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AHHOTALMUA

AkTyanbHocTb. CynoBOe 37IEKTPOHHOE M 3M1EKTPOTEXHUYECKOE 000pYL0BaHME He MOXET ObiTb MOCTaBNEHO Ha Cyna, ecnu
OHO He COOTBETCTBYET TpebOBaHWAM MO YCTOMYMBOCTM, NPELbABNAEMBIM K UMNYALCHBIX NoMexaM. [Mpu ucnbiTalusx obopy-
L0BaHus, CNPOEKTUPOBaHHOrO Be3 yyeTa 3Tux TpeboBaHuii, puKcupytoTcs cbom B ero pabote. BaxHo yMeTb NporHo3upoBatb
3¢ deKTbl BO3LENCTBIUA MOMEX Ha CTaAuM NPOEKTUPOBaHMS 060pya0BaHMS.

Lienb pabotbl — AaTb MaTeMaTU4ECKWEe WU CXEMHbIE MOAENN UCTIbITAaTeSbHbIX FeHepaTopoB MMMNY/IbCHBIX NOMEX LIS OLeHKY
YCTOMYMBOCTU CXeM 000pYL0BaHMA K UMMY/bCHBIM NOMeXaM Npu Ux paspaboTke.

MeToapl. Pesynbratel pabotbl basupytoTca Ha TpeboBaHMAX PoccuitcKoro MOpCKOro perncTpa CyAoXoACTBa MO 3/eKTpoMar-
HWUTHOWM COBMECTUMOCTH, AOKYMEHTaX MeXAYHApOLHOW 3neKTpoTexHuyeckon Kommccum cepum [EC 61000-4. Mcnonb3oBaHbi
MaTeMaT1yecKue onmcaHus CUrHanoB UMNYNbLCHOM GOPMbl, NPOrpaMMbl MOLLENMPOBAHMS CXEM B 0611aCTU 3NEKTPOTEXHUKMU.
PesynbTarbl. [laHbl GOpMynbl, ONUCHIBAIOLLME UMMYSbCHBIE MOMEXM CO CTaHAAPTHbIMW NapaMeTpamu. MpuBeaeHbl AeTanb-
Hble CXEMbI UCMbITATeSIbHbIX FeHepaTopoB ANA UCMOb30BaHWs B MOAENMPYIOLLMX NPOrpamMMaX, AaHbl NpUMepbl pe3ynbTaToB
MOZE/IMPOBaHUSA W MOrPeLUHOCT UMUTUPYEMBIX NapPaMEeTpoB MOMEX.

BbiBogbl. MpUMeHeHMEe MpeAnoXeHHbIX Mofeneil No3BoNseT NPOrHO3MPOBaTh Pe3ynbTaT BO3LENCTBUS MOMeX Ha CTaauu
NPOEKTUPOBaHWA 0BOpYAOBaHMA 40 NPOBEAEHMA WUCTbITaHUIA Ha MOMEXOYCTOMYMBOCTb, YTO COKpALLaeT BPeMs W 3aTparbl
Ha aopaboTKy 0bopynoBaHuS.

KnioueBble cnoBa: reHepaTop MMNynbCHbIX NOMEX; MaTeMaTUYeCKaa Mofesib; CXeMa OJid MO esIMpoBaHUA; UCNbITaHUA;
3J1IeKTpOMarHMTHaa COBMeCTUMOCTb.
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ABSTRACT

BACKGROUND: Marine electronic and electrical equipment may not be supplied to ships unless it meets the impulse noise
immunity requirements. Tests of equipment designed without due regard of such requirements record its failures. It is important
to be able to predict the effects of noise at the equipment design stage.

AIM: To provide mathematical models and circuit simulations of test impulse noise generators to verify the impulse noise
immunity of circuits during their development.

METHODS: The study is based on the electromagnetic compatibility standards of the Russian Maritime Register of Shipping and
[EC 61000-4 standards of the International Electrotechnical Commission. The study uses mathematical descriptions of pulse
waveforms and electrical engineering software used to simulate circuits.

RESULTS: The study provides formulas describing standard impulse noise, detailed diagrams of test generators used
in simulation software, examples of models, and errors of simulated noise parameters.

CONCLUSION: The proposed models and simulations allow predicting the effect of noise at the equipment design stage prior
to noise immunity tests and reduce the time and cost of equipment modification.
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JHEPTETUKA N 3NEKTPOTEXHUKA

BBEJJEHUE

Mpasuna Poccuiickoro MOpCKOro peructpa CydoXoAcTBa,
obwme craHgaptel Ans 060pynoBaHUS MPOMBILLIEHHONO,
ObITOBOrO, CMeLManu3MpoBaHHOTO Ha3Ha4yeHus, CTaHaap-
Tbl Ha Pa3NIMYHYK NPOAYKUMIO PErnaMeHTUpytoT TpeboBaHus
Mo YCTOMYMBOCTM K WMMYNbCHBIM MOMEXaM. 3NEKTPOHHOE
W 3NEKTPOTEXHMYECKOE 000pYNOBaHWE JOMKHO NPOXOLUTL UC-
MbITaHWA Ha BO3LEMCTBME UMMYNLCHBIX MOMEX C OMpeaesieH-
HbIMW CTaHAapTHLIMW NapaMeTpamu [1, 2]. MoMexu co3patotcs
UCMbITaTeNbHBIMW FeHepaTopaMm, XapaKTepUCTUKU KOTOpbIX
npvBeseHbl B 6a30BbIX CTaHAApTaX MO 3NEKTPOMArHUTHON CO-
BMECTMMOCTH, COOTBETCTBYHILUMX MEKAYHApPOLHbIM CTaHAap-
TaMm cepum IEC 61000-4. Mpy NpOEKTMPOBAHUM U U3TOTOB/IEHWM
Pa3NUYHBIX TEXHUYECKUX CPEACTB BaXHO obecneunTb Tpebye-
MYl0 YCTOMYMBOCTb K UMMYNbCHBIM MOMEXaM, CO3[aBaeMbiM
UCNbITaTeNbHBIMU reHepaTopaMu. OnbIT MCMbITaHWUA FOBOPUT,
4TO MMMYMbCHbIE MOMEXM 4acTo MPUBOAMT K cbosM B pabote

Tom 4, N° 3, 2025

Tpyasl CaHkT-lleTepbyprckoro rocyaapcTBeHHOro
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o6opyaoBaHus, CNpoeKTUpoBaHHOro 6e3 yyeTa TaKoro Bo3aen-
cTBus [3, 4]. Ha cTapumn npoeKTMpoBaHKA M CO3aaHWA NpoToTy-
na obopyaoBaHus HeobX0AMMO MMEeTb BO3MOXHOCTb MPOrHO-
31poBaTh pe3ynbTaT BO3AENCTBUS NoMeX, AN Yero Tpebytotes
MaTeMaT4ecKue MOLLENW NOMeX U MOAENN CXEM UCTbITaTe b-
HbIX reHepaTopoB, COOTBETCTBYHOLLMX Da30BbIM CTaHAApTaM.

MATEMATUYECKOE OMWCAHUE
UMMYNbCHbIX NOMEX, UCNOJIb3YEMbIX
ANna UCNbITAHUX OBOPYI0BAHUA

MapameTpbl 1 hOpMbI UMNYNBCHBIX MOMEX, CO34aBaeEMbIX
MpW NPOBEAEHUM UCTbITAHWIH, NpuBeaeHbl B Tabn. 1. B nep-
BOM CTonbLe AaHbl HOMepa MeXAyHapoaHbIX CTaH[ApToB,
Ha 0CHOBE KOTOpbIX pa3paboTaHbl 0TeYeCTBEHHbIE CTaHAAPTI
[5-7], a TaKxKe HaMMeHOBaHWA NOMeX, UCMOMb3yeMbix B Poc-
cun. B ckobKkax npuBeneH [OCNOBHBLIA NEpPeBof, Ha3BaHWW,
NMPUMeHSIeMbIX B MeXOYHapoAHbIX cTaHAapTax. Bo BTopoM

Ta6nuua 1. TPEEOBEHMH 6a30BbIX CTaH[apTOB, onpeaenawnLwmx MeTOANKY UCMbITaHWM Ha YCTDVI'-WIBOCTI: K UMNYNbCHbIM NOMeXaM

Table 1. Basic standards defining the impulse noise immunity test methods

CTaHD,apT 1 BUA, NoMexu | [DOPME! nomexun

MapameTpbl

IEC 61000-4~4 u(t) Avnvtypa U,,=0,5; 1; 2; 4 kB+10%
HaHoceKyHAHbIE MMMYTbCHBIE u, [\ Bpems HapacTanus (GpoHT) £5,=5 Hc+30%
nomexu 08 N Ha yposHsx 10-90% ot U,, Ha Harpy3ke 50 OM
(BbicTpble NepexofHble NpoLecch f \ InvtensHocTs £;=50 He +30% no yposio 50% ot U,
UK NayKm). 0,6 Ha Harpy3ke 50 OM.
\ BeixogHoe conpomenerue 50 Om
04 \\
0,2 \
0 20 40 60 80 t, HC

IEC 61000-4-5 u(t) Avnnutypa U,,=0,5; 1; 2; 4 kB+10%
MuKpOCeKyHIHbIE UMMYSbCHbIE U, Bpems HapacTahus (GpoHT) £4,=1 MKc+30%
nomexu 08 Ha yposHsax 10-90% ot U,
(BbIbpochl HanpsiKeHwst) \ [nvtensHocts £,=50 MKc +20% no yposHio 50% ot U,

0.6 Ha XornocToM Xozy.

\ BeixoaHoe conpotusnerme 2 OM
04 M, MapaMeTpbl TOKa KOPOTKOTO 3aMbIKaHWsA reHepaTopa
' \\ 1,2025; 0,5: 1; 2 kA+10%
02 e 1064 MKC+30%
t,=16 MKc +20%
0 20 40 60 80 t, MKC
IEC 61000-4-18 utt) Avnnurypa U,,=0,5; 1; 2; 4 kB+10%
3atyxatowime KonebatenbHble u, Bpemst Hapactanus (dpoHT) 26,=75 He+20%
nomexu (3atyxatowime 05 Ha yposHsx 10-90% ot U,
KonebaTenbHbIe BOSHbI) ' Yacrora konebanui /=0,1 1 1 Ml +10%.
n m n n 3atyxaHue MeHee 50% 3a nepsble 5 nonynepuosoB
0 NN/ v 6onee 50% 3a 10 nonynepvofoB KonebaHus.
U V V \ﬂ\v VIV YL g 2000
bIXO[JHOE COMPOTUBNEHME M
-05

t, MKC
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cTonbue npueeneHa hopMa c034aBaeMOro Npy UCMbITAHUAX
MMNYNbCHOTO HanpspKeHns. AMNAUTYAa MMNYNBCHBIX NMOMEX
Um pernameHTvpyeTcs B TpeBOBaHMAX Ha KOHKPETHBIN BUA
obopyaoBaHWsA No ero MecTy YCTaHOBKM, HanpuMep, AN Ccy-
noBoro 06opynosaHua B [1, 2], Ho BbibMpaeTcs U3 npuBeaeH-
HOro B TpeTbeM cTonbue Tabn. 1 paga.

Hanbonblume 3HauyeHMs amnauTyabl NPUMEHSAIOTCA
AN 000pyaoBaHMs, paboTaloLLero B XECTKONM 3NeKTpoMar-
HUTHOW 00CTaHOBKe WM onpegensioLiero 6e30macHoCTb.
YkasaHHoe BpeMs HapacTaHua (LnTenbHOCTb poHTa) UM-
nynbcoB onpepensetca Ha ypoBHax 10-90% ot amMnauTyabl,
HO B CTaHAapTax BO3MOXHO W Apyroe onpegeneHue 3Toi Be-
mumHbl. HeobxonmMo Beerga yTouHATb B HOPMaTUBHOM [0-
KYMEHTE KaK NMpOBOAUTCA U3MepEHUE MHTEPECYIOLLEro napa-
MeTpa. [UTenbHOCTb MMMYNbCa HaNpSAXKEHUs onpeaenseTcs
Ha ypoBHe 50% oT aMnAnTyAbl.

MNpuBeaeHHas B Tabn. 1 dopma MMMYNbCHBIX MOMeX
no ctanaaptam MOCT IEC 61000-4-4-2016 [1], TOCT IEC 61000-
4-5-2017 [2] moxKeT BbITb onMcaHa BUIKCMOHEHUMANbHBIM
MMMNYNIbCOM:

[na nonyyeHns AnuTeNbHOCTM QPOHTA 5 HC, LJIUTENb-
HocTM uMnynbca 50 HC U eAMHUYHOW aMNUTYabl UMNYMb-
ca U,=1 no lOCT IEC 61000-4-4-2016 cnenyeT nonoxuthb
E=1,261,11=3,3-107 ¢, 12=56-107 c.

[Ins nonyyeHue pnutenbHocTM dpoHTa 1 MKC, AnUTeNb-
HOCTM uMnynbca 50 MKC M eAVHUYHOA aMNAUTYAbI UMMYb-
ca U,=1 no TOCT IEC 61000-4-5-2017 cnenyeT nonoxuthb
E=1,04,t1=0,5-10% ¢, 12=68-10 c.

MOCT IEC 61000-4-5-2017 npepmycMaTpuBaeT TaKKe MUC-
MbiTaHWe COeAMHUTENBHBIX JIMHMIA BOMbLLION NPOTAXEHHOCTH
MMNYNbCaMK HaNPSXKEHUS C A/IMTENBHOCTBI0 PPOHTA 6,5 MKC
npy aamtenbHocTv umnynbea 700 MKc. [1ns nonyyeHms Takmx
napameTpoB Npu efuHUYHON amnnuTyne U, =1 cnepyet no-
noxutb £=1,022, 11=3,15-10"° ¢, 12=983-10° c.

R1 X1 L1 R3
100k 53n 50 Y1
7 YT | — < u

R2 R4

P
V1 3N 20
[

Puc. 1. Mogenb ucnbitatensHoro reHeparopa no IEC 61000-4-4.
Fig. 1. Test generator model compliant with IEC 61000-4-4.
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KonebatenbHble 3atyxatowme nomexu no MOCT IEC 61000-
4-18-2016 [3] onmcbiBaloTCA BbIpaXeHNEM:

[na nonyyennsa pantenbHoCTU GpoHTa 75 HC M KonebaHuid
¢ yactotoi 100 Kl npu amnautyae U, =1 cneayet nonoxuTb
E=1,018, t11=37-10" ¢, 12=40-10"° ¢, ®=2m-100000.

CXEMbI 11 MOJE/TMPOBAHUA
UCTbITATE/IbHbIX TEHEPATOPOB

[insa oLeHKM BO3JENCTBUA UMNYMBCHBIX NOMEX, B Mofe-
nmpytowwwmx SPICE nporpaMMax, HeobxoaMMo UMETb CXEMHble
MOJENMU UCMbITaTeNbHbIX FEHEPaTopOB.

B KkauectBe Mogenu reHepatopa HaHOCEKYHAHbIX WUM-
nynbcHbx nomex no OCT IEC 61000-4-4-2016 npepnaraetcs
UCMONb30BaThb CXEMY, MPUBELEHHYI0 Ha puc. 1.

B cxeme, Habupaemon B Mopenmpytowei SPICE nporpam-
Me, uaeanbHbli UCTOUHUK V1 NOCTOSHHOMO HaNpsXKeHWs Befu-
unHon £=1,11 obecneunsaeT 3apsif HaKONUTENBHOIO KOHAEH-
catopa C1=3,3 u®d, KoTopbIii 3aTEM pa3psAXKaeTcs yepes KoY
X1 Ha uenb L1=55 ul'w, R2=20 OwMm, dopmupys Ha Bbixoge
UMNYNbC HaNpsKeHWs u ¢ TpebyeMbIMU NapameTpamm (puc. 2).
Kniou ynpaensietcs uctouHmkoM V2, Kotopblit B MOMEHT =0
NOAAeT Ha KoY CTYMEHbKY HampsiKeHWs, U3MEeHSAIOLLYYI0 CO-
MPOTUB/IEHMUE KJloYa OT BECKOHEYHOCTW MoYTW Ao Hyns. Pe-
3uctop R3=50 Owm obecneuusaeT 3afiaHHoOe BbIXOLHOE CO-
npoTuBneHne reHeparopa. Pesnctop R4 sBnsieTca Harpyskom.
B pexume 6rm3koM K xonoctoMy xogy npu R4=10 xOm
aMna1Tyfa BbIX0AHOro Hanpsxenus pasHa U, =1. lpn nop-
KNo4eHnn Harpysku R4=50 Om aMnmTyaa [oMmKHa YMeHb-
LWKTbCA B 2 pa3a. [orpeLuHocTb 3Ha4YeHUs aMnInUTYABI MPU Mo-
[eNMPOBaHWM He NpeBbILwaeT 2,4% npu JOMyCTUMON BENMYMHE
no 10%. CraHpapTHas onuTenbHOCTb GpoHTa obecneunBaeTcs
Ha Harpy3ke 50 OM 1 Ha xonocToM Xofdy reHeparopa c no-
rpeLuHocTbi0 MeHee 12% npu gonyctuMoi norpetuHoctv 30%.

u
1

0.8
0.6 Ry=10 kOM
0.4 B

0,2

m\ " e
k_

0 20 40 60 80 t HC

Puc. 2. W3MeHeHne HanpsKeHWUs u Ha BbIXOA4E MOLENWU UCTbITaTeNbHOMO
reHepatopa no IEC 61000-4-4 npu Harpyske Ry=R4 c conpotuenexunem
50 Om 1 10 KOMm.

Fig. 2. Change in voltage u at the output of the IEC 61000-4-4 test
generator model (load: R;; = R4; resistance: 50 Ohm and 10 kOhm).
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R1 X1 L1 R4
100k 9,8u 0.87 RS Y1

Puc. 3. Mogenb ucnbitatensHoro reHepatopa no IEC 61000-4-5 ans anm-
TenbHOCTM 50 MKC.
Fig. 3. IEC 61000-4-5 test generator model for 50 ps width.

[avTenbHoCTb UMNYNbCa Takke COoTBeTCTBYET TpeboBaHUAM
cTaHaaprta npu Harpyske ot 50 OM o 10 KOM ¢ norpelwHoCcTb
MeHee 8%. [Ina MojenvpoBaHmMs reHepaTopa, Co3AatoLLEro 3a-
OaHHYI0 aMnauTyQy NOMexu, HeobxoauMO NMPOMOpLMOHANEHO
M3MEHUTb HanpsiKeHWe uctouHuka V1. HanpuMep, onsa cospa-
Hua noMexu ¢ amnautynon 4000 B Ha xonoctoM xoay Heobxo-
AvMo yctaHouTb £=1,11-4000=4440 B.

[eHepaTop MUMKPOCEKYHAHBIX WMMYAbCHBIX MOMEX Au-
TenbHocTblo 50 Mkc mo TOCT |EC 61000-4-5-2017 Mogpenu-
pyeTcsi CXeMOK, NpeACTaBAeHHON Ha puc. 3.

WcTouHnk V1 nocTosHHOrO HanpsiXeHus BeIMYUHON
E=1,03 obecneunBaeT 3apsg, HaKOMMTENLHOTO KOHAEHCaTo-
pa C1=6,3 Mx®D, KOTOpbIi N0 CUrHanY ynpaBneHus oT UCTOY-
HWKa V2 paspsxaetcs Yepes kntod X1 Ha uenb R2=24 Owm,
L1=9,8 mxI'H, R3=20 Om, dopMupys Ha BbIXOAE UMMNYIILC
HanpskeHus amnautygon U, =1 (puc. 4). YKasaHHble ane-
MeHTbI 1 pesnctop R4=0,87 Om obecneunsatoT TpebyeMoe
BbIXOAHOE COMpOTUBNIEHME reHepaTtopa 2 OM npu ycnosuw
R5=0. Cxema obecneunBaeT CTaHAapTHbie MapaMeTpbl
HanpsKEHWA XONOCTOr0 X043 WM TOKA KOPOTKOrO 3aMblKa-
HuA reHepatopa. [JononHutenbHblid pesuctop R5=10 Om

R1 X1 R3 R4
100k 15 25 Y1
- — — < U
<

Puc. 5. Mogenb ucnbitatensHoro reHepatopa no IEC 61000-4-5 ans anm-
TenbHocTn 700 MKC.
Fig. 5. IEC 61000-4-5 test generator model for 700 ps width.
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w1
1
05 u
0,6
04 [\ \‘"“.:._
0 \_/m
20 40 60 80 t, MKc

Puc. 4. /13MeHeHWe HanNpsKEHNs 1 Ha BbIXOAE MOJENM UCTIbITATeNbHOTO
reHepatopa 50 mMkc no IEC 61000-4-5 Ha xonocToMm xoay v Toka / npu Ko-
POTKOM 3aMbIKaHUM BbIXOAa.

Fig. 4. Change in voltage u at the output of the 50 ps test generator model
(IEC 61000-4-5) at idle and current 7 during output short circuit.

ucnonb3yetcs Npu nojaye noMex HeCUMMETPUYHO B Lienu
NUTaHusa 1 nonaraetca pasHbIM R5=40 Om npu BBOAE NO-
MeX B JIMHWKM cBA3n. Peauctop Ré n3obpakaeT Harpysky re-
Hepatopa. lorpeluHocTb 3HaUeHUs aMNUTYabl HanpsXeHUs
X0NI0CTOr0 XOfla W TOKA KOPOTKOrO 3aMblKaHWsA Npu MOAenu-
poBaHuM He npeBbiwaet 1%. [nutensHocTb GpoHTa U Anu-
TENbHOCTb CO3[1aBaEMOr0 UMMYNbCa COOTBETCTBYET TpeboBa-
HWAM CTaHapTa C NOrpeLUHOCTL0 MeHee 5% npu aonycTuMoi
norpeLuHocTn cooteTcTBeHHO 30% U 20%.

[eHepaTop MUMKPOCEKYHAHBLIX WMMYNLCHBIX NOMEX Au-
TenbHocTbio 700 Mkc no TOCT IEC 61000-4-5-2017 Mopenu-
pyeTcs CXeMoM Ha puc. 5.

WUctouHnk V1 NOCTOAHHOrO HanpsiKeHWs BEIMYMHOM
E=1,02 obecneunBaeT 3apsan HaKOMWUTENbHOIO KOHAEH-
catopa C1=20 mk®D, KOTOpbI MO CUrHaNYy ynpaeneHus
0T MCToYHMKa V2 paspsxaetca uyepes katod X1 Ha uenb
R2=50 Om, R3=15 Owm, C2=0,22 mx®, dopmupys
Ha BbIXOAe MMMYNbC Hanpsxewus amnautygjon U =1
(puc. 6). YkasaHHble aneMeHThI M pesuctop R4=25 Om obe-
creumBaloT TpebyeMoe BbIXO4HOE CONPOTUB/EHWE reHepaTo-
pa 40 OM. CxeMa obecneumBaeT CTaHAApTHbIE NapaMeTpbl

ulfi

1

0.8

u

0,6[0,06 \
0.4 10.04 -
0.2/0.02 :

0 200 400 600 800 t. MKC

Puc. 6. Vi3MeHeHVe HanpsKeHUs u Ha BbIXOAe MOAENM reHepatopa UM-
nynbcos 700 Mkc no [EC 61000-4-5 Ha xonocToM Xxody 1 ToKa i Npu KopoT-
KOM 3aMblKaHUK BbIXOAa.

Fig. 6. Change in voltage « at the output of the 700 ps generator model
(IEC 61000-4-5) at idle and current 7 during output short circuit.
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Puc. 7. Mogenb ucnbitatensHoro reHepatopa no |EC 61000-4-18 pns va-
ctotbl 100 KIw.
Fig. 7. IEC 61000-4-18 test generator model for the frequency of 100 kHz.

HaNpSKEHMA X0J10CTOr0 X0Aa W TOKA KOPOTKOM0 3aMblKaHMs
reHepatopa. Pesuctop R5 u3obpaxaet Harpy3Ky reHepatopa.
MorpewwHoCTb 3HaYeHUs aMNIUTYAbI HaNPSKEHUS X0N0CTo-
ro Xofia ¥ TOKa KOPOTKOrO 3aMblKaHUs MpWU MoJennMpoBaHuu
He npeBbiwaet 1%. [lnuTensHocTb GpOHTA M AAMTENBHOCTD
C03/1aBaeMOro MMNynbca COOTBETCTBYET TPeboBaHMAM CTaH-
AapTa C MorpeLLHocTbio MeHee 4% npu AonyCcTUMOI norpeLu-
HocTu cooTBeTcTBEHHO 30% U 20%.

[eHepaTop KonebaTesbHbIX 3aTyXatoLLMX MOMEX C YacToToi
Konebanui 100 KMy no MOCT IEC 61000-4-18-2016 mMogenm-
pyeTcs CXeMOM Ha pwc. 7.

3apag v paspag HakonuTenbHoro KoHpeHcartopa Cl
[0 HanpsikeHuss E=1 ocyLlecTBNseTCA aHanormyHo paccMo-
TPEHHOMY BbiLLe. YacToTa konebaHuin B 0CHOBHOM onpepens-
etca napameTpamu aneMenToB C1=50 u® u L1=46 mkIH,
a OnMTeNbHOCTb (POHTA MHAYKTMBHOCTbO L2=11 MKI[H
u pesuctopoM R2=300 Owm. Pe3suctop R3=200 Owm onpe-
nensieT TpebyeMoe BbIXOAHOE COMPOTMBIEHME reHepaTopa.
Harpyska nsobpaxaetcs pesuctopoM Ré. MorpeluHocTb 3Ha-
YeHUs aMNAUTYAbl HampsKeHUs XonocToro Xoda, MosyyeH-
HOro MoJenMpoBaHWeM MO MPUBESEHHON CXeMe, He MpeBbl-
waet 1% [nvtenbHocTb hpoHTa 1 yacToTa Konebanuii (puc. 8)
COOTBETCTBYIOT TpeboBaHMAM CTaHAapTa C MOrpeLLHOCTbI0
MeHee 4% npu JONYyCTMMOW MOTPELUHOCTU COOTBETCTBEHHO
20% v 10%. [ns MoaenupoBaHWs UMNYTbCHBIX MOMEX C aM-
MAUTYAON, OTAMYHOW oT 1 HeobxoAWMMO MPONOPLMOHANBHO
M3MEHUTb HanpsiXeHWe UCTOYHMKa V1.

BbIBOAbI

NMnynbCcHble NOMeXU HaHOCEKYHAHOW, MUKPOCEKYHHOW
ONMTENBHOCTM CMOCOOHbI Bbi3BaTh cbon B pabote pasnuy-
HbIX TexHu4eckux cpeacts. lpasuna Poccuiickoro Mopcko-
ro perucTpa CYAOXOACTBA M MHOMOYUCNIEHHBbIE CTaHAAPTHI
M0 3/IEKTPOMarHUTHOW COBMeCTMMOCTH TpebytoT obecneunTb
YCTOM4MBOCTb 060pYLOBAHMA K 3TUM BUAAM MOMEX.

MpennoxeHHble MaTeMaTU4ecKue OMnucaHua UMMYNbC-
HbIX MOMEX W MOAENM CXeM MCMbITaTesIbHbIX reHepaTopoB
[3I0T BO3MOXHOCTb MOJENMpOBaTb BO3AENCTBME MOMEX
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Puc. 8. V3MeHeHMe HanpsxKeHWs U Ha BbIXO[e MOLENM reHepaTopa Kose-
6anmit 100 KMy no [EC 61000-4-18.

Fig. 8. Change in voltage u at the output of a 100 kHz oscillator model
(IEC 61000-4-18).

Ha CXeMbl 3J/IeKTPOHHOIo U 3N1eKTpOoTeXHUYECKOro 060py,u,0—
BaHWA Ha CTaaun NPOEKTUpOBaHUA ANA npe,u,BapMTeanoﬁ
OLIeHKM ero CooTBeTCTBUA TpEﬁOBaHVIFIM Mo 3NEeKTPOMarHnT-
HOI COBMECTUMOCTW.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTopos. [Tpe/icTaBneHHasn CTaTbCst SBNAETCS KOMNEKTUBHBIM TPYLOM
aBTOPOB W OXBATbiBAET aHa/nM3 HOPMATMBHOM [OKyMeHTaLWK, pa3paboTky
MaTeMaTVyecKoro OnMcaHua CTaHAAPTHBIX MMMYSbCHBIX MOMeX, pa3paboTky
CXeM, MIMUTUPYIOLLMX MOMEXW, MPOBEPKY MOfeNel, OLeHKY MOrpeLLHOCTeN.
WcTouHukm dmHaHcupoBaHms. ABTOpbI 3aABNAIOT 06 OTCYTCTBIM BHELLHETO
(VHaHCVPOBaHWA NMpY NPOBEAEHNN UCCNIEA0BaHMA.

KoHtnmnkT unTepecos. ABTOpbI JeKNapupyioT OTCYTCTBME ABHBIX W MOTEH-
LiManbHbIX KOHAIMKTOB MHTEPECOB, CBA3aHHbIX C NybnnKaLmel HacTosLLen
cTatby.

[eHepaTMBHbIA UCKYCCTBEHHBIA MHTENNEKT. [py co3aaHnM HacTosLLen
CTaTbyl TEXHOIOMM reHepPaTUBHOTO VCKYCCTBEHHOMO VHTENTEKTA He UCTOMb-
30Banu.

PaccMmotpeHue n peueH3npoBaHme. Hactoslas paboTta nofaHa B ypHan
B MHWLMATUBHOM MOPAAKE W paccMoTpeHa no obblyHoM npoLenype. B pe-
LIeH31POBaHWM Y4aCTBOBAMM OfMH BHELLHWI PELIeH3eHT, YNeH PeaaKLMOH-
HOM KOAMEervii U HayuYHbI pefaKTop U3LaHus.
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