AHHOTAIUA

AUCCePTANMOHHOI padoThl AJsiTaeBoil Alirepum bakaTkaaueBHbI HA TeEMY:
«Mopenu u MeToabl pa3padoTku cucreMbl CMapT JHEPruu HA OCHOBE
MYJIbTHATCHTHBIX TEXHOJIOTHi1», PEICTABJICHHON HA COMCKAHUE CTeNeHHU
nokropa ¢puiaocopuu (PhD) no cnenuanbHocTH
6D070300 — UndopmManmoHHbIEe CUCTEMBI

AKTYaJIbHOCTH TeMBbI HCCJICIOBAHHUA. DHeprocOepexeHue U
HHEProdhHEeKTUBHOCTH SBJISIOTCS BAXKHBIMU KOMIIOHEHTaAMU B TEIJIOPHEpreTuke. B
HacTosiliee Bpemsi Oosiee TpPEeTH MOTPEOJIIeMONW HDHEPruM MPUXOIUTCS Ha
MUKPOKJIMMAT BHYTpU 3/aHus. PocT moTpediisseMoil SHEPTUU B JKUIBIX 3aHUAX
IPOJOJDKAETCA 3a CUET YBEJIWYEHHUs YHCICHHOCTHM HACEJIEHHWsS W TOBBILIEHUS
KAueCTBa JKU3HM JIIOJIEH. YUUTBIBas CTPYKTYPY MOTPEOIIEMON SHEPTUU B JKUJIBIX
3JaHUSX U CTOMMOCTh Pa3jM4HBIX BHUJOB HSHEPrOPECYpPCOB, a TAKKE Pa3IMUHBIX
CTaH/JapTOB B 00JACTH TEIJIOBOM 3alIUThI, HANOOJIEE pacCIPOCTPAHEHHBIMU MEPaAMH
10 PHEProCcOEPEKEHNIO, SBIISETCS MOCTPOEHUE PA3IMYHBIX 3HEProcOeperarommx
MEXaHU3MOB. ['epMern3zanus 37aHAN €CTECTBEHHOW BEHTWISLUEH MPUBOIHUT K
CHI)KEHUIO BO3yXO0OMEHA BHYTPH KWJIBIX 3AaHUI, YTO YXYAIIA€T MUKPOKIUMAT
U CHI)KAaeT paboTOCIOCOOHOCTh YEIOBEKA HAXOIAILIErOCs BHYTPU IOMEILICHHUS.
[TpogomkuTenbHOE BO3JAEHUCTBHE PA3IMUYHBIX HEOJAronpusITHBIX  (aKTOPOB
BHYTpPEHHEH cpelbl OyJeT HEraTMBHO BIHUATH Ha 3/10pOBbe uenoBeka. [loaromy
pa3paboTka HOBOI'O METOJla MO dHEProcOEepPEeKEHNIO HAIMIPABJICHHBIX HA CHI)KEHUE
noTpedsieMOl SHEPruM BHYTPH KWIbIX TMOMEUICHUM, IPU 3TOM YUYHUTHIBas
HKOHOMHUYECKHUE IMOKa3aTean »HeprocoepeeHusi, KoMGOpPTHOCT MUKPOKIMMATa
BHYTPH JKUJIBIX 3/IaHUHU ABJISIETCS aKTyaJIbHOM 3a/1ayuei.

Pa3paboTka crneruanbHbIX SKCHEPTHBIX CUCTEM HA OCHOBE MCKYCCTBEHHBIX
HEHPOHHBIX CETEH CTaI0 KpaliHe HeOOXOANMMOM 3a1aueil B 0071aCTH UCKYCCTBEHHOTO
WHTEJIEKTA.

B coBpemMeHHBIX YyCIOBHSX [ (QYHKIMOHUPOBAHUS U  YIPABICHUS
AIEKTPOIHEPTETUUECKUMHU CUCTEMAaMU HEOOXOAMMO CO3/IaHHE PACUETHOM MOJAENU
KPYIHOMACIITA0OHBIX CXEM Ha OCHOBE METOJIOB OLIEHKH COCTOSIHHS. Takue CXeMbl
HE TIOJIHOCThIO HAOJIOAAeMbl, BO3MOXHBI HMCKa)XEHHME JaHHBIX, IUIOXas
CUHXPOHU3ALMS U TJ, YTO B PE3YJIbTATE NPUBOJUT K HENPABUIIBHBIM PEIICHUM,
c(OpMUPOBAHHBIX HAa OCHOBE pacueTHO mojenu. CleaylolmuM 3TarnoM B 3TOM
HaIpaBJICHUU CTajla THOpHUAHAs TEXHOJOTHS OCHOBAaHHAs Ha IPUI-CHCTEMax, Ha
MYJIbTHAr€HTHBIX TEXHOJIOTUSIX U HEUPOHHBIX ceTeil. Okuuaercs, 4To OT Nepexoia
K UHTEIJUICKTyaIbHBIM ceTsiM (Smart Grid) moTok uHpopmManmu OyaeT cieaoBaTh 3a
MOTOKOM JHEpPruu. DTOT MOTOK HEOoOXoAuMo o0paboTaTh, MHTEPIPETUPOBATH U
MPEANPUHATh COOTBETCTBYIOIIUMHU JAecTBUsIMU. CyllecTByeT HEOOXOIUMOCTh B
pa3paboTKe HOBBIX METOJIOB M IPOrPaMMHOT0 00€CTIEUEHHUS JIs1 OLIEHKH yCIOBHA,
KOTOpbIE YCTPAaHAT A3TU MpodseMbl. OgHuM U3 Haubosiee COOTBETCTBYIOLIUM
NOAXOJOM B pa3pabOTKe Takoro poja MpPOrpaMMHBIX CHCTEM SIBISIETCSA



MHOTOAreHTHBIA MOAXOJ, IPU KOTOPOM CHUCTEMa MOJEIUPYETCS MHOKECTBOM
B3aMMOJICUCTBYIOIIMX MHTEIUIEKTYJIbHBIX ar€HTOB IS PEIICHMS 3aa4.

JIro60#t areHT - 3TO OTKpBITasl CUCTEMa, TIOMEIICHHAs! B HEKYIO Cpely, U dTa
CHCTEMa UMEET COOCTBEHHOE MOBEICHNE, COOTBETCTBYIOIIEE HEKOTOPHIM KpailHUM
npuHOUNaM. TakuM 00pa3oM, CUYHTAETCs, YTO areHT CrocoOeH BOCHPUHHUMATH
uHGOPMAIIMIO U3 BHEIIHEH CPe/Ibl ¢ OTPaHUYCHHBIM pa3pelieHrneM, 00padaThiBaTh
€€ Ha OCHOBE COOCTBEHHBIX PECYPCOB, B3AMMOJIEHCTBOBATH C IPYTHUMH areHTaMy U
HEKOTOPOE BpeMsl BO3AECHCTBOBATh HA CPEY, MPECIIenysl CBOM COOCTBEHHBIE LEINH.
OTO O3HA4YaeT, 4YTO NPU NOCTPOECHUU HMCKYCCTBEHHOI'O areHTa B MUHUMAJIbHBINU
Ha00p 0a30BBIX XapaKTEPUCTUK BXOJAT TaKUE CBOWCTBA, KaK: aKTUBHOCTb - YMEHHE
OpPraHM30BbIBaTh U PEAIN30BbIBATh JACMCTBHS; PEAKTUBHOCTH - CIOCOOHOCTH
BOCIIPDUHUMATh COCTOSIHUE OKPYJKAOIIEW Cpeabl; aBTOHOMMS - OTHOCHUTEJIbHAs
HE3aBUCHMOCTb OT OKPY)KE€HHUS WIM HaJIU4yue OIpeNeJICHHONM «CBOOOIBI BOJIMY,
OINIPENEIAONIEH COOCTBEHHOE IIOBEJIEHUE, KOTOPOE JOJDKHO HMETh XOPOLIYIO
PECYPCHYIO  TOAJIEPKKY;  KOMMYHUKAOEIbHOCTh,  BO3HHUKAIOIIAs  H3-32
HEOOXOJMMOCTH pellaTb CBOM NpOOJEMBbI BMECTE C JPYTMMHU areHTamMu u
oOecrieunBaeMasl  pa3BUTBIMH  IMPOTOKOJAMHU  CBSI3HM;  ILI€JIEYCTPEMIICHHOCTD,
IpeAnoaramnas Hatmyue COOCTBEHHBIX UICTOYHUKOB.

O0bekT HccaegoBaHUs. ODHEProcoOepekeHWe H  MHUKPOKIMMAT B
HEIPOU3BOACTBEHHBIX 3/IaHUSIX.

Ipenmer ucciaenoBanms. [Ipoueccel Temnonepenaun npu GoOpMUPOBAHUU
MUKPOKJIMMAaTa B HEIPOU3BOACTBEHHBIX 3/1aHUSIX.

Henas puccepranmu. [locTpoeHHe cHCTEMBI HA OCHOBE MYJIBTHAr€HTHOU
TEXHOJOTMH U HEHPOHHBIX CETe! JJIs MOBBILIECHUS KOM(POPTHOCTHU CPEIBI.

Heaun uccnenoBanus. i TOCTHKEHUS LEIU UCCIIEIOBAaHUS OBLIN PELICHBI
CJIEAYIOIIUE 3aJauu:

1. AHanu3 MeTOAOB OUEHKH J(PPEKTUBHOCTH, MHUKpPOKIMMATa M METOJ0B
MaTeMaTHYECKOTO pacyeTa MPOLECCOB TEILIONEPENAYN B MOMELMICHUAX C YUYETOM
TEMIIepaTyphbl, BIa)KHOCTH U Ka4eCTBa BO31yXa.
2. Pa3zpaborana maremaTrueckasi MOJEINb TEINIO0OOMEHA B 3/IaHUSIX C €CTECTBEHHOU
BEHTWJISILKEH ISl MPOTHO3UPOBAHUS MApaMETPOB MUKPOKIMMATA.
3. bbima mnpennoxxkeHa apXMTEKTypa CHUCTEMbl M MapaMeTpOB MOHUTOPUHIA
9HEProd((HEKTUBHOCTH C YHACTHUEM CETH U MYJIbTHAT€HTA.
4. Bpul yCTaHOBJIEHBI areHTHI, MO3BOJIIIOLIME MOCTPOUTH CHUCTEMY Ha OCHOBE
texHonoruit Grid u MAS:

v’ ATEHT NEPEKITIOUYEHHUS COCTOSIHUIA - UCIIONB3YETCs IS BHIOOPA CETKH

v’ ATEHT LIEHTPAILHOTO KOOPIMHATOPA - JJIsl CBSI3H C JIPYTHMH areHTaMHu.

v’ ATeHT 3arpy3KH - ISl YIIPABICHUs Pa3IAYHBIM 000PYI0BAHHEM M3 BHEIIHEN

CpEIbl.

v/ ATeHT JTIOKaJbHOTO YIPABIICHUS SHEPTOMOTPEOICHHEM - [UTA YIPABICHUS U

MOHUTOPHUHIA YHEPronoTpedIeHus
5. Maremaruueckoe U MporpaMMHOE O0OecleueHHe Ha OCHOBE MYJIbTHAr€HTHbIX
TEXHOJIOTUH B paMKax Ipea1aracMon apXuTeKTyphbl.

6. [IpoBeieHbI SKCIEPUMEHTAIIBHBIE NCCIIEIOBAHMUS.



HayyHast HOBM3HA:
- brina pa3paboTana MmaTemaTu4ecKkas MOACIb KOM(POPTHOTO MUKPOKINMATA
u mozaenu SmartGrid ¢ yuactrueM MyJIbTHAar€HTHBIX TEXHOJIOTUH;

- bbuIo npennokeHa apXuTeKTypa MHOTOAr€HTHOM CHCTEMbI KOHTPOJIS U
YIPABJICHHS JIEKTPOIHEPTUEM;

- bbumm  amanTupoBaHbl MOJAENM HEHUPOHHBIX CeTed Ui oOecnedeHus
KOM(pOPTHOTO MUKPOKJIUMATa BHYTPH 3/1aHUS;

- Ha ocHoBe pa3paboTaHHOr0 MaTeMaTUYeCKOro MOJEIUPOBAHUS ObLIO
YCTAaHOBJIEHO, 4YTO YpPOBEHb KOM(OPTHOCTH MHUKPOKIMMATa 3aBUCUT OT
CTaHJIaPTHBIX MEXaHU3MOB 3HEPTrOCOEPEIKEHHU.

- DKCIEpUMEHTAJIbHO IOJIyYEHbI JAHHBIE O BIUSHUU SHEProcOEperarommx
MEXAaHU3MOB Ha BO3yXO0OMEH U apaMeTpPOB MUKPOKIMMATa BHYTPH 3/1aHUS.

1. BHEJAPEHUE CUCTEMbI SMART GRID (MASK) HA OCHOBE
MYJIBbBTHATEHTOB JJISA YIIPABJIEHUSA DHEPT' OINIOTPEBJIEHUEM
3JAHUN

Harme nccnenoBanue cocpeioToueHo Ha paspadorke Cmapt cuctemsl (EMS-
Energy Management System) ¢ ncroyib30BaHHEeM MYJIBTHArCHTHON TeXHOJIOTHH. B
X0JIe WCCJENAOBaHUA, MpU pa3pabOTKE apXUTEKTyphl CUCTEMbI U MPUMEHEHUU
aJITOPUTMOB, MBI TPUIACPKUBAINUCH 3aJaHHBIX TpeOoBaHuU. J[Ja AOCTHOKEHUS
rUOKOCTH B YMPAaBICHUU TPUMEHSETCS MHOroareHtHas cuctema. KomdopT B
3IaHUU WM €r0 OKPECTHOCTSIX OOBIYHO OTPEACISIeTCS] COUYETaHUEM TEMIIEPaTyphl,
BJI&JKHOCTH, CKOPOCTM Bo3AayxXxa U KoHueHTpauuu CO2. MynbTuareHTHas
TEXHOJIOTUSI MOKET OBITh HCIOJB30BaHA B KAaue€CTBE OCHOBBI I CHCTEMBI
YOpPaBJICHHUS JHEPrornorpedieHneM W KOM(OPTOM B 37aHUU. IJTa TEXHOJOTHS
MO3BOJIAET Pa3/IeNUTh CIOKHYIO 3aJauy Ha MPOCThIE MOA3a/1a4yd, KOTOPbIE MOTYT
OBITh PEIICHBI C TOMOINBIO areHTOB. MeTOoJ MHOTOAareHTHOTrO MOCIUPOBAHUS
MO3BOJISIET MOJEIUPOBATH CIIOKHBIE CUCTEMBI, COCPEIOTOYMB BHUMAHUE HA OJTHOM
CyObeKTe, TaK Ha3bIBAEMOM areHTe. Y KaXJO0ro areHTa €CThb CBOM ONpEJICJICHHbIC
nevictBus. Crneayss CBOMM IIJJaHaM, A3TH areHThl (PAKTUYECKU TOJABEPraroTCs
BO3JCHUCTBUIO  PA3JMYHBIX  KIMUMAaTHUYECKUX  yCIOBUWM.  Brnusgaue  3>Tmx
KJIMMaTUYECKUX YCJIOBUNA HAa MHAMBUIYAIbHBIN TEMIOBOM KOM(OPT MOCTOSHHO
KOHTPOJIUPYETCS TPOCTOM MOJAEIBIO CUCTEMbI TEPMOPETYJIUPOBAHUS YETIOBEKA:
MOJICNIbI0 MHAUBHUAYaIbHOTO TeruioBoro koMmdopra (MUTK). beuta pazpaborana
MHOTOAreHTHasi ~ WMHTEJUICKTyallbHas  TEIUIOBOrO  KoMmdopTa B  CIOXHBIX
CTPOUTENBHBIX cpenax. Cucrema MOJEIUPOBAHUS UHTETPUPYET, B JOMOJIHEHUE K
JPYTUM MOJYJISIM, MOJIETTh OMOMETEOPOIOTHUYECKOTO TEII0BOr0 KoMdopTa.

Apxutektypa cucrembl. (CoBpeMeHHasi TEXHOJIOTHSI  yHpaBJICHUS
oOecrieunBaeT  OONBIIYIO  HAACKHOCTh, OA(PPEKTUBHOCTH W  THOKOCTh
SHEPreTUYECKOM CHUCTEMBI, YTO BBOJUT KOHIIEMIMIO WHTEIUICKTYaJlbHOU CETH.
Konnenmus smart grid - 5T0 HOBasi TEXHOJIOTUS, B KOTOPOM MOTYT y4acTBOBAaTh
KJINEHTBL. JTO rapaHTUPYET KAaUeCTBO U HAJIE)KHOCTh ITOCTAaBOK. PacTymmii cripoc Ha
SHEPruto TpeOyeT OONbIIeH JeleHTpalu3alluy MPOU3BOACTBA U3-3a U3MEHECHHI B
MOBEJCHUHU PBIHKA W CIOXHBIX CUCTEM. [I03TOMYy CIOKHO YHpaBJiATh CETHIO C
MOMOILbIO EHTPAIBHOTO KOHTpOJIIepa. TeXHONIOTUsI MHTEIUVIEKTYJIbHOM CUCTEMBI



yopaBieHUs: 00ecleuMBaeT paclpeleleHHOe pelIeHue JUIsi  TEXHOJIOTUU
yIpaBlIeHUS 3/JaHUEM C O€30MacHON U HAJCKHBIM pelieHneM. HTenneKTy anbHbIi
BEMS - st0 ero mpumenenue. EMS B kKomMMmepueckoM 37aHWW HampaBiieHA Ha
YIY4YILIEHUE OKPYXKAIOILIEN CpeIbl BHYTPH 3/1aHMUS.

B Hamem nccnenoBaHuy Mbl pacCMAaTPUBAEM J[BA TUIIA UCTOYHUKOB SHEPTHHU:
KOMMYHQJIBHYIO CE€Tb M MHUKpOceTb. KoMMyHanpHas CEThb NOJIy4YaeT SHEPIUIO0 OT
OCHOBHOM ceTu ropoja. Mukpocetrsb CHa0OkaeTcsi BO30OHOBIISIEMBIMU UCTOYHUKAMU
sHepruu. Bropas 4dacTte cHCTeMBl - 3TO MyJbTHareHTHas cucrema. [lockombky
KOKIBIM areHT NpearonaraeT BBICOKWN YpOBEHb HHTEIUIEKTA I INPUHATHUSA
JOKQJIbHOTO PEILIEHUsl, CUCTEME TpeOyeT HOBOM apXUTEKTYphl MOJENIM areHTa.
MynbTHareHTHas cucreMa IPUHUMAET JaHHbIE OT JAaTYUMKOB M IACCAaXUPOB B
KAueCTBE BXOAHBIX JAaHHBIX M IIPUHUMACT PEIICHHUS JUI OCYLIECTBICHUS
ynpasieHus IpuBogaMu. CHCTEMBI yIPABICHUS - 3TO CUCTEMBI, KOTOPBIE JOJKHBI
KOHTPOJIMPOBATHCS U 00ECIIEYMBATH KUTENEH KOMPOPTHON Cpelod U SHEPTUEH.

1.1 AreHT nepexJ/ro4YaTeb

ATEHT-KOMMYTaTOp PAaCIOJIOKEH Ha TEPBOM YPOBHE. ATEHT KOMMYTATOp
MOJIy4aeT JaHHbIE OT IEHTPAJBLHOTO areHTa KOOpAHHATOpa O MOTpedisieMoil u
BbIpabaTbiBaeMoi sHepruu. CoriacHo 3ToM WH(OpMaIuu, areHT KoMMyTaTopa
MOJIy4aeT TMUTAHUE OT OJJIEKTPOCETHU, KOTJIa HHEPTruh OT BO30OHOBIISIEMBIX
WCTOYHUKOB M Oarapedl HEAOCTaTOYHO JUIsl YJIOBJIETBOPEHHUS MOTpeOHOCTEH
TpebyeMoit Harpy3ku. Kpome Toro, areHT KoMMmyTaTop(IEpeKIoYaTeib) MOKET
BO3BpAIaTh HM30BITOYHYIO JHEPTHI0O OOpaTHO B CETh, KOTJa BO30OHOBISEMAs
DHEPTUS TPEBBIMIACT MOTPEOHOCTH 3MIaHUS, KOTOpas 3aTeM MOXKET XPaHUTHCS B
Oarapesx. OOmas UHTETPUPOBAHHAS CHCTEMa 3JaHUH M MHUKPOCETEH MMEET JiBa
pekrMa pabOThI: PEKUM MOJKITIOYCHUS K CETH U W30JMPOBAHHBIA PEKUM. ATEHT
MIEPEKITIOYEHUST COCTOSIHHSI CBSI3BIBACTCS C areHTOM IIEHTPAJIBLHOTO KOOPpAMHATOPA,
9TOOBI OMNPEACIUTh COCTOSITHUE KOMMYTAaTopa IS IOJKITIOYCHUS/OTKITIOUCHUS
MUKpPOCETH K/OT komMMmyHalibHOW ceTu. Ha pucynke 1.1 mokazana mporuemypa
BBIOOpA OMNpPENENIEHHOTO peXuMa paboThl B pa3IWYHBIX cleHapusx. Ecmu
MPOU30MIET KaKoe-IMOO TOBPEKIECHUE DSHEPrOCUCTEMbl WM €CJIH YPOBEHB
sHEpronoTpedsieHus OyAeT HEeMPUEMIIEMBIM ISl TOTpeOuTeNeH, MUKPOCETh OyIeT
OTKJIFOYEHA OT OCHOBHOM CETH.
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Pucynok 1.1 — Ilponieaypa BiOOpa pe:KuMOB pabOThI

[lepexmtouarens B OTHX CLHEHapusx OyJneT OTKPBIT, U OyIyT MPHUHSITHI
COOTBETCTBYIOIIME CXEMbl ONTUMHU3ALMU WIA CMATYEHUS TOCIEACTBUN IS
MaKCUMAaJIbHOTO TIOBBIIIEHUS OOIIEro ypoBHA KOM(pOpTa C HMCHOJIb30BAaHUEM
JOCTYIIHBIX BO300OHOBJISIEMBIX HMCTOYHHUKOB SHEPIHHM; B IPOTHBHOM CIydae
MUKPOCETh MOJKIIOYAETCs K dHEprocucreMe. TeM HE MeHee, 31aHKe Bceraa Oyier
NOTPEOATh JTOCTYNHYIO BO300HOBJISIEMYIO 3HEPrUI0 B MEpBYH ouepeab. [lpu
HaJIM4YUM K30bITKA SHEPIMM W3 BO30OHOBIISIEMBIX HMCTOYHUKOB OaTapen OyayT
3apspkeHbl. Eciam sHeprus Bce emie ecTh, M30BITOK JHEPrHH OyaeT 0O0paTHO
BO3BpAILATECA B JHEPreTUYECKyr cucreMy. Kpome TOro, ecim He XBaTaer
BO3OOHOBJISIEMOM  SHEPrHMH OT  “MUKPOCETH’ U  YPOBEHb MOTPEOJICHUS
AIIEKTPOIHEPTUH SIBIISIETCSA MPUEMIIEMbIM, HCTOUYHUK MUTAHUSA OyAET 3aKyIUIeH s
yIOBJIETBOPEHUS OOIIEH HArpy3KU 3/1aHusl.

1.2 IlenTpaJIbHBIHA areHT

[leHTpanbHBI KOOPAWHMPYIOIIMI areHT, PacCIlOJOKEHHBI Ha BTOPOM
YPOBHE, SIBIIIETCS OJHUM M3 KIIIOUEBBIX DJIEMEHTOB CHCTEMBI yIpaBieHUs. OH
B3aMMOJIEUCTBYET CO BCEMH areHTaMH Ha OCHOBE BHEIIHUX JaHHBIX (MH(pOpMaIu
O TMOTOJHBIX YCJOBHUSX) M IIOJIb30BATEIbCKUX MPEANOYTEHU B OTHOIICHHUH
TEIUIOBOTO, BHYpPEHHEH BIAXXHOCTM M KadyecTBa BO3JyXa, a TakKXe JaHHBIX 00
AIIEKTPUYECKUX Harpyskax 3aaHus. OH Takke Moyy4aeT HHQOpPMAaIHo OT areHTOB
BETPOBBIX TYPOUH U COIHEYHOU (POTORIEKTPUKHU OT areHTa 3apsIKi akKKyMyJIaTopa.
Kpome Toro, on onpenensier KOJIUYECTBO SHEPTUU , U SHEPTUU JIJIS1 HEOOXOIUMBIX
MNOKPBITUM YMPABICHUS SHEPTUEM, U YINPaBISIET €0 COOTBETCTBYIOIIUM 00pa3oM
JUIsT  eHTpa’npbHOrOo  KOOPAMHATOpA-areHTa OCHOBHOW — 3a1adyed  SABJSACTCA
KOOpJIMHALIUSA paclpe/iesICHUs] 3JIEKTPOIHEPTUU U O0ecredyeHue MaKCUMaJbHOTO



KOM(OpTa KIUEHTOB, B TO € BpeMsi OOBEIUHsS MCTOYHUKU SHEPTUM U BCEX
areHToB 00Jiee HU3KOT0 YPOBHS.

1.3 IleperoBopsbl Me:K1y areHTaMH

ATeHTBI BEeAyT MEPEroBOPHI APYT C APYTOM, YTOOBI MOAETUTHCS TOCTYITHOU
sHeprueid. CorjlacoBaHME HAYMHAETCS areHTamMHu 3arpy3ku. ATEHTBl 3arpy3Ku
3aMpaliuBalOT y JPYTUX areHTOB MPEVIOKEHUE HCTOYHUKOB NMUTAHUSA. ATEHTHI
UCTOYHUKM NUTaHUs MOJIy4aroT 3alpoc Ha MHUTAHHWE OT AareHTOB 3arpy3kud u
OTIPABIISIIOT ~ MPEAJIOKEHUE  UCTOYHMKAM  DHEPIMH. ATEHTbl  HAYMHAIOT
JIOTOBapUBAThCA MEXAY COOOM M NPUHUMATh PEIICHUS, OCHOBBIBASICh HAa CBOMX
COOCTBEHHBIX IpaBWJIaX. TUIUYHBIE PEIICHUS 3aKIIOYAlOTC B TOM, KAaKHE
UCTOYHUKM MUTAHUS JOJDKHBI MOTPEOSATBCS M CKOJBKO SHEPTrUU JOJDKHO
o0ecnieunBaTbCs MPUHATHIMU UCTOYHUKAMU nuTaHus. Jloruka areHra noka3aHa Ha
pucynke 1.2.
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| Battery Charging |

Pucynox 1.2 — TleperoBopbl MeX 1y areHTaMH

1.4 Jlokanbubie Kiimmatudeckne KonTposiepsl

JUJ11 KOHTPOJISI TEIIOBOTO KOM(OpPTa U KAUECTBA BO3/1yXa UCIOJIB3YIOTCS TPU
JIOKaJbHBIX KOHTPOJUIEpA AareHTOB. OTH AareHThI-KOHTPOJUIEPhl CPABHUBAIOT
TEKyIIMe 3HAYeHUs TMapaMeTpoB KomMdopTa C 3aJaHHBIMH U OINPEACISAIOT
KOJIMYECTBO JHEPruH, HEOOXOAUMOE [IJsi YIPABICHUS HCIOJHUTEIHHBIMU
MEXaHU3MaMH UH)KEHEPHBIX CUCTEM 3/IaHHS.



1.5 Jlokanbhblii Peryasitop Temnepatypsl

JUist pacyera HEOOXOAMMOW MOIIHOCTH I NOAJEPKaHUS BHYTPEHHETrO
TEIUIOBOTO KOoM(opTa JJIsl TON MOACUCTEMBI pa3padOoTaH KOHTPOJUIEP C HEUYETKUM
BBIBOJIOM. BXOJl 3TOro HEYETKOro KOHTpOJIEpa BKIKOYAET B CeOSl OMIMOKY U
ucnpasiieHue omuook. Ommoka U3MEHEHHS - 3TO Pa3HUIA MEXY TIPEIbIIyIIeH U
TEKYILIEH OINOKAMH.

1.6 JlokaabHblii Peryiasitop BaaxuocTu

YroOb!l omnpenenuTh HeOOXOIMMYIO MOITHOCTh it KoMdopTa BHYTpPEHHEU
BJIQKHOCTH, MbI IPUMEHSIEM HEUETKYI0 KOHCTpyKIuio PD. Hedetkoe ympaBicHue
BJIQKHOCThIO HMMEET Ha0Op HEUYETKHX INEpeMEeHHBIX, BKIo4as OueHb CyXYIo,
Cyxyrwo, Hopmanbenyto, Brnaxxnyto u Ouenp Biaxnyto. [lotpebisiemass MOLUTHOCTD
U3MEHSIETCS B 3aBUCUMOCTH OT KaXKJIOTO PeKUMA.

1.7 Mectubiii Peryasitop KavyectBa Bo3nyxa

MecTHBIE areHT MO0 KaydecTBY BO3AyXa KOHTPOJHUPYET YPOBEHB
kouneHTparuu CO2 B 3manun. PacmpocTpaneHHOe 3a0TyKIeHNE 3aKII0YaeTCsS B
TOM, YTO 3arps3HEHHBIN BO3/1yX HAXOAUTCA CHAPYKU, KOT/Ia ITpaB/a 3aKJI0uaeTcs B
TOM, YTO KOHIIEHTPALIUH B BO3/AYyX€E PAa3IMYHBIX Pa3apakarolINX, KAHLIEPOT€HHbIX U
MyTareHHbIX COEIWHEHUN MOTyT OBITH BBIIIE, YEM HX COOTBETCTBYIOIINE
KOHIICHTpAIlMM 3a IMpeae]aMd MOMENICHUH [Oake B MPOMBIIUIEHHBIX 30HAX.
BoabIIMHCTBO 3arps3HSIONIMX BEIIECTB B oMenieHus X - 310 CO2 u npyrue rassl OT
CUT'apETHOTO JIbIMA, JIETy4YH€ OpPraHWYeCKHE CMECH OT MOIOLIUX CpEICTB,
Ne3UH(EKINN, KPACOK, KIEEB, 3arpS3HSIONTUE BEIIECTBA OT KOMHUPOBAIBHBIX MAIIIUH
U T.4. Jlydimii cnoco6 CHU3UTh KOHIIEHTPALUIO 3TUX 3arPSI3HAIOLIUX BEUIECTB - 3TO
BBECTU KaK MOXHO OOJIbILIIE CBEXEro BO3[yXa B MOMELICHHE, TEM HE MEHEe, 3TO
OOBIYHO TpeOyeT OMpenesIeHHON ILEHbl, TTOTOMY YTO CBEXHHM BO3AyX OOBIYHO
HEO0OXOJMMO HAarpeBaTh WU OXJIAXAATh B 3aBUCHMOCTH OT Hapy»KHOTO KJIMMATA.
Kak nokazarenp kauecTBa BO3/lyXa B MOMEUIEHUU. JTO MPEAYCMOTPEHO C yUYETOM
TOTO, YTO KOHLEHTpAalMU [PYTUX 3arps3HSIOLMX BELIECTB OyIOyT CleloBaTh
aHAJIOTUYHBIM TEHJICHIIUSIM, KOTOpPbIe B HEKOTOPBIX CJIydasX MOTYT OBITh
HETOYHBIMHU.

1.8 JlokanbHblil AreHT Ynpasiaenus [luranuem

Ponr arenrta ympaBieHuss TMTAaHWEM 3aKIIOYaeTCs B aJIaNTalyH
HPHEPrONOTPEONICHUSI K WMEIOIIMMCS pecypcaM THUTaHUS C y4YeTOM KpPUTEPHUEB
kKoM(dopTa monp30BaTeNss. ITO OTPAaHUYMBACT HMCIOIB30BAHHUE JOTIOJHUTEIHHBIX
pPECYpPCOB, KOTOpPHIE TPEOYIOT JOIMOTHUTEIbHBIX HHBECTUIIMN, YTOOBI M30€XKaTh
JIOPOTOCTOSIIIIEH HEOOXOAMMOCTH XpaHeHUs. JIOKanmbHBIM areHT yhpaBleHUs
MATaHUEM KOHTPOJIMPYET YPOBEHb YHEPTUH B CUCTEME YIIPABJICHUS CETIMH.

1.9 Arenr 3arpy3ku

ATeHT 3arpy3ku yIpaBisieT BCEM OO0OpYJAOBAHHEM, KOTOpPOE€ HE HMEET
OpsIMOTO TMOAKIIOYEHUS! K TpeM OCHOBHBIM (akTtopam komdopra. OH TaKxke
KOHTPOJIUPYET BCE IIEKTPUUECKUE HATPY3KHU, KOTOPHIE MOTYT ObITh OTKJIFOUEHBI BO



BpEMs HEXBATKH JIEKTpo3Hepruu. [Torpedurensim nperocTaBiisieTcs BO3MOXKHOCTh
BBIOMpPATh MPEANOYTUTEIbHbIE OTKJIIOYEHHS HArpy3Kd UM yCTaHaBIMBAaTh
OPUOPUTETHl JUIsl KaXIOW HArpy3Ku € NOMOIIBIO 3Toro areHra. CosnparoTcs
HEKOTOpbIe MPOGUIN 3arpy3Kd, W TpadUUecKHil MOJIb30BATEIbCKUN HHTEpQEIC
IpeAHa3HaYeH ISl HACTPOMKH COOTBETCTBYIOIIMX IapaMmeTpoB. Mcmons3ys
rpaduueckyto miaTGopmy, KIMEHTHI MOTYT HE TOJIKO OIPEEIATh XapaKTePUCTUKU
Harpy3Kd, HO U KOHTPOJIMPOBATH 00BEM H MOPSIIOK cOpoca Harpy3KH.

2 KIMMAT-KOHTPOJIb B TIOMEIIEHUN

MuxkpokiIuMar B TOMEIIEHUH SBISETCSI OCHOBOMIOIATAIOMUM (DaKTOPOM ISt
3IOPOBOM JKM3HU U OIpEAesieTcs PsSAOM (PU3NYECKUX BEIMYMH, TAaKUX Kak
TEMIIepaTypa U BIAKHOCTh, YPOBEHb KOHIICHTPALIUH BPEIHBIX BELIECTB B BO3yXE
U CKOPOCTb BO3YIIHOTO MOTOKA (BETpa). ITU (PaKTOPHI ONPEEIAIOT, UCTIBITHIBACT
JU UcCHbITyeMblid "TeruoBod komgopt"; xkapko wumu  xosoaHo. CocTosHue
TEIJIOBOTO KOM(OpTa - 3TO COCTOSIHUE, ITPU KOTOPOM OpPraHu3My He TpeOyroTCs
MEXaHU3MbI TEPMOPETYJISILIUY, T.€. YEIOBEK HE OyAET UCTIBITHIBATH HUKAKOU JIPOKU
WM TIOTOOT/IEICHUS, a KPOBOTOK B MepudepruyecKux opraHax MoAAEePKUBACTCS C
IIOCTOSIHHON CKOPOCTBIO. DTO YCIOBHE COOTBETCTBYET TEPMOHEUTPAIBHON 30HE
Jlns mojyepikaHus 3aJlaHHOTO YpPOBHS MHUKpPOKIMMAara M KayecTBa BO3JyXa B
MOMEIICHUH HEeoO0XOoAMMO pa3paboTaTh CHUCTEMY YMPABICHUS C IKOHOMHYHBIM
DHEPronoTpedsieHrueM JJisi  3aJlaHHoro Habopa ycinoBuil. Pucynox 2.1
WUIIOCTPUPYET MPOCKTUPOBAHME W ONTUMHU3ALUIO MPOLEAYPhl HEUYETKOTO
KoHTposuiepa. Cuctema ynpaBjieHUsT BO3AYLIHBIM MOTOKOM B OOJBIIIOM 3JaHUU
JOJKHA OBITh pacCUMTaHa Ha Pa3jIMYHbIE PEXKUMBI pabOThI, MOCKOIbKY BHEIIHUE
NOTOAHBIE YCIIOBUS U KOJIMYECTBO JIHOJI€H BHYTPH 3/1aHUS NIEPUOJUUYECKU MEHSIOTCS.
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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

Pucynok 2.1 — KoHCTpyKIIHsI HEUETKOTO KOHTpOJIIEpa

3 Pa3zpadoTka aganTuBHOro HeilpoP|D-peryasitopa Bi1askHOCTH

Hecmotpss Ha TO, uro Heuetkuit I[IN/[-perynstop mnpeaHasHaueH s
YIpPaBIEHUs KIMMAaTOM B IIOMELIEHWH, TEMIIEpaTypa, BIaxHOCTh U [AQ
paznuyaroTcs 1o (PU3MYECKUM TNapamMeTpaM W UMEIOT Pa3Hble XapaKTEPUCTHKU.
[losTomMmy 1@  ganpHEMINEro  aHaJM3a  NOTEHUWANla  MCIOJIb30BaHUS
YCOBEpPUIEHCTBOBAHHOTO  METOJA  YNPABIECHUS Ui YJIY4YIICHWs KadecTBa
BHYTPEHHEH cpelbl HEOOXOUMO MPOBECTH MCCIIEAOBAHMS U pa3padoTaTh HOBYIO
CTPATErul0 KOHTPOJIA BJIAXXHOCTU B IIOMEIIEHUH, OCHOBAHHYIO Ha TPYIHOCTAX
KOHTPOJISI BIaKHOCTH, 00CYXJIaeMbIX B 3TOM paszeiie. K OCHOBHBIM TPYyAHOCTSM
KOHTPOJIS BJIAJKHOCTH B IIOMELIEHUN OTHOCSTCS: 3a€pKKA 10 BPEMEHU; JIMYHBIC
OpeanouTeHus; BIWsAHUE TeMmieparypbl. (CienoBaTenbHO, pa3pabOTaHHBIN
KOHTPOJIIEP TOJKEH YIOBIETBOPSTH CIEAYIOIINM TPEOOBaHUAM: ObICTpasi peakius,
HEOO0JIbIII0E MTPEBBILICHUE, XOPOIIast aIaNTUBHOCTh U UHTEJUIEKTYaJIbHBIN aIrOpUT™M
ONpPENENICHUs] TEMIIEpaTypbl: ropsdas, XOJoAHas Win Temad. g ynpasneHus
KOMHATHOW TEMIIEPATYPOM B 3TOM pa3/IeJie MPEACTABICH UHTEIUICKTY lIbHbIN [T /]-
perynsitop, ocHoBaHHBIM Ha NN panuansHoil 6a3ucHoil dyHkuuu (RBF). B atom
VCCIIEIOBAHUM TPOU3BOJUTEINBLHOCTh KOHTposuiepa PID HelipoHHOUW cetu ¢
paguanbHOi OaszucHoM ¢ynkuueir (RBFNN-PID) mnposepsercs ¢ mnoMOIIbIO
KOMITBIOTEPHOTO ~ MOJICIMPOBAaHUsI ¢ HWCIOJb30BaHWMEM  si3bika  Python.



Nnremnexryansubiii [T /[-koHTpOsep Ha oOcHOBe HelpoHHoW ceth RBF
UCITIOJIB3YETCS 111 KOHTPOJIS OTHOCUTEIBHOM BIAKHOCTH B TOMEIICHHH.
[Tpoutecc ympasnenus ynpasieaneM RBFNN-PID npencrasnen Ha pucynke 3.1:

v Hano cobparh 3HaueHHE Ha miare BEIOOPKH k.

v’ PaccuuTarh BBIXOJHON CHT'HAJI CETH HAa OCHOBE COOPAHHBIX JTaHHBIX.

v' Tonyuuts MaTpuily SIkoOuaHa, MCIIOJIB3Ys IPUBEICHHBIE YPABHEHUS.

v" Hacrpotite mapametpsl PID s PID-koHTpOsuTepa.

v KoHTpoJuIep MochlIaeT KOMaHIy KIMMaTHIeCKOMY 000Dy I0BAHHIO JIs
KOHTPOJISI BJIAXXHOCTH, IOCKOJIbKY KJIMMAaT B IOMEIICHHUH MOYKET H3MEHSTHCH,
npoliecc ynpasieHus OyJIeT NpoaoKaThC.

v' IIponmomxkenue mporeca K=k+1.

Collect each value at sample
stepk
Caleulate network output vy,
Caleulate the Jacobian
matrix
Regulate k. 1. by
PID controller for mdoor
Inmmidity envirenment
control

Set k=k+1 —

Pucynok 3.1 - Texnomorudeckas cxema RBFNN-TIU/-perynsaropa

4 PE3YJIBTATBI DKCIHEPUMEHTA

B kauectBe mpumepa Mbl pacCMOTPUM HCIIOJB3yeMbId pexuM. [IpoBoas
HKCIEPUMEHTHI C UCTIOJIb3YEMbIM PEKUMOM U U3MEPSIst TPEOYEMYI0 MOIIIHOCTb, MBI
MOKEM MpeACKa3aTh CIOCOOHOCTh MHUKPOCETH CHaOXaTh 374aHue »Heprueil. B
MOJICJIMPOBAHUM, JMana3oHbl KoMpopTa KUTENeH s pa3IUyHbIX 3ajad
yIOpaBlIeHUs 3aJal0TCs CIENyIOMMM 00pa3oM: KauecTBO BO3AyXxa KoseOJeTrcs B
nuamnazone ot 400 qo 8800 ppm, nrama3zoHbl TEMIIEPATYPhI U BIAKHOCTH B3STHI Ha
OCHOBE MEXIyHapOAHBIX cTaHAapToB U pexkomeHaanuii ISO/FDIS 7730.
NHCTpyMEHTBl aJICOpUTMa ONTUMM3ALMK OBUIM KCIOJIB30BAHBI ISl alTOPUTMOB
NN. Hauansubie HacTpoiiku juisi anroput™Ma NN ObUIM BBIOPAHBI CIEAYIOLIUM
oOpa3oMm: TemmepaTypa, OTHOCHUTEIbHAs BIAXHOCTh W KoHIeHTpauus CO2
(mpeacTaBisIONIMEe KAaueCTBO BO3/yXa) OIMUCHIBAIOT KOMGMOPTHOCTH BHYTPEHHEM
cpenbl (Pucynok 4.1). Jlns MUHMMaIbHON CKOPOCTH KOM(pOpTa mapamerpbl ObUIN
npuHATH B KaudecTBe BekTopa {19.5°C;40%;800ppm}, a nns MakcuMambHOMN



ckopocTd KomdopTa mMapaMerpbl ObUIM TMPUHATHL B

Ka4eCTBC BCKTOpa

{26°C; 60%; 1100ppm }.
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Pucynok 4.1 — Pe3ynbTarsl SKCIEPUMEHTA. 3€JI€Hask TUHUS: TPaAUIIMOHHAs
cuctema; CUHSISL TUHUS: TIpeajiaragMasi CucteMa



3AK/IIOYEHUE

JlanHast nuccepTanroHHas padoTa Obliia MOCBSIIEHA CO3/TaHUI0 KOM(DOPTHOTO
MUKPOKJIMMATa C UCIIOJb30BAHUEM MYJIbTHAT€HTHBIX TEXHOJIOTUH JUIsl 00€CIIeYeHuUs
KOM(pOPTHOTO MHMKpPOKJIMMAaTa BHYTPH 3AaHHs. PaccMOTpeHBl MOAETU M METOMAbI
pa3pabOTKM UHTEIUIEKTYaJIbHOM SHEPreTMKM Ha OCHOBE MYJIbTHAreHTHOU
TEXHOJOTMM C MCHOJIb30BAaHUEM aJalTHUPOBAHHBIX HEWPOHHBIX ceTeil. O030p
JUTEpaTyphl, MPOBEICHHBIM B palboTe, MOKa3bIBaET, 4TO MpoOJieMa aKTyalbHa,
IOCKOJIBKY JHEProcOepeXxeHne M HSHEProd(pPeKTUBHOCTH SBISIOTCA BaXHBIMU
COCTaBJISIIOLIMMU B TEIUIODHEPIeTUKE. B CBSA3M € 3TUM B MccepTallMOHHON padoTe
pelieHbl  mpoOseMbl pa3pabOTKHM HOBBIX MOJAXOAOB K OLIEHKE KOM(pOPTHOCTU
MUKpPOKJIMMAaTa Uil CHW)KEHHUS  DHEpPromnoTpeOJieHuss NpH  COXPAaHEHUH
OJIarONPUATHBIX YCJIOBUM JUISl JIFOJAEM BHYTPU JKUJIBIX, OOILECTBEHHBIX U
aMUHUCTPATUBHBIX 3[JaHUM TPU OJHOBPEMEHHOW SKOHOMHUHU MOTPEOIsIEMOM
AIIEKTPOIHEPTUH.

Hcnonbs3yemple B HACTOSIIEE BpPEMs METONBl OLIEHKM KOMQOPTHOCTH
MUKpPOKJIMMAaTa HE YUUTHIBAIOT OCOOBIX PUCKOB, MPUCYIIUX HEMPOU3BOCTBEHHBIM
NIOMEIICHNUAM, B pe3yJbTaT€ 4Yero 3TO MOXET IPUBECTH K HAPYIICHHUIO
OJaronpUsTHBIX YCIOBHUM Ui JroAed BHYTpu. B cBsi3u ¢ 3TUM B mpenaraeMoit
pabote OblIN pa3paboTaHbl METO/IbI, YUUTHIBAIOIINE BIMSHUE SHEProcOeperarwumx
MEpPOIPUATHA HAa MUKPOKJIMMAT, B PE3YyJIbTaTe€ YEro 3TO HE OKAXET HEraTUBHOTO
BIMSHUS Ha Jofeil. OgqHuM u3 Hanbosee NOAXOIAIINX METOJOB MpHU pa3paboTKe
TaKOW CHCTEMBI SIBJISIETCS MYJIBTUAr€HTHBIM IOAXOJ C  HCIOJIb30BaHUEM
aJanTUPOBAHHBIX HEUPOHHBIX CETEW, B KOTOPBIX MOJEIUpyeTcs OO0JbIIoe
KOJIMYECTBO B3aMMOICHCTBYIOIINX UHTEIUIEKTYaJIbHBIX ar€HTOB.

B xozne uccnenoBanus ObuT NPOBEEH KaU€CTBEHHBIN 0030p CYLIECTBYIOLINX
aHaJIOrOB CUCTEMBI, CPEIM KOTOPBIX 0BT OTOOPAHBI M TPOAHATIM3UPOBAHBI JTyUIIINE
uisi  obecriedeHuss KOM(OPTHOrO MHUKpPOKJIMMAra B MOMENIEHHU. B cratbe
UCCJIEIOBAHA MaTeMaTU4ecKas MOJeNb TEIJIOBBIX MPOLECCOB, MapaMeTpbl
MUKpPOKJIMMAaTa B MOMEILIEHUH, BIMSIOIIME HA €r0 U3MEHEHHE, U IOJJICpKAHUE
KOM(pOpPTHOTO MHUKPOKJIMMAaTa BHYTPH 37aHHUs, B pe3yibTare uvero Oblia
CMOJIEIMpOBaHa MaTeMaTHuyecKas MOJIeJb TEIJIOBBIX ITporeccoB. Kpome Toro, 66110
U3Y4€HO, KakK  yOpaBJIsSATh  CHUCTEMaMHM  OTOIUIEHMS, BEHTWIILMH U
KOHJMLMOHUPOBAHHUS BO3/lyXa C y4ETOM TEMIIEPATYpPhl U BIIAYKHOCTH B IIOMELIEHUU
U Ha OTKPBITOM BO3JyXe, a Takke ObUI pacCMOTPEH BONPOC O MOAJAEPKAHUU
MOCTOSTHHOW KOM(OPTHOM TeMrepaTypbl U BIAKHOCTH.

Takum 00pa3zoM, 3KCIEPUMEHTHI, POBEJACHHBIE B JIAOOPATOPHBIX YCIOBUSIX,
aHaJIW3 TOJYYEHHBIX JIaHHBIX M TECTUPOBAHHUE IMOKAa3aJiM, YTO MPEAJIOKEHHas B
JAHHOM  paboTe  MHOrOareHTHas CcHCTeMa  KOHTPOJs M YNpaBJEHUsA
AIIEKTPOIHEPTHUEH, OCHOBAHHAs Ha MATEMAaTUYECKUX MOJEISIX W METoJax ¢
UCIIOJIb30BAaHUEM aJaNTUPOBAHHBIX HEHPOHHBIX CETEH, SIBISETCS HEOOXOIUMBIM
WHCTPYMEHTOM JIJIs1 CO3AaHUsI KOM(MOPTHBIX YCIOBUN AJI JIOACH, HAXOAAIIUXCS B
MOMEILEHNH, W BHECET OOJBIION BKJIAA B YJIydlleHHME SKOHOMUKH CTPAaHbI B
Oymytiem.



B nuccepranynu ObLIM MOJyYeHbI cJIeyIoIie pe3yaibTaThl:

1. Pa3paborana matemaTuueckas MOJElb KOM(DOPTHOrO MHUKPOKJIMMATa MOJAEIU
Smart Grid ¢ yuactTrueM MyJIbTHAr€HTHBIX TEXHOJIOTHH;

2. [IlpemnokeHa apXWUTEKTypa MHOTOAareHTHOM CHCTEMbl MOHMTOPUHIa U
yIpaBIEHUS 3JIEKTPOIHEPTUEH;

3. HeiipocereBble Moaenu ObLIM aJalTHPOBaHbI JIs 0OecreueHus: KOM(OPTHOTO
MUKPOKJIMMAaTa BHYTPH 3aHMUS;

4. Ha ocHOBe pa3pabOTaHHOIO MaTeMaTHYECKOIO0 MOJAEIUPOBAaHUSA  OBLIO
YCTAaHOBJIEHO, YTO YPOBEHb KOM(OPTa MUKPOKIMMATa 3aBUCUT OT CTaHJAPTHBIX
PHEProcOeperarIux MEXaHU3MOB,;

5. DKCHEpUMEHTAIBHO TOJYYEHbl JAHHBIE O BIUSHUH HSHEProcOEperarommx
MEXaHU3MOB Ha MapaMeTpbl BO3AYyX000MEeHA U MUKPOKJINMATa BHYTPH 3IaHMUSL.
JIOCTOBEpHOCTh pE3yJIbTaTOB MCCIEAOBAHMS MOJITBEPKAAETCS MATEMATUUECKUMU
J0Ka3aTeJIbCTBAMH U 3KCIIEPUMEHTAIIBHBIMU UCCIIET0BAHUSIMMU.

OkoHoMuyeckass  3(@PEKTUBHOCTh  PE3yJIbTATOB  BBINOJHEHHBIX  paboT
MOATBEPKIAETCS CEPTUPUKATOM UHTEIUIEKTYaJIbHON COOCTBEHHOCTH.
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