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AHOTALIA  Pozenanymo  OCHOGHI — acnekmu — po3poOKu — NPUHYUNIE  NOOYO08U  NAPAMEMPUYHUX MA  Pe2yTbO8AHUX
Ginbmpocumempyrouux npucmpois, a maxoc 2iOpuOHUX QilbMpPOKOMNEHCYIOUUX NePemBEoPI8ayis Ha iX OCHOBI Ol 3abe3neyenHs
eeKMpPOMACHIMHOI  CYMICHOCMI HABAHMAJICEHbL MA KOMNJIEKCHO20 NOKPAWJeHHs. SKOCMI HAnpyeu 6 JOKAIbHUX CUCMEeMAax
enexkmponocmavanns (JICEII) 3i wmyunoio Heumpaino. 3anpononosani mpughasni mepexci 3i wmyyHuMu HyIb08UMU MOYKAMU
Moxcymv 6ymu eghexmugno 3acmocosani o1 cmeopennss JICEII 3 8i0okpemnenum 6i0 0CHOBHOI Mepexci KOHMYpoMm O NPOMIKAHHS
CMPYMI8 HY1b080I NOCNIOOBHOCMI OCHOBHOI MA BUWUX YACMOM, WO 0036014€ KOMNJIEKCHO NONIMWUMU AKICMb Hanpyeu Ha
3aMUCKaYax 8iONOBIOANbHUX HABAHMANCEHD, 3a0e3Neyumu iXH el1eKmpoMazHimuy CyMIiCHICMb, A MAKO4C NIOBUUMUY HAOTIHICMY
enexmponocmavanus y JICEI npu euxonanni eumoe cmanodapmis 3 EMC ma I1VE.

Knrouogi cnoea: enexmpomazHimna cymicHicmb, JIOKANbHA CUCTEMA eeKMPONOCMAayants, SAKiCMb elekmpoenepeii; Heniuitue i
HecumMempuyHe HABAHMAICEHHS, PIIbMP CMPYMI6 HYIb08OI NOCTIO06HOCI, 2IOPUOHULL PiTbMPOKOMNEHCYIOUUL NEPEMBOPIOBAY.

PROVIDING OF ELECTROMAGNETIC COMPATIBILITY IN LOCAL ELECTRIC
NETWORKS

A. SHYDLOVSKYI,
D. MALAKHATKA

A. ZHARKIN, V. NOVSKYI, N. KAPLYCHNYI, 0. KOZLoyY,

The Institute of Electrodynamics of the National Academy of Sciences of Ukraine, Kyiv, UKRAINE

ABSTRACT Main aspects of developing the principles of construction and technical solutions of the power part of parametric and
regulated filter devices as well as hybrid filter-compensating converters on their basis, that made to provide electromagnetic
compatibility and improve the power quality in local power supply systems (LPSS) with artificial neutral, are considered. The
proposed three-phase networks with artificial zero points can be effectively applied for the creation of LPSS with a branch separated
from the main network for the flow of currents of the zero sequence of the main and higher frequencies. It allows to comprehensively
improve the quality of voltage on the clamps of critical loads, to ensure their electromagnetic compatibility and electrical safety, as
well as to increase the reliability of electrical supply of electrical installations LSEP in fulfilling the requirements of standards with
EMC and PUE. The original principles of construction and features of execution of power circuits of multifunctional devices for
providing of electromagnetic compatibility and complex improvement of voltage quality in the composition of local networks are
considered. It is shown that their main component is unregulated and regulated filtering devices based on a three-phase volt-adding
autotransformer, which is executed as "counter-zigzag" on the three-phase core. Recommendations were given regarding to their
practical use of the developed parametric and regulated filter devices, as well as local power supply sections on their basis in low
voltage distribution networks with nonbalanced, nonlinear and variable loads to match the values of electricity quality parameters to
the norms defined by the applicable standards DSTU EN 50160:2014 and GOST 13109-97.

Keywords: electromagnetic compatibility; local power supply system; power quality; nonlinear and unbalanced load; zero sequence
currents filter; hybrid filter-compensating converter

Beryn

JloxaneHi cucremu enekrponocrauyanus (JICEIT)
3a0e3MeuyoTh  CHOXKHMBAHHS  €JEKTPOEHeprii  rpym
enekrponpuitmMauis  (EIT) 3a gomomororo TpugazHuX
BiJIraJTy>KeHb €JIEKTPUYHNX Mepex Hu3bkoi Hanpyru (HH)
6e3 3MiHHM PIBHS Hampyru JUKEpesna eJeKTPOEHeprii, Bif
SIKOTO MPOKJIA/IAIOTHCS BIAIOBiNHI (igepy 10 >KUTIOBUX
OYyAHMHKIB i HEBEJIMKUX IMIIIPUEMCTB y MEXKaX HACEIIEHOTO
MYHKTY, HallpUKIAJA, 10 BiTAICHUX KOTEMKHUX CEJIMIL,
PEMOHTHHX Ta CUTBCBKOTOCHOJAPCHKUX OO'€KTIB Ta iH.,

30KpeMa, TpH BUKOPHCTaHHI BiJHOBIIOBAaHHX JDKEpEI
eHeprii.

OcHoBHOIO ocoOnuBicTo jnokanbHux CEIl €
CHIBMIPHICTh ~ TOTY)XHOCTI  JDKEpead 1  CIHOXHBauiB
CJIEKTPOCHEPTil, HAasBHICTh 3HAYHO OUIBII KOPOTKUX
KaOelnpHUX JIHIH 1 TOMY BEJIHMKHH B3a€MO3B'S30K BCIX
€JIEMEHTIB €JIEKTPUYHOI MEpeXi, IpUIOMy e(EeKTHBHICTh
po6otn JICEIl Bu3HauaeThCcsl eNeKTPOOOSaJHAHHAM Ta
pexxumamu Horo pobotu [1,2]. V 3B'I3Ky 3 BEIUKOIO
HACHYCHICTIO eNeKTpuIHuX Mepesxk HH cydacHumu omHo-
i tpudazanmu EIl mocuTe BeNHWKOi MOTYXHOCTI, SKi
MaroTh HECHUHYCOIaTbHY dopmy
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CIIOXHMBAHOTO CTPyMy, HaOyBarOTh aKTyalbHOCTI 3amadi
3a0e3medeHHs]  eneKTpoMarHiTHoi cymicHocti (EMC)
CIIO’KMBAYiB Ta TIOKpAIIeHHs SKOCTi enekTpoeHeprii (S1E)
npyu BUKOHaHHI BUMoT enekrpobesneku B JICEII [3, 4].

Y  HU3BKOBOJIBTHUX  E€JIEKTPUYHUX  Mepexkax
po3moAin  Hampyru HynboBoi mociimoBHocTi  (HIT)
B3IOBX JOBXHHHM JiHII sABist€ cO000I0 MOHOTOHHO
3pOCTalody KpuBY, IpU IbOMY 3HaueHHs Hanpyru HII y
KiHIII JTiHIT B TEpeBaXHId OUIBIIOCTI OyAe 3HAYHO
MIePEBUILYBATH BiAMOBIHE 3HAYCHHS Ha 11 HOYATKY, SIKE €
MiHIMAJIGHUM 1 BHW3HAYAE€THCS 3HAYCHHSAM  OIOPY
HYJBOBOI TIOCITIJIOBHOCTI CHJIOBOTO TpaHchopmaTopa
(CT) i ctpymamu HIT Ha mouatkax Bcix miHii (digepis),
o0 BiAXOAATH Bix Hboro. ToMy B Takmx Mepexax y
MICIIIX 30CEpeKCHHS HaBaHTa)KEHb, ¢ BimOyBaeTbCs
rerepamis crpymie HII, mmd 3HWKEHHS HecUMETpii
Harpyr 3a HII HeoOximHO 3acTocoByBaTH (UIBTPH
CTpyMiB HyJb0BOI nociigoBuocti (PCHIT).

3aBIsIKM TOMY, [IO B 3a3HA4EHHX Mepekax
nepeBakaroTh  OAHO(A3HI  JIHIMHI Ta  HENiHiHHI
eJIEKTPOIIpUiiMadi, y Mepexi BUHHKAIOTh HECHMETPHYHI
Ta HECHHYCOINHI PeXXHMH, a B HEUTpPaJbHOMY HPOBOI
Mepexi mepeBaxkaroTs ctpymu HII i HemapHUX TrapMOHIK,
IO KpaTHI TpPbOM, 3HAYEHHS SKUX MOXYTh CYTITEBO
MIePEBUIITYBAaTH 3HAYCHHS (a3HUX CTPYMiB. Y pe3yibTarti
Ha BropmHHOi cTopoHi CT wMepexi Ta y By3lax
HaBaHTAXXEHb CYTTEBO 3pOCTaOTh piBHI Hampyru HII, o
BUKJIMKAE BIAXWICHHS Ta KOJMBaHHA Hampyr y
CIIO)KMBAUiB  EJIEKTPOCHEPTii, 3MIlllEHHs MOTEeHIIaTy
HeHlTpanbHOi (a3u BITHOCHO 3eMIli, 3pOCTaHHS PIBHIB
BUIIMX TapMOHIK HAampyr, $Ki OPU3BOJATH  JIO
HE0AXAHOTO MEperpiBy TpaHCcHOPMATOPIB i JOJTATKOBHX
BTpAT EJIEKTPUIHOI eHeprii Ta iH.

Meta poboTun
Po3pobnenns TIPUHITATIB o0y 10BH

MapaMeTPUIHNAX 1 PETyIbOBAHUX (DITBTPOCHMETPYIOUIX
NPUCTPOIB, & TAKOX TIOPUIHHUX (PITBTPOKOMICHCYIOUHX

NEPETBOPIOBAYIB  Ha iX OCHOBI s 3a0e3ledeHHs
€JIEKTPOMArHiTHOI ~ CyMICHOCTI ~ HaBaHTaXEHb  Ta
KOMIIJIGKCHOTO ~ TOKpAIlleHHs1  SIKOCTI ~ Hampyrd B
JIOKJTBHUX cucTemMax €JICKTPOIIOCTaYaHHs

BiJIMOBITAIEHUX CIIEKTPONPUITMAaYiB.
BukJjiaa 0CHOBHOTO MaTepiaJry

PesymbraTi mpoBeNEHHUX AOCITiIKEHb aBTOPIB Y
JAaHOMY HamNpsSMKY BKa3ylOTh Ha HACTYIHI OCHOBHI
NUIAXH 0A0 Po3pobieHHs cTpykTyp 3a3Haduenux JICEIIL,
a came:

—  3aCTOCYBaHHS  IHIUBiIyanpHOro  TpHdazHoro
TpaHcopmaropa Ui MIJKIIOYEHHS  TpH(Da3HUX
BiAraiy>KeHb IPH PI3HUX CHCTEMax 3a3eMJICHHS;

— po3po0bienns Ha ocHOBI ®CHII nokaNbHUX AIISTHOK
Mepexi 31 ITYYHOI HEUTPATLHOIO TOYKOIO;

— creopennst JICEIl 31 mTy4yHMMH HeWTpalbHHUMH

— ctBoperHs JICEII Ha OCHOBI BUKOPUCTAaHHS T1OPUIHUX
(iTBTPOKOMIICHCYIOUNX MIEPETBOPIOBAUIB.

OCHOBHUMHM 3 HHUX € JAPYTHHA 1 TpeTill TeXHIYHHN
BapiaHTH, O OOYMOBJIEHO THM, IO MEPEBAXKHUI BILIHB
Ha SIE B mepexxax HH BusiBnstors came crpymu HII i
CTPYMH HENAapHHUX TapMOHIK, KpaTHUX TPbOM, SIKi
3aMHKaroThCst 10 KoHTypy HII Mepexi. I1pu 3Buuaitnomy
(TpamuuiiHOMY) NpHEAHAHHI BiJIraTy>KeHHS JO OCHOBHOI
eJIeKTpuIHOi Mepexi koHTypu crpymiB HII sixk ocHoBHOT
Mepexi, Tak 1 BigraayXkeHHi Iepe0yBalOTh
6e3nocepeAHFOMY EEKTPHIHOMY 3B'S13Ky. OUeBHIHO, IO
npu npoMy SIE sk B OCHOBHIM eNeKTPHYHIN Mepexi, Tak i
Y BiramyXeHHI BU3HAYAETHCSA B OCHOBHOMY CHCTEMOIO 3
OUTPIIMM 3HAYEHHSAM MOTYXHOCTi. ToMy IS ofep kaHHs
Bucokoi SE B mokanpHil oiumaHIi (BiaramykeHHi) TpeOa
«pozaimutny 3a ponomororo @CHIT koHTypu crpymiB
HIT ocHoBHOI 1 JIOKalnbHOI MeEpeK, 3ATUIIMBIIHA
3B'SI3aHUMH KOHTYPU CTPyMiB MpsiIMOi Ta 3BOPOTHOI
MOCTiTOBHOCTEH. J[7s BUpINIEHHS IIeW 3a7adi HEOOXiTHO
abo migBumyBatn SE B ycii  HHM3BKOBOJBTHIH
CNIEKTPUYHIN Mepexi NUITXOM NPOBEICHHS BiIMOBITHUX
OpraHi3alifHO-TEXHIYHUX 3aX0JiB, 00 CTBOPIOBATH IS
eJIeKTPOIIpUiMaYiB y CKJIami BIIOB1HAIBHUX
HaBaHTaxeHb (BH), ski Bumararots migsumienoi AE,
JIOKAJIBHI JUITHKA Mepexi 3 Bucokoio SH.

OcoONMBICTIO  3aNpPOIIOHOBAaHHUX  EIEKTPHIHUX
Mepex 3 JICEIl € HasgBHICTD 3arajibHOro [Uiss BCiX
HaBaHTXXEHb  Mepexi  neHrpainizoBaHoro  OCHII
€JIEKTPOMArHITHOTO  THUIly, 3a JIOIIOMOTOK  SIKOTO
3IHCHIOETBCS TIapaMeTpUYHE CHMETpPYyBaHHS (Da3HUX
Hampyr B yMOBax Oe3nepepBHOi 3MIHM HaBaHTaKeHb (a3
MEpexi, B pe3yJbTaTd dYOro MiATPUMYIOTHCS —1HIIII
napaMeTpH HarpyTr TpugasHol Mepexi 3TiTHO 3 TII0UNMHU
CTaHAapTaMH sikocTi Hanpyr [3]. 3aBasku xyxke MaioMy
3HaueHHI0 onopy (cotri wactkn OM) g CTpyMiB
HynpoBoi mocmigoBHocTi @DCHII mo3Boisie  3HAYHO
3am3uTy Hanpyry HII y micni #ioro npruenHaHHS 1O By31a
HaBaHTaXeHb. KpiM Toro, BIAMOBIZHO [JO BHUMOT
craugaptis  MEK nmnurtannHs 3a6esneueHns EMC i
eJIEKTPOOE3MeKn  CHOXHMBa4iB Y  HHU3bKOBOJIETHHX
Mepexax MOXYTb Oyt BUPILIEHI 3aBISKH
BukopucranHio @CHII B cucremax 3azemienHst « TN-Sy i
«TN-C-S», a Takoxk 3a paxyHOK IPOBEACHHS psIy

3aX0MiB 00 BHpiBHIOBaHHA moreHmiany PEN-
MPOBITHHUKA BIIPOJOBXK BCi€l HOTO MOBKUHM [4].
PosrnsHEeMO  OCHOBHI  BapiaHTH  BHKOHAaHHS

sanporonoBanux JICEIl pisaoro Bumy. Ha pumc. 1
HaBEJICHO CXEMY JIOKAJIBHOI TUITHKH €JIEKTPONOCTAYaHHS
(JIAEIT) BH, sxy moOymoBano Ha ocHoBi DCHII-1
MEepIIoro THUIly, NPH MIKIOYEeHHI 11 A0 Mepexi 3
CHCTEMOIO 3aXHMCHOro 3a3zeMiieHHS «TN-C-S», skui
BUKOHAHMH 33 CXEMOIO 3’€THaHHS OOMOTOK «3YCTpIUHHIA
3ur3ar» 3 HyJbOBHM BHBOJOM (Ha pHC.2 TpHBEICHA
¢dororpadist 3araneHoro Bursagy OCHII-1). Oxpim
epexruBHOro cumerpyBaHHs Hanpyr ®@CHII ycix Tumis
BOHHU 3JIHCHIOIOTH IIMPOKOIOJIOCHY (iIBTPALil0 BHIIUX
TapMOHIK y HHU3BKOBOJBTHHX Mepexax. Kpim Toro,

TOYKamMH, 1o QopMyloTbcs  HeperynboBaHMMHM 1 jpocBin ekciuryaranii @CHII mokasaB, 110 BOHH TaKOX
perymsoBaanmu @CHII pizHOTO THTY. 320e3MeuyroTh mapaMeTpuIHe neMiiyBaHHS
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HECHMETPUYHHX IepeHANpyT i MpoBajiB (a3HUX HAIPYT
ax 10 obpuBy ojHiel 3 ¢a3. [Ipu 1BOMY BCTaHOBJICHO
TakKe:

— 3acrocyBanHs ®CHII-1 npu «mnoBHii» cxemi Horo
MIIKTIOUCHHS JI0 CIEKTPUYHOT MEPEKi Ja€ MO3UTHBHUN
e(eKT Takoxk rpu oOpuBi i JiHIIfHOrO MpoBOAY Yy Mici
maknrouenus OCHII-1;
— mnpu «HemoBHOMY» migkmodeHHi @OCHII-1  mo
eJIEKTPUYHOI Mepexi B Hii MOXYTh BHHUKAaTH aBapiiiHi
PEXHUMH, SIKi 37[aTHI BUBECTH 3 JIa[y K EIEKTPOIpHiimMai,
tak 1 OCHII-1, ToOTO He MOXHA MOMYCKATH B TAaKii
MepeXi «IIOABIHHIUXY 1 «HOTpiitHNX» 00puBiB. [IpoTe ciin
3a3HAYNTH, IO OJHOYacCHA HAABHICTh TaKMX OOPHUBIB
TIPOBOZIB Y I JIOKaJBHIN Mepexi MaJIOMOBIpHa;

— gpouineHUM € 3actocyBaHHS @OCHII-1 Ttakox s
CTBOpPEHHSI B JIOKaJIbHIN TpuGaszHiii Mepexi ogHo(a3Hol
«CcTabuTI30BaHO» HAMPYTH.
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Puc. 1 — Cxema JI/IEII na ocnogi
sacmocysanna PCHII-1

Puc. 2 — @omoepagpis 3aeanvroeco suensioy ®CHII-1

Takum yuHOM, Tpuda3zHa Mepexa 31 IITYIHOIO
HEWTpaullo Moxke OyTH BHUKOPUCTaHA [UISI CTBOPEHHS
JIOKaJIBHOI €JIEKTPUYHOI MEpeXi 3 OKPEMHUM BiJj OCHOBHOT
Mepexi KOHTYpoM st npotikanHs crpymiB HII, mo mae
3Mory cyrreBo mnigsummtu SE y cnoxusawiB. Ilpu

FOMY 3a0e3MeUyIOThCs CTaOUTi3aIisl HyJIhOBOI TOUYKH
HaBITh IPH ICTOTHIN HecumeTpii (ha3HUX HAaBaHTAKECHB 1
(hinbTpallis HEMapHUX FAPMOHIK CTPYMiB, KPATHUX TPHOM
OCHOBHOi Ta BHIIMX YacTOT, a TaKOX JeMI(yBaHHS
HECUMETPUYHUX MO (hazaX Mepexi KOJMBaHb HANpyTH
NpU HEpiBHOMIpHOMY 3aBaHTaxeHHI (a3 mepexi HH.
Kpim Toro, BaximBoro ocobnusictio ®CHII-1, mo
BUKOHAHHUH Ha 3araJbHOMY TPUCTEPHOBOMY
MarHiTONpOBO/Ii, 3aBISKH MiJKIIOUEHHIO HOro oOMOTOK
32 CXEMOI0 «3YCTpiuHMH 3Wr3ar», € MOXKIHUBICTH
npakTHIHO HOopMaibHOI pobotu PCHII-1 mpoTsirom mo
MIBITOAWHU Y T.3B. «ABO(GA3HOMY» DPEXHMi, TOOTO TpHU
«3HUKHEHH1» OHO1 (ha3HOi HAIIPYTH Mepeki, HapUKIaL,
npu  omHoasHOMY K.3. Yy BHNAAKY BHHUKHEHHS
aBapifHOTO  CTaHy  «OCHOBHOI»  Mepexi, ToO0To
EJIEKTPOXKMBIICHHSI HaBaHTaKEHb 3a0e3MedyeThesi, SIK 1
paHinie TphoMa (a3HMMH Hampyramu, IO 3HAYHO
miBUINYy€e HafilHicTh enekrponocrayanus B JICEII [5,6].
Ha puc.3 mpuemeno cxemy  TpudaszHOi
CJIEKTPUYHOI MepexXi 3 JIOKaJbHOI JUITHKOIO IS
skuBneHHs BH 3a gonomororo @CHII-2 ppyroro tumy
IIPU  3aCTOCYBaHHI, HANpHKIaJ, CHCTEMH 3aXHCHOTO
3azemsieHHs «TN-C». Tyt mneperBoproBau TpudasHOl
CHUCTeMH Hampyr 0e3 HeWTpaapbHOI TOYKH B TpudazHy
cucremy Hampyr 3 IIHT e cxemoro ®CHII-2 Tumy
«TOABIHHOTO 3YCTPIYHOTO 3Ur3ary», MIPHIOMY
MeTaJieBUil kopryc yctaTkyBaHHs BH uepe3 3axucHuii
PE-nipoBinHUK 3’€qHannii 3 PEN-TIPOBITHUKOM MEPEXKi.
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Puc.3 — Cxema JIJEII na ocnosi sacmocysanns ®CHII-2

OCHII-2 cknagaeTscs 3a CYTTIO 3 JIBOX OKPEMUX
OCHII nepmioro Tuiry, KO>KHHH 3 SKMX Ma€ BCl BKa3aHi
nmo3utuBHI BiactuBocti. GCHII-2 € mepeTBOproBauemM
Tpuda3HOi CHUCTEMH HANpyTr aBTOTPaHCPOPMATOPHOTO
TUTY 3 TaTbBAHIYHOIO PO3B’SI3KOI0 BXOIY Ta BUXOAY, IO
BKITIOYAa€ TPUCTPWIKHEBUH MArHITOMPOBIA 1 TPH TPymH
oomorok I, II, III mo Tpu B koxHiii. [Toyarkm 0OMOTOK
nepioi rpyny MiIKIIYEHO A0 Mepexi, Ipyroi rpymnu —
00’€AHYIOThCSI 1 CTBOPIOIOTH MEPIy ITY4YHY HEHTpaIbHy
Touky Oj, a TpeThol Tpynu 00’€HaHO B JPYTy IMITY4YHY
HedTpanbHy  Touky O, TyT s KUBJICHHA
enekrpomnpuiiMadiB BH, siki 9yTimBi 10 3HMKEHHS SKOCTI
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eJIEKTPOEHEPTii, BHKOPHCTOBYEThCA Jpyra TpudaszHa
€JIEKTPUYHA CHCTEMA, IO CTBOPIOETHCA 3a JIONOMOTOIO
OCHII-2.Hefitpanbaa Touka 0, miei  Tpudasnoi
€JIEKTPUYHOI CHCTEMH 3HaxXOAUTHCS IPAKTUYHO B
reOMETPUYHOMY IEHTPI TPUKYTHHKa MiK(pa3HUX HANpyr
JoKepena, a 11 HecTaOlIbHICTh BEJIbMU HEBEJIHMKA 3aBISKU
HE3HaYHOMY Onopy HyJboBoi nociinoBHocti @CHII-2 ta
BH3HAYAETHCSI CTAOUIBHICTIO TPHUKYTHHUKA MiK(pa3HUX
Hanpyr. Takum unHOM, y ToBHO(a3HOMY pexuMi poOOTH

€ IBi TpHU]a3HI eNeKTPUYHI CHUCTEMH 3 pPI3HUMH
HE3JIC)KHIMH HEHUTPAJTbHHUMH TOYKAMH Ta Pi3HHMH
piBasamu SE.

[lepCrieKTUBHUM LUIXOM PO3BUTKY CYYacCHHX

posnozineHX Mepexk HH € MOXIMBICTH CTBOpEHHS B
HUX CEKI[IOHOBaHMX TpU(a3HUX  BiATadyXeHb 3
HE3AICKHUMH BIJ OCHOBHOI MEpEeXi KOJaMH IS
nporikanHasa ctpymiB HII Ta rapMoHik, siki KpaTHiI TPHOM.
[Ipu pOMy SIKICTB Ta CTAOLIBHICTH TPU(a3HOT HAPYTH B
HUX He 3aJIe)xaTuMe Bix 3HadeHHs onopy HII cumoBoro

OcoONuBICTI0O TMX CNEKTPUYHUX MEpex €
HAsBHICTD 3arajbHOTO JUIS BCiX HAaBaHTaKEHb MEPEXKi
uenrpanizoBanoro ®CHIT enekrpomarHiTHOro Tumy, 3a
JIOTIOMOTOI0 ~ SIKOTO ~ 3JIHCHIOETBCS  MapaMeTpU4He
CUMeTpyBaHHs ()a3HUX HAIpYr B yMOBax Oe3mepepBHOL
3MiHU HaBaHTaXeHb (a3 Mepexi Ta MiATPUMYIOTHCS 1HIII
napaMeTpy Harpyr TpugasHol Mepexi 3riTHO 3 TII0UNMH
cTaHaapramH sikocti Hampyr. B Toii ke wac ma CT
JUKepena OKMBJIEHHS 3HaueHHs Hanpyrm HII He
3MEHIIYETHCS, TOMY IO BOHO 3arajioM BH3HAYa€ThCS
oropoM HynboBoi mociinoBHocTi CT i crpymamu HIIT Ha
MOYaTKy JIHIA BCIX BiATamy)KeHb CHCTEMH, SKi
JKUBIIATBCS BII  JAHOIO CT. Teopernuni 1
eKCIIepUMEHTANbHI JOCTIKCHHS [OKa3aJlk, IO It
migBHUIeHHS eeKTuBHOCTI 1 HamiitHoCcTi podotn BH €
BcTaHOBJNeHHS nekinbkox ®CHII oxnoro abo pi3HMX
THUIIIB.

Ha puc.4 HaBeneHO HHU3BKOBOIBTHY MEPEXY 3
JOKIBHUMHU OUISTHKaMHU eneKTponioctadands BH, mo

TpaHchopMaTopa 1 3HAYHO BUINA HDK B IHIIMX  BHKOHAHA Ha OCHOBI BHUKOPHUCTAaHHS HEPETYJIhOBAHUX
BIJITATYKCHHSX, IO KUBJIATHCA Big omHoro CT. oaHoro Tuny, Hanpukiag, @CHII-1.
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Puc. 4 — Tpugpasna nusvxosonvmua mepedica 3 JIJEI na ocnosi suxopucmanns @CHII-1

PoGora wiei cekuioHoBaHoi TpudazHOi Mepexi
noJirae y Tomy, 1o eneprist rpudasnoro crpymy Bin CT
MoJaeTbcss 10  TPU(PA3HOTO  HABAHTAXKCHHS,  sKE
posmoaiieHo Ha "n" cekuiif, BCTaHOBJIEHA MOTYXKHICTbH
KOXKHOI 13 sIKMX BUOWpaerscsi B "n" pasiB MEHIIOIO
(Se=Sc/n, ne n=2, 3,4 ...) HomiHanpHO1 mOTYX)HOCTI CT.
[MapanensHO KOXHIH n-cekii Tpr(azHOro HABAHTAKEHHS
y  By3Jmax HaBaHTaxeHb  posmimeno  OCHII-1,
BCTaHOBJICHA TIOTYXKHICTh SKOTO CKIANA€ Socum = Scr/3N,
TOOTO y TpH pa3W MEHIIE BCTAHOBJICHOI IOTYXHOCTI
BiZIMOBITHOI CeKIii TprQa3sHOro HaBaHTakeHHS [7-9].

Ha puc.5 maBemeHo rpadikd po3MOALITY pPiBHS
Hanpyru HII B3noBx Binramyskenoi ninii mepesxi 3 JIJIEIT
Ha ocHoBi Bukopuctanus @CHII-1, mpuyomy TyT Kpusa 1
M0Ka3ye MOHOTOHHE HOro 3pOCTaHHS NPH BiICYTHOCTI
OCHII y mepexi.

Cruin 3a3HayuTH, L0 BEJIMYMHA BCTAHOBIICHOT
noryxsocti ®CHII BubupaeTbest 3a yMOB 3a0e31eUeHHS
HaJIHHOTO EJEKTPONOCTauyaHHsl Yy HaWOUIbII Ba)KKUX
pexnmax 3actocyBaHHd @OCHII, komm HecuMmerpis
HanpyT MaKCUMallbHa, HApUKJIax Ipyu o0OpuBax aABoX (a3
Tpu(a3HOTO HABAHTAXKCHHSI.

U 8]

20

Puc. 5 — I'paghixu posnodiny pieus nanpyeu HII 630061
JUHIT 8I02anydHCceH s Mepedici

[Ipu oMy, 3 ypaxyBaHHSM YK€ Majoro Ornopy
OCHII-1 ctpymam HII, B pmaHoMy BiaramyxeHHi
Tpuda3zHoi  Mepexi  CTBOPIOEThCS  'n"  OKpeMHx
HE3aJIeKHHUX B omnopy HynboBoi nociimoBHocTi CT kin
JUTSL 3aMHKaHHS CTPYMIB HYJIbOBOI MOCIITOBHOCTI. PiBeHb
Hanpyru HII y nux By3iiax HaBaHTa)KE€Hb 3MEHIIYEThHCS

MPaKTHUYHO JI0 HYJBbOBHMX 3Ha4eHb (KpuBa 4 Ta TOYKH b,
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by, bs...b, Ha puc. 5). I'padix po3nominy piBHS HampyTH
HYJIbOBOI MOCJIJOBHOCTI B3IOBX JIHIT BiIranyXeHHs JUis
JAHOTO BWIIAAKy NIPUBEACHO Ha pHC. S (kpuBa 2), ne
CHMBOJIOM «a» II03HAY€HO MiClleé BCTAHOBJICHHS JIMIIIE
onHoro ®OCHII-1. Ilpu wupoMy 3MEHIIEHHS piBHIB
HATPYTH HYJIbOBOI MOCIIOBHOCTI 3a0€3MeUy€eThCs TUTBKU
y wmicusgx npuennanas @CHIT no BimmoBigHUX BY3IiB
HAaBaHTAXKCHb BiATamyXeHHd. HaBnaku, Ha IHIIAX
ninsaKax, ocoonuBo Ha CT mpkepena >KUBJICHHS, 3rajaHi
PiBHI 3MEHIIYIOTCS HECYTTEBO, IO 3arajoM He Jae
MOXIUBOCTI miasummT SIE mig iHmmx croxkusauis. Ha
puc. 5 npuseneHo rpadik posnomiry piBaa Hanpyru HIT
(xpuBa 3) A7 IBOTO BHUIAAKY.

TakuMm YHHOM, y KOXHIM CeKIii BiATary>XeHHS
3apasku BracTuBocTsiIM @OCHII He BUHHKae 3MilIeHHS
IITYYHOI HEWUTpPaIbHOI TOYKM, SKa TapaHTOBaHO Oyne
3HAXOJUTUCh B TCOMETPUYHOMY IIEHTPI TPHKYTHHKA
JIHIMHUX HaOmpyr Ta JOCSATAEThCS CUMETpis (a3HuX

3aBIISKH BiJICYTHOCTI HEUTPAIHHOTO MPOBITHMKA B CXEMi
naHoro Biaranyxenss i Hassaicti @CHII 3abe3neuyerbes
CHUMETpPYBaHHsI CTPYMIB JIHIHHMX (a3 BigraiyxeHHs 3a
pPaxyHOK IXHBOT'O TEPEPO3MOILTYy Ta PO3BAHTAKEHHS Bif
ctpymiB HII y koxuiii cekuii BiaramyxeHHs, 0
JA04aTKOBO IIPU3BOANTH 0 3MCHILICHHS BTpaTr
eJIeKTpU4HOi eHeprii B Mepexi [7, 10].

Ha puc. 6 HaBeneHo TpuQasHy HH3BKOBOJBTHY
Mepexy 3 JIOKaJbHUMH IUITHKAMH €JIeKTPOIIOCTadyaHHs
BH, mo BuKkOHaHAa Ha OCHOBI  BHKOPHCTaHHS
HeperynpoBannx @OCHII pisamx tumie PCHII-1 i
OCHII-2. [Mpuamum mii KOXHOI 3 MIITHOK JIOKAITEHOL
Mepexi aHaJOTiYHWHA PO3TIIIHYTHM BHUINE MUISHKAM Ha
OCHOBI BHKOpHCTaHHs mpuctpoiB tuiry @CHII-1 (puc. 1)
ta ®CHII-2 (puc. 3). Lle no3BONsI€ MiIBHUIINTH piBEHB
€NIeKTPOOe3neKH MpH 3a0e3neueHHl HEOOXiTHOI SKOCTI
HAIPyrd Ha 3aTUCKa4ax BIiAMOBITAJbHUX HABAHTAXKCHb
BH;-BHn. KpiM TOro, BUKOpPHUCTaHHS 3a3HaYEHUX CXEM

Hanpyr. Ilum 3abesmeuyerbecss Bucoka skicth Ta  OCHII mpu3BoauTh M0 3HAYHOTO 3MeHIICHHS (TIoHam 10
CTa0UIBHICTD TpudaszHoi HanpyTru JKUBJIEHHSI  pasiB) piBHA Hanpyru HII B mMicii npreaHaHHs JTOKAIBHOT
HaBaHT@KEHb BIMOBINIHOI CeKmii BiJATadyXeHHs, a Mepexi 0 OCHOBHOI MaricTpai.
A o Z Zip Zia
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Puc. 6 — Tpughasna nuzexosonemmua mepexca 3 JIJEII, wo euxonana na ochosi nepezyavosanux @®CHII 06ox munig

Ile exBiBasenTtHO cTBOpeHH0 HmM3km IIHT y
Mepexi, SIKi TapaHTOBAHO 3HAXOATHCA B TEOMETPHIHOMY
LIeHTpi TPUKYTHUKA JIHIHHUX HANPYyT, a TaKOoX
3a0e3medye BHCOKY CTaOUTBHICTE i cuMeTpito (pa3sHHX
Harpyr TpudazHoi Mepexi W HMPU3IBOJMUTH 10 CYTTEBOTO
BUPIBHIOBAHHSI CTPYMIB Y JIIHIMHUX MPOBIIHUKAX 1, SIK
HaCJIJIOK, IO 3MEHILIEHHS BTpaT €JIEeKTPUYHOI eHeprii B
OCHOBHI1 Mepexi.

Ha puc.7 wnaBeneno JICEIl 3 nokanbHUMH
JUISTHKaMU eJIeKTPOIIOCTaYaHHs 31 IITyYHUMH HYJIbOBHUMHA
TOYKaMW TIpY BUKOpHUCTaHHI HeperynboBanux OCHII

tperboro tuny (PCHII-3) 3 BONBTO JOJATKOBHMHU
obmoTkamu [11].

B pomy Bumaaky CT, mo BUKOHaHHUH 32 CXEMOIO
«3ipKa-3ipKa 3 HyJeM», Ma€ TOCTaTHbO Benukuii omip HII,
i Hampyra Ha WOro BTOPMHHIH CTOpDOHI HIXK4YE 3a
HOMiHaJIbHE 3HaueHHs. TOMy JUIsl MiIBUIIEHHS PIBHA L€l
Halpyru CIyryioTh BOibToA0AaTKOBI 00MoTkn DOCHII-3,
OCKUJIbKM BOHHM 33 pPaxyHOK aBTOTpaHC(OPMATOPHOTO
MarHiTHOTO 3B 3Ky ITiIBUIIYIOTh Harpyry
HaBaHTaKCHHSL.
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Puc. 7 — Tpugpasna nusexosonsmua mepedxica 3 JIJEII npu sukopucmanni nepezynvosanux @CHII-3

PiBeHp OCTaHHBOI BH3HAYAETHCA 3HAYCHHIM
koegimienty Tpancpopmanii DCHII-3. Pobora mueit
TpuGazHoi Mepexi MoJsrac B TOMY, IO €IEKTPOSHEPTis
Bix CT 3a nmomomoroi Tphox (a3HUX MPOBIIHUKIB 3
BIJIMIOBITHMMH KOMIUIEKCHUMH OIOpaMH JIiHIAHUX (a3
nojaetbest no ceknin @CHII-3. [lpu npomy, 3aBasku
HasBHOCTI OMNOpPiB (a3HUX TMPOBIJHUKIB, BUHHUKAIOTH
HEMHHYYI BTpaTU HaTpyTru B3/I0BX JHi{
eJIEKTpOTIepeiadi, 0 MPU3BOAATH JI0 BiAXUIEHb HANIPYTH
BiJl HOMIHAJIBHUX 3Ha4YeHb (puc. 9, kpuBa 1), BeaM4IMHA
SKUX TIO Mipi BIAJAJICHOCTI BiX JKepena >KUBICHHS
3pocrae. Ha 3aTrckadax (a3HUX MpOBITHHUKIB A-An, Bi-
B4, Ci-C,, cexnitt @CHII-3 maroTh Miciie MOHMWKEHi piBHI
HanpyrH [11].

Ha pwuc. 8 moxazano ¢otorpadis 30BHIIIHBOTO
urisity @CHII-3 3 BonbTO0AaTKOBUMH OOMOTKaMH, a
Ha puc. 9 — rpadik po3noAlTy piBHS HANPYTH MOB3IOBK
JOBXXHHH MEpexi 3 JJoKanbHUMHU AinstHkaMu 3 LTHT npu
BukopucranHi Hu3ku @CHII-3.

Puc. 8 — ®omoepagis ®CHII-3

U b 2
1,7 Uy % -.‘. N H
UHOM x.\ £ A
0,9 umM x\‘“‘«.‘_"[\r
1.
Lom

1cesyin  Zcesyim 3 0eKUis N CekyR

Puc. 9 — I'paghix po3nodiny pisns Hanpyau nog3008x#c
008IHCUHU MePeCI

BpaxoByroun Te, mo 3a3zHadeHi cekmii ®CHII-3
CHOPS/KEHO JOJATKOBUMH OOMOTKAaMH, IO BKJIIOYEHI
MOCTIZIOBHO 3 OCHOBHUMH B  pO3CiUKy  (pasHHX
MPOBIIHKKIB, HA 3aTHCKaYaX HABAHTAXEHb Ajy-Anu, Biu-
B, Ciu-Chn CTBOPIOETBCA JOJIaTKOBA Hampyra, sKa
MiZICYMOBYETHCS 3 OCHOBHOIO (ha3HOIO HAIIPYTOI0 MEPEKi.
Tomy, piBeHb JIHIHHUX Hapyr TpU(a3HUX HaBAaHTAKEHb
MI/IBUILY€ThCS Ha BEIMYHMHY, K4 BH3HAYAETHCS YHCIOM
BUTKIB BOJIBTOJJOAATKOBUX 0OMOTOK. [IJ1sl IIbOTO BHIAIKY
POBIIOIN HampyTH B3JOBX JiHII eJeKTpomnepenadi Mae
BUTJISJ, TOKazaHuK Ha puc. 9 (kpuBa 2). [Ipun npomy B
By3JIaX HaBaHTaXXeHb, Je¢ po3MimeHo cekmii OCHII-3,
HaTpyTa B MiCIi HiAKITIOYEHHS CIIOKHMBAYiB 3pOCTa€ JI0
HOMIHaIBHOTO 3Ha4YeHHs. Lle cyTTeBO mMoOKpalrye yMOBH
Ta PEKUMHU POOOTH CIIOKUBAYIB €JIEKTPUIHOT eHepril.

Ha puc. 10 HaBeneHO cxemy JIOKAJIbHOI JUISHKH
enekTporioctayanHsi BH, sky moOynoBaHO Ha OCHOBI
3aCTOCYBaHHSI PETyJbOBAaHOTO  (UIBTPOCUMETPYHOUOTO
npuctposi (POCII) it 3piBHOBaXKYBaHHS —CHCTEMH
Hanpyr, ¢insTparii rapMmonik crpymiB HII, 3abe3nedyeHus
CHMETPUYHOTO PETyJIIOBaHHS HAllpyrd HaBaHTa)KCHHS Ta
iH. (crcTeMa 3aXMCHOTO 3a3eMiIeHHS «TN-C»).
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Puc. 10— Cxema JIJEII, wo nobyoosana Ha ocHO8i
POCII

B pesynprari 3actocyBanss niei cxemu POCII €
MOJMUIUBICTh ~ CTBOPEHHSI B  MEXax  ICHYIOYHX
enektpuynux  mepexx  JIJAEII 3 IHHT  gua
6e3nepediHOro €JIeKTPOKUBIICHHS BH, SIK1
moTpeOyIoTh BUCOKOI AKOCTI Hampyr, npudomy POCII
3abes3mnedye ejekTpornoctayanHs BH B aBapiiiHux

(134 121>

Hns >xuBnenns BH, emextponpuiimadi skux
yyTiiuBl 10 nopymeHs SIH, BUKOpUCTOBYEThCS apyra
Tpuda3Ha eIeKTPUYHA CHCTEeMa, 10 BKIIOYae TpudasHy
CJIEKTPUYHY CHCTEMY Hanpyr 0e3 HEeHTpaJbHOI TOUKH
Jokepena TpudaszHux Hampyr, a takok PCHII-3 mis
creopeHHsa IIIHT, sxa 3HaxoauTbcs MNPaKkTUYHO B
TEOMETPUYHOMY LEHTPI TPUKYTHHUKA MDK(a3HUX
HAarpyr JpKepesa, IPUIOMY 3aBJISIKH y)Ke He3HAUHOMY
oropy HynboBoi mociizoBHocti ®CHII-3  Bucoka
crabinpuicts IIIHT  Bu3HauaeThcst  cTaOUIBHICTIO
TPUKYTHHUKA MDXX(pa3HIX HATIPYT.

Ha puc. 11 HaBeneHo TpudazHy YOTHPHIIPOBITHY
CHCTEMY, /[0 SIKOi MIJKIIOYEHO HHU3KY JIOKaJIbHUX
enekTpuuHuX Mepex JIM1-JIM «N», mo moOynoBani Ha
OCHOBI riopuaHuX (UTBTPOKOMITEHCYIOUMX
neperBopioBauiB nepmoro tuny (I'®KII-1), HynboBa
TouKa «3ipkm» sikux y koxkuuid 3 JICEIL (JIM1-JIM«Ny)
migmouera 10 THT «N1»-«NNy», KoTpi MmigKiIroueHi
BIAIIOBiAHO bi (o) 3arajibHoOi1 TOYIIl 3’ ¢ THAHHS
Hakonu4yyBalbHUX KoHaeHcaropiB C1-C2 craTtuyHOTO
CHHXPOHHOTO KOMIICHCATOpa pPEaKTHBHOI ITOTY>KHOCTI
(D-CTATKOM), sxuit 3maTHHil ynpaBisiTH OOMiHOM
PEaKTUBHOI MOTY>KHOCTI MK HIM M MEPEXEI0 JKUBIICHHS.
[13-15]. Pesympratm  iMITamifHOTO  MOJETIOBAHHS
pexumiB pobotn I'OKII-1 y ckmani mokamsaoi CEII
MOKAa3aJv, 0 3HAYEeHHS KoedillieHTy HecCUMeTpii HampyT
3a HyJBOBOIO IOCHINOBHICTIO Kjpy (BenuumHa SIKOTO
srizno 3 'OCT 13109-97 He moBHHHa NeEpEeBHILYBaTH

PEeKMMAX, HANPUKIAL, OOYMOBIEHHX «OOPHBAMU» 2%) 3menmyetsest 3 3% mo 0,8%., a CKI'C nampyru y
npoBiTHUKIB (a3 Mepexi [2, 12]. T3I1 mepexi 3umwKkyetbes 3 19,3% no 6,2% (BenuunHa
e CE i
e e - - S
L ' :E | 2 | 7 |
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Puc. 11 — Cxema niokmouenns nusku JIM, wo nobyodosani na ocnosi sacmocysanus I @KII-1

skoro srigno 3 JICTY EN 50160:2014 He noBuHHA
niepeBumIyBaT 8%).

OpepkaHi pe3ynbTaTH OCTIHKEHb TO3BOJIIOTH
npoBecTH OLiHIOBaHHs BIUMBY pobotu ['OKII y cknani
JIOKAJIbHUX MEPEXK Ha PEKUMHI IapaMeTpu OCHOBHOT
Mepexi Ta JIOKAIbHOI CHCTEMH EJIEKTPOIOCTadYaHHs |
BH3HAYNTU OINTHUMAJIbHI 3HAYCHHS NapaMETPiB CHIOBHUX

eneMeHTiB Ta cuctemMu kepyBaHHA ['OKII 3 meroro ix

HPaKTHYHOTO 3aCTOCYBaHHS B PO3HOALTEHUX
CJICKTPUYHUX MeEpexax Juid [pUBEJCHHS  3HA4YeHb
napameTpiB  SIKOCTI  €JIEKTpOeHeprii 10 HOpM, sKi

Bu3HaueHi Jirounmu cranaapramu JICTY EN 50160:2014
1I'OCT 13109-97.
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BucHoBxn

1. Po3pobieHo mpuHIMIH MOOYJOBH JIOKAITBHUX
CHUCTEM EJICKTPOIOCTAYaHHs, [0 BHKOHAHI Ha OCHOBI
BUKOPDHCTaHHS  HEpEryJbOBaHUX 1  PEryJbOBaHUX
(UIBTPOCUMETPYIOUMX TPUCTPOIB 3 €IEKTPOMArHiTHUMHU
3B’3KaMM ~ Ta  TiOpUOHHMX  (UIBTPOKOMIIEHCYIOUUX
MIEPETBOPIOBAYIB, JAJIS IEKTPOKUBIICHHS BiIIOBIAATBHUX
HaBaHTakeHb B JICEII 31 mTyuHOI0 HEHTpasLTIo.

2. 3anponoHoBaHi TpudasHi Mepexi 3 MTYIHUMHU
HYJIbOBHMH TOYKAMH MOXYTb OyTH  e(peKTHBHO
3acrocoBaHo mis ctBopenHs JICEIL 3 BimokpeMieHUM Bif
OCHOBHOI Mepexi KOHTypOM MJisi TPOTIKaHHS CTPYyMiB
HYJBOBOI ITOCITIZOBHOCTI OCHOBHOI Ta BHIIMX YacTOT, IIIO
JI03BOJISIE KOMIUIEKCHO IIOJIIIINTH SIKICTh HANpPYTH Ha
3aTHCKaYax BiJIOBITaIbHUX HABAHTAXKEHBb, 3a0€3MECUNTH
iX EJEKTPOMAarHiTHy CYMICHICTb 1 eleKTpoOe3neky, a

TaKOX IIABUIIMTH  HAIIMHICTh  €JIEKTPOIOCTauYaHHs
enekrpoycraHoBok JICEII mpm BUKOHAHHI  BHMOT
craunaptiB 3 EMC Ta I[IVE.

3. Po3riisiHyTO OCOONHMBOCTI BHKOHAHHS CHJIOBHX
CXeM 3a3HavyeHHX O0araToQyHKIIOHATBHUX MPHUCTPOIB Y
CKJIadi JIOKATBHHX MEpeX 1 HaJaHo pe3yjbTaTu
IMITAIHHOTO ~ MOJENIOBAaHHSA  PEXKUMIB  JESIKUX 3
po3pobieHnx  MpHUCTPOiB, [0  MIATBEPIKYE  iX
e(pEeKTUBHICTh TpPU MNPAKTUYHOMY BUKOPHCTAHHSI B
HHU3bKOBOJIBTHUX PO3MOAUTBUUX Mepexax VTS
NPUBEJICHHS] 3HAYEeHb MapaMeTpiB SIKOCTI eeKTPOeHepril
JI0 HOpM, SIKI BHU3HadeHi mitounMu ctanmaptamu JCTVY
EN 50160:2014 i I"'OCT 13109-97.
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AHHOTAILIHA Paccmompenvl OCHOGHble ACNeKmbl pazpabomiu NPUHYUNO8 NOCMPOEHUs NAPAMEMPUYECKUX U pe2yiupyemblx
dunempocumempuylowux Ycmpoucme, a makdice SUOPUOHBIX PUIbMPOKOMNEHCUPYIOWUX npeodpazosameneil HA UX OCHOBe
ona  obecneyenuss INEKMPOMAHUMHOU COBMECMUMOCIU  HASPY30K U KOMHIEKCHO20 YIYHUleHUs Kadecmeda HAnpsdiceHus 6
JIOKAIbHBIX cucmemax anekmpocuabocenus (JICOC) ¢ uckyccmeennoul Hetimpanvio. Ilpeodnosicennvie mpexgasuvie cemu ¢
UCKYCCMBEHHbIMU  HYIEGLIMU  TOYKaMu mozym Ovimv 3¢pghexmusno npumenenvt 0as cozdanus JICOC ¢ omoenennvim om
OCHOGHOU cemu KOHMYPOM OJsi NPOMEKAHUs MOKO8 HYNeBOU NOCIe008aMeNbHOCNU Ym0 NO360A5em KOMNIEKCHO YIY4Uiumb
Kauecmeo — HANPAJICEHUs.  HA — 3AJHCUMAX — OMBEMCMBEHHbIX — nompebumeneti,  obecnedums — Ux  2NEKMPOMASHUMHYIO
cosmecmumocmy, a4 makdce — NOBbICUMbL  HadedlcHocmb  dnekmpochabocenus 6  JICOC — npu  evinonnenuu
mpebosanuii cmandapmog no IMC u I1YD.

Kniouesvie cnoea: snexmpomazHumnas coBMecmuMoCcmy, JIOKANbHAS CUCMEMA NeKMPOCHADIICEHUs; KA4ecmBo dNeKmpOoIHepUU,
HeMUHEUHAs U HeCUMMEMPUYHAs HAZPY3KA, QUIbMP MOK08 HYe60l NOCIe008AMENbHOCU, UOPUOHBI PUTLIMPOKOMNEHCUPYIOWULL

npeobpazosamers.
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