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OOPMAJIIBALIA HNPOLUHEAYPU ONIHKN EOEKTUBHOCTI
EJEKTPOIIOCTAYAHHSA Y HEXOBUX MEPEKAX
HNPOMUCJIOBUX ITITAITPUEMCTB

Iokasano, wo eghexmugHicmob YeXo8UX Mepedxc eieKMpPOnOCMAadanHs 6 3HAYHIll MIpi 00YMO6MI0E
eexmusHicms  QYHKYIOHY8AHHA CUCTNEMU eNeKMPONOCIMAYAHHA NPOMUCIO08020 RIONPUEMCMBA 8 YINOMY i
BUSHAYAEMBCA 3a OONOMO20I0 MIHIMI3AYIT 36e0eHUX 8Umpam, SKi Maioms 08I CKAA008i, 00YMO61eH] KanimaibHUMU
sumpamamu i eumpamamu 6i0 6mpam enekmpoenepeii y yexosux mepexcax. Pospaxynox 36edenux sumpam npu
MEeXHIKO-eKOHOMIYHOMY NOPIGHAHHI 8apiaHmis € mpyOoMiCMKO0 3a0auer0, OCKIIbKU ICHYE 8elUKA 8apiamusHicnmy
8UOOPY CXeMHO20 pilenHs, 8ubOpY nepepizie NPOBIOHUKIB JHCUBNAUOL | pO3NOOLIbHOI Yexo80i mepedxci, a maKoic
6PAXYBAHHSA KOHCIMPYKMUBHUX 0COOIUBOCHEL YeX060i Mepedici

3oiticneno ananiz ocobrusocmeil paxmopis egexmueHocmi yexoeozo enekmponocmavanus. Budineno

0a308i ck1a006i ehekmueHo20 PYHKYIOHYBAHHS CXEMU YEX08020 eNeKMPONOCMAYAHHA, a came. OUCKPEeMHICTb
e1eKMPOmMexHiuHo20 00AOHAHHSA, 11020 PO3MIUeHHsA Y yexy, pedcumu pobomu enexrponpuiimadis (EIl); epaghix
HABAHMAIICEHHA,; CNIBBIOHOWEHHS 6APMOCMI eJleKmpoeHepeii i NUMoMoi 6apmocmi enemMeHmis yexoe0i Mepeici.

KarouoBi caoBa: egexmusnicms enexmponocmauanmns, padiaibha cxema, MAiCMpanbHa cxema,
MpUBALO0ONYCIMUMULL CIPYM, 36e0eHi eumpamu, Koepiyicum Gopmu, Koediyienm nomyjicHocmi, mpamu
enekmpoeHnepeii.

Beryn

EdekTHBHICT LEXOBHX MEpEXK eNeKTPOIOCTauaHHs B 3HAuHIM Mipi 00yMOBiIIO€E e(eKTHBHICTh
(YHKI[IOHYBaHHSI CHCTEMH €JIEKTPOIIOCTAuYaHHs IPOMHCIOBOTO MiIIPHEMCTBA B LIJOMY 1 BH3HAYaeThCs 3a
JIOTIOMOTOl0 MiHIMi3allil 3BeIGHMX BUTPAT, SIKi MalOTh JBI CKJIJIOBi, 0OyMOBJICHI KaliTalbHUMH BHUTpaTaMu i
BUTpaTaMM BiJl BTpaT eJIEKTPOEHEprii y LEeXOBUX Mepexkax. Po3paxyHOK 3BEAEHMX BUTpAT IPH TEXHIKO-
€KOHOMIYHOMY ITOPIBHSIHHI BapiaHTIB € TPYAOMICTKOIO 33/1a4ei0, OCKUIBKHU iCHY€ BEJIFKA BapiaTUBHICTH BUOOPY
CXEMHOTO pIIIeHHs, BHOOpPY TMepepi3iB MPOBITHHUKIB KHUBISYOI 1 PO3MOMUIBHOI IIEXOBOI MeEpexki, a TaKoX
BpaxyBaHHS KOHCTPYKTHUBHHUX OCOOJMMBOCTE# 1exoBoi Mepexi [1-5]. OnrumanbHicTh 0OpaHOro pillleHHS
3pPEIITO0 3HAYHOK MIPOI0 3aJeKUTh BiJ Cy0'€KTHBI3MY MpPOEKTyBaJbHUKA, HOro KBamidikamii Ta 0COOHCTOrO
JOCBiJly BHpIIICHHS MOAIOHUX OaraTokpuTepiaibHUX 3aBAaHb [2]. ToMy akTyanbHUM HMHUTaHHAM € (hopManizawis
IpoIleCy pPO3pPaxyHKYy 3BEICHHX BUTpaT Ha I[EXOBY MEpeXy Ta NpOoIenypi OWIHKA e(eKTUBHOCTI
EJIEKTPOIIOCTAYaHHS Y LIEXOBUX Mepexax IPOMHCIOBHX IMIANPUEMCTB, L0 JIO3BOJUTH 3HAXOIMTH OJMKYI JI0
ONTUMAJIFHUX CXEMHI PIlIeHHS P BpaxXyBaHHI KOHCTPYKTHBHUX 0COOIMBOCTEH BUKOHAHHA IIEX0BO1 Mepexi [3].

Ananiz ghaxmopis ecpexkmusnocmi enekmponocma anms

Bubip onTUManbHOI CXEMH IIEXOBOT'O EJIEKTPONOCTAYaHHS € BAXKIMBUM IHTAHHSIM, OCKIIBKA BTpaTH
MOTY>KHOCTI 1 €JIEKTPOSHEPTIi Y IEXOBUX Mepekax cTaHOBIATH Bix 30% mo 70% Bix 3araibHUX BTPAT B 3aJICKHOCTI
Bijl Bupy BupoOHuITBa [4]. BusHaueHHs MiHIMAJIBLHHX 3BEICHHX BUTPAT, SIKI CKJIAIalOThCS 3 KalliTalbHUX
BKJIQJICHh 1 EKCIUTyaTal[ifHUX BUTpAT 3a0e3ledye 3acTOCYBaHHS ONTHUMAIBHOIO BapiaHTa CXEMHU IIEXOBOTO
eJIeKTpOonocTadaHHs. SIK BiJOMO, 3BEICHI BUTPATH BH3HAYAIOTHCS 38 (POPMYIIOIO:
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Ka+Ko

3 = (Eu + 2) K + Cy - AW, (1)

e 3; — 3BeleHi BUTpaTH, TUC. TpH.; K; — KamitampHi BUTpaTd Ajsl i-oro BapiaHTa, THC. TpH.; E, —
HOPMATHUBHUH Koe(ilieHT e()eKTUBHOCTI KaliTaJOBKIaAEHB, B. 0.; K,, Ko — HOpMaTuBHUIA KOedillieHT BUTpAT Ha
aMOpTH3aLiio 1 00CITyroByBaHHs BiAMOBiAHO, %; Cw — BapTICTh aKTUBHOI eNeKTpoeHeprii, TpH./KBT'rog; AW,; —
BTpPaTH aKTUBHOI EJEKTPOCHeprii y mexoBiii Mepexi, MBrtTom; i — mopsgkoBwii HOMEp BapiaHTa, IO
PO3IIISIAETHCSL.

Amnaiz Bupasy (1) mokasye, mo 3BelIeHI BHTPAaTH MAalOTh JABI CKJIAIOBi, AKi BIiOIOBITHO 3aJIeKaTh Bix
BeMYMHY KaritansHUX BUTpAT (K;) 1 exciuTyaTamiifHuX BUTpaT, 00yMOBIICHIX BTpaTaMH aKTHBHOI €JIEKTPOCHEPT il
(Cw AW,). KamniTanbHi BUTpaTH CKJIAAAIOTHCS 3 BUTPAT HA MPOBIIHUKOBUH MaTepiall XHBJISUYOI 1 PO3MOALIBHOT
[IEXOBOi Mepexi 1 BHTpaT Ha PO3MOAUTHHI TpHCTpoi (po3moxmimeHi madwu, po3momiiepHI abo MaricTpanbHi
MmUHONpoBoM, madu posnoxainsHoro npucrporo 0,4 kB komrmiektHol TpanchopmaTopnoi miactanuii (KTIT)).
KamiTanbHi BUTpaTn BHU3HAYAIOTHCS HPUHHATOIO CXEMOIO IIEXOBOI MEpeXi, a TakoX 3aJiekaTh BiJl BapTOCTI
MPOBIJHUKOBOT'O MaTepiaiy i po3NOAUIBHUX IPHCTPOIB [IEXOBOT Mepexi. B cBoro yepry excrilyaraliiHi BUTpaTH
BU3HAYAIOTHCS BEJIMYMHOIO BTPAT aKTHBHOI €IEKTPOEHEPTii 1 BAPTOCTI aKTHBHOI eleKTpoeHeprii. Takum unHoMm,
(yHKIIS 3BEICHUX BUTPAT Ha CIIOPYIXKSHHS LEXOBOI MEpEexXi 3alIe)KUTh Bil BUIY CXEMH LIEXOBOI MEpexi, KM
BU3HAYA€ BEIMUYMHY KaiTAILHUX BUTPAT | BEIMIUHY BTPAT aKTUBHOI ITOTYKHOCTI, PEKUMY €IE€KTPOCIIOKUBAHHS
EIl mexoBoi Mepexi, a TaKOX Bif CITiBBiTHOIICHHS BapTOCTi €JIEKTPOCHEPTii i MUTOMOi BapTOCTi €IEMEHTIB
IIEXOBOI MEPExKi.

Juckpemuicmo eneKkmpomexniunozo 001a0Hanna
Bubip mepepisy npoBigHUKIB IeX0BOI Mepexi, 3riaHO [4], 3MiiCHIOETHCS 38 YMOBH:

K, - ITp non = Ip03pl )

ne K; — koedirieHT 3anacy, sIKHif 3aJIe)KATh BiJl YMOB MIPOKJIAIKA MIPOBIAHNKA 1 KaTeTropii MPUMIIICHHS 3a
IIVE; Ity son — TPUBATIOAOMYCTUMUI CTPYM NMPOBIAHUKA, A; Iposp — PO3paXyHKOBHH CTPyM IPHEAHAHHS, A.
Po3paxyHKoBHIf cTpyM BU3HAYa€THCSA 3a (HOpMYIIor0, A:

S 03]
Iposp = \/pg.[?’ (3)

Jie Sposp — PO3PaXyHKOBA MOBHA MOTYKHICTB, 1110 NEPEAETHCS Yepe3 NpoBigHuK, KBA; U — Hanpyra mepexi,
kB.

Ilepepiz mpoBimHWKa oOOMpaeTbcs 3 psy AMCKPETHHX 3Ha4eHb OOYMOBJIEHHX HOMEHKIIATYDPOIO
MPOBIJHUKOBOI MPOAYKIIii, [0 BUITyCKAETHCS.

Fi = f(srpi)v (4)

ne Fi — i-uif cTanpapTHuii nepepis NpoBiaHuKa, MM?;, S;p — FPaHMYHE 3HAYEHHS MOBHOI TOTYXHOCTI 3a
YMOBaMH TPHUBAJIOAOMYCTUMOTO HArpiBy Uit i-oro mepepisy, KBA

_ \/§'U'1Tp Aoni, (5)

S1"pi - K,

1€ Lip noni — TPUBAJIOAOMYCTUMHIA CTPYM ISl 1-OTO TIepepisy.
KamiTansHi BUTpaTH Ha IIEXOBY MEPEXY BU3HAYAIOTHCS 32 (OPMYIIOI0
K= Kan + Kanﬁ (6)
e Ky pz — CyMapHi KaritaibHi BATPATH HA IPOBIHUKH JKUBJISYOT i PO3NOAUILHOT Mepexi, THC. TPH.; Kypix
— CyMapHi KalliTaJIbHi BATPATH Ha PO3MOIBHI MPUCTPOT IEXOBOT MEPEXi, THUC. TPH.
Knp}: =X Koi - L (7)

ne Ko — muroma BapTicTh i-0T0 MpOBigHUKA, TPH./M; |; — JOBXKMHA i-0T0 MIPOBITHHUKA, KM.
KaniTanbHi BUTpaTi Ha po3nouUIbHI PUCTPOI B 3arajibHOMY BUIVISIII BU3HAYAIOTHCS 32 OPMYJIOIO, THC.
TpH.:

Kan =2 Co pnkrr; - Dpn krm; +2 Co wp; ~ Dup; lmpi +2 Co cn; " Denys (8)
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1€ Copnwrnp Compp Cocn; — Bapricts madu PY-0,4kB KTII, nuroma BapTicTh pO3MOALILHOIO
INHHOTIPOBOY, BAPTICTh INa(U CHIIOBOTO MYHKTY BiIIOBITHO; Npy ke Nyup;» Nen; — KiMbKicTs mad PY-0,4xB KTII,

PO3MOAUTHHHUX THHOTPOBO/IIB, CUIIOBHX IYHKTIB BiIITOBITHO; lLupi — JIOBXKHHA 1-OT0 ITHHOTIPOBO/Y.

Po3miwenna enekmpomexnHiunozo 001a0HanHA

Mo crocyeThcsi BU3HAYCHHS BTPAT aKTHBHOI €NEKTPOCHEPTii, TO IX MOIUIFHO BH3HAYATH 32 METOJIOM
CepelHboi  MOTYKHOCTI [5], OCKINBKM Ilell METOX Ja€ MEHIIy TOXHOKY HiK METON 3 BHKOPHCTAHHIM
MaKCHMAJIbHOTO PO3PaxyHKOBOTO HABAaHTAXXCHHS 1 BEJIMYMHM Yacy MaKCHMaJbHUX BTpAT, SIKI BU3HAYAIOTHCH 3
NEBHUMH MPUITyIIeHHAMH. TOYHICTH BU3HAUCHHS BTPAT €JIEKTPOCHEPTrii 3a METOZOM CEepeIHBOI MOTYXKHOCTI
3aJIeXHTh BiJ BUOOpY KoedilieHTa Bukopuctanus Ky 1 koedilieHTa MOTYKHOCTI COS(, Ki Bi10OpaXkatoTh PexkuM
esleKkTpocnokuBanHs okpemux EIl, a Takox Bij koedimieHta ¢opmu rpadika HaBaHTakeHHS Ky, sKuit
3aCTOCOBYETHCS JUIsl BUSHAYEHHSI BTPAT €JIEKTPOEHEPTii npu cymicHoMy >xuBinenHi EI y sxuBmstuiit mepexi. Takum
YUHOM, BTPaTH €JIEKTPOCHEPril y PO3MOAUIBHIH IIEX0BIi Mepexi Uil palialibHOT CXEMH eJIEeKTPOIIOCTavyaHHs 3a
METOZOM CepeIHbOI MOTYKHOCTI BU3HAYAIOThCS 32 hopMyioro, MBTrox:

2
AW, =2f‘;1<%> 2ol 87601072, 9)
HOM Prowm; Fj

ne Puowi — HOMIHABPHA aKTUBHA MOTYXHICTH i-oro EIl, kBT; Uyowi — HOMiHaNBHA Hampyra i-oro EI, kB;
COSPy,y, — Koedimient motyxnocti i-oro EIl a; K, — xoedimient Buxopucranns i-oro EII; p, — maroMmuit
eJIEKTPUYHHI omip, KM 3aJeXMTh BiJl BUAY MaTepialy NpoBiiHuKa (aloMidio abo Mimi), Om-MM%/M; li-
JOBKMHA TPOBiHMKA, akuil xuBuThb i-uit EII, M; Fi — nepepis nposignuka, skuit sxuButh i-uit EII, Mm%, N —
kinbkicts EI y By3ui.

JloBknHA MPOBIMHMKA |; BH3HAYAETHCS 3 YPaxyBaHHSIM KOHCTPYKTHMBHOI'O BHKOHAHHS PO3MOALIBHOL
Mepexi, U1l CXeMH 3 BUKOPHCTaHHIM CHJIOBUX ITYHKTIB, M:

2
Iy = hcnj + 1.1\/(ch,- - xi]-) + (yCrIi — yi]-)z, (10)

AT CXEMH 3 BUKOPUCTAHHA pOSHO,Z[iJILHOFO HIMHOIIPOBOAY:

2
1ij = hl!.[p]- + 1112 (YIup]- _Yij) ’ (11)

A€ Xy Yenys Ymp; — KOOPJMHATH PO3TAIIYBAHHS CHJIOBAX MYHKTIB 1 IIMHONPOBOJA HA IUIAHI 1exa

BIATIOBITHO, M; hcnj, h,,,. — BUCOTa BCTAHOBJICHHS CUJIOBHX MYHKTIB 1 IIMHONPOBO/A BiJIIOBIIHO, M.

Pj
Iepepi3 i-oro NpoBiAHUKA IS PO3MOIIIEHOI MEPEKI BUOUPAETHCS 32 YMOBAMHU TPHBAJIOTO/I0IYCTUMOTO
HarpiBy 3rizHo (4), Ipy [HOMY 32 PO3PaxXyHKOBE HABAHTAKCHHS IPUHMAETHLCS HOMIHAIbHE HaBaHTaxeHHs EIl.
Juis xuBiIs9Oi Mepeki I BHU3HAYEHHS Iepepily JKHUBIAYOI JIiHII PO3PaxOBYETHCS MaKCHMAalbHE
HaBaHTa)XCHHS 32 METOJIOM BITOPSAKOBAaHUX Jiarpam

Py = Ky * Pep
1,1Qcp mpu ngg < 10
o = Qep IPH Ny > 10 |

1e Py, Qum, Sy —MakcuMaibHI po3paxyHKOBI 3Ha4eHHS akTUBHOI (KBT), peaktnBHO1 (KBAp) 1 moBHOT (KBA)

(12)

TOTYXXHOCTEX BiANOBimHO; Pep, Qcp — cepenni aktusHa (kBT) i peaktusna (kBAp) noryxnocti; Ky, neg —

KoedimieHT MakcumyMa i edpextuBHe uncio EIT BixmosigHO.

PCP = Z KBi ’ PHOMi

13
Qep = x KBi ! pHOMi gy ( )

ne tge; — koedimieHT peakTHBHOi MoTy)HOCTI Ta K, — koedinient Buxopucranns ans i-oro EII
BiAIIOBIIHO.
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Pesrcumu pooomu EIT
Y ¢dopmyni (13) BEHKOPHCTOBYIOThCS HOMIHANBHI akTHBHI moTyxHOCTI EIl, 3BemeHi mo TpuBaiocTi

BkioueHHs (TB) TB=100%:
TB
PHOMi = PyCT ;E (14)

ne Pyc, — ycTaHOBIIEHA aKTUBHA OTYXkHICTh EII, KBT.
Koediuient makcumymy K, Bu3Hauaerses aist rpynu EIT 31 3MiHHUM pesxkxumoM podoty, 3a ymoBu K< 0,6
ado TB#100%. [lnsa EII 3 nocriitaum pexkxumom poboru (rpyna A) Ky=1, 10610 Py=Pcp, Qu=Qcp. Just EII 3i

3MIHHUM peXUMOM pobotu (rpymna b)
K5 = f(KE_,nf,) (15)

ne K§c3 — CepeHbO3BAXEHUH KoedillieHT BUKOPUCTaHHS Juisi rpynu b.

B PEy
KBca = Zpgom (16)
Edexrupre uncno EIN rpymu b Bu3HagaeTses 3a Gopmyioro:
) PEOMi ’
Ney = (ZPyomi)_ (17)

Z(Pgomi)z

Jtst SKUBIISTI0T Mepexi epepi3 MpoBiHIKA KUBIAI0] JiHiT Fj BU3HauaeThcs 3a ymoBamu (4), IpH IbOMY
PO3paxyHKOBE HABAaHTa)KCHHS By3J1a BU3HAYAETHCA 32 (POPMYJIO0:

S, =PF+Q3 (18)

ne Sy, Py , Q, — moBne (kBA), aktuBHe (kBT) i peaktuBHe (KBAp) po3paxyHKoBi HaBaHTaXeHHS.

IIpu upomy:

P, = P4 + P}
{Q: =Q4+ Q%l} 19)

Jnsi BU3HAuUSHHS BTPAT €JEKTPOCHEprii BUKOPHCTOBYETHCS CEPEAHBOKBAApATHYHA MOTYXKHICTh, SKa
BU3HAYAETHCS 32 (HOPMYJIOIO

Sex = Kq> ’ Scp (20)

ne Ky — xoedimienT ¢opmm rpadika HaBaHTaXeHHS; S, — CEPENHA MOBHA MOTYXHICTh By3sa

HaBaHTaXKeHHS, KBA;

Scp =+ ng + Qgp (21)

ne Py, Q¢ — cepenni axtueHa (KBT) i peaktuBHa (KBAp) MOTYKHOCTI By3/la HABAHTa)KEHH, BU3HAYEH] 3a

thopmymoro (13).

I'pagpix nasanmasricennsn
Koedimienr ¢opmu rpadiky HaBaHTaxeHHS i1 By3Jia 3aJICKUTh BiJl CIIBNAIiHHI MaKCHMYMiB
HaBaHTakeHHs okpemux EIl maHoro By3ia i BU3HAYaETHCS 32 POPMYIIOIO.

)2
Ky = Vi e (22)

ne W, — akTHBHa eNIeKTpOCHEPrisl By3iia HABaHTa)XXEHHS, sKa CIIOXHUBaeThes 3a nepion T, kBr-rom; W,; —
aKTHBHA €JICKTPOCHEPTisl By3Ja HABAaHTa)KCHHS, sIKa CIIOXKMBAETHCS 32 yac t=T/m, kBTTox; m — KibKIiCTh Bipi3KiB
rpadika HaBaHTaXKEHHSI.

Ha mpakrumi, sikmo rpadik HaBaHTaXeHHs HeBioMuii npuiiMaersest Ky=1,0.

TakuM YMHOM, BTPaTH aKTHBHOI €JIEKTPOCHEPTi] y *KUBIAUIH Mepexi 1S paiaibHOT CXeMH BU3HAYAETHCS
3a ¢opmyioro, MBTrox [5]:
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_ m z;;l(mm,--xm,->-«¢j)2 o) 403
5 AW, = 8760 <zj=1( o )10, (23)
ne Pyowij — HOMIHANbHA aKTHBHA MOTYXKHiCThb, 3BeneHa g0 TB=100% (KBT); Kg; — koedimient

BukopucTanus i-oro EIl nmpuennanoro no j-oro CII; nj — xutekicts EIT y j-oMy By3ii; m — KiIBKICT BY3JiB
HaBaHTaxeHHs; l;, F; — mowxuna (M) i mepepis (MM?) j-0i sKuBJIAYOT JIiHIT, SIKi BU3HAYAIOTHCS 3 YPaXyBaHHAM
croco0y NPOKJIAAKK i TPUBANOJOMYCTHUMOTO CTPYMY BilNIOBIJHO; COS(Qcsj — CEPENHBO3BAKEHE 3HAYECHHS
KoeiIieHTa MOTYKHOCTI TS j-OTO By3J1a HAaBAaHTAKCHHSI.
COS(.PC3]' — 2{21 P;(;Mij'COS(pHOMi]' (24)
Zi:1PHomj

IIpn BHKOPWUCTaHHI Yy SKOCTI BY3JiB HABAaHTAXCHHS pO3MOJUIFHUX IIHHOIPOBOIIB JJOJAaTKOBO
BU3HAYAIOTHCS BTPATH €JIEKTPOEHEPTil y IIMHOMIPOBOAAX, SIKi BU3HAYaI0ThCs 3a opmyiioro, MBT-Tox:

. 2
Zn—l (PHOMi"K )K j 1 1 1 _
m L= m | (Zi=a\eomi el eI} g L 1). 1) 1. 3
D=1 AW, = 8760 Y24 ( Uy cospey Toj * Lup; S 1+ - 2+ - 10 (25)
Jlnst pafianbHOi CXeMU 3 BUKOPHCTAHHAM PO3MOAUTBHHX Mg y SKOCTI CHIOBHMX MyHKTIB ;21 AW, i = 0.

Takum 4nHOM, (opMyJa A BU3HAYEHHS 3BEICHUX BUTPAT Ha CIIOPYIXKCHHS LIEXOBOI MEpexi B 3arajlbHOMY
BUMAJIKy Ha0YBa€ BUIIIATY:

_ (Ka+Ko)pn (Ka+Ko)pr{
3= (EH T o )ZKP“ + (EH BT )ZKPH +
+8760Cy X1 (AWopyj + AWanewj + AW,y - 1073 (26)
ne AWapyj AWanewjs AWyypj — BTPaTH aKTHBHOI €NEKTPOEHEPTii BiATOBIAHO y PO3NMOAUTBHIH, KUBIATIH

Mepexi Ta y pO3MOJUIBHUX NIMHOIPOBOJIAX.

Takiii migxix OyB anpoOOBaHWI MPH BUKOHAHHI POOIT C NMPOEKTYBaHHS LEXOBUX MEPEX B MPOCKTHHM
ycranoBi JITIPOIIPOM (m. 3amopixoks). OTpuMaHi pe3ysbTaTi YMCENBHOTO €KCIIEPUMEHTY I0Ka3alli CBOO
edpextuBHicTh (3-7%) NpU BH3HAUEHHI EKCIUTyaTal[lfHUX XapaKTEPUCTHUK IIEXOBHUX MEPEX Y MOPIBHSIHHI 3
ICHYIOUMMH 1H)KEHEPHUMHU METOJIMKAMHU.

BucHoBkHu

3anporoHOBaHa METOIUKA PO3PAaXYHKY 3BEICHHMX BHTPAT HA CHOPY/DKCHHS 1IEXOBOI MEpexi J03BOJIIE
(dopmanisyBati mpouec po3paxyHKy NPH BpaxyBaHHI KOHCTPYKTHBHHX OCOOJMBOCTEH BHKOHAHHS LIEXOBOi
MEepexi, MiIBUIIMTH TOYHICTb PO3PAXyHKY IIPH BpaxyBaHHI PEeXUMY enektpocroxuBanHs EI, a Takox no3Bossie
BU3HAYKTH SIK 3MIHSTHCS 3BE/I€H] BUTPATH ITPH 3MiHI CITIBBITHOILICHHS] TUTOMUX BUTPAT Ha CIIOPYDKEHHS IEXOBUX
Mepex 1 Tapudy Ha elNeKTPOCHEPTiko.
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FORMALIZATION OF THE PROCEDURE FOR ASSESSING THE ELECTRIC SUPPLY
EFFICIENCY IN WORKSHOP NETWORKS OF INDUSTRIAL ENTERPRISES

There is defined that the efficiency of workshop power supply networks largely determines the efficiency of
the power supply system of the industrial enterprise as a whole and is determined by minimizing the reduced costs,
which have two components: capital investments and the cost of electricity losses in workshop networks.
Calculating the reduced costs during a technical and economic comparison of options is a labor-intensive task,
since there is a large variability in the choice of circuit design, the choice of cross-sections of the conductors of
the supply and distribution workshop network, as well as taking into account the design features of the workshop
network.

The analysis of the characteristics of the efficiency factors of workshop power supply was carried out. The
basic components of the effective functioning of the workshoppower supply circuit are identified, namely:
discreteness of electrical equipment; its placement in the workshop; operating modes of current-using equipment
(CUE); loading schedule; ratio of the cost of electricity and the unit cost of workshop network elements.

There has been determined that in any workshop power supply scheme, the duration of switching CUE on
the electric power supply (CUE with a constant and variable operating mode), as well as the shape of the load
schedule, largely determines the efficiency of its operation.

Obtained results of a numerical experiment, when performing design of workshop networks in the
DIPROPROM design institution (Zaporozhye), showed the effectiveness (3-7%) in determining the operational
characteristics of workshop networks in comparison with existing engineering methods.

Keywords: efficiency of power supply, radial circuit, main circuit, long-term permissible current, reduced
costs, form factor, power factor, electricity losses.
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3ABE3IEYEHHS [TPOITYCKHOI 3IATHOCTI JITHIN
EJIEKTPOIIEPEJIABAHHSI B YMOBAX iX PESEPBYBAHHSI

Poszensidaemvca cnocid nioguwenns nponyckHoi 30amHocmi enekmponepeoasamnts 8 Niciaasapitinomy
pedicumi, Koau 00 0OHIEL 3 npayrorouux 1init etekmponepedagants (JIEII) nanpyzoio 10 kB 3a donomozoio nynkmy
aA8MOMamu4no20 emuxkanns pesepsy (ABP) niokmouaemvca pesepsosana ninisi. Egexmusnicms makozo
pesepaysants 6 OLbWOCMI BUNAOKIE BUABIAEMbCA HU3LKOIO uepe3 0OMediceny NPONYCKHY 30amuicimb
Maz2icmpanbHux OLIAHOK 83AEMOPE3EPBOBAHUX NIHIll 3 MEHWUMYU nepepizamu nPo8o0ie HA KiHYesUx OLIAHKAX Yux
JUHIL, Wo cnopyoscy8anucs ax padianvhi. Lle ooymosntoe nioguueni smpamu akmueroi nomyxcHocmi i Hanpyau,
i, AK HACAIOOK, HeOoOnycmume BIOXUNEHHS HANpyau y 6i00ANeHUX 8y31aX HABAHMANCEHHs pe3ep806aHoi NiHil
eflekmponepeoasants. 3 Memow NOKpAweHHs napamempie  pedcumy pobomu  enexmponepeoasaHHs
NPONOHYEMBCA 3ACMOCY8aNHSA 8 cxemi nynkmy ABP npucmpois no30062icHboi eMuicHoi Komnencayii i komnencayii
peakmusHoi nomyscHocmi. 3podiena oyinKa eghekmugHoCmi 3anponoHO8aH020 3ax00y.

KawuoBi  cioBa:  pesepsysanmns,  GiOXuienHs — Hanpyeu,  KOHOeHcamopui — bamapel,  aiHil
eleKmponepedasanisi, NPONYCKHA 30aMHICb, eKOHOMIYHA eheKMUBHICMb.

AKTYyaJIbHIiCTb.

Po30ymoBa enekTpuIHUX Mepek Harpyror 10 kB sk pamianbHUX B Mepio iIHTEHCUBHOT eleKkTpudikarii,
B MOJIAJIBIIIOMY, 3 METOIO MiJABUIICHHS HAJIMHOCTI €JIEKTPOIOCTAYaHHS, PU3BIB 10 IIHPOKOTO 3aCTOCYBAHHS B
TaKMX Mepekax pe3epBHUX 3B'SI3KiB MidK MaricTpasiMu JiHIH Bia cyMbKkHUX migctanmii 35...110/10 kB [2].

P03BUTOK CydacHHX PO3MNOALIHLHUX MEPEX Mependavae iX B3a€MHE pPe3ePBYBAHHS IIUIIXOM BCTAHOBIICHHS
cydacHHuX mpucTpoiB ABP 3 MeToro migBHUICHHS HAAIHHOCTI €IEKTPONOCTAYaHHS CIIOKUBAYIB €JIEKTPOCHEPi.
Ockinbku npuctpii ABP BMukae pe3epBHY JIiHIIO KUBIICHHS ITPU MOLIKOXKEHHI OCHOBHO1, €()eKTUBHICTh HOTO
HE 3aJICKUTh BiJ CTIMKOCTI MOIIKO/PKEHHS, TOMY YCHIIIHICTE pobotu ckimamae 90...95%, mo mepeBHilye
yemimnicts AIIB [1].

Micuem BcraHOBieHHS NyHKTY ABP € ninsnka jiHii 3 MEHIIMM HaBaHTaXEHHSIM, CyMiDXKHA 3 TOYKOIO
MOy TIOTYKHOCTEH — 11e 3a0e3nedye MiHIMalbHI BTPaTH eJIEKTPOEHEPrii B HOPMaJIbHOMY PEXHUMI poOOTH 000X
JHIH AK pagianeHux [3].

MeTo10 JOCTiIKEeHHS €:

- BU3HAYCHHS BIUIMBY T103/10BKHBOT €MHICHOT KOMITEHCAII1 Ha MPOITyCKHY 3aTHICTh EJIEKTPOIIepeIaBaHH
B TiCIIaBapiiHOMY PEKUMI;

- BU3HAYCHHS BIUIMBY KOMITICHCAIlIT pEaKTHBHOI TIOTY)KHOCT] Ha €KOHOMIYHICTD IICIITaBapiiHHOTO PEKUMY
eJICKTpOIIepeIaBaHHs;

- OL[IHKa €KOHOMIYHOT €(peKTUBHOCTI 3aIIPOIIOHOBAHOTO CIIOCO0Y MiBUIIEHHS IIPOMYCKHOT 3]aTHOCTI JIHIH
€JIEKTpOIIepeIaBaHHs.

Marepianm i MeToau pociaimkennst. st MOKpaIIUTH PEXUMHU HAIIPYTH B NIEPEBaHTAXKEHUX PajiabHUX
JHISX, B JIHISX HAJAMIPHOT IOBXKHMHHU Ta B JIIHISIX 3 PI3KO3MIHHUM HaBaHTa)XeHHsIM (200 3 HU3bKUM cos []) IOIIIbHO
3aCTOCYBaTH MO3/I0BXKHIO €MHICHY KomreHcalito (ITIE€K).

T'onoBHOMO mepeBaroro npuctpoiB [I€K € aBToMaTtuuHicTh Ta OE3iHEPIIHHICTH PETYIIOBAHHS HAIpPYTH,
MeHIIa B 4-5 pasiB MOTYXHICTh KoHJeHcaTopiB [I€K B MOpiBHAHHI 3 MOTYXHICTIO KOHJICHCATOPIB MapajeIbHOro
BMUKAHHSI JUISl pETYJIIOBaHHS HAIPyTH.

BB xapaxteprux st [1€EK HenomnikiB [1] ycyBaeTbes 3aCTOCYBaHHSM IIBHIKOIIFOUYMX 0OMEKYyBadiB
nepenanpyru (OITH), kotpi myHTytoTh 6atapero [IEK npu nosiBu Ha Hilf BUCOKMX Hampyr MpH HAACTpyMax, a
TakoX 3acrocyBaHHsM i1 [I€K cremiaabHMX KOHAEHCATOPIB, IO JOMYCKarOTh KOPOTKOYACHI ITSITUKPATHI
MepeHanpyTH.

Jlis BUKOpHWCTaHHA TUIBKHM B IICIfaBapiiHUX Ta PEMOHTHHX pexXuMax ycrtaHoBku II€K mominpHO
o0’emnyBaTi 3 myHKTOM ABP, mo 3'eqHye B3aemope3epBOBaHI JiHI{: IPH IIbOMY BHKIIOYA€THCS II0SBA
TapMOHIHHUX KOJNHMBaHb CTPYyMY i HanpyTH, ocKinbKu [TEK BHKOPHCTOBYETHCS TINBKH B PEKUMI MaKCHMaJIbHUAX
HaBaHTa)XeHb, KOJIM EMHICHA TIEPEKOMIIEHCAIIisI OMTOPY Mepeki HEMOXKITUBA.

B HOpManieHOMY pexkumi poboTu po3noginpHux JIEIT ITEK mo1inbHO BUKOPUCTOBYBATH JIJIsl KOMIIEHCAITIT
PEaKTHBHOI MOTY>KHOCTI CaMOCTIHHO a00 CHIILHO 3 KOHJEHCATOPHUMH YCTaHOBKAMHM MapaJIeIbHOTO BKITIOYEHHS
(KY), a micnist pe3epByBaHHS JiHiH - MPaIIOBaTH B PEKMMI MO37I0BXXHBOT EMHICHOT KOMITEHCAILi.
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KomrieHcarris peak THBHOTO HaBaHTa)KCHHS NIJITHKY 3 MyHKTOM ABP cripusie po3BaHTaXeHHIO e1eKTPUIHOL
MepexXi 1 MOKPAIIEHHIO PeXXUMIB HAIpYTH B Hill.

EdekTuBHicTh IHOTO MPHUCTPOO JOCIiKyBaslack B ABoX noBiTpsiaux JIEIT 10 kB, xoTpi npueanani no
pationnux Tpanchopmaropuux miacranmii 110/10 kB i 35/10 kB JITEK KuiBchki perioHalbHI €ICKTPOMEPEKi
(puc.1). 3acTocyBaHHS CIIPOIIEHOI CXEMH IIOTIIOBOTO NMYHKTY ABP 6e3 BCTaHOBIEGHHS 0aTKOBOrO BUMHKaya
MiBUIIYE HATIHHICTH 1 3MEHIIIYE BapPTiCTh MPUCTPOIO.

B HopmanmbHOMYy pexumi poGotu miHiH 10 kB konzmencatopm [I€K BriroueHi mnociioBHO 3
KoHAeHcaTopamMu KV, mpueaHaHuMu B KiHIN OJHIET 3 TBOX B3aeMope3epBoBaHUX JiHiNA. [Ipu 1pomy 3araiapHa
MOTY>KHICTh KOHACHCATOPIB MOXe OyTH PIBHOIO PEakTHBHIN MOTYKHOCTI MiHIMalsHOTO peskuMmy IiHil 10 kB
«IBaHKiBY.

MozepHizoBauuii myHkt ABP

Qs1

KY-10kB TAL.TA2

Pucynok 1 - Ilosicnioséanvra cxema podomu ninii npu exnovenomy ABP

(6i0 PTII-1 osrcusumvucs 06i ninii).

B pexumi pesepByBanHs crpainboBye ABP i kornercaropu [I€K mepeMukaroThes 3 mapaieinbHOTO KoJia
MOCJIITOBHO Y (pa3u pe3epBOBaHUX JiHIH, IO CyTTEBO 30ib1ye Hanpyry 3a [IEK npakTiaHO 10 HAaNpyTH JKepena
xuBieHHS [3]. Kornencaropu mapanensHoro BMukaHHs (KVY) mpomoBxyroTh QyHKIIIIO KOMIIEH Al peaKTHBHOT
MOTY>KHOCTI.

XapakTepucTHKa HaBaHTaKEHHS Ta TapaMeTpH JIiHii HaBeIeHOo B Ta0JI. 1, IpH IbOMY MUTOMHH peakTUBHUN
omtip npuitHATo ogHakoBuM x0i=0,39 OM/kM, icHYIOUHH NPOBiA Ha JUITHKAaX 000X JiHIH Mae niepepi3 Bix 70 Mm2
(Ha TONOBHUX AUTIHKAX) 10 25 MM2 (B KiHII KOXKHOI 3 pafiabHUX JIiHIH).

Brparn manpyru Ha minsHkax niHil npu skuBieHHi Big PTII-1 BusHaueni 3rigHo (1) HaBenmeHi Ha puc.2
(cyminpHa niHis):

R; I
PII-E + QII-X0~a
SU% i= ’ (1)
100

ne Un — HominaneHa Hanpyra Jjinii 10 kB, kB;

Ri — aktuBHU# omip ainsgaky niHil 10 kB, Om.

Cywmapsi Btpatn Bix mmH PTII-1 10 By3miB HaBaHTa)KeHHA B pexkuMi pe3epByBanHA 0e3 I1€K, Bu3zHnaueHi
3rifgHo (2), HaBeaeHi Ha puc.2 (TyHKTHPHA JiHisA)
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sU%cyM; = z (sU% k-0 (i - k) @)
k
) l>¢>--<;--<--<>-->-<>"
12 .’
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sU%; 9 , A
s ®
sU%cym; g .
©OO I
3 K
? <,
O —— -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

i

PucyHnok 2 - Bmpamu nanpyeu na oinauxax ninii U%; (cyyinona ninis) ma cymapi
empamu Hanpyeu o %cymi (nynkmupra ninis) 6i0 wiun PTII-1 6 pescumi pesepsysanns 6e3 [IEK:
i — Homep Oinanxu JIEII.
B HOpMansHOMY peskumi pobotu niHii 10 kB Bix aox PTII B Toumi Mixk AinsHKaMu 6 1 7 3MIHIOETBCS HAIPSMOK
nepeiaBaHHs aKTHBHOI 1 PEaKTHBHOI MOTY>KHOCTI, TO Ha CyMIDKHIN JI0 i€l TOYKH AUIAHI 6 (K AUISHII 3 MEHIIUM
AKTHBHUM 1 PEaKTHBHUM HABAaHTA)XEHHSM) JOLUUILHO PO3MHKATH JIiHIIO, TOOTO BCTaHOBIIOBaTH IyHKT ABP,
MoJiepHizoBaHuil ycranoBkoro [1€K Ta KV, mo no3Bossie mokpaumry pexMMy HApyTd Ha HACTYNHUX 32 HUM
ninsiakax tiHil 10 kB (puc.3). Toxi Hanpyru y By3jlaX HaBaHTaKeHHS B pPeXMMi pe3epByBaHHs Oe3 IIEK,

BH3HA4YeHa 3TigHO (3), HaBeneHi Ha puc.3 (yHKTHPHA JiHis)

15 Ri~1073 15 Xi-1073

(3)
Ul; = Un — Pl — [ ——
! n Z ' Un +z Qi Un
i=1 i=1

Ta6muus 1. [lapamerpu B3aeMope3epBOBaHUX JIiHIH Ta iX HABaHTaKEHHSI

Hinsuku | Jlomxkuna | Ilutomuit [otyxHicTh HaBaHTa)xeHHSs AUISTHOK HapanTtaxeHHs AiISTHOK
TiHi{ TUTTHKA AKTHBHUH HABaHTaKEHHS (xuBnenns Big PTII-1) (>xuBneHHs Big 06ox PTIT)
li, km omip aKTMBHA | peakTMBHA | aKTHMBHA | pEaKTHBHA | aKTHBHA peakTHBHa
roi, OM/xkm | Pi, kBt | Qi, xB-Ap | PlL,xBt | QI kB-Ap Pi, kBT Qi, kB-Ap

1 1,25 0,43 231 191,41 1672 1386 930,7 771,2

2 0,8 0,43 7 63,8 1518 1258 815,2 675,5

3 2,3 0,6 48,51 40,2 1456 1206 661,2 5478

4 35 0,6 369,6 306,26 1247 1033 598,4 495,8

5 14 0,78 246,4 204,17 938,6 777,8 389,3 322,6

6 0,3 0,78 123,2 102,1 753,8 624,6 81,3 67,43

7 1,58 1,26 48,51 40,2 668 553,5 -103,4 -85,7

8 1,35 1,26 30,8 25,5 628,3 520,6 -189,3 -156,8

9 0,38 1,26 48,52 40,2 588,6 4877 -228,9 -189,7

10 0,38 0,78 192,5 159,5 468,1 387,9 -268,6 -222,5

11 0,38 0,78 7 63,8 3334 276,3 -389,1 -322,4

12 0,53 0,6 123,2 102,1 2333 193,3 -523,8 -434,1

13 0,53 0,6 123,2 102,1 1711 1423 -623,9 -517,0

14 3,7 0,43 48,51 40,2 48,5 40,2 -747,1 619,1

15 2,5 0,43 - - - - -833,0 -690,2
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Pe3ysbTaTu J0caiIKeHb Ta iX 00roBOpeHHs.

Sk BuzHO 3 puc.3, Hanpyra B KiHII pe3epBoBaHoi JiHil 10 kB 3MeHIyeTbest 10 90% HOMIHANBHOT, IO €
HETaTHBHUM HACIKOM pe3epByBaHHsS, ToMy 3actocyBaBmu [I€K B cxemi mynkrty ABP, Hampyra y By3max
HaBaHTa)XCHHs MBOX JiHiK 10 kB mpw sxusnenHi ix Big PTII-1, Bu3sHadyena 3rigHo (4), oTpuMae «100aBKy» i 3pocTe
y By3JIaX HaBaHTa)KeHHS Mmicis Micil BctaHoBIeHH [I€K (cyminpHa miHis).

S o R;-107° : X103 ]| Qlg-Xper-10
= — T + 1° -
« " Z ' Un z Qi Un Un

i i

-3

(4)

U%k; /
1 97 N |/
32 A"
95 ¢
94 ~—y
93 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pucynok 3 - Bioxunenus Hanpyau y 8y3nax HABAHMANCEHHs NICA ABAPIIIHO2O PeXHCUMY
(06i JIEII sxnroueni uepes nynkm ABP) 6e3 [IEK U% (nynkmupna ninis)
i npu exmouenni [IEK U%K (cyyinona ninis): i — nomep Oinsinku JIETL

€MHicHHUI omip kKoHAeHcaTopiB [I€K 3anexuTh Biff peaKTUBHOI MOTY)KHOCTI HABaHTAXXKCHHS NUISHKH i1
BMHKaHHSI Ta IapaMeTpiB peXXUMy HaBaHTaxeHHs 000X JiHii 10 kB (5) [4]:

-3 -3
R;-10 X;-10 Un (5)
X = | Uk — U Pl —— ;- :
nec = | LK n+2£ " Un J+Z[Q‘ Un j o103
i i 6

Brpati akTHBHOI NOTY)XHOCTI Ha JiISIHKAax 3’eJHaHUX 000X JiHiil 06e3 3actocyBanHs II€EK 1 KY npu
skuBieHH Bifg PTII-1, Bu3HaveHi 3rigHo (6) 1 mi »x BTpatw npu 3actocyBanHi [I€K i KY, Bu3HaueHi 3rigno (7),
HaBeJleHI Ha puc.4.

2 2
PI; I
&P ; = ( 1) 2+ (C; 1) Ry’ (6)
Un"-10
2 2
Pk | = w,Ri’ ©)
Un"~-10

3HIKCHHS BTpAT aKTUBHOI MOTYXHOCTI AP (8) B pe3ynbTaTn KOMITEHCalii peakTHBHOI ITOTYKHOCTI B MiCITi

BCTaHOBJICHHS MyHKTY ABP Ta KinbKicTh 3aomamkeHol enekTpoeneprii mpotsarom 1o6u AW,es (9) ckmamarors,
BiNOBiTHO, 47,73 kBT 1 1146 xBT-ToA [4].

AP =PI gy — PIK g0 (©)

AW no6 — 24 -AP (9)

Piunwmii ekoHOMIUHUI e(eKT Bix BIIPOBAKEHHS MPUCTPOIO IS PE3EPBYBAHHS MOKHA BU3HAYHUTH 3T1IHO

Bupasy (10):
Eop = Eaw +Epe — 355 — (Ea 'K + Cy): (10)

ne E, — xoedinieHT aMmopTH3amiiHUX BigpaxyBaHb 3 BapTocTi MoaepHizauii ABP, B.o.
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Piuna exoHomist Ew Bia 3HIKEHHS BTpaT €IEKTPOEHEprii B Mepeki B HOPMAJIBHOMY PEXKHMI Bif
3actocyBanHs KY 1 VIIK mist koMneHcanii peakTHBHOTO HaBaHTa)KeHHs JiHil 1.

2 e (11)
EAW = Z |:2'QJ11i'(QKy + Qyn«) - (QKy + Qyn«) :|'(Rli + RTI)'2—3
: U, -10
ne Qui - peakTHBHEe HaBaHTaxeHHS AUIAHOK JiHii 1, KBAp; Quy, Quex — MOTYXHOCTI YCTaHOBOK

napaebHOTo 1 MOCIiTJOBHOTO BKIIIOYECHHS B €IEKTPUUHY Mepexy, KB-Ap; Rii, Ry — akTuBHI onopu IUIsHOK JiHiT
1 1 cunoBoro Tpancpopmaropa PTII-1, Om; Uy, - HOMiHaNIbHA HAanpyra Mepexi, KB; T1 — 4ac MakCUMallbHUX BTpat
HaBaHTaXXCHHA JIiHIT 1, To11/piK.

50 S
45 v
40 2 .
35 + ; Ly
sPI; 30 o A .
=== 25‘ + l. A |
3PIk i 20 ;

10 ' ..\ 7 : N,

g
v O

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i
Pucynok 4 - Bmpamu akmuenoi nomyschocmi Ha OinsHkax 3 ' eonanoi ninii 6ez KY oPI

o ol

(xBm) i npu 3acmocysanni KY OPIk (kBm): i — nomep Oinanxu JIEIL

Piyna exoHOMis Bifi 301IbIIEHHS IIPOIYCKHOI CIIPOMOKHOCTI Mepexi Ep. B pexumi pesepByBanHs
Ey . =aAS -ci-E (12)

Je cl, ¢ - mUTOMi BapTOCTI IOTYKHOCTI MEpexi 1 enekrpoeHeprii, rpa/kB-A, rpu/kBT-rox; AS - 30inbIeHHs
MPOITYCKHOI CIIPOMOXKHOCTI €JIEKTPUYHOI MEpEeXi B PEKUMi pe3epBYBaHHS 3a IOIOMOIOI0 MOJEPHI30BaHOTO
npuctporo ABP, kB-A:

AS = S; - Sy (13)

S; - mpomyckna crnpomoxHicte JIEII mpm pesepByBaHHI MojepHi3oBannM ABP, Bu3zHadaeThbes
HOMiHAJILHUM cTpyMoM KoHaeHcaTopis [1€K i ¢azHorO Hanpyroro, kKB-A:

S1 = 3:Ikye Uy (14)

S> - mponyckna crnpomoxHicth JIEIT npu pesepByBanHi 0e3 MojepHizoBanoro ABP: BuzHauaeTbcs
JIOIYCTHMHUMHU PIBHSMH HaIlpyTH y criokuBadis pesepBoBanux JIEIT i He nepesuiiye 0,25Smax pe3epBOBaHOT JIiHii.

Piuni BuTpaTH, no'sa3aHi 3 BTparamu enekrpoeneprii B JIEIT B pexxumi pe3epByBaHHs [Tpy epeAaBaHHi 1o
JiHiI, KOTpa pe3epBye, 30UIBIIEHOTO HABAHTAXXKCHHS 10 BEIMYNHH CcTpyMy KoHAeHcaTopiB [I€K 330Mm:

330 = 3-1332-(Rpe3 + RT1)~ta~c-107 3 (15)

Kanitanosknanenus B npuctpiit K ckimagatorses 3 Baptocti konaeHcaropis I1EK i Baprocri
koHzneHcaropis KY 10 kB.

BapricTs piuHHX BTpar enexTpoeHeprii B npuctpoi ABP ckiagaeTses 3 BapToCTi BTpat eleKTpoeHeprii B
KoHneHcatopax KV mpoTaroM BchOTO POKY i BapTOCTi BTpaT enekTpoeHeprii B koHaeHcatopax [1EK mporsarom
yacy t,:

CB = (Ap Ky'QKy'TB +Ap neK'QneK'ta)'C’ (16)

A€ P, » Priek - MTUTOMI BTpaTH MOTY>KHOCTI B KoHAeHcaTtopax KV i [I€EK, kB1/xB-Ap;

TepMiH OKYITHOCTI IPUCTPOIO, 110 MPOTIOHYETHCS IS PE3EPBYBaHHS:

To = 2. (17)

Eeg
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BucHoBku i mepcmekTMBH. SIK BHIHO 3 pe3yJbTaTiB PO3paxyHKIB, BimoOpakeHMX Ha puc.3, B
micisiaBapiiHOMY pexuMmi miciist cripaioBanns ABP nanpyra B xinni pezepsosanoi siHii 10 kB 3Hn3uthCes 10 90
% HOMIHaJIbHOT, IIJ0 HEraTHBHO BIUIMBATUME HA POOOTY €JIEKTPOIpUIiMaviB a, iHOMI, A0 X BIAKIIOUEHHS 3aUIs
YHUKHEHHS MTOIIKO/PKEHHS Ta TIOPYLIEHHs TEXHOJIOTIYHHX MPOLECiB BUPOOHUIITBA.

JIyis miBUIIEHHS MIPOMYCKHOI 3IATHOCTI JBOX 3’ €THAHUX JIiHIN 1 MOKpAIICHHS PIBHIB HANIPYTH Yy By3Jax
CJISKTPUYHOTO HAaBaHTaKEHHS JOLIIbHO JonoBHUTH cxemy ABP mpuctpoem IIEK. lle ctBOpuTh «7100aBKY»
Harpyru Ha emHocti [I€K 1 migBuineHHS Hampyrd y HACTyNHHUX By3j1aX HaBaHTaXGHHs: Hampyra B KiHII
pesepBoBanoi inii 10 kB 3pocTe 10 HOMIHAJNBHOI: B PO3MNIIHYTOMY MNpPHKJIANi «TXo0aBKa» HANPYTH B KiHII
pe3epBOBaHMX JiHil cTaHOBHTH Ot 10%.

Exonomiunmii ehekT 3acTocyBaHHS MOJEPHi30BaHOTO mpucTpoio ABP B HaBeneHOMy MpHKIami piBHUMA
E.$=830000 rpH/pik, a TepMiH OKYIHOCTi IPUCTPOrO T0=2,7 poKy.
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ENSURING THE THREAD CAPACITY OF ELECTRICAL TRANSMISSION LINES UNDER
THE CONDITIONS OF THEIR RESERVATION

A method of increasing the power transmission capacity in the post-emergency mode is considered, when
a redundant line is connected to one of the working power transmission lines (LEP) with a voltage of 10 kV using
the point of automatic switching on of the reserve (AVR). The effectiveness of such redundancy in most cases turns
out to be low due to the limited capacity of trunk sections of mutually reserved lines with smaller cross-sections of
wires at the end sections of these lines, which were built as radial lines. This leads to increased losses of active
power and voltage, and, as a result, unacceptable deviation of voltage in remote load nodes of the redundant
power transmission line. In order to improve the parameters of the operation mode of power transmission, it is
proposed to use devices of longitudinal capacitive compensation and reactive power compensation in the scheme
of the AVR point. An assessment of the effectiveness of the proposed measure was made.

Keywords: redundancy, voltage deviation, capacitor banks, power transmission lines, bandwidth,
economic efficiency.
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MOJAEJIOBAHHSA I'PA®IKIB HABAHTAKEHHS ITPOCBIOMEPA
HA BA3I IIOBEAIHKOBOT' O NI AXOAY

Y cmammi npoananizosano pisHi nioxoou 00 MOOen06aHHs 00006UX epaPiKié ereKmpPUYHO20
HABAHMANCEHNS MA 3aNPONOHOE8AHO MEMOOUKY 600CKOHANEHHS NOBEOTHKOB80T MOOei HABAHMANCEHHS NOOYMOBUX
cnodcusayie muny «3Hu3y-62opy». Memoo 3acnosanuil Ha ycepeOHeHHi 32eHepo8anux 2pagikie 6unadko8o2o
HABAHMAIICEHHA O OAHO20 MUNy O00MO20CHO0ApCM8 8 NeHUll 0eHb POKY. YcepeowenHs npoeooumscs 3a
Ce30HOM Ma MpUAIOCMmi C8ima068020 OHA. /lani 8 KOdHCHOMY iHmepsani 6udiAOmMbCcs poboui OHi ma 6UXIOHI.
Heseaoicarouu na neemi giominnocmi, ys poooma He po30inse cesama, cyoomy ma Heointo, Wod YHUKHYMU 3a8UX
Odemaneti. ObpaHi napamempu po3oummsa IHMEP8ani8 ycepeoHeHHs O00380JAI0Mb OMPUMAMU  OOCUMb
KOMARAKMHUL HAOIp MOOeTbHUX OaHuXx I npu ybomy 3depecmu 0COOIUBOCMI HABAHMAIICEHHS 8 PI3HI OHI pOKY i
200uHU 006u. Posensanymo nobymosi epaghiku nasanmagiceHHss 3 pisHUM KPOKOM pPO3NO00iny OHA MA OCHOGH)
giOMinHHicmb makozo po3nodiny. Ilobyoosano modeni 0nsi 080X Munié 0OMO20CHOOAPCMS, SKI MOYHIE
nepeoaioms CNOPAOUYHULL XAPAKMep CHONCUSAHHA NPOCLIOMEpI8 NOPIGHAHO 3 MUNoGUMU  epagixamu
Hasanmasicenns. Ycepeoneni epagixu HABAHMANCEHHs NIOX00SMb O/ MOOENIOBAHHS PedCuMie pobomu ma
aneopummis KepysamnHs Cucmemolo eenepayii i 3oepicants enepeii npocviomepis.

KimrouoBi ciioBa: zpagix  nasammasicenHs,  CHONCUBAHHA — eleKMpoeHepeii  00Mo20cnooapcms,
MOOENBAHHS HABAHMANCEHHS, NPOCLIOMED.

Beryn

B ocranHe mecaTHIITTS mpoOjeMa yNpaBiiHHS 3pOCTa0Y00 KiMBKICTIO HECTAOILHUX BIIHOBJIFOBAHUX
JUKEepeIl eHeprii, Takux sik GpoTtoenekTpuyHi cucremu (PEC), a Tako MIHIMBUM IIOTUTOM Ha EJIEKTPOCHEPTIIO 3
0OKy HOBHX CIIO)KMBayiB, TAKHX SIK €JIEKTPOMOOLII Ta iHIUBIyaIbHI cicTeMH 30epiraHHs eHeprii, cTaja 0coOIMBO
aKTyaJbHOI0. BupillieHHIO i€l MPOOIEMU MPUCBIYCHO O34 JOCITIIKEHD 3 PI3HUMH Tiaxoaamu [ 1], aHami3 sIKux
MOKa3ye, 10 CHOKUBaHHS JOMOTOCIIOIAPCTB Ta BUPOOHMIITBO €HEPTii B )KUTIOBOMY CEKTOPI BCe 1€ HEJJOCTATHBO
BUBUCHI Ta c71a00 KOHTPOJIbOBAHI MIPOLIECH B €HEPTrOCUCTEMI. Y TOM k€ 4ac €HEPrOCUCTEMH CTUKAIOTHCS 3 TIOSIBOIO
HOBOTO yYacHHKa — IIPOChIOMEPiB, TOOTO MOOYTOBMX aOOHEHTIB, 3AaTHUX HE TIJIbKHM CHOXXUBATH, a i TeHEpyBaTH
EHEeprifo.

Ha BigMiHy BiJl IPOMHUCIIOBOCTI, CITBCBKOTO TOCIIOAAPCTBA 1 TPAHCIIOPTY, IMOOYTOBA €NEKTPOCHEPTETHKA
XapaKTepU3y€eThCsl HAbarato OUTBIIOI PI3HOMAaHITHICTIO (PAaKTOPiB BIUIMBY i BHYTPIMIHIX ocoOmuBOCTeH. Kpim
KJIiMaTy, (I3MYHUX XapaKTePHCTHK KUTJIA 1 BUKOPHCTOBYBAaHHMX EJEKTPONPHIAJIB, BUPIIIAIGHUN BIUIMB Ha
CIIO’KMBAHHS €HEeprii JOMOrocroapcTBOM Mae roBeAinka mojei [2]. Li x dakTopyu BIIIMBAIOTh HAa TOTYXHICTB,
110 TIOAAETHCS B MEPEKY BiJl OKPEMHUX JTaX0BUX (HOTOCICKTPUIHHUX CTAHIIIMH.

TpanuuiliHi METOIU MOJICTIOBAaHHS CIIOKMBaya €Hepril CHUpaloThCsl Ha JaHl Mpo BCl HasBHI y HUX
esleKTponpuiiMayi abo Ha icTopito X 3arajlbHOr0 €HEProcnoKUBaHHA. BOHH BUKOPUCTOBYIOTBCS [UIsl pPO3PAXYHKY
a00 TPOTHO3YBaHHS MalOYTHBOTO CIIOKHMBaHHS eHeprii. Lli MeToan MaroTh pi3Hi CHIIBHI ¥ craOKi CTOpOHH Ta
3aCTOCYBaHHS, aJieé BCI BOHM BHMAaralOTh BEIMKOI KITBKOCTI TOYHHX 1 JETAIPHUX JaHUX IPO CIIOKHBAYiB. Y
BUIIAJIKY JIOMOTOCHOAAPCTB 30ip TaKMX MaHMUX YCKJIAJHIOETHCS SIK BEIMKOIO KUIBKICTIO JaHHX, TaK 1 BAMOTaMH
KOH(QiIEHIIIHHOCTI. A 3 MOSBOIO HOBUX THIIIB CIIOKMBAYiB, TAKHX SK EJIEKTPOMOOUTI Ta JOMAIIHI CHCTEMH
HaKOIMYEHHs €Heprii, 1me i mpodieMamH, MOB'I3aHUMH 3 BiJICYTHICTIO JOCTaTHHO JJOBIOIO NEPENICTOPIEI0 TaHNUX
PO iX BUKOPHUCTAHHSL.

Y 3B'I3Ky 3 LUM aKTyalbHOIO CTae po3poOKa METONIB MOJEIIOBAHHS HaBaHTAXKEHHS IOOYTOBHX
CHOXWBAYiB 1 IMPOCBIOMEPIB, 3JaTHUX TOYHO NepeaaTH ocoOMMBOCTI TrpadikiB HaBaHTAKEHHA ICHYIOUHX
CIIO’KMBAYiB 1 HOBUX, SIKI HENOAABHO ITiJKITIOYHIINCS 1O EHEPTOCUCTEMHU.

Mertoau MozeroBaHHs. B oMy MeToam MOJENIOBaHHS €HEProCIOXUBaHHS JOMOTOCHOAAPCTB MOXKHA
PO3IUINTH Ha JIBI KATETOPIii: «3BEPXY-BHU3» 1 «3HM3Y-Bropy» [3]. Moaeni «3BepXy-BHU3» OI[IHIOIOTh CyMapHe
€HEepProCIOKMBAaHHS JKUTIIOBOTO CEKTOpa EHEProCHCTeMH KpaiHM abo perioHy 1 MepeTBOPIOIOTH JOJATKOBI
napaMeTpH B IaHi [P0 €HEProcoKUBAaHHI KOHKPETHOTO MOOYTOBOTO CIIOXHMBavya. BOHM MOXYTh BiJIHOCHO JIETKO
BpaxOBYBaTH 3MIHM MaKpOEKOHOMIYHMX ITOKa3HMKIB, TAKMX K IIIHM HA EHEProHOCIT Ta JOXOJH, a TAKOXK TEMITH
PO3BHUTKY TEXHOJIOTiH Ta 3MiHHU KJIiMaTy. Mozeni «3HU3Y-Bropy», 3 iHIIOTro OOKY, OIIMCYIOTh CIIOXKHMBAHHS €HEpTii
OKpEeMHMH CHOXKHBauyaMH a00 OyAMHKaMH, a HOTIM €KCTPAIoJIIOIOTh Il Pe3yNIbTaTH Ha PiBEHb MicTa, perioHy abo
kpainu [4]. Taki Mozeni ciuparoThes Ha ICTOPII0 €HEPTrOCIIOKMBAHHS.
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SIckpaBUM TIPUKIAZIOM MOJIENEH «3BEpPXy-BHU3» € THUNOBI rpadiku €IeKTpUYIHUX HaBaHTaXKeHb [5,0].
3a3Bnyail BOHM OyJIYIOThCS Ha OCHOBI JIaHMX PEKUMHOTO JHS a00 Ha yCEpPEeAHEHHX JIaHHUX PENpe3eHTaTHBHUX
crioxuBauiB. /o 1bOro THUMy MoOZENeH BiIHOCHTBCS MOJENIb HaBaHTKEHHS IPOCBIOMEpa, SIKy MH paHile
BUKOPHUCTOBYBAIH B [7], I MOJEIOBAaHHS POOOTH PO3YMHOI CHCTEMH KOTEKHOTO cenrma. OqHaK Taki MOJeli,
K «3BEpPXY BHHM3» MOXKYTb OyTH Oinbl ckitagaumu. Hanpuknan, y CIIA «HamionansHa cucremMa eHepreTHaHOTro
MOJICTIIOBaHHS» I CEpEIHBOCTPOKOBOIO IPOTHO3YBAHHS Ta aHaJli3y €HEPreTHYHOi MOJITUKU BKIJIIOYAE
eKOHOMIYHY MOJEINb CIOXHWBAaHHS €Heprii XuTiIoBUM ¢oHIOM [6]. JlaHa Momenb BpaXxoBye MapK MOOYTOBOT
TEXHIKH, CTaH 30BHIIIHHOTO OTOPODKEHHS OyndiBedbh 1 PO3BUTOK posmonineHoi reHepamii. CkiamoBa mapky
MoOYTOBOT TEXHIKH OIIHIOE TEPMIH CITy>KOM Ta HacHuYeHICTh Hero [8]. KoMmoHeHT po3mnoisieHol reHeparii oiHioe
BapTICTh (POTOCTEKTPUIHUX MOAYJIB, iX IPOAYKTHBHICT Ta CTyMiHb NomMpeHHs. OHaK, He3BaXKal04u Ha Te, 1110
MOJIeINTi «3BEpXy-BHU3» N00pE OMICYIOTHh BIUIMB MAaKPO3MIiHHUX HA 3arallbHy 3MiHY CHOXXHBAHHS €JIEKTPOCHEpTii,
BOHM a0CTparyroThCs BiJ| JeTalieil BHYTpIlIHBOZOOOBHX 3MiH rpadika HaBaHTAXXECHHS 1 OMHCYIOTH X IyXke
npubnusHo [9].

[Ipu BuKOpHCTaHHI MIIXOMy «3HH3Y-Bropy» O0'€KTOM IOCIIIKEHHS € KiHIICBHH CIIO)KHBa4, a OCHOBHA
yBara npuaisieTscs moOyIoBi 3aKOHOMIPHOCTEN CIIOKWBAaHHS UI KOXKHOTO 3 Horo enekrpomnpuitmadis [10,11].
Metoau «3HU3Y-Bropy» 3a0e3MedyroTh BUCOKY TOUHICTH IPU MOJECIIOBaHHI JOOOBOTO rpadika HaBaHTAKCHHS
CIIO)KMBaya, aje BUMAaraloTh BEIHMKOI KUIBKOCTI JaHWX. PaHime me Oyyio cepHo3HOI0 MEpeIkogor At ix
3aCTOCYBaHHS, aJie 3 PO3BUTKOM aBTOMAaTH30BAHUX CHCTEM OOJIIKY /ULl CHEpreTHYHHUX KOMITaHiH 1 MOMINPEHHIM
PI3HMX IHTENEKTYaJIbHUX CHCTEM B JOMOTOCHOAAPCTBAaX, 00CAT HAsBHUX JaHUX PO EJIECKTPUYHE HABAHTAXKCHHS
KIHIICBUX CIIOKHMBaYiB CTPiMKO 3pic [12].

SIk MaTeMaTHYHUH iHCTPYMEHT MOAETIOBAHHSA HABAHTAXKEHHS «3HU3Y Bropy» MINPOKO BUKOPUCTOBYIOTHCS
MeTonu perpeciiiHoro anamizy. Hampuknan, B [13] MHOXuHHA JiHiffHA perpecisi BHKOPUCTOBYETHCS VIS
MPOTHO3YBaHHS CIIOYKMBAaHHSA €IEKTPOCHEPTii Ta MAKCUMaJIbHOTO HAaBAHTAKEHHS JOMOTOCIIOIAPCTBA B 3aJIE)KHOCTI
BiJ TUIy OyIiBJIi, KITBKOCTI CIIaJeHb Ta CKiIany cimM'i. A B [14] 3anmpomoHOBaHO (YHKIIIOHATIBHY BEKTOPHY MOJICIb
aBTOPETPECIIHOr0 TPOCTOPY CTaHIB JUIA NPOTHO3YBAHHSA IIONMTY HA EIEKTPOEHEPTilo, M0 JA€ MOXIHBICTH
arperyBard ii 10 piBHsI perioHaiIbHOT a00 HaliOHANBHOT eHeprocucteMy. LLITyyHi HeHpOHHI MepeXki TaKOXK IIHUPOKO
BUKOPHCTOBYIOThCS AJIs TOOYAOBH perpeciiHux moaeneii [11].

IIporte, mpu BUBYCHHI PEKUMIB CIIOKUBAHHS HOBOT'O a0OHEHTa 0e3 icTopii JaHUX IMpo HOTO HaBaHTa)KEHHH,
AK y BHITAJIKy MOJIEIIOBAHHS POOOTH PO3YMHOI MEpEXi MPOChIOMEPIB B HOBOMY KOTEPKHOMY cenuili [7], Bkpait
CKJIaJHO TOOyAyBaTH 3BHYAMHI perpeciitHi Mojeni. Y bOMY BHIIAAKy HAHOIIbII MEPCICKTUBHUM BUAAETHCSI
miaxin, 3anpornoHoBaHuid B [14]. Lle MHOXMHHA perpecis, 10 BKIIOYAE MOBEIIHKOBI ITaTepHU BHUKOPUCTAHHS
EJIEKTPONPUIIAAIB Y IOOYTi. Y 11l MO/l KOXKEH MEIIKaHEellb JIOMOTOCIOAapCTBa PO3IJIISIA€ThCS SIK HE3aISKHHUN
areHT, KepOBaHMH BIACHUMH Oa)KaHHSMH Ta 3BUYHUMH MOJIEIISIMH [TOBEAIHKH.

BianoBigHO [0 TICHXOJOTIYHOI MOJEi IOBEMIHKH, 3allpPOIOHOBAHOI HIMEHBKUM Tcuxonorom /Jl.
JwvoprepoM [15], B Oyap-Kkuif MOMEHT Yacy JIIOJIU NMPUHMAIOTh PIlIeHHS (B TOMY YHCHI i PO BUKOPHUCTAHHS
CIEKTPONPIIIALIIB), BUXOASIYHU 31 CBOIX IMOTOYHHX Oa’kaHb i BHOMPAIOYH ONTHUMANFHY Hif0 3 HasSBHUX BapiaHTIB.
Mopenb NOBeIiHKOBOTO HaBaHTaXXEHHs [16] BUKOPHCTOBYE CIIPOILEHI MOJelNi O0akaHb MOOYTOBOIO CIIOKHBa4a
enekTpoeHeprii. Hampukiian, KoxHi 5 TOAUH y JIOJUHY 3'IBISETHCS Oa)kKaHHS MOICTH, a BPaHIli poO0OYOro JHS y
HBOTO 3'SIBISAEThCS Oa)KaHHS BUUTH Ha poOOTy. BuOip mocTymHUX Aiil A TIOAWHU SIK CIIOKABA4a CHEPTii, SIKHA
nparHe 3aI0BOJILHUTH CBOT Oa)kaHHs, 3aJI€KHUTh BiJl HASBHUX Yy JAOMOTOCHOJapcTBi npuctpoiB. Lle mMoxe OyTtu
MIKpPOXBHJIbOBA 114, EJIEKTPOYaWHKK, JIAMITH, BOZOHArpiBaui Tomo. [IpupojHo, 1110 MOMEHT BUHUKHEHHSI OaKaHHs
Ta BHOiIp cmoco0iB HOro 3a/J0BOJICHHS € BUIAAKOBUMH BEIMYMHAMHM 3 IIEBHUMH 3aKOHAMH PO3HOALTY
HMOBIpHOCTEH.

SIk moKaszanm MOCTIDKeHHS, MiAXid, BUKOPUCTAHUH B Moxerm [16], nobpe mimxomuTs ans GopMyBaHHS
peanicTHYHUX Npo(didiB HaBaHTaKeHb PIZHUX JOMOTOCIHOAAPCTB, SIKI TOYHO BiOOpPaKaloTh OCOOIMBOCTI iX
peanbHUX rpadikiB HABAaHTAXKEHb: PO3TAIIyBaHHS 1 (POPMY MakCHUMyMIB i MiHIMyMiB HaBaHTa)kK€Hb, KUIbKICTh Ta
BEIMYMHY CTPUOKIB HaBaHTAKEHHA, KoedirieHTH ¢opMu i 3anoBHEHHs TpadikiB. Ha Horo ocHOBi CTBOpEHO i
PO3pOOIISIETHCS MPOrPaMHKi KOMIUTEKC 3 BiqkpuTUM BuxigauM kogoM «Load Profile Generator» (LPG) [17].

Mera Ta 3aBIaHHA

Metoro 11i€i poOOTH € YyIOCKOHANEHHS METOAy NOoOynoBHM TpadikiB HaBaHTa)XEHHS CII0O)KMBAdiB-
MIPOCKIOMEPIB Ha OCHOBI MOBEIIHKOBOTO MiAX0My. [I[peaMeToM TOCTiPKeHHS € MOJIENi TTOOYTOBOTO HaBAaHTAXKEHHS,
NpUIATHI A1 BUPILMICHHS 3a/adi YIpaBliHHS pPoOOTOI0 By3jla PO3YMHOI MeEpexi KOTEIKHOTO CelHIa
MPOCKIOMEPIB.

MarepiaJ i pe3yJIbTaTH A0CTiIKEeHb

Panime B [7] oang  miel MeTH  BHKOPHUCTOBYBAIMCS — CTaHAApTHI  rpadikd  HaBaHTAXKCHHS
CePeIHBOCTATUCTUYHOT CiM'T, IO CKJIAAAETHCS 3 JIBOX MPAIIOI0YMX JOPOCIHUX 1 ABOX miTe. OmHak i rpadiku
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3aHAATO IUIABHI, 1[0 MOXE IPH3BECTH IO TOTO, IO AITOPUTMH YIPABIiHHA HE 3MOXKYTh BIIOpATHCS 3 Pi3KO
MIHJIMBUM XapakTepoM pealbHHX NpoQuniB HaBaHTaXeHHS. OCKUIBKM pealbHUX apXiBHUX MJaHUX IIpO
€HEeproCIOXKUBaHHS JIOCHI/PKYBaHOTO CIHOXKHMBada HEMae, Ul BHpILICHHS L€l NpoOJeMH IPOIOHYEThCS
BUKOPHCTOBYBATH MOBE/IIHKOBY MOJIE)Ib HaBaHTa)keHHs [16]. OnHak npsiMe BUKOpUCTaHHS rpadikiB, OTpUMaHUX
3a momomoror LPG, takox He BimmoBimae mocraBieHOMY 3aBraaHHio. KoxkeH 3reHepoBanuii rpadik LPG e
BUIIaJIKOBUM, YHIKaJbHUM 1 MOXeE ICTOTHO BIAPI3HATHCS BiJ IHIIMX peali3amid 3 TOYKM 30py 3alOBHEHHS:
BEJIMYMHH 1 Yacy MaKCUMYMIB 1 MiHIMyMiB BTOPHHHOTO HaBaHTa)KeHHSI, SIK OKa3aHo Ha puc. 1. Taki BigxuieHHs
MOXYTh OyTH TOB'A3aHi, HANIPUKJIA, 3 XaOTUYHO PO3MOIIICHUMH DIMICHHAMH WIEHIB CiM'T MIPUTOTYBaTH 1Ky,
BUTIPATH OJAT a00 BUITH 3 1oMy. BOHH € HEBiA'€MHOI0 YaCTHHOIO TIOBEAIHKOBOI MOJIEII.
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Pucynoxk 1 - Pizni peanisayii epagikie sunaoxosoeo nasanmagicenus 3a LPG [16]

Pazom ¢ THM a1 HanmamITyBaHHS alTOPUTMY YIIPABIIHHS PO3yMHHM BY3JIOM MeEpexki MoTpiOeH rpadik
HAaBaHTAXXCHHS, SKHU ITOBTOPIOEThCS, BimoOpaxkae cHenu(iKy pealbHOro CIHOXKHMBaHHS, alle N030aBJICHUI
HETHUIIOBHX BiJXUJICHb.

Merton ycepeaHeHHsi rpagikiB HABaHTAKeHHS

Jus otpumaHHA Takoro rpadika TpPOMOHYEThCS ycepeaHHTH 3reHepoBaHi LPG Bumamkosi mpodimi
HaBaHTAXCHS, , HA MEBHUX IHTepBasax 4vacy. J{ist moOyJqoBH Mopeni HaBaHTaKEHHS BBEACHO KiJIbKa PIiBHIB

PO30OUTTS JaHUX Ha YaCOBI iIHTEPBAIIH.
Ha mepmromy piBHI Bech pik AUTUTHCS Ha 9acOBi MPOMIXKKH, IPOTATOM SKUX TPUBAIICTH CBITIIOBOTO JTHS

(TCH) He 3MmiHIOEThCS O1IBLT HiX HA 15 XBriMH. MOKHA NPUITYCTUTH, IO B MEXKaX KOXKHOTO IHTEPBAIY PEXKUMH
BUKOPHCTAHHS OCBITJIOBAJIbHUX TNPHJIAJIB HE 3MiHIOOThCA. [l mmpotn XapkoBa HaJiuyeTbesi 24 Takux
iHTepBay TpuBaiuicTio 10-26 mHiB.

Jaii, B KO)KHOMY IHTEpBaJIl BUIUISIOTHCS poO0Ui JHI Ta BUXi(HI. [[JIsl pO3IIISIHY THX TOOYTOBHX CIIOKUBAYiB
XapaKTEPHOI 0COOIMBICTIO rpadika 3aBaHTAXKCHHS BUXIIHOTO JHS € HASIBHICTh PAHKOBUX Ta ICHHUX MAaKCUMYMIB
HaBaHTAXXCHHS, OJM3BKUX 3a BEIMYMHOIO JO BEUIPHHOTO MAaKCHMAIBHOTO 3aBaHTa)XKCHHHS POOOYMX [HIB.
Hespaxkaroun Ha TeBHI BIIMIHHOCTI CITO’KMBAHHA, B paMKax I[bOT0 JOCITIKCHHABUXITHI JHI HE TMOAISIOTHCS Ha
CBsATa, Cy0OTY Ta HELTIO, 100 YHHUKHYTH 3aiBOT meTasi3ariii.

Takum 9rHOM, Tpadik HaBaHTAKEHHS Ha KOHKPETHHH JICHb POKY BU3HAYAETHCS 5K

PM(d:tk)Z%anch,i(di’tk)v 1)

ac
PM — CepeaHs HOTy)KHiCTL HaBaHTaXXCHHS,

d — HOMep MMOTOYHOTO JHS POKY;

t, — HOMep IOTOYHOTO iHTepBaAITY 00U,

N — KUIBKICTh yCepeAHEHNX peanizaniil sreneposanoro LPG rpadika HaBaHTa)KeHHS,

P, j — mOTY>XHICTh HABaHTAXXCHHS BiJIOBiIHO 10 i-if peamizanii rpadika HaBaHTa>KECHHS;

d; — HOMepD i-r0 JHS POKY, KMl HaIeKHUTH 10 TOro X iHTepBaxy TCJ, mo i d .

EneMeHTH MHOXHWHU {di }, i=1n BUNAAKOBMM YMHOM BHUOMPAIOTHCS CEPEN HOMEDIB IHIB POKY, ILIO
HaJeKaTh 10 OAHOro i toro x inrepBary TCJI, mo i d . Ilpu upomy 3HadeHHs O; MOXYTh MOBTOPIOBATHCH,

OCKIJIBKH BiIIOBiNHI pearizanii rpa¢ikiB BUIIaAKOBUX HABAHTAXKEHb P ; (di ,t) OynyThb BiIpi3HATHCE.
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KinpkicTh ycepemHeHUX peamizalliii 3reHepoBaHOro Tpadika HaBaHTAXKEHHS [ MOXe 3MiHIOBATHCS B
3aJIe)KHOCTI Bif OakaHOTO CTYIIEHS 3TIIAIPKyBaHHSA cepenHboro rpacdika. ms miel 3amadi oOpaHO 3HAYCHHS
n =24

Ax BumgaOo 3 (1), mma moOymoBu Tpadika HaBaHTa)KeHHS H00y po30HMBAlOTH HAa YacOBI MPOMIKKH 3
NOCTIHHMMU KpoKamu At

ty 4 = AL. )

BignoBigHO 10 mOCTaBIeHOTo 3aBnaHHs i MoxuBoctell LPG, BennunHy At Mo)kHA 00paTd B Jiana3oHi
Big 1 mo 60 xBUIUH.

Ha puc. 2 HaBezieHi rpadiku cepeHbOi IOTYXKHOCTI HaBaHTaXeHH:A P, (tk ), nobyznoBaHi mpu At =1 xB,

At =5xB Ta At =15 xB. SIK BUIHO, YUM MEHIIIE 3HAYEHHA At, TUM OLIbII HEpIBHOMIPHUM € rpadix P, (tk ) , TUM
OisblIIe B HBOMY KOJIMIBaHb HaBaHTaKEHHs. Y ToM ke yac rpadiku 1uist At =1 XxB T1a At =5 XB BiIPI3HAIOTHCS MiX
coboro HabaraTo cuibHiIme, HiX At At =5 xB Ta At =15 xB. OcHOBHA BiAMIHHICTH BUSIBJISETHCS P MEPEXOAI
Bix At =5 xB 10 At =1 xB i mossirae y nposiBi Ha rpadiKy HaBaHTa)KEHHS KOJIMBaHb, IIOB'SI3aHUX 31 CTYIIHYACTUM
a00 pereifHIM XapaKTepoM 3aKOHIB YIPABIiHHS OUIBIIOCTI HOTYXHHUX MMOOYTOBUX €IIEKTPONPUIIALIIB.
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Pucynok 2 - I'pagixu ycepeOnenoeo naganmagicents 3 pisHuM KpOKOM po3nooiny Ous At

MeHumit Kpok At OimbII AETaNbHO MEPEAac CIOPAIUYHHNA XapakTep MOOYTOBOrO HABAaHTAXKEHHS, alie
TaKOX O3HAuYa€ OUNBIIY KiBKICTh TOYOK B Mogenmi P, (tk), Oimplre gaHMX A7 306epiraHHA Ta oOpoOKH, i, 5K

pe3yJbTat, MOBUIBHILIE MOACTIOBaHHS IPOLIECIB B 00'€KTI criokuBaya. Kpim Toro, yrnpasiiHHS By3J0M PO3yMHOT
Mepexi Mae OyTH OOMEXeHe IOJO KUIbKICTI MepeMHUKaHb PEXHUMIB 3apsay/po3psily CHCTEMH HaKONWYEHHS
eHeprii, a TakoX YpaxoBYBaTH IHTEpPBaJM POOOTH €HEPropuHKy. ToMy B LbOMY JOCIHIJKSHHI A8 MOJeIi
HaBaHTaXeHHS P, (tk) o0paHo 3Ha4eHHs KpoKy At =15 xB.

Bu3HauMBIIM TaKUM YWHOM TMapaMeTpH MOJUTy Ha IHTEpBalH ycepeOHeHHs wacy mist mozeni (1), Oymo
oTpuMaHo rpadikd HaBaHTAXEHHs JUIs MOOYTOBHUX CIIOXKHMBAadiB, SIKi IPOXKUBAIOTH y KOTEHDKHOMY CEJIHMIII
XapkiBchKoi 00macti. B skocTi TeCTOBOTO 00'€KTY MOCITIIKSHHST BUOPAHO MIMPOKO PO3MOBCIOKEHHMA THIT CiM'1 3
CydJacHHM O0JIaJTHAHHSM, SKE BIATIOBITa€ CydacHUM YSIBICHHIM PO KOM(MOPT 1 PO3BUTOK TEXHIKH.

Ha puc. 3 npexacrasienuii rpadik 1000BOr0 HABaHTAXEHHS ISl KOTCMHKHOTO OYIHHKY 3 TpPhOMa
MEIIKaHIIMH (KpuBa 1) 3a OOMH CE30H POKY, SIKM BHKOPHCTOBYBABCS B Jocii/keHHI [7]. Bin OymyeTses 3a
CTaHIAPTHUMH TpadikaMH HABAHTAXKEHHS BETHKOI IPYHH MOOYTOBHX CIOKHBAuiB. MOro HEIOMKOM € Te, 1o
npodise 3aHAATO TNAAKWH, IO TOB'A3aHO 3 BHCOKUM PiBHEM YCEpEIHEHHs NpH MoOyaoBi rpadika MeToAOM
«3Bepxy-BHM3». KpuBa 2 Ha puc. 3 mokasye IpUKIaa OAWHOYHOI peanizamii rpadika HaBaHTa)XEHHS, IO
renepyetbess LPG i Toro s TectoBOro cimeiicTa. SIk BUIHO, BiH Mae Oiiblie IpyropsiHUX MiKiB 3 OUIBIINM
po3maxoM i kpyrimMu ¢poHtamu. KpuBa 3 Ha npoMy MajllOHKY € NpPHKIagoM rpadika cepeaHboa000BoOTo
HaBaHTAXXEHHsI, pO3paxoBaHoro 3a Mozaemto (1). JloboBe eHeprocnoXxuBaHHs BCiX IUX rpadikiB HABaHTa)KECHHS
OJTHAKOBE.

Sk BUOHO, KpHBa 3 Ha pHc. 3 3aliMae MPOMDKHE MOJOKEHHS MK KpuBUMH 1 1 2. YcepenHenuit rpadix
MICTHTB 6araTo BTOPUHHHX IiKiB, 30CEpPEeHKEHUX B 00IaCTi paHKOBOTO i BEUipPHHOTO MaKCHMYMIiB, a TAKOX ITiKiB
B iHIII roWHM 100U, SKi XapaKTepHi A7 rpadikiB HaBaHTaXKEHHS JoMorocnoaapcTs. L xapakTepucTrka Moaesi
HABaHTAXKCHHS JIy)KEe BaXJIMBa, KOJM BOHAa BUKOPHCTOBYETHCS JUISi HAJALITyBaHHS aJrOPUTMY YIPaBIiHHSI
IHIMBiyaIbHOIO CHCTEMOIO HAKOTIMYESHHSI €HepPTii MpockioMepa.
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Pucynok 3. I'pagixu modeneit nasanmaoicenns:1 — munosuii [7]; 2 — LPG [16]; 3 — ycpeonenuii (1)

3 iHmoro 00Ky, kpuBa 3 Ha puc. 3 Ma€ B 2-3 pa3u MCHIIIHIA Tialla30H KOJIMBAHb TOTYKHOCTI HABAHTA)KCHHS,
HIX KpuBa 2 4yepe3 ycepeaHeHHs. Lle o3Havae, 1110 BOHA He Mepeiac MiKK HaBaHTa)XEHHsI, TIOB'sI3aHi 3 OJJHOYaCHUM
H KOPOTKOYaCHMM BHKOPHCTaHHSAM HOTYXHOI MOOYTOBOI TeXHIKH. THM HE MEHII, TaKHi HEIOJIK MPOTIOHOBAHOI
MOJIET € MPUIHATHUM, OCKUIBKHM TaKi Pi3Ki CKaUKM HABAaHTAXXCHHS 3a3BHYail KOMIICHCYIOTHCS €HEPreTHYHUM
Oydepom, MiAKITIOYEHAM MapajelbHO A0 OCHOBHOI JiTid-ioHHOi Oarapei B cHCTeMi HAKONHYCHHSA CHEPTii
npockiomMepa. OCKiIbKH 3aIpOIIOHOBaHA MOZETh HaBaHTaXeHHS (1) BUKOPHCTOBYETHCS A BUOOPY alropuTMy
YIpaBIiHHA OCHOBHHM aKyMYJSITOPOM, MOJKHAa BBa)KaTH, IO BOHA TOYHO TIepemae Bci 0coOIMBOCTI
€HEproCIOKUBaHHS NMPOChIOMEPA B pAMKaX IOCTABJICHOTO 3aBIAHHS.

I'padixu HaBaHTa’KeHHs PI3HUX THHIB ciMel

B xoxi mpoBedeHHS MOCHIIPKEHb, 32 JOMOMOIOK MporpaMHoro kommiekcy LPG, Oymo BHBYCHO Ta
3MO/IeJIbOBAHO Tpadiky CIOKUBAHHS €NIEKTPUYHOT eHeprii pi3HUX TUHIB ciMeiicTB. [y npukiaay Haaiiai OyayTh
HaBeNeHI Ba TUMIB ciMeiicTB. [lepiiuii TUN ciMeiicTBa BKJIIOYaE B ceOe TBOE MPAIFOIOUUX JOPOCIUX: KiHKa 35
POKiB Ta 4os0BiK 36 pokiB. [pyruii THII ciMeliCTBa BKJIIOYae B cebe ABOE MPALIOI0YNX JUCTAHIIIHO, 3 BIACHOTO
OyIHMHKY, TOPOCTHX: KiHKa 39 poKiB, 40yi0BiK 40 POKIB Ta IBOE MAJICHBKUX JITCH: XJIOMYUK 9 POKIB Ta JIBUMHKA
14 poxkis.

Ckiag moOyToBOTO 00JafHAHHS CiMel € JOCUTh OOIMMPHIM Ta Haliuye moHa[ 43 mpHUCTPOI, MoNepeIHbO
o0OpaHi Ha OCHOBI JOCIHiIKeHb pUHKY. [IpuitHATO, M0 OyAMHKH OOJNAJHAHI Ta30BOI0 CHCTEMOIO OMAllCHHS Ta
rapsiaoro BojornocradanHs. s KOXKHOTO TuIy ciM’i mpuBeseHO JBa Tpadikyu HaBaHTAKEHHS: 3TEHEPOBAHUN 3a
nonomororo LPG ta ycepeaHeHuid.

Ha puc. 4 300paxeHo ycepeaHeHuil rpadik HaBaHTaXEHHs CiM’1 IEPLIOro THIYy B3UMKY Y poOouiil Ta
BUXITHHUHA JIE€Hb.
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Pucynok 4 — I'paghix nasanmasicenns cim’i nepuioco muny 63uMKy
6 pobouiil OeHdb (a) ma euxioHuil Oend (0)

JleTanpHui aHaTi3 KPUBOi ycepeqHeHoro rpadika HaBaHTaXKEHHs pobodoro nHs puc. 4 (a) mokasye, 110
MIOTIMT MTOYMHAE 3pocTaTy micis 6:00 ToguHM paHKy Ta carae cBoro mky o 6:30 ta 7:30 y BUIIagKy ycepeaHEHOTO
i 3reHepoBaHoro rpadikis, BiAIOBIIHO, KOIH YICHH CiM i IPOKUAAIOTHCS Ta TOYMHAIOTH 30UpaTuCs Ha poOoTy.
[Ticns Toro, siK wieHH ciM’i moixanu Ha poOOTy HaBaHTAKEHHS ITaJa€ 10 MiHIMAIBHOTO 3HAYEHHS. 3HOBY ITOTIUT
nounHae 3poctatd 0 16:00 mis 3rerepoBaHoro rpadixy Ta o 17:00 roguau 171 ycepenHeHoro pexuMy. BedipHiit
ik crioctepiraerbes o 20:00 Ta MOCTYIIOBO CrIafae.
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I'padixu HaBaHTa)KEHHS BUXIAHOTO IHS, MO 300paskeHi Ha puc. 2.5 (0) MOKa3yroTh, IO CIIOKUBAHHSI
eJIEKTPUYHOI eHeprii moynHaetsest 0 5:45 ta 6:00 y BHMmajgkax 3reHEpOBaHOTO Ta ycepenHEeHOro rpadikiB
BIATIOBITHO, Ta CSTalOTh CBOIX paHKOBUX MiKiB 0 6:30. OO0iaHil mik B ycepeaneHoMy rpadiky Hactae 06 11:30, a B
3reHepOBaHOMY HaBaHTakeHi o 12:30, micis, y BUNAAKY ycepeiHEHOro rpadika HaBaHTAXKCHHS Mafae Jio
MiHIMaJILHHUX 3Ha4Y€Hb, a Y BUMIAJIKy 3reHEpOBaHOT0 rpadika 3aluIIaThcsl Ha 3HAYHOMY PiBHI. Uepe3 noBeiiHKOBUI
(hakTop Koe(illiEHT MAaKCUMYM Ha ycepeTHEHOMY rpadiky € OLIbIIMM 3a 3reHepOBaHUM K MOKa3aHo B Ta0. 1.

i 1 — KTEPUCTHKH T 1KiB HaBaHTaXEHHS CiM’1 IIEPILIOTO THITY B3UMK!
Tab 1 — Xapakrepuc adi aBaHTaXKe cimM’1 IIepIoro 3

JleHb Po0Oouiii neHp Buxinuuii n1eHb
Tun cnoxuBaHHA Ycepennenuii 3reHepoBaHuit VYcepenHenuit 3reHepoBaHuit
CepeHe 3HAYCHHS 0,21 0,37 0,35 0,57
KoeditieHT MakcuMymy 5,88 5,81 6,56 5,21
KoedimieHT 3aroBHEHHS 0,17 0,25 0,16 0,18
Koedimient popmu 1,67 1,49 1,68 1,45

Ha puc. 5 300paxeHno rpadiku HaBaHTaXXEHHS CiM’T IPyroro TUIY B3UMKY.
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Pucynok 5 — Ipaghixu nasanmaoicenns cim’i Opy2020 muny 63umKy
6 pobouiii dendv (a) ma uxionui oens (0)

JetanpHuil aHaNi3 KPUBOi ycepeqHEeHOro rpadika HaBaHTaXEHHS poOovoro JHsS puc. 5 (a) mokasye, 1o
MOMUT HAa HABAHTAXXCHHS MOYUHAE 3pocTatd micis 4:30 roauHu paHKy Ta csira€ CBOro miky o 8:45 ta 10:30 y
3reHEpPOBAaHOMY Ta YCepeAHEHOMY pexumax Bianosiguo. IlotiM, y Bumanky o6ox rpadikiB, o 12:00
criocTepiraeTbest O0IMHIN MK, MICIS YOr0 HABAaHTAXCHHS MaJae, a APYrHi MK crocTepiraetbes o 14:15. 3HoBY
nmormuT movyrHae 3poctatd 0 18:00 Ta csarae cBOro Be4ipHBOro MakcUMyMy Ta 19:45 y Bumangky o00x rpadikiB Ta
MOYHHAE TTOCTYIIOBO TMa/aTH.

I'padikn HaBaHTa)KCHHS BUXITHOTO THS, IO 300paskeHi Ha puc. 5 (0) MOKa3yIOTh, IO CIOXXHBAHHS
eNeKTpryHOi eHeprii moumHaeThess o 5:00 ta 8:00 y BUmagkax 3reHEpOBAHOTO Ta YCEPEHNHEHOTO TpadikiB
BIJITIOBIZIHO, Ta CATAIOTh CBOIX paHKoBHX mikiB 0 9:00. O6iaHi# mik Ha ycepenHeHoMmy rpadiky Hactae 06 12:00
IiCIIst SIKOTO HacTae e oAuH ik o 15:00 y Bunanky o6ox rpadikis. ITicist 4oro criocrepiraeTbesi BeUipHiii Ik B
19:00 y Bumaaky iHTeHCHBHOrO Tpadika. [layi HaBaHTa)XKCHHs MOCTYMOBO I[MOYWHAE MAJATH A0 MIiHIMaIbHHUX
3HaveHb. B poOoyomy Ta BUXIZHOMY JHI KOe(ILiEHTH MakCUMyM Ta (OpPMH € OUIBLIMMH 32 aHAJOTIYHI B
3reHepoBaHOMY rpadiky, sk HaBEACHO B Ta0J. 2.

Tabumng 2 — XapakrepucTuku rpadikiB HaBaHTXKEHHS CiM T JIpyroro TUIY B3UMKY

Jlenn Po6ouiit nenn Buxiguwnii qeHn
Tun cnoxuBaHHS VYcepennenuit 3reHepoBaHuit VYcepennenuit 3reHepoBaHUit
CepeaHe 3HAYCHHS 0,34 0,64 0,42 0,76
KoedirieHT MakcuMyMmy 4,59 3,15 6,34 4,39
KoedirfieHT 3am0BHEHHS 0,22 0,33 0,16 0,23
Koediuient popmu 1,34 1,21 1,51 1,31
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B minomy, ycepemneHi rpadikd CHMOXHBaHHS IOCHTh TOYHO BiZOOpa)karoTh CHOpPAAWYHUN XapakTep
CIOXKMBaHHS, 0COOJIMBO Y BHITQIKY nepiuoi cim’i. PazoM 3 TuM, ycepenHeHi rpadiky € 3riia/KeHUMHU Ta HE MaloTh
TOCTPHX MIKiB, TPU ILOMY X ()POHTH € MIUPIIUMH HIX Y aHAJTOTIYHUX 3TeHEPOBaHUX IpadikiB. Y ChOT0 AL OHOTO
THUITy ciM'T pO3paxoByeThCs 16 ycepenHeHUX 1000BUX rpadikiB HABAaHTAXKEHHS IS PI3HUX IEPiO/iB POKY.

BucHoBkn

BianoBigHO 10 OTpUMaHMX PE3yJBTATIB Ta MPOBEAECHOTO aHANli3y MOYKHA CTBEPXKYBaTH, IO MOBEIiHKA
JIOAWHY Bifirpae 3Ha4Hy poiib y eHeprocnoxwuBaHHi. Tak, 3a manumu LPG, numie uBepTh €HEProCIOKUBAHHS €
ABTOHOMHHUM 1 HE 3aJIeKUTh BiJ JIOAWHU Ta il MOBEIiHKH, pemra 75% - pe3ynprar ii cBiqoMoi HisIBHOCTI. Y
BUTIAJIKY CiM’1 IIEPIIOTo THITY MOXKHA CIIOCTEpIiraTH 3Ha4HI PaHKOBI Ta BeUipHi KK B poOodi HI, B TOW Yac, KOJIH
CiM’sI IPyTOTO TUITY HAaBIIAKX CIOXHBA€ OUIBITY YaCTHHY eHeprii B 00iqHil yac. B mepiry depry, 1me noscHIETHCS
pexxuMoM poboTH 000X ciMeit Ta X ckiIamoM. B BUXiqHI JHI pi3HHUII B €HEPTOCIIOKHUBAHHI € MEHII SIBHOIO, TIPOTE
KUTBKICTh PI3HHUX BapiaHTIB €HEPrOCIOKHBaHHS 3pocTae. Bei mi ¢akTopu CyTTEBO BIUIMBAIOTH Ha Tpadiku
HaBaHTAXXECHHsS MOOYTOBHMX CIIOKMBAYiB, 1 X OOOB’SI3KOBO CIIiJi BPaxOBYBAaTH NPH MOJENIOBAaHHI IapaMeTpiB
pPOOOTH EHEPrOCUCTEMHU.

3anpornoHOBaHMI METO]] MOJIEIIIOBAHHS HaBAHTaKEHHS MMOOYTOBUX CIIOKUBAYIB «3HH3Y BrOpy» IUIIXOM
yCEepeIHCHHS BHUIAKOBHX TI'padikiB, 10 T€HEPYIOThCS MOBEAIHKOBOIO MOJECIUIIO, I03BOJISE OTPHUMATH Tpadiku
HaBaHTAXXECHHSI, K1 OLTBII TOYHO NEePeaf0Th CHOPaANYHUIT XapaKTep CIIOKUBAHHS JJOMOTOCIOAAPCTB, HI’K THITOBI
rpadiky, MoOyAoBaHI METOAaMHU «3BepXy-BHH3». OOpaHi mapamerpu po30OHTTS IHTEPBaNiB yCepeIHEHHs
JO3BOJISIFOTh OTPHMATH JOCUTh KOMIIAKTHHH Ha0lp MOAETHHHUX NaHWX 1 IPU IBOMY 30€perTd O0COOIMBOCTI
HaBaHTAXXCHHS B Pi3HI IHI POKYy 1 TOmuHH M0OHM, HEOOXiTHI AT MOJEITIOBAHHS PEXHMMIB pOOOTH 1 alrOpPUTMIB
YIpaBITiHHS CHCTEMOIO TeHeparllii i 30epiranHs eHeprii CoXHBaYiB-TIPOCEIOMEPIB.
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MODELING OF PROSUMER LOAD PROFILES
BASED ON BEHAVIORAL APPROACH

The article analyzes various approaches to the modeling of daily electricity load schedules and proposes a
methodology for improving the "bottom-up" behavioral model of the load of household consumers. The method is
based on averaging generated random load schedules for a given type of household on a particular day of the
year. Averaging is carried out by season and length of daylight. Next, working days and weekends are
distinguished in each interval. Despite some differences, this work does not separate holidays, Saturdays, and
Sundays to avoid unnecessary details. The selected parameters for dividing the averaging intervals allow you to
obtain a relatively compact set of model data and, at the same time, preserve the features of the load on different
days of the year and hours of the day. Household load profiles with varying steps of day distribution and the main
difference of such distribution are considered. Models that more accurately convey the sporadic nature of
prosumer consumption compared to typical load schedules are built for two types of households. A detailed
analysis of the averaged load graphs was carried out in comparison with the typical graph and the generated load
graphs. Averaged load schedules are suitable for modeling the operating modes and control algorithms of the
prosumer energy generation and storage system.

Key words: load profile, household electricity consumption, load modeling, prosumer.
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lYkpaincbKkuii 1ep:kaBHA yHIBEPCHTET HAYKH i TEXHOJIOTIi

2 ImokeHepHMii HABYAIBHO-HAYKOBHI iHCTHTYT iM. FO.M. IToTe6ni

3anopi3pKoro HAiOHAJLHOTO YHiBEPCUTETY

PO3BUTOK TEXHOJIOI'ii BYAIBHULTBA LIA®POBHUX
MIJICTAHIII

Y cmammi posenanymo numannsa po3sumky mexnonoeit 6yoieHuymsea yu@dposux niocCmanyiil.

Hocnidoceno cyuyacni ingpopmayitini mexnonozii ma iHHOBAYINIHI NIOX00U 00 BUPIUWEHHA 3A80aHb
asmomamu3ayii ma ynpasnints enep2000'cKmamu, o 003601510Mb CHEOPIOSAMYU NIOCMAHYI] HO8020 MUNY.

Hasedeno npunyun 63aemo0ii obnaouanus yugpoeoi niocmanyii.

THokasani 6iominHOCmi tiughposux nidcmanyii ma auanocosux niocmanyin.llpeocmasnenuti npuxyun
pobomu xknacuuroi ma yugposoi niocmanyii.

Onucanuil MiDCHapOOHUL 00C6i0 6NPOBAOICEHHS UUPPOBUX NIOCMAHYIIL.

Poskpumo nonsamms «Ilumenexmyanvruiiy mpancgpopmamop.

Ipeocmasnenuii noemannuil nepexio 00 yugposoi niocmanyii.

Karwuosi cioBa: yugposa niocmanyis, nadiiinicms, npomoxos 0oMiny iHgopmayicio, npunyun pobomu,
€8imosuUtl 00C8i0, IHMeNeKmyarbHull mpancgopmamop.

Beryn.

B nmaHmii MOMEHT BMHMKA€ NMUTAHHSA, YU HOTPIOHO y HAIl CKJIAJHMH dYac, YIOCKOHAIIOBATH CTapi i
MPOBAKYBAaTH HOBI TEXHOJIOTII B €IEKTPOCHEPTETHIII. 3 TOSBOI0 HOBUX MIKHAPOAHMX CTAHAAPTIB 1 mporpecy
PO3BHUTKY CydJacHHX iH(POpPMAmiHHUX TEXHOJOTIH BiIKPUBAIOTHCS HOBI MOXKJIMBOCTIIHHOBAIIfHUX MiAXOIIB 1O
BUPIIICHHS 3aBJJaHb aBTOMATH3aLlii 1 yIPaBIiHHSI €Heprool'eKTaMH, 110 JT03BOJISIE CTBOPUTH MiJICTAHIIII0 HOBOTO
tuiy - uudposy (LIIIC).

B cBiTi mowanocst MacoBe BIpOBaJUKEHHsS pimeHb kiacy «L{udpoBa miacTaHUis», BBOAATHCS B
eKCIUTyaTaliio J0JaTKH aBTOMAaTH30BAaHMX CHCTEM TEXHOJIOTIYHOrO YIpaBJIiHHA. 3aCTOCYBaHHS TEXHOJOTIi
«undpoBoi MiJICTaHII(» MOBUHHO J03BOJHUTH B MailOyTHHOMY ICTOTHO CKOPOTHTH BHTpPATH Ha MPOEKTYBaHHS,
MyCKO-HaJIaJIKy,eKCIUTyaTallito Ta 00CIyroByBaHHsI eHEpPreTHUHHX 00'EKTIB.

Merta Ta 3aBaHaHHs qocaixxkeHb. Merta. [IpoBecTr KOMIDICKCHHI aHAIi3 MPOEKTYBAHHS Ta peai3allis B
eHeprocucTeMi YKpaiHM aBTOMaTH30BaHOI CUCTEMH YIIPABJIIHHS HU(PPOBUMH IMiACTAHIISIMH, 10 € IEPETYMOBOIO
TS 3a0e3neueHHs e(peKTUBHOT pOOOTH CYyJacHOI eJIeKTPOMEPEKI.

3apmanns. Jlocmiauty cydacHi iHpopMaIliiiHi TeXHOJOTII Ta IHHOBAIiITHI TiIXO0¥ A0 BUPIICHHS 3aBIaHb
aBTOMATH3alii Ta YIPaBIiHHI €HEProo0'eKTaMMm, 10 JO3BOJISIOTH CTBOPIOBATH ITiICTAHIIIi HOBOTO THUITY.

MarepiaJ i pe3yJIbTaTH A0CJHiIKEHb.

Ha Binminy Bin ananorooi I1C, 10 BUKOPUCTOBYE OOMiH €JIEKTPUYHHMHU JIMCKPETHUMH/aHAIOTOBUMHU
curnanamu, L{TIC 6a3yetbes Ha «udpoBiiy B3aeMOIii BCIX MiACTAHIIHHUX SIIEMCHTIB.

ITo6ynosa LIIC nependayae:

-TIIBUIIIEHHS HATIHOCTI QYHKIIIOHYBaHHS 00JaIHAHHS,

-3HIKEHHSI BUTPAT Ha eKCILTyaTaliro o0na HaHHS;

-TiABUIIEHHS €()eKTHBHOCTI BUKOPUCTaHHS OCHOBHOTO 00JIaTHAHHS.

Ha puc. 1 HaBeneno npuHnun B3aemoxii oonaguanns LIIC [1, 2].

Juist moBHOT «1rppoBoi» B3aemonuii B LITIC HeoOXimHO pillieHHS OaraTboX 3a1ad.

HaBenemo kintbka OCHOBHUX:

- TepexiJ| BiJl eJeKTPOMarHiTHUX BUMIPIOBAJIBbHUX NepeTBoploBauiB (TpaHcdopmaropiB crpymy (TC) Ta
Harpyru (TH)) mo meperBoproBauiB 3 1udpoBuM BHXOAOM. B sSKOCTi OCTaHHIX BKe 3apa3 BUKOPHCTOBYIOTHCS
ornrtuyHi TC, koTymku Poroseskoro. Y BUnajgky HEMOXINBOCTI BUKOPUCTAHHS BUMIPIOBATBHUX TIEPETBOPIOBAYIB
3 U(POBIMH BUXOJIAMH, BUKOPUCTOBYIOThCS crieriansHi mpuctpoi SAMU - «stand alone merging unity. Bowrn
3a0e3meuyroTh BBIMKHEHHsA ejnekTpoMarHiTHoro TC a6o TH B iHdpacTpykTypy mepemadi maHux 3
BukopuctanusiM crangapry IEC TR 61850-90-3. Ileit migxia Jo3BoJisie peanizyBaTd yci HeoOXimHi QyHKIii
peNerHoro 3axucTy s mudpoBoi miactaHiii. OkpiM TOTO, OyIab-SIKUH BUMIPSHUA aHAJOTOBHHA CHUTHAN CTa€
JIOCTYITHUM OyIb-IKOMY IIU(PPOBOMY IPHUCTPOIO HA JaHil MiACTaHI] 3 HE0OXiTHOIO TOYHICTIO;

- yHiQikauis npoTokoiB oOMiHy iHpopMalieo. Bxe 3apa3 mepeBaskHa OiIbLIICTH MIKPOIPOLECOPHUX
NPUCTPOIB Ha IMiACTAHIIIT BAKOPUCTOBYIOTH € IMHUH MPOTOKOJ 00MiHy iHpopmarieto IEC-61850. /lanuii mpoToko:n
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OoKpiM yHidikamii 3abe3rnedye mNOOYIOBY OMHOTUITHOI iH(OPMAIIHHOT MOAENi JaHUX KOXKHOTO OKPEMOTO
OPHUCTPOIO, €IMHOI MOJeNi MiACTaHMii, mpoTokoiau BeprukaigpHoro (MMS) Tta ropusonramsaoro (GOOSE)
00MiHy, IPOTOKOITM Mepenadi MUTTEBUX 3HAYCHb cTpyMiB Ta Hampyru (SV). Bei indopmartiiidi 38'93K1 Ha TAaKKX
MIICTaHIISIX BUKOHYIOThCS IM(POBUMH I10 €MHIHN MKHI Tponecy. L{e BiakpuBae MOXKIUBICTh IIBUAKOTO IPSIMOTO
oOMiHy iH(OpMaLi€ro MiXK MPUCTPOSIMH, IO B KIHLIEBOMY PaxyHKY JIa€ MOJIMBICT CKOPOYEHHS YUCIIa MiJHUX
KaOeNbHUX 3B'SI3KIB 1 YHMCIIA IIPUCTPOIB, @ TAKOX OLIBII KOMIIAKTHOT'O IX pO3TaIllyBaHHS.

Aari camodiqeHoCMuKY ma 830eMHOT
digaHocmuku npucmpoie IED

Citcrema Cucrena
KepyBas MOHITOPINTY T = OcHoee
il H:L’liﬁ"ix‘ﬂ() d JArHOCTYBAHHA Oﬁﬂa@HaHHﬁ
= LIc OO/ MAHHA
So Aawi digeHocmuku
TMpucmpiii
OCHOBHO20
IED
06na0HAHHA
I o B3aemHe
pucmpiy OiO2HOCMYSAHHS w—

D{ED npucmpois 1ED

CamoaiarHocTisa
apicrpois IED
I | Koayratop

Cavomiariocmixa

Camo/tiarocmisa
npstcrpois IED

(oo

CamoiarnocTia

KOMYTATOpIB KOMYTATOPIE
TMpucmpiii
r_J -
CamoniarHocTixa
npuctpois [ED

Pucynox 1 — Ilpunyun e3aemodii obnaouanns LIIIC
B Tabu. 1 HaBeneHO pe3ynbTaTh nopiBHAIbHOTO aHamizy BigminHoctel L{I1C Ta ananorosux I1C.

Tabmuus 1 — Bigminaocti HIIC ta ananorosux [1C

IMapametp/IlincTanuis AHajorosa Hudposa
[MepBuHHa 1dpoBa 00poOKa CHUrHAIB Hi Tax
Hacwuuenns ta pepopesonanc B TC ta TH Tak Hi
Brmue cutoBoro o0naHaHHS HA BTOPUHHI KOJTa Tak Hi
HapmiiiHicTh Ta SAKICTh IIepenavi CHTHAIIB Huseka Bucoxka
KinmpkicTh KaOebHO-TIPOBITHUKOBOT IIPOTYKIIii Benuka Hesenuxka
Bubyxonebesmneunicts TC Tax Hi
3arpaTi Ha MOHTaX Ta EKCIUTyaTaIlil0 YCTaTKyBaHHS Bucoxki Husbki

INepeBaru uupoBoT migACTAHIIIT:
~IIBHJIKO/IisI, IEPEIIKOJ03aXUIEHICTh, BUCOKA IT0KEXKO0-BUOYX00E3IMEUHICTh 1 €KOJIOTIYHICTH;

-BUKOPHUCTAHHS IHHOBAIliIMHWX Ta Cy4YacHHX CTaHIApPTIB 1 pilIleHb 3a0e3MedylThCYMICHICTh Pi3HUX
(IEC 61850);

~MiBUIICHHS TOYHOCTI BUMipIOBaHb;

-3HAYHO MEHINC 3arajbHa KIJBKICTh I HOMEHKJIATYpy OOJagHaHHS B CKJAIl MPOrPAMHO TEXHIYHOTO
kommuiekcy (IITK), mo 3HmKye oOcsar NpoQLIaKTHIHOTO OOCIYTOBYBaHHS, CKOPOYYE 4Yac BiHOBJICHHS
Mpare3aaTHOCTI;

-3HaYHE CKOPOUYEHHS KaOeIbHUX 3B'SA3KIB,;
~CKOPOUYCHHSI MOHT&KHHX 1 HAJIaro JuKyBajdbHuX poOiT Ha 40%, npocToTa;
~IPOEKTYBaHHA, €KCIUTyaTarii Ta 00cIyroByBaHHs, 3MeHIIeHHs po3Mmipis I1C;

=3HM)KEHHS KUTBKOCTI MOAyJ1iB BBOAY / BUBoy Ha npuctposx ACY TII i P3A;
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=3HI)KCHHSI BapTOCTI KOMIIOHYBaHHs KOHCTPYKTHBY madu cucremu TM / ACY TII(kabenpHa mpoayKIIis,
KJICMHI KOJIOJIKH Ta iH.).

®daxTopu SAKi BILIMBAIOTh HA HafiiHicTs LITIC:

a) wHamidaicte JIOM: ctpykrypa (apxiTekrypa moOyIOBH 1 METOAM pe3epByBaHH:I) iHAAIHHICTD
OKPEMUX EIIEMEHTIB MEPEexi;

0) HamilHICTH OKPEMHUX IPUCTPOIB:

1) noBi emementn: BunHOcHi I13B i mmoposi Tpanchopmaropu crpyMmy i Hampyru (ONTHYHI i
€JIEKTPOHHI);

2) TpaauWliiHI iHTeNEKTyanbHi eNeKTpoHHI mpuctpor: koutposnepun ACYTII, P3A, TIA, ACKOE.
3a3Ha/M ICTOTHUX 3MiH SK B YacTHHI BBeJeHHS BuxigHux nanux (mpuiiom GOOSE i SV), Tak i B
4acTHHI JIoriuHOT 00poOku. HeoOxigHO BpaxoByBaTH 3aTpHMKH B Iepelladi MUTTEBHX 3HAUCHb
cTpymy 1 Hampyru, 3aTpuMks nepenayi GOOSE noBimoMieHbl psii iHIIUX Tpo0IeM HOB'S3aHUX 3
MEpEKEeBOT IPUPOAOI0 TEXHOJIOTIH HU(POBUH MiACTaHII].

B) HaAIMHICTh CHCTEMH €TMHOTO yacy: J{ns nudpoBux mifcTaHIii HaliHHICT CHHXPOHI3aLil € KPUTUIHO
BaKJTUBOI 111 poOOTH YaCTHHH €NIEMEHTIB (HAIIPHUKIIAd, A1 U(QPOBHUX TPaHCHOPMATOPIB CTPYMY 1 HALIPYTH).

T) HaOilHICT «IIOACHKOTO» (hakTopy. 3abesmedeHHS (YHKIIOHANBHOI HAIHOCTI JiArae fK Ha
BUPOOHHWKIB, B YaCTHHI CTBOPEHHS HAMIMHUX MPHUCTPOIB, TaK i Ha MEPCOHAN, SKOMY HEOOXiTHO IMPAaBHIHHO
3MIHCHUTH HANAIITYBaHHSA 1 €KCIUTyaTalifo 3akianeHoropynkmionany. [Ipu mepexoai 10 mudpoBUX MiACTAHIIIH,
3MIHIOIOTHCS IIXOH A0 MPOCKTYBAaHHS 1 HAJIArOKEHHS 00JIaIHAHHS.

I) HagiiHicTe apxitektypu noOymou LIIIC. Ha nanifinicts LIIC BrumBae CyKymHICThapXiTEeKTypHHX
pilieHs pu o0y I0Bi CUCTEM aBTOMAaTH3allii 1 ynpasiiHHs (LEHTpaji30BaHa- IeleHTPai30BaHa, 3 CyMIIIEHHAM
B Pi3HUX (YHKILIH aBTOMATH3aL] 1 yIIpaBIiHHS Ta 1HIII).

[MepiuM BeTMKHUM MUIOTHUM IPOEKTOM MO BIIpoBakeHHI0 ctanaapty IEC 61850-9-2 crana nincraHmis
TVA Bradley 500 kB B CIIIA. Meta npoekTy mossrajia B epesipiii cyMicHOCTI peanizamii cranmapty IEC 61850
B [IPUCTPOSIX Pi3HUX BUPOOHUKIB. PeaizalissnpoekTy J03BOJIHIIA HOMIMIIUTH CYMICHICTh MK IPUCTPOSIMU PI3HUX
BUPOOHWKIB, MIABUIUTH KBaJidikallio mepcoHamry MepexeBoi kommanii B wactui IEC 61850-9-2, a takox
BUSIBUTH NPOOJIEMH, 1110 BHHUKAIOTh IIPH BIPOBAKCHHI CTAaHAAPTY.

Ha migcranuii Alcala de Henares B Icnanii mpoBeieHO eKCIEpUMEHTAIbHEBIPOBAIKCHHS IIUHU TPOLECY
B YaCTHHI lepeaadi AUCKpeTHOI iHpopmarii. Besinpopmanis npo ctaH KOMyTaliiHIX anapaTiB, a TAKOXK KOMaHIH
VOpaBITiHHSA KOMYTaliHIMH alapaTaMy IepeJaBaliics 1Mo NU(PpPOBUX KaHalaX 3B'A3Ky 3a gomomororo GOOSE
IMOBIIOMJIEHb.

Ha migcranmii Osbaldwick 400 kB y Benuko6putaHii mpoBOAMITHCS €KCIIEPUMEHTH, METASKUX MOJIATANA B
MOPIBHSHHI THMYaCOBUX XapaKTEPUCTHK MiKponporecopHoi peneiiHoro 3axucty (MITP3A) na 6a3i TpaauuiiHux
tpancdopmaropis ctpymy i MITP3A Ha 6a3i uudpoBux TpanchopMaTopiB CTPYMY 3 BUKOPHCTAHHSIM IIPUCTPOIB,
110 NepeatoTh iHPOpMaIlilo PO MUTTEBUX 3HAYEHHSX CTPYMIB 1 Harpyru o nportokony IEC 61850-9-2.

Benuxkwuit pozsutox nudposi nigcraniii orpumanu B Kurai. Bxke B 2006 p. Oyiia BBejieHa B eKCILTyaTallito
wudposa miacranis 110 kB Qujing, Yunnan. A go 2009 p. Kuraiizaiissis 1iinpyrode Miciie B CBIiTi [0 NPOEKTYBAHHIO
HIIC, sxuit mopivHO BBOJUTE B €KCILTyaTAaIlifo necsaTku Takux [1C.

B Tabn. 2 HaBeneHO MIKHAPOIHUH TOCBIJI CIIOPYIKCHHS TaKHUX IMiICTAHIIII

Tabmus 2 — MixkHapoaHu# qocBin BupoBampkeHHs LIIC

Kpaina [Tun nmpoekrta KinbkicTh I[pumiTka
Kurait  |CepiiiHe 100+ BrnpoBa/uKyloTbCSI B~ OCHOBHOMY  PO3POOKH
BITPOBAIKCHHS KUTalchbKux (ipm
CIHA, |[imotHi mpoektr |[1o 10 mpoekTiB PeaizoBani
Kanana
Cpoma  [[TioTHi mpoexTn (OAWHUYHI TPOEKTH B PeasizoBaHi
[crranii, ®@panmii Ta iH.
Ykpaina [[linoTHi mpoexktu |1-2 B nporneci peanizariii maIOTHHI TPOEKT
B «/ITEK KuiBcbkienekTpomepexi»

udposa mipcranmis — oxHa i3 6a30Bux TexHouorii Smart Grid. B ocHoBy no0ynoBu undpoBoi miacTaHii
MOKJIAIGHO 3aMiHy YWCIIEHHHMX 3B'A3KiB, BUKOHAHUX MPOBOJAMHM, IJIS OOMIHY TpaAMLiHHUMH aHAJIOTOBHMH i
JUCKPETHUMH CUTHAJaMH Ha yHi(ikoBaHNI 00MiH IHU(POBUMH HOBITOMICHHIMH, SIKi 320€3METyI0Th MOXKIINUBICTD
posnoxinenoi peamizamii GyHKII cucTemMum aBToMaTu3amii MiACTaHNii i MOBHY (YHKLIOHAIBHY CYMICHICTBH
IHTENEKTYaIbHUX EJIeKTPOHHUX MPUCTPOIB PI3HUX BUPOOHUKIB.

Haii6inpIm mOBHO CHOTOMHI AJIS MPaKTHYHOI peajri3alii BiANpanboBaHO MUTAHHIOOMIHY iH(OpMAIli€o B
pamkax crangapry IEC 61850-9-2 s Takux NpHCTPOiB 1 MiJCHCTEM MIACTAHIII, SK BHUMIpPIOBaJIbHI
TpaHcGOpMaTOPH CTPYMY 1 HAIPYTH, KOMYTAaIliiHI anapaTh, MiKpOIPOIIECOPHI TEPMiHAIN PEJIEHHOr0 3aXHCTY Ta
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apromatukn, ACITY. Ilpn npoMy nuTaHHS iHTErpamii CKIAIHUX BHIIB €JICKTPOTEXHIYHOTO OOJamHAHHA i B
Hepiry 4Yepry CHWIOBHX TpaHC(OpMaropiB, aBTOTpaHC()OPMATOPIB 1 LIYHTYBaJbHUX PEAKTOPiB, BUMHKAiB
PO3IIISIAIOTECS B KOHTEKCTI (DYHKIIH caMOCTIHHOTO aHaJli3y JaHuX 1 cCaMOAiarHOCTHKH.

Ha puc. 2 HaBenieHO MpUHIMI pOOOTH KIIACHYHOI Ta HU(poBoi miacTanuii [3].

KITACHYHA IMUICTAHIA IO POBA HITCTAHIUA
BTC BTH m\ LIBTC LUBTH
! Ana10.206! U ‘ ‘
lv Yy < ”-"‘"’-”l l 06’ eamvro=ntit nprerpiit (Meming Unit)
THunasEnk & = o 1 Hluwa npoyecy 61850-9-2EL
arestnamnd HMIPIOBATEE wanizarop i > . ; e
Pm};m . nepersopieat TI4E [HTeIeRTYAIRHI BHMIPIOBATRHI TPHCTPO]
m Baniprosan mecdt
TRgpomR mepeIsopIOnat PMU
l l l NTHNBENE peTsog
ananisarop [TAE
Indopmariiiina muHa

.

| Cranmina muna [EC I

¢

CHcrema 3a0e3nevyeHHs I

Pucynoxk 2 - [Ipunyun pobomu kaacuynoi ma yughpogoi niocmanyii

[lepenbadaeTbes, MO B «PO3YMHUX» MEpexax 3 HEOOCIyroBYBaHMMH IiICTAHLISIMUOYZE BCTAaHOBIICHO
«IHTEJeKTyaJbHI» TpaHchOpMaTopH, MiJ SKHMH pO3YMIIOThCS TpaHcdopmaropu, sKi 3a0e3nedyroTh
MaKCHMaJIbHO MOXJIMBUI KOHTpOJb CTaHy BCiX CHCTeM (aKTMBHOI YacTWHH, Macjia, BBOIB, CHUCTEMH
oxonomxenHs, PITH, TexHoJIOrYHUX 3aXHUCTIB), CAMO/IarHOCTHKY 1 BUJIauy PeKOMEH Iallii 00 MOJaNbIINX Jii
y pas3i [osIBU MOLIKOKEHHSI, SIKE PO3BUBAETHCS, 200 HOr0 HEHOPMOBAHOTO BIUIMBY Ha TpaHcdopmarop.

[TpUHIMIIOBO Ba)JIMBUM € T€, 110 IIPH LILOMY TpaHCPOpMaTop Mae 3a0e3nedyBaTh BCl PEXKUMH YIIPABIiHHS
CBOiMH peryiaboBanuMu npuctposimu (PITH) — aBromaTnyHumit, py4Huii MicLieBUH 1 pyYHUIT AMCTAaHUIHHUHN, Y TOMY
YHCIT 3 BiAJaNCHNX [EHTPIB YIPaBIIiHHA, 3 TOBHUM KOHTPOJIEM NTPABWILHOCTI BUKOHAHHS KOMAaHI.

«HTENEKTYaITBPHIID TpaHC(hOpMaTOp Mae 3a0e3reuyBaTd Mpo(UIAKTHYHY AIarHOCTHKY (CaMOAiarHOCTHKH) 3
BUKOPHCTaHHSM aHATITHYHOTO IPOrPaMHOT0 3a0€3MeYeHHs HA OCHOBI ITOKa3HHKIB IaTIHMKIB, ABTOMATHYHE YIPABIiHHS
CHCTEMOIO OXOJIO/DKEHHSI 1 aBTOMAaTH4HE PETYJIIOBAHHS HANpPYTH I/l HABAHTKCHHSM 3aJIeXKHO BiJl BiAOBIIHOT
iHdopMmarii momo H#oro 3MiHH eHeproMepexi 30HH oOCITyroByBaHHS miacTaHmii. Ha puc. 3. 300paxeHo momiOHMHA
TpaHchopMaTop BUPOOHHUIITBA KomIaHii «ABB»

Cuctema aBToMaru3allii eHeproo0'ekra, NoOy0BaHa 3a TEXHOJIOTIEI «U(POBAIIIICTAHIII», AUTUTHCS HA
TPH PiBHI: «IIOJbOBUI» (PiBEHb NPOLIECY), PIBEHDb IIPHEAHAHHS, CTAaHIIIHHHMI.

«IlonboBMID) pIBEHB CKIIAAAETHCS 3 IEPBUHHUX JAATUHUKIB 11 300pY sIK AUCKpeTHOT iHdopMmaii Ta nepenayi
KOMaH/I YyIpaBIiHHs Ha KOMyTaIliiHi amapatu (Micro RTU), Tak i aHamorosoi inpopmariii.

PiBeHp mpueaHaHHs 00'eHye iHTeNeKTyalbHi enekTpoHHinpuctpoi (IEY) ynpaBniHHS Ta MOHITOPHHTY
(xoHTpoONIep TpHenHaHHA, OaraToyHKIiOHANBHI BUMiproBaNbHI mpmianu, didmwibHukn ACKOE, cuctemn
MOHITOPHHTY Ta TPaHC(HOPMATOPHOTO YCTATKyBaHHS TOIIO0), a Takox TepMinaiu P3A i iokanbsroi [TA.

«CraHUitHIID) piBEHBb BKIIIOYAE B cebe: cepBepH BepXHBOTO piBHA (0asu manmx, SCADA, TeleMexaHiKH,
300py Ta mepenadi TEXHOIOTIYHOI iH(OpMAIii TOIIo, a TAKOXK KOHIICHTPATOp JaHUX); aBTOMAaTH30BaHE poboue
Miciie onepatuBHOro nepconany (APM OII) mincTanii.

Hudposi BuUMIiproBaibHI TpaHC(HOPMATOpH IIE€PEAAlOTh MUTTEBI 3HAUEHHS HANPYrW 1 CTpyMiB 3a
nportokosiom [EC 61850-9-2 npuctposiM piBHs npueHanHs. [CHYe nBa BHIM TaKUX TPaHC(HOPMATOPIB: ONTUYHI
Ta eJIEKTPOHHI.

Ontryni TpanchopMaTOopu MaloTh OUTBIIy TiepeBary B pa3i CTBOPEHHS CHCTEM YIIPaBIiHHA Ta
apromatm3amii [IIIC, OCKiTBKM BOHM TPamIOIOTh 3a IHHOBAI[ifHMM TNPHHIMIOM BHMIpIOBaHHS, SKHH
YHEMO>KJIMBITIOE BIUIMB €JIEKTPOMATHITHHX HepemKoa. EIexTpoHHi BUMipioBanbHi TpaHCHOPMATOPH CTBOPEHO Ha
0a3i TpaguIiiHUX TpaHcHOpPMATOPIB, B SIKUX 3a]IISTHO CIIEIiaTi30BaHi aHaI0rOBO-IIU(POBI IEPETBOPIOBAYI.

JaHi npo craHOBHIIE KOMYTaliHMX amapaTiB Ta iHIIA JUCKpeTHa iH(opMmaiis (TOJIOKEHHS KIIOYiB
PEeXMMY YINpaBIiHHS, CTaH JIAHIIOTIB OOIrpiBaHHA HPHUBOAIB TOINO) 30MPAIOThCS 32 JIOIIOMOTOI0 BHHOCHHMX
moxayniB I130, ycranoBieHux y OesnocepenHiii Onu3pKocTi Bif KOMyTaliiHux amapatiB. Lli Moy MaroTh
peneliHi BUXOAH UIsl YIPaBIIiHHSA KOMYTAlIHHUMH ariapaTaMy 1 CHHXPOHI3YIOThCS 3 BUCOKOIO TOUHICTIO. [laHi Bix
BUHOCHUX MonyiiB 130 mnepemaioTbesi MO BOJOKOHHO-ONTHYHOMY 3B'SI3KY — YacTHHHU IIMHH Ipolecy 3a
nportokosioMm [EC 61850-8-1 (GOOSE), komanau yrpaBiiHHsS Ha KOMYTalliliHI anapaTv — TaKOX 4epe3 MOJyJIi
BiJIMTOBIAHO 3 1M MPOTOKOJIOM.
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Pucynoxk 3 - Inmenexmyanvruii mpancgopmamop

CuioBe 00naTHAHHS OCHAIYETHCS HaOOpoM MU(POBUX AATUHKIB. [CHYIOTH Crieniati3oBaHi CHCTEMH IS
MOHITOPHHTY TPaHC(HOPMATOPHOTO 1 €JIera30BOro 00JaJHaHHS, SKi MalOTh HUPPOBHIL iHTepdelic 11 iHTerparrii B
ACVYTII 6e3 BUKOPUCTaHHAIMCKPETHUX BXOIB 1 1aTUMKIB Ha cTpyM 4—20 MA.

CyyacHi KOMIUIEKTHI po3moautbdi mnpuctpoi 3 enerasoBoto i3zomsuieto (KPYE) ocnamyorbes
BOy/oBaHUMHU 1M(PPOBUMHU TpaHcopmaTropamu cTpyMmy i HampyrH, a maduynpasiinas B KPYE — BuHocHuMHE
I130 nns 300py auckperHux curHaiiB. Lndposinarunku posmimytots B KPYE Ha 3aBoai—BHpOOHHMKY, IO
JTO3BOJISIE CIIPOCTUTH MPOIIEC MPOCKTYBAHHSI, a TAKOXK MOHTa)KHI Ta HAJIArOJKYBaIbHI pOOOTH Ha 00'€KTI.

Kpim Toro, 10 ocobmmBoCTeH MOOYIOBH CHCTEMH aBTOMATH3allii eHeprool'eKTa BITHOCHTHCS 00'eTHAHHS
cepeqHbOro (KOHIIEHTPATOPIiB JaHUX) i BepXHBOTO (cepBepa i APM) piBHIB y equHuil cranmiitauii. Lle mos's3aHo
3 TUM, [I0 JIaHi epealoThes 3a CribHUM potokoiioM (ctanaapt IEC 61850-8-1), ockinbku cepe/iHiii piBeHb, SKUi
paHimenepeTBoproBaB iHpopMmalio B equHui dopmar mrst iHTerpoBanoi ACYTII, mocTymoBo BTpayae CBO€
MpU3HAYCHHS.

PiBens «mpuennansss» Bkitodae B cede [EIN, sxi oTpuMyroTh iHPOPMALIO BiJl MPHUCTPOIB «IIOIHOBOTOY
PIBHSI, JIOTIUHO T OOPOOJISIFOTH 1 NepelaloTh KePyIoUi BIUIMBH YEPE3MPUCTPOT «IIOJHOBOT0» DIBHS HAa HEPBUHHE
o0JiaIHaHHS, a TaKOX Ha CTAaHIIWHUKA piBeHb. J[0 LIUX NPUCTPOIB BIJAHOCATHCS KOHTPOJIEPH IIPUETHAHHS,
tepminanu MIT P3A Ta inmi 6aratodynkiionansai MIT-npuctpoi.

OpHiero 3 ckiagoBux HUQpoBoi miacTaHuii sBiseTbes uuppose npoekTyBanHs. Lludpose mpoekTyBaHHs
1€ HE POCTO KPECJICHHS B JIEKTPOHHOMY BUIJIS[, @ MOXKJIMBICTHCTBOPEHHSI TAKOI MMPOSKTHOI JOKYMEHTAIlil, SIKY
MOJKHa Oyie 3aBaHTa)KyBaTH Oe3IocepeTHhO B MPUCTPOI y BUTILIL (aiimiB koHDirypamis. Lle nae Ham Buxin Ha
ICTOTHOIHIIMH PiBeHb THUIYBaHHS TEXHIYHUX PillleHb, a K HACTIIOK — 3HIKCHHS KUIBKOCTI IOMHJIOK, aBapii,
M ABUINEHHS HAXIIMHOCTI.

Kpim Toro, mudpoBa mepemada AaHUX MK NPHUCTPOSMH 1€ MOXIIHMBICTH HMO-HOBOMY IIOTJISIHYTH Ha
amapaTHHH ckian nux cucreM. Criin 3a3HaunTty, o B YkpaiHi cremiamicramu AT «HEK «YxpeHepro» mpoBeeHo aHami3
ciToBHX miaxomiB 10 nmoOymoeu LITIC Ta cdopmorano Bimorn no npoekryBansst LITIC. i Bumoru Bukmaneni B COY HEK
20.261:2018.

3riTHO TAHOTO JIOKYMEHTY MOYKHA BUNIUTHTH KiJTbKa BUMOT J10 IIA(POBOTo 00J1aTHAHHS:

1. Bei madpoBi niprctpoi Ha miacTaniiii, y T.4. i MIT P3A, BUMiproBaHHS, peeCTpaTopy aBapiifHHUX MpOIIECiB MOBHHHI
HiATpUMYBaTH ripotokos oominy IEC-61850.

2. Bei uudypoBi niprctpoi Ha mijctanii, y T.4. 1 MIT P3A, BUMIprOBaHHsI, peecTpaTopy aBapiifHUX IPOLIECIB TIOBUHHI
maru 2 ethermnet-mopTu 3 mirprumkoro poTokoiy IEC-61850.

3. Bei mmdypoBi nprctpoi Ha nijcranii, y T.4. 1 MIT P3A, BuMiproBaHH:, peecTpaTopy aBapiifHUX IPOLIECiB IOBHHHI
3abe31edyBaTH CHHXPOHI3aLLito 3a poToKosioM cuHxpoHizari yacy IEEE 1588v2 (PTP) — e ripe 1 Mkc.

4. Bci magposi nprcTpoi KepyBaHHS Ha mijcTaHmii, y T.4. 1 MIT P3A, peectpartopu aBapiifHUX MpoLeciB OBUHHI
HiATPUMYBATH pe3epByBaHHs 3a crannapramu PRP abo HSR. 111o nepen6adae HyIb0BHIA Yac Ha BiTHOBIICHHSI.

5.Bci mmdpoBi KoMyTaTopy Ha MiJACTaHIi MOBMHHI migrpuMyBar mpotokon [EC-61850, cuHxpoHizamito 3a
npotokosiom cuuxpowizawii yacy IEEE 1588v2 (PTP), pesepByBannst 3a crannapramu PRP abo HSR.

Bararo TexHIYHUX pIlIeHbP Ha €HEPTro00'eKTaXIPUIIMAIOTHCS, BUXOISIYM 3 HEOOXITHOCTI MaTH pO3AiieHi
OJIMH BIJI OJTHOTO CHCTEMH 3 Di3HHM (VHKIIOHAJHHHMM IpH3HAdeHHs. OJHAK KOJHM MOBa Hae mpo «udpy» i,
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30KpeMa, TIPO «OMTHKY», € HeMae IPSIMOTO TallbBaHIYHOTO 3B'13KY MK PI3HUMU MPUCTPOSMH, BCE CTAE 1HAKIIIE,
3'ABISIEThCS. HEOOXITHICTh MEPEryITHyTH HPUHHATI HOPMATHBH 1 00'€IHATH NMEPBUHHI BUMIPIOBaHHS JISL BCIX
MiJICUCTEM HA €IUHIN IIUHI.

Hapemri, iudpoBa nepepava gaHuX Iie 1€ 1 MOXKJIMBICTD JOAaBaHHS HOBUX (DYHKIIHB ICHYIOUY CHCTEMY
6e3 HeoOXxigHOCTI ii MepepoOku. Mo)kHa MOPIBHATH 1€ 3 CyYacHOIO EJIEKTPOHIKOIO, KOJIM Ha Ty JK alapaTHy
wiaTGopMy BCTAHOBIIIOETHCS HOBE IPOTrpaMHe 3a0e3MeUeHHs, BiJIKPUBAE NOCTYN A0 HOBHX (DYHKLIOHAJIBHHX
MoxuBocTsM. Came B LIbOMY MOXXHa NMOOA4YMTH MOTEHIal PO3BUTKY 1 CTBOPEHHS pillleHb, IO JIO3BOJISIOTH
HabaraTo eeKTHBHINIe BUKOPHUCTOBYBATH iH(pOpMAIito nmpo podoTy 00xagHaHHSI,IPOBOAUTH HOTO JiarHOCTHKY
mig gac #oro poOOTH, ONTHMI3yBaTH a00 TOBHICTIO aBTOMAaTH3YBaTH NpPOBENEHHS IUIAHOBHX BUIPOOYBAaHB
oOnagHaHHS. Peamizarist Takoro MpoeKTyBaHHS pealizyeThes 3a TOoMororo nporpamuoro nakery SCADA.

OpHouacHW Tepexiy Ha IMUQPPOBY Iepenady AaHNX B paMKaX BChOrOo 00'€KTa € IOCUTH CKIIaTHUM
3aBmaHHsIM. /I 9acTKOBO peKoHCTpyHoBaHMX 1 posmmpioBaHux [IC mpomoHyeThcsi KOMOIHOBaHE TEXHIUHE
pimreHHs, sike 3a0e3medye A HOBHX 1 peKOHCTPYHOBaHUX MpHETHAHb MOBHUI oOcsr ¢yrkuit ACY TII, a mis
icHyrounx npueaHanb — ¢pyHkuii C3I1I (30ip AMCKPETHUX CUTHAJIB i BUMIPIOBAHHS 3 IPSIMUM BBEACHHSIM).

KomrmiekcHui miaxia 10 cTBOPEHHs cucTeM aBToMaTtu3anii i pimens juig LITIC Bkiroyae B cebe:

- €IUHY KOHIIETIIII0 CTBOPEHHS CUCTEM TeJIEMEXaHIKH, aBTOMAaTHKH 1 TU(PPOBUX CHUCTEM 3 MOXIIUBICTIO
MOETAMTHOTO PO3BUTKY;

- MakCHUMasbHy cyMicHicTh pimens o IIC 3 icHyrounmu i 6aratopazoBo BIIPOBaPKyBaHHUMH PILICHHSIMU
10 aBTOMATH30BaHUM CHCTEMaM yIpasiliHHs TpaHchopmaTopHumu mincranuismu (ACY TII), (P3A), cucremoro
300py 1 nepenaBanHs inpopmarii (C3I11);

- BIATIOBIIHICTh MIXKHAPOJIHUM CTaHIAPTaM;
- BI3HAYCHHS NPIOPUTETIB BIPOBAKEHHS pi3HUX eneMeHTiB L{[1C, BIXOSHH 3 BUTPAT 1 OYIKYBAHOTO e(eKTY;

- ontuMizamito apxitektypu LIIC mjst HOCSITHEHHS MaKCHMAJIBbHOTO CKOHOMIYHOTO e(eKTY 3a paxyHOK
3aCTOCYBaHHs 0araTo(yHKIIOHAIBHUX TPUCTPOIB/

[Mepexin no uudpoBoi miacTaHiil Bin0yBaeThCS MOSTAITHO.

Ha nepiiomy erami yCTaHOBIIOIOTBCS MIKPOIIPOLIECOPHI CHCTEMH 3aXUCTy 3 ypaxyBaHHSIM BHUMOT
cranzaapry IEC 61850. [Ipu upoMy peanizyeThbes nepenayda JaHUX MK TepMiHaJIaMu 10 M poBoMy iHTepdeiicy
Ethernet 3a momomororo mpotokony Generic Object Oriented Substation Event (GOOSE) — noBigomieHs st
MPUCTPOIB ¥ Mepekax BHCOKOI HANpyTH 300paxkeHo Ha puc. 4 [3] sAK apXiTeKTypa CHCTEMH 3B'SI3Ky MiX JBOMa
I

IIporokomn, ommcanwii B IEC 61850-8-1, mis mepenadi qJaHUX 3a TEXHOIOTIEI0 «BUIABEIb-TIEPEITUIATHHKID,
MpU3HAYCHUH [UTA Tiepeaadi IMUPOKOMOBHHX MTOBIIOMIICHb (IUCKPETHUX CUTHATIB) Tpo moxii Ha I1C.

Mix cobor mpucTpoi OOMIHIOIOTHCS TAHWMHU IO MIMHI HPOIECY, aHAJIOTiYHO BiAOyBaeThCA 1 OOMIH
iHpOpMalli€lo 3 MEPBUHHUMHU NEPETBOPIOBAYAMH AUCKPETHHX 1 aHATIOTOBUX CHI'HAJIB:

- muckpertHa iHdopmariis o nporokony |[EC 61850-8-1 (GOOSE);

- aganorosa indopmairist mo nporokony |IEC 61850-9-2 (SV).

ITpu upoMy pearnizyeTbesi mepefada JaHUX MK TepMiHamamu 1o nudpoBomy iHtepdeiicy Ethernet 3a
nonomoroto GOOSE-noBioMieHb uisi NPUCTPOIB B Mepekax BHCOKOI Hanpyru. J[ns cepenHboi Hampyru
nepenaydy JaHUX MOXKHA 3aJIMIIaTH O0e3 3MiH 1 BUKOHYBAaTH 1 10 KOHTPOJILHOMY KaOelTto py 3/iHCHEeHHI nepeadi
nmanux B ACY TII BignosigHo a0 pekomenaaiiii IEC 61850.

VY pa3i moeramHoro mepexoay mpuctpoi P3A Ha 00'ekTi HEOOXIAHO BCTAHOBIIIOBATH 3 IiITPHUMKOIO
KJIAaCHUYHOI Ta IM(POBOI CXEMHU BUMIPIOBaHb.

Ha npyromy erami 3niliCHIOETBCS: 3aMmMiHa aboO 10JJaTKOBE YCTAHOBJEHHS HOBHX BHMIpPIOBAIBHHX
TpaHcdopmaropis cTpymy i HanpyrH, A nugpposoi I1C MOXXyTh BUKOPHCTOBYBATHCS ONTHYHI JATIUKH CTPYMY
1 HaIpyT¥ Ha OCHOBI MarHiTOYyTJIMBOTO ONTOBOJIOKHA. [Ipu pekoncTpykuii I1C nomyckaeTbcss BHKOPHCTOBYBATH
BumiproBanbHi TCi TH 3 aHanoroBMM BHXOJOM 3 BHKOPHCTaHHSAM IM(POBHX NEPETBOPIOBAYIB IPH
BIJIMIOBITHOMY E€KOHOMIYHOMY OOTPYHTYyBaHHI mepexoxy. JMCKpeTHI BHXOAW, sSIKi MPHU3HAYCHO IS Iepemadi
KOMaH] YIIPaBJIiHHS HAa IPHUBOIN KOMYTaliiHUX amapaTiB, 3UIIAIOTECS 3aJITHIMH IS Ty OIF0OBaHHA [IUPPOBOT
nepeaadi mij yac yupaBTiHHS.

Ha ocrtanapoMy eTami 3miHCHIOIOTHCS 3aMiHA TIEPBUHHOTO OOJaTHAHHS €HEproo0'eKTa, a TaKoXK
MOJIEpHI3aIlis 1HIMX CHCTeM: IMUTKIB BiacHuX notped (LIBII), BOpoBamKyHOThCS CHUCTEMHU iarHOCTHUKH
MEPBHUHHOTO 00JIaHAHHS TOILO.

V pa3i MozaepHizauii icHyto4oi miacTaHmii, 3aMiHu i cuitoBoro obagHaHHs Ui 300pyi «onndpyBaHHD» 11
NepBUHHOI iHpopMarii 3acrocoBytoTh BuHOCHI madu [130 (npuctpoi 3B'13ky 3 06'ektom). [Ipn oMy BHHOCHI
[130, kpiM MmIaT AMCKPETHOTO BBEJICHHS/BUBECHHS, MICTSTh IUIATH NPSIMOTO aHAJIOTOBOTO BUBeIeHHs qanux (1/5
A), SKiIO3BOJSIOTH 30UpaTH, OUU(PPOBYBATH 1 BHIABaTH BiAMOBiAHO 10 mpotokory IEC 61850-9-2 nawi, ski
Haaxoxath Big TC 1 TH.
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YV mopaneiioMy moBHa ab0 4acTKOBa 3aMiHa MEPBUHHOTO OONaTHAHHS, Yy TOMY YHCIii BUMIpIOBIEHUX
CJIEKTPOMArHiTHUX TpaHcopMaropiB Ha ONTWYHI, HE MPU3BOJUTUME JO 3MIHM pIBHA TpHEJHAHHS Ta
miacTaHIiiHoro piBHA. Y pasi BukopucranHs KPYE icHye moxnuBicts cymimenHs ¢yskuiii BunocHoro 130,
aHAIOroBoro MyJjpTHmporecopa Merging Unit i koutposepa npuenHanus. Take CyMillleHHsI MPUCTPOIB, SKi
BCTaHOBJIOIOTHCS B adi kepyBanHs KPYE, no3Boinsie onudpoByBaty Bcro BUXiaHy iH(opMarito (aHanorory ado
JIICKPETHY), @ TAKOX BUKOHYBATH (DYHKIIT KOHTpOJIEpa NPUEJHAHHS Ta PE3EPBHOIO MIiCLIEBOTO YIIPABIiHHSL.
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Pucynox 4 — Apximexmypa cucmemu 38'a3Ky midxc 0soma L{I1

CuoBe 007aTHAHHS OCHAIY€ETHCS HAOOpOoM MU(POBHUX AATUHKIB. ICHYIOTH Clieliani3oBaHi CHCTEMH IS
MOHITOPHHTY TPaHC(HOPMATOPHOTO 1 eIera3oBoro oOJagHaHH, SKi MAIOTh MUQPPOBHIA iHTEepderc A iHTerpamii
B ACY TII 6e3 BukopucTaHHs AUCKpeTHUX BXOAiB 1 naTunkiB 4-20 MA. CyuacHi KPIIE (KommiektHi po3noainbyi
MPUCTPOI 3 €JIEra30BOI0 130JISII€I0) OCHAIIYIOThCS BOYIOBaHUMH IM(POBHMHU TpaHCHOpMAaTOpaMH CTPYMY i
HanpyrH, a madu ynpasminas B KPIIE mo3BossiroTh BcTaHOBIIOBAaTH BHHOCHI [130 mist 300py MUCKPETHHX
curHaiiB. Ycranoska uugpoBux narurkis B KPIIE npoBonuThcs Ha 3aBOJi-BUPOOHUKY, L0 JIO3BOJISIE CIIPOCTUTH
MPOIIEC IPOCSKTYBAHHS, a TAKOK MOHTa)KHI Ta HAJIArO/KYBaJIbHI POOOTH Ha 00'€KTI.

3 nosiBoro cranaapty IEC 61850 psig BUpOOHHMKIB Mmoyaiy BUITyCKaTH BiANOBiAHY mpoxaykuito mist LTIC.
CporonHi y CBITI peayi30BaHO LUTHI psf MPOEKTIB, MOB'SI3aHHUX 13 3aCTOCYBAaHHAM 3a3HAYCHOTO CTaHIAPTY, SKi
MOKAa3aJi IepeBar i€l TEXHOJOTII.

BucHoskn.

1. PoGora eHepreTH4HOI ranmy3i B yMoBax (PyHKIIIOHYBaHHS €HEPrOPHUHKY BUCYBAEIiIBUIICHI BUMOTH 10
CUCTEeMH 00Ky, a came, 0 piBHA ii aBTOMATH3aIlii, TOYHOCTI, HAIIHHOCTI 1 MUTiCHOCTi. TOYHICTB i JOCTOBIPHICTH
cucteMu OOMIKYy, B TEPINy 4Yepry, BH3HAYAETHCS 3aco0aMu 3acTOCOBYBAHOI iH(OpMaIliiHO-BUMIPIOBAILHOT
TEXHIKH, a TAKOXKIIPUHIUIIAMHU 11 BUKOPUCTaHHSI.

2. Ilepexin Ha uudpoBi miacTaHuii J03BOJUTH 3a0€3MEYUTH TOUHICTB, JOCTOBIPHICTH Ta OJHOYACHICTh
npezcTaBiaeHHs iHpopMmaii. [Ipu 11bOMy BUPINIYIOTHCS MUTAHHS aHANI3y Ta KOHTPOJIIO BHYTPIIIHBOTO OanaHCy
Cy0’€KTIB €HEPTOPHHKY.

3. Ilpu posrusini nuudpoBUX CUCTEM YIPaBIiHHS, pO3pOOJIEHUX Ha OcHOBI cepii mporokonis IEC 61850,
Oynu BUALICHI TaKi TOJIOBI ITepeBaru:

- CKOPOYEHHsI 4Yacy i BapTOCTi BIPOBA/DKCHHS IHTENEKTYIbHHX NPHUCTPOIB B CHUCTEMH YIPaBIIiHHA
POBIOIITBHUMH MEpeKaMu;

- onTHMi3aris o0JagHAHHS Ta 3HMKEHHS KIJILKOCTI BHI3/IIB Ha 00'€KTH;

- MiJBUIIEHHS CIIOCTEPEKIUBOCTI 1 KEPOBAHOCTI TUITHOK CEPEHBOI 1 HU3bKOI HANIPYTH MEPEXKi, B TOMY
yuci odsacteil po3noaisaeHoi reneparii.

4. MoxxHa cka3aTv, 110 Ha JaHWUIl MOMEHT 3 ypaxyBaHHSIM BEJIMKOTO 4YWCIA SK TEXHIYHHX, TaK i
€KOHOMIYHHUX TPYIHOIIIB, i HASBHOCTI pillIeHb, ONPAbOBAHKX 1 BUNPOOyBaHMX, Iporuec BBeneHH: B Airo LIIC
HaOyBae JOCHUTH IIBUAKUX TEMIIB. Ase B YKpaiHi e mporec ranpMyeThesi. B meprry gepry, 3a paxyHOK BHCOKO{
BapToCTi iMmopTHOTO obnanHaHHs. [Ipornec noBexenns BitTumsHsHuX MII P3A Tta peecrparopis mo sumor COY
HEK 20.261:2018 iine, ane moeTamHuid epexia Bif KiacudHoi A0 mudpoBoi miacTaHiii, sika 6azyerbest Ha [EC
61850, no3BONsSE€ 3MEHIIWTH 3arajbHy BapTICTh MiACTAHII. 3MEHIIEHWH pPO3Mip 1 Bara BHUMIpIOBAJIBHHUX
TpaHcdopmaropis, HUGPOBUX NPHIIA/IIB 3aXHCTY 1 KOHTPOIIIO 3a0€3I1eUyI0Th IPUBAOIIHBI NIEpEBary, 103BOJISIOUH
OyMiBHHITBO KOMIAKTHUX ITJICTaHIiH, 0OMEXEHNX PO3MipiB.
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DEVELOPMENT OF DIGITAL SUBSTATION CONSTRUCTION TECHNOLOGIES

The development of technologies for the construction of digital substations is discussed in the article. The
construction of a digital substation provides the following advantages. There are increasing the reliability of the
equipment's functioning; reducing the costs of operating the equipment; increasing the efficiency of the use of the
main equipment.

Modern information technologies and innovative approaches to solving the tasks of automation and
management of power facilities, which allow creating new type substations, have been studied.

The principle of interaction of digital substation equipment is given.

The differences between digital substations and analog substations are shown. The principle of operation
of classical and digital substations is presented.

The international experience of implementing digital substations is described.

Digital substation is one of the basic technologies of Smart Grid. The basis of the construction of a digital
substation is the replacement of numerous connections made by wires for the exchange of traditional analog and
discrete signals with a unified exchange of digital messages, which provide the possibility of distributed
implementation of the functions of the substation automation system and full functional compatibility of intelligent
electronic devices of various manufacturers.

The concept of "Intelligent™ transformer is disclosed.

A step-by-step transition to a digital substation is presented.

Keywords: digital substation, reliability, information exchange protocol, principle of operation, world
experience, intelligent transformer.
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IBinnnupKkuii HAIOHATBLHMI TeXHIYHIT yHiBepcuTeT

FAPAHTII7IHUE MNOXO/)KEHHSI EJIEKTPQEHEPFIT
B JIOKAJIbHIN EJJEKTPOEHEPTETUYHIN CUCTEMI
3 BUTHOBJIIOBAHUMM JI’KEPEJIAMU EHEPI'TI

Poboma npuceauena pospobrennio memooy 6UHAUEHHA YACWKU eNeKmpoeHepeii, W0 2eHepyemuves
sioHosmI08anuMu Odxceperamu enepeii (BIIE), 6 nepemoxax enekmpoenepeii simkamu erekmpuynoi mepedici. B
OCHOBY Memoody NOKNAOEHO MAMEeMAMmuily Mo0elb eneKmpuiHoi mepedici, 6 AKill O1A 6U3HAYeHHA NOMOKI8
elleKmpoenepaii' y 8imKax eleKmpudHoi Mepexici UKopucmosylomuscsa Koepiyicumu po3nodiny cmpymis y 6imxax
cxemu 6i0 ey3nie 3 BIJE ma ey3nosi nanpyau. B pesynomami ¢popmyemvcsa mampuys xoe@iyienmis po3nooiny
nomyosicHocmi 6y3nie 2enepyeanus BJE no eysnax nasammaoicenHs enexmpuunoi mepedci. Taxum yunom
BUBHAYAEMBCA MA CKAA008A NOMYICHOCTI HABAHMAINCEHHS, AKA 3ANEAHCUMb 6I0 NOMYICHOCMI Y BY31AX CXEMU 3
BJIE. Hanpyeu nio uac ¢opmyeanns mampuyi po3nodiny nomyxchocmi B/[E susHauaomscs 3a pe3yribmamamu
PO3PAXYHKY YCMANEHUX PeXCUMIB eleKmpuyHoi mepedici abo 3a oanumu sumiproganus ACKOE.

OcKinbKku akxmyanbhum € popmysanHs I10KATbHUX erekmpoenepeemuynux cucmem (JIEC) na ocnosi B/JE,
mo poszenanymo JIEC sik 6anancyrouy epyny 6 ckiadi enekmpoenepeemuynoi cucmemu (EEC), sika 3a negnux ymos
Mooice pynryionysamu ax agmonomua. Iloxasano, wo ons yvoco 6 JIEC nogunna Oymu ymeopena cucmema
pesepeysannsi BI[E uepes sanedxcnicme ix 6i0 npupoOHUX ymo8 i, 8i0n0GiOHO, HeCMAOIIbHICMb IX 2eHepYEaHHs
enexkmpoenepzii. Koau JIEC npayioe 6 cknaoi EEC, mo, ax npaguio, uKopucmosyemucs 3a2aibHo CUCTeMHUL
peseps (8 OCHOBHOMY Ye Mane8peHi NOmYdiCHOCmi mennogux i ciopoenekmpocmanyii). Llo6 JIEC moena
npayiogamu AK A8MOHOMHA, MO NPONOHYEMbCA BUKOPUCIOBY8AMU OOCMYNHI HA CbO2OOHI MW 3aco0u
Pe3ep8YBaHHA NOMYHCHOCMI: eleKMPOXIMIUHI HAKONUYY8aui elekmpoeHepeii, 600Hes8i i 0i02a308i MexHON0zI.
Egexmusnum € cnociod yzeoosicenns epagpixie cenepysanns BIE ¢ JIEC 3 epagikamu HA8AHMANCEHHA AKMUBHUX
CHOJICUBAUIB.

Ha npuxnaodi nokazano, wo 3a oegpiyumy nomyoicnocmi 6 JIEC modicymo 6uKopucmogyeamucy posmiuyeHi
6 enexmpuuniu mepeosici B/JE. 3uauenus mneobxionoi nomyxcnocmi y 6y3ni npuconanns JIEC, nomoku
enekmpoenepeii y gimxax, wo 3 'eonyroms JIEC i BIIE mepeoici, ma smpamu eiekmpoenepeii 6 Hux usHaiaomocs
3a NPONOHOBAHUM MEMOOOM.

KiouoBi cioBa: sokanvHa enekmpoenepeemuuHa cucmema, GiOHOGNI08AHI Odxcepena  eHepeii,
HecmabinbHe 2eHePYBAHHs, eNeKMPOCNONCUBANHSA, 2apaANMIi NOXOOJICEHHS eNeKmpPOoeHep2ii.

Beryn

IIporpec TexHOMNOTiH pOOUTH pilIeHHS U1 BHPOOHHWITBA Ta 30epiraHHs eHeprii, BHpPoOIEeHOi Ha
SJICSKTPUYHHX CTAHIISAX, 110 BUKOPHCTOBYIOTH BiIHOBIIIOBAaHI €HEPrOHOCI T, JOCTYIHIIINMU JIS CTIO’KUBAYIB Ta Jla€
iM 3MOTy CTaTH BiINOBiZAaJIbHUMH YYaCHHKAMH €HEpreTHYHOro mnpouecy. B YkpaiHi BUKopuCTaHHS rapaHTiit
MOXOJ/IKEHHsI 3€JIEHOT eJIEKTPOCHEPrii cTae JeAaii BaroMilluM iHCTPYMEHTOM ISl CIOKMBAuiB, SIKi MParHyTh
3MEHILIUTH BIUIMB CBOTO €HEPrOCIOKUBAHHS Ha 3MiHY KJIIMaTy Ta NepelTH Ha OUIbII €KOJIOT1YHI JKepesia eHeprii.
Iapantii noxomkenns (I'T]) € iHCTpyMeHTOM MiATBEPPKEHHS TIOXO/DKEHHS €JIEKTPOSHEPTIl, 1110 MPOJIAEThCs Ha
po3apibHoMy puHKy [1, 2]. BoHE € 0CHOBOIO /IS pO3paxyHKiB BUKHU/IIB MAPHAKOBHUX Ta3iB Ta 3BITYBaHHS 100
BUKHIB BYTJIEIO i, HA CHOTO/IHI, € HalOIIbII 3aTpeOyBaHUM €BPOTIEHCHKUMH ITiAIPHEMCTBAMU.

Jis momanemioi po3dynosu BJIE Ta omrumanbHOTO iHTErpyBaHHS iX B €IEKTPUYHI MEpeki HEOOXiTHO
MPOJIOBXKYBAaTH CTBOPIOBATH YMOBH, SIKi O cIipyusuti (pOpMyBaHHIO 3alliKaBJIEHOCTI B IIbOMY IPOIIECi SIK BUPOOHHKIB
€JIEKTPOEHEPTii, TaK 1 MINPUEMCTBA PO3MOIUIBHUX Mepex Ta crioxusadvis. 11oo crioxxuBadiB, TO BOHM MalOTh
OyTH BIIEBHEHI B JDKepelli eJIeKTpOoeHeprii, Horo HaJIiiHOCTI 1 epcHneKTHBI po30yA0BH B MaiOyTHHOMY. 3BiJICH
CJlilye BMMOTa JO TapaHTOBAaHOTO ITOXOKEHHS eJeKTpoeHeprii. Mae OyTH miaxin, sKMH IPYHTYETBCS Ha
pO3paxyHKax 3TiJIHO 3aKOHIB €JIEKTPOTEeXHIKU. Pe3ynbpraTaMu po3paxyHKiB MOBHHHA OyTH CKJIQJ0Ba TOTOKY
€JIEKTPOEHEPTii y KOXKHIH BITII €IEKTPUYHOI Mepexi, ska HainexuTh neBHoMy BJ/IE. B 3amanomy By3mi Mepexi
CTPYKTYPYETBCSI KiBKICTh eJIeKTpoeHeprii, mo Hamiimaa Bix BJIE. ¥V BiTkax Mepexi BU3HAYAIOTHCS BTPATH
@JIeKTPOEHEePTii BiJ] MEPETOKIB Yy HUX eJeKTpoeHeprii, 3reHeposanoi B/IE.

HasBHi pimenHs 111 MapKyBaHHS €JIeKTPOCHEPTii Ha OCHOBI cepTH(iKaTiB MarOTh HU3KY Ipobiem. BoHu
4acTO HE TOYHO BiOOPa)XaroTh BUKUAW BYTJICIO, HE 3a0€3MeUyI0Th MIPO30POCTi Ta MOXIIMBOCTI MEPEBIPKU IS
KIiHIIEBUX CIIOKMBAdiB OCKIJIBKM HE BPaXOBYIOTh (Di3WYHI MPOIECH y CHCTeMi MapKyBaHHS. J[11 BUpIIeHHS i€l
mpo0JieMHn HEeOOXI1IHI METOAM BHM3HAYEHHS YAaCTKH HABAHTAXKEHHS KOXKHOTO BY3JIa EJIEKTPHYHOI MEpexi, II0
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3a0e3neuyeThcs IEBHUM [DKEPENIOM €JICKTPOSHEPTii, BUKOPUCTOBYIOUH 3aKOHM E€NEKTPOTEXHIKH. Lle mo3BonnTh
YHUKHYTH Cy0’€KTHUBHOCTI 1 pO3pOOUTH Ai€BUH IHCTPYMEHT ITATBEPAKEHHS 00CSTIB €JIEKTPOCHEPTil y rapaHTisix
il HOXOKEHHS 3 YpaxyBaHHIM (Di3UUHHX MTPOLIECIB €IEKTPUIHUX Mepex [3].

CkJiaHicTh 3a]a4l OJIsITa€ B TOMY, 110 B €IEKTPUYHUX MEpexkax, 10 SKUX IMPHEAHYIOThCS BiHOBIIIOBaHI
Jukepena enektpoeneprii (B/IE), B HenoBHIH Mipi MOXKYTb OLIIHUTH HaCJIiIKU IIbOTO Tpolecy. Lle crocyerses Toro,
1110 3MIHIOIOTBCSI IEPETOKH €IIEKTPOCHEPT] y BITKaX MepekKi, SMIHIOIOTHCS TaKi 11 TEXHIKO-€KOHOMIUHI MOKA3HUKH
SK BTpATH eJEeKTpoeHeprii, B Tomy uucii, Bix B/IE, HaniifHICTh eJeKTporocTauyaHHs i SKICTh €JIEKTPOSHEPTii.
Kirouem no BupimeHHs npodieM Moke OyTH MOHITOPHHT IIIOJO BHPOOJICHHS i MepeTikaHHs eJIeKTPOCHepril B
enekTprmuHNX Mepexax Bing BJE. dns mporo HeoOXimHO Merox Ta 3aco0M  OIIHIOBaHHS YaCTKU
NEKTPOCMIOKMBAHHS 3a[aHOTO CIOXKHBaua, sika 3adesmeuyeThes 3 BJIE. Moro sactocyBamHs Ha erami
ineHTUdIKAI] TOXOKEHHS eJIIEKTPOCHEPTii, 3a0e31nednTh eHeproepeKTBHE KepyBaHHs (i3MIHUMH MpOoIecaMiu
B CICKTPUYHMX MEpeKax Ta CIPHATAME OOTPYHTOBAHOMY IiABHIICHHIO JIOBIpH CHOXKHBAdiB [0
enexkrponoctadanss Bix BJIE. Pa3zom 3 TuM opMyBaTHMETHCS BiAIIOBI JaIbHICTH CIIOKMBATIB 32 NIEKTPOCHEPTIIO,
AKY BiH OTPUMYE 3 EIEKTPHYHHX MePeX. M1eThes He TibKH Mo SAKiCTh eNeKTPOSHEpii, a i Tpo ii MoX0KeHHs.

Tak cknanmocs, 1O HAa CBOTOAHI 3 PI3HUX MPUYMH BKIUBUM € (OpMYBaHHS JIOKaJbHUX
enekrpoeHepretuutnx cucrem (JIEC) na ocnoBi BJIE 3 mepexonoMm iX Ha aBTOHOMHHH peXHUM poOOTH B
HOpPMaJbHOMY, aBapiiHOMY Ta BOEHHOMY CTaHaxX, a A LbOro HEOOXiAHO OyTH BIEBHEHMM B TapaHTil
MOXO/DKEHHSI eJIeKTpoeHepril. BaxkinBoro mpobiiemoro € Bu3HauaHHg B Oanmanci JIEC 4acTkd MOTYXKHOCTI Ta
enekTpoeHeprii, Bupodsenoi 3 BJIE. B puHKOBHX yMOBax MocTae HEOOXiMHICTh BH3HAYATH TAKOX KUIBKICTh
€JIEKTPOEHEPTii, KA CIHOXXMBAETHCSI OKPEMUMH CIIOKMBadaMu. lle 103BoJIsiE PO3B’sI3yBaTh Taki MEPCIEKTUBHI
3aBJaHHs K (OpMyBaHHS KOONEPATHBIB Ul €HEPro3ade3NeyeHHs CeNMIIHUX TpoMa] Ta iHIMX 00'elHaHb Ha
ocuHoBi BJIE [4]. ns Toro, mo0 3a0e3MeYnTH MOTEHIIITHO MOXIHBicTE poooTu JIEC B aBTOHOMHOMY PEXHMI,
HEOOXIHO CTBOPHTH B Hilf YMOBH [T OaaHCY IMOTY>KHOCTI Ta enekrpoeHeprii. [e Bumarae Bukopuctanus B JIEC
Cy4JacHHX 3aC00iB pe3epByBaHHS HECTAOLIEHOCTI TeHepYBaHHS (DOTO Ta BITPOBHUX eJIEKTpocTaHmid. Humu MOXyTh
OyTH eJIeKTPOXIMiYHI HAaKOMHMYyBaui €JeKTPOeHeprii, BOJHEBI TEXHOJOTII, 0i0ra3oBi TEXHOJOTIi, Y3ro/KeHHS
rpadikiB reHepyBaHHS Ta CIIOXKUBAHHS €JIEKTPOCHEprii, Tomlo. 3aBAaHHS NOJATAE TiIBKH B TOMY, IIO Cepej
MOXIIMBHX 3ac00iB HEOOXiTHO BHOpATH Ti, sIKi € HAWOUIbII TEXHIYHO €(PEKTUBHUMH Ta ONTHUMAIbHHUMHU OO
BUTpAr [35, 6].

MeTo10 cTaTTi € pO3pOOJICHHS METOLy BU3HAYCHHS YaCTKH MEPETiKaHb MOTYKHOCTI BITKAMHU €JIEKTPUYHOT
Mepexi 10 MEBHOrO By3ja HABaHTAXKCHHS BiJl BIIHOBIIOBAHUX JUKEpE] €Heprii Ha NpHKIaAi JIOKaJbHOT
€JIEKTPOEHEPTETUIHOI CHCTEMH.

Jloka/ibHa eJIeKTPOeHepreTHYHa CUCTeMA 3 Pi3HUMHU JKepesiaMu eHeprii

Ha puc. 1 naBeneno npuxian JiokaiabHOI enexkrpoeneprerndnoi cuctemu (JIEC), sxa moxe OyTH OKpeMoro
OanmaHCyO4OI0 TPYNOI B ckiaai enekrpoeHeprernyHoi cuctemu (EEC) 3 TeruioBuME, aTOMHHUME 1 TiZIpo
enekrpoctaniismu. JIEC chopmoBana Ha ocHOBI BigHOBIIOBaHUX mkepen eneprii (BE). 3a meBHUX yMOB Taki
JIEC MoxyTh 30epiraTé Mpane3JaTHICTh 1 3a0€3MEUYUTH EJIEKTPONOCTAYaHHS CIIOKUBAaYiB B aBTOHOMHOMY
pexuMi. B iboMy BHIaAKy BUPILIYETHCS MpodiieMa GalaHCyBaHHs HOTYXHOCTI Ta enekrpoeneprii B JIEC. ko
B JIEC crio>xuBaHHS eJeKTpOeHepril Ta ii reHepyBaHHS BiJHOBJIIOBAaHUMH JDKEPEIaMH eHeprii CriBpo3MipHi MiX
c00010, TO B Hilf peani3yeThCsl NPUHIIUI — Te, 1[0 TeHEPYETHCS, CIIOKUBAETHCS BIACHUMH CIIOXKMBaYaMu. Pa3om 3
M JIEC € 9acTHHOIO eIeKTPOCHEPTETUIHOT CUCTEMH.

Jxepenamu enextpoeneprii B JIEC moxyTs OyTH Maii rizpoenekrpocranmnii (MI'EC), poroenexkTpuyni Ta
BiTpoBi enektpocrtantii (PEC, BEC), BupoOIeHHS SKHMU €IIEKTPOCSHEPTii € HecTabilIbHAM Yepe3 3alIeKHICTh BiJl
npupogaux ymoB. Tomy B ctpykrypi JIEC 3 BJAE mepenbaueHa crcteMa HaKOIWYEHHS C€HEPTil, 3amacw sSKoi
JIOCTaTHI sl KOMITEHCallii HecTabiIbHOCTI TeHepyBaHHs Ta OanaHcyBaHHs pexxumy. B JIEC 3anisHi, sik peseps,
icaytoui B EEC MmaHeBpeHI NOTYXXHOCTI, €NEKTPOXIMi4HI HaKOIHMYyBadi, BOJHEBI TEXHOJOTii Ta Oiora3osi
YCTAaHOBKH. BukopucroByerscst Takox crocid ysromkenHss B JIEC rpadikiB reHepyBaHHS 1 CIIOKMBaHHS
€JIEKTPOCHEPTii 32 paXyHOK aKTUBHHX CTIOKHBAYiB.

B 3anexHocTi Bix TexHIYHUX 1 piHAHCOBO-eKOHOMIuHOTO MOXJuBocTeil JIEC MoxyTh opMyBaTHCS TO
pizHOMy. OCHOBHHMH € J[Ba BapiaHTH: iCHY€ iH(pacTpyKTypa 3 PO3BHHEHHM EJIEKTPOCIIOKMBAHHAM 1 HaBKOJIO
PpO30yI0BYEThCS crcTeMa po3ocepekeHoro reaepyBanns; JIEC mpoekTyeTbes i Oy IyeThes MPAKTHIHO 3 KHYIISDY
31 CIIOKMBaYeM eJIeKTpOeHeprii 1 oro eHeprozabesneueHHsIM. [CHYIOTh peanbHi npukiaau. Hanpuknaza, miroda
nTaxoabpuka SK KOMIUIEKC 3 BIATOJIBIEIO 1 MepepoOICHHsIM CHPOBHHH, KOMOIKOPMOBHIA 3aBOJ], €JIEBATOPH Ta
1H. 3araJlbHOIO TIOTYXHICTIO B cepenHboMy 30 MBA 3 xuBnenusm Big EEC na Harpysi 110 kB. Inmnit Bapiant —
MPOEKTYETHCSl 0a3a BINMOYMHKY 3 OKpEeMHMH NOBHICTIO enekrpudikoBaHuMu OyamHkamu, ®EC i niHiero
esrextponiepenadi Big EEC. Sk st nepiioro, Tak i Jpyroro BapiaHTiB XapaKTepHOIO € noeTarHa po3oynosa B JIEC
BIJTHOBIIIOBaHUX JKEPEJI HEPTii i 3ac00iB pe3epByBaHH iX HECTaO1ILHOTO reHepyBaHHs. BUHIKae MUTaHHS 1010
0OIpYHTYBaHHS X CKJIaJy, OTYXHOCTI 1 EMHOCTI, @ TAKOX YEPTrOBOCTI BIPOBAKEHHS [5].

3a neBHUX yMOB, mix yac BrpatH 3B s3kiB 3 EEC, JIEC mMoxxe QyHKIIOHyBaTH B aBTOHOMHOMY pexuMi. B
Hel BXOJAITh JDKepera eNeKTPOCHEePTii, HAaKOTIMYyBadi eJIeKTPOSHEPTii Ta CrokuBadi enekTpoeHeprii. Jxepenamu
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enektpoeneprii e DEC, BEC, mani rinpoenekrpocrantii (MI'EC), nu3zens renepatopu (/I17), 6iorazosi ycTaHOBKH
(BI'Y) 3 korenepauiitnnmu ycranoskamu. JIEC min’ennana no EEC, B ckian skoi BXOAATh aTOMHI €NEKTPHYHI
cranuii (AEC), temnoBi enekrpocranuii (TEC), rigpoenexrpoctanuii (I'EC) Ta rigpoakymymoroui
enrextpoctanuii (TAEC). B JIEC Mose Tako BUKOPHCTOBYBATHCS €JIEKTPOEHEPTis, sika BupooOiena Ha BJIE, mo
HE BXOJATH B Hel, ajie eJIeKTPUYHO 3 HEro 3B’s3aHi. B 3amexHOCTI BiJ cTaHy i MOXIIMBOCTEH BIACHHUX JDKEPEN
»uBJeHH 1 ciokuanHs JIEC moxxe Opatu abo nepenasaru enextpoeneprito B EEC.

EEC | |
+— |
- > [ >
B1E T ) |
Enexrpocrioxii- = |
_________________________ BAHHA e QEC |
: BEC  |—» ‘
: B(),.'lt‘l“ll- - e > [; \l’l ]
i MI'EC | > ‘
| A
i == | < Enckrpochepris ‘
K JAr = M E——— |
E COBIY
i KoreHeparus Ehe J
: . JEC i
i CHOKIBAHHE TA3) ‘

Pucynok 1- Cmpyxmypa noxanvhoi enexkmpoenepeemuunoi cucmemu

Sk HakomMYyBadi i MEPETBOPIOBAYI €IEKTPOCHEPTii B iHIN BHIU CHEPTii 1 HABITAKH BUKOPHUCTOBYIOTHCS
enekTpoxiMivyHi HakonnvyBaui (EXH), BomHeBi 1 Oiora3osi ycraHOBKH. BoiHeBI TeXHOJIOTIT MPU3HAYEHI HIISIXOM
EJIEKTPOJI3y BUPOOJSATH BOJEHb, SKMHA MOXe Juisi MHiATpUMYyBaHHs Oanancy enextpoeHeprii B JIEC
BUKOPHCTOBYBaTHCS Jisl BUpOOJIeHHs enekTpoeHeprii. CroxxuBauamu enextpoeneprii B JIEC e npomuciose i
KOMYHAQJIbHO-TIOOYTOBE HABAHTAXKEHHS, a TAKOXK BOAHEBI TexHoJoril Ta EXH B pexxumi 3apsy.

Bananc enexrpoeneprii B JIEC, sk B OaaHCYIOUii TpyTIi, 3aTIHCYETHCS:
+Pprc (t) + Py (1) + Pppe (1) + Pege (V) + Py (O + Pyry O £ P, ) £ P () — P, (1) —AP(t) =0, (1)

ne P (t) — motyxuicts EEC; P, (t) - notyxmicts BIE 3a mexamu JIEC; Py (t) — motyxuicts ®EC;
Pggc (t) — moryxnicts BEC; P, (t) — noryxsicte Mamux rigpoenekrpocTaiiit; Pgq, (t) — emexrpuuna
OTYXHICTh KOreHepauiiHux ycranosok; P,(t) — moryxuicts BommeBux ycraHoBok; P.(t) — moryxkHicts
enekTpoximiunux Hakornaysadis; P, (t) — noryxmicTs cioxuBauiB enekTpoeHeprii, B TOMy 9HCII «aKTHBHHX;

AP(t) — TexHOJIOrIUHI BUTPATH B ENEKTPHYHNX MEPEKAX.

Bubip cknagy crmoco6iB i 3aco0iB miist pe3epByBaHHs Ta OanaHcyBaHHs pexumiB JIEC € ontuMizamiitHoro
3amadero. KpurepieM onTUMaIbHOCTI € CyMapHi BUTPATH Ha pe3epBYBaHHS MTOTY>KHOCTI HECTAJIOTO TeHEpyBaHHS
BJIE 32 yMOBH TOTpUMaHHS TEXHIKO-TEXHOJOTIYHUX MOKa3HUKIB. CKIaAHICTh ONTUMI3aIlii MOJsITae B TOMY, IO
CKOPHCTATHCS TpaJULiHHUMU METOJaM{ ONTHMi3alii, B SKMX CKJIaHoBi LiIb0BOI (YHKIII € pO3MipHUMH
BEJINYMHAMHU (B TPOIIOBHX OJIMHUIIIX), HA CHOTOJAHI HEpeaJbHO dYepe3 pPO30IKHICTb, a TO W BIJCYTHICTH
BIATIOBITHUX I[IHOBHUX IIOKa3HUKIB. TOMY IIPONOHYETHCS CKOPUCTATHUCS KPUTEPiaTbHUM METOZI0M, OCHOBOIO SIKOTO
€ TeoPis MOIIOHOCTI, SIKUH JT03BOJISE OLIHUTHU CKJIA/IOBI CIIOCO0IB 1 3aC001B pe3epByBaHHS y BITHOCHUX OJAWHHILIX
1 HOPIBHATH X Mix co0oro [5].

BusHadyeHHs MOXOMKeHHs eJICKTPOEHEePrii y By3.1i eJIeKTPHYHOI Mepexi

OnHi€lo 3 BaXKJIMBHX NMPoOJIeM € BU3HayaHHS B OayaHci KpaiHM YacTKHU IOTY>KHOCTI Ta €JIeKTPOEHEprii,
BupoOuieHoi 3 B/IE. B puHKoBHX yMOBax nocrana HeoOXiAHICTh BU3HAYATH TAKOX KiJBbKICTh €IEKTPOEHepTii, sIKa
CIIO)KMBA€ETbCS OKPEMHMMH CIIOKMBadaMH. lle m03Boisie po3B’sI3yBaTH Taki NEPCIEKTHBHI 3aBHAaHHA SK
(hopMyBaHHS KOOIIEpaTHBIB AJIsl €Hepro3ade3neyeHHs CeNMIIHUX TpoMaJ] Ta iHINX yrpymnyBaHb Ha ocHoBi BJIE.
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Tak ckmanocs, 0 Ha CHOTOJHI 3 PI3HUX NMPHUIMH BAXKIIUBUM € (DOPMyBaHHS JIOKAIBHHUX €IEKTPOCHEPTETHIHUX
cucreM Ha ocHOBI BJIE 3 mepexomoMm iX Ha aBTOHOMHHH PEeXMM B HOPMaJIbHOMY, aBapiiiHOMy Ta BOEHHOMY
CTaHax, a JuIsl IIboro HeoOXiJHO OyTH BIIEBHEHUM B rapaHTii IIOXO/PKEHHS eJIEKTPOCHEPrii.

IcHyroui migxoau 1o opraxizanii poOOTH HaIlOHAJIBHUX EIEKTPOHHUX PEECTPIB rapaHTii MOXOKEHHs He
nepen0avaloTh BpaxyBaHHS TOIOJIOTIi Mepexi Ta MiCIii BUpOOHHILITBA eleKTpoeHeprii. Peectpu opranizoBaHni Ha
NPUHIUIAX BIIOKpEMIICHHS (i3UYHUX MPOLECIB BiJ KoMepuiiHuX. ToMy, akTyalbHHM € JONOBHEHHS iICHYHOUOi
cTpykTypu opranizauii ['TI BpaxyBaHH;IM Qi3MYHMX IPOLECIB y CHCTEMax Mepeaadi Ta po3MoAiLy eleKTpOeHeprii,
o notpedye po3poOJICHHS BiAMOBITHOTO MATEMAaTHIHOTO arapary. 3anpoIoHOBAHO METOJ BU3HAUCHHS YaCTKU
nepeTikaHb MOTYXHOCTI Bix cykymHocTi BJIE mo meBHMX BY3JIiB HaBaHTa)KEHHS, 110 MPHETHAHI IO €ICKTPUIHOL
Mepexi. CyThb METOIy MOJSTae B TOMY, IIO 3HAYCHHS MOBHOI IOTY)KHOCTI Ha IMOYATKy 1 B KiHIII KOXKHOI BITKH
CXeMH BH3Ha4YaeThCs 3a popmyoro [7]:

S, =\BU,M1,, 1)
ne U ,— AlaroHajbHA MaTpUIA HAaIIPYTH Y By3/aX, BKIIOYA0uH 1 6anaHcyBanbHi; M — MaTpuIld 3’ €JHAHb BITOK y

BY3J1aX, BKIIOYAIOUH i OaaHCyBanbHi; |, — MiaroHanmpHa MaTpHIL CTPYMIB Y BITKaX CXEMH.
epemmemo (1) gepes 3anarodi cTpyMHu y By3nax J
$,=\BU,MCJ,, )
ne C= Z;l M; (M Z;l Mt)'1 — MaTpuls CTPYMOPO3NOMidy 3afalouMX CTPyMiB MO BITKaX CXeMH, e Z,—
JliaroHajibHa MaTPUIIS KOMIUIEKCHHUX OTIOPIB BITOK CXEMH EJIEKTPUYHOT MEPEXi.

3 BpaxyBaHHSM TOTO, 1110
3= U8,
NE)
3HAYCHHS [OTYXKHOCTEH y BITKAX CXEMH 4epe3 MOTYKHOCT Y BY3/1axX S 3amMImyThes K
§,=U,MCU}S. A3)
BBeneM nosHaueHHs
A=U,MCU}, (4)
ne A — MaTpHIs pO3NOiNY MOTYKHOCTI By3JiB IO BITKaX eIeKTPHUHOI CXEMH.
Bupa3 (3) Toxni mepenumeThes

S, =AS. (5)
Jliist Bu3HaueHHs neperikanb Big BJIE y BiTkax cXeMu MOXHa CKOPUCTATHCS BUPa3oM (5):
S«B,ZZE =A\SB[(E . (6)

Je S ... — BEKTOp IepeTikaHb MOTYKHOCTI y BITKaxX CXeMH, BUKJIMKaHUX MOTYXHicTio By3niB 3 BJE; S__— Bekrop

6BJE BIE
MOTYKHOCTEH BY3JIIB CXEMH, 1110 BiANOBIa0Th By3iaM cxemu 3 BJIE.

OxpeMo BHHHKAE 3ajjavya I[0JJ0 rapaHTOBaHOI'0 MOXO/KeHHs! enekTpoeHeprii Big BJIE s koHkpeTHOTO
crioxuBaya. B mpoMmy Bumazky Bupas (4) sl BU3Ha4YeHHs MOTOKYy mnortyxHocti Bix BJIE no i-ro Bysna

CIIPOIY€ETHCS:

. . PO
Ai :(U[ I\/Ii )C| B,dEUr)B,uE ' (7)
-1 . LA [ . .. . .
ne U,,,, — AiaroHanbHa MaTpuus HanpyrH y Bysnax 3 BJE; C, . — i-i panok matpuni koedimienTis posmominy
CTPYMIB IT0 BiTKaX CXEMH €NEKTPUIHOT MEepexKi, IKHiA BiqmoBigae By3nam 3 BJIE:
~ I -1
Cimu;‘ - Zﬁ MrBuEYKuE !
M, i+ Y, — dparMeHTH TpaHCIOHOBAaHOI MATpuUIli 3’€JHAaHb Ta MATPHLi BY3JIOBMX NPOBifHOCTEH cxemu

SJIEKTPUYHOT MEpexi, sIKi BinoBinatoTs By3nam 3 BJIE.
KoeodinieHTH po3noiay NOTYKHOCTI By3IIiB y BITKaX €JIeKTPUYHOI cxeMH A 1y By3nax A, 3ajlexKaTh Bif

napaMeTpiB CXeMH, SKi 3a TIEBHUX JIOMYLIEHb BBAXKAIOTHCS ITOCTIHHUMH, a TAKOX Bijl 3HAUEHb HAIPYTH y By3Jax,
AKi OOyMOBIJICHI HaBaHTQ)XEHHAM 1 T'CHEPYyBaHHSAM Y By3/nax cxeMu. Hampyra y Bysmax Juidl BHU3HAUEHHS

koediuieHTiB MaTpunb A 1 A, B 3aJI€XHOCTI BiJl HEOOXiHOI TOUYHOCTI MOXKE NPUHMATUCS 3a Pe3yJIbTaTaMU

PO3paxyHKIB ycTajeHoro pexxumy, 3a nanuMu ACKOE a0o sik cepesHi 3Hau€HHS HANPYTH Y BY3/1ax 3a MEBHUM
nepioz.

EdexTuBHICTE pO3pOOICHOTO METOXYy BHM3HAYEHHS IOTYXKHOCTI, IO TEpEeNaeTbcs J0 i-TO By3la
enexktpruHoi Mepexi Big BJIE, mokaxemo Ha mpuxiazi enekrpuaHoi Mepexi 110 kB, cxemy skoi npuBeaeHo Ha
puc. 2. Onopu BiTOK, HAaBaHTA)XXEHHS 1 TeéHEpyBaHHs MOKa3aHo Ha cxemi. bamancyrounm By3mom € By3os Nel, BJIE
3HAXOAUTHCA Y BY31i 6. Jlo 5-To By3na enekrpudnHoi Mepexi npuennano JIEC 3 MmakcuManbHIM HaBaHTaKEHHSIM
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50 MBT, sike 30amancoBade reHepyBanHsM Binx BJIE i cuctemu HakonndeHHs eHeprii. BukoHaHO po3paxyHOK
ycTajeHoro pexumMy mnporpamoro PowerFactory 15.1 mis crany, konu JIEC mae nediliuT akTHBHOT MOTY>KHOCTI
25 MBT. IcHytoTh OOMeEXeHHs Ha 3HadeHHs noTtyxHocTi, siKky JIEC moxe cnoxxuaru 3 EEC. Tomy HeoOXiqHO
cTBOpUTH yMoBH i1 Toro, o0 JIEC orpumyBana sxusnenHs Bin BJIE, sxe posmimene y Bysmi 6. 3a
pe3ysbTaTaMi KOHTPOJBHOTO PO3paxyHKy YCTaJeHOro pexuMmy st takoro crany JIEC cymaphi Brpatu
IOTY>KHOCTI B €JIeKTpHuHiil Mepexi cTanopaTh AS =3,15+j2,8 MBA, 3HaueHHs MOAYiB i (a3 HAIPYTH y By31axX
MIPUBEJICHO HA CXeMi pHcC. 2.

80+ 138,28 412 23413
m /<0 218 [:] O 3770283
/ ™~ 3
7 \ '-\ [-\
| (>/Q )I G/\ L9816 /\‘/\ Z=18116.352 \izl , N
s | :
;;“l\l‘ ‘l“'\l‘ ) ~ ’_'ﬂ H( ’
2 =
B [F S A =1k
N N o
Q) Q 0 @ (6
- Z=4,5+14,08 L Z=182514.28 y

\

) (»L 19 1549 1540 )
ITTATZ-0.238 110,712-0.214 TT00.-0.338

PI/ICyHOK 2- Eﬂekmpulma mepesica 3 IOKANbHOW eleKmpoeHepcenmudHo CUCmemoro

CkopucTaBiuch Bupa3oM (7), 3a Hanpyru y By3mi 6 110 kB Bitkoro 6 mo By3na 5 i B JIEC mepenaerscs
noTyxHicTh 14,339 MBT. Ha nouarky BiTku 6 motyxHicTh ckinanae 14,614 MBT, BTpaTn akTHBHOT ITOTY>KHOCTI B
Hilt mopiBHIOIOTH 0,275 MBT. lle cniBnagae 3 pe3yiapTaTaMy, OTPUMAaHAMH IIIIXOM KOHTPOJBHUAX PO3PaxXyHKIB.

BucHoBknu

3aB1siky po30y/I0Bi BiJTHOBIIIOBAaHHX JKEPET B €IEKTPOCHEPTeTHYHNX CHCTEMAX, 30KpeMa B PO3MOAIIBHUX
SJICKTPUYHHUX Mepekax, IOSBHIACS MOJIMBICTh CTBOPIOBATH CHUCTEMH EJICKTPOIIOCTAYaHHS CHOXXHBAdiB Ha
ocHoBi BJIE. ITo3a TuM, mo ne 3a0e3nedye IeBHI NepeBary Mmoo eHeproe()eKTHBHOCTI eJIEKTPONIOCTAYaHHS, €
MOXIIMBICTh ()OPMYBaHHSI JIOKaJIbHUX €JIEKTPOCHEPreTHUHHUX cucTeM Ha ocHoBi BJIE sik GanaHcyrounx rpynu B
eJIeKTpoeHepreTuyHii cucremi. [Ipote uepes Te, 0 reHepyBaHHs (OTOEIEKTPUYHUX 1 BITPOBUX €NIEKTPOCTAHIIN
3aJIeKHTh BiJl TIOTOJHUX YMOB, TO BOHH HE MOXYTh OyTH rapaHTOBAaHMM II0CTAYaJIbHUKOM €JEKTpOeHeprii 0e3
JIOZIATKOBUX 3ac00iB. TaKUMU MOXYTh OYTH CHCTEMH, SIKi 3amacaroTh (HAKOIMYYIOTh) €IEeKTPOCHEPTilo, KON B
JIEC reHepyeThCsl HAIUIHIIOK €ICKTPOCHEPTril /I BIACHUX CIIOKHBAYIB, 1 SIKI IOBEPTAIOTh E€JICKTPOCHEPTIO B
JIEC, xomu B Hiil cmocrepiraerbest aedinur. 3a takux ymoB JIEC MoxyTh 30epiraTé mpaune3iaTHICTh 1
3a0€3IMeYNTH eJIEKTPONIOCTAYaHHS CIIOKUBAYIB B ABTOHOMHOMY PEKHMI.

[IpomoHoBaHwMit B poOOTI METO MOXKE OyTH iHCTPYMEHTOM MiATBEpUKEeHHs rapantiii moxomkernas (I'11)
eHeprii, o NPOJAEThCS Ha po3ApiOHOMY pHHKY. BukopucroByroun ioro moxe OyTu chopMoBaHa JIOKalbHa
eJIEKTpOeHepreTnyHa cucteMa Ha ocHoBi BJIE 3 MoxiuBicTio epexoay ii B aBTOHOMHHI PeXnuM. 3a yMOBH, IO
B JIEC BcTaHOBIEHa cHCTEMa HAKOIMYEHHS €JIEKTPOCHEeprii, BHKOPHCTOBYIOTHCS AaKTHUBHI CIIOXKHMBadi
eJIEKTPOSHEPTIi Ta Y3roMKYIOTECS Tpadiku coxuBaHHs i reHepyBanHs B/IE, To BoHa Moke (YHKIIOHYBATH SIK
Ganmancyroda rpyma.
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GUARANTEED ORIGIN OF ELECTRICITY IN THE LOCAL POWER SYSTEM
WITH RENEWABLE ENERGY SOURCES

The article is focused on the development of a method for determining the part of electricity generated by
renewable energy sources (RES) in the electricity flows in the branches of the electric grid. The method is based
on a mathematical model of the electric grid, in which the coefficients of current distribution in the branches of
the circuit from RES nodes and nodal voltages are used to determine the electricity flows in the branches of the
electric grid. As a result, a matrix of power distribution coefficients of RES generation units to load nodes of the
power grid is formed. This way, the component of the load power that depends on the power in the RES nodes is
determined. The voltages used to form the RES power distribution matrix are determined based on the results of
calculating the steady-state modes of the power grid or on the measurement data of the ACEMS.

Since the forming of local electric power systems (LES) based on RES is actual, the article considers LES
as a balancing group within the electric power system (EPS), which can operate as an autonomous system
according to certain conditions. It is shown that for this purpose, a RES reservation system should be created in
the power system due to their dependence on natural conditions and, accordingly, the instability of their electricity
generation. When a transmission system operates as part of an EPS, a general system reserve is usually used
(mainly maneuverable capacities of thermal and hydroelectric power plants). In order for the LES can operate as
an autonomous one, it is proposed to use other means of power reserve available today: electrochemical energy
storage, hydrogen and biogas technologies. An effective way is to coordinate the schedules of RES generation in
the LES with the load schedules of active consumers.

The example shows that in the case of a power deficit in the LES, RES located in the power grid can be
used. The values of the necessary power at the LES connection node, power flows in the branches connecting the
LES and RES grid, and power losses in them are determined by the offered method.

Keywords: local electric power system, renewable energy sources, instability of generation, electricity
consumption, guarantees of electricity origin.
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COMPREHENSIVE CONDITION ANALYSIS AND PERSPECTIVES
OF ENERGY DEVELOPMENT IN UKRAINE
ACCORDING TO THE SMART GRID CONCEPT

The article examines development trends of the energy complex of Ukraine, possibility and prospects of
creating a modern energy complex through the use of an innovative technical base for energy management in
accordance with the Smart Grid concept. The general properties of Smart Grid technology and its main
advantages are given by authors. It is shown that within the framework of the Smart Grid concept, the intelligent
electric power system is considered as a single network of information and control systems. The process of electric
power industry modernization in the direction of the creation of "smart" power supply networks in a number of
European countries, which aims to ensure stable development, economic growth, growth of living standards and
protection of the natural environment, is considered. The paper describes modernization methods of the electric
power complex of Ukraine based on foreign experience. It is shown that from the point of view of energy security
and sustainable development, Smart Grid is able to ensure the operation of the power grid even in case of damage
or destruction of one segment, which is a key advantage during post-war reconstruction. They will also make it
possible to effectively integrate renewable generation and energy storage systems into the grid, as well as provide
auxiliary services for forecasting the power system operation. The paper analyzes the problematic issues of
implementing the Smart Grid concept in Ukraine. They include the lack of technological solutions and methods
that provide an effective algorithm for determining the state of power networks cyber security; large length of
power distribution networks and insufficiently developed infrastructure. A comparative description of the existing
energy systems functional properties and energy systems based on the Smart Grid concept is presented in general.
An analysis of possible ways of electric power industry development was carried out, which showed the presence
of serious limitations of electric power industry development within the framework of the former concept, based
mainly on the improvement of certain types of equipment and technologies. It is shown that Ukraine is at the initial
familiarization and formation stage of the first organizational initiatives for Smart Grid, namely the
implementation of the government-approved Concept of the "smart grids™ introduction in Ukraine for the period
up to 2035. The purpose and expected results of this Concept implementation are considered.

Keywords: Smart Grid, power supply, energy efficiency, energy systems, renewable energy sources,
intelligent meters.

Introduction

Currently, there are certain problems in the field of electric power of Ukraine, the main of which is the
significant wear of the power network complex, as a result the power networks cannot withstand the load. The
high level of wear of main and auxiliary power system equipment and the uneven distribution of the load in the
network often lead to emergency situations and power outages.

The modern development of the electric power industry on a global and national scale must correspond not
only to the new goals and development trends of the world and national economies of countries in the 21st century,
but also to the new types of economy, ecology and social.

Russian military aggression against Ukraine significantly complicates the problems of ensuring regular
operation of energy supply systems of enterprises and the population. Thus, during the war, more than 227
enterprises, plants and factories were damaged or destroyed, about 4% of generating capacities were destroyed
during hostilities, another 35% of capacities are located in the occupied territories. About 50% of thermal
generation, 30% of solar generation, and more than 90% of wind generation were destroyed or are located in the
occupied territories, oil refineries were also partially destroyed [1].
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After disconnecting in February 2022 from the remnants of the Soviet energy system and joining the
ENTSO-E network in March 2022, the transition of Ukrainian energy workers to equipment and management
protocols according to international standards has become more relevant than ever. Ukraine's post-war recovery
efforts to modernize the economy, decarbonize industry and increase the production and supply of renewable
energy to Europe are intended to accelerate this process. One of its key elements is the development of Smart Grid,
i.e. "smart energy networks".

Purpose of work

Research and comprehensive analysis of Ukrainian electrical networks development in accordance with the
concept of Smart Grid to increase the distribution informativeness, transmission and consumption of electrical
energy during the post-war reconstruction.

Research material

Smart Grid is a concept of a fully integrated, self-regulating and self-healing electric power system, which
has a network topology and includes all generating sources, trunk and distribution networks and all types of electric
energy consumers, managed by a single network in real time. Today, the phrase "intellectual energy" is becoming
a term denoting new principles of energy work, both in Ukraine and abroad. Modern electronic, information,
telecommunication, computing technologies improve the processes of energy production and energy flows
management at the enterprises, make them reliable, safe and efficient, and provide the consumer with new
opportunities [2].

Significant changes have taken place in the world regarding the energy development strategy. A set of tasks
was defined for different countries to build energy strategies of the 21st century. The main focus is on providing
three components: energy supply (uninterrupted supply of electrical energy of appropriate quality), energy
availability (energy saving and an affordable price for electricity) and energy acceptability (minimum impact on
the environment). These components are considered as the basis for achieving the global goal of ensuring stable
development, which guarantees the sustainable growth of the economy, the living standards and environment
protection [3].

In a number of European countries, the process of electric power industry modernization in the direction of
creating "smart" power supply networks has been going on systematically and consistently for a long time.
"Intelligent" management of the power grid provides automation, transmission control in both directions of energy
at all stages — from the power plant to the consumer. Today, the largest programs are carried out in the USA,
Canada and all the countries of the European Union, especially in Latvia, Italy, France, and Germany [4]. Similar
projects will be implemented in large developing countries: India, Brazil, Mexico. It is planned equip all consumers
with smart meters in the USA, China, Brazil, and Japan. Smart Metering is a useful element of the "smart energy
network™ for consumers. They are installed at home or office and can provide near-real-time data on energy
consumption, helping to make informed decisions about how much energy to use and at what time. Such meters
are able to monitor the energy consumption of each device and maintain certain rules of behavior during peak load
hours. Not only consumers can get benefits from this, but also energy companies that are interested in increasing
the efficiency of their processes (thanks to remote control of meters) [5].

In Ukraine, work by the implementation of the latest technologies in the national energy system began
relatively recently. For example, since 2014, the Belgian company Tractebel has been engaged in the development
and implementation of the pilot technologies and Smart Grid projects at the level of the system operator - NEC
"Ukrenergo". Distribution system operators are also gradually trying to implement elements of smart electric grids.
The Smart Grid project is being implemented within the framework of the Electricity Transmission Project,
financed by the IBRD with the assistance of the Clean Technologies Fund. The goal of this project is to reduce
CO; emissions by ensuring the technical possibility of increasing the generation share from renewable energy
sources (RES) in the country's overall energy balance [6, 7]. The result of Smart Grid implementation should be
the creation of an energy information network.

As part of the Smart Grid concept, the intelligent electric power system is considered as a single network
of information and control systems that provides (Fig. 1):

« integration of all types of generation (including small generation) and any types of consumers (from
households to large industry) for situational management of demand for their services and ensuring their active
participation in the energy system operation;

- real-time change of network parameters and topology according to current operating conditions, excluding
the occurrence and development of accidents;

* expansion of market opportunities of the infrastructure through mutual provision of a wide range of
services by market entities and infrastructure;

» minimization of losses, expansion of self-diagnosis and self-recovery upon compliance the conditions of
electricity reliability and quality;

« integration of power grid and information infrastructure to create an all-mode control system with full-
scale information support.
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The following advantages of the Smart Grid infrastructure can be highlighted:

» network infrastructure stability, which continues to work even in case of damage or destruction of one
segment;

+ development of RES, distributed generation, storage systems and green energy transition;

« Digital Twin technology, which allows modeling and forecasting of modernized network operation;

« a flexible system that helps consumers become suppliers through electricity generated on home solar
panels or through used car batteries.

Therefore, from the point of view of energy security and sustainable development, Smart Grid is able to
ensure power grid operation even in case of damage or destruction of one segment, which is a key advantage for
Ukraine in wartime and post-war reconstruction. They also enable the efficient integration of renewable generation
and energy storage systems into the grid, as well as providing support services for forecasting of the power system
operation.

GENERATION TRANSMISSION DISTRIBUTION & CONSUMPTION

Commercial
& Industrial

g.
& u -3
30

Power Plants

Solar & Wind
Farms

Disrbuted Generation

Figure 1. Intelligent electric power system scheme based on Smart Grid concept

Problematic issues include the lack of technological solutions and methods in Ukraine that provide for an
effective algorithm for determining the state of power networks cyber security, it is also necessary to take into
account the large length of power distribution networks in our country and insufficiently developed infrastructure.
For the successful implementation of "smart networks", it is necessary to use successful world and European
experience, as well as developed and tested standards and recommendations, in particular, of the International
Electrotechnical Commission (IEC), the International Organization for Standardization (ISO), the International
Telecommunication Union (ITU) and the European Committee for Electrotechnical Standardization (CENELEC).

Currently, significant and rapid changes are taking place in the electricity sector of Ukraine, some of which
pose certain threats to energy system reliability and safety. The electric power industry of Ukraine operates within
the framework of a market model, where power plants (generating units) are dispatched in accordance with market
requirements, and the power grid control center performs a general control role — balancing active power and
providing auxiliary services to maintain the reliability and quality of electric power. Table 1 summarizes the
comparative characteristics of functional properties of existing energy systems and energy systems based on the
Smart Grid concept.

The conducted analysis of electric power industry development showed the presence of serious limitations
within the framework of the former concept, based mainly on the improvement of certain types of equipment and
technologies. One of the directions of energy sector development is the intelligent systems implementation. It is
expected that the development and implementation of the functional properties discussed above will significantly
increase the electric power industry efficiency and ensure the expected benefits for all interested parties.

In Ukraine, we can still note the initial stage of familiarization and formation of the first organizational
initiatives on Smart Grid, as well as testing of individual technical solutions. However, we already have the first
initiatives in this field [8]. Thus, on October 14, 2022, the government approved the Concept of the implementation
of "smart networks" in Ukraine for the period until 2035. The document, developed with the support of the World
Bank, provides the development of the energy system on modern principles [9, 10]. The purpose of this Concept
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is to define directions and tasks, as well as to ensure the coordination of actions for the implementation of "smart
networks" taking into account the existing and planned state and regional programs for the development and
modernization of the energy sector.

Table 1. Comparative characteristics of functional properties of existing energy systems and energy systems
based on the Smart Grid concept

Energy system today Energy system based on the Smart Grid concept

One-way communication between elements or its
absence

Centralized generation — distributed generation with
low integration

The topology, mainly radial Mostly network

Reaction to accident consequences Reaction to accident prevention

Monitoring and self-diagnostics, which extend the
equipment operation

Two-way communications

Distributed generation

Equipment operation until failure

Manual recovery Automatic recovery — "self-healing networks"
System crash proneness Prevention of the system accidents development
Manual and fixed network selection Adaptive selection

Inspection of equipment on site Remote equipment monitoring

Limited control of power flows Management of power flows

Unavailable or very late information about the price

Price in real time
for the consumer

The expected results of the Concept implementation are [9]:

« improvement of the electricity supply reliability and quality, operational characteristics and overall
productivity of the entire energy sector;

« increasing of operational efficiency, effective integration of distributed generation, providing remote
monitoring and diagnostics, optimization of the use of assets and resources, improvement of the power grids
configuration;

« increasing the energy efficiency level, which will reduce networks losses of transmission system operator
and distribution system operators, improve the efficiency of load management (active and reactive), reduce the
level of carbon emissions (the expected reduction in the level of electricity technological costs by 2030 is at least
30%);

« reduction of frequency and duration of consumer outages;

* providing consumers the opportunity to manage electricity consumption, reduce energy costs (expected
reduction of the average duration index of electricity supply long interruptions and the Electricity not Supplied
(ENS) index by 2030 in three times).

Therefore, the implementation of Smart Grid technology will significantly increase the reliability and
economy of the energy system of Ukraine, and improve the consumers service quality. Today, a large number of
green energy projects have already been launched and operating in Ukraine, "intelligent" management systems of
energy generation, transmission and consumption are being introduced. Despite the risks connected with the
implementation of energy-saving projects, the current legal framework provides investors sufficient incentives and
mechanisms to ensure the successful implementation and development of green energy and Smart Grid projects in
Ukraine.

Conclusions

The application of "smart grid" technologies will cover the work of the entire energy sector and will have
long-term benefits for energy companies and end consumers. Energy companies that will apply "smart grid"
technologies will be able to receive significant benefits due to the reduction of capital and operating costs,
improvement of the electric energy quality, increase in the level of consumer needs satisfaction and positive impact
on the environment.

In addition, the results of the "smart grid" technology implementation are the power grid operation
transparency — obtaining data about the entire power system state with the transmission of data from equipment
and meters, as well as control commands in real time; ensuring of the power grid operational management; power
system automation — quick adaptation to changing conditions with minimal intervention of dispatcher (operator);
increasing of the invoicing accuracy, prevention of electric energy theft and fraud, detection of violation cases of
legislative requirements; reduction of losses in electric energy transmission and distribution systems due to
improvement of system planning and asset management.
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KOMILIEKCHUMI AHAJII3 CTAHY TA HEPCHHEKTUBU PO3BUTKY EHEPTETUKHA
YKPAIHM BIZITOBITHO KOHIEIIIII SMART GRID

Y emammi pozensioaromscsa menoenyii po3eumxy enepeemuyno2o Komniexcy Yxpainu i modciugicms ma
nepcneKmusl CMEOPeHHs CYYACHO20 eHep2emuUyHO20 KOMNJEKCY 3d PAXYHOK GUKOPUCMAHHA [HHOBAYIUHOL
mexuiunoi 6asu yYnpaeninus euepeicio 8ionogiono konyenyii Smart Grid. Aemopamu nagedeno 3acanvii
enacmusocmi mexnonozii Smart Grid ma cgpopmynvosani ocnosni it nepesazu. Ilokazano, wo y pamkax Konyenyii
Smart Grid inmenekmyanbHa eneKmpoeHepeemuyHa Cucmema po3enadacmovcs K €OUHA Mepexnca iHpopmayitiHo-
Kepytouux cucmem. Posensanymo npoyec mooepnizayii enekmpoenepeemuKu 8 HanpsamKy CIMeOPEHHs «PO3YMHUX»
Mepedic eleKMpONnoCmMadants y psoi €8PONeliCbKUX KpaiH, AKUll Mae Ha memi 3abe3nedenHs CmabiibHO20
DPO3BUMKY, 3DOCMAHHA EKOHOMIKU, DPIBHS JICUMMs HACENeHHA Mda 3aXUC HABKOTUWHBLO2O HNPUPOOHO20
cepedosuuja. B pobomi onucani cnocobu mooepHizayii eneKmpoenepeemuiHo20 KOMIieKcy YKpainu cnuparoyucs
Ha 3akopooHHul doceio. Tlokazano, wo 3 no2asidy enepzobesneku ma cmanozo pozeumxy Smart Grid 30ammi
3abe3neuumu pooomy eHepeomepedrci Hagimv y paszi NOWKOONCeHHs ab0 PYUHYBAHHA 00HO20 CE2MEHMY, WO €
KII0Y08010 Nepesazoro nio 4ac NOBOEHHO20 GIOHOGNEeHHA. Bouu makooc 003601Amb eekmugno inmezpysamu
BIOHOBI08ANY 2eHepayilo ma cucmemu HaKONUYeHHs enepzii 8 Mepedxcy, a MmaKoic Haoaeamu OONOMINCHI NOCTY2U
3 NPOHO3Y8aHHA pobomu enepeocucmemu. B pobomi npoananizogano npooOiemui nUmanHs 6RPOBAONCEHHS
xonyenyii Smart Grid ¢ Yxpaiui. /[o Hux nanescumsv 8i0CYmHuicmb MEXHON0IUHUX pillenb ma Memooux, ujo
nepeddauaroms iUl ANCOPUIM BUSHAYEHHS CMAHY KiDepOe3sneKu enekmpomepedtc;, 8eiuKda NpomsNCHICIb
eeKMPOPO3NOOILIbHUX Mepedc | HeOOCMAmMHbO PO3BUHEHA IHGpacmpykmypd. Y3aeanvHeHo npeoCcmagieHo
NOPIGHAIbHY XAPAKMEPUCMUKY QYHKYIOHANbHUX 81ACMUBOCHEN OTIOUUX eHEPSeMUYHUX CUCTIEeM | eHep2emuyHUX
cucmem na 6asi konyenyii Smart Grid. IIpogedenuti ananiz MONCIUBUX ULISAXIE PO3BUMKY eleKMPOeHep2emuKlL,
SAKUU NOKA3A8 HAABHICMb CEPUOZHUX 0OMEINCEHb MONCIUBOCMEN PO3GUMK) €TIeKMPOEHeP2eMUYHOL 2ay3i 8 pamKkax
KOMUWHbOI KOHYenyii, 3aCHOBAHOI NepesajiCHO HA NOKPAWEHHI OKpeMUX 6udié OONAOHAHHS I MEeXHONO2I.
Ilokazano, wo VYKpaina 3mHaxoO0umvcsi HA NOYAMKOBOMY emani O3HAUOMIEHHA [ (POpMYBAHHA NePUiUx
opeanizayitinux iniyiamus no Smart Grid, a came peanizayii cxeanenoi ypsioom Konyenyii enpogadsicenis
«PO3YMHUX Mepedicy 6 YKpaini na nepiod 0o 2035 poxy. Pozensanymo memy ma ouiky8aui pe3yibmamu peanizayii
yiei Konyenuyii.

Kuarouosi cioBa: Smart Grid, erekmponocmauanus, enepeoegh)ekmusHicmo, enepeemuyHi cucmemu,
BIOHOBIIOBANILHI Ddicepend enepeii, IHMeaeKmyanbHi TIYUTbHUKU.
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AHAJIITUYHE PO3B’SI3AHHSA
ANPEPEHIUAJIBHOI'O PIBHAHHS TEIIJIOITPOBIJHOCTI
JJIA MO KO/KEHOI TEIIJIOBOI I130JIs1II TPYBOITPOBO/IIB

s cucmem mennonocmavanusa Ykpainu axmyanvHoio npoOnemoio € 6UsHAYeHHs ma NpoSHO3Y6aHHs
eémpam mennogoi emepzii npu mpaHcnopmyeanni menionocis. Tennompacu menniogux Mepesic Marms 6eIuUKy
0082ICUHY Ma IX [30/1Yisi ROWKOOdCeHa. Bemanosnenns npunadie ob1iky meniosoi enepeii Ha 6cix Oxcepenax ma
y 6cix cnoocusauie (mobmo 6yoieenv) 6e3 GUHAMKY 00360JA€ SUSHAUUMU MA NPOSHO3YEAMU PeanbHi Meniosi
empamu y mennosill mepexci, aie ye € CKIAOHOW 3a0ayeio, He 8Ci cnoxcugadi i 0xcepena peanbHO OXONJeHi
obnikom eumpamu menna. 3a0aya 6U3HAYEHHA MENIOBUX GMPAM € MAKONC AKMYAIbHOW Ol cucmem
eHep2OMEHEONCMEHMY CUCTeM MENTONOCMAYAHHS, NIONPUEMCIMEG eHepeemuKy ma npomuciogocmi. Pose'szanns
3a0a4i  NPONOHYEMbCS  OKpeMUM MAMEMAMUYHUM —MOOENIO8AHHAM — MEMNEPAmMypHO20 CmaKy  OLIAHKU
HOWKOONCEHO20 [30MAYIUHO20 Wapy 3 SUSHAYEHHAM MENI06020 NOMOKY uepe3 Hb0o2o. Bupiwenus 3aoaui
3anpONOHOBAHO 3pOOUMU MEMOOOM AHATIMUYHO20 PO36 A3AHHA OUPePeHYianbHO20 PIBHANHA MEeNIONPOGIOHOCHI
3 SPAHUMHUMU YMOBAMU MPembOo2o pody. IIpu pieHoMmipHoMY po3noOini XapaKmepHux ROUKOOICEHb 3a 342ANbHOIO
00BIAHCUHOIO MPYOONPOBOOY ZHAIOYUU MEINCT BNIAUEY NOUKOONCEHHS, YACMKY NOWKOONCEHHSL I301AYil ma KinbKicmy
NOWKOOJCEHb HA MPYOONPO8OOT MONMCHA BUSHAUUMU PeanbHUll meniosuii nomix i3 308HIWHLOI NOBEPXHI
mpy6onposodie y m.u. Koe@iyicHm 30L1bUleHHs MEeNnJ08Ux empam Ha OUISIHYL MenIompacu no 8IOHOULEHHIO 00
MUxX, Wo GU3HAYEHI HOPMAMUGHUMU OOKYyMeHmamu. Tpaouyitino 30e6inbuioco po32nsioarmscsi 0OHOBUMIDHI
MoOeni abo BU3HAUEHHS 080BUMIPHO20 MEMNEPAMYPHO20 NOJIA MA QAKMULHUX MENIO8UX NOMOKIG Y NONEPEeUHOMY
nepepizi 00 0ci XapakmepHoi nowKo0X*CceHOi OLIAHKU i30AYil. Ane npu ybomy He 8paxo8yEMbC 080BUMIPHICMb
meMnepamypHo20 noJjia NOWKOONCEHO20 wapy i30a3Yyii no 008xicuHi (mobmo 6300862ic oci) mpyoonposody. Tomy
Memow 0anoi pobomu € po3poOKa MemoOUKU GU3HAYEHH MEeNI08UX 8mpam mpybonpoeooamu 3 ypaxy8aHHIM
NOWIKOOMNCEeHHS X 1307AYil ma po3nooiny XapakmepHux NOWKoONdceHb 3a 008dxcuHor. IIpogedeno make
MoOento8ants 01 00Hici 3 OLIAHOK. Takodic nposedeni eKCnepUMenmaibi ma Yuceabti 00Cai0NHCEHH MEMOOOM
KiHYesux pisHUYb 8 KOMOTHAYIT 3 MEMOOOM NPO2OHKU 3MIHHUX HANPABLEHb 0151 AHAOSTYHUX MOOeael NiOmeepoulu
30ie aHaNiMuuHo20 pilleHHs 3anpONOHOBAHOT MOOeNi ma KiHYeBOPI3HUYeB0i Mooeni y mexncax O0nycmumoi
nozpiuiHOCmI.

KurouoBi ciioBa: cucmemu enepeemuunoco menedrcmMenmy, menionocmaianis, mpyoonpoesio, meniosa
i3019Yis, NOWKOOJICEHHA, MPAHCNOPMYBAHHA MENIOMU, 6Mpamy Menjiomy, Mamemamuiyne MoOen06aHHs,
aumanimuyme po3e sa3aHHa

Beryn

OnHi€ro 3 XapakTepHUX NPOOJIeM Y CHCTEMaX TEIUIONOCTavyaHHs YKpaiHH € BU3HAYCHHS Ta IIPOTHO3YBaHHS
BTPAT TEIUIOBOI €HEprii IMpH TPaHCIOPTYBaHHI TEIUIOHOCISA. BUTBIIICTE TPyOOIPOBOIIB TEIIOBHX MEpex Ta iX
i3oisi1isl y OaraThoX HAceNeHMX IMyHKTax YKpaiHu molukojpkeHa (auB. puc.l). JloxkuHa IUISHOK TeruioTpac i
Marictpajei BeJIMKOro JiaMeTpa € 3Ha4HO0 1 Moyke ocsiraTyl 10 kM 1 Oinbliie. be3 BcTaHOBJIGHHS IPHUIIaiB 00Ky
TEIJIOBOI eHeprii Ha BCiX JpKepeaax Ta y BCIX CroxuBayiB (ToOTo OyniBenb) 0e3 BHHATKY BH3HAYHUTH Ta
MPOTHO3YBaTH peajibHi TEIJIOBI BTPATH Y TEIJIOBIi Mepexi € CKilaIHOo 3a1a4eto. L[5 3a1aua € Takoxk akTyaabHOO
JUISL CUCTEM €HEPrOMEHE/DKMEHTY CHCTEM TEIUIONOCTaYaHHs, MAMPUEMCTB EHEPreTUKHU Ta IPOMHCIOBOCTI.

AHaJII3 cTaHy J0CTiKeHHsI

AKTHBHO 3aliMaJiCh BH3HAYEHHSIM TEIUIOBHX BTpaT 3 YypaxyBaHHAM ()i3UYHOTO 3HOIIYBAHHS
TEII0i30JsIiHHOT KOHCTPYKLiT BueHI Ky3Henos, [TonoBHUKOB Ta iH. BOHHM akIEHTYIOTh yBary Ha BpaxyBaHHI
HEO/IHOPITHOCTI TEIUIOI30IIALIT Ta il MONIKOKEeHHs, (aKTOpiB eKcIuTyaTallii, 3BOJIOKEHHS Ta JedopMarii mapy
i3omamii. ¥ X poborax 3ae0UIbIIOro pO3IIISANAIOTHECS OJHOBUMIPHI Mozeni abo BH3HAYEHHS JBOBHMIPHOTO
TEeMIIEpaTypHOTO T0Jisl Ta (JaKTHYHMUX TEIUIOBHX IIOTOKIB Y TIONEPEYHOMY Iepepi3i 10 OcCi XapakTepHOI
MOMIKO/DKEHOI AULTHKK 130Js1ii. AJjie IpHM IIbOMY HE BPaXOBYETHCS JIBOBUMIPHICTH TEMIIEPATYPHOTO MOJIS
MOIIIKO/HKEHOTO MIapy 130l mo JoBkuHI (TOOTO B3A0BXK Oci) TpybompoBoay. Tomy MeToro naHoi poboTH €
po3poOKa METOIMKY BU3HAYECHHS TEIUIOBUX BTPAT TPYOOIPOBOAAMH 3 ypaxXyBaHHIM IOIMIKOPKEHHS iX 13051smii Ta
PO3MOJITY XapaKTepHHX IMOIIKO/DKEHb 3a JIOBXKHHOK. XapakTep IMOIIKO/PKEHHS! TEIUIOBOI 130Js1ii MOXKHA
BU3HAYWTH TiJI 4ac MPOBEACHHS HATYPHUX O0OCTEKEHb TPyOOMpOBOIB (0COOIMBO TEILIOTPAC, MPOKIAEHUX Ha
cBiXOMy MOBiTpi). OTXe MOXHA MMOOYTyBaTH T€OMETPUYHY MOJETh IISTHKH 3 XapakTepHUM UL Ii€i Mepexi
i3omawii. s po3B's3aHHA 3a7adi IPOBOAMWTHCS OKpeMe MaTeMaTHYHE MOJAETIOBAHHA TEMIIEPATypHOTO CTaHY
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IUITHKA TIOIMIKOPKEHOTO 130JIAIIIHOTO MIapy 3 BU3HAUEHHSIM TEIJIOBOTO ITOTOKY Yepe3 HboTo. Bupimenns 3agadqi
3aIpOIIOHOBAHO 3POOUTH METOJIOM aHAJITUYHOTO PO3B’si3aHHS qU(epeHIiaTbHOTO PiBHIHHS TEIUIONPOBITHOCTI 3
TPaHWYHUMH YMOBaMH TpeThoro ponay. [lami 3Haxomsarbest KoedilieHTH 30UTbIIEHHS TEIUIOBOTO IOTOKY IIO
BIZIHOLIICHHIO 10 BUXIJHOI HENOIIKO/KEHOT NUISTHKK. [Ipy piBHOMIpHOMY PO3MOALTI XapaKTepHHUX HMOIIKOJKEHb
3a 3arajibHOI0 JOBXXHUHOIO TPYOONpPOBOAY 3HAFOYM MEXI BIUIUBY MOLIKOXKEHHS, YAaCTKY MOLIKOKEHHS 130JIs1ii
Ta KUJIBKICTh MOLIKOKEHb Ha TPYOONPOBOJI MOKHA BH3HAYUTH PEAIbHHH TEIUIOBUH IMOTIK 13 30BHIIIHBOT
MOBEPXHI TpyOONpPOBOAIB y T.4. Ta KOe(ilieHT 301bIICHHS TEMJIOBUX BTpaT Ha JUISHII TEIUIOTPacH IO
BiIHOIIICHHIO JIO THX, 1[0 BU3HAYCHI HOPMATHBHIMH JOKyMeHTaMu [1, 2 Ta iH.] B 3aJ1€XHOCTI Bijl pOKY OOy IOBH.

Pucynoxk 1 - @axmuynuii cman izonayii mpyoonposodie meniompacu ma mepmozpama

s i 3aBraHHSA T0CTiTKEeHHS

Buxons4uu 3 BUIIEBUKIIAIEHOTO, OCHOBHI 3aBIaHHS i€l pOOOTH: aHANITHYHE PO3B’sI3aHHI MaTeMaTHIHOT
MOJeNi 3 METOK BH3HAUeHHS (aKTHYHHUX TEIDIOBUX BTPAT XapaKTEPHUX NOIMIKOPKEHUX OUITHOK. [ami
MaTeMaTHYHe MOJICTIOBAHHS TEIUIOBOTO CTaHY IS BHSBICHHS XapaKTEPUCTHK CITUCKY XapaKTEPHHUX YIIKOIKCHb
i30sms1ii (TETUIOBI MOTOKM Ta KoeillieHTH iX 301bIIeHHS, 30HHU BIUIMBY YIIKO/DKEHHS) JUISl PI3HUX THIIOPO3MIpiB
Tpy©6. Lli nani OyayTh BUKOPHCTOBYBATHCS JJisi BU3HAUEHHs, IIPOTHO3YBAHHS Ta €KCIEPTHOI OLIHKU TEIUIOBHX
BTpaT AULTHOK TEIJIOTPAc, 1110 3a3HAJIM HATyPHOT'0 OOCTEKEHHSI Ta OTJIsiY.

MartepiaJ i pe3yJibTaTH A0CTiI3KEHHS

MarematiuuHa MOJIENIb Ta METO/IMKA PO3paxyHKy MpejcTaBlieHi Huk4e. Ha puc. 2. HaBeieHO XapaKTepHy
CXeMy TOIIKO/DKEHOT IUIAHKHU. [y miel cXeMu BHpINIYeThCs IBOBHMIpHA KpaioBa 3ajjada 3HAXOJDKEHHS IOJIS
TemriepaTyp ty mapi Ta Ha IMOBEpXHi AIISTHKA TpyOH 3 MOIIKOKEHOIO 130JISI€F0 3 TPAaHUYHIMH YMOBaMH 3 pojy
Ta AuQepeHiaTbHAM PIBHSIHHAM TEIUIONPOBIAHOCTI B IWIIHAPHUYHMX KOOPAMHATAX (32 yYMOBHM CTaJOCTi
Temno(i3sMIHNX BIACTUBOCTEH apy i30msuii Ta 3amian L =t —1,:

620 1 ov 620

- —=0. 1
5,-2 r or 8X2 @)
toc
Qr @
N\
Qe o0 &
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Qeiu ”Q”'
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PucyHok 2 - Moodenb mpyoonpogoody 3 OiiaHKoI0 ROWKOOICEHHS I301YTi
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I'paHWYIHI YMOBH 3aITUCYEMO Y BUTIISAI (IMB. TIO3HAYEHHS Ha pUC.2):
a) 30BHI TpyOH Ha 1api i305s1ii (I = ry)

ov
—-A——-a,0=0; 2
a ?
6) 30BHI TpyOH Ha MOTIMONICHHI APy MOIIKOKEHOI 130u1s11ii 260 oroseHo1 Tpyou (I = r¢)
ov
—A——azu=0; (3)
or
B) 30BHI TpyOu Ha GiuHOMY 3pi3i momKomKeHoi i3oumsii (X = 0)
ov
A——agu=0; (4)
OX
I) ycepeauHi TpyOH 3 ypaxyBaHHSAM TEPMIYHOTO OMOPY CTiHKHK TPyOu (I = I1)
ov
_/1E+O‘TU:0~’T'('[T ~to.c)) (%)
Je Q5, Qp, Qg Ta Op — KoeQilieHTH TEmIoBijaadi 10 MOBITPS 30BHI IIApy i30JALii, MOrIMOIEHHSA

TIOITKO/KEHHS 130JMii (BITBHIN HinsAHI), Ha OiYHOMY 3pi3i Ta BiJ BOOW BCepeluHi TPYOH (EKBIBaJICHTHHH 3
ypaxyBaHHIM TEPMIYHOTO OTIOPY CTiHKH).
t; —TeMmIeparypa TerioHocis, °C; t, . —Temmeparypa 30BHILIHBOTO cepenoBuina, °C.
I'pannuHa yMoBa TeIuI000MiHy BeepearHi TpyOu (5) € HEOJHOPIAHOI0, a pelITa — OAHOPITHOIO.
3anpornoHOBaHO PIllICHHS [IYKaTH aHAJITUYHUM [UIIXOM Y BUIJISII CYMH YaCTUHHUX aHAJITHYHUX PillIeHb
i3 ypaxyBaHHSM I'paHU4HUX YMOB. [Ipe/icTaBisroun 3araqbHe po3B’si3aHHs JaHOTO PiBHSIHHS Y BUTJISII YACTHHHUX
piuens [3] 3 ypaxyBaHH;IM BaroBux Koe(illieHTIB Ta MiJCTaBIISIOYN Y TPAaHUYHI YMOBU OTPUMAEMO:

u:kzril:ak U, , Uk =(ck . Io(ki—”- rj+ Ko(ki—”- rn-(sin(ki—”-x}rbk -co{ki—”-xn, (6)

ne k — motounuii ingekc (ijie MO3UTUBHE YKUCIIO); N — KIbKICTh YACTUHHUX PillleHb (TOOTO YWIEHIB HECKIHYEHHOTO
psy, 110 BU3HAYAETHCS 3015KHICTIO); A — BaroBUM KoedillieHT pillIeHHS; bk Ta Ckx —KoedilieHTy, 110 BUXOIATh
3 rpannaHEx yMoB (4) 12 (2); g Ta Ko —Moandikosani ¢pyrkuii beccenst (mepiuoro poxy) ta Heiimana (apyroro
poxy, abo MakaoHanbaa), TOOTO BiJ ySBHOTO apryMEeHTY Ta HyJbOBOro mopsaky [4, 5]; | — nomxuna minstHKH
PO3KJIaJaHHs PillIeHHS.

[Ilo6 orpumaTu BaroBi koe(illieHTH &) BUKOPHCTOBYETbCA I'PaHMYHA YMOBa (5) Ta 3aIpOIOHOBAHO

poskianaHHs i mpaBoi wacTuHM n0 psgy Pyp'e. SKmo mpaBa yacTMHA TPAaHWYHOI YMOBH HE 3aJISKHUThH Bij
KOOPJMHATH X (€ MOCTIHHOIO BEUYHHOI0 (CONSt), TO 3aIIpOMOHOBAHO BUKOPUCTOBYBATH pO3KiiaaeHHs [4, 5]
4 2 sin((2-m+1)-x
const=const-—- > M (7
T m=0 2-m+1
Jie M — MOTOYHUH iHAEKC (IiJIe TO3UTUBHE YHCIIO).

A kz

Ipuitmaroun k=2m+1 y popmyui (6) Ta BpaxoByroun, 1o 3 rpaHudHOi yMoBH (4) koedimient by = |
x5

4 L sin((2-m+1)-x 4
Ta Ll const-—- > M =const-—- ZCOS((Zm-I—l)-X):O PO3KJIaJl IPaBOi YaCTHHU TPAHUYHOT
dx T m=0 2-m+1 T m=0

yMOBH (5) MOKHa 3ammucaTu

o0

ar-(tr—toc)=ar (tr—to.c)- 2. 2 (Sin(k_ﬂ‘x)"bk ‘Co{k_ﬂ‘XDv (@)
Vi k=1 | |

ne k=2m+1. I{s ymMoBa TakoX CTOCYEThCS PiBHAHHSA (6).

VY Takui crocid MOKHa PO3KJIACTH IpaBy YacTHHY TI'PaHWYHOI YMOBH (5) SIKIIO BOHA € HE TiIbKH
KOHCTAHTOIO, ajie BiZloMOI0 (YHKII€IO, sIKa PO3KIANAEThesl y psaa Pyp'e. YV HamoMy BHUNAAKY BHTpaTa BOIH
ycepeauHi TpyOM € Takolo, IO B MeXaxX IUISHKH, IO PO3MIISIAETHCS, TeMIlepaTypa BOAW INPAKTUYHO He
3MIHIOETBCS.

Ha puc. 3 HaBemeHo mpuKiIaA po3B'SI3aHHS 3a4adi 3HAXO/HKEHHS TONS TeMIepaTryp UIS IUISHKH
TpyOonporoay & 159 MM Ta TOBIIMHOIO IIapy i30/siiii =60 MM. (Ha JOBXKHHI B BUTbHOI aiisHKK). TemnepaTtypa
orouytouoro noBitps 0,2°C, termonocis — 60°C. Sk BuAHO i3 puc. 3 moJjie TeMIeparyp y 30HI YIIKOKEHHs
HEOJHOpigHe. BIHMB MOMKOMKEHHS MOIMPIOEThCS Ha MoBXUHY ~ 0,32 M Bix ymkomkeHHs. Ilosa miero
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JIOBKHHOIO TI0JIe TEMITepaTyp € OJMHOMIPHAM 1 MOYKHA BBa)KATH TEIUIONIEpeaady SK JUII HEYITKOKEHOT 130JIs1Iii.
[oxiOHi nocnimkeHHs OyiIM MPOBEAEH] 3a Pi3HUX TPAHUYHHUX YMOB Ta IHIINX AiaMeTpPiB TPyOOHpOBOIY.

M

t,°C ol T T T | e

| - ,
. I o w— ) 1

o~

a) 6)

Pucynoxk 3 - Ilpuknad nons memnepamyp wapy i3onayii' y pospizi nowko0#cenoi OiiaHKu
a) - no 00edcuHi mpyou Ha pisHux padiycax, 6) — 3a padiycom Ha Pi3Hill 008HCUHI

[Tpu npoBeieHHI MaTeMaTHYHOTO MO/ICTFOBAHHS 3HAlIGHO 30HY BILIMBY HOIIKOJDKEHHS Ta TEIUIoNeperadi
yepe3 OIuHI MOBEPXHI MOUIKOPKEHOTO i30JliiHOrO mapy TpyOM Ha TerioBui moTiK Lew (amB. puc. 2).
BcranosieHo, mo npu niamerpax TpyO Big 32 MM 10 273 MM i cTaHOapTHUX TOBIIMHAX 3omsidii 40 M 3
MiHepaNbHOI BaTH I 30HA BILTUBY ckiiaia 0,2 M B 00M1Ba OOKH BiJ] MOIIKOHKEHHS, 1 0,32 M IpH TOBIIUHI 13011111
60 MM. BusiBiieHo, 1110 11i 3Ha4E€HHsI HE 3aJIeXaTh BiJf TEMIIEPATYPHUX Ta TPAHUYHUAX YMOB.

Jnis monyKy pes3ysbTyI04Ooro TEIUIOBOTO MOTOKY 3 AUISHKU TPYOONPOBOIY 3 IOIIKO/DKEHOIO 130JIALIE0
(puc. 2) TakoX BHKOPHUCTOBYETHCSI MAaTEMaTHYHE MOJICIIOBAHHA. TEIIOBI IOTOKHU 3 ITOBEPXOHB ITOIIKOKEHHS
BHU3HAYAIOTHCS UIIXOM IHTETpYBaHHS pillleHHA (6) Ha MeKaX AUITHKH:

QT — TEIUTOBHI MOTIK 3 "TOPIEBOi" YaCTHHY HA JOBXKWHI BIUTUBY MOIIKOKEHHS, BT

L6it1 .
Qp =21y [audx’ ©)
0
Qg — TemroBwii NOTIK 3 "6iYHMX" MOBEPXOHB Y PO3pi3i HOLIKOKEHHS, BT
iy
Qg = |2mragudr - (10)
n

Kpim TOro po3paxoByroThes:
Qg — TeruIoBHil MOTIK 3 BUIBHOT AUIHKY TPYOH 3 ypaxyBaHHSIM rpaHndHux ymoB (3) Ta (5), Br

Q= kB(tT _tO.C.)LB ; (11)
QuO — HOpPMaTHBHMI TEIUIOBHIT IOTIK, BU3HAYCHHI 32 HOPMAMHU I'yCTHHH TEIUIOBOTO MOTOKY Oy [1, 2]
3 ypaxyBaHHSIM pi3HHIII TEMIIEPATypP TEIJIOHOCIS Ta HABKOJIMIIHBOTO CEPEAOBHIIA
Quo =dxolo: (12)
Qg — TemnoBuil NOTIK IpK 3a/jaHii HOpMATHBHIN ToBIWMHI i30suil =40 MM. a6o =60 mm [2] (To6TO 3
HETOITKOPKEHUX JIIISTHOK)

Qu =Gyl (13)
ne Lo — noena noexuHa JisiHKY TPy GOIPOBOALY, IO po3riIsaaeTses, M; Ly — ainsiHka oroneHoi BinbHOT TpyOH,
M; Ly — momxuma ninsaku TpyGompoBosy 6e3 BibHOT TPyOHU Ta 30H BILIMBY MOLIKOKCHHS, M; Oy — JiHiHHHI
TEIUIOBUH TOTIK 3 HEMOWIKO/PKEHOI AlmstHkM, Br/™m, Oy =Ky (tT _to.c.); kg ta Ky — miniiini koedinientn

TeIuTonepe iadi 4Yepe3 BUIbHY AUISTHKY Ta Yepe3 HeTOIMKOKEHY AUISTHKY (3 TOBHUM IIapOM 130JIs1ii).
Y pesynbrati (haKTHIHI TETJIOBI BTPATH MONIKOKEHOT TUITHKH TPyOOTIpOBOLY

Q(p =Qc +Qr +Qpiy .- (14)
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CyMapHi TeIIoBi BTpaTH 3 IUISTHKHA TPYOOIIPOBOIY
Qr = ZQH +ZQB + ZQT + 2Q6iq : (15)

VY po3po0IIeHiii METOMUII PO3PaXOBYOTHCA HEOOXiTHI KOe]IlieHTH:
a) 30UTBIICHHS TEIIOBOTO MTOTOKY 3 BUTBHOI MiJISTHKH TPYOOTIPOBOIY

Os kB(tT _to.c) kg .
Le Ou kH(tT _to.c) kH

0) 301IBLIEHHS TETJIOBOTO IMOTOKY Ha JUISHII BIUIUBY YIIKOKSHHS

QT + Q6i11
Kgiy =———>+, @an
" Ou L6iq

e L6iq — 30HA BIUTUBY JIISHKHU TOIIKOKCHHS, M;

B) Koe(illieHT 301IbIICHHS (3MEHIIEHHSI) HOPMAaTHBHOTO TEIJIOBOTO MOTOKY NPH 33JaHii TOBIIUHI Mapy
i3ossii

K =10 18)
Ou0
Pesynbryrounii koedilieHT 301bIIeHHS TEIIOBOTO IIOTOKY AJIsl TPyOOIPOBOAY TEIUIOTPACH B MOPIBHSAHHI
3 HOPMaTHBHUM:

Qs

KiS.H. =
H

Le:
=1+ AymK. ) nyH_IK.(KLB _1)+ nymK.(K6i11 _1) Iil)q ) (19)

#
L +2- Lgiy

Skmo HeoOXiTHO po3paxyBaTH pE3yJbTYIOUHH Koe(ilieHT 30iJIbLICHHS TEIUIOBOrO MOTOKY JJIs
TpyOOIPOBOAY TEIUIOTPACH IO BIIHOMICHHIO O HOPMAaTHBHOTO TEIJIOBOTO IMOTOKY, BU3HAYEHOTO 32 HOPMaMH

ne AyH.[K. — 4acCTKa YLIKOJ’KCHH:, AYH.IK. = ; nyﬂﬂ(_ — KIiJIBbKICTh YIIKOKCHb.

LIIBHOCTI 3 ypaxXyBaHHAM TeMIIEpaTypHUX yMOB poOoTu Mepexi, Ki; i HeoOxiaHo momuosxkuty me it Ha K.

Sk mpuKiaa po3rNITHYTO MOJIETbHE 3aBAaHHs Ha IUSIHII TpybompoBoay, mo momae & 159 mm Ta
TOBIMUHOIO mapy i3omamii 6=60 mm. Posmonin TemmepaTyp B iHTepBali M JJIs OJHOTO IOINKOMKCHHS Ha il
IuTHII HaBeneHo Ha puc.3. Ilix gac oOCTeeHHS BUABJICHO, IO YaCTKa YIIKOMKEHHS 130J14Lii TpyOompoBomy

cranosnna Ay =02, kimbkicts momkokens wa saramemiit gokumi Ny =10, B pesynerari

MaTeMaTHYHOr0 MOJEJIOBAaHHS po3paxoBaHo HeoOximui koedimientn: K5 =19837, Kgiy =1261,
Ks =0,903. Pesynbryrounii koedimieHT 36inblIeHHs HOPMATHBHOTO TEILIOBOrO MOTOKYy (19) st maHmx

TeMIepaTypHUX yMOB po6ot (To6To 3 ypaxysanusam Kg ) ckias 4,318.

IIpoBeneHi ekcrepUMEHTANbHI Ta YUCENbHI TOCTIKCHHS METOAOM KIHIIEBHX PI3HHIL B KOMOiHAIIi 3
METOAOM MPOTOHKH 3MIHHUX HamlpaBieHb [6] I aHAOTIYHMX MOJAEIeH MIATBepAWwIH 30ir aHATITHYHOTO
pilIeHHS 3apPOMOHOBAHOT MOIENI Ta KiHIIEBOPi3HHUIIEBOT MoJieni [7] y Mexax JOIMyCTHMOI TTOTPIilTHOCTI.

BucHoBku

Po3pobiieni MaremMaTH4YHI MOJEl Ta METOIU JO3BOJSIOTH OLIHWTH Ta MPOTHO3YBAaTH PEalibHI TEIJIOBI
BTPATH Yepe3 13011110 TPyOOIpPOBOIiB IPH Mepeiayi TEIUIOHOCIS 3 ypaxyBaHHIM (DAKTUYHOTO CTaHYy 130JISIIT i/
yac eKcrulyaTarlii TpyOonpoBO/IiB TEMIOBUX MEPEK. IX JOCHTH JIETKO BUKOPHCTOBYBATH JIISl iHIIMX YMOB POGOTH
Mepexi, JOCIIANTH BIUTUB HAHBaroMmimmx (akTOpiB Ha TEIUIOBI BTPATH, a TaKOX JUIA BHOOPY paliOHATBHHUX
napaMeTpiB poOOTH TEIUIOBOT MEpEeXi Ta HOPMYBaHHS TEIUIOBHX BTpAT.

Crnucok BUKOPHCTAaHOI JiTepaTypu

1. Meronuueckue yka3zaHHs IO ONIPEJEIICHHUIO TEMIOBBIX OTEPh B BOASHBIX U MAPOBBIX TEIUIOBBIX ceTsX: PJ]
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ANALYTICAL SOLUTION OF THE DIFFERENTIAL EQUATION OF HEAT
CONDUCTIVITY FOR DAMAGED THERMAL INSULATION OF PIPELINES

For heat supply systems of Ukraine, the determination and forecasting of thermal energy losses during the
transportation of heat carrier is an urgent problem. The thermal lines of the heating networks are long and its
insulation is damaged. Installation of heat energy metering devices at all sources and all consumers (i.e. buildings)
without exception allows determining and forecasting real heat losses in the heat network, but this is a difficult
task, not all consumers and sources are actually covered by heat consumption accounting. The task of determining
heat losses is also relevant for energy management systems of heat supply systems, energy companies and industry.
The solution to the problem is proposed by a separate mathematical modeling of the temperature state of the
section of the damaged insulating layer with the determination of the heat flow through it. It is proposed to solve
the problem by the method of analytical solution of the differential equation of heat conduction with boundary
conditions of the third kind. With the uniform distribution of characteristic damages along the total length of the
pipeline, knowing the limits of damage influence, the share of insulation damage and the number of damages on
the pipeline, it is possible to determine the real heat flow from the outer surface of the pipelines, including
coefficient of increase of heat losses on the section of the heat pipe in relation to those determined by regulatory
documents. Traditionally, one-dimensional models or determinations of the two-dimensional temperature field
and actual heat fluxes in a cross-section to the axis of a characteristic damaged section of insulation are
considered. But this does not take into account the two-dimensionality of the temperature field of the damaged
layer of insulation along the length (that is, along the axis) of the pipeline. Therefore, the purpose of this work is
to develop a methodology for determining heat losses through pipelines, taking into account the damage to their
insulation and the distribution of characteristic damages along the length. The following simulation was carried
out for one of the areas. Also, experimental and numerical studies using the finite difference method in combination
with the method of running variable directions for similar models confirmed the coincidence of the analytical
solution of the proposed model and the finite difference model within the permissible error.

Keywords: energy management systems, heat supply, pipeline, thermal insulation, damage, heat transport,
heat loss, mathematical modeling, analytical solution
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ANALYSIS OF THE POTENTIAL AND PERSPECTIVES OF THE
DEVELOPMENT OF BIOMASS TECHNOLOGIES IN UKRAINE

This article provides an in-depth analysis of the potential and prospects for the development of biomass
technologies in Ukraine. An overview of the current state of biomass use in the energy, industrial and agricultural
sectors of the country is being carried out. The article examines in detail different types of biomass such as wood,
agricultural residues, biological waste, etc., and their potential for producing energy and other useful products.
Particular attention is paid to technological innovations in the field of biomass processing, including processes of
biogasification, pyrolysis and hydrothermal conversion. The authors analyze the ecological and economic aspects
of using biomass as an energy source, considering its impact on reducing greenhouse gas emissions and ensuring
the country's energy independence. In addition, the article examines important legislative and strategic initiatives
aimed at supporting the development of biomass use in Ukraine, and puts forward proposals for further steps to
stimulate this direction. In general, the article serves as a valuable source of information for scientists, experts
and decision-makers interested in the development of sustainable energy and the use of renewable energy sources
in Ukraine.

Recommendations for the further development of the use of biomass in Ukraine are formulated, taking into
account the importance of solving environmental problems and energy independence. Summarizing, the article
not only offers an in-depth analysis of the potential and prospects for the development of biomass technologies,
but also defines the ways for the practical realization of this potential in the conditions of modern energy and
environmental challenges.

Keywords: biomass, renewable energy sources, development potential and prospects, energy security,
sustainable development.

Introduction. The modern world is facing unprecedented challenges related to climate change, energy
security and ecosystem sustainability. In this context, the development of renewable energy sources and the
creation of effective systems for the use of natural resources become an important task. One of the potential
solutions is the development of biomass technologies. Biomass includes organic materials such as wood, straw,
manure, and other biological wastes that can be used to produce energy, heat, fuel, and biochemical products. The
use of biomass can help reduce greenhouse gas emissions, reduce dependence on imported energy sources, and
create new opportunities for the development of agriculture and the bioeconomy in Ukraine. This article is devoted
to the analysis of the potential and prospects for the development of biomass technologies in Ukraine. EXisting
technologies of biomass use, advantages and limitations of their implementation, as well as possible ways of
promoting the development of this sector in the country are considered. The conducted analysis will help to
understand how biomass can become an important component of sustainable development of Ukraine and
contribute to the achievement of energy efficiency and environmental goals.

Main goal and tasks. The main goal of this article is a thorough analysis of the potential and prospects for
the development of biomass technologies in Ukraine, taking into account modern challenges related to energy
security, climate change and sustainable development. The specific tasks of the research include the following:
conducting an overview of the current state of biomass technology use in Ukraine, including existing projects, the
volume of biomass energy production, and the types of biomass used; determine the advantages and limitations of
using biomass in the context of energy efficiency, environmental requirements, and economic sustainability;
identify potential industries and applications of biomass technologies that may become important in Ukraine,
including the production of biofuels, heat, electricity, and biochemical products; consideration of foreign
experience and best practices in the field of biomass use and determination of the possibilities of their adaptation
to Ukrainian conditions; developing recommendations and strategic steps for the government, business and the
public to promote the development of biomass technologies in Ukraine, including measures to raise awareness,
create favorable conditions for investment, and support research and development of this sector. This article is
designed to promote understanding and discussion of the opportunities and challenges associated with the use of
biomass in Ukraine, and to promote the development of a sustainable, ecological and energy-secure economy.

Material and research results. The modern world is experiencing a number of global challenges related
to climate change, energy security and sustainable development. One of the possible solutions to overcome these
challenges is the use of biomass as a source of energy and raw material for the production of various products.
Ukraine, with its large natural resources and potential in the agricultural sector, has a unique opportunity to develop
biomass technologies that will contribute to sustainable development and improvement of the ecological situation.
Ukraine is one of the countries where biomass potential is huge. A large part of land resources is used for
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agricultural production, which creates large volumes of biological waste, such as straw, manure and other plant
and animal residues. This waste can be used to produce biomass energy, biofuel, and other products. In addition,
the Forest Fund of Ukraine provides an opportunity to use wood as a source of biomass. The forest industry has
the potential to develop technologies for the production of biofuels and other wood-based products.

The International Renewable Energy Agency (IRENA) has developed a forecast for the introduction of
RES until 2050. IRENA suggests that RES could account for 60% or more of the total final energy consumption
of many countries. For example, China can increase the share of RES in energy consumption from 7% in 2015 to
67% in 2050. In the EU, this share can increase from 17% to more than 70%. In India and the USA, the amount
of energy from RES in the total energy consumption can reach two thirds or more. According to IRENA forecasts,
bioenergy will play a key role in the implementation of the "green" energy transition and the reduction of
greenhouse gas emissions in the world. IRENA estimates that the share of biomass in the final consumption of
renewable energy will be almost half in 2030 and 40% in 2050. The agency's conclusion: without doubling energy
production from biomass by 2050, it is impossible to keep the global temperature rise on Earth within 2 0C.
Analytical company Ecofys has developed an ambitious scenario of achieving 95% of final energy consumption
in the world from RES by 2050. It is important to note that according to this scenario, as in IRENA forecasts,
about 40% of all renewable energy will be provided by biomass.

According to the European Commission, in order to achieve the ambitious goal of reducing greenhouse gas
emissions to zero, the share of bioenergy in the total energy mix should be at least 20% (about 30% of all RES) in
2050. According to IRENA's forecast, the production of electricity in the world during 2015-2050 will almost
double in 2018 with provision of 85% of the total volume at the expense of RES. Ecofys estimates that the share
of biomass in global electricity production will be about 12%. In the EU electricity sector, according to various
scenarios (80-100% "green™ electricity by 2050), the share of biomass in electricity production will be 10-12%.
Today, biomass provides about 17% of the EU's total need for heat and cold, which corresponds to 87% of the
contribution of all RES. Over the past 20 years, the volume of heat consumption from biomass in Europe has
increased by 1.7 times - from 52 to 90 million tons per year. It is predicted that the significant contribution of
bioenergy to the production of renewable heat will remain in the long term.

There are many examples of successful implementation of similar modern bioenergy projects in the world
and in the EU. For example, in the center of Stockholm with a population of 2.3 million people, one of the world's
largest biomass thermal power plants operates (130 MWtel + 280 MWt). Biomass provides 80% of the city's heat
needs and 20% of energy for transport. By 2030, the transition of the city to 100% RES is planned. Vilnius
(550,000 people) operates the largest biomass thermal power plant in Eastern Europe (70 MWtel + 164 MWHh).
Bioenergy provides 85% of the city's need for heat and 25% of its need for electricity. By 2040, it is planned to
achieve 100% of thermal energy from RES in Vilnius. In Copenhagen, 98% of the housing stock (including the
private sector) is connected to a fully competitive district heating system. Several large biomass CHP plants with
a total thermal capacity of 1.3 GW operate in the city. Biomass currently provides 90% of Copenhagen's heat needs
and 20% of energy in the transport sector. By 2040, it is planned to achieve 100% of all energy from RES. There
is also an opinion that in the future it is possible to reach almost 100% share of electricity use in heating and
transport, therefore there is no room left for biomass in these sectors. The prospects of bioenergy in the electric
power sector are seen in the combined production of heat and electricity (biomass thermal power plant), as well
as through the use of biomethane to balance power systems with a high share of RES. Biomethane production
potential in Ukraine is estimated at 7.8 billion m3/year. This amount is more than enough for the complete
conversion of the necessary gas shunt generation to biomethane.

The study of climatic conditions and resources of renewable sources in Ukraine, as well as the current
experience of their use in the world, allows us to determine biomass energy as one of the most promising vectors
of renewable energy for the next 20-25 years. In the energy sense, biomass means the production of electrical and
thermal energy (as well as liquid and gaseous fuel) from organic substances of vegetable and animal origin that
contain carbon (wood waste, peat, straw, plant residues of agriculture, organic part of solid household waste, etc.).

[1]

The main methods of obtaining biomass energy include: burning of raw materials of plant origin (wood,
straw, husks, etc.); incineration of municipal solid waste; use of vegetable oils as fuel for internal combustion
engines; biopreservation or decomposition of organic substances of plant or animal origin in anaerobic conditions
with the formation of biogas, ethanol, butanol, etc.; thermochemical conversion (pyrolysis, gasification, synthesis)
of solid organic substances (peat, wood, etc.) with the production of "synthesis gas", synthetic gasoline.

Today, biomass is the fourth largest source of energy worldwide. The content of biomass in the biosphere
is very large - 800 billion. tons. 200 billion tons are recovered annually. The global economic potential of biomass
use is 3.27 billion tons of conventional fuel. In particular, for Russia, it is approximately 15% of the total.
Therefore, in the future, it will play an important role in meeting the world's energy needs. [2]

Biomass can make a significant contribution to the direct substitution of fossil fuels in the production of
thermal energy. In Ukraine, there are a number of barriers that prevent the widespread involvement of biofuels in
this sector. As a result of the monopoly position of enterprises in the district heating (DH) sector and imperfect
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legislation, there are the following problematic issues in the district heating sector in Ukraine: lack of prerequisites
for competition, lack of incentives to increase the efficiency of heat energy production, the existence of barriers to
access to heat networks of independent CH producers (including producers of CHP from biomass), high tariffs for
CHP, low investments in the modernization of CH systems, lack/insufficiency of investments as a result of the
imperfection of the existing tariff formation mechanisms.

The results of research conducted in the state of lowa (USA) revealed an interesting comparison between
different biomass and fossil fuels. Thus, for high-temperature and power plants, biomass cannot compete with
coal, although agricultural residues can be supplied at a lower cost. Also, fuels used in transport and obtained from
biomass cannot always compete with fuels obtained from oil. Although in the future, with the increase in the price
of fossil fuels and the improvement of biomass processing technologies, the situation may change rapidly. In
addition to the costs of collecting and transporting fuel from biomass, the final cost of its energy will also be
affected by the cost of equipment, its maintenance and operation. Such system costs will in turn depend on the size
and type of processing system. For small-scale electricity production, biomass can be more cost-effective than
fossil fuels, but again it depends on the situation. So, for example, power-based gasifiers for electricity generation
in remote areas of India are cheaper than diesel-based energy production, which is confirmed by their growing
number. For large-scale biomass energy production, studies show that only cheap waste fuel can be competitive
with coal-based energy production, since the cost of electricity using hybrid willows as fuel can be about twice the
cost of electricity , produced from coal. This explains why the vast majority of US electricity generation is based
on forest waste. [5]

Modern technologies using biomass are still in the initial stages of development and commercialization.
The reason here is a large number of barriers that must be removed. For example, the low price of oil on the
international market was until recently the main obstacle to the development of many renewable energy systems.
Also, the situation may worsen with subsidies that may be provided for fossil fuels.

The current situation with energy supply in Ukraine is very similar to that which existed in Denmark before
1976, when it was an extremely poor European country, because most of the money earned by fishing, shipbuilding
and agriculture was spent mainly on the purchase of energy resources. Since 1976, the Danish government has
taken a course for the intensive development of PEK. Large-scale implementation of wind and solar energy,
technologies for the use of biomass, biogas and energy saving in production, Denmark has transformed from a
poor country to a rich one in 12-15 years, its population has a high level of social security, and the government
implements an independent policy on the world stage. [7]

Denmark's experience in modernizing the fuel and energy complex is currently being actively used by
numerous EU member countries on the basis of the relevant EU directive, as well as the USA, India, and China.
Ukraine should make a breakthrough in the same direction as the leading countries. It is easier to bet on the
development of renewable energy in Ukraine, since the first stage has already been passed. In our country, unlike
other states of the former USSR, the leadership declaratively stimulates its development. The problems of organic
waste processing are particularly relevant for Ukraine compared to all other CIS countries and most European
countries. Firstly, it is a country with a highly developed agricultural, food and processing industry, and secondly,
itis a largely urbanized state. The share of traditional fuels in the total national energy use of Ukraine will decrease
when conditions are created for increasing the consumption of biomass energy. The advantage of fossil fuels,
particularly coal, over biomass would be significantly less in terms of market price if environmental costs were
factored into fuel pricing. Since today there is a problem of large-scale use of fossil fuels in relation to the impact
on the environment, it is not appropriate to exclude it from the energy assessment. In order to increase the
percentage of biomass consumption in the total resource, as well as for it to play an important role in the energy
sector of Ukraine, it is necessary to overcome a number of problems and make effective improvements.

It is worth highlighting the key challenges that may arise when implementing new biomass technologies:
subsidies and low (non-world) prices for primary fuel; lack of a national coordinating agency for renewable energy;
high prices for biomass and installations; lack of information for the population; lack of understanding of the
impact on health; lack of suitable projects for local traditions in some regions; lack of local support services;
futures investments. [9]

Extremely important for Ukraine is the large-scale application of technologies for the use of plant biomass
both through direct burning and its conversion to biogas, biodiesel, generator or pyrolysis gas, which can act as
full-fledged substitutes for natural gas, coal, motor fuels, other petroleum products and primary energy sources.
At the same time, valuable organic fertilizers can be produced, which are extremely necessary to preserve humus
in Ukrainian chernozems, increase their fertility, and limit the "poisoning” of the earth by herbicides. From the
energy and economic point of view, the most appropriate method of biomass utilization is gasification with the
subsequent production of synthesis gas from almost any carbon raw material. In particular, Ukraine has the
opportunity to use the potential of raw materials for the production of synthesis gas in the amount of approximately
36 million tons. p., which is approximately 22% of the need for fuel and energy resources.

Biomass utilization technologies. Biomass utilization technologies include processes of biogasification,
production of biofuel, bioproducts and heat. Biogasification, for example, allows you to turn organic materials into

ISSN 2308-7382 (Online) 133



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozis. 2024. N 1

biogas, which can be used to produce electricity and heat. Biofuel, like biodiesel, can be obtained from vegetable
raw materials and is used in motor vehicles and other areas.

Advantages and limitations of using biomass. The use of biomass has its advantages and limitations.
Benefits include reduced greenhouse gas emissions, reduced energy dependence on imported sources, and
improved air quality. However, limitations include high infrastructure costs, competition with other forms of
energy production, and potential negative impacts on biodiversity. Prospects for the development of biomass
technologies in Ukraine The use of biomass technologies can contribute to the diversification of energy sources
and the reduction of the carbon footprint. The development of the biomass industry will also create new jobs and
contribute to the development of the agricultural sector. However, certain measures are needed to achieve these
prospects, such as creating an enabling legal environment, supporting innovation and research, and attracting
investment. It is also important to give weight to environmental aspects and follow a sustainable approach in the
development of biomass technologies. [10]

In Ukraine, 5 million tons of straw are regenerated annually. From 1 million tons of straw, you can get
100,000 tons of ethyl alcohol, 140 million m3 of methane, and tens of tons of fertilizers. According to the
calculations of the National Academy of Sciences, the use of only 20% of straw resources (this amount of straw is
lost annually) makes it possible to fully meet the needs of the population, primarily rural, in electrical and thermal
energy. In order to use these potential opportunities of straw, it is necessary to establish the production of
equipment for its collection and packaging, boilers and other energy equipment for use. When all biomass
resources are involved in the Ukrainian fuel and energy balance, a real basis will appear for the modernization and
optimization of the coal industry so that it becomes safe for the life and work of miners, profitable and not
burdensome for the state budget, and takes its proper place in the PEB and did not destroy the environment. The
next reserve of Ukraine's fuel resources is the forest, the potential of which is not yet satisfactorily used, as dry
and substandard wood that rots is not used, and forests are overgrown with shrubs. At the same time, schools,
preschools, rural hospitals, as well as some industrial enterprises are not properly heated in the winter. Therefore,
for their heating, it is necessary to adjust the production of heating equipment for local types of fuel

The financial costs of biomass energy technologies depend to a large extent on the cost of biomass fuel,
which in turn depends on the location and type of fuel. For example, the range of costs for biomass residues such
as sunflower husks, straw varies from negative values, in those situations where they are used as waste, and have
a cost that is related to their location to the processing facility where it can be used as an energy resource. Ukraine's
energy problems are expected to contribute to the use of cheap biomass resources and the introduction of new
technologies for its utilization, which in turn will contribute to solving environmental and economic problems.
Thus, striving to reduce the man-made load on the surrounding natural environment, it is necessary to
simultaneously find opportunities to reduce the threat of bankruptcy of specific business entities. At the same time,
one should take into account the fact that in the territories of industrial zones, various wastes of economic activity
in the form of biomass of industrial, plant and agricultural origin, solid household waste, etc., are systematically
accumulated. In most cases, the specified types of waste are suitable for energy utilization, in the implementation
of which two goals are achieved: alleviating to a certain extent the threat of bankruptcy of entities of economic
activity that use energy-utilized waste due to the lower cost of the latter, compared to traditional fuel energy
resources and the relevant territory is freed from waste of this type, which is systematically accumulated. Energy
dependence on the world oil and gas market is likely to promote the use of biomass as a way to increase energy
security throughout the world, including Ukraine. The rate of future use of biomass as an energy source will depend
on the measures that need to be taken to remove the barriers listed above. According to the RES development
program in the EU countries, by 2010 the share of biomass in its total contribution should be 74%, which will be
equal to 9% of the total consumption of primary energy carriers. It follows that Ukraine should also set similar
goals for itself and should not lag behind Europe in this matter. Therefore, it is necessary to begin the large-scale
implementation of priority measures for the use of biomass immediately, since further delay is unacceptable.

In order to strengthen the energy sustainability of Ukraine, OJSC "Naftogaz of Ukraine" has started
preparatory work on the construction of thermal power plants in Lviv and Zhytomyr that will run on biomass
(wood chips) and solid secondary fuel. The total capacity of the facilities will be 90 MW of thermal energy and
11 MW of electrical energy. The planned period of commissioning of facilities in the city of Lviv - | quarter. 2023,
in the city of Zhytomyr - IV quarter. In 2023, Naftogaz of Ukraine intends to build 9 bio-CHP plants and bio-
boiler plants in 8 regions of Ukraine, which will have a total capacity of 250 MW of thermal energy and 52 MW
of electricity. The company plans to become the largest heat generator from biomass by 2027, as well as replace
about 2 billion cubic meters. natural gas.

In recent years, a number of important and essential steps have been taken to develop the production of
alternative fuels in Ukraine: on October 21, 2021, Law of Ukraine No. 1820-1X "On Amendments to Certain Laws
of Ukraine Regarding the Development of Biomethane Production™ was adopted, which established the legislative
basis for development of the biomethane market in Ukraine and its export, thanks to the use of the biomethane
registry. Resolution No. 823 of the Cabinet of Ministers of Ukraine dated July 22, 2022 No. 823 of the Cabinet of
Ministers of Ukraine approved the Procedure defining the requirements for the functioning of the biomethane
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register and instructed the State Agency for Energy Efficiency and Energy Saving to ensure its creation and
operation. The Law of Ukraine of May 31, 2022 No. 2284-1X "On Amendments to the Tax Code of Ukraine and
other laws of Ukraine regarding the stimulation of the production of denatured ethyl alcohol” entered into force,
which provides for the possibility temporarily, for the period of the legal regime of martial law, for subjects
businesses that have a license for the production of undenatured ethyl alcohol to produce denatured ethyl alcohol
and/or bioethanol on the basis of a license for the production of undenatured ethyl alcohol, and business entities
that have a license to produce denatured ethyl alcohol to produce bioethanol. On April 1, 2022, the project of the
Law of Ukraine "On Amendments to the Tax Code of Ukraine and other legislative acts of Ukraine regarding the
payment of a single contribution and accounting for denatured ethyl alcohol and products for chemical and
technical purposes” dated March 30, 2022 No. 7233 was taken as a basis. It is proposed reduction of VAT to 7%
and abolition of excise tax on alternative fuels until martial law is lifted. The draft law provides for a mandatory
share (at least 10%) of the liquid biofuel content in automobile gasoline (at the same time, it should be postponed
until martial law is lifted). The Law of Ukraine dated June 20, 2022 No. 2320-I1X "On Waste Management" will
facilitate the establishment of biomass production based on organic household waste thanks to the implementation
of a separate collection system.

Factors influencing the bioenergy industry of Ukraine. The underdeveloped fuel market in Ukraine - the
creation of a biofuel market and the development of legal acts that will regulate its activity are a necessity.
Monopoly position on the heat supply market - it is urgently necessary to introduce a competitive thermal energy
market based on the model of a single buyer and to start work on by-laws that will guarantee the implementation
of the law. Complicated access to heat networks - it is necessary to update the legal framework, provide for an
exceptional list of grounds for refusal of connection, as well as provide for the need to provide the TKE with a full
description of the system for assessment by a potential manufacturer of the possibility of connection. We also face
the problem of insufficient biomass on the market, which leads to higher prices. The problem can be solved by
creating a biofuel trading system, a single electronic platform for biofuel trading. State-owned enterprises will
have the obligation to sell part of the raw materials through this system, and those who use the "green" tariff and
the incentive tariff for heat will be obliged to buy biomass through this platform. This is a guarantee of quality, a
good price and the presence of interested players on the market. Low investment attractiveness of bioenergy
projects. The period of validity of the "green" tariff is not enough for the payback of bioenergy projects. Attention
should also be paid to the possibility of extending the "green" tariff to make it higher for low-power installations.
Lack of stimulation for the cultivation of energy crops - today, farmers do not have a sufficient level of motivation
and stimulation to attract significant amounts of investment in the development of projects for the cultivation of
energy crops due to low profitability. It is also necessary to lease land for such projects without auctions, to extend
the lease term by at least 20 years, and to provide for a one-time subsidy of UAH 25,000 per hectare. The state
will bear the costs and help establish the plantations, but for the next 20 years they will provide local fuel, create
jobs, and improve local development through the payment of taxes. Complicated access to logging residues makes
it extremely important to ensure the transportation of such residues to the nearest roads and to prohibit their burning
in the forest.

Increasing the volume of biomethane production in Ukraine. In the future, this gas can be fed into a gas
pipeline and used for heat, electricity and transport. In Ukraine, it is possible to obtain biomethane not only from
traditional silage and manure. Modern technologies allow the use of agricultural residues, straw, etc. It is necessary
to create a register where each produced cube of biomethane will be recorded and each consumed cube will be
written off.

Conclusions. The potential for the development of biomass technologies in Ukraine is huge, and this
industry can become an important tool for achieving energy efficiency, reducing emissions, and developing a
sustainable economy. With the right measures and strategic planning, Ukraine can use its biomass potential to
improve the quality of life of its citizens and ensure a sustainable future. In order to create a competitive biofuel
market in Ukraine, it is necessary to ensure the free access of enterprises of all forms of ownership to waste or by-
products of forestry and agriculture, as well as to establish a biofuel exchange for the implementation of
transactions of purchase and sale of various types of biofuel.

The development of biomass technologies in Ukraine has great potential and can become an important
factor in achieving energy sustainability, reducing greenhouse gas emissions, and sustainable development of the
country. Based on the analysis, the following conclusions can be drawn: Ukraine has a significant potential for the
use of biomass due to large volumes of agricultural production and forest resources. The use of biomass reduces
dependence on imported energy sources and contributes to the development of agriculture. Biomass utilization
technologies include biogasification, biofuel production, biochemical processes, and others. They can be used to
produce electricity, heat, biofuel and other products. The advantages of using biomass are to reduce greenhouse
gas emissions, improve air quality and promote the development of the agricultural sector. However, there are
limitations such as high infrastructure costs and competition with other energy sources. The prospects for the
development of biomass technologies in Ukraine are quite impressive and have a real chance to be realized by
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attracting additional investment, but require comprehensive measures, such as creating a favorable legislative
environment, supporting research and innovation, and attracting investment. It is important to remember that the
development of biomass technologies should take place within the framework of a sustainable approach, taking
into account environmental aspects and social benefits. In general, the development of biomass technologies in
Ukraine is a promising direction that can contribute to the achievement of a number of economic, environmental
and energy goals. It is necessary to pay attention to further research and development of this industry in order to
improve energy security and sustainable development of Ukraine.
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AHAJII3 TIOTEHIIAJTY TA NEPCHHEKTUB PO3BUTKY
TEXHOJIOI'IM BIOMACH B YKPAITHI

YV oanin cmammi npoeooumuvcsa enubokuli ananiz NOMeHyiany ma Nepcnekmug po36UMKY MexXHOI02iu
suxkopucmanus 6iomacu 6 Yrpaiui. 30ilicHIOEMbCA 027180 CYHACHO20 CMAHY SUKOPUCMAHHS Oiomacu 6
EHep2eMUYHOMY, NPOMUCIO80MY MA CLIbCbKO2OCNOOAPCbKOMY CeKmopax Kpaiwu. B cmammi Odemanvho
PO32180al0mbCsl Pi3Hi uou diomacu, maxi sIK 0epesund, CilbCbKO20CNOOAPCHKI 3anuuku, 6ion02iuni 8i0xoou
mowjo, ma ix nomenyian 01a UPOOHUYMEA eHepeii ma iHwux KopucHux npooykmie. Okpema yeaza npuoiiaemovcs
MeXHON02TUHUM THHOBayiam Y cepi 0Opobku Oiomacu, exaouaioyu npoyecu 0i0ea3yeamHs, Nipoaizy ma
2i0pomepManbHoi KOHGepCii. Asmopu ananizyloms eKoa02iuni ma eKOHOMIYHI ACNeKmuU 8UKOPUCTNAHHA Oiomacu
AK Ooicepena enepeii, po32naoaroyu o020 6NIU6 HA 3MeHUWIeHHs SUKUOi8 NAPHUKOBUX 2a3ié ma 3abe3neyeHHs
eHepeemuyHoi He3anexcHocmi Kpainu. /Jo0amkogo, cmamms po32ia0ae 8axcaugi 3aKOH00A8Yi ma cmpameziuui
iHiyiamueu, cCNPAMOBani Ha NIOMPUMKY PO3BUMK) BUKOPUCIAKHS biomacu 8 YKpaiti, i eucysae nponouyii ujo0o
nOOanbWUX KPOKI8 O/l CMUMYNIOBAHHS Yb020 HANPAMKY. B yinomy, cmamms cayscume yinnum Odicepenom
iHGhopmayii 015 HAYKo8YI6, eKcnepmis ma nPUiMayise pituieHs, 3aYiKA6IeHUX Y PO36UMKY CMAlol eHepeemuKu ma
BUKOPUCTMAHHI BIOHOBTIOBANLHUX Odicepen eHepaii 6 YKpaiti.
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Chopmynvosano pexomenoayii 07 NOOATLULOZO PO3GUMK)Y GUKOPUCMANHA Oiomacu 6 Yxpaiti,
BPAXO0BYIOUU BANCTUBICTNG GUPIUUEHHS eKOJIOZIYHUX NPOOIeM Ma eHepeemuyHol He3anexncHocmi. YsaeanvHionouu,
cmamms He Iuwe NPONOHYE 2MUOOKUL AHANI3 NOMEHYIANY Ma nepcnekmue po3esUmKy mexnonozit biomacu, ane i
BUBHAYAE WIIAXU ONsL NPAKMUYHOI peanizayii ybo2o NOMEHYIany 6 YyMO8aX CYHACHO20 eHep2emuiyHo20 md
€KO0NI02TYHO20 6UKTUKIE.

Karwuosi cioBa: 6iomaca, 6ionogosanvhi 0dcepena exepeii, nomeHyian ma nepcneKmusu po36umKy,
eHepeobe3nexa, cmanuii po3eUmox.
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RISK ASSESSMENT FOR THE DEVELOPMENT OF THE
EXEMPLIFIED TERRITORIES

The paper explores the risks associated with exempted and liberated territories that were previously used
for certain industrial, commercial, agricultural or other activities. Such territories were captured or used by
military forces during the war and then liberated or abandoned and left unattended, or were disturbed by natural
disasters, man-made accidents, etc. The aim of the article is to analyze the possibility of their further use and
rehabilitation.

The following indicators of risk sources can be identified in such areas: presence of explosive objects; level
of soil and water contamination; presence of chemical, biological or radiation contamination; degree of damage
to infrastructure and building structures; risk of dangerous situations and accidents; impact on the health and
safety of the local population; possibility of spreading infectious diseases; presence of unexploded or uncontrolled
explosive materials; risk of re-invasion by enemy forces; potential environmental damage; and potential
environmental impact. Based on the analysis of these indicators, they were summarized and grouped into six main
risk indicators: demining of territories; efficiency of demining and disposal of remnants of military equipment,
mines, etc.; safety and efficiency of demining and disposal technologies; degree of contamination of the demined
territories after demining and disposal; level of safety assessment of the population living in these territories;
return of vital infrastructure. An expert assessment methodology was applied, which includes an analysis of the
severity of the consequences and the likelihood of their occurrence. The risks were ranked using the method of
pairwise comparisons. The results of the study can be used to develop strategies for the further use and
rehabilitation of the affected areas.

The results of the study indicate the need for systematic monitoring and control of the exempted and
liberated territories in order to prevent possible environmental and socio-economic problems. To ensure
sustainable development and conservation of natural resources, due attention should be paid to the issues of
environmental safety and rehabilitation of these territories. Further research in this area will allow developing
more effective strategies for the use and rehabilitation of exempted areas, taking into account current
environmental and socio-economic challenges.

Keywords: exempted and released territories, risk assessment, method of pairwise comparisons,
sustainable use of territories, environmental safety, sustainable development

Introduction. The growing relevance of the problems associated with brownfields is determined by a
combination of factors, such as increasing urbanization, the shortage of available land, and the need to effectively
utilize and rehabilitate already used areas. Brownfields are land plots that have lost their original functionality due
to exploitation, pollution, or abandonment due to explosions, accidents, wars, and other negative events that have
caused environmental pollution and other forms of damage. In Ukraine, the problem of exempted areas is
becoming increasingly relevant in the context of large-scale military operations, rapid urban development and, in
this regard, the need for rational use of land resources. Risk assessment in the development of areas liberated from
hostilities is important to ensure human safety and restore environmental sustainability of the regions. This analysis
will help to develop effective strategies for rehabilitation and restoration of the areas liberated from hostilities,
taking into account the requirements of sustainable development and conservation of natural resources.

Ukraine currently has 174,000 square kilometers of land potentially contaminated by explosive ordnance,
including the temporarily occupied territories. The World Bank estimates that the possible cost of surveying and
cleaning up these areas is over $37 billion. Given the ongoing hostilities, the final figures for the scope of work
remain uncertain.

The main purpose of demining is the safe removal of mines, explosive materials, remnants of weapons and
explosive devices from certain areas to protect civilians.

Humanitarian demining covers a wide range of activities aimed at eliminating the threats posed by
explosive hazards. These activities include technical surveys, mapping, clearance, marking, post-clearance
documentation, communication with local communities on mine action and handover of the cleared area.
Demining can be carried out by a variety of organizations, such as non-governmental organizations, commercial
companies, national mine action authorities or military units. This process can be carried out both in an emergency
mode and under normal conditions [1-2].
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Humanitarian demining is about more than just removing the danger from mines and other explosive
hazards. It is about enabling people to return to their homes and live in safety, and about rebuilding the economy
and the country as a whole. It is also about ensuring food security in the world. Mine clearance is the first step in
the restoration of our country and an important prerequisite for the return of everyday life on the de-occupied land.
This process includes a number of operations, such as non-technical survey, technical survey, environmental
impact study, medical survey, organization of communications, checking transport routes, cooperation with the
administration and, finally, land return.

Non-technical surveys play a key role in humanitarian demining activities, as it is a process that involves
collecting and analyzing information about a potentially hazardous area. Its main goal is to confirm the existence
of a threat, determine its type and extent, and establish the perimeter of the danger zone without the need for
physical intervention. The main purpose of this process is to provide information about potentially hazardous areas
and confirm their status through thorough inspection and analysis.

After completing the non-technical survey, it is necessary to review the classification of the suspected area
and identify one or more confirmed hazardous areas. If the data from the non-technical survey is confirmed, you
can proceed directly to the registration procedure.

Identify hazardous areas, improve the accuracy of the hazardous area assessment, and eliminate doubts
about the reliability of the hazardous area information.

After completion of the non-technical survey, it may be necessary to clarify the boundaries of the territory,
and if necessary, an estimate of the approximate boundaries should be made.

The information obtained from the non-technical survey is presented in the form of reports, maps with a
differentiated global positioning system (which is a key element of geographic data of hazardous areas), and
marking of all hazardous areas with visual confirmation of the presence of mines.

The main objective of a technical survey is to gather sufficient information to accurately determine the
requirements for future demining operations. This includes aspects such as:

e Prioritizing future demining operations;

e Identification of obstacles such as vegetation, logistics, communications, etc;

e Identification of areas to be cleared during future demining operations;

e Analysis of local soil conditions, including soil type, density and hardness;

e Identification of mine patterns and types, including their location and position;

e Assessment of fragmentation and overall level of metal contamination;

e Sclecting the appropriate means of mine clearance;

e [dentify areas suitable for different demining methods, such as manual or mechanical equipment;

e Estimating the time required to complete future clearance operations.

The purpose of the technical survey is to minimize risk during all activities associated with this procedure.
The technical survey is performed using probes and drones to determine the presence of an explosive hazard and
the size of the hazardous area, if any. Fencing and marking of the hazardous area is intended to reduce the risk of
unintentional entry into the area. Gathering more accurate information about the size of the hazardous area may
lead to a reduction in its initial size by clarifying and identifying accessible routes.

All organizations engaged in demining in accordance with international standards should have medical
capacities that ensure the provision of safe and effective medical care in the event of accidents or incidents, as well
as mechanisms for the repatriation of injured workers.

Before any demining operation begins, an adequate level of medical support and a detailed casualty
evacuation plan must be in place that all team members fully understand and follow. The team should be prepared
to collect casualties and provide basic medical care within the first 5 minutes. Mine action organizations should
ensure adequate communication before and during all operations. No demining action should be initiated unless
effective communication can be maintained between on-site personnel and appropriate support elements.
Communications support should be in place at all stages of operations and include periods of movement between
sites.

There is a variety of demining techniques around the world, such as manual demining, metal detectors,
trained animals, drones, robots and specialized machines. The choice of approach depends on the type and number
of mines, geographical conditions, available resources and technological capabilities.

Manual demining is a traditional method of detecting and removing mines, carried out by specialists who
carefully scan the area for explosive devices.

Machine demining is an effective way of detecting and removing mines over large areas of land, using
special machines that can locate and remove mines.

The use of robotics for demining is becoming increasingly common as it helps reduce the risk to human
life. Different types of robots can be used depending on specific conditions and needs. Drones are becoming
increasingly important in the demining process and can be used to perform a variety of tasks depending on their
equipment and configuration. This helps to reduce the risk to people.

APOPO, an organization based in Belgium, has developed a unique approach to using rats for demining.
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These "sapper rats", known as HeroRATS, have been trained to detect mines and other explosive devices.

The author analyzes the global experience of restoring de-occupied territories. As an example, the war in
Croatia ended in 1995. Over the years, the country has rebuilt its economy and joined NATO and the EU. The
only thing that reminds us of the war is the mine danger. Of the 13,000 square kilometers (23% of the territory)
contaminated by 2 million mines, 3% remain. They will be neutralized by 2026. 30 years after the end of the war.
Thus, the Balkan experience allows Ukraine to assess the scale of future demining.

Purpose and objectives. The purpose of the study is to assess the risks of the demined areas for their full
restoration for further use.

Summary of the main research material. In order to assess possible risks in the de-occupied territories,
it is necessary to establish the main criteria by which the analysis will be carried out. The process of clearing areas
and objects from explosive hazards, which is carried out to ensure the safety of the population, is the main task of
humanitarian demining. This is accompanied by certain processes of clearing landmines, unexploded bombs, and
toxic zones.

The experience of countries with a mine problem shows that 10 years of active hostilities account for 1 year
of demining, and one day of intense hostilities accounts for 30 days of demining. Experts estimate that full
demining of Ukraine could take 10-15 years. The consequences of the use of mines and explosive ordnance can
be classified into four main categories:

e Humanitarian consequences include:

e deaths and injuries that can lead to disability;

® obstacles to access to hospitals, water, food and humanitarian assistance;

e Impeded free movement of people, as well as the return of refugees and internally displaced persons.

e The social and psychological consequences include:

e a sense of fear, despair, depression, and family tensions;

e increased levels of aggression and tension in society.

Economic impacts include:

e destruction of infrastructure and roads, loss of fertile agricultural land

e costs of restoring water and energy supply;

e the burden on the healthcare system due to injuries and increased disability;

e Additional costs for demining;

® losses in tourism, etc.

Environmental impacts include:

e damage to flora and fauna

e Long-term effects, such as changes in regional ecosystems.

As you can see, the contamination of territories with mines and explosive devices negatively affects the
overall development of the country, and this applies to all citizens at risk. Therefore, maintaining security and
reducing contamination of the de-occupied territories is the main task of an effective demining process. Therefore,
the most important and essential indicators that we propose to use to assess the risks of the demined territories are
the following: demining of territories; efficiency of demining and disposal of remnants of military equipment,
mines, etc.; safety and efficiency of demining and disposal technologies; degree of contamination of demined
territories after demining and disposal [5-8]; level of safety assessment of the population living in these territories;
return of vital infrastructure [5-13].

It is proposed to use the Failure Mode and Effects Analysis (FMEA) methodology to assess the risks of the
exclusion zone for their full restoration for further use [3-4]. This methodology is an effective tool for assessing
risks and system safety. It allows identifying technical problems and their consequences in complex systems, as
well as assessing various risks by their nature, severity and time of occurrence.

The main idea behind the methodology is an expert assessment of the problem. Even with a limited amount
of data, experts can effectively assess risks. The risk assessment is performed by ranking using the RPN (Risk
Priority Number), which is calculated as the product of the ranks obtained for the severity of consequences (A),
the probability of detection (B), and the frequency of occurrence of emergencies (E). Risks with the highest RPN
values are eliminated first.

The expert group was asked to consider possible risks in demining the de-occupied territories.

The experts were asked to rank the impacts using pairwise comparisons. A pairwise comparison is a
sequential comparison of each key element with each other: if X is more important than Y, the former is assigned
a score on a scale from 1 to 9, and the latter the opposite value; if X and Y are equal, 1 point is assigned. The
indicators include:

e Demining of territories (x1);

e Efficiency of demining and utilization of remnants of military equipment, mines, etc (X2);

e Safety and effectiveness of demining and disposal technologies (x3);

e The degree of contamination of the exempted territories after demining and utilization (xa4); [5-8]

o The level of safety assessment of the population living in these areas (xs);

140 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexnonozii, ekonozia. 2024. No 1

® Return of vital infrastructure (xg).
For each criterion, a matrix of conjugate characteristics was compiled and the value of the priority Py and
the total value of all priorities P were determined.

P =Y x;,k=1n; )

P =Yk Pe i=1,x; 2

here n is the number of independent experts.
The priority value was normalized for each impact using the formula:

Pk_rel = PL/Z Pi- (3)

The expert ranking of priorities was performed in descending order (from 10 to 0), with the highest score
assigned to the most dangerous impact. The results of the expert evaluation of the features by the severity of the
consequences and the probability of non-detection are presented in Tables 1 and 2 with the participation of one
expert. The matrices of conjugate signs by severity of consequences and non-detection, based on the assessments
of all 16 experts, are presented in Tables 3 and 4.

Table 1 Table of ranking by weight of consequences by one expert

Pairwise comparison assessment results

Impacts X1 X2 X3 X4 Xs Xs
X1 1,00 3,00 5,00 8,00 9,00 9,00
X2 0,33 1,00 3,00 5,00 9,00 2,00
X3 0,20 0,33 1,00 5,00 9,00 3,00
X4 0,13 0,20 0,20 1,00 5,00 4,00
Xs 0,11 0,11 0,11 0,20 1,00 7,00
Xs 0,11 0,50 0,33 0,25 0,14 1,00

Table 2 Rating table by non-detection by one expert

Pairwise comparison assessment results

Impacts X1 X2 X3 X4 Xs Xs
X1 1,00 3,00 2,00 4,00 1,00 9,00
X2 0,33 1,00 3,00 4,00 2,00 9,00
X3 0,50 0,33 1,00 3,00 2,00 7,00
Xa 0,25 0,25 0,33 1,00 5,00 3,00
Xs 1,00 0,50 0,50 0,20 1,00 9,00
X 0,11 0,11 0,14 0,33 0,11 1,00

Based on the obtained matrices of conjugate attributes using the FMEA method, the factors are ranked

according to the total RPN criterion (Table 5), the value of which is defined as the product of ranks A, B, E:
RPN =A-B-E. (4)

The RPN risk score indicates the relationship between the factors that lead to danger. Risks with an RPN
significantly higher than the permissible value of 125 are prioritized for elimination. If any of the A, B, or E
indicators are 9 or 10, risk reduction measures should be taken. An RPN value of 40 to 100 is considered a medium
risk, and an RPN of less than 40 is considered a low risk. Correction parameters for risk reduction are developed
in the following order: first, the causes of accidents are eliminated (reduction of parameter E); then the degree of
consequences is reduced (reduction of parameter A); and finally, a high probability of detecting accidents due to
this cause is ensured (reduction of parameter B).

Results of the assessment of expert opinions on RPN:

eDemining of territories (x1) -720;

eEfficiency of demining and disposal of remnants of military equipment, mines, etc. (xz) - 504;

eSafety and efficiency of demining and utilization technologies (x3) - 224;

oThe degree of contamination of the demined areas after demining and utilization (x4) - 210;

oThe level of safety assessment of the population living in these areas (xs) - 180;

eReturn of vital infrastructure (xs) - 60.
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Table 3 Matrix of conjugate characteristics by severity of consequences (A)
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It can be concluded that the most important indicator with a high severity of impact (RPN > 125) is the
demining of territories [9-13]. It should be noted that it is difficult for specialists to assess the degree of
contamination of the contaminated territories in terms of sanitary and epidemic hazards and the degree of danger
to the population living in these territories.

The choice of the direction of restoration and further use of the mined areas should be made taking into
account the minimization of risks associated with demining and humanitarian demining. First of all, this concerns
human safety. To ensure sustainable development and efficient use of natural resources, it is extremely important
to pay due attention to environmental safety and rehabilitation of territories.

Table 5 RPN rating table

Implications A B E RPN
X1 0,29 10 0,30 8 9 720
X2 0,23 9 0,18 7 8 504
X3 0,17 8 0,14 4 7 224
X4 0,16 7 0,15 5 6 210
Xs 0,10 6 0,16 6 5 180
X 0,06 5 0,07 3 4 60

Conclusion. In the work, the risks of the exempted territories were assessed using the Failure Mode and
Effects Analysis methodology for their full restoration for further use. The main indicators of risk sources are
determined: Demining of the territories; Efficiency of demining and disposal of remnants of military equipment,
mines, etc.; Safety and efficiency of demining and disposal technologies; Degree of contamination of the ex-
exploded territories after demining and disposal; Level of safety assessment of the population living in these
territories; Return of vital infrastructure support.

Possible scenarios and their combinations are identified, covering a wide range of risks, such as technical,
environmental, social and economic. Based on the rating of experts' indicators, matrices are formed to assess the
impact of various sources of risk. According to the expert opinions on the Risk Priority Number, it was found that
the indicators with increased severity include: Demining of territories RPN = 720; Efficiency of demining and
disposal of remnants of military equipment, mines, etc. RPN = 504; Safety and effectiveness of demining and
utilization technologies RPN = 224; Degree of contamination of the exempted territories after demining and
utilization RPN = 210. The obtained results will be used to select the optimal direction for the restoration and
further use of the exempted territories.
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«KuiBcbknmii nostitexniyanii incrutyT iMeHi Iropst Cikopcbkoro»

OIIHKA PU3MKIB JJIs1 PO3BUTKY EK3EMIITOBAHUX TEPUTOPIM

B pobomi oocrioscyiomecsi pusuxu, noe’s;3ani 3 eK3eMRmMOSAHUMU MA 36LIbHEHUMU MePUMOPIAMU, KL
paHiule BUKOPUCMOBYBANUCA ONA NEBHUX NPOMUCTIOBUX, KOMEPYIUHUX, CIIbCbKO20CNO0apuux abo iHuUxX
oisinbnocmeu. Taku mepumopii 6yau 3axonieni abo SUKOPUCMOBYBANUC BIUCOKOGUMU CULAMU NI YAC GIUHU |
nomim Oyau 36iibHeHi abo NOKuHymi ma 3anuwieHi 6e3 Haznsdy, abo 6ynu nopyuieHi 6HACTIOOK NPUPOOHUX
Kamacmpog, mexHocenHux asapii mowo. Poboma cmasums 3a memy npoananizyeamu MOMCIUBICINb IXHLOSO
nO0AnbUIO020 BUKOPUCMAKHA ma peabinimayii.

Ha makux mepumopisax modcHa 6udinumu HACMYNHI NOKA3HUKU Odxcepen pPUsuKy 5K HAABHICMb
8UOYXOHebe3neuHux 00 ’e€kmig, pigeHb 3a0pPYOHeHHs IPYHMY md B600HUX pecypcig; HAAGHICMb XIMIUHUX,
bionociunux abo padiayiiHux 3a0pYOHeHb, CMYNiHb NOWKOOJCEHHA I[Hpacmpykmypu ma OyOieenbHUxX
KOHCMPYKYIU, PU3UK NOA6U HeDe3NeyHux cumyayiti ma aeapiil, 6naus Ha 300po8’s ma 6e3neky Micyegozo
HAcCeNeHHA, MONCIUBICIb PO3NOBCIOONCEHHA THPEKYIUHUX 3AX60PI08AHb, HAABHICMb He30epedceHux abo
HEKOHMPONbOBAHUX BUOYXOBUX MaAmMepianie; pusuK 360POMHO20 BMOPSHEHHSA BOPOXCUX CUNL; NOMEHYIUHA
eKoN02IYHa Hebe3neKa HACAIO0K 3a0pYOHen s HABKOIUWHBO20 cepedosuyd. 3 ananizy HageoeHux NoKA3HUKIG ix
6yn0 y3azanvHeHO mMa 32PYNOBAHO 6 WiCMb OCHOBHUX HNOKAHUKIE PUBUKY. PO3MIHY8AHHA MePUmopiil;
eghexmugHicms  PO3MIHYBAHHA mMa YMULi3ayii 3aiuwiKie 6ilicbko8oi mexHiku, MiH ma iH., Oesnexa ma
egexmugHicmy 3aCMOCY8aHHA MEXHON02IN POIMIHYBAHHA MA YMULI3ayii; CMyninb 3a6pYOHEHHs eK3eMNIMOBAHUX
mepumopii nicis po3MIiHY8aHHs MA YMunizayii;, pieeHb OYIHKU Oe3neKu HACENeHHs, AKe NPONCUBAE HA YUX
Mepumopisx;, NOBEPHEHHs JCUMMEBO20 IHPpACMPYKMypHo2o 3abe3nedeHHs. 3acmoco8aHo Memoouxy
eKCnepmHoi OYIHKU, WO BKINUAE 8 cebe aHani3 MANCKOCMI HACHIOKI8 Ma UMOBIPDHOCMI IX BUHUKHEHHS.
Pansicysanns pusuxie nposoounocs 3a 00nomocorr memoody NApHux nopieusauv. Pezymemamu Oocnidocenns
ModCymeb  Oymu  8UKOpUCMAHI 051 pO3pOOKU cmpameziii noOdIbuio20 GUKOPUCMAHHA ma peadirimayii
eK3eMNMOBAHUX MePUMOPI.

Pesynomamu oocnidocenns xazyoms Ha HeOOXIOHICMb CUCMEMAMUYHO20 MOHIMOPUHEY MA KOHMPOIIO 3d
EK3eMNMOBAHUMU MA 3GITbHEHUMU MEPUMOPIAMU 3 MeMOoI0 NONEPEOHCEHHA MONCIUBUX EeKONO2IYHUX ma
COYianbHO-eKOHOMIYHUX npobnem. /s 3abe3neyents cmanoeo po3eumKy ma 30epexicents npupooHUx pecypcie
HeoOXiOHO NPUOLIAMU HANENHCHY VYBA2Y NUMAHHAM eKON02IuHOT be3nexu ma peadirimayii 3a3HayeHux mepumopill.
Tooanvuii 0ocniodncents 6 yboMy HANPAMKY 00360JsIMb PO3POOUMU eexmusHiui cmpamezii GUKOPUCTAHHSL MA
peabinimayii ek3eMnmMo8aHUX MepUmopiil 3 02150y HA CYHYACHI eKON02TUHI Ma COYIANIbHO-eKOHOMIYHI GUKITUKL.

KoarouoBi cnoBa: exzemnmosani ma 36inbHeni mepumopii, oyinka puzuxie, mMemoo napHux NOPIGHsHb,
cmane GUKOPUCMARHS MEPUmMOopIill, eKon0cIiuHA be3neka, cmaiuill po3eumox.
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