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(57) M300perenne OTHOCHTCA K BAKYyMHOMY M30JISIUMOHHOMY 010Ky (10) ocTeKyeHus, MpOoXoAseMy BAOIIb

wiockoctd P, 0OpazoBaHHOI NpOiOAbHOW OChI0 X M BEPTHUKAJIbHOW OChIO Z, CHaOKEHHOMY OJHUM
TTOKPBITHEM, OTPAXKAIOMINM HH(ppaKpacHOe M3IydeHue, nmeromuM auuay L, mpraem 300 mm<L<4000
MM, 1 mupuHy W, npadeM 300 MM<W<1500 MM, 1 coaepskalmieMy a) MepByI0 CTEKISIHHYIO naHenb (1),
HMEIOIIYI0 BHYTPEHHIOIO MTOBEPXHOCTH (12) maHeau U HapyXHYyI0 NOBEepXHOCTS (13) maHenu, UMEIOIIyIo
TONMIMHY Z1, Ipu4eM MOKpBITast MepBasi CTEKISIHHAS NTaHETh MUMEET 1TOKa3aTellb MOMIOMICHUS SHEPTUH
EA1, u b) BTOpyIO CTEKISIHHYIO HaHesb (2), UMEIOIIyI0 BHYTPEHHIOIO MOBEPXHOCTH (22) maHeiu u
Hapy>XHYIO TIOBEPXHOCTH (23) maHeIH, 1 UMEIOIYI0 TOIIUHY Z2, ¥ HUMEIOIIYIO TOKPHITHE, OTpakaroliee
MH(paKpacHOE U3ITyYCHUE, HA €€ BHYTPEHHEH MMOBEPXHOCTHU MAHEIH, IPH 3TOM TOIIIMHBI H3MEPEHBI B
HalpaBsJIeHUH, TEPICHINKYISIPHOM IIOCKOCTH P, IprueM MOKpbITast BTOpasi CTEKJISTHHAS TTaHEJIb UMEeT
nokasarens noriomeHus 3Heprun EA2; ¢) Habop oTAenbHBIX pacmnopok (3), pacrnoioKEHHBIX MEXIY
MEPBOM U BTOPOM CTEKISHHBIMU MAHEISIMH, NOJACPKUBAIOIINX PACCTOSHUE MEXIY NEPBOM M BTOPOM
CTEKJSIHHBIMH TIaHEJSIMA M 00pa3yIoMInX MAacCcuB C IIAroM A, IPUYEM IIar A HAXOAUTCS B JIMara3oHe
or 10 mo 35 mm; d) repMeTHUHO coeuHsIONIee YIIOTHEHHE (4), YIUIOTHSIOIIEE PACCTOSHUE MEXIY
TIepPBOI ¥ BTOPOH CTEKIITHHBIMHU MaHEISIMH 110 WX EepUMETPY; €) BHyTpeHHU 00beM V, 00pa30BaHHEIHA
TIepBOH M BTOPOI CTEKIISIHHBIMH HaHEJIIMH M HAOOPOM OTZENBHBIX PAcIOpOK M 3aKPBITHIH T€PMETHIHO
COC/IMHSIIOLIMM YIUIOTHEHUEM, M IIPU 3TOM UMEETCs BaKyyM C a0COIOTHBIM JaBieHueM Menee 0,1 mOap,
u f) mpu 3TOM BHYTpEHHHE MOBEPXHOCTH NAHEIH NMEPBOH M BTOPOW CTEKISIHHBIX NMaHeTeH OOpaleHbI
KO BHYTpEeHHEMY 00beMy V; g) XapaKTepH3yIomeMycsl TeM, YTO TIepBasi CTEKIISIHHAS [TaHEeNb TOJIIE, YeM
BTOpasi CTEKNISHHAA maHenb (Z1>Z2), u npu strom AEA<0,0033 AZ’/mMM° - 0,0468 AZ/mm + 0,7702;
mprmueM AEA=EA1-2xXEA2, u mpu aToM Z1>5 MM, Z2>3 mm u AZ=71-Z2>1 mm, u ipa 3ToM 10 MM<A<35
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OnucaHue
ACUMMETPUYHBIA BaKyyMHbIA U3ONSALMOHHBIA 650K OCTeKNneHus

Obnactb TeXHUKU

[0001] N306peTeHne OTHOCUTCS K BaKyYMHOMY U3ONSILUMOHHOMY GIIOKY OCTEKNEHNS,
CHaBXXEHHOMY HU3KOSMMUCCUOHHbIM MOKPLITUEM U UMEIKOLLEMY HU3KNE YPOBHU
HanpsiKeHNs1, BbI3BAHHOTO Pa3HOCTbIO MEXAY OTpULATENBHON U
NONOXWTENBHON TeMNepaTypamu.

YpoBeHb TEXHUKU

[0002] BakyymHble usonsymoHHble 6nokun octekneHus (VIG) pekomeHayrTes ns-3a
UX TENSIOM3ONAUUN C BbICOKUMWN XapaKkTepuctukamn. BakyymHbIi
N30NAUMNOHHBIA BNOK OCTEKNEHUSA 06bIYHO COCTOUT M3 NO MEHbLUEN Mepe
ABYX CTEKNSAHHbIX NaHenewn, pasaeneHHbix BHYTPEHHUM NPOCTPaHCTBOM, B
KoTopom 6bin co3naH Bakyym. B Lenom, ons gOCTMXKEHMS TEeNNon3onsauumn ¢
BbICOKNMM XapakTepucTukammn koapdpuumeHT Tennonepenaym U coctaBnser
U<1,2 Bt/m?K. AGcontoTHOe aaBneHne BHYTpY B610ka OCTEKNEHUS OObIYHO
coctaensieT 0,1 m6ap nnn meHee, N 0ObIYHO NO MEHbLLEN MEPE OAHa U3
ABYX CTEKMNSAHHbIX NAHeNnen MoXeT 6bITb NOKPbITa HU3KO3IMUCCUOHHBIM
NoKpbITUEM. [INs nony4yeHns Takoro AaBneHns BHyTPU 6noka ocTekneHns
repMeTUYHO coefumHsLLLEee YNNOTHEHNE pasmeLlatoT Ha nepudepmm aAByx
CTEKMSAHHbIX NAHeNen, N BHYTpY Boka OCTEKNeHns ¢ NOMOLLbIO Hacoca
cosgaroT Bakyym. [1ns npegoTBpawieHus BaaBnmMBaHusa 6noka ocTekneHuns
BHYTPb No4 AencTBnEeM atMocepHOro faBneHns 3a cyet nepenaga
AABMNEHNA BHYTPU U CHapyXu 6noka OCTeKNeHns, Mexay ABYMS
CTEKMAHHBbIMU NAHEeNAMN pasmeLLaloT OTAeNbHbIE PacnOpPKN.

[0003] Twmnosbie 6nokn VIG npeactaensoT cobor cummeTpudHble 6noku VIG,
BbIMOMHEHHbIE N3 ABYX CTEKISAHHbIX NAHENen, MMeLWMX OAUHAKOBYIO
TONWMHY cTekna. BbiCOKMe M30nSUNOHHbIE CBOMCTBA BAKyyMHOrO
N30NALUNOHHOIO OCTEKNEHNS BMECTE C HErMBKMMN repMeTUYHO
COeAVHSIIOLWMMUN YNNOTHEHUSIMU NPUBOASAT K 60nee BbICOKOMY TEMSI0OBOMY
HaNPsKEHUIO NPX HanMuYMn 60NbLIOK Pa3HOCTU TemnepaTypbl CHapPYXu n
BHYTpUY 3aaHus. [oatomy B gokymeHTte JP 2001316137 A onucaHa
KOHpMrypaumsa acCuMmMeTPUYHOro BakyyMHOro U30NSILUMOHHOIO 6noka

OCTEKINEHNA, B KOTOPOM BHYTPEHHAA CTeKNAHHaA naHesnb, pacnonoXXeHHad



[0004]

[0005]

[0006]

[0007]

Ha BHYTPEHHEN CTOPOHE, TOrLE, YeM HapyXHas CTEKNSAHHAA naHenb, A4S
AOCTUKEHUS YPOBHEWN TENMOBOrO HanNpsXXeHns nog, CUSbHbIM CONTHEYHbIM
CBETOM, KOTOPblE HUXE, YEM B COMOCTaBMMOM CUMMeTpuYHOM Bnoke VIG.
XoTS 3TN aCUMMETPUYHbIE OCTEKINEHNS YMEHbLUAKT Aedopmauuio B NETHUX
YyCNOBUSAX, OHU PUCKYIOT ObITb NOABEPrHYThI 60n1€ee BbICOKOMY HaMNpPsKEHUIo,
Yem ConocTaBUMbIE CUMMETPUYHBbIE 6noku VIG, B 3UMHUX YCNOBUSIX.

B pokymeHTe JP 2001316138 A onucana npoTMBONONOXHAsA
acummMmeTpudHas KoHCTpykums VIG, B KOTOPOW HapyXXHas CTEKNSIHHASA NaHenb,
pacnonoXxeHHas Ha BHELUHEN CTOPOHE, TOMLWE, YeM BHYTPEHHAS CTeKNaHHas
naHenb, ANS yNyYleHHbIX XapakTepPUCTUK YAAPOCTONKOCTU N aKyCTUKN.

B pokymeHTe US 2015/0354264 A1 onucaHa CTEKNsSIHHas NaHersnb ¢ ABONHbLIM
OCTEKMEHNEM NPU NOHWKEHHOM AaBNEHUN C HU3KO3IMUCCUOHHOWN NAEHKON C
koahpuymeHTom nanydenus 0,067 nnn meHee Ha BTOPOWN CTEKISIHHOM
NMOBEPXHOCTU HAPYKHOrO CTEKNa, T. €. CTEKNAHHOW NOBEPXHOCTW HapPYXXHOro
CTekna, KoTopas OpMeHTUpOBaHa B CTOPOHY YacTu B BUAe 3asopa aAns
obecneyeHns 4OCTaTOUHbIX TEMMOU3ONSALMOHHbBIX U TENNO3aLUTHBLIX CBOWNCTB.
HunskosmnccrmoHHas nneHka npeacraBnseT cobon nakeT U3 HUXKHEro crnos
AN3NEKTPUKa, CNnos MmeTanna, >XepTBEHHOro Crnos 1 BEpXHeEro cros
AN3neKTpuka, NnpeanoyTuTeNsHO 06pasoBaHHOrO MarHETPOHHbBIM
pacnblneHnem.

B npokymeHTe WO 2016/063007 A1 pacKpbIT BaKyyMHbIA N3ONSALNOHHbIN GNoK
OCTEKIMEHUS C HU3KOIMMUCCUOHHBIM NOKPbLITUEM Ha OBpaLLEHHON HapyXy
NOBEPXHOCTU ANS NPOTUBOKOHAEHCALMOHHbIX CBOMCTB.

B npokymeHTe EP 1630344 A1 onucaHo npegoctaBneHne
HU3KO3MUCCUOHHOIO NOKPLITUSA € KO3ppuruymeHTom nsnydeHns meHee 0,2 Ha
BHYTPEHHNX NOBEPXHOCTAX CTEKNAHHBIX NaHenen BakyyMHOro
N30NSUMOHHOro Gnoka octeknenus. Npumepamm yaqooHoro
HU3KO3MMUCCUOHHOTO MOKPbITUA SBMAKOTCA NaKeTbl C pacnbifEHHbIM
NOKPbITUEM TUMNA ANINEKTPUK/CEPEOPO/KEPTBEHHDBIN/ONINEKTPUK, NN
NOKPbITUSA, XMMUYECKN OCaXAEHHbIE U3 NApOBOK (hasbl, OCHOBAHHbIE Ha
CNosix U3 NermpoBaHHOro okcuaa onosa. XoTa gob6aBneHne NOKPbITUNA TakKe

ABnAeTcd MHTepeCHbIM And onTtuMusaumnn N3onAUNOHHbIX UIN



[0008]

[0009]

conHuesawmTHbix cBoncTB VIG, 3T NOKPbITUS, OQHAKO, TAKXKE U3MEHSIIOT
TENnoBoe HanpsikeHue, npunaraemoe Kk VIG.

OpHako B YpPOBHE TEXHUKW HET peLUeHNst TEXHUYECKON Nnpobnemsl
YMEHbLUEHUS BbI3BAHHOIO BO3AEWCTBMEM TEMMNEPAaTYpPbl HanNpsKeHns B
acummeTpudHbIx 6nokax VIG, B KOTOPbIX O4HA UM HECKONBKO CTEKNAHHBIX
naHenen NMeKT CONHUEe3alnTHbIE UK U3OMNSLNOHHbIE HU3KOSMUCCUOHHbIE
NOKPbLITUSA 1 NOABEPralTCa ASNCTBUIO pasHOCTU TeMnepaTtyp Mmexay
BHELWHeN U BHYTpPeHHen cpegamun. Kpome TOro, B YypOBHE TEXHUKU HET
peleHns TEXHNYECKON NpobnemMbl HaNpsKeHWs1, BbI3BAHHOTO aTMOCKEPHbIM
AaBneHneMm, B MecTax pasMmeLleHus ctoek Takux 6nokos VIG n gaxe Toro,
Kak co3faTtb Takon BaKyyMHbIA N30NSALMNOHHbIA 610K OCTEKNEHUS,
AEMOHCTPUPYIOLWMIA YNYULIEHHbIE YPOBHU KOMOVHNPOBaAHHOIO, BbI3BAHHOTO
BO3AENCTBUEM TemnepaTypbl U AaBNEHNEM, HANPSXKEHWS, NOAAEPXKMBas Npu
9TOM TENNON30NALNIO C BbICOKMMU XapaKTepUCTMKaMM.

[encTBUTENBHO, B YPOBHE TEXHUKN HET PELLEHNSA TEXHUYECKON NPOobnemMbl
YMEHbLUEHUSI KOMBUHUPOBAHHOIO BbI3BAHHOIO HANPSXKEHNS1 U BO3HUKAIOLL,Ero
B CBAA3U C 3TUM pucKa paspyeHus 6nokos VIG, nmerowmx nokpbITus,
oTpaxarLine nHppakpacHoe nsnyvyeHme, Kak B NeTHUX YCroBUsX, Koraa
BHYTPEHHSIS1 YacTb ABnsieTcs bonee XonoaHoOM, YeM BHELLHSASA, TaK U B
3MMHUX YCNOBUSX, KOrAa BHELLHSASA YacTb ABnsieTcs 6onee XonogHon, yem
BHYTPEHHSIS, B YaCTHOCTU B CUTyaLuMsiX, KOraa 3uUMHUE YCNOBUS SBNSIOTCA

6onee cypoBbIMU, YEM NIETHUE YCIIOBUSI.

CywHocTb n3obperteHus

[0010]

Llenbto HacTosiero nsobpeTeHns sBnsieTcs NpeaocTaBneHne BakyyMmHOro
N30NALUNOHHOIO OCTEKINEHNS, MMEIOLEro Ha BHYTPEHHEN NOBEPXHOCTH
BTOPOW CTEKNSIHHOW NaHenu NOKpbITUe, OTpaxarolee MHppakpacHoe
M3ny4yeHue, KotTopoe obpaleHo KO BHYTPEeHHEMY 06bemy, U UMEIoLLEro
HU3KUIA OOLLNIA PUCK pa3pyLLUEHNS, CBA3AHHDBIN C HanpsbKeHNEM, B NETHUX
yCnoBUSIX, KOraa BHYTPEHHSIS YacTb ABnNseTcs Gonee XonoaHom, yem
BHELLHSASA, a TakKe B 3UMHUX YCNOBUAX, KOr4a BHELLHASA YacTb SBNsAeTcA
BGonee XxoNoaHON, YeM BHYTPEHHSIS, B YAaCTHOCTM B CUTyaumsx, koraa sumMmHue

ycroBus sIBNsIlOTCS 6onee cypoBbIMU, YEM NeTHUe ycnoBusi. MNokpbiTue,



[0011]

oTpaarllee nHppakpacHoe nsnyyeHme, B HaCTosALWEM N306peTeHnn MOXeT
ObITb N30NSALUMOHHBLIM NOKPLITUEM U CONHUE3AWMTHLIM NOKPbITUEM.
ABTOpPbI HAaCTOSAILLLErO N306pETEHNS HEOXKUAAHHO OBHapPYXUNn, 4YTo
coyeTaHue onpeaeneHHbIX PasmepoB U TOMWMH BHYTPEHHEN U HAPYKHOM
CTEKISAHHbIX NAHeNen BMecTe C onpeAeneHHbIM Larom pacnopok, a Takke
onpeaeneHHbIM pacnonoXeHnemM NOKPbITUA U SHEPreTUYECKMMN CBONCTBaMMN
CTEKMSAHHbIX NAHeNen, NPMBENO K 3HAYUTENBHOMY CHIKEHUIO 00LWero pucka
paspyLueHnsi, CBA3aHHOIO C HanpPsXKeHNeM, B BaKyyMHbIX U3ONSILNOHHbIX
OCTEKINEHUNX, KOTOPbIe NOABEPrarTCs BO3AEUCTBUIO KaK YMEPEHHbIX NETHUX
YCNOBUI, KOraa BHYTPEHHSS YacTb sBnsieTca 6onee XonogHoW, Yem
BHELLHSSA, a TakKe CYPOBbIX 3UMHUX YCNOBUI, KOTAa BHELLHSAS YacTb
saBnsieTcs bonee XonoAHOW, YeM BHYTPEHHSS. B HacToswem nsobpeTteHnn
obLiee BbI3BaHHOE HanpsbkeHne acummeTpudHbix VIG cHukeHo, B
KOHKPETHbIX BapnaHTax OCyLEeCTBMNEHUS HANPSKEHNE B 3UMHUX YCITOBUSAX
YMEHbLUEHO [0 YPOBHS HUXE, YeM Y SKBUBASIEHTHbLIX UM CUMMETPUYHbIX VIG.
OKBMBaneHTHble UM cumMmeTpuyHble VIG naeHTUYHbI BO BCEX OTHOLLEHUSIX, B
YaCTHOCTU B OTHOLLEHUU BHELLHMX pasMmepoB AfVHbI, LUMPWUHBI 1 00LLen
TOMNWMHbI, 3a UCKIIIOYEHUEM TOrO, YTO TOMNLWMHBLI NEPBOro0 U BTOPOro fINCTOB
cTekna ogmHakoBbl. CummeTpudHble VIG 3apekomeHaoBanu cebs Ha pblHKe
N eCTeCTBEHHbIM 06pa3om 06pasyoT OTNPaBHYIO TOYKY AN HOBbIX
pa3paboTok B AaHHOW obnacTu. XopoLwo N3BECTHO, YTO OHU OObIMHO
AOCTUraroT CBOMX CaMbIX BbICOKUX YPOBHEN KOMOMHUPOBAHHOIO BbI3BAHHOIO
HanpsKeHNUs1 B 3UMHUX YCroBUSAX. Takum o6pasomM, MakCumarbHbIA YPOBEHb
KOMBUHMPOBAHHOIO BbI3BAHHOIO HaNPSKEHNS1 9KBMBANEHTHbIX
cummeTpudHbix VIG, gocturaemblii Kak B 3UMHNUX, Tak N B NIETHUX YCNOBUSX,
cocTaBnseT nonesHoe pedepeHTHOE 3HaYeHWe ONS CPaBHEHUSA C
acummeTpudHbimM VIG. B onpeaeneHHbIX KOHKPETHbIX BapuaHTax
OCYLLEeCTBNEHNS HACTOSALLEro n3obpeTeHns 3HayeHus obLLero BoI3BaHHOMO
HanpsikeHnss acummeTpudHbix VIG Kak B 3UMHUX, Tak U B IETHUX YCINOBUSIX
HUXe, YeM MakCcMMaribHble YPOBHU BbI3BAHHOIO HaNpsiKeHus1, KOTopble
BblAEPXKNBAIOT B NETHUX UINN 3UMHMWX YCINOBUSAX SKBUBANEHTHbIE UM

cummeTpudHble VIG.



[0012] HacTtosiwee nsobpeTeHne OTHOCUTCS K BAKYYMHOMY U3ONSILMOHHOMY B110Ky
OCTEKIEeHUs, Npoxoasiiemy BAOMb NNOCKoCcTU P, onpeaensemon
NPOAOSBHON OCbIO X U BEPTUKANBHON OCbIo Z, N uMmerwemy wupuHy W,
N3MEpPEHHY0 BAOSMb NPOAOSNBLHON OCU X, U ANUHY L, N"3MepeHHyo B4ONb
BepTUKanbHou ocn Z. [invHa L BakyyMHOro n3onsiymoHHoro 6noka
ocTeknenus Haxoautcs B agnanasone ot 300 go 4000 mm (300 mm < L < 4000
MM), a wupnHa W BaKyyMHOro U3onsiumMoHHOro 6510ka ocTekneHms
HaxoauTca B ananasone ot 300 go 1500 mm (300 mm < W < 1500 mm). B
onpeaeneHHbIX NPeANOYTUTENbHbIX BApUaHTax OCYLLECTBEHUS HACTOSILLLEro
n3obpeteHna L Haxoautcsa B gnanasoHe ot 300 go 3000 mm ans
AONOSNHUTENBHOIO YMEHbLUEHUS HanpsikeHns. BakyyMHbI M30NSLNOHHbIN
ONOK OCTEKNEHUS COAEPKMT:

a. NepByH CTEKNAHHYIO NAHEeNb, UMEIOLLYIO TONWUWHY Z1 U NoKasaTernb
nornoweHna aHeprun EA1, n

b. BTOpYIO CTEKNAHHYIO NAHENb, UMEIOLLYIO TONWUHY Z> U NoKasaTernb
nornoweHnsa sHeprun EAo,

C. npwv 3Tom Z1 paBHa unu 6onbwe 5 mm, 1

d. npu 3TOM PasHOCTb TONWMHBI AZ Mexay TonwmHon Z1 nepBoun
CTEKIMSIHHOW naHenu n TONWMHON Z, BTOPOW CTEKNSIHHON NaHenn pasHa
unum éonbwie 1 Mm (AZ = Z1 - Z2 2 1 Mm),

€. Habop OTAENbHbIX PAcnoOpPOK, PacnoONOXEHHbIX MeXAY NepBON U BTOPOK
CTEKIMSAHHBbIMU NAHEeNAMN, NOAAEPKUBAIOLLMX PACCTOSHUE MeXay
nepBO 1 BTOPOWN CTEKNSAHHLIMU NaHeNsAMU 1 o6pasyoLmx Mmaccums ¢
warom A. lLar A haxogutcsa B agnanasoHe ot 10 mm go 35 mm (10 mm <
A < 35 mm).

f. repmeTudHO coeguHsiOWEE YNNOTHEHUE (4), ynnoTHaWee
paccTtosiHie Mexay NepBon N BTOPOK CTEKNSAHHBIMW NaHensMu no ux
nepumeTpy;

g. BHYTPEHHuI 06bem V, obpasoBaHHbIV NEPBOW N BTOPOW CTEKISIHHLIMA
naHensamMn n Habopom OTAENbHbBIX PACNOPOK U 3aKPbITbIA FrEpMETUYHO
COeAVHSAIIOLWMUM YNIOTHEHUEM, N NPX 3TOM UMEETCS BaKyyMm C

abconoTHbIM gaeneHnem meHee 0,1 moap,



h. nokpbiTUe, oTpaxalwLwee MHpPakpacHoe usnyyeHme, umerLlee
KO3 purUMeEHT nanyveHnsa He 6onblie 0,4 Ha CTOPOHE, 0BpaLLEHHON KO
BHYTPEHHEMY 0ObEMY BTOPOW CTEKIMSAHHOW NaHenNu.

[0013] YcnoBHO cuMTaeTcs, 4TO AN ONUCaHUS NMONOXEHNA NOBEPXHOCTU NaHENN B
N30NAUNOHHOM BOKEe OCTEKNEHNsI NOBEPXHOCTU ABYX Unun 6onee
CTEKIMSAHHbIX NaHenen NPoHyMepoBaHbl HAYMHAas C NOBEPXHOCTU NaHenu,
KoTopas obpawieHa ko BHewHen Yactu ([lonoxenune 1), 4O NOBEPXHOCTU
naHenu, kotopas obpalleHa Ko BHyTpeHHen Yactu ([onoxeHne 4 B ABONHOM
ocTeknenun). [1ns uenen BakyyMHbIX N30NALNOHHBIX OCTEKIIEHUI COrNacHo
HacToAWEeMY N306peTeHN0 HyMmepauusa nosepxHocten nanenm VIG
COXpaHseTCHa Aaxe B BapuaHTax OCyLeCcTBNeHNs, B KOTOpbIx 310 VIG
KOMBUHUPYIOT C AONONHUTENBbHBIMU CTEKNAHHBIMU NaHensMmu. Kpome Toro,
TONWMHbI U3MEPSAIT B HanpasBneHnn, NepnenHankynsapHoM K nnockoctu P.
[Ansa uenen HacTosiLero n3obpeTeHns TONWWHbI CTEKNa OKPYrneHbl 40
onwxanwero munnmveTpa.

[0014] BakyymHbIN M30NSALUNOHHBIA B6IOK OCTEKNEHNSA COrNacHO HacTosILLEMY
n3obpeTeHno NMeeT NOKPbITUE, oTpaxarowee MHPpakpacHoe nsnyyeHune, B
NONOXEeHUN 3, KOTOPOE HaXOAUTCH Ha NOBEPXHOCTU BTOPOW, BHYTPEHHEN
CTEKIMAHHOWN NaHenn, KoTopas OPUEHTUPOBaHA B CTOPOHY BHYTPEHHEro
obbema. Huskoe obLiee BbI3BAHHOE HaNPSKEHWE MOMy4aloT, Koraa
B3BELUEHHAs pa3HOCTb NoKasaTens NOorfoweHUs SHEPrun MeXay Hapy>KHOM
CTEKISIHHOW NaHenbio U BHYTPEHHEN CTEKNSIHHON naHenbto AEA coctaBnseTr
He 6onbwe 0,0033 AZ? /mm?- 0,0468 AZ /mm+ 0,7702 (AEA <0,0033 AZ? /mm?
- 0,0468 AZ/mm + 0,7702; AEA = EA1 - 2*EAY).

[0015] [Opyrue acnekTbl 1 NPeEMMYyLLECTBA BAPUAHTOB OCYLLLECTBIIEHNS CTAHYT
OoYeBNAHBIMU N3 Crieayowero nogpodHOro onucaHns, PacCMOTPEHHOTO
BMeCTe C npunaraembiMn rpapnyeckumn matepuanamm, Ha KOTopbIX B
KayecTBe npumepa NPOUNNICTPMPOBaHbI NPUHLUUMBI ONMUCAHHBLIX BapUaHTOB
OCYLLEeCTBNEHNUS.

Kpatkoe onucaHue rpacgpuyeckmx matepuarnos

[0016] O3ToT acnekT u gpyrue acnekTbl HACTOSILLErO M300peTEHNs HUxe OyayT

onncaHbl bonee NoAPOGHO CO CCLINKOW Ha NPUIOXeHHbIe rpaduyeckne



mMaTepuanbl, Ha KOTOPbIX NOKa3aH NPUMEPHbI BapUaHT OCYLLLECTBIEHUS
n3obpeTeHus.

[0017] Ha cur. 1 nokasaH Bug B NnonepeyHOM paspese aCUMMETPUYHOIo
BaKYYMHOIO M30NSILMOHHOIO B10Ka OCTEKNEHNSI COrNTacHO OQHOMY BapuaHTy
OCYLLECTBINEHNS HACTOSILLLETO N306peTEHMS.

OnucaHue BapuaHTOB OCYLLECTBIIEHUS

[0018] Llenbto HacTosLEro N3obpeTeHns SBNSIETCA NpeaocTaBNeHNE BaKyyMHOro
N30NAUMOHHOrO 610Ka OCTEKNEHMs (aanee B HaCTOAWEM AOKYMEHTE
Ha3biBaemoro VIG), KOTOpPbIN 4EMOHCTPUPYET HU3KOE BbI3BAHHOE
BO3AENCTBUEM TemnepaTypbl HaNpsKeHWe, Koraa nogsepraeTcs eACTBUIO
BbICOKOW PasHOCTU NONOXUTENbHOW U OTpULaTenbHON TemnepaTyp Mexay
BHELLHEN 1 BHYTPEHHeN cpeaamm, obecneymBaeT TENMOM3oNsALNOHHbIE
CBOICTBA, ABNSETCHA OYEHb YCTOMYUBbLIM Ha NPOTSXKEHUN CBOEro CpoKa
CNyX0bl U MOXET ObITb Npon3BeaeH 3PEKTUBHO U C MarnbIMn 3aTpaTamMu.

[0019] B 4acTHOCTM, LENbIO HACTOALLENO N300pETEHNS ABNSETCA NpeaocTaBneHme
BaKyyMHOr0O U30MNSLMOHHOro 6noka ocTekneHms (ganee B HacTosLwem
AOKyMeHTe HasbiBaemoro VIG), KOTopbIn AEMOHCTPUPYET TENNOU3ONALNIO
UNK 3alnTy OT COMHLA C BbICOKUMUW XapakTepPUCTUKaAMUN U YyYLLEHHOE
COMPOTUBNEHNE HANPSKEHWIO, BbI3BAHHOMY KOMOMHaUMen pasHocTu
TemnepaTyp Mexay BHYTPEHHEN U BHELLHEN cpegamu 1 aTMOC(epHOro
AaBreHus.

[0020] 3Tun uenu peannsoBaHbl 3a CHET BaKyYMHOI0O U30NSILMOHHOIo Gnoka
OCTEKIEHUS COrnacHoO HacTosAWweMy n3obpeTeHnto, KOTOPbIA ABNSETCS
acMMMETPUYHbIM, T. €. B KOTOPOM NepBas CTEKNAHHas NaHenb Tonwe, Yem
BTOpas cTeknsiHHas naHenns (Z1>Z2), n TwarenbHo nogodpana no
KOHKPETHOMY pasmepy, BKnoyas gmanasoH AnuHel (L) n gnanasoH WupwHbI
(W), KOHKpEeTHbIA nHTEpBan Mmexay pacnopkamu (A) U KOHKPETHYHO TONLUUHY
BTOPOW CTEKNAHHOW naHenu (Z2), n B KOTOPOM BTOpas CTEKNsIHHasA NaHenb
UMeeT NOKpbITME, OTpaarwLlee nHpakpacHoe usnyyeHne, Ha CBoen
BHYTPEHHEN NOBEPXHOCTU, OOpaLLeHHON KO BHYTpeHHEMY 06bemy, Koraa B
OTHOLLEHNM B3BELLEHHOW Pa3HOCTU NOKasaTens NormnoLweHns 3Heprum Mexay
nepBOW 1 BTOPOWN CTEKNAHHBIMW NaHensiMm cobniogeHo cneayoulee

ycroBue:



[0021]

[0022]

AEA <0,0033 AZ%/mm? - 0,0468 AZ/mm + 0,7702; AEA = EA1 - 2*EA1, npn
aTom 300 mm £ L <4000 mm,

300 mm = W = 1500 mm,

Z125mMm, Z2 2 3 Mm,

AN =2Z1-Z221MMm, n

10 Mm £ A £ 35 mm.

bonee Toncras nepeas cteknsiHHas naHenb NpeaHasHadYeHa ans
oOpalleHus HapyXXy M3 3aaHusl, bonee TOHKasi BTopas CTEKNSAHHAsA NaHenb
npegHasHavyeHa ans oopalleHnsa BHyTPb 34aHus1. Takoe coueTaHne pasHbIX
TOJLWUMH yNy4dlIaeT HanpshKeHne, CBA3AaHHOE C 3UMHUMMW YCNOBUSIMU, TaKKe B
cnydae ¢ NOKpbITUEM, OTpaXalwLmnM NHppakpacHoe U3NyyYeHne, B
nonoxeHun 3. HeoxnaaHHO, TakKe B JIETHUX YCNOBUSAX HA3KOE HarnpsikKeHne
MOXET ObITb MOMy4YEHO Ha Takom acuMmmeTpuyHom VIG, nmerLwem nokpoiTue,
oTpaxarwLlee uHgpakpacHoe usnyvyeHne, B nonoxeHun 3. [Ans A0CTUXKEHNS
3TOro 6bIN0, hakTUYECKN, OBHAPYKEHO, YTO KPUTUYECKN BaXKHO
aganTupoBaTb YPOBHU NoKasaTernsi NOrnoweHNsa SHEPrUN NEPBOK U BTOPOK
CTEKNSAHHBIX NaHEeNen C y4eTOM KPUTUYECKU BaxHbIX pasmepos VIG.
HacTosiwee n3obpeteHne 0THOCUTCS K BaKYYMHOMY U3OMNSILMOHHOMY BI1OKy
OCTEKNEHUS, OObIYHO coaepKalemy NepPBY CTEKISIHHYIO NAaHENb U BTOPYHO
CTEKISAAHHYIO NaHenb, CBA3aHHbIE APYr C APYroMm nocpeacTsom Habopa
OTAENbHbIX PACMnOpPOK, KOTOPbIE YAEPKNBAIKOT YKa3aHHbIE NaHENN Ha
onpeaeneHHoM pacCTOAHUKN APYr OT Apyra, 00bl4HO B AnanasoHe oT 50 MKm
Ao 1000 mkm, npeanoyututensHo ot 50 mkm o 500 mkm, Gonee
npegnoytuTensHo ot 50 mkm Ao 150 MKkm, n Mexay ykasaHHbIMA
CTEKNSAHHBIMU NaHENSIMN BHYTPEHHEE NPOCTPAHCTBO, cogepXKallee no
MEHbLUEN MepPe O4HY NEPBYHO MNOMOCTb, B KOTOPON NMMEETCH abCONOTHbIN
BaKyym ¢ gasneHuem meHee 0,1 mbap, npnyem ykasaHHOE NPOCTPaHCTBO
3aKpbITO NepUPEPUNHBIM FTEPMETUYHO COEANHSIIOLLNM YNITIOTHEHNEM,
pasMeLLEHHbIM Ha Nepudeprn CTEKISAHHBIX NaHeNen BOKPYr YKasaHHOro
BHYTPEHHEro NpocTpaHcTBa. B HacTosilem nsodbpeTeHun war pacnopok
cnegyeT NOHMMATBL Kak KpaTyanliee paccTosHue, otaensiouwee noodyo

3alaHHYI0 pacnopky OT GnvKanwen K HEN CoOCeAHEN PacnopKu.



[0023]

[0024]

[0025]

[MpeanoyTUTENBLHO PacnopKu pasHeceHbl APYr OT Apyra nNo NOBTOPSOLLENcs
cxeme, Hanpumep B BUAE KBagpaTa, WeCTUYrofnbHMKa Unu TpeyronbHukKa.
Kak npounnoctpmupoBaHo Ha ¢ur. 1, BaKyyMHbIA M30NSILMOHHBIA 6nok (10)
OCTEKNEHU NPOXOAUT BAOMb MIIOCKOCTM P, 06pasoBaHHON NPOAONLHON
ocblo X 1 BepTuKkanbHou ocblo Y. VIG cornacHo HacToswemy n3oopeTeHnio
COAEPXKUT:

a. NepByl CTEKNAHHYIO NaHenb (1), MMeIoLWw Y0 BHYTPEHHIOK NOBEPXHOCTb
(12) naHenun n HapyXHY NOBEPXHOCTL (13) NaHeNn u UMEILLYHO
TONWMUHY Z1, N BTOPYIO CTEKISAHHYIO NAHENb (2), UMEIOLLYIO
BHYTPEHHIOK NMOBEPXHOCTL (22) NAHENU 1 HAPYXXHYI NOBEPXHOCTD (23)
NaHenn N NMELLYI0 TONWMHY Z2 TONWMHBI U3MEPSIOT 40 bnvKanwwero
MM B HanpasneHun, NepneHanKynspHoOm K nnockoctu P.

b. Habop oTaenbHbIX pacnopok (3), pacnonoXeHHbIX MEXAY NEPBON U
BTOPOW CTEKNSIHHLIMMW NAHENAMU U NOAAEPKUBAIOLWNX PACCTOSTHNE
MeXay NepBOl U BTOPOU CTEKMSIHHbIMUW NaHensimu;

C. TEPMETMYHO coeauHsaLWee ynoTHeHNE (4), ynnoTHALWWee
paccTtosiHie Mexay NnepBon N BTOPOU CTEKNAHHLIMU NaHensiMm no nx
nepumeTpy;

d. BHYTpeHHuIi 06bem V, 0bpasoBaHHbIV NEPBOW N BTOPOW CTEKIMSIHHLIMA
naHensamMn n Habopom OTAENbHbBIX PACNOPOK U 3aKPbITbIA FrEpMETUYHO
COeAVHSAIIOLWMUM YNIOTHEHUEM, N NPX 3TOM UMEETCS BaKyyMm C
abconoTHbIM gaBneHmem meHee 0,1 moap.

BaKyyMHbI M30NALUMNOHHBIN 650K OCTEKINIEHUS COrNacHO HaACTOsLLEMY
n3obpeTeHnto ganee B HaCTOAWEM JOKYMEHTE HasblBaeTCs
«acnmmeTpudHbiv VIGy.

B VIG nepBas cTeknsiHHasi naHenb MMeET BHYTPEHHIOK NOBEPXHOCTL (12)
NaHenn N HapyxHyr noBepxHocTb (13) naHenn. Bropas cTeknsiHHasa naHenb
MMeEeT BHYTPEHHIOK MOBEPXHOCTL (22) NAaHENN U HAPYXXHYI NOBEPXHOCTb
(23) naHenu. BHYTpeHHME NOBEPXHOCTU NaHenen obpaLyeHbl KO
BHYTPEeHHeMY 06bemy V acummeTtpuyHoro VIG. Hanpumep, HapyxHbie
NOBEPXHOCTU NaHenen obpalleHbl KO BHELLHEN N BHYTPEHHEN YacTam

34aHus.
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[0026] Kak npounntocTpupoBaHo Ha cur. 1, BHYTPEHHSASA NOBEPXHOCTL (12) naHenn
nepeon cteknsaHHon naHenu (1) acummeTpuyHoro VIG cornacHo
HacToALWEMY N30OPETEHNIO CHabXeHa NOKPLITUEM, OTPaXaoLWNM
WH(pakpacHoe nsnyveHme (nanee B HaCTOALLEM AOKYMEHTE Ha3blBaeMbIM
NoKpbITUEM, oTpaxawwmm NK-nsnyyenme).

[0027] MMokpbiTne (5), oTpaxatrowee VIK-nsanyyeHne, cornacHo HacTosiLLeMyY
n3obpeTeHntio umeeTt koahpuuneHT ns3nyyeHms He 6onee 0,4,
npegnoytTuTensHo menee 0,2, B yactHocTu meHee 0,1, meHee 0,05 unn gaxe
meHee 0,04. MNokpbiTne, otpaxatowee K-nsnyyeHme, cornacHo
HacTosiILLeMy N306peTeHnI0 MOXeT coaepXKaTb HU3KOIMUCCUOHHOE NOKpbITUE,
oTpaxatwuiee VK-nsnyyeHme, Ha oCHOBe mMeTanna; 3Tu NOKPbITUS OObIYHO
npeacTaBnsiloT cobor CUCTEMY M3 TOHKUX CNOEB, coAepXalnx OAUH Unu
HECKONbKO, Hanpumep ABa, TpU unun vYeTtbipe, PyHKLUNOHANbHbIX CIOEB,
OCHOBaHHbIX Ha MaTepuane, oTpaxarLem nHgppakpacHoe n3nyyeHme, u no
MEHbLUEN Mepe ABa ANINEKTPUYECKMX NOKPLITUS, NPU STOM KaxXabli
OYHKUMOHANbHLIN CIION OKPYXKEH ANSNEKTPUYECKUMWN NOKPLITUAMM.
MokpbiTHe, oTpaxawwee VK-nsnyyeHne, cornacHo HacTosiLemy
N306peTeHnto MOXET, B YaCTHOCTU, UMETb KOIPPULNEHT N3nNyyYeHns no
meHben mepe 0,010. OyHKUMOHaNbHbIE CNOWN OOLIMHO NPEACTaBNAOT
cobon cnou cepebpa TOMWMWHON B HECKONBbKO HAHOMETPOB, B OCHOBHOM
okono 5-20 HM. YTo KacaeTcs ANINEKTPUYECKMX CITOEB, OHN ABMSAIOTCS
Npo3paYHbIMU, U TPAAULNOHHO KaXAbIA AUINEKTPUYECKNA CNOW BbIMOSHEH
N3 OQHOrO UM HECKOJbKMX CIIOEB OKCUAO0B U/MNN HATPUAOB MeTanna. JTu
pasHble CNou HAHOCAT, HanpMMep, UCNONb3ys METOAbl BaKyyMHOrO
pacnblnNeHns, Takme Kak kKatogHoe pacnblfiieHne B MarHUTHOM none, 6onee
LUMPOKO M3BECTHOE Kak «MarHeTpoHHOe pacnbifieHney. B gononHeHne k
AN3NEKTPUUECKMM CIOSIM KaXabli (DYHKUMOHANbHBIN CITOA MOXET ObITb
3awuuieH 6apbepHbIMU CROSAMWN UK YIYYLWEH OCaXAEHWEM HA
cMa4vmBaroLmin Crown.

[0028] MMokpbiTusa, oTpaxawwme VIK-nanydyeHne, B HacCTosILLLEM N306PETEHNN MOTYT
UMETb aHTUCOMNHEYHbIE UK COMHLUEe3alUTHbIE CBOMCTBA, KOTOPbIE MOTYT
CHMXaTb PUCK Nneperpesa, Hanpumep, B 3aKpbITOM NPOCTPaHCTBE C

OONbLNMN OCTEKITEHHBIMM NOBEPXHOCTAMUN N, TAKUM o6pa30M, CHMXKXaTb
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9HEepreTMYECKyIo HarpysKky, KOTOpYLo cneayeT yunTbiBaTb ANS
KOHANLMOHNPOBaHMS BO3yXa B NieTHee Bpems. B aTom cnyvae octekneHne
AOJDKHO NPONycKaTb KaK MOXHO MEHbLLEE KONNMYeCTBO OBLLEero CoONHEYHOro
N3NYYEHUS SHEPrum, T.e. OHO AOJHPKHO UMETb KaK MOXHO Bonee HU3Kui
conHeuHbin dhaktop (SF nnu g). Yacto oveHb xenaTtenbHO, YTOObI
OCTEKIEeHNe rapaHTUpoBarno onpeAeneHHbIn YpoBEeHb CBETONPOMNYCKaHUSA
(LT) ansa obecneveHus 4OCTAaTOMHOIO YPOBHS OCBELLEHHOCTU BHYTPU 34aHNA.
3TN B HEKOTOPOW CTENEHN NpoTMBOpeYaLlme apyr apyry tpeéosaHums
OTpaaloT KenaHue NoNy4YnTb 3NEeMEHT OCTEKINEHUS C BbICOKOM
CENEKTUBHOCTLIO (S), onpenensiemMmon Kak OTHOLLIEHNE CBETOMPONYCKaHWS K
conHe4vHomy aktopy. [MokpbiTus, otpaxatowme NK-n3nyyenue, B
HacTosILLeM n3obpeTeHnn Takke MOryT BbITb U3ONALNOHHBIMU NOKPLITUAMU C
HU3KUM KO3(PPrLUMEHTOM N3NyyeHns, aganTUpPOBaHHbIMU OIS CHUKEHWS
notepu Tenna 3faHus NocpencTBOM MHGPaKpacHoOro nsnyyeHns ¢ GonbLlien
ANWHON BOSHbI. Takmum 06pasom, OHM ynyyLatoT TENNOM3ONALUIO
OCTEKIMEHHbIX NOBEPXHOCTEN N CHUKAIOT NOTEPU IHEPrUKN U 3aTpaThl Ha

oTonsieHne B XonogHble nepunoabl.

KoHKpeTHble BapuaHTbl OCYLLEeCTBIIEHUS

[0029] Bbino obHapy»KeHOo, YTO NPUBEAEHHbBIE HUXKE KOHKPETHbIE BapUaHTbI
OCyLLeCTBNEHNS KOMOMHALUMIA TOMWMWH CTEKNSAHHBIX NaHenewn, AnanasoHoB
wara u pasmepoB obecneunaroT 60nee HAU3KME YPOBHN KOMONHNPOBAHHOIO
BbI3BAHHOIO HANPSHKEHWS Kak B 3UMHUX, TaK U B NIETHUX YCINOBUSAX, YEM
9KBUBANEHTHOE CUMMETPUYHOE BaKyyMHOE U3ONALNOHHOE OCTEKNEHME TOW
Xe camoin obuwen TonwuHbl. EA1 n EAs 0603HavaT nokasarenu
NOrnoLweHNsa SHePrum NepBoOn N BTOPOM CTEKNSIHHbIX NaHenen
COOTBETCTBEHHO.

[0030] B 4acTHOCTU, CONPOTUBMNEHNE HANPSKEHMIO HACTOSLLETO N3006pETEHMS B
NeTHUX yCNOBUSAX OLEHMBAETCSH B CPABHEHMMN C 3KBMBANEHTHbIM eMy
cummeTpudHbiM VIG. B uensax HacTosawero n3obpeteHns CUMMETPUYHbIM
VIG, akBuBaneHTHbIM acummeTpudHomy VIG, ssnsetca VIG, umerowmnin Bce

3HaueHnsa W, L, A, nmerowwmi Ty xe camyio obLyto ToNwuHy Z1+Z2, HO B



[0031]

[0032]

[0033]
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KOTOPOM TOJSILLMHA NEPBOW NAHENMN SABMSIETCA TAKOW Xe, KakK U TonwuHa
BTOpOW naHenwu, Zi=2.

B yacTtHOCTU, AN BaKkyyMHOro U30nsiUMOHHOIO OCTEKINEHNS KaK B 3UMHUX,
Tak 1 B NIETHNX YCIOBUSIX AOCTUralOTCs 60nee HU3KUe yPOBHA
KOMOWHNPOBAHHOIO BbI3BAHHOIO HaMNPSKEHWS, YEM MaKCUMarbHbI YPOBEHDb
KOMOWHNPOBAHHOIO HanNpPsiKEHNS, BbI3BAHHOIO B 9KBUBANIEHTHOM
CUMMETPUYHOM BaKyyMHOM U3ONSLMOHHOM OCTEKNEHUN TOW Xe cCaMon
obuwen ToNWwUHbIL, Npu 3ToMm Z2 = 3 MM, 1 10 mm < A < 25 mm, Korga B
OTHOLUEHMM B3BELUEHHOW Pa3HOCTU NoKasaTens NorfoweHnst SHEPTUN MeXay
NepBoO U BTOPOW CTEKNSAHHbIMUW NMaHENSIMN COONIDAEHO creayulee
ycnosue: AEA < 0,0084 AZ? /mm? - 0,1545 AZ /mim + 0,6966; AEA = EA1 -
2*EA2, npu atom 300 mm <L < 3000 mm, 300 mm £ W < 1500 mm, Z1 2 5 mm,
AN =271-2Z221Mm.

B yacTtHOCTU, AN BaKkyyMHOro U30nsiUMOHHOIO OCTEKINEHNS KaK B 3UMHUX,
Tak 1 B NIETHNX YCIOBUSIX AOCTUralOTCs 60nee HU3KUe yPOBHA
KOMOWHNPOBAHHOIO BbI3BAHHOIO HaMNPSKEHWS, YEM MaKCUMarbHbI YPOBEHDb
KOMOWHNPOBAHHOIO HanNpPsiKEHNS, BbI3BAHHOIO B 9KBUBANIEHTHOM
CUMMETPUYHOM BaKyyMHOM N3O0NSILMOHHOM OCTEKIEHNN TOW XE CaMOn
obuwen TONWwUHLL, Npu 3ToM Z2 =4 MM, 1 10 mm < A < 25 mm, Korga B
OTHOLUEHMM B3BELUEHHOW Pa3HOCTU NoKasaTens NorfoweHnst SHEPTUN MeXay
NepBoO U BTOPOW CTEKNSAHHbIMUW NMaHENSIMN COONIDAEHO creayulee
ycnosue: AEA < - 0,0214 AZ /mm + 0,5696; AEA = EA4 — 2*EA2, npn aTOM
300 mm <L < 3000 mm, 300 Mm =W 1500 MM, Z1 25 MM, AZ=2Z1-2Z22 1
MM.

B yacTtHOCTU, AN BaKkyyMHOro U30nsiUMOHHOIO OCTEKINEHNS KaK B 3UMHMUX,
Tak 1 B NIETHNX YCIOBUSIX AOCTUralOTCs 60nee HU3KUe yPOBHA
KOMOWHNPOBAHHOIO BbI3BAHHOIO HaMNPSKEHWS, YEM MaKCUMarbHbI YPOBEHDb
KOMOWHNPOBAHHOIO HanNpPsiKEHNS, BbI3BAHHOIO B 9KBUBANIEHTHOM
CUMMETPUYHOM BaKyyMHOM U3ONSLMOHHOM OCTEKNEHUN TOW Xe cCaMon
obwen ToNWwUHbIL, Npu 3ToMm Z2 =5 mm, 1 10 mm < A < 35 mm, Korga B
OTHOLUEHMM B3BELUEHHOW Pa3HOCTU NoKasaTens NorfoweHnst SHEPTUN MeXay
NepBoO U BTOPOW CTEKNSAHHbIMUW NMaHENSIMN COONIDAEHO creayulee
ycnosue: AEA < 0,0033 AZ? /mm? - 0,0468 AZ/mm + 0,7434; AEA = EA1 -



[0034]

[0035]

[0036]
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2*EA2, npu atom 300 mm <L < 3000 mm, 300 mm £ W < 1500 mm, Z1 2 5 mm,
AZ=21-2221MMm.

B yacTtHOCTU, ANS BaKyyMHOrO U30MSILMOHHOIO OCTEKNEHUS Kak B 3UMHNX,
Tak u B NIETHUX YCNOBMSAX AOCTUralOTCa Bonee HU3Kne ypoBHU
KOMBUHUPOBAHHOIO BbI3BAHHOIO HaMNPsKeHUs, YeM MakCUManbHbIi YPOBEHb
KOMBUHNPOBAHHOIO HanpPsXXeHUs, BbI3BAHHOIO B 3KBUBANIEHTHOM
CUMMETPUYHOM BaKyyMHOM M3OMNSLMOHHOM OCTEKITEHUN TOW Xe caMOoWn
obuwen TONWUHLI, Npu 3TomM Z2 = 6 MM, 1 10 mm < A < 35 mm, Korga B
OTHOLLEHNM B3BELLEHHOW Pa3HOCTU NOKasaTens NormnoLweHns 3Heprum Mexay
nepBOW 1 BTOPOWN CTEKNAHHBIMW NaHensiMm cobniogeHo cneayoulee
ycnosue: AEA < 0,0033 AZ? /mm? - 0,0468 AZ/mim + 0,7702; AEA = EA1 -
2*EA2, npu atom 300 mm <L < 3000 mm, 300 mm £ W < 1500 mm, Z1 2 5 mm,
AZ=21-2221MMm.

B yacTtHOCTU, ANS BaKyyMHOrO U30MSILMOHHOIO OCTEKNEHUS Kak B 3UMHNX,
Tak u B NIETHUX YCNOBMSAX AOCTUralOTCa Bonee HU3Kne ypoBHU
KOMBUHUPOBAHHOIO BbI3BAHHOIO HaMNPsKeHUs, YeM MakCUManbHbIi YPOBEHb
KOMOUHMPOBAHHOIO Hanpsi>KeHusl, BbI3BAHHOIO B SKBUBANEHTHOM
CUMMETPUYHOM BaKyyMHOM M3OMNSLMOHHOM OCTEKITEHUN TOW Xe caMon
obuwen TONWUHLL, Npu 3ToM Z2 = 4 MM, 1 25 mm < A < 30 mm, Korga B
OTHOLLEHNM B3BELLEHHOW Pa3HOCTU NOKasaTens NormnoLweHns 3Heprum Mexay
nepBOW 1 BTOPOWN CTEKNAHHBIMW NaHensiMm cobniogeHo cneayoulee
ycnosue: AEA < - 0,0308 AZ/mm + 0,5294; AEA = EA1 - 2*EA2, npn aTOM
300 mm <L < 3000 mm, 300 Mm =W 1500 MM, Z1 25 MM, AZ=2Z1-2Z22 1
MM.

B ogHOM BapuaHTe OCyLeCTBNEHUS HACTOALWEro N30bpeTeHus TonwmHa Z4
NepBoW CTEKNAHHOW NaHenn acummeTpudHoro VIG MoXeT 6bITb paBHa wunu
6onbwe 5 MM (Z1 2 5 Mmm), NpegnoyYTUTENBHO MOXET ObITb PaBHa UK
6onbwe 6 mm (Z1 2 6 Mm), NPeanoYTUTENLHO paBHa unn donblie 8 Mm (Z1 2
8 mm). OBbIYHO TONWMHA Z1 NEPBON CTEKISAHHOW NaHenn He npesblwaeT 12
MM, NPeAnoYTUTENBLHO He npeBbiwaeT 10 mm. B gpyrom BapuaHte
OCYLLECTBNEHUS TONWMHA Z2 BTOPOW CTEKNSAHHOW naHenm acCuMMeTpU4YHoOro
VIG moxeT 06bI4HO ObITb paBHa nnu 6onble 3 MM (Z2 = 3 MMm),

nNpeanoYTUTENBHO MOXET ObITb paBHa unu 6onblie 4 mm (Z2 2 4 mm),



[0037]

[0038]
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npeanoYTMTENLHO paBHa unu 6onbwe 5 Mm (Z2 2 5 mm). O6bIMHO TONWMHA
Z> BTOPOW CTEKNSAHHOW naHenu He npeBbiwaeT 10 Mm, NnpeanoYTUTENBHO He
npeBbiwaeTt 8 mm. OgHako ANS yny4dlweHUss MEXaHN4YeCKOro ConpoTUBIEHMS
acummeTpuydHoro VIG cornacHo HacTosiLeMy n3oopeTeHnio
npeanoYTUTENIbHO COXPaHATb TONWKHY Z2 BTOPOW NaHenm MUHUMasribHOMW.

B apyrom BapuaHTe ocywecTBeHNs HacTosaWwero nsobpeTeHns Hacroswee
n3obpeTeHne Takke NPUMEHUMO K NOOOMY TUNy Bnoka OCTEKNeHNs,
coaepxawlero cTeknsiHHble naHenu (ase, Tpu unu 6onee), ceA3bIBaOLLNE
N30NUPYIOLLME UNN HEU3ONUPYIOLLNE BHYTPEHHME NPOCTpaHCTBa (Takke
HasblBaeMble 6rioKkaMm MHOrOCNOWNHOIO OCTEKNEHNS), MPY YCNOBUK, YTO
YaCTUYHbIA BaKyyMm CO3[atloT B MO MEHbLUEN Mepe OQHOM U3 3TUX
BHYTPEHHUX NnpocTpaHcTB. CnepoBaTtensHO, B O4HOM BapuaHTe
OCYLLEeCTBNEHNS ANA yNyyllEeHUss MeXaHUYEeCKNX XapaKTepUCTuK
acummeTpuydHoro VIG cornacHo HacTosiLeMy n3o0bpeTeHnio TpeTbs
AONONHUTENbHAasA CTEKNAHHASA NaHenb MOXET ObITb COeAUHEHa € no
MEHbLUEN Mepe O4HOM N3 HapPYXHbIX noBepxHocTen (13 n/unu 23) naHenu
nepBoOW U BTOPOK CTEKNAHHBIX NaHenen no nepudpepun VIG nocpeactsom
nepugeprunHoOn AUCTaHLMOHHON paMKn, Co3aaroLien N3onupyoLLyo nonocTb,
YNAOTHEHHYIO Nepnd)epruinHbIM KpaeBbIM YNIIOTHEHMEM. YKasaHHas
nepudepuiiHas AMCTaHUMOHHasa pamka noaaepXxusaeT onpeaeneHHoe
paccTosiHMe MexXay TPeTben CTEKNAHHOW NaHesbio 1 N0 MeHbLUEen mepe
OAHUM U3 HapPYXHOW MOBEPXHOCTM NAHenn o4HOW U3 NEePBON 1 BTOPOW
CTEKNAHHbIX NaHenen. ObbIMHO yKa3aHHasA AUCTAHUUOHHAA paMKa COaepPKUT
NOrnoTUTENDb BNarn u 00bIMHO UMEET TONWMHY OT 6 MM 0 20 MM,
npeanoYTMTENBLHO 0T 9 MM A0 15 MM. B Luenom, ykasaHHbI BTOPOW
BHYTPEHHUIA 06 bEM 3anofHeH 3afaHHbIM ra3om, BblOpaHHbIM U3 rpynnbl,
BKIIOYaIOLLEN BO34YX, CYX0n BO3ayX, aproH (Ar), kpuntoH (Kr), KceHoH (Xe),
rekcadpropug cepbl (SFG), yrnekucnbii ras nunm nx KOMomHaum. YkasaHHbIn
3afaHHbI ras aengaetca apPeKTUBHbIM ANS NpefoTBpaLeHns
TennoobmeHa n/unn MoxeT 6bITb UCNONb30BaH AN YMEHbLUEHWS
nponycKkaHus 3BykKa.

Korpa acummeTtpuyHbii VIG ncnonb3yoT ang 3akpbIiTUst IpOemMa BHYTPU

neperopoaku, pasaenswLleli BHyTPEHHEE U BHELLHee NPOCTPaHCTBa,
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npeanoYTUTENLHO, YTOObI TPETbS CTEKNAHHAA NaHenb bbina odpalleHa Ko
BHELLHEMY NPOCTPAHCTBY. Takke NpeanovTUTENbHO, YTOObI TPeTbs
CTEKNSAHHasA naHenb Obina cHabXeHa No MeHbLL e Mepe NMUPONNTUYECKUM
NokpbITeM Ha ocHoBe TCO Ha No MeHbLUEN MEpPe O4HON N3 ee
NOBEPXHOCTEN. Takon KOHKPETHBIN 610K OCTEKNEHUs obecneunBaeTt bonee
BbICOKME MEXaHUYeCKNe XapakTepuCTUKK, yiy4llas npu STom
XapakTepPUCTUKN KOddhdULMeHTa N3ny4yeH1st W/nnm ymeHoluas obpasoBaHune
KoHAeHcaTa. B yacTHoCTU, 1 B Lensx 6e30nacHOCTU, Ha HAPYXKHYO
NOBEPXHOCTb (23) BTOPOU CTEKNAHHOW NaHenNn, odpaLleHHOn BO
BHYTPEHHIOK cpefly, MOXeT 6bITb [ONONHUTENBHO HACNOEH NO MEHbLUEN
Mepe OAMH NUCT CTekna NnocpeAcTBOM NO MEHbLUEN Mepe OAHOro
NOSIMMEPHOro NPOMEXYTOYHOIO Crosi ¢ o6pasoBaHMEM MHOTOCITONHOM
coopku.

B ogHOM BapuaHTe OCyLLeCTBNEHUS HACTOALLEro n3odpeTeHns Ha no
MEHbLUEN Mepe OHY U3 HapYXHbIX noBepxHocTen (13 n/unn 23) naHenn
NepBoOWn U BTOPOW CTEKNAHHbBIX NAHENEN MOXET ObITb AOMONIHUTENBHO
HacnoeH No MeHbLUE Mepe OAVNH AONOMHUTENbHbIA NINCT CTeKna
nocpencTBOM MO MEHbLLEN Mepe OA4HOMo NOSIMMEPHOrO NPOMEXYTOYHOIo
cnosi ¢ obpasoBaHMEM MHOIOCNONHOW COOPKM B Lensix 6e30nacHOCTU 1
HaJEXHOCTW.

B MHOrocnomnHon cb6opke No MEHbLUEN MEPE OANH AOMONHUTENbHbIN NUCT
cTekna npeanoyTUTENbHO UMEET TONWNHY Zs, paBHyto unu 6onbwe 0,5 mm
(Zs 2 0,5 mm). TonwmrHa n3amepeHa B HanpaeneHUW, NEPNEeHANKYNSAPHOM
nnockoctn P. Mo MeHbLUen Mepe OAUH MNONUMEPHbIA MPOMEXYTOUYHbINA CION
npeacraBnsieT cobon NPO3payHbIv UK NONYNPO3PaYHbIA NONIMMEPHBIN
NPOMEXYTOYHbIN CNOW, coaepawmin matepuarn, BblOpaHHbIN U3 rpynnebl,
BKNovawLwen atuneHsuHunadetart (EVA), nonunsodytuneH (PIB),
nonueuHunoéytupans (PVB), nonuypetan (PU), nonueuHunxnopugel (PVC),
nonuadpupsl, cononuadunpbl, COOPOYHbLIE NoNMaleTanu, LMknoonegpuHosble
nonumepsbl (COP), noHomep n/unn akTuBUpyemblin ynbTpadnoneTom Knem un
Apyrue, u3BecTHble B 06nacTtn NnpomMsBoACcTBa MHOTOCNOWHBIX cTekon. Takxke
NoAXOAALWNMM MOTYT ObITb CMELLaHHbIE MaTepuarnbl, B KOTOPbIX

ncnonb3yeTcs Nbas cCoBMeCTMMas KOMOUHaUNS STUX maTepuaros.
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Ana ynyvweHusa akcnnyatauMoHHbIX XapakTepUCTUK OKHa Unu ABepu
yCUNeHHas 3ByKOM30MnAuusa nocpeacTBOM 3BYKOMOrnoLawLero
MHOrOCSIONHOrO CTeKNa TaKkke COBMeCTUMa C KOHUEeNUnen HacTosLero
n3obpeTteHns. B aTom cnyyae noNMMEPHbIA NPOMEXYTOUHBINA CIIOA COLEPKUT
Nno MeHbLUen mepe OaMH AONOSIHUTESNbHbIN 3BYKOMOroLwaoLwmnn matepman,
pasmeLLeHHbI Mexay ABYMS NieHKaMy U3 NoNMBUHUNGYTUpans.
CTeKnsiHHble NaHenn ¢ 3NeKTPOXPOMHBIMU, TEPMOXPOMHbIMU,
hOTOXPOMHBIMU 1NK (POTOranbBaHNYECKMMN INEMEHTaMN TaKxKe
COBMECTUMbI C HAaCTOSILLIUM N306peTeHnem.

lMepBas n BTOpas CTeknsHHble naHenu acummeTpudHoro VG cornacHo
HacTosILLLEMY N300pPEeTEHUIO MOTYT BbITb BbIOpaHbl U3 CTEKOS, U3rOTOBMEHHbIX
Mo TEXHONOTNAM TEPMONONNPOBAHHOIO NNCTOBOIO NPO3pavYHOro cTekna,
CBEPXMNPO3pPayYHOro cTekna unm UBeTHoro crekna. lllog TepMMHOM «CTEKNO» B
HacTosILLLEM AOKYMEHTE NOHMMAIOT NBOK TUN CTeKNa Unn SKBUBanNeHTHOro
Npo3payYyHoOro Mmarepuana, Takoro Kak MMHeparnbHOe CTEKII0 Unn
opraHuyeckoe cTekno. Vicnonbsyemble MUHeparnbHble CTeKna MoryT
npeacTaenaTb CO60N HE3ABMCUMO OAUH WU HECKOJNbKO M3BECTHBIX TUMOB
CTeKna, Taknx Kak HaTpueBo-KanbLNeBO-CUMMKaTHOE, antioMOCUMKaTHOE UMK
BopocunukaTHoe, KpucTannmyeckoe 1 NoANKpUcTanIndyeckoe cTekna.
CreknsiHHasa naHenb MoXeT 6bITb NONyYeHa nocpeacTBOM dhnoar-npouecca,
npouecca BbITArMBaHus, npowuecca npokara nnu noboro Apyroro N3BeCTHOro
npouecca Ansg N3rotoBrneHUs CTEKNAHHOW NaHenun, HaunHas ¢
pacnnaBneHHoro cocrtara crekna. CTeknsHHble naHenu mMmoryT
Heobs3aTenbHO NMETL WNUd)oBaHHbIe Kpas. LUnudoBaHue kpaes
npeBpalwaeT ocTpble Kpas B rnagkue Kpasi, Kotopble HaMHOro 6esonacHee
ANA Noaen, KOTopble MOTYT KOHTaKTUPOBaTb C BaKyyMHbIM U30NSLMOHHbIM
OCTEKIEHNEM, B HaCTHOCTU C Kpaem ocTekneHus. [NpeanoytutensHo
CTEKMNSAHHAsA NaHenb COrnacHo HacToswemy nsobpeTeHno npeacTasnsaeT
coboin naHenb U3 HaTPNEBO-KanbLMEBO-CUNIMKATHOrO CTEKNA,
antoMOCUNUKATHOro cTekna unu 6opocunukaTtHoro crekna. bonee
nNpeanoYTUTENbHO U U3 COOBPaKEHNN MEHbLUMX MPOM3BOACTBEHHbIX 3aTpaT
CTEKMNSAHHAsA NaHenb COrnacHo HacToswemy nsobpeTeHno npeacTasnsaeT

coboi naHenb U3 HaTPUEBO-KamNbUMEBO-CUNUKATHOrO ctekna. OB6bIYHO
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nepBasi U BTOpas CTEKNsIHHbIE NaHENM COrnacHoO HacTosILLeMy M300OpPETEHUIO
SABMAITCA OTOXKEHHBIMMW CTEKNAHHBIMWU NaHensamu. [NpeanoyTuTensHo
COCTaB And NepBOn N BTOPOWN CTEKMSAHHbLIX NaHenen acummetpuydHoro VIG
COrflacHoO HacTosILLLEMY U30OPETEHUIO COAEPXKUT Cneayowme KOMNOHEHTbI B
BECOBbIX NPOLEHTaX, BblpaXXeHHbIX OTHOCUTENBHO 00LEero Beca ctekna
(tabnuua 1, coctaB A). bonee npeanoyTMTENEHO cocTaB cTekna (Tabnuua 1,
coctaB B) npeacraenset cobor HaTpueBO-KanbLMEBO-CUNTMKATHOE CTEKNO C
OCHOBHOW CTEKNSAHHOW MaTpuLen cocTaBa, cogepallero cneayrowmne
KOMMOHEHTbI B BECOBbIX NPOLEHTaX, BbIpaXeHHbIX OTHOCUTESNbHO 0bLLero
Beca cTekna.

[0043] Tabnuuya 1

CoctaB A CoctaB B
SiO, 0140 no 78 % 0160 0 78 %
Al,Oz Ot0p018% 010008 %,

npegnoutntensHo ot 0 go

6 %

B,O; Ot0p018% OT10p04 %,
npegnoutntensHo ot 0 go

1%

Na,O 0100020% 0150020 %,
npeanoututensHo ot 10 ao

20%

Cao 010p0015% 0100015 %,
npegnouTuTenbHo ot 5 ao

15%

MgO 010p0010% 0100010 %,

npegnoutntensHo ot 0 go

8%
K,O 010p0010% 010p0010%
BaO O010p005% 010805 %,

npegnoutntensHo ot 0 go

1%.
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[pyrue 4yacTHble cocTaBbl CTEKNa Ans NepBOn U BTOPOW CTEKMSAHHbIX
nanenen acummeTpuyHoro VIG cornacHo HacTosiwemMy M3obpeTeHuto
cofepxar crneayLme KOMMOHEHTbI, NpeAcTaBneHHbIe B Tabnuue 2, B

BECOBbIX NMPOLEHTaX, BblpaXXeHHbIX OTHOCUTENBLHO 0OLLEro Beca crTekna.

Tabnuua 2

Cocras C Coctas D CoctaB E

65 < Si0, <78 Bec. % 60<Si0,<78% | 65<Si0,<78Bec. %
5<Na0<20Bec. % 5<Na0<20% | 5<NaO<20Bec.%
0<K,O<5Bec. % 09<K0<12% | 1<K,O<8Bec. %
1<AlL,03< 6Bec. %, 49<Al,0;<8% | 1<AlL,03<6Bec. %

npean. 3<AL03;<5%

0<Ca0<4,5Bec. % 04<Ca0<2% |2<Ca0<10Bec.%

4<MgO<12Bec. % 4<MgO<12% |0<MgO<8Bec. %

\Y%

(MgO/(MgO+Ca0)) 0,5, 0,1 < K,0/(K,0+Na,0) < 0,7
npeanoyYTuTeENbHO

0,88 < [MgO/(MgO+Ca0)] < 1

B yacTHOCTU, NpyMepbl OCHOBHbIX CTEKNSHHbIX MaTpuL, A4NS cocTaBa
COrnacHo HacTosiemy n3obpeTeHuto onmcanbl B nyonukaumsax PCT 3aaBok
Ha nateHT WO 2015/150207 A1, WO 2015/150403 A1, WO 2016/091672 A1,
WO 2016/169823 A1 n WO 2018/001965 A1.

BTopas n nepBas cTeknsaHHbIe NaHeNn MoryT UMeTb O4MHaKOBbI€ pa3Mepbl
Unn pasHble pasmepbl 1 00pasoBbiBaTb TEM cambiM cTyneH4yaTtsbii VIG. B
npeanoYvTUTENbHOM BapuaHTe OCYLLECTBIIEHUS HACTOALWEro N3obpeTeHns
nepBasi U BTOpas CTEKNsIHHbIE NaHenu coaepXart nepeble U BTOPbIe
nepudepuiiHble Kpasi COOTBETCTBEHHO, U NPX 3TOM nepBble nepudepninHbie
Kpasi yrnybneHbl OTHOCUMTENbBHO BTOPbIX NepUdepuiniHbix Kpaes, Unu npu
9TOM BTOpbIe nepudepuriiHbie Kpas yrnybneHbl OTHOCUTENBHO NePBbIX
nepudepuriiHbix KpaeB. JTa KOHPUrypaumsi NO3BONSET YCUIUTb FEPMETUYHO
coeavHsioLwee ynnoTHEHNE.

B ogHom BapuaHTe ocyuwecTtBnenus gns obecnevenus VIG 6onee BbICOKMMMU
MeXaHU4YeCKMMN XapaKTepucTukamu u/vunu ans AonONHNTENbHOro

yny4dweHus 6esonacHoctn VIG moxeT ObiTb NPeAyCMOTPEHO TEMNOBOE UNK
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XUMUYECKOe npeaBapuTesibHOe HanpsikeHne nepBon n/nnu BTOpown
CTEKIMSAHHbIX NAaHenen HacTosawero nsobpeteHus. B saTom cnyyae Tpebyertcs,
4yTObbI KaK NepBasi, Tak 1 BTOpas CTEKNSAHHbIE NAHeNn noaseprannco
onmHakoBon 06paboTke AN co3aaHusa NpeaBapuUTENbHOro HanpskeHus,
4YTOOBLI 0OECNEUUTb OAMHAKOBYHO YCTOMYMBOCTL K BbI3BAHHOW BO3AENCTBUEM
TemnepaTtypbl Harpy3ske. CnegoBaTtenbHO, ecnm nponcxogut obpaboTka
CTEKIMSAHHbIX NAHenen Ana co3faHusa NnpeaBapuTenbHOro HaNpsKeHus, Toraa
OHa TpebyeT, 4ToObl 06€ 13 NEPBON CTEKNSIHHOW NaHENN U BTOPOK
CTEKIMAHHOWN NaHenn SBNSNUCbL TEPMOYNPOYHEHHBIMU CTEKNSAHHLIMUA
naHensiMmn, unu 4YTodbl 00e N3 NEPBON CTEKIMSIHHOW NaHENN U BTOPOWA
CTEKIMAHHOWN NaHenn SBNSNUCbL TEPMUYECKN 3aKaneHHbIMU CTEKNSAHHBbIMN
naHensiMmn, unu 4YTodbl 00e N3 NEPBON CTEKIMSIHHOW NaHENN U BTOPOWA
CTEKMAHHOW NaHenn SBNSNNUCbL XMMUYECKN YNPOYHEHHBIMU CTEKNAHHBIMU
naHenamu.

TepmoynpoYHEHHOE CTEKNO NOABEPraT TENNOBON 06paboTke ¢
npuMeHeHnem cnocoba KOHTPONMPYEMOrO HarpeBa 1 oxnaxaeHus, npu
KOTOPOM MOBEPXHOCTb CTEKIa NoABEPratT CKaTUI, @ BHYTPEHHIOK YacTb
CTEKINa — pacTArnBaroLEMy HanNpPsBKEHNO. OTOT CNOCOb TennoBown 0OpaboTkn
npenocTaBnsAeT CTEKNO C NPOYHOCTLIO Ha U3rnb, BonbLUen, YeM OTOXKEHHOEe
CTEKIO, HO MEHbLLUEN, YEM TEPMUYECKM 3aKaneHHOoe yaaponpoYHOe CTEKIO.
Tepmuyeckn 3akaneHHOe yaaponpoYyHOe CTEKNO NoABepratoT TEnnoBou
0bpaboTke ¢ NpMEHEHMEM cnocoba KOHTPONIMPYEMOro
BbICOKOTEMMEPAaTYPHOro Harpesa 1 6bICTPOro OXnaxaeHusl, NPU KOTOPOM
NMOBEPXHOCTb CTEKNa NOABEPratT CKaTUIo, 8 BHYTPEHHIO YacTb CTekna —
pacTtarmsaroLemy HanpskeHuto. Takne HanpskeHUs NPUBOAAT K TOMY, YTO
CTEKIO Npu BO3AENCTBUN HA HEro paspyllaeTca Ha HebonbLlume YacTuupbl B
BUAeE rpaHyn BMeCTO packanbiBaHUS Ha OCTpble OCKONKWU. YacTuubl B BUAE
rpaHyn ¢ MeHbLUEen BEPOSATHOCTLIO PaAHAT NoAen U NOBPEXAAT 00BHEKTHI.
Xnmundeckoe ynpodHeHne CTEKNSHHOro u3aenusa npeacraBnset coboun
BbI3BaHHbI HAarpeBaHNEM MOHHbIA OOMEH, 3aKYaWmincs B 3aMeHeE B
NMOBEPXHOCTHOM CMoe CTeKNa WenoYHbIX MOHOB HaTpUS MEHbLLEro pasMmepa
Ha 6onee KpynHble NOHbI, HANPUMEP, W enoYHble NOHbI Kanus. MNMoBbiweHne

HanpsxeHuna NnoBepXHOCTHOIo cxXatmd nponcxoanT B CTEKINE no Mmepe
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«BHeApPeHNs1» NOHOB BonbLuero pasMmepa B HebOnbLUME y4acTKu, paHee
3aHNUMaeMble NOHaMM HaTpus. Takyl XMMUYECKYHD 0O6paboTKy OBbIYHO
OCYLLECTBNSAOT, MOrpyas CTEKNO B BaHHY C MOHOOOMEHHbLIM pacnsiaBom,
coAaepXalm oHY UM HECKOMBKO pacnnaBfieHHbIX CONen ¢ noHaMu
GonbLero pasmepa, Npy TOMHOM KOHTPONE TeMnepaTtypbl U BPEMEHMW.
CocTaBbl CTeKNa antoMOCUIMKaATHOroO TUna, Takne Kak, Hanpuvep,
npoucxoasime N3 npoaykroson nuHenkn DragonTrail® npoussoacTtea Asahi
Glass Co. unn nponcxogsune us npoaykroson nuHenkn Gorilla®
npoussoacTtea Corning Inc., Takke N3BECTHbI BbICOKOW 3(P(PEKTUBHOCTLIO
XUMUYECKOWN 3aKarku.

Kak nsobpaxeHo Ha dur. 1, BaKyyMHbIN U30NSLNOHHBIA ONOK OCTEKNEHNS
COrnacHoO HacTosILLeMy N30OPETEHUIO COAEPKUT MHOXECTBO OTAESNbHbIX
pacnopok (3), Takke HasbiBAaEMbIX CTOMKaMW, PacrnofiOXEHHbIX MEXay
NnepBoOW U BTOPOW CTEKNAHHbIMK NaHensmu (1, 2) ans coxpaHeHns
BHYTpPEHHero o6bema V. CornacHo HacTosiLeMy N3o0peTeHnio oTAeNbHbIE
pacnopkn pacnonoXeHbl Mexay NepBoi U BTOPOK CTEKNSHHbIMU NAHENSAMU,
COXpaHssi paccTossHNEe MeXAy NepBON U BTOPOK CTEKNSHHBIMU NAHENAMU U
obpasys maccuB ¢ warom A, coctasnsaowmm ot 10 mm go 35 mm (10 mm < A
< 35 mm). MNop warom nogpasymeBaeTcs MHTEPBaN Mexay OTAENbHbIMA
pacnopkamu. B npegnovtutensHOM BapuaHTe OCyLeCcTBNEHNS war
HaxoauTca B ananasoHe oT 20 mm go 35 mm (20 mm < A < 35 mm). Maccus B
HacToAWEeM N300peTeHnn 0BbIMHO NpeacTaBNsAeT cOO0N paBHOMEPHbIN
MacCcuB Ha OCHOBE CXeMbl PAaBHOCTOPOHHEIO TPeyrosbHuKa, KBagpara unu
LIEeCTUYronbHUKa, NPeanoyYTUTENBHO CXeMbI KBagpara.

OTaenbHble pacnopkn MOryT UMeTb pasHble hOPMbI, HAaNpUvep,
LUUNNHAPUYECKYIO, ChEePUYECKYIO, HATEODOpasHyto hopmy, hOopMy NECOYHbIX
yacoB, C-00pasHyto, KpecToobpasHyto, NpuaMaTUYECKyo hopmMy U T. A.
MpegnoyTUTENBHO MCNONBL30BaTh HEOONbLUNE CTOWKU, T. €. CTOMKM,
nmeroLne obLLY0 NOBEPXHOCTb KOHTaKTa CO CTEKNAHHOW NaHenbio,
00pa3oBaHHYI0 MX BHELLHEN OKPYXXHOCTbIO, PABHYIO UM MEHbLLE 5 MM?,
nNpeanoYvTUTENBHO PaBHYIO UNN MeHbLle 3 MM?, Bonee NpeanoYTUTENBHO
paBHYIO UNn MeHbLie 1 MM 3TN 3Ha4YeHMs MoryT obecneyvmBaTb Xopollee

MexaHW4YeCcKoe CONpPOTMBIIEHNE, NPY 3TOM Byayun 3CTETUYECKN
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abcTpakTHbiMU. OTAenbHbIE pacnopKy, Kak NpaBuno, BbIMNOMHEHbI U3
mMaTepuana, UMeroLero NPOYHOCTb, CNOCOOHYIO BbiAEpXXNBaTb AaBneHne,
npunaraemoe NOBEepPXHOCTAMU CTEKISAHHbIX NaHenemn, CnocobHOro
BblAepXXNBaTb BbICOKOTEMMNEPATYPHbIN NPOLLECC, TAKOW Kak NpoKanuBaHue u
OTBEpPXAEHUE NPy HarpeBaHUK, U HE3HAYMTENBHO BbIAENSIOLWEro ra3 nocne
N3roToBMEHNA CTEKNAHHOW NaHenn. Takon maTtepuan siBnsieTca
nNpeanoYvTUTENbLHO TBEPAbIM MeTanNNM4Yeckum matepuanom, KBapLeBbiM
CTEKIOM NN KEpaMUYECKMM MaTepuarnom, B YaCTHOCTU MeTanIn4deckum
mMaTepuanom, HanpumMep, Xenesom, Bonb@ppamom, HUKENEM, XPOMOM,
TUTaHOM, MONNBAEHOM, YIrNepoaUCTON CTanbio, XpOMOBOMW CTanblo,
HUKENEeBOW CTanblo, HepXXaBewLen cTanbilo, HUIKeNeBO-XPOMUCTON CTanblo,
MapraHueBoWn cTanbio, XpOMOMapraHueBOW CTanblo, XPOMOMONMO4EHOBOM
cTanblo, KPEMHUCTOM CTanbio, HUXPOMOM, Alopanem 1 T. n., Unu
Kepamudecknm maTtepuanom, Hanpumep, KOPyHAOM, OKCUAOM antioMUHKS,
MYIIMTOM, MarHesmen, OKCUAO0M UTTPUS, HUTPUAOM antoMUHNUS, HATPUAOM
KPEeMHUSA 1 T. n.

Kak nokasaHo Ha ¢wur. 1, BHYyTPEHHUI 00bem V, orpaHnYeHHbIN Mexay
CTEKNSAHHBbIMKU naHensimu (1, 2) BaKkyyMHOro U3onsiyMoHHoro octekneHns (10)
COrnacHoO HacTosILLEMY M30OPETEHUIO 3aKPbIT FEPMETUYHO COEAUHSIIOLLINM
YNNOTHEHMEM (4), pasMeLLEHHbIM Ha nepudeprun CTEKNAHHbLIX NaHENen
BOKPYI YKa3aHHOro BHYTPEHHEro NpocTpaHcTBa. YKkasaHHOEe repMeTUYHO
coeavHsowee yNNnoTHEHNE ABNSETCA HENPOHULAEeMbIM U TBepAbIM. B
HacTOosILLLEM ONMCaHUKN, €CNK HE YKa3aHo Apyroe, nog TepMUHOM
«HenpoHuuaemMbli» NoapasymeBaeTCs HENpPOHULAeMbIn Ans BO3ayxa unm
noboro apyroro rasa, NPUCyTCTBYIOLWEro B atmocdepe.

CyLiecTBYIOT pa3snuyHble TEXHONOMMN repMeTUYHO COeANHSIIOLLErO
ynnoTHeHMs. [1epBbln TMN YNNOTHEHUN (Hanbonee pacnpoCTpPaHEHHbIN)
SIBMSETCS YNNOTHEHMEM Ha OCHOBE CTEKIISAHHOrO Npunosi, ANst KOTOPOro
Temnepartypa nnaBneHus HUXKe, Yem Temneparypa nnasneHus ctekna
CTEKMSAHHbIX NaHenen 6noka octekneHus. Vicnonb3oBaHne 3Toro Tuna
YNNOTHEHNS OrpaHnYnBaeT BbIGOP HN3KOIMUCCUOHHBIX CIIOEB TEMU, KOTOPbIE
He pasnaralTcs B XoAe TennoBoro uukna, Heo6xoaAnmMoro Ans NpMMeHeHus

CTEeKNAHHOI o nNpunod, 1. €. TeMn, KOTOopble CMOCOOHBI BblaepXnBaTtb
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Temnepartypy, kKotopas MoxeT gocturatb 250 °C. [lononHuTenbHO,
MOCKOMbKY 3TOT TUN YNNOTHEHWSI HA OCHOBE CTEKNSAAHHOIO NPMNos MOXeT
AedopmnpoBaTbCs TONLKO B HE3HAYMTENBHOW CTEMNEHN, OH NPensaTcTByeT
BO34ENCTBUAM NOrfOLWLAaeMOro OTHOCUTENBHOIO pacluMPeHns Mexay
CTEKIMAHHOW NaHenblo C BHYTPEHHEN CTOPOHbI 610Ka OCTEKNEHNS U
CTEKIMAHHOW NaHenblo C HapYy>XHOW CTOPOHbI BfioKka OCTEKNEeHUs, koraa
yKasaHHble naHenu noABepratTcs BO3AeNCTBUIO 60NbLUMX pasHOCTEN
Temnepatyp. CnegoBatenbHO, Ha nepudepun 6roka OCTEKNIEHNA BO3HUKAIOT
AOCTaTOYHO CYLLECTBEHHbIE HanNpPsXKeHUs, N 3TO MOXET NPUBOAUTDL K
paspyLUeHnN0 CTEKNSHHBLIX NaHenen 6roka OCTEKNEeHus.

BTopoii TMn ynnoTHEHMsS NpeacTaBnsieT cobon meTannmyeckoe ynioTHeEHNe,
HanpuMep, MeTanNIMYECKY NONOCKY HEGOMNbLLION TONWMHbI (<500 MKM),
npunasiHHyto no nepudepun 6noka OCTEKNEHUS C NOMOLLLIO FTPYHTOBOYHOIO
noACnos, NOKPbITOro N0 MEHbLUEN Mepe YacTUYHO CIOEM MPUrogHoro K
navike marepuana, Hanpumep, MSirkoro ofioBAHHOro npunosi. OgHum
CYLEeCTBEHHbIM NPEMMYLLLECTBOM 3TOr0 BTOPOro Tuna ynnoTHEHWs
OTHOCMUTENbHO NEPBOro TUNa yninoTHEHNS SBMSETCS TO, YTO OH CNOCO6EH
YacTUYHO AedopMUpPOBaTLCS ANS YACTUYHOMO MOrfOLWEeHNss OTHOCUTENbHOIO
paclmnpeHns, co3gaBaemoro Mexay AByMsi CTEKMSAHHbIMU NAHENAMM.
CyLuecTBYIOT pasnuyHble TUMbl FPYHTOBOYHbIX NOACIIOEB HA CTEKMSIHHOM
naHenu.

B 3asBke Ha nateHT WO 2011/061208 A1 onucaH oguH NPUMEpPHbIA BapuaHT
ocyLiecTBneHns nepudepuinHoro HENPOHMLAeMOoro ynnoTHEHNS BTOPOro
TMNa ans BaKyyMHOro n3onsiyMoHHOro 6noka octekneHuns. B sTom BapuaHTe
OCyLLEeCTBNEHNS YNIOTHEHWEM SIBNISIETCA MeTannmMyeckas nonocka,
Hanpumep, BbINONTHEHHAA N3 Meaun, KoTopasi npunasiHa NocpeACcTBOM
NPUrogHOro K navke marepuana K Knemkom neHTe, npeayCMOTPEHHON Ha
nepudepumn CTEKNAHHbIX NaHenen.

Bakyym ¢ abcontoTHbiM gaBneHnem menee 0,1 mbap, npeanoyTuTensHO
meHee 0,01 mb6ap, cozgaeTcs BO BHYTPEHHEM 00beme V, o6pazoBaHHOM
nepBO 1 BTOPOWN CTEKNAHHBIMW NaHensiMm n HAbopoM OTAENbHbIX Pacnopok
N 3aKPbITOM repMeTUYHO COEANHSIIOLWUM YNIIOTHEHMEM BHYTPU

acummeTpuydHoro VIG HacToswero nsoopereHus.
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BHyTpeHHU 061bem acummeTpuryHoro VIG HacToswero n3odpeTeHns MoxeT
cofepXaTtb ras, Hanpumep, HO He UCKNIDYNTENBHO, BO3AYX, CYXOW BO3AYX,
aproH (Ar), kpuntoH (Kr), kceHoH (Xe), rekcadptopug cepbl (SF 6),
YrNEeKNCnbIn ras nnu nx coyetaHune. lNepeHoc aHeprumn Yepes U3onmpyrowyto
naHenb, UMEIOLLYIO0 3TY OObIMHYIO CTPYKTYPY, YMEHbLLIAETCH MO NPUYNHE
NPUCYTCTBUS rasa BO BHYTPEHHEM 06 beMe OTHOCUTENBbHO CTEKNAHHOWN
naHenu u3 ogHOro cTekna.

3 BHyTpeHHero oobema MOXeT Takke ObITb OTKa4aH nobon ras, cosgasas
TEM CamblM BaKyyMHbI BNOK ocTeknenus. [NepeHoc aHeprumn Yepes
BaKyyYMHbI U30NAUNOHHBIA BNOK OCTEKNEHUSA 3HAYMTENBHO YMEHbLUAeTCs 3a
cyeT Bakyyma. [lnsa co3gaHusa Bakyyma BO BHYTPEHHEM NPOCTpaHCcTBe Gnoka
OCTEKNEeHNA Ha OCHOBHOW MOBEPXHOCTN OQHOMW U3 CTEKISAHHbIX NaHenemn
00bIYHO NpeaycMOTPEHa nonas CTeKNsHHasa Tpyoka, obecneuymBatowas
coobueHne mexay BHYTPEHHUM NPOCTPaHCTBOM U HAPYXHOW YacTbio. Takum
06pa3om, YaCcTMYHbIN Bakyym obpasyeTcsi BO BHYTPEHHEM NPOCTPaHCTBE
nyTem BblKa4YnBaHWS rasoB, HAXOASALMNXCS BO BHYyTPEHHEM NPOCTPaHCTBE, C
MOMOLLIbIO Hacoca, COeAMHEHHOMO C HapyXXHbIM KOHLOM CTEKNSIHHOW TPYOKMW.
[na noaaepxaHusa B Te4eHUe onpeaeneHHoro BpeMeHu 3aaHHOro ypoBHS
Bakyyma B BaKyyMHOM M30NSLMOHHOM O1I0KE OCTEKNEHUS rasonornoTnTenb
MOXET ObITb NCNONb30BaH B NaHENM OCTEKNEHUs. B 4aCcTHOCTU, BHYTPEHHUe
NOBEPXHOCTU CTEKNSAHHBIX NaHenemn, COCTaBNAIOWNX NaHeNb OCTEKNEHUs,
MOTYT BbICBODOXAATb C TEYEHNEM BPEMEHN rasbl, NOrMOLWEHHbIE 40 STOro
CTEKNOM, TEM CaMblM YBENMYMBaAsA BHYTPEHHEE faBrfeHne B NaHenm
BaKyyMHOrO U3OMSLMOHHOIO OCTEKIIEHUS N TaKum 06pasomM ymeHbLuas
nokasarenb Bakyyma. B uenom, Takon rasonornotutenb COCTOUT U3 CNiaBoB
LUUPKOHWSA, BaHaaus, xenesa, kobanbTa, anioMUHUS U T. . U HAHECEH B BUAe
TOHKOrO Crnosi (TONWMHON HECKOSTbKO MUKPOH) UNK BbINOJIHEH B BUAE Opycka,
pasMeLLEeHHOro Mexay CTEKNAHHbIMU NaHensIMu NaHenn OCTEKNeHUs Tak,
YTO €ro He BUAHO (Hanpumep, CKPbIT HAPYXXHOW 3Marnbio NN YacTbio
nepudeprMnHOro HENPOHULAEMOro YNIOTHEHUS). [[a30NOrnNoTUTENb Ha CBOEN
NOBEPXHOCTU NPU KOMHATHON Temnepartype obpasyeT nacCUBUPYIOLLNIA CMON,
n, cnegoBaTenbHO, OH AOJKEH ObITh HAarpeT Ans ycTpaHeHus

NacCUBUPYIOLLLErO CNOS U, TaKUM 0Opa3oM, akTMBaLMKN Fra3onorioLaLmx
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CBOWCTB ero cnnaesa. CunTaeTcsi, YTO rasonornoTUTeNb ABNSAETCS

«aKTUBUPYEMbIM HarpeBoOM».

[0062] Tabnuua 3
CcblnoyHasa | KomnoHeHT
nosunumsa
10 BaKyyMHbI M30/1ALMOHHbBIN 610K OCTEKNEHUS
1 MNepBan cTeKNAHHAA NaHesNb
12 BHYTpeHHAA NOBEPXHOCTb NaHe M NepPBOM CTEKAAHHON NaHenu
13 Hapy»HaA NoBepxHOCTb NaHeIn NepBOMN CTEK/IAHHOM NaHenm
2 BTopasa cTeknAHHAA naHesb
22 BHYTpeHHAA NOBEPXHOCTb NAaHEIN BTOPOU CTEK/IAHHOW NaHenu
23 Hapy»HaA NoBepxXHOCTb NaHeIn BTOPOW CTEK/IAHHOM NaHenm
3 OTaenbHble pacnopKu
4 fepmeTUUHO coeguHAtoLee yNIOTHEHME
5 HW3KOaMUCCUMOHHOE NOKpbITUE
Vv BHyTpeHHUI 06bem
Mpumepsbl
[0063] [Ons oueHkn pucka paspyLueHmst Obino paccunTaHo KOMOMHNPOBAHHOE
HanpskeHne, BO3HMKaloLLee B pe3ynbTaTte HanpsikeHUst 0T aTMocgepHOoro
AABIIEHMS U3-3a BaKyyma BO BHYTPEHHEM 06beMe V U BbI3BAHHOIO
BO3ZENCTBUEM TeMNepaTypbl HANPsKeHMs n3-3a pasHoCTU TeMmnepaTyp ¢
00enx CTOPOH OCTEKIEHNS.
[0064] MMockonbky mexay asymsa naHensamu VIG noaaepxmBaeTcs Bakyym,

aTMocepHOe AaBneHne Bbi3biBAET MOCTOSIHHOE HaMNpsikeHne Ha
pacTsiKEHUE Ha HapPYXXHbIX MOBEPXHOCTSAX CTEKNSAHHbIX naHenen VIG Ha
KakZomM MecTe pacnonoxeHusa ctorku. CneyuanucTty B AaHHOK obnacTu
N3BECTHO, YTO ANS HEOOMbLUNX CTOEK HANPSKEHWNE Ha pacTshkeHue,
BbI3BaHHOE CTOMKAMW HA HAPYKHbIX NOBEPXHOCTSX CTEKNSAHHBIX NaHeneu, He
3aBMCUT OT pasMepa UX BHELLHEN OKPYXHOCTW. [Mog HebonbwMMK CTOMKamu,
Kak npaBuno, nogpasymMmeBaloTCsl CTOMKN, UMEIOLLMe NOBEPXHOCTb KOHTAKTa

CO CTEKISHHOW NaHenbio, 06pa3oBaHHYO MX BHELLHEWN OKPYXHOCTLIO, paBHYIO
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UM MEeHbLLE 5 MM?, NPeanOYTUTENBHO PaBHYIO MU MeHbLe 3 MMm?, 6onee
npeanoYTUTENbHO PaBHYLO UK MeHbLle 1 MM2.

B Takmx cny4yasx n ana paBHOMEpPHbIX MacCMBOB, OCHOBaHHbIX HA CXeme
PaBHOCTOPOHHErO TPEYrofnbHWKa, KBaaparta unm LWeCTUYrosibHUKa, Takoe
HanpsikeHne, BbiI3BaHHOE aTMOC(EPHbIM AaBNeHneM, Takke HasbiBaeMoe
HanpsbkeHNeM Ha pacTsXKeHne, MOXeT BbITb paccumMTaHo ANS CTEKNSHHOM
naHenu no cneaywwen dopmyne: , < 0,11x %Z2[], rae [m] n Z [m] aBnawTcs
Larom Mexay pacrnopkamm u TOAWWHOW CTEKNSAHHOW NaHenu
COOTBETCTBEHHO. o «waromy» cneayet NOHUMAaTb KpaTyanwee
paccTosiHue, oTAensLee nMoby pacnopKy OT COCEAHEN € Hel pacnopkn. B
4YacTHOCTU, AN PaBHOMEPHbIX MacCCMBOB Ha OCHOBE KBaZpara HanpsXeHue
Ha pacTsKeHue ABNSeTCS MakcumanbHbIM, U, cneaoBaTtenbHo, cobnogaeTcs
cnepgywwas dpopmyna:, = 0,11x2/22 .

MakcumanbHoe HanpsikeHne oT aTMOCEepPHOro AaBneHns paccunTbIBatoT
ANS KaXA0ro u3 nepeoro 1 BToporo nuctoB ctekna VIG, ap1 1 Op2.
BbisBaHHOEe BO3AENCTBUEM TEMNEPATYPbl HANPSKEHME Ha PaCTSKEHUE Ha
BHELLHEN NOBEPXHOCTN CTEKNSAHHOW naHenn VIG BO3HMKaeT cpasy nocne
NosIBNEHUS PasHOCTU TeMNepaTyp Mexay NepBoOn CTEKNSAHHOW naHenbto (1,
T1) n BTOPOW CTEKNSAHHON NAHENbIO (2, T2) U yBENUUNBAETCA C YBENTUMEHNEM
pasHocTu mexay T1 1 To. PasHocTb (AT) Temnepatyp siBnsieTca abCconioTHOM
pasHOCTbIO MeXay cpegHen Temnepartypoun T4, paccuMTaHHOW ANs nepBon
CTEKNAHHOWN nanenu (1), n cpegHen Temnepatypon T2, paccuMTaHHOM Ans
BTOPOW CTEKNAHHOWN naHenu (2). CpegHsasa Temnepartypa CTEKNAHHON NaHenu
MOXET, Hanpumep, ObITb paccunTaHa Ha OCHOBaHUU YNCTIEHHbIX
MOAENUPOBaHNIA, N3BECTHbIX CNEUNanucTy B gaHHoOW obnactu. [ns
HacTosILLEero n3obpeTeHnst pasHOCTb TemMnepaTtyp Mexay AByMs
CTEKMAHHBbIMU NaHensMmn bbina paccunTaHa ¢ UCNoNb30BaHMEM
nporpammHoro obecneveHns ansa pacveto «Window 7.4», koTopoe
OCHOBaHO Ha cnocobe, npeanoxeHHOM HaunoHanbHbIM COBETOM AMEpPUKU
no oueHke pacnpegeneHnsa okoH NFRC, kotopbin cootBeTcTByeT ISO 15099.
Bbi3aBaHHOEe BO3AENCTBUEM TEMNEPATYPbI HANPSIKEHME MOXET NPUBECTM K
paspyweHuto VIG, koraa Takas pasHOCTb abCONIOTHbIX TemnepaTyp Mexay

cTeknsaHHbIMK naHenamu gocturaet 30 °C, u aaxe bonee, korpa
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abconoTHas pasHOCTb Temneparyp Bbiwe, Yem 40 °C, B CypOBbIX YCNOBUSIX.
TemnepaTtypa BHYTPEHHEN cpeabl 06bIMHO cocTtaBnsieT oT 20 °C go 25 °C,
TOrga Kak Temneparypa BHELUHEN cpeabl MOXET BapbupoBatbes ot -20 °C
aumon go +35 °C netom. CnegoBaTenbHO, pasHOCTb TEMNEpPaTyp Mexay
BHYTPEHHEN CPEAON N BHELLHEN CPeaon MOXeT gocturaTtb 6onee 40 °C B
CypoBbIx ycnoBusix. CnegoBartenbHo, pasHoCcTb (AT) Temnepatyp mexay
cpenHen Temnepatypon T=, paccuntaHHOW AN NepBON CTEKNAHHOW naHenu
(1), n cpegHen Temneparypon T2, paccunTaHHON AN BTOPOWN CTEKISIHHOMN
naHenu (2), Takke moxet gocturatb 6onee 40 °C. YncneHHoe
MOLENNPOBaHME UCMONb3YIOT ANS pacyeTa MakCMMarnbHOro TennoBoro
HanpsKeHWUs 0T, BbI3BAHHOIO Ha BHELLHEW MOBEPXHOCTU KaXA0W CTEKNAHHON
naHenun VIG. KoHeuHoanemeHTHas (FEA) mogenb 4OCTYNHOrO KOMMEPYECKN
nporpammHoro obecneveHns Abaqus2017 (paHee HasbiBaemoro ABAQUS)
Obina paspaboTtaHa ans mogenupoBaHus noeegeHns VIG npyn nogsepraHmm
BO3AENCTBUIO Pa3HbIX TEMMNEPATYPHbIX YCNnoBun. PacueTtbl 6b1nn nonyyveHsbl
ANSA CTEKNSAHHbIX NaHenemn, CHabXeHHbIX PeLeTKON C NOMOLLbIO 3N1IEMEHTOB
C3D8R ¢ 5 Toukamn MHTErpaunn Ha TonwmMHy ctekna. icnonb3yemsblii
obwumin pasmep sueek coctasun 1 cm. Ytobbl goctnue AT cornacHo
HacTosILLEeMY M30OpPETEHUIO, UCXOAHAsA N NOCTOSIHHAA Temneparypa bbina
npuMeHeHa K 06enm CTEKNAHHbIM NaHensiM, 3aTem B OTHOLLEHWUW OAHOW 13
CTEKMSAHHbIX NaHenen 6bina ocylecTBneHa Bapmayms B NOCTOSAHHOM
Temnepartype, Toraa Kak agpyras CTeknsHHasa naHenb nogaepXuBanach npu
ncxogHon Temneparype. MexaHudeckoe coeguHeHue 6b110 NOMeLLEHO
MeXAy ABYMSI CTEKNSHHBIMU NaHeNaMun ans obecnevyeHus paBHOro
CMeLLEeHNs ABYX KacaloLMXcs CTEKNMAHHbIX NoBepxHocTen. [pyrue
rpaHu4Hble ycnosus 6binv 3agaHbl 4ns npeaoTBpaLLeHns ABUKEHNS
TBepporo tena cbopkn. PacyeTtbl Obinv npoBeaeHbl ANg BCeX OCTEKNEHNN,
nmerLmnx cBodoaHbIE, HEOrPaHUYEHHBbIE KPOMKMN.

TaxenbiMn 3SUMHMMY TeMNepaTypHbIMU YCIIOBUSIMU, NCNONb3yeMbIMU B
Lensx HacTosiLero nsobpeteHns, Obinu: TemnepaTypa Bo3ayxa CHapyxu -
20 °C, Temneparypa Bo3gyxa BHyTpu 20 °C, 4yTO faeT MakCumarnbHYHO
pasHOCTb TeMnepaTtyp MeXay Hapy>XHbIM U BHYTPEHHUM NPOCTPaHCTBOM

BenudnHon 40 °C.
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N3obpeTtatenu obHapyXunu, 4to Npu 0g4HOBPEMEHHOM BO3HUKHOBEHUN
BbI3BAHHOI0 BO3JAENCTBUEM TEMMNEpPaTypPbl HANPSXKEHUA N HANPSKEHNUS OT
aTMOoc(epHOro AaBneHns B CTEKNSAHHOW NaHenu npu onpeaeneHnn
pa3mepoB VIG HeobxoanmMo yuntbiBaTb KOMOMHUPOBAHHOE HanpsikeHue (Oc),
KOTOpoe siBNnsieTcs KOMOUHaLUMen BbI3BaAHHOrO BO3AENCTBUEM TeMMepaTypbl
HanpsKeHNs1 N HanpsXXeHWs, BbI3BAHHOro atmocdepHbiM AasneHuem. oa
TEPMNHOM «KOMOWHUPOBAHHOE BbI3BAHHOE HanpsiKeHUe» Unm «komonHaums
BbI3BaHHbIX HANPSXKEHWIA» cneayeT NOHUMaTb CyMMY BbI3BaHHOIO
BO3AENCTBUEM TemnepaTypbl HANPSXKEHUS U HANPSHKEHWS, BbI3BAHHOTO
aTMocdepHbIM AaBlEHNEM (Oc = Op + 07). KOMOMHMpOBaHHOE HanpsikeHne
MOXET ObITb paccUMTaHO AN BbIOPaHHbIX 3UMHUX YCNOBUA Tcw U ANS
BbIOpaHHbIX NETHMUX YCNOBUIA Ocs.

Bbino oGHapyxeHo, UTO B 3MMHUX ycnoBusx, korga VIG acummeTpudeH ¢
©onee TONCTON NEPBOWN CTEKNSIHHOW NaHENbIO N 6onee TOHKOW BTOPOW
CTEKIMSAHHOWN NaHersblo, Camoe BbICOKOE KOMBUHUPOBaHHOE 3UMHEEe
HanpsKeHNe Ocwmax, KOTOPOE SABMSIETCA CaMbiM BbICOKUM 3HA4YEHNEM cpeaun
KOMBUHNPOBAHHOIO 3UMHEr0 HanpsiKeHNs NepBOr CTEKNSAHHOW NaHenn (Tcw1
= Op1 + OTw1) N KOMOMHNPOBAHHOIO 3UMHETO HaNPS)KEHWUS1 BTOPOM
CTEKNAHHOWN NaHenmn (Tew2 = Op2 + OTw2) O cwmax = Max(Tew1, Ocw2), YMEHbBLLEHO.
B wactHocTu, anga acummetpuyHoro VIG npu cobnogeHnm cneayrowmx
Kputepues pasmepa:

300 mm <L = 4000 mm,

300 mm = W = 1500 mm,

Z125mMm, Z2 2 3 Mm,

AZ=2Z1-2Z221MMmn

10 Mm £ A £ 35 Mm,

camoe BbICOKOE KOMBUHMPOBAHHOE 3UMHEE HanpsXKeHne H1Xe, Yem camoe
BbICOKOE€ KOMOVHMPOBAHHOE 3NMHEE HaNpPsKeHNEe 3KBUBASIEHTHOrO
cummeTpudHoro VIG, umerowero Ty ke camyro oOLLyo TONWUHY.
YMepeHHbIMW NeTHUMN TeMnepaTypPHbIMA YCOBUAMU, UCMONb3yeMbIMU B
Lensx HacTosiLero nsobpeteHns, Obinu: TemnepaTypa Bo3ayxa CHapyxu

32 °C, temnepartypa Bo3ayxa BHYTpY 24 °C 1 cOnHeuHbIn NoTok 783 B1/m>2.
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B neTHux ycnoBmusix camoe BbICOKOE KOMOUHUPOBaHHOE NeTHee
HanpsKeHNe Ocsmax SBMSIETCS CaMbiM BbICOKUM 3HA4YeHNeM cpeaum
KOMOBUHUPOBAHHOIO NETHEro HanpPsXKeHNs NepBON CTEKNAHHOW NaHenn (Ocs1
= Op1 + OTs1) U KOMOUMHMPOBAHHOIO NETHEr0 HanNPsXXEHNS BTOPON CTEKNAHHOWN
naHenun (Ocs2 = Op2 + O7s2) (Tesmax =Max(0cs1, Tcs2). BbINO 0OGHapPYXEHO, YTO B
NeTHUX yCNoBUAX ANS TOro, 4Tobbl 6b6IN0 NpMEMNEMbIM, CaMOe BbICOKOE
KOMBUHUPOBAHHOE NeTHee HanpsikeHne Ocsmax B acummeTpudHom VIG
AOJDKHO ObITb MEHbLLE NN PABHO MakCUManbHOMY KOMOBUHUPOBAHHOMY
BbI3BAHHOMY HanpsKEHUIO, KOTOPOE NPEACTaBNAET cobon NMMBO Tewmax, OO
Ocsmax, SKBUBANEHTHOro emy cummetpudHoro VIG. MNpu cobnogeHnm aToro
OTHOLLIEHNSI PUCK pa3pyLUeHUs n3-3a KOMOUHUPOBAHHOIO aTMOCepHOro n
BbI3BaHHOI0 BO3AENCTBNEM TEMMNEpaTypPbl HANPSXKEHUIA, KaK B TAXENbIX
3MMHUX, TaK N B YMEPEHHbIX NETHMUX yCnoBusiX, 4ns acummeTtpuyHoro VIG
HUKOr4a He NpeBbIWaeT PUCK ANS SKBUBANEHTHOro emy cummeTpudHoro VIG.
Bbino o6HapyxeHo, uto acummeTpudHbin VIG ¢ cobnogeHnem aToro
orpaHnyYeHns KOMOMHNPOBAHHOTO BbI3BAHHOIO HaNpPsiKeHMUS MOXET ObITb
BbIMOSMHEH 3a cyeT 6anaHcMpoBaHNS NokasaTens NornoweHnsa sHeprum
nepBON U BTOPOW CTEKNSAHHBLIX NaHeNen, a Takke ux TOMNLWWH, AN pasHbIX
HabopoB anana3oHoB napameTpoB L, W un A.

B npmBefeHHbIX HMKe KOHKPETHbIX BapuaHTax ocywectsnenus ot Ao E
cornacHo Hacrtosiemy nsobpetenutro acummetTpudHbin VIG cobnogaer
cneaytowmne OTHOLWEHMS:

Ocw2 (acuMmeTpuyHbIn VIG) < Ocw2 (3KBMBaNEHTHbIA CUMMETPUYHbIA VIG) 1
Ocst1 (acnmmeTpuuHbin VIG) < Ocw2 (9KBUBANEHTHbIN cumMmMeTpuyHbIn VIG)

BapuaHT ocywectenenus A: AcummeTpudHbin VIG, npu atom Zz = 3 MM, 1
10 MM < A < 25 MM, KOrga B OTHOLLEHUN B3BELLEHHOW Pa3HOCTU NokKasaTtensi
NOrNOLWEHNS 3HEPTUN MEXAY NEPBOM U BTOPOK CTEKNSHHLIMW NaHENAMM
cobnoaeHo cnepytowee ycnosue: AEA < 0,0084 AZ? /mm? - 0,1545 AZ/mm +
0,6966; npu atom AEA = EA1 - 2*EA>, npn atom 300 mm <L < 3000 mm, 300
MMSW<1500mMm, Z125mm, AZ=21-2Z221 Mm.

BapuaHT ocywecTtBnenus B: AcummeTtpudHbin VIG, npu atom Z2 = 4 mm, 1
10 MM < A < 25 MM, KOrga B OTHOLLEHUN B3BELLEHHOW Pa3HOCTU NokKasaTtensi

MOrMOLWEHNS 3HEPrn MeXAy NepBOi U BTOPOWA CTEKNSIHHBbIMU NaHENsIMM
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cobnoaeHo cnepytowee ycnosue: AEA < - 0,0214 AZ/mm + 0,5696; npn
atom AEA = EA1 - 2*EA2, npu atom 300 mm <L < 3000 mm, 300 mm < W <
1500 Mm, Z125mMm, AZ=21-2Z22 1 MMm.

[0077] BapwuaHT ocywectBnenus C: AcummeTtpuuHbii VIG, npu atom Z2 = 5 Mm, 1
10 mm < A < 35 MM, KOrga B OTHOLLEHN B3BELLEHHOW Pa3HOCTU NokasaTtens
NOrNOLWEHNS 3HEPTUN MEXAY NEPBOM U BTOPOK CTEKNSHHLIMW NaHENAMM
cobnoaeHo cnepytowee ycnosue: rge AEA < 0,0033 AZ? /mm? - 0,0468
AZ/mm + 0,7434; AEA = EA1 - 2*EA2, npn atom 300 mm <L < 3000 mm, 300
MMSW<1500mMm, Z125mm, AZ=21-2Z221 Mm.

[0078] BapwuaHT ocywectBnenus D: AcummeTtpuuHbii VIG, npu atom Z2 = 6 Mm, K
10 mm < A < 35 MM, KOrga B OTHOLLEHN B3BELLEHHOW Pa3HOCTU NokKasaTtens
NOrNOLWEHNS 3HEPTUN MEXAY NEPBOM U BTOPOK CTEKNSHHLIMW NaHENAMM
cobnoaeHo cnepytowee ycnosue: rge AEA < 0,0033 AZ? /mm? - 0,0468
AZ/mm + 0,7702; AEA = EA1 - 2*EA2, npn atom 300 mm <L < 3000 mm, 300
MMSW<1500mMm, Z125mm, AZ=21-2Z221 Mm.

[0079] BapwuaHT ocywectBnenus E: Acummetpudnbin VIG, npyn atom Z2 = 4 Mm, 1
25 mm < A £ 30 Mmm, KOrga B OTHOLLEHMN B3BELLIEHHOW Pa3HOCTU NoKasaTens
NOrNOLWEHNS 3HEPTUN MEXAY NEPBOM U BTOPOK CTEKNSHHLIMW NaHENAMM
cobnoaeHo cneagyowee ycnosue: rae AEA < - 0,0308 AZ/mm + 0,5294; AEA
= EA1 - 2*EA, npn a1om 300 mm <L < 3000 mm, 300 mm < W < 1500 mm, Z1
25MM, AZ=271-2Z221MM.

[0080] HdewuctButEnbHO, BbIIO OOHAPYXEHO, YTO 3TU OrPaHNYEHNS NOTTOLWEHNS
SHepruv NepBon 1 BTOPOW naHenen acummetpuydHoro VIG npusenu k
pasHuuam TemnepaTyp B NepBOM U BTOPOW CTEKNSIHHbIX NaHENsAX, KOTopbie
COXPaHANN YPOBHN KOMOVHNPOBaAHHOMO HaMPSHKEHUS HUXKE Tpebyembix
npeaenos.

[0081] [Ons neTHMx ycnoBui nsobpetaTteny 0OHapyXunm, 4To umena Mecro
Koppenaums mexay nokasarensimm nornoweHnst SHeprum CTEKNAHHbIX
naHenen n nonyvYeHHbIMW pasHuyamu TemnepaTtyp. [puBeaeHHOe Hke
OTHOLLEeHNEe ObINo YCTaHOBNEHO Ha OCHOBaHUM MPUMEPHbIX NOKPLITUNA,
YNOMSIHYTbIX Bbille, PpaCNONOXEHHbIX HA BHYTPEHHE NOBEPXHOCTU NEPBOM
cteknaHHon naHenn VIG:

AT /°C = 37,386 x AEA +6,2068; AEA = EA1 - 2*EA> n AT = T4-To.
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[MokaszaTenu nornoweHnsa saHeprun EA CTeKnNAHHbLIX NaHenen onpeaensioT no
crangapty ISO15099, ccebinasice Ha EN410:2011, onsa CTEKNAHHbIX NaHenewn,
korga oHn Haxoaartcsa B VIG. CTonkn He yuTeHbl npu pacyete EA.

31K pacyeTbl HANPSXKEHUS ObINW BbINOSTHEHBI AN 60MbLIOro Ynucna
pasmepoB cTekna, TONWNH U NHPpaKpacHbIX OTpaxarLmx NoKpbITUA. B
4YaCTHOCTU, ObINKM MCNONb30BaHbI NPUBEAEHHbIE HUKE MHPAKpaCHbIe
oTpaxarLine NoKpbITUS, cepunHo npounssogumeie Asahi Glass Company
(AGC): Stopray Ultra 50 (U50), I-plus Top 1.1(1+). Bce atn nokpbiTus
obecneunBaloT K03 purumeHT nanyveHns <0,4. [1na pacyeToB OCTEKNEHUS

cynTalT cBOOOAHBIMMY 1 HeorpaHn4eHHbIMN Ha BCeX KPpOMKax.

[0083] [Ons 6onbwmHCTBa NPUMEPOB ObINO NCNONb30BAHO NPO3PayYHOE N3BECTKOBO-

[0084]

[0085]

[0086]

HaTpueBoe ctekno Planibel Clearlite (CL). [1ns HEKOTOPbLIX NPMMEPOB GbINO
ucnonb3oBaHo Dark Grey Glass (DG).

CpaBHuTENbHbIE NPUMEpPbLI 0603HauYeHbl «C.EX.», npumepbl cornacHo
HacToAWEeMY N306peTeHn0 0603HaueEHbI «EX.».

B npumepax n cpaBHMTENBHBLIX NPUMeEpax NPOCTPAHCTBO MeXAy NMcTamm
ctekna coctaenaeTt 100 MKM, 1 MaccuB CTOEK ABNAETCA 0ObIYHbIM

KBagpaTHbIM maccueoMm, a pasmep W x L paseH 1,5 m x 3 m.

Tabnuua 4

CocraB VIG

Hapy»xHas BHyTpeHHAA cTeknAHHAA naHens | War

CTEKNAHHaA NaHesb

Tun TonwmHa | Nokpbitne | Tun ToNWwMHa | (MMm)

(Mmm) Ha P3 (Mmm)

Ex.1 CL 8 I+ CL 4 25
C.Ex.1 DG 8 I+ CL 4 25
Ex.2 CL 7 I+ CL 3 25
C.Ex.2 CL 5 I+ CL 5 25
Ex.3 CL 12 I+ CL 4 25
C.Ex.3 CL 8 I+ CL 8 25
C.Ex.4 DG 11 I+ CL 5 25
C.Ex.5 DG 8 I+ CL 8 25
Ex.4 CL 11 I+ CL 5 25
C.Ex.6 CL 8 I+ CL 8 25
C.Ex.7 DG 8 I+ CL 8 25
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CocraB VIG

Hapy»xHas BHyTpeHHAA cTeknAHHAA naHens | War

CTEK/IAHHAA NaHeb

Tun TonwmHa | Nokpbitne | Tun ToNWwMHa | (MMm)

(mm) Ha P3 (mm)

Ex.5 CL 12 I+ CL 6 25
C.Ex.8 DG 12 I+ CL 6 25
C.Ex.9 DG 9 I+ CL 9 25
Ex.6 CL 10 I+ CL 4 30
C.Ex.10 CL 7 I+ CL 7 30
Ex.7 CL 11 I+ CL 5 30
C.Ex.11 CL 8 I+ CL 8 30
C.Ex.12 DG 11 I+ CL 5 30
C.Ex.13 DG 8 I+ CL 8 30
Ex.8 CL 12 I+ CL 6 30
C.Ex.14 DG 12 I+ CL 6 30
C.Ex.15 DG 9 I+ CL 9 30
Ex.9 CL 11 I+ CL 5 35
C.Ex.16 CL 8 I+ CL 8 35
C.Ex.17 DG 11 I+ CL 5 35
C.Ex.18 DG 8 I+ CL 8 35
Ex.10 CL 12 I+ CL 6 35
C.Ex.19 DG 12 I+ CL 6 35
C.Ex.20 DG 9 I+ CL 9 35

[0087] B tabnuue 5 Hmxe nokasaHbl AN NPUMEPOB U CPABHUTESbHBIX NPUMEPOB

Tabnuubl 4 BbilE MakCcMMarnbHO gonyctumble AEA cornacHo HacTosiLemy

n3o00peTeHnto n paccuntaHHble AEA cOOTBETCTBYHOLWLErO NpUMepa nnm

CpaBHUTENbLHOIO Npumepa. CpaBHUTENbHbIE NPUMEpPLI NPEACTaBNSIOT

CINULLIKOM BbICOKME 3HaueHust AEA, n noatomy npencraBnsaioT 6onee

BbICOKNA PUCK paspyLueHuns, ux sHadveHme AEA Bblwe, yem 3HavyeHue AEA,

[ONyCTUMOE COrflacHo HacTosiLeMy M3obpeTeHu. B yacTHocTH, npumepsbl

Ex. 2-13 npeactaBnsatoT 60nee HU3KUIK PUCK paspyLUEHUSs], YEM

COOTBETCTBYHLLEE IKBUBANEHTHOE CUMMETPUYHOE BaKyyMHOe

N30NSIUNOHHOE OCTEKIEHME.
[0088] Tabnuua 5
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MakcumansHO

aonyctnmoe AEA AT pero (OC) ATspma (OC)

AEA
Ex.1 0,6358 0,6358 6,3 40
C.Ex.1 0,6358 0,6358 38,5 40
Ex.2 0,6358 0,213 6,2 40
C.Ex.2 3,6 40
Ex.3 0,607 0,3984 8,9 40
C.Ex.3 4,5 40
C.Ex.4 0,6082 0,5814 40 40
C.Ex.5 38,5 40
Ex.4 0,6082 0,5814 7,8 40
C.Ex.6 4,5 40
C.Ex.7 38,5 40
Ex.5 0,6082 0,6082 7,9 40
C.Ex.8 0,6082 0,6082 40,4 40
C.Ex.9 39,1 40
Ex.6 0,6082 0,3446 7,6 40
C.Ex.10 3,7 40
Ex.7 0,6082 0,5814 7,8 40
C.Ex.11 4,5 40
C.Ex.12 0,6082 0,5814 40 40
C.Ex.13 38,5 40
Ex.8 0,6082 0,6082 7,9 40
C.Ex.14 0,6082 0,6082 40,4 40
C.Ex.15 39,1 40
Ex.9 0,6082 0,5814 7,8 40
C.Ex.16 4,5 40
C.Ex.17 0,6082 0,5814 40 40
C.Ex.18 38,5 40
Ex.10 0,6082 0,6082 7,9 40
C.Ex.19 0,6082 0,6082 40,4 40
C.Ex.20 39,1 40

[0089] B Ttabnuue 6 HMxe NokasaHbl BbI3BAHHbIE HAMPSXKEHUS, NONYYEHHbIE B
npMMepax U CPaBHUTENbHBLIX NPUMEPAXx B NIETHUX U 3UMHUX YCIIOBUSIX.

HanpsikeHus,



[0090]

[0091]

[0092]
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Bbl3BaHHbIE AaBMNEHNEM, B CTEKNSAHHOW NaHenu Hag cTonkamu o603HaYeHbI
Op1 U Op2 COOTBETCTBEHHO. HanpsikeHne npu suMHen Temneparype
0603Ha4YEeHO OTw1 U OTw2 COOTBETCTBEHHO, HANPsHKEHWE Npu NeTHen
Temnepatype 0603Ha4YeHo OTs1 M OTs2 COOTBETCTBEHHO. KOMBUHMpOBaHHOE
neTHee HanpshkeHne 00603HAYEHO Tcsi (Tcs1= Op1 + OTs1) U Ocs2 (Ocs2 = Op2 + OTs2)
COOTBETCTBEHHO, KOMOUHNPOBaAHHOE 3UMHEE HanpsikeHne 0603HaYEHO Ocwi
(Ocw1 = Op1 + OTwi1) N Oew2 (Tew2 = Tp2 + OTw2) COOTBETCTBEHHO. Camoe BbICOKOE
KOMBUHMPOBAHHOE 3MMHEE Hanpsi>KeHne N camoe BbICOKOe
KOMBUHUPOBaAHHOE neTHee 0603HaYEHbl Tcwmax (Tewmax = MaX(Tew1 + Ocw2)) U
Ocsmax (Ocwmax = Max(Ocs1+ Ocs2)) COOTBETCTBEHHO. Camoe BbICOKOE
KOMBUHMPOBAHHOE BbI3BaHHOE HaMNpsikeHne, KOTOpPoe BO3HUKaeT nnbo B
neTHUX, NM60 B 3UMHNX YCNOBUSX, 0O03HAYEHO Ocmax. EAMHMLEN n3mepeHns
Ans Bcex HanpshkeHun aensietca MlMa. 3HavyeHne makcumarnbHOro
KOMBUHMPOBAHHOIO HanNpsiKeHUs AN Kaxaoro npyumepa noguepkHyTO U,
Takum o6pasom, COOTBETCTBYET Tcmax-

Kak MOXHO yBuaeTb n3 tabnuubl 6 HAXe, B cMMMETpUYHbIX VIG camble
BbICOKME 3HAYEHNSA KOMOVHUPOBAHHOIO HAMNPSPKEHUS 32 HECKONbKUMU
NCKIIOYEHUAMUN [OCTUIraloTCs B 3UMHUX YCNOBUSAX HA BTOPOW CTEKNSIHHOM
naHenu. 3HayeHne MakCUMarnbHOro HaNpPsKeHus1, [OCTUraemoe nNpu NbbIX
YCNOBUSIX, CNYXWUT Ha4YanbHOW TOYKOW AN cpaBHEHMs1 acuMmmeTpudHoro VIG
C 9KBUBANEHTHbIM emy cuMmmeTpudHbiM VIG. Kpome Toro, 661no o6Hapy»xeHo,
yTO, Koraa VIG siBnsieTca acCMMMETPUYHBLIM C Bonee TONCTON NepBoOn
CTEKNAAHHOWN NaHeNbIo U 6onee TOHKOW BTOPOW CTEKNSAHHOW NaHENbIo, camoe
BbICOKO€ KOMOVMHMPOBAHHOE 3VMHEE Hanpsi)KeHNe Ocwmax YMEHbLLAETCS, U B
yacTHocTM Anga acummeTpuyHoro VIG npu cobnogeHnn cnegyowmx
kputepues pasmepa: 300 mm <L < 4000 mm, 300 mm < W < 1500 mm, Z1 2 5
MM, Z223 MM, AZ=21-2Z221mMM, n 10 MM £ A £ 35 MM, camoe BbICOKOE
KOMBUHUPOBAHHOE 3UMHEE HanpsiXXeHne HXe, YeMm ANSa SKBUBANEHTHOro
cummeTpudHoro VIG, umeroLwwero Takyto e o0LLY TOSLWMWHY.

3 Tabnnubl 6 HUXE MOXHO TaKKe YBUAETb, YTO B JIETHUX YCINOBUSIX Camoe
BbICOKOE€ KOMOVMHMPOBAHHOE NeTHee HanpsiKeHNe Ocsmax Bbille B
acummeTpudHom VIG, yem B aKBUBaANEHTHOM emy cummeTpudHom VIG. B

KOHKpPETHbIX BapuaHTax OCyLLeCTBIEHUsI HACTOSILLEro N3obpeTeHnst, TO ecTb
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B NpUMepax, OTMEYEHHbIX 3BE3104KOW, CaMOe BbICOKOE KOMOMHUPOBAHHOE
NeTHee HanpsikeHNe Ocsmax B MPUMeEpax HacTosLWero n3obpeteHns 6b1no
NMPU3HAHO NPUEMIEMbIM, MPUYEM CaMO€E BbICOKOE KOMOMHMPOBAHHOE NleTHEE
HanpsiKeHNe Ocsmax MEHbLUE UM PAaBHO CaMOMY BbICOKOMY
KOMOVHMPOBAHHOMY HAMPSBKEHWUIO (3UMHEMY UIN NIETHEMY) SKBMBANEHTHOIO
emy cummeTpuyHoro VIG, To ecTb KOMGUHUPOBAHHOMY 3MMHEMY
HanpsKEHNIO Ocw2 BTOPOM CTEKNSIHHOW MaHeNn B 3KBUBANEHTHOM emy
cummeTtpudHom VIG.

[0093] Tabnuua 6

Hanps»keHuns Hapy»KHOM naHenn | HanpsakeHus BHYTPEHHEN NaHenun

(MnNa) (MnNa)
O1s1 Otw1 0'pl Ocs1 Oewl O1s2 Otw2 0'p2 Ocs2 Gew2
Ex.1 1,84 (0,04 (1,07 |2,92 1,11 1,63 14,09 (4,30 |593 |8,38

C.Ex.1 11,27(0,04 |1,07 |12,34 1,11 |9,98 |4,09 |4,30 |14,28 |8,38

Ex.2 1,79 |1,66 |1,40 |3,20 |3,07 |2,18 |2,08 |7,64 |9,82 9,72
C.Ex.2 0,84 |9,24 |2,75 |3,59 |11,89 |0,82 |9,36 (2,75 |3,57 |12,11

Ex.3 2,36 |0,00 (048 |2,84 (048 (2,41 (1,71 4,30 |6,71 |6,01
C.Ex.3 1,03 |0,89 |1,07 |2,20 |1,97 0,10 |9,15 |1,07 |1,17 |10,22
C.Ex4 11,43|0,00 |0,57 |11,99 |0,57 |7,87 |4,41 |2,75 10,62 |7,16
C.Ex.5 8,80 |0,89 |1,07 |988 |197 0,86 |9,15 (1,07 |1,93 |10,22

Ex.4 2,23 |0,00 |0,57 |2,80 |0,57 1,53 (4,41 2,75 (4,28 |7,16
C.Ex.6 1,03 |0,89 |1,07 |2,20 |1,97 |0,10 |9,15 |1,07 |1,17 |10,22
C.Ex.7 8,80 |0,89 |1,07 (9,88 |1,97 (0,86 (9,15 |1,07 |1,93 10,22

Ex.5 2,25 |0,00 |0,48 |2,73 |0,48 (1,11 (551 1,91 (3,02 |7,42
C.Ex.8 11,53|0,00 |0,48 |12,00 |0,48 |5,66 |551 |191|757 |742
C.Ex.9 8,83 |0,00 |0,85 (9,68 |0,85 |0,00 903 |0,85 |0,85 |[9,88

Ex.6 2,15 |0,00 |0,99 |3,24 |0,99 (2,01 (2,78 |6,19 (8,20 |8,97
C.Ex.10 |0,86 |2,73 |2,02 |2,88 |4,75 |0,25 9,25 |2,02 |2,27 |11,27

Ex.7 2,23 |0,00 |0,82 |3,05 |0,82 (1,53 (441 3,96 (549 |8,37
C.Ex11 1,03 |0,89 |1,55 2,58 (2,44 0,10 |9,15 |1,55|1,65 |10,69
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Hanps»keHuns Hapy»KHOM naHenn | HanpsakeHus BHYTPEHHEN NaHenun
(MnNa) (MnNa)

O1s1 Otw1 0'pl Ocs1 Oewl O1s2 Otw2 0'p2 Ocs2 Gew2

C.Ex.12 |11,43|0,00 |0,82 |12,24 |0,82 |7,87 |4,41 |3,96 |11,83 |8,37

C.Ex.13 |§,80 |0,89 |1,55 (10,35 |2,44 0,86 |9,15 |1,55 (2,41 10,69

Ex.8 2,25 |0,00 |0,69 |2,94 |0,69 (1,11 (551 2,75 (3,86 |8,26

C.Ex.14 |11,53|0,00 |0,69 |12,21 |0,69 |5,66 |551 |2,75 (8,41 |8,26

C.Ex.15 |§,83 |0,00 1,22 |10,05 |1,22 |0,00 |19,03 1,22 |1,22 |10,26

Ex.9 2,23 |0,00 |1,11 |3,34 |1,11 (1,53 |4,41 |5,39 (6,92 |9,80

C.Ex.16 |1,03 |0,89 |2,11 |3,13 |3,00 |0,10 |9,15 |2,11 |2,21 |11,25

C.Ex.17 |11,43|0,00 |1,11 |12,54 |1,11 |7,87 (4,41 |5,39 |13,26 |9,80

C.Ex.18 |§,80 |0,89 |2,11 |10,91 |3,00 |0,86 |9,15 |2,11 |2,97 |11,25

Ex.10 2,25 |0,00 {094 |3,29 |0,94 (1,11 (551 3,74 |4,85 |9,25

C.Ex.19 |11,53|0,00 0,94 |12,46 |0,94 |5,66 |551 |3,74 19,40 |9,25

C.Ex.20 |8,83 |0,00 |1,66 |10,49 |1,66 |0,00 |9,03 |1,66 |1,66 |10,70




36

®OPMVYIIA NSOBPETEHUA

1.

BakyyMmHbIi n30naumnoHHbIn 6510k (10) ocTekneHus, CHabXeHHbIA OAHUM

NOKPbLITUEM, OTPaXaroLWnM UHpakpacHoe N3nyvyeHne, MUMeoLWnn AnvHy L,

npuyem 300 mm < L <4000 mm, u wmpuny W, npndem 300 mm £ W < 1500 mm, u

copepxawmia;

a.

NepBYIO CTEKNSAHHYIO NaHernb (1), UMEOLLY0 BHYTPEHHIOK NOBEPXHOCTb
(12) naHenun n HapyXHy NOBEPXHOCTL (13) NaHenu, UMeILLYH0
TONWMHY Z4, Npyu4emMm nepBas CTeKNAHHas NaHenb UMeeT nokasaTenb
nornoweHna aHeprun EA1, n

BTOPYIO CTEKNSAHHYIO NaHENb (2), UMEIOLLYI0 BHYTPEHHIOK NOBEPXHOCTb
(22) naHenun n HapyXHY NOBEPXHOCTL (23) NaHENn, U UMEIOLLYHO
TONWMHY Z2, 1 UMEIOLLLYIO MOKPbITUE, OTpaxarLlee NHdpakpacHoe
n3ny4yeHue, Ha CBOEN BHYTPEHHEN NOBEPXHOCTU NAHEeNn, npuyem
NOKpbITaa BTOpasi CTEKNSAHHAA NaHenb UMeeT nokasaTenb NornoLweHms
SHeprumn EA;

Habop OTAENbHbIX PAcnopok (3), pacnoONOXEHHbIX MEXAY NEPBON U
BTOPOW CTEKNSIHHLIMMW NaHENAMU, NOAAEPKUBAIOLLMX PACCTOSHWE
MeXAy NepBOr U BTOPOWN CTEKNAHHLIMW NaHenNsMn n obpasyowmx
MaccuB C Warom A, npudem war A Haxoautcs B gmanasoHe ot 10 mm go
35 Mm;

repMeTUYHO COeauHSIILEE YNNOTHEHUE (4), ynnoTHaWwee
paccTtosiHie Mexay NepBon N BTOPOK CTEKNSAHHBIMW NaHensMu no ux
nepumeTpy;

BHYTPEHHUI 06bem V, 06pa3oBaHHbIN NEPBON U BTOPOK CTEKNSAHHBIMU
naHensamMn n Habopom OTAENbHbBIX PACNOPOK U 3aKPbITbIA FrEpMETUYHO
COeAVHSAIIOLWMUM YNIOTHEHUEM, N NPX 3TOM UMEETCS BaKyyMm C
abconoTHbIM gaBneHnem meHee 0,1 mbap, n

npu 3TOM BHYTPEHHNE NOBEPXHOCTU NaHenen nepBon n BTOPoun
CTEKIMSAHHbIX NaHenen obpatyeHbl KO BHYTpeHHEMY 06bemy V;
OTNMYaILWNIACA TEM, YTO NepBas CTEKNSAHHasA NaHesnb TOMLWeE, Yem
BTOpas cTeknsiHHas naHenns (Z1>2Z2), n npn atom AEA < 0,0033 AZ?
/mm? - 0,0468 AZ/mm + 0,7702; npuuem AEA = EA1 - 2*EA2, n npn aTom
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Z125mMM,Z223 MM, U AZ = (Z1-2Z2) 21 Mmm, n npu 3ToM 10 MM < A <

35 mm.
BaKyyMHbI M30NALUNOHHBIN 610K OCTEKNEHUS NO N. 1, OTNMYAKOWMNIACA TEM, YTO
Z>=3 MM, n 10 Mm < A £ 25 mm, KOrga B OTHOLLEHNN B3BELLEHHOW PasHOCTU
nokasarternsi NOrfIoWEHNs1 3HEPTMN MEXAY NEPBOI U BTOPOWN CTEKNSIHHBbIMU
naHensmn coonogeHo cneaywulee ycnosue: AEA < 0,0084 AZ? /mm? - 0,1545
AZ/mm + 0,6966; npn atom AEA = EA1 - 2*EA2 n 300 mm <L < 3000 mm, 300 mm
< W <1500 mm.
BaKyyMHbI M30NALUNOHHBIN 610K OCTEKNEHUS NO N. 1, OTNMYAKOWMNIACA TEM, YTO
Zo=4mm, n 10 Mm £ A <25 mm, n AEA £-0,0214 AZ/mm + 0,5696, n 300 mm <L
< 3000 mm, 300 mm < W < 1500 mm.
BaKyyMHbI M30NALUNOHHBIN 610K OCTEKNEHNS MO N. 1, OTNNYAKOLWMIACA TEM, YTO
Zo=5mm, n 10 Mm < A £ 35 mm, n AEA £ 0,0033 AZ2 /mm? - 0,0468 AZ/mm +
0,7434, n 300 mm <L =< 3000 mm, 300 mm < W < 1500 mm.
BaKyyMHbI M30NALUNOHHBIN 610K OCTEKNEHUS NO N. 1, OTNMYAKOWMNIACA TEM, YTO
Zo=6 MM, 10 Mm < A <35 Mm, n AEA £ 0,0033 AZ2 /mm? - 0,0468 AZ/mm +
0,7702, n 300 mm <L =< 3000 mm, 300 mm < W < 1500 mm.
BaKyyMHbI M30NALUNOHHBIN 610K OCTEKNEHUS NO N. 1, OTNMYAKOWMNIACA TEM, YTO
Zo=4mMm, n25mMm < A <30 mm, n AEA £ -0,0308 AZ/mm + 00,5294, n 300 mm <L
< 3000 mm, 300 mm < W < 1500 mm.
BakyymHOe 130nsILMOHHOE OCTEKNEHNE Mo NoOOMyY U3 NpeabiayLnX NyHKTOB,
oTnnyarLLeecs TeM, UTO NOKPbLITUE, OTpaxatolee nHpaKkpacHoe N3nyveHue,
COAEPXKUT (PYHKUNOHAaNbHbIN HU3KO3AMUCCUOHHLIWA COW Ha OCHOBE MeTanna,
obecneumnBawWmni Ko3ppuneHT nanydeHnsa He 6onbe 0,04, npeanouTUTENBHO
He 6onblue 0,02.
BakyyMHbIi M30NSLUMOHHBIN GIOK OCTEKNEHMS MO NIIOGOMY U3 NpeablayLMX
MYHKTOB, OTNMYAIOLNIACS TEM, YTO Ha MO MEHbLLEN MEPE OAHY U3 HaPYKHbIX
nosepxHocten (13; 23) naHenu NEPBOK U BTOPOW CTEKIISIHHbIX NaHeNen HacnoeH
MO MEHbLUEN Mepe OAMH JIUCT CTEKIa NOCPeACTBOM MO MEHbLUEN MepPe OAHOrO
NONMMEPHOro NPOMEXYTOYHOrO CNosi ¢ 06pa3oBaHNEM MHOMOCIIONHOW COOpPKW.
BakyyMHbIi M30NSLUMOHHBIN GIOK OCTEKNEHMS MO NIIOGOMY U3 NpeablayLMX
MYHKTOB, OTNMYAIOLNIACA TEM, YTO MO MEHbLUEN MEpe OfHA U3 HapYKHbIX

nosepxHocTten (13; 23) naHenu NePBOro 1 BTOPOro CTeKna npucoeanHeHa K
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TpeTen CTEeKNAHHOW naHenu BAONb nepndepun BakyyMHOro n3onsiuMoHHOro
Bnoka ocTekneHns NocpeacTBOM nNepudPepPUNHON AUCTAHLMOHHON PaMKu,
cosgaroLlen N3oNNPYIOLLYHO NOMOCTb, YINNOTHEHHYO NnepudepuriHbiM KpaeBbiv
YNNOTHEHMEM.

lMeperopoaka, obpasyowas BHELLIHEE NPOCTPAHCTBO N BHYTPEHHEE
NPOCTPaHCTBO, MPUYEM YKaszaHHas neperopoaka CoaepKuT Npoem,
3aKpblBaeMbIii BaKyyMHbIM U30MSLMOHHBIM GITOKOM OCTEKNEeHUs no niobomy ns
npeaplayLwmnx NyHKTOB, NpM 3TOM NepBasi CTEKNAHHAA naHenb obpalleHa K
BHELLHEMY NMPOCTPAHCTBY.

[MpmeHeHne BaKkyyMHOro n3onsiuMoHHOro 6noka octekneHus no niobomy mns nn.
1-9 ansa 3akpbITUA Npoema neperopoaky, obpasylower BHelWHee NpocTPaHCTBO
N BHyTPEHHee NpoCTpaHCTBO, NPU STOM NepBas CTEKNsiHHasA naHenb obpaweHa K

BHELLHEMY MPOCTPaHCTBY.
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