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PesynmbraTel  w3MepeHwit [1] mokasamm, 9TO
npeularaeMas M3MEpHUTelIbHAs CHCTeMa ¢ MUHUMAJIBHOM
cormacHO [1] HeoOXoAWMO TPOBECTH HACTPOHKY W Psf
TECTOB MPE/IaraeMoro yCTpoliCTBa, a IMEHHO:

1 Co6op panHbIX: HacTpouTh  3NIEKTPOHHBIH
TaXxeoMeTp Uil TOYHOTO TMOMNaJaHMs Jiazepa B MECTHK
M30JITOpa, a 3aTeM 3aXBaTHTh YETKOe H300pa)keHHe
OTIAJEHHOTO  H30JTOpA,  WUCIONB3Yys  KaMmepy ¢
TEJICOOBEKTHBOM.

2 IMapametps! pemenus:: OOBbEIMHUTD U3MEPEHHYIO
rTyOMHYy HM30JATOpa W 3aXBaUYCHHOTO W300pa’keHWe It

HOTPEIIHOCTRIO ONPEAeNWIa THUIEl H30JATOPOB U
BBIYMCIIMIIA JUIMHY ITyTH yTe4KHu. JlaHHOe penieHne uMeeT
NPaKTUYECKYIO NPUMEHSIEMOCTh 0 OIPEICICHHIO THIIOB
U30JITOPOB B THPIISHAC M JUIMHHBI IYTH yTEUkd Oe3
UCIIOB30BAHHMS TOBEPXHOCTHOTO OCMOTPA.

Aaroput™m ANATHOCTHKH pacnipeneeHust
HAMNPSIKeHNs1 U CONMPOTUBJIEHNUSI THPJISTH/I U30JISITOPOB.
B pabore [2] w™eTom u3MepeHUs paclpeaeieHUs
HaOopsHOKEHUsAT OCHOBAaH Ha TOM (I)aKTe, YTO OTHOIICHHUC

JallbHEUIIETO
H30JIATOpA.

3 UsmepeHne nmiuMHBI TMyTH yTeukw: [lomydeHue
pe3ysipTaTa CONOCTAaBICHUS H3MEPEHHBIX MapaMeTpPoOB C
WU3BECTHBIMH U THUIOBBIX M30JSITOPOB, OIpEAEIeHUe
TUIA H30JATOPa, a 3aTeM OIpeJeNieHHe MAJIUHBI MyTH
YTEUKH.

Ilocne mpoBeneHUs psiia HACTPOEK U TECTUPOBAHUS
YCTPOUCTBA, MPOBOJAWINCH W3MEPEHUS psAga TUPISTHI
pPa3IMYHBIX THUIOB H30JATOPOB Ha aAedcTByrommx JIOII
I'yanwxoy, nposunmus ['yaargonr, larxaii pucyHok 3.
HanpspKeHUS BO30YKICHHS M PacIIPEACICHIS HAPSKCHHS
KaXXIOTO M30JIITOpa OCTaeTcsl MOCTOSHHBIM [6]. B camom
nmene, Korma HampspkeHwme 154 kB momaercs Ha
H30JIMPYIOIIYIO0 KOJIOHHY, COCTOALIYIO U3 12 U30J4TOpOB,
N €€ pacCIpeleNcHHs HaNpsHKEHHs H3MEpSIT B
naboparopuu, IeMOHCTpUpyeTrcs IuiaBHoe U-oOpasHoe
pacrpenieneHue HaNmpsDKEHHMsI, KakK IPeCTaBI€HO Ha
PUCYHOK 4, 1 TTOBTOPHBIC UCIIBITAHUA TAKXKE HAIOT IMOYTHU
T€ JK€ pe3yJIbTaThI.

pacdeTa  CTPYKTYPHBIX  IIapaMeTpoOB

Pucynok 4 — Pacripenenenne HanpsHKeHHs OT KOJIMIECTBA H30JISTOPOB COCTABISIONINX THPIITHIY

Ha oroif ocHOBe ObUI TpEANOKEH MOAXON K
HU3MEPEHUI0 pacnpeaeIeHU HaPsHKEHUS 110 U30JTOpaM,
COCTaBIAIONIMM  THPISHAY, HW3MEpEHHble 3HAYeHUs
COXPAHAIOTCS B KadecTBE OCHOBBI [UI1 OIICHKH, a
HU3MEpEeHHBIE B MOJIEBBIE  YCIIOBHA  3HAYCHHS
pacnpenieneHus] HanpspKeHUsT CPaBHUBAIOTCS C Oa30BBIMU
3HaYCHUSAMH A OIpeNeNIeHHs]  HEHCHPaBHOCTH
m3omsitopoB  [7]. OpgHako, Korma — pacupelesieHue
HaNpspKeHUS. BIOJb THPIISTHABI M30JIATOPOB (pakTHUECKH
HU3MEpPSIOTCS Ha JIMHUM 3JekTponepenadn 154 kB, moryt
OBbITh CMEIIIEHNUS B PACTIPE/ICTICHUH HAIIPSDKEHUS, TaXKe JUIs
TUPJISIHA, KOTOpPbIE COCTOSIT U3 OJAMHAKOBOI'O KOJIMYECTBA
U30JIATOPOB, M3-3a PA3IMUUN B €MKOCTU OTHAENBHBIX
THpJIAHA ~ u3odsATopoB.  Kpome  Toro,  BimMsHHE
TeMIepaTyphl, BIAXHOCTH W CTENEHHW 3arpsS3HEHUS
M30JSITOPOB TPHUBOJAUT K pachpeneneHuio U-o0pa3Hoit
¢dopmbl ¢ TmnooOpasHeiMH (opmamu [8], uTo nemaer
MIPAKTUYECKH HEBO3MOXKHBIM IPUMEHEHHE OIHMCAaHHOTO
Merona. Ha pucyHke 5, KOTOpBIM NOKa3bIBAET IPHUMEPHI
pacnpeneneHuil Hanps>KeHUs BIOJIb TUPISHI U30JITOPOB,
HU3MEPEHHBIX Ha IMHUHU d71eKkTponepenaun Yonmpky 154 kB,
XOpOLIO BHIHO 4YTO paclpelesieHue HampsDKeHUs Ha

TUpJIHAAX MOXET CyHIECTBEHHO OTJINYAaThCA oT

MOJTY4EHHBIX B JJA0OPaTOPHUH.

PucyHok 5 — Pacripenienienue HanpshKeHUs BLOJb THPIIAHI
nsonatopos Ha JIEIT Yonmxy 154 xB

Hwmxe Ha pucyHke 6 mpencraBieHa CTPYKTypHas
cXxeMa  ajiropurMa  JAMArHOCTUKH  paclpeeseHust
HalpsDKEHHWsT  BIOJb  TUPJIAHABL  M30JIITOPOB U
CONPOTHBIIEHUS] HU30JBSIUU THUPJSHIABl C MOCIELYHOLIUM
BEISIBJICHUSI IC(EKTHBIX H30JITOPOB.
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7
Ba3opas KpHBas 115 pacieTa
pacnpeneIeHHA HANPAREHAA

¥

4
Pacuer oTHOmMeHHs H3IMEPAHHOTO

HanmpsiReHHA K 6&3030\1}' pacnpeneneHu

LHal‘lpm!{(‘l-ll/lﬂ

H30/1A0HH (HH3KAfA BA2KHOCTE H HH3KO0E

IlepeBod B OHEHKY CONPOTHBICHAS
3ArPA3SHEHHE)

OnenKa cONPOTHB/IEHHA

HencnpagHbiii H30.19T0p

HcnpaBHBI H30IATOP ]

PucyHnok 6 — CTpykTypHas OJIOK-CXeMa alropuTMa JUarHOCTUKH PaclpeCiCHUS HAPSHKCHUS U
COIIPOTHUBIICHUS H30JILUH THPIITH B!

BeiBogbl. B paGore  paccMOTpeHBI  METOABI
JIUarHOCTUKU HW3O0JISIMOHHBIX KOHCTPYKIMH BO3MYIIHBIX
JUHUH 37eKkTponepenad. JlaHHbIe METOAbI HAIpaBJICHbI Ha
obecrieueHre MOBBIIICHHsT 3()(PEKTUBHOTO HCIIOJIB30BAHUS
JMHUKA  anektporiepenad. IIpuMeHsss MeTox  OLEHKH
COCTOSIHMSL M3OJISIUM COTJIacHO [2], MOXKHO Ha paHHHX
CTaausX pa3BUTHS JedeKTa H3OISIIUM TNPEIOTBPATHTD
aBapUHOE OTKIIFOUECHHE JIMHUH 3JIeKTponepeaad.

[omyuennsle komnmeramu ux Kuras pesyabTaTsl
W3MEPEeHUIl pachupeneieHuss HaOpsDKeHHs 10 JIHHE
THPJISSHAB!I M30JIITOPOB, BBI3BIBAIOT HHTEPEC, MOCKOJIBKY
BCE HCCIEIOBAHUS IIOJNOOHBIX pacHpeneseHui MaioT
HECKOJIbKO WHBIE Pe3yJIbTAThI.

OnpenenuTs T0CTOBEPHOCTH TaHHBIX IIPUBEIEHHBIX B
CTaThe 10 ee MaTepHajaM MIPAKTUIECKA HEBO3ZMOXKHO.

[o HameMy MHEHHIO, TAKHE PE3YJIBTaThl MOTYT OBITh

O6YCJ'IOB.]'I€HBI METOAOM  HM3MCEPCHUA  PACIPCACIICHUSA
HAOpsDKECHUSA 110 JJIMHE TUPJIAHABL  U30JIATOPOB U
CJIO)KHOCTBIO OIIPEACICHUA MOMCHTa OIIpeaACIICHUSA

MIPMJIOKEHHOTO HATIPSKEHHS

Ecnu npuHATH NOTyYeHHBIE B CTaThe PE3yNbTaThl 3a
HUCTHHY, TO TPUMEHAS METOAbl AuarHocTuku [l1, 2] K
pacueTaM  TOTeph  JHEPIMM B HM3OJSIMOHHBIX
KOHCTPYKIHUSAX, MOXXHO Oojlee TOYHO TIPOHU3BECTH
BBIUMCIICHUS TOKOB YTEUKH 10 TIOBEPXHOCTH H30JISATOPOB B
3aBHCHUMOCTH OT CTENECHM 3arpsi3HEHHOCTH aTtMoc(epsl u
MOTOAHBIX YCIOBMH MHpU JOCTOBEPHOM paclpeleNeHUst
HaMNpsOKEHUS MW CONPOTUBIEHUS U3OJSLUM THPISHJ
U30JIITOPOB.
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VJIK 621.314
/. 0. BOCHH, /1. P. 3BEMCBKHH, B. P. XOMEHKO

AHAJIITUYHE MOPIBHAHHSA MMOKA3HUKIB IKOCTI EJIEKTPOEHEPTTI 3A JIBOMA
CTAHJAPTAMM Y MEPEXKI HETSII'OBOI'O CIIO’KUBAYA 3AJII3HULII 3SMIHHOI'O CTPYMY

B VkpaiHi IifoTh /1Ba CTAaHIAPTH, 10 BU3HAYAIOTH MPHIHATHY SIKICTh €IeKTPOSHEPrii y Mepexax 3aranbHoro kopuctyBants: 'OCT 13109-97, sixuii gie 3 1999
POKy i 3actocoByeTbcsi B TexHiuHMX pernamentax; JICTY EN 50160: 2014, mo HaOyB umHHOCTI y 2014 pori. 3akOHOIABCTBO, IO BHU3HAYA€E IMpaBHiIa
YKpaiHChKOro PUHKY enextpoeteprii, mocunaerbest Ha JICTY EN 50160:2014 y acrekrti sikocTi enextpornoctadanss. CTarrs CTaBUTh HA METI JOCIIIUTH
BIIMIHHOCTI Y BUMOTaX CTaHIAPTIB IOJI0 JOIYCTHMUX PiBHIB CLIOTBOpeHs. Llst mpobieMaTika mpoaHasizoBaHa ASKUIbKOMa TOCIT THUKAMH, [IPOTE BILTUBY BUMOT
CTaHJapTIB Ha 0OPOOKY Pe3yIIbTATIB BUMIPIOBAHHS IOKA3HHKIB SKOCTI He IPHALICHO HAJIGKHOI yBard. BuMipioBaHHS HANPYTH UL JOCIIHKEHHS IPOBOAIIIICH
B MEPEKi HeTSIrOBOro crioykiBada Oechkoi 3amizHuL. [1ix yac excriepuMeHTy BUKOPHCTaHI TPH PEXKUMH JKUBJICHHS CIIOKHBAYa. Y MEPILIOMY PEKHUMI CIIOKHBAY
OTPHMYBaB €JIEKTPOCHEPT IO Bijl TAroBoi mmifcTaHLii YyOiBKa, y IpyroMy — OJHOYACHO BiJ TAroBHX mifcTaHLiil Uybiska Ta Ci100iaKa, B TPETHOMY PEXHUMI — BiJl
migcranii CrnoGinka. 3arajbHa TPUBATCTH EKCIIEPUMEHTY CTaHOBWIA 9 roiauH. [TOKasHMKHM JUIS BIIXHICHHS, HECUMETpPI Ta HECHHYCOIMHOCTI Halpyru
PO3paxoBaHi 3 BUKOPHCTAHHSM PIi3HHX iHTEpBATIiB ycepeaHeHHs. OTprMaHi MOKA3HHUKH SIKOCTI JAOCIIDKYBAIHCH CTATUCTUYHIMHI METOIAMH, PE3YIIbTATH SIKUX
HABEJICHO Y BUILIAI MOJIrOHIB (QYHKIUI pO3MOILTY Ta ASSKI YHCIOBI CTATUCTHYHI XapaKTEPUCTHKH I KOXKHOTO PEKHMY JKUBJICHH:. BCTaHOBIIEHO, 110 HA
OUTBIIIOMY IHTEpBAl yCEpPeIHEHHsI 3MCHILYEThCS Jiala30H 3MiHM 3HA4YCHb INMOKA3HUKIB SIKOCTI enekrpoeHepril. HailOiibiumii cTaimii BIUIMB BHSBICHO Yy
3HAYCHHSIX MOKA3HHKIB, SIKI XapaKTepH3YIOTh CTYIiHb HECHHYCOITHOCTI HANPYId MEpPexi, PO3ODKHICT Y 3HAYCHHSX KoedillieHTa 3BOPOTHOI MOCIIIOBHOCTI
HaIpyTy 3HAXOASTHCS B MeXkax 110 5 Yo, pi3sHHIII MK BiIXHJICHHSMU HAIIPYTH HE BUSBIICHO.

KaiouoBi cioBa: sKicTh eleKTpoeHeprii, iHTepBall yCepeIHEHHs, HETSATrOBI CIIOKHMBadi, HECHMETpis HANpyTrH, BiAXWICHHS HaNpyTy,
HECHHYCOIHICTb HANpyru

JI. A. FOCBIH, JI. P. BEMCKHH, B. P. XOMEHKO

AHAJIMTUYECKOE CPABHEHUE IOKA3ATEJIEM KAYECTBA 3JIEKTPOYHEPT'UH 110 JIBYM
CTAHJAPTAM B CETU HETST'OBOI'O HOTPEBUTEJIA KEJIE3HBIX TOPOI' IEPEMEHHOI'O
TOKA

B VkpanHe AeiiCTBYIOT IBa CTaHAAPTa, ONPEICIISIONIMX IIPUEMIIEMOE KaueCTBO 3JIEKTPOIHEPTUH B ceTsx obuiero nosip3oBanus: [OCT 13109-97, koTopsrit
neiictByer ¢ 1999 rona u npumensiercs B Texuudeckux pernamentax; JJCTY EN 50160: 2014, kotopslit Betymnu B cuity B 2014 rosy. 3akOHOAATENbCTBO,
OIpeIeIISONIee TPaBIila YKPAUHCKOTO PhIHKA dJieKkTposHepruy, cebutaercs Ha JJCTY EN 50160: 2014 B acniekte kauecTBa 3neKTpocHaO)eHns. Ctarhst
CTaBUT LENBI0 HCCIENOBATH Pa3inuus B TPeOOBAaHMSX CTAHAAPTOB K IOIMYCTHMBIM YPOBHSAM HCKa)XEHHH. JTa IpolieMaTHKa IpOoaHAIW3HpOBaHA
HECKOJIbKUMH HCCIIE/IOBATEISIMH, OJIHAKO BIIMSHMS TPEeOOBaHMI CTaHIApTOB Ha 0OpabOTKY pe3yJbTaTOB M3MEPEHHs MOKa3aTeNei KayecTBa He yJIEIEeHO
JIOJDKHOTO BHUMaHHUSL. VI3MepeHue HanpspKeHHs U HCCIIeAOBaHMS IPOBOAMIINCE B CETH HETSArOBOTO moTpeduTenst Onecckoi skene3Hoi qoporu. Bo Bpemst
9KCIIEPHMEHTA UCIIOJIBE30BaHbI TP PEeKMMA MTUTAHUS OTpeduTeNs. B mepBoM pexiMe MOTpeOHTEIb MOTyYall JIeKTPOSHEPTHIO OT TATOBOH MOJCTAHIUH
Uy0OoBKa, BO BTOPOM — OJTHOBPEMEHHO OT TArOBBIX mojcraHiumii YHyboBka u Ciiobonka, B TpeTbeM pexume - oT nojcraHuuu Crnodoaka. JnurenbHOCTh
9KCIIEpHMEHTa cocTaBiLUIa 9 gacoB. IlokasaTenn 111 OTKIIOHEHMS, HECHMETPH M HECHHYCOMIAIBHOCTH HAIPSDKEHHS! PACCUHUTAHBI C HCTIOJIB30BAHUEM
Pa3INYHBIX UHTEPBAJIOB ycpenHeHws. [1oiydeHHbIe ToKa3aTeNn KadyecTBa UCCIIEIOBAIICH CTATHCTHIECKMMU METOJAMH, Pe3yJIbTaThl IPHBEECHE B BUIE
HOJIMTOHOB (DYHKIMI pacIpe/e/ieHUss U HEKOTOPBIX YHCIOBBIX CTATHCTHYECKUX XapAaKTEPHCTHK U KaXKIOTO PEKUMa IMUTAaHUS. YCTaHOBIICHO, YTO HA
OoJbIIeM MHTEpBAJe YCPERHEHUS YMEHBIIAETCs AMAIa30H M3MEHSHHs! 3HAUeHWH IoKasaTelell KadecTBa dJeKTpodHeprud. Hambonbmmii yctoitumsoe
BIUSHAE OOHApYXKEHO B 3HAYCHUSIX IIOKa3aTeliel, XapaKTepHU3YIOIMX CTeNeHb HECHHYCOMNAIBHOCTH HANpsDKCHHsS, PAacXOXICHHE B 3HAYCHUSX
ko3 duImenHTa 00paTHOI IOCIEA0BATEIBHOCTH HAPSDKEHHS HAXOAATCA B TIpeenax A0 5%, pasHUIIbl MeX Ty OTKIOHEHUSAMHU HATIPSHKEHHS He BBISIBICHO

KioueBble cJI0Ba: KauecTBO IIEKTPOSHEPIHHU, MHTEPBAJ YCPEAHEHHs, HETATOBBIE IOTPEOHTENN, HECHMMETPHUS HAIPsDKEHUS, OTKIIOHEHHE
HAMPSDKEHHs, HECHHYCOUANbHOCTD HATIPSKEHUS

D. O. BOSYI, D. R. ZEMSKYI, V. R. KHOMENKO

ANALYTICAL COMPARISON OF ELECTRICITY QUALITY INDICATORS IN NON-TRACTION
CONSUMER POWER NETWORK WITH USE REQUIREMENTS OF TWO STANDARDS

There are two standards defining acceptable power quality simultaneously in Ukrainian public networks: GOST 13109-97 has been in force since 1999
and is used in technical regulations; DSTU EN 50160: 2014 was entered into force in 2014. The legislation defining the rules of the Ukrainian electricity
market refers to DSTU EN 50160: 2014 in terms of the electrical power quality. The aim of the study is to determine differences in the requirements of
standards for acceptable levels distortion. Several researchers have studied this issue; however, they did not pay attention to the requirements impact of
standards on the processing of quality measurement results. For the study, measurement is carried out in the non-traction consumer network of the Odessa
Railway. During the experiment, three power supply modes were used. In the first mode, the consumer was received electricity from the traction
substation Chubovka. In second mode, supply was realized from two substations. In the third mode the load was powered from the substation Slobidka.
The total duration of the experiment was 9 hours. Indices of voltage variations, voltage unbalance and harmonic distortion were calculated with using
different averaging intervals. Then, the obtained quality indicators were investigated by statistical methods. The cumulative distribution functions and
some numerical statistical characteristics are given in the article for three modes of power supply. Variation range reduction of indexes have been
established. Total harmonic distortion values were more susceptible than values other indicators. Voltage unbalance difference in the variance range to
5%. Difference in voltage variation indices was not found.
Keywords: power quality, averaging interval, non-traction customers, voltage unbalance, voltage variations, harmonic distortion.

Beryn. [locmimpkeHHSIMU TIpOOJIeM eJeKTpoMarHiTHoi — HaykoBmiB [1-7]. JlomycTumi piBHI  €NEKTpOMArHiTHHX
CYMICHOCTI B €JIEKTPOCHEPTeTHIll 3aiiMaEeThCsl IIMPOKE KOJIO  TIEPEIIKOJ], i3 SKUMH TapaHTYeThCsl ONTHMalbHA poOoTa
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eNIEKTPOOOTaAHAHHS, BHM3HAYAIOTHCS Yy JEP)KaBHUX Ta
MDKAepKaBHHUX cTaHgapTax. B Ykpaini 3 2014 poky BcTynuB
y niro JICTY EN 50160:2014 «XapaKTepuCTHKH HAIPyTH
@JIEKTPOIIOCTAYaHHS B EJIEKTPUYHMX MEPEXax 3arabHOTO
npu3HaueHHs» [8], TrapMOHI30BaHHH 13 €BPONCHCHKIM
cragmaprom  EN50160:2010. Hose  3axoHOZaBCTBO,
po3pobiieHe Il JTi0epalti3oBaHOr0 PUHKY EJNEKTPOSHEpTii,
BCTaHOBJIIOE BUMOTM B SIKOCTI TI'apaHTOBAaHWX MOKAa3HHKIB
sIKOCTI  enekTpoeHeprii. Tak, 3okpema, y myHkti 11.4.6.
Kozekcy cucteM po3mofiy 3a3Ha4aeThCs, IO IapaMeTpu
SIKOCTI  eNIeKTPUYHOI €Heprii B TOYKaX TIPHETHAHHS
CTHOXKUBAYiB y HOPMAIBHHX YMOBaX eKCIDTyaTamil MaroTh
BIATIOBiIaTH mapamerpam, BU3HAYCHIM y
JCTY EN 50160:2014 «XapaKTepuCTHKA HAIpPyTH
@JIEKTPOIIOCTAYaHHS B EJIEKTPUYHMX MEpEXax 3arabHOTO
Npu3HAUYeHHs».  L[MM  MiOBHIIYyeTBCS  aKTYaJIbHICTBH
3a0e3MeYeHHs] SIKOCTI  eJIeKTPOeHeprii, Ockubku y [9]
BU3HAYCHI CyMH Ta NPHHLMII PO3pPaxyHKY KOMIEHcallii Ta
MOPSZIOK 1X HAJAHHS CIIOXKMBAyaM Bijl MOCTAYaJIbHUKIB Ta
OIepPaTOpPiB CUCTEM PO3MOLTY eIEKTPHYHOL. Y TOi e yac, i3
npuiiasaTTsiM JICTY EN 50160:2014, e BTpaTuB YMHHICTD
I'OCT 13109-97 «Onekrpuueckas sueprusi. COBMECTUMOCTh
TEXHUYECKHX CpenacTB. HOpMBI KadecTBa 3IEKTPHIECKON
SHEPTMM B  CHCTEMax  JJIEKTPOCHAOXKeHWs  oOImero
HazHayeHus» [10], Ha SKUI OPOJOBXKYIOTh IMOCUIATHCH
IHCTPYKIIi Ta mpaBwia npuiHATI 10 2014 poKy.

AHaizy po30iXKHOCTEH, K1 Mae
JCTY EN 50160:2014 y BigHommensi go F'OCT 13109-97,
npucesiyeni  poborn [11-13]. 3aramom ix aBTOpH,
OOMEXHJIMCh  CITIBCTABJICHHSAM HOPMAaTUBHHUX 3HAueHb
BIJINIOBITHUX TOKa3HHUKIB SKOCTI enektpoeHeprii. IIpore,
MEHIIe yBard NPUAUIEHO BHMOraM J0 0OpoOKu
pe3ysbTaTiB BUMIpIOBaHHS. 30KpeMa, po3Mip iHTepBaly
yCepeIHEHHs BUMIPSHHUX 3HaueHb HanpyTy, skuii y TOCT
13109-97 cxmamae 3 abo 60c, y 3alekHOCTI Bix

EYE-26
A _ BPY-275kB
B
_—

pospaxoBanoro nokazuuka, a y JICTY EN 50160:2014 —
10 xB, MOXe MaTH iICTOTHHU BIUIMB Ha Pe3yJbTaT OLIHKU
SIKOCTI €TIEKTPOCHEPTil y cucTeMi.

Metoro nmaHOi CTAaTrTi € TOPIBHAHHA BHUMOT
JCTY EN 50160:2014 ta TTOCT 13109-97 na miacrasi
00pOOKY BUMIPSTHUX 3HAUEHb HAIPYTH.

Meroauka  BuUMiproBaHHA.  JlocmipkeHHS — mpo-
BOJIWJIOCH Yy KOJi BTOPMHHOI HamNpyrd MOHHXKYIOUOTO
tpanchopmaropy KTII, mnpuemnanoi mo miHIT «IBa
npoBou-peiikay Opechbkol 3ami3Humi. /s BUMiprOBaHHS
Ta peecTpamii BHKOPHCTAHO MOPTATHBHI aHANI3aTOpH
skocti  emexTpuanoi emeprii  SATEC  EDL-175xr
(puc. 1,a). [nsg BHUMIpIOBaHHA HANpPyTH, NPHUCTPiil
HaTpsAMY TiAKIIFOYaeTecs: 1O BUBOIIB TpaHchopmaTopy, y
Mepexy 3 HoMiHanpHO!0 Hanpyroro 0,38 kB, sk 300pakeHO
Ha cxeMi (puc. 2). Peectpalliss MUTT€BHX 3HAUYEHB CTPYMY Y
Mepexi  3AIHCHIOBAIOCH 32  JIONIOMOTOI  THYYKHX
po3’emuux kminiie Ty LEM-Flex (puc. 1, 6).

a 6

Pucynok 1 — BumMiproBanbHUi IPUCTPiil: a — MOPTaTHBHUI
aHaJI3aTop SKOCTI NEKTPUYHOT eHeprii; O — cTpyMOBi po3’eMHi

K
EYE-25
FYvy BPY -27,5 kB A
B
C
(()_ rArdra 4
Oy [1 [
L VIV2V3 N
X °11
]2 SATEC
A °I3 EDL-175xr

PucyHok 2 — Cxema npoBeJIeHHs] BUMipIOBaHb

CroxkuBad 3a HOPMalIbHOI CXEMH OTPHUMYBaB

>kuBiieHHs Big aiHii ATTP, mo migkitoueHa g0 MuH TAroBol

mincrantii Yy6iska (EUE-25) — ocHOBHE KHBIIECHHSI.

HonatkoBo 3abe3nedeHe pe3epBYBAHHS JKHBICHHS
Bix migcrantii Ciobigka (EYE-26).
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3ayBaxkumo, mo mus jiHii AIIP, ska >KuBUTHCA Bif
Ha3BaHUX IiJCTAHIIis, € TEXHIYHA MOKIIMBICTh Peai3yBaTH
CXeMy JIBOCTOPOHHBOTO JKHBJICHHsA. Tomy, Mg yac
EKCIIEPUMEHTY CIIOXKHMBa4 OTPUMYBAB JKUBJICHHS BiJ] ABOX
MiZICTAHI OJHOYACHO Ta MO-4ep3i OKPEMO BiJ KOXKHOT
iACTaHIIIT.

KoxeH pexuM KHUBJICHHS TPUBAB MPOTATOM 3 TOJIUH.
3aranpHa TPUBAIICTh EKCIIEPUMEHTY CTAaHOBHJIA 9 TOUH.

B o60x cranmaprax JJCTY EN 50160:2014 ta TOCT
13109-97 mnpuBemeHI TpPU OCHOBHHMX ITOKAa3HHKA SIKOCTI
CIIEKTPOCHEPTii: BiIXMWICHH HAPYTH a00 3MiHEHHS HapyTH
6U, xoedinienT HecuHycoinHOCTI KpuBoi Hampyru K abo
cymapHui koedimieHT rapmoHiyanX criotBopeHs (CKI'C) ta
KoeillieHT 3BOPOTHOI IOCHIJOBHOCTI HAmpyru Koy, sKi
BU3HAYAIOTHCA 32 (popMynaMu:

su=""" 100 1)
=~ ,
40 2
’Zn=2 U(n) (2)
Ky = CKI'C = ————- 100,
Uy
U
Ky = —2. 100, 3)
Uiy
me U— ycepenHeHe [iroue 3Ha4YeHHsA MikdasHOT
Hanpyru, B;

U, — HOMiHaNbHE 3HaUYCHHS HANpyTH, B.

Uy — ycepenHeHe jiroue 3Ha4deHHsA N-i rapMOHiKH
Hanpyru, B;

U1y — ycepenHeHe Jlifo4ye 3HaY€HHs HAPYTd OCHOB-
HoOi yacToTtH, B;

N — HOPSAOK TapMOHIKH HAIIPyTH;

Ui1) Ta Up(yy— BIANOBIZHO, Hampyru mpsAMoi Ta
3BOPOTHOI MOCITIZIOBHOCTI OCHOBHOT 4acToTH, B.

3a I'OCT 13109-97 iHTepBanm ycepeaHEHHS s
MIPUBE/ICHNUX TTOKAa3HUKIB CTAHOBUTH 3 C, KPIM BiIXHMIICHHS
HampyTH, Ae BiH 30umemenuét mo 60 c. BiamosimHo, y
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JACTY EN 50160:2014 BusHaueHo inTepBan y 10 xB s
yCepeaHEHHsI BUMIPSIHUX 3HAUCHb.

3a3HauNMOo, 110 TPUBAJICTH BUMIPIOBaHb 33 CTAHIAPTaMH
MOBUHHA CKJIagaTy 24 roauuu Ta 7 ai0, Bigmosigno, 3a TOCT
13109-97 ta ACTY EN 50160:2014. OckiibKu 4epe3 TeXHIuHi
CKJIAQJIHOII TPHBAIICTh EKCIIEPUMEHTAIFHUX BUMIPIOBaHb
cKiasia 9 TOAMH, TO JaTW BHYEPIIHY OLIHKY CTaHy SIKOCTI
€JIEKTPOCHEPril y Mepexi BiAMOBIIHO JI0 BUMOI CTAaHAAPTIB
HeMO>KHBO. [IpoTe oTpruMaHi pe3ybTaTH HUIKOM NPUIaTHI 10
AHAJTI3y BIUIMBY PEXXUMY KUBJICHHS JIiHIl HA TIOKa3HUKH SKOCTI
CIIEKTPOCHEPTii Ta [OCATHEHHS IIOCTABICHOI METH 3
MOPIBHAHHA BHMOT [BOX CTaHJApTIB [0 YCEpPEIHEHHS
BHUMIPSIHAX JaHUX.

PesysabTaTH BUMIpIOBaHb i aHaTi3 OTpUMaHHX
pe3yabTaTiB. BumipsiHi MUTTEBI 3HaYCHHA (a3HUX HANIPYT
y Mepexi CrioykrBaya IpUBEICHHI Ha aiarpami (puc. 3).

u B
250
240
230 FI F' l q
220 i
6:00 9:00 12:00 15:00
A ————B ssesess C t,TOAXB

Pucynok 3 — YacoBa niarpama Hanpyry KHBJICHHS CIIOXKUBa4ya

BumipsHi nmaHi ycepemHeHO Ha iHTepBamax, IO
perjiaMeHTOBaHI CTaHJapTaMH, ISl BU3HAYEHHS KOXXHOTO
MOKa3HHKa SKOCTI.
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Pucynok 4 — InTerpanbHi QyHKIIT po3noairy iMOBIpHOCTI BigxXwuiieHHs Hanpyru: a — 3a Bumoramu 'OCT 13109-97; 6 — 3a Bumoramu
JCTY EN 50160:2014
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Otpumani 3HAYCHHS MTOKAa3HUKIB SIKOCTI
CNICKTPOCHEPril  YTBOPIOIOTH  HEPBUHY  CTATHCTUYHY
CYKYTHICTb, fKy JHalli JOCIKYyBali METOIOM aHaIi3y
IHTEepBaNBFHOTO BapiamifHOTO psmy. Bu3HaueHHS KiTBKOCTI
YaCTKOBHX IHTEPBAIIB IJI 3TrPYNOBAHOTO CTaTHCTUYHOTO
psany BukoHaHO 3a ¢(opmynoro Crepmkeca. Ha ocHoBi
OTpUMaHMX JIaHUX NoOynoBaHi ToyiroHn  QyHKIT
posnoziny, mo 300paxeHi Ha puc. 4-8, Ha SKMX a —
pO3paxoBaHi 3HA4YCHHS MOKa3HMKIB 3a BuMmoramu ['OCT
13109-97, 6 —3a JICTY EN 50160:2014.

OtpumaHi 3HAYCHHS BiIXWJICHHS HAIpyTH
NEPEBUIIYIOTh ~ BCTAHOBJICHE  HOPMAJIBHO  JIOIyCTHME
3HadeHHS ¥ 5 % 3a TOCT 13109-97, mo Takox BHIHO Ha
puc. 4,a. 1 maBmakm, 3rimHo 3 JICTY EN 50160:2014, ne
HOpMOBaHe 3Ha4YeHHS BCTaHOBNICHE Ha piBHI 10 %, BigcyTHI
HOPYLICHHS BUMOT 10 SIKOCTI HAIIPYTH 32 LM ITOKa3HUKOM.
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Ha puc. 5 BigMiueHHI TOYKH Ha KyMYJSATHBaX, IO
BIJINIOBIIaIOTh HOPMAJIBHO JIONYCTHMOMY 3Ha4eHHIO Koy,
3TiIHO BUMOT 000X CTaHAApTiB. SIK BHIHO, CIIOTBOPECHHS
3a3Haja CHMETpisl BEKTOPIB HAIPYTH Yy KOJi CIOKHBAua,

0 BU3HAYAETHCA y TEPEBUIICHHI  KoedilieHTOM
3BOPOTHOI ~ MOCHIZOBHOCTI ~ HANpyrH  HOPMaJbHO
JOIMYCTUMOIO 3HA4eHHI B YCIX peXUMax poOOTH.

VIMOBIpHICTh TOSABH MOHAJHOPMATHBHOTO 3HAYCHHA K,y
JUISL TIEpIIOTo, OPYroro Ta TPETHOTO PEXHUMY IKUBJICHHS
CIIO)KMBaYa CKiagae, Bigmosigno, 61 %, 6 % Tta 20 % 3a
I'OCT 13109-97 i 61%, 8% ta 25% 3a JJCTY EN
50160:2014. ITepeBumieHHs TpaHUIHOTO 3Ha4YCHHA ¥ 4 %,
13109-97 nns

mo Bumaraetecss I'OCT

3adikcoBaHo.

K,y =He

0 1 2 3 4
6 Ky, %

Pucynok 5 — [HTerpanpHi (yHKIiT po3moaisy iIMOBIpHOCTI KoedillieHTa HEeCUMETpPil HapyTH 3BOPOTHOI IMOCIIIOBHOCTI: a — 3a
pumoramu ['OCT 13109-97; 6 — 3a Bumoramu JICTY EN 50160:2014

3nauennss Ky ta CKI'C mix wac BUMIiproBaHb
MIPAaKTHYHO HE MEPEBUIYyBaJIH HOPMATUBHOTO 3HAYECHHS Y
8 %. Y nanpy3i Uap (puc. 6, a) criocTepirajioch HeTpHUBaje
MIEPEBHIIEHHS] HOPMAJIBHOTO JOMYCTHMOTO 3HA4YEHHS Ha
0,4 %. IIpoTe, mpu BUKOPHCTaHHI iHTEpBAY yCEepEIHEHHS
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PucyHok 6 — [HTerpanbHi (yHKIIT po3moaiTy IMOBIPHOCTI MOKa3HUKA HECHHYCOITHOCTI Hampyru Mix ¢azamu A ta B: a —3a
Bumoramu ['OCT 13109-97; 6 —3a Bumoramu JICTY EN 50160:2014
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Pucynok 7 — InTerpanbHi GyHKIIT po3noainy HIMOBIPHOCTI OKa3HUKA HECHHYCOITHOCTI Hampyry Mix ¢asamu B ta C: a —3a
pumoramu 'OCT 13109-97; 6 — 3a Bumoramu JICTY EN 50160:2014
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Pucynok 8 — [HTerpanbhi ¢yHKIIT po3moaiTy IMOBIPHOCTI MOKa3HHUKA HECHHYCOINHOCTI Hampyru Mik ¢azamu C ta A: a —3a
pumoramu 'OCT 13109-97; 6 — 3a Bumoramu JICTY EN 50160:2014

UwncitoBi XapakTepUCTUKU Il TIOKAa3HUKIB SIKOCTI
eJIeKTpOeHepTii mpencTaBiieHi y Tabn. 1 po3paxoBaHi s
PI3HUX PpEXHMIB  €JICKTPOIOCTa4aHHSA. Y  Talmwmii
Npe/CTaBleHI: HaWOIbII HMOBIpHIlIE 3Ha4YeHHS (MOJa)
BIIMOBIAHOTO TIOKa3HUKA SIKOCTi, BUOIPKOBE CEpeiHe,
MiHIMalbHE Ta MAaKCHUMajbHE 3HAa4YeHHA. YUHCETBHHK
BiZMoBiae 3HaveHHI0 oTpumManoro 3a ['OCT 13109-97,
3HaMeHHUK, BiamosigHo, — JICTY EN 50160, mo nae
MOJKJIMBICTh OLIHUTH PI3HHUITIO y YHUCIOBUX CTATUCTHIHHUX
OLIIHKaX.

BucHoBok. B pe3ynprari BUKOHAHHX JOCHIKEHb
BCTaHOBJIEHO, II0 Ha OiNBLIOMY IHTEpBaNi yCEepeIHEHHS
3MEHIIYETHCS Jliala30H 3MiHM 3HaYeHb ITOKa3HHUKIB SIKOCTI
eJeKTpoeHeprii. BHacmiJOKk BUKOPUCTaHHS Pi3HUX BUMOT
10 0OpOOKH Pe3yIbTaTiB BUMIPIOBAHHS IMOKA3HHUKIB SIKOCTI
HANpyry, sIKi BU3HAYCHI Yy YMHHUX CTaHIApTaxX, MOXKYThb

OyTH OTpHMaHi TPOTHICKHI PE3yIbTaTH OI[IHKH CTaHy
SIKOCTI eNeKTpoeHeprii y Mepexi. HaiOinpmumit crammit
BIUIMB BHSBIEHO Yy 3HAYEHHAX [OKa3HUKA, IO
XapakTepu3ye CTyIiHb HECUHYCOIIHOCTI HAIPYTH MEpexi,
Jliana3oH 3MiHHM SKOTO 3MEHIUBCS Ha 2 %, y BiTHOIICHHI
IO Jiama3oHy 3MiHH KoedillieHTa HEeCHHYCOiTHOCTI
Hanpyru, po3paxosanoro 3a Bumoramu I'OCT 13109-97.
Po30ikHICTF y 3HaueHHAX KoeQillieHTa 3BOPOTHOI
TOCJTITOBHOCTI HANPYTd 3HAXOAWUTHCSA B Mexax 10 5 %.
BukoHanuii y cTarTi aHami3 He BHSBUB PI3HHII MiX
BigxmwieHHsMH Hanpyra. BimnosigHo o FOCT 13109-97,
BIZIXWJICHHSI HAIlpyTH Yy TOYI MEpexi, ¢ MPOBOIWINCH
BUMIpIOBaHHS, IIEPEBUIYE HOPMOBAHE, IO MOSCHIOETHCS
KOMITCHCAIII€I0 CIaay HANpyrd 1O MicLs IiJKII0YEeHHS
o0J1aIHaHHS CIIOXKHBAYa.
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Tabmuis 1 — YuciaoBi XapakTepUCTUKHU MOKA3HUKIB SIKOCTI

° X - ° R o ° X o

= = % =) g = N s =) 8 = s =) 2 S

s <& E. & £ % < i 2 2 x < i e 2 F

5 ¢ s = S ¢ s g S B = = g S

o, 5 4= S S o 5 R S 8 o o 8= S o o

S S = g E 2 s = g s | s = 2 s 2

= S %S m 3 S § m 3 b § m o
06:00-09:00 09:00-12:00 12:00-15:00

SU 8,63/ | 6,13/ | 10,96/ | 8,82/ | 8,76/ | 7,08/ | 10,92/ | 9,11/ | 9,63/ 7,1/ | 10,79/ | 9,41/

9,26 6,98 | 10,31 | 8,82 8,99 8,34 | 1052 | 9,18 9,22 8,6 10,35 9,37

K 1,95/ | 0,05/ 3,94/ 2,25/ 1,46/ 0,06/ 2,75/ 1,39/ 1,64/ 0,03/ 3,93/ 1,62/

2U 1,92 0,73 3,78 2,25 1,23 0,69 2,45 1,41 1,57 0,45 3,63 1,55

K CKI'C ) 2,8/ 1,7/ 8,4/ 3,86/ 3,45/ 1,5/ 8,2/ 3,34/ 2,58/ 1,7/ 7,71 3,05/

Uab ( ab 4,05 2,81 4,96 3,86 2,85 2,3 4,11 3,03 3,23 2,48 4,38 2,77

3,63/ 2,5/ 7,8/ 4,01/ | 2,69/ 2/ 7,5/ 3,7/ 3,6/ 2,4/ 7.8/ 3,99/

Kype (CKT'Cc) 3,56 3,21 5,46 4,01 3,92 2,56 5,28 3,66 3,95 3,11 5,3 3,63

K CKI'C ) 3,31/ 2,1/ 7,41 3,99/ 3,20/ 2/ 8/ 4,07/ 3,7/ 2,1/ 8,4/ 4,14/

Uca ( ca, 4,3 3,17 4,94 3,99 3,65 2,91 5,28 3,70 4,35 3,28 4,94 3,76
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V]IK 620.179.16: 620.179.17
BYCCI EII MIIIIEJTI KACCABJII CAJIAM, K. JI. HO3/JPA4Y0BA, I M. CYYKOB, A. 10. CJIOBOJYYK

HOBUM BE3KOHTAKTHU METO/] BUSBJIEHHSA JTE®EKTIB METAJTOBAPOFBIB

3anpoHOHOBAHO HOBHI METOI yJIbTPa3ByKOBOTO OE3KOHTAKTHOIO €JICKTPOMArHITHO-aKyCTHYHOrO a00 EMHICHOTO KOHTPOJIIO, SIKMil BKIIIOYAE omnepawil
30yKeHHS 1 IPUHOMY TaKeTHHX 3CYBHHX YJIbTPa3BYKOBHX iIMITyJIbCIB 33/1aHOT YACTOTH B METAIOBUPOOax, GiIbTpalliio 3aBaj B CyKyITHOCTI IPHHHATHX
CHTHAIIIB, JCTEKTYBaHHS NPHHHATHX IMIyJIbCIB, iX KOpesILiiiHy 0oOpoOKy, OOYHMCICHHs CIEeKTpa CyMapHOi NpHUHATOI peai3awii, MOPiBHSIHHS
OTPUMAHOTO CIEKTPa 31 CIEKTPOM CYKYMHOCTI CHIHAJIB Ha Oe3naedexTHiil HinsHui 00'eKTa KOHTPOIIO, HNPHIHATTS DIillleHHS MPO HAasBHICTH abo
BiZICYTHICTb JeeKkTHOI NinIHKH. BupoOu, B AKux nependadacThesi HasBHICTH Ae(EKTHHUX TiISHOK BiJCOPTOBYIOTCS, @ OCTATOUHE PIillIeHHS PO SIKiCTh
MeTaJoBUpOOy BH3HAYAIOTh JOJATKOBO CTAHAAPTHHUMH KOHTAKTHUMH MeToAaMH. E(QEeKTHBHICTH pO3pOOICHOr0 METONy IiATBEpIDKEHA
EKCIIePUMEHTAIIbHO, IPH SKOMY OyJIH 3aCTOCOBaHI YJIBTPa3BYKOBI iIMIyJIbCH TPHBAJICTIO 5-7 MepiofiB YacTOTH 3alOBHEHHS MAaKETHOTO IMITYJbCY,
4acTOTH B AianasoHi 1,5-4,5 MI'n, yacrotu 30HayBanHs 10 1 k['11. Metoq Moxke OyTH 3aCTOCOBaHMil s O€3KOHTAKTHOTO HEPYHHIBHOTO KOHTPOJIIO
(e7IeKTPOMAarHiTHO-aKyCTHYHHM 200 €MHICHAM METO/IaMH) YJIbTPa3ByKOBUMH MaKETHHUMH IMITYJIbCAMU BEIUKHUX 00’ €MIiB METaJI0BUPOOIB O3 3a4HUCTKH
MOBEPXHI.

KarouoBi c10Ba: O€3KOHTAKTHHH YIIBTPAa3BYKOBHH KOHTPOJb, METAalIOBUPiO, NeeKT, KOpo3isf, eNeKTPOMArHiTHO-aKyCTHYHHH, €MHiCHUH,
MAKEeTHUH IMITyJIbC, IPUAHATUH CUTHAN, KOPEIBILIHHUI 00poOKa, CIIEKTP, OTHHAI0YA CIIEKTPa CyMapHOTO CHIHAITY.

BYCCH EII MUIITE]I KACCABJTH CAJIAM, E. JI. HO3/I[PAYEBA, I. M. CYYKOB, A. 10. CJIOF0O449YK

HOBBIIA BECKOHTAKTHBII METO/I OBHAPY ) KEHUS JIE@EKTOB METAJJIOU3IEJIAMN

[pennoxxeH HOBBIH METOZ YJIbTPA3BYKOBOI'O OECKOHTAKTHOIO 3JIEKTPOMArHUTHO-aKyCTHYECKOTO WIIM €MKOCTHOI'O KOHTPOJIA, KOTOPBIA BKJIIOYAET
oreparuu Bo30YXICHHS U TpHeMa NMaKeTHBIX CABUTOBBIX YJIBTPa3BYKOBBIX HMITYJILCOB 3aIaHHON YaCTOTBI B METAJUIOU3CINH, (QUIIBTPALIUIO TIOMEX B
COBOKYITHOCTH TPHHSTBIX CUTHAJIOB, JETEKTHPOBAHUE MPHUHATHIX UMITYJIbCOB, HX KOPPEJSIMOHHYI 00pabOTKY, BBIYHMCIICHHE CIEKTpa CyMMAapHOM
MIPUHATON peau3aliy, CPaBHEHHE IOJIyYEHHOTO CIEKTpa CO CHEKTPOM COBOKYIHOCTH CHUTHAJIOB Ha 0e3e()eKTHOM y4acTKe OOBEKTa KOHTPOJIS,
MPUHATHE PEIICHHUS O HAJMYMU WIM OTCYTCTBHE AS(PEKTHOro yuactka. M3/enus, B KOTOPBIX MNpEINojaracTcs Hajaudue Ie(eKTHBIX Y4acTKOB
OTCOPTUPOBYIOTCSI, @ OKOHYATEILHOE PEIICHHE O KauyeCTBE METAJION3/EIIHSI ONPEACISIIOT JOMOJIHUTENIbHO CTaHIapTHBIMU KOHTAKTHBIMH METO/IaMH.
DbdexTuBHOCTD Pa3pabOTAHHOrO METO[a MOATBEP)KACHA DKCICPUMEHTATBHO, MPH KOTOPOM OBLIM HPUMEHEHBI YIbTPa3BYKOBBIC HMITYJIbCHI
JUTMTEIBHOCTBIO 5-7 TEPHOIOB YaCTOTHI 3aIll0OJHEHUs MTaKeTHOTO MMITYJIbCa, YacTOThl B auanazoHe 1,5-4,5 MI'h, yactoTsl 30H1upoBanus a0 1 k[
Meto MOXET OBITh MPUMEHEH /Il OSCKOHTAKTHOTO HEpaspyLIAOIIEro KOHTPOJIS (AJIEKTPOMAarHUTHO-aKYCTHUECKUM WIIM €MKOCTHBIM METOJaMH)
YJIBTPa3BYKOBBIMH ITAKETHBIMU UMITYJIbCaMH OOJIBIIMX 00bEMOB METAIOU3IEHI 0€3 3a4MCTKH ITOBEPXHOCTH.

KuroueBble ¢j10Ba: OCCKOHTAKTHBIM YIIBTPa3BYKOBOW KOHTPOJIb, METALIOM3JCIHE, Ne(EKT, KOPpO3Hs, AJICKTPOMArHUTHO-aKyCTHYECKHN,
€MKOCTHOM, TAaKETHbIH UMITYJIbC, IPUHATBIH CUI'HAN, KOPPEIALHOHHAs 00padoTKa, CIIEKTp, Orubaromias CrieKTpa CyMMapHOT0 CUI'HaA.

BUSSI EP MICHELLE CASSABLE SALAM, K. L. NOZDRACHOVA, G. M. SUCHKOV,
A. YU. SLOBODCHUK

NEW NON-CONTACT METAL DEFECT DETECTION METHOD

A new method of ultrasonic non-contact electromagnetic-acoustic or capacitive testing is proposed, which includes the operation of excitation and
reception of packet shear ultrasonic pulses of a given frequency in the metal product, filtering interference in the totality of received signals, detecting
received pulses, correlating them, calculating the spectrum of the total received implementation, comparing the received spectrum with the spectrum of
the set of signals on the defect-free section of the object of testing, the decision on the availability or absence of a defective area. Products in which the
presence of defective areas is supposed to be sorted, and the final decision on the quality of the metal product is determined additionally by standard
contact methods. The effectiveness of the developed method was confirmed experimentally, in which ultrasonic pulses were applied with a duration of
5-7 periods of the filling frequency of the packet pulse, a frequency in the range of 1.5-4.5 MHz, and a sounding frequency of up to 1 kHz. The method
can be applied to non-destructive testing (by electromagnetic-acoustic or capacitive methods) by ultrasonic packet pulses of large volumes of metal
products without surface cleaning.

Key words: non-contact ultrasonic testing, metal products, defect, corrosion, electromagnetic-acoustic, capacitive, packet pulse, received signal,
correlation processing, spectrum, envelope of the spectrum of the total signal.

Beryn. B ycix o0macTsx CBiTOBOi IPOMHCIOBOCTI
LIMPOKO  3aCTOCOBYIOTBCS  YJIBTPa3BYKOBI  METOIHU
BUMIpIOBaHb, KOHTPOJIO $KOCTI BHpOOIB 1 MaTepiaiis,
nmiarHoctuky [1]. BuKkoHyrOTE BHMIpIOBaHHA pPO3MipiB
BupoOiB [1-2], mIBHAKOCTI MONIMPEHHS NPYXKHUX XBUIb
pizHoro tumy [1, 3], mpy>XHMX KOHCTaHT MarepiamiB [3],
(hi3MKO-MeXaHIYHNX XapaKTepUCTHK (TBEPIOCTI, I'paHUI
TekydocTi 1 iH.) [1, 4]. [Ipu KOHTpON SKOCTI BUKOHYIOTh
nedekrockorito [1, 5-6] 1 nedexrometpito [1, 7], mpu sKUX
BUSIBILSIIOTH BHYTpitnHi [ 1, 7-10] i noBepxHesi nedexru [ 1, 7-
10], Bm3HawaroTh iX Micie posrtaimryBaHHs [1] dopmy i

po3mipu [1]. 3acTocyBaHHS JIarHOCTUKHU Ja€ MOXIIUBICTH
PO3paxoByBaTH pecypc BHpoOiB i 00'ekTis [1, 11].

VYV mepeBaxHii OUTBIIOCTI BHIAIKIB 3aCTOCYBaHHS
TPaJUIIHAX BHUCOKOYACTOTHUX METOIB YJbTPa3ByKOBUX
BUMIPIOBaHb BHKOPHCTOBYIOTH KOHTAaKTHHH wmeton (i3
3aCTOCYBAaHHSAM KOHTAKTHOI PIZIMHH, SKy PO3MIIIYIOTh MiK
T'€30€JIEKTPUIHHIM NIEPETBOPIOBAYEM 1 00'€KTOM JJOCTIIKEHB)
[1]. ITpu KOHTPOI KOHTAKTHHM METOJIOM TIOBEPXHIO BUPOOY
MOKPHBAIOTh ~ BSI3KOI0, 700pe  3MAIyIOuol0  PiJUHOIO
(MamuHHENM 200 TpaHC(HOPMATOPHUM MACIIOM, IVIILIEPUHOM i
iH.). Y pa3i BUMIpIOBaHb IMEPCIHHNM 1 IIUTMHHUM CTIOCO0aMHU
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BUKOPHCTOBYIOTh  JI€aepOBaHy BOIy, 3BUIBHCHY BiX
OymsOamok moBiTps. IHOmI B Hei MOIAIOTh pPEYOBHHU
(HampuKiIaA, COUpPT) s TOJHINIICHHS — 3MAIlyBaHOCTI
MOBEpPXHI BUPOOY 1 iHTIOITOpH (HALPHKIIAJ, a30THOKUCIIHN
HaTpiii), 1o obepiratoTh Bix Kopo3ii. [Ipu npoMy HeoOXimHO
3aUMIIATH TOBEPXHIO BBEACHHS / TPHHOMY YIIbTpasByKy
o0'exta Bij 3a0pyaHEeHb, OKaJMHH, (HapOM, IIACTUKOBUX 1
iHOmMX nokpurTiB [1]. ToO6To migroroBka moBepxHi 00'eKTa
nociimkedb (OJl) i 3Ha4HI BUTpPAaTH KOHTAKTHOI PiIWHA
BUMAara€ 3HaYHUX MaTepialbHUX 1 eKOHOMIUHHX BUTpaT [12].
Crig 3a3HaYMTH, [0 JeAKi MaTepialii He IOIyCKaroTh
3aCTOCYBaHHS KOHTAKTHOI piguaH [1].

VY icTOTHIH Mipi 3MEHIIUTH HENOJIKHA TPaJWIiHHIX
METO[iB BUMipIOBaHb MOJKJIMBO 33 PaXyHOK 3aCTOCYBAaHHS
OE3KOHTAaKTHUX CIOCO0iB  30ymKeHHS 1 mpuiioMy
BHCOKOYACTOTHUX YJIBTPa3BYKOBUX iMmynbeiB [7-10, 12]
(6e3 3acTocyBaHHS KOHTaKTHOI DIJUHH), Cepell SKUX
HAMOLIBII BiJIOMUMH € SICKTPOMATHITHO - aKyCTUYHUH [7-
10] 1 emnicuuii [ 13]. EnexTpomarHiTHO - aKyCTHYHUI
CIoci0 peatizyeThes 32 paXyHOK 3aCTOCYBaHHS MarHiTHOTO
i enekrpomartitHoro mnomiB [7-10, 14], a emHicHu# -
BUKOPHCTOBY€e enekTpuuHi monst [13-14]. Opmak, npwu
CBOIX 3HAYHMX TIepeBarax [l5], emekTpomarHiTHO -
aKyCTHYHHH CHoci0 Mae iCTOTHHM HEOOMiK, SKHU
MPOSIBISIETBCST TIPH  BEMipax (¢epomarHiTHuX O/, 1m0
BHITYCKAIOTHCS B KpaiHi Y BEIMYE3HUX KUTBKOCTSIX: TPyOH,
pe¥iKu, TUCTH, 3arOTOBKH Ta iH. Hemonik oOymoBIeHHI
CHJIbHUM TPUTSATHEHHSM €JIEKTPOMArHiTHO - aKyCTHYHOTO
nepetBoproBaya 70 O/, a TaKkok BEIMKUMHU CKJIaTHOIAMH
BUJIQJICHHS HAJIMIUIMX Ha TEPETBOPIOBAY METalIeBUX
YAaCTHHOK 1 OKaJINHH.

E€wmuicai meperBoproBaui (EII) He BoIOZiroTH
Henonikamu EMA meperBoproBadiB. OqHAK BBa)KaeThCs,
III0 BOHW MAalOTh HEIOCTATHIO Yy TJIUBICTb.

B pmanmit wac Benmmde3Ha KUIBKICTH BHPOOIB i
o0J1aIHaHHS €KCILTYaTYEThCS TPOTATOM JIOBIOr0O 4acy HE B
CKJIQJIHUX yMOBax. He3Baxkaioun Ha IIMPOKE 3aCTOCYBAHHS
3ac00iB 3aXHCTY, LI 00'€KTH MiIAAIOThCA KOPO3ii 1 1HIINX
MOIIKO/KEHb, SK 13 30BHIIIHBOI, TaK 1 3 BHYTPIIIHBOI
CTOpOHH, pHC. 1.

OueBuHO, MmO 0arato MOUIKOMKEHb TAaKOTO THITY
BUSBIATH ckiamHo. Kpim Toro, sk mpaBmio, HEOOXimHO
MIPOBOIUTH HEPYHHIBHUHA KOHTPOJIb BEIHKUX 00’ €MiB
BUpo6iB. TIoTpiOHO 3aCTOCOBYBATH BHCOKOIIPOAYKTHUBHI
METOAW KOHTpPONIO i obmagHaHHsA. OTXke, poOOTH B
3a3HAYCHOMY HANPSMKY € aKTyaJlIbHUMH.

Mertoro pobotn € po3podka BHCOKOIPOIyKTHBHOTO
HEJIOPOTOro METO/TY BUSBJIICHHS KOPO3iHHHX 1 aHAJIOTIYHUX
ypakeHb Ha TPHXOBAaHHMX ITOBEPXHIX METAIOBHUPOOIB 3
BukopuctanusimM EMAITI a6o EIIL.

Po3podka, nociuigzkeHHs Ta aHANI3 pe3yJabTarTiB.
TpamuuifiHo U1 BUSABICHHA BHYTPIIIHIX Je(EKTiB 1
MOBEPXHEBUX Je(EKTiB Ha TMPOTHICKHUX 30yHKESHHIO
TOBEPXHSX BUPOOIB 3aCTOCOBYIOTh KOPOTKI ITHPOKOCMYTOBI
VIBTPa3BYKOBi iMmynbeH [1, 16], ckimagHOMOMYyJBBaHI
cursam [1, 17] Ta iami. [Ipu peectpamii ckiiaaHIX CUTHATIB
HEeoOXiTHO 3aCTOCOBYBATH BiIITOBiIHI MeToIu 00poOKwH [18].
VYcratkyBaHHSA JUIL  3aCTOCYBAaHHS 3TaJaHHX PO3pOOOK
CKNIaJJHE 1  BUKOPHCTOBYE  KOHTaKTHHH  MeTOJ
YIIBTPa3BYKOBOTO KOHTPOJIO. Y TOM K€ YaC CHEKTpalibHi
METO/M YJIBTPa3BYKOBOTO KOHTPOJIIO Jal0Th MOXKIIUBICTB 3
BUCOKOIO HMMOBIPHICTIO BUSIBIITH TNPHXOBaHi JeekTH
MeTaJioBUpOOiB [16].

Pucynok 1 — IomkomKkeHHS Ha BHYTPIIIHIM TOBEpXHi Ta30B0i TpyOn
(XapkiBcbka 0011., ITinnpueMctBo «YKpra3spumo0yBaHH:»)

EMA i emHICHI MeETOAM MAalOTh IMiIBHIICHY
YYTIMBICTh 32 YMOBH BHUKOPUCTAHHS 30HIyBaJIbHUX
MakeTHUX pagioimmynbeiB [19]. Taki curHanmm MaroTh
JIOCUTHh By3bKHi crmekTp. [lpm mpsMOKyTHIH 0OBimHIN
30HAYI0UOTO paJiOCHTHAIY WOro cmekTp Sp (®) Mae
Burysi [20]

in (0+p)t

(0—wy)t
uU-t 2

2| (0-op)t (0+ )t
2 2

Sp(w)=

Jie ®p - Hecyda yacTora 30y/PKyI040oro CUrHay;

® - YaCTOTH CHUTHAITY;
U - ammityia 30y/5KyI0490T0 IMITYJIBCY;
t - TpUBaJIICTh 30H/IYIOUYOTO IMITYJIBCY.

PeanbHuit makeTHHH iIMITyJIBC, 110 30ymKyeThcs EMA
nepetBopioBaueM (EMAII), wmae 3riamkeHi (GpoHTH,
KPHMBH3HA SIKMX 3aJIeKUTh BiJi 0araTbOX BUIIJKOBUX
(axropiB. OTxe, CHEKTPAIbHUN CKJIAJ CHTHAIY, IO
30yIKYy€ETbCA MOXKe OyTH pi3HHH. Y TOH e 4ac OCHOBHY
YacTHHY CIIEKTPY CUTHAITY MOKHA C()OPMYBATH 32 PaXyHOK
30imbIIeHHsT TpUBAJOCTI iMmyibcy. [lpm mpomy Moxe
30UIBIIUTHCS  «MEpPTBAa 30Ha» abo HEKOHTPOJIbOBAHA
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TOBIIMHA BHPOOy. Asie B I[bOMY BHUIAOKy MOXKHAa CKJIAQJOBHUX CHUTHAIY OIJHO3HA4YHO Oyne BinmOyBaTHCS IpH
BUKOPHUCTOBYBATH NPWHIWMII HAKIAJCHHS CKJIAJOBHX  HAasBHOCTI KOpo3ii i AQHAJIOTIYHAX nedexTiB
pamioimITyibca OJWH Ha OJHOTO. Pe3ynbTyloumii CEKTp  METaloOBHPOOiB.

Oyze CIIOTBOPIOBATHUCS 32 PAXYHOK Pi3HOTO Yacy IPUXOILY

KOMIOOHeHT curHany Ha EMAIL Pisaunsg npuxomy
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Jns  mepeBipkM  MOXIIMBOCTI  ONEPAaTHBHOTO
KOHTPOJIIO BUKOPHUCTaHUH MOJIEpHI30BaHU
yIBTPa3BYKOBUH J1e()EKTOCKOI, BUTOTOBJICHUH Ha OCHOBI
npwiany, onucaHoro B ctarti [21]. ns gocmimkeHb
3aCTOCOBaHI cyMilleHuid mnpsiMuii cmyrosuii EMAIIL,
ommcaHuii B po6oTi [22] abo €11. JledexTockon K03BOIISE
pETYJIIOBaTH YacTOTy YNbTPa3ByKOBHX KOJIMBAaHb, IIO
30yKYIOThCSI B fiama3zoHi 1 5 MIm, TpuBamicTh
iMIysnbciB - y nmiamasoHi 1 10 mepiomiB wacToTH
3allOBHEHHS ITAKETHOTO IMIIYJBCY, IO 30HIYE IMITyJIbC
nikoBoro crpymy - ao 200 A. ITloBitpsHuii 3a30p Mix
MOBepXHEI Metany (abo TOBIIMHA JI€JIEKTPUYHOTO
NnoKpuTTs) 1 mpotekropoM EMA mneperBoproBaua - 1o 10
MM, €I1 - 0,2 mm. EMAII 30ymxyBanucs 1 npuimManucs
IMITYJIBCH 3CYBHHUX JIHIHHO HOJISIPU30BaHUX
YIIBTPa3BYKOBHX KOJUBaHb, a €11 - MO30BKHI XBUIIL.

AnropuT™M poOOTH YJIBTPa3ByKOBOTO J1€(EKTOCKOIA
OyB HactymHuid. 30yIKEHHS 1 TPHIAOM MaKETHUX
YIBTPa3BYKOBUX  IMITYyJBCIB, (ULIBTpamis MPHHHATHX
CHUTHANIB BiA TEPEIIKOA, [eTeKTYBaHHA IMITYJIbCIB,
KopersmiiHa ~ o0poOka 1 oOYHMCIEHHS  CHEKTpa
pPe3yNBTYIOYOTO CHUTHAIYy. B sKocTi 0a30BHX CHTHAIIB
BUKOPHCTAaHI JIOHH] IMITYJIbCH.

Sk 00'ekT AN MOCHTIIKCHb BUKOPHCTaHI 3pa3kKu 3
(depoMarHiTHUX cTayeil 1 aTOMIHIEBOTO CIUIABY, B SKHUX
BHUKOHAHI MOJENi KOPO3IMHUX MOUIKOKCHb Y BHIJISII
CBEpAJIIHb Ha CTOPOHI, INPOTHJIEKHIH PpO3TAIlyBaHHIO
EMALII, a Takos 3pa3ku 3 HaTypaJbHUMHU YIIKOIKCHHIMU.
3auncTka 3pa3KiB Ha TIOBEPXHI BBEINCHHA 1 IpHAOMY
YJIBTPa3BYKOBHX IMITYJIECIB HE IPOBAIMIIACE.

OCKIIbKY CHEKTP 3apeecTPOBAHOTO CUTHAIY, 3TiJHO
BUILIEHaBE/IeHOT (popMyIH, 3aIeXKUTh BiJl HOTO TPUBAJIOCTI,
Ha TepLIoMY eTarli JOCIiKEeHI CHEKTPH JOHHUX IMITyJIbCIB
3 METOI BHOOpY onTHMalbHOI TpuBanocti. Ha puc. 2
HaBeJIeH1 300pa)KeHHs! IOHHHUX IMITYJIBCIB 1 X CIIEKTpH.

AHaJli3 eKCIepUMEeHTAJbHUX JAHHUX, HAaBEICHUX Ha
puc. 2, MATBEpIKye, MO TpH 30UIBIICHHI TPHBAJIOCTI
MAKETHOT'O IMITyJIbCY CIIEKTP CHTHAILY 3BYXKyeThcs, hopMma,
WOro oOrmHaroya 3MIHIOETBCA 1 CcTa€ OJIMU3BKOI0 0
m3BoHomoniOHoi. Ile roBopHTE PO  MOXKIHMBICTH
BUKOPDHUCTaHHS  (GOpMH  OOBITHOT ST  BU3HAYCHHSA
HasBHOCTI JedeKTHUX JUITHOK Yy BHpoOi. JlominbHO
BUOMpaTH OLIBII TPUBAIMH MakeTHUH iMITyJbe. Ha ocHOBI
HaBEJCHUX  PE3yJIbTATIB JIOCITIKEHB BUPILIEHO
BUKOPHUCTOBYBaTH 6 ... 7 MepiofiB 4acTOTH 3allOBHEHHS
30H/IyI0YOT'0 CUTHAITY.

3 BumeHaBeAeHOT (OPMYNM TakoXX BUIUIMBAE
3QJISKHICTD CIIEKTpa CHTHANY BiJ YacTOTH 3allOBHEHHS
30HAYIOYOTO  TAKeTHOrOo  iMIyJjbCy.  Pesynbratu
SKCIICPUMEHTAJIBHUX ~ JOCIIDKEeHb  BIUIMBY  YacTOTH
3aII0BHEHHS 30HYI0YOTO0 IMITyJIbCY, 3 yPaxXyBaHHAM CMYyTH
nponyckanast EMAII abo €11, HaBeneni Ha puc. 3.

AHaii3 eKCIepUMEHTAIbHUX JIaHWX, HaBEJCHUX Ha
puc. 3 Bkazye, o hopma 0OBiTHOI CIICKTPIB B OCHOBHOMY
30epirae CBif I3BOHOIMOMIOHUN BUI B Jiala30Hi 4acToOT 2
... 4 MI'. He3Ha4Hi 3MiHM OOBiHOT CIIEKTPIB NPUHHATHX
CHUTHAJIB 00yMOBJIEH] HEpIBHOMIPHICTIO CMyTH
MPOIyCKaHHs ePEeTBOPIOBAYIB, @ TAKOXK BILIUBOM 3aBa]l.

|

Jos,

3

=

o ]

feun Al

L

l l l
3 4 5

PI/ICyHOK 3 — BIumiB 4acToTH 3aMOBHEHHS 30HAYIOYOTO IaKETHOT'O
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IMITyJIbCy Ha OTHHAIO4y HOTO CIIEKTpa NPH TPUBAIOCTI IMITyJIbCY 7

MEepioJIiB YaCTOTH 3aMOBHEHHS (3HAYCHHS YacTOT BKa3aHi Ha TOPU3OHTAIbHIN ITKai) Ha Oe3aedexTHiM AinsHI 3paska 3i cram 0912C
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PucyHok 4 — Po3ropTku 3 iMmyabcamu, BIZOUTHMH Bifl IHA

8 MM

i Bix nedexTiB pi3HOTrO pO3Mipy i BiAMOBIIHI iM CIIEKTPH Ha

IJIOCKOMapanebHOMy 3pa3ky 3i craini 09I2C
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Jis mepeBipKM MPUIYIICHHS NMPO CYTTEBUHA BILTUB
HasBHOCTI Ae(peKTiB y BUTIIAAI KOPO3ii Ha TOHHIN MOBEPXHI
3pa3ka 3i craii 091'2C Oy BUTOTOBJIEHI MOJETi IeeKTiB
Yy BUIJIAII CBEpAJIiHG diamerpoM 3; 5 i 8 mm. Pesympratn
JIOCIHI/PKEHb OTMHAIOYMX CIIEKTPIB NPUUHATHX CHUTHAJIB
IpU  HAasBHOCTI MoJesieil Je(eKTiB pi3HUX po3MipiB
HaBeJIcHI Ha puc. 4.

AHanorivHi aHi Juis 3pa3Ka 3 allOMiHI€BOTO CIUIABY
HaBeJIeHI Ha pHc. 5. BUukopucTaHo imMITyibcu TpUBaIICTIO 7
Nepio/IiB YaCTOTH 3alOBHEHHs piBHiH 2,5 MI'11.
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B crepr

HacTporku

Y-ta punuTpa. Mlu: lﬁ

o
Ycunenue, dB: Wﬁ
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BFY. dB:

Kon-so
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o 0K X Otmena

3 aHaizy HaBeIeHUX Ha pHC. 4 1 pHc. 5 naHi CBiTJAaTH,
0 HasBHICTH Mojeneil nedeKTiB Ha MOHHIH MOBEpXHi
3pa3KiB MPU3BOAMTE 10 CYTTEBOTO CIIOTBOPEHHS OOBiTHOI
CIEeKTpa MPUHHATHX CUTHAIIB.

Jani Oynu BHUKOHaHI €KCHEPHUMEHTAJbHI JOCHIIKEHHS
3paskiB 3 IPUPOTHIMH e eKTaMH Ha JOHHIH moBepxHi. Ha
puc. 6 HaBeIEHO CIIEKTPH, OTPHMaHi Ha 3pa3Ky 3i CTaii
cT.45: Ha Oe3me(eKTHOT AUISHIN, HA AUISHIN 3 IIOCKUMU
TPIIIUHAMY TTHOUHOIO 4 MM 1 8§ MM.
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Pucynok 5 — Posroprku 3 immynbcamu, BitOUTUMH Bix aHA 6e3 nedexTiB (a) 1 Big aHa 3 gedexToM (0) miameTpoM 3 MM i BiAmOBiAHI
iM CHEKTpH Ha 3pa3Ky 3 aIIOMiHIEBOTO CILIABY
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Pucynok 6 — CriekTpu, OTpUMaHi Ha 3pa3sky 3i ctaii c¢T.45 Ha 6e3medekTHOT AUsHII (a), Ha JUIAHIN 3 TUTOCKOIO TPIL[HHOKO HA TOHHIH
moBepxHi rmuouHO0 4 MM (0) 1 Ha AUISHII 3 TUIOCKOO TPIIIMHOO Ha JOHHIN MOBEPXHI TTTHOMHOIO § MM (B)

3 aHamizy HaBEeICHMWX JAaHWX BHUIUIMBAE, IO
3aCTOCYBaHHS PO3POOJIEHOTO CIOCO0Y YIBTPa3ByKOBOTO
KOHTPOJIIO JIO3BOJISIE BUSIBIIITH IUIOCK] TPILIMHYU HA TOHHIH
MIOBEPXHI METAJOBHPOOiB 0e3 BH3HAYEHHSA IXHBOTO
XapakTepy i po3MmipiB, TOOTO cIocid TpU3HAUSHUH s

mojaneIiol  imeHTH(iKamii BUABICHUX MOIIKOKECHBb
TPaTUI[IHHAM METOIOM.

ExcniepumeHTanbHi JIOCITI IPKEHHSI BUSIBJICHHS
nedekTiB, MmO  MalTh  BUIAAKOBI  T€OMETPUYHI
XapaKTEPUCTUKH, HiATBEp AN e(eKTHBHICTh

MPOAYKTUBHOTO BHABICHHA JAe(DEeKTHHUX MIIIHOK 1  3ampoIlOHOBAHOTO crocody, puc. 7.
: ’W\M : : :
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
In'\n.ﬁJhlm.l’\-\l ('h IN". Aﬁn\ . i n.f‘.:.l\n. My mlﬁﬂ\n . : i . Fa. AJ\. il . .
2 3 2 3
a 0

Pucynok 7 — CriekTpu, OTpuMaHi Ha 3pa3Ky 3i cTaini cT.3 3 rpynoro 3a00iH Ha JOHHIH MoBepxHi (a) rmouHow 0,5 ... 2,3 MM 1 3
KaBepHaMH INTHOMHAMU 10 3 MM Ha JIOHHIi MOBepXHi ra3oBoi TpyOH AiamMeTpoM 74 MM i TOBLIMHOIO 6,2 MM
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Ockibku ~ XapakTep 1 po3Mmipu  JedekTiB B
3aIPONIOHOBAHOMY BapiaHTiI KOHTPOJIO HE BU3HAYAIOTHCA,

TO WOr0 MOXHA BHUKOPHUCTOBYBATH IS  EKCIIpec-
IaTHOCTHKM.
BucHoBkH.

1. 3anponoHOBaHO MPOBOAUTH €KCIIPEC HEpyHHIBHUI
KOHTPOJIb METaJOBUPOOIB 13 3aCTOCYBaHHSAM MPSIMHUX
cmyroBux EMAII i mmpokocmyrosux €11, siki 30ymKyr0Th
1 pUHAMalOTh JIHIHHO IMOJSPU30BaHI MAaKeTHI IMITYJIbCH
yJIBTPa3BYKOBUX KOJIMBaHb 3 TPUBAIICTIO 6 ... 7 mepioniB
YacTOTH 3allOBHEHHS CHUTHAJIYy HUIIXOM aHamizy (opmun
00BiTHOI CTIEKTpa MPUUHATHX CUTHAJIB.

2. JIna peamizamii po3poOieHOTO croco0y excrpec
KOHTPOJIO HEOOXiMHO BHKOHATH HACTYIHI Omeparii:
30yKyBaTH 1 TpUAMAaTH TaKeTHI  yIbTPa3BYKOBi
iMIysbeH, QITBTPYBAaTH CYKYyIHICTH IPUHHATAX CHUTHAIIB
BiJl TEpemKoJ], MAETeKTyBaTH NPUHHATI  IMIYJBCH,
3MIACHUTH KOpeNsLiiiHy 0OpoOKy CHTHAIIIB, OOYMCINTH
CIICKTP PE3yJbTYIOYOr0 CUTHAY, BUSHAYUTH HOTO BiMiHY
BiJl CIICKTpa JOHHHUX CHTHAJIB Ha Oe3meeKTHIHN MiIsHIIL,
NPUIHATH PILICHHS NP0 HAsBHICTh NE(PEKTHOI IIISHKH.
OcTtarouyHe pilmIeHHS TPO  SKICTh  METaJOBHPOOY
BU3HAYAIOTh JOAATKOBO CTAHIAPTHIUMH METOIAMH.

Crucok JiTepatypu

1. Hepaspymaromuii koHTpoab: CrpaBounuk: B 7 T. mox o6m. pex.
B.B. Kimroesa. T.3: YibrpassykoBoil xontposs / .H. Epmonos, 10.B.
Jlanre. — M.: Mamnoctpoenue, 2004. — 864 c.

2. Kyn 10.B., Monuenko O.B., buctpa .M. Ta inmi. da3oBuii meToq
YJIBTPa3BYKOBOI ~ JIyHAiMITyJbCHOI ~ TOBIIMHOMETpii  BHpOOIB 3
KOHCTPYKIiHHUX MaTtepianiB: moHorpadis / F0.B. Ky, O.B. Mon4esko,
I.M. Buctpa Ta inmi / - K.: ITatepcepgic, 2019. — 192 c.

3. CyuxoB I'.M. Ynpyrue xapakTepHCTHKH MaTepHasIoB // KOHTpOIIb.
Juarnocruka. — 2005, — Ne 7. — C. 20-24.

4. Taron b. E. Mccnenosanmus n paspadorkn UOC nm. E. O. Ilatona
it coBpeMeHHol sHepretuku / b. E. Ilaton // TexH. nuarHoCTHKa U
Hepaspyuaonmiit KOHTpoisb. - 2013. - No 1. - C. 3 - 11.

5. Epmomo I.H. JlocTipkeHHs B TEOPETHYECKHX BOIPOCAX
YIBTPa3BYKOBOH  Je(DEKTOCKONUHM, 3aJa4d W TEpCHEeKTUBBI  //
Jedexrockomust. 2004. Ne 10. - C. 13-48.

6. Anemmn H.JII. TlepcmexTHBBI pa3BUTHA yIBTPa3BYKOBOI
nepexrockormn. XX lO6mneitnas  IletepOyprckas — KoH(epeHIus
«Y3IM-2009» . C.-TlerepOypr. 2009. [lokmax I12.

7. Ilnecreno C.1O., CyukoB I''M., Kopx A.H., CyBopoBa M./I.
HoBrele TeopeTMdeckne WCCIENOBaHMS M Pa3pabOTKM B obiacTH
JNIEKTPOMArHUTHO-aKyCTHYECKOTO0  mpeoOpasoBanus  (0630p)  //
TexHHYeCKast MUArHOCTHKA U HEPa3pyIIAOIiid KOHTPoITb. — 2018, — Ne2.
—C.24-31.

8. CyukoB I'M., IlnecuenoB C.HO, Kopx AWM. u np. Hosbie
pa3paboTKM  3JEKTPOMArHUTHO-aKyCTHYECKUX  IpeoOpasoBaTeneil.
(0630p) // TexHnueckast IMarHOCTHKA W HEPA3PYIIAIOMNNA KOHTPOIb. —
2018. — Ne3. - C. 27-34.

9. CyukoB .M., IlnecuenoB C.}O. YyBCTBHTEIHHOCTH KOHTPOJIS
9JIEKTPOMArHHUTHO-aKyCTHYECKUMHU TIpeoOpasoBaressiMu (0630p, 4.1) //
TexHMYeCKast IUATHOCTUKA W Hepa3pymaromuii KOHTpoib. —2018. —Ne4.
—C.45-50.

10. Cyuko I'M., Ilmecmenop C.IO. O uyBCTBHTENBHOCTH
YIIBTPa3BYKOBOTO KOHTPOJISt MOBEPXHOCTHBIMU BOJIHAMH,
B030YXAaEMbIMU M PHHUMAEMBIMHU 3JICKTPOMArHUTHO-aKyCTHYECKUMHU
npeodpaszoBaresiMi  (0030p, 4.2) // TexHudeckas AWArHOCTHKA U
Hepaspymaonuit KOHTpoib. — 2019. — Nel. — C 47-54.

11. Bo6pos B.T., CamokpytoB A.A., IlleBanapikun B.I'. CocrosiHue
U TEHJCHIMH Pa3BUTUS aKyCTHYECKUX (YJIBTPa3BYKOBBIX) METOIOB,
CPEACTB M TEXHOJOTHH HEPa3pyILIAIOIIEro KOHTPOIS U TEXHHYCCKOH
nmuardoctuku // Teppuropust NDT. — 2014. - No2. — C.24-26.

12. CynaxoBa K.B., Kaztokepnu 1.JI. O noBbinieHH# 3 GpEeKTHBHOCTH
KOHTPOJISL KauecTBa METaUIyprudeckoil mpoxykumu // B wmupe
Hepaspymratoniero kKourposst. — 2004. — Ne 3. — C. 8-10.

13. Improving principles of electric energy pulse transformation into
high-frequency mechanical energy using capacitive method. / O.N.

Petrishchev, K.L. Nozdrachova, G.M. Suchkov, R.P. Myhushchenko,
O.Yu. Kropachek, S.Yu. Plesnetsov // Technical Electrodynamics —
2019(6), p. 18-24 DOI: https://doi.org/10.15407/techned2019.06.018

14. O B030Y’XIeHUN YIBTPa3BYKOBBIX BOJIH B METa/IAX EMKOCTHBIM
npeobpasosarenem. Yacts 1/ Cyukos I'M., [lerpuiues O.H., Hozapauepa
E.JL, Pomaniok M.U. / TexHuueckas AHArHOCTUKA M HEpa3pyILAIOLIMI
KoHTpomb. — KwmeB. — 2015 - N 1. - C. 45-50.
https://doi.org/10.15407/tdnk2015.01.05

15. Cemepenko A.B. Ilpumenenne DMAII 111 KOHTPOIIST KOPPO3UU
1 DPO3HUH [TapOHArpeBaTeNel KOTeNbHbIX ycTaHOBOK // Tepputopus NDT.
2014. Nel. C.42-43.

16. CoxonoB HM.B. Pa3paboTka MOMEXOYCTOHYHBBIX METOAOB H
CPEACTB  MHOTO(YHKUMOHAIBHON  YJIBTPa3BYKOBOH  JIE(EKTOCKOIHH
CIIO)KHOCTPYKTYPHBIX u3aenuid. ABroped. HOKT. auc. M.: MockoBckuit
sHepreruueckuit uHcTUTYT (Texnuueckuit ynusepcurer). 2008. —47 c.

17. BickoB O.B. IligBuiieHHs BiporigHocTi Ta iHGOPMATUBHOCTI
AKyCTHYHOTO KOHTPOIIIO TpyOHUX BUPOOIB : ABTOped. KaH. auc. [BaHo-
DpaHKiBChK: IBaHO-DpaHKiBCHKUIT HALiOHATIBHUA  TEXHIYHHUI
yHiBepcuTeT HadTH i razy, 2003. — 20 c.

18. Serkov A., Breslavets V., Tolkachov M., Churyumov Issam
Saad G. Noise-Like Signals in Wireless Information Transmission
Systems // Advanced Information Systems. No. 2. Vol. 1. — 2017, pp. 33—
38.

19. Cyuxos I'M., IlerpumeB O.H., Xamuna C.B. u ap. [loBsimeHne
BO3MOXHOCTEH OECKOHTAKTHOW 1e(eKTOCKOINH MOBEPXHOCTH KaTaHBIX
(heppomaruuTHBIX MeTasuion3aenuii / Kontposs. Juarnocruka. —2013. —
Ned. —C. 31-35.

20. BackakoB C.M. PaguoTeXHHYEeCKHE LENMH W CUTHAIBL — M.:
Bpricmras mkosa. 2000.— 463 c.
21. CyukoB ['M. CoBpemennbie  BO3MOXHOCTH  OMA

nedekrockomnuu // Tepexrockonus. — 2005. Nel2. — C. 24-39.

22. Mwrymenko PIL, CyukoB I'M., Pames XK. wu gp.
DJIeKTPOMAarHUTHO-aKy CTHYECKUIT npeoOpaszoBarelb ISt
YIBTPa3BYKOBOH TOJIIHHOMETPHH (HEPPOMATHUTHBIX METAIIOM3ICIIHI
0e3  yHmaleHus  JUAJICKTPUYECKOro  TMOKpwitHs  //  TexHiyHa
enektpoauHamika, — 2016, — Ne2, — c. 78-82.

References (transliterated)

1. Nerazrushayushchiy kontrol': Spravochnik: V 7 t. pod obshch. red.
V.V. Klyuyeva. T.3: Ul'trazvukovoy kontrol' / I.N. Yermolov, YU.V.
Lange. — Moscow : Mashinostroyeniye, 2004. - 864 p.

2. Kuts YU.V., Monchenko O.V., Bistra .M. ta inshi. Fazovyy metod
ul'trazvukovoy voyenno-tekhnicheskoy ekspertizy: monografiya / YU.V.
Kuts, O.V. Monchenko, .M. Bistra ta inshi / Kyiv .: Interservis, 2019. -
192 p.

3. Suchkov G.M. Uprugiye kharakteristiki materialov // Kontrol'.
Diagnostika. - 2005. - No 7. - P. 20-24.

4. Paton B. Ye. Issledovaniya i razrabotki IES im. Ye. O. Patona dlya
so-energii Ye. Paton // Tekhn. diagnostika i nerazrushayushchiy kont-rol'.
-2013.-No1.-P.3-11

5. Yermolov |.N. Dostizheniya v teoreticheskikh voprosakh
ul'trazvukovoy defektoskopii, zadachi i perspektivy // Defektoskopiya.
2004. No 10. - P. 13-48.

6. Aleshin N.P. Perspektivy razvitiya ul'trazvukovoy defektoskopii.
XX Yubileynaya Peterburgskaya konferentsiya «UZDM-2009». St.
Petersburg. 2009. Doklad P2.

7. Plesnetsov S.YU., Suchkov G.M., Korzh A.l., Suvorova M.D.
Novyye teoreticheskiye issledovaniya i razrabotki v oblasti
elektromagnitno-akusticheskogo preobrazovaniya (obzor) n
Tekhnicheskaya diagnostika i nerazrushayushchiy kontrol'. - 2018. - No2.
- P.24-31.

8. Suchkov G.M., Plesnetsov S.YU, Korzh A.l. i dr. Novyye
razrabotki elektro-magnitno-akusticheskikh preobrazovateley. (obzor) //
Tekhnicheskaya diagnostika i nerazru-shayushchiy kontrol'. - 2018. - No3.
- P.27-34.

9. Suchkov G.M., Plesnetsov S.YU. Chuvstvitel'nost' kontrolya
elektromagnitno-akusticheskikh preobrazovateley (obzor, ch.1) //
Tekhnicheskaya diagnostika i nerazrusha-yushchiy kontrol'. -2018. -No4.
-P.45-50.

10. Suchkov G.M., Plesnetsov S.YU. Analiz chuvstvitel'nosti
ul'trazvukovogo kontrolya poverkhnostnykh volnami, izluchayushchiye i
prinimayushchiye  elektromagnitno-akusticheskiye  preobrazovateli
(obzor, ch.2) /I Tekhnicheskaya diagnostika i nerazrusha-yushchiy
kontrol'. - 2019. - Nol. - P 47-54.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepis: Enepeemuxa

HaJiiHicTh Ta eHeproedektupHicTs, Ne 29 (1354) 2019

39


https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj6lPH__IbYAhVmEpoKHUh7A6kQFggnMAA&url=http%3A%2F%2Fwww.ndt.sp.ru%2Ffiles%2Futm2009%2Fuzdm2009.pdf&usg=AOvVaw1HYiMJNDC8gJ2KCnvwmp2U
https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj6lPH__IbYAhVmEpoKHUh7A6kQFggnMAA&url=http%3A%2F%2Fwww.ndt.sp.ru%2Ffiles%2Futm2009%2Fuzdm2009.pdf&usg=AOvVaw1HYiMJNDC8gJ2KCnvwmp2U
https://doi.org/10.15407/techned2019.06.018
https://doi.org/10.15407/tdnk2015.01.05

ISSN 2224-0349 (print)

11. Bobrov V.T., Samokrutov A.A., Shevaldykin V.G. Sostoyaniye i
tendentsii razvitiya akusticheskikh (ul'trazvukovykh) metodov, sredstv i
tekhnologiy nerazrushayushchego kontrolya i tekhnicheskoy diagnostiki
/I Territoriya nerazrushayushchego kontrolya. - 2014. - No2. - P.24-26.

12. Sudakova K.V., Kazyukevich I.L. O povyshenii effektivnosti
kontrolya kachestva metallurgicheskoy produktsii //  V  mire
nerazrushayushchego kontrolya. - 2004. - No 3. - P. 8-10.

13. Sovershenstvovaniye printsipov preobrazovaniya impul'sov
elektricheskoy energii v vysokochastotnuyu mekhanicheskuyu energiyu
yemkostnym metodom. / O.N. Petrishchev, K.L. Nozdrakhova, G.M.
Suchkov, R.P. Mikhushchenko, O.YU. Kropachek, S.YU. Plesnetsov //
Tekhnicheskaya elektrodinamika - 2019 (6), P. 18-24 DOL:
https://doi.org/10.15407/techned2019.06.018

14. O vozbuzhdenii ul'trazvukovykh voln v metalle yemkostnym
preobrazovatelem. Chast' 1 / Suchkov G.M., Petrishchev O.N.,
Nozdracheva Ye.L., Romanyuk M.I. // Tekhnicheskaya diagnostika i
nerazrushayushchiy kontrol'. - Kiyev. - 2015 - No 1. - P. 45-50.
https://doi.org/10.15407/tdnk2015.01.05

15. Semerenko A.V. Primeneniye EMAP dlya kontrolya korrozii i
erozii paronagrevateley kotel'nykh ustanovok // Territoriya NDT. 2014.
Nol. P.42-43.

16. Sokolov 1.V. Razrabotka pomekhoustoychivykh metodov i
sredstv mnogofunktsional'noy ul'trazvukovoy defektoskopii
slozhnostrukturnykh izdeliy. Avtoref. dokt. dis. Moscow: Moskovskiy
energeticheskiy institut (Tekhnicheskiy universitet). 2008. —47 p.

17. Viskov O.V. Pedvishenni virogidnosti ta informativnosti
akusticheskogo kontrolya trubchatykh virobiv: Avtoref. kand. dis. Ivano
Frankivsk: fvano-Frankivs'kiy natsional'niy tekhnichniy universitet nafti i
gazu, 2003. - 20 p.

18. Serkov A., Breslavets V., Tolkachov M., Churyumov Issam Saad
G. Shumopodobnyye signaly v besprovodnykh sistemakh peredachi
informatsii // Sovremennyye informatsionnyye sistemy. No 2. Tom. 1. -
2017, P. 33-38.

19. Suchkov G.M., Petrishchev O.N., Khashchina S.V. i dr.
Povysheniye vozmozhnykh beskontaktnykh defektoskopiy poverkhnosti
katanykh ferromagnitnykh metalloiz-deliy // Kontrol'. Diagnostika. -2013.
-No4. -P. 31-35.

20. Baskakov S.I. Radiotekhnicheskiye tsepi i signaly. - Moscow:
Vysshaya shko-la. 2000.— 463 s.

21. Suchkov G.M. Sovremennyye vozmozhnosti EMA defektoskopii
/I Defektoskopiya. - 2005. No12. - P. 24-39.

22. Migushchenko R.P., Suchkov G.M., Radev KH.K., i dr.
Elektromagnitno-akusticheskiy —preobrazovatel' dlya ul'trazvukovoy
tolshchinometrii ~ ferromagnitnykh  metalloizdeliy bez udaleniya
dielektricheskogo pokrytiya // Tekhnichna yelektrodinamika, - 2016, -
No2, - P. 78-82.

Haoiiuna (received) 18.08.2019

Bioomocmi npo asmopis | Ceedenus 06 asmopax | About the Authors

Bycci EIT Miwen Kaccaoni Canam (Byccu EIT Muwen Kaccaobnu Canam, Bussi EP Michelle Cassable Salam),
acmipadT KadeIpu KOMIT FOTePHHX Ta PadiOeIeKTPOHHHUX CHCTeM KOHTpoito Ta miarHocTuku, HTY «XIII», m. Xapkis,

VYkpaina; e-mail: hpi.suchkov@gmail.com

Ho3zopauosa Kamepuna Jleonioiena (Hozopauesa Examepuna Jleonuoosena, Nozdrachova Katerina Leonidivna)
— KaHAWAAT TEXHIYHUX HayK, JOLEHT, AOIEHT KadeIpu KOMIT IOTEPHHUX Ta pPaliOeNeKTPOHHMUX CHCTEM KOHTPOJIIO Ta
miarsoctuku, HTY «XIII», M. Xapkis, Ykpaina, ORCID ID: 0000-0002-1996-2301, e-mail: nozdrachova@gmail.com

Cyuxos I'puzopin Muxainosuu (Cyuxos I'puzopuit Muxaiinosuu, Suchkov Grigoriy Mihaylovich) — 3aBinyrouunit
Kadenpy KOMII'IOTEPHUX Ta PaJioeeKTPOHHUX cHcTeM KOHTpoiro Ta aiarHoctuku, HTY «XIIl», m. Xapkis, Ykpaina,
ORCID ID: 0000-0002-1805-0466 e-mail: hpi.suchkov@gmail.com

Cno60oouyx Aumon IOpiiiosuy (Cnoéoouyx Anmon FOpuveeuu, Slobodchuk Anton Yuryvich) — acuipant xadenapu
KOMIT FOTEPHUX Ta pa/lioeIeKTPOHHUX CUCTEM KOHTpoutto Ta aiarHoctuku, HTY «XII», m. Xapki, Ykpaina, ORCID ID:

0000-0002-4498-9688 e-mail: antonslobodchuk@gmail.com

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepis: Enepeemuxa

40

HaoiiHicmes ma enepeoeghexmugnicmn, Ne 29 (1354) 2019



ISSN 2224-0349 (print)

VK 621311
0. 1. TAHYC, K. 0. CTAPKOB, B. B. YEPKAIIIHHA

CKUIAJOBI IEPEHAIIPYT HA EJIEMEHTAX CXEMHA 3AMIIIEHHSA TPAHCO®OPMATOPA
HAIIPYTH

PosrnsHyTO HeniHiHY AMHAMiYHY MaTeMaTH4HY MOJEIb TpaHC(GOpPMATOpa HANpPYTH Ta AOCIIPKEHO HEPeHANpyrH, L0 BUHUKAIOTh HA €JIEMEHTaX
CIIPOIIECHOT CXEMH 3aMillleHHs TpaHC(OPMATOpa HAIIPYTH HPH IEPEXiTHNX MPOLIECAX IPH MOCTYOBOMY YCKIIAHEHH] JaHOI CHCTEMH 1 aHaIIi31 YNHHHKIB,
110 BIUIMBAIOTh HA BEIMYMHY IEPEHAIpPYT, TPUBAIOCTI Ta IHIIMX NapameTpax MepexXifHuX IpoleciB. BHKOpHCTaHO mepeBaru anpoKCHMyBaHHS
HeJiHifHOCTI TpaHc(OPMATOpPIB HANPYIU TinepOoNIiYHUM CHHYCcOM. BH3HaueHO MaTeMaTH4Hi BHpa3d AJs OOUYHMCIICHHsS MapaMeTpiB MepexiJHuX
IPOIIECIB Ta NEpPEeHANpYT, SKi BUHUKAIOTh IIPU BiJKIIOYEHH] NIHIHHAX Ta HETIHIMHUX IHTyKTHBHOCTEH BiX JKepel NMOCTIHHUX Ta CHHYCOITaNIbHUX
Hanpyr. BusHaueHO BIUIMB MOYATKOBUX YMOB Ta iHIIHX (aKTOPIiB Ha XapakTep MPOTiKaHHs MepPeXiIHUX mpoueciB. JJoBeaeHO, M0 piBeHbh MOXIUBUX
MepeHanpyr Ha KOTYILLI iHAYKTHBHOCTI, 0OMOTKax TpaHC()OPMATOpIB HANPYTH y OUIBIII Mipi 3aj€XHTh Bill CHiBBIIHOLICHHS aKTHBHUX OINODIB
HAaBaHTAXXEHHS KOTYIIKH 1HAYKTHBHOCTI (200 TpaHcdopmaTopa Hampyru) i camoi oOMOTKH, YMM BiJ BEIMYHHH aKTHBHOTO OIIOPY HABaHTAXKEHHI.
BusHaueHi MakCUMalIbHI PiBHI [EpEHANPYT, sSIKi BUHUKAIOTH TIPHU BiKIIOYEHHI TpaHc(hopMaTopa HaNpyrH Bill JKepesia CHHYCOINaabHOI HAMPYTH, Ta 1X
3aJIeXKHOCTI BiJj MOMEHTIB BifK/ItoueHHS. OOIpyHTOBAHO, 1[0 HAWOUIBII Ba)KKMM BHIIAJAKOM 3 TOYKU 30py BEIMYHMH IHEPEHANPYT € TOii, IPH SKOMY
BKJIFOYCHHSI SJIEKTPUYHOIO JIAHIIOra 3 IHIYyKTHBHICTIO BiOyBa€ThCS B MOMEHT 4Yacy, KOJIM MEpeXiJHa CKJIagoBa IHAYKI(l 3MyLICHA KOMIICHCYBAaTH
MakCHMallbHe 3HAYCHHs IHAYKLIl CTaJoro pexuMmy, a BIAKIIOYCHHsS BigOyBAaeThCs yepe3 IB MEpiofy IiCNsl BKIIOYCHHS. BU3HAueHO XapakTep
MEepexiHUX MPOLECIB Ui TUX BHUIMAIKIB, KOJIHM MOMEPEAHINH MepexiaHuii mpoiec He OyB MOBHICTIO 3raiieHHM. Po3po0ieHo peKOMEHIALIo 010
HaiOIIbII e(EeKTHBHOTO BHKOPUCTAHHS METOAIB 3 KOPOTKOYACHOIO IIYHTYBAaHHS HaBaHTa)XCHHS TPaHC(OPMATOPIiB HANPYTH, sKi HailKpalie BCHOTrO
MOXKYTb €()EKTHBHO KOMIICHCYBAaTH IEPEHANPYTH IPU MEPEXiJHUX Mpolecax 3 HEHYIbOBUMH IIOYaTKOBUMH yMOBaMH. Pe3ynbraTti aHalIiTHYHHX
JIOCITIDKeHb anpo0OBaHO MO pe3ysbTaTaM aHajidy 3amiciB (iKCYIOUMX HPHCTPOIB MiA Yac aBapiiHUX MPOLECIB y eJeKTpuuHuxX mepexax AT
«XapkiBoOJIEHEpro» Ta BUKOPHCTAHO Yy CHCTEMi PO3HOJITY eIEKTPUYHOI eHeprii i mig0opy KOHKPETHOro TpaHC()OPMATOPY HAMpYTH IS [IEBHOI
KOH(OIrypauii eleKTpUIHOI MEePExKi.

Kuro4osi ciioBa: TpaHchopMaTop Hanpyru, HENMHIHHICTb, MEPEXiqHUN HpoLec, IHAYKIIisA, IepeHanpyra, UyHTyBaHHS, HABAaHTAKCHH, CXeMa
3aMillleHHs], I0YaTKOBI YMOBH, MarHiTHI XapaKTePHUCTHUKH, (hepope3oHaHC, TrinepOoTiqHui CHHYC, TicTepe3uc

A.U.TAHYC, K. A. CTAPKOB, B. B. YEPKAIIIHHA

COCTABJIAIOINIUE NEPEHAITPS)KEHUSA HA 9JIEMEHTAX CXEMbI 3SAMEINEHUSA
TPAHCO®OPMATOPA HANIPAKEHUA

PaccMmoTpeHa HeNMHeHHash AMHAMUYecKasi MaTeMaTHdecKast MOeNb TpaHc(hOopMaTopa HANPSDKEHHS U UCCIIeJOBaHbI IePeHAIPSDKEHIS, BO3HUKAIOIIVE
Ha JJIEMEHTaX YIpPOLIEHHOH cXxeMbl 3aMelleHus TpaHc(opMaTopa HANPsHKEHUs! TIPU ePEeXOAHbIX MIPOLEeccaX MPH MOCTEIeHHOM YCIIOXKHEHUH JTaHHOU
cUCTeMbl U aHaH3e (HAKTOPOB, BIMAIOLIMX HA BEIHUYMHY IEpEHANpPsHKEHUH, MPOAOIKUTENHOCTH H JPYTUX HapaMeTPOB IEPEXOAHBIX IPOLECCOB.
Vcronp30BaHbl NIPEUMYIIECTBA AIPOKCHMUPOBAHUS HEJNMHEHHOCTH TpaHC(HOPMATOPOB HAIPSDKEHHS! THIEPOONIMYECKHM CHHycoM. OmpenerneHsl
MaTeMaTHYeCKHe BBIPA)KEHHs IS BEIYUCIICHHS TAPaMeTPOB MEPEXOIHBIX MIPOLECCOB U MEPEHAPSIKEHHH, BOSHUKAIOIUX IPH OTKIIOYEHUH JTUHEHHBIX
1 HETHMHEHHBIX HHAYKTHBHOCTEN OT MCTOYHHKOB IOCTOSIHHBIX U CHHYCOMAAIbHBIX HaNpshkeHui. OnpeeNieHo BIMsSHNE Ha4allbHBIX YCIOBUH U Ipyrux
(haxTOpoB Ha XapakTep HMPOTEKaHUs IEPEeXOMHBIX MpoleccoB. Jloka3aHo, YTO YPOBEHb BO3MOXHBIX ITEPEHANPSDKEHUH HA KAaTyIIKe WHIYKTHBHOCTH,
00MOTKax TpaHC(HOPMATOPOB HANpPHKEHUs] B OOJbINEH CTENEeHH 3aBUCUT OT COOTHOLIGHMS AKTHUBHBIX CONpPOTHBICHUII HArpy3Kd KaTyIIKH
MHAYKTUBHOCTH (MM TpaHC(opMaTopa HANPSHKCHHS) M CaMOil OOMOTKM, 4eM OT BEJIMYMHBI aKTUBHOTO CONpPOTHBICHMS Harpy3ku. OmpeneneHsl
MaKCHMaJIbHbIe YPOBHH IIepEHAINpsDKEHHH, BO3HHKAIOIUX MPH OTKIIOYECHWH TpaHc(hopMaTopa HANPSHKEHHS OT HCTOYHHKA CHHYCOHAAIBHOTO
HAMNPSDKEHH, ¥ X 3aBUCUMOCTH OT MOMEHTOB OTKTI04UeHUs. OO0CHOBAHO, YTO HanOo0JIee THKEIBIM CIIydaeM ¢ TOYKU 3PEHUs] BeTHUHH ITepeHANpPSHKeHHN
SIBTIACTCSI TOT, IPH KOTOPOM BKJIIOUECHHE NIEKTPUUECKOI! IIeMH ¢ HHAYKTHBHOCTBIO IIPOUCXOIUT B MOMEHT BPEMEHH, KOT1a epeX0JHasi COCTABIISIOMAst
MHIyKIUH BBIHYK/I€Ha KOMIIEHCUPOBATh MaKCUMAJIbHOE 3HAUEHUE MHAYKIUH TIOCTOSHHOTO PEXKMa, 8 OTKIIFOUEHUE NPOUCXOIUT Yepes3 Mo Mepuoa
nocie BkiIoyeHus. OnpeeneH XapakTep IepeXOoAHBIX MPOIECCOB UL TeX CIydyaeB, KOTa MpeIblIyIIuii MepexoHblil mpomece He ObLT MOTHOCTHIO
3aBepieH. PaspaboraHbl pekoMeHAanuu 1o Hanbosee 3GHEKTHBHOMY HMCIOIB30BAHHIO METOJIOB 110 KPaTKOBPEMEHHOMY IIYHTHPOBAHHIO HATPY3KH
TpaHC(hOPMATOPOB HANPSDKEHUS, KOTOPBIE JIydIle BCcero MOryT 3((eKTHBHO KOMIEHCHPOBATH IEPEHAIPSDKEHHS HPH IMEPEXOHBIX IpoIeccax ¢
HEHYJeBbIMH Ha4albHBIMH YCIOBHAMU. Pe3ynbTaThl aHAMUTUUECKHX UCCIENOBAaHHUI apoOHPOBaHbI O pe3yIbTaTaM aHalu3a 3amuceil GUKCHPYIOmMuUX
YCTPOWCTB NPH aBapUUHBIX MPOIEccax B 3IeKTpUueckux ceTsix AO «XapbKoBOOIIHEPro» U UCIIOIb30BAHBI B CUCTEME PACIIPE/ICIICHUS AIEKTPHYECKON
9HEPTUH JUTS MOA00pa KOHKPETHOTO TpaHc(hopMaTopa HAIPsDKEHUS TSI ONPEIEICHHOH KOH(UIypalyy dIeKTpUIEeCKON CeTH.

KaioueBble ciioBa: TpaHC(HOPMATOp HAMpPSDKEHHs, HEIMHEHHOCTb, MEPEeXOAHBbINM IMpoLecc, MHIYKIUs, MepeHanpsDKeHHe, IIyHTHPOBAHHUE,
Harpy3ska, cxemMa 3aMellleHus], HadalbHbIe yCIIOBHs, MATHUTHBIE XapaKTePUCTHKH, (peppope3oHaHC, THIepOOIMIeCKHil CHHYC, THCTEPE3HC

A. I. GANUS, K. A. STARKOV, V. V. CHERKASHYNA

OVERVOLTAGE COMPONENTS ON VOLTAGE TRANSFORMER DISPLACEMENT SCHEMES
ELEMENTS

The nonlinear dynamic mathematical model of the voltage transformer was considered and the overvoltages that occur on the elements of the voltage
transformer simplified equivalent circuit during transients with a gradual complication of this system and the factors analysis affecting the magnitude of
the overvoltage, duration, and other transient processes parameters are studied. The approximating advantages nonlinearity of voltage transformers with
a hyperbolic sine are used. Mathematical expressions for calculating the parameters of transients and overvoltages that occur when disconnecting linear
and nonlinear inductances from sources of constant and sinusoidal voltages are defined. The initial conditions influence and other factors on the transition
process character is determined. It is proved that the possible overvoltages level on the inductor, the windings of voltage transformers is more dependent
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on the ratio of the active load resistances of the inductor (or voltage transformer) and the winding itself, than on the load active resistance magnitude.
The overvoltage maximum levels that occur when a voltage transformer is disconnected from a sinusoidal voltage source and their dependence on the
disconnection moments are determined. It is proved that the most difficult case from the overvoltage view point values is when the switching on of an
electric circuit with inductance occurs at a time when the induction transient component is forced to compensate for the maximum value of the constant
mode induction, and the shutdown occurs half a period after switching on. The transition processes character for those cases where the previous transition
process has not been fully completed is defined. Recommendations for the most efficient methods using for short-term load shunting of voltage
transformers, which can best compensate for overvoltages during transients with non-zero initial conditions, have been developed. The analytical studies
results were tested according to the recordings analysis results of fixing devices during emergency processes in the JSC «Kharkivoblenergo» electric
networks and were used in the electric energy distribution system to select a specific voltage transformer for a specific electric network configuration.
Keywords: voltage transformer, nonlinearity, transient, induction, overvoltage, shunting, load, equivalent circuit, initial conditions, magnetic

characteristics, ferroresonance, hyperbolic sine, hysteresis

BBenenne. Ilepemaua Ta po3MOAIT EINEKTPUIHOT
eHeprii CHOXHBaYaM Yxpaian 3IHCHIOETBCS
CIeKTPIYHIMH MepekaMH Pi3HUX HOMIHAJIBHUX HAmpyT.

Opmuicr0 3 HAHOUIBII ICTOTHHMX OCOONMBOCTENH  iX
eKCIUTyaTallii € [OCHTh BeNUKa aBapiliHiCTh, 3HAYHA
YacTUHA SIKOT BHKJTUKAHA TOIITKOJ[)KYBaHICTIO
TpanchopmaTopiB  Hampyru [1]. 3a pesynbraTamu
nposenenux y AT «XapkiBoOaeHepro» JOCIHiIKEeHb Oyin
BU3HAYE€HI BUMOIM W00 MiABMINEHHS HaAIHHOCTI
TpaHc(OpMATOpiB  HAMPYrd IpH TOsBI  3eMJli B

CJIeKTPIYHUX MEPEKax 3 i30JIbOBAHOIO HEHTPAILIIO, a caMe
—3aXO0J¥ 3 YCYHEHHS YMOB BUHHKHEHHS (hepOpe30HaHCHIX
MPOIIECiB Y 3a3HAUCHHUX CICKTPHYHUX Mepexax. AU,
mpobnema 3anummuiack. KpiM Toro, misirae BUPIICHHIO
mpobeMa yCyHeHH OMIKOKYBaHOCTI TpaHchopMaTopiB
HATPYTH B CNCKTPUYHAX Mepekax 3 HIIUMH peKHIMaMU
3a3eMIICHHS] HEUTpaJIi.

AHaJi3 ocTaHHIX JOCHiIKeHb i myOuaikamiii. Y
BIJOMHUX pPOOOTaxX JOOCTI/KCHI MPUYHMHA BUTOPSHHS
00OMOTOK  TpaHC(OPMATOPIB HANpPYTd: IEepeHanpyrH,
00yMOBJICHI €MHICHUMH CTPYMaMH 3aMHKaHHs Ha 3eMIIIO;
NepeHanpyrH, NoB's13aHi 3 pepope3oHaHCOM; IepEeHaIpyTH,
MOB's3aHI 3 BKJIIFOUYEHHSAM TpaHCc(OpMaTopiB Ha CHCTEMY
«XOIIOCTI MIMHW» TOMIO Ta BU3HAYECHO PEKOMEHAAIIIT 010
MMABUINEHHS 1X HAIIHHOCTI.

B [2] 3ampomoHOBaHO 3IIHCHIOBATH  3aXHCT
TpaHCc(HOPMATOPiB HAIPYTH IUIAXOM KOPOTKOYACHOTO
MIAKITIOYCHAS 10 iX BTOPUHHUX OOMOTOK HH3HKOOMHOTO
ornopy miJi yac hepope30HaHCHOTO MPOLECY .

B [3] 3aMpOTIOHOBAHO BUKOPHUCTAHHS
Tpanc(hOpMATOPIB HAMPYTH, MIAKIIOYCHUX HaA JIHIAHY
HAMPYTy 3 €MHICHUM IUTBHUKOM MIX JIBOMa OOMOTKaMu
TpanchopMaToOpa HAMPYTH 1 3EMIICIO.

B [4] nmocmimkeHO BIUTMBY YMOB MEpeXiTHUX
MPOIECiB B EJICKTPUYHUX MeEpexkaxX 3 130JbOBAHOIO
HEHTpaJUTIO Ha XapakTep MOIIKO/HKEHb TpaHCPOPMATOPiB

Halmpyrn Ta BHM3HAUEHO peKoMeHjamii mogo ix
KOMIIEHCAIIil.
B [5] BusHaueHo BmIMB Jpeddy MarHiTHHX

XapaKTepUCTHK TpaHC(HOPMATOPiB HANPYTH HA XapakTep
MpOTiKaHHA (PEepOpPEe30HAHCHUM IIPOIECIB Ta BH3HAYECHO
pexoMeHaarii 3 miadopy TpanchopMaTOpiB HANPYTH IS
KOHKPETHHUX €NIEKTPUIHAX MEPEXK.

B [6] Bu3HaueHi Mexi oOmacTeli MOMIJIMBHX
3racarodyoro i He3racaro4oro epope30HaHCHUX MPOIIECIB B
CJIEKTPUYHUX MeEpeXax 3 130JIbOBAaHOIO HEHTpaullo Ta
BU3HAYECHO PEKOMEHIALIT I1I0/10 3aXHUCTY TpaHC(HOPMATOPIB
HaINpyry B KOXKHIH 3 3a3HaUeHHUX o0sacTeil.

HenocratHs  edexTuBHICTH  icHylounmx  3aco0iB
3aXHCTy TpaHc(opMaTopiB HANPYTH IiJ Yac BUHUKHEHHS

(bepope3oHaHCHUX TPOIECiB y [7] HOSACHIOETHCS THM, IO
AHANITAYHI OCTI/KCHHS, TOKJIAIeHI B OCHOBY iX
PpO3poOKH depe3 CIIPOIIeHHS, SKi 3a3BHUail MpUHMArOTh TTi]T
Yac MOJCTIOBAHHS HENIHIMHMX KT 3a JIONOMOTOIO
TPamUIHAX METONIB JiHeapw3amlii, NPHU3BOAATH IO
BIZICyTHOCTI B  pe3yibTarax aHalizy HeOe3MeYHnX
rapaMeTpiB pPeXMMIB, II0 HAsBHI M 4Yac eKcIuryaramii
TpaHc(opMaTopiB HANPYTH.

Merta cratri. Y [7] 3a3HaueH0, 110 Gepope3oHaHCHI
SIBUIA B €JIEKTPUYHHUX KOJAaX MPU HAsSBHOCTI KOTYIIKH 3
(epOMarHiTHIM OcepelIiM XapaKTepH3YIOThCS CKIIaTHOI0
OUHAMIKOIO 4Yepe3 NaHWH HeTiHIMHWH eneMeHT. g mux
NPOLECIB  XapaKTePHUMH € BHCOKAa YYTJIHBICTH IO
BiTHOIICHHIO 5K IO TIOYaTKOBUX YMOB, TaK i 10 (pakTopiB
BIUTHBY. Y 3B’A3Ky 3 IJUM OOIPYHTOBAHO, IO CHPOIICHHS,
SKI IPUAMAIOTh MiA 4Yac aHamizy (epope3OHaHCHHUX Kill
TPQAMLIMHUMHA  METOJaMH,  MOXYThb  CIPHUYHHUTH
BIZICYyTHOCTI B TEOPETHYHUX PO3B’s3KaX MEBHUX PEXKUMIB B
peabHUX EIEKTPUYHUX MEpeKax.

Mera crarti monsrac B po3poOui  HediHiHHOT
JUHAMIYHOT ~ MaTeMaTH4YHOI  MOIENI  JUIi  aHali3y
MepexiTHUX MPOIIECiB B €JIEKTPOMATHITHUX

TpaHchopMaTopax HaPYTH Ta OLIHIOBAHHS KOMYTalliiHUX
MePEeHAINPYT Y PO3MOIUIBHUX EIEKTPHYHUX Mepexax, sKi
HEOOXigHI Ansd mimbopy KOHKPETHOTO TpaHC(hOopMaTopy
HAIPYTH JUTS IEBHOT eIEKTPUYHOT MepexKi.

OcHOBHI Matepianu pgociaiglxeHHs. 3 METOIO
BHUpPIMIEHHS TIOCTABIICHOTO  3aBJaHHSI  JOCIIHKYEMO
NepeHanpyru, 10 BHHHMKAIOTh Ha €JIEeMEHTaX CcaMoi

CIIPOIIEHOT CXeMH 3aMillleHHs TpaHchopMaTopa HanpyrH,
[P EPEXiTHUX MPOIecax MPH MOCTYIOBOMY YCKIIAAHEHHI
JMAHOT CHCTEMH 1 aHaji3i YHHHHKIB, IO BIUIMBAIOTH Ha
BEJIMUMHY TEpeHarpyr, TPUBAIICTh Ta IHII MapameTpu
MePeXiTHUX MPOIIECiB.

CaMoOr0 CHpOIIEHOI0 CXEMOKW  TpaHcdopmaropa
HalpyTH MOXJIMBO BBa)KaTH CKBIBAJCHTHY CXEMY
3aMIilICHHSA KOTYIIKHA 3 IHIHHOI 1HIYKTHBHICTIO L,
AKTHBHMM OIOPOM KOTYIIKM R, i HaBaHTaxeHHsMm R,

(puc.1).

U = const
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Pucynok 1 — Cxema [yist OCIiKEHHS IEPEHANPYT, L0
BUHUKAIOTH IIPHU BiJIKIIFOUCHHI MTapaieIbHO BKJIIOUYCHUX JIIHIHHOT
IHIYKTHBHOCTI 1 HAaBaHT)XKEHHS BiJl [Kepelia OCTiHHOT HanpyTH

BpaxoByroun Te, 110 HepeximHi NPOLECH MICTATh
BUMYILIEHY 1 BUIbHY CKJIQJOBI JOCITIIDKYEMO MepexiiHi
NPOLIECH B PO3IVITHYTHX CXeMax SIK IPH KOMYTalisX Bix
3MiHHOTO CHHYCOIZaJbHOTO HAIIPYTH TaK i Bifl MOCTiHHOTO.

PosrnsHemMo mepexigHWN TIpomec  BiAKIIOYECHHS
mapajenbHO  BKIIOYEHHX  KOTYIIKM 3 JIHIHHOIO
inmykTHBHICTIO L, omopoM 006MOTKH R ;i €KBiBaJIEHTHOTO

HaBaHTaXeHHs TpaHcdopmaropa wHanpyru R,  Bin
Jokepena nocriiiHol Hanpyru U. Beaxkaemo, 1o 3a3HaueHa
HaBaHTAXXECHHS TpaHcdopMmaropa Hapyru HOCHTH YUCTO
AaKTHBHMI XapakTep.

MutTeBe 3HAUCHHS CTPYMY B BiJKIIOUEHOMY KOJIi i

nanpyry U ., Ha onopi R , Oyze 3MiHIOBaTHCS 32 TAKUMU

3aJIC)KHOCTAMU

_RitRy,

|(t)=R—e L
1

_RutRe,

,URZ(t):UR_Ze L@
1

. U R
i(0)=—, B vy 2
(0) R, ' Ur(®=Ug 2

Amnanmiz Bupa3sy (2) mokazaB, 10 B MOMEHT
BIZIKJIIOUYEHHS HAlpyra Ha ONOpI HaBaHTaXEHHsS, Oyxe
BiZIpi3HSATHCS BiA HanpyrH Jkepena U, sike 10 pO3MHUKaHHS
OyJlo MOKJIaZIEHO 10 MOJETi TpaHcopMmaTopa HarpyTH, B

R pa3u. Buxons4u 3 Iboro MO>XJINBO 3pOOHTH BHCHOBOK
1

po Te, MO piBeHb MOXIMBHX IEPEHANpPYr HA KOTYLIII
IHIYKTUBHOCTI (4K 1 Ha OOMOTKax TpaHC(HOpPMATOpiB
HANpyry) 3aJIeXKUTh HE TUIbKH Bijl BEJIMYUHU aKTUBHOTO
ONOpYy HaBaHTa)XEHHsI, SIK 11€ NMPUHHATO Yy BCIX BIIOMHX
nmocrimkennsax ([8] Tomro), ame , OULIBIIOK MIpOIO, Bi
CHIBBIHOIIEHHST ~ aKTUBHHUX  OMNOpPIB  HaBaHTa)XKEHHS
KOTYILIKH 1HIYKTUBHOCTI (200 TpaHcdopmaropa Harpyru)
i camoi 0OMOTKH.

Ha HacTymHOMy erami pO3IJISHEMO MepeXiqHui
mporiec BIIKTIOYEHHS KOTYIIIKH 3 JIHIAHOIO
inmykTuBHiCTIO L 1 omopom oOmoTkm R, Bix mxepena

cuycoinansHoi Hanpyru u=U p, Sin( @ + V) (puc.2).
S IS
A |
e

~u =Umsin(a)t+¢//u) Rz|:

(e O——O

Pucynok 2 — Cxema Juist TOCIiKEHHS IIEPEHATpPYT, 10
BUHHKAIOTH TPH BiJKITIOYECHHI Mapaie’IbHO BKIFOUECHHUX JIHIHHOT
IHIYKTHBHOCTI 1 HABaHTAKCHHS BiJI JpKepelia CHHYCOinaabHOT
Hanpyru

3a YMOBH, LIIO Hepexi,uHa CKJ1aJ10Ba, IOoB's13aHa 3
BKJIFOYCHHAM BCHOT'O JIAHIIOra 10 MOMCHTY Bi,Z[KJ'IIO‘-IeHHﬂ

3aracHe, Hampyra Ha HaBaHTaXeHHI R,  micis
BIIKITFOUEHHS JIOPiBHIOBATHUME:
Ri+R, t
U,R . [ .
Ug, (t)= ———=m"2___sin(at +y, —arctg=)e - .(3)
2 > 2 u R
Ry +(al) 1
Hanpyry Ha HaBaHTaxeHHi R, B MOMEHT
BIKJIFOUCHHS MOXJIMBO BH3HAYWTH 32 HACTYIHUM
BHUpPaA30OM:
UnR, oL

sin(y, —arctg

0 (0) = = ). @
O R D

Hanpyra Ha HaBaHTa)keHHi R, OyJe MaKCUMAabHOO

B MOMEHT BiJIKJIFOYESHHS 32 YMOBH:
ol V4
w, —arctg— =t —. (5)
R, 2
Amnauri3 Bupasy (5) mo3Boisie IiTH BUCHOBKY TIPO Te,

O B 3aJeXHOCTi Big Momenty Binkmouenns (V) na

HAaBaHTA)XEHHI R, MoXe BUHMKHYTH IIEpEHaIpyra,
. R, . .
BCJIIMUMHA SAKOl1 B paSI/I 61J'HJIHC aMHHlTyI[I/I
2 2
R; +(al)

HATPYTH 10 BiJKIFOUCHHS.
bimpimn ckiamHi mpouecu OymyTh MaTH MICIE B

cUcTeMi y pa3i BHKOPUCTaHHA B HId HeJiHIHHOT
IHIYKTHBHOCTI. 3a  aHaNori€l0 3 TOMEpexHIMH
JIOCIII IPKEHHIMU PO3TIISTHEMO MepeHANpYTH, 110

BUHUKAIOTh MPH BiAKIIOYCHHI HENIHIHHOI iHIYKTUBHOCTI
BiJl JDKepena TOCTIHHOI HANpyTH B CXeMi, HaBeleHIH Ha
puc. 3.

I[lpu BHBEOEHHI  CHIBBITHOIICHP  3HEBAXKAEMO
IHIYKTUBHICTIO PO3CIIOBaHHS, BTpaTaMH Ha TiCTEpPEe3uC Ta
BHUXPOBI CTPYMH.

3riiH0 BUCHOBKIB, NpUBEIeHUX y [9] HeNiHiHICTD
Ul TPUAHATOTO 00’€KTa  JOCHIDKECHHS  HaiOUIbII
aJIEeKBaTHO allPOKCUMYBATH TilepOOJiYHUM CHHYCOM.

H= ashsB, = oshB, (6)

ne H, B,.a.f - BIAMOBIIHO MHUTTEBE 3HAYECHHS

HATIPY>KEHOCTI, MIHCHOI 1HAYKHii MAarHiTHOTO TOJNA B
ocepri i Koe(iIieHTH alpOKCUMAIlii, SKi JJIs 3a3HaYCHOTO
00’exta Oynu o0rpyHTOBaHi y [6];

B=/B,.

U = const
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Pucynok 3 — Cxema [yist OCIiKEHHS TIEPEHATIPYT, 10
BHHUKAIOTh TP BiKITIOYCHHI HETIHIHHOT IHIYKTUBHOCTI Bif
JoKepesa TOCTIHHOT HalpyTH

PiBHSIHHS €JICKTPUYHOTO KOJIA IO BIJKITFOUCHHS Bif
JoKepena mocTiiHoi Hanpyru U, 3riHO NPUHHITHX HA PHC.
3 mo3Ha4YeHb, OyIe MaTH BULJIST;

Y\ a(y?-1)=by, 0
dt
R,/ y/j
—eb, a=—1 , b=U"-
eoy=e 2SW 2 SW

Pitnenns piBHsHHS (7) MaTUMe BUIJISA:

b= 3/19a(yvy2)t -y,C (8)
ealvi-volt _ ¢

y=e
Ie Y,, Y, - KOpEHi piBHAHHA
ay? —by—a=0. 9)
Pimenns (8) piBHsaHHES (7) IPH MOYATKOBAX YMOBaX

i(0)=B(0)=0 y(0)=1

Oyzae MaTH BUTI

y1(Y2 _1)ea(yry2)t - YZ(Y1 - 1)

- oy -1
—eP= C= . (10)
y € - it s
(y2 _1)ea(y1 YZ) _(yl _1) y2 -1
3rimio  (10)  3racaHHsA  BUTBHOI  CKJIaJ0BOI
BHU3HAYAETHCS BUPA3OM:
daB _ —a(y; ~1)y, ~1)y, -y, et ¥k 1(11)

dt l(yZ - 1)ea(YfYZ)‘ - (Y1 - 1)J [Yl (yz - 1)ea(y1—y2)x Y2 (Y1 *1)J

JIOCTOBIpHICTB SIKOTO M ATBEPIKYETHCS
JIOTPUMAHHSIM TIOYaTKOBUX YMOB:
dB U dB
a8, _0:_/’7: S 20, @
dt' =0 sw dt ' to

Tomy, BHpa3 Juisi MHUTTEBOTO 3HA4YEHHS CTPYyMy B
HeJHIHHIH iHAyKTUBHOCTI 3rijgHo (11) Oyne MaTu BUIIIAL:
U | sw
=—+ X
Ri RB
« aly; ~ 1)y, ~1)y; -y, ) e* vt
'_(yz *1)ea(yry2)t *(Y1 *1)_|'l)’1(YZ *1)ea(yry7)t -Y2 (Y1 *l)J

3rimHo (13) y MOMEHT BKIIOYEHHS i B CTAJIOMY
PeKHUMI:

(13)

(R, +R, it
2sw?

Pimenns piBasAHHA (15) Mae BurIIALN;

B _ezat+C

Bpaxosyroun e, mo ig, B gy - BignosinHo Mutrese
3HAQUEHHS CTPYMY 1 IHAYKWiS MAarHiTHOrO TMOJS B

HeNiHIHHIA 1HIYKTHUBHOCTI B MOMEHT BiJKIIOYEHHS tg,

MOKJINBO 3aIllMCaTH.

ﬂBOﬁ =B, =arshi, % ) an

Pimennss piBHsHHA (16) Ipu MOYATKOBUX yMOBAax
Yo = eBo Oyme MaTu BUIIIAL;

(Yo + 1™ +(yo 1) c_Yo-1

= = . (18)
(Yo +1)e** = (yp -1) Yo+1
Buxonsuu 3 (18) MOKIMBO BU3HAYHTH:
dB _ —4da(y, + 1)y, —1)e** (19)

dt |_(YO + 1)2 e*® —(y, - 1)2J

Bupa3z s MUTTEBOrO 3HAYEHHS CTPyMy MicCHs
BIIKJIFOUCHHS HEIHIHHOT 1HIYKTHBHOCTI Bi Kepena
noctiiHoi Hanpyru U 3rigno (19) Oyne matu BUTIIS:

ift)= 4sWa(y, +1)y, 1%
‘ PRi+R, )l()’o +1) e —(y, - 1)2]- (20)

3rizHo (20) y MOMEHT BiJKIIIOYEHHS 1 B CTAIOMY
PEXKHMMI:

it)=ip . i(=)=0. (1)

SIKmo o0 MOMEHTY BiAKITIOUCHHS (to) TepexiTHuH

poIiec, MOB'SI3aHMI 13 BKIFOUCHHAM BCi€i cxemu He OyB
3arallleHdi, TOJI CTPyM BH3HAUYaeThCA 3a BHPAa3OM

ig = % .Y mepuiomy i B IpyroMy BHIMAAKaxX HApyra Ha
1
R, BH3HAUaIOTHCS BiAMOBiAHO 3a GopmymnaMu:

Ug, (t)=io(tt)Ry+  Ug, (O):U % : (22)

1

. . u .
i(0)=0 i(o0)=—. (14) JlocHiKyeMO TepeHanpyry, MO0 BUHUKAIOTh MpPU
Ry BIKJIFOUCHHI HENIHIHHOI 1HIYKTHBHOCTI BiX JDKepelna
PiBHSIHHSL €JEKTPUYHOTO KOJa TICHS BiJKITIOUEHHS CHHyCOU%aHBHOI Hanpyru u=Up, sm(wt Wy ) B cXxemi,
HENIHIHHOT IHAYKTUBHOCTI BiJ JoKepena mocTiiHoi ~— HABCICHIM Ha PHC. 4.
Hanpyru U Mae BUTIISA:
d
Y 1 aly2-1)=0, (15)
dt
ae  y=eB,
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~u=U,sin(lot+y,) R,

Pucynok 4 — Cxema 171 JOCIiIXKEHHS TIEPEHAIpyT, 10
BUHHKAIOTH MPH BIIKIIOYEHH] HEMiHIHHOT iIHAYKTUBHOCTI BiJ
JUKepena CUHYCOilalbHOT HalIpyTH.

PiBHAHHS eNEKTPUYHOI JJAHKH A0 BiIKITIOYCHHA OyIie
MaTH BUTJIAL:

%+a(y2 —1)= by sin(at +yy ). (23)

3anumieMo piBHSAHHA (23) B acCUMITOTHYHOMY
BUTJISI:

%JrashB:bsin(a)twu), (24)
IS
Rilf . U, p
B= a=——r p=—m2 25
P2 SW, SwW (29)

PimenHs piBHAHHA
BU3HAYAEThCS Y B
MAarHITHOTO TIOJIA B OCEp/Ii:

(24) nmnsa  cramoro  pexuMy
MepmIoi TapMOHIKK  1HIYKIii

B =By sin(at+y),B;, =B, ;3. (26)

lapMOHiKaMM  BHIMX  MOPSJAKIB  IPHITyCTHMO
3HEBKHUTH, TOMY BOHU B HEJIOCTaTHIl Mipi BIUIMBAIOTh Ha
TOYHICTh Yepe3 Te, L0 B JIAHIIOrax 31 CTALIO TMpH
CHHYCOINAJIbHIM Hampys3i jpKepena iHIYKIiS MarHiTHOTO
Moyl B OCepAli HalOumbIm ONW3BKa 10 TapMOHINHOT
¢yHKii (Y HOpiBHAHHI 3 CTPYMOM).

3 ypaxyBaHHAM (6) MHUTTEBE 3HAUCHHS CTPyMy B
CTaJIOMY PEXUMIi TOPIBHIOE:

i(t):%sh[Bm sin(at +y/)) 27)

[IpumycTMO, B MOMEHT BiIKITIOUEHHS f;, iHZYKILis
MarHiTHOrO TOJISt B ocepi JIOPIBHIOE
B(ty) = By, sin(aty +), Tomi, Hanpyra B jaHiit cxemi Ha
omopi R,, 3rigHo (20) Oyzae 3MiHIOBATHCS Y BIAIIOBIIHOCTI

3 HACTYITHUM BUPA30M:

2ol (yo "‘1)()’0 _1)ezat .
W Ry 2 4at (o 42|
[(YO +1) € (YO 1) J

U (t) = 28)
i (]

Yo = exp[By, sin(aty + )] (29)

Y MOMEHT BiJKIIOYEHHs Hanpyru Ha omopi R,,
3rizHo (27), (28) nopiBHIOBaTUME:

ol R,

Uga (o) = ——-2 sh[B,, sin(aty + )] (30)

Hanpyra na onopi R, Oyle MakCUMalbHMM B TOMY

BHIIAJIKY, SIKIIO BiIKIFOYCHHS HEIIHIHHOI iHAYKTUBHOCTI
BiJl JUKEpelia CHHYCOiabHOI HAPYTH CTaJlOCS B MOMEHT
qacy BiInoBiAHUN aky +y =7/ 2 . B iboMy BUNazAKY:

oL

U R2max — iRZ WShZBm . (31)

AHami3 OCTaHHIX BHpa3iB JO3BOJSE 3pOOHUTH
BHCHOBOK TpO Te, IO HAWOUIBII Ba)KKUM BHUIIAJKOM 3
TOYKH 30py BEJIMYUH MEpEHANpyr € TOW, NpH SKOMY
BKJIIOUCHHSI €JIEKTPUYHOIO JIaHIfora BifgOyBaeThCs B
MOMEHT 4Yacy, KOIM TMepexXiHa CKIaaoBa IHIYKINT
3MyIIeHa KOMIIEHCYBaTH MaKCUMaJIbHE 3HAYECHHS 1HAYKIIT
CTaJIOr0 PEXUMY, a BIIKIIOYECHHS BiIOYBa€eThCs depes MiB
MEPioy MiCis BKIFOUCHHS, IO 3HAMIIIO IiATBEPIKCHHS
0 pe3yibTaTaM aHali3y 3aluCiB (IKCYIOUUX MPUCTPOIB
mix yac aBapilHMX NPOLECIB y ENEKTPUYHHX Mepexnax
AT «XapkiBoOneHepro». Y IbOMY BHIAOKy I1HIYKITSA
MarHiTHOrO MOJSA B OCEpALi MOXE JNOCAITH HPHOIH3HO
MOABOEHOrO 3HA4YCHHsS. 3 i€l NMPUYMHU BHKOPHCTAHHS
METOJIB 3 KOPOTKOYACHOTO ILIYHTYBAaHHsS HaBaHTa)KCHHS
TpaHchOpPMATOPiB HANPYTH HAWOLIBII €PEKTHBHO B THX
BUIIaJIKax, KOJIU BIAKIIOUEHHS TpaHC(HOPMATOPIB HANIPYTH
BiZIOYBa€TbCSI B MOMEHTH 4Yacy, INpU SKUX HONEpenHin
nepexifiHuii  mpouec  (HampuKIax, — IONEPEJHBOTO
BKJIFOUCHHS 3a3HAUYEHOT0 HAIPYTH) IIe MOBHOI MIpOI0 He
3aBEpILCHHIA, | MAIOTh MiCIIe He HYJIbOBI IIOYaTKOBI YMOBH.

BucHoBkH:

1. Bu3HaueHO MaTeMaTH4HI BUPa3u Ul OOYHMCIICHHS
napaMeTpoB MePeXOAHBIX IPOLIECCOB M MEPEHANPSHKCHHMI,
BO3HUKAIOIIMX  NPH  OTKIKOYCHHHM  JIMHEHHBIX |
HEJIMHEeWHBIX UHIYKTHBHOCTEH OT  HCTOYHHKOB
HOCTOSIHHOTO M CHHYCOUAJIbHOTO HANPSIIKEHHI.

2. OOrpyHTOBaHO BHCHOBOK MpO Te, IO piBEHb
MOXJIMBHX MEpeHanpyr Ha KOTYIIIl iHAYKTHBHOCTI,
00MOTKax TpaHc(hOpMAaTOPiB HANIPYTH 3aJICKUTh HE TiJIbKH
BiJI BEJNMYMHM aKTHBHOTO OIOpPY HaBaHTAXKEHH:, aje,
OUTBIIOI0 MIpOIO, BiJ CITiBBiIHONICHHS aKTHBHHUX OIIOPiB
HaBaHTAXXCHHS KOTYIIKH IHAYKTUBHOCTI (abo
TpaHC(hOopMaTopa HAMPYTH) i caMoi 0OMOTKH.

3. OOrpyHTOBaHO BUCHOBOK IPO T€, LIO B 3aJICKHOCTI
Bil MOMEHTY BIJKIIOYCHHS Ha HABaHTAXCHHI MOXeE

R

RZ +(wlL)?
pasu Oinplie aMIUITyAW Hampyru 10 BiJKIIOYEHHS
JUKepena CUHYCOiJaJIbHOI HAlIPyTH.

4. JloBencHO, IO HAWOLIBII Ba)XKKHUM BHIAJKOM 3
TOYKH 30py BEJIMYUH MEpeHarpyr € TOW, MpHU SKOMY
BKJIFOUEHHSI €JIEKTPUYHOrO JIAHLIOra 3 1HAYKTHBHICTIO
BiIOyBa€ThCA B MOMEHT Yacy, KOJIM TepeXilHa CKIIaoBa
IHIYKIIT 3MyIlIeHa KOMIIEHCYBAaTH MaKCUMaJIbHE 3HAUEHHS
IHIYKOii CTaloro pexuMmy, a BIKIIOUYEHHS BiOyBaeTbes
Yepes IIiB Mepio Ly Micis BKIIOYESHHS.

5. Po3pobneHO peKOMEHIAIi0 MO0 HAHOLIBII
e(EeKTUBHOTO BHKOPHCTaHHS METOMIB 3 KOPOTKOYaCHOTO

BUHUKHYTH NEpCHAIIpyTa, BEJINYNHA SIKO1 B
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IIYHTYBaHHS HaBaHTAXKCHHS TPaHC(OPMATOPIiB HATPYTH,
SIKI HalfKpaie BChOTO MOXKYTh €()eKTHBHO KOMIICHCYBATH
MIEpEeHANpPYTH TPH MEePEeXiTHUX MpoIecax 3 HeHYJIbOBHMHU
MTOYaTKOBHMH YMOBaMH.
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0. I. TPHB, H. C. 3AXAPEHKO, L. T. KAPITAJIIOK, H. B. PYJEBIY, C. B. IIIBEIIb

MOHITOPHUHI TIOKA3HHUKIB AKOCTI AKYCTUYHUM METOJAOM

VY crarTi po3risIaroThCs MUTAHHS SIKOCTI €JIeKTPUYHOI eHeprii. ITiAKpecIeHo o BUMOIH 10 SKOCTI 3pOCTal0Th Y BCbOMY CBITI 1 YKpaiHi MPUXOIUTHCS
TaKO’X 3aKPIiIIATH BUCOKI BHMOTH J0 SIKOCTI. I caMe sKiCTb eleKTpUIHO1 eHEepril € KIII0UOBOIO I 3a0e3MeUeHH SIK IKOCTI IPOMYKINT TaK 1 JOCATHEHHS
MiHIMAaJIPHAX TOKa3HUKIB cobiBapTocTi mpoxykiii. [Ins 3a0e3medeHHS SIKOCTI €JNEKTPHUYHOI eHeprii Bce dacTillle BHKOPHUCTOBYIOTHCS €IeMEHTH
HU(PPOBUX TEXHOJIOTIH B TEXHOJIOTUHHX MTPOLIECAX i CUCTEMaX €HEPreTHYHOro KOMIUIEKCY. TeHIEHIIis €HEPreTHUHUX TEXHOJIOT1H — 11e BUKOPHCTAHHS
UU(POBUX TEXHOJIOTIH AJIst YIIPaBIiHHS 1 MATPUMAaHHS BIANOBIIHUX [TapaMeTpiB. AJie B TOM ke YaC BUHHKAIOTh HOBI BUMOTH JI0 CHCTEM JIIarHOCTHKHY 1
300py naHux. Bo Temep me MOXIHBICTh 0OpOOIATH Oe3nepepBHi MOTOKOBI JaHi Pi3HUMH PiBHAMH CHCTeMH. TOMY PO3BHTOK T€XHOJIOTIH 1IarHOCTHKH
BIIUCYETHCSI B BAMOTH PO3BUTKY CYYaCHUX eHeprocucteM. B poOOTi BUIIIEHO HAMIPSM JOCIIIKEHHS ITapaMeTPiB L0 [TOB’sI3aHi i3 KOPOHHUM PO3PSIIOM.
ITpoBeneHo mapanensb KOPOHHUK PO3ps] 1 SIKiCTh. Po3risiaroThesl TINBKY Ti SKICHI MapaMeTpH, sIKi MaloTh 3B'I30K i3 HACHIAKAMHU BIUIUBY KOPOHHOTO
pospsiny. Tomy Oynu HaBeaeHI METOAY IO BU3HAUCHHIO HASBHOCTI KOPOHHOTO PO3PSIy Ha CTPYMOBEAYUMX YaCTHHAX 0oOJIaJHAHHS. 3BepTaiacs yBara
Ha HenpsiMi METOJM BU3HAYCHHS KOPOHHOI'O PO3PSAy. A lie BU3HAYEHHS 110 yJIbTPadioeTOBOMY BHIIPOMIHEHHIO, iH(PauepBOHOMY BHIIPOMIHEHHIO.
HaBezieHi HelOMiKY 3a3HAYEHUX METOIB. [IponoHyeThes MeTox skuil po3pobieHo Ha kadenpi ABToMaTu3arii Ta KibepOe3neKH eHeproCUCTeM, METO
moOyJOBaHO Ha aKyCTHYHHX KOJMBAHHSX SIKI CTBOPIOE KOPOHHUM pO3psA. MeTon OTpHMaB Ha3By CIIETPOAKYCTUYHOTo. bylno BHKOHAaHO psif
€KCIIEPUMEHTIB B MAaJloOMy BHCOKOBOJIbTHOMY ejieKTpuuHoMy 3aii (naboparopis HTY «XIIl»). EKkcrepuMeHT [aB NO3WTUBHHMN pPE3yJIbTaT.
ExcniepuMeHTH BUKOHYBAIUCS U PI3HUX HAIpyrax KOPOHHOTO po3psimy. OTpuMaHi akycTHYHI (aitii 06poOisuIics: B MATEMaTHIHOMY CEpeJOBHII
MATLAB. AxycruuHi (aiinn po3knafaaucst Ha CIIEKTp 3a JOHNOMOTIOI0 METOAIB MBHAKOro neperBopeHHs Dyp’e. OTpuMaHI 4aCTOTHI CIIEKTPH
JIO3BOJIIIM BUSIBUTH HAOIp JIiHIH 110 IPUTaMaHHI TIIBKK KOPOHHOMY po3psay. B po6oTi HaBeeHi rpadiky YaCTOTHHX CHEKTPIiB aKyCTHYHOIO CHUTHAJIA
IO MICTHTH IIyM BiJ KOPOHHOro po3psimy. Ha sIKMX mpocTekeHa 3aKOHOMIPHICTh YaCTOTHOI MAacKM JUIi KOPOHHOTO po3psiny. TakuM 4uHOM
MiATBEp/XKEHA TilloTe3a, NPO BH3HAYCHICTh AaKyCTHYHHX CHEKTPIB Ui KOPOHHOTO PO3psAmy. ABTOPH 3BEPTAIOTh yBary Ha HEPCHEKTHBHICTH
3aIIPOIIOHOBAHOT0 METOAY JIiarHOCTHKHU HAsIBHOCTI KOPOHHOTO PO3PSITY.

KaroueBnle cioBa: mu¢ppoBa €HEPreTHKa; MIarHOCTHKA MEpEeXi; SKICTh eIeKTPUYHOI eHeprii; KOPOHHMH po3psa B MEpexi; aKkyCTHYHa
JIIarHOCTHKA; CIICKTPAJIbHUI aHaIi3; CIIEKTpabHi JIiHIT KOPOHHOTO po3psijia

O.I.TI'PUB, H. C. 3AXAPEHKO, HU. T. KAPITAJIIOK, H. B. PY/[EBHY, C. B. LIIBEI]b

MOHUTOPHHI TOKA3ATEJIEM KAYECTBA AKYCTUUYECKUM METOJ0M

B crathe paccMaTpUBarOTCS BOMIPOCH Ka4eCTBA JIEKTPHUYECKOM dHepruu. [1oq4epkHyTO 4TO0 TpeOOBaHUS K KA4eCTBY PACTYT BO BCEM MHUPE U YKpauHe
MIPUXOAUTCS TAKKe 3aKPeIIATh BEICOKHE TpeOOBaHMsA K KauecTBY. 11 MIMEHHO KauecTBO AJIEKTPHIECKOH SHEPTUH ABIISAETCS KIIOYEBBIM UL 0OecreueH s
KaK Ka4ecTBa MPOJIYKIMH TaK M JOCTIIKCHMs MUHHMAJIBHBIX ITOKa3aTeliel ce0ecTOMMOCTH NpOoXyKImH. Jlis oOecriedeHus: Ka4ecTBa dIEKTPHISCKON
9HEPTUM BCE Yalle HCIOIb3YIOTCS DJIEMEHTH HU(POBBIX TEXHOIOTUH B TEXHOJIOTHYECKHMX IPOLECCAX U CHUCTEMaX JHEPreTHUECKOTo KOMILIEKCa.
TeHJEHIMS SHEPreTHYECKUX TEXHOJOTUMH — 3TO HCIONBb30BaHHE LH(POBBIX TEXHOJNOTHH I YNpPaBICHUS M TMOAACP)KAHUS COOTBETCTBYIOIIHX
napameTpoB. Ho B To ke BpeMsi BO3HHKAIOT HOBBIE TPeOOBAHMS K CHCTEMaM AMArHOCTUKH M cOopa HaHHBIX. 1160 9TO BO3MOXKHOCTE 00padaTsIBaTh
HeTIpephIBHBIC MOTOKOBbIE JaHHBIC PA3IUYHBIMH YPOBHAMH CHCTeMbl. [loaToMy pa3sBUTHE TEXHOJOTHH NUArHOCTHKU BIMCHIBAETCS B TPeOOBaHHSA
Pa3BUTUS COBPEMEHHBIX dHEprocucTeM. B paboTe BbIeNeHO HAalpaBIeHUE HCCIEJOBAHUS TAPAMETPOB CBSI3aHHBIX ¢ KOPOHHBIM paspsnoM. [Iposenena
napajuieNb KOPOHHBIH paspsii W KadecTBO. PaccMaTpHBAIOTCS TOJIBKO T€ KauyeCTBEHHBIE IapaMeTphl, KOTOPBIE MMEIOT CBS3b C ITOCIEICTBHSMU
BO3JeHCTBUS KOPOHHOTO paspsiga. [loaToMy ObUIM HpHBENEHBI METOABI IO ONPEIENCHUI0 HAIUYHMsA KOPOHHOTO pa3psiga Ha TOKOBEIYLIMX YacTsIX
obopynoBanus. OOpaiianoch BHUMaHWE Ha KOCBEHHBIE METOJbI ONpEAENICHHsS KOPOHHOTO paspsiia. A 3TO ONpeleNieHHe MO YIbTpadHoIeTOBOMY
H3ITy9eHNI0, MH(QPAKPaCHOM H3TydeHHIO. [IpHBeNeHBI HENOCTAaTKM YKa3aHHBIX MeTonoB. IIpemmaraercs MeTon paspaOoTaHHBIH Ha Kadempe
aBTOMATH3AIMH U KHOepOe30MacHOCTH YHEPrOCHCTEM, METOM IIOCTPOESH Ha aKyCTHYECKHX KOJeOaHUSX KOTOpBIE CO3/aeT KOPOHHBIH pa3psa. Merox
MOJTYYH]T Ha3BaHHE CIETPOAKyCTHYHOIO. BBUT BHIMONHEH psAl 9KCIEPUMEHTOB B MajioM BBICOKOBOJIBLTHOM 3JIEKTpHUEcKoM 3aie (nmabopatopus HTY
«XIIW»). DKcHepUMEHT Jai IOJOKUTENBHBI pe3yiabTaT. OKCHEPUMEHTH BBIIONHSINCH IJISI PA3NMYHBIX HANPsDKEHHWIT KOPOHHOTO paspsiia.
IMony4ennsle akyctudeckue (aitnsl oOpabaTeBasich B MateMartudeckoil cpene MATLAB. Axyctuueckue ¢aifibl packiIaablBaMCh HA CIEKTP C
MOMOIIBI0 METOAOB ObIcTporo mpeodpaszoBanust Pypwe. [lomydyeHHBIE YaCTOTHBIE CHEKTPHI MO3BOJMIM BBIIBHTH HAOOp JNUHUM MPUCYHIUX TONBKO
KOpPOHHOMY paspsimy. B paborte npuBeneHs! rpadyki YacTOTHBIX CIIEKTPOB aKyCTHUYECKOTO CHTHAJA COJIEpIKalHil NIyM OT KOPOHHOro paspsina. Ha
KOTOPBIX HPOCIekKeHa 3aKOHOMEPHOCTh YaCTOTHOM MAacKH I KOPOHHOTO paspsiia. Takum oOpa3oM MOATBEpXkIEHa THIOTe3a O OIpeeleHHBIX
aKyCTUUYECKHX CIIEKTpax [JIsI KOPOHHOTO paspsiia. ABTOPHI 00paIlaloT BHUMAaHKE Ha IEPCIEKTHBHOCTD NPEI0KEHHOTO METO/Ia IUATHOCTUKH HAITHIHS
KOPOHHOTO pa3psja.

Kurouosi ciroBa: mudpoBasi sHepreTHka; AMArHOCTUKA CETH; KAUeCTBO 3JICKTPHYECKON IHEPIUH; KOPOHHBIN paspsil B CETH; aKyCTHYECKas
JIHAaTHOCTHKA; CIIEKTPAIbHBIN aHAIN3; CIIEKTPaIbHbIEC IMHIA KOPOHHOTO pa3psiaa

0. GRYB, N. ZAKHARENKQO, I. KARPALIUK, N. RUDEVICH, S. SHVETS

MONITORING OF QUALITY INDICATORS BY ACOUSTIC METHOD

The article deals with the issues of electricity quality. It is emphasized that quality requirements are increasing all over the world and Ukraine also has
to secure high quality requirements. And it is the quality of electricity that is key to ensuring both the quality of products and the achievement of minimum
cost indicators. Elements of digital technologies in technological processes and systems of energy complex are increasingly used to ensure the quality
of electricity. The trend of energy technologies is the use of digital technologies to manage and maintain appropriate parameters. But at the same time,
there are new requirements for diagnostic and data collection systems. It is now an opportunity to process continuous streaming data at different levels
of the system. Therefore, the development of diagnostic technologies fits into the requirements of the development of modern energy systems. In this
work the direction of investigation of parameters related to the corona discharge is highlighted. Parallel discharge and quality are drawn. Only those
qualitative parameters that are related to the effects of corona discharge are considered. Therefore, methods for determining the presence of a corona
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discharge on the current-carrying parts of the equipment were presented. Attention was drawn to indirect methods of determining the corona discharge.
And this is the definition of ultraviolet radiation, infrared radiation. The disadvantages of these methods are presented. The method developed at the
Department of Automation and Cyber Security of Power Systems is proposed. The method was called spectroacoustic. A number of experiments were
performed in a small high-voltage electrical room (NTU "KPI" laboratory). The experiment gave a positive result. The experiments were performed for
different corona discharge voltages. The resulting acoustic files were processed in MATLAB. Acoustic files were decomposed into the spectrum by
Fourier transform methods. Obtained frequency spectra revealed a set of lines that are specific only to the corona discharge. The work presents the graphs
of the frequency spectra of the acoustic signal containing the noise from the corona discharge. On which the pattern of frequency mask for corona
discharge is traced. Thus, the hypothesis of the determination of the acoustic spectra for the corona discharge is confirmed. The authors draw attention
to the perspective of the proposed method for the diagnosis of coronary discharge.

Keywords: digital energy; network diagnostics; quality of electric energy; corona discharge in the network; acoustic diagnostics; spectral analysis;

spectral lines of corona discharge

Beryn. 3a0esneueHHsT HAJEXKHOTO PIBHS  SIKOCTI
eJIEKTPUYHOI eHeprii He TUIbKM BUMOTa 4yacy a W OCHOBa
PO3BUTKY Cy4YacHOI €KOHOMIKH. BHIyCK SIKICHMX TOBapiB
0azyeTbcsi Ha CyYaCHMX TEXHOJIOTisIX. Aune  Bei
TEXHOJIOTIYHI MPOIECH BUKOHYIOTh POOOTY 1 KEpYHOThCS
CHCTeMaMH 3a JIOTIOMOTOI0 1 Ha OCHOBi EJEeKTPHYIHOI
eHeprii. ToMy SKICTh €NEKTPUYHOI CHEprii € KIIFOYOBOIO
U 3a0€3MeYCHHS K SIKOCTI MPOAYKIIT Tak 1 TOCATHEHHS
MiHIMaPHUX MOKAa3HHUKIB coOiBapTocTi mpomykmii. s
3a0e3neueHHs SKOCTi eNIEKTPUYHOI eHepril Bce JacTime
BUKOPHCTOBYIOTHCS €JIEMEHTH IHM(POBUX TEXHOJOTIH B
TEXHOJIOTIYHUX IMpolecax 1 CHUCTEMax EHEePreTHYHOTo
KoMIulekcy. HaiimoryxHimi kommaHii eHepreTu4Hoi
chepu po3poOISIFOTE U(POBI CHCTEMH, MOAYJI i HaBIiTh
MPONOHYIOTh TIOBHICTIO LU(POBI pIlIEHHS B BHIIISAI
nUppPOBUX MiACTaHIii. BiamosigHo i mudpoBi pilieHHS
BHMAararoTh HOBUX ITIAXO/IB 0 OIIHKHA TaKUX cUCTEM. | Oe3
MOHITOPUHTY €HEPrOCHCTEMH TaKOi METH HE MOJIJIHUBO
JIOCSTTH. PO3BUTOK TEXHOIIOTIH IarHOCTHUKH BIHCY€ETHCS B
BHUMOTHU PO3BHUTKY CYYaCHHX €HEPTOCHCTEM.

Merta poGotu. IlokazaT TeHIEHI{ pPO3BUTKY
MIaTHOCTUYHUX METOIIB B CHEPreTHIll B HAIMPSIMKY
JIarHOCTHUKY HASIBHOCTI KOPOHHOTO PO3PSILy CIEKTPAIbHO
aKyCTHYHUM METOJIOM.

To0OTo HasIBHICTH KOPOHHOTO PO3PSAY A0 LIHOTO Yacy
NOB’SI3yBaJIM 13 pi3HUMHU mnpsiMuMmu  (3amipu  ¢dopma
HAmpyrd) 1 HENpPAMHMH  Hachiakamu  (HasBHICTh
yiIbTpaioNeTOBOr0 1 TEIUIOBOIO  BHIPOMIHCHHS).
ABTOpaMH  TIPOTIOHYETHCSI ~ BHUKOPHCTOBYBATH  METOJ
¢ikcamii aKyCTHYHUX KOJHBaHb, IO CYIPOBOIKYIOTH
KopoHHuH po3psi [1-8].

OxpeMe NHTaHHA — BIUIMB HAsSBHOCTI KOPOHHOTO
pO3psANy Ha SKICHI IMOKa3HUKH ENeKTPHYHOI CHEeprii.
binpuiicte aBTOpIiB MOB’SI3YIOTh BTPATH B MEpexki came i3
KOPOHHMM DPO3pSJIOM 1 Takui MOIJsI Ha HAasBHICTh
KOPOHHOTO  po3psity €  cramuM. Ane  aBTopu
3aIpONOHYBAJN BiIOKPEMHUTH B MOTIPIICHH] SKOCTi BIUTUB
Bil edexTiB KOpoHHOTO po3psmy. I 3 Takoi mo3mmii
JliarHOCTHKA HAasSBHOCTI KOPOHHOTO PO3psAay HaOyna HOBUX
BUMOT. BiAmoBigHO po3po0Ka HOBHUX JiarHOCTHYHHX
METOJiB BHSBJIECHHS KOPOHHOTO pO3psSLy CTae Jyxe
aKTYaJILHOIO.

Buxusian ocHoBHOro marepiany. [lutanHsAMY BILTHBY
SKICHAX TIapaMeTpiB eJIEKTPUYHOI eHeprii Ha poOoTy
MPWIAIIB CIIOKMBaYa 3aiiMallics BUIATHI BUCHI YKpaiHH i
cBiTy, me Taki BueHi sk: I'pu6 O.I., XKapkin A.D.,
Iupmoerkmii A.K., Cenaeposud I'.A., Kexenenko 1. B.,
Caenko IO. JI., Anderson P. M., Fouad A. A. i inmi. L{ina
HHU3Ka JTOCIIDKEHb TOB’s3aHa i3 €KOHOMIYHUMHU BTpaTaMHu
Bil SIKOCTI EJIEKTPMYHOI €Heprii 1 BiANOBiIATBEHOIO
CTOPOHOIO TOTIPIIEHHS eeKTpIYHOi eHeprii [9, 10]. Takum

YUHOM 3’SICOBYETBCS FOPHIMYHE IUTaHHS BiJIOBIIHOCTI 3a
MOTIpIIEHHS 1 PO3POOISIOTHCS 3aX0/I1 110,10 BUHAXOPKEHHS
«BJACHUKa» MOTIpIICHHS. BiIMOBIHO 10 4Oro MaroTh BKe
PO3pOOIIATUCS 3aXOAM 13 HENOIYIISHHS IMOTIpIIeHHS, a0
3MEHIIeHHS oro BrumBy. IOpuanyHa BiqoBiganbHICTh 3a
TIOTiPIIICHHS A€ IPaBo Ha (piHAHCOBY BiATIOBiJATBHICTB, IO
MPU3BOIUTH A0 PO3POOKH HaimieBIimIMX 3axo/iB. Buxomsan
3 (piHAHCOBOI BIAMOBITATBHOCTI PO3POOISFOTECS 1 TEXHIUHI
3axoau. TexHiYHI 3axogd IO INJBHINEHHIO SKOCTI
€JIEKTPUYHOI €Heprii MOXKHa BUIUTHTH HAIIPSM IiarHOCTHKA
i Monitopunry. Tak Ha kadenpi ABroMarmzamii Ta
kibepoOesneku  eHeprocuctem (HTY  «XIIl») Oyso
PO3POOIICHO MPHUIIAT MOHITOPHHTY sIKOCTi [11].

TakuMu [iarHOCTUYHHUMH CUCTEMaMM 3alMarOThCS
pizHi madopatopii [12, 13, 14]. HanpsM 1x mociimkens ine
N0 IUIAXY HEEeNeKTPUYHOI JIarHOCTUKW  HASBHOCTI
KOPOHHOTO DO3pSy Ha CTPYMOBEIYUHX EJICMEHTaX.
Hanmpukman, 3a oOcHOBy B34TO TOOIUHE CBITIIOBE
BUIIPOMIHIOBaHHSI KOPOHHHM po3psaoM. Bymn po3pobieni

BIINOBITHI ONTHYHI TpWIATd 1 Taki JOCHTIIHKEHHI
npoBOJAThCA. € ongHa mpobiieMa -  MOTYXKHICTBb
yIbTpadioneToBOro BHIIPOMIHIOBaHHS KOPOHHOTO

po3psiny He3HauHa. ToMy JuIsi ONTHYHHMX TPHIAJIB
HEeoOXiTHO 370J1aTH He TUIbKH (OHOBE 3aCBITIICHHS, alie i
XuOHI Kepena yiIbTPadioseToBOro BUIIPOMIHIOBAHHS
SKAM MOXKe OyTH Hanpukiaja Oararts. [liarHocTyBaHHS
KOPOHHOTO PO3psiAy [0 TEIJOBOMY BIIPOMIHEHHIO Mae
TaKOX JIEKIIbKa HE/IOJIKIB, HAIIPUKJIAJ, HarpiB eJIEMEHTIB
CTPYMOBEIYYHX YaCTHUH MOXKe OyTH 31ilicCHeHNI HE TIIBKA
KOPOHHHM PO3PSIOM. A KOPOHHUH po3\psiJi Mae HeBEHKi
noryxHocti. Tomy  nmiarHocTmka  3a  TEIUIOBHM
BUIIPOMIHEHHSIM MOXKE MaTH 3HauHY TIOXHOKY.

BesrmocepenHi enexkTpUUHI METOIM TaKoX MaloTh
JeKinpka Baa. IOTYKHICTP KOPOHHOTO PO3psiLy HE Mae
BEJIMKUX 3HA4YeHb, TOMY BUKDPHUBIICHHS (OPMH HaNpyTrH
(hikcyBaTH ay’Xe BaXKKO.

Tomy Oyno NPHHHATO PilIEHHS PO MPOJOBKEHHS
JOCT/DKEHP B HANpSMKy pO3pOOKH HiarHOCTHYHOTO
oOnmagHaHHA MM TOIIYKYy KOPOHHOTO pO3pSay Ha
CTPYMOBEIYYHNX €JIeMEHTaX.

Ha xadenpi «Apromarmzamii Ta KibepOesneku
eHeprocucrteM» OyJ0 NPUHHATE PILICHHS NPO PO3pPOOKY
METOAWKH, IO Ma€ IHMWH Qi3udHUi npuHOUNn. 3a
JIOCBI/IOM €KCILTyaTallii eIeKTpUIHUX CHUCTEM, a 0COOINBO
BHCOKOBOJIbTHUX JIiHIH eJleKTporepenady 3HaioMo, IIo
HasBHICTh KOPOHHOTO PO3PSALY MOKHA MOUyTH. JIto/ChKe
BYX0 Yy€ XapaKTepHi 3BYKOBI KOJMBaHHS NpHTaMaHHI
KODOHHOMY poO3pagy. B ManomMy BHCOKOBOJIBTHOMY
enekTpuyHOMy 3aini (;maboparopiss HTY «XIII») Oymo
mocTaBieHo ekcrnepuMeHT (puc. 1). Kopownmii pospsng
OTPUMYBAJIA HA CTPYMOBEIyYNX YaCTHHAX, IO i’ €qHaH]

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepis: Enepeemuxa

48

HaoiiHicmes ma enepeoeghexmugnicmn, Ne 29 (1354) 2019



ISSN 2224-0349 (print)

JI0 BUCOKOBOJIBTHOTO i30i1siTOpa (Mexa mpoboro 35 kB).
BHCOKOBOJIBTHY HANPYTy OTPUMYBAIH BiJl i BHIIYIOHOTO
tparchopmaropa (150000/100 B).

Pucynok 1 — I3omsTop (311Ba), MigBHIYI04X TpaHCHOPMATOP
(cripaBa)

3amipu BUKOHYBAJIMCS TPYIOI0 MPUIaaiB (GiKCYOUHX
akyCcTU4Hi KoyiuBaHHiI. OCHOBHMM MpUIagOM OyB
MoHiTopHui Mikpoporn UMIK-1 i3 niniiinoro AUX (puc.
2), JONOMDKHMMH OyJiu ManoradaputHi AMKTo(GoHU (ipm
Sony Walkman NWZ-B173F i Transcend i ixmi.

Pucynok 2 — Mikpodon UMIK-1 3 niniiiHot0 AUX

Otpumani ¢aiian 00poOIsUTUCS 32  JONOMOTOKO
nporpamu Hanmucanoi Ha MATLAB. ®aiinu nonepeaHso
oOpizanucst 10 He0OXiJHOTO PO3MIpY, B JESIKHUX BHIIAJIKaX
HOpMai3yBaJics (30iBLIYBaITH aMILTITY Iy 3a
MakcumyMmami 1o 0 1b).

0]
08 Hanpyra Hanpyra Hanpyra Hanpyra
1 31xB 47xB 59«B 71xB

05
0.4

021
0,0+
0.2
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081
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PucyHnok 3 — AMITiTYiHE IpecTaBIeHHS (ailily eKCIIepUMEHTY
3 OCTYTIOBUM IIiJIBUIIIEHHSM HaIpyTH

[Micns momepenHboi 00poOku daitmu 0OpodIIsIHCs
mBuAKUM Dyp’e nepeTBOPEHHSAM.

SIKIIO NOAMBUTHCS Ha IMEepio]] aKyCTUYHUX KOJHBaHb
10 KO’)KHOMY PiBHIO HAIIPyTH TO OTPUMAEMO MailKe piBHY
KPHBY, SIKa CX0)Ka Ha KPUBY HAIPYTH, IO MOXKe OyTH 3HATA
3a momoMororo ocmmorpada. Ha pucynmkax 4, 5, 6, 7
[OKa3aHi AaMIUITYyAHI KpWUBI aKyCTHYHHX KOJIMBAaHb
KOPOHHOTO PO3PSAY B 3aJISKHOCTI BiJl HALIPYTH.

1,0
0,5-

0,0

-0,5-
-1,0

Pucynok 4 — AMIUTITYAHI KpUBi aKyCTHYHOTO CUTHAITY Bif
xoponu (31 xB)

1,0
0,5-

0.0

-0,5-
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PucyHok 5 — AMIUTITY THI KPHBI aKyCTHYHOTO CUTHAIY Bil
kxoponu (47 kB)
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05 /\
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Pucynok 6 — AMIUTITYAHI KpUBi aKyCTHYHOTO CUTHAITY Bif
xopon¥ (59 xB)

1,0
05- m

0,0

-0,5-
-1,0

Pucynok 7 — AMIUTITYAHI KpUBi aKyCTHYHOTO CUTHAITY Bif
kxoponu (71 kB)

Pesynbratm  00poOKH (atiniB

MPE/ICTAaBICHO Ha PUCYHKax 8-9.

AKyCTUYHHX
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PucyHok 8 — YacTOTHI CIIeKTpH aKyCTUYHOTO CUTHAIY Bij
KOpPOHHM Ha pi3HMX Hampyrax (3;iBa Ha npaso) 31 kB, 47 kB

10t Spectrum of signal Y
' ' ' ' ' 104 Spectrum of signal Y

Ampitude, Urits
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PucyHOK 9 — YacTOTHI CIIEKTPH aKyCTHYHOTO CHTHAJY BiJ
KOpOHH Ha Pi3HUX Hampyrax (3iBa Ha mpaso) 59 kB, 71 kB

Ha rpadikax ammiuitynm Ha wacrori 50 I'm He
MIPUBEJICHI IO OJHI€T BEMUYUHU. AMILTITYIa BiATIOBITHO 10
HaIpyTy Ha KOpoHi Bifpi3HseTbes. ToMy HacTynHi rpadiku
HaBejieno 6e3 wacrotu 50 'y (Pucynku 10-13), Ha sikux
MOJKHA MIPOCTEKHUTH 3aKOHOMIPHICTh YaCTOTHOT MACKH JIJIs
KOPDOHHOTO po3psAny. A came Ie MIKOBI 3HAa4YCHHS Ha

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepis: Enepeemuxa

HaJiiHicTh Ta eHeproedektupHicTs, Ne 29 (1354) 2019

49



ISSN 2224-0349 (print)

gactotax kpatHux 50 T'm. I 30BciM Maii 3HaYeHHS Ha
gacrorax He kpatHmx 50 ['m. Mapkep BigmoBigHOCTI
aKyCTUYHOTO CHTHAJY 33 YaCTOTOIO aKyCTHYHOTO CIEKTPY
BBakaemo yactoTy 150 I'm.

Spectrum of signal ¥

7000

o000

s000

e, 00

4000

Ampitude,

3000

2000 |

1000 |-

L 2 b3 1 .

100 150 200 250 aoo
YacTora, My

o

Pucynok 10 — YacToTHI CIIEKTpH aKyCTHYHOTO CUTHAIY Bif
xoponu 31 kB
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Pucynok 11 — YacToTHI CIIEKTpH aKyCTHYHOTO CUTHAILY BiJ
xoponu 47 xB
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Pucynok 12 — YacToTHI CIIEKTpH aKyCTHYHOTO CUTHAIY BiJ|
KopoHu 59kB
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Pucynok 13 — YacTOTHI CHEKTpH aKyCTHYHOTO CUTHAITY Bif
koponu 71 kB

TakuM dYHHOM MOXKHA TIPOCTEKHTH, IO JUIA
KOPOHHOT'O pO3psijly € YiTKO BM3HAau€Ha 4acTOTHA Macka,
o BiamoBinae yacroram kpatauM 50 I'm, a came 100, 150,
200, 250, 300, 350 I'm. MapkepoM HassBHOCTI KOPOHHOTO
po3psiay MokHa BU3HauuTH yactoTu 150, 250 350 I'n.

OoroBopenHsi pe3yabTatiB. OOpoOKa aKyCTHUHHX
¢aiiniB mepeBeNeHNX B JaHI YAaCOBHX PSIIB IITHPOKO
BiJloMa 3a7a4a, sika Ma€ TEOPETHYHi BipimeHHs. [ otpumana
LIMPOKE MPaKTHYHE PO3IOBCIOJUKEHHS. AJle B paMKax
CNIEKTPUYHUX  CHUCTEM  BUKOPHUCTAHHS  aKyCTHYHHX
MIPHUJIAJiB HE OTPHMAJIO IHPOKOTO POIIOBCIOKECHHS.

Meron HOBUHM AJisl €IEKTPOEHEPreTUKH, TOMY HOro
MOXeE CIITKaTh 0arato NepemKoJ] IpH 3acTOCYyBaHHi.
Hanpukian, akycTHaHa XBHIIS B IIPOCTOPI MTOCIAOTIOETHCS
32 3aKOHOM 3BOPOTHBOTO KyOy Biacrani. I BimmosimHO
MIKpoOoH Mae OyTH PpO3TalIOBaHO SK HaWOIIK4e 0

JUKepena 3BYKOBHX KONHMBaHb. lle MOXXHO OIIHHUTH SIK
HE3PYYHICTH 1 MEPEMKOy Y PO3BHTKY MeTtoxy. CuTyartito
MOJKE BHUIIPABUTH HASBIICTh MiICHIIOBAYIB i3 3HAYHUMHU
KoedilieHTaMu MiICHICHHAA. AJle TOli BUHUKAE podiemMa
i3 MaciuTa0yBaHHSIM aMIUIITYJHUX 3HAa4€Hb aKyCTHYHHUX
KOJIUBaHb, 00 aAMILTITYTHI 3HAYEHHS MaroTh
BUKODHCTOBYBaTHCSI B  pO3paxyHKax  IOTYXKHOCTI
KOPOHHOTO PO3psIy.

Irma npobieMa Iie HAsSBHICTD IS aKYCTHYHOI XBHUII
Takoro sBUImA K  peBepOepauis.  [lepeBinOurTs
aKyCTHYHOTO CHTHanmy Bin mepemkon. Illo mpussene o
MOXMOKA y BH3HAYCHHI MicU pPO3TAIIYBaHHSI KOPOHOTO
PO3psidy, IpH AiarHOCTYBaHHI HOTO MiCIIe3HAXOKEHHS 3a
aKyCTHIHUMH CUTHAJIAMHU.

[Ile oxe mWTaHHA — L€  KIIEPEKPUTTI»
iH(pOpMaiHHOTO CHTHAJa MPO HAasBHICTH KOPOHH iHIITUM
OiIbII aMIUNTYyIHUM aKyCTUYHHM CHTHaJOM. [ iHImmi
aKyCTHUYHI TUTaHHsI, SIKI MOKH 110 HE BUKOPHCTOBYBAJIUCS
y 3aJa4ax J1iarHOCTUKH B €JIEKTPOCHEPTEeTHULI].

[IpuBaGIUBICTH I[HOTO MiIXOAY MOJISTAE Y TOMY, IO B
HE3aJIe)KHOCTI  BiJI Micls PO3TALIyBaHHS  MOJMIJIMBO
BU3HAYUTH HASBHICTD KOPOHHOTO PO3psAAa 3 BHCOKOIO
JocToBipHicTIO. Takok MEeTO He Yy JIMBHH 10 4acy 100w,
MOpH pPOKy. 3HayHa IiepeBara AaKyCTHYHOTO METOIY
TOJIATAE B €NEKTPOI3OMAMIHHOCTI MpoIiecy BUMIpIOBaHHS.
Tobto MOXHa BUKOPHCTOBYBATH METOx Ha
BHCOKOBOJIBTHHX IIIHISX 1 METO HE MOTpedye (Pi3HIHOTO
KOHTAaKTy TPHJIAAiB i3 CTPYMOBEIYYHMH €JIEMEHTaMHU
CHCTEMHU.

B pesynbrari BHKOpPHCTaHHS 3alpOIIOHOBAHOTO
aKyCTHYHOTO METO/Y NiarHOCTHKH HasBHOCTI KOPOHHOTO
PO3psilly Ha CTPYMOBEYIOUMX €JIeMEHTaX €HeproCUCTEMH
MOXIIMBO OTPUMATH JaHl NpO HasBHICTH KOPOHHOTO
pO3psily B PEXHMI pealbHOro dYacy, L0 JIa€ 3MOry
NPUMHATH pIOIEHHS 10 KEPYBaHHIO CHCTEMOIO B
HaWKOPOTIII TEPMiHH, IO {O3BOJINTH 3MEHIIUTH BTPATH B
CHCTEMI 1 MiJBUIIUTH SKICTh CIIEKTPUIHOT €HEepril.

BucHoBkM. 3amporOHOBaHUNA METOJ aKyCTHYHOI
JIIarHOCTUKM HASBHOCTI KOPOHHOTO pO3pSly OTpHUMaB
MIATBEP/DKEHHSI HAa MPOBEJCHUX CKCIEPUMEHTaX B
naboparopisx HTY «XIIl». BuxopucraHHs HenpsiMoro
METOJy IIarHOCTHKH Ja€ OOHAMIMINBI Pe3yibTaTH s
NOAAIbIIOT POOOTH 1 YIS 3aJIyYeHHS IIMPOKOTO TEpesiKy
PI3HOMAaHITHUX MPHUJIAJIB SKI MOKYTh IPHUHHSATH y4aTCh B
JIarHOCTYBaHHI IepeJaBapiiHIX 1 aBapifHUX CTaHIB B
eJIEKTpUUHIH Mepexi. OKpeMo 3a3HaYaETHCSI MOXKIINBICTD
BUKOPDHCTaHHS IIbOTO METOAY JUIl JMCTAHIIHHOIO
MOHITOPUHTY EJIEKTPUYHHX BHCOKOBOJBTHHUX MEPEX 32
Jponomororo BITJTA.
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YK 621.311.4-742
O. B. TYHJEPTAHJIO, O. A. JAHHJIOBA, JI. I. THCEHKO

PEKOHCTPYKIIISI NIICTAHIII «IOBIIEHA» 3 METOIO NIJIBUIIIEHHS HA IIIHHOCTI
EJEKTPOIIOCTAYAHHS CIIOKUBAYIB JINCHYAHCHKOTO EHEPTOBY3JIA

VY crarTi po3risHyTO HpobiIeMy 3a0e3MeueHHs HaJIHHOCTI eIeKTPONOCTauYaHHs CII0XKUBAYiB MiBHIYHOT yacTuHU Jlyranchkoi obnacti, B TOMy 4ucii ii
JIncnyaHcpkoro esepretmdHoro Bysma. IlpoanaiizoBano po6ory Jlyrancekoi TEC, mio mparroe chOrofHi 3a CXEMOK «OCTPOBY» i3 3HIIKEHOO
reHepali€ero Ta 3a0e3nedye eJIeKTPONOCTAYaHHs JIMIIE MPUJICTIHX CIIOKUBAYIB 3 HU3bKOIO HAMIMHICTIO 3-32 MOIIKOKEHB JIiHIH BUIAYl HOTYKHOCTI
BHACITIIOK OOMOBHX [Iiif Ta HEMOKIIMBOCTI BiJHOBJICHHS HapaiieabHol poOoTH 3 cucteMoro Ykpainu. OOrpyHTOBaHO HEOOXiAHICTh Oy/IiIBHHITBA HOBOI
T1C 500/220/35 kB «KpemiHcbKay, sika HaacTh MOXKIIMBICT BITHOBUTH Ha/iifiHE CHEProlOCTa4YaHHs CIOKUBAYIB bOTO PETiOHYl, a TAKOK BHITYYHTH
HOro 3 pexKUMy «EHEPreTUYHOIO OCTPOBY», JO3BOJIUTH CHHXPOHI3yBaTH 001acTh 3 O0’€IHAHOIO CHEPreTHIHOIO CHCTeMOo0 Ykpainu. Hanano Bapiantu
PEKOHCTPYKLIT BimkpuToro posnoainsyoro ycrarkysanss [1C 220 kB «lOBineiina» y 3B'S13Ky 3 MiAKIIOYECHHSIM JABOX HOBUX HOBITPSHUX JIiHIiL.

KuiouoBi ci1oBa: 6y 1iBHUIITBO HOBOI MiACTAHIIITT, pEKOHCTPYKIIIis BIKPHTOTO po3noainsdoro ycratkyBaHss, [1C «KpemiHcbka», eHepreTHIHHH
octpiB, Jlyranceka TEC, HaziiiHICTh €IEKTPONIOCTaAYaHHS

A. B. T'YHJEPTAHJIO, E. A. JAHHJIOBA, JI. H. IBICEHKO

PEKOHCTPYKIMUSA MOACTAHIUU «IOBUJIEMHASI» C IEJbIO OBBIIIEHUSI HATEXKHOCTH
JIEKTPOCHABXEHUS NOTPEBUTEJEN INCUYAHCKOI'O SHEPT'OY3JIA

B crathe paccMoTpena npobiieMa ¢ obecriedeHHs HaJJeXxKHOCTH dJIeKTPOCHAOKEHHs IToTpeduTeneil ceBepHOi yactu JlyraHckoit o6iacTu, B TOM 4uciIe
JIucuuanckoro sHepreruueckoro ysia. [Ipoanamusuposano paborty Jlyranckoit TOC, kortopas paboTaeT CErofHs B PEXHUME «IHEPreTHYECKOTro
OCTPOBa» CO CHIKEHHOI reHeparueil 1 o0ecreynBaeT TOJIbKO YacTh NOTPEOUTENeH N3-3a TIOBPEXKACHUI JIMHUI 3JIEKTpoIepeiad BCIEACTBUE OOEBBIX
JIEWCTBUI 1 HEBO3MOXKHOCTU BOCCTAHOBIICHHS IApaJUICNIBHOIN paboThl ¢ cucTeMoil Ykpainu. O60CHOBaHa HEOOXOAMMOCTE CTPOUTEILCTBA HOBOM T1C
500/220/35 kB «KpemeHckas», KOTopas AacT BO3MOXKHOCTh BOCCTAHOBHTH HAJIEKHOE DIIEKTPOCHAOKEHHWE MOTpeOuTeNell U BBIBECTH PETMOH W3
OCTPOBHOTO DPEXHMa, CHHXPOHHM30BaB ero ¢ OObEJUHEHHOW >HEPreTMYecKoi cucreMoil Ykpauubl. [IpeicTaBieHbl BapHaHThl PEKOHCTPYKLUH
OTKPBITOTO pactpeaenuTensHoro yerpoictsa I1C 220 kB «HO6wusieiinasy, HEOOX0AMMOI B CBS3H € TOIKITIOYCHUEM JIBYX HOBBIX JIMHHIA.

KiroueBble €jI0Ba: CTPOUTENHCTBO HOBOW IMOJICTAHLMM, PEKOHCTPYKIHS OTKPBITOTO pacrpeneiaurenbHoro ycrpoictsa, [1IC «KpemeHncCkasy,
SHepreTudecKuit octpos, Jlyranckas TOC, HaleKHOCTH NEKTPOCHAOKEHHS

0. V. HUNDERTAILO, 0. A. DANYLOVA, L. I. LYSENKO

“YUVILEINA” SUBSTATION RECONSTRUCTION AIMING AT POWER SUPPLY RELIABILITY
INCREASE FOR LISICHANSK ENERGY ISLAND CONSUMERS

The article considers a power supply reliability problem to consumers in the northern part of Lugansk region including the Lisichansk energy hub.
Lugansk thermal power plant operation is analyzed, the plant currently operating in an “energy island” mode with reduced generation and only providing
power to part of consumers because of damage of power lines and inability to restore parallel operation with the Ukrainian system. The necessity of
building a new substation 500/220/35 kV “Kremenskaya” is substantiated, which will make it possible to restore reliable power supply of consumers
and remove the region from the island mode by synchronizing it with the United Power System of Ukraine. Variants for 220 kV “Yuvileina” substation
outdoor switchgear reconstruction required due to connecting two new lines are presented.

Keywords: new power substation building, open switchgear reconstruction, "Kremenskaya"substation, energy island, Lugansk thermal power
plant, power supply reliability

Beryn. Ha  rtepuropii  miBmenHoi  wacTMHM ~ PO3TAIlOBAaHO: OaraTo-4MCENbHI KOMYHAIbHO — HOOYTOBI
Jlyrancekoi o6macti posnodaro OymiBHMITBO HOBOi IIC — CIOXKMBaui; OHOUKETHO-(POPMYIOUH MOTYKHI MPOMHUCIOBI
500/220 kB «Kpeminchka» y  BimmoBimHOcTi i3 MiANPUEMCTBA; EJIEKTPOTPAHCIIOPT Ta iH.

JOpY4YEeHHsM Bille-TIpeM'ep-MiHicTpa YKpaiHu — MiHicTpa Cxema eNEeKTPONOCTAauYaHHS CIIOXKUBA4iB MiBHOYI
PETiOHANBHOTO PO3BHTKY, OYOiBHHITBA Ta JKMTNOBO- JIyraHchkoi obnacTi cdopmoBaHa Ha Hampysi 220 kB Ta
KOMYHAJIBHOTO rocrnojapctsa Ykpainu 3yb6ka I.I. 3a  OpICHTOBaHa Ha OTPMMaHHs EJEKTPOEHEpril BiA INMH
pe3yabTaTaMu Hapaiu 3 BupimeHHs aktyanbHux muradp 110 kB TIC  «Jlucuuanceka» Ta [IC  «lOsineitna».

Jlyrancekoi obnacri, o Bigoyacs 30.10.15 p. [1]. OO6nagHanHs Ta OyiBeNbHI KOHCTPYKITT 000X TiACTaHITIH
HeoOximmicTe  OymiBHULOTBA  Ii€i  MACTAHIIi  XaPAKTEPU3YEThCS BUCOKUM CTYNEHEM 3HOCY.
00yMOBJIEHA THM, 1[0 BHACII 10K 60HOBHX Milf Ha TepUTOPii Ha IIC «Ogineiina» scranosneno nsa AT 220/110 kB

Jloubacbkoro periony VYkpaiHu cTanmcs umcenpHi  TOTyxHicTro o 250 MBA. Misk I1C 220 kB «JIncuyancbkay

HOMIKOMKEHHsT  MaricTpambHux  Ta  posmogimpumx  Ta IIC 220 kB «IOsineiina» 36ynosano mepexy 110 xB, no

€JIEKTPMYHUX MEPEX, TeHepylounx jukepes. Lle nmpusseno  AKOi O€3MOCEPENHBO  MMAKIIOYEHI TIICTAHIT MOTYXKHHX

JI0 CYTTEBOTO 3HMKEHHS HAHIMHOCTI eJeKTporocTauaHHs  CHOKHMBadiB Ta TEHEPYKOYi JUKEpena, B TOMy HHCIH

CroXKUBaviB miBHiuHOi uwactunu Jlyrancekoi obmacti, B Cepepononenpka TEL[— 1 ta TEL| -2, PyGexanceknii XK Ta

ToMy umchmi ii JlucwuaHchkoro eHeproysma, ge  PyOexancoki TEL| — 1, TELL - 2, 3AT «JIunix» 3 BracHo0
TEL, mianprueMcTBO «A30T» Ta iH.

© O.A. Nauumnosa, O. B. I'yuarepraiino, JI.1JIucerko 2019
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OCHOBHUMH JDKEeperTaMu €JIeKTpOeHepTii
PO3TISIIAEMOTO PETIOHY €:

— JIyrauceka TEC (puc.1);

— ITIC 330/220 kB «MuxaiiniBka», B JIHCHUI Jac Ha
TepuTOpii, M0 HEeMiKOHTPOIbHA YKpaiHi (puc.2).

Perion TakoX OTpUMYBaB EIEKTPOCHEPTiI0 Bif
Byrneripeskoi TEC, I1C 500/220 kB «HoBonon6aceka» Ta

I1C 330/220 kB «Yatikuuo» [2].
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Pucynok 1 — Bunaua notysxsocrti JIyTEC

HesBakaroun Ha HaJiiHICTD 30yZ0oBaHOI CXeMH
MaricTpajbHUX Ta pO3MOJUIBYMX MEpeX MiBHIYHOTO
periony Jlyrancbkoi 06acti, mpooOaeMu 3 3a0e3MeYCHHIM
CJIEKTPOCHEPTIEI0 CIIOKUBAYIB PErioHy BUHHMKAIM 32
yMoBH 3HIDKeHOI pexxumHol renepauii JIyTEC, a Takox
npu momkomkeHaax wmwmH 220 kB IIC 330/220 xB
«MuxaiiimiBka», II0 TUPU3BOAWIO JO 3HECTPYMIICHHS
CHOXKMBaUiB IPHUIIETIIOTO paioHy.
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Pucynok 2 — JliHis po3MexyBaHHs

Amnari3 norokopo3noainty B 3uMoBuii nepiox 2015p. B
Mepexax JlyraHchKoro eHeproBysiia IOKasye, 10 BHAa4a
noryxHocti Jlyrancekoi TEC 3 pexumHOIO reneparieto
513 MBt (3 eneprotioku mo 200 MBT) 3xiticHroBanacs
To:

— III 220 kB ma IIC «Jlucuuanceka» 3
3aBaHTAKEHHSM JIiHI1 TOTOKOM ToTyXHOCTi 203 MBT;

— IBOM JaHIioraM Ha «TymukoBy» IIC 220 kB
«Kiposa» (2x114 MBT);

— TpancpopmaTopHoMy 3B's3ky 220/110 kB
notyxHicTio 2x(3x46,6) MBA B 00cs131 50 MBT.

EnexTponocrayanns crnoxxuBayiB JIucu4aHChKOTO
€HEproBy3Jla, HaBaHTAXKCHHS SKUX B PEXUMI 3MMOBOTO
MaKCUMyMy CTaHOBUJIO OJH3BKO 200 MBT,
3abesneuyBaioch Bix IIC  «Jlucuuanceka» — yepes
aBToTpaHcdopmaropHi 3B"s13ku 220/110 kB (3x250 MBA)
3 ix 3aBaHTaXeHHsIM 2x60 MBT Ta 1x79 MBT. Cxema
EJICKTPONIOCTAYaHHS XapaKTePU3y€eThCs HHU3bKOIO
HAJIHHICTIO 3-3a HasABHOCTI eamHOTO 3B's3Ky 220 kB IIC
«JIncrmgancekay 3 Jlyrancekoro TEC.

CrmoxwuBaui [IC 220 xB «IOsBineiitHa» OTpUMYIOTH
xuBieHHS mo Mmepexi 110 kB. Big mua 220 kB miei
MiZCTAHINT 3AICHIOEThCS TIepeada MOTYKHOCTI Ha IIUHU
220 xB IIC 330/110 kB «MuxaiiniBka» B 00csi3i 19 MBrT.

Cunip 3a3Haunty, mo B 2015p. GanaHcoBa cuTyaris B
perioHi I1C 750/500/330 kB «Jlonbacbkay
XapakTepu3yBaacsl HaJMIIKOM ITOTYHOCTI B 00cs31 555
MBT, SKHH TepemaeTecs B MEPeXKYy CyMDKHOTO
eHeproperiony Pocii mo IIJI 500 kB «/lonOackka —
JloHCBKaY.

Curyanis, ska cKiajgacsi B EJIEKTPUYHOI Mepexi
Jlyrancpkoro  €HeproBys3na,  OOyMOBIIOE  PoOOTy
Jlyrancekoi TEC B pexumi «ocTpoBy» — 0€3 3B'A3KIB 3
Mepexero ocHoBHOT dactuHM OEC VYkpainu. 3a3HaueHa
cxemMa Mepexi He 3a0e3meuye HaAIHHICT BUAadi
MOTY>KHOCTI CTaHIi 1, BIAMOBIAHO, CYTTEBO MOTIPIIYyE
CTyIEHb HaJlIHHOCTI eJIEKTPOIIOCTaYaHHs CII0)KUBAYIB.

Ha cporomni Jlyranceka TEC mpaiioe 3a cxemoro
«OCTPOBY» 13 3HIDKCHOIO TeHepaliero (He Oumpme 3-x
€HeproOJoKiB, a B OKPEMHX peXHMaxX HaBiTh 3
«HYIILOBOIO TeHepaIli€lo) Ta 3abe3mneuye
CJICKTPOIIOCTAYAHHs JIMIIE TPHIETJINX CIIOKUBAdiB 3
HU3BKOIO HAIINMHICTIO 3-3a IOIIKOKEHb JIHIN BHaayl
MOTYXHOCTI T2 HEMOXIIMBOCTI BiZTHOBJICHHS IapajeibHOi
pobotu 3 OEC Ykpainu.

st 3a0e3mnedeHHs! elNeKTPOCHEPriel0 KOMYHAIbHO —
NOOyTOBHX CIOXXKMBAuiB Ta IPOMHUCIOBUX OO0 €EKTIB,
pO3TallIOBaHUX HAa KOHTPOJIOEMiil YKpalHOIO TepHTOpil,
HeoOXiqHO, KpiM BinHOBiIeHHs poboTu Jlyrancekoi TEC B
ckrani OEC Vkpainm, 30yayBaTm HOBE DKEpeIo
XKHUBIEHHA. B sKocTi Takoro pkepesna OymyeThes
migctantis 500/220 kB «Kpemincekay. Posramrysanns [1C
«Kpeminceka» Ha Tepuropii JIyrancekoi o0macTi moomu3y
tpacu icayrouoi [1JT 500 kB «/loHcrka - [JonOackkay. s
npueaHaHHS TiactaHmii go mepexi 220 kB Ha migcrasi
TEXHIKO — EKOHOMIYHOTO TIOPiBHAHHS BapiaHTiB e
OyaisanITBO ABonaHIrorosoi I1JI 220 kB «Kpemincpka —
IOgineitna» (puc. 3). Ile motpedye pekonctpykiii I1C
«IOgineitHay.

MeTo0 po0dOTH € MIBHIIECHHS  HAIIHHOCTI
3a0e3MmeueHHsT eJIeKTPOSHEPTi€l0 MOOYTOBUX CIIOKHBAUiB
Ta MPOMUCIOBHX 00’€KTiB JlOHOACHKOTO PErioHy 3arajiom
ta miBHOoui Jlyrancekoi obmacti i Jlucmuanckkoro
eHeproBys3na 30kpema. lle mOBHHHO HajaTH 3MOTY
CHHXPOHI3YBaTH CHCTEMY €JEKTPOIIOCTA4YaHHs MiBHOYI
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Jlonbacy, sika HHHI MPAITIOE B PEKUMI «EHEPTOOCTPOBY», 3
OEC VYxkpainm.
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Pucynok 3 — JIosanmtorosa I1JI 220 kB
«Kpeminceka — FOBineitnay

Buxisiag ocHoBHoro marepiajy. Jlis TOCSTHEHHS
METH HEOOXigHO BHUKOHATH  pekoHCTpykmito [IC
"lOBineitna". IcHyroumnii posmoainpumii mpuctpii 220 kB
[1C «IOBineiiHa» BUKOHAHO 332 CXEMOIO "JOTUPUKYTHUK" 3
npuenHanasaM 1Box [1J1 220 kB (ma JIyranceky TEC Ta Ha
[IC MuxatimiBka). Jns mpuemHanHs nBox HoBux [1J1
220 kB - na TIC 500 kB "Kpemincpka" moTpeOyeThes
pexoHCTpykIliss PY. Cxema eleKTpUYHHUX 3'€HAHb, SKa
Oy1e 3aCTOCOBaHa, 3aJICKUTh Bix Ty PY:

— mnpu OymiBHUITBI PY B BiAKpUTOMY BHIIIAIL
nepen0avyacTbcsi BUKOHAHHA — CNIEKTPUYHHMX — 3'€/IHAHb
220 kB migcraHIIii 32 CXeMO0 «JIBi po00Yi CUCTEMH IIIUH 3
00XiTHOION;

— npu crnopymkenHi KPYE 220 kB enexkrpuusi
3'€/lHAHHS 3alPOIIOHOBAHO BHKOHATH 3a CXEMOIO '"IBi
poboui cuctemu muH'".

B BapianTi Bigkpuroro BukoHaHHS PY 220 kB TIC
«tOBinettnay mus npuegnanss [1J1 220 kB Kpemincbka —
OBineitna 3 ©Ooky IIC «IOsinmeitHa» moTpiOHa
pexorcTpykiis BPIT 220 kB miel migcraHMmii 3 mepexoaomMm
BiJl CXeMHU «HOTHPUKYTHHUK» 110 TUIIOBOT cxemu 220 kB npu

4-x JHIMHUX TPUEAHAHHS - <JBI CUCTEMH INUH 3
00XiTHOIO».

3 METOI CKOPOYCHHS KaliTaJlbHUX BKJIAJCHb
3aIpOIIOHOBAHO:

— 30epexeHHsI B eKcIulyarallii iCHyrounX BUMHKauiB
(4-pwm omuHmMII);

— BCTQHOBJICHHS JIBOX HOBHUX BUMHKAYiB IS
npuenaHands aBox Janioris I 220 kB Kpemincbka —
IOBineitHa (3 BBEICHHIM IEPIIOYEProBe OJHOTO BUMHKAYa
JUTS TIPUETHAHHS OJHOTO 3 nBoX JaHIoriB [1J1 220 kB Bix
I[IC «Kpemincbka», B Apyry depry — IIe OJIHOTO
BHMHKA4a), [0 BPaxOBaHE IPU PO3PAXYHKY YKPYITHCHUX
KaIliTaIOBKJIAJICHb (Ta0u. 1);

- BCTaHOBIICHHSI HOBHUX
IIMHO3'€THYBaJIHHOTO BUMUKAYIB.

VY  BigmoBigHOCTI 13 METOAMKOK '"Bu3HaueHHs
€KOHOMIYHOT e(EeKTUBHOCTI KamiTalbHUX BKJIAaJCHb B
EHepreTuKy" Mpy BUKOHAHHI EKOHOMIYHUX PO3PaxyHKiB HE

00X11HOTO Ta

BpaxoBaHa BapTiCTh OOJAaJHAHHS Ta CIOPY] OJHAKOBUX B
000X  BapiaHTaX, 3a  BUKIIOYEHHS  OOJaIHAHHS
PpO3MOAITEINX IPHUCTPOIB [3].

Tabmuns 1 - 3BeneHi XapaKTepUCTHKH BapiaHTIB

pexoHCTpyKLii PY
) BapricHi moka3HUKHU 1O BapiaHTam
](;)Pf[;liHI/IHI BapianTl BapianTt 2
4 BPY 220 kB KPYE 220 «B
Tuc. rpa 452611 751294
Te x, B % 100 166
N BIIOBITHOCTI 3 TaHAMHA Tabm.1

KartiTaloBKIageHHs B pekoHcTpykiiro [1C "IOBineitna" 3a
BapianTtoM | Ha 166 % HK4Ye, HDX 3a BapiaHTOM 2.

Po3mimieHHs: obnamHaHHS Ta CIOPYI HA MiACTAHINT
JUIsL BapiaHTa pEeKOHCTPYKWii i3 3acTocyBaHHsM BPY
3a0e3neuyeThcsl B MeKax iCHyrodol ruromaaku (6e3
posumpenHs ii TepuTopii). HemonikoM nporo Bapianry €
HEBUKOHAHHS BHMMOTH 3a0€3NeueHHsT MOXIIMBICTI #Oro
PO3LIMPEHHsT B MEPCIEKTUBI HE MeHIIe HDK Ha 4-pu
miHisMu. OgHaK TpopoOKa TEpPCIEeKTHBH  PO3BHUTKY
CIIEKTPUYHUX Mepexk miBHOWI Jlyrancekoi oOGmacTi
nokaszaina, mo gogarkosux 3B'sa3kiB 220 kB IIC IOsineiina
3 CyMDKHUMH 00'€KTaMU HEe BU3HAYCHA [4].

BpaxoByroun cxemy posnoaineuoi ycraHoBku 220 kB
[IC «IOBiseitHa», i KOMIIOHOBKY Ta HE3aJOBUIbHUI CTaH
KOHCTPYKIIi MOPTajJiB MOMIIMBO 3pOOWUTH BHCHOBOK, LIO
KUTBKICTh TIepeKIoueHb eneMeHTiB BPY mo BapianTy
criopypkeHHs: BPY 220 kB Oyze Ginblioto B HOPIBHSHHI 3
BapianToMm OyniBuunTBa Ha miactannii KPYE 220 xB. Ipu
[bOMY 3arajibHa TPUBAIICTh BimkmoueHsb [1J1 220 kB o 060x
BapiaHTax Oy/ie MPaKTIYHO OTHAKOBOKO. HemommikoM BapiaHTy
3 OymiBaunrBoM BPY 220 kB, He3Bakaroun Ha IOCTaTHI
3TiTHO HOPM BIJICTaHI MK KOHCTPYKIISIME 1 0OJIaTHAHHSM,
II0 JIEMOHTYIOTBCSI 1 MOHTYIOTBCS, /IO €JIEMEHTIB J[II0490Tr0
BPYV, sike 3HAXOAATHCS TiJ] HATIPYTOIO, € YCKJIATHEHHS pOOOTH
BaHTAXOII JHOMHOT TEXHIKH.

[MepeBaroto BapianTy pexoHcTpykuii 3 BPY 220 kB €
Te, 10 Bce 00JIalHAHHS He3aJIe)KHE OJIMH BiJl OJTHOIO MOXe
OyTH 3aMiHEHO Ha 00JIaJJHaHHS IHIIOr0 BUPOOHUKA.

Buxonsun 3 TOro, mo TEXHIYHI XapaKTEepHUCTHUKH
peaizauii 000X BapiaHTiB NPaKTHYHO OJIHAKOBI, BapiaHT

pexonctpykiii  PY 220 kB Bu3HayaeThcs oOcsramu
KalliTAIOBKJIAJEHh B 1X  peai3allifo - TOMY
PEKOMEHAYEThCS PEKOHCTPYKIis PO3IOALTHYOTO

mpuctporo 220 kB I[IC «IOBineitHa» 3 3acTOCyBaHHSIM
BPY, 3arparm Ha peamizalmiro SKOTO MEHIIi, HiXK NPHU
oyaieaunTBi KPYE 220 xB.

BPVY 220 kB 6yne 3pobieno 3a cxemoro «/[Bi poboui
Ta O00XigHa cucteMd IUH». KOMIIOHYBaHHS JaHOK
nependavae MpueTHAHHS:

— icHytounx aBToTpaHcopmaropiB AT-1, AT-2 tumy
ATJALTH-250000/220/110/10 xB;

— ICHYIOYMX 3aXO/liB JIiHIiH;

— mpuenHaHHS ABOX HoBux JiHiA 220 kB ma TIC
«KpemiHcbky».

Jnst BcraHoBnenHs Ha Hampy3i 220 kB Oyne
BHKOPHCTAHO CydacHE eIeKTpOooOIaHaHHS:

— BHMUKAYi 3 €JIEra30BoI0 130JIAIIIEI0;
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— eJerazoBi TpaHchopMaTopu CTPyMy Ta HAIPYTH;

— po3’€mHYBadi 3 €NEKTPOJBUTYHHUMH TPHUBOJIAMHU
U TOJIOBHMX 1 3a3€MJIFOFOYMX HOXIB IUIA 3a0e3ledeHHs
MOXJIMBOCTI LEHTPaIi30BaHOTO IUCTAHIINHOTO
yopaBiriaas 3 'Y migcranmii, a TakoXX MicCIEBOTO
KepyBaHHs 3 BPY;

— 00MeXyBadi IIepeHANPYTH B KOMIUIEKTI 3 CHCTEMOIO
MOHITOPHUHTY iX CTaHy.

Cucremu " Ha BPY 220 kB Oyzne BukonaHo aBoma
cTajeantoMiHieBumMu npoBojamu Mapku AC- 400/64 B
¢asi.

B nanomy Bapianti BukoHanHs PY 220 kB IIC
«tOBineiinay ms npuennanns [1J1 220 kB Kpeminceka —
IOBineiina 3 6oky IIC «lOBineiiHa» 3 METOIO CKOPOYEHHS
KamiTalnbHUX BKJIAJ€Hb B  OYAIBHULITBO  MO>KJIMBO
BUKOHATH:

— 30epeXeHHS B eKCIDTyaTalii iCHYIOYNX BIMHKAYiB;

— BCTAaHOBJICHHS JBOX HOBHMX BHMHKAYiB UIS JBOX

nmanmroris I1J1 220 kB

- BCTaHOBJICHHS HOBHUX 00XigHOTO Ta
HIMHO3'€IHYBAILHOI'O BUMHKAYIB.

BucHoBkm. OOrpyHTOBaHO HEOOXiTHICT
OymiBHHIITBA HOBOI migcTafmii 500/220/35 kB

«Kpeminceka» Ha JlyraHmmuei 3 3axoJaMu TMOBITPSTHOL
miniii 500 kB JlonOacpka-J/loHChKa Ta TOBITPSHOL IiHIT
220 kB Kpewmincbka-tOBineiina. Ile HagacTh MOXIIUBICTD
BITHOBUTH HAaJilHC EHEProONOCTAYaHHS CII0)KUBAYiB
niBHiyHOT wactuHu Jlyrancekoi oOnacti, a TakoX
BUIIyYUTH O0JACTh 3 PEKHUMY «EHEPTETUYHOI'O OCTPOBYY,
JIO3BOJIUTh CHHXPOHI3yBaTH o001acth 3 OO0 €aHAHOIO
Eneprocucremoro Ykpainu.

[IpoananizoBano BapiaHTH PEKOHCTPYKIIii
posnoxinsuoro ycratkyBanHs 220 kB I[IC «lOBineitHay.
Buxomsau 3 TOTo, 10 TEXHIYHI XapaKTePUCTUKH peatizaril
000X  BapiaHTIiB  MNPaKTUYHO  OJHAKOBi,  BapiaHT
PEKOHCTPYKIIT po3moaimpuoro ycraTtkyBanHs 220 kB
BU3HAYa€ThCcs  OoOCSAraMM  KamiTaloBKIaJAEeHb B  IX
peanizaiilo, TOMY PEKOMEH/AYETbCS  PEKOHCTPYKIis
posnoainsuoro ycratkyBanus 220 kB I1C «tOgineiina» 3
3aCTOCYBaHHSM BIIKDHTOTI'O PO3NOAIBYOTO YCTAaTKyBaHHS,

3aTpaTH Ha peatizallifo SKOTo MEHIIT, Hik TIpX Oy NiBHHUIITBI
KPVYE 220 kB. Biakpure posnoaiisue ycratkyBanHs 220
kB Oyme 3pobneno 3a cxemoro «/IBi pobodi Ta 00ximHa
CHCTEMH IIHH.
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VK 621.311
A. I. TYPHH, €. C. MOCKBITIH

3MIHA IIOKA3HUKIB HAHE_POBO-MACJIHH(")i 130T CHJIOBUX TPAHC®OPMATOPIB B
YMOBAX JTOBI'OTPHUBAJIOI EKCILTY ATAINI

3anpornoHOBaHO MOJEb 3MiHH MapaMeTpiB IMarepoBO-MACISHOI i30SIl PH BIUIMBI KIIMATHYHUX YMOB eKCIUTyaTtawil CHJIOBOTO TpaHchopmaropa.
PemoHTH Ta mpodimakTHuHI poOOTH, 3MIHH JOOOBHX Ta CEpPEeNHBOPIUYHMX MapaMeTpiB TeMIepaTyph HPH3BOAUTH 10 3MiHH (i3HKO-XiMIYHHX
BJIACTHUBOCTEH ManepoBo-MaciisiHO i3osmswii. ITepeOyBaHHS B yMOBaxX 3HIKEHHUX TEMIIEPATyp MPU3BOAUTE JI0 BTPATH PYXJIMBOCTI TpaHC(HOPMATOPHOTO
Macina, sika CylnpOBODKYEThCSI KPUCTANi3ali€eo napagiHOBUX BYIJIEBOAHIB, IO YTBOPIOIOTh KPUCTATIYHY CITKY, BCEPEIHHI SIKOi YTPUMYIOTBCS PiAKi
BYIJIeBOJHI Macia. IIpu 3HIKEHHI TeMIlepaTypu HeBelHKa KilbKiCTh YTBOPEHOrO TBEpAOro mapadiHy pi3Ko MiABHUIIYE TeMIEpaTypy 3aCTUTaHHA i
CIpHsIE MOAATBLIIOMY 301IbIICHHIO B sI3K0CTI Macia. [Ipu JOBroTpuBaiii ekcrutyaTariii po3mMipu KpHCTAIIB 301IbIIYIOTECS, CTYIIHb 1X YIIOPSAKOBAHOCTI
301IBIIY€ETHCS OCKIIBKH B TANEPOBO-MACIIAHIN i30iwii Mictuthes 10 10 % TpaHcdopMaTOpHOro Macia, TO mpolecu napagiHyBaHHsS HalepoBHX i
MDKIIApOBHX MPOLIAPKIB Macja B OCHOBHOMY BH3HAYAIOThCS XIMIYHHMHM IIPOLECAaMU B Macil, Ta iHTEHCHBHICTIO MapadiHyBaHHS HOBEpXHI mamepy,
3aJIeXHOI Bil CTYNEHIO il MOJAPHOCTI. Binbln miinbHi COPTH mamepy BONOAIOTH CIAOKMM 34EIUICHHSM 3 mapadinom; MeHmI miiieHi, Tumy K-120,
napadyroThcs Ha Oy riubuny. [lapadinyBaHHs nanepoBO-MacsIHOT 130711 TPU3BOAUTH O 3MIHH ii BIaCTHBOCTEH, KoK MapadiH, 10 BiAKIaBCA
BCEpEIUHI Ta Ha MOBEPXHi NEPEeBOAUTH 11 3 po3psmy rigpodinbHuX 10 rixpodoOHuX. BuTicHeHa 3 manepy Bojora pa3oM 3 eMyJIbCOBAHOIO BOJIOTOIO 3
Maciia CKyIT4y0ThCs y IIPOMIXKKaX PO3ITyIICHOrO Harepy, CTBOPIOIOYN YMOBH 301/IbLICHHS CTPYMiB BUTOKY Ta 301/IbIICHHS KyTa JI€ICKTPHYHNUX BTPAT.
Taki 3MiHH y CTPYKTYpi HamepoBO-Mac/SIHOI 130711 BIUIMBAIOTH HA (OPMY Ta CIIEKTP YACTKOBHX PO3PSAIB, 30LIBLIYIOYH YaCTKY HH3bKOYACTOTHHX
CKJIQJIOBHX BiJl HACKPI3HHUX PO3PSAIB MiXkK IIapaMHy Iarepy.
Kuarouosi c1oBa: cuiioBuii TpancdopmMartop, manepoBo-MaciisiHa 1301LLis1, HapadyBaHHs nanepy

A.I.I'YPHH, E. C. MOCKBUTHH

U3MEHEHME INIOKA3ATEJIEM BYMAXKHO-MACJISTHOM U30JISIIAUA CUJIOBBIX
TPAHC®OPMATOPOB B YCJOBUSIX JJIUTEJABHOM SKCILIYATALIMA

Ipennoxena MoJeNb U3MEHEHHUsI apaMeTPOB OyMa)KHO-MACIISIHOM M30JISLUU NPH BO3JICHCTBHU KIMMATHYECKHX YCIOBHH SKCIUIyaTallMH CHIOBOTO
TpaHchopMaTopa. PeMOHTBI 1 IPOPUIIAKTHYECKHE PAOOTHI, N3MEHEHHUSI CYTOUHBIX U CPEAHEr00BBIX [IAPAMETPOB TEMIIEPATYPbI IPUBOAUT K H3MEHEHHIO
(M3HKO-XMMHYECKHX CBOHCTB OyMa)KHO-MAcIIHOH n3omsinuy. [IpeObBaHue B YCIOBHAX IOHIDKEHHBIX TEMIIEPATYP IPUBOJUT K MOTEPE MOABIDKHOCTH
TpaHC(OPMATOPHOrO Macyia, KOTopasi COINPOBOXKAACTCS KpHCTan3alueil mapadrHOBBIX YIJIEBOJOPOIOB, 00pa3yIOMNX KPUCTAILIMYECKYIO CETKY,
BHYTPH KOTOPOH COJEpXKaTCs KUIKUE YrIeBOJOpOAbI Macna. IIpu CHIKCHHM TeMmeparypbl HeOGOIbIIOE KOJIMYECTBO 0Opa3oBaHHOIO TBEPAOTO
napauHa pe3Ko IOBBIIIAeT TEMIIEpaTypy 3aCTBIBAHUS M CIIOCOOCTBYET JaIbHEHIIEMy YBEIMUCHHUIO BI3KOCTH Macia. [Ipu [UINTeIbHOH dKCIUTyaTalui
Ppa3Mepbl KPUCTAILIOB YBEIMYUBAIOTCS, CTENEHb UX YIOPSIOUYSHHOCTH YBEIMUUBAETCS IOCKOIBKY B OyMaXKHO-MaCIITHON H30JLILUK coepskutes 10 10%
TpaHc(hOPMATOPHOTO Macja, TO MPOLEcCh mapadupoBaHus OYMasKHBIX M MEXCIOEBBIX IPOCIOCK Macia B OCHOBHOM OIPEACISIOTCS XMMUYECKUMU
IpoIieccaMu B Maciie, H HHTEHCHBHOCTBIO NTapadupoBaHye IIOBEPXHOCTH OyMark, 3aBHUCAIIEH OT CTEIeHH ee NOJIPpHOCTH. boree moTHEIe copTa Oymaru
00magaloT c1abbiM CleluieHHeM ¢ mapaduHoMm; MeHee IwioTHble, Thra K-120, mapadupyiorcs Ha Gomburyo rayouny. [lapadupoBanue GymakHo-
MacIISTHOW M30JLUK TPUBOANT K M3MEHEHHIO €€ CBOMCTB, KOTJa mMapaduH, YTO OTIOKUICS BHYTPU M Ha TOBEPXHOCTH IIEPEBOJIHUT €¢ U3 paspsja
THAPOQUIBHEIX K IHAPO(QOOHBIX. BhITecHeHa M3 Oymaru Bilara BMecTe€ C IMYJIBCHPOBAHHOM BIaroil M3 Macia CKaIUIMBAIOTCS B IIPOMEIKYTKAX
Pa3pBIXJICHHOTO OyMaru, co3/iaBasi yCJIOBHS yBEIMYCHHS TOKOB YTEUKH M YBEIHUYCHUE YIJIa AUIICKTPHICCKHUX MoTeph. Taknue H3MEHEHHS B CTPYKType
OyMa)XHO-MACIITHOI N30JIILMH BIUSIOT Ha ()OPMY M CIIEKTP YaCTHYHBIX Pa3psIOB, YBEIHUMBAs SO0 HU3KOYACTOTHBIX COCTABILIONIMX OT CKBO3HBIX
Pa3psAsIOB MEXKITY CIOSIMH GyMaru.
KuioueBble ¢10Ba: CHIOBO TpaHc(hopMaTop, OyMakHO-MaCIsIHAsT H30JSIHs, HapadupoBanne Oymaru

A. G. GURIN, E. S. MOSKVITIN

CHANGES IN PAPER-OIL POWER TRANSFORMERS INSULATION IN LONG-TERM
EXPLOITATION

A changes model of paper-oil insulation parameters under the climatic conditions influence of a power transformer exploitation is proposed. Repairs and
preventive works, changes in daily and average annual temperature parameters lead to changes in the physical and chemical properties of paper-oil
insulation. Staying at low temperatures results in the mobility loss of the transformer oil, which is accompanied by paraffinic hydrocarbons crystallization,
which form a crystalline network, within which liquid hydrocarbon oils are contained. By lowering the temperature, the small solid paraffin amount
formed dramatically increases the freezing point and further increases the oil viscosity. With long-term exploitation the crystal size increases, the ordering
degree increases because the paper-oil insulation contains up to 10% of transformer oil, the initialization processes of paper and oil interlayers are mainly
determined by the chemical processes in oil, and the paraffin polarity intensity. The denser paper grades have poor adhesion to paraffin; less dense, type
K-120, initialed to greater depth. Initialisation of paper-oil insulation leads to change of its properties when the paraffin which is deposited inside and
on a surface transfers it from the category hydrophilic to hydrophobic. Moisture displaced from the paper together with the emulsified moisture from the
oil accumulate in the paper looseness, creating conditions for increasing leakage currents and increasing the dielectric loss angle. Such changes in the
paper-oil insulation structure affect the shape and partial discharges spectrum, increasing the low-frequency components fraction from the through
discharges between paper layers.
Keywords: power transformer, paper-oil insulation, paper waxing
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Beryn. I1. A. ®nopencekuii, a miznime . H. CkanaBi
[1] mocmimxkyBanu mnuTaHHS yTBOPeHHS mapadiHiB y
BiJUMIIEHOMY  3TYIIEHOMY Macii TpH  HHU3BKHUX
TeMIepaTypax eKCIUTyaTallii Ta OJHOYAaCHOMY BIUIMBI
enexTpuuHoro noys. Lli n1Ba gakropu cipusioTh pO3BUTKY
XIMIYHUX TIPOLECIB B Macii, CTUMYJIOIOTh PEAKIiI0 MiX
PI3HMMH BYIJIEBOJHAMH, IO BXOAATH JI0 HOTO CKiamy,
CTBOPIOIOYM OUTBINI TSDKKHU BYIJICBOJCHb 1 BOJCHB 3a
CXEMOIO:

CiHonts +CriHope — Cn+mH2(n+m}+—2 +H,;. 1)

CkmagHi XiMi4HI TIPOIIECH B TPaHC(HOPMATOPHOMY
Macii DIOopeHCHKHH 3aCTOCYBaB Ui TOSCHEHHS 3MiHU
yMOB TIpo0O0 Macia IpW JOBIOTPUBANIA €KCIDIyaTarlii,
KONMM Ha WiABHINEHHS B’SI3KOCTI Maciia W yTBOpEHHS
mapaiHOBUX  OCamiB  BIUIMBAIOTh  HANPYXKCHICTH

€JIEKTPUYHOTO 0TIl Ta TEMIIEPaTypa eKCILTyaTallii.

[MapadinyBaHHs  ManepoOBO-TPOCOYCHOT  I30JALIT
NPU3BOJNUTH /O 3MIHM TI €JIEKTPUYHUX BJIACTHBOCTEH 1
MIIHOCTI.

Haii6inbia IHTEHCHBHICTb niapaiHyBaHHS

CIIOCTEPIraeThCsl Ha TOYATKY eKCIuTyararlil Tpancgopmaropa,
MOTIM IIBUAKICT BINKITANAHHA 3HIDKYETECS —BHACHIJIOK
30UTBIIeHHS mIapy mapadiny. OCcOOIMBICTIO IHOTO TPOIIECY €
HepiBHOMipHA 3MiHA IO TOBIII i30JIAMiT TiAPO(MITFHOTO CTaHy
IIMI no rigpodobHOro. SKIIO Ha MOBEPXHIX BOAA CTBOPIOE
CYIIUTHHUI TIPOIIapOK 1 MAacio MPOCOUYETBCS y BHUIIIAMI
KpaIuliH, TO B IIbOMY BHIAJAKYy NapagiHyBaHHS IPOXOIWTH
MeHII iHTeHcuBHO. Ha rigpodoOHMX (30BHIIIHIX CTOpOHAX
130JIA11i1) HASIBHICTh BOJIM B MACJTi BUKJIKAE OLIBIIT IHTCHCHBHE
CTBOpEHHS MapadiHOBOrO MPOLIAPKY, SKH IOCTYIOBO
3MEHLIYEThCSl 32 PaxyHOK 3MEHILICHHs ajresii HacTYITHHX
mapis mnapadiny. HasBHicTs mapadiHOBOro mnpomapky
MePEPO3NOAULIE HAMPYXKEHICTh MMOJIs, 30UThllytoun 1i B
napadini (mienexrpuyna mpoHukHICTE [IMI ckmamae 3.5 — 4, a
mapaginy — 2.2). Lle cTBoproe yMOBH IiepeXxoy KOPOHHOTO
PO3psiy y KOB3KHH, IO PO3IIOBCIOKYETHCS Y3J0BXK TOBEPXHI
BomsmiiiHoro mapy. HaiOimpIn BHCOKa HATPY>KEHICTH
MIEPEKPHUTTS CIIOCTEepiracTeest y mapadidy, a HaiiMeHma — y
IIMI, mo cuibHO ancopOye BOJOTY Ha CBOIM MOBEPXHI.
Ananizytoun GopMy Ta CHEKTp YaCTKOBHMX PO3DSIIB MOXKHA
3pOOWTH BHCHOBOK, IO YacTKOBI PO3pSIM Yy HOBOMY CTaHi
130JIsILIi{ MaroTh OLNBII BUCOKOYACTOTHHI CKIIaJ B Jliana3oHi 1
— 1.5 MI't. Y tpanchopmaTopa, o TpUBAajo MPaIIkoe, MOPsiT 3
BHCOKOYAaCTOTHHMH CKJIAIOBHMH 3’ SIBIFOTHCS 9acToTh 70 200
K['1, sIki BUHMKAIOTH 3a paxXyHOK OUTBII TPUBAIHAX PO3PSAIB,
110 KOB3AIOTh [0 TIOBEPXHI MIXKKOTYIIIKOBOI 1 ronioBHOi [IMI, Ta
PO3psIiB ¥ Ta30BHX Oynb0amkax mpoaykriB gectpykii [TIMI
32 paxyHOK HarpiBaHHS, BIUIMBY E€JIEKTPHYHOTO IO,
@JIEKTPOJTI3Y, KaBiTallil Ta IHIIHX.

Merta poGoTH. MeToro maHOI CTAaTTi — IOKa3aTH
NPUYMHA 3MIH Yy aMIUIITYJHOMY Ta (a30BOMY CHEKTpi
YaCTKOBHX PpO3PSAIB Y MAamepoBO-MAacCisIHIM 1301111
CUJIOBHUX TpaHc(hOopMaTopiB npu CTapiHHI
TpaHCHOPMATOPHOTO Macia TiJi BIUIMBOM KJIIMATUIHUX 1
TeMIepaTypHUX 3MiH B IIpoIieci ekciuryartamii Ta ¢isuko-
XIMIYHHUX TPOLECIB Y TarepoOBO-MAaCIIIHIN 130111,

[Migsumenns rigpododbrocti [IMI mpusBoauTs 10
3MIHM BOJIOTOCTI T1arniepy Ta Macjia. BuricHeHa 3 MacistHUX
LIIIApUH ~ Tarnepy  Bojora  ApiOHMMH — KparuLsiMH

PO3TAIIOBYETHCS MK ILIApaMHU MAamepy, a MOJISKYJspHa
BOJIOTa YTBOPIOE BOJISIHI CycTieH3ii B macii (puc. 1).

Y  MDKKOTYmKOBIH 1 Mixk}a3oBiii mamepoBo-
MPOCOYCHINH 130J14Mii, KOIMM HAa TOBEPXHI PO3IiTy IBOX
JUCNCKTPUKIB IIOTh CHJIM, IO BUHHUKAKOTH B PE3yJbTaTI
B3a€MO/Iii €JIEKTPUYHOTO IOJIS 3 TIOB’SI3aHUMHU 3apsiiaMU
MOJISIPU30BAHOTO JIIENIEKTPHKA, SKi MOXKYTh BUKJIUKATH PyX
i nedopmaniro mapiB BoAHM, Ta Macia B MDKIIAPOBOMY
mpocTopi. Y BHINAAKY, KOJHU TOBCPXHS JiCJICKTPHUKIB
HOpPMaJlbHa JI0 HANpsMKy HOJIs, NPOMIApOK BOJAM Oyxe
BHUILITOBXYBATUCH 3 CHJIOIO:

1 & 2
F==-(e,-¢)—L-Ef, 2
2 g,
oe €& 1 & —  JieNeKTpUYHA  MPOHHUKHICTH

TpaHc(hOPMAaTOPHOTO Macia Ta BOJH,

E1 — Hanpy>keHiCTh eIEKTPUYHOTO TI0JIS, Y TBOPIOIOYH
Ha TOBepXHi mnapagiHOBAaHOrO Tamnepy IUISTHKH 3
MiBHUIICHOIO MPOBITHICTIO.

s 27

N

CmpuxeHs

0)
Manip
Mar;mni lazobi
npowapkuy Bxpannenns
B)

Pucynok 1 — KoHcTpyKist TOJIOBHOT (@) Ta MIKKOTYIITKOBOT
i30JmA11iT (6) 3 ManepoOBO-MaCIISTHOT 13011
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Ile, y cBOIO Hepry, BUWKJIHMKAE 3MiHY pPO3TOILTY
HaIpPYXEHOCTI €JICKTPHYHOTO TIOJIS Ha TIOBEPXHI TBEPIOTO
rizpodobHOrO0 TOKpHUTTA. Haiibinpma HEpPiBHOMIPHICTH
Oyze Ha 3aKpaiHax i30JAMIHUX mapiB MK KOTYIIKAMHA Ta
MDK OKpEMHUMH BUTKaMH, a Halpy>XeHICTh €JIeKTPUYHOTO
NOJI Y3JI0BXK IIapy MarepoBoi i3051swii Oye 3MiHIOBAaTHCh
3TiIHO!

EX:U.y%(l‘X), ©)

sinhyl
ne = (1/R))+ jow, '
(1/Ry)+ jow,

R1 — 06’ emumii omip manepy, OM-M,
R2 — moBepxHeBuit omip, OM'M,
C; — muTOMa €MHICTP TOBEPXHEBOTO INApy Mamepy,
d/m?,
C, — nuToMa eMHicTh napadinosanoro mapy, ®/m2.
3 ypaxyBaHHSM TOro, IO Map napadiHOBaHOTO
namnepy Mae:

1/R; << Ci 1a 1/R, << Cy, (4)

y:\E. ©)

Posmoxin  Hampy>XeHOCTI TONSL  NPAaKTHYHO HE
3MIHHTBCS, ajie 30UTBIICHHS aMIUTITyId HAIPYTH y BUTKIB
KOTYIIKH 30UThmIMTBECS B 1.5 + 2 pasm 3a paxyHOK
3HIDKCHHSI  JICNEeKTPUYHOI  MPOHUKHOCTI  MAarepoBo-
npocoueHoi i3osauii B 3.5 + 4 mo 2 + 2.5. Lle npuzBoauth
JI0 TIOCWJIAHHSI MTPOLIECY 10HI3allil, PO3BUTKY IIOBEPXHEBUX
PO3pslliB, MOCWJICHHIO XIMIYHUX peakiii po3KiIagaHHs
napadiHOBaHOTO Macjia Ta BOJHO-MAcCsSHOI eMyJjbCii 3
BUJIIICHHSIM Ta30BUX Oy/Ib0AIIOK BOJHIO Ta IHIUX Ta3iB.

3rizHo Teopii DI0peHCHKOro 3a YMOBH JUIsl TPOOOIO
ra3oBHX OyJIH0AIIOK MOXHA TPUHHSTH 3aJI€KHICTB:

TO MO’KHA NIPUNHATH:

n _4-m-a
~fla)=—=—, (6)

ne f(a)=$,

1] — B’s13KicTh TpaHC(HOPMATOPHOTO MACIa,

o — KoeilieHT ITOBEPXHEBOTO HATATY,
dn . .
a=E7 MIBUJKICTH 30iJBIICHHS Ia30BUX MOJIEKYN Y

OynpOamrkax 10 MOMEHTY BiIpUBY,

0- MOCTiiHa,

At— MIPOMIXKOK Yacy MiXK BiIpHBOM /IBOX OyJb0aIiok y
TOMY CaMOMY MICIIi HOBEpPXHI,

S — BijicTaHb MiX LIEHTpaMu OJU3BKUX OYIIHOAIIIOK,

N — KUTBKICTh TAa30BUX MOJIEKYJI BOJHIO, IIIO JTIOPiBHIOE

KUTBKOCTI nap BYIJIEBOJHEBUX  MOJIEKYJ,  SIKI
popearyBai.
Tobro, mpm TpuWBamili eKcIuTyaTamii MOJMKJINBE

CTBOpPEHHA Ta 30iMbIIeHHS Yy 00Cs3i Oynp0Oariok razsy,
3MaTHUX A0 Mpoboro baratomaposoi [IMI B enexrpuaaOMy
TIOJTi TOJIOBHOI Ta MO3I0BKHBOI 130i1Li{ TpaHcdopmaropa.

OCKiNbKH eJIeKTpUYHA MIIHICTh ra3iB HabaraTo HWKYa, HiXkK
MIITHICTh TpaHC(HOPMATOPHOTO Macia, TO TPOOiId Moke
BUHHKHYTH B Ta30Bii OyIp0a1ili, B OCHOBHOMY 3allOBHEHIH
CYMIIIIIIIO BOJHIO 3 iHIIFIMH Ta3aMu.

3MiHa CJICKTPUYHHUX XapaKTEePUCTUK Ta
rizpodinsrocti [IMI npu mosrorpuBaniii excruryaramii
TpaHcopMaTropa NPU3BOAUTH O 3MIHM XapaKTEPUCTHK
KOPOHHOT'0, HACKPI3HOT'O Ta KOB3HHUX PO3PAIIB.

Posmymenns mamepoBoi  i3omsmii  mim  Zi€ro
CNICKTPOAMHAMIYHAX  HABaHTAXEHb  HA  KOTYIIKH
TpaHchopMaTopa MPU3BOAUTE IO IPHUCKOPEHHS MPOLECY
mapadiHyBaHHS 130JAmii BHTKIB, fAKa 3MEHIIYIOYH
nmienextpuuHy —npoHmkHicTs [IMI, a, BignosigHO,
TTiABHIIY € HAIIPY>KEHICTh €IEKTPHYHOTO IO Ha IOBEPXHi
MIJHOTO TPOBiIHWKA KOTYIIKH 1 1HTEHCHBHICTBH
10HI3aiHHIX TPOLIECIB.

BuTicHeHa 3 nanepy Ta Macia BoJia IPUTATYETHCS JI0
MOTEHLIAIbHOTO TPOBIHUKA KOTYIIKH, CTBOPIOIOYH Y
MikurapoBomy mpocropi [IMI ocepenxu 3 miBHIIEHOO
€JIEKTPOIPOBITHICTIO, IO CHPUSE MOAAIBIIOMY PO3BUTKY
KOB3HHMX pO3psMiB, SIKI MOXYTb IepeHTH Yy po3psn
HACKPi3HHX.

KoxxeH 3 THIIB pO3psAIiB BHU3HAYAETHCA Yy 3MiHAX
aMIUTITY I-4aCTOTHOI Ta (ha3-4acTOTHOI XapaKTePHUCTHK, 10
JI03BOJISIE BUKOPHCTOBYBATH HasBHI METOAU MiarHOCTHUKH
gacTKOBUX po3psiniB y [IMI Tpancdopmaropis.

jl.,cﬂ
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Pucynok 2 — 3anexHicTb KoedinieHTa THHAMIYHOI B’SI3KOCTI
TpaHcOPMATOPHOTO Macia Ta JieJeKTPUYHHUX BTPAT MarnepoBo-
MAcISHOTO JieNeKTPHKa BiJl TEeMIIepaTypu

B 3amexHOCTI Big CTyNeHIO CTapiHHA 130JIsMii
IMIyJIbC YaCTKOBUX pPO3PAMIB BMiIIye iH(OpMAIlio Bifg
OKpeMux BHUIIB  JedeKTiB  TpaHchopMaTopa,  sKi
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BIUTMBAIOTh HAa CHEKTp (GPOHTY IMIyJbCy. 3a mepiof
CTapiHHS 130JAIiT TPUBAIICTh (QPOHTY 30UTBIIYETHCS Bifg
IECATKIB O COTEHb HAHOCCKYyHA. PO3BHTOK KOB3HHX
po3psAniB Oyme pO3UIMPIOBATH TPHBAIICTh PEECTPOBAHIX
iMoyneciB o 10 + 12 Mkc Ta posmmpeHHsIM (a3oBoi
JiarpamMu Ha OiJIbIIly YaCTUHY CHHYCOIAM HalpyTH.

BucnoBku. 1.  JloBroTpuBama  eKcCIUTyaTarlis
CHJIOBOTO TpaHc(hopMaTopa B yMOBAX 3MiHH TEMIIEPaTypH
HaBKOJIMIIHBOTO ~ CEPEAOBHINA BUKIMKAE 30UIBIICHHS
B’SI3KOCTI Maciia, yTBOpPEHHs napadiHOBHUX BYTJICBOIHIB.

2. TlapadinyBaHHA TamepOBO-MACISTHOL  i30JIATIIT
MPU3BOANTE 10 ii TigpoOOHOCTI Ta BUTICHEHHIO BOIH Y
MDKIIApOBi MPOMIDKKH TANEPOBOi 130J1sMii, 301IbIIyI0Oun
NieNeKTPUYHI BTPATH.

3. Ilepepo3mominm  HieTNEKTPUYIHUX  ITapaMeTpiB
MaTiepoOBO-MAaCISTHOT 1301Mii TTPU3BOIUTH O YTBOPECHHS
KOB3HHX PO3PSI/IIB y3/I0BXK LIapiB marmepy.

4. 3mMiHa aMILTITy JTHO-4aCTOTHHUX Ta ()a30-4aCTOTHUX
XapaKTEpUCTUK CUTHAIIB IpPU JIarHOCTUII CTyHEHIO ii
CTapiHHS, J03BOJISIE OULIBII JEeTalbHO BHBYATH OKPEMI
etany  (i3MKO-XIMIYHUX MEPETBOPEHb BiJ YaCTKOBUX
pO3psmiB.
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VJIK 621.315
A. I. TYPHH, JI. A. LIEBEHIOK, O. B. TOJIHK, O. B. VTBYEHKO, T.A. POIAXIHA

BIIJIMB NOJSAPU3AIIT I30JISAIIIT 3AXHUIIEHUX ITPOBOIB HA EJJEKTPUYHE MOJIE JITHII
EJIEKTPOIIEPEJTAYI

HaBezieHo aHaiTHYHE PIILICHHS 32 IOMOMOTOIO MOIBIHHOr0 KOH(pOPMHOIO MEPETBOPEHHS CUCTEMH KOOPANUHAT /ISl OCHOBHOI €JIEKTPOCTATHYHOI 3a1a4i
— 3HAXO/PKEHHS PO3MOALTY NMOTEeHNialy B 3aMKHEHIH 00JIacTi A JOCTIKEHHS PO3IOALTY HANPYXKEHOCT] eIeKTPUYHOrO MOJIS B i30JIAMil 3aXHINEHIX
MpoBOAiB. MOXIMBICTh AHATITUYHOrO pIilleHHS 1 MOOYJOBM KAapTHHH HEOJHOPIMHOTO ENEKTPUYHOrO MOJIS [JIsl 3aXUIIEHHX IPOBOIIB JIiHIN
eNeKTpoIepeaadi Ja€ MOXKIIMBICTh aHAI3YBATH BIUTUB Oy Ib-5IKMX KOHCTPYKTHUBHHX 1 €IeKTPO(DI3HIHUX [apaMeTpiB, a caMe — KOHCTPYKLiT IPOBOIB Ta
eneKTpodi3HIHIX MapaMeTpiB ix i3omimii. HaBeneHo pe3ynbTaTH TaKoro aHami3y CTOCOBHO MOJISIPHOCTI 130JAI[IHHOr0 MaTepiaty, IO TONepedHOro
nepepizy MpOBiJHKKA, BIACTaHI MiXK POBITHUKAMH, 1[0 € OCHOBOIO [UTsl IPUMHSTTSA TEXHIYHUX PIlLCHb MPU BUTOTOBJICHHI 1 €KCIUTyaTawil 3aXUIIeHUX
NpoBOJiB. IX BIpOBa/kKeHHs € OIHIEI0 3 HAHOGIIBII MPOrPECHBHUX i MEPCIIEKTUBHUX TEHICHIIIH PO3BUTKY BiTUM3HAHMX €IEKTPUYHUX PO3NOIiIbHUX
Mepex.

KorodoBi ciioBa: 3axuileHi NpoBoau, KOHMOPMHE IE€PETBOPEHHS,
MIONePEeYHOro Nepepizy MPOBiHHUKA, BiACTaHb MiJK IIPOBiAHUKaMUI

HAIPYXKEHICTh EJNIEKTPUYHOrO MOJsI, aHANITHYHE PIlIeHHS, IUIOLIa

A. I.T'YPUH, JI. A. HIEBEHIOK, O. B. I'OJTHK, O. B. WJIBYEHKO, T.A. POJAXHHA

BJIMAHUE NMOJAPU3ALNMNUA N30JIAAHUN 3AHINNUMITEHHBIX ITPOBOJ10OB HA 9JIEKTPUYECKOE
IMOJIE IMHUH DJIEKTPOIIEPEJAYN

[IpuBeeHO aHAIUTHYECKOE PEIICHHE C HOMOIIBIO IBOMHOIO KOH(GOPMHOIO NMPEBpPALICHHs CHCTEMi KOOPJAMHAT I OCHOBHOM €1€KTPOCTATHYECKOIt
3a71a9¥ — HaXOXKJIECHMS PacIpe/ieNieHus! TOTeHIialla B 3aMKHYTOH 00IaCcTH JUIsl HCCIIEI0BAHUS paclpeIeNeHUsI HaIPSHKEHHOCTH dJIEKTPHIECKOTo 10JIs B
M30JILMH 3alUIIEHHBIX IPOBOAOB. BO3MOXHOCTh aHAIUTHYECKOTO PELIEHUS U IOCTPOCHHS HAIVIIHONW KapTHHBI HEOJHOPOMHOTO JIIEKTPHYECKOIO
TIOJIST JUTSE 3AILHICHHBIX TIPOBOIOB JIMHUII 3JIEKTPOIIEpPEAady O3BOJISET aHAIM3UPOBATh BIMAHIE KOHCTPYKTUBHBIX H AIEKTPOYH3UIECKUX TapaMeTpOB,
a HMEHHO — KOHCTPYKLHH IIPOBOAA, DJIEKTPO(GU3HYECKHX MapaMeTpPoOB HX H3OALMHU. [IpHBEREHBI pe3ynbTaThl TAKOTO aHANIN3a OTHOCHUTEIIBHO
MOJIIPHOCTH U30JALMOHHOIO MaTepuara, INIONa1 IOIEePeYHOro CeYeH s IPOBOAHUKA, PACCTOSHUS MEX Iy IIPOBOJAMH, KOTOPBIE SBISIIOTHCSI OCHOBOM
UL IPUHATUSL TEXHUYECKUX PELIeHUH NP M3rOTOBICHUH H 3KCIUIyaTallud 3alllUIIEeHHBIX IPOBOIOB. VX BHeIpeHHe ABIAETCS OAHOH U3 Hamboiee
IIPOTPECCUBHBIX M IIEPCIIEKTUBHBIX TEHICHINI Pa3BUTHS OTEUECTBEHHBIX IEKTPHIECKHUX PACIPENEIUTSIBHBIX CETeH.

KioueBble cj10Ba: 3allULIEHHBIE IPOBOJA, KOHPOPMHOE IIpeoOpa3oBaHue, HANPSHKEHHOCTh JIEKTPUUECKOro 107, aHATUTHIECKOE PEelleHHe,
IUIOIIA (b IOTIEPEYHOTO CEYEHUS IPOBOIHHKA, PACCTOSHAE MEXKITy IIPOBOAMH

A. G. GURIN, L.A. SHCHEBENIUK, O.V. GOLIK. O.V. ILCHENKO, T.A. RODJACHINA

EFFECT OF POLARISATION OF INSULATION OF PROTECTED WIRES ON ELECTRIC FIELD OF
POWER TRANSMISSION LINE

There is presented an analytical solution by means of double conformal transformation in a coordinate system for the main electrostatic task - finding
potential distribution in a closed area to study the distribution of electric field intensity in insulation of protected wires. Possibility of analytical solution
and construction of visual picture of non-uniform electric field for protected wires of power transmission lines makes it possible to analyze influence of
structural and electrophysical parameters, namely - design of wire, electrophysical parameters of their insulation. Results of such analysis regarding
polarity of insulating material, cross-sectional area of conductor, distance between wires, which are the basis for making technical decisions in
manufacturing and operation of protected wires, are given. Their introduction is one of the most progressive and promising trends in the development of
domestic electric distribution networks.

Keywords: protected wires, conformal conversion, electric field strength, analytical solution, conductor cross-sectional area, distance between
wires

AKTyanbHicTh pPOOOTH 3yMOBJICHAa THUM, IO Ha
CHOTOAHINIHIA JeHb 3aMiCTh HEI30IbOBAHUX TPOBOJIIB
MOBITPSIHUX  JIHIA  eNeKTpomepenadyi Bce  MIMPIIE
MPOEKTYIOThCA 1 OYIyrOThCsl JIiHIT  eleKTporepeaadi
Hanpyrowo 0,38 - 35 kB i3 3acTocyBaHHSM 3aXUIIEHUX
(i3ompoBanmx) mposoxiB (3I1) [1]. Lle oxHa 3 HaNOUIBII
MPOTPECUBHUX 1 MNEPCIEKTHBHUX TEHJACHLINH PO3BUTKY
CJNIEKTPUYHUX  PO3NOAUIBHHX  Mepek.  OCHOBHOIO
ocobmmuBicTio koHeTpyKLii 311 MOPIBHSAHO i3 TpaaANLIHHOIO
€ HasgBHICTh I130JIIii Ha CTPYMOINpPOBIAHUX J>KHJIax.
OCHOBHOIO  TIEpPEBAarol0  3aCTOCYBaHHA  130JIbOBaHHUX
IIPOBO/IIB € 3HAYHE MiJBUIIECHHS HaAIHHOCTI PO3MOAIIEHIX
CJICKTPUYHUX MEpeX i, K HACHiJOK I[bOTO, 3MEHIICHHS
eKCIUTyaTaIliiHuX BUTPAT.

BucokoBobTHI caMOHeCydYi 130JIbOBaHi IPOBOAH,
po3paxoBaHi Ha pobouy Hanpyry a0 35 kB wactororo 50 I'ig
3 Ppi3HOI, 30KpeMa TOJIETHJIECHOBOW,  I130JIAIlE0,
MpHU3HAYCHI A TOBITPAHUX JiHIH eJleKTporepenadi €
IHHOBAITIMHOIO ~ TPOAYKIIE€I0  BITYM3HSAHOI  KabembHOI
TEXHIKM 1 3a0e3leuyroTh CYTTEBUH EKOHOMIYHHWI 1
€KOJIOTIYHUIT eeKT.

OnHOYacHO BHHHUKAE psjl npoOseM, MOB’SI3aHMX 3
BIUIMBOM TOJIsIpU3anii Marepiany i30Js1ii Ha eIeKTpUIHe
note B pgienexktpuky 3I1  [2] moBiTpsHMX  JiHIA
eJIeKTponiepeiadi, sIKe 3YMOBIIOE EJIEKTPUYHY MIIHICTh
13071A11i1 B HOMIHAJIBHUX 1 aBapiiiHux pexnmax. [Iporec
MOJIIpHU3allii JieTeKTPpUKa B €JICKTPUYHOMY I0JTi 3MiHHOTO
CTPYMY 3yMOBIIIOE MNEPEPO3MNOJiT EJISKTPUIHOTO TOJIs
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MOBITPSIHUX JTiHINH eJeKTporepenadi, 30kpeMa B pasi mii
KOMYTAaIlifHUX  9H  TPO30BHX  IepeHampyr. Tomy
JOCITI/DKEHHST BIUIMBY — TIOJISIpM3aIii  JieIeKTpUKa Ha
eJICKTPUIHE TI0JIe OBITPSHOI JIiHii, B sIKil 3acTocoBaHo 311
€ aKTyaJbHHM.

AHani3 ¢i3MYHMX SIBHII 1 CTBOPEHHS KOHKPETHHX
NporpaMHUX 3aco0iB MOOYJOBM HATJISIAHOI KapTHHH
HEOJTHOPITHOTO EJEKTPUYHOTO TMOJii B IHHOBAIlIHHHUX
TEXHIYHMX TPUCTPOSIX €  BAKIUBOIO  CKJIAJO0BOIO
npo¢opieHTAIIHOT MiATOTOBKH YYHIB CTapIIUX KJIACIB SIK
MaiiOyTHIX abiTypi€eHTIB [ HAaBYAIBHUX TEXHIYHHX
3aKJIa/IiB €IEKTPOSCHEPTeTUKH Ta KaOEIHHOT TEXHIKH.

OCOOIMBICTIO €IEKTPUYHOTO IO MK MPOBOIOM i
3eMJICI0 € HOTo HEOTHOPinHICTh. T00TO BU3HAUEHHS HOTO
mmapaMeTpiB, Haifmepie Hapy>KEHOCTI IOJIsl, BUKOHYIOTh
3a JOTIOMOTOI0 eMITipHIHUX (GOpMyN a00 METOIOM CITOK,
OCHOBaHOMY Ha YSIBJICHHI IO eJIeMEHTapHy TPpyOKy IMOJIs.
L1i MmeToau 1o cyTi cBOiii € rpadoaHatiTHYHUMHU.

EdekTuBHICTh JOCHIPKEHHS BIUIMBY MaTepiaiiB
I30JIIIMHOTO  TPOMDKKY 1 iX  enekTpodizmyHuX
XapaKTEPUCTHK CYTTEBO 30UIBIIYETHCS, SKIIO € AHATITUIHE
piIIeHHs, sSIKe JJO3BOJISE MPOAHAII3yBATH BILTUB OY/Ih-SIKIX
KOHCTPYKTUBHUX 1 €NEKTPOQI3UIHNX IMapaMeTpiB 13011
Ha HaIPY>KEHICThH OIS,

Mix mposigaukom JIEIT i 3emiiero, SIKIO 3HEXTYBATH
BIUIMBOM  CYCiIHIX  IPOBOMIB, HaNpyKeHICTh
HEOJHOPITHOTO IONIST MOXKHA OI[IHUTH PO3PaxXyHKOM 3a
BimoMo0 [1] MOMEWIIO ENEKTPUYHOTO IO  MiXK
IUTOIIMHOO 1 MapaieabHUM Ti IHIIHAPOM paaiycoM, M0
JIOPIBHIOE PpajiyCoOBi MPOBITHWKA, 1 BIIIaJCHUM BiJ
IUIOIIMHU Ha BiJCTaHb, 5Ka JOPIBHIOE BIACTaHI BiJ
MIPOBITHHKA JI0 3€MJIi.

CucrtemMa KOOpJAMHAT Mepepidy BKa3zaHOI CHCTEMH
€IEeKTPOMIB IUIOMHUHOK Z, MEePIeHIUKYIIPHOK 1O OCi
ITIHApA 3a JOIOMOTOK KOH(QOPMHOTO BiTOOpakeHHS
KOMIIIEKCHOI INIOMKHU Z Ha KOMIUIEKCHY muionuay W 3a
noromororo neperBoperds W = 1/Z  nae 'y mnomumai W
CHUCTEMYy JBOX KOAaKCialbHUX UWIIHAPIB, IS SKOI
PO3paxyHOK HANPYKEHOCTi MOJA B OYIb-sKiil TOYIl OIS
Bigomuit [1].

Meta podoTu. Po3pobaenns AITOPUTMY
AHATITHYHOTO PIIICHHS IS JOCTIKCHHS PO3IMOIiITY
HAMPY>KEHOCT] SJIEKTPUYHOTO IMOJIS B 130JIAIT 3aXHICHUX
MPOBO/IIB 1 MOOYJOBU HATIISAHOI KAPTHHH HEOTHOPIIHOTO
€JeKTPUYHOTO TIOJIT MK MPOBOJOM 1 3eMJICI0 Ta MiXK
NpoBOIAMH  JJIsl  JOCH/DKEHHS  BIUIMBY  OyJIb-SIKHX
KOHCTPYKTUBHMX 1  €JNeKTPOQI3UYHHX  IapameTpiB
3aXHIIEHHUX ITPOBO/IB, HAIPUKIIAI:

— po3Mipy TpOBifHWKA, TOBLIMHK 1 MaTepiaity
130141111,

— BiJIcTaHi MiX MPOBITHUKOM 1 3eMJIEIO,

— BiJICTaHi MiX MPOBiAHUKAMH,

—  enekTpodi3MUHMX  MapaMeTpiB  MarepiaiiB
130JIAIIHHOTO TPOMIXKKY, 30Kpema, iX HieTIeKTPUIHOL
MIPOHHUKHOCTI,

10 Jla€ 3MOTYy AaHaJi3yBaTH BIUIMB KOHCTPYKIUI i
po3TalryBaHHs 3aXUIIEHOTO (i30JIbOBAHOTO) MPOBOAY HA
Harpy>XeHiCTh €JIEKTPUIHOTO TI0JIS.

OcHoBHi pe3yabraTH. Bukonano anamiTHaHy
NoOyZOBY KapTHHU €JIEKTPUYHOTO HOJISI MK IOBEPXHEIO
IIPOBITHMKA 1 3eMJICIO TA MIXK TOBEPXHSIMH ITPOBIIHUKIB 32

JIOTIOMOTOI0  TIOJIBIHHOTO KOH(OPMHOTO IEPETBOPEHHS
CHCTEMHU KOOP/INHAT.

Jns mporo BiATIOBINHI KBIOTEHINIAM, pO3TAIIIOBAH] B
KoMIuTeKcHii rmonmai Z(X; Jy) (puc.1), 306paxkeHi y BUTISII
KOHIIEHTPHYHHUX Kil B KoMIUTekcHid mrommui W(U; jv) 3a
J0noMororo koHdopmHoro nepersopentst W = 1/Z:

U= x/(x? +y?); v=—y/(x* + y?). [€h)

[pn npomy ymoBy Komri-Pumana ou/Ox = Ov/0y i
0u/0y = 0v/0x Bukonano tomy: dU =— Ew dW =— Ez dZ
, e MOIyJb JiHiiHOTO KoediuieHTy meperBopeHHs dZ /
dW = x2 + y2 , a Ew 3HaxomuThcs 3a BiZOMHMH
(hopMymamu IS IO ABOX KOHIIEHTPUIHHX Kil [1].

s peanizarii mboro MEPEeTBOPEHHS B MOCTABIICHIH
3a/adi 3HANTH aHATITHYHE PiMIeHHS U1 OyAb-AKOI TOYKH
HEOJHOPITHOTO EJNeKTPUYIHOTO MO MDK MPOBOAOM i
3eMJICI0 Ta MDK MPOBOJAMH, 30KpeMa Ul LIapyBaToOro
JUENIeKTPHKa, SIKMH YTBOPIOETHCS 3 130JsiLii MpoBOAY 1
OTOYYIOYOTO TIOBITPSI, pO3pOOJICHO MPOrpaMu MOABIHHOTO
KOH()OPMHOTO IEPETBOPEHHS CUCTEMH KOOPMHAT.

X0 ; > jy

ol
N 02
v
X

N

Pucynok 1 — Cxema po3ranryBaHHs eKBIlIOTEHIIiaeit
EJIEKTPUYHOTO MOJIS MXK TOBEPXHEIO MPOBiTHUKA ((2) 1 3eMIIet0
(91) B xoMIUTeKcHi# rutotuHi Z(X; jY)

MoxnuBicTh  MOOYJOBH  HAarJsIMHOT — KapTHHU
HEOJIHOPITHOTO EJCKTPUYHOTO MO MIX MPOBOIOM i
3emier0 @00 MiK mpoBojamu imoctpuc.2. Ilpukian
PO3IOJITYy HANpPYXEHOCTI  ENeKTPUYHOTO MOJsT  MiXK
MIPOBOJIOM 1 3€MJICIO HAaBEJICHO Ha puc.3.

3axuineHi MpPOBOAM € IHHOBAI[IHOI MPOIYKIIED
BITYM3HAHOT KaOenbHOI TexHiku. BoHM MaioTh OyTH
KOHKYPCHTHUMH 3 BiITIOBITHOIO IMIIOPTHOIO MPOIYKITIERO
1 B TEpIIy 4Yepry e CTOCYEThCS IOJIMEPHOI i30JIIlil,
TEXHOJIOTIYHI 1 eKCIUTyaTaIliifHi BIACTHBOCTI SKOT MOXYTh
CYTTEBO BIAPI3HATHUCS.

Hanpuknan, TpuBano JIomycTMMa —TemIepaTrypa
i3omsiii i3 3mmroro momietuneny (90 °C) cyrreBo
MEepEeBUIIYE 1[I0 XapaKTePUCTUKY Y aHAJIOrIYHOro 3a
XIMIYHUM ~ CKJIaZIOM TEpMOIUIACTUYHOTO  TIOJIIETHIICHY
(70 °C). Tlpu mpomy enektpodisuuni mapamerpu, SKi
BIUIMBAIOTh HAa HAINPYKEHICTh EJNEKTPUYHOTO II0JIs B
JIENEKTPUKY, Y IIAX JTBOX MAaTepiaiB OJTHAKOBI.

IHmuii, mupoKo 3aCTOCOBHUI SK 130JIAIIisI IPOBO/IIB,
MOJMIMEPHHUH MaTepiall i30JIIHHIHA TT0JIiBIHUIXJIOPHTHUN
TUTACTUKAT BIJPI3HAETHCS BiI JBOX BHINE3raJaHUX caMme
eJIeKTpO(I3NYHUMH TNapaMeTpamH, SKi BIUIMBAIOTh Ha
HaNpy)XEHICTh  €JIEKTPUYHOTO TMOJNSA B JICNEKTPKY.
BinHocHa mienekTpuYHAa TPOHUKHICTH € TOJIETHIICHY
JIOpiBHIOE 2,3, a JUIs MOJIBIHIJIXJIOPUIHOTO TUTACTHKATY €
JTIOPIiBHIOE 6.
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Pucynox 2 — [pukian aHaniTHIHO MOOYIOBaHUX
EKBIITOTEHIliaJIed HEOHOPITHOTO eJIeKTPUIHOTO OISt MIXK
IUTOIIMHOIO 1 MapaJIeIbHAM 1 HHITIHAPOM 32 JOIOMOTOI0
MOJIBITHOTO KOH(OPMHOT'O IIEPETBOPEHHS CUCTEMH KOOPIUHAT

Po3po0iieHHs aJIrOpUTMY aHATITUYHOTO PIillleHHS IS
JOCHI/DKEHHST PO3MOALTY HAIMPYKEHOCTI ENEKTPUYHOTO
moysi B 130J1Mii 3aXWIICHWX TPOBOMAIB 1 TOOYIOBH
HATJSIIHOT KapTHHHU HEOTHOPIMHOTO EIEKTPHUYHOTO MOJIS
MDK MPOBOJIOM 1 3€MJICIO Ta MiX IIPOBOJAMH € BAXKIHBOIO
CKJIaJIOBOIO JUTSt HABYAJIHHOTO nporecy Ta
npo¢opieHTAIIHOT MiATOTOBKH YYHIB CTapIIUX KJIACIB SIK

MaiiOyTHIX  abiTypieHTIB 1 CTyHEHTIB HaBYaJIbHUX
TEXHIYHUX 3aKIaziB CIIEKTPOCHEPT e THKH,
€JIeKTPOI30ILILIHHOI Ta KaOeIBbHOI TEXHIKH.

0.8 PucyHok 3 —

0,60p kB/Mm
0.6 ? ITpuknan
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4
4
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0,1|75 xkBfmMm
0
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MaKCHUMaJIbHOT HaNpy>KEHOCT] eIEKTPUYHOTO OIS MIXK
MPOBOJIOM MOBITPsHOT JiHiT Ha 35 KB, BUKOHAHOT IPOBITHUKOM 3
mwomero nepepizy 70 mm? i semiero:

CYLUTBHI JiHIT — 3aXUIEHNH MPOBIJ 3 130JIAII€I0 3 TOIETHIICHY
MITPUXOBA — HE 130JIbOBAHHH MPOBIT

[Jani puc. 3 cBigyarh, 10 Ha TPETUHY 3MEHIIYETHCS
Hanpy>XeHICTh €JL.IIOJSI B TMOBITPI OiN IPOBOIY, SKIIO
MIPOBI 130IbOBAHUIA.

MakcumarnbHa Halpy)KeHICTh EJIEKTPUYHOTO  T10JISt
0111 MOBEPXHI MPOBOY 3MIHIOETHCS CKAYKOM, OCKLTBKH Ha
MOBEPXHI 130yiAIii TPOBOAY € 3apsAAM B HACIIIOK
noJisIpu3altii Jienekrpuka [2].

Bukopucranuii MeToz po3paxyHKy J03BOJISIE AHATITHYHO
JOCTIANTHA  3ISKHICTh ~ MaKCHMAJIBHOI  HANpPy>XEHOCTI
€IIeKTPHYHOTO TIOJIS BiJl BIACTaHi JI0 3eMIIi JUIS PI3HUX YMOB
npoxnaganas JIEIT i pi3anux MaTtepiatiB 3011

B 3MiHHOMY €IEKTPUYHOMY TIOJi  PO3IOALT
HaNpYy>KeHOCTI B IIapyBaTOMy MIi€TEKTPUKY OOEpHEHO
TPOTIOPINIHHKUA  HOTO JieJeKTPHUHii MpoHUKHOCTI [3].

JocmimKkeHHsT BIUTMBY MOJSPHOCTI JieNeKTpHKa Ha

pO3IOAINT  €IeKTPUYHOTO o MDK 3aXUILCHUMH
npoBojlaMH  UmocTpye puc.4, Ha SIKOMY HaBeIeHO
pe3ysibTaTd TMOPIBHAHHA ~ €JNEKTPUYHOTO  TIOJIST  MiXK

3aXMIIEHUMH MpoBoAamu (JiHiiHA Hanpyra 35 kB) mpu
3aCTOCYBaHHI JIBOX Pi3HHX 3a MPHUPOIOI0 MOJIIpH3aLii, ane
HaWOUIBbII MOIMPEHUX JTIEIEKTPHUKIB.

®i3uyHa MpHpoa BIUIMBY HOJLIPU3AI] TieIeKTPHKa
Ha PO3MOJLN €IEKTPUIHOTO TIONA B JIiHIT 13 3aXHIICHUMHI
MIPOBOJAMH TIOJISITA€E B TOMY, IO B HACITIAOK MOJSpU3AIi
JieNleKTprUKa Ha HOTo IMOBepXHi IPUCYTHI 3B’ A3aHi 3apsaau i
B OLTBII MOJSIPHOMY Mi€NEeKTPHKY TYCTHHA LUX 3apsiiB
Oinmprma. 3amprOHOBaHUN METOJl PO3PAaXYHKY HO3BOIIUTH

aHATITHYHO JIOCITI Ky BaTH 3acobu 3MEHILIEHHS
HAMPYKCHOCTI EIEKTPUYHOTO TIOJISL.
TloBiTps 130JIS11isT
E, xB/Mm l
1.5 f
/ /
1 (4
/ / ’
.
- - m == -_'J S
0.5
0
0 10 20 30

PucyHok 4 — 3anexHOCTi MaKCHMaJIbHOT HAaPY KEHOCTI
ENEeKTPUYHOTO TI0JIs Bif BifcTani 1o oci E = f(X) cumerpii mix
3axHIEHUMH IPOoBOAaMU (MiHiitHa HampyTa 35 kB, BigcTanp Mixk
npoBogaMu 40 MM) IpH 3aCTOCYBaHHI JABOX Pi3HUX 3a MPHPOIOI0
MOJIIpU3aIlii, ajie HalOUTBII MOMNPEHHX TiENEKTPUKIB
TOBIIMHOIO 3 MM: CYIIBHI JiHii — HomieTwHieH (g = 2,3);
HITPUXOBI JIHIT — MTOJIBIHWIXJIOPUHUI TIIACTHKAT (€ = 6)

[Monspu3artiss 130751111 TPOBOAY 3YMOBIIOE TMOSBY
3B’SI3aHMX  3apajiB  HA [OBEPXHI  MOJSPHU30BAHOTO
JIENIeKTpUKa, TYCTHHA SKHX IPSIMOIPONOpLiiiHa #oro
BITHOCHIN JienekTpu4HiiH TpoHHWKHOCTI. Ile cyTTeBO
3MIHIOE PO3IIO/ILT ENEKTPUYHOTO OIS MK IIPOBOJIAMH:

- MaKCHMaJTbHA HATIPYKEHICTh eNIEKTPUIHOTO TTOJIST OLIIst
TOBEPXHI TIPOBIHMKA CYTTEBO 3MEHIIYETHCS, NPUUOMY
3MEHIIEHHS THM 3HauHille, 4YWM OiJbllla BiJHOCHA
JIeTIeKTpYHa TPOHUKHICTh, IO CBIMYUTh HAa KOPHUCTH
3aCTOCYBaHHS MOJIPHUX MOTIMEPIB I 130JIAMiT TPOBOLY;

- MaKCHUMaJlbHa HAIpPYKEHICTh €JIEKTPUYHOTO MOJIs
61y IOBEpXHI 130JIOBAHOTO MPOBOAY B MOBITPi MOMITHO
OimpIma B pa3i 3acTOCYBaHHS MOJSIPHOTO TIONIMEpPY SK
i3omsmii  mpoBoAy, IO MOXe OYyTH CYTTEBUM IIpH
NepeHanpy>XeHHl B JIiHIi, 30KpeMa TIIpH TPO30BOMY
NepeHanpyXeHHi; 1 11e CBIIYNTh Ha KOPUCTh 3aCTOCYBaHHS
HETOJISIPHUX TIOJIIMEPIB ISl 130J14Li1 IPOBOLy, 0COOINBO
JUTS BiTHOCHO MaJIHX ImepepisiB nposigauka (10 mm2... 25
MM2);

- MaKCHUMaJlbHa HAaIpPYKEHICTh EJIEKTPUYHOTO MOJIs
Oins  TOBEpXHI i30ILOBAHOTO TPOBOJY 3MIHIOETHCS
CKAauKOM, OCKIJTbKM Ha TIOBEPXHs 130JIIIii MPOBOAY €
3apSIHKCHOI0 B HACHIOK TOJIAPHU3allii JieleKTpuKa; Iei
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CKa4OK TUM OiIbIIHIA, UM OiJIbIIIa BiJHOCHA JieIeKTpUIHA
MPOHHUKHICTh, IO TAaKOX MOXe OyTH CyTTEBUM TIpH
MepeHanpy>KeHHi B IiHI, 30KpeMa TpH TPO30BOMY
TIepeHaIpyKeHHI.

Bimomo [3], oo 3acTocyBaHHS 130JIbOBAHUX IPOBO/IIB
BIUIMBA€ HA TPOOJIEMHU OJIMCKABKO3aXKCTY: 3a TPO30BOTO
MEPEKPUTTS 130JIATOPIB yra MPOMHUCIOBOI YaCTOTH HE Ma€e
MOXJIMBOCTI ITEPEMIIIyBaTUCS B3IOBX ITPOBOAY i TOPHUTH B
Micui Mpo0oro 130111 10 MOMEHTY BUMKHEHHS JIiHI1, 110
MOX€E TpHU3BECTH 10 mnepenamoBanHs izomsmii 3I1, a y
BHMAAKYy Benwkmx cTpymiB K3 # mo mepemnamtoBaHHS

MIPOBOIY.
Buxopuctanuii  MeTOn  PO3paxyHKy  [JO3BOJISIE
AHAJIITHYHO JOCIIKYBaTH 3aco0u 3MEHIIEHHS

MaKCUMAJIbHOT HalpyXEHOCTi eJICKTPUYHOTO IOJIS IPH
3aCTOCYBaHHI i30JIbOBaHHX IPOBOIB B MEXaxX YacToT, 3a
SKHX EJEKTPUYHE I0Jie MOXKE OYyTH NpEICTaBICHE SIK

KBa3iCTalliOHapHE. Bianosigni BHCHOBKH Ui
BHUCOKOYACTOTHUX SIBUIL, SIKUMH € KOMYTalliiHi 1 Irpo30Bi
MepeHanpy>KeHHs MaloTh OyTun JIOCITI KCHHI
€KCIIePUMEHTAIIBHO.

BucnoBku: 1. Bumorw, 3yMoBIIeHI HaralbHUMH

rotrpebamu 301TTBIIEHHS MPOITYCKHOI CIIPOMOYHOCTI JIiHIH
eJIeKTporiepeadi, BXOIATh B MPOTHPHIYYS 3 BHMOTaMH
3aX¥CTy JOBKIULIS i 3HAYHOTO ITiABHUIICHHS BUMOT O€3MEeKH
B eKkcIuryaramii (MikHapomHi craHmaptu cepii ISO).
BupimeHHsT TpOTHUPIYYS MK BHMOTaMH  30UIBIICHHS
MOTYKHOCTI Iepeiadi 1 Ha3BaHUX CYy4aCHUX BUMOT IOJISIrae
B 3aCTOCYBaHHI 130JbOBaHMX (3aXHIIEHHX) MPOBOJIB
MOBITPSIHUX JIHIH enekTpomnepeaayi.

2. Po3po0iieHHsI alnropuT™My aHAIITUYHOTO PIllIeHHS IS
JIOCITIKEHHST PO3IO/IITY HAMPY>KEHOCTI €JICKTPHUYHOTO MOJIst
B 130/l 3aXMIICHUX TMPOBOMAIB 1 MOOYIOBH HATJISAAHOI
KapTHHH HEOJHOPITHOTO EJISKTPUYHOTO TI0JIS MiXK TIPOBOJIOM
1 3eMJICFO Ta MK TIPOBOAAMH.

3. I3onAuiro  3axXHMIIEHOrO  NPOBOAY  MOXKHA
pO3TIIIATH  SK CBOEPIOHY TpafifioBaHy (mIapysary)
130JIAI110, IO CKIIQAETHCS 3 MOJIMEPHOTO JiCNIEKTPHKA i
OTOYyIOYOTO TOBiTpsA. HasiBHICTE i30i14Mii 3MeEHIIye
HaINpy>XeHICTh EJIEKTPUYHOTO TOoJIsi Oe3rmocepeaHbo Oins
MOBEPXHI KWIK. 1 1Ie 3MEHIICHHs, 3yMOBIICHE SBHIIEM
mojisipu3allii  JIeNeKTpHKa,  3aJCKUTh  caMe  Bif
JIEeNIeKTPUYHOT TPOHUKHOCTI MaTepiaiy i30JIs1ii.

4. MakcuMasibHa Hanpys>KeHIiCTh eEKTPHYHOTO TI0JIs
Ol TMOBEpXHI 130JbOBAHOTO TIPOBOAY 3MIHIOETHCS
CKaYKOM, OCKUIbKM Ha ITOBEpXHS 130JIii TPOBOAY €

3apSIHKCHOI0 B HACHIOK TOJIApHU3allii MieleKTpuKa; Iei
CKa4YOK TUM OinbImid, 9uM OibIa BiTHOCHA JieIeKTPUIHA
MPOHHUKHICTh, IO TAaKOX MOXe OyTH CyTTEBUM NpHU
MepeHanpy>XeHHi B JiHI[, 30KpeMa TIPH TPO30BOMY
NepeHanpyKeHHi.

5. MOXJIMBICTh aHAJIITHYHOTO PIlICHHS 1 MOOYAOBH
HarsAHOI KapTUHHM HEOJHOPITHOTO €JIEKTPUYHOTO IOJIs
Juist  Oynb-SKMX KOHCTPYKTMBHHX 1 €JIEeKTpO(I3UuHHX
rapaMeTpiB HEOJHOPIJHOTO EJIEKTPUYHOIO MOJsST MK
MPOBOJIOM 1 3eMJICI0 a camMe — pO3Mipy NpOBITHHKA; —
BiICTaHI MK NPOBIZHMKOM 1 3eMIJICI0; — MarepiajiB
BOMALIAHOTO  TPOMIKKY 1 iX  eneKkTpodizmIHux
XapaKTEPUCTHK A€ 3MOTY TOCTIINTH BIUITMB KOHCTPYKIIIT
pO3TanIyBaHHA 3aXHUIIEHOTO (i30JOBAaHOTO) MPOBOAY Ha
0e3MeKoBi i eKOJIoTiuHI PaKTOpH HOTO eKCIUTyaTaIii.

6. AHani3 ¢i3UYHNX SBUII i CTBOPEHHS KOHKPETHHX
NpOrpaMHUX 3ac00iB  MOOYAOBH HArJIsAHOI KapTUHU
HEOJTHOPITHOTO EJIEKTPUYHOTO IOJisI B IHHOBAI[IHHUX
TEXHIYHUX  TNPUCTPOSIX €  BAKIUBOIO  CKJIAJOBOIO
npo¢opiEHTAIIHOT M ATOTOBKH YYHIB CTAPIINX KJIACIB K
MaiOyTHIX aOITypieHTIB JUIsi HABYAIBHUX TEXHIYHUX
3aKJIaJiB CICKTPOCHEPTETUKH Ta KaOeIbHOI TEXHIKH.
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0. A. JAHHJIOBA, JT. 0. 30JI0TAPBOB, JI. I. THCEHKO

AHAJII3 JOOIJIBHOCTI BITPOBA I’KEHHSI TEX_HOJIOI:Ii «AKTUBHUM BYIAHOK» B
KIIMATUYHUX YMOBAX INIIBHIYHO-CXIJHOI YKPAIHHA

«AKTHBHUH OyIMHOK» 1ie OYAMHOK 3 TO3UTHBHUM €HEProOanaHCcOM, BaXKIIHBOIO OCOOJIMBICTIO SKOTO € BIaCHE BUPOOHUIITBO €ICKTPOCHEPTIT 32 paXyHOK
BIJIHOBIIIOBAaHUX JDKEPEI, IPU [[bOMY KiIBKICTh BHPOOJIEHOI eHepril MepeBHIy€e BIacHI HOTPEOH, 10 T03BOIISE MOCTABILSITH HAUIMIIOK y JIOKAIBHY
Mepexy. B po0oTi moCHikeHO MOXJIMBICTD 1 AOLINBHICTh BIPOBAKEHHs Li€l TeXHONOrii Ha mpukiaagi 06’exHanHs 10 «akTHBHHX» OyIUHKIB B
XapkiBcpkoi 06acTi. PO3rSIHYTO TpH IPpyIH MEIIKAHIB, IO BiAPI3HIIOTHCS XapaKTepOM eJIeKTPOCTIOKUBAHHS, MOMKIIHBICTh MMOKPUTTS YCEPEAHEHOTO
J1060BOT0O HaBaHTAXKCHHS 00 €IHAHHS «aKTUBHNUX» OyIMHKIB 3a paxyHoK 315 ®EM PV-260M-260 Bt, 4 BEY CB-6.7/2000-7 kBt i 16 akymyisiTopHIX
6Garapeii Tesla Powerwall 2 AC. [Tpoanaii3oBaHo 3aX0/(1 IO O TIOKPUTTS CIIOKMBAHHS 00’ €IHAHHS «aKTHBHUX» OY/AMHKIB y BUIIA/IKy HECIIPUATIMBUX
MOrogHux yMoB. OLiHEHO eKOHOMIYHY €()eKTHBHICTh IHBECTHLIIH B TAKHI IPOEKT.
Kio4oBi c10Ba: «akTHBHUIDY OyJUHOK, €IEKTPOCIIOKUBAHHS, BiTHOBIIIOBAHI JKepela eHepril

E. A. JAHHJIOBA, /1. O. 30JI0OTAEB, JI. . JIBICEHKO

AHAJIA3 HEJECOOBPA3SHOCTH BHEJIPEHUSI TEXHOJIOI' MU «AKTUBHBIN 1OM» B
KJIMMATHYECKHUX YCJIOBUSAX CEBEPO-BOCTOYHOM YKPAUHBI

«AKTUBHBI JIOM» 3TO [OM C MOJOXHTEIbHBIM JHEProOAIaHCOM, BAXKHONW OCOOEHHOCTBIO KOTOPOrO SBISIETCS COOCTBEHHOE IMPOHM3BOICTBO
9JIEKTPOIHEPTUU 38 CUET BO30OHOBISIEMBIX MCTOYHHKOB, [IPU 3TOM BBIPAGATHIBACTCS DJIEKTPOIHEPIUH OOJIble, YeM HEOOXOAUMO ISl HOKPBITH
COOCTBEHHBIX HYXK[, 4TO MO3BOJISIET OCTABIISTh M3IMIIKK B MECTHYIO ceTh. B pafoTe HccieoBaHa BO3MOXKHOCTb M LENECO00Pa3HOCTh BHEAPE HHS
paccMaTpUBaeMOl TEXHOJIOTMH HAa MPUMEPE MacCHBa M3 JECATH «aKTUBHBIX» JOMOB B XapbKOBCKOW 00JacTH. PacCMOTpEHBI TPH TPYIIIBI JOMOB,
PA3IMYAIOLIMXCS XaPAKTEPOM JIEKTPOIIOTPEOIICHHS, BOSMOKHOCTD [OKPBITHS yCPEIHEHHON CYTOYHOM HArpy3KH 00BbEIUHEHNS «AKTHBHBIX» OMOB 3a
cuer 315 ®OM PV-260M 100 Br, 4 BDY CB-6.7/2000-7 kBt u 16 akkymyustopusix Oarapeit Tesla Powerwall 2 AC. IIpoananu3upoBaHbl
MEPOTIPUSATHS 110 MOKPBITHIO HAIPY3KH MacCHBa «aKTUBHBIX» JIOMOB B Cily4ae HEGIATONPHATHBIX IOTOAHBIX YCIOBUH. OLEHEHa YKOHOMHYECKas
3 HEKTUBHOCTH HHBECTHIHI B TAKOiT IIPOEKT.
KiioueBble €10Ba: «aKTHBHBII JIOM, 2JIEKTPONOTpeOIIeHrE, BO30OHOBIISIEMbIE HCTOYHIKH YHEPIUH

O. A. DANILOVA, D. O. ZOLOTAREV, L. I. LYSENKO

ANALYSIS OF «<ACTIVE HOUSE» TECHNOLOGY IMPLEMENTATION EXPEDIENCY UNDER
CLIMATOLOGIC CONDITIONS IN NORTHEASTERN UKRAINE

“Active house” is a house with positive energy balance (“energy-plus house”) the important feature of which consists in self-contained electricity
production via renewable energy sources, the amount of electricity generated exceeding the demand. It allows supplying the electricity surplus to local
grids. The paper considers a feasibility and expediency of implementing the considered technology in Northeastern Ukraine by an example of a ten-
“active”-house estate in Kharkiv region. The houses are grouped in three types according to the electricity consumption charts depending on the house
dwellers behavior. The average electricity demand versus electricity produced by 21 PV 260 W modules and a 4 kW wind mill has been analyzed for
various meteorological conditions to show the necessity of uniting the individual power supply systems into a common grid, which results in smoothening
the load curve, with an additional common solar and wind farm and an accumulator bank to cover the load in case of unfavorable weather. The operation
of the renewable energy sources and the battery system is controlled by a smart grid to rationally employ the available capacity and distribute electricity
generated among the consumers. The payback period is assessed to approach 12 years with allowance for electricity bill rise with time and electricity
surplus selling to the grids by feed-in tariffs.
Keywords: «active house», electricity consumption, renewable energy sources

Beryn. ¥V 2016 p. Ykpaina miamicana i patudikysana
IMapmssky yroay [1], BiamoBiaHO 70 siKoi Oyna po3pobieHa
Crparerisi HI3bKOBYTJICLIEBOTO PO3BUTKY YKpaiHu 10 2050
poky [2]. 3rigHo 3 MM MIAHOM KpaiHa IUIaHYE CKOPOTHTH
BUKH/IM TAPHUKOBHX ra3iB 10 70 % B 2050 pori MopiBHSHO 3
nokasaukamu 1990 p.  Peamizamiss 1mporo Tmany Oyne
3MICHIOBATHCS 32 PaxXyHOK MacCIITaOHOTO BIPOBAKSHHS
CyJacHMX €Heproe()eKTHBHHX TEXHOJOTiH, 1O  SKUX
BIJTHOCHTBCS ¥ TEXHOJIOTISI «aKTHBHUX OYIWHKIBY: Oy IHHKIB,
sIKI BUKOPHCTAlOTh BiJHOBIIOBaHI pkepena eHeprii (BJE)
Juist 3a0e3NedYeHHs] BJIACHUX TIOTPEO B  EJIEKTPOEHEpTii,
MOCTAaBIAIIOTh 11 HaJuMIIKH y Mepexy [3,4]. 3rimHo 3
«Enepretnanoro ctpateriero Yipaiau a0 2035 poky» [5], B
2035 pori yactka BJIE mae craHoBuTH He MeHIie 25 % Bif
3arajpbHOi MEPBUHHOI TOCTaBKU eHeprii. Po3nmoBcromKkeHHs

XKUTJIOBUX MAacHUBIB 3 «AKTUBHHUX» OYyIMHKIB MOXE 3HAUHO
30UIBIIUTH YacTKy BiJHOBIIIOBAHHMX JDKEpPEN y 3arallbHOMy
€HEepreTHYHOMY OallaHCl.

Meta crarrti. OUiHUTH €EKTUBHICTh 3aCTOCYBaHHS
TEXHOJIOTIT «aKTUBHHUN OYJMHOK» B KIIMaTHYHUX YMOBax
XapkiBcbKoi 00J1acTi.

PesynbTaTnn nocaigkeHHsi. bymo mpoaHarizoBaHO
CJICKTPOCIIOKUBAHHS  [UII  TPbOX TPYN  «AKTHBHHX)»
OyIMHKIB 13 PI3HUMH pPEXUMaMH CIIOKMBaHHI. Bei Tpu
TPYIIM MO€IHAHI B CIUIBHUH JKUTIOBUH MacuB 3 METOIO
3HW)KEHHS MIKOBOTO HaBaHTa)KeHHs. EnexkrpocnoxuBaHHs
OyZIMHKIB PO3/IJIEHO Ha 6 PEXUMIB: poOOUMA 1 BUXiIHHUH
OHI BIITKy Ta B3WUMKy, a TakoX JIHI OOMEXEHOTo
€JIEKTPOCTIOKUBAHHS (aBapiliHi AHI) A7 3UMOBOTO Ta
JNITHROTO Tepiomy. bymo mnpuitHATO, 1O O0OMEXKESHHS

©, O.A. Janunosa, [1.0. 3onorapsos, JI.IJIncenko, 2019
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CIIOKMBAHHS €JICKTPOCHEPTii He MOKE TPUBATH OUIBIIL, HIXK
24 roawHYA, B iHIIOMY BHUITAJKy II¢ HETAaTHBHO BIUIMBAE Ha
piBeHb KOMGOPTY MEUIKaHIiB. PiBeHb CHOXHBaHHA
eJeKTpoeHeprii y poOodi Ta BUXiIHI THI BIITKY Ta B3UMKY,
a TakoX Yy JHI aBapiffHOro eJIEKTPONOCTa4YaHHs JUIst
3MMOBOTO Ta JITHBOIO MEPiOJy CIIOKMBAYiB, a TaKOX
Pe3yIBTYIOUI Tpadiku eICKTPOCIOKUBAHHS JJIS MACHBY
«aKTHBHUX» OYJMHKIB B 3aJIC)KHOCTI BiJl JHS TH)KHS Ta
mopu poky HaBemeHo Ha puc 1-3. Tlepma rpyma
€JIEKTPOCIIOKMBAYIB, 10 CKJIaIy KO BXOJUTh 3 OYAMHKH,
XapaKTepU3y€eThCS SICKPaBO BHUPAXCHUMH IIiKaMH B
PaHKOBHH Ta BEHipHiil epiof, 0 3yMOBJICHO BiICYTHICTIO
OPOCTHMX MEIIKAHIB TIPOTATOM pobdodoro mHA. s
BHXITHUX IHIB XapaKTepHE BHCOKE EIIEKTPOCIIOKUBAHHSI
BHACNIZIOK  IIBWIIEHOTO  BHKOPHCTaHHA TaKUX
€JeKTPONpHitMadiB, AK: MIIOCOC, TOCYJOMUIiKa, TIpacka,
npanbHa MallinHKa i T.11. JIpyra rpyrma eJeKTpocroKuBaviB,
JI0 CKJIaay SKOi BXOOUTh 4 OyIUHKH, XapaKTepH3YEThCS

OUTBII ITOJIOTUMH TIKaMH B PAaHKOBHH Ta BEHipHIii mepion,
BiTHOCHO mepmioi Tpymu. Lle 3yMOBIeHO THM, IO TiTBKH
OJIMH JOPOCIHI MEIIKaHeb Oy INHKY BiICYTHIN IPOTATOM

pobogoro  gHs.  Hdnud  BUXIOHOTO  JHA  DIiBEHB
CJICKTPOCIIOKHUBAHHS BIJPI3HAETHCS BiJl MEPIIOl TPYIH 3a
PaxyHOK ORI PpaIioHaIEHOTO BUKOPHUCTAHHSA

eJIeKTponpuiiMauiB. Tpers rpyna enekTpocnoXuBadis, 710
SIKOi BXOJOWTh 3 OYIWHKHW, pPI3KO BIAPI3HAETBCS Bif
ToTiepeIHIX ABOX, 3a PaXxyHOK TOro, M0 Yy AaHiil rpymi
JIOPOCII MEIIKAHII MPAIOTh JUCTAHLINHO BiJ CBOIX
MicIlb po0OOTH, IO 3Milla€ PAHKOBHH Ta BEUipHIH MIiKW.
OKpiM TOTO, TIOHATTS «POOOUNID Ta «BUXITHUID ACHB IUIA
miel  Tpynow  Bigpi3HAIOTBCA  TUIBKH  301IBIIEHUM
BHKOPHCTAHHAM IOOYTOBUX eNEeKTponpHuiiMadiB. PiBeHb
eNIeKTPOHABAHTAXKCHHS, XapaKTePHUH 1T BUXITHUX JHIB Y
JOpyTUX TpymHax, 3MilIaeTscst Ha poOodi IHi, a B Cy0OOTy Ta
HEJIUTIO eJIEKTPOCIIOKMBaHHS OyJe Ha piBHI 3BUYAHHOTO
pobouoro aHs. .
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Pucynok 3 — EnekrpocnoxuBaHHs 00’ €JHAHHS «aKTUBHUX» OyIMHKIB B I€Hb aBapiiHOTO ENEKTPOIIOCTaYaHHs a) BIITKY; 0) B3UMKY

Sx BHOHO 3 pHCYHKIB, YyCEpeIHEHE IO BCIM
CHOXKMBauaM HaBaHT@XXEHHS Ma€ ICTOTHO 3HIDKEHI
MaKCHMYMH, B KiJIbKOX BUMaKax Oibul Hix HA 50 %, 110
MATBEPXKY€E pillIeHHs 00’ €AHATH I0Ma B OJIMH MacuB.

Byno mpoaHani3oBaHO  MOKPHUTTS  CEPEIHBOTO
J000BOrO HABaHTAKEHHS «AaKTUBHOTO» OYAMHKY 3a
paxyHok 21 ®EM PV-260M-260 Bt i ogniit BEY CB-
6.7/1000-4 kBT B 3aMeKHOCTI Bifl MOTOJHHUX YMOB IS

KUTBKOX JHIB y pi3HI ce3oHU (puc. 4). MeteopomoriuHi
JaHi B MICHEBOCTI, IO PO3INISAAETBCS SIK  MiCIe
pO3TalllyBaHHs )KUTJIOBOTO MAacHBY 3 JECATH «aKTHBHUX)
OynuukiB, Oynu B3sati Ha caiiti POWER Data Access
Viewer [6]. B po3paxyHKax BHKOPHCTOBYBAJIHCS T000Bi

3HAYEHHs MIBUAKOCTI BITPY Ta COHSAYHOI pamianii 3a 2015-
2016 poxw.
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SIk BUIHO 3 PUCYHKY, MAaKCUMYMH CIIOKUBAHHS U
reHepallii eJIeKTpoeHepTii He 3aBxau 30iraroThes. Kpim
TOTO, IPU HECTPUSTINBUX MOTOAHUX YMOBAX MOTYXKHOCTI
BCTAHOBJICHUX JDKEPENT HEIOCTATHbO [UIs  TTOKPUTTS
HaBaHTaXXCHHS. ToMy OyJI0 PO3MIISHYTO IHIIIE PIICHHS IO

€JIEKTPOCHEPTil, sKa BHUPOOJIAETHCS 3alPOITOHOBAHUMU
JDKEpENIaMH.

Tabnus 2 — KinbKicTb €1eKTpUYHOI eHeprii, 1o BUPOOIIsE i
CIIOXKUBAE )KUTIOBUH MacHB 3 JIECATH «aKTUBHHUX» OyIMHKIB
(morozHi maui 3a 2015-2016 poxn)

0 TOTYXHOCTI TEHepaIlii: eJeKTPOIOCTa4aHHI B
00’eMHAHHI «aKTHBHUX» OYJWHKIB 3IHCHIOETBCI 3a Mi Wsee, | Woec, | Wanecy™m, | Weno, N
pPaxyHOK iHAWBiAyanbHO BcTaHoBieHux 21 ®EM PV- 1€ kBrr | KBrr KBTT KBrr | OO
260M 3 inBepropamu Huawei SUN2000-5KTL Ta crinbHOi
B 4405 11746 15926 3132 -
€JIeKTPOCTaHIlii, 110 BKItoUae B ceobe 115 ®EM PV-260M- i
260 Bt, 4 BEY CB-9/2000-7 kBT, akymyIsTOpHY 6aTapero Kopr | 3678 | 8419 11928 3403 1
3 16 akymymaropiB Tesla Powerwall 2 i nBa inBepTopa JIucr 5160 2304 7360 3530 1
Huawei SUN2000-33KTL—A (Tabn. 1). Pobotoro Bciel Tpya 6544 1488 7920 3518 5
CHUCTEeMU yNpaBIsiE  IHTENEKTyalbHA  Mepexa, sKa :
3abesmeuye  06po6Ky iHpopMamii Tpo  TeHepariro Ciu 4992 | 1031 5938 3197 5
BcraHoBiIeHNX BJIE 1 eleKTpoCmoXMBaHHA KOXHOTO JTroT 5314 4412 9590 3309 1
OyJMHKY Ta BUJIA€ KOMAHIX Ha PO3IMOJLT €IEKTPOCHEPTii. Bep 5432 5386 11159 3284 3
Tabmuus 1 — OcHOBHE 00NaqHAHHS JUTs €JIEKTPOTIOCTAYaHHS Kair 6021 11128 16909 3339 ]
JKATJIIOBOTO MAaCUBY 3 NECATH «AKTUBHUX) 6y,E[I/IHK1B
T Tpas 3226 | 12902 15902 3392 -
HI1 . . .

T — Hazga IotyxHnicte | KinbkicTh Yep 2547 13315 15639 3229 .
®oroenexrpuun | Pillar PV- 026 KBt 325 Jum | 2610 | 14145 | 16520 3451 -
MO 200M : C 33455 | 12065 15194 3334

- epr , -
Bitpoeneprern | - _g/5909 7 <Br 4
Ha yCTaHOBKa Beworo | 53273 | 98844 149988 40118 13
AxymynstopHa | Tesla
Garapes Powerwall 2 14 xBrr 16 .

Huavei [Hmia cutyargis, KOMM HECHPUSATIMBA JJsi POOOTH

SUN2000- 5 Bt 10 BCTAHOBJICHUX BIJHOBIIIOBAHUX JDKEPEN EHeprii moroja

5KTL TPUBA€E OCUTH JIOBTO i, BIAMOBIZHO, ENEKTPONOCTAYAHHS

InBeprop Huawei 3IICHIOETHCSI B OCHOBHOMY BiJl akyMyJIaTopHOI OaTapei. B
SUN2000- 30 kBt 2 TaKUX BUIAJKAX MOBEAIHKA CIIOKHBAYIB BUSBIISIE 3HAYHUN

33KTL-A BIUIMB  Ha  Oe3nepeOiiHiCTH  poOOTH  cUCTEMH
CJIEKTPOIIOCTAYaHHSI ~ BChOTO  MAacCHBY  «aKTHBHUX)

Po3paxyHok IHTEHCUBHOCTI COHSYHOTO  OYIMHKIB: MEIIKAHIII MOXYTh IPOIOBKYBATH CIIOKHUBATH
BUIPOMIHIOBAHHS BHKOHAHO 33 METOAHWKOI, IO  €JIEKTPOEHEPTiI0 AK 3aBXAH, 0€3 ypaxyBaHHs IIOTOIHHX

npencrapieHa B [7]. Sk BHIUIMBaE 3 PO3paxyHKIB,
(aKkTUYHO 3aBXKIM 3arallbHa BHPOOKAa eJIEKTPOSHEpTii
BCTAaHOBJIEHUMHU JDKEPENaMH CYMapHOIO MOTYXKHICTIO
112,5 xBt, Wgze cym, TEpEeBHINYE KUTBKICTh CIIOKHBAHOI
enekrpoeHeprii Wenox. IIpoTe, MOXyTh OyTH Tepiomu 3
HECIIPUATIMBUMH IIOTOJHUMH YMOBaMH, KOJIM 1 BiTep
cnabkui, 1 Hebo moxmype. Taki nepion MOKyTh TPUBATH
BiJl IEKIKOX TOJIMH J0 OJHOTO abo NEeKIIBbKOX JHIB. Y 1i
nepioJi piBeHb EJNEKTPOCHOXKHUBAHHS TEPEBUILY€E PiBEHb
reHepailii i TOMy MOKPUTTSI HABAaHTa)XEHHS 31HCHIOETHCS
3a gonoMoror akymyssatopHoi 6arapei (AKbB). Ha puc. 5
npejacTaBieHi rpadikd  BUPOOJICHHS  €JIEKTPOEHepTii
3alPONIOHOBAHOI0 CHCTEMOIO, EJIEKTPOCIO)KHUBAHHS, a
TAaKOX PpIBEHb 3apsly BOCBMH BHKOPHUCTOBYBaHHX
aKyMYJISITOPIB JUIs BUNAJAKY 13 CHPUSTIMBUMH B ILIJIOMY
MOTOJAHUMH YMOBaMH 3 KOPOTKOTPHUBAJIUM MaJiHHIM
reHepauii. Sk BHOHO 3 pHCYHKy, piBeHb 3apsuy
aKyMyJISITOpIB, sIKi 3a0€3MeUyoTh BIJICYTHIO HOTY)KHICTB
MPOTATOM JIEKIBKOX TOAMH, 3HAYHO HE 3HIKYETHCS 1
JIOCUTh IIBHIKO BiTHOBIIIOETHCSA, SK TUIBKH TEHEparlis
3poctae. Ilpu 1bOMy, MEMIKaHII OYIAWHKIB YKHTIOBOTO
MacCHBY HisIK HE OOMEXYIOTh CBOE €IIEKTPOCIIOKUBAHHS.

yMOB, a00 TepelTH Ha peXHM 3HIKECHOTO abo HaBiTh
aBapifHOTO ENEeKTPOCIIOKUBaHHA. Sk BUIHO 3 TalI. 2,
MPOTSATOM  POKY  KUIBKICTH JHIB, KOJNU IOTPiIOHO
CKOpEryBaTh eJNeKTPOCHOXHUBAHHSA, Noowex m, HE TyXKE
BEJIMKA i B OCHOBHOMY IIpHIIaJia€ Ha 3MMOBHH nepion. Ha
puc. 6 Tmoka3aHa THHOMHA PO3PSAYy aKyMyJIATOPHHUX
Oatapeil NpU pI3HUX PEKUMAX EJIEKTPOCIOKHBAHHI B
nepiox 3 17:00 12 6epesnst mo 06:00 13 GepesHs, koau
CIoCTepiraeThesi pakTUUHO HYJIHOBHUIT piBEHb BUPOOJICHHS
eNleKTpUuHO1 eHeprii 3a paxynok BJIE. ¥V Bunaaky BiaMoBu
BiJI BUKOPHUCTAHHs aBapiiiHOro pexumy (puc. 6a) piBeHb
3apany AKDB 3a uei yac Bcturae 3Husutuch 10 0%, mo
TIPU3BOIUTS JIO TIPOBAITY B €JIEKTPONOCTaYaHHi AJIsl yChOTO
KHUTJIOBOTO MAacHBY, a TaKOX /IO CKOPOUYECHHS TEpPMiHYy
eKCIITyaTallii BCTAaHOBJIEHUX aKyMyJIITOpHHX Oarapeil. 3a
YMOBH BIPOBAKCHHS aBapiifHOro PEKUMY
elleKTpocriokuBaHHsA  (puc. 60), piens 3apsany AKbDB
JO3BOJISIE ~ KOMIIGHCYBaTH  (aKTHYHY  BIACYTHICTH
BHPOOJICHHS eNeKTPUYHOI eHeprii B  PO3TIAHYTOMY
iHTepBayi  wacy. Ilpm 1pOMYy pexHM  3HIKEHOTO
CTHOXKMBAHHS TMOYMHAETHCS 3a37ajierifb 1 i€ TPOTATOM
nmobu 12 6epesns. 3 08:00 13 6epesHst piBeHb BUPOOICHHS

B Tabn. 2 HaBejeHi OLIHOYHI pO3paxyHKM WO J0  CTaOLMi3yeThCA, 3a pPaxyHOK 4YOro piBeHb 3apsamy
PIYHOTO 3arajlbHOTO EIIEKTPOCIIOKUBAHHSI MAaCHUBOM 3 aKyMyJATOPHMX  OaTapell  IIBHJKO  JOCATa€  CBOTO
JIeCATH «aKTUBHUX» OyIHMHKIB Ta KUTBKOCTI ~ MAaKCHMyMYy.
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Pucynox 5 — [IoKpUTTS CHOKUBAHHS JKUTIOBOTO MACHBY «aKTHBHHX» OYIHMHKIB y BUNAAKy KOPOTKOCTPOKOBHX
HECHPHUSTINBHX MOTOJHUX YMOB

Ha puc. 7 HaBeneri rpadiku BUpOOJICHHS Ta CIIOKABAaHHSA  CHUTYAIlil 3apAqy aKyMyJISATOpHHX Oarapedl BHUCTadae st
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a) 6e3 peKUMy 0OMEKEHOTO €JICKTPOCIIOKUBAHHS; 0) 3 pEXKUMOM 0OMEKEHOTO €IeKTPOCIIOKUBAHHS
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Pucynox 7 — ITOKpUTTS CHO’KUBAHHS MAaCHBY «aKTHBHIX)
OyIHMHKIB Y BUIIA/IKy HECHPHATIMBHX HOTOAHUX YMOB IPOTATOM
MiBTOPH 100U

B pobotm Oynu BHKOHAaHI OIIHKA EKOHOMIYHOI
e(eKTUBHOCTI BNPOBAUKEHHS TEXHOJIOTii «aKTHBHHUH
OyAMHOK» B KIIMAaTHYHHUX yMOBaX XapKiBCbKOI 00NacTi i
IHBECTHLIIH B CTBOPEHHs 3alpOIOHOBAHOI CHIIBHOI
CHUCTEMH EJICKTPONOCTaYaHHS Ha OCHOBI BiITHOBIIOBaHHX
JOKEpeIl eHepril 3 IHTENEeKTYalbHOI MEPEXKel0 YIpaBIiHH
Juisl 00’ €THaHHS «aKTUBHHUX» OynuHKiB. [Ipoctuit Tepmin
OKYIHOCTI CKJIaziae Maibke 12 pokiB, ajie 3 ypaxyBaHHIM
HAPOIIECHHS TOXOIIB, [0 HATXOAATh 32 PAXyHOK CKOHOMIT
€HEepropecypciB, TEpPMiH OKYITHOCTI 3HHMXKYETHCS Ha TPH
poku. [anexc mpubyTkoBocTi iHBecTHuiit 0,76 mpu HOpMI
muckoHTy 10 % CBIgUMTH NPO HEBENHMKY EKOHOMIYHY
NpUBaOIMBICTE TAaKOTO MPOEKTy, TPOTe NpU HOTO
BIIPOBAPKCHHI BUKHU/IM NMAapHUKOBUX Ta3iB B HABKOJIHUIIHE
cepenoBuiie 3HU3AThC Maixke Ha 10 Tucsa Ton (y CO;
€KBIBAJICHTI).

BucnoBku. [IpoBeaeHe 10ciiKeHHs MOKa3aio, Mo
BIIPOBA/DKCHHS TEXHOJIOTIT «aKTHBHHI» OyIUHOK Yy
[MiBaenno-Cxianid Ykpaini Moxe OyTH IOIIJIbHAM 3a
YMOBOIO 00’€/IHaHHsI TaKUX OYJMHKIB B €IMHUN MacuB 3i

CIUTEHOK CHCTEMOIO  EJIeKTpOIlocTadyaHHS Ha  0Oasi
BiTHOBIIOBAaHUX JDKEpPEN EHeprii 1 aKyMyJISTOPHHX
OaTapeif, sKa  KOHTPOJIOETBCS  IHTEICKTYaJbHOIO
Mepexero. lle  mo3Bomse  BHpiBHIOBATH — Tpadiku
CIIOKMBAHHS  CJICKTPOCHEPTrii Ta 3HIDKYBATH ITIKOBE
HaBaHTaKCHHS. besnepepsHicTh MOCTaYaHHS
eJNIeKTpOeHeprii Yy  JOBrOTPHBAIMX  HECHPHUSTIMBUX

MOTOIHUX YMOBax 3a0e3NeuyyeThesi 32 PaxyHOK CHiJIbHOT
po6oti BJIE 1 neBHOi KiJIbKOCTI akyMyJIaTOpHUX Oatapei,

a TakoXXK OOMEXKEHHs eJIeKTPOCIOXKHWBAHHA, i1HOMI M0
aBapiitHoro piBHs. OOHAK, BETUKWH TEPMiH OKYIHOCTI
TaKUX CUCTEM (y PO3IIITHYTOMY INPHKIAAi BiH focsrae 12
POKIB HaBiTh 3 ypaxyBaHHAM NPOAAXy HaJIUIIKIB
EJICKTPOEHEPril B JIOKaJIbHY €JIEKTPOMEPEXKY 3a 3elICHIM
TapudoM) 1 HEBENMKHH 1HIEKC NPUOYTKOBOCTI MOXYTh
BiZIBEPHYTH 1HBECTOPIB.
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OLIHKA 3AXOJIB IOJA0 NIABUIIEHHA EGEKTUBHOCTI POBOTH MICBbKHX
PO3NIOAIVIBHUX EJIEKTPUYHHUX MEPEK B YMOBAX EHEPTOPUHKY YKPAIHH

BukoHaHO aHalTi3 Cy4aCHOr0 TEXHIYHOI'O CTaHy Ta MEPCHEKTHB PO3BUTKY PO3MOIIIBHUX SIEKTPUIHHX Mepek YKpaiHu. Po3risiHyTi OCHOBHI TeHACHIIT
Ta AWHAMiKa 3MIiHM IOKA3HHKIB HaiHOCTI (DyHKIIOHYBaHHS PO3MOJUIBHHX €IEKTPHYHHX Mepex YKpaiHu. Bu3HadeHi OCHOBHI NUIAXU IiJBUIICHHS
e(heKTHBHOCTI PyHKIIOHYBAHHS MiCKHX PO3NO/ITEHUX IEKTPUIHIX MEPEXK B YMOBaX HOBOTO PUHKY €IeKTPUYHOI eHeprii, Ha OCHOBI SIKHX PO3po0IIeH]
OpraHi3awiifHO-TeXHIUHi 3aX0/IH ISl HiABUILECHHS HATIHHOCTI POOOTH MIiCHKUX PO3IMOIIIBHHIX SICKTPHIHUX MepexK. Po3po0iieHo TeXHiKO-eKOHOMIYHHMIMA
KpUTepill A1 oniHKK e(eKTHBHOCTI BIPOBAKCHHS 3aXOAIB 3 MiABUIIEHHS HAIiHHOCTI pOOOTH PO3MOIUIPHUX SNEKTPHYHUX MEpEeX, SIKHI BPaXOBYy€
0cO0IMBOCTI POOOTH MiCHKUX PO3MOAUIFHUX ENEKTPHIHUX MEPEXkK B CTPYKTYpi HOBOIO PHHKY €JICKTPHYHOI €Heprii B YKpaiHi, BEIUYHHY HOKa3HHUKIB
HaIIHHOCTI Ta SKOCTI POOOTH MICHKHX PO3MOIUIBHHX EIEKTPUYHUX MEPEeK, BHTPATH HA 3aXOIM 3 MiABUIICHHS HAMIHHOCTI pOOOTH MiCBKHX
PO3MOAUTBHIX EIEKTPHYHUX MEPEeK Ta BEIMYHHY KOMIICHCALl CHOKHBAaYaM 3a HEAOTPMMAaHHS FapaHTOBAHHMX CTAHIApTIB SKOCTI HAJAaHHS IIOCIYT 3
@JICKTPOIIOCTayaHHs. 3 BUKOPHCTAHHSAM 3allPONOHOBAHOIO KPUTEPi0 IPOBEAEHO OLIHKY JOLUIBHOCTI 3aCTOCYBAHHS PO3POOIEHMX IPYH 3aXOAiB 3
ITiIBHIICHHSI HATIMHOCTI pOOOTH MiCBKHX PO3MOAIIFHUX SICKTPHIHUX MEPEXK B yMOBAX HOBOT'O JiOepali30BaHOTr0 PUHKY €IEKTPUYHOI eHeprii B YKpaiHi
Ta 00rpyHTOBAHO BHOIp HaifO1IbII e(heKTHBHUX i3 3aIPOIIOHOBAHHX 3aXO/iB.

Ku104oBi cj10Ba: po3noijibHa eIeKTpUYHA MEpeka, MOKa3HUKK HaAIHHOCTI, KpuTepiil e(hpeKTUBHOCTI, TEXHIYHI 3aX0/1, OpraHi3aliliHi 3ax0/u,
CHCTEeMa HAKOMUYCHHSI, EIEKTPUYHA EHEPTisl, PHHOK eJIEKTPHIHOI eHeprii, epeKTUBHICTh

O. H. JOBI'AJIIOK, I'. B. OMEJIBAHEHKO, O. E. ITHPOTTH, P. B. LOH/]APEHKO,
T. B. CLIPOMATHHUKOBA, H. C. AKOBEHKO

OIIEHKA MEPONIPUATHI IO MOBBIIEHAIO 3®®EKTUBHOCTHU PABOTHI T'OPOJICKHX
PACHPEJEJUTEJBHBIX DJIEKTPHUECKHAX CETEM B YCJIOBUAAX SHEPTOPBIHKA YKPAWHBI

BbInonHeH aHaIM3 COBPEMEHHOIO TEXHHUYECKOTO COCTOSHUS M IIEPCIEKTHB Pa3sBHTUS PACIpPEIENIMTENbHBIX JJEKTPHUYECKUX CeTell YKpauHbI.
PaccMOTpeHBI OCHOBHEIE TEHJCHINU M AMHAMHKA W3MEHEHHMs ITOKas3aTelsiell HaJeKHOCTH (QYyHKIMOHHPOBAHUSA PACIIPEEIUTENbHBIX AIEKTPHIECKHX
cereif Ykpaunbl. OnpesieieHsl OCHOBHBIE ITyTH TIOBBINICHHS 3(()EeKTHBHOCTH (QYHKIIMOHMPOBAHHS TOPOACKNX PACTIPEEIHUTENbHBIX NIEKTPUUECKHX
ceTeil B yCIIOBHSAX HOBOTO PBIHKA JJIEKTPMYECKOH JHEPruH, HAa OCHOBE KOTOPHIX Pa3pabOTaHbl OPraHM3ALMOHHO-TEXHHYECKHE MEPOIPHATHS IS
TIOBBIIICHHS HAJIG)KHOCTH PabOTHI TOPOJICKHX PACTIPEIEINTENBHBIX MEKTPUUECKNX ceTeil. Pa3paboTaH TeXHUKO-9KOHOMUYECKUH KPUTEPUH 1T OIIEHKH
5((hEeKTUBHOCTH BHEIPEHNS MEPONPHATHH IO TOBBINICHHIO HAJEKHOCTH DPAOOTBHI PAaCHpeNeNUTEeNbHBIX JIEKTPUYECKUX CeTeH, YUHMTHIBAIONINM
0COOCHHOCTH PabOTHI TOPOACKUX PACIPENCITUTENBHBIX JICKTPUUECKUX CETeH B CTPYKType HOBOIO PBIHKA JJIEKTPUYECKOH SHEpPruu B YKpauHe,
BENIMYHMHY TIOKa3aTelNeil HajaeKHOCTH M KadecTBa PabOTHI TOPOJCKMX DACTpelelUTEeNbHBIX dIEKTPUYECKUX CETEeH, 3aTpaThl HA MEPONPHATHA II0
TIOBBIIIEHHIO HAJIEKHOCTH PaOOTHI TOPOICKUX PaCIIpe/IeUTENbHBIX HIEKTPHYECKUX CeTeH U BETMUNHY KOMITCHCAIIN TOTPEONTEIAM 3a HECOOITIOICHNE
rapaHTUPOBAHHBIX CTAHIAPTOB KAUeCTBA IPEIOCTABICHHS YCIYT MO 3NeKTpocHabxkeHH 0. C HCIONb30BaHHEM IIPEIOKEHHOI0 KPUTEpHs IPOBeIeHa
OIIEHKa I1eJIeCO000Pa3HOCTH PUMEHEHHNS pa3pabOTaHHBIX IPYTIT MEPOIPHUSATHIA 1O TOBBIMICHHIO HAJIE)KHOCTH PAabOTHI TOPOJICKMX PaCIpe/ieTNTeIbHBIX
SNIEKTPUYECKNX CETeH B YCIOBUAX HOBOTO JIMOEPAITHN30BAaHHOTO PHIHKA 3IEKTPOSHEPTHH B YKpanHe M 000CHOBaH BBIOOP Hamboinee 3(QEeKTHBHBIX 13
HPEJUI0KEHHBIX MEPOIPUATUH.

KurroueBsle c10Ba: pactipe/ieNTATeNbHAs dIIeKTpHIecKas CeTh, TOKa3aTelN HaJIe)KHOCTH, KpHTEpHi 3 (HEKTHBHOCTH, TEXHUIECKHE MEPOTIPHATHS,
OpraHH3alMOHHbIE MEPOIPHUSTHS, CUCTEMA HAKOILICHHS, SNEKTPHIECKas SHEPIUsl, PHIHOK 3JIEKTPHUECKON dHeprud, 3GHeKTHBHOCTh

OKSANA DOVGALYUK, HALYNA OMELIANENKO, ALEXEY PIROTTI, ROMAN BONDARENKO,
TATYANA SYROMYATNIKOVA, IVAN YAKOVENKO

MEASURES EVALUATION TO INCREASE THE WORK EFFICIENCY OF CITY DISTRIBUTION
ELECTRIC NETWORKS IN CONDITIONS THE UKRAINE ENERGY MARKET

The current technical condition and prospects analysis for the distribution electric networks development in Ukraine is completed. The main trends and
changes dynamics in the reliability indicators of the Ukraine distribution electric networks functioning are considered. The main ways to improve the
urban distribution electric networks functioning in the new electricity market, on the basis of which organizational and technical measures have been
developed to increase the urban distribution electric networks reliability, have been identified. The technical and economic criterion for assessing the
measures implementation effectiveness to increase the distribution electric networks reliability, taking into account the urban distribution electric
networks features in the new electricity market structure in Ukraine, the reliability and quality urban distribution electric networks functioning indicators,
the measures cost to improve reliability the urban distribution electric networks operation and the compensation amount to consumers for non-compliance
guaranteed quality standards for the electricity services provision has been developed. The application appropriateness of the developed measures groups
to improve the urban distribution electric networks reliability in the new liberalized electricity market in Ukraine was assessed using the proposed
criterion, and the most proposed measures effective was justified.

Keywords: distribution electric network, reliability indicators, performance criteria, technical measures, organizational measures, storage system,
electric energy, electric energy market, efficiency

Beryn. Ha ceoroxmHimHi JeHP iCHye CTifika  SKOCTi, 30i/NBIIEHHS YacTKH PO3MOAITICHOI TreHepamii y
TEH/ICHIIS] 3pOCTAaHHS MONNUTY Ha €IeKTPOEHepriro 3 00Ky  3arajbHIH  CTPYKTypi  BHUpOOHMIITBA  €Heprii  Ta
CHOXWBAYiB NMPH OJHOYACHOMY IIJIBHINEHHI BUMOT JI0 ii  3ampOBa/pKCHHS HOBOTO PHHKY EJIEKTPUYIHOI €Heprii B

© O. M. JloBramok, I'. B. Omemsirenko, O. €. Iliporri, P. B. Bounapenko, T. B. Cupomsitrikosa, 1. C. SIkosenko, 2019

Bicnux Hayionanvnoeo mexuiunoco ynigepcumemy «XIl». Cepisa: Enepeemuxa
70 Haoiiinicms ma enepeoeghexmugnicms, Ne 29 (1354) 2019



ISSN 2224-0349 (print)

eHeprocucteMi YkpaiHu. B Takiii cutyamii ymoBH
(YHKITIOHYBaHHS PO3MOJUIBHUX EICKTPUIHHX MEPExK
(PEM) 3MiHIOIOTBCSI Ta BUMOTH 1O 3a0€3MEYCHHS SKOCTI
HaJlaHHA HOCIYT 3 PO3MOALTY Ta HOCTaYaHHS ENEeKTPUIHO]
eHeprii  3pocraloTb. B ymoBax  pedopMyBaHHS
eHepreTn4Horo puHky Ykpainu PEM Buaineni B okpemy
CTPYKTYPHY OAMHMIIIO 1 BIiIIrparoTh BaKJIUBY pPOJIb Y
3a0e3nedeHHi HOPMaJIbHOI POOOTH PpO3IpPIOHOTO PUHKY
€JIEKTPUYHOI eHeprii.

Miceki PEM wmaroTh ocoOmuBOCTI TOOYIOBH,
CTPYKTYpPH, BHMOT JO 3a0€3MCUCHHS pEXKHUMIB, IO
motpedye ypaxyBaHHSA IpH 3a0e3MeUYeHHI iX HamiifHOTO
(YHKIIOHYBaHHS B yMOBaX €HEPrOPHUHKY.

Takum urHOM, po3poOKa Ta BIPOBAKEHHS 3aX0IiB IS
TIIBUIICHHS HAJIMHOCTI Ta e()eKTUBHOCTI (DYHKITIOHYBaHHS
Micbkux PEM Ha ChOTOJHIIIHIH IeHB € aKTYaJIbHOIO 3aa9€I0
JIJ1s1 GHEPTETUYHOI CUCTEMHU Y KpaiHu.

AHaJi3 ocTaHHIX JociailkeHb i myOJikamii.
JocnimkenHto ocobmuBocteii podotn PEM npuninsiors
OaraTo yBarm yKpaiHCHKi Ta iHO3E€MHI BYEHI, cepel SKUX
cmig BimsHauntd Dugan R.C., Maki K., Kyapro C.O.,
Kupunenka O.B., IlpaxoBuuka A.B., Tyras 1O. [,
Aunymscekoro O.C., ITomosa B.A., Kymuka B.B., 3opina
B.B., JIexntoka [1. 1., Uepemicina M.M. Ta iHmux. 3HauHa
YaCcTKa HAyKOBUX POOIT IPUCBSUCHA NMUTAHHIM aHaJi3y
TEXHIYHOTO CTaHy Ta ocoOmuBocteii pobotn PEM,
OCOONMBOCTSIM  IHTETpallii  DKEepeNl  PO30CepemKeHOT
reHepauii B pO3MOJUIbHI MEpeki, MOJAETIOBAaHHIO Ta
JOCHI/DKEHHIO  PeXUMIB  pobotn  cydacHux PEM,
MIABHUIICHHIO HAIIHHOCTI iX pOOOTH, 3a0€3MEUCHHIO SIKOCTI
enekTpuuHOi eHeprii [1, 2].

OcranHiM 4YacoM 0arato yBard IPHIUISETHCS
MUTAaHHSM BHKOPUCTAHHS CHCTEM HAaKONHMYEHHS eHeprii
(CHE) mns mifBUINEHHS HAAIHHOCTI POOOTH €ICKTPUIHUX
Mepex [3] Ta BIUIMBY BiIHOBJIIOBAaHMX JKEpeJ eHeprii Ha
poboty PEM.

VY Toif ke Yac MUTaHHIM IiIBHIICHHS e()eKTUBHOCTI
¢yHKmioHyBaHHS Micbkux PEM nomimpHO TpHOiTUTH
OimpIe yBaru, OCOONHMBO B KOHTEKCTI peOpMyBaHHS
€HEePreTUYHOI0 CEKTOPY IPU MEepexoji 10 HOBOI Mojeni
€HEPrOpPHHKY.

Merta crarTi. MeToo npoBeieHUX JOCIiIKEeHb OyB
aHaJli3 CTaHy po-00TH Ta PO3po0Ka IUISIXiB KOMILICKCHOTO
MIAXOMY 10 MiABUIIEHHS e()eKTUBHOCTI (YHKIIIOHYBAaHHSI
Micekux ~ PEM  Vkpaiam mpm  pedopmyBaHHI
€HEepPreTHYHOr0 PUHKY YKpaiHH.

OcHoBHi MaTepiaan gociaimkennsi. CydacHi MiCbKi
PEM wmaroTh 3HaYHy KUIBKICTE OCOONMBOCTEH, SIKi
BIZIPI3HAIOTH X Cepeji IHIIMX eJIEeKTPUYHHX Mepex. [lo
XapaKTepHUX 0coOIMBOCTeH cyyacHux Mickkux PEM ciin
BiHECTH:

- CKJaJHy Ta PO3rajlyXeHy CTPYKTypy KaOelbHHX
niHii Hanpyroro 10(6) Ta 0,4 kB;

- BEJIMKY IIIJHHICTh HABAaHTAXEHHsI, KA Mepeaoadae
3acTocyBaHHA  posmoninbHMX — mpuctpoiB  (PIT) Ta
MOTY)KHUX TpaHcopMaTopiB Ha TpaHCHOPMATOPHHUX
migcTanmisx (TII);

- 3pOCTaHHSA YacTKH II00yTOBHX, KOMYHAJIbHHX
CIOXKMBaUiB Ta MICBKOTO €JIEKTPUYHOIO TPAHCIIOPTY B
3arajbHilil CTPYKTYpi €I1eKTPOCIOXKUBAHHS;

- 3HaYHA KIJBKICTh MEPEXK 3araJIbHOTO KOPUCTYyBaHHS,
SIKi OJTHOYACHO KHBJIATH CTIOKUBAYIB 3 PI3HUMHU IpadikamMu
Ta  CYTTEBUMH  TEXHOJOTIYHHMH  OCOONMBOCTSIMH,
BHACNIJOK YOTO 3HAYHO BIAPI3HAIOTHCS iX BHMOTH MO
3a0e3nedeHHs eICKTPUYHOI0 EHEPTielo;

- HE3aJI0BUIBHUIN TEXHIYHHUIA CTaH, OCKIJIBKU MEpPioa
eKcrityaranii maibxe 70% TpaHcdopMaTOPHUX MiACTAHIIN
Ta JiHI} eJeKTponepeaayl cTaHoBUTH oHax 40 pokis;

- HHM3BKMH pIBEHb aBTOMaru3alii KepyBaHHI
pexxumamu Micbkux PEM;

- HU3BKUH pPIBEHb OCHAIICHOCTI i1HTEJIEKTyaIbHUM
oOJlalHaHHSIM Ta aBTOMAaTH30BaHMMH CHCTEMaMH OOIIKy
enekTpoereprii, skuit cranom Ha 01.01.2019 p. ckmamae
qe 3 %;

- 30UNBIICHHS JDKEpeNl PO3MOIINICHOI TeHeparii,
30KpeMa BigHOBIMIOBaHWX pkepen eHeprii (BJE), sxi
CYTT€BO BIUIMBAIOTh HA PEKUMHU poOOTH Micbkux PEM.

3a3HaueHi 0COOJIMBOCTI HAKJIAJalOTh TEBHI BHUMOTH
J0 CTpyKTypu Ta KoH(irypauii micekux PEM, a Takox
CIPUSIOTh 3aCTOCYBAHHIO aMalTOBAHMX I Il YMOBHU
MIXOIB II0A0 3a0€3MCUYCHHS PEXKHUMIB iX poOOTH s
3a0e3neueHHs HaAiHHOCTI Ta AKOCTi 1X (DyHKIIOHYBaHHS.

11.06.2017 poxy HaOpaB YHHHOCTI 3aKOH YKpaiHH
«IIpo punHOK enexTpuuHoi eHeprii» Big 13.04.2017 Ne
2019-VIII [4] i posmouaBcs Tmporec pedopMyBaHHI
SJICKTPOSHEPTeTHYHOI ray3i B YKpaiHi, ikuil mepenbadae
MIPOBEJCHHS KapAWHAIBHHUX 3MiH B ramysi. Cepen nux min
nepeadavyaeThcss BiOKpeMIICHHS (YHKINI 3 PO3MOALTY
eJIEKTPUYHOT eHeprii Bif QyHKLii BUpOOHUIITBA, Nepeayi
Ta MOCTa4aHHs, TOOTO CTBOPEHHS BIiANOBITHUX OKPEMHUX
CETMEHTIB PHHKY €JISKTPHYHOT eHeprii.

[lepenauy Ta poO3MOALT €IEKTPUYHOI EHeprii, o
MOCTAYa€eThCsl  CIIOKMBAa4YaM, 3IIHCHIOIOTH  ONEpaTop
cucremu nepeaadi (OCII) Ta ormepaTopu CHCTEM PO3MOILTY
(OCP) BIiAmoBiZHO IO IOTOBOPIB, IO YKIAJAIOTHCH 13
CIIOKMBAaYeM Ta IIOCTaYaJIbHUKOM €JIeKTPUYHOI eHepril
BIZIMIOBITHO 70 KOJEKCY CHCTEMH TIepenadi, KOAEKCy
CHCTEM PO3MOiNy Ta MPAaBHI PO3APIOHOTO PHHKY.

CTpyKTypHa cCXeMa CHCTEMH Iepesiadi Ta po3IoaLTy
eJISKTPUYHOT eHeprii nokazana Ha puc. 1.

‘ leHepaLis enekTpUYHOi eHeprii ‘

( BHyTpiluHb080 I BanaHcyouni ]
BOBUI PUHOK | PUHOK

| Puok *Ha goby ‘
Bnepen”

PMHOK ABOCTOPOHHIX ‘ PUHOK eneKTpUYHOT eHeprii

[0roBopiB
S ‘ Onepatop cUCTEMH Cuctema nepegavi ‘
i EMeKTPUIHOT eHepril
MocTavansHUKI nepeadi _ P P
EMEKTPUYHOI
eHeprii

OnepaTopu
cUcTEMU po3noainy

Cuctema posnoginy
eneKTPUUHOT eHeprii

-

‘ CnozkuBaui enekTpUUHOi eHeprii ‘

Pucynok 1 — CTpyKkTypHa cXema CUCTEMH Tepeiadi Ta
PO3MOAITY ENeKTPUIHOI eHEepTii, 110 3aIPOBa/KYETHCS B
VYkpaini
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3rimgo 3 girounM 3akoHomaBcTBoM OCP mamae
TIOCITYTH 3 PO3MOJTY €JIEKTPUIHOI EHEePrii 3 ypaxyBaHHIM
MIPUHIUITY €KOHOMIYHOI €()eKTUBHOCTI, IUIAHIB PO3BHUTKY
TEPUTOPil, BUMOI IIOJO OXOPOHH HABKOJIMILIHBOTO
npupogHoro cepenosuma rtomo. Jna msoro OCP
OpraHi3oBye HaliliHy Ta e(eKTHBHY pOOOTYy CHCTEMHU
posmofiny, 3abe3neuye HeJUCKPUMIHALIMHUI OCTYyN 1O

CHUCTEMH  PpO3MOJUTy  BICIM  yYacHUKaM  MPOLECY,
3abe3mneuye KOPHUCTYBaYiB CUCTEMH PO3MOALTY
HeoOxinHoo iH(opMamieto, 3abe3rnedye KoMepIiiHUNA
0OJIK eNeKTPOCHEPTil TOIIO.

Cucrema po3monity €JIeKTPIYHO1 eHeprii

ckianaetbess PEM perioniB Ykpainu, siki 3a0e3medyroTh
mepeady — eNeKTPUYHOI  eHeprii 70  CIOKHUBAadiB.
BnacHukaMu CHCTEMH PO3IOALTY € OKpPEeMi perioHaabHi
OCP, saxi 3giiicHiolOTE ekciuryatamio PEM  Ta
3a0e3neduyroTh MATPUMKY iX TEXHIYHOTO CTaHy.

[TocTavyanbHUKOM E€JICKTPUYHOI EHEPrii BHCTYIIAE
Cy0'€eKT TOCIOJAPIOBAHHS, SIKHH 3IHCHIOE IPOAaK
€JIEKTPUYHOI eHeprii y BIAMOBIAHOCTI 3 JOTOBOPOM Ha
MOCTa4YaHHsI eIEKTPUYHOI €Hepril CII0KUBauy.

EdexTuBHICTP TOCTaYaHHA €IEKTPUYHOI EHeprii
CHOXKMBayaM IIPH Takiii CHCTEMH mepenadi Ta po3Moily
Oyze 3aiexart BiJ JeKiTbKOX (DaKTOpiB:

- 3JIarOKEHOCTI Ta SKOCTI poOOTH 3aIIPOBaHKEHOTO
MeXaHi3My OpraHi3amii pUHKY eJIeKTPUIHOI SHeprii;

- HaJIHHOCTI pOOOTH CHCTEM Iepenadi Ta po3NOIiry
CNIeKTPUYHOI CHEpPTii, sKa BU3HAYAETHCS TEXHIYHUM
CTaHOM  E€JEKTPUYHUX MeEpex, sKi 0Oe3nocepesHbo
3[ICHIOIOTH TTIOCTaBKY HEOOXiIHOI KiNIbKOCTI MOTY>KHOCTI
KOXKHOMY CIIO)KHBAady.

Takum  umHOM, Tnpu  pedOpPMyBaHHI  PHHKY
€JIEKTPUYHOI eHeprii B YKpaiHi po3NOALIbHI eNeKTPHYHI
MEpeXi CTalOTh  BAXIMBHM  €IIEMEHTOM  CHUCTEMH
posmoginy. IX Texmiummit ctam moTpeGye miaTpUMaHHS
HEOOXiTHOTO piBHI ais 3a0e3ledeHHS ePEeKTHBHOI i
HaIIHHOT pOOOTH BCi€l eHEPTOCHUCTEMHU.

Ha cporomuimmuii 1eHp Ha PHHKY EJIEKTPHUIHOT
eHeprii Ykpaiau mirote 40 IineHsiaTiB Ha Tmepenady
eJIeKTpOeHepTii PO3MOIUIEHUMHU EJIEKTPUUHUMHU
Mepexxamu Ta 147 nineHsiaTiB Ha TOCTa4aHHs €JIeKTPUYHOT
eneprii. Cranom Ha mnoyatok 2019 poky cucrema
PO3MOJINTY eJIeKTPUYHOI eHeprii B YKpaiHi HapaxoBye
Oinpuie 1 mutH. kM. moBitpsiHux (I1JI) i kaGenbHUX JHIN
(KJI) emexrponepenaui Harpyroro 0,4 — 150 kB i 6mu3pko
200 Tuc. TpaHchOpMATOPHUX MiACTAHIA HANPYrow 6 —
150 xB.

Cucrtema po3moALTy eIeKTPUYIHOI eHeprii B YkpaiHi
po3TamoBaHa Ha TepUTOPii 27 PerioHiB i 00CIyTroOBy€EThCS
perionansarMu OCP.

Jo ocHoBHEX ¢yHKIiH OCP BigHOCATBCS:

- 3a0e3Mne4eHHs AKOCTI i
€JIEKTPOIIOCTAYaHHS;

- KepyBaHHS peKHUMaMH POOOTH CHCTEMHU PO3IIOJIITY;

- eKCIUTyaTamis Ta PEMOHT JiHIH elleKTpomepenadi,
MiJCTAHIN Ta iHMMX 00’€KTiB, IO BXOIATH N0 CKJIAIy
PO3MOAUTHHOT ENEKTPUIHOT MEPEKi;

- 3MIMCHEHHS IIij’€IHaHHA Ta Bij €IHaHHS Bif
CHCTEMH PO3IOJITY CHOXKHBAUiB;

- BCTAHOBJICHHSI JIIUMJIBHHKIB €JIEKTPUYHOI eHeprii Ta
MOHITOPUHT iX ITOKa3aHb.

HaAIHHOCTI

Cyvacamii ctaH  po3Butky PEM  Vkpainu
XapaKTepU3y€eThCsl TAKUMH HETATUBHUMH YHMHHUKAMHU SIK:

- HE3aJOBUIBHUM CTAaH 3HAYHOI YaCTKH OOJIagHAHHS
SIIEKTPUYHUX MEpEeX, OUTBIIICTD 3 SKOTO BiATIpamroBaia
nepen0aYeHNi  TEXHIYHOIO  JOKYMEHTALI€I0  TepMiH
eKCIITyarTalii i CHpUYMHSAE 3HA4YHI BTPATH EJICKTPUYHOT
€Heprii, HeIOCTaTHIO Ha/lIHHICTh IPH €KCILTyaTallii Mepexi
Ta noTpedye 3aMiHu;

- Hee(eKTHBHA KOH(QITypalis Mepex, sika B Heplry
Yyepry MposBIsIEThCs y 3HauHiK noBxkuHi JIEI], a Takox B
HEONITUMAJIbHIH CTPYKTYDi Mepexi BHACIIIIOK
MIOCTYIIOBOTO PO3BHUTKY Ta PEKOHCTPYKIIIT MEPEXK;

- HU3BKHHA pIiBEHb aBTOMAaTH3aIili Mepex (Ha
CHOTOJHIIHIA NIeHb piBeHb ocHameHocTi PEM 3acobamu
aBTOMATHYHOTO YIPAaBIiHHA PEKXHMaMH CKJIaJae MEHIIE
50 %, 1m0 TPU3BOIUTH 10 3HAYHUX OTIEPALlifHIX BTPAT);

- mpoOJeMu 3 MiAKIIOYCHHSIM HOBUX aOOHCHTIB,
30KpeMa PpO3MOJIICHOI TeHeparllii, eICKTPOOMaJIeHHS Ta
iHQpacCTPyKTypH eJIEeKTPOTPAHCIOPTY, SKI BHHUKAIOTh
4yepe3 HU3bKY MPOIYCKHY 31aTHICTh PEM;

- HU3bKa SIKICTh EJIEKTPONOCTAYaHHS CIIO)KHBAYiB
(Hm3pKWA  piBeHb TexHiYHOrO cTaHy PEM chopusie
3HIDKEHHIO 1HAEKCY CEpeAHbOi TPUBAJIOCTI BiAKIIOYCHB
(SAIDI) Ta iHImEKCY cepeqHBOi YacTOTH BIAKIIOYCHb Y
cucremi (SAIFI) mikHApOZHWX TOKAa3HWKIB HAIIHHOCTI
SJICKTPOIIOCTAYaHHs CIIOKMBAYiB - TPUBAIICTH IEpepB
eIIEKTPOTIOCTauaHHs B YKpaiHi csarae Bim 580 mo 870
XBWIHMH, ToAl K y kpainax €C — no 40 XBuiuH, 110
MpecTaBiIeHo Ha puc. 2, 3 [5));

- HU3bKUH piBCHB OCHAILIEHOCTI PEM
ABTOMATH30BaHUMH CHCTEMaMH OOJIKY eJeKTpOeHeprii,
sikuii ctanoM Ha 01.01.2019 p. cxinagae nuie 3 %.

82710
saosa BT 7sser  EO7ES 80681
63336 63800

728
- 690 696
516 512 527 534

2011 2012 2013 2014 2015 2016 2017 2018

SAIDI ENS

Pucynok 2 — JluHamika MOKa3HUKIB HATIHHOCTI ISt
PO3MOITBHUX SNCKTPHYHUX MEPEXK YKpaiHu

SIk pesynpTaT Takoro HE3aJOBUIBHOTO TEXHIYHOTO
crany po3BuTky PEM Vkpainu €:

- 30UIBLICHHS BTpaT eJeKTPUYHOI eHeprii, sKi
cTaHOBJIATh BiA 12 1o 17% [uisi pO3MOAUIBHUX — Mepex
PI3HHUX €HEPronocTayaibHUX KOMITAHIH;

- 3HIKEHHS TIOKa3HWKIB HaJildHOCTI  poOOTH
CIIEKTPHYHIX MEPEIK;
- 3HIDKCHHS e(eKTUBHOCTI POOOTH  CHCTEMH

posnoxiny enexkrpudnoi eneprii B OEC Ykpainu.
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Pucynok 3 — JlnHamika BiIIyCKy Ta BUTpAT €IEKTPUIHOI eHepril
B PEM Vkpainu

Takum YHHOM, M ABUILEHHS e(heKTUBHOCTI
¢ynkiionyBanns wmickkux PEM  mpu  BhpoBamkeHHI
EHEepPreTUYHOr0 PUHKY YKpaiHH CTae€ OIHUM 3 CYTTEBHX
HUSIXiB migBuiieHHs edexTuBHOCTI podotn OEC Ykpainu
B ILIOMY.

Jlns mpakTHYHOTO BUPIMICHHS 3a3HaYCHUX MpoOIeM
HEOOXiTHO pO3POOUTH Ta 3ampOBATUTH HHU3KY 3aXOIiB
mIOZ0 TMOKpamieHHsd (QYHKIIOHyBaHHA Mickkux PEM 3
ypaxyBaHHIM perioHambHUX 0COOIMBOCTEH,
KOMIUIEKCHOTO TIIXOAy JO BHpIIIyBaHO! 3amadi Ta
MOXITMBICTIO 3aJTy4€HHSI Cy4YaCHUX METOMIB 1 TEXHOJIOTIH.
OCHOBHI IUIAIXM MiABHIIEHHS €(QeKTUBHOCTI poOOTH
Mmicbkux PEM npencrasieni Ha puc. 4.

KinbkicHe OIiHIOBaHHS €(EKTy BiJl BIPOBAIKCHHS
3alpONOHOBAHMX 3aX0/IB LIO/0 MiIBUIIEHHS eeKTUBHOCTI
¢yukuionyBanHs Micbkux PEM Ykpaiuu € nysxe BaKJIMBUM
IUT BUCHOBKY MIOAO iX MOUINBHOCTI. BukoHaHWA aHami3
IIOCBiy IHIIMX KpaiH TMOKa3aB, MIO JJIS BHPIMICHHS i€l
3aadi 3aCTOCOBYEThCS Oarato MeToniB. HeoOximHicTh
OJIHOYACHOTO  BpaxyBaHHA  0araTbox  IapameTpiB
TEXHIYHOTO 1 €KOHOMIYHOTO XapaKTepy € CYTTEBOIO TpH
pileHHi wiel 3aaayi.

Takum  4mMHOM, JUIS  OIIHKM  e(EeKTHBHOCTI
BIPOBA/DKCHHS 3aXOJiB Ui MIJABHIICHHS HaXiHHOCTI
pobOTH LUMX Mepex JOIIIbHO BUKOPUCTOBYBATH TEXHIKO-
E€KOHOMIYHHUI KpUTEpiH, SKUIl BpaxoBy€e OCOOJIMBOCTI
pobotn Micbkux PEM B CTpyKTypi HOBOrO pPHHKY
eJeKTPUYHOI eHepTii B YKpaiHi:

Kef(x): %WRm 'Rm(x)+WC 'C(X)+
m=1

+ Wy - K(x)+ Woewe *CHE (x)

, )

JIe X — HOMep TPYNH 3aXOJIiB 3 TiJBHINEHHS HAIIHHOCTI
¢byHKUiOHYBaHHS Micbkux PEM, sKkuii XapakTepHu3yeThest
BEKTOPOM IapaMeTpiB MEpexi;

R (X) — iHgekc HanidHOCcTi Mickkux PEM (SAIDI,
SAIFI, MAIFI, ENS To1110), 3Ha4€HHS SIKOTO BU3HAYAETHCSI
BifmoBiaHo 10 [6];

M — KUIBKICTh IHAEKCIB HaAIHHOCTI eJIeKTPHYHOI
Mepexi, IKi BpaxOBYIOTBCS IIPH PO3PAXYHKY;

C(x) — CyMapHi BHTPaTH CHCTEMH pPO3IOALTY
€JIEKTPUYHOI SHeprii Ha 3aX0/I¥ 3 MiABUIICHHS HaliHHOCTI
pobotu mickkux PEM;

K(x) -
HEIOTPUMAHHS rapaHTOBaHHMX CTAHIAAPTIB AKOCTI HATAHHS
MOCHyT 3 eNekTponocTradanns, sky OCP HapaxoBye i Hanae
CIOXKHMBAYy BIAMOBIIHO 10 [4];

Nepe(x) — xoediuient xopucuoi aii (KKJ) CHE, ski

cyMa KOMIIGHCallii CIoKMBadaM  3a

3aCTOCOBYIOThHCS B Michkux PEM;

We, Wg, w, = — Barosi koedilieHTH, Ki

BpPaxoOBYIOTh 3HAYYIIICTh iHJICKCIB HAIIHHOCTI
SNIEKTPUYHOT MEpexi, CyMapHHX BHUTPAT Ha 3aX0Ad 3
miaBUIIeHHS HamiHHoCTi C(Xx) Ta KOMIIEHCAIIil ClIOKHBadaM
3a HEIOTPUMAaHHS CTAaHIAPTIB SKOCTI HAZAHHSA MOCIYT 3
EIIEKTPONOCTAYAHHSI K(x) BiIIOBITHO JO TIOTOYHOTO

Wg

CTaHy Ha PHUHKY eJeKTpu4uHOi eHeprii, a Takox KKJ|
sacrocoyBanux CHE 7. (x).

Ingexcu HaIiHHOCTI CJIEKTPOTIOCTAYAHHS
cnoxuBa4die B PEM BiAmoBimaroTe MiKHapOIHUM
MTOKa3HHUKaM 1 3TifgHO 3 [6] € 000B’SI3KOBUMH IS OIIHKH
axocti po6otu OCII. Ix 3HAYEHHS BU3HAYAIOTHCSA HA OCHOBI
CIIOCTEPEIKEHb HACTYITHUM YHHOM:

3axo/u MO0 MiBUIEHHS e(eKTHBHOCTI poboTH
micskux PEM

|
v '

TexHiuHi 3aX011

Opraui3auiiizi 3axoau

— ]

L

OHOBIICHHS 001 {HAHHS

'V 10CKOHAJICHHS! HOPMATHBHO-
npaBoBoi 0azu

Cxopouennst pagiycy PEM ‘

IlinBumenns Kamipikamii
nepcoxany PEM

TlinBuIEHHS PiBHS
asroMaru3zaiii PEM

bl

ITpoBenenHs 3aX0ziB 3
—> T ABUILECHHS KBaTiiKawii
CIIOMBAYIB €IEKTPHYHOT eHeprii

VY I0CKOHANICHHST PEKHMY
PpeneiiHoro 3axucTy

CekuioHyBaHHS ‘

3acrocyBaHHs
PesepByBanus ‘ | eHepro30epiraloymx TeXHONOTii
Ta 00MNaHaHHs

Buposavkenns CHE ‘ 3anpoBauKeHHs 3aX0/IB s

CTHMYJTIOBAHHS CIIOKHBAYiB
OO PeryIoBaHHs rpadiky
©IeKTPOCTIOKUBAHHS

BﬂpOBa}I)KeHHﬂ Ta pO3BUTOK
posnozineHoi renepanii

BPIKDpHCTﬂHHﬂ 3aXHIICHUX

nposoxis s xueretms [ITB OpraHi3allis MOHITOPUHTY BTparT

| enekTpoeHeprii Ta eeKTHBHOCTI
3aXO0iB 110/I0 3HWKEHHS BTPAT

V10CKOHAIEHHs CHCTEMaMH
00Ky elTeKTpoeHeprii

A A

Pucynok 4 — Knacugikatist 3aX0o/iB 1010 ITiABAIIEHHS
e eKTHBHOCTI poO0oTH Michknx PEM

- 1HJEKC cepelHboi TPUBAIOCTI JIOBTHX IIEpEpPB B
enekTporiocradanti B Mepexi (SAIDI) po3paxoByerbes sk

BIJIHOIIIEHHS CYMapHOI TPUBAJIOCTI JIOBTMX IIEPEPB B
eNIeKTPONIOCTaYaHHI B TOYKaX KOMEPHiHHOro  OOJiKy
eNeKTPUYHOI  eHepril, B sAKuX OyJo  TPHUIIMHEHE

eNIeKTPOTIOCTaYaHHsA, 3a 3BITHHH TIepioJ] [0 3arajbHol
KIUTBKOCTI TOYOK KOMEPIIHHOTO OOJIKY €NeKTPUIHOI eHeprii
3a (hopmyuoro [6]:
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ten;
SAIDI = ”T (2)

Jet; —  TpMBaNicTh  i-0i  J0Broi  mepeppM B
€JIeKTPOIIOCTavYaHHi, XB.;
N; — KIUIBKICTB  TOYOK

KOMEpIiiiHOTO  OOJiKY

CIeKTPUYHOi  eHeprii, B SKuX OyJl0 TpPUIHHEHE
€JIEKTPOIIOCTaYaHHs y Pe3yJbTaTi i-0i JOBroi mepepBu B
€JIEKTPOIIOCTaYaHHi, O11.;

N — 3aranbHa KUIBKICTh TOYOK KOMEPIIHHOTO OOJIKY
€NIeKTPUYHOI CHEpTii, O]1.;

K — KimbKicTh MOBrUX MEpepB B EIEKTPOMOCTAYaHHI
MIPOTSTOM 3BITHOTO TIEPiOY;

i — HOMep JIOBTOi TIepepBH B €IEKTPOIIOCTadanHi, i = 1,
2,3,..k
t.

| TPUBAIICTh Yacy MEpPepB EIEKTPOIIOCTAYaHHS
CIIOXKHMBAYIB 1-01 NIJISTHKH MEPExi;

N; — KifbKiCTh CIIOKHBAYiB Ha i-iif TUISHIN Mepexi;

Ne _ saramsma ximexicts cioxusadis B Mepexi;
M — KITBKICTh AUITHOK B MEPEKI;

- IHIEKC cepeJHbOI YacTOTH JIOBI'MX IEpepB B
enekTporioctTadyanHi B Mepexxi B cuctemi  (SAIFI)
PO3pPaxOBY€EThCS SIK BIIHONICHHS CYMapHOi KUIbKOCTI
TOYOK KOMEpPLIHHOTO OOJIKY eJIEKTPUYHOT eHeprii, B AKX
OyJi0o MPHUMNHUHEHE EJICKTPOMOCTAYaHHs BHACTINOK YCiX
JIOBI'HX TEPEPB B €IEKTPOINOCTAYaHHI MPOTATOM 3BiTHOTO
mepiomy, MO 3arajbHOI KUTBKOCTI TOYOK KOMEPIHHHOTO
00ITiKy eneKkTpu4HOi eHeprii 3a popmyoro [6]

k
ni

SAIF] = 1=
n

, ®)

- IHIEKC CepeHbOI YacTOTH KOPOTKUX mepeps (1o 3
XBWIMH) B ejekrpornocrauanni B Mepexi (MAIFI)
PO3paxoBy€eThCsl SIK  BiMHOIIEHHS CYMapHOl KiJIbKOCTi
BiIKITFOUCHUX TOYOK KOMEPIIIHOTO OOJIIKY EeNeKTPUIHOT
eHeprii, B fAKUX OyJ0 TPHUINUHEHE EJIEKTPOIMOCTauYaHHs
BHACTIJIOK YCiX KOPOTKHX IE€PepB B EIEKTPOINOCTAYaHHI
MPOTSTOM 3BITHOTO NEPIOJy, A0 3aralbHOI KiJIbKOCTI TOYOK
KOMEPIIHHOTro 00Ky eJIeKTPUUHOT eHEpTii 32 POpMYII0I0
[6];

- IHJIEKC CcepelHbOl YacTOTH KOPOTKHX IepepB B
€JIEKTPOIIOCTaYaHHI B CHCTEMI

r

2N

ot
MAIFI == (4)

n
ae nj— KIJIBKICTP ~ TOYOK ~ KOMEPIIIHHOTO  OOMiKy
eIeKTpUYHOi  eHeprii, B SKuX Oyl0 TPUIHHEHE

CIIEKTPOTIOCTAYAHHS Y PE3yJIbTaTi j-01 KOPOTKOI IIEPEPBH B
€JIeKTPOTIOCTaYaHHi, OJ1.;

I — KiJIbKICTh KOPOTKHUX TIEPEPB B €JIEKTPOIIOCTA4YaHHI
MPOTSATOM 3BITHOTO NEPioay;

j- HOMep KOpPOTKOI NepepBU B €JIEKTPOIIOCTavyaHHi,
i=1,2,3,

- PO3paxyHKOBHHA obcsr HEJIOBIAMYIICHOT
eJeKTpoeHeprii [6]
-t -Q*
ENS = ) 5
Zz 43800 ©)

1=1i=1

Jie Z, — O3HaKa PiBHA HaIpPyTH Ta BiAMOBiAHOI TepuTOpii
(z1— 0,4 kB - micbkuii Hacenenuit myHkT, Zp — 0,4 kB -
CUIbCBKMH HaceleHWH MyHKT, Z3— 6-20 kB - Micekuii
HAaCeJICHUH MyHKT, Z4 — 6 - 20 kB - cinpchkuii HacemeHui
MyHKT, 25 — 27,5 - 35 kB, 26 — 110/154 xB);
oo
SNIEKTPUYHOI  eHeprii, B sKuX OyJ0 NpUIHHEHE
€JICKTPOIIOCTaYaHHsI BHACIHIOK i-01 JOBroi mepepBu 3
Z-0F0 03HAKOIO PiBHS HANPYTH Ta BIATIOBIJHOI TEPUTOPIi, OA.;

Q¥ — cepeOHbOMICAYHE CHOXUBAHHA ENEKTPUYHOI
eHeprii B TONEpPEeIHBOMY pOLI Ha OAHY TOYKY
KOMEpIIHHOTO OONIKy eNeKTpHYHOI eHeprii 3 Z1-010
O3HAKOI0 pIBHSA HANpyrd Ta BIAMOBIAHOI TEpUTOPIi,
THC. KBT'TOI;

43800 — 3BiTHHI TIepiox Yacy (CepeIHBOMICIYHHN 3a
PiK), IepepaxoBaHuil y XBUJIMHAX.

[lpn BH3HAuUEHHI NPOTHO3HMX 3HAYEHb IHJIEKCIB
HAMIMHOCTI [T PO3MOMUIBHUX EJICKTPUYHUX MEPEK
JOLIIbHO CKOPHCTATUCh BHUpAa3aMM JUIsl CTAaTUCTHYHUX
OLIHOK TIOKa3HMKIB. Tak TpUBAJIiCTh IEpepB B
eJIEKTPOTIOCTadaHHI CHOXHUBadiB 1y po3paxyHky SAIDI
ta ENS Bu3HavaeThCs 32 BUpa3oM

ti =wi 'Ti, (6)

KIJIBKICTH  TOYOK KOMEpLIHHOro  0O0JiKy

7€ ®; — YacTOTa BiJIMOB i-01 TIITHKH MEPEKi;

T; — cepenHii Jac BiTHOBIEHHs eIEeKTPONOCTaYaHHs

JUIs 1-01 TIEpepBH B €JIEKTPOIIOCTa4YaHHI.

3anponoHOBaHUN TEXHIKO-CKOHOMIUHUHA KpHUTEpiit
e(pEKTHBHOCTI € OCOOJIMBHM, OCKUIEKH TIPUIMAE IO YBaru
0COOJIMBOCTI MOTOYHOTO CTAHY PHHKY €JICKTPUYHOT eHeprii
Ta crenudiky MeETOAW HapaxyBaHHS KOMIICHCAI]
CIIOXKMBayaM 32 TMOPYIICHHS CTAHAAapTiB 3  SKOCTI
€JIEKTPOINIOCTaYaHHsI B Y KpaiHi.

Jlyist BU3HAYEHHsI OLIBHOTO 3aXOJy 3 MiJBHILEHHS

HajiitHocTi  pobotn  Mmickkux PEM 3 mepeniky
pPO3paxoBaHUX KPUTEPIiB ePEKTHBHOCTI BHU3HAYAEMO
MiHIMaJIbHHA:

Kq (x)—>min. (7)

[lpu BupimeHHI MOCTaBICHOI 3amadi HEOOXiTHO
BpaxOBYBaTH yMOBH OOMEKEHHS 3a TEXHIYHHMH
XapaKTEePUCTHKAMHU TPHUCTPOIB, MOKA3HUKAMH HaIiHHOCTI
€JIEKTPONIOCTaYaHHs Ta SIKOCTI EICKTPUIHOI EHEeprii:

SAIDI (x) < SAIDI 1, SAIFI(x) < SAIFI gy,
MAIFI(x) < MAIFI .., ENS(x)<ENS,.,  (8)

Happ(x) < Mgy ey (x) < I pr—

ne  SAIDI .., SAIFI MAIFI ENS

MaKCHUMallbHi 3HAYCeHHS iHJCKCIB HAIHHOCTI PO3MOAITIBHOT
SJICKTPUYHOT Mepexi, SKi BiANOBIAAIOTH IMOTPIOHOMY
PIBHIO HaJ@aHHS MOCITYT EJIEKTPOIIOCTAYaHHS,;

max ' max ’ max
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)y - TPAaHUYHO MPUITYCTHMI  3HAYCHHS
MTOKA3HUKIB SIKOCTI €JIEKTPUIHOI eHepril;
S ey, — TPAHHYHO TPHIYCTHMi 3HAUCHHSA

mapameTpiB pexnumy Micekoi PEM (Hampyru y By3max
Mepexi, CTPyMH B JIiHiSX TOIIO).

s PEM, posramoBaHoi Ha TepuTOpii M. XapKiB, OyiTi
pO3po0JiCHI TPYyHM 3axOJiB 3 TMIiJABUIICHHS HAMIHHOCTI
€JIEKTPOIIOCTAYaHHsI  CIIOKMBadiB Ta  (PyHKIIOHYyBaHHS
Mepexi. 3 BUKOPUCTAHHIM po3pobiieHoro kputepito (1) Oyio
BUOpaHO HAMOUIBII JOLUIGHHUI 13 PO3IJISTHYTHX 3aXOZiB.
Pesynbrat  pospaxyHKy —mpencraBieHi B Tabm 1.
JHocmimkyBana mickka PEM BrkoHaHA KaOeTbHUMH JIHISIME
10 kB Ta 0,4 B 3 BuKoprcTaHHM 1poBoAiB Mapku AAIIIB.
Mepeska po3TaLIOBaHi Ta TEPUTOPIT Iwomero noHas 70 km? i
ONICP)KY€ OJKUBICHHS Big 4 TOHIWKYIOYMX MiJACTAaHIIN
110/10xB. B TII 10/0,4 xB BcTaHOBIEHO IO 2 CHIOBUX
TpaHc(hOpPMATOPH, TOTYXKHICTh KX cTaHOBHTH 1000 kBA,
630 kBA. Jlo cknaay mepexi Bxoauth asa PIT 10 kB.

Tabmuus 1 — Oninka 3ax0/1iB 3 MiABUIICHHS HAIIHHOCTI poOOTH
micekux PEM

Howmep
rpymu
3aXOIiB 3 Koedinient
T BH- XapaKkTepucTrKa IPyIH 3aX0/iB efbeI{U’IB‘
IEHHS 3 MiZBUIICHHS e()EeKTHBHOCTI HOCT1
edexruB- | poboru PEM K (X),
HOCTI B.O.
poboti
PEM X
1 BceranosiieHHs 0,83
IHTENEKTyaTbHOTO 00JIa THAHHS
Ha TII ta PIT
2 INepeBeneHHs Mepexi 3 0,89
Hanpyru 10 kB Ha Hanpyry 20
kB 3 BuUKopucTaHHaM
3aXHIEHUX MPOBOJIB
3 BcTraHOBIICHHS PEKIOY3€piB 0,68
4 BrpoBakeHHS pO3MOAiIeHOT 0,89
reHeparii, 3MiHa peXKHUMY
pobOTH pesieHOro 3aXHUCTy
5 3actocyBanuss CHE 0,73
6 BnpoBapkeHHS po3mofiieHoT 0,65
rerepatiii, 3acrocyBands CHE

Sk BugHO 3 TaOu. 1, HaWOLIBIN AOLIIBHHM IS
po3risiHyToi Micekoi PEM € 3axinm, sxwit mependavae
BIIPOBAPKCHHS PO3IOAITICHOI TeHepallii Ta 3acToCyBaHHS
CHE.

BucHosku.

Buxonanmii aHajgi3 IokasaB, 1[0 HE3aJ0BUILHHI
TEeXHIYHUHA cTaH cydacHHuX Michkux PEM Ykpainu 3Ha9HO
3HHUIIY€E TOKA3HUKU e€(EKTUBHOCTI Ta HAIIMHOCTI poOOTH
sk PEM, Tak i OEC Ykpaiau B mimomy.

Jis  migBummeHHs HagiHOCTI  (QYHKIIIOHYBaHHS
Micekux PEM HeoOXiqHO 11t KOkHOI 3 perionanbHux OPC

pO3pOOMTH Ta BOPOBATUTH HHU3KY OpraHi3amiiHO-
TEXHIYHHUX 3aXOJIiB, SIKi I03BOJIATH OHOBUTH CTPYKTYpY Ta
KOH(}ITypaIiro Mepex, a TaKoXX CIPHATHMYTH PO3BHTKY
IHTETIeKTyali3amii eIeKTPHIHIX MEPEXK.

Jnst  oOrpyHTYyBaHHSI JOLIJIBHOCTI
3ax0/1iB 100 I ABUIICHHS e(EeKTHBHOCTI
¢ynkiionyBanHs Micbkux PEM  OyB  pospoOneHuit
TEXHIKO-€KOHOMIYHMH KpuTepili e(eKTUBHOCTI, SKHH
BpPaxoBye OCOONMBOCTI HOTOYHOIO CTaHy  pPHHKY
eNIeKTpUYHOI  eHeprii Ta cneundiky HapaxyBaHHS
KOMIICHCAIlIi CIOXMBadaM 3a IMOPYIICHHS CTaHIApTiB 3
SIKOCTI €JICKTPOIIOCTaYaHHS B YKpaiHi.

Peasizamist mpoekTiB 3 migBUIIEHAS €(peKTUBHOCTI Ta
HagiHOCTI (yHKIiIOHYBaHHA Mickkux PEM motpebye
PETETBHOT OIIHKH Ta AeP>KaBHOI MiATPIMKH.
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VIIK 679.7:678:544
B. M. 30/I0TAPBOB, O. B. YYJIEEBA

BIIVINB TPHOKCHUAY CYPMH HA INTIOIIUPEHHS ITOJYM'S B ITIOKEXKOBE3IIEYHUX
MOJIMEPHHUX KOMITO3HUIIAX

Mertoto CcTaTTi € BU3HAUCHHS BIUIMBY TPUOKCHJY CypMH Ha IOIIMPEHHS MOJIyM's B MOXKEXO0OE3MEUHMX MOJIMEPHUX KOMMO3HULisX. JlocmimkyBanu
MI0KEK00E3IIeuHi MOTIMEpHi KOMIIO3HUIIii Ha OCHOBI MOJIETHIEHY HHM3bKOI T'yCTHHHM Ta JIHIIHOTO IOJieTHJIeHy HHM3bKOI I'yCTHHH, TaJIOTCHBMiCHHUX
AQHTUIIPEHIB Ta TPUOKCUIY CypMH. BH3HauauM MOKa3HUKH BEPTHKAIBHOTO MOMIMPEHHS MOIYM’s MOOAUHOKO MPOKIIAJCHOIO i30JIbOBAHOTO IPOBOJLY.
IMoka3aHo 110 AJIs MOJIMEPHHX KOMIIO3MIIIN Ha OCHOBI MoJTioneiHiB, sIKi 34aTHI 10 3UIMBAHHS CHJIAHAMH, KUTBKICTh aHTHITIPEHIB 3MEHIIY€THCS Ha 24—
48 % mix yac BUKOPUCTAHHS aHTHUITIPEHIB, [0 MICTATH CYMIIIl TaJIOTeHY Ta TPHOKCH/Y CYpMH B CIIiBBigHOIICHH] 3:1.

K104oBi ci1oBa: 130111151 CAMOYTPUMHHEX i30JIbOBAHHX MIPOBO/IiB, AHTHIIPEHH, BEPTHKAIbHE MOLIMPEHHS IOy M 1, TI0XKex00e3 e i HoiMepHi
KOMIIO3HII{.

B. M. 30/I0TAPEB, E. B. YYJIEEBA

BJIMAHUE TPHOKCUJA CYPbMbI HA PACITIPOCTPAHEHHUE IIVIAMEHHU B
MMOXKXAPOBE3OIMACHBIX HIOJIMUMEPHBIX KOMIIO3UIIUAX

Llesbi0 CTAaThH ABISIETCS ONPEIEIICHNE BIHSHUS TPHOKCHIA CyPbMBI Ha PACpOCTPaHEeHHE [UIAMEHH B 0XKapoOe30MaCHBIX MOTUMEPHBIX KOMITO3ULIHSX.
HccnenoBany moapo0e30MacHble MOJIMMEPHBIE KOMITO3UIMA HAa OCHOBE IMOJMATHICHA HMU3KOW IUIOTHOCTH M JIMHEWHOTO MOJIMATHIICHA HU3KOM
IUIOTHOCTH, TAJIOTEHCOICPIKAIIIX AHTUITUPEHOB U TPUOKCHAA CYpbMbI. OIpeeNsiiy MoKa3aTei BEPTUKAIbHOTO PACIPOCTPAHECHUS INIAMEHH OAUHOYHO
MPOJIOKEHHOTO U30JMPOBAHHOTO MPOBOIa. [I0Ka3aHo YTO ISl HOJMMEPHBIX KOMIIO3HIHI Ha OCHOBE TIOIHOIE(UHOB, KOTOPBIE CIIOCOOHBI K CIIUBAHUIO
CHJIaHAMH, KOJIMYECTBO aHTUIUPEHOB YMEHbIIAeTCs Ha 24-48% Npy UCTIONBb30BaHIH aHTUITMPEHOB, COICPKAIINX CMECh I'aJIOTeHA U TPUOKCHIA CyPbMBI
B cooTHOIeH!HH 3: 1.

KaioueBble c¢J10Ba: H30JALMS CAMOHECYLIMX H30JUPOBAHHBIX IPOBOJIOB,
0Kapo0e30IacHbIe MOJIUMEPHBIC KOMITO3HLIUH.

AQHTHUIIHPEHbI, BEPTUKAJIBHOE PpACHPOCTPaHEHHE ILIAMEHH,

V. M. ZOLOTARYOV, O. V. CHULIEIEVA

INFLUENCE OF SURMA TRIOXIDE ON FLUID DISTRIBUTION IN FIRE PROTECTIVE POLYMER
COMPOSITIONS

The purpose of the article is to determine the effect of antimony trioxide on flame propagation in fireproof polymer compositions. Fireproof polymer
compositions based on low-density polyethylene and linear low-density polyethylene, halogen-containing flame retardants and antimony trioxide were
studied. The parameters of the vertical flame propagation of a single laid insulated wire were determined. It is shown that for polymer compositions
based on polyolefins that are capable of crosslinking by silanes, the number of flame retardants is reduced by 24-48% when using flame retardants
containing a mixture of halogen and antimony trioxide in a ratio of 3: 1.

Keywords: insulation of self-supporting insulated wires, flame retardants, vertical flame propagation, fireproof polymer compositions.

Beryn. [lns 3HIDKEHHS TOPIOYOCTI HONIMEPHHX
MaTepialiB HaiJacTilie 3acTOCOBYIOTh CIONYKH, IO
MICTSITH TaJIOTEHH, TPHOX THUIIIB: CIIOIYKH 3 aTi(paTHUIHOIO,
apOMAaTHYHOK a00 I[HKIOATI(PATUIHOK CTPYKTYPOIO.
3anexHO Big OyIOBH CIOJNYKH, IO MICTATh TajOrCHH,
HiiIaThes Mipoiizy abo B KOHIeHcoBaHiil (asi, abo
BUIIAPOBYIOThCS 1 JIECTPYKTYIOTh BKE€ B Ta30Bii (a3i.
EdexTuBHICTS aHTHITIPEHIB, 10 MIiCTATH TAJIOTEHN 3POCTAE
B piany F<CI<Br<I. Haiiuactime B sIKOCTi aHTHHipeHiB
3aCTOCOBYIOThCS CIIOJIYKH XJIOpPY 1 OpoMy, B 3B'3KY 3 TUM,
10 BOHM 3a0€3MeYyloTh OINTHMaJbHE CIiBBIIHOIICHHS
nina/skicTb. Crioiayku ¢pTopy i HoLy He 3aCTOCOBYIOTHCS SIK
AQHTUIIPEHH, TOMY 1110 CIOIYKH (ropy mManoedekTHBHI, a
CHOJIyKH HOJly MalOTh HU3bKY T€PMOCTaOMIbHICTD ITifl Yac
nepepo6ku [1-4].

3HauHa YaCTHHA aHTHUIIIPEHIB, IO MICTAThH TAJIOTECHH,
3aCTOCOBYEThCS Y BHIVIAAI CHHEPTiYHMX CyMiIled 3
okcunamu cypmu. Cam 1o cobi OKCHI CypMH HE CTPUMYE
TOPiHHSA, TOMY IO IJIABUTHCS 32 TEMIIEPATYP, AKi BHIIE HIXK
TemmnepaTypu 3aiiMaHHA OuTemIocTi mractmac. OpHak B

CyMimIi 31 CHOJyKaMH TallOTEHIB OKCHI CYPMH YTBOPIOE
TaJIOTEHIIN i OKCUTAJIOTeHIN CYPMH, SKi 32 TeMIepaTypu
3aliMaHHA 3HAXOIATBCS B Ta30MOmiOHOMY CTaHi 1
po30aBisiIoTh TOprOYi rasu. KpiM TOro, rajoreHigm i
OKCHTaJIOTEHIM [iI0Th SIK MOryiMHAa4dl pagukamnis OH*
anayoriuno aii HCl i HBr. IIpoTe BB TPHOKCHIY CypMHU
Ha TM0XXeXK00e3MeuHi MoJIIMEepHI KOMITO3HLIT 15t KaOeIbHOT
MPOYKIIi1 TOCHTIIKEHO HETOCTATHBO.

Merta poOorn. BusHaueHHS BIUINBY TPHOKCHIY
CypMH Ha TIOIIMPEHHS MOJIYM'sl B IIOKEKO0E3NEUHHX
MOJIMEPHUX KOMITO3HIIsIX.

Jnst  nocArHEHHS TIOCTaBIEHOI MeETH HeoOXiTHO
JOCHIANTH  3aJEXKHICTh  NOMMPEHHA  HOIyM’ss B
MOXKEKOOE3MEYHNX TIONIMEPHUX KOMITO3UINSIX BiJl iX
CKJIaay Ta BMICTy TPUTipaTy CypMH.

PesyabTaTn nociaizxennb. [IpoBoannm nocmimKkeHHS
BruMBy SbyOz (TpuOKCHIy CypMH) Ha BEpTHUKAJIbHE
MOIMPEHHS MOJIYM'ss OIMHOKO 130JIbOBAHOTO TIPOBOIY
CIIL.

© B. M. 3onorapsos, O. B. Uyzneesa, 2019
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ITomiMepHi KOMMO3WINi BHUTOTOBISUIM Ha  JIiHIT
kommayHnyBanHs ~ kommanii  ERMAFA  mHa  0asi
nBomrHeKoBoro ekcrpynaepa BTS 50x35D 3 miamerpom
mraeKy D, mo gopisaroe 0,05 M Ta BiZHOMEHHSM JOBXHHA
LIHEKY JI0 JliaMeTpy, 110 TOPiBHIOE 35.

Jiis oxeprkaHHs MOJIMEPHUX KOMIO3HUIINA HA OCHOBI
noJrioniediHiB BUKOPUCTOBYIOTH JBOIIHEKOBHH EKCTpYyAEp
i3 30Hamu jerasamii. [IpuBin ekcTpyaepy 3MiHCHIOETHCS
BiJl PEryJbOBaHOTO €JEKTPOABUTYHA. Marepian, 10
nepepooIsieThCsl,  3TIAHO  peUenTypi  KOMIO3HIII,
0e3mepepBHO MOIAETHCS Yepe3 3aBaHTAXKYBAIBHUHA OTBID i
OOKOBI 3aBaHTaXyBaJIbHI IIPUCTPOI 0 EKCTPYAEPY.

3a xapaKTepoM IPOIIECiB, 10 MPOTIKAIOTE B POOOUIi
30HI eKCTpyAepy, iX MOOUIAIOTH IO JOBXKHHI Ha 30HY
KWBJICHHS, 30Hy CTHCKaHHS Ta 30HY J03yBaHHS.

[Tig gac mepemimeHAs MaTepiany B3ZOBXK MIWIHIPY
BiIOYBA€ThCSA IUIABJICHHSA 1 TOMOTIEHI3aIlis MOTiMEpPHOT
cymimi. IlpocyBarounch, Marepian posirpiBaeTbcs sK 3a
paxyHOK TeIula, L0 BHIUIETHCS BHACIINOK B'S3KOTO
TEPTs, TaK 1 TEIUIa, 0 MiABOAUTHLCS BiJl PO3TAIIOBAHHUX HA
kopnyci HarpiBa4iB. Temmeparypa B3IOBXK HWIIIHApA
PETYIIOETHCS 3alIEKHO BiJl THITY TIOJIIMEPHOTO KOMITAyH/Ia.
PerymroBaHHS BCiX mapameTpiB eKCTPYy3ii 3MIHCHIOETHCS 3
€JIEKTPOHHOTO ITyJIbTa YIPaBIiHHS.

l'omoreHHnit po3miaB HaJIXOIUTh 10 MPSIMOTOYHOT
eKTPY31iHOI TOJIOBKH, SKa MpWU3HA4YCHa AJSI NPECyBaHHA
TEPMOIUIACTUYHOTO MaTepialy B CTPEHIH.

[Ticnst BuXoay 3 (hOPMYyIOUOTrO IHCTPYMEHTY CTPEHTH
MOTPAIUISIOTh Ha POJIBIaHT, JIe BiJOyBa€eThCs iX OTHOUACHE
OXOJIO/DKeHHsT 1 TpaHcnopryBaHHsA.  OXOJIOJDKEHHS
3MIACHIOETHCS 32 JOMOMOTOI BOJSHOIO mapy (TyMaHy),
KOJIM OKpEeMi Kparuli BOJY CTHKAIOThCS 3 MOBEPXHEI0, 10
oxoJomKkyerbes. [lig yac 1mporo He juine Oe3nepepBHO
OHOBIIIOETHCSI HArpiTMH TpaHWYHUM IDap BOAW, alie i
IOCATaE€THCS i TIEPEO0XO0JIOIKEHHS (BHACITIIOK
caMOBHITapOBYBaHHs). TakuM dYHHOM, 3a0e3medyeThes
MOCTIHHWIA TEeMIepaTypHHH Tepenax i YCYBaKOThCS
TIepepBH B OXOJIODKEHHI.

[loTiM cTpeHrHm NOTPaIuIsIOTh HA POJBraHr, Jae
BiIOYBA€ETHCS 1X MOMAAJIbIIC MOBITPSHE OXOJOPKYBAHHS 1
00yBaHHS 3a JIOTIOMOTOI BEHTHJISITOPIB JUISi BUJAJICHHS
BOJIOTH 3 TIOBEPXHI CTPEHTIB.

OXOJIOMKeHI CTPEHTH [MOJAIThCS 10  BXIAHOTO
OTBOpPY TpaHyJSITOPY 1 3aXOIUIIOIOThCS — BaJMKaMU
MOJIaBaHHS BCEPENUHY TOJIOBKHM pizaHHA. [licis mporo
CTPEHI'H pO3pi3al0Th Ha IPaHyJIW 3a JIOTIOMOTOIO JIMCKa
pizaHHs, IO 00epTaEThCS, | HIKHBOTO HOXA. HeoOxXinHuid
PO3Mip TpaHyIl TOCATAETHCS MiJO0POM YaCTOTH 0O0CpPTaHHS
POTOpIB MPHUCTPOIO pizaHHs. TpaHCIOPTYBaHHS I'paHys 3
rpaHyJsTOpy 110 OyHKepy Ui po3(acoBKH BiOyBaeThCs
MOBITPOJYBKOIO TpPAaHCIOPTyBaHHA. J[nst BHpoOHMIITBA
Ka0eTbHO-TIPOBITHUKOBOI MPOIYKIIIT 3 MOXKeK00e3MeuHNX
KOMMO3HUIiN momionediniB, $Ki 34aTHI OO 3MIMBAaHHA
cunanamu  Ha [IAT «3ABOJ]I TIIBAEHKABEJIb»
BUKOPHCTOBYBaJIN €KCTPY3iliHy JiHito pipmu ROSEDAHL
ABgctpis, Ha 6a3i exctpyaepy RE 1-120 ARZI 3 giamerpom
urHeKy 120 MM i BiZTHOIICHHSIM L/D = 30.

Jlo ckmagy ekcTpy3iiHOi JTiHIT BXOAWTH MPUCTPIi s
migirpiBy iy Big 373 K 1o 393 K, mo 3abe3nedye kparmry
aAre3iro 130yl OO0 JKWIM 1 3amobirae yTBOPEHHIO B
1307111111 Ta30BUX BKIFOUCHB.

OCHOBHUM BY3JIOM €KCTPY31HHOI JIiHIi € IIHEeKOBUI

npec. Y  IWIHApPI  mpecy, WO  MiJIrpiBaEeThcs,
pPO3MIIIy€eTbCS  IIHEK, SKUH  O0OEpTAlYHCh  I10JIA€
pO3IUIaBIICHUH  Marepian J10 KyTOBOi TOJNIBKH 3

¢dopmytounm iHCTpyMeHTOM. DOpMYIOYHMH IHCTPYMEHT
SIBIISIE COOO0 IOPH 1 MATPHITIO, 1[0 YTBOPIOKOTH KiJIbIICBUI
3a30p I eKeTpy3ii MaTepiany. [ BUHTOBaA Hapi3Ka IIHEKY
HEepiBHOMipHa 10 HOTO MOBXKWHI: 0OCST BHTKa ITHEKY Ha
BUXOJi MCHIIE HiXK 00CAT BHTKAa Ha BXOHi. Y pe3yibTaTi
3a0e3mnedyeTsesi HeoOXiTHe YIIITbHEHHS MaTepiay.

HeoOximHmif CTYmiHb YIIUTBHEHHS IOCATA€THCS
IUIIXOM 3MEHIICHHS TJHOWHU Hapi3kd 3a 30epekeHHIM
MOCTIHHOCTI KpPOKY. 3MEHIIEHHS IUION[ TONEepPEeYHOro
mepepizy KaHaiy 3a0e3leuye  KOMIICHCAII  3MIHU
00'eMHOT T'yCTHHH MiJ1 4ac Nepexoy IIaCTMACH 3 TBEPIOTO
CTaHy B PO3IUIaBJICHUM.

I'eomMeTpist IIHEKY ONTHMi30BaHa 32 BiIHOIICHHSM —
JOBXXHHH JI0 AiaMeTpy, 30HU 3MILIyBaHHS i pO3IUIABICHHS
noyiMepy aJanToBaHi IS JaHOTO TEXHOJOTIYHOro
mporecy, a mpodink TeMIepaTyp B3IOBX IIIUIIHApa
OTITUMI30BAHO i IIe MIPU3BOANUTE JJO BHCOKOI TOMOTEHI3aIli1
I30JALIAHOTO MaTepialy 3a MiHIMAJIBHOI KiTBKOCTI
JePEeKTiB i TapHOMYPO3MOALTY CHIIAHY.

OO00B's13KOBOIO0 YMOBOIO ITiJT Yac HAKJIAJICHHS 130111
€ CTYIIHYATe OXOJIOMKECHHS OJIEPIKAHOTO TOKPHUTTSL.

OxomnomKyBaJIbHa BaHHA Ma€ TPH CEKLIl: y mepiii -
JUIsSL OXOJIOJKEHHS BUKOPHCTOBYETHCS BOJIA
temrnepatyporo Bia 353 K no 363 K, y apyriii Bin 303 K 1o
343 K, y tpertiit Big 293 K mo 313 K. Cryminuacte
OXOJIOJDKCHHS ~ BHKJIIOYAE  MOJIIMBICTH  YTBOPEHHS
HaJIMIpHHUX BHYTPIITHIX HANIPy>KeHb B 130JIs11i1 200 ra30BHX
BKIIOYCHb.  BHyTpIilIHI ~ HampyXeHHS  3HWKYIOTb
SJIeKTPUYHY MIIHICTD 130JIA1ii 1 TPUCKOPIOIOTH 3pOCTaHHS
BOJISIHUX TPHUIHTIB.

BimmoBimHO [0 BUMOT  CTaHHApTIiB  YKpaiHU
CaMOYyTPUMHI 130JIbOBaHI MIPOBOIH, 10 HE
PO3IOBCIO/KYIOTh ~ TOPiHHSI, TIOBHHHI ~ BUTPUMYBaTH

BUIIPOOYBaHHA 3 PO3MOBCIOJKEHHS MOIyM's, 32 yMOBH
MOOAMHOKOTO mpokiaaeHus nmposoay (EN 60332-1-1:2004
[5]).

PesynbraT;  BOTHEBHX  BHIIPOOYBaHb  130JIAIil
CaMOYTPUMHHX 130JIbOBAaHHX HPOBOJIB B 3aJIEKHOCTI BiJ
CKJIJly AHTUIIPEHIB B IOXEXO0OE3MEUHUX IMOJIMEPHUX
KoMITo3MLisiX 1-6 HaBeneHo B Tabu. 1-4.

Ha ocHOBI oTpuMaHMX €KCHEPHUMEHTAIBHUX JaHHX
MOXHA 3pOOMTH BHCHOBOK, IO JuIsl 3a0e3NeueHHs
BOTHECTIWKOCTI KaOeiB 3 TEPMOIUTACTUIHOIO 130JIAIIIEI0 HA
OCHOBI MoJTi0e(iHiB i XJTIOPOPraHiYHUX AHTUIIPEHIB BMICT
aHTHIIIpeHy MMOBHHEH OyTn He MeHIe Hix 11 %.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepis: Enepeemuxa
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Ta6nuus 1 — Pesynbrati BunpoOysannst i3ossiuii CIIT Ha BepTHKaibHE MOMIMPEHHS MOIYM's 32 YMOBU BUKOPHUCTAHHS
noxexxo0e3MevHnX noniMepHuX Kommo3uwii 3 antunipenamu XOC ta BOC

HaiimenyBaHHst BwMmicT koMnoHeHTiB, % Mac. Boruesi sunpodysans, Be[:Tmcam,ﬂe
KOMITONENTIE MOLIHPEHHS OJIyM'st
1 2 3 4 5 6 Meton Hopma 3HaveHHsI
LDPE (IITP 2,0) 89,7 87,0
LLDPE (IITP 3,0) 89,7 87,0
LLDPE (IITP 2,0) 89,7 87,0 JACTY EN L1>50 mm [ommmuprooTh
Antunipen XOC 84 84 184 60332-1-2 L2 <540 mm MOyM'st
Awntumipes BOC 53 1|53 5,3 -
CsiTsiocTabiizarop 25 125 25 25 25 |25
Cyxwuii koHnenTpar cuinany CKC-2 25 2,5 25 |25 2,5 2,5

a0t 2 — PesynbTraTd BUIIPOOYBaHHS 1305111 Ha BEpTUKaJIbHE NOLIUPEHHS MOIyM'sl 32 YMOBY BUKOPHCTaHHS
Tab. 2-P 0 CIIT !

MOKeK00e3MeYHHX moiMepHuX kommo3umii 3 antunipeHamu XOC i BOC ta Sb203 B cniBBigHOMmIECHH 5: 1

HajimenyBaHHst Bwmict kommoHeHTiB, % Mac. Boruesi sunpodysans, BeI:T"Kaane
OMITONEHTIE MOIIMPEHHS NOJIyM'si
1 2 3 4 5 6 Merton Hopma 3HaveHHs1
LDPE (IITP 2,0) 89,7 87,0
LLDPE (IITP 3,0) 89,7 87,0
LLDPE (LITP 2.0) - 897 87,0 JCTY EN L1>50 mm [TommproTh
Anrtunipes XOC+Sb20s3 (5:1) 8,4 84 (84 60332-1-2 Ly < 540 Mmt HonyM's
Anrtunipes BOC+Sb20s (5:1) 53 153 5,3 -
CaiTnocrabinizatop 25 |25 25 |25 2,5 2,5
Cyxwuii konnenTpar cuiany CKC—-2 |25 2,5 25 2,5 2,5 2,5

a6 3 — PesynbraTn BU