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AHJTATIIA

3eprTey TAKBIPBIOBIHBIH O3€KTiJIri. DHEpPrusi YHEMIEY >KOHE DSHEprus
THIMIUTITT SHEPTETHKAIBIK KAyINCI3MIKTIH MaHBI3ABl Kypamaac Oeiriri OOJbIm
taObutaabl. Kazipri yakpITTa TYIKUIIKTI SHEPrusi TYTHIHYABIH YIITEH OipiHEeH
acTaMmbl TYPFBIH YH-KOMMYHAJIIBIK KEIIEH MEH KbI3MET KOPCETY calachlHa THECLI.
OHIPICTIK EMEC CEKTOP/1a IHEPTHUS TYTHIHYIBIH 6CY1 XaJIbIK CAHBIHBIH ©CY1HE )KOHE
aJlaMIapJIbIH OMIp CYpPY CalachbIiHBIH apTyblHAa OalIaHBICTHI KAJIFACAThIH OO0JIaJIbl.
OHAIPICTIK eMeC OOBEKTIIEPIH IHEPrusi TYTHIHY KYPBUIBIMBIH >KOHE SHEPTHs
PECYpCTaphIHBIH OPTYPJIL TYPJEPiHIH KYHBIH, COHAAM-aK FUMapaTTapAbl KbLTY
KOpFay CaJlaChIHAAFbl CTaHJIAPTTAPJbIH KATAHJATBUIYBIH €CKEpPE OTBIPHII, KbLLY
HHEPrUACHIH TYTBIHY/IbI a3aliTyFa OarbITTalFaH LIapajiap HEFYpPJIbIM KEH TapaJiFaH
YKOHE MHBECTHUIUSIIBIK TAPTHIMJIBI SHEPTUs YHEMJICY IIapaiapbl OOJIbIN TaObLIAIbI.
Taburu >KenAeTyMEeH FuUMapaTTaplbl TepMeTu3alusiiay yH-XKalinapJplH aya
QJIMACYbIHBIH TOMEHJICy1HE OKeJyelll, OyJI MHUKPOKIMMATThl HAIApJaTajibl YKOHE
aJIaMHBIH KYMBICBIH TOMEHIeTe 1. [k OpTaHbIH KOJaiChl3 akTOpIapbIHbIH a1aM
ar3achlHA Y3aK 9Cep €Tyl OHbIH JICHCAyJbIFbIHA TEPIC acep €Tyl MyMKiH. COHABIKTaH
DHEPTUs YHEMJEYy >KOOAChIHBIH SKOHOMHUKAJIBIK KOPCETKIIITEPIH Je, TYPFbIH,
KOFaM/IBIK KOHE OKIMIIUTIK FUMapaTTapJarbl MUKPOKIMMATTHIH >KalIbUIBIFBIH J1a
€CKEPETIH PHEPrusi YHEMJICY IIapajiapbIHbIH TUIMILUIITIH OaraiayblH *KaHa 9/ICIH
’Kacay ©3€KTI MIHAET OoJbIll TaObuIaabpl. MaMmaHIaHIBIPBUIFAH CcapanTaMalibIK
XKyienep MEH jKacaHIlbl HEHUPOHIBIK KEeIUIepAl IJaMBITYIbIH OacTaybl 3JIEKTp
OHEPreTUKACHIHBIH JKaCaH]Ibl MHTEIJIEKT CajachlHA aybICYbl OOJIIBI.

3eprTey HbICaHbl. OHIIPICTIK €MeC FUMapaTTaplarbl dHEPrusi YHEMJEy
YKOHE MUKPOKIIUMAT.

3eprTey mOHI. OHAIPICTIK eMec FuUMaparTapia MHUKPOKIUMATTHI
KAJIBINTACTBIPY KE31HJIET1 KbLTY Oepy MpolecTepi.

JuccepranusiHblH, MaKcaTbl. OpTaHBIH KAWIBUIBIFBIH aAPTTHIPY YIIH
MYJIbTHAr€HTTI TEXHOJIOTHS MEH HEHPOHIBIK JKEJIJIep HeT131HAe )KYUEeH1 KYypY.

3epTTey MakKcaTrTapbl. 3epTTe€y MaKcaThlHa JKETY YIIIH Kejecl MIHACTTEp
11311509145

1. TuiMIUTIKTI, MUKPOKJIMMATTHI Oaranay 9JICTEPiH )KOHE TeMIIepaTypaHsbl,
BUTFAJIJIBUTBIKTHI ’KOHE aya CalachblH €CKepPe OTBIPHII, Yi-Kaiapaarkl KbUTy Oepy
MPOIIECTEPIH MaTEeMaTHUKAJIBIK €CENTEey 9AICTEPIH Talaay;

2. MUKpOKJIMMAT NapaMeTpliepin 00Kay YIIiH TaOUFH JKENIETKIII Oap
FUMapaTTap/a KbUTy ajIMacyIbIH MaTEMATHKAIIBIK MOJIEI KaCaJIIbl,

3. Kyile apXUTEeKTypachl )KOHE JKeJll MEH MYJIbTHAr€HTTIH KaThICYbIMEH



AHEPI'usl TUIMJIUIITT MOHUTOPUHTIHIH IMapaMeTpiiepl YChIHBLIIHI,

4. Grid xxone MAS TexHoNoTUsIIaphl HET131HE KYHEeH1 KypyFa MYMKIHAIK
OepeTiH areHTTep OPHATHIIIBI;

5. AybICy areHTi-TOpAbl TaHAAY YIIH KOJAaHbLUIAbI;

6. OpTasnbIK yisiecTipyIli areHt - 6acka areHTTepMeH OaillaHbIC YIIIH.

7. XyKTey areHri - CRIpTKbl OpTaJiaH OPTYPIIl KaOABIKTHI OacKapy YIIiH.

8. DHeprus TYTBIHYIbBI JKEPTUTIKTI Oackapy areHTi - SHEPrusl TYTHIHYIbI
Oackapy koHe Oakpljay YIIiH

5. ¥YChIHBUIFaH apXUTEKTypa asChIHAA MYJbTHAr€HTTI TEXHOJIOTHIIAP
HET131H/1e MaTeMaTUKAJIBIK JKOHE OaFapIaMalibiKk KaMTaMachl3 €Ty.

6. DKCHEpUMEHTTIK 3epTTeyJep KYPri3uidi, O3IpJEHIeH TECTUIey MKOHE
TEKCepy KYPri3uiii.

FpL1bIMH JKaHAJBIK:

1. JKaisibl MUKPOKIUMATTBIH MaTeMaTHKAIBIK MOJIEI KOHE MYJIbTHATCHTTI
TEXHOJOTUsIIapbIH KaTbicybiMeH SmartGrid MoJieni xacasbl

2. MareMaTuKaJIbIK MOJIENb HET131HJE >KaWUJIbUIBIK JICHIEHIHIH FUMapaTThl
OKIIaynay ece0iHeH JKbUTy OHEPTHSCHIH TYTHIHYABl a3aifTyFa OaFbITTaJIFaH
CTaHJApPTThl DPHEPrUsl YHEMJIEY TETIKTepIHE TOyesAUIr ajbiHiabl koHe bCOT
napameTpJIepiHiH KUBIHTHIK 9CEPIH €CKEPETIH KaIbUIBIKTHIH KEIICH 1 KpUTEepUidl
YCBIHBLIJIBI.

3. DHeprusi YHEMACUTIH MEXaHU3MJIEPIH aya aaMacy *oHE MHUKPOKJIMMAT
napameTpJiepiHe acepi Typalibl SKCIEPUMEHTTIK MAJIIMETTED

4. TemmepaTypaHbl, BUIFAIBUIBIKTEI JKOHE aya camachlH Oakpliay oici
YKacaJibl.

1. FUMAPATTAPIbBIH DHEPI'US TYTBIHYbBIH BACKAPYFA
APHAJIFAH KOIl ATEHTTEPI'E HETI3AEJIEH SMART GRID
»KYHUECIH EHT'I3Y

biznmiH 3eprTeyiMi3 KeIml areHTTI TEXHOJIOTHSHBI KOJJaHa OThIpbI, EMS
MHTEJUICKTY bl JKEIIK KYHECIH JaMbITyFa OarbITTalfaH. 3epTTey OapbIChIHIA
KYWEHIH apXUTEKTYpachlH d3IpJiey KOHE ajirOpUTMAEPl KoJjgaHy Ke3iHae 013
OepuIreH TajantapAbl YCTaHyFa ThIpblcaMbl3. backapyia HKeMIUTIKKE KO )KEeTKI3Y
YIIIH Kem areHTTIK KyWe KOoJmaHeUiaApl. Fumaparrarsl HEMece OHBIH
alfHAAChIHIAFBl JKAMIIBUIBIK, OJICTTE, TEeMIIepaTypa, >KapblK, BUIFAJIBLIBIK, aya
KeAaMablFel  koHe CO2 KOHIEHTPAIMSICHIHBIH YUJIECIMIMEH aHBIKTAIAIbI.
MynbTrareHTHass TEXHOJIOTHSACHI MalJalaHbUTYyhl MYMKIH VIIIH HETI3 PEeTiHIe
Oackapy OKYHeCIH DOHEpPrHsiHbl JKOHE JKAWIBUIBIFBIMEH FUMapaThiHIa. by
TEXHOJIOTHUSI KypJieJll TalChlpMaHbl areHTTEPJIIH KOMEriMeH Iieuyre OoJaThiH
KapamaibIM IIIKI TamncelpManapra Oenyre MyMmKiHIik Oepeni. Kem areHTTi
MOJICTIB/ICY OJICI areHT JAEN aTaJaThiH Olp TaKbIPBIKAa Ha3ap ayaapa OTHIPHII,
KYpJAEIi XyHenepii MoJeTbJAeyre MyYMKIHIIK Oepe/i. Op areHT-KbIHBICHI HEMece
JIEHE CaJMarbl CHUSKTHI (DUBHOJIOTUSIIBIK KAacHEeTTepl Oap BUPTYaIIbl >Kasy



KYPTiHII, COHBIMEH KaTap MaplIpyTThIH HAaKThl MakcaTTapbl. O3 xocmapiapbiHa
CylieHE OTBIpBIN, OyJI areHTTep HaKThl jKasy >KYpPTiHIIUIEpre yKcac opTypdl
KJIMMATTBIK KaFaaiapra yiblpaiiibl. by KIMMaTThIK JKaFqailiapbiH )KeKe KbUTY
KaMIBUIBIFBbIHA 9Cepl alaMHBIH TEPMOPETYIISIIHS KYHECiHIH KapanaibiM oTIell ekl
TYHIHIIK MOJENIMEH YHeMi OaKbUIaHaJbl: KEKE KbUTYy >KAMIBLIBIFBIHBIH MOJIEII
(ITCM). Kypaeni KypbUIbIC OpTajapblHIA JKasy KYPriHIIJICP KO3FaJIbIChl MEH
KBUTY JKaWJTBUTBIFBIH MOJIENBICY JKOHE TaNIay YIIH KOIl areHTTI WHTEIUICKTY bl
JKeml Kyheci kacainabel. Mojenbaey kyheci 0acka MOJIyJbAEpJeH Oacka
OMOMETEOPOIOTUSIIBIK KBLTY KANIBUIBIFBIHBIH MOJICTIH O1piKTIpeIi.

Kyiie apxutektypachl. backapyablH 3aMaHayd TEXHOJIOTHICH 3UATKEPIIK
YKEeJI1 TYXKBIPhIMJIaMAaChIH €HT13€TIH SHEPIeTUKAIBIK )KYHUEHIH CEHIMILIIT, TUIMJILTIIT1
MEH MKEMITITIH KaMTamach3 etel. Smart grid TyKeIphIMIaMachl-0yJI KITUEHTTED
KaTbiCa ajaThlH JKaHAa TEXHOJOTHA. byl JKeTKi3UIMIepAiH camackl MeEH
CEeHIMIUIITIHE KEeMUIAIK Oepe/ll. DHEprusFa JEreH CYPaHbICThIH apTybl HAPBIKTHIK
MIHE3-KYJIBIKTBIH ©3repylHE JKOHE KypJenl Tapary Kyienepine OalaHbICThI
OHJIIPICTI OPTAIBIKCHI3NAHABIPYAbl KaxkeT eTedl. COHABIKTaH KENiHI OpTajbIK
Kontposmnepaen Oackapy KublH. MHTemnekrtyanasl  Oackapy — KyHeciHIH
TEXHOJIOTUSICHI Op TYPJIl OPHAIACTHIPY CIICHAPUIIIEPIH STy YIIIH KayIlci3 )KoHe
CEHIM/II OmepanusyIblK >Keici Oap FuMapaTThl 0Oackapy TEXHOJOTHUSCHIHBIH
TapaTbUIFaH MICNMIMIH  YChiHaAbL. AKbULIBI BEMS-Oyn  oHBl  KOJjaHy.
Kommepriusaneik  fumapartarbl EMS  fumapar imnHzaeri KopliaraH OpTaHbl
XKakcapTyra OarbITTanfaH. bBi3[iH 3epTTeyimizlie dHEprus Ke3AEpiHIH €Ki TYplH
KAapacThIpaMbI3: KOMMYHAIJIBIK el >KOHE MHUKpo >keni. KoMMyHanmblk >kemi
OHEPTUSHBI KAJIAHBIH HET13T1 )KeJICIHEeH ayaibl. MUKPO TOP KaHAPTHIIATHIH YHEPT U
Ke3JepiMeH KaMmTamachkl3 eTiieni. JKyleHiH ekiHm Oeiri-Ker areHTTi )kyihe. Op
areHT KEPTUIKTI MIeNTiM KaObu11ay YIIiH )KOFapbl HMHTEIVICKTKE He OOJIFaH/IbIKTaH,
JKylere areHT MOJEIIHIH JKaHAa apXUTEKTypachl KakeT. MyJbTHAareHTTIK XKyie
JATYMKTEP MEH KoJNaylIblIapAaH IepeKTepAl Kipic AEPEeKTEP peTiHae KaObLIIai bl
KOHE JKETEeKTepll OacKapylbl >Ky3ere acblpy VIIIH MIennmaep KaObUlaaiibl.
backapy xyienepi-Oy1 TYPFBIHIAPABI KAWUIBIIBIK TIEH YHEPTUIMEH KaMTaMachl3
eTETIH XYyHemnep.

1.2 AreHT aybICTBIPFBIII

KommyTtaTop(areHT aybICTBIPFBIINI) areHTi OipiHINI JEHrelae OpHAaTacKaH.
KoMMyTaTop areHTi opTajblK YWJIECTIPYIIIJIEH TYTHIHBUIATHIH KOHE OHJIPIIETIH
DHEPTHUS TypaJIbl MATIIMETTEP/1 anabl. OChl aKmapaTKa COUKEC, KOMMYTAaTOpP areHTI
KKETTI )KYKTeME KOKETTUIIKTEPIH KaHAFATTAHBIPY YIIIH KaHAPTHLIATHIH KO3IEP
MeH OaTapesiapJiaH Kyat >KEeTKITIKCI3 O0JIFaH Ke3/1e AJIEKTpP KETICIHEH KyaT ajlajbl.
ConbIMEH KaTap, KOMMYTATOp areHTi >XaHApThUIATHIH JHEPTUsl FUMAPATTHIH
KOKETTUIIKTEPIHEH achIll KETKEH Ke3/I€ apThIK YHEPTUSHBI JKeJlire Kailtapa ajaibl,
COllaH KeWiH OHBbl OaTapesuyapaa cakrayra Oomanbl. Fumaparrap wmen
MUKPOKEIEPAIH Kbl WHTErPAlMSsUIaHFaH XKYHecl €Ki KYMBIC PEeKHUMIHE He:



JKenire Kochuly pexuMi KoHE OKIIayjaHraH pexuM. Ky#al aybICThIpy areHTi
MHUKPO >KEJiHI KOMMYHAIJBIK >KEJIire KoCy/eIipy YIIiH KOMMYTAaTOPIbIH KYHiH
aHBIKTAy YIIIH OPTAJIBIK KOOpPAMHATOpP areHTiMeH Oainmanbpicanbl. 1.1-cyperrte
OpTYpIIL CcrieHapuiiepae Oenruti Oip J>KYMBIC PEXHUMIH TaHAAy MPOIEAYPaCh
kepcetinreH. Erep anmektp xyleciHe KaHgai ga Oip 3aKbIM KeJice HEMECE JJIEKTP
KYaTbIH TYTBIHY JCHT'€i1 TYTBIHYIIBUIAP YIIIH KOJANChI3 00JIca, MUKPO eIl Her13r1
KEIIJICH aKbIPaThUIAIbI.

Any disturbance in the Yes
utility grid?

No

L 2

Is the utility
- electricity rate
acceptable?

Is the renewable production No
sufficient to fulfill the demand?

Yes
L Yes

Renewable production equals the
load demand?

No

v
Battery charging

Y
No 2 Switch open

Surplus power?

Yes L 2
. 4
S Islanded
te
Switch close « mode
Y L J L 4
Keep current Grid-connectad mode Use renewable energy
operation mode resources and batteries

v
Optimization/
Load shedding

Y
Sell/iPurchase power

Cypert 1.1-XKyMbIC pexxuMaepin TaHaay pacimi

Ochbl cueHapuiliep/ieri KOCKBIII alllbIK OoJafbl JKOHE KOJ JKETIMIL
YKAHAPTBUJIATBIH DHEPTHsl KO3JEPiH KOJIJAHA OTBIPBIN, KAWIBUIBIKTBIH JKaJIIbI
JIEHreiliH OapblHIA apTThIPY YUIIH THICTI OHTAMIAHIBIPY HEMECE >KyMcapTy
cxemajapbl KaObULIAaHAAbl, OUTIIECE, MUKPO >KEJl DJIEKTP KeIICIHE KOCHUIAJBbI.
JHereamen, rumapar OipiHmi Ke3ekrte KomkeTiMal >KaHApThUIATBIH SHEPTUSIHBI
TYTBIHATBIH Oonanbl. JKaHAPTHUIATHIH KO3JCPACH apThIK SHEPTHs OOJIFaH Ke3le
Oarapesnap 3apsaranansl. Erep sueprust omi ge 6ojca, apThIK SHEPTHsl dHEPTHUs
Kyiecine Kadta carteuianel. CoHbIMEH Karap, erep "MHKpoOXyiieaeH"
YKaHAPTBIJIATBIH DHEPTUS KETICIece >KOHE JJICKTP SHEPIHACHIH TYTBHIHY JCHIreii
KOJIaiyibl 60J1ca, FUMApaTThIH KAl )KYKTEMECIH KaHaFaTTaHABIPY YIIIH KyaT Ke3l
CaTBIIT aJILIHAJIBI.

1.2 OpTajbIK areHT

Ekinmi feHreiiie opHajllacKaH OpTajblK YWIECTIpYIIl areHt Oackapy
YKYHMECIHIH HET13T1 2JIeMEHTTEpiHIH Oipi 60761 TabbLIaAb1. OJ1 0ApIIBIK aTeHTTEPMEH
CBIPTKBl MoJiMeTTepre (aya-pailbl Typajibl akmapar) MXoHE >KbUTy, BU3yasbl
YKAWUJIBUIBIK TIEH aya camachlHa, COHJIal-aK FUMapaTThIH JIEKTPIIIK )KYKTEMeEIepiHe



KaTBICTBl TalJalaHyIMIbUIApAbIH KajayblHa OalaHBICTBI ©3apa OPEKETTECE]Ii.
Conpaii-ak, 01 el TypOMHAchl areHTTEpiHEH XOHE KYyH (DOTOIIEKTpUKIHEH
OarapesHbl 3apsATay areHTiHeH akmnapat anaabl. COHbIMEH KaTap, OJ1 OHbI Kaly
YIIIH KaXXET SHEPTys MEH SHEPTUSHBIH MOJIIEPIH aHBIKTAAbl KOHE OHBI COFaH
coiikec Oackapanpl.OpTajiblK YHIECTIPYIIi-areHT YIIH HETi3r1 MIHAET-3JIEKTP
DHEPrUACHIH  OeNydi  YWJIeCTipy JKOHE  TYTHIHYIIBUIAPABIH  MaKCHMAJIIbI
KAMIBUIBIFBIH KaMTaMachl3 €Ty, COHBIMEH Oipre SHeprusi Ke3iepi MeH OapiibIK
TOMEHT1 JIeHrel1eri areHTTepAl O1piKTIpy.

1.3 AreHTTEp apachIHIAFbI Kejicco3ep

ATEHTTep KOJ »KEeTIMJII SHEePrUsMEH OeJlicy YIIiH Oip-OipiMeH Kejiccesaep
xyprizeai. Kemicyni sxykrey areHtrepi Oacrtaiapl. JKykrey areHtrepi Oacka
areHTTepJeH KyaT Ke3JepiH YCBhIHYAbl cypaiabl. KyaT ke3i areHTTepi XKYKTey
areHTTEpIHEH KyaT CYpayblH ajnajbl )KOHE YChIHBIC Ki0epeni. Arentrep Oip-0ipiMeH
KeJlice OacTailibl JKOHE ©3 epeKeJepiHe CyHEeHEe OTBIphIN MIemiM KaObuiaan
Oacraiiipl. OneTrTer: memiMAep-KaHaail KyaT Ke3[eplH TYThIHY KEpeK >KOHE
KaObUIJaHFaH KyaT Ke3JepiMEH KaHIlla SHEPIrusi KaMTaMachl3 €Tyl KepeK. ATEeHT
JIOTHKACHI .2-CypeTTe KOPCETIIreH. .

Grid Connected Mode Islanded Mode
No | Status change message No | status change message
from PCC agent from PCC agent
.L yes - yes
Inform the "Islanded Inform the “Grid
status to mic regrid Connected” status to
c ontfllers mic rog ridjontroll&rs
—_— - -—
Request Power Request Power
Calculation of Power Calc ulation of Power
Demand and Supply Demand and Supply

Power Supply =
Demand?

Load Agent ‘ Request Power |
(Mon Critical Load) ‘L

Load Agent
(Mon Critic al Load)

Power Supply=
Demand?

Calk ulation of Power
Demand and Supply

| Battery Charging |

]

Power Supply =

Power Supply=

EqUES e < —
Request Power Demand?

| Battery Charging |

1.2-cypeT-areHTTep apachlHAAFbl KEIiCcCo3ep

1.4 Keprigikrti Knumarreik KonTposuiepJiep



XKbimy sxaliIbUIBIFBIH, BU3YaJIbl KaWIBUIBIKTHI )KOHE aya camnachlH Oakpliay
YIIIH TOPT >KEPruliKTi areHT KOHTPOJUIepl KojinaHeuiaabl. byn koHTposep
areHTTep1 KaUIbUIBIK TTapaMeTpiIePiHiH aFbIMIAFbl MOHEPIH OepireH MOHIEpPMEH
CaJIBICTBIPAJIBI XKOHE FUMAPATTHIH MHKEHEPIIK KYHeIepiHiH )KeTeKTepiH Oackapyra
KaXXETTi PHEPTUS MOJILIEPIH aHBIKTANIBI.

1.4.1 Keprinikri Temneparypa Perrerimi

Byt immki sxyiie yImiH 11Kl JKbUTY JKalJIbUIBIFBIH CaKTay YIIIH KaKETT1 KyaTThl
ecenTey YIIIH aHbIK eMeC HIBIFBICHI 0ap KOHTpOJUIep ’kacaiabl. byn aHbIk emec
KOHTPOJUIEP/IIH Kipici KaTe MEH KaTeJep/l TY3eTyIl KaMTHAbl. O3repTy Kareci-
QJIJIBIHFBI )KOHE aFbIMAFbl KaTeJep apachlHIaFbl albIPMAIIbLIBIK.

1.4.2 Keprinikri blaraaapuibik PerTerinmi

[IK1 BUTFATBUTBIKTHIH AKAUTBUIBIFBI YIIITH KaXKETT1 KyaTThl aHbIKTAY YIIiH 013
anbIK eMec PD nu3aiinbin KongaHaMbl3. blmranabuibIKTel aHBIK eMec 6acKapyaa eTe
KYpFakK, KYpFakK, KaJIBITIThI, bIJIFAJIJIBI )KOHE OT€ bUIFAJIJIbl AHHBIMAIBLIAD KUBIHTHIFBI
0ap. KyaT TyTbIHY op pexumre O0aisiaHbICThI ©3repe/i.

1.4.3 Keprinikri Aya Canacbin Perreymi

Keprimikti aya camacel areHTi rumapartarbl COZ2 KOHIICHTpAIUSCHIH
Oaxplnaiinpl. XKanmsl KaTe TYCIHIK, JacTaHFaH aya ChIpTTa O0Jajbl, €rep IIbIHIBIK
ayaja SpTYypJii TITIPKEHAIPTilll, KaHIIEPOTeH K )KOHE MyTareHI1K KOChUIbICTap IbIH
KOHIIGHTPAIUSChl OJIAPJBIH  OHAIPICTIK alMaKTapJaH ThIC KEplepAe THICTI
KOHIIEHTpALUsICBIHAH >KOFapbl 0oilybl MyMKIH. byn nacraymisl 3aTTapabiH
KOHLIEHTPALUSChIH TOMEHIETY/IIH €H >KaKChl TACLI-Oys1 OeamMere MyMKIHAITIHILE
Taza aya CHTI3y, JereHMeH, Oy omerte Oenriii Oip O6araHbl KaKeT eTeil, OMTKeHi
Ta3a ayaHbl CHIPTKBI KIMMAaTKa OalIaHBICTHI JKBUIBITY HEMECE CAIKBIHIATY KaXKeT.
benmeneri aya canacblHbIH KOPCETKIII peTiHae. by 6acka iactayuisl 3aTTapAblH
KOHIIGHTpAaIMsIChl ~ Kelip Karmaimapga fgonm  Ooiamaybl  MYMKIH — yKcac
TEHACHIUSIAP/IbI YCTAHATHIHABIFBIH €CKEPE OTHIPHIT KapacThIPbUIFaH.

1.4.4 Keprinikti Kyarrel Backapy Arenri

Kyartel  Oackapy  areHTiHIH  pesi-MaijalaHyIIbIHBIH  KaWJIbUIBIK
KPUTEPHUIUIEPIH €CKEpPEe OTBIPBIN, DSHEPIHsHBI TYTHIHYIBI Kojaa ©Oap Kyar
pecypctapbiHa Oeliimaey. byn kbpIMOaT cakray KaKETTUITNH OOJiIbIpMay YIIiH
KOCBIMIIIa MHBECTUIIMSUIAPBI KAKET €TETIH KOCBhIMIIIA pecypcTapabl maiaaianyabl
mekTeiini. JKeprumkTi KyaTTel Oackapy areHTi >keiiHl Oackapy KyheciHzieri
SHEPrus AeHTeiiH OaKbLIai IbI.

1.4.5 XKykrey areHri
JXKykTey areHTi yIII Heri3ri )KauabUIbIK (PaKTOphIHA TIKEIEeH OailIaHbIChI KOK
OapIbIK ka0ABIKTHI Oackapanbl. CoHmal-aK, 01 3JIEKTP KyaThIHbIH KETICHeYIILIIr



KEe31HJe OIIpuTyl MYMKIH OapiblK SJEKTp JKYKTeMmelepiH OacKapaisl.
TyThIHYIIBIIApFa )KYKTEMEH] aXKbIpaTyIbl TAHJAyFa )KOHE OChI ar€HTTIH KOMETIMEH
op JKYKTeMe YVIIH OachIMIBIKTApAbl Oenriieyre MyMKiHAiK Oepiremi. Keibip
KYKTEY MpoQHIIbIAEpl Kacaluaabl XKoHE rpaduKalbIK MaiganaHyIibl WHTepdeiic
TUICTI TlapaMeTpiepal perreyre apHaiarad. ['padukanbik miargopmadsl KojiaHa
OTBIPBIT, TYTHIHYIIBUIAD KYKTEME CHIaTTaMaJapblH aHBIKTAll KaHa KoWMaM,
KYKTEMEHI1 KaJIbIHa KEJITIPY KoJeMi MeH TOpTiOiH Oackapa anajibl

2. beameeri KIIUMATTBHIK 0aKbLIaY

XKabpik MukpokmumaT canayaTThl eMip CYPYIiH Heri3ri (akTopbl OOJIBII
TaObUIAJbl KOHE TEMIIEpaTypa MEH bUIFANIbUIBIK, OHJAFbl 3USHJBI 3aTTap]bIH
IIOFBIPJIAHY JICHICH1 JKOHE aya aFbIHBIHBIH (OKEJJIIH) KBUIIAMJIBIFBl CHSKTHI
OipkaTap (U3MKANBIK IIaMallapMeH aHbIKTalalbl. by Qakropiap TaKbIphIITHIH
"XBUTYy KaWIbUIBIFBIH' CE31HETIHIH AaHBIKTAWJbI, BICTBIK HeMece CYbIK. JKbuly
YKANJIBITBIFBIHBIH  JKaFalbI-OyJI OpraHU3MIe TEPMOPETYIIUSI MEXaHU3MICPiH
KOKET eTHEUTIH JKarjal, sFHU ajJaM eIIKaHAal Jipul HeMece Tepiieyal ce30eil
KOHE TEpUQPEPHSUTBIK MYIIENIepAeTri KaH aFbIMbl TYPaKThl JKBUIIAMJIBIKIICH
cakTanaabl. by mapT TepMOHEHTpalib/ibl aiiMakKa coiikec Keel

MukpoknuMatTeiy Oenrin Oip JeHreiin jkoHe OeyiMeneri aya carachblH
cakTay YIUIH >KYMBIC >KaFJallapbIHbIH O€Nruil Oip UBIHTBIFBI YIIIH SHEPTHUSHbBI
YHEMJIEHTIH Oackapy *KyHeciH jkacay KaxkeT. 2.1-cypeTTe aHbIK eMeC KOHTPOJIIEp
MPOIIECTyPAChIH K00aay KoHE OHTAMIAHIBIPY KOPCETUIreH. YJKEH FUMapaTTarsl
aya arbIHBIH Oackapy >Kyheci op TypJil >KYMBIC pEXUMIEPIHE apHajFaH OOJybl
KEpEeK, OUTKEHI CHIPTKBI aya-paiibl xKar1aiaapbl MEH FuMapa.



Real process

[
¥

Fuzzy control system structure selection
Inputs and outputs of the control object
Inputs and outputs of the fuzzy controller
Structural and functional scheme

T
¥
Fuzzy controller structure selection
Linguistic variables
Terms and membership functions

¥

Control strategy selection:
Rule base formation

Off-line: Variation step of the Online: Changing condition of
membership function the sensors

Control quality satistied

Management strategy yes

correction possible
¢ no

Control quality satistied

yes

|n0

Cyper 2.1-aHbBIK eMec KOHTPOJUIEPAIH JTU3alHbI

3 AnantuBTi Heiipo-PID bLiran perreriuin :xacay

Anbik emec PID perrerimi imki KIMMaTThl OacKapyra apHajran Oosca ja,
TEeMIIepaTypa, bUTFAIABUIBIK XkoHE IAQ Gu3MKaiIbIK mapameTpiepae epeKieneHel
YKOHE opTypJii cunartamanapra ue. COHIIBIKTAaH 11IKI OPTAHBIH CalachlH KaKCapTy
YIIiH GacKapyablH KEeTUIIPUIreH 9ICIH KOJJaHy oJI€YETiH OJIaH opl Tajjay YIIiH
OCbl OemiMae TalKbUIAHFAH BUIFAIABUIBIKTEI  OaKbLIAyIbIH KUBIHABIKTaphIHA
HET13/IeITeH 1K1 bUTFAIBUTBIKTEI 0aKbIJIAYyIbIH KaHa CTPATETUSICHIH 3€PTTEY KOHE
a3ipiiey KaxkeT. beameseri plIFaIbUIBIKTEI OaKblIayIbIH HET13T1 KUBIHABIKTaphIHA
MBIHQJIAp JKaTaJbl: yaKbITThI KEHIIKTIpy; JKEKe Kajlay; TeMIIepaTypaHbIH dcepi.
CoHfpIKTaH TaMbIFaH KOHTPOJUIEP KEJIEeC] TajanTapra xayar 0epyi Kepek: KblIIam
peaKkmus, CoJ achlll KETy, MaKChl OeHiMIeTy »oHE TeMIepaTypaHbl aHBIKTAHTHIH
aKbUIJIBI QITOPUTM: BICTHIK, CYBIK HEMECE KbUIbI. benMe TemmnepaTtypacsiH 6ackapy
yuria Oyn Oemimae NN pamuanael Herisri ¢yHkuusceiHa (RBF) nerizgenren
akpu1ibl PID xonTposiept 6ap. byn 3eprreyae paauanasl Heri3 GyHKUUACH Oap
HerpoHaplk okeniHiH PID  kontposutepinin  enimaimiri (Rbfnn-PID) Python
KOMETIMEH KOMIIBIOTEPJIIK MOJEINbIEY apKbUIbl Tekcepiaedi. Rbf HelpoHabik
xemicine Herizaenred axkpuiael [TMJ] konTposmepi Oenmezneri cajibICThIpMalbl
BUIFAJIIBUTBIKTEL  OaKbUIay VIINIH KOJAaHblIaapl. CumarramanaH KeiliH 013



"SKCIIEPUMEHT  HOTIOKeNepi"0omiMiHIe  KOMIBIOTEPJIK  MOJCIBACY  JKOHE
DKCIIEPUMEHTTEP AapKbUIBI ©3 KO3KapachIMBI3ABl monenaenmis. 3.1-cyperrte
kepcetiired RBFNN-PID 6ackapy nporiecit keyecifeil KopbIThIHAbLIayFa 001a/1bl:

1. Op monmi k ipikTey KagaMbl )KHHAIAIHI,

2. JKunanraH MOJIIMETTEp HETI31HJE >KCIICIHIH IIBIFBICH €CeNTeIHE/];

3. bepinren TeHueynepal KoJJaHa OTHIPhIN, SkoOMaH MaTpHUIACHI

aJIBIHAIBI;.

4. PID xontpomiepi yurin PID mapametpiepi perrenesi;

5. KoHTposep bUFaIAbIIBIKTRI OaKblIay YIIH KIMMATTHIK JKa0bIKKa
KOMaH/Ia Ki0episie/li ®oHe 1ITKI KIMMaT e3repyl MYMKIH OOJIFaHABIKTaH, 0acKapy
IIPOIIECi JKaTFaCThIPhLIAIBI.

6. K=k + 1 opHaThIHBI3

Collect each value at sample

step k
Calculate network ocutput v,
Calculate the Jacobian
matrie

egulate ko, k. kg

PID controller for mdoor
hunudity environment
control

Set k=k+1 —

3.1-cyper- RBFNN-ITN/I-peTTerimTiH TeXHOIOTHSIIBIK CXEeMaChl

4, QKCITEPUMEHT HOTU/XEJIEPI ’)KOHE TAJIKBIJIAY

Meican petiHae 013 KOJJTaHBUIATBIH PEKUMII KapacTbipambiz. JKyprize
OTBIPBIT, JKCIEPUMEHTTEP, KOJJAHBUIATHIH PEKUMIHE JKOHE H3MEpss Tajar
€TUIEeTIH KyaThl, Oy/aH api, 013 anambi3 OOKay KaO1IeTi MUKPOCETH >KaOIbIKTay
FUMAapaThl YHEPTUACHIH. Monenpaeye opTypiai 6ackapy MiHAETTEpiHE apHAJIFaH
TYPFBIHIAPABIH JKAMIBLIBIK JWana30Hbl  Kejeciiel OepuireH: aya camachl
muunonra 400-nen 8800 Oesikke JeiiH, TemIeparypa MEH bUIFAIIbLUIBIK
JMana3oHbl xajbslKapanblk ctaHaaptrap med I[SO/FDIS 7730 ycwiHBICTaphIHA
Herizaenrex [5].
OnTaitnanappy anropuTMiHIH Kypaiaapbl NN aaropuTmaepi YIIiH KOJIIaHBUIIbL.
NN anroputminiH OacTanmkbl MmapameTpliepl Keleciied TaHdalabl: TeMmIepaTrypa,



CAJIBICTBIPMAJIbI

BUTFUIABUIBIK  &OHE (CO2 KOHILIEHTpaLUIChI

(aya camachlH

OUTIIPETIH) I1ITKI OPTaHBIH JKAWIBUIBIFBIH CUITATTANTbI. JKaHIbIIBIKTEIH MUHAMAJIIBI
wputgaMaeiFsl yiriH Ilapamerpaep {19,5 *= C;40%;800 ppm} BeKTOpbI peTiHJIE
KaOBUTIaH/bI, aJl KANIBIIBIKTBIH MaKCUMAJIIBl KbUTIAMIBIFEI YIIiH [TapameTpiep

{26"=

T

27T
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Cypert 4.1-DkcniepumeHT HoTHXeNepi. JKachll ChI3BIK: JOCTYPIl KYHe; KOK ChI3BIK:
YCBIHBUIFaH XKyle




KOPBITBIH/IbI

byn nuccepranus Fumapar imiH/Ie Kaiibl MUKPOKIUMATTEI KAMTaMachl3 €Ty
YIIIH MyJIbTHAr€HTTI TEXHOJIOTUSIap/Ibl KOJIIaHA OTBIPBIIL, KalJIbl MUKPOKIMMATTHI
KypyFa apHanapl. bediMaenreH HEHPOHIBIK JKENJIepai KoJJaHa OTBIPHII,
MyJIBTHAr€HTTI TEXHOJOTUSl HETI31HJE 3UATKEPJIK SHEPreTUKAHbl JaMBITY
MOJIEIbACP] MEH 9AICTEPl KapacThIpblaraH. JKyMbICTa KYPTi3UIreH 9jeOueTTepre
IOy MACENEHIH ©3€KTI €KEHIH KepceTelll, OWTKEHI PHEPTUSHbl YHEMJIEY MKOHE
SHEPrUs TUIMJAUIIT KBUTy SHEPreTUKACBIHJAFbl MAaHbBI3/IbI KOMIIOHEHTTEP OOJbII
tabbutanel. OcbiFaH OaWAHBICTBI  JUCCEPTANMSUIBIK  JKYMBICTA  SHEPTHSHBI
TYTBIHYABl a3alTy VIIiH MUKPOKIMMATTBHIH >KAWJIBUIBIFBIH OarayiayblH JKaHa
TOCUIZIEPIH d31pJiey, TYPFbIH Yil, KOFaMBIK >KoHE OKIMIIIIK FUMaparTap iMIiHer1
aJamIap YIIiH KOJIAWJIBI JKaFdaiIapel CaKTail OTHIPHITI, TYTHIHBUIATHIH YHEPTUSHBI
YHEMJIEY Macemenepl MeIil.
Kasipri yakpITTa KOJ1aHBUIATBIH MUKPOKJIMMATTBIH JKalJIbUIBIFBIH Oaranay o/iicTepi
OHAIPICTIK eMec yH-KallllapFa TOH epeKIlie KaylnTep/l €CKepMEN/ I, HOTUKECIHAE
OyJ1 ajaMap YIIiH KOJIAWIIBI yKaFaaiiapAblH Oy3bUTyblHA oKelyl MyMKiH. OcbiFaH
OailJIaHBICTBI, YCBHIHBUIFAH JKYMBICTA DSHEPTUSHBI YHEMICHTIH IIapaiap/IbIH
MUKPOKIIMMATKA 9CEPIH €CKEPETIH 9IICTeP d31pIACH I, HOTIXKECIHIe OYJT ajamaapra
Tepic acep erneii. MyHal sKyHeHl TaMbITyIarbl €H KOJIaWbl oficTepliH Oipi-
©3apa OpPEKETTECETIH 3UATKEPIIK areHTTEpAiH Kol CaHbl MOJACIbACHETIH
OeilimenreH HEMPOHIBIK >KeNIep 1l KoJJJaHa OTIPHIT, KO areHTTI TOCLI.
3epTTey OapbIChIHAA KYWEHIH KOJJAHBICTAFbl AaHAJIOTTapblHA Camajibl IOy
YKacallJibl, OJIapAbIH 1MIiHAE O6JIMe/Ie BIHFAWIbl MUKPOKJIMMATTBI KaMTaMachl3 €Ty
YIIiH €H JKaKChbUIaphl TaHIAIABI XKoHE TaaaHapl. Makanama )KbUTy TPOIECTEPiHIH
MaTeMaTUKAJIBIK MOJEJ, OHbIH ©3TepyiHE ocep €TEeTiH Oenmeneri MUKPOKIMMAT
napameTpiiepl JKoHe FUMapar 1IiHAe *Kaiibl MUKPOKIUMATThI CaKTay 3€pPTTEIreH,
HOTMKECIHAE JKbULy NPOLECTEPIHIH MaTEeMaTUKaJIbIK MOJENl MOJIENbACH/II.
ConpiMeH KaTap, OenmeZeri oHE alllblK ayaJarbl TeMmIeparypa MeH
BUIFAJIIBUTBIKTBL  €CKEPE  OTBIPBIN, JKBUIBITY, JKEIJETy KOHE ayaHbl Oanray
KyienepiH Kanail O0ackapyra OOJIATBIHABIFBI 3€PTTEN/l, COHBIMEH KaTap TYpPaKThl
TEeMIIepaTypa MEH bUIFAJJIBUIBIKTHI CAaKTay MOCEJIeCl KapacCThIPBUIIBI.
Ocputaiiina, 3epTXaHalblK KarJaiga >KYPri3UIr€H 3KCIEPUMEHTTEp, allblHFaH
JEpEKTep/ll Tajijiay >KOHE TECTIIey OChl KYMBICTa YCBHIHBUIFaH OeliMeNreH
HEHUPOHJIBIK JKEJIep/l KOJJaHa OTBIPBIN, MATEMATHKAJIBIK MOJEIbICDP MEH
o/licTepre HETI3/IENTeH JIEKTP SHEPTUsIChIH 0acKapy MeH OacKapyJblH KOIl areHTTI
XKyihecl yh-xKaiaarsl aaMaap YIIiH KOJAWIbl JKaFaail jkacay YIIiH KaKeTTI Kypa
OOJBIN TaOBIIATHIH/IBIFBIH JKOHE OOJAIIaKTa €71 IKOHOMHUKACKHIH KaKCApTyFa YIKCH
yJieC KOCATBIHBIH KOPCETTI.

JAuccepranusga Kejieci HOTHKeJep aJbIHAbI:

1. MynpTHareHTTI TEeXHOJOTUsIapAbIH KaThicybiMeH Smart Grid MojaemniHiH
BIHFAITBI MEKPOKITUMATBIHBIH MaTeMaTUKAJIBIK MOEII Kacallbl;



2. DnekTp H2HEPrusiChiH Oakpllay MEH OacKapyablH KON areHTTI >KYHECiHIH
apXUTEKTYpachl YChIHBUIFaH;

3. HelipoHaslK kel MoJenapAepl FUMapar IMIHIAE KahWiabl MUKPOKIMMATTHI
KaMTaMachI3 €Ty YIIH OeHiMIeITeH;

4. O3ipJeHTeH MaTEMATUKAJIBIK MOJIENb/ICY HET131H/1€ MUKPOKIMMATTHIH JKaiIIBLIBIK
JIeHrerl CTaHAapTThl PHEPTUsl YHEMISHTIH MeXaHU3MIEpre OailIaHbICThl €KEH/IIT1
AHBIKTAJIIbI;

5. DHeprusi YHeMJICHTIH MEXaHU3MJIEp/AIH FUMapaT IIIHJErl aya ajaMmacy >XoHe
MUKPOKJIMMAT IapaMeTpiepiHe dcepi Typaibl MOJIIMETTep SKCIIEPUMEHTAIIIBI TYPIe
QJTBIH/TBI.

3epTTey HOTWXKENEPIHIH CEeHIMAUII MaTEeMaTHKAJbIK JOJEIACPMEH  KOHE
DKCIIEPUMEHTTIK  3epTTeyjiepMeH  pactananpl.  OpbIHIATFaH  JKYMBICTap
HOTHXKEJIEPIHIH IKOHOMUKAJBIK THUIMAUIIT 3UATKEPJIIK MEHIIIK cepTU(UKATHIMEH
pacTaajbl.
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