TOMSK TOMCKWUM
POLYTECHNIC NONMMTEXHUYECKUN
UNIVERSITY BNIMB YHVBEPCUTET

MWHWCTEPCTBO HayKm 1 Bbicliero obpaszoBaHua Poccuiickoit Pepepaumn
denepanbHoe rocyaapcTBEHHOE aBTOHOMHOE
obpasoBaTesibHOe yupexaeHue Bbicluero o6pa3oBaHus
«HaumoHanbHbIN nccnenosaTeNbCkunii TOMCKWIA NOAUTEXHNYECKNI yHUBEpcUTeT» (TMY)

WNuxeHepHas 1mkosia MHPOPMALMOHHBIX TEXHOJIOTUH U POOOTOTEXHUKU

Hanpasnenue moarorosku 15.04.04 « ABTOMaTH3aIMS TEXHOJIOTHYECKUX MTPOIIECCOB H
IIPOU3BOJCTB

OTtaenenue aBTOMaTU3aluu U pOOOTOTEXHUKHU

MAT'MCTEPCKASA JTMCCEPTALIMSA

Tema padoThl

Pa3paboTka cucTeMbl IJIAHNPOBAHMS NPOU3BOACTBEHHOI0 NMPOLECCA HA OCHOBE
MaTeMAaTH4YecKOl MO/1eIu

YJIK 004.896:658.012.2:519.876

CryneHt
I'pynna [025(0) Hoanuce Jara
8TMO1 Huxutun Anapeit CepreeBud

PykoBoautenr BKP

Ydenas crenens,

JlokHOCTH DdUO sBanme Moanucey JaTa
Houent OAP ®ununac ANeKcanap
K.T.H., JIOIIEHT
NIINTP AJleKcaHIpoBUY

KOHCYJBTAHTHBI 10 PA3JAEJIAM:
ITo pazneny «PUHAHCOBBIN MEHEKMEHT, pecypcor(HEeKTUBHOCTh U pecypcocOepekeHue»

JI0JKHOCTH [0} 7 (0] quﬂ::az;eeneﬂb, Moanucey Jlara
Houent OCI'H I'onuaposa Haranes Ko
HIBUIT AJleKcaHIpOBHA o
ITo pazneny «CoruanbHasi OTBETCTBEHHOCTHY
JI0JIZKHOCTD [0)7 (0] yqe"::aflzli"eﬂb’ Moanucek JNara
Houent OO Ceunn Auapen
[ITBUII AnekcaHapoBuy T
JONMYCTUTD K 3BAIIIUTE:
PykoBogurteas OOII DdPUO qun::azilineﬂb, IMoanucek JlaTta
Houent OAP l"aliBopoHCKUMI
NIHINUTP Cepreit AHaTOJIbEBUY KT, AOTCHT

Tomck — 2021 1.



Iliianupyemsie pe3yabTaThl ocBoeHus QOOIIL
15.04.04 — ABTOoMaTH3aIMs TEXHOJIOTHICCKHUX MTPOIECCOB U MPOU3BOJICTB
(Kubepduznueckasi aBToMaTu3aIvs TEXHOJOTHUECKHUX MTPOIIECCOB U TPOU3BOJICTB)

Kona HaumeHoBaHMe KOMIIETEHIIUH
KOMIIETCHIIUN

YHI/IBepcaJIbeIe KOMIIETCHIIUHU

YK(VY)-1 CnocoOeH OCyIIeCTBIISATh KPUTHUSCKHI aHaM3 MPOOJEMHBIX CHUTyalluii Ha
OCHOBE CHCTEMHOT0 I0JIX0/1a, BRIpa0aThIBaTh CTPATETHIO JCHCTBUI

YK(V)-2 CriocobeH ynpaBisTh IPOEKTOM Ha BCEX 3Talax ero *U3HEHHOTo LUKJIa

YK(V)-3 CrniocobeH opraHu3oBbIBaTh U PYKOBOAUTH pabOTOM KOMaHAbI, BbIpabaThIBas
KOMaHJIHYIO CTPATETHIO ISl IOCTHKCHHUS IOCTABJICHHOH 1SN

YK(V)-4 Crnioco0OeH NpUMEHATh COBPEMEHHbBIE KOMMYHHUKATUBHbBIE TEXHOJIIOTHH, B TOM

YuCcje Ha WHOCTPAHHOM (-bIX) s3bIKE (-ax), I aKaJIeMHYECKOTO |
poecCHOHAIEHOTO B3aUMOICHCTBHS

YK(VY)-5 CniocoOeH aHaIM3UpOBaTh U YUYUTHIBATH pazHooOpasue KyJbTyp B Ipolecce
MEXKYJIBTYPHOTO B3aUMOICHCTBHUS
YK(VY)-6 CniocoOeH ompeeNsiTh U peaTu30BbIBATh MPUOPHUTETH COOCTBEHHOM

OomenpodeccnoHaIbHbIE KOMIIETEHIMU

OIIK(VY)-1 CriocoGeH GpopMyIUpoBaTh HENH U 33Ja9d UCCIICOBAHMS, CAMOCTOSTEIIHHO
U3y4aTh HAYYHO-TEXHHUYECKYIO IOKYMEHTAIIMIO CBOCH NpPOQecCHOHATHHON
JESITEIIbHOCTH

OIIK(VY)-2 CniocoOeH onpenenuTh MaTEMAaTHIECKYIO U TEXHUYECKYIO CYIITHOCTD 3a7a4 U
MIPOBECTU UX KAUECTBEHHO-KOJIMYECTBEHHbBIN aHAIN3

OIIK(VY)-3 CrnocoOeH Ha OCHOBaHMHM CTaTUCTHMYECKUX METOJOB YYacTBOBAaTh B
MPOBEJICHUU  KOPPEKTUPYIONIMX W TPEBEHTUBHBIX  MEPOIPHITHA,
HaIpaBJICHHBIX HA yIydllIeHHe KaueCTBa, MHTEPIPETHPOBATH U MPECTABIATh
PE3YJIBTATHI

OIIK(Y)-4 CriocobeH aHaJM3MPOBaTh MOJTYUYEHHBIE PEe3yJbTaThl U3MEPEHHI Ha OCHOBE
ux (pU3MYECKOl MPHUPOABI U IPUHUMATh 0OOCHOBAHHBIE PELIEHHUS B 001acTh
po¢eCCUOHATILHOMN JIeATEIbHOCTH

IIpodeccnonanbHbie KOMIIETEHIIUN BHINYCKHUKOB

IMK(V)-1 O6mamaer CcHmoCOOHOCTBIO pa3pabaThiBaTh TEXHUYECKHE 3aJaHHS Ha
MOJICPHH3AIMI0 W aBTOMATH3AIMIO JCUCTBYIOIINX MPOU3BOJCTBEHHBIX U
TEXHOJIOTHYECKUX TPOIIECCOB W MPOU3BOJICTB, TEXHUYECKHUX CPEICTB U
CUCTEM aBTOMATH3AIINH, YIIPABJICHUS, KOHTPOJIS, TUATHOCTHKY U UCTIBITAHHA,
HOBBIC BHJBI MPOJYKIMH, aBTOMATH3HMPOBAHHBIE W aBTOMAaTHYECKUE
TEXHOJIOTHH €€ IPOU3BOJCTBA, CPEACTBA W CHUCTEMBl aBTOMATH3AIIHU,
yIpaBJICHUS! MPOLIECCAMH, )KU3HEHHBIM ITUKJIOM MPOAYKIIUU B €€ KAaYeCTBOM;

MK(Y)-2 Obnanaer cnocoOHOCTHIO MPOBOAMTH TMATEHTHHIE WCCIEAOBAHUS C IIEJIBHIO
o0ecreueHns NaTeHTHOM YUCTOTHI M MATEHTOCIIOCOOHOCTH HOBBIX MPOEKTHBIX
pemeHuii W OIpeAeNIeHHMs  IOKa3aTeled  TEXHHYECKOro  yPOBHS
NPOEKTUPYEMOM MPOAYKLUH, ABTOMAaTHU3UPOBAHHBIX M aBTOMATHYECKHUX
TE€XHOJIOTMYECKHUX IPOLIECCOB U MPOU3BOJICTB, CPEICTB X TEXHUUECKOIO U
anmnapaTHO-IPOrpaMMHOI0 0OecIeYeHus;




TIK(Y)-3

Obnanaer cnocoOHOCTBIO: COCTABIATH ONMHMCAHUE MPUHIUIOB JIEHCTBHUS U
KOHCTPYKIMU YCTPOMCTB, NPOCKTHPYEMBIX TEXHHYECKHX CPEICTB M CHCTEM
aBTOMATHU3AllM{, YNPABICHUS, KOHTPOJIS, JHATHOCTUKA W HCIBITAHUHN
TEXHOJIOTMYECKHX IPOLECCOB W IPOHM3BOJACTB OOMICTPOMBIIIICHHOTO U
CIICLUAIbHOTO HAa3HAYCHUS JUId Pa3IMYHBIX OTpacieil HalUOHAIBHOTO
XO03sICTBA, MPOCKTUPOBATh MX aPXUTEKTYPHO-IPOrPaMMHBIC KOMIUICKCHI;

TIK(Y)-4

O6nanaet cnocoOHOCTHIO pa3pabaThIBaTh ICKU3HBIC, TEXHUUECKHUE U paboyre
MPOEKTHl ~ aBTOMATHU3MPOBAHHBIX M  aBTOMAaTHYECKHUX  IMPOU3BOJICTB
Pa3IUYHOTO TEXHOJIOTHYECKOTO M OTPACIEBOTO HA3HAYCHHS, TEXHUYCCKUX
CPEIICTB M CHCTEM aBTOMATH3allUU YIPABJICHUS, KOHTPOJIS, TUATHOCTUKU U
HCHBITaHHﬁ, CUCTCM YIPABJIICHHUA KWU3HCHHBIM HHUKJIIOM IPOAYKOHWHU U €€
Ka4eCTBOM C HCIIOJb30BAaHHEM COBPEMEHHBIX CPEJICTB aBTOMATHU3allUU
MIPOSKTHPOBAHWSI, OTEUECTBEHHOTO U 3apy0eKHOTr0 OMbITa pa3padOTKH

TIK(Y)-5

ObnanaeT cnocoOHOCTHIO Pa3padaThiBaTh (PYHKIMOHAIBHYIO, IOTHYECKYIO U
TEXHUYECKYI0 OpPraHHM3alHi0 aBTOMATH3MPOBAHHBIX W AaBTOMATHYECKHX
MPOU3BOJICTB, MX 3JEMEHTOB, TEXHUYECKOT0, aJIrOPUTMUYECKOTO U
MIPOrpaMMHOT0 obOecrieueHusi Ha 0a3e COBPEMEHHBIX METO/IOB, CPEACTB U
TEXHOJIOTHI MPOEKTUPOBAHHUS;




TOMSK TOMCKUNN
POLYTECHNIC MONMNUTEXHUYECKUNN
UNIVERSITY INIB YHUBEPCUTET

MwuHMCTepCTBO HayKM U Bbicwwero obpa3zoBaHna Poccniickon Gegepalimn
depepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpa3oBaTesibHOe yupexkaeHune Bbicliero obpasoBaHua
«HaumoHanbHbIN nccnegosaTebCKnii TOMCKUI MOAUTEXHMYECKNA YHUBepcUTeT» (TIY)

WuxeHepHas 11Kos1a MHPOPMALMOHHBIX TEXHOJIOTUH U POOOTOTEXHUKU

Hanpasnenue noarorosku 15.04.04 « ABToMaTH3aIMs TEXHOJIOTUYECKUX MTPOLIECCOB U
HPOMU3BOJICTBY

Otpnenenue aBTOMaTU3aluu U pOOOTOTEXHUKHU

VYTBEPXIAIO:

PyxoBogutens OOIT

l"aitBoponckuii C.A.
(ITonmucek) (Mara) (©.1.0.)

3AJJAHHUE
HA BbINOJIHEHHE BbINYCKHON KBAJIN(PUKAMOHHOMH padoThl
B dopwme:

‘ MaFI/ICTepCKaﬂ Auccepranusa

(baxanmaBpckoi pabOTHI, AUIIOMHOTO ITPOEKTa/paboThl, MAaTrUCTEPCKOM ANCCEPTALHN)

Crynenty:

I'pynna ®uo

8TMO1 Huxutun Anapeit CepreeBny

Tema paOGoThI:

Pa3pa60TKa CHCTCMbI IJIAHUPOBAHUA IMPOU3BOACTBCHHOI'O nponecca Ha OCHOBC
MaTeMaTU4eCKoi MOACIN

VYTBepxkaeHa NpUKa3oM JUPEKTopa (gaTa, HOMep) ‘ 19.02.2021 Ne 50-14/c
Cpok ca4u CTYJICHTOM BBIMIOJTHEHHON paOOTHI: ‘ 01.06.21
TEXHUYECKOE 3AIAHUE:

Hcxoanblie 1aHHbIE K padoTe O0bexTOM HCCJIeI0BAHUS ABJISIETCS
MHOT 03 TANHbII npouece Npou3BOACTBA

(HauMeHoeaHue 00beKma UCCIe008aAHUS UL NpOeKmupOoBaHusl,

NPOU3IEOOUMENBHOCHIb UL HAZPYIKA, PENCUM PabOmbl NNOJIYIIPOBOAHUKOBBIX IJIACTHUH,

(Henpepbi8HbLLL, NEPUOOUYECKUL, YUKTUYECKUU U M. 0.); U0 HpeIlCTaBJIHIOHII/li;I u3 cebsi COBOKYNHOCTb

CIPbSL UL MAMeEPUA u30eius;, mpebosanust K npooyKmy,
usdenuro unu npoyeccy; ocodvle mpebosanus k ocovennocmam | NAPAJJIECJTbHBIX IOTOKOB.
@ynrkyuonuposanus (sxcnryamayuu) 06veKma un u30eius 6
naame 6e30nacHOCMU SKCAYamayuu, 6IUSHUS HA
OKPYIHCAIOUgyIo Cpedy, SHEP203ampaman; SKOHOMUYECKUL
ananuz u m. 0.).




I[Hepeyenb moaJiexamux
HCCJIeIOBAHNIO, TPOEKTUPOBAHUIO U
pa3padoTKe BONPOCOB

(ananumuyeckuii 0630p NO IUMEPAMYPHbIM UCTOYHUKAM C
YenbIo BbIACHEHUSL OOCIUICCHUT MUPOBOU HAYKU MEXHUKU 8
paccmampugaemoti 061acmu, NOCIMAaHo8Ka 3a0ayu
UCCe008AHUS, NPOESKMUPOBAHUS, KOHCIPYUPOBAHUSL,
codepaicanue npoyeoypol UCCIeO08AHUS, NPOEKMUPOBAHUS,
KOHCMPYUPOBAHUSL, 06CYIHCOEHUEe Pe3yIbmamos 6blNOJHEHHOU
pabomul; naumenosanue OONOTHUMETLHBIX PA30EN08,
noonescawux paspabomxe, 3aKuiovenue no pabome).

-AHAJIMHTHYECKUH 0030p METOA0B
MO/1eJIMPOBAHUA NMPON3BOACTBEHHBIX
MPOIECCOB;

-Pazpaborka m peanm3anusi NPOrpaMMHOM
HUMHUTAUMOHHON MOJEJH NPOU3BOJACTBEHHBIX
NPOLECCOB;

-PaszpaboTka m peanm3anusi NOANPOrpPaMMbI
ylpaBJieHUsl JaHHBIMHU;

-Pazpaborka wm
MAIIMHHOTO HHTep(eiica NPUIIOKEHNS ;

peajm3anus Y€JI0BECKO-

-COIII/Ia.]'IbHaﬂ OTBETCTBCHHOCTD,

-IKOHOMHUYECKOE 000CHOBAHME.

Hepeqenb rpa(]mqecm)ro mMaTtepuajia

(C MOYHbIM yKaA3aHUuem 0053amenbHbIX ltepmeofceﬂ)

(c ykasanuem pazoenos)

KOHch'l])TaHTI)I Mo pasaejgam BLIHyCKHOﬁ KBaJ’ll’I(l)l/IKaIIHOHHOﬁ paﬁon

Pa3nen

KoncyapTanr

®OUHAHCOBLIA MeHEIKMEHT,
pecypcodpPpexTuBHOCTDL U
pecypcocoepeskeHue

I'onuapoBa HaTanbsi AjleKcaHIpOBHA

ConuaabnHas
OTBETCTBEHHOCTH

CeunH AHapel AJleKCAHAPOBHY

A3bIKAX:

Ha3panusi pa3iesioB, KOTOpbIe J0/LKHbI ObITH HAMMCAHBI HA PYCCKOM M MHOCTPAHHOM

Beenenne, Onmcanue paspa6orku, Mopaeab NPOU3BOACTBEHHBIX MNpoueccoB, Tumbl
00padoTKN U3aeJnii, AJITOPUTMHU3ALUA MOACJIUPOBAHNSA, AJITOPUTM MOJEJIMPOBAHMS.

JlaTa BbI1a4M 32JaHUA HA BbINOJTHEHUE BBINTYCKHOM 01.03.21
KBATU(UKAIIMOHHOH PadoThI N0 JTHHEHHOMY rpauky R
3aganue BbIIAJ PYKOBOAUTENDb / KOHCYJbTAHT (IPH HAJIMYMH):
JoaxHocTh DdUO Vetiad crenen, Hoanucey Hara
3BaHHUE
Houent OAP dununac Anekca’ap KTH.. JTONEHT
NIINTP AJIEKCaHIpOBUY TH-, A )
3agaHue NPUHSJI K HCNIOJHEHUIO CTYIeHT:
I'pynna DPUO Hoanucey Jara
8TMOI1 Huxnutnn Anapeit CepreeBny




TOMSK TOMCKUNN
POLYTECHNIC MONMNUTEXHUYECKUNN
UNIVERSITY INIB YHUBEPCUTET

MwuHMCTepCTBO HayKM U Bbicwwero obpa3zoBaHna Poccniickon Gegepalimn
depepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpa3oBaTesibHOe yupexkaeHune Bbicliero obpasoBaHua
«HaumoHanbHbIN nccnegosaTebCKnii TOMCKUI MOAUTEXHMYECKNA YHUBepcUTeT» (TIY)

[Ikosia— HHKEHEPHAs MKOJIa HHPOPMALMOHHBIX TEXHOJIOTHNA U pOOOTOTEXHHUKH
Hamnpasnenue nmoarotosku - 15.04.04 AproMaTu3aiiys TEXHOJIOTHYECKUX IMPOIIECCOB U

IIPOU3BOJICTB
Otnenenue mkoibl (HOLL) - Otnenenue aBToMmaTu3auu 1 pOOOTOTEXHUKH
[Tepros BBITOTHEHHS (ocennutii / Becennuit cemectp 2020 /2021 yyeOHOro roaa)

dopma npeacTaBiieHus padOTHI:

I MaFI/ICTepCKaﬂ auccepranusa

(bakanaBpckas paboTa, IUIUTOMHBIN POEKT/paboTa, MarucTepCKast AUCCEPTALLHS)

KAJIEHJAPHBIA PEUTUHI-TLJIAH
BbINOJIHEHHSI BHIMYCKHOH KBAJIU(PUKAIMOHHON padoThI

‘ Cpok cl1au¥ CTYICHTOM BBITIOJIHEHHOUW pPabOThI: ‘ 01.06.21
Jata Haspanue pa3zgena (Mmoay.s) / MaxkcuMaJbHbII
KOHTPOJIs BH/1 padoThl (McciieI0BaAHMS) OaJs1 pazjaeiia (MoayJisi)
01.06.21 Ocrosnas yacmo 65
01.06.21 Dunancoswvill MEHeONHCMeHm 15
01.06.21 CoyuanvbHas omeemcmeeHHoCnib 10
COCTABUIIL:
PykoBoautear BKP
JoaxHocTh DdUO Yuenas crenensb, Hoanucey Jlarta
3BaHUE
Homent OAP Oununac Anexcanap
K.T.H., JOIICHT.
NHINTP AJIeKCaHIpOBHUY
COI'TACOBAHO:
PykoBoauteas OOIL
J0/ZKHOCTH DdUO Y4eHnasi cTeneHs, Moanucey JaTa
3BaHUeE
Houent OAP l"aliBopoHCKUi
o K.T.H., JOIICHT.
NIIATP Cepreii AHaTOJIBEBUY




_ 3AIAHHME JJISl PA3JIEJIA
«®UHAHCOBBIII MEHEJ)KMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHHUE»
CryneHry:
I'pynna DdUO
8TMI1 Hukutun Anapeit CepreeBuy
Hmxenepras mxona Ortnenenye aBTOMaTH3AMH
ko2 WH(POPMAITMOHHBIX OTtaenenne mxoabl (HOLL) A 1
. ¥ pOOOTOTEXHUKHU
TEXHOJIOTHI K POOOTOTEXHUKH
15.04.04 ABTOoOMaTH3aLMs
YpoBeHb
Marwuctp Hanpagienune/cnenquajabHOCTh | TEXHOJOTHUSCKUX
o0pa3zoBaHus
MIPOIICCCOB M IIPOM3BOJICTB

pecypcocoepeskeHue»:

Hcxonnbie 1anHble K pasaeny «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpekTUBHOCTL U

Pabota c nadopmanmeii, npeacTaBIeHHON B POCCHHCKUX ¥ MHOCTPAHHBIX HAYYHBIX ITyONUKAIHAX,
AHAIMTHYECKUX MaTeprallax, CTAaTUCTUIECKUX OIONIIETCHAX M M3JJaHUsIX, HOPMATUBHO-TIPABOBBIX IOKYMEHTAX.

Hepeqeﬂb BOIIPOCOB, MOAJC/KAINMUX HCCIACTOBAHUIO, IPOCKTHPOBAHHUIO H pa3paﬁoTKe:

1. Oyenxa kommepueckozo u UHHOBAYUOHHO20 NOMEHYUANA
HTH

Ananuz  nomenyuaibHblx  nompebumeneil
Ppe3yabmamos uccne008aHus; Ananus
KOHKYPEHmHbIX mexnudeckux peuwenuti; FAST
ananuz;, SWOT ananus;, Oyenxa 2omosHocmiu
NPOEKMa K KOMMEPYUATUZAYUU,

2. Paapa60mka ycmaea Hay4YHO-mexHu4ecKozco npoexkma

Lenu u pe3ynvmamos npoexma,
OpeanusayuouHas cmpykmypa npoexma;

3. Inanuposanue npoyecca ynpasienus HTU: cmpykmypa u
epapux nposedenusi, 6100xcem, pUCKU U OPSAHU3AYUS

Cmpyxmypa pabom; Ilnan npoexma, biodscem
HayuHozo uccreoosanus,; Pucku npoexma;

3aKynoK
4. Onpeodenenue pecypcHoll, QUHAHCOBOU, IKOHOMUYECKOU Abcontomuas 3¢hpexmusHocmsb UCCACO08AHUL;
agpgexmusrocmu CpasnumenvHast agppexmusnocme
UCCIe008AHUA,

Hepeqeﬂb Fpa(l)I/I‘IGCKOFO MATEPHAJIA (c mounvim yrazanuem 0b6a3amenvHblx yepmedxceii) .

1. Ceemenmuposanue prinka

2. Oyenra KOHKYDPEHMOCNOCOBHOCU MEXHUYECKUX DeuleHull
3. Mampuya SWOT

4. I'pagux nposedenus u brooxcem HTHU

5

6

TlomenyuanvHsie pucku

. Oyenka pecypchotl, (punancogou u skonomuyeckou sgpgexmusenocmu HTH

‘ JlaTta BbI1auM 3a1aHus /ISl pa3jieia 1o JuHelHoMY rpaduky ‘ 01.03.21

3a)lalme BbI1aJI KOHCYJbTAHT.

JI0JIKHOCTD U0 Vuenas crement, Toanuch Hara
3BaHUE
Honent OCT'H I'onuaposa Hatanbs ol
HIBAII AJleKCaHIpOBHA e
3aiaHue NPUHSJ K MCTIOJTHEHUIO CTYAEHT:
I'pynna PO Moanucey Jara
8TMI1 Hukutun Anapeii CepreeBuu




3AJIAHUE JIJISI PA3JIEJIA
«COLMAJILHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna DPUO
8TMOI1 Huxkutun Anapeit CepreeBuu

Hikenepras wikora OtaeneHnre aBTOMaTHU3AIUN
Ixosa UH(POPMAIIMOHHBIX OTtaenenne mxoiasl (HOLL) A 1
o ¥ pOOOTOTEXHUKHU
TEXHOJIOTUH U POOOTOTEXHUKH
15.04.04 ABTomatuzauus
YpoBenb
Marwuctp HanpasiieHue/cnnenquajbHOCTh | TEXHOJOTHYECKUX
o0pa3oBaHus
MIPOIIECCOB M IPOU3BOJICTB
Tema BKP:
Pa3pa60TKa CHCTEMBbI IJIAHUPOBAHUA IIPpOU3BOJACTBCHHOT'O mponecca Ha OCHOBE
MAaTEMATHYECKOM MOJEIH.
HCXOHHLIC AaHHBbIC K pa3aejry «COIII/IaJ'l])HaH OTBETCTBEHHOCTH)» .
1. Xapakrepuctuka 00beKTa UCCae0Banus (BEIECTBO, Coznanne MaTeMaTHIeCKOi
MaTepual, Npuoop, aropuT™, METOIMKA, paboyas 30Ha) U | mMomenu ISt KOMIUICKCHOIM
00MacTH ero NpUMeHeHus MHOTOKpPHUTEpHATBLHON ONTUMH3ALIN

MIPOM3BOACTBEHHOTO TPOIIECcca, C yUETOM
ocobeHHOCTEH  (DYHKIMOHMPOBAHHUA |

OrpaHUYECHUH.

Hepeqenb BOIIPOCOB, MOAJICKAIIIUX

pa3padoTke:

HCCJICT0BAHHUIO,

NMPOCKTUPOBAHUIKO H

1. IlpaBoBble ¥ OpraHu3aliOHHbIE BONPOCHI
obecreyeHns 0€30MACHOCTH:

- CIIeI[MaJIbHBIE (xapakTepHbIE IpH
IKCIUTyaTallui O0BEKTa HMCCIIEOBAHUS, MPOCKTHPYEMOMH
paGoueil  30HBI)  TPaBOBBIE  HOPMBI  TPYAOBOTO
3aKOHOAATEJILCTBA;

- OpraHU3alOHHBIC
KOMIIOHOBKE paboueil 30HBI.

MEpONPHUATUS  TIPH

Pabouee mecTo IIpyu  BBIIIOJTHCHUH

paboT B TIONOXKEHHH CHAS JTOJDKHO
coorBercTBOBaTh TpeboBanusaM ['OCT
12.2.032-78.

TpeboBanus K OpraHu3aluu

obOopymoBanust pabounx wmect ¢ [IK
perymupyercs B CanlluH 2.2.2/2.4.1340-
03.

TpynoBoii  koaexkc  Poccuiickoit
®enepannu ot 30.12.2001 N 197-®3
(pen. ot 05.02.2018)

2. IIpousBoacTBeHHAs 6€30MACHOCTH

2.1. AHanu3 BBISBICHHBIX BPEAHBIX U ONMACHBIX (PaKTOPOB
2.2. O0ocHOBaHNE MEPONPHUATHH TI0 CHIDKEHUIO
BO3JCHCTBHSA

AHanu3 BEISBICHHBIX BPEIHBIX ()aKTOPOB:
— HEeIOCTaTo4Has OCBEIIEHHOCTh
paboueld 30HBI; OTCYTCTBUE HIIU
HEJ0CTaTOK €CTECTBEHHOTO CBETA;
—  TIOBBIIICHHBIA YPOBEHbD IITyMa;
—  TIOBBIIICHHBIH YpOBEHBb
AIEKTPOMATrHUTHBIX U3TyUEHUH;
—  TIOBBITIICHHAS HaIMpsHKEHHOCTH
AIEKTPUIECKOTO ITOJIS;
— TIOBBIIICHHAS WU
BJIAYKHOCTH BO3/1yXa;
—  CTaTUYECKUE MEePerpy3Ku;
—  YMCTBEHHBIE Meperpy3KH,
Meperpy3KHu aHAIN3aTOPOB;
AHasu3 BEISIBICHHBIX OMACHBIX (haKTOPOB:

IIOHMWKCHHAas




—  DJIGKTPUYECKUNA TOK (MCTOUYHUKOM
seisietcs 11K);
—  KOPOTKOE 3aMBIKAHHUE;

— CTaTHYCCKOEC DJICKTPHUYICCTBO,

3. DkoJiornyeckasi 0€30MacHOCTD:

BosnaeiictBue o0bekTa Ha aTMochepy,
rugpocdepy He IPOUCXOAMUT.

B  pabore mpoBeméH  aHanms3
BO3MIeHCTBUA Ha TUTOoCdepy (00pa3oBaHme
OTXO0JI0B mpu BeIXxoAe u3 ctpoa IIK,
BO3HUKHOBCHHS OTXOJIOB TPU TICUATH U
YTHJIA3AITIH JIAMIT).

4. be30NacHOCTb B YPe3BbIYAWHBIX CUTYAI[UAX:

B pabodyem momerneHny, BO3MOXKHO,
UC TexHOreHHOT0 XapakTepa — IOXKap

(BO3roOpaHnue).
‘ JlaTta BbI1auM 3aaHus /ISl pa3/ieia 1o JUHelHoMY rpaduky ‘ 01.03.21
3agaHue BbIIAJT KOHCYJIbTAHT:
Yuenas
JoaxHocTh dPUO CTeleHb, IMoanucek Jara
3BaHHUe
Homent OO/, Ceuun AHnpeit T
HIBUII AJIeKCaHIpOBUY o
3agaHne NPUHAJI K MCTIOJTHEHHIO CTY/I€HT:
I'pynna OUO Hoxnuch Jara
8TMI1 Hukutun Anapeii CepreeBuu




Pedepar

[TosicHuTenbHas 3anucKa BbIOIHEHa Ha 99 mucTax MalIMHOMMCHOTO TEKCTA,
conepxut 13 wmoctparuit, 27 Tabmuil, 25 UCTOYHUKOB, 7 TIPHITIOKCHUH.

KntoueBsie cnmoBa: MOJIEJIMPOBAHUE [TPOM3BOACTBEHHOI'O
[IPOLIECCA, CHUCTEMA TIIOJJIEP)KKM TIPMHATUS  PENIEHUU,
NMUTALMOHHOE MO/ EJIMPOBAHUE, MATEMATHUYECKOE
MOAEJIMPOBAHUE, ITNTAHMPOBAHUE ITPOU3BOJICTBA.

[lens  pabotel:  pa3pabotka  cuctembl  CIINIP  mimanupoBaHus
IIPOU3BOACTBEHHOI'O MPOLECCA, HA OCHOBE MaTEMAaTUYECKON MOJEIIN.

B xome pabotbl OblIa co37aHAa CUCTEMA MOJACIHUPOBAHUS JTUCKPETHO
COOBITMIHBIX  MPOU3BOACTBEHHBIX MpoueccoB. Peanmu3zoBansl  OubnnoTeka
MOJICTMPOBAHUSI CHUCTEMa XpaHEHUss W oOecrnedyeHus J0CTyna K JaHHbIM, BeO
IPUIOKEHHUE 17151 paOOTHI € MOJIH30BATEIEM.

JlanHast pabota sBIAeTCS TMpOJOJDKeHHEM paboTel «PaspaboTtka
peanu3aiys aIropuT™Ma IUIAHWPOBAaHUS MPOU3BOJACTBEHHOro mporecca» [10] u
OTKpPBIBAET NEPCHEKTUBY OOBEAMHEHHUS PE3YyJbTAaTOB 3TUX palbOT ISl CO3/IaHUA
KOMITJIEKCHOW CUCTEMBI TNTAHUPOBAHUS TPOU3BOICTBEHHBIX ITPOIIECCOB.

OO6nacTb TpPUMEHEHUs: I[UJIAHUPOBAHHME 3arpy3kKd IMPOU3BOJCTBEHHBIX

MOIIIHOCTEN MaJIbIX U CPEAHUX MPOMBIIIICHHBIX NPEATPUATHIM.
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Beenenne

B ympaBnenun npennpusiTueM HEOOXOJMMO MPUHUMATH YIPABJICHUECKUE
pENICHHs Pa3TUIHOTO XapakTepa. 3a4acTylo UX JOJITOCPOUHBIN d(PPEKT U METOIBI
ero ImnpejicKa3aHusi He OdYeBUIHBL. 711 OOOCHOBAHHOTO WPHUHATHS PEIICHUI
WCTIOJIB3YETCSI  MHCTPYMEHTBI M METOJbl  MCCIEIOBaHUS  MPOILIECCOB U
MIPOTHO3UPOBAHUSA

® OLICHKA PUCKOB;

® METOJbl CTATUCTUYECKOTO aHAIN3a;

® MOJEIMPOBAHUE MTPOILIECCOB.

MonenupoBaHue SIBISETCS OJHUM U3 HamOOJee MEPCIeKTUBHBIX METOJIOB,
oOaiaronum psgoM npeumyiects. [1o3BosseT ucciieqoBaTh CUCTEMBI U IPOIECCHI
0e3 BausHUS Ha HuX. [lo3BoisieT HCHOJNB30BaTh MOJYJBHBIM MOAXOM B
VCCIIEIOBAHUH, T.€. BBIWICHATh YaCTHU CUCTEM U MCCIENOBATH UX IO OTAECIBHOCTH
WM HA00OpOT MCCIe0BATh B3aMMOJICHCTBUE HECKOJIBKUX CUCTEM. BO3MOXHOCTH
MOJIYYUTb JOMOJHUTENIbHBIEC TaHHBIE 00 00BEKTE B XOJI€ UCCIEAOBAHUS €r0 MOJIeNH
[1].

Hanbonee mnpuMEHUMBIM METOJIOM MOJICIUPOBAHUSI B HCCJICAOBaHUU
MPOMBIILJICHHBIX MPOU3BOJICTB SIBJISIETCSl MaTeMaTUyeckoe MmozenupoBanue. OHO
XOpOUIO MOAJAETCs] TPOrPaMMHUPOBAHUIO M BBIYMCIEHUIO B DBM, uto mo3Bonser
aBTOMATU3UPOBATH ATOT MPOLECC M CO3/1aBaTh CUCTEMBbI TMOINCPKKH MPUHITUA
pemenuii (CIIIIP).

CIIIIP moMoOramT OTBETCTBEHHBIM COTPYJHUKAM IPOBECTH AaHAJU3
3aJIJaHHOM CUTYyalluH, PACCUUTATh M IMPOAHAIU3UPOBATH IOCIEACTBUS IMPUHITUA
pemenusi. Baxxno nonumats, uto CIIIP He ynpaBnsier 00beKTOM M HUKAK HA HETO
HE BJIMSIET.

B CIIIIP npumeHsieTcss MHOKECTBO TEXHOJOTHM WU METOJOB, Kak MO
OTZIEJIBHOCTH, TaK U COBOKYITHO:

— 0a3bl 3HAHUM U aJTOPUTMBI ITOUCKA;

— MHTEJJICKTYaJlIbHbIA aHAIU3 TAHHBIX;

— FCHCTUYCCKUC AJITOPUTMBI;
14



— HEMPOHHBIE CETH;

— UMHUTALMOHHOE MOJIEJIMPOBAHHUE.

CymectByer nBa Buaa CIIIIP. IlaccuBHas mpesnjaraeT 3KCrnepty HaOop
uH(pOpMaIMK, KOTOPBIM MOMOTraeT MNPUHATH PELIEHUE, HO HE MOKET BBIIBUHYTh
COOCTBEHHOI'O pelIeHUs. AKTHBHas MOXET HAa OCHOBE JaHHBIX BBIJIBUHYTH
COOCTBEHHOE pEIIEHUE, HEKOTOPhIE CHUCTEMBI MOAJNEPKUBAIOT BO3MOXKHOCTb
IOCIEAYIOIIE  KOPPEKTUPOBKM  DPEIIEHUs  JKCIEPTOM M IPOBEPKHU
CKOPPEKTHUPOBAHHOTO PEIICHHUS], IOKA SKCIIEPT HE OJI0OPUT PE3yIbTATHI.

OaHO W3 MOBCEJHEBHO IPUHUMAEMBIX pELIIEHUH Ha MPOMBILIIEHHOM
NpEeANpUSTAA  SABJISIETCS  IUIAHUPOBAHHWE Ieled MOCTaBOK W 3arpy3Ku
MPOU3BOICTBEHHBIX MOIHOCTEN (MPOU3BOJACTBEHHOE pacnucanue). CylecTByoT
METOJMKHU pacdy€Ta ONTUMAIBHOTO ITPOU3BOJCTBEHHOTO PACIMCAHUA, IPUIEM Kak
yIPaBJICHUYECKUE KOHIICTIINH: OEepeXIIMBOE MPOU3BOJICTBO, IIECTh CUTM U T.I. Tak
Y IPUKJIAIHBIE MATEMATUYECKHUE TUCLIUIUIMHBL: HCCIIETOBAHUE ONEPALIUN U METOABI
ONTUMU3ALINU, TEOPHSI MACCOBOTO OOCITYKUBAHUS U T.JI.

[IpoBeneHne Takux pacu€ToB «BPYUHYIO» (€ClIM OHM BOOOIIE MPOBOISTCS)
OPUBOJAUT K YXYJIWEHUI0 A(PPEKTUBHOCTH MPOU3BOACTBA, 3aMEJICHHOMY
HapaluBaHUIO 00HEMOB IMTPOU3BOACTBA, TP YBEIMUYESHUH MOIIHOCTEH, U OOJIbIIIEMY
BPEMEHHU YCTPAHEHHUS HEIUTATHBIX CUTYAIIH.

Pemenuem stux mpobaem moxeT O0bTh BHeApeHue CIIIP mmanmpoBanus
LENEeN IMOCTaBOK. DBOJIBIIMHCTBO COBPEMEHHBIX MNPEANPHUATHN YKE HUCIHOIB3YIOT
ACYIT [2,3], HO oOHM He UMEIOT (YHKIMOHAJIA IUIAHUPOBaHUS. A
CHELUAIM3UPOBAHHBIE PEIICHUS WMEIOT CTOMMOCTh HE MO3BOJMUTENBHYIO IS
MHOTHX MaJjblX U CPEIHUX MPEANpUATHNA, K TOMY K€ TPEOYIOT MOCTOSHHOM
NOJJIEP>KKU WM HAEM COTPYJIHUKOB COOTBETCTBYIOUIEH KBATM(DUKALIUY.

lens  pabGotei:  pa3pabotka  cucrembl  CIIIP  mmanupoBanwus
IIPOU3BOJICTBEHHOTO MPOLECCA, HA OCHOBE MATEMATUYECKOW MOJIEIIH.

B xome nmaHHOW paboThl peanm3oBaHAa cpeJa  MMHUTAIMOHHOTO

MOACIMPOBAHHUA IMIPOU3BOACTBCHHBIX IIPOLCCCOB. Pa3pa60TKa npcaHasHa4CHa IJId
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CTAHOYHBIX MPEANPUATUN PA3IMYHON CTETIEHU aBTOMATU3aLUH, UMEET CJIEAYIOIINE
BO3MOXHOCTH:

— MOCTPOEHUE MOJIeJIeH C Pa3IMYHbIM KOJUYECTBOM 00padaThIBAIOIINX
MaIliH;

— TpU Pa3IUYHBIX peKUMa OOpabOTKM TapTH W BO3MOXHOCTH UX
paciuipeHus;

— 0TpabOTKa 3aJlaHHBIX paclUCaHUM 3arpy3Ku MPOU3BOJICTBA U TeHEpAIUs
BBIXOJIHBIX CIIEHAPUEB;

- OTpa6OTKa INIAHOB Ha pas3JIUYHbIX MOICIIAX, I MOACIHUPOBAHUA
Pa3INYHBIX YCJIOBI/Iﬁ N HCIIITATHBIX cmyaum”l.
Pa3pa60TKa BBIIIOJIHCHA B BHAC MOAYJIBHOI'O, KIIMCHT-CCPBCPHOI'O

MPUJIOKEHUS. ABTOPU30BAHHBINA MOJIb30BATENb OCYIIECTBIACT paboTy Opaysepe,
yCTaHOBKA Ha KJIMEHTCKOM KOMITbIOTEpe He Tpebyercs. [Ipunokenne 3akoupoBaHo

na SIT C# u C++, B cpene paspadorku Visual Studio Community 2019.
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1 O030p 1uTEpaTYpHI

[TpunsTre M000TO pelieHUsT MPU YINPABICHUN MPEANPUATHEM HUMEET TPH

COCTaBJISIONIHE:
® 3ajauya;
® aJbTEPHATHUBHI (CIIOCOOBI PEIICHUS 3a]1a4H );
® KpuUTepuu 0TOOpA aTbTEPHATHB.

OOOCHOBaHHOE TIPUHATHE PEHICHUH B YIOPABICHUH MPEANPUATHEM
ONMMpAeTCs Ha  METOAOJOTHUIO  WCCIENOBaHUs  omepamuil. Mertogomorus
UCCIICIOBAHMS OIIEpalliii BKIIIOYACT B ce0s cieayrolue dTansl [4]:

1. dopmanuzanus 3a1auu — ONMKUCAHNUE 33/1a9 MATEMATUUECKUM SI3IKOM;

2. TOCTPOEHHE MaTEMaTUYECKOW MOJENH Ha OCHOBE (HhOpMaIM30BAaHHOMU
3a7a4u;

3. perieHue MOJEIH;

4, Baguaanysa MOJEIN — IPOBEpKa Ha COOTBETCTBUS TOBEIACHHS MOICITH
MIOBEJICHUIO PEATbHOTO 00BEKTa B Pa3HBIX CUTYaIUsX;

5.  peanuzainus pelieHus — MPUMEHEHHE PEe3yJIbTaTOB PEIICHUS] MOJIEIIN Ha
peanbHBIX O0OBEKTaX.

Cy1iecTBYIOT TpH MeTo/1a (POPMATBHOTO OIMCAHUS CUCTEM [5]:

AHanuTn4eckue — 0ToOpakeHHUe CBOMCTB MHOTOMEPHOW M MHOTOCBS3HOM
CHCTEMBI B N-MEPHOM IPOCTPAHCTBE B BUJAE TOYKH, COBEPIIAIOIIEH Kakoe-Tr0o
nswkeHne B HEM. OroOpakeHHWE OCYIIECTBISETCS TOCPEICTBOM OIepaTopa
(bynkium, pynkronana) O[Sx].

CraTtucThyeckue — OTOOPaKEHHWE CHUCTEMBl C TIOMONIBIO CIy4YalHBIX
BEJIUYMH, KOTOPBHIE OIMCHIBAIOTCS BEPOSTHOCTHBIMH XapaKTEPUCTUKAMH U
CTAaTUCTHYECCKUMHU 3aKOHOMEPHOCTSIMHU.

JIMCKpeTHBIE — BKIIFOYAET B C€0sI ONMMCAHUE CUCTEM C TIOMOIIHI0O MHOXKECTB
U WX OTHOUICHWH, JIOTMYECKUX (PYHKIUN / BBIpAXKEHUN U anreOpbl JIOTUKH, C

MOMOIIIBIO ceTel u rpadoB.
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MonenupoBaHue — U3Y4YEHUE XapaKTEPUCTHK U CBOMCTB OOBEKTa-
OpUTMHAJIa, TOCPEICTBOM H3Yy4YEHHS] OOBEKTa-3aMEHUTEINS, BOCIPOU3BOASIIIETO
OpPHUTMHAJI C HEKOTOPOW TOYHOCThIO. B mcciaenoBaHmm ornepanuii TpUMEHSIETCS
MaTeMaTHYECKOE MOJEIMPOBAHNUE — METO/I, B KOTOPOM MO/JIENbIO 0OBEKTA SABIISETCS
€ro OIKMCAaHHUE B MATEMAaTUYECKUX BBIPAKECHUAX, MCCIEAOBAHUE MOJEIU

IMPOU3BOIUTCA C UCITIOJIb30BAHUCM MATCMAaTHUICCKHNX MCTOI0B.

1.1 MeTOIlLI peI€eHUA MaTEMATHYCCKUX M0}1e.11e171

AHaIUTUYECKOE MOJEIUPOBAHUE — OIHMCAHUE CUCTEMBI COBOKYITHOCTH
muddepeHInanbHbIX  ypaBHEHUHM,  peEIIeHHe  KOTOpbIX  Jaér  Qopmyiy,
YCTaHABIIMBAIOIIYIO KaKHE ITapaMeTPhl U KaK BIUSAIOT HA CUCTEMY.

[ToctanoBKa popManM30BaHHOM 3a/1a4M AaHATUTUYECKOTO MOIETTUPOBAHUS U
peIlIeHne MOJICITH COICPIKHT B ceOe CCAYIONIUe dTaIbl [6]:

1) ycTaHOBUTH TpaHUIBI OOBEKTA MOJEIUPOBAHUS — B PAMKax JaHHOTO
3Tana HeoOXOUMO ONPEENIUTh HHTEPECYIOIINE HAC CBOMCTBA 0OBEKTA U OTJCINUTD
UX OT HE OTHOCSALIUXCS K AAHHOM 3a/aue, AJi1 yOPOUIEHUSI MOJIeNIn O0OBbEKTa.

2) TMOCTpOEHHE MaTeMaTH4YecKod Mojenu cuctembl. CTPYKTypa MOJEIH
BKJIIOYAET B ce0s1 ypaBHEHUS, OMKCHIBAIOIINE MPOLECCHl B 00BEKTE UCCIEOBaAHUS,
UX JOIOJHSIOT HEPAaBEHCTBA, OMNPEIEISAIOIME 00NacTh JOMYCTUMBIX 3HAYEHUUN
HE3aBUCUMBIX I1apaMETPOB, YTO ITOKa3bIBAET TPAHULBI BO3MOXHBIX W3MEHEHUI
XapaKTEPUCTUK OOBEKTA.

3) BBIOOp KpHUTEpHs ONTUMHU3AIUH. B 3aBHCHMOCTH OT pemaeMon 3a1a4u
UMEET pa3InYHbINA XapakTep (IKOHOMUYECKUH, HaJIEKHOCTHBIN, TOUHOCTHBIN U Ip.).
[Ipu 5TOM JNydllleMy pEUIEHUIO0 BCErJa COOTBETCTBYET MUHMUMYM WM MAaKCUMYyM
KpUTEPHUS, B 3aBUCUMOCTH OT 3aJa4H.

4)  (dopMupoBaHHE 1EIEBOM (DYHKIIMM — B ATOM 3Talie Ha OCHOBAHUHU
BEIODAHHOTO  KPUTEPUS COCTABISIOT IEJEBYI0  (PYHKIUIO, OTPaKAIOIIYIO
3aBHUCUMOCTb KpHUTEpUs OT MapamMeTpoB oObekTa. Takum oOpa3oM 3aaaua

ONTUMH3AIMU CBOJUTCS K HAX0XKICHUIO SKCTpeMyMa 1ieieBoi GpyHkuuu [6,7].
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5) 1mocTpocHHE anropuTMa ONTHUMH3AIMH M PEHICHHE SKCTPEeMabHOM
3aJ1ay — B JIAHHOM dTaIle MPOU3BOIATCS BBIOOP M pa3pabOTKa alrOPUTMOB PEIIICHUS
JUTSI peaTu3alii Ha BBIYUCIIUTEILHON TEXHUKE.

Taxum oOpa3om, cama o cede 3aa4a ONTUMHU3ALNH BBITIISIIUT CIAEAYOIIUM
oOpa3oM: 3aaaHbl MHOKeCTBO X M pyHkuus f(X), onpenenénnas na X, tpedyercs
HaiiTH TOYKKM MakcuMmyMma i muaEMyMa f Ha X [7]. 3amauy mMoxHO 3amucath B
CJIETyIOIIEM BUJIE:

f(X) > min, xe X;

hk(x) =0, k :1,_K; 1)
gj(X)ZO, 1=13;
X cR"

rae f— menesas GpyHKIMS;

X — MHOKECTBO JIONYCTUMBIX 3HAYCHHI TTapaMEeTPOB;

hk — orpann4eHus IEpBOro poja, 3aJJaHHbIC B BUIC PABCHCTB;

K — pa3MepHOCTh BEKTOpa OrpaHHUYEHHH ITEPBOTO POJIA;

gj — OTpaHUYCHUS BTOPOTO POJIa, 3aJaHHbIC B BUJIC HEPABCHCTB;

J — pa3mMepHOCTH BEKTOpa OrpaHUuEHHUN BTOPOTO POJIa.

JIns perieHust JaHHBIX MOJIENIeH HCIOIB3YIOTCS METOABI MAaTEeMaTHYECKOTO
NpOrpaMMUPOBAHUSI  —  YHCJICHHBIE  METOJbI  PEIICHUS  MHOTOMEPHBIX
SKCTPEMaIbHBIX 3a71a4 B orpaHrucHusX. [1o XapakTepy 3a1a4u METO/IbI HX PEIICHHUS
NpUHATO Kiaaccupuiuposars [8]:

—  JuWHeHHoe mporpamMMupoBanue — meieBas ¢GyHkmus f(X) u Bce

OTrpaHUYECHUS hk (xX) u g J(X) nuHelHbl. Takue MOAENM MNPUMEHSIOTCS s

MOCTPOCHUST ONTUMAIBHBIX IPOU3BOJICTBEHHBIX PACTUCAHUM W TUIAHUPOBAHUU
rPY30MOTOKOB,

—  HEJTWHEHHOEe MporpaMMHpoBaHue — eciu neieBas Gynkmus f(X) wm

XO0Ts Obl O/1HAa U3 (DYHKIIHIA hk (X)) u g j(x) HeMHEeHbI. OOBIYHO TaKHe MOJENN

IPUMCHSAIOT B paClIpeCIICHUNA OIrPpaHUYCHHBIX PECYPCOB,
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- HEJIOYNCICHHOC HPOrpaMMHpPOBAHUC — Ha HCEKOTOPBIC X HaAJIO0KCHO
YCIOBHUE UICIOYUCIICHHOCTHU, IIPUMCHACTCA B INIAHUPOBAHHM KOMIINICKTHBIX H
KOHTEMHEPHBIX MMOCTABOK U TJIAHUPOBAHUU MapIIPyTa;

- I[I/IHaMI/I‘-IeCKOC nporpaMMupoOBaHUC — C€CJIIM OI'PAHUYCHUA 3aBUCAT OT
BPEMCHH, T.C. HpI/IO6p€TaI-OT BHU:

h (x1)=0, k
g J (X,t) 2 0’ J

LK;

_ (1.2)
1J;

Wnm ueneBas pyHKUUA NpUoOpeTaeT aJIuTUBHBIN:

f(0=3f(x) (L3)
A100 MyJIbTUILIMKATUBHBIN XapakTep:

fO0=TT.06) (L4)

MeTtosaMu THHAMHYECKOTO MPOrPAMMHUPOBAHUS PEIIAIOTCS 3341 TUIAHUPOBAHUH
IIOCTaBOK, 3a11acOB, POM3BOJICTBA B YCIOBHUIX M3MEHSIOIIETOCS CIIPOCa.

CTOXacTHYeCKOe MOJICTUPOBAHUE — 3aKOHOMEPHOCTH B  MOJEISIX
OIMUCBIBAIOTCS HAOOpOoM A hepeHIINATbHBIX YPAaBHEHHIA, HO HEKOTOPBIC BETUUHNHBI
B MOJEJIM UMEIOT ClydaiiHbIX xapakrep. CyIIeCTBYIOT METOMbI PEIICHUS TaKhX
3a71a4:

CroxacTH4yeckoe  MpPOTPpaMMHPOBAHHE —  HEKOTOpPhIE X  HMMEIOT
BEPOSTHOCTHBIN XapakTep, NPHUMEHSETCS B PELICHWH 3aaad paclpeaeieHus
TPAHCIOPTHBIX MOTOKOB M TUIAHUPOBAHMS MTPOU3BOJCTBA B YCIOBHUAX CIY4alHOTO
crpoca [8].

Teopust MaccoBOro OOCTYXXHBaHUSI — MOJEb COCTOUT U3 MOJCIH
o0cmykuBaHUs (OOBIYHO AHATUTHYECCKAs) M CTOXAaCTHMYCCKOW MOKJIM OdYepeId

3alpocoB Ha 00cyuBaHue [4].

1.2 AMUTALIMOHHOE MO/IeJIMPOBAHNE

3adacTyio omucaTh BCIO CUCTEMY aHAJIMTHYECKH TPEOYET CIUIIKOM MHOIO

TpyZo3aTpaT WM BOOOIIE HE MPEACTABISAETCS BO3MOXKHOCTh. B 3THX ciydasx
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npuberaloT K WUMUTAIMOHHOMY MOJCIMPOBAHUIO — MOJEIUPOBAHUE CHUCTEMBI,
nyTéM JIOTUKO-apU(METUUECKOTO OIUCAHMUS TIOBEICHUS OTHACJIbHBIX dYacTel
CUCTEMbl W TpPaBWJ UX B3aUMOJACHCTBUS, OTOOpaKarolUX MOCJIEeI0BATEIbHOCTh
COOBITHI B MOJENHPYyEMOM cucteme. Takoe MOAeTMpOBaHNE OOBIYHO MPOBOAUTCS
Ha OBM Pe3ynbTartel MOIEINPOBAaHMS BBIPAKAKOTCA BO BPEMEHHBIX JHarpaMMax
coObIThii. CyIIecTBYeT HECKOIBKO METOIOB IOCTPOCHUS BpEMEHHBIX uarpamm [9].

B nepBom merone kaxas 4acTb CUCTEMBI MOJACIUPYETCA OTACIBHO U I10
OKOHYAHUIO MOJCIUPOBAHUS COOBITUS M3 BCEX 4YacTed CHUCTEMbl CBOASTCA B
JarpaMMBbl IO THIaM COOBITHH. Tako# moaX0/ CONpsiKeH ¢ OOIBITUMHU 3aTpaTaMu
OTIEPATUBHOM MAMSTH.

BTopsiM MeTOAOM SBIISIETCS TOLIATOBOE MOJCIUPOBAHHE, COCTOUT B
OTIPEJICICHUH TJ100aIbHOTO BpeMEeHU MoJienu U mare At ero u3mensis. B kaxuprit
MOMEHT BpeMeHU At;, HEOOXOJAMMO pPaCCUMTATh KaKHUe COOBITHUS MPOU3OLLIU B
npenpiaymeM uHTepBaie Atii. Takum o0pa3oM COKpaimaercs pacxoJ0BaHUE
naMsTH, HO BO3HUKAET Apyras npobiema. Kakum o6pa3om BeIOpaTh nHTEpBa At, €
OJTHOW CTOPOHBI, YEM OH MEHBIIE, TEM TOYHEE MOJEIUPYETCS CUCTEMA, C APYTOH,
4YeM OH OOJIbIIIe, TEM MEHBIIIE 3aTPAT MaMSITH U MPOIIECCOPHON MOITHOCTH.

Jlnst  pemieHuss 3To  mpoOJeMbl  MPUMEHSIETCS  MOJACIHPOBAHUE C
MIEPEMEHHBIM IIATOM W MPUHUUII «IIPOJABHXKEHUSI MOJEIBHOIO BPEMEHHU JI0
onmmxkaiero coobrtusi. [lo aToMy mpuHIMITY, )1 BCEX MPOIIECCOB, MapaieTbHO
MPOTEKAIIIMX B MOJEIH, B KXKIbIM OCTAHOB MOJEIU PACCUUTHIBACTCS BpEMS
HACTYIUIGHHUS Ommkaiimero coObiTuisi B Oymymem. M momensHOE  Bpems

HPOJIBUTACTCS JI0 HACTYIIJICHUS 3TOTr0O coObITHs [9].
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2 Onucanne pa3padoTkn

B xome nmanHOM paboThl  peanu3zoBaHa cpela  HMMHUTAIMOHHOTO
MOJICJIMPOBAHUSA  IMPOU3BOJACTBEHHBIX MPOLIECCOB. B  HeNsIX  MOBBILICHUA
MOOMJIBHOCTH, OOJIETYeHUs TECTUPOBAHUS M OOHAPY>KEHUS OIIMOOK M KOHTPOJIS
MOBEJICHUsSI TMPOrpamMMbl, B pa3paboTka OBLT TPUHAT MOIYJBHBIA MOIXO/I.
PaspaboTka coctouT u3 Tpéx Mmoayiei (puc. 1):

1. bubnuoTeka MoIETUPOBAHUS TPOU3BOJICTBEHHBIX MTPOLIECCOB;

2. Monynb XpaHEeHHsI B TOCTYTIA K TaHHBIM;

3. Knuent-cepBepHbIii MOTYyIIb

=1}
A
3anpoceol B 6a3y
AaHHbIX
y
DAL
MeTogbl 3anucu u
BbIOOPKU AAHHBIX
Cepeep | > =
Ynpasnsiowme % 00O
KoHourypauma mogenm, kOMaHAabl, BBOA U CD'.‘D
NpPOU3BOACTBEHHOE penaktnposaHne
pacnucaHue, nctopus AaHHbIX
MOZENNPOBaH WS
Mopgenb

Pucynox 1 — MonynbHasi CTpyKTypa nporpaMMbl

[lepBblli MOIyNbh BBIMOJHSAET (DYHKIIMKM MOJEIUPOBAHUS Ipolecca
00pabOTKH M3/EHii, B KQ4eCTBE BXOJHBIX JAHHBIX OH TMOJy4aeT KOH(MUTYPAIIHIO
MOJENN WU TPOU3BOJICTBEHHBIN IJIaH, BBIPAKEHHBIA B MAIIMHOYUTAEMOM KOJE
(XML daiin). B xadecTBe BBIXOAHBIX JAHHBIX, HporpaMMma OTAAET «HUCTOPHION»
MOJCIUPOBAHUSL,  TAaKXKE  BBIPAXEHHYIO B  MAIIMHOYUTAEMOM  KOJIE.

3aHpOFpaMMI/IpOBaH I[&HHBIﬁ MOAYyJIb B BHAC OIUHAMHUYCCKHU HOI[KJIIO‘{aGMOI\/JI

22



OubmMoTeku, B pabOTe €ro MNPHHATO HA3bIBATH «MOJCNIb IPOU3BOJICTBEHHBIX
MPOLIECCOBY» WIIU «MOJEIbY.

Bropoit Monynb oGecnieunBaet cBsi3b npuioxkenus ¢ b1, peanuzyet meTos
COXpaHCHHS JaHHBIX B 0a3e M WX BBHIOOPKHM M3 0a3bl. ITOT MOIYJb IPUHSATO
Ha3bIBaTh — CJIOH jocTyna K AaHabiMu win DAL (ot anri. Data Access Layer).

Tperuii MOIyabp OTBEYaeT 3a B3aWMMOJCWCTBUE C IIOJIb30BAaTEIIEM U
yIIpaBJICHUE MOTOKAMM JaHHBIX. MOJy/Ib BBINOJHEH B BUJE KJIMEHT-CEPBEPHOIO
NPUIOKEHUS, (PYHKIMOHAN JBYX NPEAbIAYIINX MOAYJICW HWHKAICYJIUpPyeTcs B
JTAHHOM MOJTyJie, B paboTe ero MpuHATO Ha3bIBaTh «cepBep». [lomp30BaTh paboraer
C MpUJIOKEHUEM U3 cBoero Opaysepa. Ilocie aBTopuzaiuu moJib30BaTelib MOXKET
3aMpOCUTh JIAHHBIC TIO MPEIbIAYIIUM MOJEISIM U CEPBEP BBI30OBET HEOOXOIUMBbIC
Meroasl 3 DAL uam BbI30BET METONBI COXpPAHCHHS JaHHBIX, IPH CO3JdaHUU
MOJIb30BATEJIEM HOBOM MOJEIM WIM HW3MEHEHUH cyuectByromen. [locne
KOH(UTYpUPOBAHUS MOJENH, TOJIH30BATEIh MOXKET 3arpy3uTh pa3paOOTaHHBIN
BPYYHYIO, B Mpeaplaymux paspadorkax [10] wiaum B aHAJIOrMYHBIX MPOIYKTaX,
MPOU3BOJICTBEHHBIN IIJIaH U BBI3BaTh MOJEIMpPOBaHUE 3TOro pacnucanus. Cepsep
3ampaiiMBaeT JaHHble mo mojaenu B DAL, npenaér ux B Mojielib U IO OKOHYAHUH
MOJICTUPOBAHUS JIaHHBIC TIEPEAAIOTCS Ha SKpaH yHpaBJICHUS MOJIb30BATEIO0 U IO

JKEJIaHUIO MOJIb30BaTeN sl COXpaHOTCs B 0aze, BbI3oBOM MeToAa B DAL.

2.1 MopaeJib MPOM3BOICTBEHHBIX MPOLECCOB

Mogenp peanu3yeT MOIIAroBO€ MNPOU3BOJACTBEHHBIX MPOLECCOB U
npeAcTaBiseT u3 cebs 4€pHbId SANUMK. B KadecTBe BXOJHBIX JAHHBIX MOJIETh
MOJTYy4a€eT MPOU3BOICTBEHHOE PACTIMCAHKE U JaHHBIE O TapTUsiX n3aenui. Ha Beixon
MO/IEJIb TEHEPUPYET UCTOPHIO JIJISI KAXKI0W MAaIIMHBI — KAKHE IMAPTHUH, B KAKOE BPEMS
yepe3 He€ MPOIUTH, U KaXK0UM MapTUU — Yepe3 KaKkue MaIluHbI poieHa oopadoTKa
Y CKOJIBKO BPEMEHU OHA 3aHUMAJIA.

Bcro mozens mpou3BOACTBA, MOXKHO pPa3A€ivuTh HAa OTIEJIbHBIE MOJIEIHU
Ka)JI0W MPOU3BOJICTBEHHOW YCTAaHOBKU. MOJENb YCTAHOBKHU TaKXK€ MPEACTABIISET

y€pHbI AUK. Ha BX01 MOJeNIb OTy4YaeT JaHHbIE O TEKYIEeH NapTuu Ha 00paboTKy
23



u perent ob6pabotku. Ha BbIxo/ie MOAENb yCTaHOBKH OTHAET BpeMsi 00pabOTKH
naptud. OyHKIUM W MpaBuiIa MpeoOpa3oBaHUS BXOAHBIX JaHHBIX B BBIXOJHBIE
ONPENENAIOTCS Ha JTane IpPOeKTHpoBaHWsA. Ha naHHBII MOMEHT B MOJEIH

peann30BaHO TPU TUIA 0OPAOOTKHU U3IEITHA.

2.1.1 Tunbl 00padOTKH M3/1eTHI

[TotokoBass  0oOpaboTka, wu3Aenus  oOpabaThIBAIOTCS  HEMPEPHIBHO
KOHBEHEPHBIM METOJIOM OJTHO 3a APYTHM. B 00BeKTe MCCiIeoOBaHNs XapaKTePHBIM
IPUMEPOM TAKOTO THIa 00pabOTKHU SBIsIETCS 00pabOTKa M3NIETUi TI0 o4Yepeau Ha
YITVY cranke.

['pynmoBast  oOpaboTka,  0o0pabaThIBalOTCS  HECKOJBKO  M3JIENUU
OJTHOBPEMEHHO, HO HE BCA MapTHUs LEIUKOM. XapaKTEepHBIA MPUMEpP, XUMUYECKAsI
00paboTKa HECKOJIBKHUX U3CIIMI B BAHHAX C peareHTaMH.

OO0paboTka rpynmoy mapTuid, OTIUYAETCS OT TPYNIOBOM 00pabOTKU TeM,
YTO KOJIMYECTBO 00pabaThIBAEMbIX U3JACIIUNA OTPAHMYCHO HECKOJIBKUMH MaPTHIMHU.

[Tpumep Ha npou3BOACTBE, 0OPabOTKA HECKOJIBKUX MAPTUHN U3JIEIUI B IIEUaX.

2.1.2 MaTemaTu4eckoe Mo/1eJIMPOBaHHE THUIIOB 00PadOTKH

Bpems 00paboTky mapTHH B YCTAaHOBKE OTPEACIIeTCS (POPMYIIOH:
T=f(nr). 25)
riae N — KOJIMYECTBO WM3JETHI B MapTHH;
I — perienT 06paboOTKH;
f(n,r)— dyrkuus Bpemenu.
dopmyna MOXKET MEHAThCS B 3aBUCUMOCTH OT HEOOXOJUMOCTH
NEPEHACTPONKH peLenTa. BONBIIMHCTBO MPOM3BOACTBEHHBIX YCTAaHOBOK MOTYT
BBIMOJHATh OOPaOOTKY pa3IUYHBIX THUIIOB H3JAETUN (HECKOJIBKO «PELEHTOB»
00paboOTKH), ¥ MEPEHACTPONKa C OJHOIO pelenTa Ha APyrod TpeOyeT HEKOTOPOro

BpPEMEHH, COOTBETCTBEHHO (hopmyia (2.5) mpruobperaer BU:

24



T =1f(n,r)+t,. (2.6)
rie  t, — KOHCTaHTa BpeMEHU Ha IEPEHACTPOUKY MAIIUHBI.

[Ipu moTokoBOI 00paboTKe, Bpemsi 00pabOTKH BCEW MapTUH CKIIAAbIBACTCS

W3 BPEMEHU BpeMEH 00paboTku Kaxaoro usaenus. @yukmus f(n,r) npuodperaer

CJICYIOLIUMN BUL:
f(n,r)=n-r. (2.7)
3nech I UMeeT 3HAYeHUE KOHCTAaHThl BpEMEHU O0OpalOTKW pelenTa, T.e. Bpems,
KOTOpPO€ YCTaHOBKA TPAaTUT Ha 00pabOTKY OJHOIO HU3/EIH.
[Ipu rpymnmoBoit 06padboTke Bpemsi 00pabOTKHM MapTHH KPATHO KOJIUYECTBY

o0pabaThiBaeMbIX IUIacTHH 3a pa3. @ynkuus f(N,r) npuolOperaer ciemyrommii

BUJI:

f(n,r) :{%W-r. (2.8)

rac M — KOHCTaHTa, KOJUYECTBA O6pa6aTLIBa€MI)IX IIJIACTHH 3a Pas,

I' — KOHCTaHTa BpeMeHU 00pabOTKHU PELENTa, T.€. BpEMs, KOTOPOE YCTAHOBKA

TPaTUT Ha 00paOOTKY OJHOU TPYNIIbI U3IETUH.

YacTHOE KOJIMYECTBA IJIACTUH B MAPTUHM U KOHCTAHTHI KOJIUYECTBA OKPYTJIICTCS B
OOJIBIIIYIO CTOPOHY.

[Ipu oOpaboTke Tpymnmoil mapTHii, HE WMEeT 3HAYCHHS, KaKoe HMEHHO
KOJIMYECTBO TIUIACTUH H TapTUid (€CIM OHO HE TMPEBBINIACT MaKCHMAJIbHO
BO3MOXKHOE). Bpemss oO0pabOTKHM B MaIIuHE MPEACTaBIISICT COOOW KOHCTAaHTYy M

ONpenesseTcss TOIbKO TEKyIUM perentoM o0paborku. Pymkuus f(n,r)

pPeaAynmupyeTcAa 10 CJICAYIOMICTO BUA.

f(n,r)=r. (2.9)
rae I — KOHCTaHTa BpeMeHU 00pabOTKH PEelenTa, T.€. BpeMsi, KOTOpOe yCTaHOBKA

TPaTUT Ha 00pa0OTKY 3arpyKEHHBIX B HEE MAPTHIl.
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2.1.3 AaropurMu3anusi Moie TMPOBaHMS

Mopnens NpOM3BOJCTBEHHBIX IMPOLIECCOB pa3paboTaHa B Mapagurme
00BeKTHO-OpueHTHpoBaHHOro nporpamMmmupoBanus (OOII). OcHoBomnonararomiei
cocrasisronieit OOII siBnsieTcst Ki1acchl U OOBEKTHI.

Krnaccel mpencraBisier co0oil onucaHue CTPYKTYpbl OOBEKTa M €ro
NOBEJCHUs, B XOJ€ paboTbl NPUIOKEHHUS CO3/al0TCI OOBEKTHI, KOTOpbIE
OTIpeNeNsIIoTCs KiaccoM. Kaxaplii Kilacc COAEpX UT aTpuOyThl (IOJI) U METOJIbI
(WS TOJIBKO aTpUOYThI MJIK METO/BI).

ATpuOyT — NaHHbIE, KOTOPbIE MHKAICYJIHUPYIOTCS B Kiiacce. MoryT ObITh
nepeMeHHOM 0a30BOro TUNA WM HEKOTOPHIM KOPTEXKEeM 0a30BbIX THIIOB,
noanepxkuBaeMbiid B A11.

Meton — ¢yHKIIMA, KOTOpasi MPOBOJAUT HEKOTOPHIEC OMEpPalUU C JaHHBIMH.
JlaHHbIe MOTYT Kak MPUHAJUIEKATh Kjaccy (ero mosis) WiIh MepellaHbl B METO]
u3BHe. Takke, B KaUeCTBE pe3yJIbTaTa BbI30Ba, METOJI MOXKET BO3BpallaTh IaHHBIE.

[Tonst 1 MeToabl Kjacca UMEIOT MoauduKaTopbl noctyma. Moaudukarop
JIOCTyNa OmpeAessieT Kakue 0O0beKThl MOTYT oOpaiarbesi (MCIOIb30BaTh) MO U
METOJIbI ATOTO KJIacca:

Private (mpuBaTHBI) — K TaKUM MOJIIM M METOJaM MOXET OOpaTHUThCS
TOJIKO CaM 0OBEKT, KOTOPOMY OHH NMPUHAAJIEKAT;

Public (myOmuuHbIif) — K TakkMM TOJSM W METOJaM MOXET OOPaTHUThCS
00BEKT JII000T0 KJlacca;

Protected (3amumiEéHHbIN) — K TAKAM ITOJISIM M METOJIaM MOKET 00paTHUTHCSI
TOJIBKO OOBEKT, KJIAaCC KOTOPOro HaXOJUTCS B OTHOLIEHUU HACIEIHUKA K Kiaccy

JTAHHOTO OOBEKTA;

2.1.3.1 AaropuTm MoJe/IMPOBaAHUSA

JUig peanu3aiuy MOAEIMPOBaHUs pa3padoTaH NPUHIUI [TOTOKA cOObITHI. B
IpOorpaMMe peajanu30BaHbl (B BHJIE KJIACCOB) CYIIHOCTH, COCTaBIIAIOIIME ITOTOKA

coopiTuii: Mammuna (Machine), Tlaprtus (Batch), Peument (Recipe), CoObiTue
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(Event). CoObiTre oTpaxaeT (akT OKOHYaHHMS OOpaOOTKM MApTUU B MAIIMHE,
COOBITHE MPOUCXOJUT C 3aJEPKKOH — BpEeMEHEM OOpa0OTKU MAapTUU B MAaIIUHE.
COOTBETCTBEHHO ITOTOK COOBITHI — 3TO MOCIICIOBATEIBHOCTh COOBITHH (BBIXOIOB
NapTHl U YCTAHOBOK), MPOUCXOISIINX JPYT 32 APYTOM.

B 0cHOBY Me€XaHHMKHU MOTOKA COOBITUH 3aJI0’)KEHO TPHU MPUHITUIIA:

1. Bce MamuHbl B MPOU3BOJICTBE (M B MOJIEJIM COOTBETCTBEHHO) pabOTaroT
napaijiesbHO.

2. EqnHOBpEMEHHO B yCTaHOBKE MPOMCXOIUT TOJBKO OJHO coObiTHe. Mnu
MO>KHO CKa3aTh, YTO MPOUCXOIUT 00pabOoTKa TOIBKO MO OJHOMY PEIICTITY.

3. He mpeaycMmoTpeHO 3ama3blBaHUE MEXJTYy OKOHYaHHEM OOpabOTKH B
TEKyLIEH YCTaHOBKE M HAYaJIOM CIIEAYIOIIEH.

[locne BBoJa JaHHBIX W 3allycKa MOJECIMPOBAHUA  MPOUCXOIUT
uHULManu3anus Mojenu. Kaxmaas ycraHoBKa, BO BXOJHOM O4epear KOTOPOH €CTh
NapTHH, TEHEPUPYET OJTHO COObITHE (MMPUHITUTI 2) U MepeqaéT ero B OOIIUil MOTOK.
[ToTOoK aBTOMAaTHYECKH pacCIpeAeiseTcs M0 BO3PACTAHUIO BPEMEHU JTUTEIbHOCTH
COOBITHSI, MECTO COOBITHS B IOTOKE OIMPEJEISETCS MPU BCTaBKE.

[Ipotiecc MmoaenrpoBanus NpoucXoauT mo maram. Korjga monens noiyvaer
KOMaHay (BBI30B (DYHKIIMU) «BBITIOJTHUTH IAr MOJCIUPOBAHUS», W3 TOTOKA
U3bIMAETCSl MEPBOE COOBITHE, T.K. MOTOK pacHpeaeieH M0 BO3PACTAHUIO BPEMEHU
JUTMTENIbHOCTH, JJIUTEILHOCTh ATOTO COOBITHS HAaWMEHbIas. Y BCEX OCTaJbHBIX
COOBITUN JITUTEIBLHOCTh YMEHBINACTCS, HAa BEIWYUHY JJIUTEIBHOCTH HU3BATOTO
coObITUd (mpuHIMI 1), a r1o0ankHOE MOJIETILHOE BPEMST YBEIIMUMBAECTCS HA ATY Ke
BEJIMUMHY. MalmHa, B KOTOPOH MPOU30ILIO COOBITHE, TOJICTABISET MMOTOK HOBOE
coObITHE, JUIs cleayronieit B ouepenu nmaptuu (npunuun 3). Pazdepém Ha npumepe.

Ha pucynke 2 cxemaTaHo n300paxEH MOTOK COOBITUMN IS TPEX CITydYaeB:
HavyaJdbHbIE YCIOBUS (MHUIIMAIM3AIIM), BBI30B OJHOTO IIIara MOJEIUPOBAHUS U
BBI30B JIBYX IIar0B MOJECIUPOBAHUSI.

[Tocne BbI30Ba «BBIMOTHUTE OJWH IIAr», U3 MOTOKAa M3BIMAETCS COOBITHE

Eventl (ormeueno kpecrom). I'moOampbHOE MOJEIBLHOE BpeMsl YBEIMYMBACTCS Ha
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maTensbHOCTh Eventl, T.e. Ha 100, a JIMTEIBHOCTH OCTAJIBHBIX COOBITHI HA00OPOT
yMeHbInaeTcs. Y cranoBka mchl modasnser HoBoe coobiThe B oTok (Event 5).
[Ipu BbI30Be «BBINONHUTL [JBa 1ara», BBINOJHIETCS OJUH Iar
MojieNMpoBaHusl ABaxabl. Ha mepBoM miare BoeimosiHseTcss Event2, Bpems Bcex
coObITHil ymenbiaerca Ha 100, a rnobaibHOE MOJEIIBHOE BpEMsl YBEIUUMBACTCS.

Mammnaa mch2 nodasnser coobiTe Eventt B motok.

MHuumanunsaums
MopenbHoe Bpems 0

Event 1 Event 2 Event 3 Event 4

time 100 time 200 time 300 time 400

mch 1 mch 2 mch 3 mch 4

A 4

MoTok co6bITuin

BbINONHUTBL OAWH Wwar

MopgenkHoe Bpems 0 +100 v

Event 1 Event 2 Event 5 Event 3 Event 4
time lox time 200-100 time 100 time 300-100 time 400-100
mch 1 mch 2 mch 1 mch 3 mch 4
BbinonHeHue cobbiTus HoBoe co6biTe u3 mchl

A 4

MoTok cobbITuin

BbinonHnTb ABa wara

MopenbHoe Bpems 100+100+0 v v

Event 2 Event 5 Event 3 Event 6 Event 4 Event 7
time 10X time 10X time 200-100 time 150 time 300-100 time 300
mch 2 mch 1 mch 3 mch 2 mch 4 mch 1
BbinonHeHune cobbiTuii HoBoe co6biTne n3 mch2 HoBsoe COGbITMe\MS mchl

(4
MoTtok cobbITui

Pucynox 2 — Cxema paboThl MOTOKA COOBITHI

Bpems nnutensHoctu EventS no mepporo mara cocrasisuio 100 enunwmii,
COOTHECEHHO IOCJIE HETO, OHO CTAJIO PABHO HYJIIO. UTO NOJHOCTBIO COTIACyETCs C
OPUHLMIIAMH MOJEIMPOBAHUSA M HE HapyllaeT paboTy CUCTEMbl, TaKOW ciyuyai
O3HAYaeT, YTO TEKyllee U MpeAbIaylllee COOBITHUS 3aBEPLIMINCH OJHOBPEMEHHO.
Bpemst ocTaibHBIX COOBITHMI M TiOOANbHOE HE HW3MEHHTCSA. YcraHoBka Mmchl

100aBUT COOBITHE B MOTOK.
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2.1.3.2 IllporpaMmMHasi CTPyKTypa

Hepapxus kiaccoB B pa3pab0OTaHHOM NPHIIOKEHUH COJEPKUT 9 KIIACCOB,

KOTOPBIC OIIMCBIBAIOT ITOBCACHHUC MOACIIMPYCMbIX 00BEKTOB WU CHY)K€6HI>IX

cymHocte. ['padmuecku uepapxus kinaccoB orpaxkeHa B UML numarpamme Ha

pucyHke 3.

Environment

- _name: string

- _global_model_time: int

- _batches: list <Batch>

- _machines: list <*Machine>
- _events: deque <Event>

+ do_step(n: int): void

+ do_step_till_machine(mch_ID: int): void

+ time_shift(time: int): void

+ add_batch(btc_ID, mch_ID, pos: int): void

+ replace_queue(btc_IDs: vector <int>, mch_ID: int): void
- push_event(mch: *Machine): void

- make_events(): void

- change_event(mch: *Machine): void

- search_batch(btc_ID: int): *Batch

- search_machine(mch_ID: int): *Machine

|

Machine

-_ID:int

- _type: string

- _state: bool

- _time:int

- _last_recipe: Recipe

- _recipes: dequeue <Recipe>
- _batches: list <*Batch>

- _processor: IProcessing

< - _time:int

+ incert_batch(btc: *Batch, pos: int): void

+ incert_batch(container: deque <*Batch>, pos: int): void

+ replace_queue(container: deque <*Batch>, pos: int): void
+ check_queue(): void

+ get_ID(): void

+ push_ev(): int

+ execute(): void

IProcessing

#_type: ProcessingType
# _mptr: Machine&
# _count: unsigned int

+ push_ev(): int {abstract}
+ execute(): void {abstract}

/,’//VAV\\\

Event

- _m_ptr: *Machine

- _time:int

+ get_ptr(): *Machine
+ get_time(): int

+ execute(): void

+ time_shift(): void

Batch

-_ID:int
- _count: int
- _recipes: dequeue <Recipe>

Recipe
-_ID:int

+get_ID(): int

+ get_count(): int

+ get_first(): *Recipe
+ execute(): void

+get_ID(): int
+ get_time(): int

Flow_processing

+ push_ev(): int
+ execute(): void

Flow_processing

Flow_processing

+ push_ev(): int
+ execute(): void

+ push_ev(): int
+ execute(): void

Pucynok 3 — UML nuarpamma KjiaccoB MOJAETH
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Penenit (kmacc RecCipe) — kiacc, ONMUCHIBAIOIIMIA pelenThl 00paboTKH B
mamuHax. lloms, copepkamecs B Kjacce  3allMILEHbl  [PUBATHBIM
MOAH(PUKATOPOM JOCTYyIA!

— _time — KOHCTaHTy BpeMeHH I U3 BhIpaxxeHwmid B 2.1.2;

— _|ID — yHuKkaneHbII HACHTUPUKATOP PEIENTA;
Jloctynn K 3Ha4YeHHSIM TMOJied (M3MEHSATHh MOJIA 3alpenieH0) OCYIIECTBISIETCS C
OMOIIbIO IMYOIMYHBIX METOJIOB!

— get_ID — meton Bo3Bpamaet uaeHTudukarop perenrta (noae _ID);

— get_time — MeTO/1, BO3BpaIlAIOIINi KOHCTAHTY BpeMeHH (1ojie _time).

[Maptus (xmacc Batch) — kmacc, ONMCHIBAIONUN MAPTHH  W3JICIHM,
npoxonsie 4epe3 ycraHoBkH. [lonsi 3TOoro kiacca Takxke 3amiuineHsl private
MOJAU(PUKATOPOM:

— _count — KOJIMYECTBO U3/ENHM B MapTUu, N U3 BbIpaxkeHui B 2.1.2;

— _|D — yHuKanbHbIi HACHTU(PUKATOP MAPTUH;

— _recipes — KOHTEWHep THIa JBYXCTOPOHHSS OYepeib, XpaHsIUil B cebe
MIOCTIEI0BATEIBHOCTh PELENTOB, M0 0Yepear 00pabOTKH MapTUU B MAIIMHAX.
Public meTozp!, peanu3yroT 10CTy K 3HAYCHUSM TIOJICH:

— get_ID — meton Bo3Bpariaer uneHTudukarop naptuu (moje _ID);

— get_count — Bo3BpaIiarIui KOJTHISCTBO U3ICTUI B MapTuH (mmojie _count);

— get_first — merox, Bo3BpamarOMi CCHUIKY Ha TEKYIIUH TEPBBIA PELENT B
MapIIpyTHOM JIKCTe (CChlIKa Ha 00BeKT Kitacca Recipe).

CoOniTue (kmacc Event) — onuceiBaeT coObITHE, POXOKIACHUE TAPTHH YEPE3
mamuHy. [lonst 3amuimens private MmomudpukaTopom:

— __m_ptr — yka3aTens Ha MaIIMHY, B KOTOPOI MPOUCXOAUT COOBITHE;

— _|ID — yHuKanbHbIi HACHTUPUKATOP COOBITHS;

— _time — IMTENTEHOCTD COOBITHSL.
JIocTyn K 3HAYCHUSIM W MOJAM(HKAIMS TOJCH OCYIICCTBISICTCS MyOJIUYHBIMH
METOJJaMH KJ1acca:

— get_time — MeTo1 BO3BpaIIammui BpeMs coobITUs (aTpuoyT _time);
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— get_ptr — MeTo1 BO3BpAMIAIONINI CCHUIKY Ha MAIIMHY, B KOTOPOW MPOUCXOTUT
coObITHE (CChUIKa Ha 00beKT Kiacca Machine);
— eXecute — MeToJ «BBIMOJHSAIOIINK) COOBITHE, BBI3BIBACT METOJA EXecute B
MaIlIHHE;
— time_shift — merox, yMeHbIIAIONN TTUTETLHOCTH COOBITHSL.
Mamuna (kmace Machine) — kimace, onuchIBaroIyi MaliuHy U 00pabOTKyY
naptuy B MammHe. [ToJis kacca mpuBaTHBL:

— _|D — yHuKanbeHbIi HAEHTUPUKATOP MAILKHBI;
— _time — koHCTaHTa BpeMeHU CMEHBI perenra, t, u3 Gpopmymsi (2.6);

— _state — moJie oTpakaeT COCTOSIHUE MaIlIMHBI (BKJIFOYEHO / BBIKIIIOUEHO);

— _batches — konTteiiHep THIa NBYCBS3HBIN CIHCOK, COJACPXKHUT yKa3aTeld Ha
NIapTHH, OMTMCHIBACT BXOIHYIO OYEPEIb YCTAHOBKY;

— _recipes — KoHTeWHep THIa JWHAMHUYecKui MaccuB (deque), comeprkainuit
PEIICTITHI, BHITOJIHAEMBIC B JAHHOW YCTaHOBKE.

— last_resipe — oObekT THma Recipe, XpaHHT TOCIACIHUNA NPUMEHEHHBIA B
YCTaHOBKE PEIICTIT;

— _processor — ocoboe mone, B HEM Kiaacc Machine wunkancymupyer kiacc
[Processing, koTopslii onuckiBaeT U peanu3yet f(x,n) u3 2.1.2. Jlnsg gocTymna K moysm
kiacca Machine, Hacmeguuku  kmacca  I[Processing  ompeseneHbl  Kak
«IpyKecTBeHHbIE» Kiaccy Machine.

Kiacc peanusyet myOnuyHble METOABI JOCTYNAa U MOAU(PUKAIIMY 3HAYEHUH TTOJIEH:

— get_ID — Bo3Bpamiaet 3Hauenue nos _ID;

— insert_batch — B xadecTBe BXOIHBIX JAaHHBIX MPUHUMACT CCHLIKY HAa OOBEKT
kiacca Batch (wm maccuB ccbIoK) U 100aBIIIeT 3TH JJaHHBIC B TIoJie _ batches;

— replace_queue — npuHHMaeT Ha BXOJl MACCUB CCHIJIOK Ha 00BbeKT Thna Batch u
3aMEHsIET laHHbIe B TIosie _batches Ha Hero;

— check_queue, — npoBepsieT, CyIIECTBYIOT JIM MAPTHHU B Oo4Yepeu (CChUIKUA Ha
Batch B batches);

— addRecipe — mpuHuMaeT 00beKT THIIA RECipe, mobaBiseT ero K moJito _recipies;

31



— push_ev — maHHBII MeToJI OTHAET BPEMs JUTUTEILHOCTH TEKYIIEro COOBITHS B
MallliHE, BBI3bIBAET COOTBETCTBYIOIIUI METO Y _Processing;

— €Xecute — «BBITIONHSETY» COOBITHE B MAIlIMHE, BBI3BIBACT COOTBETCTBYIOIIHIA
METOJ Yy _processing;

Cpena (Environement) — o9ToT Kjlacc HWHKanCcyiImpyer B ce0Oe
BBIIICONMCAHHBIE KJIACCHI U OMHUCHIBACT BCIO MOJEIb B IieioM. MIMeHHO ¢ HUM (a
TOYHEE C ero uHTepdericoMm) B3auMOICUCTBYET MPOTpaMMa YIIPaBICHUS MOJIENbIO,
a ero IoJis U 9acTh MEJOB 3allUIICHBI TPUBATHBIM YpOBHEM AocTyma. ComepKuT
CJICTYIOITHE TTPUBATHBIC TTOJIS:

— _Name — CTpOKOBOC UM MOJCIIA,

— batches — konTelinep THIa «cioBapp» (MAacCHB Map KIHOY - 3HAYCHHE),
KJITIOYaMH B KOTOPOM SIBJISTIOTCS UACHTU(DHUKATOPHI TApTUH, @ 3HAYCHUSIMH OOBEKTHI
tuna Batch, mpencrasisier co60i COBOKYITHOCTh BCEX IMAPTHI B MOICIIH;

— _machines — koHTeliHep THUMa CJIOBapb, KIOYaMU B KOTOPOM SIBJISIFOTCS
UACHTU(UKATOPHI YCTAHOBOK, a 3HAYCHMsIMU OOBEKTH Kiacca Machine,
npeJcTaBisieT cO00i COBOKYITHOCTh BCEX YCTAHOBOK B MOJICIH

— _events — koHreWiHep Tuna deque, XpaHsmMi 00bekTh THNA Event,
MIpeJICTaBIsIeT COOOM MOTOK COOBITHUI;

— _ _global_model_time — menmouuncieHHas TIepeMEHHas, TPEICTABIICT CO0Oi
MOJICJIEHOE BPEMSI.

Kiacc peanusyer cieayromnme MeTo bl

— time_shift — meTon yBenmunBaeT rio06ampHOE MOJICIIBHOE BPeMs Ha 33JJaHHYIO
BEJIMYMHY, BPeMsI BceX COOBITHIA B IOTOKE YMEHBILIAETCS Ha 3Ty *Ke Beauunny. Ecnu
y COOBITHSI B TIOTOKE OCTABIIIEECs BpEMsI MCHBIIIE, UeM 3aJJaHHAsI BEITMUNHA, COOBITHE
BBITIOJTHSICTCS;

—do_step till_machine — mna BXxo;g MeTong NIPHHHMAET IEIOYUCIICHHBIHN
UICHTU(PHUKATOP, MOJENb OyJeT MPOU3BOJUTH IIar MOJACIMPOBAHUS JO TEX IIOP,
IIOKa TIepBOE COOBITHE B TIOTOKE HE OYyJET YKa3blBaTh HA MAIIMHY C TEpEAaHHBIM

uaeHTU(PUKATOPOM;
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— do_step — meron mojy4aeT Ha BXOJ IIEJOYHMCICHHOE KOJUYECTBO IIATOB,
MPOM3BOJIUT 3a/IaHHOE KOJIMYECTBO MIArOB MOJICIMPOBAHNUS;

—(g_add_batch — mpurMMaer HemOYMCICHHBIE HACHTH()HKATOPHI MAIIUHBI H
napTvM (WM MaccuB naptuid). Jlo0aBiseT mapTUIO BO BXOAHYIO OY€pelb MAIIHMHBI,
IIOCPEICTBOM BbI30Ba B 00beKTe Kitacca Machine merona insert_batch;

— replace_queue — mpUHMMAET MACCHB IIEJIOYMCICHHBIX HICHTH(PUKATOPOB
napTuil ¥ UACHTU(UKATOP YCTAHOBKHU. 3aMEHSET Ouepe/lb B 3aJaHHOM yCTaHOBKE,
TIOCPEICTBOM BbI30Ba B 00beKTe Kitacca Machine meroma replace_queue;

[ToMUMO TYOJUYHBIX METOJOB, PEATU30BAHO HECKOJIBKO CITY>KCOHBIX MPUBATHBIX
METOJIOB:

— push_event — mory4aer Ha BXOJ CChUIKY Ha 00BeKT THITa Machine (ycraHoBKy)
U BBI3BIBAET y 3TOr0 00bekTa MeTo 1 push_event;

— make_events — MeTo1 HHUIMATH3UPYIOIINI IOTOK COOBITHH, BBI3BIBACT Y BCEX
00BEKTOB B KOHTelHepe machines metox push_event;

— change_event — npuHuMaeT Ha BXOJ yKaszarenb Ha o0bekT Tmma Machine,
yaanser B KOHTeHHepe _events Event, koTopelil yka3blBaeT Ha 3TOT OOBEKT U
BBI3BIBACT Y HEro Meros push_event;

— search_batch — nony4aer Ha BXO EJIOYMCICHHBIN HICHTH()HUKATOP MAPTUH U
BO3BpAIIlACT yKa3aTeb Ha COOTBETCTBYIOIINI 00beKkT Tua Batch;

— search_machine — momy4aeT Ha BXOJ IEJIOYUCICHHBIA HICHTU(UKATOP
YCTaHOBKH M BO3BpaIllacT yKa3aTellb Ha COOTBETCTBYIOIIMN 00bekT Tua Machine;

— search_event — moyiydaeT Ha BXOJI IIEJOYMCICHHBIN UACHTU(DHUKATOP COOBITHS

Y BO3BpAlaeT yKa3aTejab Ha COOTBETCTBYIOIINN 00BEKT THMa Event;

2.1.3.3 Peanu3zauus TUNOB 00padOTKU M31e Uil

Kak Ob1710 HamucaHo BbIIIE MPOU3BOJCTBEHHBIE arperaThl B MPUIOKEHUU
npezcraBieHbl kiaaccom Machine. Drot kiacc maér Tonbpko 0a30BOE OMUCAHUE
YCTAaHOBKHM, a pa3JW4yHble THUIBI OOpaOOTKM OINMCHIBAIOT HACIEAHUKUA Kiacca

IProcessing.
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[Processing siBisieTrcsi kimaccom wuHTEepdeiicoM st TpEX HACIEIHUKOB
corinacHo tunaMm o0paboTku B 2.1.2, KOTOphI Aa€T BO3MOXKHOCTH MOJUMOP(HO
B3aMMOJIEUCTBOBATh C HACJIEJHUKAMH, M OIMCHIBAET HUX (PYHKUIMOHAIBHOCTB.
ColiepKUT HoJIst:

— _type — tun oOpaboTKu;

— _mptr — cceuika Ha 0o0BekT THma Machine, koropoMy NpPUHAIICKHUT ITOT
IK3EMILIAP;
B kiacce 0OBSIBIICHBI BUPTYaJIbHBIC METOIBI:

— push_ev — paccunThIBacT U OTHAET BPEMsI [UTUTEILHOCTH TEKYIIIETO COOBITHS B
MaIlIMHE;

— eXecute — «BBIMOIHIECT» COOBITHE B MAIlIMHE, 3aIIUChIBACT JaHHbBIC B JIOT-(aiI;

Knacc Flow_Processing, peaimsyer moTokoBblii THIT 00padoTku. Ero Meron

push_ev paccumBaeT Bpems JUIUTEIBHOCTH COOBITHS 1O (2.7), HIWXKE NPHUBEIEH

JUCTHUHT KOJIa 3TOW (PyHKIUU.

unsigned int Flow_Processing::push_ev()

{
if (! _mptr._batches.empty())
{
Batch* it = mptr. batches.front();
const Recipe& rcp = it->get_first();
if (std::any_of(_mptr._recipes.begin(), _mptr._recipes.end(),
[rcp](Recipe const r) {return rcp == r; }))

{
return ((_mptr._last resipe == it->get_first()) ?
rcp.get_time() * it->get_count() : rcp.get_time() * it-
>get_count() + _mptr._time);
}

else throw (it);

¥

else

{
Batch* ptr = nullptr;
throw (ptr);

¥

}

CHavana mpOM3BOJMTCS IMPOBEPKAa HAa MYCTYIO O4Yepelb, €CIH OYepelb ITycTa,

¢dyHkus Bo3Bpaniaer oobekt Trmna Null (tun o6o3navaromuii HuuTo). 1o cehuike

Ha repByro naptuio B _batches, Bei3biBacTes meton get_first, koropsiii Bo3Bpamaet
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nepBbiii perent u3 _recipes maptum (Batch). ITo MaccuBy penenToB MalldHBI
(_recipes oobekTa Machine), uiiercs coBmaaeHue ¢ peuentoM u3 naptud. Eciu
COBIIaJICHUE HE HAWACHO, PYHKIHMS mpoOpachiBaeT UCKIIOYeHHE (CooOmeHue oo
omnoOKe), T.K. 3TO CBUJETEILCTBYET O TOM, YTO JIaHHAs MapTUS HE MOXKET OBIThH
oOpaboraHa B 3T0il MamuHe. Ecnu penent HaiineH, u3 peuenta 0epeTcsi KOHCTaHTa
r (get_time) w3 maprum koHctanta N (get_count) m cormacHo ¢dopmyne 2.3
pPacCUYUTBIBACTCS IUTEIBHOCTh 00paOoTKU. Ecnm Tekymuil pernent He paBeH
MOCJICIHEMY, HCIIOJIb30BaHHOMY B MamuHe (_last_resipe), k mmTenbHOCTH
00paboTKu TpuOaBIsIETCS BpeMsl TMepekitoueHus. [lomyduBmmiicss pe3ynbTaT
(GyHKUMS BO3BpAIIAET, Ka JIUTEIBHOCTh COOBITHS.

Knaccer Group_Processing u Stack Processing peanmsyior 00paboTKy
rpynnamMu IiacTiH W naptuil. Ux peanuszanus oTiuyaeTcsi TOJNBKO TE€M, YTO B
GyHKIMK PUSh_€V HCIoib3yloTCs cooTBeTcTBeHHO Gopmynbl (2.8) u (2.9),
JUCTUHTH KOJIa ATUX (PYHKIMI pUBEACHBI B IPHIOkKeHUs1X b u B

PaccMoTpuM anropuTM MOJEIMPOBAHUSA C YYETOM ONMCAHHBIX KIIACCOB U
mMeToqoB (puc. 4). Ilpu oOpalieHMHM K MOJSIM M METOAaM, MPUHAIICKANAM
o0BeKTaM UCIIOJIb3YETCS HOTAIMs C TOYKOM BUJIA!
UMsi_00beKTa . UM _I0JIsA/MeTOAA.

Oo0wektr Tuma Environement wazoBém cokpaménno ENv, oOBekTH THIIA
Machine — mch n, rme n, MOPAAKOBBI HOMEp SK3eMIUISIpa B KOHTCHHEpE
Env._machines, oobekTel THra Event — Event n, rae N, mopsakoBwlii HOMEp
AK3EMILIsApa B KOHTeHHepe Env._events.

[Tocne koH(UTYpUpOBaHUS MOJETH BBHI3bIBacTCS MeTo] make events u
KoHTeHHep ENV. events 3anonusercs oobekTamu Tuna Event, ot kaxaoro oobexTa
turna Machine, B koropom konTeitHep _batches ne mycroi.

[Ipu BeIZOBe Mertoma Env.do step(l), x momo _global_model time
npubasisercss Event 1.time (mmTenbHOCTH COOBITHS), Y BCEX IK3eMILIIpoB Event
Env._events, kpome mnepBoro, Bbi3biBaeTcsi meron time_shift(Event 1.get_time).
Hanee y Event 1 Bei3biBaeTcst MeTO1 €Xecute, Event 1 ynansiercs u3 koHTeliHepa, a

y mch 1, Ha koTopyr0 OH yKa3bIBaJI, BhI3bIBaCTCS MeTO I Push_event.
35



Env.make_events()

Env.global_model_time 0

Event 1 Event 2 Event 3 Event 4
time 100 time 200 time 300 time 400
mch 1 mch 2 mch 3 mch 4
AN
(4
Env._events
Env.do_step(l)
Env.global_model_time 0 +100 v
Event 1 Event 2 Event 5 Event 3 Event 4
time 10% time 200-100 time 100 time 300-100 time 400-100
mch 1 mch 2 mch 1 mch 3 mch 4
Event 1l.execute mch 1.push_event
>
Env._events
Env.do_step(2)
Env.global_model_time 100+100+0 v v
Event 2 Event 5 Event 3 Event 6 Event 4 Event 7
time 10% time 10% time 200-100 time 150 time 300-100 time 300
mch 2 mch 1 mch 3 mch 2 mch 4 mch 1

Event 2.execute Event 3.execute mch 2.push_event mch 1.push_event
N

(4

Env._events

Pucynok 4 — Cxema paO0Thl MOTOKA COOBITUI
[Tpu Be3OBe ENv.do_step(2), TOT e alropuT™M IUKIUYECKH TOBTOPSCTCS

nBaxbl. B mpunoxenusix I', 1. Bol MoxeTe yBUIETh JIUCTUHT KOJA U OJIOK-CXEMY

¢yukuuu do_step() xkimacca Environement.

2.2 Cnoii 1ocTyna K JaHHbIM

Crolt gocTyma K JaHHBIM — TOAMNporpamMma, obOecreuyuBarolias OOMEH
JTAHHBIM MEX Ty npuiiockernreM u bJI. Dta mporpamMmma BKiro4aeT B ceOs:

— Monenu 1aHHBIX;
— KonTekcTt 6a3bl TaHHBIX;

— MeTo/1pI B3aMMOJIEHCTBHS C JaHHBIMH;
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Jnst pa3BépreiBanust u  kKoHurypupoBanus bJl BeiOpaHa 0OBEKTHO-
pensiunonnass CYBJ[ PostgreSQL — 310 cmobno pacmpoctpansemoe I[IO ¢
OTKPBITBIM UCXOHBIM KOJIOM U JUIUTEIHLHON UCTOpUEH pa3pabOTKH, UMEIOIIEEe PsiT

MPEUMYIIECTB:

- BLICOKOHpOI/IBBOIII/ITCJIBHI)IG U HaACKHBIE MEXaHU3MBbI TpaHSaKHHﬁ )41

pEIUTUKALINY;
— PacmmmpsieMast cucreMa BCTPOEHHBIX SI3bIKOB IIPOTPaMMUPOBAHUS,
— HacnenoBanue;

- PaCHII/IpﬂeMOCTL;

Uctopust Bepcmit PostgreSQL  nacuuteiBaeT 13 pemakmuit (m 14

skcniepuMeHTanbay10), CYBJl paboraer Ha s3bike SQL 1 mogaepxuBaeT cTaHaapT
SQL 2016.

b/l xoHpurypupyercsa C MOMOIIBIO TI'papUUECKOro KIHEHTa (OOUH U3

BapuantoB) pgAdmin (puc. 5).

P pgAdmin4

- o X
[BAdmin Filev Objecty Toolsv Helpv

Browser $|E T Q) Dashboard Properties SQL  Statistics Dependencies  Dependents

Database sessions M Total [l Active [l idle Transactions per second M Transactions [l Commits [ll Rollbacks
1 3

)

M Fetched [ Retuned  Block 1/0

0

Tuples in M inserts [l Updates [l Delete Tuples out

M Reads [l Hits
1

1400
1200
1000 22
" @

30
400 pos
200

10
0 [

Server activity

Sessions  Locks  Prepared Transactions Q  search P
PID User Application Client Backend start State Wait event Blocking PIDs

© W » 105% postgres pgAdmin 4 - DB:ProductionPlanningDB 1 2021-06-03 06:52:04 +07 active

Pucynok 5 — OxHo mporpammbsl pgAdmin
B »sToit mporpamme co3maéTcss HOBas 0a3a JaHHBIX M HACTPaWBaCTCS
MoJIb30BaTeNIb JUIsl JIOCTyla TporpaMMbl K 0asze, JUisi HEro OTKJIIOYEHBI

CHEHNAIN3UPOBAHHBIE AIMUHACTPATOPCKHUE PA3PEILICHUS.
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2.2.1 Ctpykrypa BJ{

XOoTsl CTpYKTYypy 0a3bl M €€ HAlOJHEHHE JAHHBIMU MOYKHO OCYILIECTBUTb
BPYYHYIO C TIOMOIIBIO KJIMEHTCKOrO mpuiokeHus (PgAdmIin wim KOHCOIM).
CymiectByer apyroil crnoco0 KOH(GUTYpUPOBAHUS CTPYKTYpPBI, 3aKIIOYaETCSB
UCIOJb30BaHUU crienuaabHoro Moayss cpeanl .Net — Entity Framework.

Entity Framework (EF) — texaonorus cpensr .Net s paboThl ¢ JaHHBIMHU.
[To3BossieT B3aMMOJAEMCTBOBaTH C JAHHBIMM U3 PA3JIMYHBIX  XPaHWIMIL,
abctparupyscb OT pabOTbl ¢ HUMHU Hanpsamyro. [Ipu oOpaboTke JaHHBIX TaKXKe
HE00X0aMMO paboTaTh ¢ TabIUIIAMHU, CYITHOCTSIMU M Kitouamu, HO EF mepenocut
3TH KOHIIENIUU Ha O0BEKTHO-OPUEHTUPOBAHHBIN MOAXO/.

OcHoBHbIM KOMIIOHeHTOM EF sBnsercs Entity Data Model wnn koHTekct
0a3pl gaHHBIX. KOHTEKCT COMOCTaBISIET KIACCHI M OOBEKTHI M3 MPOrPaMMbl C
tabaunamu U cymuoctaMu B BJ[. Coctout u3 Tpéx ypoBHEI:

KoHnenryanbHblli — OMPENESIOTCS KJIACChl, OOBEKTHI KOTOPBIX OYyIyT
UCIIOJIb30BAThCS B MIPWIIOKEHUH, a cyniHocTH B B/l oTpakats ux B 6ase;

XpaHunuila — AaHHble O TaOnuIax, cTogOlaX, KIYax U CBS3SX B Oaze
JTAHHBIX;

ManmnuHara — COINOCTaBJIsieT KiIacChl M3 KOHUENTYaJlbHOTO YpPOBHS C
CYIITHOCTSIMHU U3 YPOBHSI XPaHWIHIIA;

EF npearaer Tpu BO3MOXKHBIX ITyTH B3aUMOJICHCTBUSI ¢ 0301 JaHHBIX:

e Database first — EF co3maér ximacchl KOHIIENTYaJIbHOTO YPOBHS UCXOJIS 13
Tekyuiel koHpurypauuu b/I;

e Model first — ¢ momoImIbIO CIEIUANBHBIX CPEACTB Pa3pabOTUUK CO3MAET
mozenb b/I, mo kotopoii EF co3naér konuenrtyanbubie kinaccel u b/l Ha cepBepe;

e Code first — pa3paboTunk cO31aéT KOHIICNITYaJIbHBIC KJIACCHI, KOTOPHIC
OynyT xpaHuThCs B 06a3e, mo HuM EF cozmaér 6a3y maHHBIX Ha cepBepe.

Jlns xoHpurypupoBaHusi 6a3bl B mpoekTe ObLI BeIOpaH moaxon Code first,
T.K. OH TMOJIpa3yMEBAaeT HAaUMEHEE «PY4YHYIO» paboTy M ONHUPAETCS Ha SI3bIKU

IIPOrPaMMUPOBAHHS.
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Jlns xoHburypupoBanusi ctpyktypsl bJl pazpaboTanbl Moaeny HaHHBIX —
KJIacChl COJIepKaIlue TOJBKO MOJis, B OOJIBIIMHCTBE CBOEM OHU BOCIPOU3BOJIAT
KJIACCHI OTIPECIIEHHBIE B MOYJIE MOJACIUPOBAHUS MTPOU3BOACTBEHHBIX, HO TaKXKe
N00aBIAIOT HEKOTOpBIE CIIy)KeOHbIe Kiacchl. Kaxkaplii kiacc B TOCIENCTBUU
CTAHOBUTCSI CYITHOCTHIO (Tabiuiel B 6a3e JaHHBIX). PaccMOTpyM ATH KJ1acchl (puc.
6).

CrpykTypa 0a3bl JaHHBIX HACUUTHIBAET CeMb KiaccoB. [laTb w3 HuX
nyOnMpyroT Kiaccel B Mojayiie mozaenupoBanus: Model, Machine, Batch, Recipe,
Event. x momns 6a30BBIX TUIIOB UMEIOT TOXKE CMBICII, YTO M Y KJIACCOB B MOJICIIH.
[Tonss THUMOB KOJUICKIIMM WJIM KJIACCOB TIPEIHA3HA4YCHBI I (DOpMUPOBaHUS
HABUTAITMOHHBIX CBOMCTB. Kop ompeneneHus Mojenel qTaHHBIX MOKHO YBUJIETh B
puIoKeHuu E.

JloGaByieHbI J1Ba CIIy»KEOHBIX Kjacca:

Company — motpebuteneM pa3pabOTKH BBICTYMAOT NPEANPUITHSI U 3Ta
CYIIHOCTh OTpa)xkaeT HuX B cucteme. Kiacc uWHKancyaupyeT yHUKaJIbHBIH
uneHtudukarop (mose Id) u HanmeHoBaHue opranu3aiuu (mosxe Name).

User — cymHOCTh OTpakaeT B cCHUCTeMe pabOTHHKA OpraHu3allvu,
TOJIb30BaTeNs CcUCTeMbl. Kilacc HWHKAICyNIHpyeT YHUKAIbHBIN HISHTU(UKATOP
(monte 1d) u pamwmmro, ums corpynauka (mose Name).

VYkazaHHbIC Ha CXeMe CBSI3U KOH(DUTYPHUPYIOTCS B KOHTEKCTE 0a3bl IaHHBIX.
Jns ompedeneHuss KOHTEKCTa ©0as3bl JIAHHBIX HEOOXOJMMO CO3JaTh Kjlacc u
yHaclie0BaThess B HEM oT BcTpoeHHOro B EF kximacca DbContext, momudumupys
ATOT 0a30BBIM KJIACC OMpPEACISIETCS CTPYKTypa IMOJIb30BaTEIbCKONW 0a3bl JTaHHBIX.

Peanmaumo KOHTCKCTa HpOCKTHOfI 0a3bl JAaHHBIX MOXHO YBUACTH B IIPUITTOKCHUHA

XK.
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User

m Id INT;

Company
m Id INT;

o Companyld INT;

Name WARCHAR
o Users List<User>;

CymHocty A00aBIsOTCS B 0a3y MyTEM MHKAICYISUUU B Kilacce 0ObEKTOB

0006ménHoro Kimacca DbSet<T> rne T 3To kimacc Mojenu MaHHBIX, CYIIHOCTh

KOTOPOU HE0OX0AMMO 100aBUThL B 0a3y.

Coeaunenune ¢ 0a3oi W TOpoOYME TEXHUYECKHE IMapaMeTpbl MOXKHO
KOH(HUTYypUpOBaTh IByMs Iy TAMU: Tiepeonpeaeicauem metoaa OnConfiguring vy,

KaK B 3TOM IPOEKTE, OMpPEJEICHUEM KOHCTPYKTOpa C MapaMeTpaMu U Iepenayeit

napaMeTpoB B KOHCTPYKTOp 0a30BOT0 Kiiacca.

Cesi3u B 0a3ax JaHHBIX OBIBAIOT JIByXCTOPOHHUE — B 00OMX CYIITHOCTSX B
CBSI31 HEOOXOAMMBI CCBUIKU JAPYT HA IPyTa U OJJTHOCTOPOH