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AHOTALIA. B pobomi po3ensHymo ymMoeu Haubinbul epekmueHo20 UKOPUCHIAHHS PO3POOIEH020 NePCNeKmMU8H020 3aco0y Ois
BUPIWEHHS aKMYAbHOI NPOOIeMU KOMIIEKCHO20 3a0e3NedeHHs eleKMPOMASHIMHOL CYMICHOCME 3d PAXYHOK OOHOYACHO20 NOKPA-
WjeHHsT HU3KU NOKA3HUKIE AKOCMI HANpYyeUu eneKmponocmayants (3a eapMOHIKAMU, HeCUMempIElo ma KOIUGAHHAM DIGHS Hanpyeu) 8
CYYACHUX PO3NOOLNbHUX eLeKMPUUHUX MEPENCAX 32aNbHO20 NPUSHAYEHHSA. 3anponoH08ano iMimayiliHy mooens mpugasnoi yomupu-
npo8ioHOI po3NoOiNbHOI Mepedci, AKA 00380AE OYIHUMU NOKASHUKY AKOCMI HANPY2U eleKmponocmayanis npu niokaoyenHi 0o Hei
HeNHIIHUX Ma HecuMempuyHUX Hasanmasicerv. [Iposedeno imimayitine MOOeNIO8ANHA pexrcumie pooomu 3a3HaA4eHoi Mepedxci 3 neg-
HUMU XAPAKMEPUCTIUKAMU, NPU DIZHUX 3HAYEHHAX NOMYIHCHOCMEU 00HO- ma MpupasHo2o HeniHiliHo20 HABAHMANCEHHS ) GU2IAOI
Mepedicesux suUNpAMIaYig. Peszynbmamu mMoO0eno8ants noKazau, wo 8 Cy4dacHux yMo8ax npu 6euKiil KOHYeHmpayii eiekmpoHHo20
00NAOHAHHSA 8 PO3NOOLNbHIL MepedCci HeOOCMAMHbO HAABHOCMI Y KOXWCHOI OKpeMoi 0OUHUYI 3a3HAUEH020 001a0HAHHI 60Y008AHO20
IHOUBIOYAIbHO20 3ACO0Y ZHUINICEHHS eMICI 3a6a0, KUl 3a6e3neyye 6i0N0BIOHICIb BUMO2AM EEPONELICHKUX 2APMOHIZ308AHUX CIAHOA-
pPmi8 3 enekmpomacHimuoi cymicnocmi. Tomy 0nis supiuients: 8KA3aHOT NPOOAEMU 6 3A3HAYEHUX MePeNCax 3anponoHO8AHO Ol CHO-
JHCUBAYIB 00OAMKOBO 3ACMOCO8Y8aMU 2PYNOSI 3aco0i 3a0e3neuents eleKmpoOMasHIMHOL cyMicHOCmI, a came 2iopudHi Gpinbmpoxom-
NEeHCYIoYl nepemseoprosati, wo NOEOHYIOMb 8 coOI (PYHKYIOHANbHI MONCIUBOCIE PE2YTbOBAH020 (PilbmMPOCUMEMPYIOU020 NPUCHIPOIO
Ha 6a3i agmompancgopmamopa 3i 3’ €OHAHHAM OOMOMOK Y 3uUe-3a2 MA AKMUBHO20 NAPANENbHO20 CUL08020 Qinbmpa. Ananiz pe-
3ynemMamia iMimayitino2o MoOemo8anHs MpupasHoi eleKmpuyHoi mepesxci 3 CmaHOapmMHUM XaPaKmepuUCmuKamy po3nooiibHO20
mpancghopmamopa 003601U8 GUIHAUUMU GIOHOUWEHHS NOMYAICHOCMEl 00HO- MAd MPUPAZHO20 HENIHIHO20 HABAHMAICEHHS CROJICU-
6auie ma pieHi HecumMempii NiHIIHO20 HABAHMAICEHHSL 8 MEPEICI, NPU KUX PO3POOIeHUll 2i6PpUOHUT PLTbMPOKOMNEHCYIOUUIL nepen-
60PI0BAY MAE Nepesazy HA0 Gi0OMUMU NACUBHUMU SPYROBUMU 3ACODAMU NOKPAUEHHS NOKA3ZHUKIG AKOCMI Hanpy2u i 0036015€ 3a6e3-
neyumu sIKICms Hanpyau 8i0n08IOHO 00 HOPM OTIOUUX MINCHAPOOHUX CIMAHOAPMIE.

Knrwouesvie cnosa: enexmpomazHimua cymicHicmo, AKiCmb Hanpyau, 2iOpuoHull GitbmpoKOMNEHCYIouUil nepemeopiosad; aKmugHull
cunosutl Qinbmp, pe2yibosaHuil Qinbmpocumempyrouull NPUCMPpIil; po3nooilbHaA Mepexcd.

COMPREHENSIVE PROVISION OF STANDARD POWER QUALITY
PARAMETERS IN THREE-PHASE NETWORKS BY THE USE
OF HYBRID FILTER-COMPENSATING CONVERTERS

D. MALAKHATKA®, S. PALACHOV
Department of stabilization of electromagnetic energy parameters, The Institute of Electrodynamics NAS of Ukraine, Kyiv, Ukraine

ABSTRACT. In this work the conditions of the most effective use of the developed perspective means for the solution of the actual
problem of complex providing of electromagnetic compatibility in modern distribution public electricity networks are considered.
This is achieved by improvement of a number of voltage quality characteristics (harmonics, asymmetry and voltage fluctuations). The
simulation model of a three-phase four-wire distribution network is proposed, which allows estimating voltage quality characteris-
tics when connecting non-linear and asymmetric loads. The simulation modeling of the operation of the specified network with cer-
tain characteristics, with different values of the power of single- and three-phase nonlinear load (rectifiers) is carried out. The simu-
lation results showed that in modern conditions, with a high concentration of electronic equipment in the distribution network, it is
not enough for each separate unit of equipment to have a built-in individual means for reducing the emission of disturbances, which
ensures compliance with the requirements of the European Harmonized Standards for Electromagnetic Compatibility. Therefore, in
order to solve this problem in the electricity networks it is suggested for consumers to additionally apply group electromagnetic
compatibility means, including hybrid filter-compensating converters that combine functional capabilities of a regulated filter bal-
ancing device which based on an autotransformer with the zig-zag connection of windings and an active parallel power filter. The
analysis of simulation results of a three-phase electric network with standard characteristics of a distribution transformer allowed to
determine the ratio of power of one- and three-phase nonlinear load of consumers and linear load asymmetries in network, for which
a hybrid filter-compensating converter has an advantage over the known passive group means of improving the quality of voltage
and allows you to provide the quality of voltage in accordance with the norms of the international standards.

Keywords: electromagnetic compatibility; voltage quality; hybrid filter-compensating converter; active power filter; regulated bal-
ancing filter device; distribution network.
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Beryn

3abe3mnedeHHs eIeKTPOMAarHiTHOI CyMICHOCTI 1 HO-
PMOBaHUX ITTOKa3HUKIB SIKOCTI HANPyTH 3a TapMOHIKaMH,
HECHMETPIEI0 HANPYT Ta KOJMBAaHHAM DIBHS HAIPYTH B
cydacHHX TpHU(DA3HUX YOTHPHUIPOBITHUX PO3MOIIITEHUX
CIeKTPIYHIX Mepexax OymiBeNh >KHTIOBOIO Ta KOMep-
LifHOTO TPU3HAYEHHS € BaKJIHMBOIO 1 TOCTATHBO CKIIAJ-
HOIO 33/1a4€10 BHACIIIOK JEKUIBKOX MPUYHH.

[To-nepuie, B 3a3HaYEHUX MEpekKax € BeJMKa KiJIb-
KICTh CHOXHBa4iB JIOTOBIPHA MOTYXHICTh HaBaHTa)KCHHS
SKHX € BIJIHOCHO MaJiOl0, TOMY BOHH BHKOPHCTOBYIOTBH
onHo(a3He NpPUETHAHHS [0 HU3BKOBOJIBTHOI MeEpEexi.
Taxki coxuBadi He 3000B’s13aHI KOOPIUHYBATH T00OBHI
rpagik poboTu cBOro o0IagHAHHSA MK COOOI0 BHACIIIOK
YOro B TAKUX Mepekax MOXXYTh MaTH MiCIle 3HaAYHI KOJIH-
BaHHS B Yaci CTPyMiB HaBaHTAXCHHS I10 PIi3HEM Qa3zam,
0 CIPHYMHSE MOTIPIICHHS NOKAa3HHUKIB PIBHSA HAIPYTH
CJICKTPO-TIOCTAYaHH: Ta HECUMETPii HAalpyT.

Io - mpyre, B SIKOCTI HABAHTaXXCHHS CII0KHBAYiB
B TakUX MepeKax LIMPOKO BUKOPHCTOBYETHCS CydacHe
€JIEKTPOHHE 00JaJHaHHS, B TOMY YHCIIi YaCTOTHI MepeT-
BOpIOBaui Ul €NEKTPOABHUIYHIB 3MIHHOTO CTpyMY, SKi
MaroTh OJIOKH JKHBJICHHS 3 MEPEKEBUMH BUIIPSIMIISTYAMHU,
(opMa CIOKMBAHOTO CTPYMY SIKMX CYTTEBO BiJPI3HSEThH-
¢s1 BiI CHHYCOTIIH, BHACIIIJOK YOT'0 CHOTBOPIOETHCS (hopma
HaIpyTrH eNeKTPOIIOCTA4YaHHs, a MOKA3HUKU SIKOCTi eleK-
TPOEHEPTii 1o TapMOHIKaM HAIIPYTH HOTiPITYIOTHCS.

ITo - TpeTe, HOPMU €BPONCHCEKUX FapMOHI30BAaHUX
CTaHJAPTIB, IO BCTAaHOBIIOIOTH OOOB’SI3KOBI TpaHUYHI
piBHI 3 eMicii 3aBaj s KOKHOI OKpeMol OTUHHUII 007aI-
HaHHS, PO3paxoBaHi AJisl yMOB CTaHJAPTHOTO €JIEKTpoMa-
THITHOTO OTOYEHHS NPHU TEBHHUX NPHUIYLICHHSIX, sIKi 3a-
CHOBaHI Ha CTaHAApPTHOMY IMIENAaHCI Mepexi, MEeBHUX
IMOBIPHICHHX XapaKTepUCTHUKaX OJHOYACHOI poboTH 00-
MEXEHOT KiJIbKOCTI 00anHanHs Tomo. Kpim Toro mij yac
PO3po0KH 3a3HAYEHHX HOPM BPaxOBYBAaJacs MOXJIMBICTh
3a0e3leUeH s iX Mepml 3a Bce NMPOCTHUMH 1 JENIEBUMH
3aco0aMu, HaNpPHKJIAd, TACHBHUMH KOPEKTOpaMH Koedi-
[i€HTa TOTYXXHOCTI y BUTILAI 2,5% IpoceniB 3MiHHOTO
CTPYMy.

OpnHak mapaMeTpu po3NOAUTBHUX TpaHchopMaro-
piB Ta rpadiku poOOTH i XapaKTEPUCTUKN HABAaHTAKEHHS
B peaJbHUX Mepekax MOXYTh CYTTEBO BIAPIZHITHCS BiX
YMOB CTaHJIApPTHOTO €JIEKTPOMAarHiTHOro0 oTo4eHHs. Tomy
Juisl 3a0e3NedeH s eJIeKTPOMArHiTHOT CYMICHOCTI B TaKHX
Mepexax BaXKJIMBO TaKOX 3a0€3MeYnuTH TPaHWYHUHA pi-
BeHb eMicii 3aBajl Biji BChOTro 00 HaHHS B IaHii Mepexi
[1], mrs goro ciig BUKOPUCTOBYBATH Pi3HI THIH TPYIO-
BHX 3ac00iB 3a0e3MeUeHHS ENeKTPOMAarHiTHOI CyMiCHOC-
Ti. Hail0inbpI onTUManbHUM THI TPYHNOBOTO 3aco0y uis
KO>KHOT KOHKPETHOT Mepexi Mae OyTH BU3HAYCHUM B 3a-
JISKHOCTI BijI 11 XapaKTEPHUCTHK Ta OCOOJMBOCTEH HaBaH-
TA)XKEHHS, 1110 IPUEJTHAHO J0 HET.

Merta podoTu

BusHaueHHS yMOB HaOiNbII €(EeKTHBHOTO BHKO-
pHUCTaHHS PO3POOJICHOTO MEPCIEKTUBHOTO T'PYHOBOTO

3ac00y KOMIUIEKCHOTO 3a0e3NeYeHHs eJIeKTPOMAarHiTHOI
CYMICHOCTI Ta MOKa3HUKIB SIKOCTI Hanpyru B TpH(pazHUX
YOTUPHUIPOBITHUX Mepekax 3 HETIHIHHUM Ta HECUMETPH-
YHUM HaBaHTAXXCHHSM.

BukJjiag 0cHOBHOTO MaTepiany

[opiBHsAIBHUE aHAai3 TPUHIMIIB TOOYIOBH HAaIli-
BIIPOBITHUKOBUX II€PETBOPIOBAYIB EJIEKTPOEHeprii Ta
0coOJIMBOCTEH X 3acTOCyBaHHS B TpU(a3HHX CHUCTEMax
JUIS. KOMIUIEKCHOTO TIOKpAIEHHS SIKOCTI €JIeKTPOeHeprii
Ta 3a0e3nedeHHss EMC 103B0OJIMB BU3HAYHUTH MEPCIIEKTH-
BHUI KJIaC MEPETBOPIOBAILHUX NPHUCTPOIB, SKi J03BOJIS-
IOTh KOMIUIEKCHO BHPIIIUTH IF0 MPOOJIEMY HUIIXOM OI-
HOYACHOTO JOTPUMAaHHS PETIaMEHTOBAaHUX MIXHApPOIHU-
MH CTaHZApTaMH PiBHIB TaKUX MapaMeTpiB SKOCTI €IEeKT-
poeHeprii, SK HECHHYCOiJalbHICTh HAIpPYyT Ta CTPYMIB,
HECHMETpis HaNpyT 3a HyJIbOBOIO IOCHTI-AOBHICTIO, a Ta-
KOX BIIXWJICHHS Ta KOJHMBaHHSA PiBHA (ha3HHUX Hampyr [2,
3]. llepcnektuBHUM 3acoOoM 3abesnedenHst EMC B tpu-
(ha3HUX YOTHPHUIPOBIAHUX CHCTEMax € TiOpuIHI PiIbTPO-
komrieHcyroui neperoproBaui (I'®KII), ski moOynoBaHo
Ha OCHOBI (iIBTPY CTPYMIB HYJIbOBOI MOCIIOBHOCTI Ta
HaliB-TIPOBITHUKOBHX KOMIIEHCYIOUMX MEpPETBOPIOBAYiB
[4-6].

3ampononoBanuii '®KII (puc.l) moegnye B cobi
(YHKIIOHATBHI MOXKIIMBOCTI PEryJIbOBAHOTO (iIBTPOCH-
Metpyrouoro npuctpoio (POCII) wa 6a3i aBToTpancdop-
Maropa 3i 3’€IHaHHSIM OOMOTOK y 3Wr-3ar Ta aKTHBHOTO
mapajenbHOro cuiioBoro Qinsrpa (AIID).

PerynpoBanmii  QinbTpOCHMETPYIOUHN TPUCTPiit
31iiicHIOE e)eKTUBHY (INBTPAlif0 HEMApPHUX BHIIMX Tap-
MOHIK, sIKi KpaTHi TpbOM, i apaMeTpruyHe YCYHEHHs He-
CHMETpil Ta KOJIMBaHb HANPyr'd HaBaHTAXEHHs. 3a J1010-
MOTol0 TpU(A3HOTO KOMYTaTOpa CTYIEHIB peryJrOBaHHs
Harpyru (kmoui K1-K12) POCII 3abe3neuye TpupiBHEBE
CHUMETPHYHE PETYIIOBAaHHS PiBHIB

Halpyryu HaBaHTAXXEHHS, TOOTO PEXUMH «BOJIBTO-
BiZJHIMaHH», KHOMIHAID) Ta «BOJITOAONABaHHM». JlonaT-
KOBY KOMIIGHCAIII0 BHIIMX TapMOHIK CTPyMYy B CHCTEMI
3MIACHIOE aKTHBHHUH THapaienpHui cumoBmid QimeTp. Ha
puc.l BBemeHO Taki ocHOBHI mo3HadeHHS: OBI'1-OBI3 —
¢binbTpu BuMX rapMoHik; P1-P3 — nocninoBHi Mepexesi
peakropu 3B’s3ky; C1l-C2 — koHmeHcaTopHi Oartaperi;
POCII — perynboBanuii GigbTPOCUMETPYIOUHI TPHUCTPIii;
ATI® — akTUBHUIA TapajeabHuil GLITP.

3aranbHy CUCTEMY KepyBaHHSI, 1110 3a0e3reuye oi-
HOYacHy edekTuBHY poboTy 000x ckiamoBux I'OKII
npuBesieHo Ha puc.2. CKIaoBy CHCTEMHU KepyBaHHS aK-
TUBHUM CHJIOBHM (iTBTPOM NOOYZOBAaHO Ha OCHOBI BH-
KOpHUCTaHHsI MoanQikoBaHOI P-C Teopii Ta cTparerii «cu-
HYCOiaJIbHUX CTPYMiB» [7-9], sika € JO0CTaTHBO e(heKTHB-
HOW y Bumnanaky, konu AII® 3acTocoByeThCs Ui 3MEH-
IICHHS TAPMOHIYHUX CIIOTBOPEHD HATIPYTH MEPEXKi.

®a3nHi Hampyrd 3 OOKy MiAKIIOYEHHS HaBaHTa-
JKEHHSI MIiCTATh B OCHOBHOMY CKJIQZIOB1 MPsIMOi TIOCTIiIOB-
HOCTI, aJjie B TOW K€ 4ac MOXKYTh OyTH HECHMETPUUYHHMHU
(pu HAsIBHOCTI CKJIaJOBHX 3BOPOTHOI Ta HYJIHOBOI ITOC-
JIIJOBHOCTEH Ha OCHOBHIM YacTOTi) i MICTUTH BHII Trap-
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MoHiku. Tomy npu obuucnenHi onopHux crpymis AIID
MOXYTh BUHHKATH IIOMUJIKH QJITOPUTMY KepyBaHHs. Bu-
IUTEHHS CKIIAJOBUX TPSAMOI IOCIIZOBHOCTI (pa3HHX Ha-
IpPYr HPOBOIMTHCS 33 IOIOMOIOI0 «IETEKTOpa HAaIpyr
TIPSIMOT TTOCITiTOBHOCTI.

BaxIMBOIO CKIIAZOBOIO TaKOr'0 AETEKTOpa € OJIOK
¢azoBoro aBToHamamTyBaHHsA gactotu (PAHY), 3a mo-
ITOMOTOIO SIKOTO B PEKHMIi peanbHOTO Yacy BiICIiAKOBY-

€ThCSI OCHOBHA YacTOTa HANPYT Ta FCHEPYIOTHCS OIOPHI
CUTHAIM cUHycoinanbHoi popmu. BukopucranHs OIOKy
®AHUY, y ckiami merexkTopa MpsMOi MOCIITOBHOCTI 3a
HAMpPYTo0 J03BOJISIE YHUKHYTH TIOMHJIOK, SIKi BHHHKAIOTh
3a YMOB, KOJIM HAlPYTd B MEPEXi € 3HAYHO CIOTBOPEHU-
Mmu [7, 10-12].
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3anpornoHoBaHo IMITaliiiHy Mojens TpUQa3HOI
YOTHPHIPOBITHOT PO3NOAUIBHOI Mepexi, siKa J03BOJISIE
OLIHUTHU TOKA3HUKHU SKOCTI HANPYTH €JIEKTPONOCTaYaHHs
MIPY TiAKITIOYCHH] 10 Hel HEeNMiHIMHUX Ta HECUMETPHUIHUX
HaBaHTaxeHb (puc.3). OcHOBHI mapameTpu Tpuda3HOi
YOTHUPHUIPOBIAHOI Mepexi: CWIoBHil TpaHcdopmaTop 3i
3’€THAaHHSIM OOMOTOK «3ipKa-3ipKa 3 HyJIeM» MOTYXHiCTIO
250 xBA. (mapamerpW CHMETPUYHHX CKIQJIOBHX —
R;,=0.01 OM,6 L,,=89- 10°Tx, Ryy.=0.0965  Om,
Liys-=748:10” I'n), ); 3HaueHHs MapaMeTpiB MPOBITHHUKIB
mHig 11 aigis 2 — R=0.0124 Om; L= 19-10°° I'n; Hymnbo-
Boro npoBoay — R=0.025 Owm; L= 7.63- 10° I'n.

Hecumerpuune  Ttpudasne  RL-HaBaHTa)keHHS
(cos @ =0.9) motyxwictio 110 kBA ckimagaeTses 3 TPrOX
onHodasuux Sp=47 kBA, Sg= 54 kBA, Sc=9 kBA. I'pyna
onHodazHoro obnaxHaHHs Kiacy D (3rimHo 3 knacudika-
miero craagapty ACTY IEC 61000-3-2), mo cuMeTpiuaHO
NPUETHAHO A0 TPHhOX (a3 MEpexi, MpeACTaBlIcHA y BH-
IO TEKITPKOX €KBIBAJICHTHHX BUIPSMIIIYIB aKTHBHOIO
noTyxHicTio 3,5 kBT; a TpudazHoro obnagHaHHI — y BU-
[ TIEBHOI KUTBKOCTI TPU(A3HUX BHUIPSIMIITYIB aKTHB-
HOO ToTyXkHicTIO 10,5 kBT. B sIKOCTI HaBaHTaXeHHS BU-
MPSIMJISIYiB BUKOPHUCTOBYETHCS OJIOK JKEepesia CTPyMY, IO
KepyeTbes Hanpyroto. lle 103Bosse oTpuMary He3MiHHE
3HAYEHHSI NOTY)KHOCT] HEJIHIITHOTO HaBaHTaXXEHHS y BU-

nmajKy 3MiHH Hanpyru Ha Bxofi unpsimisda [13]. Koxna
cXeMma 3aMiIeHHs] eKBIBAJEHTHOIO OJTHO- Ta TpH(}a3HOTO
BUIPSAMIISTYA MICTHTh B CBOEMY CKJIaJli TACUBHHUN KOPEK-
TOp KoeimieHTy MOTYXXHOCTI, y BuUrisiai 2,5% npocens
3MIHHOTO CTPYMY, 3aBISIKH SIKOMY PiBE€Hb eMicii TapMOHIK
CTPyMY 3HAaXOAWTHCS B MEXKaX, [0 BH3HAYCHI MIKHAPOA-
HUMH rapMOHi30BaHUMH cTaHmapTamu 3 EMC [14].

MogenroBaHHS HPOBOAWIOCH B YOTHPHOX PEXKH-
Max, SIKi XapaKTepU3yIThCsl HE3MIHHUM 3HA4EeHHSIM 3ara-
JILHOT MOTYKHOCTI HEJIIHIKHHOTO HaBaHTaxeHHs 136,5 kBT
aJle Pi3HUM CITIBBIHOLICHHSIM KUIBKOCTI TpH]azHUX Ta
eKBIBJICHTHUX OJHO(A3HUX BHIpPAMIIIYIB. [l1st 3pydHOC-
TI XapaKTEPUCTHKU 3a3HAYEHOTO PO3IOALTY MOTYXKHOCTI
HENiHIHHOTO HaBaHTa)KEHHS MiX TpU(a3HIM Ta ogHO]a-
3HAM 00JamHaHHAM OyJI0 BBEICHO KOS(IIiEHT PO3IOALTY
HenmiHifHOTO HaBaHTaXeHHA Kpyy, AKUH PO3paxOBYETHCA
SIK BiTHOIIIEHHA CyMapHOI aKTHBHOI ITOTY>KHOCTI Tpudasz-
HHMX BUIOPAMIAYIB (Prpypun) 10 CyMapHOi akTHBHOI HOTY-
KHOCTI omHO(a3HUX BUNPAMIIIB (Pyypun). B pexumi 1
Prpusun= 105 kBT, Poypun= 31,5 kBT, Kppp=3,3; B pexumi
2 Prpysun= 94,5 KBT, Py = 42 kBT, Kppp=2,3; B pexumi
3 Prpusun= 84 kBT, Py pur= 52,5 kBT, Kppy=1,6; B pexumi
4 Prpypun= 73,5 XKBT, Py gun= 63 kBT, Kppp=1,2.
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Enox nuiprosasie. 1 a4 24—

Puc. 3 — Imimayiuna mooeno I'OKII ¢ naxemi Matlab “Simulink”

PesyabTaru gociaiikeHb

B pesymnbraTi mpoBeneHOro iMiTariifHoro Mmonue-
JIIOBaHHS €JEKTPUYHOI Mepeki 3 4YOTHpMa peXHMaMH
HEJIIHIHHOTO HaBaHTaKEHHs OYJIO PO3paxOBaHO MOKa3HU-
KU SIKOCTI HAIlpyrd y BHIAJKy BiJICYyTHOCTI IPYNOBOTO
3aco0y mokparieHHss EMC, 3 3acTOCyBaHHSM TUIbKA
POCII Ta npu 3acrocyBanHi 1moBHOi cTpykTypu ['®KII.
BumiproBanHs npoBoawKch B Toulli «Bum. Ne2y (puc.3).

OTpuMaHO 3aJIeKHOCTI 3MIHH BEJIMYMHH CYyMapHO-
ro koediuieHty rapmoniuHux crnorBopeHs (CKI'C) na-
npyry, Tpetsoi (Ky(3)) ta m’saroi (Ky(5)) rapmonik Ha-
NIPYTH, & TAKOX KOoe]ilieHTy HeCUMETpii Halpyr 3a Hy-
71b0BOI0 TocioBHICTIO (Koy) Bift 3MiHM BETUYMHH KOE-
GiuienTy posnoniny HeniHiiHOro HaBaHtaxxeHHs (Kpyy).

PesynbTati MOeNTIOBaHHS TIOKA3ajIH, 110 Ha BUOIp
rpynoBoro 3aco0y 3abesmeuenHss EMC B po3noninbHii
Mepexi 31 3HAYHOIO KUTBKICTIO €JIeKTPOHHOTO 00JaaHaH-

HS BAXIHMBY pOJb Ma€ HE TIIBKM BEJIMYMHA 3aralbHOl
MTOTY>KHOCTI HETiHIHHOTO HaBaHTa)KEHHS, alle i pO3MOIiT
3a3Ha4YeHOI MOTY)KHOCTI MiX OOJNIagHaHHAM 3 oxHO(as3-
HUMH Ta TpU(a3HUMM BHIPSIMIITYAMH, 110 BIUIMBA€E Ha
PiBEHb JIOMIHYIOYHMX DiBEHb TPETHOI, I'ATOi, CbOMOI Tap-
MOHIK CTpyMY.

Tak, HanpukIaa y po3MJISHYTOMY BHIAJKY, KOJIH
Pipusn B 1Ba Pa3sH IEPEBUILY Py, TO 3aCTOCYBaHHS
e POCII me mgossomse 3menmutr 3HadeHHss CKI'C
Halpyry eJIeKTPONOoCTa4aHHs 10 HOPMH, III0 BCTAHOBJICHO
MibkHapoguuMm crangaproMm JCTY ENS50160 (puc.4), a
TaKoXX HE JI03BOJISIE 3a0€3MEeYUTH NOTPUMAaHHS piBHS 5-1
rapmoHikn (puc.6) [3]. IIpore 3acrtocyBaHHS 3ampo-
nonoBaHoro I'OKII no3Boise 3a0e3meunT TOTPUMaHHS
BUMOT, IO CTaBJATHCS O BEJIMYMHU TAPMOHIYHUX CIIO-
TBOpPEHb Hampyru B Mmepexi. Ciig BiAMITHUTH, IO 3aCTO-
cyBanHs I'OKII Takox mpu3BOOUTH 10 CYTTEBOI'O 3MEH-
IICHHS HECHMETpii Hampyr B Mepexi, 1 Ak Hacmigok Koy
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3HAXOAUTHCS B MEXKaX HOPMH, 1[0 BU3HAYCHA TIFOYMM Ha
cporoHi cranaaptom 'OCT 13109-97 (puc.7) [2].

CKTC, %

0e3 rpynosHx 3ac00is

3POCII
Hopya JICTY EN 50160

3 TOKII

12 L6 23 33

Puc. 4 — 3anescnicmo sminu senuuunu CKI'C nanpyeu 6io
koeiyiecumy Kpyy

Ku(3), %

Oe3 TpymoBnx 3acobin

Hopya ICTY EN 50160

3 P®CTI 3 TOKIT

Kpun

12 L6 23 33
Puc. 5 — 3anexcnicmo 3minu eenununu mpemvoi 2apmMoHi-
Ku Hanpyeu 6i0 koegiyicumy Kpyy

Ku(5), %

03 IPYMoBHX 3ac00iB
_.___.__-—-—'__—‘—-_____.__._.—-—'—'—'_

3POCII
Hopma ICTY EN 50160

3 TOKIT

Kena
0 T {

12 16 23 33
Puc. 6 — 3anesicnicmo 3minu @eruuunu n’amoi 2apMoHiKu
nanpyeu 6i0 xoegiyicumy Kpgy

Kou, %

6e3 TPYTIIOBHX 3aCcodiB

Hopma TOCT 13109-97

[

0.5

3 TOKIT

Kenn
0 T T T i

1,2 1.6 23 33
Puc. 7 — 3anescnicmo sminu xoegiyienmy Koy 6i0 xoegi-
yieumy Kpyy

BucHoBkn

1. BuxopucraHHS 3ampOIIOHOBAHOI iMITaliHOI
Mozeni Tpru}azHOT YOTHPHUIPOBITHOT CHCTEMH JTO3BOJIHIIO
OLIIHUTH MOKA3HHUKU SKOCTI HAIPYTH €JIEKTPONOCTAaYyaHHS
(3a TapMOHIKaMH, HECUMETPI€I0 HANpPyTr Ta KOJMBaHHAM
piBHS HampyTd) B yMOBaX OJHOYACHOI poOOTH TpyIH
HEJiHITHUX Ta HECUMETPHYHUX HABaHTAXKCHB.

2. BuzHaueHo, 110 y BUNIAJKY MIPUETHAHHS JIO €le-
KTPUYHOI Mepexi HeNiHIMHOrO HaBaHTaKEHHS IEBHOT
MOTYXHOCTI, 3aCTOCYBaHHS IHIMBIIyalbHHX 3aco0iB
3HIIKCHHS PIBHS €MICiT 3aBaj] B KOXKHOI OKPEeMOT OTUHHMITI
obyiasiHaHHs (BIIMOBIZHO J0 BUMOT TapMOHI30BaHHX CTa-
HaapTie 3 EMC) He € 10CcTaTHhOI YMOBOIO 3a0€3MeYCHHS
HOPMOBAHHUX ITOKAa3HHKIB SKOCTi HANPYTH B €ICKTPHUHII
Mepexi. B mpoMy pa3i HEOOXiTHO TOIATKOBO 3aCTOCOBY-
BaTH IpymoBi 3acobu 3abe3neueHuss EMC.

3. BuzHaueHo, 110 iCHy€e TICBHE BiTHOIICHHS PiBHIB
MOTY>XKHOCTI TpH]a3HOro 1 0mHO(A3HOTO HENiHIHHOTO
HaBaHTAKEHHS], IPU SKOMY Ul KOMIUIEKCHOT'O BHpIillIEH-
Hs 3aj7a4i 3a0e3NeueHHs SIKOCTI HaNpyrH eJIEKTPOIoCcTa-
YaHHs B SIKOCTI rpymnoBoro 3aco0y 3abe3nedenHss EMC
MIPUIYCTUMO 3aCTOCYBaHHS PEryjibOBaHOrO (iIbTPOCH-
MeTpyro4oro npuctpor. [lokazaHo, 10 Mpu nepeBUILEH-
Hi 3a3HaYeHOro piBHS Tpeba 3aCTOCOBYBAaTH TiOpHIHHI
(biTbTPOKOMITCHCYIOUHI TIEPETBOPIOBAY.
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AHHOTAILIHA. B pabome paccmompenvl yciosus Haubonee d(hpekmusHoco ucnoiw3o8anus paspabomaHHo2o nepcneKmusHozo
cpeocmsa Onsl peuleHus aKmyanbHoll npobremvl KOMRAEKCHO20 00ecneyeHus d1eKmpoMAzHUMHOL COBMEeCMUMOCIU 3a C4em 0OHO-
BPEMEHHO20 YIIYUUIeHUs PA0A NOKasamenel Kayecmea HAnPpAdNCeHUst 1eKmpOoCHAbHICerUs (N0 2aPMOHUKAMU, HECUMMEMPUY U KoJe-
banuem ypoeHs HANPANCEHUS) 8 COBPEMEHHBIX PACHPEOETUMENbHbIX JNeKMPUHECKUX cemsax ooujeco HasHavenus. IIpednodcena umu-
MAYUOHHAS MOOENb MPeXPA3HOU YemblpexnpO8OOHOU pacnpedenumenbHol cemu, KOmopds no360aen OYeHumy noKasamenu Kaye-
CMBA HANPAIHCEHUS INEKMPOCHADICEHUS NPU NOOKNIOUEHUU K Hell HeNUHEUHbIX U HeCUMMEMPUUHbIX Haepy30K. IIposedeno umumayu-
OHHOE MOOeNUposanue pPexcumos pabomel YKA3AHHOU cemu ¢ ONpedeleHHbIMU XAPAKMePUCMUKAMU, NPU PATUYHBIX 3HAYEHUAX
MowHocmeli 00HO- U Mpex@asHoll HeNUHeUHOU Haepy3KU 6 8ude Cemesbix suinpamumeneti. Pe3ynomamol MOOeIUpo8ans nOKA3AU,
YUMo 8 COBPEMEHHBIX YCI0BUAX NPU OONbUOU KOHYEHMPAYUU SNEKMPOHHO20 000PYO0SAHUs 8 PACNPEOeTUMENbHOU cemu HedoCma-
MOYHO HAAUYUSL 8 KAXHCOOU OMOENbHOU eOuHUYe YKA3AHHO20 000PYO08AHUSL GCIMPOEHHO20 UHOUBUOYAILHOSO CPEOCHBA CHUNMCEHUs
IMUCCUU NOMEX, KOmOpblil obecneuusaem coomsemcmeue mpeboSaHuaM e8PONEUCKUX 2aPMOHUSUPOBAHHBIX CIMAHOAPMOSE NO deK-
mpomacHumuou coemecmumocmu. Ilosmomy 0ns pewenus OaHHOU NPoOIEMbl 8 YKAZAHHBIX CemAX NPedNiodHceHo 01 nompedumenetl
OONONHUMENLHO NPUMEHAMb 2PYNNOGble CPEOCMBA 00eCneyeHus INeKMPOMASHUMHOU COBMECUMOCIY, d UMEHHO UOpUOHble
@unempoxomnencupylowue npeobpazosamenu, covemaiowue 8 cebe GYHKYUOHANbHBIE 603MONCHOCHIU PEYIUPYeMO20 DUAbIMPO-
cumMmempylowezo ycmpoiicmea Ha 6aze asmompanchopmamopa ¢ coeOuneHuem 00MOMoK 6 3uz-3az U aKMueHO20 NAPaLIeNbHO20
CUN06020 unbmpa. AHanu3s pesyiomamos UMUMAYUOHHO20 MOOEIUPOSAHUS MPEXPAZHOU INEKMPUYECKOT cemu cO CMAaHOAPMHbIM
XAPAKMEPUCMUKAM PACHPEOeTUMENbHO20 MPAHCHOPMAMOPA NO360IUL ONPeOeUb OMHOULEHUE MOWHOCME 0OHO- U MPeXPazHo2o
HeUHEUHOU HAZPY3KU nompedumeinell u ypo8eHb HeCUMMempuU TUHEUHOU HASPY3KU 6 Cenu, NPU KOMopsix paspabomaHHblil 2ubpuo-
HbllL PUTIMPOKOMAREHCUPYIOWUTL NPeotpa30samenb UMeem npeumyyecmso neped U3GeCmHbIMU NACCUBHBIMU SPYRIOBbIMU CPeo-
cmeamu YiyuueHus noKazamenell Kaiecmea HAnpsjiceHus U Nno360sem 00ecneyuns Kavecmeo HANPSANCeHUs. 6 COOMBEMCMEUn ¢
HOpMaMu Oelcmeyrouux MeXcOYHapOOHbIX CIMAHOAPMOS.

Knwouesvie cnosa: snexmpomacHumnas coemMecmumocmy, Ka4ecmeo Hanpajicenusl; 2u6puoHblil uibmpoKoOMnencupylowuil npeoo-
paszosamens; AKMUHsI CULOBOT PuUILMP,; pecyrupyemoe Quibmpocummempyouee yCmpoucmeo, pacnpedeiumenvHas cemb.
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