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BUKOPUCTAHHA BE3NINOTHUKIB ANA
NIABULWEHHA BE3NEKU TA EQEKTUBHOCTI
EHEPFTETUYHOI CUCTEMMU YKPAIHU

ABTOpU poboTu:

PESUHKIHA MapuHa MuxauniBHa — AOKTOP TEXHIYHMX HayK, Npodecop, 3aBiayBay
Kadbeapu HauioHaNIbHOro TEXHIYHOMO YHIBEPCUTETY «XapKiBCbKUIM MNONITEXHIYHUN
IHCTUTYTY;

LLUEBYEHKO Cepriit FOpiioBu4 — SOKTOpP TEXHIYHUX HayK, Npodecop, 3aBiayBay Kadeapu
HauioHaNbHOro TEXHIYHOIO YHIBEPCUTETY «XapKiBCbKUM NOMITEXHIYHUWN IHCTUTYTY;

CEHOEPOBMUM leHHaait ApKaginoBuy — OKTOP TEXHIYHMX HayK, npodecop
HauioHanbHOro TEXHIYHOIO YHIBEPCUTETY «XapKiBCbKUM NOMITEXHIYHUWN IHCTUTYTY;

FTPABKO Bonogumup BitaninoBuu — JOKTOP TEXHIYHUX HAyK, Npodecop, PEKTOP
BiHHMUbKOro HaLiOHAaNbHOrO TEXHIYHOIO YHIBEPCUTETY;

KAPMNAJIOK Irop TumodinoBuy — KaHaAMAAT TEXHIYHUX HaYK, AoUEeHT HauioHanbHOro
TEXHIYHOrOo YHiBepCUTETY «XapKiBCbKMM MONITEXHIYHUIN IHCTUTYTY;

3AMOPOXELb ApTtyp OnekcaHApPOBUY — KaHAMAAT TEXHIYHNX HAyK, CTAPLLUUNA AOCNIAHUK,
CTapLUMN HAyKOBUM CNiBPOBITHUK IHCTUTYTY TexHIYHOT Tennodisnku HAH Ykpainu;

 CKONEHKO Bacunb BiKTOpoBUY — KaHAMAAT TEXHIYHUX HAYK, B.O. FTEHEPANbHOrO
N AnpekTopa AT "XapkiBobneHnepro".



META POBOTHU

CTBOpPEHHA KOMMAEKCY MeToaiB i 3acobiB ix peani3auii i3 BUKOPUCTAHHAM 6e3ninoTHUKIB,
CMPAMOBAHUX HA NiABULLEHHA be3nekn PyHKUiOHYBaHHA 06'€eaAHaHOI eHepreTM4YHoi cucTemm
YKpaiHM, a TAKOX Ha NigBULEHHA ii eHeproedeKTUBHOCTI

BupimeHi akTyaJibHi HAQyKOBO-TeXHIYHI po0JieMu:

PO3BMHYTI TEOPETUYHI OCHOBM MOAENOBAHHA ENeKTPUYHMX MPOLECIB, WO BigbOyBalOTbCA Ha NiHiAX
eNeKkTponepeaayi B aBapinHMX pexnmax obpmy abo NOLIKOAMKEHHSA NPOBOAIB, @ TaKOX anapaTtHi
3acobu, cnpAMOBaHi Ha OMNepaTMBHE BU3HAYEHHA MICUS | XapaKTepy nowkoaxKeHHa JIEMN 3a
aonomoroto bINAA;

PO3BUHYTIi TEOPETUYHI OCHOBM MATEMATUYHOIO MOAENIOBAHHA ENEKTPUYHUX TMOJIB  NiHIN
eNeKkTponepeaadi 3 ypaxyBaHHAM HasBHoOCTI onop JIEM, BINJIA, iHWwKnx 06’eKTiB i nporpamHi 3acobu 3
iX peanisauii gnAa 3abe3nevyeHHA enNeKTPOMaArHiTHoi cymicHocti BIMJIA Ta ix obnagHaHHA 3
eNekTpnyHmm nonem J1ErM;

YAOCKOHaNEeHi MeToaM PO3PaxyHKYy €IEKTPUUYHOrO MoaA 3 BUKOPUCTAHHAM TaK 3BaHUX OAHOBICHMX
eyl OOPE  y3roaykeHux wapis (OAYLW) anAa BM3HAYEHHA WMOro HaMpy»eHOCTi Ha FOCTPUX KpamKax
e/IeKTPOTEXHIYHOro 061aAHAHHS;

PO3BUHYTI  TEOPETMYHIi OCHOBM  MOAENIOBAHHA  KOPOHHOrMo  po3pagy MO  aKyCTUYHOMY
BMMPOMIHIOBAHHIO, LLLO MOTO CYNpPOBOAKYE;

pPO3p0b6/ieHI TEOPETUYHI OCHOBM | NporpamHe 3abesnevyeHHa 3 BUbopy 3acobiB 6AMCKABKO3aXUCTY 3
NiABULLEHOI HAAIMHICTIO, @ TAKOX KOHTPOASA iX LinicHOCTI 32 gonomoroto bI/1A.




YAOCKOHAJIEHO AJITOPUTM KOMINJIEKCHOI'O
ABTOMATU3OBAHOIO MOHITOPHUHI'Y OB’EKTIB
EHEPTETUYHOI CUCTEMU YKPAIHU 13 3ATYHEHHAM BI1J1A

KOHTpOoNb CTaHy eHepreTM4Hux Oo6’eKTIB MOoXKe npoBoAMTMCA B  Hebe3neyHux i

Ba*KKOAOCTYMHMUX MiCUAX, @ YaC OTPMMAHHA NePBMHHOI iHGOpPMaL,ii iICTOTHO CKOpo4yeTbcA. Ha
PUCYHKAX HMXYe NoKa3aHi pe3ynbrati 3nomkm J1EMN 3 BI/A.
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YAOCKOHAJIEHO AJITOPUTM KOMNJZIEKCHOI'O
ABTOMATMU3OBAHOIO MOHITOPUHI'Y OB'EKTIB
EHEPTETHUYHOI CUCTEMU YKPAIHU 13 3AJZTYHEHHAM BIJ1A

[Ons BW3HAYeHHA TOYHOro Micua asapii Ha JIEM 3a ponomoroto BIMJ/IA po3pobneHi
MaTeEMATUYHI Moaeni Ta OTPMMAHI aHaniTMYHI BMpa3n, Ha 6a3i AKUX CTBOPEHO
NPOrpamMHoO-anapaTHM KOMMNIEKC iaeHTUPIKauil i KOHTPO/KO MOTOYHUX MNapameTpis, a

TAKOX PEXUMIB €NeKTPUYHOI meperki. CTBOpeHO eneKTPoHHY 6a3y 3006paxKeHb pPi3HUX
TEXHIYHUX cTaHiB enemeHTiB JIEMN B iHppayepBOHOMY CNEKTPI.

Ha pucyHKax noKka3aHi pe3ynbTtaTti 3MomKu J1ET 3 BIM/1A B iHppayepBOHOMY CREKTPI.
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YAOCKOHAJIEHA | YHUCEJ/IbHO PEAJTISOBAHA METOAUKA
PO3PAXYHKY EJIEKTPUYHHOI' O MNOJ1IA B OKOJ1I ZIEN

Po3pobneHe nporpamHe
3abe3neyeHHs HeobXxiaHe
Ans 3abe3neyeHHs
€/IeKTPOMArHITHOI
CYMICHOCTI anapartypu
BIMNJ1A 3 ElN JIEMN, a TakoX
NOAaTKOBOI HaBirauil
BMAA - 6a3oBoro
enemeHTy po3pobseHoi
CUCTEMWU MOHITOPUHIY Ta
ANA OUIHKM eNeKkTPUYHUX
napameTpis
AOCNIAKYBAHUX
eHepreTM4yHmx ob6'eKTiB..
Ha puWCyHKY HaBeaeHi
pO3paxoBaHi po3noainu
NiHiM piBHOro NoTeHuiany
(8 BonbTax) B okoni JIEM
200 KB npu HaaABHOCTI

Po3paxoBaHi po3noginu fiHiii piBHoro noteHuiany (B Bonbtax) B okosi JIEMN 200 KB npwm onopwu.
HanaBHOCTI onopwu (a) Ta BMNJA (6):
1 - apotn JIEN, 2 —3emnna, 3 —onopa JIEMN, 4 — oaHoBiCHe A0bpe y3roaxKeHi wapw,
5 —BM/A. 6
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YAOCKOHAJIEHA | YUCE/IbHO PEANI3OBAHA METOANKA
PO3PAXYHKY EJIEKTPUYHOI'O MOJ1A B OKOJI JIET

[OnAa BU3HAYeHHS BTPAT HA KOPOHY, B TOMY YUC/i 3 BUKOPUCTAHHAM BIJ1A, yaoCcKoHaneHo
METOA, OLIHKN BEANYUHU CTPYMY KOPOHU. OTPMMaAHO CniBBIAHOLWEHHA MIiX BWUCOTOMO |
paaiycamMun 3a0KpPYI/IEHHS TOCTPUX KPOMOK €/IeEKTPOEHEPreTUYHNX 06'eKTiB, AOTPUMAHHA
AKMX 3a6e3neyvytoTb BiACYTHICTb KOpoHyBaHHA: E_, < 3 x 109/ (0.6 x h / R +12.5) (B/m),
Ae h (m) — Bucota 06'ekty, R (M) - pagiyc 3a0KpyrneHHA rocTpux KPOMOK, E_.— KpUTUYHa
HaMNPY*KeHICTb eNeKTPUYHOro Nos.
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Po3paxoBaHi po3noainv niHin pisHoro noteHujiany (¢*= ¢ /U, U — npuKknageHa Hanpyx*eHicTb) A41A BePLIMH
3a3em/ieHoro enekTpoaa B popmi KoHyca (a), cdepu giametpom 0,045 m (6) i chpepu aiametpom 0,125 m
(B): 1, 2 — 3a3emneHa i NOTEHLUiMHA NAOWMHK BiANOBIAHO; 3 — 3a3EMIEHUN CTPUNKHEBUIN €NIEKTPOA,;
4 — 30Ha ogHoOBiCHe Ao0b6pe y3roaKeHux LWapis. 7




PE3Y/IbTATU MATEMATUYHOI'O TA ®I3MHYHOIO MOAE/IIOBAHHA
SANIEAKHOCTI CTPYMY KOPOHMU (I-oz) Bl 3HAYEHHA
MAKCHUMAJIbHOI HAMPYXKEHOCTI ENEKTPHUYHOIO MOJ1A HA
BEPLWUMHAX 3A3EMZIEHUX CTPUXKHIB (Ey.x) A4/14 PIBHUX
PAAIYCIB KPUBU3HU (R) IX BEPLUNH
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METO/ CNEKTPAJIbHO-AKYCTUYHOI AIATHOCTUKMU
HAABHOCTI KOPOHHOIO PO3PAAY

CTBOPEHO MeTo/, BU3SHAYEHHSA HAaABHOCTI KOPOHHOIO Po3psAAyY Ha eNeKTPoeHepPreTMYHOMyY
06naAHaHHI 33 aKYCTUMHMMW KOJIMBAHHAMMU.

TeopeTnyHi NPOrHO3M LWOoA0 aKYCTUYHUX LWYMiB, CTBOPIHOBAHMX KOPOHHUM PO3PAAOM,
NiATBEPAMANCA HA EKCNEePUMEHTaNbHUX AaHUX, OTPUMAHWUX MNPU MNOLUYKY AxKepena
aKyCTMYHOTO BUNPOMIHEHHA, CTBOPIOBAHOINO KOPOHHUM PO3PSA0M.
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YacToTHMI pPO3NOAiN aKYCTUYHOIrO CUrHany Bijg,
KOPOHHOTrO po3pAAy 3a CNEKTPOM NpeAcTaBAeHO Ha
PUCYHKAX HUXKYe.
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AMNAITYAHI 3HAYEHHSA aKYCTUYHOTO LWYyMy
KOPOHMU Bif, Pi3HUX HaNpyr NOSIBU KOPOHMU
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Pe3ynbTaTh po3KNagaHHA akyCTUYHOIO CUrHaNy Big, KOPOHHOIO PO3pAAYy Y CMEKTP 32 METOAOM LLUBUAKOIO
nepetTBopeHHA Pyp’e:
a) CNeKTp aKyCTUYHOro curHany y AianasoHi yactor 0 - 500 Iy, Bia KOPOHHOro po3pAaay Ha Hanpyrax 31, 47, 59,
71 KB; 6) cTebnoBa rictorpama 306paxKeHHA YaCTOTHOIO CNEKTPY, NPUTAaMaHHOTO KOPOHHOMY pPO3pAay. 9
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METO/ CNEKTPAJIbHO-AKYCTUYHOI AIATHOCTUKMU
HAABHOCTI KOPOHHOIO PO3PAAY

[fpoBefeHO MoAEeNtoBaHHA aKYCTUYHOIO AXKepena KOpoHHOro pospaay. MobyaosaHo moaens
KPUBOI CUAM 3BYKa ON1A PI3HUX TUNiIB BUNPOMIHIOBAYIB.

[xepenom KOPOHHOro po3pAaay NPUMHATO TOYKOBE i NiHiNHE AXKepeno (Ha PUCYHKaX HUKYE).
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METO/ CNEKTPAJIbHO-AKYCTUYHOI AIATHOCTUKMU
HAABHOCTI KOPOHHOIO PO3PAAY

BupiweHo 3aga4y BU3HAYEHHA MicUA po3TallyBaHHA KOPOHHOMo po3paay B npoctopi. AnA
LLbOro CTBOPEHO Moe/ib aKyCTUYHOIo NOAA KOPOHHOIO po3pAaay.

KapTuHa i30niHIM 3BYKOBOro MonA ANA 4acTOTM TPeTboi i N'ATOI rapMoHiK, A03BONAE
BUABUTM  MiCLe  pO3TallyBaHHA  KOPOHHOro  po3pAagy 32  eHepreTudHum i
iHTepdepeHLiMHMM PO3PaxXyYHKOM.
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EHepreTu4HuUiA po3paxyHok IHTepdeHUiHMIA po3paxyHOK EHepreTuyHuii po3paxyHok IHTepdepeHLiiHniA po3paxyHOK

Pe3ynbTaT po3paxyHKY i30NiHi4 3BYKOBOro Nona ANA ripnaHam i3 5 isonatopamu Ha 3-1 i 5-1 rapmoHiKax

EHepreTM4HuUi po3paxyHoK IHTEepdeHUiMHNIA po3paxyHOK EHepreTnyHui po3paxyHoK IHTEepdepeHLiiHUIA po3paxyHOK

Pe3ynbTaT po3paxyHKy i30MiHi1 3ByKOBOro nosa Ana fiHinHoro axepena (apit) Ha 3-1 i 5-11 rapmoHikax
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CTATUCTMYHA MOAE/Ib EIEKTPO®I3MYHUX NPOLECIB
HA OCHOBI ®I3MYHOIO TA MATEMATUYHOIO
MOZEIFOBAHHS

CTaTMCTMYHA Moaenb enekTpodi3anyHUX npoueciB Ha ¢iHanbHIM cTadii HabAMKEHHS
NigepHoro KaHany 6AMCKaBKM A0 3eMAi, iKa A03BONAE 3HAUTU PO3NOAI/IN NMPOrHO30BaHOI
KiNbKOCTi yaapiB 6/IMCKAaBKN Y NPOTAXKHI e/1eKTpoeHepreTuyHi 06'eKTn (Taki, AK BUCOKOBONbLTHI
niactanuii, TEC, TEC, AEC) 3 ypaxyBaHHAM iX BUCOTU i rabapuTiB, MOXKAUBOCTI PO3BUTKY Bij,
HUX BUCXiAHOI iCKPM, YCiX MiCUub NOABW NigepHOro KaHany 6/MCKaBKM 3 rpo30BOi XMapu Ta
po3noainy BiporigHOCTI IX NOTeHuiani..

Il ~Y pul |—|R4 R 'Ucon | T;
r—F=h F
RI| |R: 2 F27 | : s
I 2’5':
[
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1 N - | 4

Cxema BMCOKOBO/IbTHOrO CTeHAa | Moro ¢poTtorpadis:
a) eneKkTpMyHa cxema cteHay; 6) cxema ¢isMYHOT Moaeni gna AoCNiAKEHHA BNAMBY CTPYMY KOPOHM Ha
npouecu npoboto; B) poTtorpadia BUCOKOBOILTHOIO 33y

12



CTATUCTUYHA MOJEJ/Ib EJIEKTPO®I3MYHUX NMPOLIECIB
HA OCHOBI ®I3UYHOIO TA MATEMATUYHOIO
MOJE/IIOBAHHS

MpoBeaeHi eKcnepumeHTasbHIi  AOoChiAXeHHA npoueciB npoboto npu  HAsBHOCTI
KOPOHHOIO po3pAAy Ha BepPLUMHAX 3a3e€M/IEHUX CTPUNKHIB.
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| \é\/ T .
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3
/ 0 3a3eMJIeEHUM eNneKTpodamu
o=
e ! LI cuctemm
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Tek  J. y'“" Complete MPos: 3000us  SAVE/REC Tk  JI. @ AcqComplete MPosi2S00ns  SAVE/REC l | M— ‘~.: \,
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Love o = B y _A‘!
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(v ‘ "\, ¢ W ’
i About About
Saving Saving
U
Selec
Foder fra
Save
TEKD00S.TIF “m"
CH1 200mV M 1005 CH1 . ~200mY CHi 3000 Mi%%s S
10-Aug-15 1615 <10Hz M-Au-15 1828 <10z

a) 6)

Tunosi ocumaorpamu npm po3paai 3 BUCOKOBONLTHOTO e/1EKTPOAA Ha
33a3eM/IIOOYMIA CTPUIKHEBUI €N1EKTPOA NPU BiACTaHI MiXK HUMMK d Ta
npuUKNageHin Hanpysi U:

a) po3pag Ha GPOHTI NnpuknageHoro imnynbcy (d=0,44 m, U=0,84 MB); doTorpadii BUCOKOBONBTHUX
6) po3pAaa Ha cnaai npuknageHoro imnynabcey (d=1 m, U=1,08 MB) po3pAais 13




CTATUCTMYHA MOJEJIb EJIEKTPO®I3MYHUX MPOLIECIB
HA OCHOBI ®I3UYHOIrO TA MATEMATUYHOIO
MOJEJIIOBAHHS

Ha pucyHKax nokasaHi nnaHu (a) Ta po3paxoBaHi 3a 4ONOMOrot Po3pobAEHOT CTaTUCTUYHOI
MOZENi PO3NoAiNn LLiAbHOCTI MMOBIPHOCTI NonagaHHA 6/1MCKAaBOK 3 HU3bKMM (6) | BUCOKUM (B)
NOTEHL,ia/IoM Mo TePUTOPIT A0CNiAKYBaHUX 00'EKTIB.

BucoKoBoO/IbTHa
) nigcraHuin
d

Pesepsyapu ana
36epiraHHA HadpTH :

0.006
0.005

0.004

0.003 6)

0.002

0.001

0.0015
0.0012
0.0009
00006  B)

0.0003
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PE3Y/IbTATU BMPOBAAXEHHA

3axoam No 3MeHLIeHHIO BTPAT Bif, aBapiMHUX pexxmmiB nobyaoBaHi Ha 3abe3neyeHHi
HaAiMHOCTI Yepes KiNbKiCTb ornAaiB eHeproob’ekTiB 3a paxyHOK BUKOpUCTaHHSA BIJIA.

A 3menwenin \ Mocridma | 36incwenns
R T T KinbkicTb ornaais mae 6yty 3anexHoto Bif NoxiaHoi
.\ \ | . o .
E L dyHKUiT BiamoB (ABap) 3a neBHUIM NPOMiXKOK Yacy (At) :
I R R
B[N paw ABap(t, + At) — ABap(t .
T t‘ sinmoBM } _DC‘?V{fﬂagma} : N = lim p 0 ) p 0) — ABap(t)
.--:u‘: ..... pomee=- il dpbeccsccsns At—0 At
e !
R presseeeess . YKpaiHCbKa €eHeprocuctemMa MaA€ 3HayHe 3HOLWEHHA
e T e obnagHaHHA. Tob6TO cucTema ornagis B TeNepilHin Yac

KnacuoiKauia BigmoB 3a TpbOMa eTanamm

He [J03BONIAE  3abe3neyntm  HeobxigHWUM  piBeHb
rogMH HanpautBaHHA obnagHaHHA

6e3BigMoOBHOi poboTn.

oA pO3paxyHKOM

3a
HOPMATUEOM

t, roguHu Heacraoaneni

-

Mpadik KinbKocTi ornAaais 3a

Po3noain aBToMmaTUYHUX BiAKNOYEHb K i
. B kontep DJI Matri
HOPMaTUBOM i 33 PO3PaXyYHKOM G n|vetialnnE atrice

JNIEM 3 npocToem binblue roamnHu 210 RTK V2 Combo
EKOHOMIYHMI edeKT Big BNpoBaaXKeHHA Komnekcy BINJIA B enekTpoeHepreTuyHin
cuctemi oaHiei obnacti (Ha npuknaai XapkiBcbKoi ob6nacti) 3a n'ATb POKiB
ekcnayaTauii CcTaHoBUTb: 274,38 MAH TpH. 15
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MATEHTU

Mat. 57808 YKkpaiHa, MIMK G 07 C 3 / 10. NMpucTpiit 4NA KOHTPOIIO PECYpCy rpynu MOBITPAHUX BUCOKOBONBTHUX BUMMKadiB / Mpabko B.B., Fpabko B.B., Nle6eab O.M., banb3aH |.B.;
3aABHUK Ta MATEHTOYTPMMYBaY BiHHMLbKMI HaLiOHaNbHUI TeXHIYHUI yHiBepcuTeT. — Ne u201010718; 3assn. 06.09.2010; Ony6.. 10.03.2011; Bron. Ne5. -9 c.

Mar. 63421 YkpaitHa, MMNK G 07 C 3 / 10. NpucTpiii 4N KOHTPOAKO pecypcy KomyTauiiHux anapatis / Fpabko B.B., 'pabko B.B., Jlebeab O.M., Ocenbcbkuii O.B.; 3asBHUK Ta
NaTeHTOYTPUMYBAY BiHHMLbKMUI HALIOHAbHWUIN TEXHIYHWUI yHiBepcuTeT. — Ne u201102691; 3assn. 09.03.2011; Ony6n. 10.10.2011; Bron. Ne19.—-7 c.

Mat. 63850 YkpaiHa, MMNK G 07 C 3 / 10. MpucTpiit 418 KOHTPONIO Pecypcy MOBITPAHMX BMCOKOBONLTHMX BMMMKadie / Mpabko B.B., Mpabko B.B., Koamayos K.l.; 3asBHuK Ta
NaTeHTOYTPUMYBAY BiHHMLbKMUI HALLIOHAIbHWUIN TEXHIYHWUI yHiBepcuTeT. — Ne u201102746; 3assn. 09.03.2011; Ony6n. 25.10.2011; Bron. No20. -6 c.

Mat. 64969 YKkpaiHa, MMK G 05 B 23 / 00. MNpucTpiit ana AiarHoCTyBaHHA CUCTEMM 3aXMCTY TEXHOIOTiYHOro 06'ekta / Mpabko B.B., EBTyxiBCbKMI1 M.B.; 3asABHMK Ta NaTeHTOYTPMMYBaY
BiHHMUbKMI HALLiOHAIbHUI TeXHIYHMI yHiBepcuTeT. — Ne u201104751 ; 3aasn. 18.04.2011; ony6n. 25.11.2011, Bron. Ne 22.—5 c.

Mat. 64994 YkpaiHa, MMK G 07 C 3 / 10. MpucTpiit ANa KOHTPONIO pecypcy KOMyTauiHux anapatis / Tpabko B.B., BapTeubkuii A.A.; 3a8BHUK Ta NaTEHTOYTPUMYBaY BiHHULIbKMI
HaLiOHA/IbHUM TeXHIYHMI yHiBepcuTeT. — Ne u201104950 ; 3aasn. 20.04.2011; ony6n. 25.11.2011, Bron. Ne 22.—6 c.

Mat. 66032 YkpaiHa, MIMK G 07 C 3 / 10. MpucTpiit ANA KOHTPONIO pecypcy KomyTauiHux anapatis / lpabko B.B., pabko B.B., Mucknsposa A.B., Kpusuit A.l.; 3asBHUK Ta
NaTeHTOYTPUMYBAY BiHHULbKMUI HALiOHAIbHWUI TEXHIYHWUI yHiBepcuTeT. — Ne u201105555; 3assn. 04.05.2011; Ony6a. 26.12.2011; bron. No24. -5 c.

Mat. 66044 YkpaiHa, MIMK G 07 C 3 / 10. MpucTpiit Ana KOHTPOIIO pecypcy KoMmyTauiHux anapatis / pabko B.B., Ipabko B.B., Mucknaposa A.B., Mypascbkuit O.A.; 3aABHUMK Ta
NaTeHTOYTPUMYBAY BiHHMLbKMI HALiOHAIbHWUI TEXHIYHWUI yHiBepcuTeT. — Ne u201105615; 3assn. 04.05.2011; Ony6a. 26.12.2011; bron. No24. -7 c.

Mat. 76409 YkpaiHa, MMK G 05 C 3 / 10. MpucTpiit Ana AjarHOCTyBaHHA CUCTEMM 3aXMUCTy TEXHOIONYHOro 06'ekta / Mpabko B.B., EBTyxiBCbKMI M.B.; 3aABHUK Ta NaTeHTOYTPMMYBaY
BiHHMUbKMI HaLLiOHANIbHUIA TEXHIYHWIA YHiBepcuTeT. — Ne u201204567; 3ansn. 11.04.2012; Ony6a. 10.01.2013; Bron. Nel. -7 c.

MaTeHT YKpaiHn No 84385, MMK G06G7/18. MNpucTpi AnA BU3HAYEHHA MOXiAHOI OrMHaKY0i CMHYcoiAanbHOro curHany / Fpabko B.B., banb3aH I.B.; 3adABHMK Ta maTeHTOyTPMMYBay
BiHHMUbKMI HALLiOHAIbHUIA TEXHIYHWI yHiBepcuTeT. — Ne u201301898; 3ansn. 18.02. 2013; ony6.. 25.10.2013; Bron Ne 20. -6 c.

MaT. 88814 YkpaiHa, MMNK G 07 C 3 / 10. MNpucTpi 4NA KOHTPOAO PO6OTU MPUCTPOID PEery/toBaHHA Mid, HaBaHTaXKEHHAM CMI0BOro TpaHchopmaTopa / Mpabko B.B., banb3aH I.B.;
3aABHUK Ta MAaTEHTOYTPMMYBay BiHHMLbKUIA HaLiOHaNbHUIA TEXHIYHUI yHiBepcuTeT. — No u201214110; 3assn. 11.12. 2012; Ony6a. 10.04.2014; bron. Ne7. -7 c.

Mat. 90371 YkpaiHa, MMNK G 07 C 3 / 10. MpucTpiA ANA KOHTPOAIO pecypcy rpynu KomyTauiiHux anapartis / Mpabko B.B., Fpabko B.B., KmeTb H.[.; 3aaBHUK Ta nMaTeHTOyTpMMYBay
BiHHMUbKMI HaLioHanbHWI yHiBepcuTeT. — Ne u201314381; 3assn. 09.12.2013; Ony6n. 26.05.2014; Bron. Ne10. - 14 c.

MaTt. 100440 YkpaiHa, MMNK GO1R 29/027. NpucTpiit ANs OLiHIOBAHHA 3a/IMWKOBOro po6040ro pecypcy CMA0BOro MacasHoOro TpaHcopmatopa / Mpabko Bonogumup Bitaninosuy (UA );
Bomb6uk Bagum Cepritosuy (UA) ; Ony6a. 27.07.2015; Bron. Ne14.

MNat. 104548 YkpaiHa, MMK G 07 C 3 / 10. MNpucTpiit AN KOHTPOAKO pecypcy KomyTauiiHux anaparis / Fpabko B.B., pabko B.B., 3aHiH M.I1.; 3aABHWUK Ta NaTeHTOYTPMMYBay BiHHULbKKI
HaLiOHa/NbHUM TeXHIYHMI yHiBepcuTeT. — Ne u201506639; 3aasn. 06.07.2015; Ony6a. 10.02.2016; Bron. Ne3.

Mat. 105094 YkpaiHa, MMK G 07 C 3 / 10. MpucTpiit ANA KOHTPOAO pecypcy KomyTauiliHux anapaTie / lpabko B.B., Moniwyk A.J1.,, Fpabko B.B., CniBak |.A.; 3asABHMK Ta
NaTeHTOYTPUMYBAY BiHHULbKMI HaLiOHabHWUI TEXHIYHWUI yHiBepcuTeT. — Ne u201506642; 3ansn. 06.07.2015; Ony6a. 10.03.2016; Bron. Ne5.

MNat. 105431 YKkpaiHa, MMNK H 02 P 13 / 00. Perynatop Hanpyru 4aa cuaosux TpaHcdopmatopis / Fpabko B.B., Moniwyk A.J1., Fpabko B.B., banb3aH |.B.; 3afABHWK Ta NnaTeHTOYTpUMYBaY
BiHHMUbKMI HaLLiOHANbHUIA TeXHIYHMIA yHiBepcuTeT. — Ne u201506652; 3aasn. 06.07.2015; Ony6a. 25.03.2016; bron. Ne6.

MNat. 132156 YkpaiHa, MMK G 01 K 13 / 08. MpucTpi ana 6e3KoHTaKTHOro BUMiptoBaHHA Temnepatypu / Fpabko B.B., Fpabko B.B., bapTteubkuit A.A., 3aitoBeubkuii H0.C.; 3aaBHUK Ta
NaTeHTOYTPUMYBAY BiHHULbKMI HALiOHAIbHWUI TEXHIYHWUI yHiBepcuTeT. — Ne u201809603; 3ansn. 24.09.2018; Ony6a. 11.02.2019; Bron. Ne3.

MNat. 137512 YKpaiHa, MMNK G 07 C 3 / 10. MpwcTpiit 4nA AiarHOCTYBaHHA e/1eKTPUYHOrO NPUBOAA BUCOKOBO/IbTHOrO BMMMKada / Mpabko B.B., Mpabko B.B., Aiaywok O.B.; 3aABHUK Ta
naTeHTOYTPUMYBaAY BiHHULbKMNI HaLiOHAbHUIA TeXHIYHWUI yHiBepcuTeT. — Ne u201903558; 3ansn. 08.04.2019; Ony6.. 25.10.2019; Bion. Ne20.

Mat. 139605 YkpaiHa, MMK G 01 K 13 / 08. MpucTpit ana 6e3KOHTaKTHOro BMMIiptOoBaHHA Temnepatypu / Fpabko B.B., Mpabko B.B., Potap A.B., Tkauyk B.IM.; 3aABHMK Ta
naTeHTOYTPUMYBaY BiHHULbKMNI HaLiOHabHUIA TeXHIYHWUI yHiBepcuTeT. — Ne u201907035; 3ansn. 24.06.2019; Ony6a. 26.12.2019; Bion. Ne24.

MNat. Ne117967, Ykpaina, MMNK GO1R 31/01, GO6F 17/18. Cnoci6 BM3HaYeHHA B3aEMHOI KOpenauinHoi GpyHKUiT Wwymosux curHanis / babak B.IM., 3anopoxeub A.O., MapTuHiok I.B.,
LLep6ak J1.M.; 3aABHMK Ta NaTEHTOBAACHUK IHCTUTYT TexHiYHOi Tennodisnkm HAH Ykpainu; 3aasn. 14.12.2016; ony6n. 25.10.2018. bron. Ne20.

Mat. N2112900, YKkpaiHa, MMK GO1W1/02. NMopTtaTueHa meTeoposioriyHa meteocTaHuis / babak B.M., 3anoposkeub A.O.; 3aBHMK Ta NaTEHTOBAACHWUK IHCTUTYT TEXHIYHOI Tennodi3nKkm
HAH YKpainu; 3assn. 22.07.2015; ony6a. 10.01.2017. Bron. Nel.

MNat. Ne 55277, Ykpaida, MIMK GO8B 13/00. Cnocib BMABNEHHSA BTOPrHEHHSA B MPOCTIP, O OXOPOHAETLCA, | MPUCTPINA AN horo 3aiiicHeHHa / CkoneHko B.B., CkoneHko B.B., CKkoneHKo
B.B.; 3aABHMKM Ta NaTeHToBAacHWKM CKoneHKo B.B., CKoneHko B.B., CKkoneHko B.B.; 3assn. 02.10.2002; ony6a. 17.06.2003, Bton. N3

Mat. Ne 47131, VkpaiHa, MMK GO1R 19/00. MpucTpii Ana GE3KOHTAKTHOrO BWMMIpY eneKTpuyHMX curHanis / CkoneHko B.B., CkonmeHko B.B., CkoneHko B.B.; 3afBHMKM Ta
naTeHToBNacHMKM CKkoneHKo B.B., CkoneHKo B.B., CkoneHko B.B.; 3aasn. 01.08.2001; ony6a. 17.06.2002, Bton. Ne6 1 6
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BHKOPHCTAHHSA BEIMLIOTHUKIB JUIS
TIABHINEHHSA BE3NEKH TA EOEKTHBHOCTI
EHEPIETHYHOI CHCTEMH

KinpkicTs myOmikarii 3a podororo — 10 monorpadiii, 84 crarti (3 Hux 50 — y 3apyOiKHHX
BHUJIAHHAX). 3arajibHa KUIBKICTh MOCHJIAHb Ha MyOiiKalii aBTOpPIB POOOTH 3TiAHO 3 0a3010
naHuX SCOpus ckiamae 184, h-imgexc = 9 Ta 3rigHOo 3 Oa3oro ganux Google Scholar —
BigmoBigHo 479, h-ingexc = 12. Otpumano 25 nmareHTiB YKpaiHM Ha BUHAXiJ. 3a IaHOIO
TEMaTUKOIO 3aXUIIECHO 4 TOKTOPCHKHX 1 27 KaHIUAATChKUX JAUCEpTaIlii. 17



BUCHOBKU

1 3anponoHOBaHMN MeTOA, KOMMAEKCHOrO aBTOMATM30BAHOINO MOHITOPUHIY 06'€EKTIB eHEepPreTUYHOoI
cuctemun  YKpaiHu i3 3anyyeHHAa bBIMJIA po3sBonse 3abe3neuntn ii 6e3neyHe Ta edeKTUBHe
dYHKLiOHYBaHHA.

2 Po3pobneHo 610K aBTOMaTM3aLii po3paxyHKiB WOA0 BU3HAYEHHA MicuA nowkKoarKkeHHa JIEM Ha
6a3i BIMJIA. bnok 3abe3neynMB aBTOMATUYHMIK BUBIp iHTepBany aHanizy NapameTpiB aBapilHOro
peXunmy, 003B0OAMB BU3HAUNTK BUAK K3, ocobansy ¢pasy, 403BONNB BUAIANTU NOLKOAXKEHY da3y Ta
npmbamnsHe micue K3. TouHe micue K3 abo nowKoaKeHHA BU3HAYa€eTbCA 3a gonomoroto bI/1A.

3 Po3pobneHa, YncenbHO peanisoBaHa Ta NPOTECTOBAHa METOAMKA, NPU3HAYeHa ANs Po3paxyHKy EM
HaBkono JIEMN wopo 6e3neyHoi Hagirauii BMJIA - OCHOBHOro efiemMeHTa 3anpPONOHOBAHOI CUCTEMM
MOHITOPWUHTrY.

4 Po3pobneHo 610K aBTOMATU3aLii PO3PaxyHKiB LWOAO BM3HAYEHHA Micua nolikoaxKeHHs JIEM Ha
6a3i BMJIA. bnok 3abe3neymB aBTOMAaTMYHUW BUOIp iHTEpBaay aHanNizy napameTpiB aBapiMHOro
peXxnmy, A03B0AMUB BU3HaUYUTM BUAK K3, ocobaunsy dasy, 403BOINB BUAIAUTU NOWKOAKEHY da3y Ta
npnbansnHe micue K3. TouHe micue K3 abo nolkoaKeHHA BU3HA4Ya€eTbCA 3a gonomoroto BIJ1A.

5 Ha 6a3i po3pobneHoi moaeni po3paxyHKy €/IeKTPUYHUX MONIB Y HEOAHOPIAHMX cepenoBuLLaXx
3anponoHOBaHi ePEeKTUBHI HAyKoBi niaxoAu i nporpamHi 3acobu Ansa UYMCeNbHOro pPO3PaxyHKY
PO3MoAiNly HanpyXeHOCTi eNeKTPUYHOro NoJA HAaBKOJIO i BCepeauHi HeOAHOPIAHUX BKAKOYEHD,
AKMMM 3 eNIeKTPUYHOI TOYKM 30py € BIJ1A, 3 ypaxyBaHHAM iX peanbHOi reoMeTpuyHOI KOHOIrypauii
Ta eNneKkTpuyHuUx napametpis. Lle A03BOAMIO NpoBecTM aHani3 BMNAMBIB €NeKTPUYHMX MNOAIB Ha
cuctemn KepysaHHA bBIJ/IA Ta BM3HAYaTM 30HMU, AKI MOXYTb OyTM HebesneyHMmKM Ana Moro
GYHKUiOHYBaHHA. Po3paxyHKM nOKasanu, WO 30BHIWHE HWU3bKOYACTOTHE €e/IeKTPUYHE nose
BUKPMBAAKTLCA Y NpucyTHOCTI BINJIA: piBHi MOro Hanpy*eHocCTi MOXyTb 36inblyBaTMCA y 2-8 pasiB B
3a/1eXKHOCTI Big, YyMOB BMAMBY.
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BUCHOBKU

6 Po3pobneHnn meTomd, PO3PaAxXyHKY ENEeKTPUYHOro MnonAa ANA8 BU3HAYEHHA HAMNpPYXEHOCTI
eNeKTPUYHOro NonA Haj, BepxiBKaMu CTPYMOMPOBIAHUX CTPUNKHIB, AKi iMITYIOTb TOCTPi KpawmKu
€/1IEMEHTIB  €/IeKTPOEHEpPreTuYHMX 06’eKTiB, OBAMCKaBKONpUIMMadi, KaHa/M  BUCOKOBOJIbTHUX
pO3pAAiB, TOWO 3aBAAKN BPaxyBaHHA HENIHIMHOIO 3aKOHY 3MiHW HaNPYKEHOCTi e/IeKTPMYHOro Nons
i 3HM)KEHHSA MOTEHLiaNy B HanNpAMKax, NepneHAMKYASPHUX OCi CTPUMKHA Ta Hag MOro BEpPXiBKOHO.
MaTemaTnyHe MOAENOBaHHA YTBOPEHHA KOPOHM HA BepLMHAX 3a3eM/IeHUX enNekTpoAdiB 3a
AONOMOroK AaHOI moaeni Ta NpoBefdeHi eKCcnepumMeHTaNbHi  AOCAigMKeHHA MNOoKasanu, Wwo
IHTEHCMBHICTb KOPOHMU, AAKA XapaKTePM3YETLCA ii BUMIPAHMM CTPYMOM, 3aneXuTb Big 06’emy 30H, Y
AKX HAMPY*KEHICTb EeNeKTPUYHOro Mo NepeBULLYE KPUTUYHMW piBeHb nNpobow y cnabko
HeogHopiAHMX nonax - 30 KB/cm.

7 Po3pobneHo meTon BU3HAYEHHA HAABHOCTI KOPOHHOrO PO3pAAy Ha eNeMeHTax eieKTPUYHOro
obnagHaHHA MO aKyCTUYHOMY LUYMY, AKWUM BiH CTBOPIOE. 3a AONOMOrOK CMEKTPANbHOrO aHanidy
AKYCTUYHUX WYMIB KOPOHHOIO po3pAay BM3HAYEHI aKYCTUYHI CNEKTPU, NPUTAMAHHI TiIbKM AaHOMY
npouecy. Lle no3Bonsie BUAINATK BiANOBIAHI cneKkTpanbHi NakeTn Ha ¢OHi WwymiB obnagHaHHA abo
KBagpoKonTepa. 3a A0MNOMOrOK CMeKTPa/ZIbHO-aKYCTUYHOrO MeEeTOoAy pPOo3paxoBaHi po3noainm
AKYCTUYHUX NONIB Big, KOPOHHOrO po3pAay ANA BU3HAYEHHA pO3TallyBaHHA KOPOHU B NPOCTOPI.

8 EKcrnepumeHTanbHO AOCAIAXKEHI MOopyweHHA AKOCTI eNeKTPUYHOI eHeprii B enekTpomeperkax
BHACNiAOK HAABHOCTI KOPOHHOro pospaay. [lpoBeaeHi AOCNIAMEHHA BUABUAM BULWI FAPMOHIKMK
Hanpyrn y BCIX PO3MAHYTUX CUCTEMAX eNekTponoctayaHHA. OTpumaHi pes3ynbTaT A03BONAKOTb
BU3HAYMUTN KOPOHHI pO3pALM 3@ aKYCTUYHUM CMEKTPOM i3 BUKOpUCTaHHAM BIJ1A.
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BUCHOBKU

9 Po3pobneHa CcTaTUCTUYHA MOAENb ANA BU3HAYeHHS WMOBIPHOCTI yaapy O6/MCKaBKM B
eNleKTpoeHepreTuyHi 06'ekTn 3 ypaxyBaHHAM iX BUCOTU i rabapuTiB, a TAKOXK MOXK/IMBOCTI PO3BUTKY
Bif, HUX 3yCTPiYHOI iCKpn. [laHa moaenb 3aCHOBaHA HA aHani3i HAABHMX AaHMX NPO NapameTpu
ONMCKABOK, a TaKOX NPo enekTpodisnyHi npouecn npu nNpoboi A0BrMx MOBITPAHUX MPOMIXKKIB.
MopiBHAHHA OTPUMAHUX PE3YNLTATIB 3 BiAOMUMWU EKCNEPUMEHTANbHUMWN AaHMMUM NOKa3ano ix 36ir B
Mexax MeHWw HixX 20 %. BuKoOpuUCTaHHA p[aHoI mogeni anAa A[OCNiAXeHHA npouecis, AKi
CYNPOBOAKYIOTb NPOCYBAaHHA NiAepHOro KaHany 6MCKaBKM Ha OCTaHHbOMY eTani nepep, "subopom"
MicuAa ypapy 3asemneHoro o06'ekTa, [03BOAMAO BM3HAUYMTM MPOrHO30BaHE YUCNAO YyAaApiB Y
6anckaBKoBiABOAM Ta O06'eKTM, WO 3axuMWAloTbCA, Ta OUIHUTM CTyniHb BNAMBY 4MCAa
BMKOPUCTOBYBaHUX 6B1MCKAaBKOBIABOAiIB. KOHTPO/Ib CTaHY cUCTeEM BIMCKAaBKO3aXMUCTY 34iMCHIOETLCA 3a
aonomoroto bIJ1A.

10 Pe3ynbTatt pob60TM BUKOPUCTAHI B eHeprokomnaHiax YkpaiHu. Pesynbtatv pobotn gonosigannch
3a ¢iHaHcoBow niaTpumKkoto HATO y AKOCTI NeKLUiN Ha TPeHyBa/IbHUX Kypcax 3 NUTaHb 6e3neyHoro
Ta HaAiMHOro BMKOPUCTaHHSA 6e3ninoTHUKIB y 2018 p. (SPS NATO Advanced Training Course G.5427)
Ta 2019 p. (SPS NATO Advanced Training Course G.5613).

11 BnpoBagjKeHHA 3axoAiB 3 BUKOPMUCTAHHA KOHTPOJIIO CTaHy CUCTEM €NeKTPOMocTavyaHHA 3a
nonomoroto BMJIA 103BOINN0 OTPUMATU 3HAYHUI EKOHOMIYHUI ePEeKT B eHEePreTUYHMX KOMNaHiAX.

B pe3ynbTaTi BUKOHaHHA npeacTaBaeHoi poboTn BUPILLEHO CTpaTeriyHo
BaXXnmBe 3aBAAHHA CTBOPEHHA | BMNPOBaAXEHHA MeToAiB nNiaBULLEHHA
b6e3nekn Ta ePeKTUBHOCTI (PYHKLUiIOHYBaHHA 06’€eaHAHOI eHepreTUYHoI
cuctemn YKpaiHu i3 3acTocyBaHHAM 0e3ninoTHUX NiTanbHUX anapariB, AKi
NiABULLYIOTb HAaAINHICTb, CTIMKICTb | ePEeKTUBHICTb ii poboTw.
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