MIHICTEPCTBO OCBITU TA HAVKU YKPATHU
HAIIIOHAJIbHUI TEXHIYHUI YHIBEPCUCTET YKPATHU
«KUIBCHKUH TOJITEXHIYHUM IHCTUTYT IMEHI IT'OPSI CIKOPCBKOI'O»

TUMOXIH OJIEKCAHP BIKTOPOB1Y ﬁ

YK 621.316

IHOOPMAUIVHE 3ABE3NNIEYEHHA CUCTEM KEPYBAHHSI
EJEKTPUYHUMU MEPEX XAMMU HA OCHOBI IIEPEJIAYI
NN POKOITOJIOCHUX CUT'HAJIIB 110 PEM 0,4...10 kB

CrneuianbHicTb 05.14.02 — eneKTprUyH1 CTaHIi, MEPEXKI 1 CUCTEMH

ABTtopedepar
nucepTanii Ha 3700yTTS HAyKOBOT'O CTYIIEHS

KaHauaaTa TEXHIYHUX HAYK

KHIB - 2019



JlucepTarri€ro € pyKomuc.

PoGora BukoHana y HamioHadbHOMY TEXHIYHOMY YHIBEPCUTETI YKpaiHu
«KuiBchkuii momiTexHigyHUM 1HCTUTYT iMeH1 [ropst Cikopcbkoro» MiHicTepcTBa OCBITH
Ta HAYKH Y KpaiHu.

HaykoBuii kepiBHUK: TOKTOp TEXHIYHHX HayK, mpodecop
Anayabcebkuii Onexcanap CranicjiaBoBuY,
Hamionanpauit TeXHIYHUU YHIBEPCHUTET VYkpainu
«KuiBCcbkUM  MOJITEXHIYHUM  1HCTUTYT 1MeHl Irops
CiKopCBKOToY,
nekaH MakyabTETy eNEKTPOCHEPTOTEXHIKM Ta aBTOMATHKHU.

Odiuiiini onmoHeHTH:  JOKTOP TEXHIYHHUX HAyK, podecop
Kysuxk Bosiogumup BosoagumupoBuy,
BiHHULBKYNM —~ HALIOHAJIBHUN  TEXHIYHUN  YHIBEPCHUTET,
M. Binaunmg,
npodecop Kadeapu eTeKTPUIHUX CTAHIIN 1 CUCTEM;

KaHJIUJAT TEXHIYHUX HayK

Tpau Irop BacuiboBuy,

[acTutyT enexrponunamiku HAH Ykpainu, m. Kuis,
CTapIMii HAYKOBUM CIIBPOOITHHK BIJIJILTY MOJICTIOBAHHS
CJIEKTPOCHEPTETUYHUX 00'€KTIB 1 cucTem No3.

3axuct BimOymetbes «9» xkBiTHA 2019p. o 14:30 roamui Ha 3acimaHHI
cnenianizoBanoi pagu K 26.002.06 y HamioHanbHOMY TEXHIYHOMY YHIBEPCHUTETI
VYkpainu « KuiBcbkuii mosliTeXHi4HUM 1HCTUTYT iMeH1 [ropst CiIKOpChKOT0» 3a aApecoro:
03056, m. Kuis, Bya. [lomitexniuna 37, kopi. 20, ayx. 3.

3 aucepTaliiero MOKHA O3HAWOMHUTHCH y Oi0miorterii HarioHampbHOTO TEXHIYHOTO
yHiBepcuteTy YKpainu «KUiBCbKMII TMOMTEXHIYHMA 1HCTUTYT 1MeHi Irops
Cixopcekoro» 3a agpecoro: 03056, m. Kuis, npocn. Ilepemoru, 37.

ABTtopedepat poszicianuii «4» 6epesns 2019p.

YdeHnuii cekperap
Crieliajli30BaHOi BUCHOT pajiu [Iocrak B.O.
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1
3ATI'AJIbHA XAPAKTEPUCTHUKA POBOTHU

AKTyaJbHiCTh TeMH. Y BiAnoBigHOCTI A0 EHepretnunoi ctparerii Ykpainu
Ha nepion 10 2035 p. mependavyaeThCs MiABUILECHHS HAIIMHOCTI Ta €PEKTUBHOCTI
pobotu posnonimeHux enekTpuyHux Mepexk (PEM)0,4...10 kB B ymoBax
HIMPOKOTO BIPOBAIKEHHS BITHOBIIOBANIBHUX JKepen eneprii (BJE).

Hnsa edextuBHOoro kepyBanHs PEM BIpoBaXylOTbCS HOBI MiIXOIH, IO
IPYHTYIOThCSI Ha KoHmentii «Smart Grid», ski BHCYBalOTh HOBI BHMOTH [0
1H(pOopMaILIiHOTO 3a0e3MeueHHs, cepell SIKUX € HeOOX1AHICTh y 00MiHI iH(OpMAaLIi€t0
M1k 3acobamu kepyBanHsi PEM, cnioxkuBauamu, 00’ €KTamMu po3IMOALIEHOT reHeparii.
IcHyroul MeToau Ta 3aco0M HE B MOBHIM Mipl 3a0€3MEUYIOTh CUCTEMY KEepyBaHHS
HEoOX1THUMU 00’emaMm 1HGoOpMaIlii 3 TOMYCTUMHMH 3aTpUMKaMU Ta 3aJaHOI0
JIOCTOBIPHICTIO TIepeiayl JaHUX B pealbHOMY 4aci, 10 YCKIIAJHIOE BIPOBAIKEHHS
Cy4acHHUX TexXHoJjorii kepyBanus PEM.

Ocob6muBocti PEM 0,4...10 kB sk o00’ekta KepyBaHHS, cepel SKUX
criBnaginHg TomoJorii PEM Ta iHdopMmamiiiHuX IOTOKIB, BIJHOCHO HEBEJIHKI
00’emu iH(DoOpMalii 1po craH Ta pexkumu 00’ekTiB PEM, mio mepemaroTbest Bij
3HA4YHOI KUTIBKOCTI po3ocepemkeHnx 00’ektiB PEM, He3HauH1 BiACTaH1 MK HUMU a
TAaKOX HE33J0BUIbHI TEXHIKO-€KOHOMIYHI MOKa3HUWKHU HAasSBHUX 3acO0IB mepeaadl,
00OyMOBIIIOIOTh JOLIIBHICTH BUKOpUCTaHHS PEM sk cepemoBuina s mepenadi
1H(OpMAaIIHHUX CUTHAIB.

Buxopucranaio PEM 0,4...10 kB sk cepegoBuia nepenayi iHpopMaiiHux
CUTHAJIIB NPUCBAYEHI HAyKOBO-AOCHIAHI Ta JUcCepTaliiiHi poOOTH, IO
BUKOHyBanuch ¢axiBusmu [HcTUTYyTY Enexkrpommnamiku HAH  Vkpainw,
HarmionanpHOTO TEXHIYHOTO YHIBEpCUTETY YKpaiHu «KWUiBCHKHMI MONITEXHIYHUN
iHctuTyT 1MeHi Irops  Cikopcskoro», OOO «HaykoBO-TeXHIYHUN IIEHTP
«Enepror’s3ok», OAO «HTL] enektpoeHepretukn», AQO «DHepreTHuecKui
uHCTUTYT uM. [.M.KpxnxaHnoBckoro», a Takox JIyHICHKOTO YHIBEPCHUTETY
(Isemis), ¢ipmu Novell (CIHIA), wxommanii Echelon Corporation (CILA),
yHiBepcutety Moneni 1 Pemxo-nHenb-Emimi  (Itamig), HasbsiHCBKOTO
TexXHoJIoriyHoro yHiBepcutety (Cinramypa), Pumcekoro yHiBepcurery «Jla
Camiennay (Itamst), rpynu kommaniii HomePlug Alliance Ta i1H. OcHOBHI
pe3yJbTaTh BUKOHAHUX POOIT 3HAUIIUIM BimoOpaxkeHHs B pobotax Koctenka M.B.,
Cwmipuosa b.B., Bbycnosa JI.I., Ulecronanosa B.H., Ilepensmana JI.M., Cxkpuis
B.®., flunynscekoro O.C., Xoxiosa FO.B., Stephano Galli, Thomas Banwell, Lars
Selander Ta iH.

BupimienHs mocTaBieHHX 3a7a4 BHUMara€ BUKOPUCTAHHS IMUPOKOTIOIOCHUX
cur"aiiB (ILTIC) B sikocTi iHGOpMaIliitHuX cUrHamiB s iepenadi qanux mo PEM.
B Toii xxe wac PEM ne npusnadeno mis mepemaui IIIC, mo 06yMOBJHO€
HEOOXITHICTD Y MOJANIBIIOMY BJIOCKOHQJICHHI METOMIB 1 3aco0iB Tmepemadi
iHQOpMAIIHHUX CUTHAIIB TUIIXOM po3poOku meromiB (opmysanus IIIC i3
MOKpAIIeHNMH ImapaMeTpamu s nepeadi mo PEM ta gocnipkeHHs BIacTUBOCTEH
PEM sk cepenoBuma mnepemaui IHIIC. Ile no3BoauTh o0’e¢aHAaTH B €IUHY
iH(opMalliiiny Mmepexy OuUIbIly KUTbKICTh 00’ €KTiB KepyBaHHs PEM Ta miaBumuTu
MIBUJIKICTh Tepenayi 1HQOpMaIiiHUX CHUTHAJIB, MO IMIJBUIIUTh €()EKTUBHICTH
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iHpopMariiHOro 3a0e3neueHHs cucteM kepyBaHHs PEM Ta € akTyalibHOIO HAyKOBO-
PAKTUYHOIO 331a4€IO.

3B’A30K 3 HAYKOBHMHM IMporpamMamMu, IJIaHAMH Ta Temamu. Jlucepraris
BHKOHAHA BIIMOBIIHO 0 IJIaHIB HAYKOBUX JOCIIIKEHb Ta TOCIOJAPChKUX J0TOBOPIB
kadeapu ABTroMaruzallii eHeprocucteM HarioHanbHOTO TEXHIYHOTO YHIBEPCHUTETY
Vkpainn «KuiBcbkuil monmitexHIYHUN 1HCTUTYT iMeH1 Iropst CiKOpChKOT0» y TOMY
yucii «Po3pobka Ta BOPOBaIKEHHS 1HTETPOBAHOT CUCTEMHU YIPaBIIHHS FPYIIOBUMHU
3amipHumMu yctaHoBkamu ['3Y» (Ne mepxpeectpamii 0101U000631), «Po3pobka Ta
BIIPOBA/DKEHHS CHUCTEMHU 300py Ta meperadi iHopMalii Bif MIKpOMPOIIECOPHHUX
MPUCTPOIB peneiiHoro 3axucty At miactadmii 500 kB «HoBogon6ackka» (Ne601/352),
«Po3pobka Ta BOpPOBAPKEHHS aBTOMAaTUYHOTO 300py Ta mepemayi indopmarii i3
migcranuid 330/220/110 kB «JIyubk-miiBHIYHa» Bl MIKPOIPOLIECOPHUX IMPHUCTPOIB
P3A Tta peectparopa aBapiitHux mpoieciB «Perinay (Ne mepxpeectpariii
0103U005818)

Merta i 3agaui gociaigkeHHss. MeToro qucepraniiHoi poOOTH € MiJIBUILEHHS
edexTuBHOCTI 1HGOpMarttiitHoro 3ade3nedueHHss CK PEM nursixom Bukopucranas PEM
gk cepenopuina nepenayi indpopmariitaux LITIC i3 nokpaieHuMu XapakTepUuCTUKaMU
Ta y BU3HaueHH1 ymoB posnoBcromkenns [TC nmo PEM 0,4...10 xB.

JIJi NOCATHEHHSI METH MTOCTABJICH1 HACTYIIHI 3aj1ayi:

1. ITpoBectu ananiz PEM sk 06’ekTa kepyBaHHs Ta OOIpPYHTYBaTH BUKOPUCTAHHS
PEM nnis nepenaui HITIC;

2. Pozpobutn meton ¢opmysanss IUIIC 3 mokpameHnMu XapakTepUCTHKAMH
st nepenayi no PEM Tta oninutu BruinB xapakrepuctuk PEM 0,4...10 kB Ha nporiec
posnoBcroxenss LITC;

3. [IpoBectn ekcrmepuMeHTabHE JOCTIKEHHS YAaCTOTHHX XapaKTEPUCTHUK
PEM 0,4...10 kB;

4. Po3po0OuTH MIAXiA 10 PO3PAXyHKY YACTOTHUX XapaKTEPUCTUK EJIEMEHTIB
PEM 0,4...10 kB;

5. Po3pobutu 3acobu nepenayi 1HbOopMaIITHUX CUTHAJIIB 1o
PEM 0,4...10 kB six cknagoBoi CK PEM.

06 ’exm docniocenns. Iporiecn po3noBCIOHKEHHS 1HOPMAIITHIX CUTHAIIIB 110
PO3MOAUTEHUM eNleKTpuaHuM Mepexkam 0,4...10 kB.

IIpeomem oocniodcennss. BIacTUBOCTI PO3MOAUIBHUX EIEKTPUYHUX MEPEK
0,4...10 kB B niana3oni yacrot nepeaaui LIIC, meTonu popmyBanHs iHhopMaIiiHuX
curHaiiB, mo nepenaroTbess no PEM 0,4...10 kB, Ta wMeroaum po3paxyHKY
xapakrepuctuk PEM 0,4...10 kB.

Metoau nociaimaxenHsi. B auceprtaiii juisi BUpIMIEHHS 3a7adl MOKpaIIEHHS
xapaktepuctuk LITIC, mo nepenatrotses mo PEM 0,4...10 kB Bukopuctano ¢pyHKIis
Wave-peiiBinera. [ns ouiHku sikocTi mnepenaui curHainie no PEM 0.4...10 kB
BUKOPUCTAHO EJIEMEHTH KOpeJsiiiHoro aHamizy. [lpm aHami3i CHEeKTpiB CUTHAIIIB
BUKOPHCTAaHO MaTeMatnuHuii anapat @yp’e ananizy. [Ipu anamizi PEM 0,4...10 kB sk
CepeIOBHILA CUTHAJIIB 3aCTOCOBYBAJIUCS €JIEMEHTH Teopli JIHIN 13 PO3MOIITICHUMU
napametpami. [Ipu po3poOui miaxoay 10 po3paxyHKy napamerpiB enemeHTiB PEM sk
JiHIT 13 PO3MOAUICHMMH MapameTpaMu OyJ0 BHKOPUCTaHO pIBHSHHS Makcsena,
pPO3B’SI30K  SIKMX 3/1HMCHIOBABCA CEePTH(PIKOBAHOMY MPOTPAMHOMY KOMILIEKCI
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pPO3paxyHKy €JIeKTPUYHUX Ta MArHITHUX TIOJIB HAa OCHOBI METOJAa CKIHYEHUX
€JIEMEHTIB.

HaykoBa HOBHM3Ha oJ1ep:KAHUX Pe3yJIbTATIB MOJSATa€E B HACTYITHOMY:

1. Po3pobneno HoBuit Meton ¢opmyBanas IHIIC, skuii, Ha BIAMIHY BiJ
ICHYIOUMX, TIOJISiTA€ Yy 3aCTOCYBaHHI JIOJAaTKOBOTO TMEPETBOPEHHsS CHUTHAIY 3a
nonomororo \Wave-seiBieT GyHKIi, 1m0 ao3Bonmio 3ocepenutu edepriro HITIC B
MoJIOCI TIepeadi Ta MiABUIUTH €(eKTUBHICTh BUKOPHUCTAHHS YaCTOTHOTO J1alla30Hy
npu nepenayi HIT1C mo PEM.

2. 3anmpomnoHOBaHO MIAX1 10 pO3paxyHKy napameTpiB eneMenTiB PEM sk miii 13
PO3MOIUICHUMH MTapaMeTpaMu, SIKUi, Ha BIAMIHY BiJl ICHYIOUHX, TIOJISITAE ¥ PO3B’A3KY
piBHSIHP MakcBena METOJOM CKIHYEHHX eNIeMEHTIB [ Moaeneil enementiB PEM Ha
OCHOBI TE€OMETPUYHOIO PO3TAllyBaHHS, EJIEKTPUYHHUX 1 MAarHiTHUX MapaMeTpiB
MarepialliB CKJIaI0BUX eneMeHTiB PEM.

3. Po3po0neHo HOBHMI METOJ MOCHIIKEHHS (Da304aCTOTHUX XapaKTEPUCTHUK
PEM, sxuii, Ha BIIMiHY BiJl ICHYIOUHX, MOJISITa€ B repeaadi 3(pa3oBaHUX CUTHAIIB 10
PEM, mio n03BoJisi€e MPOBOJUTH EKCIIEPUMEHTAIbHE BU3HAYEHHS (Da304aCTOTHUX
XapaKTEPUCTHK I11]1 HApyroto 0€3 CTBOPEHHS 3BOPOTHOTO KaHAITy Mepeiayl CUTHAIB.

4. Orpumano HOBI xapakrtepuctuku PEM B ymoBax mnepemaui LHIIC, mo
J03BOJIMJIO pO3pOOUTH BUMOTH Ta pekoMeHnaauii 1o 3actocyBanHs LLTIC nist nepenaui
o PEM.

IIpakTuyHe 3HAYeHHSI OTPUMAHUX Pe3yJbTaTiB POOOTH MOJATAE B TOMY, IO
po3pobsienuit  HoBuii MeTon (popmyBanHs IIIIC Ha oOCHOBI J0AaTKOBOIO
MEPETBOPEHHS CUTHAITY 3a ToTIoMOoroo Wave-BeiiBier GyHKIIIT JO3BOJIUB 30CEPETUTH
99 % eneprii LUIIC B mosioci mepenadi, mo J03BOIMIO MOOYAyBaTH PUCTPOI Mepeaadi
iHpopmaniiinux curdHamie no PEM 0,4...10 kB 3 eQexkTuBHUM BHKOPHUCTAHHAM
YaCTOTHOTO Jiana3oHy.

Po3pobneni meromu  dopmyBanns IIIIC Tta 3acobu iHbopmariitHOTO
3abesneueHdss CK PEM na ocHoBi nepenaui IIITIC mo PEM 0,4...10 kB, mo no3BoJise
3a0e3neYnTy BUKOHAHHS 337a4 KEpPYBaHHS B YMOBAaX BIPOBA/KEHHS TEXHOJIOTIH
SmartGrid.

3anponoHOBaHMUI MiAXi 10 pO3paxyHKy mapaMmeTpiB enxemeHTiB PEM sk miHii 13
PO3MOUICHUMH TTapaMeTpaMu Ta OTpUMaHi HOB1 XapakTepuctuku PEM, 1mo MoxyTh
OyTH BHUKOPHICTaHI TPH NPOEKTYBaHHI HOBUX CHCTEM IMepenadi iHhopMarliitHux
curHaimis no PEM 0.4...10 kB.

Po3pobnenuii HoBuit Meton npochimxkeHHs dUX PEM 3 BukopuctaHHsIM
3(pa30BaHMX CUTHAJIB, 110 J03BOJsie moOyayBatu cucremy kopekiii @YX PEM y
By3nax npuitomy HIIC B peanbHOMY yaci, 0 MOKPaIUTh sKicTh npuiiomy LITIC.

Pesynbrat poOOTM BHUKOPHCTaHI TpU PO3POOI IHTETPOBAHOI CHCTEMHU
ynpasiiHHs ycranoBkamu ['3Y HI'BY "UepniriBHagToras".

Pesynbratt po0OOTH TakoX BUKOPWCTaHI y HaBYAJIBHOMY IMporieci Kadempu
aBToMaTu3aiii eHeprocucreM B auciuiUliHi «OCHOBM Ta 3acobuW mepeaadi
iHbOpMallii», M Yac KypcOBOTO Ta TUIIIOMHOTO MPOEKTYBAHHS.

OcoOucTuii BHecok 3100yBaya. HaykoBi oJio>keHHS 1 pe3yabTaTH, BUKIIAACHI
B JIMCEpTAIliiHIi poOOTI, PO3pOOJICHI aBTOPOM caMOCTiiiHO. DOpMYIIIOBAaHHS METH
pobotu, BHUOIp METOAOJNOTIYHUX TMIAXOMAIB, y3arajibHEHHsS pe3yJbTaTiB BHKOHAHI
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Oe3mocepeIHbO JIUCEPTAHTOM 3a y4acTIO HayKOBOTO KepiBHUKA. PoOora [1] HanmcaHa
aBTOPOM CaMOCTIHHO. Y JIpyKOBaHHMX TMpalsiX, OINyOJIKOBaHUX Y CITIBaBTOPCTBI,
aBTOpY Haynexath: [3] — migxinm a0 aHamizy skocTi posnobctokenHs [TIC mo
PEM 0,4...10 kB Ha ocHOBI KopensmiiHoro anamsy; [2, 4] — migxix 10 aHajii3y Ta
aHalli3 eKCICpUMEHTAIbHUX  pe3ynbraTiB; [11] — oTpuMaHHS Ta aHajIi3 HOBHX
3aKOHOMIpHOCTEH po3noBcromkeHHs curHaiiB mo PEM 0,4...10 kB B wacTtoTHOMY
miamazoni 1-1000 I'm; [12, 13] — miaxia 10 moOy 0B MPUCTPOIB KOPEKIIil YaCTOTHUX
xapaktepuctuk PEM npu Bukopucransi ix mns nepenaui LLTIC; [5, 6, 7, 10, 14] —
aHanmi3z cucreM kepyBanHs PEM Ta BuUMOrm 1m0 HUX B YMOBax BIPOBAKCHHS
TexHojorii SmartGrid.

Anpobanis matepiajiB aucepramii. OCHOBHI TEOPETHYHI IOJOKEHHS,
pe3yJbTaTh Ta BUCHOBKHU IO POOOTI JOMOBIAAIUCA Ta oOroBoproBanuca Ha [I’sTii
MDKHApOJIHIM HAyKOBO-TIPAaKTH4YHIA KoH(pepeHili “Komm’roTepHi cucrtemu B
aBToMaTu3aili BUpPOOHHWYUX mporeciB” (M. XMenbHulbkui, 2007), MixHapoaHii
HAyKOBO-TEXHIUHIA KOH(PEPEHIIIT MOJIOUX BUCHUX, ACTIPAHTIB 1 CTy/IeHTiB «Cy4dacHi
npoOJjeMu eIeKTpoTexHikM Ta aBTtoMatuku» (M.Kuis, 2010), II MixnapoaHiii
HAayKOBO-TEXHIUHIA KOH(epeHIii «OnTumaibHe KEpyBaHHS €JIEKTPOYyCTaHOBKAMHU
(OKEY-2013)» (M. Binnaums, 2013 p.); va V MiDKHapoaHIM HayKOBO-TEXHIUHIM
koH(pepenuii  «IlimBuiieHHss  piBHA  €()EKTUBHOCTI  E€HEPrOCIOKHBAaHHA B
CJIEKTPOTEXHIYHUX MPUCTPOsIX 1 cuctemax» (M. Jlympk, 2014 p.); na OKEY 2013
OntumanbHe KepyBaHHs eleKkTpoycTaHoBkamu. Il MixkHapoaHa HayKOBO-TEXHIYHA
koH(pepenuis. (M. Binaung 2013p.); V MixHapoHa HAyKOBO-TEXHIYHA KOH(DEpEeHLis
«IligBuiieHHsT PIBHA €(PEKTUBHOCTI EHEPrOCHOXKHUBAHHS B EJICKTPOTEXHIYHUX
npucTposix 1 cucremax». (Jlyupk, 2014p.); UerBepra MiXKHapoJHa KOH(pepeHLis
«InTenexkryansHi eHepretuudi cuctemu - ESS'15». (M. Kuis, 2015p.); OKEY 2015
OnTtuManeHe KepyBaHHS enekTpoyctaHoBkamu. III MixkHapoaHa HayKOBO-TEXHIUYHA
xoH(pepenmis. (M. Bimnung, 2015p); OKEY 2017 OntumanbHe KepyBaHHS
enekTpoyctaHoBkamu. [V MbDKHapogHa  HayKOBO-TEXHIYHA  KOH(QEpEeHIIisl.
(M. Bignauns, 2017p);

IMyo6aikauii. 3a pe3ynbTaTamu 10CIiKeHb onmy0ikoBano 20 HAyKOBUX Tpailb, B
Tomy uncii 9 cTateil y HaykoBuX (haxoBUX BUIAHHAX YKpainu (3 CTaTTi y BUJAHHAX
VYkpainu, siki BKIIOYEHI 10 MiXHAapoaHOi HaykomeTpuuHoi 0asu Index Copernicus
International, PUHII).

Ctpykrypa Ta o00caAr jaucepramiiiHoi podooru. Jlucepraiiiina poboTta
CKJIQJIAETHCH 13 BCTYIY, YOTUPHOX PO3/11JIiB, BACHOBKIB, CIUCKY BUKOPUCTAHUX JIXKEPEIT
(136 naiiMeHnyBaHb) 1 goaaTkiB. OCHOBHHUI 3MICT BHKJIaaeHuH Ha 154 cropiHkax
JIPYKOBAHOT'O TEKCTY, MICTUTh 8 Tabnulb, 61 pucyHku. 3aranbHuid oOcar aucepranii —
171 cropiHkwu.

OCHOBHM M 3MICT POBOTHU

Y Berynmi OOTpYHTOBAaHO AaKTyalbHICTh Ta JOUUIBHICTH TEMHU JOCIIHKCHHS,
chopMyITHLOBAaHO METY, 3aBIaHHS, 00’ €KT, MPEAMET 1 METOIU TOCIIIPKEHHS, IIPAKTHIHE
3HAYCHHS Ta arpoOallio pe3yabTaTiB poOoTH.

Y nepmomy po3aini mpoBeneHo anami3 crtany PEM Vikpainm sk 00’ekTa
KepyBaHHs. BcranoBneHo, mo cydacHi tenaeHiii po3sutky CK PEM B ymoBax
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301bIneHHs KimbkocTi BJIE Ta iHmmx 00’€KTiB po30ocepeKeHOi TeHepallii, a TaKoxX
MiBULIECHHS BUMOI JI0 SIKOCTI EJIEKTPOIIOCTAYaHHS CHOXKMBa4YlB OOYMOBIIOIOTH
HEOOX1IHICTh BHUPIIICHHS HOBHUX 3aJlady KEpyBaHHs, IO MOTPEOYIOTH BIAMOBIIHOTO
iH(popmartiiinoro 3abe3neuenns CK.

BcranoBneno, mo B iCHyHOYHX 1H(QOpMAIIHUX MeEpekax BUKOPHUCTOBYIOTH
pi3HOMaHITHI 1HpopMaIliiiHi iHTepdeicu Ta pi3HOMaHITHI MPOTOKOJIH Mepeadl TaHuX.
IIpu oMy rpymu 06’ €KTIB MOHITOPUHTY Ta kepyBanHsa PEM nokanizoBaHi B Mexax
omHoro o6’exkta PEM, mo mo3Bosisie 00’ eqHands 1HGOPMAIMHNX MOTOKIB BiJ IHX
00’extiB PEM B enunmii notik npu nepenayi vHa JAI1 PEM. ToOto, Ha iH(popmariiini
mepexki CK PEM moknanaeTscsi KOMIUIEKC HOBHMX 3aqad IO IHTErpamii 7o
iHpopmariiinoi mepexxi CK PEM Benukoi kinbkocTi 00’€kTiB kepyBanHs PEM i3
pI3HMMH 1HTEpdeiicamMu, MBUAKOCTIMU Ta MNpoTOKoiamu mnepeaadi. OO’ eaHaHHS
00’exTiB MOHITOpUHTY Ta KepyBaHHi PEM B mexax o0’ekra PEM o0ymoBitoe
HEOOXITHICTh TMIJABUIIEHHS IIBUAKOCTI TIepefadi TMOBIJOMJIEHb B CHCTEMax
iH(dopmartiiinoro 3adesneuenns PEM.

Bigznaueno, mo npu crtBopeHHi CK PEM 3 Benmmkoro KigbKiCTIO 00’€KTIB
MOHITOPUHTY Ta KEpyBaHHS IOIUIBHHUM € BHUKOPUCTaHHS $K ICHYHOYHMX 3aco0iB
iH(dopMarliiitHoro 3a0e3nedeHHs, Tak 1 po3poOdka HoBUX. [Ipu 1IbOMY CITiJT BIA3HAYUTH,
mo g notped iHpopmaiiitHoro 3abe3neuenHs CK PEM BukopucToByIOoThCS pi3Hi
turu KI1JI, o ycknagntoe nporiec interpartii ix B CK PEM.

[IpoBenenuii anami3 mokasaB, 10 B HACHIJIOK cHiBmaaiHHsA Tomosorii PEM 13
tonosioriero iHpopmaliiaux notokie CK PEM, a TakoX Mo TEeXHIKO-€KOHOMIYHUM
MOKa3HUKaM JOLIBHUM TpU MOOYAOBI cUCTEM 1H(OpMaALIHOTO 3a0€3MEUYEeHHS €
Bukopuctania PEM 0,4...10 kB sk cepegoBumia mis mnepenadl iHGopMariitHuX
CUTHAJIIB.

Opnak ICHYIOYl MNIAXOAU A0 NMOOYyAOBH 3aco0iB mepenayl iH(OpMamidiHUX
curtHaniB mo PEM 0,4...10 kB He B moBHI{ Mipi BiAMOBIJal0Th HOBUM BHMOTaM JI0
3aco0iB mepenayi iHGOpMAIIHHUX CUTHANIIB CUCTEM 1HGOPMAIIIHOTO 3a0e3MeUeHHS
CK. Tomy BuHMKae HEOOXIAHICTH B MOAAIBIIOMY PO3BUTKY MIJIXOJIB JO MOOYAOBH
3aco0i1B nepeaadi iHpopMariitaux curdainis mo PEM.

Ha ocHOBI mpoBeieHOro aHamizy ICHYOUMX METOIB 1 3aco0iB mepenadi
iHdopmariitnux curHams o PEM BcranoBieHno norminpHICTh Bukopuctanns LITIC B
AKOCT1 1H(pOpMaIiHNX curHamB ais nepenadi mo PEM 0,4...10 kB, siki Ha BigMiHy
BiJl ICHYIOUMX CHUTHAJIB JO3BOJISIOTH 3MIIMCHUTH  OaraToOKaHAJIbHY TMepeaady,
30UTBLIMTH IBUJIKICT 1 3aBaIOCTIAKICTh nepeaayl iHpopmaniiaux curaaiis no PEM.
Ane oOMeXEHICTh TMOJOCH YacToT, 110 NpuaaTHa JJisd nepenadi curHaiiB no PEM,
noTpedye noAanbioro po3BuTky miaxoaiB ¢opmysanHs HIIIC nns edekTuBHOrO
Bukopuctanus PEM 0,4...10 kB sk cepenopuiia nepeaaui [ITIC.

Y apyromy po3aiji mpoBeAeHO aHal3 CUTHAJIB, sIKI BUKOPHUCTOBYIOTHCS IS
nepenadi no PEM B cuctemax indopmariiitnoro 3a6e3neuenns CK PEM, B Tomy ymci
KJIACUYHUX BY3bKOMOJOCHUX curHamiB 1 cydacuux IIIIC.

B cnextpax iHdopmaniiinux curHaniB ans nepenadi nmo PEM, mo orpumani
KIacuuHUMUA MeTtonamMu 90% eHeprii CUTHajdy 3HAaXOIUTHCS B MeEXax MepuIoi
MeTIOCTKU criekTpy. [Ipu mpoMy pemta eHeprii BTpadaeThesl, MO0 TMPHU3BOAUTH [0
CIIOTBOPEHHS CUTHAIY.
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JIJisi 3MEHIIIeHHST YaCTUHH €HEprii, MO BUXOAUTH 332 PAMKH TEPIIOi MeTIOCTKH,
3alpOIIOHOBAHO HOBUH METOJ, SIKUH TMOJIATAE y JOJATKOBOMY MEPETBOPEHHI CUTHAITY
3a nonomoroto \WWave-peiiBiier QpyHKIIii, sika € MIBUIKO 3racarodyoro sSiK B 9aCTOTHOMY,
TaK 1 B 4aCOBOMY MPOCTOpPax 1 € 0e3nepepBHO IHTETPOBAHUMU Ta JU(epeHITIHOBaHUMHU
Ha BCBOMY 4YacoBOMYy iHTepBaji. biok-cxema TpHUCTpOlO, M0 peami3ye

3aMpONOHOBAHUI METO]I IPEICTABIICHO Ha pucC. 1.

I(t) s(t) Sy ()

—/ \—>/ \—>

v (t)
Pucynok 1 — biiok-cxema 10JaTKOBOTO TIEPETBOPEHHS CUTHAITY 32 JOITOMOT OO
Wave-geiiBiet QyHKIIi:
i(t) — iHopMaIiiHUN CUTHAT; S(t) — MOJIyJIbOBaHUM 1H(GOPMAIIHHUN CUTHAIT;
14 (t) — Wave-BeliBier GyHKIis, 110 0OMeXKeHa B YaCOBOMY Ta YACTOTHOMY
IpoCTOpax;s, (t) — CUTHAJI TICTISl I0JJATKOBOTO MEPETBOPEHHS

Wave-geiiier Qynkiiis € 1-1o0 noxigHorw Qyskiii ['ayca:
t2
p(t)=te 2. (1)
B sixocTi kpuTepito 0OMEKEHHSI CUTHAIIY B 4aCOBOMY ITPOCTOPI [—TW;TW] Oy1o
BUKOPUCTAaHO YMOBH (2):

o,7,

)Zda)

JAZ\P( >0,99
Ijo‘P(w,w)Z dw

(2)
‘W(r‘”)‘ <0,01

W]
B pe3ynbrari BUKOpPUCTaHHS 3amporoHoBaHoro Merony otpumano IHIIC,

(hparMeHT SKOTO MPEACTABICHO Ha pPUC. 2.




Pucynoxk 2 — ®parment iHdopmaniinoro IIIIC curnamy i(t), Wave-BeiiBiet

GyHKUii i (t) Ta BUXiJIHOTO CUTHATY S, (t)

[TokazaHo, 1m0 cucTeMa 0OMEXEHb CUTHANIB (2) JO3BOJIMIA OTPUMATH CHUTHAI,
99% eneprii KOO JISKAaTh B BU3HAUCHUX MEKaX B YaCTOTHIM Ta 4acOBIH IUIOIIMHAX.

Baxxnusum npu nepegaui HIIIC € BB Ha HPOTO YaCTOTHUX XapaKTEPUCTHK
PEM. [Ins ouinku BIumMBY 4acToTHUX Xxapakrtepuctuk PEM 0,4...10 kB na mporec
PO3MOBCIOKEHHS curHaiiB 1o PEM 3anponoHoBaHO MMix11 Ha OCHOBI KOPEJSILIITHOTO
aHai3y MK CUTHAJIaMH Ha CTOPOHI Iepeayil Ta npuiioMy. B SKOCT1 KpUTEPIIO OLIHKH
BUKOPUCTAHO KOE(DIIIEHT KOPEJIALI M1’ CUTHAJIAMH Ha CTOPOHI Iepeayl Ta IpuiioMy,
KW y MATEMaTUIHOMY BUTJISIII TIPENICTaBICHO BUpa3oM (3).

> AeE,
n=0
\/i Eni AZNE
n=0 n=0

ne E, —eHepris N-i rapMOHIKU B CIIEKTp1 BUXigHOro curHany; A — AUX PEM nnd n-

r =

)

i rapmoniku; ¢, — ®UX PEM mns n-i rapMoHiKH.

Ha ocHoBi1 3anponoHoBaHoro miaxoay nposeaeHo ouiHKy BBy AUX PEM nHa
npouiec posnoscromkenns LUTIC. JlocnigxkeHHs npoOBOIMINCH 3 BUKOpUCTaHHAM AUX
ninstHoK PEM, mio npencraBneHi Ha puc. 3.



a, n1b

\
{
b

Qs /
9 o
?' .
5 I 1, kI'1y
40 80 120 160 200 240

Pucynok 3 — AUX ginsaok PEM 20 kB: 1 — "gucra ninisa"; 2 — Ha moyaTKy JiHii
BKIIIOUeHO TpaHchopmarop 1000 kBA; 3 — B KiHIII JiHIT TIAKIIOYEHUH By30J1
pagianbHUX JiHIN; 4 — Ha MOYATKY JIiHII BKIIOYEHO J1Ba TpaHchopMaTopu
1000 xkBA; a;.. 4 — ampoKcUMYI041 KpUB1

I3 3acTOoCyBaHHSM 3ampPOIIOHOBAHOTO MiAX0AY (3) OTPUMAHO PE3yJIbTATH OLIHKU
BBy AUX PEM Ha nporiec posnoscroxenns LLUTIC no PEM, anani3 sxux nokasas,
110 KOe(DIIIEHT KOPEJAIil MK CHTHAJIOM Ha CTOPOHI IPUMOMY Ta BUX1JHUM CUTHAJIOM
st pocaiganx AUX PEM 3naxomuthes B Mmexax I=0,92-0,929. BigxwieHHs
3HAYEHHS BUIBHOIO 4WieHa anpokcuMoBaHOi AUX He Mpu3BOAWUTH 10 3MIHHM 3HAYEHb
KoedilieHTa KOpeJsillii, 0 TOBOPUTH MPO MOTO HE3aJIEKHICTh BiJI JIIHIHHOI CKJIaJI0BOI,
a OCHOBHHH BIUIUB 31MCHIOE HEIIHIMHA CKIag0Ba. BiAmmoBiiHO BUHUKIa HEOOX1IHICTh
B gocnimkeHHl AUX PEM 3 MmeToro BHUSIBICHHS XapaKTepHUX HETIHIHHOCTEH Ta iX
BILIMB Ha Tpoiiec po3noBcromkeHHs LITIC.

Y TperboMy Ppo3aiii TpeACTaBiCHI pPe3yJbTaTh EKCIEPUMEHTATBHOTO
nociimxeHHs: xapakrepuctuk PEM 0,4...10 kB, sxi npoBogwmmcst 1jIsi TUIIOBUX
mnsgaox PEM 0,4-10 xB.

JlocmiKeHHsT IPOBOJIMITUCS 110 BU3HAYEHHIO MOBHOTO BXinHOTO omopy PEM B
3aJIEKHOCTI BiJ] YaCTOTH, aMIUTITYAHO-YAaCTOTHUX Ta (pa304aCTOTHUX XAPAKTEPUCTHUK
PEM nyis mepexi 0,4 kB Ta cymicHo st mepexi 0,4 kB Ta 10 xB.

JocnipkenHst 3aracandst Ta BxigHoro onopy PEM mpoBoauiuch KiacHYHUM
MetoaoM. s nocnimkenus GUX Oyro 3anmpornoHOBaHO HOBUI METO/I, 10 JO3BOJISE
npoBoauTu nociimkeHHs @YX PEM 3a ymoB BigjajaeHOCTI TOYOK TMepeaadi Ta
npuiioMy OjHa BiJ OAHOI. 3ampoONOHOBaHUN METOJA, NMOOyJOBaHA HA MPUHIIMIIL
BUMIPIOBAHHS BITHOCHOTO 3CYBY (ha3 MK CHUTHAJIaMH, IIIO MEPEAl0ThCs Ha PI3HUX
JacToTax, sKi € 3¢ha30BaHUMHM Ha CTOPOHI IIepeaadi.

Tak, B 3arajabHOMY BUIJIAI CyMapHuii nepioguanuii curnan S(t), sxuil sBise

0060}0 CYMy IBOX CI/IFHaJIiB 3 4aCTOoTaMH a)l Ta 0)2 = k . wl Ma€ BUTIIA.
_ i(ot+o) i(ot+0,)
s(ty=A "™ + A " (4)
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ne A, A, — aMIUNTYIu IEPIIOro Ta APYroro CUrHainy; ¢,,¢, — IIOY4aTKOBI (a3u
nepIoro Ta apyroro curHany; @, =2xf, ta @, =2x1f,. Ha croponi nepenaui nasi
CUT'HaIM MalTh ¢ =@, =0°, a takox A, =A,. Toxl cymapHuil curnan S(t)
PIBHHIA.
— i(at) ()
S(t) = AL/ + A, el ©)
MuTTeBi 3HaueHHS (ha3 MEPIIOTo Ta APYTroro CUTHAIY, MIiCH IPOXOIKEHHS uepe3
PEM cymapHOro cursaiy, CTaHOBUTb:

y, = - t+ A, (6)
W, =, t+Ap;. (7)
3 piBusHHSA (6) oTprIMaeEMo:
W _Ag (8)
a)l a)l
Toni
f2 f2
AYi, =YY = AQ = A, ©)
1 1
ne Ay, — BIIHOCHMH 3CyB (a3 MDK MEpIIUM Ta APYTUM CHUTHAJIOM IICIs

pOXOKeHH uepe3 PEM.
JI71st N 9acTOT OTPUMAEMO CUCTEMY PIBHSHb:

f f
Ay, = Tzl//l Y, = TZA% —-Agp,
1 1
f
A =2y, -y, =2Ap,—A
Va3 f, Vo= VYs f, b, 2 ’ (10)
fn+l fn+1
Alr//n,(n+1) = f Vo=V = f_A(Dn - A(0n+1
ne Al//n(n 4) — CKCIEPUMEHTAbHO OTPUMAaHi JaHi BiJHOCHHMX 3CYBIB (a3 JBOX
TapMOHIMHUX CHUTHAJIB. BiamoBimHO Maemo cucteMy N — pIBHAHDb 3 (n +l)

HEBIJJOMUMHU, 10 HE I03BOJISIE OTPUMATH €IMHUN PO3B’S30K.
J11st BUpIlLIEHHSI OTPUMAaHOi CUCTEMH NMPUMHATO 3a(piKCyBaTH OJIMH 13 3CYBIB (a3.
Toni po3s’s30k cuctemu piBHAHB (10) pu ¢ikcamii i-ro 3cyBy da3 A¢. Mae BUTIAL:
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Ap, =0

Ap, =-Ay,,
f

Ag, :f_3A¢72 —Ay,, - (11)
2

A¢n+l = ,F+l Aq)n - Al//n,(n+1)

Po3B’s130kx cuctemu piBHsHb (11) 1 € BimHocHa @YX PEM B giama3oni 4actot
[ f,,f ., ]BigHOCHO (ha3u curHamy 3 yactoToro f..

3anporoHOBaHUN METOJ HE J103BOJIsiE BU3HAUUTH aOcomoTHy OUX mis Oynab-
SIKO1 TOYKH JIOCIIJTHOTO YaCTOTHOTO Jiana3oHy, a TUIBKH JJI1 JUCKPETHUX TOUYOK
JTOCIITHOTO YacTOTHOTO Jlianma3oHy 0e3 ypaxyBaHHS PE30HAHCHUX 4YacTOT, SKi
CTBOPIOIOTH po3puBH B DPUX, ane mpu 1poMy 3alpPOIIOHOBAHUN METOJ| J03BOJISE
3miicHUTH JocipkeHHss OUX Mik Toukamu, 10 PO3TAIlIOBaHI Ha 3HAYHUX BIJICTAHIX
OJIHA BiJl OJTHO1 0€3 CTBOPEHHS 3BOPOTHOTO KaHaJy Mepeaadl CUTHAIB, 10 OCOOIMBO
aKTyaJbHO y BUTNIAAKy aociimkeHas OUX PEM.

Jlns peanizaiiii 3anponoOHOBAHOTO MeTOAy Mg aochimxeHHss OUX po3pobieHa
JOCJIIIHA YCTAaHOBKA, OJIOK-CXeMa K01 HaBeJIeHa Ha puc. 4.

rc zrc Brc| (Mnc ®BY PEM $»BY EO
(1

:I Zeo

2!
2/

(V) X B>

Pucynok 4 — brok-cxema nociigy @4X PEM 0,4-10 kB:
I'C — renepatop curnani; bBIIC — 6110k nepemMHoxeHHs curnainis; [1C —
nigcuwnoBay; @BY — ¢puteTp BepxHix yactoT; EO — enekTponHuii ocuuiiorpad

PesynbTaTu mociimkeHHs 3aracaHHs Ta BXigHoro omopy PEM mokaszanu, 1o
XapakTep 3MIHU NOBHOTO BxigHOro onopy PEM Z, mae cxoxuil xapakrep 1uisl BCIX
TpboX (a3 1 30ibIyeThes Bia 1-3 OM Ha yactorax Big 1+100 xI'n 1o 8 Om st pazu
C116+18 Om nnsa a3 4 1 B na gacroti 1000 xI'11. Makcumanshe 3HadeHHs 21,53 Om
orpuMano 17151 pa3u B Ha wactoti 780 kI'1. Coi 3ayBakUTH HAsIBHICTh TPOBAITY Zg HA
gactoTi 50 kI'11, 1110 MOXke OyTH 0OOYMOBJIEHO PE30HAHCOM B MEPEKI.

BcranoBnieHo, 1m0 4acTOTHI XapakTEPUCTHKU Z, I, X, Ta ¢ HE MalOTh YITKOI
3QJIEKHOCTI 1 XapaKTEPU3YIOThCS PSIAOM €KCTPEMYMIB, IO CBIIUUTH MPO HASBHICTH
PE30HAHCHUX YacCTOT JIOCIIAHOT MEPEeXi, 110 BIJMOBIIAIOTh PE30HAHCAM CTPYMIB Ta
Harpyr. 30Kpema JUisi BXIJIHOTO OMOpY  CIOCTEPIraBcsi PE30HAHC CTPYMIB IS
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nociigHol Mepexi croctepiraethes Ha 9 k', 50 k', 220 k1, 455 k' Ta 780 k1.
JIJist ITISTHKY MEPEeXkK1 B 3BOPOTHOMY HAIPSIMKY CIIOCTEPIra€ThCsl PE30HAHC CTPYMiB Ha
gacToTi 9 k11 1714 Beix a3 Ta Ha yacToTi 288 kIt 1 ha3u A, a pe3oHaHC HaNpyT Ha
gacToTi 50 kI'i. Ha 6111 BUCOKHMX "acToTax Bia yacTtoTu 445 xI'11 ciocTepiraerhbes
JHIMHE 3pOCTaHHA BX1IHOTO OMOpPY MO BCiX ¢azax.

JlocnmipkeHHsT PIBHIB Tepeaadl IMoKaszajio, M0 JUIsS JOCHITHOT Mepexli piBHI
nepeaadi gexarth B Mexkax -88 + -18 nb. Ha wactorax 200, 550 ta 850 kI'11 Bci KpuBi
MmatoTh MakcumyMmu. Ha gactorax 400500 xI'm ta 600+650 k't crioctepiraerbes
3HIKEHHS P1BHS CUTHAJIIB 10 BCiX (a3zax. KolnBaHHS piBHS CUTHATIIB JICXKHUTH B MEXKaX
0+25xb.

BcranoBieno, mo mo okpemii ¢aszi MiHIMAIbHUNA pIiBEHb CHUTHAIY OYJI0
3adikcoBano Ha yactoTi 450 kI’ 1 cTaHOBUTH -781b, a MakCUMaIbHUN — HA YacTOTI
300x'n 1 cranoButh -40ab. Ilo iHmmMX (azax pe3yapbratd OynH CXOXKUMHU Ta
BIIPI3HSIINCH B Mexkax 2+31b.

[Ipu nocnimxeHH1 piBHIB nepeAadi curHams 13 mepexi 0,4 kB B mepexy 10 kB
OyJI0 BCTAHOBJICHO, 1110 MiIHIMAJIbHUI BIJIHOCHUN PIBEHb CUTHAIY CIIOCTEpIraBcsl Ha
gacToTi 150 kI'11 1 cknaB -73 nb, MakcuMalbHHI BIIHOCHUM PiBEHb CIIOCTEpIraBcs Ha
gactoti 800 k[ 1 cknaB -63 nb. Xapaktep 3MiHU piBHS Tepeaadi BiJ YaCTOTH
maBHui. HaitGinem npugatauM s nepenadi € mianazon 400+1000 x['1p B stkomy
piBEHB TIepeadl 3HaXoUuThes B Mexax Bij -58 nb no -44 nb.

Pesyneratn  gocmimkenns DPUX gns PEM 0,4 kB mokasamu, mo 3MiHa
BiIHOCHOTO (pa3oBoro Tpakty csrae 150° — 320°. Bci orpumani ®UX wmaroTh
TEHJEHIIIO JI0 cnaJaHHs (a3zoBOro 3cyBy no BigHoueHHo A0 10 k', mpuyomy micis
600 k[T KpyTH3HA CITaIlaHHs 3POCTAE.

Y d4erBepTOMYy PpO3ALII TMPOBEACHO aHaNli3 METOAIB po3paxyHKy PEM sk
CepelloBHUILA Tepeladl CUTHAIB ISl pO3paXyHKY YacTOTHHUX XapakrepucTtuk PEM.
AHaii3 npoBoauBCs Ha OCHOBI TipenicTaBiieHHs PEM y ¢popMi XBUITLOBUX KaHATIB, SIK1
OIMUCYIOTHCS CHCTEMOIO 13 2N piBHAHB Buay (12)

d2
—— U, =L"PAU,
dx
42 : (12)
—F I (s) = 5_1PT515
X
7€ A Ta 0 — KBaJpaTHI HE BUPOJKCHI MATPHIIl, EJIEMEHTH SIKUX HE 3aJIekKaTh BiJ

THIOB3/I0BKHBOI KOOPAMHATH X 1 € TAKUMH, IO HEPETBOPIOIOTH Marpuli P Ta PT y
niaronansui Matpuni, a P=2Y; P =YZ - maTtpuni, mo € noxigHumu Bij MaTpuili

MMOBHUX OIOPIB Z Ta MATPHIIl MOBHUX MPOBITHOCTEH Y .
VY3aranbHeHe pilliecHHsS CUCTeMH PiBHHD (12) Mae BUIIIST

Us = einBls + eYXBZS = Us.nau + Us.eiaﬁ ' (13)

ne € — ekCrIOHeHianbHa (QYHKIis Bij AiaroHanbHO MaTpuii YX, sSKa HPeCTaBIIse

. —v.X . . .
c0o000 JAiaroHagbHY MaTpHIIO 3 wieHamu € % B, i B, — croBOuesi matpuui 3
BinnosinHuMu moctiitaumu interpysanns; Uy i U .. — Binnosinno marpuii

MaJaroyol Ta BIIOUTOI XBUIJIb HATIPYTH.
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BcraHoBIieHO, 110 JIJIsl BAKOPUCTAHHS CHCTeMH PiBHSAHB (12) Ta 11 po3B’s3ky (13)
noTpeOye 3HaHHSA mapameTpiB peanbHoi PEM sk miHIl 13 po3NmoiieHUMH
apaMeTpaMH.

[IpoBeneHuii aHami3 CHOPOIIEHUWX METOAIB TOKa3aB, IO BOHW OCHOBaHI Ha

npezcraeieHi B tpakty mo PEM nBoma xapakrepuctukamu: @,,, —3aracanHs TpakTy
Ta Z_ _ — XapaKTepUCTUYHUU TPAKTY.

a,,=4a,,, +Aa,

mp.on 610
, (14)
ZG.X = KSXZC
ne a,,,, — 3racaHHs JHIA, 10 BXOAATH JI0 TPAKTy 3a YMOBH, IIIO BCl XBHJI, IO

BUHHMKJIM B HACIiJOK BIAOWTTS BiJ MICIh HNOPYIIEHHS OJHOPIAHOCTI, MOBHICTIO

3aracaroTb B OJHOPIIHUX AUISHKAax TPakTy, Z, — XapaKTEpUCTUYHMN OIIp JIiHII,

nomnpaBka Aa,, Ta koedinieHT K_ BpaxoByIOTh OaraToKpaTHi BIIOWTTS B TOYKax
MOPYLIEHHS! OJTHOP1AHOCTI.

Takuii miaxia He BpaxoBye (pazodacToTHOI xapakTtepuctTuku PEM, 1m0 BaximBo
npu 3actocyBanHi s nepenadi LITIC 1 morpebye HasBHOCTI €KCIEpUMEHTATbHUX
nanux oonannanag PEM B mupokoMy 4aCTOTHOMY Jiiara3oHi.

B po6orti mipu pospaxynky PEM st kopekTHOro BpaxyBaHHs @YX BUKOpUCTAHO
niaxia npeactasieHdss PEM, npu sikomy minii enexkrponepenady PEM po3ouBatoTbes

Ha JUIAHKM, JIOBXuHOKWO | . = }|/7 , € y — cTaja pO3MOBCIOKCHHS JIiHI{

enektporepenady PEM. A koxHa 3 JUISHOK €KBIBaJEHTYETHCS MOCTOBOIO CXEMOIO
3aMIIICHHS.

Jyist BUpiteHHs 3a/1a4l BU3HAYSHHS MMapaMeTPiB €KBIBAJIEGHTHOT MOCTOBOI CXEMH
3amimieHHs eneMeHTiB PEM 3anmpornoHOBaHO BUKOPHUCTAHHS YHUCEIBHOTO PO3B’SI3KY
METOJIOM CKIHUYEHHMX €JIEMEHTIB pIBHSHb MakcBena [jii HPOCTOPOBUX MoOJee
enemeHTiB PEM.

IlepeBipka 3amponOHOBAHOIO MIAXOMYy BHUKOHAHA IUISIXOM TOPIBHSIHHS
PO3pPaxyHKOBHUX Ta €KCIIEPUMEHTAILHO OTPUMaHUX MapaMmeTpiB enemeHTiB PEM. B
sxocTi gocaigHoro enemedTa PEM o6pano cumnoswuit kabens ['PIIE 3x35+1x10+3x4,
30BHIIIHIN BUTJISIT TEOMETPUIHOTO PO3TAITYBAHHS CKJIQI0BHUX SIKOTO MPECTaBICHO Ha
puc. 5.
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PI/ICYHOK 5— FGOMeTpI/I‘{He poO3TallyBaHHA CKIIAI0BHUX I[OCJ'IiI[HOI‘O CJIICMCHTA

PEM B nmporpamuomy komiuiekci COMSOL Multiphisics 5.3a

Po3paxynok mapamerpiB gociigHoro enemeHta PEM 3pilficHIOBaBCsS Ha OCHOBI
BUpPIIIEHHSI 3aJayl BU3HAYEHHS PO3MOJUIY €JIEKTPUYHOrOo MOTEHINATy MpH
MOJICJIFOBaHH1 MOyl MOCTiHHOT Hanpyru amiutitynor 1 B mix ¢gazamu B ta C Ta
I[IJTLHOCTI MarHITHOTO MOTOKY HUISIXOM MOJICJIFOBaHHS ITPOXOIKEHHS CTpyMYy 1o (a3l
B ta B 3BOpoTHOMY HampsimMky no ¢azi C. J[ng MoaentoBaHHA OyJi0 BUKOPUCTAHO
mareMmatnunuii maker COMSOL Multiphisics 5.3a.

Pe3ynbTaTu po3paxyHKy pO3NOJLTY EJIEKTPUYHOTO MOTEHIIaly Ta MIUIBHOCTI
MarHiTHOTO TIOTOKY B fqociigHomy enementi PEM npeacrasieHo Ha puc. 6 Ta puc. 7.

freq(1)=10 Hz Surface: Electric potential (V) e freq(7)=1E7 Hz Surface: Electric potential (V) o
mm T T T T T T T mm T T T T T T T

Pucynok 6 — ['eomeTpuuHmil po3M0A1JT €IEKTPUYHOTO MOTEHIlATy B T0CIITHOMY
enemedTi PEM mns wactot 10 'y (a) Ta 10 MI'r (6)
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Pucynoxk 7 — I'eomeTpuuHMil po3MOALT IILTBHOCTI MArHITHOTO MOTOKY B IOCTIAHOMY

enemenTi PEM mist vactror 10 I'n (a) Ta 10 MI'1 (6)

Ha miacraBi oTpuMaHOTO pO3B’S3Ky OTPUMAHO IIOMEPEYHI Ta TOB30BXKHI
napameTpu aociiaHoro eneMenta PEM, a Takoxx BXiHMI XBWJILOBUN OMIp Ta HOTro
CTaJyia pO3IMOBCIOJIKEHHSI, SIK1 MpecTaBIeH] B Ta0. 1.

Tabnuusg 1 — [ToB3goBkHI mapameTpu aociigHoro exemMenta PEM

p= w0

= 2|38 gl
= E < E a §
— )g T = g §
it = 2 § vy e E ) E = =
< T X o H &3 s = s X =
S £ 3 | 22| 303 T O NS =
= 25 |8 E| EC % S 22
& = c 2| F - g =
= 2 = gl & =

o > °|:) o

= .g é =
0,01 2,565 | 0,700 [3,491-107| 0,225 |2,985-10%+3,04-104j|429,657-422,343]
0,1 2,574 | 0,695 [4,067-10% 0,225 | 8,765-10%+0,001j |146,816-123,996j
1 2,709 | 0,665 |3,759-104| 0,225 0,002+0,006j 80,465-23,808;j
10 5016 | 0,613 0,375 0,225 0,003+0,052j 73,952-4,700j
100 14,475 | 0,567 3,697 0,224 0,017+0,501j 71,096-0,512j
1000 | 44,364 | 0,552 | 151,783 | 0,197 0,313+4,634j 74,511+4,08j
10000 | 147,220 | 0,547 | 533,134 | 0,174 1,149+43,287] 79,307+1,765j

Bigomo, 1m0 exkcrnepuMeHTaIbHO BCTAHOBJICHI MOMEPEYHI IS JOCIITHOTO
enementa PEM 3naxomstbes B Mexax 0,223-0,241 mx®/km. B pesynbrarti
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MOJICITIOBAHHSI OTPMMaHa TOB3JIOBXHA €MHICTH gociigHoro eirementa PEM 0,225
MK®D/kM Ha yactotax n0 100 x['1, 1m0 BiAMOBIJA€E EKCIIEPUMEHTAIBHUM JIaHUM Ta
M1ITBEP/KYE KOPEKTHICTH MOJCII 1 pO3paxXyHKOBUX MapaMeTpiB.

AHamni3 OTpUMaHUX peE3yJNbTaTiB T[OKa3aB, IO 13 3pPOCTaHHSAM YacTOTH
MOB3JIOBXKHINA OMip CyTTEBO 3pocTae 13 dyactoToro moumHarouu 13 100 k['1p Bifg
14,475 Om no 147,22 Om Ha yactoti 10 MI't1. [Ipu 11boMy MoB3710BKHA 1HAYKTHBHICTD
HaBMaKH Majaae, X0 1 He Tak CyTTeBo, Big 0,665 mI'H Ha yactoTi 1kl 1 no 0,547 mI'H
Ha yacTtoTi 10 MI'm. Ii pe3ynpTaT 00yMOBICHHI €0 CKIH-€(DEKTY.

[IpoBeneHi qociKEeHHS MOKa3alu CTANICTh MOMEPEYHOI EMHOCTI Ha YaCTOTaX JI0
100 xI'1y Ta 1i 3HMOKeHHSA HA yactoTax Oubire 100 x['ip o 0,174 Mxd/xm (Ha 23%) Ha
gactoTi 10 MI'11, 1o Mmoske OyTH TIOB’sI3aHe 13 MEPEPO3MOALIOM TIOJISI B 00’ €M1 Kadest
CKJIaHOI KOHCTPYKIii. I[loB310BXXHa MPOBIJHICTh HABMNAKA CYTTEBO 3pOCTAE 3
gactoToro Bix 3,491-107 Cm/km Ha uwactoti 10 I'm mo 533,134 Cm/kMm Ha yactoTi 10
MI'1, y 3B’ 43Ky 13 ii IpAMOIO 3aJI€KHICTIO B1J] YaCTOTH.

[IpoBeneHi MOCHIIKEHHSI TOKa3ajdd MOKJIUBICTD BHU3HAYEHHS TEPBUHHUX
napameTpiB PEM sk miHil 13 pO3MOMIIEHUMH TapamMeTpaMH IUISIXOM YHCEIbHOTO
BUPIIIEHHS METOJOM CKIHUYEHHX €JIEMEHTIB pIBHSIHb MakcBena ajis MpOCTOPOBOL
Mmozeni eneMeHnTiB PEM 13 BpaxyBaHHSM €JIEKTPUYHUX Ta MarHiTHUX BJIaCTHUBOCTEH
MatepiaiiB 13 SKUX BOHH MMOOY/T0OBaHI.

[IpoBeneni AoCHiPKEHHST Ta 3alpONOHOBAaHI MIAXO0AU OyJI0 BUKOPUCTAHO TPH
pO3po0I1Ii eeMeHTIB 3ac001B nepenayl iHpopmartiiiaux curnaiis mo PEM 0,4...10 kB
K CKJIaJIOB1 cucteMu iHpopmartiiiinoro 3adbesneueHHss CK PEM.

3okpema npu po3pooIll MPUCTPOIO BUKOPUCTAHO MIAX11 OOMEXKEHHS YaCTOTHOTO
CHEKTPY CHUTHaIy IUIAXOM JOJATKOBOI aMIUTITYAHOI MOAYJSLIi (YHKLIE, M0
oOMekeHa B Y4aCTOTHOMY Ta 4aCOBOMY IMpocTopax. J{Jis peanizalii 3anpornoHOBaHOrO
MIIX0Qy po3podiieHo (opMyBad 10AATKOBOT MOAYIIOOUOI PYHKIII, IO 3a0e3neuye
JIOKaJI3allil0 CUTHAJIIB B ME&XaX CIEKTpYy Moayitorouoi (GyHkiii. CTpyKTypHa cxema
OTPUMAaHHS MOJYJIFOI0401 (PYHKIIT ITpeicTaBlieHa Ha puc. 8.

———»

MepeMHoXyBauY Mipcuniosay

W S| X o1

MepemHoXyBay Ocuunorpad

leHepaTop
curHany

Pucynok 8 — brok-cxema ¢popmyBaua Moy 00401 (GyHKIIT A1 ToOy10BU
CUTHAJIIB 3 MIABUIIICHOIO €()EKTUBHICTIO BUKOPUCTAHHS YACTOTHOTO CIICKTPY

OyHKIlI OTPUMYBAJIaCh B aHAJOTOBOMY BUTJISJII IUISXOM CXEMHHX peajizailiii
MaTeMaTHYHUX QyHKIIN. A came QyHKIiM MHOXKEHHs Ta 00uuciaeHns Gynkuii e . s
peamizamii MHOXXEHHS  CHUTHAJIB  BUKOPUCTAHO  MIKPOCXEMY  aHaJOTOBOTO

nepemHOKyBaya AD835, a juis oTpuManHs € — 0arato(yHKLIOHAIBHUM aHAJIOT OB
obuuncnroBanbHUM Moyis ADS38.
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Po3pobneni 3acobu mepemaui iHopmariiiaux curraimiB mo PEM 0,4...10 kB
BITPOBAKCHO MPH MOOYI0BI IHTEIPOBAHOI CUCTEMH YIPaBIiHHA ycTaHOBKamu ['3Y
HI'BY "UepniriBnadroras".

BUCHOBKUA

B nucepramiitniii poO0OTI BUPIIIEHO aKTyaJlbHE HAyKOBO-TIPAKTHYHE 3aBJIaHHS,
10 ToJIATae y miABUIIEeHHI eeKTUBHOCTI iHpopMmartiiinoro 3adesneueHHss CK PEM
nusaxom nepegadi inopmaiiinux LITC 3 nokpamennmu BnactuoctsiMu o PEM ta
y Bu3HadyeHHi ymoB po3noscromkenns IIIC mo PEM 0,4...10 kB.

B nuceprariiiniit po60Ti OTprMaHi HACTYIHI HAYKOB1 Ta MPaKTUYHI PE3yJIbTaTH:

1. Bcranosneno, mo teHaeHmii po3Butky OEC YkpaiHu CTaBisATh IOAATKOBI
Bumoru 110 CK PEM, mo oOGymoBmoe 3poctanHsi 0o0’emiB iH(popmanii CK PEM.
Peamizaniss pomatkoBux Bumor g0 CK PEM mnotpelGye OinbIn CKIQgHUX Ta
ONTHUMAJIbHUX aJITOPUTMIB KEPYBaHHS, SIK1 IPYHTYIOThCS Ha YHPABIIHHI 00’ €KTaMu
reHepaiiii, po3nojauieHHs Ta cnoxkuBanHd PEM sk enuHoro cuctemoro. lle Bumarae
MIJBUILEHHS KepoBaHOCTI By3niB PEM nuisixoM BCTaHOBJIEHHS aBTOMAaTHYHHUX 1
aBTOMATU30BaHUX 3acO0IB KepyBaHHS Ta O0’€HaHHS iX B €AuHY 1HGOpMAITHY
Mepexy. AHami3 miaxoaiB 10 nodynoBu iHGopmariitHux mepexx CK PEM mokaszas
notuibHICTh BUKOpucTaHHs PEM 0,4...10 kB ms nepenaui indopmariitaux LTIC.

2. Ha ocHOBI npoBeieHoro a"ami3y miaxojaiB 1mo cteopeHHto LIIIC po3pobdiieno
HoBui meton ¢opmyBanHs LUITIC i3 BUKOpUCTaHHSM JOJATKOBOTO TEPETBOPEHHS
curHaiy 3a nonomoror Wave-seiBieT (yHKINlI, M0 103BOJUIO 30cepenutu 99%
€Heprii  CurHajly B 3aJaHlid TMOJIOCI Tepenayl, MO0 MiABUILYE €(QEeKTUBHICTD
BUKOpPUCTaHHA yacTOoTHOrO aianasony PEM nns nepegaui ILTIC.

3. Po3pobneno meron excniepumenTanbHoro pociimkenas @UX PEM Ha ocHOBI
nepeaadl no eJeKTpUYHIN Mepexi 3(pa3oBaHUX CUTHATIB, IO JO3BOJWIO MPOBECTU
nocaipxeHHss @YX PEM nij Hanpyroto 6€3 CTBOPEHHS 3BOPOTHOrO KaHAIy Nepeaadl
CUTHAJIIB.

4. ExcniepumentanbHe pociimkeras AUX PEM 0,4...10 kB noxkazano, 1mo BoHU
€ HEeJIIHIHUMU 1 HEe MAlOTh BUPAKEHOI aHATITUYHOI 3aJIEKHOCTI. 3aracaHHs JICKUTh B
Mexax -7/9ab— -12 nb nmna pizHux ginsHOK Mepeki. AUX PEM mae nexinbka
MpOBaTIB 1 TMIKIB, IO 06yMOBJ1eH0 PE30HAHCHUMHU SBUIAMU B JOCIITHIN
PEM 0,4...10 xB. Bcranosneno, mo Bxiguuii ornip PEM B wactoTHOMY Jiama3oHi 10
1000 xI' 3miHIOOTHES Big 1 OM 10 40 OM, mpruoMy 3MiHA HaBaHTAXEHHS y BY3J1ax
PEM npakTtuuHO He BIUIMBAE Ha Woro 3HadueHHs. JlocmipkenHs BiiHocHoi ®UX PEM
MOKa3aJio, 0 XapaKTepUCTHKA € HENHIMHOI Ta KyT 3MiHIO€eThCs Bia 0° mo 320° (1o
BiTHOMICHHIO 710 YacToth 10 KI'11) mirs mocigaux maurstHok PEM.

5. B pesynbrati anamizy metoniB po3paxyHky PEM sk cepenoBuiia mepemadi
CUTHAJIB BCTAQHOBJIGHO, I[0 ICHYIOUl METOAM BHKOPUCTOBYIOTH YacTOTHI
XapaKTEPUCTUKHU 3aracaHfs Ta onopy eneMmeHntiB PEM, npu nmpoMy HE BpaxoOBYIOTH
OUX enementiB PEM. Ile yHeMoxmBiIO€e iX 3aCTOCOBYBaHHs 10 po3paxyHky PEM
gk cepenonuia nepegaui LITIC.

6. 3anmponoHOBaHO MIAX1J PO3paxyHKy MapameTpiB eineMeHTiB PEM mmisaxom
YUCEJNBHOTO PO3B’s3aHHS PIBHAHb MakcBejga METOJOM CKIHYEHHUX EJEMEHTIB IS
reomMeTpudHuX (Gopm ckianoBux eiaeMeHTiB PEM 13 ypaxyBaHHSIM €NEKTPUUYHUX 1
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MarHiTHUX MMapaMeTpiB MaTepiajiB, IO JAO3BOJISIE 3aCTOCYBATH METO/ MOJICITIOBAHHS
PEM Ha ochHoBi TenerpadHux piBHSHB i MojentoBaHHs PEM sk cepenoBwuiia
nepenaui LTIC. [IpoBeaeHi qocniKeHHsT MOKa3aJId KOPEKTHICTh 3alPOTIOHOBAHOTO
M1IX0/1y pO3paxyHKy IMapaMmeTpiB exemeHTiB PEM, mo miaTBepkeHo CriBOaaiHHAM
EKCIIEpUMEHTAJIbHO BU3HAYEHMX Ta YHCEIBHO PO3PAaXOBaHUX MapaMmeTpiB IS
nociiaaux exeMenTis PEM.

7. Po3pobnieno enemenTu cucremu iHdopmaiiiinoro 3ade3neuenns CK PEM i3
BUKOPHCTAHHSM 3allPOIIOHOBAHUX METOIIB Ta IMiIXOIIB, SKi BUIIPOOYBAaHO B yMOBaX
PEM 0,4...10 kB, mo [03BOJMTH BUPIMIATA HOBI 3amadi iH(GOPMAIIHHOTO
3abe3neueHHss CK PEM B ymoBax BIpoBa KeHHsI TexHOorin SmartGrid.
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AHOTAIIISA

Tumoxin O.B. Indopmaniiine  3a0e3medYeHHsT CHCTEM  KepyBaHHA
eJIeKTPUYHUMHU MepeskaMH HAa OCHOBI mepefayi HIHPOKOINOJOCHUX CHUTHAJIB MO
PEM 0.,4...10 kB. — Ha npaBax pykonucy.

Hucepralliss Ha 3100yTTs HAyKOBOI'O CTYNEHS KaHIUJAaTa TEXHIYHMX HayK 3a
cnemianbHicTIO 05.14.02 — enexTpuyHi cTaHIii, Mepexi 1 cuctemu. — HarjioHanbHMMA
TEeXHIYHUHN yHIBepcUTeT YKpainu «KuiBCbKui MOMTEXHIYHUN 1IHCTUTYT iMeHi Irops
Cikopcbkoro». — Kuis, 2018.

Hucepraiiiiina po0oTa NpUCBAYEHA BUPIIICHHIO HAyKOBO-IIPAKTUYHOI 3aaayl
MIIBUIEHHA e()EeKTUBHOCTI 1H(GOpMAIIITHOTO 3a0e3MeUeHHs CHUCTEM KepyBaHHS
PEM 0,4...10kB B yMoBax BHpoBa/kKeHHs TexHosorid SmartGrid umsxom
BUKOPHUCTAHHSA EJNEKTPUYHUX MEPeX ISl Tepefadi MIHMPOKOIMOJIOCHUX CUTHAIB 3
MOKPAIIEHUMH XapaKTePUCTUKAMHU.

B po6oTi 00rpyHTOBaHO 3pOCTaHHSI BUMOT J0 CUCTeM 1H(opMaIliiiHOT B3aeMO/I1i
CK PEM B ymoBax BrpoBapKeHHs TexHoorii SmartGrid.

3amponioHoBaHO  MeToh  BaockoHaneHHs IIIIC mmsxom  101aTKOBOTO
MEPETBOPEHHS CUTHANY 3a jaomnomororo \Wave-selBier (QyHKIIi, 10 A0 3MOTry
MIIBUIUTH ¢()EKTUBHICTh BUKOPUCTAHHS 4acTOTHOTO gianazony PEM s nmepenaui
IIIC. 3ampomnoHoBaHo MeToj ekcnepuMeHTabHOro BumiptoBanHs @UX PEM min
HaAIMpyrow Ha OCHOBI mepemaul 3¢dazoBaHux curHaiiB nmo PEM Tta BumiproBaHHs
po301kHOCTI (pa3 MK HUMHU Ha CTOpPOHI mpuiiomy. IIpoBeneHo excrepuMeHTalIbHE
JOCTIKEHHST 4YacTOTHUX xapaktepuctuk tunmoBux PEM 0,4...10 kB Vkpainu.
3anpornoHOBAaHO BUKOPHCTAHHS YHMCEIBHOTO PO3B’SI3KYy METOAOM CKIHUEHUX
€JIEMEHTIB pIBHSHR MakcBena i TpOCTOpOBUX Mojeneit enemeHTiB PEM Tta
MepPEeBIPEHO NMPABWIBHICTh OTPUMAHUX PE3YJIbTATIB.

Po3pobiieno enemeHTH 3aco0iB mepenadl 1HGOpPMAIIMHUX CUTHAIIB 110
PEM 0,4...10 kB six cknanosi cucremu iHdopmariiiinoro 3adesneduenns CK PEM i3
BUKOPUCTAHHSAM 3alIPONIOHOBAHUX METO[IIB Ta MIJIXO/IIB, AKI BUIPOOYBaHO B yMOBax
PEM 0,4...10 kB, 1o [103BOJAMJIO BHUPIIMTH HOBI 3aAadi  1HPOPMALIHHOTO
3a0e3neuenHss CK PEM B ymoBax BrpoBapkeHHs TexHozoriid SmartGrid.

KirouoBi cjioBa: amIUITyTHO-4acTOTHA XapaKTEPUCTHKA, 1HGOpMaIIiitHi
Mepexi, eperaya CUrHaliB, PO3MOALIbHA eEKTPUYHA MEpeKa, CUCTEMU KepyBaHHS,
¢dazouyacToTHa XapaKTEPUCTUKA, INUPOKOMOIOCHUI CUTHAJL.
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Tumoxun A.B. HHpopManuoHHOe o0ecreyeHHe CHCTEM YIPABJICHUA
3JIEKTPUYECKHUMH CeTSMH HA OCHOBe Iepeiavd IHMPOKOIOJOCHBIX CUTHAJIOB 110
P3C 0,4...10 xB. — Ha mpaBax pyKomnucHu.

Juccepranys Ha COMCKAHNE HAYYHOU CTENEHN KaH/IU1aTa TEXHUYECKUX HayK 10
cienmanbHocT  05.14.02 — »3jekTpuYecKue CTAHIMU, CETH M CHUCTEMBI. —
HanmnoHa/ibHBIN TEXHUYECKUN YHUBEPCUTET Y KpauHbl «KHEBCKUI MOTUTEXHUYECKUAM
uHcTuTyT uMeHH Urops Cukopckoro». — Kues, 2018.

JHuccepranronHas padoTa MOCBAIIEHA PEHICHUIO0 HAYYHO-TIPAKTUYECKON 3a/1auu
NOBBIIICHUS 3P(HEKTUBHOCTH MHPOPMAITMOHHOTO O0ECIICUCHHSI CHCTEM YTPABJICHUS
P2C0,4...10kB B ycnoBusix BHeapeHuss TexHoioruii SmartGrid nyrem
WCIIOJIb30BAHUS AJEKTPUUECKUX CETEeH IS Mepeladyr IIUPOKOIOJIOCHBIX CUTHAJIOB C
VIIYYIIEHHBIMUA XapaKTEPUCTUKAMU.

B poGote 00ocHOBaHO yBenMueHHE TPeOOBaHUM K cucTeMaM HH(POPMAIMOHHOTO
B3aumozeiicteust CY POC B ycnoBusix BHeapeHus TexHomoruii SmartGrid.

IIpemnioxeno meron ycosepuieHcTBoBaHus IIIIC myTemM QONOJHUTENBHOTO
npeoOpa3oBaHusl CUTHala C Momoulplo Wave-BeBieT (QYHKIMH, YTO MOBBILIAET
3 PEeKTUBHOCTh MCIOJIB30BaHUSI YacToTHOrO Auamnazona POC mis nepenaun IIIIC.
[Ipennoxeno meron 3xcnepuMeHTanbHOro usMepennss PUX POC nox HanpsxeHneM
Ha OCHOBE nepefaur c(ha3supoBaHHbIX curHaoB o POC u u3Mepenue pasHoctu ¢as
MEXIy HUMH Ha CTOpoHE npuema. I[IpoBeneHo 3KCrepuMEHTANIbHOE MCCIEI0BaHHE
qacTOTHBIX xapakTepucTuk TUNoBeix POC 0,4...10 kB VYkpaunsl. Ilpennoxeno
WCIIOJIb30BAHUE YUCJIEHHOTO PEIICHHUsS METOJIOM KOHEUYHBIX 3JIEMEHTOB YpPaBHEHHMU
MakcBemia [l NPOCTPAHCTBEHHBIX Mojeneld smeMeHToB POC u  mpoBepeHo
MPABUJIBHOCTH MOJIYYEHHBIX PE3YyJIbTATOB.

Pa3pabotaHo 35eMEHTHI CPEACTB Iepenayd MH(OPMALMOHHBIX CUTHAJIOB IO
POC 0,4...10 kB kak cocTtaBHOI1 yacTh cucTeMbl THGOpMALIMOHHOTO obecnieueHust CY
POC ¢ ncnonb3oBaHKEM MPEIIOKEHHBIX METOAOB U TTOAX0/I0OB, KOTOPBIE UCTIBITAHO B
ycaoBusix  POC04...10kB, 49ro MO3BOMWIO  pEIINTh,  HOBBIE  33/a4d
uHpopmanmonHoro obecneuernuss CY POC B yciaoBusiX BHEAPEHUS] TEXHOJIOTHMA
SmartGrid.

Kurouesnbie CJI0BA: aAMILTUTYAHO-4aCTOTHAs XapaKTEepUCTHKA,
MH(pOPMALIMOHHBIE CETH, TNepeJadya CUTHAJIOB, paclpeleiuTeNbHas 3JIeKTpUUecKast
CeTh, CHUCTEMBbI YIpaBjieHMs, (Da304acTOTHAs XapaKTEPUCTUKA, IIMPOKOMOIOCHBIN
CUTHAJL.

ABSTRACT

Timokhin O.V. Information support of electric networks control systems on
the basis of broadband signals transmission by distributive electrical networks
0,4...10 kV. — On the rights of the manuscript.
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degree in technical sciences on specialty 05.14.02 — «Power stations, networks and
systems» (141 Power engineering, electrical engineering and electromechanics). —
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute,
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The dissertation is devoted to the solution of the scientific and practical task of
information provision efficiency increasing for distributive electrical networks (DEN)
0,4...10 kV control systems (CS) in conditions of SmartGrid technologies introduction
by using electric networks for broadband signals with improved characteristics
transmission.

In dissertation was analyzes distributive electrical networks of Ukraine as a
control object. It is established that the current trends in the development of DEN CS
in conditions of increasing the number of RES and other objects of distributed
generation, as well as increasing the requirements to the quality of electricity supply to
consumers, necessitates the solution of new management tasks that require the
appropriate information provision of the CS.

It is established, that in existing information networks various information
interfaces and various data transfer protocols are used. At the same time, groups of
monitoring and management objects of DEN are localized within one object of DEN,
which allows information flows merging from these objects of DEN into a single
stream when transmitted to the DEN CS. In other words, on the DEN CS information
provision system lays a set of new tasks for integrate into the DEN CS large number
of control objects of DEN with different transmission interfaces, speeds and protocols.
Combining monitoring and management objects of DEN within the bounds of object
of DEN causes the need to increase of information messages transmission speed.

It is noted, that when creating information systems of DEN CS with a large
number of monitoring and management objects it is expedient to use both the existing
information support equipment and development of new ones. It should be noted that
for the DEN CS information support different information support equipment are used,
which complicates the process of their integration into one DEN CS.

The analysis showed that due to the coincidence of the topology of the DEN with
the topology of the DEN CS information flows, as well as on the technical and
economic indicators, it is expedient to construct information support systems using of
the DEN 0.4...10 kV as a medium for information signals transmission.

However, existing approaches to building communication systems for DEN 0.4..
10 kV CS do not fully meet the new requirements of the information support of the
DEN CS regarding the speed and efficiency of the transmission. Therefore, there is a
need for further development of approaches to building information transmission
systems for DEN CS.

On the basis of the analysis of existing methods and means of signals transmission
by DEN, it was found that it is expedient to use of spread spectrum (SS) signals as
information signals for transmitting by DEN 0.4...10kV, which, in contrast to the
existing signals, allows multichannel signal transmission, increase speed and noise
immunity. But the limited frequency bandwidth that is suitable for transmitting signals
by DEN requires the further development of the approaches to the formation of SS
signals to the transmission conditions of the DEN 0.4...10kV.

The analysis of the signals used for the transmission of DEN in the DEN CS
information systems, including classical narrowband signals and modern wideband
signals, was conducted.
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In the spectra of signals for transmission by DEN, obtained by classical methods,
90% of the signal energy lies within the first spectrum tab. The rest of the energy is
lost, which leads to distortion of the signal.

In order to reduce the part of the energy that goes beyond the first tab, a new
method is proposed, which is to further signal transform using a Wave-wavelet
function, which allowed to focus power of the signal in the band of transmission and
to increase the efficiency of using frequency band when transmitting SS signals by
DEN.

To estimate the influence of frequency characteristics of DEN 0.4 ... 10 kV on the
process of signals propagation by DEN, an approach based on the correlation analysis
between the transmitted and received signals is proposed.

Using the proposed approach, we obtained the results of the estimation of the
influence of the phase-frequency characteristic and the amplitude-frequency
characteristic of the DEN on the SS signals propagation process by DEN, the analysis
of which showed its dependence on the nonlinearity of the amplitude-frequency
characteristics and the phase-frequency characteristics of DEN.

The results of an experimental study of the frequency characteristics of the DEN
0.4...10 kV, which were carried out on the DEN 0.4...10 kV urban village Dikanka,
and DEN department of the AE of the corps number 20 of NTUU “Igor Sikorsky Kyiv
Polytechnic Institute” was presented.

A new method was proposed for the investigation of the phase-frequency
characteristics that allows to research phase-frequency characteristics of DEN in the
remoteness of transmission and reception points. The developed method is based on
the principle of measuring the relative phase shift between signals transmitted at
different frequencies, which are phased at the transmission side. It allows to determine
the phase shift for discrete values of frequencies between frequencies that differ in two
from each other in relation to the selected initial frequency and allows to obtain a
relative phase-frequency characteristics of DEN.

An analysis of the approximate methods of DEN calculating as a medium of signal
transmission has shown that they are based on the presented HF paths by DEN by two
characteristics: the signal damping and the characteristic resistance of the path, which
is not enough to evaluate the SS signal propagation process by DEN.

The exact method of calculating DEN as a medium for transmitting signals is a
method based on DEN elements representation as lines with distributed parameters,
but the use of this method is hindered by DEN elements parameters lack.

To solve the problem of DEN elements parameters determining is proposed to use
the numerical solution of Maxwell equations by finite element method for DEN
elements spatial models and verify the correctness of obtained results.

Key words: amplitude-frequency characteristic, broadband signal, control
systems, distribution network, information networks, phase-frequency characteristic,
signaling.
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