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OBJIIK EJIEKTPOEHEPT'Ii CYYACHUMU EJJEKTPOHHUMU
JIYUJIBHUKAMHU B YMOBAX TAPMOHIVMHUX CIIOTBOPEHb

Beryn

B3aeMOBiTHOCHHHN MiX MPOJABIEM 1 TTOKYIIIIEM
OyIyIOThCS B TIEPITY YEPTy Ha KUTbKICHIN, SKiCHIM
Ta BapTicHIN owiHui ToBapy. Enekrpuyna enepris,
IO TOCTAYa€ThCsl E€HEpPronocTayaJbHUMHU OpraHi-
3allisIMH, BUCTYIIA€ K TOBAp, IO XapaKTePU3y€eThb-
csi 30iroM y dYaci mporeciB BUPOOHHIITBA, TPaHC-
MOPTYBaHHSA 1 cnoxuBaHHs. PazoM 3 TuMm 1o enex-
TPOEHEPrii, SIK 10 ToBapy OyAb-sSKOro BHIY, 3aCTO-
COBYIOTBCSI KaTeropii «KITBKICTBY» 1 «IKICTBY.
TakuM YUHOM, 3POCTArO4i BHUMOTH IO TOYHOCTI
00Ky KiIbKOCTI €JIeKTPUYHOI eHeprii mpu HeoO-
X1THIH SKOCTI 0a3yIOTHCS HA €KOHOMIYHIH OCHOBI.

VY peanbHUX yMOBax BHUPOOHUIITBA, MEPETBO-
PEHHS, PO3MOAUTY 1 CIIOKMBAaHHS €IEKTPOEHeprii
BUHHMKAIOTH CIIOTBOPEHHS (HOPMH CHHYCOiZHOTO
cTpymy 1 Hanpyrd. Ili CIIOTBOpEHHS BWHHKAIOTH
npu reHepauii enexTpoeHeprii, ii mepenadi Me-
pekXero 1, TOJOBHMM YHMHOM, IpPH CIIOKUBAHHI,
OB’ 13aHOMY 3 BUIPSMIICHHSIM Y1 iHBEPTYBaHHSIM.

OCHOBHHMMHU JKEpeaMi CIIOTBOPEHHS CTPYMiB
1 HapyT y CUCTEMi TSTOBOTO EJEKTPOIIOCTAuYaHHS
eeKTpu(iKOBaHMX 3aJII3HUIG € TEPETBOPIOBAJIBHI
arperaty TATOBHX MiJICTaHIIM MOCTIHHOTO CTpyMy
Ta MEPETBOPIOBAJILHI MPUCTPOi €JIEKTPOBO3iB Ol
HodazHoro 3miHHOTO cTpyMmy [1]. Ilpn mpomy, -
Hii 30BHIMIHBOTO EJEKTPOIIOCTaYaHHS, EIEMEHTH
TATOBOI MEpEeXi, PO3MOMIBYI JIiHIT TTO3JOBXKHBOTO
€JIEKTPOIIOCTaYaHHA 1 aBTOOJOKYBaHHS, BOJOIIO-
YH TIEBHUMH YaCTOTHUMU XapaKTePUCTUKAMH BHO-
CATh CBOI KOPEKTHBHM y TapMOHIMHHUI CKJaj] Ha-
IPYT Ta CTPYMIB.

Bce nie HeratuBHO BmIMBa€ Ha poOOTy mHpuila-
IiB O0JIiKY eJEeKTPUYHOI eHeprii Ta MiJHIMae Mpo-
OneMy eJIeKTPOMArHiTHOI CyMiCHOCTI 3aco0iB 00-
JmiKy 3 QakTopamu, 0 BIUIMBAIOTh HAa TOYHICTh
00Ky .

B gamumit wac 31 3MiHOWO  BHPOOHUYO-
EKOHOMIYHOT CHTYalil B KpaiHi, 3MiHOIO CTPYKTYpH
PUHKY €JIeKTPUYHOI €HEprii 3arocTpIOIOTHCS TPO-
OnemMu OOJNIKY eNEKTPUYHOI eHeprii, 3pocTaroTh
BUMOTH JI0 CHUCTEM EJIEKTPOIIOCTaYaHHSI.

[lIupoko 3acTocoByBaHi HHUHI JIYAIBHUKHU €lle-
KTpUYIHOI €Heprii po3poOdIOIOTECS 1 MPOXOISITH
MOBIPKY BHXOZSYU 3 HMPUIYLIEHHS, 10 HAmpyra B

MEpPEeXKi € CUHYCOIHOI0, 1 BMICT BUIIUX FAPMOHIK B
CTpyMi HaBaHTaxeHHs He mepesuinye 10 %. Ha
IOMY I'PYHTYIOTBCSI 32CTOCOBYBaHI B JIIYHIBHUKAX
MaTtepiaii Ta alrOpUTMH OOJIIKY €IeKTPOSHEePTii.

OjHak, OUIBIIICTh CIIOKUBAYIB € HEMHIHHUMH,
1 TIpU BKJIFOYEHHI TAKUX EJIEKTPOIPHIMAaYiB B Me-
PEXY B CIIOKUBAHOMY CTPyMi 1 QYHKIIT KHUBISIOT
HanpyTH 3’SBISIFOTHCS 3HAUYHUH BMICT BHIIMX rap-
MOHIK. | oueBMmHO, IO TIei ¢akT Oyle BIUIMBATH
Ha MOXUOKY MPUIIaTy, IPU3HAYEHOTO JJIsl pOOOTH B
KOJIaX 3 IPAaKTUYHO CHHYCOIAaIbHUMHU CUTHAIAMH.

MeTtor naHOi pOOOTH € BUSBICHHS MOXUOKHU
BHMIPIOBaHHS TIOTYKHOCTI B KOJi 3 HENIHIHHUM
HaBaHTA)KECHHSIM EJICKTPOHHUMH TpHiIafaMH 00JTi-
Ky €JIEKTPUYHOI €Heprii Ta BU3HAUYCHHS KPUTHYHO-
IO 3HA4YCHHS CHOTBOPEHHS CHUHYCOIOHOCTI, IpH
SIKOMY TIpmiiaj, o0Jiky Oyze MpalroBaTd 1o3a Me-
’KaM{ BCTaHOBJICHOT'O KJIacy TOYHOCTI.

IcTopist po3BUTKY NIYWJILHUKIB eJIeKTPOEHe-
prii

[lepmoro 007acTIO MacoOBOTO 3aCTOCYBaHHS
ENIeKTPUKN cTano ocBiTieHHs. Komu 1eit HOBuUi
MPOAYKT — €JIEKTPOSHEPTIiI0 — MOYajy IPOJIaBaTH,
BUHUKJIA HEOOXIJHICTh BHM3HAYUTH MiHY. OgHaK
OyJI0 HESCHO, y SKUX OJMHHMIIAX CJIiJl BECTH OOJIK 1
SIKI TIPUHIAIIA BUMIpY Oyl O HalWOiIbIn 3pydHU-
MH.

[epmum eNeKTpOTIYUILHUKOM CTaB JTIUHIBHUK
roauH podoru mammu Camtoens ["apaunepa, 3ama-
TeHTOBaHWH y 1872 pori. Bin BumiproBaB dac, 3a
SIKHI €JICKTPOSHEPTisl MojaBajiacsi B TOUKY HaBaH-
TaXXCHHS, TIPH [IOMY BCi JIAMIIH, MiJKIFOYCHI JI0
BOTO JIYAJIBHUKA, KOHTPOJIIOBAIUCS OIHHM BH-
MHKa4YeM. 3 MOSBOIO €JIeKTpUYHOI jJammu Enicona
MOYaIM TPAKTUKYBaTH PO3TANTYXKEHI KOoJia OCBiT-
JICHHSI 1 TAKWH JIIYUIIBHUK BUHIIOB i3 BKUTKY.

3a HAM CIHiIyBaB BHUHAXIA EIEKTPOIITHIHOTO
miunnpHuKa Tomaca Enxicona y 1881 p., sikuii Oa-
3yBaBCsI Ha ENEKTPOXIMIYHOMY €(eKTi eIeKTpHhy-
HOTO CTpyMy. BiH MaB e€JIeKTpOJITHIHY KOMIpPKY, B
Ky, Ha IMOYaTKy pPO3paxyHKOBOTO Tepiofy, BMi-
IIyBajach TOYHO 3Ba)KeHa TutacThHa Miai. CTpym,
0 TIPOXOJAWB Yepe3 ENEKTPOJIT, BUKIWKaB Oca-
JOKCHHS Mimi. Y KiHII pO3paxyHKOBOTO Iepiony,
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MiJIHy TUTACTUHKY 3Ba)KyBaJd 3HOBY, 1 PI3HUII y
Ba3l BimoOpaxaia KUIBKICTh EJCKTPHUKH, SKa
npoinuia kpi3p Hel. Lleit niuniapHUK OYB Bigkamio-
POBaHMH TaKMM YHMHOM, L0 PaXyHKH MOKHa OyJo
BUCTABIISTH B KyOIYHUX (yTax razy.

[Ile omHUM 3 MOKIMBUX NPUHIHMIIIB KOHCTPYK-
ii JIYMIEHUKIB OYJIO CTBOPEHHS JEIKOTO PyXy -
KOJIMBaHHS a00 00epTaHHS — MPOMOPIIIHHOTO eHe-
prii, sika, B CBOIO 4epry, Morjia 0 3almyCTHTH JIi4u-
JTBHUA MEXaHi3M IS BiIOOpakKeHHS TOKa3iB Ji-
YUIIbHUKA.

[MpuHtmn poOOTH MasSTHUKOBOTO JIYMIIBHHKA
OyB onucanuit Binmesimom Ensapaom Elipronom i
Jxonom Ileppi B 1881 pori. ¥ 1884 pori, He
3HAIOYM TpO iX BUHaxo[i, ['epMaHH ApOH CKOHCT-
PYIOBaB MasTHUKOBHH JIIYUIIbHUK.

VY OiibI yAOCKOHAIEHOI MOJIENI IHOTO JIIYHIIb-
HUKa OyJ0 J1Ba MasATHUKM 3 KOTYLIKaMM Ha KOX-
HOMY, TIIKIIOYEHUMH 0 JuKepena Hanpyru. Ilix
MasTHUKaMH PO3MIMIAIKCH JIBI CTPYMOBI KOTYIIKH
3 IPOTHJICKHUM HAMOTYBAHHSM. 3aBJISIKA B32a€EMO-
Iil KOTYIIOK OJWH 3 MAasTHHUKIB PyXaBCsl MOBiJIb-
Hillle, a IHIIWI MIBH[IIE, HDK 0€3 EIeKTPUYHOTO
HaBaHTaXeHHs. Llg pi3HUIS Xony mepenaBanacs
JMYUIBHOMY MEXaHi3My JIIYMJIbHUKA. MasTHUKH
3MIHIOBAACs POJISIMH KOXKHY XBHJIMHY, 100 KOM-
TIEHCYBATH PI3HUIIIO Y BUXIIHIN 4aCTOTI KOJHMBAHb.
V 1ei ke MOMEHT 3aBOJUBCSI TOOMHHUKOBHH Me-
XaHi3M.

[HIIOO a7BTEPHATHBOIO IJISi CTBOPEHHS €JIEKT-
poniuniabHEKa OyJI0 BHUKOPHCTaHHS JABHTYHA. Y
TaKuX JYWIBHUKAX 00epTaIbHUH MOMEHT JBHUTY-
Ha TPOIOPLIMHNI HAaBaHTaKCHHIO 1 BPiBHOBAXY-
€THCS MMPOTHIIIOYMM MOMEHTOM TaKUM YHHOM, ILO
yacrtora oOepTaHHS pOTOpa IMPONOpIiiHA HaBaH-
T@)XEHHIO, TOAl K MOMEHTU NepeOyBaloTh y piB-
HoBazi. Y 1889 poui Enixy Tomcon po3poOus
CBif «camomucHUi BatMeTp». Lle OyB ABUTYH 3
SKOpeM 0e3 METaneBOro oceplisi, SKHi 3aIyCKaBCsl
BiJl €JIEKTPUYHOI HANpYTH, L0 MPOXOAUTH Yepes3
KOTYIIKY 1 pEe3HCTOp 3a IIONOMOTOI0 KOJEKTOpa.
Crarop NpUBOAMBCS B PyX CTPYMOM, i TOMY 00ep-
TalbHUI MOMEHT OyB mpomnopuiiinuii 1o0yTKy Ha-
MIPYTH i CHIU cTpyMy. ['anpMiBHHI MOMEHT 3a0e3-
MIEYyBaBCSA TOCTIHHAM €IIEKTPOMArHIiTOM, SIKHI
BIUIMBAB Ha aIFOMIHIEBUH TUCK, PUKPIIICHUH 110
sKkopst. Takuil JTIYWIBHUK BHKOPUCTOBYBAaBCS Iie-
PEBa)KHO AT TOCTINHOTO CTPyMY .

Y 1884 pomi Jlrocken T'omap i JIxon JlikcoH
['i66c BUHANIIIM «BTOPUHHHH Te€HEpPaTopy, Iore-
peIHHK cydacHOro TpaHcopmaropa. 3aBIsKH
IBOMY 3’ SIBHJIACH MOKJIMBICTH 3aCTOCYBaHHS eJeK-
TPUYHHUX CHUCTEM 3MIHHOTO cTpyMy. [lounHarouu 3
20-ro CTONITTS, BOHH NOCTYIIOBO 3MIHWIN CHCTEMH
MTOCTITHOTO CTPYMY.
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st 00Ky eneKkTpoeHeprii 3HamoOnuIoCh BH-
PIIIMTH HOBE 3aBJaHHS — BUMIPIOBAHHS €JICKTPOEC-
Heprii 3MmiHHOTO CcTpyMmy. Y 1885 pomi [amineo
®eppapic 3poOMB BaKIMBE BIIKPHUTTS, IO /IBA TIO-
751 3MIHHOTO CTpPyMYy, SIKi He 30iraroTbcs Mo ¢asi
MOXYTh 3MYCUTH oOepTaTHCs CYLIIBHUH pOTOp,
TaKWW K AUCK a00 MUITIHIP.

YV 1888 pormi HezanexHo Big Hporo Hikoma Te-
clla TEX BHABHUB OOEPTOBE ENEKTPUYHE TOJIE.
[emnenbeprep TakoX, BUMTAIKOBO, BiIKPUB €PEKT
obeproBux moJiB B 1888 pomi i po3poOHB JMiUHITE-
HUK KUTBKOCTI €JEKTPUKHU JJIS 3MIHHOTO CTPyMY.
[IpoTuaitounii MOMEHT CTBOPIOBABCSI TBUHTOBUM
ME€XaHI3MOM. Y TakOMy JIYWJIBHHUKY BIJCYTHiH
€IIEMEHT HalpyTu, o0 BpaxyBaTH KoedilieHT
MOTY>KHOCTi, TOMY BiH HE MiXOIUB JUIsL POOOTH 3
eslekTpoaABUryHaMu. Lli BiAKPUTTS MOCITY>KHIIM OC-
HOBOIO IIJI1 CTBOPEHHS IHIYKIIHHUX IBHUTYHIB 1
BIIKPWJIN NIUTSIX 1HAYKIIHHAM JTidmIbHIKaMH [2].

Jo wueproBoro cropiuusi, Oymm po3pobieHi
TpuazHi IHIYKIIHHI TIYMIEHAKH, SKi BUKOPHCTO-
BYIOTH JIBl 200 TpU CHCTEMH BUMIpY, BCTaHOBIICHI
Ha OJHOMY, IBOX ab0 TPhOX AHCcKax. Y Mipy Ho-
IIMPEHHS €JIEKTPUKH, IIBUAKO 3’SBUIACS KOHLEH-
1ist 6araToTapupHOTO eICKTPOTIYMIBHIKA 3 JIOKa-
JbHUM a00 MUCTAHIIMHUM YHPABIiHHSAM, JYWIIb-
HUKa MaKCUMAaJIbHOTO HAaBaHTAa)KCHHS, JIYMJIbHHUKA
MOTIEPETHHO OIIAYECHOI EIEKTPOSHEPT .

EnexTpoHHI TeXHOJOTIT He 3HAXOIMIN 3aCTOCY-
BaHHS B 00JIIKY eNeKTpOeHeprii 10 THX Mip, TOKH B
1970-x pokax He 3’SBWJINCH TEpIIi aHAJOTOBI i
mUQpoBi iHTErpasbHI Mikpocxemu. Hoa TexHOII0-
Tisl Jaja HOBUH MOIITOBX J0 PO3BUTKY €JIEKTPHY-
HUX JiYWIbHHKIB. CIo9aTKy Oynm po3poOIieHi To-
YHI CTaIliOHApHI JIYWILHUKHA, SKi TOJOBHUM YH-
HOM BUKOPHCTOBYIOTh TPUHIIMIT qaco-
IMITLYJIbCHOTO MHO>KEHHSL.

Inest 3unTyBaHHS TMOKA3aHb JIIYAILHUKIB Ha Bi-
ncrani 3’sBunacs B 1960-x pokax. Criowyatky Bu-
KOPUCTOBYBajJach AMCTaHLIHHA IMITyJbCHa Mepe-
Jlada, aje MOCTYIIOBO 3aMicTh Hel cTalld BUKOPHC-
TOBYBAaTH Pi3HI MPOTOKOJNHM 1 3acodu mepenadyi jaa-
HUX. B paHuii yac JIYMIBHUKA 3 PO3BUHEHUMH
(GYHKLIOHATBHUMH MOJJIMBOCTSIMH IPYHTYIOTHCS
Ha HOBITHIX €JEKTPOHHHX TEXHOJOTifX, 13 3acTo-
cyBaHHAIM HU(POBOi 0OPOOKH CHUTHANIB, IPHYOMY
OimpmmicTe  QyHKHIA mependaueHi BOyIOBaHUM
MPOTPAMHIM 3a0€3MCUCHHSM.

AHaJII3 THIIB JIYHJILHUKIB

Bci niynnpHUKH eneKTpu4Hoi eHeprii [3] Mox-
Ha KiIacu]iKyBaTH 3a THUIIOM ITiJKIIOYEHHS, BUMi-
PIOBaHUMU BEIMYMHAMH Ta KOHCTPYKITi€r0 (puc.1).

B iHOYKIIHHUX JIIYWIBHUKAX MAarHITHE IMOJIe
HEPYXOMHX CTPYMOIIPOBIJHUX KOTYIIOK BIUINBAE
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Ha PYXOMHH €JEMEHT 3 IPOBIMHOTO MaTepiamy.
Pyxomuii enemeHT siBisie cCOOOKO JTUCK, MO SIKOMY
MPOTIKAIOTh CTPYMH, IHAYKOBaHI MarHiTHUM TIO-

JeM KOTymoK. KiTbKiCTh CHOMKHTOI eIeKTPOCHEp-
rii, B IbOMY BHUIAAKY, IPSMO IPOIOPIIiiHA YUCTY
00epTiB JUCKa.

JliunneHUKHA

3a THIOM I IKIIOYEHHS

3a BUMIpIOBaHUMHU

3a KOHCTPYKIII€I0

BEJINYMHAMH
v v [HnykuifHi
[IpsAMOro BKIIKOUEHHS Onnodasui I
Enextponni
A 4 A 4
TpancdopmaropHoro :
pancdop p Tpudazni l
BKJTFOUCHHS . .
Iopunni

Puc. 1. Knacudikauis ni4uIbHUKIB €IEKTPUYHOT eHEpTii

EnexTpoHHUN NTIYHIBLHUK TPEACTABIISIE COOO0I0
MEPEeTBOPIOBAY aHAJOrOBOTO CUTHAIY B YacTOTY
MPOXOPKEHHS IMITYJIbCIB, MiAPAXYHOK SIKHX J1a€
KUTBKICTB CITOKMBAHOI €HEPTii, TPH YOMY BiIIagae
HEOOXiZHICTh 3aCTOCYBaHHS OOEPTOBHX €JIEMEH-
TiB. ENexTpoHH1 TIYMIBHUKH 3a0€3MedyoTh OiIbII
MTUPOKHUIA IHTEpPBaJ BXITHUX HAIPYT, JTO3BOJSIIOTH
JIETKO OpranizyBaTu OaraTorapugHi cuctemMu 00-
JKy, MalOThb PEXHUM PETPOCIEKTUBU YHM JI03BO-
JSIOTh BU3HAYHUTH KUTBKICTh CITOKUTOI €Heprii 3a
OyIb-SKHMi TIEpioJ; BUMIPIOIOTh CITOKHBAHY ITIOTY-
KHICTb, BIIUCYIOTBCS B KOHQITYpaIilo CHCTEM aB-
TOMaTH30BaHOTO KOMEPIITHOTO OOJIKY eJIeKTpHY-
Hoi eHeprii (ACKOE) Ta BoJOIifOTh JOTaTKOBUMH
cepBicHUMHU QyHKIisMH [4].

Y 1mudpoBux cucTeMax OOJIKYy JOCSHKHUH
MPAKTHYHO OYJb-SIKUI KJIaC TOYHOCTI, IpH BUOOPi
BIJINIOBIIHOT €JIEMEHTHOI 0a3u ¥ aJropuTMiB 00po-
Oxu iHdopmMmanii. BincyTHicTh MeXaHIYHUX YaCTUH
3HAYHO MiABUIIYE HailHHICTh. OO0poOKa iHpOpMa-
mii B IUQPOBOMY BHIIISAAI JO03BOJISE OJHOYACHO
MiIpaxOBYBaTH SIK aKTUBHY, TaK 1 peakTHBHY CKJIa-
JIOBI IOTYXHOCTI, 11€ € Ba)KJIMBUM, HaIIPUKJIAJ, IPH
00Ky eneprii B TpudazHux mepexax [S].

lOpuaHi JTIYUIBHUKK €JIEKTPOeHeprii — mpo-
MDKHUE BapiaHT 3 nudpoBuM iHTepdericom, BuMi-
PIOBaJIbHOIO YAaCTHHOIO IHIYKIIIHHOTO abo eleKT-
POHHOTO THIy Ta MEXAaHIYHUM OOYHCITIOBATHHIM
MIPUCTPOEM.

VY rocrogapcTBi eeKTprU(DIKOBAaHUX 3aTi3HHUIIH
VYkpaiHu Ha TIpUETHAHHSIX KOMEPIITHOTO 00Ky
3aCTOCOBYIOTBCS JIMIIE CYYacHi €JIeKTPOHHI Jiuu-
JBHUKU 3 KiacoM TouHocTi 0,5. J[nsg cTopoHHIX Ta

100

moOyTOBUX CITO’KWBAYiB HEBEITUKOT MMOTYKHOCTI, SIK
NPaBUIJIO, BUKOPHCTOBYIOTbCS TiOpUAHI JIUMIBHU-
KU 3 €JIEKTPOHHOIO BUMIpPIOBAJIBHOIO YAaCTHHOIO Ta
MOJTATBIITIM MEXaHIYHUM OOYHCIICHHSM 3 KJIacoM
TouHOCTi 10 1,0. ¥V BUnagky HasSBHOCTI MOTYXHHX
HETATOBUX CHOXHBAYiB [T OOJIIKY €JIeKTPOSHEPTii
3aCTOCOBYIOTECS CICKTPOHHI JTIYMILHAKH 3 KJIaCOM
tounocTi 0,5 Ta MAKIIOYEHHSIM [0 CHCTEMH
ACKOE. B gKocTi TeXHIYHOr0 0OJIKYy y Mepexax
BJIACHUX MNOTPe0 MOXYTh BHKOPHUCTOBYBATHCH 1
3acTapiii IHAYKIIHHI JTIYAIGHAKA 3 KJIACOM TOY-
HoCTi 710 2,0.

OkpiM OCHOBHOI METH 3aCTOCyBaHHs OOJiKy
€JIEKTPOCHEePTii, OTpUMaHy IOCTOBIpHY iH(pOpMa-
[0 TPO KUIBKICTh BUPOOJICHOT eJIEKTpOeHEeprii Ta
MOTY>KHOCTI, ii mepenady, po3MOIiN Ta CHOKUBaH-
HSl Ha ONITOBOMY 1 pO3ApiIOHOMY PHHKY CIIO>KHBaH-
HSl MO’KHAQ BUKOPHUCTATH 1 JJIsl BUPILIEHHSI HACTYTI-
HHUX TEXHIKO-€KOHOMIYHHX 3aB/aHb Ha BCiX PiBHAX
yIpaBIiHHS B €HepreTHi [6], TOOTO Is:

e (iHaHCOBUX PO3paxyHKax 3a EJIEKTPOCHEp-
Tit0 1 TOTYXHICTh MK Cy0’€KTaMH OITOBOTO 1 poO-
3[piOHOTO PUHKY CIIOKUBAHHS;

e VIpPaBIiHHS DPEKHMaMH EJIeKTPOCIIOKHUBAH-
HS;

e BHU3HAYCHHS Ta NPOTHO3YBaHHS CKJIAIOBUX
OaJtlaHCy €JIeKTPOCHEPTIi;

e BH3HAYCHHS BapTOCTI i cOOIBAPTOCTI BUPOO-
HUIITBA, Iepeliavi, PO3MOTY eNeKTPOeHeprii Ta
MOTY>KHOCTI;

® KOHTDOJIIO TEXHIYHOTO CTaHy Ta BiIMNOBiJ-
HOCTI BUMOTI'aM HOPMAaTHBHO-TEXHIYHUX JOKYyMEH-
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TiB CHCTEM OOJIIKY €JIEKTPOCHEPTIi B €IEKTpOyCTa-
HOBKax.

TumoBuii eNeKTPOHHUH JTIYMWIBHUK Ma€e OYIIOBY,
0JIOK-cXeMa KOl IIpuBeneHa Ha puc.2. Bxigni cur-
HaJM TIOJA0ThCS 4epe3 BIAMOBigHI TpaHchopma-
TOpHI  JaT4YMKH Ha  BXOAM  MIKPOCXEMHU-
nepeTBoproBada. 3 ii BUXOMy 3HIMA€ThCS YacTOT-
HAW CHWTHAJ, IO HAIXOIUTh Ha BXiJ MiKPOKOHTPO-
nepa. MikpOKOHTpOJIep CKIaJa€ KUIbKICTh IMITyJIb-
CiB, IEPETBOPIOIOYM CUTHAJ AJISl OAEP)KAHHS KiJb-
kocti eneprii y Br-roa. [To mipi HakonmmueHHS KO-
JKHOI OJIMHUIl, 3HAYCHHS HAKOMMYCHOI eHepril
BUBOJIUTBHCA HA IHAWKATOP 1 3amHCyEThCS 10
FLASH-nam’sri.

CepiieM €IeKTPOHHOIO JIUHIBHUKA € MIKPOKO-
HTpOJIep, Ha SIKWIl MMOKJIaJIeHO BUKOHAHHS MPAKTU-
yHO BCiX (yHKIIA. B OCHOBHOMY BHKOPHCTOBY-
€TBCS B SIKOCTI aHAJOTOBO-IIU(PPOBOTO IEPETBO-
pIoBada BXiJIHOTO cHUTHaly 3 TpaHchopmaropa
CTpyMy, BHUKOHYE HOTO MaTeMaTH4Hy OOpoOKy i
BHUBOJWTH PE3yNbTaT Ha AMCIDIEH. MIKpOKOHTPO-
Jiep TaKoX MpuiMae KOMaHIM BiJ| OpPraHiB ynpas-
JiHHA 1 3A1MCHIOE yNIpaBiHHA iHTEep()EeHCHUMU BU-
xoJilaMi. MOXKIIUBOCTI, SIKUMH BOJIO/II€ MIKPOKOHT-
poep, 3ayexath BiJl HOTO IMporpaMHOro 3adesre-
YeHHS, a PI3HOMAHITHICTh cepBiCHUX (yHKMIH i
BUKOHYBaHHX 3aBJaHb 3QJICXKUTh BiJl TOTO, SIKE Te-
XHIYHE 3aBAaHHS OYyJIO IMTOCTABJICHO TIepe]l po3po0-
KOIO TPOTPaMHOT0 3a0e3IeYCHHSI.

Mepexa
3MIHHOTO CTPyMY

O\

Jarauk crpymy JlaTduk Harpyru

~N

[TotyxHicTs — YacToTa

A 4

[Tam'ste [« MikpokonTponep [ Inaukarop

Puc. 2. briok-cxema OyI0BH €JICKTPOHHOTO JTIYHUIIEHUKA
eJIeKTPOeHepTii

EnexTpoHHI JTIYMIBHUKA TICISI BHIYCKY IPO-
XOAATh 3aBOJICBKY IMapaMeTpH3allilo, J¢ BCTAaHOB-
JOIOTHCS CTaHAAapTHI BapianTh Tapudikamii. [le-
pel YCTaHOBKOIO Ha KOHKPETHHH 00’€KT, BOHH
MPOXOATH B 000B’I3KOBOMY MOPSJIKY MapaMeTpu-
3aito B nmaboparopii ACKOE Eneprosz0yty, ne B
CJIEKTPOJIITYMIIBHUK BCTAHOBIIIOIOTECS MAapaMeTpH
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BIIITOBITHO O TIPOSKTHOI TOKyMEHTamii 1 BHO-
CUThCS TIApOJIb 3aXUCTY BiJl HECAHKIIIOHOBAHOTO
JOCTYTIY.

ExcnepuMeHTabHI BUMIPIOBAHHS OXUOOK
€JIEKTPOHHUX JIYNJIbLHUKIB

3rigHo 3 [7] MOBIpIli MiAIATAaIOTh 3aCO0M BUMi-
PIOBaJIbHOI TEXHIKH, IO Mepe0yBarOTh B EKCILTya-
Tamii, BHUIYCKAIOTHCA 3 CEPIHHOTO BHUPOOHHIITBA,
PEMOHTY Ta Y HPOJaX, Ha SIKi HOMIMPIOETHCS Aep-
KaBHUIA MeTpojoriuanii Harnsa. [loBipky 3aco0iB
BUMIPIOBAIBHOI TEXHIKM TIiJ Yac eKCILTyaTarii Ta
BUIYCKY 3 BUPOOHHITBA MPOBOISTH METPOJIOTIYHI
LEHTPH Ta TEPUTOpiaNbHI OpraHy, B SIKUX 30epira-
FOTBCSI BIIOBIAHI €TalOHW. 3acO0M BUMIipIOBaJIh-
HOT TeXHIKM BU3HAYAIOTh NPUAATHHMH JI0 3aCTOCY-
BaHHSI, SIKILIO PE3yJIbTATH MOBIPKU MiATBEPKYIOTH
iX BIJMOBITHICTh METPOJIOTIYHUM 1 TEXHIYHUM BH-
MOTaM 10 IHX 3ac00iB BHUMIPIOBAJIIBHOI TEXHIKH,
BCTaHOBJICHMM Y HOPMATHBHUX YM EKCILTyaTarlili-
HUX JJOKYMEHTaX.

[Ipn mpoBeneHHI MOBIPKH JIYMIBHUKIB BHKO-
HYIOTh HACTYITHI omepaii nepeBipKu:

- 30BHILIHBOTO OTJIILY;

- ENEKTPUIHOI MIITHOCTI 130JIAI1i1;

- poboTH NIYHIBLHOTO MEXaHi3MYy;

- TOpOTY YYyTJIUBOCTI;

- BIJICYTHOCTi CAaMOXO/Ty;

- METPOJIOTIYHUX XapaKTePUCTHK B PEXHUMI
HECHMETPUYHOTO HaBaHTAKEHHS.

[Ipn BHKOHAaHHI TOBIPKH KJIAaC TOYHOCTI BCTa-
HOBJIIOETHCS TPH JOTPUMAaHI HACTYITHHUX HOPMallb-
HUX YMOB POOOTH JIYMIILHHUKA, & caMe:

1) TemmepaTypa HaBKOJHMIIHBOTO CEpPENOBHIIA
20£2°C;

2) BimHOCHa BosoricTs noBiTps 30...80 %);

3) armocdepnuii THCK 630...795 MM. pT. CT.;

4) BIJCYTHICTh 30BHIIIHIX MAarHiTHUX TOJIB
(ae 6inbme 0.5 mTi);

5) HoMiHampHa yactoTa 50 £ 0,5 (60 + 0,6) I';

6) npsiMe yepryBaHHs (a3s;

7) pIBHOMIpHICTP 1 CHMETPUYHICTH HaBaHTa-
KEHHS,

8) CHHYCOINHICTH KPHUBOiI CTPYMy Ta HaIpyTH 3
KoeilieHTOM HECHHYCOITHOCTI He Oubine 5%;

9) BimxuneHHs 3HaYeHHs (pa3HOi abo miHiHHOL
HaAIpPYTH BiJ HOMiHAJIBHOTO 3HaYeHHS + 1%;

10) BiAXWICHHS 3HAYCHHS CUIIM CTPYMY B KO-
JKHIH (a3i Big cepeaHboro 3HaueHH + 1%;

11) BimxwieHHsS Bil BEPTUKAIBHOTO PO3TAIIIy-
BaHHS JIIYMIbHUKA 10 BepTukaii He Oinbmie 1 %.

KinpkicHe 3HAaue€HHS OCHOBHOI BIJHOCHOI IIO-

XHOKH JliunnbHUKa Oy, % PO3PaXOBYIOTh Ul KO-

KHOTO 3 PEKUMIB MEPEBIPKH 32 HACTYMHOIO (op-
MYJIOI0
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100, (D
Cy N,

e CC — IIOCTIMHA JIYUIBHHUKA, IO HiIsrae

MOBIpIIi, BUPAXKAEThCS Y BaT-TOAMHAX Ha IMITYJIbC;
Cy — Koe(iIlieHT TePEeTBOPEHHS €TaJOHHHUX

3ac001B BUMIpPIOBaHHS MOBIPOYHOI yCTAHOBKH;
N;, N, — 4ncno iMImymbciB, 1[0 HATXOIATH 3

BUXIIHOTO TPUCTPOIO JO JIYWIBHUKA, IO TOBIps-
€THCSI TA €TAJIOHHOTO JIYMIBHIKA Bi/IITOBIAHO.

Pe3ynpraté MoBipKM MOYKHA BBa)KaTH MPHHAHS-
THUMM, SIKIIIO0 OTPUMaHI 3HAUYEHHS OCHOBHOI BiJ{HO-
CHOT TTOXWOKHM TIPH BCIiX TOYKAX HABAHTAKCHHS HE
MEPEBUIIYIOTh 3HAUCHHS MEX JIOIMYCTUMOI OCHOB-
HOI BiHOCHOI moxuOku. Hanpuknax, muist JTiguiib-
HUKa 3 K1acoM To9HOCTi 1,0 (IuIs akTHBHOI eHep-
rii) 3HaAYeHHS MEX IOIyCTUMOI OCHOBHOI BiIHOC-
HOI TOXHOKHM, BiAmoBimHO nd0 [8], ckimamae
dc =%1,5%, a qnma knacy tounocrti 2,0 (peakTus-
Hoi eHeprii) O, =+2,5%.

3 METOr0 TepeBipKH 00Ky €IECKTPHUIHOI eHEep-
il y HECHHYCOiJHOMY pexuMi B yuOoBiii nabopa-
TOpii HABMUCHO CTBOPEHi YMOBH, 5IKi BiIpi3HSIOTh-

Csl Bl BUMOI' CTaHIAPTy CTOCOBHO [OIYyCTHMHUX
3HA4YEHb CHHYCOiTHOCTI HAPYTH Ta CTPYyMY.

CxeMa na7s1 BUMIpIOBaHHS JIIYMJIBHUKAMHU CIIO-
JKUTOI €JIGKTpOCHEpTii MpHBeIeHa Ha pHC.3, sAKa
CKJIQ/IA€ThCS 3 2 YaCTUH:

1) mepiua yacTWHA NpU3HAYEHA IS KUBJICHHS
00MOTOK HAmpyTd JIYAIHHHUKIB 3 BUKOPUCTAHHSIM
JIATPy, no BTOpUHHOT OOMOTKH SKOTO ITiIKITFOYa-
FOTHCS BIAMOBIAHI 0OMOTKH KOKHOTO JIYHMJIBHUKA;

2) nmpyra yacTuHa SBISE COO000 (hi3MYHUI MaKeT
KOMIIEHCAIi PEaKTHBHOI ITOTYXKHOCTI 3 IIAaBHUM
TUPUCTOPHUM PETYIIOBAHHSIM 1 CKIIAIAEThCA 3

- Oatapei KOHICHCATOPIB YBIMKHEHHX IOCHi-
IIOBHO 3 peakTopoM, yTBoproroun LC-QimeTp Ha-
JAIMTOBAaHUK Ha 3 TapMOHIKY (KOMITEHCYIOUHH KO-
HTYP);

- TOCIHIZIOBHO 3’€IHAHUX PEaKTopa Ta 3ycCTpi-
YHO-TTApAICTILHO 3’ €MHAHUX THPHUCTOPIB (ICKOM-
MEHCYIOUNH KOHTYP);

- MIAKIIOYEHOTO iHIYKTHBHOTO HaBaHTa)KEH-
HS, Y SKOCTI SIKOTO BHUKOPUCTOBYETHCA IIBUIYH
YBIMKHEHUH depe3 MiABHINYIOUHH TpaHCchopma-
TOP.

2
~220 B
~100 B
# 20
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Puc. 3. Cxema ninkimroueHHS pritaiB o0JIiKy Ta HaBaHTaKeHHS

JliunnpHUKM y Tepimid 4YacTHHI cXeMH OyIiio
obpano omHoro kiacy TouHocTi (1,0) pi3HHX TH-
MiB, SK1 U1 YHUKHEHHS MOXKJIMBUX IpETeH3iil CBi-
JIOMO HE BKa3yIOThCS.

Jnst mocsrHEeHHsI MOCTaBIEHOT 3a/adi y SIKOCTI
€TaJOHHOTO TMpHJaNy 3aCcTOCOBAaHO aHawi3aTop
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skocti enektpuaHoi eneprii EDL-175 SATEC 3
kiracom touHocti 0,2. [Ipumax SATEC mae 2 pe-
KMMH BUMIPIOBaHHS PEaKTHUBHOT IMOTYKHOCTI:

1) 3a MUTTEBUMH 3HAUYECHHSIMH CTPyMy Ta Ha-
NPYTH PO3PaXxOBYETHCS aKTHBHA Ta MOBHA MOTYXK-
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HOCTI, a peakTHUBHA TIOTY)XHICTh € iX (DYHKIII€LO,
Q=71(S8,P);

2) 3a AIFOYUMH 3HAYCHHSIMH CTPYMy Ta Hampy-
T, & TAKOX 332 KyTOM MK HUMH PO3PaxOBYIOThCS
aKTHBHA Ta PEaKTUBHA IOTYXKHOCTI, a TIOBHA IIO-
TYXHICTB € iX ¢pyHK1ieto, S = f(Q,P).

BumiproBaHHS TPOBOAMIUCH OXHOYACHO 1 JIi-
YHJILHUKOM, 1 €TAJIOHHUM TNPUIIAJIOM, 3 HaJamTy-
BaHHSMU CIIOYATKy Ha OJWH, a MOTIM Ha 1HIIUH
JPYTUI PEKUM BUMIPIOBAHHS MOTYKHOCTI.

3HiMaHHS MOKAa3iB MpHUJaaiB BiOyBajIoCch 3 KO-
JKHOIO 3MIHOIO XapakTepy HaBaHTakeHHA. Peect-
PYBaIHCh TaKi MOKA3HUKH: aKTHBHA T4 PEAKTHBHA
MOTY)KHOCTi, CTPYM HaBaHTaXEHHS, Koe]iIieHT
CHIOTBOpEHHST (opMU CTpyMy, (QIKCYBaIUCH OCIH-
JIOTpaMH CTPYMY 1 HAMPYTH.

PexxuMu 3MiHM HaBaHTa)KEHHS, BUKOPHUCTAHI Y
JTAHOMY ©KCIIEPUMEHTI MOXHA YMOBHO MOJIJIUTH
Ha TPU YaCTHHHU:

1) pexxum, Tpu SIKOMY BiZICYTHSI pEaKTHBHA I10-
TYXHICTb OCHOBHOI FapMOHIKH, @ =0

2) peXuM HeJOKOMIIEHCalil peakKTUBHOI TOTY-
JKHOCTI TIpH HEJOPETYJIFOBaHHI KOMITEHCAIIl peak-
THBHOI MTOTY>KHOCTI 3a JIOTTOMOTOI0 THPHUCTOPIB;

3) pexuM nepeKoMIIeHCallil, 3a SIKOTO BiJICYTHE
peryJtoBaHHs THPUCTOPHUM JAEKOMIIEHCATOPOM.

PesynpTaté excnepuMEHTaJbHUX BUMIPIOBaHb

MOXHUOOK JIIYMIBLHNKA 3BeeH] 10 Ta0i. 1.
Tabmuns 1
Pe3yabTaTi BUMiprOBaHb MOXUOOK JTIYMJILHUKA

Jocmimauit Eramonnnit

P,Br| O, Bap |Ip. %| I, A | P,Br IQ’ Bap2
184 | -382 2,2 | 435 | 181 | -393 | -390
178 | -351 52 |4,06 | 179 | -361 | -371
172 | -316 | 10,6 | 3,7 | 174 | -320 | -336
170 | -283 | 14,8 | 3,47 | 168 | -290 | -288
170 | -236 | 20,6 | 3,09 | 169 | -243 | -251
174 | -171 | 31,1 | 2,68 | 172 | -176 | -185
180 | -123 | 37,5 | 247 | 178 | -126 | -160
225 -10 53,1 |2,591| 224 | -13 | -113
233 9 523 | 2,7 | 230 8 | -106
305 148 | 40,5 | 3,72 | 304 | 146 | 216
395 262 30,2 | 507 | 393 | 268 | 297

[pumitka: 1 — Q =£S,P); 2 -S=AP,0).

Ha puc. 4 — 6 npencrasieni xapakTepHi OCIIH-
JIOTpaMH CTPYMIB 1 HalpyTd B OKPEMHUX PEKUMAX
HABAHTAKCHHSI.

OTpuMaHi 3HaYEHHS CHJIN CTPyMYy, KoedillieHTa
CIIOTBOPEHHST )OPMU KPHUBOI CTPYMY Ta KYTH 3CYBY
¢a3 mig yac mpoBelleHHS eKCIIEPUMEHTY B Jlabopa-
TOPHUX YMOBAaX JAOTh MOXJIMBICTH BiJTBOPUTH
(dbopMH KPHBHX CTPyMy 32 JIOIIOMOTOIO TPOrpam-
Horo 3abe3neueHHs WinSAM (puc. 7) yHiBepca-
JMBHOI CHCTEMHU JUIsl TIOBIpKH TpU(Da3HUX JIUNITh-
© Bocwii /1. O., Cunsorina O. M., 2014
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HUKIB enexkTpuaHoi eHeprii MTS 320 BupoOGHUIIT-
Ba Zera B yMoBax cepTu(ikoBaHoi 1aboparopii.

u(t), B i(t), A
200(?- it) (? 5
150 + u(t) 1s
100 | m m | 4

50 + +2

0 ' ' ' ' ' ' ' 0

-50 —{

-
=
L]
=
LS
=
~i
—
I

-100 +
150 T -6
-200 L+ o

Puc. 4. OcuunorpaMu HaIpyTH 1 CTpyMy B peXuMi Iie-
peKOMIIeHCallii peaKTUBHOI MOTY>KHOCTI IPH BiZICyTHOC-
Ti perymoBanHs (I = 4,35 A, ¢;=— 64,2°, Ityp = 2,2 %)

u(t). B it A
150 T uit) _ T8
ol /\ﬂ\/ (\(MMM\ :
L4

50 +
-2
0 ‘ 1 } 1 1 1 0

o |2 4 6 [ 7D |80,

-50
-4
-100 + 16

150 L L.g
Puc. 5. OcrunorpamMu HanpyTH i CTpyMy NPH TOYATKY
pETyJIOBaHHS CTPYMY AEKOMITCHCALTi]
(=507 A, 9 =—34,3°, Itup = 30,2 %)

u(®, B i(9. A
150 uft) -6
100 4
50 2
0 0
-50 -2
-100 4
-150 L 6

Puc. 6. OcuunorpaMu Hanpyry Ta CTPyMy Y peKuMmi,
IPH SIKOMY BiJICYTHSI PEaKTHBHA MMOTYKHICTh OCHOBHOT
rapmoniku (I =2,591 A, ¢, =0°, Ityp = 53,1 %)

Ilig yac MOBTOPEHHS CKCIEPUMEHTY B yMOBax
cepTudikoBaHoi 1adopaTopii Oy BUKOPHCTaHI Ti
K CaMi TUTH eNIeKTPOHHUX JIIYUIIbHUKIB.

AHaJi3 OTpPMMaHUX Pe3yJbTaTiB

[Ipu 06poOd1Ii pe3ynbTaTiB, OTPUMAHHX IIiJ] Yac
BUKOHAHHS CKCIEPUMEHTAILHUX JOCHIIIB, OTpPH-
MaHO 3aJIe)KHICTh TOXUOKH EJIeKTPOHHOTO JIIYUIIb-
HAKAa Big Koe(iieHTa CIIOTBOPEHHS CTPyMy
(puc. 8), sika BimoOpaxae, 10 MPH 3HAYCHHSX ITyp
Oiapire 25 %, DOCHigHUI JIYAIBHUK BUXOIHUTH 3a
KJ1ac TOYHOCTI.
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3 HYJILOBHM KyTOM 3CYBY (a3 3a OCHOBHOIO T'apMOHIKOIO

AQ.%
100 1

90 +
80 +
70 +
60 +
50 +
40 4
30 +
20 +
10 +

‘\'THDJIO/0

O I T T T T
a 10 20 30 40 50 50

Puc. 8. TToxubka elneKTpOHHOTO JIIYMIbHUKA B 3aJIEK-
HOCTI BiJl Koe(illieHTa CIOTBOPEHHS CTPyMY

3icTaBisA0YM pe3ybTaTH BHMIPIOBaHb PEaKTH-
BHOT TIOTY>KHOCTI JUIsl IBOX TPHIJIAIIB Ta JABOX pe-
KUMIB POOOTH €TaJOHHOTO TMPHIIATy, OTpHMaHa
3aJIeKHICTh (pHC. 9), 3 AKOI BUIHO, IO JIUIS Majux
3Ha4eHb Koe(illi€eHTa CIOTBOPEHHS CTPYMYy peak-
THBHI TIOTYXHOCTI JJI IBOX METOMIB PO3PAXyHKY
NPakTUYHO He BiJpi3HsAIOThCA. [Ipu 30imbIIeHHI
CIIOTBOPEHb CTPYMY 30UIBIIYETHCS PI3HULSA MiX
uMH BenrmarHaMu. OcOONMMBHUM € Te, IO 3a HasB-
HOCTI CIIOTBOPEHb PEaKTHBHA MOTYKHICTh 32 KOH-
neniriero @puse 3MiHIOE 3HAK MPU 3MiHI XapaKTepy
HaBaHTKEHHS, IPH IbOMY HE JIOPIBHIOIOYN HYITIO.

OTpuMaHi pe3yabTaTH CBITIATH PO TE, IO MPH
BUMIpIOBaHHI aKTHBHOI MOTY>KHOCTI (32 YMOB, IO
HE BIAMOBIAAIOTH TMOBIPOYHUM acrieKTaM — Heli-
HillHe HaBaHTA)XCHHS, IIIBUIICHUN PIBEHb HECH-
HYCOITHOCTi HAaIlpyTr') OCHOBHA BiJJHOCHA IMOXUOKa
BiJITIOBiJIa€ JTOMYCTUMHM KJIACy TOYHOCTI 3HAYCH-
HSIM, a TP BUMIPIOBaHHI PEaKTUBHOI IMOTYXHOCTI
(3a THX caMHX YMOB) OCHOBHA BiJTHOCHA MOXHOKa

104

BIJINIOBi/Ia€ JTOMYCTUMHM KJIACy TOYHOCTI 3HAYCH-
HSAM JTUIIE JJS PEaKTHBHOI MOTYXXKHOCTI TepImol
TapMOHIKH Ta TIPH KoeiIlieHTi cIIoTBOpeHHS (op-
MU CTpYMy He Oinblie Hix 25%, a JuTs 1HIUX 3Ha-
YyeHb — He BIAIOBIIAE.

Q. Bap
400 T

300 +
200 +
100 +

Ithps %
0 3 !

50
=100 +

-200
-300 +

-400 +
Puc. 9. PeakTHBHI OTYKHOCTI B 3QJI€XKHOCTI Bijl Koedi-
II€HTA CIIOTBOPEHHS CTPYMY: | — OCHOBHOI rapMOHIKH
3a JIYMIBHUKOM; 2 — OCHOBHOI TApMOHIKH 32 €TaJIOH-
HUM NpUIIaIoM; 3 — NOTYXHIicTh Dpi3e 3a eTaOHHUM
MPUIIAIOM

[Tpu mpoBeneHHi 1ociiny B yMoBax cepTudiko-
BaHOi naboparopii 3a JOMOMOIOK CHCTEMH JUIsI
MOBIPKH JIYHIBHUKIB OYyJTM OTPHMaHiI YHCENbHI
pe3ysbTaTH, K1 IpUBEICHI B Ta0. 2.

SIx BuaHO 3 Tabd. 2, TiYMIBHUKH 1 Ta 3 HE BH-
XOJIAITh 32 MEXI CBOiX KJaciB TOYHOCTI 3a yMOB,
0 HE BiMOBITAIOTH MTOBIPOYHUM acIieKTaM, a JIi-
YIILHUK THITY 2 — BUXOAUTH., TaKoX, aHATI3YIOUU
MOKa3u JOCTIHUX Ta 3pPa3KOBOTO JIYMJIHHHKIB,
MOJKHA CTBEPKYBaTH, III0 PO3PaXyHOK PEaKTHB-
HOT MOTYKHOCTI BEJEThCS 32 OCHOBHOIO T'apMOHI-
koto 50 ', a MOXITUBI MOTOKH TOTY>KHOCTEH iH-
KX TaAPMOHIK HE BPaXOBYIOThCSI.
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Tabmuis 2

3HavYeHHS MOXUOOK, OTPMMAHUX 3 MOAYJIsI BUMipIO-
BaHHS MOXHOOK JiYWJIbLHHUKIB

[oxu6ka J , % 3a ymoB
[punan
JlivnneHuk 1 00 -0,171 0,26
JliunnpHUK 2 100 -5,151 3,883
JliunnpHUK 3 0 -0,098 -0,123
BucHoBKH

Hudposi cucremu 001Ky MOXKHA 1MOOYITyBaTH
Ut OyJb-IKOTO KJacy TOYHOCTI IpH BiAMOBigHO-
My BHOOpi eleMeHTHOI 0a3u Ta aJTropuTMiB 00po-
Oxu iH(popMmarii.

EnextponHi npunann o0diKy eIeKTpUYHOI eHe-
prii MOXYyTh MaTH JEKiJIbKa alrOpUTMIB BH3HA-
YeHHS PEAKTHUBHOI MOTYXKHOCTI, sIKi 0a3yrOThCs Ha
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BIIOMUX TCOPETHUYHHUX IMiTX0JaX 0 BHU3HAYCHHS
HEAKTUBHUX CKJIQJIOBUX MTOBHOI MOTYKHOCTI.

IIpuBeneHi pe3ynbTaTH AOCHIIKEHb MOKa3y-
I0Th, 110 TIPY BUOOP1 THUITY KOMEPITIHHUX TIPUITAIIB
00Ky A HENHIMHUX HaBaHTaXeHb, 30KpeMa
I TATOBUX MHIACTAHIIN ITOCTIHHOIO Ta 3MIHHOI'O
CTpyMy, HEOOXiTHO 3BEpPTATH yBary Ha pe3yabTaTH
BHUIPOOYBaHb NMPH 3aHIKCHIA SKOCTI €IEKTPUIHOL
SHeprii.

3a pesynpTaTaMy BHUMIpPIOBaHb BCTAHOBICHO,
0 TIPW BUMIPIOBaHHI aKTMBHOI TOTY>KHOCTI OCHO-
BHa BiJIHOCHA MMOXMOKa BiJIOBIIA€ JOIMYCTUMHUM 32
KJIACOM TOYHOCTI 3HAYCHHSIM, a TIPH BUMIipIOBaHHI
pEaKTHBHOI TOTYXKHOCTI OCHOBHA BITHOCHA ITOXH-
OKa BIJIMIOBifa€ MOMyCTHMUM 3a KJIACOM TOYHOCTI
3HAYCHHSIM JIMINE JUIS PEAaKTUBHOI  MOTYXKHOCTI
mepmroi rapMoOHIKM Ta TpU KOeQillieHTi CIIOTBO-
penss Gpopmu ctpymy He Oiibire 3a 25%
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Buytpimniit periensent Cuuenko B. I 3oBHIMHIN peniersenT Jenuciok C. I1.

B cTaTTi po3rnapaEeTbcs NUTaHHSA BMHUKHEHHS MOXMO60K eneKTPOHHMX NiYMAbHWUKIB YHacniAoK CrOTBOPEHHS
CUHYCOIAHOCTI Hanpyru i CTpymMy Ha TAroBMX MiACTaHUisSX enekTpudgikoBaHUX 3anisHuub. lNpoaHanizoBaHo 06-
NlacTb 3acTOCyBaHHS, HEOOXiAHICTb CTBOPEHHS Ta OCHOBHI eTanu pO3BUTKY NiYMIbHUKIB enekTpoeHeprii. 3anpo-
NMOHOBAHO €eKCNepUMEHTaNbHUM LWASAXOM BU3HAYUTU MOXMOKY €eKTPOHHOro NiYuabHMKA MpU HEBIAMOBIAHOCTI
OLHI€El 3 HOpManbHMX YMOB pob0TU, @ caMe HasiBHICTb FapMOHIMHUX CNOTBOPEHb Y KPUBMX CTPYMYy Ta Hanpyru.
BukoHaHi ekcnepvMeHTanbHi AocniaXxeHHs B yMoBax y4boBoi Ta ceptudikoBaHoi naboparopii, aki nokasanu 36i-
XKHi pe3ynbTaTu AN LWKMPOKOro AianasoHy 3MiHM koedilieHTa CNOTBOPEHHS CUHYCOIAHOCTI CTpyMy. BcTtaHoBneHo,
WO AOCAIAHI TUMW NiYMABHUKIB Yy CBOIA pO60TU HanalwTOBaHI Ha KNacUyHe ysaBNeHHS BU3HAYEHHS peaKTUBHOI no-
TYXHOCTi. [paKTUYHY UiHHICTb CkNlaga€e OTpMMaHe B pe3yfbTaTi AOCNIAXEeHb KPUTUYHE 3HauveHHs koediuieHTa
CMOTBOPEHHS, MPU AKOMY NiYNABbHUK BUXOAUTb 3@ MEXi, pernamMeHTOBaHi KNacoM TOYHOCTI.

KnrouoBi cnoBa: Trosa niacraHLuis, rapMOHIiNHI CNOTBOPEHHS, NiYUNbHUK, eNeKTpoeHeprisi, noxmbka.
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YYET JIEKTPOSHEPI'M COBPEMEHHBIMMU 3JIEKTPOHHBIMUA
CUETYUKAMU B YCJIOBUAX TAPMOHUYECKHNX UCKAXKEHUIA

B cTaTbe paccMaTpuBaeTCs BONPOC BO3HUKHOBEHUSI MOrPELIHOCTEN 3MIEKTPOHHBIX CYETYMKOB BCeACTBUE UC-
KaXXeHWUsi CUHYCOMAaNbHOCTM HanpsXXeHU 1 TOKOB Ha TAFOBbIX MOACTAHLUMSAX 3NEKTPUPULMPOBAHHBIX Xene3HbIX
popor. MNpoaHanusvpoBaHa 06/1acTb NPUMEHEHNS, HEO6XOAMMOCTb CO3JaHUSt U OCHOBHbIE 3Tarbl Pa3BUTUS CYET-
YMKOB 3/1IeKTPO3Hepruun. [MpeasoXeHo 3KCMepUMeHTaslbHbIM MyTeM OnpeAennTb MOrpPeLHOCTb 31EKTPOHHOMO
CYeTUMKa NpU HECOOTBETCTBMM OLHOMO U3 HOPMasbHbIX YC/I0BUIA paboTbl, @ MMEHHO Hanuuynme rapMOHUYECKUX UC-
KaXXeHWI B KPWBbIX HamnpsiXeHWn 1 TOKOB. BbiMoNHEHbI 3KCNepuMeHTanbHble UCCNefoBaHUs B YCNIOBUSIX y4YebHOM
N cepTudrUMpOBaHHOl nabopaTopuuy, KOTOpble MoKasanu cornacyrlmecs pesynbTaTel ANs LWMPOKOro Ananaso-
Ha U3MeHeHUs1 Ko dUUMEHTa UCKAXEHUS CUHYCONAANBHOCTM TOKa. YCTaHOBMIEHO, YTO UCC/ieayeMble TUMbl CYET-
UMKOB B CBOell paboTe HACTPOEeHbl Ha KacCMYecKoe MpefcTaBlieHVe OnpeAeneHus peakTUBHOW MOLLHOCTU.
MpaKTUYecKy LLEeHHOCTb COCTaBAsIET MOSyYEeHHOe B pe3yfbTaTe UCCNefoBaHW KpUTUYECKoe 3HayeHue Kosd-
burumneHTa UckaxxeHns, NpyM KOTOPOM CYETUMK BbIXOAWT 3a Npeaesibl, pernaMeHTUPOBaHHbIE KNacCoM TOUYHOCTH.

KnroueBble cnoBa: TArosas noAcTtaHUMsA, rapMOHUYECKME UCKAXEHUS, CYETUMK, SNEKTPOIHEPrUsA, NOrpeLHOCTb.
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THE ENERGY METERING OF THE MODERN ELECTRONIC METERS
IN A HARMONIC DISTORTION CONDITION

The article discusses the occurrence of errors due to electronic meters harmonic distortion of voltages and
currents in the traction substations of the electrified railways. The field of application, the need to create and
the main stages of electric power meters development is analyzed. The accuracy of the electronic meter for
non-compliance of one of the normal operating conditions, namely the presence of harmonic distortion in the
voltage and current curves, invited to determine experimentally. Experimental researches in terms of educa-
tional and certified laboratory performed for a wide range of variation of total harmonic distortion of the cur-
rent. Researches have shown consistent results. It has been established that the investigated types of meters
in their work set to the classical concept of the definition of reactive power. Practical value is obtained as a re-
sult of research in critical distortion factor value at which the meter is outside the range which regulated by the
class accuracy.

Keywords: traction substation, harmonic distortion, meter, electric energy, error, accuracy class.
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