TOMSK TOMCKWUM
POLYTECHNIC MONMUTEXHUYECKUN
UNIVERSITY YHUBEPCUTET

MwuHMCTEpPCTBO HayKu 1 Bbiclwero obpasoBaHna Poccuiickon Oegepanmm
depepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yupexkaeHune BbicLiero obpasoBaHmA
«HaumoHanbHbIN nccnegoBaTefibCknii TOMCKUIN NonnTeXHMYecKnin yHusepcutet» (TI1Y)

[Ikona — MmkeHepHas mkojaa HHGOPMAIMOHHBIX TEXHOJIOTHH M pOOOTOTEXHUKH
Hanpasnenune noarorosku — 15.04.04 ABromaTtu3aius TEXHOJOTHYECKUX IIPOLIECCOB U ITPOU3BOJICTB
Otnenenne mkoisl (HOLL) — Otnenenne aBTomatu3anuu 1 poOOTOTEXHUKH

MATUCTEPCKASA IUCCEPTALIUSA

Tema pa6oTsl

Pa3pa0oTka 3KCIIEePTHOM CHCTEMbI IMATHOCTUKH aBAPUIHBIX CUTYalMH
JIEKTPUYECKOM CeTH

VJIK 004.891:621.311.1.004

CryneHr
I'pynna DPUO Hopmuce Jarta
8TMSI MocksuH Hukunra Biagumuposnuu
PykoBoaurens BKP
JlokHOCTH oUuo yqe"::a::;"em)’ Moanuck Jara
Houent OAP CyxomoeB Muxaui -
NIIVTP CepreeBuu o
Koncynbrant
Jlo/zKHOCTH DdUO yqe";:a::l?eﬂb’ Hoanmucy Jara
ITycTEITBEHUKOB
Hauvanbuuk oTacJia Y
ACY Makcum —
Brnagumuposuu

KOHCYJIBTAHTBI 110 PA3JAEJIAM:

Io pazneny «PuHAHCOBBINM MEHEIKMEHT, pecypcod((HEeKTUBHOCTD U pecypcocOepekeHUe»

JomxHocTh D®UO Yuenan crenens, Moanuck Jara
3BaHHe
Houent OCI'H Konorornckuii K SKOH.H
HHIBUIT Brnagumup FOpbeBuu ) o
IIo pasacity «COI_[I/IaJ'IBHaH OTBCTCTBCHHOCTBH»
JomxkHocTh DdUO Yuenan crenens, Moanuck Jara
3BaHHe
Houent OO /] Top6enko Muxaun CTH
1HIBUIT Brnagumuposuu B
IIo pa3acilty Ha HHOCTPAHHOM S3bIKE
Jlo/zKHOCTB D®UO Yuenas crenent, Moanucek Hdara
3BaHHe
Crapuuit
IInuyrosa Muna
IIpCIrioaaBaTclib b —
COHUJOBHA
OuA HIBUIT
JONMYCTUTDH K 3AIIIUTE:
PyxoBoautesns OOIT (01710} Yenast crenens, Honmucey Jara
3BaHHe
Jouent OAP Edumon Cemen CTH
HUIINUTP BukropoBuu R

Tomck — 2020 r.




IINTAHUPYEMBIE PE3YJIBTATBI OBYUYEHUSA

15.04.04 «<ABTOMaTH3aLUA TEXHOJOIHYECKHX MPOLECCOB U IPOU3BOACTB

Kon Pe3yabTaT 00yyeHus TpedoBanus PI'OC,
pe3- | (BBINYCKHHK J0JKeH ObITh TOTOB) KpUTepUeB U/UJIH
Ta 3aMHTEPECOBAHHBIX CTOPOH
IIpogheccuonanvuvie
P1 | mpumensaTs riyookue | TpeboBanus ®I'OC (IIK-1, IIK-
€CTECTBCHHOHAYYHEIE, 3, OIIK-1, OIIK-4, OK-1, OK-9),

MaTeMaTHYEeCKUE 3HAHUA B 00JacTH
aHaiM3a, CHMHTE3a W NPOCKTHPOBAHUS
JUTS pEIICHHSI HAyYHBIX u
WH)KCHEPHBIX 3a7ad MPOU3BOJICTBA U
AKCIUTyaTalli  aBTOMAaTHU3MPOBAHHBIX
CHCTEM, BKJIFOYAs [IOJICUCTEMBI
VIPaBICHUS M WX POrPaMMHOE
obecrieueHue.

Kpurepuit 5 AHWOP (m. 1.1),
COTJIACOBAHHBIA C TPeOOBAHUSIMU
MEXAYHAPOIHBIX CTaHAapTOB
EURACE u FEANI

P2

BOCIIPUHUMATH, o0pabaThIBaTh,
aHAIM3UPOBATh U 0000IATh HAYYHO-
TEXHUYECKYIO " dbopmaruro,
Iepe10BOM OTEUYECTBECHHBIN u
3apyOeXKHBIN OIBIT B 00JIACTU TEOPHH,
NPOEKTUPOBAHMS, TMPOU3BOJACTBA U
JKCIUTyaTalluM aBTOMAaTU3UPOBAHHBIX
CHUCTEM, IIPUHMMATh Yy4yacTHE B
KOMaHJax 10 pa3paboTKe n
AKCIUTyaTalluM TaKUX YCTPOUCTB U
IIOJICHCTEM.

Tpeboanuss ®I'OC (TIK-3, IIK-
4, TIK-

7, OIIK-1, OIIK-3, OK-1, OK-4,
OK-5,

OK-6, OK-9), Kpurepuit 5 AUOP
(.

1.1, 1.2), cormacoBaHHbIi C

TpEOOBAaHUSAMH MEXKTYHAPOTHBIX
ctanziaptoB EUR-ACE u FEANI

P3

IIPUMEHSTH u MHTETPUPOBATH
IIOJIyYCHHBIE 3HAHUS JUISl PELICHUs
WH)KCHEPHBIX 3a/lad mpu pa3padboTke,
IIPOU3BOJICTBE u DKCIUTyaTaluu
COBPEMEHHBIX AaBTOMATU3HPOBAHHBIX
CUCTEM U TOJACUCTEM (B TOM 4YHUCIE
UHTEJUIEKTYaIbHbIX) c
VCIIOJIb30BAHUEM TEXHOJIOT U
MaIIMHHOTO OOYYEeHUSs, COBPEMEHHBIX
WHCTPYMEHTAJbHBIX W MPOrPAMMHBIX
CPEACTB.

Tpeboanuss ®I'OC (TIK-2, IIK-
3, IIK- 4, TIK-5, TIK-15, T1K-18,
OIIK-3, OIIK- 6, OK-1, OK-5,
OK-6, OK-7), Kpurepuit 5 AUOP
(mo. 1.2), corjacoBaHHBIA C

TpeOOBAaHUSAMH MEKIYHAPOHBIX
crtanaptoB EURACE u FEANI

P4

ONPENETATD,
MoJTy4yaTh
uH(popMaIuio B
MPOEKTUPOBAHMUS,
WCCIIEIOBAHUN U
aBTOMAaTU3UPOBAHHBIX
YCTPOMCTB U MOACUCTEM.

CUCTEMAaTH3UPOBATh M
HEOOXOUMYIO
obmactu
IIPOM3BO/ICTBA,
JKCILTyaTaIuu
CHCTEM,

Tpebosanuss ®I'OC (IIK-7, TIK-
10, IK-11, TTK-12, TIK-18, OIIK-
4, OIIK-6, OK-1, OK-4, OK-6,
OK-8), Kputepwii 5ANOP
(m.1.3), COTJIACOBAHHBIM c

TpeOOBaHUSAMH MEKIYHAPOIHBIX
crtannaptoB EUR-ACE u FEANI

P5

IJIAaHUPOBATDb u IIPOBOJANTDH

Tpeboanuss ®I'OC (IIK-1, TIK-




aHAIMTUYECKHE, WMHUTALUOHHBIE U
OKCIEPUMEHTAIBHBIE  MCCIENOBAHUSA
IS LeJIen IIPOCKTUPOBAHUS,
MIPOU3BOJACTBA W DJKCIUlyaTaluH
CUCTEM YIPABIECHUSA
TEXHOJIOTUYECKMM  IIPOLIECCOM U
MOJCUCTEM (B TOM qucie
UHTEJJIEKTYalIbHBbIX) c
UCITOJIb30BAHUEM ePENOBOTO

OTCUYCCTBCHHOI'O u 3apy6e>I<H0r0
OIIbITa, YMCTH KPUTUYCCKU OLICHUBATH

2, IIK- 3, IIK-4, IIK-5, TIK-6,
[K-13, IIK-17, TIK-18, OIIK-2,
OIIK-3, OK-1, OK-3, OK-4, OK-
6, OK-7, OK-8, OK-9), Kpurepuii

SANOP (m. 1.4), cornmacoBaHHBIN
C TpeOOBaHUAMHU
MEXTYHAPOTHBIX CTaHJapTOB

EUR- ACE u FEANI

MOJIyYEHHBIC TEOPETUUYECKHE u
OKCIICPUMEHTAIbHBIC  JTaHHBIE |
JieJaTh BBIBOJIBI.

P6 | nonumarth ucnons3yembie | TpeboBanusa ®I'OC (T1K-1, TIK-2
coBpeMeHHble MeTojnl, anroputmsbl, | [IK-3, TIK-7, OIIK-1, OIIK-3,
mMojenu u TexHuueckue pemrenus B | OIIK-4, OK-5, OK-9, OK-10),
aBTOMATH3MPOBAaHHBIX cucteMax U | Kputepuit 5 AHWOP (m.2.1),
3HaTh 00JAaCTH MX MIPUMEHEHUS, B TOM | COTJIACOBAHHBIA ¢ TpeOOBaHUSMHU
yuclie B cOCTaBe  OE3JIOJHOIO | MEXKTYHAPOIHBIX CTaHIapTOB
MIPOM3BOJICTBA. EURACE u FEANI

YuusepcanvHule

P7 | addexTuBHO paboTaTh B | Tpeboanusa ®I'OC (T1K-1, T1K-2
npodeccroHaIbHON nestensHocTH | [1IK-7, TIK-8, TIK-16, TIK-17, OK-
HHIMBHIyalbHO W B KauecTBe wiena | 1, OK-2, OK-4, OK-6, OK-9),
KOMaH IbI Kpurepuiit  SAHUOP  (m.2.1),

COTJIACOBAHHBIA C TpeOOBaHUSIMU
MEXTYHAPOTHBIX CTaHIapTOB
EURACE u FEANI

P8 | Bnametp wuHOCTpaHHBIM si3bIKOM Ha | TpeboBanms ®I'OC (I1K-4, TIK-
ypOBHE, mo3BojstomeM pabdorate B | 8, [TIK-

WHTEpPHAIIMOHALHOU cpene c|9, IIK-16, OIIK-4, OK-5),

IIOHMMaHUEM KYJbTYPHBIX, SA3BIKOBBIX | Kpurepnii 5

151 coranbHo-3k0HOMUYecKkuX | AUOP (1. 2.2), coriiacoBaHHBIi C

pazTu4Hii TpeOOBaHUAMH MEXITYHAPOTHBIX
crtanaptoB EUR-ACE u FEANI

P9 | mposBiare mupokyw spyaunuto, B | Tpeboanms ®I'OC (IIK-5, TIK-

TOM 4YHCJIC 3HAHHMC MW IIOHHMAaHUC

COBPEMEHHBIX  OOIIECTBEHHBIX U
MOJIUTUYECKUX npooJiem,
JEMOHCTPUPOBATH MOHUMAaHUE
BOIIPOCOB 0O€30MAaCHOCTH U OXPaHbI
3J10pOBbS COTPYIHHKOB,
IOPUINICCKUX aCTIEKTOB,
OTBETCTBEHHOCTH 32 HWHXCHEPHYIO

ACATCIbHOCTDb, BIIMAHUSA HWHXXCHCPHBIX

8, TTK-

15, TIK-16, IIK-18,0IIK-1, OIIK-
4, OIIK-5, OK-3, OK-4, OK-5,
OK-6, OK-

8, OK-9), Kpurepuit 5 ANOP
(mm. 1.6,

2.3,), COTJIaCOBAHHBIN c
TpeOOBaHUIMHU

MEKTYHAPOIHBIX CTaHJapTOB

pEILIECHUI Ha COIMAJIbHBIA KOHTEKCT U

EURACE u FEAN




OKPY’KaIOIIYIO Cpey

P10 | cienoBaTh xkozaekcy | TpeboBanus OI'OC (IIK-8, IIK-
npodeccuoHaIbHON ATUKH u| 11, IIK-16, OIIK-3, OIIK-6, OK-
OTBETCTBEHHOCTH W MexXIyHapoaHbM | 4), Kpurtepuit SAVUOP (nn. 2.4,
HOPMaM UHXEHEPHOU AEATEIIbHOCTU 2.5), COTJIACOBAHHBIN C

TpeOOBaHUAMH MEXITYHAPOIHBIX
cranziaptoB EUR-ACE u FEANI

P11 | nonumars HeoOxomumocTb u yMmeTh | TpeboBanus ®I'OC (I1K-4, TIK-

CaMOCTOATCIIbHO YYHUTBHCA U ITOBLIIIATDH

KBAIM(DUKALMIO B TEYEHHE BCEro
nepuona npo¢eCcCUOHATbHON
JeSTEbHOCTH.

8, OIIK-3, OIIK-4, OK-5, OK-6,
OK-7, OK-8), Kputepuii 5 AUOP
(2.6), COTIaCOBaHHBIN c

TPEOOBAaHUAMHU MEKTYHAPOIHBIX
craugaptroB EURACE u FEANI.




TOMSK TOMCKWNNK
POLYTECHNIC MONUTEXHUYECKUN
UNIVERSITY EIIMB YHVBEPCUTET

MWHWUCTEPCTBO HayKWM 1 Boiclero o6pa3osaHna Poccuiickoi Pegepaumnn
¢6ﬂepaﬂbHOEFocyﬂapCTBeHHDeABTOHOMHOE
O6paBOBaﬁthO€yHPEMHEHMEBHCMGFDO6DBSDBBHWH
«HayKoHanbHbI MccneqoeaTeNbCknia TOMCKMA MONUTEXHWYECKWIA yHIBepcuTeT» (TIY)
[lIxoma — MWmxeHepHas mKojiia WH(OOPMAIMOHHBIX TEXHOJIOTHUA W  POOOTOTEXHUKH
HamnpaBnenne noarotoBku (cnenuaibHOCTh) — 15.04.04 ABTOMaTH3alnusi TEXHOJOTHUYECKUX
MPOLECCOB U MPOU3BOJICTB
YpoBeHb 00pa3oBaHUsI — MarucTparypa
Otpaenenne mkonsl (HOLL) — OTnenenre aBTomaTu3anui 1 pOOOTOTEXHUKU

[lepuon BeimonHeHus — BeceHHui cemectp 2019/2020 yueGHoro roga

dopma mipesicTaBIeHUs] PaOOTHI:

Marucrepckas auccepTamus

(bakamaBpckas paboTa, JUIUTOMHBINA TPOEKT/paboTa, MarucTepcKas IUCCepTarus)

KAJIEHJIAPHBIMA PEVUTHUHT -TIJTAH BbINO/IHEeHUS BHINYCKHOI
KBAJIU(PUKAIMOHHOI padoThl

Cpok caauyu CTyJEHTOM BBHITIOJTHEHHOUN paboThI:

JlaTta KoHTpOJIs Ha3Banmue pa3znena (MoayJis) / Buja padoThl (Uccie0BaHUS) M;‘;izz?;lz’;z;z::;] .
06.06.20 OcHoOBHas 4acThb 60
dunaHCOBBIM MEHEKMEHT, pecypcoddpHEKTUBHOCTD U
11.05.20 JDKMEHT, pecypeosh 20
pecypcocoepexeHne
23.05.20 ConuanpHas OTBETCTBEHHOCTD 20
COCTABUJI:
PykoBoaurtens BKP
JomxkHocTh DdUO Ylle};&:;:;zneﬂb, Moanuck Jara
Cyxonoes
Houent OAP UILNTP Muxaun K.T.H.
CepreeBuu
COI'JIACOBAHO:
Pykosoautens OOII
Jlo/zKHOCTB D®UO Yuenas crenens, Moanucek Jara

3BAaHUEC

EdpumoB Cemen

Houent OAP UIIATP BHKTOPOBHY

K.T.H.




TOMSK TOMCKWI

POLYTECHNIC MNONMNTEXHUYECKUN
UNIVERSITY I YHVUBEPCUTET

MUWHWUCTEPCTBO HayKK 1 Bhiclwero obpa3zosanHua Poccuiickoii Gegepauyunn
d)e,qepaanoe rocyﬂapCTBeHHoe dBTOHOMHOe
oGpaaoaaTen bHOE pre}KHEHME BhiCWero o6pasoBanﬂ
«HayMoHanbHbI nccneqoeaTeNbCknia TOMCKMIA MONUTEXHWYECKWIA yHBepcuTeT» (TY)

[llkona — WuxeHepHas MIKOJIa HWH(POPMALMOHHBIX TEXHOJOTUM M POOOTOTEXHUKHU
Hamnpasnenne noaroroBku — 15.04.04 ABTomMaTu3aiusi TEXHOJOTHUYECKUX IPOIIECCOB U
MPOM3BOJICTB

Otnenenne mkoisl (HOL) — Otnenenue aBToMaTu3aluu 1 poOOOTOTEXHUKHU

YTBEPXIAIO:
Pykosoautens OOIIL

_ _ Eduwmos C.B.
(ITomrmuce)  ([ara) (®.1.0.)

3AJIAHUE

Ha BBINIOJIHEHHE BBINYCKHOI KBAJIN(PUKALIMOHHOH padoThI
B dopwme:

Marucrepckoi aucceprauuu

(bakamaBpckoi paboThI, IUITIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALIIN)

CryneHry:

I'pynna DdUO

8TMSI1 MockBuny Hukute BrnagumupoBuuy

Tema paOoTHI:

Pa3paboTka skcrepTHON CUCTEMBbI AUATHOCTUKU aBAPUNHBIX CUTYAIUI 3JeKTPUUYECKOI ceTu

YTBepxkeHa NpuKkazoM AUpeKTopa (J1ata, HOMep) 28.02.2020 Ne59-41/c

Cpok cauu CTYJICHTOM BBITIOJTHEHHOW PaOOTHI:

TEXHUYECKOE 3AJIAHUE:

Ha cerognsmnuii neHb, Bce OOJbIIE M OOJBIIE
OPEIIPUITHI KpaiiHe 3aBUCUMBI OT AIIEKTPUYECTBA,
HaCTOJIBKO, 49TO JIOJITO€ OTKJIFOUEHHE
3JEKTpO3Hepruu  Moxer  Bbi3BaTh  YC  Ha
Hcxoanbie 1aHHbIE K padoTe npou3BoAcTBe. I[lpu BceM mnpu 3TOM, CTENEHb
aBTOMAaTH3allMd OCTAaeTCd Ha HU3KOM YpPOBHE.
Bpewms, 3aHUMaeMoe JUTSE MEePEKITIOYEHUS
MOJACTAHIIMM Ha PE3EpPBHOE NUTAHUE, 3aHUMAET
JUTUTEIIbHOE BPEMSI.




HepequL moaJIexKalmux

HCCJICAOBAHUIO, IIPOCKTHUPOBAHUIO

U pa3paGoTKe BONPOCOB

1. O0630p mporpaMMHOTO 00eCTICYCHHUS

2. 0O0630p, CpaBHEHHE CYIIECTBYIOLIUX
AJITOPUTMOB

3. Pazpabotka u co3maHue  OJIOK-CXEMBI
aJropuTMa JJis NepeKIt0YCHUN

4. TIpoekTHupOBaHHUE SKCIIEPTHOU CUCTEMBI

5. TecTtupoBaHHE CUCTEMBI

KOHch'II)TaHTI)I o pasaejaam BblﬂyCKHOﬁ KBaJ]I/I(l)I/IKaIII/IOHHOﬁ paﬁoTbI

(c ykasanuem pazoenos)

Paznen

Koncynbranr

DuHAHCOBBIM MCEHEIKMEHT,
pecypcodhEeKTUBHOCTh U

Konoronckuii  Bmamumup FOpseBuu, gouentr OCI'H
IIBUAII, x.3K0H.H.

pecypcocOepexeHne
CoumanbHas I'opbenko Muxann Bnagumuposuu, monent OO/ IIBUII,
OTBETCTBEHHOCTH K.T.H.

Pa3znen Ha nHOCTpaHHOM
A3BIKE

ITnuyroBa Muua JleoHnmoBHa, CTapmiMid MpEenogaBaTesb
O HIBUIT

Ha3zBanus pa3aejioB, KOTOPbIC T10JI’)KHbI OBITH HAMUCAHBI HA PYCCKOM H HHOCTPAHHOM

fA3bIKAX:

1. BBeneunue
2. O630p nUTEpaTyphI

3. I'maa 1
4, 3axkiIroueHue

Jlata BbIIAUM 3aJaHUA

HAa BBINOJHEHHE BbINYCKHOM
KBATH(PUKALUOHHOM padoThI 110 JTUHEeHHHOMY rpadguky

3aganue BoLaag pykooaurteb BKP:

Yy )
JomxkHocTh DdUO HeHa creneny Moanuck Jara
3BaHHe
Homent OAP UILIUTP Cyxonoes Muxann K.T.H
a CepreeBuu s
3agaHue NPUHSAJ K MCIIOJTHEHUIO CTYJIeHT:
I'pynna DdUO Honmuce Hara

8TMS&1 MockBuH Hukura Biragumuposuu




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBI MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHMUE)
Crynenry:
I'pynna DPUO
8TMSI Mocksuny Hukure Biagumuposuuy
Ilxona NIIUTP Otaenenue mkoast (HOILL) OAP

YpoBennb o0pa3oBaHust M arucrpartypa Hanpasienune/cnenuajibHOCTh 15.04.04
«ABTOMAaTH3AIHA
TEXHOJIOTHYECKUX

IPOILIECCOB U
IIPOM3BOJICTB)
Hcxoanbie JaHHbIE K pasaeiy «DUHAHCOBBIN MEHEIKMEHT,

pecypco3¢dGeKTUBHOCTDL M pecypcocOepekeHune) :

1.  Cmoumocmv pecypcos nayunozo ucciedosanus (HHU):
MaAmepuanbHO-MeXHU4ECKUX, OHEpeemUYeCcKuUX,
PUHANCOBBIX, UHPOPMAYUOHHBIX U YETOBCUCCKUX

Hcnonp3oBaTe  JEHCTBYIOIME  LIEHHUKH U
JIOTOBOpPHBIE LICHBI Ha HOTpeOJICHHbIE
MaTepHaibHble U MHPOPMALOHHBIE PECYPChI, a
TaKke ykazaHHylo B MY Benuuuny tapuda Ha
3J1. SHEPTUIO

2. Hopmbl u Hopmamugsl pacxo0o8anus pecypcos

3. HCI’!O/lbf)’yeMa}l cucmema HCUZOZOO6]IOZ)!C€HM}1, cmaesKku
HANl0208, Om’-ll'tCJZEHLllZ, OMCKOHWZLIPOBGHLM u erdumoeaﬁuﬂ

JeicTByomuye CTaBKM €AMHOIO COLMAJIBHOTO
Hajora u H/[C

IlepeyeHb BONMPOCOB, NOMJIEKAIMX HCCIAEAOBAHUIO, NPOEKTHPOBAHUIO U

pa3padoTke:

1. Oyenka
nomenyuana HTH

KomMmepyeckoco u UHHOBAYUOHHO2O

JlaTh  XapaKTepHCTHUKY  CYILECTBYIOLIMX H
MOTEHIHAIBHBIX MOTpeduTeneit (mokymaresnei)
pesyapratoB BKP, oxmmaempix macimTaboB ux
MCIOJIB30BAHUSL.

2. Paspabomxa ycmaea nayuno-mexuuuecko2o npoexma

Pa3paboTaTth MPOEKT Takoro ycraBa B CIlydae,
ecnu Uil peanu3auuu  pesynbratoB  BKP
HEOOXOMMO CO3JaHUE OTIEIbHOW OpraHU3aLUH
WIN OTAGNBHOTO CTPYKTYPHOTO IOApa3/AeiIeHHs
BHYTPH CYHIECTBYIOIIECH OpraHU3aIiH.

3. Ihanuposanue  npoyecca
cmpykmypa u epagux  npogedenus,
OpeaHu3ayus 3aKynoK

Ynpaenenus HTU:
Or00dcem, pucku u

IocTpoenue miana-rpaduxa BoinonHenus: BKP,
COCTaBJICHHE COOTBETCTBYIOIIEH CMETHI 3aTpar,
pacuer ueHsl pe3yabrata BKP.

4, Onpedenenue pecypcHol, PUHAHCOBOU, IKOHOMUYECKOU
aghghexmusrnocmu

s dhexTHBHOCTH
BKP,

Or1eHka 3KOHOMHUYECKOH
UCIIOJIB30BAHUS pe3yIbTATOB
XapaKTEePHUCTHKA IPYTUX BUAOB d(Pdekra.

Ilepeuens rpaguyeckoro MmarepuaJa:

«Ilopmpem» nompebumens pesyromamos HTU
Ceamenmuposanue pulHka

Juacpamma FAST
Mampuya SWOT
TI'paghux nposedenus u 6100x3cem HTU - sbinoanums

NogkwdE

OueHKa KOHKypeHmOCnOCO6HOCmM mexHuuecxuxpemeHmZ

Oyenka pecypcnol, punancosotl u s3xonomuyeckou sghgexmusnocmu HTH - suinoanume




8.  IHomenyuanvuvie pucku

Jara BbLIaYM 3aJaHUs JIS  pasjgelia

rpaguky

0 JIMHEeHHOMY

3agaHue BbI1AJ KOHCYJIbTAHT:

Jlo1KHOCTH DdUO Yuenasi cTenens, Moanucey Jara
3BaHHUE
Houent OCTH Konotormnckuii K.2.H. 26.02.2020

HIBAII Bragumup
FOpbeBuy.
38}13]11/[6 NPUHAJ K UCIIOJIHCHHUIO CTYACHT:

I'pynna U Moanuce Jara

8TMSI MocksuH Hukunra Biagumuposnuu




3AJAHUE JUISI PA3JIEJIA
«COLMAJILHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna PUO0
8TM81 Mocksuny Hukure Biagumuposuuy
"u An
MIxona H(b(ipMaL[I/IOHHBIX P —— TOMaTH3aIMU 1
TEXHOJIOTHH B pOOOTOTEXHHUKHI POOOTOTEXHUKH
15.04.04
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PE®EPAT

BreinyckHas kBanndukanroHHas pabota BblonHeHa Ha 116 cTpanuunax,
conepxkut 22 pucynka, 10 tabmun u 30 HICTOYHMKOB JUTEPATYPHI.

KitoueBble cnoBa: BKCHEpTHas CHUCTEMA, aJrOPUTMbl MEPEKIIOUCHUM
JNIeKTponepenay, IMOUCK  ajJbTEpPHATUBHOTO MYTH, pE3EpPBHOE  IUTAHUE,
pacnpeaenTeNbHbIE CETH.

OOBEeKTOM  HCCIIEJOBAaHUSl HACTOSIIEM MarucTepckod auccepTanuu
ABJISIETCS pacnpenenéHHas IIEKTPUYECKAs] CETb, obecniednBaromas
pEe3epBUPOBAHUE IIEKTPUUECKUX MOJACTAHIIUM.

Lenbto BeImyckHOUM paboThl sBisieTcst Pa3zpaboTka sKCIEPTHOM CHUCTEMBI
JUArHOCTUKU aBAPUUHBIX CUTYallU DJIEKTPUUECKON CeTH

B Hactosmieit pabGote paspabarbiBaeTcsl OSKCIEpPTHAsE CcUCTEMa  JUIs
oIpesieNIeHUs] HanboJjee BBITOAHOIO MYTH JJIS BKJIIOUEHHUS PE3EPBHOIO MYTH IS
o0ecrniedeHus EKTPUIECTBOM SHEPronoTpeOUTENeH B KpaTyaiiue CpoKu.

JUis BBINOJHEHHWS pabOThl MCMOJIB30BAICS MPOrPaMMHBIA  MPOIAYKT
PHPStorm.

Marwucrepckas tuccepTalys BhIIOJIHEHA B TEKCTOBOM penakTope Microsoft

Word 2016 kommnanuu Microsoft.
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Beenenue

CrnoxHO  MpEACTaBUTh  COBPEMEHHBIH  MuUp 0€3  DJIEKTPUYECTBA.
DJIEKTPUYECTBO MPOBOASAT B CaMble OTAQJICHHBIE MECTa HAIEHd CTpaHbl, s
OCYLLECTBJICHUSA MIPOU3BOJICTBEHHOM, ITPOMBILIIEHHOU 1580071 OBITOBOM
NEATENBbHOCTU. JJEKTPUYECKHE CeTH PoccHM MMEIOT MPOTSKEHHOCTHh CBBINIE 3
MUJUTMOHOB KHUJIOMETPOB, a TpaHCc(opMaTopHas MOIIHOCTb TMOJCTAHIUN U
TpaHC(POPMATOPHBIX MYHKTOB cBbIE 520-MiH. KBA. [1]

O4eBUJIHO, UYTO OTCYTCTBHE OJJICKTPOIHEPTHMH MOXET CTaTh OOJBIION
npoOJeMoil Ha TPEANPUATUSAX, KOTOPBIE HCIOIL3YIOT JETKOBOCIIJIAMEHSIOIIHAECS
KUJIKOCTU WJIA MMEIOT 1IeXa MPUTOTOBJICHUSI YTOJIbHOW MbUIA, JIPEBECHOW MYKH.
Onnako, NMHAMUKA HM3HOCA JIMHUM SJeKTporiepesad (M ceTed B IIeJIoM) 3a
nociieIHue rojbl yBenuuuBaercs. [Ipogonxkaercst cokpaienne o05eMoB padoT 1o
HOBOMY CTPOUTENBCTBY, PEKOHCTPYKIIMA M TEXHUUECKOMY MEPEBOOPYKEHUIO MPHU
HEKOTOPOM YBEJIMYEHUN 00bEMOB IO KalMTaIbHOMY PEMOHTY.

Yame Bcero, Ha MOJACTAHIIMU C HamnpsbkeHueM oT 6 no 10xkB mpuxomutcs
70% 0TKa30B 2JEKTPUUYECKON CETH, YTO TOBOPUT O OOJBIIMX 3aTpaTax U YaCTOM
OTKJIFOYEHHUH MOTPEOUTENEH OT CETH.

B Oompiieit cremeHu, MmokaszarelieM HaJEKHOCTH DJJICKTPHUYECKOH CETH
SBIISIETCS  CPOK  CIYXKOBI  TpaHC(OpMATOPOB U BJIEKTPOOOOPYIOBAHUS.
CymiecTByolMe pacnpeieUTEeNbHbIE CETH CIHPOCKTUPOBAHBI MO PaguaIbHOMY
NPUHIIMITY W, Yallle BCETrO, COCTOST U3 C1ad0 HaJEKHBIX AJIEMEHTOB, K TPUMEpY,
VCIIOJIb3YIOTCSl AIIOMHHUEBBIE ITPOBOJA C MAJIEHBKOW IUIOMIAABIO IOINEPEYHOrO
CEYCHMsI, MaJIasi IPOYHOCTH OTOP WIIA MIPUPOIHBIE OCICTBUS SIBISIFOTCS TPUYUMHAMHI
otka3zoB. [lo KkpuTepusiM HaIEKHOCTH DJIIEKTPOCHAOKEHHMS] W  KadyecTBa
JJIEKTPOSHEPIrUM, HA JAaHHBIM MOMEHT, pAaCHPEACIUTEIbHbBIE CETH, HE
COOTBETCTBYIOT TP€OOBAHUSIM MPEIBABISIEMbIE K ANEKTPUUECKUM IMOJCTAHLIUAM 6
u 10kB. bonee TOro, mpakTHYECKH OTCYTCTBYET OOOpYyJOBaHUE IS
aBTOMATH3AIUN JUATHOCTUKH U TIPEIyNpPEKACHHS aBapuil. [2]

st Toro, 4ToObI MOBBICUTH CPOK CIIykObl oOopynoBanusi B 1.5 pa3sa,

HEOOXOJUMO TMPOBOAUTH KAMUTAJIBHBIA PEMOHT 3JIeKTpooOopynoBanus. Ho
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JAHHOE MEPONPUITUE MOXKET MPUBOAUTH K YMEHBIICHUIO TEXHUYECKOTO YpPOBHS
cereit. [3]

Heo6xoauMo mnpumeHsTh aOCOMIOTHO HOBBIE CHUCTEMBI aBTOMATHU3AIIMH,
KOTOpPbIE MOTYT IO3BOJIATh JOOMBATHCA 0OJiee KaueCTBEHHOTO OOCITY>KWBAHUS U
yIpaBJICHUS aBapUsIMU B pacTIpe/IeTUTEIbHBIX JEKTPUUECKUX CETAX.

VYrpasnser pacnpeneauTeIbHBIMU SJIEKTPUUESCKUMU CETIMU JUCTIETYED.

Nudopmariusi, kKoTopoit onepupyeT TUCIETUSPCKUI MepCOHal J10HKHA ObITh
MaKCUMaJIbHO HaJAEKHOW W TIOJIHOW IS TOBBIIIEHUS KadyecTBa MPUHUMAEMbIX
pemenuii. Jlucneruep oOpabaThiBa€T OrPOMHBIM MOTOK MHGOPMAIUU, OJTHAKO B
HACTOSIIIIEE  BpEeMs, KOTJla CTPEMHUTEIBHO PAa3BUBAIOTCS  KOMIIBIOTEPHBIC
BBIYMCJIMTEIILHBIE MOIITHOCTH, MOSBUJIACh BO3MOXKHOCTH CYIIIECTBEHHO W3MEHUTH
MOIXO0/ K 00OHAPYKEHUIO aBapui, YCKOPUTH MIPOIIECC UX YCTPAHEHUS.

[TossBMIIOCH HOBOW peIICHHE, KOTOPOE HOCHUT Ha3BaHHE «IKCIEPTHAsS
cuctemay. JlaHHas cucTeMa TIOMOTaeT IUCIIETYEPY YMEHBIIUTh KOJIUYECTBO
uHpOpMAIINK, KOTOPYI0 HEOOXOAMMO JepXkaTh B TOJIOBE, a TAaKKe BBHICTYIAET B
Ka4eCTBE IMOJIHOIICHHOTO COBETYMKA WJIH dKcrepTa. [6]

Ecnmu mepenate Oonbliyto 4acTh (BYHKIUN, BBITOJHIEMBIX TUCIIETYEPOM
AKCIIEPTHOM CHUCTEME, 3TO TO3BOJIUT YMEHBIIUTH BPEMs NMPUHATHS PEIICHHM, a
TaK)k€ OCBOOOJUT JUCIETYCPOB OT €KETHEBHOM PYTHHHON pabOTHI M OoJjiee TOTO,
ATO TIOMOXET YMEHBIIUTh KOJIMYECTBO OIIMOOK B Cllydae BO3HUKHOBEHHSI
ABAPUMHBIX CUTYaLIHI

AKTYyaJIbHOCTh BbIOpaHHOM TeMbl: Ha cerogusinuii 1eHb, Bce OOIbIE U
OoJbIIe TPENNPUSATUN KpalHE 3aBUCHMBI OT JJIEKTPUYECTBA, HACTOJIBKO, YTO
JIOJITO€ OTKJIIOUEHHE IIEKTPOIHEPrur MoxkeT Bbi3BaTh YC Ha nmpousBoactse. 13-3a
TOTO, YTO JHUCIETYepy MPUXOAUTCS 00padaThiBaTh OrPOMHOE KOJIMYECTBO
uHboOpMaNMK, Ha JTarne BhIOOpPA aIBTEPHATUBHOTO MAapHIPyTa MOSBISIOTCS
TPYJHOCTH C TEOrpagUUYecKuM paCIOJIOKCHHEM Y3JI0B, BCTAaeT BOIPOC 00
SKOHOMUYECKUX 3aTpaTax, HEOOXOJIMMO YYWUTHIBATH YEJIOBEUECKUE PECYPCHI,

Harpy3Ky Ha MOJICTaHIIMHU, TPUOPUTETHOCTh MOJICTAHIINHN, YOEIUTHCSI B OTCYTCTBUU
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«IBOWHOTO» BKIIIOUYCHHS, COCTABUTH 3asABKYy IJIsi TPYIIBI PEardupoBaHUs U Tak
nainee.

Omubku B paboTe oneparopa, MOTYT MPUBECTH K €Ile OOJIBIINM NaryOHbIM
HOCJICICTBUSIM, YEM OTCYTCTBHUE JICKTPOIHEPTUH Y oTpedutenei. [4]

Taxxe, 6€3 KOMIBIOTEPHOW TTOMOIIH, BECh MPOIECC 3aHUMACT JJIUTEIHLHOEC
BpeMsi Ha (OPMHUPOBAHHME 3asBKA M TMPUHATHS PEIICHUS TI0 PE3ECPBHOMY
BKIIFOUCHUIO. bepss BO BHUMaHWE BCE BBINIEC H3JI0KEHHBIC (DAKTOPHI, MOXKHO
yOeIuThCs B TOM, 4YTO 0€3 KOMIBIOTEPHBIX BBIYMCIUTEIBHBIX CHCTEM TPYIHO
JTOOUTHCS OTIIAKEHHOTO U CBOCBPEMEHHOT'O pearupoBaHust Ha aBapuu. [15]

Ieanr padoTni: OnrcaHUE MHTEIUICKTYaJIBHON JICSITCIIBHOCTH OIEPaTHBHO-
JTUCTIETYEPCKOTO TEpPCOHANa M0 aHAINW3Y W TMEPETOAKIIOYCHUI0 SJICKTPHYECKIX
CeTEH M ee CTPYKTYpUPOBAHUE JIJIS TTOCIICIYIONIETO MOICIIUPOBAHUS

* HanosmHeHne KOHTEHTOM W MOJCIIMPOBAHUE KaXKJOTo MpoIecca OTACIbHO
110 OTHOIIEHHUIO K JaHHOU MpeAMETHON 00J1acTH;

sdopmanuzanusi  JOTUKKM  TOCJIENOBAaTEIBHOCTH  JCUCTBUU  TIpH
NEPEKITIOYCHUH B IETISX;

* MckiroueHue BKITIOUEHUS B MOACTAHITNIO IBYX (DHUIEPOB;

* Buenpenne OC (9KCHNEPTHOM CUCTEMblI) HA TNEPCOHAIBHBIA KOMIIBIOTED
(ITK) ¢ pa3zpaboTkoii rpaduyeckoro uHTEpdeiica;

B pabore npumeHsIOTCS METOABl Teopuu T'padoB, MHOXKECTB, (HOpMaTbLHOMN
MAaTeMaTH4E€CKON JIOTUKH.

Hayunasi HOBM3HA 3aKIII0YaETCS B CICTYIOIIEM:

o [Ipenmertnast o6macth hopmanuzyeTcs (aHaTU3 U TOBTOPHAS KOMMYTAIlUs B
ANEKTPUYECKOW CceTH) C BBIOOPDOM  MPOILIECCOB, KOTOpPbIE  MOJEIUPYIOT
WHTEIJICKTYAIbHYIO JCSATENBHOCTh JIUCIIETYEpAa TPU TNPUHATAU  PEIICHUH,

CTPYKTYpPbI JAHHBIX U 3HAHUM.

. Mopgenn 0a30BbIX HHTEIJIEKTyallbHBIX TmporieccoB miust IC. ¢ ux
peanuzanuein
. Pa3paboTanbl OpurnHaNbHbIE METO/bl U BBIUUCIUTEIbHBIC MPOLEAYPHI IS

CTPYKTYPHOI'O aHajinu3a COCTOSIHUS KOMMYTAILUU 3JIEKTPUYECKUX CETEH:
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1)  HckmroyeHHne BO3MOXHOCTH BKIIFOUCHHS IBYX (PHIICPOB HA CTAHIIUIO
2)  IlepcnexTrBa pacuIMpeHusi MOICIH

3)  Ymenwue paboraTh ¢ O0NBIIMME 00BEMaMU HHPOPMALIUU

4)  BO3MOXXHOCTb PYYHOTO YIIPaBJICHUS

5)  VYuder BpeMeHH paOOTHI MOACTAHIIHIA

IIpakTH4eckass HEHHOCTD:

o [IpuMeHeHue MPEAIOKEHHOTO TMOJAX0Aa K (QopMau3allid JIOTHYECKON
OCHOBBI TMEPEKIIOUEHUS] Ha OHKCIEPTHYH CHUCTEMY TO3BOJIUIIO pa3paboTaTh
CUCTEMY KOMMYTAIlMK, OOJIalalollyl0 WHBApUAHTHBIMM  CBOMCTBAMH  TIO
OTHOIIIEHUIO K CETSAM Pa3HbIX YPOBHEU U CI0KHOCTH.

. OKCIepTHas CUCTeMa MEPEKIIOYEHUs] HaJeleHa OJIHUM W3 OCHOBHBIX
CBOMCTB, KOTOpbBIE JIOJDKHBI OBITh MPUCYIIX JIOOOW DSKCIEPTHON CHUCTEME -
JEKIAPATUBHOCTD (KOTKPBITOCTHY, CIIOCOOHOCTH K 00YUYEHHIO, JOCTYITHOCTb ).

. Hcnonb3oBaHue TaKUX CUCTEM B MPOMBIIIJIEHHOCTH OCBOOOAUT JUCTIETYEPA
OT PYTUHHOM PabOThl U YMEHBIIUT KOJIUYECTBO JOMYIIEHHBIX OITHOOK.

. OHu MoOryT OBITH HCIIOJIB30BaHBI B Yy4YEOHBIX CHCTEMaX-CUMYJISITOpax
ONEPATHUBHOIO MEPEKITIOYEHUS

. [Ipy npoeKTUpOBaHMK MOCIEAYIOMIMX MOJACTAHUUM MOTYT yKa3blBaTh Ha
HauboJee BBITOAHOE MOJIOKEHHE.

[Tpn Hanmucanuu MaHHOW PabOTHI OBUIM WCIOJIb30BaHA HayyHas M y4eOHO-
METOJIUYECKasl JINTEpATypa, CTaTbU B MEPUOAUYECKUX H3IaHUAX Poccuiickon
®enepanu 1 CCCP. OCHOBHBIM HCTOYHHUKOM, PACKPBIBAIOIIUM TEOPETHUYECKHUE
OCHOBBI O0CITy)KMBaHUSI 00OPYIOBaHUS DIEKTPUUYECKUX CETEH, sSBWIACh padora
OpnoB B.I'., 3aberanos B.A., CeméHoB B.A. «ABTOMaTu3MpOBaHHBIE CUCTEMBbI
JUCIIETYEPCKOTO yMpaBieHus: B sHeprocuctemax» (1984r). B naHHOM HCTOYHUKE
noipoOHO  PacCMOTPEHBI  METOJbIl OCHOB  aBTOMATHM3MPOBAHHBIX  CHCTEM
nucnietruepckoro ympasiaeHus (ACHY) coBpeMEHHBIMH »JHEProcUCTEMaMU U
MOIIHBIMU  3HEprooObenuHeHusiMu.  OnucaHbl  (QYHKUMU  ONEPATUBHO-

AUCIICTUCPCKOro  yIpaBJICHHA, KOMIUICKCBI TCXHHYCCKHX CPCACTB c60pa,
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00paboTku M OTOOpakKeHHsl ONepaTUBHO-AUcHETYepcKor uHpopmanuu. Taxxke
Obuta wu3ydyeHa uWHQOpMalMs, OMUCHIBAIONIAs TMpaBWiia M HEOOXOJIUMOCTh
OMEpPAaTUBHOIO NEPEKIIOYEHUs] NOACTaHUMNA. TakuMu KHUraMu  SIBJISIOTCS:
OunaroB  A.A.  «llepekntoueHuss B DIEKTPUUYECKUX  PACTIPEIECITUTENbHBIX
yctporictBax», OpnoB B.I'., PabunoBuu M. A. «3agauu oOmepaTuBHOTO U
aBTOMAaTU3MPOBAHHOIO YIpaBICHUsS 3Heprocucremamm», Jlebenes B.M., Poeman
JI.B. «ABTOMaTH3a1Ms NpoLecca MPUHATUSA AUCIIETYEPCKUX PellieHnu». B maHHbIX
KHUTaX PaccKa3aHO O YCTPOMCTBAxX M MPUHLHUIAX pabOThl CUCTEM AJIEKTPUUECKHUX
NOJICTAaHUMA W MeToAax MpeoOpa3oBaHus MHPOPMALMM TPU €€ Nepenaye Mo
KaHajlaM CBSI3H, U3JI0KEHBI TPUHIIUIIBI, METOJIbI U aITOPUTMBbI, IPUMEHSIEMbIE IS
co3JaHusl MporpaMMm (QUIbTpaIlMu JAHHBIX, MOCTYMAIONIUX Ha JUCHETYEPCKHM

ITYHKT SHCPIrOCUCTCMbI, 4 TAKKE IOJIA IIPOCKTUPOBAHUA CUCTCM c60pa JaHHBIX.
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1 UcciienoBanue npeaMeTHOH 001aCTH

1.1 PoJsib 3KCHEPTHBIX CHCTEM B JJIEKTPOIHEPIreTHKE

Lenbro co3gaHus 3KCOEPTHOW CUCTEMBI ABIISIETCSI AaBTOMATU3alUs MpoLecca
IPUHATUA pelleHu. B 1mocinenHee BpeMs NOSBWIOCH TAKOE HANPaBICHUE B
pa3paboTKe METOJOB MPHUHATHS pPEIICHUM, Kak MNpUONMKEHUE ONUCAaHUs U
dopmanuzanuu  1NpoOJEMbl K €CTECTBEHHOMY YEJIOBEYECKOMY  SA3BIKY U
noHuMaHuto. Jlucnerdyepy 4acto OBIBAET CIIOKHO KOHKPETHO OLEHUTH OOBEKT MO
KakoMy-nubo Kputepuio. [lucreryep MOXKET COMHEBaTbCs W OyAeT HCKaTh
CpeHUM peuTHUHr. YacTto TakuMe TPYAHOCTH BO3HHMKAIOT HE M3-3a HEIOCTaTKa
ombITa, a Kak pa3 HaoOopoT. BnocneAacTBUM BO3HMKAaEeT HEOOXOIUMOCTH B
pa3paboTKe MeETO/A0B, THOKMX /I BOCHPHUSITHS 4YEJIOBEKOM HWH(OpMaIuu,
YUUTBHIBAIOIUX HEOTIPEJIEICHHOCTh BO BCEM OOJIbIIIEM YHcie u3MepeHuil. [1].

B ocnose OC nexut 6a3a 3Hanuii (b3) 0 KOHKpEeTHON MpeAMETHOM 00IacTH,
KOTOpasi JOJDKHA HAKAaIUIUBAThCS B pe3yibTaTe MOCTpoeHHs U dKcruryatamuu JC.
Hakomnennass mHdopmaiuss U opraHu3alus €€ TpeJCTaBICHHsS i1 YeloBeKa
SIBJISIETCS] BAXKHEHIIIUM TTPEUMYILIECTBOM HMCIOIb30Banus Becex JC [2].

Nudopmarnusi, HE Bcerga MoKeT OBITh MOJaHAa TOYHO, CYIIECTBYET TakK
Ha3bIBaeMas «HedeTkas WHPOpMalMs» WIM «HEYETKHE» 3HAHUS IIpaBUIIa
00paboTKHU W MpEeNCTABICHUS Takod mHbopManuu OazupyeTcs Ha Jyoruke. Korma
BO3HUKACT CHUTYyallus, Takas, 4YTO JUIsl MPUHATHSA PEIICHHs WM TPEICTaBICHUS
uHpOpMAIMK HE XBaTaeT O0beMa WM IOJHOCTHIO OTCYTCTBYET HEOOXOIuMast
uHbOpMaIKsl, palMOHAIBHOE pEIICHHEe MOXXET OBITh MPHUHATO OJjarojaps
HAaKOIUICHHBIM 3HAaHHUSM, B 3TOM M 3aKJIIOYaeTCsl TIJIaBHbIE IIPEUMYIIECTBA
pacCyKIeHus BEPOATHOCTHOIO HAJ JIOTMYECKMM. OJTO BO3MOXHO Onarogaps
HAKOIUICHHUIO 3HAHUH B 0a3e JaHHBIX, B pe3yJbTaTe padOThl 3KCIEPTHON CUCTEMBI,
HoCJIe Yero, SKCIEepTHas cucTema, 0a3upysch Ha MOJy4YeHHBIX paHee 3HaHUM OyaeT
NPUHUMATh PEHICHHs OCHOBBIBAsICh Ha HamOoJee MOAXOJALICH BEPOSITHOCTH Tak
Ha3bIBAEMOM — CYOBEKTUBHOM J10BepUH. Tak Kak, NPUHUMAEMbIE PEIIECHUS HOCAT
BEPOATHOCTHBIM XapaKTep, OSKCIEPTHbIE CHUCTEMbl OCHOBBIBAIOTCSI Ha TEOPHUH
BEPOSTHOCTH. [D]
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NmenHo mosTtomy, OojbIIasi 4YacTh OKCHEPTHBIX CUCTEM  SIBISIOTCS
«bariecoBckuMM».
Jlng  mporecca ynpaBieHUs BEPOATHOCTSAMU  HEOIPEIEIEHHOCTAMU—

npaBuiio baiieca (popmyna 1.1), ssBIsSIETCS OCHOBHBIM B TEOPUU BEPOSTHOCTU

P(B/A)*P(A)
P(B/A)*P(A)+P(B/A)*P(A)

P(A/B) = (1.1)

rae A— sIBJIsSIETCSl HEKOTOPBIM COOBITHEM;

B — BTOpOE cOOBITHE;

P(B/A) — ycnoBHasi BEpOSTHOCTh, BEPOITHOCTh BOSHUKHOBEHMsI cOObITHS B mpu
YCJIOBHUH, YTO COOBITHE A YK€ MPOU3OIILIO.

JlanHHO€ MpaBUIIO MPETOCTABISIET CIOCOO IS MOJYYEHHUsI YCIOBHOW BEPOSITHOCTH
coObITHs B ipu yciosun A.

JlaHHO€  OTHOIIEHHE TIO3BOJIIET JKCIEPTHOM  CHCTEME  YIpaBIsTh
HEOTPEIEIeHHOCThI0. ECciiu UCIoap30BaTh AaHHYI0 (GOPMYIY, TO MOXKHO CIeiaTh
BBIBOJL O TOM, 4TO: /[[1s TOro, 4troObl YMEHBUIUTH KOJUYECTBO YCIOBHBIX
BEPOSTHOCTEH, KOTOPHIE JOHKHBI OBITH OINpPEIENICHbl, HEOOXOAUMO, YCTAHOBUTH
CBSI3M MEX]Iy YCJIOBHO HE3aBHCHUMBIMU MEPEMEHHBIMHU, KOTOPbIE MOTYT 00JIer4aTh

BBIYMCIICHUS PE3yJIbTaTOB 3aMpocoB [3].

1.2 IIpoBenenne npoueaypbl NPUHITHS pelIeHMs]

Kakum oOpa3zom skcmepTHast cucrema mpuHuUMaeT pemenue? [ns Ttoro,
910061 DC cMOTIIa OOBEKTHBHO OICHUTH CUTYAIIMIO U MPUHATH PEIICHUE, CICTyeT
YETKO TPOIKCATh B AITOPUTME TTOCTABIICHHBIE 1IETU U 3aJa4M, TAaKKe HE0OX0IUMO
chopMynupoBaTh KpUTepuu onTumanbHoro ympasieHus. Cama DC omepupys
HAO0OpPOM MaHHBIX, Oy/IeT BHIOMpATh HAWOOJEEe MOAXOISIINI BapHaHT U3 IEIOT0
CIHCKa KPUTEPUEB HAXOAAIIUXCS B 0aze naHHbIX. [9]

Bce nannbie, KOTOpble HEOOXOAUMBI ISl KOPPEKTHON padboThl DC MOKHO
pas3aenuTh Ha 4 Tpymibl: [13]

1. Uudopmarius o uenu u 3a1avax;

2. Nndopmanus o KpUTepUSIX ONMTHMAIBHOTO YIIPABIICHHUS,
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3. Undopmainust 0 BO3MOXKHBIX aJTbTePHATUBHBIX BapHaHTaX;
4. Vudopmanus o mpeAnoYTUTEIbHOM BbIOOpE; [1]

Paz6epem HexoTopeie u3 3tux rpymi. [locne coznanus 9C noa KOHKPETHbBIE
HeNMM W 3a/aud, alrOpUTM IOHUMAET, Kakylo HHPOpMalUi0 €My HEeOoOXOAUMO
BBIOUPATH JJIsI IPUHSTUS PEIICHUS.

Cyromum marom oyaet or6op nndopmaruu. IC cpaBHUBAET BCE JAaHHBIE C
KPUTEPUSIMH, KOTOpbIE MpomucaHbl B anroputme. Ha nannom srane, 3anayeit 9C
CTaBUTCS BbIOOp HamOOJEe NOAXOIALIEI0 KpPUTEPHs, CTOUT OTMETHUThb, YTO
CYLIECTBYIOT 3a/layd MHOTOKpPUTEpHAIILHOIO 0TOOpa, B Takux 3amadax OC
NPUXOAUTCS BHIOMpATh HE TOJIBKO OJHO pEIIEHHE, a LEJbld MakeT peuieHui. B
TaKUX CUTYalMsIX CYIIECTBYET HEKasl CJIOXHOCTh B BHJIE HEBO3MOXKHOCTH BBIOOpa
Hauiyuiero pemeHus. B stom ciydae, OC onupaercss Ha albTEepPHATHBHBIE

BapHaHThl U HAKOIUICHHYIO HH(POPMAIIHIO B pe3ysIbTaTe CBOei padboThl. [8]

1.3 ®opmanusanusi JIOTMKH ONEPATHBHBIX MEPEKJYEHUH B
3JIEKTPUYECKHUX CeTHX.

B coBpemMeHHOM MuHpe, ypOBEHb AaBTOMATHU3alMU Ha JUCIETYEPCKUX
IYHKTaX OCTAaeTcs KpaWHe HU3KUM. K mnpuMepy, Ha CEroJHSIIHUN JCHb,
aucneTdepa paboTalT MO  cleAyomeMy anroputMy. Jlucnerdepy CiaykObI
JTUCIIETYEPCKOTO M TEXHOJOTHYECKOTO  yIOpaBlieHHs 1o TenedoHy wiH
AJIEKTPOHHOM TMOYTE€ TMOCTYMAeT 3alpoCc Ha PEMOHT BO3AYLIHBIX JIMHUU
anekTponepenad. Jlanee, nucnerdep 3amnoiaHseT OJaHK JJIs MOJa4YM 3asBOK, BHOCUT
HEOOXOIMMBIE JTaHHBIE, HalpuMmep, AaHHble 00 OOBEKTE, BPEMEHHU BBITTOJHCHUS
paboT, JaTe TMOCTYIUIGHHS M TakK Jjajiee. 3aTeM OH OTHpPaBISICT 3asBKUA Ha
pPacCMOTPEHUE 3ampoca, BBINOJHEHUE WJIM OTKAa3 B BBINOJHEHUU 3asBKU. [locie
U3MEHEHUs CTaTyca BBINOJHEHUS 3asiBKH, COTPYIHUK, COIJIACHO MpaBHIIaM
BEJICHUS KypHaIa 3asBOK, BHOCUT MH(OPMAIMIO O HEW B XKypHAJ 3asBOK, Kyna
3anucbiBaeT HoMep 3aaBku, OO gucnerdepa, AaTy NOCTYIUIEHUS M TOSBICHUE

OTKa3a, a TaKXXE CTaTyC 3asBKHU. 3aTEM JUCIIETYEP OTIPABISACT 3a4BKY B apxuB. U
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3TO HE CYWTas TOrO, YTO AMCIETYEp 3a4acTyl0 caM NPUHUMAET pEIICHHE Kakas
MOJICTaHIMsI OyIET pe3epBUPOBATH TEKYIIYIO MOJOMKY. [7,14]

OdeBUIHO, 4YTO BBIOPAHHBIM aJbTCPHATUBHBIA MYyTh, JOJDKEH OBITH
HSKOHOMUYECKH BBITOJHBIM, OOJiee TOTO, AWUCIETYEPYy HEOOXOJUMO YUeCTh |
COITYTCTBYIOLIUE (haKTOPHI:

e Pexum paboThl MOCTAHITNH

e TpeOyemas MOUTHOCTb

e [Ipuopurer noacTaHIUA

Hanpumep, mnaporypOunnas TOLl Oyner BbiOpaHa, eciu HEOOXOIUMO
o0ecneurnBaTh MOITHOCTh HE MEHbBINE HECKOJBKHUX MEraBaTT TpPU JUIUTEITHHON
pabote. To M3 cooOpakeHWH HANEKHOCTH M TEXHHUUECKHM XapaKTePUCTHKAM
BbIOEpYT mapoTypounuyo TOLI.

B ciywae, ecnm Harpy3ka Ha TOJCTaHIIMM MOXET MEHSTHCS OBICTPO, TO
BEposATHEEe Bcero Oyaer BhIOpaHa Ju3eNbHAs WM OBICTPO3ayCKAIOIIUECS
napoTypOMHHBIE arperarsbl.

B npowmbinieHHBIX  Macmitabax, BCTaeT Bompoc 00 oOecrneuyeHuun
OecriepeOOMHOro MUTAHUS DJIEKTPOOOOPYIOBAaHUS, TaK KaK CYIIECTBYEeT ocobas,
KaccuuipyemMas Kak TepBas Tpymma 3JIeKTPOoOOOpYAOoBaHUS IO Tpedyemoit
HAJCKHOCTU TuTaHus. JlaHHas Tpymma oO0OpyIOBaHHUS HE MOXET CTOATh 0e3
HANPsDKEHUsT JUINTETIbHOE BpeMs, TaK KaK d3TO MOXET TMpUBECTH JHOO K
Ype3BbIYANHBIM CUTYaLHUSIM, JIUOO OYEHb JOPOTOCTOSIIEMY MOBTOPHOMY 3aIlyCKY
TEXHOJIOTUYECKOro  mporecca. Jlnsg Takoro oOopynoBaHusi, HPUMEHSIOT
BBICOKOHA/I€’KHbIE aBTOHOMHBIE MECTHBIE HCTOUYHUKH.

MecTHBIMHY HCTOYHUKAMH HAMPSHKEHUS IPUHSATO CUNTATH:

« CunxponHsle reHepatopbl 3aBojackux TOLl u Apyrux perynaspHo
paboTaromux  3aBOACKMX  OJCKTPOCTAHIMI M  TE€HEepPaTOPHBIX
YCTaHOBOK;

o Cunxponnsle apurarenu ¢ coso 0,9;

. Konpaencaropusie 0arapew.
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B pesynbTaTe, MOXHO 3aKIIOUUTh, 4TO Mpu pa3zpabotke IC HEOOXOIUMO
(opManu3oBaTh JIOTMKY HEYETKUMX JaHHBIX (3HAaHMI), KOTOpBIE JOJKHBI CTaTh
OCHOBOM pa0oOThl aiNropuTMa M Jiedb B OCHOBY HPOLEAYpP BBINOJHAEMbIX
JKCIepTHOU cucteMou. [lox 3HaHMAMM NOHUMAKOTCS JaHHbICE W MPABWIIA, 10
KOTOPBIM MPOUCXOJUT KOMMYTAIUS U NEPEKIIOUEHUE YCTPOMCTB.

Ha cerogusimnuii aeHb, npu pa3paboOTKe HKCIEPTHOW CHUCTEMBI, s
NEPEKITIOYEHUS]  PACIIPEACIIUTEILHON 3IIEKTPUUYECKOM CeTH, HCHOJIB3YIOT Tak
HA3bIBAEMbIN «3aKPBITHI» CIOCO0, KOTOPBIN CO3AAaET ONPEAEIEHHBIE CIOXKHOCTH.
B ciyyae u3MeHeHUs YCIOBUM SKCIUTyaTallud WM W3MEHEHUS XapaKTEPUCTHUK
0o0BeKTa YIpaBieHUS, HEBO3MOXXHO HW3MEHUTh JOTHMKY pabOThl JKCIEPTHOM
cucTeMbl 0e3 mepepaboTku Bcew joruku. [12] JlaHHBIA HEIOCTATOK BO MHOTOM
CBs3aH KaK MPaBUJIO C TEM, YTO HKCIEpPTHAs CHCTEMa 3aTOYeHa WMEHHO 0]
KOHKPETHYIO 33/1auy, B KOTOPYIO BXOJIUT:

1. ananu3 aBapuu

2. CHHTE3 pamopra

3. MpUHSATHE PEIleHUs C BbIIavel 3a1aHus

4. cuHTE3 MOCJIEeI0BATEILHOCTH IEUCTBUN

5. MpeACTaBi€HHE  pe3ydbTaTOB B  TEXHOJOTMYECKHX  (popmax

OTY€THOCTH (Hampumep, OJaHKaxX).

1.4 Onucanue OCHOBHBIX METOAOB ONTHMHM3AIUM  PEKUMOB
HANPS’KeHHUs B pacupeaeuTeIbHOM CeTH

Jlsist Toro 4TOOBI ONIEHUTHh MOTEPU HANPSIKEHUS U PACCUUTATH JIOMYyCTUMbIC
OTKJIOHEHHUSI Yy3JIa WIM NPOU3BOAUTH HACTPOMKY pEryIUPYIOIIUX YCTPOWCTB
UCIIOJIB3YIOT PAcUE€THBIE METOAbI, KOTOPbIE AAIOT JIOCTATOYHO OBICTPYIO OLIEHKY
cocTostHUIO ceTH. O HAKO, UMEETCS M HEJOCTAaTOK Yy JAHHOTO METOJIa, a UMEHHO:
JIOCTATOYHO  HM3Kas  JIOCTOBEPHOCTh MCXOJHOM HMH(pOpMaluu, KOTOPYIO
WCMOJIB3YIOT B pacyeTax NPUBOAUT K HU3KOM TOYHOCTH pe3yJibTaTa pacueroB. B
CIEACTBUM YEro, METOJ HE IO3BOJSAET C JOCTATOYHOM CTEIEHbI) YBEPEHHOCTHU
0003HAYUTh AUANA30HbI OTKIOHEHUH.
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Bmecte ¢ Tem OBICTpO pa3BHBAIOTCA HU3MEPHUTENbHBIE 0a3bl U B MEPBYIO
ouepe/lb, COBPEMEHHBIE CpEACTBA KOHTPOJA, UTO MO3BOJSET pellaTh
paccMaTpUBaeMble 3a/laud Ha OCHOBE HMHCTPYMEHTaJbHOTO mnoaxona. llpum stom
CMOTYT OBITh M3MEPEHBI MOTEPU M OTKJIOHECHHUS HANPSIKEHUS B CETAX, a 3TO
MO3BOJIUT aJI€KBAaTHO pa3paboTaTh U OCYLIECTBUTh PErYJIUPYIOIINE MEPOIPUITHS,
YUHUTHIBAsl peajbHbIe 3aKOHOMEPHOCTH H3MEHEHHS HANPSIKCHUH B Pa3IMYHBIX
y3JIax ceTeu

PerynupoBanue HanpspKeHUs ¢ TOMOIIBIO TPAHC(POPMATOPOB.

CymectByeT 2 OCHOBHBIX CHOCO0A pEryJMpOBaHUsl HaNpsSKEHUs C
nomotibio Tpanchopmaropa: PITH u I16B.

1) TIlepexmiouenue 06e3  Bo3Oyxkaenuss (IIBB)  ocymecTBasiercs
TpaHcPpopMaTOpaMu, IPEIBAPUTEIBLHO OTKIIOYEHHBIX OT C€TU. VIX M3roTaBIUBaIOT
¢ 5 ormeerBiaeHusmu (+2,+1,0,-1,-2). Ormaiika(orBeTBienue) (O cuuTaercs
OCHOBHBIM, a OCTaJbHbIE JONOJIHUTEIbHBIMH. Ha OCHOBHOM OTBETBIECHUU
HanpsDKEHHE PAaBHO HOMHHAJIBHOM, M €ro Kod(QduIUeHT TpaHchopMaliu
curtaerca HoMUHaIBHBIM. KoaduimeHnTsr TpancpopManuu Ha JAOMOJTHUTEIbHBIX
oTHalkKax OTJIMYAIOTCAd OT HOMHHAJIBHOTO Ha -5, -2,5, +2,5 m +5 npu wux
UCITONIB30BaHUH. Takue TpaHchOpMaToOpsl HE MO3BOJISIOT 00ECTICUUTh TPEOOBAHUS
3aKOHA BCTPEYHOI'O PEryJIMPOBAHUS.

2)PerynupoBanue HanpsbkeHus: o Harpyskou (PITH) umeror crienimanbHoe
ABTOMATHYECKOE TMEPEKII0YAloNIee YCTPOMCTBO. Takke peryjJupoBaHHE IMOJ
HArpy3Kou MO3BOJIIET paboTaTh ¢ OOJBIINM YUCIOM CTYNEHEW PEeryIUpPOBOYHBIX
oTrmaek W OoJbpIIMM Jauama3oHoM Juisi perynupoBanusi. PITH ocymectBusercs
NEPEKITIOYCHIEM OTIMACK W H3MEHeHueM Koddduimenta Tpanchopmanmu moa
HArpy3KoW, a, CIeAOBaTeNbHO, W OOECIEeYUTh BCTPEYHOE pEryJIUPOBAHHE B
TE€YEHHE CYTOK.

st obecnieuennst TpeOyeMOro KadecTBa JIEKTpodHeprun ycrpoiicta PITH
BBITIOJIHSIFOTCSI ¢ aBTOMATHYECKUMH PETYISITOPAMU HAMPSKEHUS, K KOTOPBIM
JOJDKHBI  TPEJIBABISITECA  BBICOKME TpeOOBaHUS, TaKuWe KaK YCTONYHMBOCTD,

A0CTAaTO4YHAd YYBCTBUTCIBHOCTD (663 pPC€aKInn Ha KPATKOBPCMCHHBIC OTKIOHCHMA
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HanpspkeHuit pu K3, 3amyckax MOIIHBIX ABUTaTeNed U T.J.), CTAOMIbHbBIE U JIETKO
peryianpyeMble TeMIepaTypHbIe XapaKTepUCTUKH u 1p. [11]

Tpancdopmatopsr ¢ PIIH u ynpapisoomue UMHA pPeryisaTopbl HapsHDKEHUS
XapakTepU3YIOTCd 3HAYECHHUEM HAIIPSDKEHUsT CTYIIEHU pETYJIMpOBAHUSA, 30HOU

HCUYYBCTBHUTCIIbHOCTHU, TOUHOCTBIO PETYJIMPOBAHUS 1 BBII[Gp)KKOfI BPCMCHH.
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2 IlpoekTupoBaHmne

Tekymas rinaBa OOBACHSIET HEOOXOAMMOCTb CO3/aHHUS MOJEIM B JaHHOU
MpeIMETHOM 00JIaCTH C BBIICICHUEM HHTEIUIEKTyalbHbIX TpoiieccoB (UII),
3a/IeCTBOBAHHBIX B JIEATEIBHOCTH OIEparopa AJIEKTPUUECKOW MOJCTaHIUU.
[IpencraBienne JaHHOW MOJIETH, MTO3BOJIUT YBEIUUYUTH CKOPOCTh BOCCTAHOBIICHHUS
aBapuilHOTO ydyacTKa JHMHHUM »3IIEKTponepeaay, MOBBICUT CKOPOCTb MPUHSATHS
pernieHus onepaTopa u ero 3p(HeKTUBHOCTH B BEIOPAHHBIX MapHIpyTax.

AHanu3 CylEeCcTBYIOIUX B HH(DOPMAMOHHO-JOTUYECKOM HAaMNpaBICHUH
NOJIXOJIOB CBUJIETEIBCTBYET 00 OTCYTCTBUU €IMHON M 3aKOHYEHHOW KOHILIECTILIMU
MOJICTUPOBAHMSI ~ WHTEIUJIEKTYaJdbHOM  JCSATENIBHOCTH  4YeJIOBeKa B BUJE
B3aMMO/JICHCTBYIOIMX JIOTUYECKUX TMporeccoB. B cBsi3u ¢ 3tuM, B padoTe
npou3BeieHo Bbienenue cneayomux Ul u npeanoxxena ux cTpykrypa.

JIisi  KauecTBEHHOTO TMPOEKTHPOBAHUS JAHHOM CHUCTEMBbI, TpeOyeTcs
BBIMIOJTHUTh aHAJIM3 MPOrPaAMMHOTO OOECHedYeHHsl, CPaBHHUTh CYIIECTBYIOIIHE
QITOPUTMBI NIl PeIlIeHUs AaHHOW 3ajladyd M TMPU HEOOXOJUMOCTH pa3padoTaTth
COOCTBEHHBIH Ha OCHOBE CYIIECTBYIOUIMX pemieHuid. Takxke HE0OX0auMo

IPOTECTUPOBATH IAHHYIO CUCTEMY B IPUOJIMKEHHBIX K PEATbHBIM YCIIOBUSM.

2.1 Bb100op nporpaMMHOro odecne4eHust
Cpena pa3paboTku, B KOTOPOM OyJeT peain30oBaHa IKCIIEPTHAS CUCTEMA ISt
JTUATHOCTUKA aBapUWHBIX CUTyallMid JOJDKHA 00J7aJaTh MIMPOKUM CIEKTPOM
BO3MOXHOCTEW U NOAAEPKUBAEMBIX TEXHOJIOTHM.
o [lommepxka 0a3pl MAaHHBIX MJI HAKOIUIEHWA WHPOpPMAUU U
dbopmupoBanus 6osiee 00OBEKTUBHBIX IEPEKITIOYCHUH B JaTbHEUIIIEM
e KpoccmmargopmeHHOCTh, TO3BOJISIONIAs HAOMIOAaTh 3a paboroit IC ¢
JTH000TO YCTPOUCTBA, OCOOCHHO C MOOMITBHBIX YCTPONCTB.
¢ OOBEKTHO-OPUEHTUPOBAHHBIM SI3BIKOM MPOTrPaMMHUPOBAHUS,
MO3BOJISTIONTUM  JIeJlaTh  0oJiee KAa4eCTBEHHYIO BHU3YaJIH3alUI0 C
HIUPOKUM (DYHKIIMOHATIOM

e VYMEHME pa3rpaHUUYMBATh IIPABa JOCTYINA K CUCTEME
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e Peructpauus nonap3oBarenei 11l MOBBIIEHUS O€30aCHOCTH
e VYyeT mpoaoJDKUTEIBHOCTH PEMOHTHBIX pabOT M YacTOThl OTKAa30B
BJIEKTPUUECKUX CETEN
e Cama mporpamMma JOJDKHAa OBITh XOpOIIO ONTUMHU3UPOBAaHA H
3aHUMaThb MHWHUMAJbHBIA O00BEM  OMEPATUBHOM  MaMSTH, IS
NOBBILIEHUSI PAOOTOCIIOCOOHOCTH aNTrOpPUTMA.
B Tekymux peanusx CyHmIEeCTBYET OTPOMHOE KOJMYECTBO IMPOTPAMMHOTO
oOecrieueHust sl peann3aluu JaHHOW 3ajaun. [IpuBeneM omnucaHue HEKOTOPBIX,

HanOoJiee OJIM3KUX JUISA BBIITOJIHEHUS JaHHOW 3a/1a4M.

2.1.1 Unity 3D
B kadectBe nporpamMmMHoro odecrneueHust 0b110 BeiOpano 10 Unity.
Unity — wmexmiarpopMeHHas cpena pa3padOTKH KOMITbIOTEPHBIX WIP,
paspaboTaHHas amepukaHckoi kommanueii Unity Technologies.

[TepBoe  moctomncTBo Unity — Haimume KpoccriaTGopMeHHOTO
GbyHKIIMOHAJIa, TIO3BOJISIIOIIMM T0JIB30BaTENsIM paboTaTh B MPOEKTE C JIHOOOTrO
YCTPOWCTBA.

BropeiM JOCTOMHCTBOM, SIBIISIETCS LIEHOBAas IMOJHMTHUKA M TOJUTHUKA
pacrpoCcTpaHeHusl ABWXKKA OYEHb NpPUSATHAs W TyMaHHas: Free BepcHsi MOKET
pa3pabaTbiBaTh KOMMEPUYECKHUE UTPBI Cpa3y moj Bce miardopmel. A B Pro Bepcus
ctout Bcero 1500 $ wm mpemocTaBisieT JONMOJHUTEIbHBIC (YHKIUH, B ICPBYIO
ouepe/ib, CBSI3aHHBIE C ONITUMU3AINEHN U TpadUKOI.

Tpetuii mmtoc muatGopmbl, MHTYUTUBHO MOHSATHBIN UHTEpdEiic penakTopa u
UCIIOJIb30BAHUE TMPOCTHIX B OCBOEHUU A3BIKOB MporpammupoBaHus: C# u
JavaScript.

K HemocraTkamM OTHOCAT TOSIBICHHE CJIOXKHOCTEH Tipu pabore C
MHOTOKOMITOHEHTHBIMU CXEMaMU M 3aTPyJHEHUS! MPU MOJKIIOYEHUU BHEITHUX

OMOJIMOTEK.
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B8%D0%B3%D1%80%D0%B0
https://ru.wikipedia.org/wiki/Unity_Technologies

Ha Unity HanucaHel ThICSYM UIp, NPWIOKEHHUH, BU3YyaJU3aALMU
MaTeMaTUYeCKUX MOJIEJeH, KOTOpbIe OXBaThIBAIOT MHOXECTBO IUIATHOPM H
KaHPOB.

[MpoexT B Unity umeer ypoBHH, KOTOPbIE B3aUMOJCHCTBYIOT MEXIY COOOM
MyTeM MPHUCOJUHEHUS CKPUNTOB Ha OO0BEKThl. CKPUNTHI MOAACPKUBAIOT S3BIK
nporpammupoBanuss  C#.  Ckpuntbl  MO3BOJIAIOT  MNPUCBOUTH  (PYyHKUIUHU
OTIPENICTHHBIM 00BEKTaM WJIU LIETIOMY KJIacCy 0OBEKTY, YTO 0OJierdaeT pa3padoTKy
n oOecrnieunBalOT 0oJiee TOHKYHO HAcCTpOWKy. Takke, MO yMOJYaHUIO €CTh
komrnoHeHT Mesh Renderer, xoTopbiii gemaer monaenb o0bekTa BUaAMMON. Ha

pucytke 1 npeacrasien uarepdeiic I10 Unity.

@ Unity Fle Edit Assets GameObject Component Window Help S N 3 2 4 WedzSIPM Q =
Unity 5.6.11 Personal (645it) - Untiiod - Unitylab - PC, Mac & Linux Standaione (Personel) <Opendi, 41>

. - Coiaborate 74
e laininifis SRR
et s

A oden T ket 4wty

g -
T
In-App Purchasng
Smphty coss pathem W

Nultiplayes
Eavdy amplement mudtplye

_,..'._

Pucynok 1 — unrtepdetic I10 Unity
[MogBoast mror o63opa Unity, moxHo 3akmrounth: UNity — mocToitHbIi
BBIOOD ISl peaiu3aliy CPEeIHUX MO CIOKHOCTH MPOEKTOB, KaK NI MOOMIBHBIX
ycrpoiictB, Tak u st [IK. OnmHako, B pamkax jgaHHOro npoekta Unity sisisiercs
W3IUIITHE «OOIBIIMMY TPUIIOKEHHEM TaK Kak TpeOyemblii (yHKIHOHAN OyaeT

HCIIOJIB30BATh BO3MOKHOCTH IIPOrpaMMbl, TOJIBKO Ha IIOJIOBHUHY.

28



2.1.2 IDE PHPStorm
PhpStorm — xommepueckast kpoccruiarGopMeHHass HHTEIPUPOBaHHAs Cpejia
pa3zpabotku st PHP
PhpStorm paspabotan Ha ocHoBe miardopmsl IntelliJ IDEA, nanucanHO#
Ha Java. [lonp3oBarenu MOTYT pacliupUTh (HYHKIIMOHATBLHOCTh CPE/bl pa3pabOoTKU
32 CUET YCTAaHOBKHM IUIaruHOB, pa3paboTaHHbIX s muatdopmsel Intellil), umm
HaIMcaB COOCTBEHHBIE TIJIarMHBI.
OcHOBHBIE BO3MOKHOCTH
Cpena pa3paboTku, 001a1aeT CICAYIOMUMEU TPEUMYIIIECTBAMH:
e Tlognepxka SQL u 6a3 maHHBIX
e VnaneHHOEe pa3BepThIBAaHUE MPUIOKCHUH.
e Unrerpanus ¢ Git mo3Bossroiias padoTaTh HaJl IPOSKTOM COBMECTHO.
e JlokanbpHas ucropus
® [IpEeJOCTaBICHUE ABTOOIMOIHEHUS, MPOBEPKY CTAHIAPTHBIX TETOB,
CBOMCTB, UMEH IIeJIeH M TaK Jiajiee
Pa6ora ¢ JavaScript, CSS u HTML
e AgtonononHenue koaa ans JavaScript, HTML u CSS
o ITlonnepxxxka HTMLS.
e l3MeHeHUs B KOJIe MOXXHO MTHOBEHHO IIPOCMOTPETH B Opaysepe 6e3
nepe3arpy3ku CTpaHUIbI.
IHonnep:kka 0OCHOBHBIX (PPEIMBOPKOB
PhpStorm uneansHo nmoaxoauT s pabotel ¢ Symfony, Drupal, WordPress,
Zend Framework, Laravel, Magento, Joomla!, CakePHP, Yii u napyrumu
bpeirimBOpKamu.
K wnenocratky nannoii |IDE MoxkHO oOTHecTH OTCYTCTBHE OecCIIaTHOMN
BEPCUHU.
CpaBHUTENBHO CJIa0YyI0 PYCCKOSI3BIYHYI0O HH(POpPMATHUBHYIO 0a3y 1o
HCMOJIb30BAHNIO DOPENMBOPKOB

Ha pucynke 2 npencrasien uarepdeiic PhpStorm
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->setAuthor
addComment
addTag
getAuthor

getConments
getContent
getId
getPublishedAt

Pucynok 2 — unrtepdetic PhpStorm
B 3axmouenun o63opa IDE PhpStorm, xouercs OTMETUTH OOJNBIIYIO
BapHAaTUBHOCTh B cOopkax. [lomp3oBaTenh cam pemraer Kakue IUIarHHBI |
OpeitMBOPKH HCIIOJIB30BaTh. UTO MO3BOJISIET pa3padbaThiBaTh MPOCKTHI OT MIPOCTOTO

K CJIIO)KHOMY.

2.2 Bb100op aaropurma ajis 06xoaa rpaga

Br16op anropurma s TOCTHKEHHUS IMOCTABJICHHOW IIEJIM B MaruCTEPCKOMN
JUCCEPTALNU, SBISIETCSl KIOoYeBbIM. OT MpaBWIBHO BBIOPAHHOTO aJITOpPUTMa
3aBUCUT CKOPOCTHh PabOThI MPOrpaMMbl, MPABWIBHOCTH BHIOPAHHOTO MapuUIpyTa,
CKOPOCTb PEMOHTHO-BOCCTAHOBUTENIBHBIX Pa0OT.

Pacnpenenénnas snexkTpuyeckas CeTb MO CBOEW CTPYKTYpE, HAllOMHHAET
rpad. B crnemctBum dero, HeoOXomMMO BBIOMpaTh aNrOpuTM 00xoxa rpada.
CymiectByem 0o0JbIlIoe MHOXKECTBO 00Xx070B rpada: Ilonck B rmyOuHy, IOUCK B
IIMPUHY, TONOJIOTHYECKas: cOpTUpoBKa U Tak ganee. [10] Oxgnako, Takoe Oobioe
MHOXECTBO aJTOPUTMOB, HE BCETJla OTBEUaeT HeoOXoammMom TpeboBanmsM. K
npuMepy, OOJIBIIMHCTBO AJITOPUTMOB, MPOXOJAT TOJIBKO MO Yy371aM, KOTOpHIE
MPOXOMAT MO CaMOMYy Kpardaiiiemy myTh. HekoTtopwie amropuTmbl, HA00OpOT
Jeal0T U3JIUIIHE MHOTO 3aX0JI0B B Y3JIbl, Ja0bl 00ECIEUNUTh BXOXKIECHUE B KaXK bl
y3el, paboTaroT HAa HEOPUEHTUPOBAHHOM rpade u Oojee TOro OOJBIIMHCTBO

AJITOPUTMOB HMMCKOT OUYCHDb 6OJ'H>HIYIO BBIYUCIIMTCIBHYIO CJIIOJKHOCTh TadK KakK
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MIPOCYUTHIBAIOT BCE BO3MOXHBIE MAapLIPYThl 1O KaXXJOr0 U3 Y3J0B, YTO B
MPOMBIIICHHBIX MacliTabax BIMSIET Ha BpeMs ycTpaHeHus asapuu. Ecnu
aganTHpOBaTh 3aJady JaHHOM KBaJu(UKAUMOHHOM paldoThl HAa Tpadbl, TO
HEOOX0MMO pa3paboTaTh TAKOM aNrOpuUTM, KOTOPBIM OyneT B COBOKYIHOCTH
pemarb cpazy HECKOJIbKO 3a/]a4:

o ObecnedyeHre BKIOYEHUH pe3epBHBIX (UAEPOB KpaTyalIuM criocoooM

o VYuursiBaTh Beca kaxjaoro ¢uuaepa. Becom B paHHOW paboTe BBICTYIAET
paccTosiHME OT MCTOYHHMKA 3JIEKTPOIHEPruu TO MoJACTaHUMU. B panbHeieM npu
pPa3BUTHM JIJAHHOM CHCTEMBbI, MOKHO JOOUThCS OoJiee TOHKON HACTPOMKU Beca,
HaIpUMep, YUUTHIBATh HATPY3KYy Ha KaXKYIO MMOACTAHIIHIO.

o OTtnaBaTh IPUOPUTET UCXOAHOMY IIyTH BKJIIOUEHUS (DUIEPOB

o Bxurouath pesepBHBI Quaep eciid BO3MOXKHO NapajijiesibHO, C LEJbI0
MOBBILIEHUS HAJIEKHOCTHU BKITIOUCHUSI.

o HckntounTh BKIIOUEHHUS BYX (UAEPOB B OJHY MOJCTAHILIMIO, TaK KakK 3TO
MOJKET MPUBECTHU K MOJIOMKE CAMOM 3JIEKTPOCTaHIUU

o VY4UTBHIBaeT «3aK0JIbIIOBAHHOCTHY

o VYMeHue npocyuThiBaTh MyTHU NPU NPUHYAUTEILHOM W3MEHEHUU COCTOSIHMS
rpada, 6€3 U3MEHEHHUs BCEH JIOTUKH pabOThI aaropuT™Ma. AJTOPUTM JOJDKEH OBITh

JIOCTATOYHO THOKUM

° JlaBaTh peKOMEHIAIIMOHHBIE COBETHI JUCTIETYEPY
° HckaTte myTH U3 1ByX UCTOYHUKOB 3JICKTPUYECTBA
° Bo3MOXHOCTE HCIIOIBL30BaHUSA JAaHHOM CUCTEMBI JUIS  JaJbHEHIIIETrO

IIPOEKTUPOBAHMUS MTOACTAHIUN.

2.2.1 Anroputm JledKCcTpHI

Anroput™m  JIeMKCTpBl — 3TO anroput™m TpadoB, H300pPETCHHBIN
TFOJUTAaHJICKUM y4eHbIM JpacrepoMm Jlelikctpoir B 1959 romy. Anroputm pemiaet
3a/la4y MOMCK HauOosee Kparyaimiero myTd. Paboraer tonbko st rpados 6e3

pebep ¢ OTpUILIATEILHBIM BECOM.
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@diaroM B JaHHOM QJITOPUTME HA3bIBAETCSI HAIIMYUE WM OTCYTCTBUE CBA3U
MEXIy y3JIaMHu.

[TpuHun padoTa anropurMa:

Bce y37b1 3anoaHeHbl OONBIINM MOJIOKUTENBHBIM YUCIOM. MaccuB (iaros
3aMoJHEH HYJISIMU. 3aTeM HAUUHAETCS OCHOBHOM LIMKII.

Nmercss BepiiMHa ¢ MUHUMAJIbHBIM paccTosiHMeM. M mpoBepsaroTcs Bce
BEpIIMHBI, Mpuierarome k Hemy. Korma Haxonurtcss HauMeHbIIas BepIIMHA,
AJITOPUTM MEPEXOJUT K HEM M MOBTOPSIET J0 TeX MOp, MOKa (pyiaru Bcex BEPILUH HE
CTaHyT paBHBIMU 1, WJIM, KOTJa BCE BEPIIMHbI MPUMYT 3HaueHue 0 (JaHHBIH
cilydyail BO3MOXEH TOIJla U TOJIBKO TOrja, korja rpad HecBsasHbli.). Ilocne Toro,
KaK aJrOpUTM MPOXOJIUT MOJHYI UTEPAIMIO BEPIIMH, OH BBIYMUCISET HOBBIA BEC
JUISL COCETHUX BeplIuH. Jlanee mporpaMma HaXOJMUT MUK C HAUMEHBIINM BECOM M
Ha KOTOPOM HET OTMETKH, U MOBTOpSET TO ke camoe. Peanmusanusi mporpamMmsl
IpeKpalaeTcs, Korjaa METKH pa3MellaroTcs Ha Bcex BepuiMHax. Ha pucynke 3

IpesiCTaBleH alropuTM JelKcTphbl Ha MEPBOM IIare CBOei paboThI.

h

14

Pucynok 3 — Anroput™ [{eldKcTpbl
Henocratkom  anroputma  SIBISIETCS  HEBO3MOXKHOCTH — paboTaTth ¢
OTpUTIATEHHBIMHA BecaMu. TaxkKe aJrOpuTM UMEET OOJBIIYI0 CIIOKHOCTh PaOOTHI

B ITPOU3BOACTBCHHBIX MacmTadax.

2.2.2. 'aMHWJIbTOHOB NIYTh
[IpencraBnsger co0oil MyTh B HEOPUEHTUPOBAHHOM WJIM OPUEHTUPOBAHHOM

rpade, KOTOpbIN MocelaeT Kakayo BEpUIMHY POBHO OJIMH Pa3.
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Paccmotpum 3TOT anroput™ mnoapoOHee. bynem cuurtath, uTo Tpad 3amaH
OKPECTHOCTSAMM BEPIIMH: I KAXKIOM BEPIIMHBI I 3aJaHO MHOYKECTBO BEPLIWH,
CMEXHBIX ¢ .I' . Ha KaXI0M 1Iare ajiroputMa UMEETCsl YK€ IMTOCTPOCHHBIA OTPE30K
nyTH, oH Xpanutcs B creke PATH. [{ns xaxnoit Bepmunsl L, Bxoasmieit B PATH,
Nx)

XpaHUTCsA MHOXKXCECTBO BCCX BCpHIMH, CMCKHBIX C £L , KOTOpPBIC €IIC HC

paccMaTpUBAIIMCh B KaueCTBE BO3MOXKHBIX NPOJOJDKEHUN IIYTH U3 BEPIIMHBI L .

Nix)

KOFIIa BCpIINHA £L I[O63BJ'I$I€TC$I K IIYTH, MHOKCCTBO

Vir),

moJjaracTcsa paBHBIM

B nanpHeliieM pacCMOTPEHHbBIE BEpPLIMHBI  YIANSIOTCS W3 ATOTrO
MHOecTBa. O4epeqHON IIar COCTOUT B UCCIENO0BAHUU OKPECTHOCTH IOCIIETHEH
Bepmmnbl I mytn PATH. Ecnu N(z) # 2 U B N(x) MMEIOTCS BEPUIUHBI, HE
NpUHAJISKAIINE TYTH, TO OJHA M3 TaKUX BEpUIMH ao0aBiseTrcs K mnyTtd. B
IPOTUBHOM cllyyae BepliMHa ' uckitoyaetcs u3 creka. Korna nocne nodapneHus
K IYTH OYEpEIHON BEpIIMHBI OKA3bIBAETCS, YTO MYTh COAEPKHUT BCE BEPLIMHBI
rpaga, octaeTcs IpOBEPUTh, CMEXKHBIE JIU TepBasi U MOCIEAHSSI BEPILIUHBI TyTH, U
IpY yTBEPAUTEILHOM OTBETE BbIAATh OUEPEIHON raMUJIBTOHOB LUK,

DTOT aNrOpUTM OYEHb ITOXO0XK Ha aJITOPUTM IOUCKA B MNIyOUHY U OTIMYAETCS
OT HEro IO CYHIECTBY TOJBKO TEM, 4YTO OTKphITasg BEpIINHA, KOTJa BCS €€
OKpECTHOCTb HCCJIEIOBaHa, HE 3aKpbIBAeTCs, a OMNSATb CTAHOBUTCS HOBOM
(uckirouaeTcs U3 creka). B Hauane Bce BepunHbl HOBBIE. [Iponecc 3akaHunBaeTcs,
KOI'Zla BCE BEPIUMHBI OISITh CTAaHYT HOBBIMU. Ha camMOM J1ene 370 U ecTh MOUCK B
riyOuHy, TOJIBKO HE B caMoM Tpade, a B epeBe myTeil. Bepumnamu storo nepesa
SBJIIFOTCSI BCEBO3MOXHBIE ITPOCTHIE ITYTH, HAUMHAOLUeEC B BepinHe (L, a pedpo
JiepeBa COEIUHSAET JABa IyTH, OJMWH W3 KOTOPBIX MOJYy4aeTcs U3 JIPyroro

no0aBlieHHEM OJHOW BepIIWHBI B KOHIlE. Ha pucynke 4 mokaszan rpad u ero

JIepEeBO MyTeH U3 BEpIIUHBI 1.
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[1253)[1254) [1345] [1352] [1354][1435] [1452] [1453]

[12534] [12543][13459] 14352

Pucynok 4— nepeBo nmyTei U3 BepIIUHSI 1.

Hanusiii anroputM. O6nanaeT KaueCTBEHHBIM MPEUMYIIECTBOM: A UMEHHO,
[O3BOJIAET 3alUTaTh KaXKAYH IOACTAHIUIO POBHO OJUH pa3 MU UCKIKYAET
BO3MOXHOCTbH «IIOBTOPHOT'O BXOXKJICHUS B y3€I».

K HenmocTtatky JaHHOrO anropuTMa MOKHO OTHECTH OTCYTCTBHE pPabOTHI C
B3BEIICHHBIMU Tpadamu, 4YTO JeJaeT NaHHBIA alrOpUTM HE aKTyaJbHBIM JUIs

IMPOU3BOACTBCHHBIX MaciTaboB.

2.2.3 Yay4uieHHbIA aJaroputM JleHKcTpbl

JlaHHbIii paznen, npejuiaraeT yaydllieHHbIH allfOpUTM, coueTaroluil B cebe
['aMuUIbTOHOB MyTh U AITOPUTM [[EUKCTPHI.

I[Ipu  BBIXOIE W3  CTPOSA  MOACTAHIMH/JIMHUM  3JIEKTpOIepeaayn,
NepBOOUYEpEIHAasl  3a/Jadya  OpraHu3alid  COCTOMT B BOCCTAaHOBJICHUU
paboTOCTIOCOOHOCTH MUTAHUS BCEX MOJICTAHIIUN B MAKCUMAJIbHO KOPOTKHE CPOKH.
B cBsi3u ¢ 3TUM, onTUMaNBHBIM, OyAET MapHIpyT C MUHUMAJIBHBIM KOJUYECTBOM
NEPEeKITIOYCHUI, HO TPU YCJIOBHH, YTO B pabOTy OyneT BKIIOYEHO HAMOOIbIIEe
KOJINYECTBO MOJACTAaHIIUN.

Janubiii anropuT™M OyaeT OTBeYaTh BCEM TPEOOBAHUSAM LISl PEHICHUS
MOCTaBJICHHOMW 3a7]a4M, @ UMEHHO:

e Pa0ora Ha B3BeIICHHOM Tpade

e BxiroueHue B paboTy HaMOOJIBIIETO KOJIMYECTBA MOACTAHITN M

e lckimroueHne BKITIOYEHUS ABYX (DUIEPOB B OJIHY MOCTAHITUIO

e Ilpuoputer oTAaETCS MTATHOMY YTH MUTAHUS SJIEKTPUUECKOM CETH.

N HC UMCTh HCJOCTATKOB CBOUX IPCAIICCTBCHHUKOB.
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Lenp nanHoi MoaM(UKALMU 3aKIHOYAETCS B MOBBIIEHUH 3()PEKTUBHOCTU
MpeajlaraéMbIX MEePEKIIOUEHNU, BO3MOXKHOCTh pab0TaTh C B3BEUIEHHBIM I'padoM U
UCKIIIOUEHUH OIIMOOK TpH TMOUCKE albTEPHATUBHOIO MYTH U TOBBIIIEHUU
KayecTBa (DYHKIIMOHUPOBAHUS aIrOpPUTMA.

OTOT pe3ynbTaT OCTUTAETCA MyTeM 3allOMUHAHUS BCEX CBS3HBIX Y3JIOB U
npocyeTa MHMHHMMAJIbHBIX MAapUIPYyTOB JO BCEX BEpIIMH, C YYETOM JIMHUH,
HaXoJAIUXCA B COCTOSIHMM aBapuu. bosiee noapoOHO, 0 JaHHOM alroputMme OyaeT
pacckazaHo B cieayrouieM naparpade. JIMCTUHT yaydlIEeHHOTO ajlropuTMa

JIeWKCTphl, IPUBEICH B MPUIIOKEHUU A.
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3 Pa3zpaboTka ajropurMa M ero peajau3sanus

JlaHHas TJIaBa TMIOCBAIEHA ONHMCAHMIO QJITOpPUTMa U €ro pa3padboTke.
[IpuBonutcs opmanuzanusi aHajlid3a COCTOSHUSA CETH HAa OCHOBE JIaHHBIX O €€
KOMMYTAIlMOHHOM ~ COCTOAHMH. (OOOCHOBBIBA€TCSI  BBIOOp  IPOrPAMMHOTO

obecrieueHus 1 HCTIOCPCACTBCHHAA pcain3aluss CaMOro IIPOCKTa.

3.1 OyHKUMOHAJILHBIH AHAJIU3 CETH
OYHKIMOHAIIBHO CTPYKTYpHBIN aHanmu3 JC, 3akiodaeTcss B HOpMUPOBAHUM
IEMOYKHU JIOTHYECKUX PACCYXJICHUH, KOTOpasi MPUBOJUT K OJTHO3HAYHBIM BBIBOJIaM
0 COCTOSTHUU CETU. DTH PACCYXKJCHHUSI MPEJICTABIISIIOTCS B BUJIEC JE€peBa, CIEays IO
BETBSIM KOTOPOTO MOXHO NPUHTH K TOMY WJIM WHOMY OTBETY Ha BOMNPOC O
COCTOSIHUH CETH.
MOXHO BBIJICTTUTh YETHIPE CMBICIOBBIX U TPU (PYHKIIMOHAJIBHBIX BapHaHTa
KOMMYTAIIMOHHOW CETH, JIS TPEACTaBICHUS €ro Kak OO0beKTa C YPOBHEBOM
CTPYKTYPO.
CMBbICJIBI:
1. ITepenaya noroka mo "HOpMaabHO BKIIOYEHHOU cxeme ".
2. Ilepemaya mOTOKa TI0 BBIHYXKJIEHHOM cXeme (OTKJIOHEHHE OT
HOPMAaJILHOM).
3. He nepenaua noToka K Harpy3kam.
4. IlorameHue 4acTu CeTH (CHITUE HAIPSYKECHHUS).
DyHKUUH:
1. OcymecTBieHre nepeAadu MOTOKAa SHEPTHH IJIsi BCEX MOTpeOuTeNneit ¢
TpeOyeMbIM YPOBHEM HAJAC)KHOCTHU

2. Ilepemaua moTOKa /A BCEX TOTPEOUTENEH OCYMIECTBISACTCA TMPHU
UCIIOJIb30BAHUM PE3EPBHBIX MAPIIPYTOB

3. OrcyrcTBHME TMOTOKAa OSHEpPruHM (BHIBOJA H3 pabOTHl AJIEMEHTOB 0€3

pe3epBUPOBaHUS)
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Pesynbratom paGotet OC  Oymer SBASATBCS  MPOILIECC  CPAaBHEHHS
(HOpPMaJnbHOTO M MPEIINOJIaracMoro COEIUHEHHUsI), arperupoBaHus (CXEMbI CETH),
Kjaccudukanus (aBapusi WM pe3epBHBIN MyTh), COCTABICHHUE PaNopTa.

Pamopr nomkeH oOTpakaTh IIOJIHOE COCTOSIHUE CETHU U CXeMy ee

KOMMYTalluu.

3.2 Pa3zpaboTka aaropurma
Jlist perieHus 3a7avyd MMOMCKAa MaplipyTa ¢ MHUHHUMAIbHO BO3MOKHBIM
KOJIMYECTBOM TEPEKITIOUEHU OBbIIT BEIOPAH «YITYUYIICHHBIA alrOpUTM JleHKCTPBI»:
JlaHHBIN anTOpuTM OBUIT BRIOpaH Oyarojaps CiaeAYyIOIINM JOCTOUMHCTBAM.
e PaboTa Ha B3BemeHHOM Tpade
e BriroueHue B paboTy HaMOOJIBIIETO KOJTUYESCTBA TOICTAHIINN
e lckiroueHHe BKIIOUCHUS ABYX (DHICPOB B OJIHY MOJCTAHITUIO
e [Ipuopurer oTnaercs MTATHOMY MyTH MUTAHUS 3JIEKTPUUECKON CETH.
U HE UMETh HEIOCTATKOB CBOUX MPE/IIIECTBEHHUKOB.
I[punumun padoTsl aJaropurmMa
[IycTh TeKkylee COCTOSTHUE DHEProceTd TMpefcTaBlieHa B BHAE TIpada
(pUCYHOK 5), B KOTOPBIX:
Pebpa rpadoB nMeErOT ciieayromue aTpuOyThI:
e id pedpa;
e craTyc pebpa (akTuBEH / pe3epB / aBapUUHBIN);
® CBsI3aHHBIE Y3JIbI (2 IIT);
® TPOTSHKCHHOCTH JIMHUM 3JIEKTporiepenad (Bec pedpa - int),
VY31b1 rpad)0B UMEIOT aTPUOYTHI:
e id y3na;
® pPAcUYETHBIN BEC MHHMMaJIbHOTO Mapiipyta (int);
¢ id ucxoaHoro y3ia rpada npu pacuere MUHUMAJIBHOTO MapIIpyTa;
e craryc (aKTUBEH / HEAKTUBEH (pe3epB) / aBapUHBIN ).

B TCKYIICM COCTOAHHNHU BCC Y3JIbl UMCIOT COCTOSAHHEC «aKTHBCH).
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Bce gunepsl, okpanieHHbIE B CHHHI LIBET, UMEIOT COCTOSIHUE -BKIIIOUEH
XKentslii uBeT punepa- o3Ha4aET pe3epPBHBINA MapIIPYT
KpacHslii- aBapust.

Hcxoanoe cocrosinue rpada npuBeIeHO Ha pUCYHKE O.

uBet pebpa (cTaTyc)
CUHWUM - aKTUBHbIN,
OpaHXeBbIN —
peseps,
KpacHbIi - aBapus

PucyHok 5 — HCX0JHOE COCTOSIHUE CUCTEMBI.

[Ipu BBIXOAE W3 CTPOS OMHOM M3 MArMCTpaJICH, BBIMOJHICTCS CIEIYIOUIAN
AJITOPUTM:;
1. Ha pucynke 6 mpuBeneH TepBbIi 1mar pabOThl  aJIrOpUTMA:

YCTaHABJIMBAETCS CTAaTYC BHIOPAHHOTO pedpa Kak «aBapUHBINY;
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uBeT pebpa (cTaTyc)
CUHUM - aKTUBHBIN,
OpaHKeBbIN —
peseps,
KPacHbIN - aBapusa

Pucynox 6 — CocTosiHME cHCTeMbI IPU aBapHUU
2. Ha pucyHke 7 moka3aHa yCTaHOBKa CTaTyca BCEX MOCIEAYIOUIMX 3a HUM
y3JI0B, CBSI3aHHBIX aKTUBHBIMHM peOpaMM, HE MMEIOIINE aKTHBHBIX pedep,

KakK aBapHﬁHBIG;

uBeT pebpa (crtaTyc)
CUHUM - aKTUBHbIN,
OpaHXeBbl —
peseps,
KpacHbIl - aBapus

PucyHok 7/ — ycTaHOBJIEHHE BCEX CBSI3aHHBIX MOACTAHLIUM B COCTOSIHUE

«aBapum»
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3. OcHOBHOU aaroput™ (MOAU(PUUMPOBAHHBIN alropuT™ JleiKcTpsl):
a. YCTaHaBIMBAEM: PacuETHBIE BECA BCEX Y3JIOB B MAKCUMAJIBHOE BO3MOYKHOE
3HaueHue. Bun, kotopelil npuodperaer rpad orodpaxkeH Ha puUcyHKe 8.

b. Id ucxomHoTO y371a rpada npu pacuere MUHUMabHOTo Mapipyta = null;

uBet pebpa (cTaTyc)
CUHWUM - aKTUBHbIN,
OpaHXeBbIN —
peseps,
KpacHbIi - aBapus

Pucynok 8 —YcranoBka BecoB u 00HyseHHE I y3710B

C. Haunnaem 3amosiHATh pacueTHbie y37bl rpadoB u 10 HUCXOIHBIX Y3JIOB
OTHOCHUTEJIbHO HAa4aJbHOTO y3Jia (OCHOBHOM moxactaHiuu). [Ipu 3ToM ucnonszyem
B KauecTBe peldep TOJIbKO aKTHUBHBIE. /(7 3TOro, HauMHas C HAYAJIBHOTO Y3Ja
ONPEAENSAEeM CBSI3aHHBIC C HUM Y3JIbl. ECIIM CBSI3aHHBIN Y3€J]1 UMEET PACUETHBIN BEC
MEHbIIIe, YEM PACUETHBIM BEC TEKYILEro y3ja + BeC CBA3YIOIIEro pedpa, To s
CBSI3aHHOIO Yy3JIa YCTaHABIMBAaEM

PacueTHbIi1 Bec = pacueTHbIM BeC TeKyl]. y3Ja + BeC cA3yellero pebpa
a id ucxomHOTO y371a HEOOXOAMMO YCTAaHOBHTH paBHBIM Id Tekymiero y3ma. [Ipu
PEKYPCHUBHOM 3alOJHEHUU Y HAC OKa3bIBAETCS 3aMOIHEHHBIN I'pad) OTHOCUTEIHHO

aBapUUHOTO COCTOAHUS; COCTOSHUE CUCTEMBI, IPEJCTABICHO HA PUCYHKE 9.
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uBeT pebpa (cTaTyc)
CUHWUM - aKTUBHbIN,
OpaHKeBbli —
peseps,
KpacHbIM - aBapua

Pucynox 9 —3amnonnenue rpaga ¢ TOMOIIBIO pacyeTa y3JoB.

d. Jlanee alropuTM JOJKEH «IIPOWTHUCHY MO BCEM Y3JIaM UMEIOLIUE COCTOSHUE
«AKTUBHBIN.

[Tponomxaem 3anonHATH Tpad. Ho Teneps a1st pe3epBHBIX pedep.

Ecnu cBsi3aHHBIN y3€I1 SIBISETCS AaBApUNHBIM, TO BBIYUCIISIEM PACUETHBIN BEC.
Ecnn cBsA3aHHBIA y3€]1 HMMEET PACUECTHBIM BEC MEHbBIIE, YEM pPAaCUYETHBIA BEC
TEKYIIETO y3J1a + BEC CBA3YIONIETO pedpa, TO IJisi CBSI3aHHOTO y3Jia YCTaHABINBAEM

PacueTHbIi1 Bec = pacuyeTHbIM BeC TeKYL. y3Ja + Bec csA3yeluiero pebpa
a Id mcxomHOro y31mMa ycraHaBiaMBaeTcs paBHBIM I0 Tekymiero y3ma. B maHHOM
Clly4yae peKypcuio MPOBOAUTH HE cienyeT. Pe3ynbrar JaHHOrO 1ara IpuBEAEH Ha

pucysnke 10.
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uBeT pebpa (cTaTyc)
CUHWUM - aKTUBHbIN,
OpaHKeBbli —
peseps,
KpacHbIM - aBapua

Pucynox 10 — 3anonHeHue rpada OTHOCUTENBHO pe3epBHBIX pedep.

e. CrnenyromuM 1marom, ailrOPUTM JOJIKEH MPOUTH MO BCEM aBApUNHBIM y3J1aM
U HAlTH MHUHHMaJIbHOE 3HAYEHUE PACUETHOTO Beca (MUHUMAIBHOTO MapHIpyTa).
D10 m OyneT SABIATHCS PEIICHHEM MOWCKa KpaTdaiiero nmytu (Ha pucynke 10 —
a10 y3ein ¢ Id = 3).

f. Jlist Toro, 4TOOBI OMpENEeNIuTh, KaKhMe MMEHHO pedpa clielyeT BKIIOUUTb,
HeoOXoauMo mpoith mo Id HCXOmHBIX Y370B rpada OT y3i1a, HAHJICHHOTO B
IpeAbIIyIIeEM TYHKTE, 10 JOCTHKEHUSI aKTUBHOT'O Y3J1a.

PesynbTaT paboThl anropuTMma npeacTaBicH Ha pucyHke 11.
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uBeT pebpa (cTaTyc)
CUHWUM - aKTUBHbIN,
OpaHKeBbli —
peseps,
KpacHbIM - aBapua

Pucynok 11 — HalifieHHbII MapuipyT.

3.3 Ucnosb3yemMblii CTEK TEXHOJIOT U

Jist  peanu3anuu - BBIIIE TMPEUIOKEHHOTO —alropuTMa, ObUT  BhIOpaH
CJICIOYIIAN TPOrPaMMHBIN MAKET:

PHP+Laraver+JS+MySQL B cpeae paspaborku PhpStorm.

Beibop 000cHOBaH B OCHOBHOM HaJIMYUeM KpocciuiaThopMEeHHOM
COCTaBIIAIONICH (IOCTYN ¢ JII0OOOTO YCTPOWCTBA) M BO3BMOKHOCTBIO TIOJIKITFOUCHHUS
HECKOJIBKMX  IIOJIb30BaTened. bonee TOro, uWMeEeTCs IIMPOKUM  CHEKTP
UHCTPYMEHTOB I pa3BEPTHIBAHUSI JAHHOW TEXHOJOTHU B MPOU3BOACTBEHHBIX
Maciradax.

Kpartkoe onucanue Kaxa0oro KOMIOHEHTA CTEKa:

PHP — s3pik mporpammupoBanus. B paboTe siBIseTCSI HHCTPYMEHTOM st
CO3/IaHUsI B€O-CTPAHUIIBI.

Laravel+JS — ¢ nmomomplo JaHHOTO TaKeTa, MPEJOCTaBISIOTCS

BO3MOXHOCTH  (PpeiiMBOpKa  BeO-IPWIIOKEHUS, B TOM  YHCJIE, TECTHI,
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MapHIpyTH3aIys, MPOCMOTPEl M MHOToe Japyroe. JIMCTHHT JaHHOTO CTeKa,
MIPUBEACH B PUIOKEeHNH b.
MySQL — 6a3a 3HaHuii, XpaHnsiias B cebe UHPOpMAIMIO O BCEX y3ilax U

pedpax, a TakKe UX COCTOSIHUU U CTaTyce.

3.4 Conep:xxknmoe 6a3bl JaHHBIX

B nannoii pabote, comep:kuMoe 6a3bl TaHHBIX CIPOEKTHPOBAHA C MIOMOIIBIO
SQL. IIpencrapnenHas 0a3a gaHHBIX cocToUT W3 8 Tabnuil. IlpuBenem omnucanue
OCHOBHBIX TaOJUIl 0a3bl JTAHHBIX.

Ta6imua «Edges»

Ha pucynke 12, mnpexacraBieHa Ttaliauna «cBsizei», maHHas TaOnuia
SBIISIETCST OMHON M3 KiroueBoi. ColepkuT B cede MH(POPMAIHIO O Becax KaXKII0TO

buaepa, mopsiAKOBBI HOMEP U CBSI3U MEK/Y MOJICTAHIIUSIMU

id number weight linkedMNodel_id linkedNode2_id edge_status_id
1 1 3 1 2 1
2 2 5 2 3 3
3 3 4 3 E 1
4 4 5 4 5 3
5 5 2 4 6 3
6 6 2 6 7 |
15 15 3 1 5 |
24 24 20 2 4 2
52 52 4 5 2 2
53 53 8 3 5 |
56 56 620 5 6 4

Pucynok 12 — tabmuna B/ «edges»
Number— mopsiikoBEI# HOMep duaepa
Weight—aec ¢punepa
LinkedNodel id— navanbHast moacTaHIus
LinkedNode2_id— xoneuHast moAcTaHIHs
Edge_status_id— craryc ¢unepa (aBapuitHblii, HCAKTHBHBIA, AKTHUBHBIMH,
HEO0O0XOJMMO BKJIIOUYHUTBH)

Taoauua «Nodes»
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JanHas Tabnuua coaepXUT MH(OPMAIMIO O CTaTyce y3Jia, €ro MOJO0KEHUH,
COIEPKUT HH(OpPMALMIO O HMCTOYHUKE DBJIEKTPONUTAHUA U HUHOOPMALUIO O
npeablaymeM ysne (¢ kem cBsizaH). Ha pucynke 13, mpeactaBieHO HamoJHEHUE

JAHHOW TaOJIMLIBI.
id number weight node_status_id created_at updated_at X y primary prev_node_id
1 2020-06-05 16:23:36 0 -150 1
0

-50 0 1

2020-06-05 16:23:36

1

2 1
3 1 1
4 15 1
1

3

~N oY B W N -

Pucynok 13 — Tabnuna BJ1 Edges

Weight—sBennuuHa, moOKa3bIBaOIIas MPUOPUTET K  MEPEKIIOYCHHUSIM
(BBICUMTBIBAETCS] IPOTPAMMONA)

Node_status_id— moka3bIBaeT cTaTyC MOACTAHIUH

X—koopauHata X Ha BH3yaJIn3aliu

Y—xoopanHata Y Ha BH3yaJIU3aIluu

Primary— moka3bpiBaeT HCTOUHUK DJICKTPOTUTAHUS

Prev_node_id— mnpenpimymias moacTaHmus (BbICUHUTHIBACTCS aJTOPUTMOM,
Ha OCHOBE JIaHHBIX U3 TaOHIIBI «edges»)

JlarHas TabinIa, ©MeeT OOJBIINE BO3MOXKHOCTHU IS PACIIUPEHUS CIEKTPA
dynkimonanbHocti DC, K mpuMepy, 100aBJIeHHe BTOPOTrO UCTOYHUKA, OMKCAHUE
NOJICTAHIIMMA, aJpecarusl TOJCTAHINKA K KOHKPETHOMY HCTOYHHKY IHTAaHUS |
MHOTO JpyToe€.

IIpouue Tadauubl

OcraBmnecs Tabnunbl, Takue kak «Node_statusy, Edge status» comepskar
uHOpPMAIMIO O CTaTyce MOJACTAaHIUA W GUAEPOB, a TaKkKe HHPOPMAIHIO O
OKpaliMBacMOM IIBETe, cojepkanue TaOmuibl edge Status mpencraBieHO Ha

pucyHnke 14.

id name created_at updated_at color

B -coveen 2020-05-2013:55:17  2020-05-2013:55:17  green
2 Heaxrneen 2020-05-20 13:55:17 2020-05-

3 ApapwiiHblii 2020-05-20 13:55:17 2020-05-20 13:55:17 red
2020-05-

)5-22 14:38:00 blue

20 13:55:17 orange

m
v

4 Heobxogumo BKOYNTE 2020-05-22 14:38:00 202

Pucynok 14 — Conepxanne tadbmuiel Edge_status
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CyImecTBYIOT IycThIe TaOIHUIIBI, TaKue Kak USer, reset_password, failed_jobs
CO3JIJaHHBIC JIJISl pacUIMpeHUs (PYHKIMOHAJA CHCTEMbI, MO3BOJISIONINE J100ABIAThH
MOJIb30BaTelIe U AaBaTb UM IIpaBa J0CTyla, CMOTPCTb BPEMA U OAThl OTKA30B U

BpEM:, 3aTPauYCHHOC Ha PCMOHT U TaK JdaJicc.

3.5 TectupoBaHue IKCNEPTHOH CHCTEMBbI
[IpencraBiieHHble B JIUCCEpPTAlMM METOABl M QJITOPUTMBbI, ObUIM NPUMEHEHBI B
OCHOBE MPOrPaMMHOI0 KOMIUIEKCA aBTOMAaTHU3HUPOBAHHOIO pabouero mecra
(APM), B npunoxkenusix B, I', E npuBeneH TUCTUHT KOHTPOJUIEPOB Y3JIOB, CXEMbI
NOAKIIOYEHHS] M KOHTPOJIJIEP UCTOUHUKA MUTAHUSI.
B coctaB APM Bonuiu:
1)O06BeKTHO-OpUEeHTHPOBaHHAs 6a3a 3HAHUN
2) Penaktopsl 0a3pl 3HAHUN C TpaduueckuM HUHTEpPPEHCOM, BU3YaATH3UPYIOMIUM
conepxkanue BbJ] U WHCIEKTOpa KOMMYTallMOHHOTO COCTOSIHUSI OOBEKTOB U HUX
CBsI3EM.
3) UuTteprniperaTop 3aJaHUid HA IEPEKITIOYEHHE
4) Moaynu aHaiau3a KOMMYTallMOHHOTO COCTOSIHUA.
Ha pucynke 15, npeacrasnen untepdeiic 9C U UcXoaHas cxema MOAKIIOYCHHUS,
rae:
3eneHblil IBET- pabouee COCTOSHHE.
JKentslii BET- pe3€pBHOE TUTAHUE.
KpacHsb1ii nBer-aBapusi.

Cunuit OBCT — HGO6XOI[I/IMO BKJIKOYHUTD.
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Find way
Pucynok 15 — ucxognoe cocrosiaue rpada.
[TepeBenem ¢Gunep 5-4 B aBapuiinoe mosokenue. M Haxmem kHomky «Find
way» HaxoJsIasics B JICBOM HI)KHEM YTITy.
Pe3ynbTaTOM BBINOJHEHHS POTPAMMBI, JOJKEH MOCITYKUTh PEKOMEHAAIUS
or OC Bxmouuth ¢ugep 1-5 Tak Kak OH UMEET HAaWMEHbIIUWA BeEC, a,
CJIeIOBaTEIbHO, 3TO camMoe OBICTpOE pelleHue JUIsi OO0ecleYeHUs aBapUHOTO

nuTtaHus noactaniuu NeS. Pesynbrar paboThl mpuBeieH Ha pUCyHKe 16

Find way

Pucynox 16 — Pesynbrat paboter OC mipu nosmomke 4-5 punepa.
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IlepeBenem B pexuM «aBapus» eme oaAuH ¢uaep, Hanpumep, 3-4.
Pe3ynpraTomM paboOThl anropuTMma, JOJDKHO MOCITYXUTh PEKOMEHALUs BKIIOYHTH

2-4 unep. Pe3ynbpTaT npuBeneH Ha pucysnke 17.

Find way

Pucynok 17 — pa6ota OC nipu IByX «aBapHsIx»
bonee, Toro, cucrema He MPOCTO MEHAET LBeTa (HUIEPOB U MPOCUUTHIBAET
KpaTdamuid myTb. OC MEHAET 3HaueHUs JaHHOW CXEMbl KOMMYTAIlUU, YTO
MO3BOJISIET MCTOIb30BaTh U3BMEHEHHBIE JTAHHBIE JJIA MOCIEAYIONIEro aHau3a HIn

ucnonb3oBanusi. Ha pucynke 18 nokazana nuamMeHeHHasi CTpykTypa b/I.

id number weight linkedModel_id linkedNodeZ_id edge_status_id
1 1 3 1 2 1
2 2 5 2 3 1
3 3 4 3 4 3
4 4 5 4 5 3
5 5 2 4 6 1
6 6 2 6 7 1
s | 3
24 24 20 2 4 4
52 52 4 5 2 2
53 53 8 3 5 2
56 56 620 5 6 2

Pucynok 18 — uzmenenus B b/[
Kak  Buaum, anroput™M  oTpabaThIBa€T  MCIIpaBHO, oOecrmeyuBas
MHHUMAJIPHOE KOJIWYECTBO MEPEKIIOYCHUN U 00ECIeunBaeT ATHU IMEPeKITIOUCHUS

HauOonee 3¢ PeKTUBHBIM 00pPa30M.
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4 PUHAHCOBBIN MEHEI)KMEHT, pecypco3(GeKTUBHOCTH U pecypcocOepe:keHue

L[GJIB pasaciia - KOMIIJICKCHOC OIMUCaHUC u aHaJIn3

(PMHAHCOBOPKOHOMUYECKHX AaCHEKTOB BBIMNOJHEHHON paborel. Heobxoaumo
OLICHUTHh TOJHBIE JCHEXKHbIE 3aTpaThl Ha NPOEKT, a TaKKe JAaTb XOTA Obl
IPUOIHKEHHYIO IKOHOMUYECKYIO OLIEHKY PE3YJIbTaTOB €€ BHEAPEHUSA. ITO B CBOIO

ouepe/lb MO3BOJUT C MOMOIIBIO TPAAUIIMOHHBIX MOKa3aTenaeil 3PpGeKTUBHOCTH

UHBECTULIMNA OLICHUTh OSKOHOMUYECKYIO 1I€J1eCO00pa3HOCTh  OCYIIECTBICHUS
paboTHI.

4.1 Opranu3auus U IJIAHUPOBaHWE PadoT

[Ipu opranuzamuu mpolecca pealu3ali  KOHKPETHOTO  MpPOEKTa

H€O6XO}II/IMO PAadUOHAJIbHO IINIAHUPOBATH 3dHATOCTH KAXIOI'0O M3 €0 YUACTHUKOB
(HayTIHBIP'I PYKOBOIUTCIIb U I/ICHOHHI/ITCHB) " CPOKU IMMPOBCACHUSA OTACIIBHBIX pa60T.

[lonneIi MEPCUCHb IMPOBOANMBIX pa60T, OIIPCACIICHUC HX HCIIOJIHUTEIIEH U
panduOHAJIbHAA IMPOJOJIKUTCIIBHOCTD IIPUBCIICHEI B Ta6J'II/IH€ 4.1.

Tabnuua 4.1 — Ilepeuens paboT ¥ NPOAOTKUTEIBHOCTD WX BBIMOTHEHUS

Orarbl paboThl Hcnonnurenu | 3arpy3ka

VCIIOJIHUTENEN
ITocTtaHoBKa 11e71e# 1 3a/1a4, MOJTyYeHUE HP HP—100%

UCXOJHBIX JTAHHBIX

CocrtaBnenue u yTBepxkaeHue T3 HP, 1 HP — 80%

N - 20%
[Ton6op m wusydyenwe wmarepuano mo | HP, 1 HP — 30%
TEMAaTHUKE N —100%
Pa3paboTka kaneHgapHOTO MIaHa HP, 1 HP — 100%

N - 20%
OO0cyxaeHne TUTepaTypsl HP, 1 HP — 30%

N —100%
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[Iponomxenue tabaunest 4.1

Otanbl paboTh Hcnomaurenu | 3arpyska
VCIIOJIHUTENIECH
Br160p cpenbl peanuzainuy CUCTEMbI HP, 1 HP — 100%
N —70%
Beibop  meromoB  MmopenupoBanus | HP, 1 HP — 100%
AKCIIEPTHOM OLEHKH N - 80%
[IpoBenenue MopaenupoBaHuss MetonoB | U N —-100%

OKCIEPTHON OLIEHKM M  pa3paboTka

CUCTEMBI
Odopmnenue pacueTHO-mosICHUTEIBbHOH | U N —100%
3aIMCKU
Odopmnenue rpaduueckoro marepuana | 1 N —100%
[loxBenenie UTOroB HP — 60%

" —100%

4.1.1 TIIpoaoKMTEIbHOCTD ITANIOB PadoT

PacueT mpoIoKUTEIRHOCTH ATAnoB PaOOT MPHU BHIMIOJHEHUU BBITYCKHOM
KBATM(DUKAIIMOHHOW pabOThI SIBISETCS BaXXHBIM O3TAllOM, TaK KaK MBI MOXXEM
OTIPEICIUTh TPYAOEMKOCTh TPOBOJUMBIX pabOT, a TPYJAOBBIE 3aTPaThl COCTABISIOT
OCHOBHYIO YaCTh CTOMMOCTH HAay4YHO-UCCIeA0BaTeNbcKoi padoTsl (HUP).

TpynoeMKocTh — 3TO MaKCUMajbHO JONYCTHMbIE 3aTpaThl Tpyda B
YeJ0BEKO-IHAX Ha BbioaHeHne HUP ¢ ydyeTom OpraHm3animOHHO TEXHUYECKHX
MEPOTIPUATUH, OOecTeunBaroOuX Hauboee palnuoOHAIBHOE WCIOIb30BAHUE
BBIJICJIEHHBIX PECYPCOB.

CylecTByIOT pa3Hble METOJAbl pacdyeTa MPOJIOHKUTENIBHOCTH 3TaroB
pabotsl, B pamkax npanHoil HWP wucnonb3yercss skcnepTHbI cnocob. OxH
Mpenoiaraet reHepaluio HEO0OXOIUMBIX KOJIMYECTBEHHBIX OIICHOK
CIEUUAIMCTAMM KOHKPETHOM mMpeIMEeTHON o00JacTh, OMUPAIOIIUMHUCS Ha HUX

po(eCCUOHANIbHBIN OMBIT U 3PYAUIHIO.
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s ONpEACIEHUS BEPOSATHBIX (0’)Ku1aeMBbIX) 3HAYEHU I
MPOIOKUTELHOCTH PadoT &,y MPUMEHSIETCA clieaytomas Gopmya.
_ 3*tmint2*tmax

o = - (4.1)

1€ t,in — MUHUMAaJIbHAS MPOJOJIKUTEIBHOCTD PA0OOTHI, TH

tmax— MaKCHMaJIbHAS MPOJIOJDKUTEILHOCTh paOOTHI, JTH.

J1J1s1 BBITTOJTHEHHMSI TICPEYUCIICHHBIX B Tabuiie 5.1 paboT TpeOyroTCs CIIeIUaIUuCThI:
— MIPOTPAMMHUCT/UCTIOJTHUTETH PAOOTHI;

— Hay4YHBIH PYKOBOIUTEIIb.

JIisi ocTpoeHUS JUHEHHOro Tpaduka HEOOXOIUMO PaCCUUTATh JTUTEIBHOCTH
3TanoB B pabo4MX JHSAX, a 3aTeM IEPEBECTH €€ B KaJlCHAapHbIe THU. Pacyer
IPOJOJKUTEILHOCTH BHINOIHEHUS KaXI0ro dTana B pabounx ausax (Tpy) Benercs
o ¢opmyse:

Lox

7€ t oy — MPOJOIKUTETLHOCT padOThI, JH.;

Ky — xodpduuueHT BbIMONMHEHHUS padOT, YYUTHIBAIOIIMKA BIUSHUE
BHEITHUX  (akTOpoB Ha  COOJIOJIEHWE  MPEABAPUTEIBLHO  ONPEICICHHBIX
JUTATEIILHOCTEH;

Ky — xosduuuent, y4uTHIBAIOMMA JOIOJHUTEIBHOE BpEMsS Ha
KOMIIEHCALIMIO HENPEIBUICHHBIX 3a/IepaKeK U cornacosanue pador (K = 1,2).

Pacuer mnpogomKUTENBHOCTH ATama B KAJICHIAPHBIX JHIX BEAETCS I10
bopmyie:

Txn = Tepg * Tran (4.3)
rae Ty — IPOIODKUTENLHOCTD BBITOJIHEHHS 3Tala B KAJICHAAPHbIX THAX;

Tkan — KodbUIMEHT KaneHIapHOCTH, TMO3BOJSIOMMUNA TEPEHTH OT
JUTMTETLHOCTH PabOT B paboumx AHSIX K WX aHAJIOTaM B KaJCHAAPHBIX ITHAX, U

paccuuThIBaeMblii 1o opmyiie:

Txan
Tyan = ————— 4.4
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rie Tiayn — kanengapubie 1HU (Tgaq = 365);
Tg — BeIXOAHBIE 1K (TBJ] = 52);

Ty — mpasnauansie gau (TILT = 10).

[To popmyne (5.4) paccunrtaem:

N 365 ~
KAT = 365 —52 — 10

B Ta6JII/II_IC 4.2 MPUBCACH PACUCT ONPCACICHUA ITPOJOJLKUTCIIBHOCTU 3TAIlOB

1,2

pa60T N UX TPYAOCMKOCTH 110 HCIIOJHUTCIIAM, 3dHATBIM HA KaXXIOM OSTaIlC. IIo
IMMOKAa3aHUIO MOJYYCHHBIX BCINYHUHBI TPYITOCMKOCTHU 3TAIIOB IO UCITOJIHUTCIIAM TK[[

IMOCTPOCH JIMHCHHBIN I‘pa(i)I/IK OCYHICCTBJICHUS IMPOCKTA HpHBe,Z[eHHBIf;I Ha PUCYHKC
19.

Tabmuma 4.2 — Tpyao3aTpaTsl Ha BBITIOJIHEHUE TTPOCKTA

Jdran HMcnoanure IIpononxurensbHocTh | TpynoemkocTts pador mo
JIH padoT, THH UCTIOJTHUTEJISIM YeJl.-/IH.
Ty Txp
tmin | tmax | tox |HP |H HP |HN

[TocTanoBka HP 2,00 |4,00 2,80 3,366 | - 403 |-
1ejed U 3ajad,
MOJTy4EeHUE
UCXOIHBIX

JTAaHHBIX

CocraBnenne u | HP, 2,00 400 (280 |269 |067 |3,23 |0,81
YTBEPKACHUE

T3

[TonGop u| HP, U 8,00 |14,00 (10,40 (3,74 [12,48 4,49 |14,98
U3y4YeHUE
MaTepuasnoB Mo

TCMATHUKC
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[Iponomxenue Tabauel 4.2

Tan

II/ICIIOJIHI/ITC

JIN

IHpoaoaKuTeIbHOCTD

pador, THH

TpyroemkocTs pador mno

HCIIOJTHUTE/IAM 4Y€JI.-1H.

TPL[

TK[[

tmin tmax

HP

HP

Pa3zpabotka
KaJCHIaPHOTO

IJIaHa

HP, 1

2,00 |4,00

2,80

3,36

4,03

OO6cyxenue

JIUTEPATYPbI

HP, 1

3,00 |5,00

3,80

1,37

4,56

1,64

5,47

Breibop  cpenbl
peannzanuu

CUCTCMBI

HP, 1

2,00 |6,00

3,60

4,32

3,02

5,18

3,63

Br16op

METO/OB
MOJEIUPOBAHUS
SKCIIEPTHOU

OLIEHKH

HP, 1

7,00 |15,00

10,20

12,24

9,79

14,69

11,75

[IpoBenenue
MOJEIUPOBAHUS
METO/OB
AKCIIEPTHOU
OLICHKH u
pa3paboTka

CHCTCMBbI

10,00 | 16,00

12,40

14,88

17,86

Odopmiienne
pacyeTHO-
MOSCHUTEIHHOM

3aIIMCKH

500 |7,00

5,80

6,96

8,35
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[Iponomxenue Tabauisl 4.2

Jdran Mcnoanure IIpononxurenbHocTs | TpynoemkocTts pador mo
JIU pador, 1HU HCIOJTHUTEJAM YeJl.-IH.
Ty Txp
tmin | tmax t,, HP |H HP H

Odopmnenue 41 400 |6,00 [480 |- 5,76 |- 6,91
rpaduyeckoro
Marepuana
[TonBeneuue HP,1 3,00 |5,00 3,80 2,74 1456 |3,28 |5,47
UTOTOB
Uroro: 33,83 | 63,35 | 40,57 | 76,04

Dra| HP n Meppanb Mapt Anpens Maii

" 10 (20 |30 |40 |50 |60 |70 |80 |90 |100 110

1 1403 |-

2 1323 081

3 1449 | 1498

4 4,03 (0,81

5 |1.64 |547

6 |518 |3,63

7 | 14,69 |11,75

8 |- 17.86

9 |- 8,35

10 | - 6,91

11 |3,28 |[5.47

He -l (-

Pucynoxk 19 — Jluneitnsiii rpadguk padbot
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4.2 PacyeT cMeTBhI 3aTPaT HA BHINIOJIHEHHE MPOEKTA

B cocraB 3arpaT Ha co3JaHUE MPOCKTAa BKIIOYACTCS BEIWYMHA BCEX
pacxonoB, HEOOXOMWMBIX Uil peanu3allid KOMIUIEKCa paboT, COCTaBISIONIUX
coJiep>)KaHMe JTaHHOW pa3paboTKu. PacueT cMETHON CTOMMOCTH €€ BBIIIOJTHEHUS
IIPOU3BOIUTCS T10 CJICIYIOIIUM CTaThsIM 3aTparT:

— MaTepHuaJbl U TIOKYITHBIC U3/EITHS;

— 3apaboTHas 1IaTa;

— COIlMaJIbHBIN HAJIOT;

— pacxojibl Ha AIEKTPOIHEPTHIO (6€3 OCBEIICHMS);

— aMOPTHU3AIMOHHBIC OTYNCIICHUS;

— oruiaTa yCIIyT CBS3H;

— npouue (HaKIaJHbIe PACXO/bl) PACXObI.

4.2.1 Pacuer 3aTpaT Ha MaTepHUAJIbI

K nanHo# crathbe pacxoioB OTHOCHUTCS CTOMMOCTh MaTEPHAJIOB, MOKYITHBIX
u3Jennil, moypadpuKaToB W JIPYTUX MaTEpPHAIbHBIX IEHHOCTEH, PacXolyeMbIX
HEMOCPEJACTBEHHO B TIpoIlecCe  BBIMOJHEHHS  paboT Hag  OOBEKTOM
npoektupoBanua. Crooma K€  OTHOCATCA  CHEIUAIbHO  IPUOOPETEHHOE
o0opyaoBaHUE, MHCTPYMEHTBHI M MPOYHE OOBEKThl, OTHOCUMBIE K OCHOBHBIM
cpenctBam, ctoumocThio 10 40 000 py6. BrimountensHO. lleHa maTepuambHBIX
pPECYPCOB ONpPEAENSIeTCsl MO COOTBETCTBYIOIIMM I[IEHHUKAM WIJIM JOroOBOpam

noctaBku. CBeIeM pacxo/ibl M0 JaHHOMY ITYHKTY B Tabnuiy 4.3
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Tabnuua 4.3 — Pacuer 3aTpaT Ha UCHOJIb3YEMble MaTEpHAIIbI

HaumenoBanue | Ilena 3a en., pyo. | Koi-Bo Cymma, pyo.
MaTepuaJioB
bymara ISt 190 1 ym. 150
npUHTEpa
dopmara A4
Kaprpumx TSt 1550 1 wrT. 1550
npUHTEpa

Hroro 1700

JlommycTum, 4T0 TpaHCIOPTHO-3aroToBUTENbHBIE pacxoabl (T3P) cocTapustor
5 % OT OTIYCKHOM LIEHbI MaTepuajoB, TOTJA PACXOAbl HA MATEPUAIIBI C YUETOM

T3P pasusl C, .= 1700 * 1,05 = 1785 pyo0.

4.2.2 Pacuet 3apaboTHOI IJIATHI
Cmera 3arpaT Ha OIUIATy Tpylda B OOJBIIMHCTBE CIIy4aeB COCTaBIsET
HaubOobIIyI0 yacTh cebectoumoctu BKP. CpennenneBnas tapudnas 3apaboTHast

miata (3I11aH-T) paccuuThiBaeTCs Mo Gpopmyie:

MO
25,083

313y = (4.5)

yauThIBaromen, 9to B roay 301 pabouux IHEH H, CieaoBaTeIbHO, B MECSIIC
B cpennem 25,083 pabouux mHs (TIpH MIECTUIHEBHOMN pabodeii Henene).

PacueTs! 3aTpaT Ha MOTHYIO 3apa0OTHYIO IJIaTy MpUBEACHBI B Tabnwuie 4.4.
3arpaThl BpEMEHU M0 KaXKJIOMY HCIIOTHHUTENIO B pa00YMX THAX C OKPYTJICHUEM 0
IIEJIOTO B3ATHI U3 Tabnuibl 4.2. /{1 yueta B ee cocTaBe MPEMUM, JOTOTHUTEIbHON
3apIUIaThl ¥ palOHHON HAJ0aBKH UCIIOIB3YETCS CIASAYIONIUH P KO3 UIIMEHTOB:
Knp=1,1; Kyonsn = 1,188; K, = 1,3.

Takum o6pazom, mna mepexona ot TapudHOil (6a30Boif) CyMMBI 3apaboTKa
WCIIOJTHUTENS, CBA3aHHON C y4acTHEM B MPOEKTE, K COOTBETCTBYIOIIEMY MOJHOMY
3apaboOTKy (3apIulaTHOM 4YacTU CMEThl) HEOOXOAUMO TMEPBYHD YMHOXHUTH Ha

UHTerpanbHbIi Ko3dpumuent K, = 1,1*1,188*1,3 = 1,62.
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Tabnuia 4.4 — Pacuet 3atpat Ha MOJIHYIO 3apabOTHYIO IJIATY

Ncnonnum | Okian, CpennenneBHass | 3atpatel | Koag- ®oHp 3/mnatsl,
TEb Py6./mec. | craBka, BpEMEHH, | QUIIUEHT | pyO.
py6/pad.neHpb pab.aH
HP 33664 1342,09 34 1,699 77 527,17
n 15470 616,75 64 1,699 67 062,93
Hroro 144 590,1

4.2.3 Pacuer 3aTpaT Ha CONUAJbHBIH HAJIOT

3atpatel Ha eauHbIi comuanbHbBI Hanor (ECH), Bximrogaromuii B cedst

OTYHMCJICHUS B IICHCUOHHBIN (1)0H)1, Ha COMAJIBHOC U MCAUIIMHCKOC CTPAaXOBAHMUC,

coctaBisAtoT 30 % oT moHOM 3apabOTHOM IMJIATHI MO MPOEKTY, TO €CTh:

Ceoy = C3y + 0,3

I/ITaK, B HAIlIEM CJIy4dac:

Ceon = 137136,87 0,3 = 43 377,03 py6.

4.2.4 Pacuer 3aTpaT Ha 3JIEKTPOIHEPTUIO

4

6)

JlaHHBIN BUA PAacXollOB BKIIOYAET B ce0si 3aTpaThl HAa AJIEKTPOIHEPTHUIO,

NOTPAYCHHYI0 B XOJIe BBIMOJHEHUS TMPOEKTa Ha pPaboTy HCIOIb3yeMOTo

000pyAOBaHUs, pACCUNTHIBAEMBIE 110 (hOPMYIIE:

C3JI.O6. = l:)06 * t06 * I—IB

riae P,g— MomHoCTh, moTpebsiemast 060pynoBanueM, kBT;

15 — rapud Ha 1 kBt-yac;

t,s — BpeMs paboThl 000pyIOBaHHUS, Yac.

4

7

B TomckoM monuTexHudeckoM yHHBepcutere ll; = 6,59 py0./kBT9ac ¢

y4eTOM HaJlora Ha J00aBIEHHYI CTOMMOCTb.

Bpems paboTel 000py0BaHUS BBIUUCIISIETCS HA OCHOBE MTOTOBBIX JaHHBIX

tabnuiel 4.2 aist uaxenepa (TPJI) u3 pacuera, 4To NpoAOIKUTETBHOCTh pabovero

JTHSl paBHa 8 4acoB.
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t06 = Tp'[l * Kt (48)
rae K; < 1- xo3ppuuueHT ucnosib30BaHUS 000pPYJOBaHUS IO BPEMEHH,
pPaBHBIII OTHOIIEHUIO BPEMEHU €ro paboThl B MPOLIECCE BBIMOIHEHUS MPOEKTa K
TP/I, onpenensercs UCIIOJHUTEIIEM CaMOCTOSTEIIBHO.
MortHocTh, notpebiasiemMas 000pyI0BaHUEM, ONIpeAeIsieTCs 1o hopmyJie:
POB = PHOM * I{C (49)
rae Pyon — HOMUHaJIbHASE MOLTHOCTH 000py0BaHus, KBT;
K.< 1 —xosdduument 3arpy3ku, 3aBUCAIIMH OT CpeAaHEell CcTeneHu
UCIOJIb30BaHUsI HOMMHAJIBHOW MOIIIHOCTH.
st TexHonmornueckoro obopynoBanus maioi momHoctd K = 1. Pacuer
3aTpaThl Ha DJEKTPOIHEPTHIO JJIsi TEXHOJOTMYECKHX IIeJIe MpeiCTaBlIeHbl B
Ta0ure 5.

Tabnuua 4.5 —3atpaTsl Ha ANEKTPOIHEPTUIO TEXHOJIOTHUECKYIO

Hanmenosanue Bpems pabotsl [oTpebnsemas 3arpartsl Cyj 6.,
00opy10BaHUS o0opynoBaHUs MOITHOCTE Py, pyo
tog,9aC kBT
[TepconanbHbIN 512 0,4 1 349,7
KOMIIBIOTEP
Crpyiinbiit 20 0,2 21,028
PUHTEP
Htoro: 1370,7

4.2.5 Pacuer aMOpPTH3aLIMOHHBIX PACX010B
B nanHOM pa3zgene pacCUMTBIBAETCA aMOPTH3ALMS  HUCHOJIb3yEeMOTO

000pyIOBaHUS 32 BpEMs BBHITTOJIHEHHS TIPOEKTA M0 (HOpMyJIe:

(4.10)

rae Hy — rogoBas HopMa aMmopTH3anuu eauHuIbl 00opynoBanus (H,=0,4);

Lo — OanancoBasi CTOMMOCTh €AMHUIIBI 000pyaoBaHus ¢ yuetom T3P.
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[Ipy HEBO3MOKHOCTH MOJIYYUTh COOTBETCTBYIOIIME JAHHBIE U3 OyXraaTepuu
OHa MOXET ObITh 3aMEHEHa JIEUCTBYIOIIEH IIEHOM, COAEpKaIlleicss B LIEHHUKAX,
IIPEUCKYpaHTaX U T.I1.;

F, — neicTBUTENBHBIA TOJ0BOM (OHI BpEMEHH PAOOTHI COOTBETCTBYIOILETO
obopynoBaHusi, OepeTcss U3 CHEIUaTbHBIX CIPABOYHUKOB WU (DAKTUUECKOTO
peXrMa €ro MCIOJIb30BaHUS B TEKylIeM KajeHAaapHoM rony. Ilpu stom BTOpO#
BAPHAHT IO3BOJIAET MOJIYYUTh Oonee 00bekTHBHYIO onenKy CAM (F, =298 * 8 =
2384 qaca);

N — YUCJIO 3a/1eWCTBOBAHHBIX OJJHOTUITHBIX €AUHUI] 000PYI0BAHMS.

Paccuntaem amopTH3alMi0 HCIOIB3YEMOIr0 KOMIIbIOTEpPA MO (opmyre
(5.10):

_0,4%40000 * 512 * 1
Cam = 2384

PaccunTaeM amopTH3aluio KCHOJIB3yeMoro npuHTepa mo dopmyse (4.10),

= 3436 py®6.

rae croumocts npunTepa 10000 py6., ero F; = 500 gac.; Hy = 0,5:

0,5 % 10000 20 * 1
Cam = 500

= 200 py®6.

4.2.6 Pacyer nmpoymux pacxoaon

B cratbe «IIpoune pacxonbl» OTpaKeHbI pacXOAbl HA BBIMOJHEHHUE MTPOCKTA,
KOTOpbIE HE YYTEHbl B MHPEABIAYIINX CTaThAX, K HUM OTHOCATCS COAEpKaHUE
OpPITEXHUKH, YCIYTHU CBSI3U, MPEACTaBUTEIbHBIE pacxoAbl U Apyrue. Ux cienyer
npuHATH paBHBIMH 10% OT cyMMBI BceX MPEIbIAYIIUX PACXOIOB:

Cr[poq. = (Cnpoq. + Cnpoq. + CHpoq. + CHpoq. + Cnpoq.) *0,1 (411)

Hatimem mnpoume pacxombel 1o dopmyne (5.11) yuumThiBas JaHHBIS

MOJIYYEHHBIE BBIIIE:

Cupos, = (1785 + 144 590,1 + 43 377,03 + 1370,7 + 3636) * 0,1
= 19 475,9 py6.
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4.2.7 Pacuer o0meii cebecTOoUMOCTH pa3padoTKu

IIpoBenst pacuer Mo BCEM CTAThsIM CMETHI 3aTpaT Ha pa3paboTKy, MOXKHO
OnpeaenuTh o0yl ce0ecTOMMOCTh MpoeKTa «Pa3paboTka SKCIEPTHON CHUCTEMBI
JUArHOCTUKH ABAapUMHBIX CUTyallMd SJEKTpUYecKoM cerm». Cmera 3aTpar Ha
pa3paloTKy mpejcTaBieHa B Tabnuiie 4.6.

Tabnuua 4.6 — Cmera 3atpaT Ha pa3pabOTKy MpPOEKTa

Cratbs 3aTpar VYcnoBHOe 0003HaueHUE Cymma, pyo.
Martepualibl 1 TOKYITHbBIE Car 1785
U31ETHs
OcHoBHast 3apaboTHas Cap 144 590,1
iara
Otuncnenus B Ceon 43 377,03
coruanbHbie (OHIBI
Pacxonsl Ha Cy 1370,7
AJIEKTPOIHEPTUIO
AMOpPTH3aLIUOHHBIE Cam. 3636
OTYHCIICHUS
[Ipouue pacxomabl Cripou. 19 475,9
Hroro: 214 234,73pyo6.

Takum o0paszom, 3aTparbl Ha paszpabotky coctaBmiu C = 214 234,73

pyOuei.

4.2.8 Pacuer npudbLin

[TpuObLTE OT peanu3anuu MPOEKTa B 3aBUCUMOCTH OT KOHKPETHOW CUTYaIlUN
(MacmTad M XapakTep MOJy4aeMOIo pe3yJibTara, CTENEHb €ro ONpPe/IeIECHHOCTU U
KOMMEpIHAIHM3aIuy, crenuduKa IeIeBOro CerMEHTa pPhIHKA M T.JO.) MOXET
OMPENENAThCS PA3IUUYHBIMU crioco0amu. B maHHON paboTe UCMONHUTENb HE
pacrionaraeT AaHHBIMU JJIsl IPUMEHEHUS «CJIOKHBIX» METOJIOB, OTCIOAa MPUOBLIb

cleayeT NMpUHATH B pazMepe 5 + 20 % oT mosiHOM ce0ecTOMMOCTH ITpoeKTa. Takum
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oOpa3zoMm, oHa coctaBisieT 42 846,9 py6. (20 %) oT pacxonoB Ha pa3pabOTKy

IIPOEKTA.

4.2.9 Pacuer HIAC
HJC cocraBnser 20% oOT cyMMmbl 3aTpaT Ha pa3paboTKy W mnpuObuid. B

HareM cirydae 31o (214 234,73+ 42 846,9) * 0,2 = 51 416,3 py0.

4.2.10 ena pa3padoTKkn MAruCTEPCKOI AMccepTALUN
Ilena paBHa cymme monHOW cebecroumoctr, mpubObm u HJC. Takum
o0pa3om, 1eHa pa3paboTKH MaruCTePCKON JUCCEPTAIIUH COCTABUT:

., = 214 234,73 + 42 846,9 + 51 416,3 = 308 497,93 pyo.

4.3 OueHka 3KOHOMHYeCKO0il 3(PPeKTUBHOCTH NMPOEKTA

JlaHHBIA ~ MMOKaszarenqb — CPOK  OKyNaeMoCTH - OIpEAEIISAET
IPOJOJIKUTEIBHOCTh TOTO TEPHOJA, 4Yepe3 KOTOPbIH MHBECTHIIMH OYyIyT
BO3BpalleHbI OJarofaps NoJy4YeHHON MPUOBLIH.

[IpencraBnennas paboTa HOCHUT HCKIIOYUTEIBHO HCCIIEIOBATEIBCKUN
XapakTep, MOCKOJIbKY TOJyUYEeHHBIN pe3yJibTaT He IOBEJEH /10 CTENEHNU TOTOBHOCTH
K KOHKPETHOMY TEXHOJIOTHYECKOMY MPUMEHEHUI0O U TpeldyeT yTOYHEHUS W
JIOTIOJTHUTENIBHBIX 3aTPAT Ha MOCJIEAYIONUX CTaAUSIX MPOCKTUPOBaHMs. B cBs3u ¢
ITUM, OOBEKTHBHAs OIICHKA €r0 IKOHOMHUYECKOW 3(P(EKTHUBHOCTH HA JaHHOM

9TaIIC HC uenecoo6pa3Ha.

4.4 BbIBOABI IO pa3aeny

B pesynbrare BBINONHEHUS JAHHOTO pa3liella MaruCTepCKO IuccepTalni,
OblT  TOCTpOoeH TIaH-Tpahuk €€ BBIMOTHEHHWS, a TaKXKe COCTaBlieHa
COOTBETCTBYIOIAsA CMETA 3aTPaT U MPUOBLIH.

Ecimu npussaTh TOT (akTt, 4ro MaHHas paboTa HOCHT HMCCIENOBATEIHCKHUX
XapakTep, TO OINpPEIEIICHUE CPOKA OKYIIaeMOCTH HWHBECTHLWW MPEICTABICHHOTO
IPOEKTa HE MPEICTABISIETCS BO3MOXXHBIM. OJHAKO, AAHHBIM MPOEKT SBISIETCS
akryansHbiM 111 OO0 «"OPCETH», Onarogapsi 4emy, MOKHO MPEIIOIO0KUTD,
YTO B pE3yJbTaTe€ BHEJIPEHUS YMEHBIIUTCA YHCIO OTKAa30B, CBS3aHHBIX C
oOpbIBaMH KaOeNbHbIX JIMHUH, IJIABHBIM MIPEUMYIIECTBOM JaHHOW CUCTEMBI, OyneT

SABIATBCS. ~ CKOPOCTh ~ YCTPAHEHUS  HEUCIPABHOCTEM M TOCTOSTHHBIM
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AIIEKTPOCHAOKEHUEM NIl DJICKTPOMOTPEOUTENe, MOCTHTaeTCsl JTO IyTeM
3a0ylaroBpeMeHHON nepefaur MHpopManuu o0 ux coctossHuu. Ha ocHoBaHuu
M3JIOKCHHBIX TPEUMYIIECTB pa3pad0TKa MPOEKTa «IPOCKTUPOBAHKUE DKCIEPTHOU

CUCTEMBI MEPEKIIOUEHHUS TUHUHN 3JIEKTpoIepeaau» ABIsSETCs 1eIeco00pa3HOM.
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5 ConuajibHAasi OTBETCTBEHHOCTh

Janublii  paszgen  AMIUIOMHOM — pabOThl  NOCBSIIEH — HMCCIEIOBAaHUIO
ONTUMAJBHBIX YCIOBHI Tpyla HHXEHepa—IporpamMmmucta. B kauecTtBe oObekTa
UCCJIEIOBaHUs BBICTyNalOT paboyee MeCTO NpPOrpaMMHCTa M TIOMELIEHHE, B
KOTOPOM OHO HaXOJUTCSI.

B nannoit mMarucrepckoit pabore Oblia pazpaboTaHa SKCHEpPTHas CHCTEMa
JMAarHOCTUKUA aBapUMHBIX CHUTyallU d3JekTpuueckoil cetu. Ilporpammuas dacTh
OCYLIECTBIISIET YIIpaBieHUE, cOOp NaHHBIX U POPMUPOBAHHE OTUYETOB.

Bo BpeMmsi BbImosiHEeHHs] TaHHOW pabOThl ObUTH pa3pabOTaHbl AJITOPUTMBI,
CMOJIEJTMPOBAHA JKCIEPTHASI CUCTEMA M pean30BaHbl pa3pabO0TaHHbBIE AITOPUTMBI
B I1O «PhPStormy.

OCHOBHBIMH CPEJICTBAMU JJIsl BBITIOJIHEHUS TUILIOMHOTO MPOEKTA SBIISIUCH
MEPCOHAIBHBIN KOMITHIOTEP U JIOKAJIbHAS BBIUYMCIUTEIbHAS CETh C BBIXOJOM B
Nutepuer. PabGouee Mecto, Haxomsmeecs Ha mnpeanpusitun OO0 «[OPCETH»
npencrapisier coboir APM omeparopa, KOTOpo€ HAXOIUTCS B IOMEIICHUH
pa3MepoB 5,5 Ha 6 METPOB U BBICOTOM 2 METpa.

B  nmamHOM  pazgene  OyayT  pacCMOTpPEHBl — omacHble  (haKTOPHI,
NPUCYTCTBYIOIME TpU padoTre co cTeHaoM. K OCHOBHBIM (akTopaM MOKHO
OTHECTH TPOU3BOACTBEHHBIM IIyM, KOPOTKOE 3aMbIKaHUE, a TaKKe MOpaKeHHE
ANEKTPUUECKUM TOKOM. Takke paszien BKIIOYAeT PAaCCMOTPEHHE TPaBOBBIX

BOIIPOCOB PETYJIMPOBAHUS TPYAOBBIX OTHOLICHHM.

5.1 [IIpaBoBble ¥ OpraHM3allHOHHbIE BONPOCHI  oO0ecreYeHUs
0e301acHOCTH.

l'ocynapcTBeHHBI HAI30p W KOHTPOJb B OpPraHU3alUsX OCYIIECTBISIOT
CIEUUAIIBHO YIOJHOMOYEHHBIE Ha TO T'OCYJAapCTBEHHbIE OPraHbl U WHCIEKIUU B
COOTBETCTBUHU C (peJiepaibHbIMU 3aKOHAMMU.

3aKOHOAaTEeNbCTBOM P® peryimpyroTcs OTHOLICHUS MEXKIY OpraHu3aluen

u pabOOTHUKaMH, KacawollMecs OIUlaThl TpyAa, TPYAOBOrO pPacHoOpsiKa,
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COIIMATIbHBIX OTHOILIEHHM, OCOOCHHOCTU PETyJIHpPOBAHUSI TPyJa >KEHIIWH, NETEH,
JIOJIeH ¢ OrPAaHUYEHHBIMU CITIOCOOHOCTAMU U JIP.

OcHOBHasi 1ledb MpaBWJI OXpaHbl TpyJda W TEXHUKU OE30MACHOCTU Ha
OPEANpPUITHU — OTO COXpaHEHUE 3JI0POBbS PAOOTHUKOB, a TaKXKe OOecreyeHue
pocTa IPOU3BOJUTEILHOCTH TPY/Ia U KOJIOTHYECKON 0€30MMacHOCTH.

['maBHBIMU 3aKOHONATENBHBIMH JIOKYMEHTaMH, JEXKallUMU B OCHOBE
TPYJIOBOT'O 3aKOHOJIATEILCTBA M OXPaHbI TPY/a, SBIISIOTCS:

1) Koncturymusa PO (ct. 7 n. 2 «B PD oxpansiercs Tpya U 370pOBbE
TOJeH. .. », 1. 3 «Kaxaplii 4eioBeK UMeeT MpaBo Ha 0€30MacHbIN TPy...», CT. 39,
cT. 41, c1. 42, cT. 52, CcT. 58.);

2) OcHoBHOE 3akoHOJaTeNbCTBO PD 00 oxpane Tpynaa (cT. 3, cT. 4, CT. 5, CT.
9, ct. 20);

3) @3 «O caHUTApPHO-2MHUAEMHUOJIOTHYECKOM OJIArONOJydYur HACEICHUS» OT
30 mapta 1999r. Ne52-®3 (cT. 25, ct. 26, cT. 27, cT. 34, cT. 55);

4) ®3 P® or 10.01.2002r Ne7-d3 «OO6 oxpaHe OKpy>Karolmieu cpeasl» (CT.
11).

5.2 Opranu3anuoHHbIe MEPONIPUSITHS PU KOMIIOHOBKE pado4veil 30HbI
JIJisi MUHUMM3AIUU BPEIHBIX MCUXO(PU3UOIOTUYECKUX (PAKTOPOB, KaKUMHU

ABJISIFOTCS. MOHOTOHHOCTh TpyZAa, SMOLMOHAJIBHOE M YMCTBEHHOE HANpSHKEHUE,
CTaTUYECKHE HArpy3KH, CJleAyeT OpraHu3oBath padouee mecto omepatopa ['PC,
coracHo TpeboBanusm CanlluH 2.2.2/2.4.1340-03 [18]:
— PACCTOSIHHE MEXTy paO0OUYMMHU CTOJIAMH C BHIEOMOHUTOPAMHU JTOJKHO OBITH
He MeHee 2,0 M, a pacCTOSIHUE MEKy OOKOBBIMU OBEPXHOCTIMU
BHJICOMOHUTOPOB — HE MeHee 1,2 M;
— AKpaH BUJCOMOHHUTOPA JOJKEH HAXOJUTHCS OT rj1a3 MOoJb30BaTels Ha
pacctostauu ot 600 g0 700 MM, HO He Oimxke 500 MM ¢ y9eTOM pa3MepoB

an¢paBUTHO-IIM(PPOBBIX 3HAKOB U CUMBOJIOB;
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- KOHCTPYKIMS paboyero cToja A0HKHA 00ecneunBaTh ONTUMAIbHOE
pa3MelleHre UCTIOIb3YEMOro 00OPYIOBaHMS C YUETOM XapaKTEPa BBIMOIHIEMOM
paboThI;

- OBEPXHOCTh pabOyero cToya J0JKHA UMETh KO3 PUIIMEHT OTpaKeHHUs OT
0,5 10 0,7;

- KOHCTPYKIIMS paboydero cTynia JI0JKHa 00ecieunBaTh MoAAepKaHue
panmoHanbHOM padoueit mo3sl npu padote Ha [1K, mo3BoNsATH U3MEHATH O3y C
LEJbI0 CHUKEHUS CTATHUYECKOT0 HAMPSXKEHUs MBILII IEHHO-TIJICeYeBOM 00nacTu u
CIIUHBI; TUII pabOYEro CTyJia BHIOUPAETCS C yUETOM POCTa MOJIb30BaTENS,
XapakTepa U MpoJobKuTeaIbHoCcTH padoTsl ¢ T1K.

Ha pucynke 20 npencraBieHbl 3proHOMUYECKHE TPEOOBAHMUS.

Pucynox 20 — Opronomuueckue TpeOoBaHUs

r7ie a — 30Ha MaKCUMaJIbHOM JOCSATaeMOCTH; O — 30Ha JIOCSATAEMOCTH TabIEB MpU
BBITIHYTOM PYyKE; B — 30HA JIETKOM JOCATa€MOCTH JIAJIOHH; I' — ONTUMAJIBHOU
IPOCTPAHCTBO JJIsl TPYOOH py4dHOU pabOTHI; J — ONTUMAIBLHOE MPOCTPAHCTBO IS
TOYHOU pyYHOU pabOTHI.

OntuManbHOE pa3MEIleHHE MPEAMETOB TPyAa U JOKYMEHTAllMUd B 30HAX
nocsiraemoctu cornacHo 'OCT 12.2.032-78:
— JUCIIIEN pa3MeNIaeTcsl B 30HE «a» (B LEHTPE);
- CUCTEMHBIN OJIOK pa3MellaeTcsl B IPEyCMOTPEHHOM HUIIIE CTOJIA;
— KJIaBUATypa — B 30HE «T/11»;

- «MBbIIIb» — B 30HC «B» CIIPpaBa,
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— JOKyMEHTaIlMs1, HeoO0XoauMas mpu padoTe — B 30HE JIETKON JOCSATaeMOCTH

Jal0HU — «O», @ B BBIABMIKHBIX SIIIIMKAX CTOJIA — PEJKO UCIOJIb3yeMasl InTepaTypa.

5.3 [IpousBoacTBeHHAs 0€30MACHOCTb.

PazpaboTka u SKcIulyaTanus SKCIEPTHOW CHUCTEMBI OCYIIECTBISETCS B
3aKPBITOM MTOMEIICHUH C TIOMOIIBIO MIEPCOHAIBHOTO KOMITBIOTEPA, KOTOPBIKA OyAeT
SBJIATBCSI TJIABHBIM HMCTOYHUKOM BpEAHBIX (AKTOPOB BO BpeMs paboyero
nporiecca.

Jlns BeiOboOpa dakTopoB Heobxoammo wucnosibzoBath ['OCT 12.0.003-2015
[15]. TIlepeueHr omacHBIX W BpeAHBIX (AKTOPOB, XapaKTEPHBIX IS
IPOSKTHPYEMOM MPOU3BOICTBEHHOMN CpeJIbl IIpeicTaBiieH B Tadymie 5.1
Tabmuna 5.1 — OnacHeie ¥ BpeaHbIe (GAKTOPBI MPU MPOSKTUPOBAHUU IKCIICPTHOM

CHCTEMBI OLICHKH PEe3yJIbTaTOB Hay4HbIX Meponpustuii TITY

Oramnsl paboT
g | B 2
daxTopsI bg QE § HopmaTtuBHEIE
(TOCT 12.0.003-2015) © § % JIOKYMEHTBI
~ M
[TapameTpsl myma ycrtanaBiuBaroTcss CH
2.2.4/2.1.8.562— 96 [16].
[TapameTpsl MUKpOKJIMMATa
ycranaBiauBarotcs CanlluH 2.2.4-548- 96
1. Ilpeppluenne ypoBHA | + + [TapameTpsl €CTECTBEHHOTO u
tryma HCKYCCTBEHHOT'O OCBEILIEHUS
ycranasiuBatorcss CHull 23-05-95
['uruenuyeckue TpeOOBaHMS K
NepCOHATbHBIM
3NEKTPOHHOBBIYUCIUTEIBHBIM MalIMHAM U
2. . Orxionenue Opra"u3anuu paboThI CanlIuH
noxasaresen A T | 2.2.2/2.4.1340- 03.
MUKpOKJIMMATa
3.Henocratounas
OCBEIIIEHHOCTh paboueit | + + +
30HBI
4. TIlpeBbllleHHE YPOBHS
SJICKTPOMAarHUTHBIX + + +
U3JIy4CHUI
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[Iponomxenue Tabnuusl 5.1

Oransl paboT

@akTopsl
(TOCT 12.0.003-2015)

HopmaTtusHbie
JIOKYMEHTBI

PaspaboTka
Nsrorosienue
DKCITyaTalus

—I'OCT 12.1.004-91 CCBT. Iloxapnas
6e3onacHocTh. O0mmMe TpeOoBaHMS;

—-I'OCT 12.1.010-76 CCBT.
B3psiBo6e3onacHocTs. O0mue TpeOboBaHuUS;

—I'OCT 12.1.019 (c uzm. Nel) CCBT.
+ + + DNeKTpoOEe30MaCHOCTh

—T'OCT P UCO 12100-2013 bezomnacHocThb
MalllnuH

5. Puck MOPAKEHUS
ANIEKTPUYECKHM TOKOM

9.3.1 AHaau3 BbISIBJI€HHBIX BpeIHbIX (JaKTOPOB

5.3.1.1 IloBbINIEeHHBIH YPOBEHDb IIyMAa Ha pabdodyeM MecTe

[IIyM — 3TO COBOKYIHOCTHh 3BYKOB, HEOJIArOMPHUATHO BO3JCUCTBYIONIUX Ha
OpraHu3M YejIoBeKa W MEMIAIoNIUX ero padoTe U OoTAbIXy. OCHOBHBIM UCTOYHHUKOM
IIyMa Ipu padoTe ¢ BRIYMCIUTEILHBIMUA MallTMHAMM SIBJISICTCS CUCTEMHBIN OJ10K. B
COBPEMEHHOM MHPE HACTOSAIICH MPOOJIEMON CHCTEMHBIX OJIOKOB CTaja MIYMHOCTb
CUCTEM BEHTWISIUU. OTO MPOUCXOJUT 3a CYET TOr0, YTO COBPEMEHHBIE
npoleccopbl cranu Oosiee MoIIHbIE. ECTeCTBEHHO, YTO 4Ye€M BBIIIE YacTOTa
mporeccopa, TeM BbIie Oymer ero sHepromorpebiienue. Takum oOpaszowm,
BO3HHMKAET HyXkJa B 0Oojee MOIIHOM OXJaXJeHUU. VI COOTBETCTBEHHO pacTeT
YPOBEHb IIyMa, CO3JABAEMbIi CUCTEMOW BEHTWJISAIHMHU. TakKe MCTOYHHKOM IIIyMa
SBIIICTCS OXJIAXKTAOMIMK OJIOK TMWTaHUs, Mpoleccop, Tpaduyeckue IUIaThl U
xecTkue qucku [16].

[IIym oxa3piBa€T OTpHUILIATEIBHOE BIHSHUE, KaK Ha KayecTBO pabOThI
YEeJ0BEKa, TaK M Ha ero 370poBbe. [IOCTOSSHHOE BO3MEWCTBHE CUIIBHOTO IIyMa

MOXKXCT HC TOJIBKO OTpHLOATCIbHO IIOBJIMATL Ha CIYX, HO H BbI3BATb APYIUC
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BpEAHbIE TMOCIEACTBUS — 3BOH B YyIIaX, TOJIOBOKPYKEHUE, TOJOBHYIO OO0Ib,
noBellieHne yctanoctu. Lllym obGnamaer akkymyJasiTUBHBIM 3((EKTOB, TO €CTb
AKyCTHYECKHE Pa3IpaKCHUsI, HAKAIUIMBAsCh B OPraHU3MeE, BCE CHUIIBHEE YIHETAIOT
ero. IloaTomMy mepen mnoreper ciyxa OT BO3JCHMCTBUS IIYMOB BO3HUKAET
(GYHKIMOHAJIBHOE pAcCTPOMCTBO LIEHTPAJbHOM HEPBHOM cHUCTeMBl. Yenosex,
NOCTOSIHHO TOJIBEPralouIMics BO3ACHCTBUIO IIyma, OBICTPO MEPEyTOMIISIETCS,
OTJIMYAETCs MOBBIIIEHHOW Pa3Apa’kKUTEIbHOCTbIO, CTAHOBUTCS 3a0BIBUMBBIM, YaIlle
CTpaJiaeT OT CadOCTH U TOJOBOKPYXKEHHUS. YPOBEHb 3ByKa Ha pabO4YMX MecCTax,
CBA3aHHBIX C  TBOPYECKOM  JEATEIBHOCTBIO, HAYYHOM  JAEATEIbHOCTHIO,
IpOrpaMMHUpPOBAaHUEM, MPENoJaBaHUueM W OOyYe€HHEeM He JOJDKEeH MpeBblmath 50
nbA no CH 2.2.4/2.1.8.562-96[16].

Mepbl, KOTOpble HEOOXOIUMO MPUHSATH, A1 TOrO YTOOBI MOMEIIEHHE OBLIO
MEHee 3allyMJICHHBIM — 3TO 00€CHeuYuTh HOPMAIbHYIO BEHTHIISIIIUIO CUCTEMHOTO
Oomoka. [Ing  oxmaxaeHuss ~ HEOOXOAMMO  00OpYyIAOBaTb  CO  CTOPOHBI
BEHTWISILIMOHHBIX OTBepcTUi XO0Ts Obl 20-30 cM cBoOoaHOrO mpoctpanctsa. He
3arpoMoKJaTh 0OOPYJOBaHHE IMOCTOPOHHUMHU NIpeIMETaMH, KOTOpPbIE CHUKAIOT

TEIIOO0TIauy, MPOUYMIIATh BEHTUIAIIMOHHBIC OTBEPCTHS OT MBLIH MblLiecocoM [16].

5.3.1.2 OTK/IOHeHHEe MoKAa3aTe/ieil MUKPOKJIMMATa

B nomemenusx, rie yCTaHOBJICHBI KOMITBIOTEPHI, TOJDKHBI COOJIOJATHCS
ONpENICJICHHbIE TapaMeTPbl MUKPOKIMMAaTa. OJTH HOPMbI YCTAHABIMBAIOTCS B
3aBUCUMOCTH OT BPEMEHM T0Jla, XapakTepa TpPyAOBOrO Ipolecca M Xapakrepa
IIPOU3BOJICTBEHHOTO TOMelIeHus. PaboTa mHXKeHepa-mporpaMMHUCTa OTHOCUTCS K
Kateropuu padbor la, B KOTOpyI0 BXOAAT pabOThl C MHTEHCUBHOCTBIO YHEPTO3aTpaT
no 139Bt1, npou3BoaMMBIE CHAS U CONPOBOXIAIOIIMECS HE3HAYUTEIbHBIM
dusnuecknm HampspkeHrneM. OnTUMaTbHBIE TTApaMETPhl MUKPOKIMMATA JUTsl ATOU
Kateropun padboT mpuBeneHs! B Tadymne 5.2 [17]. Hopmbl momaum cBexero

BO34yXa B IIOMCHICHHUA, I'IC PACIIOJNOXKCHBI KOMIIBIOTCPBI, IIPHUBCACHLI B Ta6J'II/II_I€

5.3
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Tabmuma 5.2 — IlapameTpsl MUKpOKJIMMATa JJIsi MOMEIICHUH, II€ YCTAHOBJICHBI

koMmibtoTepsl o CanlluH 2.2.548-96

[Tepuon roga | [TapameTp MUKpOKIMMAaTa Benuunna
Tenmnblii Temmeparypa Bo31yxa B IOMELIEHUN 22...24 °C
OTHOCUTENBHAS BIAXKHOCTh 40...60 % no
CkopocTh IBM>KEHUS BO31yXa 0,1m/c
XO0n01HbIN Temmeparypa Bo3yxa B TOMELIEHUN 23...25°C
OTtHOCUTENBHAS BIAXKHOCTh 40...60 %
CxopoCTh JIBUKEHUS BO3/1yXa 0,1...0,2m/c

Tabmuma 5.3 — Hopmbl moj1aun cBEXeEro Bo3AyXa B OMEIICHUS, Te PACTIOIOKEHBI

komnbrotepbinoCanlluH 2.2.548-96

XapakTepucTuKka MOMEIICHUS OOBEeMHBI pacxojJ IMOJAaBaeMOro B
MOMEIIIEHUE CBEXKEro Bo3ayxa, M3 /Ha

OJJHOI'O YCJIOBCKA

O0bem 10 20M yac 3 Ha yenoBeKa He menee 30
20...40M 3 Ha JenoBeka He menee 20
bonee 40m 3 Ha yenoBeka EctecTBeHHAsT BEHTIWIIALIUSA

B IIOMCUICHNN, B KOTOPOM OCYIICCTBJLAJIOCH BBIIIOJIHCHUC OUILJIOMA,

IapaMeTpbl MUKPOKIMMATA HAXOAATCS B MIPEIEIaX HOPMBL.

5.3.1.3 IloBbIlIEHHBIH YPOBEHb 3JIEKTPOMATHUTHBIX U3J1yYeHH I

Kornma Bce ycrpolicTBa EpCOHAIIBHOTO KOMITBIOTEPA BKIIFOUEHBI, B palilOHE
pabouero Mecta mporpaMMucTa, (QOpMUPYETCS CIOKHOE TIO CTPYKTYpe
AJIEKTPOMArHuTHOE Tosie. PeanpHyl0 yrpo3y Mg MOJb30BaTeNsl KOMIIbIOTEpa
IPEACTABISIOT ANEKTPOMArHUTHBIE MOJsl. MI3BECTHO, YTO MOHUTOP MEPCOHAIBHOTO
KOMITbIOTEPA SIBIIIETCS UCTOUYHUKOM: [18]

— BJIEKTPOCTATUYECKOTO MOJIs;

—Cla0bIX  BJEKTPOMArHUTHBIX  U3JIYYeHUH B  HHM3KOUYACTOTHOM U

BBICOKOYACTOTHOM B auana3oHax (2 I'm — 400 kI'm);
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— YIbTPa(UOIETOBOIO U3JIY4YECHHUS;

— NH(PaKPaCHOTO U3IYYEHHUS,;

— W3JIy4eHHs BUAMMOTO JIMaIa3oHa.

B opranusme uyenoBeka NOJ BIHUSAHHEM OHIIEKTPOMArHUTHOTO W3Iy4YEHUs
MOHHUTOpa MPOUCXOJAT 3HAUUTEIbHBIE HM3MEHEHHS TOPMOHAJIBHOTO COCTOSIHUS,
cnenupuyeckue H3MEHEHHUS OHOTOKOB TOJOBHOIO MO3ra, M3MEHEHHE OOMEHa
BeuiecTB. [Ibuib, MpUTATHBaEMas ANEKTPOCTATUYECKUM IOJIEM MOHUTOpA, UHOI/A
CTAaHOBHUTCS NPUYMHOM  JEPMATUTOB  JIMIA, OOOCTPEHUS  ACTMATHYECKUX
CHUMIITOMOB, pa3pa)KeHUs CIIM3UCTBIX 000I0ueK [26].

JUist CHWDKEHHS BO3JCMCTBUSL DJIEKTPOMATHUTHOTO M3JTYyUYEHHUS CIEAYyeT
OPUMEHSITh  MOHHUTOPBI C  TOHWXEHHBIM  YPOBHEM  M3JIY4YEHHS, TaKxKe
YCTaHABIMBATh 3aIUTHBIE DKPaHbI, MPHUAECPKUBATHCA PErJIAMEHTHPOBAHHOTO
pexuma TpyAa M OTAbIXa, a TaKXe NPOBOJUTH PETYISPHYIO TUTHEHUYECKYIO

yOOpKY MOMEIIEHUS.

9.3.1.4 HegocTaTtouHasi 0CBEHIEHHOCTH padoyeid 30HbI

CooTBeTCTByIOIIIEE  MPOU3BOACTBEHHOE OCBEIIICHUE CrocoOCTByeT
YIYUYIICHUIO  YCJIOBUH  3pUTEIbHONM  paboOThl, KaK CJICACTBHE  CHHYXKAET
YTOMJISIEMOCTh M CIOCOOCTBYET IIOBBLIIICHUIO TMPOWU3BOAUTEILHOCTH Tpyna. B
KOMITBIOTEPHBIX 3aJlaX OJDKHO OBITh €CTECTBEHHOE M MCKYCCTBEHHOE OCBEIICHHE,
TO €CTh KOMOMHUpOBaHHOE. EcTecTBeHHOE OcCBeleHHne O00eCleunuBaeTCs 4Yepes
OKOHHBIC TIpoeMbI ¢ ko3 dunmenTom ectectBeHHoro oceemenus (KEO) He Hike
1,2% B 30Hax ¢ yCTOMYMBBIM CHEXHBIM MOKPOBOM U He HIke 1,5% Ha ocTanbHOI
TeppuTopur. CBETOBOM MOTOK M3 OKOHHOTO MpoeMa JOJDKEH MajaTh Ha pabouee
MECTO OIlepaTopa € JIEBOM CTOpPOHBI. MICKyCCTBEHHOE OCBEIICHUE B MOMEIICHUSIX
AKCIUTyaTallu KOMIIBIOTEPOB JOJKHO OCYIIECTBISITHCS CUCTEMOM  OOIIETo
paBHOMEpHOTro ocBelleHusi. (OCBEIIEHHOCTh Ha TMOBEPXHOCTH CTOJa B 30HE
pa3MenieHuss AOKyMeHTOB noikHa ObiTh 300-500 nk. JlomyckaeTcs ycTaHOBKa
CBETHJILHUKOB MECTHOTO OCBCILCHHUS IS TOJCBETKH JIOKYMEHTOB. MecTHOe

OCBCIICHHUEC HC OOI’KHO CO31aBaTh OJIMKOB Ha IMOBCPXHOCTH JKpaHa N YBCINYNBATH

70



OCBEIIEHHOCTh 3KpaHa Oosiee E, =300 nx mo CHwull 23-05-95[27]. OcHOBHBIM
TUTHCHUYECKUM TPEOOBAHHUEM SIBIISICTCSI TOCTATOYHO PaBHOMEPHASI OCBEIICHHOCTH
BCEro Moyl 3peHusi. To eCcThb YpPOBEHb OCBEIICHHOCTH TOMEIICHHS, W SIPKOCTh
9KpaHa MOHHUTOpA JOJKHBI OBITh COOTHOCHUMBI: SIDKUH CBET B palioHE
nepuepUfHOTO 3PCHHSI  TOBBIIIACT HANPSOKCHHOCTh TJIA3 W MPUBOIUT
yToMisieMocTH. [IpuBeneM pacdeT MCKYCCTBEHHOTO OCBEIICHHS IS MTOMEIICHHSI
pazmepoM 5,5x6x2M MeToa0M KO3 PUIIMEHTa NCIIOIB30BaHUSI CBETOBOTO TIOTOKA.
[30]

Pacuer HNCKYCCTBCHHOI'O OCBCUICHUA IJIA yqe6H0ﬁ AyIUTOpUHN:

pa3Mmepsl noMetieHus: A=55m; B=6 m; H=2 m;

KOJIMYECTBO PSIIOB CBETHJILHUKOB N = 2;

— BbICOTa paboueii moBepxHocTH hy = 0,7 Mm;

— K03hPUIMEHT OTpakeHUsI CTeH Per = 50 %, Mpu yCIOBUU, YTO CTEHBI
OeTOoHHBIE TN TTOOEJIEHBI B CephIX oMereHusX; [28,30]

— k03 duimeHT orpaxeHuss mortoika p;, = 70 %, mpu YCIOBUHU, UYTO
HOTOJIKM CBexel mooenkwu; [28,30]

— k03 durmeHT 3amaca ISl TOMEIICHUS C MajbiM BBIICJICHUEM IBUIH
K,=15;

— K03 PuIMeHT HepaBHOMEPHOCTH ocBemieHus Z = 1,1;

— mapametp aia cBetuiabHuka tuna O/IP ¢ 3amurtHON pemeTkon A = 1,1-
1,3;

— CBETOBOM MOTOK oAHOM Jlamnbl @1 = 2500 51Mm.

Paccunranm nanexc nomemnieHus 1 mo popmyie (5.1): [29]

AxB 33

| — = = 51
S W @A+B) 2+(Gs+6) 1)

Bennuuna, onpexaensieMas r€OMETPUYECKUMU XapaKTePUCTUKAMU
MOMEIIECHUSI U TpUMEHseMasi 1Ji1 BbIYUCICHUS KO3(P(UIIMEHTAa HCIOJIb30BaHUS
cBeTHIIbHUKOB. [29] TlonmydenHoe B pesynbTaTe 3HaueHue | = 1,43 mo3Boisier

onpenenutb Ko3(QPUIUEHT HCHOJIb30BAHUSI CBETOBOTO MOTOKa. OH, B CBOIO
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ouepe/lb 3aBHCUT KaK OT IBeTa cTeH W motosika (pucynok 21). [30] IIpumem n =

51% TpeOyeMblii cCBeTOBOM MOTOK Hanu 1o Gopmye (5.2):
300%33%1,5%1,1*100

Ep*S*xK *Z
@ =22 L 1009% = = 16014,7 (11m) (5.2)
Nx*n 2x51

Cae- Py o Bar 200 ¢

M- | yorylarenss | s sarenmrenn| “Jouertas | ompamare- (O neJt
P % | 30 | 50| 70| 30 | 50 | 70| 30 |50 |TO{30(50)70|30]|50|70(30(50] 70
Pe, % | 10 | 30| 50| 40 | 30 | 50 | 40 | 30 |50 (4030|5010 {30{50 | 10|30 | 50

i Kosdhfuyuernm ucnoavaoearcua v - 100

05 |19 21|25 24 | 24 | 28 | 14 | 16 |22 (12 )14[47 23|26 |34 (14|16 19
06 |24 | 27] 3427 |30 | 34 | 49 | 24 (2746|4821 |30 (33 (37|48 20| 22
07 |290)34)34(32 |35 |38 |23 )24 |30)19|21(24|35 38421212325
08 |32 |34)37(35|38 |41 |25 26|33 [21|24|26(39|41[45(23]|25| 27
09 134|36)39|38 40|44 |27 |29|35]|23|25(28(42|44/48/25(127| 29
10 | 36 | 38| 40) 40 | 42 | 45 | 20 | 34 (37|25 )27 29 |44 | 46| 49|26 | 28| 30
1,4 |37 | 30| 41| 42 | 44 |46 | 30 | 32 | 38262730 40|48 |51 |27 ]29) 3
125 | 39 | 41| 43| 44 | 46 | 48 | 34 | 34 [44|27|20|34|48|50]53|29(30| 32
15 |41 | 43| 46| 46 | 48 | 51 | 34 | 37 |44 |29(30| 39|50 |52 56|30 | 31| 34
1,75 | 43 | 44 48| 48 | 50 [ 53 | 36 [ 30 |46|30132)34|52|55(58(31(33] 35
20 | 44| 46| 49|50 |52 (55|38 |41 |48(32(33(35]|55(57|60)33|34| 36
225 | 46 | 48| 51| 52 | 54 | 56 | 40 | 43 [50|33|35(87 |57 (59|62 34|85 37
30 |49 | 51| 53| 55 | 57 | 60 | 44 | 47 | 5435|3739 |60 | 62| 66|36 37| 40
35 | 50| 52| 54|56 |58 |6G1]45 |49 |57|36|38|40|61|64|67|37|38| 40
40 |54 | 52| 55(57 59|62 4650 5937|3941 (63/65|08]|38|30] 41
50 |52 | 54) 57|58 |60 |63 )48 )52 )6138)40|42)64|66)70|38)40] 42

Pucynok 21 - Koa¢duiiueHT ucnonb30BaHus CBETOBOTO MOTOKA

B pesynbraTe nomyuwsnn 3Hauenne @ = 16014,7 nam. CrenoarteinbHO,
CBETOBOH ITOTOK, JOJDKEH OBITh HE MEHBIIE HalWJIEeHHOTO. B Ka)KI0M CBETHIBHUKE
4 nmammbl co cBeTOBBIM moTokoM 2500 M, ucnionszys Gopmyny (5.3), 11 moucka

MHUHHUMAJIBHOI'O KOJIMYCCTBA CBCTUJIBHUKOB, IIOJTYy4aCM:

D 16014,7
N = = =16 (5.3)
D o 4%2500

PacueTHoe 3nauenne N=1.6, ciaemoBaTeIbHO, HCOOXOAUMOE YHCIIO CBETHUJIIBE
B pAIY JOJDKHO OBITH paBHO JByM. Ha oCHOBaHMM MOJIYy4YEHHOI'O 3HAUYCHHS paccul

(akTHUIeCKOE 3HAUCHHE OCBEIICHUS B TOMENeHUH 110 hopmyie (5.4):

DOxN* 16014,7x2%51
Eparr = 1 = = 299,9 (5.4)
S*K;*%Z*100% 33%1,5%1,1%100

B pesynbrate mnomyumnu 3HaueHuE Egpaa = 299,9 nk. Ha ocHoBaHmMm
NPOJICIAHHBIX PACYETOB MOKHO CJI€JIaTh BBIBOJ, YTO MOMEIICHHUE YJOBJIETBOPST

HOpMaM OCBCIICHHA.
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5.4 Jxkosornyeckasi 0e30MaCHOCTb

Paccmotpum 3arpsizHeHus: AUTOC(Ephl OBITOBBIM MYCOPOM, Ha MpUMeEpe
JIOMHHECIEHTHBIX Jlammn. WX skcmutyatanusi TpeOyeT OCTOPOKHOCTH U UYETKOTO
BBITIOJIHEHUSI WHCTPYKIUU TIO OOpAIlEHUIO C JaHHBIM OTXO0JIOM (KOJ OTXOja
35330100 13 01 1, xmacc omacHoctr — 1[23]). B naHHOW 5amIiie COACPKHUTCS
OMacHOE BEIECTBO PTYTh B ra3zoo0pa3HoM cocTossHuu. [Ipu HEe mNpaBWIBHOM
yTWIM3ALKUKU, JaMIlia MOXET pa3OuThCcsi W Taphl PTYTH MOTYT TONAcTh B
OKpYXKalolylo cpeny. Babixanwe mapoB pPTYTHU MOXKET MPUBECTH K THKEIOMY
HNOBPEKIEHUIO 3/10POBbSI.

[Tpu meperopanuu pryThcoiepKallieid Jammbl (BbIXO/AE U3 CTPOs) €€ 3aMeHy
OCYIIECTBIISIET JIMIIO, OTBETCTBEHHOE 3a COOp M XpaHeHue jamn (00yueHHOoe T
ANEKTPOOE30NacCHOCTH M TpaBWwiIaM oOpamieHuss ¢ oTxoaoM). OtpaboTaHHBIE
JFIOMHHECIIEHTHBIE JIAMITBI CJIAF0TCSl TOJIbKO Ha TOJIUTOH TOKCUYHBIX OTXOIOB JJIsI
3aXOpOHEHUs. 3anpellaeTcsi CBAIMBATh OTPAOOTaHHBIE JIIOMUHECIICHTHBIE JITAMIIBI C
Mycopom [24].

beiTOBOM  MycOp ~ NOMENIEHWM  OpPraHu3aldii  HECOPTUPOBAHHBIN,
o0pa30BaHHBIII B pe3ylbTaTe ACSITEIILHOCTH pPAOOTHUKOB MpeAnpustus (Kox
otxona 91200400 01 00 4). ArperatHoe COCTOSIHUE OTXOJa TBEPJIO€; OCHOBHBIC
KOMITOHEHTBI: OyMara u JpeBEeCHHA, METaJUIbl, TiacTMacchl u p [23]. ns cOopa
Mycopa pabodee MecTo oOcHamaercs ypHoul. [Ipu 3amoinHEHHW YpHBI, MYyCOp
BBIHOCUTCSI B KOHTEHHEp OBITOBBIX OTX0JI0B. [Ipenmnpusarue 3akiito4aeT AOTOBOP C
KOMMYHQJIbHBIM ~ XO3SIMICTBOM IO BBIBO3Y U  pa3MEUIEHUIO Mycopa Ha

OpraHu30BaHHbIX CBAaJIKaAX.

5.5 be30nacHOCTh B Ype3BbIYAHMHBIX CUTYALMSAX

Upesbryaiinas cutyaruss (UC) - 310 o0OCTaHOBKA Ha OIpeAeiIeHHOM
TEPPUTOPHUH, CIIOKUBIIASACS B PE3YJIbTATE aBAPUH, ONTACHOTO MPUPOJHOTO SBJICHMUS,
KaTtacTpo(bl, CTUXMIHOTO WIW MHOTO OENCTBUS, KOTOPHIE MOTYT IOBJICYL WIH
MOBJEKJIM 3a COOOM YelOBEUEeCKUE KEPTBbI, yIIepO 3A0pOBbIO JIOAEH WU
OKpYy’)Karolmen cpeae, 3HAYUTEIbHbIE MaTepUalbHblE MOTEPU W HaAPYIICHHUE
YCIIOBHH )XKU3HEICSITEILHOCTH JIFOACH.
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HaubGonee BepostHoii UC B paMkax paccMaTpuBaeMOro MOMEILIEHUs
ABIIAETCS MOXKap.

[lomemienue, B KOTOPOM Bejach paboTa MO CTENEHH M0KapoOe30MacHOCTH
OTHOCHUTCSl K Kareropuu /I, T.e. K MOMEUIEHUIO, B KOTOPOM HaXOASATCS HErOprovue
BELIECTBA U MaTePUAJIbl B XOJIOAHOM COCTOSHUU.

['mnoTeTr4yecku BO3HUKHOBEHHE MOXKapa MOXKET BOSHUKHYTH OT CIEIYIONIHUX
HMCTOYHUKOB BOCTUIAMEHEHUS :

® LCKpa [pH pa3psiie CTAaTUCTUYECKOTO AIIEKTPUUYECTBA;
® LCKpa OT 3JEKTPOOOOPYAOBAHMS;

® KCKpPHI OT yAapa U TPCHHUS;

® OTKPBITOE TIaMs.

Taxxe Ha paboyem MecTe 3ampeniaeTcsi UMETh OTHEOIACHbIE BEIIeCTBa U

BBITMIOJHSATH CJEAYIOIee JEeHCTBUS:
® KYpHWTH;
® 3Q)KUTaTh OTOHb;
® BKJIIOYATH JEKTPOOOOPYAOBAHHUE, €CIIU B IOMEIICHUH MaXHET ra3oMm;
® CYIIUTH YTO-TMOO HA OTONMHUTENIFHBIX IPHUOOPAX;
® 3aKpbIBaTh BEHTWISILIMOHHBIE OTBEPCTHUS B AJIEKTpOANnapaType.
K wMepam 1o mnpeaynpexiaeHuWr0 ToKapa OTHECEM  CIEAYIOIINE
MOKapHOMPODUTAKTUIECKUE MEPOTIPUSITHS:
e COO0JIIO/IEHNE IKCIUTYaTAIlMOHHBIX HOPM 000PYIOBaHUS;
e (00ydeHHE TepcoHaa MpaBujiaM TEXHUKUA 0€30MacHOCTH;
® U3JaHUE MPOTUBOIOKAPHBIX HUHCTPYKIIUH, IJIAHOB BAKyall1u.

OCHOBHBIMH M€paMH IO MOBBIIICHUIO YCTOMYUBOCTH MOMEIICHUS K JaHHOMN
UC sBasitoTCsl B MEPBYIO OYEpEb UCKIIOUEHHE 00pa3oBaHusl OJaronpuUsTHOW 1Jis
noxkapa cpenbl (KOHTPOJb BO3AyXOOOMEHAa), a TaKKe HCIOJIb30BaHUE TPYIHO
CropaeMbIX MaTepUaJIOB MPH OTACIKE padodero momernieHus [22].

HeobxoauMo mpeaycMoTpeTh 0O€30MacHY0 3BaKyallMIo JIIOJEH Ha ciydai

BO3HHKHOBCHHUS IIOXKapa. HpI/I MoXape JIIoau AJOJIKHbI IIOKMHYTH IIOMCIHICHHC B
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TE€YEHHE MUHUMAJIbHOTO BpeMeHH. [lomenienue, B KOTOPOM BBINIOJIHsIIACh padoTa,
BXOJUT B OOIIMI IUIaH 3BaKyallMHM 3TaXka, KOTOPBIM MpeaycCMaTpUBAET BBIXOJA W3
BCEX IIOMEIICHUM H3Ta)ka B OCHOBHOW WJIM 3allaCHOM 3BaKyallMOHHBIE BBIXObI
31aHUA. DBaKyalMs IPOBOJMUTCS COTIIACHO IUIAHY dBAKyalluH, KOTOPBIN BBICTABICH
Ha BceoOl1ee 0003peHre B HECKOJIBKUX MECTax Ha Ka)JJI0M ITaxe.

B kaxnoM kaOWHETE YCTaHOBJIEH YIJIEKHUCIOTHBIM orHerymurenb OY-2 u
TabJIMYKa C YKa3aHUEM JIMI[A, OTBETCTBEHHOIO 3a MOXapHYI0 Oe30MacHOCTb.
OBakyauusi JIIOAEH JOJDKHA TPOBOAUTBCA COMNIACHO IUIAHY DBaKyalluu,

Ipe/ICTaBIEHHOMY Ha PUCYHKeE 22.

TUIAH
9BaKyalHH COTPYAHUKOB M CTYJICHTOB
kadenpsi ITM MK B ciyyae noxapa B kopnyce UK - 1 atax

Ei,_ T R 2 Eay a " Snmp—

102 103 104 4 105

)i il el L

| ST - ——

112 111 110 109

TR e

3as. kadenpoii [IM
INoarotosun: oTBeTCTBEHHBI MO

£ b S - R = g e
B.IL. I'puropses
A.B. I'puropses

Pucynok 22 — I1nan 3Bakyaruu

HeoOxonumbiMu neficTBUsMH B pe3yibTaTe Bo3Hukinei YC u mepamu mo
JTMKBUAAINH €€ TOCIeACTBHM ABsttoTes [15]:

1. Ilepemats curnan «TpeBora» roJIOCOM, 3al€HCTBOBATh CHUCTEMY
OIOBEIICHUS JIFOJCH O TTOXKape.

2. Coobmmte mo Tenedony 01, ¢ coroBoro 010 ampec oOBekTa, MECTO
BO3HHUKHOBEHUS TIOKapa, cBoto hammnnto. CoobmmuTs mo tenedony 03, ¢ coToBOro
030 ampec 00BEKTa, YTO CIYYWJIOCh, WH(POPMAIUIO O TMOCTPAIABIINX, CBOIO
(dbaMuITIIo, OKa3aTh MOMOIIb TOCTPA/IABIIAM.

3. OTKpeITh BCE€ 5SBaKyallMOHHbIE BBIXOJbl, HAMpaBUTh JIIOAEH K
ABAKYyal[MOHHBIM BBIX0JIaM COTJIACHO 3HAKaM HAIpPABJICHUS JBUKCHHUSI.

4. OTKIIOYUTH OT JJIEKTPONUTAHUS OOOpYyIOBaHUE, MEXaHU3Mbl U T.IL,

00€CTOYUTH ITOMEIIECHHE.
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5. Tlo BO3MOXHOCTH NPUHATH MEPHI MO TYLIEHUIO I10KApA MCIOJIb3Ys
CpeICTBA MPOTUBOIIOKAPHOUN 3aIUTHI.
6. 1o BO3MOXKHOCTH TIPEAOTBPATUTh Pa3BUTUE aBapvuu, 0003HAYUTH MECTO

aBapyH.

5.6 BbIBOIBI 10 pa3iesy cOMAJIbHAS OTBETCTBEHHOCTh

[Ipu BeIMONIHEHUM pazfena «CouuanbHasi OTBETCTBEHHOCTBH» PACCMOTPEHBI
OpraHu3allMOHHbIE M MPaBOBBIE BOMPOCHI oOecreueHus 0e30MacHOCTH, KOTOPBIX
NO3BOJISIIOT  OCYLIECTBUTh  IPOAHAIM3UPOBATH  OCHOBHBIE  HOPMATHBHBIE
NOKYMEHTBI, PpEryJIMpYIOIIHNE W  PEMIAMEHTUPYIOUIME  IPOU3BOACTBEHHYIO
NEeATENbHOCTh UHKEHEPA.

Boimonnen ananu3  (GakTOpoB HA MpPEAMET BBISBICHUS OCHOBHBIX
OMacHOCTEN M BPEAHOCTEH, MPEMIOKEHBI METOIbI MUHUMH3ALIMM X BO3JIEHCTBUM
Y 3aIUTHI OT HUX.

Tak ke paccMOTpeHBI BOIPOCHI 3KOJOTMYECKONW O€30IacHOCTH |
0e30MmacHOCTH B 4YpPE3BBIYAMHBIX  CUTyalUsiX  IpU  HCIOJIb30BAHUU
pa3palateiBaeMOll sKkcnepTHOM Mozenu. CrenoBaHHe NpaBUiIaM, OMMCAHHBIM B
JaHHOM paszelie, IOMOTYT OMOYb H30€XaTh YpEe3BbIYaMHbBIX CUTYalUH, a TaKKe

o0ecreyuTh 3J0pOBbE MEPCOHAIA U COXPAHHOCTh OKPYKAIOIIEH CpeIbl.
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3akirouenue

B xozne BBINOJIHEHHST JAHHON MarucTepcKoil JuccepTaluu ObLI MPOBEACH
aHaIM3  NEPCIEKTUBHBIX  TEXHOJOTMYECKMX  HampaBieHMHd B 00JacTH
aBTOMaTU3aluU (MHTEUIEKTYaJIN3alMH ) TEXHOJIOTHYECKHUX MPOLIECCOB ra30100bIun
U raszonepepaboTku. B kauecTBe MEepCneKTUBHOIO HampapiieHUs Oblia BbIOpaHa
00JaCTh NPUMEHEHHS] aBTOHOMHBIX CEHCOPOB Ha MPOM3BOJICTBEHHBIX O0BEKTAX, a
MMEHHO Ha rasopacupegenurenbHoi ctanuuu Tomckon [T Tomckoro JIITYMI'.

B nanno#t o6siactu ObUIO MPOBEACHO MOAPOOHOE CpaBHEHHE AaBTOHOMHBIX
OecrpOBOIHBIX TATYUKOB PA3IMYHBIX KOMIIAHUN, KOTOPBIE SIBJSIOTCA JTUACPAMU Ha
MHUPOBOM pbIHKE. BpiOOp Obul caenaH B MOJb3y OECHPOBOJHBIX JaTUYHMKOB
komrnanun «Emersony. IlpeacrtaBneHHas koMmmaHWell JuHEHKa OECHpPOBOIAHBIX
JATYUKOB MMEET BCE HEOOXOAMMBIE ISl MPUMEHEHHS Ha Ta30paclpeeuTeIbHON
CTAaHUMHU THUNOBl AaT4UKOB. [0 XapakTepuCTHKaM NPEACTABICHHBIE JaTYUKH
KOMITAaHUHU «EMErson» siBisoTCA ONHUMU U3 JIYUIINX U3 CPABHUBAEMBIX B JaHHOM
pabore.

C 1enblo yCOBEPIIEHCTBOBAHMS YIPABIEHUS TEXHOJIOTHYECKUM ITPOLIECCOM
ra3opacnpeieIuTeIbHON CTaHIIMU OBLTM  pa3paboTaHbl aJIrOPUTMBI Iycka U
ABAPUMHOIO OCTAHOBA CTAHIMH CO CTPABIMBAHUEM Ta3d, B KOTOPBIX HAIIIU CBOE
IIPUMEHEHHUE OecrpoBOIHbIE KOHTPOJIbHO-U3MEPUTEIIbHBIC puOOpBI.
Hcnonp3oBanre NpOBOAHBIX JAaTYUKOB B JAHHBIX aJlTOPUTMAX UMEET MHOKECTBO
HE/IOCTaTKOB, PACCMOTPEHHBIX B MYHKTE 5, KOTOPbIE MOTYT MPUBECTU K COOSM B
ux pabore. BBuay uero, npuMeHeHHE OECIPOBOIAHBIX TEXHOJIOTUN SBISETCS
npHOpUTETHBIM. C MOMOLIBIO AITOPUTMA IyCKa ra30paclpeeIUTEeIbHON CTaHIIUH
IIPOIAIET PUCK BO3HUKHOBEHHMs ABAPUU 110 BUHE YEJIOBEKA, TaK KaK BCE NEUCTBUSA
B HEOOXOJMMOM TMOpsiIKE OyayT BBHIMOJIHSATHCS aBTOMATHUECKH, a HE BPYUHYIO
nuctieruepom Tomckoro JIIIYMIT wnu omeparopom I'PC. Kpome nukBumarnuum
yenoBedeckoro ¢akropa npu nycke I'PC wiu aBapuilHOM OCTaHOBE CTaHIIMH, C
MIOSIBJICHUEM HOBOT'O QJITOPUTMa COXPAHUTCA IEJIOCTHOCTH CYETYMKA Trasa,
pacnonoxxeHHoro Ha aquHuu norpedurens TIII. I[Tomumo 3Toro, rpu obecreueHuu

AUCTAHOWMOHHOI'O YIIPABJICHHUA CBCYHBIMHM KpaHaMH, IIOABIIACTCA BO3MOXHOCTDb
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CO3JaTh AJTOPUTM ABAPUWHOIO OCTAHOBA Tra30paCIpPENEIUTEIbHON CTAHLIHUH CO
CTpaBiMBaHHeM raza. [Ipu cTpaBiauBaHuMM Ta3a B TpyOax He OyAeT CKaluIMuBaThCs
ra3, 4ro Mo3BOJUT u30exarh B3pbiBa Ha ['PC mpu BO3HMKHOBEHHWU aBapUIHOM
cutyauud. llpuMeHenne OecrnpoOBOAHBIX KOHTPOJIbHO-U3MEPUTENBHBIX MPUOOPOB
OpUBEAET K COXPAaHEHUIO JKU3HU M 3J0pOBbS OOCITYKHMBAIOUIETO IEpcoHaa,
OPUCYTCTBYIOLIEMY Ha CTaHIMH, TaK KaK OTCYTCTBYET BO3MOXKHOCTb OOpbIBA WM
HEJOMYyCTUMOTO HATSKeHHUs KalOened NaTyuMKOB, a TaKKe 3aMbIKaHHE >XKWJ Ha
3eMIII0 WJIK MEXIY COOOM, YTO CBOMCTBEHHO MPOBOAHBIM JAaTUMKAM U MOXKET
IIPUBECTHU K aBAPUMHON CUTYALUU.

OnHako, 1O pe3ynbTaTaM BBIIOJIHEHHOTO B JIHCCEPTALMM aHalW3a
NOTEHIIUAJIbHBIX MPEUMYIIECTB OECIIPOBOAHBIX JATYUKOB MOKHO CJENATh BHIBOJ] O
TOM, YTO BHEJApEHHWE OECIpPOBOAHOM TEXHOJOTMM Ha  CYHIECTBYIOIICH
razopacrpeaeauTeNbHON CTaHIIMK SABJISIETCA JOBOJIBHO JOpPOTrocTosmuUM. JlaHHYIO
TEXHOJIOTHIO Hanboiee 1enecooOpa3Ho npuMeHsaTh Ha BpeMeHHbIX I PC. IloctaBky
raza IMOTPEOUTENSIM HENb3sl MPUOCTAHABIMBATh Jake BO BpeMs IPOBEICHMS
KallUTaJIbHOTO PEMOHTAa HA CTAaHIMM, I 4Yero psaom ¢ ocHoBHou I'PC
yCTaHABIMBACTCA BpeMeHHasd. VIMeHHO dyepe3 Hee Tra3  IOCTaBIACTCS
norpedutensM. BHeapenue OecrpoBOJHON TEXHOJOTMH Ha JlaHHBIE BPEMEHHBIE
I'PC 3HaunTEILHO CHU3UT BpeMs MX MOJKIIOYCHHUS U 3ammycka B padory. Ilomumo
ATOro, OECHpPOBOJHBIE JATYUKH MOYKHO HCIOJIb30BaTh HA 3aIUIAHUPOBAHHBIX K
HOCTPOMKE CTaHLUAX, TJe OyayT CIIPOEKTHPOBAHBI MecTa UX Ooyiee BBITOJHOTO

PAaCIIOJIOKCHHA.
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IIpunoxenue A
(0o0s13aTesILHOE)

IIporpaMMHBIil KO peajM3aluu «yJy4YIIEHHOr0 aJropurmMa JleikeTpb»

namespace App\Http\Controllers;

use App\Models\Edge;
use App\Models\Node;

use llluminate\Database\Eloquent\Builder;

class SchemeController extends Controller

{

public static function ShowScheme() {
$nodes = Node::all();
$edges = Edge::all();

return view(‘welcome',compact('nodes','edges’));

public static function FindOptimalRoute()

{
if (Edge::where(‘edge_status_id',EdgeStatusController::TO_UP)->count() >

0){

return json_encode(['result’ => 'error’, 'message' => 'CymectBytoT peodpa,
KOTOpBIE HEOOXOIUMO 3a/ICHCTBOBATH']);

};

self::SetCrashedNodes();
//dd();
$activeNodes = NodeController::GetActiveNodes();
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// dd($activeNodes);

[** @var Node $activeNode */

foreach ($activeNodes as $activeNode) {
self::FillCurrentPath($activeNode, [EdgeStatusController::INACTIVE));

//Node::whereNotNull(‘prev_node_id")->orWhere('primary',1)-
>update(['node_status_id' => 1));

$minWeight = Node::where('node_status id',
NodeStatusController::CRASHED)
->whereNotNull(‘weight')

->min(‘weight’);

/** @var Node $nodeToConnect */
$nodeToConnect = Node::where('node_status_id',
NodeStatusController::CRASHED)
->where(‘weight', $minWeight)
->first();

$edgeToConnect = Edge::where(static function (Builder $builder) use
($nodeToConnect) {
$builder->where('linkedNodel_id', $nodeToConnect->id)
->where('linkedNode2_id', $nodeToConnect->prev_node_id);
}->orWhere(
static function (Builder $builder) use ($nodeToConnect) {
$builder->where('linkedNode2_id', $nodeToConnect->id)

->where('linkedNodel id', $nodeToConnect->prev_node_id);

H->first();
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if (JedgeToConnect === null) {
//dd($edgeToConnect);

return json_encode(['result’ => ‘error’, 'msg' => 'asd']);

$edgeToConnect->update([
‘edge_status_id' => EdgeStatusController::TO_UP

D;

return json_encode(['result’ => 'ok');

private static function SetCrashedNodes()

{
self::ResetAllNodes();

$primaryNodes = NodeController::GetPrimaryNodes();
//dd($primaryNodes);
[** @var Node $primaryNode */

foreach ($primaryNodes as $primaryNode) {
self::FillCurrentPath($primaryNode);

self.:SetAllUnlinkedNodesAsCrashed();

/** YcraHaBIMBaeT HayajbHbIE 3HAYEHUSI CBOMCTB Y3JIOB Mepe]l HayajdbHbIM

MIOCTPOCHHEM MapuipyTa */
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private static function ResetAlINodes(): void
{
Node::query()->update([
'prev_node_id' => null,
‘weight' => null,

'node_status_id' => NodeStatusController::ACTIVE
D;

/** @dopMHpyeT MapLIPYT U3 AKTUBHBIX CBsI3el
* @param Node $node V3ein, 0T KOTOPOTO CTPOUTH MAPIIPYT.
* @param array $allowed node statuses JlomycTuMbie THITBI peOep

*/

private static function FillCurrentPath(Node $node, array

$allowed_node_statuses = [EdgeStatusController::ACTIVE]): void

{
$connectedEdges = Edge::where(static function (Builder $query) use
($node) {
$query->where([
'linkedNodel _id' => $node->id
])->orWhere(]
'linkedNode2_id' => $node->id
D;
})->whereln(‘edge_status_id', $allowed_node_statuses)
->get();

/** OTpaboTano™®/
/ldd($allowed node_statuses);
//dd($node);
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[** @var Edge $connectedEdge */
foreach ($connectedEdges as $connectedEdge) {
if (($connectedEdge->nodel->id !'== $node->id && $connectedEdge-
>nodel->prev_node_id '== null)
|| ($connectedEdge->node2->id == $node->id && $connectedEdge-
>node2->prev_node_id == null)) {

continue;

[** @var Node $connectedNode */
$connectedNode = $connectedEdge->linkedNodel id === $node->id
? $connectedEdge->node?2

: $connectedEdge->nodel;

if ($connectedNode->primary) {

continue;

if ($connectedNode->weight === null || ($node->weight ?? 0 +
$connectedEdge->weight < $connectedNode->weight)) {
$connectedNode->update([
'prev_node_id' => $node->id,
‘weight' => ($node->weight ?? 0) + ($connectedEdge->weight ?? 0)

D;
/Iself::FillCurrentPath($connectedNode);

self::FillCurrentPath($connectedNode, $allowed node_statuses);
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[** Tlome4aeT Bce HENOKITIOUCHHBIC Y3JIbl KaK aBapHitHbIC */
private static function SetAllUnlinkedNodesAsCrashed(): void
{
Node::where('prev_node_id', null)
->where(‘primary’,0)
->update(][
'node_status_id' => NodeStatusController::CRASHED

D;

public static function ShowExample() {

return view('productionProcess’);
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IIpuioxenue b
(00s13aTeIHBOE)

IIporpamMmHublii koA uHTEep(eiica

<IDOCTYPE html>
<html>
<head>

<meta charset="UTF-8">

<title>Production Process Viewer</title>

<meta name="description" content="0il and gas production diagram viewer, for
end-users."/>

<meta name="viewport" content="width=device-width, initial-scale=1">

<I-- Copyright 1998-2020 by Northwoods Software Corporation. -->

<script src="/js/go.js"></script>

<script src="/js/goSamples.js"></script> <!-- this is only for the GoJS Samples
framework -->

<link href="https://fonts.googleapis.com/css?family=Lato:400,700"
rel="stylesheet" type="text/css">

<link rel="stylesheet"
href="https://maxcdn.bootstrapcdn.com/bootstrap/3.3.5/css/bootstrap.min.css">

<link rel="stylesheet"
href="https://maxcdn.bootstrapcdn.com/bootstrap/3.3.5/css/bootstrap-
theme.min.css">

<script
src="https://ajax.googleapis.com/ajax/libs/jquery/1.11.3/jquery.min.js"></script>

<script
src="https://maxcdn.bootstrapcdn.com/bootstrap/3.3.5/js/bootstrap.min.js"></scrip
t>

<script id="code">

function init() {
/if (window.goSamples) goSamples(); // init for these samples -- you don't

need to call this

let n;
/I Abstract colors

const Colors = {
"red": "#be4b15",
"green": "#52ce60",
"blue": "#6ea5f8",
"lightred": "#fd8852",
"lightblue": "#afd4fe",
"lightgreen": "#b9e986",
"pink": "#faadcl",
"purple”: "#d689ff",
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"orange": "#f08c00"
h
const Colorlane = {
"red": "#be4b15",
"blue": "#6ea5f8",
"orange": "#f08c00"

}

let ColorNames = [];
for (n in Colors) ColorNames.push(n);

/I a conversion function for translating general color names to specific
colors
function colorFunc(colorname) {
const ¢ = Colors[colorname];
if () return c;
return "gray";

}

/[ lcons derived from SVG paths designed by freepik:
http://www.freepik.com/
var Icons = {};
Icons.natgas =
"F M244.414,133.231 L180.857,133.231 178.509,156.191
250.527,192.942\
M179.027,276.244 262.328,308.179 253.451,221.4772\
M267.717,360.866 264.845,332.807 220.179,360.8662\
M167.184,266.775 247.705,207.524 176.95,171.421z\
M157.551,360.866 192.975,360.866 256.447,320.996 165.218,286.0212\
M141.262,374.366 141.262,397.935 161.396,397.935 161.396,425.268
179.197,425.268 179.197,397.935\
246.07,397.935 246.07,425.268 263.872,425.268 263.872,397.935
284.006,397.935 284.006,374.3662";

Icons.oil =

"F M190.761,109.999¢-3.576-9.132-8.076-22.535,7.609-
37.755c0.646,13.375,14.067,13.99,11.351,36.794\

€6.231-2.137,6.231-2.137,9.188-3.781¢c17.285-9.612,20.39-25.205,7.64-
42.896¢-7.316-10.153-11.945-20.58-10.927-33.23\

c-4.207,4.269-5.394,9.444-6.744,17.129¢c-5.116-3.688,3.067-41.28-
22.595-46.26¢5.362,13.836,7.564,25.758-2.607,40.076\

c-0.667-5.422-3.255-12.263-8.834-17.183¢-0.945,16.386,0.97,23.368-
9.507,44.682c-2.945,8.902-5.02,17.635,0.533,26.418\

C171.354,102.673,180.555,108.205,190.761,109.999z\
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M330.738,371.614h-15.835v-61.8291-74.409-78.541v-21.516¢0-6.073-
4.477-11.087-10.309-11.957v-82.156h-63.632v82.156\

c-5.831,0.869-10.308,5.883-10.308,11.957v21.516I-
74.409,78.541v61.829H661-25.124,25.123h314.9841.330.738,371.6142\

M166.554,371.614h-61.717v-29.782h61.717V371.614z
M166.554,319.956h-61.717v-1.007151.471-54.329\

€0.555,5.513,4.813,9.919,10.246,10.729V319.9561.166.554,319.9562
M291.903,371.614h-61.718v-29.782h61.718V371.614z\

M291.903,319.956h-61.718V275.35¢c5.435-0.811,9.691-5.217,10.246-
10.729151.472,54.329V319.9562"

Icons.pyrolysis =

"F M226.46,198.625v-75.5h-87.936v-19.391h-14.304Vv92.319h-5.079I-
3.724-82.777H91.7661-3.724,82.777h-6.18v11.415H68.535\

V92.319h-5.0791L.59.731,9.542H36.081-3.724,82.777h-
6.18v11.415H11.872v94.891H0Vv35.167h243.333v-35.167H226.462
M61.355,191.792h-28\

v-69.333h28V191.792z M117.041,191.792h-28v-69.333h28V191.792z
M168.46,198.625h-29.936v-17.5h29.936\V198.625z M206.46,198.625h-18\

v-37.5h-49.936v-18h67.936V198.6252";

Icons.fractionation =
"F M224.609,218.0451-5.24-173.376h9.172V18.297h-
9.969L.218.019,0h-32.9561-0.553,18.297h-9.969v26.372h9.1711-2.475,81.878\
h-39.1961-1.833-52.987h8.998V47.188h-9.911-0.633-18.297h-32.913I-
0.633,18.297h-9.911V73.56h8.9991-1.833,52.987H62.081\
[-0.974-24.097h8.767V76.079h-9.8331-0.74-18.298H26.4461-
0.739,18.298h-9.832v26.371h8.7661.19.97,218.045H3.041v26.371h238.333\

v-26.371z M144.536,198.667h34.5221-0.586,19.378h-
33.2671.144.536,198.667z M143.624,172.2961-0.67-19.378n37.487\
1-0.586,19.378H143.624z M100.792,172.296H63.931-0.783-

19.378h38.315L.100.792,172.296z M99.88,198.6671-0.67,19.378n-33.43\
[-0.783-19.378H99.88z";

Icons.gasprocessing =
"F M242.179,212.635V58.634h-80.936v40.877h-13.465I-1.351-

33.828h5.284V45.247h-6.11-0.415-10.382h6.515V14.431h-46.927\

v20.435h6.5151-0.415,10.382h-6.1v20.436h5.2841-
2.8,70.125H96.186V95.007H10.642v117.628H0v25.755h252.82v-
25.755H242.179z2\

M73.501,135.808H51.714v76.827H33.327v-94.942h40.174\V135.808z
M137.797,213.516h-19.099v-88h19.099V213.516z M219.494,212.635\

h-18.316v-51.411h18.316V212.635z M219.494,138.539h-
18.316V99.511h-17.25Vv81.319h35.566V138.539z2";
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Icons.polymerization =
"F M399.748,237.029 L363.965,174.401 345.094,174.401
343.113,155.463 326.566,155.463 322.797,29.385 290.486,29.385\
286.715,155.463 270.17,155.463 261.634,237.029 242.029,237.029
242.029,190.314 192.029,190.314 192.029,230.587 109.84,187.329\
109.84,230.486 27.84,187.329 27.84,237.029 0,237.029 0,394.674
424.059,394.674 424.059,237.029z";

Icons.finishedgas =

"F M422.504,346.229v-68.306h-16.678v-24.856¢0-21.863-16.199-
39.935-37.254-42.882v-0.798\

c0-26.702-21.723-48.426-48.426-48.426h-1.609¢-26.699,0-
48.426,21.724-48.426,48.426v87.633h-23.641v-93.169\

c0-6.083-3.248-11.394-8.096-14.333¢5.662-1.667,9.799-6.896,9.799-
13.098c0-7.544-6.117-13.661-13.662-13.661h-10.981v-12.727h-17\

v12.727h-10.984¢-7.545,0-13.66,6.116-
13.66,13.661c0,6.202,4.137,11.431,9.799,13.098¢-4.848,2.94-8.098,8.25-
8.098,14.333v93.169\

h-23v-85.596¢0-4.458-3.613-8.071-8.07-8.071h-16.412v-87.591¢0-
16.03-13.041-29.071-29.07-29.071v-1.267\

c0-23.608-19.139-42.748-42.748-
42.748521.54,61.817,21.54,85.425v260.805H0v55.139h444.045v-
55.139H422.504z M286.256,209.387\

c0-17.801,14.48-32.284,32.281-
32.284h1.609c17.803,0,32.285,14.483,32.285,32.284v1.559\

c-19.059,4.545-33.232,21.673-33.232,42.124v24.855h-16.676v19.098h-
16.27v-87.635H286.256z M302.525,313.162v33.067h-16.27\

v-33.067H302.5252 M270.113,313.162v33.067h-23.641v-
33.067H270.113z M144.447,219.496v85.596¢0,4.458,3.613,8.071,8.07,8.071\

h31.07v33.068h-47.482\219.496H144.447z
M107.035,102.834¢7.129,0,12.93,5.8,12.93,12.929v87.591h-12.93Vv102.834z
M107.035,219.496\

h12.93v126.733h-12.93V219.496z";

var IconNames = [];
for (n in Icons) lconNames.push(n);

/I A data binding conversion function. Given an name, return the Geometry.
/I If there is only a string, replace it with a Geometry object, which can be
shared by multiple Shapes.
function geoFunc(geoname) {
var geo = lcons[geoname];
if (typeof geo === "string") {
geo = lcons[geoname] = go.Geometry.parse(geo, true);

}
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return geo;

}

let $ = go.GraphObject.make; // for conciseness in defining templates
myDiagram = $(go.Diagram, "myDiagramDiv", // create a Diagram for the
DIV HTML element
{
initial AutoScale: go.Diagram.Uniform, // scale to show all of the
contents
"ChangedSelection”: onSelectionChanged, // view additional
information
maxSelectionCount: 1, // don't allow users to select more than one
thing at a time
isSReadOnly: true

b

myDiagram.nodeTemplate =
$(go.Node, "Spot",
{
locationObjectName: "PORT",
locationSpot: go.Spot.Top, // location point is the middle top of the
PORT
linkConnected: updatePortHeight,
linkDisconnected: updatePortHeight,
toolTip:
$("ToolTip",
$(go.TextBlock, {margin: 4, width: 140},
new go.Binding("text", ", function (data) {
return data.text + ":\n\n" + data.description;

b))
2

new go.Binding("location", "pos”,
go.Point.parse).makeTwoWay(go.Point.stringify),
/I The main element of the Spot panel is a vertical panel housing an
optional icon,
Il plus a rectangle that acts as the port
$(go.Panel, "Vertical™,
$(go.Shape,
{
width: 40, height: 0,
stroke: null, strokeWidth: O, fill: "gray"

1
new go.Binding("height", "icon", function () {
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return 40;
b,
new go.Binding("fill", "color", colorFunc),
new go.Binding("geometry", "icon", geoFunc)),
$(go.Shape,
{
name: "PORT",
width: 40, height: 24, margin: new go.Margin(-1, 0, 0, 0),
stroke: null, strokeWidth: 0, fill: "gray",
portld: ", fromLinkable: true, toLinkable: true
h
new go.Binding("fill", "color", colorFunc)),
$(go.TextBlock,

{

font: "Bold 14px Lato, sans-serif",
textAlign: “center”,
margin: 3,
maxSize: new go.Size(100, NaN),
alignment: go.Spot. TopCenter,
alignmentFocus: go.Spot.BottomCenter,
editable: true

H

new go.Binding("text").makeTwoWay())

)
)i

function updatePortHeight(node, link, port) {
var sideinputs = 0;
var sideoutputs = 0;
node.findLinksConnected().each(function (1) {

if (l.toNode === node && ltoSpot === go.Spot.LeftSide)
sideinputs++;
if (LfromNode === node && l.fromSpot === go.Spot.RightSide)
sideoutputs++;
b;

var tot = Math.max(sideinputs, sideoutputs);

tot = Math.max(1, Math.min(tot, 2));

port.height = tot * (10 + 2) + 2; // where 10 is the link path's
strokeWidth

}

myDiagram.linkTemplate =
$(go.Link,

{

layerName: "Background",
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routing: go.Link.Orthogonal,
corner: 15,
reshapable: true,
resegmentable: true,
fromSpot: go.Spot.RightSide,
toSpot: go.Spot.LeftSide
1
// make sure links come in from the proper direction and go out
appropriately
new go.Binding("fromSpot", "fromSpot"”, go.Spot.parse),
new go.Binding("toSpot", "toSpot™, go.Spot.parse),
new go.Binding("points").makeTwoWay(),
I/l mark each Shape to get the link geometry with isPanelMain: true
$(go.Shape, {isPanelMain: true, stroke: "gray", strokeWidth: 10},
/I get the default stroke color from the fromNode
new go.Binding("stroke", "fromNode", function (n) {
return go.Brush.lighten((n && Colors[n.data.color]) || "gray");
}).ofObject(),
// but use the link's data.color if it is set
new go.Binding("stroke", "color”, colorFunc)),
$(go.Shape, {
isPanelMain: true,
stroke: "white",
strokeWidth: 3,
name: "PIPE",
strokeDashArray: [20, 40]

b
);

var SpotNames = ["Top", "Left", "Right", "Bottom", "TopSide",
"LeftSide", "RightSide", "BottomSide"];

myDiagram.model =
go.Model.fromJson(document.getElementByld("mySavedModel").textContent);

loop(); // animate some flow through the pipes

}

var opacity = 1,
var down = true;

function loop() {
var diagram = myDiagram;,
setTimeout(function () {
var oldskips = diagram.skipsUndoManager;
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diagram.skipsUndoManager = true;
diagram.links.each(function (link) {
var shape = link.findObject("PIPE");
var off = shape.strokeDashOffset - 3;
/[ animate (move) the stroke dash
shape.strokeDashOffset = (off <= 0) ? 600000 : off;
I/ animte (strobe) the opacity:
if (down) opacity = opacity - 0.00001;
else opacity = opacity + 100;
if (opacity <=0) {
down = !down;
opacity = 0;
¥
if (opacity > 1) {
down = !down:;
opacity = 1;
¥
shape.opacity = opacity;
bk
diagram.skipsUndoManager = oldskips;
loop();
}, 60);
}

function onSelectionChanged() {
var node = myDiagram.selection.first();
if (!(node instanceof go.Link)) return;
var data = node.data;
var image = document.getElementByld("Image");
var title = document.getElementByld("'Title");
var description = document.getElementByld("Description™);

/'if (data.imgsrc) {
/[ image.src = data.imgsrc;
/[ image.alt = data.caption;
Il'} else {
/[ image.src =",
/[ image.alt=""",
I}
/] title.textContent = data.text;
description.textContent = data.description;
$.get('/edge/change/' + data.description)

.done(function () {

location.reload();

b
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}

</script>
</head>
<body onload="init()">

<div id="sample">
<div style="width:100%">
<div id="myDiagramDiv"
style="border: solid 1px black; width:70%; height:550px; display: inline-
block; vertical-align: top"></div>
<div id="infobox"
style="display: inline-block; vertical-align: top; width: 256px; background:
#757575; color: #FFF; padding: 20px;">
<img id="Image" width="216" alt=""" src=""/>
<h3 id="Title"></h3>
<p id="Description">Select a node to see more information.</p>
</div>
</div>
<div>

<textarea id="mySavedModel" style="display: none">
{ "class": "GraphLinksModel",
"nodeDataArray": [
@php
$myNodes = [];
foreach($nodes as $node) {
$myNodes[] = {"key":". $node->id . ',"pos":"" . $node->x . '". $node-

>y "™, "icon™:"gasprocessing”, "color":"blue", "text" $node->number . ™,
"description™ : $node->number . "caption™:" asd",
"Imgsrc":"https://upload.wikimedia.org/wikipedia/commons/thumb/5/5d/BarnettSh
aleDrilling-9323.jpg/256px-BarnettShaleDrilling-9323.jpg"};

by
$nodesCollection = implode(’,', $myNodes);

@endphp

{!! $nodesCollection !}

1
"linkDataArray": [

@php

$myEdges = [];

foreach ($edges as $edge) {
$myEdges[] = '{"from":" . $edge->nodel->x . ', "to":" . $edge->nodel-
points":[' . $edge->nodel->x . "' . $edge->nodel->y . "' . $edge->node2->X .

>y_,

96




"' . $edge->node2->y . 1, "color":".$edge->edge_status->color.™, "description™:"" .
$edge->number . "}

}
$edgesCollection = implode(',', $myEdges);
@endphp
{1" $edgesCollection !}
1}
</textarea>
</div>
</div>

<button onclick="$.get('/find_optimal_route")
.done(function () {
location.reload();
});">Find way</button>

{{--<p>--}}

{{-- <a href="http://electricity.local/find_optimal_route">ITouck mapmpyra</a>-
-1}

{{-- location.reload();--}}

{{--</p>--}}

</body>

</html>
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IIpuioxenue B
(0o0s13aTesILHOE)

IIporpaMMHBIii KO KOHTPOJLJIEPA CXeMbl NOAKII0YCHHUS

| Here is where you can register web routes for your application. These
| routes are loaded by the RouteServiceProvider within a group which
| contains the "web" middleware group. Now create something great!

|
*

Route::get('/", 'SchemeController@ShowScheme)
->name('show_scheme’);

//IRoute::get('/", function () {
/Il return view(‘welcome");

I3);

Route::get('/find_optimal_route’, 'SchemeController@FindOptimalRoute")
->name('find_optimal_route");

Route::get('/show_example', 'SchemeController@ShowExample’)
->name(‘'show_example');

Route::get('/edge/change/{edge _id}', 'EdgeController@change")
->where(‘edge_id', [0-9]+")
->name(‘edge.change’);
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Ipuioxenue I
(0o0s13aTesILHOE)

IIporpamMMHBIii KO KOHTPOJLJIEpa y3J10B

namespace App\Models;

use Carbon\Carbon;

use Eloquent;

use llluminate\Database\Eloquent\Builder;
use llluminate\Database\Eloguent\Model;

/**

* Class Edge

*

* @property int $id

* @property int $Snumber

* @property int $weight

* @property int $linkedNodel_id

* @property int $linkedNode?2_id

* @property int $edge_status_id

* @property Carbon $created_at

* @property Carbon $updated_at

* @property EdgeStatus $edge_status

* @property Node $node

* @package App\Models

* @method static Builder|Edge newModelQuery()

* @method static Builder|Edge newQuery()

* @method static Builder|Edge query()

* @method static Builder|Edge whereCreatedAt($value)

* @method static Builder|Edge whereEdgeStatusld($value)
* @method static Builder|Edge whereld($value)

* @method static Builder|Edge whereLinkedNodelld($value)
* @method static Builder|Edge whereLinkedNode2ld($value)
* @method static Builder|Edge whereNumber($value)

* @method static Builder|[Edge whereUpdatedAt($value)

* @method static Builder|[Edge whereWeight($value)

* @mixin Eloquent

* @property-read Node $nodel

* @property-read Node $node?2

*/

class Edge extends Model

{
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protected $table = 'edges’;

protected $casts = [
‘number’ =>"int,
‘weight' => "int’,
'linkedNodel id' =>'int,
'linkedNode2_id' => "int’,
‘edge_status_id' => "int'

I

protected $fillable = [
'number’,
‘weight',
'linkedNodel id',
'linkedNode2_id',
‘edge_status_id'

I

public function edge_status()

{
return $this->belongsTo(EdgeStatus::class);

}

public function nodel()

{
return $this->belongsTo(Node::class, 'linkedNodel_id");

}

public function node2()

{
return $this->belongsTo(Node::class, 'linkedNode2_id";

¥
¥
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Ipuioxenue E
(0o0s13aTesILHOE)

IIporpaMMHBIii KO KOHTPOJLJIEPA HCTOYHUKA MUTAHUSA

namespace App\Models;

use Carbon\Carbon;

use Eloquent;

use llluminate\Database\Eloquent\Builder;
use llluminate\Database\Eloguent\Collection;
use llluminate\Database\Eloguent\Model;

/**

* Class Node

*

* @property int $id

* @property int $Snumber

* @property int $weight

* @property int $node_status_id

* @property Carbon $created_at

* @property Carbon $updated_at

* @property int $x

* @property int $y

* @property bool $primary

* @property int $prev_node_id

* @property NodeStatus $node_status

* @property Node $node

* @property Collection|Edge[] $edges

* @property Collection|Node[] $nodes

* @package App\Models

* @property-read intjnull $edges_count

* @property-read int|null $nodes_count

* @method static Builder|[Node newModelQuery()

* @method static Builder|Node newQuery()

* @method static Builder|[Node query()

* @method static Builder|[Node whereCreated At($value)
* @method static Builder|Node whereld($value)

* @method static Builder|[Node whereNodeStatusld($value)
* @method static Builder|[Node whereNumber($value)

* @method static Builder|Node wherePrevNodeld($value)
* @method static Builder|Node wherePrimary($value)

* @method static Builder|]Node whereUpdatedAt($value)
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* @method static Builder|Node whereWeight($value)
* @method static Builder|[Node whereX($value)

* @method static Builder|Node whereY ($value)

* @mixin Eloquent

* @property-read Node|null $prev_node

*/

class Node extends Model

{

protected $table = 'nodes’;

protected $casts = [
‘number’ =>int,
‘weight' => 'int’,
'node_status_id' => "int,
X' =>"int’,
'y' =>'int,
‘primary' => 'bool’,
'prev_node_id' =>"int'

I

protected $fillable = [

‘number’,

‘weight',
'node_status_id',
~
Y,

‘primary’,
'prev_node _id'

I

public function node_status()

{
¥

public function prev_node()

{

return $this->belongsTo(Node::class, ‘prev_node_id');

}

public function edges()

{
return $this->hasMany(Edge::class, 'linkedNode2_id");

}

return $this->belongsTo(NodeStatus::class);
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}

public function nodes()

{

return $this->hasMany(Node::class, 'prev_node_id");

}
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Ipunoxenue K

(cmpaBoYHOE)

Development of an expert system for diagnosing emergency situations in the

electric network
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Introduction.

It is difficult to imagine the modern world without electricity. Electricity is
carried out to the most remote places of our country, for the implementation of
industrial or domestic activities. The electric networks of Russia have a length of
over 3 million km., and the transformer capacity of substations and transformer
points is more than 520 million. kVA. [1]

Obviously, the lack of electricity can be a big problem in enterprises that use
flammable liquids or have workshops for the preparation of coal dust, wood flour.
However, the dynamics of wear of power lines (and networks in general) has been
increasing in recent years. The volume of work on new construction,
reconstruction and technical re-equipment continues to decrease, with a slight
increase in the volume of major repairs. Accidents in 6-10 kV networks account
for about 70% of all consumer power outages.

The technical level and service life of power transformers and electrical
equipment are largely indicators of network reliability and determine the
acceptable values for the duration of outages. The existing PCs are built according
to the radial principle and, as a rule, consist of unreliable elements (aluminum
wires of small cross sections, low mechanical strength of supports, etc.). At the
same time, there is practically no equipment for automation. To date, distribution
networks, in particular those with a voltage of 6-10 kV, do not meet modern
requirements in terms of reliability of power supply and power quality.

Full overhaul of equipment (or upgrade) extends its service life up to 1.5
times. However, this leads to a decrease in the technical level of electric networks.
The use of fundamentally new devices for automation, control and protection of
networks allows to achieve a qualitative change in the methods of their operation
and maintenance.

Dispatcher manages the distribution network. Dispatching personnel at
different levels of dispatch control, guided by the data of the automated control
system, make decisions on the management of the main electric network,

distribution electric networks and energy modes. Therefore, the information that
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dispatching personnel rely on in their work should be as complete, reliable and up-
to-date as possible, which determines the timeliness and quality of decisions made
by the dispatcher to manage both individual power facilities of electric power
systems (EPS) and integrated electric power systems in whole. The flow of
information that dispatchers need to process is huge, but with the development of
computer computing power, it has become possible to change the approach to
detecting accidents and speeding up their elimination. The resulting solution is
called the “expert system”, which can not only relieve the dispatcher from keeping
a large amount of information in his head, but also act as a qualified adviser or
deputy (expert).[6]

The transfering of a number of management functions to the machine will
speed up the decision-making process, free personnel from routine work and avoid
errors when changing the switching state of the network.

The relevance of the chosen topic: in the subject area of electric power
networks, this task is one of the priorities, since its solution directly affects the
maintenance of the working condition of enterprises and residential premises. In
the general case, it is reduced to building a route for delivering a service to a
specific network consumer. In the process of solving the resource allocation
problem, several main stages can be distinguished:

« identifying of available resources

* building a connection route

« verification of compliance with all requirements

» making final decision

The most difficult of these stages are the second and third.

At the stage of building an alternative route, difficulties arise with the fact
that, in the case of a geographically distributed network with a large number of
communication nodes and switching points, without the use of computer
technology, the probability of obtaining the optimal route is significantly reduced.
The use of irrational routes can lead to a denial of service to future consumers, due

to a lack of available resources, as well as to additional material and labor costs.
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Also, an important step is to check the route for compliance with all
requirements. The difficulty is that the communication lines that make up the
network are characterized by many factors that need to be taken into account.
Otherwise, non-compliance with the established requirements may lead to a refusal
to provide power supply services or to a decrease in the quality of the services
provided.

Currently, the solution to this problem in the field of communication
networks has a weak degree of automation. The development and decision-making
takes place using heuristic methods based on the professional experience of
participants in the management system. Such decisions are predominantly
subjective in nature. In the age of information technology, there is a need to reduce
the influence of the subjective factor on the quality of decisions. In the field of
communication network management, this can be achieved by developing a
resource allocation algorithm that will satisfy all the requirements and meet the
specifics of the subject area.

The purpose of the work: is to develop a new approach To the detection of
alternative ways of switching to the backup power supply of electrical substations,
Based on the distribution of functions between a person and a machine, and its
implementation in relation to the analysis of the state and reconnection of electrical
networks.

To achieve this goal, the following tasks were solved:

* Description of the intellectual activity of operational dispatching personnel
for the analysis and Re-connection of electric networks and its structuring for
subsequent modeling

* Filling with content and modeling of each process separately in relation to
a given subject area;

» Formalization of the logic of the sequence of actions when switching in
chains

* Exclusion of entry into the substation of two feeders
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» Implementation of the ES (expert system) on a personal computer (PC)
with the development of a graphical interface

The methods of graph theory, sets, formal mathematical logic are applied in
the work.

Scientific novelty is as follows:

* The subject area is formalized (analysis and re-commutation in the electric
network) with the selection of processes that model the intellectual activity of the
dispatcher when making decisions, data structures and knowledge.

* Models of basic intellectual processes for ES. with their implementation
are proposed.

* Original methods and computational procedures for the structural analysis
of the switching state of electric networks have been developed:

1) Topological equivalence of the electric network

2) Exclusion of the possibility of including two feeders in the station

3) The prospect for expanding the model

4) Ability to work with large volumes of information

5) Ability of manual control

6) Accounting for the operation time of substations

The practical value of the work.

» The Application of the proposed approach to formalizing the logical basis
for switching to an expert system made it possible to develop a switching system
that has invariant properties with respect to networks of different levels and
complexity.

» The expert switching system is endowed with one of the main properties
that should be inherent in any expert system — declarativity (“openness", learning
ability, accessibility).

* The use of such systems in industry will free the dispatcher from routine
work and reduce the number of mistakes made.

*They can be used in training systems-simulators operational switching
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Literature review:

When writing this work, scientific and educational literature, articles in
periodicals of the Russian Federation and the USSR were used. The fundamental,
revealing the theoretical foundations of servicing the equipment of public catering
networks was the work of Ornov V.G., Zabegalov V.A., Semenov V.A.
"Automated dispatch control systems in power systems" (1984). This source
discusses in detail the methods for creating automated dispatch control systems
(ADCS) with modern power systems and powerful power systems. The functions
of operational dispatch control, complexes of technical means for collecting,
processing and presenting operational dispatch information are described.
Moreover, the information describing the rules and the need for operational
switching of substations was studied. These books are: Filatov A.A. “Switching in
electrical switchgears”, V. Ornov, M. A. Rabinovich. “Tasks of operational and
automated control of power systems”, V. Lebedev, L. V. Royan "Automation of
the process of making dispatch decisions.” These books describe the devices and
principles of operation of electrical substation systems and the methods of
converting information during its transmission through communication channels,
outlines the principles, methods and algorithms used to create data filtering
programs received at the control center of the power system, and to design data
collection systems.

1. Subject research
1.1 The role of expert systems in the electric power industry
The aim of creating an expert system is to automate the decision-making
process. Recently, there has been such a direction in the development of decision-
making methods, as the approximation of the description and formalization of the
problem to the natural human language and understanding. It is often difficult for a
dispatcher to specifically evaluate an object according to some criterion. The
dispatcher may be in doubt and will look for an average rating. Often, such
difficulties arise not because of a lack of experience, but just the opposite.
Subsequently, there is a need to develop methods that are flexible to the human
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perception of information, which consider the uncertainty in an increasing number
of dimensions [1].

The basis of ES (expert systems) is a knowledge base (KB) about the subject
area, which can be used in the process of construction and operation of ES. The
accumulation and organization of knowledge are the most important properties of
all ESs [2].

There are incorrect tasks in all subject areas where intelligent systems can be
effective. Currently, models of ideas about knowledge and development among
narrow specialists, requiring programmers and mathematicians, are in necessary in
almost all subject areas, including education [3].

The specificity of knowledge representation systems, required when building
expert systems in the educational sphere, lies in the fact that they imitate human
activities, often carried out in an informal way. Knowledge far from always can be
given accurately — often the so-called "fuzzy" knowledge is found.

The rules for processing fuzzy knowledge are based on logic. The main
advantage of probabilistic reasoning over logical reasoning is the resolution of the
factor of achieving equally rational decisions even in the absence of the required
amount of information. Knowledge bases accumulate human knowledge in ES. In
this regard, for the presentation of expert knowledge that takes into account
probabilities, the interpretation based on subjective trusts is most suitable. As a
result, the majority of modern ESs using probability theory are “Bayesian” [3].

The Bayesian rule is the basis for using probability theory in the process of

uncertainty management, presented as follows:

P(B/A)+P(A)

P(A/B) = P(B/A)*P(A)+P(B/A)*P(A)

(1.1)

Where A is some event of the real world, B is some second event, P (B / A)
Is the conditional probability, the probability of occurrence of event B, provided
that event A has already occurred. This rule provides a way to obtain the

conditional probability of event B under condition A.
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This ratio allows the ES to control uncertainty and “draw conclusions back
and forth”. The use of the Bayes formula suggests that the establishment of
relationships between conditionally independent variables can facilitate the
calculation of query results and significantly reduce the number of conditional
probabilities that must be determined [3].

1.2 Decision Procedure

The decision-making process leads to the selection of one or more of the
best alternatives from a particular set. To make this choice, it is necessary to
clearly define the purpose and criteria by which an assessment of a certain set of
alternative options will be carried out. The selection of a method for solving such a
problem depends on the quality and quantity of information available. The data
required to make an informed choice can be divided into four categories:
information on selection criteria, information on alternative options, information
on the environment of tasks, information on preferences [1].

Let us consider some of these parameters in more detail. Each selection task
begins with an analysis and presentation of a list of a set of solutions or available
alternatives. We will call the alternatives by the set of feasible solutions X. The
choice of a solution consists in highlighting the best option among the set X. It
should be noted that often a situation arises when you select not one, but a whole
set of solutions, which is a certain subset of the set of feasible solutions X. Tasks
of multi-criteria choice, have some difficulty, which results in the impossibility of
a priori allocation of the best option [4].

Let us denote the set of selectable solutions as C (X). It is a solution to the
choice problem and belongs to the set of feasible solutions X (i.e. any of its
subsets). Therefore, to solve the selection problem means to find C (X), C (X) c X.

The selection process cannot be carried out without the presence of persons
making this choice. In addition, a decision maker who has important characteristics
for the task will have more weight when deciding.

Most often, it is believed that the chosen (and therefore — profitable,
acceptable, best) is an acceptable solution that most fully meets the needs and
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goals. The decision of the DM to achieve a certain goal can often be expressed in
mathematical terms as maximizing (or minimizing) a certain numerical function
defined on the set X. Nevertheless, in more complex situations, one has to deal
with several functions of this kind at once. Let us suppose that there is a set of
numerical functions f 1, f 2 ..., f m, where m>2 are defined on the set of possible
solutions X. Depending on the content of the problem, these functions are called
efficiency criteria, optimality criteria, or objective functions. The above numerical
functions form a vector criterion
f=Unfz0fm) 1.2)
which takes values in the space of m - dimensional vectors. This space is
called the criterion space or the evaluation space, and any value f (x) = (f_1 (x),
f 2 (x),...,T_m(x)) ER * m of the vector criterion f for a certain xeX is called the
vector estimate of the possible solutions Xx.

The selection problem, including the set of feasible solutions X and the
vector criterion f, is usually called the multicriteria optimization problem or
multicriteria problem.

The task of multi-criteria selection is to find the set of selectable solutions C
(X), C (X) < X, considering its preference relations X, based on a given vector
criterion f, reflecting the set of decision-making goals.

1.3 Formalization of the logic of operational switching in electrical networks.

In today's world, the level of automation at control centers remains
extremely low. For example, today, dispatchers work according to the specific
algorithm. The dispatcher of the dispatch and technological control service
receives a request by telephone or e-mail to repair overhead power lines. Further,
the dispatcher fills out the application form, enters the necessary data, for example,
data on the object, time of completion, date of receipt, and so on. Then he sends
the application for consideration of the request, fulfillment or refusal to fulfill the
application. After changing the status of the execution of the application, the
employee, according to the rules of maintaining the application log, enters

information about it into the application journal, where he writes the number of the
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application, the name of the dispatcher, the date of receipt and execution (refusal),
as well as the status of the application. Then the dispatcher sends a request to the
archive. And this is not counting the fact that the dispatcher often makes the
decision himself which substation will reserve the current breakdown. To do this,
he needs to take into account the operating mode, the required power, the
requirements for the speed of start-up and other indicators based on technical and
economic calculations.

For example, if the required power at the substation must be at least several
megawatts during continuous operation, then for reasons of reliability and
technical parameters a steam turbine thermal power station will be selected.

With a rapidly increasing load, you may need a quick-start steam turbine or
diesel units.

Industrial enterprises may have electrical equipment that does not allow even
short-term power outages (they are assigned to a special group | category of
electrical equipment for the required power reliability). Such electrical equipment
Is computers, automated information processing devices, automated process
control devices, etc. For such equipment, highly reliable autonomous local sources
are used.

Thus local power sources apply:

* Synchronous generators of factory TPPs and other regularly operating
factory power plants and generator sets;

* Synchronous motors with cosg 0.9;

* Capacitive batteries.

As a result, we conclude that in the development of forms for OPs, it is still
not possible to formalize the logic of the OP, which should form the basis of the
algorithms of the expert system procedures. Knowledge still includes data and
rules for the production of switching of individual switching devices.

The methods for presenting knowledge used in existing developments in the
automation of operational switching with the implementation of it in ES or so-

called intelligent systems relate to procedural “closed” methods with the
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consequent difficulties of adapting to changing conditions (control object) and
making changes without processing the entire logic. These shortcomings are
largely due to the fact that, as a rule, a particular problem is solved (the formation
of OP forms) and the full technological cycle is not considered, which includes:

1. accident analysis

2. synthesis of the report

3. decision making with assignment

4. synthesis of the sequence of actions

5. presentation of results in technological reporting forms (for example,
forms).

1.4 Description of the main methods for optimizing distribution voltage modes

Calculation methods for analyzing voltage modes allow, if specialized
programs are available for calculating modes, to evaluate voltage losses quickly, to
calculate permissible deviation ranges in nodes and configure control devices. The
disadvantage of the calculation methods is the low reliability of the initial
information used in the calculations (parameters of the network elements, load
power). In addition, these methods do not allow to reliably assess the compliance
of the actual voltage deviation ranges with the required ones.

At the same time, measuring bases and, first of all, modern means of control
are developing rapidly, which makes it possible to solve the problems under
consideration on the basis of an instrumental approach. At the same time, voltage
losses and deviations in the networks can be measured, and this will allow us to
adequately develop and implement regulatory measures, taking into account the
real laws of voltage changes in various network nodes.

Let us consider voltage regulation with transformers.

There are 2 main ways of voltage regulation using a transformer: SWE and
Voltage regulation under load.

1) Switching without excitation (SWE) is carried out by transformers
previously disconnected from the network. They are made with 5 branches (+ 2, +
1,0, -1, -2). Unsoldering (branch) 0 is considered to be the main, and the rest are
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additional. On the main branch, the voltage is nominal, and its transformation
coefficient is considered nominal. Transformation coefficients on additional
solders differ from the nominal by -5, -2.5, +2.5 and +5 when using them. Such
transformers do not allow meeting the requirements of the law of counter
regulation.

2) Voltage regulation under load have a special automatic switching device.
Moreover, regulation under load allows you to work with a large number of stages
of adjusting joints and a large range for regulation. VVoltage regulation under load
Is carried out by switching off the solders and changing the transformation
coefficient under load, and, therefore, to provide counter regulation during the day.

To ensure the required quality of electricity, voltage regulation under load
are made with automatic voltage regulators, which must be subject to high
requirements, such as stability, sufficient sensitivity (without reaction to short-term
voltage deviations during short-circuit, start-ups of powerful engines, etc.), stable
and easily adjustable temperature characteristics, etc.

Transformers with voltage regulation under load and voltage regulators
controlling them are characterized by the voltage value of the regulation stage, the
deadband, the accuracy of regulation and the time delay.

Conclusion

In the course of this master's thesis, modeling capabilities of a person and
structures of interacting intellectual processes have been need presented, which is
constructive for the development of expert systems and the distribution of
functions between a person and a machine.

In this area, a detailed comparison of the algorithms has been carried out,
which allows providing voltage to all network subscribers. The choice has been
made in favor of the "advanced Dijkstra's algorithm." which allows you to make
the minimum number of switches, subject to the smallest path.

Within the framework of the expert approach, the following algorithms have

been developed and implemented using the program:
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1. Analysis of the switching state of the network with procedures: checks for
connectivity, the allocation of connected parts, checking the incidence of load
nodes sources.

2. Aggregation.

3. Interpretations with procedures: interpretation of the network to highlight
it as an object, interpretation of switching tasks, interpretation of the switching
state.

4. Formation of a report on the switching state of the network and the
synthesis of forms of operational switching with procedures: search for a shunt
(bypass) path for given sections, forming a sequence of switching in the primary
price.

Based on the results of the master's thesis, it is possible to conclude that the
introduction of wireless technology at the existing power plant is a rather priority
and necessary solution. This technology is more suitable for solving problems
when carrying out major repairs at an electric distribution station for those
enterprises and consumers who cannot stop the supply of electricity. With the
introduction of an expert system in a control room, the time of their connection and
commissioning will significantly decrease. In addition, this technology can be used
at new stations planned in the future in order to pre-design places for a more

favorable location of power plants.
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