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1.O. CIHUVYK, kaHz. TexH. HayK, jnoir., M.I'. KOTSIKOBA, acmipanTtka
KpuBopi3bKuii HalliOHATBHUN YHIBEPCUTET

HIJIXIT 10 MOKPAIIEHHS SIKICHUX ITOKA3HMKIB EJIEKTPOEHEPTIi
SAJIBOPY IHUX HNIANTPUEMCTB

Meta. MeTot1o naHOi poboTH € po3poOKa aaNTUBHOT CHCTEMH KepyBaHHS iHBEPTOPAMH JKEPEI PO30CEPEIKEHOT TeHe-
patii 3 MiHIMi3aIli€}0 TAPMOHIYHUX BUKPUBJICHb BUXiTHOI HANpyTH. JlaHWI HANIPSIMOK € aKTyaTbHUM Y 3B’SI3KY 3 OYPXJIUBUM
PO3BUTKOM JIXKEpe BiHOBIIIOBAILHOI €HEPTii, MOTCHIIHHUM iX BIUIMBOM Ha 3HW)KCHHS SIKOCTI €ICKTPUYHOI €HEprii, a TAKOXK
AKTUBHHM BIIPOBAKEHHSM iHTENIEKTyalli3allii MPOMHUCIOBHX ITi IIPUEMCTB.

JI7iss TOCATHEHHS MOCTABJICHOT METH MPOAHATI30BaHO MOKA3HUKU SKOCTI eIEKTPUYHOT SHEPTil Ta BU3HAYCHO HAWOIIBII
3HAYKMMI /TSl PO3MOAUTBUUX MEPEX 3aTi30pyIHHX ITiANPUEMCTB. 3alPOIIOHOBAHO Ii/IXi/l aalTHBHOTO KEPYBaHHS Ta KOHTPO-
JII0 ONTUMAJIBHAM PiBHEM SIKOCTI eJIEKTPUYHOT SHeprii 3a KPUTEPieM BIIPOBAIDKCHHS IHTE/IEKTyaIbHIUX TEXHOJIOTiH B BUPOO-
HHYi POLIECH.

MeTtoau nocaigkenHs. [ po3B’s13aHHS IOCTABICHHUX 33/1a4 1 aHANI3Y CTATHCTHUYHUX JAHUX BUKOPUCTAHO aHATITHIHI
METOJU — JUISL JTOCHTIPKCHHS PIBHIB BIIXMJICHb €IEKTPUYHOI €Heprii y Mepexi 3ai30pyIHOTO MiANPHEMCTBA Ta HEUITKHX
HEHPOHHMX MepeX Ul MOOYyIOBH aJalTHBHOI CHCTEMH KOHTPOJIIO Ta KEPyBAaHHS SKICTIO €IEKTPUIHOI eHepril B pO3HOiIb-
YHX EJIEKTPOMEPEKax.

HaykoBa HoBu3HA. Briepiie 3anponoHOBaHO MiJXiJ IOA0 aAaNTUBHOI CHCTEMH KOHTPOJIIO Ta KEPyBaHHS SIKICTIO elie-
KTPUYHOI eHeprii 3 MiHiMi3aliclo TApMOHIYHUX BHKPHBIIEHb BUXITHOI HAIIPYTH B yMOBAaX PO3MOALIBUUX MEPEXK 3aIi30py-
HUX MiATPHEMCTB.

[pakTuyHa 3HAYUMICTh. 3aPONOHOBAHUN TMiJX1Jl TOKPAMICHHS SKOCTI MOKA3HUKIB CICKTPHYHOT CHEPTil 3ali30py -
HUX HiIOPUEMCTB MOXE MaTH MPAaKTUYHE BTIJICHHS TPH 1HTETpaLlii BiIHOBIIOBAJIBHUX JDKEPEN €HEpTii B pPO3NOILUIBYI MEpexi
HiIIPUEMCTB, a TAKOXK IPH 1HTENEKTyalli3alii IPOMHCIOBUX MPOLECIB.

Pe3yabTaTn. Y cTaTTi 3amponoHOBAHO MiIXiJ OO BUPIIIEHHS HAYKOBE 3aB/IaHHS 3 TEOPETHYHOTO OOTPYHTYBAaHHS Ta
po30yIOBH MPHHIMUITIB BH3HAYEHHS, KOHTPOIIO MapaMeTpiB MOKA3HHUKIB SKOCTI €NEKTPUYHOT €Heprii Ta MOOYIOBU CHCTEM
KOPHUTYBaHHS CHEPTeTHYHHX MOKA3HHKIB EJIEKTPUYHOI eHepril IUITXOM KepOBAaHOTO BIUIMBY HA POOOTY MEpeXeBOro iHBep-
TOpa, 3a PaxyHOK 3aCTOCYBaHHS Teopil HEHPO-HEUITKHX Mepex y CHUCTeMi KepyBaHHS Horo poOOTOIo 3a JaHUMH AiI0Y0TO
3HAUCHHS] OCHOBHHX ITOKA3HHKIB SIKOCTI €JIEKTPUYHOI SHeprii Ta IMIEPHYHO PO3PaxOBaHUX ITOKA3HUKIB BTPAT EIEKTPUIHOL
eHeprii y po3noaiIpyiil Meperxi 3a1i30py IHHAX MiIIPUEMCTB. Pe3yibTaTi MOIENIOBaHHS 3alIpOIIOHOBAHOTO MiAX0Xy KOHTPO-
JII0 Ta KepyBaHHs PIBHEM SIKOCTI €IEKTPHYHOT eHeprii y Mepexi MoKa3aB JOCTaTHii HOPMOBaHUH PiBEHb SIKOCTI €IEKTPUIHOT
EHEepTIi IS BIPOBAKCHHS CYYaCHUX 1HTEIEKTYaTbHUX TEXHOJIOTIH.

Ki1r04oBi ciioBa: cucteMa eleKTponocTadyaHHs, MOKa3HUKU SKOCTI €IEKTPHIHOT eHeprii, eNeKTPOIoCcTayaHHs, BiTHOB-
JIIOBAJIBHI JDKeperia eHeprii, IKiCTh elNeKTPUIHOT eHeprii.

‘© Cinuyk 1.O., KotsxoBa M.T'., 2023
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IIpo6aema Ta ii 3B’A30K 3 HAYKOBHMH Ta NMPAKTHYHUMHU 3aBAaHHsMH. Ha choromnimmHin
JeHb, Oinbie 80% enekTpoeHepTii Ha 3aTi30pyIHUX MIAMPHEMCTBAX CHOXHBAETHCS Pi3HOMAHITHUMH
CHCTEeMaMH €JIEKTPOIIPHUBOIIB, 3 HUX, OMH3bK0 60% BHUIMasae Ha CHHXPOHHI ABUTYHU. OCTaHHE Hamae
3MOTYy POOMTH BHCHOBOK IIOAO BHCOKOTO MTOTEHIIIATY KOMIIEHCAIlii PEaKTUBHOI MOTYKHO CT1 CHHXPOH-
HUMH eJIEeKTPONpUBOJaMU. AHamizyroun noOynosani miarpamu (Ommodka! McTOYHUK CCHUIKH He
HaiieH. 1), BUAHO, M0 MUKIIYHE HaBaHTa)XEHHA (CKIMMOBHHA IMiIHOM) Maike y JBa pasd MeHIe (110
yBaru OepeThesl TUIBKH YCTaHOBJICHA MOTY KHICTh €IEKTPUYHHUX MAIIMH 3MIHHOTO CTPyMY) Bifl CyMip-

HOTO CTaJIoT0 HaABaHTaXKeHHsI (HACOCH, BEHTUIIATOPH, Ty pOokommpecopu) [1, 9].
70000

Puc. 1. Po3mozain BCTaHOBIIEHOT HOMiHAJIBHOI aKTUBHOI Ta
PEaKTHBHOI TOTYKHOCTI [BUIYHIB TOJOBHHX Ta JOMOMIKHHX
NPHUBOJIIB MOTYXKHIiCTIO Oitbme 500 kBT 3a Buaamu mpuBOIIB
(. «Ko3zampka»)

60000 §

50000

OTxxe, 3arajbHOI KOMIIEHCALIHHOI 34aTHOCTL
BCTAHOBJICHHUX CHHXPOHHMX MamuH Ha maxti Koza-
[[bKa JIOCTaTHBO JIJISi KOMIIEHCAIil peaKTUBHOI MOTY-
KHOCTI aCHHXPOHHUX MAIllMH, TUPUCTOPHUX NPHBO-
JB TOCTIHHOTO CTPYMY Ta PEaKTUBHHX BTpPAaT B elie-
MEHTaX Mepexi. 3BICHO, IO CHCTeMa KepyBaHHS
KOMITCHCAIIHOKO 3[aTHICTIO CHUHXPOHHHUX MAIlFH
MOBMHHA BPaxXOBYBATH IEpUI 32 BCE HaJiifHE BHKO-
HaHHS TEXHOJIOTi, MIHIMyM BTpar y NPOMHCIOBHX
- CIICKTPHYHUX MEpexkax, MATPUMAHHS PIBHS HAPYTU
CJICKTPUYHUX MEpeX Ha HOPMOBAHOMY piBHI Ta He-
JIONyCKaHHS TIEpeKOMITEHCAIlli Ha MeXi OamaHCoBOi
- HAaJIEKHOCTI.

B pycni nepexomy BiJi ONTOBOTO PUHKY €JIEKT-
pPOCHEpTIi €IMHOTO MOKYIIS J0 OalaHCYUOTO i JI0
€JIEKTPOIIOCTaYaHHs 3a JBOCTOPOHHIMH JOTOBOpPaMH B OCTaHHI POKH 1 Ha MEPCHEKTHBY B YKpaiHi
CIIOCTEPITAETHCS TEH ICHIIIA TePEeX0Ay BiJl YMCTO [EHTPaIi30BaHOTO €JIEKTPONOCTaYaHHs JJO KOMOiHO-
BaHOT0,KOJIM 3pOCTAa€ KUIBbKICTh MICLEBUX JIXKepen enekTpoeHeprii. Jlo MiclieBHuX IKepen eleKTpoeHe-
prii, mo npaIoTs 0e3nocepeHbo B Mepekax 10—6—0,38 kB, BiTHOCATBCS K TpaIuIliiHi JKepena
HEBEJMKOI MOTYHOCTI, TaK 1 aJIbTePHATHBHI. SIK albTepHATUBA TPAAULIHHUM PO3BHBAIOTHCS BiJHOB-
JoBaHi Jkepena enekrpoeneprii (BJE), korenepaiiliHi yCTaHOBKHM, T'a30- Ta MApOra3oBi yCTaHOBKU
Ta i [2].

Pazom 3 Tum enextpuuni mepexi (EM) eHeprocucreM NpoOEKTYBAIMCS 1 CHOPYIKYyBaJIUCS 3a
YMOB IIEHTPaTi30BaHOTO €JIEKTPOIIOCTauaHHs, KOJHU eIEKTPOCHEPTIs BiJl KPYITHUX TETUIOBUX 1 aTOMHHX
€JIEKTPOCTAHIIIN TpaHC(HOPMYIOUMCH NIepeIaBaIach O CIIOKUBAYIB.

3 po30y10BOIO B PO3MOUIIEHUX EINEKTPHUHUX MEpekax PO30CepeKEHHX JIKEPEIl eeKTpOeHepril
(PJIE) BuHMKaIOTH HOBI 3aj1a4i, Taki sK, HEOOXiHICTH ONTUMI3allii KOMOIHOBAHOTO €IEKTPOIIOCTaYaH-
Hs Big EEC i1 po3ocepemkeHoro renepyBanHs, Y3roDKEHHS IOKPHUTTS Tpadika HaBAHTaKSHHS PO30ce-
PEDKSHUMH JDKEpENIaMH, SIKI B CHITY CBOIX (Di3HYHUX OCOOIMBOCTEI MOXKYTh BHIABaTH MOTYKHICTh 3a
pisHuMu rpadikamu, ouinka BBy P/IE Ha 3HaueHHs CTpyMiB KOPOTKOTO 3aMUKaHHS 1, BIIMOBITHO,
Ha poOOTY peNIeHHOro 3aXWCTy Ta aBTOMATHKH, OIiHKA BIUTUBY HA TEXHIKO-€KOHOMIYHI MOKAa3HUKU
PEM, Tomro [2].

Brnm PJIE Ha pesxumu PEM cyTTeBO 3ae)uTh Bill 3HAYEHHS CyMapHOTO PO30CEPEKEHOTO Te-
HEpyBaHHS B HiH, BiJl OAMHUYHOI BcTaHOBIEHOT moTyx)HOcTi PJIE Ta iX Tumy, a Takox Bin iX Micus
i’ €THAHHS B €JEKTPUIHIN Mepexi (1€ MOXKyTh OyTH IIMHH HIKYOI HAMPYTH MiACTaHIi# abo Biara-
JIy>KE€HHS JIIHIN efeKTpornepeadyi).

Kpim Toro crmig BpaxoByBaTH, 10 OJTHOYACHO 3MiHIOIOTHCSI EKOHOMIYHI YMOBH (DYHKIIIOHYBaHHS
€JIEKTPOEHEPreTHKH SIK Taily3i, 30KpeMa 3MIHIOETbCS MOJETb ONTOBOTO PUHKY. Y BHIIAKY peasizalii
€JIeKTPOTIOCTaYaHHA 32 JIBOCTOPOHHIMH JoroBopamu 3a yuacTti PJIE, konu ocTaHHI BHIAIOTh MOTYX-
HICTh B €JIEKTPUYHY MEPEXKY, MOCTa€ HEOOXINHICTh Y3TODKEHHS iX POOOTH 3 €HEproCHCTEMOIO, Bif
SIKOT 3MIIACHIOETHCS IEHTPATi30BaHE KUBJICHHSL.
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Ie crae 060B’s13k0BUM, KOJM BcTaHOBNeHA IOTYkHicTh PJ/IE B EM ckianae cyTTeBy 9acTky Bif i
CyMapHOTro HaBaHTaxeHHs (Hampukian, 20% i Oinbmie). B nmbomy Bunaaky PEM moskHa 1 TOIUTEHO
po3rIsaTyh SIK JIoKanbHy enekrpuany cucteMy (JIEC), B sikiii okpim 3a3HaueHMX BHINE 3a7ad MOCTa-
I0Th 331341 JOCJIDKCHHS CTaTUYHOI 1 TuHaMivHO1 cTiiikocti PJIE Ta iHII, XapakTepHi s eJIeKTprd-
Hoi cuctemH [3].

AKTYaITBHOIO 33/1a4€H0 € OTPUMAaHHS MaKCUMaITBLHOTO MPHUOYTKY Bix ekcrmyaTanii BJIE ans ix po-
30y/10BM 32 YMOBH 3MEHIIICHHS BTpAT €JeKTPOEHEPTii Ta mokpamieHHs ii sikocTi B PEM, a Takox mifa-
BHIIEHHST HAIIMHOCTI enmekTporocrayanHs. [lpu mipoMy, BpaxoByroun 1o enexrpoeHepris Bin PIE
nepenaerbest NiHissMu PEM ofiHOUacHO 3 eNeKTpoeHeprieo 1HINX JKepes, TO He0OXiJHO BUIUIATH 3
CyMapHHUX BTpPaT €JIEKTPOEHEPTIi Ty YacTKy, sika CTOCyeTbcs Tpan3uty Big P/IE [4].

AHami3 gocyaigxens i myosikamii. KaropToro HayKOBIIB PO3TIISAIAETHCS [UTHHA P CUCTEM Ke-
PYBaHHS Ta KOHTPOJIIO, IO TO3BOJISIOTH 3MEHIINTH Ta BU3HAYUTH TaAPMOHIYHE CIIOTBOPEHHS CHTHA-
niB [1-14]. 3aBgaHHAM TaKUX CHCTEM € HAOJMKEHHS BUXIJHOI HAIIPyTH iHBEPTOpa A0 CHHYCOIAaIb-
HOT'O CUTHAJIy 3aBJIaHHS 3 YCYHCHHSIM IHIIMX TapPMOHIYHUX CKJIQJ0BUX. 3HAYHA yBara JOCHIJIHUKIB
NPHUCBSYCHA CHCTEMaM MOBTOPIOBAHOTO KEPyBaHHS MEPEKEBHMH iHBEpTOpamu [8], 0 BUKOPHCTO-
BYIOTh MPOCTI HaBYAIbHI METOJM, SIKi JO3BOJISIFOTh YCYHYTH TEPiOJUYHI MOXUOKH Yy JUHAMIYHUX
CHUCTEMax 3 BUKOPUCTAHHSAM BHYTPIIIHBOI Mojeni. IlepeBaroto Takoro miaxoay € Te, Mo MpH LbOMY
MO’KE€ BpaxOBYBATHCS BEIHMKA KUTBKICTh TAPMOHIHUX CKJIaIOBHX, 320€3MEUyI0UH HU3bKI TOKa3HUKH
Koe(iIlieHTy 3araJbHOTO TapMOHIYHOTO CIOTBOpPEeHHS. HemomikoM Takoro maxomy € HeoOXiTHICTh
MPOBEJEHHS 3HAYHOTO 00CATY €KCIEPUMEHTATBHHUX NOCTIIKEHb ISl BA3HAUCHHS 3aJal0YMX CHTHa-
JIiB TApMOHIK.

Mix THUM, BaXJIHBOKO CKIIAJIOBOIO aHANI3y CIIOCOOIB TOJIIIICHHS SIKOCTI €IEKTPUYHOI SHEpTii €
3’SICyBaHHS MPUYUH iX TOTIPIICHHS. SKIIO po3MIIsiIaTé MMTAHHS SIKOCTI EIEKTPUYHOI eHeprii y KOH-
TEKCTI KoedillieHTy 3arajJbHOTO TapMOHIYHOTO CIOTBOPEHHS CTPyMY, TO aKTYaJIbHUM HampsMKOM
PO3BHUTKY JTAHOTO MMUTAHHS € PO3BUTOK CTPYKTYP CHIIOBUX aKTUBHUX QUILTPIB [1-14].

IocTranoBka 3aBaanns. Meroro poOOTH € Po3poOKa aJanTUBHOI CHCTEMH KepyBaHHS iHBEPTO-
paMu JKepell po30cepeKeHOI TeHepallii 3 MiHIMI3alliero TapMOHIYHAX BUKPUBJICHD BUXIJIHOT HAIPY-
ru. JlaHwii HampsIMOK € aKTyalbHUM Y 3B’SI3Ky 3 OypXJIMBUM PO3BHTKOM JDKEpEN BiTHOBIIOBAJIBHOL
eHeprii, MOTSHI[IMHUM TX BIUIMBOM Ha 3HIDKCHHS SIKOCTI €JEKTPUYHOI €Heprii, a TakoX aKTUBHUM
BIIPOBADKEHHSM IHTENEKTyalli3amii MPOMHUCIIOBUX T APHEMCTB.

BukJjaneHHss MaTepiajay Ta pe3yiabTaTH. BayXTMBUM HapsIMKOM BIUIMBY Ha BTPATH €JIEKTpOe-
Heprii y po3NnoaiIbHUX Mepexax € pozocepexeHi mxepen eneprii (PE). OueBuano, mo Ha 3Ha4YeH-
Hs BTpaT B enekTpuaHux Mepexax (EM) BrmuBarors sik napamerpu PJIE, Tak i cxemu ix nmpueaHaHHs.
To, BUX0oAs4u 3 TUNIOBUX cxeM npuenHanHsa PIIE 1o po3noainbHUX Mepex, 3a IEBHUX MOTYKHOCTEN
TeHepyBaHHS BOHHM YaCTKOBO KOMIICHCYIOTH MOTOKH IMOTYXKHOCTI, IO 3yMOBJIEHI HaBaHTa)KEHHSIM
CTIOXKMBAYiB, 1 HAJAXOPKEHHS €JIeKTpOeHepTii 3 OOKYy CHCTEMH 3MEHIIYEThes. PazoM 3 muM 3MeHIy-
I0THCS BTPATH €JIEKTPOEHEPTii B PO3MOAIBHUX MEPEkKax.

Skmmo reHepaTop MiA'€MHAHWK JIO EHEPTOCHCTEMH Ha MiJICTaHIli, 3MiHA Hanpyru Ha OyIb-sKid
JIiHI1, MO KUBUTHCA BiJ i€l migcraniii, merie 0,5% mns HalBaXxduX AOCHTIHKEHUX yMOB. Skiio re-
HepaTop NpUETHAHUN ONMK4e A0 KiHIS JIiHII, pi3Ki 3MEHIICHHS MIBUAKOCTI BITPY Ta HOTO MOPHBH
BUKJIMKAIOTh KOJMBAHHA HAIIPYTH Y PO3NOAUIBHINA Mepexi, o A0piBHIOE 2,2 %.

JlomyCTUMICTh 3a3HAaYCHUX BIIXWIICHb HAIPYTH 3aJICKUThH BiJ X YaCTOTH, BUAY Ta BiJ CTaHIap-
TiB, BCTAHOBJICHUX JUIsI CHEPTOCUCTEMH, JIO MEPEXK SKOI MiIKITI0Ua€EThesl reHepaTop. Onrumizariist yi-
PaBIiHHS, MOB'I3aHOTO 31 3MIHOIO KyTa YCTAHOBKH JIOMATE Ta PEryNIOBaHHS HANPYTH T'€HepaTopa,
MO’KE 3MEHINMTH KOJUBAHHS HAITPYTH B Mepexi. Mano WMOBIpPHO, IO MAaKCUMAITBHI POCKTHI TIOPUBU
BITPY MOXYTh CIPUYMHUTH BUIMIAJAAaHHS FeHEepaTopa i3 CHHXPOHI3MY 32 TUTIOBUX YMOB HOTO poOOTH.

3HMKEHHS HAPYTH B MEPEKi y 3B'A3Ky 3 MiJKIIOUYEHHSAM 10 Hel BITPOCHEPTeTHYHHUX YCTaHOBOK
(BEY) mMoke BUHHKHYTH B Mpolieci Mycky Ta 3ynuHkd BEY Ta B pe3ynbraTi KOMMBaHb iX MOTYXHOCTI
yepes3 3MiHM WBUAKoCTI BiTpy. st BEY 3 cuHXpoHHMME reHepaTtopamy 3HMKEHHs HAIlpyTH, 1O Bil-
OyBaeTbcs MPH MyCKy, MOXKe OyTH TIOBHICTIO 3alO0IrTH B pe3yJibTaTi 3aCTOCYBaHHS aBTOMATHYHOL
CHUHXpOHI3aIlii, SKa IMUPOKO BUKOPUCTOBYEThCS B eHeprocucremax. Y pasi BEY 3 acunxpoHHUMU
TreHepaTopamu, IPUIMHOIO 3HIDKEHHS HAIIPYTH B Mepexi Oye TiAKIFoueHHs 0 reHepaTopiB OaTapei
KOHJIGHCATOPIB, 1I0 BAKOPUCTOBYIOTHCS /ISl MOJIMIIIEHHS COS (.

OpnnouacHi ab0 He3anexHi (QIyKTyawii 4acToTH 1 Benuki (prykryamii Hampyru HeOaxkaHi JUis
CTMOXKMBaYiB 1 MOBMHHI OyTH 3amobirtu. Benuki duykryarii Hanpyru, 3ymoBieni podororo BEY, mo-
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JKHA TIPHITYCTUTH, SKIIO BOHW TPAIUIAIOTHCS pifko. Yacti k (uykryarlii Hanpyru BUKIMKATUMYTh
npeTensii 3 00Ky CIOKMBaYiB EHEPrOCUCTEMH, SIKIIO KOJIMBAHHS HAPYTH HE BiMOBIiAATHME BCTAHOB-
JIGHUM BUMoOTaM [9].

Ha puc. 2 npeacraBieHo Mojeins, modoyaoBany B cepenoBuny Mat Lab. Jlo 11 ckiramy BXOOuTh
3aranbHa Mepexa 35 kB, moHmkyBasibHa TpaHcopMaTopHa mijcraHiis 35/6 kB, niHis npoTskHic-
TI0 10 KM 10 OHWKYBaIBHOT mijcTanmii 6/0,4 kB, moHmwKyBansHa mijcraniis 6/0,4 kB, minis npo-
TSKHICTIO 1 KM JI0 criokuBava enekTpudHoi eneprii, onok IGBT meperBoproBauiB 1o 2 Ha KOXKHY
¢asy Ta CrIoXuBa4 eNEKTPUIHOI €Hepril, SKUH MPeaCTaBIeHO TpU(pa3HUM aCHHXPOHHUM JBUTYHOM
15 xBr.

.

Puc. 2. Monenb cucTeMu elneKTporocTauaHHs HaBaHTKEHHS IPOMHECIOBOTO 00’ ekTy 35/0,4xB

TaxuM yuHOM, Ha pHUC. 3-5 MOYKHA CIIOCTEPIraTy 0COOJUBOCTI BIUIMBY MEPEXiTHUX MPOIIECIB OJ1-
HUX 13 CaMHX PO3MOBCIOMHKEHUX Ta MOTYXKHUX CIIOKWBAYIB €IEKTPUIHOI €Heprii — eNeKTPUIHIX J[BU-
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Puc. 3. I'padix Hanpyru Ha croponi 0,4 kB HaBaHTaxkeHHsM 110 (hasam &, b, ¢ (B)
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Puc. 4. T'padik ctpymy Ha croponi 0,4 kB HaBanTaxkeHHsM 110 (asam a, b, ¢ (A)
| | | | | | |

140}— | | | | | —

120— | | | | | —

20— | | | | | —

D | 1 i i i 1 i 1 1 —
] 01 02 03 04 05 06 o7 08 09 1

Puc. 5. I'padik mBugkocTi 006epTiB poTOpa ACHHXPOHHOTO IBUrYHA (IIyCKOBUH PEXHUM) (IPOMIXKOK ITEPEXiTHOTO IPO-
Lecy 3aIycKy IBurysa) (06./xs.)

Sx BugHO 3 pHc. 3-5, epexifHi MpoIecH 3almyCcKy eIeKTPUYHHUX JIBUTYHIB TAKOXK MaroTh MicIie
caMme Ha IUISIHKY Mepexi 1o sikoi min’eanani. [lepexignuii mporec He Mae CyTTEBOTO BIUIMBY Ha 1HIII
JUISTHKA Mepeski Ha CTOPOHI BUIIIOT HANIPYTH 1 HE MOIIUPIOETHCS B 3arayibHy Mepexy. Mix TUM, Mae
CYTTEBHI BIUTMB Ha JUTSIHKY MEpEKi JI0 K0T IMi1’€HAaHUH, HETaTUBHO BILTMBAIOYM HA MOKA3HUKHU SIKO-
CTIi SIK CKJIQJIOBUX CTPYMY TaK i CKIIQJIOBHX HAIIPYTH.

Mix THM, 3 KOXHHM POKOM iH(popManiiHo-komyHikaniiiHi TexHomnorii (IKT) BigirparoTs Bce
OinbII BaXKITMBE 3HAYEHHS Yy KUTTI JIIOJEH, MOCHIIOIOYM NPH [BOMY CBill BIUIMB Ha COIQJIBHO -
€KOHOMIYHHMH PO3BUTOK KpaiHu. OCTaHHIM YacOM IIUPOKUM IMOIHTOM KOPHUCTYIOTBCS SIK OKpeMi
TEJICKOMYHIKaIliiHI cepBiCH (IOCTym 10 Mepexi I[HTepHeT, BiCOCIOCTEepeIKEHHS, BilTancHUN
KOHTPOJIb 33 ONAJICHHSM, OCBITICHHSM 1 T.J.), TaK i Cy4acHI KOHIEMIIii, MOKIMKaHI aBTOMATU3yBa-
TH TIeBHI TOOYTOBI MPOILIeCH, YPI3HOMaHITHUTH O3B, CIIPOCTHTH JAOCTYM J0 COLialbHUX MOC-
ayr i T.4. («po3ymHHH OyamHOK» (Smart Home), «posymue micto» (Smart City) ta «IHTepHeT
peueii» (IoT)).

OpHak, HEOOXiTHOKO YMOBOO JUISI BUKOPUCTAHHS TOTEHIATY TNEpeliueHUX KOHIICIIIIN € HasB-
HICTh MEPEX IIBUIKOTO TOCTYIY, 3AaTHUX 3a0e3MedyBaTi BUCOKY MPOITyCKHY 3/1aTHicTh. Ha choromni
OCHOBOIO JIJIsl TIOOYJIOBH MEPEX HIBUAKOTO JOCTYIMY € TedehOHHI MEpexki 3arabHOr0 KOPUCTYBaHHS
(TM3K), onToBOIOKOHHI Mepexi, KaOelbHI MepesKi, MOOUTbHI Ta CYIyTHHKOBI MEpEXi, a TAKOXK Me-
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pexi enextpuuHoi npoBojaku (TexHomnoriss PLC). Koxkaa 3 HUX Mae CBOI mepeBaru i HEJONIKH, sIKi
00YMOBITIOIOTH JIOIUTBHICTH iX BUKOPUCTAHHS B THX UM IHIIMX yMOBaX. 30KpeMa, MepekKi eJIeKTpUIHO1
nipoBoiku (MEIT) BUKOPHUCTOBYIOTH SIK CEpeIOBHIIE MOIMPEHHS CUTHAIIB TIPH 100y T0B1 iH(pacTpyk-
TYpH 3TiAHO 3 KOHIEMIIEI «PO3yMHE MICTO» JIA OpraHizamii CepBiCiB BiIJaJeHOT0 KOHTPOJIO 3a
MOKa3aHHSMH PI3HOMaHITHHUX JAaTYHKIB, BCTAHOBICHUX Y OYIIBIIi, 8 TAKOXK MIPU PO3TOPTAHHI «PO3yM-
HOTO OyJTUHKY».

Texnonorist PLC — nepcriekTuBHa TeleKOMYHIKalliifHa TEXHOJOTis, SKa, MPAIIOI0YH 110 CHIOBHX
eJIeKTpOMepeKax, JI03BOJISIE OPTaHi3yBaTH BUCOKOIIBHJIKICHHH 1H(GopMatiiHuii oOMiH. B 3ai1exHoCT
BiJ mBuAKOCTi nepenaBanHs, PLC moginserscs Ha mmpokocmyroBy (BPL) 3i mBuakictio Ginblie
1 M6it/c i By3pkocmyToBy (NPL).

OpHak, 3a TaKUX MO>KIMBHX BapiaHTIB MIAKIFOYCHHS JKEepesl pOo30CepeKeHOT TeHepallii 10 eje-
KTPUYHOT MEpexXi MiJIPHEMCTBA, Ta 3BayKAI0UM Ha CTOXAaCTUYHMH Xapakrep (yHKIIOHYBaHHS BiIHOB-
JIOBAJIHUX JKEpPEN €Heprii, Ha MOTY>KHOCTSAX SKUX MAOTh BOHM 0a3yBaTHUCS CIIiA MPUIUIMTH yBary
aCIeKTaM SIKOCTI IeKTPUYHOI eHepTil, K JOKATBHOTO MMOKa3HUKA, a HE 3aralbHOr0 MOKAa3HHKA B Me-
pexi minnpuemctsa [10].

Taxum 4nHOM, 3Ba)KarOuM Ha BCI 3a3HAYEHI aCIIEKTH, YMOBU Ta YMHHHMKHU 3allPOIIOHOBAHO CXEMY
CHUCTEMH KOHTPOJIIO Ta KEPYBaHHSM PIBHEM SIKOCTI €JIEKTPHYHOI eHeprii (puc. 6).

LlenTpansHuia GNok GUGTEMK KEPYBaHHA PiBHA
AKOCTi eneKTpdHOT eHepril

1

Mipcuctema n

Nigcuctema 1 MNincuctema 2 Mipeucrema 3

TR B

Puc. 6. Cxema cucteM KOHTPOJIO Ta KepYBaHHS PiBHEM SIKOCTI €IEKTPUIHOT €Heprii

Ha puc. 6 300paxeHa 3anporioHOBaHa CXeMa CHCTEMH KOHTPOJIO Ta KepyBaHHS PiBHEM SIKOCTI
eJIeKTpUYHO1 eHeprii, e B1-n — BuMiproBanbHI OJOKH BiJIOBITHUX TMOKA3HUKIB SIKOCTI €EKTPHYHOT
eHeprii B Ha AUISHKaxX Mepexi M1-n, mo perynorTses BianoBianumMu npuctposmu 111 -n. Anropurm
JIa€ MOXKTUBICTh KOPETYBaHHS BiJIMOBIIHUX MOKA3HUKIB SIKOCT1 €JICKTPUYHOI €HEeprii IeHTPaIi30BaHO -
JIEIIEHTPATi30BaHUM CIIOCOOOM YTIpaBIIiHHS Ha BiAMOBITHUX JUISHKAX MEPEKi 3 MiJKIIOUSHHSIM PO30-
CEepeIKEHNX JHKEpEN eJIeKTPUYHOI eHeprii Ha 0a3i BiIHOBIIOBAIBHUX JKepesl SHeprii.

BpaxoByroun MOKIHMBICTh aJaNTUBHOTO YIPABIiHHS SKICTIO €IEKTPUYHOT eHeprii y Mepexi
IEHTPaTi30BaHO-ICIEHTPATI30BaHUM CIIOCOOOM, € MOXJTMBUM BHPOBaKeHHs TexHoJorii PLC ms
nepeaaBaHHs iHQOPMAIIl y acleKTi iHTeJIeKTyai3allii CHCTEM YIPAaBIIHHS €IeKTPONOCTaYaHHsM Ta
BIIPOBKEHHST TexHoJorii Micro Grid. 3Baxaroun Ha akTyalbHICTh iHTENEKTyami3amii cucTteMm yI-
PaBIIHHS €JIEKTPONOCTAUYaHHIM € MOKJIMBHM BIpOBa/pKeHHS TexHoiorii PLC g nepenaBanHHS iH-
¢dopmanii y Micro Grid, mo no30aBuTh TpYAHOILIB 3 MEpeAadeto YIPaBISIFOYOro CUTHATY Ta Tepenadi
JAaHWX JI0 CHCTEMH YIPaBIiHHA [2].

Ha ocHOBI nepeBa JIOriYHOr0 BUCHOBKY KOHCTPYKTHBHUX 1 TEXHOJOTIUHHX (DaKTOPIB 3MOJIEITIOE-
MO CTPYKTYpY i€papxiuHoi HelpoHeuiTkoi Mepexi (puc. 7).

KoskeH enmeMeHT 1i€i CTpyKTypH SBIIsiE COOOIO MEBHHI PiBEHB JIOTIYHOTO JIepeBa BIUIMBY Ha SIK-
ICTh CHCTEMH eJieKTporiocTauanHs. KojkeH elneMeHT Mae TepM-Halip eKCIepPTHHUX OIIHOK, KUl BKa3y-
€THCS Ha BXOI MapaMeTpiB y psaky: «H — auspkmiiy, «C — cepenniit», «H - Bucokwmii».
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Puc. 7. Ctpykrypa iepapxiuHOi HEHPOHEUITKOT MepexXi Uil BH3HAYEHHS Ta KOHTPOJIO MOKA3HUKIB SKOCTI CHCTEMH
€JICKTPOTIOCTaYaHHs

(DaKTOpI/I BIUIMBY, 11O BINIMBAIOTH Ha SIKICTb CUCTEMH CJIICKTpONOCTa4YaHHs
L=f(Y, 2);
Z="1,(z.2,,2,2,2,2,1,,1,1,1,),

Y = fY(yl’yQ’y?y)

Zl = le(a'l’az’an)’
ZZ = fz2(b17bzabn)a

b

z,="1.(c,c,c,),
Z4 = fz4(d1’d2’dn)’
ZS = fZS(el’eZ’en)’

z,=f,(1, 1, 1),
Z7 = fZ7(gl’ gZ’ gn)’
28 = fZ8 (hl s hZ ’ hn )7
z,=1,(,i,i),
Z,= leo (u,u,,u,),
y,=f,(m,m,m),
y, = f,,(k.k,.k,),
Yy, =f,.(5.,8,,S,),
ne Y - THTBICTUYHA 3MiHHA, 110 OMHCY€ OCHOBHI IMMOKA3HUKHU SIKOCTI €IeKTPUIHOI eHeprii; Z - MHTBiC-
THYHA 3MIiHHA, 110 OIUCYE JOJATKOBI MOKA3HUKH SKOCTI €JICKTPUYHOI CHEPriil; Zi- BIIXUICHHS Hampy-

rH; Z2 - 1032 KOJMBaHb HANpYry; Z3 - IMIyJIbCHA HANpyra; Z4 - BIOXWICHHS YacTOTH; Zs - KoepiLieHT
TapMOHINHOI CKI1a0BO1; Ze - KOE(ILIEHT HECHHYCOINabHOCTI KPUBOI HApyry; Z7 - TPUBAIICTh NPO-
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BaJly HarpyrH; Zs - KOeQilieHT 3BOPOTHOT MOCIITOBHOCTI HANpyry; Zo - Koe(illieHT Hy1b0BOI MOCITi-
JIOBHOCTI Hampyru; Zio - po3Max 3MiHH Hampyrd; Y1 - KoedinieHT HebanaHcy (a3HUX HAMpyT; Y 2- Koe-
¢imieHT HeOenaHcy MiXK(Qa3HUX HAMPYT; Y3 - KOePIMieHT aMILTITY JHOT MOy AT, a, b, ¢, d, e, f, g, h, 1,
u, m, k, s — BiZMOBiIHI TapaMeTpU4HI BXOAH MOKa3HUKIB SKOCTI ENEKTPUYHOI eHeprii Ha BiANOBIIHUX
1, 2, n AiSTHKAX PO3IOAIIBYOL ENEKTPUIHOT MEPEXKI.

JIiHTBICTHYHIH TOCTAHOBIII, 1[0 OTIMCY€E BILTUB Pi3HUX MapaMeETPiB EIEKTPUIHOT MEPEXi Ha AKICTh
CHUCTEMH eJICKTPOKUBIICHHS, Bi/INIOBIJa€ HACTYITHA CUCTEMA PIBHSIHD HEUITKO1 JIOTiKH

Ly (€)= (B A iy (€2) Ay (B3)V iy (8) A piy (82) A iy (B3) V iy (1) A iy (82) A i (€3),
te (@)= pc (@) A e (@) A iy (€3)V py (8) A fic (82) A e (83) v pic () A
Ay (82) A g (83) v e (&) A pic (82) A iy (83) v iy (81) A ptg (82) A pac (€3) v pg (&) A

Aty (&) A e (83) Vv i (8) A i (8,) A e (€5),

(€)= i (B A pic (8) A pte (83) v g (8) A i (8) A i (83) v 1 (€)) A e (€5) A e (€5).
Otpumana 6a3a 3HaHb MIO/I0 3B’S3KIB HEUITKUX TEPMiB BXIJIHUX 1 BUXIJHUX JTIHTBICTHYHUX 3MiH-
HUX J03BOJISIE ONITUMI3yBaTH KEPYIOUHd CUTHAJ CHCTEMH yTPaBIIiHHS Ta KOHTPOJIO SKOCTI eNEKTPHY-
HOI eHeprii 3a BiJIMOBITHUMHU MOKAa3HUKaMH y 3a3HAYCHUX KOHTPOJIBOBAHUX JUISIHKAX PO3MOALTBUOT
MEpexKi.
Pe3ynbraTi MOZIEIIOBaHHS CHCTEMH EJIEKTPOIIOCTaYaHHs 3 BUKOPUCTAHHS JKEPEN pO30cepeKe-
HO1 reHeparlii HaBejieHi Ha puc. 8-10.

Puc. 8. Mozens cucremu enekTponocTadanss y cepeposuii Matlab/Simulink 3 Buxopucranus oxHOTO mKepena po3o-
cepekeHol reneparii

CUVIVVRVY UUUUAUUUU ﬂ\J’n\/UUUUUU Vi

4] 002 004 006 008 01 012 014 016 018 0.2

Puc. 9. I'padix vanpyru da3 A, B, C 0,4 kB nicns dinsrpy (B)
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Puc. 10. I'padix crpymy da3 A, B, C 0,4 kB micnst dpinsrpy (A)

Hageneni pe3ynbTaT MOJENIOBAaHHS BKa3ylOTh HA MOXKJIMBICTh BIPOBA/IKEHHS CYJaCHUX CUCTEM
nepeaadi Kepyrounx CUTHAIIB CUJIOBUMH PO3MOAUTBYUMH MEpPEeKaMy 3aTi30pYAHUX MiAPUEMCTB.

BucHOBKHM Ta HANPAMOK MOJAJILIIMX /IOCJTI’KeHb. Y CTaTTi 3alpOIOHOBAHO MiIXiJa LI0J0 BH-
pillICHHSI HAyKOBE 3aBJAHHS 3 TEOPETHMYHOTO OOTPYHTYBAaHHS Ta PO30YAOBH NMPUHLMITB BH3HAYCHHS,
KOHTPOJTIO TIapaMETPiB MOKA3HUKIB SIKOCTI eJIEKTPUYHOI €Heprii Ta MoOyI0BU CHCTEM KOPHUTYBaHHS €HE-
PreTHYHUX TIOKA3HHKIB ENEKTPUYHOT EHEPTil NMUISTXOM KEePOBaHOTO BILIMBY Ha pPOOOTY MEPEKEBOTO iH-
BEpPTOPA, 32 PaXyHOK 3aCTOCYBaHHS TE€OPii HEWPO-HEUITKIX MEPEXK Y CHCTeMi KepyBaHHS HOro poOOTOI0
3a JAHUMH JIFOYOTO 3HAYEHHS OCHOBHHX TOKA3HHKIB SIKOCTI EIEKTPHYHOT €HEepTii Ta IMIIEpUIHO po3pa-
XOBaHUX MOKa3HUKIB BTPAT €IEKTPUYHOIT €HEPrii Y pO3NOAUIBYIA MepesKi 3aTi30pyJHUX ITiIPHEMCTB.

BpaxoByroun akTyanbHICTh Ta HEOOXiTHICTH 3acTocyBaHHs TexHonorii PLC mus mepenaBaHHs
iHdopmarii y Micro Grid 3ami3opyAHUX MiAOPHEMCTB € HEOOXiTHICTH BIPOBAKCHHS aJalTUBHOTO
KEepyBaHHS fAKICTIO €JeKTPUYHOI eHeprii y Mepexi IHMX MJIPUEMCTB IIEHTPaIi30BaHO -
JISIICHTPATI30BaHUM CIIOCOOOM, 3 METOFO i ITPUMAHHS HATICKHOTO PiBHS MOKA3HUKIB SKOCTI EEKTPH-
YHOT eHeprii B Mepexi.

Pesynprarn MoJeTIOBaHHS 3alpOIIOHOBAHOTO MiIXOXy KOHTPOJIO Ta KepyBaHHS PIBHEM SIKOCTI
€JIEKTPUYHOT eHeprii y Mepexi MoKa3aB JOCTAaTHIM HOPMOBAaHUH PiBEHb SIKOCT1 €JIEKTPUYHOI eHeprii
JUTS BIIPOBA/KEHHS CyYaCHHUX 1HTEJIEKTYTBHUX TEXHOJOTIH.
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O.A. IIPAM, kaup. TexH. HayK, gou., FO.I'. KAYAH, n-p Texs. Hayk, npog.
HarionansHMid yHIBEpCUTET «3aropizbka MOIITeXHIKa

BU3HAUYEHHS JOLLIBHUX 3ACOBIB HAKOITMYEHHS EJIEKTPOEHEPTIi
B MEPEXAX NTPOMUCJIOBUX NIANNTPUEMCTB

MeTo10 TOCTiIKEHHSI € aHaji3 CydyacHHX CIOCOOIB HAKOIMYEHHS EIEeKTPOeHeprii, siki MOKyTh OyTH BHKOPHCTaHI B
Mepeskax MPOMHUCIOBHX MiIPHEMCTB Ta BU3HAUCHHS JOIIIBHOCTI IX 3aCTOCYBaHHS.

Metoaun pociaigikeHHsi. Y CTaTTi BUKOPUCTAHO TEOPETHYHI Ta €MIIpUYHI 3arallbHOHAYKOBI METOIH IOCIHiIKEHHS,
OITHC, aHAJTI3 Ta y3araJbHEHHS TOLIO.

HaykoBa HoBM3HA. B po0OTi mpencraBieHo aHami3 JOLUUIBHOCTI BUKOPUCTAHHS PI3HUX 3ac00iB HAKOIIMYCHHS €IEKT-
pHUYHOT eHeprii B Mepekax MPOMHCIOBUX IMiINPUEMCTB 3 METOIO 3MCHILCHHS MEPETOKIB €Heprii MpU BUKOPUCTAHHI BiJHOB-
JIIOBAHUX JDKepedl.

I[IpakTHYHA 3HAYUMICTH JOCITIKEHHS MOJISATae B BU3HAYCHHI JOIUIFHAX 3ac00iB HAKOTTMUEHHS €JIEKTPOSHEPTil B Me-
pekax MPOMHCIIOBHX MiJAMPHUEMCTB, OCKUTBKH JJa€ MOXJIMBICTh 3MEHIINTH HeOakaHi JBOHAIPABIICHI MEPETOKK eHeprii Ta
3HM3UTH ii BTpaTH.

PesyabTaT gocaimxkenns. B crarti po3misiHyTO cydacHi CIOCOOM HAKONMYEHHS €NEKTPOeHeprii, sIKi MOXKyTh OyTH
BHUKOPHCTaHi B Mepexax MPOMHCIOBHX MiANPUEMCTB. J[0 HUX BiJHOCATBCS aKyMyJSITOpHI 6atapei, ABOIIApOBI €lEeKTPOCTa-
THUYHI KOHICHCATOPH, T1IPOaKyMYyJIIOI0Ui CTAaHIIi Ta BOOHEB] YCTaHOBKH. [IpoBeneHnii aHAI3 TEXHIYHUX apaMeTpiB Pi3HUX
THUIIB JIITIEBUX aKyMyJISTOpHHUX Oarapell ImokasaB, II0 BUKOPHCTAHHS IBOTO 3ac00y HAKONMYEHHS yCKIaJHEHe depe3 Ipo-
OyeMy opraHi3anii IIaBalOvuoro 3apsHKAHHI Ta HEMOXKIMBOCTI poOOTH B pEXKHMI CTPYMOBHX IepeBaHTaXKeHb. Bukopucran-
HS CyNEpKOHICHCATOPIB B SIKOCTI HAaKOMMYyBauiB €Hepril 00MeXeHO 3HAYHOIO MMMTOMOIO BAarolo BHCOKOIO BapTicTio. B Toi
K€ Yac mapajenbHa poboTa CyNnepKOHIEHCATOPIB Pa3oM 3 aKyMYJISITODHUMHU OaTapesiMU JIO3BOJISIE CYTTEBO MOKPAIUTH €KC-
IUTyaTauiiiHi XapakTepuCTHKH OCTaHHbOI. IIpOBEICHO aHasi3 BUKOPUCTAHHS TipOaKyMyJIIOIOUUX CTaHLIH B Mepexax 3 BiJ-
HOBJIIOBAaHMMH JDKEpeTaMu eHeprii. 3a3HaueHo, mo It e(heKTUBHOI pOOOTH TipOaKyMyIIIOI0UO] CTaHIlT Ha TepUTOPIi M-
pH€EMCTBA HEOOXITHO BUPIMIUTH NPOOIeMy HAKONMMYEHHS BEIMKOI KITBKOCTI BoAM. Bucokuii moteHmian mono eGexTuBHOro
30epiranHs eHeprii MaloTh HOBITHI HaTeNep BOAHEBI HAKOMMYYBayi.

B crarTi po3miIsiHyTO CydacHi CiocoOH IepeTBOPSHHS BOAHIO B EIEKTPHYHY SHEPTiI0 3a JOTIOMOTOI0 TBEPJOOKCHIHIX
MAJTMBHUX eNleMeHTIB. [IpecTaBieHo TexHIUHI XapaKTepUCTHKH MAMBHUX KOMIpOK HaWOinbm kpynHUX BUpoOHHKIB CIIA,
Kananu, Himeuunnu, Snowii, [TliBnernoi Kopei.

Korodosi ci1oBa: HakonmayBad eHeprii, BiJHOBIIIOBaHI JpKepelia eHeprii, aluBHa KOMipKa, BOJHEBA €HEPreTHKa, Cy-
HEPKOH/ICHCATOP, CIICKTPUYHA CHEPTid.
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IIpoG.Jema Ta ii 3B'130K 3 HAYKOBHMHM Ta NPAKTHYHUMH 3aBAAHHAMH . 3HA4HI KOJTMBAaHHA 00-
CATIB CIIOKMBAHHS €HEPTii B eIEKTpOMEpesKax MPOMHUCIOBUX MiJNPUEMCTB, a TAKOXK 3pOCTar0di o0cs-
T'Y BOPOBADKEHHS HUMH y SKOCTI BJIACHHX PO30CEPEeDKEHUX Ha iX TEpUTOpil JOJATKOBUX JIKEPEN
OCTaHHbBOI, TAKUX SIK BITPO- i T€II0yCTAaHOBKHU, MPU3BOANUTH JI0 3HAYHUX 1 HEOaKaHWX JIBOHATpaBIIe-
HUX MEPETOKIB €Heprii, HaJITO BEJIMKUX KOJIMBaHb MOTY>KHOCTI, MOTIPIIEHHS eIeKTPOMArHiTHOI cyMic-
HOCTI y Mepexax, tomo [1]. Obcsru reneparii 3a3Ha4eHNX HKEpeNl MalOTh BHITAIKOBHN XapakTep
yepes 3aIeKHICTh BiJl KOHKPETHUX MOTOJHUX YMOB, TOXK 1X BHKOPHUCTAaHHS 0€3 MOXKJIMBOCTI HAKOIH-
YEHHsI JOCTATHBO BEJIMKOI KIJIBKOCTI €HEpTii € MpoOIeMaTHIHUM.

Micie po3TaltyBaHHsI 3a3HAUYCHUX HAKOMMYYBadiB y IPOMHUCIIOBUX €IIEKTPOMEpekax Moxke OyTH
abo OesmocepeaHboO Ol BITPOYCTAHOBKM YW COHSYHOI €IEKTPOCTaHIlil, a00 y MICISX HAWOUTBIIIX
MEePETOKIB eHeprii. Bce 11e 3aeuTh Bij 00CATIB Takoi reHepallii Ta MOTYKHOCTI ii CIIOKMBaYiB Ha
KOHKPETHOMY i IMPUEMCTBI.
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