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JNOCJILIKEHHSI POBOTH ABAPIMTHUX PEJIE
B YMOBAX HESIKICHOI EJIEKTPOEHEPTII

Bcmyn. besnieky pyxy Ha MariCTpaabHHX Ta MPOMHUCIOBUX 3aJi3HHILIX 3a0€3M€UyI0Th CHCTEMH aBTOMAaTH-
KU JI0 CKJIaAy SKHX BXOJSATh BUKOHABUI €JIEMEHTH, NPUCTPOI IX JKUBJICHHS Ta 3aXHCTy MOOYHOBaHI 3 BUKOpHC-
TaHHSM Pi3HOMAaHITHHUX €JIEKTPOMATHITHHUX i €NEeKTPOHHUX pelne. Sk mpaBmiio, i peJeifHi CHCTEeMH aBTOMAaTHKH
MpU3HAYCeHI JJ1s poOOTH B YMOBax CTaOUIRHOI HANIPYTH IKEPEI 30BHIITHHOTO SHEProIoCTayaHHsA. AJie BHACII-
0K (pi3MUHOrO 3HOCY OONagHAHHS JKUBIIOYHX JIHIM €IeKTPONOCTadaHHs 3aTi3HHYHOI aBTOMATHKH, K OCHOB-
HUX BUCOKOBONBTHHX JiHiH (BJI CLIB) Tak i pe3epBHUX JIiHi{ TOB3IOBKHBOTO SIIEKTPONOCTAYaHHI, T B YMOBax
BIUIMBY Ha Ili JTiHIM 1HIIMX CIIOYKMBAYiB, SIK TATOBHX TakK 1 HE TATOBHX, BUHUKAIOTh BHUIIAJKU BIAMUKAHHS CHCTEM
3aJI3HUYHOI aBTOMATHKH BiJ [IUX JKEpes Ta Iepexil Ha JKUBJICHHS BiJl aBTOHOMHHUX JIM3€Jb-TeHEPaTOPHUX CTa-
Hiii. Takuit nepexin kIacuikyeThes K BiAMOBA, IO BIAMOBIIHO MPU3BOJC 0 3MCHIICHHS MOKA3HUKIB HAIii-
HOCTI cHCTeMHU 0€3NEeKH PyXY, IO € HETTPUIYCTUMHM.

JlocnikeHHsIMU B rally3i KMBJICHHS IPUCTPOIB 3a1I3HUYHOT aBTOMATHKH Ta iX 3aXHCTy MPUCBSIUEHI poOo-
T [1,2 Ta iHOI.] B SIKMX, SIK IPABWJIO, NPUALIAIACE yBara SIKOCTI KHBJIIOYOI €IEKTPOCHEPrii Ta IUIIXaM ITiJBH-
IICHHS ii BiAMOBIMHUX MMOKa3HUKIB. PexkuMam poboTH aBapiitHUX pelie 3aTi3HHYHOI aBTOMATHKH, SIKi BiIMOBiIa-
I0Th 3a MEPEMUKAHHA 3 OJHOTO PKepesia )KUBJICHHS Ha HIIE, cepesl MPOoaHali30BaHUX aBTOPOM JpKepen iHdop-
Marlii, Maibke He 3ycTpidaeTbes. e moB’s3aHo y mepiny 4epry 3 TuM, mo (yHIaMeHTalbHI JOCTiKeHHS Y il
raiy3i npoBouIics moHaz 30 pokiB TOMY, B IEPioZ MacOBOTO BIIPOBA/DKEHHS CHCTEM 3aJlI3HUYHOT aBTOMATHKH.
3 TUX YaciB y IMPOMHUCIIOBOCT] CTAIN IIUPOKO 3aCTOCOBYBATHCS YaCTOTHO-KEPOBaHI NPUBOAA, Pi3HI CTATHYHI ITe-
peTBOpIOBaYl, 3pOCIN MUTOMI MOTYKHOCTI €JIeKTPOOOJIaIHAHHS, Y TOMY YHMCII 1 TSArOBOTO, SIKE OTPUMYE >KUB-
JICHHS 3 Ti€T K caMol €JMHOT CHEPIreTUYHOT CHCTEMH, 1110 1 3ali3HUYHA aBTOMaTuKa. Bci 1i hakropu npu3Benu a0
CIIOTBOPEHHSI €JIEKTPUYHOT €Heprii B HACIJOK EHProOOMIHHMX ITPOLIECIB Y CHCTEMax I'eHepyBaHHs Ta €eHEepropo-
3MOJUICHHS, TIPH BiZICYTHOCTI BIIPOBAJPKEHHS HOBUX HOTY)KHUX IeHEepyrounx craHuii. Came ToMy, ZOCIIIKEHHS
MPUCBSYEHI MUTAHHSAM BIUIMBY HESKICHOI HANpYTW Ha aBapiiiHi pelie MPHUCTPOIB 3aJi3HUYHOI aBTOMATHKH, L0
CKCIUTYaTyIOThCs y TEHEPIIIHIN Yac, € aKTyaIbHUMH.

Memoro pobomu € NOCTiHKESHHS BIUIMBY HESIKICHOT HAIIPYTH KHUBJICHHS HA aBapiiHUX pelie 3a I0IOMOTOI0
BIIITOBITHOT IMITAIlIMHOT MOZJEII. .

Mamepian i pezynomamu 00cnidicenns.

[epma yacTHHA UX JOCTIKCHB Ie BU3HAYCHHS NOKAa3HUKIB "HEsSKiCHOI eHeprii" Ta BIITBOPEHHSA Y iMiTa-
[iITHIA MOJIeNi 32 TOTIOMOTOI0 BiATIOBITHAX MOKAa3HHUKIB OPMH HAIIPYTH HA KUBIIOUUX JiHAX mpuctpoiB CLIB.

VY BignosinHocti 1o 'OCT 13109-97 "Hopwmbl kadecTBa 3JIEKTPUIECKONH SHEPTUH B CHUCTEMax IIEKTPO-
cHaOxeHus1 obiero HazHadeHus" [3] iCHye OJMHAIUATH OCHOBHHMX IOKa3HHMKIB SIKOCTI €JIEKTPUYHOI eHeprii B
cHCTeMax eJeKTPONOCTaYaHHs 3araJibHOrO NMPHU3HAYEHHS 1, 30KpeMa, JUIs He TArOBHX crokuBadiB. Cepen nux
OCHOBHHX IIOKa3HHKIB: CTalle BIAXMJICHHS HANPYrH; PO3KK 3MIHU HAIPYTH; KOe(illieHT CIOTBOPEHHS HAIPYTH;
KOe(DIl[IEHT N-rapMOHIWHOT CKJIaJOBOT HANIPYTH Ta 1HIII.

Ha npots3i 2012 poky cniBpoGiTHukamu kadeapu "Enexrponocrauanus 3ani3HuLb" JIHITIPONETpOBCHKOIO
HAIlIOHATFHOTO YHIBEPCUTETY 3aNi3HHYHOTO TPAHCIOPTY iMeHi akaaeMika B.JlazapsHa mig KepiBHHITBOM IpoO-
(ecopa Cuuenka B.I'. (BimmoBimamsHUi BuKOHaBels noueHT bocuit [1.0.) Oyno 3adikcoBaHO 3MiHH HAIpyTH
»wuBneHHs npuctpois CIIb Ta mpoananizoBaHi OCHOBHI NOKAa3HUKH sKOCTi 1€l Hanpyru. Ha puc. 1 mpeacrasne-
HO O/1Ha 3 3a(hiKCOBaHMX YaCOBMX Jiarpam Hampyru Ha BBoZi 0,4 kB mocTa XHBJIEHHS 3aJ1i3HUYHOT aBTOMATHKH
mo ¢azax (Ha mpukiazni nocta EIl TopsiHose). Ik 6auuMo cuTyaIlisi 3MiHIOETBCS Y KOXXKHOMY PiIBHOMIpHOMY 1H-
TepBaJli CIIOCTEPEKEHD NPH [[bOMY (pa3HI HApyr'y MOBTOPIOIOTH 3a (OpPMOIO o1HA ofHy. s aBapiiiHuX perne,
SIKI HAJIArOJKYIOThCSI HA MIHIMYM KHBIIOUO] (ha3HOT HANPYTH TOJIOBHUM € CaMe BiJXWJICHHS] HAIIPYTH 33 PiBHEM.

Koxen iHTepBan cnocrepexenHs ¢aszHy Hamnpyry U, (t) MOXHA TPEJICTaBUTH K CYKYIHICTh TapMOHIHHUX

ckIag0BuX 710 40 TapMOHIKH BKJIFOYHO 32 BUPA30M:
40
Uy (t)=Up; D Ky, sin(27nft). (1)
n=1

3HaueHHs Koe(illi€HTiB TapMOHIIHUX CKIIaI0BHX KU(”) OTpPHMaHi 3 €KCIIEPUMEHTAJIBHHUX JaHWUX, B YaCOBI

iHTepBaIK OAHAKOBOI TpUBaJIOCTi (oxHA XBHIMHA). Ha puc. 2 mpencraBieHi 3HaUCHHS KU(n) B OJTHOMY 3 TaKHX

IHTEpPBAJTIB.
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Puc. 2. 3HavyeHHs KoedinieHTIB rapMOHiliHUX CKJIATOBHX KU(n)

OTPUMAaHi 3 eKCIIEPUMEHTAJIbHUX IaHUX, B YACOBI iHTEpPBaJIH 0IHAKOBOI TPUBAJIOCTI

s poBeNieHHs MOJAIBIIOTO iMiTaliifHOro MojemoBaHHs peanizyemo (1) y Burmsami Simulink mozmemi
(parmeHT sikoi npencTaBieHo Ha puc. 3. Taka MoJenb 103BOIISE BiTHOBUTH (DOPMY KUBIFOUOI HAPYTU CHCTEM
ABTOMATHKH y KOXEH 3 JOCJIIDKYBAaHUX IHTEPBAJIiB, 3 METOK BUSIBIICHHS BILUTUBY IIi€l HAPYTH HA aBapiiiHi pee.
KosxHe 3 mxepen rapMOHIMHUX KOJMBaHb MA€ CBOKO YACTOTY Ta aMILTITY/Y, BUXOASYH 3 JAHUX MPEACTABICHUX
Ha pHc. 2.

J1yist CTBOpEHHS MOJICIl aBapiifHUX peJie, 110 € APYTOr YaCTHHOI TOCIIKeHb HEOOXITHO 3HATH AP aMeTPU
LUX pelie.

Sk BioMO, B HOMEHKJIATYpI anapaTypy 3aj1i3HMYHOI aBTOMaTHKH [4] OKpeMO BUJIJIEH] Tak 3BaHi aBapiiHi
pede, sIKi MpU3HAaueHi JJIsl BBIMKHEHHS pE3epBHOTO )KUBJICHHS y BUMAAKY aBapii OCHOBHOT JKUBIIOYOT JIiHIl.
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Puc. 3. ®parment Simulink mopeui ¢paznoi Hanpyru :xuBjaenHs npucrpois CLIb
Ha 0a3i 5 rapMoHiliHUX CKJIaT0BHX
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ABapiiiHi pesne 3a0e3neuyroTh BBIMKHEHHS PE3EPBHUX JKEPENl JKUBJICHHS TaKOXK NP 3HWKEHHS Halpyru
JoKepelia KHUBJICHHs! (MiHIMAIBHUH 3aXUCT). 3HAYEHHs HAIIPYTH BBIMKHEHHS 3aXUCTy BH3HAYAETHCS MTapaMeTpa-
MU aBapiifHuX pene. Jleski TUIIN aBapiifHUX pesie, Ta iX OCHOBHI ImapaMeTpH MpeCcTaBeHi y Taom. 1.

Jnis BU3HAYeHHS PiBHSA MiHIMaJIbHOI JKUBIIOUOI HANPYTH, MIiCISA IOCATHEHHS SKOTO CIIPAIlbOBYE 3aXHUCT
(BBIMKHEHHS pe3epBHOTO JpKeperna) OyaeMo BUKOPHUCTOBYBATH CITiBBiTHOIICHHS HANPYTH BIiAITyCKAaHHS pele 10

i

HOro HOMIHAJIbHOT HAIPYTH

ifi

Ta6mums 1
ITapameTpu aBapiiiHuX peJe 3a1i3HUYHOI aBTOMAaTHKH
Hanpyra, B
Tun peae Hominanbna Bignmyckanns HO;:::‘::;:E“- U, U, s
U siopst U, axopst U, 5, Ui U,

1 12 4.5 9,5 0,38 0,79
| Alliz-12724 24 8 18,5 0,33 0,77
3 110 36 90 0,33 0,82
4| AHR-110/220 220 75 180 0,34 0,82
5 AlII2-1800 24 5 16 0,21 0,67
6 110 20 75 0,18 0,68
7| AIH-H0/127 127 20 75 0,16 0,59
8 ATIII-220 220 40 150 0,18 0,68
9 AIIIII-24 24 5 16 0,21 0,67
10 AP-1 12 5 9,5 0,42 0,79
11 AP-110 110 45 90 0,41 0,82
12 AP-220 220 90 180 0,41 0,82
13 APII-110 110 30 90 0,27 0,82
14 APII-127 127 35 105 0,28 0,83
15 APII-220 220 75 190 0,34 0,86
16 APY-24 24 7 18,5 0,29 0,77
17 APVY-110 110 30 90 0,27 0,82
18 APY-127 127 35 105 0,28 0,83
19 APY-220 220 75 190 0,34 0,86

Takuil miaxia 103BOJIHTb, y MEPIIOMY HAaOJIMKEHI, BU3SHAYUTH HUKHIO MPAHULIIO HANIPYTH KUBJICHHS 3a1i3-
HHYHOI aBTOMATHKH, OCKUIBKH IPHCTPOI 3ai3HUYHOT aBTOMATUKY OTPUMYIOTB XKHBJICHHS Bill 0qHO(A3HUX Tpa-
HCopMaTopiB HOMiHATBHOO Hanpyroto 0,23 kB B He3aneXHOCTI BiJl HOMiHAIBHOI HATIPYTH CAMOTO pelle.

Hanpuxnan, pene tumy AILI2-220 Biamyckae sikip mipu 34% (cTpouka 4, CTOBITYMK 5) Bif HOMiHaJIbHOI Ha-
NpYTH, O BiAMOBIAHO NOPiBHIOE Hampysi sxuBirodol Mepexi 230-0,34=78,2 B. A pene tuny APY-24 Bin-
nyckae sikip mpu 29% (ctpouxa 20, CTOBIMUHKK 5) BiJi HOMIHAJILHOT HANPYTH, IO BIAMOBIIHO JOPIBHIOE HAIpy3i
xusimouoi mepexi 230-0,29=66,7 B.

[IpoBexneHi BUILE pe3yTbTaTH J03BOJSIOTH BCTAHOBHUTH Y IMITaIlilfHii MOJEIi piBeHb HANPYTH IPHU SKOMY
CIpaIbOBYE aBapiiiHe pee.

[HIIMM NOKa3HUKOM, SKHUH XapaKTepu3ye MIBUIKO/IIIO pelie € Yac CIpalbOBYBaHHs Ta 4ac BiAMYCKaHHS pe-
ne [6]. [ns aBapiitHuX pelie, sIKi NPALIOIOTh HAa BIAIIYCKAHHS pejie, TOJIOBHUM ITOKa3HUKOM € caMe 4ac BiAIyc-
kaHHs. Yac BifiMyCKaHHs pefie f,, BU3HAYAECTHCS 32 BUPA3OM:

fy =7, @)

&

U . . .
ne: I =— - crane 3na4eHHs CTpyMy B 0OMOTII pene omopom R, npu Hampysi U ; I, - cTpyM BiamyckaHHS

=

pene; 7'=— - mocriiiHa yacy 0OMOTKH peJle.

BusnaueHHs yacy BiAIlyCKaHHS pelie, SIK IPaBUIIO, 3/11HCHIOIOTh €KCIIEPUMEHTANILHO, 1110 J03BOJISIE Bpaxy-
BaTH BIUIMB BHXPOBHUX CTPYMIB Ta 4acy pyxy sfKops pene [6]. BpaxoBytoun, mo cepel MacmopTHUX JaHHUX pejie
[4] Takuit TOKa3HUK SIK Yac BiAIMyCKaHHS HE NMPEICTaBICHO, BU3HAYNMO Yac BiAITyCKaHHS pelie 3 YMOBH, III0 Yac
CHpAaIbOBYBaHHSA CHCTEM aBTOMATHYHOTO IMOBTOPHOTO BBIMKHEHHS OCHOBHOTO JDKEpesia >KUBJICHHS CKIIAIae
npubmuzHo 0,8...0,9 ¢, a yac crnpanbOBYBaHHsI aBapiiHOTO pelie Pe3epBHOTO JDKEpeNia CKIAagace MpUOIU3HO
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0,25 c [4]. Tomy, y nepiioMy HaOJIMKEHI, B MOJAIBIINX JOCHIPKCHHSIX MPUHMAEMO, 1110 Yac BIAIYCKaHHS pejie
omucyethes psaom 0,05; 0,15 0,15; 0,2; 0,25 ta 0,3 c. Peanizyerscs naHuil YacoBUil iHTEpBAJ 32 JONOMOTOO TH-
MOBOI anepionudHoi TaHKH (puc.4). Pe3ynpTar qocmimkeHHs poOOTH aBapifHOTO pelie B yMOBaX XHUBJICHHS HE -
KICHOIO HaIlpyTOIO MPEICTaBICHO Ha PHC. 5 (10 MOl BBEACHI IOBIIBHI TApaMeTpH).
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Puc. 4. ®parment Simulink monesti aBapiiinoro peue.

Puc.5. Pe3yabTaTu iMiTaniiinoro Moae1ioBaHHs po00TH aBapiiiHOro pesie B yMOBaX HesIKiCHOI eJIeKTpoeH eprii.

TakuM 4rHOM, 32 JOMOMOTOI0 PO3pO0IIEHOT MOETI POOOTH aBapiHOTO pelie B yMOBaX HESKICHOI eJeKTPO-
eHepril J03BoJIsie BU3HAYUTH I'PAaHUYHI YMOBH, 33 SKMX MOXKJIMBE BBIMKHEHHS PE3EPBHUX [DKEpEIl KUBJICHHS. Y
MOAAJBUIOMY IS MOZIEIb MOXKe OYTH BUKOPHUCTAHA JUIs IOCIIDKEHHS e()eKTUBHOCTI BIPOBAJPKEHHS KOPET'YIOUNX
Ta KOMIIEHCYIOUHUX IIPUCTPOSX Y KOJIaX JKUBJICHHS 3aJII3HUYHOT aBTOMATHKH.
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Pexomenoosano oo opyky npoe. /lyoinyem JI.B.
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