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Hamnpasnenue noarorosku — 15.03.04 ABromaru3anus TEXHOJIOTHUYECKUX MPOIIECCOB U MPOU3BOJICTB
Otnenenne mkonsl (HOIL) — OTaenenne aBToMaTu3anuy U pOOOTOTEXHUKH

BAKAJIABPCKASA PABOTA

Tema paboThI

Pa3paboTka aBTOMaTH3MPOBAHHOW CHCTEMBI YIIPABJICHUSI MAKETOM BO103a00pHOI CTaHIIUH
YJIK 004.896:378.162.3:622.276.53

CryneHt
I'pynna [)7(0] Hoanuch Jlara
8T6A PenneB Bnagucias MakcuMoBUY
PykoBogurtens BKP
JoKHOCTD [5(0] Yuenas cTenen, Moanucey Jara
3BaHHE
Ckopocrnenkud Makcum
Houent OAP UILINUTP P K.T.H.
Biagumuposuy
Koncynbrant
JL0JIZKHOCTD (07 (0] Yuenast crenen, Hoanucy Jara
3BaHHUE
Crapumuit
TyroB UBan AunpeeBud
npenogasatens OAP T AP
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3BaHHUE
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ITo pazgeny «CoimanbHasi OTBETCTBEHHOCTB
JI0JIZKHOCTD ()4 (0] Yuenas crenem, Hoanuck Jara
3BaHHUE
Bbenoenko Enena
Houent OO/ IIIBUIT K.T.H
BrnagumuposBHa
JOINYCTUTD K 3AIIINTE:
Pykosoautean OOIT DPUO Vaenast crenenr, Hoanuck Harta

3BaAaHHE

Houent OAP UIILINUTP

I'pomakoB EBrenuii
HMBanoBuu

K.T.H.

Tomck — 2020 r.




Ilnanupyemsie pesyabraTsl 00yuyenus mo OOII 15.03.04

«ABTOMaTI/ISaHI/Iﬂ TEXHOJOTHYECCKHUX MMPOLHECCOB N NTIPOU3BOJIACTB»

Kon
pe3yibTaTa

Pe3yabTaT 00y4eHus
(BBIYCKHUK JIOJDKEH OBITH TOTOB)

P1

HpI/IMeHHTB 0a3oBbIC CCTCCTBCHHOHAYYHBIC W MAaTCMATHUYCCKHUC
SHaHUA OJI1 pCIICHUS HAYYHBIX U MHKCHCPHBIX 3a1da4 B ob0acTn
aHaJiu3a, CHHTC3a, ITPOCKTUPOBAHU, IMponu3BOACTBaA H
9KCILTyaTallun CHUCTEM aBTOMAaTu3alln TCXHOJIOTHYCCKHX
IMpoucCCOB U MPONU3BOACTB.

P2

[IpuMeHATh TepeIoBON OTECYECTBEHHBIM U 3apyOC)KHBIM OIBIT B
0o0JIaCTM  aBTOMATHU3AIllMM  TEXHOJOTHYECKUX TMPOIECCOB H
IIPOU3BOACTB IIPU PELIEHUHU TPOU3BOJACTBEHHBIX 3a]1a4.

P3

CraBuTh M pemarb 3aJadyd IIPOU3BOACTBEHHOIO AaHAIIN3A,
CBSA3aHHBIE C NPOCKTUPOBAHHEM U CO3JAHHUEM COBPEMEHHBIX
CUCTEM aBTOMATU3AllMM  TEXHOJIOTMYECKUX IPOIECCOB H
POU3BOJICTB.

P4

Pa3pabateiBaTh cHCTEMBI  aBTOMATU3ALMH TEXHOJIOTUYECKUX
IIPOLIECCOB M TPOU3BOACTB C HCIIOJIB30BAHUEM IEPEIOBBIX
HAay4YHO-TEXHUYECKUX 3HAHUN U JOCTHUKEHUW MUPOBOTO YpPOBHS,
IPOEKTUPOBATh YCTPOMCTBAa aBTOMAaTH3alMM U OOOCHOBBIBATh
HKOHOMHUYECKYIO 11eJIeCO00Pa3HOCTh pEeLIeHU

P5

HpOBOI{I/ITB TCOPCTUUCCKHUC U SKCIICPUMCHTAJIBHBIC UCCIICTOBAHUA
B o0JtacTH COBPCMCHHBIX CUCTCM dBTOMATU3AIIHNH.

P6

Bueapsts U HCHOJIb30BaTh MOJXOJSIIEE MPOrPaMMHO-
TEXHUUYECKOEe O00OpYyJ0BaHME, OCHAIEHUE U WHCTPYMEHTHI MPHU
pelIeHUH 3aJjay aBTOMATU3AIMN TEXHOJOTHYECKUX MPOIIECCOB U
MPOU3BOJICTB  ,COONIIOAATh MpaBUia OXpPaHbl 3J0POBbI WU
0€30MacHOCTU TPYJla, BBIMOJHITHL TpPeOOBAHMUS MO 3allUTE
OKPYKarOIIEN CPEIbL.

P7

[IpUMEHATh BBICOKO TEXHOJIOTUYHOE MPOrPaMMHO- TEXHUUYECKOE
000pyZI0BaHUE, OCHAIIICHUE U MHCTPYMEHTHI JIJIsl pElIeHUs 3a1a9
ABTOMATU3aLNHU TEXHOJIOTHYECKUX MPOLIECCOB U MPOU3BOJICTB.

P8

Brnagers HMHOCTpaHHBIM $SI3bIKOM Ha YPOBHE, IO3BOJISIOLIEM
paboTaTh B HHTEPHAIIMOHAIBHOW cpelle ¢ TOHUMaHUEM
KYJIbTYPHBIX, $3bIKOBBIX M COLUHMAJIbHO — OKOHOMHYECKHUX
pa3INYUM.

P9

O¢ddexTuBHO paboTaTh WHAWBUIYAIbHO, B KAaueCTBE 4ICHA H
PYKOBOJIUTEISI TPYIIIBI C OTBETCTBEHHOCTHIO 32 PUCKH M paboOTy




KOJIJICKTHBA ITPpH pCIICHUHA HHHOBAIIMOHHBIX WHKCHCPHBIX 3a/1a4 B
oOmacTu dBTOMAaTHU3alluu  TCXHOJIOTHYCCKHUX  IIPOHCCCOB U
IIPONU3BOACTB, ACMOHCTPpUPOBATb IIPU 3TOM T'OTOBHOCTD
CJICOOBATDH HpO(I)eCCHOHaHLHOfI 9THKC 1 HOpMaM

P10

HmeTh MUpOKYIO 3pyIULIMIO, B TOM YUCIIE€ 3HAHUE U IOHUMaHue
COBPEMEHHBIX OOIIECTBEHHBIX U TMOJUTUYECKUX TMPOOIIeM,
BOIIPOCOB 0O€30MaCHOCTU W OXPaHbl 3JI0POBbSI COTPYIHHUKOB,
IOPUIUYECKUX aCIEKTOB, OTBETCTBEHHOCTH 33 WHKEHEPHYIO
NEeSATEIbHOCTD, BIMSHHS MHXXCHEPHBIX PEIICHUI Ha COLUAIBbHBIN
KOHTEKCT U OKPYKAIOIIYIO CPENy.

P11

CaMOCTOSITENIbHO YYUTBCS W TOBBINIATH KBaTU(UKAIUIO B
TEYEHUE BCEro Iepuojia NpodhecCUOHATBHON JesTeNbHOCTH,
MOJIJICP>KUBATh JOJKHBIN YPOBEHb busnuecko
MOATOTOBJIEHHOCTH

CHGHI/IaJ'II/IBa]_II/IH ((ABTOMaTI/I?)a]_II/I}I TCXHOJIOTHYCCKUX IIponccCcoB )51
IIPONU3BOJICTB B He(i)TeFaSOBOﬁ oTpaciiny»

P12

Pemare 3amaun TPOM3BOJACTBEHHOTO AaHAINW3a, CBS3aHHBIE C
NPOEKTUPOBAHUEM U  CO3/IaHHEM COBPEMEHHBIX  CHCTEM
aBTOMATH3AIMA TEXHOJOTMUYECKUX TMPOIIECCOB M MPOU3BOJICTB B
He(Tera3oBoM OTpacIH.




TOMSK TOMCKWNNA
POLYTECHNIC NONNTEXHUYECKUI
UNIVERSITY IRl YHVUBEPCUTET

MunncTepcTBO HAyKH 1 BBICIIEro obpa3oBanus Poccuiickoit denepannu
(enepasbHOE TOCYAAPCTBEHHOE aBTOHOMHOE
o0Opa3oBaTenpHOE YIPEKICHHUE BBICIIETO 00pa30BaHUA
«HarmmonaneHeIN uccnenoBaTenbckuil TOMCKUI monuTexarndeckuit yansepeuter» (TIIY)

[lIxona — MmxeHepHas mKoja HHOOPMAITMOHHBIX TEXHOJIOTUN U POOOTOTEXHUKH

Hamnpasnenue noarorosku — 15.03.04 ABromaru3anus TEXHOJIOTHUYECKUX MPOIIECCOB U MPOU3BOJICTB
Otnenenne mkonsl (HOILL) — OTaenenne aBToMaTu3anuy U pOOOTOTEXHUKH

YpoBens 00pazoBanus — OakagaBpuaT

[lepuon BeinonHEeHUs — oceHHUI / BecenHuit cemectp 2019/2020 yuebHOro roaa

dopma nipeAcTaBiIeHUs] pabOTHI:

OakaaBpaBcKas paboTta

KAJIEHJAPHBIN PEUTUHI -TIJIAH
BBINOJIHEHUS BBINYCKHOI KBAIN(UKAHOHHOH padoThl

CpOK cavyu CTyAC€HTOM BBIITOJIHEHHOM pa6OTBIZ

Jara Ha3zBanmue pa3nena (monyJs) / MaxkcumabHbII
KonTpoas BHJI padoThI (Mccae10BaHMS) 0ana pa3nena (MoayJisi)
OcCHOBHas 4acCTh 60
DUHAHCOBBII MEHEKMEHT, pecypcodPPeKTUBHOCTh 20
U pecypcocOepexeHne
ConpanpHas OTBETCTBEHHOCTh 20
CocraBui.
PykoBogutens BKP
JlokHOCTH [(%(0] Yuenas crenens, Toanuch JaTa
3BaHHUE
OAP MILITP Ckopocnienikua Makcum
JoueHt BIIatuMupoBHY K.T.H.
KoncynpTant
JloJIzKHOCTD ()7 (0] Vaenast crenenr, Moanmuch Jara
3BaHUE
Crapmmi
npenoaasarens OAP Tyros 1Ban AnnpeeBuu
HUIINUTP
CornacoBaHo:
PykoBoaurens OOIT DdPUO Yuenas creneHb, Ioanucn Jata
3BaHHUE
I'pomakoB EBrenmii
PykoBonurens OOII P K.T.H.
HMBanoBuu




TOMSK TOMCKNNA
POLYTECHNIC I NONNTEXHNUYECKUN
UNIVERSITY INIM YHVBEPCUTET

MunncTepcTBO HAyKH 1 BBICIIEro obpa3oBanus Poccuiickoit denepannu
(enepasbHOE TOCYAAPCTBEHHOE aBTOHOMHOE
o0pa3zoBaTenpHOE YIPEKICHHUE BBICIIETO 00pa30BaHUS
«HarmonaneHeIN uccnenoBaTenbckuil TOMCKUI monuTexandeckuit yansepcuter» (TIIY)

[lIxona — MmxeHepHas mKoja HHOOPMAITMOHHBIX TEXHOJIOTUN U POOOTOTEXHUKH
Hamnpasnenue noarorosku — 15.03.04 ABromaru3anus TEXHOJIOTHUYECKUX MPOIIECCOB U MPOU3BOJICTB
Otnenenne mkonsl (HOIL) — OTaenenne aBToMaTu3anuy U pOOOTOTEXHUKH

YTBEPXIAIO:
PykoBogutens OOIT
E.N. I'pomakoB

(IMomnucp)  ([ara)
3AJIAHUE
HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PHUKANMOHHON padoThl
B dopwme:
‘ bakanaBpckoit paboThl

(bakanaBpcKoil pabOTHI, TUIIIOMHOTO MPOEKTa/pabOTHI, MATUCTEPCKOM AUCCEPTALINH)

CryneHry:
I'pynna PUO
8T6A PenbeBy Banucinasy MakcumoBuuy
Tema paboThI:
Pa3zpaboTka aBTOMaTH3MPOBAHHON CHCTEMBI YITPABICHHSI MAKETOM BOJ103a00pHOM CTAaHIIUU
YTBepxaeHa MPUKA30M JUPEKTOpa (1aTa, HOMep) \ 13.05.2020 Ne134-30/c

Cpox cmaum cTyaeHTOM BbITToTHeHHON padoTer: | 11.06.2020

TEXHUYECKOE 3AJIAHUE:

Hcxoanblie 1aHHbIE K padoTe OOBeKT uccneoBanus — CTeHI PU3UUECKOro
noAo0ust «B0J103a00pHAsT CTAHITUS.

PexxuM paboThl — HUKINYECKHA.

Bun ceipbs — TexHUYECKas BOJA.

VYueOHblil cTeHa (UBUYECKOro IMOa00us
BOJ103a00PHOM CTAHIUU JOJIKEH 00eCTICUUTh
PYYHOM M aBTOMATUYECKUU  PEKUM
PETYJIMPOBKHU YPOBHSI )KUJAKOCTH B EMKOCTH.




Ilepeyenn

nmoaaexkanmmx | Mceinenosanue o0OLeKTa;

HCCJIEIOBAHUI0, MPOEKTHPOBAHUIO | pa3pab0oTKa MaTeMaTUYECKOW MOJEIN
U pa3padoTKe BONPOCOB YIPABJICHUS CTEHIOM;

pa3paboTKa arOPUTMHYECKOTO
obecrieueHus.

KoHcyJIbTaHTHI 10 pa3jenaM BbINYCKHOM KBAJTM(PUKAITMOHHONH PadoThI

Pasnen

Koncynprant

Qunancoswiii meneddicmenm... | Tpyouenxo Tamwvsna I pucopvesua, ooyenm OCI'H ILIIBUTT, HU

Ty
Coyuanvras benoenxo Enena Braoumuposna, ooyenm OO LIBUII, HU
OMeEemcmeeHHOCMb Ty

Jlata BbIZAYU 3aJaHUST HA BbINOJHEHHUE BBINYCKHOM
KBAJIH(PUKANMOHHOM Pad0ThI N0 JHHEHHOMY IPauKy

3agaHue BbLIAJ PYKOBOINTECIIb.

JokHOCTH dUO Y4eHasi cTeneHb, Moanucn Jara
3BaHHUEC
Houent OAP Cxopocnienkna Makcum K.T.H
Bragumuposuu

3anaHne IPUHAJ K HCITOJTHCHHUIO CTYACHT:

I'pynna

DdUO Moanuck Jara

8T6A

PenibeB BnagucimaB MakcuMoBHY




_ 3AJAHHE JUIS PA3JIEJIA
«®UHAHCOBBI MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXXEHUE)
CryneHry:
I'pynna ouo
8T6A PenbeBy BnanucnaBsy MakcuMoBuuy
IIxosa HUIIUTP OTtaenenne mkoabl (HOII) OAP
Yposenn 00pa3oBanus BaKaJ'IaBpI/IaT Hanpapiienne/cnennanbnocts | 15.03.04  «ApTOoMaTu3anus

TCXHOJIOT'MYECKUX IMPOLECCOB
1 MPOU3BOJACTB»

pecypcocoepekeHne:

Hcxonnbie naHHble K pasgely «@®HUHAHCOBBI MEHEIKMEHT, pecypcodpPekTUBHOCTL H

Cmoumocms  pecypcog  Hayumoeo uccieooganus (HH):
MAMepuUanbHO-MeXHUYECKUX, IHePeMmUYecKux, (OUHAHCOBYIX,
UHDOPMAYUOHHBIX U UeI08EHYECKUX

Oxutan pykoBoautens — 33 664 pyo0.
Oxutan KOHCYIbTaHTa — 12 664 pyo.
Marepuanbubie 3atpatsl — 10 300,4 py6.

Hopmbut u nopmamugsl pacxodosanus pecypcos

Haknagnsie pacxosst 10%;
Paiionnsiii koapuuuent 30,2%
Hopma amoprusanuu 33,3 %

Hcnonvsyemas cucmema HAN020001024CeHUsl, CMABKU HANIO208,
omuucienull, OUCKOHMUPOBAHUSL U KPeOUMOBAaHUs.

Koaddunuent  otuucieHuit  Ha
BHeOOKeTHBIC oHabI 30 %

ymiary  BO

Hepequb BOIIPOCOB, MOMJICKAINNX HUCCICIOBAHNIO, IIPOCKTHUPOBAHUIO pa3pa60T1<e:

Oyenka Kommepuecko20 u UHHO8ayUuoHHo20 nomenyuanra HTH

OmnucaHue IOTCHITMAIbLHBIX HOTp€6PIT€JI€I>'I, aHaJIn3

KOHKYpPEHTHBIX TeXHHYecknx pemreHuii, SWOT-
aHaIu3
Ilnanuposanue npoyecca ynpaenenus HTHU: cmpyxkmypa u | IlnanupoBanue pabot, pa3paboTka JauarpamMmbl
epagux nposedenusi, 6i00xicem, pucku u opeanusayus 3axynox | I'anta, hopMupoBanue OI0pKETa 3aTpar.
Onpedenenue  pecypchol,  Qunancosol, sxonomuueckoii | OTEHKA CPaBHUTEIbHOM 3¢ eKTUBHOCTH
agppexmugrocmu HCCIICIOBAHHUS.

WHTerpanbHbIil MOKa3aTeslb pecypcodPeKTHBHOCTH
-1,75

WuTerpanbHblii mokaszareib 3¢ dhexruHOCTH — 9,63
CpasuurenbHas d3pdekruBHocTs npoekra — 2,06

HepequB Fpa(quCCKOFO MATCPHUAIIA (c mounvim yrasanuen obsizamenbibix uepmedceir):

Ceamenmuposanue pvinka

Oyenra KOHKYPEeHMOCnOCOOHOCU MEXHUYECKUX PeuleHUtl
Mampuya SWOT

I'paguk nposedenus u 6100xcem HTH

Oyenxa pecypcnot, punancosoul u sxonomudecxou d¢pgpexkmusnocmu HTH

‘ Jara Bbl1a4u 3aaHu JJIA Pa3/jesia no JHHeHHOMY rpaguxky

| 22.02.2020

3agaHue BbIIAJ KOHCYJIbTAHT:

Jlo/zKHOCTH [01% (0] Yuenas crenenb, IToanucn Jara
3BaHHue
Jouent OCI'H IIBUIT TpyOuenko Tarbsina | JJoueHr, k.3.H
['puropbeBHa
3anaHue NPUHSAJ K MCIIOJHEHUIO CTY/IEHT:
I'pynna (07 (0] Hoanuch Jara
8T6A Penves Bnagucnas MakcumMoBUY




3AJAHME JIJISI PA3JIEJIA
«COIMAJILHASI OTBETCTBEHHOCTDb»

CrygpeHnry:
I'pynna D®UO
8T6A PenbeBy BrnanucnaBy MakcumoBuuy
xona TP Otnenenne (HOLL) OAP
YposeHb 00pa3oBanus BaKaHaBpI/IaT HanpasJieHue/cnenuaJibHOCTh ABTOMaTI/ISaHI/IH
TEXHOJOINYCCKUX
MIPOIIECCOB u
IIPOU3BOJICTB
Tema BKP:
Pa3paboTka aBTOMaTH3UPOBAHHON CHCTEMBI YIIPABICHUS MAKETOM BO103a00PHOM CTAHIINU.
Hcxonublie nanHblie K pasgeay «ConuajabHasi 0OTBETCTBEHHOCTbY:
1_ XapaKTepHCTI/IKa 06'BGKT3 OOBEKT HCCIIeA0BaHUA — MAKET BOILO3a60pHOI71
CTaHIIUY.
HUCCJI BaHUsA (B TB MaTtepual
cereno (BeIeCTBO, cp > | Obnacte nmpuMeHEeHUsT — JIAOOpATOPHBIC U yUeOHBIC
HpI/I60p, aJITOPUTM, METO/IMKA, pa60qa;1 MOMEIIEHUs]  OpraHMu3aluid,  OCYIIECTBISAIOIINX
30Ha) U 00J1aCTH €ro NPUMEHEHUS WCCIICIOBAHNUS B oOmacTu yIpaBIICHUSI

B0/103a00pHOM CcTanue.

[lepedens BOIIPOCOB, MOAJIEKAIINX HCCIIETOBAHUIO,

MPOEKTUPOBAHMIO M Pa3paboOTKe:

1. IlpaBoBble U OPraHU3aLMOHHbIC BOIPOCHI
o0ecneyeHus1 0€30MACHOCTH:

CHelnuagbHble (XapaKTepHble MpPU AIKCIUTyaTalluu
00BEKTa UCCIIE0BaHus, TIPOSKTUPYyeMOr paboueit

30HBI) NPaBOBbIE HOPMBI TPYZOBOTO
3aKOHOJIaTeNIbCTBA;
OpTraHU3allOHHBIC MEPOTIPHUATHUS npu

KOMIIOHOBKE pa60qeﬁ 30HBbI.

1. Tpynosoii kogexc PO ot 30.12.2001 Ne 197-
D3;

2. T'OCT 12.2.032-78 CCBT

3. CanlluH 2.2.2/2.4.1340-03

2. IIpou3BoaACTBEeHHASI 0€30MACHOCTD:

2.1. AHanu3 BBISBICHHBIX BPEAHBIX M ONACHBIX
(dakTopoB

2.2. OGocHOBaHHE MEPONPHUATHI MO CHUXKEHHUIO
BO3JIEUCTBUS

OTKIIOHEHUE MMOKa3aTenel MUKPOKINMATA;
IIpeBsilieHHe ypOBHS IIyMa;

Prck nmopaxxeHHs 2IEKTPUIECKHM TOKOM
IIpeBbllieHHEe  ypOBHSA  3IEKTPOMAarHUTHBIX
W3JIy4ECHHH.

HenocraTo4yHas OCBEIIEHHOCTh paboue 30HBI;

3. DkoJornuyeckasi 0€30MacHOCTD:

AHanu3 Bo3aeicTBUs Ha juTocdepy: oOpa3oBaHue
OTXOJIOB TPH YTHIM3AIKH MOJUTIPOITHIICHA.

4. be3onmacHOCTb B YpPe3BbIYaHBIX CHTYAIUSIX:

CymiecTByeT BepOATHOCTh BOZHUKHOBEHHS MTOKapa.

| JlaTa BbLAAYM 3a1aHNs A0S Pa3aeaa 0o JHHEHHOMY rpaduKy

3aﬂaHI/I€ BbIJaJI KOHCYJIbTAHT!:

JloJzKHOCTH [01% (0] YuyeHas cTeneHb, IToanucn JlaTa
3BaHHue
benoenko Enena
Honent OO /1 IIBUTT K.T.H.
BrangumuposHa
33.}13HI/IG l'IpI/IHHJ'[ K UCITOJIHCHUIO CTy}IeHTZ
I'pynna DPUO Mognmuce Jara
8T6A Pennes BiagucimaB MakcumoBuY




Pedepar

Breimmycknast kBanudukannoHHas pabora 68 c., 13 pucynka, 26 Tabmnun, 18
UCTOYHUKOB.

KitoueBble cnoBa: cTeHi (U3MUECKOro MOoa00usl, IIEHTPOOEKHBIE HACOCHI,
PacxoJOMEpBI, TaTYUKH YPOBHS, IPOMBIIIIIEHHBIM KOHTPOJLIED.

OOBEKTOM HCCIIEIOBAHUSL SIBIIAIOTCS aBTOMATU3MPOBAHHBIE BOJ103a00pHbBIE
CTaHIUU.

[enb pabOTHI - CO3/1aTh CTEH PUZHUECKOTO MOJ00MS BOA03a00pHON CTAHIIUU
JUIA CTYJEHTOB BBICHIMX YYEOHBIX 3aBEICHUN MO HAMNpPaBJIECHUIO aBTOMATH3AIUU
TEXHOJOTUYECKHUX MPOLIECCOB U MTPOU3BOJICTB.

B nponecce pabotel paspabateiBasiack 3] Moaenb CTeHJa, MOJOMPAIUCH
HEOOXOMMbIE KOMIUIEKTYIOIINE, IPOUCXOMIa cOOpKa CTeHJa U pa3paldaThiBajlach
[1O n1st pyHKUMOHUPOBAHMS CTEH/IA.

B pesynbrare uccienoBaHus ObLT COOpaH CTEHJ (PU3NYECKOro MOM00HsS U
HaIlMCcaHa MporpamMma o peryaupoBaHHUI0 YPOBHS.

[IpumensiTbcs nmaHHbIA  cTeHn Oynmer B TOMCKOM  TOJUTEXHUYECKOM
YHHUBEpPCUTETE JIJIs1 00pa30BaTeIbHON AESITENbHOCTH.

DOkoHOMHYECKasT 3(PQPEKTUBHOCTh JaHHOM YCTAHOBKM 3aKJIIOYAaeTCsl B €€
JEIIEBE3HE 10 OTHOLICHUIO K UMEIOLIUMCS BapUalUsIM YIIPABJICHHUS.

BrinyckHast kBanupukanuoHHasi paboTa BBINOJIHEHA B TEKCTOBOM PEIAKTOPE

Microsoft Word.



Onpenenenus, 0003HAYECHUS, COKPALLICHUS
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BBenenue

CymectByer mnpoOiemMa B OOyYEHHHM CHEHUATUCTOB TEXHOJOTUYECKUX
npou3BoAcTB. Hu ofHa cymiecTByromass BHICOKOTEXHOJIOTHYHASA OTPACib HE MOXKET
oboliTuch 06e3 KBaIM(PUIIMPOBAHHBIX crenuanucToB. Kak mnpaBuio oOydeHue
CHEIHUATUCTOB MPOUCXOAUT Ha ycTapeBlIeM OOOPYJOBAaHMU WJIM MaTeMaTHYECKHX
MOJIETISIX, KOTOPBIE HE OTPaXKalOT BCEX CBOMCTB PEAIbHOTO OOBEKTA.

HekaudecTBeHHasi MOJArOTOBKA CHEIMAIMCTOB MO YIPABICHUIO TEXHUUYECKUMU
CHUCTEMaMH BJICYET 3a COO0N IKOHOMUYECKHE MOTepU. A 00ydeHne CIeUaINCTOB Ha
peanbHbIX OOBEKTaX HKOHOMHUYECKM He IiesnecooOpas3Ho. [loatoMy ObLIO MPUHATO
pelieHrne paszpaboTarh CTEHA (U3UYECKOro MOJ00MsS OJHOW M3 Ba)XKHBIX CHCTEM
He(dTenoObIBatOIIEH OTpaciu. JTOM CUCTEMOW SBISETCS CHCTEMa BOJ03a00pa Ha
HEPTAHBIX MecTopoxAeHUsX. OHa mpocTa B peanu3aly MpU 3TOM BXOJUT B P
0ojiee CIIOKHBIX TEXHOJIOTUYECKUX NPOLECCOB HepTenepepaboTKU, YTO TaKKe
MOBBIIIAET €€ 3HAYUMOCTb.

Hcnonb3oBanue BOAbI B HEPTSIHONW W Ta30BOM MPOMBIIUIEHHOCTH HMEET
IUPOYANIIINI CIIEKTP Kak MO MPUMEHEHHWIO, TaK W MO TPeOOBaHUSAM K KadeCTBY
OYMIIIEHHOH BOABI. B 3THX oTpacisax cieayeT oOpaiiaTh BHUMaHUE HA OUYHUCTKY BOJbBI
KaK TpU HETIOCPEICTBEHHOW J0oObIYe HETH U rasza, Tak U MpU UX nepepadboTKe.

[enbro OakamaBpckoil pabOTHI 3aKII0YAETCS B CO3/IaHUM CTeHa (DU3NYECKOTO
noo0us BOJ03a00pHOM CTaHIMM JUIsl CTYJIEHTOB BBICIIMX YYEOHBIX 3aBEICHUHN MO

HaIIpaBJICHUIO aBTOMATU3allUK TCXHOJOTHYCCKUX IIPOHCCCOB U IIPONU3BOJACTB.
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1  Crena puznyeckoro nogoous

1.1 Texnu4yeckue TpeOOBAHMS K CTEHIY

B 3amaruu Ha 0akalaBpCKYIO BBIMYCKHYIO KBaJU(DHKAIMOHHYIO paboTy
HEOOX0aUMO ObUIO pa3paboTaTh CTEHJ (U3UYECKOTOo TMOoA00HsA. IDTOT CTEH]
MMOKA3bIBACT IMPOIIECC MOAJCPKAHUS BOJBI B EMKOCTH TIOCPEACTBOM IOMEPEMEHHOM
paboTHI ABYX HacOCOB. [IpuMeHeHne IBYX HACOCOB B ATOM CHCTEME HEOOXOIUMO IS
pacnpeneneHus HapaOOTKH Ha 0TKa3 MEXTy HUMHU.

YmpasieHue B TaHHOH CUCTEME TIOCTPOCHO C IPUMEHEHUEM TIPOMBIIIICHHOTO
joruueckoro kontpoiuiepa Modicon M580 (pucyHok 1) mpou3BOACTBa KOMITAHUH

Schneider Electric.

L G e
o2y i.‘-(i"‘.;\'.‘..“,\. nf;\:_.:\?- PO s&' \\~ \'u ’

e e T '[|'
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<

LISCAIME

Pucynoxk 1 — ITJIK Modicon M580

OCHOBHBIM IPEMMYIIECTBA JAHHOIO KOHTPOJUIEpA SBISIETCS HAJIAYUE
BHYTPEHHEH IIMHBI JAHHBIX, KOTOpas mnojanep>kuBaeT TexHosoruto Ethernet u ne
TpeOyeT [OMOJHUTENbHBIX Moayliel mnpeoOpa3zoBanus. JlaHHbIE THEpenarOTCs

HaANpPSIMYI0, YTO YBEITMUUBAET ObICTPOICHCTBHE.

14



OObeKkTOM HcciaenoBaHusl OakaJaBPCKOW BBIMYCKHOM KBaJM(UKAIIMOHHON
paboThl SBISETCS CHUCTEMa BOJOIMOATOTOBKM Ha HE(MTAHBIX MECTOpPOXIAeHHsIX. M3
JTAHHOM CHCTEMbI ObUIN BBISBIICHBI (YHKIIUU, KOTOPHIE JOJIKHBI ObITh pEaM30BaHbI B
CTEHJE:

— Ilepekauka KHUJIKOCTH;
— PerynupoBanue ypoBHS )KHJIKOCTA B EMKOCTH.

CrtpykTypHas cxema CTeHAa NPeICTaBICHA HA PUCYHKE 2.

B cooTBeTCcTBHM C BBIICICHHBIMU (DYHKIIUSAMU OBLTH COCTABIICHBI TEXHUYECKHE
TpeOoBaHUs 1715 pa3pabOTKU CTEH/A.

1. Crenn noikeH (yHKIMOHUPOBATH B YETHIPEX PEKUMAX:

1.1 Pyunoint pexum. Hactymaer BO Bpems 3amycka yCTaHOBKH. Bo Bpems
paboThl B 3TOM PEKHUME TOPUT 3€JIEHBIM UHIUKATOP

1.1.1 VYmpaBimeHne TJaBHBIM HAcOCOM  OCYLIECTBIISIETCS  KHOIKAMH
«ITY CK»/«CTOID».

1.1.2 BpiGop rnaBHOro Hacoca OCYHIECTBIISETCS HIPOrpaMMHO Jil Tpex
pPEXKUMOB pPAOOTHI: PYYHOrO, aBTOMATHYECKOro M mnojaepxkanud. I[lpm 3amycke
cucteMbl Hacoc M1 oObsBISIETCS TIaBHBIM M pabOTaeT MOKa HE HCTEYET BpPEMs,
nponucanHoe B mporpamme. Ilo wucreueHuro BpeMeHu paboTel Hacoc M1
OocTaHaBIMBaeTcs, a Hacoc M2 3amyckaeTcs, COOTBETCTBEHHO Hacoc M2 cTaHOBUTCS
TJIaBHBIM U 3aIycKaeTcsi Taitmep paboTsl i Hacoca M2. [1o okoHuaHuio Taiimepa Ha
Hacoce M2, Hacoc OCTaHaBIMBAETCA U LMK pabOThl HAUMHAETCSA 3aHOBO C 3aIlyCcKa
Hacoca M1.

1.2 PexuMm aBTOMAaTHYECKOTO PETryJIUPOBAHUS YPOBHS KUIKOCTH B
eMKocTu. [lepexoq B 3TOT peXHUM OCYHIECTBISIETCS IMPU MOBOPOTE TymoOiiepa B
noyioxkeHue «A». Bo Bpemst paboThI B 3TOM PEKUME TOPUT CUHUA MHIUKATOP. Bhixon
U3 aBTOMATHYECKOTO peXUMa M TEpexXoJ B PYYHOM PEXKHUM OCYHIECTBISETCS

MMOBOPOTOM TyMOJiepa B mosioxkeHue «P»
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1.2.1 YpoBeHb B €MKOCTH MNOJJEPKUBAECTCS BKIIOUEHUEM M BBIKIIOYEHUEM
[JIaBHOTO Hacoca mpu cpabarbiBanmm HmwkHero LL m Bepxmero LH gaTumka
YPOBHSI COOTBETCTBEHHO.

1.3 Pexxum noaepxkaHust ypoBHS )KUJIKOCTH

1.4 Pexxum «ABAPUS». Ilepexon B pexum «ABAPUS» ocyiiecTBasieTcs: mpu
cpabaTbiBaHMM aBapuiiHOrO Jnartuuka ypoBHa DD, mnpu ogHoBpemeHHOM
cpabaThIBaHUU BEPXHETO U HUYKHETO YPOBHS, IPU JUTUTEIHLHOM OTCYTCTBHH CUTHAJIOB
¢ natyukoB ypoBHsi LH u LL B aBTOMaTH4YeCKOM pexuMe, IPU HYJIEBOM pacxojie BO
BpeMs pabdOoTaroNIEro IJIaBHOrO Hacoca. BbIXo1 U3 JaHHOTO peKMMa OCYILECTBIIAETCS
¢ momomib oaHoBpeMeHHOro Haxatusi KHOMok «IIYCK» m «CTOID» Bo Bpems
paboThI B 3TOM PEKUME TOPUT KPACHBINM HHIUKATOP.

1.4.1 [Ipu  aBapuiiHOM  pexume  paboTa  CUCTEMBI  JIOJDKHA
npekpamarbesi. JoMKHO MPOU30NTH 3aKphITHE pabOTAIONIET0 KjlanaHa U OCTaHOBKA
IJIaBHOT'O HACOCA.

2. IlpuHuun padboThI:

2.1 Ilomaya KUAKOCTH B CUCTEMY OCYILECTBIISIECTCS YEPEAYIOIIMMCS HACOCAMU
M1 u M2 gepe3 kinananbl Q1 1 Q2 COOTBETCTBEHHO

2.2 COOp nHmaHHBIX O pacxoje KHUIAKOCTH TPOUZBOJIUTCA C TOMOIIBIO
pacxogomepoB FT1 u FT2 BeicTynaromux B KauecTBe MEPBUYHOTO MPEeoOpa3zoBaTEIsI

2.3 HabGop JXHIKOCTH B €MKOCTh EZ2 MOXeT TpPOWU3BOIUTHCS JBYMS
crocodamu:

2.3.1 Hanopnsiii crnoco® HaOoOpa >KUIKOCTH TPOUCXOIUT MPHU OTKPBITUU
pyuHoro BeHTusst R3

2.3.2 Pacxomnpiii cmocod Habopa >KUIKOCTA TPOUCXOJIUT MPU OTKPHITUU
pyuHoro BeHTussi R4

2.4 CnuB XMIKOCTH U3 e€MKOCTH EZ2 ocylecTBisieTcsi OTKpBITHEM PYYHBIX

BeHTwiie R5 u R6
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1.2 CrpykTypHasi cxemMa CTeHAa

OcHOBHBIC COCTaBJIAIOIHNC CHCTCMBI, KOTOPBIC 00eCIIeYnBaIOT

(YHKIIMOHUPOBAHUE CTEH/1a IPECTaBICHbI B Ta0IHIIE 1.

Taomuna 1 — CocTaBisroime CUCTEMBI

Ne i/m HaszBanue ycrpoiicTBa Kon-Bo, mr
1 DJIEKTPOMAarHUTHBIN KJlalaH 3
2 Hacocer 2
3 AHaNOTOBBII YpOBHEMED 1
4 JlaTanku ypoBHS (CUTHAIM3aTOpa YPOBHS) | 2
5 JlaTuuk pacxonaa 2
6 KonTtpomnep 1
7 EMKkocTh 1
8 bax 1

CrpykTypHas cxema CTeHJa NpeAcTaBiIeHa Ha PUCYHKE 2.

Pabora cTeHna HauMHaeTcs ¢ 3amoyiHeHUs Bojaol emkoctu El, mocne yero
HEOOXOUMO OTKpPBITH JJIeKTpoMarHuTHbIe kiaamanel Q1 w Q2 s 3aTorieHHs
HEHTPOOESKHBIX HAcOCOB. OTKPHITh pyuHbie BeHTIH R1, R2.

Jlnst BeIOOpa crioco0a HaroaHeHHe HEOOX0JUMO OTKPBITh pyYHOU BeHTHIIb R3
(mamop) unmu R4 (pacxon). CiMB KUAKOCTH OCYIIECTBISIETCS C MOMOILIBIO PYYHBIX
BeHTwien RS u R6 nnu sanekrpomarautHoro kinanana Q3. Pyunoit BeHTuibs R7 cayxut

AJI1 OITYCTOIICHUA CUCTEMBI.
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Pucynox 2 — CtpykTypHas cxema cTeHaa Bojgo3abopHoi cranmn. M1, M2 —
Hacockl; Q1-Q3 — anekTpoMarnuTHeie kiamnana; R1- R7 — pyunsie Bentmm; FT1,

FT2 — pacxomomepsr; LL, LH — natunku HiskHero u BepxHero ypoBHs; LT —

aHaAJIOTOBBIN YPOBHEMEDP

B koHcTpykium creHma peanu3oBaHbl JBe Maructpanu. Hacoc M1
MePEKaYNBACT KUJIKOCTHU TI0 TIEPBOM MarucTpaiu, Hacoc M2 — 1o BTopoii MarucTpany.

O06e marucTpaiy UICHTUYHBIE IPYT APYTY U COENUHSIIOTCS B €AUHBIN KOJIJIEKTOP.
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1.3 KoHcTpykuus cTeHaa

Jlnst mocTpoeHusi cTeHJa ObUIO PEIICHO HCIOJIb30BaTh MOJMIPONUICHOBBIE
TpyOs! muamerpom 20 MM U ycioBHBIM npoxojioM 1Y 16. Beibop ObLT poU3BEACH €
Y4eTOM IMPOU3BOAUTEIILHOCTU Hacoca. JlJis pe3b0OBbIX COCNUHEHHUI C KlanaHaMu U
JaTYMKaMU OBLITM UCTIIOJIb30BaHbl KOMOWHUPOBAHHBIE MY(DTHI.

[IpucoequHeHre CUCTEMBI K €MKOCTSIM OCYIIECTBISIETCA C MOMOIIBIO
OBICTPOPA3BEMHOTO COCTUHEHHUS «aMEPUKAHKa» U BPE3KU B EMKOCTb.

B cucreme ucnonb3dyercs IBe e€MKOCTH yisi 3abopa (emxocth El) m s
HAOJIIOJICHUST 32 TIPOIECCOM PETYJIMPOBAaHUS YpPOBHSA JKUAKOCTH (eMKocTh E2)
CcOOTBETCTBEHHO. O0€ €MKOCTU U3TOTOBJICHBI U3 JINCTOBOTO OPrCTEKIIA TOJIIUHON 3
MM. Tak Kak €eMKOCTH MpeIHa3HAYEHBI VISl pa3HbIX 3a/ad, B COOTBETCTBUU C ITUM
JOJDKHBI OBITh BBIOpaHBI MX pa3Mepbl. EMKocTh juisi 3a0opa AoikHaA o01aaaTh
00JBIITM 00BEMOM. DTO 00YCIIOBIEHO TEM, YTO TIOMUMO 3arlOJHEHUS BOJAOW EMKOCTH
JU1sl HAaOJIIoAeHUM HE0OXOMMO 3aIlOIHUTH €III€ U BCIO cUcTeMy. BTopas ke eMKOCTh
HA00OPOT JOJDKHA HWMETh JIOCTATOYHYIO BBICOTY IS HArJIIIHOCTH TIpoliecca
PETYIUPOBAHKS YPOBHS KUIKOCTH U MCHBIIIUNA 00BEM.

["aGaputHbie paszmepsl emkocTed cocTtaBisitor 250x160x400 u 120x80x500
COOTBETCTBEHHO.

Omnpenenum o0bem emkoctu E1:

Vi=a;b;-h =0,25-0,16-0,4 = 0,016 M3 (1)
rne  V; —o6weM emkoctu E1, M3;

a, — ANMUHA OCHOBaHUs eMKocTu E1, Mm;

b, — mmpuHa ocHOBaHUS eMKocTH E1, M;

h; — BeIcOTa eMKocTH E1, M.

Omnpenenum 06beM emkocTr E2:

V, =a, b, h,=0,12-0,08-0,5 = 0,0048 m3 (2)
rne  V, —o6beM emkoctu E2, M3;

a, — JJIMHA OCHOBaHUs eMKOCTH E2, m;
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b, — mprHa OCHOBaHUS €MKOCTH E2, Mm;

h, — BbIcOTa eMKocTH E2, M.

JlaTuvky ypOBHSI BMOHTHUPOBAHBI B OTBEPCTUSA, IPOJEIaHHbICE B OJIHON M3
CTEHOK emMKocTu E2 Ha paccTosiHuu 25 cM ApyT OT Jpyra.

PaccuntaeM 00beM peryiupyemMoil >kMJIKOCTH B eMKOCTH E2:
V,=a; b, h,=0,12-0,08-0,25=0,0024 M3 (3)

rae V- 00BbeM emMkocTh E2, M3;

h

p — BBICOTA EMKOCTH E2, m.

COOTBETCTBEHHO O0BEM JKHJIKOCTH, KOTOPBIH MOMHO PpEryJupoBaTh B

ABTOMAaTH4YCCKOM PCIKHUMC, COCTABJLACT 2,4 JI.
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1.4 Bsi0op o0opynoBanus

1.4.1 Boi0op Hacoca

Ha ocHoBe IMOJIYUYCHHBIX BBIIIC JAHHBIX U Tp€6y€MOFO BPCMCHH 3aIlOJIHCHHUA

€MKOCTH JKHUJIKOCTBbIO (OT HHUXKHEro JI0 BEpXHEro JaTuuMka ypoBHs), paBHoro 30

CEeKyHJaM, NoJ0epeM LIEHTPOOEKHBII HAcOC.

Pacxoz: JaHHOTI'O HaCOoCa JOJI’KHA COCTAaBJIATH:

%

2,4

" = 30 = 0,08 1/c = 80 ma1/c,

(4)

rae U — BpeMs 3amoJHEHUs PEryIupyeMoro o0beMa KUAKOCTBIO.

B xauectBe HacocoB paccmarpuBanuck pupmsl: CtaprBonstr, WEBER u TA.

BHenHuit B HACOCOB MPEACTABIICH HA PUCYHKE 3

TexHuueckue XApaKTCPHUCTHUKHU HACOCOB IIPCACTABJICHEI B Ta6JII/IHe 2.

Pucynok 3 — Llentpobesxxubie Hacocsl ¢pupmbl: CtaptrBonst, WEBER

uTA
Tabnuua 2 — TexHruueckrue XapakTepuCcTUKA HaCOCOB

CraptBonbT WEBER TA
MakcuManbHas 1mojada 0,235 0.225 0.160
nasnenus, Mlla
MakcumanbHas nojava, 833 73.6 70.8
MJT/C
MaxkcumanbHbIN TOK 4.2 3.9 3.0
AJIEKTPOABUTATEIIS, A
[lena, pyo. 180 167 220
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[To TexHHYECKUM XapaKTEpUCTUKA MPEACTABICHHBIX B Tabmuie 2 Hambojee

MOAXOJALINM OKa3aJicsl Hacoc OT koMmnanuu CtapTBombT.
1.4.2 Bb100Op 371€KTPOMATHUTHOI'O KJIallaHA

ONEKTPOMarHUTHhIE  (COJICHOMJHBIE)  KJAllaHbl  YCTAHABIIMBAIOTCS  HA
TpyOONIPOBOABI [JIsl JMCTAHLMOHHOIO YINPABIECHHUS OTKPBITUEM WIA 3aKPBITUEM
notoka padboueil cpenpl. s paboThl cTeH1a OO0JbIIE TOAXOAAT HOPMAJIBHO 3aKPbIThIE
KJ1anassl (0€3 mojJayn HanpsHKEHHs 3aKpBIT MPU MOa4e HAINPSKEHUST OTKPBIBAECTCS)
[1]. CTpoeHue 31eKTPOMAarHUTHBIX KJIallaHOB MPECTABICHO HA PUCYHKE 4.

Karywxa g
) Wrexep

~
~
@ - Npyxuna

Nnymwwep ~_

Lrox

Kpbiwka .

Menbpana ~_

Pucynoxk 4 — CtpoeHue 3J1eKTpOMarHuTHOTO KjlarnaHa

[TpyuHun paboThl 3aKIOYaeTcs B MOJAaye JJIEKTPUUECKOrO HaNpPsHKEHUS
Ha JJIEKTPOMAarHUTHYIO KaTyLIKy KJIallaHa, I10CJI€ Yero MAarHUTHBIA CEPIEYHUK
BTSATHBACTCSI B COJIGHOMJI, YTO MPHUBOJUT K OTKPBITUIO JIMOO 3aKpPBITHIO KIalaHa.
CepaeyHuK TOMEIIEH BHYTPHU 3aKpbITOM TPYyOKM KaTyIIKM COJEHOMJIA — 3TO

HCO6XOI[I/IMO I TCPMCTHUYHOCTH JJICKTPOMAIHUTHOI'O KJIallaHa.
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Ilpu BBIOOpE 3JIEKTPOMArHUTHOIO KJamaHa 0co00€ BHUMAaHME YIENsAIoCh

pasmepaM, CJIOKHOCTA YCTAHOBKM UM CTOMMOCTH. Mojenu 3IeKTPOMarHUTHbI

KJIAITaHOB IIPCACTABJICHBI

npecTaBiIeHbl B Tabauie 3.

Pucynok 5 — DnekrpomarauTtHbie kinanansl ZE-4F180, KV320,

NT8078M

Tabnuua 3 — TexHuueckue XapakTepuCTUKU

Ha pucyHke 5. WX TexHHUECKHE XapaKTepUCTUKU

ZE-4F180 KV320 NT8078M
Pe3n0oBoE Gl"
COeIMHEHNE
Bxonnoe 12
HaNpPsOKEHUE
[IponyckHas
CIIOCOOHOCTB, 20 83 25
JI/MUH
Pabouas
TeMIeparypa Ot 0 no 100 ot 0 10 65 1o 130
cpenbl °C
L)ZSE?EE@ MITa ot 0,02 510 0,8 ot 0,05 10 0,87 10 0,8
IleHa, pyo. 550 3316 1500

[Ipu cpaBHEHUH 3IEKTPOMArHuTHHIX KinanaHoB ZE-4F180 ynosneTBopuin BceM

KPUTEPUSM.
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1.4.3 Bb10op curaanusaropa ypoBHs

[Ipu BBIOOpE cUTHaNM3aTOpa YpOBHSA 00palagoch 0cob0e BHUMaHUE Ha
rabapuThl, BUI COSAMHEHUS U CTOUMOCTD.

B xauectBe curnanuzaropoB ypoBHs BeiOpanbl: KLS26-MR-L4, IT1Y-B241-
50, TIAY-H231-97. CurnHanuzaTopbl YypOBHS MPEJCTaBIE€Hbl Ha pPHUCYHKE 6.

Pucynoxk 6 — Jatunku ypoBusa KLS26-MR-L4, [1/1Y-B241-50, TI1AY-

H231-97
TexHruecKre XapaKTepUCTUKH CUTHAIN3aTOPOB YPOBHSI MPECTaBIEHBI B TA0IUIE 4.

Tabnuua 4 — TexHu4ecKue XapaKTePUCTUKH TATIMKOB YPOBHS

KLS26-MR-L4 | [T1YB241-50 IAay-H231-97
JInuHa  MOrpy>KHOU 55,5 49 97
4acTH, MM
JnameTp mnoruiaBka, 17
MM
MaxkcumainbHas
KOMMYTHpYyeMast 50
MOIIIHOCTH, BT
MaxkcumanbHbIN
KOMMYTHUPYEMbIN 0,5
TOK, A
PaGouas otT muHyc 10
Temmeparypa, °C 10 mioc 85 ot munyc 30 o miroc 110
[Ipucoenunenue M16 G)n" M10x1
Pabouee monoxenune TOPU30HTAIILHOE
Ilena, pyo. 380 2763 1487
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Hcxoas u3 naHHBIX NPUBEJCHHBIC B TAOJIUIIE BBIIIE BRIOMPAEM CUTHAIH3ATOP
KLS26-MR-L4, Tak kak OH HMEET HAUMEHBIIYI0 CTOMMOCTh W MOJAXOJSIINE

I‘a6apI/ITBI, d CI'0 TCXHUYCCKUC XAPAKTCPUCTUKH HC YCTYIIAOT APYTI'UM MOJACIISAIM.

1.4.4 Bpi0op naTunka nmoTroka

[Tpu BBIOOpE maTumka pacxona OBLIM PACCMOTPEHBI CIEIYIOIINE BapUaHTHI

Ipe/ICTaBIICHHBIC HA PUCYHKE 7.

Pucynok 7 — latuuku pacxona YE-S201, YF-S401, [TYJIbCAP

Tabnuna 5 — TexHuyeckue XapakTepUuCTUKU JaTYMKOB pacxoaa

YE-S201 I[TYJIBCAP YF-S401
E;ff;yﬁflge ot 5 1o 18 ot 4 o 24 Ot 5 o 18
ﬁiljifranmmﬁ 15 50 15
Hﬂ;ﬁa}i‘i‘{n  Pa0OmHl o 1030 ot 0,5 10 50 ot 0,3 10 6

Jluama3on pa®oumMx | OT MHHYC 25 110 ot MuHyc 40 s10 mmoc 90

temrepatyp, °C roc 80
Coenunenue G)n" AuameTp 7 MM
Llena, pyo. 195 3396 249
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Jlia u3mepeHus: pacxoja KUAKOCTH BbIOpaH pacxoaomep YE-S201, Tak kak

JMara3oH ero padoThl U 1IeHAa yIOBJIETBOPSIET TPEOOBAHUSAM MPOEKTA.
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1.5 MaremaTnueckoe odecredeHue cTeHaa

1.5.1 MaremaTtu4eckasi MoAeJib 00bEeKTa YIPaBJICHUSA

OI[HI/IM U3 JTallOB IIPOCKTHUPOBAHUA ABJIICTCA pazpa60TI<a AJITOPUTMOB
ABTOMATHYCCKOI'O PCTYJIUPOBAHUA TCXHOJIOTHYCCKOT'O I1IapaMETpa. B ,HaHHOﬁ CHCTCMC
TaKUM IIapaMCTpOM ABJEICTCA YPOBCHBb KHUJIKOCTH B CMKOCTH. AJ'IFOpI/ITM JOJDKCH
OCYHICCTBIIATL IIOAACPKAHHUC JKUJIKOCTH Ha YPOBHC 3aJdHHBIX 3HAYCHUM.

PerynupoBanue ypoBHs OCYLIECTBIIIETCS € TIOMOIIBIO HACOCA.

BosmyuwieHwne
3apaxune . A
nge“m _ aw  Kon-Bo, M3
YPOBHS, M AL YpoBeHb BObI, M
perynstop WM = Hacoc EmkocTb -
Oatumk
YPOBHS

Pucynok 8 — Crpykrypnas cxema CAP

Cucrema wmMeeT OIMH KOHTyp YympasiieHus. Ha cymmarop mnocrtynaer
3a/1aBaeMO€ 3HAYEHHUE YPOBHS BOJbI, I'ZIE U3 HETO BBIYMTACTCSA TEKYLIEH YpPOBEHb B
€MKOCTH, 3aTe€M pPa3HOCTb IIOCTYIIAeT HAa KOHTPOJUIEp, IZAE€ CPaBHUBACTCS C
YCTAaHOBOYHBIM 3HaueHueM. Eciu AeilcTByrollee 3HAYeHUE YPOBHS BOJABI OOJbIIE
YCTaBKH, TO HACOC OTKJIIOYAETCS U HE 3AIlyCTUTCS, II0KA YPOBEHb HE OIIYCTUTCS HUXKE

3aJaHHOTI0 3HAUCHMUS.

1.5.2AaropurMu4eckoe odecrneyeHue

[lepen wHamucaHueM TpPOrpaMMbl HEOOXOAUMO pa3padoTaTh aJTOPUTM
ynpaBieHus cuctemoi. Cuctema J0KHA BBITTOHSTH CICAYIONINE (GyHKITUU:
— 3arnoJiHeHHe €MKOCTH JI0 HUYKHETO YPOBHS

— 3aroJiIHeHHuEe €EMKOCTHU A0 BEPXHET'O YPOBHA
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— Tloanepsxanue ypoBHS Ha 3aIaHHOM 3HAY€HUU
— Pyunoe ynpaBnenue

— ABTOMaTHYECKOE YIIPABJICHUC

PearupoBaHne Ha aBapuiHbBIE CUTyalluH

Py4yHOoil pexxuMm ymnpaBi€HUs 3aKIIOYaeTCsl B IYCKE M OCTAaHOBE Hacoca
oneparopoM npu nomou kHonok IIYCK wu CTOIIL Ilpm 3toM pacnpeneneHue
HapaOOTKU Ha OTKa3 MEXKIy HacocaMd NPOUCXOJIUT B COOTBETCTBUU C 3aJaHHOU
IIPOrPaMMOM.

Bxon B aBTOMaTWYeCKH  PEXKHAM  MPOU3BOJUTCS  MEPEKIHOYATEIIEM
PYUH/ABT. PaGoTa aBTOMaTH4YeCKOIro pekuMa 3aKI04aeTcsi B aBTOHOMHOM paboTe
HAaCOCOB.

3anoJHEeHNnEe EMKOCTH JI0 HU’KHETO YPOBHS MTPOUCXOAUT IIPU padOTE OJTHOTO U3
HacOCOB U OTKPBITOM 3JIEKTPOMAarHUTHOM KJIallaHE YCTAHOBJICHHBIN IIEpE] HACOCOM.
[Ipu noCTHKEHUN HUKHETO YPOBHS €MKOCTh MPOJOJKAET HAMOJIHATHCS KUJIKOCTHIO.

3anoJIHEHUE €MKOCTU JI0 BEPXHETO YPOBHS MPOUCXOAUT aHATOTM4HO. [Ipu
TNOCTUKEHNUH BEPXHETO YPOBHS IPOUCXOAUT OTKIIOUYEHHUE HACOCA.

[lopnepxanue ypoBHS )KUAKOCTH IPOUCXOAUT B TOM CIIy4ae, €CIU KUJIKOCTh
YXOJHUT K MOTPeOUTENI0. B MPOTHBHOM cllyyae HacoC OTKJIIOYAETCS U OyAeT BKIIOUEH
TOJBKO MPU JOCTUKECHUU HUKHETO YPOBHS.

ABapuiiHasg CUTyalusl BO3HUKAET B OJTHOM U3 CIIy4YaeB:

— OrtcyTCcTBHE MOTOKA PU BKIIFOYEHHOM HACOCE;

— Jlonroe OTCYTCTBHE CUTHAja ¢ HMXKHErO JaT4uMKa IPU OTKIFOYEHHOM
HACcOCe M UMEIOUINXCS MOTPEOUTENAX;

— Jlonroe OTCYTCTBME CUTHalIa C BEPXHETO JATYMKA MPU BKIOYEHHOM
Hacoce.

Peakuust Ha OTCyTCTBHE MOTOKA MPU BKIFOYEHHOM HACOCE MPOUCXOIUT IPH
OTCYTCTBUU CHUTHAJIa C JaTYUKa pacxoja.

BriBemenuss  cucteMbl M3 COCTOSIHUSL  aBapuu  MPOUCXOJIUAT TP

nocienosareabHoM HaxxaTuu KHormok CTOII u CTAPT.
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[Iporpamma pa3zpabaTsiBaiack B MHTETPUPOBAHHOU cpee pazpadorynka Unity
Pro XL Ha s3eike nporpammupoBanus FBD. f3pik FBD sBnsercs rpaduueckum
A3BIKOM TporpamMmupoBanus crangapta MOK 61131-3 u mnpenHazHaueH uis

HPOTrPaMMHUPOBAHUS POMBINUICHHBIN JIOTHYECKUX KOHTPOJLIEPOB [2].

1.5.21  PyuHoii pexum

Jlyist 3amycka CTeH/1a B pyYHOM pPeXUME HEOOXOIUMO YTOOBI MEepeKIIovaTelb
pexumoB SW1 6b11 B nonoskernnu PYYH nipu atom nepemennas SWITCH cranoButcs
PaBHOM JIOTHYECKOMY HYJIIO.

[Tocne »toro HeoOxomumo HaxaTh Ha kHomky [IYCK. B sTOoT MOMEHT
nepemenHass START mnpuHuMaeT 3HAaYeHHWE JIOTUYECKOW EOUHUIIBI U HACOC
3amyckaetcs. i Toro 4To0bl OCTAaHOBUTH HacOoC HE0OX0AUMO HaxaTh KHonKy CTOIL.
[lepemennas STOP mnpunHuMaer 3HaUYe€HHE JIOTUYECKOW EIUHUIBI M HACOC

ocraHaBimBaeTcs. [IporpaMma onmmMcaHHOTO aJirOpUTMA MPEICTABICHA Ha PUCYHKE 8.

fap| MANUAL <SR> : [MAST] [E=R[E=R <=
| 10) 20) 30 a0
4 '
1
XOR
START— N1 ouT ——
STOP— Nz
100
1 6
2
AND AND
N1 out 1l out —M_START -
START—{12 —re :
20 ’ 3 - T
e S N o
AND AND
M1 ouT M outT —M STOP
STOP— 12 e
5
4
NOT
20 : SWITCH—{n our
W
£ >

Pucynok 9 — briok nporpammsl 11 3a11ycKa CUCTEMBI B PyYHOM PEKUME
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[Ipu momade curnHanma nmorudeckod enuuuilbl Ha BXon START mormueckux
atemeHToB XOR m AND (1) na Beixome AND (6) B mepemennoit M_START
dbopmupyeTcs gorudeckas enquHauia. [locae 4ero CurHalr nmepexouT B MpOrpaMMHBIT
OJIOK yIpaBJICHHS HACOCOM.

[Ipn momaue cur”ama jgoruyeckoil emuuHuibl Ha Bxon STOP mormueckux
anementoB XOR u AND (3) ma Beixome AND (7) B mepemennoit M_STOP
dbopmupyeTcs gorudeckas enuauia. [lociae 4ero curHai mepexoauT B MPOrpaMMHBIN

010K YIIpaBJICHUA HACOCOM.

1.5.2.2  ABToMaTHyecKHil pexum

Jlisa mepexojia CTeHJa B aBTOMATHMUECKUH PEKUM HEOOXOIUMO IEPEBECTH
nepekiouatens pexxumoB SW1 B monoxxenne ABT.

B ostoM pexume cTeHn paboTaeT aBTOHOMHO. YIIPaBJIEHHE HAcOCOM
IPOU3BOAUTCS B 3aBUCUMOCTHU OT IOJIOKEHUS TaTYMKOB ypoBHs. Hacoc 3amyckaercs
IpH Pa30OMKHYTOM COCTOSIHMM HWXHero natumka LL, mpu sTtom mporpamme
nepemeHHasi LL Oynmer umerh 3HaueHue Jsorumdeckoro Hyms. OcTaHOBKa Hacoca
MPOUCXOIUT MPH 3aMbikaHuu HrbkHero (LL) u Bepxuero (LH) maTunkoB ypoBHS, IpH
sTOoM nepeMenHbie LL u LH BbICTaBISAIOTCS B JIOTMYECKYIO €AMHUILY.

COSI[aI[I/IM nmoarporpaMmy Il aBTOMATHYCCKOI'O YIIPAaBJICHUA CTCHAOM.

fop| AUTO <SR> 1 [MAST] [ [ | (]

10{. 20|. 30{. a |

MOT . AMD
LL—]IN ouT INT SUT—A - START
SWITCH—INZ -

10 : 2 : : 4

AND : AND

)

LL—] Mt cuT INT CUT—A_STOP
LH—] INZ SWITCH—INZ

Pucynox 10 — biok nporpaMmpl AJ11 aBTOMaTUYECKOTO PETYITUPOBAHMUS

YPOBHEM KUAKOCTHU
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[Tepemennas SWITCH B pydHoM pexuMe MOJDKHA PaBHITHCS JIOTUYECKOMN
CANHHUIIE.

[Tpu momaye curHama jorumueckoro Hyias Ha Bxon 3nmeMeHta NOT (1) Ha
BbIxo1e Jjorndeckoro 3nemeHTa AND (3) popmupyercs normueckas equauia. [locie
ATOr0 CUTHAJ MEPEXOJUT B MPOTPAMMHBIHN OJIOK yIPaBIEHUS] HACOCOM.

[Tpu momaue curnanoB jorudeckoit equHUIel Ha Bxoa IN1 u IN2 amementa
AND (2) dopmupyeTcs JTornueckas eIuHuIa Ha BXoje Jorudeckoro snementa AND

(4). Ioce 3TOro CUrHaj MePEXOUT B MPOrPaMMHBIN OJIOK yIIpaBICHUS HACOCOM.

1.5.2.3 ABapuiiHbIi peRuM

fop| CRASH_FT <5R> : [MAST] ][ B[S
10 20 30 40 “
A
NOT
ai—{in ouT A0 - TON_O - TOF_O _
AND TON ToF
! a . N1 ouT IN e} IN ol —G1
1 0 ! ’ = IN2 #100ms— FT ET|— td=—PT ET|—
..... oR
M1— Nt ouT
M2— N2
L
€ >

Pucynok 11 — I"'enepaTop npsiMOYTOJIbHBIX CUTHAJIOB
['enepaTop MpsIMOYTOIBHBIX CUTHAJIOB BBICTYIAET B KAUECTBE COTJIACYIOIIETO
ycTpoiicTBa. JUIUTENBHOCTh MOJOXUTENBHOTO NONyliepruoaa paBHseTcs 4 c¢. 3a 3To
Bpems cuetunk ecnu CTU 0 we Hacuutaet 10 ummynbscoB ¢ pacxogomepa FT_1, To Ha
BBIXOJI€ cYeTUYrKa chopMUpyeTcs Jorudeckuii Hoyb. [lociie yero curHan nepexoauT

B MPOTPAMMHBIN OJIOK ympaBieHHs HacocoM. B panpHeiimeMm 5T0 OyAeT o3HAYaTh
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"y CRASH_FT <SR> : [MAST]

R

20

30

40

3 6 ) CTU_0 9 ) 2
3 T 10 L
AND AND CTU NOT AND
Gi1—{INT  QUT INT  OUT cu Q IN ouT INT  OUT
FT_1—IN2 M1— N2 R G1—INZ
10— PV CVI—CWV_FT_1
T )
]
NOT
G1—{IN ouT
..... B TR g g e
Z 12 E 16 T
AND AND cTU NOT AND
G1—INT  OuT INT  ouT cu Q IN ouT INt  OUT
FT_2—{IN2 M2—{IN2 R Gi1—{IN2
10— PV CV—CV_FT_2
12 )
g
NOT

G1—{IN ouT

14

Pucynoxk 12 — bnok nporpamMmsl Jyjist 00paO0TKU aBapUMHBIX CUTHAJIOB

aBapHﬁHYIO CUTyallu1l0, CBA3aHHYIO C OTCYTCTBHC pacxXoda KHUIAKOCTH B HepBOf/JI

Marucrpainud. ABapuiHBIA pPEXUM IS

AHAJIOTNYHBIM o6pa30M.

[

Foy| CRASH_LVL <SR> : [MAST]

BTOPOM  MarucTpaiv ONpeaesieTcs

===

Pucynox 13 — biok nporpaMmsl AJi1 00paOOTKM aBapUHHBIX CUTHAJIOB

L]
10) 20 30 40 a0
A
NOT :
o LL—{m ouT C g e
' 4
: AND
=z o TOMN_4 i nooutl .
OR : TOMN In2 z
: : oR
M1—INT  oUuT IN o] : :
M2—]INZ - #Ee—FT ET— . L IM1 DUT —LWL_CRASH
20 ! 8 — "™ !
...................... o
NOT :
4
TON_S LH—{IN ouT . =
3 : AND
TON :
N1 OUTH
LL—{M o Iz
25— FT ETH—
30
W
<
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Ecmu Bo Bpemst pabOThI CTEH/a JKUAKOCTD OMYCTUTCS HIKE TaTYNKA HUYKHETO
ypoBHs LL 1 He mOAHUMETCS B TEYEHUH 5 ¢, TO Ha BBIXO/E Joruueckoro smementa OR
(5) chopmupyercs normueckas emuHuma. Ilociae Yero CHUrHal IEPEXOAWT B
IIPOrPaMMHBIH OJIOK YIIPaBICHHUS HACOCOM.

Eciu Bo Bpemst paboThI CTeHIa Ipu cpaboTaHHOM HIDKHEeM aatdmke LL u mo
HCTEUEHHIO 25 ¢ Mmociie ero cpabarbiBanus, Bepxuuii natunk LH He cpaboraeTt, T0o Ha
BbIxojie Jiorndeckoro anementa OR (5) cdopmyercs normueckas emuuuia. ITocie
Yero CUTHaJ MEPEXOAUT B IPOTPAMMHBIM OJIOK YIIPaBICHHS HACOCOM.

Jlormueckass emuHuna Ha BbIXoge diemeHTa OR (5) Oymer o3HauaTh

ABAPUNHYIO CUTYALHIO.

1.5.24  YunpasBiieHHe HACOCOM

oy Start_pumps <SR> : [MAST] =0 =l
Ll
‘ 14 2[?* 3[?* 4[?* 5[?* 6[?4 ?d Sd a(
4
AND
START—{IN1  OUT—RESTART_CRASH
STOP—INZ .
10 :
—t 2 REa e
H 3 5 X
OR RE NOT .
FT_CRASH—|INT  oUT s al IN  OUT|—CRASH .
LVL_CRASH—{INZ RESTART_CRASH—RI ) :
. . NoT . .
o 2 RS_1 6 - ©oCTu_3 :
20 o 3 5 - 2N ouT =
I or S aND o s S ap h e o b
M_START—{IN1  OUT——IN1  OUT—s al INT  ouT : — g1—cu Q—-CV_5
A_START—{IN2 N2 R CRASH—{INZ AND cV- SR -
: 20—Fv cVi—Ccv_auT
. c . . Lt our . .
. - |- . . e a0 .
. NoT . . . . = .
. . . . . aND .
30 RESTART CRASH—IN  ourf- - : : TON_3 ) . R&_3 9
LA S T . ——_— wi—ine out | - L .
3 TON CW._5—INZ RS NOT
L—{in [ . 5 QM2 MZ—{IN  OUT—M1
: #500ms—{FT T o R
M_STOF— IN1 S — :
A_STOR— IN2 . AND .
- - - - Tar] Ty M2— N1 oUT :
40 TOF CV:S—{IN2
— T 2—G2
H500ms—{FT ET—
v
£ >

Pucynok 14 — bnok nporpaMmsl 1o ynpaBiI€HUIO HACOCOM

Curnansl, (Qopmupyromuecss B  BBIIICONUCAHHBIX  MOANPOTPAMMAX,

00pabaThIBarOTCS B OJIOKE MO YMPABJICHUIO HACOCOM. B 3aBUCHMMOCTH OT pexuma
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paboThI CTEHJa, 3aMyCK HAacoca MPOW3BOIAUTCS HATMYUEM JIOTUYECKOW eIWHUIIBI Ha
BxoJie aneMenTa OR (1) u oTCyTCTBHEM aBapHUifHOTO CHTHAJIA.

OCTAHOB rtaxxe 3aBUCUT OT pexuMa padOoThl CTEH/Ia U OCYIIECTBIISIETCS IPU
HaJIUYMH JJOTHYECKON ¢AUHUILI Ha BXxoje daementa OR (5).

[lepekntoueHrne Ha pe3epBHBIA HACOC OCYIIECTBISAECTCS MO HcTeueHuro 20
CeKyH]] pa0O0ThI INIABHOTO Hacoca. B mporpamMmMe BHIOOp IIaBHOTO Hacoca peajn30BaH
C TIOMOIIBIO TEHEpaTopa MPSMOYTONbHBIX HMIYIbcoB, cuetunka CTU 3 um RS-

Tpurrepa RS_3.
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2  ®uHAHCOBBIi MEHEe’KMEHT, pecypcodpPeKTUBHOCTH U

pecypcocOepexeHnue

[lenpio maHHOTO pa3zesnia BHITYCKHON KBaTM()UKAIIMOHHOW pabOTHI SIBISETCA
aHaJIM3  KOHKYPEHTOCIIOCOOHOCTH  pa3pabOTKH,  pecypcoddDEKTUBHOCTH U
pecypcocOepexxenus. Pabora 3akiodaercs B CO3JaHMM MaKeTa BOJ03a00pHOM
CTaHIMU TSI 00pa30BaTEIbHBIX YUPEKIACHUN W MPOU3BOJACTBEHHBIX MPEATPUSITHH,
YTOOBI TOBLICUTDH d(PPEKTUBHOCTD OOYUCHHS CIICIIUAIUCTOB.

HexauecTBeHHAast HOATOTOBKA CIEIMAINCTOB BJIEYET 32 COOOH DKOHOMUYECKHE
MOTEpH, BBI3BaHHBIC HEIPPEKTHUBHBIM HCIIOIB30BAHUEM PECYPCOB BCIICIICTBHE
HEONTUMAJIBHOM HACTPOMKH OOOPYIOBaHHUSA. DTOTO MOXKHO H30€KaTh MPUMEHSS
COOTBETCTBYIOIYIO TIOJITOTOBKY M HABBIKA B O0OJIACTH YIPABJICHHUS TEXHUYCCKUMU
cucreMamu. JlaHHYIO TIOATOTOBKY MOXHO OOCCHEYUTh C TIOMOIIBI0 CTeHAA

BO103a00PHOM CTAHIIUH.

2.1 TloreHuMaJdbHbIE MOTPEOUTETH Pe3YIbTATOB UCCIET0BAHUS

[ToTeHIMaNbHBIMU TOTPEOUTENAMH PE3yJIbTATOB HCCIEAOBAHUS SBIISIOTCS
oOpa3oBaTenbHbIC YUPEKIECHUS 00yJaroue o HapaBIeHUI0 aBTOMATH3AIUH.

HaydHoe mccrnemoBaHne pacCuMTaHO HAa MPOCKTHBIC OpTraHWU3AIMK, KOTOPHIS
CHEIUATN3UPYIOTCS Ha OOYyCTpOWCTBE HE(MTAHBIX MECTOPOXKIACHHUH, MPEANPUATHUSA,
OCYIIECTBIISIONNE pPa3pabd0TKy aBTOMAaTH3MUPOBAHHBIX CHCTEM YIIPaBICHUS TIO
NEPeKAaYKA JKUJIKOCTH, yYEeOHBIC 3aBEJCHHS, OCYIICCTBIISIIONIUNE HCCIACAOBAaHUS B
aproMatn3anmi HI'O u fapyrux HampaBieHUN CBA3aHHBIX C IE€pEKAYMBAHUEM
KHUTKOCTH.

B nannoit pabote ocymiecTBieHa pa3padoTka u cOopka MakeTa (PU3NIECKOro
mojo0usi BOJ03a00PHON CTAaHIIMHM, KOTOpasi IO3BOJUT MCCIENOBATh MPOIECCHI

YHpaBJIICHUSA U IPUMCHSATE T'OTOBBIC PCHICHW A Ha ITPOU3BOACTBC. A Taxxke CTCHA MOXKET
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OBITH HCIIOJIL30BaH B y‘-Ie6HI>IX Oeiadax, AJI1 IIOBBINICHHMA KadcCTBa 06y‘-IeHI/I$I

CIICOHUAJIMCTOB.

Tabnuma 6 — Kapra cermeHTHpOBaHUS

Cdepa ncronp3oBaHus
[Tpomernenasie | OGpa3oBaTebHbIC
PEAIPUATHSI YUPEIKICHUS

JlaGoparopuu

KpymHasie
Paszmep DY
OpraHu3aluu Cpenrme

Menkune

B HpI/IBCIICHHOfI KapTC CCITMCHTHPOBAHHUA IIOKA3daHO, YTO I pcain3alliu

pa3pabOTKM MOAXONST CpPEAHUE UM MEJIKU MPEANPUSITUS, OCYIICCTBISIONIUE
pa3pabOTKy aBTOMAaTU3UPOBAHHBIX CHUCTEM, a TaKXe MallbIX M CPEIHUX
oOpa3oBaTenbHbIX yupexjaeHui. s BHenpeHuss B 0Ooyiee KpyIHbIE OpraHu3alvu
HEOOXOJIUMO PACHIMPUTH (PYHKIIMOHAT BO3MOXXHOCTEH U TMOBBICUTH TOYHOCTh

000py10BaHUSI.

2.2 AHaJM3 KOHKYPEHTHBIX TeXHUYECKUX pelleHuii

JleTanbpHBIN aHATH3 KOHKYPUPYIOIINX Pa3paboTOK, CYIIIECTBYIONTUX Ha PBIHKE,
HEOOXOJMMO TPOBOAUTH CHUCTEMATUYECKH, IIOCKOJIbKY PBIHKH TMPEOBIBAIOT B
MTOCTOSITHHOM JIBMKEHUHU. TakoW aHaJM3 MOMOTaeT BHOCHUTh KOPPEKTHBBI B HAYYHOE
HCCIIeOBaHWE, YTOOBI YCIIENTHEEe MPOTUBOCTOSNTH CBOUM COIMEpHUKAM. BaxHO
PEATMCTUYHO OIICHUTh CUJIbHBIE U CJIa0bIe CTOPOHBI pa3pab0OTOK KOHKYPEHTOB.

Jlnst cpaBHEHUST OBLTM B3AThl KOMIIAHWH, KOTOpBIC CIICHUATU3UPYIOTCS Ha
pa3paboTke 1abOpaTOPHBIX CTEHAOB B PA3IMYHBIX HANpPaBJICHUAX, B TOM YHUCJE U B
aBromaTtusanuu. [[ns manbHeiero cpaBHeHMs ObUTH B3SITHI 2 CTEHIA OT KOMITAHUU
«Yurex-IIpodpu», koTopble HamboJiee OJM3KK MO 3a7adyaM M HMEIOT TOJIHYIO

“H(}OPMAITHIO O XapaKTEPUCTUKE U CTOUMOCTH YCTAaHOBKH.
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[Mpenmpusitue «YueOnas texuuka - [Ipodmw» — 310 mpusHaHHBIN JuIEp Ha
peiike CHI' mo pa3paboTke, cepuiiHOMY W MEJIKOCEPUHHOMY MPOU3BOJCTBY
MHHOBALIUOHHOW y4e€OHOM MpOMYyKUMHU MJi1 BY30B, TEXHUKYMOB, KOJUICIKEH U
y4eOHBIX [IEHTPOB MPEATPUITHIA.

CpaBHEHHE KOHKYPUPYIOIIMX PEIICHUI MPECTaBICHO B TaOIUIIE /.

Tabmuua 7 — CpaBHEHHE KOHKYPHPYIOUIUX TEXHUYECKUX PEIICHUN

KpHTepHI OleHK Bec bamnbl PecypcoadpexTuBHOCTH
KpUTEPUS
p 1 2 p 1 2

TexHuyeckue KpuTepuu OoleHKH pecypcodrdhPeKTUBHOCTH
YAobcTBO 20,1 4 |5 |5 |04 |05 |05
IKCILTyaTaIiH
J1oATOBEYHOCTH 0,05 3 5 5 0,15 0,25 0,25
HanexxuocTs 0,05 3 5 5 0,15 0,25 0,25
Be3omacuocts 0,2 4 4 4 0,8 0,8 0,8
Tounocts u3mepennii | 0,1 1 5 5 0,1 0,5 0,5
Pemontonpuroanocts | 0,05 3 4 4 0,15 0,2 0,2
DKOHOMUYECKHUE KPUTEPUH OLICHKU I (HEKTUBHOCTH
Iena 0,2 5 2 1 1 0,4 0,2
[Ipennonaraemerit 0.1 3 4 5 0.3 0.4 0.5
CPOK dKCTUTyaTaIluu
Hocnenponaxioe | g o 3 |5 |5 |015 [025 |025
o0OcITy>KUBaHHUE
JlocTynHOCTh 0,1 5 5 5 0,5 0,5 0,5
Htoro 1 34 |44 |44 |37 4,05 3,95

[lo pesynpraram pacdy€éToB TaOAUILI [/ MOXHO 3aKJIIOUYUTD,

pa3pabarpiBacMasi CHUCTeMa KOHKYpeHTOCIocoOHa Ha  peiHKe. Pazpaborka

MIPOUTPBHIBAET AHAJIOTUYHBIM CUCTEMAM B TOYHOCTH M3MEPEHUM M3-32 MEHEE TOYHOIO
obopynoBanus. IIpu 3TOM K CHJIBHON CTOPOHE MOXKHO OTHECTH IeHy. Tak Kak
o0opy0oBaHuE, KOTOPOE WCIOJb3yeTCs B CTEHAE TMpoIlie 1Mo (QyHKIMOHATY,

YACHICBJICT YCTAHOBKY B LICJIIOM.
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2.3 SWOT-aunaau3s

B nannoit pa6ore SWOT-aHain3 MO3BONHUT OIEHUTHh CHUJIbHBIE U ClIa0ble

CTOPOHBI IMPOCKTA, a TAKKC €TI0 BO3MOKHOCTH M YI'PO3LI. CHaqana, COCTaBJIACTCA

matpuria SWOT, B KOTOPYIO 3alKCBIBAIOTCS Clla0ble M CUIIbHBIE CTOPOHBI MPOEKTA, a

TaK)ke€ BO3MOXKHOCTH U yrpo3bl. Matpunia SWOT npuBezeHa B Tabnuiie 8.

Ta6muma 8 — Marpuma SWOT

TaKkX€ C  H3BECTHBIMHU
MOCTaBITUKAMH

B2. [ToBbIIICHUE
CTOMMOCTH  pa3pabOTOK
KOHKYPEHTOB

B3. Bo3HukHOBEHHE
crpoca Ha HOBBIMN

MPOAYKT.

qucia KJIMEHTOB;
B3C1C3C4 — yBenuueHue
Yucya KJIMEeHTOB.

CuiibHbIE ctopoHsl | CriaGbie CTOpPOHBI
IIPOEKTA! IIPOEKTA:
Cl. Y n06¢cTBO u | Cnl. Manoe koam4ecTtBo
HarIsiAHOCTh PEKUMOB pabOTHI
MHTEIJIEKTYaJIbHOTO Cn2. TouHocTH cTeHAA
uHTepderica. HEJIOCTATOYHA TSt
C2. Maunble raGapuThl U | IPOBEACHUS
MaJjible 00bEMBI KUAKOCTH | UCCIEAOBAHUI
C3. CroumMocTh CTEHJA | yIpaBICHHUS
HUXKE aHasornyHbix | Cn3 HewsBecTHOCTH Ha
pELIEHN HA PBIHKE PBIHKE  NPOU3BOAUTENEH
C4 IIpoctora B ocBoenuu | CAY
Cn4 Menbiias
HaJICKHOCTh
Bo3moxnoCTH: B1CIC2C3C4 —|B1Cn3 — yBenuueHue
Bl. CotpyaHudecTBO C | IOBBILIEHUE KaueCcTBa | U3BECTHOCTH Ha PHIHKE;
U3BECTHBIMUA KOMIIAHUSMHU | IPOJYKTA; B2CalCn2Cn3 u B3Cn3 —
no npou3BogctBy CAY, a | B2C3 —  yBenuueHue | yBEJIMYEHUE CIOpoca Ha

MPOTYKITHIO.
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[Iponomxenue Tabnuib! 8

Yrpo3sl:
V1.
KOHKYPEHITUS
¥2. OrtcyrcrBue crpoca
Ha pa3paboTKy.

V3. BO03MOXHBIA POCT
CTOMMOCTHU
KOMILJIEKTYIOLIUX

Bricokas

Y1C1C3C4
MPUBJICYCHHUE KIMEHTOB 3a
CYeT  WHIUBUIYAIBHOIO
NOJIX0Ja.

VICn3 - HEXBaTKa
KJIIMEHTOB;

V2Cn3 — HEu3BECTHOCTH
HAa pBIHKE, BBI3BaHHAS
OTCYTCTBHEM CIIpOCa Ha
pa3paboTKy.

V3Cn3Cn4 -
YMCHBIIICHUE yupciia
KJIMEHTOB.

3ateM Ha ocHoBaHuMM Marpuibl SWOT cTposATCS HHTEPAKTUBHBIE MATPHUILIBI

BO3MOXXHOCTEH M YTpo3, IMO3BOJIIONINE OIECHUTHh A(PGEKTUBHOCTH MPOEKTa, a TaKKe

HaJACKHOCTDb €TI0 pCaIn3alu.

[Ipy moOCTpOGHHMHM WHTEPAKTUBHBIX MaTpull (Tabnuma 9) HCIONB3YIOTCA

cnenytouue obo3HaueHusi: C — CuiIbHbIE CTOPOHBI mpoekTa; Cia — ciiabble CTOPOHBI

mpoekTa; B — BO3MOXKHOCTH; Y — YIpo3bl; «+» — CUIIbLHOE COOTBETCTBHUE; «-» — cllaboe

cootBeTcTBHE [3].

Tabnuna 9 — UnTepakTuBHAs MaTpUila BO3MOKHOCTEHN

CuiibHBIE CTOPOHBI IPOEKTA

Bo3MoxHocTH Cl C2 C3 C4

IIPOEKTa Bl + + + +
B2 - - + -
B3 + - + +

Crnabbie CTOPOHBI MPOEKTA

Bo3moxnocTu Cnl Cn2 Cn3 Cn4

MPOEKTA Bl - - + -
B2 + + + -
B3 - - + -

CuwibHBIE CTOPOHBI IPOEKTA

Yrpo3sl Cl C2 C3 C4

MIPOEKTa Y1 + - + +
y2 - - - -
v3 - - - -
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Crnabble CTOPOHBI TPOEKTA

VYrpo3bl Cal Cn2 Cn3 Cr4

MPOEKTA Vi - - + -
Y2 - - + -
V3 - - + +

AHanu3 UHTEPaKTUBHBIX MATPHI] TOKA3bIBAET, YTO CHJIBHBIX CTOPOH IPOEKTa
0oJbIIe, YeM crIadbIX, a TAKXKE YIpO3bl UMEIOT HU3KYIO BEPOSITHOCTh, YTO TOBOPHUT O
BBICOKOM HAJIEKHOCTM MNpoeKTa. [JIaBHOW yrpo3od MpOEKTa 3akKio4yaercs B
oTcyTcTBUH cripoca. [IoaToMy HE0OXOAMMO pacIMPATh 00IACTH PUMEHEHHUS CTEH 1A
BOJ103a00PHON CTaHIIMH, a TAK)KE MOBBIIIATH TOYHOCTh M HA/IEKHOCTh 000PYI0BaHUS

IIPU 3TOM OCTAaBJISIsI KOHKYPEHTHYIO LIEHY.

2.4 TliianupoBaHHMe HAYYHO-UCCJIEI0BATEIbCKHX PadoT

2.4.1 Ctpykrypa padoT B paMKax NPOEKTHON padoThI

Tpynoemkocts BbimosgHeHHss BKP oneHuBaeTcs 5JKCIEpPTHBIM IIyTEM B
YEJIIOBEKO-THAX U HOCHT BEPOSTHOCTHBIM XapakTep, T.K. 3aBUCUT OT MHOXKECTBa
TPYAHO YYHUTBIBaeMbIX (akTopoB. [l peanuszanmuu npoekra HEOOXOAMMBI J1Ba
ucnonuutens — pykopoautens (P), uwxkenep (M). Cnenyet pa3aeiuTh BBITTOJTHEHUE

IIPOCKTOPHOM pabOThI Ha TArbI, IpeJcTaBlIeHHbIC B Ta0mie 10.

Ta6nuna 10 — [lepeyens TanoB paboT, pacnpeiesieHUe UCTIOJTHUTENICH

No Coneprxanue paboT Hcnonnurens
OCHOBHBIE ATaMbI pab

PaspaGotka 3amanust | 1 | [locraHOBKa 3a1a4n P, U
2 | KanmenmapHoe TJIAHUPOBAHUE 141

Br16op Hanpasienus pabot

HCCICOBAHMA 3 | Pazpabotka u yrBepxaeHue T3 P.K. U
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[Tponomxenue Tabmuibl 10

4 |Tlogbop u wu3yyeHHE HAYIHO- 151
TEXHUYECKOU JINTEPATyPhI
5 | Onucanune TEXHUYECKOTO n
nporecca
6 | Bei6op o6opyaoBaHus "
7 | Pazpabotka (QyHKIMOHAIBLHO U 4
CXEMBbI aBTOMATH3AITII
8 | Pa3paboTka CTpYKTYpHOU CXEMBI n
9 | Pa3zpabotka CXEMBI 4
nH()OPMAITMOHHBIX TTOTOKOB
10 | Pa3zpaboTka cxemMbl COCAMHEHUS "
BHENTHEW MPOBOJKH
11 | Pa3zpaboTka skpaHHbIX GopM 41
12 | Pa3paboTtka aJIrOPUTMOB 41
Teopetnueckue  u yIIpaBJICHUA CTCHAOM
AKCIIEPUMEHTAIIbHBIC BO/103a00PHO# CTAHIUH
MCCIIEIOBAHNUS 13 | Pazpabotka  mporpamMmbl IO "
yTIPaBJICHUIO CTEHOM
BOJ103a00PHOM CTaHIUU
14 | Coopka cTeHIa BOJ103a00pPHOM 151
CTaHITUHU
15 | [IpoBepka paboThI cTeHA P, K, 1
16 | Hanucanue pazzaena 41
«(HUHAHCOBBIM MCHEPKMEHT,
pecypcod3pheKTUBHOCTH u
pecypcocOepekeHre)
17 | Hanucanue paznena 14
«COIMAIIBHON OTBETCTBEHHOCTM)
18 | IIpoBepxka paboThI C P,K, 1
PYKOBOJIUTEIIEM
19 | CocraBnenue MOSICHUTEIHHOM 14
Odopmiienne otuera 3aIUCKHU
o HUP 20 | ITonroroBka Mpe3eHTaIuu 141
JUTIJIOMHOTO TTPOEKTA

B nanHo# Tabmmiie mpeacTaBieH MEepedyeHb padOT M UCHOJHUTEIN K HUM. B
COOTBETCTBHUH C TaOJMIE Jajee ONMPEaACIMM TPYJOEMKOCTh BBITIOJHEHHUS KaXKI0W U3

pa60T H 110 TTOJTYYCHHBIM NIAHHBIM COCTABHUM AUAI'paMMy I'anra.
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2.4.2 OnpenaesieHue TPyA0€MKOCTH BbINIOJTHEHUs padoT

Jiis  ompeneneHus TPYJOEMKOCTH paboT OyAeM HCIOib30BaTh TaKHUE
MOKAa3aTeNI KaK OKUAAEMOE 3HAYCHHUE TPYJAOCMKOCTH, MPOJIODKUTEIILHOCTh KaXIOU
paboThI, MPOJOKUTEIFHOCTh BBIMOJHEHUS 1 — OW pabOThl B KaJICHJAPHBIX JHSX,
KOA(PPHUIIUEHT KaJeHIapHOCTH.

Jis  pacueta OXHIaeMOTO 3HAYCHHS MPOJOJDKUTEIBHOCTH PA0OT Ty
PUMEHSETCS Cienyromas Gpopmyra:

£ = 3 tmin '|5' 2 tmax, (5)

rae tmin — MEHUMaJIbHASI TPYJJOEMKOCTh 1-0i pabOThI, YeIl//IH;
tmax — MAKCHUMaJIbHas TPYJIOEMKOCTb 1-0i paOOThI, YeII/TH.
3Has  BEIMYMHY  OXUIAEMOM  TPYAOEMKOCTH, MOKHO  ONPEIEIUTh
IPOJODKUTENLHOCTh  KaKI0U 1-0W paboThl B paboumx mHAX Tp;, MPU ITOM
YUHUTBIBAETCS MAPAUIETbHOCTh BBINOJIHEHUS] paldOT pPa3HbIMU HCHOJHUTEISIMHU.

JlaHHBIM pacy€T MO3BOJIAET ONPECTUThH BEIUYUHY 3apa00THOM TIIATHI.

tO}Ki
pi ’
Y;
rae tomi — OKHAaeMas TPYJAOEMKOCTb BBIMOJHEHUS OJTHON pabOThl, YeJl.-TH;

Y; — YUCIICHHOCTh UCTIOJIHUTEIICH, BBITIOJHSIOMINX OJHOBPEMEHHO OJTHY U TY
e paboTy Ha JaHHOM 3Tarie, Yell.
Jns mocTpoenus nuarpammy ['aHTa, TiepeBeieM JTUTEILHOCTh KaKJIOro M3
ATaIoB paboT B KAJICHIapHbIE JTHHU.
Ty = Tpi " Kyan (7)
raie  Ty; — IPOAOIDKUTEIBHOCTD BBIMOJHEHHMS 1-i paOOTHI B KaJICHIAPHBIX JHSX;

T

pi — NPOIOJDKMTELHOCTD BBITIOJHEHUS 1-1i padOThI B PA00YMX JHSAX;

k. an — KOOPOUIIMEHT KaJIeHTAPHOCTH.

KoaddummenT xanenaapHOCTH onpeesieTcs mo cieayromei Gopmyne 5S:
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TKaJI

K = , 8
Kaﬂ TKaJI - TBbIX - Tnp ( )

rae Ty, — KOMMYECTBO KAJICHIAPHBIX THEU B rOAY;
Ty.x — KOJIMYECTBO BBIXOJHBIX JHEU B TOY;

Tup

— KOJIMYECTBO IIPa3JHUYHBIX THEU B rONy.
B 2020 romy KOIMYECTBO BBIXOJHBIX M IPa3JIHUYHBIX JHEH B CyMME

coctaBut 118 nueil.

. 366
Kar ™ 366 — 118

PacueTsl o TpyZJ0EMKOCTH BBIIOJIHEHUS paOOT NpuBeneHbl B Tabnuie 11.

= 1,4758 =~ 1,48.

ITo JaHHBbIM H3 Ta6J'II/II_[C 11 CO3JacTCA JuarpaMma FaHTa, KOTOpasd CTPOUTCA

IMIpU MaKCUMAJIBHOM KOJIMYCCTBC I[HGIZ IIpHU KaKJIO0M ITIPOLICCCC. HaHHaﬂ Auarpamma

7

mpejacTaBieHa B Tabmuie 12, roe @ oToOpakaeT COBMECTHYIO pabOTy CTyACHTA,

N

N
W

A

a8

PYKOBOJAUTCILI U KOHCYJIbTAHTA, a - HWHAWBUAYAJIBHYIO pa60Ty CTyACHTA.
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Tabmuua 11 — BpeMeHHbIe oKa3aTeau NpOBEAEHUS HAYYHOIO UCCIIEA0BaH

TpynoeMkocTs pabot

JnurensHOCTh paboT B paboumx JTHAX

JmTensHOCTh padoT B

Ne pa6 | Coneprxanue paboT KaJCHIAPHBIX JTHSIX
min | max | ox CryneHt KoHcynpTaHT PykoBoaurens

1 INocraHoBKa 3a7aun 3 5 3,8 2,66 0,38 0,76 5,624

2 Kanengaproe nmmannpoBanue padboT 5 10 7 7 - - 10,36

3 PaspaboTtka u yrBepxaenue T3 3 8 5 3,5 0,5 1 7,4

4 [TonOop u u3yueHue HayyHO-TeXHHYECKOI tuTeparypsl | 15 20 17 17 - - 25,16

5 OmnmcaHne TEXHAIECKOTO Mporiecca 2 4 2,8 2,8 - - 4,144

6 Br16op obopynoBaHus 2 4 2,8 2,8 - - 4,144

7 Pa3paboTka (GyHKIIMOHAIBHO i CXEMbl aBTOMATU3AIMN 6 12 8,4 8,4 - - 12,432

8 Pa3paboTka CTPyKTYpHOW CXEMBI 3 6 4,2 4,2 - - 6,216

9 Pa3paboTka cxeMbl HHPOPMALIMOHH BIX TOTOKOB 2 4 2,8 2,8 - - 4,144

10 Pa3paboTka cxembl COeIMHEHUS BHEIIHEH TTPOBOJAKH 3 6 4.2 42 - - 6,216

11 Pa3paboTtka skpaHHBIX Qopm 3 6 4,2 4,2 - - 6,216

12 PaspaboTka ITOPUTMOB YNIPAB/ICHHUS CTER/IOM 4 8 5.6 5.6 i i 8,288
BOJ103a00pHOM CTaHIINN

13 PaspaboTka MPOTPAaMMBI 110 YIPABICHHIO CTCHOM 5 12 78 78 i i 11,544
BOJ103a00pHOM CTaHIINN

14 Co6opka cTeHaa Bof03a00pHOM CTaHIIUN 3 6 42 42 - - 6,216

15 IIpoBepka paboThI CTEHIA 5 10 7 49 0,7 1,4 10,36
Hamucanue pasnena «puHAHCOBBINA MEHEIDKMEHT,

16 3 8 5 5 - - 74
pecypcoddPekTHBHOCTE U pecypcocOepekeHne»
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[Tponomxenue Tadmuubl 11

17 Hanucanue pa3znena «coluaabHOI OTBETCTBEHHOCTH» 2 7 4 4 - - 5,92

18 [IpoBepka pabOTHI ¢ pyKOBOAUTEIIEM 6 12 8,4 4.2 0,84 3,36 12,432

19 CocraBileHHE MOSICHUTEIHLHON 3aITUCKH 12 16 13,6 13,6 20,128

20 [ToaroroBka mpe3eHTalyi JUIUIOMHOTO MPOEKTa 2 4 2,8 2,8 4,144
HUroro 89 168 120,6 1117 2,42 6,52 178,488
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Tabmuna 12 — Jlnarpamma ["anTa

Ne pab

Coneprxkanue padoT

HpOHOH)KI/ITeJIBHOCTB BBITIOJTHCHH A pa60T

SIHB. bes. MapT arp. Maii WIOHBb
1 1 |2 |3 |1 |2 1 1 1 ]2

1 [TocranoBka 3agaun

2 Kanengaproe nmnanupoBaHue padot

3 Paspabotka u yreepxkaenne T3

4 [TonGop 1 u3yueHne HayIHO-TEXHUIECKOM
JIUTEPATyPBhI

) Ornucanne TEXHUYECKOTo Mpoliecca

6 Bri6op ob6opynoBanus

7 Pazpabotka cxem

8 Pa3paboTka skpaHHBIX pOpM

9 Pa3paboTrka  anropuTMOB  ympaBlieHUS
CTEHJIOM B0J103a00pHOM CTaHLIUU

10 Pa3zpaboTka mporpamMMbl 1O yIpaBICHHIO
CTEHJIOM B0J103a00pHON CTaHLIUU

11 CoOopka cTena B0103a00pHOM CTaHIIUH

12 ITpoBepka paboThl cTeH 1A
Hanucanue  pasgena  «(puHAHCOBBIHA

13 MEHEIKMEHT, pecypcodrPeKTUBHOCTL U
pecypcocOepexreHue

14 Hamucanue paznena «COIIMaIbHOHU
OTBETCTBEHHOCTU»

15 [TpoBepka paboTHI C pyKOBOJUTEIIEM

16 CocraBnenue MOSICHUTENbHOM u

MOoATO0TOBKA IMPE3CHTAIINU




Takum 00pa3oM, 3armIaHUPOBAHHBIN KOMIUIEKC pabOT MOXKET OBITh pa3/ieieH Ha
16 sranmoB. Ha BbIIIOJIHEHHE TOCTABJICHHBIX 33]a4 3aJJaHHBIM KOJUIEKTUBOM TpeOyeTcs

ImopsaaKa 1T MCCALCB.

2.5 BrogxkeT HAYYHO TEXHUYECKOT0 MCCJIeI0BAHMS

BromkeT HayyHO-TEXHHMUYECKOTO HCCIENOBaHUS JOJDKEH OBbITh OCHOBaH Ha
JIOCTOBEPHOM OTOOPaKEHHH BCEX BUJIOB PACXOJIOB, CBSI3aHHBIX BBHIMOJIHEHUEM MPOEKTA.
B npouecce ¢popmupoBanusi 6romkera HTU ucnonb3yercs cineayronias rpyninupoBKa
3aTparT MO CTAThsIM:

— wmarepuanbslble 3atparsl HTU

— AdMOPTHU3AIHOHHBIC OTYHUCJICHUA

3apa60THa51 IiaTa HCHOHHHTGHGﬁ;

OTUYHUCJICHUA BO BHG6IOI[)K€THI>I€ (bOHI[I)I.

2.5.1 Pacuer matepuaabubix 3aTpar HTH

MartepuanbHble 3aTpaThl MPEJACTABISIOT CO00M CyMMapHyH CTOMMOCTD
MPUOOPETEHHBIX MaTepUasoB, KOMIUJIEKTYIOIINX, CBIPbA, KaHLIEJISIPCKUX
NPUHAJICKHOCTEN (€Cii OHU HE BKJIIOUYEHBI B PAcXOJlbl HAa HCIOJb30BAaHUE
000pyI0BaHUS UM HAKJIAJIHBIE PACXO/bl) U T.J., HEOOXOAUMBIX mpu npoBeaeHuu HUP.
CTouMOCTh BO3BpPATHBIX OTXOJIOB MCKIJIKOUAETCS M3 3aTpaT HA MATEPHUATIbHBIE PECYPCHI.

J1J1st BBIYKCIICHUST MAaTEPHAIIBHBIX 3aTPaT BOCIIOIB3yeMCs cienytomiei hpopmymnoit 9:

m
3y = (1 + kT) ' Z(I—ll ) Npacxi)r (9)
i=1
rne ky — kod(pPUIMEHT, YUYWUTHIBAIOMUNA TPAHCIIOPTHO-3arOTOBUTEIHHBIC

pacxozbl ot 0,05 10 0,2;
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M — KOJWYECTBO BHJOB MAaTEPHAIBHBIX PECYpCOB, MOTPEOISIEMBIX MPHU
BeinoaHenuu HNP;

[[; — mena mpuoOpeTeHrs €IWHUIIBI 1-TO BHIA MOTPEOIIEMBIX MaTepHUaIbHBIX
pecypcoB (py0./mt., py0./kr, py0./™m, py0./M2 1 T.11.);

Npacxi — KOJMYECTBO MATEPUAIBHBIX PECYPCOB 1-TO BHAQ, IUIAHUPYEMBIX K
UCIIONB30BaHuI0 npu BeinosHnenuu HUP (wrr., kr, M, M2 u T.1.).

3HaYCHUS II€H OMNPEACNSAIOTCA MNOCTaBIIMKAMUA WM  OPEANPUATHIMHU-

M3TOTOBUTEISIMU. VX 3HaU€HMSI MOKHO HAUTH, MOJIB3YACh pecypcamu cetu MHTepHeT.

Tabnuua 13 — MatepuanbHble 3aTpaThl

Ilena 3a | Kox-
HaumenoBanue en., BO, Cymma, pyo.

pyo. IIT.
Hacoc omeiBarenss CTAPT BOJIBT swp 0110 | 180,0 2 360,0
e ronoutl ZEAFI0 1. 00 3|10
Mydra komOuHMpoBanHas Hp d20 - 1/2" 69,0 5 345,0
Mydra komOuHupoBanHas Bp d20 - 1/2" 46,6 13 605,2
Vroapuuk 90*d20 5,8 19 110,2
Tpoitauk 20 7,1 3 21,3
KpectoBuk 20 22,7 1 22,7
YronpHUK KOMOUHUP HP 20%1/2" 75,05 3 225,2
Tpoitank komOunup Hp 20*1/2" 6745 |2 134,9
OG6partHsiit knanan d20 101,9 3 305,6
Kpan mapagoii minactuk d20 101,9 8 815,0
Tpy6a ITIT PN10 d20*1,9 L2m 43,9 2 87,8
Mryuep 1/2" - 10mMm 51,3 2 102,6
Mryuep 1/2" - 12mm 61,8 2 123,5
ITpokmanka 1/2" 28,5 1 28,5
Kpemnnenue a/Tpyosl nonunponuieH 2,61 11 28,7
Oprcrexiio npo3paunoe 3mm 0,5x0,5 m 359,0 1 359,0
Hoxuuipl 1/TpyOs! onunpornuieH d16-42 10510 |1 1051,0
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[Tponomxenne Tabnuipt 13

é\?\/mllggT st pactpyOHoit cBapku PATRIOT 13390 |1 13390
Hatuuk pacxoma YF-S201 195,0 2 390,0
Kab6ens akyctuueckuit 2x0,35 Mmm2 Sm 17955 |1 179,6
Jlenta ®yp Ser npod 19*0,1*15m 35,1 1 35,1
[Tposox I1B-3 1*0,75 6emn, mor. 7,6 5 38,0
[Tposox HIBBII 2*0,75 oTpe3ok S¢ 111,15 |1 111,2
EJE)OI\I;I 3KUMOB (25A, 12 kitemm, max - 2,5MM) 82 1 82.0
Knemusiii 0110k KB-6, 6A, 6MM2, Oebli 53 1 53,0
momomat OSABOVAC 3802|7600
Htoro 9 364,0
Hroro ¢ yuetom T3P (10%) 10 300,4

W3 Tabnuipl MaTepuanbHbIX 3aTpaT MOKHO 3aMETUTh, UTO 75% Bcex 3aTpaT UaeT
Ha 3aKyIKy MaTepuagoB U 000pya0BaHUs JJisI COOPKU CTEHJa BOA03a00pHON CTaHIIUM.
OcraBiuasica 4acTb NMOWAET Ha Marepuayibl U OOOPYAOBaHUE JUIsl CHATHUS MOKa3aHUM

CUCTEMBL.
2.5.2 Pacuer aMOPTH3ALIMOHHBIX OTYUCICHUH

[To nanHbIM nHarpammel ['aHTa Ha peanu3aluio BHITYCKHON KBATM(PUKALMOHHOM
pabotel moTpedyercst 5 mecsieB. [ pa3pabOTKH U pacdyeToB CTEHJIA MCIOIB30BAJICS
NEepPCOHAIBHBI  KOMIIbIOTEp cTOoMMOCThIO 67000 pyoOiseir. Cpok  TOJIE3HOTO
MCIIOJIb30BaHUs ISl ODUCHOM TEXHUKH COCTaBisieT oT 2 1o 3 jert [4].

Hopmy amoptuzaruu paccuntbeiBaetcs mo ¢opmysie 10:

1
Hy = =-100%, (10)

PI(S T — CpOK MOJIE3HOTO UCTIOIb30BaHUS, JIET.
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Ecau IMPUHATDH CPOK ITOJIC3HOI'O UCIIOJIb30BAHHA PABHBIM 3 rojaMm, Torjia Hopma

aMopTu3auuu H 4.

H, = § 100% = 33,3%. (11)
FOI[OBI)IG AMOPTHU3AIUOHHBIC OTUYNUCICHUA:
Aoy = 67000 - 0,33 = 22 100 py6. (12)
ExxemecsuHbie AMOPTHU3AMUOHHBIC OTUUCJICHUSA:
22100
Ayec = vV =1 841,67 py®6. (13)

Hrorosas CyYMMa aMOpPTHU3allii OCHOBHBIX CPCIACTB!

A =1841,67 -5 =9 208,33 py6. (14)

2.5.3 OcHoBHas 3apa00THAs IUIATA UCIIOJTHUTEJIEH

OxJiazy HAy4YHOTO PYKOBOAUTENS (B JIOJDKHOCTH JIOIEHTAa) cocTaBisieT 33 664
pyouieit. OxJan cTyeHTa (MHXeHepa) IPUHUMAETCS PaBHBIM OKJIaJy COOTBETCTBYIOIIETO
cnenuanucTa Husmel kpanmmdukanuu — 12 664 pyoneit. B 2020 roay ¢ yuérom 48-
JTHEBHOTO OTIycka 252 pabouux nHs. CpeaHee KOJIMYECTBO pabo4yuX JTHEW B Mecslle
coctaBut 21 nenn. CpenHenaHeBHasl 3apaboTHas 1uiata JJisi PYKOBOJMUTENS COCTABUT
1603,05 pybmneit B neHs, umxenepa — 603,05 pyOneit B 1eHb.

3apaboTHas maTa BKIIIOYAET B c€0sl OCHOBHYIO U JOMOJHUTENbHYIO YacTh. [lpu
ATOM OCHOBHas 3apa0O0THas TUIaTa pacCYUTHIBAETCS MO (hopmyre:

Boen = 3pu " Tpg - (1 + Kyp + K,) - K, (15)
rae 3, — CpeaHeIHEBHAs 3apaboTHas maTa, pyo.;
Tpj — TPYLOEMKOCTB BBINOJHEHUS PAOOTHI B paOOUMX JHSX;

K, — K03 duLueHT npeMupoBaHus;

np
K, — koopdunuent nomnar u Handasok cocrasisgeT npuMepso 0,2 —0,5;
K, — paiionnblii koo puumenr, pasubiit 1,3 (111 Tomcka).

Pe3ynbpTaThl pacueToB OCHOBHOM 3apa0OTHOM IJIAThI IPEICTaBIICHbI B Tabmuie 14
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Tabnuma 14 — Pacuét ocHOBHOI 3apabOTHOI M1aThI

HcnonHuTens 3 K, Kp Kup Tpp 3ocu> PYO.
PykoBoautenn 1603,05 | 1,3 0,2 0,3 6,52 20 381,1
Koncynprant 603,05 |1 0,2 0,3 3,96 3582,1
Crynenr 603,05 |1 0,2 0,3 111,7 101 040,6
Hroro 125 003,9

I[OHOJIHI/ITGJILH&H 3apa60THa51 ImiaTa pacCUYUThIBACTCA 110 (bOpMyJIe:
3,qon = 3ocu * k,qon' (16)
rae 3.~ OCHOBHas 3apa0oTHad IUIaTa, pyo;

k ron KO3(PGUIIMEHT JOMOJHUTEIBHOW 3apabOTHOM MIaThl (Ha CTaauu
MPOEKTUPOBaHUS IpuHUMaeTcs paBHbM 0,12 — 0,15).

Pe3ynbrartel mo pacyeram JOMOJIHUTEIBHOW 3apaOOTHOW IIAThl CBEIEHBI B
tabnuiy 15.

Tabnuua 15 — 3atpaTel Ha JONOJHUTENBHYIO 3apab0THYIO TIATy

OcHoBHast  3apabotHas | JlomoaHUTEIBEHAS
HcnonHurtenb

miara, pyo. 3apaboTHas miara, pyo.
PykoBoautenn 20 381,1 2 4457
Koncynbprant 3582,1 4299
CryneHt 101 040,6 12 1249
Hroro 15 000,5

2.5.4 OTyucjaeHusi BO BHeOIOMKeTHbIE (DOHIABI

BennurHa OTYMCIIEHHI BO BHEOKOIKETHBIE (DOHMABI ONPENENIAETCS MCXOIS W3
dbopmybl 17:
3gnes = kBHe6 ) (30CH + 3;(011)'

3cu— OCHOBHAs 3apaboTHas 1uiarta, pyo;

(17)
rae
3 cu — JOTIOTHUTENBbHAS 3apaboTHas 11aTa, pyo;

kyues — KOO PUIIMEHT OTYMCIICHUN HA YIIJIATy BO BHEOIOKETHBIC (DOHIBI.
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Tabnuma 16 — 3atpaTel Ha BHEOIOIKETHBIE (DOHTBI

OcHoBHas Jlononiu- KOB@@HHH?HT 3aTpaTsl BO
TeJIbHAas OTUHUCJIEHUH BO

Wcnonautenu | 3apaboTHas BHEOIOKETHEIE

Tt DY 3apaboTHAs | BHEOIOKETHBIE (o bi

» PYD- maTa, pyo. | hoHIbI A

PykoBoautens | 20 381,2 244577 6 893,7
Koncynprant | 3 582,1 429.8 302% 1211,6
CtyneHt 101 040,6 |12 1249 ' 34 175,98
Htor 125 003,9 |15000,5 42 281,3

HaKJ'IaI[HBIG pacxoabl IPHUHHUMAIOTCA B pasMCpe 10% oT BeIWYMHBI BCEX

OCTAJIBHBIX PaCXO0a0B.

Tabnuua 17 — CymmapHbie pacxobl

HalMEHOBAHIe Cymma, VY nenbHBIN BEC,
pyo. %

MarepuanbHbie 3aTpaThl 10 300,4 4.6

3arpaThl HA AMOPTHU3AITHIO 9208,33 4,1

OcHoBHast 3apaboTHas TUIaTa 125 003,90 | 56,3
JlonoyHuTeNbHAS 3apaboTHAs TUIaTa 15000,50 |6,8

CtpaxoBbl€ B3HOCHI 42 281,30 19,0
Haxksanasie pacxoibl 2017945 |91

Hroro 221 973,9 | 100

2.6 Omnpenaenenue pecypcod(ppekTUBHOCTH

Omnpenencaue 3¢GpHEKTUBHOCTH HUCCIICIOBAHMS MMPOMCXOJIUT Ha OCHOBE pacuera
UHTETPaJIbHOTO MoKa3zaTes 3 (HEKTUBHOCTH HAYYHOTO uccienoBanus. Ero HaxoxaeHue

CBSI3aHO C OMpENCJICHHEM JIByX CPEIHEB3BCIICHHBIX BEJIWYMH: (PUHAHCOBOMU

s dextuBHOCTH U pecypcodrddexTuBHOCTH. HTErpasibHbIN (DMHAHCOBBIN MOKAa3aTENb

pa3paboTKH omnpenensercs no GopmyJie:
I(i)I/IH = q)_l (18)

max

rae Ié»m — UHTETPAIIbHBINA (DMHAHCOBBIN NOKA3aTeNb pa3padoTKy;

®; — cTOMMOCTH 1-0T0 BapHaHTa UCIIOTHEHHUS;
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(Dmax — MaKCHUMaJIbHass CTOMMOCTD UCIIOJIHCHHA IIPOCKTA.

B kauecTBe aHAJIOTOB paccMaTPUBAIUCH CTEH/IBI OT KOMIaHUU «YuTex-IIpodu».

1) TumoBol KOMIUIEKT Y4eOHOro OO0OpyHOBaHMS «ABTOMAaTHKa HAaCOCHBIX

craHuii cucreMm BonocHaoxenus» CY-AHCCB-015-17J1P-01

2) JlabopaTOpHBI KOMILJIEKC

cranimen» CY-YHIIC-01

Ta6muma 18 - Pacuer nHTErpagbHOrO (PMHAHCOBOTO MOKA3ATEIIS

Paszpabotka | Ananor 1 Amnaor 2
CToMMOCTh BapyuaHTa 221 973,9 654 590 1221060
WNuTrerpanbHbii
(VMHAHCOBBI 0,18 0,54 1
MOKa3aTelib

CpaBHuTenbHas olieHKa pecypcoddHeKTUBHOCTH npuBeneHa B Tadmuie 19.

Tabnuma 19 — CpaBHuTEnpHAs OLIeHKA pecypcodrhHeKTHBHOCTH

KpHTepHI OleHKH II?]:;TGPI/IH bamer PecypcoadpdextuBHOCTD
d |1 |2 | 1 2

Y no6cTBo B akcruryatanuu | 0,1 4 |5 |5 |04 0,5 0,5
JlonroBe4yHOCTh 0,05 3 |5 |5 [0,15 0,25 0,25
HanexxnocTb 0,05 3 |5 |5 |0,15 0,25 0,25
Bbe3omacHocTh 0,2 4 |4 |4 |08 0,8 0,8
ToyHOCTh U3MEPEHUI 0,1 1 |5 |5 |01 0,5 0,5
PemoHTONIPHUTrOAHOCTH 0,05 3 (4 |4 |05 0,2 0,2
Htoro 22 |28 |28 | 1,75 2,5 2,5

«YTpaBICHUE HACOCHOW IIEPEKAYMBAIOLICH

WuaTerpaibHbIil oKa3atenb 3G(EKTUBHOCTH pa3paboTKu [' BBIYUCIIACTCS HA

OCHOBAHHH PACCUUTAHHBIX HHTETPATHHBIX (PMHAHCOBBIX TIOKA3aTeIeH I&)HH Y TIOKa3aTes

pecypcosddexruBHOCTH If:

I ly

I(i)I/IH

(19)
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CpaBHuTENIBHAS 3¢ (HEKTUBHOCTH pa3pabaTpiBaeMOn CUCTEMBI u

paccMaTpUBaEMBbIX aHAJIOIOB PACCUUTHIBAETCS 1O (GOpMyJIE:

7 20
J= I—a, ( )
rae O — cpaBHUTEIbHAs 3P (HEKTUBHOCTH pa3padaThIBAEMON CUCTEMBI
[P — uHTErpaIBHBIN TTOKA3aTENb Pa3pabOTKy;
[? — yHTETpalIbHBIN TEXHUKO-3KOHOMHUYECKUN MTOKa3aTelb aHajora.
Tabnuma 20 — CpaBautensHas 3QGEeKTUBHOCTH pa3paboTKu
No /i1 | [Tokazarenu PazpaboTka | Anasor 1 Amnajor 2
HNuTerpanbublii  (pUHAHCOBBIN
1 P ¢ 0,18 0,54 1
MMOKa3aTellb
NuTerpanpHpli  mOKa3aTenb
2 P 1,75 2,5 2,5
pecypcodPpheKTUBHOCTH
NuTerpanibHblii  MOKA3aTeNb
3 P 9,63 4,66 2,5
3 GEeKTUBHOCTH
CpaBHuTENBHAS 3¢ (HEKTUBHOCTH
4 2,06 3,85
pa3pabOTKH K aHAJIoram

CpaBHEeHHME 3HAUYE€HUN MHTETPaJIbHBIX NoOKa3aTesnel 3((EeKTUBHOCTH MOKAa3allo,
YTO pazpabaThiBacMasi CUCTEMa aBTOMATUYECKOIO PEryJIUPOBaHUS TEMIIEPATYPhl XOTS U
ycrynaer aHaiory Nel mo pecypcos(d(eKTHUBHOCTH, OJHAKO IMPEBOCXOAUT €ro Io

MHTErpaJIbHOMY TTOKa3aTeto 3(h(PEKTUBHOCTH 3a CUET MEHBIIIEH CTOUMOCTH Pa3padOTKH.

2.7 BpIBOABI o pasaenay «DUHAHCOBBIN MeHEeIKMEeHT,

pecypco3¢deKTUBHOCTDH U pecycocOepekeHue»

B pesynbrare BBITIOJHEHHSI TOCTABIEHHBIX 3a/1a4 110 TAHHOMY pa3zielly, MOKHO
MIOJIBECTH CIICTYIOIINE UTOTH:

B nporecce nposeacHuss SWOT-aHnanu3a ObUTH BBISBICHBI CHJIBHBIC M CIa0bIe
CTOPOHBI TMPOEKTA, MPOBEJICHA OIICHKA BO3MOXKHOCTEH IMpOeKTa. TakkKe BBIIBHIIM, YTO

HAYYHO-HCCIICIOBATEIbCKHI IPOSKT KOHKYPEHTHOCIIOCOOEH 3a CYET CBOCH CTOMMOCTH;
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pa3paboTaH rpaduK 3aHITOCTHU JUIsl BCEX UCIIOTHUTEICH, COCTaBICHA TharpaMma
["anTa, mo3BoJstoNmIas MPOBECTH OLEHKY M JYy4YIIMM 00pa3oM CIUTAaHUPOBaTh pabouee
BpEMSsI UCTIOJIHUTENIEH;

COCTaBJICHUE CMEThl MaKeTa BOJIOHAMOPHOW CTAaHUMUM TO3BOJUJIO OILICHUTH
OIOJKET 3aTpaT Ha peaiu3aluio HayYHO-UCCIIEA0BATEIbCKOTO MPOEKTA;

OlIeHKa pecypcor((PEeKTUBHOCTH MPOEKTa MOKa3aaa, YTO MPOEKT MO0 HEKOTOPHIM
MOKa3aTessIM yCTyINaeT aHaJloraMm, HO IPH 3TOM CHOCOOEH ¢ HUMHU KOHKYpHUPOBAaTh 3a
CUYET HU3KOM I[ECHBI.

TakuMm 00pa3oM, UCXO/Is U3 BCETO BBILICTIEPEUNCICHHOTO MOKHO C/IE]aTh BBIBOI,
YTO JAaHHBIM HAYyYHO-UCCIIEIOBATEIILCKUN TMPOEKT TO3BOJUT IMOBBICUTH Kau€CTBO

O6y‘-ICHI/I}I CTYACHTOB U IIPOU3BOACTBCHHOI'O IICPCOHAJIA.
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3 ConuajbHasi OTBETCTBEHHOCThH

be3onacHoCTh 3KCIUTyaTaluu OOOPYJIOBaHUS SBISIETCS TJABHBIM YCIOBUEM
3¢ (PEKTUBHOTO MPOM3BOACTBA, IMOATOMY B JIaHHOM paslieiie BBIMIOJIHEH TOWCK
OTPHULIATEIHHO BIUSIOMIUX (DAKTOPOB HA 3/I0POBLE UETIOBEKA BO BpEMs pabOThI C MAaKETOM
BO/103a00pHOM CTaHIMM, a TAKXKE PACCMOTPEHBI MYyTH OCJIa0IeHUs, MO0 MCKIIIOUECHHUS
OTacCHBIX (PaKTOPOB.

B nannoit 6akanaBpckoit padbote OblT pa3padoTaH MakeT (PU3UIECKOTO Moa00us,
KOTOPBIN B AaJbHEHIIIEM MOXET OBITh UCIIOJIL30BaH B KaUe€CTBE y4eOHOIO CTEH/IA.

CreHn mpemHa3HA4YCH ISl UCCIEAOBAHUS TPOIECCOB PETYJIUPOBAHUS YPOBHS
KUJIKOCTH B COOPHOM €MKOCTH.

[Tomp3oBaTeNsIMU  JAHHOW CHUCTEMBI  SBISIOTCS  TIPOCKTHBIC HHCTHUTYTHI,
oOpa3oBaTeNbHbIE  YUYPEKJEHHUS, OCYIIECTBISIONIME HCCIEOBaHUE B  00JacTH
yIpaBJICHUs BOJI03a00pHOM CTaHITUEH.

CreHn mpemHa3HAYCH JJIS DKCILTyaTalli OJHAM YEIOBEKOM, KOTOPBIA TOJDKEH
pazpaboTarh MporpaMmy IO YIPaBICHUI0O HACOCAMH M PETYIHPOBAHUIO YPOBHS
XKHUJKOCTH B COOPHON €MKOCTH.

B nanHoMm paznerne OyayT paccMOTpeHbI onacHble (aKTOPhI, MPUCYTCTBYIOIIHE
npu pabote ¢ maketroM. K oCHOBHBIM (hakTOpaM MOKHO OTHECTH MPOU3BOACTBEHHBIM

IyM, HCAOCTATOK OCBCIICHHOCTH, a4 TAKIKC ITOPAKCHUC SJICKTPUUICCKUM TOKOM.

3.1 IIpaBoBble M OpraHU3alMOHHbIE BONPOCHI 00ecneyeHns 6e30MacCHOCTH

B mporuiecce paGoTbl ¢ MakeTOM BO/103a00pHOM CTAHIIMH ONEPATOP CTATKUBAETCS
C MOHTaXOM U HaJaJKONM KOHTPOJIbHO-U3MEPUTEIbHBIX MPUOOPOB, a TaKKe
YIIPaBICHUEM HACOCAaMM M KJIAIIAHHOM apMarypoul. B TakoM cilydae TEXHOJIOTMYECKOe
0o0opyoBaHuE JOKHO COOTBETCTBOBATH HOPMATHUBHBIM TPEeOOBaHUSAM OXpaHbl TpyZa,
cornacHo cratse 215 TK PO.
Pabouee mecto mpezacraBiser co0Oil MPOCTPAHCTBO, B KOTOPOM HYEJIOBEK
MO>KET HaXOJIUTHCsS IPU BBIIIOJIHEHUH ITPOU3BOACTBEHHOTO IPOLECCa.
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[Ipu pa3paboTKy aBTOMATH3WPOBAHHOW CHUCTEMBI YIPABICHUS MaKETOM
MpeIyCMOTPEHO ympaBiieHue mMakeToM ¢ nomoibio [19BM. [loatomy pabGouee mecto
noJsib3oBatess ¢ [I9BM crnenyet 060py10BaTh MOCTABKOM JUIsl HOT UMEIOLIEH IUPUHY HE
Menee 300 MM, rimyouny He meHee 400 mm. [ToBepXHOCTh MOACTaBKU JOJIKHA OBITh
pudaeHo 1 UMeTh 1o nepeaHemMy Kpato 0optuk BeicoTor 10 mM. KiaBuatypy cienyer
pacriojaraTh Ha TOBEpXHOCTH cToJia Ha paccTtossHum 100-300 MM OT Kpasi, 00pallieHHOTO
K T[I0Jh30BATEII0 WJIM Ha CIHCUHAIBHOM, PETyJIupyeMoll 1Mo BbICOTE padoueii
TIOBEPXHOCTH, OT/ICJICHHOW OT OCHOBHOMW CTOJICIITHHIIBI [5].

Paboune mecra ¢ [I9BM npu BBINOJHEHUU TBOPYECKOM pabOTHI, TpeOyrole
3HAYUTEILHOTO YMCTBEHHOTO HAINPSIKEHUS WM BBICOKOW KOHIICHTpAallMd BHUMAaHUS,
PEKOMEHAYETCSI U30JMPOBATH IPYT OT Apyra neperopoakamu Beicoton 1,5-2,0 M. Dxpan
BUJCOMOHUTOPA JOJDKEH HAXOIUTHCA OT IJ1a3 MoJb30oBaress Ha paccTtosHur 600-700 MM,
HO He Ommke 500 MM ¢ ydeToM pa3MepoB anaBUTHOLM(PPOBBIX 3HAKOB U CHMBOJIOB.
KoHnctpykius paboyero crosyia J0JKHA YIOBIETBOPATh TPEOOBAHUSIM I)PrOHOMHUKH.

KoncTpykiusi pabodero cryna (kpecia) A0JKHA 00ECreunBaTh MOJICPIKAHUE
parnmoHanbHON paboueii mo3sl ipH padbote Ha [I9BM no3BoMSITE U3MEHSTH MO3Y C HETBI0
CHIDKEHMSI CTATMYECKOTO HAIPSHKEHUS] MBI MICHHOIIICUeBOM 00JIaCTH U CIIUHBI JIJIs
NpEeNynpeKIeHNs pa3BUTUS yTomiieHHus. Tum pabodero Kpecia ciienyeT BbIOMpaTh ¢

Y4ETOM POCTa MOJIb30BATEIs, XapaKTepa U MPOA0DKUTEIbHOCTH padoThl ¢ [I9BM [6].

3.2 TlpodeccuonanbHas counaabHas 0€30MaCHOCTh

Pa3zpaboTka u sKcruryaTaius MakeTa BoJ03a00pHOM CTaHIIMK OCYIIECTBIISIETCS B
3aKpBITOM TIOMelleHnu ¢ mnomolbio [I9BM, koTopas OyaeT SBISTHCS TJIaBHBIM
HMCTOYHUKOM BPEAHBIX (DAKTOPOB BO BpeMs pabodero mpoiecca.

Jlnst unenTuduKanuu moTeHuanbHbeIX haktopoB ucnoibzyercs ['OCT 12.0.003-

2015 «OnacHble 1 BpeHbIE TPOU3BOJICTBEHHBIE (hakTOophl. Kiaccudukarus.
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Tabnuma 21 — Bo3MoskHbIe onacHbIe U BpeaHbIE (haKTOPbI

Ortarsbl paboT
Paxroper S % E HopmaTtuBHBIE TOKYMEHTBI
(TOCT 12.0.003-2015) | £ | B | E P FOKYM
| &l &
) = =
o, o =
2 5| 2
eS| O
1. OTkioHEHNE — TpynoBoit koxexc Pocculickon
ToKa3aTelien + |+ |+ ®deneparuu ot 30.12.2001 N 197-03
MHKPOKJIMMATA (pen. ot 24.04.2020) [7];
2. TlpeBbimicHue ypoBHS — CII 2.2.2.1327-03 T'urueHnveckue
uina - |+ |+ |TtpeboBanus K OpraHu3aLlun
TEXHOJIOTHYECKHIX IIPOIIECCOB,
3. IlpeBsbiieHHE ypOBHA MIPOU3BOJICTBEHHOMY O00OpY0BaHUIO
AIIEKTPOMATrHUTHBIX U paboyeMy HHCTpyMeHTY [8];
U3ITy4YEeHHI SR R — CanlIuH 2.2.4.548-96
['uruenuueckne  TpeOOBaHUA K
MUKPOKJIMMATY  TPOU3BOJACTBEHHBIX
1 p nomerenuii [9];
- Uk TTODANCHEA ~  CanlluH  2.2.2/2.4.1340-03
AIEKTPUUECKUM TOKOM
- |ttt ['uruennyeckue TpeOOBaHUS K
MIEPCOHATBHBIM [10];
3 Henocratounas AJIEKTPOHHOBBIYUCIUTEIHHBIM
. s Gothi:
ocBemenHoCTs paGoueii |, |, |4 MaIIMHAM U OPTaHHU3aIH PaObOTHI
- — CIT 52.13330.2016 EcrecTBeHHOE 1
UCKyCCTBeHHOE ocBemenue [11].

3.2.1 OTk/IOHeHHEe MoKAa3aTe/iell MUKPOKJINMATA

K mapameTpam MHKpOKJIMMAaTa OTHOCSTCS: TeMIepaTypa BO3ayxa, TeMIepaTypa
MMOBEPXHOCTEH, OTHOCHUTENIbHASI BIAXXHOCTh BO3/JYyXa, CKOPOCTh JABUIKEHHUS BO3yXa.
Meteoposiorndeckue yCJIOBHs B KOMILIEKCE OKAa3bIBAIOT BIUSHUE HA pa00TOCTIOCOOHOCTh
1 3JIOPOBBE OlepaTopa MakeTa BOJ03a00pHOM CTAHIIHH.

OKcrutyaTalis MakeTa BOJ03a00pHOM CTaHIIMKM OCYIECTBISIETCS TPH padoTe

CHIs N oe3 (l)I/ISI/I‘ICCKI/IX Harpy3ok, Imo3ToMy OTHOCHUTCA K KaTCTOPHUHU TSAXKCCTH — JICTKasd
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(1a). OnTuManbHble MOKA3aTENN MUKPOKJIMMAaTa Ha paboyeM MecTe B

MIEPUOJIOM TOJIa ¥ KaTeropuu padoT, mpeacTaBieHa B Tabimiie 22.

COOTBCTCTBUU C

Tabmua 22 —  OnTuManbHblE  BEAMYHMHBI  HOKasaTeled  MHKPOKIMMAra
Ha pa6OIII/IX MECTax HpOHSBOHCTBeHHLIX HOMCHICHPH?I
I[Tepuon Kareropus Temneparypa | Temne- | OtHOCH- CKopocCTh
roja pabor o | Bo3ayxa, °C | parypa | TesibHas JIBUKEHHS
ypOBHI'O HOBer' BJIAKHOCTD BO?),nya,
3HEpro3arpar, HoCTel, | Bo3myxa, % | M/c
Br °C
Xonommsiit | KETEropua 1a | o, 5, 21-25 | 60-40 0.1
(mo 139) ’
Termii | VATeropua la |5 50 2226 | 60-40 0.1
(mo 139)

I[JBI CO3aaHuA 6HaFOHpI/I51THI>IX YCJIOBI/Iﬁ Tpyda B ITOMCIICHHUA HCO6XOI[I/IMO,

YCTAaHOBUTH CUCTEMBI OTOIUICHUSI ¥ MPOTOYHO-BBHITSKHOW BeHTHWIsIUKU corinacHo CHull

41-01-2003 [12].
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3.2.2 IlpeBbllIeHUE YPOBHSA LIyMa

OpHol U3 BaXXHBIX XapaKTEPUCTUK B pabodyeM MOMEIICHUH SIBIISIETCS YPOBEHb
myMa. K OCHOBHBIM MCTOYHHKAM IITyMa MOYKHO OTHECTH:
— JKECTKHHU JIHCK;
— OXJIQXJEHUE LEHTPAJIBHOIO IPOLECCOPa;
— YJIMYHBIM LIIyM;
— HacoOCBlI.
OcHoOBHas 4acTh pabOThl C MAKETOM BOJ103a00PHOM CTAHIIMM OCYIIECTBIISIETCS C
nomoipio [I9BM. VpoBenp miyma mpu pabore He noipkeH mpesbimaTh 50 nBA.
JlonmyCTUMBIN YPOBEHB 3ByKOBOTO JABJICHUS B IMTOMEIICHUHN JJIs1 IEPCOHAJIA TTPUBEICH B

Tabnuie 23.

Tabnuma 23 — JlomycTumbie ypOBHU 3ByKa Ha paboyeM MecTe

YPOBHI/I 3BYKOBOT'O aBJICHU, ,I[B, B OKTaBHBIX ITOJIOCax

YpoBHH
Bu1 TpyioBoit CO CPEIHEreOMETPUYECKUMHU YaCTOTaMH, [ 11 3ByKa "
JCATCIIbHOCTH, OKBHUBAJICHT-
paborice MecTo 31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | ;o o, PYEE
(B 1BA)
KoHcTpynpoBanue u
POEKTUPOBAHUE,
nporpammupoBanue, | 85 | 71| 51 | 54 | 49 | 45 42 40 38 50
npernoaBaHue u
o0yueHue

OCHOBHBIMM HMCTOYHHMKaMu IIyMa sBIsitoTca Hacocel u IIOBM. J[lpyrue
MCTOYHUKM B JOCTATOYHOM MEpe H30JMPOBAaHbl OT Olleparopa M HE OKa3bIBAIOT
CYLIECTBEHHOT'O BO3/ICUCTBUS.

JIng  cHwkeHnuss ypoBHa wmyma ot [IOBM, crnegyer npuMeHATH
3BYKOIIOTVIOMIAIOIINE MATEPHANIBI, a TAaKXKE PEryJSIpHO MPOBOAUTH MX TEXHUYECKOE

00cITy)KuBaHHE.
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3.2.3 lloBbIlICHHBIN YPOBEHb JJIEKTPOMATHUTHBIX U3JIY4YeHHU

DNEeKTPOMarHUTHOE TOJI€ OKAa3blBAET HETaTMBHOE BO3JCHCTBUE Ha Hauboiiee
YyBCTBUTEJbHBIE CUCTEMBI opraHuzma uenoBeka. llpu pabGore ¢ IIK monws3oBarens
HAXOJUTCS B HEMOCPEJICTBEHHONW OJIM30CTH K MOHMTOPY, YTO BBI3BIBAET BO3JICUCTBHE
anekTpoMarHuTHeIX nosiert (OMII). Bpennoe BiusiHuEe mepeMEeHHBIX MarHUTHBIX TOJIEH
JOJDKHO OBITh YYTEHO NPH OpraHU3alMHh padodyero Mecra Mo YIpaBiICHUIO MaKEeTOM
BOJ03a00PHOM CTAHIIUH.

Pabora mnpoBomutrca Ha coBpemeHHoM I[I9BM, y KoToporo 3HadeHHUS

QJIICKTPOMArHUTHOI'O M3JIYy4YCHUS MaJibl 1 OTBCHAIOT Tpe6OBaHI/IHM, MpCACTaBJICHHBIM B

TabOmuie 24 [13].

Tabnuua 24 — I1JIY snekTpoMarHuTHBIX MMOJIeH Ha pabounx MecTax nosb3oBareneit 1K
u apyrumu cpenacramu UKT

HaumenoBanue napameTpoB Iy
HanpsokeHHOCTB or5I'mmo 2kl 25 B/m
SJIEKTPUIECKOIO I1OJIA ot 2 kKI'y o 400 xI'11 2,5 B/m
ITnotrocTs MarmuTHOro | 0T 3 'l 1o 2 ¥I'ny 250 HT
IIOTOKa ot 2 kI'y mo 400 kIt 25 uTn
HanpseHHOCTh 37€KTPOCTaTUYECKOTO MOJIA 15 kB/m

YuuTeiBass HOpMY MpENEIbHO JONMyCTUMOM HampsbkeHHoctn OMII skpana
MOHMTOPA, TJ1a3aM I0JIb30BATEII MAKETA CIEAYET HAaXOAUThCA Ha paccTosiHuu ot 0,6 10

0,7 M 10 5KpaHa MOHUTODA.

3.2.4 Dy1eKTP00€30NaCHOCTD

['maBHBIM (PaKTOPOM MOPAKEHUS] TOKOM MpU paboTe ¢ MAKETOM BOA03a00pHOM
CTaHIIMMU SIBJSIETCSI TO, YTO OINEpaTop MOXKET Ha NPSIMYI0 KOHTAKTHPOBaTh C

ANEKTPUYECKUMU TPUOOpamMu.
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Cormacio T'OCT 12.1.038-82 Hampshk€HUE NPUKOCHOBEHHS U TOKH,
MPOTEKAIOIIME Yepe3 TENIO YeI0BeKa MPH HOPMAIbHOM PEXHUME, HE TOJDKHBI IPEBBIIIATH

3HAYCHUS, MPeICTaBlIcHHbIC B Tabmule 25 [14].

Ta6Jmua 25 — HpCI[eJIBHLIe SHAYCHU HAIIPAKCHUSA U TOKOB, IIPOTCKAIOIIUX YCPEC3 TCIIO

yeJIoBeKa
U,B I, MA
Pox Toka
He Gonee
ITepemennsrii, 50 I'1y 2 0,3
[Tepemennsrii, 400 ['m 3 0,4
ITocTossHHBIN 8 1

[TosTomy cornacuo 'OCT 12.1.019-79 nns obecnieueHus 3aUThl 0€30MACHOCTH
oriepaTopa MakeTa BOJI03a0OpHOM CTaHIMM OT CIy4allHOTO TMPUKOCHOBEHUS K
TOKOBEAYIIMM YacTsAM HE0O0XOoJuMa IMPUMEHHUTH CICAYIOIIHE CIIOCOOBI M CPEICTBA:
0e3ormacHoe pacloyIOKEHUE TOKOBEIYIIUX YacTel, 3allUTHOE OTKIIOUYEHUE, U30JIAIIUIO
TokoBeaymux uacteid. Takxke B coorBercTBHM ¢ ['OCT 12.0.004-90 oOyuenme wu

MHCTPYKTaX MO 0€30MacHOCTU TPYyAa HOCUT HENPEPHIBHBIM MHOTOYPOBHEBBIN XapakTep

[15, 16]

3.2.5 OrcyTcTBHE WM HEIOCTATOK €CTECTBEHHOI0 CBETa

Bo3zneicTBre eCTECTBEHHOIO CBETa HA YEJNOBEYECKUM OPraHW3M IPEACTABISET
coOOM  BBICOKYIO TUTHMEHMYECKYIO M  OHOJIOTHYECKYIO II€HHOCTh, IOCKOJIBKY
€CTECTBEHHBIN CBET Oarofaps CBOEMy CIIEKTPAIIbHOMY COCTABY MOJOKUTEIBHO BIHUSIET
Ha TCUXHUKY YEJIOBEKAa, COXpaHss OUIYIIEHHE €ro CBSI3U C OKPYKAIOIUM MHUPOM.
OTcyTCTBHE €CTECTBEHHOTO OCBEIICHUS, MOXET TMPUBECTH K MEPEyTOMIICHUIO,
CHIDKEHHIO paboTOCIIOCOOHOCTH, YCTajJoCTH TJia3 M rojioBHoW Oomu. Ilporecce
yOpaBJICHUS MaKETOM BOA03a00pHON cTaHuMM ¢ Tomolibio [I9BM oTHocuTCcs K
3pUTENTHHON paboTe OYEeHb BBHICOKOW TOYHOCTH, a HAWMEHBIIUN pa3Mep OOBEeKTa
orpannuuBaetcs 0,15-0,3mm (Il paspsa  3putenbHON paboThi). TpeOoBaHus K
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OCBEILIEHUIO MPOMBIIUICHHBIX NPEANPUATUHN UIsI TPOBEACHHUS JaHHOTO pojaa pabot

MIPEACTABJICHBI B TaOmIe 26.

Tabnuma 26 — TpeGoBaHus K OCBEIICHUIO pabouei

30HBI AJI1 pabOT OYEHBb BBICOKOM

TOYHOCTH
ITonpazpsn | Konrpact | @on OcBenieHHoCTh, JK KEO e, %
3pUTENLHON | O0OBEKTa ¢ (KOMOMHUPOBAHHOE Bepxrce o | BokoBoe
paboTI (ponom OCBeICHHC) KOMOMHHPOBAHHOE | OCBEIICHUE
OCBCILICHUEC

A Manenii | Temusii | 400

Manbiii | CpenHuii
b . . | 300

Cpennuii | TeMHbIi

Mansiii | CBeTiabId

. _ 4,2 15

B Cpennuit | Cpennnii | 200

boapmoii | TemHbIi

Cpennuii | CBeTabIi
I N . | 200

bonpmon | Cpennnii

Takum oOpazom s coOmroneHus TpeOyembix mokazareneid corjacHo CII
52.13330.2016 »kxpan I[I9BM gomxkeH XOpoIIO KOHTpPacTHpOBaTh C (OHOM W
OCBEILEHHOCTh paboueii MOBEPXHOCTU OT CUCTEM OOIIETO OCBEIICHUS J0JKHA OBITh HE

menee 300 k.

3.3 DkoJiornyeckas 0e30MACHOCThH

Bo Bpemst pa3paboTku MakeTa BOJj03a00PHOM CTaHIIUU OCHOBHBIM BHJIOM Mycopa
SBIISIIOTCST OTXOJIBI TeYaTH, KOPOOKU OT 00OpYyI0BaHUS M MCIOJb30BaHHAs Oymara, Bce
9TO MOXET OBITh OTIPABICHO Ha MepepaboTKy, JMO0 YTHWIM3UPOBAHO COTJIACHO
caHuTapHbIM NpaBuiam U Hopmam CanlluH 42-128-4690-88.

B mportiecce cOopku MakeTa 00pa3yrOTCsl OTXOJIBI OT MOJUIIPOIUIICHOBBIX TPYO,
KOTOpBIC JIOJDKHBI OBITH OTMIpaBICHBI HAa TiepepaboOTKy W 3aTeM Ha MOBTOPHOE

HCIIOJIb30BaHUE B Mpou3BoaAcTBe [17].
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[Ipu pabote 3a MakeToM BO3/EHCTBHE Ha aTMocepy HE3HAYUTEIHHOEC U HE

HAaHOCHUT CYHIECTBEHHOI'O Bpela OKPYKarouIeMy MHpY.

3.4 be3onacHOCTh B Upe3BbIYANHBIX CUTYyalUSAX

Jlnst naHHOTO MakeTa Bo03a00pHOM cTaHuu XapakTepHoit UC sBisieTcs moxap.
OH MOXeT BO3HHMKHYTh B IIpollecce COOpPKM MakeTa, TaK KaK Ha OTOM JTarle
UCIIOJIb3YIOTCSl HarpeBaTeNIbHbIC JIIEMEHTHI U BOCIIAMEHSIOLTUECS MaTEPUAIIbI.

[Ipy MCKpEeHUU WU 3aropaHuu SJEKTPONPOBOAKU WIIU 3JIEKTPOOOOPYIOBAHUS
HEOOXOJIUMO OOECTOUUTHh HX, 3aT€M TYIIUTh CYXUM IIE€CKOM, YTJIEKUCIOTHBIM WIIH
MOPOIIKOBBIM OTHETYIIUTEIIEM.

J{nst CHYDKEHUST BEPOSITHOCTH TT0Kapa MOMEIEHHUE, B KOTOPOM 3KCILTYyaTHUPYETCs
MaKeT JIOJKHO ObITh 000PYI0BAaHO CHCTEMOW OOHAPY>KEHUS U OMOBEUICHUS O MOXKape, B
cootBercTBUM ¢ TpeboanusiMu CII 5.13130-09. B ciayyae BOZBHUKHOBEHUU TOKapa Ha

MOXKAPHBIN MOCT (B AUCHETYEPCKYIO) TOJKEH NOCTYIATh CUTHAI.

3.5 BbIBOABI 0 pa3jey CONHAJIbHAS OTBETCTBEHHOCTH

[Ipu BbIOTHEHMU pazaena «ColuaabHas OTBETCTBEHHOCTHY» PACCMOTPEHBI
OpraHU3allMOHHBIE U ITPABOBBIE BOMIPOCHI 00ecTieYeHUs: 0€30MaCHOCTH, PETYJIUPYIOIIHE U
pETIAMEHTUPYIOLIINE TPOU3BOACTBEHHYIO AEITEIILHOCTh HHXKEHEPA.

BrinonxeHn anain3 (akTopoB Ha MPEAMET BBISIBICHUS OCHOBHBIX TEXHOCHEPHBIX
OITACHOCTENM W BPEIHOCTEW, MPEII0KEHBI METOAbl MUHUMM3ALWU UX BO3IECHUCTBUU U
3allIUThl OT HUX.

Tak ke pacCMOTPEHBI BOIPOCHI SKOJIOTHYECKOM O€3011acHOCTU U 6€30MaCHOCTU B
YpE3BBIYAMHBIX  CUTYyallMsX TPU  HUCIOJB30BAaHWU  pa3pabaThIBAEMOTO  CTEHIA
BOJI03a00PHOM CTAHIIMU. bBBUIO BBIABJICHO, YTO JUIS JAHHOTO CTEHAA XapaKTEPHO
BO3HMKHOBEHUE TIOXkKapa. biaromapss mnpaBwiaM, ONUCAHHBIM B JIAHHOM pasieie
BO3MOXXHO H30€XKaTh YpPE3BBIYAMHBIX CHUTyalluid, a TaKke OOCECHEUYUTh 3J0POBBE
MIEPCOHAJIA U COXPAHHOCTh OKPYKAIOIIEH CPEIbI.
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3akJIloueHue

Pe3ynpraToM OakalaBCKOM BBIMYCKHOW KBaIM(UKAIMOHHON pabOThl CTal
pa3paboTaHHbId CTeHA (U3UYECKOro Moao0usi Bojo3abopHOM cTaHuuu. [lpu
BBITIOJIHEHUU PabOThI ObLIIa pazpaboTaHa CTPYKTypHasi cXxeMa CTeHa, OblT OCYIIECTBICH
BBIOOp 000pyJI0BaHUsA, pa3pabOTaHbl AJITOPUTMBI MO PYYHOMY M aBTOMATUYECKOMY
VIOPaBIEHUIO, a TaKKe OBLIO HAMMCAHO MPOTPaMMHOE OOECTeueHue AJisl YIpaBlICHUS
cTeHoM Ha si3eike FBD B cpene paspadorke Unity Pro XL.

B pasgene «®uUHAHCOBBIA MEHEIHKMEHT, PeCypcodPPEeKTUBHOCTD 151
pecypcocOepekenre» Obljla pacCMOTpPeHa KOHKYPEHTHOCIOCOOHOCTh pa3pabOTaHHOIO
CTEHJAa IO CpaBHEHHUIO C aHajgoramu. [l 3TOro wucCcienoBaHus ObUT MPUMEHEH
uactpymeHT SWOT — aHanu3 1 HCTIOB30BaHa OIleHKa pecypcodhPeKTUBHOCTH.

B paznene «CormuanbHONW OTBETCTBEHHOCTH» ObUT MPOBENCH aHAIU3 (PaKTOpoB
BIUSIONIUX Ha omeparopa mpu padboTe 3a CTEHAOM (PU3UYECKOTrOo MOA0OHsA. A Takxke
MOCTaBJIeHbI TpeOOBaHUS K paboyeMy MECTy OlepaTopa, KOTOPhIE CHU3ST BO3ACHCTBUS

BPEIOHOCHBIX (haKTOPOB Ha YETIOBEKA.
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Conclusion

The result of the bachelor's final qualification work was a developed stand of
physical similarity of a water intake station. In the course of the work, the structure
diagram of the stand was developed, the choice of equipment was made, algorithms for
manual and automatic control were developed, and software for managing the stand was
written in the FBD language in the Unity Pro XL development environment.

In the section "Financial management, resource efficiency and resource saving",
the competitiveness of the developed stand in comparison with its analogues was
considered. The SWOT analysis tool was used for the research and resource efficiency
assessment was used.

In the section™ Social responsibility", the analysis of factors affecting the operator
when working at the stand of physical similarity was carried out. It also sets requirements

for the operator's workplace that will reduce the impact of harmful factors on a person.
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