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HECUMMETPHS JUHEHHBIX HAHPH)KEHI/IIZI B 3AMKHYTBIX
IJIEKTPUYECKHUX CETAX C PACITPEAEJIEHHOU TEHEPAIIMEN KAK
NCTOYHUK JIEKTPOMATHUTHbBIX IIOMEX

Aunnomayus. B craThe pacKpbIBaeTcs aKTyalbHOCTb IPOOJIEMbl HECUMMETPHH JIMHEHHBIX
HaNpsDKEHUH B 3aMKHYTBIX 3JICKTPUYECKHUX CETSX C paclpe/leIeHHON reHepanneil Kak HCTOUHUK
AJIEKTPOMAarHUTHBIX IIOME€X, B YaCTHOCTH, IpoOJieMa »3IIEKTPOMArHUTHOW COBMECTHUMOCTH
OeperoBbIX M CYJIOBBIX TEXHHYECKUX cpeacTB. [IpencraBieHoO MareMaTHYecKOe OIMCaHue
mpolecca BO3HUKHOBEHMSI KOHIYKTHMBHOW Hu3kouyacToTHOM OMII mo koaddunueHty
HECUMMETPUH HAIPSLKEHUH 10 00paTHOM Mocae10BaTeNbHOCTH U alIlTOPUTM €TI0 HaXOKICHHUS.

Kntouegvie cnosa: KOHIYKTHBHAs AJIEKTPOMArHUTHAsE HU3KOUACTOTHAs INOMEXa, IOKa3aTeiau
KauecTBa AJIEKTPOIHEPTUHU, MaTeMaTH4YeCKass MOJEIb, IporpammupoBanue B cpene LabVIEW,
AIIEKTPOMArHUTHASI COBMECTUMOCTb.

1. Beenenue. CocrosiHue npoodJieMsbl

B cootrBerctBuuM ¢ «llmanom pa3Butus MHPpacTpykTypbl CEeBEpHOrO0 MOPCKOTO MYTH Ha
nepuon a0 2035 roma», yTBepKIAEHHOro pacnopsbkenuem IlpaButensctBa Poccuiickoit
®enepanuu ot 21 nexadbpst 2019 r. Ne 3120-p npenycMmarpuBaeTcsi pa3BUTHE UHPPACTPYKTYPbI
npubpexHbIX Tepputopuii CeBepHOro MOPCKOro MyTH, B YACTHOCTH, CTPOUTENHCTBO MPUYANIOB,
COBPEMEHHBIX IIOPTOB, MEPErPy30YHBIX LEHTPOB, HA OCHOBE pPEAIM3ALUN MEPOIPHUATHH IO
anekTpudukanuu  3TUX 00bekToB. [Ipy 3TOM  KadyecTBO  3JIEKTPOIHEPTUU  JOJKHO
perynupoBarbesi cranaaptoM ['OCT 32144-2013. 3HaunTtenbHas posib B BBINOJIHEHHH 3TOTO
IUIaHA OTBOJUTCS CyJaM TeXHUYECKOTo (JI0Ta U MJIaBaroIUM 00bEKTaM.

OddextuBHas paboTa OSTUX CyIOB B aKBAaTOPHHM TIOPTOB HAOMIOAAETCS TPH  HX
anekTpocHaOxkeHnn ¢ Oepera. Kak pe3ynbTar BO3HHKAeT MpobOiiemMa 3JIeKTPOMAarHUTHOU
coBMecTUMOCTH (OMC) OeperoBbIX U CYIAOBBIX TEXHUYECKUX CpelcTB. [IpuunHa 3Toro siBneHus
- He3HaYMTeIbHAsl MHTETpalibHask XapaKTePUCTUKA 3aMKHYTBIX O€peroBbIX JEKTPHUECKUX ceTeit
0,4-10 xB (monmHas MoOIIHOCTH TpEX(PazHOTO KOPOTKOIO 3aMbIKaHUS) C paclpenerieHHON
I —
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reHepanyeil 1 MHTEHCUBHAs 3CKajauus HelauHelHou Harpysku [1]. Iloatromy mpobnema DMC
OeperoBbIX CETEH U CYOBBIX JIEKTPUUYECKUX CETEH KaK pelieNTOPOB ABISACTCS aKTyalbHOM.

2. IlocTanoBka 3agaun

DneKkTpocHaOXKEeHHE CylHa C Oepera OCYIIECTBISETCS B COOTBETCTBUM C JOTOBOPOM Ha
SHEProcHa0XeHue, B KOTOPOM MPEAYyCMOTpEeHa ToUuKa nepenaqn dekrpudeckon sueprun (I'OCT
32144-2013). Oro rpaHuma JAelI€HMS MMYIIECTBA MEXIY COOCTBEHHHKaMHM I10 HIpPU3HAKY
o0nasaHrsg Ha OCHOBAHHM MPEIyCMOTPEHHOro 3akoHa. [loka3zarenu kayecTBa 3JEKTPUUECKON
SHEPTUM COTJIACOBBIBAIOTCS M 3aHOCSTCS B JOTOBOp. B 3TOM ciiyyae OHM BOCHPHUHHUMAIOTCS B
KauyecTBe II0Ka3aTeNeil ypOBHEW JIIEKTPOMATHUTHOW COBMECTUMOCTH [UIsl KOHJIYKTHBHBIX
HU3KOYACTOTHBIX 3JIEKTpOMarHUTHbIX mnomex (OMII) u mpenenbHbIX BEJIWYUH 3THUX MOMEX,
BO3HUKAIOIIUX IO JeiicTBHEM paboThl 000pyI0BaHUS IIIEKTPUUYECKUX YCTAHOBOK OEperoBod U
CyJIOBOM AJIEKTpUYECKOi cetu [2, 3].

I'OCT P 51317.2.5-2000 (M3K 61000-2-5-95) xnaccupunupyer OMII, B COOTBETCTBUU C
KOTOPBIM HECUMMETPHSI HANpsDKEHUH B TPEX(a3HBIX CUCTEMaX OTHOCSTCS K KOHIYKTHBHBIM
HU3Ko4acToTHEIM OMII. D10 omHa u3 Hambosee omacHbIx DOMII it 3neKkTpoABUTATEIBHON
Harpy3kd CYJOBOM D3JIEKTPUUECKON ceTH, BiMsouias Ha QopMy KpUBOW HamlpsKeHUs,
co3jamoluas  YTSDKENEHHBIM  pexkuMm  pabotbl.  Pacmpoctpansiercss 10  NPOBOJHUKAM
JJIEKTpoTIepeaun «Oeper — TEXHHYECKOE CYIHO». PasnuvaroTcs TOHATHS: HOPMHPYEMbIE
MoKa3aTenu KadyecTBa 3iekTposHepruu (KDJ), KoTopsle MOKHO pPerylupoBaTh B ONMpeAeNEHHBIX
JMara3oHax, U KOHIYKTHUBHbIE HHU3KouacTOTHbie OMII, KOTOpbIE MOIEKAT TOJABICHUIO C
HeNnblo obecrieueHus: IomycTUMoro ypoBHS OMC TeXHMUYECKHUX CPEACTB, HEOOXOAMMO MJis
MOBBIIIICHUSI TEXHHKO-)KOHOMHUYECKUX IIOKaszarenei paboThl CyHIOB TEeXHUYECKOro (hiora,
COXpaHEHUsI )KMU3HU U 3JI0pOBbs Jrojeit [4-7].

B cBs3u ¢ M3N0XKEHHBIM, 3a/layeil TaHHOW CTaThbU SIBJISICTCS MCCIEAOBAHHE HECHMMETPUU
JUHEHHBIX HAMPSKEHUI B 3aMKHYTHIX JIEKTPUUECKUX CETAX C pacHpeeICHHON TeHepanneil Kak
MCTOYHHKA HJIEKTPOMArHUTHBIX ITOMEX.

3. PesyabTatbl. MaTemaTuyeckasi MoJe/Ib NOABJIeHUA KOHAYKTUBHOI DMII

B Touke mnepenaunm 3iEKTPUYECKON SHepruum c Oepera KOHTPOJIUPYIOTCS IapaMeTpbl
nuHeHoro HanpsbkeHus. [Ipouecc GopmupoBaHus KOHIYKTHUBHBIX HHM3KO4acTOTHbIX OMII mo
HECUMMETPUU JTUHEHHBIX HAMIPSHKEHUN U3JI0KUM IIPU CIEAYIOLIUX IIPAKTUYECKUX YCIOBUSAX.

1 B cucremax JUHEHHBIX HaNpsOKEHUH TPEX M YETHIPEXIPOBOAHBIX TPEX(a3sHBIX ceTel
COCTABJIAIOLIME HYJEBOM IOCIEI0BATEILHOCTH OTCYTCTBYIOT. OOBACHSAETCS 3TO TEM, 4YTO
BEKTOpPHAas1 CyMMa JIMHENHBIX HAIIPSHKEHUN HEN3MEHHO PaBHA HYIIIO

Uap + Upc + Uca = 0. (1)

B cBs3u ¢ atum nokazarenem KO, nanbosiee CymiecTBEHHO OMHUCHIBAIONIUN HECUMMETPHIO
nuHenHbIX HampspkeHu mo ['OCT 32144-2013 HenmocpeICTBEHHO CBsI3bIBaeT KO3 UIIMEHT
HECHUMMETPUH HAIPSLKEHUH 10 00paTHOM mociae1oBaTeabHOCTH Ky

2 [lyctb mokasarenu HecuMMeTpuu HanpsbkeHui K, ycranosnennsie [[OCT 32144-2013 u
COIJIACOBaHHBIE B ONPEACIEHHOM MOPSAAKE CTOPOHAMM JIOTOBOpPa Ha dHEProcHaOXEeHHUE, paBHbI
Mexay coboi. [lpu »ToM HOpMUpOBaHHBIM TMoOKazaTenb K, craHoBuTcs ypoBHeM OMC
TEXHUUYECKUX cpeAcTB. HopmanpHO [nomycTuMmass HECUMMETpPHUS HANpPsKEHUN OLIEHUBAETCS
KOJIMUECTBEHHBIM 3HaueHHeM Kodpunnenta Koy, < 2 %, a npesienbHo JOMYCTUMbIE 3HAUCHNUS,
CcO0O0TBEeTCTBEHHO, Ky, < 4 %.

3 K ouenke »snektpomarHuTHoW oOctaHoBkM (OMO) B XapakTepHOW TOYKE CETH
JIOTyCKaroTCA 3HaueHus1 K,p, MONy4YeHHbIE yCpeIHEHUEM B IpoMexyTke BpemeHu 600 cek B
TedeHue Henenu (168 4 HempepbIBHOIO HM3MEpPEHUsi), MOJIyY€HHBIE B Ipoliecce HM3MEpEeHUi
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noBepeHHbIMU TpuOopamu mokazateneit KO (mampumep, Pecypc-IIKD) mnu msmepurensHo-
BBIYHCIUTENbHBIMU KoMITiekcamu (MBK).

[Tapametp K, B Tpéxdha3HON IEKTPUUECKON CETH SBIIACTCS TIEPMAHCHTHO pacipeaeiéHHON
BEPOSTHOCTHOHM CIy4aliHOW BEIMYMHOHN, 0OYCIOBICHHBIMH MHOTUMH CIY4allHBIMU COOBITHSIMU.
DTa BeJIMYMHA CBS3aHa C M0JIEM COOBITHIA, 3aBUCUT OT TAOJIHIIbI BEPOSATHOCTEH [&]

( Kv1, Kavao  Kaus, o) Kauis -"IKZUn) )
Py, Py, P;, ..,P, ...B, '

rae Koy, Koyo, Koys, -0 Koyiy - Koy — Bemmausbl k03 durnmenta K,y moaydeHHbIE
YCpeIIHEeHHEM B MpoMexyTKe BpemeHu 600 cex B TeueHue Heaenu, %o;
P,,P,, P, ..., P;, ..., P, — BEpOATHOCTH BOZHUKHOBEHUS 3TUX BEJIMYHH.

[Ipu nOCTHKEHHHM YpPOBHS, IMPEBBIMIAIONIETO HOPMAIbHBIC KOJIMYECTBEHHBIC ITOKA3aTEIN
koaddurmenta K,y;, 4acTh modist COObITHH (2) XapaKTepu3yeT KOHAYKTHBHYIO HU3KOYAaCTOTHYIO
OMII, BO3HUKIIYIO Oyarojapss OTJIMYHUTEIBHBIMA  OCOOCHHOCTSIMH  TEXHOJIOTHYECKOTO
MIPOM3BOJICTBEHHOTO TIpoIiecca, TpaHcdep, pacipeaeeHUs | dICKTPOnoTpedaeHus (pUcyHok 1).

Yo KEU'
Moy a=4%
4 — ! 1 I I 1 I 1 AP
2 e |
Ko, =2%
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a 42 B4 126 168 wac

Pucynok I - I'panuiibl BO3HUKHOBEHHS! KOHAYKTUBHON HU3KouacToTHOM DMII 110
kodppunmeHty K,y

[Ipouecc oOpazoBaHusi KOHIYKTHUBHOM HHU3Ko4dacTOTHOH OMII mo xoadpduumenty K,y
BBIPAXKAETCs CUCTEMON YpaBHEHUI
P(KZU,H < Kzui < KZU,H) > 0,05,
P(Kyyn < Koyi <) # 0

rne 6K,y — koHnykTHBHas HU3KouacToTHast DMII no koaddunmenty HecummeTpun
HanpsHKeHUH o 00paTHOM MOCIIe0BaTENbHOCTH, Yo.

Kay C 6Ky, 3)

A umenno: ccoutasch Ha ['OCT 32144-2013 u I'OCT P 51317.2.5-2000 (M3K 61000-2-5-
95) BennuuHa 6K,y hopMupyercs B 3J€KTPUUECKOM CETH, €CIIM B TeUEHHE pacu€éTHOI0 BpeMEHU
(168 ) BepositHOCTb P (Kyyy < Kuyi < Kyyn) yeranoBnenus K,y B penenax (2 % < Ky <
4 %) npesbimaer 0,05, a BepostHOCTE P(K,yp < Koy; < ) ycranosinenus K,;; B npemenax
(4 % < K,y; <) He paBHa Hymo. [lomexa 6K,y mosiBiIsieTcsl B pe3yibTaTe BbINOJIHEHUH
TOJILKO OJHOTO U3 MEPEYUCICHHBIX YCIOBUS.

OYHKIMM pacHpelesieHus BEpOSITHOCTEH, NMpuBeAEHHbIE B MaTemMaTHueckod monenu (3),
10CJIe MHTETPUPOBAHUS MPEJICTaBICHBI (OpMYIaMU

4

P(KZU,H < Kzy; < Kzu,n) = Jl/)(Kzu)d(Kzu)' (4)
2
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P(Kyyn < Kpy; < 0) = f Y(Kay)d(Kay), (5)
4
rae Y (K,y) — IIOTHOCTH BEPOSTHOCTH pactpeesieHust Benuuunsl Ky, 1/%.

[ITOTHOCTH  BEPOATHOCTH  pACHpPEACNCHHUS  SABISETCS HEOTPHUIATENBbHOM  (PyHKIHEH.
Nurerpupyemas Gpyuaxuust P (K,y) yIOBIECTBOPSIET IBYM YCIOBHUSIM

Y(Kzy) =20,

f l/)(KZU)d(Kzu) =1. (6)

st xapaktepuctuku nomexu 6K,y HEOOXOAWMO OINpeNeIuTh MOMEHTHI paclpeieiIcHuUs
CIy4ailHOM BeJMYMHBI K,; WU BEPOATHOCTHb NOSIBJICHHS ATOM MOMeXH. J[Id NOCTHKEHUS LIENU
BOCITOJIB3YEMCSl TIOJIOKEHUSIMU TEOPHUH MPOU3BOIAIIUX (YHKITHH [9].

JleiicTBuTenbHble MepeMeHHble Kodpdunuenta K,;, KOTOpble B 3aBUCUMOCTH OT
MOJIyUYEHHBIX PE3YyJIbTaTOB MU3MEPEHUN, MPUHUMAIOT pa3iinyHble 3HaueHusd K,y; (2), aBistoTcs
JUCKPETHBIMU CIIy4alHbIMH BeJIMYMHAMU. XapaKkTepu3yroTcs 3HaueHusmu suaa 0, 1, 2, 3..., T.e.
OTHOCSITCS K HATypalbHBIM YHCIaM. OJTO SBISETCS OCHOBAaHHEM MJi TOrO, YTOOBI BMECTO
XapaKTepUCTHUeCKONH (YHKIMM ciaydailHbIX BenudyuH K, HCHONB30BaTh MPOU3BOJISIIYIO
(GYHKIMIO A7 HaXO0XK/IEHUS MOMEHTOB pacIipeieIeHus.

C nosunuu pemiaeMoi 3aJayv HapsiAy C BEIMUYMHOW K,p;, 3aBUCAILEH OT ONpPEAEIEHHOIO
3aKOHA PACTIPEICIICHUSI TEOPUU BEPOSITHOCTEM U MAaTeMaTUYECKOW CTaTUCTUKH (2), IpeACTaBUM
KOHAYKTHUBHYIO HU3KouacToTHYI0 DMII §K,; B nokazarenbHOI (popmMe KOMILIEKCHOM BEITUYUHBI
[10]

5K,y = eltKau, (7)

MaremaTHueckoe oKuanue BenuunHbl 6K,y OyaeT HekoTopoil pyHKIuel ot t, T.e.
M[6K,y] = M[eltKav], (8)
rjae t — AEMCTBUTEIBHBIN ITapaMeTp, XapaKTepU3YIOIHUN IPUHAUIEKHOCTE Ky ; K
pactipeaenenuio (2);
Jj= V=1 — muumas eINHUIIA.

Ota QyHKUMS, B HAIllEM clly4dae, SABJISIETCS MPOU3BOAsAIIEH QyHKIMEH cliydailHON BEJIMYUHBI
K,y. 3Hauut, moj mnpousBojsimied (yHKIMEH ciydaiiHOM BenuuuHbl K,; TOHMMaercs
MaTeMaTHUeCKOe OKHIAHHE HEKOM CIydaifHOi KOMILIeKCHOH BemmumHE! e/ K20, xoTopas nmeer
CBOICTBa, aHAJIOTMYHBIE CBOMCTBAM XapaKTEPUCTUUECKOW (DyHKIIUU:

* paBHOMEPHO HENpepbIBHA Ha BCEW JeHCTBUTENbHON ocu: mpu t=0 M [ejtKZU] =1; npu
(—o0 < t < ) M[eltKav] < 1;

* eclu ciydvaiiHoe 3HaueHue K,; o6iajaeT MOMEHTOM paclpeaeseHus MopsiiKa n, TO OHa n
pa3 nuddepenuupyercs 1o t.

[TomumoO cka3aHHOTO, JIOTMOJHUTENBHO K XapaKTePUCTHKE MPOU3BOIAIICH (QYHKIINH
BBIJICJIMM U3 TEOPHHM 3THX (YHKIMM J[Ba OCHOBHBIX NojoxeHus. IlepBoe yTBepxkmaer, 4yTo
npou3BosAnIas PYHKIMS OJHO3HAYHO OMpEeNseT paclpelieieHre BEpOSITHOCTEH Tak, YTo He
TOJIbKO KaKIOMY 3aKOHY paclpezieNIeHHs OTBeYaeT ONpeieiEHHa MPOU3BOAIAs GYHKIUS, HO H,
o0paTHO, KaXXIoW mNpous3BoAAlIeH (YHKIUU COOTBETCTBYET €IUHCTBEHHOE pacIpe/esieHue.
Bropoe mnosoxeHue yTBEpKAACT, YTO €CIHA IIOCIEI0BATEIbHOCTh 3aKOHOB paCIpeNeleHUs
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P, (KZU,H <Ky; < Kzu,n):Pz (KZU‘H <Ky < KZU‘H),... MPOU3BOAAIINX (QYHKIIMI CBOJIUTCS K
MPOM3BOIAIICH (PYHKIIUH 3aKOHA P(KZU’H <Ky << Kzu,n)’ TO U CaMH 3aKOHBI P; (KZU,H <
Koy i < Kzu,n); PZ(KZU,H <K,y; < Kzu,n)m CXOAATCA K 3aKOHY P(KZU,H <Ky; < Kzu,n)-
Takum oOpa3oMm, Ha OCHOBAaHHMU TEOPEMBI O PABEHCTBE HAYaJbHBIX MOMEHTOB, a TaKKe
CJIEICTBUS O PAaBEHCTBE LEHTPAJIBHBIX MOMEHTOB PaCIpPENEIICHUs HEIPEPBIBHOM ClydaliHOU
BEJIMUMHBI U €€ MPOou3BOAsIIeH (YHKIIMN UMEEM PaBEHCTBA
M[K;y] = M[6K5y]; )
oKyl = o[6K5y), (10)
rae MK,y ], M[SK, ] — MaTemaTnyeckoe 0)KHIAHHE COOTBETCTBEHHO BEIUYMHBI
KZU U 61(2 U %,
0[Kyyl, 66K,y ] — cpennue kBagpaTHuecKrue OTKIIOHEHHUS STHX BEIUYHH, %6.

W3 BTOpOro monoXeHHs BBITEKAET YTBEPXKACHHE O TOM, YTO IUIOTHOCTH BEPOATHOCTH
pacrpeziefieHus HEeMpepbIBHOM ciaydaiHON BeNW4YuHBbl K, XapakTepHas AJsl ONpeneiaéHHOro
3aKOHa pacrpeesieHus CIIy4aiiHON BEIHMYHUHBI TEOPUU BEPOSITHOCTEH, COOTBETCTBYET INIOTHOCTH
BEPOATHOCTH pacrpeeicHus npousBogsineii Gpyukuuun M[SK,;]. Kak pesyiabrar, MoXHO
3anucarhb

Y{Koy, M[Kyyl, 0[Koyl} = Y{6K,y, M[6Kyyl, 0[6K5y 3. (11)

BeposiTHOCTh TOSIBIIEHUSI KOHAYKTHBHOM Hu3kodactotHoit OMII 8K,; mnpexacraBieHa
dbopmyoit
P(6K,y) = P(Koun < Koy < Koynn) + P(Kayn < Kpp; < ) — 0,05, (12)

[MosyyeHHbIe MapaMeTpsl KOHIYKTHBHON Hu3kouacToTHOM DMII M[SK,y], 0[6K,y] u eé
BEPOSITHOCTh BO3HUKHOBeHHs P[0K,;;] 3a M3MepeHHBIN NEPHOI BPEMEHH XapaKTEPU3YET 3Ty
IIOMEXY KAK CIIy4alHYIO BEJIMYUHY.

4. O6cyxnenune

Ha ocHOBaHuM W3MOKEHHOTO pa3paboTaHbl: METOAMKAa OOpabOTKM MOJNYUYEHHBIX JaHHBIX
nokaszaresjeil KadecTBa JJIEKTPUUECKOM »Hepruu mo koddpduuueHty K,y (CBUAETENBCTBO O
perucTpanuu >1eKTpoHHOro pecypca Ne 2016661752); anropuTM ornpeneneHust 3Tol MoMexu;
nporpamMma it OBM 1o pacuery mapamMeTpoB, XapaKTepU3YIOIIMX onuckiBaeMyro OMII
(RU2016661752). Ota nporpammMa Obliia pa3paboTaHa B cpejie mporpammuponanus LabVIEW -
rpaduyeckoit cpene u 1atdopme Uil pa3pabOTKH, KOTOpas TIO3BOJIAET YIPAaBIATH,
CUHXPOHHM3UpPOBaTb U HMEPAPXUUECKH CTPYKTypUpOBaTh alIrOpuT™M OOMEHa JaHHBIX C
000py/I0BaHUEM, COJIEPKUT MaTeMaTHUeCKUe OMOINOTEKH, TIO3BOJISIOLINE BBIMOIHATh CIIOKHBIN
aHanu3 AaHHbIX [11-14]. DTa KOMIbIOTEpHas MporpamMma IMO3BOJISIET MOJIB30BATENI0 OLEHUTH
pe3yabTaThl U3MEPEHHH, TToNTy4eHHbIe HHANKaTopoM KD. [ToMumMo 3T0r0, 6071BI10€ KOTUYECTBO
COBPEMEHHBIX HMHAMKATOPOB KayecTBa 3JIEKTPOIHEPIMM IIO3BOJISIIOT PE3YJIbTAaThl M3MEpPEHUI
skcrioptupoBath B ¢opmar XLS. PazpaboTka mporpamMmMHOro 0O0€CTI€UEeHHs BBITIOJHIETCS C
HOMOIIBI0 (DYHKIIMOHAIBHBIX OJIOK-cXeM (OJIOK-TuarpaMM) C HMCIOJIb30BaHUEM TIpaduyeckoro
a3blka «(3», OCHOBAaHHOTO Ha MOJIETH IMOTOKOB JaHHBIX. [Iporpamma cmocoOHa paboTaTh Ha
IBM-PC - coBmectumsbix I1K Ha muat¢opme MHOTHX ONEpallMOHHBIX CHCTEM.

Ha pucynke 2 mokaszaHa CTPYKTypHas CXeMa IpOrpaMMbl, KOTOpasl MpeJCTaBisieT coOoii
Ha0Op B3aUMOCBSI3aHHBIX OJIOKOB M ONEPAaTOPOB, KOTOPBIE 3aTOUEHBI Ha OIpeJleIeHHbIE 3a/1a4H,
TaKMe KaK MMHTAlMs BELIECTBEHHBIX MPOIECCOB, MPEJACTaBICHHUE (PU3UUECKHX MPOLECCOB C
MIOMOIIIBIO ONEPATOPHBIX (PYHKIMI M KOHCTAHT, BU3yaJIH3alMs MOJYYEHHBIX MAHHBIX U T..I.
KomneloTepHast mporpamma ocyuiectBiser coBMectumocth ¢ MatLab (Simulink), 6maromaps

Mamepuanst MescOyHapoOHO20 HAYYHO-NPOMBIUIEHHO2O hopyMa
Cexyusa Il Duepeoaghpexmusnocmo nHa mpancnopme




BUPTYQJIbHbIM HMHCTPYMEHTaM M 3JEMEHTOB YIPAaBJICHUS MOMOTaeT IMOJIb30BAaTENI0 JIETKO
CIOPAaBUTHCS C TOCTaBICHHBIMH 3aJjauaMi, aBTOMATU3UPYET BBIYMCIECHUS U OTOOpaKeHUE
BU3YaIM3UPOBAHHBIX PE3YJIbTATOB, B YACTHOCTH, BHIBOJ 3HAUCHUH MapaMETPOB M OTOOpaKEHUE
ocuunorpamm [15]. IlpeacrtaBieH Takke ajropuT™M CHUMMETPUPOBAHHUS HAIPSIKEHUH B
QJIGKTPUYECKOM CETH Ha  OCHOBE  HAaXOXACHHS  Hauboyiee  ONTUMAIBHOH  CXEMBI
3EKTPOCHA0KEHUSI KOHEUHBIX NMOTpeOuTeNel (CBUACTEILCTBO O TOCYIaPCTBEHHON PEruCTpaluu
AJIEKTPOHHOTO pecypca Ne23664).
N3noxxeHHOe CBUIETENBCTBYET O IMIMPOKOM arpoOaIiy peieHus MoCTaBIeHHOM 3a/1auH.
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BriBoasbI

1. KonayktuBHas HuzkodactotHas OMII no ko3 duirenTy HecuMMETpUU HaNPsHKEHUH 110
oOpatHOW mocnenoBareabHOCTH 0Ky, XapakTepusyromlas 3JIeKTPOMarHUTHBIM Tpolecc B
Tpéxda3HbIX cHCTEMaxX MpPHU BO3HUKHOBEHWHM HECHUMMETpPUH, O0JIafaeT  CIeIyIOLUMU
CBOMCTBAMH:

* SBJISIETCS] CTOXACTUYECKON BEJIMUYMHOM, ONpe/leIEHHON MyTéM MaTeMaTu4eckoi 00paboTKu
pesynbraroB  usMmepenuit MBK wimm  npyrumu  noBepeHHbIMH NpUOOpaMM  3HAYEHUU
kodurmentoB K, (ycpenH€Hubix B npomexytke 600 cex) 3a pacu€THBIM MEPHOJ, paBHBIN
BpPEMEHH MHTEpBaJIa B 0JIHY HeJenmo (168 4 HenmpephIBHOTO U3MEPEHHUS);

* gBSIETCA JIOKAIbHBIM mapamMerpoM OMO B 3JIEKTPOZHEPIETUYECKOW CHCTEME
(HaOnrofaercs B OCHOBHOM B CETSAX CPEIHET0 U HU3KOTO HAIPSHKEHUH );

* XapakTepusyeTcss MHTErpanbHOM (yHKIMel pacnpeneneHus (IIOTHOCTBIO BEPOSTHOCTH
pacnpenenenns, MaTeMaTHYeCKUM OKUJAaHUEM, CPEIHHM KBaJIpaTHUUeCKUM OTKJIOHEHHEM) U
BEPOSTHOCTBIO TOSBICHUS 3a Pacu&THBIA Nepuoj HaOIIOACHUS, YUUTHIBAIOIIUN JIOMYCTHUMYIO

Mamepuanvt meacOyHapoOH020 HAYUHO-NPOMBIULIEHHOZO0 (opyma
Cexyusa Il Duepeoaghpexmusnocmo nHa mpancnopme




BEPOSITHOCTh OTKJIOHEHHS K,; OT HOPMHUPOBAHHOTO (COTJIAaCOBAaHHOTO) 3HAYCHHUS, 00JacTh
ompeneneHus 3Tor (QyHKIUU (OPMHUPYET COBOKYIMHOCTH 3HA4YeHHWH K,; MO COOBITHH 3a
HEJIEIIO;

* WMeEeT CIeIylolue Tmapamerpsl pacnpenencuus: M[6K,;] — Maremaruueckoe
oxunanue, %; o[dK,y] — cpennee kBaaparuyeckoe otkioHenue, %; P(SK,y) — BEpOSTHOCTH
MOSIBJICHUS 3@ PACUETHBIN EPUOJ, O.€.;

* pachpocTpaHsieTcsi MO KaHajly TajlbBAHWUYECKOW CBSI3U: IO CHJIOBBIM IEMsIM JIMHUMN
AIIEKTponepeaayn «o6eper — CyJHO TEXHUUECKOTo (hoTay;

* IMEET MHUPOKYIO 00JIaCTh pacIpoCcTpaHeHus B dIeKTpudeckux ceTsax 0,4-10 kB.

2. C no3unmu obecriedeHrss IMC TeXHHUECKUX CPECTB BBIICISIFOTCS CIIeAyIOIIe Hanboiee
Ba)KHbIE CBOMCTBA KOHIYKTUBHOM HU3Ko9acToTHOU DMII 6Ky y):

* TEXHUYECKUE CPEJICTBA B AJIEKTPUUYECKUX CETSIX, (DYHKIIMOHUPOBAHUE KOTOPHIX OCHOBAHO
Ha 3aKOHaX  DJJIEKTPOTEXHUKH, PATUOTEXHUKUM U IIJIEKTPOHMKH, SBISIFOTCS pELENTOpaMH,
pearupyouuMu Ha 3Ty KOHYKTUBHYIO HU3KO4acTOTHY0 OMII;

* XapakTepu3yeT HeAOMyCTUMBIH ypoBeHb DMC TEXHHMUYECKHX CPEICTB MO KOA(PHHUIMEHTY
Kau;

* SBJISIOTCS KPUTEPHSIMH KadecTBa (YHKIIMOHHPOBAHHS TEXHUYCCKHX CPEACTB B
AIIEKTPUYECKUX CETAX, 00YCIIOBIEHHOIO HECUMMETPUEHN HaNpPsKEHUH;

* [IOJJICXKUT I10/IaBJICHUIO.
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LINE VOLTAGE IMMETRY IN CLOSED ELECTRIC NETWORKS WITH
DISTRIBUTED GENERATION AS A SOURCE OF ELECTROMAGNETIC
INTERFERENCE

Mikhail E. Pereladov, Vasily G. Salnikov, Dmitry M. Ivanov,
Yulia M. Denchik, Elena V. Ivanova

Annotation. The article reveals the relevance of the problem of asymmetry of line voltages in
closed electrical networks with distributed generation as a source of electromagnetic
interference, in particular, the problem of electromagnetic compatibility of coastal and ship
technical equipment. A mathematical description of the process of the occurrence of a
conductive low-frequency EMF by the voltage unbalance coefficient in the reverse sequence and
an algorithm for its finding are presented.

Keywords: conducted electromagnetic low-frequency interference, power quality indicators,
mathematical model, programming in the LabVIEW environment, electromagnetic compatibility.
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