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Oupckuil ¢enepanbHblil yHUBEpcUTET», T. KpacHo-
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3ammra auccepramuu coctoutes «_15» mapra 2017 r. B 15:00 yacoB Ha 3acena-
HUU JucceprannoHHoro coseta /[ 212.269.10 na 0aze denepanbHOTO TOCyAapCTBCH-
HOT'O0 aBTOHOMHOT'0 00pa30BaTeILHOIO YUPEXkKIACHUS BhICIIero odpazoanus «Harmo-
HAJIBHBIN MCCIIEAOBATENbCKUN TOMCKUNA TOJIUTEXHUYECKUN YHUBEPCUTET» IO aJipe-
cy: 634050, r. Tomck, np. JIenuna, 30.

C nuccepranueii MOKHO O3HAKOMUTBLCS B HAYYHO- TEXHUYECKOW OubinoTeke ¢e-
JIEPATTHOTO T'OCYIapCTBEHHOIO aBTOHOMHOI'O 00pa30BaTEIbHOTO YUYPEKIEHUSI BbIC-
mero oopazoBanus «HamumoHanbHBIN HcciienoBaTeabckuii TOMCKUM TOJUTEXHUYE-
CKMM yHuBepcuTeT» no anpecy:634034, r. Tomck, yi. benuHckoro, 55 u Ha caire:
http://portal.tpu.ru/council/2800/worklist.

Agtopedepat pazocnan «02» despans 2017 r.

W.o. YyeHoro cexperaps ) ///”’ >
JIUCCEPTALIOHHOIO COBETA ; Kypeu B.J.
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OBIIASA XAPAKTEPUCTHKA PABOTbI

AKTYQJILHOCTH T€MbI HCCJIE0BAHNUSA

B cootBerctBuu ¢ DHepreruueckon crparerueit PO no 2030 roma 1eneBbiM
BEKTOPOM SIBIISIETCSA MAaKCHUMAJbHO PAIMOHAIBHOE HCMOJIb30BAHUE SHEPTETHUYECKUX
PECypCcoB Ha OCHOBE OOECIICUCHMS 3aMHTEPECOBAHHOCTH UX MOTPEOUTENICH B dHEPTO-
coepeskeHun. Takasi 3aMHTEPECOBAHHOCTD JIJISl MPEANPUATHN BO3ZHUKACT BCIICJCTBHE
€XKEeroJIHOr0 pocTa Tapu(dOB Ha SHEPTOHOCUTEH .

Taxke denepanbublii 3akoH oT 23.11.2009 Ne261-D3 «O06 snHeprocoOepexe-
HUW ¥ O TIOBBIIICHUN dHEPTeTUYECKON 3()(PEKTUBHOCTH U O BHECEHUU W3MEHEHUU B
OTIIETILHBIC 3aKOHOATEIIbHBIC aKThl PD) periiaMeHTHpyeT CHUKEHUE MOTPEOIIEMBIX
sHepropecypcoB 110 2015 roga Ha 15 % c nmanpHeWmmMM nojaep>xaHueM JaHHOTO J10-
CTUTHYTOT'O TIOKa3aTeJsl.

OkoHoMmHueckas 3()PEeKTUBHOCTh OOBEKTOB BOAOCHAOXKEHHUS OMPEICNIeTCs
pexxuMamMu pabOThl HACOCHBIX arperartoB M BCIOMOTATEIBHOTO OO0OPYIOBAHUS
HACOCHBIX CTaHIMM. JloJig AIeKTpUUecKoi IHEPTUU, KOTOPYIO MOTPEOIIAIOT dIEKTPO-
JIBUTATEIM HACOCHBIX arperaToB Ha mepenady BOJAbI MmoTpedurtento, mocturaer 70-
90%.

OCHOBHBIM U3 caMbIX 3(P(HEKTUBHBIX METOJIOB MOBBIIICHUS dHEPTOIPHEKTUB-
HOCTH pabOThI HACOCHBIX arperaToB Ha CETOAHSIIHUN JEHb SIBISICTCS BHEAPECHUE Ya-
croTHOro perynupyemoro npuoga (UPII). JlanHbIil MeTOI ONTUMMU3ALMHN TTO3BOJISIET
MOJIYYUTh YKOHOMHUIO 3JIEKTPUUECKON dHEPTUU U MoIHOCTH 10 40- 60%.

[Ipumenenue YPII HeCOMHEHHO MO3BOJISIET CHU3UTh YPOBEHb MOTPEOJICHUS
AIEKTPUYECKON IHEPTUM, HO B CBSI3U C TEM, YTO HA PO3HUYHBIX PBHIHKAX CTOMMOCTh
MOTPEOJCHHOM 3IeKTPUYECKOoM sHeprum (D) pa3anyaeTcs Ijis KakKI0ro Jaca CyTOK,
TO TIPU PETYJUPOBAHUU DJICKTPUYECKOW HArpy3KH Y4eT JaHHOTO (haKTopa MOMKET
CHU3UTH 3aTpaThl HA €€ MPUOOPETEHUE.

Takum o6pazom, mias OOO «ToMCKBOJOKaHAM» PEIIEHHEM BOMPOCA MOBBI-
meHus 3HEprodHPEeKTUBHOCTA MOXKET OBITh HCMOJb30BaHA ONTHUMH3AIMUS PaOOTHI
000OpyI0BaHUs 32 CUET BHEJPEHHS B CTPYKTYPY YIPaBIICHUS] HACOCHBIMHU arperaraMu
TEXHUYECKON BOJbI (DYHKIIMM ONTHMHU3AIMU M MPOTHO3a MoTpedienus DD Ha 0aze
YPIIL.

Takoe ucnonbszoBanue YPII B koMmIUIeKCE ¢ MPOTHO3HBIM PETYIUPOBAHUEM
3amacoB TEXHUYECKOW BOJBI B pe3epByapax MOKET ONPENETUTh METOJUKY MPOTHO3-
HOM ONTUMU3AIMU PETYIUPOBAHUS JICKTPUUECKON HArpy3K HACOCHOTO arperara.

[Iporuo3 norpebiaeHus U ONTUMM3ALMOHHAS (DYHKIUS YUYUTHIBAIOT B TaKOM
Clly4yae IIeHbI Ha AJICKTPOIHEPTUIO JIJIST KAXKJOTO 4Yaca, a TaKkKe CTOUMOCTh CETEBOU
MOIITHOCTH Y MOIIHOCTHU MOKYIKH, MO3BOJISISE B YaChl MUHUMYMa CTOMMOCTH AJIEKTPHU-
YECKOM PHEPruy HaKaIlIMBaTh BOJY B pe3epByapax MOTPEOUTEINs], a B YaChl MaKCHU-
MyMa CTOMMOCTH OCYILECTBIISTh €€ pacxoj 0e3 HapylIeHUs] TEXHOJIOTUYECKOTO Mpo-
necca. JlaHHbIi MeTO ONpaBAaH T€M, UTO BBIIIOJIHEHUE 3araca dJICKTPUIECKOM YHEp-
MU JOCTAaTOYHO TPYJOEMKHUH U JOPOTOCTOAIIUM MPOLECC, 3 B COCTaB TEXHOJIOTHYE-
CKOM CXEMBI TTOTPEOUTENS BKIIIOUEH Pe3epByap TEXHUYECKON BOJIBI.

B Takom cnydae y mpeanpusiThs MOSIBISETCS BO3MOXHOCTbh MOMUMO 3KOHO-
MHH DJIEKTPUUYECKOW SHEPTUU 32 CYET WCIOJIb30BaHUSA YaCTOTHOTO MPHUBOJA IMONTY-



YUTh TAKKE 3KOHOMUIO B CTOMMOCTHOM BBIPAXKEHUHU 3a CUET PETYIUPOBAHUSA U ONTH-
MU3alUU TEXHOJIOTUYECKOTO MPOLIEcca U BHEAPEHUS MPOTHO3HOrO annapara. OtcyT-
CTBHE KOMILIEKCHOIO IMOJAXO0Ja K MPOUEAYpE YNPABICHHUSI TEXHUYECKUM MPOLIECCOM
paboThl HACOCHOTO 00OPYIOBAHUS C YUETOM II€H Ha OTPeOIsieMyto O3 onpeneTuin
BBIOOD LIE€IM JaHHOU paOOoTHI.

Crenenb pa3pa0loTaHHOCTH TeMbI HCCIEI0BAHUS

Pe3ynbratel uccienoBanusa npumeHenuss YPII Ha oObekTax BogocHaOXe-
HUS U Ha JPYTUX MPOMBINUICHHBIX OPEANPUATUSIX H3JI0KEHbl B padoTax oTede-
CTBEHHBIX aBTOpoB, Takux Kak b.C.JlesHoBa, A.B. Adanacwena, Jl.Iletpona,
N.A.CoipomsitHukoBa, B.b.Boznsuxenckoro, I'.b.JIazapeBa, I'.b.Onumenko ,
['.T".CokonoBckoro u nap. B maHHbIX paboTax J0Ka3aHO MOJIy4YEHHE SKOHOMHUU
anekTpuueckon sHeprun A0 40%, U B HEKOTOPBIX ciaydasx gaxke nao 60% 3a cuer
npumenenus YPII na nmpousBoacTBe. AHATOTUYHBIE PEe3yIbTaThl ObLIM JOCTUTHY-
ThI B paboTax 3apyOeKHBIX aBTOPOB.

Ha wHTepHET - pecypce WHPOPMAIMOHHO-BHEApeHYecKoro 1eHtpa «City
Com» aBtopom A.P.EkcaeBbiM mpezcTaBieHa mHQOpMAIHS O BHEIPCHUH CHUCTEMBI
aucneTdyepusanuy Ha 6asze nH@opmanmoHHoO-rpaduyeckoit cucremsl «AnWater» Ha
OAO «MocBonokanan». [lo npencraBieHHON Ha caiiTe MHGOPMAIMU C MOMOIIBIO
JAHHOM CHUCTEMBI OCYIIECTBIISIETCS PETYIMPOBAHUE JIEKTPUUECKON HArpy3Ku B 3aBU-
CUMOCTHU OT IIPOTHO3UPOBAHUS NOTPeOIeHUsT DD U HANOJIHEHHOCTH PE3€PBYyapoOB BO-
IbI .

B npexncrasienHoil pabote npucyTCTBYeT MH(OpPMALUA O JOCTUTHYTOM IO-
IPEIIHOCTH MPOTHO3a, OJAHAKO AJITOPUTM YIIPABICHUS SJIEKTPUYECKON Harpy3Koil
CTaHILIMU U OLIEHKA SKOHOMHYECKOH 3(PPEKTUBHOCTU HE TPUBE/ICHBI.

CrnenoBareslbHO, OCTAeTCsl HEPEIIEHHBIMU PsiJl BOIPOCOB, CBSA3AHHBIX C BHE/I-
pEHUEM TPOTHO3HOM ONTHUMU3AIINH, TaKMX KaK pa3padoTKa ajiropurMa MpOTrHO3HO-
ONTUMHU3ALMOHHOTO PETYJIHPOBAHUSL JIEKTPUUYECKONM HArpy3Kd HACOCHOM CTaHIIHH,
BBIOOp METOJla MPOTrHO3MPOBaHM, HAaMOO0JIee aJaTUPOBAHHOTO K rpaduKy AJIEKTpU-
YECKOM Harpy3Kd HACOCHOM CTaHUUH, MPOBEACHHE HIKOHOMHYECKOTr0 OOOCHOBAHMS
3((PEKTUBHOCTU HCIMOIB30BAHUSI TAKOI'O CHOCO0A PEryJIUPOBAHMS BIEKTPUUECKOU
Harpy3Ku.

Nness padoThl: NMpOrHo3Hash ONTUMHU3ALUSA DJIEKTPONOTPEOIICHUS U CHHXKE-
HUE 3aTpaT Ha MPUOOPETEHHUE FIEKTPUUECKON SHEPTUH Ha 00BEKTAaX TEXHUUYECKOTO
BOJIOCHA0KEHMUSI.

Heab u 3apaum padoThl. Llenpio quccepTalimoHHON pabOTHI SIBISETCS pas-
paboTKa METOJIMKU MPOTHO3HO-ONTHUMM3AIIMOHHOTO YIIpaBJIeHUs paboTON 3JIEKTpo-
000pyIOBaHUS TPaKTa TEXHUYECKOTO BOJIOCHAOKCHHS.

Jnst JOCTHKEHHS! MOCTaBJICHHOM I1€1M HEOOXOAMMO PEIIUTh CIEeAYIOIINe
3a1a4u:

1. TIpoBecTH OLIEHKY CUTyallUl HA PO3HUYHOM PBIHKE 3JIEKTPUUECKOU SHEPTUU
U BBINIOJHUTH NMPOTHO3UPOBAHUE MOTPEOJICHUS DIICKTPUUECKON IHEPTUU IS
00BEKTA BOJOCHAOKEHUS.

2. Co31aTh aNropyuT™ yIpaBiieHUs] pab0TON HACOCHOTO arperata TeXHUYEeCKOro
BOJIOCHA0KEHHS TPU MPOTHO3HO-ONTUMU3AIMOHHOM PETYJIMPOBAHUM U pa3-
paboTaTh UMUTALIMOHHYIO MOJI€JIb HACOCHOW CTaHIUU.
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3. Paccuurtarhs ypoBeHb noTpebiieHus O3 U 3aTpaThl Ha ee NpuoOpeTeHue npu
MPOTHO3HO-ONTUMH3ALMOHHOM PErYJIUPOBAaHUU PabOTHl HACOCHOTO arperara
TEXHHYECKOr0 BOJOCHAaOkeHUsl. CpaBHUTh MOJIYyYEHHBIE PE3YJbTATHI C APY-
TUMHU CIIOCOOAMH PETYIHPOBAHUS IICKTPUUECKOU Harpy3ku. OeHuTh 3¢-
(EeKTUBHOCTH HCIIOJIb30BAHUS MPOTHO3HO-ONTUMHU3AIIMOHHOTO PEryJInpoBa-
HUSI HA SKCIIEPUMEHTAJIbHON YCTAaHOBKE.

Hayunasi HOBu3Ha padoThI:

[IpennoxxeHa MeToAuMKa CHTYAaI[MOHHOI'O BbBIOOpa METO/a MPOTHO3UPOBa-

HUS TOTPEOJICHUS DJIEKTPUUECKON SHEPTUU, TTO3BOJISIONIAS JOCTUTHYTH BbI-

COKOW TOYHOCTH MPOTHO3a, CHU3UB OTKJIOHEHUS (haKTUUECKOTo MOoTpediie-

HUS OT IJIAHOBOTO 3HAYEHHS.

2. Pazpaboran anroput™m ynpaBieHHs paOOTON HACOCHOTO arperara TEXHHU-
YECKOT0 BOJIOCHAOXKEHUS MPH BHEAPEHUU MPOTHO3HO-ONTUMU3ALHMOHHOTO
yIpaBJICHHUS.

3. Pa3pabGorana meToauMKa peTyIHpPOBAHHS SIEKTPUUECKON HArpy3kw C HcC-
MOJB30BAHUEM MPOTHO3HO-ONTUMHU3ALMOHHOIO YIIPABJIEHUS, PE3YJIbTAThI
pacdeTa 3 KOHOMUYECKOU A3(HPEKTUBHOCTH OT UCTOIB30BaHUS JAHHOTO CIIO-
coba peryJiupoBaHus B CONOCTABIEHUU C JPYTHMMHU CIOCOOAMU pPEryiaupo-
BaHUA.

4. Jloxazana 3(QPEeKTUBHOCTh NPUMEHEHUS MPOTHO3HO-ONTUMH3ALMOHHOTO
pEryJaupoBaHus 3JEKTPUUECKOW HArpy3KH Ha 3KCIIEPUMEHTAIBHOM yCTa-
HOBKE.

Teopernueckass 3HAUMMOCTh PadOThI: 3aKIIOYAETCS B Pa3pabOTKe METO-
UKW MTPOTHO3HO-ONTUMHU3ALMOHHOIO PETYJINPOBAHUS MIEKTPUUECKOW HAarpy3Ku IS
00BEKTa TEXHUUECKOTO BOJOCHA0XKEHNUS.

IIpakTHYeckass 3HAYUMOCTH PadOTHI:

1. B cOOTBETCTBUU C XapaKTEPHBIMU OCOOECHHOCTSIMU rpaduka dIeKTPUIECKOM
Harpy3kd HAaCOCHOM CTaHIMHU BBIOpAH METOJ MPOTHO3UPOBAHUSA, KOTOPBIN
MO3BOJISIET MOJYYUTh HAMMEHBIIYIO MOrPEITHOCTh U MUHUMAJIBHYIO CYTOY-
HYIO CTOUMOCTbH OTKJIOHEHHUH MPOTHO3HOrO moTpediieHuss O3 oT (akTuye-
CKOT'0 3HAYEHUS.

2. PazpaboTraHn anroputM NPOTHO3HO-ONTHMHU3ZAIMOHHOTO YIpPaBJICHUS, MPU
KOTOPOM B 3aBUCHMOCTH OT MPOTHO3a MOTPEOJICHUS 3JIEKTPUUECKON dHEp-
I'MU, 3aI1aCOB BOJBI B Pe3epByapax TEXHUYECKOW BOJbI U 3HAYEHHUSI CTOUMO-
CTH OO M MOIIHOCTH Ha PO3HMYHOM PBIHKE, OCYIIECTBIISIETCS PETyIUpOBa-
HUE€ 3JEKTPUYECKOW HArpy3KH HACOCHOTO arperara. Takum MOAXOJO0M J10-
CTUTAEeTCsl CHUKEHUE CyMMapHBIX 3aTpaT Ha MPUOOPETEHHUE IIEKTPUUECKON
SHEPIUU U MOIIHOCTH.

[IpakTuueckas 1IEHHOCTh MOATBEPKAAeTCs aKTOM 00 MCIOJIb30BAHUU pe-
3yJbTAaTOB  HAY4YHO-UCCIEAOBATEIbCKOW paboTel Ha mnpeanpustuun OO0
«ToMCKBOJIOKaHAI.

MeTo10/10TUsl TUCCEPTALMOHHOI0 UCCIe0BaAHUA. METONOTOTHYECKON U
TEOPETUYECKONM OCHOBOUM JUCCEPTAIMOHHOIO HUCCIENOBAHUS MOCIYKUIUA PE3yib-
TaTbl OTEYECTBEHHBIX U 3apyOEKHBIX HCCIEIOBAHUI B 00JIACTH MPOTHO3UPOBAHUS
MOTPEOIEHUS ANEKTPUUECKON SHEPTUM ISl MPOMBIIUIEHHBIX MPEANpPUITUH, U U C-

=



6

cieqoBaHMsl B 00JIaCTH MPUMEHEHHSI YaCTOTHO-PEryJIMPYEMOro MpuBoja Ha 00b-
eKkTax BojocHaOxeHus. [Ipu BeimosHEeHUH paOOTHl MPUMEHSIUCH METObI KOMIIb-
IOTEPHOTO MOJICTUPOBAHUSA M MAaTEMaTHUECKOM CTAaTUCTUKU 0OpabOTKH pe3ynbTa-
TOB 3KCIIEPUMEHTA.

MeToabl 1ucCePTAMOHHOIO MccaeA0BaHuA. B Xxoae uccinenopanus npu-
MEHSJIMCh METOAbl MAaTEMAaTUYECKOTO MOJEIMPOBAaHNS, BEHBIET-aHAIN3a, SKOHOMET-
pUYECKHE METO/bI, METOJIbI HEMPOHHBIX CETEH C MOTPYKEHUEM B HEMPOCETEBOIl JIO-
rHYecKuii 0a3uc, METOIbl aBTOPErPECCUU TPOUHTETPUPOBAHHOTO CKOJIB3SIIETO Cpe/I-
HEro, pacyeT ImapameTpoB CXE€M 3aMEIEHUS OCHOBHOI'O 3HEPreTHYECKOro 000py/0-
BaHUs, MPOBEACHHE dKcrepuMeHTa. s oOpaboTKM JaHHBIX HCIOJB30BaHBI IMPO-
rpammubie npoaykTel: MS Excel, Mathcad 14.0, Matlab 2013a, Statistica 6.0,
TRACE MODE.

Hay4Hble 1m0.102KeHUs1, BBIHOCHMbI€ HA 3aIIUTY:

1. Mertoauka CUTyallMOHHOTO BBIOOpa METOJa MPOrHO3UPOBAHUA MOTpedie-

HUSI AIEKTPUYECKON 3HEPTHUH, MO3BOJISIIONIAs] JOCTUTHYTh BBICOKOH TOYHO-

CTU IPOTHO3a, CHU3UB OTKJIOHEHUS (PaKTUYECKOTO MOTPEOIeHUs OT IUIAHO-

BOT'0O 3HAYECHUS.

2. Anroputwm ympaBieHus pab0OTOl HACOCHOTO arperatra TeXHHYECKOTO BOJO-

CHa0XEHMS MIPU BHEAPEHUH NPOTHO3HO-ONTUMHU3AIIMOHHOTO YIIPABICHUS.

3. Meronuka peryiaupoBaHUsS IIEKTPUUECKONW HATPy3KH C HCIOJIB30BAHHEM

IPOTHO3HO-ONTUMM3ALIMOHHOTO YIIPABJIEHUS, PE3yJIbTAThl pacyeTa 3KOHO-

MUYECKOU 3()PEKTUBHOCTH OT BHEAPEHHS AAHHOTO crocoba peryiupoBa-

HUS B CONOCTABJIEHUH C APYTUMU CIIOCOOaMU PETyIHPOBAHMUS.

4. OueHka 3QPEeKTUBHOCTU NMPUMEHEHUSI MPOTHO3HO-ONTUMM3ALUOHHOTO pe-

TYJIMPOBAHUA DJIEKTPUYECKON HArpy3KH Ha 3KCIEPUMEHTAJIbHOM YCTaHOB-

Ke.

CreneHb 10CTOBEPHOCTH U anpodanus pe3yabTaTOB HCCJIEAOBAHUS:

JIOCTOBEpHOCTh TMOJIYYEHHBIX PE3YJbTaTOB O0OECIEUUBAETCS KOPPEKTHO-
CThIO TOCTAHOBOK PAacCMAaTPHBAEMbIX 3a7ad M METOJOB UX PEIICHUSA; HAAECKHO
MPOTECTUPOBAHHBIMU KOMIBIOTEPHBIMU MPOTpaMMaMU; XOPOILIUM COOTBETCTBHEM
PACUETHBIX M 3KCIEPUMEHTAIBHBIX JaHHBIX. DKOHOMHYECKAs OLIEHKA MpecTaBIie-
Ha B COOTBETCTBUHU C JAEHUCTBYIOIIUMH LIEHAMH HAa PO3HUYHOM PBIHKE DJIEKTpPHUYe-
CKOM 3HEpPTrUU U MOIIHOCTH.

OCHOBHBIE MOJIOKEHUS AUCCEPTAIIMOHHON padOThI TOKIaIbIBAIUCh U 00CY K-
JATNCh HA HAYYHO-TEXHUYECKUX KOH(DepeHnax u cemuHapax: 11-w1ii MexayHapo/-
Hbll (opyM mo crparermueckum TtexHosnorusm |FOST-2016 (2. Hosocubupck),
Hay4dHas-ipakThueckas kKoHdepenuss Energy Quest 2014 (r. ExarepunOypr); VI
MexnayHnaponnas HaydHo-TexHu4eckas koHpepenius (r. Tomck); V Beepoccuiickas
Hay4yHas-TeXHUYecKass KOHPepeHUus: «DNEeKTPOIHEPIUsl: OT MOJIYUYSHHsS] U pacipeie-
nenus 10 3¢dekTUBHOTO Hcnoib3oBaHusm» (T. ToMmck); Beepoccuiickas MoioaekHast
KoH(pepeHlus « XuMuueckasi (pu3rKa 1 aKTyallbHbIE TPOOIEMbI AIEKTPOIHEPTETHUKIY
(r. Tomck); MexayHapoaHasi KOH(EpPEHIMH CTYACHTOB, ACMHUPAHTOB M MOJOJBIX
yueHbIX «PaauosnekTpoHuka, 3JeKTpoTexHuka W 3HepreTuka» (r. Tomck); XVII
Bcepoccuiickas HayuHO-TeXHMUYEcKas KoH(pepeHuus «dHepreTuka: 3p(HeKTUBHOCTD,
HaJIeX)KHOCTh, Oe3omacHOCThY (T. ToMCK); Hay4dHa-TIpakTHdecKas KoHpepenmus «Jlo-



KaJIbHasi SHEPTreTHKA: OIBIT, MPOOJeMbl, IEPCIEeKTUBBI pa3BuTus» (r. Axyrck); Xl
Bcepoccuiickoil cTyieHUeCKUI HayYHO-TEXHUYECKUI CEMUHApP « DHEPreTHKa: 3KOJIO-
TS, HAJSKHOCTh, O0e30macHOCTh» ( T. Tomck); IV urenus III. [Ilokuaa mMaTepuabl
IV MexnynaponHnoit HayuyHo-TexHHUeckol koHpepenmuu (r. [TaBmomap); Bcepoc-
CHiiCKasi Hay4Has CTyJeHuecKas KoH(pepeHus Monoabix yueHsix «Hayka. Texnomo-
run. MunoBamum» (r. HoBocubupck); XV MexayHapoiHas Hay4HO-IIpaKTHUECKast
KOH(EpEeHIIUs CTYIEHTOB, aCIUPAHTOB U MOJOJBIX YUEHBIX «COBpeMeHHasi TEXHUKA
Y TEXHOJIOTUI».

BHeapenue pe3yabTaToB HCCAed0BaHUM. Pe3ynbTaThl HCCIEIOBAHUM T1€-
penansl u ucnonb3ytorcss Ha OO0 «ToMCkBOOKaHAT.

JInuHbIil BKJIaA aBTOpa ABTOp NPUHUMAN HEMOCPEACTBEHHOE Y4acTUE B
IJIAHUPOBAHUU U MPOBEJACHUM UCCIETOBAHUN JaHHOW AMCCEPTAIMOHHON paboTHI;
00paboTke, aHanu3e U 0000IIEHUH TTOJIYYECHHBIX JAHHBIX; HAllMCAaHUMU CTaTeH, J0-
KJIaJ0B.

Hy6ankanun. [lo TeMe auccepraiimoHHOM paboThl onmyoOiukoBaHa 21 pa-
0oTa, B TOM YHCJIC OJHA CTaThsl B M3aHUAX, BXOAANIUX B 0a3y SCOPUS; 6 cTarteil B
u3aaHugx, pekomengoBanubix BAK MunoOGpHayku Poccun aiist couckareneit yue-
HBIX CTETICHEN.

Crpykrypa u o0beM auccepranum. /ucceprauvoHHas paboTa COCTOUT
13 BBEJICHUS, IIECTHU TJIaB, 3aKII0UCHUS U npuioxkenus. Pabora uznoxena na 140
JUCTaX, COAEpPKUT 62 pucyHka, 21 tabnuily, 4 NpUIOKEHHUS U CIIHCOK UCIOJIB30-
BaHHBIX HCTOYHUKOB M3 83 HAMMEHOBAHUU.

OCHOBHOE COAEPXXAHUE PABOTEI

Bo 66edenuu o60ocHOBaHA aKTyaJIbHOCTh TEMbl JUCCEepTaIuu, chopmyiu-
POBaHBI 1IEIb U 331a4l Pa0OThI, IEPEUNCIICHBI TIOJIYYEHHBIC B TUCCEPTALIMN HOBBIC
pe3yibTaThl, UX TEOPETUUECKAass U HAyUYHO-TIPpaKTUUeCKas IEHHOCThb, MPUBEIACHBI
MOJIOKEHUSI, BBIHOCUMbBIE Ha 3alllUTy, JaHa KpaTKas XapaKTEepUCTHUKA pPa3/esioB
auccepTaluu.

Ilepesvlit pazoen nuccepTalluOHHONW pabOTHI MOCBSIIEH BompocaM 3¢ dek-
TUBHOCTHU PETYJIMPOBAHUS HArpy3KH HarHeTaromero 000pyJoBaHus C UCMOJIb30Ba-
HHUEM YaCTOTHOTO peryiupyemoro npuoaa. OOBEKTOM HCCIIEIOBaHUS SIBISETCS
HarHeTarollas yCTaHOBKAa HHU3KOTO JIaBJEHUs, TpejCTaBieHHas Ha pucyHke 1. B
KayeCTBE BEPXHETO YPOBHS YIPABICHUS YACTOTHOTO IMPHUBOJA HCIOJIb30BaHA
SCADA (supervisory control and data acquisition) TRACE MODE. MHOrookoHHbIH
UHTEppEHC CHUCTEMBbI TMO3BOJUI MPEJACTABUTH MHEMOCXEMY TEXHOJIOTHYECKOTO
npolecca, MPEICTABICHHOW Ha PHUCYHKE 2, COBMECTHO C y3JaMu KOHTPOJISI U
YIpaBIICHUS.

[To mpou3BeIeHHOW OIEHKE PE3YyJIbTATOB AKCIEPUMEHTA IKOHOMUS D MpHU
MCIIOJIb30BAHUSI YACTOTHOTO PETYJIMPOBAHUS HATPY3KU MO CPABHEHUIO C JpOCCe-
nupoBaHueM cocTtaBuia 60%.



Pucynok 1 — DOkcnepuMeHTallbHAs yCTaHOBKA

Grevne 61
Cobuma Kormmposawwe Hexacesn
Z | 3onmcs Foroso
| Vins Bpemn BozHMKHG Bpemn ucuesnos Bpemn keutupos Cratyc ‘
| 5[] Cocromme K1 . 3 = Hopea slorage. my_cur storage my_datim  storage.my_uoul slorage.my_press *
| & [ Cocromnme K2 26022014 172 26022014 172 26022014 172 1bit OFf o 2014-02-14 1155200 0 125
| = [¥] Cocronume K3 26022014 17:2.. 26022014 172 26022014 172 1bit OFf 0 2014-02-14 11:52:10 0 15
26022014 172 26022014 172 26022014 17:2... 1bit Off 0 2014-02-14 11:5220 0 125
+ [[] Cocronmme_K4 Hopma o 21024 115220 0 125
+ (] Cocrommme_n4 Hopma 0 2014-02-14 11:52440 0 125
0 2014-02-14 120040 0 125
| 0 2014-02-14 120050 0 125
0 2014-02-14 1201:20 0 125
0 2014-02-14 1201:30 0 125
0 2014-02-14 12:17:00 0 125
0 2014-02-14 13:11:10 0 125
0 2014-02-14 13:11:20 0 125
0 2014-02-14 131130 0 125
- 0 2014-02-14 131140 0 125
TPEHT 0 2014-02-14 131200 0 15
e F— - 0 20140214 131210 0 125
4 o 2014-02-14 13:1220 0 125
| R Paiora or T4 o 2014-02-14 13:12440 0 125
0 2014-02-14 132020 0 125
Padora 0 2014-02-14 132030 0 125
7 Tk 3 0 2014-02-14 132040 0 125
0 2014-02-14 132050 0 15
26022014 17:2746 0 2014-02-14 132120 0 125
0 2014-02-14 132130 0 125
0 2014-02-14 1321:40 0 125
0 2014-02-14 132150 0 125
0 2014-02-14 132200 0 125
0 2014-02-14 132210 0 125
0 2014-02-14 132220 0 125
0 2014-02-14 13:22:30 0 125
Views panel
| @ehn Bus Jcpare feicrens Copeexe R——]

Pucynok 2 — MHeMocxeMa TeXHOJIOTHUECKOTO MpoIiecca B IKCIIEPUMEHTATbHOM
YCTaHOBKE

B paboTte ycTaHOBOK ¢ MHEBMO- M HACOCHBIMU CTAHILIUSIMU B MPOIIECCE YIPaB-
JIEHUSI Harpy3Ko0il, MOI'yT IPUMEHATHCSI aHAJIOTMYHBIE METO/IbI PETYIMPOBAHNUS, TAKUE
KaK: JPOCCEIMPOBAHKE, BHEJIPEHUE YAaCTOTHOTIO PETYJIMpPOBaHUA U T.0. B coorBeT-
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CTBUHM C T€OpHeW 1oao0ust BeIBOABI 00 3(()EKTUBHOCTH YINpaBJICHMsI MHEBMOYCTa-
HOBKOM MOTYT OBITh paCIIpOCTPAHEHbI U HA TUPOYCTAaHOBKU (HACOCHI).

Bmopoit pazden nocBsIeH aHATU3y CUTyallUM HA PO3HUYHOM PBIHKE DJIEK-
Tpudyeckoi sHepruu. B pamkax denepanbHoro 3akoHa ot 01.05.2011 Ne 442 «O
(GYHKIIMOHUPOBAHUM PO3HUUYHBIX PHIHKOB 3JIEKTPUUYECKOW SHEPTUH, MOJHOM U (WIIH)
YAaCTUYHOM OTPAHUYEHUH PEKMMAa MOTPEOICHUS IIEKTPUIECKON SHEPTUNY» MOTPeOu-
TeJb B 3aBUCUMOCTH OT HCIOJIb3yeMON MaKCUMAaJIbHON MOIIHOCTH B TOYKE OanaHCo-
BOTO pa3rpaHHueHusi o0s3aH BBIOpaTh Hanbosiee MOIXOJSIIYIO0 Ui HErO IEHOBYIO
KaTETrOpHIO.

[Ipu sToM a1 moTpeduTeNnel ¢ yCTaHOBJIEHHONW MOITHOCTHIO Oosee 670 kBT
JaHHBIN BBIOOP OrpaHUYEH JIUIIb LIECHOBBIMU KaTETOPUSMHU C TOYACOBBIM YUETOM HJIH
C IIOYACOBBIM YYETOM M INIAHUPOBAHUEM.

AHanu3 cuTyaluy Ha PO3HUYHOM PBIHKE DO MOXHO OXapaKTepU30BaTh TEM,
YTO CyMMapHbI€ 3aTpaTbl Ha MPUOOPETEHUE HIIEKTPUUYECKONW IHEPIUM U MOILHOCTU
HaIpsIMYIO 3aBUCAT OT MapaMeTpoB IpauKa 3JIEKTPUUECKOW HArpy3KH, TaKUX Kak:
YpOBEHb NOTpeOIeHHs D3 ISl KaKI0ro yaca CyTOK, 3HAYEHUE CETEBOM MOITHOCTU U
MOIIIHOCTH TIOKYNKM a TAK)KE€ OT YPOBHSI MOJYYEHHBIX OTKJIOHEHUH IUIAHOBOIO MO-
TpeOJICHUS ATEKTPUUECKON SJHEPTUU OT (PAKTUUECKOTO 3HAYEHUS.

Bb100p 11€HOBOM KaTeropuu NpH 3TOM JIOJKEH ObITh OCYIECTBIIEH UCXOAS U3
MUHHMYMa 3aTpaT Ha nIpuoOpeTeHre D3, 4TO B CBOIO OYEpEb 3aBUCHUT OT MapaMeT-
poB rpaduka Harpy3ku, TaKUX Kak peKUMbl paObOThl 000pYy/IOBaHUS U 3HAUEHUS IU-
KOB OO B T€UEHUE CYTOK, KOTOpbIe HauOoJiee CUIILHO BIMSIIOT HA CyMMapHbIE 3aTpa-
Thl Ha TPUOOPETEHUE IIEKTPUUECKON SJHEPTUH U MOILIHOCTH.

[Tpu 3TOM MOTpEOUTENIO IS MATOM U MIECTOM LIEHOBBIX KaTErOpuil B KOHEU-
HBIA Tapu(@ BKIHOYAIOT CTOUMOCTh OTKJIOHEHMSI TUIAaHOBOT'O NOTPEOJICHUS dIEKTpUYe-
CKOH sHEeprum OT (HaKTUUYECKOTO 3HAUEHUS, U BEJIMYMHA TAaKUX OTKIOHEHHH MOKET
ObITh OYEHb BbICOKA. [loaTOMY mepen moTpeduTeNeM BCTaeT BOIPOC O TPaMOTHOM
ITPOTHO3UPOBAHUHU PACXOJIOB JIEKTPUUECKON SHEPTIUH.

Hapsigy ¢ SKOHOMHUYECKMM acleKTOM MpoOJeMbl CHHXKEHUSI CTOMMOCTH Jie-
HEXHBIX 3aTpaT Ha NPHUOOPETEHHE AJIEKTPOIHEPTruu il 00bEKTa BOJOCHAOKEHUS
CYILECTBYET OUEBHUAHAS poOieMa HU3KOU 3HEpProd(h(pexkTHBHOCTH pabOThl HACOCHBIX
arperaTtoB B CBSI3U C HCIOJBb30BAHUEM PETYJIMPOBAHUS MOTOKA BOJBI IIyTEM JIPOCCE-
JUPOBaHMS 3aABMAKKUA. Kak ObIJIO OTMEUEHO BBIIIE, 3aMEHa PEryJIUpOBaHUs 33 BUXK-
KO Ha YNOPAaBICHHE C HCIOJb30BAHUEM YAaCTOTHOIO IPUBOAA IIIEKTPHUYECKOM
Harpy3Kky MO3BOJIET JOCTUTHYTh SKOHOMHIO D3 B CUCTeMax BojocHabxeHus 10 60
%. OnHako MoI00HbIE Pe3yIbTaThl OTPAKAIOT YPOBEHb TEXHOJIOIMUECKOI0 IIpolecca,
HO HE COOTBETCTBYIOT YPOBHIO IIPOM3BOJICTBA M HE YUUTHIBAIOT ()AaKTOP CTOMMOCTHU
OTPEOICHHOM 99 M MOIIHOCTH.

Takum 00pazom, 11eJib ONTUMHU3AMOHHON 3a/]aul CBOJUTCS K YMEHBILIECHHUIO
3aTpaT Ha AJIEKTPUYECKYI0 IHEPrHI0 HACOCHOM CTaHIMel ¢ yueToM rpaguka pa3dopa
BOJIbI, IEUCTBYIOIIMX TaprU(POB U TEXHOJIOTUUECKUX TpeboBaHuil, THcTpyMeHToM 10-
CTH)KEHHS pe3yibTaTa MOXKET CIY>KUTb BHEJPEHHE B KJIACCUYECKUW alrOpPUTM BEK-
TOPHOT'O YIpPaBIEHUsI YAaCTOTHOTO IpuBojaa cuctembl koopauHanuu- SCADA. Ilpu
ATOM MCITOJIb30BAHUE MHOTOCBSI3HBIX CHUCTEM, KOHTPOJUPYIOUIUX CYMMY YIIpaBlisie-
MBIX [apaMeTPOB, HAIIEJIEHO B MEPBYIO0 OUYEPEb HA CHHXKEHHUE YPOBHSI MOTPEOICHHUS
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AIEKTPUYECKON SHEPIruM, YIYUIIEeHHE KAayeCTBa AJIEKTPUUECKOW SHEPTHMM U HETO-
CPEICTBEHHO HAJEKHOCTH IMPOU3BOJCTBA.

[IporHo3 B TakOoM ciydae CTAHOBHUTCS 3JIEMEHTOM IUIaHOBO-(PMHAHCOBOTO
YIOPABJIEHUS MPOU3BOJACTBOM M IMO3BOJSET OLEHUTHh HE TOJIBKO BO3MOXKHYIO 3KOHO-
MUIO JIEHEXKHBIX CPEJCTB 3a CUYET TOYHOTO MPOTHO3UPOBAHHS, HO U IMO3BOJIAET BbI-
CTpauBaTh TEXHOJIOTHYECKHE PEKUMBI padOTHI 000PYIOBAHHS B 3aBUCUMOCTHU OT IH-
KOBBIX II€H, PErYJIUpPys, TAKUM 00pa3oM, 3HaYEHUsI MOUIHOCTH B MHUKOBBIE YacChl pe-
T'MOHA.

Tpemuii pazden TOCBAIIEH aHAJIU3y U MOJTOTOBKE MCXOIHBIX JAHHBIX IMO-
TpeOJIeHUs AIEKTPUYECKON SHEPIMM HACOCHOM CTaHLMU TPEThEro mojabema u ¢op-
MUPOBAHHUIO THUIOTE3bI MPOTHO3a. OQHON M3 OCHOBHBIX 33/1a4 B MPOTHO3WPOBAHUU
ABJISIETCS PABUJIbHAS MOATOTOBKA AaHHBIX. JII000# rpaduk 3JIeKTpUUYEeCcKOil Harpy3-
KU COJEPKUT KaK MH(POPMAIHIO O CTA0MIBHBIX PEKUMaX padOThl 000PYI0BaHUS, TAK
Y aHOMAJIbHBIE 3HAUEHUS - «3AlIyMJICHHOCTBY» IpaduKa, BbI3BaHHBIE PE3KUM H3Me-
HEHUEM B pabOTE OCHOBHOI'O TEXHOJIOTHYECKOTO 000PYAOBaHUS U BO3JIEHCTBUSIMHU OT
PEXKUMOB pabOTHI BCIIOMOTATENbHOTO 000PYI0BAaHUSI HACOCHOW CTAaHLIUU.

B kadyecTBe MeTO/a MOATOTOBKH IAHHBIX JJIs1 IPOTHO3UPOBAHUS UCIOIb30BaH
BEUBJIET-aHATIU3 C MPOBEICHUEM BCEX ATANOB MpPeoOpa3oBaHUsl TaHHBIX MO MOTPeO-
JICHUIO JIEKTPUYECKON SHEPTUM i rpadka Harpy3Ku HaCOCHOM CTaHIIMHU TPETHETO
oJAbeMa.

[Tocne npoBeneHus mOporoBoil 0OpabOTKU JaHHBIX M PEKOHCTPYKLUU psaa
[0 aNMpPOKCUMHUPYIOIIMM U JETATU3UPYIOUIUM KOIPPUIUEHTaM MOIy4YeH rpaduk
Harpy3Ku, PEICTaBJICHHBIN HA PUCYHKE 3.
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Pucynok 3 — PekoHcTpykius rpaduika Harpy3Ku ¢ HCKIIOYEHUEM IITYMOBBIX
KOMITOHEHT
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Ha ocHoBanuu gaHHBIX Ipaduika Harpy3Kd MpOBEpKa Ha HaJUYHE CTATHCTH-
YECKOW CBSI3M MEXKIy IMEepPEeMEHHBIMHU C ucronb3oBanueM Q-tect JlpromHra-boxca.
bl cienan BBIBOA O TOM, YTO B rpaduke HArpy3KHd 3aKOHOMEPHOCTH JaHHBIX Ipe-
oOnagaeT Hall CIy4alHBIMHU 3HAYCHUSIMU, TTOATBEPKIAst yCTOMYUBOCTD Psiia TAHHBIX.

Yemeepmulit pazdenr TMOCBSIICH OAHO(PAKTOPHOMY KPAaTKOCPOYHOMY IPOTHO3H-
POBAHUIO TTOTPEOICHUS IEKTPUICCKON SHEPTHUH HACOCHOM CTAHIIMHA TPETHETO MOb-
eMa. B kadecTBe MCXOAHBIX MAHHBIX NMPHUHSTHI MMOYACOBBIC 3HAUCHUS MOTPEOJICHUS
ANEKTPUUYECKON IHEPTUM HACOCHOM cTaHluu TpeThero noabema OO0 «TomckBoOgO-
KaHam.

HccnenoBan MeTol OJHO(PAKTOPHOIO MPOTHO3UPOBAHUS METOJIOM aBTO-
perpeccuy MPOMHTEIPUPOBAHHOTO cKojb3smiero cpeadero (ARIMA). B kadectse
MoJieu nporHo3a BeiOpana mojaens ARIMA(1,1,1), kak Hanbosiee XapakTepu3yroIias
MOBEJICHUE aBTOKOPpENSUOHHON (yHKIMU psina. Ha pucynke 4 npuBeneH pesyib-

TaT MOJIY4YCHHOI'O IPOTrHO3a.
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Pucynok 4 — Ilpornos norpebieHus 99 «Ha CYyTKH BIIEpE» C UCIIOJIH30BAHUEM Me-
tona ARIMA

OTHOcCHUTENBHAS MOTPEUTHOCTh JAHHOTO METO/Aa 3a TOPU30HT MPOTHO3a COCTa-
Buia 0,51 % ot dakTruueckoro moTpeOIeHUS dIEKTpUIECKor dHepruu (cyTkn). Hus-
KU MPOLEHT MOTPEIIHOCTH 3a TOPU3OHT MPOTHO3a JOCTUTHYT 3a CYET TOrO, YTO
CKOJIB3sIIIIasl CpeHssl AaeT QYHKIMIO TpeHAa, B HanOobIeld Mepe MpUOIMKEHHYIO K
3HAYEHUSIM UCCIIEyEeMOTO psijia, TOCKOJBKY ISl OTAEIbHBIX YacTel psijia BhIOMpaeT-
Csl HAWJTy4IlIasi TEHACHIINS.

Ho myTteM paccMoTpeHUs MOJY4eHHOTO IMPOTHO3a JJIsI KaKJI0Tro 4Yaca B OT-
JEIBLHOCTH OBbLIO BBISBJICHO, YTO JAHHBIA METOJ MPOTHO3a OCHOBAH Ha JIMHEHMHOM
KOMOWHAIIUY MPEIBIIYIINX 3HAYCHUH TOTPEOICHHS ICKTPOSHEPTHH U TIPH HATMYUN
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PE3KUX M3MEHEHUH Harpy3oK B MPOILIOM (HalpuMep, aBapuiiHas CUTyallus), UCKa-
YKAaeT TEeKYIIUE 3Ha4YCHUS Nporuo3a. M B yacel MakcumMyma Harpy3ku 3TO MOXKET MpH-
BECTH K 3HAYNTEILHOMY YBEIIMUCHUIO BEJIMYUHBI U CTOUMOCTH OTKJIOHEHUH MOTPeO-
JIeHus 90,

C 1enbl0 HMCKIIOUEHHS W3 aHajdu3a aHOMAaJIbHBIX BCIJIECKOB MOTPEOJICHUS
AJIEKTPUYECKON DHEPTUU U3 KUCTOPHMU» JTAHHBIX, UCIOJIB30BAH METOJ MPOTHO3UPO-
BaHUS C UCIOJIB30BAaHUEM JICKOMIIO3UIIMY MO BEHBIIET-0a3UCYy.

BrimotHeHO pasnoxeHue rpaduka Harpy3Kd Ha anmpOKCUMHUPYIOIIHAE U Jie-
TaTM3UPYIOIIE KOAD(PUITMEHTHI ¢ YYETOM KpaTHOMACIITAOHOTO aHaJIu3a Mo OpTOro-
HaJbHOMY 0a3UCy W MOJy4YEeH MPOTHO3 HAa CYTKH BIIEPE JJI KaX0T0 13 K03 UIIH-
eHTOB C ucnoJib3oBanueM Meroga APIICC. MToroBslii mporuo3 npeactaBisieT coOoi
CyMMYy TIpOTHO30B KO3 duimentoB. Ha pucyHke 5 mpeacTaBlieHO CpaBHEHHE pe-
3yJbTaTOB MporHo3a Meto oM ARIMA u BeiiBeT-pa3noxeHusl.

[IpolieHT NOrpelIHOCTH POTHO3a MPU BeMBieT-paznoxeHun coctaBui 0,2%,
YTO MEHBIIIE YPOBHS KJIacCa TOYHOCTH PETHCTPUPYIOIIETO MPUOOpa, U 3TO TOBOPUT O
TOM, YTO MOTPENIHOCTh MPOTHO3a CBEAECHA MPAKTHUYECKHM K MHUHUMYMY 34 CUET HC-
KJIFOYEHUS U3 UCXOJIHBIX JAHHBIX AaHOMAJIbHBIX BCIUIECKOB MOTPEOICHUS dIEKTpUUE-
CKOW DHEPIUHU.

OTtknoHeHus W, kB4

200 L) LJ L} L} L} | | | | | |
== OTKNOHEHNA ANA NporHo3a ARIMA
OTKMOHeHWsa aAns nporHosa ¢

150k i BENBNET pasnoXeHnem i

100 -
O6nacTb > 0 : npeBbIWEHWe NNaHa
notpe6neHus 33 Hag

50 (haKTUYECKUMU 3HAYEHUSAMU
0

O6nacTtb <0: npeBbiWeHue PaKTUYeCKoro
notpe6neHus 33 Ha4 NNAHOBbLIMU 3HAYEHUAMMU

_100 ] 1 ] '] ] ] 1 ] '] B ]

2 4 6 8 10 12 14 16 18 20 22 24
Bpewms,yac

Pucynok 5 — I'paduk 3HaueHUN OTKIOHEHUN MTPU MPOTHO3UPOBAHUH METOOM
APUMA u BeWBIET-Pa3I0OKEHUEM

Taxke s TOMy4YeHUsS TMPOTHO3a TMOTpeOIeHUusT OO NPUMEHEH METO
HEHWPOHHBIX CETEH C MOTPYKEHUEM B HEUPOCETEBOM JIormueckuit 6aszmc. Meton oc-
HOBaH Ha (pyHIaMEHTaIbLHOUM TeopeMe TakeHca, KoTopasi, OCHOBBIBASICh HA TIPUHIIHIIC
MOBTOPSIEMOCTH HAOJIOIEHNH, TTO3BOJISICT IaTh YTBEPAUTEIHHBIA OTBET O TPUHIIUITHU-
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aJbHOW BO3MOXKHOCTH IMPOTHO3UPOBAHUS OyIyIIMX 3HAYEHHWM psiia HA OCHOBE KO-
HEYHOT'O YHCIIa €r0 MPEAIIECTBYIOMINX 3HAYCHH.

Jlyis mporHo3a BeIOpaHa HEMPOHHAS CETh ONTHUMAIIBHON CTPYKTYPBHI.

HToroBsiii POrHO3 B MPUBEACHHBIX €UHHUIIAX MIPEICTABICH HAa PUCYHKE .

B pesynbraTe mccrneaoBaHHs METOJIOB MPOTHO3a OBLIM CIEIAaHbI BBIBOABI O
TOM, 4TO Hambosee TOYHBIMHU, MPUMEHUTEIBHO K JAaHHBIM Ipaduka 3JIeKTPUUECKO
Harpy3Kd HACOCHOHM CTaHIIUU 3-TO TOJbEMa, SBISIOTCS METOJA HEHPOHHBIX CETeH W
meroa APIICC c BeiiBner-pasnoxenueM. Ho B cBsI3M ¢ TeMm, 4TO NpU BEUBIIET-
aHaJIM3€ BO3MOYKHO MCKIIIOYEHUE BaXKHBIX COCTABIISIONIMX TIPU MOPOTrOBOM 00paboTKe
JAHHBIX, U C y4eTOM (OpMHUPOBAHUS aAANTUPOBAHHONW MOJIETM HEHMPOHHOU CeTH K
rpaduKy Harpy3ku 0ObeKTa BOJOCHAOKEHUS, TO JJIsl pEUICHUs 3a/1a4 TUCCepTalMOH-
HOM pabOTHI OB BEIOpAH METO/I HEHPOHHBIX CETEH.
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Bpems cyTok, 9ac
Pucynok 6 — Pe3ynpTaT mporHo3upoBaHUs METOIOM HEUPOHHBIX CETEH C
MOTPYKEHHEM B HEMPOCETEBOM JIOrMUEeCKUi O6a3uc

Ilameui  pazden  TOCBAIIEH  pa3padOTKE  aNropuTMa  MPOTHO3HO-
ONTUMH3ALMOHHOTO YIPABJICHHS pabOTOI HACOCHOTO arperara TeXHUYECKOW BOJIbI U
pa3paboTKe MMHUTAIIMOHHOW Monenu (parMeHTa HaCOCHOM CTaHIMM 3-TO TMOIbEMA,
OCYIIECTBIISIONIEH TT0/1avy TEXHUYECKON BOIBI TOTPEOUTEIIO.

Ha ocnoBanuun peanbHbix JaHHBIX OOO «TomckBomokaHal», OblIa co3aaHa
WMUTAIMOHHAS MOJIEIIb CUCTEMbI BOJOCHA0XKEHUS, TIPEICTABIICHHAS HA PUCYHKE 7.

C nenpio penieHus 3aauu JUcCepTalluOHHON paboThl, ObLT CHOPMUPOBAH all-
TOPUTM TIPOTHO3HO-ONTUMH3AIMOHHOTO YMPABICHUS HACOCHBIM arperatoM, Mpeji-
CTaBJICHHBI HA PUCYHKE 8.

B nanHOM ciyyae B KJIACCHMYECKHUM aJITOPUTM BEKTOPHOTO YMpaBJICHUS Ya-
cToTHOrO npeodpaszopatens gobdasineHa SCADA cucrema, kotopas GUKCUPYET MOKa-
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3aHMs MPUOOPOB yueTa, YCTAHOBJICHHBIX HA HACOCHOW CTAHIIMM, U BKIIIOYAET B ceOs
MPOTHO3HBIN 1 onTUMH3alMoHHbIN annapaT. SCADA cuctema BBINOIHSIET IPOrHO3 U
OTCJIC)KUBAECT M3MEHEHUS TapuU(HOW MOJUTUKU BBHIMOIHIET MPOTHO3 MOTPEOJICHUS
93. Takum o6pa3om, yuuTheiBaeTcs Tapud Ha I, MHTECHCUBHOCTH BOJIOTIOTPEOICHHUS
noTpeOUTeNs U CTENEHb HAMOJHEHHUs pe3epByapa. YacTOTHBIM mpeoOpas3oBareib B
TakOM ciydae, paboTaeT He MO (PaKTUUECKON Harpy3ke, a Ha OCHOBaHHM HArpy3KH,
chopmupoBannoit cuctemoit SCADA.

Valve opening (%) .

Pressure sensor
Pressure (bar)
.

> »{(1

Valve Flow rate (Ipm) Pump
Load ' Variable Orifice 1

(D

8-15

h

Valve opening (%)

Loa op;ﬁ:’; o i’@ Q
A -
oA B p—e A= pro—enc o e—ek{] = P

Valve opening (%)

Hydraulic Flow T5 T6
Rate Sensor

15-100

=t e o
T7
Shaft Centrifugal Pump A
speed (S —r S
Speed Torave ' *‘@: I a
Mechanic .
ﬁ Hydraulic Flow
. ﬁ m Rate Sensor
PSS E A
— 120-40 40-10 - 'E!z[é 4—4|PSS Psr:ggrre Scopet
el e load1 —
Vodezabor E ™2 ™ ufﬂﬂ @ PRK

load
Pucynok 7 — UMmuTanimonHas MoJiesib BOJIOITPOBOIHON CETH
B coOTBETCTBUY € MOJYYEHHBIM AJITOPUTMOM ITPOTHO3HO-ONTUMU3ALIMOHHOTO

YIIPaBJIEHUSI U NapaMeTpaMU ACHUHXPOHHOT'O JBUTATEIsI MMOCTPOCHA MMUTALIMOHHAs
MOJIEb HACOCHOM CTaHIIUH, PE/ICTABICHHAsI Ha PUCYHKeE 9.



Jlata/
Bpems

[Tamsars

O
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[Iporuosarop

[Iporro3ubuii anmapar

Pacxonr—

HOC

Jlaral || Tapud Ha faran
Bpems 5 CKOPOCTH
. BekropHoe Latuuu
l l yIpaBeHue TOKa
Oynkius
ONTHMU3ALUH v
OnTUMU3AIMOHHBIN [TpeoGpasoBarens
armapar YacTOTHI
[IPK <«

[lentpoberkHbIil Hacoc

PucyHok 8— AJropuT™M NpOrHO3HO-ONTUMHU3AIUOHHOTO yripasienuss HC 3-ro noab-

cMa

[Ts = 2e-06 =.

Discrete,

d -
powergui Valve opening (%)
P
ump gpm Flow rate (Ipm)
damper
Pressure (bar)
Pump Pump
Measurements
e Load
”~ 0al
pulses speed .4— Speed  PrLoad predictor 2024 m
— Vector Control Optimization function Predictor
Hydraulic Pump
Tm 4 9 A [—=s|A
A, oA S e e '
~m P 2 g l—ls ;
B B T
- -—I—O - C
[ C C |[—=s
Asynch ,I .-
y'::t;?n . E Clatio | IGBT Inverter 400V 50Hz
45KVA
e )
labc (A) Rotor speed [wm}:
Rotor speed {wm)

Electromagnetic torque Te (N*m) :
Ll

Electromagnetic torque Te (N*m)

Scoope

Pucynok 9 — MiMurtannonHas MO/iesIb HACOCHOTO arperara ¢ MporHO3HOMW ONTH-
MU3anuen

[Tony4yeHHbIE XapaKTEPUCTUKU BUPTYAJIbHOW MOJEIN COOTBETCTBYIOT THac-
ITOPTHBIM XapaKTEPUCTUKAM aCHHXPOHHOTO aBurartens. Ha ocHOBaHuM maHHOW MoO-
JEIU TIOJIYYEHBI OCLMILIOIPAMMBI TOKA, TOKA M KPYTALIEr0O MOMEHTA JABUTATENS MPU
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IIyCKE U B YCTAHOBUBILIEMCS PEXKUME C LENBIO 10KA3aTEIbCTBA TOXKIECCTBEHHOCTH Ia-
paMeTpOB U XapaKTEPUCTUK MOTyUYEHHON BUPTYaIbHOW MOJENU U PEAIbHOTO 0OBEK-
Ta, YTO MOATBEPKIAET aI€KBATHOCTH MOJyYEHHON UMATALIMOHHOW MOJIEIIN.

Ha nMmuTanmoHHON MOJEIN HACOCHOW CTAaHIMU OBUIO MPOBEACHO PEryIupo-
BAHHUE DJIEKTPUUYECKOM HArpy3KH IIyTEM JIPOCCENUPOBAHUS 3aBHKKU HANIOPHOM JIH-
HUU U YaCTOTHOE PETYyJIMPOBAHME YKCIia 00OPOTOB Bajla HAcOCHOTo arperara. Ha oc-
HOBaHHUH MOJYYEHHBIX 3aBUCUMOCTEH MOJIy4YeHbI TpadUKH AJIEKTPUIECKON HATPY3KH,
COBMECTHO NPUBEAECHHBIE HA pUCYHKE 10.

W, kBT MomHocTh MOKYTIKH- 18 KBT;
31 CeTeBas MOIIHOCTE- 23 KBT

YacToTHOE pery.IHpOBaHHE

30

25

20 -

19 4

Bpems# cyTok, 4

Pucynoxk 10— Cytounslii rpaduk noTpedieHns 31€KTPOIHEPTHH HACOCOM TIPH Ya-
CTOTHOM PETYJIMPOBAHUU U IIPU APOCCEIUPOBAHUU 3aBUIKKU

Jl71st uccenoBaHrs METOIa TPOTHO3HO-ONITUMU3AIMOHHOTO PETYJIMPOBAHUS B
pabote ObLIa 3a7aHa 1ieseBasi GYHKIUS ONTUMU3AINHN, KOTOPOU SBJISETCS MUHUMYM
3aTpaT Ha MPUOOPETEHUE DIICKTPUUECKON SHEPTHH TP COoOM0IeHnH Tpaduka BoJI0-
notpebsienns cormacuo Gopmyne (1).

24 24
3= IZ W,-C;+ Py -Cp; 130+ Fray - Crnax / 30+ iZlWi *Crpouue +
24 A i (1)
i=1 i=1
rae W, — norpebasieMas sHeprus 3a yac, KBTy;
C,— craBka 3a OO kax1o0ro 4aca, pyo/kBTy;
P,;— MOIIHOCTb, OIJIaYMBaEMas Ha ONTOBOM PBIHKE (OIPENENAETCS IO

MMMKOBOMY Yacy dHEPTrOCUCTEMBI), KBT;
C,, — craBka 3a MOLIHOCTb, IIPUOOPETAEMYIO IOTPEOUTENEM IO TIpe-

JETbHOMY YPOBHIO HEPETYJIUPYEMBbIX 1IeH, pyO/kBT B Mecsii;
Prnax — C€TeBasi MOILIHOCTh, OMJIaYuBaeMasi MOTPEOUTENIEM KaK MOIIHOCTh

3a ycayru nepenauu 39, KBT (onpeaensieTcs kKak MakCUMallbHasi MOIIIHOCTh U3 ILIa-
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HOBBIX YaCOB NMHUKOBOW HArpy3KH YTBEP)KIECHHBIX aIMHUHHCTPATOPOM TOPTOBOM CH-
CTEMBI B 3aBUCUMOCTHU OT IICHOBOW 30HBI TIOTPEOUTEIIN);
Chax — CTaBKa 3a MOIIHOCTh Ha OKa3aHHWE ycIyr mo nepepade 20,

py6/kBT B MecsIr;
Crpouue — 1T 32 UHBIC YCIYTH, B KOTOPBIC BXOJIUT OpraHU3alys ore-

PaTUBHO-IHUCIIETYCPCKOTO OOCTYXKWBAaHUS W IIaTa aJIMUHUCTPATOPY TOPTOBOM CH-
CTEMBI 32 OPraHU3aLIMI0 TOPTOB HA ONTOBOM PBIHKE, pyo/KBT*u;
W,* — BeJIMYMHA MPEBBIIICHUS (HAKTUUIESCKOTO 00beMa MOTPEOICHHUS dJICK-
TPOIHEPIUH HAJl TJIAHOBBIM 3HaUeHHEM, KBT*y;
C{'— meperynaupyemas 1ena Ha DD, muddepeHimpyeMas Mo yacaMm pac-
YETHOTO MEPHO/Ia Ha ONITOBOM PBIHKE, OMpe/eisieMas KOMMEPUYECKUM ONepaTopoM B
OTHOUIEHUU O0BbEMa MPEBBIIICHUS (PAKTUYECKOr0 MOTPeOIeHUsT HaJl TUIAHOBBIM T1O-
TpeOeHuEeM VISl KaKI0T0 Yaca pacueTHOro rnepuoja, pyo/kBr*u;
W, — BeIMYMHA TPEBBIINICHUS TJIAHOBOIO 00beMa MOTPEOJICHUS SJIEKTPO-
SHEpruu Haj (akTUYECKUM 3HaueHHeM, KBT*y;
C; —Heperyaupyemas LeHa Ha 90, muddepeHIMpoBaHHas 10 YacaM pacyer-
HOT'O NIEPUO/Ia HAa ONITOBOM PBIHKE, ONpeiesieMasi KOMMEPUYECKUM OIEepaTopoM B OT-
HOIIIEHUH 00beMa MPEBHIIICHUS [IJIAHOBOTO MOTPeOIeHUS HaJl (PAKTUIECKUM MOTPeO-
JeHreM B 4ac (1) pacueTHOTro Mepuoa.

Penienrie onTUMHU3allMOHHOW 3aJlayd HA OCHOBAHHMM IOJIYYEHHOW 3aBUCHUMO-
CTH TOJIa4u BOJIbI U MOTPEOIIEMON MOIIIHOCTH BBITIOJIHEHO C UCTIOJIb30BAHUEM METO-
na 006001ieHHoro npuseaeHHoro rpaauenTa (OI1I) .

B pesynbpTaTe MpoOrHo3HO-ONTUMU3ALMOHHOTO PETYIUPOBAHUS U UCIOJIL30-
BaHUS pe3epByapa TEXHUUYECKOU BOJIBI:

- B 4aChl MMHUMYyMa Harpy3kd SHEProCUCTEMBbI TE€HEePh MPOUCXOJUT HAIOJI-
HEHHE pPe3epByapa, 3a CYET ITOTO YBEIMUMUBAETCS pacxoj] DD HACOCHOTO arperara o
CPaBHEHMIO CO CTAaHJAPTHOM CXEMOM yINpaBieHUsI HacOCHBIM arperatom ¢ UPII;

- B 4achl MakCMMyMa Harpy3Ku SHEPrOCHCTEMbI TEIEpPb HACOCHBIA arperar
noTtpebasier muaumym O3, u [IPK ocymectBiser pacxos BOJbI U3 HAKOMUTEIHHOTO
pe3epByapa.

Takum oOpa3zoM, TPOUCXOIUT CHIKEHHUE 00beMa MOKYIKU dJIEKTPOIHEPTUN U
MOIIHOCTH N0 MAaKCHUMAaJIbHON LIEHE U YBEIWYEHHUE JOJIM MOKYIKH MO0 MUHUMAJIbHOU
nene. Ha pucynke 11 npezacrasieH rpaduk Harpy3Ku MpH KJIACCUYECKOM YacTOTHO-
peryJupyeMoM MPUBO/IE U MIPU TPOTHO3HOM ONTUMHU3AIUH.

CoBmecTHbIN rpaduK 3aBUCUMOCTU TOTPEOJCHUS] MOIIHOCTH M CTOUMOCTH
DD 0T BpEMEHHM CYTOK MOATBEPKAAET, YTO B CiIydyae MCCIEAYEeMOW CXEeMbl BOJIO-
CHa0XEeHUs TPU BHEJIPEHUU MPOTHO3HOW ONTUMU3AIMU ObLT YCTAHOBJIEH HOBBIMA TO-
PSAIOK OTHOIIIEHUN Ha POZHUYHOM PBIHKE.

B wacel muka permona, OOO «ToMCKBOJOKaHAD» MJIsI JAHHOM HACOCHOM
CTaHIIMM 3aIUIATUT MEHBIIYI0 CTOMMOCTh, YEM IMPU KIACCUUYECKOM CIIOCOOE perysu-
POBaAHUS AIEKTPUUECKONW HArPY3KH M MpUoOpeTeT HeoOXoauMblii 00beM D3 U MOIII-
HOCTU B YaChl MUHUMAJIbHOW CTOMMOCTH 32 CUET HAJIMYMS aKKyMYJIHPYIOIIEH eMKO-
CTH.
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Takum 06pa3om, BHEIPEHHE TaKOTO CIOCO0a peryupoBaHUs U UCIOIb30Ba-
HUSl pe3epByapa TEXHUYECKOW BOJBI MO3BOJISIET Pa30pBaTh KOPPEISIUOHHYIO CBS3b
Mex 1y rpaduKoM Harpy3Kd HACOCHOM CTaHIIMH U TpadUKOM BOAOMOTPEOICHUSI.

- 3%
WxBr*4 TTHKOBBIE Yachl
30

OTlotpebnerne 33 mpu UPII

BIJorpebnenne 33 NpH NPorHO3HO-OATHMI3ALHOHEQM Py JIPOBAHHH

15 4 —

Bpema

Pucynox 11 — I'paduku Harpysku nipu kinaccudexkcom YPII u npu BHeapeHUM
0JI0Ka ONTUMHU3AINK U POTHO3UPOBAHUS

Ha ocHOoBaHUM mpeAenbHbIX YPOBHEH LIeH, A KaXKJI0ro crocoda peryaupo-
BaHUsl IPOBEJEH pacueT CyMMAapHBIX CYTOYHBIX 3aTpaT Ha mIpuodpereHue OO U
MOIIHOCTH. B coorBercTBUUM ¢ Tabmuuel 1 ciexyer, 4To MpU HUCIIOJIB30BAHUU TPO-
THO3HO-ONTUMHU3AIMOHHOTO PEryJupOBaHUs JJIEKTPUYECKOW Harpy3Kd HaCOCHOU
CTaHIMU MPOUCXOJUT CHMXKEHHE 3aTpaT Ha MPUOOPETEHUE AIEKTPUUECKOW IHEPTrUn
B pazmepe 26 % no CpaBHEHUIO C KJIACCUYECKUM YAaCTOTHBIM PETYIUPOBAHUEM.

Tabnuua 1. 3aTparsl U norpedienne 39

Cl10co6 peryupoBaHus [loTpebaennas 39 |CyTouyHbIe 3aTPaThI
3a cyTkH, KBTu Ha 00, py0
JlpoccennpoBanue 691,2 1838,8
M3mMeHeHne 4acToThl BpalleHus Hacoca 406,4 1180,7
M3MeHeHre 4acTOThl BpallleHusl Hacoca C
HCIIOJIB30BAaHUEM OIITUMHU3AIIMOHHON 411,2 870,6
(GYHKIMU 1 TPOTHO3a NOTPEOJICHHUS

Takum 00pa3oM, MOKHO TOBOPUTH O MOJIYYEHHOM 3KOHOMHUYECKOM 3dekTe.
OpnHako eciu rOBOPUTH 00 SIEKTpUYEcKO 3(PGHEeKTUBHOCTH, TO 3HAYEHUE MOTPEO-
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JEHHOH O3 3a CYTKM OCTajJjoCh Ha YPOBHE KJIACCUYECKOTO YaCTOTHOTO-
peryJInpoBaHMUs.

Taxxe B paboTe OBLIO MPOBEICHO PETYIUPOBAHUE AIIEKTPUUECKONW HArpy3KU
10 3aKOHY MOBTOPHO-KPAaTKOBPEMEHHOIO pexuMa. JlaHHBI crioco0 peryinrupoBaHUs
HE TIPUBOJUT K SKOHOMHUU 3aTpaT Ha D3. Ho maHHBIN ciocoO MOXKET HalUTH mpuMe-
HEHHUE B CHCTEMaxX BOJOOTBEACHHUSA, T1ie TpaduK pacxo/a UMEeT MePHOJUIESCKU Xa-
paktep. Tak jxe JaHHBIN CIIOCO0 HEe TPeOyeT JOPOTrOCTOALIEr0 000pyA0BaHNUs, TAKUX,
kak [T4, a HeoOXx0oAuMO JIHIIIb YCTPOMCTBO IJIABHOTO MYCKa.

Illecmoii pazden NOCBAIIEH OLIEHKE d(PPEKTUBHOCTU PAOOTHI HArHETAIOUIETO
000OpyZIOBaHUsI C HMCIIOJIb30BAaHWEM MPOTHO3HOM ONTHUMU3ALMU. DTallbl METOIUKU
MIPOTHO3UPOBAHWU Y ONTUMHU3ALMNA AHAJOTUYHBI PACCMOTPEHHBIM IPU NPOBEACHUU
HKCIIEPUMEHTa Ha UMUTAIIMOHHON Mojenu. Mes HakonuTelb (peCUBEp), MOSBIISICTCS
BO3MOKHOCTh Pa30pBaTh KOPPENSIUIO rpaduKa HArpy3KH 3JIEKTPUUIECKON SHEPTUU U
YPOBHSI TOTPEOJICHHS BO3TYIIHOTO IMOTOKA MO aHAJIOTHH C UCIIOJIb30BAHUEM PE3EPBY-
apa TEXHUYECKOM BOJIbI HA HACOCHOM CTAaHIIMU TPETHETO MOABEMA.

['paduku >MeKTpUYECKON HArPy3KH MPU YACTOTHOM PETYJIUPOBAHUU U PETY-
JMPOBAHUH C HUCIIOJIB30BAHUEM IPOTHO3HO-ONTHMHU3ALMOHHOIO YIIPABICHUS NPE.-
CTaBJICHBI HAa PUCYHKE 12.

600 B]loTpebneHne 33 ¢ IPOTHO3HO-ONTHMH3AIHOHHOM PETYIHPOBAHHH

H [TorpedneHue D3 IIPH YaCTOTHOM PETYIHPOBaHHI

500

400

300

W.kBT*u

200

100

Bpewms cyToK, 4
Pucynok 12 — Pe3ynbTar peryianpoBaHUs 3JIEKTPUUECKON HATPY3KH 1JIs
HarHeTaromero o0opya0BaHuUs

Peanu3oBaHHass CTpyKTypa CHCTEMBI YIpaBlIeHUsS pabOTON HarHETaromeh
YCTAaHOBKH TTOJTHOCTHIO aHAJIOTMYHA CHUCTEME YIPABJICHUS HACOCHOW CTaHIIUU, Pa3-
JUYHO TOJBKO MPOTPaMMHOE HAIOJIHCHHUE, YIYUTHIBAIOIIEE ICHCTBUTEILHBIC YCIOBHS
paboThl HarHeTaromlel ycTaHOBKH. [loydeHHbBIE B TaHHOU TjIaBe Pe3yJbTaThl JOKa-
3BIBAIOT, YTO MPOTHO3HO-ONTUMHU3HUPYIOIIEE YIPABICHUE B COYCTAHUU C YUETOM Iie-
HOBOUM TOJIMTUKH TO3BOJISIOT JIOCTUYh JJI HATHETAIONIMX CHUCTEM 3HAYUTEIHHOU
SKOHOMHHU JICHEXKHBIX CPEACTB 10 24 % 10 3HaYE€HHUSIM MUKOBOW MOIIHOCTUA U MOIII-
HOCTH TIOKYTIKH, ¥ 710 2 % 10 ctonmoctu D3. B ¢Bsi3u ¢ TeM, 4To 00hEM pecuBepa HE
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OOJIBIIION U caMa YCTaHOBKa He 00JibIoi MoimHocTH (55 BT), TO mosyueHHas 3KOHO-
MuUs He cymiecTBeHHa. Ho mpu 60IbIIMX MOIIHOCTSX HAarHETAIONUX YCTAHOBOK IPO-
THO3HO-ONTUMH3AIMOHHOE YIIPABJIECHUE MO3BOJIUT CHUXATh CYMMAapHBIE 3aTpaThl HA
MpUOOpETEHUE IIEKTPUIECKON IHEPTUN U MOIIHOCTHU B TOPa30 O0IbIIIX 00beMax.

TakuMm 06pa3zoM, B pe3yibTare MPOBEACHHOTO SKCIIEPUMEHTA MOXKHO CHIEIaTh
BBIBOJ O TOM, YTO MOJIYYEHHBIE PE3YJIbTAThI I UMUTAIMOHHON MOAEIN U IS DKC-
MEPUMEHTA KaY€CTBEHHO TOXJIECTBEHHBI.

B 3aknwouenuu npuBeneHbl OCHOBHBIE MOJOKEHUSI U BBIBOABI AUCCEPTAIU-
OHHOM pabOTHI.

OCHOBHBLIE BbIBOJbI

1. Ha ocHoBaHMM NMPOBEICHHOM OIIEHKH CUTYaIlMHd Ha PO3HUYHOM PBIHKE B Kaue-
CTBE METOJIa IIPOTHO3MPOBAHUS OBLI BHIOpAaH METOJI HEUPOHHBIX CETEH, Kak
HauOoJsiee alanTHUPOBAHHBIN K rpadUKy SJIEKTPUUECKON HArpy3Kd HACOCHOM
cTaHIMU. JIOCTHUTHyTasi MOTPEIIHOCTh MPOTHO3a METOJIOM HEWPOHHBIX CETEH
coctaBujia MeHee 1%;

2. Pa3pabotan anroputM pabOThl HACOCHOW CTaHIIMA TIPH MPOTHO3HO-
ONTUMHU3AIMOHHOM PETYJIMPOBAaHUU U pa3paboTaHa HMMUTAIMOHHAS MOJECIIb
HACOCHOM CTaHLIMU;

3. YcTaHOBIIEHO, YTO B CPAaBHEHUHU C IPYTUMHU CIIOCOOAMHU PETYIUPOBAHUS AJICK-
TPUYECKOM HArpy3Ku IPOTHO3HAs ONTUMHU3AIMS peKrMa padOThl HACOCHOM
CTaHIIMHU BEJET K YMEHBILICHUIO 3aTpaT Ha 93 Ha 26%, HO B TOXE BpeMsI KOJIH-
YECTBO MOTPEOIAEMON SJIEKTPUUECKON SHEPTrUM OCTAJIOCh Ha YPOBHE KJIACCH-
yeckoro YPII. CnemoBarenbHO, OTCYTCTBYET 3JIEKTPpOdI(D(PEKTHBHOCTh Ha
YPOBHE TEXHOJIOTHYECKOTO Mpollecca MpU JOKa3aHHONW AKOHOMUYECKOW 3(h-
(EeKTUBHOCTH,

4, Ha ocHOBaHWHW MPOBEJICHHOTO JKCIEPUMEHTa Obljla JI0Ka3aHa TOXKJICCTBEH-
HOCTh IPUHIIMIIA TPOTHO3HO-ONTUMHU3AIMOHHOTO PEryJIMPOBAHUS JJIsi UMHUTa-
[IMOHHOM MOJIEJIH U JIJI DKCIIEPUMEHTAILHON YCTAHOBKH.

OcCHOBHOE€ coiep:KaHHue JUCCEPTANNH H3JI0KE€HO B padoTax:
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