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AHOTAIIA

Aiyvkuii C.M. Huzpkoemiciiini ¢uoaT-cTekna 31 3MIIIHEHUMH MarHETPOHHUMH
nokpuTTsIMuU. — KBamidikariiiina HaykoBa Ipaiis Ha IpaBax pyKOIIUCY.

Hucepraiiiss Ha 3100yTTS HAYKOBOTO CTYNEHS KaHAWIAaTa TEXHIYHUX HayK
(mokTopa dinocodii) 3a cnemianbHicTIO 05.17.11 «TexHoyOris TYroruIaBKUX
HeMeTamyHuXx MatepianiBy (161 — XimMiuH1 TEXHOJOTII Ta iHXeHepis). — HarioHanbHui
TEXHIYHUHN YHIBEpCUTET «XapKiBChKHIA MOMITEXHIYHUN THCTUTYT», Xapkis, 2021.

3MicT aHoOTaIil

B TenepimHiii Yac OJAHMM 3 HAaMBaXJIMBIIMX 3aBAaHb Yy CBITOBIM HayIll Ta
IIPaKTULIl € CYTTEBE EHEPro30epekeHHs y pi3HUX chepax. B apxiTekTypi Ta OyIBHHULITBI 1€
BUPINIYETBCS IUIIXOM 3HIDKEHHS BTpaT TeIla Kpi3b BIKHA, IO JO3BOJISIE ITABUIIUTH
TEMIIEPATypy B MPHUMILIEHHAX. 3 I[I€l0 METOI0 Yy 0aratb0X KpaiHax BHUKOPUCTOBYIOTH
HU3BKOEMICIHHI (Py1oaT-cTeKIa, SKUM BJIACTHBI TOTVIMHAHHS COHSYHOI TEIUIOBOI pajialiii,
Jy’K€ 3HAYHE 3HW)KEHHS IMPOMYCKaHHA Y BHJIMMIM YacTHWHI CHEKTPY, CTBOPEHHS OUIbIII
KOM(OPTHOTO Yy TMOPIBHSHHI 3 OE3KOJBOPOBUM CKJIOM OCBITJIEHHS Ta MOXJIHUBICTb
3aXMCTy BHYTPIMIHIX MPUMINIEHb BiJ PyHHIBHOI nii yiabTpadioNeToBUX IMPOMEHIB.
CrtBOpeHHsI Ta BUPOOHUIITBO O3HAUEHUX CTEKOJI € OJHUM 3 HAMOUIbII MEpCIEKTUBHUX
HaMpsIMKIB 'y CBITOBIM CKJIsHIN 1HaycTpii. Cepen HUX CIiJl BIAMITHUTH 3arapToBaH1
Oe3reyHl CTEeKJa. sKI 3HaXOJsATh BCE OLIBII IIUPOKE BUKOPUCTAHHSA Yy
0araTonoBepXOBUX IPOMAICHKUX OYyAIBIAX 715 3a0€3MEeUeHHs] HOPM O€3MEeKH.

Masi 3HaueHHs BUIPOMIHIOBAJILHOI 3IaTHOCTI (€MiCii) HU3BKOEMICIHHUX CTEKOJ
JOCSTAIOThCSL NUIIXOM (hapOyBaHHS CKJIOMacu B OpOH30BUM, OJIAKUTHUM. 3€JeHUN Ta
IHII KOJIbOPH OKCHJAMHU METaliB, 110 3a0e3nedyye MOTJIMHAHHS COHSYHOI TEMJIOBOi
pamiaiii 1 3HWKCHHS MPOMYCKaHHS Yy BUIWMIM YacCTHHI CIEKTPY, a00 HaHECEHHSM Ha
MOBEPXHIO TIOJIPOBAHUX CTEKOJI CHEIIaJbHUX CBITJIOTEIIO3aXUCHUX TOKPUTTIB.
3HaYHUM HENOJIKOM TEPIIOro 3 TMEepesliueHruX 3aco0iB € iX CyTTeBa BapTICTh 4epe3
YBEJICHHS Y BECh 00’ €M CKJIOMAacH JOPOTHUX Ta Ayxe NedIIUTHUX, 0COOIMBO B YKpaiHi,
OapBHMKIB — OKCH/IIB TIEPEXITHUX MeTaliB. TOMy CbOTOJIHI B CBITI K Hale(EeKTUBHIIIHNIA

3aci0 JOCSATHEHHS MaJIMX 3HAYEHb BUITPOMIHIOBAILHOI 37IATHOCTI (€MICiT) HU3hbKOEMICIMHHIX
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CTEKOJI BU3HAHO HAHECCHHsI Ha TX MOBEPXHIO CIieliaibHuX «TBepanx» (K-ckio, abo Low-E)
Ta «Mm'skux» (I-ckmo, abo Double Low-E) cBimorerio3axucHuX TOKpUTTIB. CyTTEBHM
HEJIOTIKOM, OJIHaK, OUIbII eHeproe()eKTUBHUX [-CTeKo, fKi MalOTh HIMPOKUI Jiana3oH
KOJIPHUX XapaKTePUCTUK 1 BHUPOOJSIOTHCA TAKUMH BIJOMHUMH  MDKHAPOJIHUMHU
kopropamisimu, sk Pilkington, GUARDIAN, Saint-Gobain, a B Ykpaini — npoBigHuM
BITUM3HSHUM  ckisiHUM  mianpueMctBoM  3AT  «JIC3  «lIponerapiit» (auni  TOB
«JIucuaHChKUI CKIITHUM 3aBO/»), € HEIOCTaTHS MEXaHIYHa MIIHICTh M'SIKUX TOKPHUTTIB,
0 HAHOCATH MArHETPOHHMM BaKyyMHHM HamwmieHHsM. OKpiM TOTo, TEXHOJOTis
BUTOTOBJICHHS [-CTEKON 3 TaKMMH MOKPUTTSIMH, sIKa BUKOPUCTOBYETbCS HA BKA3aHOMY
YKPaiHCBKOMY TIANPUEMCTBI, HE JO03BOJISIE 3IMCHIOBATH iX TapTyBaHHS, IO 3HAYHOIO
MIpPOI0O OOYMOBJIIOE IMIIOPTHO3AJICKHICTh B JaHii ramy3i. ToMmy po3poOka ckiagy Ta
ONTUMAJIBHOTO TEXHOJIOTTYHOTO PEXUMY OJIep>KaHHsS [-ckia 31 3MIITHEHUMH M’ SIKUMU
MarHeTpOHHUMH TOKPUTTSAMH € aKTyaJbHUM HAyKOBO-TIPAaKTUYHHUM 3aBIaHHSIM, Ha
BUPIIIEHHS SKOTO CIIPSIMOBAHO JIaHY JUCEPTALIHY POOOTY.

Ha ocHOBI pe3yJsibTaTiB aHali3y HAyKOBO-TEXHIYHOI JITEpaTypH MO0 Cy4aCHOIO
CTaHy TEXHOJOrii ¢aoaT-CTEKOJ, 30KpeMa [-cTekon 3 eHepro3oepirarouyuMu
MOKPUTTSIMHU, OOTPYHTOBAHO BHOIp HANPSMKIB, 3a/1a4 1 METOAUKH JOCIIIKCHb ITPOIIECIB
dbopMyBaHHS Ta BIACTUBOCTEN CTEKOJ 3 ypaxyBaHHSIM TOTO, IO 3a0€3MeYCHHS] BUCOKOT
akocTi [-ckjla MOXJMBE TIIBKM TPU BUKOHAHHI KOMIUIEKCY TaKHX 3aXOJiB:
BUPOOHUIITBO BHCOKOSIKICHOTO JIMCTOBOTO (pyioaT-ckjia Jii HACTYIMHOTO HAHECEHHS
HU3BKOEMICIHHOIO 0araromapoBOro MOKPUTTS, CTalui Mpouec Bapku Oe3nedexTHoi
CKJIOMacH 32 YMOBU BUKOPUCTaHHS CTIHKOi BOTHETPUBKOI (PyTEPIBKU CKJIOBAPHOI Tevi,
po3poOKa CKJaay Ta TEXHOJIOTIYHUX PEXKUMIB HAHECEHHS 3MIIHEHUX M SIKUX
0araTromiapoBUX  MArHETPOHHMX  TMOKPHUTTIB 3  MEBHUMHU  €KCIUTyaTalliiHUMU
XapaKTEPUCTHKAMU ¥ MOKJIMBICTIO TapTyBaHHS Takux cTekod. OOrpyHTOBaHO
KOMIUIEKC KpHUTEpiiB 0 ckima-ocHoBH B cucteMi R,O-RO—SiO, mist oxeprkaHHs
HU3BKOEMICIHHUX (hJI0AaT-CTEKOJI, TOJIOBHI 3 IKMX — MOXKIIMBICTh MAaCOBOTO BUPOOHUIITBA
Ta TEBHI (I3UKO-XIMIYHI, ONTHUYHI, MIIHOCHI ¥ TeruIo(}i3u4yHI BIACTUBOCTI 3a
MDKHApPOJHUMU CTaHAApTaMHU, Y 3B’SI3Ky 3 SKMMU OOpaHO Jy>KHOKAJIbLIHCHITIKATHUN

CKJIaJI.
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Brnepiie BCTaHOBIEHO MOXJIMBICTH CYMICHOTO BUKOPUCTaHHS JJI OJEp)KAHHS
BHCOKOSIKICHOTO (hJI0aT-CKJIa PI3HUX 32 XIMIYHUM Ta TPaHYJIOMETPUYHHUM CKIIaJOM M
dbopmoro 3epeH kBaproBux TickiB HoBocemnmiBchbkoro Ta CTapoBipiBCHKOTO POIOBHII]
XapkiBChbKOi 00y1acTi 3a ymMoB 3a0e3IMeueHHs MaKCHUMaJbHOI IHUTOMOI IOBEpPXHI Ta
pEaKIifHOT aKTHBHOCTI MPU TICBHOMY CITiBBiTHOIIICHHI (ppakiiiii Ta BIacHO mickiB (3 : 1)
i rocTpokyTHOI opmu iX 3epeH. Lle 00yMOBHIIO MIABUINICHHS BMICTY y HIIAHIM CyMiIii
ocHoBHOi1 (pakiii 0,4 — 0,16 mm g0 89,43 % Ta 3meHmeHHs kiabkocTi Fe Oz no
0,028 % 1, B miACYMKY, 3HaYHE 3HWKEHHS JEPEKTY «MOIIKA», ONTUIHUX CIIOTBOPEHb Ta,
110 0COOJIMBO BAXKJIMBO, BUCOKUM KoeilieHT cBiTionponyckands T = 88 + 90 % roroBoro
bnoar-ctexsa. Po3poOneHo MartemaTH4HI MOJENI, $IKi JO3BOJSIIOTH BCTAHOBUTU Ta
CIPOTHO3YBaTH BMICT 3aii3a B OKpeMHX (paklisiX MICKYy i BU3HAYaTH CHEKTPaJibHI
XapaKTEPUCTUKH PE3yJIbTYIOUEro (uioaT-cKia.

JlocniakeHHs CTaHy BOTHETPUBKMX MaTeplajiB KJIAJKA CKJIOBApPHOI BAHHOI eyl 1
ocobiMBocTel ix pyHHyBaHHs micig 1,5 pokiB eKcIulyaTaiii Hpu BUPOOHUIITBI
JUCTOBOrO ckia Quoar-cnocoooM Ha Jlucuyancekomy ckio3aBonl "Ilponerapiin”
MOKa3ajiy, 1[0 HalOUIbII Bpa3iMBUMU JUIBHULSIMA BAapOYHOI YAaCTUHU € TOJOBHE
CKJICTIIHHSI, MiJIBICHI CTIHM Ta BIIT ropuioK. OCHOBHOIO MPUYHMHOIO iX KOPO3ii € MUTIHHA Ta
BUIIAPOBYBAHHS IIIMXTH 1 TEPMIUHE HABAHTAXXEHHS BOTHETPHUBIB MMiJT A1€0 MOIyM’sl. Y pasi
K OOKOBHUX CTIH BapOYHOI YaCTUHU 1HTEHCHBHA KOPO3is BOTHETPUBIB OOYMOBJICHA JIE€I0
arpeCUBHOTO CEPEOBHINAa MEXI1 TIa3-CKIOpPO3IUIaB-BOrHETpUB. PyiiHyBaHHsS HacaJok
pereHeparopa yTBOPIOETHCS BHACHIIOK BUCOKOTO TEMIIEPATYpHOTO HABAHTAXCHHS MPHU
pI3Kii 3MIHM TeMIepaTyp Ta 3HAYHOTO HABAHTAKEHHS B PE3YJIbTAaTl 3MIHEHHSI OKHCHO-
BIJIHOBHOTO cTaHy cepenoBuia. Creundiuni ocoOIMBOCTI pyiHYBaHHS OaKOpPOBUX
BOTHETPUBIB TMIJBICHUX CTIH NPOAYKTUBHOI YAaCTUHU BHSBWINCS B YTBOPEHHI
MOTYXXHOTO TPAHWYHOTO peakiifHoro 1mapy 3aBToBmkd ~ 20-30 MM BHACHIJIOK
arpecuBHOIO BIUIMBY JIETKMX KOMIIOHEHTIB IIMXTH 1 pO3IUIaBy, OCOOJMBO B 30HI
BapWIBLHOTO OaceliHy, y BIbOTaX MaJIbHUKIB 1 OE3MOCEpEeHhO — BiJ 3aBAaHTAXYBaJHHOI
KUIIeHi 710 3-1 mapu naabHUKIB. BUsABICHO MiHIMHWIA XapaKTep TEMIepaTypHOi 3aJIeKHOCTI
IJIMOMHY  PO3’iJaHHA PO3IUIABOM JIY>KHOKAJIBIIUCHITIKATHOTO — hjioaT-ckjia  ©0akopoBOi

GbyTepiBKM B MPOIYKTUBHIN YacTuHi Oaceliny B iHTepBaii 1400 — 1560 °C, mo o0yMoBI€HO
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3pOCTaHHSIM KUIBKOCTI CKJIO(a3u HaBITh B TAKWX CTIMKWX W BIMOBIJAIBHUX BOTHETPHUBAX,
sk Oakop 41. [lerporpadiuni qocmiKeHHsT 0aKOPOBUX BOTHETPHBIB Mapok 33, 36 1 41
micast 5,5-piyHOi eKkcIUTyaTarii MoKas3aid, [0 MPOHMKHEHHS CKJIa 3 TOBEPXHEBOI
CKOPMHKH B TOPH W TPINIMHUA, OCOOJMBO Ha KOHTaKTI MEpeXiJHOi 1 poOouoi 30H,
OPU3BOAUTH 10 30UIBIICHHSA TPIIUH Ta PYHHYBaHHS BOTHETPHUBIB 13 3aCMIYCHHSIM
CKJIOMACH iX yJamMKaMu W yTBOpeHHs AedekTiB (uoar-ckia. ToMy mpu CTBOpEHHI Ta
OyIIBHUIITBI BHCOKOTMPOYKTHUBHHUX reuen HOBOT'O [IOKOJIIHHA  JOLLIBHO
BUKOPHUCTOBYBAaTH BHCOKOSIKICHI BOTHETPHBKI MaTepiagu 3 MIHIMYMOM ckJodasu,
BUTOTOBJIEH] 32 MEPEAOBUMH TEXHOJIOTIIMU, 3MEHILIUTH KUIBKICTh IIBIB, HE JOIYCKaTH
0e3rmocepeIHLOr0 KOHTAKTy BOTHETPHUBIB, 110 B3aEMOIIIOTH MK COOOIO Ta 3 PO3ILIABOM
3 YTBOPEHHSIM JICTKOIIABKUX MAJIOB SI3KMX €BTEKTHUK, Ta BHKIIOYUTH BUHUKHCHHS
JpiOHUX TPILIUH MPU BUBOJIKY T€Ul.

Po3po0neHo cnoci® 3MILHEHHS M SIKUX MarHeTPOHHUX MOKPHUTTIB AJIsl OACp/KaHHS
Hu3bkoeMiciiiHux Double Low-E crekon, sikuii monsrae y KOpUTYBaHHI CKIIaay Ta
BJIACTHBOCTEN MOro aire3iifHOro, MIENEKTPUYHOIO Ta (PYHKIIOHAIBHOIO IMIApIB MUIAXOM
JeTyBaHHA (aare3iiHUN 1Iap), PEryJioBaHHA MOTYXKHOCTI poOOTH MAarHeTpoHIB Ta
BUKOPHUCTAHHSI BIJIMOBITHUX Ta3iB /yisi (hOpMYBaHHS MEBHUX CIOJYK B I1apax. BcTtaHoBIeHO
3aKOHOMIPHOCTI  po3TanryBaHHs 1mapiB  T1UtiBKOBOT cucteMu  SisNa/NICr/SisNs st
BUTPUMYBAHHs TepMiuHOT 00poOku crekon cucremu R,O-RO-SIO, Tta po3pobieHi
NPUHIMITA KOPUTYBAHHS CHEKTPAILHUX W MEXaHIYHMX XapaKTePUCTHK 3aJIeKHO BIJ
KOHIICHTpallli Ta CHIBBIIHOIICHHS KOMIIOHEHTIB TOHKOILUTIBKOBOTO HAHONIAPY, IO
CIIPUSITUME CTBOPEHHIO BapialiiHOTO Psiy (ProaT-cTeKos 3 HEOOX1THUM PIBHEM BiJIOUTTS B
1H(QpaYepBOHOMY CHEKTPI.

OtpumaHHsl CKJaqy 1 KOMOIHAINi IapiB 1 TEXHOJOTIYHHMX MapaMETPIB HAHECEHHS
OararoniapoBUX HAHOIMOKPHUTTIB 3arajbHOI0 TOBIIMHOIO 10 140 HM Brepiie T03BOJIUIIO
3araproByBati [-ckio 3 HumH. BinnpairoBaHHs 1. BOPOBAKEHHS TEXHOJOTTYHUX
napameTpiB OTPUMaHHS HHU3BKOEMICIHOHOTO I-cTexonm 3 po3po0ieHUMH TMOKPUTTSIMU Ha
TOB «JIucnuaHChbKHil CKII03aBOT» 3a0€3MEUIIIN HEOOX1TH1 CIIEKTPaJIbHI 1 eKCILTyaTaIliiHi
MOKAa3HUKH JTAHUX CKJIOBUPOOIB 3riHO 3 MixkHapoauumu crangaptamu ['OCT EN 673-2016

ta TOCT EN 410-2014 1 npu3Beny 10 miaABUIICHHS 10 94 % BUITYCKY MPUIATHOT MPOAYKIIL,



3)
10 NMPAKTUYHO HE MOCTYMAEThCA KPALM 3apyOIKHUM aHaJjioraM , ajie € OUTbLI JEIEBOIO,
Ta IIAPOKO 3aCTOCOBYETHCS TIPU CKJIIHHI 0araToroBEpXOBUX IMBUIBHUX 1 KHTIIOBUX
Oynisenb. ExonoMiunuii eekt cknamae 356,7 rpH./M?, IO B HEPEPAXYHKY HA CEPEIHE
KUTJIOBE TIPUMILIEHHS 3 4 BiKHAMH 3arajbHoo miomero 9 — 10 m? fopisHIoe 3567 IpH.
32 ONMAIIOBAJILHAN CE30H.
Ha ocHOBI pe3ysnbTaTiB BUKOHAHUX JOCIHIIKEHb TaKOXK PO3pPOOJICHO Aep>KaBHUIM
cranaapt Ykpainu JICTY EN 1036-1 : 2019
KmrouoBi  cnmoBa:  TexHojoriss  ¢uoaT-ckia,  HHU3bKoeMiciiiHi  [-cTekia,
eHepro3oepiraroyi MOKPUTTSA, MarHeTpOHHE BaKyyMHE HAIWJICHHS, KBapIOBI ITICKH,
BaHHA T4, BOTHETpHUBKA (yTepiBKa, rapTyBaHHA (joaT-CKjia, ONTHYHI BIIACTUBOCTI,

apXITEKTYpHO-Oy/1iBEJIbHA raay3b.
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Annotation content

Currently, one of the most important tasks in world science and practice is
significant energy conservation in various fields. In architecture and construction, this is
solved by reducing heat loss through the windows, which allows you to raise the
temperature in the room. To this end, many countries use low-emission float glasses,
which are characterized by the absorption of solar thermal radiation, a very significant
reduction in transmission in the visible part of the spectrum, creating more comfortable
lighting compared to colorless glass and the ability to protect interiors from the
destructive effects of ultraviolet rays. The creation and production of these glasses is
one of the most promising areas in the global glass industry. Among them should be
noted tempered safety glass. which are increasingly used in high-rise public buildings to
ensure safety standards.

Small values of emissivity (emission) of low-emission glasses are reached by
coloring of glass mass in bronze, blue. green and other colors with metal oxides, which
ensures the absorption of solar thermal radiation and reduced transmission in the visible
part of the spectrum, or by applying to the surface of polished glass special light-
protective coatings. A significant disadvantage of the first of these tools is their
significant cost due to the introduction of the entire volume of glass mass of expensive
and very scarce, especially in Ukraine, dyes — oxides of transition metals. Therefore,
today in the world as the most effective means of achieving low values of emissivity
(emission) of low-emission glasses is recognized by applying to their surface special
"hard" (K-glass, or Low-E) and "soft" (l-glass, or Double Low-E) light and heat
protective coatings. A significant disadvantage, however, of more energy-efficient
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I-glasses, which have a wide range of color characteristics and are produced by such
well-known international corporations as Pilkington, GUARDIAN, Saint-Gobain, and
in Ukraine - the leading domestic glass company CJSC LSZ Proletarii. "Lysychansk
glass factory"), there is insufficient mechanical strength of soft coatings applied by
magnetron vacuum spraying. In addition, the technology of manufacturing I-glasses
with such coatings, which is used at this Ukrainian company, does not allow them to
harden, which largely determines the import dependence in this area. Therefore, the
development of the composition and the optimal technological mode of obtaining
I-glass with reinforced soft magnetron coatings is an urgent scientific and practical task,
the solution of which is aimed at this dissertation.

Based on the results of the analysis of scientific and technical literature on the
current state of float glass technologies, in particular I-glasses with energy-saving
coatings, the choice of directions, tasks and methods of research of molding processes
and properties of glasses is justified, taking into account that high quality I-glass when
performing a set of such measures: production of high-quality float glass sheet for
subsequent application of low-emission multilayer coating, stable cooking process of
defect-free glass mass using stable refractory lining of glass furnace, development of
composition and technological modes of application of reinforced soft multilayer
magnetron coatings and the possibility of tempering such glasses. A set of criteria for
the base glass in the system R,O-RO-SiO, for obtaining low-emission float glasses, the
main of which is the possibility of mass production and certain physicochemical,
optical, strength and thermophysical properties according to international standards, in
connection with which selected alkaline calcium silicate composition.

Studies of the refractory materials of the glass bath furnace masonry and the
peculiarities of their destruction after 1.5 years of operation in the production of sheet
glass by float method at the Lysychansk glass factory "Proletary” showed that the most
vulnerable parts of the cooking part are the main vault, suspension walls and burners.
The main cause of their corrosion is sawing and evaporation of the charge and the
thermal load of refractories under the action of flame. In the case of the side walls of the

cooking part, the intense corrosion of refractories is due to the action of the aggressive
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environment of the gas-glass-melt-refractory boundary. The destruction of the
regenerator nozzles is formed due to the high temperature load with a sharp change in
temperature and a significant load as a result of changes in the redox state of the
environment. Specific features of the destruction of copper refractories of the suspended
walls of the productive part were manifested in the formation of a strong limiting
reaction layer with a thickness of — 20-30 mm due to the aggressive influence of
volatile components of the charge and melt, especially in the cooking basin area, burner
entries and directly from the loading pocket pairs of burners. The linear character of the
temperature dependence of the depth of melt corrosion of alkaline calcium silicate float
glass of copper lining in the productive part of the basin in the range of 1400 — 1560 °C
is revealed, which is due to the increase in glass phase even in such stable and
responsible refractories as copper 41.

Petrographic studies of copper refractories grades 33, 36 and 41 after 5.5 years of
operation showed that the penetration of glass from the surface crust into pores and
cracks, especially at the contact of the transition and working areas, leads to cracks and
destruction of refractories with clogging of glass with their fragments and the formation
of defects in float glass. Therefore, when creating and building new generation high-
performance furnaces, it is advisable to use high-quality refractory materials with a
minimum of glass phase, made by advanced technologies, reduce the number of seams,
prevent direct contact of refractories that interact with each other and with the melt to
form low-melting occurrence of small cracks during brooding of the furnace.

A method of strengthening soft magnetron coatings to obtain low-emission
Double Low-E glasses, which consists in adjusting the composition and properties of its
adhesive, dielectric and functional layers by doping (adhesive layer), adjusting the
power of magnetrons and using appropriate gases to form certain compounds in balls.
The regularities of the layers of the SisN4/NiCr/SisN4 film system for withstanding the
heat treatment of R,0-RO-SiO, system glasses are established, and the principles of
adjusting the spectral and mechanical characteristics depending on the concentration
and ratio of thin-film nanolayer components are developed. reflection in the infrared

spectrum.
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Obtaining the composition and combination of layers and technological
parameters for the application of multilayer nanocoatings with a total thickness of up to
140 nm for the first time allowed to harden the I-glass with them. Practice and.
introduction of technological parameters of low-emission I-glasses with developed
coatings at Lysychansky Glassworks LLC provided the necessary spectral and
operational indicators of these glassware in accordance with international standards
GOST EN 673-2016 and GOST EN 410-2014 and led to an increase of up to 94 % of
usable output , which is almost not inferior to the best foreign counterparts, but is
cheaper and is widely used in the glazing of multi-storey civil and residential buildings.
The economic effect is 356.7 UAH/m?2, which in terms of the average living space with
4 windows with a total area of 9 — 10 m? is equal to 3567 UAH. for the heating season.
Based on the results of research, the state standard of Ukraine DSTU EN 1036-1:
2019 has also been developed.
Key words: float glass technology, low-emission I-glasses, energy-saving
coatings, magnetron vacuum sputtering, quartz sands, bath furnace, refractory lining,

float glass tempering, optical properties, architectural and construction industry.
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