











Bctyn

OfHOro IMCTONagoBoOro Beyopa [4BOE MOMOAMX OLEN 3MMHO LLYNSYUCL Ha
X0NO4HOMY MOBITPI, MWW BYNULEHD BENMKOro Micta. Bynuusa 6yna Tak cobi, He
LleHTpa/ibHa, 6e3 ACKpaBUX BITPUH i peknam. 3aTe no obuasa 60Ky TenIum CBIT/I0M
ropinn BikHa. [liBUMHa, 3arnggaroum 10 B OfHE BIKHO, TO B iHLUE, Ka3zana CBOEMY
CYNyTHUKY: KONN-HebyAb i B Hac 3 To6ow 6yae CBill Be/IMKWIA BYAMHOK, B HbOMY
Oyfe 6araTo KiMHaT. Xnoreub NocMixaBcs: K CepefHbOBIYHMIA 3aMOK, ere X? Ocb
TiNIbKK 3aMKW, CXOXe, noraHo onanosanuca. | mu, AHto, byaemo 6poanTn 3 KiMHaTH,
B KiMHaTy B nowlyKax Tenjoro micteyka. Hi, ckasana AHs, Hexal Tenno cnigkye 3a
HaMW B HaloMy fJoMmi. Tam, fie M1 Hexal Oyze Tenno, a TaM, [je HaC HeMAE i HIKoro
IHLIOro Hemae, MoXe 6yTu | NPoXosiofHiwwe. BiH 3anuTas, BK/IKOYaOYMCh B rpy: a Lo
Oyae, AKLLIO MW PO3iinaeMocs B Pi3Hi KIMHATU? AKWMIA TU TyNWUiA - Bignosina BoHa. Hy,
Lle XK Tak npocTo. YacTmHa Tenna nige 3a TO60K0, a YacTMHA 3a MHOK. Xoneub 3
MOAMBOM TNAHYB Ha cynyTHuMUtO. Lle wo, ¢eHTesl abo iHga 3 iHeTy? Hi, ckasana
BOHa. Lle 5 npsmo 3apas npugymarna.

[eHnc i3 3a0BONEHHAM, A0 XPYCKOTY B Cyrnobax, NoTArHyBCH, BiAKUHYBLUNCH
Bi4 MOHITOpa. lgeda, no-crpaBXHbOMY LikKaBa ifed, BMManbOByBanaca. Ha
YOTMPHAZUATIN CTOPIHUI BCe i BUpiWwnIoca. OCTaHHE PIBHAHHSA, WO PO3MICTLIOCA B
caMmOMYy OCTaHHbOMY ab3ali, SBHO MpPOo LUe cBigumno. BiH rngHYB Ha FOAWHHUK.
Hiuvoro cobi - Tpu roguHun nigpag, He sigpusaroumnct Bif komnal He 3aBagunio 6 xou
KaBW KOBTOK. Vlyun Ha KyXHI0, MiMOPrHyB CBOEMY BiOGPaXEHHIO Y A3epKai: a
wo, AeHuc OnekcaHapoBud, cnabo Bam B po3ymi BiAHOBMTM BECb JlAHLKOXKOK
MipKyBaHb, SiKi NPU3BOAATb A0 TaKOro HeTpuBiasibHOMY pe3ynbtaty? OfHak, ¢iabo,
cKasaB BiH c06i, HanmBatoumn Body 3 (inbTpa i BKIOYAKUN YailHWK. He 3aBaamno 6
36epertucsa. BiH BXe [iMWIOB A0 CBOr0o CTO/MY | 3HAWLWIOB MWLLKY, KO/ MOYYB
A3BIHKWM LWMIO/b i CBIT/O 3racno.

Bam 3Hailoma Taka cuTyauis? Lle o3Havae, WO BY MOXeTe npuragaty BCi Ti
CfnoBa, AKi BMMOBNAOTLCA B nofdibHomy Bunagky. OcobnmBo, AKLIO 3ragyelld, Lo
aBT030epeXxeHHa 6yno BiAKNOYeHO, a 6/10K 6e3rnepepBHOro XMBMEHHA Tak i He OyB
npuadaHnii. Ane Lo X ctanoca? YUepes WO crpaytoBaB aBTOMaTUYHUIA BUMMKAY Ha
BBO/li €NeKTPOeHeprii B KBapTMPY? AKLLO He BpPaxoBYBaTW BNAMB NOTOMGIUHMX CUN,
AOMOBWKIB Ta IHLIMX [EMOHIB, TO BUXOAMTb, L0, LUBUALLE 32 BCE, OY/10 NepeBULLEHO
[0NYCTMMe HaBaHTAXKEHHS MepeXXi eNeKTPOXMBNEHHS. A L0 XX 6yno BKIOYeHO? Hy,
ocb, Komn'totTep — uUe BatrTt 500, wle, 3BMYaiiHO, HewacnmMeuii YaHMK-1000 Bar,
Tenesizop -300 BaTT, MOX/IMBO, came B LA HEBIAMOBIAHWIA MOMEHT Ha KyXHi XTOCb
BK/IIOYMB MiKPOXBUILOBKY — e 700 BatT. Hy i, 3BM4aiiHO X, ABa Harpisaya no 1500
BaTT KOXeH, SIK Ha 310 6y BKNKOYEHI 061aBa — OAMH B iaanbHi, iHWWIA B CNasbHi.
Bcboro BuxogmTtb 5500 BaTT, He paxyrum LWe CKifbKW-TO BaTT OCBITNEHHA, a



AONycTMMa MOTY)XXHICTb  €/1eKTPOCMOXMBaHHA  kBapTupn — 5000 BarT. Bce
3po3yMisnio. oeHnc 3aaymMaBcs: a Lo, Koy 6yB TaKnil AOMaLLHIA PpOBOT, AKWIA CTEXMB
6n 3a po3NOAiNOM eHeprii B OYAWHKY, BKAKYAKUYM | BUMMKAKOUYM  Taki
eNeKTponpunaamn K Harpisadi, He JOMycKaroumn NOAIGHMX CUTYaLii | 3abe3nevyroun
TensIoM Ti NPUMILLEHHS, SKi B HbOMY Hali6ifbLUue NoTPedyHoTh.

Eminia Bkntounna Komn'toTep i 3anyctuna 6aHkiBcbkuid cepsic online. Mana
BiAGyTMCS ceplio3Ha poboTa — KOMYHanbHi nnatexi. CborofgHi Ha pPaHKOBIl
orepaTuMBLi NoYysa LiJIKOM O4YiKyBaHy HOBMHY NPO Yeprose NiABULLEHHA Tapudis, B
TOMY 4YmCAi | HA TeN0BY eHeprito. Tomy, LWe ngyymn 3 poboTu, BUpILLIMAA: yBeYepi He
BiKpMBalo (herclbyk, JOKM He cnjady KomyHasky. OTXe, YMTaEMO — Tapud Ha
onaneHHs ana 6yavHkiB 6e3 npunagis 06/iky TensoeHeprii — 37 TpH 3a KB. METP
Xutnosoi nnowi. Cnacunbi, xou He 6epyTb NiaTy 3a OnasieHHA HEeXMTNO0BOT MOL.
MHOXY, 3HauuTb, A Leil Tapud Ha cBoi 40 KB. METPIB LIIKOM XWUTNOBOT naowi i
OTPUMYIO, ... Hi, Ha Xanb, Bigaato 1480 rpH. Eminiga 3amucnunacsd. HewloaaBHO
HaTpanuna B IHTePHeTi Ha MOBIAOM/EHHA NpPO Te, WO B €Bponi Bce O6iNbLIOT
MONYNAPHOCTI OTPUMYE NpsIMe eNnekTpuyHe onaneHHsA. CTano uikaBo, WO Le Take.
BusiBnnocs — Hemae HIYOro MPOCTILIOrO — enNeKTPUYHI HarpiBadi, fKi MOXHa
PO3MiLLlyBaTV B NPOCTOPI KBAPTUPW AK 3aBrofHO i HaBiTb MepPecTaB/ATH 3 MiCUA Ha
Micle, SKWO XoyeTbesA. Hy, Lie, 3BMYaiiHO, MOXKHA Tenni CTiHW i Tennay nignory.
3arasiom, 3a Balli rpoLui — 6yab-aKunin Kanpus. A illka TyT B TOMY, LLIO MOXHa camiii
KepyBaTu Mnodayero Ternna, po3nodinstoym Moro Ha CBi po3cyd, B 3a€XHOCTI Bif
Moroau i HaCTPor. ENeKTPOeHepris TeXK KOLITYE rpoLleit, ane TyT 3a HUX § OTPUMYHO
Tenso B Ti KiNbKOCTI, & TaKOX B TOMY MicLi | B TOW 4ac, AKMin cama Bubupato, a
LIeHTpani3oBaHOro Tersa 3aBXAW He BUCTayae, KoM Ha BynuUi MOpo3. A Kou
HacTae Bifnura, JOBOANTLCA BiKPUBATK BiKHA. HAK CKa3aB OfMH 3HANOMMIA (i3nK: TW
EMinis nnatuw He 3a Tenno, npusHaveHe T106i, a 3a 36i/bLLEHHS eHTPoNiT Y BCbOMY
HaLLoMy CBITI.

[Mpo Wwo X mMpitoTb AHHa, eHunc Ta EmMinis?

[Mpo Te, WO6 MOTYXHICTb NPAMOro €NeKTPUUYHOro OnajieHHs aBTOMaTU4YHO
po3noAinsnaca B NPOCTOpi OnantoBasibHOro 06'eKTa BifNOBIAHO [0 NMPIOPUTETIB TUX,
XTO HUM KOPUCTYETbLCA.

A TakoX npo Te, W06 BenMuYMHa Uiel  NOTY)KHOCTI aBTOMAaTUYHO
nigTPUMyBanacs Ha TaKOMYy PiBHI, MpWM AKOMY CyMapHe efieKTPOCMNOXUBaHHS
onastoBa/IbHOro 06'eKTa He NepeBuLLYyBano 6 BCTaHOBEHWIA NTIMIT.
| Wwe npo Te, WO6 3MEHLINTKM NaTy 3a Ten/o.






3 enekTpoonasieHHsAM fy>xe [obpe Y3rofpKyeTbCAd aTtoMHa eHepreTuka. B
€Bponi Noro yacTka NPakTUYHO NPOMopLiiHa YacTui aTOMHOI eHEPreTUKN. YKpaiHa,
SIKa BXKe 3apa3 BUpo6/ise 58% enekTpoeHeprii Ha aTOMHUX CTaHLisX i 3aiMae 3 MicLe
B CBITI MO Ti CNOXWBaHHA Ha AyLUY HaceNeHHs, NPOCTO NprpeYeHa Ha BNPOBaIKEHHS
eNeKTPOTEXHO/ON 1 B ONANEHHI B CaMUn HAMGIMXKUMIA Yac.

3a nporHosamu (haxiBUiB HaWOGAMXYMM 4YacOM 3pOCTaHHS LiH Ha BCi
eHeproHocii (ras, UeHTpasibHe onasieHHs Ta iH.) 36epexeTbes. MNpuyomy, noteHuyian
3pOCTaHHA LiH 00 PIiBHSA CBITOBUX HaWMbINbIMA Yy rasy, camuii MiHIMasbHUIA Y
e/IeKTPOeHepril; 3 ypaxyBaHHAM BWKOPWUCTaHHA MiNbrOBOr0 HIi4YHOro Tapudgly Ha
e/IEKTPOEHepPrito ePeKTUBHICTb €1eKTPOOMa/ieHHs1 Ha MOPAAOK BULLE LEeHTPaIbHOro
BOAAHOIO i Ha 15-20% felleBLue onasieHHs ra3om. MNopiBHANbHA giarpama BigHOCHOT
BapTOCTI Pi3HUX BUAIB OnasieHHs, HaBefeHa Ha puc. 1.2,

AuzenbHe Menetn [NepeuHa  Byrinng EnexTpo- Mpswme a3
nasmeo nigirpis eneKTpuyHe
BOAM

PucyHok 1.2 — [liarpama BifHOCHOT BapTOCTI Pi3HNX BUZIB ONasleHHSA

Bci BMaM nanvea, 3a BUHATKOM €NEKTPUKM, B OINbLIA UM MeHLUin Mmipi
3a0pyAHIOIOTL HaBKOMMLLHE cepefoBulle. [py cnantoBaHHI MPUPOAHOro rasy
YTBOPKOETLCA PIAKMIA KOHAEHCAT, a MPWU 3ropsHHI CONAPKUA — LiNNIA BYKeT Nerkmx
OTPYMHUX XIMIYHNX PeYOBMH. TakoX, A06pe Bifoma LKoAa TBepAoro naimea, K ans
NIOANHK, TaK | ANS HABKOMIMLLHLOTO cepeaoBula. CydacHi eleKTPUYHiI onantoBasibHi
npunagy CTBOPKOKOTb ONTUMa/IbHE CepefoBuLLe ICHYBaHHA [ONS  JIOLWUHK, He



CHATIOIOYN KHCEHb 1 HE TOPYIIyIoun OamaHc BOJIOTOCTI. BCi BOHM MaloTh HaIIHUN
3aXHUCT BiJl €JIEKTPOMATrHITHUX BUIIPOMIHIOBAHb.

OnHi€ero 3 HAMBAXKIIMBIIIMX MepeBar MpsiMOro €JIeKTPUUYHOr0 O0IrpiBY JKUTIIA €
MOKJIMBICTh 3MIHIOBAaTH TEMIIEpaTypy B KOXXHOMY OKpemomy mpumimieHHi. Lle
J03BOJISIE  HE TUIBKM EKOHOMHUTH E€JIEKTPOCHEPril0 3a PaxXyHOK YCTaHOBKH
MiHIMaJIbHOI TeMIepaTypu oOIrpiBy B O€3TIOAHOMY Ha JaHUH MOMEHT MPUMILICHHI,
ajle 1 CTBOpPIOE KOM(OPTHE CcepeAOoBUIIE MPOXKUBAHHA 3  ypaxyBaHHSIM
TEeMIIepaTypHUX MepeBar BCiX MELIKAHIIB OYIUHKY.

IBHAKICTh HArpiBy 1 MOXJIMBICTH BUOOPUOIO HArpiBy OKpPEMHX 30H, BHCOKa
MOOUTBHICTD JDKEpEed TeIula, M0 JO03BOJISE JIETKO 3/IMCHIOBATH PEKOH(DIryparito
TEIJIOBUX MOTOKIB, KEPOBAHICTH 1 CIIOCTEPEXKIIMBICTh POLIECY OMAIICHHSI, €KOJIOTTYHA
oesmeka. [li Ta iHImI TIepeBaru JO3BOJIAIOTH BHKOPHUCTOBYBATH TMPSAME ECICKTPUYHE
OMaJICHHA B KOTEIKax, 3aMICbKUX OyJIMHKax, CKJIAJAChKUX NPHUMINICHHIX, Ha
CIIOPTUBHHX MalJaHINKaX, B JTIKapHSX, T'YPTOXKHUTKAX, KBapTHpax
0araronoBepxoBUX 3a0y/I0B 1 T.1I.

VY 3B'I3Ky 31 CKJIaJHOI0 €KOHOMIYHOK CHUTYAIll€l0 B KpaiHi TOCTPO MOCTANIO
MUTAHHS €KOHOMIT MPUPOJHOTO Ta3y Ta 3/IMCHEHHS 3aXOJiB MO0 MOT0 3aMIIICHHS.
OmHuM 3 TakuX 3axXOJlIB € BCTAHOBJICHHS CTUMYJIIOIOYOTO Tapudy Ha €NEeKTPUUYHY
€HEPrio I CIO0XUBAYIB MPUPOJHOTO Ta3y 1 TEIUIOBOI €HEprii, sKl Meperuid Ha
BUKOPHUCTAHHS €JIEKTPOCHEPTii A1 ONaJIeHHS 1 MiAIrpiBYy BOIHM.

Tomy HKPEKII 301npmmia HOpMATUBHI OOCATH CIOKUBAHHS €JIEKTPUYHOI
eHeprii JJi1 HaceJeHHs, L0 MPOXXKMBae B OynuHKax (KBapTHpax), OOJIaJHAHUX Y
BCTAHOBJICHOMY TMOPSIKY €JIEKTPOONalIOBAIbHUMHU ~ycTaHOBKaMu, 3 3600 1o
5000 kBt*ron (mocranoBa ypsiay Ne 540 «lIpo cTumyntoBaHHS CIOKUBayiB
IPUPOAHOTO Ta3y 1 TEIUIOBOI €HEpTii 0 Mepexoay Ha BUKOPUCTAHHS €JICKTPUYHOI
eHeprii Jyis omajeHHs Ta WIAIrpiBy Boaud »). s 11i€i kareropii HaceJleHHs
3aCTOCOBYETHCSI HAWHMKUMN Tapu( Ha EIEKTPOSHEPrito. YXBaJeHHs bOTO PIIICHHS
COpUATHME  3a0XOYEHHIO  NOOYTOBHUX  CIOXHUBadiB /0  BHUKOPHUCTaHHSA
€JIEKTPOONATIOBAJILHUX MPWIAAIB 3aMICTh THX, L0 MPALIOOTh 3 BUKOPUCTAHHSAM

npupoHoro razy. Kpim mporo, 3amiHa moOyTOBUMHU CHOKMBAadaMH OIAIIOBaIbLHOTO



oOnamHaHHS, 1[I0 TMpamioe€ 3  BHKOPUCTAHHSIM  TNPUPOJHOTO  Tazy, Ha
CJIEKTPOONATIOBANIbHI  YCTAHOBKM 3 BUKOPUCTAaHHSAM JAH(EPEHIIHOBAHOTO 3a
nepiogaMu 4acy OOJIiKY €JIEKTPOCHEPTil 3MEHIIUTD IIOMICSIYHI BUTPATHU Ha OMaJICHHS
NPUMIIIEHb.

3 ommsay Ha Te, MO 3POCTaHHSA I[iH HAa Ta3 3HAYHO BUIIEPEIKAE JIHIFO
MIJBULLIEHHA eJIeKTpoTapuPiB, (haxiBIll BKE 3apa3 NPOTrHO3YIOTh M1IBUILEHHS MOMUTY
HA CHUCTEMH €JIeKTPOOOIrpiBy, fKi, CyAsSUd 3 yCbOTro, OYyAyTh 00OXOAUTHUCS HAabarato

JACIHICBLIC, HIK HGHTpaJIi3OBaHe OITIAJICHHS 1 HaBITh T'a30BHi OIAJIIO BAJIbHUI KOTEI.

Max 4,5kBT, 25A
( 0,7kBT 0,3kBT 0,2kBT 1,0kBT 1,0kBT
T N

O
o

0,5kBT

1,5kBT

Pucynok 1.3 — Imtoctpariis npo0i1eMu MiAKIIOUEHHS IPSIMOTO €JIEKTPUYHOIO ONaJIEHHS 10 Mepexi
€JIEKTPOIIOCTaYaHH KBapTUPU

Jlist omaniennst 10 KB.M TUIOIII B A00pE YTEIJICHOMY MPUMIIIICHH] 3 CTEISIMU HE
BUIllE 3 M 3HAMOOUTHCA MOTYXHICTH Onu3bko 1 kBT, Omxe, ns omaneHHs 3-X
KIMHaTHOT KBapTupH 1uiometo 60 kB.M Oyae mOTpiOHO MOTYXKHICTh OMM3bko 6 KBT.

Onnak eylexkTpoMepeki B OUIBIIOCTI 0aratornoBepxoBUX OYJIMHKIB TPOCTO HE



BUTPUMAIOTh TOMIOHOTO HaBaHTAXXCHHS, SKIIO BOHA Oynme 3arpeOyBaHa BciMa
CIOKMBA4YaMM OJIHOYACHO. TaKMM YMHOM, CYTTE€BUM CTPUMYIOUUM (AaKTOPOM MpH
BIIPOBA/PKEHHI €JEKTPUYHOIO OMNAJICHHS € OOMEXEHHS MOTY>XHOCTI B MEpPEexKi
€JICKTPOIIOCTAYaHHSI OTMAIOBAIIBHOTO 00'€KTa Ha PiBHI, SIKUW B 3arajJbHOMY BHIMAJKY
MOKe OyTHM 3HAYHO HIKYE CyYMapHOi BCTAHOBJIEHOI TOTYXHOCTI HarpiBauis,
HEOOX1THUX JJIS MATPUMKH KOM(OPTHOTO po3moairy Temneparyp (puc. 1.3).
[lepeButieHHs JIMITY MOTYKHOCTI MOKHA YHUKHYTH, CHHXPOHI3YIOUH pOOOTY
HarpiBaJIbHUX MPHUCTPOIB 3 THIIMMH €JIEKTPOCIOXKHBAYAMH TakK, 1100 aBTOMaTUYHO
31MCHIOBABCS MEPEPO3NOAUT IMOTYKHOCTI. MOXKIMBICT TAaKOTO pPEryJrOBaHHSA
00yMOBJIeCHa 3 OJHOr0 OOKY IHEPLIMHICTIO €JIeKTPOHArpiBAIbHUX MPUIIAJIIB, a 3
IHIIOTO — TOBTOPHO-KOPOTKOYACHUM PEXUMOM POOOTH MOOYTOBHX EIEKTPUUHHUX

IPUCTPOIB (XOJOIUIBHUK, ITpacKa, MpaJibHa MAaIllMHA 1 T.11.).

P14
1,5kWT|

1,5kW
PY &

1,5kW |

Pucynok 1.4 — O6MexeHHs MOTYKHOCTI IPSIMOTO €IEKTPUYHOTO OTAJICHHS 33 PaXyHOK
CHUHXPOHI3aIlii BKJIFOYCHb 1 BIIKIIIOUEHb HarpiBaJbHUX MPUCTPOIB
P1, P2 — HOMiHa/IbHI NOTY>KHOCTI HarpiBayis, PZ — cyMapHa NOTY>KHICTb CUCTEMMN eNeKTPUYHOrO
onaneHs, 7° C — TemnepaTypa [>Kepena Tenna

3a3nHaveHa mpobiieMa Moxke OyTH BHUpIIIeHa HUISXOM YIOPSJIKYBaHHS B 4Yaci
CTaHIB HarpiBajJbHUX MPUCTPOIB. [Ipo1iec mpsSMOro enIeKTpUYHOTO ONaJeHHS! TOBUHEH
Oytu kepoBanuM. lle o3Hauae, MO B KOXKEH MOMEHT 4Yacy CyMapHa MOTY>KHICTb
BKJIFOYEHUX HarpiBaJlbHUX TMPUCTPOIB HE TIOBUHHA TMEPEBUIYBATH PIBEHb
JOMYCTUMO1 TOTY>KHOCTI, SIKHM 3MIHIOETHCSI BUIIAJKOBUM YHWHOM BHACHIJ0K

BKJIFOUEHB 1 BIIKJIIOUEHb PI3HUX ellekTponpuiiais. [Ipukian cuHXpoHizalii poooTu



JIBOX C€JIEKTPUYHUX HArpiBayiB, IO BKJIIOYAIOTHCS 1 BIAKIIOYAIOTHCS BIIACHUMU
TEpPMOCTAaTaMH MPHU AOCATHEHHI 3a/IaHUX TEMIIepaTyp, MoKa3zaHuii Ha puc. 1.4.

3 HaBeJEHUX JllarpaM BHJIHO, LI0 IPH BIJICYTHOCTI B3a€EMHOI CHHXpOHI3AIil
MaKCHMaJIbHA MOTYKHICTh, [0 BUTPAYAETHCS HA OMajeHHs, gocarana 0 3kBt, B Toii
4yac SK MpPU HASIBHOCTI CHUHXPOHI3allli BOHA CTAHOBUTH Bchoro Jjwuie 1,5 kxBT.
[lepeBuiieHHsI JOMYCTUMOTO PIiBHS MOTY)XHOCTI MOKHA YHHUKHYTH, SIKIIO poOOTa
HarpiBaJIbHUX MPUCTPOIB CUHXPOHI3ZYEThCA HE TIILKHU OJIUH 3 OJHUM, aj€ 1 3 IHITUMHU
CHOXKMBa4YaMHM €HEeprii TakuM YHMHOM, I[I00 aBTOMAaTUYHO MEPEPO3NOAUIATU
€JIeKTpOeHEeprito. MOXIIMBICTh 3A1HCHEHHS MOAIOHOrO aBTOMAaTUYHO KEPOBAHOIO
npoiiecy oOyMOBJIEHa 1HEPIINHICTIO €JIEeKTPOHArpiBayiB 1 MePEPUBYACTUM PEKUMOM
pobOTH MOOYTOBUX EJIEKTPONPHIAIB (XOJOAWIBHUK, IMpacka, MpajibHa MalluHa 1

T.IL.).

1.2 TenJioBi moJisi cMCTEMH MPSAMOIO €JIEKTPUYHOT0 ONAJICHHS

Po3zyMHa cuctema mpsiMoro eIeKTpUYHOro OIajeHHs € KibepdizuuHa cuctema
[2, 3, 4, 5, 6, 7] kepoBaHUX JDKepen TeIia, PO3MOAUICHMX B MPOCTOPI
ONaJIOBAIILHOTO 00'€KTa, MOB'SI3aHUX OJWH 3 OJHHUM 1 3 HABKOJIUIIHIM CEPEIOBUILIEM
iHpopMmariitno 1 ¢i3uyHO. MeToro GyHKIIIOHYBAaHHS I11€1 CUCTEMM € YIpaBJIiHHS
TEIJIOBUMH MOTOKAaMH, 1110 3a0e3reduye 3aJlaHuid po3MoAll TeMIIEpaTyp B MPOCTOPI 1
gaci omajaroBaJIbHOTO 00'ekta. J[7s MOCATHEHHS Ii€i METH HEOOXIIHO B KOXKEH
MOMEHT 4Yacy MIATPUMYBATH TaKy IOTYXKHICTb KOXHOTO JDKepesa Teruia, 1o 3
ypaxyBaHHSIM BCiX HassBHUX OOMEXKEHb, YMOB HABKOJIMIIIHBLOTO CEPEOBUIIA 1 3aKOHIB
TEII0BOro OajaHCy MiATPUMYBATH 3aJIaHUN B Yacl po3MO/LI TeMiiepaTyp. Y 3B'sI3Ky 3
UM PO3MOJAUT B MPOCTOPI 1 Yaci MOTYXHOCTI HPSIMOr0 €JIEKTPUYHOTO OMNaJICHHS

Oynemo HazuBaTd TEMNIOBMM MONeM. MaTeMaTHYHO B 3araJlbHOMY BHTJISII L€ TTOJIC

ONHUCYETHCS CKATAPHOIO (GYHKIIE P(X,),z,t), sKa MPENCTaBIsie COOOK 3alEKHICTh
BiJl Yacy IOTYKHOCTI TOYKOBOIO [DKepelia TeIlula B TOYLI 3 KOOpAMHATAMHE (X,),z).

3BUYAIHO K, B PEAIbHUX yMOBaX JDKEpelsia Teria He € TOYKOBUMHU. O HaK MOII0HY

171eaizallito MOKHa BBaXKATH JOIMYCTUMOIO, SIKIIO 3 ii JIOMOMOTOK BIIA€THCS 3HANTH



3aKOHW YNpaBniHHA MOTYXXHICTIO [Kepen Tenna, 3a40BiflbHI 3 TOYKM 30pYy

MOCTaBNEHOI METWU.

Bci enekTpuyHi 06irpisadi, AKi BUKOPUCTOBYHOTLCA B AKOCTI [Kepen Tensa B

TENNOBUX MOJAX MOXHA PO3MNOAINNTYA Ha KinbKa rpyn:

Mac/nsHi pagiatopu;

KOHBEKTOPW;

TEensI0BEHTUNATOPU;

IHppayepBOHI KBapLOBI BUNPOMIHIOBaYI;
TEenoBi NiAnory i TennoBsi NaHeri.

Bci BOHM npautotoTh Bif, €NeKTPUYHOT MepeXxi.

MacnsHi pagiatopyn — HannowMpeHilWnin B, enekTpoobirpisadis. MacnsHi

pagiaTopy PO3CitOOTb TEMI0 B YCI CTOPOHM 3a paxyHOK HarpiBaHHA Mac/ioMm ix

MeTasIeBOi MOBepxHi. Taki pagiatopy NpeacTaBnsAlOTb COO0H eNeKTPUYHY bartapeto,

3arnoBHeHy macnom (puc. 1.5).

Puc.1.5. MacnsHuia pagiatop

Mpunagyn MatoTb Taki X MeTaneBi pebpa, SK 3BMYaNHI pafdiaTopu LEHTPasIbHOro

onaneHHsA. HarpiBaHHA NpuMiLLeHHS BifbyBaeTbCA NOCTYMNOBO, NPOTe HaWTensille

6e3nocepeHbLO 6inig obirpisava. Temnepartypa NOBEPXHI Mac/NAHOro pagiatopa MoXe

nocaratm  110...150°C. Llkana HOMiHa/MbHOI MOTYXHOCTi AAKMX MONYMAAPHNX

MOJeneit MacNsHUX HarpiBadiB npuBeaeHa B Tabn. 1.1.



Tabmuusa 1.1 — Illkana HOMIHAIBHOI MOTY)KHOCTI JEAKUX MOMYJSPHUX MOJENIEH

MacJISTHUX HarpiBadiB

Mopnens MaxkcuMaibHa KinbkicTb [Ipumitku
TEIJIOBANOTYKHICTb, CeKIIiH
kBT

DELONGHI 05123M 1,2 5
DELONGHI 061563 1,5 6
DELONGHI 082063 2,0 8
DELONGHI 102563 2,5 10
DELONGHI TRRS 0715 1,5 7
DELONGHI TRD 4820E 2,0 8
DELONGHI TRRS 0920 2,0 9
GENERAL NY23LA 2,3 11
GENERAL NY18LA 1,8 9 Tpaauuiiini
GENERAL NY15LA 1,5 7
GENERAL NY12LA 1,2 6
GENERAL NY23M 2,3 13 3 By3bKUM
GENERAL NY18M 1,8 11 npodinem
GENERAL NY15M 1,5 9
GENERAL NY12M 1,2 7
GENERAL NY10M 1,0 6
GENERAL NY24CA 2,4 11 31 301IBILIEHOI0
GENERAL NY20CA 2,0 9 TEIIOBIIIAYCIO
GENERAL NY16CA 1,6 7
GENERAL NY25LF 2,4 11 3 BEHTUJISITOPOM
GENERAL NY20LF 2,0 9
GENERAL NY17LF 1,7 7

KoHBekTOpW. HarpiBasibHi eneMeHnTH 115010 npuiiany — TEHu, craneBi BUrHyTi
IpOTH B 3aXMCHOMY METaJ€BOMY KOPIIyCl, SIKMl HarpiBaeTbcs 1 BIAJAE TEIIO.
«3aKpuTi» HarpiBaJbHI €JIEMEHTH CKJIAJar0ThCA 13 cTaneBux Tpyouactux TEHiB, Ha
SIKUX 3aKpIIUICHO cremianbHuil peopuctuil nudys3op. HasBHicts qudyszopa 3061iblrye

IUIONIYy KOHTAakTy XosoaHoro moBiTps 3 TEHoM, mo go3Boisie oTpumaT OLIbII



IHTEHCUBHY Biffavy Tenna i NoCUINTK KOHBEKLIIO. [NMepeBara AaHOi KOHCTPYKUIT e
| B TOMY, LWO «3aKpuTi» TEHW He MatoTb BIAKPUTMX HarpiBaibHUX criipanen, i Tomy
He nepecyLyoTb NOBITPA.

KOHBEKTOpHI 06irpiBayi NOWNPIOOTL TEM/O0 3a PaxXyHOK NPUPOAHOT KOHBEKLIT,
KO/IM Harpite NoOBITPA MiAHIMAETLCA Bropy, MocTynarumMcb MicUem XonogHomy. 3
LIIE0 METOKO TX KOHCTPYKLiA 3abe3rneyye BifibHWiIA AOCTYN NOBITPAHOrO NMOTOKY 3HU3Y
[0 HarpiBayiB i BUKW/ HarpiToro nositTps Bropy. TemnepaTtypa TEHa moxke gocsaratu
250 rpagyciB. TepmocTar 34ilCHIOE NiATPUMKY 3aaHol TeMnepaTypy B MPUMILLEHHI.
3ane)xxHo Bif Mofeni KOHBEKTOpa, TepMocTaT MOXe OyTM MexaHiYHUM abo
eNeKTPOHHUM. [1pn BKNKOYEHHI 06irpiBaya Temneparypa B MPUMILLEHHI 4epes
[eSAKNA Yac [ocArae 3afaHoro 3HaYeHHsi, B Lel 4yac TepmocTaT CaMOCTiHO
BIAKNOUNTL KOHBEKTOP. MNpy nafiHHI TeMnepaTtypy B NPUMILLEHHI HUXKYe 3aAaHoT,
TepMocTaT TaK CaMO CaMOCTIMHO BKIKOUMTb  KOHBEKTOP, TakKMM  YMHOM
NiATPUMYETHCA 334aHa TeMnepartypa B NPUMILLEHHI.

[MOTY)XXHICTb KOHBEKTOPHOro ob6irpisaya Big 500 go 2500 Batt i moxe
PeryntoBaTucs cxigyacTo (B AesaKux moaensx Kpokamu no 250 BatT).3arasibHuil Buj

HACTIHHOTO KOHBEKTOpa NnokasaHuii Ha puc. 1.6.
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PucyHok 1.6 — HaCTiHHMIA KOHBEKTOP

Mogeni eNeKTpuYHNX KOHBEKTOPIB BUMYCKAKTLCA PI3HMX PO3MIPIB.

CraHpgapTHi — BucoTa 400 - 450 mm.
Bucoki - Bucota 600 - 650 mm.

Hu3bKi - BUcoTa 250 - 350 mmMm.



Tak camo BUMYCKatOTbCA MO,EI,EI'Ii ENEKTPUHHNX KOHBeKTOpiB BMCOTOKO MNOHapA

800 MM (BY3bKi) I NAIHTYCHI BUCOTO A0 250 MM.

["MnbuHa (ToBLUMHA) KOHBEKTOPIB, 06naaHaHnX TEHamu, 3a3Buyait He GinbLue

100 MM, KOHBeKTOpPM 3i cnipasinto 6:n3bko 200 mm.

[MapameTpu AesKuX TUNiB KOHBEKTOPIB HaBefeHi B Tab/. 1.2.

Tabnuua 1.2 - MNMapameTpy AesKnX TUMiB KOHBEKTOPIB

Mogenb [MOTYXXHICTb, Po3mip, Mm MpUMITKM
KBT
EWT Clima 2,0 660x450%x200
240 TGL 2,0 750x450%x220
Nobo C2F02 2,5 475x200x87
Nobo C2F05 2,5 775x200x87
Tennosi BeHTUnATOPU (puc. 1.7). TlpuHUMN  BRawTyBaHHA  TensioBUX

BEHTUNATOPIB NPUOG/IM3HO TakKWin XKe, K | Yy KOHBEKTOpIB, afie 3amicTb TEH npyTa
rpitoyM eneMeHTOM € TOHKa MeTasieBa cnipanb. [MOTIK Harpitoro nosiTps

(hOPMYETLCS BEHTUNATOPOM.

PycyHok 1.7 — TennoBuid BEHTUNATOP

TennoBi BEHTUNATOPW MOLUMPIOKOTL TEMO Bif PO3IrpiToi MeTaneBoi cripani i

PO3CItOKOTb 3IrpiTe HeKO MOBITPA 3a AOMOMOrow BeHTMNATOpa. lNepesarn TennoBUX

BEeHTUNATOPIB:
— [y>Ke LWBWAKO HarpiBatoTh NoBiTps;
— 3axuLLEeHi Bif neperpisy;

— 3aBASKM TePMOCTaTy aBTOMATUYHO PErynioTb BCTAHOBNEHY TeMMepaTypy;

BIAKNHOYAKOTLCA B pasi NagiHHA.



TernoBeHTUIATOP MOKHAa BCTAHOBUTH Ha MIJUI031 200 MPUKPINUTU 10 CTIHU.
Jesiki Buam o0irpiBadiB 3a0e3nedyeHi 10JJaTKOBUMHU pejie BEPTUKATLHOTO TOJI0KEHHS,
AK1 BIIKITIOYAIOTh MPUIIAIH, SKIIO BOHU BUMAJIKOBO MEPEKUHYTHCS.

[ToTyXHICTH ~ OMaJieHHS  PErydroeThbcsi  TepmoctatoM.  CrerianbHUN
TEPMO3aMOODKHUK 3aXMINAE amapar Bif meperpiBy. Takok OIJBUIICTh Cy4acHUX
TEIJIOBEHTUJISITOPIB MAIOTh CIICIIAIbHUIN 3aXUCT Bij BUITAJIKOBOTO TMOTAJaHHS BOJIH.
TexHiuHI XapaKTepUCTUKHU JAESKUX MOJIEJe TEeIIOBUX BEHTHJISITOPIB HaBEJCHI B
Tabm. 1.3.

Tabnuus 1.3 — TexHIuHI XapaKTEPUCTUKU ACSIKUX MOJIENIeH TEII0BUX

BEHTHJIATOPIB
Mo- Cryneni Butpara Pisenb | At°C * | Hampyra, Cuna I"abapur,
JeNb | TOTYXHOCTi, | MOBITpS, HIYMy* " B CTpyMy, MM
kBT ky0.m/gac | JI6 (A) A
C3 0/1,5/3 280 41 32 230 - 13,2/4,4 | 255x335x276
400B3N™

C5 0/2,5/5 480 40 31 400B3N 7,3 255x335x276
C9 0/4,5/9 720 44 37 400B3N 13,1 315x405x335

*1 . . . .
Bincranb Big TerutoBeHTHIATOpa 3M. DakTop cripsmoBaHocTi — 2. ExBiBaneHTHa mioma 38yKomormnHaHHS 200KB.M. ;
*

2 . . . . .\ .
TIiAHOM TeMIepaTypH HOBITPS, IO TPOXOANTh YEPE3 HarpiBay Mpy MOBHINA MOTYXHOCTI;

" Mogens C3 MoXKe IIKIIUaTHCs 10 Mepexi sk Ha ogHodasHii Harpy3i 230B, tak 1 Ha TpudasHniit Hanpysi 400B.

IHdhpayepBOHiI KBAPLOBI BUNPOMiHIOBaYi. [lpunamu, npusHaveHi i mepenavi Teria
OUJIAXOM BHHpOMiHIOBaHHH HaniTOT IOBCPXHCIO HpOMGHiB JOBI'OXBHJIBOBOI'O

CIEKTPY, Ha3MBalOTh 1HGpauepBOHMMHU HarpiBauamu. HarpiBanbHHII e€JIeMEHT

iH(GpauepBOHUX KBApLOBUX BUIPOMIHIOBAYiB — KBAPI[OBA JamIa y BUTIISAAL TPyOKH,
1.8).

BUIIPOMIHIOBAY, Ha BIJIMIHY BIJ 1HIOUX MpHUJIaJiB, HArpiBa€ HE TOBITPs, a TEBHY

3aXMUIEHOI METajJeBUM KOpIycoM  (pHC. [ndpauepBoHuii  KBapUOBUHI

MOBEPXHIO a00 MpeIMET, Ha SIKUW CIIPSMOBAHUM MPOMIHB JIAMITH.

Pucynok 1.8 — [ndpauepBoHnii KBapLOBHI BUIIPOMIHIOBAY



3a J0MOMOrol 30HaIBHOrO 00irpiBy B mnpuMinieHHi (puc. 1.9) moxHa
CTBOPHUTH SIK TETUTl JUISTHKH, TaK 1 OUTBII TpoX010/iHi. Lle icToTHO ckopouye rpoIioBi
BUTPATH, JTO3BOJISIIOUN 3HWKYBATH CEPEIIHIO TEMIIepaTypy MOBITpS B IPHUMIIICHHI
[IUIIXOM CTBOPEHHS KOM(OPTHUX yMOB came Tam, jJe HeoOxigHo. Takum 4duHOM,
3aCTOCYBaHHS 1H(GpavepBOHUX OOIrpiBadiB JO3BOJIAE 3A0MAAUTUH EICKTPOCHEPTIO
0e3 mkoau st kompopTy aroaei. B mpomMy 1 ykiajeHa ojiHa 3 OCHOBHHUX IiepeBar
1H(paYepBOHUX CUCTEM: BOHU 3a0€3MeUyI0Th, IPUUOMY aJPECHO, BUKIIFOUHO BUCOKY
TeIIoBiAAauy, eKoHoMIsTun 0 40% BUTpaT HA OMayieHHS. BUTbI HU3BKA BapTICTh
€JIEKTPOCHEPrii B HIYHUM 4yac MoOke OyTH BUKOPHCTAaHA JJIA aKyMYJIIOBaHHS TeIuia
BHYTPILIHIMU KOHCTPYKIIsAIMU OyAiBmi 1 obmagHanasM. [Ipoctora obciyroByBaHHS i
BIJICYTHICTh PYXOMHUX YaCTUH, MOBITPSHUX (PUIBTPIB 1 Macesl 00yMOBIIOIOTh JOBIH
TEPMIH CIIy>KOU 001rpiBayiB.

Maiixe Bci 00irpiBadi MOXYTh OyTH OCHAICHI TPUCTYMIHYATUM PETYISATOPOM
noTy>kHocTi. [H(dpadepBoHi 00IrpiBaui MOXyTh OyTH BUKOHAH1 y BUIJISAI KaceT
pO3MipoM 3i cTaHAapTHY cTenboBy HTKy (600 x 600 mMMm), mo BOYAOBYIOTHCS B
M1JIBICHY CTEIO.

IcayroTh 00irpiBaui cTeap0BOro a00 HACTIHHOTO KPITJIEHHS, MOTYXHICTIO (,4-
1,2 kBT, siKi KpIMsATHCA HA MOHTAXXHINA apMaTypi CUCTEMHU OCBITIIEHHS a00 Ha TPOCi.
Jlns mpuMillleHp 3 BHCOKMMH cTelsiMu (mo 16 M), BIAKpUTHX MalJaHYUKIB Ta

JIOKAJIbHOTO O0IrpiBy peKOMEHAYIOTHCSI BUCOKOTEMIIEpaTypHI 00irpiBadi.

Pucynok 1.9 — [Ipuknaz 30HanbpHOTO 00irpiBy 3 BUKopucTaHHsM Y — BumpomiHioBadiB

JI1st BeMKUX MPUMILIEHb BUITYCKAIOTh 1H(padepBoH1 00irpiBadi NOTYKHICTIO
0,8-4,2 kBT 3 (hikcoBaHMMU TAHEIAMU 1 MPOMHUCIOBI MOJCII MOTYXHICTIO 10 6 KBT
JUIsE BUOIPKOBOTO a00 MOBHOTO OOIrpiBYy (MpW BHUCOTI cTenb Outbine 4,5 m). Bonwm
MOXYTh CIY>KUTH OCHOBOIO OIAaTIOBAJIbHOI0 CHCTEMOIO MPOMHCIOBUX IEXIB,
CHOPTUBHHUX apeH, BIAKPUTHX MalJaHYMKIB HABaHTAXyBAJbHUX TEPMIHAIIB 1 T. II.

3abe3neuyroun epeKTUBHUH 1 KoM@opTHUM wMicueBuil oOirpiB. Temsose



BUIIPOMIHIOBaHHSl  SIBJIi€  COOOIO0  €JIEKTPOMArHiTHY €HEpriro. IHTEHCHBHICTH
TEIJIOBOTO TMOTOKY 1 HOro XapakTEepUCTHKH 3aliekaTh Oe3MocepelHbO  BIJ
TEeMIIepaTypu 1 MOBEPXHI BUIPOMIHIOIOUUX 00'€kTiB. UnM BHIIE Temrmeparypa, TUM
KOpOTIIIE JOBXKMHA XBWUJII 1 BUIE IHTEHCUBHICTh BHUIPOMIHIOBaHHA. Temmeparypa
TIOBEPXHi, 10 BUNpOMiHIOe iHdpauepBonux obirpipauis Bix 100° C mo 950° C B
3QJIEKHOCT1 Bif 001acTi 3acTocyBaHHS. J[Jisg *KUTIOBUX OYJIUHKIB 3 BHCOTOIO CTEJb
2,5-3,5 M IpUIyCTHMa TeMmeparypa BHIpoMinrorouoi mosepxui 100-120° C. e
HaWOUThII M'sKe 1 Oe3levyHe BHUIPOMIHIOBAHHS. JInd BIAKPUTHX MalJaHYUKIB,
OalKOHIB 3 BHUCOTOIO Oinbine 3,5 M MOXyTh OyTH BHKOPHUCTAHI TeMIEpaTypH
BUIPOMiHIO0U0i ToBepxHi 10 950° C.

Tenna nignora. Ha BimMiHy BiJ pO3MISHYTHX BHUIIE OOIrpiBadiB, siKi €

JOKAIbHUMHU JDKEepelaMH TeIla, Tella Miuiora sBisi€ CO000 pO3MOIIICHE B

npoctopi Jxepeno termia (puc. 1.10).

Pucynok 1.10 — Ilpukian 3an0BHEHHS OTTIIOBAIBHOI TUIOMII CTICIiaIbHAM HarpiBajJbHUM Kabeaem

Cxema BiamTyBaHHS TEIUIOl NiUIOTW MTOKa3aHa Ha puc. 1.11.
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Pucynok 1.11 — KonctpyktusHa nmoOymoBa Temioi miaiorH
1 — KOHCTPYKIIisl MEPEKPUTTSI; 2 — TEIUIOBA 130Js11is1; 3 — KpaifoBa 1307s11is; 4 — Tiapoi30IAllis;
5 — map GeToHy 3 HarpiBaJIkHUM KOHTYPOM; 6 — MMOKPUTTS AJIS TIiIOTH




[TutoMa MOTYXHICTh CUCTEMH Teria mijjora (tadum. 1.4) 3anexuTh Bl TUITY

Hi,Z[JIOFOBOFO IMOKPHUTT.

Tabmuis 1.4 — HopmatuBHI 3HaYEHHS MUTOMOI MMOTYKHOCTI MTOBEPXHI TETIO1
1JJIOT A

Tun nixmIoroBoro NOKPUTTH IoTyxkHiCTB, Br/m>

[Tigyora 3 nepeB’ SSHUM MOKPUTTSIM 55

[Tizmora 3 MOHOITHOT OCHOBOIO (0€TOH) Mif AePEB'sSTHUM MTOKPUTTSIM, 80
TEIUI01301hOBaHA

[Timmora 3 MOHOJITHOI OCHOBOKO T/ JCPEB'STHUM TOKPUTTSM, HE 100
TEIJI0130JIbOBaHa

[Tizmora 3 MOHOMITHOI OCHOBOKO IiJl OyJb SKUM TOKPHTTIM (OKpiM 100...130
JIEPEB'STHOTO), TETUI0130J1bOBaHA

Tun nixmIoroBoro NOKPUTT IotyxHicTh, BT/M2

[Tigmora 3 MOHOJITHOI OCHOBOIO MiJ OYy/ib SIKUM MOKPHUTTAM (OKpIM 130...160
JIEpeB'sTHOT0), Bojora (BaHHa KiMHATa a0o0 CyMIIIEHWH CaHBY30IM),
110 HE TEIJI0130JIbOBaHA BiJl MIKITOBEPXOBOTO MEPEKPUTTS

[Tizmora 3 MOHOMITHOI OCHOBOKO ITiJl OyJb SKUM TOKPHTTIM (OKpiM 150...200
JIEPEeB'sTHOT0), MOKpa (AyIoBa, 00XiaHI JOPIKKH OaceiHy H T.1.), 10
HE TEIJI0130JIbOBaHA

HarpiBasibHuMU elleMeHTaMU TEIUIoi MIAJIOTH € KaOelbHI KOHCTPYKIi, II10
CKJIaJIal0ThCS 3 CTPYMOINPOBIAHOT HUTKU PE3UCTUBHOTO THITY, IO BUAUISE TEIUIO 1
mapy TedoHOBOI 130711l 3 TepMocTiiikoro [IBX-mmactuka. Taki kabenmi MOXYTb
OyTH BHUTOTOBJICHI 3 OJHIET BHYTPIIIHBOI CTPYMOIIPOBIIHOI >XUJIO0 abo aBoma. B
CUCTEMI TEIJIOI MIUIOTH TaKOX  MOXYTh  3aCTOCOBYBATHCS ~ KOHCTPYKIIi
CaMOpPETyJbOBAaHOTO  HarpiBajibHOTO  Kabemro. BoHm ~ MaroTh  3BHYaliHI
CTPYMONIPOBi/IHI, @ HE HarpiBajbHl O KWW, MDK SKAMH  PO3TalllOBaHA
HAMIBIPOBIIHMKOBa Matpuill. Konm skachk AUISHKA CaMOPETYNIIOYOro Kadesto
OXOJIOJDK€HA, BCEPEAWHI MaTpHUIll 3a PaxyHOK HAaIIBIPOBIAHUKIB CTBOPIOETHCS
CTPYKTYypa 3 BEJIMKOK KUIBKICTIO JOPLKOK I INPOXOJKEHHS 4Yepe3 HUX CTPyMy,
AKUW HarpiBae kaOenb 1 HaBKOJMIIHI Woro mapu. [lpu cepenHiii Temmeparypi
CTPYKTYypa HAMiBIPOBIAHUKIB 30UIbLIYE €IEKTPUUYHUUN OIIp, 3HUKYIOUH YMOBHU IS
MPOTIKAHHS 4Yepe3 HUX CTPyMy 1, TUM CaMUM, TPOXHU 3MEHIIYE BUIUICHHS TEILIa.
Akmio sKkach JUISHKA KaOea CUIBHO Harpita, TO KUIBKICTh JOPDKOK s
NPOXOKEHHSI CTPYMY B HBOMY DPi3KO OOMEXY€ETHCS, 3HHKYIOUM HOTO €JIeKTPUUYHY

IPOBIAHICTh. TakuM crocoOOM BiOYBAETHCS PETYNIOBAHHSA TEMIIEPATypH OOITPIBY



HABKOJIMIIHBOI'O CEPEIOBUILA HABITh O€3 TEPMOPETYJIATOPA 1 JATYUKIB TEMIIEPATYPH.
CamoperynpoBaHi Kabem OUIBII 3py4YHI B €KCIUTyaTallii ToMy, 10 HE MOTPeOyIOTh
CTBOPEHHS OJJHOPIZHOI CTPYKTYpH JUlsl epejiadi TerIa, K iX pe3UCTHBHI aHaIorH. 1X
OKpeMi JUISTHKY MOKHA MMiIJTaBaTH PI3HUM TEMIIEpAaTypPHUM HaBaHTAKCHHSIM.

TemioBi mojast MOXKYThb CTBOPIOBATHUCS PO3MOJILIIOM B IIPOCTOP1 OMAIIIOBATBHOTO
o0'ekta Oyab-KMX 3 TMEpepaxOoBaHUX BUIIE HArpiBaJbHUX NPUCTPOIB abo iX
koMOiHaIii. Tak, HampUKIIaa, TEIUIOBE TOJIe 3aMICHKOTO KOTEIKY MOXKE BKIIIOYATH
30HHU, OIAJIOBAIbHI KOHBEKTOpAaMH a00 MACISHUMH paaiaTopaMHu, a TaKOX 30HH,
OTMATIOBATBHI 1H(PAYEpPBOHUMH BHUIPOMIHIOBAYaMH 1 30HH TEIUIAX MiAIOT. SIKIO
KOKHa 30Ha MOKe ()yHKIIIOHYBATH HE3aJIC)KHO BiJ] IHIIUX 30H 1 IIPHU IbOMY, BC1 pa3oM
1 4acTKOBO, BOHM HE OOMEKEHI B CIOKHMBAaHHI €JEeKTPOEHEprii, TO IIOJ0 TaKoi
CUCTEMU OTNAJICHHS MOHSTTS TEIJIOBOTO MOJIA He akTyanbHe. OHaK moi0H1 cucteMu
€ CKOpiIlle BUHATKOM, HI’K IPABUIIOM.

MartemaTiyHa MOJENh TEIJIOBOTO TOJSI, IO BKIIOYAE PAXyHKOBY Oe3liy
TEIJIOBUX 30H, MOB'S3aHUX MiXK COOOI0 MOTOKAMHU €HEpPrii, OMUCYETHCS PIBHSIHHIMHU
TEII0OBOro OanaHcy [8, 9], a TakoXK CHUCTEMOIO 0OMEXEHb, 10 BKIIHOYAE OOMEKECHHS
Ha CIOXXHMBAaHY €JEKTPUYHY TMOTYXXHICTh 1 OOMEXKEHHS, IO HaKJIaJaroThCA Ha

po3mnoaii Temiepatyp. [Ipu iboMy B pIBHSHHSIX TEIJIOBOTO TOJISI BPAXOBY€ETHCA JIUIIIE
posmoxin cepennix temmeparyp 7;(f) TernoBuX 30H z, € Z. Lle NOB'sI3aHO 3 THM, 10
PIBHSIHHSI TEIUIOBOTO TOJISI OMHUCYIOTh PO3MOAUT MO TEIJIOBUM 30HAM MOTY>KHOCTEH
JDKepes Teruia E(t) 0e3 ypaxyBaHHs iX KOOPJAMHATHOI'O PO3TallyBaHHS B MPOCTOPI
omamoBagbHOTO 00'ekTa. CucCTema piBHSHb, IO OMUCY€E TEIUIOBE IMoyie 00'eKTa

[MPAMOTro CIICKTPUYIHOI'O OIIAJICHHS, BKIIFOYA€ HaCTYHHi OJoKH piBHSIHL.

biiok piBHSAHB, IO ONMUCYIOTH MPOLIEC FEHEpALlii Teria
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ne C,, — TEIUIOEMHICTb [-T0 JOKepena Terla (SKIo o0irpiB 3aiicHioerscs Y-

BUIIPOMIHIOBauYaMH, TO B SKOCTI JKEpesia Teria MpuilMaeTbes MaTepiaabHUM 00'eKT,
KU 3a3HAa€ BILTUBY MTPOMEHEBOI eHeprii), 7, (t) — CepeHs TeMIepaTrypa MOBEPXHi i
-ro pKepena Terua, Ty, (1) — cepenHs Temmeparypa moBitps B i -iif TemnoBoi 30Hi, o,
— koedimieHT TeroBimmaui I -ro Jpkepena Temna, P(t) — HOTYXHICTH i-TO

JDKeperna Tera.

brnok piBHSIHb, IO OMKUCYIOTh B3a€EMHI MOTOKH €HEPT1i MIXK TETJIOBUMH 30HAMU
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ne C,, — TEIIOEMHICTb I -01 TEIUIOBOI 30HH, Opii — Koe(iIlieHT Teruionepeaadyi M i
-0I0 Ta j -Or0 TeruioBuMH 30HamMu. KoedimieHT Teruronepenadi yepe3 0araromapoBy

ctinky [10], mo ckianaerbes 3 M rapis
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1€ ¢, — Koe(IUIEHT TeIIoBiaAadl Bij OLIbII TeruIoi 30HU 10 cTiHku Br/M™ *K, o, -
KOe(ILIEHT TEIIOBiAfadul BiX CTIHKM OO OuIbll XonoAgHOi 30HM Br/M™ *K, A —
KOE(ILIEHT TEIUIONPOBIAHOCTI 7 -ro mapy cTinku Br/mM*K, 6, — ToBmmMHA #n-ro

1apy CTIHKH.

3MiHy TeMIiepaTyp Ha KOpJOHI MIXK TEIUIOBUMH 30HaMU MOKa3aHo Ha puc. 1.12.

T d
7 Crinka
T wl Q
T, %
T, /é
R2 /
Z x

Pucynok 1.12 — 3mina treMmneparyp Ha KOpJIOHI MK TETUIOBUMHU 30HAMU

bi1ok piBHSAHB, IO ONMUCYIOTh OOMEXEHHS OTYKHOCTEN JKEPEN Teruia



) (1.4)

> e, B(t)=P,,
i=1

ne P, —k-Te oOMekeHHs IOTYKHOCTI JKepel Tellla, ¢, — BaroBUil Koe(ImieHT -

ro JoKepena Temia B k-oM OOMEXEHHI MOTYXHOCTI, K <n. Y HalmpocTimomy
BUNAJIKY, KOJIN OOMEXEHHS HAKJIAAA€ThCS JIHILIE HA CyMapHYy MOTYXXHICTh TEIIOBOTO

moutst, Mmaemo K =1, Vi(al. = 1).

biiok piBHSAHB, IO OMUCYIOTh OOMEXEHHS CEPEIHIX TEMIEPATYP TEIIOBUX 30H

[ T(0)~ Ty (1) | dr =min,

[Ty (1)~ Ty ()] dt = min,

(1.5)

[[7,0-T5,(0 ] dt = min,

ne T,(¢) — 3amaHa Tepmorpama i-oi TemnoBoi 30HHM, T, (f) — TIOTOYHA CEPENHS
TemIieparypa i-01 TeIUIOBO1 30HU.

3amava ymOpaBIiHHS TETUIOBUM IIOJIEM TIOJISATAaE B 3HAXO/KEHHI KEPYHOUUX
sumBis U, (B,...,P,P,....P. T, T, .T T .T. .,T;n,t) Ha JpKepena Terua,

K> H1>***>"Hn> " R1>***>"Rn>"R1>**

SKi BIUTMBAIOTh HA BEIWYMHHU 1X TOTYXHOCTECH TaKUM YHHOM, MO0 3a0e3rmeuuTH



BUKOHaHHS oOMexeHb (1.4, 1.5) 3 ypaxyBaHHSIM JWHaMIKH TEIJIOBHX IMPOLECIB, L0
OMUCYIOThCS cucTeMamu piBHsHb (1.1, 1.2).

VY naniii MoHorpadii po3TisalThCA TEIJIOBI MOJIsA, KEPOBaHI JUCKPETHUMU
KOMaHJaMu peseitHoro tumy. s dbopmyBaHHS MOAIOHMX KOMaHJI B KOHTYpHU
yIpaBJIiHHS TETUIOBUMU TOJISIMU MMOBUHHI OyTH BKJIFOYEH1 KiHIIEB1 aBTOMATH. Takum
YUHOM, OJHIEI0 3 IEHTPAJBbHUX 3a]ad, 10 BHUPINIYIOTHCA B JaHi MoHOrpadii, €
pO3po0Ka METOJIIB CHHTE3y CHCTEM KIHIIEBHUX aBTOMATIB JIS KEPyBaHHS TCIIOBUMU

noJIAMH y Ki0ep(13U4Hii cUCTEM] NPSIMOTO €JIEKTPUYHOTO OMAJIEHHS TPUMILIEHb.



I'maBa 2. EHeprernyHa eQeKTHBHICTb KepPOBAaHOI0 PpPO3MOJALTY eHeprii B

PO3YMHOMY TeIJIOBOMY IOJIi
Mano 3HaTb cebe LieHy — Hafo eLle NoNb30BaThCA CIPOCOM...
Muxaunn JKBaHekui

Kibepdizuuna [2] iHTENEKTyalbHa MEPEKa MPSIMOTO €JIEKTPUUYHOTO OMMAICHHS
«Po3ymHe TemioBe TONIe» BKIIOYAE JCSIKY MHOXKHHY EJIEKTPOHArpiBaIbHUX
MPUCTPOIB, AKI PO3MIIIECHO B PI3HUX 30HAX OMAIIOBAIHLHOTO 00'€KTa 1 MIIKIIOUYEHO 10
3arajJbHOrO JpKepesia €Heprii crhelmiaibHUMU aBTOMAaTHYHUMHM IPUCTPOSIMU  —
pO3yMHUMHU KOHEKTOpaMW, sKi B TOMAIbIIOMYy OyaeMO Ha3uBaTh CMapTKOHaMMU.
OcranHi, 0OMIHIOIOUKCH 1H(OpPMAIlIED B peaJbHOMY uaci, (GOpMYyIOTh B MPOCTOPI
OTaJIOBALHOTO O0'€KTY TMIACHCTEMY JIOKaJbHUX JOKEpen Terja, CyMapHa
MOTYXHICTh AKUX HE MEPEBUIIYE JIMIT TOTYKHOCTI, BIIBEJICHOT /IJIs1 3a/1a4 OMAJICHHS,
sKa BUIQJKOBO 3MIiHIOETbCS B 4aci. Ckiana 1€l MIJCUCTEMH B peaJlbHOMY daci
3MIHIOETBCA TaKMM UYHMHOM, 100 MiATPUMYBATH 3aJaHUN PO3MOJLI TEMIEPATYp B
30HAaXx OIMAaJIEHHS 32 YMOBOIO BUKOHAHHS OOMEKEHHS ii CyMapHOi MOTY>KHOCTI.

B naniit po00TI MU OOMEKUIUCH PO3TIISIAOM JIMILE TAKUX PO3YMHHMX TEIJIOBUX
MOJIIB, NIl TOOYIOBU SIKMX MOXYTh OyTH BUKOPUCTaHI CEpiiiHI eIeKTpOHarpiBajibHi
IpUCTPOi (110 PO3MISIHYTI y MOMEPEIHIH TJ1aBi), 00Ja HaHI BJaCHUMU TEPMOCTAaTaMH,
K1 3BUYaHUM CIOCOOOM KOHTPOJIOIOTH TEMIEpaTypy iX HarpiBajibHOI MOBEPXHI.
CMapTKOHU KEpYIOTh MOJauei0 MOTYXXHOCTI Ha €JIEKTPOHArpiBajbHI MPUCTPOI, SIKi
3r0JI0OM BiJIKJIFOYAIOTHCS BJACHUMHU TEPMOCTATaMHU 32 BHHATKOM THX BHITQJIKIB, KOJIH
BUHUKAE TIOTPO3a MEPEBUIICHHS JIMITYy TMOTYXHOCTI. B IMX BHIamkax cMapTKOHU
BUKOHYIOTh BIJKJIFOUEHHS OMNAJTIOBAIILHUX MPHUCTPOIB, HE YEKAIOUU CIIPAIlbOBYBAaHHS
iX BJIacHUX TepMocTariB. Taka moOyao0Ba PO3YMHOI CUCTEMH MPSIMOTO €IEKTPUYHOTO
OMaJICHHA HE MOTpedye MepepoOKH ICHYIOUMX €JIEKTPOHArpiBaJbHUX MPHUCTPOIB 1
MOKE PO3PaxOBYBAaTH Ha 1HBECTUIIINHY MIATPUMKY BUPOOHUKIB 1 TOCTAYAIBHUKIB 1X
PUHKOBHX MOJIENeH. B moganbmomy € MOXIUBICTh 00'eHATH (DYHKITIT CMapTKOHA Ta

TEPMOCTATa B €UHOMY MOJYJI1 y CKJIa/Il €IeKTPOHATPIBAIBHOTO MPUCTPOIO.



ABTOMaTHYHa pEKOH(Iiryparis pO3yMHOTO TEIJIOBOTO TMOJIA BiOyBaeThCs
KOXHOTO pa3y, KOJIM BUHUKAE HAUIMIIOK a00 JAeIUUT €JIEKTPUYHOI MOTYKHOCTI B
MEpeXl JKUBJICHHS CHCTEMHU OIAJIeHHs, TaKUM 4YWHOM, 100 ii JiMmiT He OyB
NEPEeBUIICHUI TpU HAWOUIBII TOBHOMY BHUKOPHCTAHHI €JIEKTpUYHOi eHeprii. Ti
IPUCTPOI, K1 OYJIM 10 TaHOTO MOMEHTY 4acy BIIKJIIOUYEHI, YTBOPIOIOTh Yepry, B sIKii
PO3IrPY€ETHCS MPABO HA MIJKIIOYEHHS JO0 MEPEX1 €JICKTPOKUBJICHHA. Bin TpuBanocTi
yacy OYIKyBaHHS B Il 4Yep3i 3aJIeKUTh aMIUTITyJa KOJIMBaHb KOHTPOIHOBAHUX
TemiiepaTyp. Uum JoBIIE JOKAIbHUI ONaNOBaJbHUN NPUCTPIN OUIKYE IMIIKIIOUESHHS
10 MEPEXKI E€JIEKTPOKUBJICHHS, THM HHM)KYE OIYCKAETHCS TEMIIEpaTypa B MICLI HOro
YCTaHOBKHU. I[HTENEeKTyallbHa Mepeka MNpPSIMOTO E€JIEKTPUYHOIO OINajieHHs MOBHHHA
OyTH OpraHi3oBaHa TaKUM YMHOM, II00 3 ypaxyBaHHSM 4Yacy OUIKYBaHHSI CEpeIHs
MOTYXHICTh TETUIOBOI €Heprii, sika BIJAA€ThCS HArpiBaJIbHUMHU MHPUCTPOSIMHU, OyIia

MaKCcUMaJibHOMO [12].

2.1 3micTOBHA MOCTAHOBKA 3a/1a4i
Hexaii maemMo n enexkTpoHarpiBajJbHUX MPUCTPOIB (HArpiBayiB) MOTY>KHICTIO

P, KOXHMI, PO3NOJIUIEHUX B PI3HUX 30HaX ONAIIOBAIBHOIO INpHUMILIEHHA. Bci
HarpiBaudl >KMBJISITBCS B1JI 3arajlbHOi MEpEeXl €JEKTPONOCTayaHHS 3 OOMEKEHHUM

A

JIMITOM TOTYKHOCTI P, sika MOXe BHUKOPHUCTOBYBATHUCS JUIsl Liiel omaneHHs. [Ipu
IbOMY CyMapHa BCTAHOBJIEHA MOTYKHICTh HArpiBayiB MOKE MEpPEBUIIYBaTH IeH
JMIT:
nP,>P. 2.1)
HarpiBaui 00'eqHaHI B IHTEJIEKTyalbHYy MEPEXKY MPSAMOIO €JIEKTPUYHOTO
omayieHHs. Y 4YMCII 1HIIMX 3aBJaHb 1 Mepexa 3a0e3reuye B peaibHOMY 4aci (3rigHo
niMiTy ToTykHOCTI P, < P < Issup, AKAN 3MIHIOETBCS BUIIAJJKOBO) aBTOMAaTHYHE
dbopMyBaHHS TakKoOi IMIJICHCTEMH HarpiBadiB, OJHOYACHO IIJIKIFOYCHUX 10 MEpPEexi
eJIEKTPONIOCTAuYaHHs B KUIBKOCTI k&, sike 3a0e3nedye BUKOHAHHS OOMEXEHHS kP, < P

1 Opu 1bOMY BHKOPHUCTOBYE MaKCHUMAaJbHY KIJIbKICTh, BIJIYIICHOI HA OIMAaJECHHSA

€Heprii:



0<P—kPy <Py. (2.2)

SIkuo HarpiBad MIJKIIOYEHO /10 MEPEXkl >KUBJIEHHS 1 JIMIT MOTYXHOCTI HE

NEPEBUILIEHO, TO WOro MOJajiblIe BIJKIIOYEHHS 3AIMCHIOETHCS HOTrO BIACHUM
TEPMOCTATOM IIPU JOCATHEHHI 331aHO1 TEMIIEpATYpH OIAIIOBaIbHOI TOBEPXHI.

[Ipouec reneparii TEIUIOBOIO IMOTOKY JIOKaJbHUM HArpiBaueM OIUCYEThCS

PIBHSIHHSIM TEIIOBOTO OanaHcy [8,9]:

CH‘%’ =P(1)~(Ty (1)~ Tr(®)) oy, (2.3)

ne C, — TEIJIOEMHICTb HarpiBada, I} (t) — TeMIiepaTypa TEIUIOHOCIsI HarpiBaya,
P(t)€(0,P,) — notyxuicts Harpisaua, Ty () — Temneparypa 30HU 0GIrpiBy, o) —
Koe(ilieHT Terutonepeaayi HarpiBaya.

[Ipu BrItOYeHHI HarpiBaua P (t) =P, 3IiicHIOETBCA  poO3IrpiB  ioro

OTIATFOBAJIPHOT TOBEPXH1 31 MBHAKICTIO TUM OUIBIIOK, YUM OUIbIIE MOTYXKHICTh

HarpiBauva:

dTy, :PH_(TH(t)_TR(t))GH ‘ (2.4)
di Ch

[Ipn BigKJIIOYEHHI HarpiBaua P(t)zO IMCJA JOCSITHEHHSA  3aJaHOl

TEMIIEPATypH TEIUIOHOCIS, HAKOIMYCHA B HhOMY CHEPris BIAETHCS OMATIOBAIBHIN
30Hi. [Ipy bOMY MIBHIKICTH OXOJIOJKCHHSI HarpiBada MPakTUYHO HE 3aJIC)KUTH Bij

HOro noTyXHOCTI:

dTy, :_(TH(t)_TR(t))GH- 2.5)
di C,

Ha puc. 2.1 npuBenena giarpaMa mpoiieciB HarpiBaHHs Ta OXOJIOPKEHHSI HarpiBayva.



A
Y

A
Y

Pucynok 2.1 — Jliarpama npo1ieciB HarpiBaHHs Ta OXOJIOKEHHS HarpiBada

ae 6 — NpOMIXKOK yacy, uepe3 KUl HarpiBad 3amuTy€e Mpo MiAKIIOYSHHS 10 MEepPexi
(moTeHU1aM-HUM NepioJ BKIIOUEHb HarpiBaya, SKUi JOPIBHIOE CYMIl 4acy pO3IrpiBy
T 1 yacy oxoJo/keHHs § 10 MOYATKOBOI Temmeparypu); 7,° — TemIeparypa
TEIJIOHOCISI HarpiBaya, MpHU KA TEPMOCTAT MIIKII0YA€E HOTO 10 MEPEexki KUBJICHHS;
T, — TemIeparypa TEILIOHOCIS HArpiBaya, MpH AKid TEPMOCTAT BiIKIIOYAE HOTO Bij
MEpEXK1 EIEKTPOKUBIICHHS.

3 piBHHb (2.4) 1 (2.5) oTpuMaemMo (HEXTYIOUM 3MIHOK TEMIIEpaTypu 30HU

001rpiBy T (#) = const ) HACTYIIHI CIIBBIIHOILICHHS:

0 70
r:—C—Hln I_MGH , (2.6)
Oy H
C, T
3:——Hln%, (2.7)
oy Ty,
0 0 70
9= G Ty T T, | 29
Oy Ty Py

YuMm Oulblle NOTYXHICTh HarpiBaya F,, TUM MEHIIE 4ac pO3IrpiBy 7 HA0

BIJIKJIFOYEHHSI HarpiBadya TEPMOCTATOM, IPOTITOM SIKOIO HarpiBad KOPUCTYETHCS



OOMEXEHUM pEeCcypcoM TOTYKHOCTI MEpEXl eJIEKTPONOCTayaHHs, THUM OlIbIle
KUIBKICTh HarpiBadviB, sKi MOXYTh CKOPHCTATHCS ITUM PECYpCOM IPOTIroM yacy 6,
TUM MEHIIE MOK€ BUABUTHCS CEpEllHI Yac OYIKyBaHHsS HarpiBayeM J03BOJIy Ha

I1IKITFOYCHHS 10 Mepexi KuBJieHHS. OHaK 31 301UIBIICHHSAM JIOKAJIBbHOI MTOTYKHOCTI

A

P, 1pu HE3MIHHOMY pIBHI OOMEXEHHS IOIIyCTUMOI MOTY>KHOCTI P 3MEHIY€EThCs

JIOIYCTUMA KUTBKICTh K OJIHOYACHO BKJIIOUEHHUX HArpiBadiB, IO CTBOPIOE TEHCHIIIO
110 301IBIIEHHS CEPEIHbOr0 Yacy OYIKyBaHHS HarpiBayeM J03BOJY Ha MiAKIOUCHHS
0o Mepexl okuBieHHs. CepeaHss MOTYXKHICThb, IO BIAJAEThCA HArpiBayeM B
OMaJIIOBaJIbHY 30HY:

= T
by == (2.9)

ne [ — cepelHiii yac O4iKyBaHHs HarpiBadeM I03BOJIy Ha IIIJKJIIOYEHHS 10 MEPEXi
JKUBJIEHHS.
Bin BenmnuuHU 11i€1 TOTYXHOCTI 3QJICKUTH CTaje 3HAYEHHS TEeMIEpaTypu B

ONMaIIOBAIBHIN 30HI. 3 OrJIsAy HAa HEOJHO3HAYHY 3aJI€XKHICTh CEPEHBOT MOTYKHOCTI

?

P, BiJ JOKaIbHOI MOTYXKHOCTI HarpiBaua Py =—, OpeicTaBisic iHTEpec 3aaada

3'sICyBaHHSI XapakTepy Ili€i 3aJeKHOCTI Ta POo3poO0Ka METOAYy CHHTE3y ONTUMAaIbHOI
MEpEeXKi MPSIMOTO EIEKTPUYHOTO OIAJICHHS, siKa 3a0e3edy€e MOKJIMBICTh MiATPUMKH

HalOUIbII BUCOKOI TEMIIEPATypPH B ONATIOBAIIBHUX 30HAX.

2.2 ®opmadnizanis 3a1a4i B KOHTEKCTi Teopii MacoBOro o0cJIyroByBaHHsi

bynemo posrasgatd  HarpiBadl B SIKOCTI  KJIEHTIB (B KUIBKOCTI 1)
OaraTokaHalbHOI cucTteMu MacoBoro oo6ciayroByBaHHd (CMO) 3 HeoOMeXeHORo
Yeprorw 1 MyacCOHIBCBKMM NOTOKOM 3asiBoK [13, 14]. JliMIiT mOTY>HOCTI, IO
BUKOPHUCTAETHCS ISl ONAJECHHSA, OyJAeMO BBaXKaTH BEJIUYMHOIO IOCTIHHOIO, MIO
JOPIBHIOE CEpPeHLOMY Ha Oe€3Ji4ul PIBHOMIPHO PO3IMOIIJICHUX BCIX MOMXJIMBUX

3HA4YEHb JIMITY:

<ﬁ>:M. (2.10)



JlomycTuMy — KiTbKICTh Kk OIHOYAacHO BKJIIOYEHHMX HarpiBadiB Oyaemo
pO3IIIA/IaTh B SIKOCTI Kk KaHaNIB OJHOYACHOrO 00ciyroByBaHHs 3asBok B CMO.
[ToTik 3a8BOK Oy/eMo BBakaTH HaumpocTimuM. Yac poOOTH HarpiBaya = 3 MOMEHTY
BKJIFOUEHHS IO MOMEHTY BIJKJIIOYEHHSI BJIACHUM TEPMOCTATOM OyJIeMO pO3IJISJIaTH B
SAKOCT1 CEPEeIHbOr0 4Yacy OOCIyrOBYBAaHHS 3asiBKHM, PO3MOJIJICHOTO0 MO MOKAa30BOMY
3akoHy. [IpoMidkok wacy €, depe3 sKuil HarpiBad 3amUTy€ PO MiAKITIOYCHHS [0
Mepexi (MOTEHIINHUN TIepio]] BKIIOUEHb HarpiBada), OyJeMo po3IJIsiaTh B SKOCTI
CepEeIHBOTO MEePIoy HAAXOKEHHS 3asBOK BiJl OJHOTO KIIIEHTA.

[HTEHCUBHICTD OTOKY 3a5BOK, 110 HA/IXOAATh Bl 7 KIIIE€HTIB:

n
A=—. 2.11
P (2.11)
[HTEHCUBHICTBH MOTOKY 0OCIIYyTrOBYBaHHS:
1
H=—. (2.12)
2'
Koedimient 3aBantaxxenus CMO:
A
p=—. (2.13)
Y7,

Jlnst toro, mo0 uepra 3asBOK HEOOMEKEHO He 30UIbIIyBajach, B CHUCTEMI
MOBUHEH ICHYBaTH CTAIllOHAPHUNA PEXUM. BIICYTHICTH CTAI[lOHAPHOTO PEXKUMY B
MEpEeXi MPSIMOTO EJNEKTPUYHOTO ONAJCHHS O3Hayae, 1[0 JACsKI ONaltoBalIbHI 30HU
MOKYTh ONIMHHUTHCS BIAKIIOYECHUMH BiJ] JDKEPEN TEIla Ha HEBU3HAYECHO JOBTUN Yac.
HasBHICTh CTaIliOHApHOTO PEXKUMY € KPHUTEPIEM CTIHKOCTI PO3YMHOIO TEIJIOBOTO
nosisi. Biomo, 1o it CMO po3risiHyTOTo Kiacy CTallioHapHUN PeXUM ICHYE, SKIIO
BITHONICHHsS] KOE(IIi€HTa 3aBaHTAXEHHS CHCTEMH JO 4YHCIa KaHaJiB MCHIIE

OJIMHUII:

z=§<1- (2.14)

[Migcrasnsroun B (2.14) 3mauenns p, 4, A 3 dopmyn (2.11, 2.12, 2.13 ),

OTpUMAEMO!

LPLy (2.15)



BinHOmEHHs MNOTEHUIMHOIO NEpioy BKJIKYEHb HarpiBaya o

PO3IrpiBy BUpa3MMO 4Yepe3 MapaMeTpu HarpiBada 3 piBHsHbB (2.6...2.8)

Ty, - Ty T 79
Inf1--2—lg, |+In-L 1n71;11
T
i H H2 _ H?2
- T° —T° =l 0 —T°
H2 Hl H2 Hl1
In|1--"**—"0o, In|1--"*—"0c,
H H
Sk BUAHO 3 OCTaHHBOI PIBHOCTI, BIJHOIIEHHS —

T
napaMeTpiB HarpiBaya.

3 HepiBHOCTI (2.2) 3Haiaemo:

Ky <(P)<(k+1)By,
>

Mepexi

OTIKE, <A> kP,; . BucnoBuBmmm 3Biacu k =

KpuTepii criikocTi (2.15) iHTeneKkTyaiabHOI

yacy WOro

(2.16)

3aJIEKUTh TUILKU BIJ

2.17)

1 HII[CTaBJ'ISIIO‘-II/I Oc¢ 3HA4YCHHA B

IpAMOTro CICKTPUYIHOI'O

OMAJICHHSA, OTPUMAEMO TIepiie OOMEXKEHHS Ha JOMYCTUMY BEJIMYMHY CEpPEeIHbOI

HOTY>KHOCTI JIOKAJIbHOTO HarpiBaya:
P, 0

@<E.

(2.18)

JHlpyre oOMexeHHs OOyMOBIIEHO HEOOXITHICTIO MIATPUMYBATH OMAJICHHS

KOXKHOI 30HHU ONaJIOBAIBHOTO 00'€KTa HaBITh MPU HAWMEHIIIOMY 3HA4YEHHI JIMITY

HOTYXKHOCTI P =P, ;

(2.19)

B kontekcti monate Teopii CMO BBemeMo HAcTymHI TMO3HAYEHHSI CTaHIB

MEpEkKl MPSIMOro EIEKTPUYHOIO OMAJEHHS: s, — BLIKIIOYEHI BCl Harpisadl,

BKJIFOUCHHM | HarpiBad, IHIINI BiJKJIIOYEHI,

BIJKIIIOYEHI, ..., §; — BKJIIOUEHO i HarpiBadyis, 1HII B1JKJIIOUYEHI,

Sl_

S, — BKIIOYEHO 2 HarpiBaya, IHIII

, S, — BKIIIOYEHO Kk



HArpiBadiB, YEPIU HEMAE, ..., 5, ., — BKIIOYEHO k HarpiBadiB, B 4ep3l Ha BKIIOYECHHS

¥ HarpiBauiB.

['pannuHuit  po3moAin MMOBIPHOCTEH CTaHIB OOYMCIIOETHCA 32 BIJIOMHMH

dbopmysiamu T€opii MacCOBOTO OOCITYTOBYBAaHHS:

k+r

k" k!

Pi+r = “Po» 721

CepenHs KUTBKICTh HarpiBauiB 7 , B yep31 Ha BKIFOUCHHS:

P py

k-k!'(l_z)z'

7 =

CepenHiii yac f OYiKyBaHHS BKJIIOUEHHs HarpiBava:

k+1

__P P
A-k-k! (1_;{)2

t =

r
A

(2.20)

2.21)

(2.22)

(2.23)

(2.24)

3amayero ONTUMIZAlli 1HTENEKTyaJbHOI MEpexXi MpPsIMOro eJIeKTPUYHOTO

OMAJIEHHS € BUOIp TAaKOI CEpeAHbOI MOTYKHOCTI P, JIOKAJIBHOIO HarpiBaya, py sKIH

cepenHsl MOTYXHICTh (2.9), 1mo BIOAAETHCA HArpiBaueM B 30HY OMAJEHHS, 3

ypaxyBaHHsIM oOMexeHb (2.18) 1(2.19) € MakcUMaIbHOIO:

Py =Py — max

.¢9+t

P,y < n%<13>

A

P, <P

inf

(2.25)



2.3 Ilpukian BUpilleHHA 3aa4i ONTUMI3allil iHTeJIeKTyaJbHOI MepeKi MPIMOoro
€JIEKTPUYHOTO OTAJIEHHS
Sx mpukmam 3acTOCyBaHHS BHUKIAIECHOTO METOLY PO3TJISHEMO 3a1ady

3HAXO/PKEHHSI ONTUMAJIBHOI CepeHbOI MOTYKHOCTI JIOKAJIbHOTO HarpiBada B MEpexi
PO3YMHOTO TPSIMOTO  E€JIEKTPUYHOIO OmMajeHHs 3-X KIMHATHOI KBapTUpU 3
HACTyTHUMU TTapaMeTPaMHU:

—  KUIBKICTh 30H ONAJICHHS 1 =4 ;

— JIMIT TOTY>KHOCTI, BUKOPHCTOBYBAHOI JJISI OMAJICHHS, 3aJlaHUN B MeXaxX BiJl
2 kBT 510 4 xBT;

— HarpiBayl, sIKI MOXYTb OYyTH BUKOPHUCTAHO IJisi ONAJECHHS, MAlOTh OJHAKOBY
KOHCTPYKIIiIO, BIIPI3HAIOYUCH TITLKU MOTYKHICTIO HArp1BAJIBHOTO €JIEMEHTA;

— IIOCTIMHA YaCy HarpiBy HarpiBayda 7z, = Cu =17,3 xBui.;

On
— Koe(ILIEHT TEIIO0TAaYl HarpiBaya o, =16,7 Br/rpan.;

— KOe(ILIEHT TEIUIOBTPAT B 30H1 ONAJIEHHS 0, =14 B1/rpag;

— 3o0BHimHA Temneparypa T’ =-20°C;
—  TemmepaTypa B ONaloBaibHii 30Hi T =20°C;

o .. .~ 244
— CEpEeIHIN PIBEHB JIIMITY IOTYXKHOCT1 P = T =3 kBr.

PesynbraTi po3paxyHkiB HaBeaeHO y Tabm. 2.1.
Tabnmuusg 2.1 — Po3paxyHOK mapamMeTpiB 1HTEIEKTyaJIbHOI Mepexi MpsIMOTo

CJIICKTPUYHOI'O OITAJICHHA

IToryHicTh HarpiBaya Py, Bt 3000 1500 1000 750
KinpkicTe HarpiBadiB k, SKi MOXYTh 1 2 3 4
OyTH BKJIFOUEH1 OJTHOYACHO

Yac po3irpiBy HarpiBaya, 7 XBHIL 0,79 1,61 2,48 3,39
Yac 0xoJ10/pKeHHS HarpiBava 4, XBUII. 2,57 2,57 2,57 2,57
[MoTeHiiinui nepios BKJIIOYE€Hb 3,36 4,18 5,05 5,96
HarpiBaya ¢, XBHIL

[HTEHCUBHICTH MOTOKY 0OCIyTOBYBaHHSI 1,27 0,621 0,403 -
L, 1/xBuUIL

IaTeHcuBHICT TOTOKY 3asBOK A, | 0,298 0,478 0,594 -
1/xBu.




KoedirieHT 3aBanTa)Ke€HHS MEpeXi O 0,235 0,77 1,474 -
Kpurtepiit CTIIKOCTI Mepexi 0,235<1 | 0,385<1 | 0,491<1 -
IMoOBipHICTB BIKJTIOUEHHS Bcix | 0,763 0,46 0,35 -
HArpiBa4iB p, A0 MOMEHTY IPHXOLY

3asIBKH

CepenHiii yac O4YIKyBaHHS BKIJIFOUCHHS 0,24 0,008 0,00039 0
HarpiBaya / , XBUIL

CepenHiii mepioa BKIIOYEHb HarpiBaua 3,6 4,188 5,0504 -
0 =0+7,XBUL

CepenHs TOTYXKHICTh, IO BigmaeThes | 6583 576,6 491,1 426,6
HarpiBa4eM B ONATIOBAIbHY 30HY Py,

Bt

B pesynbrari mpoBenEeHOro AOCHIKEHHS MPOIECY PO3MOAULY EIeKTPUYHOT
€Heprii B I1HTEJNEKTyaJlbHIH Mepexl MpsIMOro €JIEKTPUYHOIO ONAIEHHS, IO
pPO3TISAAETHCA SK MOJEIh CHCTEMH MacoOBOTO OOCITYrOBYBAaHHS, OTPHUMAaHO
HETpUBIaTbHUHN pe3ynbTar. Beyrneped IHTYITUBHOTO YSBIICHHS PO TE, 1110 HAHOLIbINA
€Hepris 0OMEKEHOI0 TTOTYKHOCTI BI/IA€ThCA B OMATIOBAIbHI 30HU MPU OJHOYACHOMY
OiAKIIOYEHHI BCIX HAsSBHUX EJIEKTPOHArpiBaIbHUX MPUIAiB, BHUSIBUIOCH, IO
BUOIPKOBE TMIAKIIOUEHHS JIMIIE YaCTMHU HArpiBayiB, CyMmMapHa IMOTY>KHICTh SKHX
€KBIBaJICHTHA JIIMITY MOTY>KHOCTI OMAJIEHHS, J03BOJIIE OTPUMATH OUTbIINHN ePekT. Y
PO3TISHYTOMY MpPHUKJIaAl ONAJCHHA 3-X KIMHATHOI KBApTHUPU TMPH TMOTY>KHOCTI
HarpiBadiB 1500 BT onHOYacHO MOXYTh BKJIIOUMTHUCA TUIBKM J1Ba 3 4-X HarpiBada.
Pemrta ouikytoTh y uep3i Ha BKIOueHHA. [Ipu 1pomMy cepenHsi MOTYKHICTh, IO
BIJITAETHCSI B 30HU OMAJICHHS, OUTHII HIXK Ha 35% mepeBepIiye cepeHIo MOTYKHICTb,
AKy MOXYTh BIJAJAaTH YOTHPU BKIIOUEHHX O€3 OuIKyBaHHS B 4ep3l HarpiBaya
€KBIBAJICHTHOIO MOTYHICTIO 110 750 BT KOXeEH.

3Bakaroud Ha Te, 10 MiHIMaJIbHE 3HAaYeHHS JiMITy mnotyxkHocTi 2000BT,
NepIIMiA BapiaHT 3 BUKOPUCTAHHAM HarpiBauiB noTysxHicTio 3000BT He npunmyctumo
TOMY IO B pa3l MIHIMaJbHOTO JIMITY B JKOJHIM 30HI TEIUIOBOrO MOJs HEe Oyre
JI03BOJTy Ha BKJIFOYEHHs HarpiBayiB. TakuM 4MHOM, ONTUMAJIBHUM € APYTHi BapiaHT

3 BUKOPUCTAHHSM HarpiBauiB noTyxHicTio 1500 Br.



I'maBa 3. CuHepreTu4yHuii miaxix a0 mMoOyI0BH PO3YMHOI0 TeIJIOBOI0 IOJIA.

AJITOPUTMH CcaMOOPraHi3auili iHTeJeKTyaJbHOI MepeKi NMPAMOro eJIeKTPUYHOIo

OInaJICHHA

A My3blkaHTbI MepcumdpaHca cuaenu coscem mHadve. CTpPyHHble
cuaenn, obpasys MOMHbIA KpPYr (YUacTUYHO CMUHOW K 3puTensm/),
a [lyxoBble pacnonaranncb B CepefuHe 3TOro Kpyra. Ka>kppiii
My3blKaHT BWAEN Ka>kaoro, nmb6o B [lepcumdpaHce KaXK/iblid

cnywan Ka>Kaoro v BCex, a BCe Cnylain Ka>Kaoro.

Bapmiasckuit B.U., Ilocmenos JI.A. «Opkectp wurpaer 06e3
TUpuxKEpa:  pasMblUIEHUss 00  DBOJNIOUUM  HEKOTOPBIX

TCXHUYCCKHUX CUCTCM U YIIPABJICHUHU NMU»

Konnemnist cucreMu «po3yMHE TEIJIOBE TMOJIE» 3acHOBaHA Ha IHTErparlii

po30CepeKEHNX OOUYUCIIOBAIBHUX pPECypciB B (I3UYHI MHPOLECH MEPETBOPECHHS

€JIEKTPUYHOI €Heprii B TEIUIOBY Ta il PO3NOJAUIEHHS MK 30HAMHU OIAaJIOBAIBHOIO

00’ekTa. s koHmenIisa 6a3yeThCcsl HA CHHEPreTUYHUX NpuHIKMIax [15, 16]:

— TMO€JHAHHS B OJHOMY arperari KOMIIOHEHT PI3HOT TEXHIYHOI MPUPOIU

(eneKkTpoHarpiBaJbHUX, EJIEKTPOTEXHIYHUX, OOUYMCIIOBAIBLHMX), SIKI aJalTUBHO

B3a€EMO/IIIOTh 13 30BHIIIHIM CEPEIOBUIIEM SK €IWHUNA (DYHKI[IOHANBHUN 1

KOHCTPYKTUBHUI OpraHi3m;

— caMoOpraHizauis IHTEJIEKTyalbHOI MEpPEkKI MPSAMOI0 €JIEKTPUYHOIO ONAJICHHS B

IIPOIIEC PO3IOAIICHHS TEIUIOBOI €Heprii M’k 30HaMHU OIATIOBAIBLHOTO 00’ €KTA;

— KOJIGKTMBHA MOBEIHKA IHTEJIEKTyalIbHUX MPUCTPOIB — CMAPTKOHIB, IKI KEPYIOTh

mpouncCaMm BKIIFOUYCHHA Ta BiI[KJIIO‘-IeHHH JDKEPCII TCIJIA — CKIIAAOBUX PO3YMHOTO

TCIIJIOBOI'O ITIOJIA.

CamoopraHizaifii po3yMHOro TEIJIOBOTO TOJiA TMOJISira€ B TOMY, IO

CMapTKOHH, 0a3yrounch Ha 1H(QOpMAIlii, IKYy KOXKEH 3 HUX OAEP)KY€ Bl KEPOBAHOIO

HHUM JKCpCJIa TCILJIa Ta Horo OTOYCHHA, a TAKOX Ha IIOKa3HUKH CYMApPHOI'O

CIOKUBAHHS €JIEKTPOCHEPrii TEIJIOBUM IOJIEM B LIJIOMY, CAMOCTIHHO MPUIMAIOTh



pILIEHHST ~ BIJHOCHO  BKJIOYEHHS  a00  BIAKIIOYEHHS  KEPOBAHUX  HUMU
€JIEKTPOHArpiBaIbHUX MNPUCTPOIB. BHACHIIOK TaKOro KOJEKTUBHOIO PillIEHHSA
IHTEIeKTyallbHa MepeXa NPSIMOTO EJIEKTPUYHOTO OIAJICHHS aBTOMAaTUYHO 3MIHIOE
CBIi CKJIaJ, QJaNTyIOUUCh 1O TOTOYHOTO JIMITY €JIIEKTPUYHOI TOTYKHOCTI Ta
3aJ1aHOT0 PO3MOJILTY TEMIIEPATYP B OMATIOBAIILHUX 30HAX.

JUts onvcaHHs LUISIXY 3MIHM CTaHy 00'€KTa B 3aJI€KHOCTI B1Jl 1Or0 MOTOYHOTO
ctaHy Ta iH(dopmalii OTpMMaHOi 330BHI BUKOPUCTOBYETHCA  CICHIATbHUN
MaTeMaTH4Huil 00’eKT — ckindeHmii asromar [17]. Moro oco6imBicTio
€ CKIHYEHHICTh MHOXHUHU CTaHIB aBTOMary. IIOHATTS CKIHYEHHOrOo aBTOMAaTa
BUKOPUCTOBYETHCS  JUISI MAaTeMaTUYHOTO  MOJEJIOBAaHHS TEXHIYHMX  IPUJIAJIIB
nuckpetHoi nii. B posi Takoro mpuiamy y ckiaal po3yMHOTO TEIUJIOBOTO TOJIs
BUCTYIIA€ CMAPTKOH, IO KepYy€e JIOKAJIbHUM JpKeperoM Teria. CKiHUeHH aBToMaT —
CMapTKOH MOX€ 3HAXOJIUTHUCh y CTaHl BIAKIIOYEHHs, a00 MiAKIIOUYEHHS JKepela
Teria J0 MEpeXi JKUBICHHS, a TaKOX Yy TPOMDKHUX CTaHax, IOB’S3aHUX 3
npolecaMy IPUIHSTTS PIICHHS BIIHOCHO 3MIHM BKa3aHMX cTaHiB. Camoopranizaiis
PO3yMHOTO TEIUIOBOTO TOJIS 3/IIMCHIOETHCS 32 PAXYHOK KOJICKTHUBHOI TMOBEAIHKH ITUX
aBToMariB. KoHIIenis KOJEKTHBHOI MOBEIIHKN HAAa€ PO3YMHOMY TEIIJIOBOMY TOJIIO
E€MEP/PKEHTHI BJIACTUBOCTI, XapakTEPHI THUM, IO B3a€EMOJIISI MHOXHHHU CKIHYECHUX
aBTOMATIB 3 JIOCUTh MAJIOK KIJIBKICTIO BJIACHHUX CTaHIB 1 MPOCTUMHU IpPaBHIAMHU
MOBEIHKHU, TIOPOJIKY€E arperar 3 BEJIMKOIO KUIBKICTIO CTaHIB, MOB’3aHUX Mk CO00I0
CKJIaHUMH TpaBwiamMu ToBeniHKU. KibGepdizuuna cucrema, mo 0O0a3yeTbcs Ha
KOHIICTIIIi KOJICKTUBHOI TOBEIIHKM, Haraiaye CKIATHy EMEp/KEHTHY CHCTEMY —
MYpAIIHUK, A€ POjib il BIIHOCHO MPOCTUX CKJIAIOBUX — Mypax BIJIrparOTh KiHIIEBI
aBTOMAaTH — CMAapTKOHHU.

B naniif rmaBi po3risiaeTbes MOJIeTb OC3KOAMIIIHHOT KOJCKTHBHOI TTOBEIIHKH
aBTOMATIB MPHU PO3MNOJLITY €IEeKTPUYHOI MOTY>KHOCTI B PO3yMHOMY TEILJIOBOMY IIOJII.
To6To, Taka Mozenb, B sKii aBTOMaTd HE OO €AHYIOTHCA B KOAIILIWHI TPYIH,

PO3IrpyI0UHr MPaBO Ha KOPUCTYBAHHS PECYPCOM — EIEKTPUIHOIO TIOTYKHICTIO.



3.1 3arajibHi NPUHIUINM KOJEKTUBHOI MOBEIHKH aBTOMATIB

B ocHoBi 0a30BuX TOHATH 1 Mojened Teopii KOJIEKTUBHOI MOBEIIHKH 1
YIOPABIIIHHS JEXUTh TiNoTe3a NpOoCTOTH, 110 BUuciosieHa M.JI. Lletninum: «Oyap sika
JOCUTh CKJIaJHA TOBEAIHKA CKIJIAJIA€ThCA 13 CYKYHMHOCTI MPOCTHX IOBEIIHKOBUX
aktiB» [18]. Ha mii rimore3i moOyaoBaHI aBTOMAaTHI MOJEJi: aBTOMAr 3 JIHIAHOIO
takTukoro M.JI. Letnina [19], «noBipnuBuii» aBromar B.I. Kpuncbkoro, po3po0iena
MOJIelIb aBToMara — «o0epexxauin» aBromar Kpuiosa [20]. Bynmu Takox po3poOieHi:
MOJIe]b aBTOMaTa 31 3MIHHOK CTPYKTYpPOIO, MPU3HAYEHOro sl (DyHKLIOHYBaHHS B
TUHAMIYHUX CEPEOBUINAX, Ta 3arajbHa KOHIIENTyaJhbHA CXEMa KOJICKTHBHOI
MOBE/IIHKM aBTOMATIB, B3aEMOJIII0YMX 3 CEPEOBHUIIIEM.

VY poborax I'inzOypra, Kpunosa, Iletnina [21] Oyno 3ampornoHOBaHO MOBY 1
amapar MOJICIOBaHHA — CTOXaCTUYHI aBTOMAarH, 3a JOMOMOTOI SKHUX BAAJIOCA
noOy1yBaTH HOPMATUBHI MOJIEI PUUHATTS PIIICHb.

CroxacTHYHMH aBTOMAT — MaTreMaTW4YHa MOJIEIb arcHTa, SKHH BOJOIE
naM'sTTIO PO MPUIHSATI paHille pillIeHHs 1 3aTHOTO MPUHWMATH PIIIeHHS Ha TiCTaBi
AMOBIPHOCTI BUTpAIly MPU TIA UM THIIIH 1ii.

[TozHaunmo uepe3 n mMOMHY mnam'sti aBromara. CeHC IbOTO IMapamMerpa
MoJISITa€ B HACTYITHOMY, UMM OLIbIIE #, TUM OUIBII IHEPLUIMHUM € aBTOMar, 00 THM
OlIbILIa MOCIIAOBHICT MPOTPalIiB 3MYIIY€E HOro 10 3MiHU Aid. [HTYiTUBHO SICHO, 1110,
quM OLIbllle 1HEPLIMHICTh aBTOMAaTa, TUM OJMK4e BiH JO TOro, mo0, BHOpaBIIH
HaMKpally B IaHOMY CEpEJOBUIII /1110, IPOAOBKYBaTH BUKOHYBATH JIMILE ii. 3 pOCTOM
MMOMHUA TaM'aATi 3pOCTa€ JAOLUIBHICTh MOBEAIHKM aBTOMara B CTalllOHAPHUX
cepenoBuIlax. I, HaBmaku, Mpu MaJioMy 3Ha4eHHI N (YHKIIIOHYBaHHS aBTOMaTa O1IbIII
CXWJIbHE JI0 JIii MpOorpalliB, ki MOKYTh IEPEBECTU aBTOMAT B HOBY J110. ABTOMAaTHUN
rpad, sKuil BimoOpa)kae Taky TAaKTHKY MOBEAIHKUA 300paxkeHO Ha puc. 3.1. Y crani
®,,P,,®, ABTOMaT BUKOHY€ 110 ¢ . Y CTaHl ¥/ ,,,,, aBTOMAT BUKOHY€ 110 i/ . SIKmo
Jlisi aBTOMara BIJANOBIJAE CTaHy BMITAJIKOBOTO CEpPEIOBUINA, BIH OAEPXKYE BHUTpall
s=1, 1 3a 1i€l yMOBHU CTAa€ThCS Mepexij Jajl B MO CTaHy, B AKOMY 3HaXOIUThCA

aBTOMar. SIKIio 1is aBTOMara HE BIJIOBIJA€ CTaHy BHUIIAJIKOBOTO CEpPEIOBHINA, BiH



onepxkye nporpam s=0. 3a i€l yMOBU CTa€TbCA IMEpEXiJ B HANPAMKY BUXOLY 13

CTaHy, B AKOMY 3HAXOJUTHCA aBTOMAT.
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Pucynok 3.1 — ApromMar 3 JiHIHHOIO TAKTUKOIO

KoncTpykiiisi aBromara, mo mojiOHa a0 po3mIsHyToi Buile, Oyjla Ha3BaHa
ML [etninuMm aBromaroM 3 JiHINMHOI TakTukorw [18]. Ils mpocra B TexHiuHiN
peaizailii cucTemMa BHPIITY€E CKIAAHY 3a7a4dy Mpo JOIUIbHY MOBEIIHKY B OyIb-sSIKOMY
3a3fanieriib  He (PIKCOBAaHOMY CTalllOHApHOMY cepenoBuill. ToOTO, mpocTi
KOHCTPYKIIli, 3/aTHI BUKOHYBaTH MpPOILEAYpPU aJamnTailii, M0 MNPeACTaBISIIOTHCS Ha
nepmui nmorsaa aocuTh ckiaagHumu. MUJL. Ilertnin moka3aB, 10 MpU 3pPOCTaHHI
BEJIMYMHHU 71 OTPUMYETHCS IOCIIJOBHICTh aBTOMATIB 3 JIIHIHHOK TAaKTUKOK 3 ycCe
JIenanal OUIBIIOK INMHOMHOI0 mHaM'sTi, sSKa € acCHMIITOTHUYHO oONTHMajibHOmo. Ile
O3Ha4yae, M0 NpPU # —>00 Mporpanl aBromMara CTa€ MIHIMAJIbHUM, SKHUM MOXHa
OTpUMAaTH B JAHOMY CTalllOHAPHOMY BHUIIaJIKOBOMY CEpEIOBHUILI. TakuM YUHOM, Yy
0aratb0X TaKUX CEpENOBUILNAX KOHCTPYKIIS 3abe3nedye MpU JOCUTh BEIIMKHUX
3HAUEHHSIX 1 TOBEIIHKY, SIK 3aBIOJHO OJIM3bKY /10 HAWKpAIIIOi.

B.1O. Kpunosum [20] Oyna 3anponoHOBaHa CX0)Ka KOHCTPYKITisS aBTOMATa, sika
ofiepkana Ha3By «oOepexxHuit aBtomar KpumoBa». Ha BigmiHy Big paHinie
PO3MIIHYTUX KOHCTPYKIIM Il aBTOMar He ACTEpPMIHOBAaHUM, a IMOBIPHICHUH.
BiamroBanmii BiH moaiOHO A0 aBTOMATy 3 JIiHIMHOI TakThKor. Ilpu HamxomkeHH1
CUTHAJIy «BUIpalD» 3MiHA CTaHIB B HbOMY B1JOYBAa€ThCsl aHAJOrIYHO aBTOMATy 3
JIHIMHOK TaKTHKOK, ajleé MPU CUTHAIl «Iporpain TaKUuil aBTOMAar HE MNOCHIIIae
MIHSTH cTaH. BiH BUIMaJKOBUM YMHOM TMIpUHMAE PilICHHS 1 400 MepeXoauTh B 1HIIHM

cTaH, abo 30epirae Toi cTaH, B AKOMY aBTOMAT OTPUMAB CUTHAJ «1ITpad».



B.IO. Kpunosum Oyna Bmepmie po3misiHyTa OAHOpiAHA rpa Oararbox
OJTHAKOBUX aBTOMAaTiB. TuM camMum Oyj0 BIJKPUTO HOBHM HampsM B 3aCTOCYBaHHI
aBTOMAaTHUX MOJIENEH: MOJCTIOBAHHA KOJEKTHBHOI TIOBEIIHKMA 3a JOMOMOTOIO
aBTOMArTiB, AaCHUMIITOTUYHO ONTHUMAJbHUX B  CTalllOHAPHOMY BHIIaJKOBOMY
cepenoBuil. [lpuknag KOJEKTUBHOI TMOBEJIHKM AaBTOMATiB Ha3BaJld TpOI0 B
PO3MIIIICHHS.

['pannuHuii BUTpaIl 3aleXKUTh BiJl BEIUYMHU OOCATY maM'saTi, SK IS
0e3KoaIILIIHOI TpU, TaK 1 JAJIA TPU 3 OJIHIEIO (DIKCOBAHOIO KOAIILI€0, siIKa 00'€qHY€
aBTOMATH 32 MPHUHIIUIIOM «3araJbHOTO JTOXOMY».

[Ipu Bcix 3HaYEHHSX OOCATY Mam'siTi TPAHUYHUI BUTPAIl KOKHOTO TpaBlis, 1110
BXO/MTh B KOAJiLIIO OUIbIIE, HIK I'PAaHUYHUN BUTpALl 1HIMBIAYaNICTIB. 3 pOCTOM
o0cary mam'sTi BIIMIHHOCTI B TPaHUYHOMY BHUTpAIlll aBTOMAara, BKJIIOYEHOTO B
KOQTIIIIO 1 aBTOMATa-1HIUB1yallicTa, pOCTYTh.

Teopiss KOJEKTUBHOI IMOBEAIHKH aBTOMATIB JOCIHIKY€E IMOBEAIHKY BEIMKUX
KOJICKTHBIB aBTOMATiB 3 NpuUMITUBHUMH (yHKIisiMu. [loBemiHka aBromMara MOXe
po3mIsAaTUCA K HEAETepMIHOBAHA, 1110 J03BOJIsI€ OylyBaTH pi3H1 IMOBIPHICHI MOJIEI.
JlomyckaeThcs HaBYAHHS aBTOMAara 3a JOMOMOTOI0 MTpadiB 1 3a0X04€Hb. ABTOMAT
MOKe OyTH HaJIJICHUN MaM'sTTIO, B SAKIHA BiH B JesAKii (hopMi 3amam'aTOBY€E TOTIEPEIHI
mrpadu 1 3a0X0YCHHSI, 1 MOKE€ BUKOPHCTOBYBATH 110 1H(OPMAIIIIO ISl TOTIMIICHHS
CBO€1 Ta KOJICKTUBHOI TOBEIIHKH BIJIMOBIAHO J0 JAESKOK (PYHKIT JDOXOmy, TOMY €
HalOUIbIl  epexkTUBHOIO  0a3or i NOOYAOBH  IHTEJIEKTyaldbHOI  MEpEexi
PO3MOJIJIEHHSI €JIEKTPUYHOI €Heprii npu MNpsAMOMY €JIEKTPUYHOMY ONaJeHH1
npUMilIeHb. 3a/1a4a, sika CTOITh Mepel] TAKOK MEPEkKEI0 BITHOCUTHCS 10 KIIacy 3a/1aq
KOJIGKTUBHOI'O PO3MOALTY pecypcy [22, 23].

3amada mpo po3MOALT pecypcy B ii KJIACHUYHIA MOCTAHOBI (HOPMYIIOETHCS
HACTYITHUM YHUHOM.

€ pecypc B kuibkocTi R. B sIKOCTI pecypcy MOXYyTb BHCTYIIaTH CHpPOBHUHA,
oOnamHaHHs, eHepreTuyHi, (iIHAHCOBI ab0 JIOACHKI pecypcH, Jac 1 T.I. € croxuBadi

pecypey B KUIBKOCTI N, [l KOXKHOIO 3 SIKUX 3anana Qyukuis ¥, (1;) — edekr, sxuit

JOCSITAETHCS j-M CIIOKMBAYEM, KOJIM KUIbKICTh OJIEP>KAHOTO HUM PECYPCY JOPIBHIOE



r;. TloTpiOHO pPO3ALIMTH peCypc MDK CHOXMBaYaMU TaK, MO0 MAaKCHMI3yBaTH

cyMmapHuil e(hexT, ToOTO MOTPiIOHO 3HANUTHU

m&r,_,;_]?*‘t: ) (3.1)

3a YMOBH

L= SRy 20j=12,.,N). (3.2)

Pimenns 3agaul mpo po3moAil pecypcy Mae JiBa acleKTH: OOYMCIIOBAIbLHUM 1

yHOpaBIiHCHKUHN. Y pasi, Konmu QyHKIIT i j(rj) BIJIOM1, BUHHKA€E CyTO OOUMCIIOBAJIbHA

3a/ia4a HENIHIHHOTO MporpaMyBaHHS, PsAJl CIIOCO0IB BUPIIICHHS SIKOi J00pe BiIOMUI.
3 iHmoro OOKy, fKIIO (YHKIT anmpiopHO HEBIJIOMI, a BIJOMI JIMIIE iX TOTOYHI
3HAYEHHS, TIPU YoMy cami (pyHKIii, sk e yacTto OyBa€ Ha MPAKTHIN, 3MIHIOIOTHCS B
gyaci, TO BHUHHUKa€ 3a7ada OMNEPATUBHOTO TMEPEPO3MOJAUTY pecypcy B Tpoleci
(YHKIIOHYBaHHS CUCTEMH, TOOTO 3a]1auya yIpaBIIiHHSL.

3 omsiy Ha TOM (DAKT, 110 PIBHSHHS CUCTEMHU € YAaCTKOBUMHU MOXIJIHUMU BiJ
dynkuii Jlarpanka, MokHa OpraHizyBaTy JCICHTPaII30BaHy MOBEAIHKY B 3ajadi Mpo

PO3IOALT pecypcCy, 3aCHOBaHY Ha IPaJiEHTHOMY METO/II:

ary )
—_— .IE\'] —_—
a G'I:t (3 3)

Takuit miaxig [22] exkBIBaJCHTHUNM TOMY, IO KOXKEH CIIOKHBa4 Pecypcy
MaKCHUMI3Y€ CBOIO JIOKaJIbHY (PYHKIIIFO KOPUCTI BULY

5p = Wiln) — ;. (3.4)

B upoMmy Bumanky MHOXHHUK JlarpaHka A Mae CeHC LIHM Ha pecypc, sKa

(bopMy€eThCS IIEHTPATLHUM IPUCTPOEM MO PI3HUII MIXK IIOIMMUTOM 1 MPOTIO3HUIIIETO.



3aJIe’)KHO B1J CyMH 3aIlUTIB PECYPC PO3MOAUISAETHCA HACTYITHUM YHHOM. SKILO
CyMa 3aluTiB HE MEePEBUIIY€E HASIBHY KUIBKICTh PECYPCY, TO 3alUTH 3a10BOJIbHIIOTHCS
MOBHICTIO. SIKIIO CyMma 3aluTiB TEPEBUINY€ HasBHY KUIBKICTh PECypcy, TO BeCh

pecypc AUIMTHCSA MIXK CIIOKMBAaYaMH MTPOTIOPIIIHO IXHIM 3amuTaM, ToOTO

(3.5)

JIE X;— 3aIUT j-TO CIIOXKUBAYA PECYPCY.

VY KJIaCUYHUX JOCHIKEHHSX MOJIENIEeH KOJIEKTHUBHOI MOBEIIHKH MPU PO3MOILII
obmexxeHoro pecypey [22, 23, 24] yBary Oyfno NPUIIIEHO B OCHOBHOMY TaKUM
3ala4aM, B SKUX YYaCHUKH PO3MOAUTY MOIJIM CKOPUCTATHCS OYIb-SKOI KUTHKICTIO
pecypey B Mexax, 3alaHux oOMexxeHHsIMU. OHaK € yuMaia KUIbKICTh 3aja4, y TOMY
qucil irpoBux [25, 26, 27, 28], ne 1ned NpuUHIMI HE MOXke OyTH 3aCTOCOBAaHO, a
y4aCHUKaM PO3MOJITY JTOBOIUTHCS KEPYBATUCS MPUHIIAIIOM: «Bce a0o Higoro». Came
TaKOro pOJAY 3aJada Ma€ MICIe MpH PO3MOJAUII JIIMITOBAHOI TOTYXKHOCTI MIXK
PO30CEPEIHKEHUMH HArpiBaIbHUMHU TPUIAaMH, KOKEH 3 SKUX MOXe Oyt abo
MIIKITIOYCHUM 70 MEpPEeXl JKUBIEHHS 1 CHOXHUBAaTH (DIKCOBaHY IMOTYXHICTh, a0o
BIJIKJTFOYEHUM B1JI MEPEXK1 1 HE CIIOKUBATH HIYOTO.

Sximo 3HalifieHe aBTOMaTaMu PIIICHHS 3a7a4i 3 OOMEXEHHSIMH TUITY «BCe a00
HIYOT0» TaKe, 110 PECYpC PO3MOAUISAEThCA BECh 0€3 3alMINKY, TO 1€ PIIIeHHS, 5K
NOKa3aHo B [25] onTumanbHe. Ajie y 3aralbHOMy BHUMAJKy Take pILIEHHS HE MOXKE
OyTH oOJiepKaHO KIHIIEBOKO KUIBKICTIO aBTOMaTiB. ToMy CTaBUThCA 3ajada
JOCSITHEHHST pIBHOBaru IMoAiOHO J0 piBHOBarM Hemia, KOMW 3ajJMIIOK HE
PO3MOAUICHOTO pecypcy (MOTYKHOCTI) HACTUTBKM Majui, MO0 HE MOXe OyTH
BUKOPUCTAHUHN HIIKUM YYACHUKOM PO3IOJLITY.

PosrnssHemMo B 3araabHOMY BUIJISIII 3a7ady PO3MOILITY OOMEKEHOro pecypcy

KOJICKTUBOM aBTOMATIB, K1 KEPYIOTHCS JOKATHHUM MPUHIIUIIOM «BCE a00 HIYOTO.



Hexail € neska KUIbKICTh m areHTIB — CHOXHKBauiB pecypey. Koxen (i-uid)

areHT CIO0XWMBA€ B OJUHMIIIO 4YaCy pecypc B KUIBKOCTI W, (t) € {(w > 0),0} , Je
w[(t) — MOTY>KHICTh CIIOKUBaHHS pecypcey. [Ipu oMy nependavaeTbes, Mo areHTH

HE MOXYTh BUCTYNaTH B SIKOCTI perynsaTopiB. lle o3Havae, mo i HUX 3TiTHO 3
IPUHIIAIIOM «BCE a00 HIYOro» € BChOT'O JBI MOJKJIUBOCTI. AGO BOHHM MPAIOIOTH,

CIIOKUBAIOYU IPU 1bOMY pecypc 3 (IKCOBaHOW TOTYXHICTIO w >0, abo
IPUNUHAIOTH pOOOTY (BIAKIIOYAIOTECA W ;= (). EKOHOMIYHI TEpMIHHU Ta aHAJIOTI, SKI

BXUBAKOTBHCA TYT, ABJIOTHCA CYTO YMOBHHMU.

SKIO «BIIACHHUK» pECypcy Mae MOXJIMBICTh 3a0€3MEUYUTH PECypcoM BCi

m
00'ekTH W:Zwl., TO BCl BOHU HOTr0 BUKOPUCTOBYIOTh, OTPUMYIOYH JIOKAJIbHUN

i=l1
m
eext B posmipi y, =y (w,), B iHIIOMY BHIAAKY KOIH W < ) w, BUHEKae Ipobiema
i=l1
PO3IOLTY pecypcy JuIle MK YacTHHOIO areHTiB. [Ipy 1bOMy BIJIKIFOYEHI areHTH

3a3HaIOTh 30MTKIB y po3Mipi f, =y, —Aw, 20, ne A— mina pecypcy. IloTpiObHO Tak

nia10paTy CKIaj rpynu areHTiBa,,a,,...Q,,...Q,, , &, € {0,1} , 00 30MTOK, IOB'SI3aHUI

el

3 BIIMOBOIO BiJ] pecypcy

F:i(l—ai)fi%min (3.6)

1

OyB MiHIMaJIbHUM, @ CyMapHa NOTYXHICTh HE IEPEBUIIyBaJIa BCTAHOBJIEHOT'O JIIMITY
m
Daw, <W(1), (3.7)
i=1

ne «, — OyneBa 3MIHHA, WO NpuiiMae 3HaueHHsA | abo 0 B 3aleXKHOCTI Blf TOTO,

OTpUMY€ 4YHM HI [-Ui O00'€KT HEOOXiMHY KUIBKICTH pecypcy. SIKIIO BETUYUHY

JIOIYCTUMO1 TMOTY>KHOCTI W(t)anHyCTHMo BBKAaTU HE3MIHHOIO, TO TakKa 3ajaya

BIJHOCUTBCS 10 CKJIaJly BIIOMHX 3aJad JAMCKPETHOro mnporpamyBaHHs. OJHaK B
peaJibHUX yMOBax Ll BEJIMYMHA 3MIHIOETHCS BMIIAJJKOBUM UYHWHOM, 1HOJI JOCHUTh
icToTHO. B Takomy BUIaAKy MaemMo 3ajady yHOpPaBliHHS. 3BUYAWHO, MOXKHA

Oprasi3yBaTH IIEHTpali30BaHe yMpaBiiHHSA BciMa o0'exktamu. s mbOro HEOOXiTHO



nepenaBatu B «lleHTp ympaBmiHHS» JAaHi NPO MOTPeOM areHTiB B pecypci.
OtpumaBmim 1i gasi, «lleHTp» mpuiiMae pilleHHS NMPO CKJIaA IPyHH CIOKHBAYiB
pecypcy. Tpeba ckazaTu, 1m0 HaWOLIBII CKJIAJHOIO YAaCTHHOK JIaHOi 3ajadl €
opranizairist 30opy Ta 00poOku iHpopmartii. ToMmy Bennka 4acTHA 0OYUCITIOBAIBHOT
HOTY>)KHOCTI ~ CHUCTEMH, KEpYyHuoi LEHTPalIi30BaHUM  PO3IMOJALIOM  pecypcy,
BUKOPHUCTOBYETHCA sl 300py 1 00poOKku iHGOopMaIlii, JKepeno sIKoi 3HAXOIUTHCS Ha
nepudepii. binbm parioHalbHOIO, 3 TOYKK 30py omnTHMi3alii 1HPOPMaIIHHOTO
oOMiHYy Ta 3a0e3MeUeHHs HalIMHOCTI, € ICLIEHTPaTi30BaHa IHTEJIEKTyalbHa MEPEKa, B

K1 PO3MOJIIEHHS PECYPCY 3A1MCHIOEThCA 3aBASKH 11 caMOOprasizanii.

3.2 IlpuHOunM caMoOOpraHizanii KOJEKTHBY aBTOMATIB, WHI0 PO3NOAISIOTH
o0MeKeHU pecypc, KOPUCTYIOYHUCH JOKAJIbHIM MPABWIOM MOBEAIHKHN «BCe, 200
HIY0ro»

CTpyKTypHa cXeMa CUCTEMHU, L0 YNPABIIA€ PO3NOAIOM pecypcy, IOKa3aHa Ha

puc. 3.2.

Ilentp

. l IZIWZ,:W

i

A

xepeno
pecypcey

Pucynok 3.2 — CTpyKTypHa cXxeMa CUCTEMHU
KOJIEKTUBHOT'O PO3MOJLIY PeCypcy



Cucrema BKIIOYAE JKEPENIO PECYypCy, MIAKIIOYEHHSIM JO SKOrO KEPYIOTh

apromatu A, A,, ..., A, ..., A, KoxeH i-uil aBroMaT MOX€ MiIKIIOUYUTH

1

BIANOBIHOTO CHOXkKHBaya 10 pecypcy (¢, =1) abo 3yNnuHUTH HAAXOIKEHHS pECYpPCY
(a,=0). 1 npudHATTA pIIIEHHS aBTOMAaTH IOCHIAIOTH B IIEHTP 3allMTH, B SKUX
BKa3ylOTb HEOOXIIHY KUIBKICTB pecypcy w, 1 OdiKyBaHy €()EKTHBHICTb BiJl HOro
BUKOpHCTaHHA y,. LleHTp He audepeHIiroe 3anuTH aBTOMATIB. [l ympaBiliHHS
CHUCTEMOI0 MOMY JTOCHTh 3HAaTH Ha KOXKHOMY K -My KpOIll MiATOTOBKHA OCTATOYHOTO

PO3MOAUTY BEIMYHMHY CYMapHOI'O 3alMTYBAaHOIO PECypcy Zwl. 1 cymapHuid edext

iel)

Bl HOro BI/IKOpI/ICTaHHHZl//i. VY cBoOiil BIJNOBiAI HA 3alMUTH ABTOMATIB LIEHTP

iel,
TIOBIZIOMJISIE CEPEJIHIO IIHY pecypcy A 1 IiHy BIIMOBH BiJ pecypcy . Buxonsuu 3
OUX LiH, HEOoOX1JHOI KUIBKOCTI pecypcy w, 1 OYiKyBaHOro e(eKkTy Bix HOro
BUKOPHCTaHHS i/, KOKEH aBTOMAaT BU3HA4Ya€ CTPATETIIO CBOET IOBEIIHKY.

Jis Toro mo0 pilmieHHS JaHOTO 3aBJaHHA MOTJIO 3'SIBUTHUCA IUJIOJIOM
KOJIEKTUBHOI ~ TBOPYOCTI  aBTOMAaTiB  HEOOXIJHO  3a0E€3MEUUTH  MOMJIMBICTH
QTbTEPHATUBHOTO BUOOPY CTpaTerii MOBEAIHKA KOKHHUM 13 HUX. Lle o3nauae, mio
CIIO’KMBA4 MOBHHEH OTPUMYBATH BUTOAY HE TUIBKHU BiJl BAKOPUCTAHHS PECypCy, aje i
opu BIIMOBI BiJ Hboro. IIopiBHIOIOYM CBiil BUrpaml (Iporpami) B TOMY 1 B IHIIOMY
BUIAJIKYy, BIH TTIOBUHEH MpPHUIMAaTH pillieHHs Mpo BUOip cTpaterii. OTxe, BiIMOBA BiJ
pecypcy MoBHHHA orutadyBatucs. Hexall maTta 3a BiIMOBY BiJl pecypcy IOPIBHIOE

C,. lle o3Havae, WO LEHTP, SKUU PO3MOAUILE PECypC, NMOBHUHEH «BHILIAYyBaTH»

m

KOMITCHCAIIII0 BIJKIIOUYEHUM CIIO)KMBadyaM B PO3Mipi Z(l—ai)Cl.. [Ipu Taxiii
i=1

oprasizaiii B3aEMHUX IUIATEXKIB 3a KOPUCTYBAaHHSA PECYpPCOM 1 32 BIAMOBY Bl HbOI'O
KOXKEH aBTOMAT IpUHMAaE PIlIeHHS Ha KOPHUCTh TI€T YW 1HINOI cTpaTerii MOBEIIHKH,

KEPYIO4HUCh ITPOCTHUM IIPABHUIIOM



L, if w.—Aw.>C,
ail: ~.f‘ Wl 1 1 (3-8)
0, if Wi_;twi<ci'

Byaemo BBakatu, 110 B pa3i piBHOCTI IUIaTH 3a BIIMOBY BiJ pecypcy 1 edexty
Bl MOro BUKOPUCTaHHS pIIIEHHS Npo BUOIp cTpaTerii MOBEAIHKH, TPUUHSITE
aBTOMaToOM, € BUNAAKOBUM. Ilicias Toro sik aBTOMatu 3poOuWsid CBiid BHUOIp, BOHH
BUCTABIIAIOTh IEHTPY 3amuTd Ha pecypc. OcTaHHIA TepeBipsi€ BUKOHAHHS
0OMEKEHHS (3.7). Hexaii OOMEXEHHS ~ BUKOHYETHCS. ko npu

m
bOMY Zal.'wl.—W <inf {wl.}, TO 3ajJa4a BHpINIEHA O, =al.'. B inmomy Bumaaky
i=l1
pIIIIEHHS PO BIJIMOBY BiJ peCcypcy MPUUHSIO 3aHAATO 0araTo aBTOMATIB, BHACIIIOK
YOro BIAMYIIEHUH JIMIT pecypcy HEJOBUKOPUCTOBYETHCS, IO HE BUIIJIHO LIEHTPY.
Tomy obpani crpaTerii MiATBEPIKYIOTbCS TUIBKM THM, XTO MPUHHSIB PIMICHHS MPO
BUKOpHCTaHHA pecypcy (] =1). Tum ke, XTO NpUHHAB PILIEHHS MPO BIIMOBY Bif
pecypey (] =0), ix Bubip He miaTBepaxyeTbes. [lepmn BuOyBatoTh 3 rpu 31 CBOIMU
MOPIISIMA  pecypcy, a APYri MPOJAOBXKYIOTh PO3IrpyBaTH Mi C000K pecypc, Mo
m
3QJIMIIKUBCA B KiJTBKOCTI W—Zal.’wl.. Axiio x oOMexxeHHs (3.7) HE BUKOHYETBHCSI, TO
i=1

[ O3Hayae, IO PIMIEHHS MOPO BIIMOBY BiJ pecypcy MNPUUHSIIO 3aHAATO Majo
aBTOMATiB, BHACJIJOK YOro IIEHTP HE B 3MO31 3aJ0BOJIBHUTH MOTpeOdy B pecypci.
Tomy o0pani cTpaterii MiATBEPUKYIOThCS TUIBKA THM, XTO MPUUHSB PIIICHHS PO

BIAMOBY Bin pecypcy (o/=0). Bouum BuOyBaroTe 3 rpu. Pemra aBTOMaris

IPOJOBXKYIOTh PO3IrpyBaTH MK COOOI0 pecypc B KUIbKOCTI W .

Taka mpouenypa HNpUMHSTTS HE3BOPOTHOIO PIIIEHHS YaCTUHOIO YYacHHKIB
pO3MOJIITy BUIIpaBIaHa THUM, 1[0 Ha HACTYMHHUX e€Tamax ix BUOIp BCE OJHO BXKE HE
Moske 3MiHUTHCS. J{1iiCHO, B EpPIIOMY BUIAJKY Ui TOTO, 1100 301IBIINTH OMUT HA
pecypc, LIEHTp NOBMHEH OyJe 3MEHIIyBaTH IUIaTy 3a BIAMOBY BiJl Hboro. Tomy

HEpIBHICTh i/, — Aw, > C,0yJe BUKOHYBaTHCsA Ha HAaCTyIIHHUX €Talax po3irpairy Ajs

TUX, XTO 3JHUILIHUBCS MIAKIIOYEHUMU JI0 JKEPEIIa PECYPCy, HE3aIEKHO B1Jl MOBEIHKU

IHIIIMX YYaCHUKIB. Y JAPYyroMy BUTAIKY, JUIsl TOTO, 00 3MEHIIUTH TIOHUT HA Pecypc



LHEHTp IMOBHMHEH OyJae 30UIbIIMTH IUIaTy 3a BIAMOBY Bl Hboro. Tomy

HEPIBHICTh Y. — Aw. < C. 3aJIMIIIMTHCA HE3MIHHAM HAa HACTYIHUX €Tarax po3irparil
l//l 1 1 y y

JUISl TUX, XTO IPUMHSB PIIIEHHS PO BIIKIIOUEHHS BiJ KEpeEa pecypcy.

TakuM YMHOM, TPUUHATTA PpILIEHHS aBTOMaraMu € 0araTOKPOKOBOIO
npoueayporo. HeoOXiiHOIO yMOBOIO TOrO, 1[0 BOHA 3aKIHUUTHCS 3a KIHIIEBE YHCIIO
KpPOKIB, € TOJiJ Ha KOXKHOMY (k -My) KpOIli MHOXXHHHM YYacCHHKIB Kk -TO eTamy
posirpanlry Ha JiBl HEMYCTHX HIJMHOXHUHHU. SIKIIO I yMOBAa HE BUKOHYETHCS, B
KOJICKTHBI aBTOMATIB MOXE€ BUHUKHYTH JUHAMIYHA HECTIHKICTh. CyTh ii B TOMY, 110
BCl aBTOMaTH, BUOPABILIM OAHY 1 Ty * CTPATEril0, HE OTPUMYIOTH ii MIATBEPIKECHHS,
[OBEPTAIOTHCS B IPY 1 3HOBY BCl pa3oM BHOMpPAIOTh Ty * caMmy cTparerito. Curyauis
IIUKJIIYHO TIOBTOPIOETHCS HEOOMEXEHY KIIbKICTh pa3iB. JluHaMiuHAa HECTIMKICTH
0e3HaJIiHO 3aTArye MNpoUEeAYypY HNPUUHATTS PIIEHHS, LU0 CYNEPEYUTh IHTEpecam
IEHTPY - 32 OOMEXEHUHN Yac JOMOTTHCS BUKOHaHHS oOMexeHHs (3.7). s Toro mob
BUKIIIOUUTH MOXJIMBICTh TMOSIBU JUHAMIYHOI HECTIMKOCTI IEHTP IOBHUHEH
30aJaHCyBaTH CyMy MOXJIMBHX IUIATE€XKIB 3a BIAMOBY BIJI pecypcy 1 MOIJIMBHMA

CyMapHUii e(peKT BiJ HOr0 BUKOPUCTAHHS

2Wi—A2yw=2C. (3.9)

iely il il

JiticHo, npu BUKOHAHHI (3.9) HEPIBHOCTI

BunyViel (y,—Aw,>C, vy, —Aw,<C,) Bukmouaotecs. 3 (3.9) BummBae

npaBwio (GOpMyBaHHS IIEHTPOM IUIATH 3a BIAMOBY Bif pecypcy. llpu mpomy 1ieHTp
MO>K€ 3aCTOCOBYBATHU Pi3HI TAKTUKHU:
1) «3piBHsUIIBKa» — BCIM yYaCHHMKaM PO3NOJAUTY IPHU3HAYAETHCS OJIHAKOBA IUIATA

HE3JIEKHO BiJl KUTBKOCTI pecypcy, SAKUN BTpayae y4YaCHUK

C,=C= Z(l//i —Aw, ) / N, , ne N, - KibKICTh yYaCHHUKIB po3irpainry Ha k -My Kpolii;

iel;



2) «JIiHIMHE 3a0XOYEHHS» — IUlaTa 3a BIJIMOBY BiJ pecypcy MpomopiliiiHa Horo

KIIbKOCTIC, = yw,. B 1bOMy BHIIQJKy yMOBH Y4acTl B PO3IOALIl 1 BiIMOBH BiX

pecypcy HaOyBalOTh BUIJISAY (l//l. > (,u + ﬁ,) w, Y, < (,u - /1) wl.) :
OO0'eqnany 1iHY pecypcy 1 BIIMOBHU Bijl HbOTO 3HaK1eMo 3 (3.9), miACcTaBIsAIOUH

3HavyeHHsa C, = uw,

%7

iel)

iel)

A+u=

3) «HemiHiiiHE 3a0XOYEHHS» — IJIaTa 3a BIJIMOBY BIJl PECYpPCY € HEJIHIHHOIO
(GYHKITI€I0 OT0 KUTBKOCTI.

3p0o3yMiNIO, IO IEHTP MOXE BAATUCSA 1 10 1HIIMX OUIBII CKJIQJHUM TaKTHUK

(¢opMyBaHHS IUIaTH 3a BIIMOBY BIJl PECypcCy, MpOTE aHali3 BIAMOBIAHMX MOJENEH

BUXOUTH 32 PAMKH JJaHO1 POOOTH.

OuiHka ajaropuTMy KOJEKTHBHOI MOBEAiHKM aBTOMATIB NPH PO3MOJLTY
pecypcy 3 00MeKeHHSIMHU THITY «Bce 200 HiY0ro»

Big BuOopy 1eHTpOM Ti€i 4K 1HIIOT TaKTUKH, B3arajli KaKy4H, 3aJICKHUTh, Kl
CIIOKMBAa4l  CKOPUCTAIOTHCS  PO3MOAUISETBCS — pecypcoMm. Hampukman, mpwu
«3PIBHSJIBIIY TepeBara HaJaBaTUMEThCS TUM, XTO OTPUMYE BHUTOIY BiA

BUKOPHUCTAHHS PECYPCY, 1110 MEPEBULIYE i1 CEpeIHE 3HAUEHHS 10 MHOXHHI1 YYaCHHUKIB

: : _Y
posnoaury. OqHak Ipu HbOMY IMUTOMA €PEKTUBHICTD &, = o He OepeTbes /10 yBaru.

i
[Ipu «HeniHIHHOMY 3a0XOUYEHHS» TepeBara MOXKE BIIAABATUCA BY3bKO TEBHHUM
KaTeropisiM CIIO’KMBAylB, HANpPHUKJIAJA, BUMAarae JEsKOl 3a/aHol KUIBKOCTI pecypcy,
abo 3 ypaxyBaHHSIM IHIIMX (DAKTOPIB, BIJ SIKUX 3aJEKUTh IUIaTa 3a BIIMOBY BiJ
pecypey.
TakTuka <JIIHIMHONO 3a0XOYEHHS» BiJJIa€ TMepeBary CHOXHBadyaMm, SKi

BUKOPHCTOBYIOTh PECypC 3 HalOUIBIIIOI0 MUTOMOIO €(DEKTHBHICTIO



Vi_
" ﬂZZ%/ZWi- (3.10)

I iE[k

iel;

PosrnsitHemo npuHuun noOyAOBH KIHIEBOIO aBTOMaTa, L0 peani3ye TaKTHKY

«JTIHIMHOTO 320X04YEHHs». ABTOMAaTHUH Tpad mokazanuii Ha puc. 3.3.

START

Pucynok 3.3 — I'pad mepexoniB aBTOMaTa, B KOJIEKTUBHOMY
PO3MOIiNEeHHI pecypcy

Cranu aBTOMATA 1 BIAMIOBIAHI 1M m1i onrcadi B Tadu. 3.1.

Taomung 3.1 — Cragu aBToMara 1 BIAMOBIAHI iM di1

Cran

Ilo3na-
YEeHHSI

Omnurcanys

Jist

TloyaTkoBui cTan

@dopmyBaHHS Ta BIJIpaBKa 3alUTy 10
LenTpy

[lonepenne pimeHHs IpO BiAMOBY
BiJl pecypcy

BIJICYyTHE

ITonepenne pIIIEHHS po
OJIepXKaHHA pecypcy

@dopmyBaHHS Ta BIAIpaBKa 3alUTy 10
LenTpy

OcraTouHe pilIeHHST PO BIJAMOBY
BiJl pecypcy

BiakmroueHHss Big JpKepena  pecypey,
a=0

SIEIRNES

OcrartouHe pilIeHHS npo
OJICpKaHHS PECYpPCy

[TinkarodeHHss A0 JpKepena  pecypcy,
a=1

[ToBeninka aBToMaTa 3a/1a€ThCsl HACTYITHUM aJITOPUTMOM.

1. IToyaTkoBa inimiamizais (nepexia B cran Q) 3ailicHioeTbest komangorw START,

sJgKa MMoJa€TbCA OICHTPOM Ha BCC aBTOMATH.

2. Y nupoMy crani aBToMat Hajgcuiuae 3anut 10 Lentpy (w,,y, ).

3. LlenTp moBepTae aBToMaTam 00'€IHaHy I[iHY PECypCy i BiIMOBH BijJ HbOrO A + 4.



4. Sxmo o l.' = 0 BigmosigHo 10 (3.8), TO aBTOMAT NEpexoauTh B cTan ¢ (monepenne
pIIIEHHSI PO BiJIMOBY BiJ peCypcy).
5. SIximo al.’ =1 BigmosigHo 10 (3.8), To aBTOMAT IEPEXOIUTE B CTaH A (momepenHe

pllIEHHS IPO BUKOPUCTaHHS pecypcey) 1 nocuiae B LleHTp 3anur.
6. OtpumaBmm Bci 3anutd, LleHTp oOYHCIIIOE 1 TMOBEpPTaE aBTOMATaM BEKTOP

HiATBEPIKEHHS CTpaTerii
L1 if inf{w}2W - aw >0,

[B.7]=40,0 if inf{w}<W - aw 20,
0,1 if wW=> aw<0.

7. ABTOMAT 00YMCIIIOE YMOBY TIEPEXOY Y
!
1.=BVv(a®y).
Skmo y, =1, To momepenHro 0oOpaHa cTparerist MATBEPAKYETHCS, i aBTOMAT

NEePEXO0/IUTh B OCTATOYHUMN CTaH (d a6o D ). SIxmo ¥, = 0, To monepenHbo 0Opana

CTpaTeriss He MIATBEPDKYETHCS, aBTOMAT IIOBEPTAETHCS B TMOYATKOBHM CTaH,
BUKOHY€ETHCS I1.2.

JUis Toro mo0 OTpUMaTH aCUMITOTHYHY OILIHKY TaKTHKU «JIIHIHHOTO
320X0YCHHS» 3 TOYKH 30PY IMOCTaBJICHOI 3a/1a4il (MiHIMI3aIis IIKOH, 10 3aBIa€ThCS
O0OMEXEHHSIM pecypcy), PO3IVITHEMO BHIQJ0K, KOJHM KIHIIEBE KUIBKICTh PECypcy
W po3noauisieTbCsl HACTUIBKM BEJIMKOK KIJIBKICTIO aBTOMATIB, L0 3aJIMILIOK PECYpPCY
nparHe 70 HyJsl HE3aJeKHO BIJl TOTO, SIKI CHOXKHMBa4l OTPUMAIOTh PECype, a sKi

OyyTh BIAKJIIOUEHI BiJ] JpKepelia pecypcy.
inf {w} =W -> aw —0. (3.11)

Pecypc posmominsierscst 0e3 3ammmiky. [ns  xapaktepucTtuku  €(eKTHBHOCTI

&
w.

1

BUKOPUCTAHHS PECYPCY CIIOKMBAa4aMU BBEJIEMO B PO3IVIAJ IapaMeTp &, =



nUTOMY €(EeKTUBHICTh BHUKOPUCTaHHS pecypcy. Bmopsakyemo croxuBadiB IO

KPUTEPIIO 3MEHIIEHHS &, 1 MOCTABMMO Yy BIANOBIAHICTD MHOXHHI 3HAYEHb &,
byHKITIIO E(Wj), ne W, — cyma mopuiii pecypey w,, Ha sKi IPETCHYIOTh aBTOMATH 3

OUIBPIIMMU HDK y j-TO aBTOMaTa 3HAYEHHAMH &,. 3 OIVISAYy HA PO3IVISAHYTHH

TPaHUYHUIA BUIAJIOK, MAEMO (W/) = ieiwl. - I 8(W)d w.
i=0 0

[Ipu iboMy, Tak K pecypc po3NOAUISIEThCS 0€3 3aTUIIKY, MAEMO

w(W,)= fg(W)dW, (3.12)

0

ne W, — KUIBKICTBb pecypcCy, fKa JICTAETbCA THM CIIOKUBAa4aM, y AKHX & > g(WO)

BriopsiixyBaHHs CIIOKHMBAY1B 33 BEJIMYMHOIO IIapaMeTpa g, MOKa3aHo Ha puc. 3.4.

0%

W.

1

WO
PucyHoK 3.4 — Po3noinenns pecypcy MiX CIOKHBAYaMH 3
NapaMeTpoM &; = & (WO) (BHIIIEHO CIpHM KOJIBOPOM)

30UTOK BiJ] OOMEKEHHS PeCypcy MiHIMIZYETHCS 32 YMOBU I/ (WO) =max .

JHloBenemo, 1o BimOip B Tpymy, sSKa OJEPKYE pPECype, CIOXKHUBAYIB 3

[1apaMeTpoM &, > g(WO) 3a0e3neuye MiHIMI3alli0 30UTKY.



F=[eW)aw—a(W-w,)=Y vy, -

i=l1

e(W)dw — A(W —W,) - min.

Je— 3

m

Tyt W, € nopuicro pecypey, Ha SKy NPETEHIYIOTh aBTomMatu, W =) w. —
i=l

HAWOUIbINA KUIBKICTh pecypcy, sIKke MOxe OyTH BHKOPHUCTaHE BCiMa CIOKMBAYaMH.
OueBHHO, 110 min{F } = max{l//(WO)} SKIIO I[iHA pecypcy A B XOJIi PO3MOJLIY HE

3MiHIOEThCA. [ 10Ka3y JOCHTh Oylib-IKUM YMHOM CIPOOYBATH 3MIHUTH IMOPSIO0K
Ha 0e3Jiul YYaCHUKIB PO3MOALTY, TOOTO 3aMIHUTH YaCTHHY CIOKMBA4iB, BKIIOYCHUX
B TPYILy, SIKa OJIEPIKY€E pecypc, TUMH, AKi B II0 Tpymy He moTpanuiu. [Ipu pomy Ha

IPOMDKKY 3HAY€Hb apIyMEHTY [O,WO] byHKLIs g'(W), BIJIIOBIJTHA HOBOMY TOPSAKY,
OyJzie MeHIlle HalOLIbIIOT (PyHKIIIT g(W). [Ipukiian Takoi 3aMiHU MTOKAa3aHUM HA pUC.

3.5.

- L8

WO

Pucynok 3.5 — IlopyiienHs npuHuuny &, 2 & (VVO) IIPU PO3MOIIEHH]
pecypey

Tak sk HAC 1IKaBUTh aCUMITOTHYHA OliHKa 3a yMoBHU (3.11), To Oynb-ska

noniOHa TepecTaHOBKa NpH3BENE A0 TOro, IO OTPUMAHUN B pe3yJbTari i€l



W,
IepecTaHoBKH iHTerpan Oyae MeHwe Buxiauoro y' (W, )= I gW)aw <y, . Orxe,
0

BIAOIp B TpyIy, fAKa OAEPKYE PECYpPC, 3a KPHUTEpIEM &, = g(WO) 3abe3reuye
ACHMIITOTUYHY MIHIMI3aIlit0 30UTKY, 110 ¥ Tpeda OyJi0 TOBECTH.

[ToBeninka aBTOMaTiB, W0 BHU3HAauaeTbcs YyMmoBowo (3.10), 3amgoBOJIbHSIE
BKa3aHOMY KpHUTEPII0 AaCUMITOTHYHOTO MiHiIMyMmy mikoau. lle o3Hadae, 110
€()EeKTUBHICTh OMKMCAHOIO BUILE AITOPUTMY PO3MOALLY OyJe TUM BHILE, YAM OlIbIlIa
KUTBKICTh CIIO’KMBadiB Oepe y4acTh B PO3MOLIL PECYpCy.

[Ipy kiHIIEBOMY YMCIII YYAaCHHMKIB PO3MOJAUI, IO JOCITAEThCS B PE3yJbTaTi
caMooprasi3allii aBTOMaTiB, MOKE€ BUSIBUTUCS HE ONTUMAJIbLHUM, TaK SIK OOMEXEHHSI
(3.7) BUKOHYETBCS y BHTJISAI HEPIBHOCTI. MOIyNIb BIIXUJICHHS PEAIbHO JIOCSIKHOTO

e(eKTy BiJl BAKOPUCTAHHS PECYpCy ¥/, . Bl TEOPETUYHOIO MAKCUMYMY 3al0BOJIBHSE

HEPIBHOCTI

|1,//_max /2 N i aw, || W, - i a,w, |. (3.13)
i=1

i=1

m m
Tak sk, v 2>¢ Zaiwl. Zaiwl. TO, PO3AUIMBIIM JIBY YaCTHHY HEPIBHOCTI
i=1 i=1

m m

(3.13) nma BesmuMHy W, , a IpaBy YaCTHHYy Ha & Zaiwl. Zaiwl., OTPUMAEMO
i=l1 i=1

OIIIHKY 3BEPXY BIJIHOCHOTO BIIXWJICHHS O PEajbHO JOCSIKHOTO €PEKTY BiJ IPAaHUIHO

m
- I/Vo o Zaiwi
_ Wmax B Wmax < i=l1
JTOCSHKHOTO MAKCUMYyMY O = <

W m
max
Z oW
i=1

Slkiio us oLiHKA MEepeBUIIY€E JIesIKe, Hamepe 3aJaHe 3HAUYCHHS, HAMPHUKIAI,

1%, 1o IlenTp ™Moke cmpoOyBaTH TOJIMIIUATA PIMICHHS, 3MIHUBIIN TAaKTUKY
(¢opMyBaHHS IJIATH 32 BIAMOBY BiJl PeCypCy, HalpUKJIaa, 31HCHIOIOYN METAIrpOBUIA
cunres [27].

XapakTepHOK OCOOJIMBICTIO PO3IJISIHYTOI BHIE 3ajJadl € He3MIHHA IIiHa

pecypey A. lle o3Hauae, 110 1U1aTa 3a BiIMOBY BiJl peCypcy 3IiHCHIOETHCS 3 KOIITIB



10T0 BJIACHUKA, SIK B TPI 3 TUTFOCOBOIO CYMOIO. SIKITIO K TjIaTa 3a BiMOBY BiJl PECypCy
3MIMCHIOETHCS 3 KOIITIB CIIOXKMBA4iB, SIKUM JIICTaBCSA PECypc, K B I'pl 3 HYJIHOBOIO
CyMOIO, TO IliHA pecypcy TMOBUHHA OYTH 3MIHHOIW. Po3ristHeMO mpaBUIIO
dbopMyBaHHS I[IHU pecypcy B IboMy Bumanky. CymapHa Tuiata 3a BIJMOBY Bill
pecypcy CTaHOBHTH

E:yzm:(l—al.)wi. (3.14)

i=1

JIoIaTKOB1 «KOINTH JJisi BUIUIATH II€] CyMH» MOXYTh OyTH OTpHUMaHi 3a
paxyHOK 30uIblIeHOT HiHU pecypcy A'. 30UIblIEHHS MOBUHHO OyTH TaKuM, I100

BUKOHYBaJIacsl piBHICTb
(A =2)) aw=5. (3.15)

3 1bOro PiBHAHHS, 3 ypaxyBaHH:sM (3.14) orpumaemo.

i(l—ai)wi

l

A=u +A. (3.16)

Axkmo mpu  po3moAUIT 3 IUIFOCOBOK  CYMOK  CTIMKICTh — PIIIEHHSA
3abe3rneuyBanacs piBHoBarow (3.9) 1 mpw 1OMY aCHMIITOTUYHO ONTUMAaJIbHE

pILIEHHSI TocsATaIocs He OUIbIle HIXK 32 M KPOKIB, TO B pa3l pO3MOAULY 3 HYJIHOBOIO

cymoro BHactiok (3.16) ycrajeHiCcTh HE TapaHTy€eThCs piBHOBaroto (3.9).

BucHoBku

1. KonekTuB KIHIIEBUX aBTOMATIB, SKI peaNi3ylOTh HAWMPOCTIII TaKTHUKH
MOBE/IIHKK, 3a0e3nedyye aCUMITOTUYHO ONTUMaJbHE pPIIICHHS 3a7adl pO3MOJLTy
pecypcy 3 0OMEKEHHSIMH THITY «BCE a00 HIUOTOY.

2. SIkmio 3HaiiileHe aBTOMAaTaMM PIIICHHS Take, 110 Pecypc pPO3MOIUISETHCS
BeCh 0€3 3alIMIIKY, TO I PIIIEHHS ONTUMAJbHO Yy BCIX BIJHOCHMHAX, & HE TIIbKHU

ACHUMIITOTHYHO.



3. VYV noBeniHUl AaHOi CHUCTEMHU KIHLIEBUX ABTOMATIB CIiJ PO3PI3HATH Bl
1ICTOTHO BIMIHHI CTpATeTii - PO3MOILI PeCYpCy 3 IUIIOCOBOIO 1 HYJIBOBOKO CyMO0. Y
NEPIIOMY BUIIAIKy aBTOMATH 3aBXIM MPUXOAATH 0 YIOJIM 3a KiHIIEBE YHCIIO KPOKIiB,
0 HE TMEPEBUINYE KUIBKOCTI IO y PO3MOAUI aBTOMATIB. Y JIPyromMy BHITAJIKY
CTIAKICTh CHUCTEMU He TapaHTyeThbcs. [1oTpiOHI HOJATKOBI JOCIIKEHHS JTUHAMIKH

KOJICKTUBHOI HOBeI[iHKI/I 1 3HAaXOJXKCHHA OIITHUMAJIbHHUX aJ'Il"OpI/ITMiB KOJICKTUBHOI'O

PO3IOILTY pecypcy.

3.3 AJuroputM caMoopraHizamii po3yMHOI MepesKi NPSIMOro eJeKTPUYHOIO
onajieHHA

OyHKIIOHAJIbHA CXEMa MEpEeXl MpeacTaBieHa Ha puc. 3.6. Poib «BiacHUKa
pecypcy» B I Mepexi Biairpae MeEpeKeBUM KOHTpoiep. B ioro mam'sTi
30epiraeTbcsi BEMMYMHA IPAHUYHOT MOTY>KHOCTI MEPEXK1 KUBJIEHHS KOHTPOJIHOBAHOTO

o0'exty W,. IloTouHa NOTYXKHICTb MEPEXI JKUBJICHHS KOHTPOJBOBAHOIO OO0'€KTY

W(t)BHMip}OETLC;I IHTEJIEKTyaIbHUM CEHCOPOM MOTY>KHOCTI Y CKJIaJl MEpPEKEBOTO

KOHTpoJepa. JliMiToBaHa MOTOYHA MOTYXHICTh, SIKa MOK€ OyTH BHKOPHCTAaHA Ha

OMaJeHHs 3a paxXyHOK MIAKIIOUEHHS JO MEpeXi JKUBICHHS JOJaTKOBHUX
OTATIOBAIBHUX MPUCTPOIB, OOUUCTIOETHCS SIK PI3HULIS

w(t)=w,-W(t). (3.17)

[Ipu po3podii anropuTMy TOBEIIHKH AaBTOMATIB, SKi  PO3MOAUISIOTH

HOTY>XHICTb M HarpiBauamM, BpPaxOBY€TbCS JOIYIIEHHS BIJIHOCHO TOTO, L0 3a

nepioJl 4Yacy, KOJM aBTOMAaTd NPUIMAalOTh pINIEHHS, BEJIMYMHA JIIMITOBAHOI

MOTY>KHOCTI W (t) CYTT€EBO HE 3MIHIOETHCA.

Ponp areHTiB, siki NpUWMarOTh y4acTh y PO3MOAUICHHI pecypcy (MOTY>KHOCTI)
BIJIIFPAIOTh CMAapTKOHU. J{0 1X CKiaay BXOJAThH KIHILIEBI aBTOMATH, sIKI 3a0€3MeUyI0Th
IIJIECTIPSIMOBAHY ~ CAMOOPTaHI3aIlil0  IHTEJIEKTYalbHOT MEpEeXl OMaltoBaTbHUX

IPUCTPOIB, & TAKOXK 1HTENEKTyaJIbHI CECHCOPHU IIOTY>KHOCTI Harp1BayiB w, .
Kouu B Mepesi HUBICHHs NPUCYTHII HaJUIMIIOK noTyxHocTi W (¢)>inf {w,},

CMapTKOHHU, OOMIHIOIOUHKCH 1H(GOpPMALIEID 3 MEPEKEBUM KOHTPOJIEPOM BHUPIIIYIOTH



3a/ayy MIJKIIOYEHHS JI0 MEpeXl >KUBJIEHHS JOJATKOBUX €JIEKTPOHArpiBayiB.
[TinknroueHi omaroBalibHI MPUCTPOT YIPABISIOTHCA Y ABOXMO3UILIMHOMY PEXHMI
BOY/IOBaHUMHM B HUX TepMocTaramu. Konu B Mepexi *KUBJIEHHS 3’ IBISETHCS Ae(ILUT

motyxHocti W (¢)<0 cMapTKoHH, OOMiHIOIOYHCH iH(OPMAILIEID 3 MEPEKEBHM

KOHTPOJIEPOM, BHPINIYIOTh 3a7a4y BIAKIIOYEHHS BiJI MEpPEXl >KUBICHHS YaCTUHU
eJeKTpoHarpiBayiB. BennuumHa TMOTY>KHOCTI €JEeKTpOHarpiBaya BHU3HAYAETHCA
aBTOMATUYHO IUIIXOM BUMIPIOBAaHHS BOYJIOBAaHMM Yy CMapTKOH IHTENEKTyaJlbHUM

CEHCOPOM TOTY>KHOCTI HarpiBaua.

~ 220V

MepexxeBuii
KOHTpO/ep
. PLC pc 220
? ?
%f} PLC A I PLC ﬁ wk\ %
CmapTKoH CMapTKoH
== I 53
EnektpoHarpisay EnektpoHarpisay

Pucynok 3.6 — @yHKIiOHaTbHA CXeMa IHTEIEKTYaIbHOT MEPEXKi MPSMOTO EIEKTPHYHOTO OTTaJICHHS

Hexaii B nmaHuii MOMEHT 4Yacy ! B CHUCTEMI € JIOCTYIHHUU pecypc (pe3epB

HEBUKOPUCTAHOT TOTYXHOCTi) B KUIBKOCTI W(z‘) [ligkmtoueHHAM HarpiBaJbHUX
IIPUCTPOIB KEPYIOTH aBTOMATH A, A4,,....,4,,.... 4 .

Cran i-ro aBromara Oynemo mo3HadaTtd ¢,. KoxeH i-uil aBTOMar Moxe

MIJKIIOYUTH BIANOBIAHOIO CIIOKMBada 10 pecypcy (o, =1) abo BIIKIIOYUTH Bif



pecypey (o, =0). [ npuiHATTA pilleHHs aBTOMAaTH MOCUIAIOTh B LICHTP 3aIllUTH, B
SAKMX BKa3ylOTb HEOOXIJHY KUIBKICTb PECYpCy w, 1 CBIi pIBE€Hb NPIOPUTETY Y/,

(mpomoHOBaHy TIaTy 3a pecypc). Llentp He mudepeHuiroe 3anutu aBToMartiB. s

yIOpaBIiHHSA CHUCTEMOIO HOMY JOCHUTh 3HATH Ha KOXKHOMY K -My KpOIli MHiATOTOBKH

OCTATOYHOI'O pO3HOI[iJ'Iy BeJ'II/ILII/IHy CYMapHOFO 3aHI/ITYBaHOFO pecypcy ZWZ- 1
iel;

cymapHuii edeKT BiJ HOro BUKOPHUCTAHHS Zl/ji' Y cBOiil BIAMNOBIAI Ha 3alUTH

iel;
aBTOMATIB LIEHTP MOBIAOMJISIE BCIM YYaCHUKaM PO3MOJLIY CEPEIHbO3BAXKEHY LIHY
pecypey A. KoxkeH aBToMaT npuiitmae Jijist ceOe morepeaHe pillieHHs
I, if w,=Aw, -connect,

al = 3.18
" 10 i w,<Aw, disconnect. (3.18)

[Ticns Toro sik aBromMaTtu 3poOMIIM CBi momepenHid BHOIp, Ti 3 HHUX, SKI
NPUIHSUIM PIMIEHHS MPO MIAKIIOYEHHS «CBOiX» HarpiBauiB, BAPYT€ BHUCTABISIOTH

LEHTPY 3anuTH Ha pecypc. OcTaHHii nepeBipse BUKOHAHHSI OOMEXXEHHS

S <. (3.19)

iel,

m
Hexaii o6MeskenHs BUKOHyeThCA. SKito npu mbomy |» a/w, —W|<inf {w,}, 10
i=1

3aga4a BupimeHa. OCTaToYHe PILIEHHS aBTOMATIB CIIBHAJNAE 3 NONEPEAHIM «, =, .
B iHmoMy Bumajaky pileHHsS PO BIAMOBY BiJl pecypcy NPUHHSIIO 3aHaATO 6arato
aBTOMATIB, BHACIIJIOK YOTO BIAMYIIEHUM JIIMIT PeCypCy HEIOBUKOPUCTOBYETHCS, LIO
HE BWUTITHO TEHTpY. Tomy oOpaHi cTparerii HiATBEPIKYIOTHCS TUIBKH THUM, XTO
IpUIHAB pIIIEHHA PO BUKOpPHCTaHHA pecypcy (o) =1). TuM ke, XTO NpuUilHAB
pillIEHHs PO BIAMOBY BiJ pecypcy (o =0), ix BuOip He miaTBepKyeThes. Ilepmi

BUOYBAIOTh 3 TPU 31 CBOIMH MOPLISIMHU PECYpPCY, a APYTi MPOJAOBKYIOTh PO3IrPYBATH

m
MK COOOI0 pecypc, IO 3aJIUIIMBCS B KUIBKOCTI W—Zai’wl.. SIKIo X OOMEKEeHHS
i=1



(3.19) He BUKOHYE€THCS, TO II€¢ O3HAuUae€, IO PIIMIEHHS MPO BIAMOBY BIJl pecypcy
NPUIHSIIO 3aHAITO MaJO aBTOMATIB, BHACHIIOK YOTO LIEHTP HE B 3MO31 33JI0BOJIHUTH
notpedy B pecypci. Tomy oOpani crpaTerii NMIATBEPAKYIOTHCS TIIBKH THM, XTO

NPUIHAB PILIEHHS PO BIAMOBY Bif pecypcey (] =0). Bouu BuOyBaroTs 3 rpu. Pemra
aBTOMATIB MPOJOBXKYIOTh PO3IrPyBaTH MIXK COOOKO pecypc B KUJIBKOCTI W(t) Taka

npoleaypa MNPUHHATTS HE3BOPOTHOTO PINICHHS YAaCTUHOK YYaCHUKIB PO3MOJILITY
BUIIpaB/JaHa THUM, [0 HAa HACTYNMHUX eTamax iX BHUOIp BCE OJHO BXKE HE MOXE
3MmiauTUCA. [lificHO, B MepIIOMYy BHUMAAKY A TOTO, MO0 30UIBIIMTH TMOMHUT HA
pecypc, LIEHTp NOBMHEH OyJie 3MEHIIYBaTH IUIaTy 3a HbOro. TOMy HEpIBHICTb

w,—Aw, >0 Oylne BUKOHYBaTHUCS Ha HACTYIIHUX €Talax po3irpamly s THX, XTO

3QJIMIIUBCA MIAKIIOYEHUMH J0 JDKEpesia PeCypcy, HE3aJIeXHO Bij MOBEIIHKH 1HIIUX
YYaCHHUKIB. Y JIpyroMy BUMAJKY, ISl TOTO, [O0 3MEHIIMTH MOMUT Ha PECypc LEHTP

NoBUHEH OyJe 30UIBIIMTH IUIATy 3a HbOro. ToMy HEpIBHICTH i, —Aw, <0

3QJIMIIUTLCSA HE3MIHHOIO HAa HACTYIHHMX €Talax po3irpamly i THX, XTO NPUHHSB
pILIEHHS PO BIAKIIOUYEHHS BiJ JDKEpeEIia pecypcy.

TakuM YMHOM, IPUAHATTS PillICHHS aBTOMAaTaMH € 0araTOKpoKOBa MpoIeaypa.
Heo0xigH010 YMOBOIO TOT0, IO BOHA 3aKIHUUTHCS 3a KIHIIEBE YHMCIIO KPOKIB, € MOJILI

Ha KOXKHOMY (& -My) KpolLll MHOXKMHHU [, y4aCHMKIB k -ro eramy posirpairy Ha JBi

HEIyCTUX MIIMHOXUHH (puc. 3.7).

SIKImo 1 yMOBa HE BUKOHYETHCS,, B KOJIEKTUBI aBTOMATIB MOXE BUHUKHYTU
IuHaMIyHa HecTidkicTb. CyTh ii B TOMy, 110 BCl aBTOMATH, BUOPABIIN OJHY 1 Ty X
CTpaTerito, He OTPUMYIOTH 11 TIATBEPIKEHHS, TIOBEPTAIOTHCS B IPY 1 3HOBY BCi pa3oM
BUOMparoTh Ty 3K crparerito. Curyanis UMKIIYHO IOBTOPIOETHCS HEOOMEKEHY
KUIBKICTh pa3iB. /J[nHaMiuHa HECTIMKICTh O€3HAMIMHO 3aTAry€E NPOLENYpPY NPUUHATTS
pimeHHs. st Toro mo0 BUKIIOYHUTH MOJKJIMBICTH MOSIBU JTUHAMIYHOT HECTIMKOCTI
[EHTp TOBWHEH 30allaHCYBaTH CyMy MOXJIMBUX IUIaTEXIB 3a pecypc 3 CYMOIO

3aIIPOIIOHOBAHUX TUIATEXKIB

D —AD w=0. (3.20)

iel; iel,



HiiicHo, npu BHUKOHAHHI1 (2.6) HEPIBHOCTI BULY
Viel, ((Wi — 2w, >0)v (y, —Aw, < O)) BUKJIIOYAIOTBCSA.  3BIACH  OTPUMYEMO

CepEeIHbO3BAXKCHY IIIHY PECypCy.

/1=Z%/ZW,-- (3.21)

iel) iel)

—>@
@\ ;.
>

B
\ .
\
\
\ C
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Pucynok 3.7 — Ilpouec 1ekomMno3uilii MHOXXHWHU HAarpiBaydiB Ha
BKJIIOUEHI Ta BIAKIIOUYEHL
A — NiAMHO>XMHA aBTOMATIB, IKi MPUAHSANN OCTAaTOUYHE PiLLEHHS NP0
BK/IKOYEHHS CBOTX Harpisadis, B — NiAMHO>KMHA aBTOMAaTIB, AKi MPUAHANN NOonepesHe
PiLLeHHA NPO BKKOYEHHSA CBOIX Harpisadis, C — NigMHOXKMHA aBTOMATIB, fKi LLie He
BU3HAYMNCD 3 PiLLIEHHAM, D — NiAMHO>KMHA aBTOMAaTIB, AKI MPUAHANN NonepesHe
PILLEHHS Ha BiAKNOYEHHS, F — NiIAMHO>KMHA aBTOMaTIB, SKi NPUAHAIN OCTaTOUHe
PILLEHHS NPO BIAK/IHOYEHHSA CBOTX HArpisadis

AJTOPUTM MOBEJIHKHA aBTOMATIB, K1 KEPYIOTh JOKAIbHUMHU JHKepeaMu Teria

PO3yMHOI0 TEIJIOBOT'O IOJIS.



ITo3HaueHHsa CUTHATIB
W * — moTo4Ha MOTY>KHICTh 00’ €KTY OIaJICHHS,

W _  — JIMIT IOTYHOCT1 00’ €KTy OmajieHHs,

max

Un — BKa31BHUK 3HaKy JUCOAJIaHCYy €JIEKTPOINOCTaYaHHsl,

H, — cran HarpiBa4ya: H, =1 — BkirodeHo, H, =0 — BIAKIIOUYEHO,
W, — HOTY>KHICTb Harpipaya,

LW — KIIbKICTh HasIBHOTO peCypcy,

7' — mOTOYHA TeMIEpaTypa B 30Hi JIii HarpiBaua,

T, —3ajaHa TeMIieparypa B 30Hi Jii HarpiBaua,

A, — IOYaTKOBHH IPIOPUTET JOKAIBHOI'O JKEPEIIa TEIIa,

A, — TIOTOYHMIA IPIOPHTET JIOKAIBHOTO KEPENA TEIIA,

</1 *> — CepeJlHIN PiBEHb MOTOYHOIO MPIOPUTETY,

a, — 3anuT pecypey (a, =1, K0 aBTOMAT NPUMMAE PIIICHHS 3aIIMTaTH PECypcC),

A —miHa pecypcey,

D — 3anumiok pecypcy miciisi 3aJ0BOJICHHS BC1X 3aIUTIB,

! — NPOMIKOK MMOTOYHOTO Yacy, BIIJIIK KOO OYWHAETHCA 3 MOMEHTY BIIKIIOUEHHS

HarpiBaya,

T — KOHCTaHTa, 1110 BU3HAYAE TEMIT HAPOCTAHHS IOTOYHOTO MPIOPUTETY,

b, — pitenns npo yuacts y toprax (b, =1, sikio aBromar npuiimae piteHHs 6patu

y4acThb).
1. BuMiproBaHHS MOTOYHOI MOTYXHOCTI W * 00’ €KTy ONayeHHS.
2.BusHaueHHs qucOanaHcy elNeKTponocTadyaHHs AW =W —W *.

0, AW <0
, AW>0

3.0nutyBaHHs ceHCOPiB. OepKyeEMO:

H.H,,.H,. . H

W Wyseois Wiy, W

n

* * * *

T T,..T

2900t n

T

12



KT,,...KT,.....,KT,, it tix HarpiBauiB, ki BigkmrodeHo (KT-010k — KOHTaKkT

1
tepmoctaty. KT=1 — Onox — koHTakT 3amMkHyTHii, KT=0 — 010K — KOHTaKkT

PO3IMKHYTHIA).

4. Bu3HaueHHS TOTYXKHOCTI, $Ka MoOKe€ OyTH BHMKOpPHUCTAaHa OINAaJIOBAIbLHUMHU
IIPUCTPOSIMU

AW, Un=1

LW =1y :
D Hw, +AW, Un=0
1

5. BusHaueHHs MOTOYHUX NPIOPUTETIB PO3MOAUICHHS TEIJa y ONATOBAIbHOMY

00’€eKTI

T

. : 1+¢, H, =0

A = d (1+£);t: :
iTl T 0, H, =
1Tl*
T,

. i 1+t, H =0

A, = L_. 1+ RS "
iTn T 0, H, =1
T

6. PimenHs npo ywacts y rtoprax 3a pecypc (b, =1, skwo aBromar npuiimae

pilIeHHs OpaTu y4acTh)
b =UN® H, & KT,

b =UN®H ,&KT,
7. BcraHOBIIEHHS IOYAaTKOBOIO CTaHy TpWrepa, mo Kepye HarpiBadeM (C, =10 —
BKIIO4YNATH HarpiBad; C, =01 — Bigkmountu HarpiBad; C, =00 — He 3MIHIOBAaTH CTaH

narpisada) C, =00, ...... C,=00.

8. IlouaTkoBa LiHa pecypcy A = </1 *> =



9. 3anut pecypey(a, =1, skijo aBToMaT npuitMae pileHHs 3alUTaTH Pecypc)

L (A 2A)&(b =1)&(C =00)

“o, (4 <A)v(p,=0)
o _ I(EZA)&(Z,ZI)&(C:OO)
"o, (4 <A)v (b, =0)

10. BusHaueHHs1 MOTOYHOIO 3AJIMIIKY pecypcy D = LW — Zal.wl. .
1

11. IIpuiimanns pimenHsa (C, =10 — BxmountH HarpiBad;C, =01 — BIAKIIOYUTH
Harpisad; C, = 00 — He MIHATH CTaH HarpiBaya).

[ SIKI0 KOHTAaKT tepmocTaty po3iMkHyTHi (KT=0), T0 C, =01.

SIxmo xkoHTakT TepmocTary 3amkHytuil (KT=1)1 C, =10.

Sxmo D >0 ta a, =1,710 C, =10.

Sxmo D >0 ta a, =0, T0 ouikyBauHs HoBoro 3na4enus A, C, =00.

Sxmo D <0 taa, =0,10 C, =01

\Axmo D <0 rta aq, = 1, To ouikyBanus HoBoro 3uauennst A, C, =00
( SIKII0 KOHTAKT tepmocTtaty po3iMkHyTHil (KT=0), T0 C, =01.
SIxmo koHTakT TepmocTary 3amkHytuil (KT=1)1 C, =10.
Sxkmo D>0Taa =1,10 C,=10.
Sxmo D >0 ta a, =0, To ouikyBanus HoBoro 3naueHust A, C, =00.

Sxmo D<0taa,=0,10 C,=0l.

\Skimo D <0 ta a, =1, to ouikysanus Hooro 3naueHus A, C, =00.



12. ( Vi(C,#00). o

SJIKIMO  TUIBKM  [JI  OJHOTO  3HAYEHHS EIk(Ck=OO) 1 UN=0,

<TOCk:01. > 1

SIKIIO TUIBKHY JUIA OJTHOTO 3HAUYEHHS EIk(Ck = OO) 1 UN =1.

\}IKIHO OLIBII HIK IJIS OJHOTO 3HAYEHHS Jj (C ;= OO) L 13

13. 3amut pecypey (a, =1)

L (4 2A)&(b=1)&(C =00)
a, = .
0, (4 <A)v(b=0)
L (4 2A)&(b,=1)&(C, =00)
a =
"o, (4, <A)v(b,=0)
ia[./ll.*wi
14. Buznayenus uinu pecypey A =—- : > 10

Sam

[
1

BigMiHHOIO OCOOJIMBICTIO JAHOI CHCTEMH € KOJICKTHBHA IOBEJIHKA i arcHTIB,
AKl CIUIBHO 3IMCHIOIOTh PO3IMOAUI PECYpPCY AUCKPETHUMH MOPLISMHU, KEPYHOUHCH
JIOKQJIbHUM TIPABUIIOM «BCE 200 HIYOTOM.

[Ipouec camoopranizanii CHCTEMH TIATPUMYETHCS TMHAMIYHOIO 3MIHOIO PIBHIB

IPIOPUTETIB Y, (t) (MpONOHOBAHOI IJIATH 3a PECYpC)aBTOMATIB, sIKI OEpyTh y4acTh B
PO3MO/ILITI TOTY>KHOCTI

Wi t=0,1f =1,

l//z‘o"'K(f), if a =0, (3.22)

v (1) =

Ie y, — NOoYaTKoBa CTaBKa [-r0 aBTOMaTa B I'pl 32 OTPUMAaHHS HEOOX1AHOI HOMy
MOTY>HOCTI, K(z) — MOHOTOHHO 3pocTaro4a B 4Yaci (YHKIIS M1JBUILECHHSA

IpiOPUTETY aBTOMATA, KM HE OJIep:KaB HEOOX1AHUM pecypc MOTYKHOCTI.

Bianik yacy moYnHA€ETHCS 3 MOMEHTY BIJKIIIFOUEHHS HarpiBaya.



[lpuxmnan mpouecy QopMyBaHHS paHTIB TPIOPUTETY JBOX OMNATIOBaIbHUX

IPUCTPOIB JEMOHCTPYETHCS Ha puc. 3.8.

a,
1 R I Bk Jliarpama repekrodeHb
t Bimen IepIIoro eIeKTpoHarpisata
y, ©
100 / """ ke PaHr nepmioro
0 — t elIeKTpOHarpiBaga
a, . |- i :
21 Bk Jliarpama nepexroYeHb
JPYTOTO eleKTpOHaTpiBada
v, 0 Bigkn
100 / """" '/I‘ Rk Pasr npyroro
R elleKTpOHarpiBaga
0

Pucynok 3.8 — JliarpaMu nepexioueHb Ta 3MiHU paHriB IPIOPUTETIB HArPiBaviB B IHTENEKTYaIbHIN
MepeKi OMaIOBATBHUX MPUCTPOIB

3.4 IlpuHuunu mno0yaoBH (KOHCTPYKUisl) KIHIEBOro AaBTOMATY, SIKMHM
BUKOPHCTOBYETbCSI VISl  KOJIEKTHBHOIO  PO3MOALIY  MOTYKHOCTI  MiXK
ONATIBAJILHUMH NPUCTPOSIMH

Sk mnokazaHO BuIIEe, 30UTKM B KOJEKTHBI aBTOMATIB, SIKI PO3ITPYIOTh
0OMEXEHUU pecypc, KEPYIOUHCh JIOKATbHUM TPABHIO «BCE a0O HIYOTOY», CATAIOTH
MIHIMAJIbHOTO 3HAYEHHS JIMILIE KOJIM HAasgBHUN pPeCypc pO3MOAUISAEThCA 0€3 OCTAHKY.
Ipu 3anasomy posnozimy morped y pecypci (w,,w,,...w,, ), Komu Vi(w, >0) Taxuii
BapiaHT CJIiA pO3MJISAaTH SK  BUMNAQJAKOBUH, SKUH HE MOXKHA JIOCATHYTH
IIJIECIIPSIMOBAHOIO OpPTaHi3alli€l0 TMOBEIIHKKA aBTOMaTiB. ToMy miepes aBTOMaTaMH
CMapTKOHIB CTaBUThCS 3aJlaya JOCSITH TAaKOi PIBHOBarM B MEPEXi OMaTIOBAIbHUX
IPUCTPOIB, MPHU SAKIA HEPO3MOAUICHUNH OCTAHOK TMOTYKHOCTI HE MOXe OyTH
BUKOPHUCTAaHUM HI OJTHUM 3 YUYACHHMKIB pO3MOAlJICHHS (piBHOBara 3a Hermem).

Kinnesuii aBTOMaTt {X , DY }, ne X — MHOXHWHA BXIJHHMX CHUTHamiB, Y —

MHOXHHA BUXITHUX CUTHaIIB, a ® — MHOXKHMHA CTaHIB aBTOMATy, Ma€ OIKC Y BUTJISAIL



aBTOMAaTHOro rpady, siKuil BKasye B3a€MHI Iepexoau S; 13 crany ¢, € @ 1o craxy
P, eD.

ABTOmMaTHHI Tpad UIs aBTOMara, KM Yy CKJIaJi CMapTKOHa KOJEKTHUBHO 3
aBTOMaTaMH IHIIMX CMapTKOHIB KEpPye€ PO3MOAUICHHSIM TOTYXKHOCTI B MEpEexi
JKUBJICHHS ONAJIIOBAJIbHUX IIPUCTPOIB, HaBeleHO Ha puc. 3.9. Ileil aBTomar MoOXHa
pO3MIAAaTH SIK pe3yibTaT 00’ €JIHAHHSA JBOX aBTOMATIB 3 JIHIMHOK TaKTHKOIO 3
rOuHOI0 maM’saTi n=35 kKoxHud. ToMmy Takuii aBToMar OyJIeMO Ha3UBaTH

ABTOMATOM 3 OUTIHIHHOK TAKTHUKOIO.

Iligxmoautrca’ (C=1) Iligemoautrca’ (C=0)
Uekanua nigTEepTEeHEA Uexannua nigTEepTEeHEA
5
S8 S23
3anmut pecypey (C=1) e e Jamut pecypey (C=0)
IEI' - IEI"|
67 T8
S42
Bimxmowmrraca? (C=1) e @ Bimxmowmrraca? (C=0)
Uexauug DiOTEepTHEHHS UexaHud NI OTEepTHeHHS
Sq

Bigkmogennsa (C=0)

Pucynok 3.9 — I'pad craniB aBToMary 3 OUTIHIHHOIO TAKTUKOIO, IPU3HAUEHOTO JJIS YUHacTi y
KOJIEKTUBHOMY PO3MOJILTY OOMEKEHOT OTY>KHOCTI B MEPEK1 KUBJICHHSI OTATIOBAIBHUX MTPUCTPOIB



[TonepenHe pilIeHHS] ABTOMATH PUKUMAIOTh, KEPYIOUHUCH IPABHIIOM

’ {1, if V/iZWiZWiZ‘//iv connect,

0 if y/iZwl. <WiZl//i, disconnect.

YMOBHU Nepexo/IiB:

:

(Un=1]a[w =w])v[# =0]= 5

[H=O]/\[LW>W]:>S12;

[Hzl]/\[Unzl]:s56;

1, if [z//Zwl.ZwZz//i]/\[D IA([Un

0, if I:l//ZWi<WZl//i:|V[D 0

[B=0]
[B=0]
[B=0)]

[B=0)]

-B::v

(B = :v
_B::

(B =1]

[A:1:2>S23;

[A=1:2>S68;

|4
[4

(G®A=1]
(GDA=1]

(GDA=1]

=0]= 5,;

=0_:>S67;

]
]v([Un



DyHKIIIT BUXO/IB:
Lif (p=g)v(p=0)v(p=0)v(p=0)
0.if (p=gp)v(e=0)v(p=0)v(p=0,)
D-w, if (p=0,)Vv(0=0) .
A-D-w,if (p=p)v(e=0,)v(e=0)v(e=0)
I, if LW>w
0.if LW<w

Aw =

I, if LW<W.
0.if LW>w

0, i C=1
PSI =Pri- 1+i , 1= > if , T = const.
t+At if C=0

3.5 ImiTaniiine MoJeJIOBAHHA MPOIlECY CAMOOPraHizauii po3yMHOro TemnjoBoro
noJist

JIist mociiKeHHsT aJiITOPUTMIB CaMOOPTaHi3ailii po3yMHOr0 TEIJIOBOTO TOJIs, a
TAKOX AaHaMi3y TEXHIKO-€KOHOMIYHOT TIEPCIEKTUBUA  «PO3YMHOTO»  TIPSIMOTO
€JICKTPOONAICHHSI MPUMIIIEHb PO3pO0JIEHO IMITAIliiHY MoJielb. Mojienb 103BOJISE
JOCIIKYBaTH aBTOMaTUYHHUMA PO3MOALT TEMIIEPATyp Ta MOTYKHOCTI B PO3YMHOMY
TEIJIOBOMY ITOJI1 B TIPOIIeci HOTo camoopraHizarii BHACTIOK KOJICKTUBHOI TOBEIIHKH
ABTOMATIB, Kl KEPYIOThb MIJKIIOUYEHHSM MOTY>KHOCTI JI0 PO30CEPEKEHUX JIKepes
Teria. Po3moaisn remnepaTyp MOJICTIOEThCS CUCTEMOIO OajJaHCHUX Tu(epeHIliaTbHuX
piBHsHB (1.1, ..., 1.3), 1110 OUCYIOTH TOTOKHU TEIIa MK HAarpiBaJIbHUMU MPUJIaaMU,
AKl 0OIrpiBarOTh 30HU, a TaKOXX MDK 30HaMH OOITpIBY Ta HAaBKOJUIIHIM
CEPEIOBUIIIEM.

B sikocTi 00’€kTy MOJientoBaHHS 00paHO TPUKIMHATHY KBapTUPY HA MEPIIOMY
nosepci OaratomoBepxoBoro OyauHKy (puc. 3.10). Ilimmora KkBapTUpPH KOHTAKTye 3
MiJBajIOM, SIKUM He OTOIUTIOEThCA. CTensi KOHTaKTye 3 aHaJOTIYHOI KBAapPTHPOIO

JIpyroro MoBepxy. 3riAHO IUIaHy KBapTHpa Ma€e TP BIKHA rabapUTHUMHU PO3MIpaMu



1,4 x 1,6 m ta oane BikHO 2,0 x 1,6 M. BXiiHi ABEpl BUKOHAHO 3 MOJOTHA MACUBY
cocHu ToBIMHOIO B = 0,05 M 3 yrermoBauem.

IMabaputni posmipu neepeit 0,8 x 2 M. Buxing 3 goMmy Bele He Biapaszy Ha
BYJIMITIO, a JIO MA'i31y, TOMY B PO3PaxXyHKY TEIUIOBTPAT 3aCTOCOBAHO IMOHMKYIOUHMA

koedirient 0,7.

2000

14x16m
12 m?

YacTHHA KBaPTHPH CYCIIIB

Kimuara 3
1000
>
b
08x2m
4;[ KOpHIOp
15w H=2 5%
S —he &
A ILix’i3g 20 M2
13 m?
KYXHA Kimnara 1 Kimuara 2
14x16M 14x16mM 21x16m
3
2000 ol 3000 o 4000 4

Pucynoxk 3.10 — IInan kBapTHpHu — 00’ €KTa MOJICTIOBaHHS TEIUIOBUX MPOIIECIB

Bci gotupu BikHAa BHKOHaHI 3 TpukamepHoro mnpodimro I[IBX 1 mawTh
JIBOKaMepH1 ckionaketu 4-16-4-16-4 31 3BuuaitHuM ckjioM (4 — TOBIIMHA CKJia, MM,
16 — BijicTaHb MIXK CTEKJIAMHU, MM).

TexHoNOr1YHy CXeMy Mojielli 3 BKa3iBKOI MICIb PO3TallyBaHHS JKEpE

TEIlIa, Ta TEIJIOBUX BTpAT HaBeleHo Ha puc. 3.11.



Ha puc. 3.11 noznaueno:

' IToTik TemnoBUX BTpAT.

vAg . . .
<‘,,Cvl‘> 70Br  IlOoTy>KHICTh JIOAATKOBOTO MOTOKY TemJa Bix JKepen (Kpim

HarpiBaua) B 30H1 0OIrpiBY.
I 1500BT  TloryxHicTh HarpiBada.

I CmapTkoH.
I Po3eTka eneKTpUYHOT MEPEKI KUBIICHHS.
I MepexeBuil KOHTPOJIED.

3oBHinHe cepenosumie. Temneparypa 0...-20 rpaz.
13.7B3/°C.

=
14x16M

1000BT

YacTHHA KBapPTHPH CYCialiB

Mixix -I}zoom |

3.9B1/°C. e Kivmarta 2
. KyXHA Kimuara 1 g
1500BT 100081 1500B

14x16M 1l4x16mM 21x16m

—EF—';

14,.9Bt1/° C. 15.0Bx/°C. 22.6Br/°C.

Pucynok 3.11 — TexHosoriuaa cxeMa Moieli 00’ €KTY MPSMOTO €JIEKTPUIHOTO OTaJICHHS

3.5.1 ImiTaniiiHa Moae/Ib PO3YMHOI'0 TEIJIOBOIO MOJIA Ta il CKJIAA0BI
XapakTepHOIO BIJI3BHAKOK CUCTEMH, IO MOJEIIOETHCA, € JEUEHTPaTI30BaHUI

NPUHIIAN TPUHHATTS PIICHh BIAHOCHO KOPHUCTYBAHHS JIIMITOBAHOKO IOTYKHICTIO

aBTOMaTaMu — YYacHUKAMH ii pO3MOJALTY, $IKI KEpyITh HarpiBayamMu. 3a LHUM

NPUHIIMIIOM BUXiJHI curHanu lleHTpa — xoopaumHaTOpa PO3MOJIIY MOTYKHOCTI HE



nudepeHIliioBaHl BITHOCHO aBTOMATiB — YYacHHWKIB po3moaury. KoxkeH 3 1ux
BUXIJIHUX CUTHAJIIB PO3JAETHCS HA BXOJIM BCIX aBTOMATIB — YYaCHUKIB PO3IMOILITY, SKi
OPUIMAaIOTh PIIIEHHS BIIHOCHO KOPUCTYBAHHS JIMITOBAHOIO MOTYXHICTIO.

Y 3B’A3Kky 3 UM CHCTEMa KOJIEKTUBHOTO PO3MOJIIY TMOTYKHOCTI MIXK

HarpiBauaMM Ma€ MIMHHY apXIiTEKTYpY, SK MOKa3aHo Ha puc. 3.12.

entp —
KOOPJAMHATOP if
ABTOMar ABTOMar ABTOMar ABTOMaT
Nel No2 Ne3 Ned4

i ' ' '

| HaThiRay | | HarniRay | | HaThiRay | | Harniray |

Pucynox 3.12 — CtpykTypHa cxema MOJIei pO3yMHOT'O TEIIJIOBOTO TOJIsS

MopentoBanHsi  3jiiicHeHO B mporpamHoMmy  cepefoBuini  Simulink.
OynkuioHanbHO-00uHa miarpama (DBJl) momem 30HM oOmajneHHS MOKa3aHa Ha
puc. 3.13.

BxinHuit curnan mozaeni: P, (t) — MOTY>KHICTh Harpinaua.
Buxigni curxamu: Th(t) — TeMIeparypa IIOBEpXHI HarpiBauda, 7, (t) —

TeMIlepaTypa MOBITPs B 30H1 OIMaJICHHS.

[Toznauennss Ha ®BJI; Sh — TemioBHil MOTIK BiJ] ONaltOBaILHOIO MPHUCTPOIO,
Sr— TeroBMIl MOTIK MIXK 30HOK OMNAJICHHS 1 30BHINIHIM cepenoBuileM, Pr —
MOTYXKHICTh JIOJJATKOBOTO TOTOKY TeIia BiJ JpKepenl (KpiM HarpiBaya) B 30HI
onajieHHs, th — mocTiiiHa yacy HarpiBaua, tr — MOCTIHa Yyacy HarpiBy MOBITPS B 30HI

OITaJICHHS.



®b /] mozeni TepMocTaTa nokazaHa Ha puc. 3.14.

COPr

Gain4

>_

P+

Gain

Subtractl

Integrator

Pri/sri

El

Gain2

Gain3

¥+ 1+

Subtract?2 Gainl

Integratorl

Pucynoxk 3.13 — ®@yHkI1ioHaIbHO-0JI0UHA AlarpamMa Moeli 30HU OTaJIeHHS

[ 1
Memory2
»
"INOR >
> ”INOR
| -
Logical g
Operator2 Logical
Operator3

———
Th
TR1 >
»
»
Subtractl
| .
|
»
»
Subtract2
DT1 +—

&D,
Control

»

P -

»

L

Relational

Operatorl

»

-

B

L

Relational

Operator2

Phl »(5)
w

Power
N
== > Ph
Logical Switch3
Operator

0

OomM2

L&D

{ror ——>(D

- On
Logical
Operatorl
>
T reg

Pucynok 3.14 — ®yHkI1i0oHaIBHO-0JI0UHA Jiarpama MoJielli TEPMOCTaTy



Onuc BXIJHUX, BUXIAHUX CUTHAJIB T4 KOHCTAHT MOJIEJIl TEPMOCTATy HABEACHO

y Tabu. 3.2.

Tabmuus 3.2 — BxigHi, BUX1JIHI CUTHAJIM Ta KOHCTAHTH MOJIEI]

Bxinni curnaam

Buxiani curnaan

Koncranru

Th (1) — remnepatypa
HarpiBava.

Control (2) — curnan
JI03BOJTY BKJIFOUEHHS
eJIEKTPOOTIATIOBATLHOTO
npuiasy

W (5) — HOMiHa/IbHA
MOTYXHICTh HarpiBaua.

Ph — moTo4yHa moTyXHICTH
HarpiBaua, siKk GyHKIIS Jacy.
Off — BIIFOUMTH €NIEKTPO-
OTaTIOBAJILHUM MpHiaja

On — BIAKJIIOUNTH €JIEKTPO-
OTaTIOBAJILHUM MpHiIaja

Treg — cTrad pesnie TepMOCTaTy

(1 — B, 0 — BiAKI.)

TR — ycraBka Temriepatypu
HarpiBaya (cepeiHe 3HAYCHHS])
DT — monyns nomyctumoro
BIJIXUJIEHHS TEMIIEPATypH
HarpiBava Bij 3a/1aHOT
YCTaBKH

Ph — HOMiHaNbHA TOTYKHICTh
HarpiBava

O®BbJ] moxeni aBTOoMara moka3aHa Ha puc. 3.15. Onmc BXIJHUX, BUXITHUX

CUTHAJIIB Ta MEpeNiK MiJcucTeM Mojeni HaBeaeHo y Tabmn. 3.3. ®BJ[ mimcucrem

nokasasi Ha puc. 3.16...3.20.

Tabmuus 3.3 — BxigHi, BUX1JIHI CUTHAIU Ta IACHCTEMH MOJIEI1

Bxiani curaajan

Buxigni curmaau

IlepeJik migcucrem

Off (1) — Bxirountu enexrpo-
OTIAIIOBANILHUY MpUIal.

On (2) — BigkmouuTtu
€JIEKTPOOTIaTIOBaIbHUI MpUIaI.
Treg (10) — Ctan pene Tepmoctary
(1 —Bxi1., 0 — BigKIL.).

Unloading (3) — po3rpy3ka mepexi
JKUBJICHHS.

L-W(4) — HeBuKOpHCTaHUI
3aJIAIIOK TTOTYKHOCTI.

Beta (5) — 3au11ok moTy>KHOCTI
MEHIIe, HiXK MiHIMajibHa TOTpeda
3a YMOBOIO, 110 BiH Oi/bIIe HYJIS.
Gamma (6) — 3aJIMIIIOK MTOTY>KHOCTI
MEHIIIEe, HIXX MiHIMalbHa oTpeoa.
W control (7) — miacyMKoBHiA
3aIUT MOTYXKHOCTI B MEPEexi
EIIEKTPOOTTATFOBATLHUX MTPUCTPOIB.
Price (8) — cepenabo3BakeHa 1iHa
pecypcy (ITOTy>KHOCTI)

W (9) — HOMiHaTBHA MTOTYKHICTh
HarpiBava

Pr-i (11) — piBeHb npiopureTy

Control (1) — mo3Bix Ha
BKIIFOUEHHSI €JIEKTPO-
OTIATFOBAIIEHOTO
MIPUCTPOIO

Alfa*w (2)— 3anmr
pecypcy (IOTY>KHOCTI)
L-W>w (3) — 3anumiok
MOTYKHOCTI O1TbIIIe
HEeOoOX1/THOT AJIs JAHOTO
HarpiBava

L-W<w (4) — 3anuiok
MOTY>KHOCTI MEHIIIE
HEOOX1THOT I JAHOTO
HarpiBava

Psi (5) — mpomoHoBana
1aTa 3a pecypc

Start]l — migcucrema
(hopMyBaHHS KOMaHIN
T1IKJIFOYEHHS] aBTOMATY JI0
pO3MOLTY pecypcey.
Subsystem]1 — miacucrema
(hopMyBaHHS piBHS
IIPOIIOHOBAHOI IUIATH 32
pecypc 3 ypaxyBaHHSM PiBHS
MPIOPUTETY HarpiBaya.
Subsystem — migcucrema
(bopMyBaHHS pillICHHS
BIJIHOCHO y4YacTi aBTOMATy y
BUKOPHUCTAaHHI PECYPCY
(mOTY>X)HOCTI).

Trig — mincucrema QyHKuii
RS — Tpirrep.

delaylinePuls — miacucrema
bynkmii «JIiHisg 3aTpuMKH
IMITyJIbCHA.
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1 \
CO»m |

' outl (1
U Pl e (S

|
In3 Outl
In2 . |
Relational Subsystem1 |
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=7 opemot ,

e L L Out2
Voo
1 ]
\ |
1 |
\ 1
\ 1
L
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N
"
\
]
[
Inl +
Memory9 > |- > V
0.5 | Subtractl  Hit
Crossi
c rossing
L
OR
> D
Outl
|—> Start Global
T
Subtract4 it
0.5 Crossingl
C1

Pucynok 3.16 — Start] — migcucrema popMyBaHHS KOMaHAW MiJKIIOUYEHHS aBTOMATY 10 PO3MOALITY
pecypey

®BJ] moneni IlenTpa — KOOpAMHATOpPA KOJEKTUBHOI'O PO3MOJILITY OOMEXKEHOI
NOTYKHOCT1 TIOKa3aHa Ha puc. 3.21. Onuc BXiAHUX, BUXIJHUX CUTHAJIIB Ta MEPEIIIK

IiJICHCTEM MOJICI HaBeleHo y Tabu. 3.4. 3aranbHa GQyHKIIIOHAIBHO-0JT0YHA Jlarpama

MOJIeNll ToKa3aHa Ha puc. 3.22.



Scope5 Scope Psi 2

c 1 '_>+
O——sfor 3 L = 1
— Transfer Fen | Saturation Subtract1 X
Switchl id Ps
Product
>
-200 —Pppf 0 ——--—"-—Pp
LN :
3 L, 7 Relational
Switch2 Operator:
0 1 —
5 1
w
O—
X
Pr | >
Productl

€D

Pucynok 3.17 — Subsystem1 — migcucrema gpopMyBaHHS piBHS MPOMOHOBAHOI IJIATH 32 PECypc 3
ypaxyBaHHM PiBHS NIPIOPUTETY HarpiBayda

]

,
Alfa

AND_’R Y —p-NOT ’AND_’R Y INOT
Nalfa

s >

Reset

ese Trigh Trig8
D
1

Write

Pucynok 3.18 — Subsystem — mizcucrema ¢popMyBaHHs PillIEHHs BIIHOCHO y4acTi aBTOMATy y
BUKOPHUCTaHHI pecypcy (IOTY>KHOCTI)

NOR |
D g

R Logical
Operator6

Logical
Operator7

Pucynok 3.19 — Trig — mincucrema RS- Tpirrep



\ 4
3]

= :

Subtractl Hit Lp|s .—I 0.02s+1

Crossingl Hit
Subtract2 Transfer Fcn
0.5

Trig9 Crossing2
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0.5
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Pucynoxk 3.20 — DelaylinePuls — migcucrema «JIiHisl 3aTpUMKH IMITyJIbCHAY

Tabmuus 3.4 — BxijgHi, BUX1IHI CUTHAJIN Ta MIJCUCTEMH MOJCII

Bxinni curnaan BuxigHi curaaan Ilepeik
miacucTeM
P1(1)...P4(4) — moTy>XHICTh Unloading(1) — po3rpy3ka mepexi
HarpiBaua. YKUBJICHHS.
L(5) — mimiT moTy>XHOCTI B L-W(2) — HeBUKOpUCTAHUN 3QJTUIIIOK
MEpexi )KUBJICHHS. HOTY>KHOCTI.
L-W>wI1(6)... L-W>w4(9) — Beta(3) — 3aiu1ok moTy>KHOCTI MEHIIIE,
3aJIMILIOK pecypcy Oible 3a HK MiHIMaJIbHa TOTpeda 32 YMOBOIO, 1110
notpeOy HarpiBaya. BiH OLJIBIIIE HYJIS.
L-W<wl1(10)... L-W<w4(13) — L-W<min(4) — 3aJIHIII0K TOTY>KHOCTI
3IMIIOK PECYPCy MEHIIIE 3a MEHIIe, HiK MiHIMajbHa oTpeoa .
notpely HarpiBaya. Price(5) — cepennbo3BaXkeHa LiHa
w1(14)...w4(17) — 3anuT pecypcy | pecypcy (ITOTY>KHOCTI).
(TOTYKHOCTH). W control(6) — miaCyMKOBHIA 3aIUT
Psil(18)...Psi4(21) — MOTY>KHOCTI B MEPEXKI1 €IEKTPO-
IIPOIIOHOBAHA TIJIaTa 3a pecypc. OTIATIOBAJIFHUX IPUCTPOIB.

3.5.2 Pe3syabratH iMiTaniiHOro MOJEJIBAHHS MNPOLECY CaMOOpPraHizamii
PO3YMHOI0 TEMJIOBOIO MOJIsI

[TapameTpu mozeni:

Ph4=1500; Ph1=1000; Ph2=1500; Ph3=1000; - noryxHicTp HarpiBauis

TR4=50; TR1=55; TR2=70; TR3=55; - ycTaBkM TeMIepaTyp HarpiBauis

DT4=4; DT1=4; DT2=4; DT3=4; -  MOIOYyJIb HNPUIYCTUMMOTOBI1IOXWJIEHHS  TEMIEepaTyp
Harpieauis

Th4=15; Thl=17; Th2=16; Th3=15; - nouaTkoBiTeMIepaTyprHarpiBauis

Sh=16.7; th=17.3; - TemJIoBMMUIOTIiKTANOCTiMHa uYacy HaTrpimaua

Pr4=200; Pr1=70; Pr2=120; Pr3=70; - IONaTKOBANOTYXHI1CThIXEepeJ Tersa v

NPVMI1MEeHHIX

Sr4=18.8; Srl=15; Sr2=22.6; Sr3=13.7; - TenjoBiBTpaTu y OpMMIilEHHAX

Tr4=15; Trl=17; Tr2=16; Tr3=15; - noyaTkoBiTeMmIepaTypu y IPUMIMEHHSIX

tr4=50; trl=50; tr2=55; tr3=59; T=-20; - nocrimui dyacy HarpiBynpmumimeHb

Pri4=90; Pril=85; Pri2=100; Pri3=88; - piBHinpiopureryHarpiBauis

L1=2560; L2=2880; L3=3200; L4=3200; L5=2300; L6=3000; L7=2880;

L8=3500; L9=3500; L10=2880; t=300; - norouxHi piBH1 nimMiTOBaHOI mNoOTyXHOCTL
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TpuBamicts mporpamu 3MIHH JOMYCTUMOi MOTYXHOCTi, XBWI. f=0600;
(mporpama TpUBAJICTIO t ckiIaaaeTbess 3 10 0HAKOBUX 3a TPUBAIICTIO AUISHOK, Ha
SIKUX 33J1al0ThCs 3HaueHHs noty»xHocti L1...L.10).

[Ipu wmopmenmtoBaHHI POOOTH CHUCTEMH JACICHTPATI30BAHOTO KEPYBAHHS
o0lirpiBayaMu MpsIMOrO EJIEKTPUYHOI'O OMNAJEHHsS CTaBWiIacsi 3ajada BlICTEXKUTH
AMHAMIYHI TapaMeTpH MPOLECy PO3MOALTYy Ta MIATPUMKHU TeMIIepaTyp y KiMHaTax, a
TAKOX JaTH OLIHKY €KOHOMIUHIM €(EeKTUBHOCTI IHTENEKTYaJIbHOTO MIPSIMOTO
eJNeKTpUYHOTO omnaneHHs. OCTaHHE MOCITAEThCS 3a PAXyHOK BBEJCHHS 10 MOJEINi
By3J1a 00JIIKY €JIEKTPUYHOI €HEPrii, sIka BUKOPUCTOBYETHCSA I 00IrpiBy MPUMIIIEHb.

Pe3synbratu mMojentoBaHHS poOOTH CHCTEMHU IIPU TEMIIEPATypl 30BHILIHBOIO

noBiTpst -20°C mokasaHi Ha OCHUIOrpaMax, 1o HaBeAEHO Ha puc. 3.23...3.32.

=T
SHE oo dBEFBEB S s 5

Sawve current axes sekkings

2400

==L
o LI

Ll 100 2 200 400

Time offset: 0O

Pucynok 3.23 — I'padik 3MiHM JTIMITYTIOTYKHOCTI

MoskHa 0auuTH, 1110 1HTEIEKTyallbHa CHCTEMA OTAJICHHS 32 PaXyHOK PO3IOALTY
NPIOPUTETIB aBTOMAaTUYHO KOMIICHCYE PO3ODKHICTh TEIUIOBiAjadi B KiMHATax
(HalOLIBII SICKpaBO Leé MOXKHA OaynTH Ha mpukiaagl kimMHaTH Ne 2) Ta 3abesmeuye

. . o . . . 0 9
PIBHOMIpHUH pO3MOJII TeMmieparyp Ha komdopTHOoMmMy piBHI 20-22°C maiike

HE3aJIeKHO BiJl TEMIIEpATypU 30BHIIIHBOTO MOBITPA.
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Pucynok 3.24 — I'padik 3MiHM TeMnepaTypu y IpUMIIIEHH] KyXHi Ta KOPUAOPY
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Tirme off==t: O

Pucynok 3.25 — I'pacdik 3miau Temrneparypu y KimHati Nel
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Pucynok 3.26 — I'padik 3mMiHu Temnepatypu HarpiBaua y kiMHati Nel
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400

Pucynok 327 — I'padix 3minu Temneparypu y kKimHaTi No2
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Pucynok 3.28 — I'padik 3mMian Temniepatypu HarpiBada y kimMaaTi No2
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Pucynok 3.29 — I'padik 3miau Temnepatypu y KiMHaTi Ne3
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Pucynox 3.30 — I'padik 3minu TemriepaTypu HarpiBada y KiMHati Ne3
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Pucynok 3.31 — BapTicTh €eKTpUYHOI €HEepTii, siIka BUKOPUCTOBYETHCS
JUIs 00IrpiBYy MPHUMIIICHb
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Pucynoxk 3.32 — I'pacdik 3miHu 6anaHCy MOTYKHOCTI B CHCTEMI
NPSIMOTO EJICKTPUIHOTO OTIAJICHHS

Pesynbrat MojentoBaHHS POOOTH CHUCTEMU NpPHU TeMIlepaTypl 30BHIIIHBOTO

. 0 .
noBiTps 0°C mokaszaHi Ha OCUMIIOrpamMax, o HaBeAeHO Ha puc. 3.33...3.42.

B T=1 =3
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=400
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Pucynox 3.33 — I'padik 3MiHM JTIMITY TOTYKHOCTI
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Pucynok 3.34— I'padik 3MiHN TemmIepaTypH MOBITPs y MPUMIIIEHH] KyXHi Ta KOPHUIOPY
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Pucynok 3.35 — I'padik 3MiHM TeMIlepaTypH HarpiBaua y NpUMIIIEHHI KyXHi Ta KOPUIOPY
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Pucynok 3.36 — I'padix 3miau Temnepatypu noBiTps y kimMaaTi Ne 1

100 200 2730 A00

Tirme offset: 0O

Pucynok 3.37 — I'pacix 3miam Temmepatypu oBiTps y KimMHaTi Ne 2
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Pucynok 3.38 — I'padik 3mMiHM TemrniepaTypu HarpiBada y kiMHati Ne 2

Pucynok 3.39— I'padik 3MiHM TemnepaTypu MoBiTps y KiMHaTi Ne 3
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Pucynok 3.40 — I'padix 3miaM Temnepatypu HarpiBada y KimHati Ne 3
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Pucynok 3.41 — I'padik 3MiHM BapTOCTi €JIEKTPUYHOI €HEPTii, SKa BUKOPUCTOBYETHCS 7Sl OIrpiBy
MPUMIIICHB
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Pucynok 3.42 — I'padik 3MiHM 6anaHCy MOTYKHOCTI B CUCTEMi IIPSMOTO €IEKTPHYHOTO OTTaJIeHHS

OCHOBHI pe3yJbTaTH MOJEIIOBAaHHS TEIJIOBUX NPOLECIB B NMPUMILIEHHI, SKE
OTAJIIOETHCS 3BEJIEHO 710 Tabi. 3.5.

Tabmauug 3.5 — Po3noaiun Temneparyp y KIMHaTaX KBapTUPH, KA OMATIOETHCS

[TapameTp Kyxusa | Kimnara KimHuara KimHuara
Nel No2 Ne3
[ToTy>xHicTh HarpiBaya, Bt 1500 1000 1500 1000
ITouarkoBa T-pa HarpiBaua, rpaj 15 17 16 15
Temnosignaya kimuatu, Br/rpan 14 10 16 10
[TouaTkoBa T-pa B KIMHATI, rpaj 15 17 16 15
[Ipiopurer po3aaul Temia, % 94 95 100 98
Craa Temmneparypa B KimMHarax | 22,2 21 20,9 21

npu  TeMIlepaTypl 30BHIIIHHOTO
- 0
noBitpsa 0°C

TpuBanicts nepexigHoro nporecy | 100 100 100 100
IpyU TEeMIepaTrypl 30BHIIIHBOTO
noBitps 0°C, XBUITHH

Crana Temmneparypa B kimHartax | 20,0 21,5 21,0 21,0
Opy  TEMIIEpaTypl 30BHIIIHBOTO
nositps -20°C

Tpusamnicts nepexiguoro npomecy | 200 200 200 200
npu  TeMIlepaTypl 30BHIIIHHOTO
noBiTpst -20°C, XBHITHH




Sk BuaHO 3 ocuunorpam Ha puc. 3.32 Ta 3.42, aBTOMATU4YHUN PO3MOJLI
TEMIIepaTyp 3[IHCHIOETbCS TaKUM YHHOM, IO pe3yJbTyloda IOTYXKHICTh, SKa
BUKOPHUCTOBYETHCS HA OMAJICHHS, HE MEPEBUILYE TOMYCTUMY MOTYKHICTb.

Or1iHKa eKOHOMIYHOT €()eKTUBHOCTI 1HTEJIEKTYabHOTO MPSIMOTO €JIEKTPUIHOTO
OTTaJICHHS.

1) Butpatu Ha neHTpai30BaHe MOCTAYaHHS TEIJIOBOI €Heprii Mpu BIACYTHOCTI
JYWIBHUKA TEIIa pO3paxoBYIOThCs 3a Tapudom 37,83 rpH/Micsib/kKB.M 3a1exKHO Bl
onaroBaIbHOI TuTonTl kBapTupu 60 kB.M 37,83 x 60 = 2269,8 rpH/MicsIIb.

2) BapricTh enekTpuuHO1 eHeprii mpu po3paxyHKy 3a OJHO30HHUM Tapupom
3rigHo ocimtorpami Ha puc. 3.31 mpu Temmeparypi 3oBHimmporo mositps 0°C
ckianae 835 rpH/MicAlb, TPU PO3PAaXyHKY 3a JABO3OHHUM Tapupom —
730,6 TpH/MiCSIIb.

3) EKOHOMist BUTpAT Ha OMAaNeHHs [PH TeMIIepaTypi 30BHimHboro mosirps 0°C
ckianae Bia 1434,8 rpa/micsanp 10 1539,2 rpu/Micsile.

4) BapTicTh €NeKTpUYHOI €Heprii Mpu PO3paxyHKy 3a OJHO30HHHM Tapupom
3rigHo ocumtorpami Ha puc. 3.31 mpu Temmeparypi 30BHimHBbOro mosirtps -20°C
ckinagae 2145 rpu/Micdllb, NpU PO3PaxyHKYy 3a JIBO3OHHUM Tapupom —
1876,9 rpa/MicsiIip.

5) ExoHoMis BUTpaT Ha OMaJCHHS IPU TEMIIEpaTypl 30BHIIIHHOTO TOBITPS
-20°C ckmamae Bix 124 rpu/micsiips 10 392,9 rpH/Micsib.

Ha Teputopii Ykpainu y nepioa, Kojau HEOOXiTHO OMAaJICHHS, OUTBIIICTh Yacy
(80%) TemmepaTypa komuBaeTbes 61m3pko 0°C. Bymemo BBakaTw, 1o B iHIIMI gac
Temmeparypa 6mu3bko -20°C

6) CepenHsi EKOHOMISI BUTpAT Ha ONAJICHHS CKJIaae

1539,2 392,9
100

7) Butpatu Ha npu0aHHs ONAIIOBAaJIbHUX NPUCTPOIB
K, =4-1200=4800 rpH.

E= 80+ -20=1309,94 rpH./™Mics1Ib.

8) Butpatu Ha mpumbanHs OOJaJHAHHS IHTEJICKTYyaJIbHOI MEpEXi (YOTUPH
CMapTKOHA Ta OJMH MEPEKEBUI KOHTPOJIEP)
K,=4-300+500=1700 rpH.

9) TepMmin okynHOCTI 1 = 4800+1700 <5 MicCsIIiB.
1309,94



I'maBa 4. AnropurM KoajiniiiHOI opraHi3amii iHTeJeKTyaJbHOI Mepe:xXi NPAMOro
€JIEKTPUYHOI0 ONAJIeHHS
ToWl, XTO Mae COK3HUKIB, BXKE He LLIIKOM He3a/IeXKHUIA.

I"appi Tpymen, 33-it npesuaent CLIA

VY nonepeaniil masi 0yJio pO3MISTHYTO TaKy MOJENb KOJEKTUBHOI MOBEIIHKU
aBTOMATIB TP KEPYyBaHHI MPOLECOM PO3MOAUICHHS OOMEKEHOT EJIeKTPUUYHOT
HNOTY>XHOCTI B PO3YMHOMY TEIUIOBOMY IIOJIi, JIé KOKEH aBTOMAT NpUIMae CBOE
pILIEHHS] HE3aJEeKHO BIJl TOrO0, B SKOMY KOHKPETHOMY CTaHI 3HAXOASATHCS 1HIII
aproMaru. (Camooprasizaiisi TEIJIOBOIO TOJISI 3IIACHIOETHCS TiJ] BILUIMBOM
KOJIEKTUBHHUX MOJI: CEPEIHbOI «IIIHI» €JIEKTPUUHOI MOTYKHOCTI, CyMapHO1 MOTOYHOI
HNOTYXHOCTI TEIJIOBOrO TMOJIA, TPAHUYHOI MOTOYHOI MOTYXHOCTI fIKa MOXe OyTu
BUKOpHUCTaHAa JpKepenamu Teruia. i BennunHu BiairparoTh poiib mapaMeTpiB MOPSIKY
TerioBoro moiia. KokeH aBromMaT po3yMHOrO TEIJIOBOTO MOJIA NpUMMae pPIllIeHHS
BIJTHOCHO CTaHy KEpPOBAaHOI'0 HUM JIKEpEa TeIla, 3BaXXyHUHd Ha BKa3aHl apamMeTpu
HNOPSIAKY Ta CTaH «BJIAcHOro» Jpkepena temia. B.I. BapmaBcbkuii B [22] Takuit
KOJIEKTMB aBTOMATIB Ha3BaB (JyXe BIYYHO 3 HAaIOI TOYKU 30pYy) «aBTOMATHUM
razom». AHaJIOTisl TYT y TOMY, 110 MOBEAIHKA OKPEMOI MOJIEKYJIU ra3y 00yMoOBj€Ha
TEPMOJIMHAMIYHUMHU TapaMeTpaMH ra3y, TaKUMHU SIK THCK, TemIeparypa, 00'em
HE3aJIeKHO BiJl CTaHy Ta KOHQIrypamii iHIIUX MOJEKyJ. A cami TepMOIMHAMIYHI
napamMeTpu OOYMOBJICHI B3a€MOJIEI0 Ta OOMEKEHHSIMH BCIX MOJIEKYN rasy. Takuii
OiX11 3BOJUTH J0 MIHIMyMYy KUIbKICTH iH(pOpMalii, sika HOTpiOHA JIOKAJIbHOMY
aBTOMaTy UIg NPUUHATTA pimieHHsA. Lle, B CBOIO uepry, 3Ha4HO CHPOULIY€E 3a1ady
JEIEHTPANII30BAHOTO MeEpeXe- IEHTPUYHOTO [6, 7] KepyBaHHS TEIJIOBUM IIOJIEM.
HenonikoM po3risiHyTOro mixoly € MOXJIUBICTh HE ONTUMAJIBHOTO PO3MOAUICHHS
MOTY>HOCT1 y TEIJIOBOMY IOJ1 3 KIHIIEBOIO KUTHKICTIO KEPOBAaHUX JIKEpen Teria. Sk
OyJ0 TMOKa3aHO B TIONMEpPEIHINA TJIaBl, alrOPUTM KOJEKTUBHOIO PO3IMOAIICHHS
MOTYKHOCTI HaONMXKY€ThCA [0 ONTHUMAJIbHOTO THUM Oulbllie, YuM OiIblIe B
TEIUIOBOMY I10JII KEpOBaHUX JpKepel Teruia. He onTuManbHICTh TYT NMPOSIBISIETHCS B

TOMY, IO 3aJIMUIIOK HEPO3MOJIIEHOI MOTYKHOCTI MOK€ OyTH Ouiblle TOro, SIKUi



JOCSTaeThCs NOBHUM MEPe0OpOM BCIX MOMIMBHUX CTaHIB CUCTEMHU. AlJle IPH BEJUKIM
KUIBKOCTI JKEpe Terjia y TEIJIOBOMY T0JI1 TOBHUM Nepedip YCKIaaHIOE CUCTEMY. 3a
TOM 4ac, KOJM BIH 3[1ACHIOETHCS, CUTyallll Y CUCTEMI >KMBJICHHS TEIJIOBOTIO MOJIA
MO’K€ 3MIHUTHUCA 1 OJIep>KaHl TOBHUM MEpeOOpPOM pIllIeHHSI MOXYTh OyTH HE TIJIbKH
HE aKTyaJlbHi, aJie 1 MPOTUJICKH1 OUIKYBaHHM.

3aJIMIIOK HEPO3MOAUIEHOI HOTYXHOCTI MOXXE OYTH 3MEHILEHO Mailke 10
ONTHMAJIBHOTO PIBHS 32 PaXyHOK CYMICHHX JIiif aBTOMATIB, 00’ €THAHUX y KOAJIIIHHI
yrpynyBanHs. Lerninum y [18] Ta BapmascbkuM y [22] moka3zaHa MOXJIMBICTH 1
pEe3yNbTAaTUBHICTh KOAIILIMHOI OpraHizauli KOJIEKTUBY aBTOMAaTiB B CHUCTEMax
MacoBOro 00ciyroByBaHHs. Buie y riasi 2 OyJi0 MOKa3aHo, 10 PO3YMHE TEIIOBE
MoJie MOYKHA PO3TJISIIaTH K OaraTokaHaldbHY CHCTEMY MacOBOTO OOCIyrOBYBaHHS 3
HEOOMEKEHOI0 YEepror 1 IyaCCOHOBCHKHMM IIOTOKOM 3asBOK. Buxomsum 3 OO
PO3IJITHEMO BapiaHT KOATIIIHHOI MOOYI0BH MEPEXKi aBTOMATUYHOTO PO3MOAIICHHS

HNOTYXHOCTI B pO3YMHOMY TEILJIOBOMY ITOJII.

4.1 AJuaroputM KepyBaHHsl o0O0irpiBayamMm 3a KpPHUTEpPiEM MaKCHMAJIbHOL
CHHXPOHI3alii X podoTH
ANTOpUTM  KepyBaHHA  OOIrpiBayaMud 32  KPHUTEPIEM  MaKCHUMaIbHOT
BOJIOJII€ IIEHTPAIBHUI aBTOMAT — KOHTPOJIEP MEPEeXki Ta BICYTHOCTI iHpOpMAIIii Ipo
TEMIIEpaTypHUN PEXHUM Yy 30HAaX 00IrpiBy. MaeThcs Ha yBasi, IO TEMIEpPATypPHUI
peXHUM y 30HaX OOIrpIBy 3aJa€ KOPUCTYBad 4epe3 PYyYHYy HACTPOWKY TEpPMOCTaTy
KOXKHOT'O 00irpiBayva.
Buxigaumu naHuMu AJisi aIrOpUTMY € HacCTymHa iHpopMmarlis, 1o HaaAXoUTh 31
CMapTKOHIB JI0 KOHTPOJIEpa MEPEexi:
— HOMep 00IrpiBaya;
— cTtaH o0irpiBaya (akKTUBHUN YW IMACUBHHM, TOOTO KOHTAaKTH TEPMOCTATy
3aMKHEHI Y4 PO31MKHEHI);

— MOTY>XHICTb 00IrpiBaya, KBT.



Takox BUXITHAMH JNaHUMH [JJIs QITOPUTMY € CyMapHa TMOTYXHICTh
EJICKTPONPMIIAAIB, MIAKIIOUEHUX 0 EJICKTPUYHOI MEpexi, siki He € obirpiBadyamu,

) Ta BCTAHOBJICHUM WCTYBAYEM JIIMIT MapH [MOTYXXKHICT X
P a BCTAHOBJIE KOpHCTYBaue IMIT 3a CYMapHOK MOTY>KHICTIO VCl

IH

MIKITIOYEHUX JI0 SIEKTPUYHOT MEPEX1 eIeKTPOIPHIIAIiB (Pm.M)

N06
leoﬁ.i-I_PiH.SPniM’
i=
ne P, — mnoryxHicte i-ro o0irpiBada, kBt; N — KUIbKICTh 00irpiBadis,

MiAKITFOYEHUX 10 ENEKTPUIHOT MEPEKi.
CymMmapHa MOTY>KHICTh €JIEKTPOIPUIIA/IIB (R.H), MIKITIOUYEHUX JI0 CJIEKTPUYHOT

MEpEexi, Kl He € 00IrpiBayaMu, OOUUCIIIOETHCS MEPEKEBUM KOHTPOJIEPOM K PI3HULIS
MK CYMapHOIO TOTYKHICTIO MEPEXi KUBJICHHS 00 €KTy ONAJCHHS Ta CyMapHOIO
MOTYXHICTIO OMAIIOBAJIBLHUX MPUCTPOIB, IO MIJKIIOYEHO 10 MEpEeXi >KUBJICHHS Ha
MOMEHT BUMIPIOBaHHS.

B ocHOBi anroputMy KepyBaHHS OOITpiBa4aMH 3a KPUTEPIEM MaKCUMAaIbHOT
CHUHXpOHI3allil 11X poO0OTH JIEKUTh MaKCUMI3allisi BUKOPUCTAHHS BHJILICHOTO
E€HEepPropecypcy MNpOTArOM MEBHOTO 4Yacy / 3a YMOBH BIJCYTHOCTI NEPEBUILECHHS

BCTAHOBJIEHOIO JIIMITY 32 CYMapHOI0 OTYXHICTIO (P,1 Z.M) :

t N06

[P, = (By. + X Fog )ldt = 0;

0 . = (4.1)
gi P06.i + PiH. < PJ‘IiM.'

3amauy Makcumizallli BUKOPUCTaHHS BHJAUIEHOTO €HEPropecypcy YCKIaJHIOE
Tol dakTt, mo y dopmyni (4.1) yci JOJaHKKU CUCTEMH PIBHSHb € BEJIMYMHAMM, 1110
3MIHIOIOTBCSl y Yaci BUMAJKOBUM YMHOM, 13-32 HeTlepea0auyBaHUX PEKUMIB POOOTH
eJICKTPONPHIIAIIB, III0 HE € 00IrpiBayaMu, Ta Herepea0auyBaHUX 3MIH YMOB OOITPiBY.
Tomy QaxTudHO micis KOXKHOI 3MiHM X04a O OJHOTO OJAHKY Y CHUCTeMi pIBHSHb
(4.1) moTpiOHO TPOBOUTH OaraTonapaMeTpUUYHy ONTHUMI3AIlI0 32 YACOBUMH 3CyBaMU
MOMEHTIB BMHUKaHHS 00IrpiBayiB, M0 € JOCUTh TPYAOMICTKOI 3a7au€io, PIBEHb
CKJIQJIHOCT1 SKOi 3pOCTa€e y TE€OMETpUYHiN mporpecii 31 30UIBLMICHHSIM KUTBKOCTI

obirpiBauiB. B yMoBax OOMEXKEHOro 4yacy Ha MPHUHHATTS PIIICHHS Ta OOMEKEHUX



O0OYHUCITIOBAILHUX PECYpCiB KOHTpOJIepa MEpPEekKi 3HAYHE YCKIATHEHHS alTOPUTMY
PO3IOJITY €HEpropecypcy MK o0irpiBauaMu € HenpumyctumMuM. Jlo Toro ik,
BUpIIIEHHS 3aja4l OaraTonmapaMeTpuyHOi ONTUMI3Allli 31 30UIbIIEHHAM [apaMeTpiB
HE TapaHTy€ OCATHEHHS TT1I00aTbHOTO ONTUMYMY.

Tomy aBTOpamMu 3ampoONOHOBAHO E€BPUCTUYHUN  QJITOPUTM  PO3MOALTY
eHepropecypcy MiK oOirpiBadamu, siKkuii 0a3yeThCs HA CHHXPOHI3aIlli 3a Yacom
BMUKaHHSI 0OpaHOi YaCTHHHM 00IrpiBaviB 13 MPOTHO30BAHUM Ta HE3MIHHUM TPUBAJIHMA
yac pexumMoMm poOotu. CHUHXpOHI3alllsl BMUKAaHHS Yy Yaci oOpaHOi YacTUHU
(koamimiitHOl rpymnu) 06IrpiBayiB JO3BOJISIE POMOAUIATH €HEPropecype cepes 1HIIOl
YacTHUHHU OO0IrpiBavyiB TaKUM YWHOM, IO NPHU LOMY JOCATAETHCS MaKCHUMalbHE
BUKOPUCTaHHS BUAIIEHOTO €HEPropecypcy.

OcHOBHA YacTHHA €BPUCTHUYHOTO AJITOPUTMY PO3IMOILTY €HEPropecypcy Mix
o0irpiBauamMu 3 CHHXPOHI3alll€l0 iX poOOTHM 3a YacoMm IMpejcTaBieHa Ha puc. 4.1.
[TounHaeTHCS ANTOPUTM 3 TIPOLETypU (POPMYBaHHS KOATIIIHHUX TPYIl 00irpiBaviB 3a
iXHBOIO TIOTYKHICTIO, SIKA BUKOHYETHCS y TIAMPOrpami 3 BiJIMOBITHOIO Ha3BOIO (070K
2 Ha puc. 4.1). 3rigHo 3 IIi€l0 OPOLEAYPOI0, BUAUICHUHN 3arajibHUil eHepropecypc
YMOBHO PO3JUIAE€THCA HA YACTUHU, PO3MIpP SIKAX BIAMOBIIA€ MOTYKHOCTAM aKTUBHUX
00irpiBayiB, 110 MIJIKJIFOYEHI 10 CMapTKOHIB. PO3/IIJIEHHS 3arajlIbHOTO €HEpropecypcy
HA YaCTUHU BIIOYBAETHCH 3a KPUTEPIEM MAKCUMAIHHOTO BUKOPHUCTAHHS IIHOTO
pecypcy 3rigHo 3 hopmyoro (4.1).

Po3ninenHs 3aranbHOTO €HEPropecypcy Ha YacTUHU HAJa€ MOXIIUBICTDH
OKpPEeMOT0 Ta IHAWBIAyaJIbHOTO KEPYBaHHS PO3MOMIJIOM KOXHOI YaCTHHH
eHepropecypcy. s 1mporo BBOAMMO MOHATTS «KOajilliifHa rpymna oOirpiBadiBy, 3a
SAKOIO  3aKpIIUTIOETbCS  TMPaBO  PO3MOJUISATH  TMEBHY  YacTUHY  3arajbHOTO
eHepropecypcy.

Hanpuknaa, 10 cMapTKOHIB HiAKIIOUYEHI YOTUPU OOIrpiBayva 3 MOTY>KHOCTSIMHU
0,8; 1; 1,5 ta 2 xBt. [lyist obirpiBavyiB Ha MOTOYHWM MOMEHT 4Yacy BujiieHO 3 KBT.
3rigHo 3 ¢opmynoro (4.1), 3araneHuii enepropecypc 3 kBT posainseTscs Ha B

yactuHd — 1 Ta 2 kBT BignoBigHo. Takum 4YMHOM, MAeEMO MBI «TpyHu»: Mepiia



«Tpymay po3Moise Mk 00irpiBayaMu 4acTUHY pecypcy po3Mipom 2 kBT, a mpyra —

1 xBT.

[MoyaTtok

2 V
dopmMyBaHHS rpyn
06irpiBayiB 3a MOTYXXHICTIO

3 A
Po3nogin eHepropecypcy
ycepeauHi rpynu Nel
o6irpisavis

. v
Po3snogin eHepropecypcy
ycepeuHi rpynu Ne2
obirpisayi
I
5 \
Po3nogin eHepropecypcy
ycepeauHi rpynu Ne N
obirpisavis
6 \
Posnogin eHepropecypcy y
yepsi obirpisavis

7 BUKOHaHHs yMOBMU
nepeposnoginy
rpyn

Tak

Pucynok 4.1 — Biiok-cxemMa OCHOBHOT YaCTHHU €BPUCTUIHOTO AJITOPUTMY PO3IOJILITY
€Hepropecypcy Mix o0irpiBauaMu 3 CHHXPOHI3AIlEI0 IX poOOTH 32 YacoM

PimenHst moAo BUIIIEHHS BIJAMOBIHOI YaCTUHU 3arajlbHOTO €HEPropecypcy
IpyHol0 TOMY 4YH IHIIOMY OO0irpiBady MpHIMaeTbcs y pe3yabTaTi BHUKOHAHHS
nianporpam y 6mokax 3-5 Ha puc. 4.1. OcoOauBICTh AITOPUTMY PO3MOJILTY YaCTHHHU
3arajibHOr0 €HEPropecypcy ycepeauHi rpynu y TOMy, IO OJHOMY 3 OOIrpiBadiB

TPYIOI0 TPUCBOIOETHCS CTATyC, SKHM JO3BOJISIE I[bOMY O0OIrpiBauy 3aBXkKIH



OTPUMYBAaTH EHEPropecypc, Ha BIAMIHY BiA IHIIMX oO0irpiBayiB. [[is mpucCBO€HHs
I[LOT'O CTaTyCy NOBUHHI BUKOHYBATUCH JIB1 YMOBHU:

1. TloTyxHicTh 0OirpiBaua Mae€ JOPIBHIOBATH TMOTY>XKHOCTI TpyIHu, TOOTO
PO3MIpY YaCTUHU 3arajibHOTO EHEPrOpecypey, sika 3aKpiIuieHa 3a FPyIolo.

2. OO6irpiBau Mae€ TMpalloBaTH y PEeKUMI TIATPUMKH TeMIepaTypu y 30HI
00IrpiBy, TOOTO Ma€ CrOCTepiraTuca UUKIIYHUM XapaKTep BMUKAHHSA Ta BUMUKaHHS
o0irpiBada uepes Moro TepMocTar.

dakTUYHO Tpyna TMOCTIHHO BHJAUISIE CBIM eHepropecypc oOirpisauy 3
0COOJIMBUM CTaTyCcOM («BJIACHOMY» OOIrpiBauy), a KOJH BiH BUMHUKA€ETHCA, IPOTIOHYE
BUIBHUI eHepropecypc iHImUM obirpiBadam. Ile o3Hauae, 1mo OUIBIIHMI MPIOPUTET
MalTh Ti 00irpiBavi, MOTYKHOCTI SKHUX JOCTaTHBO [JIs MIATPUMKUA 3aJlaHOTO
KOPHUCTYBaueM TEMIIEPATypHOTO PEKUMY y 30H1 OOITPIBY.

Jlani BIIBHUM €Hepropecypc ycix rpymn 00’€IHY€TbCsS Ta MPOMOHYETHCS YCIM
iHImMM obirpiBagam 6e3 0coOIMBOrO cTaTycy, siki Gopmyrots uepry. OO0’ eaHanuii
BUIRHUN €Hepropecypc Tpyn OTpUMY€ TOW 00irpiBad 13 Yepr, g SKOTO
BUKOHYETHCS yMOBA MAaKCHMAJIbHOTO BHUKOPHCTAHHS BHIIJICHOTO 3arajibHOTO
eHepropecypcy. PimeHHs 1010 BHIUIEHHS €HEpropecypcy obirpiBauy y uepsi
pUHUMAETHCS Y pe3yJIbTaTl BUKOHAHHS MiANPOrpaMu y 01011 6 Ha puc. 4.1.

Y Omomi 7 Ha puc. 4.1 mnepeBipsAeTbCS BUKOHAHHS HACTYNHHUX YMOB
epEePO3NOALTY TPYII:

1. TpuBanuii yac (3 nepioan) € rpynu 6€3 «BIACHOTO» 00irpiBaya.

2. Ha ogny rpyny mnpumnagae Ouibllie JBOX OOIrpiBayiB y 4ep3i 3 aHAJIOTIYHOIO
MOTY>KHICTIO.

3. 3MiHa BCTaHOBJICHOT'O KOPHUCTYBa4YeM JIIMITY 32 CYMapHOIO MOTYXHICTIO P, .

4. 3miHa cyMapHOi MOTY>KHOCT1 €JIEKTPONPUIA/IIB, MiIKIIOUYEHUX 10 EIEKTPUIHOI
Mepexi, siKi He € obirpiBauamu P, .

Sxuro xoya O ojHA 3 YMOB MEPEPO3NOJLTY TPYIl BUKOHYETHCS, BiIOYBAETHCS
nepexi 10 00Ky 2 3 METO (OopMyBaHHS HOBOI KOMOIHAIlll IpyI, a AKIIO HiI —
BiZIOYBa€EThCS Mepexia 10 OJ0Ky 3 Ta 3aHOBO BUKOHYIOTHCS MiAMPOTPAMU PO3TIOILITY

eHepropecypcy y rpymnax ta y uepsi.



Po3rnssHeMo miAmporpaMu OCHOBHOI YaCTUHH E€BPUCTUYHOTO alTOPUTMY
PO3IOIITY eHepropecypcy OUIbII JAeTaIbHO Ha OCHOBI iX OJOK-cXeM airopuTmiB. Ha
puc. 4.2 HaBeieHa OJIOK-cXeMa alropuTMy mianporpamMu «@PopMyBaHHS Tpyl
00IrpiBadviB 3a MOTYKHICTIO».

3a monomororw 0J0KiB 2-4 Ha puc. 4.2 3A1HCHIOETHCA TIepedip YCiX MOMKIMBUX
KOMOiHaIli OJHOYACHO YBIMKHEHHUX oOirpiBauiB. [lami y Omomi 5 ams KOXHO{
KOMOiHAIlli OJHOYACHO YBIMKHEHHMX OOITrpiBadiB BIJOYBA€TbCSI OOYMCICHHS 1X
cyMapHoi noTy>kHocTi (Sum_P) 3a hopmyioro

Sum_P<a-BE+b-P+---+z-P,,
ne B, B, ..., B, — mOTy>XHOCTI, BIAMOBIJHO, TEPIIOro, Apyroro ta N-ro obirpisadis,
kBt; @, b, ..., z — xoedimientu crany obirpiBauis (1 — yBiMKHeHHMI, 0 — BUMKHEHU ),
N — KIIbKICTh 001rpiBayiB, MAKIIOUEHUX J0 CICKTPUIHOT MEPEKI.

Takox y Onoui 5 ¢opMyeTbCs BEKTOpP MOTOYHOI KOMOIHAII OAHOYACHO
yBIMKHEHUX 00IrpiBayiB vec:

vec=[a-B b-P, --- z-Py].

VY moctomy OJoIll anropuTMy Ha puc. 4.2 NEpeBIPSAIOTHCA JIBI YMOBH —
NEPEeBUIIEHHS TMOTOYHOI CYMapHOK TOTY)XKHICTIO OJHOYACHO YBIMKHEHHX
00irpiBa4yiB CBOro MaKCHMaJIbHOTO 3HAYEHHs (ITOYaTKOBE MaKCUMAaJIbHE 3HAUYCHHS
CyMapHOi TOTYXHOCT1 JOPIBHIOE HYJIO) Ta BIJACYTHICTb NMEPEBULIECHHS CYMapHOIO

noTyxHictio cBoro mimity ( £, — P, ). SIkmo oOHIBI YMOBH 3a0BOJIBHSIOTHCA,

iM
BiIOyBaeThCs mepexin A0 070Ky 7, a Ko Xo4a 6 0JHa 3 YMOB HE BUKOHYETHCS, TO
nepexoauMo J10 01oky 4, ToOTO A0 HOBOI KOMOIHAIIlI OJHOYACHO YBIMKHEHHUX
00irpiBadyis.

3a gomomororo 650Ky 7 Ha puc. 4.2 CTBOPIOETHCS ITUKI 3 METOIO BIIIYYCHHS
KOMOIHAII# OJHOYACHO YBIMKHEHUX OOIrpiBayiB, IJIs SIKUX CIIOCTEPIra€ThCs
ONTHMaJIbHa CyMapHa TMOTY)XHICTh, OJHAaK TIPH IbOMYy BHUKOHYETHCS YMOBa
Hee(PEKTUBHOTO PO3MOJUIY EHEPropecypcy ycepeauHi Tpyn oOirpiBadiB. YMoBa

HAJICKHOCTI MOTOYHOT KOMOIHAIllT 0JTHOYACHO YBIMKHEHHMX OOIrpiBayiB J0 HeOaxaHOT

3 TOYKH 30pYy Hee(PEKTUBHOTO PO3MOJLTY CHEPTropecypcy mepeBipseThes y 0o 8, ae



BEKTOp MOTOYHOT KOMOIHAIlT OJHOYACHO YBIMKHEHHX OOIrpiBayiB vec MOPIBHIOETHCS
3 OJIHUM YU JICKIJIbKOMa BEKTOpaMU HeOaKaHWX KOMOIHAIM OJHOYACHO YBIMKHEHUX

oOirpiBauiB last;, e j — HOMep HeOakaHOoi KoMOiHaIli oO0irpiBadiB (IIOYaTKOBE

3HA4YCHHS KIIBKOCTI HeOakaHWX KOMOIHAIl oO0irpiBayiB i JOPIBHIOE HYJIIO, TOOTO
IPOTATOM TIEPIIOTO BHKJIMKY MiAINPOrpaMH OJIpa3y BUKOHAETHCS YMOBAa BUXOIY i3
UKITY).

Sxki1o moroyHa KoMOiHAIlIsI OJHOYACHO YBIMKHEHHUX OOIrpiBayiB € HEOAKAHOIO
(yMoBa y 001l 8 BHKOHYETHCS), TO 3MMIUCHIOETHCS mepexin m10 O1oky 4, ToOTO 10
HOBOI MMOTOYHOI KOMOIHAIIIi OJHOYAaCHO YBIMKHEHHUX 00IrpiBadviB.

SAxio ymoBa y 07011 8 HE BUKOHYETHCS, BIIOYBA€ThCs Mepexis a0 OJoKy 7,
TOOTO 70O HOBOTO BapiaHTy HeOaxxaHOi KOMOIHAIi OJHOYACHO YBIMKHEHHUX
00irpiBauiB (IHKpEMEHT mapameTpy j y 6moii 7). Y pa3i BUKOHaAHHS YMOBH BUXOJY 13
UKy (3aKiHYCHHS BapiaHTIiB HeOaxaHOT KOMOIHAIli OJHOYACHO YBIMKHEHUX
00irpiBaviB) 3/IIHCHIOETHCS TEpexXif A0 OJIOKY 9.

VY Onoui 9 OHOBIIOIOTHCS MaKCUMajbHAa CyMapHa MNOTYXHICTh Sum_ P, Ta
BEKTOP ONTUMAaJIbHOI KOMOIHALIII vec,, 0HOYACHO YBIMKHEHHX 00IrpiBadyiB.

[Ticns mepebopy ycix MOXKJIMBUX KOMOIHAIM OJHOYACHO YBIMKHEHUX
00IrpiBayiB BUKOHY€ETHCS YMOBa BHUXOIy 13 HUKIY y Onoumi 2 Ha puc. 4.2 Ta
3MIMCHIOETHCS Tiepexia no Onoky 10, nme mepeBipseTbcs yMoBa Hee(PEKTUBHOTO
PO3IOIITY €HEePropecypcy ycepeauHi Ipyr o0irpiBadiB. YMOBOIO € 3aHAJITO BEJIMKA
KUTBKICTh TOTYXKHHX OOITpiBadiB y 4ep3i, KOJMH iX KUIBKICTh (Npor.06) TEPEBHUILYE
KUIBKICTh BIANOBIHHMX IPYyIl 3 aHAJIOIIYHOIO MOTYXKHICTIO (nrp) OULIBIIE HIK Y TpH
pasu (auB. Onok 10 Ha puc. 4.2). Sxmo ymoBa y Onomi 10 BUKOHYETHCS, TO
BiIOyBa€eThCs mepexia g0 6moky 11, ne Hebakana koMOiHaIlisi 00irpiBadiB 3 TOYKH
30py Hee(EeKTUBHOTO PO3MOJALTY €HEPropecypcy ycepeauHi rpyil 3amam’ iTOBYEThCs
SIK BEKTOP last; Ta 3AIMCHIOETHCS IHKpEMEHT mapametpy 1. Jlami BinOyBaeThes mepexin
70 OJIOKY 2 1Jisi HOBOTO TMOIIYKY ONTUMAJIbHOI KOMOIHAIlT OJJHOYACHO YBIMKHYTHX
o0irpiBayiB  3a  KpUTEpPIEM  MAaKCUMaJIbHOTO  BHUKOPUCTAaHHS  BHUAUICHOIO

eHepropecypcy 0e3 BpaxyBaHHS 3aMMCaHNX HeOakaHUX KOMOiHaIii 00irpiBayiB.
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Pucynok 4.2 — biok-cxema anroputMmy GopMyBaHHS KOATIIIHHUX TPyN 00irpiBayviB 3a
MOTY>KHICTIO



SAxio ymoBa y 671011 10 He BUKOHYEThCS, 3MIMCHIOETHCS TTepexia 10 0yoky 12,
Ie peani3yeTbcsi IpOLEAypa IOBEPHEHHS y TOJIOBHY IPOrpaMy BEKTOpPA VeC,,
€JIEeMEHTH SKOTO0 BKa3yIOTh Ha ONTHUMAajbHYy KOMOIHAIII0 OJHOYACHO YBIMKHYTHX
o0irpiBa4iB  3a  KpUTEpPIEM  MAaKCUMaJIbHOTO  BUKOPUCTAHHS  BHUAUICHOTO
eHepropecypcy.

PosrisiHemo mianporpamy «Po3snoain eHepropecypcy ycepenui rpynu Ne N
00irpiBauiBy, OJIOK-cXeMa aJlfCOPUTMY SIKOi HaBeeHa Ha puc. 4.3.

Ha mnouwarky anroputmy y Onoui 2 Ha puc. 4.3 mepeBipsSeTbCs yMOBa
OPUCYTHOCTI y «rpymi» oOirpiBaya 3 OCOOJIMBUM CTaTyCOM, TOOTO «BJIACHOTO»
obOirpiBava. Skmio Takoro oOirpiBaya HeMae, TO BHUKOHYEThCS MiANpOrpama
(puc. 4.3).

«PiBHOMIpHUH po3moAin pecypcy Mix oOirpiBauamu» (61ok 3 Ha puc. 4.3),
ITICJIS 90TO BiIOYBAETHCS TOBEPHEHHS Y TOJIOBHY Mporpamy (mepexia 1o 61oky 15).
VY pa3i BUKOHaHHS yMOBU y Omoimi 2 TmepeBipAe€TbCA HACTYIIHA yMOBa IIOJO
CHUHXPOHI3aIii y 4aci poOOTH «BJIacHOT0» 00irpiBada MOTOYHOI I'PYIMU 3 pPOOOTOIO
«BJIACHUX» 00IrpiBayviB iHIIMX rpyI (6510K 4 Ha puc. 4.3).

Axmo poboTta «BiIacHOTO» oO0IrpiBaya HE CHHXpPOHI30BaHA, TO y OJsomi 5

TIOPIBHIOIOTHCS TIEPiojl poOOTH «BIacHOTO» obirpiBada 1 g Ta 3arajubpHUil epio st
yeix «rpym» T, . SIKmo mepiof poOOTH «BIAacHOro» o00IrpiBaya MEPEBHIYE

3arajJbHUM Mepiof JUisl YCiX TPy, TO BiH MPU3HAYAETHCSA 3arajlbHUM IMEPIOAOM IS
ycix «rpym» (6inok 6 Ha puc. 4.3). Skmo ymoBa y Oyioli 5 HE BHUKOHYETHCH,
3arajJbHUMN TIEPioJT HE 3MIHIOETHCS Ta BIOYBAETHCS TIEpEXif 10 OJIOKY 7.

VY Gunomi 7 aHami3y€ThCsl MOTOYHE 3HAYEHHS 4acy, MPOTATOM SIKOTO 00irpiBau
BUMKHEHUH, ane wmae akTuBHUA CTaH (Tgmakrnor). OO pobota «BIacHUX»
o0irpiBaviB ycix KOamIIHHUX Tpyn BigOyBajacs 3 OJHAKOBUM IEPIOJOM, MEPIOaH
MalXKe yCiX «BIIACHUX» OOIrpiBaviB (OKpIM OJHOTO, IO 3aJla€ 3arajJbHUN TMEpION)
MITYYHO TIOJOBXKEHI 3a PAaxXyHOK 3MIIIEHHS Y Yaci MOMEHTY TMIIKIIOUEHHS 0
eIeKTpUYHOT Mepexi. To0To, HeIKWi dYac KOamIlis BiAMOBISE «BIACHOMY
o0irpiBauy, SKWW 3alUTy€ €Hepropecypc (KOHTaKTH TepMocCTaTy 3aMKHeHi). [Ipu

oMy Tiepiof] o0irpiBadya 7, CKIIQIAETHCS 3 TPHOX CKIIAJIOBHX:
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PucyHok 4.3 — biok-cxema anroputMy po3mo/isly eHepropecypcy ycepeanHi
rpyru Ne N o6irpiBauiB



Tg=T +T +T

BMM.Nac BUM.aKT BI/IM.yBiM 4

ne Tgunac — 94C, IPOTATOM SIKOTO 00IrpiBay BUMKHEHHIA Ta Ma€ MACHBHUI CTaH, XB;

Tomar — 9ac, TPOTATOM SKOTO OOIrpiBay BUMKHEHHI Ta Ma€ aKTHBHHM CTaH, XB;

T

sum.ysin — 9AC, IPOTATOM SIKOTO 00IrpiBad yBIMKHEHHIA, XB.

OkpiM OJIHAKOBOTO II€pPIOJy CHUHXPOHI3alisl poOoTH oOirpiBaviB y yaci
nepeadavae nmeBHUM 3cyB 1o (a3l rpadika poOOTH KOXKHOTO OOIrpiBaya BiJHOCHO
nouatky mnepioxy. lleit 3cyB mo (a3l BH3HAYAEThCS HACTYIMHUMHU MpPaBHIAMU
CHUHXPOHI3alli1 poOOTH «BJIaCHUX» OOIrPiBavIB y rpymnax:

1. Po3ninenHs BUTbHOTO pecypcy y 4aci. Lle mpaBmiio 3aBkIu 3aCTOCOBYETHCS
JUISL CUMHXPOHI3aIlli poOOTH TMOTYXHUX O0O0IrpiBaviB, 1100 BIJAMOBIAHI TPyHU MOTJIH
NOCTIMHO y Yaci IpOMoOHYBaTH CyMapHUW BUIBHHMI pecypc oOirpiBayaM aHaJIOTI4HOI
MOTY>HOCTI 200 MEHIII MOTYXKHUM 00irpiBauam i3 uepru. SAKio 1iei CMHXpOHi3aIlii
HE pOOUTH, TO 32 YMOBHU HAsBHOCTI OJIHOTO 00IrpiBaya y 4ep3i MpoTAroM 4acy, KOJIH
o0ujBa «BIACHUX» Ta TMOTY>KHUX OO0IrpiBaya BHUMKHEHi, BiAOYyBA€TbCsl HETMOBHE
BUKOPHCTAHHS BUAIICHOTO €HEPropecypcy.

Takox 11€ TpaBUIO MOXE 3aCTOCOBYBATUCH ISl CUHXPOHI3AIli poOOTH MEHII
NOTY>XKHUX «BJIACHUX» OO0IrpiBayiB, AKIIO KUIbKICTh MEHII MOTY>KHUX OOIrpiBayiB y
4yep3i MePeBUIIY€E KITBKICTh OUTBII MOTYKHUX 00IrpiBayviB.

SIKI10 3aCTOCOBYETHCS TEpUIE MPaBUIIO CHUHXPOHI3alli poOOTH  «BIACHUX)»
o0irpiBa4yiB, TO MOMEHT YBIMKHEHHs OOIrpiBaya TOTOYHOI TPyNu TOBUHEH
CriBHajaTd 3 MOMEHTOM BHMKHEHHs o00irpiBadya iHINOI Tpymn, 3 SKUM BiH
CUHXPOHI3YETHCS, — 1I€ € YMOBOIO CUHXPOHI3AIlIi.

2. OG’eqHaHHs BUIBHOTO pecypcy y yaci. e mpaBuiio 3aBXau 3aCTOCOBYEThCS
JUISl CUHXPOHI3aIli poOOTH MEHII MOTY>KHUX OO0IrpiBaviB, 100 BIAMOBIAHI TPYNH
MOTJIU MPOIIOHYBAaTU 00’ €AHAHUN BUIBHUN pecypc OUIBII MOTY>KHUM 00irpiBavam 13
4yepru, KoM o0uJBa «BIacHHX» oOirpiBaua BUMKHEHi. Ll cuuxpoHnizamis poOoTH
MEHIII TIOTYXXHUX OOIrpiBaviB y rpyrnax MPOBOIUTHCA TOJI, KOJIH KUIBKICTh OUIBII

NOTYXHHUX O0IrpiBayviB y yep3i NEPEBUIILY€E KUIbKICTh MEHII MOTYKHUX 00IrpiBayiB.



SIKII0 3aCTOCOBYETHCA ApPYre MPaBUIO CHUHXPOHIZAIlli poOOTH  «BIACHHX»
0o0irpiBaviB, TO MOMEHT YBIMKHEHHs 0O0irpiBada IIOTOYHOI TPYNH TOBUHEH
CHIBMAJaTH 3 MOMEHTOM YBIMKHEHHsI 0O0irpiBada IHIIOI TpynH, 3 SKAM BIH
CUHXPOHI3YETHCS, — 11€ € YMOBOIO CHHXPOHI3AITi.

3a yMOBHU MPOBEACHHS MPOIECIypH CHHXPOHI3aIlli 00irpiBada MOTOYHOI TPyIHU
HeoOX1qHuM 3cyB 3a (a3oro rpadika podoTH 00irpiBavya BIAHOCHO MOYATKY MEPIOAY

3a[1a€ThCSI Yepe3 30UIbIICHHS MapameTpy |gmacr - AJE, SKIIO MK MOMEHTOM

nepexoy of0irpiBaya B aKTUBHUW CTaH Ta MOMEHTOM WMOTrOo YBIMKHEHHS 3TiTHO 3
YMOBOIO CHMHXPOHI3aIlii 3aHAJTO BEJIUKHI MPOMIKOK Yacy, MOYUHAE BUKOHYBATHCH
HEPIBHICTh

T +T

BMM.Nnac

BAM.akT T TyBiM >T

nep >
mo € HenpuiHITHAM. Kpim TOro, 30imbLIeHHS Tapamerpy | g ace TPH3BEIE 10

3MEHILEHHS CEpeHbOI TeMIepaTypu TMOBEpXHI o00irpiBadya Ta, BIJIMOBIJIHO,
MOTIPIIICHHS TOYHOCTI MATPUMKH 33J]aHO1 TEMIIEpaTypH Yy 30H1 00IrpiBy.
Tomy y Gnoni 7 Ha puc. 4.3 nepeBipsieTbCsl YMOBA NIEPEBUIIICHHS TAPaMETPOM

Tomakrnor OAHIET Hecsitoi mepiomy oOirpiBada. SIKIIO yMoBa BHKOHYETBHCS, TO

IpUMYyCOBa IMay3a y poOoTi 00irpiBaua NMpuiMaeThCs 3aHAATO BEIHKOIO, MPOIeaypa
CUHXPOHI3aIli] BIIKIAAA€ThCSI HA HACTYIMHUHN TIEpioJl Ta 00irpiBa4 BMUKAETHCA (010K

8 Ha puc. 4.3). [Ipu oMy mapametp T g acrnor CKATAETHCS B HYJIb.

Ha HactymHOMy mepiofi MNpPOMIKOK Yacy MDK MOMEHTaMH MEepexoay
o0irpiBaya B aKTUBHMI CTaH Ta HOT0 YBIMKHEHHS 3T1THO 3 YMOBOIO CHHXpOHIi3alii
3MIHUTBCS, OCKUIBKH TIepioj] 00irpiBaya, sik MpaBWIO, BIAPI3HAETHCS BiJ 3arajibHOTO
nepiogy. Ase, SKIIO mepioj obirpiBadya Ta 3arajbHUil mepioA OMU3bKI OIWUH 0
OoIHOTO a00 € OJHAKOBMMH, TO CHHXPOHI3AIlisi MOXeE, BIIMOBITHO, MPOXOJUTH
3aHAATO JIOBrO a0o0 HIKOJAM HE 3aBepliuTuca. ToMmy, KOXHHM pa3, KOJIH
CUHXPOHI3aIis BIJKJIAAEThCA, Tepiom oOirpiBaua y Omomi 9 Ha puc. 4.3
30ubIIy€eThes Ha 10%. BianmoBigHO, 301IbITY€ThCS MAaKCUMAJIbHUM Yac OYiKyBaHHS

o0irpiBaya B aKTUBHOMY CTaH1 Ha BUKOHAHHS YMOBU CHHXpPOHi3allii. 3aBIIKH LbOMY,



IPUCKOPIOETHCSI CKOPOUEHHS MPOMIKKY 4acy MK MOMEHTaMU Mepexoy obirpiBada
B aKTUBHMU CTaH Ta HOTO YBIMKHEHHS 3T1JTHO 3 YMOBOI CHHXPOHI3aIIii.

VY pa3i BUKOHaHHS YMOBU CHHXpOHi3amii y Oxomi 10 oOirpiBad MOTOYHOI
«rpynm» BMUKAEThCs (010K 11), a foro mepioa MpU3HAYAETHCS TaKUM, SIK 1 B 1HIITUX
«rpynax» (670k 12). ITicns mporo BinOyBaeThCsl TOBEPHEHHS] B OCHOBHY IIporpamy.

Sxuio x poboTa «BIACHOTOY» 00IrpiBaya MOTOYHOI IPYIH BXKE CUHXPOHI30BaHa,
y 61o11i 13 mepeBipsieThcs yMOBa CUHXPOHI3aIlii. SIKIio BoHa BUKOHYETHCS, 00IrpiBay
BMUKaeThCcsl (070K 14 Ha puc. 4.3) Ta BiAOyBaeTbCs IOBEPHEHHS B OCHOBHY
nporpaMmy, a SKIIO Hi — TMOBEPHEHHS B OCHOBHY IIporpamy BigOyBaeThcs 0e3
BMHKaHHS 00irpiBaya.

AnroputM mianporpamu «PIBHOMIpHUNA po3MOILT pecypcy Mik 00IrpiBauaMm»
(61ok 3 Ha puc. 4.3) npeacTaBieHuit Ha puc. 4.4.

[TounHaeTbCst anropuT™M 3 OJIOKY 2, 32 JOIMOMOIOI0 SIKOTO OPraHi30BYETHCS
IIUKJI 3 METOI0 TIOCIITOBHOTO Tepebopy ycix oOirpiBadiB, 1o Hapas3l MaroTh

akTUBHHU cTatyc (X KinbKicTh nopiBHIOE Ngg ). st KoxHOroO i-ro odirpiBaya y

osioni 3 Ha puc. 4.4 mepeBipsAETHCS YMOBA MIOA0 PIBHOCTI MOTYXKHOCTEH 00irpiBaya
Ta TOTOYHOI «Tpymm». SIKIO yMOBa HE BUKOHYETHCS, BiOYBAa€ThCSA TMEpEXill 10
050Ky 2, TOOTO 70 HACTYMHOro OO0IrpiBada, a SIKIIO BUKOHYEThCA — y Onomi 4
nepeBIpseThCs 3MiHA CTaTyCcy oOirpiBaya 3a ocTaHHIM yac. SIkmio oOirpiBad Ha
MOMEHT TOIEPEeIHbOTO BHUKIMKY MiAmporpamu OyB y MacMBHOMY CTaHi, a Hapasi
nepeOyBae B aKTUBHOMY, TO BIJIOYBa€ThCs Mepexify 10 OJIOKy 5, 1€ IboMmy
00irpiBaveBl MPUCBOIOETHCS OCOOJMBUM CTATyCc «BjlacHUM oOirpiBau rpynu N». Y
pa3i HEeBUKOHAHHS yMOBH y OJjomi 4 BimOyBaeThCs mepexin oapaszy ao OJoky 6, e
PO3pPaxoBYETHCS MPIOPUTET i-TO 00IrpiBaya 3a PopMysior
T

Pr=1-— +y?‘r“”-‘ . (4.2)
YBiM.i

BUM.aKT.i

Jlyis 3amo0iraHHs 4acTOTO BMMKAaHHS Ta BUMHKAHHS OOIrpiBadiB 3a YMOBH
PIBHOMIPHOTO PO3MOJUTY €HEPropecypcy KOKHHMM 00IrpiBady OTPUMYE €HEPropecypc
Ha OJHAaKOBHH IPOMDKOK 4acy, IO BU3HA4YA€ThCs KOpUCTyBaueM (T;a,). Y Omomi 7

KOHTPOJTFOETHCS 3aKIHYEHHS 1IbOTO Yacy MIIIXOM MOPIBHIHHS 3MicTy TaiiMepa (T 1ajim)



Ta BEIMYUHU |5, SIKIIO 4ac He MpoHHIOB, TO BiAOyBaeTbcs mepexiny Ao Oioky 12,
TOOTO TIOBEpPHEHHS Yy TMOMNEPEeNHI0 MiANporpaMy, a sKIO Yac MPOWIIOB —
3MIMCHIOETBCS TIepexia /10 OJIOKY 8, /e MPIOpPUTET i-ro o0irpiBava MOPIBHIOETHCS 3
MaKCHUMaJIbHUM TPIOPUTETOM Cepell BIAMOBIIHUX OOIrpiBaviB (ITOYATKOBE 3HAUCHHS
MaKCHUMAaJIbHOTO MPIOPUTETY NPUMNMAETHCS PIBHUM HYJIIO).

SIK110 npiopuTeT i-ro 06irpiBaya MeHiie, poouTbes nepexia A0 610Ky 2, To0To
70 1HIIOro o0irpiBava. Y MPOTHICKHOMY BHIAJKY I-Wil OOIrpiBad MpPU3HAYAETHCS
o0irpiBauemM 3 MaKCUMaJbHUM MpiopuTeTOM (hk=i) Ta OHOBIIOETHCS MaKCUMaJIbHUM
IpIOPUTET cepel] BIAMOBIIHUX 00irpiBaviB (010K 9 Ha puc. 4.4).

[Ticns 3akiHYEHHsI TOCTIOBHOTO TMepedbopy BCiX 0O0IrpiBadiB 3 aKTUBHUM
CTaTycoOM B10yBa€ThCsl BUXIJ 13 LNUKIY Ta mepexin no Omoky 10, ne BMHKaeTbCs
o0irpiBad 3 MakCUMaJIbHUM TpiopuTeToM (k-uit oOirpiBay). [lam mpiopuTeT 1bOro
00irpiBava NpuMMaEeThCA PIBHUM HYJIIO, & TAUMEp TaKOXX CKUJAEThCS B HYJIb (010K 11
Ha puc. 4.4), micis 40TO BiI0OYBAETHCS TIOBEPHEHHSI Y TIOTICPETHIO IMiATPOTpamy.

Anroput™m mianporpamu «Po3monin eHepropecypcy y uep3i o0irpiBauiBy»
(6mok 6 Ha puc. 4.1) nokazanuit Ha puc. 4.5.

Y Omomi 2 s KOXKHOTO oOirpiBada y uyep3t 3a dopmynoo (4.2)
po3paxoByeThcsi mpioputeT Pri. Jami 3a gomomoroto OJIOKiB 3-5 opraHi3oBYEThCS
JIEKUJTbKa BKJIQJICHUX OJIMH B OJHOTO IHKJIIB 3 METOI IMepedopy YCiX MOMXKIHBUX
KOMOIHAIii OJIHOYACHO YBIMKHEHHX OOIrpiBadiB 3 aKTHBHUM CTaTyCOM, IO
OUIKYIOTh Ha MIJKIIOUYECHHS J0 €JIEKTPUUYHOI MEPEKI.

Y Omomi 6 mepeBIpAETHCS YMOBAa HAJEKHOCTI O00IrpiBadiB y TOTOYHIN
KOMOIHaIlii 10 4yepru. SKimo yMoBa He BUKOHYEThCS, BIIOYBAEThCA TIEPEXi 10 OJIOKY
5, To0TO A0 HOBOI KOMOIHaIlii o0irpiBadiB. ¥ pa3i BUKOHAHHS YMOBHM Yy OJoli 6
3MIMCHIOETHCS TIEpeXiJl 10 OJI0Ky 7, Ae pOOUTHCS MepeBipKa OJTHOYACHOTO BUKOHAHHS
HACTYMHHUX JIBOX YMOB:

— 3aJMIIKOBUI €Hepropecypc 3a YMOBHM MOTOYHOI KomOiHaIlii oOirpiBayiB 3
4epru MeHIe abo JOPiBHIOE MiHIMAJIBHOMY 3aJIUIIIKOBOMY €HEPropecypcy
— g ycix komOiHamiii oOirpiauiB AP; < AP, (moyaTkoBe 3Ha4YeHHS

MIHIMAJIbHOTO
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PucyHnok 4.4 — brok-cxema aJiropuTMy piBHOMIPHOTO PO3IOTY EHEpropecypey Mix odirpiBayaMu
BiJIMTOBIAHOT TOTYKHOCTI
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Pucynok 4.5 — briok-cxema ajaroputMmy po3mnoJiily eHepropecypcy y uepsi o0irpiBadisn




3aJUIIKOBOTO €Hepropecypcy s ycix komOiHamii obirpiBauiB AP,
OepeThest piBHUM Pjy);
— BaJIMIIKOBUN EHEpPropecypc 3a YMOBH MOTOYHOI KOoMOiHalii oOirpiBadiB 3
«4aepru» € HeBia eMHUM gnciioMm (AP; > 0).
3IMIIKOBUNA EHEPropecypc 3a YMOBHM TOTOYHOI KOMOIiHaIli oOirpiBaviB 3
Yepry PO3PaxoOBYETHCS 3a (HOPMYIIOI0
Nog
AB < (Biin. = Pin) = leoa.j+(a'P1 +b- Byt tz-By)
j=
SAxiio xoua 6 ogHa 3 YMOB y 0Jiolll 7 HE BUKOHYETHCS, BIIOYBAETHCS MEPEXil
10 010Ky 5, TOOTO 10 HOBOI KOMOiHaIii o0irpiBadiB. ¥ MNPOTUIC)KHOMY BUMAAKY
3MIMCHIOETHCS Tepexisy M0 OJOKy 8, 1€ TMOPIBHIOIOTHCS YCEPEAHEHUN MPIOPUTET
MOTOYHOI KOMOiHaIlli 00irpiBayiB 3 4epru (Pryoyi) Ta MAKCUMAJIbLHUM MPIOPUTET IS
ycix Kom0OiHamii o0irpiBauiB (Pr,,). Y cepeaHeHH MpiOpUTET MOTOYHOI KOMOIHALii
001rpiBayiB 3 YepPru pO3paxoBYETHCS 3a (HOPMYIIOHO

> Pr;

_J=1
PrKOM.i - ’
n

ne Pr; — npiopuretn o0irpiBadiB 3 4epru, Mo BXOIATh A0 IIOTOYHOI KOMOIHaLIl; 7 —
KUIBKICTBh 00IrpiBayiB, 10 BXOASTH 10 HOTOYHOI KOMOIHAIII].

Sxmo ycepemHEHWI MPIOPUTET MOTOYHOI KOMOiHAIi 00irpiBadiB 3 4Yepru
MEHIIIE 3a MaKCHMaJIbHHM MpiopuTeT I yCIX KOMOiHaIii o06irpiBayiB, TO
BIIOYBaeThCs mepexif 10 OnokKy 5, ToOTO 0 HOBOi KOMOiHamii oOirpiBayiB. Y
POTUJICKHOMY BHUIAJIKy BUKOHYIOThCS yC1 yMOBH y Oiokax 6-8. Lle o3Hauae, 1o a0
MOTOYHOI KOMOiHAIli yBIMIIUIM OOIrpiBayl 3 Yepru 3 MaKCUMaJIbHUM YCepEeIHEHUM
OpIOPUTETOM, 3a YMOBHM BMHKAaHHS SKHX OyJe crocrepiratucs HalMEHIIUN
3QJIMIIKOBUM €Hepropecypc. Y TakoMmy pas3i poOUThCS mepexin no Onoky 9, nae
3QJIMIIKOBOMY €HEpPropecypcy MOTOYHOI KoMOiHaIlii o00irpiBadyiB MPUCBOIOETHCS
CTaTyC MIHIMAJIBHOTO Ui YCIX KOMOiHAIiil 00irpiBaviB, a ycepeaTHEHHI MPiOPUTET
MOTOYHOI KOMOIHAIlT TPUHUMAETHCS MAKCUMaJIbHUM IS yCIX  KOMOIHAIIiM

o0irpiBauis.



Haui y 6uorti 10 popMyeThcst BEKTOpP TOTOYHOT KOMOiHAITT 006irpiBaviB 3 4epru
VeCyep.:

vecqepz[a-P1 b-P - z-PN].

3a yMOBM 3aKiHU€HHs TepeOopy yciX MOXKIMBUX KOMOiHaIiil o0irpiBadiB 3
AKTUBHUM CTAHOM, 1[0 MOTPEOYIOTh MIAKIIOUECHHS JO €HEPromMepeki, BUKOHYEThCS
yMOBa BHUXOJYy 13 IUKIY y Omori 3 Ta BimOyBaeThcs mepexim ao Omoky 11, ae
(opMy€eTbCS BEKTOp ONTUMAalbHOI KOMOIHAIIi OOIrpiBadiB 3 YEPIH VeCyepop: 3
KPUTEPIEM MaKCHUMAaJIbHOTO BHKOPWUCTAHHS BIILHOTO eHepropecypcy rpyi. Ilicms

4oro BiZI0yBa€ThCs MOBEPHEHHS Y TOJIOBHY Iporpamy (6yok 12 Ha puc. 4.5).

4.2. Po3poOka Moaegi CHCTeMH KepyBaHHsl o00irpiBayaMm 3a KpUTepieM
MaKCHMAaJIbHOI CHHXPOHi3awii ix po0oTn y MateMatuuHomy nakeri MATLAB

3 METOI0 TIEPEBIPKHU 3aIIPOIIOHOBAHOTO AITOPUTMY KEpYBaHHS 00irpiBayamu 3a
KpUTEpPIEM MaKCUMaJbHOI CHHXpOHIZaIli iX poOotu y goaatky «Simulinky
crerianizoBaHoro mareMatuynoro nakety «MATLAB» cTBopeHa MOJelb CUCTEMHU
ABTOMATUYHOI'O0 KEPYBAHHS PO3IMOJIJIOM EHEPropecypcy Mik BICbMOMa 30HaMU
00irpiBy 6araTopyHKII0HAIBHOI OyAiBIl (CXeMa MO/IeJl HaBe/IeHa Ha puc. 4.6).

Koxna 30Ha 00irpiBy sBIsI€E COO0I0 OKpEMY KIMHATY 3 OJHUM €JIEKTPHUUYHUM
obirpiBauemM Ta JOJATKOBUM JDKEpEJIOM TeIia (SK BapiaHT, Oarapesi CUCTEMH
LEHTpasli30BaHOro onayeHHs). Ilapamerpu 30H 0OIrpiBy BH3HAYEH1 y pPeE3yJbTaTi
00poOKM  pe3ynbTaTiB  EKCIECPUMEHTIB 13 BUKOPHUCTAHHSIM  CIICIiai30BaHUX
1HCTpyMeHTIB MaTeMatuaHoro nakery « MATLABy [29] Ta naBeneni y tabi. 4.1.

MonenroBaHHS IPOIECIB HATPIBY Ta OXOJOKEHHS MPUMIILIEHb BIIOYBAETHCS Y
nigcucremax «Heatingzone 1», «Heatingzone 2», ... , «Heatingzone 8» moxemi Ha
puc. 4.6, ycepeauHi SKUX peai3oBaHa OJHOTUITHA MaTeMaTUYHa MOJIENb, 10 OMUCYE
IUHAMIKY TeMIepaTyp TMOBEpXOHb O0O0irpiBada 1 KIMHATH Ta CKJIAJa€ OCHOBY

METOJUKH BUIIPOOYBaHb OMATIOBAIBHUX MPUCTPOIB [29]:

dT P
v oD 7 1)
o dt ] (0 k)
4.3
Tk'di:(To_Tk)'Go"'Pon —(T, - T, ) (43)

dt ]

K K
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Pucynok 4.6 — Cxema MoJielli CUCTEMU aBTOMaTUYHOTO KEPYBaHHs PO3MOAITIOM
eHepropecypcy Mixk BicbMoMa 30HaMH OOIrpiBy 0araTo(yHKIIOHATBLHOI Oy IiBIIl Y TOJATKY
«Simulink» marematuyHoro nmakety « MATLABY
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Cxema mogzeni y aonatky «Simulink» Ha ocHOBI cuctemu piBHSIHB (4.3) pazom
31 CXeMOI MOJeNl JBOXIO3UIIMHOTO peryistopa (TepMocraty o0irpiBaua)
IpEeICTaBIIEH] 3 OMMCAHHAM Y po3uIl 3 MOHOrpadii.

Ha Buxomi miacucrem «Heatingzone 1», ..., «Heatingzone 8» maemo ab6o
HYyJIb, @00 HOMIHAJIBHY TOTYXKHICTh BIAMOBIAHOTO o0irpiBaya «Phy, 1mo crmoxxuBae
enexTpoeHeprito (puc. 4.6). [ani y mimcucremax «Analysis 1», «Analysis 2», ... ,
«Analysis 8» BimOyBaeTbCsi cTaTUCTUYHA O0OpoOKa aAKTMBHUX TMOTYKHOCTEH
obirpiBauiB. [Ipu npoMy y BCiX HMX MIJCHCTEMaX BUKOPUCTOBYIOTHCS OJIHOTHUIIHI
QITOPUTMHU OOPOOKHU CUTHATIB Ta, BIAMOBIAHO, OMHOTUIIHI CXEMH LUX aJTOPUTMIB Y
noaatky «Simulink» marematuunoro nakety «MATLAB» (puc. 4.7).

VY BepxHiil yacTuH1 cxemHu Ha puc. 4.7 3a gonomororo S-pyHkiiil «Period» Ta
«Max_value» BU3HAYa€ThCs MEPIOJ 3MIHU y Yaci akKTMUBHOI MOTYXHOCTI 00lirpiBaya.
VY cepenHiil yacTuHi cxemu Ha puc. 4.7 3a monomororw 6oky «Consumptiontimey» Ta
S-pynkiii «Max value» BH3HAYae€ThCS Yac, MPOTATOM SKOTO OOITpiBa4 CIOKHUBAB
esniekTpoenepriro. HukHs yactuHa cxemu Ha puc. 4.7 npusHadeHa A OOUYMCIIEHHS
npiopuTeTy o0irpisaya 3a Gpopmyinoro (4.2).

TakuMm ymHOM, AK pe3yJbTaT CTATUCTUYHOI OOPOOKM aKTHUBHOI MOTY>KHOCTI
o0irpiBaya Ha BHUXOJ CXeMH Ha puc. 4.7 3a JONOMOIOK MYJBTHIUIEKCOPY (OJI0K
«Mux») ¢dopmyeTbcsi BEKTOp 3 II'ATH MapaMeTpPiB: HOMIHAJIbHA TOTY>KHICTb
oOirpiBaya; mepioj Horo po6oTu (KOiHM 00IrpiBad MPAIlO€ y PEXUMI MiIATPUMKU
TEeMIIepaTypH); 4ac, MPOTIrOM SKOro 00IrpiBad CIOXXHBAB €JIEKTPOCHEPril0; CTaH
KOHTAKTIB TepMOCTaTy, MplopuUTeT oO0irpiBada. Yci mepeniueHi mapameTpu
BUKOPUCTOBYIOTHCS SIK BXIJHI JlaHl JUIsl alNTOPUTMIB BHU3HAYEHHS ONTHUMAJIbHOI
KOMOiHaIli OJHOYACHO YBIMKHYTHX OOIrpiBadiB 3a KPUTEPIEM MaKCHUMAaJIbHOTO
BUKOPHUCTAaHHS BUAUIEHOTO EHEPropecypcy, pO3IMOAUTy EHEpropecypcy ycepeauHi
«Tpym» 00IrpiBaviB Ta y «4ep3i» 00irpiBadis.

S-dpynkmii  «Period» Ta «Max value», sKi BHKOPHUCTOBYIOTbCA Yy CXeMi
QITOPUTMIB CTAaTUCTUYHOI OOPOOKM AaKTHBHOI TOTY>KHOCTI 00irpiBadya MiJCUCTEMU
«Analysis » (puc. 4.7), HeoOXiAHI JJi1 BU3HAYEHHS, BIAMOBIAHO, TMEpioay Ta

MAaKCHUMaJIbHOI'O 3HAYCHHA BXiI[HOFO CUTHAJTY.
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JIis BU3HAUEHHS ONTUMAaIbHOI KOMOIHAIlT OTHOYACHO YBIMKHYTHUX OOIrpiBayiB
32 KPUTEPIEM MAKCUMAJIbHOTO BUKOPUCTAHHS BHJUIEHOTO €HEPropecypcy 3rigHO 3
QIrOPUTMOM, CXE€Ma SKOro TOoKa3aHa Ha puc. 4.2, BUKOPUCTOBYEThCA S-QYyHKIIIA
«Groups_Formy» (61ox «S-Function6» Ha puc. 4.6). Y pe3ynbTaTi BUKOHAHHS S-
byukiis «Groups Formy» moBepTrae BEKTOp ONTUMaIbHOI KOMOiHAIl OJHOYACHO
yBIMKHEHUX 00irpiBadiB. EneMeHTH DaHOro BEKTOpPY 3aJal0Th KIUIBKICTh «TPyI»
Yyepe3 BCTAHOBJIEHHS CTaTyCy «aKTUBHA»/«HEAKTUBHA» JIJISl KOKHOT «TPYMH» Y TEKCTI
S-dyukiii «Groups Parameters», 1o GopMye 3arajbHUIl CHHXPOHI3YIOUHM CUTHAI, a
TaKOXX BEKTOP MapaMeTpiB «rpym» oOirpiBauiB (010K «S-Function» na puc. 4.6).
Takox N1 KOKHOT aKTUBHOI «TPYMNH» €JIEMEHTH BEKTOPY ONTHUMAJIbHOI KOMOIHAIIT
OJIHOYACHO YBIMKHEHHMX O0IrpiBayiB 3aJ]al0Th MOTY>KHICTh, IKY «TpyIa» PO3MOAISIE.

Bxignumu nanumu st S-dyukiii «Groups Formy, sk BumHo 3 puc. 4.6, €
HOMIHAJIbHI MOTy»HOCTI ob0irpieauiB PH1, PH2, ..., PH8 ta 3aganuii kopuctyBauem
JTIMIT 3a 3arajgpHOI0 TOTYXHICTIO P lim. Bximammum nmanumm 1o S-dyHKIii
«Groups_Parameters» € BEKTOp pe3yJbTaTiB CTATUCTUYHOI OOpPOOKH aKTHBHUX
MOTYKHOCTEeM 00irpiBauiB y Bcix migcucremax «Analysis 1», «Analysis 2», ...,
«Analysis_8», a TakoXX BEKTOp ONTHUMaJbHOI KOMOIHAIlI OJHOYACHO YBIMKHEHHUX
001irpiBayis.

Buxigaum curnanom S-¢yskiii «Groups Parameters» € BekTop mapameTpi
«Tpym» 00IrpiBaviB, KN CKIAJAETHCS 3 HACTYIHUX E€JIEMEHTIB: HOMEp «BJIACHOTO)
o0irpiBaya KOXHOi «Trpynu» (OJTHOYACHO BCTAHOBIIOE CTaTyC «TPyIU»), Yac
CIIOKUBAHHSI EHEPropecypcy «BIACHUM» OOIrpiBaueM KOXKHOI «TpyIu», CTaH
KOHTAaKTIB TEPMOCTATy «BJIACHOTO» OO0IrpiBavya KOKHOI «TPyHH», MOTOYHE 3HAYEHHS
Ta MEPioJI 3araTbHOT0 CHHXPOHI3YIOUOTO CUTHAITY.

Posnonin enepropecypcy ycepeluHi «rpym» oO0IrpiBaviB (cxema alropuTMy
PO3IOITy HaBejieHa Ha puc. 4.3) pealli3y€eThCs 32 JOTIOMOTOI0 YOTHPHhOX S-(DyHKITIH
3 OJIHAaKOBUM TPOTpaMHUM KoJoM (ajie 3 pI3HUMH BXIJHHUMH [apaMeTpamHu)

«Group_1», «Group_ 2», «Group 3» Tta «Group 4» (puc. 4.6).



Bxigaum curnanom S-pyHkiii «Group 2» € BEKTOp MapaMmeTpiB «rpym»
00irpiBaviB, a BHUXIJIHUM — KEpPYIOUUW CHUTHaJl Ha «BJACHHI» 00IrpiBau Japyroi
«TPYTI.

Posmonin enepropecypcy y «uep3i» o0irpiBadiB (Cxema ajJrOpUTMy pO3IMOALTY
HaBeJIeHa Ha puc. 4.5) peanizyeTbes 3a aonoMorow S-¢yHkiii «Queue» (puc. 4.6).
Bxigaumu panumu ais S-QyHkmii «Queue» € BEKTOp pe3yNbTaTiB CTaTHCTUYHOI
00OpOoOKM AaKTUBHUX TIOTYXKHOCTEM 0O0irpiBadiB, a TaKOX CyMa HOMIHAJIbHUX
NOTYXHOCTEH 001rpiBayiB, 110 MIIKIIOUYEHI 10 €JIEKTPOMEPEX] HAa TOTOYHUIT MOMEHT.
Buxigaumu panumu S-pynkuii «Queue» € BEKTOp KEpYIOUHMX CHUTHANIIB Ha yci
00irpiBaui, 110 MIAKIIOYEHI 70 Smart-KOHEKTOPIB.

Takum 4mHOM, KOXXKHA S-QYyHKIIIS, [0 KEPYE OJIHIEIO 3 YOTUPHOX «TPYyI», a
TaKOX S-(PYHKIIISI, 0 KEPYE «Ueproroy, POpMYIOTh CBiil BIACHUN BEKTOP KEPYHOUHX
CUTHaJIB Ha yci obOirpiBaui. OmHak, IpH LbOMY, HAJEKHICTH I-ro oOirpiBaua 0
OJTHIET 3 «TPYID» YHEMOXKIIMBIIIOE MOSIBY OJMHUII Ha BIAMOBIIHIN MO3UIIT y BEKTOpax
KEePYIOUYMX CUTHAJIIB IHIIUX «TPym» Ta «4epru». ToMmy mepen mogadero Kepyrdoro
CUTHAJIy Ha OKpeMui o0irpiBau i-oi 30HM 00irpiBy (migcucremu «Heatingzone 1»,
«Heatingzone 2», ..., «Heatingzone 8» na puc. 4.6) HEOOXITHO MPOBECTH
00’€THaHHS II'ATH BEKTOPIB KEPYIOUWX CHUTHAJIB Ha o00irpiBadi 3a KOXXHHM
€JIEMEHTOM dYepe3 OIepallifo JIOTIYHOTO J0/IaBaHHS, a MOTIM MPEACTABUTH KOKHHMA
€JIeMEHT 00’€IHAaHOTO BEKTOpY SK OKpeMmuil kepyrouuii curHan. Li gii Hax
BEKTOpPAMHU KEpPYIOUMX CHUTHAJIIB Ha 00irpiBayi 3IHCHIOIOTBCA Y MIJACUCTEMI

«Controlsignalsformation» (puc. 4.6).

4.3 JlocaimxkeHHs e(QeKTHBHOCTI aJropuTMy KepyBaHHsi o0irpiBauamMum 3a
KPHUTEPIEM MAKCHUMAJIBLHOI CHHXPOHI3aLii IX po0oTH

[IpoananizyeMo pe3ynbTaTH IMITALIHOTO MOJEIIOBaHHS POOOTH CHUCTEMU
KEpYBaHHA pO3MOJLJIOM EHEpPropecypcy MDK BiCbMOMa 30HaMH  OOIrpiBy
OararodyHKI1OHATBHOT OY/IiBII (MMapaMeTpu 30H OO0IrpiBy HaBeaeHi y Tabiu. 4.1) Ha
OCHOB1  3alpONOHOBAaHOTO  AJTOPUTMY  PO3MOAUIEHHS  €Hepropecypcy 13

CHUHXpPOHI3aIli€0 poOOTH 00IrpiBaviB 3a 4acoMm.



Ha nouaTtkoBoMy eTami 00irpiBy KiMHAT, 3 ypaxyBaHHSIM TOro, 110 00irpiBaui
OyJM BUMKHEHI TPUBAJIMI Yac, PO3MOALT €Hepropecypcy Mix olirpiBauamMu Oyje
OpOTIKATH 32 QJTOPUTMOM  PIBHOMIPHOTO  PO3MOJLTY €HEPropecypcy  Mix

oOirpiBayamu BiJMOBITHOT MOTYKHOCTI (pucC. 4.4).
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Pucynox 4.8 — 3MiHa y 9aci HoTy»KHOCTEH 00irpiBaviB, 10 BXOAATH /10 NepIoi «rpymnu» (2 kBT)

Ha puc. 4.8, Ak mpukiaj, MokKa3aHU pe3yJabTaT PIBHOMIPHOTO PO3MOILITY
eHepropecypcy MiX o0irpiBayaMu MOTYKHICTIO 2 KBT mepiioro «rpymoro» 3a yMOBH
BIJICYTHOCTI Y «TpYIi» BJacHOTO oO0irpiBaya. Xapakrtep poOOTH 00irpiBayiB, KOJIU
KOXKEH 3 HHUX IPAIIO€ MPOTATOM TPETUHU Tepiony (MpUHHATUN 6 XBUJIMH), BU3HAYAE
Tol (akT, mo yci TpW 0OIrpiBavya CIOXHBAIOTh EHEPropecypc TIIBKH MepIIoi
«Tpynu» Ta MalOTh OJHAKOBI MOYATKOBI IPIOPUTETH.

3 ornigmoM Ha YMOBH OOITpiBY, TMEPIIMM BIMOBHUBCS B pecypcy ChOMHI
oOirpiBau nortyxHicTio 0,8 kBT, skuii 3HaXOOUThCA y KIMHATI 3 HEBEIUKOIO
mommHo 8 M°. et 06irpiBay yBilIIOB 0 4eTBEPTOI «IPYII» Ta CBOIM PEKUMOM
po0oTH 3a/1aB MMOYaTKOBUM (ha30BUI 3/IBUT Ta MEPIOJ] 3araJibHOI0 CUHXPOHI3YIOUOTrO

CUTHAJTy JIJIs1 yCIX BJIACHUX OOITrPiBaYIB «TPYyI».



Hactynaum Ha 52-i XBUJIMHI MOJICIIOBAHHS BIMOBHUBCS BiJI pecypcy Ipyrui
obirpiBau motyxHicTio 1,5 kBT, sikuil yBiHmoB g0 apyroi «rpymm». Llei obirpiBau
CUHXPOHI3YBaB CBOIO poOOTy 3 o0OIrpiBaueM 4YETBEPTOI «IPyNHU» 3a MPaBUIOM
o0’eHaHHSI BUIBHOTO pecypcy y daci. PesymbTaT cuHXpoOHIi3aIlii poOOTH BIIACHUX
00irpiBayiB Ipyroi Ta 4e€TBEPTOI «TPYI» MpeaAcTaBlieHUd Ha puc .4.9, 1€ MOTYXHICTh
o0irpiBaua Apyroi «rpynm» MmokaszaHa MyHKTHPHOIO JiHier0. [3 puc. 4.9 Mu 6aunmo, 1110
MOYMHAOYM 3 73-i XB. MOjeNOBaHHA, oOIirpiBaui moTyxkHictio 0,8 Ta 1,5 kBt

NOYMHAIOTh BMUKATUCA Pa3oM, TOOTO MpoLieypa CUHXPOHI3allii 3aifHsu1a 21 XBUIKHY.
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Pucynok 4.9 — 3mina y 4yaci notyskHocTeil 06irpiBauis i3 nepiuoi (2 kBT), apyroi (1,5 kBr) Ta
gyeTBepToi (0,8 KBT) «rpym» 3a yMOBH CHHXpOHI3aIli iX podoTH

Takox Ha puc. 4.9 moka3zaHa CHHXpPOHI3aIlsl poOOTH 00IrpiBava MOTYKHICTIO
2 kBT, 110 BiIMOBUBCS BiJ] €EHEPTOpECYPCy Ta YBIHIIOB J0 «IEpIIO» Ipynu Ha 59-if
XBUJIMHI MOJIENIOBaHHS, 3 00IrpiBaueM Jpyroi «rpymnu» mHoryxHicTio 1,5 kBT 3a
MPaBUJIOM PO3JUICHHS BUIBHOTO pecypcy y uaci. 3 puc. 4.9 BuaHO, 110 Ipoleaypa
CUHXpOHI3amii TpuBasia 29 XBWUJIMH, Ta TMOYHHAIOYM 3 88 XBWIMHH YBIMKHCHHS
o0irpiBadya MOTYXKHICTIO 2 KBT BigOyBaeThcs TOJI, KOJM BHUMHMKA€ETHCS 0OIrpiBady

notyxHictio 1,5 kBT.



Ha puc. 4.10 Mu MOXEMO IPOCTEKUTH, K NMPUMYCOBE 3aTATCYBaHHSA y 4Yacl

CepeiHIi TeMIlepaTypi MOBEPXOHb 00IrpiBayiB.
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3MEHIIICHHS CEepeAHbOI TeMIlepaTypu MOBEpPXHI HE OyJe TUIBKH B OJHOTO
o0irpiBaua «rpym», SKAW 3aJja€ 3aralbHUIA Nepioj s ycixX 1HmmMX oOirpiBauiB. s
HAILIOTO BUIAJAKY 1€ CbOMUI 00IrpiBay, TEMIEpaTypa MOBEPXHI IKOIO KOJIUBAETHCS Y
Mmexax Bim 38 mo 42°C i3 cepennim (axktnunum 3HaueHHSIM 40°C, 1m0 TOpIBHIOE
ycraBui (puc. 4.10, B). Temmeparypa moBepxHi Apyroro oOirpiBada MOTYKHICTIO
1,5 kBT micisi cuHXpOHI3allii 3MIHIOEThCS y Mexax Big 42,5 no 47°C 13 cepelnHiM
daktnunum 3HadeHHsSIM 44,75°C (puc. 4.10, a). BpaxoByrouu Te, moO ycCTaBKa
nopiBHioe 45°C, MaeMO BIJHOCHE BIAXWJIEHHS BiJl 3aIaHOTO 3HAYEHHSI TEMIEPATYpH

noBepxHi oOirpiBada 0,55%. Y cBow depry, Temrmeparypa MOBEpXHI YETBEPTOIrO



o0irpiBaya MOTYXKHICTIO 2 KBT micis CHHXpOHI3allii KOJUBAETHCS y Mexkax Bia 51 1o
57°C 13 cepenniM daktuunum 3HaueHHsIM 54°C (puc. 4.10, 6). BpaxoByrouu Te, 110
ycTtaBka JopiBHIOE 55°C, MaeMoO A7 4eTBEpPTOro olirpiBaya BiAHOCHE BIAXMIICHHS
BiJl 33JTaHOTO 3HAYEHHS TeMITepaTypu Horo moBepxHi 1,8%.

Takum YMHOM, CHHXpOHI3AIllE poOOOTH OO0IrpiBayviB y «Tpymax» uepes
3aTpUMYyBaHHS BMHKaHHS OOIrpiBaviB JJisg HAIIOTO BHMAAKY MPU3BOIAUTH 10 JOCUTH
HE3HAYHOTO 3MEHIIICHHS TeMIIepaTypH MOBEPXOHb 00irpiBadiB (10 3 %), M0 Maibke
HE TO3HAYAETHhCS HA SIKOCTI 3a0e3MeueHHs] 3aJaHOTO TEMIIEPaTypPHOTO PEXUMY Y
30Hax OOIrpiBY.

[IpoanamizyeMo 3aKOHOMIPHOCTI 3MIHM y Yacl CyMapHUX MOTY>KHOCTEH
obirpiBauiB y «rpymax» Ta y «dep3i». Ha puc. 4.11 mnpexacraBieHa auHamika
CyMapHUX TMOTYKHOCTEH 00IrpiBaviB y «Ipyrax» Ta y «4ep3i» IMicisl CHHXPOHI3allil
poboTu ycix o6irpiBauiB y «rpymnax». I3 puc. 4.11, Mu Gauymmo, 1o 3MiHa y 4aci
CyMapHOi TMOTY>KHOCTI OOIrpiBayiB y «rpymnax» € MNepIOJUYHUM CHUTHAJIOM 3
MPUCYTHICTIO IHTEPBAIIB 4Yacy, KOJU CyMapHa IMOTYXHICTh JOPIBHIOE HYIO (OIS
25% mnepiony). lle € mepenbadyBaHMM HACHIIKOM TPOIECY CUHXPOHI3AIil poOOTH
00IrpiBaviB «rpym», KOJH TPHUBAJIOCTI iX YBIMKHYTUX Ta BHUMKHEHUX CTaHIB €
HE3MIHHUMU BEJIMYMHAMH Ha KOKHOMY HOBOMY TEpPIO/Ii.

Ha Bigminy BiJl cyMapHOi MOTY>KHOCTI 00IrpiBadiB y «Tpymax», 3MiHa y Yaci
CyMapHOi TOTYXHOCTI O00IrpiBadiB y «uep3D» HE € MEepIOJUYHUM CHUTHAJIOM 3
nepeadadyBaHoO0 Ta He3MIHHOIWO (opMmoro (puc. 4.11, 6). Ane MOXXKHA TIPOCTEKUTH,
10 HAMOUTBIII 3HAYEHHS CyMapHa MOTYXKHICTh O0IrpiBaviB y «4ep3i» Ma€e TOJ1, KOJIH
CyMapHa MOTY>KHICTh 00IrpiBayiB y «rpynax» A0piBHIOE Hyt0. s 3aKkOHOMIpHICTB
IIIJTKOM BIJIMOBIIa€ CYT1 3alPOIOHOBAHOTO AJTOPUTMY PO3MOJLTY €HEepropecypcy

cepen 00irpiBauiB y «uep3i» (puc. 4.5).
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Pucynoxk 4.11 — 3miHa y 9aci: a — cyMapHOi MOTY>KHOCTI 00irpiBaviB y «rpymax»; 06 —
CYMapHOI MOTYKHOCTI 00IrpiBaviB y «4ep3i»

Taxox mpoaHanizyeMo 3MiHY y 4Yaci CyMapHOi MOTY)KHOCTI YCiX 00irpiBayiB
(puc. 4.12). Mu O6auyumo, MO y AWHAMINI CYMapHOi IMOTYXHOCTI MarTh MICIIC
KOPOTKOYACHI MEPEBULIEHHS JOIMYyCTUMOro JiMITy 6 KBT, ofHaK iX TpUBAJICTh HE
ounbie 2 cexkyHa. Lle moB’si3aHo 3 TUM, IO PIIIEHHS PO BMUKAHHS a00 BUMHUKAHHS
oOirpiBaya 13 «4epru» MNPUHUMAETHCA HA OCHOBI 1H(OpMAIll MPO BMHUKaHHA a0o
BUMUKaHHS OJIHOTO 3 OOIrpiBadiB y «Tpymax», SKa HAAXOIUTh 13 HE3HAYHUM
3aMi3HEeHHAM (KPOK MOJIENIOBaHHS y JAaHOMY BHMaAKy mnpuiiHsaTtuil 1 c). Takox 13
puc. 4.12 Ta Ha OCHOBI CTaTUCTUYHOI OOPOOKU pE3yJbTATIB MOAEIIOBAHHS POOUMO
BHCHOBOK, III0 B OCHOBHOMY CyMapHa MOTYXHICTh yCiX 00IrpiBauiB 3MIHIOETHCS Y
Mexax Big 4 mo 6 kBT i3 cepeaniMm 3HadyeHHsM 5,2 kBt. ToOTO, 111 pO3TISHYTUX
YMOB 00IrpiBy NPHUMIIIEHb 3aCTOCYBAHHS 3alpPONOHOBAHOTO AJITOPUTMY PO3MOILITY
eHEepropecypcy npu3BOAUTH O BUKOPUCTAHHS BUIUICHOTO eHepropecypcy Ha 86,7%

13 100% MakCcUMAaJIbHO MOKJIUBOTO.
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Hami Ha ocHOBI puc. 4.13 Mu MOXKEMO NpOaHATI3yBaTH, SIK OOMEKEHHS
eHepropecypcy obirpiBadam 3 «4epru» 3 METOI 3ar00IraHHs MEPEBUIIICHHS JIIMITY 6
kBT Ta MakcMManabHOTO BUKOPUCTAHHS BUJIJICHOTO €HEPropecypcy MO3HAUYMIOCS Ha
CepelHiii TeMIiepaTypl MOBEPXOHb oOIirpiBaviB. Jlpyruii, TpeTiil, 4eTBEepTHIl Ta
ChOMUI 00IrpiBayi 3a pe3yJbTaTaMHi HArpiBy NPUMIIIEHb BXOASATh A0 «TPYI».

3MiHa y wyaci TeMIiepaTtyp IOBEpXOHb LUX oOirpiBauiB (puc. 4.13, 0,
puc. 4.13, B, puc. 4.13, r Tta puc. 4.13, €) Mae OJHaKOBUU XapakKTep MEPIOJTUUYHUX
KOJIUBaHb 3 HE3MIHHHUMH IE€pioJIOM Ta MIMPUHOIO Jiafa3oHy 3MIiHHM 3HAYEHb
TemriepaTypu. BigHocHE BIIXWIICHHS cepeqHbOl (PaKTUYHOI TeMIepaTypu MOBEpPXHI
oOirpiBaya «rpynu» BiJ 3aJaHOr0 3HAYEHHS MPU I[bOMY JOPIBHIOE: NIJIsl APYTOro

obirpiBava 0,55%, nns tperboro — 1,3%, mist werBeproro — 1,8%, mist cbkomoro — 0%.
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Ha Bigminy Big o0irpiBadiB «rpym», siKi 3aBXId OTPUMYIOTh Mailke Bech
3ampoIyBaHUN €Hepropecypc, 3MiHa y dYaci TeMIeparyp IMOBEpXOHb OO0IrpiBadiB 3
«4epru» Mae BUIAJIKOBUN XapakTep KOJWBaHb y 3HAYHO OUIBIIOMY Jiana3oHl 3MiHU
3HaueHb. BumukanHs o0IrpiBa4yiB  3aBkAU  BiAOyBaeThCcd 32  BEPXHHOIO
TEMIIEPaTypHOI0 MEXKEI0 TepMOCTaTy, ajie YBIMKHEHHS 3/1MCHIOETHCS 13 YaCOBUMH
3aTpUMKaMH, sKi, K BUAHO 3 puc. 4.13, MOXXyTh OyTH JOCUTH 3HAUHUMHU. Y TaKOMY
pa3i MOpPOTATOM HETPUBAIUX IHTEPBATIB Yacy (M0 5 XBWIMH) CIOCTEPITa€ThCs
BIIXWICHHS (PAKTUYHUX TEMIIEpaTyp MOBEPXOHb OOIrpiBaviB BiJl 33JJaHUX 3HAYEHb Y
cTopoHy 3MeHuieHHs Ha 5-10°C. BigHocHe BIOXWIEHHS CepeaHboi (HaKTUUHOI
TEMIIEpaTypy MOBEPXHI 00IrpiBaviB 3 «4Yepru» Bij 3aJaHOTO 3HAYEHHS MPU LOMY
TOPIBHIOE: 1715 Tiepioro obirpiayda 1,1%, mis m’storo — 1,7%, nis moctoro — 2%,
st BocbMoro — 0,9%. Otxke, KOPOTKOYACHI BIIXWICHHS (DAKTUYHUX TEMIEpATyp
noBepXxoHb 00IirpiBaviB Ha 5-10 °C HECyTTE€BO 3MEHILYIOTh CEPEAHIO TEMIEPATypy
OBEPXOHB 00IrpiBaviB 3 «4epru» (10 2%).

Takum ymHOM, (pakTHYHA NHWHAMIKa HArpiBy yCiX MPUMIIIEHb Maixke Oyre
BIAMOBIAATH OakaHIN AWMHAMII, IO 3aJa€ThCS KOPUCTYyBayeM dYepe3 HaCTPONKH
TEPMOCTaTa, OCKUIbKM BIHOCHE BIAXWICHHA (AKTUYHUX CEPEeIHIX TeMIeparyp
MOBEPXOHB O0IrpiBaviB BiJl 3a/IaHUX 3HAYEHb HE TIepeBUILye 2%.

Ha puc. 4.14 nokazana QakTuyHa JuUHaMIKa HarpiBy yciX OpHUMilIeHb. [3
puc. 4.14, a, puc. 4.14, 6 Tta puc. 4.14, B Mu 06aunmo, 1O MBHUAKICTb HATPiBY
PUMIIIEHb 00IrpiBauaMu MOTYKHICTIO 1,5 KBT Maiike olHakoBa JjIsl yCiX TPhOX 30H
o0irpiBy. Toi camuil BACHOBOK MO>KHA 3pOOUTH 1 AJis 30H OOIrpiBy 3 00irpiBauaMu
notyxHictio 0,8 kBT (puc. 4.14, €, x). Jlo Toro *, y chomiii Ta BOCBHMIll 30HaX
00IrpiBy CIOCTEPIraeThCsd MaKCHUMallbHa MIBUAKICTb HArpiBy NOpPHUMIIIEHb, IO
MOB’SI3aHO 3 HEBEJIMKUM PO3MIPOM LHKX MpuMilieHb. Haltbinpn moBiibHUN HArpis,
NpUOJIM3HO 3 OJTHAKOBOIO IMIBUAKICTIO, Ma€ MiCIle y YETBEPTIA Ta MIOCTIM 30HAX
00IrpiBy, 110 3yMOBJIEHO 3HAYHUMHU IUIOMIMHAMU MPUMIIIEHb Ta BIANOBITHUMHU
HacTporkamu TepmocTtariB. [LIBuaKicTh HArpiBy MPUMIIIEHHS y I’ ATii 30H1 00ITpiBY
npubau3Ho Ha 15% Olble y MOpiBHSHHI 3 YETBEPTOIO Ta IIOCTOIO 30HAMMU.

Taxum unHOM, 3p0OMMO HACTYITHI BUCHOBKH:



— JUIA  3ampoTOHOBAaHOTO  aNTOPUTMY  PO3MOAUIEHHS  €HEpropecypcy
CUHXPOHI3aIlisl poOOTH 00IrpiBayiB 3a YaCOM y «TPYIax» B 3aJEKHOCTI BiJ MEPIOay
3arajibHOr0 CUMHXPOHI3YKYOr0 CUTHAIIY Ta YMOB OOIrpiBY BiJIOYBa€THCS MPOTATOM 5-
30 xBwmH. Ile o3Ha"ae, MO PO3MOMIICHHSI €HEPropecypcy 3a JaHUM aJITOPUTMOM
Oylne e(peKTUBHHUM y TOMY BHIMAJKYy, SKIIO TEpIOJ 3MIHU JIMITY 3a 3arajbHOIO
HNOTYXHICTIO, L0 BUIUISETHCSA sl OOIrpiBayiB, Ta Mepioj 3MIHM YMOB OOIrpiBY
OpUMIlEeHb OYyTh IIOHAMMEHIN y MIBTOpa pa3u OUIbIIe Yacy CHHXPOHI3aIll podoTu
001irpiBayiB;

— JIOCTIDKEHHS 3allPOIIOHOBAHOTO AITOPUTMY PO3MOJIJICHHS €Hepropecypcey i3
CUHXPOHI3aIi€l0 poboTH 00IrpiBaviB 3a 4YacoM Ha OCHOBI IMITaIiiHOI MoOemi
CUCTEMHU KEpyBaHHS PO3MOJIJIOM €Hepropecypcy IoKaszajld, 110 aJrOpUTM
3a0e3nedye OakaHy NMHAMIKy HarpiBy MPUMILIEHb, OCKIJIBKH BIJHOCHE BIIXHWJICHHS
(bakTUYHUX CEepeHIX TeMIlepaTyp MOBEPXOHb OOIrpiBaviB BiJ 3aJaHUX 3HAUYCHb HE
nepesunrye 2%. Ilpy 1pOMy BUKOPUCTAaHHS BHUIUIEHOTO E€HEPropecypcy

Bi1OyBaeThCs Ha piBHI 86,7% 13 100% MakcUMalIbHO MOMJIUBOTO.

4.4 PesyJbTatd  MOJEJIOBAHHS MNpPOUECIB PO3YMHOI0 TeIJIOBOIO  IOJIs,
KEPOBAHOI0 KOAJIMIHHMMH rPynaMu

3a 00’€KT MOCHIPKEHHA NpHUIHATAa TPUKIMHATHA KBapTHUpa, IUJIAaH SAKOI
HaBeaeHuid Ha puc. 3.10. TemmodizuyHi mapaMeTpu KBapTUPH TaKi K cami, sIK OyJi0
pPO3IIIAHYTO B TJaBi 3. 3 ypaxXyBaHHSM TEIUIO(MI3UYHUX IMapaMeTpiB, TEXHOJIOTIYHA
cXeMa KBapTUpH K 00’€KTa JOCHIIKeHHs HaBejeHa Ha puc. 3.10. MonemtoBaHHs
MpOLECIiB HArpiBy Ta OXOJOKEHHS 30H OOIrpiBy BiAOYBae€eThCSA y MiAcCHCTEMax
«Heating zone 1», ..., «Heating zone 4» Mopem, ycepeauHl SKUX peaidizoBaHa
OJTHOTUITHA MaTeMaTH4YHa MOJEJb, IO OMHUCYE TWHAMIKy TEMIIEpaTyp IMOBEPXOHb
oOirpiBaya 1 KIMHaTH Ta CKJIaJla€ OCHOBY METOJUKH BUIPOOYBAaHb OMATIOBATHHUX
npuctpoiB [30]. Ha Buxomi miacuctem «Heating zone 1», ..., «Heating zone 4»
MaeMo abo0 HyJb, a00 HOMIHAJIBHY MOTY>KHICTH BiAMOBIAHOTO oOirpiBaya «Phy, mo
CHokuBae enekTpoeneprito. Jami y mimcucremax «Analysis 1», ..., «Analysis 4»

BIIOYBA€ThCSI CTATUCTUYHA OOpOOKAa AaKTUBHUX NOTYXHOCTe oOirpiBauiB. I[lpu



IIbOMY Y BCIX IIMX MiJICHCTeMaX BUKOPHUCTOBYIOTHCS OJHOTHUITHI alTOPUTMHU OOPOOKHU
CUTHAJIIB.

TakuM 4yuMHOM, AK pe3yJbTaT CTATUCTUYHOI OOPOOKM aKTHMBHOI MOTY>KHOCTI
obirpiBaya ¢GOpMyeTbCS BEKTOp 3 IT'SATH IapaMeTpiB: HOMIHAJbHA TMOTYXKHICTb
obirpiBava; mepiog Horo poOOTH (KoM OOIrpiBad Mpalie y pPekKUMi MiATPUMKH
TEMIEpaTypH); 4Yac, MPOTITOM SIKOTO O0IrpiBay CIOXKHBAB EJIEKTPOCHEPril0; CTaH
KOHTaKTIB TEPMOCTaTy; IMpiopuTeT oOirpiBaya. Yci mepeiiueHl napameTpu is
YOTUPHOX OOIrpiBayiB, a TaKOX JIMIT 3a MOTYXXHICTIO Ha OOIrpiB KBapTUPH
BUKOPHUCTOBYIOTBCS SIK BXIJHI JaH1 A7 QyHKIII popMyBaHHS TPyII, 110 peai3oBaHa
gk S-pyskmis «Groups Parameters» nHa puc. 4.15. Buxigaumu manumu QyHKIil
(opMyBaHHS TpyIl € HOMEPHU Ta MapaMeTpHu 00irpiBayis, MO YBIHIUIK 10 rpynu (dac
CIIO’KUBAHHS PECYpCy Ta CTaH 00IrpiBava), a TAaKOX BEKTOP ONTUMaIbHOI KOMOiIHAITIT
00irpiBaviB 3a KpPUTEPIEM MaKCHUMaJIbHOTO BUKOPHUCTAHHS JIIMITY MOTY>KHOCTI Ha
00IrpiB.

BximnuMu nmanuMu  ans QyHKINH  yOpaBiiHHS TpynaMu 00irpiBadiB, IO
peamizoBani Ha puc. 4.15 gk S-¢ynkumii «Group 1-4», € BekTop napameTpiB
o0irpiBaviB, 110 YBIMILIN O TPYM, a BUXIIHUM — KEPYIOUUN CUTHAJT Ha «BJIACHHII»
00irpiBay rpymnu.

OyHKIis ynpaBiaiHHS dYepror oOIrpiBadiB peanizoBaHa fAK S-(QyHKIISA
«Ochered» Ha puc. 4.15. Ii BXiZHMMU JaHUMHU € Pe3yIbTATH CTATUCTHYHOI 0OPOOKH
NOTYXHOCTEH 001rpiBayiB, BEKTOp ONTHUMAaJIbHOI KOMOIHaIIi 00irpiBayiB Ta CymMapHa
NOTOYHA TMOTYXKHICTh, IIO CIIOXHBAEThCS OOIrpiBauaMu, fAKi BXOIATH N0 TPYIL.
Buxigaumu 1aHuMu € Kepyrodi CUTHAIM Ha 00irpiBadi y yepsi.

Takum unMHOM, KOXHa S-QyHKIs puc. 4.15, 1m0 Kepye OJHIEID 3 YOTHUPHOX
TPy, a TakoX S-(QYHKIIIS, 10 KEPYE «Ueprowy, GOpMyrOTh CBil BIAaCHUN BEKTOP
KepYyIOUMX CHUTHaJIB Ha yci oOirpiBaui. OpHak, OpH I1bOMY, HAJIEKHICTh 1-TO
obirpiBaga 70 OJHIET 3 «TPYyM» YHEMOXJIMBIIIOE TOSIBY OJWHHWIN Ha BiJIIOBITHIN
MO3UIlll Yy BEKTOpax KEPYIUYHX CHTHAJIB IHIIUX «TPym» Ta «depru». ToMmy mepen
MOa4YCI0 KEPYIOUOro CUTHAITY Ha OKpeMUit 00irpiBad I -1 30HU 00IrpiBy (mmigcucremMu

«Heating zone 1», ..., «Heating zone 4» Ha puc. 4.15) HeoOxigHO MpoBeCTH



o0’eHaHHS II'ITMU BEKTOPIB KEpPYIOUMX CHUTHAJIIB Ha o0O0irpiBadi 3a KOXXHUM
€JIEMEHTOM Yepe3 OIepallifo JIOTIYHOTO JOJaBaHHs, a MOTIM NMPEACTABUTH KOXKHHUI
eJIeMEHT 00’€IHAaHOTO BEKTOpY SK OKpeMui kepyroumit curHan. I[{i gii Hag
BEKTOpaMH KEpPYyIOUMX CHUTHAJIIB Ha 00irpiBadi 3IIHCHIOIOTHCS Y MiACHCTEMI
«Controlsignalsformation» (puc. 4.15).

brnok «Thetotalpowerforheaters» na puc. 4.15 iMiTye 3MiHYy y 4aci JIMITY
MOTYXHOCTI, IO BUIUISETHCS HA EJEKTPUYHUIN OOIrpiB KBapTupu. DakTHUHO II€
JIMIT 3a MOTYXHICTIO, 1[0 BUCTABIISAEThCA KOPUCTYBA4YEeM, ajie 13 TIEPIOAUIHUM HOTO
3MEHIICHHS Ha BUMNAJAKOBY BEIMYMHY 4Yepe3 TMEpIoJUYHE MiIKIIOYEHHS [0
SJIEKTPUYHOI MEPEXi IHIMUX MOOYTOBHX MPUCTPOiB. ToMy y SKOCTI I[LOTO OJIOKY
BUKOPHUCTOBYETHCS MOJIENIb IMITAIlll BUMAJAKOBOT 3MIHHM Y Yaci JIMITY MOTYXHOCTI 3
BUITaJIKOBUM IIEPI0JIOM, CXEMA SIKOi HaBeJeHa Ha puc. 4.16.

brnok «JlianazoH 3MiHM JIMITY TOTYXHOCTI» Ha puc. 4.16 3amae mianmazoH
3MIHM JIIMITY JJIsl HAIIUX JTociikeHb B 1 10 5 kBT, a 6ok «llepioa 3minu JimiTy
MOTYKHOCTI» 3a/1a€ BUIAJKOBUWA NEP10A 3MIHU JIMITY JUIsl HAILIUX JOCIIKEHb Bl 5
1o 30 xB. brok «Saturation» oOMeXye BEpXHIO MEXKY 3MIHHU JIIMITY MOTYKHOCT1 Ha
piBHI 10 5 kBT, 110 3a7aHuii KOprCcTyBadeM (U1l HAILKUX OOCIIKEHb 3 KBT).

OcHOBOIO MOJeNl IMiTallli 3MIHM Yy 4Yaci JIMITY TOTY>KHOCTI Ha €JIeKTPUYHUMN

00IrpiB kBapTupu Ha puc. 4.16 € S-pynxuig «Limit P».

[Liana3oH 3MiHK Limit_P 7|£ -
MiMITY NOTYKHOCTI

S-Functioné Saturation

Mepiog 3MiHu
NiMITY NOTYKHOCTI

Pucynok 4.16 — Cxema mMojieni iMiTarii 3MiHH y Yacl JIMITy MOTY>KHOCTI
Ha eJIeKTPUYHHUNA 00IrpiB KBapTHPHU
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Huxue Ha puc. 4.17 — 4.20 HaBeleH1 OCHOBHI pe3yibTaTH AOCIIIKEHb pOOOTH
CUCTEMHU KepyBaHHsI oOirpiBayamMu 3a KpPUTEPIEM MaKCHUMaJbHOI CHMHXpOHI3alii 3a
YMOBH PI3HUX CHUTYyaIlili Ipy O0IrpiBl MpUMIIEHb Y MaTeMaTHYHOMY TakeTi Matlab.
Pi3Hi cutyanii 3aaBanucsa 3MiHOIO XapakTepy MiAKIIOUEHHS MOOYyTOBUX MPUCTPOIB
PI3HOI MOTYKHOCTI MPOTATOM Yacy MOJIEIOBaHHS, 1m0 ckiaaae 1440 xB (onHa 100a).
[TonoxeHHs1 TepMOCTaTiB 00IrpiBayiB MpH LIbOMY HE 3MIHIOBAJIMCA Ta OyJM miaiOpaHi
TaKUM YHMHOM, 100 3abe3meuyBaTH KOMQOPTHY TEMIEpaTypy y 30HaX OO0IrpiBy
KBapTUpH Ha piBHI 2324 °C 3a yMOBH TeMIIepaTypH 30BHIIIHbOTO cepenoBuia 0°C.

Ananmiz puc.4.17 [03BoisS€ 3pOOMTH  BUCHOBOK IIIOJO  BiJICYTHOCTI
MEPEBUIIICHHS JIMITY TMOTYXKHOCTI, IO BHUIUICHHM Ha EJIEKTPUYHUN O0OIrpiB
kBapTupu. KopoTkodacHi MepeBUICHHS JIMITY MOTY>KHOCTI Ha OOIrpiB TPUBAIOTh
0,01 xB Ta MOB’sA3aHi 3 TUM, LII0 CUCTEMa pearye caMe Ha MOAII0 NEePEBUIIICHHS JTIMITY
Ta TepeMHKae o0irpiBadi 3 METOI0 3MEHIIEHHS TOTY)KHOCTI Ha OOIrpiB 13
3aMi3HEHHSM, 110 JOPIBHIOE MEPIOAY BUKIMKY (QYHKIIA Ta OHOBJIEHHS 3MIHHUX Yy

nporpamHomy 3abesneuyenHi (0,01 xB a6o 0,6 c).
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Pucynok 4.17 — 3MiHa y yaci JiMiTy MOTY>KHOCTI Ha €JIeKTPUYHHUNA 00IrpiB KBapTUPU
(TryHKTHpHA JIiHis) Ta CyMapHOi MOTY>KHOCTI, III0 CIIOYKUBAIOTH 00irpiBadi (CyIiibHa JIiHis)



3 puc. 4.17 Mu Takox OaynMo, IO Maibke Ha yChbOMY YacOBOMY IHTEpBall
MOJIEJIIOBaHHSl CyMapHa MOTOYHA MOTYXHICTh, 11O CIOXHUBAETHCA OOIrpiBavaMH 3a
YMOBHU €JIEKTPUYHOTO OOIrpiBy KBapTHpH, HE mepeBuirye 2,5 kBT, xowa JIMIT 3a
MOTYXHICTIO CTaHOBUTH 3 KBT. [IprCyTHICTh HETTOBHOTO BUKOPUCTAHHS BUALICHOTO
JIMITY TOTY>XKHOCTI Ha OOIrpiB KBapTHUpU NOB’s3aHa 3 THUM, IO yci oOirpiaui
BUUILIM Ha 3a/laHi KOPHUCTyBadyeM dYepe3 TePMOCTaTH TEeMIIeparypy i MpaIoroTh 3
NEepIoIMYHUM CAMOCTIMHUM BIJIKJIIFOYEHHSIM, a 2,5 KBT MOTYXHOCTI BUCTadae aJis
IATPUMKH KOM(DOPTHUX TeMIiepaTyp y 30HaX 00IrpiBy.

To6To 3a pe3ynpTaTamMu JOCTIIKEHb MAEMO Ba)JIMBHM BHCHOBOK IIIOJIO
KOM(DOPTHOCTI Ta €(PEKTUBHOCTI BHUKOPUCTAHHS KOPUCTYBAYEM 3alpPONOHOBAHOI
CUCTEMU YIIPABIIHHS €JIEKTPUYHUM 0OirpiBoM. Piu y Tomy, 110 3ampornoHOBaHUMN
ITOPUTM Tiependavae yyacTb KOpUCTyBada y 3aBJaHHI KOM(MOPTHUX TeMIepaTyp y
30HaX OOIrpiBy 4epe3 BCTAHOBJEHHS BIAMOBIIHUX IMOJOXKEHb TepMocTariB. Kpim
TOTO, KOPUCTYBau Ma€ BUPIIIMTH, KUK MOBHHEH OyTH JIMIT 3a MOTYXHICTIO Ha
o0irpiB. Bce 1e poOUTh pPEKOMEHJOBaHYy CHCTEMY YIPABIIHHS EJIEKTPUUHUM
00IrpiBOM KBapTHPU JOCUTH CKJIATHOIO U KOPUCTyBada. ToMy HEOOXITHI IEBHI
peKoMeHJanli, SKi JI03BOJSATH CHPOCTUTH TMPOLENYypY HalalITyBaHHA pPOOOTH
CHUCTEMHM YHpaBJIiHHA OOIrpIBOM KOPUCTYBaue€M 3 METOI JIOCATHEHHS, 3 OJHIET
CTOPOHH, OaXKaHMX TEMIIepaTyp Yy 30HaX OOIrpiBy, a 3 IHIIOI CTOPOHU — OaKaHOI
KIJTBKOCTI  CIIOKMBAHO1 ~ €NeKTpoeHeprii Ha oOIrpiB 3a yYMOBH BIACYTHOCTI
NEPEBUILIEHHS BCTAHOBJIEHOTO JIIMITY IOTYHOCTI.

3 OrjsiI0M Ha BCTAHOBJIEHI 3aKOHOMIPHOCTI 3MIHH y Yacl CyMapHOi MOTOYHOT
MOTY»HOCTI, 1110 CIIOKUBAETHCS 00irpiBauaMu, Ha puc. 4.17 HajmamTyBaHHs pPOOOTH
CHUCTEMH YMPAaBIiHHS EJIEKTPUYHUM OOIrpiBOM KBapTUpPU Mae€ BinOyBaTHuCsA y B
eTarnm:

— MOTpiOHO BCTAaHOBHUTH JIIMIT 3a MOTYXKHICTIO Ha OOITPiB 3 MEBHUM 3allacoM Ta
MICJISI IHOTO 3 YpaxXyBaHHSAM 1HEPIIIIHOCTI 3MIHU TEMIIEPATypH Y KIMHATaX MPOBECTH
HaJIAITYBAaHHS TOJOXKEHHS TEPMOCTATIB TaKMM YHHOM, II00 TeMIieparypa y 30Hax
001irpiBy Oysa KoM()OPTHOIO;

— MicIA TOro, K (paKTUYHA TemIeparypa y 30Hax oOIrpiBy mocsriia 0akaHoro

piBHS, MpoaHali3yBaTU rpadik 3MIHM Yy 4Yacl CyMapHOi MOTOYHOI MOTYKHOCTI, IO



CHOXKUBAETHCS obOirpiBavamu. Skmo 3 rpadiky Oyae BUIHO, IIO CyMapHa MOTOYHA
HNOTYXHICTh, IO CIHOXKHUBAETHCS OOIrpiBayamMM, MOCTIHO MEHIIE 3a BCTAHOBJIEHUN
JIMIT MOTYXHOCTI (K Ha puc.4.17), TO JIMIT MOXKHA 3MEHILIUTH IO PIBHSA CyMapHOi
MOTYXHOCTi, [0 BUTPAYAEThCS Ha eNeKTpuuHMii 00irpiB (Ha puc. 4.17 3 3 ndo
2,5 kBr).

Pucynok 4.18 nae Ham ysiBI€HHS PO poOOTY Ipyn 00IrpiBaviB — MU MOKEMO
MPOCTEXKUTH, sAKI OOIrpiBaui, B 3aJ€XKHOCTI BIJ PI3HUX CHUTYyalllil Npu oOIrpisi
IPUMIIICHbB, MOTPAIUISIIN A0 KOXKHOT TPYTIH.

3 puc. 4.18 BumHO, MO 0 MEPIIOi Ta APYroi TPy, MO KePYKTh PO3MOALIOM
notyxHocti 1 kBT, oOirpiBaui moTpamisiig, SK MNpaBWIO, 32 YMOBH 3HAXOJKEHHS
JTIMITY MOTY>KHOCTI MK 3HaUeHHIMH 2 Ta 2,5 kBT. [lo TpeThoi Ta ueTBepToi rpym, 110
KEepPYIOTh pO3MOAUTIOM ToTyXHOCTI 1,5 kBT, 00irpiBaui mnoTpamisin HabaraTo
yacrtime. [{e mos’si3ane 3 TUM, 110 AJ1 BUAUIEHOTO JiMITy 3 KBT onTuManbHa 3 TOUKH
30py MaKCHMaJIbHOTO BUKOPHUCTAHHS JIIMITY KOMOIHAIisl 00irpiBadiB CTAaHOBUTH JIBa
obirpiBaya mo 1,5 kBt. ToMy 3a yMOBH 3HAaXO/KE€HHS JIMITY MOTYXKHOCTI Ha PiBHI
3 kBT akTuBHIUME OyNii came TPETs Ta 4YeTBepTa Ipynu 00IirpiBavis.

OnHUM 3 TOJOBHUX MOKA3HUKIB TOTO, HACKIJILKM BHUCTA4a€ BUAUICHOTO JIIMITY
MOTYXKHOCTI Ha MIATPUMKY 3aJaHUX TeMIlepaTyp Yy 30HaX OOIrpiBy, € KUIBKICTh Ta
BEJIMYMHM BIJXWJICHb TEMIIEpaTyp MOBEPXOHb OO0IrpiBayiB Bij 3aJaHUX 3HAYCHB. 3
puc. 4.19 mu 6Gaunmo, 1O MPOTATOM JOOM Ha OAMH O0OIrpiBa4 y CepeaHbOMY
OpUXOAAThCS 4—5 TMOMITHUX BIOXWIEHb (PAKTUYHOI TEMIEepaTypu MOBEPXHI
obirpiBayva Biz 3agaHoro piBHs Ha 10—15°C npotsarom 5-20 xB. 3 ypaxyBaHHSAM TOTO,
10 TUHAMIKa TeMIEPATypH y KIMHATI € y 2-3 pa3u OUTbII 1HEPIIHHOO, HIXK TUHAMIKA
TEeMIEepaTypy MOBEpPXHi 00irpiBaya, BIAXWIEHHS (PAKTHUHOI TEMIEpaTypu MOBEPXHI
oOirpiBaya Bij 3agaHoro piBHs Ha 10—-15°C npotarom 20 XB HE Ma€ CyTTE€BHI BILJIUB
Ha TEMIIEpaTypy Yy 30H1 00IrpiBy.

Pucynok 4.20 miaTBep/»Kye BUCHOBOK IIOJI0 HE3HAYHOTO BIUIMBY BiJIXUJICHB
TEeMIIepaTyp MOBEPXOHb 00irpiBaviB Bij 3amanoro piBHsA Ha 15°C mpotsrom 20 xB Ha
TEMIIEpATypH y 30HaX 00IrpiBy — MU 0A4UMO, 10 OCTAHHI BIIXUJISIOTHCS Bl 3aJJaHUX

3Ha4YeHb He OuTbIe, Hik Ha 2°C mpoTtsrom 60-—90 xB.
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OTxe, 3 OTISAOM Ha OTPUMAaHI pe3ylbTaTH JOCTIIKEHb MOXHa chopMmyBaTu
e OJHY PEKOMEHMAII0 KOPUCTYBAaueBi 3alpOIOHOBAHOI CUCTEMH YIIPaBIIiHHS
CJICKTPUYHHUM OTIAJICHHSIM KBapTUPH — y YacH, KOJIU OUIKYIOTHCS 4acTi MiAKITIOYCHHS
MOTYXXHUX MOOYTOBUX TPWJIAMIB JO E€IEKTPUYHOI MEpexkl Ta, BIAMOBITHO, CYTTEBI
3MEHIIIEHHS JIIMITY TTOTY>KHOCT1 Ha 001rpiB, oOupatu 6akaHi 3HAYCHHS TeMIepaTyp y

30HaxX 00IrpiBy 3 MeBHUM 3amacoMm Ha 1-2°C.

4.5 JlocailzkeHHsI poOOTH CHCTeMH KepyBaHHsl oOOirpiBauamMm 3a KpuTepiem
MaKCHMAJbHOI CHHXPOHIi3amii 3a yYMOBH PI3HHX cuTyanid mnpu o0irpisi
NMPUMillIeHb i3 BUKOPUCTAHHAM il eKCIIEPUMEHTAJBLHOI0 3Pa3Ky

HocnipkeHHss poOOTH CUCTEMH KepyBaHHsS oOIrpiBadyaMu 3a KpUTEpIEM
MaKCHUMAaJIbHOI CHHXPOHI3AIlll 32 YMOBHM PI3HUX CUTYyaIlld TIpH OOIrpiBl MPUMIIIECHb
MIPOBOJIMIIMCS HA OCHOBI (DI3WYHOT MOJCNII PO3YMHOI €HEPreTMYHOi MEpexi, M0
OMHcaHa y po3AUI 5, B yMOBaxX KBapTHpH, IUIaH SKOi HaBeIEHUH y po3aim 3
MoHorpadii. [Ipu nboMy npoTsiroMm A00u criocTepiraiacs TeMiepaTypa 330BHI BHOUI
Bl —1 10 0°C, mpotsirom aust — Bijg 0 1o +1 °C. JIimMIT 32 OTY>KHICTIO BCTAHOBJICHUI
Ha piBHIi 2,5 kBT.

PosrnstHemo  pe3ynbTaTd  JOCHIKEHb  POOOTH  CHCTEMH  KEpyBaHHS
o0irpiBauaMu 3a KPHUTEPIEM MaKCUMAalbHOI CHHXpOHI3allli 3a YMOBU OKpPEMHX
CUTYyaIIi¥ mpu 00IrpiBi MPUMIIIEHB.

1. [lepmuii 3amyck cUCTEMH KepyBaHHsS oOIrpiBayamH, KOJIM OJIeH 00IrpiBay
HE BXOJUTh 1O TPYNH, a TeMIepaTypa iX MOBEPXOHb JOPIBHIOE TEMIEpaTypi Y
KIMHATI.

Puc. 4.23 mniaTBepaxye, 10 B MOMEHT 3allyCKy CHUCTEMHU KEpyBaHHS
o0irpiBayamu >KOJIeH 13 00IrpiBadiB HE BXOJIUTH J0 Tpyn 10 30 XBUIWHU 3 MOMEHTY
3ammycKy cucteMu (1iei MOMEHT MPUMHSITHH 3a TOYaTOK KOOPJIUHAT).

3rigHO 3 aJrOPUTMOM KepyBaHHS OOIrpiBauaMu 3a KpUTEPIEM MaKCUMaJIbHOI
CUHXpOHI3amii pobotn oO0irpiBaviB, a0 30 XB. PO3MOALT TOTYXHOCTI IOBHUHEH
BII0OYBaTHCSl PIBHOMIPHO 3 MOYEProBUM BMHUKAHHSIM Ta BHUMHKAaHHSM OOIrpiBayiB.

[Tpuuomy no 11 XB. MOYEproBO BMHKAIOTHCS Ta BUMHKAIOTHCA 3 IepiogoM 4 XB.



TUIBKH 0O0IrpiBayl NOTYXHICTIO 1 KBT, OCKIIBKM JIIMIT 32 MOTY’KHICTIO Ha OOIrpiB
ctaHoBUTh 1490 BT, a micis 11 XB. aHAJOTIYHUM YHHOM ITOYMHAIOTH IPAIIOBATH
obirpiBaui motyxHicTio 1,5 kBT1, ockinbku miMiT 30UIBIIyETHCS g0 2,5 KBT

(puc. 4.21).
P‘n’.‘.r, Bm
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Pucynok 4.21 —3miHa y 4aci JJiMITy MOTY>KHOCTI Ha eNeKTPUYHUN 00IrpiB KBAPTUPH (@) Ta 3MIHHUX,
SIK1 B1IOOpaKyIOTh HOMEp o0irpiBaya, mo yBidmoB y nepury (0), 1pyry (B), TpeTio (T) a00 4eTBEPTY
() rpymu

Pucynok 4.20 ta 4.21 miarBepKyrOTh, 10 poOOTa 00IrpiBaviB MPOTITOM
EKCIIEpUMEHTY B10YyBaJlacs 3T1THO 3aPONIOHOBAHOMY alTOPUTMY.

Ob6irpiBaui moTyxHicTiI0O 1 KBT BMuKamucs Ta BUMHUKAJIHUCA IOYEPrOBO 3
nepioioM 4 XB. 3 MOMEHTY 3ammycKy cuctemu (puc. 4.20), a o0irpiBadi MOTY>KHICTIO
1,5 kBt modanu mnpaifoBaT aHajJOTiYHUM 4YMHOM 3 |1 XB. 3 MOMEHTY 3amycKy
cuctemu (puc. 4.21).

2. PobGora cucreMu KepyBaHHs 0OIirpiBayamMu, KOJU BiI0yBa€ThCs

CUHXPOHI3allisl y yaci poO0TH 00irpiBaviB 0JIHAKOBOI MOTYKHOCTI.
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Pucynoxk 4.22 — 3MiHa y 4aci MOTY>KHOCTI, IO CIIOYKUBAE TEepIIHid (ITyHKTHPHA JIIHIS) Ta TPETii
(cyuinpHa JiHisT) 06irpiBadi
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Pucynok 4.23 — 3MiHa y 4aci MOTYXHOCTI, IO CTI0XKUBAE APYTruid (IyHKTUPHA JIHIS) Ta
YeTBepTUH (CyLiIbHA JIiHis) 00irpiBayi

3 puc. 4.24 BunHo, mo MK 356 Ta 371 XB. €KCIIEPUMEHTY CIIOCTEpirajiach
poboTa cucTeMu KepyBaHHs 00IrpiBadamMu, KOJIU BiI0YBA€ThCSI CHHXPOHI3AIlIA y Yacl
poboTu o6irpiBadiB motyxkHocTi 1 kBt. 3 puc. 4.24, 06, ta puc. 4.24, B Ha o0nacTi

rpadiky, 1m0 BHJIJIEHA 3AJIMBKOIO, BUIHO, IO MPOTATOM I[HOTO 1HTEPBAILY Yacy



o0irpiBayi BXOIATh JI0 MEPILIOi Ta IPYTOi TPy, 110 KEPYIOTh PO3NOAIIOM NOTYKHOCTI

Pucynok 4.24 — 3MiHa y 4aci JIMITY MOTY>KHOCTI Ha eJIEeKTPUYHUN 00IrpiB KBapTHUPH (a) Ta
3MIHHUX, SIKI BIJOOpaXxyI0Th HOMEp 00irpiBaya, 1o yBiiimos y neputy (0), apyry (B), TpeTio (T) abo
4EeTBEPTY (1) TpynHu

[TpuurHOIO BXOJKEHHSI 00irpiBaviB notyxHictio 1 kBT 10 nepuoi Ta apyroi
Ipyn € Te, U0 Ha 4acoBOMY iHTepBasl BiJ 356 10 371 XB. cOCTEpIraeThCs JIMIT 3a
noTyxHicTio 2470 BT 13-3a BMukanHs nooytoBoro npunafny (puc. 4.24, a). Jljis nporo
3HAUEHHS JIIMITY MOTY>KHOCTI ONTHUMAJbHOK KOMOIHAII€0 00IrpiBayiB 3a yYMOBH
MaKCHUMaJIbHOTO BUKOPUCTAHHS BUAUIEHOTO pecypcy € Ba obirpisayi mo 1 kBrT.

OT1xe, BIAMOBIIHO 3aIPOINIOHOBAHOIO AJITOPUTMY KEpyBaHHS 00irpiBadamu 3a
TPEThOro 00irpiBauiB MoTyXkHICTIO 1 KBT Ha maHoMy wacoBoMy iHTEpBasi MOBHHHA
OyTH CHHXPOHI30BaHa y 4acl 3a MpaBUJIOM 00’ €ITHAHHS CHOKUBaHHs pecypcy. TooTo,

BOHHU MMOBUHHI BMUKATHUCSl OJIHOYACHO. Puc. 4.25 miaATBepIKye 11e TBEPAKECHHS.
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Pucynok 4.25 — 3MiHa y 4aci MOTy)HOCTI, IO CIIOKUBAE MEPIINH (CyLJIbHA JTiHIsN) Ta
TpeTiil (MyHKTHpHA JIiHis) o0irpiBaui

3 puc. 4.25 BuOHO, MO CHUHXPOHI3AIMisS POOOTH TEPIIIOTO Ta TPETHOTO
o0irpiBauiB 3aBepiryeTbcsi Ha 359 xB., TOOTO mpolec CUHXPOHI3AIli poOOoTH
oOirpiBauiB y yaci TpuBaB 3 xB. [lounnaroun 3 359 xB. nepuuii Ta TpeTiid 00irpiBayi
BMHKAIOTHCSI OJTHOYACHO, 11 3a0e3meuye MakCUMaabHy TPUBAIICTh 1HTEPBAITY, KOJIH
BOHM BUMKHEHI, Ta Ha sikoMy pecypc 2470 BT mMoxe crnokuBaTU OAMH 3 00IrpiBayiB
notyxkHicTio 1500 Br.

TakuM dYMHOM, EKCIIEPUMEHT II0Ka3aB, IO poOOTa CHUCTEMU KepyBaHHS
oOirpiBayamMu, KOJM BiAOyBaeTbCAd CHHXpOHI3alid y yaci poboTu o00irpiBayis
OJIHAKOBOi TMOTY>XHOCTI, BiIOYBA€ThCA 3TITHO 3aMPONOHOBAHOTO  AJITOPUTMY
KepyBaHHs 00irpiBadyaMy 3a KpPUTEPIEM MaKCUMaJbHOI CHHXpOHIZaIlli y dYaci ix
pooOOTH.

3. PobGora cucremu KepyBaHHS 00irpiBayamMu, KOJH BiIOyBa€ThCs
CUHXpOHI3allisl y yaci poOoTH 00irpiBayiB pi3HOI MOTY>KHOCTI.

Pobota cucremu kepyBaHHs 00irpiBauaMu, KOJHU BiI0OYBAa€ThCSI CUHXPOHI3aIis

y 4aci poboTtu oO0IirpiBayiB pi3HOI MOTYXKHOCTI, Majia micie Mix 142 ta 218 xB.



€KCIIEPUMEHTY, KOJIM JIIMIT MOTY>KHOCTI Ha 00irpiB 3HaxoauBcsi Ha piBHI 2500 Bt

(o6macth Ha puc. 4.26, 0 BUIIJIEHA 3AJIUBKOIO).

Paiv, Bm
I

ggagy8

Pucynok 4.26 — 3MiHa y 4aci JIMITy MOTY>KHOCTI Ha eJIEKTPUYHUN 00IrpiB KBapTHUPH (a) Ta
3MIHHUX, SIKI BIJOOpaXxyI0Th HOMEp 00irpiBaya, 1o yBiiimos y nepury (0), apyry (B), Tpetio (T) abo
YEeTBEPTY (1) TpynHu

Jns maHorO JIMITY MOTYKHOCTI ONTHMAJIBHOK KOMOIHAIlI€0 OOIrpiBaviB 3
TOYKH 30py MAaKCHMAaJbHOTO BUKOPHUCTAHHS BHUIUICHOTO EHEPropecypcy € OJWH
obirpiBau notyxkHictio 1000 BT Ta ogun obirpiBau mortyxHicTro 1500 BT. Tox 3
puc. 4.26, 6 ta puc. 4.26, r BUJHO, 110 HAa JAHOMY YacOBOMY IHTEpBaji CHOYATKY
npyruil o6irpiBad noTykHicTio 1500 BT yBIHIIOB 0 TPEeThOi TPYIH, a MOTIM TPETIiid
obirpiBad notyxkHictio 1000 BT yBiif110B 10 mepioi rpymnu.

3rigHO 3aIpPONOHOBAHOMY AITOPUTMY KEpPYBaHHSA 00IirpiBauaMu 3a KpUTEpiEM
MaKCHMAaJIbHOI CHHXpOHi3amii iX poboru y wuaci, pobora Ipyroro Ta TPETHOTO
o0irpiBaviB MOTYXKHICTIO, BiamoBigHo, 1,5 kBT ta 1 kBT Ha gaHoMy yacoBoMy

iHTEepBaJl TOBMHHA OyTHM CHHXpPOHI30BaHa y dacl 3a MPaBUIIOM PO3MOAIICHHS



TPeThOro oO0IrpiBaya TOBUHHE

BHUMUKAaHHA

pecypcy. Tobro,

CIIOKHMBaHHAA

MPU3BOJUTH JO0 BMHKaHHS Jpyroro oOirpiBada, OCKUIBKM TpeTi o0irpiBau i3

OUTBIIMM TEepioIOM POOOTH Ha LLOMY iHTEpBaJl OyB ToJIOBHUM. TakuM YHUHOM, Y

1 xBt, xomm

(V)

yacl MOCTIMHO CIIOCTEPIraBcsi BUIBHHI PeCypc MOTY>KHOCTI Ha PIBHI

TpeTiil o

OirpiBau He mpaioBaB, Ta Ha piBHI 1,5 kBT, konu apyruii obirpiBad He

npaitoBaB. Puc. 4.27 miaTBepKye 1€ TBEPIKEHHS.
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Pucynok 4.27 — 3MiHa y 4aci MOTYy>HOCTI, IO CIIOKKUBA€E APYTUil (TTyHKTUpPHA JIiHis)

Ta TpeTi (CyIiibHa JiHig) 00irpiBayi

TakuMm dYMHOM, EKCIIEPUMEHT TIOKa3aB, IO poOOTa CHUCTEMU KepyBaHHS

oOirpiBayamMu, KOJU BiI0OYBA€ThCS CUHXPOHI3aLis y Yacl poOOTH 00irpiBayiB pi3HOL

3alPONIOHOBAHOTO ~ AJITOPUTMY  KEpyBaHHSA

3r1HO

B110yBa€THCS

MOTY>KHOCTI,

o0irpiBayamu 3a KpUTEpieM MaKCUMaJIbHOT CHHXPOHI3allii y 4aci iX poOoTH.

Oxkpemo Oyj0 JOOCHIIKEHO 3MIHY Yy 4Yaci MOTY>XHOCTI, IO CHOXXHBAIOTh

, TOOTO $IK1 3HAXOAAThCS y «uep3i». Ha puc. 4.28

, SIKI HE YBIAIUIH 10 TPYII

oOirpiBaui

npeacTaBieHa BUOipka 11iei motyxHocTi Mixk 270 ta 300 XB. eKCIIEPUMEHTY.
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Pucynok 4.28 — 3miHa y 4aci HOTy>KHOCTI, 1110 CTIOKHBAE MEPIINi (CyIUTbHA JIiHIs), TPETIH
(TyHKTHpHA JIiHIs) Ta YeTBEPTUH (IITPUX-TTYHKTHPHA JIiHIsA) 00irpiBadi

3 puc. 4.28 BHAHO, IO KOJM 3 SBISETHCA BUIBHUM pECypC, YacTilIe
BMHKAETHCS Y€TBEpTUiA 00irpiBad moTyxHictio 1500 BT 10 TuX mip, A0KH € BUIbHHIA
pecypc, ado BiH caM He BUMKHeThcA. Lle BigOyBaeTbes uepes Te, 110 caMe BMUKaHHS
pOro oOirpiBaya 3abe3meuye MaKCHMajlbHE BUKOPHUCTaHHS BHIUICHOTO PECypCy
MOTY>KHOCTI.

Takox 3 puc. 4.28 BuAHO, W0 00IrpiBadi MOTYXHICTHO 1o 1 KBT auisTh
BUTbHUI PECypC MO Yep3i, CIOKUBAIOYN HOTO MPOTATOM | XB KOKHUH.

OnucaHl 3aKOHOMIPHOCTI poOOTH 00irpiBayiB y 4ep3i LIJIKOM BIANOBIIAIOTH
3alpONIOHOBAHOMY QJITOPUTMY KepyBaHHS 0OIrpiBayaMu 3a KPUTEPiEM MaKCUMaIbHOI
CHUHXPOHI3aIlii y yaci iX poooTH.

Anamiz puc.4.29 [03BoisS€ 3pOOMTH  BUCHOBOK IIIOJAO  BiJICYTHOCTI
MIEPEBUIIIEHHS JIMITY TOTYXHOCTI 2,5 KBT, 1m0 BuiIeHNU HA €NEKTPUYHHNA 00ITrpiB
KBapTUpH. SIK 1 3a YMOBM EKCIEPUMEHTY Ha IMITAIlliHIM MOJIeNll CHUCTEMH,
CIOCTEPITalOThCsl KOPOTKOYACHI NEPEBUUIEHHS JIIMITY MOTYKHOCTI Ha 0O0Irpis,

MPUYMHA SIKUX TOSICHEHA Y TiApo3 i 4.4.
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Pucynoxk 4.29 — 3Mina y 4aci JiMiTy TOTY>KHOCTI Ha €JIeKTPUYHHIA 001rpiB KBapTUPH (ITyHKTHPHA
JIHIS) Ta CyMapHOi HOTYXHOCTI, 1110 CHIOXKHUBAIOTh 001IrpiBayi (CyIijabHA JTiHis)

Puc. 429 nae HaM MOXIHMBICTD 3a pe3yJbTaTaMU  EKCHEPUMEHTY
MpoaHaiizyBaTH poOOTy Tpyn o0irpiBadiB — MM MOXKEMO MIPOCTEKHUTH, sIKI 00IrpiBayli,
B 3QJIEKHOCTI B PI3HUX CUTYalldl MpH 00IrpiBi KBapTHPHU, MOTPAIUISUIM A0 KOXKHOT
rpynu.

3 puc. 4.29 BUIHO, 1110 32 YMOBH 3MEHIIEHOTO JIMITY MOTY>KHOCTI Ha 00IrpiB
KBapTup# 10 2,5 kBT, 3rifHO peKOMEHaIisIM 3a pe3yibTaTaMi OOYHCIIOBAIBLHOTO
EKCIIEPUMEHTY Ha MOJIEJl CHCTEMH, MAEMO 30BCIM I1HIIMNA XapakTep poOOTH Tpym
o0irpiBayis.

Haigwactime o0irpiBadui MmOTparuisuid 0 TEpmoi Ta TPeThoi TPy, IO
pPO3NOAUIAIOTE pecypce, BiamoBiaHo, 1 ta 1,5 kBt. lle 3ymoBieHO MakcuMalbHUM
BUKOPUCTAHHAM BCTaHOBJIEHOTO JIMITY mOTyXHOcTi 2,5 kBt. [Jlo nmpyroi rpymnu
o0irpiBayi MOTPAIUISIM  PIKO 1 TUIBKA TOMAI, KOJIH CIHOCTEPITaliocs TpHUBAJE
3HAXO/XKEHHS JIIMITY TOTYXHOCTI MK 3HadeHHsMu 2 Ta 2,5 xkBt. Jlo uerBeproi
rpynu o0irpiBadi He MOTPAIUBsUIA 30BCIM, TOMY IO Y LbOMY pa3il CIOXHBaHA
o0irpiBayamMu MOTY>KHICTh OyJie AopiBHIOBAaTH 3 KBT, 110 MepeBuIye BCTAaHOBJICHUMN

JIIMIT.
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3anuBkoto Ha puc. 4.30—4.32 Buaineni obnacti rpadikiB, KOJIU CIIOCTEPIraIncs
YacTi MIJKIIOYEHHS 0 eEKTPUYHOI MEpexi 1HIIMX NOo0yTOBUX NpUCTpoiB. O0nacTh,
110 3/1iBa BiAnoBijnae panky Mix 7 Ta 11 roguHamu. O6GnacTh, 10 CIpaBa — BEYOPY
MK 17 Ta 22 roguHaMu.

3 puc. 4.30 mu 6auynMo, IO MPOTITOM PAHKOBOI'O Ta BEUIPHHOTO YaciB Ha
oOnactax rpadiky 3 3aJMBKOIO CHOCTEpiraloTbcs TpuBaii, mpoTsiroM 60-90 xB., Ta
3HauH1, 70 20-30°C, BiaXuneHHs (HaKTUUHUX TEMIIepaTyp MOBEPXOHb 00IrpiBayiB Bij
3a/1aHUX piBHIB. Ha 1HIIKX 1HTepBaJIax OO BIIXUJICHHS HE MEPEBUILYIOTH 32 PIBHEM
15°C Ta 3a wacom 30 XB Ta CXOXI Ha Ti, IO CIOCTEPIrajucsi 3a YMOBH
00YHUCITIOBAILHOTO €KCIIEPUMEHTY Ha OCHOBI MOJIEN CUCTEMH Y Tiapo3aui 4.4.

TpuBami Ta 3HauHI BiAXWICHHS (GAKTHUYHUX TEMIEPATyp TMOBEPXOHb
o0IirpiBayiB BiJ 33JaHUX PIBHIB y PAaHKOBUI Ta BEUIPHINA YacH MPU3BEIU 10 3HAYHUX
BIIXWJIEHb (PAKTUYHHUX TEMIEpaTyp y ACSKUX 30HaX OOIrpiBY BiJ 3aJaHUX 3HAUYCHH Ha
4-5°C (06acTi 3 3aIMBKOIO Ha puc. 4.32).

Toxx, Ha OCHOBI aHami3y pe3yJbTATIB EKCIEPUMEHTIB, MPOBEACHUX 3a
JIOTIOMOTOI0  €KCIIEPUMEHTAJIbHOTO 3pa3Ky CHUCTEeMH KepyBaHHA o0irpiBayamu 3a
KPUTEPIEM MaKCUMaJbHOI CHHXPOHI3AIlll 32 YMOBHU PI3HMX CHUTYyalld mpu 0OIrpisi
KIMHAT KBapTUPH, MOKHA 3pOOUTH HACTYMHI BUCHOBKH:

— 332 YMOBU PI3HHUX CHTYyalllii Tpu o0O0IrpiBi KIMHAaT KBapTUPU poOOTa
EKCIIEPUMEHTAIbHOTO 3pa3Ky CHCTEMH KepyBaHHS o00irpiBayamMu BiJNOBIAA€
OCHOBHUM IOJIOKEHHSIM 3alIPOTIOHOBAHOTO aJITOPUTMY KEpyBaHHs OOirpiBauyaMu 3a
KpUTEpIEM MaKCUMaJlbHOI CHHXpOHI3amii y daci ix pobOotu. Ilepesipka
€KCIIEpUMEHTAJILHOTO 3pa3Ky CUCTEMU KepyBaHHS 0O0irpiBauamu Oyjia BUKOHaHA IS
TaKUX PEKUMIB pOOOTH CUCTEMH, SIK MEPIIUI 3aIlyCK, CHHXPOHI3AIlS y Yacli poOoTH
o0IrpiBayuiB OJHAKOBOi Ta pI3HOI MOTYXHOCTI Ta MPHUCYTHICTH Yy dYep3l TPhOX
o0irpiBayiB, JBa 3 IKUX — OJIHAKOBOI MOTY>KHOCTI;

— TepeBipKa eKCIEPUMEHTAIILHOTO 3pa3Ky CHCTEMM KepyBaHHSA OOirpiBauamu y
peabHUX yMOBaxX I[OKa3aja, 0 B 3aJeXHOCTI BiA dYacy J00u Ta, BIAMOBIJIHO,
KUJTBKOCTI TOOYTOBUX MPUOOPIB, MO MIAKIIOYAETHCA 0 E€NEKTPUYHOT MEpexi, AJs
3a0e3neUeHHs 33J]aH0i TeMIlepaTypu y 30HaX OO0IrpiBy MOTPiOHMMA PI3HHMM JIMIT 3a
MOTYXKHICTIO — OUIBIINNA Y PAaHKOBUU Ta BEUipHIN yac 100, Ta MEHIIUA YHOYl Ta B
0011. Tox, gouuIbHUM OyJie CTBOPUTH Ta JOJATH y CUCTEMY aJITOPUTM HiATPUMKH
OPUUHATTS pIillIeHb KOPUCTYyBadeM IOJ0 BHU3HAYEHHS JIMITY TOTYXHOCTI Ha

CJIEKTPUYHHM 00IrpiB Ta HOTO KOPUTYBAHHS B 3aJICKHOCTI BiJl 4acy TOOU.

























































Pucynok 5.10 — Imroctpariisi noxubok BUMIpIOBaHb MHUTTEBUX 3HAUCHb HA YACOBIH Jlarpami CTpyMiB
Ta HanpyT (peaabHi BUMIPH 3IHCHIOIOTHCS B MOMEHTH, [0 BKa3aHI CYIITBHUMU CTPIJTKaMH,
MyHKTHUPHOIO CTPLIKOIO BKa3aHO MOMEHT 0a)XKaHOTO BUMIpPY CTPYMY)

BinHocHa mnoxuOka BUMIPIOBAHHS pEAaKTUBHOI €HEeprii, 1o oO0yMOBJEeHa

: : : . : T
BIIXWICHHSM 1HTEpBAIy Yacy MK BUOIpKaMu BiJl 3HAYCHHS Py, OOYHUCITIOETHCS 32
a)w

dhopmyor

8., =(1—cos wr —cigpsinwr)x100% . (5.10)

T

Jnst ycyHenHst miei moxuOku 3ampomonHoBano [38, 39, 40, 41] wmerton
MO/IBIHOIO CKaHyBaHHs. 3TiHO [IbOMY METOY IEPiOj yCepEeIHEHHS MOTYKHOCTI '

: : T : :
pPO30MBAETHCA Ha J[Ba HAIIBIEPiOIU 7 JBa CKaHHW. Y TEPIIOMY CKaHi BUMIPHU

3MIMCHIOIOTHCS] B OAHIN MOCIIIOBHOCTI (IIEPIIOI0, HANIPUKIIAA, BUMIPIOETHCSA HAIpyra
da3u, a 3a He1O CTPyM Ti€i k pa3u). Y Apyromy — mOCHiIOBHICTh BUMIPIB 3MIHIOETHCS

Ha npoTuiexHy (puc. 5.11).

Pucynok 5.11 — IimocTpariist mociigoBHOCTI BUMipiB MUTTEBHUX 3HAYEHb CTPYMIB Ta HANPYT MPU
MOJIBIHHOMY CKaHYBaHHI



. T .
TpuBanicTe KOXHOro ckany Ha puc. 5.11 mo3nadyeHo Atzg. Enepria na

IHTEpBaIl Yacy TPUBAIICTIO 2Af 00UUCITIOETHCS 32 PopMyIamMu

At At

w, 1 > u(at,)i(wt, +a)2')r+l > u(at,,)i(ot, —or)r, (5.11)
n=1 m=l1

At At

n=l1 m=1

W, :%iu(a)tn)i(a)tn +%+O)T)T—% ¥ u(a)tm)i[a)tm —%—a)f)fa (5.12)

At .. : At ..
ne n=1,...,— HOMEpU BHUMIpPIB y MepIIOMY CKaHi, m =1,...,— HOMEPH BUMIPIB y
T T

JPYroMy CKaHi.
3a METOZI0M MOJBIHHOTO CKaHYBaHHS MOXMWOKa HEOJHOYACHOCTI BUMIPIOBAHb
5,=0,=0=(1-coswr)x100%. (5.13)
Meton mMONBIMHOTO CKaHYBaHHS JO3BOJIIE 3HU3UTH BIAHOCHY MOXHOKY
HEOJHOYACHOCTI TpU  OOYHMCIEHHI AaKTUBHOI TMOTYXXHOCTI HA  BEIUYHHY

100%-tg@sinwr , a mpu OOYMUCICHHI PEAKTUBHOI TMOTYXKHOCTI HAa BEIUYUHY
100% - ctg@sin ot .
3acTocyBaHHA METOJly TOABIMHOTO CKaHyBaHHS 1O 3a/adi po3Mi3HaBaHHS

HABAHTA)XCHHS O3HAyae, WO Hampyru u, (¢) Ta u,(¢) BUMIpIOIOTECS y pi3Hiif

MOCJIITOBHOCTI TOYEPrOBO, a PE3yJbTAaTH LHMX BHUMIPIOBAHb I1JICYMOBYIOTHCSA Ta

IUIATHECA Ha 2.

IBZLTMH(t+r)u(t)_uH(t+T)dt+ I ?uH(t—r)u(t)_uH(t_T)dt.

B mpoMy Bumaaky Ha BiJ3HAKY BiJ BHUIIAJKIB, IO PO3MISIHYTO Y [4...6] ,

MOTYKHICTh Ma€ JJOJIATKOBY CKJIaJIOBY

p :LT—Q(Hr)dHL].—ﬁ(t—T)df
2T r 2T r ,



[Tokakxemo, 110 BiTHOCHA MOXMOKA LIBOTO JOJATKY MPU 3aCTOCYBaHHI METOMY
NOJBIMHOTO CKAHYBaHHS y BIJHOILIEHHI aKTMBHOI Ta PEAaKTHBHOI MOTY>KHOCTI IpHU
CHUHYCOIJJaJIbHOMY CTPYMI JIOPIBHIOE HYJIIO

§(AI~)) = 5(AQ) = ]C[l —sin’ (ot + wr)—sin® (wt — a)f)] dt =

0

_ T[1—1+cos(2a)t)]dt =0.

Takum YuHOM, 3aCTOCYBaHHS METOAY YOTHPHUIIONIOCHHMKA IO CXeMl, SIK
NOKa3aHO Ha puc. 5.9, nae MOXIMUBICTh BHUMIPIOBAaTH AaKTUBHY Ta PEAKTUBHY
NOTY>KHICTb O0JIafHAHHSI, SKE MIJKIIOUYEHO 0 €JICKTPUYHOI MEPEeXki KUBJICHHS Yepes
CMapTKOH, 1€ /0 IOJaBaHHsA Ha lLie oOsiagHaHHs poboyoro crpymy. HeoOxinHa
TOYHICTh BUMIPIOBAHHS MOTY>KHOCTI MPU HEOJTHOYACHOMY BHUMIPIOBaHHI BXIJHOI Ta
BUX1/IHOT HallpyTd YOTUPHUIOIIOCHUKA JIOCSATAETHCS 3aBISKU 3aCTOCYBAHHIO METOJY
MOABIMHOTO CKaHyBaHHS.

Anroput™M (YHKI[IOHYBaHHS 1HTENEKTyaJIbHOTO BHUMIpIOBa4a EJIEKTPUYIHOI

MOTYXHOCTI Y CKJIaJ[l CMapTKOHY MMOKa3aHo Ha puc. 5.12.

5.4 Ilpunuunu nodyaoBu iHGopmaliiiHOI MepesKi PO3yMHOI0 TENJIOBOI0 MOJIA

3Bakaroyd Ha Te, IO ONAJIOBaJbHI MPUCTPOI MIAKIOYEHO JI0 3arajibHoi
MEpPEXi KUBJICHHS, MAa€ CEHC BHUKOPUCTAHHS ITiE] Mepexi s oOMiHy iH(opmaIlrieo
M1 BCIMa KOMIIOHEHTaMH PO3yMHOTO TEIUIOBOTO ToJisA. Taka TeXHOJIOTisl mo0ya0BU
iHdopmaniiiHoi Mepexxi mae Ha3By Power Line Communication (PLC). B
pPO3pOOJIEHUX MOCHITHUX 3pa3kax CMapTKOHIB Ta MEPEKEBOTO KOHTpoJepa IS
nooynoBu PLC — mepexi BUKopucToBy€eThcs Mikpocxema KP1446XK1.

Mikpocxema KP1446XK1 BukoHye (pyHKIiI0 npuiioMmy 1 nepegadi uudpoBoi
iH(dopmarrii mo Mepexax 3minHoro crpymy 110,380 V.

[IBuAKICTH MepeAadi MOKe MPUUMATH OJHE 3 YOTUPHOX MOKIUBUX 3HAUCHD:
124 Oit/cex; 248 Oit/cex; 496 Oit/cex; 992 OiT/cek 1 3amgaeThca MmiJ dac

IporpaMmyBaHHs MpuiiMaya.
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PucyHnok 5.12 — Anroput™ BUMIPIOBaHHS TIOTY>KHOCTI




B MepexeBomy mpuitMaibHO-TIEpeaBadeBl BUKOPHUCTOBYETHCS TEPEITKOI0-
3aXMINEHEe KOJyBaHHsS IudpoBoi iHdoOpMaIi s BUIPaABICHHS OJUHOYHUX 1
BUSIBJICHHSI TIOJBIMHMX TIOMIJIOK, SKi MOXYTh BHHUKATH TpU Tiepenadi, depes
MEPEIIKOIA B MEPEXKI.

[Ipuiimau  103BOJIsIE  BUKOPUCTOBYBAaTHM  BKE  HasBHI  JIiHII  CHJIOBO1
€JIEKTpOMEpEXKi Ui CTBOPEHHS: cHUCTeM 300py 1HQopMaIli, JOKaJIbHUX MEpex
nepenayli  JaHUX, CHUCTEM  IEHTPAI30BAaHOTO  KOHTPOIK 1  YNpaBIiHHA
eJeKTpoOoOJIaJHAHHIM, CUCTEM OXOPOHHU 1 CUTHAJTI3aIlI].

OcHoBHi xapaktepuctuku Mikpocxemu KP1446XK1:

— BUKOPHCTAHHS YaCTOTHOI MaHIMyJIALIT 715 Tiepenadi iHdopmartii;

— MOXIMBICTh BUOOPY HECYUOT YaCTOTH;

— TIporpamMoBaHa MBHUAKICTh nepeaadi 10 992 6it/cexk;

— MEpEenIKoAO0 3axMIlIeHe KOAYBaHHS I1H(QOpMallli: BUMPABICHHS OJUHOYHUX Ta
ITOJIBINHUX TTOMUJIOK;

— crangapTtauil 22-suBinnuii DIP kopmyc.

[lepenaua iHdopmarllii 3A1HMCHIOETHCS 3a JOMOMOIOK YAaCTOTHOI MaHIMyJISIil
curHary «l» 1 «0», 4Kl TepenarTbhCcs PI3SHUMU YaCTOTaAMH, [0 HE3HAYHO
BIJIPI3HSIOTBCS BiJ IIEHTPAJIbHOT YaCTOTH y OUIbIIY 1 MEHIINY CTOpoHY (Tabma. 5.1).
YacToTHO-MaHIMYIbOBAaHUM CHUTHAJN 4epe3 TpaHchopMarop, IO TalIbBaHIUYHO
po3B's3ye, nepenaetbesi B diHi0 110,380 B. bydepumii xackamg npusHadyeHU# s
y3TOJKEHHSI BUCOKOTO BHUXITHOTO OIMOPY MIKPOCXEMH 3 HHU3BKHM BXITHHUM OIIOPOM

JiHIT IpU Tiepeiadi CUTHAITY B JIHIIO 1 A7 (QiIbTpalii.

Tabmuns 5.1 — YacToTn MaHIMy sAIIil, 3 SKUMU 3MIHCHIOETHCS TIepeaada

CUTHAJIIB
I{lenTpanbHa yacToTa YacTtoTa nepemadi «0» YacTtoTa nepemaui «1»
66,66 xI'11 62,5 kI'g 71,43 xkI'g
100 xI'11 95,24 xI'n 105,26 xI'1t
133,33 xI'11 129,03 xI'11 137,93 k['11




[Tpwuitom iHpopMartii

[Tpuiimau mocTiiiHO aHami3ye AaHl, 10 NPUXOIATh Ha BXif. SIKIIO MPUXOAUTH
KOJI CJIOBa CHHXPOHI3allii, @ 32 HUM KOJ| aJpecH, SIKUi 301ra€ThCs 3 BIACHOIO aIpeCcol0
(abo 13 3aranpHOM0O aapecoro = 10111001), To HacTynHi 3a HUMH 2 Gaiita iHpOpMaIIii,
BBAKAIOTHCS MPU3HAYEHUMHU JTAaHOMY MpUIIMaIbHO-TIEpeAaBayeBi, BOHU 3aTUCYIOTHCSA
B Oydep npuitomy, a Ha Buxoai RX mpuitmad BHCTaBIss€ BUCOKUH PiBEHb CUTHAIY,
IO € MpamopoM TOro, IO OTpuMaHa HoBa iHQopMalis. B pe3ynbrari nepemkoa B
MEpeXi MOXKJIMBO CIIOTBOPEHHS 1HQOpMalii. Y KOXHOMY 3 MNPUHHATUX OalTIB
(ampeca 1 nmaHi) mpuitMad BUIIPABIIsSIE IOMUJIKA B OJHOMY OITy 1 BUSBISE MOABIHHI
nomuiaku. OtpuMana iHpopmariisi Oyae 30epiratucs B Oydepi nmpuiiomy 1 Moxe OyTH
poYnuTaHa OJHOPa30BO a00 O0araTopa3zoBO B Oyb-SKUN 3PYUHHI Yac HE3aJIEkKHO Bif
poboTu 6JI0KIB MpUiiMaya 1 IepeiaBaya.

[IpoTtokon oOMiHy 3 BuKOpucTaHHsMm iHTepdericy PLC i cucremu
yIpaBJIiHHS HarpiBayaMu.

3a ocHOBYy mporokoiy oOmiHy 1o PLC y3satuii mporokonm Modbus, ane
MoAu(pIKOBAaHUM JJII YMOB 3aCTOCYBaHHS CIHUIbHO 3 Mikpocxemoro KP1446XKI1.
OcoOnuBICTIO 3aCTOCYBaHHS JaHOT MIKPOCXEMH € HU3bKa MIBUAKICTH OOMIHY, Yepes
HAJIMIPHICTh CJIY’)KOOBHUX CHMBOJIIB B €JIE€MEHTApHIM IMOCUJIIlI, & TAaKOXX HAasBHICTh
MIEPEIIKO/I0-3aXUCTy B amapaTHiil peamizallii 3B'S3K0BOro mpoTokoiry. KpiMm 11p0ro B
PO3paxyHOK MmpuiiManocs Te, mo ooMid 3 MmoaysieMm WI-FI nmpoBoguTecs Tak caMo 1o
nporokoiry Modbus.

Tax sx PLC ne 3a0e3mneuye piBHOIOCTYIHICTh 10 KaHaTy 3B'S3Ky, TO OOMiH
iHpopMariero  3AilcHIOETBCA 3a npuHOunom  Master-Slave. s oOminy
BUKOPUCTOBYIOThCS JBI (DYHKIIIl: YMTAHHS 1 3amUC pericTpiB. Aapeca cMapTKOHA
dbopmyeThest B 3aronoBky PLC, micns mpeamOyiu 1 cl0Ba CHHXPOHI3allii, arapaTHO.
Taiim-ayT, 0 PO3ALUIA€ MOBIJOMIICHHS, YTBOPIOETHCS aBTOMATHUYHO 4Yepe3 IMepexin
Ha OOMIH 3 1HmMM KoHTposiepoMm. [lpm oOOMIHI TIOBIIOMJICHHAMH MOCHIIKA
ckIagaeThes 3 3arosoBka 1 Jlanux. 3aronoBok ckiagaerbes 3 2 6auT. [lepuiuit O6aift
Bka3ye Homep QyHkuli 01 yutanus 10 3anuc B CbOMOMY Ta IIOCTOMY OiTax MEpIIOro

Oaiita. Mool m'aTh po3psiiiB mepuoro 6aita BKa3ylOTh JOBXHUHY MOBIIOMIICHHS.



Jpyruii OGalT BKa3zye MOYATKOBY aJpecy PEricTpiB Kyau 3amHCyeThCsl ad0 3BiJIKH
BUUUTYEThCA 1HGOpMartis. Josxkuna perictpi 16 OiT.

[Ipyn uurtanHi iHpOpMAaLii 31 CMapTKOHA BHUMIpPIOBAY 3arajibHOi CIIOXHBAHO1
noryxHuocti (BII3II) o6’exkrom (Master) mepemae 3amuT, n€ BKazye (DyHKIIiO
YUTAHHS, KUIBKICTh PETICTPIB JUIi YWUTAaHHS, 1 II0YaTKOBY ajpecy, 3 SKOTO
BUKOHY€eThCsl ynTaHHs. CmapTkoH (Slave) BiAamoBiznae Biapasy, Micis 3alHUTy TaKUM
K€ 3aroJIOBKOM Ta IEepelae JaHl 3a pe3yjbTaTaMM 3aluTiB. SIKIIO MPOTIroM JBOX
NOCHJIOK cMapTKoH He Bignosigae, BII3II BBaxae, mo xoHTponep BiacyTHiH. Ilpu
3anucy iHpopmanii BII3II mocunae 3aroioBok i Biapasy k 3a HUM JgaHl. CMapTKOH
niaTBepaKye npuitom 3aronoBkoM. BII3II dyekae 3aronoBok mpoTarom 4acy piBHOMY
NiBTOpa MOCWUJIKA TMPUXOAY MOBiAOMIEHHsA. Y 32 perictpax MO MOXIHUBOCTI
PO3MIIIYIOTBCA BCl 3MIHHI 1 MacHWBH JUIsl HAJIAro/UKEHHS 1 IEepeHaIaroMKeHHs
cmapTkoHiB 1 BIT3II.

Y mam'sti manux BII3II perictpu cMapTKOHIB BiZOOpa)karOThCS HAa MacHuB 3
576 Gaiit. TakuM 4YMHOM, YMTAIOUM 1 3aMUCYIOYM JIaHI B 1€ MAacUB MU MOXKEMO
oOMiHIOBaTHCA 1HPOPMALII€IO 3 OYIb-IKMM CMapTKOHOM, Tak caMo siK 1 3 BIT3I1.

Taxk sx PLC 3abe3neuye 3amaHy JIOCTOBIPHICTH OOMIHY i1H(oOpMAIIi€0, TO
KOHTPOJbHA CyMa B KiHIII MOBIAOMJIEHb HE mepenaeTbcs. KOHTpoiab MpaBUIIBHOCTI
0OMIHY MPOBOJUTHCS 3a KUIBKICTIO MPUHHATUX OalT MOBi1IOMIJIEHb O TaiiM-ayTa. B
KIHIII TPUAOMY TPOBOAMUTHCS TOPIBHSHHSA KIJIBKOCTI NPUUHATHX OaWT 1 Oaift
3a3HauCHUX B JOBXKHHI MOBigOMIIeHHS. Taka moOy7oBa MPOTOKOIY O3BOJISAE JIETKO
MEPETBOPIOBATH TIOCHIKH Ofiep>KyBaHi abo mepenani mo PLC B mocunku oOminy 3
moxaysieM WI-FI abo 3 mepcoHanpHUM KoMI'tOTepoM 3 iHTepdericom RS-485 1

nporokosoM Modbus.


























