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(57) Hacrosmee n3o0peTeHne OTHOCHTCS K BAaKyyMHOMY H30JISIIMOHHOMY 010Ky (10) OCTeKIeHus, MPOXOasIIieMy BAOIb

iockoctu P, 00pazoBaHHOI pOONEHON 0Chl0 X M BEPTUKAIBFHON OCBIO Z; HMEromeMy MupuHy W, H3MepeHHYIO
BJI0J1b IPOJOIBHOM OCH X, ¥ JUIMHY L, U3MepeHHY10 B0JIb BEPTUKAIBHOMN ocH Z. J[n1Ha BaKyyMHOTO MU30JISILIMOHHOTO
6noka ocrexneHus L paBHa winm Oonbme 300 mm (L>300 mMm). BakyyMmHBIA H30MSIMOHHBIA OJOK OCTEKICHUS
COIEPXKUT a) MEPBYIO CTEKISHHYIO HaHenb (1), MMeromyro TommuHy Zl, ¥ BTOPYIO CTEKISIHHYIO TaHenb (2),
UMEIOIIYI0 TONIIMHY Z2, MPU 3TOM TONIIMHBI M3MEPEHBI B HANpPABICHWH, NMEPIEHANKYIIPHOM K IIOCKOCTH P.
TomnuHa BTOpOW CTEKISHHOM maHenu Z2 paBHa unu Oosbiie 3 MM (Z2>3 mm). Z1 Gonbuie Z2, TakuM 00pa3om
OTHOIICHHUE TONMIUH Z1/Z2, T.e. TONIMHBI IEPBOH CTEKIIHHON MaHenu Z1 K TONIIWHE BTOPOil CTEKIISTHHOM MaHeIn
7?2, paBHo wiu 6oinbiue 1,30 (Z1/22>1,30) u 6onbiie Z1/(Z21-2,10)(Z1/22>Z1/(Z1-2,10)). IlepBas cTexnsHHAs MaHENb
U BTOpas CTCKIIITHHAaA IMaHE/Ib IMPEACTaBIAOT COGOI\;I OTOXKCHHBIC CTCKIIAHHBIC ITAHCIIN U3 (bnoaT—CTeKna, U IIpU 3TOM
HepBasi CTEKISTHHAS ITaHes b uMeeT ko3¢ duieHT teroBoro pacuupenus CTE], a Bropas cTekisHHas HaHeIb UMEeT
ko3 dunment remnosoro pacmmpenns CTE2, u npu atom abcomorras pasnuna mexnay CTE1 u CTE2 cocraBmsier
e Gomee 0,40-10°%°C (|CTE1-CTE2/<0,40-107%/°C); b) nabop oraenbHbIX pacriopok (3), pacIiOIOKEHHBIX MEXKILY
HEePBO U BTOPOH CTEKJITHHBIMH HaHEIsIMH, MOAEPKHUBAIOIINX PACCTOSIHUE MEX/y IIEPBOH U BTOPON CTEKIISTHHBIMU
HaHeNsIMU 1 oOpasyronmx maccuB ¢ marom A. Illar A Haxoautcs B auanasone ot 10 10 26 MM (10 MMSA<26 MM);
C) TEPMETUYHO COCIUHSIONIEee YIUIOTHEHHE (4), YIUIOTHSIOIIEEe PacCTOSHUE MEXKy HEepBOH U BTOPOIl CTEKIITHHBIMU
HaHeIsIMU 110 UX IepuMeTpy; d) BHyTpeHHHH 00beM V, 00pa30BaHHBIN IEPBO U BTOPOH CTEKJITHHBIMU HAaHEISIMU 1
HabOPOM OTZENBHBIX PACIIOPOK M 3aKPHITHIA FepMETHYHO COSTHHSIONINM YIUIOTHEHHEM, U IIPU ATOM HMEETCS BAKYyM
¢ abcomoTHEIM JaBieHneM MeHee 0,1 MOap.
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ACHMMMeTPHYHBIH BAKYYMHBIH H30/ISIHMOHHbIN 0JIOK O0CTEeKJIeHHs

1. OBJIACTh TEXHUKH, K KOTOPOI OTHOCHTCS N30BPETEHUE

Hacrosmee n3obperenne OTHOCUTCS K BAKYYMHOMY M30JSIHTHOHHOMY OJIOKY OCTEKJICHHS,
IZi€ CTEKJISTHHBIE MTAHENU UMEIOT PAa3HYIO TOJILIUHY.

2. MIPEAITIOCBLIIKH CO3JAHUA U3OBPETEHUA

BakyymHble  H30JILMOHHBIE OJIOKM  OCTEKJIEHHsS  PEKOMEHAYIOTCS H3-3a  HX
TEIUIOM30JISILIUH C BBICOKUMH XapaKTePUCTHKaMH. BakyyMHBIH N30JSIIMOHHBIN OJIOK OCTEKIICHUS
OOBIYHO COCTOUT M3 IO MEHBIIEH Mepe IBYX CTEKJSIHHBIX MaHEJeH, pa3aesleHHbIX BHYTPEHHUM
IPOCTPAHCTBOM, B KOTOPOM OBLT CO3/1aH BakyyM. B 1esoM, UIst JOCTHIKEHHS TETUIOM30JISILHUU C
BBICOKUMH Xapakrtepuctukamu (ko3dduument termnonepemaun U cocraBiuser U<I,2 Br/m2K)
aOCOJIFOTHOE JaBJIeHNE BHYTPH OJIOKa OCTeKJIeHHs 0OpIYHO cocTasisieT 0,1 mOap mnu MeHble, U
OOBIYHO IO MEHBIIEH Mepe OHA M3 JBYX CTEKJSIHHBIX MaHeJed MOKpbITa HU3KOAMHCCUOHHBIM
cnoeM. Iy mosydeHust TAaKOTo JAaBJIEHUS BHYTPH OJIOKA OCTEKJICHUSI TEPMETHYHO COSAMHSIOLIEe
VIUIOTHEHHE pa3MeLIaloT Ha nepudepur IBYX CTEKISIHHBIX MaHeNned, u BHyTpu OJoka
OCTEKJICHHUsI ¢ MOMOIIBIO HACOCA CO3Jat0T BakyyM. [l MpeaoTBpaleHusl BAABJINBAHUS BHYTPb
O5oKa OCTEKJIeHHsl TOJA ACHCTBHEM aTMOC(HEPHOrO AABIEHHs (32 CUET pasHHUIbI JaBJICHHIH
BHYTPU U CHapy>XU OJIOKAa OCTEKJIEHHs) OTAEJbHbIE PACIIOPKH, TAK)KE HA3bIBAEMBIE CTOMKaMH,
pa3sMeIaoT MEXY ABYMsl CTEKJISIHHBIMU MaHEISIMU.

BakyyMmHbIe H30JIIIUOHHBIE OJIOKH OCTEKJICHUS OJUKHBI TIIATEIBHO MOAOHPATHCS IO
pa3Mepam, 4TOOBI MPOTHUBONEHCTBOBATH PA3JMYHBIM BHEUTHHM HANPSDKEHUSM. BOJBLIIMHCTBO
BHEUIHUX HANPSDKEHUH, YUUTHIBAEMBIX IIPU ONpEAENIEHUH Pa3MepOB, B YaCTHOCTH, BAKYYMHOIO
W30JBIIMOHHOTO OJIOKA OCTEKJIEHHs], MPENCTABISIOT COOOH TEIIOBOE HAIpsDKeHUE, BBI3BAHHOE
pasHuLel TemmepaTyp MeXIy BHEIIHeW M BHYTPEHHeN cpelaMM, U HaIpsDKeHHE, BbI3BaHHOE
aTMOC(EPHBIM IaBJICHUEM.

CrexnsiHHas maHenb, oOpaleHHas K BHYTPEHHEH cpene, mpuoOperaer TeMmmeparypy,
NPUMEPHO PAaBHYIO TEMIIEpaType BHYTPEHHEW Cpelbl, U CTEKISTHHAs TaHelb, OOpalleHHas K
BHEIIHEH cpeze, MpuoOpeTaeT TeMIeparypy, IPUMEPHO PABHYIO TEMIIEPAaType BHEIIHEH Cperbl.
IIpn Hambonee >KECTKMX MOTOAHBIX YCJIOBUSX pasHULA MEXIy BHYTPEHHEH M Hapy>KHOU
temneparypamu MoskeT nocturath 40 °C u Oonee. PazHuua temmneparyp Mexay BHYTPEHHEH U
BHEIIHEl cpeJaMu MOXKeT MPUBOAUTH K BBbI3BAHHOMY TEIUIOBOMY HAIPsDKEHUIO BHYTpPU
CTEKJITHHBIX MaHeseld. B HEKOTOPBIX TskKeNbIX Cly4asx, HaIpUMep, KOTJa pasHUuLa TEMIIEepaTyp

cocrasisger >40 °C, BbI3BaHHOE TEIUIOBOE HAMpSKEHHE MOXKET IPHUBECTH K Ppa3pyLIEHUIO
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BAKyYMHOTO H3OJISIUOHHOTO ocTekieHus. s obecriedeHus: yCTOMYMBOCTH K 3TOMY
BBI3BAHHOMY TEIJIOBOMY HAINpPsDKEHUI0 MPEAyCMAaTPUBAINCH pPAa3Hble pEIIEHHs B JaHHOHN
0o0JacTH TEXHHUKH, TaKHE KaK yBEJIHMYEHHE TOJIIMHBI OOEMX CTEeKJSIHHbIX mMaHeneil. [[pyroe
pemenue npemanoxkeHo B nokymeHte JP2001316137, B kOTOPOM H3JI0KEHO, KAaK YJIYYIIUTb
BAKyYMHBI H30JSILHOHHBIN OJIOK OCTEKJIEHHUs Tak, 4YTOOBl HE Mpoucxoamia aedopmanus uiu
UCKPUBJICHHE, [a)XX€ €CIM CTEKJIsIHHbIE IIaHeNu IOABEPKEHbl BO3ACUCTBUIO CHJIBHOTO
conneuHoro ceera. B JP2001316137 onucaHo co3maHue OCTEKJIECHHs, B KOTOPOM BHYTPEHHsIS
CTEKJIIHHAsi MaHeNlb, pPAacHOJIOXKEHHAass Ha BHYTPEHHEH CTOPOHE, TOJIIE, 4Y€M BHELIHSAA
CTeKJIIHHasi MnaHenb. B ornmume ot sroro, B JP2001316138 ommcana NpOTHBOMOJIOKHASA
koHCTpykuuss VIG, B KOTOpOH BHEUIHsIsI CTEKJIsIHHAsl MaHelb, PACIOJIOKEHHAass Ha BHeEIIHeN
CTOPOHE, TOJIIE, YEM BHYTPEHHsS CTEKJIsIHHAs MaHeNb AN YJIY4YLIEHHBIX YAAPOCTOUKOCTH U
AKyCTUKH.

OnHako HU OOHO W3 PEUICHWH B AAHHOW OOJACTM TEXHHUKU HE PEIIaeT TEeXHHUYECKYIO
3a7a4y YJy4YlIE€HHs YCTOMYMBOCTH K BBI3BAHHOMY TEILUIOBOMY HANPSDKEHUID B BAKYYMHBIX
M30JISILMOHHBIX ~ OJIOKAX OCTEKJICHUS, TMPH 3TOM CTEKJISIHHbIE TIaHEIH MOJBEPraroTCs
BO3JICHCTBUIO Pa3HUILIBI TEMIIEPATYP MEXAY HAPYKHOW M BHyTpeHHel cpemamu. Kpome Toro, B
YPOBHE TEXHUKH HET pELIeHUs TEXHUYECKOW mpoOJeMbl HAINpPsDKEHHs, BbI3BAHHOTO
aTMOC(EepHBbIM JIaBJICHHUEM, B MECTAX Pa3MEIICHUS CTOEK, U JaKe TOrO, KaK CO3JaTh BAKYyMHBIH
U30JIILMOHHBIA OJIOK OCTEKJICHHUS, MPOSBISIIOIUN YIYYIIEHHYI0 YCTOMYHUBOCTD K 3STOMY
KOMOWHHUPOBAHHOMY BHEIIHEMY HANpsDKEHUIO, TOIAEPKUBAs MPU 3TOM TEIUIOM3OJLILIHIO C
BBICOKUMHU XapaKTEPUCTUKAMH.

3. KPATKOE OITMCAHUE U30OBPETEHUA

Hacrosmee n3o0pereHre OTHOCUTCS K BAKYYMHOMY M30JSIIHOHHOMY OJIOKY OCTEKJICHHUS
(VIG), mpoxopsimeMy BAOJb TUIOCKOCTH P, 00pa3oBaHHOM MpoaobHON OChI0 X M BEPTUKAJIBHON
OCbI0 Z, W HMeKUeMy WHpUHY W, H3MEPEHHYI0 BAOJb NPOAOJBHON ocu X, W JIuHy L,
U3MEPEHHYIO BIOJIb BepTuKaabHOU ocu Z. J{muna L VIG pasna wim Gosbine 300 mm (L > 300
mM). Takum obpazom, VIG comepkut crenyroruee:

a) IlepBasi cTexnsiHHas NaHeNb, UMEKOLIAs TOJWUHY Z1, W BTOpas CTEKJSHHAs
NaHejgb, MMeIoMmas Tommuuy Z2, npudeM Z1 Oombume Z2 (Z1>Z2), mpu 3TOM TOJIIHHBI
WU3MEPEHBI B HANPABJICHUH, MEPIEHAUKYJIAPHOM K IUIOCKOCTH P. TonmuHa BTOPOH CTEKISIHHOM

na"enu Z2 papHa wiu Oonbme 3 MM (Z2 > 3 MM), U OTHOUeHHe TOMIUMH Z1/Z2, TO ecTh
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TOJILIUHBI NEPBON CTEKJIAHHON MaHenu Z1 K TOJMIMHE BTOPOM CTEKJSHHOW MaHenu Z2, paBHO
i 6onbe 1,30 (Z1/22 > 1,30) u 6oneine Z1/(Z1 —2,10) (Z1/22 > Z1/(Z1 — 2,10).

IlepBast cTekisiHHAs MaHENb W BTOpas CTEKJSHHAs IaHeNb MPEICTABISIOT COOOH
OTOXCOKEHHBbIE CTEKJIIHHbIE TNaHenn u3 ¢uoar-crekya. IlepBas CTEKNIsHHAs IaHENb HMEeT
koa(pdument temoBoro pacmupenus CET1, a Bropas CTekjIsiHHas TaHEIb WMeEeT
koaddument teroBoro pacmmpenuss CET2, u abcomrotHas pasuuna CET1 u CET2
cocrasnsier e Gosiee 0,40 10°/°C (| CET1-CET2 | <0,40 10°/°C).

b) Habop oTnmenpHBIX pacmopok, pacIoJIOKEHHBIX MEXKIY NepBOH U BTOPOM
CTEKJSIHHBIMU NaHeNsAMH, TOAJEPKUBAIOIIUX PACCTOsHME MeXJIy TMepBOl U BTOpOH
CTEKJITHHBIMU MaHEJSIMU U 00pa3yIOLINX MacCuB ¢ maroMm A. Illar A HaxoxuTCsl B [UamnasoHe OT
10 MM 10 26 MM (10 MM <A <26 Mm).

c) I'epmeTnyHO coequHAOIIEE YIUIOTHEHHE, YIUIOTHSAIOLIEE PACCTOSHUE MEXAY
NEePBON U BTOPOM CTEKJIAHHBIMU MAHESIMU 110 UX [IEPUMETPY.

d) Bryrpennunii 06vem V, 00pa3oBaHHBII MepBOH U BTOPOH CTEKIISITHHBIME MaHEISIMU
1 HAOOPOM OTJENBHBIX PACTIOPOK M 3aKPBITHII repMETHYHO COSTUHSIIOIINUM YIUIOTHEHUEM, H IIPH
3TOM MMeeTCs BaKyyM ¢ abCOTFOTHBIM naBiieHrueM MeHee 0,1 mOap.

Hacrosmee n3o0peTeHne NOMOJHUTENBPHO OTHOCHUTCS K IEPErOpOIKe, OTHEISIOIIeH
MepBO€ MPOCTPAHCTBO C MepBOM TemmepaTypoir Templ, OT BTOpOro mpocTpaHCTBa CO BTOPOH
temniepatypoil Temp2, rne Templ Huxke, yem Temp2. YkaszaHHas Neperopoaka COIEPKUT
IPOEM, 3aKpPBbIBAEMBIH BAaKyYMHBIM H30OJSILIHOHHBIM OJIOKOM OCTEKJIEHHUS! COTJIACHO HACTOSIIEMY
n300pEeTEeHNI0, TPU 3TOM MPENNOYTHTEIBHO MEepPBasi CTEKJSIHHAS MaHeNnb oOpaleHa K MepBOMY
npoctpaHcTBy. Hacrosimee wu300peTeHHe MOMOJHUTENBHO OTHOCHTCS K INPUMEHEHHIO
BAKyYMHOTO H3OJIILIMOHHOTO OJIOKA OCTEKJIEHHS COTJIACHO HACTOSIEMY H300PETEHUIO IS
3aKpbITHS [TpOEMa TaKOH MEPEroOpoOaKH.

Jlpyrue acnexkThl U NPeuMyLecTBa BAPUAHTOB OCYLIECTBJIEHUs] CTAHYT OYEBUAHBIMHU U3
CJIEAYIOIIETO MOAPOOHOTO OMUCAHUSI, PACCMOTPEHHOTO BMECTE € MPUIIAraeMbIMH IrpaUIeCKUMU
MaTepuagamMH, Ha KOTOPbIX B Ka4ecTBe IpUMepa MPOMJUIIOCTPUPOBAHBI MPUHIIUIBI OMMCAHHBIX
BAPUAHTOB OCYLIECTBJICHU.

4. KPATKOE OINCAHUE N'PAOUYECKUX MATEPHUAJIOB

Ha ¢wur. 1 nokaszaH BHI B NMONEPEYHOM pas3pe3e BAKYYMHOTO H3OJIILMOHHOrO OJoKa

OCTCKIJICHUA COTJIACHO OJHOMY BapUaHTY OCYHICCTBJIICHUA HACTOALLCTO 1/1306peTeH1/m.
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Ha ¢ur. 2 nokazansl pe3yiapTaTbl MOJEIMPOBAHMS MO METOAY KOHEUHBIX 3JIEMEHTOB
KOPPENSUN  MaKCUMAJIbHOTO TeIuioBoro HampspkeHust (cAT  Max), pacCUMTaHHOTO Ha
crexkyssHHBIX naHessax npu t AT = 40 °C u T1<T2 B 3aBUCUMOCTH OT OTHOIIEHUS TONIMH Z1/72.

Ha ¢ur. 3 nHa 3areHeHHOl oO0jacTu TOKa3aHbl 3HAa4YeHWs OTHOweHws Z1/Z2 B
3aBUCUMOCTH OT Z1 COTJIaCHO HACTOSIIEMY U300PETEHHUIO.

5. HOAPOBHOE OITMCAHUE U30BPETEHUA

Lenpto  Hacrosimmero  HM300peTEHUs  SBJISAETCS  NPEAOCTABICHHE  BAaKyYMHOIO
U30JIIMOHHOTO OJIOKAa OCTEKJIeHMs (Jajiee B HACTOSIIEM JOKyMEHTe HasbiBaemoro VIG),
KOTOPBIM JEMOHCTPUPYET TEIJIOU30JALUI0 C BBICOKMMH XapaKTePUCTHUKAaMHU U YJIYyYIIEHHYIO
yCTOHYMBOCTh K KOMOHMHALIMM HANpsDKEHWH, BBI3BAHHBIX PA3HUIIEH TEMIIEPaTyp MeEXIy
BHYTPEHHEH M BHEIIHEH cpefiaMu B aTMOC(HEPHBIM JaBJICHUEM.

Heoxxunanno Obpuio OOHApPY»KEHO, YTO BAaKYYMHBIH HM3OJSIIMOHHBIN OJIOK OCTEKJIEHUs
HACTOSIIEro N300pETEHNs, €CIH SBJIIETCS] ACHMMETPUYHBIM, TO €CTh NIepBasi CTEKJISIHHASI TTAHETb
TOJIIIE BTOPOH CTEKJISTHHOH maHenu (Z1>Z2), u xapakTepusyercs KOHKPETHBIM OTHOLICHHEM
TomuuH (Z1/Z2) u NOTONHUTENBHO TIIATEIBHO PETYIHPYETCS B COOTBETCTBUH C KOHKPETHBIM
pasmepom (L), KOHKPETHOH TOJIIMHON BTOPOH CTEKISIHHOW mMmaHenu (Z2) W KOHKPETHBIM
UHTEPBAIOM  Mexny pacnopkamu (A), obecrednBaer Jy4IIyIO  yCTOHYHMBOCTH K
KOMOWHUPOBAHHBIM  HANPSDKEHUSM, YE€M COOTBETCTBYIOIIEE CHMMETPUYHOE BaKyyMHOE
U30JIIIUOHHOE OCTEKJICHNE C OTMHAKOBON OOIIeH TONIIIHO.

BakyyMHbII H30JILMOHHBIA OJIOK OCTEKJIEHHs] COTJIACHO HACTOSIIIEMY H300pPETEHHIO
Jianee B HACTOsILEM TOKYMEHTE Ha3blBaeTCs «acUMMeTpUUHbIM VIGY.

Hacrosmee n3obperenne OTHOCUTCS K BAKYYMHOMY M30JSIHTHOHHOMY OJIOKY OCTEKJICHHS,
0OBIYHO CoepIKaIeMy TIEPBYIO CTEKIITHHYIO NTAHENb U BTOPYIO CTEKIISTHHYIO NTAHEIb, CBSI3aHHbIE
APYT C IPYroM MOCPENCTBOM HabOpa OTHENbHBIX PACIOPOK, KOTOPBIE YIEPKUBAIOT YKa3aHHbIE
MaHEJU Ha OMPEIICIICHHOM PAacCTOSTHUU APYT OT Apyra, oObidHO B quamna3one ot 50 mxm mo 1000
MKM, TpeanouTuTesbHo oT S0 MM g0 500 mkMm, Oonee mpennourutenbo oT S0 MM go 150
MKM, U MEXJY YKa3aHHbIMHU CTEKJIIHHBIMU MaHeJsIMU BHYTPEHHEE NMPOCTPAHCTBO COAEPKUT IO
MeHbIIEH Mepe OHY MEPBYIO MOJIOCTh, B KOTOPOH MMEETCsl BAKYyM C a0COJIFOTHBIM JJaBJICHHUEM
meHee 0,1 mbap, mpuuyeM yKa3aHHOE NPOCTPAHCTBO 3aKPBITO NepUPEpUHHBIM TE€PMETHUHO
COCIUMHSIOIUM YIUIOTHEHHEM, pa3MELIeHHbIM Ha Tepu(eprun CTEKISHHBIX MaHeNled BOKPYT

YKa3aHHOT'O BHYTPEHHEr0 MPOCTPAHCTBA.
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Hacrosimee wn3o0peTreHne OTHOCUTCS K BaKyyMHOMY M3OJSIMOHHOMY Onoky (10)
OCTEKJICHHsI, TMPOXOISIEMYy BAOJb IUIOCKOCTH P, oOpasyemodl mnponospHOH oOChl0 X H
BEPTUKAJIBHON OCBIO Z, U UMEKILeMy IHUPUHY W, U3MEPEHHYI0 BIOJb NMPOAOIBHON ocHu X, U
anuHy L, u3MepeHHyI0 BAOJb BepTUKadpHOW ocu Z. [nuna L acummerpuynoro VIG
Hacrosmero nuzooperenus: pasHa win Oonpine 300 mm (L > 300 mm). B mpennoyrurenbHOM
BapHaHTe ocymecTsieHus nHa L acummerpuanoro VIG pasna minu 6onbire 400 mum (L > 400
MM), MpPEanoYTUTENbHO paBHa win Oonbmie 500 mm (L > 500 mm). B mpeamoyrurtenbHOM
BapHaHTe OCyIIeCTBIeHUs mupruHa W acuMmmerpudHoro VIG Hactosmero n3oOpeTeHus paBHa
win 6onsme 300 mm (W > 300 MM), npennouTHTenbHO paBHa wim Oonbire 400 mm (W > 400
MM), OoJiee mpeAnouTUTENbHO paBHa WK Oosbire S00 MM (W > 500 mMm).

Kakx mnokazano Ha ¢ur. 1, acummerpuunbii VIG (10) cormacHo HacTosImeMy

)
HU300pETEHUIO COIEPIKHT:

a) NEepBYI0 CTEKIsIHHYK maHenb (1), wumeromyro TommuHy Z1, W BTOpPYIO
CTEKJSIHHYK TaHenb (2), WMEIOUYI0 TONIMUHY Z2, TpH 3TOM TOJIIUHBI H3MEPEHbI B
HAIpaBJICHUH, IEPIICHANKYJIIPHOM K TUIOCKOCTH P;

b) Ha0Op OTHAENBHBIX pachopok (3), PacmoOJOKEHHBIX MEXKIy NepBOM U BTOPOU
CTEKJITHHBIMU  TaHEesIMH, TOJAEPKUBAIOIINX PACCTOSIHHUE MEXKAYy TMepBOH U BTOPOM
CTEKJITHHBIMU TIAHEJSIMH U 00Pa3yIOINX MAaCCHB C LIaroM A;

c) repMETHYHO COEMHSIONIeE YIIOTHEHHE (4), YIUIOTHSIOIEE MPOMEKYTOK MEKIY
NepBOI M BTOPOH CTEKJITHHBIMH IMAHESIMU TI0 UX TIEPUMETPY;

d) BHYTpeHHUI 00beM V, 00pa3oBaHHBIN NEPBOH M BTOPOH CTEKIISTHHBIMH aHEISIMU
1 HAOOPOM OTJENBHBIX PACIIOPOK M 3aKPBITHIM FEPMETHYHO COCTUHSIIOINM YIUIOTHEHHUEM, U TIPU
3TOM MMeeTCs BaKyyM ¢ abCONFOTHBIM naBiieHrneM MeHee 0,1 mOap.

B Hactosmmem wuzobperenun Z1 OGombme Z2 (Z1>Z2), Takum 00pa3oM OTHOLICHHE
TomuuH Z1/Z2 nis TOMIUHBI IEPBOH CTEKJISTHHON nmaHenu Z1 W TOJNLIUHBI BTOPOH CTEKJITHHON
na"enu Z2 pasHo umm Gosbime 1,30 (Z1/Z22 > 1,30) u BeimonHsiercs ypasHenue: Z1/22 > 71/
(Z1 —2,10). B nmpeano4YTuTenbHOM BapUaHTE OCYIIECTBICHUS OTHOIIEHUE TOMUNH Z 1/Z2 paBHO
wi Gonbme 1,55 (Z1/Z2 > 1,55), npenno4rurebHO HAXOauTCs B Auamna3oHe ot 1,60 mo 6,00
(1,60 <Z1/72 < 6,00), mpennoututenbho ot 2,00 no 4,00 (2,00 <Z1/72 <4,00).

B Hactosiinem m300peTeHnH TONMIUHA BTOPOH CTEKIISTHHON MaHenu Z2 aCUMMETPHYHOTO
VIG pasHa mmm 6osbiie 3 MM (Z2 > 3 mm). OOBIMHO TONIMHA BTOPOH CTEKIISTHHOHN maHenu Z2

MOKeT OBITh paBHA WM OoJibie 4 MM (Z2 > 4 MMm), paBHa nin OoJbiie 5 MM (Z2 > 5 MM) U naxe
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paBHa i Gosbine 6 MM (Z2 > 6 MMm) u Oyaer cocTaBiATh He Oonee 10 MM, MPENNOYTHTEIBHO
He Oomee 8 ™mm. OpnHako Ui yAYYIIEHHS YCTOMYMBOCTH K BBI3BAHHOMY TEILJIOBOMY
HAIPSKEHUIO MPEANOYTUTEIBHO COXPAHTh TOJNLINHY BTOPOH NaHenu Z2 MUHHUMAJIbHOM.

B  HactosmeM M300peTeHHMHM  HMHTEPBAN  MEXAY ~ OTACIBHBIMH  PAaCIOPKaMH,
pacCMOJIO)KEHHBIMU MEXJy I@epBOM M BTOPOH CTEKJISHHBIMH MaHENsIMH, U COXPaHEHUE
PACCTOSIHUSA MEXy MEPBOH M BTOPOH CTEKJSIHHBIMH NMAHEISIMHU, TaK)K€ HA3bIBAEMbIH LIArOM A,
HaxonuTcst B auamazoHe oT 10 mm 1o 26 mm (10 MM < A < 26 MM), NPERNOYTHTEIBHO LIar
HAxXOIUTCs B quanasoHe oT 15 MM 1o 25 Mm (15 MM < A < 25Mmm), Gosiee mpeanoYTuTensHo ot 20
MM 10 24 MM (20 MM <A <24 mm).

Hacrosimee wu3oOpereHHe OCHOBAHO HAa HEOXHIAHHOM OOHApy)KEHUH TOTrO, HYTO
ONTUMAaJIbHASl YCTOHYMBOCTh K KOMOWHHPOBAHHBIM BBI3BAHHOMY TEIJIOBOMY HAIPSDKEHUIO H
HANPSDKEHUSIM, BBI3BAHHBIM aTMOC(EPHBIM IaBIIEHHEM, MOJXKET IOCTUraThCsl MOCPENCTBOM
KOHpHUrypaunu acumMMmerpuyHoro VIG ¢ TImarenpHO onpeneieHHbIMU pa3MepaMu.

B nensx Hacrosmero n3oOpeTeHus mpu CO3AaHUN aCUMMETPUYHBbIX VIG y4uTHIBArOTCS
TOJIBKO HANpsDKEeHHE Ha pAacTsKEHHE Ha Hapy)KHbIX IOBEPXHOCTAX CTEKJISIHHBIX MaHeel.
JleliCTBUTENbHO, KAaK W3BECTHO CHEIMAJINCTaM B JAHHOH OONacTH, MMEHHO HampsDKEHHE Ha
pacTsDKEHHE MOXKET BbI3bIBaTb TPELIMHBI B CTEKJISHHBIX MaHENsAX MPHU JOCTHXKEHUM Ipenena
npoyHocTu. bonee Toro, y4duThiBaeTCs JUIIb HANpPsDKEHHWE HA PacTsDKEHHE Ha HapyKHOU
NOBEPXHOCTHU TaHenedl. HapyHble MOBEPXHOCTH MaHenel MpeacTaBIsSiOT cOOOH MOBEPXHOCTH
CTEKJITHHBIX MaHeNel, KoTopble oOpalneHs! kK HapyskHo# yactu VIG. BHyTpennuii oovem V VIG
HaxXOAMUTCA TOJ BaKyyMOM H, CJI€OBAaTeNbHO, MO CYTH HE COAep:kUT Boabl. Crenuanucry B
TaHHOH 00JaCTH XOPOIIO M3BECTHO, YTO BHYTPEHHHE MOBEPXHOCTHU TAHEJEH, T. €. T, KOTOPbIE
obOpamiensl Kk BHyTpeHHeMy oObemy V VIG, sBISIOTCS MO CymiecTBy Oojiee MeXaHHYECKU
YCTOWYUBBIMU B OTCYTCTBHE BOJASHOIO Napa.

BuI3BaHHOE TEIIOBOE HANPSIZKEHHE

BrI3BaHHOE TEMIOBOE HANpPSDKEHHWE BO3HUKAET IIPU HAJIWMYMM PA3HULBI TEMIEpaTyp
Mexay nepBoil crexssiHHOW manenbto (1, T1) u BropbiMu cTeknssHHBIMU maHemsiMu (2, T2) u
YBEJIINYMBAETCS ¢ yBenmudeHneM pasHuipl Mmexxay T1 u T2. Paznuna temneparyp (AT) siusiercs
aOCOMIOTHOW pasHuLed Mexay cpenHel Ttemmeparypoir T1, paccunTtaHHOW U1 TepBOM
crexyissHHOM nanenu (1), u cpennelt temnepatypor T2, pacCUUTaHHON AT BTOPOH CTEKISTHHOM
na"enu (2). CpeqHIO TeMIIepaTypy CTEKISTHHOM MaHeNN PaCCUNUTBIBAIOT, HCXOS U3 YNCIEHHBIX

MOHGHHpOBaHHﬁ, HU3BCCTHBIX CIICHUAINCTY B I[aHHOfI 00/1acTH TEXHUKH. BhI3BAaHHOE TEILJIOBOE
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HANpsDKEHWE CTAHOBHUTCS Aaxke Oojiee mpoOieMaTHYHBIM — BIUIOTh A0 paspymeHus VIG, xoraa
Takas pa3HULA a0COJIOTHBIX TEMIIEPATyp MEXIy CTEKISTHHbIMU naHensiMu nocturaetr 30 °C, u
naxe Oonee, korna abcoymoTHAs pa3HuLa Temreparyp Beime, yeM 40 °C B TSDKETBIX YCIOBHSAX.
TemmnepaTypa BHyTpeHHEH cCpenbl COCTaBiisieT, Kak mpaswio, oT 20 go 25°C, Torma kak
TeMIlepaTypa BHeELIHeW cpeabl MoxkeT BapbupoBaTbess oT -20 °C 3umoit go +35°C nerom.
CnenoBaresnbHO, pa3HULIA TEMIIEPAaTyp MeXJy BHYTPEHHEH cpenoil U BHeLIHeH cpenoil MoKeT
nocturatek Oonee yem 40 °C B Tsprenbix yenoBusix. CrnenoBatenbHo, pasHuna temmepatyp (AT)
MeXay cpenHeil temmeparypoit T1, paccyuTaHHOW i MepBOM cTekissHHOW manenu (1), w
cpenHeil Temnepatypoit T2, paccuuTaHHOW IJisi BTOPOW CTEKJITHHOW maHenH (2) TakKe MOKET
nocrurath donee yem 40 °C.

Br13BanHOe TeruoBoe HanpspkeHue Obuio paccuntano nmpu AT = 40 °C, ykassiBaromiei Ha
TsKEJIble YCJIOBMSI, U TPU STOM CpelHsAs TeMmIlepaTypa MepBON MaHeNu HUXKE, YEM CPEeaHss
temneparypa Bropoit manenu (T1 <T2).

Hacrosmee m3o0peTenne OCHOBAHO HAa HEOXKUIAHHOM OOHAPY)KEHUH, YTO YMEHBIIEHHOE
BbI3BAHHOE TEIUIOBOE HAINPSDKEHHE MOXKET OBITh JOCTUTHYTO MOCPENCTBOM TINATENIBHOTO
ompeneNeHuss pasMepoB KoHurypauuu acummerpudyHoro VIG, raoe ortHomenue Z1/72
TOJILIMHBI NIEPBON CTEKJISHHOW maHenau Z1 K TONIHMHE BTOPOU CTEKJIAHHON maHenu Z2 JOJIKHO
ObITh paBHO WM Oombme 1,30 (Z1/Z22 > 1,30) u Gonsuie Z1/(Z1 — 2,10), u npu 3TOM BTOpas
NaHeJb IMEET TOJIHNHY Z2, paBHYIO UiH Oosiee 3 MM (Z2 > 3 Mm).

JononHuTenpHO ObUIO OOHAPY)KEHO, YTO, YeM BbIIIE€ OyIeT OTHOLIEHHE TOJIIUH, TEM
Oospie OyneT CHIDKEHHE BBI3BAHHOTO TEIIOBOI'O HANPSDKEHMs, KaK ITOKa3aHo Ha ¢wur. 2,
n300pakaroIiell pe3yabTaTbl MOJENUPOBAHUS MO METOAY KOHEYHBIX 3JIEMEHTOB KOPPEISLIHH
MaKCHUMAaJIbHOTO TeIuIoBoro HarpspkeHus (GAT Max), pacCUUTaHHOTO AJIsl CTEKJISIHHBIX TTaHEeJ el
npu AT =40 °C u T1< T2 B 3aBUCHMOCTHU OT OTHOLIEHHS TOJMIUH Z1/Z2.

Ha ¢ur. 2 3HaueHne MakCUMalbHOTO BBI3BAHHOTO TEIUIOBOTO HAIPSDKEHUS SBJISIETCS
HAUBBICIIUM 3Ha4d€HHEM, MOJYUYEeHHbIM AJI NEepBONH U BTOPOMN CTEKJISIHHBIX naHeneil. Temnosoe
HaNpsDKEHNUE PACCUUTBIBAIOT MPU CIAEAYIOLINX YCIOBUSAX:

- temneparypa: AT = 40 °C. AT paccuntaHa kKak pasHHUIA TeMIIEpPaTyp MeEXAY
cpenHen Temmneparypoil T1 mepBoil CTEKJITHHON MaHENW U cpeaHeil teMmnepaTypoit T2 Bropoi
CTEKJISIHHOM NaHenu, Iie CpeldHss TeMmIepaTypa MepBOH MaHeNu HUXKEe CpeAHel TemmepaTypbl

Bropoii manenu (T1 < T2);
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- anmuHa L acummerpuynoro VIG cocrasisier 1000 MM u mupuHa W cocrasisier
1000 mMm.

- CTOMKHM pa3MeIleHbl HA PABHOMEPHOM KBaJPaTHOM MAaCCUBE,

- CTEKJITHHBIC TIAHEJH MPECTABISIOT COOOH OTOMXKEHHbIE CTEKJISIHHBIC TTAHEIH U3
¢oaT-cTeKia, BBIIOJHEHHbIE U3 HATPUEBO-KAJIBbINEBO-CUIIMKATHOTO CTEKJIA ¢ KOA(PPHUIIEHTOM
teroBoro pacumpenuss CTE, CTE = 8,5 10-6/°C, monynem HOwra E, E = 70ITla wu
IIyacconoBbIM OTHOLIEHHEM, W, L = 0,21;

- skcnepuMeHTanbHOe VIG ObUIO UCTIBITAHO CO CBOOOAHBIMU KPOMKAaMH, TO €CTh HE
PacroJIOKEHHBIMU BHYTPHU AOTOJHUTEIBHON OKOHHON PaMbl.

BeizBannoe TeruoBoe HampspkeHue (GAT) siBisieTrcss HamnpspKEHHEM, BBI3BAHHBIM HA
cTeKJIsIHHBIX naHensax VIG, korna ykasaHHbIEe CTEKJISSHHbIE NTAaHENU MOABEPraroTCsl BO3IEHCTBUIO
pPa3sHBIX TEMIIEPATYPHBIX YCJIOBUN. YUHCIEHHOE MOJEIUPOBAHUE WCHOJB3YIOT AJIA pacdera
TEIUIOBOTO HAMpPsDKEHHsT Ha Kaxaol creknsHHoN manenn VIG. Koneunosnementnas (FEA)
MOJENb TOCTYIMHOTO KOMMEpUYeCKH mporpaMMmHOro obecmeuenusi Abaqus2017  (panee
HaszbiBaemMoro ABAQUS) Obuia paspaborana mis monenupoBaHusi noeaenus VIG npu
MOJIBEPTaHUM BO3JEHCTBHIO Pa3HBIX TEMIIEPATYPHBIX yCIOBHHA. Pacuersl ObLIM MOJydeHBI A
CTEKJISIHHBIX MaHeJel, CHaOKeHHBIX pelleTkol ¢ momolnbto 3jaemeHToB C3D8R ¢ 5 Toukamm
UHTErpaluy Ha TOJIIMHY cTekia. Mcnonp3yeMblii o0mmuii pa3mep siueek coctaBmi 1 cM. UToOsl
noctuub AT cormacHo HacTosieMy U300pPETeHHI0, UCXOAHAS M TIOCTOSIHHASI TeMIieparypa Obuia
NpUMEHeHa K OOeHM CTeKJSIHHBIM IMaHENsIM, 3aTeM B OTHOLIEHHHM OJHOW M3 CTEKJISTHHBIX
naHenel ObUla OCYINECTBJIGHA BapHalys B TMOCTOSHHOW TeMIlepaType, TOTJa Kak apyras
CTEKJITHHAs1 MTAHEeNb NOJAAEePKUBANACh NIPU UCXOMHOU TeMrnepatype. MexaHn4eckoe COeIUHEHNE
MOMEUIEHO MEXAY ABYMsl CTEKJISHHBIMU MAHEISIMU AJI1 OKAa3aHUs PAaBHOMEPHOIO CMELIECHUs
IBYX KaCAIOIIMXCSI CTEKJIIHHBIX MOBEPXHOCTEH. Jlpyrue rpaHnvHble YCIOBUS ObUTH 3alaHbl IS
NPEIOTBPAIEHHsT IBMJKEHUS TBepAoro Ttena cOopku. TerminoBoe HampsoKeHHE, BBI3BAHHOE
pasHHLEeH Temmeparyp, ObUIO PacCUMTAHO HA KaXKIOM CTEKISTHHOW MaHeNad, W HauOobliee
3HA4YEHHUE U3 JBYX B35ATO B KAYE€CTBE MAKCHUMAJIBHOIO U BbIpaxaercs: B Mlla.

Ha ¢wur. 3 rpaduueckn mokaszaHo oTHomeHue TommuH Z1/Z2 B 3aBucumoctu ot Z1,
U3MEPEHHOW Ha CTEKJISTHHBIX MaHeNsX. Ha 3aTeHeHHOW o0jacTH MpencTaBjeHa KOHKPETHO
HeoOxonumas acummetpusi VIG Hacrosimero wusobOpereHusi, B kotopoi Z1/Z2 > 1,30
yIOBIETBOPsieT ypaBHeHuto Z1/722 > Z1/(Z1 — 2,10), u nipu 3tom Z1/Z2 < Z1/3 B cCOOTBETCTBUH

¢ TpebOBaHMEM, UTO TOJIIMHA BTOPOH NmaHenn Z2 nojpkHa ObITh OOJbIIe Wi paBHA 3 MM (Z2 >
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3 mm). Kak Oyzmer mokasaHo B ClEOyIOLIMX MpuMepax, acuMMmerpuuHblii VIG Hactosmiero
n300peTeHust oOecreurnBaeT 3HaUNTENIbHO YMEHbIIEHHOE MaKCUMAJbHOE BBI3BAHHOE TEIIOBOE
HaNpsDKEHNE HA CTEKJITHHBIX MaHeNsX B OTJIMYMeE OT COOTBETCTBYMOIEro cummerpudHoro VIG ¢
onMHaKOBOH 00miel TommuHoH (Z1 + Z2). Yem Bbime oTHOmEHUE TOMIUH Z1/Z2, Tem Oonblie
yMEHbIIIEHHE MAKCUMAaJIbHOTO BbI3BAHHOI'O TEIJIOBOTO HAMPSKEHMUSL.

HanpsizkeHue, BbI3BAHHOE aTMOC(epPHLIM AaBJeHHEM

B pononneHue K BBI3BAHHOMY TEIUIOBOMY HAIPSDKEHUIO, TAKXKE CIEAYET YYHUThIBATH
HANpsDKEHWE, BBI3BAHHOE aTMOC(EpHBIM JaBlieHHEM, 4ToObl ompenenuts pasmep VIG c
TeIJIOU30JsIueN ¢ BBICOKUMHU XapakTepucTukamu. IlTockonbky Mexay aAByMms naHensimu VIG
NOJIEP’KUBAETCST BaKyyM, aTMOC(EpHOE MaBJIEHHE BbI3bIBAET IOCTOSIHHOE HANpPSDKEHHE Ha
pacTsKEHHE Ha HapYKHBIX TOBEPXHOCTSIX CTeKJssHHOM maHenn VIG Ha kaxaom wmecte
pacrionoskeHus: croiiku. CrenuaancTy B TaHHOW OONACTH U3BECTHO, YTO ISl HEOONBIINX CTOEK
HaIpPsDKEHNUE HA PACTSDKEHME, BBI3BAHHOE CTOMKAMHU HA HAPYKHBIX MOBEPXHOCTIX CTEKJISTHHBIX
NaHeJe, He 3aBUCHT OT pa3Mepa MX BHELIHEH OKpyXHOCTH. ITon HeOONbIINMHU CTOMKAMH, Kak
MPaBUJIO, MOAPA3YMEBAIOTCS CTOMKH, HMEIOIIME MOBEPXHOCTb KOHTAaKTa CO CTEKJISIHHOMN
NaHeNnbo, OOpa30BaHHYID WX BHEIIHEH OKPY)XKHOCTBIO, PABHYIO WJIH MEHbIIE S5 MM2
NPEANOYTUTENBHO PABHYIO MIIM MEHbIIEe 3 MM2, OoJiee PeANOYTUTENbHO PAaBHYIO WIIM MeHbIne |
MM?. B Takux ciydasXx M O PABHOMEPHBIX MAacCHUBOB, OCHOBAHHBIX Ha CX€ME€ C
UCIIOJIb30BAHUEM DPABHOCTOPOHHEIO TPEYrOJbHUKA, KBAaApaTa WM LIECTUYIOJIbHUKA, TaKOe
HANpSDKEHNWE, BBI3BAHHOE aTMOC(EpPHBIM [aBJICHHEM, TAKXKE€ HA3bIBAEMOE HAIPSDKEHHEM Ha
pacTsKeHHe, MOJKET PACCUUTBIBATHCS 10 ClieAyrone popmye:

op <0,11x A%/t> [Mlla],

rne [A] u [t] SBASFOTCS COOTBETCTBEHHO MIATOM MEXKIY PacloOpKaMd M TOJIIIMHON
CTeKJIIHHbIX naHened. Ilox «marom» NOHUMAKOT CaMO€ KOPOTKOE PACCTOSIHHUE, OTACISOLIee
JaHHYK PAcIopKy OT JI00O# cocenHel K Hel pacmopku. B 9acTHOCTH, 1T paBHOMEPHBIX
MAaCCUBOB Ha OCHOBE KBaJpaTa, HAMNPSKEHHE HA PACTSKEHHUE SBJISIETCS] MAKCUMAJIBHBIM U,
CJIeIOBATENbHO, cOOMmogaercs cinenyromas popmyna: o, = 0,11x A%t [MIla].

bruto obnapyxkeHo, urto BHenpeHue acummerpun B VIG obecriednBaeT yMeHbIIEHUE
BBI3BAHHOTO TEIUIOBOTO HANPSLKEHMs, HO MOKET OTPULATENBHO MOBJUATH HA XapaKTEPUCTUKU
acummeTrpudHoro VIG B OTHOUIEHMM YCTOWYMBOCTH K HANpsKEHUIO, BbI3BAHHOMY

aTMOC(I)eprIM JaBJICHHUEM B MECTaX CTOCK. 310 YXYAHICHUE BbI3BAHO B OCHOBHOM TEM (I)aKTOM,
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YTO BTOpas CTEKJsAHHAas MaHenb acuMMeTpudHoro VIG ToHblle, yeM CTEKJIsSHHbIE MaHeNU B
COOTBETCTBYIOLIEM CUMMETPUIHOM VIG, KOTOPBIN HMEET TAKYIO JK€ OOIIYIO TOJLIHHY.

KoMOHMHHUPOBAHHOE HANIPSKEHHE

ACI/IMMGTDI/ILIHOG 10 CPpaBHEHHUIO C CUMMETPHUYHBIM (OTHOH_IeHI/Ie)

Kongurypanus acummerpuuHoro VIG, raoe otHomenue Z1/Z2 TomuuHsl Oojee TOJCTON
CTeKJITHHOW maHenn Z1 k Oojiee TOHKOH CTEKJITHHOW MaHenu Z2 JOJDKHO OBITh PaBHO HIIH
6ompme 1,30 (Z1/Z2 > 1,30) u Oompme Z1/(Z1 - 2,10), sBnsiercs NPEeBOCXOAHON IS
3HAYUTEJIBPHOTO YMEHBLICHHsS BBI3BAHHOTO TEIUIOBOTO HampspkeHust (¢pur. 2), HO O4YEHb
YXYIIIaeT HaMpsoKEHHe, BBI3BAHHOE AaTMOC(HEPHBIM JaBICHHEM, KOTOPO€ 3HAYUTEIbHO
YBEJIIMYMBAETCS] HA TMOBEPXHOCTH BTOPOH naHenu. OQHAKO HEOKHUAAHHO ObUIO OOHAPYKEHO, YTO
NyTeM TIIATEJbHOTO OIpefeNeHus pasMepoB acummerpuuHoro VIG myrem omnpeneneHus
MHUHHUMAaJbHONH TOJIIMHBI BTOPOM MaHeNW, MUHUMAaNbHON JJIMHBI U MaKCHUMAaJbHOIO lIara
COJIACHO HACTOSIIEMY H300pPETEHUI0, MOXXHO HANTH ONarompHuATHBIH KOMIIPOMHCC MEXKIY
YCTOWYUBOCTBIO K BBI3BAHHOMY TEIJIOBOMY HANpSDKEHUIO U HANpSODKEHUIO, BbI3BAHHOMY
aTMOC(EPHBIM IaBJICHUEM.

CrnenoBarenpHO, KOMOWHHMPOBAHHOE  HAIpsDKEHUE,  sABISIOINEECS  KOMOMHauuein
BBI3BAHHOI'O TEIIOBOTO HAMPSDKEHHS] W HANpPSDKEHUS, BBI3BAHHOTO aTMOC(HEPHBIM IaBJICHUEM,
3TO TO, YTO HEOOXOAMMO VYMUTBHIBaTh MpH omnpeneneHun pasmepoB VIG. Tepmun
«KOMOMHHMPOBAHHOE HANPSDKEHUE» MM «KOMOHMHALIMS HAIPsDKEHH» CleayeT MOHMMATh Kak
CYMMY BBI3BAHHOTO TEIUIOBOTO HAMpPSDKEHHS W HANPSDKEHHs, BBI3BAHHOTO aTMOC(EPHBIM
naBieHneM. bbuio oOHapyxkeHO, 4ro acummerpuuHbiii  VIG, pa3paboTaHHBIA COTJIACHO
HACTOSIIIEMY M300pETEHHUI0, IEMOHCTPUPYET YMEHBIIEHHOe KOMOMHHPOBAHHOE HANPSDKEHUE MO
CPAaBHEHHIO C COOTBETCTByIOIIMM cumMmerpuuHbiM VIG. CrenoBarenbHO, MOXeT OBbITH
ckoHcTpynpoBaH VIG ¢ eme OonplmMu pa3MepamMu W/HIH YCTOHYMBOCTBIO K eIe OOoJbLIei
pa3HHILIE TEMITEPATYP, MPU STOM OOECTICUNBAsI MPEKPACHYIO TETLIOM3OJISIIIHIO.

JlefiCTBUTENBHO, HajaJexalllee €CTECTBEHHOE OCBELEHHE BHYTPEHHUX IPOCTPAHCTB, B
YACTHOCTU 3JaHUM, SBJSIETCSl OAHMM W3 KJIIOUEBBIX NapaMeTpoB Ui CO3JAaHMs NMPUSTHOH U
3I0POBOM cpenbl IUIsi JiroAeil. JIHeBHOW CBET SIBSIETCS] BBI3BIBAIOLINM HAWOOJBINUNA HHTEPEC
HUCTOYHUKOM TaKOTO OCBEIICHHS, W BaXXHO, YTOOBI OOOJIOUKM 3[aHUN HMENn HEKOTOpbIE
NpO3payHble YacTH, YTOObI MPOIYCKATh 3TOT CBET BO BHYTPEHHEE NPOCTPAHCTBO 3IAHUSL
CnenoBaresbHO, HA PbIHKE CYLIECTBYET TEHACHLMS K YBEJIMYEHHIO pa3Mepa OKOH U MPO3pauHbIX

aBepel, mpu 3TOM TpedyeTcsl TeIUION30JISALHS ¢ BBICOKUMH XapakrepucTukaMu. ClenoBarebHo,
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CYIIECTBYET HEOOXOIUMOCTh B YBEJIMUEHUHU pa3Mepa BAaKYyMHOTO M3OJSILHOHHOTO OCTEKJICHHS.
UroObl BBIZEp:KATb Takue OONBILINE pa3Mepbl, MPENNOUYTUTENBHO YBEIHMYUTh MHUHHMAJIBHYIO
TOJIIIMHY TIEPBOM MaHeNu, 4ToObl BBIAEPIKATh BECOBYIO HATPY3KY, a Takke 4TOOBI 00ecneunTh
0oJpIIyl0 THOKOCTh TPU YBEIMYEHHHM OTHOIUIEHHUS TOJIIUH MEXKAYy NEepBOH H BTOPOM
CTEKJITHHBIMU TIaHESIMH U, TakuM oOpa3oM, 00eCnedHTh YJIYULIEHHYI) YCTOWYMBOCTh K
TEIIOBOMY HAIPSKEHUIO.

IlepBast crexisiHHas maHenb Z1 COTJacHO HACTOSAIIEMY H300pPETEHHIO, KaK IPaBHIIO,
MOXET UMEThb TOJILIIUHY, KOTOpasi BAPbUPYETCS B Auana3oHe oT 4 1o 25 MM, NPeAnOYTUTEIbHO
or 5 MM mo 19 mm, OGomee mpeamouturenpHo or 6 MM mo 10 mm. Kpome Toro, B
NPEANOYTUTEIBHOM BapHAHTE OCYINECTBICHHMS HACTOSINEro H300PETEeHHs TOJIIHMHA TEePBOU
na"enn acummerpuuHoro VIG Z1 pasHa wnu Gonpine 4 MM (Z1 > 4 MM), IPEANOYTUTEIHHO
paBHa nim Gombie S MM (Z1 > 5 mm), Oosee peAnoUTHTENBHO paBHa WK Oobine 6 MM (Z1 > 6

Kak moxazano B Tabmunax 1A u 1B HKe, KOMOMHMPOBAHHOE HANPSKEHUE BAKYYMHOTO
U30JIIIMOHHOTO OJIOKa OCTEKJIEHHS OJHOTO pa3Mmepa, COIEepIKallero OAWHAKOBBIE OTHENbHBIE
PacnopKH, PpAaCMOJIOKEHHbIE MEXAYy CTEKJISHHBIMM MaHENsAMM C OAMHAKOBBIM LIArOM, H
UMEIOIIEro OAHY OO0y Toamuny (= Z1 + Z2), OblJI0 pacCYUTaHO, KaK OMucaHo Bbime st AT
= 40 °C, u cpenHsis TeMmIlepaTypa MepBOH NaHENU HUXKE, YeM CpeAHssl TeMmIepaTypa BTOpPOi
naenun (T1 < T2) nna ABYX pasHbIX BAapUAHTOB OCYLIECTBICHMS. OIHA KOH(pUrypauus
npezacrasisier coboli cumMmeTpuusbiii VIG, rae mepBas u BTOpasi CTEKJISIHHBIC TAHETH UMEIOT
OIMHAKOBYIO TOJILIMHY, U BTOpas KOH(UTypamus npencrasiser coboil acummerpuunsiii VIG,

r7e TOJIIMHA MEepBOH CTEKISTHHOH maHenn Z1 Oosbine, YeM TOJIIMHA BTOPOH CTEKIISTHHOM

naHenu Z2.
Tabnnua 1A
CummMeTrpudHast KOHQUTYpALTHST AcummMmeTpuyHasi KOHQUTYpaLHsT
VIG (cpaBHUTENBHAS) VIG
(B pamkax uzobperenus)

Tonmuua Z1=5mm Z2=5mMm Z1=7wmm Z2 =3 MM
IMlar A =20 MM A =20 MM A =20 MM A =20 MM
OtHowenue Z1/72 1 2,33
TemmoBoe ocar=0MIla | car=9,15Mlla | car= 0 Mlla oar= 2,16 Mlla
HaTPSDKEHUE
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Hanpsoxenue op = 1,76 | 6p= 1,76 Mlla cp= 0,90 MIla | c,=4,89 Mlla
aTMocdepHOTO MIla

JaBJICHUSI

KoMOUHUPOBAHHOE | Gyoms Grom6 Gcomb Gcomb
HaPSKEHUE = 1,76 MlIla =10,91 MIIa = 0,90 MITa =7,05 Mlla

Kakx mnokazano B Tabmuue 1A, MakcMMalbHOe KOMOMHHMPOBAHHOE HAMPSIKEHUE,
noJiyueHHoe Jjist acuMmMmerpudHoro VIG HacTosmero nzobperenusi, ymeHbImioch 10 7,05 MITa,
TOrma Kak COOTBETCTByHOIMM cuMmMmerpudHbii  VIG nemoHcTpupyer ©Oojiee  BBICOKOE

MaKkcHUMaJibHOe KoMOnHUpoBaHHOe Hanpspkerne B 10,91 MIla mpu yCinoBUsAX HCIIBITAHMSL.
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Tabnuua 1B
CummerpuyHas KOHPHUrypauus AcuMMeTpuyHast KOHQUTyparus
VIG (cpaBHUTENBHAS) VIG
(B pamkax uzobperenus)

Tonmuua Z1=5mm Z2=5mMm Z1=7wmm Z2 =3 MM
IMlar A =26 MM A =26 MM A =26 MM A =26 MM
OtHowenue Z1/72 1 2,33
TemmoBoe car=0MIla | oar=9,15MIla | car=0 Mlla oar= 2,16 Mlla
HampsbKeHHe
Hanpsoxenue op = 2,97|cp=2,97Mlla op= 1,52 MIla | 6,= 8,26 MIla
aTMoc(hepHOTO Mlla
JaBJICHUSI
KoMOUHUPOBAHHOE | Gyoms Gcomb Gcomb Gcomb
HaPSKEHUE =2,97 Mlla =12,12 Mlla = 1,52 Mlla =10,42 MITIa

Kak moxkazano B Ttabmuue 1B, MakcuMaidpHOE KOMOMHHUPOBAHHOE HAIPSDKEHHE,
NOJIy4eHHOe Uit acumMmerpudHoro VIG  Hacrosimero wu300peTeHus, yMEHBLIWIOCh 10
10,42 MI1a, Torna kak COOTBETCTBYIOIINI cumMmeTpudHbiii VIG nemoHcTpupyet 6osee BBICOKOE
MaKCUMaJIbHOe KOMOMHUpOBaHHOE HanpspkeHue B 12,12 MIla mpu yCinoBUsSX NCIIBITAHMSL.

Kputuugoctn mara

Ha mnpumepe Hwke (tabnamuma 2) mNOKa3aHO, 4YTO KPUTHYHOCTH pasMepa Imara A
npeacTaBisieT coOOH HMHTEpBaj] MEXIY OTAEIbHBIMH PACIOPKAMHM, PACIOJIOKEHHBIMH MEXKIY
NepBOoi U BTOPOM CTEKJISTHHbIMU NAHENsAMU, M COXpPaHEHHE PpACCTOSIHUA MeXAy HHUMHU.
Heoxunanuo ObuUio OOHApPY:KEHO, YTO IMAr A HAXOMUTCS B Auamna3oHe oT 10 MM 1o 26 mm
SBJIIETCSI KPUTUYHBIM JJIsI TIOJYYEHHUs] NMPEUMYIIECTBA YMEHBIIEHHOTO KOMOMHHPOBAaHHOTO
HaNpsDKeHUs1 acUMMeTpuyHON KoH(purypanuu VIG Hacrosimero n3oOpeTeHus Mo CPaBHEHUIO C
COOTBETCTBYIOIIUM CUMMeTpUYHbIM VIG.

KoMOnHMpOBaHHOE  HampspkeHHE  OBUIO  PacCYUTAHO Uil CHMMETPUYHOTO U
acummerpuyHoro VIG, wumeromux pasmep 1Iara, BBIXOASINMA 3a TIPENeiabl 3HAYCHUM,
3asIBJIGHHBIX B HACTOsIIEM H300peTeHHH. BhI3BaHHOE TEIUIOBOE HANpsLUKEHWE W HATPSLKEHHUE,
BbI3BAaHHOE aTMOC(EPHBIM AaBJIeHHEM, ObUIO PACCUUTAHO KAK OMHCAHO BBIIIE MPU OJWHAKOBBIX

YCJIOBHUSIX.
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Tabauna 2
CummMeTrpudHast KOHQUTYpALTHST AcummMmeTpuyHasi KOHQUTYpaLHsT
VIG (cpaBHUTENBHAS) VIG
(cpaBHHTETBHAS)

Tonmuna Z1=35mMm 72 =35 Mm Z1="7wmm 72 =3 MM
IMlar A =32 MM A =32 MM A =32 MM A =32 MM
OtHowenue Z1/72 1 2,33
TemmoBoe car=0MIla | oar=9,15MIla | car=0 Mlla oar= 2,16 Mlla
HaTPSDKEHUE
Hanpsoxenue op = 4,50 cp=4,50Mlla cp=2,30MIla | 6,= 12,51 MIla
aTMocdepHOTO MIla
JaBJICHUSI
KoMOUHUPOBAHHOE | Gyoms Gcomb Gcomb Gcomb
HaPSKEHUE =4,50 MIIa = 13,65 MlIa =2,30 MIIa = 14,67 Mlla

Kak mokazaHo B Talmuue 2, MakCHMMajbHOE KOMOMHHMPOBAHHOE HAIPSDKEHUE,
nojyueHHoe s acummerpuadoro VIG, mocrturaer 14,67 Mlla, Torna kak COOTBETCTBYHOLIUMN
cumMeTpruHblii VIG mokaspiBaeT MaKCHMalIbHOE KOMOMHHPOBAaHHOE Hanpspkenue B 13,65 MITa.
CnenoBaresnbHO, B 3TOM NpUMepe MOKA3aHO, YTO BEJWYMHA 1Iara, paBHas WIM MEHbLIE 26 MM,
SIBJISIETCA KPUTHUYHOM ans acumMerpuuHoro VIG ans nydinero moBefeHHsl MO CPaBHEHUIO C
COOTBETCTBYIOIIUM cCUMMETpUYHBIM VIG ¢ onnHaKoBoM 001l TONIIHHOM.

Kpurnunoctn 7.2

B mpumepe Hmwke (Tabnmuma 3) NMpOMIUTIOCTPHUpPOBAHA KPUTHYHOCTH TOJIIHMHBI BTOPOH
naHenmu Z2. HeoxxupganHo ObLIO OOHApY:KEHO, YTO TOJIMHA Z2 BTOPOH CTEKIJISTHHOUW MaHEeH,
paBHas wiau Gosbiie 3 MM (Z2 > 3 MM), SIBIAE€TCS KPUTUYHOM JJIs1 TIOJyYEHUs] IPEUMYIIEeCTBa
YMEHBILIEHHOT0 KOMOMHHUPOBAHHOTO HAIPsDKEHHs acCUMMETpHYHOW KoHpurypauun VIG
HACTOSIIEro N300peTeH s 10 CPABHEHUIO C COOTBETCTBYIOIIUM CUMMETpHYHbIM VIG.

KoMOnHMpOBaHHOE  HampspbkeHHEe  OBUIO  PacCYUTAHO Uil CHMMETPUYHOTO U
acummeTrpuyHoro VIG, mpu 3TOM TOJILIMHA BTOPOW MaHENH BBIXOAUT 3a Mpefesibl Juana3oHa,
3asIBJIGHHOTO B HACTOSIEM H300peTeHnH. BhI3BaHHOE TEIUIOBOE HANPSDKEHHE M HANPSDKEHUE,
BBbI3BAHHOE aTMOC(EPHBIM JaBJICHNUEM, OBUIO PACCUNUTAHO, KaK OMHUCAHO BBILIE MPU OJUHAKOBBIX

YCJIOBHUSIX.
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Tabauna 3
CummerpudHass KOHpUrypanus | ACHMMETpUYHAsT  KOH(QUTYparus
VIG (cpaBHUTENBHAS) VIG
(cpaBHHTETBHAS)

Tonmuna Z1=35mMm 72 =35 MM Z1 =8 mm 72 =2 mMm
IMlar A =26 MM A =26 MM A =26 MM A =26 MM
OtHowenue Z1/72 1 4
TemmoBoe oar=0MIla | car=38,01 MIla | car= 0 Mlla oar= 0 MlIla
HaTPSDKEHUE
Hanpsoxenue op = 297 |0p=297Mlla |ocp=1,16MIla | cp,= 18,59 Mlla
aTMocdepHOTO MIla
JaBJICHUS
KoMOUHUPOBAHHOE | Gyoms Gcomb Gcomb Gcomb
HaPSKEHUE =2,97 Mlla = 10,98 MITIa =1,16 MIIa = 18,59 MIIa

Kak mokazaHo B Talmuue 3, MakcHMMajbHOE KOMOMHHMPOBAHHOE HAIPSDKEHUE,
NoJIlydeHHoe ansi acummerpuuHoro VIG, BeIxopsmee 3a mpenenbl 00beMa HACTOSILIETO
uzobperenus;, mocruraer 18,59 MIlla, Torma kak COOTBETCTBYHOLIUH cuMMeTpuuHbii VIG
MOKa3bIBAET MaKCUMaJIbHOE KOMOWHUpoBaHHOE HampspkeHue B 10,98 MIla. CrnenosarenbHO, B
3TOM IpPHUMEpPE MOKA3aHO, YTO TOJIIMHA BTOPOH maHenu Z2, paBHas Win OOJbine 3 MM, SIBJISIETCS
KPUTHUHON 111 acummerpudHoro VIG ang  nydinero mnoBefeHHsT IO CPaBHEHHUIO C
COOTBETCTBYIOIUM cUMMETPU4HBIM VIG ¢ onnHaKoBO#H 00melt TONIHHOMN.

eperopoaka

Acummerpuunbiii VIG corflacHO HacTosimeMy H300peTeHHIO OOBIYHO HCTIOJB3YETCS ISt
3aKpPBITHA TIPOEMa B MEPEropojKe, Kak HampuMmep B OJIOKaX OCTEKJIEHHs OOIIEro Ha3HA4YeHWS,
CTEHE IIOCTPOWKH, aBTOMOOWJIBHBIX OJIOKAX OCTEKJICHHS WM apXUTEKTYPHBIX OJoKax
OCTEKJIeHHs, 3JieKTpornpubopax W T. 1. Kak mnpaBmio, mneperopoika OTHENSIET BHEIIHEe
MIPOCTPAHCTBO OT BHYTPEHHETrO NPOCTPAHCTBA 37aHUsA. lIpeanodTUTENbHO, ACHUMMETPUYHBIA
VIG corjacHo HacTosmeMy H300pETEHHIO 3aKpbIBACT IPOEM IEPETOPONKH, OTACISIOIEH
BHEIIHEE MPOCTPAHCTBO OT BHYTPEHHErO MPOCTPAHCTBA, BCIEACTBUE 4YEro MepBas CTEKJITHHAS
na"enb acummerpuuHoro VIG ofpameHa K BHEIIHEMY NPOCTPAHCTBY. JTa NEPEropojka
OTAENSIET MEePBOE€ MPOCTPAHCTBO, XapakTepusyrolieecs nepBod Temneparypod Templ, ot

BTOPOTO MPOCTPAHCTBA, XapaKTePU3YIOLIerocs BTopor temneparypor Temp2, mpu stom Templ
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Hike Temp2. Temneparypa BHYTpEHHEro NpOCTPAaHCTBA, KaK MPaBUIO, cOcTasisteT OT 20 no
25 °C, Torza kak TeMIieparypa BHEIIHEro IpOCTPaHCTBa MOXKeT BapbupoBaThes oT -20 °C 3umoit
no +35 °C nerom. CnenoBaTenbHO, pasHULA TEMIIEPATYP MEXy BHYTPEHHUM MPOCTPAHCTBOM U
BHEIIIHUM TPOCTPAHCTBOM, KaK MPaBUIIO, MOKET AocTurath oosiee 40 °C B TSIKENBIX YCIOBHUSX.
Temneparypa (T1, T2) xaxmol crexistHHOM maHenn acummerpuunoro VIG  coriacHo
HaCTOsIIEeMy U300peTeHuto, Oyaer oTpaxkath Temneparypy (Templ, Temp2) cooTBeTCTByIOMIETO
npocrpancTBa. Ecnn acummerpuuHeiii VIG cornacHo HactosimeMy H300pEeTEHHIO PACIOIONKEH
TaK, YTO €ro IMepBasl CTEKJSTHHAs MaHesdb oOpaleHa K MepBOMY MPOCTPAHCTBY, TEMIIEpaTypa
(T1) ykasaHHOUW mepBOH CTEKISIHHOW maHenu otpakaer temmeparypy (Templ) mnepsoro
npocrpaHcTBa, W Temneparypa (T2) BTOpOil CTEKISIHHOW MaHETH OTPaKaeT TeMIIEpaTypy
(Temp2) BTOpOTO MpOCTPAHCTBA U HAOOOPOT.

Bri3BaHHOE TemoBO€ HANpsDKEHHE BO3HUKAET MPU HAJIMYMK PasHULBl TeMIlepaTyp
MeXay nepBoi crekysiHHON manenbto (1 u T1) u BropbiMu cTeKNIIHHBIMU naHessiMu (2 1 T2) u
yBEJIMUMBAETCS ¢ yBenudeHueM pasHuibl Mexxay T1 u T2. Pasuuna temneparyp (AT) siBnsiercs
aOCOMIOTHOW pasHULed Mexay cpenHeidl temmeparypoit T1, paccunTtaHHOW U1 TepBOM
crexyissHHOM manend (1), u cpenneit remnepatypoii T2, paccyuTaHHON AT BTOPOH CTEKJITHHON
na"enu (2). CpeqHIO TeMIIepaTypy CTEKISTHHOM MaHeNN PaCCUNUTBIBAIOT, HCXOS U3 YNCIEHHBIX
MOJIETUPOBAHUH, U3BECTHBIX CIIELUANNCTAM B JaHHOW OONACTH TEXHUKH. BBI3BaHHOE TEIIOBOE
HANpsDKEHWE CTAHOBHUTCS Aaxke Oojiee mpoOieMaTHYHBIM — BIUIOTh A0 paspymeHus VIG, xoraa
Takas pasHuIa abCONIOTHBIX TEMIIEpaTyp MEXKAY CTEKISIHHBIMH naHeisimu pocruraer 20 °C u
CTaHOBUTCS KPHUTHUYHBIM, KOraa Takas abOconoTHas pasHuma temneparyp Beime 30 °C u
nocturaet 40 °C B TSDKEJNBIX YCIOBUSIX.

B npennoutuTenbHOM BapuaHTe OCYyLIeCTBJIEHUs acuMMerpuuHoe VIG coriacHo
HACTOSIEMY HM300pPETEHUIO  3aKphIBAET IMPOEM  MEPEeropoAKH, OTHENSIONIeH  IepBOe
MPOCTPAHCTBO € MepBON Temmepatypod Templ OT BTOPOro mnpoOCTpaHCTBA CO BTOPOH
temneparypor Temp2, npu stom Templ Hmxke, yem Temp2. Ilepsast crekisiHHAas nNaHelb
acummerpuyHoro VIG oOpaieHa kK mepBOMy NPOCTPAHCTBY Tak, 4TO TommuuHa Z1 mepBoit
na"enu (1) Oonbine, yem TommmHa Z2 BTOpOH maHenw (2), koTopas oOpalleHa K MepBOMY
NPOCTPAHCTBY, UMeromemMy Oosee HU3KyKO Temmeparypy (Templ), uem temmeparypa BTOPOTO
npocrpanctBa (Temp2). [edicTBuTenbHO, OBIO OOHApy>KEHO, YTO Ui MAaKCHMAJIbHOTO
YBEJIMYCHUSI TEXHUYECKUX TNpeuMyinecTs acummerpudHoro VIG Hacrosimero u3oOpereHus

NPEANOYTUTENBHO TIOABEPTaTh MEPBYI0 CTEKJIsIHHYI0 maHenb (1) ¢ TommuHON Z1, KOoTOpas
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OoJbIIIe, YeM TOJIIIMHA BTOPOH CTEKJISTHHON MaHem Z2, BO3AEUCTBHIO «XOJIOHOW CTOPOHBD), TO
€CTb ITPOCTPAHCTBA, UMEIOLIETO caMyro HU3Kyro Temmneparypy (Templ).

Hacrosimee wu3o0OpereHne Takke OTHOCUTCS K TNPUMEHEHHIO ACUMMETPHYHOTO
BAKyYMHOTO M3OJISILIHOHHOTO OJIOKA OCTEKJICHHs, KaK OMPENENICHO BBILIE, ISl 3aKPBITHS IIpoeMa
MepPEeropoaKH, OTAENSIOLIEN epBOe MPOCTPAHCTBO C NepBor TemnepaTypoit Templ ot BTOpOro
MPOCTPAHCTBA CO BTOpoW Temneparypoid Temp2, mpu stom Templ nmxe Temp2, u npu 3T70M
nepBas CTEKJSTHHAsl MaHeab oOpalmeHa K MEepBOMY MPOCTPAHCTBY, MPENNOYTHTEIBHO IEpBast
CTEKJITHHAsI TTaHeNnb oOpalieHa K BHEITHEMY IIPOCTPAHCTBRY.

CTEKVIAHHBIE HAHEJIN

IlepBast 1 BTOpass MaHEIM BAaKyyMHOI'O H30JSIIHMOHHOrO Onoka ocrtekienus (VIG)
COTJIACHO HACTOSAIIEMY M300PETEHHIO MPEACTABISIFOT COOOH OTOMOKEHHbIE CTEKJISTHHBIE TaHEIH
u3 (noar-crexna (1, 2). Ilon TepMUHOM «CTEKJIO» B HACTOSIIEM NOKYMEHTE TOHUMAIOT JFOOOMH
TUI CTEKJIA MJIM SKBHBAJEHTHOTO MPO3PAYHOTO MaTepHaja, TAKOro KaKk MHUHEPAJIbHOE CTEKJIO
WA OPTaHUYeCKOe CTEeKIo. Mcmonmp3yeMoe MUHEpPaIbHOE CTEKJIO MOKET IMPENCTaBIATh COOOH
HE3aBUCHMO OJIMH WJIM HECKOJIbKO M3BECTHBIX THIIOB CTEKJA, TAKUX KaK HaTPHEBO-KaJIbLINEBO-
CHJIUKATHOE, AFOMOCHITUKATHOE 12001 OOpOCHIINKATHOE, KPHUCTAJLUTHIECKOE u
NOJIMKPUCTAITHYECKOE CTEKJI0. 1107 TEPMIUHOM «CTEKIISIHHAS TTaHEe b U3 (JI0aT-CTeKJIa» CIeayeT
NOHUMATh CTEKJISIHHYIO MaHeNlb, COPMHPOBAHHYIO MOCPENCTBOM (IoaT-mpouecca, KOTOPBIHA
XOpOLIO M3BECTEH W3 YpOBHS TexHUKH. CTEKIsTHHBbIE MaHenu U3 (roar-CTeksia NMpenjiararoT
0oJiee HU3KYI0 CTOMMOCTB MTPOU3BOJICTBA.

IlepBast crekisiHHas maHenb uMeer koddduument teruosoro pacumpenus CETI, u
BTOpasi CTEKJsIHHAS NaHenb uMeeT KoddpduumeHt TteroBoro pacumpenuss CET2, Takum
obpaszom, abcomrotHast pasauna mexkny CET1 u CET2 pasHa winn cocrasnsiet He 6osiee 0,40 10-
6/°C (| CET1-CET2|<0,40 10-6/°C); npenmourtutensuo He Gonee 0,30 10-6/°C (| CETI-
CET2 | <0,30 10-6/°C), Oonee mpeANOYTUTENLHO paBHA MIIH cocTaisier He Oosee 0,20 10-6/°C
( | CETI-CET2 | <0,20 10-6/°C). B nneanbHOM BapuaHTe, MepBast U BTOPAsi CTEKJITHHbIE MTAHEIH
UMEIOT OIMHAKOBBIN KO3((HUIIUEHT TETUIOBOro pacmupenus. TepMuH «ko3pPuuueHT TerioBoro
pacmupenusi» (CTE) mpencrasnsier coboil Mepy TOro, kak pasmep OOBEKTa MEHSETCS C
U3MEHEHHEM TeMIIepaTypbl. B 4acTHOCTH, OH SIBNIIETCS MEPOH OTHOCHUTENBHOTO H3MEHEHHSI
o0beMa CTEKJSIHHON NaHeNN NPH W3MEHEHHH TEeMIIepaTypbl Ha Tpaayc MpH TOCTOSTHHOM

JaBJICHHH.
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Kak wu3BecTHO crenuamictaM B JaHHOHW OOJNACTH, CTEKJIO SBJISETCS YIOPYTUM
MaTepHalioM, O CYIIECTBY Xapakrepusyromumcs ceouM moxayiem lOnra E, u IlyaccoHOBBIM
otHomeHneM L. Monyne FOHra sBnsiercs Mepoi yHpyrocT, TakuM o0paszoMm, OoJblLIne
3HAYEHMs] YKA3bIBAIOT Ha CTEKJA, KOTOpPble BPSAA JIK Ae(GOpPMHPYIOTCS TOJ MpPUIIaraeMbIM
HanpsbkeHneM. Tunuusele 3HadeHHs Monyiss FOHra 1uisi COCTaBOB HATPHEBO-KaJbLIIEBO-
CHJIMKATHOTO CTEKJIA, aJFOMOCHJIMKATHOTO CTEKJIa WM OOPOCHIIMKATHOTO CTEKJa, HAXOAATCS B
mananaszoHe ot 60 o 120 I'Tla (60 I'Tla < E < 120 I'Tla). B yacTHOCTH, HAaTpHUEBO-KaJIbIIUEBbIE
KOMIIO3ULIUH CTEKJIa JEMOHCTPUPYIOT 3HaueHne Moyt FOHra, kak mpaBuiio, B [uamnasoHe ot 69
no 72 TTla (60 I'Tla < E < 72 I'Tla). Koagppuumenr Ilyaccona sBnsiercs mepoit sddexra
IlyaccoHa, SIBJISIOLIETOCS SIBJICHHEM, NPH KOTOPOM CTEKJIO CTPEMHUTCS K PACIIUPEHUIO B
HANpPABJICHUAX,  MEPHCHANKYJSIPHBIX  HANPAaBJICHUIO  CXKATHA.  |WNUYHBIE  3HAYSHHS
ko3pduumenra Ilyaccoma s COCTAaBOB  HAaTPHUEBO-KAJbIMEBO-CUJIMKATHOTO  CTEKJIA,
ATFOMOCHIIMKATHOTO CTEKJIAa MK OOPOCHIIMKATHOTO CTEKJIa HaxOauTcs B AuanaszoHe oT 0,18 mo
0,30 (0,18 < u < 0,30). B wacTHOCTH, COCTaBbl HATPUEBO-KAJBLIUEBOTO CTEKJIA MPENCTABIISIOT
3HaueHus ko3ddunmenta Ilyaccona, kak mpasmwio, B nuanaszoHe ot 0,18 mo 0,23 (0,18 < pu <
0,23).

TepMuH «OTOXKEHHAs CTEKJSTHHAs IaHeIb» CIeNyeT MOHUMAaTh, KaK O3HAYAOLIH
CTEKJITHHYIO TaHeJb, BBIMOJHEHHYIO IMyTEM MEIJICHHOTO OXJAKACHUS TOPSYUX CTEKIJISHHBIX
naHesnen nmocyie ux GOpMUPOBAHUS, YTOOBI BLICBOOOANTH OCTATOYHBIE BHYTPEHHHUE HATIPSKEHHUS,
MIOJIYYE€HHBIE BO BPEMS H3TOTOBJICHUS.

CrexnsiHHbIE TaHemw W3 (roaT-cTekia HeoOs3aTebHO MOTYT HMETh ULIN(OBAHHbIE
kpomkn. IllnudoBaHne KpOMOK MpeBpaliaeT OCTpble KPOMKU B TJIAKHE KPOMKH, KOTOpBIE
HaMHOro Oe3omacHee mJsl JIrOneH, KOTOpble MOTYT KOHTAKTHPOBAaTh C BaKyyMHBIM
U30JIIIUOHHBIM OCTEKJIEHHEM, B YACTHOCTH, C KPOMKOH OCTEKIICHHSI.

[IpennouTUTENpHO, COCTAB JIsl IEPBOM U BTOPOH CTEKJISIHHBIX MaHeNed u3 ¢oar-cTexna
acumMerpuyHoro  VIG  cormacHO HacTosieMy HM300PETEHHIO  COAEPIKHT  CIEAYHOIIHe
KOMIIOHEHTHI B BECOBBIX NMPOLIEHTAX, BHIPAKEHHBIX OTHOCHTENBHO OOILIEro Beca CTeksa (CpaBH.
A). bonee mpeanmouTUTENILHO COCTaB CTekja (CpaBHeHue B) mpencramisier co0oil HaTpUEBO-
KaJIbLINEBO-CUJIMKATHBIA THIT CTEKJIa C OCHOBHOM CTEKJITHHON MaTpULIEH COCTaBa, COAEPIKaIlero
CJIEAYIOIINE KOMIIOHEHThI B BECOBBIX IPOLIEHTAX, BBIPAXKEHHBIX OTHOCHTENBHO OOINEro Beca

CTCKJIA.
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CpasH. A CpasH. B

Si102 40-78 % 60-78 %

Al203 0-18 % 0-8 Bec.%,
NPENNOYTUTEIBHO 0-6
Bec.%

B203 0-18 % 04 Bec.%,
NPENNOYTUTEIBHO 0-1
Bec.%

Na20 0-20 % 5-20 Bec.%,
NPENNOYTUTEIBHO 10-20
Bec.%

CaO 0-15 % 0-15 Bec.%,
NPENNOYTUTEIBHO 5-15
Bec.%

MgO 0-10 % 0-10 Bec.%,
NPENNOYTUTEIBHO 0-8
Bec.%

K20 0-10 % 0-10 Bec.%

BaO 0-5 % 0-5 Bec.%,
NPENNOYTUTEIBHO 0-1
Bec.%.

Jpyrue npeanouTUTENbHbBIE COCTABBI CTEKJIA U1 IEPBOMl U BTOPOH CTEKJISTHHBIX MaHeNeH
u3 (¢noar-crekna acummerpuuHoro VIG cormacHo HacrosimeMmy H300pPETEHHIO COnepKat
CIIeyIOIHUe KOMIIOHEHThI B BECOBBIX MPOLIEHTAX, BBIPAKEHHBIX OTHOCHUTENILHO OOIINEero Beca

CTCKJIA.
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Cpasn. C Cpasn. D Cpasn. E
65 < S102 <78 Bec.% 60 <Si102 <78 % 65 <8102 <78 Bec.%
5 <Na20 <20 Bec.% 5 <Na20<20% 5 <Na20 <20 Bec.%
0 <K20 <5 Bec.% 0,9<K20<12% 1 <K20 <8 Bec.%
1 < AI203 < 6 Bec.%, 4,9 <AIR03 <8 % 1 <AI203 <6 Bec.%

npennoututebHo 3 < Al203

<5%

0 <Ca0 < 4,5 Bec.% 0,4 <Ca0<2% 2 <Ca0O <10 Bec.%
4 <MgO <12 Bec.% 4 <MgO<12% 0 <MgO < 8 Bec.%
(MgO/(Mg0O+Ca0)) > 0,5, K20/(K20+Na20):
npeanoyturenbno 0,88 < 0,1-0,7.

[MgO/(MgO+Ca0)] < 1.

B wyacTHOCTH, mpuUMepbl COCTaBa AJisI OCHOBHOM CTEKJITHHONH MaTpHULIbl HACTOSLIETO
U300peTeHus1 OMUCaHbl B MyONUKAUAX 3asBOK Ha mateHT corjiacHo PCT WO2015/150207A1,
WO2015/150403A1, WO2016/091672A1, W0O2016/169823A1 u WO2018/001965 Al.

Jpyroi npeanoyYTUTeNbHbIA COCTAB CTEKJIA ISl IEPBOM M BTOPOU CTEKJISIHHBIX MaHeNel
u3 (noar-crekia acummerpudHoro VIG no HacrosimemMy H300peTeHHIO CONEPIKUT CIeNyoIee B
BECOBBIX MPOIEHTAX, BhIPAYKEHHBIX OTHOCUTEIBHO OOIIEero Beca CTeKIa:

Si02 60-78 %,

Al203 0-8 %,

B203 0-4 %,

Na20 5-20 %, npegnouturensrao 10-20 Bec. %,

CaO 0-15 %,

MgO 0-12 %,

K20 0-10 %,

BaO 0-5%.

CrexisiHHBIE TAHENMH MOTYT HWMETh OJWHAKOBBIE pPa3Mepbl WM pPa3Hble pa3Mepbl H
oOpa3oBbIBaTh TEM caMbiM cTyneHuaTeii VIG. B mpennouTureasHOM BapuaHTe OCYIIECTBICHUS
HACTOSIIEr0 M300peTeHHs] TepBasi U BTOpasl CTEKJISIHHBbIE MaHenn u3 (ioaT-cTeKsia CONEpKaT
MEepBbIC U BTOPBIE MepudepruiiHbie KPOMKH COOTBETCTBEHHO, U IIPU 3TOM TepBbIe neprdepuiinbie

KPOMKH YIJIyOJIEHBI OTHOCHUTENIBHO BTOPBIX NEepUPEPUNHBIX KPOMOK, WJIH TPH 3TOM BTOPBIE
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nepudepruiiHple KPOMKH YIJIyOJEHbl OTHOCHTENBHO IEPBBIX MNepH(PEepUiHbBIX KPOMOK. JTa
KOH(pHUTypauus Mo3BOJISIET YBEIMUUTh POUYHOCTb T€PMETUYHO COSTUHSIIOINErO YIUIOTHEHNUS.

B VIG nepBas cTexisiHHas MaHedb MMEET BHYTPEHHIOK MOBEPXHOCTH (12) manenw u
HApyKHYIO moBepxHOCTh (13) maHemu. Bropas creknsHHas mNaHeNb HMEET BHYTPEHHIOIO
NOBEPXHOCTh (22) maHenu W HApPYXKHYK MOBepXHOCTh (23) manemn. IlepBas u BTOpas
BHYTPEHHHUE MOBEPXHOCTHU NaHejeld oOpameHbl K BHYTPEHHEMY 00beMy V acHMMETPHYHOTO
VIG. IlepBast u BTOpast Hapy>KHbIE IOBEPXHOCTHU NaHesel oOpaiieHsl K BHelrHel yactu VIG.

B HekoTOpBIX BapHaHTax OCYIIECTBJIECHUS HACTOSINEro M300peTeHHs TUICHKH, TaKUe Kak
HU3KOOMHUCCHOHHBIC TUIEHKH, COJIHIIC3AIUTHBIE TUIGHKU (TUICHKH, OTPAaKAIOLINE TEIUIOBbIE
Jy4H), TPOTUBOOTPAKAIOIINE IIJICHKH, MPOTUBOTYMAHHBIE IUJICHKH, MPEANOYTUTENbHO TUICHKA,
OTpa’KarolIast TEIUIOBBIE JIyYH, HJIM HUI3KOSMHUCCHOHHAS IUIEHKA, MOTYT OBITh MPENyCMOTPEHBI Ha
[0 MEHBIIEH Mepe OJHOW M3 BHYTPEHHHMX mNoBepxHocTell (12, 22) maHenw W/MiIM Hapy KHBIX
nosepxHocTed (13, 23) manenu mnepBoil w/mmm Bropoil mamened (1, 2) u3 ¢roar-cTexna
BAKyyMHOro m3ojsiquoHHoro Omoka (10) ocrexkyeHus. B mpennmouyTHTENbHOM BapHUaHTe
OCYILIECTBJIEHHs] HACTOSIIETO M300PETEH s, KaK MOKa3aHo Ha (ur. 1, BHyTpeHHUE MOBEPXHOCTU
(22) Bropeix maneneit (2) u3 ¢umoar-crekna acummerpudHoro VIG cHaOXeHBI IJIEHKOH,
OTpaKaIOLIEeH TETIOBBIE JIY4H, WIIH HUI3KO3MHUCCUOHHON TUIEHKOH (5).

MHOTI'OCJTOHHASI CEBOPKA

B oxgHOM BapmaHTe OCYLIECTBIIEHHs] HACTOSIIErO U300PETeHUsT Hapy’KHAs MMOBEPXHOCTH
NepBOil W/HMIIM BTOPOW CTEKJSIHHOM TMaHENH MOXKET OBITh AONOJHHUTEIBHO HACIOEHa Ha IO
MeEHblIel Mepe OAMH JIUCT CTeKja IMOCPEACTBOM IO MEHblIel Mepe OAHOro MOJUMEPHOIro
IIPOMEXKYTOUHOTO CJIosl, 00pa3ysi MHOTOCIOHMHYI0 COOpKy, Ui COOTBETCTBHUS IPaBUJIAM
OezonacHOCTH. MHOTOCIIONHOE CTEKJIO SIBJISIETCS TUIIOM YAAPONPOUYHOIO CTEKJIA, KOTOPOe He
pacceimaercst npu pa3duBaHuMu. B ciydae paspylieHuss OHO YIOEPKHBAETCS Ha MECTe
TEPMOIUIACTHYHBIM TPOMEKYTOUHBIM CJIOEM MEXKAY €ro ABYMsl MM Oojiee CIOSIMH CTEKIa.
IIpomexxyTOUHBIN CJION COXpaHsieT CJIOU CTeKJa COeIUHEHHBIMHU Jake MPU pa3pyLIeHUH, U ero
BBICOKAs! IPOYHOCTD MPENOTBPAINAET Pa3pyIIEHUE CTEKIa Ha OOJNBIINE OCTPBIE KYCKH.

B mHorocnoitHo# cOopke Mo MEHbLIeH Mepe OMH JICT CTEKJIa MPENNOUYTUTEIHbHO HMEET
TOJNIIMHY ZS, paBHY!0 wiu Oosbmme 0,5 MM (Zs > 0,5 mm). TonmuHa u3MepeHa B HapaBJIeHUH,
NEePNEHANKYJIAPHOM IUIOCKOCTH P. IIo MeHblnell Mepe OAWH NOJHUMEPHBIA MPOMEKYTOYHBIN
cyoil mpeacrasisier coOOi MPO3pavyHbIi MIIH MOJYNPO3PAYHBIA MPOMEKYTOUHBIH TOJTUMEPHBIH

CJIOW, coaep:Kalluid MaTepuaj, BbIOPaHHBIA W3 TPYIIbL, BKIIOUAIOUIEH STUJICHBUHIIALETAT
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(EVA), nomumzoOytmnen (PIB), mnomuBunmnOyrupans (PVB), mnomuyperan (PU),
noymBuHUIXJI0pUABl (PVC), mommadupsel, cononumadupel, monmanerand, UKIOOJE(UHOBBIC
nosumepsl (COP), noHOMep W/UiH aKTUBUPYEMBIH YIbTPAPHOIETOM KIeH U Ipyrue, N3BECTHbIE
B 00macTM TNPOM3BOACTBA MHOTOCIOWHBIX CTeKOJ. Takke NOAXOMIIIMMU MOTYT OBITh
CMEIIaHHbIE MaTepHajbl, B KOTOPBIX HCIIOJB3yeTCs Jr00as COBMECTUMAas KOMOHMHALMS 3THX
Marepuanos. [Jlnsg ynydileHWs OSKCIUTyaTaALMOHHBIX XAapAaKTEePUCTHK OKHA WIH JBEPU C
KOHIIETIIIMEH HACTOSIIEro HW300peTeHUs] TakKe MOXKET OBITh COBMEIIEHA YCHUJICHHAs
3BYKOU3OJISALIMSL C MOMOILIBIO CTEKJAa CO 3BYKOU3OJSILIMOHHBIM TNOKpBITHEM. B 3TOM ciydae
MPOMEKYTOUHBIN MOJUMEPHBIA CJIOW COAEPKUT MO MEHBbLIECH Mepe OIWH AOMNOJHUTENbHBIN
aKyCTUYECKUH MaTepHal, pa3MeIleHHbIH MEeKAY ABYMsI INICHKAMH U3 TIOJHMBHHUIOYTHPAJISL.

CTexnsiHHbIE TaHENH C 3JIEKTPOXPOMHBIMH, TEPMOXPOMHBIMH, (DOTOXPOMHBIMH HIIH
(doToranbBaHUYECKIMH 3JIEMEHTAMHU TaK)KE€ COBMECTHMBI C HACTOSIIIIUM H300pETEHHEM.

MHOT OCJIOMHOE U3OJISIMAOHHOE OCTEKJIEHUAE

B npyrom BapmaHTe OCYyLIECTBIEHHUS HACTOSIIErO M300PETEHHs HACTOsIIIIee H300peTeHne
TAKXKe TIPUMEHNMO K JIFOOOMY THITY OJIOKA OCTEKJICHUS, COMEPIKAIIEro CTEKIITHHbIE TaHeNHn (/Be,
TpH UK OoJiee), CBSA3BIBAIOIINE H30JUPYIOIINE HITH HEM3OJUPYIOLIE BHYTPEHHNE IPOCTPAHCTBA
(Takke Ha3bIBaeMble OJOKAMHU MHOTOCIIOMHOTO OCTEKJIEHHsI), TPU YCIOBHH, YTO YaCTHYHBIN
BaKyyM CO3JAalOT B IO MEHBIIEH Mepe OJHOM M3 DOSTHUX BHYTPEHHUX IPOCTPAHCTB.
CnenoBarenbHO, B OJHOM BapUaHTE OCYLIECTBJIEHUS Uil YIy4ULIEHUS MeXaHHYeCKHX
XapakTepUCTHK acumMmerpudHoro VIG Hacrosimero u300peTeHus TPeTbs MOTIOJIHUTENbHAS
CTEKJITHHAsI TaHelb MOXKET OBbIThb COEIUHEHa C 1O MeEHbIIEH Mepe OIHOH M3 Hapy)KHBIX
nosepxHocTed (13 w/mnmu 23) mepBol M BTOPOH CTEKISHHBIX mMaHesned mo nepudepun VIG
MOCPEACTBOM mepuepUitHON NTUCTAHIIMOHHON pPaMKH, TaKXKe M3BECTHOW KaK pa3feNuTeIbHBIN
OKOHHBIN PO b, CO3aBasi H30JUPYIOLIYIO MOJOCTbh, 3aI€YaTAHHYIO KPACBbIM YIJIOTHUTENIEM.
VYka3aHHas nepudepuiiHas IUCTAHLMOHHAS paMKa MOAAEPKUBAET KOHKPETHOE pAaCCTOSHUE
MEXKAY TPETbeH CTEKJISIHHOW MAaHEeJbI0 U [0 MEHbLIEH Mepe OJHUM U3 HAPY>KHOU MOBEPXHOCTH
MaHEU OJTHOW W3 TIEPBON M BTOPOH CTEKJISTHHBIX maHejel. OOBIMHO yKa3aHHAsl TUCTAHIIMOHHAS
paMKa COAEP KHUT MOTJIOTHTENb BJIArM M OOBIYHO MMEET TOJIIUHY B AuamasoHe ot 6 mm no 20
MM, MPEATNOYTHTENHHO OT 9 MM 10 15 mMM. B mienom, yka3aHHBINM BTOPOU BHYTpeHHHI 0O0beM
3aIOJIHEH 3a/laHHBIM Tra30M, BBIOPAHHBIM W3 TPYMIbL, BKJIOYANOIEH BO3AYX, CYXOH BO3MYX,

aproH (Ar), kpuntoH (Kr), kceHon (Xe), rekcadropun cepsl (SF6), yrnekucinsiii ra3 mim ux



10

15

20

25

30

23

coueTaHue. YKa3aHHBIA 3aJaHHbIA Ta3 sBIsAeTcs 3(PQEKTHBHBIM UISI MPEOOTBPALIEHHS
TEIUI000OMEHA W/WIIM MOXKET OBITh HCTIOJB30BAH Il YMEHBIIEHUS IIPOITYyCKAHUS 3BYKA.

PACHIOPKH

Kak nzo0pakeno Ha ¢ur. 1, BAKyyMHBIH H30JSILMOHHBIA OJIOK OCTEKJIEHHUsI HACTOSIIIEro
n300peTEeHNsT COAEPIKUT HECKOJIBKO OTAENBbHBIX Pacropok (3), Takke Ha3bIBAEMbIX CTOHKaMHU,
PACIIONIOKEHHBIX MEXKAY MEePBOH U BTOPOH CTEKJISHHBIMU maHemsMu (1, 2) anst coxpaHeHHs
BHyTpeHHero oOvema V. CorjmacHO HACTOSIIEMY H300PETEHHIO OTHENbHbIE PACIOPKH
PacIMoJIOKEeHbl MEXKY NEePBOI U BTOPOH CTEKJISTHHBIMU MaHEIsIMHU, COXPaHssl PACCTOSIHUE MEXITY
NepBOil U BTOPOW CTEKISIHHBIMH TAHENSIMH U 00pa3ysi MacCUB C INaroM A, HaXOISIIUMCS B
auanaszoHe oT 10 mm 10 26 MM (10 MM <A < 26 mMm). Ilog marom NoHUMAETCst HHTEPBAI MEXKITY
OTIENbHBIMU PacriopkaMu. MacCcHB B HACTOSIIEM H300pPETEHHU OOBIYHO MPENCTaBIsET COOOM
pPaBHOMEpHBI MacCUB Ha OCHOBE CX€Mbl PaBHOCTOPOHHETO TPEYrOJIbHHMKA, KBajpaTa WM
LIECTUYTOJIbHUKA, TPEANOYTUTEIbHO HA OCHOBE CXEMBbI KBaJpaTa.

OtnenbHble pacriopkd MOTYT HUMETh pas3Hble (POPMBI, HANMpPUMEpP, LMINHAPHYECKYIO,
chepuueckyro, HuUTeoOpasHyr Gopmy, hopmy necounsix yacos, C-00pa3HyI0, KpecTooOpasHyIo,
npU3MaTu4eckyro Gopmy u T. A. IIpeanodruTensHO HCHONB30BATh HEOOJBINNE CTOWKH, T. €.
CTOWKH, UMEIOIIHE OOIIYI0 MOBEPXHOCTh KOHTAKTA CO CTEKJISTHHOM MaHeNblo, 00Pa30BaHHYI UX
BHEIIHEN OKPY>KHOCTBIO, PABHYIO WJIM MEHBLIE 5 MM?, NPEANOUYTUTEIbHO PAaBHYO WJIH MEHbIIE 3
MM?2, 0oJiee IPENOoUTHTENbHO paBHYIO Wi MeHblIe | MM2. Kak yka3aHO BbIlIE, TAaKHE pa3MephI
MOTYT HPEAJIONKUTh XOPOLIYI0 MEXaHUYECKYI0 YCTOWYMBOCTD, NIPU 3TOM OCTaBasiCh 3CTETUYECKU
HEOPOCKUMU.

OTtnenpHble pacropky, Kak MPaBUJIO, BBIMOJHEHBI U3 MaTepHualla, UMEIOLIEro MpoyHOCTb,
CHOCOOHYIO BBIAECPKMBATH IaBJIEHHE, IPHJIAaraeéMoOe IOBEPXHOCTSIMH CTEKJSIHHBIX MaHelNeH,
CHOCOOHOTO BBIIEPKUBATH BBICOKOTEMIIEPATYPHBIH MPOLECC, TaKOW Kak TNPOKATUBAHUE H
OTBEpPXKACHUE TPU HArpeBaHUM, W HE3HAYUTEJIbHO BBIAENSAIOIIErO Ia3 IOCje H3rOTOBJIECHHUS
CTEKJISIHHOW naHenu. Takoll marepuan sBisieTCs NPEANOYTUTEIbHO TBEPAbIM METaIINYeCKUM
MaTepuajoM, KBapLEBbIM CTEKJIOM MM KepaMUYeCKMM MaTepualioM, B YacTHOCTHU
METAJUIMIECKUM MaTepHaJIOM, HAIIPUMED, JKEJIEe30M, BOIb()paMoM, HUKEIEM, XPOMOM, TUTAHOM,
MOJIUOIEHOM, YTJIEPOIUCTON CTaJb0, XPOMOBOW CTaJIblO, HUKEIEBOW CTANbIO, HEPIKAaBEIOIIEH
CTaJIbl0, HUKEJIEBO-XPOMUCTON CTaJbK), MApraHLUEBON CTANbK), XPOMOMAPraHLEBOW CTaJbiO,

XPOMOMOJTUOIEHOBOM CTaJIbl0, KPEMHHUCTOH CTalbl0, HUXPOMOM, JOIOpajieM U T. M., WIH
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KepaMHYECKMM MAaTepHUajioM, HamnpuMep, KOPYHIAOM, OKCHAOM QIIOMUHHS, MYJUIUTOM,
MarHe3ueu, UTTPUN OKCUAOM, HUTPUJOM AJIFOMUHUS, HUTPUAOM KPEMHHUS U T. II.

IT'EPMETHYHO COEMHAIOMEE YIIVIOTHEHHUE

Kak mokaszano Ha ¢wur. 1, BHyTpeHHHI 00beM V Mexay CTeKITHHbIMU nanesiMu (1, 2)
BAKyYMHOTO H30JISIUOHHOTO Ojoka (10) oCTekJieHHsI COrIaCHO HACTOSIIEMY H300pETEHHIO
3aKpBIT TEPMETHYHO COCOUHSIOIUM VIUIOTHEHHEM (4), pa3MelleHHbIM Ha nepudepun
CTEKJITHHBIX MaHeJIeH BOKPYT YKa3aHHOTO BHYTPEHHErO MPOCTPAHCTBA. YKa3aHHOE MepPMETHYHO
COCIMHSONEEe YIUIOTHEHUE SIBIISIETCS HENMPOHHLAEMBbIM M TBEPIABIM. B HacTosmem ommcaHuw,
€CITM He YKa3aHO APYroe, NoJ TEPMHUHOM «HETPOHULIAEMBIID TOAPa3yMeBaeTCsl HEMTPOHUIAEMBbIi
IJIs1 BO3AyXa HJIN JIFOOOTO APYToTro ras3a, MPUCYTCTBYIOMIErO B aTMocdepe.

TemneparypHblii TIpaAMEHT MeEXIy BHYTPEHHMM M BHELUIHHM IPOCTPAHCTBAMHU
JNEWCTBUTENILHO MPHUBOAUT K pPAa3jMYHON TeMIepaTypHOH nedopManuy NepBOHl W BTOPOH
CTEKJITHHBIX TIaHENeH COINIaCHO HacTosAlmeMy u3o0pereHnto. OrpaHHueHHs] Ha Kaxaou
CTEKJITHHOM MaHenu aaxke Oojiee KPUTHYHBI, KOT/A YIJIOTHEHHE, pa3MeLIeHHOe Ha mepudepun
CTEKJITHHBIX TaHeseH, siBisgercss TBepabiM. HaoOopot, Takue orpanuueHus Hmwxke B VIG, B
KOTOPBIX nepudepuitHoe YINIOTHEHHE TIO3BOJISIET HEKOTOPYIO Ae(pOpMALHIO.

CywmecTBylOT pa3iu4yHble TEXHOJOTHH BBIOJHEHHS TE€PMETUYHO COCOUHSIOIIErO
yrutotHeHus. [lepBblii TUn yrmoTHeHHs (Hauboee pacrpoCTPpaHEHHBIN) SIBIIAETCS YIUIOTHEHHEM
HA OCHOBE CTEKJSIHHOTO TIPUIOS, AJIi KOTOPOTO TeMIeparypa IUIABJICHHS HUXKE, 4YeM
TEMIIepaTypa IUIABJICHUs CTEeKJIa CTEK/SIHHBIX IaHeneil Onoka ocrekieHust. lcmonb3oBaHue
STOrO THUMA YIJIOTHEHHSI OTPAHMYUBAET BbIOOP HU3KO3MHCCHOHHBIX CIIO€B TEMH, KOTOpPbBIE HE
pasnararoTcsl B X0J1€ TEIJIOBOTO LIUKJIA, HEOOXOIUMOrO Uil IPUMEHEHHUS! CTEKJITHHOTO TPHIIOS,
TO €CTh TEMH, KOTOpbIe CIOCOOHBI BBIAEPIKMBATH TEMIEPATypPy, KOTOpash MOXKET AOCTUraTh
250 °C. J1onOIHUTENBHO, MOCKOJbKY 3TOT TUI YIUIOTHEHHS HA OCHOBE CTEKJISTHHOTO MPUIIOs
MOKeT e(OpMHUPOBATHCS TOJBKO B HE3HAYUTENBHON CTENEHH, OH MPEMSTCTBYET KOMIICHCALIIH
OTHOCHTEJIbHOTO PACIIUPEHHUs B PE3YJIbTAaTe Mepernaga JaBJIeHUH MEXIy CTEKJISIHHON MaHeNbio ¢
BHYTPEHHEH CTOPOHBI OJIOKAa OCTEKJICHHS U CTEKJITHHON MaHEeNbI0 ¢ HAPYKHOW CTOPOHBI OJI0Ka
OCTEKJICHHsI, KOTZa YyKa3aHHbIE TMAHENU T[OJIBEPTalOTCsl BO3AEHCTBUIO OOJBIION pa3sHULIBI
NOTJIOINAEMBIX TeMmIeparyp (Hanpamep—20>—€C). CremoBarenbHo, Ha mnepudepun OJokKa
OCTEKJICHHs BO3HHKAIOT JOCTATOYHO CYIIECTBEHHBIE HAIMPSDKEHHS, M 3TO MOXKET NPUBOIUTH K

Pa3pYLICHHUIO CTEKJITHHBIX MaHeIel 0JIOKa OCTEKJICHUSI.
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Bropoii Tun yninoTHeHus npencrasiser codoil MeTaIuIMYecKoe YIUIOTHEHHE, HaIlpuMeD,
METAJUIMYECKYIO MOJIOCKY HeOonblIoi TommuHbl (<500 MKM), NpUMAasHHYIO 1O nepudepun
OJIOKa OCTEKJIGHHS! C TIOMOLIBI0 TPYHTOBOYHOTO TOZCIOS, MOKPBITOTO IO MEHBLIEH Mepe
YaCTUYHO CJIOEM INPUTOJHOTO K MalKe MaTepuana, HalnpuMep, MATKOro OJIOBSHHOIO MPHIIOS.
OpHMM CylLIeCTBEHHbIM IPEUMYLIECTBOM 3TOTO BTOPOrO THUIA YIUIOTHEHMS] OTHOCHUTEIBHO
NIEPBOTO THIA YIUIOTHEHHS SIBJIETCS TO, YTO OH CIOCOOEH YacTUYHO Ae(HOPMUPOBATBHCS IS
YaCTUYHOIO MOTJIOLIEHUs OTHOCUTENBHOIO pACIIUPEHUs, CO3JaBA€MOIO0 MEXKAY JByMs
CTEKJISIHHBIMU naHensaMu. CyllecTBYIOT pasJIM4Hble TUIIBI T'PYHTOBOUHBIX IIOJCJIOEB Ha
CTEKJITHHOW MaHEeN!.

B 3asBke Ha marenr WO 2011/061208 A1 omucan oOAWH TNPUMEPHBIH BapHAHT
OCYILIECTBIIEHHs! Mepru(epUiHHOro HEMPOHUIIAEMOTO YIJIOTHEHHSI BTOPOTO THIA JJIST BAKYYMHOTO
U30JIILMOHHOTO OJIoOKa OCTeKJIeHUsl. B 3TOM BapuaHTe OCYLIECTBICHHS YINIOTHEHHEM SIBJISETCS
MeTaJUIMYECKasi MOJOCKA, HANpUMeEp, BBINOJHEHHAs U3 MEAU, KOTOPasl MpUNasHa MOCPEACTBOM
NPUTOJHOTO K TMaiike MaTepuana K KIEHKOW JieHTe, NpenyCMOTPEeHHOH Ha mnepudepun
CTEKJITHHBIX [TaHENEH.

BHYTPEHHUI OFBbEM

Bakyym ¢ aOcomoTHeIM pnaBieHueM Menee 0,1 mOap, NpeANnOUTHUTENTHHO MEHee
0,01 mbap, co3maercs BO BHyTpeHHEM 00beMe V, 00pa3yeMoM NepBOil U BTOPOH CTEKIISTHHBIMHU
MAaHEJISIMH U HaOOpOM OTHENBHBIX PACIIOPOK, M 3aKPBIBAETCS T€PMETUYHO COCAMHSIOLINM
YIUIOTHEHHEM BHYTPH acuMMmerpudHoro VIG HacTosmero n3o0pereHust.

Bryrpennwnii oobem acummerpudHoro VIG HacTosiero n300peTeHnss MOKET COAePIKaTh
ra3, Hampumep, HO HE HMCKIIIOYUTENBbHO, BO3MYX, CyxOul BO3nmyx, aproH (Ar), xpuntoH (Kr),
KceHOH (Xe), rekcadropun cepsl (SF 6), yriaekucneiii ra3 uim ux coueranue. [lepeHoc snepruu
Yyepe3 M30JUPYIOLIYIO TaHe b, UMEIOIIYI0 3Ty OOBIYHYIO CTPYKTYPY, YMEHBLIAETCS 10 MPHYUHE
NPUCYTCTBUSl ra3a BO BHYTPEHHEM OOBEME OTHOCHUTENIbHO CTEKJITHHOW IMaHeNu W3 OJHOTO
CTeKJIa.

U3 BHyTpeHHEro o0beMa MOXKET Takke ObITh OTKa4aH JIF0OOH Ta3, co3aBasi TEM CaMbIM
BAKyyMHBIN OJNIOK ocTekyieHus. IlepeHoC sHEpruu uepes3 M30JUPYIOIYIO MaHeIb OCTEKICHHS C
BAKyYMHOH M30JSIIMEH 3HAUNTENbHO YMEHBIIAETCS 3a CUeT BakyyMa. [t co31aHusl BaKyyma BO
BHYTPEHHEM TIPOCTPAHCTBE TMAHENN OCTEKJICHHs] Ha OCHOBHOW IOBEPXHOCTH OJHOW U3
CTEKJITHHBIX TIaHeJeH OOBIYHO NMPEAYCMOTPEHA MoJasi CTEKJIIHHAs TpyOka, obOecrieumBaroInas

cooOlIeHne MeXAy BHYTPEHHMM NPOCTPAHCTBOM MW Hapy)kHOH dYactero. Takum obOpasowm,
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YACTHYHBI BaKyyM OOpasyeTcsi BO BHYTPEHHEM MPOCTPAHCTBE NMyTEM BBIKAYMBAHUS Ta30B,
HaxOASUIMXCSl BO BHYTPEHHEM MPOCTPAHCTBE, ¢ TOMOLIBIO HACOCA, COCAUHEHHOTO C HAPYKHBIM
KOHIIOM CTEKJITHHOU TPyOKH.

Jns mopaep:kaHus B TEUEHUE ONMPEACTICHHOIO BPEMEHHU 3aJJaHHOTO YPOBHS Bakyyma B
BaKYYMHOM H3OJISILIHOHHOM OJIOKE OCTEKJIEHUS! Ta30IOTJIOTUTEh MOXKET OBITh HCIIOJb30BAH B
Onoke ocrekyeHus. B  YacTHOCTH, BHYTPEHHHE TMOBEPXHOCTH CTEKJISTHHBIX TMaHENeH,
COCTaBJISIIOIUX TIAHENb OCTEKJIEHUS, MOTYT BBICBOOOKIATH C TEYEHHEM BPEMEHH Tas3bl,
MOTJIOLIEHHBIE JO 3TOTO CTEKJIOM, TEM CaMbIM yBEJIMYHMBAas BHYTPEHHEE NABJICHUE B BAKYYMHOM
U30JISIIIIOHHOM OJIOKE OCTEKJICHHs] W, TaKMM O0pa3oM, yMEHbIas MoKaszaTejau Bakyyma. B
I[EJIOM, TaKOW Ta30TMOIIOTHTENb BHIMOJHEH U3 CIUTABOB LIMPKOHUS, BaHAIUS, JKejie3a, KoOabTa,
ATIOMUHHUSL U T. 1. U HAHECEH B BHUJE TOHKOTO CJIOsI (TOJIIMHOW HECKOJbKO MHUKPOH) HWIIH
BBITIOJTHEH B BUZE OpycKa, pa3MEIIeHHOTO MKy CTEKJISTHHBIMU TAHENISIMU TTaHETH OCTEKJICHHUS
TaK, 4YTO €ro He BHIHO (HAMPHUMEp, CKPBIT HAPYKHON 3MaJIbl0 WM 4acThio TiepudepuiiHoro
HENPOHUIAEMOTO YIUIOTHEeHHMsI). [ a30MOrjoTUTENlb HAa CBOEH MOBEPXHOCTH MPH KOMHATHOM
TemmepaTrype oOpa3yer NacCUBUPYIOIIUN CIIOH, U, CIENOBATENbHO, OH JOJDKEH ObITh HArpeT IS
yCTPAHEHUS MACCUBUPYIOLIETO CJIOS W, TAKMM 00pa30M, aKTHBAIMH ra30TOTJIOMIAOIIHX CBOMCTB

€ro CiuiaBa. C"II/ITaeTCﬂ, YTO Ta30NOTJIOTUTEIIb ABJIACTCA KAKTUBUPYEMbBIM HAI'PEBOMD) .
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Ccbutounast | KomnoneHT

MO3ULIUS

10 BakyyMHO€ U30/ISIIUOHHOE OCTEKJICHHE

1 IlepBas cTeknsiHHasA NaHeNb

12 BHyTpeHHss1 NOBEPXHOCTb NEPBOU CTEKJISTHHON MaHENH
13 Hapy:xHast nOBEPXHOCTb NEPBON CTEKJITHHON NaHEIN

2 Bropas creknsiHHas naHemnb

22 BHyTpeHHss1 NOBEPXHOCTb BTOPOH CTEKJITHHON MaHeIn
23 Hapy:xHast NOBEpXHOCTb BTOPOU CTEKJITHHOMN MaHENH

3 OTtnenpHbIE paciopKu

4 I'epmeTndHO coeauHsIOLIEE YILIOTHEHNE

5 Ilnenka, oTpaxaromas TEIIOBbIE Jy4YH, WM HU3KOOMUCCHOHHAsS TUICHKA
v Bryrpennunii o6bem
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DOPMVYJIA U3OBPETEHHUSA

I. Bakyymublii n3onsiunoHHbI Onok  (10) ocTexneHus, NpOXOASIIUN BAOJb
mIockoctu P, ompenenseMoll MpPOAOJbHON OCbKO X U BEPTUKAJIBHON OCBK Z; UMEKIIUH
mupuHy W, H3MEpPEeHHYK BIOJNb NPOAOABHON ocu X, W anuHy L, u3MepeHHyr BIOJIb
BEPTUKAJIBHON OCH Z, U COAEP KALIUNI:

a) NEePBYI0 CTEKIsTHHYI0 maHenb (1), wmmeromyro TommumHy Z1, U BTOPYIO
CTEKJITHHYIO TaHenb (2), UMEINy TONMUHY Z2, TpU 5TOM TOJIIUHBI HU3MEPEHbI B
HANpaBJICHNH, MEPIEHIUKYSIPHOM K TUiockoctd P, mpu stom Z1 Oombiie Z2 (Z1>Z72),
npUYeM IepBasi CTEKJIIHHAs TaHeNb W BTOpasl CTEKIISIHHAS TAaHENb MPENCTaBJISIOT COOOH
OTOXKEHHbIE CTEKJITHHBIE MaHeNu U3 (JioaT-CTekia; U MpU 3TOM IepBasi CTEKJISIHHAS NTaHeb
umeer kodpduument Termooro pacmupenuss CTEL, a BTOpast CTEKIsIHHAs MaHENb UMEeT
koaddurment termmoporo pacmupernss CTE2, u mpu sTomM abCcomoTHAsE pa3HULIA MEKITY
CTE1 u CTE2 cocrasnser ne Gonee 0,40 10°/°C (| CTE1-CTE2 | <0,40 10°/°C);

b) Ha0Op OTHENBHBIX Pacrtopok (3), pacrloJOKEHHBIX MEXAY MEePBOH U BTOPOH
CTEKJITHHBIMU TIAHEJSIMH, TOANEPIKUBAIOIIUX PACCTOSHUE MEXAYy TMepBOH M BTOPOH
CTEKJITHHBIMU TIAHEJSIMH U 00Pa3yIOINX MAaCCHB C LIaroM A;

c) TepPMETHYHO COCIUHSOIEee YIUIOTHeHHE (4), VIUIOTHSIOIEe MPOMEKYTOK
MEXIy NIepBOI M BTOPOH CTEKJITHHBIMH MAHENSIMU 110 UX IEPUMETPY;

d) BHYTpEeHHUII 00beM V, 00pa3oBaHHBI NEPBOHM M BTOPOH CTEKISTHHBIMHU
NaHeIsIMH U HabOpOM OTHENBHBIX PACMOPOK W 3aKPBITBII T€PMETHYHO COENUHSIOIINM
YIUIOTHEHUEM, U TIPH 5TOM B HEM CO3/1aH BAaKyyM ¢ a0COIOTHBIM faBiieHHeM MeHee 0,1 mOap,

OTJIHYAIOLIHIICS TeM, YTO JUTMHA L BaKyyMHOTIO M30JIILUOHHOTO OJIOKa OCTEKJICHHS
pasHa nim 6ombmme 300 mm (L > 300 mm);

MPH 3TOM TOJIHMHA Z2 BTOPOH CTEKIISTHHOW MaHeIu paBHa WK OoJbine 3 MM (Z2 > 3
MM);

IPH 3TOM OTHOWIEHHe ToMIMH Z1/7Z2, To ectb ToNmuHbl Z1 NepBOil CTEKIITHHON
MAHEH K TOJIHHE Z2 BTOPOH CTEKIISTHHON manesu, paBHo uim Gombie 1,30 (Z1/Z22 > 1,30) u
6onpwe Z1/(Z1 —2,10) (Z1/22 > Z1/(Z1 - 2,10)), n

MPH 3TOM LIAT A HaXOAUTCA B Auana3one oT 10 MM 10 26 MM (10 MM <A <26 MM).

2. BakyyMHBII HU30JSIIUOHHBIN OJIOK OCTEKJICHHS IO M. 1, OTIMYAIOUIUICS TeM,
yro [rHA L BaKyyMHOTO M30JISIIMOHHOTO OJIOKa OCTeKJIeHHs paBHa wiu OoJbiie 400 mm (L

> 400 MM), IpeanoYTUTENBHO paBHa Win Oobiie S00 MM (L > 500 mm).
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3. BakyyMHbII H30JSIMOHHBIA OJIOK OCTEKJIEHHS IO JIIOOOMY W3 MPEAbIIYIINX
MYHKTOB, OTJIMYAIOIIHUNACS TEM, YTO OTHOIIeHWe TojmuH Z1/Z2 paBHo unmu Oosbiie 1,55
(Z1/Z22 > 1,55), npenno4TuTenbHO HaXOAUTCs B quana3oHe ot 1,60 mo 6,00 (1,60 < Z1/72 <
6,00), npeanoututenbho ot 2,00 mo 4,00 (2,00 <Z1/72 < 4,00).

4. BakyyMHbI H30JSIMOHHBIN OJOK OCTEKJIEHHs MO JIIOOOMY M3 MPENbIIyIIiX
MYHKTOB, OTJIMYAIOIIHICS T€M, YTO IIar A HAXOAWTCS B IUanasoHe oT 15 mm 1o 25 mm (15 mm
<A <25 mm), Oonee mpeanoITUTeNbHO OT 20 MM 10 24 MM (20 MM < A < 24 Mm).

5. BakyyMHbII H30JSIMOHHBINA OJIOK OCTEKJIEHHS IO JIIOOOMY M3 MPENbIIYIIIX
NYHKTOB, OTJIMYAIOLIMICA TeM, 4YTO ImupuHa W BaKyYyMHOTO H3OJSIIMOHHOTO OJoKa
ocrekyenns pasHa win 6osbme 300 mm (W > 300 MM), IPEANOYTUTENEHO PaBHA WM OOJIbIIE
400 MM (W > 400 mm), Oosnee mpeanodTuTenbHO paBHa uitk 6osbime S00 MM (W > 500 Mm).

6. BakyyMHbI H30JSIMOHHBIN OJOK OCTEKJIEHHs MO JIIOOOMY M3 MPEAbIIYyIINX
MYHKTOB, OTJIMYAIOIIUICS TEM, YTO IO MEHBIIEH Mepe OJHA U3 NEPBONM U BTOPOH CTEKJITHHBIX
naHesnel, MpeNrnouTUTENbHO BTOpas CTEKJsSHHAas [aHelb, BbINOJHEHA U3 HATPUEBO-
KaJIbLINEBO-CUIIMKATHOTO CTEKJIA, AIFOMOCHIIMKATHOTO CTEKJIA WIH OOPOCHITMKATHOTO CTEKJIA.

7. BakyyMHbBII H30JALHUOHHBINA OJIOK OCTEKJIEHUS MO M. 6, OTJIMYAIOLIUICS TeM,
YTO COCTaB BTOPOH CTEKJISHHOM MaHEeIU COAEPKUT CJEAYIolee B BECOBBIX IPOLIEHTAX,
BBIPQKEHHBIX OTHOCUTEJIBHO OOIIEro Beca CTeKa;

Si02 60-78 %,

AlI203 0-8 Bec. %,

B203 0-4 Bec. %,

Na20 5-20 Bec. %, npeanoururensHo 10-20 Bec. %,

CaO 0-15 Bec. %,

MgO 0-12 Bec. %,

K20 0-10 %,
BaO 0-5%.
8. BakyyMHbI H30JSIMOHHBIN OJOK OCTEKJIEHHs MO JIOOOMY M3 MPEAbIIYIINX

MYHKTOB, OTJIMYArOIIuiics TeM, uto adcomotHas pasuuna mexxay CTEL u CTE2 cocrasnsier
ne Gonee 0,30 10°%/°C (| CTE1-CTE2 | < 0,30 10%/°C), npennourutensho He Gonee 0,20 10°
5/°C (| CTE1-CTE2 | 0,20 10°/°C).

9. BakyyMHbI H30JSIMOHHBIN OJOK OCTEKJIEHHs MO JIOOOMY M3 MPEAbIIYIINX

IMYHKTOB, OTJ'IH"IZlI'OLL[HfICﬂ TEM, 4YTO TI€pBast MW BTOpasd CTCKIIAHHBIC TMAHCIN WMCIOT
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BHYTPEHHIOIO MOBEPXHOCTH (12, 22) maHenu COOTBETCTBEHHO M HAPYKHYIO MOBEPXHOCTH (13,
23) maHenM COOTBETCTBEHHO, NMPU 3TOM BHYTPEHHHE IMOBEPXHOCTH MaHEIH OOpameHbl K
BHYTpEeHHeMY 00beMy V, U MPH 3TOM 1O MEHbIIEH Mepe OfHa U3 BHYTPEHHHUX MOBEPXHOCTEH
(12, 22) w/unu HapyxHBIX noBepxHOCcTel (13, 23) ocHamleHa MO MeHbIIEH Mepe IUICHKOH,
OTpaKaIOLIEeH TETUIOBBIE JIY4YH, WJIM HUI3KO3MUCCUOHHOH TUIEHKOH (5).

10.  BakyymHBIH H30JSLUOHHBIA OJIOK OCTEKJIEHHs 1O JIFOOOMY H3 MPEAbIAYLINX
NYHKTOB, OTJIMYAIOIIMNICA TEeM, YTO T[epBas CTEKJsIHHAas T[aHelb HMEEeT HapyXHYIO
noBepxHOCTh (13) maHenmu, BTOpas CTEKJISIHHAS MaHEIb UMEET HAPYKHYIO MOBEPXHOCTH (23)
MaHeNH, U IIPU 3TOM 10 MEHbLIEN Mepe OJlHA U3 Hapy)KHbIX MOBEPXHOCTEN MaHeIN HaclIOeHa
HAa MO MEHbIIEH Mepe OAMH JIHCT CTEeKJa MOCPEACTBOM IO MEHBbLIEH Mepe OAHOIO
MPOMEKYTOYHOTO TIOJIUMEPHOTO CJIOsI, 00pa3ysi MHOTOCIONHYIO COOPKY.

11.  BakyymHBIH H30JSLUOHHBIA OJIOK OCTEKJIEHHs IO JIFOOOMY H3 MPEAbIAYLINX
MYHKTOB, OTJIMYAIOIIUICS TeM, YTO MO MEHbLIEH Mepe OJHA U3 HAPY)KHBIX MMOBepxXHOCTeH (13
u/wnu 23) maHesel mepBoro U BTOPOro CTEKOJ MPUCOETUHEHA K TPETeH CTEKJITHHON MaHenu
BIOJb Tepudepuu BaKyyMHOIO HM3OJSIIMOHHOTO OJIOKA OCTEKJIEHHS MOCPEICTBOM
nepuepuiiHOW paCIOPHOW paMKH, CO37aBas HM3OJUPYIOLIYIO IOJOCTh, YIJIOTHEHHYIO
MOCPENCTBOM NeprupepUiHOrO KPaeBoro YIUIOTHEHHUS.

12, BakyymHBIH H30JSLUOHHBIA OJIOK OCTEKJIEHHs 1O JIFOOOMY M3 MPEeAbIAyLINX
MYHKTOB, OTJINYAIOIIMICS TE€M, UTO MepBasi U BTOpasi CTEKJISIHHbIE MTAHEINU COZleprkaT MepBble U
BTOpBIe Tiepu(epuiiHble KPOMKH COOTBETCTBEHHO, M IPH 3TOM TNiepBble mNepudepuniHbe
KPOMKH yrJIyOJIieHbl OTHOCHTEIBHO BTOPBIX MEPHU(PEPHIHHBIX KPOMOK, FIIM TPU 3TOM BTOpPbBIE
nepudepruiiHbie KPOMKHU YIIyOJI€Hbl OTHOCUTENBHO MEPBBIX MepU(PEepHITHBIX KPOMOK.

13.  Ileperopoaka, OTAENsAOIIas NEPBOE MPOCTPAHCTBO C MEPBOUM TeMmepaTypom
Templ ot BTOpOro mpocrpancTea co BTopoi temneparypoir Temp2, npu stom Templ nHuxe,
yem Temp2; yka3aHHas [eperopoAka COAEPKUT TMPOEM, 3aKPBITbII  BaKyyMHbIM
U30JIIUOHHBIM OJIOKOM OCTEKJIEHHUS MO JIIOOOMY M3 MPEIbIAYIIUX IYHKTOB, IIPH 3TOM NepBast
CTEKJITHHASI MTaHeNb 0OpalieHa K MepBOMY IIPOCTPAHCTBY.

14.  TlpumeHeHHE BaKyyMHOIO HM3OJISIIMOHHOTO OJIOKA OCTEKJIEHUS MO JI0OOMY U3
nn. 1-12 gns 3akpeiThst mpoeMa NEepPeropoiKH, ONpEAeNsIFoUied MepBOoe MPOCTPAHCTBO C
nepsoi Temneparypoit Templ u BTOpoe npoCcTpaHCTBO CO BTOPOM Temneparypoi Temp2, mpu
stoM Templ Hmwke Temp2, u mpu 3TOM mepBasi CTEKISIHHAS NMaHENb oOpaleHa K IepBOMY

MIPOCTPAHCTBY.
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