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MoaudguuupoBaHHAsE MUKPOIIOJIOCKOBAS JIUHMS,
3alMINAKIIAA OT CBEPXKOPOTKOI0 HMILYJIbCA

Camorinmmuenko M. A., I'azuzoB T. P.

AxmyanvHocmb pabomol: obecneuenue cmabUIbHOU pabomvl padUOINIEKMPOHHOU ANNApamypsl
(PDA) 6 ycnosusx eo30eticmaus 31eKmpOMASHUMHBIX NOMeX AKMYAIbHO 8 C85A3U C MeM, Ym0 paouoCUcmemol
cmanossames Oonee ClodcHvIMU, obnacmy npumenenus POA pacwupsemcs, ysenuuusaemcs nioOmMHOCHb
MoumadicHvix naiam. HUmeemcs 6016101l 66100p YCMPOUCME 3auiumsl, HO OHU UMEIOT CONCHbIE KOHCMPYK-
MUBHBIE 0CODEHHOCMU, KOMOPble NPUBOOSIM K HEOOCHAMOYHOMY ObICIPOOCUCMEUIO U NAPA3UMHbIM NApa-
Mempam, 3ampyoHsisi 3auumy om mMowHo2o ceepxkopomxozo umnynvca (CKH). Paspabomka cospemenHvix
yempocme 3auumyvl mpebyem Ynpoujenus U yOeulesilenus ux peanu3ayul, n0d9momy akmyaibHo uUx cogep-
wencmeoganue. Cpedu HUX aKMUBHO UCCedYIOmcs MoOaabHble Guibmpol (MD), Ho Ona Kaxcoo2o u3 Hux
mpebyemcsi naCCUBHLIN NPOBOOHUK, KOMOPbIL 3aHUMAem Mecmo u umeem maccy. Ilosmomy axmyanvho co-
sepuencmeosanue M®. Ilenv pabomol — pazpabomamv Hosoe ycmpoticmeo 3awumol POA om CKU na oc-
HO8E MOOUPUYUPOBAHHOU MUKDOROJIOCKO80U Aunuu. Pezynbmam: oocmucnymo 6ulpagHusanue amniumyo
UMNYILCO8 PA3NOMNCEHUS], OKA3ABUIUXCSL 8 3 pa3a Menbule YPoeHs 6X00H020 cuenana. Hcenonv3yembie memo-
0bl: nPU 0OOCHOBAHUY MEXHUYECKUX PeUeHUll U MOOeIUPOBAHUU UX (DYHKYUOHUPOBAHUSL UCHOIb308AICS KEA-
sucmamuyeckuil anaiuz. Ilpakmuueckas 3HauuUMOCmb: OaHHOE peuieHue NO360UM OpPeaHU308ams Npo-
cmyio u oeutesyio 3awumy om CKH 6 wiuporo ucnonv3yemuix 08yXCmopoHHUX NeYAmHbLX NIAMAX.

Knrwouesvie cnosa: Mmuxponoiockosas aunus, MoOAIbHbll QUIbMp, C8EPXKOPOMKULL UMNYIbC.

BBenenune

CoBpeMeHHas paauodJieKTpoHHas amnmaparypa (POA) Bce 6ombIie ocHaaercs
AJIEKTPOHHBIMU CHCTEMaMHM YIPABJICHUS WU MHUKPOMPOILIECCOPHBIMU YCTPONUCTBaMH,
YYBCTBUTEJILHBIMU K AJICKTPOMArHUTHBIM MoMexam. [ToBbIllIeHHEe CTeTeHU MHTErpa-
U DJIEMEHTHOUN 0a3bl AIEKTPOHUKHU MPUBOIUT K CHUKCHHIO DJIEKTPUUECKON MpoU-
HOCTH OT/ICJIbHBIX KOMIIOHEHTOB ammapaTypbl, a TaKXe MOBBIIICHUIO YS3BUMOCTH
a1eMeHTOB POA K BO3IEMCTBUIO 3JIEKTPOMATHUTHBIX MTOMEX PA3JIMYHOIO ITPOUCXOK-
JeHus, 0COOCHHO TpeaHaMepeHHbIX [1]. B uacTHOCTH, CBEPXKOPOTKHE HMITYJIbCHI
(CKWN) moryT nipuBecTH K cO010 MIIM BBIBOAY U3 cTposi POA [2]. bonbmoe BHUMaHuE
uccinenoBanusiM CKU u ero Bimsinus yaenunu Axbames b. b. [3, 4], Meiposa JI. O.
[5, 6], I'm3arymumn 3. M. [7], latinytaunoB P. P. [8], CunopoB A. B., [9]. Dddek-
TUBHAas 3anmTa oT u3nydaembix CKU Bo3MoOXkHaA ¢ MOMOIIBIO 3KpanupoBanus [10].
OnHako ocTaeTcsi KaHal pPAacHpOCTPAHEHHs IO MPOBOJAHMKAM, B T.4. OT HaBOJOK
OCJIa0JICHHOTO TOJIs1 Ha TIPOBOJHUKN BHYTPH dKpaHa.
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JUIst TOBBIILIEHUS 3aLIUILIEHHOCTH POA OT KOHIYKTHBHBIX [TOMEX MpPEJIaratoT-
Csl TaKW€ yCTPOMCTBA 3alllUThI, KaK OTpaHUYMUTENd, GUILTPHI U T.1. PaccmMoTpum He-
KOTOPBIE U3 HUX.

N3BeCTHO YCTPOMCTBO ISl 3alUThl PAJIMOTEXHUYECKON ammaparypsl OT UM-
yJIbCHBIX nepeHanpsikeHui [11]. OHO coCTOUT K3 pa3psAIHUKOB U JOTOJHUTEIBHBIX
KOMIIOHEHTOB M TO3BOJISIET YJIYUYIICHHYIO 3alIUTy OT PAa3HOIOJSPHOTO HMITYJIbCA.
N3BeCTHO yCTPOMCTBO JUIsl 3aIIUATHI CPEACTB CBS3U OT UMITYJIbCHBIX MEPEHANPSKEHUN
[12]. B ycTpoiicTBO BBeAeH OJIOK 3aIlyCKa, BKIIOUEHHBIA MEXAY IIYHTHUPYIOIIHM
OJIOKOM U aHTEHHO-(UACPHBIM TPAKTOM. V3BECTHO yCTPOMCTBO 3aIUTHI IPUEMHOTO
TpakTa pajvOJOKAMOHHBIX CTAHIUH OT MOLIHOTO 3JEKTPOMArHUTHOIO H3JIYy4YEHUS
[13]. OHO cOCTOUT U3 JaTYMKA, JTUHUU 3aJCPKKU U ABYX Pa3psSAHUKOB (MTEpalUOH-
HOTO M ObIcTpoAeicTBYIONIEr0). HemocTaTkoM yCTpPOWCTB SABIISIETCS CIIOKHOCTh KOH-
CTPYKLHH U MAJIBIA PECYPC.

M3BecTHO yCTpOWCTBO 3aIUTHI MOTPEOUTENEH OT MPEBBIILIEHUS HANPSKEHUS
1o cetu 3aekTponuTtanus [14]. YcrpoiicTBo 00s1a1aeT NOBBIIEHHON YCTONYUBOCTHIO
K BO3/ICHCTBUIO BBICOKOYACTOTHBIX €JMHUYHBIX UMITYJIbCOB B CETH MUTAaHUS U oOec-
[e4YMBaET 00€CTOUNBAHNE TOTPEOUTENS IPU MPEBBIILICHUN HANPSYKEHUS! B CETH BBILLIE
YPOBHSI HAcTpoWku. HenoctaTtkom yCTpOHCTBa SIBISETCS HE BCErJa IMPUEMIIEMOE
00ecTOYMBaHUE YCTPONUCTBA U JIOBOJIBHO CIIOKHAsI CXEMOTEXHHUKA.

N3BECTHO yCTPOMCTBO 3aIUTHI BX0/1a PAJUONPUEMHHKA OT AJIEKTPOMArHUTHO-
ro MMITyJIbCa SAEPHOTO B3phIBa [15]. YCTpOMCTBO COANEPKUT IITHIPEBYIO AHTEHHY,
COEIMHEHHYIO KaOeIbHOM JTUHUEN C MPUEMHUKOM, TPEXCEKIIMOHHBIN aBTOTpaHchop-
Marop, JIB€ EMKOCTH U 3allMParollylo KaTymky. N3BeCTHO yCTPONCTBO 3aIUTHI AJIEK-
TPONIPUEMHHUKOB OT BO3JEHCTBUSA Pa3psiOB MOJHUU U 3JIEKTPOMArHUTHBIX UMITYJIb-
COB, HAaBOJUMBIX OT pPa3ps/iOB B MArMCTPAIbHBIX KAOEIbHBIX JIMHUSX DJIEKTpONepe-
nayu [16]. YCTpOMCTBO COCTOUT U3 psAla JIEKTPOMEXAHUYECKUX KOMIOHEHTOB. He-
JOCTATKOM YCTPOWCTB SIBJISIETCS CIIOKHOCTH CXEMBI.

N3BeCTHO yCTpPOMCTBO 3alMTBl «DJIEKTPUYECKAs] PO3ETKA C 3alIUTON OT MO-
Mex» [17]. PelieHne pocturaercs TeM, YTO B UCXOAHYIO BJIEKTPUUECKYIO PO3ETKY
BBEJICH BRICOKOYACTOTHBIN CETEBOM (DUIIBTP U JOMOJHUTENbHAS KieMMa 3eMiu. JlaH-
HBIE 3JIEMEHTBhl YCTAaHOBJIEHbI BO BHYTPEHHEH IIOJIOCTH OCHOBaHHWA. Peann3oBaHbI
CIIELMAJIbHBIE IOJBHUKHBIE Y3JIbl, KOTOPBIE YCTAHOBJIEHBI HA OCHOBAHUU U MTO3BOJISIOT
KOMMYTHPOBAaTh KOHTAKThI JJIsl AJIEKTPUYECKOTO COECAUHEHUs a3kl U HYJIS dJIEMEH-
TOB 3alIUTHI C MPOBOJIAMU MEPBUYHOMN ANEKTPUUECKON CETH TOJBKO MPU YCTAHOBKE
IIThIpEN BUJIKK KaOEJsl 3JIEKTPONUTAHUSI BBIYMCIUTEIBHON TEXHUKH B OTBEPCTHSX.
HenocTtatkom ycTpoiicTBa sSIBISE€TCS CI0KHOCTh KOHCTPYKIIMH.

['opazno mpolre Mo CXeMOTEXHUKE, KOHCTPYKUMH M M3TOTOBJIEHUIO YCTPOM-
ctBO 3amuthl oT CKU, Ha3zpiBaemoe mMonanbHbiM GuibTpoM (M®) [18], B KoTOpOM
POUCXOJIUT PA3JIOKEHUE MOMEXOBOI0 MMIYJIbCa B OTPE3KE CBA3AHHOW JMHUM Ha
MOJBI, KaXkAasi U3 KOTOPBIX PaCIpOCTPAHAETCS CO CBOEH 3aJE€p’KKOM, TaK YTO HA BbI-
x0 M® npuxoasT UMIyIbChl ¢ MeHbIIeH ammmuTyaoi. Ho y mo6oro M® ecth nac-
CUBHBII MTPOBOJIHUK, KOTOPBIN 3aHUMAET MECTO U UMeeT maccy. OTHUM U3 TaKuX sB-
JSIe€TCS YCTPOMCTBO 3alUThI OT UMITYJIbCHBIX CUTHAJIOB C BBIPABHUBAHUEM AMIUIUTY/
Pa3IOKEHHBIX UMITYJIbCOB, HEJIOCTATKOM KOTOPOIO SIBJISETCS HAJIUMYHUE IMACCHUBHOIO
MPOBOJAHUKA HA OAHOM cjioe ¢ akTUBHBIM [19]. OgHaKO B HEKOTOPBIX aKTyaJIbHBIX
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MIPWIOKEHUSAX, HAIPUMEP B OOPTOBOM PaMOAIEKTPOHHON amnmapaType KOCMHUYECKUX
anmnaparoB, JKeJlaTeJIbHO MUHUMHU3UPOBATH MAacCy M UMETh MOYTH HEOTrpaHUYCHHBIN
pecypc. IloaToMy akTyajaeH MOMCK HOBBIX YCTPONCTB 3alllUThl CBOOOJHBIX OT ATHX
HegocTatkoB. Llenb paboThl — npeacTaBuTh HOBoe ycTpoiicTBo 3amuTthl or CKU, Ha
KOTOpoe aBTopamu odopmiisieTcss maTeHT. JJisg 3Toro paccMoTpeHsl Hanbosee OJu3-
KHE€ aHAJIOTU TMPEJIaraéMoro yCTponuCcTBa, MPUBEEHA €ro KOHCTPYKIUS U MOKa3aHa
BO3MOXHOCTH 3aiuThl 0T CKU ¢ ero momoipio.

Moaxox k peanuzauuu MP
€ MACCMBHBIM MPOBOJHNUKOM B ONOPHOH IJIOCKOCTH
N3BecTHa mukpomnonockoBas auHus nepenayun (MIJI) ¢ monepeunbiM ceueHu-
eM, nokazaHHbIM Ha puc. 1 [20]. Xopoiio ucciienoBaHbl €€ BOJIHOBOE COINPOTHUBIIE-
HUE, CTPYKTYpa 3JIEKTPOMarHuTHOTO MOJIsA, TOTEPHU B MPOBOJHUKAX U IUDIICKTPHUKAX.
Henocrarkom MILJI siBnisieTcst orcyteTBue y Hee 3amuTsl 0T CKU.

h &,

Puc. 1. [lonepeynoe ceueHne MUKPOIIOJIOCKOBON JIMHUN

M3BecTHBI CBsI3aHHBIE MHUKPOIIOJIOCKOBasi (Ha OJHOW CTOPOHE MOJIOKKH) U
KOIUIaHapHO—KeN00KoBas (Ha oOpaTHOM cTOpoHE MOJI0XKKHK) JuHuu [21]. [lonepeu-
HOE CEYCHHE JIMHUM TOKa3aHO Ha puc. 2. Jlyi1 He€ MoIydYeHbl aHATUTUYECKHAE BbIpa-
JKEHUS JUUIS BBIUMCIIEHUS IOTOHHBIX EMKOCTEW U MHIYKTUBHOCTEH, BBISIBJIEHA [IPUEM-
nemMas ISl MPaKTUKHU MOTPEelIHOCTh aHanu3a. Ho »Ta nuHMS He paccMaTpuBaiach Kak
ycTpoiicTBO 3amuTel 0T CKU 1 nMeeT JOBOJIBHO CIOKHYIO KOHCTPYKIIMIO, B YACTHO-
CTH, U3-32 HEOOXOMMOCTH CILIOIIHOTO KpaHa (3keyo0a), COSAUHSIONIETO MEXKY CO-
0ol KpaiiHHe MPOBOIHUKH.
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Puc. 2. [TonepeuHoe ceueHne CBI3aHHbBIX
MHUKPOIOJIOCKOBOM U KOIUTAHAPHO—KEIOOKOBOM JIMHUN

N3BECTHO yCTPOMCTBO 3aIUTHI OT UMITYJIbCHBIX CUTHAJIOB C BBIPABHUBAHHUEM
aMIUTATY pa3fioKeHHbIX UMIysbcoB [19]. Ha puc. 3 npuBeneHo monepeyHoe ceve-
HUE YCTPOMCTBA 3amuThl. JloCTUTHYTO pasznoxkenue BozaeHicTByromero CKU Ha
2 UMIyJbCa C BBIPABHUBAHHUEM MX aMIUIMTYJ B 2 pa3a OTHOCHUTEIBHO aMIUIUTY/IbI
HaIpsDKEHMS B Hayaje akTUBHOIO NMpoBOoAHMKa paBHOW mnosioBuHe DJIC. Hepocrat-
KaMH yCTPOMCTBA ABJIAIOTCS ciadasi CBsI3b U HEOOXOJIMMOCTh PacHOJIOKEHUS MaCCUB-
HOT'O IIPOBOJHUKA HA OJTHOM CJIO€ C aKTUBHBIM.
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Puc. 3. [lonepeyHoe ceueHne yCTPOKUCTBA 3aAIIUTHI OT UMITYJIbCHBIX CUTHAJIOB
C BBIPAaBHHBAHUEM aMIUIUTY]I PA3JIOKEHHBIX UMITYJIHCOB.
[IpoBoaHuKkM: A — akTUBHBIH, [1 — maccuBHbIN, O — OOPHBII

[Ipennaraercss yCTpOWCTBO, COCTOAIIEE U3 MPOBOASALIEH IIIACTUHBI C TOJIOXK-
KOM, HaA KOTOPOM MapajuieIbHO €M pacrojiaraetcsi NpOBOJAHUK MPSIMOYTOJIBHOTO IO-
MIEPEYHOT0 CEYECHUSs, B MPOBOJSIICH IIACTUHE €CTh JBAa BbIpPE3a, KOTOpHIEC Mapa-
JIeJIbHBI U PaBHBI M0 JIJIMHE TPOBOJHUKY, MPU 3TOM YMHOXKEHHOE Ha JUIMHY JUHUU
3HaYEHUE PA3HOCTH MAKCUMAJIbHOW MOTOHHOW 3a/IeP>KKU MOJI JIMHUM U HauOOJbIIeH
M3 OCTaJbHBIX HE MEHBIIE CYMMBbl JJIUTEIBHOCTEH (DPOHTA, MIIOCKOM BEPIIMHBI U
Cliajla UMITYJIbCa, MOAAIOIIETOCs MEXAY MPOBOJAHUKOM W MPOBOJSIIEH IUIACTUHOM,
MIPOBOJIHUK HA OJTHOM KOHIIE YCTPOMCTBA 3JEKTPUYECKU COCAMHEH C LENbI0 MCTOY-
HUKa UMIYJIbCHBIX CUTHAJIOB, a HA JIPYTOM — C 3aIlUIIaeMO 1IeMbI0, J00aBJICHBI JIBa
pe3UCTOpa, IESKTPUUYECKU COCIMHEHHBIX ¢ KOHIIAMH ITPOBOJIHMKA, 0OPa30BaHHOTO B
IPOBOJISAIICH TIJIACTHHE MEXAY JIBYMS BBIpE3aMH, a BRIOOPOM IapaMeTpOB PE3UCTO-
POB 0OecTIieYnBaeTCsI MUHUMH3AIMS aMILIMTYAbl CUTHAJIa Ha BBIXOJIC.
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Puc. 4. Cxema BkiitoueHus (a) u nonepeunoe ceuenue M (6).
[TIpoBonuuku: A — akTuBHBIN, [1 — maccuBHbIN, O — ONOPHBII

Ha puc. 4a npuBenena cxema BkitoueHuss M® [22]. OHa cocTOUT U3 Tpex Ma-
paJUICNIbHBIX MPOBOJIHUKOB JIMHON /=1 M Kaxaplid. [IepBelii MPOBOAHUK HA OJTHOM
KOHIIE COEJIMHEH C UICTOYHUKOM UMITYJIbCHBIX CUTHAJIOB, IPEJICTABICHHBIM Ha CXEME
UJIealIbHBIM UCTOYHUKOM 3.]1.C. £ U BHyTPEHHUM COINPOTUBIIEHHEM R1, a Ha Ipyrom —
¢ R4. 3nauenus conportusnenuit R1, R2, R4, RS npuHATH oguHaKkoBbIMU (R) U paB-
HbeiMH 50 OM, a 1l COeAUHEHUsI KpallHUX NMPOBOAHUKOB — R3=R6=0,001 Om. Bo3-
nerctBytouii CKU umeer dhopmy Tpaneuuu ¢ napamerpamu: ammumaryga IC —
2 B, Bpemsa Hapactanus — 150 nc, niockas BepmmHa umiynbca — 200 nc, cnag —
150 mc.

Ha puc. 46 npuBeneno nonepeynoe ceuenne M®D. Takum 00pa3om, Ha aKTUB-
Hbld TipoBOJHMK TomaeTrcss CKUM, maccuBHBIM MPOBOJHUK HMEET CONMPOTHUBIICHUS
50 OM Ha KOHIIaX, a OMOPHBIC COCAMHEHBI MEXKTy co0oii. [TapaMeTpsl momepeyHoro
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CEUYEHUS: € — OTHOCUTENbHAS IUAJICKTPUUECKasi MIPOHUIIAEMOCTb, W, Wi, W2 U { — IIU-
PHHBI ¥ TOJIIIMHA TPOBOIHUKOB COOTBETCTBEHHO, /I — TOJIIITMHA MOJIOKKH. 3HAUCHUS
napaMeTpoB: =5, w=w;=w,=0,5 mm, s=0,4 mm, £=0,1 mm, =0,105 mm.

TexHu4eckuil pesyabTar

JUIsl 1eMOHCTpaly JOCTUKEHUSI TEXHUYECKOrO pe3yJibTaTa BBITOJIHEHO MO-
nenupoBanue B cucreme TALGAT [23]. BeruncieHue NOroHHbBIX 3aJ€PKeK MOJ JIU-
HUUW T0Ka3aj10 OJM3KHE 3HAYEHWs IS MepBbIX nBYX Moxa (4,11 He/m u 4,28 HC/M) T
OoJiee BBICOKOE 3HAYCHUE I TpeTheld Mol (6,72 HC/M), TaK YTO Pa3HOCThH MOTOH-
HBIX 3aJIepP’KEK TPeThel U BTOPOil Mo MuHUH cocTaBuia 2,44 ne/m. Kpome Toro, BbI-
MOJIHEHO MOJICJIMPOBAHME BPEMEHHOTO OTKJIMKa Ha Bozaeicteue CKU mpu mzmene-
HUU 3HaueHus R, Ha puc. 5 MPUBEIECHbI COOTBETCTBYIOIIKE (DOPMBI HANPSKEHUS B
Havasie (V1) u konue (V4) npeanaraeMoi CTpyKTYpBbI.
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Puc. 5. ®opmbl Hanps>keHUsT B Hadalie (—) U KOHIIE (—) aKTUBHOT'O MPOBOIHUKA
npearaemoit ctpyktypsl ipu R=100 (a), 59 (6), 61 (8) OMm
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Juis R=100 Om amrummtyna neporo mumimyibca 0,42 B, a Broporo — 0,26 B
(puc. 5a). Ans R=59 Om ammumuryaa nepBoro uMminyibca paBHa 0,33 B, a BToporo —
0,35 B (puc. 56). BunHo, 4T0 ¢ yMEHBIIEHHEM R aMIUIMTy/a IEepBOro MMIIyJbca
YMEHBIIIAETCS, @ BTOPOTO — YBEINYMBAETCSA. 3HAYUT, CYIIECTBYET ONTUMAIbHOE 3HA-
yeHrue R, mpu KOTOPOM HMITYJIbChl UMEIOT OJUHAKOBYIO aMIUIUTYAY, SBISIOLIYIOCS
MUHHMMaJIbHON aMIUIUTYAON pe3ylbTUPYIOUIEro curHaia. B wrtore, mpu R=61 Om
BBITIOJTHSETCS Pa3JI0KEHUE UCXOTHOIO CUTHAJA Ha JBA UMITYJIbCa OJIMHAKOBOW M MU-
HuMansHOM amruutyasl 0,34 B (puc. 56). 310 cooTBeTCTBYET OCiiabiaeHuIo B 3 pas3a
1o otHouieHuto K nonoBuHe DJIC. Takum oOpazom, MmoKazaHa peaIM3yeMOCTh TeX-
HUYECKOI'0 pe3ysbTara.

3akiroueHue

[Ipennioxxen M® na ocHose MILJI. B oTiinune oT U3BECTHBIX CIIOCOOOB 3allU-
Thl Ha OCHOBE OTPaHUYUTENIECH, OH HE COACPKUT OOJIBLIOTO KOJUYECTBA PaAHOIJICK-
TPOHHBIX KOMIIOHEHTOB, & 3HAYUT, UMEET BBICOKYIO HAJIEKHOCThb. B oTianume ot pa-
Hee n3BeCTHhIX M®D, OH OTIIMYaeTCd KOMIIAKTHOCTBIO, TaK KaK MAaCCUBHBIN MPOBOI-
HUK HE 3aHUMAET JIOMOJHUTEIBHOIO MECTA, IIOCKOJBKY BBIPE3aH B OINIOPHOU IIOCKO-
ctu. [Ipemnoxennpiii M® umeeT T0BOJBHO NPOCTYI0 KOHCTPYKIUIO, COITIOCTAaBUMYIO
¢ o6bryHOM MIIJI, HO oGmamaer cpoiictBamu 3amuTbl 0T CKU: Ha paccMoTpeHHOM
npumepe nokazano ociabnenue CKU B 3 paza. B omiinuue oT cBsI3aHHBIX MUKPOIIO-
JIOCKOBOM M KOILJTAHAPHO—KEIOOKOBOM JIMHUIA, OH TOpa3f0 MPOILIE U3-3a OTCYTCTBUS
xenoba. BaxkHa M mpocToTa €ro M3roToBJIEHUS: OOBIYHASI TEXHOJIOTHUSL IBYXCTOPOH-
HUX TEYATHBIX IUIAT.

B 3akitoueHre OTMETHM, UYTO B TEOPUHU PELIECHUSI N300pETaTENbCKUX 3a/1a4 UC-
MOJIb3YEeTCsl YIOOHOE Ha MPAKTUKE MOHSTHE O MOBBIINICHUH CTENEHU UACAIbHOCTH KaK
0 NpUONMIKEHUH TEXHUYECKON CUCTEMbI K HEKOTOPOH HJEaJbHON MalIMHE, KOTOpast
ompeseNsieTcsl Kak MallnHa, KOTOpod HeT, a e€ (QyHkuuu BoimonHsroTcs [24]. WUne-
aJbHO, KOTJIAa CHCTEMa BBIMOJHSET ToJie3Hble (PyHKIMHM Oe3 BCSKOM pacriiaThl — HE
UMEET BEca, pa3MEpOB, HE 3aTpauynBacT 3HEPrUI0, Marepuaisl U T.4. Pasymeercs, no-
CTM)KEHHME 3TOI0 B PEAJIBHOCTH HEBO3MOXKHO, 338 MCKJIIOYEHHEM TEX CIydaeB, KOIrna
BBITIOJTHEHNE HYXKHBIX (PyHKIHM OepéT Ha cebs (10 COBMECTHUTENBCTBY) Kakasi-TO
Apyras, YyXe HMEoIascs cucremMa. B CBOMX BOCIOMHHAHMSX KOHCTPYKTOP
A. Mopo3oB, oIuH U3 co3aarenie Tanka T-34, mucan, 4To B paboTe PYKOBOJAMMOTO
MM KOJUJIGKTHBA TIIABHBIM OB MPUHITUIL: «CaMOil HaEKHOM, HEeMopakaeMoH, JIETKoi
1 JemEBOM SIBISIETCS Ta JE€Talb, KOTOPOM HET B MaluHE...». Maes npenokeHHoro
M® 1oIHOCTBIO COOTBETCTBYET 3TOMY. ..

PaboTa BeInonHeHa nipu (prHaHCOBOM nopanepx ke rpanta [Ipesunenta Poccuii-
ckoit ®@eneparnn MJ[ 365.2018.8, MunucrepcTtBa o6pa3zoBaHus U Hayku Poccuii-
ckoit @enepanuu (mpoekT Ne 8.9562.2017/8.9).
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Modified microstrip line
which can protect against ultrashort pulse

M. A. Samoylichenko, T. R. Gazizov

The relevance of the work: ensuring the stable operation of electronic equipment (EE) under the in-
fluence of electromagnetic interference is important due to the fact that radio systems become more complex,
the field of application of EE expands, the density of circuit boards increases. Nowadays there are many pro-
tection devices, but they have some complex design features. These features reduce the devices operation
speed and lead to spurious parameters, and also they reduce the protection possibilities against a powerful
ultrashort pulse (USP). The development of modern protection devices requires simplification and cheapen-
ing of their implementation, therefore, their improvement is important. Modal filters (MF) are being actively
studied among these devices. But for each of them, a passive conductor is required, which takes up space
and has mass. That’s why, the improvement of the MF is necessary. The purpose of the paper is to develop a
new device for protection against USP on the basis of a modified microstrip line (MSL). Novelty: implemen-
tation of a microstrip protection device, due to two cuts in its reference plane. Result: The materials were
demonstrated to show the achievement of the alignment of the amplitudes of the decomposition pulses, which
turned out to be 3 times less than the level of the input signal, was achieved. Methods used: To substantiate
technical solution quasistatic analysis was used. It also was used during the simulation process. Practical
relevance: the solution allows a simple and cheap implementation of protection against USP in widely used
double-sided printed circuit boards.

Key words: microstrip line, modal filter, ultrashort pulses.
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