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IOBBIIEHUE SHEPI'O93®@®EKTUBHOCTHU 3JIEKTPONNIOTPEBJIEHHS
KOMMEPUYECKHUX 3JAHUI C IPUMEHEHUEM TEXHOJIOT'MiA SMART GRID
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MarucTpaHT TpaHCHOpTHO-dHepreTrdeckoro gaxynprera EHY um. JI.H. I'ymunesa,
Acrana, Ka3zaxcran

Annomayusi. CTaTbsi ONUCBHIBAET OCHOBHBIE MpPOOJIEMBbI, CBA3aHHBIE C MPUMEHEHHEM
TexHosoruit ymHbIx cered (Smart Grid) ans moBbleHus 3HeEProdH(EeKTUBHOCTH KOMMEPUYECKHX
3nanuil. Ilpennararorcs MeToAbl aBTOMATU3MPOBAHHOIO YIIPAaBJIEHUSI MOTPEOJIEHHEM DHEPIUH,
IPOrHO3UPOBAHMS  HArpy3KH, HWHTETpallid  BO30OHOBISEMBIX  HMCTOUYHHUKOB HHEPIUHM U
B3aMMO/JICHCTBUSL C HHEPrOCUCTEMOW HAa OCHOBE MAIIMHHOTO OOydYeHHs M aHaiau3a OOJBIIMX
JaHHBIX.J3yyaroTcss KOHKpETHBIE MOJXOJbl, HalpaBleHHblE HA MUHUMM3ALMIO MOTpeOsieHus 3a
CUET MEXaHU3MOB DHEProcOEpeKeHMs, TaKUX KaK HHTEJJIEKTyaJlbHblE CHUCTEMbl MOHUTOPHUHIA,
rMOpUIHBIE CHUCTEMbl XpAaHEHMs HHEPIUU U aJlalTUBHbIE MOJENU TapU(PHOTO peryIupOBaHMUI.
OneHuBalOTCs  MOTEHIMAJIbHBIE COLUAIBHO-DKOHOMUYECKHE BBIFOJbI U MPEMSATCTBHUS  AJs
IIPUMEHEHHsT JTHX TexHojoruii B KaszaxcraHe, a Takke MpeArnojJaraéMoe BIUSHUE Ha
SHEPreTUYECKUN PHIHOK peciyOInKy.

Beenenune

KommMmepueckue 31anHus SBISIOTCS OJHUMU U3 KPYHEUIINX OTpeOUTENel JIeKTPOIHEPTUH,
CYLIECTBEHHO  Harpyxas  dHeprocucreMy. CormacHo  cratuctuke  MexXIyHapoaHOro
sHepreruueckoro areHrctBa (IEA)[5], va 3ganus mpuxomutcs okoimo 40% Bcell MPOH3BOIUMOMN
EKTPOIHEPTHH, YacTh W3 KOTOPOM HCIIOJIB3YETCS M CUCTEM OTOIUIEHMS, BEHTWILMH U
kouunronupoBanns (HVAC), 25% ocsemenus, 15% oducHoro obopymosanus, 10% cucrem
6e3omacHocTH, 5% nudTeI U 3cKanaTopsl U 5% mpouee.
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Cuctembl bescnacHoCcTH NnpTel 1 3cKanaTopbl

[Mpoyee
OchucHoe obopygoBaHune

HVAC OcBelleHne

Pucynox 1 — Dnextpudeckuii 6agaHc KOMMEpUECKUX 3/1aHuid 10 BHenpenus Smart Grid

B nocnennue roapl TeXHOIOTHH YMHBIX ceTeid (Smart Grid) akTHBHO BHEIPSIOTCS C IEIBIO
aBTOMaTHU3allUd YIPABICHUS TOTPEOJICHUEM »HHEPruH, COKpAIIEHUS IUKOBBIX HArpy3oK H
noBbIIICHUS dHeproaddexruBrocTy [1].

OHM cnocOoOCTBYIOT MPEAMKTUBHBIM MOJIENIAM HOTPEOJIEHUS OT SHEProCHUCTEMBI,
JMHAMUYECKOMY  yIPABJICHUIO, MHTErPAllid  BO30OHOBIISIEMBIX HMCTOYHHKOB OSHEPIHH U
JIBYHAIIpaBJICHHON KOMMYHUKAIMM — aJanTalul TeXHOJOruil. BHenpeHne yMHBIX ceTel MOXeT
CHU3HUTH TOTpeOseHne »Hepruu Ha 15-25% © CymIeCTBEHHO YMEHBIIUTh pPAacXoJbl Ha
ANEKTPOIHEprHuio [4].

OcHoBHble npuHIUNBI Smart Grid B koMMepUYecKuX 31aHUAX

1.YMHOe »sieKkTpuueckoe M3MEpeHHe — HCHOJb30BAHWE YMHBIX CUETYHUKOB IS
MOHUTOPHUHTA MOTPEOJICHHS DIICKTPOIHEPTUH B pealibHOM BpemeHH [1].

2.0ntumuzanus pabotsl cucteM HVAC — aBTOMaTHueCcKOe peryiupoBaHUE TEMIIEpPaTyphl
Y BEHTWISIMM B 3aBUCUMOCTH OT JaTUYUKOB MPUCYTCTBUS, IPOTHO30B MOTO/bI U MOTPEOUTETHCKOTO
crpoca [4].

3.bonpmme nanubie 1 UM — npenukTUBHOE yNpaBieHWE HArpy3KaMH JJIsi MUHUMH3AIUN
HCIIOJIb30BAHUS SHEPTHH [2].

4 Varerpauus ¢ BUD (Bo300HOBIIIEMble UCTOYHUKU SHEPruM) — COJHEUYHBIE MaHENH,
BETPOTeHEPaTOPhI, CHCTEMbI XpaHeHuUs dHepruu [3].

5./IByHanpaBieHHOE B3aMOJICHCTBUE C SHEPTOCUCTEMOH (YIIpaBJICHHE CIIPOCOM) — THOKOE
ylpaBiieHue TOTpeOIeHueM >HEpruy, IepepacrpesielieHne Harpy3Kd B 3aBUCHMOCTH OT THMKOBBIX
yacoB u Tapudos [5].

MeTtoas! NOBBILIEHUS JHEProdPPEeKTUBHOCTH KOMMEPYECKUX 31aHUI

1.0Onrumusarus padotsr cuctem HVAC [4]

Cucrempr HVAC mnotpebmstor 10 40% Bcero 3HEproMcroiib30BaHUs B KOMMEPYECKHUX
3JIaHMSIX U ABIISIIOTCS] CAMBIMU KPYITHBIMH ITOTPEOUTENISIMU SHEPTUH.

TeXHOJIOrMM yMHBIX CETEN MIO3BOJISOT:

-ACIOJb30BAaHUE JIATUMKOB MPHUCYTCTBHA M TEMIEpAaTypbl M KiIacCU(pUKALUU H
YIPaBJIECHUS KIMMAaTOM.

-Jlunamuueckoe perynupoBanue mnapametpoB HVAC ¢ ucnonb30BaHHMEM IIPOTHO30B
HOTOJIBI.
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-PaccmoTpenne cucreM KOHIWIIMOHHPOBAHWS W BEHTHWISIMH BMECTE C  OOIIMMH
JIrOpUTMaMH SHEProdPHEKTUBHOCTH.

PesynbraT: aBTOMaTHYECKas aganTanus K peabHbIM YCIOBHSIM IKCIUTyaTalldd MO3BOJISET
cHU3UTH otpebnenue Ha 10—15%.

2. Vcnosb30BaHKe MPOTrHO3HOTO YIIPaBJICHHs dHEpronoTpedacHuem [2]

Cucrembl Oonpmux MaHHBIX U MW TO3BOJSIOT MPOrHO3MPOBATH MOTPEOJICHUE HA OCHOBE
UCTOPHYECKUX JAHHBIX M KOPPEKTHPOBaTh paboTy oOopynoBaHus. M3BieueHWE ITHX JaHHBIX
MO3BOJISICT BBISIBUTH TEPHOABI HM30BITOYHOTO WCIIOJIB30BAaHUS, YTO IO3BOJSET pa3pabaThIBaTh
CTpaTeruu JJIsl UX ycTpaHeHHs. VHTeeKTyanbHOe OCBEIICHUE, JIUMTHI, CHCTEMbI OE30MaCHOCTH U
T. [I.

Pesynbrar: skoHoMus sHeprun Ha 5—10%.

3. Unrerparust ¢ BUD u cuctemsl xpanenus [3]

OcHOBaHHBIE Ha COJHEYHBIX MAHENsAX, OarTapesXx M BETPOreHepaTopax, MO3BOJISIOIINE
YaCTUYHO WJIM TIOJHOCTBIO MEPEeHTH Ha JIOKaJbHOE O3HeprocHadkeHue. CHUCTEMBl XpaHEHUS
MO3BOJISIIOT COXPaHATh HM30BITOK SHEPrMM M HCIOJIB30BaTh €ro B Yachl IMUKOBBIX Harpysok.
I'uGpuaHbIE HCTOYHUKY SHEPTHH YBEITUYHUBAIOT aBTOHOMHOCTh KOMMEPUYECKUX 00BEKTOB.

Pe3ynbTaT: CHU)KEHUE 3aBUCUMOCTH OT CETeH M CoKparieHue pacxooB Ha 20—35%.

4. CBsI3b ¢ DHEProcucTeMOH (yrpasieHue crpocom) [5]

VYMHBIE CETH MMO3BOJISIIOT KOMMEPUYECKUM 3/IaHUSIM aKTUBHO B3aHMMOJICHCTBOBATH C CETHIO:

-CHIKEHHE TUKOBBIX HArPy30K — B YaChl ITMKOBBIX HArPy30K.

-[ToTpebneHre HAKOIIJICHHOM SHEPTUU B HOYHOE BPEMSI.

-I'ubkoe perynupoBanue TapupoB ¢ TOTPeOICHUEM JCTICBON YHEPTUH.

Pesynbratr: skoHOMHUSA 15-25% Ha pacxopnax.

ITapamerp o BHeapenust Smart Grid Hocae BHeGle)ie;nﬂ Smart
Cpennee
SHepronorpedieHne 220-250 170-200
(xBt-u/m* B TON)
DHepronorpebdiieHne 0 200
HVAC (% ot 061iero) 40% 25-30%
[Torepu 3H§pr1/n/1 npu 8-12% 3-50
nepenade (%)
CHmxeHue 3aTpar Ha 0% 15-25%
anekTpodHepruto (%)
Cumxenue BeiOpocoB CO: 0% 10-20%
(%)
Aons BUS e 5-10% 20-35%
sHepromnotpednennu (%)

Tabmuma Nel. PesynbraTel sHepromnorpetieHus 10 BHeApenus Smart Grid u mocie

3akaoueHne

Buenpenue pemenuit Smart Grid ayns KOMMepYeCKMX 3/JaHUN MO3BOJISIET JOCTUTHYTH
BBICOKOTO YPOBHS 3HEpProdpGeKTUBHOCTH B auamna3zoHe 15-25% Omaromaps yiIydIICHHUIO
yIIpaBJIeHUN CHCTEeMaMHu BEHTWISIIUH, oToruieHus W koHaunuonupoBanus (HVAC), yBennuenuto
WCIONIb30BaHUSI BO300HOBIISIEMBIX HCTOYHHUKOB DSHEPTUM U HMHTETPALMM JBYHANpPaBICHHOU
KOMMYHHKAITUU C 3HeproceTsMu. s ux s3(pPeKTHBHOTO WCIONB30BaHUS YMHBIE CETH JOJIKHBI
BKJIIOYaTh B ce0s MOJEPHHU3UPOBAHHYIO HHDPACTPYKTYpy, MOAIEPKKY TOCYIapCTBEHHBIX
MPOTrpaMM U WHTEJUICKTYalIbHOE YIPABIICHUE MOTPEOIEHNEM YHEPTHUH.
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HHTETPAIIMA CUCTEM TOIVIMBHBIX 9JIEMEHTOB U 3JIEKTPOJIU3EPOB C
I'MbPUJIHBIMU CUCTEMAMUM HA OCHOBE BO3OBHOBJIAEMbIX HCTOYHUKOB

HMcca Xaiigep A6ayacaxud Mccal, Benbkun Baagumup UBanosuy 2

hayderissal0@gmail.com
! Comckarens kadenpsl aTOMHBIX CTAHIMI ¥ BO30OHOBIIAEMBIX HCTOYHUKOB YHEPIUH,
VYpanbckuii 3HEPreTuYecKuii MHCTUTYT YpDY.
2JOKTOp TEXHUUYECKHX HAYK, Ipodeccop Kadeapbl aTOMHBIX CTAHIHI H BO30OHOBIISEMBIX
WCTOYHUKOB SHEPTUHU, Y PAIbCKUN SHEPTeTUYECKUI HHCTUTYT YpDY.

Annomayus. Paccmorper Iloaxon, 3akitoyaroIUicss B MHTErpaluu (OTO3IEKTPUUECKOM
COJJHEYHOHW TaHEeNH, aKKyMyJISITOpa ¥ BOJOPOAHOTO TOIUIMBHOTO AJIEMEHTA C DJIEKTPOJIM3EPOM H
pe3epByapa Ui XpaHEHHUs BOAOPOJAa. AKKYMYJSTOP M BOAOPOJAHAs IMOJCUCTEMA, ACUCTBYIOT Kak
cucTeMa XpaHEHHsI W pe3epBHPOBaHUs dHepruu. ['mOpuaHas cucrema Oblla CMOJEIMpPOBaHA, a
pE3yNbTaThl MPEACTABICHBI C UCIOIb30BaHHeM cpenbl Matlab/Simulink.

Kniouegvie  cnosa:  (dotosnekTpuyeckue mpeoOpa3zoBaTeNid, TOIUIMBHBIA  DJIEMEHT,
JIEKTPOJIU3EpP, CUCTEMA YIIpaBIIEHUs MUTaHUEM, BOJAOPOAHBIHN Oak.

BBenenue. MojnenupoBanue THOPUIHBIX CHCTEM Ha OCHOBE BO300HOBIISIEMOW DYHEpIuw,
BBIKJIIOYAIOIINX COJHEYHBIX OaTapeid, TOIUIMBHBIE 3JEMEHThl U aKKyMYJSATOpHbIE Oarapen
(PV/TO/CucteMbl XpaHeHUsT DJHEpPruM) SBISIETCS BaXXHEHIIMM AacleKTOM IOHMMaHusi |
ONTUMM3AIMKA TPOU3BOJUTEIBHOCTH JITHX CHCTEM. B CBA3M C pacTyliuM HMHTEpPECOM K
WCTIOJIB30BAHUIO BO300HOBISIEMBIX HCTOYHHKOB DSHEPTHMM W HEOOXOAWMOCTBIO YCTOWMYMBOTO W
Ha/IeKHOT'0 MTPOU3BO/ICTBA AIIEKTPOIHEPTUH, TAKHE THOPUAHBIE CUCTEMBI ITPUBIIEKIN 3HAUUTEILHOE
BHUMaHUE aBTOpOB. MHTerpauusi conHeuHslx Oarapeil, TOIUIMBHBIX 3JeMeHTOB (TD) u cuctemsl
xpaHenus osHepruun (CXD) mno3Bomser Ooinee dSPPEKTMBHO U  HAASHKHO HCIOIB30BATH
BO300HOBIISIEMYIO DHEPTHIO. COJIHEYHBIX OaTapeil TeHEePHPYIOT JIIEKTPUYECTBO W3 COJTHEYHOTO
u3nydeHus, a TO mpeoOpa3yroT XMMHUYECKYI SHEprui0 B 3JIEKTpHuecKyro. CHUCTeMBbl XpaHEHUs
SHEPTUU UTPAIOT )KU3HEHHO BAXXHYIO POJbh B HAKOIUICHWW W XPAHEHWW M30BITOYHON DHEPTUU IS
MOCJIEAYIOIIEr0  WCIOJBb30BaHUs, oOecreunBasi  HENpephlBHOE  diekTpocHaGxkenue  [1,2].
MopaenupoBaHie W CHMYJISIIUS ITHX THOPUIHBIX CHCTEM BKIIOYAeT B ceOs yYeT CII0KHBIX
B3aUMOJICHCTBUI MEXAy DPa3TUYHbBIMU KOMIIOHEHTaMH, TAaKUMH KakK COJIHEUHBIX Oartapei, TO u
CHCTEMBI XpaHEHHsI JHEPruH, a TakKe ydeTa Takux (HAKTOPOB, KaK COJHEYHOE H3Iy4YCHHE,
Temreparypa, TpeOyemas Harpyska, 3(QQEKTUBHOCTb CHUCTEMbl M CTpaTeTMH YIPaBICHMUS.
PazpabGaTpiBasi TOYHBIE MOIENM W CHMYJISIIIUHM, HCCIIEOBATENId MOTYT aHAJIM3HpPOBATH
pOU3BOANTENBHOCTh THOpUAHBIX (PV/TD/CXD) cuctem B pa3IMYHBIX YCIOBUSAX HKCIUTyaTallMH U
ONTHMHU3UPOBATh MX KOHCTPYKIMIO M paboTy [3,4,5]. B maHHOM wHCClienOBaHUM IpeJiaracTcs
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