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20 mxepen.

BA3A JIAHUX, CUCTEMA, JIUMJIbHUK, CTPYKTYPHA CXEMA,
[TPOTPAMA, IHTEP®EIC.

Meta poboTH po3poOKa CUCTEMH BIJAAJICHOTO COOpPY AaHUX 3 JIYUIIbHUKIB
BOJIH, 1110 PO3IO/IJICHI TEPUTOPIAIBHO Y KBapTHpax 0ararornoBEpPXOBUX JOMIB Ta Y
NpUBAaTHUX OyIMHKAX Ta CTBOPEHHs 0a3u AaHUX Uil 30epiraHHs 3 NPOrpaMHHUM
3a0e3MneueHsIM 1J1si 0OpOOKU OTPUMAHUX JTaHUX.

OO0'ekT po3pOOKH: CUCTEMA BiIIAICHOTO COOPY JIaHUX.

[Ipenmer po3poOku: mporpamHa peaiizaimis 0a3u JaHUX Ta Mporpamu
0OpOOKH TaHUX OTPUMAHHUX 3 TEPUTOPIATHHO PO3MOAUICHUX JITYUILHUKAX BOJH.

3M11iICHEHO OTJIsi]] Cy4acHOT JIITepaTypH 3 MUTaHb KOHTPOJIIO EHEPrOPECypPCiB,
MPOBEJCHO aHaji3 METOAWJIOTIYHUX 3acajl IIO0AO0 OOJIKY CIIOKHUBAHHS BOIU.
[TpoBeneHO poO3pOOKY TECTOBOIO y3ida Ta IHUI03a 3 METO IEpPEeBIPKU
npane3aaTHocTi cucteMu. OOpaHO XMapHEe CepeloBUINE s 30epiraHHs JaHuX 3
JATYMKIB, TIPOBEIEHO TECTyBaHHA CHUCTEeMH. Po3poOieHi Ha  OCHOBI
3alpPONOHOBAHOTO0 METOAY ImHdparop Ta Aemu@parop HATAIOTh MOXKIHUBICTh

3aXMCTUTH BiJl HECAHKI[IOHOBAHOTO JIOCTYITY.
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CKOPOYEHHSA TA YMOBHI ITO3HAKH

BPM — BOJIOPO3MOJIlJIbYa Mepeka
LoRa — Long Range
WDN — Water Distribution Network



BCTYII

Yucrta nuTHa BOAA € 3HAYHUM PECYPCOM, HEOOXITHUM JUIsl MIATPUMKH
YKUTTS Ta BIAITPa€e BAXIUBY poJib Yy 100poOyTi moaei [1]. 3abe3neueHHs BOJHUMU
pecypcaMu  3pOCTalOdoro HAceNeHHS MICBKHX paioHIB Oylo Cepio3HOI0
npo0JIEMOI0 B OCTaHHI POKU. Y CIIEHApIAX MICBKOIO PO3BUTKY IMOUIYK HOBHUX
pecypciB a0 pO3IIMPEHHSI 1CHYIOUOi CHCTEMU € JOPOTHM 1 3a3BHYall MOXKeE
BBAXATHCS (PI3UYHO Ta EKOHOMIYHO OOTSDKIIMBHUM, SIKIIO HE HEMOMXJIMBUM.
CphorosiHi BIOCKOHAJIEHHS ONEPaTUBHOIO YIPABIIHHS CUCTEMAaMU BOJOIIOCTauYaHHS
Ta PO3MOJAUIY BOAM PO3IJSAAETHCS HE JIMIIE PO3pOOKa HOBUX PECYPCIB, CXEM
30epeKeHHs Ta ONTUMAJIbHOTO BUKOPUCTAHHS BOJIU.

BogomnposinHa Mepexa — Lie CKiIaJHa 1 B3aeMONOB’a3aHa cuctema. Lle ongna
3 HaBaXXJIMBIIIMX 1H(PACTPYKTYPHUX O00’€KTIB BojgomnocTtayaHHsi. OCHOBHE iXHE
NPU3HAUYEHHS — TPAHCIOPTYBAHHS BOJM B1Jl OUMCHHUX CHOPYJ Ta BOJOCXOBHUII JI0
CHIOXKHUBAYiB. IX MPOEKTyBaHHA Ta TEXHiuHe OOCIYyrOBYBaHHS € 3HAYHUMHU
KamTAJIbHUMH 1HBECTUIIISIMU Yy 3a0€3MeYeHHs] YMCTOI BOJIOI0, SIKa BIJIMOBIJIA€
MOTOYHOMY TTOKPAIICHHIO PIBHS KUTTS CIIOKUBAYIB.

ExoHoMisl eHepropecypciB akTyajbHa Jjsi 0araThOX PO3BHHYTHUX KpaiH
cBiTy. ExoHOMIs HeMOkJMBa 0€3 00JiKy iXHbOI BUTpPATH, OCOOJIMBO Y BEIIMKHUX
MICTax, J€ CHOPYIKYIOTbCA OaratonoBepxoBi OynumHku. [{ns o0miky BHUTpaT
EHEPropecypciB, TAKUX, K BUTPATU MUTHOI (XOJIOAHOI) Ta rapsiuoi BOAM, BUTPATH
eHeprii Ui MiJITPIBaHHS MOMEIIKaHb Ta KOMYHAJIbHHMX MPUMIIIEHb, OOJIIKY
€JIEKTPOEHEPT1i, BUTPAT Ta3y CTABIATH 1HAWBIAYaJIbHI JIUYMIBHUKHA MO KOKHOMY
BUYy (i3MUHUX 00’ EKTIB.

Ile mpu3BOAWTH IO TOrO, IO, 3 OJHOTO OOKY, BEIETHCS OOJIK BUTpAT
E€HEepPropecypciB, 30KpeMa 1 KOMEPIIMHUI, a 3 1HIIIOr0 — 30UIbIIYIOTHCS BUTPATH Ha
HIATPUMKY BEJIHMKOi KUIBKOCTI OOCITYroBYIOUMX POOITHHUKIB, IO, CBOEK UYEPTIOIO,

CIPHUSIOTH 30UIBIICHHIO 1IHM BUTPATHOT OJMHUII KOXKHOI (PI3MYHOT BETMUUHM.



B cywacHux ymoBax cremiaii3oBaHi OpraHizamii MpOBOASTH BOAHY
MITOTOBKY 1 ToAa4y BOJAW Ha IIJANPUEMCTBA 1 B OyAMHKH. 3 TaKUMHU
HiANPUEMCTBAMU  HEOOXIHO pO3paxoBYBAaTHCS 3a CIHOXUTUH 0OCAT BOJH,
MOCTaBJICHOI 3T1IHO JIOTOBOPIB.

B po6oTi po3pobisieTbest criocid opraHizaliii BiajIeHOTO KOHTPOJIS BY3JIiB
BOJIONIOCTAYaHHs 3 peaji3alli€l0 TECTOBOTO KOMIUIEKTY MPHUCTpoi 30upaHHS Ta

BiI[l'IpaBKI/I Ha CCPBCP JAHUX, 4 TAKOK KCPYBAHHA JaYNKaAMU
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1 CUCTEMMU KEPYBAHHSA PO3IIOA1I/IOM BOAHN

1.1 E¢pexTriBHE YHIpaBJIiHHS PO3MOIiJIOM BOAH

Cucremu po3moIUTy MATHOT BOJM TOJETTIIYIOTh TIEpeaady MepeHOCHOI BOIU
3 BOJHHX PECypCiB, TaKUX K PE3epByapH, PIUKH Ta pe3epByapu Jisi BOJHU, 0
MPOMUCIIOBUX, KOMEPIIMHUX 1 JKUTJIOBUX CIIOKMBAadiB 4epe3 CKIAJHI MiA3eMHI
Mepexi TpyoO.

EdexTuBHe ympaBiaiHHS PO3MOMAIIIOM MUTHOI BOJM BUBYAJIOCS B 0aratbox
HAayKOBUX poOoTax. TakuM 4YMHOM, Yy ULbOMY pO3IUIl TPEACTABICHI JEAKl
JOCITIJIKEHHS, AKI CTOCYIOThCSI TaKMX AacleKTiB, sIK [HTEpHET peueid, MTy4YHUN
IHTEJIEKT 1 TPOTOKOJM 3B’SI3KY [UJISl  amapaTHUX MPUCTPOIB 3 HHU3BKUM
€HEPIrOCIOKUBAHHSM.

VY [5] aBTOpU TPOIOHYIOTH APXITEKTYpPy Ha OCHOBI MAIIMHHOTO HaBYaHHS
JUIi  MOHITOPUHTY Ta KEpyBaHHS CHCTEMOIO pO3MOJIIYy BOJM Ha OCHOBI
TUHAMIYHUX poboumx ymoB. lle pilmieHHs BHUKOPUCTOBYE IHTENEKTYasbHI
JYWIBHUKK U1 TeHepallli JaHuX y PEeXHMi peaJbHOro 4acy 3a JOMOMOTOI0
e(PEeKTUBHUX MPOTPAMHHUX apXITEKTYP.

Y [2] aBTOpamu 3ampolOHOBAHO MOJEIb HAa OCHOBI KOMIUIEKCHOTO
MoHITOpUHTY CS BOIOPO3MOIIIFHUX MEPEXK 3a JTOMTOMOTOIO TTPUCTPOIB BUSBIICHHS.
Y 1poMy JTOKYMEHTI OIHMCAHO, SIK MOHITOPUHT TMOKJIAJIA€EThCS Ha TEXHOJOTIi
1HTEJIEKTYaJIbHOT'O BUMIPIOBaHHS Ta 0€3/IpOTOBI JaTUMKU Y By3JaX, IO KUBJISATHCS
Bi Oarapei, 10 OOMEXY€ BHMCOKY YacTOTy JUCKpeTH3aiii. Y pe3yibTaTi
TexHoJoTii CS MOXYTh CKOPOTUTU 4Yac BHUKOHaHHS Tporiecy Ha 50%, mocsararouu
3HAYHOI €KOHOMIi eHeprii.

BignosigHo mo [16], OUIBIIICTE BTpAT MUTHOI BOJW BiJIOYBA€ThCS Mij 4dac
TPaHCTIOPTYBAHHS, TOMY CHUCTeMHU Ha OCHOBI [oT crpusitoTh MOHITOPUHTY CTaHy
TpyO po3noauty nutHoi Boau. Kpim Toro, nporec nporHo3yBaHHs MOMUTY Ha BOAY

MO>KHA BUKOHYBATH 32 JOTIOMOTO0 METO/IIB TIMOOKOTO HABUAHHS Ta TPATUIIHHAX
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METOJIOJIOTIN JJIi YaCOBUX PSI/IIB, TAKUX SIK aBTOpErpeciiHe 1HTeTpOBaHE KOB3HE
cepenane (ARIMA).

3 inmoro O6oky, B [7] aBTOpHM ONHUCYIOTb MPOEKT 3 MOKpAIlICHHs
BOJIOTIOCTAYaHHS Ta MPEBEHTUBHOIO pEaryBaHHsS Ha MOCYXy Ta BTpaTy BOIU
IUISIXOM 3MEHIIEHHS BHUTOKIB TpyO Ta mormsay 3a crapumu TpyOamu. Illo6
JOCATTH IHOTO, JaHl 30MpaIOThCA JAaTYMKAMH, MIAKIIOYEHUMHU [0 TPUCTPOIB
IaTepHeTy peuel, sKi BUKOPUCTOBYIOTh OaratomapoBuii mepcentpoH (MLP) i1
QITOPUTMH JIOBFOCTPOKOBOI IMaM’ATi. 3 1HIIOTO OOKY, ONTHUMI3alisl HOTYXHOCTI €
KPUTUYHOIO TPHU BUKOPUCTaHHI MaIONOTYyXHUX TMpuctpoiB loT, mo ommcano B
[17], ne aBTOpU OMHUCYIOTh BUKOPUCTAHHSA OE€3IPOTOBOI MEpexki 3B’SI3KYy MIK
MITANGHAMI arapaTaMd Ta CEHCOPHHMH BYy3JIaMHU. MOro 3B’f30K ONTHMi30BaHO
[UIIXOM MiHIMI3allll €HEepProCroXUBaHHS JIPOHA JJII OTPUMAHHSA ONTUMAJIBHUX
TpaeKTOpiii 300py JaHUX.

BianosinHo nmo [8], ympaBiiHHA pecypcaMHM IHTHOI BOAM € BEJIMKUM
BUKJIMKOM, SIKMM TIOPOJIKYE 1HIIIATUBH KOHTPOJIIO HA TTI00aTbHOMY PiBHI, 8 TAKOXK
JUISL CTAJIOTO PO3BUTKY. Y IIbOMY KOHTEKCTI pimeHHs Smart Cities crnpusitoTh
palioHaJIbHOMY CIIOKMBaHHIO Boau. lLle MOCHipKeHHS TPOIOHYE CHCTEMY
MOHITOPHHTY Ta BUsABJICHHS BUTOKIB Yy WDNP 3a 1omoMororo mMeToaiB BUBEACHHS
JaHuX 1 TIMOokoro HaB4yaHHs. Tak camo B [19] aBropu onmucyroTh, Ak IHTEpHET
pedeil renepye pieHHs B IuX cdepax, IpudoMy € (HakTop, OB’ I3aHUM 13 yHaCTIO
IPOMAJISIH Y MIATPUMII MOJITUKU CTANIOr0 Ta €()eKTUBHOTO BUKOPUCTAHHS BOJIHUX
pecypciB. KpiMm Toro, ommcaHo, 110 HEOOXITHO TMPOBECTU JOCIIIKEHHS
CHOXKMBAaHHS BOAM 10, MiJl Yac 1 MICHs Mepioly YB S3HEHHS uepe3 MaHAEeMII0
COVID, 1mo € BaXJIUBUM JJISI COPUSHHS pO3poOI1ll OCBITHIX 3aXOJiB 1 CIPUSHHS
CTIMKil TTOBEIIHIT, 3aCHOBaHI Ha aHaJIi3 310paHUX JaHHX.

OnTuMizariisi CHCTEM PO3MOALTY BOJH TOCHTIKYEThCS Bxke moHaa 30 pokiB, i
il MOXHa 3arajoM pO3JIUIMTH Ha JBI cdepu 3aCTOCYBaHHS: MPOCKTYBaHHS Ta
excrutyararisi. Ormepaliis MOXK€ BKIIOYAaTH BU3HAYCHHS POOOYMX KPHUTEPIiB
nepeKayyBaHHs, KOHTPOJIb CTaHy KiarnaHiB abo piBHS Boau B 6aky. OCHOBHa yBara

i€l poOOTH 30cepeKeHa Ha ONTUMAIIbHIA PoOOTI BOAOMPOBIAHNX Mepex. [licms
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nioHepchKkoi podoTu Cimmcona Ta iH. (1994), GA mmpoko 3aCTOCOBYBAIHCS IS
ONTUMI3aIlli CUCTEM PO3MOJILTY BOAM 3a T1IPABIIYHUMHU KpUTEPIIMU. | eHeTHUHUN
QITOPUTM CToYaTKy OyB po3pobneHuit Xomwtangom (1975), 1 3 Tux mip #oro
BrockoHaymiu Jle JIxonr (1975), INonnGepr (1989), a 3rogom GaraTo I1HIIHUX
(MiertineH Ta iH. 1999).

OcHoBHi mepeBarn  GA  BKJIIOYAIOTh BUKOPHUCTAaHHS  PINICHb, IO
PO3BHUBAIOTHCS, 1 BU3HAYEHHS KUIBKOX pIleHb, 3 SKUX oco0a, sika NpuiimMae
pillIEHHSI, MOKE€ BHOMpPATH, HA BIAMIHY BIiJl OJHOTO pimeHHs. OCHOBHUNM HEIOJIIK
MOJIATAE Y BEITUKUX OOYHCIIOBATBHUX TPYAHOIIAX JJIS TOCATHEHHS ONMTUMAIBLHOTO
abo Maibke ONTHUMaJIbHOTO pilieHHA. byno 3po6ieHo BaockoHaleHHS B GA
(Dandy Tta 11. 1996; Walters ta i1. 1999), 1 HU3Ka n0CHIIKEHb MPOAEMOHCTpYBaIa
edektuBHICT, GA B omepaliiiHiil ontuMizarilii cuctem posnoainy Boau (Goldberg
ta Kuo 1987; Mackle Ta in. 1995). ; Engelbrecht 1 Haarhoff 1996; Schwab Ta in.
1996; De Schaetzen ta iu. 1998). Henmi Tta Enremsxapar (2001, 2006)
BUKOPUCTOBYBAIM TEXHIKY TE€HETHYHOTO aJrOpUTMy, II00 3HAUTH Maixke
onTUMaIbHUM rpadik 3aMiHu TpyO BojonocTayaHHs. Merta noJidraia B MiHIMi3atlil
TEMEepITHLOI BapTOCTI KamiTaly, BUTPAT Ha PEMOHT 1 MOIIKOMKeHHs. Ban 3in Ta
1H. (2004) migBunm edeKTUBHICT oneparliitHoi ontumizaiii GA 3a J0TOMOT00
riOpuIHOrO METOy, KM noeanye mMeton GA 31 CTpaTerie€ro MouryKy aiabIiHICTA.
[MOpunHMit MeTO cXOAUThCS MmBHANIC. BiH OyB 3acTOCOBaHMM IS ONTHUMI3AI]
pob0oTH BOAOPO3MOALILHOI cuctemMu Piumonna y BenukoOputanii. Metoto Oyio
ONTHUMI3yBaTH KOJIMBAHHS PIBHSA BOJM B pe3epByapax il 30epiraHHs B pi3HI

epioau.

1.2 CTpykTypa BOAOpPO3NOALILYOI CHCTEMH

Bonoposnoainena Mepexka (water distribution network WDN), taka sk
nokaszaHa Ha pucyHky 1.1, ckiamaeTscs 3 HAOOPY B3a€EMOIIOB’ I3aHUX TPYO, KOXKHA
3 SAKUX Ma€ BU3HAYCHY JOBXKHUHY, Jl1aMeTp 1 KoediiieHT omopy Teptio. KokHa

TpyOa MEePEeTUHAETHCS B TOUIIl CIIOKMBAHHSA (IIOMUTY), A€ MOTIK BOAU BXOAUTH a00
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BUXOJUTH 3 Mepexi. [l Touka Bimoma sik By3oun 3’eqHanHsa. KoxkHa TpyOa Takox
MO>KE€ MICTUTH €JIEMEHTH MEpeXl, Taki K HacocH, (PpiTMHTUA Ta kianaHd. Hacoc
BUKOPHUCTOBYETbCA JUJIsl 3a0€3MEUYEHHST JIOCTAaTHBOTO THUCKY JJIsi 3aJI0BOJICHHS
noTped 3amMoOBHUKA Yy By3iax 3’eaHaHHsA. WDN Takox MoXXe MaTH BY30]
(dhiKCOBaHOTO pIBHS, TaKUM SIK pe3epByap abo pe3epByap s 30epiraHHs, Jie
BimoMuii Harip abo Tuck. Y mpoektyBanHi WDN rigpaBiniyHi Mojeni BiAIrparoTh
BUpIMIAJIbHY POJb Yy IUJIJaHYBaHHI Ta YIpaBJiHHI IapaMeTpaMud CHUCTEMHU.
CrauioHapHa TijipaBiiyHa MOJeNb [8] HaJlae pO3yMIHHS OLIIHKU CTaHy Mepexl [9] 1
PO3YMIHHSI MeEpeXi TpyOONpOBOJIB 1 TOB’S3aHUX 3 HEIO KOMIIOHEHTIB JJIf
BUPIMICHHS TOTEHIIMHUX HECNPHUATIUBUX I1HUMUJACHTIB. [J(uHamivH1 TiapaBaidHi
MOJIeJII BUKOPUCTOBYIOTh [aHI, OTpPUMaHlI B PEXHUMI pEAIbHOrO0 Yacy BIJ
CEHCOpPHOTO BYy3Ja, MpHEIHAaHOTrO 10 kKomrnoHeHTa WDN, Takoro sik JIYMIBHUK
BOAM, JUJISl OLIHKKM TIOTOYHUX YMOB MEPEXi Ta aBTOMATUYHOIO HaJCUJIaAHHS
KEpYIOUUX CHTHAJIB PI3HUM KOMIOHEHTaM Mepexi. Lle perymtoe mpoyKTUBHICTb

BOZI0p03MoALIbHOI Mepexi (BPM) 1 3po0OuTts ii 0116111 €peKTUBHOIO.

— TpyGa
& @ @) QO Crukoswii By301
— - - :
Jxepeno Boau 5% Kranan
abo pesepByap l I l @ Tonopmmit macoc
— HanpaMoK IOTOKy

Pucynox 1.1 — Cxema Bo1OpO3NOLIIEHOT MEPEKI
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Mepexi po3moaily BOAM CKIAQMAIOTBCS 3 TaKUX JKATTEBO BaXKIHBUX
KOMITOHEHTIB, SIK: TpyOH, pe3epByap, 1aMOu, HACOCH Ta KJIAIlaHHU.

Y WDN Btpatu HemepenbaduyBaHi Ta MOXYTh BUHUKHYTH 4epe3 BUTIK Y
By3JlaX 3 €HAHHS, a TAKOX Y3J0BXK TpyO. Y OUIBIIOCTI BUIMAJKIB yepe3 TpyOu B
MepeXax BTpadaeTbcs 3HauHUM 00°eM Boau. LI[006 3MEHIIMTH BUTOKH 3 MEpexi,
HiAIPUEMCTBAM BOJOMOCTauYaHHsl OyNu 3ampONOHOBAHI JEsSKi OCHOBHI CTpaTterii

yrIpasiiiHHs BUTOKamu. L{i cTparerii mpoiarocTpoBaHO HAa PUCYHKY 1.2.

Yapaeinines

IHoTo4ni piuni

THCKOM .
pea/lbHI BTPaTH

‘ Hemunyui
THOPIIHI pea.ThHl AKTHBHH#

IIBHAKICTE _]\ : BTpPaTH é— KOHTPO.JIb

Ta AKICTH T
IToTeHniiiHi
IMOpivHi peaJbHi
BTpaTH

YapaeiaiHes

Tpydamu Ta
AKTHBaMH

Pucynox 1.2 — OcHoBHa cTpaterisi ynpaBiiiHHS BUTOKaMU [1]

PosrnsnyBumm pucyHok 1.2, mMokHa moOayuTH, IO YMpPaBIIHHA THCKOM €
OMHUM 13 (yHIAMEHTAIBHHX €JEMEHTIB CTpaTerii ympaBiiHHA BUTOKamu. lle
MOB’3aHO 3 TUM, IO TIOMEPEAH] JOCTIHKEHHS TOKa3aau, 10 ICHY€E 3B’ A30K MIXK
MEpEeKeBUMHU BUTOKAMU Ta TUCKOM. [IpencTaBisitoun BUTOKH K TOTIK Yepe3 OTBIp

y TpyOi, CIiBBITHOIIIEHHS] BUTOKIB 1 TUCKY BUPAXKA€THCS SIK:

q=kP", (1.1)
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ne (i — MBUAKICTH BUTOKY;,

K — koe(illieHT BUTOKY;

P — mamip y tpy0i;

N — eKCIIOHEHTa BUTOKY.

3HavyeHHs n KomBaeThes Bia 0,5 10 2,5 3anexHO BiJ TUIY BUTOKIB. OTXe, 3
(1.1) BurumMBaE, 110 BUIIHMKA THUCK NPHU3BOJIUTH JO BHUCOKOI IMIBUIKOCTI BHTOKY, i
HaBmaku. 3 (1.1) odeBWAHO, 110 MOTIK BUTOKY Oynae Iyke YYTIUBUM JO 3MIH
THCKY, Koiu n>1. Xoua MOBeIiHKa TOTOKY BHUTOKY € CKJIQJHHM SBHIIEM, 1
pPO3YMIHHSL TIAPABIIKM BHUTOKY € HEOOXIIHMM Ui Kpamoro YsBJIEHHS Mpo
CIIBBIJIHOIIIEHHSI BUTOKY Ta TUCKY. BiibIl moBHE mpejcTaBieHHS 0a3yeThCs Ha
BUKOPHUCTaHHI KOHIIEMIII (PIKCOBAHOI IJIOMII Ta 3MiHHOI mionli po3psny (FAVAD),
3anpornoHoBaHoi Meii. Ll koHmeniis 6a3yeTbcss Ha ToMy (PakTi, IO OTBOPHU JIJISt
BUTOKY 3MIHIOIOThCS MO JOBXHHI TpyOu. ToMy 3alieHICTh BHUTIK-THCK Jalil

BHUPAXKAETHCA K.

Q, = C4AT\J2gH + C,AY\[2gH, (1.2)

ne  Qj— mo3Hayae MBUAKICTH BUTOKY;

Cy — KoediIiEHT BUTOKY;

Al - ¢ikcoBaHa IJIOIIA PO3ZKPUTTS BUTOKY;

A} — 3MiHHA TUTOIIA PO3KPHUTTS BUTOKY;

H — npeacrapinsie Hamip, CTBOPIOBAHUN HACOCOM,;

g — IPUCKOPEHHSI CUJIU TSAKIHHS.

B 060x npezacTaBieHHAX BUpa3y MIBUJIKOCTI HIOTOKY BUTOKY MOKHA 3pOOUTH
BHUCHOBOK, IO MOTIK BUTOKY YYTJIUBUN 1O KOJIUBaHb THCKY.

3 000x 300pa)keHb BUTOKY OYEBHIHO, IIO 3MEHUIEHHS THUCKY B MEpexi
3HaYHO 3MEHIIMTh IIBHJAKICTH MOTOKY BHUTOKY. Tomy B WDN ctpareris
YOpPABIIHHSA THUCKOM BH3HAHA OJHIEI0 3 HAWOUIbII €PEeKTUBHUX 1 €KOHOMIYHO

e(eKTUBHUX TMOJITUK /s 3MEHIICHHsS BHUTOKIB. OKpiM MiHIMI3alii BUTOKIB Yy
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WDN, mignpueMcTBa BOIOTOCTAYaHHS TaKOXX MOXKYTh OTPUMATH BHUTOAY BiJl
YIOPaBIIHHSA TUCKOM, 3MEHIIIYIOUH PU3UKU PO3PUBY TPYOH Ta, OTXKE, MOJAOBKYIOUU
TepMiH Ciayx0u Tpyou. lle 3HA4YHOIO MIpOI0 3MEHIIUTH BaPTICTh TEXHIYHOTO
00CITyTOBYBaHHS Ta PEMOHTY TPYOOIIPOBO/IB 1 IMOB’SI3aHUX 3 HUMU KOMIIOHEHTIB.
VY cucreMi BOJOPO3MOJITY TOJOBHMM HAacoC IOBUHEH 3a0e3nevuyBaTH
JOCTaTHIA THCK, 100 3aJOBOJBHUTH BHMOTH CIIOKMBaua y By3JaX 3’ €JIHAHHIL.
Opnak BUIIMH THUCK MOXE TMPHU3BECTH JI0 PO3PUBY TPYOH, OCOOIMBO i TPyO
Mmazoro giamerpy. Takum ynHOM, y WDN MMOBIpHICTh MOJOMKHU TPyOH B MEpEXi
B pe3yJbTaTi 3MIHM THUCKY B CHCTEMI MOXHA OI[IHUTH 3a JOMOMOTOI0 MOJEII,

3ampoIIOHOBaHOI Swamee et ai. sK:

0.021e 435Dk 4+21.4p8e 373Dk
PTk = k . (13)

1+105D}

ne  Pry— no3nayae WiMOBIpHICTH MOJOMKHU TPYOH k;

DK — npescrasisie i giameTp.

3 (1.3) moxHa 3poOWTH BHCHOBOK, IO HMOBIPHICTH MOJOMKH B TpYOi €
cnaJHo0 (YHKIIEO AlaMeTpa TpyOu mija BIUTMBOM 3MiHHM THUCKY Boau. IIIBUIKICTB,
3 KO BUHUKAIOTh HOBI BUTOKH, 3HAYHOIO MIPOIO 3aJIEKUTh B1Jl CTPUOKIB TUCKY Ta
BHUCOKOTO TUCKY. Kpim TOro, He MOkHa IrHOpYBaTH piBeHb MOTpedu y Bojl. [lomut
Ha BOJY MAa€ CTOXAaCTUYHMI XapakTep,; OCHOBHHI MPOPHB TPYOH, SK MPaBUIIO,
B1JIOYBAETHCS MMI3HO BBEUEP] Ta PAHO BpaHLIl, KOJHU TUCK y CUCTEMI € HAWBHILKM.
3acnyroBye Ha yBary J10Ka3 TOTO, 110 KOHTPOJb POOOYOro THCKY € e€(peKTUBHUM
3ac000M 3MEHIIICHHS BUTOKIB y MepeKax 1 JJisi 3MEHIICHHS PU3UKY IMOJATBIINX

BUTOKIB IIUITXOM SIVIAJPKYBAHHS KOJIMBAHb TUCKY.

1.3 TenaeHuii po3BUTKY CHCTEM KOHTPOJIIO PO3NO/AiTY eHepropecypcis

Maitxe 1o ki 20 cTomiTTs 115 00JiKy CIIOKMBAHHS ra3y, BOJIM, TeIia Ta

€JIEKTPOEHEPTli BUKOPUCTOBYBAIKCS JIMIIEC MPUIATUM 3 MEXAHIYHUM IPHUBOJIOM.
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CnokuBaul 3amUCyBalld Ta HAJCWJIAM BJACHI TOKa3aHHS, a 1€ O3Hayae, IO
MOCTaYaJIbHUKK YacTO OTPUMYBAJHU 13 3aTPUMKOI0 a00 HENmpaBWIbHI JaHl depes
JTIOACHKY MOMUIKY. Bynu i 11111 npoOiaemu:

— a0OHEHTH BHUKOPHCTOBYBAJIM PI3HI XUTPOII, MO0 3aHU3UTHU JIaH1 PO
CIIO’KUBAHHS PECYPCIB;

— IHCTIEKTOPH TOKJIaIajicsl Ha KOPUCTYBAuiB: SIKIIO CIOKKMBaya HE OYyi0
BJloMa a00 HE JaB 1HCHEKTOPY MOCTYM A0 JIYWIbHUKA, MEPEBIPUTU MOKA3HUKH
JYWIbHUKA OYJI0 HEMOXIIHUBO;

— MIOCTAaYaJIbHUKH 3a3HaIu 30UTKIB Uepe3 HEBUABIICHI aBapii Ta BUTOKHU.

3 PO3BUTKOM HOBHUX TEXHOJIOT1H cUTyailis 3minuiacs; y 1990-x pokax Oynu
npeacTaBieHl HUGPOBI JIYMWIBHUKH, a TaKOX CTajla MOXJIMBAa aBTOMAaTHYHA
nepeaaya gaHux yepes iHopmariiiai mepexi. [Ipuctpoi 001Ky cTaau TOYHIITUMU
Ta BIOCKOHaJIeHHWMH, aojanucs HoBI ¢yHkii. Iliznime IaTepHer pedeit (IoT)
HaBiTh JO3BOJIMB KOPHUCTyBadaM 1 IIOCTA4aJIbHUKAM KEPYBaTH MPHUCTPOSMHU
BIJJIAJIEHO.

VYei i iHHOBAIIi BIAKPWIM aOCOJMIIOTHO HOBI MOKJIMBOCTI, OCKUIBKH
IHTEJIEKTyaJIbHI ~ MPUCTPOi  aBTOMATHUYHO 30MpaOTh 1 TEpelarTh JaHi,
MOBIJOMJISIOT,  MPO  aBapli Ta 1HIOI TMOfii, a ©arato TpOIECiB CTalu
aBTOMaTU30BaHUMH. [lepeBarn Cy4acHMX TEXHOJIOTiM OYEBHIIHI: BH OTPUMYETE
KOM(]OPT, TOYHICTH 1 EKOHOMIIO.

[HTenekTyanbHuii OOJIK pPEecypciB aKTHMBHO BIPOBADKYEThCA B 0araTtbox
KpaiHax CBITy, BKIodaroun kpainm €C, Kwurait, Anoniro, CIIA, Kanany,
Mexkcuky, bpaswmiro, Iamiro ta Oararo iHmmx. Tak, 3rigHO 31 3BITOM MpO
MOHITOPUHI PUHKY 3a BepeceHb 2023 poky, miaroroBieHuM ACER, Ha kiHelb
2022 poky uyacTka pPO3YMHHMX JIYMIBHUKIB enekTpoeHeprii y 13 kpainax
nepeBunuia 80% Bi 3aranbHOI KUTBKOCTI MPHWIAAiB 00JIKYy. Y TaOmuIll HUKYE
HABEJICHO CTYIIHb IHTETpallli IHTeJIEKTYaIbHOTO BUMIPIOBAHHS Ta MOKIIMBOCTI, 5K
PO3yMHI TEXHOJIOT1i IPOMOHYIOTh TOCTAaYaIbHUKAM PECypPCiB y IMX KpaiHax.

Posymna Meperka — 11e Halip NPpUCTPOIB, MPOrpam, TEXHOJIOTIH 1 pillIeHb, K1

3a0e3MeyyoTh NOCTaYaIbHUKIB pecypciB CY4JacHOIO 1 (pOBOIO
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1H(PaACTPyKTYpOI0, aBTOMATHU30BAHUM BHUMIPIOBAaHHSAM JaHUX 1 3py4YHOIO
00poOkoro ganux. [T-pilieHHs MIUPOKO BUKOPUCTOBYIOTHCSI B PO3YMHUX MepexKax.
be3 Takux cucteM HEMOXKIUBO OyJI0 O CTBOPUTH Cy4acHI pO3yMHI MiCTa.

[HTenekTyanpHa Mepexa BKIII0Uae B cebe Takli KOMIIOHEHTH:

— KIHIIEB1 MPUCTPOI (PO3yMH1 JIUMIBHUKH 200 paioMOayJIl);

— IUTIO3H;

— Mepeka nepeadi JaHux,

— mporpamHe 3a0e3meueHHs onnepaTopa;

— PO3yMHI1 JATYUKH.

Kinnesi npuctpoi 3a gonomoror mUQPPOBHX I1HTEPPEICIB 3aMUCYIOTh
MOKa3aHHs JIYWIbHUKIB, 3a0€31e4y0Th 30€peKEeHHSI TaHUX Y BHYTPIIIHIA mam'sTi,
a MOTIM MepefaroTh JaHl Ha IMUTI03W 3TAHO 3 PO3KIAJOM 1 HaJallTyBaHHSIMHU.
Cepen KIHIIEBUX MPHUCTPOIB MOXKYTb OYTH PO3YMHI JIYMJIBHUKU 3 BOYJIOBAHUMHU
pamioMOAYJISIMH, a TaKOX PaaloMOAYJl JJisi OOJIKY BOJAM Ta PagiOMOIYJ Jis
00Ky Tasy.

[nro3m abo 6a30Bi1 CTaHIIIT OTPUMYIOTh JIaH1 Bi pAly KIHIIEBUX MPUCTPOIB 1
NepesatoTh X Yepe3 Mepexy Ha cepBep.

Mepexa niepenadi JaHUX JOCTaBIsge 1H(OpMAIli0O HA CepBep MO APOTOBUX
a00 0e3IpOTOBUX KaHaaX 3B'SI3Ky 3a JOMOMOTOI0 BIJMOBIAHUX MPOTOKOJIB. JIjist
nepenadl MokKa3aHb JIYUIBHUKIB BUKOPUCTOBYIOTHCS MAJIOTIOTYKHI TJ100aIbH1
mepexi (LPWAN).

[Iporpamue 3a0e3nedeHHs] MO3BOJIAE€ TOCTAYAIbHUKY PEeCcypcy OTpPHUMYBaTH
JaH1 B 3py9HOMY (OopMaTi, a TAKOXK 0OpOOIATH 1 30epiratu moka3aHHsI.

[HTENeKTyanbHI JaTYNKU MO>KHA BCTAHOBIIIOBATH CKpi3b, /€ MOXKIHBO
aBTOMATH3YBaTH 3aIlkC MOiH 1 3MOMKY MapaMeTpiB ab0 MOKa3aHb:

— BUTIK;

— BOJIOTICTh 1 TEMIIEpaTypa,

— HAITOBHEHHSI KOHTEHHEDPA,;

— CIPAallbOBYBAHHS PI3HUX JIATYHUKIB,

— Tiepeiaya MOTOYHOT Te0JIOKAITii;
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— mepeaaya JaHUX BUMIPIOBaHb.

i mpucTpoi nocunarTh CUTHAJ MPOBaiiiepy pecypcy, AKIIO cTajnacs aBapis
a0o 1HIIIa HAJA3BUYAHA CUTYallid, sfKa rnependavyeHa QyHKIIOHATBHICTIO JaTIHKa.

Jlami My AeTanbHillIe PO3IJITHEMO APYTUAd KOMIIOHEHT PIIIEHHS — MEpPEKy
nepenadi ganux LoRaWAN.

Mepexi LoRaWAN i3 miarpumkoro loT st posmoniny KOMyHaJIbHHUX
MOCIIYT.

LoRaWAN — 1ne wMepexeBHil TPOTOKON, SKHM Iepefae KOPHCHE
HAaBAHTAKEHHA HEBEJIMKOIO0 pPO3MIpY 3 MIHIMaJbHOK KUIBKICTIO €HEeprli,
JO3BOJISIIOUM  BUKOPUCTOBYBAaTM aBTOHOMHI JDKepesda JKUBJIEHHS, SKI HE
NOTpeOYyIOTh 3aMiIHH MPOTATOM KUIBKOX POKiB. PaHiie e 0ya0 HEMOKIUBO.

Ileit meton 6a3yeThcs Ha TexHojorii LoRa — meromi momymsii, ae s
nepeavl JaHuX BUKOPUCTOBYIOThCS HEJIIEH30BaH] JAiana3oHu yactoT. [Ipu upomy
CHUTHAJIM MalOTh BHCOKY MPOHHKAIOYY 3[aTHICTh, a II€ O3HAYa€, M0 TEXHOJIOTIIO
LoRa mMoxHa BUKOPHUCTOBYBAaTH B T'YCTOHACEJICHMX MICTaxX 1 HaBITh OTPUMYBATH
JIaH1 3 IPUCTPOIB, PO3MILIEHUX Y MiABaII.

Texnonoris LoRa 1 mpotokon LoRaWAN 3abe3nedyroTh TBOCTOPOHHIN
0e31poToBUl 3B'sI30K, 3axuileHuil mmdpyBanaaM. KiHieBi mpucTpoi nepenaroTh
JIaH1 MpO CIOXUBAaHHA MO pajioKaHaly [0 LUII031B, MOTIM JaHi MEePEMIIIYIOThCS
yepe3 [HTepHeT Ha cepBep 1 CTalOTh AOCTYITHUMU AJIs OCTaYaJIbHUKIB MOCHIYT.

Takum uynHoM, LORaWAN pno3Bomnsie moOyayBaTH Mepexy 3 TaKUMHU
XapaKTePUCTUKAMHU:

— BHUCOKa MTPOHMKAIOYA 3/IaTHICTh KPi3b MEPEIIKOIH;

— aBTOHOMI,

— JIBOCTOPOHHIH Paio3B'SA30K;

— BUCOKa JAIBHICTh TIEpeiadl CUTHAITY,

— rapaHTOBaHUM 3aXUCT IAHUX;

— IIPOCTE Ta HEJOPOre MacITabyBaHHS MEPEKI.

Vi i XapakTepUCTUKH JI0TIOMararoTh Oy1yBaTH MEPEI0Bl pO3YMHI Mepexi

00Ky ra3y Ta BOAM.



20

Sk mepexi LoORaWAN BUKOPHCTOBYIOTHCSI B pO3YMHOMY OOJIIKY PECYpPCiB.

Texnosorist LoRa 103Bouisie MIBUAKO, JIETKO 1 3 MIHIMAJIbHUMH 1HBECTHIISIMU
IHTETpyBaTH 1HTENEKTyaJbHI eIEKTPOMEPEX1 i1 €PEKTUBHOTO YIPABIiHHSA Ta30M
1 BOJIOIO.

Huszbka BapricTh posroptranHs Mepexi. Mepexi LoRaWAN wmarTh
nepeBary mnepen [HTEpHETOM y TOMy, IO iX MOYKHa PO3TOPHYTH B OyIb-sIKii
MICIICBOCTI 3a BIJIHOCHO HHM3bKHX BHUTpaT — MOTPIOHO JMIIe TpUAOATH Ta
BCTAaHOBUTU HEOOXIJHY KUIbKICTh 0a30BUX cTaHIIN (uutto3iB). [1{o6 peanizyBaTu
noAiOHEe 3aBJAaHHA TPAIULINHUM CIOCOOOM, HEOOXIJIHO MPOKJIACTU Kadenl Ta
BCTAaHOBUTU CEpPBEpHE Ta TEJIICKOMYHIKAIliiHE OO0JIaJlHaHHS, a 3HA4UTh, razo- Ta
BOJIONIOCTaYaHHsI BUTPATUTH 3HAYHO O1JIbIIE KOIITIB.

Bucoka mnpoHukaioua 34aTHICTh uepe3 mnepemkoau. JIUMIbHUKY IS
OKpeMHX CHOXKHMBadiB abo Juisi 1101 Oy[iBIII MOXYTh OyTH pO3TalioBaHl B
nijBagax, 0araronoBEepXOBUX OAaraTOMOBEpPXIBKaxX 1 BEJIMKUX OQICHUX LIEHTpax.
CurHaii B TaKMX MICIIIX CTHKalOThCA 3 OaraTbMa (PI3MUHUMH TEPEIIKO aMHu
(HampuKJIaa, CTIHAMU Ta CTEJIIMM) 1 Ha HUX BIUIMBAIOTH pajionepenkoau. Bucoka
nmpoHuKaroua 31atHicTh 4acToT LoORaWAN o3Hauae, mo BmimB mux (GakTopiB Ha
MOIIUPEHHS CUTHATY 3BOJUTHCSA IO MIHIMYMY. 3aBASKU IIbOMY MEpPEKi Ha OCHOBI
LoRaWAN MoXHa BHUKOPUCTOBYBAaTH Yy BEJIHMKUX MICTax 1 paiioHax IIUIbHOT
3a0y10BH.

JIBocTopoHHi 3B'si30k. Jlesiki mpuiiaau OOJIKY OCHAIEHI J10JaTKOBUMU
GYHKITISIMH, K1 JO3BOJISIOTH MOCTa4aIbHUKAM TOCIYT BIAJAJICHO B3a€EMOJIATH 3
HUMU, HAIIPUKJIa/, HAJAIITOBYBATH YACTOTY Tepeaadi JaHuX. Y TaKUX CHUTYaIlisx
PO3YMHHI TIpUCTpiA Mae OyTH 3JIaTHUM HE JIMIIE Mepe/laBaTH CUTHAJ, ajie |
npuitmMaTu 1oro. /[BoctoponHiit 38’5130k mpotokoiny LoRaWAN mosxke 3pobutu 11e
MO>KJIUBUM.

EneproedextuBHicTh. PO3yMHI MPUCTPOi, 110 BUKOPUCTOBYIOTH MPOTOKOJ
LoRaWAN, He mepenaroTh JaHI MOCTIMHO, HATOMICTh BOHHM HAJCHJIAIOTH JaHl
yepe3 MEeBHUM MPOMDKOK 4acy BIAMOBIAHO /10 HajamTyBaHb. Kpim Toro, naHi B

mepexki LoRaWAN nepenaroTbess Ha HU3BKIM MIBHIKOCTI JJIsI €KOHOMIi 3apsiay
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akymyisTopa. Takum yuHOM, O€3IpOTOBI PO3yMHI HPUIAAM OOJIKY MOXKYTh
MpaIfoBaTH aBTOHOMHO MPOTSTOM JEKUIBKOX POKIB.

Ha pucynky 1.3 HaBeIeHO MIJTLOBI TPYITH CUCTEMH.

LUinbosi rpynu

= KOMEPLINHI KOMMAHIi
OCBB
TouHUI N oxaagmmm 1 06nik ExoHOMiA cnoXuBaHHA
PECYPCHI KOMMAHII
CKODO“VIOTb BUTpaTU

Tl 3ABYJOBHUKMU l
IHHOBaUjiiiHa Nepesara

@ KEPYIOUYI KOMMAHIi

[ucTaHuiitHUi 067iK CNOXUBaHHA

IHTEFPATOPU

Moxnugicte maclutabysaHHa 6isHecy

NMPUBATHI KOPUCTYBAMI

qimuu BiAaNEHUI1 KOHTPONb CMNOXUBAHHA

Pucynox 1.3 — [linb0oBi rpymu cucreMu
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2 METOJOJIOTTYHI 3ACAJIM BIJUIAJIEHO KOTPOJIIO PO3MNOILTY
BOJIU

2.1 Po3noaist BoaM T2 i10r0 OCHOBHI PIBHSIHHS

Bpaxosytoun WDN, sik mokazano Ha pucyHky 1.1, MoxHa nmoOGayuTH, 110
HOro TOMOJOrIs A03BOJISIE BUKOPUCTOBYBATH TEOPETUKO-TPaoBi BIACTUBOCTI IS
pO3pOOKH  MaTeMaTU4YHOro TmpenacraBiieHHA. llpumyckaroun, 1m0 Mepexa
ckiagaeThes 3 Nb rutok/Tpy0, 3’eaHaHnX Nn KUIBKICTIO BY3JIB, IO CKIAJAETHCS 3
ns KUILKOCTI Jpkepelt 1 nd KIJTBKOCTI BY3J11B TOMUTY, MaTPHUIlS BUIIAJKOBOCTI By3Jia-

ruiku Q,y G RNb xNn moske OyTu Bupa)keHa siK:

+1, if flow in branch (pipe in Figure 1) j leaves node i
Cij= 14 —1, if flow in branch (pipe in Figure 1) j enters node i

0, if branch (pipe in Figure 1) j is not incident to node i (2 1)

PiBHSIHHSA BY3710BOTO OaJlaHCy MOKHA BUPA3UTH TaK:

Ci,jQ=-1, (2.2)

ne Qe RN: and I € RN € BEKTOpaMH MOTOKIB Y TJIKaX 1 BY3JIOBUX 1H €KIIISAX.
Bektop Q B OCHOBHOMY CKJIAA€ThCS 3 TOTOKIB, SIK TOKa3aHO YEPBOHUMHU
CTpiIKaMH (BKa3ylOTh HANpPSIMOK TOTOKIB) Ha pucyHkyl.l, Tomi sik Bektop I
CKJIAJAa€eThes 4K 3 BiAOOpPY, Tak 1 3 MoJayl HAa By3Jax 3 €JHaHHSA Ha pucyHkyl.l.
PiBusiHHs (2/2) MOXHA PO3KIIACTH HA 100 BUPA3UTH BY3JIOBUIl OalaHC Jis BY3JIiB

IIOIINTY SK:

CiQ=-q, (2.3)
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ne  CiB(3) e emementom posknageroro C; ; = [C;  C]T.
(| — BEKTOpP BY3JIOBUX BUJIy4EeHb.

30epesxenns eHeprii ans 3aMkHyTHX WDN MokHa BUpa3uTH SK:

AR =[CE Cl] [Zj] (2.4)

ne hs i hy— Hamip y pkeperni Ta By3iti MOMHUTY BiMOBITHO.

A — mepenaa THCKy B310BX TpyOu. Jljig KOKHOI TpyOM 1 mepenaj THCKY

MO>KHA BUPA3UTH SIK (DYHKIIIIO TiAPaBIIYHOTO OMOPY TpyOu k.
Ah; = k;Qff = k;Q;|Qy|* ™. (2.5)
VY (2.5) K — rigpaBniunuii onip TpyoH, a — Koe(illi€HT TUCKY.

[MincraBnsitoun piBHsHHS (2.5) y (2.4), 30epekeHHs €Heprii B MaTpUUHIH

dbopmi 1t WDN MokHA BUPA3UTH SIK:
diag(k|Q|*1)Q — Cthy — Cthy = 0. (2.6)

Busnauansna wmatpuus A = diag(k|Q|*™!) rigpasnmiuny imiTauiiiny

MOJIeJIb MOKHA 3aMrcaTy y MaTpuyHii Gopmi Tak:

o =15 @

JliaroHanbpH1 €JIEMEHTH MaTpUIll A 3aJie’KaTh BiJ €JI€MEHTa, BCTAHOBJICHOTO
B TpyOi. Jns tpyOu 1 3 PRV, BcTraHOBieHUM, Sk MOKa3aHo Ha pucyHKy 1.1 sk

«Kmamany, e1eMeHT:

AL, 1) = k[Q]*™t + m(Q), (2.8)
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ne m(Q) — Heznayna Brpata uepe3 PRV. Jlnsa Tpy6 3 Hacocamu («roJ0BHHIDY HACOC

Ha puc. 1.1).

A(i,i) = —w*(h — k(Qyj/ w)") / Qyj | (2.9)

7ie W 1 n — mapaMeTpH, 110 3aJIeKaTh BiJl THITy BCTAHOBIIEHUX TPYO.
2.2 KoHTpoJb THCKY

KoHTponb THCKy B cucTeMax BOJOMOCTadYaHHsS € J00pe BUBUCHOIO CXEMOIO
MiHIMi3aLli BUTOKIB. [ToMiTHI pOOOTH Ha 110 TEMY MOXHA IPOCTEXKUTH HA TIOYATKY
1990-x poxkiB. XiHai Ta XamaMm JOCHIKYBJIM BHKOPUCTAaHHS KIIAllaHIB 13
MOCTIMHUM BUXITHUM THUCKOM 1 KJIallaHiB 3 MOJIyJIEM MTOTOKY JJIsl MiHIMi3allil BTpaT
y WDN. Onnak HajgMipHe OOYHCITIOBAIbHE HABAHTAXKEHHS CIIOHYKajlo XaMaMma Ta
XiHJlI BUKOPHCTOBYBATH IITY4YHI HEHPOHHI MEpexi JUisi KOHTPOJIK THCKY.
3HIKEHHSI BTpAT CIOCTEPIraeTbes Micis BOpoBajukeHHs 1€l cxemu. [ai 1 Jhi
NPEACTAaBWIM PO3IMHMpeHy Mojenb mis PRV, mo6 3abe3neyntu TpUpEeKUMHY
poOoTy (BIAKPUTHI, HOpPMalbHHUI, 3BOPOTHHUW KIJamaH) y BOAOPO3MOAIBHUX
Mepexax JuIsi MiHIMi3alli BTpar 0e3 mopyuieHHs oOmexeHb. s dopmyna Oyna
BH3HaHA KOPHUCHOIO ITiJl Yac TECTyBaHHs 3a KiJbKOMa ClieHapisiMu monuty. Y [12]
Oyna chopmysibOBaHa OAraToliyibOBa CTPATETisl KOHTPOJO TUCKY Ta €(PEKTUBHOTO
smeHmeHHss BTpaT y WDN. VYV crabinpHomMy pexxkumi chopMyiIbOBaHa CTpaTeris
npu3Besia 10 3MEHIIEHHs BTpat Ha 6,15 11/c.

Xoda KOHTpOJIb THUCKY 3a nonomororo PRV nae 3amoBuibHI pe3ynbraru,
BTpaTa €Heprii B pe3ysbTaTi PO3CIIOBAHHS BTPATH HANOPY BUKIWKAE CEpPHO3HE
3aHenokoeHHd. Lle BmiMBae Ha 3arajibHy eHeproe()eKTUBHICTh, OCKIJIBKH €HEpris,
sgKa 1Hakmie moria O OyTH TepeTBOpeHa B KOPHUCHY (OpMY, PO3CIIOETHCA.
Buxopucranas PRV chineHO 3 Hacocamm Oyno 3ampornoHoBaHo B [16] mns

nokpaieHHs BukopuctanHs eneprii WDN. CriibHe miaHyBaHHS KOHTPOJIIO TUCKY
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Ta peKymepaiii eHeprii Ha OCHOBI TOMWUTY MOKAa3aj0 3MEHIICHHS BUTOKIB Ta
CIIO’KUBAHHS €JEKTPOCHEPrii Ha HACOCHUX cTaHIisX. OCTaHHIM YacoM HacoOCH K
Typ6iau (PAT) BUKOPHUCTOBYIOTHCS SIK PIlLIEHHS JJIsl TIOPUIHOTO KOHTPOIIO TUCKY
Ta pekynepaiii eHeprii. ¥ po0oti [17] gocniKeHo peryioBaHHS MIBUIKOCTI Ta
tucky [TAT. MakcumanbHa BiJHOBJIEHA Npu poOoTi eHeprisa ckiana 23%. 1lo6
BUOpaTH BIAMOBIAHI Ta eKOHOMIYHO edekTtuBHI mnporpamu, PAT Oymu

3arporoHoBani B [18, 19].

2.3 Ilpuiaagu KOHTPOJIIO TUCKY

Jlnsg pisHMX Iineil MOCTYyHmHi pisHI NPUCTPOi KOHTPOMIO THCKY. IX
PO3MIIIEHHS Y BOJOINPOBIIHUX MEpEkKax 3ajJeKUTh B KOHKPETHOI MOTpedH, 110
BUHUKAa€. BOHM MOXyTb BHUKOPHUCTOBYBAaTHCSl [UJIsi KOHTPOJIO, OOMEKEHHS,
HiATPUMKHA 200 3HIDKEHHSI TUCKY BOJIM B TpyOi abo By3mi mepexi. Y tabmuii 2.1

HABEJICHO Pi3H1 TUIH TaKUX MPUCTPOIB 1 0COOIMBOCTI X BUKOPUCTAHHS.

Tabmuus 2.1 — EneMeHTH peryitoBaHHs THCKY

Enement Bukopucranus
Penyxuiiini knananu (PRV PerymtoBaHHsI TUCKY, KOJIH 1 SIKIIIO BOHO
Pressure reducing valves) NIEPEBUIIIYE BCTAHOBIICH] 3HAYCHHSI

Knananu niaTpuMKy TUCKY

. . [TinTprMyBaTH 1I€BHE 3aJiaHE 3HAYECHHS THUCK
(PSV Pressure sustaining valves) TP Y

Kitananu peryiatoBaHHS TUCKY KonTpomtoiite TUCK y BU3HAUEHIN 30H1
(PCV Pressure control valves) yIpaBTiHHS THCKOM

Kitanan nepepuBHUKA TUCKY 3MyCHUTH Ta MIATPUMYBATH 3alaHy BTpaTy
(PBV Pressure breaker valve) TUCKY Ha KJIanaHi

. PeryimtoBaHHsI THCKY, KOJIH i SKIIIO BOHO
Hacocu six Typ6inu (PATs Y Y

i IIEPEBUIIYE BCTAHOBJICHI 3HAYEHHS, 1
Pumps as turbines) P d

pekymepartisi eHeprii
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3aranom, PRV 31e0inpimoro BUKOPUCTOBYIOTBHCS, KOMH  MpobOiieMa
HAJMIpHOTO THCKY BHHHUKAa€ 31 3MEHIIEHHSM monuty B Mepexi [8]. OnmHak
ocTaHHIM yacoM, uepe3 naediuut eneprii, PAT Oynmu Bukopucrani s
BIJIHOBJICHHSl HAJUIMIIKOBUX BTpAT HAMoOpy Ta TEPETBOPEHHS iX y KOPUCHY
eHeprito. Po3milieHHs] MX NPUCTPOIB HACTIIBKHU K BaXJIMBE, K 1 iX KOHTPOJb,
mo0 3abe3meunTd 3arayibHe 3HWKEHHS THCKy [30] 3a  MiHIMaTbHUX

eKCIUTyaTaliifHuX BUTpAT.

2.4 Po3MileHHs IPWIATiB KOHTPOJIIO THCKY

Y jitepaTypi 3amnponOHOBAHO Pi3HI METOAW BHUPILIEHHS MOpoOiIeMu
posmimenns [IPB. 1li metonmu mokHa kiacudikyBaTh 3a TpbOMa IIMPOKUMHU
KareropisimMu, a came (1) Meroa migpaxyHky, (2) METOJl MOPIBHSAHHA TUCKY Ta (3)

METOAH, 3aCHOBaH1 Ha YMCJICHHI/ONTHMI3aIIii.

2.4.1 O0YuCTIOBAIBLHUN METO/

VY 1poMy MeTO1 KiIbKa KJanaHiB JOBUIHLHO BCTABISIOTHCS Y BOAOIPOBIIHY
MEpexXy. 3aCTOCOBYIOTbCSI METOAM ONTHMI3alli, SKI B KIHLIEBOMY IIJICYMKY
OpU3BeAYTh 10 iX ONTHUMaJbHUX HajlamTyBaHb. Lleli MeTon BuMarae 3Ha4HHMX
OOYHCITIOBAILHUX 3YCWJIb I JOCATHEHHSI ONTHMAJIBHOTO PIIICHHS, OJHAK HOTO
jeriie 3actocoByBaTu. Pobora B [11] BUKOpHCTOBYBaja MOCIIOBHY JlIHEAPU3AI[IIO
BY3JIOBUX HAIoOpiB 1 pIBHAHb TMOTOKY B TpybOax, mo0 MaTH MOMIJIHUBICTh
BUKOPHCTOBYBATH JIIHIITHE MPOrpaMyBaHHsl JJIsl BUPIIEHHS IPOOIEMH KEPYBAHHS
kiananoM. Ha 25 Bysnax 37 TpyOHOT Mepexi BCTaBIeHO TpHU 3acyBku. OTpumani
pe3yNbTaTH TOKa3aliv, M0 3ajada OomTuMizallii morpedyBaia Bix BochbMHU 10 15

1Tepailiil, o0 OTpUMAaTH ONTUMAJIBHE PIILICHHS.
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2.4.2 ETanoHHUI MeTO THCKY

Lle#ti kmac MeToniB Oa3yeTbcsi Ha  TiAPaBIIYHOMY  MOJETIOBAHHI.
InenTudikyeThcss OMOPHMM THUCK 1 BUKOHYETHCS TiJIpaBlliuHE MOJCITIOBAHHS 3a
pi3HHX yMOB TmomHTy. JlJsS BCIX MoOJened MONMUTY MICHs BCTaHOBJICHHS

BUOMPAIOTHCA AK TPYOH, SIKI 33 JOBOJBHSIOTH IPABHIIO 1.

Rule1: ifh; > h"™ and h: < pref

Hi-hj > 0,1 x ™",

B sixocti micus ycranoBku [IPB o6pana tpyo6a.

Tum He MeHI, y poOoTi B 3p00JICHO BHCHOBOK, IO METOJ CTPaXKIaB BiJ
HEZOTIKY, 110 BiH He PO3TIISIaB KaHAIH, 32 JOIIOMOTOK0 sikuX i hi > h™, i hj > h"™ i
iX pi3HuUg Oyna Tpoxu Ouiblior. TakumM YHMHOM, e OyJI0 IOM’SKIIEHO
3aMpoBaKEHHSIM TMpaBWiIa, SIKE Majo Ha METI MEepeBIpUTH pi3HUIIO hi — hj 1
po3riigmano TpyoOy, SKIO0 Oylo BHUSABICHO, IO BOHA TMEPEBHUIIYE ITOPOTOBE
3HaueHHd. [loTiM mpaBwio 2 Oys0 BKJIIOYEHO B METOJOJIOTII0, 3alpONOHOBAHY
[32].

SIkmo hi-hj > 0,1 x h"™" B sikocti micts yeranosku [IPB oGpana Tpy6a.

[Topasnpiiie BMOCKOHATICHHS METOJTY €TAJIOHHOTO THUCKY OyJI0 3ampOornoHOBaHO
B [33]. Lle HemonaBHE BIOCKOHAJICHHS BUKOPHUCTAJIO BY3JI0BUM MAaTPUUHUM aHAI3,

00 cxema OyJia 3aCTOCOBaHa J0 BEIMKOMACIITAOHUX MEPEeX.
2.4.3 MeToa¥ HA OCHOBi YHCJIEHHS/ONTHUMI3 ALl
[eit kmac MeToIIB OYJI0 BIiEepIlie poO3rsiHYyTO B Jjist po3MimieHHs: PRV. Bonu

3aMpONOHYBAJIM CXEMY, 3aCHOBaHY Ha MIHIMIi3allli BCTAHOBJIEHOI apMaTypu Npu

MiHIMI3amii TUCKy B cuctemax. OTpuMaHe 3MillIaHE IIJIOUMCEIbHE HETiHIIHEe



28

mporpamyBaHHs OyJI0 JIIHEAPU30BAHO JJIs peanizarlii eh)eKTUBHOT 00YMCITIOBATLHOT
CXeMH Il BUpileHHs npobsiemu. Y pob6oti [30] nmpobiema chopmyliboBaHa SK
3MillIaHa [UTOYHCENbHA HeiHIWHA onTuMizamiiiHa 3amada (MINLP). Aptopu
3aMpONOHYBaJIM AlPOKCUMALIIIO JJI1 BTPATU HAMOpPy TPyOH, 1 iX 3ampOonoHOBaHUMA
nigxigy nopiBHsHO 3 EPANET. Ontumizatop BHyTpimHiX Todok (I[POPT)
BUKOPHUCTOBYBaBCs B [6] mnst BupilieHHs TiOpuaHOi mpoOiemMu Jiokamizaiii Ta
KepyBaHHs, copmynboBaHoi sk MINLP. Ixus ¢opMyna cnpsmoBaHa Ha
3MEHIIIEHHS KUIBKOCTI KJIAllaHiB, a TaKOXX Ha 3HWKEHHS THUCKY B MEPEXKI.
3HIKEHHSI THUCKY CIIOCTEpIrajocsi IMicis BHUPIMIEHHS I1XHBOI CXEMH 3ajadi.
[Toxsifina mpobiiema Oyrna JOJATKOBO BHUBUEHA Ta PO3B’s3aHa 3a JIOTIOMOIOIO
reHetuuHoro anroputMy (GA). Ognak panime B [37] Oyno 3po0JeHO BUCHOBOK,
mo GA, 3/1aeTbCs, HE TPOIOHYE KOAHUX TEepeBar MOPIBHSIHO 3 Oe3mocepeaHimM
BUPIIIEHHSAM LUJIOYUCENBbHOT Tpo0iaemMu. JloCiKeHHs 00 PO3pOOKH CcTpaTeriii
po3mimieHHs: PAT 1ie He y3roJKEHO 3 HEBEIMKOI KUIBKICTIO OIMyOJIiKOBaHUX
po6iT. Pobora Koenro Ta Annpane-Kammoca [38] 3anponoHyBaia BUKOPUCTaHHS
YUCEIbHUX IHCTPYMEHTIB MIATPUMKU OPUUHATTS pillleHb ISl ONTUMAaJIbHOTO
Bubopy camntiB g1 PAT. Ila cxema Oa3syBamacs Ha 3ajadi ONTHMI3aAIli,
chopMyNIbOBaHIM 11 MaKCHUMi3allli IMOTEHIIHHOT BIJHOBIIIOBAHOI EHEpTIi.
[TongiitHa minboBa (QyHKuis Oyna cpopmynaboBaHa B [24] i Makcumizarlii
BIJIHOBJICHOI €Heprii Ta 3MEHIICHHs o0csAry BUTOKY. [[ns BupimeHHS mpoOiemu
onTUMI3allli Ta BH3HAYCHHS ONTUMaIbHUX Micub i1 PAT Oyno o6pano
ONTHUMI3aLII0 POEM YACTUHOK.

[lepeBaru Ta HEAOMIKH TPHOX KJIAciB METOMIB MPEACTaBJICHI B Tabmuil 2.2.
Bapto 3a3HaunTH, 110 111 METOJIU, 3aCHOBAaH1 Ha OOYMCIICHHI, JIajid ONTUMaTbHUN
METOJI TIPU BUCOKIN BApPTOCTI OOYHCIICHb MOPIBHSIHO 3 METOAOM TepepaxyBaHHs Ta

MCTOJOM HOpiBHHHHH TUCKY.
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Tabnums 2.2 — KopoTkuii onuc KiaciB METOMAIB PO3MIIIEHHS PEAYKLIHHUX

KJIaMlaHiB Y BOAOIPOBITHUX Mepexax

Merton [lepeBaru Henomixu

OnTumanbHe pO3MILIEHHS
OO6uucoBanpHUM MeTo | Jlerie 3acTocoByBaTH ta KU1pKicTh PRV He

MOYHa rapaHTyBaTH

OnTumanbHe pO3MILIEHHS

Merona mopiBHSHHS MeH1e 004nCITIOBAJIbHE
PRV ne moxe Oytu
THUCKY HaBaHTAKECHHS
rapaHTOBAaHO
OnruMalibHe
MeTtoau Ha OCHOBI PO3MIIICHHS, KUIBKICTh Bumornusunii no
YHUCIEHHA/onTUMI3aIil PRV moxHa 004YMCIIEHD
rapaHTyBaTH

2.5 MeToau KOHTPOJII0 TUCKY

Bynun po3po0OnieHi pi3HiI CTparerii KOHTPOJIIO [Jsi YIOpaBiIiHHS THUCKOM Y
BOJIOPO3NOAUIBHUX MEpekax, a MpOorpec y CTpaTerisix KOHTPOJIO IMOKpAIIKB
3MaTHICTh KepyBaTu poOoToro Ta edekrtuBHicTto WDN. 3aranom, crparerii
KOHTPOJIIO, 1[0 BUKOPUCTOBYIOTHCS B ympaBiiHHI THCKOM y WDN, Ga3yrothcs Ha
HACTYITHUX MPUHITUMAX:

— (hIKCOBaHUH peryasaTop TUCKY Ha BuxoAl 7 3 17,

— peryJrOBaHHs TUCKY B 4aci;

— PETryJIIOBaHHS TUCKY 3 MOIYJISLIEI0 MOTOKY;

— pEeryJIOBaHHS TUCKY B 3aMKHYTOMY KOHTYPI;

— ONTUMAJIBHUNA KOHTPOJIb THUCKY.

B nanuii yac 3ycusuisi cipsiMOBaH1 Ha CXEMH YNPAaBIIIHHS B peajJbHOMY 4aci.

Taka TeHAEHINS MiSTILHOCTI TMPHU3BENia 10 HEOOXIMTHOCTI BIOCKOHAJICHHS CXEM,
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TaKuX SK €KCTepTHA, 3ampornoHoBana B [11]. ¥V 3ramaniil eKCepTHIA cXeMi TOYKH
BUMIPIOBaHHS TUCKY OyJM BH3HAUCH1 SK 3MIHHI CTaHy CHCTEM, a TOYKH BUMOT
CHOKMBaYa OyJId MOPYIICHHSM cUCTeMH. KOHTPOJBHHMH 3MIHHHUMH €KCIIEPTHOL
CUCTEMHU OyJlu OKpeMi HAcCOCHM Ha HACOCHIM cTaHIi. 3aCTOCOBYBaHa CTpaTeris
KepyBaHHA IOKa3aHa B aJlroputMi 1, e ymMoBa — 1€ MOCIHIJIOBHICTb JIOT14YHOT
oreparlii MOpPIBHSIHHS, a BHUCHOBOK — IIOCHIJOBHICTh MPHUCBOEHHS KEPYIOUUM
3MIHHUM.

PoGoTa Ham JOTiYHUM KOHTpOJEepoM Oyiia J0AATKOBO PO3IIMpPEHa s
pPO3pOOKK BOJIOMOCTAYaHHS MOCTIMHOTO TUCKY [42]. IIporpamoBanuii JOriYyHUN
KOHTpPOJIEp Y MOEAHAHHI 3 YACTOTHUM IIEPETBOPIOBAYEM BUKOPUCTOBYBABCS IS
JIOCSITHEHHSI TIOCTIMHOTO TUCKY Tojaadl Bojau. Hemonik 1i€i cucremMu mossiraB y
TOMY, IO MOTpeda y BOAl He € mocTiitHo0. ToMy, 3aCTOCOBYIOUH MOCTIMHUN THCK
Ha CHCTEMYy, ICHyBaja WMOBIPHICTh HaAMIPHOTO a00 HEIOCTAaTHHLOTO THCKY B

MEpEexi.

2.5.1 KnacuuyHa cTpaTerisi KOHTPOJIIO

Krnacuuni Meronan kepyBaHHS 3aCHOBaHI Ha OJHOPA30BOMY PETYJIIOBaHHI
napamerpiB (On-Off) a6o IIIJI-perynsTopis. Ix 3acTocyBaHHs Moxe OyTH
JOLUUIBHUM I HEBEJIMKUX CUCTEM; OJIHAK BOHHU BCE I1I€ MOXYTh 3aCTOCOBYBATHUCS
B WDN. III/I-peryasitop € 3arajJbHOI0 CTPATETI€l0 IS PI3HUX MNPOMHCIOBHUX
npoueciB. Y  [4] 3amponoHoBaHo  Oe3mapamerpuuHuii  P-perymnsitop.
3anponoHoBanuii P-perynstop OyB 3acHOBaHMI HAa METOMAI MPOO 1 MOMUJIOK ISt
HajamrtyBanHs napamerpa nocwieHHs Ko. Knacuunuit IIIJ]-perynstop OyB
3anporioHoBanuii [13] mns kepyBaHHsT HacocHOw cuctemorw B WDN s
perymtoBanHs TUCKY. [Ipote B [14] Oysio BHUCIOBIIEHO 3aHEMOKOEHHS MO0 HOTO
TOYHOCTI KE€pPyBaHHS Ta MOXIMWBOCTEeH. [IMTaHHS KOJIMBAaHB YacCTOTH, SIKI MOXKYTh
IPU3BECTH O HECTAI[IOHAPHOTO THCKY B TPyOOINpPOBOAl, TaKOX MiAHIMAJIOCS B

[15]. PoGoTa B [16] 3ampononyBana PID mns xepyBanHs PRV mins mokparieHHs
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peakiii CHCTEMH Ha TIEpexXigHl MPOIeCH. 3ampolOHOBaHA CXema IoKa3aja

MOKPAIIIEHHS PeaKIlii Mepexi.

2.5.2 Po3mmpeHi crpaTerii KOHTPOJII0

Ockimbku  cuctemu, Taki sk WDN, crTapoTh Bce OUIBII CKJIAgHUMH,
pPO3LIMpPEH] CTpaTerii KepyBaHHS 3 MOXJIMBICTIO KepyBaHHS JCKIJIbKOMa
napamMeTpaMu OJHOYACHO MOXYThb OyTH AOUUIbHUMH. [[1s1 mpocyBaHHS poOOTH,
BUKOHaHOI [12], y [15] Oyso 3anponoHOBaHO ABOBUMIPHUN HEUITKUN KOHTPOJIEP.
BinxuneHHss MK MONEpPEIHbO BU3HAYEHUM 1 BUMIpSHUM TUCKoM Y WDN Oyio
BXOJIOM JIJIsl KOHTPOJIEpa, @ BUXOA0M OyJIM KOMaHIU CHCTeMH kepyBaHHs. CrcteMa
HA OCHOBI HEUITKOCTI TaKOK BHKOPHUCTOBYBAJACs JUIsl ONepaliiHoi onTumiszaiii B
[17]. 3a momomorow Iux cucTeM OyJjo AOCATHYTO BiIKpUBAHHS KialaHa Ta
VIOPABIIHHSA HACOCHOK CHCTEMOK. THM He MeHII, BKpail BaXJIMBO, 100
MOTEPEeIHbO BU3HAUCHUNM THCK pEryJloBaBCcs, OCKUIbkM TmoTpeda B WDN
3MIHIOEThCHI.

Heuitki [II/I-perynaropu TakoX BUKOPUCTOBYBAJIWCA JUIsl KEpyBaHHS
TUCKOM Y [44]. Bximaumu ganumu juist Hewitkoro [I/]-perymnstopa 6ynu moMmuika
e Ta 3MiHa noMuikud de/dt, sk mokazaHo Ha MmamoHKy 3. CamoananTHBHI
napametpu migcunieHHs Kp, Ki 1 Kd BukopucroByBammcs KOHTpOJEpOM s
NOIIYKY 3B’A3Ky Mix mapamerpamu [IIJ[-perynsropa Ta BXITHUMHU CUTHAJIAMH.

napameTpu.

¥

Fuzzy ratiocinate

Ky K| Ky

e ¥ ¥ ¥

| T PD Out
de . —* —*
- adjuster Plant

Pucynok 2.1 — Cxema nporHo3yBaHHs 0a30B01 MOETI



32

AnanTuBHE e€TaJOHHE KepyBaHHS Oyno 3ampormoHoBaHo B [12, 18] mis
JIOCSITHEHHSI TIOCTIMHOTO THUCKY B KPUTHYHOMY BY3J1 cucteMu. Pi3HiI aBTOpHM
3aMpPONOHYBAJIM MOJIENIb MPOTHO3HOTO KOHTpoto (MPC) miist ynpaBiiiHHS THCKOM
y WDN. 3naunoro miporo MPC € KOpUCHOIO TEXHIKOI KEpyBaHHS B PIZHHX
MPOMHUCIIOBUX Tporiecax. Lle moB’si3aHO 3 MOro 3AAaTHICTIO MEPEepoOISITH 3a7ady
KepyBaHHA B 3amady ontuMizarii [19] 1 i1 KOpHCHICTIO B 3aCTOCYBaHHI B
peanbHoMy 4yaci [20, 21]. Ha pucynky 4 noka3zani 6a30Bi ['JIK, 3anponoHoBaHi B
[14]. 3anpomoHoBaHa cxema BHKOPUCTOBYBaja MOJEb, KEPOBAHY THUCKOM, JJIS
MojaenroBaHHs nuHaMiku WDN.

3a pe3ynpTaTaMy BUMIPIOBaHb, poBeaeHux y cuctemi WDN, Oyro oriHeHo
TUCK 1 MIBUAKICTh MOTOKY [5] Ta 00’eaHaHo 3 omnrtumizatropom. OnTuUMI3aTop

3HAMUIIIOB ONTUMAJIbHI MapaMeTPH TUCKY ILISIXOM MIHIMI3AI] IIITbOBOT (PYHKITII:

Min 1(q),
O<uk<1 (2.10)

hizh™,

ne UK — iHgekc KOHTPOJILHOTO MOI0XKeHHS PRV

hi — THCK, TOB’I3aHM 13 BY3JIOM 1]

hmin — MiHIMaTbHO TOMYCTUMUMN THCK;

g — HOTIK y TpYOI.

[Tokpamena MPC Oyna po3pobieHa [12] 3 MOKpaleHOK MOJEIIIO
MPOTHO3YBaHHA. Y iXHIN momnepeHii poO0TI MOAETIOBAHHS PO3IIMPEHOTO MEePioay
BUKOPUCTOBYBAJIOCS SIK MPOTHOCTHYHA MoJenb. ONHAK B OCTaHHIA poOOTI Oyrna
BUKOpHCTAaHAa MOJIeJh KBazicTarioHapHoro ctany. B [13] wHamiliHo OyB
3anponioHoBanui BigmMoBocTiiikuit MPC. Konctpykiiist koHTposiepa Oyina 3pobiieHa
TaKUM YWHOM, IO TICJAS BWUHUKHCHHS HECIPABHOCTI II€ HE BIUIMHYJIO Ha
ONITUMI3alli}0 Ta MPOTHO3HI MOXJIHBOCTI.

Ha pucynky 2.2 306pakeHo cxeMmy MporHo3yBaHHs 0a30BOi MOJIENI.
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Pucynoxk 2.2 — Cxema nporso3yBaHHsi 6a30B0i Mojie1

2.5.3 OnTumManbHUH KOHTPOJIb

OnTuManbHUN KOHTPOJIb TUCKY Y BOJOPO3NOAUIBYIN MEPEkKI MOTPIOHUHN JIst
3abe3neyeHHs MiHimizaiii BUTOKIB [54]. UacTo omrtumizaiiis GOpMyTIO€ThCSA Tak,
00 MIHIMI3yBaTH THUCK 3a KUIbKOX BUMOT [35, 55, 56]. ¥V poboti [19] 3amaua
3HIDKEHHSI TUCKY C(OpMyJbOBaHa $K HEJIHIMHA, HEBUIIYKJa ONTUMI3alliiiHa
3amava. JIBI OKpemi CXeMH TporpaMmyBaHHS OyJau 3alpoONOHOBaHI IS
anpoKcUMaii  HEeNIHIMHOCTI  SK  3aJadl  alpOKCMMOBAaHOTO  JIHIHHOIO
MporpaMyBaHHS.  IXHif MiAXifx  CHpUSB  MOKPAIIEHHIO  OOYMCIIOBAIBHOI
edeKTUBHOCTI oTpuMaHH pimeHHsa. Hemomasuo B [57] Oyna 3acTocoBana Ta cama
cTparteris, o6 3abe3rmeunTy pearyBaHHs Ha pi3Hi rpadiku nonuty. Y poborti [30]
PO3TIsAA€ThCS pobiieMa ONTUMAIBHOIO KEpyBaHHS THCKOM IUISXOM MPOIMO3HUIIT
KBaJIpaTUYHOI ampokcumanii tepts Tpyou. OTpumMaHy HENiHIWHY 3aaady OyJio
JiHEapu30BaHO, 1 OTpUMaHe pIlIeHHs Moka3ano 1% BiIXWUJIEHHS B MOPIBHSHHI 3
EPANET, mo 3a3Bu4ail BUKOPUCTOBYEThCS. BapTo 3a3HauuTH, 110 JIiHEapU3aIlis

3a7a4l B KIHIIEBOMY IT1JICYMKY MPU3BEJIE JI0 3HIXKEHHSI TOYHOCT1 PO3B’S3KY.
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3amaua kepyBaHHs THCKOM Yy WDN Oyna BupimieHa K 3a/ada HEJHIHHOT
ontuMizalii B [18]. byno momiueno, mo 30ubieHHss PRV B mepexi npusseno 1o
301IbIIEHHST OOYHMCIIIOBAILHOTO HAaBaHTAXKEHHS, HEOOXITHOTO [JIsi BUPIIICHHS
npobnemu. Ontumizarop BHyTpimHbOi Touku (IPOPT) BukopuctoByBaBcs B [6]
s BupimieHHs mnpoosemu MINLP  mis koHTposnto Tucky. Croctepiraiocs
3HIKEHHS THCKY, 1 omTuMizarop 3ailHsaB ~ 4,93 cexkynau. CTporo MOKIUBE
MOCJIIJIOBHE OIYKJIE MpOrpaMyBaHHsS Il KEPYBaHHS PEAYKIIMHUMU KiIallaHaMH
Oyso 3ampornoHoBaHo B [19]. 3anponoHoBaHa METOA0JIOTIS OyJia BUKOpUCTaHA st
BUpimeHHsT copmynboBanoi npoodsiemu HJIIIL. Pe3dynbratn mokaszanu 3HUKEHHS
Tiucky Ha 3,7%. 3amaua MINLP Oyna cdopmynboBaHa ajii MakcuUMI3allii
BIJIHOBJIEHOI eHeprii Ta KoHTpousto Tucky B WDN [10]. Cxemy Oyiio mpoTecTOBaHO
Ha 25-By3JI0BOMY TecTOBOMY TecTi. Pesynbratu B [10] mokaszanu, 1o ontuMizaiis
MO>K€ IOIOMOT'TH MPUMHSITH PIIIEHHS 1010 BcTaHOBJICHHS PAT.

Jlesiki TOCHITHUKHU BIJJIAIOTh TEpeBary BUKOPUCTAHHIO META€BPUCTUYHUX
METOMIB JUIsi BUPIMIEHHS TMPOOJEeM KOHTPOJIIO THUCKY. 3BUYAWHI TE€HETUYHI
anroput™Mu (GA) Oynu BHKOPUCTaHI JJisi 3HAXOJKEHHS ONTUMAJIbHOTO THUCKY B
WDN [11]. AJAropuT™m IIykaB pillicHHS 3a JOTIOMOTOI0 aJalTHBHUX MEXaHI3MiB, i
BiH OyB HejieTepMiHOBaHUM. Y po6oTi [12] GA BUKOpUCTOBYBABCS JJIsi BUPIIICHHS
3amayl  ontuMmizauii PRV, cdopmynboBanoi sk MiHIMI3alig PI3HUALL  MIXK
MaKCHMalbHUM 1 MiHiManbHUM THcKoM Yy WDN. Ix pesynpTaté mokasanam, 1o
MOKHa OyJI0 KOHTPOJIIOBAaTH aHOMAaJIbHI CTPHOKH THUCKY NUISIXOM ONTHMATbHOTO
HajamTyBaHHs napameTpiB PRV. Pobota B [13] Britoumsia 3BakeHHM mrpad y
GA 3 wmeroro ontumizamii po6otm WDN. Ilpomenypa ontumizamii s
BIJIHOBJICHHSI €HEprii Ta 3MEHIIEHHS BHUTOKIB 3 BUKopucTaHHsiM GA Oyna
po3pobnena B [14]. Ilimi mpouemypu ontumizarii Oyid BCTaHOBJICHI IS
MaKCHMi3allii KiJIbKOCTI BIJIHOBJICHOI €Heprii Ta BiJICOTKa 3MCHIICHHS BTpaT. Y
[15] riOpuaHuii TreHEeTHYHMIA AJITOPUTM BUKOPHCTOBYBABCS IS BUPILMICHHS
HEJTIHIHHOTO TIpPOrpaMyBaHHS 0€3 TOXITHUX 7l ONTHMAJIBHOTO HAJAIITYBaHHS
PAT nns KOHTpostOo THCKY. PesyiapTaTu TmoKa3aid, IO CXema 3[aTHa

MakCHUMI3yBaTu eHepriio, BupobOineny PAT. HenominoBanmii BigcopToBaHUi
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TeHeTUYHUIl alropuT™M BUKOPHCTOBYBaBCA B [3] Ui po3B’si3aHHS 3ajad
OaratoluiboBOi omnTuMmizamii. 3amadi onTumizamii Oyiau chopMysIbOBaH1 s
3MEHIIICHHSI KIJTKOCTI BUKOPHCTOBYBAHMX KJIAMMAHIB, @ TAKOX JJI BU3HAUEHHS iX
onTUMabHOI poO0TH. OHAK, OCKUIBKHU 11€ OyJIM €BPUCTUYHI MiAX0H, TI00anpHa
ONTUMAJILHICTh HIKOJIM HE MOTIJIa OyTH rapaHTOBaHA.

[ligxin, HATXHEHHUN MY3UKOIO, MOJATaB y OTPUMAaHHI ONTHMAaIbHHUX
HajamtyBanb PRV B [17]. Lla meTomosoris mokaszana Kpalry NpOIyKTUBHICTb
MOPIBHSIHO 3 TEHETUYHUMM airoputMamu. TexHika MpOJEMOHCTpyBaja dYac
OOYHMCIICHHS Ta CKOPOUYCHHS BUTOKIB. [HIIOO CXEeMOI0, SIka TMOKa3aja 3MCHIIICHHS
OOYHUCITIOBAILHUX 3yCWJIb, OYB METAaeBpPUCTUYHUN TMIAXiA TOIIYKYy Taoy,

3arporoHoBanuii y [18].

2.5.4 KoHTpoJib y peajbHOMY 4aci

[aBecTuIlli B MOCHIKEHHS B PEXUMI PEAIbHOTO Yacy KOHTPOJIIO THCKY B
WDN ocrtanHiM yacoM HaOuparoTh 00eptTiB [4]. Ha BiamiHy BiJg HajlaluTyBaHb
TUCKY TiJ dYac poOOTH Mepexi, Il METOAW CIPSMOBaHI Ha BU3HAYEHHS
HAWKpaIlIoro HaNAIITyBaHHS THUCKY 3a Oe3NnepepBHUMH BUMIPIOBAaHHSIMH, SKI
npoBoasAThca. Ha migcraBi BUMiproBaHb NpUCTpoi KOHTpoIto TUCKY (PCD) y WDN
PETYIIOIOTHCS BIJIMOBIIHUM YHWHOM, BpPAaxOBYIOUM BUMOTH, SIKI TOBHHHI OYyTH
3ai0BosieHl. CrTpaTerii KOHTPOJIO THCKY B PEXHUMI PEaJTbHOTO Yacy MOXKYTh
0a3yBaTucs Ha KJIACHYHUX a00 BIIOCKOHAJIEHUX CTPATETisIX KOHTPOJIIO.

Y pobGoti [9] 3ampomoHOBAHO AaJTOPUTM JIOTIYHOTO KEpyBaHHS IS
MIOM SIKIIIEHHSI HAJMIPHOTO Ta HEIOCTaTHHOTO THUCKY, SIKHH MOXE iCHYBaTH B
Mepeki. IXHs cTparTeris KepyBaHHs NpHITycKala, 110 OakaHe 3aJaHe 3HAYCHHS
1’ €30MEeTpUYHOT BUCOTH hsp BioMo. Bigxuienns n’e3oMeTpuyHoi BUCOTH h(t) Bix
3aJIaHOT0 3HAYEHHS MOTIM OYyJ0 BHUKOPUCTAHO [UJIsi pO3paxyHKy 3MiHH Aa(t)
HaJIAIITYBaHHS 3aKPUTTS a KJIanaHa.

JlucTtaHiiiine KepyBaHHS B peajbHOMY 4acl KJIallaHOM PETYJIOBAHHS THCKY

(PCV) napasi € nepenoBum mMetoaoM kepyBaHHs TuckoM y WDN [4]. Lla Texnika
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J03BOJISIE 30MpaTH JaHi 3 yCiX BY3JIB MEpeXi, BKIFOYAIOYM 130J50BaH1/BlIIaIeH]
By3au. IIponopiiini (P) konTposnepu BukopuctoByBaiucs B [3, 4], a B [10]
mporpamMoBaHe JIOTIYHE KEPYBaHHS BUKOPUCTOBYBAJIOCS IS JIOCATHEHHS

JTUCTAHI[ITHOTO KepyBaHHS THCKOM y pealbHOMY uaci. IHTerpanbHUN KOHTpOJIEp
Ki
(h C(s) = — BHUKOPHCTOBYBABCS B [11] s perymroBaHHS THCKY IILIIXOM

koHTposito PRV B WDN. JlaGopaTopHi ekcniepuMeHTH OyJid BUKOPHUCTaH1 s
NEPEeBIPKH MOKIIMBOCTEH 3a3HAYEHOT0 KOHTPOJIEpa.

Cucremu aucneTdepchbkoro KoHTposio Ta 300py nanux (SCADA) [12] y
MO€EHAHHI 3 TCHETUYHUM aJITOPUTMOM OYJIM CXEMOI0, 3alpOIOHOBAHOIO B [13] miis
3a0€3MeUeHHs] TOro, MO0 PIBHI TUCKY MHIATPUMYBAJIUCSA B MPUIUHATHUX MexXax.
3anponoHoBaHa cXxeMa BUKOPUCTOBYBAJIACS B PEXKUMI PEAIBHOTO Yacy 3 JI0JaTKOM

0o WDN.
2.5.5 KonTpoan 6e3 mojei

besmonenbue kepyBanus (MFC) — 1ie koHIenis, sika 1HKANCyJII0€ METOIH,
AKi 9acTO 3aCTOCOBYIOTHCA JUII  KEpyBaHHS  CKIQIHUMU  CHCTEMaMH,
BUKOPUCTOBYIOUH YJIBTPAIOKAIEHY MOJIEIh MEPEXi (CIpOIIeHEe MPeCTaBICHHS).
Cxema MFC He mnorpebye sBHOrO pIMICHHS MOJAENT JJIi KEpyBaHHS
MaHINYJAMIAHAMY 3MIHHUMU CHUCTEM. 3arajioM, BOHM BUKOPHUCTOBYIOThCS, 1100
YHUKHYTH CKJIQJIHUX OOYHCIICHB, SIK1 IOB’s3aHl 3 HEJIIHIMHOI CHCTEMOIO, OIiHKA
AKUX YacTO € Jopororw. XamaMm 1 XIiHJl 3alpoNoOHYBaJIM BHUKOPUCTOBYBATH
3natHicTh HeWpoHHHX Mepexxk (NN) s onucy HeNHIMHOCTI Ta po3poOuiu
eMyJIATOp Ui Tpouexypu ontumizaiii. lle mpomeMoHCTpyBamo 3MEHIICHHS
00UYHCITIOBAILHOTO HAaBaHTaXEHHS JUisl KOHTpoto PRV mis miniMizaiii TUCKy, a
TAKOXK CIOCTEpirasocs 3HayHe 3MEHIIeHHS BUTOKY. Iliaxin, mpuitHsatuii y [15],
noJisiraB y iMitamii rigpasmiunoro pimeHHs WDN. Otpumanuii eMynasTop MoTiM

oyno migkmoueHo n0 GA s BU3HAUEHHS BIJMOBIIHMX HalamTyBanb PRV.
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HesBaxkatouu Ha Te, 110 cxeMu Oynu B 3M031 KepyBatu PRV 6e3 saBHOrO pimieHHs

TiApaBIIgYHOI MOJIENI, 3MIHA B TOIOJIOT1i CUCTEMHU 3po0uia O X aOCOTIOTHUMU.

2.5.6 IlopiBHAHHS MeTO/1iB KOHTPOJIIO

VY Tabmuii 2.4 HaBeACHO 3BEACHHS METOJIB KOHTPOIIO. Pe3tome BKIFOYae

0oOME)XEHHS CXeM Ta iX BIJIMOBIHE 3aCTOCYBaHHsA. Y TabuIll 5 HaBEIGHO BHECKH 3

NESKUX PO3MVIIHYTUX JITEPAaTypHHUX JDKEpeEd.

BKJIIOYAaIOTh

Pi3H1

PO3IIIAHYTI

CTpaTerito KOHTPOJIIO, JOCHIJPKEHHS MepioiB 1

ACIICKTHU

BKJIFOUCHHA

HEeBU3HAUYCHOCTEeW. 3 Tabmuii 2.3 BUAHO, IO OIIHKA MOJieJied KOHTPOJII HE

BpPaxOBYBaJla HEBU3HAYEHOCTI MOIUTY.

Tabmuua 2.3 — KopoTkuil omwic METOAIB KOHTPOJIO, $IKI 3a3BUYal

BHUKOPHUCTOBYIOTBCA AJIsI KOHTPOJIO TUCKY B BOI[OpOSHOI[iJ'IBHI/IX MCpPECIKax

. - . Buxopu- Kiacu-
TexHika Onepaniiina cTpaTerist Pemapku OOMexeHHs L
CTaHHS ¢ikaris
Exonomiuno
e(eKTUBHE Ta
bazyeTbcs Ha .
pocre ITixxo-
OJIHOPa30BOMY KonTpons .
. o BIIPOBAIKEHH quth uist | Ha ocHoBI
Kitacnunuii | ynpasiiHH1 OJIHOTO . B
s, OIHaK HE HEBEJIN- ¢izngHo1
KOHTpoJIb | mapameTpamu (Bxi- . napameTpa 3a .
T1IXOIUTh KHX Mozen
Buwmk) a6o ITI/1- pa3
. JUTSt CUCTEM
pEryJIATOpIB
BEJIMKOMACIIT
abunx WDN
Jlost imiTarii
MOBE/IIHKU CUCTEMU
noTpiOHa MOJEIIb.
bazyrounce Ha - _—
) Ix peam3amis
MoTepeHIX 3HaHHAX .
. | TpoMmi3fKa, a .
PO BUMOTH B CUCTEMI, . [Minxo- .
. TOYHICTh . Ha ocnosi
Posmupenu | 11 koHTpoJiepu . CxnagHICTh | AUTH JUIS . ..
o Mozenl . . b13u9HOT
1 KOHTPOJIb | KOPUTYIOTh iX peamnizallii | BEJIHUKUX .
BH3HaYaTUME MOZ €Il
KOHTPOJIbOBAHY . Mepex
. TOYHICTh
3MiHHY, 11100 .
pe3yJIbTaTIB.

3MEHIIUTH MOXHOKY
MIJK €TAJIOHHOIO Ta
HEOOX1THOIO
BEJIMUYMHAMU.
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. - . O6mexenn | Buxopu- Kiacu-
Texnika Omnepaiiiiina cTpareris Pemapku p ..
s CTaHHS dikaris
Bumoru no
00YHCIICHB
LbOTO KJIac Otuuciio-
Ha ocHoB1 npuHIMIIB MeTOmiB y BaJIbHI
0o0uKCIeHHS BUSB LA pecypcu
BUOUPAIOTHCS TyRe 00MEXYIOTh
Ontumans- | Halikpari poOoui ryZ)KMi3L[KHMH KUTBKICTh s Ha ocHoBi
HUH napametpu. Li TIZ)M e " | KepymuHmX | BEJIHUKHX bi3uvHOi
KOHTPOJIb | apaMeTPU MOKYTb MeTgI[ MOSKE 3MIHHUX Y MEpEexK MoJieni
OyTu o0OpaHi 3 pi3HUMU 6VIIL He JI0JIaTKax 13
o0OMeXeHHsIMH a00 i;;TaHBHHM 4aCOBUMHU
B3araii 0e3 0OMeKeHb. oOMexeH-
VTSI TIPOTPaM
HSAMU
peaibHOTO
qacy.
. Moxe
Ha ocros BHUKOPHUCTO
BUMIiPIOBaHb, 3aKoHU 5 B;)THCH
oTpuMaHux y pexxumi | {06 KEepyBaHHSI, ;’ Gy b
pearbHOro Yacy 4epe3 | 3aIllyCTHUTH I | SIKi MOXKYTb HK};IX
Kontpons y | SCADA a6o iHmry CUCTEMH, OyTH crCTe Ha ocHoBi
peaibHOMY | TIporpamy, noTpioHi 3aCTOCOBaHI Max, e ¢iznynOl
yaci 3aCTOCOBYETHCS 3aKOH | 3HAUHI , OOMeKeHl HOCT’ Ha MoOJe
KEepyBaHHSI Ta KaITiTaJOBKJIa HasBHOIO o q)y:c
CTBOPIOIOTHCS JEeHHS MOTY>KHICT 1; a
HEOoOX1/1H1 IHCTPYKLUIT 3 10 00pOOKH Tp}:;ﬂip
HaJTAIITyBaHHS p
HOTO Yacy
s [Tixxo-
Ha ocHOB peamizaiii [Ipobnemu | auTH ISt
BHKODHCTAHHS TOYHOTO amanrarii Mepexi 3
PHCTE eMyJsiTopa 3rajlaHoTO | MiHIMaJlb- .
KonTposs | emynaropis miis HOTDIGEH eMVIISTODE M Ha ocHoBi
6e3 Mogeni | imitamuii Mogeni proct YIATOD! . JAHUX
0BDAHONO AKOH BETTUKUIN IpH 3MiHI | 3MiHaMH B
Kep A Y Habip TormoJorii | TomoJori-
Py HaBYAJTbHUX Mepexi JHOMY
TaHUX IU3aiHi
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3 PEAJII3ALIIAA OONTUMI3OBAHOI CUCTEMU PO3MOALTY BOJIU

3.1 Bubip 0e3apoToBi Mepexi 1 ONTHMI30BAHOI CHCTEMH PO3MOAITY

BOH

[IpoGnemu 3B'SI3Ky MOJSATAIOTh Y BUMOTAxX J0 MOTYXHOCTI Ta CepelOBHUIII
nepenayi, yepe3 ke mepeaaroTbesl curHaid. Ha BHCOKMX yacToTax Ha mepeaady
CUTHAJIy Ye€pe3 3BOJIOKEHE CEPEJOBUIIE CUIIBHO BIUIMBAE OCIAOJICHHSI CUTHAIY.
Tomy KITIOYOBOIO MPOOJIEMOIO € O€3IPOTOBHM 3B’SI30K MDK JaTYUKaMH Ta

nepeaaya CUrHaily BiJ JaTYHKIB.

3.1.1 Bluetooth Low Energy

Texnonoris  Bluetooth  Takox  gyke  BijoMa, OCKUIBKA  BOHA
BUKOPUCTOBYETHCSI B 0ararbox MPUCTPOSIX, TAKUX AK TEIEPOHH, CIYyXOBI anapaTu
abo xamepu. [Ipu Bukopuctanui nis [oT posrnsanaerscs Bepcisi BLE (Bluetooth
Low Energy), sika € cnerudikarii€ro, CipsMOBaHO TOJIOBHUM YAHOM Ha HEBEJIHUKI
nporpamu [oT, Taki sSIK MOPTAaTUBHI NPHUCTPOI, SKI BUMArarOTh HaJCUIAHHS
HEBCJIIMKUX JaHWX 3 MIHIMAJIBHUM eHeprocnoxkuBaHHsaM. BLE 3aGesneuye
HIBUIKICTh NIEpeayl JaHuxX Tpoxu MeHe 1 MOiT/c 1 mpailtoe B HETIEH30BAaHOMY
niama3oHi 2,4 I'T'u, mio iaeanbHO MIAXOAUTDH JIJIi BUKOPUCTAHHS B MPUMIIIEHHI Ta
Ha KOPOTKHUX BIJICTaHSX, @ TAKOK 3 HEOOMEKEHOIO KUIBKICTIO BY3JIB, HA BIIMIHY

BiJ1 TpaauiiitHoro Bluetooth.
3.1.2 By3bkocmyrosuii IoT
[le Texnomoria, ska mpocyBaerbcsi 3GPP (3rd Generation Partnership

Project) uepe3 orneparopiB MOOLTBHOTO 3B’A3KY Ta BEJIMKUX BUPOOHHKIB, TAKUX K

Huawei, Ericsson a6o Nokia, 11106 3agoBoasHUTH oTpedu B 3B’ 13Ky [oT. NB-10T
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BUKOPHCTOBYE 1aMa30HU CTIILHUKOBOTO 3B 513Ky Ta pO3pOOJeHMI I poOOTH B
niama3zoni LTE 3 BukopucranHsM iHTepBany MbK KaHamamu LTE, 3axucHumwu

Jiana3oHaMH, o0 MaKCUMaIbHO BUKOPUCTATH CIIEKTP 3B’SI3KY.

3.1.3 Mepexi LoraWAN

LoRaWAN — 11e 6e31poToBa TEXHOJOTIS JIJII MaJOMOTYKHHUX TJIO0ATbHUX
mepex. Hazpa, LoRa, € mocunaHHsM Ha nalibHI KaHaIW Tepefadl JaHUX, SKi
JIO3BOJISIIOTE 1[I TEXHOJIOT1l 3M1MCHIOBATH NajibHI 3B’SI3KM Ha BIACTAHI JIO II'SITH
KUIOMETpPIB y MicTax 1 0 15 kiomeTpiB abo Oublle B CUIbCHKIA MICIIEBOCTI 3
npsMOI0 BUIMMICTIO. KiTt04oBOIO 0COOMMBICTIO pilieHb HAa OCcHOBI LoRa € Hu3bKi
BUMOTH JI0 €JIEKTPOCHEPTii, IO JI03BOJISIE CTBOPIOBATH MPHUCTPOI 3 KUBJICHHSIM BiJl
aKyMyJIATOPIB, SIKI MOXYTh mpaitoBatd 10 10 pokiB. TexHIYHI XapaKTepUCTUKH

i€l TexHoJorii 38eaeH1 B Tadiuo 3.1.

Tabmuis 3.1 — Oynkuii LoraWAN

XapaKTepUCTUKHU [TapameTpu
Cranpapt LoRaWAN
YacToTHI Aglana3oHu He notpeOyroTs ninensii 433/868/915 MI'ny
[[Iupuna gianazony 125k /500 11
MakcumalibHa BUJIKICTh TIepeaadi. 25006i1/c — 50x061T/C
Pasiyc mokpuTTs <15 km
[ IpOHVKHEHHS Bucoke npoHuKHEeHHs
CnoxuBaHHS eHeprii Jly’xe HU3BbKE CIIOKUBAHHS €HEpTii

VYV mepexi LoORaWAN By3nu He MOB’si3aH1 3 OJJHUM KOHKPETHUM IIUTFO30M,
alle MOXyTb OyTW oTpuMaHi Kulbkoma nunto3amu. Koxken mnomo3 Oyze
NEPEeHAIPaBIISITU OTPUMAHUM MakeT BiJ KIHIEBOTO By3Jia JI0 MEPEXKEBOrO cepBepa

3a JOTIOMOT'OI0 3BOPOTHOTO 3B’5I3KY (CTIIBHUKOBOTO 3B’s3KYy, Ethernet, cynmyTHuka
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abo Wi-Fi) (puc. 3.1). MepexxeBuii cepBep BIANOBIAAE 3a 1HTENEKTYalbHICTH 1
CKJIQJIHICTh CUCTEMHU, KEPYE MEPEKEI0 Ta (PIIBTPYE HAUIMIIIKOBI OTPUMaHI MaKeTH,
peanizye 3aco0u KOHTPOJTIO OC3TEKH.

Be6-nonatku  po3BossatoTh mpuctposiMm [oT 30epiratu  gaHi, siki BOHH
reHepyIoTh, HE 3aiiMaroun micie Ha (i3UYHUX cepBepax. byaydn po3mnoisieHoro
CTPYKTYpOIO 1 HE 3aJIeKHOIO BiJ] OJHI€] OpraHiszaiii, BOHa 3a0e3Medye BEIHKE
pe3epByBaHHSI Ta €(EKTHBHI CHCTeMH Oe€3IleKdu i Oi3Hecy, IMOJETIIyI0uH

BrpoBakeHHs [0T.

Concentrator Network Application
End Nodes /Gateway Server Server

pet
tracking

smoke alarm

water
meter

trash container

3G/
Ethernet
Backhaul

vending §
machine B

LoRa® RF TCP/IP SSL TCP/IP SSL
LoRaWAN™ LoRaWAN™ Secure Payload
AES Secured Pavload

Pucynox 3.1 — LoORaWAN apxiTekTypa

Xmapui cepepu [0T 103BOJISIFOTH JIETKO CHUIKYBAaTUCS 3 CEHCOPHUMU
By3JlaMU, KEpyBaTH HUMU Ta IHTETPYBaTH iX 13 mporpamamu. SIKII0 B3STH J0 yBaru
pI3HI TUINK amapaTHOTO 3a0e3MeueHHs, MIJKIIOYEHHsS Ta JaT4MKIB, IHCTPYMEHT,
SIKUW J03BOJISIE BHOCUTH 3MIHH, €CKAJIyBaTH MPOIIECH Ta pearyBaTH Ha 1HIMJICHTH
[EHTPAII30BaHUM CIIOCOOOM, CTA€ BAXKIIUBUM.

VY 1pomy A0CIIKEHHI He0OX1THO BUKOPHUCTOBYBATH JATYMKKU BUMIPIOBaHHS

BUTpAaTH Ta eJ'IeKTpOMaFHiTHi KJIallaHnu I  KOHTPOJIIO IIPOXOJPKCHHA Ta
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Kpim Toro,
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JaHUMH, OTPUMAHUMHU

JATYMKAMU, KEPYIOTh BY3JIH, SIKI IHTETPYIOTh MIKPOKOHTPOJIEp ISl 31HCHEHHS

nepenayvi fanux B [atepuer 3a gonomororo LoRaWAN.

B tabnuii 3.2 HaBe1eHO 0COOIMBOCTI OE3IPOTOBUX TEXHOJIOT M.

Tabmuis 3.2 — OcobnuBocTi 6€3APOTOBUX TEXHOJIOT 1

TexnHooris [HIBuaKicTh [Toxpurrs CnoxuBaHHS
Quality HU3bKa IIAPOKE Jlyxe HU3bKe
WiFi BHCOKa HU3BKE HU3BKE
BLE HU3bKA HU3bKE Jly>Xe HU3bKE
ZigBee HU3bKa HU3bKE HU3bKE
NB-loT HU3bKa LIUPOKE Jlyxe HU3bKe
SigFox yxe Hu3bKa LIUPOKE Jlyxe HU3bKe
LoRaWAN HU3bKa IUPOKE Jly’xe HU3bKe

Ha pucynky 3.2 300paxkeHo QpyHKIIIOHAJIbHA CTPYKTYPY CUCTEMH.

LoRalAN
, -
MNpwcTpiii BigganeHoro
-i.\ SGHPGHHR NoKasaHb (( ))
¢

NiuMnbHUK
BOAM

MNepepaBaHHA AaHUX
yepes LPWAN mepexy

06po6Ka AaHux
Ha cepeepi

-0

=

tie

3BiTHiCTb Ta KOHTpOAb
npucTpoie o6niky
B peasibHOMY Haci

4

%

Pucynok 3.2 — ®yHKIliOHabHA CTPYKTYpa CUCTEMU



43

VY Bumaaky TEXHOJIOTIi mepenaul JaHUX BUKOPHCTOBYIOTHCS PIIICHHS
LPWAN, sxi 3a0e3neuyioTh aJlbTEPHATUBY, SKa OXOIUIIOE MIMPOKHUM JianazoH
MOKPUTTS, HHU3bKE EHEProCMOXHBAaHHS Ta HU3bKY BapTICTh, BHOMpAIOYHMCHh Ha
OCHOBI MOPIBHSJILHOTO JIOCITI/PKEHHS 3 IHITUMH pieHHsIMH (Tad. 3.2).

Ha punky icuye mupoxuit BuOip Mojeneil MiIKpOKOHTPOJIEPIB BiJIMOBITHO /10
KOKHOTO BHUMNAJKy BHUKOPUCTAaHHS. Y 1bOMY BHUMAAKY JOCTIKEHHS OyIo
MPOBEJICHO Cepe/l THX, 5Kl JOCTYIHI Ha MICIIEBOMY PUHKY 1 SIKI € TOJEPAHTHUMHU
70 5 BOJIBT, OCKUIBKM II€ HAmMpyTa, CyMicHa 3 OUIBIIOI KUTBKICTIO AATYHKIB 1
NPUBOJIB, SIKI BUKOPHUCTOBYBAIUCS B ILbOMY JOCITIKECHHI, BUOpABIIM KapTy
Arduino UNO. Kpim Toro, nisi 3abe3nedeHHs MPOMYCKHOi 3aTHOCTI KapTu
Arduino BuOpaHO OfHY 3 HAaWBUIATHIMIMX IUTaT y Tamy3l TexHomorii LoRa min
Ha3Boro Dragino (puc. 3.3), sika 103BOJISIE HAM JIOCSTAaTH HAA3BUYANHO BEJIMKHX

JI1arma30HiB Mepejiadl Ha HU3bKUX IMBUAKOCTAX. TIepeaadi.

Pucynox 3.3 — Moxayns Dragino Lora

Dragino LoRa Shield — e tpancuBep Benukoi gaibHOCTI Y (hopm-dakTopi
Arduino shield 1 3acHoBanuii Ha 61610TEIll 3 BIAKPUTHM BUXITHUM KoaoM. LoRa

Shield mo3Bomnsie KopwcTyBaueBl HaaCWIATH JaHI Ta JOCATAaTH HAA3BUYANHO
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BEIIMKHMX BIJCTAaHEH HAa HU3BKIM MIBUIKOCTI Tepenayi manmx. Bin 3a0esmeuye
HaJTAJIEKU 1ana30H NOMKMPEHHS CIIEKTPY. 3B'SI30K 1 BUCOKA MEPEIIKOIOCTIHKICTh
P MiHIMI3aIlil CIOKUBAHHS CTPYMY.

LoRa Shield na ocroBi SX1276/SX1278 Haninenuil Ha mpodeciifHi 101aTKH
O€3/IpOTOBOI  CEHCOPHOI Mepexi, Takli SK IpUTaIiifiHi CHUCTeMH, PO3YMHE
BUMIPIOBaHHA, PO3yMHI MiCTa, BUSIBJICHHS CMapT(OHIB, aBTOMAaTH3allisl Oy/iBeIb
TOIIIO.

BukopHCTOBYIOUM 3amaTeHTOBAaHY TexXHIKY Moayismii Semtech LoRa™,
LoRa Shield moxe nocsartu uytnuBocti nonan -148 nbm, BHKOPHUCTOBYIOUYHM
HEJIOPOTUI KPHUCTAJl 1 CHHCOK MaTepiamiB. BHUcoka 4YyTIMBICTH y MO€THAHHI 3
IHTErpOBaHUM IMIJCUIIOBaUYeM MOTYKHOCTI +20 nbm 3a0e3neuye Halikpamuid y
ramy3i OMOKET 3B’SA3Ky, IO pPOOUTh MOro ONTUMAIBHUM JUIS OYyJb-SKHX
3aCTOCYBaHb, K1 BUMAraroTh Jiana3ony uu HajiiHocTi. LoRa™ Ttakox 3a0e3neuye
3HAYHI TepeBarn SK y OJIOKyBaHHI, TaK 1 B CEJIEKTUBHOCTI MOPIBHSAHO 31
3BUYAMHUMHU METOAAMHU MOJYJIAIi, BUPINIYIOUM TPATUIIAHANA KOMIIPOMIC MiX
J11ara30HoOM, CTIMKICTIO 10 IEPEIIKO]T 1 CIOKUBAHHSIM €HEPTi.

[{i mpuctpoi TakoX MIATPUMYIOTH PEKUMH BUCOKOI MPOTYKTUBHOCTI
(GFSK  nns cucrem, Bkmouaroun WMBus, IEEE802.15.4g. LoRa Shield
3a0e3nedye BUHATKOBUN (pa30BU IIyM, BHOIPKOBICTH, JIHIMHICTh MpuiiMaya Ta

ITP3 niis 3HAYHO HUYKYOTO CIIOKMBAHHS CTPYMY, HI’K KOHKYPYIOU1 TIPUCTPOI.

3.2 Bubip naT4uKiB cucreMu

Cucrema BUKOPHCTOBYE IaTYUKH BUTPATH, SIKI BUKOPUCTOBYIOTHCS IS
BUMIPIOBAaHHS PI3HUX PiAMH (BOIM, MAJIMBA, Macia) 1 pi3HUX 00’ €MIB 3 OUIBIIOK YU
MEHIIIOK0 TOYHICTIO. BiINOBIAHO 10 AOCHIIKEHHS, MPOBEACHOIO0 Ha JOCTYIHHUX
JaTYNKaX, OyJO MPUHHATO PIllIEHHS BUOpATH TOW, SIKUW Ma€ OUIBIIMA THCK 1
OUThIIIMK PO3MIp 3’€THYBATBLHUX HUTOK, BUOpaBmm natuuk YF-S201 (tadm. 3.3).
VYci gaT4MKyd BUKOPUCTOBYIOTH MAarHIT, PO3TAllOBaHWM y TypOiHi, KWl TE€HEPYE

MO3UTUBHUM IMIYJILC IIOPa3y, KOJIM BIH MPOXOJUTH Yepe3 AaTuuK Xoia. Takum
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YMHOM MOXHa OTPUMATH KUIBKICTh OOEpTIB Mporeiepa 3a XBWIMHY, a MOTIM

OOYMCIIUTH MOTIK BOJIH.

Ta6mun 3.3 — [lopiBHAHHS JATYMKIB BUTPATH

YF-S401 YF-S201 FS300A
JliameTp TpyOu JuIst IpHeTHAHHS 1/4" 1/2" 3/4"
[ToTik 0.3 a6 n/xB 1 a 30 n/xB 1 a 60 n/xB
Tuck (Makc) 0.8 MIIa 1.75 MIla 1.2 MIla
Hanpyra »uBieHHS DC5-18 B DC5-18 B DC5-18 B
Temmneparypa <80°C <80°C <80°C

YF-S201 € naTuvikoM BUTpATU BOJAM, SIKMU MPU3HAYEHUHN NI BUMIPIOBaHHS
NOTOKY PIIUHMU.

Jlanuii 1aTYMK BUKOHAHUWI B IJIACTUKOBOMY KOPIYCi, B IKOMY 3HaXOJSTHCA:
JonacTy 3 BOyJ0BaHUM Mar”iToMm 1 gatuyuk Xomia. YF-S201 renepye 0mau3bko 450
IMITyJIbCIB Ha JITp. [Ipu mpoxokaeHun BOAM Yepe3 JAaTuuK, JIOMACTH MOYUHAIOTH
obOepratucs 1 natuyuk Xojuia (IKCye KOXKHY 3MiHA TMOJSPHOCTI MarHity. Takum
YUHOM, YUM BHILE€ HIBUIKICTh TOTOKY BOAM, TUM OUIbILIE IMITYJIbCIB HA BUBEJICHHI
naTtyuka. BuximHi iIMOyJbcH BIAMOBIAAIOTH 00'eMy Boau. MakcumanbHUil 00'eM
MPOTOYHOI PiIMHU B XBUIMHY CTaHOBUTH 30 JI, a THCK HE TIOBUHECH MEPEBUIIYBATH
2 MIla (puc. 3.4).

[TinkmrouaeTbes nutadr a0 gatdyuka YF-S201 3a momomororo raiiku pizp0010
1/2 mroiima. Tlpu miakiarOueHHI JaTyuKa CIiJl 3BEPHYTH yBary Ha CTPUIKY, sIKa
MOBIIOMJIIE TIPO  HAMPSAMOK TMOTOKY Boau. [limkimrodaeTbest maTyuk 0
MIKPOKOHTPOJIJIEPHOTO MIPUCTPOIO 3a JIOMTOMOTOI0 3 BUBO/IIB:

— VCC (4epBoHUI TPOBOJ): HAIIPYTa >KUBJICHHS,

— GND (4opHuii poBOM): «3EMIISN;

— OUT (3x0oBTHIi MPOBOJ): BUXIHI IMITYJIbCH.
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Pucynok 3.4 — Jlatunk YF-S201

[Io crocyetbes mnatdopm [oT, Hapasi icHye BUCOKA JOCTYMHICTH PIIICHb,
K1 TPOTOHYIOTh (yHKIII 30epiraHHs Ta Bizyami3ailli JaHWX [JIs HACKPI3HOTO
pimenns loT. [Inatdopma obmikoBux 3ammciB Ubidots mo3Bosisie aHamizyBaTH Ta
oOpoOnsiTH JdaHi, NporpaMmyBaTH TOJii, aHaNI3yBaTH JlaHI Ta BHUKOHYBATH
aBTOMaTU4YHE BUKOHaHHA niid. [lg mmardopma Takoxk CyMicHa 3 PI3HUMH
npucTposiMu, Takumu gk Arduino, Raspberry Pi, ESP, Particle Tomo. Came 3 nux
PUYKH i1 OyJi0 0OpaHo JJIs peaizallii CUCTEMHU.

Bbyno peanizoBaHo J1Ba TUIIK BY3JiB: (1) BY30JI KIHIIEBOTO KOPUCTYBaua, SIKUM
OyB pO3TalllOBaHMI 3a MICIIEM MPOKMBAHHS KOXKHOTO KJII€HTa BOJOMOCTAYaHHS
JUIsT BUMIPIOBAHHS BUTPATH Ta CHOXXKHUBaHHS, Ta (i1) aaMIHICTPATUBHHUUA BY301,
METOI0 SIKOTO € KOHTPOJIb MTOTOKY BOJIH, IO3BOJISIFOYH MPOITYCK BOJHU, TEPEKPUTTS
Ta 00JIIK.

Koxen By30:1 KiHIIEBOrO KopucTyBaya Mae Burparomip YF-S201,
BHYTPIIIHI  pOTOp SIKOTO TEHEpye IMIYJIbCH, WIO HAJACUIAIOTHCS Ha

MIKpOKOHTpoOJIep, po3mimieHuil Ha miati Arduino Uno. 3a 10moMororo mporpamu,
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HanucaHoi Ha MOB1 C, BUKOHY€EThCS pPO3pPaxXyHOK BUTPATHU Ta CHOKMBAaHHS BOJIU.
3rogom 11 AaHi HajcuiarThes 10 Moayisa Dragino LoRa Shield ans nmepenaui Ha
npuctpiii Gateway Lora. AnMiHICTpaTUBHHI By30J1 CXOXKUH Ha OMHCAHUN BHIILE,
aJie Ma€e eJCKTPOMAarHiTHUN KJIanaH Ui TUCTaHI[IHOTO KEPYBaHHS MOTOKOM BOJIH
10 MEeBHUX JIJITHKaX Mepexi. Y IbOMY BUIIAJKY 3B’ A30K yepe3 TexHouorito LoRa €
JIBOHAMPABICHUM, 1 JUIsI JKUBJICHHS €JNEKTPOMArHiTHOrO KjamaHa HOoTpiOHe
mkepeno Hampyrd 12 B Ha momatok mo Oartapei Ha 6 B, ska KUBUTH pemTy
JAHITIOTA.

BuyTpimHi nonatku potopa natuvika YF-S201 moBHICTIO 130J1bOBaHi, 11100
3amo0IrTH BUTOKAM BOJIM, a 11032 KaMEPOIO BIH Ma€ IaTyuk XoJuia, IKUM J103BOJIE
BUSBIISITA MArHiTHE TOJIe, CTBOPEHE MAarHiTOM, JOMAaTKaMu Ta PyX KaMepHu. poTop.
Konu Bojma uupkyiroe yepe3 KOpIyC BUTpaToMipa, BOHa obOeprae TypOiHY
BCEpENHI HBOTO, a MAarHiT, PO3TAllOBaHUWA y TypOiHI, TeHEpy€e MO3UTHUBHHM
IMITyJTbC KOKHOTO pasy, KOJIM BiH MPOXOAUTH MOB3 JaTYWK Xoiwia. Takum 4uHOM
BU MOXETE JI3HATUCA KUIBKICTh OOEpTIB Tporeiepa 3a XBWIMHY, a TOTIM

O0YHCIIUTH MOTIK Boau (puc. 3.5).

Pucynok 3.5 — IlepeBipka 3B’sI13Ky MK By3JIaMH
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JlaTauk TOTOKY BUKOPUCTOBYE edexT Xosuta s BUMIPIOBaHHS MOTOKY
BianoBigHo Ao piBHaHHA: f (I'm)=7,5 x Q (0/xB), me 3minHa f — 11e 4YacToTa
TeHepOBaHOrO CHUTHalTy, a Q — KUIBKICTh BOJU 3a XBWIHMHY, 3 KOe(ili€EHTOM
nepepaxyHky 7,5. Po3poOiieHO anropuTM, SKUH 3YATY€E IMITYJIBCHUM CHUTHAI
JaTYMKa B 4aCOBOMY Jiama3oHi «t» 5 cekyna. Cxema nortoky (3.8) mokasye, sk
PO3PaxOBYETHCS 00’ €M BOJM, BUXOJSIYN 3 BUTPATH, TOMHOXKEHO1 Ha PI3HUITIO Yacy
B1100py NMpoO MOTOKY BOJIH.

Ha pucynky 3.6 300pakeHO naiarpaMmy By3ja KIHIIEBOTO KOPHUCTyBaya, Ha
pucyHky 3.7 — OJIOK-CXeMy aJIMIHICTpaTUBHOIO By3jia, Ha 3.8 — po3paxyHOK

BHUTPATH BOIU.

Arduino UNO _»  Dragino Lora )))
Atmega 328P ___~_ Shield SX1276

Water flow meter |  Power Supply
YF-S201 Battery 6V

Pucynox 3.6 — Jliarpama By3:1a KiHIIEBOT'O KOPUCTyBaya

| » Dragino Lora | | ,))
Arduino UNO Sheld SX1276
Atmega 328P
Power Supply

Water flow meter | Solenoid valve L Power Supply |
YF-S201 VALV-SOL-1P2-12V Battery 12V

Pucynok 3.7 — biok-cxeMa aJiMiHICTpaTUBHOTO By3J1a
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ITouarox )

ITporsirom dt cekyHa

YuraHHA YACTOTH
JAaTIYHKA

Po3paxyHoKk BOZHOIO
notoky Q=Freq/Factor

Po3paxyHok 06'emy
V=Q=*dt

Pucynox 3.8 — Po3paxyHok BUTpaTH BOJIU

3.3 [lepenaua nanmx

Ileti mpoliec BHKOHYETHCS B JBOX BHJAX CEHCOPHUX BY3JIiB, OIMHCAHUX
Buie. Jlyis mporo BUKOpUCTOBYeThes mmiata Arduino Uno pa3oM i3 KapToro
Dragino Lora mist BctaHOBIeHHS 3B 53Ky 3 moayiem Gateway Ha wactoti 915

MI'n. [ns ynopaBiiHHS MOJyJIeM Tiepefadl BUKOPUCTOBYEThCA Oi0mioTeka
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«LoRa.h» 1 pynkuii nepenaui «LoRa.print» 1 «LoRa.begin» ans Oyab-Skux TUIIIB
naHux. PeanizoBaHuid By30J1 KiHIIEBOro kopuctyBada (puc. 3.9) Hajacuiae

1H(pOpMaIIiI0 Ha CUCTEMHHM [UTI03 KOXKHI 5 CEKYH]I.

Pucynok 3.9 — By3o1 KiHIIeBOTO KOpUCTyBaua

3.4 KepyBaHH# €JIeKTPOMATHITHUMH KJIANIAHAMHU

JloBeieHO, IO pEeryiioBaHHS TUCKY BOJIM B Tpybax € BaKIMBUM
IHCTPYMEHTOM  JIOBFOCTPOKOBOTO 3MEHILIEHHS BTpaT Yy BOJOPO3MOIUIBHHUX
Mepekax. TakuM YHMHOM, CXeMa YMpaBIiHHS THCKOM € BaXXJIMBHUM AacCIEKTOM
BOJIOTIPOBITHUX MEpeX 1 Oysia TeMOIO OOrOBOPEHHSI B OCTaHHI POKHU. Y OUIBIIOCTI
MEpeX aKTUBHUM KOHTPOJIb THCKY JJISI MiHIMI3allii BTpaT LLISAXOM 3MEHIICHHS
HAQJTUIIIKOBOTO THUCKY BOJH € BAXIWBUM. [CHY€E psii METOJIB PETYIIOBAHHS THUCKY
B WDN. BoHHM BKJII0O4alOTh BHKOPUCTaHHS KOHTPOJIEPIB HACOCIB 31 3MIHHOIO
mBUJIKICTIO, TakuX sik Aquavar e-ABII BupoOnunrea Xylem Gould Water
Technology, 1 BHUKOpPUCTaHHS pe3epByapiB THCKYy po3puBy. Kpim Toro,

peryJioBaHHs THUCKY BOAM B PpO3MOAUIBYMX MeEpeXax 3a3BUYall JOCSTraeThes



o1

NUIIXOM TIONITY CKJIAJIHAX MEPEX Ha MEHII MiAMEPEXKi, BiOMI SK panioHHI
BuMiptoBaibH1 30HU (DMA) a6o 30Hu ymnpapmiaHs THCKOM (PMA). Tuck Boau B
[IUX 30HAX PETYJIOE€ThCA BCTAHOBJICHHSIM €JIEMEHTIB MEPEXKi, TAKUX K PEryiIroi0Ul
KJIalaHu Ha BXoAl B 30HY(M). byno po3po6neHo Kiibka BHCOKOPIBHEBHX
PEryJIoIUMX KIIAMaHiB, SIKI pO3rOPTaIOThCS Ha TpyOax abo JUisi KOHTPOJIIO THUCKY
BOJM, a00 JIJIs1 KOHTPOJTIO TIOTOKY BOJIM B TIEBHUX TOYKAX MEPEXKi.

i perymnroroui KJIaaHu BKIIOYAIOTh, ajle HE 0OMEXKYIOThCSI HUMMU:

—penykmiiai  kinanmanu  (PRV  Pressure  reducing  valves), 1o
BUKOPUCTOBYIOTHCS JUIsl OOMEXEHHS TUCKY B JJaHKaX TPyOOIPOBO/IIB;

— knananu  marpuMku  Tucky (PSV  Pressure sustaining valves), siki
BUKOPHCTOBYIOTHCS JUISl IIATPUMKH TUCKY Ha TICBHOMY 3HAYCHHI;

— kinananu  perymoBaHHs Tucky (PCV  Pressure controlling valves),
MpU3HAYEH1 JJI PEryIIOBaHHS TUCKY B TIEBHIM 30H1 BOJIOTPOBIIHUX MEPEIK;

—xiamad BuMukada TUCKy (PBV  Pressure breaker valve), saxuii
BUKOPHUCTOBYETHCS 7151 (DOPCYBAHHS 3aJ]aHOT BTPATH TUCKY Ha KJIalaHi.

HemonaBHe MOMMpPEHHS] TEXHOJIOT] KEPYBaHHS, IO MPU3BENO IO IOSBU
HOBOI TapaurMd B YNOpPaBIIHHI KJIamaHaMW, OIS JUIi OUIBII CKJIQJHOTO
KOHTPOJIIO THUCKY Pi3KO 3pocja 3a OCTaHHI pOKH. THCK BOJM B MEpexXi 3a3BHYai
PETYIIOETHCS LUISIXOM BCTAaHOBJICHHS PETYJIIOIOYMX KiamnaHiB, 31e011bmoro PRV,
Ha Bxo1i PMA a6o DMA a6o0 B IHIINUX 30HAaX, Jie CIIOCTEPITal0ThCSl BUCOKI YaCTOTH
cnanaxiB abo BHMCOKI pIBHI BHUTOKY. B pe3ynbTaTi TUCK BOAM B 30HI MOXHA
peryioBatu 3a gonomoroto poootu [1PB.

VYmpaBiinus enekTpoMarHiTHuM kinanadoMm 12 B (mogens VALV-SOL-1P2-
12V) 31iiiCHIOETBCS aAMIHICTPATUBHUM BY3JIOM, SIKUM Ma€ MPUBIJ, KEPOBAHUMN 3a
JIOTIOMOTOI0 BUXIJHOTO KOHTAKTy 3 amapaTHoro 3abesneudeHHs Arduino mis
akTHBallii abo Ae3zaktuBallii. Cxema 3acHOBaHa Ha pelie 5 B, sike 3aMuKkae JTaHITIor,
KWW )KUBUTH €JICKTPOMArHiTHUN KjamaH Bij jxepena 12 B. Ockuibku pene Mae
MiHIMaJbHUM poboumii ctpym 70 MA, HeoOximHO OyJe BHUKOPHCTOBYBATH
HiZICKIIIOBaY CTPYMY, BHKOPHUCTOBYIOYH TpaH3ucTop Mmoxenai 13002 (puc. 3.7).

[Ipomiec kepyBaHHS 3allyCKaeTbcs depe3 KOHTAKT S5 Arduino myis BBEIEHHS
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(G pOBOro CUTHaAMY Ui BBIMKHEHHS KianaHa. Tpansucrop 13002 mae koediieHT
nigcusieHns 10, qocTaTHIN A1l rapaHTyBaHHS MiHIMaJIbHOTO po6oyoro ctpymy 70
MA. Ile oOumchroeTscs 3a momomororo pesucrtopa 550 Om, mo 3abe3neuye
KOJIGKTOPHUHM cTpyM 78 MA, HIOCTaTHiIi [UIsl BBIMKHEHHS pelieé Ta 3alycKy
eJIEKTpPOMAarHiTHOro kiamaHa. Llefi mpormec KOHTPOIIOETHCS MiKPOKOHTPOJIEPOM,
SIKUW aKTUBYE €IEKTPOMArHITHUH KJIanaH, KOJIU BiH OTPUMY€E BKa3aHHWN CUTHAJ BiJl

cuctemHoro o3y (puc. 3.10).

Pucynok 3.10 — Enexkrponnnii knanan VALV-SOL-1P2-12V

EnexTpoMarHiTHUN KJlalaH aKTUBYETHCS, KOJIM BKa3aHUI CUTHAJ OTPUMAaHO
BIJI IIJTIO3Y CUCTEMU uepe3 0e3apoToBuit 38’5130k LoRa. AnMiHicTpaTuBHUI By3071
BukopuctoBye komanny ‘“LoRa.receive()” mis oTpuMaHHS [aHUX BiJ HUTIO3Y.
Skimio Ha ynakoBi € noBigomiieHHs «K LOW», KOHTakT 5 niepeiiie B HU3bKUI CTaH
(0 B), a sxmo Ha Hpomy € nioBimomiieHHs «HIGH», BiH nepeline B Bucokuii ctax (5
B), yBIMKHYBIIM €NEKTpOMAarHiTHUN Kiamad. Y 1bhoMy Bumaaky 6 B
BUKOPUCTOBYETHCS ISl anlapaTHUX MOIYJIB 1 12 B 11 cxeMu eeKTpoMarHiTHOro

KJIaI1aHa.
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3.5 lll1ro30Bi Moy i

[Imo3 mae iaTepdeiic 38’ sa3ky WiFi uepe3 momyns ESP8266, skum kepye
kapta Arduino jis nepenadi iHpopmarlii Big By3JiB AaT4MKIB A0 cepBepiB loT y
xmapi. Moro dyHKiii BKIIOYAIOTh OTpUMaHHS mOBizomieHb Big loT-cepsepa Ta
HaJICUJIaHHS X 70 By3miB uepe3 LoRa ais BUKoHaHHS [ii Ha elIeKTPOMarHiTHOMY
kianasi (puc. 3.11).

Be6-cepBic Ubidots BUKOPHUCTOBYEThCSI i OTPUMAaHHS JaHUX, MPO SKl
NUII03 HAJICWJIa€ Ta OTpuMye 1H(dOpMalilo 3a JOMOMOTOI  3MIHHUX,

3apeectpoBaHux y BeO-miardopmi yepe3 API Ubidots REST.

Pucynok 3.11 — [1limo3 LoRa
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4 CEPBEPHE ITPOI'PAMHE 3ABE3IIEYEHHSA 1JIS1 OGPOBKHA TA
TECTYBAHHSA CUCTEMMU

4.1 HajamTyBaHHs CEPBEPHOr0 NMPOrpaMHOro 3ade3nevyeHHsl

Jnst toro, mo0 He BUTpayaTH 4Yac Ha CTBOPEHHS BJIACHOTO XMAapHOTO
CXOBHMIIIa Ta HE TMHUCAaTH cepBep OOpPOOKM JaHMX OCOOJIMBO BpPaxXOBYIOUI
MOTEHIIAJIbBHO BEJMKUM 00€M TOYOK mepedadi iHdopmalio Oylo BUKOPHCTaHE
crieniajgbHe roToBe pimenns Ubidots.

Jlis BukopucTaHHs B Hamid cuctemi Ubidots HeoOximHO BUKOHATH
HaJallITyBaHHS.

CrBopennss HTTP-iarterpamii. Jlns naacwmanas panux 3 Ubidots Ha
NPUCTPIN (KepyBaHHS HU3X1THUMH MOCUIIAHHSIMH)

[ToBimOMIIEHHSI HU3XIJHOTO KaHATy 3a3BUYail KepylTh aKTHUBAIIIEIO
IPUCTPOiB, YACTOTOIO OHOBIEHHS NPUCTPOIB TOMIO. Y I[bOMY BHUIAIKYy MH
30MpaeMoCs HANAIMITYBAaTH HU3X1/IHI MOBIAOMIIEHHS, [00 YBIMKHYTH KJIallaH 4yepes
Ubidots.

[[lo6 ue 3pobOutu, moTpiOHA Jpyra iHTErpailisi, aje B IbOMY BHUIIAJIKYy
inrerpamisi HTTP. HeoOxigHO BUKOHAaTH HACTYIHI KPOKH, 00 CTBOPUTH
IHTEerpauio:

—B omsial mporpamMu  oOpatu onuito «lHTerpamisi», po3ramoBaHy Y
BEPXHbOMY MPABOMY KYyTi CTOPIHKH;

—y pO3IuIl IHTerpalii npokpyTutu BHU3 a0 nyHKTY «HTTP Integration»

(puc. 4.1).
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Pucynok 4.1 — Ubidots interparris

Temep, xomu Bce HamamrToBano B TTN, MoOxHa KepyBaTH [TaHUMH
JIBOHampapieHo 3a jgomnomororo Ubidots 1 cBoix mpuctpoiB WaterSens uepes
LoRaWAN.

HeoOxinHo mepeBiputu CTBOpeHHS TpHUCTpoiB WaterSens y 0051iKOBOMY
3anuci Ubidots.

Jns uporo Tpeba Biakputu oOmikoBuii 3amuc Ubidots 1 y BepxHii
HEHTPaAIbHIM YacTUHI CTOpiHKM BUOepiTh om0 «lIpuctpoi > Ilpuctpoin. Y
IbOMY PO3AUNL BH NO0AYUTE CTBOPEHUUW HOBUH MPUCTPIH, MOB’SA3aHUN 3
DeviceEUI, npusznauenum npuctporo, 3apeectpoBanomy B TTN.

Ubidots mporonye rapHi monepeaHb0 BU3HAYEHI BIHKETH IS JOJaBaHHS
BalllMX JIAHMX Ha 3arajbHy iHGopMalliiiny nanens. L{i BipkeTr MOKHA acoIiOBaTH

31 3MIHHUMH, BU3HAYCHUMHU KOPUCTYBAYEeM Il KOKHOTO mpuctporo (puc. 4.2).
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Jlani MokHa BioOpa3uTH B IHTYITUBHO 3pO3yMiIOMY TpadiuHOMY pexXuMmi

(puc. 4.3).
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Pucynox 4.3 — I'padiune BinoOpaxenns ganux B Ubidots

4.2 TlepeBipka po0oTH cucTteMn

Bbyno mpoBeneHo Bamigaliito cucteMu, MOOYAOBAaHOI Yepe3 CTPYKTYpY, sKa
IMITY€ BOJOPO3MOJUIBHY MEPEXY 3 BUKOPUCTaHHSAM 1/2" TpyOHHMX KOHTYPIB.
By3on BcTaHOBIIOETBCS OUIS  JKepena MHUTHOTO BOAOINOCTaYaHHS KOXXHOTO
OynuHKY pa3oMm 13 matuyukoM moToky YF-S20. 3 inmoro 6oky , moaynb Gateway
pO3TallOBaHUl Ha HIKHBOMY IIOBEpCl TECTOBOI 30HM, 1 3aBASKH XOPOIIIA
MIPOHUKHOCTI CUTHATY 0€3/IpOTOBHIA 3B'SI30K HE CTBOPIOE MPOOIIEM.

VY Tecrax By30J YBIMKHEHO, 1 T€HEPYEThCS MOCTIMHUNA MOTIK BOJH, WLIO
BUKOHY€E Mpolec nepenayi ganux Ao Bed-cepsicy Ubidots. Jlani cioctepiratotscs
32 JomoMoror rpadika, TOpPHM3OHTAJIbHA Ta BEPTHUKAJIbHA OCI  SKOTO
MPEACTABIIAIOTH Yac 1 BUTPATy, BUPAXKEHI B JIITpax Ha XBWIKMHY. OuH 13 criocoOiB
Bi3yaii3auli JaHUX — 3a JOMNOMOIOI0 OHJIAWHOBOI TWHAMIYHOI TaOJUIl, BKa3ylOUu
OpOYMTAaHE 3HAYEHHSI Ta JaTy B3STTS 3pa3ka, J€ MOBIJOMJICHHS HAIXOIUTh Ha

cepBep koxHi 20 cexyHa. Lle moB’s3aH0 3 KOHDIrypalli€ro U3y, KU Mpaloe B
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JIBOHAMPABICHOMY PEXHUMI MiJ Yac 3B’A3KYy 3 CEpPBEpPOM, MAIOYU MOXKIIMBICTbH
3MIHIOBATH Jl1ana3oH BUOIpKH, 1100 MaTH MOKa3aHHS IIIOXBUJIMHHU.

BumnpoOyBaHHSI aaAMiHICTPaTUBHOTO BY3J1a TMPOBOJUIIUCS 3 BHKOPUCTAHHIM
MOJIeJII PO3MILIEHHSI €JIEKTPOMArHITHOIO KJlalaHa Ta JaTYhKa MOTOKY B CXeMl
posnoauty Boau. Llei By30s Oysio BKIIIOUEHO Ta MEPEBIPEHO 3B’SI30K 13 CEPBEPOM

JUTSL AUCTAHIIIHHOTO KepyBaHHs KiamanoM (puc. 4.4, 4.5).

Pucynox 4.4 — Po3ropranHs By3ja KiHIIEBOTO KOPUCTyBaya

Pucynok 4.5 — TecTu agMiHICTpaTUBHOI'O By3/1a
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Tectu kepyBaHHS KjamaHOM MPOBOJIMIIMCS 3 CEpBEpa, MEPEBIPSIIOUYH 3MiHY
HIBUIKOCTI TMOTOKY, 3apEECTPOBAHY JaTUMKOM, A€ BeO-iHTepdelc Mae KHONKY
KepyBaHHs i 3anmo0iraHHs mOToKy Boau. CepBep TMOKa3yBaB HasBHICTD
3apeeCTPOBAHOI BUTPATH, MOBEIIHKA AKOI TOKA3ye O1IbII BUCOKUM THUCK Y KOHTYPI
TpyOONPOBO/Y, @ OTIM HOTO 3HUKEHHS.

BaxxuBicTh aIMIHICTPaTHUBHOTO By3Ja B CHCTEMI PO3MOALTY MUTHOI BOJIU
IPDYHTYETbCSI HAa BHECKY OIeparopa B MOHITOPUHT TOTOKY B CEKISX JUIs
VOpaBTIHHS BOJOIMOCTAYaHHAM. TakuM YWHOM, MOJKHA OIIIHUTH 3HAYEHHS
HOPMAJIBHOTO TOTOKY 3BUYAMHOrO JIHSA, aHami3yoyu 310paHi JaHl Ta
criocTepirarouu 3a rpadikamu, OTpUMaHMMHU Ha BeO-raTdopmi, MO JI03BOJISE
BUSIBUTH MOXJIMBI BUTOKH. KpiMm Toro, yBara g0 Takoro THMIy Tojii Mamga O
Habarato KOpPOTIIMI Yac pearyBaHHS, 3MEHIIYIOUM EKOHOMIYHI BTpAaTH 4Yepe3
HEJI0O0TPUMAaHHS BOJIH.

Y pasi BukopucTaHHS TexHoJorii Lora 1e M03BONMIIO MaTH 3allkcCh
MPOTIKAHHS Ta JAUCTAHI[IWHE KEpPyBaHHS 3aKPUTTSAM Ta BIIKPUTTAM JIUISTHKH
Mepexi y pas3i Oyab-sSkux HebaxkaHux noii. Lls TexHoIoris Ma€e BeJIMKY JaIbHICTh
3 MIHIMQJIBHUM €HEPrOCIOXUBAHHAM JUIsl TIepefadi MK BY3JIOM 1 peani30BaHUM
nutro3oM. Kpim  Toro, marumk Butpatu YF-S201 imeanbHO WIXOAUTH IS

BOJOPO3MOAUIBHUX MEPEX Y )KUTIOBUX MPUMIIICHHSX.
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BUCHOBKU

EdexTuBHUN KOHTPOJIb TUCKY Y BOJOPO3MOAUIBYIN Mepexl HEOOXITHUN IS
MOKpAaIIeHHs 11 IPOIyKTUBHOCTI. E(ekTUBHE 3aCTOCYBaHHSI TUCKY MOXKE CIIPUATH
nokpaieHHio ctiiikocti WDN. B wmarictpechkiit poOOTI JOCTIIKEHO METOAU
KOHTPOJIIO TUCKY, SIK1 4acTO 3acTOCOBYIOThCSI B WDN.

31IICHEHO OIJIsA Cy4acHO1 JITepaTypH 3 MUTaHb KOHTPOJIIO EHEPrOPECYPCiB,
MPOBEJCHO AaHaji3 METOAWJIOTTYHUX 3acajl IIOA0 OOJIKY CIOXHBAHHS BO/IU.
[TpoBeneHO pO3pOOKY TECTOBOIO y371a Ta IHUI03a 3 METOK IEPEBIPKU
npane3aaTHocTi cucteMu. OOpaHO XMapHE CepeloBHINE il 30€piraHHs JaHUX 3
JMATYMKIB, TPOBEJIEHO TECTyBaHHA cHUCTeMU. Po3pobiieHi Ha  OCHOBI
3alpPONOHOBAHOIO0 METOAY IM@paTop Ta JAemudpaTop HAIAIOTh MOXKIUBICTH

3aXMCTUTH BIJl HECAHKI[IOHOBAHOTO JJOCTYITY.
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