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DaxyJIbTET SIEKTPOHIKH
HamionaneHuil TeXHIYHAN yHiBEpCcUTET YKpaiHu

«KwuiBcbkuii nomiTexHigHUH iHCTHTYT iMeHi Irops CikopcbKoroy

Kwuis, Ykpaina

Anomauyia—Po00oTa npucBsiueHa po3podui NPUCTPOIO IS POTU/AIL JIa3epHUM 3acobaM Jiokanii Ta ypa:kennsi. Ilpose-
JeHO aHAJIi3 JaHHUX 3 BUIKPHTHX JiTepaTypHHX J:Kepes PO aHAJOriYHi cucremu Ta TexHoJorii. [IpoBeneno Teopernyni
PO3paxyHKH e()eKTHBHOCTI 3aXHCTY JIOACLKOI0 0KAa 200 ONTHYHOI0 NPUJIAAY Bi/l JIa3¢PHOI0 YPasKeHHS NPU Pi3HUX THHAX

3aXHCTY.

Kniouogi cnosa — cucmema npomudii; nazepni 3acodu 10Kkayii ma yparxcenns; dieneKmpuuni 03epKana; cucmema 3axu-
cmy; 0amuuK 1a3eprHo20 GURPOMIHIOSAHHA; PIOKOKPUCMAIIYHA RAHEb; C8IMI0pinbmp; homoodiod; onmoenexkmponni zacoou.

L Bctvn

JlazepHi cucremu IS BIHCHKOBOTO 3aCTOCYBaHHS
BUKOPHCTOBYIOThCS 3 cepeauHu 60-x pokiB. BiiicbkoBi
3aCTOCOBYIOTh JIa3epd B CHUCTEMax 0Oe3locepesHboro
TEIJIOBOT'O BPaXKEHHS 00’ €KTY, B IiJIeBKa3yBadax, CUCTE-
Max BUSIBJICHHS CHalIepiB, cHCTEMaX MOCTaHOBKH Tepe-
IIKOJ CHaimepam, nanekomipax [1] 1 T.1. B xinmi 70-x Ha
novatky 80-x B CPCP Oynu cTBOpeHi ekcriepiMeHTalbHi
OCITIIITIO0Yi caMOXiaHi kKoMIiekcH [2]. Po3Burok iazep-
HOi Ta KOMIT'IOTEPHOI TEXHIKH JI03BOJIUB CYTTEBO 3MCH-
IIMTH MacorabapuTHI MapaMeTpH MPHUCTPOIB, a TAKOXK IX
BapTIiCTh. 3apa3 Taki CUCTEMH LIMPOKO 3aCTOCOBYIOTHCS
B OoifoBux misx [3].

3 IHIIOT CTOPOHM, CTOITh 3a/1a4a MPOTH/IT TAKIM KOM-
riekcaM. [loTpiOHI cucTemMu, IO 3MOXYTh MPHUXOBATH
OIITHYHI CUCTEMH BiJ BUSBJIEHHS, a TAKOX 3al00IrTH 1X
BPaKEHHIO OCITITUTIOIOYUMU KOMIUIEKCaMH.

MerToro po0oTH € po3poOKa CHCTEMH IPOTHJIIT Ta3ep-
HUM KOMIILIEKCAM JIOKAIlii Ta ypaskeHHs. 11 3a1aua mpuxo-
BaTW ONTHYHUHA MPHJIAA Bil CHCTEM JIa3epPHOTO CKaHYy-
BaHHS Ta 3aM00IrTH ypa)KeHHIO ONTHYHOTO MPUIIaay abo
OKa JIFOJIMHH OCTIILUTIOIOYMM JIa3epPHHM BHUIIPOMIHIOBAH-
HAM.AKTYaJIbHICTh JAHOT CTaTTi 00yYMOBJICHA HEOOXI THI-
CTIO CTBOPCHHSI HOBHX Ta BIOCKOHAJICHHS 1CHYIOUHX elie-
KTPOHHHMX CHUCTEM IPOTHIII Ja3epHUM 3aco0aM JioKarlii
Ta ypaxeHHs. He3Bakaooum Ha Te, IO JOCIIIDKCHHS
B JIAaHOMY HaNpsIMKY BEIyTbCsl HE OJIMH PiK, BUOIp 1moio0-
HUX CHCTEM AYXKE MaJui.

II.  AHAJIB JITEPATYPHUX TAHUX
TA TIOCTAHOBKA IMTPOBJIEMU

Jlst MiHIMI3aMii BipoTiZHOCTI BUSIBJICHHS ONITHYHOTO
mpwiany 3a3BHYail  BHKOPHCTOBYIOTBCS — MeEXaHIUHI
3aco0M 3BY)KEHHS KyTa BiIOTUCKY MPOMEHS. STk mpHKIIaz
MOJKHA BIMITHTH cOTOBi Onenau [4]. JJoxkuHa OHi€q

COTH TOBHMHHA Ha TOPSAOK MEPEBHUINYBATH ii JiaMeTp.
[ToBepxHsi coToBUX TPyOOK Mae OyTH 3a4OpHEHA, IS
3MEHIICHHS BiIOUTTS CBITIOBUX HpoMeHiB. st Olmbin
HaJIHHOTO 3BYKEHHS KyTa BifIONMCKYy MOXXHAa BCTaHO-
BUTH 0JIpa3y KiJlbKa COTOBUX OJCHI MiIps] — KUIbKICTh
3JIEXKHTh BiJT iX ONTUYHHUX STKOCTEH.

Jlo onTnyHUX 3aco0iB BIIXHOCATHCS CBITIO(IIBTPH
[5], axi mormuHAIOTH, OJOKYIOTH 200 PO3CiIOIOTH iH(Pa-
YEepBOHMH CHEKTp, 00 camMe y HbOMY IPaLIOIOTh JIa3epHi
JIETEKTOpU ONTHYHUX TNpwianiB. Takuii ¢GinbTp BapTo
CTaBUTHU HA ONTHYHHUHN MPHILT MK JIIH3010 Ta OJICHIOM0.
Ajxe BiH BigOMBae iH(ppavyepBOHI IPOMEHI, MPAIIOI0YN
sIK q3epkaiio. Tomy meit KyT BiTOUTTS MOTPiIOHO 3MEHIITY-
BaTU yciMa MOXIJIMBUMHU 3ac00aMu - 30Kpema, TpyOdac-
TUMH OJIEHAAMH, SIK OIIMCAHO BHIIE.

[Tpote 1i METOM HE MOXKYTh ITOBHOLIIHHO 3aXHCTHTH
oreparopa ONTHYHOIO MPWIIALY CIOCTEPEKESHHS Bil
HAMpaBJICHOIO Ha IIed MpHiIaj] MOTYXXHOTO JIA3ePHOTO
BumpoMiHroBaHHSA. [1[06 BUpImHTH 10 IPOOIIEeMy MOXKHA
3aCTOCYBAaTH TEXHOJIOTII0, MIO IMOBHICTIO OJIOKYE ONTHY-
HHUH KaHaJ IiJ 9ac HaJIXOMKECHHS Ha ONTHYHHN MpUIiax
BUCOKOIIOTY)KHOT'O JIa3epHOT0 BHIIPOMiHIOBaHHs. [lat-
YHKH BUIPOMIHIOBAHHS PEaryloTh Ha BHCOKOIIOTYXKHE
Jla3epHe BUIPOMIHIOBAHHS YPa)XCHHs 1 EpelatoTh CHT-
HaJ Ha CJIEKTPOHHY CXEMY, SIka B CBOIO Yepry BMHKA€e
PIAKOKpUCTANIYHUI (QIIBTP, WO MEpEeKpUBAE ONTHYHHHA
kaHa. [lig mi€fo eIeKTPUIHOTO CTPYMY PiAKi KpHCTaIH
CTAIOTh CHELIaJbHOI CTPYKTYPOIO TaKMM YHHOM, IO
iH(ppauepBOHE BUIPOMIHIOBAaHHS HE IIPOXOJAUTH Kpi3b
¢ineTp. Konm BunpoMiHIOBaHHS ypaskeHHS 3HHUKAE, eJe-
KTPOHHA CHUCTEMa MOBEPTA€E PiJKOKPUCTATIUYHUNA (DiIBTP
JI0 TIPO30POTO CTaHy.
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O6'eKTMB NPUCTPOLO

Cuctema KepyBaHHA

Bnok xkuBneHHA

Puc. 1 CtpykTypHa cXema €IeKTPOHHOI CHCTEMHU MPOTH/III JIa3epHIM
3aco0aM JIoKaLil Ta ypaKeHHs

III. CTPYKTYPHA CXEMA EJIEKTPOHHOI CUCTEMU
MPOTUIII TASEPHUM 3ACOBAM JIOKALIIl TA YPAXKEHHS

CrpyktypHa cxema (Puc. 1) cucremu mMicTuTh: Oara-
TOLIAPOBUH JIENEKTPUYHUN (QUIBTP, ONTUYHUHA JaTUHK,
PIIKOKpUCTATIYHHNA BiNbTP, CHCTEMY KEPYBaHHS Ta OJIOK
JKUBIICHHSI.

Jlana cucrema po3poONS€ThCs IS 3aXKUCTY Big MIPH-
naxy nporuaii cHalinepam «ITAIIB» (mepeHocHmit aBTO-
MaTHYHUHA TPHUIag ONTHKO-€JIEKTPOHHOI mpoTHmii) [6],
NIPU3HAYECHUH AJIsl BUSIBIICHHS ONITUYHMX 1 ONITUKO-EJIEKT-
porHux 3aco6iB (OE3) [7], ki mpoBOAATE 3yCTpiUHE CIIO-
CTEPEXKEHH 1 NPULIIIOBAHHS, Ta OCTAHOBKH JIA3€PHUM
BUIIPOMIHIOBAHHSM IMITyJIbCHUX CBITJIOBHX IEPEIIKOI.

J1ist npuXOBYBaHHS ONITHYHOTO MPHUIIALY BiJl CKAHYIO-
YOro Ja3epHOr0 IMPOMCHS IOBXKHHOIO XBWIL 8§60 HM,
3aCTOCOBYETHCA Ai€TICKTPUUHE 3epKaio [8], BcTaHOBICHE
i KyToM 45 TpaayciB i po3paxoBaHe Ha JOBXHHY XBUIII
CKaHYIOUOI'0 TPOMEHs. 3a MieNeKTPUYHUM A3epPKaJioM
PO3TalIOBaHO ONTHYHMI IATYHK, 33/1a4a SKOTO BHSBUTH
Jla3epHe BUIIPOMIHIOBAHHS YPaXKESHH:I.

Jnst MOBXWH XBHJIb BHIPOMIHIOBaHHS YpPaKCHHS
TAaKOX BUKOPHUCTOBYIOTbCS JIENIEKTPUYHI J3epKaja
3 KyToM Haxwmiy 45 rpamycie. [Ipu Hane:xHOMY BHOOpI
MarepiaiiB 1 TOBIIMHM LIapiB MOXHA CTBOPUTH ONTHYHI
MOKPUTTA 3 HEOOXITHUM BiIOWUTTSAM Ha 0OpaHiil JOBXKHHI
XBHIII.

SIK maTYMK JIa3epHOTO BHIPOMIHIOBAHHS Kpalle
BCHOTO Tifiiife GOTOi0 3aBSIKH TOMY, IO II€H HAaIiB-
NPOBITHUKOBHH EIEMEHT Ma€ MaJli rabapHuTH, NOEJHAHHS
BUCOKOT (pOTOUYTIIMBOCTI Ta BEJMKOT IBUAKO/IT IepeMu-
KaHHS, a TaKOX HHU3BKY coOiBapTicTh. Ciim 3a3HAYUTH,
o npunan «[TATIBy mMoxe OnpoMiHIOBATH I[iJIb Y JTOB-
xuHaxX XBWIb Big 0,53 1o 1,06 MxM, ToMy doTomion mia-
OMpaeThCsl TAKUM YHHOM, 11100 HOTO CrIeKTpabHa Xapak-
TEePHUCTHKA MOTJIa TIEPEKPUTH BeCh mel miamazoH. [Torpi-
6HuM mapamerpam Bianosigae doromion OSRAM SFH
203 [9].

PinkokpucTanivyHa MaHellb BAKOHYE POJIb 3aXUCTY BiJ|
Jla3epHOro BUNTpOMiHIOBaHHS. Ile gekinbka piqkoKkpucTa-
miuaux (PK) ¢ineTpiB, posmineHnx nosspualifHUMH
IUTiBKaMH. J[aTYrKy po3TamoBaHi B PUIIaIl MCIsI CBIT-
nodineTpy Ha 860 HM. ITicns pikcyBaHHS MPOMEHIO ypa-
JKCHHS JAaTYMKH TCPEHAlOTh CHTHAI HAa CJICKTPOHHY
njary, nuara nepersoproe curan, Ha PK  dineTpu

MOJAETHCSL JKUBJCHHS. [li BINIMBOM E€NEKTPUYHOTO
CTPYMY PiJIKi KPUCTAJIN 3MIiHIOIOThH (ITIOBEPTAIOTH) ILIO-
IMHY NOJsIpU3alii CBITIA, SK€ MPOXOJHWTh Kpi3bh HUX.
3MIHIOIOYH BEIMYUHY NMPHUKIAJCHOT 10 PIIKUX KPUCTAIIIB
HaIpyru, MOXHa KepyBaTH KUIBKICTIO CBITJIa, 110 TPOXO-
IUTh Kpi3h HOJSPU3AIINHMN CBITIOQINBTP. SKmO KyT
MIX TUTOIIITHAMH MOJIIPU3ALii CBITIIA, IO MPOKIIIIO KPi3kb
piAKi KpucTamy i cBiTIOGINbTpY cTaHoBUTH O Tpaaycis,
TO CBITJIO Oy/Ie MPOXOANUTH KPi3h MOJSAPU3aTOp O€3 BTpaAT
(MakcHManbHa MPO30picTh), sk 90 rpaaycis, TO CBIT-
o ineTp OyHe MpommycKaT! MiHIMaJIbHY KiJIBKICTh CBITIIA
(MiHIMaJbHA PO30PicTh). TakuM YMHOM NpHU MiHIMaJIb-
Hill Ipo30opocTi (KOe(illieHT MPOITyCKaHHS B 3aKPUTOMY
crani He Ounbie 0,001%), BUPOMiHIOBaHHS B Aiana3oHi
BiJ yIIbTpagioeTOBOTO A0 iH(PpadepBOHOTO MPAKTHIHO
HE MPOXOJUTH Kpi3k GinbTp. [Ticis 3aBeprieHHs OmpoMi-
HEHHS IPOMECHEM YPaXXeHHS JaTYNKH IIEPECTAIOTh TIepe-
JlaBaTH CUrHAN Ha Iuiary. EnexTpoHHa miarta BiiKIoyae
KUBIICHHS BiJ QUIBTPiB 1 QLIBTPH CTAIOTH MPO30PUMH.
Yac cmopairoBaHHA €IEKTPOHHOI CHCTEMH CKJajae
40 MKc.

Pinxoxpucranmiuanit ineTp Ta cxema HoOro Kepy-
BaHHSI CIIO)KMBAIOTh MaJMi CTPYM TOMY MOXYTb >KHBH-
THCS BiJl XIMiYHOTO eleMeHTy Hamnpyroro 1,5 B abo ana-
JIOTIYHUM aKyMyJisiTopoM. Lle no3BosuTh MiHIMI3yBaTH
MacorabapuTHi TapaMeTpH MPUCTPOIO.

JIis po3paxyHKy IIIJIBHOCTI €HEPTii, IKa MepeIacThCs
MOTY>KHUM JIa3epHUM BunpoMmiHtoBaHHAM [10] mpmiaxy
«ITAIIB» B 3amexHOCTI BiJ BIACTaHI Ta IiaMeTpy
00’ €KTHBY BHKOPHCTOBYETHCA (hopmyna (1).

y _ LcQexp(-kR)] ’ 0
[n(do +0 pR)Z}

ne W — winbHicts eneprii, Ix/cm?; 0 p — KYT posxo-

JDKCHHS JIa3epPHOTO TPOMEHIO, pal; € — KOCili€eHT,
BEJIMYMHA SIKOTO 3aJIC)KUTh BiJl TOTO MO SIKOMY PIiBHIO
IHTEHCHUBHOCTI BU3HAYCHHUHU KYT PO3XOJ[KCHHS JIa3ePHOTO
BUIIPOMiHIOBaHHSI 0 P — BHXiJIHA eHepris na3epa, JIx;

R — Bimcranp m0 mKepena BHUIIPOMIHIOBAaHHS, CM;
k), — xoediuieHT nocnadneHHs, KUl ONUCY€E 3aracaHHs
BUIIPOMIHIOBAaHHSI JIazepa aTMOC(EpOoro 3a PaxyHOK MOT-
JIMHAHHS 1 PO3CIFOBAHHS CBITJIa MOJIEKYJIAMH, TUCTIEPCiii-
HOIO (a3010 (IUM, I, TyMaH) 1 QIyKTyauisMH MiTbHO-
cri noitps, eM”'; dy, — niamerp BuXimHOI ameprypu
BUIIPOMIHIOBAYa, CM.

KoedimieHT mocnabieHHsT BU3HAYAETHCS 32 Popmy-
noro (2):

3.91( )"
ky=—"——xc1| > (2)
L, 0,55

ac A - JOBXHWHaA XBHIII JIa3€pHOTO BPIHpOMiHIOBaHHﬂ, HM;

L, - MeTeopoJsioriyHa JallbHICTh BHUJMMOCTI, CM;

n=0,585L13.

3 ypaxyBanusM ¢opmynu (1) Oymno moOynosaHo rpa-
¢ixu (Puc. 2, Puc. 3), axi BigoOpakaroTh MIUIbHICTH €HE-
prii BunpomintoBanus ITAIIB 3 nomxkuHOI0O XBui
530mM i 1060 HM 3 €HEpri€o IMITYIbCY IMOTYXKHOTO
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punpomirroBanHs 0,2 JIx i 1,5 JIx BiamoBigHO B 3aie-
JKHOCTI Bif BigctaHi. OKpeMUMH TiHISIMH 300pa)XeHO
TPaHWYIHO JIOIYCTHUMI PiBHI HIUTBHOCTI €HEprii BUIIPOMi-
HIOBaHHS U1 PI3HUX AiameTpiB 00’ exTuBiB. [Ipn 306116-
ImIeHI JiaMeTpy O0O0’€KTHBY BIANOBITHO 30UIBIIYETHCS
KUTBKICTh €HEpril BUIPOMIHIOBAHHS, IO (OKYCYETHCS
OKYJISIPOM Ha OIli UM CBITJIOWYTIUBil MaTpHUIll pUIaLy,
TOMY 3MEHIIY€ETHCS TPAHMYHO JOIYCTUMHHN PIBEHb LIJIb-
HOCTI eHeprii BHUIPOMIHIOBaHHS Ha BXOIl 0O’€KTHBY.
I'paanyHO nOIycTUMI piBHI OyIH po3paxoBaHi BPaxoBY-
toun Aadi 3 [11]. SIk BUAHO 3 pUCYHKIB IIUIBHICTD €HEPTii
BUIIPOMIHIOBAHHS, sKa TepeaaeThes 3 mprany «[IATIB»
MEPEBHUIIYE TPAHUYHO JOMYCTUMI PIBHI IIUIBHOCTI
BHIIPOMIHIOBAHHS JJIS BCIiX JiaMeTpiB 00'€KTHBIB Ha BCii
po0bouiii 06aacTi 1HOro MPUIAIY.

Ha Puc. 4, Puc. 5 mpuBeneHi pe3ynbTaTu po3paxyHKiB
migbHOCTI eHeprii BunpomintoBanns [TATIB nnst nazep-
HOTO BUIPOMIHIOBAHHS 3 JOBXHHAMH XBWIb 530 HM
i 1060 HM 3 eHepTi€ro IMITYJILCY MOTY)KHOTO BUIIPOMIHIO-
BaxHA 0,2 /x 1 1,5 Ik BiINOBIZHO Ta TPAHUYHO JIOITyC-
TUMI piBHI INIIBHOCTI €HEpril J1a3epHOI0 BHUIPOMIHIO-

BaHHA JUIsl  PI3HUX JiaMeTpiB 00’ €KTHBIB  mpH
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—— lllinbHicTs eHeprii Bunpominoparus [TAIIB
%X ['paHHYHO JOIYCTHMHI PiBeHB IILUIBHOCTI HEPTil BHIPOMIHFOBAHHS
11 06’ €KTHBIB 3 TiameTpamu Bin 24 1o 100 My

Puc. 2 3anexHiCTh IIIIBHOCTI €HEPTil JIa3epHOTO BUIIPOMiHIOBAHHS
npunany ITAIIB 3 mosxunoro xBum 1060 HM, eHepriero iMIyabCy
MOTY>KHOrO BHIpOMiHIOBaHHs 1,5 DK Ta rpaHUYHO JOMYCTHMI piBHI
LITBHOCTI €Hepril BUIIPOMIHIOBAHHS U1l 00 €KTHBIB Pi3HOTO IiaMeTpy
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—— IlinewicTs exepril Bumposiniosanns [TATTB

ans TPAHIMHO TOMYCTIMUT piBeHE WITLHOCTI exeprii BunpoMiHIoBaHHs
s iamMeTpy of'ekTiRY 24 MM

+ Tpanuuso OMycTHMIT PiBeHE INBHOCT] eHEpril BUIpOMIHIOBAHHS

AN TiaMeTpy 0G'eKTHBY 56 MM

— - T'pannuso gomyeTnMitt piBeHb MITLHOCTI EHEPrii BHIIPOMIHIOBAHHS
1A JaMeTpy o0'eKTHBY 75 MM

=T PaHHYHO JDH:«'CIIILIIII1 PIECHE UIUTBHOCTI eHeprl‘l‘ EBHINPOMIHIOBAHHA
ana mametpy of'ektiBy 100 MM

Puc. 4 3anexHIiCTh LIIIBHOCTI €HEprii J1a3epHOr0 BUIPOMIHIOBAHHS
npunany ITAIIB 3 mosxunoto xBmii 1060 HM, €HeEpri€lo iMIyIbCY
MIOTY’)KHOTO BHUNpOMiHIOBaHHA 1,5 JK Ta TpaHMYHO JOIMYCTUMI DiBHI
LITBHOCTI €Hepril BUIPOMIHIOBAHHS JUIsl 00 €KTHBIB Pi3HOTO JlaMeTpy
TIpH CIIPAIFOBAHHI €HEPTil BUNPOMIHIOBAHHS I 00’€KTHBIB Pi3HOrO
iaMeTpY P CIPALIOBaHHI eJIEKTPOHHOI cucTeMu 3axucTy 3a 40 MKc

CHpaloBaHHI PiAKOKpUCTANIYHOTO (iIbTpy 3a 4Yac, Mo
foro

3abe3reuye €JICKTPOHHA CHCTEMa 3aXHUCTY,
40 mxc.

a came

Sk moxkna 6aunth 3 rpadikis (Puc. 4, Puc. 5), BBe-
NIEHHS EeJEKTPOHHOTO (UIBTPY 3 YacoM CHpaIffoBaHHSI
40 MKc J103BOJIsIE 3aXUCTUTH OKO 200 CBITJIOUYTJIMBY Ma-
TPHIIO ONTHKO-EIEKTPOHHOTO HPHUIALy BiJl Ypaxyrdoi
nii mortyxkHoro BunpomiHioBaHHS [IAIIB Ha Bchomy
pobodomy miamazoHi Horo poOOTH.

BUCHOBKU

[MoTyxuuit immynsc [TAIIB Moke CyTTEBO 3aIiko-
JIITH 30pY JIIOJWHY, a TIPH BEJTUKHX JiaMeTpax 00'eKTUBY
abo npu manmx Bigctansx Mix [TATIB Ta crioctepirauem,
JIFOJIMHA B3arali Mo)ke Horo BrpaTuTh. Te 5k came BiJjHO-
CUTBHCA 1 10 CBITIOYYTIMBUX MATPHIIb ONTHKO-EJICKTPOH-
HUX TpwiagiB. SIK NOKa3ylOTh HaBEJEHI PO3PaxyHKH,
TPaHIYHO JIOIyCTUMUI PiBEHB IIUIBHOCTI €Heprii BUIpo-
MIHIOBaHHS B HE3aXMIIEHHH ONTHII 3HAXOANUTHCS Haba-
rato HIDKYE LIUTBHOCTI €Heprii BHIPOMIHIOBAHHS, SKY
3a0e3meuyroTh MoTyKHi naszepu [TATIB.
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—— IlinbHicTs eneprii Bunpomiaosanas ITATIB
*x{(x [ PAHIYHO JIOMYCTHMHUE PIBEHB ILTHHOCTI CHEPIil BUIPOMIHIOBAHHS
s 06’ eKTHBIB 3 miaMeTpamu Bix 24 10 100 MM

Puc. 3 3anexHICTh IMIIBHOCTI €HEepril JIa3epHOTrO BUIIPOMIHIOBAHHS
npunany [TATIB 3 nosxunoo xBuii 530 HM, €HEPTI€I0 IMITYJIbCY HOTY-
JKHOTO BUNpoMiHioBaHHs 0,2 J[)k Ta rpaHUYHO AOMYCTHMI PiBHI LIiJIb-
HOCTI €Heprii BUIIPOMiHIOBAaHHS JUIs 00’ €KTHBIB Pi3HOTO JliaMeTpy

2

W, /M

0 200 100 500 500 10 12000 Laa0’ 6o’
R.om

—— 1l{insHicTs eHeprii BumpoMiHtoBaxHA [TATIB
aaa TpaHIIHO IOMYCTHMHIT PIBCHE IMITEHOCTI CHEPTii BHTPOMIHIOBAHHA
ana maMeTpy ob'eKTHRY 24 MM
+ T'paHIuHO NOMYCTHMIT PiBeHE WUTEHOCTI €HEprii BUNPOMIHIOBAHHA
s giaMeTpy o0'eKTHRY 56 MM
= - ['paHnyHO 10OIyCTHMMHIT PIBCHE
Wis AlaMeTpy O0'EKTHBY 75 MM
—  I'panmduo KomycTHMIT PiBeHE WTBHOCTI eHEPIiil BHIPOMIHIOBAHHA
s piametpy of'extimy 100 My

cTi eHeprii

Puc. 5 3anexHiCTh LIIJIBHOCTI €HEprii Ja3epHOr0 BUIPOMIHIOBAHHS
npuiany [TAIIB 3 noxunor0 XBuiti 530 HM, €HEpPri€lo IMITYJIbCY MOTY-
xHoro BunpomiHioBanHs 0,2 [k Ta rpaHMYHO JOIyCTHMI PiBHI IIiTb-
HOCTI €Heprii BUIIPOMIHIOBaHHS ISl 00’ €KTUBIB PI3HOTO JiaMeTpy Mpu
CIIPAILIOBaHHI eJIEKTPOHHOI CHCTEMH 3aXUCTy 3a 40 MKC
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EnexTpoHHi cucTeMu Ta CUTHAIU

Po3po6iieHa ONTHKO-EIEKTPOHHA CHCTEMa 3aXHCTY
3MEHIIy€ Yac il JJa3epHOTO BHIIPOMIHIOBaHHS Ha OKO
JIFOIMHY Y1 CBITJIOUYTJINBY MATPHUIIIO ONTUKO-EJIEKTPOH-
Horo npwiany 1o 40 mkc. Sk mokasanu npoBeAeHi po3-
paxyHKH, 1ie MiIBHIIUIO TPAaHUYHO JOIMYCTUMHN PiBEHb
IIIJIBHOCTI eHeprii BUIPOMIHIOBAHHS BHINE PIBHIO, IO
3a0e3meuyroTh noTyxHi azepu [TATIB st Bei€el nanbHO-
CTi iX 3aCTOCYBaHHS 1 00'€KTHUBIB 3 AiaMeTpaMu BiJ 24 MM
1o 100 mm, o BOepeske ix Bij 3acmimumorodoi mii [TATIB.
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Abstract—The work is devoted to the development of a device for counteracting laser means of location and destruction.
The analysis of data from open literature on similar systems and technologies have been performed. Theoretical calculations
of the effectiveness of protecting the human eye or optical device from laser damage with various types of protection have
been carried out.

Laser technology has been used by the military since the mid-1950s. The military uses lasers in systems of direct thermal
destruction of the object, pointers, detection systems of snipers, systems of interference with snipers, rangefinders, etc. In
the late 1970s and early 1980s, military-experimental blinding self-propelled complexes were created in the USSR. The
development of laser and computer technology has significantly reduced the dimensions of the devices, as well as their cost.
Now such systems are widely used in combat operations.

On the other hand, there is a challenge to counteract such complexes. Systems are needed that can hide optical systems
from detection, as well as prevent them from being destroyed by blinding complexes.

The purpose of the work is to develop a system to counteract the laser complexes of location and damage. Its task is to
hide the optical device from laser scanning systems and prevent the damage of the optical device or the human eye by
blinding laser radiation.

The relevance of this article is due to the need to create new and improve existing electronic systems to counteract the
laser means of location and destruction. Despite the fact that studies in this area are conducted for more than one year, the
choice of such systems is very small.

To minimize the probability of detecting an optical device, mechanical means of narrowing the beam glare angle are
commonly used. One example is cellular blinds. The length of one cell must be much higher than its diameter. The surface
of the cell tubes should be blackened to reduce the reflection of light rays. For more accurate narrowing of the flare angle,
it possible to set several cellular blends in a row - the number depends on their optical qualities.

Optical means include optical filters that absorb, block, or scatter the infrared spectrum, because laser detectors of
optical devices are in it. Such a filter should be placed on the optical sight between the lens and the lens hood. After all, it
reflects the infrared rays, working as a mirror. Therefore, this angle of reflection should be reduced by all means, in partic-
ular tubular blinds, as described above.

However, these methods cannot fully protect the operator of the optical observation device from the powerful laser
radiation directed to the device. To solve this problem, you can use technology that completely blocks the optical channel
when you receive high-power laser radiation on an optical device. The radiation sensors respond to the high-power laser
radiation of the destruction and transmit the signal to an electronic circuit, which turn on a liquid crystal filter that covers
the optical channel. Under the influence of electric current, liquid crystals become a special structure in such a way that
infrared radiation does not pass through the filter. When the radiation is lost, the electronic system returns the liquid crystal
filter to a transparent state.

The power impulse of laser means of location and destruction can significantly damage a person's vision, and at large
lens diameters or at short distances between a these means and an observer, a person may lose it completely. The same
applies to light-sensitive arrays of optoelectronic devices. As shown in the calculations, the maximum permissible level of
radiation energy density in unprotected optics is much lower than the radiation energy density provided by laser means of
location and destruction.

The opto-electronic protection system reduces the time of laser radiation to the human eye or the light-sensitive matrix
of the optoelectronic device to safe limits. As shown by the calculations, this increased the maximum allowable level of
radiation energy density above the level provided by power lasers for their entire range of use and lenses with diameters
from 24 mm to 100 mm, which will protect them from the blinding effect of laser means of location and destruction.

Keywords — - counteraction system; laser means of location and destruction; dielectric mirrors; protection system; laser
radiation sensor; liquid crystal panel; optical filter; photodiode; optoelectronic means.
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