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Pedepar

CraTpsl MOCBAIIEHA ONPEACICHUIO ONTUMAJIBHOW CTENEHM AEeTalu3aluu HuQpo-
BBIX JIBOWHUKOB CHCTEM JKM3HeoOecreueHus (BOJOCHAO0KEHMsI, KaHAIM3aIlM U Tel-
JTOCHAOXKEHMsI) ISl TIPOMBIIUICHHBIX TPEANPUATHA W OpraHW3aldil  KUIUIIHO-
KOMMYHAJIBHOTO XO3MCTBA. B cTarhe aHaIM3UPYIOTCA pas3IMYHbIE MOAXOABI K pa3pa-
OO0TKE 3JEKTPOHHBIX MOJEJCH: OT MaKCUMAaJbHO JETaIN3UPOBAHHBIX, BKIIOUAOIIUX
BCE DJIEMEHTHI CHUCTEMBI, IO YKPYMHEHHBIX, (POKYCHUPYIOIIUXCS Ha MarucCTpaibHbBIX
ceTsIX M 00001EHHBIX noTpeOuTensax. C UCIOJIb30BAHUEM METOJOB aHAIM3a <«3aTpar
¥ BBITO/I», «4yBCTBUTEIBHOCTU» U «A/B-TecTHpOBaHUI» aBTOPHI OMPEACISIOT «TOY-
Ky 3Q(EKTUBHOCTH», TP KOTOPOU JOCTUraeTCs OaaHC MEXy 3aTpaTaMy Ha paspa-
O0O0TKY M MOJAEPAKKY DJIEKTPOHHON MOJENU U €€ aKTyaJlbHOCTbI, MHPOPMATUBHO-
CTBIO M DJKOHOMMYECKOM otrnayer. Ha mpumepe yClaoBHOrO HAacen€HHOIO ITyHKTa
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DHCK MOKa3aHO, KaK ONTHUMH3AIUs YPOBHS JETalIU3alMK [U(PPOBOTO ABOMHUKA CH-
CTEMbI TEeTNIOCHAOKEHHSI MOXKET MOBBICUThH 3()(PEKTUBHOCTH YIPABICHHS CHCTEMaMH,
CHHM3HTb HKCIUTYaTallMOHHBIE PACXO/Ibl M YIYULIUTh KAYeCTBO YCIIYT.

KiroueBble c10Ba: 3JIEKTpOHHAs MOJAENb, HU(PPOBON IBOMHUK, U(POBHU3AIMS,
CHCTEMBI KH3HE0OeCIIeUeHus!, aHaIu3, PeHTa0eIbHOCTb.

ON THE ISSUE OF THE DETAILING OF DIGITAL
TWINS OF LIFE SUPPORT SYSTEMS

V. N. Kovalenko, A. I. Triputko, A. D. Gurinovich

Abstract

The article is devoted to determining the optineaiel of detail in digital twins of
life support systems (water supply, sewage, antdrnggdor industrial enterprises and
housing and communal services companies. It amalyasous approaches to devel-
oping electronic models: from highly detailed orleat include all elements of the
system to aggregated models focusing on main nksaaord generalized consumers.
Using methods of cost-benefit analysis, sensitiaizalysis, and A/B testing, the au-
thors find the «point of efficiency», at which ald&e is established between the
costs of developing and maintaining the electrondaxlel and its relevance, informa-
tiveness, and economic return. Using the exampteeohypothetical town of Ensk, it
Is demonstrated how optimizing the level of data digital twin of the heating sys-
tem can lead to increased efficiency in system mpament, reduced operational
costs, and improved quality of services.

Keywords: electronic model, digital twin, digitalization, difsupport systems,
analysis, profitability.

BBenenue

B HacTosiiiee Bpemsi 1O BCEMY MHUPY CTPEMHTENIBHO BHEAPSIOTCS LU(POBbIE
JTBOMHUKHA WH)XCHEPHBIX CHCTEM BOJOCHAO0XKEHUS, KaHAIM3AIUN U TETUIOCHAOKECHUS
(mayee — cucTem )KU3HEOOESCIICUCHNS) B MPOU3BOJICTBEHHYIO JCATSIBHOCTD TIPEIITPH-
ATUH SKUJIMITHO-KOMMYHAJILHOTO X03siicTBa. BHeapenue nudpoBbIX ABOMHUKOB CO-
OTBETCTBYET 0OIEeMy TpeHAy Iu(pOBU3ALNH, KOTOPOMY CIEAYIOT COBPEMEHHbBIC
MPEANPUITHS, CTPEMSIITUECS TOBBICUTH CBOIO 3()(PEKTUBHOCTh U ONTUMH3UPOBATH
IPOIIECCHI YIPABJICHUST WHXKEHEpHOU HH(ppacTpykTypoi. LludpoBoit ABONWHUK CH-
CTeM JKHU3HEOOCCIICUCHHS MPEIICTABISICT COOON BBICOKOTOYHYIO DJICKTPOHHYIO (KOM-
MBIOTEPHYI0) MOJICTh (PU3HUECKON CHCTEMBI, KOTOpas OTpakaeT €€ TeKyIlee TeXHH-
KO-THJPABIIMYCCKOE COCTOSHUE, JUHAMHUYCCKUE TIPOIECChl B pexuMe «onlinex.
Ota MOojeNnb UHTETPUPYET JaHHBIE C PA3NMUYHBIX MEPBHUYHBIX Mpeodpa3oBaTesield U
uHpopmarmonubix cucreM (ACY, SCADA, 1C, SAPu 1. 1.), 4TO MO3BOJISET IIPOBO-
JUTH MPOTHO3MPOBAHNE U aHAIIN3 PEKUMOB PabOThI, MOJICIMPOBAThH PA3INIHBIC CIIE-
HapuM, ONTUMHU3UPOBATh €€ (PYHKIMOHUPOBAHUE M TOBBIIIATH 3HEProdddexTus-
HoCcTh [1-3].

[Tomxome! kK pa3paboTke MU(PPOBBIX ABOMHUKOB HA TIPAKTHUKE CHIIBHO Pa3INYarOTCs.
HexoTopsie npeanpusaTis (M TOIPSTYUKN) CTPEMSITCS K MAaKCHMAJIbHOM JIeTajIn3a-
MU MOJieJied, BOCTIPOU3BO/Isl TPAKTUYECKU BCE AIEMEHThI CUCTEMBI C BHICOKOM TOY-
HOCTBIO, BKJIIOYasi (iiaHIbl, KOcble (QUIBTPhI, MAHOMETPHl U JIPYyTHe€ KOMIIOHEHTHI,
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aHAJIOTUYHO CXEMaM, BBITIOJTHEHHBIM B CUCTEMaX aBTOMATH3WPOBAHHOTO MPOSKTHPO-
BaHUs M yepuyeHus (cM. pucyHok 1A). JIpyrue mpearnovnTaroT co3/1aBaTh YKPYITHEH-
HbIE MoJienid, 00001as nmoTpedurenel u (HOKyCHUpPYSACh HUCKIIOUMTEIBHO Ha Maru-
CTPAJIbHBIX CETAX, YTO YINPOIIACT MPOoIlecC pa3pabOoTKH U CHUXKAET 3aTpathl (CM. pH-
cynok 1B). Kaxxplif u3 3THX IMOAXO0J0B HMEET CBOW MPEUMYIIIECTBA U HEJOCTATKH, U
BBIOOP MOJX0JIa 3aBUCUT OT IIeJIe pa3pabOTKH, JOCTYITHBIX PECYPCOB U TPeOyeMoro
ypoBHsI TouHOCTH. O0a yKa3aHHBIX BapuaHTa pa3pabOTKW MO MPEeACTaBISIOT
co00if KpaifHOCTH, 4TO 00yCIIaBIMBaeT HEOOXOAMMOCTh IMOMCKA ONMTHMAJIBHOTO Oa-
naHca — «ro4ka dpdextuBHOCTH». C OHOM CTOPOHBI, Ype3MEPHAS ACTAIA3AIUS BIIe-
4yET 3HAYMTENbHBIC 3aTPAThl HAa pa3pab0TKy U MOIACPKKY MOJETH B aKTyallbHOM CO-
CTOSIHUH, C IPYTOl — Ype3MEepHOE YIPOIICHUE OTPAHUYUBACT MOJIE3HOCTh MOJICTH U
ee MpUMEHEHHE JIJIs1 00JIee CIIOXKHBIX 3a]1a4.
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@) MAKCUMATbHAS, O) MUHUMATIbHASA
Pucynok 1 —Ypoeenv oemanuzayuu zpagpuueckux snemenmos neKmpoHHvIX mooeeil

Takum 006pazom, B yCIOBUSAX CTPEMUTEIBHON MOBCEMECTHON LU(POBU3AIIUHN BO3-
HUKAEeT HEOOXOAMMOCTh OMpeeNeHus] «TOYKH 3 (PEKTUBHOCTH» — TOW CTENEHHU Je-
TaJIu3alUy MOJEIH, TP KOTOPOH ee pa3paboTKa U Mocienyromas noaaepxka odec-
NEYUBAIOT ONTUMAIbHOE COOTHOIICHHE MEXAY MH(POPMATHUBHOCTHIO U SKOHOMHUYE-
CKOM BbIroJoil. OmnpeneneHue 3TOW TOYKM IMO3BOJSET NPEANPUATHAM MPUHUMATH
00OCHOBaHHbIE PELICHUs MO HUPPOBU3ALNU, OOOCHOBBIBATH HEOOXOIUMOCTh BHE[-
peHUs HUPPOBBIX PEIICHUN U OLIEHUBATh CPOKU UX OKYIAEMOCTH, CHUXKAs U3JIEPIKKU
¥ ToBbIIast 3 PEKTUBHOCTh NHBECTUIUH.

1 MeTon0J10rus1 MCCIIEI0BAHUSA

B memax HMCKIIOYEHHsI U3 OLECHKH BPEMEHHBIX M JKOHOMMYECKHX M3IEPIKEK
IpelycMaTpuBaeTCs, YTO ISl pa3paOOTKH AJIEKTPOHHBIX MOJEIEH CUCTEM KHU3He-
o0OecrieyeHus MPUBIIEKAETCS MOAPANHAs OpraHu3alus, IOCKOJIbKY KOMIIaHUH,
BBINOJIHSIONIME [TO00HOTI0 HamlpaBieHUs! padoThl, 001a1al0T MHOTOJIETHUM OIIBITOM
0 UX pa3pabOTKe M CIELUATU3UPOBAHHON HKCIEPTU30M, MCKIIIOYAOLIUE BEPOST-
HOCTh BO3HMKHOBEHHMs OIIMOOK Ha BCEX ATamax co3fgaHus mojenu. [lpuBnedenue
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HOJPSATYNKOB K pa3paboTKe 3JIEKTPOHHBIX MOJENEN TakkKe CIIOCOOCTBYET COKparle-
HUIO CPOKOB BBIMIOJIHEHUSI pa0dOT U yIyUIICHUIO Ka4eCTBAa MOJIENIN 3a CUET MpUMEHe-
HUSL TYYIIUX MPAKTUK U TEXHOJIOTHUH.

JIis TOCTHXKEHUS LIEIN UCCIEA0BaHUS U ONPEIEICHUs ONTUMAIBHON CTETIeHHU Jie-
TaIU3alN AJIEKTPOHHBIX MOJEJCH CHUCTeM KH3HE0OecreueHus MCMOIb30BaHbl Clie-
AYIOIIME METObI aHAJIH3A!

1) «3aTpaT u BBHITOJ»;

2) «9yBCTBUTEIILHOCTU;

3) «A|B-TecT».

AHanu3 «3aTpar ¥ BbITOA» MPEANoaraeT OleHKY COBOKYITHBIX pacXoj0B Ha pas-
paboTKy, BHEPEHUE U MOAEPKKY JIEKTPOHHBIX MOJIENEH, U UX COOTHECEHHUE C TO-
TEHIMAJIbHBIMHU MPOU3BOACTBEHHBIMUA U 3KOHOMUYECKHMHU BbIrojamMu. JlaHHBIN moj-
XOJ] TO3BOJIMJI YCTAHOBUTD, HACKOJIBKO OMpaBIaHbl 3aTpaThl HA AE€TATU3ALUI0 MOJIEIH
OTHOCHUTEINFHO €€ TOJIb3bI TSl IPEAIPUSATHS.

[lepen aHamu30M «3aTpat M BHIFOJ» B 003aTE€IHHOM MOPSAIKE OBLI OCYILECTBIICH
TEXHUYECKHUI ayJUT, B PE3yJIbTaTe KOTOPOTO YCTAaHOBIICHBI:

— 00beM umeronieiicst uHpopMaluy U JOKyMEHTAIHH;

— CYIIECTBYIOIIAs MPOOIeMaTUKa CUCTEM,;

— KOJIMYECTBO U KBATM(PHUKAIMS KaPOB,;

— IpUMeHsieMble HTHPOPMALIMOHHBIE CUCTEMbI M TEXHOJIOTUU MIPU MTPOU3BOICTBE U
B OM3Hec-Tpoleccax;

— OXKUJAHUS U TpeOOBaHMS JIHUHEHHBIX U (PYHKIMOHAJIBHBIX PYKOBOAMUTEIEH
CTPYKTYPHBIX NOJIpa3AesieHUuI NpeaIpUsTUs.

Ha ocHOBe mpoBeACHHOTO aHaimM3a pa3paboTaHa JOpOKHas KapTa (mporpamma
BHEJIPEHUS] MEPONPUATHI IO U(PPOBU3AIUK), KOTOpasi CTaHeT 0a30il I JalbHew-
[IMX 3TaroB BHEAPEHUS TEXHUYECKHUX peuieHuil. Takxke chaenaH ymnop Ha peuieHHue
YCTaHOBJICHHBIX MTPOOJIEMHBIX ACTIEKTOB.

C ydyeToMm Bcex OCOOCHHOCTEN MPEANPHUITHS IPOBEACH aHAJIHN3 «4yBCTBUTEIHHO-
ctu». [lonpsaunk COBMECTHO € MPEANPUSTHEM ONPEAETIIN NepeueHb 00s3aTeIbHBIX
AIIEMEHTOB 3JIEKTPOHHBIX MOJIEJIEH, MapaMeTpoB, KOTOPbHIE JOKHBI ObITH COOpaHbI B
X0ZIe HaTypHOTO M MHCTPYMEHTAJIBHOIO OOCIIENOBAaHUN M MOTYT OBITH COOpaHbl M
BHECCHBI COTPYIHUKAMU TPEATIPHUITHS CaMOCTOATENBHO (CM. pucyHok 2). JlaHHbIE
napaMmeTpsl B 0053aTeIbHOM MOPSAIKE OTPAKAIOT TEXHUYECKOE U TEXHOJIOTUYECKOE
COCTOSIHUSI JIEMEHTOB CHUCTEM, a TaKXKe HCIIOJIb3YIOTCS AJISi MPOBEACHUS THIPABIU-
YECKUX M TEIUIOTEXHHYECKUX pacdyeToB. Takxke chopmupoBaH mepeueHb HeoOs3a-
TeJbHBIX APaMeTPOB, KOTOPbIE MOTYT ObITh COOpaHbl B Oyayiiem, 0e3 yJyacTHs oI
psIYMKa, TMPU YCIOBUU JOCTATOUYHOTO YPOBHS KBaJH(PHUKAIMUA COTPYJHHKOB WIIH
npuoOpeTeHus: He0OXOAMMOT0 000PYAOBaAHUS.

AHanu3 «qyBCTBUTEIbHOCTH» MO3BOJIMI BBIUUCIUTH KO3(PPUIHEHT 0OopaunBae-
MOCTH JITaHHBIX U OLIEHUTh, KAK U3MEHEHHUSI B YPOBHE AETAIM3ALUN MOJEIU BIHUSIOT
Ha €€ aKTyaJIbHOCTh, UH(POPMATUBHOCTh U SKOHOMUYECKYIO 3P (HEKTUBHOCTh. AHAIN3
«YyBCTBUTEJIbHOCTH» MO3BOJIIII BBISIBUTH 3JIEMEHTHI U ApPaMETPhl, KOTOPHIE OKAXKYT
HauOoJbIlIee ¥ HAMMEHbBIIIee BIMSHUE HAa SKOHOMHUYECKYIO BBITOAY OT €€ HCIOJIb30-
BaHUs, U ONPEIEIUI MOPOrOBbIE XapaKTEPUCTUKH, IPU KOTOPBIX pa3paboTKa U MOJ-
JepKKa MOJIETH OCTAIOTCS] SKOHOMUYECKH BBITOJHBIMHU.
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Pucynok 2 —OnmumansHulii ypo6eHs 0emanuzayuu 2pauueckux cxem 31eKmpoHHbIX mooeneil

B mnpouecce HaTYypHOrO W MHCTPYMEHTAJIBHOTO 0O0CIE€IOBAaHUN MOJPSAYMK BbI-
MOJHS cOOp JJAHHBIX B COOTBETCTBUU C 3apaHEE COCTABJICHHBIM MEPEUYHEM, YTOUHSIS
UMEIOTIYIOCST MHGOPMAIINIO U COOMpast HOBBIE JAHHBIE O COCTOSIHUM JJIEMEHTOB 00-
CIEAYEMBIX CUCTEM.

Yepes rox mociie BHEAPeHHs HUMPOBBIX JBOMHUKOB IMpoBoamicsa «A|B-tecT»
aHaIM3, MEIbI0 KOTOPOTro ObUIO OMpeaesieHue MmapaMeTpoB MOJENEH, KOTophie (ak-
TUYECKH COOMPATUCh M AKTyaJIM3UPOBAIUCH COTPYAHUKAMU TPEATNPUATHS, & KaKUe
He ObUTM coOpaHbl MO0 ux cOop ObUT orpaHuyeH. Pe3ynbTaThl 3TOTO aHaNIKM3a MO3BO-
JWIK ONTUMHU3UPOBATH MEPEUYEHb COOMpPAEMBIX ATPUOYTHUBHBIX IaHHBIX, COKPATHB
TPYI03aTpaThl COTPYAHUKOB U yIyduB 3P (GHEeKTUBHOCTH Tpoiiecca coopa nadopma-
WU 7151 aKTyaln3aluy dJIEKTPOHHBIX MOJIEIIEH.

JIOonOSTHUTEIBHO, B paMKax «A|B-TecT» aHanmn3a, OCyIIeCTBISIIOCh CPAaBHEHHE Pe-
CYpCOIIOTpeOICHHS PeAIpHUATUSIMHA (TOTEPh BOJIBI, JIEKTPUUESCKON SHEPTHH, Pacxo-
JIOB TOTUIMBA, MAIIIMHO-YaCOB M YEJIOBEKO-9aCcOB) Ha MPOM3BOJICTBO M OKA3aHKE YCITyT
710 U TIOCJIe BHEAPEHUs HU(PPOBBIX JTBOMHUKOB 32 aHAJIOTMYHbBIE TIEPUO/IBI.

B nepcrnekTuBHOM nepuoze nepeyeHb COOUPaeMbIX U aKTYaJTU3UPYEMBbIX JTaHHBIX
JIOJDKEH TOICPKUBATHCS U JTOTIOMHATHCS IO MEpe MPUOOPETEHUSI HOBBIX HABBIKOB H
pacuMpeHust TpuOOPHOro Mapka ¢ 1EeIbl0 HAKOIUICHUS U pa3BUTHUS IIUGPOBBIX TBOM-
HUKOB CHUCTEM KU3HEOOECIICUEHHUSI.

2 Tloka3zareibHAsl OllEHKA HEO0OXOAUMOT0 YPOBHS J€TAJIM3AIUM IJIEeKTPOHHOM
Mojeu H(pPoBOro IBOHNKA HA IPUMeEPe CUCTEMbI TENJIOCHAOKeHUs1 JHCKA

JIJis AeMOHCTpallud METOJOJIOTUU U OINpPEAENICHUs] ONTUMAIBHON «TOYKU >Pdek-
TUBHOCTH» JIEKTPOHHBIX MOJEJIEH CHCTEeM XKU3HeoOecreueH s OblT BBIMOJIHEH MOKa-
3aTeNIbHbIN pacyeT Ha YCJIOBHOM OOBEKTE, OCHOBAHHOM Ha JIaHHBIX PEAJIbHOTO Mpea-
npusiTUs B ropojie JHck. BHeapenue nudpoBoro ABOMHUKA OCYIECTBIISIETCS BIIEPBBIE.

B kadecTBe HMCXOIHBIX JAHHBIX, C COONIOACHHUEM HOPM KOH(UIEHIMATBLHOCTH
YKOHOMHUYECKON WHGOPMAINH, I UCCICAOBAHUS MPUHSAT YCIOBHBIA HACEICHHBIN
MyHKT DHCK, 0a3UPYIONIMICS Ha JAaHHBIX O PaHEe BHEAPCHHBIX M PEATM30BAHHBIX
IPOEKTax Ha MMPOMBILLICHHBIX TpeANpUATUAX U npeanpusatusax KKX.

[To pe3synbTaTam 00CIEIOBaHUS YCTAHOBJICHO, YTO MMEIOIIMXCS JAAHHBIX J1OCTa-
TOYHO JIJISl pa3paOO0TKH SCKU3HOW AIISKTPOHHON Mojenu (Monenu, GopMHpyeMoil Ha
34



OCHOBE UMEIOIINXCS TpaprUeCKUX MaTepHaioB U JTOKYMEHTAIIMH), IPOBEICHUS Tac-
MOpPTU3aLMK U WHBeHTapu3auuu. OgHaKo B 00sA3aTeIbHOM MOPAIKE TpeOyeTcs mpo-
BEJICHUE HATYpPHO-BU3YAJIbHOTO U JIOKAJIBHOTO WHCTPYMEHTAJIBLHOTO OOCJIEI0BAHUS
JUISl YTOYHEHUsl MapaMeTpoB U aKTyalu3alud UHPOPMAIMH O COCTOSHUMU CHUCTEM.
Cpennuii BO3pacT COTPYIHUKOB MPEANPHUSITHS COCTaBIseT okojo 45 ner, u 607b-
IIMHCTBO M3 HUX YBEPEHHO BJIAJICIOT KOMIIBIOTEPOM. ITO OOCTOSATENBCTBO MO3BOJISIET
pPacCUMTHIBATh HA UX CLIOCOOHOCTH d(PHEKTUBHO paboTaTh C IU(POBBHIM TBOMHUKOM U
OCBauBaTh HOBbIE TeXHOJIOTMH. OJHAKO, HECMOTPS HA BBICOKHMH YPOBEHb KOMIIbIO-
TEpPHON IPaMOTHOCTH MEPCOHaNa, BOSHUKAET HEOOXOAMMOCTh OTOOPaKaTh OCHOBHBIE
AJIEMEHTBI CUCTEMBI 0€3 U3JIUIIHEH JIeTaau3alni.

Takoi moaxo 00yCIOBJIEH HECKONIBKUMHU (akTopamMu. Bo-TiepBbIX, upe3MepHas
JeTanu3alrs MOAETH MOXKET 3HaYUTENIbHO YBEITUYHUThH 3aTPaThl Ha ee pa3paboTKy U
MOCIIEAYIOLYIO TOJEPKKY B aKTyalIbHOM COCTOSIHUU. BO-BTOpPBIX, AJIs pelieHus oc-
HOBHBIX 3314 MPEIIPUITHS, TAKUX KaK MOHUTOPUHT COCTOSIHHMSI CUCTEM, ITUIAaHUPO-
BaHHE PEMOHTOB M ONTUMH3AIMUS IKCILUTYyaTallMOHHBIX MPOLIECCOB, TOCTATOYHBIM SIB-
JsieTCst OTOOpakeHNe KITFOYEBBIX 3JIEMEHTOB 0€3 TiTyO0KOi eTanu3alui.

C ydeTroM Hanuuus KBATU(PUUIMPOBAHHOTO MEPCOHANA, ONTUMAIbHBIM PEIIEHUEM
ABJISIETCSI CO3[IJaHUE DJIEKTPOHHOM MOJENU CpeJHEro ypoBHs aeranuzauuu. [Ipu Ta-
KOM MOJXO0/€, HalpuMep, COBMECTHO MPOJIOKEHHBIE MOAAIOIINE U 00paTHbIE TPyOo-
mpoBOAbl 0003HAYAIOTCS OJHOW JIMHUEH, a MPU U3MEHEHHWU UX TPACKTOPUU OHHU
OTOOPAXKAIOTCS OTAENIBHO. JTO MO3BOJSET YIPOCTUTh MOJIEINIb 0€3 MOTEPU KITHOUEBOM
uHpopMaIuu o cuctemMe (CM. pucyHOK 3).

Pucynok 3 —Ypoesenv demanuzayuu zpaguueckoii cxemuvl cucmemsvl menaocHadyicenus IHcKa

35



Takoll ypoBeHb JeTanu3anuu o0ecreyuBaeT 0anaHc MeXay UHPOPMATUBHOCTHIO
MOJICNIA M 3aTpaTaMu Ha ee pa3paboTky u moanepxky. OH nemaet Mojaens Ooee 10-
CTYMHOM JIJIsl BOCTIPUATHS M aHAJIN3a, COKpaIaeT BpeMs Ha €€ OOHOBIICHHUE U CHUXKa-
eT TpeboBaHMs K 00bEeMYy JTaHHBIX, HEOOXOAUMBIX JUIs akTyanu3auuu. Kpome Toro,
CpPEeIHHUI yPOBEHb JeTann3aliy obJerdaeT oOydeHre MmepcoHalia U HHTETPAIUI0 MO-
JIeM B TIOBCETHEBHYIO paboTy npeanpusitus. [Ipu 3ToM coxpaHseTcss BO3MOKHOCTb
POBEICHUS] HEOOXOUMBIX THAPABIMYECKUX U TEINIOTEXHUYECKHX PacyeToB, MOJe-
JUPOBAHUS PARTUYHBIX PEKUMOB paOOTHI CUCTEMbl M ONTHUMHU3ALUU IKCILTyaTallMOH-
HBIX MPOLIECCOB.

B tabnuue Huke npencraBieHbl B YKPYITHEHHOM BUJIE€ OCHOBHBIE CTAaThU Pacxo-
JIOB U JI0XOJIOB, CBSI3aHHBIE C pa3paOOTKON U MOAJIEPKKON AIEKTPOHHON MOJENH CH-
CTEMBI TETUIOCHA0KEHHUSI B aKTyaJbHOM COCTOSSHMHM B T€UCHHE TPEX JIET C MOMEHTA
BHEJIPEHUS B IPOU3BOICTBEHHBIN MTPOIIECC.

Ta6nuia — OCHOBHBIE CTaThbH PACXOJ0B U JOXOJOB MO pa3pabOTKe U MOAACPIKKE
AIIEKTPOHHON MOJIENIM CUCTEMBI TETUIOCHAOKECHHS

Ne Crounmocts
HaumeHoBaHMe CTaThu pacxoao0B / 10X0I0B Mepa nsmepenus
n/n pabor, y.e.
1. KamepaabHasi pa3padoTKa 3CKU3HOM JIEKTPOHHOI MOJeHn

1.1 |Texuuueckuii ayauT [Ipennpusitue —40C
Pa3zpaboTka rpadoBoii 351€KTPOHHON MOETH _940
10 UMEIOLIEHUCS JOKYMEHTAIUU 100xM TemI0BBIX

1.2 |[TaciopTu3auus cerelt (IByXTpyOHOE —80C

1.4 |MuBenrtapusaimst 70%cereii (o JaHHBIM OyXTaJITEPUH) UCUUCIICHUE) -2 20(

1.£ |Dcku3Has 37EeKTPOHHAs MOJIENIb CHCTEMbI BOJIOCHA0KEHUS -1 13(

1.6 Pa3zpaboTka monosHUTENTEHOTO HH(POPMAITMOHHO- Hacenennsblii myHKT _500

"~ |cmpaBounoro ciost (komraekT u3 1C-Tu ciioeB) /npeanpusTHe
Opranuzanus UHPPACTPYKTYphI 01 HUUPPOBOM JBOMHUK

1.7|7P 8 (bpacTpykTyp A pp A [Ipennpustue —110 000
(3akymKa mporpaMMHOTo 00eCTICUeHsI)

Bceeo pacxodos no nepsomy smany| =116 97(
2. HatypHoe 00cjieioBaHie H Pa3padoTKa NMPOMeKYTOUYHO# 3JIEKTPOHHOM MOIeJH
HarypHoe o0cienoBaHne 3JIEMEHTOB CUCTEMBI

2.1( 2P !t —25 000

TEIIOCHAOXKECHUS
5 = 100xM TennoBbIX
Wusenrapuzanus 70%cereit .

2.2 cereii (nByxTpyonoe| —3 600
(mo MecTy HaXOXKICHUS 00BEKTOB CHCTEM) HCUHCIICHHE)
[TpomexyTodHas STEKTPOHHAS MOJIENTb CHCTEMBI

2.3 -35 000
TEIMJI0CHA0XKEHHUS

24 YTO4YHEHUE TOTOIIHUTENFHOTO HHPOPMALIMOHHO- HaceneHHbIil yHKT _450

" |cripaBoYHOTO €105 (KOMIUIEKT M3 3-X CJIOEB) [npeanpusitue
OOyuenue o paboTe ¢ MPOrpaMMHBIM 0OecIIeUeHnEM

2.5 7Y P porp I'pynma ~1 300
1 o0cieoBaHusM (BU3YaJIbHOMY U HHCTPYMEHTAIBHOMY)

2.€ [Pa3paboTka 061auH0# TUIaTGOPMEBI IJIs OT/AeIa COBITA [Tpeanpusitue —20 00(

Bceeo pacxoooe no smopomy smany| —85 35(
3. UHcTpyMeHTaIbHOE 00C/IeI0BaHME U pa3padoTka padoyeii YJ1eKTPOHHOH MoIeH
HHcTpyMeHTabHOE 00CIIeIOBaHUE AIEMEHTOB CHCTEMBI

3.1 py A 100xm TermoBeix | —45 000
TEIJI0CHA0XKEHHUS .

[TepBuunas kanmuOpoBKka paboueit AIEKTPOHHON MOIETH cereid (aByxTpyGHoe

3.2 °P cYHCIIeHNE) —60 000
CHCTEMBI TeTNTIOCHA0KCHHS

3.2 |[loxkimo4yeHre K MHBIM HH(GOPMAIIMOHHBIM CUCTEMaM [Ipennpusitue -10 20(

3.2 |[lonosHUTEIbHBIE IPOTPAMMHBIE MOYJIM M MHBIE YCIYTH [Ipennpusitue —10 00(

Bcezo pacxooos no mpemvemy smany| —116 20(
Hmoeo no pacxooam na smanwvl paspadbomxu _318 520
UUGDP08020 VBOUHUKA CUCTEMbl MENTOCHADNCEHUS
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Ne CroumocTh
HawmmeHnoBanue cTathu pacxoaoB / 10X0I0B Mepa uzmepenus
n/n pabor, y.e.
4. T'pynna uHGOPMANHOHHO-TPA(HIECKNX CHCTEM M MPOU3BOJACTBEHHAS AeITEJIbHOCTh
Pacxopp! Ha rpynmy (3 yenoBeka):
- 3apa0o0THas TUIaTa U HaJIOTH, —270 000
4.1 } ['pynna
- 3aKyIiKa 00opyZ0BaHuE, —10 000
- IPOYHE PACXOJIbI -8 00(
CHmwkeHne MmoTpedIeHNs AIEKTPUIECKON IHEPTUN HacocHble cTannuu,
4.2 +61 293
B CHCTEME BOJIOCHAOXKCHUS HTIT u UTII
CHIKeHHe pacxo/I0B 3a CYET:
- CHUYKEHHS TETJIOBBIX MOTEPh
- TUKBUJIALIUU HE3aKOHHBIX MOAKIIOYEHUN 100xm Terospix
4.3 cereii (nByxTpyoHoe | +522 720
- POBENICHUSI CBOCBPEMEHHOTO TEXHUYECKOTO HcanCICHNC)
00CITyKMBaHUS ¥ PEMOHTA, B TOM YHCIIE MUHIUMH3AITUS
€CTECTBEHHON yObUIH
4.4 Opranuzanys yyera 1o HeriaTeIbIInKaM Cucrema +7 000
"7 |KHIIMITHO-KOMMYHAJIBHBIX YCITYT BOJIOCHA0KEHUSI
YMeHbIeHne mpodera TpaHCIOPTHBIX CPEJCTB M pacxoaa
4.5 p P p pedl p A [Ipennpustue +7 500
TOTLIMBA
4.€ |Oxazanne HenpoOUIBHBIX YCIyT [Tpennpusitue +1200C
4.7 [ITpouee [Tpeanpusitue +1 72(
Bceeo pacxodos 3a pacuemuwiti nepuod| —596 52(
Bceeo 0oxo006 3a pacuemmuwiti nepuod| +603 23:
DQunancoswiil pezyromam (npubviivlyosiis) 3a nepuod|  +6 718

[Tpumedanre — 1—-33Tarbl BKIIIOYAOT Hanbosiee BOCTpeOOBAaHHBIE TIO3UITUH TTPH Pa3pabOTKe U BHE-
peHnu 1(POBBIX ABOWHUKOB CUCTEM TETIOCHAOKeHU. JlaHHbIE B TaOJIHMILIE SBISIOTCS YKPYTHEHHBIMH.

Ecau 661 Moniens Obuta OoJiee AeTaIM3UpOBaHa, 3TO MPUBEJIO Obl K CYIIIECTBEHHO-
My YBEIMYEHUIO TPYJIOEMKOCTH PabOT mo ee pa3paboTke u moanepkke. Takoit moj-
X0JT TOTpeOoBa ObI JIOMOJHUTEILHBIX PECYpCOB, KaK YEIOBEUYECCKUX, TaK U (pUHAH-
COBBIX, YTO OTPa3MIIOCh OBl Ha YBEJIIMUCHUHU 3aTpaT IO CTAThSIM PacXojOB, IIPEIACTAB-
JICHHBIM B Ta0iuIlE. YBEIMYCHHUE 3aTpaT MOTJIO OBl CAenaTh MPOEKT IKOHOMHYECKHU
HEIEeIeco00pa3HbIM, TaK KaK CPOKH OKYIaeMOCTH 3HAYMTEIIBHO BO3POCIIH ObI, a TI0-
TEHIMAJIbHA DKOHOMHUYECKAsI BHITOJa OT MCIIOJIBL30BAHUS MOJIEIH MOIJIa Obl HE KOM-
MIEHCHUPOBATh BJIOKEHHBIE CPEJICTBA.

C npyroii CTOpOHBI, IPH CO3AaHUU YKPYITHEHHOW MOJICIIM BO3HHUKAET HEIOCTaTOK
nH(bOpMAITH, HEOOXOAMMOU JJIsl TIOTHOIIEHHOTO aHAJIN3a U TIPUHATHUS YIIPABICHYECKIX
perreHuii. OTCYTCTBHE JIETATM3UPOBAHHBIX JTAHHBIX 00 OTACIBHBIX 3JICMEHTaX CUCTEMBI
3aTPYAHSCT MMPOBEICHUE TOYHBIX THAPABIMUECKUX M TETUIOTEXHHYECKUX PAacdeToB, MO-
JICTUPOBAHNE PA3TMYHBIX CIIEHApHEB PaOOTHl CUCTEMBI U BBISBICHUE MOTCHIIUATBHBIX
npoOJIEMHBIX 30H. B CBOIO oYepenb, 3TO MOXKET MPUBECTU K YITYIIEHHBIM BO3MOXHO-
CTSIM TI0 ONTHUMM3AIMKA PaOOThI CHCTEMBI TEIIOCHAOKCHHMSI, CHIKCHHIO DKCILTyaTallu-
OHHBIX PACXO/IOB U MOBBIIICHUIO KAYECTBA YCIYT, YTO OTPAXKACTCS HA HEJOMOTyUCHUH
MOTEHITMATILHBIX JIOXOJIOB, YKa3aHHBIX B Tabuie. OQHAKO YKPYITHEHHAs MOJIC/b B Tep-
CTIIEKTHBE MOKET OBITH JOpPadOTaHa /IO CPETHETO U MAKCUMAIILHOTO YPOBHEH.

Taxkum 00pazoM, BBIOOp CPEIHETO YPOBHS JCTAIM3AIIUU MOJIEIH IMO3BOJSET I0-
CTUYb ONTHMAJIIBHOTO COOTHOIICHHS MEXIy 3aTpaTaMH Ha e€e pa3padOTKy M aKTyaju-
3aIHI0, CIIOKHOCTHIO BEPUDHUKAITIH U TIOTydaeMON SKOHOMUYECKOU BBHITOJIOMN.

3akJr0ueHue

B unccrenoBannu paccMOTpeH Iporiece pa3paObOTKU M BHEAPEHUS MU(PPOBBIX JTBOM-
HUKOB CHCTEM >ku3HeoOecrieueHusi. OCHOBHOE BHMMAHHWE YACTICHO OIMPENEICHUI0 J0-
CTaTOYHOTO YPOBHS JICTATU3AIH DJICKTPOHHBIX MOJIENe, KOTOPBIH, C OJTHOW CTOPOHHI,
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o0ecrieuynBaeT OaJlaHC MEXKIy 3aTpaTaMH Ha ee pa3pabOTKy U MOIJEPKKY B aKTyaIbHOM
BH/JIE, C MPOTUBOITIOJIOKHON CTOPOHBI —3KOHOMHYECKOW BBITOJION OT €€ BHEIPEHUSI.

[IpoBeneHHBIN aHaW3 MMOKa3aJl, YTO JJIsl TOCTUKEHHS ONTHUMAIbHON YKOHOMUYE-
ckoi 3(hPEKTUBHOCTH BAXKHO HAUTH KOMIIPOMHUCC MEXKTY AETATU3UPOBAHHOCTHIO MO-
JeI1, KOMIETEHIUSIMHU KaJpOB MPEANPUSITUS, PECYPCHBIMUA BO3MOXKHOCTAMHU U 3a-
TpaTaMu Ha ee pa3paboTKy U MOJJEPKKY B aKTyaJTbHOM COCTOSIHMM. CIMIIKOM JieTa-
JU3UPOBAHHBIE MOJENH TPEOYIOT 3HAUMTEILHBIX PECYPCOB Ha MOJCPKaHUE B aKTy-
aJbHOM BHJI€ ¥ BBICOKOTO YPOBHSI KOMIETEHIMH aJisi cOopa U 00pabOTKU JAAHHBIX, B
TO BpeMsl KaK HEAOCTATOYHAs JETATM3alMsl OTPaHUYUBACT UX (DYHKIIMOHATIBHOCTh U
cHIKaeT 3(hexTUBHOCTD Hcnonb3oBaHus. OnpesenieHne J0CTaTOYHOTrO YPOBHS Jie-
TaJU3aliK MO3BOJISIET CO3/1aTh IUGPOBON TBOMHUK, KOTOPBIM o0ecrieunBaeT HE0OXO-
JTUMBIC JTaHHBIC JIJIS1 IPUHATHS 0OOCHOBAHHBIX YIPABJICHUECKUX PEIICHUH, perucTpa-
[IUY U3MCHCHHH B 3JIEMEHTaX cucTeM (HalpuMmep, pEMOHTOB, OTOOPOB MPO0 U T. JI.),
MOJIETUPOBAHUS PA3IMYHBIX PEKUMOB pa0dOTHI, ONTUMHU3UPYET 3KCIUTyaTallHUOHHBIE
ITPOLIECCHI M CHUKAET 3aTPAThl HA COAEPKAHUE U MTOIAECPIKKY CUCTEM.

Kpome Toro, aHaims 3aTpar U BBITOJ ¥ MPOBEACHHBIN «A|B-TecT» aHanm3 mokasza-
7, 4TO UU(PPOBBIE ABOMHUKHA MOTYT CYIIECTBEHHO YJIYYIIUTh YIIPaBJICHUE CUCTEMOMN
BoslocHaOXeHus. Vcnonb3oBanue 1u(POBBIX MOJENEH MO3BOJISIET COKPATUTH MTOTEPH
BOJbl, CHU3UTh IKCIUIyaTallMOHHBIE PACXOJlbl U MOBBICUTH OOIYI0 HaJEKHOCTh CH-
cteMbl. [IpuBnedyeHne MOAPSIHBIX OpPraHU3allMidi M HCHOJb30BAHUE COBPEMEHHBIX
TEXHOJIOTHIA I pa3pabOTKU MU(PPOBHIX JBONHUKOB 00ECIIEYMBAIOT BHICOKOE Kaue-
CTBO MO/, OBICTPOTY UCIIOJIHEHUS U €€ COOTBETCTBHE PEaJIbHBIM OOBEKTAM.

B nenom nccnenoBanue nokasano, 4TO IpaMOTHBIM MOAXOX U Pa3yMHOE ITPUMEHE-
HUE UGPOBHIX JTBOMHUKOB, HA MIPUMEPE CUCTEMbI TEIJIOCHA0XKEHHUS, CIIOCOOHO MpH-
BECTU K 3HAYMUTEJIbHBIM SKOHOMUYECKMM W HKCIUTyaTallMOHHBIM IPEUMYILECTBAM.
B nanpHelieM BaXXHO MPOAOJKUTH COBEPILICHCTBOBAHHE METOJOJIOTMH Pa3padOTKU
U(GPOBBIX MOJIENEH CUCTEM KUZHEOOECTICUeHHSI U YTITyOJIsATh aHAIN3 SKOHOMUYECKOM
3¢ (PEKTUBHOCTH UX MPUMEHEHUS, YTOOBI ele 0osiee F3(h(PEKTUBHO UCIIOIB30BATH BO3-
MO>KHOCTH IIM(PPOBHU3ALMU B TPOMBIIIEHHBIX TTpeanpusaTs u npeanpusatuit KKX.
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