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AHOTANIA

[Banuu H.P. 3axuct MOBHOI iH()opManii BiI Ja3epHUX CHCTEM AKYCTHYHOI
po3Biaku. — KBamidikariiiina HayKkoBa mparis Ha IIpaBax PyKOIIUCY.

Huceprarist Ha 3100y TTS HAYKOBOTO CTYIICHS TOKTOpa (iocodii 3a creriaabHICTIO
125 «Kibepbesneka Ta 3axuct iHpopmariin. — IKTA HarmionansHuii yHIBepcUTET
“JIpBiBCHKa TOJTITeXHIKA” YKpainu, JIpBiB, 2024.

Hucepraiiiina po0OoTa TpPHUCBSUYEHA BUPIMICHHIO AaKTyaJbHOTO HAyKOBO-
MPAKTUYHOTO 3aBAAHHS MIABUIICHHS €(hEKTUBHOCTI METO/IIB MACUBHOTO 3aXUCTY MOBHOT
1H(popMallii Bl 3YUTYBaHHS ONTOEJIEKTPOHHUM KaHaioM. MoJeatoBaHHsS NapameTpiB
3aXMCHUX BJIACTUBOCTEH CKJIa BiJI JIA3€PHUX CUCTEM aKyCTUYHOI PO3BIJIKU B 3aJIEKHOCTI
B1JI KOHIIEHTpaIlli OCHOBHUX €JIEMEHTIB, a TAKOXK CTBOPEHHS Ha CKJI1 JOJAaTKOBHUX IIapiB
MPOTHIIT JIA3EPHOMY OINPOMIHEHHIO Pa30M 3 BUKOPUCTAHHSIM PI3HOIUIAHOBOTO JU3aWHY
BIKOH, JO03BOJISATH IIJBHUINUTH PIBEHb 3aXHUIIECHOCTI MPUMIIICHb BiJl 3HATTS MOBHOI
1H(popMallii JIa3epHUMH CHCTEMaMH aKyCTHYHOI PO3BIIKH.

Butik xondineHmiiHoi iH(OpMalii 3amuIIaeTbCsl OIHIEID 3 HalCepHO3HIMMX
npobiem y cdepl NOpOTUAIl MPOMHUCIOBOMY IIMUTYHCTBY. JlazepHo-JoKaliiiHe
30HJyBaHHS BIKOHHMX IIMOOK Ta IHIIMX BIAOMBAIOYMX MOBEPXOHb POOUTH MOXIMBUM
BIITBOPCHHS PO3MOBH, IO BEAETHCS i yac KOH(IICHIIIHHUX TIEPErOBOPIB, BUCTYIIIB
Tomo. IIpoTsrom ocTaHHIX JOECATHIITH PO3POOJISIIMCH YHUCICHHI METOAM 3aXHCTy
iHdopmalii Bl BHUTOKY pi3HMUMU KaHajmaMud. OJHMM 13 KJIIOYOBHX HAamlpsSMKIB
3abe3rneueHHs 1HGOpPMAIIHHOT OC3MeKH € BHSABJASCHHS Ta JIOKATI3alisl MOXKIHMBHUX
TEXHIYHMX KaHaJIIB BUTOKY aKyCTH4YHOI 1H@opmamii. B wmiid ramys3i Oyno IOCHIIKEHO
Oararo MeTOMIB, BKJIIOYAIOYM AaKTHBHI METOAW 3aXHCTy MOBHOI iH(opmMmarii 3
BUKOPHUCTAHHSIM CHEIiaTbHUX TPUIAJiB, MATHITOCTAaTUKH Ta eleKTpocTaTuku. OqHUM 3
HalaKTyalbHIIINX Ta HAWMEPCIEKTUBHIIINX HAMPSAMKIB ITACHBHOTO 3aXUCTy MOBHOI
1H(Dopmarlii Ha JaHU# 9ac € Po3poOKa CIeialbHUX MTOKPUTTIB Ta IUTIBOK, 3aCTOCYBAHHSI
SAKUX MOXKE CYTTEBO 3HU3UTHU PU3UMK BUTOKY KOH(QIJIEHLINHOI 1H(pOpMAaLlli 3a paxyHOK:
NONIMHAHHS 200 PO3CIIOBaHHS Ja3epHOT0 BUIIPOMIHIOBAHHS, IO BUKOPUCTOBYETHCS TS
30HAYyBaHHS; 3HM)KCHHS aMIUIITYyAd BiOpaiiid BIJOMBHHUX IMOBEPXOHb, IO YCKJIAIHIOE

BIITBOPEHHS 3BYKY.



VY maniii poOOTI aBTOpP 30CEPEIKYETHCS HA PI3HOBUIAHOCTI MACHBHHUX METO/IIB
3aXMCTY aKyCTHYHOI 1H(OpMaIIii, 1110 JT03BOJISIE€ BUBECTH 3aXUCT MOBHOI 1HGOpMAaIIi Bij
JICAP na HOBUH, OUIbl epeKTUBHUI piBeHb. JlOCHIHPKEHHS BKIIIOYAE aHAII3 HasBHUX
npo0sIeM Ta pillieHb, JOCTIIHKSHHS BIUIMBY €JIEMEHTHOTO CKJIQTy CKJIa Ha WOTO 3aXHCHI
BrnactuBocTi Bif JICAP, a Takox po3poOKy Mojeni MOIIapOBOTO 3aXUCTy MOBHOI
iH(bOpMarlii, 1m0 MO03BOJIUTH MIJBUINATHA PIBEHb 3aXUINEHOCTI MPUMIIIEHb BiJ] 3HATTS
MOBHOI iH(opMallii ONTOETEKTPOHHUM KaHAJIOM.

O0’€KTOM OCTiIZKEHHSI € 3aXMCHI XapaKTePUCTUKU BIKOHHOTO JIMCTOBOTO CKJIa
Ta IJIIBKOBUX MOKPHTTIB.

IIpeamer pocJrizKkeHHs1 — MOJIEN1, METOAM Ta 3aCO0U 3aXUCTy MOBHOI 1H(pOpMaIIii
B ONTOEJIEKTPOHHOMY KaHaJjll BUTOKY BiJ JJA3€PHUX CUCTEM aKyCTHYHOI PO3BIIKH.

Y nepmiomy pozaini «CydyacHuHil CTaH Ta MiAXOAM [0 3aXUCTy MOBHOI
indopmaiii Bix Jia3epHUX cHUCTEM aKyCTHYHOI PO3BiIKW) y3arajibHEHO BITUYM3HSIHUIN
Ta 3apyOlKHUNA JOCBIA 3 JdaHOI MPOOJEMATUKH, PO3KPUTO OCOOIMBOCTI MOBHOL
1H(popmarii ik 00’ €KTy 3aXUCTy. Y IbOMY PO3/IiJIi IPOBEACHO JETATbLHUN OIS KaHATIB
BUTOKY MOBHOI 1H(}OpMaIlii Ta HaBEIEHO XapaKTEPUCTUKY TEXHIYHUX, aKyCTUYHHX Ta
ONTOEJIEKTPOHHUX KaHAJIB BUTOKY 1H(popmallii, iX mepeBard Ta HEOOJIKH. Y MpoLec]
JOCJIIPKEHHS MMPOAaHaIi30BaHO OpraHi3aIliiHi Ta TEeXHIYHI 3aX0AM 3aXHUCTy 1H(opmariii,
MPOBEJIEHO MOPIBHSUIbHY OLIIHKY aKTUBHHUX 1 MACUBHUX METOJIB 3aXUCTy. B 3a3HaueHOMY
PO3/11JT1 TAKOXK PO3KPUTO OCHOBH aKyCTUYHOI PO3BIJIKH, OXapaKTEPU30BAHO TUIIH JIA3€PiB,
iX BIACTUBOCTI, MpuBeAieHO TUMOB1 cxemu noOynoBu JICAP Ta HaBeieHO XapaKTepUCTUKY
JIA3epHUX CUCTEM aKyCTUYHOI PO3BIJIKU. B pe3ynbrari 1oCcaiKeHHs 3's1COBAHO, 1110 B IIiif
penIMeTHIN chepl OHOBIIOIOTHCS METOAMKHU, BIPOBAKYIOTHCS HOBI pO3pOOKH, a 1€
CBITYUTH, IO CHOTOAHI 3arpo3u iHQopMaIliiiHii Oe3merl nepXaBu € JTUHAMIYHUMH 1
MOCTIMHO 3MIHIOIOTHCS, 1 BIJMOBIIHA MPOOJIEMAaTUKa HAYKOBUX JOCIIIKEHb HE BTpadae
CBO€i akTyajdbHOCTi. Pa3oM 3 THM, HAarojomieHO Ha HEOOX1IHOCTI CHCTEMHOTO,
KOMIUIEKCHOTO TIIXOAy, KM OM TMO€JHYBAaB CHUHTE3 AKTUBHUX 1 MACHBHUX METOIB
3aXMCTy MOBHOI 1H(OpMaIlii BiJl BUTOKY ONTOEIEKTPOHHUM KaHasioM. Ha ocHOBI aHanizy

OpraHizaliifHiX Ta TEXHIYHUX 3aXOMdIB 3aXUCTy iH(OpMAIll Ta MOPIBHSILHOI OIIHKU
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AKTUBHMX 1 TACHBHHX METOIB 3axHUCTy, OOIPYHTOBAHO TeEpeBaru BUKOPHUCTAHHS
MacUBHUX METOMIB 3axucty iHdopmarrii Big JICAP.

Y  napyromy po3nuti «O0’€KTH J0CHIIKEHHSI Ta MeTOAM BHU3HAYEHHS
3aXMIIEHOCTI MOBHOI iH(opMauii BiA Jia3epHMX CHCTEM AKYCTHYHOI PO3BiIKW»
pO3MISIHYTO  (I3UKO-XIMIYHI  BJIACTUBOCTI CKJIa, 1X XapaKTePUCTHUKY, a TaKOXK
KiIacuQikaliio 3aXUCHUX IUTIBOK 32 TEXHOJIOTI€I0 BUTOTOBJICHHS 1 MPO30PICTIO Ta iX
ocHOBHI (yHKIi. B 3a3HaueHOMy po3imi Ha OCHOBI BHKOPHCTAaHHUX METOIB
JOCIIJIPKEHHS, 3alpONOHOBAHO KOMIUIEKCHY METOAMKY JJIi BHUBYCHHS MapameTpiB
3aXMIIEHOCTI OINTOEIEKTPOHHOTO KaHaly BUTOKY 1H(popmarlii. 30kpema, OL[IHIOBaHHS
3aXMIIEHOCTI CKJIa Ta IUNBKOBUX TOKPUTTIB BiJI JIA3€PHUX CHUCTEM PO3BIIKHU
31ACHIOBAIOCS 32 JIOIOMOTOI0 PEHTTeHO(ITYOPECIIEHTHOTO 1 CIIEKTPAJIbHOTO aHaJi3y Ta
CUMIUIEKC-PEIITYaTOro JIAHYBAaHHS IIPH MOJIETIOBAHHI XapaKTepUCTUK cKia. OnucaHo
METOJMKH HAMWJICHHS 3aXUCHHUX ONTHUYHUX IIapiB. 3allPOIMIOHOBAHO CHOCIO OfepKaHHs
BJIOCKOHAJIEHOT CTPYKTYpu aMoOp(HOi eJEKTPOMPOBITHOI 3aXUCHOI IUIBKA THUITY
BaCuTeF, mo moxe Kpale NOTIMHATH TMOTYKHICTh Ja3epHOTO0 BUIPOMIHIOBAHHS Y
MOPIBHSHHI 3 TPOCTUMHM METAII30BaHUMH IUTIBKAMU. Y paMKax pO3JAUTYy TaKOX
pPO3IJITHYTO METONWKH JOCHTIDKEHHS BIIACTHBOCTEH 3aXMCHUX ONTHYHHMX IIApiB,
BUMIPIOBAHHS IHTEHCUBHOCTI JIA3€PHOTO 30HIyBaHHS SIK KPUTEPIIO 3aXHUIIIEHOCT1, pOOOTH
3 JIa3epHUMHU TPIAHTYJSLIMHUMU JaBadyaMy BiOpailii Ta METOIUKY JTOCIIKEHHS
PO3CIIOBaHHS JIa3epHOTO MpOoMeHs Ha AudpakiiiiHii rparui 3 mapy raduito. Ha ocHoBi
I[LOTO aHaJi3y OOTPYHTOBAHO MOXJIMBI MEPEBAard BUKOPUCTAHHS J1€IEKTPUYHUX TUTIBOK
niokcuay radHio, M0 B pa3d MIABUIIUTH 3aXUCHI BJIACTUBOCTI CKJa BiJl BUTOKY
aKyCTHYHOI 1H(opmarrii.

VY tpetbomy po3nuii «k EkcnepuMeHTANBbHI 10C/III:KeHHSI BAPIaTUBHOTO BILIUBY
pi3HuX (paKTOPIB HA 3aXMCHI BJACTHBOCTI CKJIA Bi/J JIAa3ePHUX CUCTEM aAKYCTHYHOIL
PO3BiIKH» OOTPYHTOBAHO BIUTMB €JIEMEHTHOTO CKJIAy JIICTOBOTO CKJIa Ha KOC(PIIIEHTH
BIJIOMBaHHSA Ta TIOIIMHAHHSA 30HAYIOUOTO BHUIIPOMiHIOBaHHA. BcTaHOBIEHO, 10
koe(iIieHTH BIJOMBAHHS Ta MOMIMHAHHS 3MIHIOETHCS BIAMOBIIHO JO0 3MIHU XIMIYHOTO
CKJIaJy MOCTIHPKYBAaHOTO CKJa, IO /A€ MOXJIHMBICTh MPOTHO3YBAaTH BJIACTUBOCTI Ta

MOJICJIFOBAaTH XIMIYHUHN CKJIaJ] CKJa 13 3aJJaHUMU 3aXUCHUMU BIACTUBOCTAMHU. Y paMKax



pPO3AUTYy MOCTIIHPKEHO 3MIHM 3aXHCHHUX BJIACTUBOCTEHW CKJIa HA OCHOBI BUKOPUCTAHHS
JIeIEeKTPUYHUX IUTIBOK JioKcuay TradHiro. EkcrneprMeHTanbHO BCTAaHOBJICHO, IO
MOPIBHSHO 3 YHCTUM CKJIOM, KO€(DIIIEHT BiAOMBAHHS CKJIa 3 HAMWJICHOK IUIIBKOIO €
3HA4YHO BUIINH, 0 YCKIATHIOE a00 pOOUTh HEMOKIIMBUM 3HATTS 1H(GOPMAIllT ONTHUIYHUM
MeronoM.  IIpoBenmenuii  aHamis  BIUIMBY  (DI3UKO-XIMIYHUX  BJIACTHUBOCTEH
HamiBpoBigHuKoBoi Bk BaCuTeF na 3axucHi BnactuBocti ckia Big JICAP nokasas,
M0 Taki IUIIBKM MOXYTh OyTH OTpHMaHI 3a JIOTIOMOTOIO JIa3€pHOTO IMITYJIBCHOTO
HaITWJICHHS 32 KIMHATHOI TeMIIepaTypH MiAKIaAKA 13 HACTYITHUM BIJIMaJIOM y aTMocdepi
aproHy, 10 3a PI3HUX TEMIIepaTyp Biamaay MOKe 3HAYHO IMOKPAITUTH BIACTHBOCTI
MPOITYCKAaHHS BUUMOTO CBITJA, 30LTIBIIUTH MOTY>KHICTh B1JIOUTOTO JIA3€PHOTO MPOMEHS
Ta OUIBIIIOI0 MIPOIO TIOTJIMHATH MOTYXKHICTh JIA3€PHOTO BUIPOMIHIOBAHHSI Y TIOPIBHIHHI 3
IPOCTUMH METaJII30BaHUMH IUTIBKaMH. B pe3ynbrari 1ocaiKeHHs BIUTMBY MOJIIMEPHUX
TUTIBKOBUX MaTepialliB Ha 3aXMCHI XapaKTEPUCTUKU BIKOHHOTO CKJIa, BCTAHOBJIEHO, III0
3aXMCHI IUTIBKM Ha OCHOBI TOJIleCTEpy MOTIPUIYIOTh MPO30PICTh CKJIA 1 30UIBLIYIOTh
koedimienT BimOuBaHHs. IlinBumieHHs 3axuiieHocti ckia Big JICAP moxiuBe 3a
JIOTIOMOTOI0 TOJIIMEPHUX TMOKPHUTTIB, HANWICHUX Ha CKJIO. B mporeci gociimkeHHs
Koe(DIIll€HTIB MPOMYyCKaHHS, BIAOMBAHHS Ta MOTIMHAHHS JUIs PI3HUX 3pa3KiB CKJIa B
3aJIEKHOCTI BiJ] KyTa HAXWJIy 3pa3ka Ta MOro po3MilleHHs, MPOBeeHa OllIHKA Ta BUOIP
ONTUMAJIBHOTO KyTa HAaXWJy Ta pO3MIIIEHHA 3pa3ka y ckjiomnakeTi. B pesynbrarti
BCTAHOBJIEHO, 10 OJJTHUM 3 HaAKpaIux BUPOOHUKIB CKJIA 332 JAHUMH PO3PaXyHKIB MOXKHA
BBaxkatu «Pilkingtony ta «Saint-Gobainy, po3mimenumu mix kytom 45 Ta 60 rpamycis.
B pamkax mociiJipKeHHs, TPUCBAUYECHOTO ONMTHUMI3aIlli mapamMeTpiB JIa3epHOTO JaTyrKa
BiOpaIi /uisi MpOTHIi JIa3EpHUM CHCTEMaM PO3BIAKH, OyJI0 TPOBEAECHO HAIAIITYBaHHS
BIOpaIlifHOTO JardyMka 3 METOK TIiABUIIEHHS WOr0 YyTAWBOCTI N0 BiOparliid, mo
TeHEepPYIOThCS JIA3€pHUM OIPOMIHEHHSIM Ta ONTUMI30BaHO 1HTepdenc I podoTu 3
HaWJICHUMHU 3pa3kaMd 3 METOl 3abe3rneueHHs e(EeKTHBHOI B3a€EMOJIi JaTduka 3
JTOCTIKYBAaHUMHU 3pa3KaMH.

OtpumaHi pe3ylnbTaTH MOXYTh BHKOPHUCTOBYBAaTHCS TIpW  HaJalITyBaHHI
TPIAHTYJSIIIIHHUX TaTYMKIB MPU JOCHIKEHH] BIUTUBY aHTUJIA3ePHUX (aHTHBIOpAIIIITHIX)

BJIACTUBOCTEH CKJIa PI3HUX MapoK ab0o XIMIYHOTO CKJIaay Ha JOBXKHUHI XBUJI1 660 HM.



Y ugerBeproMy po3aim «/lociigkenHss meroaiB onTumizanii mapamerpis
3aXMCTy MOBHOI iH(popMamii BiX JiazepHMX CHCTeM AaKyCTHYHOI PO3BiIKW» B
pe3ynbTari CcuUcTeMaru3allli eJIeMEHTHOTO 1 KUIBKICHOTO CKJIaay JOCHIIKYBaHOTO
BIKOHHOTO CKJIa BIJMOBIAHO 70 TEPIOAIB 1 Tpym MEPIOAMYHOI CHCTEMH XIMIYHHX
€JIEMEHTIB, OOIPYHTOBAHO 3aJIe)KHICTh MK €JIEKTPOHHOIO Oy0BOIO XIMIYHHUX €JIEMECHTIB
Ta 3aXMCHUMH BJIACTHUBOCTSMHU CKJIa. PesynmpTatw JOCHTIKEHHS JAal0Th MOXKJIUBICTH
MOJICTTIOBATH 3aKOHOMIPHOCTI 3aXHMCHUX BJIIACTHBOCTEW CKJIa B 3aJICKHOCTI Bim HOTO
CJIEMEHTHOTO  CKJIally. YIOCKOHAJIEHO MOJENb  B3a€EMO3AJICKHOCTI MapameTpiB
3aXMIIEHOCTI OMNTOEJNIEKTPOHHOTrO KaHaimy BUTOKY Big JICAP B 3alexHOCTI BiJ
KOHIICHTpAIlli OCHOBHUX €JIEMEHTIB JOCIIHPKYBaHUX 3pa3KiB. Pe3ynbratu MonentoBaHHs
JIO3BOJISIFOTH  TIOB’SI3aTH  CTEXIOMETPII0 EJEMEHTIB JOCHIPKYBaHOTO CKJia 3 Horo
3aXMCHUMH BJIACTHUBOCTSIMHU TI0 BiTHOIICHHIO IO OyIb-sIKOTO JIA3€PHOTO OMPOMIHEHHS.
JlociipkeHHs BIUTMBY P13HUX TUTIBKOBUX MOKPUTTIB Ha 3aXUCT 1HGOpMAIIii BiJl JIa3epHOTO
30HJyBaHHS J03BOJMJIO CIIPOTHO3YBaTH TEXHOJIOTII 3aXMCTy MOBHOI 1H(opmarii BiJ
3YUTYBAHHS ONTOEJIEKTPOHHUM KaHalloM. ExcriepuMeHTanbHO JOBEAEHO, 10 aMopdHa
wriBka Ha ocHoBl BaCuTeF Ta mienexrpuune iHTepdepeHIliiHe MOKPUTTS HAa OCHOBI
niokcuny radHilo, Ha BIAMIHY BiJ BIJOMHX, JIO3BOJISIOTH 3HAYHO I1JBUIIUTH
PE3YABTATUBHICTh 3aXUCTY MOBHOI 1H(MOpMAIIiT Bi 3YUTYBaHHS JTA3€pPHUMU CUCTEMaMHU.
Po3po6iieHo mpakTHUHI peKOMEHallii AJisl MiABUILIEHHS €(DEKTUBHOCTI 3aXHUCTy MOBHOI
iHpopmamii Big JICAP mpu npoekTyBaHHI 3axXUIIEHOTO ONTOEIEKTPOHHOIO KaHally
BUTOKY 1H(OpMAaIlii NUISIXOM BapiaTUBHOI KOMOIHAIli 3aXMCHHUX IUTIBOK Ta BIKOHHOTO
ckJionakery. B pe3ynbrari JOCHIIKEHHS BIUIMBY YaCTOTU 3BYKOBUX KOJMBaHb Ha BIATYK
JIa3epHOTO MPOMEHS 3 TOIMIKUPEHOTO B YKpaiHi CKJIa, €KCIEPUMEHTAIBHO JOBEICHO, 1110
ckiio Lysychansk 6 mm € Oinbin gy TiauBUM 10 BiOparlii Ta Ma€ Tipiini BJIaCTHBOCTI 00
BiIOMBaHHs Ja3epHOro curHaimy, Hik Orionglass 4mm. Takok pEeKOMEHIOBAaHO
BUKOPUCTAHHS 3aXMCHUX IUTIBOK BIJ JIa3€PHUX CHUCTEM PO3BIAKK JJisi BIHCHKOBOTO
TIPU3HAYCHHS.

Y BHCHOBKAX jaMcepTaliiHOi poOOTH BUKIAAEHO OCHOBHI pe3yibTaTH 1
pexkoMeHpaIli, SKi BUIUIMBAIOTH 3 TPOBEICHUX JIOCTIKEHb, TMPEACTABICHO Ta

OXapaKTEPU30BAHO TOKA3HUKU €(EKTUBHOCTI MapaMeTpiB 3aXMIIEHOCTI Ha OCHOBI



BUKOPHUCTAHHS 3allpOIIOHOBAHOI METOAOJOTIT OCHIIKEHHS, IO BKJIIOYAaE METOIH,
METOJIUKH Ta CKCIICPUMEHT.

Y nmomarkax 40 JucepTraiii J0Jy4eHO aKTH BIPOBAKCHHS pe3yJbTaTiB
JOCIIPKEHHS Ta CIMCOK HAayKOBHUX Ipallb 1 ampooaliiif aBTopa 3a TEMOIO JrcepTallii.

OcCHOBHI HayKOBI pe3yJIbTaTH AMCEpTallii omyoOsikoBaHO B 14 mpansx, 3 HHUX 5
crarei: 3 - y HayKoBUX (paXOBUX BHJIAHHAX YKpaiHH 12 —y HaAyKOMETPHUUHUX 0a3ax JaHUX
Scopus Ta Web of Science, oaniii konekTuBHIH MoHOrpadii Ta 5 myOmikamisax y
Matepiajax Ta 301pHHKaX JOIMOBiACH HayKOBUX KOH(EPEHIIiH, 3 SKUX 2 1HJIEKCYIOThCS Y
HayKOMETpUUYHUX 0a3zax nanux Scopus Ta Web of Science, a Takox y 3 myOsikaiisx, 1o
JIOJIATKOBO BiJI0OpakaroTh HAyKOBI PE3yJAbTaTH JUCEpTAIlii.

Kniouoei cnosa: indopmariiitna 6e3reka, 3axuct iHpopMallii, TEXHIYHI KaHaIU
BUTOKY 1H(oOpMaIlii, MOBHa 1H(}opmMallis, Ja3ep, Ja3epHi CUCTEMH aKyCTUYHOI pPO3BIIKH,
OITOEJIEKTPOHHUI KaHaJl, METOJIU aKTUBHOI'O 3aXUCTY, METOJU TACUBHOTO 3aXHCTY, CKJIO,

3aXHMCHI IUTIBKH.



SUMMARY

Dzianyi N. R. Speech information protection from laser systems of acoustic
intelligence. — Qualifying scientific work on manuscript rights.

The dissertation for obtaining the scientific degree of Candidate of Technical
Sciences (Doctor of Philosophy) in specialty 125 «Cyber Security». - ICTA National
University «Lviv Polytechnic» of Ukraine, Lviv, 2024.

The dissertation is dedicated to addressing the current scientific and practical
challenge of enhancing the efficiency of passive protection methods for linguistic
information against reading by optoelectronic channels. Modeling the protective
properties of glass against laser systems of acoustic reconnaissance depending on the
concentration of key elements, as well as creating additional layers on the glass to
counteract laser irradiation along with the use of multi-level window designs, will elevate
the level of protection of premises against the extraction of linguistic information by laser
systems of acoustic reconnaissance.

The leakage of confidential information remains one of the most serious challenges
in the field of counteracting industrial espionage. Laser-based window and surface
probing enables the reproduction of conversations held during confidential negotiations,
speeches, and other events. Over the past decades, numerous methods have been
developed to protect information from leakage through various channels. One of the key
directions in ensuring information security is the detection and localization of potential
technical channels for leaking acoustic information. Many methods have been explored
in this field, including active protection methods for linguistic information using
specialized devices, magnetostatics, and electrostatics. One of the most relevant and
promising directions for passive protection of linguistic information at present is the
development of special coatings and films, the application of which can significantly
reduce the risk of leakage of confidential information by: absorbing or scattering laser
radiation used for probing; reducing the amplitude of vibrations of reflective surfaces,
thus complicating sound reproduction.

In this work, the author focuses on a variety of passive methods for protecting

acoustic information, aiming to elevate the protection of linguistic information from Laser
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Surveillance and Reconnaissance (LSAR) to a new, more effective level. The research
includes an analysis of existing problems and solutions, examination of the influence of
the elemental composition of glass on its protective properties against LSAR, as well as
the development of a layered model for safeguarding linguistic information. This
endeavor is intended to enhance the level of security of premises against the extraction of
linguistic information by optoelectronic channels.

The object of the research is the protective characteristics of window glass sheets
and film coatings.

The subject of the research is models, methods, and means for protecting
linguistic information within the optoelectronic channel from laser-based acoustic
reconnaissance systems.

In the first chapter, «Current State and Approaches to Protecting Linguistic
Information from Laser Acoustic Surveillance Systems», the domestic and foreign
experience on this issue is summarized, and the peculiarities of linguistic information as
an object of protection are disclosed. This chapter provides a detailed overview of
channels for leakage of linguistic information and gives a characterization of technical,
acoustic, and optoelectronic channels of information leakage, their advantages, and
disadvantages. In the course of the research, organizational and technical measures for
information protection are analyzed, and a comparative evaluation of active and passive
protection methods is conducted. This section also reveals the basics of acoustic
surveillance, characterizes types of lasers, their properties, presents typical designs of
LASAR (Laser Acoustic Surveillance and Reconnaissance systems), and provides a
characterization of laser acoustic surveillance systems. As a result of the research, it is
established that methodologies are being updated and new developments are being
implemented in this subject area, indicating that today the threats to the information
security of the state are dynamic and constantly changing, and the relevant research issues
remain relevant. At the same time, emphasis is placed on the necessity of a systematic,
comprehensive approach that combines the synthesis of active and passive methods for
protecting linguistic information from leakage via optoelectronic channels. Based on the

analysis of organizational and technical measures for information protection and the
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comparative evaluation of active and passive protection methods, the advantages of using
passive methods for protecting information from LASAR are justified.

In the second chapter, titled «Objects of research and methods for determining
the protection of language information from laser acoustic reconnaissance systemsy,
the physical and chemical properties of glass, their characteristics, as well as the
classification of protective films by manufacturing technology and transparency, and their
main functions are discussed. In this chapter, based on the methods of research used, a
comprehensive methodology for studying the parameters of the protection of the
optoelectronic information leakage channel is proposed. In particular, the evaluation of
the protection of glass and film coatings from laser reconnaissance systems was carried
out using X-ray fluorescence and spectral analysis, as well as simplex-lattice planning
when modeling glass characteristics. Techniques for depositing protective optical layers
are described. A method for obtaining an improved structure of amorphous electrically
conductive protective film of the BaCuTeF type is proposed, which can better absorb the
power of laser radiation compared to simple metallized films. The chapter also discusses
methods for studying the properties of protective optical layers, measuring the intensity
of laser probing as a criterion of protection, working with laser triangulation vibration
sensors, and the methodology for studying laser beam scattering on a diffraction grating
with a haftnium layer. Based on this analysis, the possible advantages of using hafnium
dioxide dielectric films are justified, which significantly enhance the protective properties
of glass against acoustic information leakage.

In the third chapter, «kExperimental Studies of the Variational Effect of Different
Factors on the Protective Properties of Glass from Laser Acoustic Reconnaissance
Systems», the influence of the elemental composition of sheet glass on the coefficients
of reflection and absorption of probing radiation is substantiated. It is established that the
coefficients of reflection and absorption vary according to changes in the chemical
composition of the investigated glass, which makes it possible to predict properties and
model the chemical composition of glass with specified protective properties. Within the
framework of the chapter, changes in the protective properties of glass based on the use

of hafnium dioxide dielectric films are investigated. It is experimentally established that
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compared to pure glass, the reflection coefficient of glass with sprayed film is
significantly higher, making it difficult or impossible to extract information optically. An
analysis of the influence of the physicochemical properties of the BaCuTeF
semiconductor film on the protective properties of glass from LASAR showed that such
films can be obtained by laser pulse deposition at room temperature on a substrate
followed by annealing in an argon atmosphere, which, depending on the annealing
temperature, can significantly improve the properties of visible light transmission,
increase the power of the reflected laser beam, and to a greater extent absorb the power
of laser radiation compared to simple metallized films. As a result of the study of the
influence of polymeric film materials on the protective characteristics of window glass,
it was established that protective films based on polyester worsen the transparency of
glass and increase the reflection coefficient. Increasing the protection of glass from
LASAR is possible through the use of polymer coatings sprayed onto the glass. During
the study of transmission, reflection, and absorption coefficients for different glass
samples depending on the angle of inclination of the sample and its placement, an
evaluation and selection of the optimal angle of inclination and placement of the sample
in the glass package were carried out. As a result, it was established that one of the best
glass manufacturers based on calculations can be considered «Pilkington» and «Saint-
Gobainy, positioned at angles of 45 and 60 degrees. Within the framework of the study
dedicated to optimizing the parameters of a laser vibration sensor to counteract laser
reconnaissance systems, adjustment of the vibration sensor was carried out to increase its
sensitivity to vibrations generated by laser irradiation, and the interface for working with
sprayed samples was optimized to ensure effective interaction of the sensor with the
investigated samples. The obtained results can be used in the calibration of triangulation
sensors in the study of the influence of anti-laser (anti-vibration) properties of glass of
different brands or chemical composition at a wavelength of 660 nm.

In the fourth chapter, «Investigation of optimization methods for protecting
linguistic information from laser acoustic reconnaissance systemsy», the dependence
between the electronic structure of chemical elements and the protective properties of

glass is justified by systematic analysis of the elemental and quantitative composition of
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the investigated window glass according to periods and groups of the periodic table of
chemical elements. The research results allow modeling the regularities of glass
protective properties depending on its elemental composition. The model of
interdependence of parameters for protecting the optoelectronic leakage channel from
LASAR is improved depending on the concentration of the main elements of the
investigated samples. The modeling results enable linking the stoichiometry of elements
of the investigated glass with its protective properties against any laser radiation. The
study of the influence of various film coatings on protection against laser probing allowed
predicting technologies for protecting linguistic information from reading by
optoelectronic channels. It is experimentally proven that an amorphous film based on
BaCuTeF and a dielectric interference coating based on hafnium dioxide, unlike known
ones, significantly increase the effectiveness of protecting linguistic information from
reading by laser systems. Practical recommendations are developed to enhance the
effectiveness of protecting linguistic information from LASAR when designing a
protected optoelectronic leakage channel by variably combining protective films and
window glass packages. As a result of the study of the influence of sound vibration
frequency on the response of a laser beam from glass commonly used in Ukraine, it is
experimentally proven that 6mm Lysychansk glass is more sensitive to vibration and has
poorer properties for reflecting a laser signal than 4mm Orionglass. It is also
recommended to use protective films against laser reconnaissance systems for military
purposes.

The conclusions of the dissertation work present the main results and
recommendations derived from the conducted research, and characterize the efficiency
indicators of protective parameters based on the proposed research methodology, which
includes methods, techniques, and experiments.

In the appendices to the dissertation, implementation reports of the research results
and a list of scientific works and presentations by the author on the dissertation topic are
attached.

The main scientific results of the dissertation have been published in 14 works,

including 5 articles: 3 in scientific professional publications in Ukraine and 2 in the
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Scopus and Web of Science scientific databases, one collective monograph, and 5
publications in conference proceedings and collections, 2 of which are indexed in the
Scopus and Web of Science scientific databases, as well as in 3 additional publications
reflecting the scientific results of the dissertation.

Keywords: information security, information protection, technical information
leakage channels, linguistic information, laser, laser acoustic reconnaissance systems,
optoelectronic channel, active protection methods, passive protection methods, glass,

protective films.
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BCTYII

AKTyaJIbHicTh AochaimkeHns. IIpobGrema mpotwaii 3HIMaHHIO i1H(OpMali
Ja3epHUM BUIPOMIHIOBAHHSIM € JOCUTH aKTyaIbHOIO 1 B TOHM e Yac OJHIEI0 3 HAWMEHIIT
BUBYEHUX Ha NPOTUBAry I1HIIMM 3aco0aM MpOMHUCIOBOro mmnuryHcrsa. OcoOnuBa
npuBaOIMBICTh 3aCTOCYBAaHHS TaKOro crnoco0y oOyMOBIIEHA THUM, IO BIH JO3BOJSE
3HIMaHHA MOBHOI iH(opmalii Ha BIFCTaHi, YHHUKAIOUd HEOOXITHOCTI MPHUCYTHOCTI B
MIPUMIIIICHHI.

BusiBneHHst mpalrorodoro jga3epHOro MikpohoHa € CKIaJHUM 3aBJaHHSIM, a B
JIESIKUX BUTAJIKaX MOXe OyTH TEXHIYHO He31icHeHHUM. Le noB's3aHo 3 TuM, 110 J1a3epHi
MIKpOOHU MOXYTh OYyTH Jy>K€ KOMIIAKTHHUMH, OE3IIyMHUMH Ta HE MOTPEOyIOTh
(13MYHOTO KOHTAKTy 3 00'€KTOM 3alucy, [0 YCKJIAJHIOE iX BHUSBICHHS 32 JIOIMOMOIOIO
TpaauIitHuX MeToiB. CTPIMKUN PO3BUTOK TEXHIKHU Ta €JICKTPOHIKH CIIPUSE CTBOPEHHIO
BCE OUIbII KOMIAKTHHUX 1 JOCKOHAIMX Ja3epHUX cucrteM. Lle poOutk ix OuibId
IPAKTUYHUMU JJI BUKOPUCTAHHS B 3a/1auax TEXHIYHOI po3BiAKH. BimoMo npo po3poOky
eekTUBHUX TU(PY31HHUX J1a3epiB, SK1 JTO3BOJISIOTH 3HIMATH CUTHAJ 13 CKJIA il JOCUTh
BEJIMKMM KyTOM. BUKOpUCTaHHS CBITJIOBIAOMBAIOYMX €JIEMEHTIB MOXE 3HAYHO
PO3IIMPUTH MOXKJIMBOCTI JJA3€PHUX CUCTEM, JO3BOJISIOUM M MpaLIOBATH 3 BIIAJICHUMU
o0'ekTamu. 3a JOTPUMaHHS HHU3KM YMOB JIa3€pHI CHUCTEMH MOXYTb OyTH JOCHTH
e(heKTUBHUM 3aCO00M TEXHIYHOI PO3BIAKH, X04Ua iX BUKOPUCTAHHS MOB'A3aHE 3 IEBHUMU
OOMEKEHHSIMH.

[Ipy mepexormyieHHI MOBH 3 BUKOPUCTAHHSM JIa3epHOTO BiOpalliHOIO CEHCOopa,
00'€KT, 10 AOCIIIKY€EThCS (3a3BUYail BIKOHHE CKJIO), BUCTYIIA€ B POJIi MEMOpaHH, sKa
BIOpY€E 3 YaCTOTOIO 3BYKY, FeHEpyrouu (hOHOTrpamy MOBHU. 3BYKOBa XBHJISI T€HEPYETHCS
JUKEPEJIOM aKyCTHYHOIO CUTHAIy 1 MajJae Ha MEXY MOJUTY «IOBITPSA-CKIO», 1 1€
IIPU3BOJANTL A0 BIAXWIICHHS ITOBEPXHI CKJIa BIiJ HOro IMOYaTKOBOTO IojokeHHs. Lli
BIIXUJICHHSI IPU3BOIATH 10 TU(PpaKiii CBiTia, 110 BIAOMBAETHCS B/l TPAHUIl. Y BUIAIKY,
KOJIM PO3MIpH MAaJarouoro ONTUYHOTO IMyYKa 3HAYHO MEHIN 32 JOBXHHY MOBEPXHEBOI
XBWJI, B CYNEPHO3UWIli pIi3HUX KOMIIOHEHTIB BiJIONTOTO CBITJIA JOMIHYBaTUME

T pakIifHUN My4oK HYJIbOBOTO MOPSIKY. Y 1IbOMY BUIIAJIKY, MTO-TIepIie, (pa3za CBITIOBOT
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XBUJIl BUSIBIISIETHCS MIPOMOYTHOBAHOKO 32 YaCOM 3 YACTOTOIO 3BYKY 1 OJHOPITHOIO ITO
nepepizy Iyuka, a Mmo-apyre, My4oK KOJIMBAETHCA 3 YACTOTOIO 3BYKY HABKOJIO HAPSIMKY
J3EPKaJIbLHOTO BiI0OpakeHHs. Bi/IMOBIIHO, HA SKICTh MPHUHHATOT iH(OpMaIlli BIUTMBAIOTh
napaMeTpu Jiazepa 1 QorompuitmMaya, aTMOC(epHi 1 MICIEBI yMOBH, PiBHI (POHOBUX
aKyCTUYHHX IIYMIB 1 IEPEXOIJIEHOTO MOBHOT'O CUTHAITY, a TAKOX SIKICTh 00OpOOKU CKIISTHOT
MOBEPXHi (IIOPCTKOCTI 1 HEPIBHOCTI, 3yMOBJICH] SIK TEXHOJOTIYHUMH MPUUMHAMH, TaK 1
BITUBOM CEPEIOBUIIA - Opya, moapsmuHu Ta iH.) [59, 70, 116].

Ha nanwuit yac HaibUIbII €(eKTUBHUM CIIOCOOOM 3aXHUCTy MOBHOI iH(opMariii Bij
JICAP € xomOiHalis akTMBHMX 1 MacMBHMX MeToAiB. [lacMBHI MeToau BIIIrparoTh
KJIFOYOBY pOJIb y M1 CHUCTEMI, a/>Keé BOHH BHUKOPUCTOBYIOTHCS MPHU KOHCTPYKTOPCHKO-
OymiBeTbHUX POOOTAxX, a came MPH 3aXUCTI CTIH, ABEPEH Ta BIKOH. 3Ba)Kalo4yH Ha Te, IO
BIKOHHE CKJO € HaiOUIbII Bpa3JMBOI JUISTHKOIO, BOHO CTajo 00'€KTOM HAIIOIo
JIOCITIKEHHS.

AKTyanpHICTh  OpoOsieMH  3axucTy  1H(opmamii Bl  BHTOKY  4epe3
ONTOEJEKTPOHHUM KaHan o0ymoBiieHa BukopuctanHusaMm JICAP mis 3usaTTS 1HGOpMAIii,
10 CTAHOBUTH OCOOJIMBY BaXJIUBICTh. PO3roiomnieHHs Takoi iHpopMallii Moke PU3BECTH
710 3HAYHUX MaTepialbHUX Ta MOPAJIbHUX 30UTKIB [IJIs BIACHUKA. BaxkmBO 3a3HAUMTH,
110 MoOUTBHICT JICAP poOuTh X HE3aMIHHUM 1IHCTPYMEHTOM Y CUTYAIIisIX, KOJIA JOCTYTI
710 00'€KTa 3aXUCTY Yepe3 KOHTPOIHOBAHY 30HY HEMOKITHBHI.

Crporoani, y nepioa nmoBHomaciutabHoi 30poiHoi arpecii Pociiicekoi denepanii
npoTu YKpaiHu TMOCUUJIAcs IIMUTYHChKA [IsUTbHICTh, 30KpeMa 13 3aCTOCYBAHHIM
pPaaloeIEKTPOHHUX Ta ONTUYHMUX 3ac001B. Takl 1aHi TEXHIYHOI PO3BIAKH ONEPKYIOTHCS
[UIIXOM TMPUHOMY €JIEKTPOMArHiTHUX BHUIIPOMIHIOBaHb, T€HEPOBAHMX YW BIAOUTUX
00’€KTaMU 3aIlIKaBJICHHS BOPOXKOI CTOPOHU. 30KpeMa, aKyCTHUYHI BUIIPOMIHIOBAHHS
MOIIHUPIOIOTHCS B MOBITPSHOMY CEPENOBHUIL, TOMY aKyCTUYHUN HIMIOHAX peani3yeTbes
MEePEXOIICHHSAM MOBHHX ITYMiB 00’ €KTa, 1m0 niepecmiayeTrhes [30].

Ha cporonHi BemyThcsi po3poOKH sl 3aXUCTy 1H(OpMaIi BiJl 3UMUTYBAHHS IO
ONTOENEKTPOHHUX KaHanax [58, 78, 81, 82, 87, 106, 113].

Hampuknan, nmpoBoAsThCS MOCHIKEHHS €(PEKTUBHOCTI COHIIE3aXMCHUX ILIIBOK

TSl 3aXUCTY aKyCTUYHOI 1H(OpMaIlii B/l HEPEXOIIJICHHS 3a JOTIOMOTOF0 JIA3EPHUX CUCTEM
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akyctuyHoi po3Binku [70]. IlpoBemeHOo AOCHIHKEHHS HAMIBaKTUBHOTO OJIOKYBaHHS
CIpo0 ONTUYHOTO CIOCTEPEKEHHS PI3HUMU CUTHAJIAaMU MEXaHIYHUX 30ypeHb,
BUKJIMKAHUX T'€30KepaMiyHUM JaTYMKOM. BylnM TakoXX NpoBeeH! TOCHIKEHHS 3
BUKOPHUCTAaHHS 0OaraTtomiapoBUX JieJeKTpUyHUX IiBoK [99, 104] a Takok BUBYCHHS
XapaKTEPUCTUK BIIOUTTS CBITIOBOTO MpomeHs [75, 96].

Bci nepesideni BUIlie TEXHOIOT1] 3aXUCTy 1H(OpMAILlli IPYHTYIOTHCS Ha 301IbIICHH1
po3citoBaHHS a00 3MEHILIEHH] BITOUTTS Ja3epHOTO MPOMEHS IIpU 3HIMaHHI 1HGopMaIlii 3
BIKOHHOTO cKja. lle poOuTh aKkTyaJbHMMH JOCHIIHKEHHS Ta PO3pOOKH B Taiys3l
BUTOTOBJICHHSI CKJIa 3 TIEBHUMH 3aXHCHHUMH BJIACTUBOCTSIMH, a TAKOXK 3 BUKOPHCTAHHIM
CHeIlaJbHUX 3aXUCHUX MTOKPUTTIB.

[IpoGnemi TexHIYHOTO 3axHCTy 1HGOpPMAIlii, a TaKOXK 3aXUCTy iH(oOpMaIli Bil
BUTOKY ONTOCJIICKTPOHHUM KaHAJOM TIPHCBSYCHI TMpalli HU3KK BITYM3HSIHUX Ta
3apyOiKHUX BUeHHX, cepen sakux: ynukeBuu B.b., Pako6osuyk JI.M., Onipcekuii 1.P.,
Muxkutun [.B., CoBun A.P, Spemuyk 1O.€., Karaes B.C., Kproukosa JLIL.,
Hyxuuit C.M., Kimouko H.II., XKanman JI.0., 3a6onotuuii B.1., Mictopa C.M., Co6uyk 1.C.,
OscsaunikoB B.B., Cknanannwmii [1.M., Actanens B.M., boumaps M.C., Yu W,, Peng Y.,
Cao L., Fathi R., Wei H., Saleh B., Gergely Takacs, Jakub Otcenas, Jan Vachalek, Kaleris
K., Stelzner B., Hatzianto-niou P., Trimis D., Juronis A., Jasinskas M., Zeng U., Pan B.,
Cao Y., Liyan Li, Hualin Zeng, Yuze Zhang, Qingshan Kong, Yan Zhou, and Yuliang Liu,
Poliak J., Pezzei P., Leitgeb E., Wilfert O., Nassi B., Pirutin Y., Shamir A., Elovici Y.

3 oAy HAyKOBO-TEXHIYHMX JDKEpeNl BUIUIMBAE, IO 3a OCTAaHHI KUIbKa POKIB
CIIOCTEPITa€THCS MiJIBUILIEHHS IHTEHCUBHOCTI TOCIII)KEHb Ta pO3pOOOK B raiy3i MpoTHLl
Ja3epHUM CHCTEMaM PO3BIJIKH, OCOOJMBO IIIOJO BUKOPUCTAHHS HOBHUX TUIIBKOBUX
aHTWIA3EPHUX MaTepiajiB, M0 MATBEPIKYE aKTyaIbHICTh 1 HEOOXITHICTH PO3POOOK B
JTAHOMY HAIIPSIMKY.

TakuM YwHOM, TIUONIOrO aHamizy 1 JOCHIHKEHHS MOTPeOyIOTh MapaMeTpu
3axuiieHocTi ckia Bif JICAP 3 Touku 30py MOJEIIOBaHHS €IEMEHTHOTO CKJIQTy CKIIa,
OCKUJIBKM B 3aJ€XHOCTI BIJ JOMIIIOK 3MIHIOIOTBCA KOE(IIIEHTH MPOIYyCKaHHS,

BIIOMBAaHHA Ta TOTIMHAHHS JIA3€PHOTO BUIIPOMIHIOBaHHS CKIOM. OTxe, HEoOXiITHO
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3MIACHUTH MOENIOBAHHS TapaMeTpiB 3aXMIICHOCTI B 3aJIeXHOCTI BiJ SKICHOTO Ta
KUTBKICHOTO BMICTY €JIEMEHTIB Y CKJIl Ta BUKOPUCTAHHSI 3aXUCHUX MTOKPUTTIB.

ChoroyiHi y CBITI aKTyaJbHUMH € JOCIIDKEHHS MO0 MPOTHIII JIa3epHUM
CHUCTEMaM pO3BIJIKH, SKi AaKTUBHO Ta IIMPOKO BUKOPHUCTOBYIOTHCS HE TUIBKH IS
MepPEXOIJICHHS aKyCTHYHOI 1HGopMaIrii, aje i HaOyu MHMPOKOTO BIIPOBAKEHHS IT1/1 Yac
BIMCHKOBUX Aiii. BiMOBIAHO, JOCIIIKEHHS 3aXUCHUX BIACTUBOCTEH CKJIA BiJ JIA3EPHOTO
30H/yBaHHS B 3aJIC)KHOCTI BiJl MOTO €JIEMEHTHOTO CKJaay Ta po3poOKa aHTHIIa3epHUX
MOKPUTTIB € aKTyaJlbHUM IUTAHHSAM B rajy3i 3axucTy iHdopmarlli B yMOBax BifHH 3
MOJAJIBLIUM BIPOBAKEHHSAM LIUX PO3POOOK HAa MPOMUCIOBOMY PiBHI, 1110 € HA3BUYAHO
BXKJIMBO HE TUIBKHU JUIs YKpaiHu.

Pesynbrat AOCHI/DKEHHS Ta pEKOMEHJalli M[oJ0 iX 3aCTOCYBaHHS MarOTh
yHIBEpCaJIbHUHI XapakTep 1 MOKYTh OyTH BUKOPHCTAHI K Y BIHCBKOBO-000pOHHIH cepi,
TaK 1 B IHIINX Talry3ax. Po3poOka HOBUX METOJMK BUSIBICHHS aHTUJIA3€PHUX 3aXHUCHUX
BJIACTUBOCTEH, BUKOPHUCTAHHS CY4aCHUX METOJHWK BHUSIBICHHS 3aXHCHUX XapaKTEPUCTHK
AHTWJIA3€PHOTO CKAaHYBaHHS, 3aCTOCYBaHHS HOBHMX aHTWJIA3€pHUX IUTIBOK Ta
aHTUOJIIKOBUX TOKPUTTIB HA CKIIOMAKETHI KOHCTPYKIIii, TEOpis BIUIMBY €JIEMEHTHOIO
CKJaJy Ha 3aXMCHI BJIACTHBOCTI CKJia B 3aJI€KHOCTI BIJl €HEPreTUYHHUX pPIBHIB,
MOJICJIIOBAHHSI HEOOXITHUX XapaKTEPUCTHK BIAMOBITHO TEOPii «CKJIAJ-BIACTUBICTHY
OyIyTh MIHHAMHM ISl HAYKH, IO CTBOPUTH MEPEIYMOBH /IS OB HOBUX TEXHOJIOTIH,
METO/IMK Ta IMPOEKTIB Y 1} rayty3i, a pe3yJIbTaTu TOCHIIKEHHS Oy yTh BATOMHUM BKJIaJIOM
y BUpIIICHHS 3aJ1a4, sIKi CTaBUTH Mepe]i co0oro chepa 3axucTy iHbopmartii.

38’5130k po0OTH 3 HAYKOBUMH NPOIrPAMaMHU, IVIAHAMH, TEMAMH.

Huceprartiitny poO0oTy BUKOHaHO Ha Kadenpi 3axucty iHopmariii HarionaasHOTO
yHiBepcuTeTy «JIbBIBChKA MOMITEXHIKA» BIAMOBITHO 0 HAYKOBOTO HAmpsMy Kadeapu -
«JlocaimkeHHs CcHUCTEM TEXHIYHOTO 3axucTy 1H(opmarlii, KaHamdiB 3B’A3Ky Ta
KOMIT FOTEpHUX Mepex, (izuyHoro 3axucrty iH(opmarii ta kpunrorpadii», B Mexkax
KadeapabHOI HAYKOBO-OCTITHOT poOoTH: «P03p00eHHs Ta yIOCKOHAJICHHS METOIIB 1
3aco0iB  3axucTy iH(opMamii IS MOpOTUIlI HECAHKI[IOHOBAHOMY JIOCTYIy B
iH(opmartiitHo-KOMyHIKaIiiHux ~ Mepexax» (mmdp 31-7) (Ne  mepxkpeectparii

0119U101690) (2019p.-2022p.), A€ aBTOPOM BAOCKOHAJIEHO BiJIOMI Ta PO3pPOOIEHO HOBI
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METOAM 3aXHUIIEHOCTI MOBHOI 1H(pOpMaIlli BiJf BATOKY ONTOEIEKTPOHHUM KaHAJIOM Ha
OCHOBI JOCIIJI)KCHHS BIUTUBY €JIEMEHTHOIO CKJIaJy CKJIa Ha MOT0 3aXMCHI BJIACTHUBOCTI
BIJl JJa3€pHUX CUCTEM aKyCTUYHOI PO3BIJIKH.

Merta i 3aBranHs aocjigxeHHs. MeToro aucepraniiHoi poOOTH € MiABUIICHHS
e()EKTUBHOCTI METOIB 3aXHMCTy MOBHOI 1H(oOpMAIIlii Bij Ja3epHUX CUCTEM aKyCTHYHOI
PO3BIAKHK 32 PaxXyHOK MOKpAIICHHS 3aXMCHUX MapaMeTpiB CKJIa HUIIXOM MOCITIOBAHHS
HOTO SIKICHOTO Ta KIJTbKICHOTO CKJIATYy.

JlocsirHeHHs i€l MeTH nepeadayac po3B’si3aHHA TAKHUX 3aBIAHb:

- POBECTH OIS KaHAJIB BUTOKY Ta METOAIB 13aC001B 3aXMUCTy MOBHOI 1H(pOpMaIlii
BIJl JIA3€pPHUX CUCTEM aKyCTUYHOI PO3BIIAKY;

- MpoaHaNI3yBaTH TEXHIYHI XapaKTEPUCTHUKU JESKUX BHJIIB JIA3€PHUX CUCTEM
aKyCTHUYHOI PO3BIJIKH;

- PO3BUHYTH METOJUKY JIOCII/DKEHHsSI 3aXMILEHOCTI CKJIa Ta IOKPUTTIB BiJ
Ja3€pHOT0 30H,IyBaHHS;

- OOTpyHTyBaTH BaplaTUBHUU BIUIUB €JIEMEHTHOTO CKJIaQy CKJIa Ha HOro 3aXMCHIi
BiractuBocTti Big JICAP;

- 3aMPOTNIOHYBATH Ta JOCHIAUTH BIUIMB 3aXWCHHUX MOKPUTTIB Ha MIHIMI3aIilO
BUTOKY 1H(OpMAIlii 10 ONTOETIEKTPOHHOMY KaHaTY;

- moOyayBaTH  MoOfAenb  0araTOKOMIIOHEHTHOI  apXiTeKTypHO-KOMITOHOBaHOI
CTPYKTYpH aKyCTUYHOTO KaHay BUTOKY 1H(pOpMaIlii;

- pO3poOUTH peKoMeHaIlli MIoA0 MiABUIICHHS €(PEKTUBHOCTI 3aXHCTy MOBHOI
iH(popmarii Big JICAP.

006’€KTOM TOCTiTAKEHHS € 3aXUCTI XapaKTEPUCTUKU BIKOHHOTO JIUCTOBOTO CKJIa Ta
TUTIBKOBUX TIOKPUTTIB.

IpeameTt nocaixaxeHHs1 — MOJIEII, METOU Ta 3aCOOU 3aXUCTy MOBHOT iH(opMariii
B ONTOEJIEKTPOHHOMY KaHaJll BUTOKY BiJ] JJA3€pPHUX CUCTEM aKyCTUYHOI PO3BIIKH.

Metonu aociaimkenHs. [Ipy BuUKOHAaHHI POOOTH BHUKOPHUCTOBYBAJIHNCH METOIU
PEHreHO(PITYyOPECIIEHTHOTO aHaJI3y €JIEMEHTHOTO CKIIaay CKIa, CIIEKTPaIbHOTO aHAIIZY
CKJIa, CHUMIUIEKC-PENNTYaTOr0 TUTAHYBAaHHS TIPU MOJCIIOBAaHHI XapaKTEPUCTHK CKJIa,

CHUCTEMHOTO IIXOTy TIPH pO3poOIIl MOJIEI MOIIAPOBOT0 3aXUCTy MOBHOI 1H(GOpMAaITii.
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HaykoBa HOBH3HA OJep:KaHUX Pe3YyJIbTATiB: HA OCHOBI MPOBEACHUX JOCIIKEHb
BUPIIIECHO BAKJIMBE HAYKOBO-MPAKTHUYHE 3aBAAHHS MiABUIICHHS €()EeKTUBHOCTI METOMIIB
MaCUBHOTO 3aXMCTYy MOBHOI 1H(pOpMaIIii BiJl Ja3€pHUX CUCTEM aKyCTHYHOI PO3BIJIKH.

HaykoBa HOBU3HA poOOTH MOJISATAE B TOMY, LIO:

1) Bnepiie, Ha OCHOBI BUKOPHUCTAHHUX METOJIB JIOCII/PKEHHS, 3alpOIIOHOBAHO
KOMIUIEKCHY METOJIMKY JJIi BHBUEHHS MapaMeTpiB 3aXHILIEHOCTI OMTOEIEKTPOHHOTO
kKaHary BUTOKYy iHopwmarii Big JICAP, ska mae 3Mory HOCHIIWTH B3a€MO3aJCKHICTh
BHYTPIIIHBOI OYJOBM CKJIa 1 WOro 3aXMCHUX XapaKTEPUCTHK. 3aCTOCOBAaHI METOJIH,
po3p0o0JieH] Ha TXHIM OCHOBI METOJIUKU Ta €KCIIEPUMEHTAIbHI IOCTIKEHHS CTAHOBJISATh
TaKy METOJI0JIOT110, 10 MOBHICTIO JOBEPIIY€E MMOCTABJICHI 3aB/IaHHS;

2) BHepIe JTOCTIKEHO Ta OOIPYHTOBAHO BIUIMB CJIEMEHTHOTO CKJIaJy CKJa Ha
3aXMCHI IMMapaMeTpu B ONTOEJIEKTPOHHOMY KaHam BUTOKY 1H(popmarii Bix JICAP.
Cucremaruzaiiisi €I€MEHTHOTO 1 KUIbKICHOTO CKJIJy JTOCHII)KyBaHOTO BIKOHHOTO CKJa
BIJIIOBIJTHO /10 TEPIOAIB 1 TPyl NEPIOJUYHOI CHCTEMHM XIMIYHUX €JIEMEHTIB, Jaja
MO>KJIMBICTh TOOAYUTH 3aJICKHICTh MK €JIEKTPOHHOIO OYI0BOIO XIMIYHUX €JIEMEHTIB Ta
3aXHMCHUMH BJIACTUBOCTSAMH CKJIA.

3) Bepmie  moOyIOBaHO  MOJENh  OAraTOKOMIIOHEHTHOI  apXiTeKTYpHO-
KOMITIOHOBAHOI CTPYKTYpHM aKyCTHYHOTO KaHajdy BHUTOKY iH(opmarii (Moaenb
MOIIAPOBOT0  3aXHUCTy), fKa BpaxoBye KOMOIHAIII0 TMOMIAPOBUX EJIEMEHTIB Ta
3alpOINOHOBAHO 11 MAaTeMaTUYHUM OIMC 3 BUKOPUCTAHHSAM JBOX MOJEIEN PO3B’A3KY:
arperaTHoi Ta KOMIUIEKCHOI. MaTemaTH4Ha MOJielb OIKCY€ MIHIMI3allilo BTpaT
iH(popMarllii yepe3 ONTOENEKTPOHHMWM KaHan BHUTOKY Big JICAP, mo BianmoBigae
MaKCUMaJIbHOMY CTYTEHIO 3aXHUIIIEHOCTI MPUMIIIIEHHS.

4) yIOCKOHAJIEHO MOJIE/Ib BIUIMBY IapaMeTpiB 3aXHIIEHOCTI ONMTOEICKTPOHHOIO
kaHainy BuUTOKY Big JICAP B 3aieXHOCTI BiJ KOHIIEHTpAIlli OCHOBHHUX €JIEMCHTIB
JOCITIJIKYBAHOTO CKJIa. Pe3ybTaTi MOJICIOBAHHS JO3BOJISIFOTh TTOB’S3aTH CTEX10METPII0
€JIEMEHTIB JIOCIIKYBAaHOTO CKJIa 3 HOTO 3aXUCHUMH BIACTHBOCTSIMU 10 BiAHOIICHHIO JI0
Oyab-SIKOTO JTa3ePHOTO OMPOMIHEHHSI.

5) HaOynW MOAAIBIIOTO PO3BUTKY JOCHIIKEHHS BIUIMBY PI3HHUX IUIIBKOBUX

MOKPUTTIB Ha 3axucT iH(opMmaiii Bl Ja3epHOrO0 30HIYyBaHHS, IO JO3BOJISIE
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CIPOTHO3YBaTH PI3HOIIAHOBI ~albTEPHATUBU 3aXUCTy MOBHOI iHopMalii Bix
3YNTYBaHHS ONTOEJIEKTPOHHUM KaHAJIOM, a came: JOCIIKEeHO aMOphHUN MaTepiall Ha
ocHoBi BaCuTeF Tta nienmexkrpuuHe iHTep(epeHIIHHE MOKPUTTS HAa OCHOB1 JT1OKCHUY
radHiio, SKi Ha BIAMIHY BiJl BIJOMUX, JO3BOJISIOTH 3HAUHO IMiBULIUTH PE3YIbTaTUBHICTD
3aXMCTY MOBHOI 1H(GOpMAaIlii Bijl 3UMTYBaHHS Ja3¢pHUMH CUCTEMaMH.

IIpakTuyHe 3HAYEHHS O/IePKAHUX Pe3YyJIbTATIB MOJISATAE B TOMY, II10:

1)  mociimKeHHs BIUTMBY €JIEMEHTHOTO CKJIay JTUCTOBOTO CKJIa Ha KOe(IIi€HTH
BIIOMBaHHS Ta TOIIMHAHHS 30HIYIOUOTO BHUIIPOMIHIOBAHHS JalOTh MOXJIUBICTh
MOJIEJTIOBATH CKJIa/ Ta IPOTHO3YBATH 3aXUCHI BIIACTUBOCTI CKIIA;

2) yAOCKOHAJIEHO MOJIEb CKJIa/1-BJIACTUBICTh 3 METOIO ITPOrHO3YBaHHS I1apaMeTpiB
3axucHUX BiactuBoctel ckia Bix JICAP B 3ameXHOCTI Bl KOHLIEHTpalii OCHOBHUX
€JIEMEHTIB, 1€3JJaTHICTh SIKOi IOBE/IEHA EKCIIEPUMEHTAIBHUMU JOCIKCHHSIMU;

3) 3amporOHOBAaHO BUKOPUCTAHHS MPHUCTPOIB PEHTTEHO(IYOPECLEHTHOTO Ta
CIIEKTPAILHOTO aHaJIi3y ISl OI[IHIOBAHHS 3aXUIIIEHOCTI CKJIa Ta MJIIBKOBUX MOKPUTTIB BiJl
JICAP;

5) 3ampornoHOBaHO BUKOPUCTAHHS IUTIBKOBUX MOKPUTTIB ajs 3axucty Big JICAP,
Kl BUKOPHCTOBYIOTHCS y MHPOMHUCIOBOMY MaciiTadl 3 MOJAJbIIO iX PO3POOKOIO 1
3aXMCHHUX IMapaMeTpiB. 3aTpaTd Ha BHUTOTOBIICHHS T4 HAHECEHHS TaKUX TOKPUTTIB €
3HAYHO MEHIIMMH, HIXK 3aTpaT Ha pPO3poOKy Ta BUPOOHUUTBO OYIb-SIKUX AKTUBHHUX
3ac00IB 3aXHCTy Yy CYYaCHOMY CBITi, IO IMATBEPIKY€E IEpeBard MacHBHUX METOIB
3aXMCTy MOBHOI 1H(OpMaIIii BiJl 3YUTYBAHHS ONTOEIEKTPOHHUM KaHAJIOM.

6) po3pOOJICHO MPAKTUYHI PEKOMEHIAITIT IS T1IBUIICHHS €(EKTUBHOCTI 3aXUCTy
MoBHOT iH(opmarii Bim JICAP mpu mpoeKkTyBaHHI 3aXHIIEHOTO OINTOCICKTPOHHOTO
KaHally BUTOKY 1H(opmarlii;

TeopeTnuni Ta MpakTUYHI PE3YJAbTaTH AMCEPTAILINHOI pOOOTH BUKOPUCTAHO 1
BITPOBA)KEHO:

-y HaBuanpbHUU mnpouec kKadeapu «3axuct iHPopMmauii» HarionanbHoro
yHiBepcuTeTy «JIbBIBChbKa MOJITEXHIKAa» SIK OKPEMHX TEM JIEKLIMHHMX KypcCiB, TaK 1 B

HUKIax Ja0oparopHUX poOIT [JIs CTYAEHTIB OCBITHbO-KBaJi(IKAI[ITHOTO PpiBHS
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«0akanaBpy, 110 HaBYaIOThCA 3a HanpsaMoM 125 «Kibepbe3neka Ta 3axucT iHPpopMarii»,
3 IUCHMILTIH: « TexXHIUHI 3ac00M OXOPOHH 00'€KTIB Ta yIPaBIiHHA TEXHIYHUMH 3ac00aMu
1H(popmatii» Ta «3aco0u nepenaBaHHs, NpUuMaHHs Ta 00poOkH 1HGOpMallii B cUCTeMaXx
TEXHIYHOTO 3aXUCTy 1HpOopMaIIii»;

-y HaBuaJbHUU mponec HaBuanbHO-HAYKOBOTO 1HCTUTYTY 3aXHUCTy 1HQOpMaIii
Jlep>kaBHOTO YHIBEpCUTETY 1HPOPMAIIIHO-KOMYHIKAIIHHUX TEXHOJOTIH, 30Kpema, Mif
yac HaBYAJIBHUX 3aHATh 31 3M00yBauaMH BHUINOI OCBITH 3a cHelianbHICTIO 125
«KibepbOesneka Ta 3axucT iH(PopMallii» OCBITHIX PIBHIB «0akajaBp» Ta «MaricTp» y
dbopmi OKpeMHX HaBYaJIbHUX IMUTaHb, BKIIOYEHUX 1O METOAMYHHUX PO3POOOK st
JCKIIMHUX Ta TPAKTUYHUX 3aHSATh, SIK1 POBOJSATHCS B YHIBEPCUTETI;

-y HaBYaJbHUHN TIpolleC IS KypCaHTIB MAariCTepChKoi mporpamMu I[HCTUTYTY
MOPAJIbHO-TICUXOJIOTIYHOTO 3a0e3neueHHss HaioHanbHO1 akagemii CyXOMyTHHX BIACBK
iM. rerbMana [1. CaraiimayHoro mpu BHKJIaJaHHI HaBYaIbHOI AUCIUIUIIHM «CydacHi
acriekTy 1HpopmaliiiHoi oe3neku». (1.2 [ndopmaniiini BiiiHu. CucteMa 3a0e3nedeHHs
1H(popmarriitHoi O6e3neKn);

- IpY BUKOHAHHI HAYKOBO-JIOCIIHOI poOoTu Kadeapu 3axucty iHpopmarii HY
«JIbBIBChKa MTONMITEXHIKA» «PO3pO0ICHHS Ta YIOCKOHAJIEHHS! METO/IIB Ta 3aCO01B 3aXUCTY
iHdopmarlii  ang  TOpOoTUAli  HECAHKI[IOHOBAHOMY  JIOCTyNmy B 1H(OpPMAaIIAHO-
KOMyHIKaliitHux Mepexax» (Ne nmepxpeectpauii 0119U101690), mo miarBepakeHo
aKTaM¥ BIPOBAKECHHS.

Ocobuctuii BHecok. OCHOBHI HAyKOBI pe3yjbTaTH JdUCEPTAIiHOI poOOTH
3100yTI aBTOPOM CaMOCTIMHO. Y mpalsix, omyOJIKOBaHUX y CIIBABTOPCTBI, BHECOK
JzsHoro H.P. € BU3HauanpsHuM, 30KpeMa aBTOPOBI HaJIEKaTh (Hymeparlis 3riiHo Jlogatky
A): y po6otax [3, 5] - mOoCTIIKEHHSI Ta ONITUMI3AIlisl IPOTPAMHOTO CEPEIOBUIIA 1 BX1THUX
nmapaMeTpiB JIa3€pHOTO JaTuvKa BiOpalii g MiATBEPHKEHHS aHTH JIa3epHUX
BJIACTMBOCTEH CKJla Ta 3aXHCHHX IUIIBOK, [4] - JOCIIDKCHHS Ta aHam3 3aXHCHHUX
XapaKTEPUCTHUK CKJIa BiJ JIa3€pHOrO 30HAYBAHHS B 3QJIEKHOCTI BiJl IOTO €JIEMEHTHOIO
CKJIaJy 3 BUKOPUCTAHHIM KOE(II€HTIB B1IOMBAHHS 1 IOTJMHAHHS JIA3€PHOTO MTPOMEHS
BIKOHHUM CKJIOM Ta BHSIBJICHHS 3aJIe)KHOCTI MK €JIEMEHTHUM CKJIQJIOM 1 3aXMCHUMH

BJIACTUBOCTSIMU CKJIa, [1] - HoCHiI>KeHHS KoedilieHTy BIJOMBAaHHS CKJla 3 HAIUJICHUM
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OJHOIIAPOBUM TOKPUTTSM  JIOKCHAY radHil0 3a JOMNOMOTOI0  CIEKTPaIbHHUX
XapaKTEepUCTUK, [2, 6] — pekoMeHaalii MO0 BUKOPUCTAHHS 3aXUCHUX IUIIBOK JUJIS
3aXMCTy BiJ Ja3epHUX CHUCTEM AaKyCTHUYHOI PO3BIAKM Ha 00’€KTaX KPUTHUYHOI Ta
KpUTUYIHO-1HPOPMAITIHHOT iHYPACTPYKTYPH.

Anpo6ania pe3yabtariB. OCHOBHI HAayKOBI pe3yjbTaTH 1 IOJOKEHHS
JIUcepTaliiHol poOOTH JOMOBIJANIKMCH Ta OOTOBOPIOBAIMCH HA S5-U MIKHAPOJHUX
HAYKOBO-TEXHIYHMX KOH(EpEHIisAX Ta HAayKOBHUX ceMiHapax: IV MixHapoaHa HayKOBO-
MpakTH4YHa KOHPEepeHIlisa «AKTyaabHI MUTaHHA 3a0e3nedeHHs Ki0epOe3neKku Ta 3aXUCTy
1H(popmarii» (3akapnaTcbka 00mactb, Mikripcbkuil paiion, c. Bepxue Cryaene, 12-15
motoro 2019 p.); VII-th International Scientific and Technical Conference «Information
protection and information systems security» (May 30-31, 2019. Lviv); 15th International
conference «Advanced trends in radioelectronics, telecommunications and computer
engineering» (February 25-29, 2020, Lviv, Slavske, Ukraine); 11th IEEE International
conference IDAACS «Intelligent data acquisition and advanced computing systems:
technology and applications» (Cracow, Poland, 22-25 September, 2021). Okpim TOTO,
nucepTailiiina podota y moBHOMY 00csi31 IpeicTaBIeHa Ha HAYKOBUX ceMiHapax Kadenpu
3axucty 1Hpopmarlii HarionaibHOro yHiBepcuTeTy «JIbBIBChbKa MOMITEXHIKA.

Iyo6aikanii. OCHOBHI HayKOB1 pe3yJIbTaTH AUCEPTAIlli OMyOIiKOBaHO B 14 mparsix,
3 HUX 5 crarei: 3 - y HAayKOoBUX (DAaXOBUX BHIAHHIX YKpaiHU 1 2 — y HAYKOMETPUUYHHUX
0azax pganux Scopus Ta Web of Science, omgHiii KosieKTHBHIA MoHoOrpadii Ta 5
nmyOJiKaIlisax y Marepianax Ta 30IpHUKax JOTMOBiIeH HayKOBUX KOH(MEPEHIIH, 3 IKUX 2
1HAEKCYIOThCS Y HayKOMETpUUHHX 0a3zax gaHux Scopus Ta Web of Science, a Takox y 3
myOJTiKaIisax, o T0AaTKOBO BiOOPaKarOTh HAYKOBI PE3yJIbTaTH JUCEPTAIlii.

Ctpykrypa Ta o0csar podotu. /[uceprariiina pob0oTa CKIATAEThCS 13 BCTYIY,
YOTUPHOX PO3/LTIB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEPEJ 1 TOAATKIB. 3arajibHU
oOcsar nuceprtarlli ctaHOBUTH 182 cTopiHku, 3 skuxX 170 CTOPIHOK OCHOBHOTO TEKCTY.
Po6ota mictuth 96 pucyHkis, 24 Tabiulil, CHMCOK BUKOPUCTAHUX JKepen Haiiuye 117

HaliMeHyBaHb Ha 12 cTopiHkax Ta 4 T0JaTKH.
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PO3/ILJI 1. CYUACHMUI CTAH TA HJISIXHA 3AXUCTY MOBHO1
IH®OPMAIIII BIJI JABEPHUX CUCTEM AKYCTUYHOI PO3BIIKH

1.1. OcobsmmBOCTI MOBHOI iH()OpMALII SIK 00’ €KTY 3aXHUCTY

MoBa € oHUM 3 HalJaBHIMIUX CIIOCOOIB 0OMIHY 1H(GOPMAIIIEI0 MIXK JTFOJbMH. K
3a3Hauae B. I. llynerina, «3 TO4k# 30py cBOro (GyHKI[IOHATHFHOTO CIIPSMYBaHHS MOBa €
3aco0oM opranizamii iH(opMmamii» [48]. TexHIuHHMII Tporpec 3HAYHO PO3LIUPHUB
MOXJIMBOCTI poOoTU 3 1H(opMarlieto. 3'IBHIIMCS HOBI TEXHOJOTIi, TaKl SIK TEKCTOBI
pEeIaKTOpH, OHJIAWH-TUIATPOPMH, XMapHI CXOBUIIA, IITYYHUH 1HTEIEKT, 10 POOJATH
pobory 3 iHpopmariero Outbil edekTuBHOW0. He3Bakaroum Ha PO3BUTOK HOBUX
TEXHOJIOT1H, KOHTPOJIb MOBHOI 1H(GOpMAIlii 3aTUIIAETHCS TEMOIO, 1110 BUKJIUKAE 3HAYHUI
1HTEpec.

Kiracudikariist cepeoBHII MOMTUPEHHS MOBHOI 1H(GOpMaIlii 3a CTocoO0M MEPEHOCY
3BYKOBHUX XBUJIb € HACTYITHOIO:

- cepelnoBUIa 3 TOBITPSIHUM TEPEHECEHHSM (3BYKOB1 XBHJII IEPEHOCSITHCS
MOJIEKYJIaMH TOBITPS);

- CepeloBHIllA 3 MaTeplajJbHUM IMEPEHECEHHSM (3BYKOB1 XBWJIl MEPEHOCITHCS
TBEPJUM TIJIOM);

- cepeloBuUIlla 3 MEMOpPaHHHM TEPEHECEHHSIM (3BYKOBI XBWJIl TMEPEHOCITHCS
BiOpariero MeMOpaHH).

AxyctuuHa iHpopMallig — 1e iHpopMmallis, Ky MepeHOCITh aKyCTUYHI CUTHAIIH,
TOOTO KOJIMBaHHS MPY>KHOTO CepeloBHIla (MOBITPSA, BOAM, TBEPAOrO Tiia), IO
CIIPUMMAIOTHCS JIFOJACHKUM ByXOM. MoBHa iH(opMallis - e aKyCTH4Ha iHdopmarlis,
JKEPETIOM SIKO1 € JIFOJICbKa MOBA.

VYHIKaIBHICTF MOBHOI 1H(MOpPMAIIiT MOSCHIOE 1i 0CO0JIMBE 3HAUYCHHS 1, BIATOBIIHO,
BHUCOKY 3aIliKaBJICHICTh MOTEHIIMHUX 3JIOBMUCHHKIB y ii mepexorieHHl. BiamosigHo,
3HATTS. MOBHOI 1HGoOpMalii MO MPSMUX aKyCTUYHUX 1 BIOPOAKYCTUYHUX KaHaJlax

3QIMIIAETBCS  OMHUM 3 HaWOUIbII e(eKTUBHUX BHIIB TaKOTO IIEPEXOIJICHHSI.
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JlinrBicTuyHa iH(pOpMallis BUHUKAE B IPOIEC] BEIEHHS PO3MOB y IPUMIILIEHHSX, @ TAKOXK
IpU POOOTI CUCTEM 3BYKOITIACUIICHHS Ta 3BYKOBIATBOPECHHS.

Hocismu MoBHOI iH(MOpMaIlii € aKyCTHYHI KOJMBaHHsS (MEXaHIYHI KOJMBaHHS
YaCTMHOK TMPYKHOTO CEpPEJOBHINA, SIKI MOIIMPIOIOTHCSA BIJ JKEpena KOJIHUBAaHb Yy
HABKOJIUIITHE CEPEIOBHIIE Y BUTTISIII Pi3HOT JOBKUHU XBUJIb).

JluHaMmiuHI BJIACTMBOCTI PO3MOBHOT MOBH Jy’K€ PI3HOMAaHITHI 1 6arato B 4omy
3aJIeKaTh Bl 30BHIIIHIX YMOB, B SIKHX ITepe0yBae JIIOAMHA, 110 TOBOPUTH. 3a PI3HUX YMOB
JII0JTUHA OOMIHIOETHCS BepOaIbHOI0 1H(POpMAIIIEIO 3 PI3HOIO TYUHICTIO, 1110 PUBOIUTH J0
(bopMyBaHHS pI3HUX PIBHIB 3BYKOBOTO THCKY (Tadum. 1.1.) [35]:

Tabmuus 1.1.

3HaudeHHsI PIBHIB 3BYKOBOT'O TUCKY MPHU PI3HUX CTYIEHAX TYYHOCTI

CtyniHb I'y4HOCTI PiBeHb 3ByKOBOrO THCKY, 1b
Tuxuii menit 35...40
CnokiiiHa 6ecima 55...60
Bucryn B aynuTopii 6e3 3aco6iB 65...70
3BYKOIIICHJICHHSI

B akycTuni 3arajJbHONPUNHATO BUKOPUCTAHHS JELUOEN, SIK YMOBHUX OJMHHUILIb
BUMIPIOBAHHS P1BHS 3ByKOBOI'O THUCKY:
nb=20 [ (1.1)
Benuuuny Ila BuOpaHo ik o, 0 BIANOBIAAE MIHIMAJIbHOMY 3BYKOBOMY THCKY,
KWW CTIpUiiMac JIIoJChKe Byxo. HaliMeH11010 BBaKae€ThCs 3MiHa PiBHS 3BYKOBOT'O TUCKY
Ha | 1b, Ky MOX€e BJIOBUTH JIFOJICBKE BYXO.
CnyxoBe BiIuyTTs NPONOPLIMHO Jorapudmy IpaTiBIuBO1 cuin [44]:
, 4B Fndo0 (1.2)

J¢ N € moapasHroowva CuJia Ha HOpO3i quHOCTi.
BenuuuHa V' — 11e piBeHb BIUyTTS, IPUIOMY = 1— ng
ne 1, BT/ m2 + = 12pBeHb iIHTEHCUBHOCTI 3BYKY.

PiBeHb BIOUYTTS, KU sIBisiEe cOOOIO pIBEHb HAJ MOPOrOM YYTHOCTI, HE TOYHO

XapakTepu3ye Cy0'eKTUBHE BITUYTTS, TOMY B aKyCTHULIl BAKOPUCTOBYETHCS MOHSTTS PI1BHS
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TYYHOCTI 3BYKY (ILIIyMy), III0 TIO3Ha4a€ piBeHb y Aenudenax yncroro ToHy 1000 I'n, sxwuit
OJIHAKOBO TYUHHH 3 HUM [44].

BianoBigHO 10 KpUBUX PIBHO3BYYHOCTI, piB€Hb I'ydHOCTI Ha yacToTi 1000 I'1y Ha 6
nb mepesulye rydsicte B aiana3zoHi 4actoT 250...500 I't, ToMy 1€ 3HIKEHHS MOXe
B1IOyBaTHCS MpPH 3alUCl €JIEMEHTIB MOBHM 3a JIOIIOMOTOK TEXHIYHMX 3aco0iB,
KOMITCHCOBAHHMX IIJITXOM YaCTOTHOI KOPEKIlii, SKa BHHHUKAE TPU HEMOKIUBOCTI
CHOPHUUHSATTS MOBH 0COOOK0.

3rifHo MDKHApomHuUX cTaHaaptiB, 30kpema I[SO/TR 4870, po30ipiauBicTh
BU3HAYAEThCS SIK «CTYIIHb, 3 SIKOIO MOBa MOXe OyTH 3po3ymina (po3uiudpoBaHa)
ciyxadyaMu». Mipoio po30IpIUBOCTI SABIAETHCS PO30IPIUBICTh €JIEMEHTIB MOBHU -
BEIMYMHA, 110 BU3HAYAETHCS SK BIJHOIICHHS KUIBKOCTI MPABHIIBHO CIPUHHATHUX
€JIEMEHTIB MOBH (3BYKIB, CKJIaJiB, CJiB, ()pa3) 10 3arajbHOi KUIBKOCTI MEpPEAaHuX 1

BUPAXKAETHCS Y BiICOTKax [35].

1.2. Kanaju BUTOKY MOBHOI iHdopMamii Ta iX XapaKTepUCTHKA

[npopmanis, sika oOpoOmserbcst Ha o0’ektax T30I, mepexoruroeThCs uepes
TEeXHIYHI KaHAJIH.

T'oBOpsiuM Mpo KaHaJIM BUTOKY 1HQOpMalii, 0araro aBTopiB aKIEHTYIOTh yBary Ha
IUIsIXax Ta HampsiMax HECAHKI[IOHOBAHOTO JocTymy 1o iHdopmartii [42, 44, 45]. IIpore,
BU3HAUAIOYM TEXHIYHMM KaHal BUTOKY 1H(OpMaIllii, aBTOpU BBOASTH MOHSTTS
«CEPENIOBUINE TOIIUPEHH», aJle HE KOHKPETHU3YIOUU «IOMHpPeHHS 4doro?» [37], abo

PO3KPHBAIOYH 3MICT IILOTO TOIIMPEHHS: HOCITB CUTHAIIB YM cUrHaIB [12].

1.2.1. TexHiuHi KaHAJIU BUTOKY iHopMaiii

«fkmo iHGopMarlis TOIIUPIOETHCS 3a JOTOMOTOK TEXHIYHUX 3aco0iB,
BI/IMOBIHUM KaHaAJ HA3UBAEThCS TEXHIYHUMY [8]. BUIBIIICTh cXeM 300pakKeHHST KaHaI1B

TEXHIYHOI 1H(OpMaIlii aBTOpH 3BOASATH 10 CTPYKTYpH, IIpuBeAeHoi Ha puc. 1. 1.1.
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bepyuu no yBaru monoxkeHHs1 3arajbHoi MapaJurMu 3aXUcTy 1HopMaIlii mpo Te,
110 «IT1]T BIUTMBOM (PaKTOPiB 30BHIIIHLOTO CEPEIOBHIIIA, IO OTOUYIOTh HOCIT iH(DOopMaIrii,
3MIHIOIOTBCS 1X TTapaMeTPH, 110 B CBOIO YEPr'y BIUIMBAE HA IMPOIICC MOMTUPCHHS CUTHATY»,
y3arajbHEHY CTPYKTYpHY CXeMy KaHajdy BHUTOKY iH(opMaIlli MOKHa TpEACTaBICHUN

HacTynmHUM YuHOM (puc. 1.2) [8]:

e 1
| |
| Kanan |
| 3B'SI3KY |
J = J I Hecankuio-
KCPEI0 JKCPCno Ilpuiimau HOBAHHIA
. peito | P Cepenosnme P
indopmanil | CHUIHANY CUIrHany | OTPUMYBAY
TIOWHPEHH .
] "l indopmauii
| ! |
I 3aBaju I
. _I

CepenoBuiiie BILTUBY

/ v T

I I
| I
| |
| |
| Hocii |
- N ocii
I Hociit [TpomixHni indopmaii — I
: indopmarii — | ——» HOCIT —> o ep « H o I
I IHKepeno iH$opmanii ACPHKYB I
I (3TOBMHCHHK) I
I I
| I
L- d

Puc. 1.2. V3aranpHeHa CTpyKTypHa CXeMa KaHaly BUTOKY 1H(popMaIlii

B pesynprari cTpyKTypHa cXeMa TEXHIYHOTO KaHally BHUTOKY 1H(opmarii
BUNIIsIIaTUME Tak (puc. 1.3).

OpuHapHi Ta MOABIWHI CTPUIKM TOKA3ylOTh HAMpPSIMOK TMOIIMPEHHS CUTHATY.
[TonBiitHI CTPUIKM BKa3ylOTh HANpPSIMKWA TMOIIMPEHHSI CUTHAJIB MICHsS MEPETBOPEHHS.
ToBCTI CTPITKK MOKA3yIOTh BILTUB (haKTOPIB CEPEIOBHINA HA 3HAYCHHS MTapaMeTPiB HOCITB

1H(dopmartii.
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Cning BpaxyBartu, 10 Ha puc. 1.3. HABEAEHO CHPOIICHWA BapiaHT TEXHIYHOTO
KaHaJy BUTOKY iH(oOpMmallli, B SIKOMY HE HaBeJeHI 3BOPOTHI 3B'SI3KH, HASBHICTH SIKUX

oOrpyHTOBaHA BYUCHUMHU B HAyKOBUX Tparisix [20].

> p Hociii inopmanii -
Hociit > IMpomikHi HOEIT N OfIepKyRad
Hthopmarii - i opmarnii 3I0BMHCHHK Ta
IKEeperno —-==-=%  NeMel,2,3..N. F=—=-® rexuiuni 3acobu ‘ a,
o —p e o —p PO3BLIKU '0’
. .
A P A AL .
* H I 1 " u
* 4

r————%——— :
| ! ;’ [pomixHi HOCIT -
: Cepenosuina : [TeperroproBaui > ?H (opwarii :
BILTHBY indopmanii FE==2= =

| pEm ’ NeNe N+1, N+2,
| Nel,2,3,.., ). | NeNe1,2,3,.,Q. — - P> N-3... K. :
| I I N
Loy N = P n
- ... at :

. "*sypununer® »
. o
L 4 e *

L
...IIIIIIIIIIIIIIIIIIIIIIIIIIIIII---

Puc. 1.3. — CtpykTypHa cxema TeXHIYHOTO KaHally BUTOKY 1H(opmarrii

Texuiunuii kanan Butoky iHpopmaii (TKBI) po3misagaroTs ik CyKynHICT 00'ekTa
po3BiJIKH, 3aco0iB TexHIYHOi po3Biaku (T3P), 3a m0MOMOrow SKUX OTPUMYIOTh
iHpopmalito npo ued o0'ekT, 1 (PI3UYHOTO CEPENOBHILNA, B SKOMY MOIIMPIOETHCS
1H(pOopMaLIITHUI cUTHAIL.

3 METOI0 BCTAHOBJICHHS BUMOT JIO OpraHizallii 3axucTy iH(opmailii BiJi BUTOKY
TEXHIYHUMH KaHaJIaMH MPOBEACHO iX KIacu(IKaIlilo 32 KOHKPETHUMHU O3HAKaMU, a CaMe:

- 3a BHJIOM 1H(opMariiinoi gismmeHocTi Ha OI/T;

- 3a IpUHIUIIOM (DOpPMYBaHHS HEOE3MEUHOTO CUTHAITY (HOCIsI 1H(pOopMaItii);

- 3aJIEXKHO BIJl CEPEIOBHUIIA PO3IOBCIOKEHHSI HEOE3MEUHOTO CUTHAITY;

- 3QJIEKHO BIJl CHOCOOy TMepexoryieHHs HeOe3NeYHOro CHUrHaidy 3aco0aMu
TEXHIYHOI PO3BIJIKH CYITPOTUBHHKA.

3a UMUK O3HAaKaMM TEXHIYHI KaHAJM BUTOKY TOJI0OCOBOI 1H(OpMaIIil MOAUIAIOTHCS

Ha: aKyCTH4YHI, aKyCTOBIOparliiiHi, aKyCTOONTOENEKTPOHHI (Jla3epHI aKyCTWUYHI),
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aKyCTOEJIEKTPUYHI, BIJ€0aKyCTH4YHI, KaHamu BY HaB’s3yBaHHS Ta BUTOKY MOBHOI

iH(opMaliii Ha OCHOBI 3aKJIATHUX TTPUCTPOIB.

1.2.2. AKycTHYHI KaHAJIH BUTOKY iH(popMaii

VY 3aKkpuTUX NPUMIMICHHAX aKyCTHYHa iH(popMallis Moxke OyTH IMepexolicHa,
OCK1bKHM OyiBeNbH1 KOHCTPYKIIi (CTiHHU, MiJjIora, CTENs, BiKHA, TPyOH, 3aKpHTI ABEp1)
M0 CyTl € aKyCTUYHHUMH MeMOpaHaMH 1 100pe nepeaaroTh 3ByKOB1 KOJMBAaHHA. 3 Oyib-
SKOTO MPUMIIIEHHS Yepe3 CTIHU, MJJIOTY a00 CTENI0 MOXKHA MEPEXOILTIOBATH aKyCTUUHUMA
CUTHAJI 32 JIOIOMOTOI0 BIOponepeTBOproBaya 1 miiCHIIoBaya.

3nanexy aKyCTUYHUN CUTHAJ BiJ] 3aKpUTHUX BIKOH MOXKHA 3HSTH, CIPSMYBaBIIU
Ja3epHEe BUIIPOMIHIOBAHHS Ha CKJIO a00 BHUKOPHCTOBYIOUM CIPSMOBAaHUN MIKPO(]OH.
AkyctuyHa 1H(}OpMaIlisi Takok MOke OyTH 3HSATa 3 MOOYTOBOI TEXHIKH, amaparypu
3B'SA3KY.

Bibpyroui Tina 1 MexaHi3MH, 110 KOJIUBAIOTHCS, TaKl K PyXOMI €JIEMEHTU MallIHH,
TenedOHH1 amapaTtd, 3BYKOMIJCHIIOIOYl CHUCTEMH, TOJIOCOBI 3B’SI3KM JIIOAMHHU 1 T.J. €
JUKEpEJIOM YTBOPEHHS aKyCTUYHOTo KaHany BUTOKY i1HGopmanii. Ha puc. 1.4

npencTaBiieHa Kiacudikailis akyCTUIHUX KaHaIiB BUTOKY 1H(popMarii [42].

Knacugikanis akycTHUHUX
KaHaJIIB BUTOKY iH(pOopMaIIii

/r\

3a mpupo 010 3a cepeJOBUIIIEM .
pup PEAOBHILL 3a m1ama3soHoM
YTBOPEHHS MOIIUPEHHS
> Moga > HOBITPHFHH — IndpazByk
MPOCTIp
» Ilym ™ Tsepai Tina . CayxoBuit
mlarna3oH
ITpomuciosi Bonsuui VABTpasByK
- : S
KOJIMBAHHS —»  IIpOCTIp

Puc.1.4. Knacugikanis akyCTUYHUX KaHaIiB BUTOKY 1HpOpMaIIii
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[Ipu po3MOBCIOMKEHH1 aKyCTUYHOI XBHUJI1, YACTUHKH MOBITPSI, SIKIIO Ha 1X ILIAXY
HEMae€ MEePEeIIKo/l, YTBOPIOIOThH MPYKHY XBUIIIO, III0 KOJIMBAETHCS, PO3IMOBCIOIKYIOUUCH Y
BCl cTopoHM. B Mexax mnpuminieHb a00 IHIIMX 3aKpUTUX IPOCTOPIB Ha MIIAXY
MONIMPEHHS 3BYKOBUX XBUJIb BUHUKAE OArato Meperiko, Ha SKi aKyCTUIHI XBHJII YUHATh
TUCK (ZIBEpi, BIKHA, CTIHH, CTEJIS, MiJjIora 1 T.I1.), 3aCTaBJISIIOYH iX KOJIuBaTucs. Taka Juis
aKyCTUYHHX XBWJIb SIBIIIETHCS MPUYMHOIO YTBOPEHHS aKyCTHYHOTO KaHATy BUTOKY
iHpOopMari.

Kananu BUTOKY akycTUUYHOI 1HpOpMAIIil yTBOPIOIOTHCS NULIXOM (puc. 1.5.) [8]:

- IOLUMPEHHS aKyCTUYHUX KOJMBaHb y BUIBHOMY MOBITPSHOMY ITPOCTOPI;

- BIUTMBY 3BYKOBHUX KOJIUBaHb Ha €JIEMEHTH Ta OyJl1BeJIbHI KOHCTPYKIII;

- BIUTUBY 3BYKOBHUX KOJIMBaHb Ha TEXHIYHI 3aco0U 00poOKH iHDOpMaITii.

YTBOpeHHsI aKyCTHYHUX KAHAJIIB BUTOKY

iHgopmamii
3a paxyHOK MOIIUPEHHS a paxyHOK Jiii 3ByKOBUX KOJIMBAaHb
paxy P 3a paxyHox Aif 38yK0 . 0 3a paxyHOK Jii 3ByKOBHUX
MEXaHIYHUX KOJINBAHb B Ha CJIEMEHTH OYiBEIBHUX S
) . i v KOJIMBaHb HA TEXHIYHI 3ac00U
BUTEHOMY TTOBITPSTHOM KOHCTPYKIIii 1BEIb .
y p y PYKLIH OYAIBEIL , 00poOKH iHpopMaIrii
pocTOopi BUKITUKAIOUYH BiOpaIliro
Posmosa na Cminu, cmens, nionoaa, 8iknda, Axycmuuna modynayis
BIOKPUMOMY HPOCMOPI - 0sepi, mpybonpoeoou || BOTIOKOHOOONMUYHUX JIHIU
BEHMUNAYIUHUX cCUCmeM nepeoadi ingpopmayii
—» Biokpumi gixHa, 0gepi,
Qipanxu Tpybonposoou cucmem > Mixpoghonnuil eghexm
L] 8000N0CMAYAHHSL,
Beumunayiiini KOHOUYIOHYBAHHS | M.N.
KAHAU

Puc.1.5. YTBOpeHHs aKyCTHUHUX KaHaJiB BUTOKY 1H(pOopMaIlii

OTxe, 3almeXHO BIJ CEPENOBUINA PO3MOBCIOMKCHHS TOJIOCOBUX CHUTHATIB 1
croco01B iX MEPEXOIUICHHS, TEXHIYHI KaHAIX BUTOKY 1H(OpMaIlii MOKHa PO3AUIMTH HA:
aKyCTH4HI, BIOpaIliiiti, eJIeKTPOAKyCTUYH1, OITOEJICKTPOHHI Ta MapaMeTPUYHI.

CepenoBuIlieM TMOMIMPEHHS AaKyCTUYHUX CHUTHAJIB B TMOBITPSHUX TEXHIYHUX
KaHaJlax BUTOKY 1H(opMalii € nmoBiTps. MikpoOHU BUKOPUCTOBYIOTHCS SIK JATUUKHU B

PO3BilyBaJIbHUX TMPUIAAaX JJIS MEPEXOTUICHHS aKyCTUYHUX cHurHaiiB. CUTHaIM, 1110
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HAJXOIATh 3 MIKpO(hOHIB, a00 3aMMCyIOTHCS OE€3MOCEPENHBO Ha CIICIiaNbHI MOPTATUBHI
3BYKO3AIUCYIOUi TMPHUCTPOi, abo MepemaroThCsi Ha IMyHKT NPHIOMY 3a JOMOMOTOIO
CHeliajJbHUX MepeaBayiB 1 TaM 3aUCYIOThCS.

Binmomo, mo s mepexoryieHHs aKyCTHYHOI iH(opMarlii BHKOPHCTOBYIOTHCA:
MOPTATUBHI TUKTOPOHH Ta IPOTOB1 MIKPOPOHHI CUCTEMHU JJIsl IPUXOBAHOTO 3BYKO3AITHCY;
COpsAMOBaH1 MIKpO(OHHU; aKyCTHYHI pPai03aKIaIKd; aKyCTUYHI 3aKIaJKh MEpPEexKi;

akyctuyHi [U-3aknanku; akyCTHUHI Teae(POHHI 3aKIaIKH.

1.2.3. Onroe/ieKTPOHHI KaHAJM BUTOKY iHopManii

OnToenekTpoHHut  (JTazepHUil)  KaHal  BUTOKYy  1HGoOpMalii  IIMPOKO
BUKOPHCTOBYETHCSI B MPOMUCIIOBOMY MITIOHAX1 Ta € JTOCHTHh MPOCTHUM Y BUKOPHCTaHHI,
OCKUIIBKH 31€0UTBIIOT0 3HATTS 1H(OpMaIlii Big0yBaeThes 3 BiOpyrodoro ckia. Kpim toro,
BUKOPUCTAHHS J1a3epHOro MikpodoHy He moTpelye ioro Oe3mocepeaHboi MPUCyTHOCTI
Ha 00’€KTi [6].

OnToenekTpoHHui (J1azepHUil) kKaHaid BUTOKY 1HQopmalii Qopmyerbes mnpu
ONMPOMIHEHHI1 JJa3epPHUM ITPOMEHEM TOHKHX B1IOMBHHUX MMOBEPXOHB (CKJIa, BIKOH, KAPTHH,
J3epKaJl  TOIIO), MO0 KOJWBAIOThCS B AaKyCTUYHOMY Toimi. Bigbute ma3epHe
BUINPOMIHIOBaHHS (AuQy3HE a00 3epKalibHE) MOAYIIOEThCA MO aMILIITyAl Ta ¢asi 1
NPUHAMAETHCS TPUMUMAYEM ONTHYHOTO BUIPOMIHIOBAHHS, SKE JIEMOIYIIOETHCS IS
BHUBIJILHCHHS TOJIOCOBOI 1H(GOpMAITii.

Bibpyroue ckio Jgae Tpu BUAM MOAYJALIL  JUIST  BIAOUTOrO  J1a3epHOIO
BUINIPOMIHIOBaHHS: KyTOBa MOJYJIAIS, YacTOTHA 1 (a3oBa MOyJsAlis. BracTuBocTi
BUIMIPOMIHIOBaHHS Ta MOKJIUBOCTI MOIYJIAIT Ja3€pHOTO MPOMEHS JAI0Th MOMXJIUBICTD iX
BUKOPUCTaHHSA JUIs peanizailii 3aco0iB 3axucty Big JICAP.

CyTHICTh ONTOENIEKTPOHHUX KaHAJIB BUTOKY 1H(pOpMAIIlli MOJIATae B TOMY, III0 Ha
O/, ne o3ByuyeThCs 1H(pOpMAIis, MiJ BIJIMBOM HEOE3MEYHOTO0 aKyCTUYHOTO CUTHAIY
3HAXOMAThCA ycCi mpeaMeTd. T1 TpeaMeTd, 0 MarTh ONTHYHI BJIACTUBOCTI
BiJII3epKAJICHHS, BiOpYrOTh. BiOpaliis Takux mHpeaMeTiB MOB’si3aHa 3 KOJWBAHHAM iX

MOBEPXHI. K0 HA MOBEPXHIO LUX MPEIMETIB CIPSAMYBATH JIA3€pPHUN MTPOMIiHb, TO BiH
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BIJII3EPKAIMTHCS BiJ] IOBEPXHI Y BHUIVISAAI MPOMEHS, MOIAYTHOBAHOTO TPEMTIHHSAM BiJ

CUTHaJy BiOparlii 1 po3noBcromKyBaTuMeThes aaii (Puc. 1.6.). [42].

V\ L -7 T~ -
~ / N
S / Jlxeperno N
. ~ AKYCTHYIHO]
Hputimad y : ‘ indopmarrii /
3TP P <+— BikHo \ y
v N Ve
e - ™ ~
s | T'enepatop | -~ _ -
= | LIYM | -0
L2
O0'exT iH(pOpMALIHHOT AISITEHOCTI
\ [l ]
Jlazep KoHtponsopana 3oHa Asepi
3TP | < !

Puc. 1.6. AkycToonToeneKTpoHHUH (JIa3epHUl aKyCTUYHUN )

KaHaJl BUTOKY 1HhopMarlii

Bimmzepkanenuit mpomMinb Moxke OyTH TMEpPEXOIUICHUN MPOTUBHUKOM, 3/1ACHEHA
HOT0 1eMOAyIIALis 1 BIAHOBJICHUN MMOYAaTKOBUH 1H(OPMALIITHII MOBHUII CUTHAJ.

3anobiranHss ~ BUTOKY  1H(oOpMallli  aKyCTOONTOEIEKTPOHHUM  (JJa3€pHUM
aKyCTUYHMM) KaHaJIOM MOKHA JIOCATTH HACTYITHUMHU CIIOCOOaMM:

- BAKOPMCTAaHHS BaKyyMHHUX Ta 1HIIMX 3aXMILEHUX BIKOH, MAaTyBaHHS 30BHIIIHbOI

MMOBEPXHI CKJIA;

- BUKOPUCTAHHA 11010 BIKOH Ta 1HIIMX MPEIMETIB BiIJI3EpKaJICHHS BIOpaIiifHOTO

3alIyMJICHHS.

1.3. Metoau Ta 3aco0u 3aXxucTY MOBHOI iH()opmauii

3axucT MOBHOI1 iH(popMalIii — 11e KOMIIISKC 3aX0/I1iB, CIIPSIMOBAHUX Ha 3arlo0IraHHs
HECAHKI[IOHOBAHOMY JOCTYNY, BUKOPUCTAHHIO, TOMIUPEHHIO abo0 3MiHI MOBHOI

1H(dopmartii.
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3axuct MOBHOI iHGoOpMalii € BaXJIMBUM Uil 3a0e3meueHHs Oe3leKkd Ta
KOoH(p1IeHIIIHOCTI MOBHOI 1HGopMarlii. MoBHa iH(opMaliist Moxke OyTH IIHHUM aKTHBOM
JIUISL OpraHi3allii i 1 3aXUCT BiJ] HECAaHKIIIOHOBAHOTO JIOCTYITY € KPUTUYHO BaXKJIUBUM JIJIS
yCHiXy oprasizarii.

Y poborax [16, 17, 23, 52, 70] BITYM3HSHI HAYKOBIIl PO3MVISIAAIOTh MUTAHHS
3aXUCTYy MOBHOI iH(opmallii BiJ BUTOKY 3a JOMOMOIOI0 ONTO-€IEKTPOHHOTO KaHAIy.
3anmponoHOBaHI METOU MACUBHOTO 3aXKCTY 3 BUKOPUCTAHHSIM COHIIE3aXHCHHX TUTIBOK HE
Jal0Th OakaHOTO €(hEKTY SIK aHTUJIA3EPHI.

[I11BKM Ha OCHOBI CIONYK MiJi, fIKI 3aXUIIAIOTh BIKHA Bl BUIIPOMIHIOBAHHS B
yAbTpadioeTOBOMY Ta BUIMMOMY 1H(GPaYEepBOHOMY Jiala3oHax, SIK OMUCAHO B [74],
MpaIoTh HalOLIbl edekTuBHO B mianazoHi 500 HM, SKMM HE MOXKe 3a0€3MeUnuTH
Oa)kaHM 3aXUCT BlJ CKaHyBaHHS, OCKUIBKH JIa3€pU MPALIOOTh B poOOYOMY Jiarna3oHi
650 - 3000 HM.

3apyOikHMMU aBTOopamMu B poOoTi [106] mpoaHamizoBaHO BapiaHTH IS
3MEHIIICHHsI BiOpallii ckjia Ta 3amo0iraHHs jJa3epHOMY MPOCIyXOByBaHHIO. BpaxoBaHo
BIUTUB KOHCTPYKINi ckjiomakera Ha 3axucHi BiactuBocTi Bim JICAP. Pesynbratu
JOCHIKEHHSI TOKa3yloTh, 10 Jjuiie 1% KoJMBaHb CKJa MEPENa€ThCsl BIKOHHUMHU
pamaMmu, a pemiTa — BIKOHHUM CKJIOM.

BrmB  anTuiazepHMX aepo30yiiB HAa 1HTEHCHUBHICTh aKYyCTMUHHMX CHUTHAJIB
pO3rIsiHYTO B po0oTi [81]. Bysio BcTaHOBIIEHO, IO ONTUMAaJIbHA CUJIa CUTHATY BIJINOBIAA€
KUTBKOCTI aOmsIiiiHoro Marepiany. lle mo3Boisie BIANMOBIIHMM YHWHOM PETYJIIOBATH
nazepHuil Qokyc miag yac BiAOOpPY 3pa3kiB IS ONTUMAJbHOI aOJIsIIii Ha OCHOBI
IHTEHCHUBHOCTI aKyCTUYHOTO CUTHAITY.

[Ipu nmucraHmiiHI Ja3epHIA 3HOMII TOJIOCY, MPOAHATI30BaHl XapaKTEPUCTUKH
3BOPOTHOTO pO3CiIOBaHHsA 00'ekTiB [82]. Pe3ynpTaTu moOKazaau, IO BIJHOBJIEHA
aMIUTITy/la MOBHOTO CHUTHAJIy MOCTYIOBO 3MEHIIYETHCS 31 30UIBLICHHSIM HIOPCTKOCTI
noBepxHi. KpiM TOro, BiIHOBJIEHa aMIUIITy/la aKyCTUYHOTO CHUTHANY 30LIBIIYEThCS 31
30UTBIIEHHSM Koe(illieHTa ocaablieHHs METamy.

Ha ocnoBi HagpemniiTok 3 ¢GOTOHHUX KPHUCTANIB Ta HAaHOMAaTepiajiB, po3podIeH1

O0araro4acToTHl OaraTolapoBi IUTIBKM Ta MOKpUTTS 3 matepianiB [117]. Lli maTepianu
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3a0e3MevyloTh (PUIbTPAIlil0 MEeBHUX JOBXKHH XBWJI CBITJa, 30€epirarouu Mpo30piCTh Y
1HIIIOMY CHIEKTPI.

AHali3yBaHHs TIpallb 3apyODKHHX Ta BITYM3HSHUX BYEHHUX Jla€ IMJICTaBU
CTBEP/KYBATH, IO 3aXMCT MOBHHUX JJAHUX B1JI MOKJIMBOTO BUTOKY TEXHIYHUMH KaHATAMU
€ OJIHMM 3 BaXJIMBHX 3aBJIaHb 3a0e3meueHHs 1HQopMaliitHOT Oe3MeKH, SIK y JepKaBHUX,
TaK 1 013HEC-CTPYKTypax.

Byap-sxuit kaHan BUTOKY 1H(popMallii GopMyeTbCcs Ha OCHOBI TPhOX CKJIAJOBHX:
nepeaaBad  (JpKeperao HeOE3NMEeYHOTO CHUTHANy), CEPEelOBUIE PO3MOBCIOIKECHHS
HEOE3MEeYHOro CHUTHally, mpuiMad (mpucTpiii 3HIMaHHA 1H@QopMauii). OnTuko-
€JICKTPOHHUM KaHal - He BUHATOK. HeOe3neuyHuM curHajgiom B 1aHOMY BUIAJKY € MOBa
CIIIBPO3MOBHHUKIB, TOOTO 0OroBOproBaHa Brojoc 3akputa iHdopmaiiis. CepenoBuiiieM
MONIMPEHHS HEOE3MEYHOT0 CUTHANY, B HAIIIOMY BHIIAJIKy, MOXYTb OyTH BiKHA, KAPTHUHH,
J3epKalia, Ta 1HII TPEeJAMETH MOOYTy, 10 3HAXOAThCA y npuMiiieHH1. [{i koHcTpyKiii
MaloTh BJIACTHUBOCTI MEMOpaHM 1 MIANAIOTBCS CUJIBHOMY BIUIMBY 3BYKOBHX
KoJIMBaHb [23].

Taxum unHOM, 1J11 BUKOPUCTAHHS ONTOEIIEKTPOHHOTO KaHAIy BUTOKY 1H(popMaIii
3JIOBMUCHUKY HEMa€ HEOOXIAHOCTI MPOHUKATH B MPUMIIIEHHS, IOCTaTHbO JIMIIE
OTpUMATH JIOCTYIl JI0 CyMDKHHUX OyJiBelh Ta BCTAHOBUTH TaM IMPHUCTPOi 3HIMAHHSA
iH(popMaIlli, 0 NEepPeTBOPIOIOTh KOJMBAHHA KOHCTPYKIIM KOHTPOJbOBAHOI 30HHU B
CJIEKTPHUYHI.

3axuct MOBHOI 1HQoOpMaIlli Moxke BiOyBaTucs y nBoX HampsMkax. [lo-mepiie,
3aXMCTUTU TEPETOBOPH, fAKI BIAOYyBAlOTbCA B 3aKpUTHX MNPUMIMICHHSIX abo Ha
KOHTPOJIbOBaHIM TepuTopii. Apyruii acnekT - 3aXUCTUTH MOBHY 1H(QOpMAIliI0 B KaHAIaxX
3B'SI3KY.

VY Takiéi OisUIbHOCTI BUKOPUCTOBYIOTHCSI aKTHBHI Ta nacuBHi Metonu (Puc. 1.7.)

[15].
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Metoaun 3axucty Big JICAP

AKTUBHI ' wj MacuBHi '

- TeHepaTOpH WyMy Y - Ckno 3i ctpymonpogigHum - [1niBKKU Ta NoKpUTTA
aKyCTUYHOMY fiana3oHi NMOKPUTTAM - KoHcTpyKUis Ta cTpyKTypa ckna
- 3acobu BibpoakycTUYHOro - Wropm
3axucTy - ’Kaniosi

Puc. 1.7. Metoau 3axucty Bix JICAP ta BiamoBiiHI 3ac00HM 3aXUCTY

OTxe, 3HATTA aKyCTHUYHOI 1H(pOpMAIlii MOXKe 3/I1HCHIOBATHCS Yepe3 BIKOHHE CKJIO,
OyIiBENbHI, CAaHTEXHIYHI, BEHTWJISALIWMHI, ONATIOBaJbHI KOHCTPYKIIIi, 32 JIOMOMOIOIO
3ac00iB  PaalOMOBJIECHHS, TeNE()OHHOTO Ta KOMIT'FOTEPHOIO 3B'SI3KY, AHTEHHHX 1
TENEBI3IMHUX  PO3MOAUIBHUX  MEpeX, MPOTUIIOKEKHOI  CUTHATI3alii, Mepex
€JIEKTPOIIOCTa4aHHs. Ta OOJiKy poOO4YOro 4acy, I'yYHOMOBHOIO Ta JHMCIETYEPCHKOTO
3B'SI3KYy, 3a3€MJICHHS Ta 1H. BumaakoBe npomyck xo4ya O OJZHOrO MOKJIMBOIO KaHAaIy

BUTOKY MO€ 3BE€CTH BC1 BUTPATH JI0 HYJIS Ta 3pOOUTH CUCTEMY 3aXHUCTy HEe()EKTHBHOIO.

1.3.1. AKTuBHI MeTOaU 3axucTy iHGopMaIrii

Peaizamisi KOMIUIEKCY 3axojiB IMOAO ITOBHOIIIHHOTO 3axucTy iHdopmarlii €
BOXJIMBUM 3aBJIaHHAM I 3a0e3MeueHHs Oe3IeKu JaHuX Ta 1H(POPMAIIHHUX CHUCTEM.
[leit koMmIUIEKC 3axO[iB MOXke OyTH 3aCTOCOBAaHUM SK IO BXKE EKCILUTyaTOBaHHUX
MPUMIIIEHb, TaK 1 0 MPUMIIIEHB, 110 3HAXOASATHCA HA OCTAHHIX CTaiAX OyIiBEIbHO-
peMonTHUX poOit. 3axuct Bia JICAP MoxkHa peamnizyBaT Ha Oy/ib-sIKOMY €Tarll, OCHOBHA
YacTHHA BIPOBAIHKCHHSI O€3MeKH BUTOKY MOBHOI 1H(OpMaIlii BITHOCUTBCS JI0 3aXHUCTY
BikOH. He pinko migmpuemMcTBa, 10 MOTPEOYIOTh 3aXUCTY 1HGOpPMAIIil CXUIISIIOTHCS 10
BUKOPUCTAHHS aKTUBHHUX MeTo/1B. OMHAK JaHUM MMiIX1] Ma€ HU3KY HEJOJKIiB, 30KpeMa:

[15]:
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- BUCOKA BapTICTh KOMIIOHEHTIB IIPH MIPOEKTYBaHHI 1 CTBOPEHH] CHCTEM aKTUBHOTO
3allyMJICHHS;

- MOHTa CHUCTEM aKTHUBHOTIO 3alllyMJICHHS MPU3BOJUTH /10 3MIHU peali30BaHUX B
NPUMILIEHHSX 1HTEP'€PHUX PIIICHbD;

- 3alyMJICHHS TPUMIIIEHb, 110 OOyMOBJICHO (I3UYHUMHU MPUHIHUIIAMU
(GYHKIIIOHYBaHHS CHCTEM aKTUBHOTO 3aXHUCTY.

Sx mpaBwiio, y CHOXKHMBa4a, IO 3ITKHYBCS 13 3aBIaHHSIM peami3allii 3axucTy
iH(dopmMariii, BUHUKa€e pobaeMa BUOOPY aKTUBHUX, Y TTACUBHUX CUCTEM 3axucrty. [Ipu
IbOMY OUIBLIICTh MOKYIIIB KEPYEThCS HACTYNMHUMHU KpPUTEPISIMU: HHU3bKA IIiHA,
MIHIMaJIbHI rabapuTH, MPOCTOTa BCTaHOBIIEHHS. Ha jkayib, TUIIOBI CHUCTEMHU 3aXHUCTY
YacTO MPOEKTYIOThCS Ul 3aXHCTy B1Jl KOHKPETHHMX 3arpo3, IO MOXKE 3pOoOMTH iX
Bpa3JIMBUMHU IO HOBUX 200 HEB1IOMUX 3arpo3. [IpoakTuBHMIA MIAX1/, 110 BKIIIOYAE B ce0Oe
MPOTHO3YBaHHSA Ta 3amoOiraHHs 3arpo3aMm, MoOXe OyTH OuIbll e()EeKTUBHUM Yy

3a0e31eUYeHH1 OE3MEKH.

1.3.2. [IacuBHi MeTOaM 3aXHCTy MOBHOI iHpopMamii

MiHiMi3yBaTH HEJONIKM aKTUBHUX METOJIB 3aXHUCTy MOBHOI iH(opMallii MOKHa
IIUIIXOM BUKOPHUCTaHHS IMACHBHUX METOMIB 3axUCTy. Po3po0Oka Ta BIPOBaKCHHS
MACMBHUX METO/IB 3aXUCTy 1HQOpMALli BUKOHYIOThCSI CUJIaMU MiJIPSAHUKA 1 BKIIOYAE B
ceOe HACTyImHUN KOMIUIEKC 3axo/iB: [15]:

- aHaJII3 MPOEKTHOI JOKYMEHTAIlli;

- aBTOPCHKUI HATIIAJT 32 BUKOHAHHSAM Oy/1iBETbHO-MOHTQKHUX POOIT 3 BUKOHAHHS
OKpPEMOi YaCTUHU 00'€KTIB,;

- CHelialibHl  IHCTPYMEHTaIbHI  JIOCJHIDKEHHSI  pealli30BaHUX  PIllIeHb IS
BU3HAUCHHS aJICKBATHOCTI BKUTUX 3aXOIIB.

Ak BiIOMO, TACHMBHI 3aXOIM IIOAO 3axUCTy 1HQopMalli BiJi BUTOKY IIIHHOL
iH(DopMarlii rpyHTYIOTbCSI Ha 3aCTOCYBaHHI MPOEKTHUX 1 KOHCTPYKTOPCHKUX PIIICHB,

TOMYy Ui 3axWcTy iH(MopMarii BiJ TEPEXOIJICHHS BUKOPHCTOBYIOTHCS METOIU
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NPUXOBYBaHHS ~ €Heprii  mUsixoM  30LIbIIEHHA ~ OCHaOeHHS  CepeloBHINA
PO3IMOBCIOMKEHHS.

Jlns 3amo6iranHs BTpaT 1H(GOpMAIIil yepe3 Ja3epHUi KaHal MOXKHa 3aCTOCYyBaTH
HACTYITHI 3aXO/IM: IITOPU Ha BIKHA; YKaJII031; CIIeliajbHI IIIBKH HA CKIIO [25].

Bapro nmam'araru, 1o BUKOPUCTaHHS TOHOBAaHUX IUIIBOK J1a€ MOXIIMBICTb JIETKO
BU3HAUWTH BIKHA 3 MIABUIIICHUMHU BUMOTaMu 10 Oe3neku iHpopMarliii. BikHO 3 TUTIBKOIO
BUJIUISIETHCA HA (POHI 1HIIKX 1 TOMY 3 MipKyBaHb MPUXOBAHOCTI 3aXUCTY, 3aCTOCOBYBaTU
IUTIBKY TpeOa Ha BCIX BiKHAX, MPUHANMHI, ITOBEPXY, a Kpaiie OyaiBii. TakoX MOXKJIUBE
BUKOPHCTAHHS TMPO30PHX TIUTIBOK, $KI 3a CBOIMH BJIACTUBOCTSIMHU HE CHIBHO
BIJIDI3HSIOTBCSA BiJl TOHOBaHMX. [Ipo3opa 1utiBKa He Oyle MpUBEpPTaTH YyBary
3JIOBMUCHHKA, TIPOTE€ BOHA HE 3a0€3MEeYUTh 3aXHUCT BiJ Bi3yallbHOTO CIIOCTEPEKEHHS
330BHI MNpuMIlIeHHA. [Ipy BUKOpUCTaHHI TPO30POr0 TMOKPUTTS HEOOXITHUM €
BCTAHOBJICHHSI JIOJAATKOBUX 3ac00iB Il 3amo0iraHHs MPUXOBAHOTO CIIOCTEPEKECHHS
(kauro3i) .

Takok 10 MACMBHUX METOMIB BIJIHOCUTBCSA 3BYKOI3OJAIIS 1 €KpaHyBaHHS.
HaiiGinpmr  cnabkuMu — eleMEHTaMu TNPUMIIIEHHS € BIKHAa 1 JBepi. 3/IaTHICTh
3BYKOTIOTJIMHAHHS BIKOH, a TaKOX IBEpEi, B OCHOBHOMY 3aJIKUTh BiJl IMOBEPXHEBOI
IIUTPHOCTI CKJIa Ta PIBHS TPUTHCHEHHS MPUTBOpiB. Y Tabnwmimi 1.2. BKaszaHi aesiki
BIJIOMOCTI IIOJO0 3BYKOI30JIALI HAWOLIbII TMOUIMPEHMX BaplaHTIB 3aCTEKJICHHS
MPUMIILEHB [25].

3BYKOI30JIAIIis OJIMHAPHHUX CKJIOMAKETIB BIJIMOBIAAE€ 3BYKOI30JIAIIT OJWHAPHUX
JBEpei 1 HeIOCTaTHS JJIsl TOTO, 100 AoOpe 3aXUCTUTH 1HGOpPMAIII0 B MPUMIIIEHHI.
Kpartry 3ByK01307511110 MatOTh BiKHA 3 CKJIOMAKETOM 13 IIMPUHOIO MOBITPSHOTO 3a30py
oinpie 200 MM ab0 MOTPIMHUM KOMOIHOBAaHHMM CKJIOIIAKETOM. 3a3HAYMMO, 110 OiJIbIa
KUTBKICTh CTEKOJI HE 3aBXK/IM O3HAYa€ Kparia 3ByKO130JIA111s B liarla30H1 4aCTOT MOBHOT'O
CUTHAITy, TaK SK PE30HAHC B TOBITPSHUX MPOMDKKAX MK CKJIaMU MOXKE 3HU3HTH
3BYKO130JIAII11O.

JIst mokpalieHHs 3ByKO130J11111 BAXKJIMBUM € BUKOPUCTAHHS BIKOH 31 CKJIIIHHSIM B
PO3AUIBHUX paMax 3 BEJIWYMHOIO MOBITPSHOTO TPOMDKKY Oinbmie 200 mm abo 3

NOTPIMHUM KOMOIHOBAHHUM CKJIIHHAM (Tpuriiekc). KonuBanbHUil nporiec y CKIIl Tak caMo



44

Oyzne BigOyBaTHCS Mmia JI€I0 aKyCTUYHOTO TOJISA, aje 30BHIIIHE CKJIO He Oy/e BiMUyBaTH
BEJIMKUX KOJIMBaHb, 1110 YCKJIAIHIOE 3HIMaHHS 1H(popMaIIii.
Taomug 1.2.

3BYKOI30JIA11i5T BIKOH

3eykoizomanis (a1b) Ha gacTtoTax, 'l
125|250| 500 | 1000|2000 | 4000
4 5 6 7

CxemMa 3acTeKIIeHHd

—
[
%}

O}IHHapHe 3aCTeRIICHHA.

TORIITHHA 3 MM 17 17 22 28 31 32

TOBIIHHA 4 MM 18 | 23 26 31 32 32
25

TORIIHHA 6 MM 22 | 22 26 30 27

ITonpiiHe 3aCTeKIeHHT 3 MOBITPAHHM IIPOMIKKOM:
MM) | 15 | 20 41 49 46
MM) | 21 | 29 44 50 48

-

57 MM (TOBIIHHA 3

s
Y]
2

-

90 MM (TORIIHHA -

%]
[#a]

s

57 MM (ToBmmuHa 4 MM) | 21 | 31 38 46 49 35
90 MM (TOBIMHHA 4 MM) | 25 | 33 41 47 48 36

KBamigikaiiss CynpoTMBHUKA, II0 KEPY€E€ JA3€PHOI0 CHCTEMOIO MAa€ BEIMKE
3HAYEHHS, TaK SK J03BOJsi€ C(OKycyBaTH TPOMiIHb PO3BIAYBaJIBLHOTO MPHUCTPOIO HA
BHYTPIIIHHOMY CKJIi. TakKMM YMHOM TOKpAIlleHa 3BYKOI3OJISIIIS 1 KITBKICTh MHUOOK HE
JOTIOMOKYTh 3all00IrTH BUTOKY 1H(OpMAILIii JIa3€PHUM KaHAJIOM.

[InacTUKOBHMI CKJIOMAKET BOJIOJMIE MaiKe 1/IeaIbHOI0 PIBHOIO MOBEPXHEO, IO
copourye 3HiMaHHS 1HQopmanii. CkiIo B JepeB'sHId pami sBis€ cOO0K HEPIBHY
MOBEPXHIO, 3 SKO1 3HIMaHHS 1H(popMaIlii Oyae BaXdyuM. Y 3B'SI3KY 3 IIUM, II€ OAHUM
CrIocOoOOM 3aXMCTy BIKOHHOTO CKJIa BiJl BIAJIOTO 3HIMaHHS 1HGOpMAIlii 37 I0BMUCHUKOM, €
HAaBMHCHE TIOTIPIIEHHS PIBHOCTI CKJa, TOOTO HAHECEHHS Ha CKJIO MIOPCTKYBATHUX
MaTepiaiiB, SKI  CHOPUSIOTH  TU(Y3HOMY  BIAXWJIECHHIO  JIa3€PHOTO  MPOMEHS
PO3BiYBAILHOTO MIPHUIIATY.

KananamMu BUTOKY MOXYTh CTaTH 1 Pi3HI NpeIMETH B MPUMILICHHI. Y Takomy
BUIIAJKY CJI1J] 3aCTOCOBYBATH MMaCUBHI METOJIU 3aXHUCTY, 10 BUKOPUCTOBYIOTh aKyCTHUHI

eKpaHH.
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Edexkr akycTMuHUX €KpaHiB 3aCHOBaHUI Ha Bi1IOOpa)K€HHI 3BYKOBHX XBWJIb 1
YTBOPEHHI 3BYKOBUX TiHEH 3a €KpaHOM. 3 ypaxXyBaHHIM IU(PpakIii epeKTUBHICTh EKpaHy
3pocTae B Mipy 3OUIBIIEHHS BIJIMOBIIHOCTI MDK pO3MIpOM €KpaHa Ta JOBKHHOIO
aKycTU4yHOi XBuIIl. Po3aMipn epekTHBHUX eKpaHiB OIbII HIXK y 2-3 pa3u MEepeBUIIYIOTh
JNOBXKUHY XBWIl. PeanbHa eQeKTHBHICTh aKyCTUYHOTO €KpaHyBAaHHS CTaHOBHUTh
8...10 nb. [9].

3 MeTor 30UThIICHHS 3BYKOI30JALII MPUMIIICHh TaKOXX BHUKOPUCTOBYIOTH
3BYKOMOIJIMHAIOY1 MaTepiann. BUKOpUCTaHHS 3BYKONOIVIMHAIOYMX MAaTeplaiiB IS
3aXHUCTY aKyCTU4YHOI i1H(popMmallii Mae MEBHI XapakTEepHI OCOOJIMBOCTI MOPIBHSHO 31
3BYKOI30JIAIII€10, @ caMme (JOpMYBaHHS aKyCTUUYHUX YMOB 0€3M0ocepeHbO B IPOCTOPI IS
3a0e3neYeHHs po30IpIIMBOCTI MOBH B PI3HUX MICIISIX.

[TogiOHOIO BHMOTOIO €, Tiepul 3a Bce, 3a0e3MEUYeHHS ONTUMAJIbHOIO
CHBBIIHOIIEHHS MPSMOTO 1 BIIOUTOT0 aKyCTUYHUX CUTHAJIIB BiJ OTOpokeHb. HaamipHe
3BYKOTIOTJIMHAHHS TIPU3BOAWTH JI0 TIOTIPIICHHS PIiBHSA CHUTHATY B PI3HUX TOYKaX
OPUMIIICHHS 1 BEJMKOTO Yacy peBepoOepaliii - TOTIPIIEHHS po30IpIMBOCTI Yepe3
HaKJIaJJaHHsI PI3HUX 3BYKIB. 3BYKOIOTJIMHAJIBHI MaTepiali MOXYTh MaTd CYUIIbHY 1
MOPUCTY CTPYKTYpY. SIK TpaBuiio, MOPUCTI MaTepiadl BUKOPHUCTOBYIOTHCS pPa3oM 3
TBEpIUMHU CYLUUIbHUMH Matepianamu. CepenHi TOKa3HUKU 3BYKOI30JIAIIT  JAESKUX
MarepialiiB HaBesleH1 B Tabmuii 1.3. [9].

Ta6mus 1.3.

3BYKOMOTJIMHAIOY1 BJIACTHUBOCTI JIEIKUX MaTepiajiB

Koeilli€HT OTTHHAHHA Ha 9acToTax, [ 11

Marepiai -
125 | 250 | 500 | 1000 | 2000 | 4000
[lerennHa CTiHA 0,024 | 0,025 0,032 ] 0,041 | 0.049| 0,07
Hepep'saHa 000HBKa 0.1 0.11 | 0.11 | 0.08 | 0.082| 0.11
CTexmno oqHHapHe 0.03 - 0.027 - 0.02

ITTtykaTypKa BalHAHA 0.025| 0,04 | 0,06 | 0.085]0.043 | 0.058
[ToBcTh (TOBmMHA 25 MM) | 0,18 | 036 | 0.71 | 0.8 | 0.82

KumnMm 3 BopcoM 0.09 | 0,08 | 0,21 | 0.27 | 0.27 | 0.37
CxgHa BaTa (3aBToBmky | 032 | 0.4 | 0.51 | 0.6 | 0.65 | 0.6
9 MM)

baroBHsIHA TKAaHHHA 0,03 | 0.04 | 0,11 | 0.17 | 0.24 | 0O,

[¥¥]
Uh
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[IpoananizyBaBmiM MOXJIMBI BapiaHTH BHUTOKY iHGopMarllii, MOXHAa TOCSAITU
HaJIC)KHOTO PIBHS 3BYKO- Ta BIOPOI30JIAIIii Ta 3HU3UTH PiBEHb HEOS3MEUHUX CUTHAIIB, 1110
BUHUKAIOTh B1Jl aKyCTOEJIEKTPUYHHUX NIEPETBOPEHb, 1110 J03BOJISIE ICTOTHO 3MEHILINTH, a B
OKpEMHUX BHUIAJKaX 1 MOBHICTIO BIJIMOBUTHUCS BiJl BUKOPHCTAHHS METOJIB aKTHBHOTO
nrymo3antyiieHHa. [Ipy 1boMy MakcHUMajlbHE BHUKOPUCTAaHHS IACUBHUX METO/IB
NPU3BOJUTH /O 3HAYHOT EKOHOMII Ha OOJiaJHaHHI CHCTEM aKTHBHOTO 3aXHCTy, iX
YCTAHOBIII, @ TAKOXK HA TPYAOMICTKOMY TPOIIEC] HANAIITyBaHHS.

VY ToMy BUINIAAKY, KOJIHM 3aCTOCOBAHMX METOJIB HEAOCTAaTHBbO JJIsl 3a0€3MEUEHHs
HAJIe)KHOTO PIBHS 3aXHUCTY, BUKOPHUCTOBYETHCS KOMOIHAIlll AaKTMBHUX Ta MaCUBHUX
MeToAiB. B sKocTi mnpukiagy TO€IHAHHS AaKTUBHUX Ta MAaCHUBHMX METO[IB
(koMOIHOBaHUX) MOYKHA MPEACTABUTH €JIEKTPOCTAaTUYHUIA Ta MarHiTOCTaTUYHUN METOJ

3aXHMCTY MOBHOI 1H(GOpMAaIlii BiJi BATOKY ONTUKO-€JIEKTPOHHUM KaHayioM [42].

1.4. OcHOBH aKYCTHMYHOI PO3BIAKH. XapaKTEPUCTHKA JIAa3€PHUX CHUCTEM

aKyCTHYHOI PO3BiIKH

AKycTHYHa pO3BIJIKA — 1€ OTpUMaHHS 1H(OpMaIl HUIIXOM NOpUIMaHHS Ta
aHali3yBaHHS AaKyCTHMYHUX CHUTHaJiB 1H(Pa3BYKOBOIO, 3BYKOBOTO, YJIBTPa3BYKOBOTO
JI1arta30HiB, 110 MOMIHUPIOIOTHCS Bl 00’ €KTIB PO3BIAKK y TIOBITPSHOMY CepeaoBHII [26].

AKycTHYHA pO3BiJIKa MOAUISETHCA HA PO3BIIKY MOBITPSIHUMH, B1OpalliHUMH,
aKyCTOEJIEKTPUYHUMH, T1IpOAaKyCTOEIEKTPUUHUMH, napaMeTpUYHUMU 1
ONTOEJIEKTPUYHUMH KaHaIaMH BUTOKY 1H(popmaiii. Taka kinacugikaiis BiI0OyBaeTbCs B
3QJICKHOCTI BiJ (PI3MYHOI TPUPOAUM BUHUKHEHHSI TaKUX CHUTHAIIB, CEPEIOBUINA
PO3MOBCIOMKEHHS KOJIMBAHb 1 MOMJIMBUX CIIOCO01B MEpeXOIyIeHHS Takoi iHopmarrii [45].

OnToenekTpoHHUN (J1a3epHUil) KaHal BUTOKY 1H(OpMaIi BHHHMKAE MpU
OTPOMIHEHHI1 JIJa3ePHUM MTPOMEHEM TOHKHX B1JIOMBHHUX MOBEPXOHB (CKJIa, BIKOH, KAPTHH,
J3epKaj TOIIO), IO KOJUBAIOThCA B aKyCTUYHOMY moni. Bigbute nasepHe
BUIIPOMIHIOBAHHSI MOIYJIOE€TBCS MO aMIUITyAl Ta (a3l Ta NPUAMAETHCA ONTUYHUM

npuiiMadyeM BUIIPOMIHIOBAHHS, JIEMOMYJIAIS SKOTO BHUBLIBHSE MOBHY 1H(MOpPMAIIIIO.
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Jlazep, 1m0 TeHepye Ja3epHUN TPOMiHb, 1 TPUIMad ONTHYHOTO BHUIIPOMIHIOBAHHS
YTBOPIOIOTh CUCTEMY JIa3epHOi akycTU4HOi po3Bijku (JICAP) [30].

Po3Bigka MoBHOI 1H(MOpMaIlli € TOCUTh BAXXJIMBOIO cPeporo, Tak SK ayke Oararo
BAXJIMBO1 1H(MOpMAIllT UPKYITIOE B aKyCTUYHOMY CEpPEIOBHII, O3BYUYETHCS Ha PI3HUX
3ycTpiuax, Hapagax i T.J. OgHUM 3 METOMAIB NPOBEICHHS TaKol PO3BIAKH € Ja3epHl
CHUCTEMHU aKyCTHYHOI po3Biaku. [Ipoiiiio yxxe 6araro yacy 3 MOMEHTY iX BUHAMICHHS, a
npunnunu pobdotu JICAP 3anuimaroTbess MPAaKTUYHO HE3MIHHMMH, XO4a MeEXaH13MHU
BEJICHHSI PO3BIAKU MOCTIMHO yIOCKOHATIOIOTHCS Ta MOJICPHI3YIOThCA. Tak BiIOyBa€eThCs
TOMY, II0 y OUIBIIOCTI BHUIAJKIB 3HATTS 1H(pOpMali BiAOYBAETHCA 3 BIOPYIOUOrO CKIIA.
Maiixe 3aBxau y Oyab-sIKOMy MPUMIIIEHHI € HEOOXIJHICTh BIKOH, SIK 3 TOYKU 30Dy
TEXHIKU O€3MEKH, TaK 1 3 TOUKHU 30Py 3pYyUHOCTI MpaIfiBHUKIB. Jl0 TOTO 3K, BUKOPUCTAHHS
Ja3epHoro MikpodoHy He moTpelye MoTparuisiHHs O0e3nocepeHbo Ha 00’ ekT [37].

[IpoGnema mnpotumii 34uTyBaHHIO 1HGOpMaLii 3a JOMOMOTOI0 JIa3€PHOTO
BUIIPOMIHIOBAHHSA 3QJIMIIAETHCA aKTyallbHOIO 1 OTHOYACHO O/IHI€I0 3 HAWMEHII BUBUCHUX
MOPIBHSHO 3 THIIMMH 3aC00aMH MPOMUCIIOBOTO IIMUTYHCTBA.

3apyOikHi aBropu [69] pPO3MISINAIOTh MNPUHIMIIK POOOTH JIA3EPHUX CUCTEM
aKyCTUYHOI PO3BIJIKM Ta iX 3aCTOCYBaHHS B PI3HMX OO0JIacTSAX, TaKUX SIK OOOpOHa,
MEIUIIMHA Ta HayKa po Mmarepianu. JlaHa poOoTa TakoK BUCBITIIOE BUKIIUKH, 3 IKUMHU
CTUKAIOTHCS TOCTIAHUKA Y PO3BUTKY LI1€1 TEXHOJIOT].

Crarts [115] dpokycyeTbcs Ha BUKOPUCTaHHI J1a3€PHUX CUCTEM JIJIs1 HEPYHHIBHOTO
KOHTPOJIIO, 30KpeMa JiJisi BUSIBJICHHS NIe(PEeKTIB y mMarepiajax Ta OIIHKH IXHBOI SKOCTI.
BoHa omnucye pi3HI METOAM aKyCTHMYHOI pPO3BIAKH, SIKI 0a3ylOThCS Ha BUKOPHUCTAHHI
Ja3epis.

3aciyroBye Ha yBary Ie OjfHa poOora 3apyODKHUX HayKoBHIB [71], B sKii
MPEICTABICHO OTJISA]] CyYaCHUX JIOCATHEHb Yy Tally3i Ja3epHO1 yabTPa3ByKOBOT TEXHOJIOT I,
30KpeMa B Tally3i aKyCTUYHOI PO3BiIKH. B poOOTI OMUCYIOTHCS Pi3HI METOAM TeHEepaIrii
Ta JIETEKIIi YIBTPa3BYKy 3a JIOMOMOTOIO JIa3epiB Ta iX 3aCTOCYBaHHS B PI3HUX 001aCTsX,
BKJIIOYAIOUM HEPYHHIBHUI KOHTPOJIb, MEAUIIMHY Ta MaTepiaJO3HABCTRBO.

CTpiMKHII PO3BUTOK TEXHIKM Ta €JICKTPOHIKK JO3BOJISIE CTBOPIOBATH BCE

KOMIAKTHIII 1 JOCKOHAJIII CHUCTeMH JIa3epHOTO-JIOKAI[IHHOTO 30HIAyBaHHS. Bike
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NPAKTUKY€ETHCS BUKOPUCTAHHS CBITJIO O00EpTalOuMX €JIEMEHTIB, WI0 3abe3mneuye
MOBEPHEHHS MPOMEHS Jiazepa B Ty XK TOUKY, 3 sikoi BiH OyB HampaBiieHUH. € BITOMOCTI
PO pO3pOoOKy epeKTUBHOTO AU(DyY31iHOTO JTa3epa, 10 A03BOJISIE 3HIMATH CUTHAJ 31 CKJIa
i TOCUTh BEIMKUM KyTOM.

TakuM 4ynHOM, JIa3epHI CUCTEMU ICHYIOTh 1 MOXKYTh IIPU JOTPUMAHHI HU3KUA YMOB
OyTH TOCUTH €(PEKTUBHUM 3aCO00M TEXHIYHOI PO3BIIKU. 3aXUCT MOBHOI iH(OpMaIlii Bix
MOXJIHMBOTO 1i BHUTOKY € OJHUM 3 HaWakTyalpHIIIMX 3aBAaHb 3a0e3MeueHHs
iH(dopMariiftHOi O6e31mekH, K y AepKaBHUX, TaK 1 KOMEPLIMHUX CTpYKTypax [62].

VY Xoai geTanbHOrO BUBYEHHS 3'scyBajiocs, 110 Yy Iiil cdepi mpakTUYHO HEMae
Cepo3HUX pPO3pOOOK 1 METOJIUK, SIK1 JI03BOJISIIOTh 3aXUCTUTH TOJIOCOBY 1H(MOPMAIIiIO Bij
BTPATH 3a JIONOMOIOI0 CHCTEM Ja3epHO-aKycTU4yHOi po3Biaku (JIAP). 3posymino, mio
noTpiOEH KOMIUIEKCHUM MiAXIJ, sSIKM nepeadayaB OM CHUHTE3 AaKTUBHUX 1 MAaCUBHUX
METO/IIB 3aXUCTy MOBHOI 1H(pOpMaITii.

OTxe, HA ChOTOJHI OJHUM 3 aKTyaJbHUX KaHajiB BUTOKY MOBHOI 1H(popmalii €
ONTOEJEKTPOHHUM TexHIYHMN KaHal. [lepexorieHHs 3a Woro jnomomororo iHpopmarii
peanizyeTbCsi 3a JIOMOMOTOIO CIEIIaJIbHUX 3aco0IB  PO3BIAKK, IO HA3UBAIOTHCS
Ja3epHUMHU CHUCTEMaMM aKyCTHMYHOI PO3BIJKH, TAKOXX BOHHU 1€ BIJOMI SIK «JIa3epHi
Mikpodouu» [76, 77].

JlazepHi MIKpOQOHM — 1€ MPUCTPOi, IO JO3BOJSIOTH 3YUTYBaTH BiOparlito 3
MOBEPXOHb JIA3€pPHUM TPOMEHEM, SKHH MOMIYNIOETbCS aKyCTHUYHUM CHUTHAJIOM.
AkyctnuHa iHdopMallis 3Ae0TBIIOT0 3HIMAETHCS 3 BIKOH MPHUMINICHb. 3HATTS
1H(popMaIlii 311HCHIOETHCSI TAKAM YMHOM: MEBHA MOBEPXHA a00 KOHCTPYKI[iSl B KIMHATI
ONPOMIHIOETHCS JIa3€pHUM TPOMEHEM, SIKUH KOJHMBAETHCSI B AKYyCTUYHOMY IIOJIL.
JlazepHuii MPOMiIHb MOIYJIOETHCS 32 3aKOHOM TIOBEPXHEBOI BiOpaillii 1 BiIOMBAETHCS Y
3BOPOTHOMY  HANpSMKy, IICJIsI 4YOro nepexomnoeTbes mnpuitmadem JICAP,

JIEMOJTYJTIOETHCS 1 3 HhOTO BUAUISAETHCS MOBHA 1H(pOpMAITisl.



49

1.4.1. Tunm na3epis, iX BJACTHBOCTI Ta XapaKTePUCTHKHU

Jlazep - 1e mpuCTpid Al reHepyBaHHS a00 IMOCWJICHHS MOHOXPOMAaTHYHOIO
CBITJIA, SIKE€ MOXKE MOIIMPIOBATHCS Ha BEJIHKI BIICTaH1 0€3 pO3CiOBaHHS Ta CTBOPIOBATU
BHUCOKY IIUIBHICTB MOTY>KHOCT1 BUIIPOMIHIOBaHHS IIpH (OKyCyBaHHI [26].

B ocHOBY po60TH a3epiB MOKIAACHO SBUIINE 1HTyKOBAHOTO BUIIPOMIHIOBaHHS.

Jlazepu MOXyTh OyTH TBEpPAO TUIPHUMH, PIAKAMH Ta TAa30BHMH, 3aJICKHO BiJ
GI3UYHOTO CTaHy aKTUBHOTO cepeaoBuina. Jlazepu MokHa KiacudikyBatd 1 3a
JIOBXKMHOIO XBUWJI, SIKI TEHEPY€ BUIIPOMIHIOBAHHS, 30Kpema: jazepu iH(]ppauepBOHOIO
(I4), Buaumoro, ynwsTpadioneroBoro (Y®), peHTreHIBCHKOro aiana3oHiB. J[oBxKUHU
XBUJIb MOXKYTh 3MIHIOBATUCA Y MeXkax Bij MpuoOm3HO 1 MM 10 1 HM.

Tunu a3epHOTO BUMPOMIHIOBAHHS.

[ndpauepBone BunpominioBanHs (1Y) - enexTpoMarHiTHe BUIPOMIHIOBaHHS, SIKE
OXOILTIOE CIIEKTPAIBHUH Jl1ala30H M1 Y€PBOHOIO MEKEI0 BUIUMOIO CBITJIA 3 JJOBKUHOIO
xBuil 700 HM 1 MIKPOXBUIILOBUM BUIIPOMIHIOBaHHSM 3 TOBXKUHOIO XBWl 1 MM [80].

Bunume BUIIpOMiHIOBaHHS — 1€ 00JIACTh CIEKTPa €JIEKTPOMATHITHUX XBHIIb, IO
0e3mocepeIHbO CIPUHMAETHCS JTIFOJCHKIM OKOM 1 XapaKTepU3YEThCS TOBKUHAMH XBHITh
Big 380 mo 750 HM [49].

Eneprii ¢poToHiB BiANOBiAae BUAUMHMIA iana3oH Big 1,7 eB (uepBoHe cBiTI0) 110 3
eB (dioneToBe cBiTI0). UyTIMBICTH JIOJICHKOTO OKa € PI3HOIO 0 XBUJIb PI3HOT YaCTOTH
y BHIUMOMY Jiiara3oHi. XBuji, kopotiii 32 380 HM, Ha3UBalOTh yIbTpadioIeTOBUMH, a
noBui 3a 750 HM - IHPpavyepBOHUMU.

VYabTpadioneroBe BUIMPOMIHIOBAHHS — EJIEKTPOMArHiTHE BUIIPOMIHIOBAHHS,
HEBUIMME JIJIsS JIFOACBKOIO OKa 1 3aiiMae CHEKTpaJbHHUM Jiana30H MDK BHIAMHM 1
PEHTreHIBCHbKUM IPOMEHSIMH B Jiana3oHi 10BKuH XBUib 400-10 uM [28].

OnTuyHi  BJIACTUBOCTI  PEUOBMH  yIbTpadioieToBOi  00JIacTi  CHEKTPY
BIJIPI3HSAIOTHCS BiJ] ONTUYHUX BIACTUBOCTEH Y BUAMMIN 00J1acTi ClieKTpa. XapakTEepHOIO
MEXEI0 € 3MEHILIEHHS MPO30pOCTi (30UIbIIEHHS KOE(III€HTY MOTJIMHAHHA) OUIBIIOCTI

T1J1, MPO30PHX y BUAUMIN 00JaCTI.
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OCHOBHOIO XapaKTEPUCTUKOIO Ja3€PHOTO BUIPOMIHIOBAHHS € BUCOKUN CTYIIHB
MOHOXPOMATHYHOCTI, KOTEPEHTHOCTI, HAIIPaBJICHOCTI 1 sSICKpaBOCTI. MOHOXpOMaTUYHE
BUMNPOMIHIOBAaHHA - 1I€ CYKYHHICTb (OTOHIB, IO BHUIUISIOTBCA JIKEPEIOM
BUIIPOMIHIOBaHHS 1 MaIOTh MMPAKTUYHO OJTHAKOBY JOBXKHHY XBuIi [28].

KorepeHTHICTh pO3IIIAIA€ThCA SIK Y3TO/DKEHHS MPOTIKAHHS MiJ] 4ac JEKUIbKOX
KOJMBAJBHUX UM XBUJIIHOBHUX MPOIIECIB, K1 MPOSBISIOTHCS TpH iX ckiagadHi [11].

KorepeHTHICTh TIPOSBISIETBCST K BIACTUBICTH IBOX YW OUIBIIEC KOJIMBATHHHUX
MIPOIIECIB, K1 3/1aTHI IPH HaKJIaJaHHI B3a€EMHO MIJCHIIOBATH a00 MOcaa0oBaTH ePexT
B3aeMoAii. KorepeHTHICTh 1a3epHOTO MPOMEHIO MPOSBISETHCS JHUIIEC Yy BUMAAKAX
BHUCOKOI'O CTYMEHSI HOr0 MOHOXPOMATHYHOCTI 1 JAy>K€ MajOMy PO3XO/KEHHI JIa3€pHOTO
MIPOMEHSI.

SABuie cynepno3uilii 1BoX abo OUIbIlle KOTEPEHTHUX XBUJIb, Y PE3YIbTaTl YOTO
pe3yabTyro4a XBUJISL TIOCHIIIOETHCS B OJHUX MICISIX 1 TOCHAOMIOETHCA B IHINUX,
Ha3MBaEThCs 1HTEpPepeHtieto [28]. ABuie iHTepPepeHiiii MUPOKO BUKOPUCTOBYETHCS B

ONTHII, PATIOTEXHII 1 aKyCTHIII.

1.4.2. Tunosi cxemu nodoyposu JICAP

IchytoTh pi3Hi cxemu ooynoBu JICAP [76, 77], siki 1at0Th pi3H1 pe3yJIbTaTH 1IOA0
SKOCT1 pO3BIAYBaJIbHOI 1H(OpMalii. YacTo BUKOPUCTOBYIOTHCA HA MPAKTHI CXEMH 3
KOMOIHOBaHUM JIa3€pOM 1 (poTompuitMadyem.

CxemMu PI3HATHCA B 3aJEKHOCTI BiJl TUIy BHUKOPHUCTOBYBaHOTO Jazepa. 1o
BUKOPUCTOBYETHCSI 1 aKTUBHOTO cepenoBuia. Jlazepu MoxyTh OyTH TBEPAOTLIBHI,
PIAKOKPUCTATIYHI, Ta30BI Ta HAMIBIPOBIAHUKOBI. ['a30Bi Ta TBEPAOTUIBbHI Ja3epu
HalyacTille BUKOPUCTOBYIOThCS 1Jisi cTBopeHHs JICAP.

Hnsa saxicHoro 3axucty Big JICAP HeoOximHO BpaxoByBaTH cHeHU(IKy iX
eKCILUTyaTallii, B TOMy 4MCIi (DaKTOpH, sIKI HEraTUBHO BIUIMBAIOTH HA AKICTh po3BLAKU. Lle
Jla€ 3MOTY BM3HAUUTH  MOJKJIMBOCTI Ta Ha OCHOBI LIbOTO 3alPONOHYBAaTH HEOOX1IHI

3aX¥MCHI 3aXO0JIH.
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TunoBa cxema JICAP (puc. 1.8.) 3acHoBaHa Ha TpHUHIMMI 1HTEphEpoMeTpa
Maiikenscona [19]. Ilpunuunm poOOTH 1€l CXEMH OMHUCYEThCS TaK: KOTE€PEHTHHUMN
JA3epHUI MPOMIHb PO3AUISETHCA CBITIOPO3IUIBHUKOM (CIUIITTEPOM) Ha JIBl YaCTHHHU:
OMOPHUU TPOMIHb Ta iHGoOpMaliHUI TpoMiHb. ONOpHUN TNPOMIHBb BIJOUBAETHCS
OTIOPHUM JI3€PKajIoM 1 HalpaBJsIEThCs Ha poTonpuitmad. Konu indopmartiitnuii mpominb
BIIOMBAETbCA BiJ IMUOKHA, BIH MOJYJIOETHCS 3BYKOBOIO YacTOTOK. BimOuTuit
MOJ1yJIbOBaHU# MPOMIHb HAJCUIIAETHCS Ha GOTOACTEKTOD, A€ BiH iHTEp(DEpye 3 ONOpHUM
npomeneM. [licns dinbrparii curaan Ha GOTOAETEKTOP1 MOCUITIOETHCS 1 TIEPEIAETHCS Ha

MOTAJTBIINNA aHaJIl3.
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Puc. 1.8. Tunoa cxema JICAP (intepdhepomerp MaiikenbcoHa)

[IpencraBnena cxemMa MPOAYKYE 3HAYHY ONTHYHY PI3HHULIO X0y O
1H(}OpMAIITHOTO Ta OMTOPHOTO MPOMEHIB:
or=(a+2r+d+24()—(a+2b+d) =2(r + A(t)—b) (1.3)
OnTuyHy pi3HUIIIO X0y MPOMEHIB MOKHA 3HANTH 3a (hopmyJioro [19]:
0 =nAl—nAl, (1.4)

A€ nj, n2 — IMMOKA3HUKU 3aJIOMJICHHS CCPCAOBUILL;

Alj, Al> — BincTaHi, 10 MPOXOIATH TPOMEHT
B manomy Bunaaky cepenoBuile — NOBITPs, TOMY n; =1y = 1, a 6 = Al; — Al.
s cxema BuxopucroByerbcsi s JICAP 3 razoBum mazepom. [1[06
BukopuctoByBatu JICAP 13 TBEepAOTUIBHUM JIa3€pOM, THUIIOBY CXE€MY HEOOXIJTHO

MOM(IKyBaTH 3 HACTYTHUX IPUYHUH.
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TBepaoTiNIbHI Ja3epy MalOTh HU3bKY KOTEPEHTHICTh MOPIBHSHO 3 razoBuMu. Lle
MOSICHIOETBCS TUM, 1110 YaCOBa KOT€PEHTHICTh BU3HAYAETHCS YACOM tx, TPOTATOM SIKOTO
BUNPOMIHIOBaHHS, IO TIOMIMPIOETHCS 3 OJIHIET TOYKH JKEpesa, 3alUIIaeThCs
KorepeHTHuM [19].

3B’5130K YaCOBO1 KOT€PEHTHOCTI 3 MOHOXPOMATHUYHICTIO BUPAKAETHCS (DOPMYJIOIO:

te=IAv, (1.5)
ne Av — mupuHa CIIeKTPy BUIPOMiHIOBaHHS, [ 1.

YacoBa KOTepeHTHICTh TUM OLIbIlIa, YMM MEHIIA MIUPUHA CHEKTpYy AV 1 BUIIUI
CTYMIHb MOHOXPOMAaTUYHOCTI BUIIPOMIHIOBAHHS.

Benuuuna onTtuyHOI pI3HUIN Ha NUISXY JABOX XBWJIb, IIPH SIKIA 30epiraerbes ix
3JIaTHICTH 10 iHTepdepeHIlii, 00MeKeHa JOBKHUHOI KOTePEHTHOCTI, SIKa PO3PaXxOBYEThCS
TakK:

I = ti*c (1.6)

Jle ¢ — MBUKICTh CBITJIA, M/C.

JUist oTpuMaHHs 1HTEpPEPEHIIITHOT KapTUHU HA (POTONPUIMAaYl ONTHYHA PI3HULS
B X0/l 1H(OPMAIIIHHOTO 1 OMOPHOIO MYyYKIB MOBHHHA OyTH MEHINA, HIX JOBXHHA
KOTE€pPEHTHOCTI Jazepa (0 < [y).

Ha BigMiHy Bij ra30BUX Jla3epiB, TBEPAOTUIBHI JIA3€pH MAIOTh 3HAYHUM YaCTOTHUN
Jllara3oH BUMPOMIHIOBaHHS (BITHOCHO BEJIMKE 3HAYEHHS AV), TOOTO iM BJIacTHUBA HU3bKA
MOHOXPOMATHYHICTh

Otxe, sk BumHO 3 opmyn (1.5) ta (1.6), mUpPOKUNA CHEKTP BUIIPOMIHIOBAHHS
MPU3BOJUTH IO CKOPOUYEHHS 4acy KOTE€PEHTHOCTI f; 1 JOBXKMHHU KOT€PEHTHOCTI /. s
OTPUMAaHHS YITKOI 1HTEpPPEPEHIITHOI KapTHUHM BapTO 3a0€3MEUYUTH SIKHAWMEHIIY
ONITUYHY PI3HUITIO HA NUIAXY 1HTepPepyrounx mpomeHiB (0 < ).

Tomy mns JICAP 3 TBepAOTIIBHUM JIa3€pOM BUKOPUCTOBYETHCS MOJU(DIKOBaHA
JIBOIpoMeHeBa cxema (puc. 1.9) [19].

I BimMiHHICTH BiJ THTIOBOI CXEMH TMOJATAaE B TOMY, IO OMOPHMI MPOMiHB
COpsIMOBaHUM Ha Kpail BIKHA 1, BiAOMBAIOYMCH BiJ HBOrO, HAMPABIAETHCS Ha

dboTonpuiimay.
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Puc. 1.9. JIBonpomenena cxema JICAP

Tosi onTUYHA PI3HUIIT XOAY MPOMEHIB PO3PAXOBYETHCS TAK:
0= (a+2r+d+24(t)—(a+2b+2r+d)=2(4(t)—b) (1.7)
[TopiBHIOEMO Bi3yalibHI BIAMIHHOCTI 32 THUIIOBOIO Ta JIBOIIPOMEHEBOIO CXEMOIO.
[TopiBastnusa gopmyn (1.3) 1 (1.7) moxkasye, mo 62<61. OTxe, BUKOPUCTAHHS CXEMH,
300pakeHo1 Ha puc. 1.9, 103BoJIsi€ 3MEHIIMTH ONTHYHY PI3HMIIO HA IUIAXY MPOMEHS,
pobisun iHTepdepeHIiiiny KapTHHY, OTPUMaHy 3a JOIIOMOT0I0 TBEPAOTUIBHOTO J1a3epa,

O1IBIII KOHTPACTHOIO, TUM CAMHM T1JIBUIIYIOYH Yy TIAUBICTh IPUIAIY.

1.4.3. IIpouec 3UyuTYyBaHHSA aKYCTH4YHOI iH(opmauii 3a gonomorow JICAP

BuxmtouenHs: He0OX1THOCTI IPOHUKHEHHS Y TIPUMIIIEHHS € OJHIEI0 3 TOJIOBHHUX
nepeBar JICAP wnaj iHmmmu 3acobamu po3Biaku. Y cropomeHomy Burisaal JICAP
CKJIQJAEThCSl 3 JIA3€PHOTO0 BUIIPOMIHIOBAaYa 1H(PPAYEPBOHOIO Alama3zoHy 1 ONTUYHOTO
npuitmaya. [lpunnmn poOOTH HUX TPUCTPOIB TMoysrae B HacTynmHomy. JlazepHuit
nepeaaBad 3 ONTHYHUM ITPUIIITIOM CIIPSIMOBYETHCSI HA TIJIOCKY BIOPYIOUY MOBEPXHIO (CKIIO
3aKpPUTOTO BIKHA KIMHATH, B SIKI BemMyThCsS PO3MOBH). Jlami reHepyeThes Ja3epHUi
MPOMiHb, IO TONIUPIOETHCS udepe3 armocdepy 1 magae Ha 10 TNoBepxHIo. IloTiM
B1IOMBAETHCA BiJl BIKOHHOTO CKJIa 1 OJJTHOYACHO MOAYTIOETHCS 3a 3aKOHOM aKyCTHUYHOTO
CUTHaJy, IO TakoX Ji€ Ha CKJIO, 3aBXKIM JI0JIaloud arMoc(hepy B NPOTUICKHOMY
HanpsIMKy 1 OTpUMY€eTbesl oronpuiiMadem, sIKUHA BITHOBIIOE 1H(GOPMALIMHUI CUTHAT

(puc. 1.10.) [39].
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Konmm mnazepuuii mpomiHb BiIOMBAEeThCS BiA BIOPYHOUOi NOBEpPXHI, BHUHHKAE
4aCTOTHa, KyToBa 1 (pa3oBa MOAYJISIisA. s 3aXUCTy BiJi TAKOTO POy 3arpo3 iCHYIOTh
pI3HI METOJIM 1 3aXOJU 3aXHUCTy, K aKTHUBHI, TaK 1 MACHBHI, ajie¢ BC1 BOHU MalOTh Psi
HEIOMIKIB: a00 He 3a0e3MevyloTh HAJIEKHOTO 3aXHCTy, a0 MPHU3BOMATH 10 BEITUKUX

(GhiHaHCOBUX BUTpAT, a00 CYTTEBO 3HUKYIOTh KOM(MOPTHICTH POOOTH B MPUMIIIICHHI.

TMpuiinan

Bikno

Tasepruit
MOIYIIb

Puc. 1.10. Ilpunuun 388TTS iHGOpMalii 3 MOBEpXHI BIKHA IPUMIIIECHHS
3 pO3BHUTKOM JIa3€pHOI TEXHIKM Bke B 60-1 pOKM BHAJIOCA CTBOPUTH NEPIII

creriaaizoBaHi cucteMu 3HiMaHHs iHdopmarii (Puc. 1.11.) [26].

OBG'exT OXOpPOHU
(NpUMiLLIEHHR)

H Mepenasay y BUAUMOMY

[

i

il )

He 30HAYBaHA BIKOHHOIO CKNa a60 1Y gjana3oki

1 Na3sepHUM BUNPOMIHIOBAHHAM

1 1 "

oo v T i
[xepeno P S i e
aKyCTUYHOI Y B -
iHcopmavyi - Tk -

ONTUYHWA NPWHAMaY

Puc. 1.11. Cxema npouecy 34MTyBaHHS aKyCTUYHOT 1H(hOpMalii
3a nonomororo JICAP
Cporogni po3po0JieHO 1iJIe CIMEHCTBO MPHUIIAJIIB J1a3€pHO-aKyCTUYHOI PO3BIJIKH.

[Tpuknanom moxe cuyxkutu cucrema SIPE LASER 3-DA SUPER. Taka mopenb
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CKIIAJAEThCS 3 TEH-HEOHOBOTO Ja3epa, SK JDKepena BUMPOMIHIOBAHHS, MpUiiMadya
BUIPOMIHIOBaHHS 3 OJIOKOM (UIBTpY TIEpEenIKko/, JBOX HABYIIHHUKIB, aKyMYISTOPHOI
Oarapei Ta mratusa.

JlazepHe BUTIPOMIHIOBAHHS HABOAWUTHCS HA BIKOHHE CKJIO MPHUMIMICHHS 32
JIOTIOMOTOI0  TeJieckomiuHoro mpuiry. CreniajbHa ONTHYHA HAcaaka JI03BOJISE
3MIHIOBaTH KyT pO30DKHOCTI IydKa, IO BHXOAMTH. 3a JIOMIOMOTOI0 CHCTEMHU
aBTOMATUYHOTO PETYTIOBAHHS JOCATAETHCS BUCOKUU PIBEHHb CTA0IIBHOCTI MapameTpiB.
Monenb 103BOJIsIE€ AKICHO 3HIMATH TOJI0COBY 1HGOPMAITiIO 31 CKJIOMAKEeTIB Ha BiJICTaH1 J0

250 M [2].

1.4.4. TexHiYHi XapaKTePUCTUKH JAeIKNX BU/IB JIa3ePHUX CHCTEM aKyCTHYHOI

PO3BiAKH

VYenixu 1 TOCATHEHHS! B PO3BUTKY JIa3€pHOT TEXHIKU 3HAYHO MOKPALTUIN TEXHIUHI
BJIACTUBOCTI Ta HAAIMHICTh LMX PO3BIAYBaJIbHUX cucTeM. JlazepHuil mpuctpiii ¢pipmu
Hewlett-Packard HPO150 mae nanbHicts npoBeaeHHs po3Biaku a0 1000 m.Okpim Toro,
ICHY€ TIOTEHIIITHa MOXKITUBICTH POOOTH MPH BIAATICHOCTI 00'€kTa Ha BijicTaHi 10 kM [64].

Cnig mMaty Ha yBa3l, IO Ha SIKICTb OTPUMaHOl 1HQOpMalli BIUIMBAIOTh TakKl
dakropu:

- TMapaMeTpu Jiazepa, 0 BHUKOPHUCTOBYETHCS (IOBKHMHA XBWJI, IMOTYXKHICTD,
KOTE€PEHTHICTh 1 T.11.);

- mapamerpu (QoromnpuiiMada (4yTIUBICT (doTolpuitMada, THI OOpOOKHU
MPUIHATOTO CUTHATY TOILO);

- mapaMeTpu arMocdepu (pO3CISIHHS, MOIIMHAHHS, TYpOYJIEHTHICTh 1 T 11.).;

- SIKICTh OOpOOKM TOBEpXHi, MO 30HAYEThCSA (MIOPCTKICTh 1 HEPIBHOCTI, SK
TEXHOJIOTTYHO 3yMOBJICHI, TaK 1 BAKJIMKaH1 BIUTMBOM HABKOJUIITHBOTO CEPEIOBUILIA - OPYII,
MOAPSTIUHY TOIIIO);

- piBeHb (POHOBOTO aKyCTUYHOIO IIYMY;

- piBEHb NIEPEXOTICHOTO MOBHOTO CHUTHAITY;

- crienuiyH1 MICIIEBl YMOBH.
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Bci 111 00cTaBUHN HETAaTHBHO MO3HAYAIOTHCS HA SKOCTI 3aITMCAHOT MOBH, TOMY HE
MO>XKHA 31 CIIOKIMHMM CYMJIIHHSIM 3HIMATH JaHi MpUMOMY 3 BIJICTaHI B COTHI METPIB - IIi
Py BU3HAYAIOTHCS B YMOBAX MOJIITOHY 200 PO3paxyHKOBUM IIISIXOM.

B Tabnumi 1.4. HaBedeHI TEXHIYHI XapaKTEPUCTUKHU JCSKUX BHUIIB JIa3epHUX

CHUCTEM aKyCTHYHOI po3Biaku [1].

Tabmums 1.4.
Texniuni xapakrepuctuku JICAP
: dokycHa
Josxuna | lloTyXHICTb, .
Tun KommioneHnt Tun npunangy . BIJICTaHb,
XBWJI, HM MBT
MM
[lepenaBau HamiBnpoBinHukoBuit 800...820 5 135
STG-4510-
LASER
[Tpuiimay PIN-mion 800...1000 — 500
[TepenaBau HamiBnpoBiTHUKOBHIA 850 5 0,5 mpan
PK'&S 35- puitmay Tion 800...1000 — 135
Enexrponnmii | ®insTp, migcuiIoBay, o o o
010K MarHiTooH
[lepenaBau HanisnposinHukoBuit 750...840 5 135
HKG GD-
7800
[Ipuiimau PIN-mion 800...1000 — 500
[lepenaBau HaniBnposigHukoBuit 830 10 —
Candoip-
040
[Tpuiimau — brwoxai 14 — —

VY miacyMKy, 3a3Ha4MMO, 1110 JIa3€PHI CUCTEMH aKyCTHYHOI PO3BIIKA MOXKYTh OyTH
noOy0BaHi 3a IBOMa TUTIOBUMHU CXEMaMH: PO3AUTHHOIO Ta KOMOTHOBAHOIO.

B po3nuibHii cucTeMi MpoMiHb Jlazepa Majae Ha CKIIO BikHa mia KyToM. Ha mexi
CEPENIOBUII CKJIO-TIOBITPSI MPOMIHb MOIYJIOETHCS 3BYKOBHMH KOJIMBaHHsIMH. Jlami,
BIIONTUN MPOMiIHb NOTpAIUIsie Ha (HOTOAETEKTOpP, SIKUUA PO3TAIIOBAHUNA TAKHUM YWMHOM,

o0 KyT BIAOMTOro MPOMEHsI A0 HOpMaJjl CEepPEeAOBHIL JIOPIBHIOBaB KyTy MaJar0doro
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npomeHs Jazepa. Y (oToneTeKTopi 3A1MCHIOEThCS aMILTITY/IHA AEMOAYISIIsS BIIOUTOTO
npoMens. L{g cucrema ckiiaiHa 1 BUMarae roCTyBaHHS.

B koMOiHOBaHiil CHCTEMI BHKOPHUCTOBYETHCS PO3ALTIOBAY IMPOMEHS, Jjaszep 1
netekrop € cymimeHi. [lpwamun pobGotm Takmx JICAP 3acHoBaHmii Ha
nvdepeHIiiaTbHOMy METO/I BUMIPIOBaHHS aKycTH4HOi BiOparii. [logiOH1 cuctemu He
BHMAararoTh IOCTYBaHHSI.

Teopernuni moxmuBocti JICAP BapitoroThest Bil COTEHb METpPiB A0 1 KM.
Po3ramyBanns JICAP no BiHOIIEHHIO 10 00'€KTY 30HAYBaHHS BIAITPa€e BaXKIIMBY POJIb B
ycrixy npociyxoByBaHHs. Haiikpame ¢ynkmionyBanass JICAP pocsiraetbest mpu
3a0e3Ie4YeHHI MEePIEeHIUKYIIPHOCTI Ja3€pHOTO MPOMEHS 110 BIJHOLIEHHIO J0 MOBEPXHI
CKJa, 110 ONPOMIHIOEThCA. He 3aBKau MOXIJIMBO CTBOPUTH TaKi YMOBH IEPEXOIUICHHS
1H(popmarii. Ciij BpaxyBaTy TPYAHOLLI oepxaHHs 1HpopMarii 3 Bukopuctanusm JICAP,
SKIIO BIKHO Oyjie MepioiuyHO BIAKPUBATHUCS.

Ha mpakTuiii Bce 3aleXuTh BiJl KOHKPETHUX YMOB MPOCTOPOBOTO 3aCTOCYBAaHHS
anaparypu. Hampukinazg, piBeHb 30BHIIIHIX aKyCTMYHUX IIYMIB MOXe OyTH JIOCUTH
BUCOKHUH, y 3B'A3KYy 3 LIUM KOJMBAHHS 30BHIIIHBOIO CKJIa BIKHA 3 MOABIMHUM CKIIIHHSAM
1] BIUTMBOM ILIyMY BYJIMI[ EPEBUIIATH aMILUIITYAY BiJl KOJIMBaHb aKyCTUYHOTO MOBHOIO
curHainy. Tomy 000B'si3k0BOI0 ymoBOI BuKopucTaHHi JICAP Takok € BUBYCHHS
aNIrOpUTMY 11 BUKOPUCTAHHS B PI3HOMAHITHUX YMOBaX.

Cyuacni JICAP 103BONsIOTh «3HIMAatW» 1H(GOPMALIO $K 13 30BHIIIHIX, TaK W
BHYTPIIIHIX MUOOK, J3epKaJl, CKISTHUX JBEpEl Ta THIIMX MPEIMETIB, 110 3HAXOISATHCS B
npuminieHH1. [ 30UTbIeHHsT JadbHOCTI PO3BIAKUA MUOKHA 0OpOOIISAIOTH CHellalbHO0
CYMIIIIIITIO, 1110 3HAYHO 301IIIY€ KOS(IIIEHT BIAOUTTS Ja3€PHOTO BUMPOMIHIOBaHHS, 200
BCTAHOBITIOIOTH HA HUX CIEIIabHI CIIPSMOBAH1 BiI0MBadil (TPUMIETb-TIPU3MH ).

JlazepH1 aKyCTUYHI CUCTEMH PO3BIJIKHA MAIOTh NAlIbHICTb Jii PH MpuiioMi AU(Y3HO
BiOuTOrO0 BUMpOMiHIOBaHHS A0 100 M, mpu 00poOI (MOKPUTTI) CKIa CHemiaTbHIUM
Mmatepiasiom — noHag 300 M, a mpu ycTaHOBII Ha MMOKAaX TPUNEIb-IIPU3M - OlIblIe

500 . [5].



58

BucnoBku 10 1 po3ainy

VY mnepuioMy po3aii AMCEpPTaliiHOI pOOOTH PO3KPUTO OCOOIMBOCTI MOBHOI
iHdopMarii Sk 00’€KTy 3aXHUCTY, IPOBEACHO JIETATBHUN OIS KaHAIIB BUTOKY MOBHO1
iHpopMaIlii, HaBEJACHO XapaKTEPUCTUKY TEXHIYHHUX, aKyCTHUHUX Ta OMTOCICKTPOHHHUX
KaHaJIiB BUTOKY 1H(OpMAIlii, iX repeBaru Ta HeJAOIKH.

VY mporeci AOCHIHKEHHS TPOAHATI30BAaHO OpTaHi3aIliiHI Ta TEXHIYHI 3aX0au
3axXUCTy iH(pOpMaIlii, TPOBEIECHO MOPIBHAILHY OIIHKY aKTHBHUX 1 IMACHUBHUX METOIIB
3axucTy. BcraHoBIIeHO, 1110 BUKOPUCTAHHS MACUBHUX METOJIB 3aXUCTY MOXE 1CTOTHO
3HM3UTH, a00 TOBHICTIO BiJIMOBHUTHCS BIJ BUKOPHUCTAHHS OUIbII JOPOTUX AKTUBHUX
MeTOIB 3amrymiieHHs. Ha OCHOBI mpoBefeHOro anHaiizy OOIPYHTOBAHO I€peBaru
BUKOPHUCTAHHS TAaCUBHUX METOIB 3axucty iHpopmMmaitii Big JICAP.

B 3azHaueHomy  po3dinli  PO3KPUTO  OCHOBM  aKyCTUYHOI  PO3BIIKH,
OXapaKTepU30BAHO THUIIM JIA3€piB, iX BIACTUBOCTI, MPUBEACHO TUIIOBI CXeMHU MOOYI0BU
JICAP ta HaBeieHO XapaKTEpUCTUKY JIA3EPHUX CUCTEM aKyCTUYHOI pO3BIAKHU. 3’ ICOBAHO,
1110 ocHOBHO1O TiepeBaroro JICAP mopiBHSIHO 3 1HIITUMU 3ac00aMU PO3BIIKH € MOXKJIMBICTh
BUPIIIEHHS 3aBJaHHs 3UUTYBaHHA T0OJIOCOBOT 1HPOpMaIlii 6€3 BXOy B MPUMIIICHHS IS
PO3MIIIICHHS 3aKJIaTHAX TPUCTPOIB TOIIIO.

AHa3 nparnp 3apyODKHMX Ta BITYM3HSHHUX BUYCHHX JIa€ MIJCTaBH BBa)KaTH, IO
3aXMCT MOBHHMX JaHUX BIJ MOXJIHMBHX BUTOKIB TE€XHIYHUMH KaHajJaMH € OJHHUM 13
HalBAXJIMBILIKX 3aB/laHb 3a0e3nedeHHs 1H(opMaIiiiHO1 O€3NeKH K y Iep>KaBHUX, TaK 1
B KOMEPILIMHUX CTPYKTypax. 3a3Ha4eHo, 110 MpobdieMa mpoTHIii 3HIMaHHIO 1HGOopMaIrii
3 BUKOPHUCTAHHSM JIA3€PHOTO BUIPOMIHIOBAHHS 3aJHINAETHCSA CHOTOAHI JOCHUTH
aKTyaJIbHOIO 1 OJJHOYACHO OJHI€I0 3 HAWMEHI BUBYEHUX, Y TMOPIBHAHHI 3 IHIIUMHU
3aco0aMu IPOMHUCITIOBOTO IITTUTYHCTBA.

B pesynbrari nocnimkeHHs 3'1COBaHo, 1110 B ik MpeaMeTHIH cdepl 3M1HCHIOITHCS
PO3POOKH, OHOBITIOIOTHCSI METOJIUKH, 110 JJAIOTh MOXJIMBICTh 3a0€3MEYUTH 3aXUCT MOBHOT
iHdopmarii Big 11 BUTOKY 3 BukopuctanHsm JICAP. Pa3zoMm 3 TuMm, HarojoiieHo Ha
HEOOXI1JTHOCTI CHCTEMHOIO, KOMIUJIEKCHOTO TIiIXOay, SKUM OW TMO€IHYBaB CHHTE3
aKTUBHMX 1 TIACHBHUX METOJIB 3aXWUCTy MOBHOi 1HQopMaIii Bii BUTOKY

OIITOCIICKTPOHHUM KaHAJIOM.
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PO3/ILI 2. OB’CKTH JOCJIUKEHHS TA METOIA BU3SHAYEHHS
3AXMILEHOCTI BIJ] JICAP

2.1. O0’€KTH AOCTITKEHHA TA iX XaPaKTePUCTUKHU

2.1.1. ®i3uko-xiMivHI BJACTHBOCTI CKJIA TA IX XaPAKTEPUCTHKA

CKJ10 € OJTHUM 3 OCHOBHUX MartepialiiB y OyniBHULITBI. OCHOBHUMHU KOMITOHEHTaMHU,
10 BXOJSITh /IO CKJaAy CKJIa, € KBapLoOBHH MicoK (69-74%); coma (12-16%); BamHsIK i
T0JIOMIT (5-12%) 1 B HEBEJIMKUX YaCTKaxX JEsK1 1HII KOMIIOHEHTHU. J[0 CKIO0yTBOPIOIOUUX
PEYOBHMH BIIHOCSTBCS: OKCHAM ClIiiiio, 6opy, docdopy, Temypy, repmanito, dhropuau
AJFOMIHIIO Ta 1H.

KoxeH 13 CKIIOyTBOPIOIOUMX OKCHIIB MOXKE YTBOPIOBATU CKJIO B KOMOIHAIii 3
OpPOMDKHUMH a00 MoaudikyrouumMu okcugamu. CKIO0 OTPUMYy€ Ha3By 3a BHJIOM
CKJIOYTBOPIOIOYOTO OKCHUJly: CHJIiKaTHe, OopaTHe, QocdarHe, repmaHaTHe 1 T.1I.
[IpakTyHe 3HAYEHHSI MAaIOTh BUJIM CKJIA MPOCTUX 1 CKJIAJHUX CKJIAJIIB, 1110 HAJIEKATh J10
cuiikaTHoi, OoparHoi, OopocuiikatHOi, ¢ocdarHoi, TrepMaHaTHOI, aTIOMIHATHOI,
MOJI0AAaTHOI, BOJIb(PpaMaTHOI Ta 1HIIKUX cUCTEM [43].

KokeH CKJIOYTBOPIOIOUMI OKCHUJI MOXE YyTBOPIOBAaTH CKJIO B KoMOiHamii 3
OPOMDKHUMH 4M  Moaudikyrounmu okcuaamu. CKJIO Ha3MBalOTh 32 TUIIOM
CKJIOyTBOPIOIOYOTO OKCHAY: CHUJiKaTHe, OoparHe, QocdarHe, repmaHaTHe Ta iH.
[IpakTyHe 3aCTOCYBaHHS MarOTh BUIM CKJIa MPOCTOTO 1 CKIJIATHOTO CKJIady, 0 SKUX
BIIHOCATHCS JO CHJIIKATHUX, OOpaTHUX, OOpOCHIIIKaTHHUX, (pocarHUX, repMaHATHUX,
aIOMIHATHUX Ta 1HMUX cucteMu [43].TepMmiH «CTpyKTypa CKJIa» BUMArae OInucy JIBOX
HOT0 acMeKTiB — reOMETPUYHOro, TOOTO - B3aEMHOTO PO3TAlIYBAHHS ATOMIB YM 10HIB y
CKJI1 (CTPYKTYypa) Ta €JIEKTPOHHOTO, TOOTO - XapaKTepy XIMIYHUX 3B'sI3KIB M1’k aTOMHUMU
YU 10HHMMH YaCTUHKAMH CKJIA.

Bynosa ckia nmogioHa 10 Oy10BH PiAMH B iHTEpBaJIl TEMIIEpaTyp IJIABJIICHHS CKIIa.
3 i€l NpUYMHU CTPYKTYPHI (HOPMH CKIOTBOPHHX PO3IUIABIB 1 caMi CKJIa HAHOIBIII TICHO

MMOB's13aH1 MK COOO0KO.
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KucheBi 6aratorpaHHUKHY, IO € CTPYKTYPHUMHU €JI€MEHTaMU CKJia, HE MOBUHHI
ICTOTHO BIJIPI3HATHCS BiJl MOAIOHUX YTBOPEHb B KpucTaiax. [Ipu po3pobIii KOHCTPYyKIIii
CKJa BpaxXOBYIOTHCS BHUMOTH JI0 €KCIUTyaTalllfHUX XapaKTepUCTUK BOJOKOH 1
TEXHOJIOTIYH1 napaMmeTpu BupoOHuITBa. CTpyKTypa CcKia, sk 1 Oyab-skoro (hizMgyHOro
Tia, CKJIAJA€ThCA 3 TBOX OCHOBHUX KOMIIOHEHTIB:

- CYKYIHICTh 10HIB MaTepiaJIbHOTO CKJaay CKIa, Kl MPeNCTaBISIOTh COOO0I0
10HHU pecypc CTPYKTYpH;

- HHM3Ka XIMIYHMX 3B’SI3KIB, SIKI pEali3yloTbCi B CKJIl MiJ Yac MpoLecy
CKJIOyTBOPEHHS Ta 3B’S3yI0Th 10HHUH pecypc y TBepay peuoBuny [73].

Lle roBopuTh IIpO Te, 110 MaTepiaibHUI HaO1p 10HIB, IO BXOMAATH IO CKJIAAy CKIIa,
0e31mocepeIHbO HE BU3HAYA€E HOro BIACTUBOCTI, a JIMIIIE O€3M10CEePEAHBO BINTUBAE HA HUX.
CrpykTypa CHJIIKAaTHOTO CKJIa 3MIHIOETHCS B 3aJIe)KHOCTI BIJl BMICTY Oararo3apsiHUX
10HIB 1 KaTIOHIB JYXXKHUX 1 JIYKHO3EMEIbHUX €JIEMEHTIB, II0 BIJOMBAETHCA Ha iX
BJIACTUBOCTSIX MPU BUCOKIM TeMrepaTypi 1 BACOKOMY THUCKY.

KpiMm oCHOBHOi CUpPOBHHHM, TaKOkK BUKOPUCTOBYIOTHCS P13HI J0OOABKH, HAITPUKJIIA],
1100 nogapOyBaTu CKJIO B TOTPIOHMI KOJip a00 3MIHUTH 1HIII BIACTUBOCTI CKJIA.

Oxcunni Moaudikaropu cami 1Mo codi He 37aTHI CTBOPUTH CYLIUTbHY PEINITKY, ajie
iX mis 3a3BU4yail OOMEXKYEThCS OCIAONEHHSIM CTPYKTYpPHOI PElNTKU CKiIa. THUIOBUM
NPUKIAJAOM TaKMX OKCUIIB € HaTpiil okcun. [Ipu BBegeHHI HOro B KBAapLOBE CKIIO
YTBOPIOETHCS CHITIKATHO-HATPIEBE CKJIO 3 BIAMIOBIIHUMH CTPYKTYPHUMH 3MiHAMMU.

Jly)xHnozemenbH1 okcuu, Taki sk MgO, CaO ta BaO, Takox JIIOTh SIK OKCUIH, SIKi
pO3pUBaIOTh O€3MEPEepBHY CTPYKTYPHY CHJIIKATHY CITKY: KaTIOHM METaJliB 3aiiMaroTh
M1XBY3JIs, @ 10HU KUCHIO MIPOHUKAIOTh y CKJIO Ta YTBOPIOIOTH 3B S3KHU 3 KpeMHieM. Jlis
nBoBaneHTHHX KaTioHiB (Mg?*, Ca?’, Ba?") onuH KaTioH MOBUHEH BiIIOBIqaTH OJHIM Iapi
HE3B’s3aHUX 10HIB KMCHIO, TOI K [T oqHoBajaeHTHUX KaTioHiB (Li*, Na®, K") moTpiGHi
JIBa KaT1OHM JIJI KO>KHOT ITapy HE3B sI3aHUX 10HIB KUCHIO [22].

Takuii aHami3 gae 3MOry BCTAaHOBHUTH, IO JUIA HAJaHHS TCBHUX (Di3UIHHX

BJIACTUBOCTEH JI0 CKJIaJly CKJIa BBOASTH OKCHUJIM PI3HUX METaliB (Hall4yacTiiie JIy>KHUX 1
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JTy>KHO3eMeNbHUX). DI3MKO-XIMIYHI BIACTHUBOCTI CKJIa 3ajieKaTh BIJ WOTO CKIIATy 1
CTyneHs 00poOkH. JIy>KHI OKCHAM 3HWKYIOTh MIITHICTh CKJia [3].

droat-npoiec B OCHOBHOMY BUKOPHCTOBYETHCS JJISI OTPUMAHHS JIMCTOBOTO CKJIA.
Y 11bOMy IpOIIeCi CKIO BUXOAUTD 3 MEYl Yy BUIVISI TNIOCKOI CTPIUKH, a MOTIM MPOXOAUTD
Yyepe3 BaHHY 3 PO3IUIABICHUM OJIOBOM 1 M€ /IS IMTOAAJBIIIOr0 OXOJIOMKEHHS Ta BiIaITy.
[lepeBaramu Quoar-mporiecy Tmepea IHMUMUA € cTablTbHAa TOBIIMHA CKJIA; SKICHA
MOBEPXHS, SIKa HE MOTpeOye MOJATBIIOTO MOTIPyBaHHS; BIICYTHICTh 1e(DEKTIB ONTUYHUX;
BHCOKA MPOAYKTUBHICTh. PI3HOMaHITHICTh BH/IIB CKJIa JI03BOJISIE BUKOPHCTOBYBATH HOTO

y 06aratbox cdepax aisuibHOCTI (puc. 2.1.) [31].

M’sike noxpumms

_ €
9)
Teepoe nokpummesi
6
O
. 4

// 1 /?/
1/ ://

Puc.2.1 Cxnana mapiB HU3bKOEMICIHHUX MMOKPUTTIB

1 — ¢moar-ckio; 2 — map Harpiro, O10Kyrunit audys3ito; 3 — map oKCUAy 0JIoBa; 4 — aare3iiHuil map;
5 — Onokytoul mapu; 6 — map cpibna; 7 — MOKpUBAKOUUH I1ap

OcHoBHUMU crelU(PIYHUMH BIACTUBOCTSIMHU CKJIa € HOTO ONTHYHI BJIACTUBOCTI:
MPO30pPICTh, BIAOMBAHHS, PO3CIIOBAHHS, MOMIMHAHHS 1 3aJOMJIEHHS CBITJIa. 3BUYalHE,
HETOHOBAHE JINCTOBE CKJIO mpormyckae 10 90% BUAMMOTO 1 YaCTKOBO iH(PPa4epBOHOTO
cBiTna, BimOuBae Omu3pko 8% 1 mommmHae Omm3bko 1%. VYuerpadionerose
BUMPOMIHIOBAHHSI MPAKTUYHO TOBHICTIO MOIMMHAEThC. KBapioBe ckio mposope s
yasTpadioneroBoro BumpomiHtoBaHHS. [lokaznuk 3amomusienns ckna 1,47 — 1,96;
koe(diIieHT po3citoBaHHA (Aucnepcis) 3HaxoauThest B Mexkax 20 — 71. Ckio 3 OLIbIINUM

BMicTOM PbO normHae peHTreHiBChbKe BUIIPOMIHIOBaHHSI.
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2.1.1.1. XapakTepucTHKH BiKOHHOI0 CKJIa, PO3MOBCII:KEHOI0 B YKpaiHi

JI71s1 CKJTIHHS BIKOHHHMX ITPOP131B BUKOPUCTOBYETHCS BUTATHYTE a00 (prroaT-ImMcToBe
CKJIO 3 KoedilieHToM CBITIO mpomyckanHs Big 84 no 90%. Ha ceoromuimHii J€HB
CKJIOTIAKETH JIJISI BIKOH BUTOTOBJISTIOTH 3 (hioat-ckia [31].

CkJo BIKOHHE JIMCTOBE ToJiipoBaHe Mapok M1, M4, Buroromiene 3a ioar-
texnounoriero (3AT Jlucnyancokuii cknozaso «IIponerapiit»). KoedimienT nmpormyckanus
ceitna - 0,89, BimOuBanusa - 0,08, mpsiMe mnpomyckaHHs coHsA4YHOI eHeprii - 0,83,
IOIIMHAHHSA COHSYHOI eHeprii - 0,11, koediuienT Ternonepenadi - 5,8 Br/m? [38, 95].

®noar-ckyio komnanii «Saint-Gobain Glassy Mapku SGG Diamant (Ppaniis).
Kpedimient citno npomyckanus — 0.91, igbuBanus - 0,08, mpsiMme npomycKaHHS
COHSIYHOT eHeprii - 0,88, nmormuHanHs coHstyHOI eHeprii - 0,02 [98].

®dnoar-cKII0 3 MAarHETPOHHUM TOKPUTTIM KommaHii «Guardiany mapku ExtraClear
(CIHIA). Koedimient cBimio mpomyckanns — 0.81, BimOuBanns - 0,12, mnpsme
IPOITyCKaHHs COHsAYHOI eHeprii - 0,89, mormmHanHs consauHoi eHeprii - 0,16 [65, 66].

Euroglas Eurofloat - ckino 6e3 mokputts kommnanii Euroglas (Himeuuunna).
Koedimient cpitnonpomnyckanus — 0.89-0,91, sigousanus - 0,08, npsime mpomycKaHHS
coHstyHO1 eHeprii - 0,83 — 0,87, mornuHaHHs coHsiuHOi eHeprii - 0,05-0,10 [63]..

Pilkington Optifloat - proar-ckiio kommanii Mo BUpoOHUIITBY JTUCTOBOTO ckiia NSG
Group, mo mnpaioe mig Openaom Pilkington (BenukoOpuranis). KoedimienT cBiTio
npomnyckanns — 0,75, BinObusanns - 0,07, npsme mporyckanHs coHsgHOi eHeprii - 0,71,
MOTJIMHAHHS COHSIIHOI eHeprii - 0,44-0,10 [94].

Orionglass — Hal{HOBITHiIllE, JIUCTOBE, Oe3MeuHe (3arapToBaHe) CKJIO KOMMaHii
€pornac (Ykpaina). Koedimient citio npomyckanns - 0,89 , BimouBanus — 0,08, mpsime
MPOITYCKaHHS COHSIYHOI eHeprii - 0,11, mormmmHaHHs COHAYHOI eHeprii - >25%, KoepilieHT

terutonepenadi - 5,8 Br/m2 [92].
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2.1.2. 3axucHi IVTIBKHU Ta IX XapaKTePUCTHKH

2.1.2.1. Knacudikauisi 3aXMCHUX ILUTIBOK 32 TEXHOJIOTi€I0 BUTOTOBJIEHHS Ta

NPO30PicTIO

Ha pwuc. 2.2. HaBemeHa kiacudikallis 3axXMCHHUX IUIIBOK 3a TEXHOJIOTIEIO
BUTOTOBJICHHS Ta Mpo3opicTio [32]. 3 HaBeneHUX BHUIIE TEXHOJIOTIM 3aXUCHHUX IUTIBOK
HaWOLIBII aKTyaJdbHUMHU JUIS 3aXUCTy 1HQOpMaIlil € MeTali30BaHl IUIIBKU Ta CIaTepHI
IiBKM. BoHW 31aTHI BiIOMBATHM BHUIPOMIHIOBaHHS B OJIMKHBOMY Ta CEPEIHBOMY
1H(pauepBOHOMY Jiana30H1 1 MOXYTh BUKOPUCTOBYBATUCA JJIs1 OJIOKYBAaHHS 3YMTYBaHHS

KOJIMBAHb CKJIa BiI[ JJa3CPHUX HpOMCHiB.

YacTkoBo npo3opi Manonposzopi

Mpo3opi l

Kn (65-70%)

CnaTepHi ' 3abapsneHi ' MeTtanizoBaHi '

TexHONOriA MarHeTPOHHOTO TexHonoria MonekynapHoro
abo iMMyNbCHOro NazepHoro BUNapOBYyBaHHA'Y BaKyyml

HanwuneHHA

Puc. 2.2. Knacudixkaris 3aXvCHHUX TUTIBOK 32 MTPO30PICTIO Ta TEXHOJIOTIIO
BUTOTOBIIEHHS, K;; — KoediLieHT mpo30poCTi
BuroToBinsitoTecs sik 6e30apBHI (IIpo30pi), TaK 1 TOHOBAHI 3aXUCHI IUTIBKU. Bcil
IUTIBKA MalTh 3aXUCHE IMOKPHUTTS IS 3amoO0iraHHs MOJApsAIMHAM. 3aXHMCHA IITiBKa
OYMIIAETHCS OY/Ib-SIKUM 3aCO00M JIsi MUTTA ckia. ToBmuHa 1oriBok Big 112 mo 380
MikpoMeTpiB. [ITiBKHM HaHOCATHCA O€3MOCEpEeTHHLO HAa BHYTPINIHIO MOBEPXHIO CKJIA.
[TniBKy, HaHEeceHy KBasi(ikoBaHUMHU (PaxiBIIMU, HE BUAHO HA CKJIl 1 BOHA CTAHOBUTH

3 HUM ojiHe 1ine (puc. 2.3.) [32].
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IHCTANALIIHUNT KIIEeH

IIpo3opuii noniectep

3axucHHUH OI1ap Bing
NOJPSIITAH

Puc. 2.3. CtpykTypa npo30poi MmiiBKu

Jlo Merai3oBaHUX IUIIBOK BiIHOCATH SMSS5, SMS8 miiBkH, IO MICTATH IIap
METaTi30BaHOTO MOJieCTePy, JIaMIHOBAHOTO MIAPOM MPO30POTO MOJIECTEPy Ta IIapoM
3aXHMCHOTO TPO30POTro MOJIECTEPY BIAMOBIIHOI TOBHIMHHU. KpiM TOrO, IMiIiBKH MaroTh
3aXMCHUHN IMap BiJl TMOAPSAIHUH 1 MOHTaXHUM Kiedl. MOHTaXKHMM KIIEH sBIsiE COOOIO
TEPMOCTINKUNA aKpUIOBHM map 1 MicTuTh Y®-nommmHadl Ta cradutizaropu (puc. 2.4)

[14].

IHCTAMAIUIMHUNT KIIEH

ITpo3zopuii mosriectep

Jlaminyro4Hii are3uB

MeTranizoBaHuii
TmoJriecTep

3axucHUM 1map Bing
MO OPSITTUH

Puc. 2.4. CTtpykTypa MeTani30BaHOi MJI1BKU

MerTanizoBaHi IUTIBKM BOJIOAIIOTH 3/1aTHICTIO CTBOPIOBATH €(PEKT OTHOCTOPOHHBOT
BUJIMMOCTI, BUKJTIOYAIOTh BTPaTy 1H(OPMAIIIT IO eJIEKTPOMArHITHUX 1 BIOPOAKyCTUIHUX
KaHaJsiax. 3aXUCHI MUTIBKU 3 METAJIEBUM HAIMJIEHHSIM MOXYTh 3HM)KYBAaTH 1HTEHCUBHICTb
MIKpPOXBWJIbOBOTO BUIIPOMIHIOBAaHHS (€HEprii BHCOKOYACTOTHOTO Jliara3oHy) abo
MOBHICTIO (PLUIBTPYBATH HOTO.

Jlo rpynu mnodapOoBaHi-MeTani3oBaHl BiIHOCITh TWIiBkM SMBx, SMGx, ski

MICTSTh IIIap METaJi30BaHOTO IIOJiecTepa, JIAMIHOBAaHHM IapoM I0hapOOBaHOTO
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mojiiecTepa Ta IIAp 3aXHCHOTO MPO30pPOro TMOMecTepa BIAMOBIAHOI TOBIIUHU

(Puc. 2.5.) [32].

IHCcTamAIMHUNT Ki1eit

ITpo3opwuii nosiecrep

Jlaminyrouuii anre3ns

ITodapOoBanmit
rmoJjiecrep

MeranizoBaHuit
moJiiecrep

JlamiHyrOUYHH aare3uB

3axucHUM map BijJ
MOJIPSITTAH

Puc. 2.5. Ctpykrypa nodapboBaHOI-MeTaI130BaHOT TTIBKU

ToOTo, BIAMIHHICTE BlJ MeTami3oBaHuX 3axucHuX InBok  Glass-Gard
NPOSABIIAETECA TUIBKM B TOMY, WO JJs JIaMIHAaIli MeETajli30BaHOIo IOJiecTepa
BUKOPHUCTOBYETHCS HE MPO30pHii, a modapOboBanuii nmomiectep [14].

CrnattepiHroBe HaNMWJICHHS - 1€ TPOIeC HAHECEHHS TUTIBKM aTOMapHOi TOBITUHU
Mailke OyJIb-SIKOro MaTepiany Ha Oyab-sKy noBepxHto. [loeTHaHHS TOBCTUX 1 TOHKHUX
IapiB YTBOPIOE CKJIAJIHYy 0aratomapoBy CTPYKTYpy. 3a I€I0 TEXHOJOTIEI0 MOKHA
BUTOTOBJISITU 3aXMUCHI TUTIBKHU (200 COHIIE3aXUCHI) 3 Oy/b-KOK KUIBKOCTIO IIApIB 1 3
OyIb-SKMX MaTrepiamiB. 3aBISKH TMPOIECY CINATTEPIHTOBOIO HAIMMWJIEHHS MOKHA
OTPUMATH KPHUIITAIEBO YHCTY IUTIBKY, sIKa HAJa€ MPUPOJHUN BUTIIAN 0€3 BUIMMUX
CIIOTBOpEHB [ 14].

BucokosikicHI MaTepialibHI CIUTaBH, 1[0 BUKOPUCTOBYIOTHCS B JAHOMY TIPOIIECI,
pOOJIATH TUTIBKY OUIBII MIITHOO 1 3HOCOCTIMKOIO.

[licns MeTtamizamii METOJOM CIATTEpIHTa PYJIOH TUTIBKM 3aropTaeThCcsl B
MOIETHJICH JUIsl 3amoOiraHHs TMOMaJaHHsS HAa HBOTO TWIY 1 JOCTABISIETHCS B IIEX
ckieriku. [liciis HaHECeHHs KJICHO IUIIBKY BHCYIIYIOTH JO ITOBHOTO BHITAPOBYBaHHS
PO3YMHHHUKA. 3BEpXY HAKJICIOIOTHCS OJATKOBI Mapu - abo Mmpo3opa IUTIBKA IS

3MiIfHEHHs, a00 TOHOBaHA IUIIBKA MJIs JOJaHHA MOTpiOHOTO KOIbOpy. IlIporiec



66

CKJICIOBAHHS mapiB KOHTPOJJXOETBCA  JIA3CPHUM  CKAHCPOM  JUJIA  BUABJIICHHA

HaWIp1OHIIINX CTOPOHHIX YaCTUHOK (puc. 2.6.) [14].

IacTamamiiai Kie

ITpo3opwuii momiecTep

JIaminyOYHUH aare3uB

CriarrepHUil moJjriecrep

3axucHHUH m1ap Bing
MMOJAPSITTUH

Puc. 2.6. CTpykTypa ciarTepHOi IJI1BKU

OcHOBHI (yHKIII1, III0 BUKOHYIOTh 3aXMCHI IUIIBKA NMPU HAHECEHHI HA CKIISIHY
MOBEPXHIO — 1€ MIABUIIEHHS yAapOCTIMNKOCTI, HAJJaHHSI BIACTUBOCTEN O€3MEYHOTr0 CKIa,
TEIJIO130JIALIISs, 3aXUCT B  YIABTPaQioNeTOBOTO BUIPOMIHIOBAHHS, MIJABUIICHHS

BOTHECTIMKOCTI, IITYMO3aXKUCT, TOHYBaHHS, 3a11001raHHs BUTOKY 1HGOpMaIlii Ta iH.

2.1.2.2. IlniBKH, 110 BUKOPUCTOBYKOThHCS JJIM 3aXUCTy iHGopMaii

[TniBku «Signals Defenses» — 1e onTHYHO ™PO30pl BIKOHHI IUTIBKH, IO
NOCJIA0IIOI0Th Pa/110YaCcTOTHI XBHJII Ta 1H(pauepBOHE BUIIPOMIHIOBaHHA. BUKoprcTaHHS
TUTIBOK Ha CKJI1 3a0e31evy€e KOH(1IeHIIMHICTb, 3aXUCT JaHUX Ta aKyCTUYHOT 1HhOpMaIlii.
[Ipu HeoOXiAHOCTI Taki TIUIBKM MOXYTh MaTH YIApOCTiiiki Ta BHOYX03aXHCHI
BractuBocTi [101].

3 2000 poky ypsix CIIIA BukopuctoBye rutiBku Signals Defenses s ociiabnenss
pPaJiovyaCTOTHUX CUTHAIB Ta ONTUYHOTO 1H()PAYEPBOHOTO BUIIPOMIHIOBAHHS 3 BUCOKUM
Koe(DIL[IEHTOM MPOITYCKaHHS BUAMMOTO CBITJa Ta HU3bKOIO B1IOMBHOIO 3/1aTHICTIO. Lle
3MEHIIy€ BIUIMB MPUCTPOIB, IO MPAIIOIOTh Y IHX Jialma30Hax, OCOOJUBO Ja3epHUX

MIKpO(DOHIB.
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Tak sk muTiBKK 3a0€3MEeUyI0Th BUCOKE OCIA0JICHHS BUCOKOYACTOTHUX CHUTHAMTIB 1
ONTUYHOTO BUITPOMIHIOBAHHS 1HPPAUEPBOHOTO CIIEKTPY, MOKJIMBE BCTAHOBJICHHS BIKOH
Ha o0'ekTax 1H(opmarlliiiHoi 6e3rneku. Bonu BctaHoBieHi B 011kl Hixk 400 nep:kaBHUX
yctanoBax CIIIA. MinictepctBo o6oponn CIHIA 3a3HauMIIO, 10 BUKOPHUCTAHHS TUTIBOK
Signals Defenses € HaiOUTbII E€KOHOMIYHO €()EKTUBHUM CIIOCOOOM 3MEHIICHHS
KUTBKOCTI IPUCTPOIB AJIA MJCITyXOBYBaHHS Ta IIMUTYHCTBA.

[TniBka SD2500 BiAmoBizae BUCOKUM CTaHAapTaM ATEHTCTBA Hal[lOHAJIbHOI
oesneku CIIA, a maiBka SD1000 1 SD2500 BiamoBigae BUMOTraMm, BUKIIQJICHHM Y
BKa3iBKax P03Bi1lyBaJbHOTO CIIIBTOBAPUCTBA Ta IHIIMX ypsinoBux opraHizamiii CLLIA.

[TniBku Signals Defenses 3a0e3rneuytoTh 3aXHCT BiJ] TEXHOJIOTIH 0€31pOTOBOI
nepenavi gaHux, y tomy uuciai Wireless LAN a6o 802.11, 3aBusku ocnaOlieHHIO
pPaaloyacTOTHUX CHTHAJIB, 3aCTOCOBYIOUM MPUHIIMI «OE3IeKa 3a paxyHOK BIIMOBW», a
came 3aro0irarouy MPOHUKHEHHIO PaJAl0YaCTOTHUX XBWIIb y ipumitieHHs [101].

[111BKM BUKOPUCTOBYIOTHCS JIJIsl TIOTJIMHAHHS Pai04aCTOTHUX XBUJIb 1 CTBOPEHHS
Oap'epiB AJig €IEKTPOMATHITHOTO BUIIPOMIHIOBAHHS JIJISl 3aXUCTY MPUCTPOIB 1 JIIOACH Bij
X BIUIUBY.

3aBAsSIKM BUCOKOMY KOE(IIIEHTY BIIOUTTS COHSYHOTO BUIIPOMIHIOBAHHS BOHU
TaKOX € €Hepro30epiratounMu 0e3 KO I ONTHYHOI TPO30POCTI.

VY tabauii 2.1 HaBeEHO ONTHYHI XapaKTEPUCTUKHU IUTIBOK, IO BUKOPUCTOBYIOTHCS
y cdepi 3axucty iHdopmallii, K1 MiITBEPIKYIOTh BUCOKY €(DEKTUBHICTh JIESIKUX BHUIIB
TUTIBOK JIJIS1 3aXMCTY MPUMIIIECHD BiJ] BUTOKY 1H(MOpMAIIii Yyepe3 BiKHA ONTOCIEKTPOHHUM
KaHajom [14].

Po3pobka pi3HOMaHITHMX TOKPHUTTIB Ta BIJAIMOBIJIHO CIHEIIali30BaHUX ILIIBOK €
OJTHUM 3 HAWaKTyaJIbHINIUX Ta HAWMEPCIEKTHBHINIUX HAMPAMKIB MACHBHOTO 3aXHUCTY
MOBHO1 1H(popmalii. B n1anoMy HanpsaMmky poOOTH moYalucs MPaKTUYHO HENABHO, SIK
MpaBujIO, CTBOPEHO Oararo TUTIBOK 3 BY3bKOCIPSMOBAHUMHU XapaKTEPUCTHKAMHU

(mpoTuynapHi, aHTUOIKOBI, 3aTEMHIOIOUI1, Ta 1H.)
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Tabmums 2.1
OnTu4H1 XapaKTePUCTUKU TUTIBOK
IIniBka, Hasga niamnas3oH
(dpipma, IUIBKH, | BUIIPOMiHIOBAHHS, Kngon, K((:/Tp > | Koo, OHTI/,IqHa Y
kpaita) MapKa M 0 0 o po30picTh, %
Signa]s Signals
Defenses Defenses, <1 53
SD2500
(§STIIC 800 -2500
1£nals SD1000
Defenses, 4 70
CIIA)
R 20 SR
LLumar CDF 63
(CPFilms, 400 - 800 12 55
CIIA) R 15 GO 33 60
SR HPR
4MIL
Solar 41
8
Solar Gard Bronze ? 50 !
(Solar Gard 175 800 -2500
Corporate, SMIL
CIIA) Silver 80 10 > 39 14
4MIL
Silver 80 11 52 37 17
2MIL
Clear 83 8 9 89
SMIL
Clear 82 9 9 89
SD100 10 70

Jo npotuynapuux MmoxkHa BigHecTH 1iBku ¢ipm Kingshield ta 3M, siki pairoroTh
3a MPUHIHUIIOM YIapOCTIMKOrO CKJIa 1 HAHOCATHCS HAa 30BHIIIHIO CTOPOHY ckiia [55, 110].

o anTtuOiikoBUX BigHOCAThCA MIiBKU (ipM Guardian, 3M, ki mpamiomTh 3a
MPUHITUTIOM CBITJIOBII0MBaYa Ta TOMIMHA4Ya COHSYHOTO Ta YIbTPadioraeToBOrO
BUNIPOMiHIOBaHHS. L1 TMI1BKM, Ha BIAMIHY BiJ] IPOTHYIAPHUX HAHOCATHCS HA BHYTPIIIHIO
cTopoHy ckia [50].

SckpaBuMu mpeACTaBHUKAMU 3aTeMHIOOUMX TUTIBOK € Gila, SmartTint, 3M. Taki

IUTIBKK B OCHOBHOMY BHCTYIAIOTh SIK 3aT€MHIOBaul COHSYHOTO MPOMIHHS Ta CBITIA,
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OJIHAK, K 1 B aHTHONIKOBUX, Y HUX MPUCYTHIHN e(EeKT MOTIMHAHHS BUIIPOMIHIOBAaHHS, X0U
1 He Takmi 3Haunwmit [50, 101, 103].

Po3po0Oneni miiBku «Signals Defenses» kpiM yaapocTiMKuX Ta aHTUBHOYXOBHUX
BJIACTUBOCTEH MaroTh 1MmIe e¢QeKT TMOoCiallieHHs palioyacTOTHUX XBWIb Ta
1H(pauepBOHOTO BUIIPOMIHIOBAHHS. 3aCTOCYBaHHS TaKWX IUIIBOK Ha CKJIl 3a0e3mneuye
MPUBATHICTh, 3aXUCT JAHUX Ta aKyCTHYHOI iHpOpMaIii.

Ha cporoaninmHii 1eHh aHTHIIA3EPHI TOKPUTTS 3HAXOAATHCS B MPOIIECI PO3POOKH.
ToMmy nmociimKeHHS 3aXMCHHUX BIIACTUBOCTEH CKJIa BiJl JIa3epHOTO 30HIYBAaHHS B
3aJIe)KHOCTI BT HOTO €IEMEHTHOTO CKJIaay Ta 3 BUKOPUCTAHHIM 3aXUCHUX MOKPHUTTIB €
aKTyaJlbHUMH. BianoBigHO, B 1IbOMY HampsiMKy HamMu Oylid MPOBENEHI MOIEpeIHi

eKCIIepUMeHTalIbHI focaimkenns [10, 61, 62].

2.1.2.3. XapaKkTepuCTHUKH 3aXHCHHUX ILTiBOK, PO3NOBCIOIKEHUX B YKPAiHIi

[Tpo3opa miuiBka AJ1st 3aXUCTy ckiia Bij pyhHyBanHss SMC 12 (kommnanis Solamatrix
Inc 3aBomy BupoOHuKa maiBok Sun-Gard Ta Glass-Gard), ckiagaeTbcsi 3 JBOX IIapiB
PO30pOro MOoJeCTepa, IHCTAISIIAHOTO KJICK Ta MPOTH MOAPSAMHOIO LIapy.
[HCTaNAIIHUN KIeH - 116 CaMOKJICIOUMM aKpWJIOBUN IIap, SKUW € TEPMOCTIMKUM 1
MictuTh Y®-normmuavi Ta crabimzaropu. Koedimient cimio mpomyckanns — 0,87,
BiOuBaHHs - 0,09, npsiMe npornyckaHHs COHAYHOI eHeprii - 0,75, NorIMHaHHS COHAYHOI
eHeprii - 0,18 [24].

ITmiBku Ritrama Translucent series (cBimioposcitoroua) Ta Transparent series
(BiTpakHa). Translucent series - IIBX-mmiBka Ha KieeBid OCHOBI 31 CTIHKUMU
MOJIIMEPHUMHU TUTacTA(]IKaTOpamMu, 0 3a0e3MeUyI0Th ii €aCTUYHICTh 1 CTAOUIBHICTH
po3mipiB. JlaHa mriBKa po3poOsieHa Uisi JTOBFOCTPOKOBOTO BHUKOPHUCTAHHSI 30BHI 1
BCEpEANHI TPUMIIIECHh, TPU BHUTOTOBJICHHI BHCOKOSIKICHOT CBITJIOBOI pEKJIaMHu.
Transparent series - MOHOMEpPHHI MPO30pUN BIHUI Ha KJIEEBIA OCHOBI 3 OJUCKY4YOIO
IJISTHUEBOIO MOBepxHEr0. [[aHa cepisi BUKOPUCTOBYEThCS NMPHU BUTOTOBJICHHI BITPaXIiB,
BITPHUH, JTAUTOOKCIB, CBITJIOBOT PEKJIAaMH 3 BHYTPIIIHBOIO IMiJICBITKOIO, TOHYBaHHI (ap 1

CTEKOJ TPAHCIOPTHUX 3aco0iB, a TaKoX MpU O(GOPMIIEHHI KOIHOPOBUX CKISHUX



70

MOBEPXOHb 3 MiACBIUyBaHHAM. [LmiBKa jerko oOpoONS€ThCS HA PIKYUHUX IJIOTTEpPaX.
[TigxXoauTh U1 HAKJICFOBAHHS CYXHM 1 BOJIOTHM criocobamu [40].

Oracal 640 — M’dka TOJIXJOPBIHLJIOBA IPO30pa IUNBKA 3 aHTHUIIOAPSIITHUM
nokputtsiM. IloBepxust maroBa. Tum ke — BOHOCTIMKuMN momiakpwi. [lmiBky
BUKOPHUCTOBYIOTh ISl PO3MIILIEHHS 330BHI MPUMIIIEHb B HECTIPUSTIMBUX KIIMATHUYHUX

yMoBax [68].

2.2. MeToau Ta METOAMKH NOCTIIKEHHAl 3aXHIICHOCTI BIKOHHOI0 CKJIA BiJ

JJA3€PHOIo 30HAYBaAHHA

2.2.1. MeToa peHreHo()IyOpeCleHTHOT0 AHAJII3Yy eJIEMEHTHOIO CKJIAY CKJIa

EnemenTHuii ananmiz ckia, HaWOUIbII TOIIMPEHOTO HAa PUHKY YKpaiHu, Oyso
MPOBEACHO Ha peHTreHoduryopeciieHoMy anamizaropi enemeHTHoro ckiaay « EXPERT
3L» [2].

CyTb peHTreHO(IyOpeCLeHTHOTO METOAY IMOJsIrae B TOMY, L0 Ha 3pa3oK Ji€
NIEPBUHHE PEHTTEHIBCHKE BUMPOMIHIOBAHHS, ITiJ BIUTUBOM SIKOTO YTBOPIOETHCSI BTOPHHHE
BUIIPOMIHIOBAHHS, SIKE 3aJICKHUTh BiJl SAKICHOTO Ta KUIBKICHOTO CKJIaay JOCIIKYBaHOI
pPEUOBHHU. YHIBEpcalibHE KaliOpyBaHHS, 110 30€pIraeTbCsi MPOTATOM YChOTO TEPMIHY
eKCIUTyaTalli mnpuiaay, MAO3BOJI€E HE TUIbKM TNpalloBaTH 3 aHali3aropoM 0e3
BUKOPHCTAHHS CTaHJAPTHUX 3pa3KiB, aje W MPOBOAUTU SAKICHUUA 1 KUIbKICHUHN
OararoeJeMeHTHHMI aHalli3 3pa3KiB Oylb-sKOro (0COOIMBO HEBIJOMOTO) CKJIady 1 Oy/b-
ko1 (hopmu O€3 MOMepeTHHOTO HANAIITYBAHHS Ta KaJllOpyBaHHS.

Monens «kEXPERT 3L» mo3Bossie KiTbKiCHO BU3HA4YaTH eleMeHTH Bifg 12 Mg mo
92 U y Bcix THNax CIUIaBiB (SK CTaHAApPTHUX, TaK 1 HECTaHAAPTHUX). AHai3arop
«EXPERT 3L» Takoxx Moxke OyTH BHUKOPUCTAHWUW MJiA TPOBENCHHS SKICHOTO Ta
OLIIHOYHOTO KUIbKICHOTO €JIEMEHTHOIO aHaji3y pI3HUX THUMIB HEMETaJl4YHUX 3pPa3KiB
(momiMepHi 1 MacTWIbHI Marepianu, OyaMmarepiaiv, pyad, MiHepaiud Ta 1H. 00'€KTH
MPUPOIHOTO 1 IITYYHOTO TOXOMKEHHS 1 T.I.). 3a HAsBHOCTI BIAMOBIJHUX ETAJOHIB

XIMIYHOTO CKJIaJy 3a3HA4€HHUX 00'€KTIB MOXKE MPOBOJUTHUCS 1X MPEUU3IMHUN KUIbKICHUN
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a”aui3. Pe3ynbrarom BUMIpIOBaHHS € TaONULS BUSBICHUX Y 3pa3Ky XIMIUHUX €JIEMEHTIB

1 BIIMOBITHUX TM MAaCOBHMX KOHIIEHTpaIlii 3 moxubkoro BuzHaueHHs 0,01% mac. yacTku.

2.2.2. MeToa cIeKTPaJabHOI0 aHAJII3Y CKJIA

CrnexTpasibHH aHaMi3 ckiia Oyno mpoBeieHo Ha ciekTpodoromerpi Shimadzu UV-

3600. Ilpuman mpu3HAYCHHW 711 TPOBEICHHS CIEKTPATBHUX JOCTIKeHh B YO Ta

iH(ppayepBOHOMY  Jiama3oHaXx  OJMKHBOTO 1  BHAMMOIO  CIIeKTpa.  TexHiuH1
XapaKTepUCTUKHU HaBeaeHl B Tabmuui 2.2. [105, 109]

Tabmuus 2.2.

Texuiuni xapakrepucTtuku criekrpodoromerpa Shimadzu UV-3600

CrnexrpanbHU J1ana3oH 185 um — 3300 uMm

8 — cryminuara: 0.1, 0.2, 0.5, 1,2, 3, 5, 8 am
i YO/Buaumoi oonacTi
10 — cryminuara 0.2, 0.5, 1, 2, 3, 5, 8, 12, 20,
32 aM i omxHboI [Y obiacti
PosginbHa 30aTHICTD 0.1 am
+ 0.2aMaag YO/ BuauMoi o0macTi
+0. 8um my1a omkxHboi [Y obnacti

[upuHa cieKTpasbHOT IIUTHHH

IToxuOxka 3a IIKaIoI0 JOBXHWH XBHJIb

< 0.00008% (220 um, Nal)
PiBeHb pO3CiTHOrO BHUIIPOMiHIOBAHHS <0.00005% (340 am, NaNO?2)
<0.0005% (1420 M, H20)

N 0.00005 Abs (500 ),
CHb TyMy 0.00008 Abs (900 M),
OHTI/I‘IHa cxema I[BOHpOMCHCBa

OTtpumaHni pe3ysbTaTH BUBOAWINCH Y BUIIIAI rpadikiB 1 TaONHIlb 32 AOMOMOTOI0
nporpamtoro 3ade3neueHHss UVProbe, mo Bkitouae B cede GyHKINT 17151 BUMIPIOBAHHS

CIEKTpPa, KIJIbKICHOTO aHaJli3y Ta KIHETUKH.
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2.23. Meroa CHMILUIEKC-PelIiTYATOr0 IUIAHYBAHHS INIPH MOJECJIOBAHHI

XapaKTepPUCTHK CKJIA

B npaniii po0OoTi mMoOka3aHa JOIUIBHICTP BHUKOPHCTaHHS METOMY CHUMILICKC-
peuITyaToro IJIaHyBaHHS TMPU MOJENIOBAHHI CKJIAAy CKJa 3 MEBHUMHU 3aXHUCHUMU
BJIACTUBOCTSIMHU, 1110 TPOIEMOHCTPOBAHO HA MPUKIIAJI aHAMIZY 3aJI€KHOCTI KOE(IILIEHTY
BiIOMBAaHHS B/l KOHIIGHTpAIIl TPhOX CKJIa0BUX eneMeHTiB ckia (Ca, Na, S).

VY Bumaaky BUPIIICHHS 3aBIaHb ONTUMI3AIlIl CKJIaTy 0araTOKOMIIOHEHTHOI CyMilITi
4aCTO 3aCTOCOBYETHCS METOJ aKTUBHOTO TUIAHYBAHHS €KCIIEPUMEHTY JIJIST TOCTiKCHHS
CUCTEM CKJIaJI-BIACTUBICTh. OCKUIBKM CyMa YacTOK yCiX KOMIIOHEHTIB, 110 YTBOPIOIOTh
CYMIIll, JOPIBHIOE OJWHUIN, (HAaKTOPHUI NPOCTIp MOXKHA MPEACTABUTH MPaBUILHUM
CUMIUICKCOM, HAMPUKIA, JJIT TPhOX KOMIIOHEHTIB - MPABHJIBHUM TPUKYTHUKOM, SIK Y
HAIIOMYy BUMNAJKY. BIaCTUBOCTI CKiaay MOCHIIKYIOThCS B 33JJaHUX TOYKAX CUMILIEKCA,
K1 YTBOPIOIOTh CUMILIEKCHY PEUIITKY.

VY notpiiiHiii (TPUKOMIIOHEHTHIM) CyMIIlll KOKHA TOYKa Ha TPUKYTHIN giarpami
BI/IMOBIZA€ YITKO BHU3HAYCHOMY CKJIaay, a KOXKHA KOMIIO3HMIIS BIJIMOBIAA€E TOYIl Ha
niarpami. Y KOKHIA BEpUIMHI TPUKYTHOI JlarpaMH BMICT KOMITIOHEHTa CTaHOBUTH 100%.
3 MPOTHIIEIKHOTO OOKY I11€1 BEPIIIMHU BMICT I[1€1 KOMITIOHEHTH JOPiBHIOE HYI0. CTOPOHU
TPUKYTHUKA BIAMNOBIIaI0OTh O1HApHUM cyMimam [46].

B pesynbTaTi gociipkeHHs OyJio mMoOyJ0BaHO KOHIICHTPAIIWHUN TPUKYTHUK
['166ca 3anmexHOCTI KoedillieHTy BiIOMBAHHSA CKja BiJ KOHIEHTparii kaibiito (Ca),
Hatpito (Na) Ta cipku (S). BuBemeHa 3anekHICTh KOCQIIIEHTY BiIOMBAHHS BiJ
KOHIIEHTpaIlli TphOX CKJIaM0BUX eneMeHTIB ckia (Ca, Na, S) nmpomeMoHCTpyBaa, 110
Koe(DiIieHT BIIOMBAHHSI MOYKHA 3MECHIIMTH IIJISIXOM 3MEHIICHHS KOHIICHTpPAIlli KaJIbIIiI0

(Ca) Ta Harpito (Na) y ckii.

2.2.4. MeToauka A0CTiIKEHHS BJACTUBOCTEH 3aXMCHUX ONTUYHUX HIAPIB

Sk yxe 3a3Ha4aNocs BUIIE, 3BUYAHI METaJi30BaHI IUTIBKM HEMOTAHO MPOSBIIIN

cebe y cdepi 3axucTy iHpopMallii, MpoTe Il MITIBKU MaJId HU3KY HEIOIIKIB OB’ I3aHUX 31


https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%BA%D1%83%D1%82%D0%BD%D0%B8%D0%BA_%D0%93%D1%96%D0%B1%D0%B1%D1%81%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%BA%D1%83%D1%82%D0%BD%D0%B8%D0%BA_%D0%93%D1%96%D0%B1%D0%B1%D1%81%D0%B0
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3HAYEHHSIMU TPOMyCcKaHHS BuauMmoro cBitina (12-20%) Ta 3HaYeHHSIMU BiIOUTTS
KOpOTKOXBWJIbOBOI o6Onacti [Y Bunpominenus (55-60%). Cnuparounch Ha ciaadOki
CTOPOHHM PO3NISIHYTUX IUTIBOK MHPOMOHYETHCS PO3MISIHYTH BIOCKOHAJIEHY CTPYKTYpY
3aXMCHOT TUTIBKH.

Sk 3axyCHI ONTHYHI MOKPUTTA Oyja0 BUOpPAHO IMPOBITHUK - EJICKTPONPOBIIHHI
nosimMep nosiananid ¢ipmu Sigma-Aldrich (CILHIA), gienexTpuk - map aiokcuay radHiro
ta HamiBnpoBigHuK - BaCuTeF. 1li wmarepianu € mnpo3opuMu, IJOCUTH IIIHPOKO
3aCTOCOBYIOTHCSI B CYyYaCHHMX TEXHOJIOTISIX 1 OTpUMAaHHS IapiB Ha iX OCHOBI HeE
MPENICTABIIAE OCOOTUBUX MPOOIIEM.

Enexrponposiguuit nomimep aldrich polyaniline [97] mmupoko BUKOPHUCTOBYIOTH
3aBJIIKU BUCOKIM CIIOPIHEHOCTI 0 MOBEPXOHB Pi3HOI pupoau. Ha cborogHimnHii 1eHb
OTpPUMaHI MMOJ1aHUTIHOB1 HOKPUTTS HA TOBEPXHAX MaTepialiB Pi3HOI OJIIMEPHOI TPUPOAH
Ta reOMETPUYHOI (HOPMH MAIOTh ONTUYHI, aJCOPOIIiiHI, eIEKTPOAKTUBHI, KaTaliTHYHI,
MEXaHOEJIEKTPUYHI, EeJEeKTPOMEXaHIYHI BJIACTUBOCTI, Ta 3JaTHICTh MONJIMHATU
CJICKTPOMAarHiTHE BUIIPOMIHIOBaHHsS. B 3anexxHocti Big Mopdonorii  MmoBepxHi
MOJTIaH1TIHOBUX TUTIBOK MOYKHA 3MIHIOBATH 1X 1HTEHCHUBHICTD IOIVIMHAHHS CBIT/A [84].

OpHoiapoBi BiAOMBarOUl MOKPUTTS BUKOPUCTOBYIOTb, SKIIO MOTPIOHO OTpUMATH
301IBbIICHHS KOeiieHTY BiIOMBAHHS Ha IMEBHIM JOBKHMHI XBHIII a00 B J1alla30H1 JIOBKHUH
xBWIb. B gaHiii poOOTI B SIKOCTI HanutoBaya 0ys0 o0paHo AI€IEKTPUK H10KCH radHio,
TaK sIK HOTO MOKAa3HUK 3aJ0MJIEHHSI Habararo OupIIMi, HiX y ckina (1,98), BiH € cTiiikum
JI0 30BHINIHIX BIUIMBIB Ta IIMPOKO BUKOPUCTOBYETHCA B SIKOCTI 1HTEP(EPEHIIHHOTO
MTOKPUTTS JIJIs1 ONTHUKH [24].

Hanecennss mnpo3opux TMPOBIAHUKOBUX Ta JIICNIEKTPUYHUX  OJHOIIAPOBHX
MOKPUTTIB TPOBOAMIIOCH METOJIOM BaKYyYMHOTO HAIUJICHHS B KHICHEBOMY CEPEIOBHIII Ha
yctanoBui ¢pipmu «TOPPy» (CIHA) y Bakyymi 1.5*10-4 Torr, obepTaHHI MIIKIAIO0K 3
mBuaKicTio 20-40 00/XxB miis piBHOMIPHOCTI HamWICHHS Martepiany. Temmeparypa
niaknaaku 166°C. lapu nanumisau ToBumHO0 100 HM.

PexxuMu enekTpOHHO-TTPOMEHEBOTO PO3IMUIIOBAHHS: CTPYM POIKAPEHHS Karona
Ixat=40 A; cTpym ewmicii enekTponHoro mydka lem=120MA; mpuckoproroda Hanpyra U=9

kV.
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ToBmmHY TUTIBKM Ta MMIBUAKICTh HANWICHHS KOHTPOJIOBAIA 32 JOIIOMOTOIO
KBapIleBOTO JaT4YMKa TOBIIWHM, MOKa3Mu sikoro BuBeneHi Ha Omok SQC-330 Digitall
Deposition Controller. [1apanenbHo BiCTIAKOBYBaIM 3MIHY KO€]IlI€EHTY BiIOUBAHHS Ha
MIEBHIM JOBKWHI XBWIII, 10 OyJia 3a7aHa 3a qonoMororo Habopy ¢insrpis (400 aM., 600
HM., 800 M., 1000 HM.), B 3aJIe’)KHOCT1 BiJI TOBIIMHU HAMUJICHOI IUIIBKH B PEXKHUMI
peanbHOro vacy 3 gonomororo ALII, skuii 103BOJIsIE BIATBOPIOBATH HAa €KpaHi MOKa3H
ONTUYHOTO MOHITOPY Y BUIVISI rpadiuHOT 3a5eHOCTI KoedillieHTa BiIOMBAaHHS BiJl 4acy
HanuieHHs. [Iponec oXoaopKeHHs TiAKIaI0K MPOBOIMIN 3 BUAKICTIO 3°C/XB.

OtpuMaHi 3pa3ku MepeBipsIn 3a jaonoMororo crnekrpodoromerpa SHIMADZU,
SKUW J03BOJIAE BHUMIPIOBATH CIEKTP OTPUMAHUX IUTIBOK Yy pEXUMI BIIOUTTS Ta
MPOMYCKaHHS B Alana3oHi 1oBxuH XBWIb 300 - 1500 um. [109].

V¥ crarti [114] onucyeTbesl 3aXKMCHA IUTIBKA CIATTEPHA, BUTOTOBJICHA METOAOM
MarHeTpOHHOTO HANWJICHHS, BHUKOPHCTaHHS fAKOI MOXE 3aXUCTUTH TOJOCOBY
1H(popMalito, 1m0 HUPKYIoe B npuMimeHHl, Big JICAP Ta mpoTuCTOITh MEXaHIYHUM
MOIIKO/KEHHSIM CKJIAa, TUM CaMHUM 3aXHUIIAIOYM TMPUMIIICHHS B1J] TPOHUKHEHHS
3MOBMUCHUKIB. [IpencraBieHa 3axucHa IUTIBKA CKIIAJIA€ThCA 3 TOJIIMEPHOI ILJTIBKH-
NIIKJIAIKA 1 ABOX IApiB, 3JaTHUX OJIOKyBaTH iH(pauepBOHE BUIpPOMiHIOBaHHS. Tiero
CIIONTYKOI0, sIKa MOKe OJIOKyBaTH 1H(paduepBOHE BUIIPOMIHIOBAHHS, € OKCHJ 1HJIIO Ta
onoBa, Takui Ak In,SnO;. Lleit marepian 3parHuii OnokyBatu [Y-BUIIpOMIHIOBaHHS B
nianazoni Big 1400 mo 2500 um. OnpHak, BpaxoByrOUM poOOoUi Jiana3oHU MPUCTPOIB
JICAP, MmoxHa cKa3aTu, 1110 BUKOPUCTAHHS III€] MIIIBKKA HE € €(PEKTUBHUM Yy BUPIIICHH]
3aBAaHb JAaHoi poboTu. KpiMm Toro, iHa1M € piAKICHUM METAJIOM 1 Ma€ BiJIHOCHO BUCOKY
IIHY, SIKa MIOCTIHO 3pOCTaE.

Buxonsum 3 TOrO, 1110 BUKOPUCTAHHS PO3IISHYTOTO PAHIIIe OKCHUIY METally HE €
aKTyaJIJbHUM JUIsl CTBOPCHHS TIIOBHOIIIHHOTO 3aXHCTy, B pOOOTI MpeacTaBiICHO
JOCHIKEHHsT BiacTuBocTed anbrepHatuBHOTO ITO (OKCHAy iHIIIO Ta OJOBA) APy
rriBkoBoro nokputts BaCuTeF.

Hanienposiguukosi mwiiBku BaCuTeF orpuMano MeTo10M IMITyJIbCHOTO JIa3€pHOTO
HANUJICHHS T1KJIAIKA TP KIMHATHINA TeMIEpaTypi Ta MOJajIbIIoro Bianaty B atMochepi

aprony. Ilpomec mnazepHoro HamujeHHs OyB oOpaHuUM 4Yepe3 MOXKIIMBICTh
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CTEX1OMETPUYHOTO PO3MIICHHs Marepiany. /s kpucramizamii OTpUMaHUX aMOpPQpHUX
TJTIBOK MPOBOAMIM BiTIal B aTMOocdepi aproHy.

ITniBku BaCuTeF nHanocunucs Ha TMOMKPUCTAIIYHY KBapIOBY IIKIIAJIKY
po3mipom 3x3 cm. Ilepen HanmuneHHSM MOBEPXHIO MiIJaBAIA TPUETATHOMY OYHIIEHHIO
B YIBTPa3BYKOBIA BaHHI. JlJii OYHMIIEHHS BUKOPUCTOBYBAIW alleTOH, METAHON 1
neioHi30Bany Boay. Kpim Toro, micisi yCTaHOBKM MIAKIAAKH y BaKyyMHIH Kamepi, ix
BinnamoBaym npu temreparypi 300 °C mist aecopOirii arMmocdepHux rasiB, sIKI MOTJIN
OyTH B IMOBEPXHEBOMY I1api MOJIKPUCTATIYHOTO KBapILy. .

Excumepnuii KrF-mazep 3 noBxkuHOI0 XBWiIl 248 HM BHKOPUCTOBYBAaBCS IS
po3nuieHHss Ha marepian MimeHl. [inbHICTh MOTOKY J1la3epHOTO BUIPOMIHIOBAHHS Ha
TIOBEPXHI MillIeH] ITiJ] yac HanmieHHs ctanosuna 1 JIx/cm?. 1106 3amo6irt T0KaIsHOMY
neperpipy Ta 3a0€3MEeYUTH PIBHOMIPHY TOBIIMHY IUNIBKH, SIK MIIIE€Hb, TAaK 1 MIIKIAIKY
obOepraynu. IlmiBka HamwiIroBajach y Bakyywmi 13 3amumikoBuM TuckoM 10-6 Top Ha
BifcCTaH1 BiJ MIIMICHI A0 Migkmagku 6 cm. s 3abe3nedueHHS HEOOX1AHOI TOBIIMHH Ta
OJTHOPITHOCTI TUTIBKM TMPOBOAMJIM Ja3epHE IMIYJIbCHE HAMWIEHHA 3 4yactotoro 7 I'1y
nporsiroM 238 xB [36]. HanuineHHs mnpoBogwiM Ha MIAKIAAKY MpU KIMHATHIM

TeMIeparypi, B HACI1JJOK 4OTO OTPUMYBAJIM TOHKY HAIMiBIPO30py aMOP(HY ILIiBKY.

2.2.5. Meronuka [IOCJHIAKEHHSI PO3CIIOBAHHS JIA3epPHOI0 NPOMEHsl Ha

Au(ppakuiiHii rparui 3 wapy ragHiro

3a JOMOMOTOK0 [IICJIEKTPUYHUX TOKPUTTIB MOXHA CHEIIabHO 301IBIIUTH
koe(diIieHT BIIOUTTSA CKIa B 5-6 pasiB. Le BinOyBaeThCs yepe3 ONTUYHY 1IHTEPPEPEHITITO,
KOJTY TTOKa3HUK 3aJIOMJICHHS JOCUTh BEJTMKHIA, a TOBIIMHA Iapy KpatHa 1/4 13/4 noBxuH"
xBuJIi. MoBa #ijie po MalonorMHaK4l MaTepiai 3 BUCOKUM IMOKa3HUKOM 3aJIOMJICHHS.

BubipkoBe BIAOUTTS 3HAYHO MOCUITIOETHCSI 0araTonapoBUM MOKPUTTSIM 3 Pi3HUM
MOKa3HUKOM 3alloMJIeHHs. CBITJIONPOIYCKaHHS MOXe Mpu oMy cTtaHoBUTH 80% 1
OibIIIE.

B mamiii poOOTI HanMWICHHS MICNIEKTPUYHOTO TOKPUTTSA 3I1MCHIOBAJIOCH 32

JIOTIOMOTO10 ycTaHOBKHM BakyymHoro HanuiaeHHs ¢gipmu TORR (USA) [75] npu Bakyymi
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10" mm.pr.ct. 1.5%10* Torr npu o0epTanHi MiAKIag0K 3 MWBUAKICTIO 00epranns 20-40
00/xB. /{711 BU3HaYeHHS 3M1HU Koe]illieHTa BIJOMBAHHS TOKPHUTTS B MPOIECl HATUICHHS
BUKOPHCTOBYBAJIM ONTHYHUI MOHITOp Dyn-optic Model 590 [91].

[lepen mouyaTkoM MPOIECY OYMIIAEMO MIJKOBIAYHUNA TMPHUCTPIA 3 JOMOMOTOIO
0s13€BO1 CEPBETKH, 3MOUYEHOT €THJIIOBUM CIIUPTOM. [lonepeHbo OUMIEeHY MiKIAIKYy IS
HAMWJICHHS 3aKPIIUTIOIOTh B MIJKIAJAKOTpUMAul y BEpXHIA YaCTHHI YCTaHOBKH. Takox
KpPIMTUMO MIATOTOBICHUM 3pa30oK B TpHUMay, 3 JOMOMOIOI0 IOBOPOTHHUX TBHHTIB,
BHUCTaBJISIEMO MaKCUMaJIbHUN TTOKAa3HUK BiJIOMBAHHS, KN BIOOpa)KaeThCs HA MPUIIAII
onTuyHOro KOHTpot0 Dyn Optics Model 590. 3pa3ok rotyeTbest 3 TOro K MaTepiaty, 1o
1 T IKIIaIKA.

3 METOI0 YHUKHEHHS TOJABIMHOTO BiAOMBAHHS MPOMEHS ONTHUYHOTO MOHITODY,
3BOPOTHSI CTOpOHA MIAKIAAKUA 3pa3ka 31nuTihoBYEThCA (3aMaToOBYyeThCs). Hamuirorouy
PEYOBHHY MOMIIIAIOTh B OJIHY 3 JIYHOK MIJIHOI TUTMTH BOJOOXOJIOHKYIOUOTO TUIJIS (TIPU
HanuJIeHH1 0araTouapoBOro NOKPUTTS MAaTeplaad MOMIIIAIOTh B P13HI JIYHKH).

3aKpUBA€EMO IiJIKOBIMAUYHUIA 00 €M 1 TIPOBOAMMO MPOLIEC BIAKAYKH 10 poOOYOro
tcKy 5-10°% mm.pr.cr. g mporo BMukaeM (hOpBaKyyMHMI HACOC, IIPH JOCATHEHHI
Bakyymy 107 MM.pL.CT. aBTOMAaTM4YHO BKJIIOYAETHCS TYPOOMONEKYJIAPHHA HAcoc i
MIPOBOAMUTHCS TIPOLIEC TOCATHEHHS BUCOKOTO BaKyyMy. Bxirrouaemo MexaHi3m oOepTaHHS
MIJKJIAI0K 3 MBUAKICTIO 00epTaHHs 20-40 006/XB J71s1 pIBHOMIPHOCT1 HArpiBy MiJKJIaI0K
Ta PIBHOMIPHOCTI HAIUJIEHHSI MaTepially Ha MiAKIaaAKy. BMukaemo HarpiBau migKIaAKH 1
TJIABHO MMiIHIMAEM TEMIIEpaTypy MPOTATOM JIeIKOoro yacy. HamyckaeMo kuceHb B Kamepy,
BKIIIOYA€EMO OJIOK JKHUBJICHHS €JIEKTPOHHO-TIPOMEHEBOT TMYIIKH, BMHKAEMO CTPyM
POPKAPEHHS KaTOY, BUCTABIISIEMO MTPUCKOPIOIOUY HAIIPYTY Ta IMJIABHO MIAHIMAEMO CTPYM
emicii.

EnexTpoHHMIA POMiHB CTBOPIOETHCS, BUKOPUCTOBYIOUH JKHUBIICHHS JUISI HArpiBY
BOJIb)PAMOBOi CIipaji KaTody, OJHOYACHO TOJAl0YM HAa Hel BUCOKWUN HEraTUBHUM

MOTEHII1al, IKUI MpUCKOproe c(hOKYyCOBAHHUI MarHiTaMu my4ok enekTpoHis (Puc. 2.7).
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Puc. 2.7. Cxema ni0CKo-IpOMEHEBO1 €JIEKTPOHHOI ITyIKH:

1 — kaToHUM BY301T; 5 — mpucTpili MarHiTHOTO TOBOPOTY
2 — TepMOECIIEKTPOHHHIA KaTO/I; CIIEKTPOHIB;

3 —aHog; 6 — BOIOOXOJIO/IXKYIOUHMIA MiTHUH THTEIb;
4 — IPUCKOPEHUHI ITyUOK EJICKTPOHIB; 7 — IPOMiHb HAIIWIIIOIOYOT PEUOBHH

EnexkrpomarHiT, 1mo BMOHTOBAaHUH B MIJHY IUIMTY, (OpPMYye€ HaIpsIMOK pyXy
€JIEKTPOHHOTO Tyuka. 3irHyTuil mijg KyToM 270° mpoMiHb yAApsSe€TbCs B HAMUIIOIOTY
PEYOBHUHY, 110 3HAXOAATHCS B TUINI. C(PoKycOBaHUI €1EKTPOHHUI MPOMIHBb IEPETBOPIOE
CBOI0 KIHETUYHY EHEpril0 B TEIUIOBY Ha IOBEPXHI Marepiaily, 10 MPU3BOIUTH 0
BUITAPOBYBAHHS.

OnHouacHO BKIIOUaEMO 050K X-Y MpOrpaMOBaHUM AUCIETYEp PyXy NMPOMEHS, 3
noroMororo X-Y 3MIIIEHHS BUBOIMMO €JEKTPOHHHI Iy4YOK HA LEHTP TUIISA 3
BUITAPOBYBAHUM MartepiajoM, 3 JornoMororo onuii Select Pattern BuctaBnsiemo napamerp
o0epTaHHs MPOMEHS «KOHIIEHTPUYHI Koja». [Ipoliec mouaTky HanmujaeHHs Ta BUXOAY Ha
pEXUM  BIICIIIKOBYEMO 3 JIOIIOMOTOIO KBapleBOTO MOHITOPY TOBIIMHHU, IO
Bi10OpaxaeThcs Ha mpuctpoi SQC-330 Digitall Deposition Controller. Sk Tinbku nporec
cTab1113yBaBCs, BIIKPUBAEMO 3aCTIOHKY, 1 TOYMHAEMO HAMMWIIIOBATH HA TiIKIAJIKY.

ToBHIMHY TMJIIBKM Ta IIBUAKICTb HANWUJIEHHS KOHTPOIIOEMO 3 JOMOMOTOKO
KBapIIEBOTO JaT4MKa TOBIIWHHU, TOKa3u sikoro BuBeneHi Ha Onok SQC-330 Digitall
Deposition Controller. [TapanenbHo BIACTIAKOBYEMO 3MiHY KOe(IllIEHTY BIIOMBaHHS Ha
NEBHIN TOBXUHI XBUII, SIKA 33J1a€ThCS Ta BUCTABISETHCSA 3 IOIOMOTOI0 HAbOpy (DUIBTPiB
(400 aM., 600 M., 800 HM., 1000 HM.), B 3QJIC)KHOCTI BiJl TOBIIIMHHU HAITUJICHOI IUTIBKHA B
peXuMi peasibHOTO Yacy 3 nornomororo AIIII, sikuit 703BOsIE€ BIITBOPIOBATH Ha €KpaHi
MOKa3H ONTUYHOTO MOHITOPY Y BUIVISIL TpadivyHOT 3aJIeKHOCTI KoedimieHTa BIIOMBaHHS

BiJl yacy HanwieHHs. [Ipu JoCsSTHEHHI BIAMOBIAHOI TOBIIUHY TUTIBKA 200 HEOOX1THOTO
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MOKa3HWKA BiOWBaHHS, 3aCliHKA 3aKPHUBAETHCS, >KUBJICHHS EJICKTPOHHOTO MPOMEHS
TaKO’K BHUMHUKA€EThCS 3 jomoMororo BuMukada DC, Bumukaemo X-Y mnporpamMoBaHUiA
JUCTIeTYep pyXy MPOMEHs, 3aKpUBAETHCA 10J]aua KUCHIO B KaMepy, TaKOK BUMHUKAEMO
SQC-330 ta ontuuyHuii MoHITOp. BucraBmsemo Ha OOl HAarpiBy Ta OXOJOIKEHHS
MIJKIA0K MPOIEC OXOJOMKEHHS, 3 MBUAKICTIO oxonomkeHHs 3°C/xB. OdikyeMo
oxono/xeHHs miakaaaku 10 20°C.

[Tpu nocarHeHHi NOTPIOHOT TeMIepaTypH OBepTaEM TyMOIep «BakyyMm on/off» B
nonoxkeHHs OFF 1 3amyckaemMo a30Ty B Kamepy. 3HIMAEMO MIAKIAIKA 3 MAKIAAKO
TpUMaua 1 MOMIIIAEMO iX B €eKCUKATOP.

[Ipn HanuiaeHHI HACTYMHOTO Iapy, MU BHUMHKAEMO TPUCKOPIOIOUY HAIPYyTYy,
YEeKaEMO OXOJIOJPKEHHS TUIJIA, 1 IEPEMHUKAEMO 3 IOTIOMOTOI0 OJIOKY NEPEMHUKAHHSI TUIIB,
MiABOAMMO THTENb 3 HACTYMHHM MaTepiajoM [JIs HamWICHHsS HACTYMHOTO IIapy,
IpoLEAypY HANUIICHHS IOBTOPIOEMO 3a BUILE BKa3aHOIO METOAUKOIO.

[Ipu nOCSATHEHHI MIJIKJIaIKOK0 KIMHATHOI TEMIIEpaTypH, MPOBOJUMO il IEMOHTaX 3
NOJANbIIUM aHAJI30M CIEKTPY BIJOMBAHHS HANMJIEHOTO 0araToniapoBOTO MOKPUTTS.
[Tpu HaHeceHHI MOKPUTTs Oe3MOcepeIHbO Ha aKTUBHUM €JIEMEHT Ja3epa, CIEeKTpaslbHI
XapaKTEepPUCTUKH 3HIMAIOTHCS 31 3pa3ka, 00 He MOMIKOAUTH CaM €JIEeMEHT J1a3epa.

OpnHomapoBi BiAOMBarOUi MOKPUTTS BUKOPUCTOBYIOTh, SKIIIO MOTPIOHO OTpUMATH
30UIbIIICHHS KOE(IIEHTY BIIOMBAHHS Ha MEBH1M JOBXKHUHI XBWII1 a00 B J[1al1a30H1 JIOBXKUH
XBUJIb.

Jy’)ke dYacTo Tmpu HanmWJICHHI HOBUX MarepiaiiB JIOBOIUTHCS BUMIPIOBATH
MOKa3HUKUA 3aJIOMJICHHS EKCIEpUMEHTAlIbHO, 3 JOMOMOTOI0 METOAY eiICOMETpii,
OCKUIBKM HE€ 3aBKIM peajbHl IOKAa3HUKH 3aJOMJICHHS BIJANMOBIJAIOTh ITOKa3HUKAM
3a3HAUYCHUM B JIOBIJIKOBIH JiTEpaTypi.

B namriii poOoTi B IKOCT1 HanuitoBada 0yino oOpaHo Ai0KcH]I TadHit0, OCKIIbKU BIH
€ CTIWKUM JI0 3OBHINIHIX BIUIMBIB Ta MIUPOKO BHKOPUCTOBYETHCS B SKOCTI
1HTEPPEPEHIIIITHOTO MOKPUTTS AJI1 ONTHKH [86].

AHani3 nitepaTypHuX JKepell 103BoIUB chopmyBatu Tadnuio 2.3., e HaBEAEHO

BJIACTUBOCTI HAWMOIMIUPEHIIINX OKCHJIIB, 0 BHUKOPUCTOBYIOTHCA JJI HAMUJICHHS
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3aXMCHUX Ta IHTep(EPEHIIHHUX TMOKPHUTTIB, 110 BIAMOBIIHO, MAIOTh BUCOKI TTOKA3HUKHU

3ajioMJIeHHs (BigOuBaHHs) [36].

Tabmus 2.3.

OKCI/II[I/I, K1 3aCTOCOBYIOTH IIpU HaIUJICHH] 3aXUCHUX HOKpHTTiB

Hassa ®opma Bunycky i | [lokasuuk Obaactb
aiametp (MM) 3aJI0MJIEHHSI | IPO30POCTi, MKM

AJTtOMiHIT OKCH]T rpanyma 1-10 1,63 0,25-7

JUIsl BAKYYMHOT'O BUIIApOBYBAaHHS tabnetku O 12-25

Lepiit (IV) oxcun tabnetku @ 12-25 1,96 0,4-12

JUI TOHKOIIIAPOBOI ONTUKH

€Bpormiii okuc Tabnetku @ 12-25 1,75 0,25-9

JUIs BAKYYMHOT'O BUITApOBYBaHHS

la¢niii (IV) okcun Tabnerku @ 12-25 1,98 0,2-12

JUI. TOHKOIIAPOBOT ONTHKH

Iuniii (III) - onoso (IV) okenn tabnetku @ 12-25 1,80 0,35-9

JUI TOHKOIIAPOBOI ONTUKH

Maruiii oxuc Tabnetku @ 12-25 1,70 0,25-8

JUIs BAKyYyMHOI'O BUIIapOBYBaHHS

Hio06iit (V) oxcun tabnetku O 12-25 2,15 0,28

JUISl TOHKOIIAPOBOT ONTHKH

Kpewmmiii (IV) oxcun rpanynu 1-10 1,45 0,2-9

JUIsl BAKYYMHOTO BUIIApOBYBaHHS tabnetku @ 12-25

Tanran (V) oxcun tabnetku @ 12-25 2,10 0,3-8

JUIS. TOHKOIIAPOBOT ONTHKH

Tutan ABOOKHC tabneTku @ 12-25 2,30 0,39-10

JUISA OIITHYHUX IIIJIEH

ITpiii oxuc tabnetku @ 12-25 1,70 0,25-9

JUTS BAKYYMHOTO BHITAPOBYBaHHS

[Mupxowniit (IV) okeup tabnetku @ 12-25 2,0 0,35-7

JUISL OITUYHUX MTOKPUTTIB

3aBmaHHs TIOJIATA€ Y CTBOPEHHI MOKPHUTTS HA CKJISHIA MIAKIAAINI 3 MOKa3HUKOM

3asiomyieHHs n=1,45, 1o maBUIIUTh KOoeDIIIEHT BIAOUTTS Ha JoBXHUHaX XBUJb 600-1100

HM.
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2.2.6. MeTonuka BUMipIOBAHHSI iIHTEHCHBHOCTI JIa3€PHOI0 30HAYBAHHA SIK

KPHUTEPiI0 3aXUIIEHOCTI

J1y1st BUMiprOBaHHS IHTEHCUBHOCTI BIIOUTOTO 1 TAKOTO, IO MPOMIIIOB Yepe3 3pa3oK

JIa3epHOTO MPOMeEHs OyIiio 310paHoO YCTaHOBKY 3a ONTHYHOIO cxemorto (puc.2.8.) [62].

[F

L

45/}' I,

Puc. 2.8. OnTnyHa cxeMa yCTaHOBKHU:

JI — mazep; 3 — 3pazoxk; i, J,— nerexrop (mpruiaj isl BAMIPIOBaHHS IMOTYKHOCTI JIa3€PHOTO

BHUIIPOMIHIOBaHHS)

JU1st BUMIpIOBaHHS MOTYXHOCTI Ja3€pHOr0 MPOMEHSI BUKOPUCTOBYBAJIHU Ja3€pHUIN
BuMiproBau notykHocTi Pocket Laser Power Meter 840011, TexHiuHI XapaKTepUCTUKH
SIKOTO HaBe/eH1 B Taom. 2. 4. [26].

B Ttabmumi. 2.4. mpuBeneH! TEXHIYHI XapaKTEPUCTHKHU JIA3€PHOTO BHUMIpIOBaya
notryxHocti Pocket Laser Power Meter 840011, 1m0 BHUKOpPHCTOBYBaBCA JUIs

BUMIPIOBaHHS MOTY>KHOCTI JIA3EPHOTO MpoMeHs [26].
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Tabmuus 2.4.

Texniuni xapakrepuctuku Pocket Laser Power Meter 840011 [21]

CBITJIOUYTJIMBHI €IEMEHT

Si dotomion (miameTp nmoBepxHi garuuka 0,9 Mm)

Jliara30H BUMipIOBaHUX
TTOBXXHH XBHJIb

400 aMm - 1100 am

besnocepeanpo 1ist
BU3HAUYCHHSA JOBXUHN XBHII

633 HM (TeNiii-HEOHOBOTO JIazepa)

[HIT1 TOBKUHU XBWJIb IIOBUHHI OyTH IEPETBOPEHI 3a JOIMIOMOTOIO
THUIIOBOTO KOeiIli€eHTa KOPEKITii

Jucnaei

[{udposuit mucmeit: 3999 oguHUIE TOBHOT KN

["icrorpaMHuii quCIIIei: 42-CeTMEHTHUIN TUCTUICH

[HIMKAaTOp HU3BKOTO 3apsay
Oarapei

"BT" 3'apnsieThcs Ha quctuiei, Koiau BOyIOBaHI aKyMYJIsSITOPH Maiixke
PO3pSAIKECHI

Jliara30H1 BUMIpy

40 MmxBT gianaszon: 0.01 MxBT 10 39.99 mxBt

400 MmxBT miamazon: 0.1 MxBT 10 399.9 MxBT
4 MBt niamazon: 0.001 MmBt 1o 3.999 mBt
40 mBT miamazon: 0.01 MBt 10 39.99 MBT

TouHicTh BUMIpIOBaHHS

+ 5% (B 4 MBT giama3oHi, Ipu 3aMiprOBaHHI JOBKUHOIO XBU1 633
HM 1 1 MBT)

Temneparypa: 73 °F + 4 °F (23 °C £2 °C)

[ToTyxHIiCTh Ha TpUJIAi BUCTABIUIACH 3T1HO TaOmuIll 2.4. 1 3aJIeKHOCTI (puC.

2.9)).

150 4

100 o

304

Binnocua uytmeicts, %

T T T T T
400 600 a00 1000 1200

Puc. 2.9. Xapakrepuctrka CeKTpajbHOI UyTIIMBOCTI IPUIaAy

Pocket Laser Power Meter 840011
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Cxema HamiBOpPOBITHUKOBOTO Jaszepa HemepepBHOi mii (660 HM, 150 MBT)
npeactaBieHa Ha puc. 2.10. [77]. Bumuma 3o0Ha Oyna BuOpaHa mjis Bizyasizarii
Ja3€PHOTO MPOMEHHI.

Jlazep, nocmipKyBaHui 3pa3ok 1 qeTektop 2 3HaX0auIiCh Ha OHIH ONTHYHIH OCi.
HetexTop 1 po3aMililyBaJid IEPIIEHIUKYIISIPHO IO ONTHYHOT oci. [TomoskeHHs AeTeKTopa
Jl1 BUKOPHUCTOBYETHCSI JAJIi BUMIPIOBAHHS MOTYXHOCTI Ja3€pHOTO BUIIPOMIHIOBAHHS,
BIIOMTOTO BiJl MOBEPXHI 3pa3ka, a MOJI0XKeHHs J[; BUKOPUCTOBYETHCS AJIsi BUMIPIOBAHHS
MOTY>KHOCTI TPOMEHS, IO MPOWIIOB dYepe3 3pa30oK. BumiproBaHHS MPOBOIWIOCH B

3aT€MHEHOMY IPUMIIICHHI.

2

(0,
@,:
Puc. 2.10. HanmiBnpoBigHUKOBUH Ja3ep HeMepepBHOI Ail [24]:

1 — pamiaTop /It BIABEICHHS TETIA, IO BUIAUISETHCS TIPU POOOTI JIA3€PHOTO /110/1a; 2 — KOPIYC
Ja3epHOT0 MOYJIS I PIBHOMIPHOTO PO3MoALTy Teruia; 3 — nazepHuit qioqg ML101U29 (taba. 2.3); 4 —
rib3a, B Ky 3alpecoBaHoO JIa3epHUM A101; 5 — npykuHa; 6 — KoiimMarop; 7 - Hablp KOPOTKOPOKYCHUX
CKIISIHMX JIH3 3 TOKPUTTAM JUIsI TPOCBITICHHS, PO3PaxOBaHMX Ha JIOBXKMHY XBHUII 660 HM i
KOJIMaTOPHHUM KUIbLIEM I 3MIHM PO301’KHOCTI JIa3€PHOTO MTPOMEHSI.

Jlazepuuit niog ML101U29 xapakrepu3yeThCsi BUCOKOIO MOTY>KHICTIO Ta BUCOKOIO
e()EeKTUBHICTIO 1 € HAMMIBIPOBIIHMKOBUM JIa3€pOM Ha OCHOBI HamiBNpoBigHUKA A/GalnP.
Jlion OCTIHHO TeHepyeE MoMnepeuHy MOy 3 JOBKHUHOIO XBUJII BUMPOMiHIOBaHHS 660 HM.
Kpim Toro, 1ei nazepHuil 1101 MOXKE MPAIIOBaTH B IMIYJILCHOMY PEXHUMI 1 JTOCSTaTH
BuxiaHO1 moTy>kHOCTI 400 MBT. TexHiuHi XxapakTepucTuKu J1azepHoro gaioga MJI101Y29

HaBeseHi B Tabmwmi 2.5. [2].
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Tabmmrs 2.5.
TexHiyH1 XapaKTepucTUuku JazepHoro aioga ML101U29
CuMBOJI [TapameTp YMoBH 3Ha4YeHHS OnuHuI
Henepepsuuit 150
OnTH4HAa MOTYKHICTh PEAcHM
Py | oty MBT
BUITPOMIHIOBAHHS B
ImMniynbcHuUi 400
peKUM
Ve 3BOpOTHA Hampyra - 2 B
T, Po6oua Temmneparypa - -10 ... +75 °C
Ts Temneparypa 36epirans - -40 ...+100 °C
Lnen TemHOBHIT cTpyM Hernepepsrii 76 MA
PEKUM
1 PoGounii ctpym CW, Pp=34 MB 121 MA
Vy, Po6oya nanpyra CW, Py=34 MB 2,291 B
H HudepennianbHa epeKTUBHICTD CW, Pp=2 - 30 MB 0,7954 MET/M
CW,
An ITix 1OBXUHM XBHIII Po=18,32 MB, 657,94 HM
T=17°C
KyT po36ixkHOCTI Imy4Ka
o (mapanenbHUin) CW, Pp=40 mB 10,5 rpa.
(6e3 kosiMaTopa)
KyT po36ixkHOCTI Imy4Ka
oL (TeprneHaAUKyYIpHU) CW, P¢=40 MB 16 rpa.
(6e3 xomimaTopa)

JlocaipKyBaauch apaMeTpy HaImiBIIPOBITHUKOBOTO Jla3epa HEMEePEepBHOT ii.

BuwmiproBanns BAX (puc. 2.11.) nazepHoro aiofa MpoBOAMIOCH 3a CXEMOIO (pHC.

%
LD

2.12.):

S

Puc. 2.11. Cxema BumiproBanus BAX nazepHoro miomi

Sk Impujial BUKOPUCTOBYBABCA MYJIbTUMCTP:
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- B peXHUMi BUMiproBaHHs cTpyMy Mastech MS8226 (aiamazon BumiproBanus 400
MA, 3 kpokoM BuMipioBanHs 100 MkA, TounicTio +/- 1,2%);
- B pexKuMi BuMiproBaHHs Hanpyru Mastech MS8226 (niama3on BumiproBanHs 4B,

3 KpOKOM BuMiproBaHHs 1MB, Tognictio +/- 0,5%).
I, MA

140 -
130
120
110 ]
100 4
90 -]
80
70
60 ]
50
40
30
20 ]
10 ] | . | | | | |
0 ] d T i T v T X T b T L4 T 14 T v 1 U, B

1.5 16 17 18 19 20 21 22 23

Puc. 2.12. BonpTr-aMiepHa xapakTepUCTHUKA Ja3€PHOTO 1101y
Ha puc. 2.13. BuaHO, 1110 3HaY€HHS MIHIMQJILHOT HAPYTH BIKPUTTS P-N MEPEXOTY
JIa3epHOTO 1101y CTaHOBUTH 1.55 B.
3aNekHICTh MOTYXHOCTI JIa3€pHOTO BUIIPOMIHIOBAHHS BiJl CTPYMY Ha JIa3€pHOMY
niomi (puc. 2.13) gocnimkyBanu 3a gonomororo npuianay Pocket Laser Power Meter

840011 (mianazon BumiproBanus 40 MBT, 3 kpokom BumiproBanHs 0,01 MBT, TouHnicTio +/-

5%) [ 26, 79].

P, MB
40,0

37,54
35,0 )2

32,5 /
30,0 4 /

27,5
25,0 4
225 . /
20,0 4

17,5 /
15,0 /
12,5 4 /
100: 4 . 1 - / ..
75 /
50 /
25 /
0,0 4— . —— — . . ; — L MA

T
30 40 50 60 70 80 90 100 110 120 130

Puc. 2.13. 3anexHicTh MOTY>KHOCTI Ja3€pHOT0 BUIIPOMIHIOBAHHS

BiJl CTpPyMY Ha JIa3€pHOMY 1011



3 puc. 2.14. BuU3HavaIH

BI/IHpOMiHI-OBaHHH

0,7954 ° 0,0026 MBT1/MA.

P, MB
30

29

B 3QJIC)KHOCTI BiJl 30UIBIICHHS CTPYMY Ha Ja3epHOMY JIiOi:
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301IbIIEHHSI ONTUYHOI TOTYXXHOCTI JIa3€pHOTO

28

27 4

26

25

24 4

23

22 4

21

20

™
0 500

T —T— T v T v
1000 1500 2000 2500 3000 3500 4000 4500

iy

Puc. 2.14. 3anexHiCTb MOTY>KHOCTI J1a3€pHOTO BUIPOMIHIOBAHHS 3 YaCOM

3 rpadiuHoi 3a51e)KHOCTI puc.2.14 BCTaHOBIICHO, IO Uuepe3 15 XB npu Oe3nepepBHiii

pOoOOTI J1a3epa BCTAHOBIIIOETHCS MOCTIMHA MOTYKHICTh JJA3€PHOTO BUIIPOMIHIOBaHHS, SIKa

CYTT€BO HE 3MIHIOETHCS 3 HACOM.

Ha puc. 2.15. npuBeneHo AaHi MO BUMIPIOBAHHIO JTOBKHHH XBUJIl Ja3epHOTO

BUIPOMIHIOBAHHS 3a IonoMoroto crekrpometpa JJDC-52M [2].

1. imn/c
10000

9000 —
8000 —
7000 —
6000 —
5000 —
4000 -

3000

1000 /

0

2000 4 [ \ f

4 \

N

A JHM

T T
656,5 657,0 657,5

T T T
658,0 658,5 659,0 659,5

Puc. 2.15. 3anexxHicTh IHTEHCUBHOCTI J1a3€pHOTO BUIPOMiHIOBaHHS

B1JT JOBXXUHHU XBHJI1
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Ha puc. 2.15 nmokasano, 1o Ja3epHe BUIPOMIHIOBAHHSA Ma€ Tpu Monu. JJoBxuHa
XBHJI1 OCHOBHOI MOJY CTAHOBHUTH 657,94 HM.

B pesynbrati OyB 310paHuii TBEpAOTUILHUM Ja3ep 3 JOBXKHUHOIO XBHIL 658 HM 3
TaKUMH TIapaMeTpaMHu:

- 3HAYEHHS MIHIMAQJIbHOI HANPYTH BIAKPUTTS P-h MEPEXoJ]y Ja3epHOro aioja
ckianae 1,55 B;

- 30UIbIIIEHHS] ONTUYHOI MOTYKHOCTI JIa3€pHOTO BUIIPOMIHIOBAHHS 33 PaxyHOK
30UTBIIICHHS CTPYMY Ha JlazepHOMy miofi ckiaano = 0,7954 ° 0,0026 mB1/MA,

- MOCTIMHA TMOTYKHICTh JIA3€PHOIO BHUIPOMIHIOBAHHS JOCSTAa€Thes udepe3 15
XBUJIMH Oe3MepepBHOI pOOOTH Jia3epa;

- Jla3epHE BUIIPOMIHIOBAHHSI Ma€ TPU peKUMH. J[oOBXKMHA XBUJII OCHOBHOI MOIHN
ctaHOoBUTh 657,94 HMm mpu Temmepatypi t = 17 0C 1 MOTYXHOCTI JIa3€pHOTO
BunpoMidioBanHus P = 18,32 mBTt [2].

B sxocTi mapaMeTrpiB 3aXHILEHOCTI Oyau BUOpaHl KOE(ILIEHTH HPOITYyCKaHHS,
B1JIOMBaHHS Ta MOIIMHAHHS JIa3epHOTO mipoMens [56, 100, ].

3 IOTIOMOTO0 BHIIIE€ OIMCAHOI YCTAHOBKH OyJIM BUMIPSIHI:

- HOTY>XHICTb IPOUJEHOTO Yepe3 3pa30K MPOMeEHs P,

- MOTYKHICTh BIIOUTOTO MPOMEHS BiJl JOCHTIKYBaHOTO 3pa3ka Pgios;

- MOTJIMHYTY MOTYKHICTh JIa3€PHOT0 BUITPOMIHIOBAHHS 3pa3KoOM P,,.;.

KoedimienT npomyckanHs 3HaxX0auIx 3a BUpazoM (2.1.):
P
Knp=—" (2.1.)

ne Pgy — OTYXHICTh TBEPAOTIIILHOTO Ja3epy.
Koedirmient BinOuBanus 3Haxoawm 3a hopmysoro (2.2.):

P
ng :Laﬁ 2.2.
5=~ 2.2)

6X

Koedimient normuHanHs 3Haxoawmiy 3a Gopmysoro (2.3.):

P
_ _noan. 2.3.
K =5 (2.3.)
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2.2.7. Meroguka po00TH 3 JIa3ePHUMH TPiaHTyJIANIiHIMU 1aBadyamMu BiOpauii

Ax 3a3Havanocs Bwuile, ronoBHow mnepeparoro JICAP nHan iHmmMu 3aco0amu
PO3BIAKH € Te, II0 BOHU JI03BOJISIIOTH BUPIIIYBaTH 3aj1aul 3HIMAHHS MOBHO1 iH(popMarii
MaKCUMAaJIbHO O€3MeYHO Ji 3JOBMUCHUKA, OCKUIBKA BHUKIIOYAETHCS HEOOXITHICTh
NPOHUKHEHHSI y MPUMIMICHHS 3 METOI0 PO3MIIIECHHS TaM 3aKJIaJHUX MPHUCTPOIB 1 T.i.
JICAP y cmpomeHOMy BHUIVISIII CKJIAMAETHCA 3 JIA3€PHOTO BUIIPOMIHIOBaYa B
iH(padepBOHOMY Jianma3oHi Ta ONTUYHOTO MpuiiMava. [IpuHIMI poOOTH UX TMPHUCTPOIB
3MIMCHIOETHCSI TaKUM 4YMHOM. JlazepHuil BUIIPOMIHIOBAY, 3a JIOMOMOTOI0 ONTHYHOIO
MIPUIILTY, HAMIPABJISETHCS HA TJIOCKY BIOPYIOUY MOBEPXHIO (HaWKpaIUM MPUKIIAIOM TaKO1
MOBEPXHI € MHUOKa 3aKPUTOrO BIKHA MPUMIIIEHHS, B SIKOMY BEIYTbCS PO3MOBH), Jaii
TeHEPYETHCS JIA3epHUN MPOMIHb (BUCOKOUACTOTHHI CUTHAI), IO MOIIMPIOETHCS YEpe3
armocdepy 1 najgae Ha 110 nopepxHto. [licns BiH BiIOMBAETHCS B1J] BIKOHHOTO CKJIA 1 IPU
IIOMY MOJYJIOETHCS 32 3aKOHOM aKyCTHYHOTO CHTHANY, SIKHH TaKOXX BIUIMBA€E Ha CKJIO,
MOBTOPHO J0Ja€ aTMoc(epy Y 3BOPOTHOMY HAMPSMKY 1 IPUHAMAETHCS poTonpUiiMayem,

10 BiIHOBIIOE 1H(OpMartiitHuit curnan (puc. 2.16.). [15].

NCAP
I?I

BikoHHe ckno

Mpuidmay

Puc. 2.16. Ilpunuun 3H8TTS 1HGOpMALii 3 TOBEPXHI BIKHA TPUMIILICHHS

[Ipu BIOOUTTI J1a3epHOTO MPOMEHS BiJ BIOPYIOUOi MOBEPXHI BiOYyBA€THCS HOTO

YaCTOTHA, KyToBa 1 (pa3oBa MOIYISAILIS.
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OT>xe, NpUHIUN J1i TAKUX CUCTEM 3aCHOBAHUIl Ha YIOBIIOBAaHHI KOJMBAaHb uepe3

CKJIO Ta IHIII B1I0MBarOYi MOBEPXHI, J€ 3r0JIOM KOJUBAaHHS TPaHCHOPMYETHCS B 3BYK.

BoHU 103BOJISIOTH TMEPEXOIUTIOBATH HA TMOPIBHAHO BEIMKHX BIJICTaHAX aKyCTHUHY

iHpOpMaIliI0 3 BIKOHHOTO CKJIa Ta 1HIIMX B1IOMBAIOYMX CBITJIO MPEAMETIB CIYKOOBHX
MIPUMIILICHBD .

B ocHOBYy po0oTH fgarTyMka TOKJIAAEHUN NTPUHLUI ONTHYHOI TplaHTymsIil

(puc. 2.17.) [89].

T 7

S

L] I

basosa Biactanb  [lianasoH

— —— -

Puc. 2.17. IlpuHUMn ONTUYHOI TPIaHTYJIALIT

BunpomiHioBaHHS HamiBIPOBIIHUKOBOTO Jlazepa 1 (okycyerbest 00'ekTHBOM 2 Ha
00'exTi 6. Po3cisiHe Ha 00'ekTi BUNpOMiHIOBaHHS 00'ekTUBOM 3 30upaeThcsi Ha CMOS
ninii 4. [epemiienns 00'ekta 6 - 6' BUKIIMKAE BIJMOBIIHE TTEPEMIIICHHS 300pasKeHHS.
[Iporecop curHaiiB 5 po3paxoBye BIJICTaHb A0 00'€KTa MO IMOJOKESHHIO 300paKCHHS
CBITVIOBOI IUIAMHM Ha JIHIHAII 4.

TpiaHrynsmiiHi Jla3epHi AaTYUKHU TPU3HAYEHI )11 O€3KOHTAKTHOTO BUMIPIOBAHHS
1 KOHTPOJIIO TIOJIOKEHHSI, TIepEMIIIEHHS, po3MipiB, podii0 MoBepxHi, Aedopmarriii,
BiOpaliii, COpTyBaHHs, PO3MI3HABAHHS TEXHOJOTIYHUX OO0'€KTIB, BUMIPIOBAHHS PIBHS
piauH 1 cumyuyux marepianiB. Cepis BKIo4ae 26 Monenel JaT4uKiB 3 BUMIPIOBATHLHUM
miama3zoHoM Bix 2 mo 1250 mMm 1 6asoBuM BixcTadHio Bif 15 mo 260 mm. Beil marumkn
JIOCTYTIHI B IBOX BEpCIsX - Ha 0a3i yepBoHOrO Jiazepa (660 HM) 1 Ha 0a31 CHHBOTO Jlazepa

(405 ab6o 450 uMm, Bepcis BLUE). BuxopuctanHsi cuHIX ja3epiB 3aMICTh TPAIUIIIHHUX
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YEepBOHUX ICTOTHO pO3MIMPIOE MOXJIMBOCTI JaTyUKiB, 30KpeMa, MpPU KOHTPOII
BHCOKOTEMITEpaTypHHUX 00'€KTIB, @ TAKOXK OpPTaHIYHUX MarepiamB [15].

JlaTuuK  BCTAHOBJIIOETHCS TaKUM YUHOM, 1100 KOHTPOJHOBaHUM 0O0'€KT
po3TamoByBaBcsi B 30HI pobOodoro miama3zoHy marduka. KpiMm Toro, B 00macTi
MIPOXOKEHHS MaAar0doro Ha 00'€KT 1 BIIOMTOTr0 BiJl HHOTO BUITPOMIHIOBaHHS HE IOBUHHO
nepeOyBaTH CTOPOHHIX mpenMeTiB. [Ipu koHTposi 00'ekTiB CKIaIHOT (GOPMHU 1 TEKCTYpH
HEOOXITHO  MIHIMI3yBaTH  MOTPAIUSIHHS ~ JI3€pKalbHOI  CKJIAJOBOi  BIIOMTOTO
BUINPOMIHIOBAHHS Y BXIJHUW BIKHO Jaryuka. Po3Mipu nazepHOi IIIsIMH ISl JABOX
BapiaHTIB BUKOHAHHS (EJINTHYHA IUIAMA 1 Kpy[a IUIAMa), a TAaKoXK MapaMeTpH, IIO
XapaKTepU3yIoTh HEOOXIMHUM MPOCTIp I MPOXOKEHHS MPOMEHIB, MPEJCTABJICHI B
tabmui 2.6.) [15].

Xapakrep poOOTH JaTyrMKa BU3HAYAIOTh HOro KOH(IrypauiifHi mapaMmeTrpu, 3MiHa
SKMX MPOBOIUTHCS TUIBKH IIJISIXOM Ie€pesiadl KOMaH[ 4yepe3 MocuiioBHUui nopt RS232

a60 RS485 [89].

Ta0Omums 2.6.
HeoOximauit mpocTip 71 yCTaHOBKHU JaTYHKIB
P®E03- D, Mxm D1, mxm D2, mkm o, B. A, B,
SMR | MMR | EMR | SMR | MMR | EMR | SMR | MMR | EMR | rpaa | rpan | mm | mm
10/2 30 20 30 40 30 40 60 40 60
39/4 110 | 140 | 110 | 90 | 110 | 80 | 190 [ 470 | 80 | 38 | 42 [ 27| a7
15/5 100 | 40 | 100 | 200 | 60 | 200 | 300 | 80 | 300 | 45 | 53 | 15| 25

15/10 250 50 250 350 80 350 700 90 700 49 50 17 | 30
2510 200 50 200 300 80 300 650 90 650 38 40 19 | 29
60/10 200 60 200 250 80 250 700 920 700 27 30 | 30 ] 39
15115 400 60 400 450 100 450 1000 110 1000 | 50 46 18 | 32
3015 300 70 300 350 80 350 900 120 900 35 35 | 20 | 32
65/15 220 80 220 250 90 250 850 130 850 25 25 | 39 | 39
25/25 400 60 400 500 70 500 1400 100 1400 | 42 35 | 23] 36
45/25 400 70 400 450 80 450 1100 120 1100 | 31 28 | 27 | 39
80/25 250 80 250 350 90 350 800 130 800 21 21 31 | 40
35/30 500 70 500 550 80 550 1200 120 1200 | 38 3 26 | 37
55/30 350 60 350 450 90 450 800 130 1300 | 29 26 | 29 | 40
95/30 300 90 300 350 120 350 900 150 900 18 18 | 31 | 40
45/50 600 80 600 700 100 700 1600 130 | 2000 | 32 29 | 27 | 39
65/50 500 80 500 600 90 600 1100 140 1700 | 24 18 | 28 | 39
105/50 400 90 400 450 100 450 800 140 1300 17 14 | 31 | 39
60/100 700 70 700 900 80 900 | 2000 130 | 2500 | 28 15 | 31 | 43
90/100 700 100 700 900 120 900 1300 140 | 2300 17 9 28 | 39
140/100 600 120 600 650 140 650 1100 150 1700 12 10 | 31 | 43
80/250 1300 130 1300 | 1700 150 | 2400 | 2500 180 | 4000 | 21 7 32 | 43
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ne, SMR - mouarok po6oyoro miamazony, MMR — cepenrna po6odoro miamnazony,
EMR - kinens po6ouoro gianazony, MR - pobounii giamna3oH.

I'pannynuii yac HAKONMUWYEHHS: 1HTEHCHUBHICTh BIJIOMTOTO BUIPOMIHIOBAHHS, IIIO
HAJXOJIUTh B JIATUYHK, 3JICKUTH BiJl BIIACTUBOCTEH MOBEPXHI KOHTPOJIHOBAHOTO 00'€KTa,
TOMY TMOTYXHICTh BUIIPOMIHIOBaHHS Jla3epa 1 4aCc HAaKOMUYEHHS BUIPOMIHIOBAHHS, 1110
nagae Ha CMOS-niHIlKy, aBTOMaTU4yHO pPEryIIOIOTbCS 3 METOI OTPUMAaHHS
ONTUMAJIBHOTO CUTHAJY 1 TOCATHEHHS MaKCUMaJIbHOI TOYHOCTI BUMIipioBaHHs. [lapameTp
«TpaHUYHMM Yac HAKOMHUYEHHS» 3a/1a€ BEIWYMHY TPAHUYHO JOMYCTUMOTO Yacy
HAKOMUYEHHSI JIHIAKH. SIKIIO 1HTEHCUBHICTh MPUUHATOIO JATYUKOM BHIIPOMIHIOBAHHS
HACTIJIbKM Maja, M0 3a Yac HAKOMWYEHHS, PIBHUM TPaHUYHOMY 4Yacy, HE Ofep Kaju
pe3yJbTaT, IaTYMK Nepeiac HyIbOBE 3HAUCHHS.

Bix BenMuMHM Yacy HAKONWYEHHS MPUHAMAJIbHOI JIHIMKKA 3aJIeKUTh YacToTa
OHOBJIEHHSI pe3yibrary. MakcumanbHa dvactota (9,4 kl'm) mocsraeTbes Uisl 4acy
HakonuueHHs 106 MKC (MIHIMQJIbHO MOXJIMBUWA Yac HakonudeHHs - 3 Mkc). [lpu
30UIBIIICHH] Yacy Hakonmu4eHHs moHaa 106 MKC 4YacToTa OHOBJICHHS pe3yJbTaTy
MPOTOPIIIAHO 3MEHITY€EThCA. 30UIBIICHHS JTAaHOTO MapameTpa PO3LIUPIOE MOMKIHUBOCTI
KOHTPOJTIO c1a00B1I0MBarounX (IUdy3Ha CKIag0Ba) MOBEPXOHb, TPOTE 3MEHIITY€ YaCTOTY
OHOBJICHHSI PE3yJIbTaTy BUMIPIOBaHHS 1 30UTBIITY€E BIUIMB 30BHIIIHBOTO 3aCBiueHHS (POHY)
Ha TOYHICTh BUMIpIOBaHHsS. ['paHnuHuii yac HakonmuueHHd - 3200 Mkc. 3MEHUIEHHS
JTAHOTO TapaMeTpa JI03BOJISAE IMiIBUIUTH PE3YJIBTYI0UY YaCTOTy OHOBJICHHS PE3YINIbTary,
aJie MOKe MPUBECTH J0 3HWKEHHSI TOYHOCTI BUMIiproBaHHs [15].

Jlani mpoBOAMMO HaJAIITYBaHHA 3’ €JHAHHSA 3 AaTdukoM. I1icis 3amycky mporpamu
3'SIBIIsIETHCS poOoue BikHO (puc. 2.18.) [15].

st ycranoBku 3'eqHanHs o RS232 / RS485 intepdeiiciB HEOOX1qHO y BKIaIII
RS232 / RS485 PC settings manemi Interface configuration parameters:

1 Bubpatu COM-nopT, 10 SKOTo MiAKIIOUYEHUN NaTYMK (BIPTyaJbHUM MOPT, Y
BUIIAJIKY TIKITIOYeHHS gatunka depe3 USB-anamnrep).

1 Bubpatu mBuakicts nepenadi (Baud rate), Ha sikiit mpairoe 1aTquk.

i Bubparu, npu HeoOX1JHOCTI, MEPEKEBY aApeCy JaTUUKa.

1 Hatucnytu kHonky Device identification.
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File  About
‘|ﬂlellalﬁ?ﬁfnn{lgulatlun parameters Gurrent result: - ‘
RS20 /9460 Y CaN | Ethemet | Analog
PL settings : 12 T T T T T
COM port COM4 v f 1 i 1 i
Baud rate, [b/sec] %00 vl i | | | i
Network address: 1 L s St Sl s Il St s Bl s S S Sl o Bt
1 1 I l I
1 1 I I I
o 1 1 | | |
2 LR ot i Sl ot s o wio et etk S sty sl
> | 1 1 | l
] 1 1 I I I
< | | I | I
E 08 B O T o L O O O I L O O e
= I
3
i I
o4 oL L]
20
24+-—---L -4 - 1]
] I
I 1
I | 1 | 1
00 : I | I |
00 02 04 086 038 10 12
Measurement counter
Device identification
Statistics VYisualization settings:
Min o Number of points i buffer: | 1000 Set
Uik Cloa profils Set digits after point v
Peak-peak .
Average . Grid [ Aute scaling [ Write data fle
Sensor is not connecked! OUEPLE rate [KHZ]: -

Puc. 2.18. Po6oue BikHO niporpamu rf60x-sp
SKI1110 BCTAaHOBJICH] MapaMeTpH BIAMOBIIAIOTH MapaMeTpaM iHTepdelcy naruuka,
mporpamMa BUKOHAE 1IeHTU(DIKAIIIO JaTYhKa, 3UUTAE 1 B1IOOPA3UTh HOro KOHDIrypaliiHi

napametpu (puc. 2.19.) [15].

File  About
Interfaces configuration parameters Current result- - ‘
F5232 /R3485 | CaN | Ethemet | Analog
PE setings 12 T T T T T
COM part COM4 v I 1 1 1 t
1 1 1 1
Baud rate, [b/seck 600 & : I I 1 f
Network addiess: 1 -4 -~ - ——
I I I 1 1
Sensor seltings I I I 1 1
Baud rate, [b/seck 00 M o I I I 1 1
=) E 08 -————7-—-——q— 77—
Network adress: 1 g I | | | i
Modss of data tansfer | Request | € I ! I ! !
200 N O
£ 1 I T 7
Sensor configuration parameters 5 ! : ! !
o
Time limit for integration 3200 ms | ®
) e o4l L_____ Ll ____
Samplngmode:  |Time || 50000 mks | =
Pont of zra \
AL Operation mode! Beyand the range v 02 ,,,,,,,‘L,,,,,,,,,,,,I,,,,,,,,,,,,,,,,,,,
Time lock ofthe result 1 me ; : : } }
Method of resuls averaging. | Number of esuts [ 00 | | | | |
Mumber of averaged values: 1 ot 00 02 04 08 08 10 1.2
X Measurement counter
Device ype: ]
Sallmmicy ZE Statistics Visualization setinge:
R fisauss Wi Humber o it in bulfer. |1000
Fimwsre release: 50 Stieam Lk Cleat profle et dighs ot poin: [+ v
Peakpeak:
- Gid [ Auoscaling [ Wie data fle
Current sensor: 24259 : COM4 1 9600 Output rate [kHz): -

Puc 2.19. PoGounii inTepdeiic micias ycnimHoi iaeHTrudikanii
SIKIo 3B'30K HE BCTAHOBJEHUH, BUAAETHCSA TOBIJOMJICHHS 3 IMPOMO3UIIEI0
MIPOBECTH aBTOMATHUYHUIA MOMIYK aaTyuka (puc. 2.20.) [15]:
i VY psanky Baud rate BcTaHOBUTH J1arma30H MOIIYKY MIBUAKOCTI Mepeiadi;
1 VY paaxy Net address BCTAaHOBHUTH Jl1a11a30H MOIIYKY MEPEXKEBOI aJJpeCH;

1 Hatucnytu knonky Search.
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* | Finding B 5
Retrieval range
Baud rate, [bjsecl: | 2400 v 921500 v |
Set net address: 1 127
0%
Search resuits:
|» Search | | Close

Puc 2.20. BikHO aBTOMaTu4HOTO MOILIYKY JTaTYHKa
[Iporpama BUKOHA€ aBTOMaTUYHUH MOIIYK AaT4yMKa IMUISIXOM TIEPeOOpy MOKIUBHUX
mBUAKOCTEH, MepexeBux ajapec 1 COM-nopris [1K.
[Ticns ycnimHOoi 11eHTUdIKaLii TepeBIpsAeEMO Mpale31aTHICTh AaT4nKa:
1 BcTanoBmaoemo 00'ekT B 00J1acTi poOOUYOTro Alana3oHy JaTuuKa,;
| Haruckanus kHonku Request BuBOguTh Ha maHenb iHaukamii (Current
result) pe3ynbrar OAMHUYIHOTO BUMIPIOBAHHS;

| Hatuckanusa kHOMKU Stream NepeBOAUTH IaTYHK B PEXKHUM Mepeaadl MOTOKY

nanux (puc. 2.21.) [15].

Inter

RS232/AS485 [ CaN | Ethemet | Analog
PC settings 10
COM per: CaMe v

Baud ate, [b/seck 9500 -

Current result: 10,0000 mm ‘

1 I
1 | |
Network address: 1 : I }
|
1 TmTTAT T

1 I | I |
! I I I I
I I I I I
| | | | |

LS LA U U A A SO O IR R RO

Measurement value
o

|

I I

3200 3200 3400 3500 2600 3700 3800 3800 4000 4100
Measurement counter

ot
Min: 0.0000 u inbuffer: | 1000
Max 0.0000
Peak peck: 0.0000
Average: 0,0000 Grid [ Auto scaling

Set digits after paink: |4 v

Current sensor: 24259 : COMH : 9600 Output rate [kHz]: 0,19+

Puc 2.21. PoOoue BIKHO ITicJIsI HATUCKAHHS KHOIIKM Stream
i [Tepemimniaroun 00'€KT, CIIOCTEPIraEMO 3MIHY TTOKa3HUKIB (puc. 2.22.);

i VY crarycHOMY pSIKY B HUDKHIM YacTHHI BIKHA B1JIOOpaKarOThCsl MOTOYHI

HIBUJIKICTD Tepeiadl 1 BUAKICTh BITHOBJICHHS JTAHUX.
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Interfaces configuration parameters

R$232/RS485 |CAN | Ethemet | Analog
PC settings T T T T T T

Current result: 0,0000 mm |

COM port: CoMa v 1 I I i 1 1
I I | I |

Baud rate, [b/sect 9500 2

Network address: 1

I | 1
| ! | I
| | | !
R R IR |
I I I I

Measurement value
)
I
1
o=
I
I
I
|
I

| I

LRI R P R ) N R | B |
| I
I I
| I

i
|
|
|
|

7

I
I
|
| | I
I L LT R | I
136 137 138 139 140 141 142 143 144 145
Measurement counter (10*3)

Statistics Visualization settings:
Min 0,0000 Number of points in buffer. 1000 P
Gz ISE Clear piofile Set digits after point: |4 ~

Peak-peak: 38670
Average: 19835 Grid [ Auto sealing

Current sensor: 24259 | COM4 : 9600 Output rate [kHz]: 0,202 Measurement: frequencylkiel: 0,046

Puc 2.22. /Ilunamika 3M1HU MMOKa3HUKIB B 3aJICKHOCTI B1J] IEPEMIILICHHS 00’ €KTa

Haruckanusa kHonkuy Stop stream 3ynuHse niepeaady I1aHux.

BucHoBku 10 po3aiiy 2

VY apyroMy po3nauli gucepTaiiitHoi poOOTH HaBEIEHO XapaKTEPUCTUKY OO0’ €KTIB
JOCJIJIKEHHSI Ta METOJIIB BU3HAUEHHS 3aXMIIEHOCTI MOBHOI 1H(OpMallli BiJl JIa3epHHUX
CUCTEM aKyCTHYHOI PO3B1JIKH.

Po3misiHyTO  (Pi3MKO-XIMIYHI BJIACTUBOCTI CKJa, Y3arajJlbHEHO KJlach(]ikalito
3aXMCHUX IUTIBOK 32 TEXHOJIOTIEI0 BUTOTOBJICHHS 1 MMPO30PICTIO Ta PO3KPUTO X OCHOBHI
¢ynkuii. [TokazaHo, 1110 BUKOPUCTAHHS 3aXMCHUX IUIIBOK y cdepi 3axucty iHdopmailii,
SK TEXHOJIOTisI, MOXKE OTPUMATH HOBUUM €Tam PO3BUTKY ISl 3aXHCTy MPUMIIIEHb Bif
BUTOKY 1H(OpMaIlii uepe3 BiKHA ONTO-EJICKTPOHHUM KaHAJIOM.

B 3a3HaueHoMy po3aUi Ha OCHOBI METOAIB PEHTIeHO(IYyOpPECIEHTHOIO 1
CHEKTPAJBHOTO aHaii3y Ta CHUMIUIEKC-PEIIITYaTOro IUIAaHYBaHHS 3alpOINOHOBAHO
METOAMKH JOCHIKEHHS, $KI YMOXJIMBIIOIOTh TPOBEIECHHS EKCIIEPUMEHTAIbHUX
JOCHIKEHB 010 3aXUIIEHOCTI BIKOHHOTO CKJIa BiJI JIA3€PHOTO 30HyBaHHS.

[IpencraBieHO METOAMKY HAMJICHHS 3aXMUCHUX ONTHYHUX IIapiB. 3alIPONIOHOBAHO
croci0 ofepKaHHs BJOCKOHAJIEHOI CTPYKTYpH amMOp(HOI €JIEKTPONPOBIIHOI 3aXUCHOL
wiiBkn Ttuny BaCuTeF 3 mnoganbliM OTpUMaHHSM KPUCTAJIIYHOI CTPYKTYypU 3a
JIOTIOMOTOIO MPOBEACHHS BiJINally B aTMocdepl aproHy, 10 3a Pi3HUX TeMIIepaTyp MOXKe

3HAYHO MOKPAILUTHU BIACTUBOCTI MPOMYCKAaHHS BUAMMOIO CBITJIA, 30UTBIINTH MOTYKHICTh
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BIIOMTOTO JIa3epHOTO MPOMEHS Ta OUIBIIOI MIPOIO MOIIMHATH MOTYXHICTh JIa3€pHOTO
BUIPOMIHIOBAHHS y MOPIBHSAHHI 3 TPOCTUMHU METaTI30BaHUMHU TUTIBKAMHU.

[Ipoanai3oBaHO METONUKH JOCIHIIKEHHS BJIACTHUBOCTEH 3aXMCHUX ONTUYHUX
1apiB, BUMIPIOBAaHHS IHTEHCUBHOCTI JIa3€PHOTO 30HyBaHHS K KPUTEPIIO 3aXHUILEHOCTI,
po0OTH 3 Ja3epHUMU TPUAHTY/ISALIMHUMU JaBauaMu BiOpallii Ta METOAMKY JAOCIIIKCHHS
pO3CIIOBaHHSl JIa3epHOTO TMpOMEHs Ha audpakuidHid Tparui 3 mapy radHimo.
OOTrpyHTOBaHO MOXJIMBI TI€PEBAard BHUKOPHUCTAHHS MICNEKTPUYHUX IUTIBOK J1OKCHUIY
radHiro, a came, KoedIieHT BiAOMBaHHS CKJla 3 HAIWJICHOIO TUTIBKOIO 3HAYHO BUIIUN B
MOPIBHSHHI 13 YUCTUM CKJIOM, 1110 B pa3u IIJIBUILY€E 3aXMCHI BIACTHUBOCTI CKJIA BiJ] BUTOKY
aKyCTHYHOI 1H(opmarrii.

3anponoHoOBaHa KOMIUIEKCHA METOJMKA JOCHIKEHHS MapaMeTpiB 3aXHINEHOCTI
ONTOEJICKTPOHHOTO KaHAJy BUTOKY I1H(oOpMallii, JacTh 3MOTYy JOCHIAUTH TOIIAPOBY
B32€MO3AJICKHICTh Ta BIUIUB 3aXMCHUX ONTUYHUX IIapiB 1 BHYTPIIIHKOI OyOBH CKJIa Ha

roro 3axucHi BiactuBocTl Bix JICAP.
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PO311J1 3. EKCHEPUMEHTAJIBHI JOCIIKEHHS BAPIATUBHOI'O
BIIVIMBY PI3BHUX ®AKTOPIB HA 3AXHNCHI BJIACTUBOCTI CKJIA BIJ
JICAP

3.1. BluiuB  eJIEeMEHTHOr0 CKJIaAy JHMCTOBOIO CKJIa Ha Koe}ilnieHTH

BiIlﬁl/lBaHHﬂ Ta NMOINIMHAHHA 30HAYIOY0I'0 Bl/IHpOMiHIOBaHHSI

JIiss AOCHiKEHHST 3aXUCHUX BIIACTUBOCTEW CKJIa BiJ JIa3€pPHOTO 30HIyBaHHS, B
3aJIEKHOCTI Bl  MOr0  €JEMEHTHOr0  CKIaJay, BHUKOPHCTOBYBAJIM  HAMOUIbII
PO3IIOBCIOKEHE B YKpaiHi CKJI0, onucaHe B 11. 2.1.1.1. Hamoro 1ocaipKeHHS.

B sixocTi mapamMeTpiB 3axuIieHocT Oyiau BuOpaHi koediieHTn BinOuBaHHA (Kyix)
Ta norauHaHHSA (Kyory) JJa3€pHOTO MPOMEHS.

Hani, orpumani anamizatopom EXPERT 3L npezacrasieni y BUMIIsIAL JilarpaM Ha
pucynkax 3.1. — 3.10.

st 3py4HOCTI OOpMIIEHHS TaOJIUIlb Ta 3aJ€KHOCTeH MU HaJalld yCIM THUIIaM
CKJIa HACTYIIHY a0OpeBiaTypy:

1) Saint-Gobain, ToBmuHOO 6MM — S6
2) Saint-Gobain, TomuHo0 4MM — S4
3) Saint-Gobain, ToBmuHO©0 3MM — S3
4) Orion Glass, Tommno0 4MM — O4
5) Orion Glass, ToBrmao0 6MM — 06
6) Lysychansk, ToBmuHo0 6MM — L6
7) Lysychansk, ToBrumHow 4mm — L4
8) Guardian, ToBimHOK0 6MM — G6
9) Euroglas, ToBimuHo 4mMm — Eu-4
10) Pilkington, ToBuHO0 4MM — P-4
Ha puc. 3.1. — 3.10. mpexacrasieHi aiarpamMu sIKICHUX 1 KUIBKICHUX XapaKTEPUCTUK

JIOCITIJIKYBaHOTO BIKOHHOT'O CKJIa, sIKi 3BeJieH] y Tadymirio (tadi. 3.1) [62].
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= 1Si =2Ca =3Na =4Mg =55 =6Ti =7Mn = 8Fe
= 9As = 10Rb = 11Sr = 127Zr = 13Sn = 14| 15Ba = 16La

Puc. 3.1. Jliarpama siKiCHUX 1 KUTbKICHUX XapaKTEPUCTHUK JIOCIII>)KYBaHOTO
BikoHHOTO cKia Lysychansk — 4

=1Si =2Ca =3Mg =4Na =5S =6Ti =7Mn = 8Fe

= 9As = 10Rb = 11Sr = 127Zr = 13Mo = 14Sn = 15|

Puc. 3.2. [liarpama sIKICHUX 1 KUIBKICHUX XapaKTEPUCTUK JTOCI1HKYBaHOTO
BiKOHHOTO cki1a Lysychansk — 6
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= 1Si  =2Ca =3Na 4S =5Ti =6Mn m7Fe = 8Ni
= 9Zn = 10Br = 11Sr = 127r = 13Mo = 14Sn = 15Sb = 16l

Puc. 3.3. [liarpama sIKiCHUX 1 KUIBKICHHX XapaKTEPUCTUK TOCIIHKYBaHOTO
BiKOHHOTO cKJi1a Saint-Gobain-3

0,002 0,0660,004 0,022 3,904

=1Si =2Ca =3Na 4S =5Ti =6Fe =7Ni =8Zn

= 9Ge = 10Sr = 11Y = 127r = 13Nb = 14Cd = 15S5n = 16Pb

Puc. 3.4. Jliarpama sSIKiCHUX 1 KUTBKICHUX XapaKTEPUCTHK JTOCIIPKYBAaHOTO BIKOHHOTO
ckia Saint-Goban-4



0,476
0,372 0101

—\

0,004

0,003 0,066 0,027
0,024

2,251

= 1Si =2Ca =3Na =4S =5Ti =6Fe =w7Zn =8As =9Sr = 10Zr = 11Sn

Puc. 3.5. [liarpama sIKiCHUX 1 KUTBKICHHX XapaKTEPUCTUK TOCIIHKYBaHOTO

BIKOHHOTO CKJIa: Saint-Gobain-6

0,185 0,021 0,054 0,024 0,03 068

m1Si =2Ca =3Ti =4FE =55r =6Zr m7Sn =8 m=9la = 10Pb

Puc. 3.6. [liarpama sIKICHUX 1 KUIBKICHUX XapaKTEPUCTUK JIOCIII)KYBAaHOTO
BikoHHOTO ckia Orion Glass-4

98
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= 1Si =m2Ca =3K =4Ti =5Fe =6Zn w7Rb = 8Sr =m9Y =10Zr = 11Sn = 12Pb

Puc. 3.7. Jliarpama sIKICHUX 1 KUIbKICHUX XapaKTEPUCTHUK JIOCIII>)KyBaHOTO BIKOHHOTO
ckia Orion Glass-6

0,071

0,569 0,0040,002 0,0040,052 0,0280,004 ( 005

0,012
0,589 2,66
2,408

-

= 1Si =2Ca =3Na 4Mg = 5S =6Ti ®=7Mn = 8Fe =mONj

= 10As = 11Rb = 12Sr = 13Zr = 14Nb = 15Rh = 16Sn = 17I

Puc. 3.8. [liarpama sIKICHUX 1 KUIBKICHUX XapaKTEPUCTUK JTOCI1KYBaHOTO
BikoHHOTO cKia Euro Glass-4
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0,057 0,039 0,004 0,023 0019
,004

= 1Si  =2Ca =3Na 4Mg =55 =6Ti =7Fe =8Ni =9Rb
= 10Sr = 11Y = 127Zr = 13Nb = 14Ag = 15Sn = 16Sb = 17I

Puc. 3.9. Jliarpama sikicHUX 1 KUTbKICHUX XapaKTEPUCTHUK JIOCIII>KYBaHOTO
BiKOHHOTO cKkia a — Guardian-6

0,097 0,586 0,004 o 0,004 0,004 0,027

= 1Si = 2Ca = 3Na = 4Mg = 5S = 6Ti m 7Fe = 8Zn = 9Rb = 10Sr = 11Y = 127r = 13Nb = 14Sn = 15Pb

Puc. 3.10. Jliarpama sSKiCHHX 1 KUIBKICHUX XapaKTEPUCTUK JOCIIIKYBAaHOTO BIKOHHOTO

ckia Pilkington-4
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Po3paxoBani mapamerpu 3axuiieHocTi (opmynu 2.2., 2.3.) 3HATI ONPUCTPOEM

JIa3epHOr0 CKaHyBaHHS Ta MpejcTaBiieHi Ha puc. 3.11. - 3.12.

Refl.

031 -~ 0299

Refl.

015 56 L6 S4 P4 06 04 G6 S3EU4 L4

Glass

Puc.3.11 KoedinieaTu BinbuBaHHs 10CIiIKyBaHoro BikoHHOro ckia (Kyis+107?)

Absorp.

1,152

1,117 1,099

,681
0,663 0,628 0,611

0,6 0,454

S3 846 4 G6Eud G4 16 O6 P4

Glass

Puc.3.12. Koe}ilieHTH MOrIuHaHHS J0CTiIKYBaHOTO BiKOHHOTO ckaa (Ko, 107)

3 pucynkiB 3.11. i 3.12. BujHO, 10 BIAMOBITHO JO BHUAY CKJIa KOE(DIIIEHTH
IOTJIMHAHHS Ta BIAOMBAaHHS 3MIHIOIOTHCSI. OTke, BHUXOAIYM 3 €JIEMEHTHOIO Ta
KUIBKICHOTO CKJIaJly HasiBHOTO JOCIIPKYBaHOTO BiKOHHOro ckja (tadn. 3.1.) Tta
napameTpiB 3axuiieHocti (puc. 3.11. — 3.12.) mu npeacraBwm B Tabmmnax 3.2. - 3.5.
3BEJICHI 3aXMCHI XapaKTePUCTUKH (BIJOMBAHHS-TIOTJIMHAHHSA) BIAMOBIAHO 10 AKICHUX Ta

KUJTbKICHUX XapaKTePUCTHK 3TiHO TIepioauvHol Tadumii [62].
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Taomurs 3.1.

Enementnuii (Si, Ca, Fe, Na, S, Ti, Sr, Zr, Sn) Ta xuibkicHuit cknan (%)

JOCJTIKYBAaHOTO BIKOHHOTO CKJIA (jie BilOMBAHHS - 3€JIEHE, a MOTJIMHAHHS — kKOBTe, n/d — He

BUSIBJICHO)

Glass/ Elements Si Ca Fe Na S Ti Sr Zr Sn
552 414 0.476 2251 0.372 0.101 0.066 0.027 0.024
547 39 0.466 2724 0.466 0.103 0.045 0.036 0.023
549 412 0.502 1.831 0.482 0.129 0.066 0.022 0.028
56.7 37 0.586 2.149 0.466 0.094 0.046 0.027 0.023
67.3 295 0.785 2.037 n/d 0.248 0.03 0.041 0.047
78.3 21 0.185 n/d n/d n/d 0.021 0.054 0.024
57.3 37 0.482 2.378 0.321 0.085 0.057 0.019 0.022
542 412 0.551 3117 0.614 0.076 0.038 0.02 0.043
55 384 0.569 2.408 0.589 0.071 0.044 0.028 0.044
553 40.1 0.502 173 0.547 0.144 0.036 0.023 0.056
S-31152 542 412 0.482 3117 0.614 0.076 0.038 0.02 0.043
S-4 1117 549 412 0.502 1.831 0.482 0.129 0.066 0.022 0.028
S-61.117 552 414 0.476 2251 0.372 0.101 0.066 0.027 0.024
L-41.099 553 40.1 0.502 173 0.547 0.144 0.036 0.023 0.056
G-6 0977 57.3 37 0.482 2.378 0.321 0.085 0.057 0.019 0.022
Eu-4 0.681 55 384 0.568 2.408 0.589 0.071 0.044 0.028 0.044
0-40.663 78.3 21 0.185 n/d n/d n/d 0.021 0.054 0.024
L-60.628 547 39 0.466 2724 0.466 0.103 0.045 0.036 0.023
0-6 0.611 67.3 295 0.785 2.037 n/d 0.248 0.03 0.041 0.047
P-4 0454 56.7 37 0.586 2.149 0.466 0.094 0.046 0.027 0.023

Enementnuit (Mg, Ni, Rb, Y, Nb, Ag, Sb, I, As) ta kinbkicuuii ckian (%)

[Tponorxenus Tabdmuii 3.1.

JIOCITIIKYBaHOTO BIKOHHOTO CKJIA (1€ BiZlOMBAHHS - 3€JICHE, a TIOTJIMHAHHS — %KOBTe, n/d — He

BHSIBJICHO)

Glass/Elements Mg Ni Rb Y Nb Ag Sb I As
n/d n/d n/d n/d n/d n/d n/d n/d 0.003
2407 n/d 0.005 n/d n/d n/d n/d 0.044 0.002

n/d 0.004 n/d 0.004 0.004 n/d n/d n/d n/d

2.695 n/d 0.004 0.004 0.004 n/d n/d n/d n/d

n/d n/d 0.021 0.008 n/d n/d n/d n/d n/d

n/d n/d n/d n/d n/d n/d n/d 0.03 n/d

2.093 0.004 0.004 0.004 0.005 0.007 0.023 0.039 n/d

n/d 0.005 n/d n/d n/d n/d 0.024 0.027 n/d
2.661 0.004 0.004 n/d 0.004 n/d n/d 0.036 0.002
2.004 n/d 0.004 n/d n/d n/d n/d 0.019 0.003

S-31.152 n/d 0.005 n/d n/d n/d n/d 0.023 0.027 n/d

S-41.117 n/d 0.004 n/d 0.004 0.004 n/d n/d n/d n/d
S-61.117 n/d n/d n/d n/d n/d n/d n/d n/d 0.003
L-41.099 2.004 n/d 0.004 n/d n/d n/d n/d 0.019 0.003

G-60.977 2.093 0.004 0.004 0.004 0.005 0.007 0.023 0.039 n/d
Eu-4 0.681 2.661 0.004 0.004 n/d 0.004 n/d n/d 0.036 0.002

0-40.663 n/d n/d n/d n/d n/d n/d n/d 0.03 n/d
L-6 0.628 2407 n/d 0.005 n/d n/d n/d n/d 0.044 0.002

0-6 0.611 n/d n/d 0.021 0.008 n/d n/d n/d n/d n/d

P-40.454 2.695 n/d 0.004 0.004 0.004 n/d n/d n/d n/d
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[Tponossxenns Tabmuri 3.1.

Enementnuii (Mn, K, Pb, Br, Cd, Ge, Ba, La, Mo, Zn) Ta xinbkicHuit cknan (%)

I[OCJIiI[)KyBaHOI‘O BIKOHHOTI'O CKJIa (1e BinOMBaHHS - 3eJIeHe, a IOTJIMHAHHS — K0BTe, n/d — He

BHSIBJICHO)

Glass/Elements Mn K Pb Br Cd Ge Ba La Mo Zn
S-6 0.299 n/d n/d 0.004 n/d n/d n/d n/d n/d n/d n/d
L-6 0.257 0.01 n/d n/d n/d n/d n/d n/d n/d 0.01 n/d
S-4 0233 n/d n/d 0.009 n/d 0.015 0.002 n/d n/d n/d 0.003
P-40224 n/d n/d 0.007 n/d n/d n/d n/d n/d n/d 0.004
0-6 0.218 n/d 2.031 0.018 0.003 n/d n/d n/d n/d n/d 0.006
0-40.204 n/d n/d 0.008 n/d n/d n/d n/d 0.068 n/d n/d
G-602 n/d n/d n/d n/d n/d n/d n/d n/d n/d n/d
S3 0195 0.029 n/d n/d n/d n/d n/d n/d n/d n/d 0.002
Eu-40.18 0.012 n/d n/d n/d n/d n/d n/d n/d n/d n/d
L-40.171 n/d n/d n/d n/d n/d n/d 0.145 0.217 n/d n/d
S-31152 0.029 n/d n/d n/d n/d n/d n/d n/d n/d 0.002
S-4 1117 n/d n/d 0.009 n/d 0.015 0.002 n/d n/d n/d 0.004
S-6 1.117 n/d n/d 0.004 n/d n/d n/d n/d n/d n/d n/d
L-41.099 n/d n/d n/d n/d n/d n/d 0.145 0.217 n/d n/d
G-6 0977 n/d n/d n/d n/d n/d n/d n/d n/d n/d n/d
Eu-4 0.681 0.012 n/d n/d n/d n/d n/d n/d n/d n/d n/d
0-4 0.663 n/d n/d 0.008 n/d n/d n/d n/d 0.068 n/d n/d
L-60.628 0.01 n/d n/d n/d n/d n/d n/d n/d 0.01 n/d
0-6 0.611 n/d 2.031 0.004 0.003 n/d n/d n/d n/d n/d 0.006
P-4 0.454 n/d n/d 0.007 n/d n/d n/d n/d n/d n/d 0.004

JlocmiauBIIM €IEMEHTHHUM Ta KIJTbKICHUN CKJIa TOCTIAXKYBAaHOTO BIKOHHOT'O CKJIa,

pPO3MOAUIMMO XIMIYHI €JIEMEHTH 3a MepiojaMu Ta TpYyMaMH MEepIOAUYHOI CHUCTEMU

XIMIYHHUX E€JIEMEHTIB.

Tabmuis 3.2.

3B's130K Koedili€eHTY BiIOMBAHHS 3 €JICMEHTHUM CKJIJIOM JOCIIKYBAHOTO CKJIa

BIJIMOBIHO /10 TIEPIOANYHOI CUCTEMHU XIMIUHHUX €JIEMEHTIB (3a MepioIlaMH )

Koedimient EnementHnii cxiran
Cki1o BiJIOWBaHHS 3 mepion 4 nepion 5 mepiof 6 nepion

S-6 0,0299 [Na Si S] [Ca Ti Zn Fe As] [Sr Zr Sn] -

L-6 0,0257 [NaMgSiS] |[CaTiMn Fe As] [Rb Sr Zr Mo Sn 1] -

S-4 0,0233 [Na Si S] [CaTiFeGeNiZzn] | [SrY ZrNb Cd Sn] [Ph]

P-4 0,0224 [NaMgSiS] | [CaTiFeZn] [Rb SrY Zr Nb Sn] [Pb]

0-6 0,0218 [Si] [K Ca Ti Fe Zn] [Rb SrY Zr Sn] [Pb]

0-4 0,0204 [Si] [Ca Ti Fe] [SrZrSn ] [La Pb]
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G-6 0,0200 [NaMgSiS] | [CaTiFe Ni] [RbSrYZrNbAgSnSbl1] |-
0,0195 [Ca Ti Mn Fe Ni Zn
S-3 [Na Si S] Br] [Sr Zn Mo Sn Sh 1] -
Eu-4 0,0180 [NaMgSiS] | [CaTiMnFeNiAs] | [RbRhSrZrNbSnl] -
L-4 0,0171 [NaMgSiS] | [CaTiMnFeAs] [Rb Sr Zr Sn 1] [Ba La]
Taomurg 3.3.

3B'130K KOe(ili€HTY BiIOMBAHHS 3 €IEMEHTHUM CKJIAIOM JOCIII)KyBaHOTO CKJIa

BIJIMTOBITHO JT0 TIEPIOUIHOT CHCTEMH XIMIYHUX €JIEMEHTIB (32 TPYyIIaMH )

Koe(biuieHT EnementHuii ckian
Cxio BinbuBars lrpyma | 2rpyma | 3rpyma | 4rpymna Srpyma | 6rpyna | 7 rpyma | 8 rpyma
0,0299 [Na] [Ca zn - [SiSn] [Ti | [As] [S] - [Fe]
S-6 Sr] Zr]
0,0257 [NaRb] | [MgCa |- [Si Sn] [As] [S] [Mn] [Fe]
L-6 Sr] [Ti zr] [Mo] [n
0,0233 [Na] [Ca Sr] [Y] [Si Ge Sn [Nb] [S] [Fe Ni]
-4 [Zn Cd] Pb] [Ti Zr]
0,0224 [NaRb] | [MgCa | [Y] [Si Sn Pb] [Nb] [S] - [Fe]
Sr] [Tizr]
P-4 [Zn]
0,0218 [K RDb] [Ca Sr] [Y] [Si Sn Pb] - - - [Fe]
0-6 [Zn] [Tizr]
0,0204 - [Ca Sr] [La] [Si Sn Pb] - - n [Fe]
0-4 [Ti zr]
0,0200 [NaRb] | [MgCa | [Y] [SiSn] [Nb] [S] n [Fe Ni]
G-6 [Ad] Sr] [Ti] [Sh]
0,0195 [Na] [Ca Sr] - [Si Sn] [Sh] [S] [Mo] | [Br] [Fe Ni]
[Zn] [Ti] [Mn]
S-3 [n
0,0180 [NaRb] | [MgCa | - [Si Sn] [As] [S] [Mn] [Fe Ni]
Sr] [Ti zr] [Nb] n
Eu-4 [Rh]
0,0171 [NaRb] | [MgCa | [La] [Si Sn] [As] [S] [1][Mn] | [Fe]
L-4 Sr Ba] [TiZr]

3 Tabmuie 3.2. 1 3.3. BUAHO, 10 KOSDIMIEHT BiAOMBAHHS 3MIHIOETHCS BIJITOBITHO

JI0 3MIHU XIMIYHOTO CKJIay JOCHIKyBaHOTO cKja. Lle 3yMOBI€HO HAsBHICTIO B CKJIaji

JIOCJTI)KYBaHOTO CKJIa TAKMX XIMIYHHUX €JIEMEHTIB, sik: Rb, Ag, Zn, Cd, Ba, La, Pb, Mn, |

Ta 1H., paJlycH 1 eIeKTPOHHA 0y 10Ba IKMX 3yMOBJIIOIOTh, HA HAIIly JYMKY, 3HAYHUI BIUIUB

Ha 3aXMCHI BJIACTUBOCTI JOCTIPKYBAHOTO CKJa BiJ JIa3€pHUX CHUCTEM aKyCTHYHOI

PO3BIAKH, a camMe 3MEHIIEHHs Koe(ilieHTy BiAOMBaHHSA 1 30UIBIICHHS KOE(]ILI€HTY

nornuHaHHs. L{e 1a€ MOKIMBICTh MPOTHO3YBATH BJIACTUBOCTI Ta MOJCIIIOBATHA XIMIYHUHN

CKJIaJI CKJIa 13 3aJaHUMHU 3aXUCHUMHU BJIACTUBOCTSIMU.
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Tabmuis 3.4.
3B's130K Koedili€eHTa MOTJIMHAHHS 3 €JIEMEHTHHM CKJIaJIOM JOCJIIIPKYBAaHOTO CKJIa B

BIJIMOBIHO /10 TIEPIOAMYHOT CUCTEMHU XIMIYHHUX €JIEMEHTIB

Koedimient Enemenrnuii cxian
Ck0 | TOTIMHAHHA 3 nepioa 4 nepiox 5 nepiox 6 nepiox

G-6 0,151 [Na Mg Si S] | [Ca Ti Fe Ni] [RbSrY ZrNb AgSnSbl] |-

L-4 0,114 [NaMgSiS] | [CaTi MnFe As] [Rb SrZrSnl] [Ba La]
Eu-4 0,112 [Na Mg Si S] | [Ca Ti Mn Fe Ni As] [Rb Rh Sr Zr Nb Sn 1] -

P-4 0,095 [NaMgSiS] | [CaTiFeZn] [Rb SrY Zr Nb Sn] [Pb]
S-3 0,092 [Na Si S] [CaTiMnFeNiZnBr] | [SrZn Mo Sn Sb I] -

O-4 0,089 [Si] [CaTi Fe] [Srzrsnl] [La Pb]
0-6 0,082 [Si] [K CaTiFe zn] [Rb SrY Zr Sn] [Pb]
L-6 0,075 [NaMg Si S] | [CaTi MnFe As] [Rb Sr Zr Mo Sn 1] -

S-6 0,051 [Na Si S] [CaTiZnFe As] [Sr Zr Sn] -

S-4 0,042 [Na Si S] [CaTi Fe Ge Ni Zn] [SrY Zr Nb Cd Sn] [Pb]

Taomurs 3.5.
3B's130K KOeIIEHTY MOTJIMHAHHS 3 €JIEMEHTHHUM CKJIaJ0M JIOCIIHKYBaHOTO CKJla

BIJIIIOBIJTHO /10 IEPIOJJUYHOI CHCTEMH XIMIYHUX E€JIEMEHTIB (3a Tpynamu)

Koedimient EnemenTHuii ckimazn
CkJ10 nornvHaHHsg | lrpyna | 2rpyna | 3rpyna | 4rpyma | Srpyma | 6rpyna | 7rpyna | 8 rpyma
0,151 [NaRb] |[MgCa |[Y] [Si Sn] [Nb] [S] [ [Fe Ni]
G-6 [Ad] Sr] [Ti] [Sh]
0,114 [NaRb] | [MgCa | [La] [Si Sn] [As] [S] [1IT1[Mn] | [Fe]
L-4 Sr Ba] [Ti zr]
0,112 [NaRb] | [MgCa |- [SiSn] [As] [S] [Mn] [Fe Ni]
Eu-4 Sr] [Tizr] [Nb] [1 [Rh]
0,095 [NaRb] |[MgcCa |[Y] [Si Sn [Nb] [S] - [Fe]
Sr] Pb]
P-4 [Zn] [TiZr]
0,092 [Na] [Ca Sr] - [Si Sn] [Sh] [S] [Mo] | [Br] [Fe Ni]
[Zn] [Ti] [Mn]
S-3 [1]
0,089 - [Ca Sr] [La] [Si Sn - - [1 [Fe]
Pb]
04 [TiZr]
0,082 [K Rb] [Ca Sr] [Y] [Si Sn - - - [Fe]
[Zn] Pb]
0-6 [TiZr]
0,075 [NaRb] |[MgCa |- [Si Sn] [As] [S] [Mn] [Fe]
L-6 Sr [TiZr] [Mo] [1]
0,051 [Na] [Cazn - [Si Sn[ [As] [S] - [Fe]
56 Sr [Ti zr]
0,042 [Na] [Ca Sr] [Y] [Si Ge [Nb] [S] - [Fe Ni]
[Zn Cd] Sn Pb]
S-4 [TiZr]
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3 tabmuup 3.4. 1 3.5. ciocTepiraeTbCst MATBEPAKEHHS 3arajbHOi 3aKOHOMIPHOCTI
3B’SI3Ky MDK KoedillieHTaMHd BiJOMBaHHS 1 TMOMVIMHAHHA. XIMIYHI €JIEMEHTH, IO
CIPHUSIOTh BIJIOMBAHHIO, 3MEHINYIOTh KOE(IIIEHT TOTJWHAaHHA. MexaHi3M i€l
3aJIeKHOCTI, HA HAIly AYMKY, TIOSICHIOETHCS €JIIEKTPOHHOIO OyJO0BOI0 aTOMIB XIMIYHHX

CJIEMEHTIB (3allOBHEHICTH S-, P-, d-, f-piBHIB eJleMEHTIB Ta BIANOBIIHUX IM paziyciB).

3.2. JlocaigkeHHs1 3MiHM 3aXHCHHX BJIACTHBOCTEii CKJIa Ha OCHOBI

BUKOPHUCTAHHSA JieJJeKTPUYHUX IUIIBOK JiOKCHAY radHiio

Hamu 3anpornoHoBaHO BUKOPUCTAHHS 3aXHMCHUX IJTIBOK 3 BUCOKOIO BiJIOMBAIOUOIO
3JATHICTIO, 10 YCKJIQJHIOE a00 pOOUTH HEMOXIIMBUM 3HATTS 1H(OpMAIl ONTUYHUM
METOJOM. AJle KpIM 3aXMCHHUX IUTIBOK MOXXHa BUKOPHUCTOBYBATHU 1 CKJIO 3 CHELiaIbHUM
B1IOMBaIOYMM HAMMICHHSM. B SIKOCTI MOKa3HMKA 3aXHUIIIEHOCTI 0ys10 BUOpaHO Koe]illieHT
B1IOUTTS JIa3€pHOTO MPOMEHS BiJ] CKJIa.

JIJist oCIiKEHb BUKOPUCTOBYBAJIM HAWOUIBII PO3MOBCIOIKEHE B YKpaiHi CKJIO,
olKcaHe HaMH B TONepeaHboMYy Taparpadi npu JOCIIKEHH] 3aXUCHUX BJIACTUBOCTEH
CKJIa BiJI JIa3€PHOIO 30HYBaHHA B 3aJIEKHOCTI BIJ MOTr0 €JIeMEHTHOTO ckiany (m.3.1), a
came: Lysychansk, Saint-Gobain, Orion-Glass, Guardian, Euroglas, Pilkington [63, 65, 92,
94, 95, 98].

B naniit poOoTi B sIKOCTI HamwiroBada Oyno oOpaHo miokcui radHito, OCKUIbKU
Horo moka3sHUK 3aJloMJIeHHsT HabaraTo Oumbminid, HXK y ckina (1,9 - 2,07) [67], BiH €
CTIMKMM JO 30BHIIIHIX BIUIMBIB Ta IIMPOKO BUKOPUCTOBYETHCA B  SIKOCTI
1HTephEPEHITIHHOTO MTOKPUTTS JIsl ONITHUKH.

HarnunenHst AieeKTpUIHOTO TOKPUTTS 31MCHIOBAJIOCH 3 JOTIOMOTOK) YCTaHOBKH
BakyymHoro Hammienns Gipmu TORR (USA) [72] npu Bakyymi 10 mm.pr.cT. 1.5*10
Torr mpu obepranHi miaAKIaa0K 3 mBHUAKICTIO o0epTanHs 20-40 o6/xB. [[ns BU3HAUCHHS
3MiHM Koe(ilieHTa BIIOMBaHHA MOKPUTTA B MpPOLECi HANMUICHHS BUKOPHCTOBYBAIU
ontuaHuii MmoHiTOp Dyn-optic Model 590 [91].

Jlana 3amaua mossirajia y BUTOTOBJICHHI MOKPHUTTS, K€ 30UIBIIUTH KOEDIIieHT

BigOnBaHHA Ha noBkmHax XBWwiIb 600 - 1100 M Ha CKISHIA MIAKIAAL] 3 MOKA3HUKOM



107

3anomiieHHst N=1,45. Tosmmua mapy HfO, toBmuHoto B 100 HM Oyna po3paxoBana 3
noromororo mporpamu Berechnung und Optimierung von dielectrischen Spiegeln —
Version 0.22(c)Arnold Stark

B mporeci HanuneHHS TPOBOAMBCS KOHTPOJb KoedilieHTa BigOMBaHHS (puC.
3.13.) 3 normomoroto ontuuHoro Mmoniropa DYN-OPTICS, skwuit npu Bukopuctanui AL
(ananoro-uM(poBOro NepeTBOPIOBaYA) 1a€ 3MOTY B PeaIbHOMY Yaci COCTEPIiraTu 3MiHy

KoeQiIlieHTy BiIOMBAHHS ITi/1 Yac HAIMMJICHHS IUTiBKH [36].

TIMEBASE
[E History Reviewonly 500s av [A

1,00 LI A s

Y . . M CHO
-1, o0 [ S S W
000d, 00:00:00.000 (»: 1x) 000d, 00:44:21.000
(11 W] -/+] O 100.00%

Puc. 3.13. I'padik BennurnHu Koe(ili€eHTy BIJOMBAHHS B MPOLIEC] HATMIICHHS ILTIBKU

Pexumu eneKTpoOHHO-TIPOMEHEBOIO PO3MUITIOBAHHS:

. Ctpym poszxapenns karoaa [kat=40 A;

. CtpyMm ewmicii enekTpoHHOro nmyudka [em=120MA;

. [Mpuckoproroua Hanpyra U=9 kV.

CriexTpanbHHII aHAI3 CKJa MPOBEJCHO Ha crektpodoromerpi Shimadzu UV-
3600, skuii 103BOJISIE MPOBECTH BUMIPIOBAHHS CHEKTpa OTPUMAHUX ILUTIBOK B PEXHUMI
BiOMBaHHS 1 mpomyckanHs B mianmasoni xBwib Bim 300 mo 1500 mm. [105, 109].
3aeKHOCTI OTPUMYBAJIH 3a JOMOMOI0I0 IporpamHoro 3adesnederns UVProbe.

Ha pucynkax 3.14 — 3.18. npuBeneHi crieKTpaibHI XapaKTepUCTUKH KoedirieHTa

BIJIOMBAHHS HAMWJIEHOTO OJIHOIIAPOBOTO BIJIOMBAIOUYOrO MOKPUTTS PI3HUX 3Pa3KiB

ckia [36].
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Puc. 3.14. CnekrpanbHa XapakTepucTHKa KoedilieHTa BiIOMBAaHHS HAMUIEHOTO

OIHOIIAPOBOTO BiOMBarouoro nmokpurra ckia Euroglas Eurofloat 4mm
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Puc. 3.15. CnekrpanbpHa XapakTepucThka KoedilieHTa BiIOMBaHHS HAMUIEHOTO
OJTHOIIAPOBOTO BiAOMBar0uoro mokputTs ckia Guardian float Guard 6mMm
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Puc. 3.16. CnekrpanbHa XapakTepucThka KoedilieHTa BiIOMBaHHS HAMUIEHOTO

OJTHOILIAPOBOTO Bi10OMBarOuoro NoKputtA ckiia Lysychansk M1 4mm
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Puc. 3.17. CnektpasibHa XapaKTepuCTHKa Koe(]ilieHTa BiAOMBAHHS HATUJICHOTO

OJTHOIIIAPOBOTO BimOMBarouoro mokputts ckia Pilkington Optifloat 4mMm
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Puc. 3.18. CnekrpanpHa XapakTepucThka KoedilieHTa BiIOMBaHHS HAMUIECHOTO
OJTHOIIIAPOBOTO B1JOMBAIOUOT0 MOKPUTTSA ckia Saint-Gobain Diamant 3mMm

3 orpumanux crnektpiB (puc. 3.14. — 3.18.) BuAHO, MO Ha CIEKTpOrpamax
KoedilieHTa BIJOUTTS CIIOCTEPITa€EThCA HASIBHICThH JBOX MAaKCHUMYMIB B 30HaX MOPSJIKY
300 - 350 am Ta 520 - 570 uM. i MakcuMyMu OLITBIIIOI MIPOIO CIIPUYMHEH] HASIBHICTIO
HAIMWJICHOTO OJTHOIIAPOBAro BiAOMBAIOUYOrOro MOKPUTTS HA OCHOBI OKCUJTY TadHIIo.

B 30Hax 1iux MakCUMyMiB CIIOCTEPIra€ThCs MaKCUMaIbHE 3POCTaHHS KOSPIIIEHTY
BIJIOUTTS MOPIBHSHO 31 CHEKTPAMU YMCTOTO CKJA. SIK BUAHO 3 LUX CIEKTPIB, NEPIINN
MaKCHUMYM JIOCATAETHCS 32 PAXYHOK CHHEPTEeTHYHOTO €EKTY B3aEMO/IIi CKJIa 1 HAMMIIEHOT
pedoBuHu. Ha mnepmux mnopax ued eQpekT NpUBOIUTH JO PI3KOTO IiJIBUIICHHS
koe(ilieHTa BiIOMBAaHHS B MOPIBHSHHI 3 YACTU CKJIOM, aJle KOJIM BKJaJ OCHOBH (CKJIa)
3aBEPIIYETHCS, BIIOYBAEThCS Pi3Ke MaAiHHSA KoedirieHTa BIAOUTTS HABITh 31 3MIHOIO
ONTUYHUX BJIACTUBOCTEH OCHOBM (ckiia). lle mposBisieThcs 3MEHIIEHHSIM KoedilieHTa
BiJIOMBaHHS HAMMMJICHOTO CKJIA B TIOPIBHAHHI 3 yrcTHM [36].

Hpyruit makcumym B 30Hax 520 - 570 HM TOBHICTIO OOYMOBJICHHII HaHECEHUM
TOKPUTTSIM Ha OCHOBI OKcHTy TadHit0. 3 oTpuMaHuX ciekTpis (puc. 3.14. — 3.18.) BuaHO,
10 KoeillieHT BiIOMBaHHS CKJIa 3 HAIMMJICHOIO IUIIBKOO MPU MEBHUX JOBXKUHAX XBHIIb
(550+-20 uMm) 3pocTae Maiie B JIBa pa3ud B MOPIBHSAHHI i3 CHEKTpAMH YMCTOTO CKIIA.
Otxe, mpoBan B 30Hax 800 - 900 HM 3ymMOBJIECHMI TeEpIl 3a BCE MPOIECAMH, IO
BiI0YBaIOThCS B OCHOBI (UMcTOMY CKIi). B iboMy Bunanky cunepreTuaHuii eext, To0To
B3a€MOBILIMB IUTIBKH 1 OCHOBH, HE criocTepiraerhes [36].

3 orpumaHux rpadikiB BUIHO, IO KOE(IIIEHT BIIOMBAHHS CKJIa 3 HAHJICHOIO
ILJTIBKOIO 3HAYHO BUIIMI B TOPIBHSAHHI 13 YucTUM cKiioM. OTxe, turiBka HfO, 3amoBinbHsE
BUMOTH, IO TMIOCTaBJICHHI Yy 3ajadi 1 BIJANOBIJIA€ OTPUMAHUM 3aKOHOMIPHOCTSIM
B3a€MO3ANTEKHOCTI Kiyips. CKIIa B €MEMEHTHOTO CKiiany. Takum 4uHOM, TradHid sSK

eqeMeHT 6 mepioay 4 rpynu i3 3amoBHeHMM f- mifpiBHEM 1 BHCOKHMM Koe(illiEHTOM
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3aJIOMJICHHS MIATBEPKYE BCTAHOBJCHY HAaMH 3aKOHOMIPHICTb. SIK BHIHO 13
CIIEKTPAIbHUX XapaKTEPUCTHUK JIJIsl Pi3HUX 3pa3KiB ckila Kyixs 3€01TBIIOr0 BUBHAYAETHCS

IMOBCPXHCBUM IIAPOM.

3.3. AHaji3 BIUIMBY (i3MKO-XIMIYHHUX BJIACTMBOCTEH HANMIBIPOBIIHUKOBOI

mwiiBku BaCuTeF Ha 3axucHi BaacruBocti ckia Big JICAP

In,O3 neroBanmii Sn, Tak 3Banmii ITO (Indium tin oxide) - po3risHyTHI Y
NOMNEPETHIX JOCIIKEHHAX OKCHJ IHJII0 Ta 0JIOBA, OyB BUKOPHUCTAHHUHA Y IUTIBKOBUX
MOKPUTTSAX, K1 3/1aTHI 110 OJIOKYBaHHS YaCTUHU iH(ppauepBOHOTO
BunpominoBaHHs [85, 93].

VY nonepennix nocnimkennax [TO npeacTaBisiBes sik MaTepial, 31aTHUNA OJIOKyBaTH
IY-BunpomintoBanHa B jiama3zoHi Big 1400 mo 2500 mm. Onnak, O6epy4yu A0 yBaru
nianazonu pobotu npuctpoiB JICAP, MokHa cka3aT, 10 BUKOPUCTAHHS TaKOIo IIApy
HE € e(EeKTUBHUM Yy BUpIIIEHHI 3aBllaHb y Il poOoTi. Kpim Toro, 1HIIN € piaKiCHUM
METajoM 1 Ma€ BIJIHOCHO BUCOKY IIiHY, sIKa MOCTIHHO 3POCTAE.

Jpyruii map, ujo MICTUB y CBOEMY CKJIa/il OpraHiyH1 OapBHUKH, HaBMaKu, OJIOKYBaB
[Y BumpomiHIOBaHHS y MOTPIOHOMY /ISl 3aXUCTy MPOMikKY - Bix 800 mo 1400 HM 1 10
TOTO K 3aJMILABCS MPO30PUM JJisi BUAUMOTO CBITIA. L1 0cOOIMBOCTI 3aXUCHOTO 1Iapy
Maifke 171eaTbHO MAXOAATh JJIsl OpraHi3allii 0e3neku BUTOKY MOBHOI 1H(opMallii onTo-
CJICKTPOHHUM KaHAJIOM.

Buxonsum 3 TOro, 10 BUKOPHUCTAHHS PO3TJISTHYTOTO BHINE OKCHAY METally HE €
aKTyaJlbHUM JIJI1 CTBOPEHHS TIOBHOIIIHHOTO 3aXHUCTy, B POOOTI TpeACTaBICHO
JOCITIKEHHS BiIacTuBocTel anbrepHatuBu mapy ITO — mmiBkoBoro nokputts BaCuTeF.

BaCuTeF oaun 13 npeAcTaBHUKIB Kjacy IMIMPOKO 30HHHUX HAMIBIPOBIIHHUKIB pP—
turry. CTpyKTypa eJeMEHTapHOi KOMIPKH IMX MaTepialliB TeTrparoHainbHa [85]. B
matepiani BaCuTeF xoBanenTHi mapu Cuta Te — yepryrorbes 13 1I0HHUMU 1apamu Ba
ta F — y HanpsiMmky oci z (puc. 3.19.). lllapu Ba — F 3abe3neuyioTs mpocTopose
po3ainenns mapiB Cu — Te. Lle mpu3BoauTh 10 3pOCTaHHS MIUPUHN 3a00POHEHOT 30HU

BaCuTeF nopiBusiHo 13 maTepiasiom Cu;Te.
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Puc. 3.19. Kpucraniuna ctpykrypa BaCuTeF

BaCuTeF Bigomuii $SK TOpsAMO30HHUN HAMIBIPOBIAHUK 13 J103BOJICHUMHU
nepexojamMu MiXK BEPIIMHOIO BAJIEHTHOI 30HHU 1 JHOM 30HHU MPOBIIHOCTI. 3a00pOHEHA
30Ha MaTepiay IJIiBOK micis Bignamny mpu temmepatypi S00°C i menIie, po3paxoBana i
ctaHoBWIa 2,9 eB, Mo € 3HauyHO OUIBIIMM BiJ] €KCIIEPUMEHTAIHHOTO 3HAYCHHS IS
MaTepiaiy y (opMi IPECOBAHOTO MOPOIIKY. JJisl IIIBOK OTPUMaHUX MIPHU TEMIIepaTypax
Biamany 550°C i Ounbie mypuHa 3a00pOHEHOI 30HM CTaHOBUTH 2,3 €B, mo BigmoBigae
3HAYCHHIO 3a00pOHEHOI 30HM JIJII MaTepiany y ¢hopMi CIIPECOBAHOTO IMOPOIIIKY.

[Tutromuii omip BiAMATIEHUX IJTIBOK 3pOCTAE 13 301IBIIICHHSIM TEMIIEpaTypH BiTIATY
1 Ipy KiIMHATHIN TemMmepaTypi A TUTiBOK BiamaneHux 10 550°C nexuts y mexax 27,4 —
85,1 MOwmcm. Lli 3HaYeHHS € TOCUTh BUCOKUMH SK JJIS ITUPOKO 30HHOTO MPOBIIHUKA P—
TUIly, W0 CBIAYUTH MOPO AOOPY SAKICTh OTPUMAHMX IUTIBOK 1 MOTEHI[IHHO MIUPOKI
MO>KJIMBOCTI MOTO 3aCTOCYBaHHS.

Haminpo3zopi amopdni mniBku BaCuTeF Oynu orpuMani METO10M IMITYJIBCHOTO
Ja3epHOT0 HAIMWJICHHS MIJIKJIAIKU IPpU KIMHATHIN TemnepaTypi Ta NoAaiblIoro BiAMamy
B armoc(epi aprony. I[Iporec mazepHoro HanwieHHs OyB oOpaHUU 4Yepe3 MOMIUBICTh
CTEX1IOMETPUYHOTO PO3NWICHHS Martepiany. g kpucTanizauii oTpuMaHux amMop(hHUX
TUTIBOK MPOBOAWIIM Bianan B atMocdepi aprony. JlaHa MeToaMKa HalUJICHHS OMMCaHa B
. 2.2.4. Haloro JOCTIIKEHHS.

[Ilo6 oTpuMaTH KpUCTaIIYHY CTPYKTYpY, BIJIajd MPOBOAMIM Ha YCTAaHOBII

MIBUJKOTO TEPMIYHOTO Bigmasy B atMocdepi aproHy. Bimmanm BinOyBaBcs mpu
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temriepatypax 300, 400, 500, 550, 600 1 700 °C. IIpomnec Bignamy TpuBaB 10 xBUIMH,
nonepenHbo 10 XBUIMH MPOKavyBaId aproH MPHU KIMHATHIN TeMIIepaTypi 3 MOCTYIOBUM
OXOJIODKCHHSM ITICJIS BIATATY.

AHani3yo4n 300paxeHHs ITIBOK, OTPUMaHUX 3a JOMOMOT0I0 aTOMHOTO CHIJIOBOTO
Mikpockony (puc. 3.20. a, 0), MOXHa IOMITHUTH HAsSBHICTh KPHCTaJIB PO3MIpOM
~100 =M. [13].

OTmxe, CTpyKTypa TOBEpXHI IUTiBOK, BigmameHux mpu 500°C, e naiiicHO
nojikpucramiyaoro.  Iled  dakT  mATBEpIKYye€  BUCHOBKH,  3poOjieHI 3
PEHTIE€HOCTPYKTYPHOT'O aHATI3y.

Jlami  TOpoBOAMIIOCH JAOCHIDKEHHS ONTHYHUX BIACTUBOCTEM IUIBKH. Jlnid
BUMIPIOBAHHS IOTYXKHOCTI  JIa3€pHOIO IMPOMEHS  BUKOPUCTOBYBAJIM  JIa3€pHUMU
TplaHTyIsuiiHui 1atyuk PO-630 3 1oBxkuHOI0 XBUII1 660 HM, Ta ONTHYHOIO MOTY>KHICTIO

BurnpomiHtoBanus 150 mBT.

Puc. 3.20. Mikpodororpadii, oTpriMaHi 3a AOMNOMOIOI AaTOMHOTO CHJIOBOI'O
MIKPOCKOITY: a — ILIOIIA CKaHyBaHHs 10 MkM?; 6 — IUI0I1a cKanyBaHHS | MKM?

[TapameTpamu 3aXUIIEHOCTI CIYTyBajdu KOE(MIIIEHTH MPOMYCKaHHsI, BiAOMBaHHS
Ta TOTJIMHAHHS JTa3€PHOTO TIPOMEHSI.

3a TOMOMOT0r0 HaBEJICHOT BUIIC YCTAHOBKH OYyJIM BUMIPSIHI:

- HOTY>KHICTh MMPOMACHOTO Yepe3 3pa3oK MpoMeHs P,

- MOTYXKHICTh B1IONTOTO IPOMEHS BiJI TOCHIIKYBAHOTO 3pa3ka Pyiys;

- MOTJIUHYTY MOTYXKHICTh JIA3€PHOTO BUIIPOMIHIOBAHHS 3pa3koM P ..
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BinnoBigni koedilieHTH NpOMyCKaHHA, BIAOUBAHHS Ta MOTJIMHAHHS 3HAXOIUIIH 32
dbopmynamu 2.1, 2.2, 2.3, HaBeAGCHUMHU B 11. 2.2.6. HAIIIOTO JOCIIIIPKCHHS.

BumiproBanHs koe]ili€eHTIB MPONMyCKaHHS, BIIOMBAHHS Ta MOTJIMHAHHS JIa3€PHOTO
IPOMEHSI 3aIIPOMIOHOBAHMMU TITIBKaMU MIPOBOIMIIN Ha 310paHiit yctaHosui. Koeditientu
MIPOMYCKaHHS 1 BIJOMBAHHS JIA3€pHOTO MPOMEHS BijJ 3pa3KiB IUIIBKU, BIAMAJICHOI MpHU
pi3HUX TemIiepaTypax, HaBeAeHi B aiarpami (Puc. 3.21.) [10]. Jns npuknagy B miarpami
HaBeJIeHI Koe(iIieHTH 3BUYaifHOTO BIKOHHOTO CKJTa.

[Ipo3opicTh Ipy BUKOPUCTAHHI JIa3epy JJIs IUTIBOK, BIAMAJIEHUX [IPU TEMIIEpaTypax,
meHmux 3a 600°C, 3HaxomauThcs y Mexkax 65-70%. s TUTiBOK, BIAMANICHUX TIPHU
temmneparypax 600 °C 1 Buiie, Ipo30picTh HUXKYA 1 3HAXOAUThCA B Mexkax 45-60%.
Odiky€eThbCs, IO MPO30PICTh 3MEHIIUTHCS Yepe3 30UIBIICHHS MOTJIMHAHHA BHACITIIOK
YTBOPEHHsI OUThII YIIOPSAKOBAHUX NoJIKpUucTamiyHux a3z, BaF; 1 CuxTer.y, y cTpykTypl

BaCuTeF [41]. Ockinbku, Cuxleix € MeraJioM, IO 1 € MNPUYUHOK 301IBIICHHS

IIOTJIMHAHHA.
1
0,9
08
0,7
0,6
0,5
0,4
03
0,2
0,1
0 || L
1 2 3 4 5 6
B KoeditjieHT Knp. 0,886 0,712 0,678 0,695 0,597 0,441
B KoediujenT Kgiz. 0,051 0,024 0,031 0,035 0,037 0,049
Koediiert Knorn. 0,063 0,264 0,291 0,27 0,366 0,51
B KoediuieHT Knp. B KoediuieHT KBiab. KoediuieHT Knorn.
1) 3BHUYaiiHe CKJIO0 4) Tlniska BaCuTeF (500 )
2) ITniska BaCuTeF (300 ) 5) Ilniska BaCuTeF (600 )
3) ITniska BaCuTeF (400 ) 6) Ilniska BaCuTeF (700 )

Puc. 3.21. Pe3ynbrar aii 1a3epHOro mpoMeHs Ha IITiBKY / CKJIO
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[TniBku, Biananeni npu temmeparypi 700 °C, MoxyTh norauHatu yactuny (51%)
JIa3epHOT0 BUMPOMIHIOBaHHS 3 JOBXKHUHOIO XBWII 658 HM. OJHAK MMiABUIICHE TOTJIMHAHHS
[BOTO Jiana3oHy XBUJIb BIUIMBAE HA MPOMYCKAHHS BUIMMOI YaCTUHU CIEKTPY 1, TAKUM
YUHOM, YHEMOXJIMBIIOE BUKOPHCTAHHSA IMX IUTIBOK, SIKIIO OYIKY€TbCS BHCOKA
OCBITJICHICTh Y MMPUMIIICHHI. SIKIII0 BUMOTH O€3MEeKH BKJIIOYAIOTh 3aXUCT BiJl BI3yaJIbHO-
ONTUYHOI PO3BIIKH, HU3bKE MPOIMYCKAHHS BUJIMMOTO CBITJIa MOKE OyTH MepeBaroio.

Takum ymHOM, 3actocyBaHHs 1utiBKM BaCuTeF, Bigmamenoi mnpu pi3HHX
TeMreparypax, MiATBep/Kye oTpuMaHi B 1. 3.1. 3aKkoHOMIpHOCTI. A came, Koe]illieHT
BIJIOMBAHHS 3QJIEKUTH B1Jl €JIEKTPOHHOI CTPYKTYPH Ta MICLSI pO3TallyBaHHs €JIEMEHTIB
IUTIBKOBOIO  TOKPUTTS B MEPIOJAMYHIA CHUCTEMI XIMIYHMX €JIEMEHTIB. Takox
MTBEPKYETHCS 3aJICKHICTh KOS(IIEHTY BIJOMBAHHS BiJl PO3TAIlyBaHHS ILJIIBKOBOTO
MOKPUTTS Ha BHYTPIIIHIN, UM 30BHIIIHINA TOBepxHi ckia. Pazom 3 Tum, mnisku BaCuTeF,
OTpUMMaHI TpU PI3HUX TEeMIlepaTypax BiJNanxy, MAlOTh PiHI 3aXUCHI NapaMeTpH, sKi
JI03BOJISIIOTh BUKOPUCTOBYBATH iX 3 PI3HUX CTOPIH CKJa JJs 3a0€3MeYeHHs Kpaiioro

CHHEPIEeTUIHOTO e(DEeKTy.

3.4. JocaixkeHHs] BIUIMBY MOJIIMEPHHUX IUIIBKOBHX MAaTepiajiB Ha 3aXHCHI

XapPaKTEePUCTHKH BiKOHHOTO CKJIa

JUist nociiikeHb MU 0Opalid HAMMOMYJISIPHILII 3pa3Ky CKJla Ha pUHKY Y KpaiHH, a
came Saint-Gobain Diamant 6mMm [51] ta Guardian float Guard 6mm [66].

[Ticms  BCTaHOBIIGHHS  KOXKHOTO  3pa3ka Yy  BHUMIPIOBAIILHY  KaMmepy
peHTreHo(dIIyopeceHTHOTO aHaiizaropa enemeHtapHoro ckiany «EXPERT 3L» i
3amycKy MTporpamu, 4epe3 NeIKUd 4Yac MU OTPUMAIM CIEKTp 1 CKJIaa XIMIYHUX
€JIEMEHTIB 1 BIJMOBIIHI iM MacOBl KOHIIeHTpallii 3 nmoxuOkoro BuzHaueHHs 0,01%
MacoBoi yacTku [33] , ski MOKHA TeperasaHyTH B Tabmuisx 3.1. ta 3.2. m. 3.1. Hamroro
JIOCITIKEHHS.

[Ipu anamnizi 3pa3kiB Ha JOMIIIKHM BUSIBJICHO, IO BMICT TaKUX €JIEMEHTIB, Ik Mg,
Na, S, Fe y 3pa3skax ckia Saint-Gobain ta Guardian nepesuirye 0,1%. (Puc 3.22.).

Saint-Gobain: Na- 2,251%, S- 0,372%, Fe- 0,476%.
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Guardian: Mg- 2,093%, Na- 2,378%, S- 0,321%, Fe- 0,482%.
Ak BunHO 3 puc. 3.22., OCHOBHUH BMICT JIOMIIIOK CKiIanaroTh Na, S, Fe 1 B 000x
3pa3Kkax BiH Mai’ke OJHAaKOBHUH.

2,5

2,378

’ 2,251

1,5

0,5

0,372 0,476 0,321 0,482

S-6 G-6

EMg ENa @S OFe

Puc 3.22. Bmict gomiinok B 3pa3kax ckjia BupooHukiB Saint-Gobain (S-6)
ta Guardian (G-6), kiIbKiCTh sikuX nepesuiye 0,1%

BianoBinHO, HAa 3aXMCHI BJIACTHUBOCTI MOXE BIUIMBATH MPUCYTHIM y TOMY 4H
1HIIOMY 3pa3Ky KoMIioHeHT. [lopiBHIOOUM maHi Tabymi 3.1., BUIHO, 1110 B CKJIaJ CKJa
Guardian, kpiM 3a3HayeHuX, BXoauTh Mg y kinbkocTi 2,093%. OueBuaHO, 1O LEH
€JIEMEHT Ma€ BIUIMB Ha MOBEAIHKY 3pa3KiB MiJ J1€I0 BUIPOMIHIOBaHHS. CHeKTpabHi

MOKa3HUKHU 3pa3KiB CKJIa HaBEJACHO Ha puc. 3.23.
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Puc 3.23. KoedimienTu BiiOMBaHHs 3pa3KiB CKJa B Jiana3oHi 4acTOT
Bix 300 mo 2600HM
Ax BunHO, ckino Guardian B mianma3zoni yactot Bix 900 mo 2500 HM Mae Tpoxu

Kpallll XapaKTepUCTUKH 3a KoedirienToM BigouTTs. Ile o3nauae, mo Mg npu BMICTI B
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ckJi 2,093% nokpamrye 3axucHuii edekt Ha 0,5% B gianazoni Big 900 mo 2500 am. Ilei
edekT HesHayHuid. [le Oyso MiATBEPIKEHO BUMIPIOBAHHSIM IMOKA3HUKA 3aJIOMJICHHS

3pa3KiB CKJIa, SKUW cTaHOBUTH n=1,52-1,53.

100

D000 0000000000000O00 00000
IsE-R-EsR-lsReleleNeleNelslsNelieNellcNe e lelle el
N <N OMNODDO A AN MNMNMSTNONNONDO A NN N O
™ A A A" AN AN NN AN NN
A, HM

Sen_Gob_6mm_-T Gard_6mm_-T

Puc 3.24. KoediuieHTy mporyckaHHs 3pa3KiB CKJIa B Jiana3oHi YacToT
B11 300 1o 2600HM

3 puc. 3.24. BuaHo, mo ckio Guardian He roguThes i 3axucty Big aii JICAP,
TaK SIK HOro KoedilieHT MPOIMyCKaHHS OUTbIINM, HIK KOE(IIIEHT MPOIMYCKAHHS CKJIa
Saint-Gobain 1a 1 % B giamazoni yactot 660 — 2600HM.

Kpim toro, mmiBka SMC 12, sika BHKOPHUCTOBYETHCS JUIsl 3aXHUCTY BIKOH
KOMEPIIIWHUX MIANPUEMCTB 1 OAaHKIBCBKUX CTPYKTYp, MpOMILIa BUIPOOYBaHHS Ha
3axuct ckia Big BBy JICAP. SMC 12 - npo3opa 11iBKa, 110 BUKOPUCTOBYETHCS TS
3aXMCTy CKJIa BiJl pyhHyBaHHS. Ll mimiBka ckiamaeTbes 3 JABOX IMapiB MPO30POTO
nosjiecrepa.

Kpim Toro miiBka MiCTUTh 3aXMCHUMN AP BiA MOJAPSINIUH Ta IHCTAISIIAHUN KIIEH,
0 SIBIIsiE COOOI0 CTIMKMUA J0 TepemajiiB TeMIepaTypu AaKpUJIOBHM MIap, SKHM

CaMOKJIEIThCs Ta MiCTUTh Y @ morymHayi 1 cradimizaropu (Puc. 3.25.)

Kitet

ITomiecTep

Jlaminyrouuii map

ITomiecTep

3axucHUM HIap Bing
MO APSIITAH

Puc. 3.25. Ctpykrypa mniBku SMC 12
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Taxox mpoBeeHO AOCTIKEHHS ONTUYHUX XapaKTepucTuk miiBku SMC 12

K Bigb6, %

O R N W B U1 O N 0 O

O O O O O O O O OO OO0 OO0 O0OOOLO OO o o o oo
O O O O OO0 0O 0000000000000 0O o o o
N <N ON0OODODTO A AN NN OO O A AN M T N O
AN AN AN AN NN

A, HM

e Gard__polym_6mm  e==Gard_6mm

Puc.3.26. Pe3ynbTaTi BUMIpIOBaHHS KOE€(IlL1€HTA B1IOMBAHHS
ckia Guardian i3 roriBkoro SMC 12
3 pucynka 3.26. BUJHO, 110 IUTiBKa B AianazoHi yactot Bifg 300 mo 1800 Hm He
MOKpAIIy€e XapakTepucTUK ckia Guardian, KOJIM BOHA HaKJIe€HA 3 BHYTPIIIHbOI CTOPOHU
CKJia 3 OOKYy BIJIOMTOrO JA3€pHOTO MPOMEHS 1 MOKpAIly€e XapaKTEPUCTHKU CKJa, KOJH

HaHECEHa 30BHI Ha CKJIO 3 OOKY MpAMOI i 1a3€pHOr0 MPOMEHS.

100

80

K npon, %
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Puc.3.27. Pe3ynabTaTi BUMIpIOBaHHS KOe(Ili€EHTA MPOITYCKaHHS

ckia Guardian i3 onBkoro SMC 12
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Puc 3.28. Koedimientu npomyckanss ckia Saint-Gobain

13 3aXMCHOIO IIiBKow SMC 12

Ak BuaHO 3 puc. 3.27 ta 3.28 A0CIIIKYyBaH1 3pa3Ku CKJia 13 3aXMCHOKO TUTIBKOIO
SMC 12 ne roasatees mis 3axucty ckia Big JICAP, ToMy 1o mis MUIBKH IiBUIIYE
Koe(iIieHT mpoITycKaHHs B Aiana3oHi 4acToT Bia 550 no 2200uMm. Sk HacHiAoK, 3HAaUHA

yacTUHa 1H(pOpMaIlii, IKy XO4eMO 3aXUCTUTH, OyJe focTynHimor s 3H4TTs1 JICAP.

3.5. JocaimxeHHsi kKoedillieHTIB NMPONMYyCKAHHS, BiIOMBAHHS TA MOTJIMHAHHS
JJIS1 PI3HUX 3pa3KiB CKJIA i3 VIIBKOBMM IOKPHUTTHAM B 3QJI€KHOCTI Bi/l KyTa HAXWJILY

3pa3ka i po3MilleHHs IUIIBKU

3 J0MOMOTroI0 JIa3epHOi YCTAHOBKM OyJM BHUMIPSHI: HOTYXHICTh Jlazepa Py,
HOTY>KHICTh MPOUJEHOr0 Yepe3 3pa30K MpoMeHs P,,, MOTyX HICTh B1IOUTOrO MPOMEHS
BIJl JOCHIKYBAaHOTO 3pa3ka Pgps. Takoxk Oyna BUMIpsSHAa NOTJIMHYTA MOTY>KHICTb
Ja3€pHOT0 BUITPOMIHIOBAHHS 3pa3koM P, .

Koedimient npomyckanHs, koediieHT BIOMBaHHS, Ta KOS(PIIIEHT MOTJIMHAHHS
3HaxXouiu 3a popmynamu 2.1-2.3. Po3paxyHKOBi JaHi 3anucani B Tabauisx 3.6-3.11.
JlocmiKeHHsT 3aXUCHUX XapakTEePUCTHK TUTIBKM MPOBOJWIM Ha 310paHiid
EKCIIEpUMEHTAJIbHIA yCTaHOBII, B SKOCTI MapaMeTpiB 3axUIIEHOCTI OyiM BUOpaHi

Koe(DIIIEHTH TPOMYyCKaHHs, BIIOWBAHHS Ta MOTJIMHAHHS JIA3€PHOTO MPOMEHS, 5K 1 Y
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nonepeHboMy po3zini. Ha koxeH 3 ABOX B3IpIIB CKJIa MO uYep3l BCTAHOBIIIOBAIACH
wiBka. CKJIO Mepe/i BCTAHOBJICHHSM ILTIBKY IPOMHBAJIOCH 1 BUCYIITYBaIoch [36].

JIns exkcriepuMeHTy MU oOpaiu 3pa3ku TOBHIMHOKW 4 MM ckia Lysychansk,
Euroglas, Pilkington, Saint-Gobain, siki HaitgacTinie BHKOPHUCTOBYIOTHCS B CKIIOITAKETAX.

Jns excriepumenty Oyna oOpana miuiBka SMC 12. Ile mposopa miiBka, sika
3axXUIae CKIO BiJ pyWHYyBaHHs. B ii ckiami € maBa mapu mpo30poro MmojiecTepy, Imap
MPOTH MOAPSANUH Ta IHCTATSIIAHUIN KIIEH.

300pakeHHsT KOE(QIIIE€HTIB MPOMYyCKaHHS, BIJOMBAaHHS Ta TMOTJIMHAHHS YCiX
3pa3KiB CKJIA MiJ Pi3HUM KyTOM HaxWiIy Ta PO3MIIICHHS IUIIBKM HABEJCHO Y BUIIIAI
rpadikiB (Puc. 3.29-3.34).

3BeieHI pe3ysbTaTH JOCHIKEHb KOE(ILI€HTIB MPOIYCKAaHHS, BIJIOMBAaHHS Ta

TOTJIMHAHHS JI0 1 BiJ JIazepHoro npomens (JIIT) mpuBemeHi B Tadbmuiax 3.6-3.11

Tabnuns 3.6
KoedimienTn nponyckanus st Beix 3paskiB g0 JIIT
350 45° 60° 90°
Lysychansk 0,56 0,6 0,59 0,855
Euroglas 0,53 0,57 0,58 0,847
Pilkington 0,54 0,57 0,58 0,815
Saint-Gobain 0,53 0,61 0,6 0,86
4 N
Nncny,
D ——— €spornas
MiHKA.
CaH-rob.
- /

Puc. 3.29. 300paxenHs koedilieHTIB IPOITyCKaHHs AJig BCiX 3pa3kiB 10 JIII



120

Ta6mmrs 3.7
Koedoimientn npomyckanns i Beix 3pa3kiB Big JIIT
35° 45° 60° 90°
Lysychansk 0,57 0,55 0,56 0,855
Euroglas 0,56 0,59 0,58 0,847
Pilkington 0,53 0,56 0,57 0,815
Saint-Gobain 0,53 0,61 0,6 0,86
4 N
€ /
. / Jncwny.,
_ T— — €spornas
: MiHKA.
CaH-rob.
o J

Puc. 3.30. 300paxeHnHs koedilieHTIB IPOITyCKaHH AJi BCiX 3pa3kiB Big JIIT

Sx 6auumo 3 Tabmuie 3.6.1 3.7, npu kyTi nmaaiHas Bifg 35° no 60° koediieHT

MPOMYCKAaHHS 3MIHIOEThCS HE3HAYHO, MpU KyTi mamiHHs Big 60° o 90° — mocuthb

cyrreBo. [Ipu npomy, Kipon ipu 90° 1o nazepuoro npomens (JIIT) inentnunnii 1o Kipon

Big JIII. ToOTo, po3ranryBaHHs IUTIBKM HNPAaKTUYHO HE BIUIMBAE HA Kipon, 1 €pexTu

MPOSIBIIIFOTHCS HE3AJIEKHO Bij 1 Micis po3TanryBaHHs. [lonepeaHi 4OCTIKEHHS s

3pa3kiB ckia Saint-Gobain — 6 i Guardian — 6 ¢BiT4aTh MPO BIUIMB IUTIBKK HA 3pOCTAHHS

Kipon. 3pazku ckia Saint-Gobain — 4 no ananorii 3 Saint-Gobain — 6 3 mIBKOBUM

MOKPUTTSAM MaOTh OUTBIINI KOE(ILIEHT MPOIYCKaHHS, HIXK 0€3 IJI1BKH.

Tabmums 3.8
Koediuientu BigouBanHs 4181 BCix 3paskiB a0 JIIT
35° 45° 60° 90°
Lysychansk 0,1 0,14 0,08 0,028
Euroglas 0,04 0,15 0,05 0,051
Pilkington 0,09 0,09 0,1 0,042
Saint-Gobain 0,16 0,12 0,01 0,059
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JTucKu4.

Fad
CBpUT g

Puc. 3.31. 3o0paxenus koedirieHTIB BimOMBaHHS A1 BCiX 3paskiB 1o JIIT

Buxonsum 3 Bimomoro ¢axTy, Mo KyT MaJiHHS JOPIBHIOE KyTY BiIOWBaHHS

KOHCTaTy€eMo, 110 MakcuManbHuil Kz criocTepiraeThes B 30H1 45°.

Tabmuws 3.9
KoedimienTn BinOuBanHs 115 BCixX 3pa3kiB Big JIIT
35° 45° 60° 90°
Lysychansk 0,098 0,099 0,102 0,028
Euroglas 0,08 0,12 0,1 0,051
Pilkington 0,13 0,06 0,06 0,042
Saint-Gobain 0,16 0,14 0,13 0,059
4 I

/>\

N\

EERNNN

MNiscirg
PALA1®1 4

. Fitkr—
-CaH-rob:-
AN
N

-

%

Puc. 3.32. 306paxxenns koedirieHTIB BiIOMBaHHS I BCiX 3pa3kiB Big JIIT
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Konmu mmiBka posramoBana Bing JIII, 111 3aKOHOMIPHICTE HE JOTPUMYETHCS.

IMOBipHO BIAOYBA€THCA NEPEPO3NOALT BIIOUTOTO HA MPOIYIIEHOTO TMPOMEHIB.

Minimansauit Kz qocsraerses npu 90° muis Beix 3pa3kiB cKiia.

Taomurs 3.10

Koedimientn nornunanus a1 Beix 3paskib a0 JII

35° 45° 60° 90°
Lysychansk 0,43 0,4 0,4 0,138
Euroglas 0,46 0,42 0,41 0,153
Pilkington 0,45 0,42 0,41 0,184
Saint-Gobain 0,46 0,38 0,39 0,14
-

Jncnu.

€spornas

MiHKA.

CaH-rob.

Puc. 3.33. 306paxkenHs koeillieHTIB MOTIWHAHHS JUTsl BCiX 3pa3kiB g0 JIIT

Ta0murg 3.11

KoedimienTn mornuHaHHs 171 BCixX 3paskiB Big JIIT

35° 45° 60° 90°
Lysychansk 0,42 0,44 0,43 0,138
Euroglas 0,44 0,4 0,41 0,153
Pilkington 0,46 0,43 0,42 0,184
Saint-Gobain 0,46 0,38 0,39 0,14




4 I
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- N\
Jncwnu.
€spornas
MiHKA.
*<— CaH-rob.
o J
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Puc. 3.34. 306paxenns koedimieHTIB MOTIWHAHHS TSI BCiX 3pa3kiB Big JIIT

SAx Bunno 3 Tabmuik 3.10 1 3.11 ta rpadikis 3.33 1 3.34, koedimieHT MOTTMHAHHS

1o 1 Bixa JIIT pizko 3MiHIOETBCA B MexKax Big 60° 1o 90° B 61k 3MeHIIeHHs. 1{e mpuBoIuTh

JI0 3MEHIIICHHS 3aXUIICHOCTI CKJIA 3 TUTIBKOBUM TTOKPHUTTSIM.

N\
/N
<l
/ \ \ ——€Bpornas
/ \ \ MiHKA.
/ \_)<

Puc. 3.35. Koediuient BinouBanns ais 3pa3kiB Euroglas ta Pilkington

HarmieHasaM 1o JIII
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€spornas

AN MiHKA.

-

Puc. 3.36. Koedimient BinouBanHs 1 3pa3kiB Euroglas Pilkington

HamwieHHasM Big JITT

Otxe, Aid 3aXUCTy 1H(POpMAIii, sIKa LHUPKYJIIOE€ B TPUMIIIEHH] BiJl JJA3€PHOTO
30H]IyBaHHS MOTPIOHO, 100 KoedimieHT BinOUBaHHS (Kyps) OYB HU3bKUM. 3a JaHUMHU
po3paxyHKaMH Ta aHaJli30M, OJIHUM 3 Kpamux OyB 3pa3zok ckia Pilkington - 4mm, sikuii
OyB BCTAHOBJIEHUH Yy CKJOINAKET, IO BIOKPUBAETbCS MiJ KyToM 45 rpaayciB Ta
HAIUJICHUM MOKPUTTSAM BiJ] JJa3epHOTO npomeHs. A HanOuibmui (Kyp) y ckina Euroglas
(Puc. 3.35 — 3.36). VY 3B’I3Ky 3 OTpUMaHUMHU DPE3yJIbTaTaAMH MOXKHAa PEKOMEHIYBATH
HACTYMHI 3aX0/A1 3aXUCcTy MOBHOI 1H(opmariii Big JICAP: mo MOXKIMBOCTI 3MIHIOBATH KyT
HAXWIy CKJIOMAKETYy; BUKOPUCTOBYBATH PENbE(HI TUIBKU 13 30BHIIIHHOTO OOKY CKJIa,

TOOTO 10 J1a3€PHOT0 MPOMEHSI.

3.6. JocaigkeHHs onTUMI3alil mapaMeTpiB JIa3epHOro J1aTYNKa BiOpauil 1is

NPOTHIL JIA3ePHUM CUCTEMAaM PO3BIIKH

BianoBigHo 10 METOAMKH POOOTHU 3 JIA3€pHUMU TPIAHTYISAIIMHUMU JaBadyamMu
BiOparrii, onucanoi B m. 2.2.7, HAMH BUKOPHUCTAHO METOA PEHTEeHOMIYOPECIICHTHOTO
aHaII3y eJIEMEHTHOTO CKJIay CKJIa 1 TOKPUTTIB HA CKJIO, IO JO3BOJISIE MOJISTTIOBATH Pi3H1
CKJIaJId CKJIa 3 JOOaBKOK HEOOXITHUX E€JIEMEHTIB /IS JIOCATHEHHS XapaKTEPUCTHUK 3a
NMEBHUMH BUMOTaMH. TOOTO pi3HI CKJIAJOBI €JIEMEHTHOTO CKJaay CKJIa Ta TMOKPUTTIB
JIO3BOJISIFOTH 301IbIIYBAaTH 200 3MEHIYBaTH KOE(ILIEHTH BIIOMBAHHS, MPOMYCKaHHS,

MONIMHAHHA 1 pOSCiIOBaHH}I, a4 TaKOX BINUIMBAIOTb HaA IIOKA3HHK 3aJIOMJICHHIA
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MOHOXPOMHOTO JIa3€pPHOTO MPOMEHS MpU HOro 1ii Ha CKJIO ab0 CKJIO 3 MOKPUTTSIM.
CrexTpalibHU aHaMI3 103BOJUTH MPOaHaIi3yBaTy PeakKilito ckiia ado CKiia 3 TOKPUTTIMHU
B 3aJIGKHOCTI BijJ WOTr0 €JIEMEHTHOTO CKJIaay Ha 3MiHY KOE(DIIIEHTIB MPOMYCKaHHS Ta
BIIOMBAHHS B IIUPOKOMY JT1arla30H1 TOBKUH XBHJIb, HA SIKUX MPAIIOIOTH CyYacHi Ja3epHi
CUCTEMHU PO3BIJKU Ta JCTEKTYBaHHS.

Jlauuii MeTon BiIPI3HAETHCS TUM, IO TTpodiiemMa 3HATTS iH(OopMallii BUPILTY€THCS
HE NUBIXOM YCYHEHHS CaMOi MOXJIMBOCTI TPOHUKHEHHS TPOMEHs Ha BiOpyrouy
MOBEPXHI0O a00 BIOpAKyCTMYHOTO 3alllyMJICHHS IIi€] TOBEpXHI, a IIIIXOM
YHEMOXKJIMBIICHHS] a00 3HAUYHOTO YCKJIAJHEHHS TEPEXOIJICHHS 3J0BMHUCHUKOM BKE
B110MUTOTO MTpoMeHs. Takuil miaXia J03BOJIUTH 3a0€3MECUUTH MOKpAIeHHs KOM(DOPTHOCTI
poOOTH TpH JOCTaTHBOMY pIBHI 3axXUMICHOCTI 1H(MOpPMAIlii, OCKIIbKH YCYyBa€THCS
HEOOX1IHICTh BCTAHOBJIEHHS HA BIKHAX Ta IHIIUX MOBEPXHSAX MPUMILIECHHS CIELIATbHUX
MPUCTPOIB BIOPOAKYCTUYHOIO 3aXUCTY 1, BIAMOBIAHO, 3HUKAIOTH JOAATKOBI (DOHOBI
aKyCTHYHI IIyMH, a TAaKOX BiANaaae HEOOX1IHICTh BCTAHOBJIEHHS! ONITUYHO HEMPO30PUX
KOHCTPYKIIIM 32 TUIIOM METAJIEBUX POJIET, Kl O MOCTIHHO 3aKpUBaJM BIKHA MiJ Yac
poboTu uyn mepemMoBUH. JlJIsi MIATBEPIKEHHS 3aXMCHHUX BIIACTUBOCTEW CKJa 1 IJIIBOK
HEOOXITHO TIPOBECTH JOAATKOBI ©KCIICPUMEHTANIbHI JIOKa3W, OJHHM 3 SKHX €
3alpOTIOHOBAHMWN METOJ Ha OCHOBI aHaji3y BUMIPIOBaHb 3 3aCTOCYBAHHSIM
TPIAHTYJALIHHUX JaT4ukKiB. [IpoTe y1s miABUIIEHHS ICTUHHOCTI pe3ybTaTiB HE0OX1HO
MPOBECTH JIOCIIPKEHHS 3 ONTUMI3AIIli MapaMeTPiB HAJAIITYBAHHS CaMOTO METOY.

[lepen mpoBeneHHSIM €KCIIEPUMEHTY OyJI0 MepeBipeHO pOOOTYy TPIaHTYISAIIHHOTO
JaTyvuka BiOpalllii Ha pi3HUX 4YacToTax 3a MeBHMM mepion yacy. Ha puc. 3.37.
Mpe/cTaBlieHa MpoOHA 3aJIeKHICTh POOOTH TPIAHTYJSAIIMHOTO JaTyvka BiOparii mpu

HaJAIITyBaHHI HACTYIHUX MTapaMeTPiB MEPCOHATLHOTO KoMIT torepa [15]:
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File  About

RS232/R5485 | Can
PC settings
COM port:
Baud rate, [b/zec]:

Network address:

Device type:

Serial number:

Base distance
Measurement range:
Firmware release:

Current result:  0,0000 mm

Ethernet | Analog

T
I
|
|
|
|

Hl
|
I
|
| |

ol I
| |
| |
I |
| \
| I

L 1 R
| |
| |
| |
1 T

1

S

A S I g A S S

T
|
|
|
|
i
|
1
1
|
[
|
|
I
!
L
|
|
|
i
1
|

T
|
|
|

|

I

I

| |

LI A !

137 138 138 140 141 142 143 144 145
Measurement counter (10*3)

T
COM4 w I
- }
9600 > I
! |
KR SRR R
o I
= |
= }
> |
= |
s \
E 2+ -—1--
@
= |
= |
0 I
o }
@ |
= |
L
L |
[
!
t
|
a 1
13,6
@
] 2 Min 00000
Peak-peak: 3.9670
Average: 1.9835

Yizualization settings:
-
Mumber of pointz in buffer. | 1000 Set
Clear profile Set digits after point : | 4 ]

Gid [ Auto scalling

Current sensor: 24259 ; COM4 ; 9500 Output rate [kHz]: 0,202 Measurement frequency[kHz]: 0,046

Puc. 3.37. BignocHa 3a1eXHICTh BIAOMBAHHS JIa3€PHOTO CUTHATY 3 JIOBKHWHOIO

xBuJI1 660 HM Ha yactoTax imiynbey Bijg 0,046 kI o 0,202 kI 3a mepioz yacy Bif

13,5¢c 1o 14,5 c.

Js1st BUnipoOOBYBaHHS ONTUMAIBHUX PEKMMIB JaTuyrKa Oys10 3aiHO TP 3pa3Ku:

YHUCTE CKJIO, 1 3pa3Ku 3 IEBHUM HAOOPOM HANMJIEHUX €JIEMEHTIB.

Ha puc. 3.38 - 3.40 npencraBieHi 3aleXHOCTI, IKI MM OTpUMAaJId B Pe3yJbTaTi

poboTu naruyrka. MiHiMaabHI Ta MAKCUMAaJIbHI MOTY>KHOCTI Ta MEPIOAX BUSIBICHHS THX

CUTHAJIIB B CEKyHaX, mpuBeaeHi B Tabmuii 3.12. [15].

Ta0murs 3.12.

ExcriepuMeHTanbH1 pe3yabTaTd BUMIPIOBAaHHS [TapaMeTpiB

Ne 3pazok Pgin, PBin, [Tepion, cex
min max
1 Yucrtuit 2,6282 | 3,1966 5
2 B-1, ckimo Nel0 | 1,2066 | 1,4475 34
3 Pr Ilpocsirta 0,991 1,4172 6,5
500-950 am




[~ Ree0csp SOX)
File  About
| Current result:  2,8875 mm |
R5232 /R5485 | CAN | Ethernet | Analog
PC settings T T T = T T T T T T
COM port COM4 [¥] I | k“‘ ‘ﬂT I I I | I I
| | l | l | | | |
Baud rate, [b/seck 9500 [¥] | 1 ] e I 1 | ) | |
Network address: 1 31 ’7T’77T & :i77 7ﬂ" 77“*77"r7”7:7"71”771"77”‘“7’
| IJ | | Sy | | | | |
N o | i | | ! ] | ] |
230 f bt e e b e b= — |
N > i1 | | ! I i I |
t | | | | | | | o o
g | 1 I | l Al | 1 WisF: =
a | | I | I I | | I I
] | I I | I [ I Il |
b-—Je < S I NS O S S O S 0 oSO A N 2 1
' | } I | | I s } I |
I I I I i I I | I I
| [ | | [ | | i | |
B O O O [ A R ) I
2'7 | | | | | l | | | | }_
: | : | | : : | : il
| I | I ! | | I | I
T T T T T T T T T T
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
) Measurement counter
St muier 2 Statistics Wisualization settings;
I?rlzs:sl‘jriﬁ:zflanga' iﬁ in: 26282 Mumber of points in buffer; | 1000
Firmare release: 50 'I;"Ij;.(-peak' S;g;: Set digits after point: |4 M
Average: 29124 Grid [ Auto scaling
Current sensor: 24259 : COM4 : 9600 Output rake [kHz]: 0,194 Measurement frequency[kHz]: 0,202
Puc. 3.38. Pe3ynbratun BuMmiproBanb 3paszka Nel
REGOX-5p i
File  About
| Current result:  1,3020 mm |
R5232 / R5485 | CAN | Ethernet | &nalog
PC settings T T T T T " T T T T
COM port: COM4 M | Ll | | | g | | | |
1 | [ | | | | | |
Baud rate, [biseck 9R00 M ] I‘I‘Il | i i | |i' | i i
Metwork. address: 1 140 _r %:_____________ _:__ _I_ ORI L S U N __:_ RN L N
il | ! |
- ] 1 | If |
2 | g \ [ | 11“‘ L] 1 :
- > qas L Moo s R ,,Jt ,,{( |
- | | | Lﬂj | T ¥ I LY T
[ J [ Lft I [ I " il k)
E | I LR il L] | Lol e
£ | I WG (il I [ ¢ }_ Al | [ L
w 130 bl L R 1 LI (S L) N R AR
L | | | _M_ |.] n | | | | | |
= | | | i 1 | | | 1 |
| | | Ly 1 | 1 1 1 | .!
| | I T 1 | 1 1 | |
125 b —- -|—}- S O )OO 8 VR S S
] | } } } I | 1 } 1
| I B | | | | | | |
1 | T !“I' | I | | 1 | |
| | | !\J‘ | | | | | | |
T T T T T T T T T T
190 191 182 183 194 185 1865 197 183 199
) Measurement counter (1043)
i
Sters) R el Statistics Wisualization settings:
sl . sl )y 12055 Namberl ortsrer (100 L
Firmware release: 50 :;d:;l.(-peak. ;;isg Clear profile Set digits after point . |4 M
Average: 1.3270 Gid [ futo sealing
Current sensor; 24259 ; COM4 ; 9500 Output rate [kHz]: 0,202 Measurement frequency[kHz]: 0,202

Puc. 3.39. Pe3ynbratu BUMiproBaHb 3pa3ka No2
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File  About
Current result: 11,0085 mm ‘
AS5232 /R5485 | CaM | Ethernet | Analog
PC setftings . T T T T T T T T T T
COM port: COM4 v 14 1= __T“z'_ﬁ_‘r__"'__"__"__T“__T__ TEo Tl T T
Baud rate, [b/seck 9500 ] | e | | : | | | 1
=
Network address: 1 M E Nk ! ! ‘ ! I ! I
| "ﬂ_lj 13 | | } ! | | |
IR O G J&_ R O O O T O O I S
o I ! | fi | | | I | I
3 1
= | | | | | | | | |
> | | | | | | | | |
E | [ | | | | | | [
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Puc. 3.40. Pe3synbpratu BuMiproBaHb 3paszka Ne3

TakuM ynMHOM, HamMu OyJ0 IPOBEIECHO HAJAIITyBaHHA BIOPALIMHOIO JaT4yMKa 1
ONTUMI30BaHO 1HTEpQENC s pOOOTH 3 HAMMJICHUMH 3pa3KaMu JJisl TACUBHOTO 3aXHUCTY.
Buxonsuu 3 oTpuMaHuX JaHUX MOXKHA CKa3aTH, 0 HAWKpaIll XapaKTepUCTUKHA OTPUMaHi
npu yacrori 0,202 k[ 1 mpu mepioxai Big 3 ¢ 1o 6 ¢. OTpumani pe3yJibTaTH MOXKHA
BUKOPHCTOBYBaTH TPH HAJAIMITYBaHHI TPIAHTYISIIIIHHUX JaTUYMKIB TPU JOCIHIJKEHHI
BIUIMBY AaHTUJIA3epHUX (aHTUBIOpAIIifHUX) BJIACTUBOCTEH CKJIa PI3HMX MapokK abo

XIMIYHOTO CKJIaJly Ha TOBXHUHI XBII 660 HM.

BucHoBku 10 po3ainy 3

[IpoBenenHi eKCHEpUMEHTAIbHI JOCHTIIKEHHSI BIUIUBY €JIEMEHTHOTO CKJIAJy
JUCTOBOTO CKJa Ha Koe(illeHTH BIJOMBAHHS Ta TOTJMHAHHS 30H]YIOUOTO
BUINIPOMIHIOBaHHS Ta OTPUMaHI Pe3yJIbTaTH MOKA3YI0Th, 110 KOS(DIIEHTH BiAOMBAHHS Ta
MOTJIMHAHHS 3MIHIOETHCS BIATIOBITHO /10 3MIHU XIMIYHOTO CKJIaAy JTOCTIKYBaHOTO CKJIa,
10 JIa€ MOKJIUBICTh TPOTHO3YBATH BIACTUBOCTI Ta MOJCIIFOBATH XIMIYHHUHN CKJIa]] CKJIa 13

3aJaHNMHU 3aXUCHHUMU BJIACTUBOCTSAMMU.
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B pesynbTaTi QOCHIMKEHHS 3MIHU 3aXHCHUX BJIACTHMBOCTEH CKJa Ha OCHOBI
BUKOPHUCTAHHS J1€JEKTPUYHUX TUTIBOK AIOKCHUY raHit0, BCTAHOBJICHO, IO KOE(IIIEHT
B1JIOMBAHHS CKJIAa 3 HAMMWJICHOIO TJTIBKOIO 3HAYHO BUILUIA B MMOPIBHSHHI 13 YACTUM CKIIOM,
IO yCKJIagHIOE 200 poOUTH HEMOKIMBHUM 3HATTS 1HPOPMAIliT ONTUYHIUM METO/IOM.

[TpoBenenumii anai3 BILTUBY (h13UKO-XIMIYHUX BJIACTUBOCTEH HaIliBIPOBITHUKOBOL
miiBkd BaCuTeF wa 3axuchi BmactuBocti ckia Big JICAP mokaszaB, 1m0 Taki IUIIBKH
MOXYyTh OyTH OTpHMaHi 3a JIONOMOTOI0 IMITYJILCHOTO Ja3epHOTO HAIMWJICHHS MPHU
KIMHATHIM TeMnepaTypi MiIKIaJKH1 13 MOIabIINM BiAnaaoM y aTMocdepi aprony, 1o 3a
PI3HHX TeMIepaTyp BIANATy MOKE 3HAYHO IMOKPAIIUTH BIIACTHBOCTI MPOIYCKaHHS
BUJIMMOTO CBITJIA, 30UIBIIUTH MOTY>KHICTh BIIOUTOTO JIA3€PHOrO MPOMEHS Ta OLIBIIO0
MIPOIO MOTJIMHATH MOTYXKHICTb JIA3€PHOT0 BUIPOMIHIOBAHHS Y MOPIBHIHHI 3 POCTUMU
METaJl130BaHUMHU TUTIBKaAMHU.

B pe3ynbrati goCTipKeHHS BIUIMBY MOJIMEPHUX TUTIBKOBUX MaTepiajiB Ha 3aXUCHI
XapaKTepUCTUKUA BIKOHHOTO CKJIa, BCTAHOBJICHO, III0 3aXUCHI IUTIBKM Ha OCHOBI
MoJTieCTepy MOKPAIIYIOTh IMPO30PICTh CKIIa 1 3MEHIYIOTh KoedIieHT BIIOUBaHHA. Tomy
mwriBka SMC 12, HaneceHa Ha 3pa3ku ckia Saint-Gobain ta Guardian ToBIIHHOIO 6 MM,
HE peKOMeHioBaHa Jyis 3axucty ckiia Big JICAP.

B nponieci nqocmimkeHHss KoediieHTIB MPOITyCKaHHs, BIAOMBaHHS Ta MOTJIMHAHHS
JUTSL PI3HUX 3pa3KiB CKJIA B 3aJIEKHOCTI BIJ KyTa HaxwWily 3pa3ka Ta WOTro poO3MILIEHHS,
MPOBEJICHA OI[IHKAa Ta BUOIp ONTUMAJIBHOTO KyTa Haxujily Ta PO3MIIIEHHS 3pa3ka y
CKJIOTaKeTi. B pe3ynbTaTi BCTAHOBJICHO, IO OJHUM 3 HalKpaliux BUPOOHHKIB CKJa 3a
JTaHUMH po3paxyHKiB MokHa BBakatu Pilkington ta Saint-Gobain, po3mimenumu i
MEBHUM KYTOM.

B niporieci gociipKeHHs ONTHMI3allii TapaMeTpiB JIa3ePHOTO JaTyrKa BiOparii s
NPOTHUIIT JTA3EPHUM CUCTEMAaM PO3BIIKHU OYyJIO MPOBEAEHO HANAIITyBaHHS BiOpaIiiHOTO
JATYMKA 1 OMITUMI30BaHO 1HTepderc 1715t poOOTH 3 HATUIICHUMU 3pa3KaMH JJII TACUBHOTO
3axucty. OTpuMaHi pe3yibTaTH MOXXKYTh BHKOPHCTOBYBATHCS TIPHU HaJAIITyBaHHI
TPIaHTYJSUIAHAX JATYMKIB IPU JOCIIJKEHH] BIUTUBY aHTHJIa3epHUX (AaHTUBIOpALIIHIX)

BJIACTUBOCTEH CKJIa PI3HUX MapOK a00 XIMIYHOTO CKJIaJy Ha JOBXKHHI XBHIII 660 HM.
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PO3ILI 4. TOCJILKEHHSI METOAIB ONTUMIBALIL IIAPAMETPIB
CKJIA JIUIS1 3BAXHMCTY MOBHOI IH®OPMAIII BIJT JIABEPHUX CUCTEM
AKYCTHYHOI PO3BIJIKH

4.1. MoaeiroBaHHSI 3AaKOHOMIPHOCTEH 3MiHM 3aXMCHUX BJIACTUBOCTEH CKJIA B

3aJI€5KHOCTI Bill HOr0 eJIeMEHTHOI0 CRJIaay

bynoBa ckia BUMarae omucy JABOX AacleKTIB — TE€OMETPUYHOro (B3a€EMHE
pO3TallyBaHHs aTOMiB a00 10HIB y CKJI1) Ta €JIEKTPOHHOTO (XapaKTep XIMIYHHUX 3B'SI3KIB
MK aTOMHUMH 200 10HHUMU YaCTUHKAMU CKJIa).

JlocmikeHHsT  PEeHTreHO(IIYOPECIIEHTHUM METOJIOM  €JIEMEHTHOTO  CKJIay
BIKOHHOTI'O CKJIa Ta JOCHIIKEHHS KOe(IIlleHTIB BIAOUTTS 1 MOTJIMHAHHS 3pPa3KiB CKJia Ha
eKCIIepUMEHTaIbHINA ycTaHoBI (1. 3.1.) mokasayiu, o AOCTIIKyBaHl BIKOHHI CKJIa 3a
XIMIYHUM CKJIaJIOM BIIHOCSITBCS IO KBapIOBUX (CHIIIKATHUX), @ BC1 XIMIYHI €JIEMEHTH,
K1 OepyTh y4acTh y OyJ0BI1 IIMX 3pa3KiB CKJIa, PO3TAIIOBYIOTHCS B IEPIOUYHIN CUCTEMI
XIMIYHHX eJieMeHTIB y 3.,4,5,6 nepioaax i B mexax I, II, III, IV, V, VI rpym.

BianoBigHo, SIKIO pO3TJsSAaTH CKJIaJl BIKOHHOTO CKJIa, TO BCl XIMIYHI €JIEMEHTH,
K1 OepyTh y4acTh y WOTO YTBOPEHHI, MOXKHA PO3IIUTH Ha 3 TPYIHU: CKIOYTBOPIOKOY1
okcuan kpemHiro (Si0y), 6opy (B203), dochopy (P20s), Tutany (TiO,), ki yTBOPIOIOTH
KPUCTAIIYHUIM Kapkac, mepexiiHi (cmoigyku Ha ocHoBi Fe, Ti, Mn, Ag, Co, Cu, Sb),
Mo udikaTopu (OKCHIU JYXKHHX 1 Ty)kHO3eMenbHHX Metanie: Na2O, KO, Li,O, MgO,
Ca0O, BaO, mo Bu3HaA4aroTh (PI3MKO-XIMIUHI BJIACTUBOCTI CKJIOMAcCH, BIUIMBAIOTH Ha
ONTHUYHI BJIACTUBOCTI IOCHIPKYBaHUX 3Pa3KiB CKJIa, OCKUIBKH BHUKOPHCTAHI €IEMEHTH
MaroTh Pi3HI HE TUIbKH SKICHI, alie i KITbKICHI TapaMeTpH.

CxkrnoyTtBoproBaui. OKCHUIH, 1110 YTBOPIOIOTH 3pa3Ku CKJIa MPHU OXOJIOKEHHI iXHIX
pO3IUIaBiB, HA3UBAIOThH CKIOYTBOPIOIOUYMMU 200 CITKOYTBOPIOIOYUMH OKCHUaMH, 00 BOHU
3J1aTHI CTBOPIOBATHU Oe3MepepBHI TPUBUMIPHI XaOTUYHI CITKHU. SIK B1JIOMO, KBapIIOBE CKIIO
CKJIaJaeThcsi 3 Oe3mepepBHOI 1 0O€31aJHOI MPOCTOPOBOI CITKH, IO YTBOPIOETHCS
terpaeapamu [SiO4]*, aki 3’enHyroTbcs KUCHEBUMH i0HaMu. CTPYKTYPHHI €IEMEHT €

TaKUH JKe TeTpaeqp, SK 1 B KpUcTaliyHOMY KpemHeseMi (puc. 4.1) [43].
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Yo A—» [sio,]”

Puc. 4.1. CTpykTypHU# €1EMEHT CKJIa

Sk BiIOMO, CTPYKTYpa CKJIa MICTUTB JIB1 OCHOBHI CKJIJIOBI:

- HaOlp 10HIB MaTepiaTbHOTO CKIAAY CKJa, IO € I0HHUM PECYPCOM CTPYKTYPH;

- Ha0lp XIMIYHHMX 3B'SI3KIB, [0 PEATI3yIOThCS B CKJIl B MPOIIECI CKIOYTBOPEHHS 1
3B'SI3YI0Th 10HHHU pecypc y TBepae Tio [43].

Moaudikaropu. i uux OKCHIIIB 3BOAUTHCS 10 PO3IYIICHHS CITKU CKJa, a caMl
BOHHU HE 3/1aTHI CTBOPIOBATU CYIIIbHY CITKY. BiNbIll cKiIajmH1 CKila, HAMPUKIA Ti, IO
MICTSTh JIyHI a00 JIyKHO3EMEJIbHI METaliM, 3a3HaI0Th ICTOTHOI 3MIHU CTPYKTYpH.
BBenennss karioHa MeTanmy CYNpPOBOJKYETHCS BBEJCHHSIM EKBIBAJEHTHOI KITBKOCTI
KHCHEBUX 10HIB, a LI€ CIIPUS€ pO3pUBY MICTKOBHX 3B’ s13K1B (Puc. 4.2.) [43]:

=Si—O-Si= + Na—O-Na — =8i—-0O ---Na~ + Na ---O —Si=

By/0Ba KBapLIOBOTO
cKkna

Bynoea KpucTaniyHoro
KpeMHe3eMy

Bynosa cunikatHoro ckna
3 MoAUikaTopoM

Puc. 4.2. Imoctpaitis Mmoaeni 3axapiaceHa
Karionn meTaniB po3TalmioBYIOThCS B MOPOKHUHAX MK TETpaeapaMu Tak, 1100
CTATUCTUYHO YPIBHOBAKUTH HETATHBHI 3apsiu, K1 3’ SBISIOTHCS HA KHUCHEBUX 10HAX.

Kationu, 1110 BBOASTHCSA y BUTJISAI OKCHJIIB, TPU3BOJATH J0 XIMIUHOI JeroaiMepu3altii
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Oe3nepepBHOI TPUBHUMIPHOI CITKH KBapLIOBOTO CKJa, sIKa (PparMeHTyeThCS Ta PBETHCA.
[Io6 ciTka Oyna OBl CTaOUIBHO, 0a)kKaHo, 00 10HU-MOU(DIKATOPH OyJIU BEITUKHUX
po3MipiB 3 MaJuM  3apsaoM. BBeaeHHAM  10HIB-MOAM(IKATOPIB  CTPYKTypa
PO3MYIIY€ETHCS, a YIAMKH PEIITKH, 1[0 YTBOPUIIUCS, MAIOTh OUTBIITY PYXJIHBICTb.

3anexHo BiJ BMicTy MepO, CUIIKaTHI CUCTEMHU XapaKTePU3YIOThCSI MOHOTOHHOIO
3MIHOIO0 0araThb0X BIACTUBOCTEH. 31 30UTBIICHHSIM BMICTY JIYTY B MOABIHHUX CHCTEMax
Me,0-Si02 MOHOTOHHO 3MEHIITYIOThCS B’ A3KICTh, XIMIUHA CTIHKICTD 1 €JIEKTPUIHHHM OIIip,
a JIieJIeKTpUYHI BTpaTu 1 koedimieHT camoandysii iona Me™ 3pocTaroTh. 3a MpaBHIOM
pajiyca, BIUIMB OKCHJIB JY>KHUX METaJlIB Ha BJIACTUBOCTI CKJa y 0ararbox BHUIIaJKaXxX
MOJKHa IOB's13aTH 3 pajaiycoM ioHiB Me™ [22].

B psini myxaux metaniB Bij Li 10 Cs criocTepiraeTbes 3HaYHE 301TBIICHHS PO3MIPY
ix 10HIB. OCKUIbKM Il 10HU 3aliMalOTh MOPOKHUHU MK CTPYKTYpPHUMH TETpaelIpamu,
PO3Mip IMX 10HIB BIUIMBAE HA CTPYKTYPY CKJIa 1 OMOCEPEAKOBAHO TAKOXK Ha JESKI HOTO
BJIACTUBOCTI, MIATBEPKYIOUYH HAIlll IPUITYILICHHS.

Sxmo g0 OyAb-IKOro OKCHIy-CKJIOYTBOpIOBada JOAABaTH JIy’KHI 10HH, II€
BUKJIMKA€E 30UIBIIEHHS IIUIBHOCTI cucTeMH. JloJlaBaHHS HATPilO0 3MEHIIY€E MOJSPHUMN
00'eM, 110 BUKJIMKAa€ CTHCKAaHHS CTPYKTYpHOi ciTkM. HaBmaku, kamiid, pyOimii 1 uesii
30UTBIITYIOTh MOJISIPHUI 00'eM ckila. B pe3ynbpTaTi BeHKi 10HH 11€31F0 MOXKYTh 30UTBIITUTH
BUIBHUWA 00'€éM CTPYKTYpPHOI CITKHM, a MaJICHbKI 10HU JITIIO 3 BEJIUKOI CHIIOK MOJS,
3MEHILYOTh 11.

BnactuBocTti, 00yMOBJIeHI Mirpaii€r Jy:kHUX 10oHIB Me®, Taki sk audysiiina
PYXJIMBICTb, €IEKTPOIPOBIIHICTD, A1€JIEKTPUYHI BTPATH, IOBUHHI 3aJI€KaTH BIJ pO3MIPY
10H1B. UnM Oi1bIIHi po3Mip 10HA, TUM Ba)kue MPOTIKae nudy3sis, caadia mpoBiIHICTD 1
MEHIIT JieleKTpudHi BTpat. lleil BHUCHOBOK [IWCHMIA, MEPEBAXKHO, M CEPEIHIX
KoHIeHTpalii yriB (15...25 %). Bixg paaiyca ioHiB Me™ 4iTKO 3aJ€KUTh 1 CXUIBHICTh
cucteM Me,O-Si0O, no kpucramizaiii. CrocTtepiraeTbesi 3HIKEHHS KpHUCTaTi3ariitHOT
3IaTHOCT1 pa3oM 13 30UIBIIEHHSM 10HHOTO pajiyca JOJaHOTO /0 CKJIa KOMIIOHEHTA.
Hanpuknaa, BiioMoO, 10 JITiIEBI CKJIa MalOTh BHCOKY KpHUCTai3alliiHy 37aTHICTh, a

KallieBl — HHU3bKY. BiAMOBIAHO 10 MpaBuja pajaiyca MOBEPXHEBUW HATSIT PO3ILJIABIB
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MOJBIMHUX CUJIIKATHUX CHCTEM EKBIMOJCKYJSIPHOTO CKJIAAy Pi3KO 3MEHIITYETHhCS 31
30UIBIICHHSAM pajiiyca JIy>)KHOTo i0oHa [43].

3 pOCTOM BMICTY JIy>KHOTO OKCHUY 301IbIIYIOTHCS TOKa3HUKH 3aJIOMJICHHS JIyKHO-
crilikaTHUX cTekos. [lonmsipuzaliisi kaTioHa 30UTBIIYETHCS 31 3MEHILIEHHSM CHIJIM TOJIS
10H1B, TOMY CKJIa, III0 MICTSTh KaJliii, MalOTh OLJIbIII BUCOKUN MOKA3HUK 3aJIOMJICHHS, HIJK
CKJIa, 10 MICTSATh HATpIH.

BcraHnoBieHi 3aKOHOMIPHOCTI MOXYTb P13KO 3MIHUTHUCS TIPU MEPEXOi A0 3pa3KiB
CKJIa, IO MICTATh 10HM JBOX a00 TPhOX JYKHHX METaliB OJHOYACHO. B'S3KicTh
PO3ILIABIB, 110 MICTATh CYMIII JBOX Y OUIbIIE JY>KHUX OKCHJIIB, MEHIIIA, HI’K B'SI3KICTh
PO3ILIaBiB, 10 MICTATh OKPEMI JIY>KHI OKCHUJM B TUX CAMUX MOJISIPHUX KOHIIEHTpAIIisX.
[le Tak 3Banuil monimyxuuii edekr. Ha BiqMIHY BiJl HaBEJICHUX BUIIE MIPKyBaHb PO
BIUIMB paJilyca KaTIOHIB HA IXHIO PyXJIMBICTb, KOe(IIEHT AUPY31i HATPIIO B KaJl€BO-
CIWJIIKATHOMY CKJII € MEHIIUM 3a KoedimmieHT nudy3ii Kaiaio B bOMY X CKIl. Y IOMY
BUTIAJIKY Benukwid i0H K™ pyxaerscs mBume, Hixk i0H Na*, o Mae MEHIIMA pajiyc.
Takum 4uHOM, JY>KHI 10HM OJHOTO THUITy MArOTh 3HAYHUMW TajJbMIBHHUI BIUIUB Ha PyX
JY>KHUX 10HIB 1HIIIOTO THITY.

Jly:)xno3emenbHi okcuau, Taki sk MgO, CaO ta BaO, Takox [iIOTh SK
MOoAM(QiIKyIoUl OKCHAM: KAaTIOHM METalliB 3alMaroTh MPOMIKKA, a 10HH KHUCHIO
MPOHUKAIOTh y CKJIaJ CKJa Ta YTBOPIOIOTH 3B’SI3KM 3 10HAMM CKJIQJIOBOi CITKH (TOOTO
kpeMHieM). Jlnga nBoBanmeHTHUX KaTioHIB (Mg, Ca», Ba*) oguH KaTioH NOBUHEH
BIJIMOBIAATH OJTHIM Mapi HE3B I3aHUX 10HIB KUCHIO, TO1 SIK JIJISl OJTHOBAJICHTHHX KAaTIOHIB
(L1, Na-, Kv) Ha k0kHY napy He3B si3aHUX 10HIB KUCHIO MTPUNIAJae 1Ba KaTIoHU [22].

bepyun no yBaru npuBeieH1 BUIlE MOJOKEHHS [22, 43], HaMU BCTAHOBJICHO, IO
NOTJIMHAHHA 30UIBIIYETHCS, SKIIO 3MEHIIYEThCS KUIBKICTh XIMIYHMX EJIEMEHTIB, SKI
MPOSIBIISIIOTH aM(POTEPHI Ta HEMETANIUHI BJIACTUBOCTI Ta MAIOTh (-3apsif), 1 301IbIIY€THCA,
SAKIIO B CKJaAl CKJIa 3POCTAa€ KITBKICTh XIMIYHUX €JIEMEHTIB, SKI TPOSBISIIOTH
MaKCUMAJIbHO JIy’KH1, Jy>KHO3EMEJIbHI BJIACTUBOCTI 1 B SKUX 30UIBIIYETHCS PajlycC
KaTi0HIB (+10HIB).

Ceunenn (Pb), sk momimika, 0 BiZHOCUTBCS JI0 BAXKKHUX METAJIIB, IPU3BOIUTH JI0

30UTbIIEHHST KOE(QILIEHTY BIIOUTTS, IMOBIPHO uepe3 3MiHY TYCTHHH (IIUJIBHOCTI).
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PinkozemenpHi enemeHTH, Taki sk Ba, La — He3BaXkatoun Ha 10HHI pajilyCcH, 3MEHITYIOTh
BIIOUTTA.

CuctemMartuzailis €IEMEHTHOTO 1 KUIBKICHOTO CKJIaly JIOCHIKYBaHOTO BIKOHHOTO
CKJIa BIJMIOBITHO /IO MEPIOAIB 1 TPy MEPIOJUIHOI TAOIHII XIMIYHUX eIeMeHTiB (1. 3.1.),
Jaja MOJIMBICTh TOOQUUTH 3aJICKHICTh MDK €JIEKTPOHHOIO OYJIOBOIO XIMIYHHMX
CJIEMCHTIB Ta 3aXMCHUMH BJIACTUBOCTSIMH CKJa. Taki JOCHIKEHHS JAI0Th MOXKIIUBICTh
MOJICITIOBATH CKJIaJ Ta MMPOTHO3YBATH 3aXMCHI BIIACTUBOCTI CKJIA.

ITin yac Hamoro AOCIIPKEHHS OYyJIM BUSBIICHI NEBHI OOMEXKEHHS, SIKI MOXXYTb
HE3HAYHO BIUIMHYTH Ha OTPUMaHI pe3yJbTaTu. L1 0OMexeHHsl CTOCYIO0ThCS TOTO, IO HE
MO>XHa BB@)XAaTH CKJIO TaKUM OJIHOPIIHUM Yy CYOMIKPOCKOIYHOMY MacuiTabi, K 1Ie
nepeadayae TEopisi HEBIOPSAKOBAHOT pemniTku. MikpooOjacTi He MalTh MOBEPXOHb
noAuty ¢a3. BoHu € CKIIaloBOIO YAaCTUHOK CKJIaAHOI OAHO(A3HOI CKJIOCHIIIKATHOI
CTPYKTYpH, aje KOHIIEHTpaIlid MOAU(IKYIOUUX KOMIIOHEHTIB Yy HHX BHUIIE a00 HUKYE
CEPEeIHbOCTATUCTUIHOTO.

[Topait-Kommi €.0. y 1951 p. 3anpononyBaB po3pi3HITH Pi3uyHy (CTPYKTYpHY) 1
XIMIYHY HEOJIHOPITHICTD (MIKpOTETEpPOTECHHICTb). diznyHa (cTpyKTypHAa)
HEOJHOPIIHICT, O3HAYa€ HASBHICTh Yy CKJI1 30H 3 aMOp(HOI 1 KPHUCTaJIIYHOIO
CTpYKTypor. XIMIYHMM CKJIaJ y BCii Maci OJHAKOBUM, ajie CTPYKTypa pi3Ha.
OAHOKOMIIOHEHTHI CKJIa MOXYTh MAaTH TUIbKH CTPYKTYPHY HEOJAHOPIAHICTh. Y NBOX- 1
0araTOKOMIOHEHTHUX CKJIaX Ha MIKPOPiBHI MOXE HE CIIOCTEPIraTUCs CTANICTh XIMIYHOTO
CKJIaZy B MPOCTOPi, TOOTO CKJIaJ CTa€ (PYHKIIEIO MTPOCTOPOBOI KOOPAUHATU. Y TaKOMY
BUIIAJIKy MOXE€ MaTH Miclle XIMiYHa HeoaHopiaHicTh. Ha puc. 4.3. yMOBHO moka3aHi
o0uJBa BUJM MIKPOTE€TEPOTEHHOCTI JUIsl OJJHOKOMIIOHEHTHOTO Ta JBOKOMIIOHEHTHOTO
ckia [43].

TakuM 4UHOM, 3a PI3HUX YMOB, 1110 HE 3MIHIOIOTh HOT0 XIMIYHUI CKJIaJ], CKIJIO MOKE
CYTT€BO 3MIHIOBATH CBOI BIacTUBOCTI. Lle Bkasye Ha Te, 1110 MaTepiaibHUiA HAO1p 10HIB, 3
SKUX CKJIAJAEThCS CKIIO, HE BU3HAYA€ HOTO BIIACTUBOCTI, a JINIIE 0€3M0CepEaHBO BITUBAE
Ha HUX. CTpyKTypa CHUJIIKATHOTO CKJIa 3MIHIOETHCS 3aJIE’KHO BiJl BMICTY Oarato3apsiiHuX
10HIB, @ TAKOXX KaTIOHIB JTY>KHUX 1 JTy>KHO3EMEIbHUX €JIEMEHTIB, 1110 B1IOMBAETHCS HA iX

BJIACTUBOCTSIX MPU BUCOKIHM TeMIepaTypi 1 BACOKOMY THUCKY.
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Puc. 4.3. ®i3uyHa 1 XiMiYHA MIKpOT€TEPOTeHHICTh CKJIa:

1 - gizuyna (cmpykmypHa) mikpozemepozeHHicms y npocmomy 00HOKOMNOHEHMHOMY CKIi,

2 - @izuuna (cmpykxmypHa) MIKpocemepoceHHICMb Yy 0B0OKOMNOHEHMHOMY CKIi (meopis
Jlebeoesa),

3 - i0ocymHicmb MiKpo2emepo2eHHOCMI Y 0BOKOMNOHEHMHOMY CKJLL,

4 - ximiyna mikpoeemepo2enHicmsb Yy 080KOMNOHeHmHoMYy ckai (meopis Ilopau-Kowuya).

[IpoBenenunii skicCHUM Ta KITbKICHUNA aHaII3 JOCII)KYBaHOTO BIKOHHOTO CKJIa JIaB
MOXJIMBICTH PO3MOAUIHIIA XIMIYH1 €JIEMEHTH BiJIIOBITHO JI0 MEPIOiB 1 TPYI NEPIOAUYHOI
CUCTeMH XIMIYHUX eJIeMeHTIB. BcraHoBieHO, 10 KoedillieHTH BIIOMBAHHSA Ta
MOTJIMHAHHS 3MIHIOIOTBCS 3aJIEKHO BiJ] 3MIHA XIMIYHOTO CKJIaJy JAOCIII)KYBAaHOTO CKJIA.
[e moB's13aHO 3 HASBHICTIO TAKUX XIMIYHI €JIEMEHTH Y CKJIaJIl TOCTIIKyBaHOTo ckia: Rb,
Ag, Zn, Cd, Ba, La, Pb, Mn, I 1a iH., paaiycu Ta eJIeKTPOHHA CTPYKTypa SAKUX MArOTh
3HAQYHUHM BIUIMB Ha 3aXMCHI BJIACTHUBOCTI JOCHIIKYBAHOTO CKJIa BiJl JJA3€pPHUX CUCTEM
aKyCTHYHOI PO3BIJIKM, a caMe 3HIDKCHHS KoedimieHTa BITOUTTA Ta 30UIBIICHHS
Koe(illieHTa MOTJIMHAHHS. 3alie’KHICTh, Ha HAIIy JIYMKY, MOSCHIOETHCS E€JIEKTPOHHOIO
Oy/ZI0BOIO aTOMIB XIMIYHHMX e€JIeMEHTIB (IMoBHOTa S-, P-, O-, f-piBHIB eneMeEHTIB i
BIIMOBIAHUX 1M paaiyciB.

Cucremaru3alis €JIeMEHTHOTO Ta KUTbKICHOTO CKJIaLy JOCTIA)KYBaHOT'O BIKOHHOTO
CKJIa 3a MepioJJaMu Ta rPyNaMu MEePIOUYHOI CUCTEMH XIMIYHUX €JIEMEHTIB, J1ajia 3MOTY
no0AYUTH 3aJIEKHICTh MIXK €JIEKTPOHHOIO OY/IOBOIO XIMIYHHUX €JIEMEHTIB 1 3aXMCHUMHU
BJIACTUBOCTSAMHU CKjJa. Taki JOCTIIKEHHS Jal0Th 3MOTY MOJICIIOBATH KOMITOHECHTHHUI
CKJIaJ] 1 MPOTHO3YBATH 3aXMCHI BJIACTUBOCTI CKJIa. AHaJi3 HaBeJeHUX (aKTiB Ja€ 3MOTY
CTBEP/KYBATH, 110 OTPUMAaHHS MEBHUX 3aXHCHUX BJIACTUBOCTEH 3aJIC)KHUTh BiJl CKIIATy
CKJla, HAHECEHMX IUTIBKOBUX TOKPHUTh, CHOCOO0y ix o0O0poOku 1 crexiomerpii Ta

apXITEKTYpH BUKOPUCTAHHSI.
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4.2. IIporno3yBaHHsl mapaMeTpiB 3aXHUCHHUX BJjacTusBocreil ckiaa Big JICAP B

3aJ1e5KHOCTI BiJl KOHIEHTPaLil OCHOBHMX €JIEMEHTIB

B pesynbpTaTi MOCHIPKEHHS BIUIMBY €JIEMEHTHOTO CKJIay JIMCTOBOTO CKIIa Ha
KoedillieHTH B1IOMBaHHS Ta MOTJIMHAHHS 30HIyI0UOT0 BUIIPOMiHIOBaHHS (1. 3.1. Hamoro
JOCTIIKEHHS) Ta TIPU aHaJIi3yBaHHI KOHIICHTPAIii JOMIIIOK, OyJIO BUSABICHO, 110 BMICT
TaKHX eJleMeHTiB, sk Mg, Na, S, Fe, Ti B 3paskax ckima Saint-Gobain (S4, S6), Lysychansk
(L4, L6), Pilkington (P-4) ta Guardian (G6) nepepurye 0,1%. (puc. 4.4-4.7) [4].

70
60
50
40
30
20
10

S4 S6 L4 L6 P4 G6

ESi @ECa

Puc. 4.4. Bmict kpemHito (S1), Ta kanbiito (Ca) B JOCIIIKYyBaHUX 3pa3Kax CKIia

2,5

2

1,5

1

0,5

S4 S6

E Na Fe @S OTi

Puc. 4.5. KonneHTpaiiis JOMIIIOK B 3pa3kax ckia BupoOHuka Saint-Gobain (S4,

S6), KiIbKIiCTh AKuX € Oubmoro 3a 0,1%
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2,5

1,5

0,5
L4 L6
EMg ENa @S [Fe @Ti

Puc. 4.6. KonnenTpariisi JoMimoxk B 3pa3kax ckia Lysychansk,

KUIBKICTB IKUX € Ounpmoro 3a 0,1%

2,5

1,5

0,5

P4 G6

E Mg Na Fe [0S

Puc. 4.7. Konuenrpaiist JoMiliok B 3pa3kax ckiia BupoOHukiB Pilkington Ta
Guardian, KIIBKICTb SKMX € 011611010 3a 0,1%

Y po60Ti MPONOHYETHCS BUKOPUCTOBYBATH METO ] CUMITJICKCHOTO TUTAHYBAHHSI JJISI
TaKUX EJIEMEHTIB, SK KaJIbIid, HATpid 1 cipka, I MOJETIOBaHHS (PI3MKO-XIMIYHUX
BJIACTUBOCTEH cKia [27].

Cknaneni tabnuii KoHueHTpamiv (m. 3.1.) gomomoriau BUOpaTH €JIEMEHTH st
JOCITIKEHHS 32 BIJICOTKOBOIO KOHIICHTPAIIIEIO, TOOTO Ti, IO CTAaHOBUIU OlibIne 1% y
3pasKy.

MareMaTuyHy MOJIeb, IO OIMHUCYE 3aJEKHICTh "CKJIAJ] - BIACTUBOCTI" MOXHA

MPEACTaBUTH y BUTIIsIAL [29]:

9=a;bi*xi+ébij*xi*xj (4.1)

i, j=1

ne Y - BEeKTOp BUXIJHUX 3MiHHUX CTaHy ((pyHKIIis BIATYKY) CKIIa;
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bi, bij - koedilieHTH piBHOCTI perpecii; X;, %j - KOMIOHEHTHI (DaKTOpH

I[OCJ'IiI[)KYBaHOI‘O 3pa3Ka OTpUMYBAJIA 110 CI/IMHJICKC-peIHiTLIaTI/IM IIJIaHaM CKCIICPUMCHTY.

Koeditientn b i Ta bij BUSIBIIIUCH JHHIMHAMH KoMOiHamissmu Y Ta yij , 110
CIIOCTEPIraloThCs y TOUKAX PEIIITKH Ha CUMITIICKCI.
CTaH KOMIIOHEHTIB CKIa MiATOpSAKOBYeThca yMoBi X, X, +X; =1, dynxmiero

BIATYKY SIBIISIETHCSI 3MiHHI: Y - Koe(illieHT BiIOMBAHHS MaJal0yoro MPOMEHs Ja3epa.
AHam3yBalld YacTHUHY JlarpaMH «CKJajJ — BJIACTUBOCTI» B 00JIACTI KOHIIGHTpAIlii
Ha OCHOBI TomepeaHix JBO(MAKTOPHUX

KOMITOHEHTIB (X; X2 X3), BHUSBIICHOI

EKCIIEPUMEHTIB, 1110 Ma€ HACTYIHI 3HAYECHHSI KOOPJMHAT BEPIINH TPUKYTHHKA, Mac.%:
z,(95,41);z,(95,5,1), z;(95,5,1) [83].

[ToTiM OyB BUKOHAaHUI NIEPEXI]T Y HOBY CUCTEMY KOOPJIUHAT, B SIKIA BEPILIHHHU Z1, Z7,
Z3, MPUUAMAITUCH Y SIKOCTI CAMOCTIMHUX TICEBJIOKOOPIMHAT, IIPU YoMy 30epirajiach yMmoBa:
Z,+2,+2,=1 Marpunsa exciepumenTy (1-6) 3 101aTKOBOIO TOUYKOIO Y IIEHTPi ILIaHY
npenacrasiena y tadnuii 4.1. Koedimient BigouBanus (Kgis) OTpuMany BiAMOBIIHO 10

MeToauku [83].

Taomung 4.1.
Marpuns eKCriepuMeHTy
) ) 3MIHHUA
IIceBnoKOMIIOHEHTH CyMillieBi YHHHUKHA
Ne cTaH
JOCIII LY 1 5 3 Ca Na S K(Blﬂ?I/IBaH.
1 1 0 0 95 4 1 0,073
2 0 1 0 96 3 1 0,078
3 0 0 1 93 6 1 0,061
4 0,5 0,5 0 94 5 1 0,065
5 0,5 0 0,5 95 3 2 0,073
6 0 0,5 0,5 93 6 1 0,061

[Ticnst 00poOKM MaTpHUIll MJIaHYBaHHS 0yJI0 OTPUMAHO TaKe PIBHSHHS perpecii:

y =0,0018z - 0,0007z, - 0,026z,z, +0,048z,z, +0,202z2,z,

(4.2)
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[lepexinq 10 MOYATKOBUX KOMIIOHEHTIB JIOCIHIIKYBaHOI CHCTEMHU MPOBOIMIN
rpadiuHO, TPEACTABISIOUM TOBEPXHIO BIATYKY TPhOX KOMIIOHEHTHOI CHUCTEMHU

MPOCKIISAMHU JIiHIA PIBHUX 3Ha4eHb Ha cuUMIUIEKci. [licis miacTaHOBKU y piBHICTD (2)
z,=1-2- z, MepPeX0IMMO JI0 PIBHOCTI ISl IBOX (PaKTOPiB:
y = (- 0,024) + 0,0258z, +0,1787z, - 0,048z, - 0,202z, (4.3)
IToBepxHI BIATYKY, IIpeACTaBieH] piBHICTIO (4.3), € MOBEpXHEIO TUMY 'CX1THUN
rpebinp", TOOTO HE Mae MaTeMaTHYHUX EKCTPEMyMIB Ta MIHIMyMiB y (hakTOpHOMY
npocropi  Z3,Z,,Z3. Jlng CTBOpEHHS JiarpaMH  «CKJIaJ, —  BIIACTHBICTHY
BUKOpHUcTOBYBajiacs nporpama Microsoft Fortran Power Station v4.0.

Ha puc. 4.8. npencrasieHo aiarpamy Ta 3aj1eKHOCTI KOeIIi€HTY BiAOMBaHHS BiJl

KOHIIeHTparlii kaibilito (Ca), Hatpito (Na) Ta cipku (S) y AOCHIIKYBaHUX 3pa3Kax CKJa.

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 s

Puc. 4.8. 3anexHicts KoeillieHTY BiIOMBaHHS CKJIAa BiJ] KOHLIEHTpAILIi1

kanbiio(Ca), Hatpiro(Na) ta cipku(S)

[IpoBiBIIM aHam13 NpeCTaBIEHOI AlarpaMu Ta rpadika, MO>KHa 3pOOUTH BUCHOBOK,
10 3MEHIIUTU KOE(IIEHT BIMOMBAHHA MOKHA 33 PaXyHOK 3MEHIIIEHHS KOHIIEHTpaIlii
kaubilito(Ca) HaTpito (Na) y cKiIi.

JlocmiauBIM CKJIO, SIKE € HAWOUIBII PO3MOBCIOKEHUM HA PUHKY YKpaiHu, Ha

3aXUIIEHICTH B1J] JA3€PHOTO BUIIPOMIHIOBAHHS 1 BCTAHOBUBIIINA HOTO €JIEMEHTHUN CKJIa,
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Oyn0 BUSBIEHO, MO KOEQIIIEHT BiOWBAHHS HAMPAMY 3aJIKUTh BiJl KOHIICHTpAIii
npomimok Ca,Na,S Ta IHIIMX €JIEMECHTIB.

Benuuuna cryneHst 3B’S3aHOCTI CHJILIA-KUCHEBOTO Kapkaca fSi JopiBHIOE
BIJTHOIIICHHIO KIJTBKOCTI aTOMIB CHJIIIIO JO KITBKOCTI OkcureHy. Bemmuwna fSi mae
3MOry c(pOpMYTIOBATH BUCHOBOK IIOJI0 CTPYKTYPH JAOCITIIPKYBaHHUX 3pa3KiB CKIIa.

Bigomo [22, 43], mo cTpyKTypa KBapioBOTO CKjJa SBJISIE COOOIO CYIIIbHY
TPUBUMIPHY PEIITKY, YTBOPEHY 3 KpEMHI€BO-KMCHEBUX TeTpaenpiB. Komm go ckia
JOJIal0Th JIY>KH1 OKCHUJIU, 1151 CITKA PO3PUBAETHCS, 1 B YTBOPEHY MOPOKHUHY BBOJUTHCS
MO3UTUBHO 3apsKeHUI KaTioH. KinbKiCTh TaKMX pO3pUBIB ONUCY€EThCs (pyHKIEO fSi.
Komu £Si = 0,5 po3puBu TeopeTudHo BincyTHi, a koiu fSi = 0,25 BCi 4OTHUPH 3B’ A3KU
HaBKOJIO TeTpaenapa € posipBanumu. Komu fSi = 0, 33 cTpykTypa cKiia TBOPUTHCA 32
JIOIOMOTOI0 HEMEpEepBHUX JaHItoriB, a s fS1 = 0,4 xapakTepHOIO € IapyBara

nBoBuMipHa citka (Puc. 4.9.) [18].

. A
. JRN
o LIV \

ol LY hN

0.3 0.35 0.4 0.45 0.5 0.55

BigCOTOK 3pOCTaHHA 3HAYEHDb
TKNP, %

CTyniHb 38’A3aHHA CUNILEKUCHEBOrO KapKacy
Puc. 4.9. 3anexHicTh BiJICOTKA 3pOCTaHHS 3HaYEHb TEMIIEPATyPHOTO
koediuienty niHiHOro po3mupenHs (TKJIP) B iHTepBani ckilyBaHHS BiJ] CTYIIEHHS

3B’sI3aHHS CHIIIIIIMKMCHEBOTO KapKaca

Sx omucano y [18, 22, 43], nmpu BBeIEHHI 10 CKJIAJy CKJa KajbIlil0 OKCHUIY,
KapKac, 10 yTBOPIOE CKIIO, 3MMBAEThCs uepe3 Mictok O-Ca-O. Ane dynkiis fSi He
BpPaxoBYE 10 OCOOJIUBICTh, OCKIJIbKH JTBOBAJICHTHUHN KaJblliid iepeHocuTh 50% KHUCHIO,

a onHoBajeHTHUH Hatpiil mume 33%. 3amina NaO nHa CaO cynpoBOIKYy€eTbCA
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smenmennasM fSi Bix 0,429 y 6e3kanbirieBomy ckmi g0 0,413 y ckii 3 13 mon.% CaO
(Tabu. 4.2).
Taomung 4.2
XiMIuHUH CKJIaJl CKJIa, CTYMiHb 3B’ sI3aHHS CHIIILINA KMCHEBOTO KapKaca, Ta

BiJICOTOK 3pocTanHs BennunHu TKJIP B iHTepBai ckiryBaHHS

XiMIYHUH cKJ1am, Mo % Oynkiis fSi 3pocTaHHs
SiO2 Na20O CaO TKIIP, %
75 12 13 0,413 73
75 14 11 0,415 66
75 15 10 0,417 61
75 25 0 0,429 49

BcraHnoBiieHO, 10 y BUNAAKy TPUKOMIOHEHTHOTO HATPId-KaJIbLI1i-CUIIKATHOTO
CKJIa MakcuMasbHe 3poctanHs BennunHu TKJIP B iHTepBasi CKIIyBaHHS CIIOCTEPITa€ThCs
npu 3HaueHHsX (yHkmii fSi = 0,41-0,42. ToOTo 3cyBaeThesi MK MaKCHMAIbHOTO
ctpubka TKJIP y Oik 3MeHIIIEHHS CTYIIeHS 3B’ sI3yBaHHsI CUJIIINA-KHUCHEBOTO Kapkaca. Lle
MOSICHIOETBCS TUM, IO KaJbI[id, SIK 3a3HAYEHO BUIIE, NMEPEHOCUTH 13 COOOI0 OUIBITY
YaCTKy KHCHIO, ajle BUKOHYE y CKJ1 3B’ s13ytouy (yHKLi0. ToOTO B IbOMY BUIAIKY, 5K i
y BUNAQJAKY 3 JIBOKOMIIOHEHTHHUM CKJIOM, HaiCyTTeBimie 301mbineHHs 3HadeHHs: TKJIP
BIIOYBA€ETHCS, KOJM CTPYKTypa CKJIa CKJIAIA€TbCAd 3 JBOBHUMIPHHMX IIapiB, €O
3’€IHAHUMHU MK COO0T0 3B’ sI3KaMH TPEThOTo BUMIpy. L{e MoxyTh OyTH sik 3B’ s13kH Si-O-
Si, Tak i 38’ sa3ku Si-O-Ca-O-Si.

3a 10MOMOT 010 CUTIJIEKC-PEIITYaTOr0 METOAY, OMMMCAHOTO HaMU B 11. 2.2.3., MOXKHA
3MOJICTIOBATH  CKJIQJ, CKJIa 3 TEBHUMH 3aXHCHUMHU  BJIACTHUBOCTSIMH, IO
MPOJICMOHCTPOBAHO Ha MPUKIAAl aHali3y 3aJIeKHOCTI KOe(DIIi€HTY BiAOMBAHHS BiJ
KOHIICHTpAIlii TPhOX CKJIaOBHX eleMeHTiB ckia(Ca, Na, S).

BuBenena 3anexHicTh KoeQili€eHTy BIMOMBAaHHA B KOHIIGHTpAIlli TPHOX
CKJIaJIoBUX ejeMeHTiB ckiia (Ca, Na, S) mpoeMoHCcTpyBaa, 1o KoedilieHT BiIOMBaHHS
MO>KHA 3MEHIITUTH MIISTXOM 3MEHIICHHS KOHIeHTpaii kaibilito (Ca) ta Hatpiro (Na) y

CKJI1, 1[0 ITO3UTHUBHO BILUIMHE HA HOro 3axucHi BaacTUBOCTI Bix 3HATTS JICAP.
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3a3HaunMo, 110 €JIeMEHTH OCHOBHOI miarpymnu VI rpymu (cipka, ceieH, Teiyp)
MalOTh Ba)KJIMBE 3HAYEHHS B TEXHOJIOTII CKJIA 1 iX Ha3MBAIOTh «XaJIBKOTEHIJIHI CKJIay. Y
po3maBax S 1 Se MICTAThCS KUIbLS 1 JIAHLIOXKKH, SK1, 3'€IHYIOUUCH, (DOPMYIOTH
CTPYKTYpPY pEYOBHMHM B CKIOBUIHOMY cTaHi. CTpyKTypHI MOMAENl TaKUX CKIIB
moOy/I0BaH1 Ha OCHOBI MPUIMYIIEHHS MPO CUJIbHI KOBAJEHTHI 3B'A3KHM MK aToMaMu
xanbkoreHiB. [Ipy HU3bKiH TeMnepaTypi po3IjIaBu CIPKU MICTSTh BOCBbMH WICHHI KiJIbIIH,
YTBOpPEHI KOBAJCHTHHMHU 3B'SI3KAMH MK CYCITHIMH aToMaMmu cipkd. LI JmaHITIOXKKH
YTBOPIOIOTH TMOJIMEpPHI CTPYKTypu. Tomy, B pa3l 3MEHIICHHS KIJIbKOCTI CIPKH Ta
30UTbLIEHHS KIIBKOCTI KaJbIIIIO 1 HATPil0, MOXKHA IepeA0auynTH 301JIbIIEHHS KOE(DILIEHTY
B11OMBaHHA.

OTxe, 3BOPOTHA 3AJECKHICTh, TOOTO 30UIBbIICHHS KOE(DIIIEHTY BiJIOWBAaHHS,
J03BOJISIE TOB’A3aTH €JIEMEHTHUH CKJIaJ CKJIa Ta MOro 3aXHMCHI BJIACTHBOCTI I10

Bi,Z[HOIHeHHI-O A0 JIa3CPpHOTO OHpOMiHeHHH.

4.3. Oninka e(peKTUBHOCTI 3aCTOCYBAaHHSA 3aXHCHHX ILIIBOK

3BHUYaliHI MeTaji30BaHl IUIIBKM HEMOraHO MpOosiBWIM cebe y cdepi 3axucry
iHdopmarii [21, 93, 114], npore 1l TUTIBKM MaJld HU3KY HEIONIKIB, MOB’S3aHUX 31
3HAUYEHHAMM MpONyckaHHd Buaumoro ciTia (12-20%) Ta 3HaYEHHSMHU BiIOUTTA
KOpPOTKOXBWJIbOBOT oOmacti [Y BumpominenHs (55-60%). Cnuparounch Ha ciaOki
CTOPOHU PO3MISHYTHX IUTIBOK, MPOMOHYEMO PO3IJISIHYTH BJOCKOHAJIEHY CTPYKTYpPY
3aXMCHOT TUTIBKH.

Posrasigatoun B nyHkTi 3.4 Hamoi poOOTH MOMEPETIHIO TUIIBKY OKCUIY 1HIIIO Ta
oJioBa ciif 3ragatu, mo ITO map Onokye 1H(ppadepBOHE BUIPOMIHIOBAHHS B /11alTa30HI
1400 — 2000 1M 1 maibke He 3auinae noTpiOHMM OmkHIKM [Y niana3oH, 1mo poOuThs HOro
Hee(DeKTUBHUM JIJIs1 OpraHi3aiili 0e3neku BUTOKy iHdopmariii. Tomy, 0JHUM 3 BapiaHTIB
N1JBUILIEHHS Pe3yJIbTATUBHOCTI 3aXMUCTY MOBHOI 1HQOpMaIlli BiJl 3YUTYyBaHHS JTa3€pHUMU
CUCTEeMaMH 3 BHUKOPUCTAHHSIM 3allpOIIOHOBAHOTO MOKPHUTTA € 3aCTOCYyBaHHS IUTIBKU
BaCuTeF, Bigmanenoi mpu temmeparypi 700°C y koMOiHAIli 3 pO3TIISIHYTUM paHilie

1apoM, 10 MICTUTh OpPTraHiuHi OApBHUKHU y CBOeMY ckiiajl. Llei map po3paxoBanuii Ha
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OpOMyCKaHHS BUAUMOro cBiTIa Ta BiAOUTTA [Y BUNpOMiHIOBaHHS Yy OJIMKHBOMY
iH(pauepBoHOMY dianazoHi. ToOTO 3arajbHa CTPYKTypa IUIIBKH BUTJISIATUME MOJII0HO

K Ha puc. 4.10, mpoTe 3aMiCTh APy OKCUIY 1HJ1I0 Ta 0JI0Ba Oy/ie BCTAHOBJICHO IUTIBKY

BaCuTeF [10].

Puc 4.10. CtpykTypa 3anponoHOBaHOI 3aXUCHOI TIJIIBKU HA CKJIO
1 — nniBka BaCuTeF, 2 — npo3opwuii naminyrouuii aare3us, 3 — riiBKa-migkiIaaka, 4 — map, mo

MICTUTbh OpTraHi4Hi OApBHUKH, 5 — UyTIUBUM JO IPUTUCKAHHS KJIeH, 6- CKIIO.

Bucoki koedimientu BigOutta [Y-BUNpoMiHIOBaHHS MIapy 3 OPraHIYHUMU
OapBHUKaMU CBITYaTh MPO T€, 110 HE BUKIIOYAETHCS Takoxk BukopuctaHHs BaCuTeF,
BiamnaneHoi mpu remmepatypi 300-500 °C. ITicns BU3HaueHHS 11iJIeH 1 HEOOX1THOTO PIBHS
3aXHUCTy MOXHA BUKOPHUCTOBYBaTH KoMmOiHarlito Outein mpo3opux 1miBok BaCuTeF 1
mapy 3 OapBHUKAMHM, TUM CaMHM 3HA4YHO MIJBUILYIOYH KOE(ILIEHT MPOIMYCKaHHS
BUJIMMOTO CBITJIA B TPUMIMICHHS. SIKIIO MOTpiOHE 3MEHIIIEHHS MPOIMYCKaHHS, TaKOX
MO>KHa nodapOyBaTH MIIBKOBY MiAKIAAKY.

3anporoHoBaHa KOMOIHAIlisl IIapiB MOXKE ICTOTHO YCKJIQIHUTH 34YUTYBaHHS

MOBHO1 1H(oOpMAIIl CHUCTEeMaMH JIa3epHO-aKyCTUYHOI pPO3Biaku. KpiM TOTO, IITiBKH
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BaCuTeF BBakaroThCsi HaMIBIIPOBITHUKAMHU P-THUILY, BIACTUBOCTI SIKUX Y MallOyTHHOMY
MOXHa 0yJie BUKOPHUCTOBYBATH B Cy4acHIN €JIEKTPOHIILI].

[IpoBeneni mocCHipkKeHHST Ta OIiHKAa e()EKTHUBHOCTI 3aCTOCYBaHHS 3aXHCHOI
HaIBIPOBITHUKOBOI MTiBKM BaCuTeF, m0o3Boms0Th 3p0OUTH HACTYITHI BUCHOBKHU:

1. Bceranosnenns 3axucHoi miiBku BaCuTeF y noeanansi 3 mapom O0apBHUKA
3 BUCOKOIO B1IOMBHOIO 3[aTHICTIO HA 30BHIIIHBOMY BIKOHHOMY CKJIi Oy/TiBIIl 3HUXKY€E 200
MOBHICTIO BUKJIIOYa€ €(PEKTUBHICTh JIa3epHUX 3acO0IB MEPEXOIUICHHS TOJO0COBOI
iH(opMallii, B OCHOBHOMY uepe3 pi3Ke NaiHHS MOTY>KHOCT1 BIIOUTOr0 a00 MOTIMHEHOTO
CHTIHAJTy 30BHIIIHIM IIapOM CKJa 3 IUTIBKOBUM MOKPHUTTSM. IX 3acTOCyBaHHS MOTpebye
BUKOPUCTAHHSA 3HAYHO MOTYXHIIMIUX JIA3epIiB Yy TMIJACIYXOBYIOUHX MPUCTPOSX, IO
BUKJIIOYA€E MPUXOBAaHY poOOTY TaKUX MPUCTPOIB.

2. [Tpo3opicTh 32 JOMOMOTOIO Jla3epa 3 JTOBXKUHOK XBHIII 658 HM ISl TUTIBOK
BaCuTeF, Binnanenux npu temneparypax Hkue 600 °C, craHoBuTsb Biz 65 10 70%. dns
IUTIBOK, BiAnajieHux npu temneparypax Buux 600 °C, npo3opicTh HUXKYA 1 3HAXOAUTHCS
B Mexkax 45-60% [10].

3. 3a  3aXMCHUM  TPU3HAUEHHSM  MOXJIMBE  JIOAATKOBE  3HMKEHHS
CBITJIONPOHUKHOCTI HUIIXOM (hapOyBaHHs IJIIBKOBOI Migkiaaaku. Husbkuii koedimieHT
MPOIYCKAHHS BUAMMOTO CBITJIAa POOUTH MajJOMMOBIPHUM (MIPAKTUYHO HEMOMKJIHBUM)
BI3yaJIbHO-ONTUYHE AOCIIIXKEHHSI PUMIILEHb, Y TOMY YUCJII MOHITOPUHT 1H(OpMaIii Ha
expanax [IK yepe3 BikHa 3 HaKJIEEHUMU TUTIBKAMU BICHB 1 BBEUEDI.

4, HocmimxyBani 1uniBku BaCuTeF € nHamiBnpoBigHMKaMu 3 MIUPUHOIO
3a00poHEeHO1 30HU 2,9 eB, dxi B MailOyTHhOMY MOXYTh OyTH BUKOPUCTaHI B Cy4acHii
CJICKTPOHIIII.

JIist moOymoBU ORI KOMIUIEKCHOTO DIIICHHS 3aXUCTY MPUMIIIEHHS B pOOOTI
pPO3TJISIHYTE CHeIlajbHe 3BYKO130JII0I0YEe CKJI0, BiOpallii IMiJl BIJIMBOM aKyCTHYHOTO
CUTHAJTY SIKOTO 3MEHIIICHI 32 paXyHOK BUKOPHUCTAHHS CTEIIaTbHOI ITIBKU MK MHUOKaMH
ckjia. BukopucTaHHsl MpeJCTaBICHOI TEXHOJOT1I BUTOTOBJICHHS BIKOH Yy TMO€IHAHHI 3
3aXMCHUMHU TUTIBKAMHU JIO3BOJIUTH OTPUMATH OUIbII HAAIWHWUNA Ta CTIMKUNA 10 BUTOKY

3aXUCT MOBHOT 1H(MOpMAIIiT y TPUMIIIIECHHI.
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[IpoBenene HaMu AOCIIIKEHHS 3MIHM 3aXHMCHUX BIIACTUBOCTEW CKJIa Ha OCHOBI
BUKOPUCTAHHS JICJEKTPUYHMUX IUIIBOK mJiokcuay raduiro (m. 3.3.), mae miacTaBu
CTBEpIKYBaTH, 1110 HaruiieHa miiBka HfO, 1o3BoauTh 3011bIIUTH BiIOMBAHHS BIKOHHOTO
ckna 3 4% 1o 15-18% B mianazoni goBxuH xBrib 300 - 350, 500 - 700 Ta 1000 - 1500
HM.

PexoMeHy€eThCSl BUKOPUCTOBYBAaTH HANMUJICHHS JIOKCHAY TaHiI0 HA CKIO AJIs
301IbIIEHHST KOE(IIlieHTa BIIOUTTS Ta pPO3CIIOBAHHS, SK 3aXHCT BiJl JIa3epHOTO
30HJyBaHHSl Ta 3UMTYyBaHHS 1H(QOpMaIlli y BHIIEBKA3aHUX [1alla30HaX 3 HACTYIMHUX
MIPUYHH:

[To-nepite, HaMUJICHHS! TAKUM €JIEMEHTOM SIK J10KCH]I Ta(HIIO € IOCUTh MPOCTUM
3aBJIaHHSIM, KOJIM HEO0OX1THO 3aXUCTUTU BIKOHHE CKJIO Bij] 3uuTyBaHHs 3acobamu JICAP,
3BUYAMHO K, SKII0O MaTH BIANOBIAHY amaparypy, OCKUIbKM TaKHi €JIE€MEHT TapHO
HAIMWJIIOETHCS SIK Ha BIKOHHE CKJIO, TaK 1 HA TOHKI MPO30pi IUIIBKH, HE 3BaXKAIOUM Ha
pi3HMX BUPOOHHMKIB CKJIa Ta IUIIBOK, 1X MEPIIOYEPTrOBUX XapAKTEPUCTUK Ta 3aBIaHb.

[To-npyre, OCKIIBKH CIIOJIyKa TadHII0 Ta KUCHIO € HEOPTaHIYHOIO CIIOYKOI0, BOHU
HE MalOTh BYIVIEBOJHOI CTPYKTYpPH, TOMY € MPOCTHMH PEUYOBMHAMH 1 JIOCUTH J0Ope
JISITal0Th OJTHA HA OJHY.

ITo-tpete, miokcun radHito € aOCOMOTHO OCE3KOJIPHUM Ta aOCONIOTHO HE
PO3UMHSIETHCS y BOJI 1 HABITh BUTPUMYE JTOCUTH BUCOKI TEMIIEPATypH, U0 POOUTH KO0
HE TUIBKM BUTPUBAJIMM, a 1 JIOBTOBIYHMM HamuiIoBadeM. HamuieHHsS came UM
€JIEMEHTOM 3a0€3MEeYUTh JOBTOBIYHICTh, MIIHICTh, 3aXUCT BiJ] BUCOKUX TEeMIepaTyp 1
HANTOJIOBHIIIE, 3a0€3MeYUTh a0COMIOTHY MPO30PICTh BIKOHHOTO CKJa 0e3 Oyab-sSKHX,
HaBITh HAaWMCHIIMX HATAKIB Ha Te, II0 Ha CKJIl MOMJIMBO IIIOCh HaHeceHO. ToOTo,
HE030pOEHUM OKOM TMOTEHIIIMHUI BOPOT HE BIAPIZHUTH CKJIO, 3aXHUIIEHE JTIOKCHUIAOM
radHito, BiJ 3BUYaiiHOTO BikoHHOTO. [IIBHMaIIE 3a BCe, 3IOBMUCHUK MOXE 3I1HMCHUTH
araKy Ha Take BIKOHHE ckJo 3a aonomoroio JICAP, ane He oTpumae pe3ysbTariB, Ha Kl
OYiKyBaB Iepej crpoOoro aTakH.

[To-uetBepre, nioKcH] radHIIO0 3aCTOCOBYETHCS SIK MPOCBITIIOBAJILHE MMOKPUTTS HA
onTuuHUX aeTtaisx. OTxe, 1€l HamWIOBaY HE TUIBKM HE POOWTH CKIO THMSHHM,

3HEOAPBJICHUM, MEHII TPO30pPUM 1 T[IOMITHUM, aJieé HaBIaKW, 3aBIsSKH CBOIM
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IPOCBITJIIOIOYMM BJIACTUBOCTSIM, MIABHUINYE HOTO MPO30pICTh 1 mMpupoaHuii Oiuck. B
JTAHOMY BHIIQJIKy II€ O3HAuyae€, 0 MOTPAIUISIHHS MPSIMUX COHSYHUX IPOMEHIB B
NPUMIIICHHSI MOXKE CTaTH B pa3u KpalluM, IPHU [IbOMY CKJIO IIbOTO MPUMILIEHHS 30BHI
BUTJISAZIa€ aOCONMIOTHO HOPMAJIbHUM JUIsl JIFOACHKOTO OKa 1, 110 HAWTOJIOBHIIIE, 3HAYHO
miaBUIINY€ 3axucHi BaacTtuBocTi Bij JICAP.

[To-m’siTe Take HAMWJIEHHS, HEBAKIWBO YW 1€ IUIIBKOBE HAMWJICHHS, YU
Oe3mocepelHE HAMWICHHS Ha CKJIO, € 3HAYHO JCIHICBIINM 3ac000M 3aXHCTy BiA
MepexoIyieHHs MOBHOI  iHdopmalli Oyab-IKUMH Cy4YaCHUMH  METOJaMH, IO
3MIMCHIOIOTBCSA HE 3 MPUMIIICHHS, OCKUIBKUA 3aTpaTd Ha BUTOTOBJICHHS T4 HAHECEHHS
TaKUX MOKPUTTIB € 3HAYHO MEHIIIMMU, HIXK 3aTpaTH Ha PO3POOKU Ta BUPOOHHUIITBO OY/Ib-
SKUX aKTUBHUX 3aCO01B 3aXHUCTY.

JlocmipkeHHsT BIUIMBY —MOJIMEPHUX IUNIBKOBHX —MarepiajiB  Ha 3aXHUCHI
XapaKTEepPUCTUKU BIKOHHOTO CKJIa, IIO0 OMUCaHO B M. 3.5. poOOTH, MPOBOJUIOCH HA
NPUKJIIaI1I HAHOUTBII MOMYJISIPHUX 3pa3KiB cKiia puHKY Ykpainu: Saint-Gobain Diamant
6mMm ta Guardian float Guard 6mM.

B pe3ynbTaTi OyJi0 BCTAaHOBJIEHO, 110 BMICT JOMIIIIOK B 000X 3pa3Kax CKJa Maike
OJIHAKOBUM. BiAMIHHICTH IUX 3pa3KiB JMIIE B TOMYy, 110 B ckiaai ckia Guardian €
esieMeHT Mg, sSikuii Mir OM BIUIMBATH Ha 3aXMCHI XapaKTEPUCTUKH CAMOTO CKJIa.

B pe3ynbrati crieKTpaJIbHOTO aHali3y BCTaHOBJIEHO, 110 ckiio Guardian Mae Tpoxu
Kpauy BJIACTUBOCTI B1IOWTTA B aAiama3oHi yactoT Big 900 mo 2500 HM, ane ioro
MPOMYCKHA 3/IaTHICTh MEPEBHUINyE IMOKa3HHWK ckia Saint-Gobain Ha 1% B miama3oHi
yacToT Big 660 no 2600 um. Ile o3nauae, mo Mg, npu Bmicti B ckii 2,093%, Tpoxu
nokparye 3axucHuit edext Ha 0,5% B aianazoni Bix 900 1o 2500 HM.

s 3axucty ckna Big aii JICAP Oyna BunpoOysana riiBka SMC 12 (m. 3.5.).
Jocmimkenns mokasano, mo ckiao Saint-Gobain i3 3axucHoro maiBkoro SMC 12 ne
roauthes i 3axucty Bix aii JICAP Tomy, mo koedimieHT mpomycKaHHs B Jiana3oHi
yacToT Big 550 10 2200HM 3HaYHO 301IbIIYETHCSA, @ CyYacCH1 JIJA3€pHI CUCTEMHU MPAIIOIOTh
B gianazoni 700 - 1800um. Takox B 3a3HaUY€HOMY Jiala3oHi, MJIIBKa HE MOKpaILye 1
xapakTepucTuku ckia Guardian, a HaBITH TPOXU TOTIPIIYE B Aiana3oHi yactoT Bix 300

o 1800 um.


http://okna.ua/saint-gobain

147

B pesynprari mochmijpkeHHS MOXKHA CKa3aTd, IO 3aXMCHI TUTIBKM Ha OCHOBI
MOJTieCTepy MOTIPIIYIOTh IMPO30PICTh CKJIA 1 30UIBIIYIOTH KOE(II€EHT BIJOMBAaHHS.
[TinBumennsa 3axunieHocti ckia Big JICAP moximuBe 3a J0MOMOror0 MOJIMEPHUX

MOKPUTTIB, HAITMJIEHUX Ha CKJIO.

4.4. TlpakTu4Hi peKoMeHJalil HI0A0 BCTAHOBJEHHSI 3aXHCHHMX ILUIIBOK HAa

BiKHA

CKkII0 XapakTepu3yeTbCs HHU3KOI0 ONTHYHHX BiacTuBocTeil. CyTh edekrty
CBITJIOPO3CIIOBAHHS IOJIATa€ B TOMY, IO MPHU HPOXOIKEHHI Y€pe3 CKIIO CBITIOBOIO
MPOMEHsI, Ha MeEXI1 JBOX CEPEJOBUIIl BUHUKAIOTH SBUINA BIIOWUTTS, MOTJIMHAHHS,
IPOITYCKAHHS 1 PO3CIIOBaHHS CBITJIA. 3TIHO 13 3aKOHOM 30€peXeHHs €Heprii, cyma
KOe(DIIiEHTIB BIAOUTTS, MOTJIMHAHHS, MPOMYCKAHHS Ta PO3CIIOBaHHS CBITJIAa JOPIBHIOE
OJIUHUIII.

BigOuBaHHs — 11€ MOBEpHEHHS 00’ €KTOM CBITJa 0€3 3MIHU JIOBKUHHU MOTO XBUJIL.
BaxnuBuMm mapaMmeTpoMm, SIKH ONMUCY€ BIJOMBAIOYY 37ATHICTH MOBEPXHI PEUOBUHU €
koedimienTt BigOuBaHHA  (Kii). KuibkicHO  koe(dilieHT BIZOMTTS  JOPIBHIOE
CHIBBIIHOIIEHHIO MTOTOKY BUIPOMIHIOBAHHS, BITOUTOTO TUIOM (Pgizs), 0 MOTOKY, KU
notpanus Ha TiJ0 (Pyy):

K 6io6 = Puss (4.4)

8x

Ji1st OUTBIIIOCT] BUAIB CKJIA TIOB'I3aHUM 3 KOE(DIIIEHTOM 3aJIOMJICHHS:

n-1V (15-1Y
kgaa._[”_,_J _[1.5+1,] -0 (4.5)

KoedimienT BinOuBaHHs XapaKTepU3y€eThCA TAKUMH BIACTHBOCTSIMHU:

- CYTTEBO 3aJICKHUThH BiJ] KyTa MMaJlIHHS,
- OyBae HaNPSAMIICHUM, HANPSIMIEHO-PO3CITHUM, AU(PY3HO-po3CisiHUM (puc. 4.11)

[22].
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Puc. 4.11. 300pa>keHHs BIACTUBOCTEM CKJIa «BITOUTTSD)

[le ogHMM BaXJIMBUM NapaMeTpPOM CKJa 3 TOYKU 30pYy CBITJIIOPO3CIIOBAHHS €
MIPOITYCKaHHS - MPOXO/IXKEHHSI CBITJIa YEPE3 CepeIOBUIIE O€3 3MIHU MOTO JOBKUHU XBUIIL.
[TponyckanHst Moke OyTH CHpPSMOBAaHUM, HAIpPaBIE€HO-PO3CISTHUM Ta PIBHOMIPHO
poscisHuM. KoedimieHT mnpomyckaHHS MOXHA TPEACTaBUTH, SK BIJIHOUICHHS
BUIIPOMIHIOBAHHS, 110 MPOWIUIO 4yepe3 NOBEPXHIO (Pupon), JO BUIPOMIHIOBAHHS, IO

BIayio Ha nmoBepxHio (B ).

K npon =2 (4.6.)

86X

EdexTuBHEe po3rantyBaHHs IUTIBKA MOXJIMBE TUIBKH MPU KOMIUIEKCHOMY MiIXO0/I1
710 POOJIEMU BUTOKY aKyCTUYHOI 1H(pOpMAITii.

[iyu1ro Hamoi poOoTH OyJia po3poOka crioco0y BUKOPUCTAHHS MITIBKY HA BIKHA JISI
3aXMCTy BiJl 34MTyBaHHS MOBHOI 1H(popmarii 3a gomomorow JICAP. OO6nacth
BUKOPUCTAHHSA TOTO YM IHILIOIO BUAY IUIIBOK, B OCHOBHOMY, CIIELaJIbHO OOJaJHaHI
KOH(EpEHII-3aJIu JJIs MPOBEIEHHS MeperoBopiB. TOX sl OTPUMAaHHS TOBHOI[IHHOTO
3aXMCTY BiJl BUTOKY 1H(OpMAIlii ONTHKO-EIEKTPOHHUM KaHAJIOM, OUIBIII TOIIILHUM OYIJI0
OM pO3IJISHYTH TakoX OyIOBY BIKOH, fKI OyayTh BHKOPHMCTOBYBAaTHCS i Yac
NepPeroBOpPiB, KOH(GEPEHITIH.

BynoBa BIKOHHOTO CKJIa Ma€ BaXXJIMBY POJIb Ui 3aXMCHY 1H(opmallii, amxke came
OyJl0Ba CKJIa BIUIMBA€E Ha BiOpallii, 1110 HOPOIKYIOTHCS T1JT A1€H0 aKyCTUYHOTO CUTHAIY.

Jis  Kpamoi 3BYKOI3OJAIIT Ta UIYMONOIJIMHAHHS BUKOPHCTOBYIOTH CIHELIAIbHO



149

pO3p0o0IIeH] CKIIOMAaKEeTH, 10 MAIOTh TOBIIUHY MOBITPSIHOTO MPOMDKKY MK IMIMOKaMH BiJ
6 1o 20 MMm.

Jlns opranizaliii MOBHOIIIHHOTO 3aXHUCTY BIKHO 200 CKJIOMAaKeT Ma€ CKJIaJaThcs 3
JIBOX, TPHOX IMHMOOK. 3TiTHO OTPUMAHUX PEKOMEHMIAIII 11010 BCTAHOBICHHS 3aXHUCHUX
IUTIBOK, TIJTIBKA Ma€ OyTH BCTAHOBJICHA HA BHYTPIIITHIO CTOPOHY 30BHIIIHBOTO CKJIA, Y pa3i
HAsBHOCTI JEKUIbKOX BIKOH (30BHIIIHBOTO, BHYTPIIIHBOTO), a00 IHTETpOBaHA Y
CKJIOTIAKET, Tepea Horo (OopMyBaHHSIM, 1 TAaKOX BCTAaHOBJIEHA Ha 30BHINIHE CKJIO (pHC

4.12).

3axucHa
/miBKa
30BIHiLLHE BHyTpiLuHe
Ko Ko

Puc. 4.12. BcTaHOBJIEHHA 3aXMCHOI IUTIBKHA HA CKJIO

CyTb 3aXUCTy MOJIATAE B TOMY, 110 BIIHOIIICHHS CUTHAJI / IIIyM € 3HaYHO OUIbIIINM
caMe Ha BHYTPINIHbOMY CKJIl 1 3YMTYBaHHS MOBHOI 1H(OpMaIlii MPOBOJUTHCS 3 HHOTO.
Bi0Opaiiii BUKJIMKaHI MOBHMM CUTHAJIOM TEPEXOMASITh 3 CEPEAOBHINA TMOBITPS-CKIO Yy
CEPENOBUIIE CKJIO-TIOBITPS 1 3HOBY Y CEPENOBHUINE MOBITPSA-CKIO, TOMY BiOpairii
30BHILIHBOTO CKJIA € JIHCHO HE3HAUHWMHU. BCTaHOBMBIIM 3aXMCHY IUTIBKY Ha 30BHIIIHE
CKJIO 1H(pauepBOHE BUIIPOMIHIOBaHHS Jiazepa Oy/le 4aCTKOBO OJOKYBATHCS 1 MOJ0JIaTH
3aXMCHUU MIap MepIoi MuOKK cKiia Oyaie HabaraTo CKIIaIHiIIe.

JIst TTOKpaInieHHsT 3ByKO TOTJIMHAIOYMX BJIACTUBOCTEH CKJIa MOYKHA PO3TIITHYTH

CKJIOMAKET, 1110 Ma€ I1ap JaMIiHOBAHOTO CKJa 3 BHYTPIIIHbOI CTOPpOHU (puc 4.13)
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BHyTpiluHe

/ CKIo

N\ Akycruura
cMona

30BHilLHE
CKno

PVB nnieka k |
m |
Puc.4.13. ByioBa 3ByK0130J1I0I0YOTO CKJIOMAKETA 3 TOAATKOBUM

3BYKOI130JIFOI0YMM 1IapOM

HasBHICTh TpUILIEKCY 3 BHYTPIIIHBOI CTOPOHH OOYMOBJIEHO MOTO HEMOTaHHUMH
3BYKOI130JII0OF0OUMMH BJIACTUBOCTSAMHU. MiX IIapaMy BCTaHOBIIIOETHCA CIIELllaibHa IJTIBKa,
sgKa MOKe OyTH BHUTOTOBJIeHa 3 mnodiBiHUIOyTHpanio (PVB). PVB mmiBka Bonojie
HETMOTraHOIO MIIHICTIO Ta 3/1aTHA 3HAYHO MIABUILUTU YJIAPOCTIHKICTh ckia. [Ipote 3ByKo
MOTJIMHAIOY1 BJIACTUBOCTI HABEJCHOI IUNBKK HE 17eanbHi. J1s X MiABHIIEHHS J0 IHapy
PVB miiBku HEOOX1AHO AOJATH IIAp CIELiaJIbHOI aKyCTHYHOI CMOJIM, IO 37aTHa
MOTJIMHATU AKyCTHYHI CUTHAIIH, SIKI HMPKYIIOIOTh y puMileHH1. [loeqHanHS nuX mapis
JI03BOJISIE OTPUMATH BUCOKOSIKICHE CKJIO, IIT0 MOYKE HE TIIBKU MPOTUCTOATH MEXaHIYHUM
MOIIKOJIKEHHSIM 330BH1 OYlIBII1, i€ i 31aTHE 3MEHIIMTH BIOpaLlit0 BHYTPIIIHBOTO CKJIA,
10 3HAYHO YCKJIQIHIOE 3YUTYBaHHs 1H(GOpMAIIii JIa3epHUMHU CUCTEMaMHU.

B pesynbrari koMOiHamii 3axXMCHOI IJTIBKM Ta MPEICTABICHOTO CKIIOMAKETY
OTPUMYEMO PIIlICHHS, 10 JT03BOJUTH YIIEBHUTHUCS B TOMY, III0 PO3MOBA B MIPHUMIIIIEHH] €

3aXHUIICHOIO BiI[ BUTOKY OIITUKO-CICKTPOHHUM KaHAJIOM.
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4.5. JlocaiazkeHHs] BILIMBY YaCTOTH 3ByKOBHMX KOJHMBAaHb HA BIATYK JIa3epHOI0

NMPOMEH 3 NOIIUPEHOro B YKPAaiHi CKJIa

EnemenTHuit anami3 ckia, HAMOUTBI MOMIMPEHOTO HA pUHKY YKpainu (Lysychansk,
6 MM ta Orionglass, 4 Mm), Oys10 MPOBEEHO HA PEHTTEHO(ITyOpECIICHTHOMY aHaJIi3aTopi
enementHoro ckiany «EXPERT 3Ly [33, 54].

Pesynpratn BHUMIpDIOBaHHS BHSBICHHX Yy 3pa3kaX XIMIYHUX €JIEMEHTIB 1
BIIMOBITHUX iM MacOBUX KOHIIEHTpallii 3 BiAHOCHOIO moxuOkoro BuzHaueHHs 0,01%
MacoOBOi YaCTKH, IPUBEEHI B 1. 3.1. HAIIOTrO JOCTIKEHHS.

[IpoBeneni AOCHIIKEHHS TMPOIYCKAHHS BUIIPOMIHIOBAaHHS Yy J1ab0OpaTopHHUX
3paskax ckia, 3a gornomororo Spectrophotometer «Shimadzu UV-3600» mokasanu kparii
BJIACTUBOCTI 110710 MporyckaHHs y ckia Orionglass 4mMm (puc.4.14, 4.15), oco0auBo 11€

BUJIHO y jAiana3zoHi BumiproBanHs 800-1500uMm.

100,00000

80,00000 ~

60,00000 |
B

e

40,00000 |

20,00000

0,00000 . . . . .
30000  500.00 1000.00 nm. 1500.00 2000.00 2600.00

Puc 4.14. CnekrporpamMa nporycKkaHHsI BUIIPOMIHIOBaHHS
y ckia Lysychansk 6mMm
[TpoananizyBaBIM OTpUMaHi JaH1, MOYKHA CKa3aTH, 10 HA SIKICHI XapaKTePUCTUKU
CKJIa BIUIMBAIOTh: BiJACOTKOBUM BMICT Si Ta Ca, siki y 3pa3ky Orionglass 4mm € cyTTeBO

BulMMH, HiX Yy Lysychansk 6 mm; HasBHICTH OLIbIIOr0 YHMCla JAOMILIOK Y 3pa3Ky
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Lysychansk 6 mwm; HasBHICTh KoMnOHeHTY Fe, 110 mpu Ail BUNPOMIHIOBAaHHS 31HCHIOE

BIUIUB Ha MOBEJIHKY 3pa3KiB.

90, 65144

80,00000 ~

60,00000

X
e

40,00000 -

20,00000 -

-0.00670 200 1000.00 m 2000.00 3000.00

Puc. 4.15. Cnekrporpama npornycKaHHs BUIIPOMIHIOBAHHS
y ckia Orionglass 4mm
Jlami Mu mpoBeNu JOCIHIJKEHHS MOTYXHOCTI KOe(illl€HTIB BiAOMBAHHS 3pa3KiB
CKJIa MPU Pi13HUX YacToTax BiOparii. Mu BCTaHOBIIOBAJIM 3pa3oK CKia Ha BiacTaHi 40cM

B1J1 JKEpeia BUTIpOMiHIOBaHHS (puc. 4.16).

Loudspeaker
AA (max)
|
Glass
‘ /
iL s R ——
‘ P (max) Laser Triangulation
Sensor RF603
AA (min) ((/

Puc.4.16. IlpuanunoBa cxema BUMIPIOBaHHSI BiOpalliii
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Toni HampaBmsuIH J1a3ep Ha 3pa3oK CKJIa 1 OAHOYACHO, 32 JOTIOMOTOIO MPOTPaMu
TTG, Mu TeHepyBalld CHUTHAJIM Pi3HOT yacToTH: moumHaroun 3 Oy — mo 20k[m. I
BUMIPIOBAJIM MOTY>KHICTh BiIOMTOTO J1a3epHoro nmpomens [108].

J1J1st CTBOpPEHHS BIUIMBY 3BYKOBHUX KOJIMBaHb HA CKJIO BUKOPHCTOBYBAJIN CUMYJISATOD
3BykoBUX curHaiiB Test Tone Generator (reHepaTop TECTOBHX TOHIB), IHTEPPEHC SIKOTO
npenctasinenuit Ha puc. 4.17 [57, 107]. Curnanu renepyBanu B Aiana3oHi yactoT 20kl 11

—100I'.

Test Tone Generator Evaluation Version l =) &
File View Presets Tools Help Buy license
Output Device Period Channels 116
Nuraeacs [SoundMa) 10 s Repeat @ Stereo 2
Left Channel |V On Right Channel V| On Same as Left
Wave Function Wave Function
m White Noise v - Square -~ 0O
Parameters Frequency
Crest Factor 9 Constant Sweep
3 v oo s
| 000 H ( Ca)
Amplitude  AmpRude Modulation Amplude  AmpRude Modulation
| -
N Ny
q -
52.2-dBFS & 0 dBFS
Memory Presets Sync all Generators
(0FF] (Pause | 0N | @
fs=22.05kH2® Timo Esser
This program is shareware in trial mode.

Puc 4.17. Intepdeiic nporpamu Test Tone Generator

[lin nmiero 3BYKOBOTO CHUTHAJTY 3pa30K CKJia MOYMHAB BIOpYyBaTH, TUM CaMUM
BIUIMBAIOYM Ha KOe(II[IEHT NOTY)KHOCTI BIAOMBaHHA. Pe3ynbratm eKClepuMEHTy
HaBeJneHi Ha puc. 4.18, 4.19 [61].

Ax 6aunmo 3 puc. 4.18, musa ckna Lysychansk, mounnaroun 31 100T'11 1 1o 8 kI
MOTYXKHICTh BiiOMBaHHA € MakcuMaibHO. A Big 8kl 1 go 14 xI'm moTyXHICTBH

B1IOMBaHHS ITOYMHAE Pi3KO MaJaTH.



Lysychansk 6mm
37
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20

Puc 4.18. I'padik 3anexnocti P(f) nis Lysychansk 6mMm

P, mcWit
36

Orionglass 4mm
35
* *
34 » L]
33 .
32—
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30
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Puc 4.19. T'padik 3anexnocti P(f) qst Orionglass 4mm

Tak camo 3 pocinipkeHb s ckiaa Orionglass 4mm  (Puc. 4.19), moxHa
Bl 8 1o 14 — cnanae.

criocTepiraTy, o NoYrHaouH 3 2 10 8 KI'Il MOTYXHICTh B1IOMBaHHS € MAaKCUMAJIbHOIO, a
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J17is BU3HAYEHHS 3aJIEKHOCTI MaKCHMaJIbHOI aMILTITYIH KOJIMBaHb BIKOHHOTO CKJa
A Big yacToTH f aKyCTMYHOIO CUTHANy B NPUMILIEHHI, IPOBEIECHO PO3paxyHKU B MS
Excel, Ta ctBopeno rpadiku 3anexuocTti (puc. 4.20) [61].

BuxopucroBytoun ¢dopmyny [112] ans  po3paxyHKy 3BYKOI30JIAIl BIKHA
R=10Ig(P / B)’, MOXHa 3HalTH MaKCUMaJIbHY aMILTITY/ly KOJIMBaHb CKJIOMAKeTa BikHA A
IIpU 3a/1aHiil 4acToTi 3ByKY f 1 TUCKY 3BYKOBOi XBHIJII B TpUMIIIeHH] P;.

D = h =
2p frc3 1020

4.7)

Jie U1 HOpMaIbHUX atMocepHux ymoB rc=420H-C/m3
[Tix gac po3MoOBH AOCTaTHIM Aiana3oH yactotH f 3Haxomuthes B Mexax Big 1000

1o 121", 3HadueHHs 3BYKO130JIs1111 Cy4acHOTO €BpOBIKHA MpuitMaeMo nipubdsm3Ho 40 nb.

Lysychansk, 6mm; Orionglass 4mm.
1,6 A4

1,4

1,2
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Puc. 4.20. I'padik 3ameKHOCTI MAKCUMAJIBHOT aMIUTITYIM KOJIMBAHHS BIKOHHOTO
CKkJia A BiJl YaCTOTH aKyCTUYHOTO cUTHAIYy f

3 rpadika BUIHO, SKII0O B NPHUMIIICHHI BIJOYBA€ThCS PO3MOBA CEPEIHBOT
temOparii mojacekoro rojocy (f = 5 kl'1), MakcuManbHa aMIUTITyJa KOJMBAHHS
Cy4acHOTO €BpoBikHa 31 ckiia Lysychansk 6mMm A nopiBHOBaTiMe nmpuOiau3HO 1,5 HM mipu
yacToTi 4 Kulorepia, a B pa3l HM3bKOI TemOpaiii moacskoro rojgocy (f = 150 I'm),
amrutityia gopisHioBarume 0,75 HM.

MakcumanbHa amIUITyJa KOJIMBAaHHS Cy4acHOro €BpOBikHa 31 ckia Orionglass

4mm A nopiBHoBaTuMe npubiu3Ho 0,65 HM npu yactoti 12 k' (mopsia 3 TUM, Kpim
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BKAa3aHOTO MaKCUMYMYy KOJHMBAaHHsS Cy4yacHOro eBpoBikHa 31 ckia Orionglass 4 mm
CIIOCTEPITa€eThCs Iie 3 MKW aMILTITY]T KOJIMBaHHS B Mekax yacToT Bia 1 go 20 xI'm)

OTxe, 32 OTpPUMAHUMH JAHUMU, aMIUTITyAa KOJUBAaHb CKJIA MiJ JA1€I0 aKyCTHYHO1
XBWI JUig pi3HUX BUAIB ckia: Lysychansk 6mwm, Orionglass 4mM, mig Ai€r0 akyCTHYHOT
XBUJI1, 3HAXOIUThCS B Mexax Big 0,65 mo 1,5 M, mpote s ckia Lysychansk 6mm ii
MOKAa3HUK B CEPEAHBOMY B 2 pa3u BUILIUH, HIXK JJI OUIBII YUCTIIIOTO BiJ TOMIIIOK CKJIa
Orionglass 4mmM.

OTxe, 3riTHO OTPUMAHKX PE3YJIbTATIB JIETKO MOMITUTH, IO TapaMeTp MOTYKHOCTI
BIJIOMBAHHS JIA3€PHOIO CUTHANY, SIKMM € BAXJIMBHM MapaMeTpoM i 3A1MCHEHHS
nepexoruieHHs iHpopMallii Ja3epHUMHU CUCTEMaMH aKyCTUYHOT PO3B1JIKH, € BACOKUM JIJIS
000X 3pa3KiB CKJIa, KOJIM B MPHUMIIIECHH] BIIOYBA€ThCS PO3MOBAa HU3BKOI TeMOparlii.
[IpoTe npu nepexoAi Ha CEpeiHI 1 BUCOKI YaCTOTH, CKJIO 3 OUIBIIIMMU J0OaBKaMU Ta MEHIII
AKICHUMHU XiMIYHUMU BractuBocTaMHu (Lysychansk 6mm), Mae ripiri BIacTUBOCTI, 11070
B1IOMBAHHS JIA3€PHOTO CUTHAITY. BiAMOBITH1 pe3yJIbTaTH KOPETIOIOTHCS 13 pe3ybTaTaMU
BU3HAYCHHS MAKCUMAaJbHOI aMIUTITyIM KOJMBAHHS BIKOHHOTO CKJa, i€ IapamMeTp
aMIUTITYIM IPAKTUYHO B 2 pa3u Bullui y ckia Lysychansk 6 mm. Bianosiano, mapamerp
aMILTITYAU TOTOKHO BIUJIMBAE HA PO3II3HABAHHS MOBHOTO CUTHAITy 3aCO0aMH TEXHIYHO1
PO3BIJIKH, 1 32 YMOBU BUKOPHUCTAHHS O1IbII UYTTEBUX Ta MOTYKHUX CUCTEM JIa3epHOI
PO3BIJIKH (MOTY>KHICTh BUXIJHOTO CUTHaNy OyJle AJOCTaTHbO BUCOKOIO JJisi B1IOMBaHHS
Ja3epHOTO CUTHAIY BiJ CKJa), CaMe BIACTUBOCTI I[bOTO MapaMeTpy OyIayTh OCHOBHUMH

MIPY MEPEXOIUIEHHI MOBHOTO CUTHAITY.

4.6. IlomapoBa Mojae/ib 0ArarTOKOMIIOHEHTHOI APXITEKTYPHO-KOMIIOHOBAHOL

CTPYKTYPH ONTOEJEKTPOHHOT0 KAHAJIY BUTOKY iHGopMaIrii

[Ipouec oOMiHy 1H(pOpMAaLIi€rO 3a JOMOMOTOI0 aKyCTUYHOIO CUTHAJY IPYHTY€EThCSA
Ha MOro MOIIMPEHHI B HABKOJUIIHBOMY CEpeAOBHINI. BianoBigHO, aKyCTUYHI CUTHAIH
MOXYTh TIOIIMPIOBATUCH y OyAb-SIKOMY CEpPEIOBHII, 32 BUHATKOM Bakyymy. Came 1eif
bakT 0OyMOBIIIOE MOXJIMBICTh TPOXOKEHHS aKyCTHYHOTO CUTHAIY 4Yepe3 CKJIaJ0Bi

OyIiBETbHUX KOHCTPYKIiH, CKJI0 Ta 3HATTS oro JICAP.
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CtpykTypa KaHa1y BUTOKY 1HOpMAIIii uepe3 CKII0 300pakeHa Ha pUCyHKY 4.21.

) )

Jlxeperno Cepenosuiie [puiimau
AKyCTHYHOT'O ——)| PO3SMNOBCIO/KCH aKyCTHYHOTO
CHUTHAITy Hsl CHUTHAITy

) J

Puc. 4. 21. CtpyKkTypa aKyCTUYHOTO KaHaJTy BUTOKY 1H(pOpMaIlii

AKYCTHYHI KaHAJI1 BUTOKY 1H(OpPMAIIii € OTHUMH 13 HAMHEOE3MEUHIIINX, JIe CePel
yCIX BUJIIB aKyCTHYHUX CUTHAJIIB-HOCIIB 3HAUHY YaCTHHY CTAHOBUTH MOBHA 1H(QOpMAIIis,
SKa OTPUMYETbCA y PEXUMI peanbHOoro yacy. Came TOMy Halle JOCHIKEHHS Oyso
HaMpaBJICHO Ha MPOBEACHHS OLIIHKKA MOXJIMBOCTEH MPOTUAIT Ja3epHUM MIKpO(pOHaM Ta
BUBUCHHS CIIOCOOIB 3MEHIIIEHHSI MOXKJIMBOCTEN TaKMX 3aC001B 32 PaxyHOK CEpeIOBHUIIA
PO3MOBCIO/[KEHHS.

CknazieHnii ONTOENEKTPOHHUN KaHal BUTOKY 1H(OpMALl yTBOPIOETHCS HUIIXOM
3HIMaHHs 1HpopMaIlli 1azepuum npomeHeM B [U-gianazoni (JICAP) 3 mnockoi moBepxHi

CKJIa, 110 KOJIMBAETHCS M1 A1€I0 aKyCTHUHOI XBHI 3 iH(opMartietro (Puc. 4.22).

3aBaju 3aBau
Jxepeio CepelioBu- AKycTO- CepenoBu- Ol
aKyCTHY. > 111€ MOoIIH- ONTHYHHH 111€ MOILIK- IETHE
CUTHAIly peHHs MepeTBop. peHHS PAHMET

Puc. 4.22. CtpykTypa ONTOEIEKTPOHHOTO KaHATY BUTOKY 1H(pOpMaITii

TakuM 9uHOM, SKITO OpaTH 32 OCHOBY KJIACHYHY CTPYKTYPY OINTOEICKTPOHHOTO
KaHally BUTOKY 1HQoOpMaIli, To MO)XKeMO KOHCTAaTyBaTH, IO JHKEPEIaMH aKyCTUYHOTO
CUTHAJy B MPUMIILICHHI MOXe OyTH, B MEpPILy Yepry, cama JIOIMHa B MPOLECi pO3MOBH 1
BIIOUTI JiKepesa CUTHATIB. Y HaIlOMYy BHUIIAQJIKy — II€ BIKOHHE CKJIO Y BIAMOBIIHOMY
pO3TallyBaHHI, BCTAHOBJICHOTO XIMIYHOTO CKJIAJy, 3 BHKOPHUCTAHHSM PI3HOMAHITHUX
HallWJICHh 1 IUTIBOK, SKE 3 CEPEIOBHINA PO3MOBCIOMKCHHS CTA€ TaKOXK JDKEPEIIOM
B1OpaliifHUX KOJIMBaHb, TOOTO B 3aJIKHOCTI B/l KUIBKOCTI 3aXMCHUX I1apiB HA CKJI1, BOHO

MO>Ke mociabaroBaTr ad00 IMOCHITIOBATH Jkepenia curHaiiB aiis 3HATTs JICAP.
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Pasom 3 ThM, Ha OCHOBI MPOBEAEHUX EKCIEPHUMEHTIB 1 JTOCHIKEHb, MOXEMO
3a3HAYUTH, 1110 TOIIUPEHHS BIOpaIliii BIIPI3HAETHCS B 3aJCKHOCTI BiJl KOMIIOHYBaHHS
MartepiajgiB Tepemkoad (Ckia Ta 1H. OTrOpO/DKYBaJIbHUX OO0’€KTIB), SIKOIO BOHH
MOIIUPIOIOTHCS, Ta TIOTIEPEAHBOT BIAMOBIII HA CKAHYIOUY JIIF0 JIA3EPHOTO TIPOMEHH.

OTxe, CTPYKTypy ONTOEIEKTPOHHOTO KaHaldy BUTOKY iH(opMalii MpPOMoHYyEMO

NpEICTaBUTH Y BUIIIsLAL TTommapoBoi mozeni (Puc. 4.23).

P —
BHyTpilHI BIUINBA /_\:\ 30BHIIIIHI BIUIMBU \
s

CepenoBuiie 30HH2/}OIH/II/I ’
PO3MOBCIOKEH JIa3€pHUM IPOMIHB

HS [pwuiimay BigOUTOTO
MPOMEHSI

Jxepeno
aKyCTHYHOI'O
CUTHAITY
Jxepeno
iHpopmarii

—— o - —
—— - - ——

Puc. 4. 23. IlomapoBa Mozienp 6araTOKOMIOHEHTHOI apXITEKTYPHO KOMIIOHOBAHO1
CTPYKTYPH OITOEJIEKTPOHHOTO KaHaIly BUTOKY 1H(opmarii

Sk BUIIHO 3 pUCYHKa, TOPAN 3 JHKEepeiaoM BiOpaIiiHUX KOJIMBaHb MTPSIMOi i
(bOopMyeTbCS TaKOX BIATYK BIJ TPOXOKEHHS Ja3€pHOTO IPOMEHS B CEpEIUuHY
MPUMIIICHHS 1 Y 3BOPOTHOMY HaMpsIMKY.

Orxe, 3axXUIICHICTh NPUMILICHb BIJ 3HATTS MOBHOI i1H(pOpMalii cucTeMaMu
Ja3epHOI PO3BIIKH Ma€ JOCTATHHO CKIAAHY 3aJEKHICTh 1 (POPMYETHCS KOMIIOHYBAHHIM
0araTbOX B3a€MOIOB’SI3aHUX BEJIUUMH:

K - sxicHU# KoeIIIEHT 3aXUCTy (€JIEMEHTHUM CKJIaJ CKJa);

K> - KiIbKiCHUHM KOE(IIIEHT 3aXUCTY (CTEXIOMETPIs €IEMEHTIB CKJIa);

K;3— xoedilieHT 3aXUCHUX TTOKPUTTIB (TUTIBKH);

K;— xyToBHI KOe(PIIIEHT (KYT HAXWIy CKIOMAKETY);

K5— xyToBuil KOePiIieHT (KyT MaiHHS Ja3epHOTO MPOMEHS);

Ks— «cenBiu» koe(ilieHT (KOMIIOHYBaHHS 3aXMCHUX I1APIB);

K7 — xoedllLi€HT TEXHIYHUX XapaKTEPUCTUK MPUIIa/IIB;

K, — n-nii koeiIieHT 3aXUCTYy.
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MaremarnuHa MojieNb  OMKCY€ MiHIMI3amito BTpar iH(opmarii yepes
ONTOENIEKTPOHHUN KaHai BUTOKY Bia JICAP, mo BiANOBiiae MaKCUMAJIbHOMY CTYIIEHIO
3aXUIIEHOCTI MPUMIIIEHHS. 3arajibHi a0 cymapHi BTpatd iHGopMallii CKIIaJaloThes 3
JIEKIJTbKOX CKJIaJIOBUX, SIKI TOIIAPOBO KOMIOHYIOTHCA Ha BUXIJHOMY Marepiani (CKIi).
JU1 KO)KHOTO TIMOTETUYHOIO MIapy ICHY€E MOBHA (ONTHMaJibHA) BEJIMYMHA 3MEHUICHHS
pU3UKy BUTOKY iHopMalli onroenekrpoHHuM kanaioMm Bia JICAP, skuil BiamoBizae
MiHiMyMy. Lleii MiHIMyM BTpaT KOpENIOE 3 PEalbHOI0 YHCEIHHOI0 XapaKTEPUCTHKOIO

1€ @ bka BpaxoBye KOMIOHYBAHHS TOMIAPOBHX CIEMEHTIB, X KOMOIHAIIi0, 10 GepyTh
y4acTh y BUPIIICHH] TUTaHHS O€3MEeKU MPUMILIECHHS. Y 3arajJlbHOMy BHUIIQJKy KIiHIEBa

nca .
MHOXHHa cﬁnanaemcx 3 11 3aXMCHHUX 1IapiB, TOOTO:

11ca:pz:l (4.8)

nca .. .. . -
- E)(OGQ)II_IICHT MIHIMAJIbHUX BTPAaT MOBHO1 1H(b0pMau11

— KoeiIieHT MiHIMAaJTBHUX BTPAT MOBHOI iH(opMaIlii n-M 3aXMCHUM IIAPOM

MorkeMO MPHUITYCTUTH, 10 TOMIAPOBa MOJEIIh 0araTOKOMITIOHEHTHO1 apXiTeKTYPHO
KOMITOHOBAHOT CTPYKTYPH ONTOEJIEKTPOHHOTO KaHaITy BUTOKY 1H(OpMaIlii po3ropTaeThCs
Ha PIBHI arperaTHoi Ta KOMIUIEKCHOI MOJIETI.

ArperarHa MoJIeJb CKJIAJIHOI (ITOIIApOBOi) CUCTEMU Oylie CKIaAaTUCh 3 OKPEMHX
MIJICHCTEM Ta OIMHKCY iX B3aeMOJIi (3a KiacuuHOIO cxemoro). [Ipu BUBYEHHI ITi€l Momeri
MIJCUCTEMHU NPEJICTABIEHI OKPEMUMU PIBHSHHAMM, IO MOB’SI3YIOTh BUXI1/JIHI CUTHAIH 3
BXIIHUMH CHUTHaJlaMM Ta 3 MapamMeTpaMud TNiJCUCTeMH. ArperarHa Monelb Oyfe

1moaaBaTuCh CUCTCMOIO TUX piBHﬂHBI

1 = 1120 .2Y)
{ 2 = 201, 2, )} (4.9)
= (120 )

B3aemonis miacuctem (CKIJIO, HAMWICHHS, KOMIIOHYBaHHS Ta 1H.) MOJISITAE B TOMY,
[0 BUXIJHI CUTHAJIM OJHIET MIJCUCTEMH € BXITHUMH JJId 1HIIOI 1 MAIOTh OJHAKOBE

MO3HAYCHHSI B arperaTHiil MOJIedi.



160

BuxinHi curHanmu OfHI€T MiICHCTEMH BBOISTRLCS B 1HITY 1 MAaIOTh OJTHAKOBI Ha3BU B
arperaTHii Mozei.

KommiiekcHa  (cHCTeMHa)  MOJCNHb  pO3DIAae  JpKepeiao  (CepeioBHIIE
PO3MOBCIOMXKEHHS) B LIJIOMY, HE PO3IUISIIOYM HOTO Ha MiJCUCTEMH 1 OKpeMi BHYTPIIIHI

nporiecu. KoedirieHT 3aXucTy MOKHA TIPEACTABUTH Y BUIISII:

Kox = fK, (4.10)

Pa3oM 3 THM, KOMILJIEKCHA MOJIENb ITPU BUPIIIEHHI KOHKPETHHUX 3aBAaHb, MOXKE TEX
OyTH oTpuMaHa 1 TpeACTaBi€HA y BUIVISAAlI CyMapHOi arperarHoi Moeni, MUISIXOM
3BEJICHHS CHCTEMH PIBHSIHB JO OJHOIO BHpa3zy, IO MOB’S3y€ BXI1JHI 1 BUX1HI CUTHAJIU
CUCTEMU, METO/IOM MiJICTAHOBKH, B 3aJI€KHOCTI BiJI KOMIIOHYBaHHS CKJIQJOBUX 3aXUCTY
1H(popMallii BiJ] BATOKY ONTOEIEKTPOHHUM KaHAJIOM.

[lepeBaru nux MiIXOAIB MOJSATAIOTH B TOMY, IO B 3aJICKHOCTI BiJl 3aBJaHb, SIK1
CTOSITH TE€PE/l CUCTEMOIO 1 BUXIIHUX XapaKTEPUCTUK €JIEMEHTIB, MU MOXXEMO JOBLIHHO
KOMITOHYBaTH POOOTYy CHCTEMH B IIJIOMY, 3 TOTOBHX KOMIIOHEHTIB 3 BHU3HAYCHHMU
napameTpamu abo KpUTepisiMu 1 0€3 JOCIIKEHHS BHYTPIITHBOT CTPYKTYPH, OTIUPAIOYNCH
TIIBKM Ha MOTPIOHUHN pe3ynbraT. OueBHIHO, 10 B poOOTI Oylo BUKOPUCTAHO OOMIBA
MiAXOAM AK ISl POBEIEHHS EKCIIEPUMEHTATBHIX JO0CIIKEHb MOIIAPOBUX €IEMEHTIB,
TaK 1 MPOTHO3YBaHHS TEOPETUYHUX MOMKIUBOCTEH IJI0I CHUCTEMH 3aXHUCTy MOBHOI

iH(popmarii Big JICAP.

4.7. llepcieKTMBH 3aCTOCYBAHHAl IUIIBKOBHX HAaNWJIeHb B 0e3MeKOBUX

TEXHOJIOTifIX BiiCbKOBOI0 NIPU3HAYCHHS

BaxBoro npo6iemMoro npoTu/Iii Jla3epHUM CUCTEMaM PO3BIJIKM CTAJIA BIMCHKOBI
nii. Y BIMCBKOBUX [iSIX Ja3epHi JETEKTOPH ONTUYHUX CHCTEM MpaliolTh B
iH(padepBOHOMY Adiama3oHi 1 BUSBISAIOTH BIAOWUTTS 30HAYHOUOTO MPOMEHS BIJ JIIH3U
OpUITy ad0 1HIIOTO0 ONTHYHOTO mpuiagy. ToMy ayxe MOIIMPEHUMH CTalld CUTYyallli,
KOJM CHAWIepiB Ha TMO3MIISX MIBUAKO BUSBISIOTh TMOPTATUBHHUMHU JIa3€pPHUMU

JIETEKTOpaMH Ta 3aBJAIOTh yAapiB TPAAUIIIMHUMHU 3ac00aMH BOTHEBOTO YPaKCHHS —
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MIHOMETaMHU, TPAHATOMETaMH, BEIHKOKamiOepHuMHU Kyinemeramu, [ITYPamu Toio.
OkpiM TOro B YMOBax BIHCHKOBUX [Iii BCE 4YacCTIlIE BUKOPUCTOBYIOTH MPUCTPOI
3aXOIUICHHSI 00’€KTIB JITa3€pHUMU CHCTEMAaMH 1 TMOBITPIHUMH CUCTEMaMHU JIa3€pHOTO
CKaHyBaHHS JJIsl HaBEACHHS BHUCOKOTOYHOI 30pOi /Ui 3HUINCHHS BIHCHKOBOI TEXHIKH,
BIUIA Tomro.

Boxe 3apa3 y CBITOBI{ MpaKTHIll BIICRKOBUX MAiii, 9aCTO 3aCTOCOBYIOTh CHUCTEMU
BUSIBJICHHSI OJIKiB, JUIsl BU3HAYCHHS TO3MIlN CHainepiB Tomo. B Ykpaini mpoBomaTbcs
BUMPOOOBYBaHHSI YKPATHCHKOTO aHTW CHAWMEPChKOro Komiuiekcy BupoOHuirea CUY
5K10 Thermal Vision Technologies, ne HasBHICTH ONiKy — BUsIBJIeHA onTuka. Jlis
OLTBIIOTO (PYHKIIIOHATY PO3POOHUKH TAKOXK IO MOXKJIMBICTh BUSHAYEHHSI KOOPIUHAT
1 BiJCTaHl 00’€KTa, SIKUM BUSBISIETHCS B CKIIAIHUX YMOBaX peiibedy MICIEBOCTI Ta
MICBbKUX 3a0ynoBax. OTxe, 3/11iiCHEHE HAMH MOZEJIIOBAaHHS MapaMeTpiB 3aXUILIEHOCTI B
3aJIEKHOCTI BiJ KUIBKICHOTO BMICTY €JEMEHTIB Yy CKJi, JacThb 3MOTYy e(eKTHBHIIIE
BUPILIYBATH L0 NpOOIEMYy.

€IIMHOI0O OCHOBHOIO MPHUYMHOIO 3aXOIJICHHS BIMCHKOBUX 00 €KTIB JIa3epHUMU
CUCTEMaMH 1 MOBITPSHUMH CHCTEMaMH JIa3epHOTO CKaHyBaHHs, Hampukian BIUJIA, e
HEJOCTaTHI KOE(QILIEHTH pPO3CIIOBaHHA 1 TNOMIMHAHHA a00 30UIBIIECHHSM KYTiB
BIJIOMBAaHHS JIa3€PHOTO IPOMEHS KOPITyCYy OO0’€KTIB, IO JO03BOJISIE€ UM CHUCTEMam
3MIIMCHIOBATH JIOKAI[Il0, BUSIBICHHS, MOHITOPUHT Ta YCIIIIIHI aTaKu Ha HUX. BiMoBiAHO
JUISL [IUX IUTeH, J1J1s1 YHEMOXKIIMBIICHHS! 3UMTYBaHHSI MOBHOI1 1H(opMallii 31 CKJa, a TaKOX
JUIsl HIBEJIOBAHHS OJNIKy TpU J1a3epHOMY HABEIACHHI Ha CKIO MOXXHAa PO3POOUTH
CHeliagi3oBaHl aHTHUOMIKOBI, ab0 3 BEJIMKUM KOE(ILUIEHTOM IOIJIMHAHHS, TUIIBKH Ta
MOKPUTTSI, SIK1 O MOTTIMHAIN/PO3CitoBalii 200 30UTBITYBAIA KT 3aJIOMJICHHS JIA3€PHOTO
MIPOMEHS IO TAKOTO MaKCUMyMY, 1110 HOTO HEMOXKJIMBO Oyno 0 3adikcyBary Ja3epHUMHU
CHUCTEMaMH.

3po3ymisio, M0 JOCHTIPKEHHS TIOB’sI3aHI 3 3aXMCHUMHU TapaMeTpaMH CKJa s
MPOTHU/IIT JIA3epHUM CHUCTEMaM, METOJAMH TiJBUIIECHHS KOE(DIIIEHTIB PO3CIIOBaHHS 1
NOMIMHAHHS CKJIa, METOJaMM 30UIbIIEHHS KyTiB BIIOMBaHHS CKJa Ta PO3POOJIICHHIM
CIeliaN30BaHuX aHTHOIIKOBUX ILIIBOK a00 TOKPUTTIB 3 BEIHMKHM KOE(IIEHTOM

NOTIMHAHHS/KYTOM B1IOUTTS JO3BOJIUTH BUPILIMTH MOCTABIEH1 y poOOTI 3aBaanHs. Taki
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IUTIBKA MOXKYTh YCITIIITHO 3aCTOCOBYBaTHUCh, SIK MEXaH13M MPOTU/IIT CHCTEMaM JIa3epHOTO
BUSIBJICHHS ONTHUYHOTO 0OJIaHAHHS CIEUBINCHK, HAIPUKIIA PO3BITHUKIB 1 CHAlMIepiB,
SIK1 BUKOPUCTOBYIOTh ONTHKY JJIs BIMCHKOBUX ITijiel. KpiM Toro maHi IjiiBKH MOXYTh
3abesneuntu 3axuct BIIJIA Bix BUsBICHHS, HaBeIEHHS 1 3A1MCHEHHS YCHIIIHOI aTaku
Ja3epHUMHU CUCTEMaMU JIETEKTYBaHHS 1 BUTIamoBaHH [1].

BuxopucranHsi 3aXMCHUX IUTIBOK BIJ JIa3€pHUX CHUCTEM PO3BIIKU JI03BOJISIE
MaKCHMAaJIbHO PO3BHHYTHU BEACHHS BIICHKOBOI cripaBu. HamwieHnii Ha ONTHYHI PHUIILIIH,
01HO0KJI1, OpoHbOBaH1 BikHa BMII Ta BTP, BikHa (ro3emskiB BUHUIIYBaYiB, TeIiKONTEPIB
YU TPAHCIOPTHHUX JIITAKIB, IIOJIOMHU MJOTIB, pi3HOMaHITHI eneMeHTd BIUJIA, miokcun
rapHIl0 MOXKE CYTTEBO TNOBIUIMBATH HAa 3aXHMCHI Ta ONTHUYHI BJIACTHUBOCTI JAHOTO
oOaJIHaHHS Ta TEXHIKU 1 HaBITh MOXE 3MIHIOBATH iX ONTHYHI XapaKTepUcTuku [1].

Ha mpukiani nitakis ta BIIA, 3 qonmoMororo HaHeCEHHS TUTIBOK JaHOTO I1IOKCUIY
Ha CKJISIHI, UM B1IOMBaO4l €IEMEHTH MOXKHA JIOCATTH 3HAYHOTO MPOTPECY Y 3aXUCTI BiJT
Ja3epHUX HaBENIEHb, KOTp1 Oe3MmocepeqHbO HampaBieHl JJisl 3acCHIIJICHHS EKIMaxiB,
MJIOTIB, KAMEP CIIOCTEPEXKEHb, KOTP1 MpuKpirieHi Ha BITJIA, pi3HOMaHITHUX JHaTYMKIB
Ta pajiapiB, KOTP1 JOBIATH 1 MEPETBOPIOIOTH CUTHAIIN 1 3HAXOAATHCS Ha OOIIMBKAX. TaKoX
JaHUM BUJ JIIOKCHAY aOCOJIFOTHO HE € METEO3JIC)KHUM 1 CHOKIMHO BUTPUMYE BHUCOKI
TEeMIIepaTypH, KOTP1 MOXKYTh TOCATATHUCS MPH MOJIbOTI HA BEUKUX IIBUAKOCTSIX.

OpHuM 13 HaMSICKpaBILIMX MPEACTABHUKIB JIETAJIBHOI JJa3€pHO1 30p0i € poCIiChbKU
nazepHuii komruiekc «llepecBiT», OCHOBHUM 3aBIaHHSIM SIKOTO € OOpoThOa 3
MOBITPSIHUMHU IUISIMH, TaKAMH SK JniTakv, Oe3nuiotHuku Ta BIIJIA. Ockinbku
3arajbHOBIJIOMI HEJIOJIIKU JAHOTO KOMILIEKCY, SIK 1 Oy/Ib-AKOi Ja3epHoi 30poi, NOIsAratoTh
y IPSIMiid 3aJ7I€KHOCTI B1Jl TOTOJHUX YMOB (TyMaH, JIOIII, CHIT'), TO HOTO BUKOPUCTAHHS BCE
K MOXKJIUBE 32 CIPUATIMBUX MOTOJHUX YMOB, SIK BIICHb, TaK 1 BHOUI, 3a OIIHKaMH, 1€
CTAHOBUTH 3HAYHY 3arpo3y Juis JiTakiB, oco0nuBo BITJIA ta apoHis.

[1niBkM THIY I10KCUAY radHII0 MOXKYTh ICTOTHO BIUTMHYTH Ha 00I0B1 BJIaCTUBOCTI
TaKOTO KOMILJIEKCY, OCKIJIBKU BIiH € JyX€ YyTJIIMBUM J0 PO3CIIOBaHHS, NONIMHAHHS a00
abcopOii mazepHoro npomeHs. CaMe IJIIBKOBI HAMUJICHHS JIOKCUIOM Ta(HII0 MOXYTh
1CTOTHO MOTIPIITUTH BUABJICHHS IUICH HAIMX 3aXHUINCHUX JIITAIBHUX arlapariB, OCKUIbKU

TaKl IJIIBKK MOXKYTh HA0arato CUJIbHIILIE MOITIMHATH JIa3epHE BUIIPOMIHIOBAHHS 1 HABITh
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CHJIBHO HOTO PO3CIIOBaTH, 110 B JAHOMY BHUIAJIKy pOoOUTH KoMmIuieke «IlepecBiT» 3HaYHO
MEHIII €(pEKTUBHUM TMPU YPaKCHH] MOBITPSIHUX ITIJICH.

Ha npuknani 6oiioBux OpOHBOBAaHUX MaIIWH, OpPOHETPAHCIOPTEPIB, Ta IHIION
KOJIICHOT UM TYCEHHMYHO1 OPOHBOBAHO1 TEXHIKH, IUTIBKA JIOKCUAY TadHII0 3MOXKE TyI0BO
cede TPOSBUTH y OOpOTHOI MPOTH BIWCHKOBUX JIa3€pPHUX IIJICTIOKAKYHMKIB Ta
PI3HOMAaHITHUX NTYPIB 3 Ja3€PHUM HABEJCHHSM, Ta 1H. JIETAJIbHOI 3001, MPUIITIOBAHHS
SIKOT 3aJICKUTh Ha MIPSIMY BiJl Ja3zepHoro npomens. Pociiickki kommiekcn «Peduekey 11X
cyuyacHy Monudikamiro «KopHer» MoOXHaA Ha3BaTM OJHUMHU 3 HAMSICKpaBIIIUX
NPEICTaBHUKIB JIa3€pHOI 30p0oi MPOTH LBOrO BUIAY TEXHIKH. Taki CydacHI KOMILIEKCH
NpU3HAYEH] 17151 3HULIEHHS SIK JIETKO1, TaK 1 BaYKKOi OPOHETEXHIKH, ajle BAKOPUCTOBYIOTh
K MIIIEHb HE CTapy JPOTOBY TEXHOJOIIIO, a HOBY CYYacHy Ja3epHY TEXHOJIOTIIO.
[Tomi6HO 110 1HIIOT JTa3epHO1 30pOi, 111 KOMIUIEKCH MaIOTh Tl K MPOoOJIeMHU 3 NOTIMHAHHSM
1 PO3CIIOBaHHSIM HAIIPaBJISIFOUOTO Ja3€PHOTO MPOMEHH.

Ha nmpukiaii onTHYHUX NPULILIIB, Oycosel, 01HOKIIIB, Ta 1H. 00JaJHAHHS PO3BIAKU
Ta CIOCTEPEKEHHS, HAHECEHHS TAaKOro IOKPUTTS MOXKE BOEpErTH BiJl HAaBMHUCHUX
3aCIIIUIIOBaHb, JIA3€PHUX HABENCHb 3 JIaJIEKOMIpPIB, YKa30K, TEIJIOBI3OPIB Ta 1H.
JuBnsuuch 4yepe3 MpU3MHU OIHOKIIB YW Oycoyiei, MomajaHHs Ja3epHOr0 MPOMEHS
0e3rocepelHbO y 00’€EKTUB HE Oylle HECTH TAKOTO CHJBHOTO €(EKTy 3aciiIuieHHS 1
BOEpeke oul BiJ] JJA3€pHOrO BUIIPOMiHIOBaHHS. HaBiTh Oiiblile, JaHa MIIiBKA 31 CBOIMU
ONTUYHUMHU XAPAKTEPUCTUKAMH 3MOXKE 3pOOUTH 300pa)keHHs yepe3 00’ €KTUBU OUTbLI
YITKHM Ta IPOCBiTiaeHuM [1].

TakuM 4YMHOM, PEKOMEHJIOBAHO [IJIsi MiJBHUIICHHS Koe]illieHTa BIJOMBAHHS Ta
pO3CitOBaHHSI BUKOPUCTOBYBATH HANUJICHHS JIOKCUIY TadHII0 Ha CKJ, SIK 3aXUCT BiJ
Ja3epHOro 30HAYBaHHS Ta 3UUTyBaHHs 1H(GopManii y aiamazoni yactot 300 - 350, 500 -
700 ta 1000 - 1500 HM.

[Toni6H1 MIIBKOBI HAaWJIEHHS MOXYTh OyTH AyXe €(EeKTUBHUMHU HE TUIbKH Ha
3BUYAHOMY BIKOHHOMY CKJIi, aJie 1 Ha CKJIl Oy[b-AKOi T€XHIKUA (B TOMY YMCII JIITaKiB,
PI3HMX JITaJbHUX amapariB, OpPOHETEeXHIKM 1 T.J.), HE3aJIEeKHO BIJ TOBIIUHH,

MPU3HAYCHHS 1 BAPOOHUKA I[HOTO CKJIA.
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[11iBKOBI MOKPUTTA 3 MJIOKCHIy TadHII0 MOXYTh MaTH LIUPOKUNA CHEKTP
3aCTOCYBaHb K y IUBUIBHOMY, TaK 1 Y BIICBKOBOMY CEKTOpaX, OCKUIbKA BOHHU MarOTh
YHUCJICHHI 3aXMCHI Ta ONTHYHI BJIACTUBOCTI Ta MOXYTh HABITh MOKPAIIWTHA ONTHYHI
BJIACTUBOCTI SIK MPOCTOTO BIKOHHOTO CKJIA, TAaK 1 CIEMiaJbHOI ONTHUKH JJII BIHCHKOBUX
uineit. JloBeneHo, Mo Il TUTIBKM HE CTPaXKIalOTh BIJ BIUIMBY MOTOIM Ta BUCOKUX
TEMIIepaTyp 1 MalTh BHCOKY 3HOCOCTIHKICTh. Taki HaHECEHHS MOXYTh OyTH JOCHUTH
ehextuBHUMU He TuUTbku Big JICAP, anme 1 Bim IHmUX Ja3epHUX HaBEICHb, SKi
B110yBaIOThCS B PI3HUX Jliarma3zoHax ja3zepHoro sunpominioBaHHs (Big 300 1o 1500 HM),
[0 pOOUTH 111 TUTIBKK YHIBEpCAIBHUMU 1 3AaTHUMU 3aXMIATU BiJ] 3UMTyBaHHS MOBHOI
1H(DOopMaIlii Mo ONTUKO-EJIEKTPOHHOTO KaHaJy Ta 3aXUIIAaTH PI3HY TEXHIKY BiJ JIA3€PHOTO
HABEJICHHSI.

OuikyBaHl pe3ynabTaTH, a camMe JOCHIAHI 3pa3ku Ta pPEeKOMEHJalli Mo ix
BUKOPHCTAHHIO Ta 3aCTOCYBAHHIO MOXYTh OyTH BUKOPUCTaHI K JJisi BIHCHKOBO-
00OpOHHUX NUIEH, TaK 1 I OyAb-sAKUX 1HIIUX. Po3poOka HOBUX METOAMK BUSBICHHS
aHTWJIA3EePHUX 3aXMCHUX BIIACTUBOCTEH, BUKOPUCTAHHS CYYaCHUX METOIUK BUSBICHHS
3aXMCHUX XapaKTEPUCTHK AaHTHJIa3€pHOTO CKaHyBaHHS, 3aCTOCYBaHHS  HOBHUX
AHTWJIA3E€PHUX MIIBOK Ta aHTUOIIKOBUX MOKPUTTIB HA CKIIOMAKETHI KOHCTPYKIIii, Teopis
BIUIUBY €JIEMEHTHOTO CKJIaly Ha 3aXMCHI BJIACTHUBOCTI CKJIa B 3aJIKHOCTI BIJ
C€HEPreTUYHUX PIBHIB, MOJEIIOBAaHHS HEOOXITHUX XapaKTepUCTUK BIAMOBIAHO TeOpii
“CKJIaI-BIACTUBICTH” OyAyTh LIIHHUMHU JJIs1 CBITOBOI Ta BITYM3HSAHOI HAYKH, IIIO CTBOPSITh
NEepeyMOBHU ISl TOSBH HOBHX TEXHOJOT1M, METOIMK Ta MPOEKTIB y I ramysi, a
pe3yJIbTaTu JOCIKEHHS OyayTh BarOMUM BKJIQJIOM Y BHUPIIICHHS 3a/a4, SIKl CTaBJATh
nepes co0oro J1aHa rajy3b.

CorriabHO-eKOHOMIYHHM €(eKT BiJl BIPOBAHKEHHS 3aITPOIIOHOBAHUX PE3YJILTATIB
MOJKHA OUYIKYBAaTH y BUIJISII 3MEHIIICHHS JICPYKAaBHUX BUTpPAT 3a PaxXyHOK:

- 3MEHIIIEHHS BUTOKY iH(opMaIllii yepe3 BIOpOaKyCTUYHI Ta ONTUYHI KaHAIH
BUTOKY 1H(OpMaIlii;

- 3MEHILIEHH 3aTpaTr Ha BIOOPAKYCTHUYHI CUCTEMH 3aXUCTY BIKOHHOTO CKJIa B1J]

3untyBaHHs JICAP;
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- MIBUIIEHHS PIBHS CKPUTHOCTI BIWCHK CIHEMIaTbHOTO TPHU3HAYCHHS BiJ
BUSIBJICHHS TIPOTUBHUKOM JIa3€PHUMH CUCTEMaMH JIETCKTYBaHHS;

- 30epekeHHS )KUTTSI 0COOOBOTO CKJIaly BIICHK CHEIiaIbHOTO MPU3HAYCHHS;

- pO3pOOJICHHS TUTIBOK (HAMWICHHS) 3 aHTWJIA3epHUM, AaHTHOIIKOBUM
MOKPUTTSM, 1110 JO3BOJIITUME IHTETPYBaTH aHTUJIA3€PHI BIACTUBOCTI Y ICHYIOY1 BIKHA Ta
ONITHYHI TPUCTPOI PO3BIIKH Ta BICHK CIICIIAIIBHOTO IPU3HAYCHHSI,

- MOYKJIMBICTh CTBOPEHHS MPOTOTHUIIIB aHTHJIA3EpHUX ILIIBOK AJIsi BIHCHKOBOI
TexHiku, BITJIA Too, 1110 He T03BOISITUME TIPOBOUTH 3aXOIUICHHS 00’ €KTIB JTa3ePHUMH

CUCTCMaMH B TOMY YuCl HOBiTpSIHI/IMI/I CUCTCMaMM JIa3CPHOI0 CKaHyBaHHA;

3MEHIIICHHSI BUTPAT Ha MPUCTPOI MPOTHAIT JIa3€pHUM CHUCTEMaM JIJIst
BilicbkoBOi TexHikH 1 BITJIA;

- M1JBULLEHHS PIBHS BUCOKOKBaII(P1KOBAaHUX KaJpiB B raiysl KibepOe3neku ta
3axXUCTy 1H(pOopMaIlii;

- 3a1ikaBjIeHHs1 €Bporneicbkoro Ta CBITOBOTO BIHCHKOBO-O0OPOHHOTO PUHKY
HOBUMHU 3pa3KaMH 3aXUCTY BIJ] JJA3€PHUX CUCTEM BUSBJICHHS Ta IETEKTYBaHHS BIHCHKOBO1
texHiku Ta BITJIA, a Takoxx npotumaii JICAP Ha 06’ekTax ae mupkynroe iHpopMmalis 3
O0OMEKEHUM JOCTYIIOM;

- MIJIBUIIICHHS PiBHS SKOCTI OCBITHBOTO IIPOIIECY.

BucHoBku 10 po3ainy 4

B pesynprari cucremarusartiii e1IeMeHTHOTO 1 KUTBKICHOTO CKIIaTy TOCIIIIKYBaHOTO
BIKOHHOTO CKJia, BIJNOBIAHO 10 MEPIOAIB 1 Ipyln NEPIOAUYHOI CHUCTEMH XIMIYHUX
€JIEMEHTIB, TTOKa3aHO 3aJIEKHICTh MK €JIEKTPOHHOIO OyJOBOIO XIMIYHMX €JIEMEHTIB Ta
3aXMCHUMH BJIACTHUBOCTSIMHU CKja. Pe3ynbTaTé JOCHIDKEHHS Jal0Th MOXIIMBICTH
MOJICJIFOBAaTH 3aKOHOMIPHOCTI 3aXMCHUX BJIACTHBOCTEH CKJIa B 3aJ€KHOCTI BiJ MOro
€JIEMEHTHOIO CKJIay.

VYIOCKOHAJIGHO MOjIeNIb BIUIMBIB IMapaMeTpiB 3aXUIIEHOCTI ONTOEIEKTPOHHOTO
kaHany BuTOKy Biam JICAP B 3aJIe)KHOCTI BiJ KOHIIEHTpallli OCHOBHUX €JIEMCHTIB

a0 CJ'IiI[)KYBaHI/IX 3p a3KiB. PCBYJ'IBTaTI/I MOACIIOBaHHA JO3BOJIAIOTH OB’ 3aTH
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CTEX1OMETPII0 €JIEMEHTIB JTOCIHI)KYBaHOTO CKJIa 3 HOT0 3aXHCHUMH BJIACTUBOCTSIMU T10
BIJIHOIIEHHIO JI0 OyJ1b-SIKOT'0 JIa3€pPHOTO OMPOMIHEHHS.

JlocipkeHHsT BIUTMBY PI3HUX ITIBKOBHX TMOKPHUTTIB Ha 3aXWCT 1H(opMarii Bij
Ja3€pPHOT0 30HIyBaHHS JO3BOJUIIO CIIPOTHO3YBATH P13HOILIAHOBI aJIbTEPHATUBHU 3aXHUCTY
MOBHOI1 1H(OpMaIli BiJl 3YMTYBaHHS ONTO-EJICKTPOHHUM KaHajoM. EkcriepuMeHTalbHO
JoBeieHo, 110 aMmopdHa miiBka Ha ocHOBI BaCuTeF Ta mienexkrpuune iHTepdepeHiiine
MOKPUTTSL Ha OCHOBI JIOKCHIY TadHIO, HA BIAMIHY BiJl BIIOMHUX, JO3BOJISIIOTH 3HAYHO
MIJBUIIUTH Pe3yIbTaTUBHICTh 3aXUCTy MOBHOI 1H(oOpMaIllii BiJl 3YUTyBaHHS JIa3epPHUMU
CHUCTEMaMH.

Po3pobiieHo mpakTU4YH1 peKoMeHalli Ui IMiJABUIICHHS €()EKTUBHOCTI 3aXHCTY
MoBHOT iHGopmarii Bin JICAP mpu mpoekTyBaHHI 3aXMILIEHOTO OINTOEIEKTPOHHOTO
KaHaJly BUTOKY iH(doOpMaIlli NUIIXOM BaplaTMBHOI KOMOIHAIlli 3aXWCHMX IUIIBOK Ta
BIKOHHOT'O CKJIOIIAKETY.

B pesynbrari JOCHIKEHHS BIUIMBY YacTOTH 3BYKOBUX KOJHMBaHb Ha BIATYK
Ja3€pHOTO MPOMEHS 3 MOIIMPEHOro B YKpaiHi CKJIa, EKCIIEPUMEHTAIBHO JTIOBEIECHO, L0
ckio Lysychansk 6 mm € OinbInn 4y TiMBHM 710 BiOparlii Ta Ma€ Tipiii BIaCTUBOCTI MO0
BiZIOMBaHHS JIa3epHOTO curHaiy, Hixk Orionglass 4mwm.

[TobynmoBaHo  mozenb  0araTOKOMIIOHEHTHOI  apXITEKTYpHO-KOMIIOHOBAHOI
CTPYKTYpH ONTOEIEKTPOHHOIO KaHaly BUTOKY 1H(opMallii, ika BpaxoBy€e KOMOIHAI[IIO
MOIIAPOBUX €JEMEHTIB, BIATYK BIJ MPOXOHKEHHS JA3€pHOTO MPOMEHS B CEPEIuHY
OPUMIIIEHb 1 Y 3BOPOTHOMY HAmNpsIMKy Ta PO3TOPTAEThCS HA PIBHI arperarHoi Ta
KOMILJIEKCHOI MOJIETI.

PekoMeHZ0BaHO BHUKOPUCTAHHS 3aXMCHMX IUTIBOK JJISi 3aXUCTYy BiJ Ja3epHUX

CUCTEM PO3BIJKU y BIHCHKOBO-O00POHHUX ITUISIX.
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BUCHOBKHA

B po0oTi BupillIeHO BaKJIMBE HAYKOBO-IIPAKTHUYHE 3aB/IaHHS, a CAME - I11/IBUILICHHS
e(eKTUBHOCTI METOMIB MACHBHOTO 3aXHCTy MOBHOi i1H(opMallii BiJ 3YHUTYBaHHS
ONTOEJICKTPOHHUM KaHAJIOM.

OTtpumaHni pe3ynbTaTi JOCIIKEHHS T03BOJIMIM TOCATHYTH IMOCTABICHUX 3aBJaHb
Ta c(OpMYITIOBATH HU3KY BUCHOBKIB 1 peKOMEHAAIIIH, III0 MAIOTh TEOPETUIHE 1 TPAKTUIHE
3HAYCHHS.

1. AHani3 HOBITHIX JOCHIIKEHb Ta PO3pOOOK Yy cdepi 3HATTA aKyCTUYHOL
iH(opMallii ONTOENEKTPOHHUM KaHAJIOM BHUTOKY BH3HAYMB AKTYAJIbHICTh TEMAaTUKU
pobotu. JICAP npusnadena njsi 300py 0COOJIMBO Ba)KIMBOi 1H(MOpMAaIlii, OCKIJIBKUA €
MOOUTBFHOIO CHUCTEMOIO, IO J03BOJIIE BUKOPUCTOBYBATH ii y BHUMAAKaX, KOJM HEMAE
MO>KJIMBOCTI JIOCTYITy N0 OO’€KTa OXOPOHHU 4Yepe3 HAasIBHICTb KOHTPOJbOBAHOI 30HHU.
Ananiz ¢izuunux ocobmuBocteil pobotu JICAP 103BOJIMB BU3HAYUTH KpUTEPIi, 1110
BIUIMBAIOTh Ha SKICTb MNPUHHATOI 1H(OpMAIi 1 CKOPEKTyBaTH HEOOXIJHY CXeMy
JIOCITITHOT YCTaHOBKH.

2. AHani3yBaHHs Tpalpb 3apyODKHUX Ta BITUM3HSHUX HAYKOBIIB Ja€ MIiACTaBU
CTBEPIKYBaTH, IO 3aXHWCT TOJIOCOBUX JaHWUX Bil MOXJIMBOTO BHTOKY depe3
ONTOCIICKTPOHHUN KaHaJl € OJHUM 13 HaWBaXIWBIMIMX 3aBJaHb 3a0e3MedycHHs
1H(pOopMaliitHOT Oe3MeKH K B IE€PKaBHUX, TAK 1 B KOMEPLIMHUX CTPyKTypax. B pe3ynbrari
JOCHIPKEHHsT 3'SICOBaHO, MIO0 B i MpeAMETHIN cdepl OHOBIIOIOTHCS METOAMKH,
BIIPOBAKYIOTHCS HOBI pO3pOOKH, a 1€ CBIAYMTH, 110 3arpo3u iH(opMaliiHii Oe3mnerri
JiepKaBU B TEMEPINIHIX YMOBaX € TUHAMIYHUMU 1 MOCTIMHO 3MIHIOIOTHCS, 1 BIJMOBIAHA
npoOieMaTika HayKOBHX JOCIIPKEHb HE BTpadae CBO€i akTyaiabHOCTI. PazoMm 3 Tum,
HaroJIoIIeHO Ha HEOOX1JHOCTI CUCTEMHOTO, KOMIUIEKCHOTO T1IX0AY, SKUi OU MOo€eHYBaB
CUHTE3 AaKTHBHUX 1 IMACHMBHUX METOMIB 3aXUCTy MOBHOI iH(MoOpMarii BiJ] BUTOKY
ONTOEJIEKTPOHHUM KaHasioM. Ha oCHOBI aHami3y opraHi3amiiiHUX Ta TEXHIYHUX 3aXO0JiB
3axXUCTy 1H(pOpMaIlli Ta MOPIBHSAIBLHOI OLIHKA aKTUBHUX 1 TTACHBHUX METOJIB 3aXUCTY,
OOTPYHTOBAaHO TEpPEBard BUKOPUCTAHHS MACMBHMX METOJIB 3aXHUCTy iHQopmarii Bia

JICAP.
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3. Ha ocHOBI BUKOpPHCTaHUX METOIB JTOCIHIKEHHS, 3aIIPONIOHOBAHO KOMILJIEKCHY
METOJMKY JUIsl BUBYCHHS MapaMeTpPiB 3aXUIIEHOCTI ONTOEIEKTPOHHOIO KaHAIy BUTOKY
1H(pOopMallii, sKa J1a€ 3MOTY JOCIITUTH MOIIAPOBY B3a€EMO3AJICKHICTh Ta BIJIMB 3aXUCHUX
ONTUYHMUX IIapiB 1 BHYTPIIIHBbOI OyIOBU CKJa Ha HOrO 3aXMCHI XapaKTEpPUCTUKU Bij
JICAP. 3okpeMa, OIlIHIOBaHHS 3aXUIIEHOCT] CKJIa Ta MUIIBKOBUX MOKPUTTIB BiJl JJAa3EPHUX
CHUCTEM pO3BIIKM 3IIMCHIOBAJOCS 3a JOMOMOIOI0 PEHreHO(IyopecleHTHOro 1
CIEKTPAJIBHOTO aHANl3y Ta CHUMIUICKC-PENIITYaTOT0 TUIAHYBAaHHS TPH MOJCITIOBaHHI
XapaKTepUCTUK CKJIA. 3aCTOCOBAaHI METOJH, PO3POOJICHI Ha iXHIA OCHOBI METOJUKU Ta
EKCIIEpUMEHTAJIbHI JOCHIPKEHHSI CTAHOBJIATh TaKy METOJOJIOTII0, IO TOBHICTIO
JIOBEPIIIYE MOCTABJICHI 3aBIaHHS.

4. TIlpoBeaeHni SKICHUN Ta KITBKICHUM aHATI3 JOCTIIHPKYBAaHOTO BIKOHHOTO CKJIa
JlaB MOXJIUBICTh PO3NOAUIMIIM XIMIYHI €JIEMEHTH BIANOBIAHO 10 NEPIOAIB 1 Ipyn
MEePIOIMYHOI CHCTEMH XIMIYHHMX €JIeMEeHTIB. BcTaHOBIIEHO, 1110 KOoedIIEHTH B11OUBaHHS
Ta TMONIMHAHHS 3MIHIOIOTHCS 3QJICKHO BIJl 3MIHM XIMIYHOTO CKJIaqy AOCHIIXKYBaHOTO
ckia. e moB's3aH0 3 HAsBHICTIO TaKMX XIMIYHUX €JIEMEHTIB y CKJIal JIOCIIKYBaHOTO
ckia: Rb, Ag, Zn, Cd, Ba, La, Pb, Mn, | Ta iH., pajiycu Ta enekTpoHHa CTPYKTypa SIKUX
MaroTh 3HAYHUH BIIUB Ha 3aXUCHI XapaKTEPUCTUKH JTOCTiKYBaHOTO CKJIa BiJ] JIA3EPHUX
CHUCTEM aKyCTHYHOI PO3BIJKH, a caMe 3HIKCHHS KoedilieHTa BiIOUTTSA Ta 301UIbIICHHS
Koe(ILi€HTa TONIMHAHHS. 3aJIEXKHICTD 115 MOSICHIOETHCS €JIEKTPOHHOI0 OyJOBOIO aTOMIB
XIMIYHHMX €JIEMEHTIB (ITIOBHOTA S-, p-, d-, f-pi1BHIB €JIEMEHTIB 1 BIMOBIIHUX iM PaaiycCiB).
Cucremaru3zailisi €I€MEHTHOTO Ta KUIBKICHOTO CKJIaTy JAOCIIIKYBAaHOTO BIKOHHOTO CKJIa
3a mepiojaMHu Ta TpynaMu MEePIOJUYHOI CHUCTEMHM XIMIYHUX €JIEMEHTIB, Jajia 3MOTY
MOoOAYUTH 3JICKHICTh MK €JIEKTPOHHOIO OyJZOBOIO XIMIYHUX €JIEMEHTIB 1 3aXUCHUMU
XapaKTePUCTUKAMU CKJIa. Taki JOCTIIKEHHS JAl0Th 3MOTY MOJEIIOBATH KOMITOHEHTHUIN
CKJIaJ 1 TIPOTHO3YBAaTH 3aXMCHI XapaKTEPHCTHKW CKJIa. BCTaHOBIIGHO, 110 OTpUMAaHHS
MEBHUX 3aXMCHUX XaPAaKTEPUCTUK 3aJICKUTh BiJ CKJIQAy CKJIa, HAHECEHHX IIJIIBKOBUX
MOKPHUTH, CIIOCO0Y X 0OpPOOKHU 1 CTEXIOMETPIi Ta apXITEKTYPU BUKOPUCTAHHS.

5. 3ampornoHOBaHO CHOCIO OlepKaHHS BJOCKOHAJIEHOI CTPYKTYpU aMopgHOI
esnekTporpoBigHoi 3axucHoi miiBku Tuny BaCuTeF 3 momanpmmm  oTpuMaHHIM

KPUCTAJIIYHOI CTPYKTYPH 3a JOIMOMOTOI0 MPOBEAEHHS BiANany B arMoc(epi aprosy, 1o
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3a PI3HUX TEMIEPATyp MOXKE 3HAYHO MOKPAIIMTU BIACTUBOCTI MPOMYCKAHHS BUIUMOTO
CBITJIa, 30UIBIIUTH TOTYKHICTh BIJOMTOrO JIA3€PHOTO IPOMEHS Ta OUIBIIOI MIpPOIO
NONIMHATUA TOTYXKHICTh J1a3€pHOTO BUIIPOMIHIOBAHHS Y TOPIBHAHHI 3 MPOCTUMHU
METaTi30BaHUMU IUTiBKaMd. OOTPYHTOBAaHO MOXJIMBI TI€peBard BUKOPUCTAHHS
JTICIeKTPUYHUX IUTIBOK JIOKCHUIY TadHilo, Tak sSK Koe(ilieHT BiOMBaHHSA CKila 3
HAMMUJICHOIO TTIBKOIO 3HAYHO BUIIUH B MOPIBHSAHHI 3 YUCTUM CKJIOM, 110 B pa3H MiABHIILY€E
3aXMCHI XapaKTepUCTUKU CKJIa BiJl BUTOKY MOBHOI iH(opmariii. Kpim Toro, 3atpatu Ha
BUTOTOBJICHHSI Ta HAaHECEHHS! TaKUX TMOKPUTTIB € CyTTEBO MEHIIMMH, HIK 3aTpaTd Ha
PO3pOOKY Ta BUPOOHHUIITBO OYy/Ib-SIKMX aKTUBHUX 3aCO0IB 3aXUCTY Y CYy4aCHOMY CBITI, IO
MIATBEP/KY€E TIepeBaru MacUBHUX METOJIB 3aXUCTy MOBHO1 1H(pOpMAIIii BiJ 3UNTyBaHHS
OITOEJIEKTPOHHUM KaHaJIOM.

6. YIOCKOHQJICHO MOJIEbh BIUIMBY MAapaMeTpiB 3aXHUIIEHOCTI OMTOEIECKTPOHHOTO
kaHany BUTOKy Binx JICAP B 3alle)XKHOCTI BiJ KOHIIEHTpallli OCHOBHHUX €JICMCHTIB
JOCHIKYBAaHOTO CKJIa, 1[0 MNPOAEMOHCTPOBAHO Ha TMPHUKIIAMl aHaNI3y 3aJIeKHOCTI
KoedillieHTy BIAOMBAHHS B1J KOHILIEHTpAIlli TPhOX CKJIaJ0BHX enemMeHTIB ckia (Ca, Na,
S). BuBeaena 3aiexHICTh MPOJIEMOHCTPYBaJa, 10 KOEQIIIEHT BIIOMBAHHA MOXKHA
3MEHIIUTHU MUIIXOM 3MIHM CITIBBIIHOIIEHHS KUIBKOCTI KaJIblliF0 Ta HATPilO y CKII, 110
MO3WTHUBHO BIUIMHE Ha Moro 3axucHi xapakrtepuctuku Bin 3HATTS JICAP. B pasi
3MEHILEHHS KUIBKOCTI CIpKM Ta 30UIbIIEHHS KIJIbKOCTI KajbI[il0 1 HATPil0, MOXHA
nepen0aynuT 30UIbIIEHHA KoedilieHTy BiaOuBaHHS. Pe3ynbrath MoJeTtOBaHHS
JIO3BOJISIIOTH  TIOB’SI3aTH  CTEXIOMETPII0 E€JEMEHTIB JIOCHIKYBAHOTO CKJa 3 HOTo
3aXMCHUMH XapaKTEPUCTUKAMH TI0 BiTHOMIEHHIO JI0 JJA3€PHOTO OMPOMIHEHHH.

7. IloOynoBaHo Monenb 0araTOKOMIIOHEHTHOI — apXITEKTYypHO-KOMIIOHOBAHOI
CTPYKTYpH ONTOEIEKTPOHHOTO KaHaTy BUTOKY iH(oOpMaIlii, ka BpaxoBy€e KOMOIHAIIIIO
MOIIAPOBUX €JEMEHTIB, BIATYK BiJl MPOXOHKEHHS JA3€pHOTO MPOMEHS B CEpEeIuHy
OPUMIIIEHb 1 Y 3BOPOTHOMY HAmNpsSIMKy Ta PO3TOPTAEThCS HA PIBHI arperarHoi Ta
KOMIUIEKCHOI MoOJiesl. 3aXUIIEHICTh MNPUMIIIEHb BiJ 3HATTS MOBHOI 1H(pOpMAaIii
CUCTEMaMH JIa3epHOI PO3BIJIKM Ma€ JIOCTaTHHO CKIIAJHY 3aJIEXKHICTh 1 (PopmMyeTbes
KOMITOHYBaHHSIM 0ararbOX B3a€MOIOB’SI3aHUX BEIWYMH. MareMaTudHa MOJIENb OMUCYE

MIHIMi3allii0 BTpar iHpopMallii yepe3 OoNnToenekTpoHHul kaHan BuToky Bif JICAP, mo
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BIJINIOB1/1a€ MAKCUMAJILHOMY CTYTIECHIO 3aXUIICHOCTI MPUMIIIEHHs. 3araibHi a00 cyMapHi
BTpaTH iHPOpMAIIil CKIIaJAI0THCS 3 ICKITBKOX CKIIAJ0BUX, SKi MOMIAPOBO KOMITOHYIOTHCS
Ha BHUXIIHOMY Marepiaii (ckii). s KOXKHOTO TIMOTETHYHOTO IMapy ICHY€ ITOBHA
(onmTHUManbHA) BETMYMHA 3MEHILIEHHS! PU3UKY BUTOKY 1H(OpMAIlil aKyCTUUHUM KaHAJIOM
Bix1 JICAP, saxuit BiqnoBigae miHimyMmy. Lleit MiHIMyM BTpar BiJIOBIZa€, B CBOIO YEpry,

. .o . nca . .
PCAJIbHIN YHUCCIIbHIN XaPaKTCPUCTUIIL , I%IKa BpaXxoBy€ KOM61HaIIII-O IMOIIapOBUX

CJIEMEHTIB, 1110 OEPyTh Y4acTh B 3a0€3MeueHHI OS3MeKH MPUMIIICHHS.

8. Po3po0sieHo mpakTU4H1 peKOMEH Il JjIs MiABUIIEHHS e(PEKTUBHOCTI 3aXHUCTy
MoBHO1 1H(popmauii Bix JICAP mpu mpoeKkTyBaHHI 3aXHILEHOTO ONTOEIEKTPOHHOTO
KaHally BUTOKY 1H(opmauii. JJociiaHi 3pa3ku Ta peKkoMeHJalli Mo iX 3aCTOCYBaHHIO
MOXXYTh OyTH BUKOPHCTaHI SIK JJIsi BIHCBKOBO-OOOPOHHHMX ITJICH, TaK 1 JUIs Oyab-sSKHX
iHmmX. Po3poOka HOBMX METOIWK BHUSBIICHHSI aHTHJIA3€PHUX 3aXHUCHUX BIACTHBOCTEH,
BUKOPHUCTAHHS Cy4YaCHUX METOJUK BHUSBJICHHS 3aXMCHUX XapaKTEPUCTUK aHTHIIA3EPHOTO
CKaHyBaHHS, 3aCTOCYBaHHSI HOBUX aHTUJIA3€PHUX ILJIIBOK Ta aHTUOIIKOBUX MMOKPUTTIB Ha
CKJIONAKETHI KOHCTPYKIlli, Teopisi BIUIMBY €JIEMEHTHOIO CKJIaJy Ha 3axHUCHI
XapaKTepUCTUKU CKJIa B 3aJEKHOCTI BiJ EHEPreTUYHHUX PIBHIB, MOJEIIOBAHHS
HEOOX1THUX XapaKTEPUCTUK BIJIMOBIIHO TEOPii «CKIAJ-BIACTHBICTH» OyIyTh LIIHHUMHU
JUIS HAyKH, 1110 CTBOPSATH TMEPEAYMOBHU JJIsl TOSIBU HOBHUX TEXHOJOTIHA, METOIUK Ta
MPOEKTIB y Wi ramy3i, a pe3ylbTaTH AOCHIIKEHHS OyIyTh BaroMUM BKJIAJOM Y

BUPIIICHHS 3a]1a4, sIKI CTaBUTh Mepesl co0oro chepa 3axucty iHpopmariii.
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BIIPOBA/KEHHS MaTepialliB

muceprauiiinoi po6oru J3sHoro Hasapis PocticinaBosrua Ha TeMy
«3axueT MOBHOY indopmanii Bix JIa3epPHUX CHCTEM aKyCTHYHOI PO3BiIKH»

Kowmicist y cxmaji: ronosu xomicii — ronosu-3asigysaua Kadenpu rymMaHiTapHuX
HayK, JOKTOpa HayK 3 JepXKaBHOro ymnpasiiHHsi, noueHta mp. 3CY Kansesa
A.O.,uneniB  komicii — mnpodecopa kadempu TyMaHiTapHUX HAayK , IOKTOpa
icropuynux Hayk, npodecopa, mp. 3CY Xapyka A.L, npodecopa kadenpu
TyMaHITapHUX HayK, OKTOpa iCTOPHYHHX Hayk, mpodecopa, mp. 3CY Comnspa LA,
IoeHTa Kaeapu ryMaHiTapHUAX HAYK , KAaHIWIATa iCTOPHYHMX HAyK, JOLEHTA , mp.
3CY Koryra ILB. cknamu Tanuii akt mpo Te, MO MaTepiaiu aucepraunii  J[3siHOTO
H.P. BrKopucTani y HaB4aIbHOMY MpOIECi Ul KypcaHTiB MaricTepehKoi IIporpamMu
IncTutyTy MOpanbHO-icHXonoriunoro 3abesnedenns HACB mpu  Buxnamamsi
HapyalnbHOi  aucuumuiind  «CydacHi  acmexTH indopmaniiinoi  Gesmexmy.

(1.2 Inpopmauiiini Bitinu. Cucrema 3abesnedents indpopmayjitaoi Gesmex).

T'onosa xomicii: mp. 3CY A. Kanses
Unenu xomicii: np. 3CY A. Xapyxk
mp. 3CY I. Consip

np. 3CY 7 %L? IT. Koryt



3ATBEP/DKYIO

alioHAILHOTO YHiBEpCHTETY
«JIbBIBCHKA MOJITEXHIKa»

Oner JIABUJTUAK

AKT

TPO BNPOBAJDKEHHS Pe3yNbTATIB AMCEPTALiifHOT poGOTH B HABYAILHHIA TIpOLIEC
/M3anozo Hasapin Pocmucnagosuya

«3axucT MoBHOi iHdopmauii Bia 1azepHuX cHecTeM AKYCTHYHOT PO3BiAKH», [IPECTAB/IECHOT
Ha 3100yTTa cTyneHs Joktopa (inocodii 3a creuianshictio 125 — Kibepbesnexa ma 3axucm
ingopmayii

Kowmicis HY «JIbBiBebKka nonitexuikay y ckiazi:

Tonoa koMmicii — ronoBa HaykoBo-MeTOAHYHOT pajiv iHCTHTYTY KOMIT FOTEPHHX TEXHOJIOriH Ta
MeTpoiorii, A.T.H., npo¢. Baiiuap P.I.

UneHu komicii:

3aBinysay kadeapu «3axucr iHdopmauiiv ATH., npo¢. Omipebkuit LP., k.T.H., nomu.
['apantok I1.I., k.T.H., mou. CoBun SI.P.

NaHUM aKTOM MiATBEPIUKYE, IO HAYKOBI I0CIi UKEHHS, TIPOBOMIHCS 3106yBaveM Ha Kadeapi
«3axuer indopmauii» Hauionanssoro ynisepcutery «JIbBiBcbka nomitexHikay. OCHOBHI MOMOKEHHS
Ta pe3ylbTaTH NMCEpTalifiHOi poGOTH BNpoBaKeHi y HaBuanbHuii mpouec Kadeapu «3axuet
iHpopmauii» HauionansHoro yHisepcutety «JIbBiBCbKa MOMiTEXHIKay SIK OKPEMHX TEeM JIeKLIHHUX
KypCiB, Tak i B UMKIaX J1aGOpaTOpHHX PoBiT Mt CTyxeHTIB OCBiTHBO-KBasTihiKaLifiHOrO piBHS
«bakanaspy, 10 HABYAIOTHCSA 3@ HANpsAMOM 125 «Kibepbesnexa», 3 AUCLHUIITIH:

1 - «Texuiyni 3aco6H OXOPOHH 0G'€KTIB Ta YNpPABMIHHS TEXHIYHMMH 3aC00aMU iH(popmanii»:
Tema 1. 3aranbhi npuHUMIH 3aXHCTy OG'€KTiB 3 BUKOPHCTAHHSM TEXHIUHHX 3aCOGiB OXOPOHH —
J0CII JUKEHHS ICHYIOYHMX KaHAJIiB BATOKY MOBHOT in(opmauii. Tema 2. MeTouku TMOETANHOro BUGOpy
pauioHa/IbHUX BApIaHTIB 3aXHCTY 06'€KTa 3 BUKOPHCTAHHAM TEXHIUHHX 3aco6iB OXOPOHH — aHaJIi3
TNaCHBHUX Ta aKTUBHUX METOJB 3aXHCTY MOBHOI iH(opmalii.

2 - «3acobu nepenaBanHs, NpuiMaHHs Ta 0GPOGKHU inpopmauii B cHcTeMax TeXHIYHOrO
3axucTy iHopmauii» - J0CHiKeHHsS Ta METONH BH3HAYEHHS! 3aXHIEHOCT] MOBHOT indopmauii Bin
BHMTOKY OITO-EJIEKTPOHHUM KaHAJIOM.

TI'onosa xomicii
rojioBa HaykoBo-meToauunoi paau IKTA

)

JTH., 1podh. < Poman BAMLIAP
Unenn komicii:
3aB. ka(. 31, .1.H., pod). IBan OTTIPCHKUMA

jou. kad. 31, k. T.u., 1011, [Terpo TAPAHIOK

aou. kad. 31, k.T.H., 1011 Slpocnas COBUH



3ATBEPJDKYIO

[TpopekTop 3 HaBYAJIbHO-BUXOBHOI T4
HayKo#0% paOo R /lepikaBHOro

7 i MalliifHo-

2024 p.

AKT
BIIPOBAJKEHHs B OCBiTHIN mpouec Jlep)kaBHOro yHiBepcuTeTy iH(popMaLiiHO-
KOMYHIKalliiHUX TeXHOJIOTiH HayKoBUX pe3ynbTaTis JI3sinoro Ha3zapis
PocTHenaBoBHua, oJlep)KaHUX I1iJ] Yac NpOBEeJEeHHs AUCePTALiHHOIO J0CIiUKEHHA
Ha TeMy «3aXHCT MOBHOI iH(popMaLil Bijl JJa3epHUX CHCTEM aKyCTHYHOI PO3BIAKM»
Ha 3/100yTTsl HAYKOBOTO CTyIEHs J0KTopa (inocodil 3a creniaibHiCTIO
125 Kibep6esneka Ta 3axuct iHpopmauii, ranysi 3Hans 12 [Hdopmauiiini
TeXHOJIOTiT

Kowmicist y ckiazi:

rojioBU KoMicii — nmpektopa HaB4anbHO-HAyKOBOTO IHCTHTYTY 3aXHCTy
iHpopmaii, 1.17.H., npodecopa Casuenka B.A.;

YJIeHIB KOMICIT:

3aBinyBada kadenapu Indopmaniitnoi Ta kibepHeTnmunoi Gesmeku, A.T.H.,
npodecopa laiinyp I'.l; 3aBinysaua kadenpu Cucrem indopmauiiiHoro Ta
KiOepHETHYHOTO 3axXMCTy, AT.H., npodecopa Typoscskoro O.JI.; 3aBimysaua
kadenpu VYnpasiinHa iHQOpMaliiHOIO Ta KiGepHETHYHOIO Oe3MeKoro, i.e.H.,
npogecopa Jlerominooi C.B., mposena poGoTy mioxo Bu3HAYeHHSA HAKTHIHOIO
BIPOBA/UKEHHs pPe3yJbTaTiB HAYKOBOTO JOCHIKEHHS 3100yBauya HayKOBOTO
cryneds Jokropa dinocodii kadenpu 3saxucry indopmauii HauionansHoro
yHiBepcutery «JIbBiBCbKa monitexnika» [l3suoro Hasapis PocTicnasosuua B
OCBiTHI# mnpouec JlepxaBHOro yHiBepcuTeTy iHpopMaLiHO-KOMYHIKaII HHUX
TEXHOJIOTIH.

Y pesynbTaTi NpoBeeHOi pOGOTH KOMicisi BCTAHOBHIIA:

1. Hosi HaykoBi pe3yibTaTi, opeprxkani [3suum H.P., BHKOPHUCTOBYIOTHCS ITif]
4ac HaBYaJbHUX 3aHATH 3i 3400yBauyamu BHIIOI OCBITH 3a CHEIiaNbHICTIO
125 KiGepGesneka Ta 3axuct indopmatii ocithix pisuis Bakanasp Ta Marictp y
HACTYIHUX JAUCLMIUIIHAX:

KOMIUIEKCHA ~ METOJMKAa Il BHBYEHHS  [apamMeTpiB  3aXMILIEHOCTI
OMNTOEIEKTPOHHOIO KaHajly BUTOKY iH(opMmaLlii Bia lasepHuX cHCTeM aKyCTHYHOT
PO3BIAKH — [A 4Yac MPOBEACHHS 3aHATb 3 MUCUMIIIIH «Metoau Ta 3acodu
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TEXHIYHOTO 3axMCTy iHpopMalii», «CxeMoTeXHiKa MPUCTPOIB TEXHIYHOTO 3aXUCTy
iHpopMaii»;

pe3yJbTaTH AOCHiDKEHHs BIUIMBY €JE€MEHTHOro CKJIaay CKjla Ha 3axXMCHI
napaMeTpu B ONTOENEKTPOHHOMY KaHajli BUTOKY iH(popMmallii BiJl Ta3€pHUX CUCTEM
aKyCTHYHOT PO3BiZIKK — I1i1 Yac MpoBeJieHHs 3aHsTh 3 AucUUIIiH « TexHiuni 3acobu
OXOPOHHU 06'eKTiB», « TEXHOOTIsSl CTBOPEHHS Ta 3aCTOCYBaHHSA KOMIIIEKCIB 3aXUCTY
iHpopmauii 3 oOMeXeHMM J0CTYNoM Ta OXOpOoHM 00'eKTiB iH(pOpMaLifHOT
NSITBHOCTIM;

MaTeMaTH4Ha MOJelb BIUIMBY MapaMeTpiB 3aXMIIEHOCTI ONTOENEeKTPOHHOIO
KaHally BHUTOKY BiJl Jla3epHMX CHCTEM aKyCTHYHOI PO3BIAKHM B 3aJ€KHOCTI Bill
KOHLIEHTpALlii OCHOBHMX €JIEMEHTIB — Mijl Yac MpOBEeJEHHs 3aHATh 3 AMCLMILIIH
«ITons i XBWJII B cHCTEMax TeXHIYHOTO 3axucTy iHdopmauii», «KoMmoneHTHa 6a3za
B CHCTeMax 3axucTy iHdopmauii», «Teopis 3axucTy iHpOpMaLiHUX pecypciB
0OMeXEHOT0 IOCTYILY»;

pe3yJbTaTH JOCHIMKEHHS BIUIMBY PI3HHUX IUIIBKOBHX TOKDHTTIB Ha 3aXHCT
iHpopMmaLil BiJ| Ta3epHOro 30HAYBaHHSA — IiJ] Yac MPOBEAEHHS 3aHATh 3 AUCLMILIIH
«KomnnekcHi cucrteMu 3axucty iH¢popmauii», «Oprasizauis 1 NpoBeIeHHS
CreliaNbHUX AOCIIKeHb Ha 00'ekTi iHpOpMaLifiHOT AisITBHOCTI.

2. 3Ba3HaueHi HaykoBi pesynpraté J[3sHoro H.P. mpexacraBneni y dopwmi
OKpeMUX HaBYaJIbHUX [TUTAHb i BKIIOYEHI 10 METOIUYHHUX PO3POOOK JUIsl TeKLIHHUX
Ta TNpPaKTUYHUX 3aHATh, SKi NPOBOIATECS Yy JlepkaBHOMY yHiBepCHTETI
iHpopMaLiHHO-KOMYHIKAL[IHHUX TEXHOJIOTIH.

["onoBa KoMicil:

Jlupektop HaBuanbHO-HayKOBOTO iH Ty
3axucTy iHpopmauii
J.T.H., Ipodecop e Biranit CABUEHKO

YjieHy KoMiciT:

3asinyBay kadenpu [HdpopmariiiHoi T
KibepHeTHYHOT Oe3rexn 5
1.T.H., ipogecop ' [anmuna TAUJTYP

3asigyBay kapegpu Cucrem iHdopmaiiiinoro ta
KibepHEeTHYHOTO 3aXUCTY

A.T.H., npodecop Ounekcannp TYPOBCBKHIA

3aBinyBau kadenpu YrnpasiiHHs iHPO
Ta KibepHeTUYHOIO Oe3MeK0r0

A.e.H., mpogecop /CBiTJIaHa JIETOMIHOBA
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