC Ha 0OCHOBE pacCMOTPEHHBIX MOJEIIEW U METOJOB
BEPOSITHOCTHBIX OLIEHOK B ITPOLIECCE MPOEKTUPOBAHUS U MPOU3BOJCTBA SBIISIFOTCS
cpeactBa anreopandeckux BorurciaeHuii (REDUCE, «AHaauTuk» W Ap.) ¥ MakeT
nporpaMMm ¢ MpoOJIEeMHO-OPUEHTUPOBAHHBIM s13bIKOM « TEMIIy», peanusyroniuit

YUCJICHHBIC 1 YN CJICHHO-aHAJIUTHYCCKHNC MCTO/bI.
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KoHTpoJibHBIE BONIPOCHI

1. Jlalite  ompeznesneHus ClIy4yailHbIX  BEJIMYMH, TMPOLIECCOB U  UX
BEPOSITHOCTHBIX XapaKTEPUCTHK.

2. [Tpusenure npumepsl KOC, cocTosiHre KOTOPHIX TPeOyeT BEPOITHOCTHBIX
OLICHOK.

3. Kakas mocnenoBaTenbHOCTh NPUMEHEHHUS BEPOSITHOCTHBIX OIICHOK B
npolecce NpoeKTUpoBaHus U npoussojcTea KOC?

4. KakuM oOpa3oM yepe3 IJIOTHOCTh PACHpEleNICHUs BEPOSITHOCTH MOXKHO
o1leHuTh padotocnocooHocTh KOC?

5. Kak paccunrtaTh HayallbHyIO IIOTHOCTb BEPOATHOCTH IO HMCXOJHBIM

TaHHBIM?
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5. HTEepHeT-calThl IO TEME
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3akJIroueHue

Marepuanbl, U3JI0KECHHBIE B Kypce JIEKIMW, HalpaBJCHbl HAa WU3y4YCHUE U
OCBOCHHE OOIIMPHON M MHTEPECHOU 00s1acT nHpopMarmoHHbIX TexHomorui (M)
pazpabotka u npuMeneHue nHCTpyMmeHToB UT B coznannu KOC kak HOBOTO Ki1acca
O0OBEKTOB TMPOCKTUPOBAHMSI M TIPOM3BOJACTBA CO BCEMH WX OCOOCHHOCTSIMH
€AMHUYHOCTH IK3EMIUISIPOB, T€TEPOr€HHOCThIO, MYJIbTUAT€HTHOCTHIO U T./I.

Baxneiimas 3amaua BeiOOopa u anantanuu uHCTpyMeHTOB UT KOC ¢
MPUBJICYEHUEM COBPEMEHHBIX CPEJICTB MCKYCCTBEHHOTO MHTEIUIEKTA B TOM YHCIIE
PAacCMOTPEHHBIX B KypCce€  AQHAIUTUYECKUX  BBIUMCIECHHUM Ha  OBM,
uHTeIuIeKTyalnbHbIX 3BeHbeB CVYIIT, I'Tl, MKC, ucxoas u3 maTeMaTH4€CKOIO
o0ecrie4eHus1 STUX UHCTPYMEHTOB. DTO OOCTOSTEIBCTBO aKIIEHTUPOBAHO B JAHHOM
Kypce, OCKOJIbKY aJICKBaTHOCTh MHCTpYMEHTOB UT permraemoii 3aaue 3aBUCUT OT
MAaTEMATUYECKUX MOJEIIEH, METOAOB U aJITOPUTMOB, 3AJI0KECHHBIX B OTH
WHCTPYMEHTHL.

EcTtecTBeHHO, OCBEIICHHBIE B KYPCE JICKIIUKA BOIMIPOCHI HE HCUYEPITBIBAIOT BCETO
cHeKTpa pa3paboTok, ucciaenaoBanuii U pazpadotok nucrpymentapus UT KOC kak

HOBOTI'O M IICPCIICKTUBHOT'O HAIIPABJICHHA.
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MC}KIIYHapOIIHBIﬁ HHCTUTYT WHKUHUPHUHI'A B 9KOJIOTUH U 0e30I1acHOCTH YeI0BEKa

https://iehs.ru

[TEHS

The International Institute of Engineering in Environmental and Human Safety
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