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TFEHEPATOP UI'JIA-MKYVY-3-1 VIS UCHBITAHUN
MOJIHUECTOUKOCTH BOPTOBOI'O ABUALTMOHHOI'O
OBOPYOBAHUS («MHOI'OKPATHBIE YIAPBI»)

OnucaHo KOHCTPYKLHUIO M PE3yJIbTaThl aTTECTALMU CIIEUAIN3UPOBAHHOIO I'€HEPaTopa, NpeHa3HaAYeH-
HOTO I UCTIBITaHUH yPOBHS BOCTIPUHMYHBOCTH OOPTOBOTO aBUALMOHHOIO 000PYIOBAaHUS K AEHCTBHIO
MepPeXOJHBIX IPOIECCOB B rabBAHMYECKHX LEIIX, 00YCIOBICHHBIX MOJIHUEBBIM paspsaoM. ['eneparop
(opMHpyeT LUKIOrpaMMbI UMITyJIbCOB HampspkeHus: Gopmbl Ne3 ¢ wactoroit 1 MI'n mo msiti ucnbita-
TEJIbHBIM YPOBHAM. MICIIBITaHMS MPOBOAATCS METOAOM «KaOelbHON MHXKEKUUH». BbixonHele mapamer-
PBI FeHepaTopa MOJHOCTBIO COOTBETCTBYIOT TpeboBanus crannapra DO-160D.

KuroueBble cioBa: ucnbITaHus, OOPTOBOE 00OpYHOBaHME, BOCIPUMMYHBOCTb, MHOIOKPATHEIC
yIapbl, FeHepaTop

B Hacrosiiee Bpemsi 00s13aTeNIbHBIM BHIIOM HCIBITAHUH OOPTOBOTO 3JIEKTPO-
TEXHHYECKOTO M 3JIeKTpOHHOro obopynoBaHus (BAO) nerarenbHBIX anmaparoB
SIBJIIFOTCS] UCTIBITAaHUSI HA BOCIIPUMMUYUBOCTL K MEPEXOIHBIM MPOLECCaM, BBI3BaH-
HBIX MOJIHHEH. DTH IPOIeCcCh BO3HUKAIOT IPH MPSIMOM yJape MOJHHU B KOPITyC
JIETaTeNbHOTO aInapara M MOCJIEAYIONeM PAaCTeKaHUH TOKOB MOJIHUH IO Pa3iInd-
HBIM METaJUTMYECKHM Y37aM 3THX aIlllapaTroB, B YAaCTHOCTH, IO MEKOJIOYHBIM JIH-
HusiM cBsi3u (MJIC).

Bricokas nopakaromast 3ppeKTHBHOCTb TOKOB PAaCTEKaHUS OOBSICHACTCS TEM,
yro npu 3ToM B MJIC BO3HMKAIOT pa3lTMYHOTO BHAA HABEICHHBIE BBICOKHE HM-
MyJbCHBIC HANPSKCHUS U OOJNBIINE TOKH, HPEACTABJIAIONIHE COOOHM CEepbe3HYyIO
YIpO3y IUIsl COBPEMEHHOM C1ab0TOYHOM 3eKTpoHuKU BAO.

IToaTomy ompenenenue ypoBHs BocipunM4uBocTH BAO K mepexoaHbIM Ipo-
L[eccaM, COIPOBOXKIAIOIIMM MOJHHUEBBIH pa3psifl, BBLACICHO B OTJACNIBHBIN BUJ HC-
MBITAaHUM, KOTOPBIN pernaMeHTHpyeTcss HopMmaTuBHBIM nokymeHToM EUROCAE
ED-14D/ RTCA-DO-160D «YcioBust OKpy»Karomeii cpeipl 1 METOJMKH UCIIbITa-
HUH 6opTOBOTO OOOpymOBaHW», Pazmen 22: «BocnpHUMUYHBOCTE K TEPEXOTHBIM
mpomeccaM, BbI3BaHHBIM MoiHuei» (B CHIT amamor sroro moxymenta KT-
BB®/DO-160D [1]).

B naHHOW cTaThe paccMOTPEH BUJ UCNBITAHUN «MHOTOKpPATHBIE yAapbl»,
peanu3yeMblii METOIOM KaOeNnbHON MH)KEKINH, IIPU KOTOPOM HCIHBITaTeIbHbIC
UMITYJIbCHl 33JJaHHOW ()OPMBI M aMIIIUTYIbl MHIYLHUPYIOTCS B IPOBOAHHMKAX
MJIC npu moMoOIIU HHXEKIIMOHHOTO TpaHchopMaTopa. ITOT METO UCIOJIb3Y-

© B. B. Kusses, 10. C. Hemuenko, U. I1. Jlecuoii, C. b. Comxues,, 2013



€TCA IJIs1 IPOBEPKU CIOCOOHOCTH aBUallUOHHOTI'O O60pyI[0BaHI/I$I BBLACPIKUBATH
BHYTPCHHHUC 3JICKTPOMATIHUTHBIC 3(1)(1)CKTBI, co3gaBa€MbI€ BHCIIHUM BO3,I[61710T-

BHEM MOJIHUM.

Tabamma 1 — ABII renepupyeMbpIX UMITYJIbCOB HAMIPSDKEHHUS U TOKA

MI'g

Hanpsxenue U, Tox e
Hapawerp ($3) ®3)
1. Hcnwrarensueii kom-| U
ekt Ne 3 Uni L
(dbopMel curHanos — 3arty- Ups s
Xarollasi CHHYCOU/1a)
t
2. YPOBHM UCIBITAHUI:
— 1 (nepBsiii yuap) (100 +20) B <(Q20+4)A
— 1 (mocnenytromue yaapsr) (50+25)B <(10+5A
— 2 mepBsIi ynap) (250 +50) B <(0+10) A
— 2 (mocnenyromue yaapsl) (125+62,5 B <(25+125A
— 3 (mepBHIt ymap) (600 +120) B <(120+24) A
— 3 (mocnexnyromue yaapsr) (300 +150) B <(60+30)A
— 4 (nepBbId ynap) (1500 + 300) B < (300 + 60) A
— 4 (mocnemyromue yaaphl) (750 +150) B <(150+75) A
— 5 (mepBBIi ynmap) (3200 + 640) B < (640 +128) A
— 5 (mocnenyromue yaapsr) (1600 + 800) B <(320+160) A
3. Yacrora KoJieOaHUM, 1202 1402

4. Crerienp 3aTyXaHus, O

Um5=(0925+0175) Uml

Im5=(0325+0375)lml

Wneonorus moctpoeHus cxeMbl (OpMHUPOBaHUS TpeOyeMoit (hOPMBI IMITYITb-
COB HaNIPSDKCHUS M TOKA MPHUBEeHA B padote [2].

I'eneparop UT'JIA-MKYVY-3-1 MI't npeaHa3HadeH AJIs MPOBEICHUS BHUIA HC-
NBITAHUH «MHOTOKPATHBIE YAapbl» METOIOM «KaOelbHON HHXKeKuuen». Brixox-
HblE MapaMeTpbl TeHepaTopa IMOJHOCTHI0 COOTBETCTBYIOT TpeboBanusimu HJI [1]
JUISL HCIIBITATENIbHBIX HMITYJIECOB HAIIPSDKEHHS U ToKa (opMEI «3» gactotor 1 MI'n
00enx MOJSIPHOCTEH MO IATH ypOBHSIM HCHBITaHWH. B Tabn. 1 npuBeneHsr tpedo-
BaHUA K ()OpME W aMIUIMTYIHO-BpeMeHHbIe mapameTpsl (ABII) mcmbITaTenpHBIX
HMITYJILCOB HAlPSDKEHHS M TOKA, KOTOPBIE C YIETOM JIONTyCKOB B IIOJIHOM OOBeMe
peanuzoBassl B reneparope UTJIA-MKVY-3-1.

I'ernepatrop UT'JIA-MKYVY-3-1 MI't pencTaBisieT co00if BEICOKOBOJIBTHYIO



9JIEKTPOPa3psAJHYI0O  YCTaHOBKY € MPOTPaMMHPYEMBIM  TalMepoM-
KOMMYTaTOpOM, KOTOpasi TeHEPUPYET MHOTOKPATHBIC HCIBITATSIbHBIC UMITYJIb-
Chl HANPSDKCHUIl M TOKA IOJIOKUTEIbHONH M OTPHLATENBFHON MOJSPHOCTH MO
IATH YPOBHAM HCHbITaHWHA. LlMKIorpaMMa HCHBITATEIbHBIX MHOTOKPAaTHBIX
yAapoB MpUBeaeHa Ha pucC. 1.

IlepBr1it UMIIYIIBC

VpoBeHb
IICpBOTO 7
T, BI
HMITYJIbCa
Tocnemyro- Tlocnenyro-
Ui IMITyneC  LIHH IMITYIBC
VpoBeHb=tt
MOCJICAYOIIUX
HMIIyJIbCOB

T T
a1

J TBH

13 14 1

Pucynok 1 — [{ukiiorpamMmma MHOTOKPATHBIX YAApPOB 3 (POPMBI:

BpemenHble napamMeTpbl LUKIOTPAMMBI:

KOJIMYECTBO HCIIBITATEIBHBIX UMITYJIbCOB B HCIIBITATENbHOM akeTe Ng; — 14;
HMHTEPBAJl MEXAy HCIBITATEIbHBIMI MMITYJIbCAaMH B HCIIBITATENEHOM MakeTe 7z, —
100 mc;

JIIATEIIFHOCTh HCHBITATEIbLHOIO makera 1z — 1m0 1,5 ¢;

KOJIMYECTBO UCIBITATENBHBIX MaKeToB Ny — ot 1 1o 999.

Oo6mmit Bua reaeparopa UT'JIA-MKY-3-1 MI 11 ¢ HHXKEKITHOHHBIM TpaHchopMa-
topoM UT-3 nipuBeneH Ha puc. 2, a mepeIHsis MaHeb TeHeparopa — Ha puc. 3.

I'eneparop HI'JIA-MKY-3-1 MI'u coOpaH B MeTalTMuecKOM Kopiryce raba-
putamu 360x440x210 mm. Ha nepenneit nmanemu reneparopa UI'JIA-MKYVY-3-1
MI'1y (puc. 3) pactoIOKeHBI CIITYOIIIE OPTaHbl YIIPaBICHHUS U KOHTPOJIS:

xiapuma CETD ¢ moacBeTkol Cy X UT Uil MOAAa4u HalpsHKEHUsS] TUTAHUS
220 B 50 I'u na reneparop MIJIA-MKVY-3-1 MI'u u 1715 €ro OTKIIOYEHUS
IocIie OKOHYaHUS PaOOTHL,

nepekmogarens VICIIBIT. VPOBEHD cayxut ans ycTaHOBIEHHS YPOBHS
HCHBITATEIRHOTO HanpspkeHus reHepatopa UI'JIA-MKY-3-1 MI'n u umeer
IIATh MOJOKEHUH: «1», «2», «3», «d», «5»;

nepexmouatens THTEPBAJL, CEK cimyXuT 11 yCTaHOBJICHHS BpPEMEH-
HBIX MHTEPBAJIOB B IHUKIOTPaAMME MEXIY HCIBITATENLHBIMU MMaKeTaMH U
HMEET TISITh MOJOXKEHHM: «OTHOKPATHBINY, «10», «20%», «40%», «60»;

tabno KOJIMYECTBO YIAPOB ciryuT 11 yCTaHOBJIEHUS] KOJIMYECTBA
HCTIBITaTEIbHBIX MMAKETOB B 33JaHHON LMKJIOIpaMME€ MHOTOKpATHBIX yia-
POB;



— kHonka CTAPT ciyskut ana 3amycka reneparopa UI'JIA-MKVY-3-1 MI';
— kHomka YCTAH. s ycTaHOBIICHHS KOJIMYECTBA UCIIBITATEIBHBIX ITAKETOB
(7151 yMEHBIIEHUSI 3TOTO KOJIMYeCTBa - Mob30BaThest KHonkoit CBPOC);

— kHonka CBPOC cmyxwut s ocraHoBKkH reHepatopa MIJIA-MKVY-3-1
MTI' 1 cOpoca paHee yCTaHOBICHHOTO KOJIMYECTBA MCIBITATENBHBIX MaKe-
TOB JI0 HYJIS;

— cBeroauon UHJ. UMII cinyxut i GUKCAIUKA KaXKIOr0 UMITYJIbCA B UC-

NOBITAaTCIIBHOM ITAKETEC.

PﬁcyHox 3 — Ilepenuss nanens reneparopa UIJIA-MKY-3-1 MI'g

Pucynoxk 4 — PacnionoxxeHue 3nemMeHTOB BHyTpu Kopityca reHeparopa UIJIA- MKY-3-1 MI'



I'eneparop HIVIA-MKY-3-1 MI'n

Pucynok 5 — briok-cxema reneparopa UI'JIA-MKYVY-3-1 MI'u:
BOII - 610Kk popMHUPOBAHHS UKIOTPAMMBI HCIIBITAaTEIFHOTO MMITYJIBCA;
[IBY — noBbICUTEIIbHO-BBIIPSMHUTENIBHOE YCTPOUCTBO;
CHUII-30 — 610k cTabmim3anny NOoCTossHHOro Hanpspkenus 30 B;
BI1-30/12 — 6ok npeobpazoBanus 12 kB;
BEH — 010Kk éeMKOCTHBIX HAKOIUTEIEH;
YMK — ymnpaBnsemblii MEXaHUUECKHH KOMMYTATop;
BH — Onoxk Harpy3ox;
B®II- 6nox popmupoBaHus Mavuku u3 14 UMITyIbCOB;
BOU — 6110k (hopMupOBaHUS HHTEPBAJIOB MEXKTY UMITYIbCAMH B ITAUKe;
BVYII - 610K yCTaHOBKH KOJIMYECTBA TaYEK;
UT-3 — umxexTupyomuii Tpanchopmarop;
BAO - 6opToBOEC aBHAIIMOHHOE 00OPYI0BaHUE

Ha 3agneit nanenu reneparopa UI'JIA-MKYVY-3-1 MI'n pacnonoxeHst cie-
JYIOII[F€ OPTaHbl YIIPaBJIEHUS U KOHTPOJIS:

— KJIeMMa CIyXuT A noaknoueHus: reaeparopa UI'NTA-MKVY-3-1 MI'g

K KOHTYPY 3a3eMJICHHS.
— pazseMm CETb (~ 220 B) cayxuT mi1s nmoakirodeHus k reaepatopy UIJIA-
MKY-3-1 MI'1 cereBoro kabens;

— «1A» 1 «2A» — IpeoXpaHUTENH;

— xaemmbl K UT-3 cmykaT /U1 MOAKIIOYEHHS BBIXO0Jla TeHepaTopa uepe3 Ka-

6enp CK-1 k UT-3;

— TyMOaep Ejap. CIYy)XHT IUII aBTOHOMHOTO BKJIIOUEHHS WM OTKJIIOYCHUS

HCTOYHHKA BBICOKOTO HAITPSKCHUSL.

Pacnonoxenue sneMeHTOB BHYTpU Kopiyca reneparopa NIJIA-MKYVY-3-1
MI 1 npuBeneHo Ha puc. 4.

bnok-cxema renepatopa UI'JIA-MKYV-3-1 MI' npuBezieHa Ha puc. 5.

Ha puc. 6 mpuBeneHpl OCIMILIOrPaMMBI BEIXOIHBIX WMITYJIBCOB HAPSKECHHS
(hopMBI «3%» TONOKUTEIEHOW W OTPUIATEIBHON IONAPHOCTEN UL 5 YPOBHS UCIIBI-
TaHWUH.

Ha puc. 7 npusenena ocryuiorpaMma IepBoro yaapa 5-ro UCHbITaTeNbHOIO
YPOBHS BBIXOJHOTO HMITYJIbCa HaNpspKeHHsT (GOPMBI «3%» TOJIOKHUTENBHON HOJISIp-
HOCTH TIpH ONPEEIEHUH CTEIEeHH 3aTyXaHWs (ONpPeAesstoTcsl aMILIUTYAbl 1 u 5
MIOJTyTIEPHOIOB).

Ha puc. 8 npuBeneHa mukiIorpaMma MCHBITATENBHOTO ITaKeTa «MHOTOKpAT-
HBIC yIIapbl», cOCTOsIero u3 14 ymapos obmei mmTensHOCThIO 1,44 c.

Cxema ucnsitanuii BAO ¢ MJIC npuseneHna Ha puc. 9.
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PucyHnok 6 — TUmoBbie OCHMIIOrPAMMBI UCTIBITATEIBHOTO HANIPSDKEHUS 5 YPOBHS
I0JIOKUTENIbHOM U OTPULIATENIbHOM MOJIIPHOCTEH

Tek . Ju @ Acq Complete M Pos: 20805 CURSOR Tek . Ju @ Acq Complete M Pos: 2.080us CURSOR
witis witiz
Source Source
U A A

Delta Delta
344y 104k
Cursor 1 Cursor 1
0.00v 0.00v
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344V 104V
CH1 1.00kvey M S00ns CH1 / 300V CH1 1.00kvey M S00ns CH1 ./ 300V
16-Feb-111125  <10Hz 16-Fed-111125  <10Hz
a o

Pucynok 7 — Tunoast ociiuiorpaMmma nepBoro yJapa 5-ro HCIbITaTeIbHOTO YPOBHSL:
a —amiuuTyaa 1 nonynepuona; 6 — aMIUIMTY1a S IOy Ieproaa

TekCron T T oy T T T T T
A [ i : :
L . @] 20.0mc @  2.39kB
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[ . I Alddc A2.39kB
o1 .. . . T . ]
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e P G
Pucynok 8 — I{uxyiorpaMma UCIIBITATEIBHOIO AKETa «MHOTOPAa30BbIe yaphl»
u3 14 ynapos o6ieit utenbHocThIo 1,44 ¢




HI'JIA-MKY-3-1 MT'x
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Pucynok 9 — Cxema ucneitanuit BAO:
HUI'TTA-MKYVY-3-1 MI'i — ucnbITaTe/IbHBLI FeHEepaTop;
UT-3 — umxextupyomuii Tpanchopmarop;
KK — xanuOpoBo4HBIil KOHTYD;
P6015A — oryn BeicokoBonbTHBIH P6015A 1000X;
MIJIC — mex010uHast TUHUS CBSI3M;
BAO-1, BAO-2 — ucnpIThiBacMoe 000pyAOBaHUE
30 — octmmorpad Tektronix TDS 1012

BuiBoasl. I'enepatop UI'JIA-MKYVY-3-1 MI'l ycnemHo npomien NepBUYHYO
aTTecTanuio ¢ yuactueM npeacrasuteneil I'Tl « XappkoBCTaHAAPTMETPOIOTUSY 1O
paspaborannoii B HUITKU «Momaus» HTY «XIIW» cooTBeTcTBYIOMIEH Mporpam-
M€ M METOJIMKE arTecTaluuu, BBeleH B aKkciuryaTanuio B HUIIKU «Monnusa»y HTY
«XTIN» u ucnone3yercs npu ucneiTaHussXx bAO Ha BOCIpUUMUYUBOCTD K IEPEXOJI-
HBIM TIPOIIECCaM, BHI3BAaHHBIX MOJHHUEH METOJIOM «MHOTOKPATHBIC YIaph».

Cnucok aureparypsoi: 1. KT-BB® / DO-160D. YcnoBust 3KCIulyaTtaldy U OKpY>Karoled cpesl Uis
6OpTOBOrO aBHAIMOHHOTO OOOpynoBaHus. (BHemnue BoszeiicTBytomme daktopsl — BBD). Tpeboa-
HUsI, HOPMBI U MeTOoJIbl ucnbITaHuil. Paznen 22.0 BocnpuuMYMBOCTE K NEPEXOJHBIM HPOLECCaM, Bbl-
3BaHHbIM MosHUeH. 2. Kuases B.B., Hemuenxo F0.C., Jlecnoii U.I1., Comxues C.5., Ocmposepx T.H.
I'enepatop mms mpoBeAeHHUS HCIBITAHHN OOPTOBOrO aBHAIIMOHHOTO OOOPYNOBAHHS HA BOCHPHUMYH-
BOCTb IIEPEXOJHBIM IPOLIECCAaM, BbI3BAHHBIM MOJIHHEH («MHOrokpaTHble Bembliiku») WIJIA-MB-10
MTI'n. / Bectauk HTY «XIIN» «TexHuka u snekTpodu3rKa BEICOKUX HampsbkeHui». — 2011, — Beim.
16.-C.111-117.

ITocmynuna ¢ peoxonnezuro 30.03.2013

YK 621.317.3

I'enepatop UT'JIA-MKY-3-1 1151 ucnbITAHMI MOJTHHECTOHKOCTH GOPTOBOTr0 AaBUAIIHOHHOTO
o6opynoBanus («MHorokpaTtHble yaapsi») / B. B. Kuszes, 10. C. Hemuenko, U. II. Jlecnoii; C. b.
ComxueB // Bicauk HTY «XIll». Cepis: Texnika Ta enaekTpodizuka BHCOKHX Hampyr. — X.. HTY
«XII», 2013. — Ne 27 (1000). — C. 68-75. — Bibmiorp.: 2 Ha3B.

OmycaHo KOHCTPYKIIIO Ta Pe3ybTaTH aTecTamii CIeliali3oBaHOr0 TeHepaTopa, NPU3HAYEHOTO Ui
BUINPOOYBaHb PiBHS HECHIPHIHATIMBOCTI OOPTOBOrO aBiamiiHOro oOnagHaHHA 10 Jii MepexiHuX mpo-
LIECiB Y rajibBaHIYHUX KOJIaX, 110 OOYMOBIICHI po3psiioM OirckaBKu. ['eHepaTop Gopmye LUKIOrpaMu



imMmmyneciB Hanpyra gopmu 3 gacrororo | MI' o 5-M BHIpoOyBansHEM piBHAM. BunpoOyBaHHS mpo-
BOJATBCSA METOJOM «KabesbHOI imkekIii». Buxinui mapamerpu resepaTopa HOBHICTIO BiJIOBiZaroTh
BuMoram ctanaapry DO-160D.

KuiouoBi cioBa: BunpoOyBaHHs, 60pTOBE 001aHAHHS, HECIPUIHATINBICTE, OaraTopa3osi yna-
pu, TeHeparop.

A construction and results of attestation of the specialized generator intended for the tests of level of
immunity of board equipment to the action of transients in galvanic circles, that the create by lightning,
are described. A generator forms cyclogram of impulses of tension of form 3 frequencies of 1 MHz for
Sth to the proof-of-concept levels. Test do by the method of «cable injection». The initial parameters of
generator fully answer the requirements of standard DO — 160D.

Keywords: test, board equipment, immunity, frequent shots, generator.
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