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r0 CpPeJCTBa MMEET Yrojl YCTaHOBKU B JIMANa3oHE OT
55 mo 75°, u mpuyeM BHEWIHSS IJIaCTHHA (2) U BHYT-
peHHsA miacTuHa (3) UMEIOT TONIIHMHY MAaKCUMyM 5
MM Ka)kzast; ¥ MpoeKTop (5), KOTOpbIi HampaBiieH HA
obmacts (B) IJIC u co3maeT BUpTyasibHOE H300paske-
HHE, KOTOPOE MOXKET BOCIIPUHUMATHCS HaOIoareieM
(6), HaxonsammmMmcs BHyTpH 30HHI (E) 0030pa, mpudaem

nmo6oBoe crekio (1) mmeer omopryro Touky (G) AJIC,
B KOTOPO¥ MPOXOISIINIT MEXITy TpoeKTopoM (5) u ce-
penuHoii 3086 (E) 0630pa cpeannusIit my4 (M) nomna-
JTaeT Ha BHYTPEHHIOIO TUIACTHHY (3), TONIIIHA TEPMO-
TUTACTHYECKOTO IPOMEXXYTOTHOTO cJ10s1 (4) TIpH BEpTH-
KaJbHOM TIPOXOXKICHUN MEXTy BepXHel kpomkoit (O)
n HwkHEH kpomkoi (U), mo MeHbIed mepe, Ha OT-
JETBbHBIX Y4acTKax SBISACTCS M3MEHSIOMEHCS O yT-
7oM (o) KITMHA, TIPAUYEM YTol (o) KIIFHA, IO MEHBIIEH
Mepe, B obmactu (B) JJIC sapnsercs n3MeHsromumcs,
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THUKAJIbHON KPUBU3HBI, KOTOPBIN SBISAETCS M3MEHSIO-
IIMMCS TIPY BEPTUKAIBHOM TIPOoXokaeHuH (V) MEXIy
BepxHeil kpomkoit (O) u HkHe# kpomkoit (U) gepes
onopryto Touky (G) JJIC, mpuaem MakcuMyM paimy-
ca (R) BepTuxansHON KpuBH3HEI HA yuacTke (V') mpo-
xoxxaenns (V) Mexay Bepxaer kpomkoit (O) mo6oBo-
ro crekna (1) u mmxaen kpomkoit (BU) obmactu (B)
JJIC naxoaurces Boime omnopHoi Touku (G) AJIC.
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OIIMCAHUE WM3OBPETEHNUA
2420-546806EA/022

[IPOEKLIMOHHASL CUCTEMA IJisI OUCILIESA HA JIOBOBOM CTEKIIE (IJIC)

VzobpeTeHMe KacaeTCsad IPOEeKUMOHHOM  CHUCTEMH, criocoba ee
M3TOTOBJIEHNA, a TakXe ee IIPUMEHEeHUS B KadecTBe IOUCILJIed Ha
JJOBOBOM CTEKJIE.

COBpPEMEHHEE aBTOMOOMIIM BO BCe OOJIBIIEM CTeleHM CcHadxaonTCcd
TaK Has3BEBaeMbHMM OUCIJIeAMM (MHOUKaToOpaMu ) Ha JIOOOBOM CTEKJIe
(O0JIC=HUD=head-up display). C nomompil IOPOEKTOpa, HalIpuMep, B
obJjiacTM NOpuOOPHOM MHaHelIuM wWIM B 00JJaCcTM I[IOTOJIKa M300paXxeHUd
IpPoeLUpylTCA Ha JIOBOBOEe CTEeKJIO, TaM OTpaXalTCd M BOCIPUMHMMAKTCH
BOIOUTEJIEM KaK BUPTyaJlbHOe M300paxeHMe (BUOMMOe MM) 3a JIODOOBHM
CTEKJIOM. TaxkmuMm obpasoM B roJjie obz0pa BOOUTEJA MOTYT
IpoeuupoBaTLCA  BaXHbHEe  CBeIeHUd, HalpuMep, TekKylasg CKOPOCTb
OBVKEeHMA, IOOPOXHEE YyKaszaTelM WM Opelylpexianlre 3HakKM, KOTOPHE
BOOUTEJIbL MOXET BOCIPMHMMATEL, He OTPHBAas CBOM B3IJIAL OT MOOPOXHOTO
[IOJIOTHa . [ucrjier Ha JIOOOBOM CTeKJle MOI'yT, TeM CaMbM, CYIeCTBEHHO
CIIOCOOCTBORBATEL I[IOBHIIEHMIO O€30INaCHOCTY OBWXEHNUI.

[IpoGJjeMa, BO3HMKAaKIMAas Y BHIIEONMCAHHBIX IOUCILJIEEB Ha JODOBOM
CTeKJle, 3akjoyYaeTcsd B TOM, UYTO M300paXeHMe IIpoeKTopa oTpaxaeTcsd
oT oBeux TMOBepxHOCTeM JIOBOBOTO CTekJla. BCIeOCTBMEe STOI'0 BOOUTEJDb
BOCIIPMHMMAaeT He TOJIBKO XeJjlaeMOoe OCHOBHOe MU300paXeHre, HO U
cJleT’ka CMelleHHOoe, Kak IpaBWJIO MeHee MHTEeHCHMBHOE BTOPHUUYHOE
n3obpaxeHNe. [locynenHee o003HauaeTCsd TaKxe Kak noBouHoOE
nzobpaxeHre. OSTa npodiieMa B M3BECTHOM CTeleHM pemaeTcsa TeM, UYTO
yKaszsaHHEEe oTpaxawlue I[IOBEePXHOCTHM pacliojarainTciad OO CO3HATEJBHO
BHIOpaHHEM YIJIOM IOpyI' K IpyTry, TakK UYTO OCHOBHOe WM300paxXeHUe U
nofouHoe wm300paXeHMe HakJaOeBawTCHa Opyl' Ha Opyra, BCJeOCTBUE
yero MobouHoe mM300paxeHMe OOJblle He BHS3HBAeT I[IOMeX. IJTOT YTOJ B
OOHUHEIX MHOTOCJIOMHEIX CTeKJlax IJs IUCIJIeeB Ha JOOOBOM CTeKJe
cocrasjdeT npmMmepHo 0,5 Mpan.

JloGoBHE CTeKJa COCTOAT nus OBYX JIacTHUH, KOTOPHE
JaMMHMPOBAHH OPpYyI' C IPYI'OM IIOCPEeICTBOM TepMOILJIaCTUUHOM IIJIEHKM.
EciM noBepxHOCTM ILJIAaCTUH, KaK OIMCaHO, HYXHO pPacClOJIOKUTE IO
YTJIOM, TO OBBUHO VICIIOJIE 3YIOT TepMOIJIaCTUUHY [JIEHKY C

HEIOCTOSHHOM TOJIIMHOM. IlpM STOM TOBOPAT TakKke O KJIMHOOOpPA3HOM



[JIeHKe WJIM KJIMHOBMIHOM IIJIEHKe. YTOJI Mexnoy oferMMM I[IOBEepPXHOCTIMU
STOM IIJIeHKM ofosHauvaeTcd Kak YIOJ KJIMHa. MHOTOCJIOMHEE CTekKJa C
KJIMHOBUIOHEIMKM TLJIEHKaAMM IJIS OUCIJIess Ha JOOOBOM CTeKJIe M3BECTHEH,
HanpuMep, u3 EP 1800855 Bl wmnm EP 1880243 AZ2.

B mnpocToM ciydae YTOJ KJIMHA ABJSEeTCH IIOCTOSHHEM IO BCen
IJIeHke (JMHeMHOe WM3MeHeHMe TOJIIMHE) . HedoCcTaTKOM 30eChb SABJISEeTCH
TO, UYTO YIOJ KJIMHa OITUMMM3MPOBAH I[I0 EeIOMHCTBEHHOMY I[IOJIOXEHUIO
IpoCMOTPpa (Tak Ha3HBaeMOMy IIOJIOXEeHMIO IJlaz) . EciaM IJjlaza peajibHOTO
BOOMUTEJIA pacrnoJjlaralnTCcsa Ha JIpyTroM MO3UIMM, HalpuMep, BCJIeICTBUE
OIPpYTMX Ppa3MepoB TeJla, TO KOMIeHcaluusa IIODOUHOTO M300paXeHMsa VYXe
He OymeT ONTMMAaJIbHOM. CUTyalMid MOXHO VJIYUYIMTHL 3a CcUeT TOI'0, UTO
BMECTO I[IOCTOSAHHOTO yoJa KJIMHAa BHOUpaeTCcs yTOJI KJIMHa,
VUBMEHAIUNICS B BepTHUKaAJbHOM HalpaBJIeHUM (HeJIMHeVHOe M3MeHeHMe
TOJIIMHEL) , KaK DTO M3BeCTHO, HalpuMmep, u3 DE 102007059323 Al. Ilpu
2TOM VYTOJ KJMHa (o MeHblleM Mepe B objactu WIC) YyBeJUUMBaeTCHd
CBepXy BHUS.

[ToMMO TIOOOUHOTO M30O0OpaXeHMA B OTpaXeHMM Ha JIOOOBEX CTeKJax
BO3HMKAET elle OIMH HexeJlaTeJIbHEM 5ddexkT. HM3-3a KO230IPULMEeHTOB
nopeJioMyieHrsa ofeux IJIaCTMH paccMaTpMBaeMele UYepes Takue CTeKJa
00BEeKTH MOTYT HaOJOOATLCS KakK IBOMHOe M300paxeHre. IOToT 2dbdekT B
IPOIIyCKaHUM OOBUHO Ha3WBaeTCs IOBOMHBEIM M300paxeHueM. IBOMHOE
nzobpaxeHre TOXe MOXeT OBTL YMEHBIIEHO 23a CcueT HeJIMHeMHOTO YyIJla
KJIMHa, KkKakK »TO M3BeCcTHO M3 DE 102008008758 Al. TpedbyeMmuelt OJsd
2TOTO Ipoduniib yIJla KJIMHAa ABJIAETCH, OIOHAaKoO, MIOJIHOCTRIO
IIPOTUBOIIOJIOKHEIM TOMY, KOTOPHM HeOOXOOMM IJIS YCTPpaHeHUS I0DOUHOTO
nz3obpaxeHmusa, (yMeHblleHMe YyIUla KJIMHa CBepXy BHU3). 9T TpeboBaHUA
IOJIS KOMIIeHCaluuM IMHOoB0OUHOTO M300paxXeHMsa ¥ OBOMHOTO M300paxeHUs
IpOoTHBOPEeYaT Ipyr Ipyry. IllosToMy Opodmib yIJula KJIMHA, KOTOPHM
OINITUMM3UPOBAH Ha YyCTpaHeHMe IHOOOUHHEX M300paxkeHUM, MOXeT YCUJIUTH
50PeKT OBOMHOTO M300paXeHMUd.

B OCHOBY IaHHOT'O M300peTeHMd IIOJIOXeHa 3alada, IpelJIOXUTH
YIIYUIIEeHHYD I[IPOEKIMOHHYKD CHUCTeMYy IJIS »OUCILIeS Ha JIOOOBOM CTeKJIE
(OJIC), mOpM KOTOpOM Kak MNOoOOUHHe wM3obpaxeHusa [JIC-NIpoekUMM, TakK U
OBOVHEIE M300paxeHUI B [OPOIYCKAaHMM  BOBHMKAKT B  SHAUUTEJLHO
MeHblel cTelleHU.

llocraBjieHHa4a Iiepen n300peTeHneEM sallada pemaeTCcAa



IIPOEeKIMOHHOM CUMCTEMOM COTJIACHO He3aBUCHMMOMY MOYHKTY 1  GopMyJIH
MSO@peTeHMH . Hpe,JIHOT{TMT eJIbHEIe BapMaHTE BHIIIOJIHEHWM A
OXapaKTepPrM30OBaHE B 3aBHMCHMMEIX IITYHKTax C]_)OpMy.J'H:I MBO@peTeHMH.
[lpenjiaraeMasad un300peTeHMeM IIPOeKUMOHHAasa CHUCTeMa IJ8a IOUCILIIed
Ha JIOOOBOM CTekJjie (IJIC) cCoOOepXmuT IO MeHBIIeM Mepe OOHO JIoBoBOe
CTeKJIO TPaHCIIOPTHOT'O CpeICTBa (B YaCTHOCTH, aBTOMOOWMIIA,
HallprMep, IIaCCaXxmMpCKOI'O aBTOMOGMHH) n TIPOEKRTOpP. Kak 270 OBOBUHO
niasa IOJIC-mucriieeB, NOPOeKTOp objiydaeT oOJlacThb JIOOOBOT'O CTeKJa, I'Ie
BTO MBJIYUYEHMEe OTpaxaeTcd B HalpaBJieHMM HabjwomaTesd (BOOUTeJIH),
BCJIEOCTBME UYel'0 CO3OaeTcda BUpPTyaJlbHOe  U300paxeHUe, KOTOpoOe
HaOooaTellb BOCIPUMHMMAET KaK BUIOVMMOE MM 3a JIOOOBHM CTeKJIOM. 3Ta
obJlyuyaeMad IIPOEKTOPOM obJjlacThb JIOOOBOTO CTeKJa Has3eHBaeTCAa
oBmactTrio HJIC. IlpoekTop HallpabkJjieH Ha objacTtes [HOJIC. HamnpabJjieHue
M3JIYUeHUsa  IIpoeKTopa  OOBUYHO MOXEeT BapbUpOBaTLCH C  IIOMOIIBLIO
oTpaxareJssa, B UYaCTHOCTM, UTOOH I[IOOOTHATHL I[IPOEKUMI K pasMepaM
TeJla HabmopnatTessa. O06JacTb, B KOTOPOM IOJIKHEL OBUITATHLCSA IJlas3a
HaOJomaTeJa OpUM OaHHOM IIOJIOXKEeHMM oTpaxaTesid, oO003HauaeTCAa Kak
KOpPUOop BOCIIPUATUA TJiaszamMm (Eyeboxfenster) . 3TOoT KOPpUIOOP
BOCIIPMATHUA IJlazaMM MOXeT CMellaTbCHA I1O BepTHURKaJIN IIyTeM

IIepeCTaHOBKM OTpaXaTeJld, IIpmuyeM BCA 6ﬂaronapq STOMY IOOCTYIIHaA

obJjacTsy (T.e. HaJIOXeHMe BCeX BOS3SMOXHHEX KOPUIOPOB BOCIPUSATHUSA
rJlazsammu) ofOo3HadvaeTcHa KaK 30Ha obOzopa (Eyebox) (3D-obinacTe, TIe
IOJIC MmoxeT OHTL BUIEH IIO KpalHelM Mepe OIOHMM IJlasoM) . HabJjwomaTeJb,

HaxXoOAmMMMCS BHYTPM SOHH o0030pa MOXeT BOCIPUHMMATL BUPTYaJbHOE
nz3obpaxenve. TeM caMbBM, e€CTeCTBEHHO, IIoOdpal’yMeBaeTCs, UYTO BHYTPU
STOM B3O0HH 0030pa HaxoOATCsa IJlala HabjlomaTelsa, a He IIoOUTKM Bce eTro
TeJlo.

VcrnoJb3yeMele 30eChb TepMUMHE  ABJISIOTCS OOmMeM3BeCTHHEMM — IOJIA
criegmaJiMcTa B obJlacTu IJIC-TeXHOJIOTHUI . iisa OeTaJIbHOTO
0O3HaKOMJIEHUMSA cCJedyeT CocJlaThbCcd Ha OuccepTauuio "OcHOBaHHas Ha
MOOEJIMPOBAHUM M3MepUTeslbHas TexXHMKa IOJS MWCIOBTaHMA »OUCIJIeeB Ha
JoBoBoM cTekJe" AJlekcaHOpa HoMMaHHa ©3 WMHCTHUTYTa MHOOPMATHKU
TeXHMUeCKOTO YHMBepCHTeTa TI'. MoHXeHa («Simulationssbasierte
Messtechnik zur Prifung von Head-Up-Displays» von Alexander
Neumann am Institut fir Informatik der Technischen Universitat

Miinchen, (Minchen: Universitatsbibliothek der TU Miunchen, 2012),



B YacTHOCTM, CM. TJlaBy 2 «Das Head-Up-Display».

JJoBboBOEe CTEeKJIO COIEepPXMT BHEMHK IJIaCTUMHY U BHYTPEHHD
JacTUHY, KOTOPEHE COeNVHEHEH opyT c OIpyT oM IOCPenCTBOM
TEPMOILJIACTUUECKOTO IIPOMEXYTOUHOTO cJjos. JloBoBoe CTEeKJIO
npeIHas3HaUYeHO IJIS TOTO, UYTOOH B OKOHHOM OTBEPCTHMM TPAaHCIOPTHOIO
CpelCTBa OTHOeJIATL BHYTPEeHHee IIPOCTPAHCTBO OT BHEMHETO OKPYXeHMUS.
BHyTpeHHeN ILJIaCTMHOM B CMEICJIE JaHHOTO U300peTeHMs Ha3HBaeTCsd
ofpalmeHHass K BHYTPEeHHEeMy I[IPOCTPaHCTBY (BHYTpPEeHHeMy I[IPOCTPaHCTBY
TPAHCIOPTHOTO CpPencTBa) IIJJaCTMHa MHOTOCJIOMHOTO CTekKJla. BHemHeN
IIJIJACTMHOM Ha3HBaeTCHd IJlacTHHa, ofOpalleHHas K BHEMHeMY OKpYyXaKleMy
IIPOCTPaHCTBRY .

JJoBboBOE CTEKJIO MMeeT BEepXHOKD KPOMKY M  HIDKHKD KPOMKY .
BepxHen KPOMKOM oboszHauaeTCd Ta BbokoBad KPpOMKa, KoTopasa
IpeIHa3zHaueHa IJIA TOTO, UYTOOH BO BCTPOEHHOM IIOJIOXKEHUM OHTH
ofpaleHHOM BBepx. 3a HWKHOO KPOMKY IIpMHMMaeTcsa Ta ©OoKoBasd
KpOMKa, KOTOpas BO BCTPOEHHOM IIOJIOXKEeHMM oOpalleHa BHU3. BepxHAd
KpOMKa OOBUHO O0B0O3HauaeTCcsa TakKXe KakK KpPpOMKa KpBIIM, a HIWKHAL
KpOMKa KakK MOTOpHas KpPOMKa.

Jlyd, TMPOXOIOAmMWM MexXOy IIPOeKTOpOM UM CepeIMHOM 30HH o03o0pa,
OBBIUHO oBosHauvuaeTCH KakK CpeaVHHLM Jyd. OH ABJIAeTCHA
XapaKTepuCcTUUeCKMM  ITJIaBHHM  JIydOM  IJIS  TexXHUUYEeCKOTO  peleHUus
IpOoeKIMOHHOM  cucTeMu [IJIC. Touka, B KOTOPO¥ CpPeIMHHEM Jyd
nonajgaeT Ha BHYTPEHHOKL ILJIaCTUHY, B CMBECJEe JIaHHOTO Uu300peTeHUus
oBo3HauaeTCcsda KaK oIopHasa Touka [JIC. 3Ta omnopHasa Touka [JJIC JIeXuUT
BHYyTpUu objactu HOJIC, OOBUYHO IIPUMEPHO B CepelOMHe.

ToJmyHa I[IPOMEXYyTOUHOTO CJIOS WM3MeHSeTCsa IIPpM BepTHUKaJIbHOM
IPOXOXIEHUM MeXIy BepxHeM KPOMKOM ¥ HMXHEeM KpPOMKOM JIOBOBOTO
CTekJla II0 MeHbIer Mepe Ha OTIeJIbHEX YydacTKax. IIpM3HaK «Ha
OTHeJIbHHX YydYaCTKax» 3IOeCh O3HauaeT, UYTO BepTUKaJILHOE MIPOXOXIeHUE
MeXIYy BepxHeM KPOMKOM U HWKHEM KPOMKOM WMMeeT II0 MeHBIeW Mepe
OOVMH YyYacCTOK, B KOTOPOM TOJIMMHA MIPOMEXYyTOUHOTO CJIOS M3MeHAeTCHd B
3aBUCHMOCTHM OT MecTa, TeM CaMbM, I[IPOMeXyTOUHEM CJIOV ¥VMeeT YyIOJ
KJIVHA . ToJmMHa [OPOMEeXyTOUHOTO  CJIOS  ABJISeTCd  M3MeHAeMOW IO
MeHbllel Mepe B ob6jacTtm IJIC. TojmyMHa MOXeT, OIHaKO, MeHATLCSI M Ha
HeCKOJIBKMX YydacTKax WM IO BCeMy BepPTUKaJILHOMY I[IPOXOXIEHUIO,

HallprMep, MOHOTOHHO YyBeJIMUYMBaAaTBCA OT HIDKHEeM KPOMKM K BerHeﬁ



KPOMKe. Ilon BepPTHMKaJIEHEM IIPOXOXIOEHVEM IIOHVMMaeTCHA XOon MeXIy

BepxHel KPOMKOM ¥ HWXHEM KPOMKOM B HalpaBJIEeHMM I[IO CYIEeCcTBY

IIEePIIeHINKYJIAPHO BerHeﬁ KPOMKe. IIOCKOJIBEKY BepPXHAA KPpOMKa Y
JIOOOBEIX CTEKROJI MOXeT CHMJIBHO OTRIJIOHATBECHA oT HpHMOﬁ, TO
BEepPTHUKaJIEHOE IIPOXOXIOEHNE, TOUHEE roerop4a, HallpaBJIEHO

IeplIeHINKYJIAPHO COeIMHUTEJILHOM  JIMHUM  MexXnoy  yIJlaMu BepxHeNn
KPOMKM . IIpOMEXYTOUHHM CJIOM II0 MeHBIIeM Mepe Ha OTHOeJIbHHX ydacTKax
VMeeT KOHEUHHM yTOoJ KJIMHAa, T.e. YToJ KJauHa OoJjbme 0°, a MMEHHO Ha
TOM y4YacTKe, Ha KOTOPOM MeHSeTCHd TOJIIMHA.

YIJIOM KJIMHa Ha3HBaeTCd YTOJ Mexny OoOO0eMMM IIOBEePXHOCTAMU
[IPOMEXYTOUHOTO CJIoSg. ECAM yTOJI KJMHa He 4BJISeTCHA IIOCTOSHHEM, TO
0JI9 eTr0o M3MepeHMS B OOHOM TOUKe MOXHO MCIIOJIB30BaTh KacaTeJIbHHEE K
2TOV IMNOBEPXHOCTH.

YToJl KJAMHa ABJSAETCS M3MeHSeMBIM II10 MeHbIlel Mepe B 00JlacTu
JIC. IlpemmouTuTesJIbHO YI'OJ KJIMHA MOHOTOHHO YBeJIMUMBaeTCcd IIpU
BEePTHUKAJIBHOM IIPOXOXIEHUM OT BepxXHeM KpoMKM objacTtu IJIC K HMWXHeM
KpoMKe  objactu  IJIC. [lpy TakoM HOpoduile yIJyla  KJIMHaA  MOXHO
spperTUBHO UBOexkATH IOOOUHEX M300paXeHUM BCJIEOCTBUE OBOMHOTO
OoTpaxeHMsa M300paxXeHMa NpPOoeKTopa IJS Pa3JIMUHOTO IIOJIOXEeHMS IJlas3.

B OCHOBY nz3obpeTeHms TIOJIOXEHO IIOHVMAaHM e TOTO, UTo
HexeJlaTeJIbHEM 20dekT OBOMHOTO M300paxeHMs M €TI0 YyCUJIeHMe 3a CuUerT
[IepeMeHHOT O yoJa KJIMHa pemapnmyM  oBpa30oM B3aVMOCBSA3aHEH c

painycaMy KPMBUSHH CTeKJa. JIOOOBEHE CTekjla OOBUYHO MMEnT paluyc

BEepPTUKAJIBHOM  KPUBUSHEH, KOTOPHEM M3MeHSeTCd TIIpU BepTUKAJILHOM
IPOXOXIEeHUM MeXIy BepxHelM KPOMKOM ¥ HWKHEeM KpOMKOM. Pamuyc
BepTHUKAJILHOM KPUMBMSBHE  IIpU 5TOM  OTHOCUTCHA K KPUBU3HE B

BepTMKaﬂbHOﬁ IIPOTAXEHHOCTHM CTeKJIla MeXOy BerHeﬁ KpOMKOﬁ ¥ HMXKHeM
KpOMKOﬁ. BoJisume PainyCeEl KPMBMI3HEI COOTBETCTBYIOT cilabom KPMBHM3HE,
MaJIeHBEKHMe pPanonmycCEl KPMBMI3HE COOTBEeTCTBYIOT CUJILHOM KPMBHM3HE
CTerJla. Y TUIIOBEIX, OOBIUHHX JIOOOBHX CTEKOJI praomyc BepTMKaﬂbHOﬁ
KPMBMI3HEL I1pm BEPTHMKaJIEHOM IIPOXOXRIOEHVNM BO3pacTaeT oT BerHeﬁ
KPOMKNM B HallpaBJIEHWM HIMXHEM KPOMKM .

HeoxnnonaHHO OBJIO YCTaHOBJIEHO, guTOo 39TO TUIIMYHOE M3MeHeHNe
paomycoB KPMBMI3HEL HaXoIoInTCA B CBA3U C YCHWIJIEeHMEM OBOMHOTO

MSO@anGHMH M3—3a M3IMeHAKmeI'oCcd YyIJla KJIMHa, . MOXHO Kakr OFLL



pas3Ba3aTh 20pekTH DOOOUHOTO M300paxeHMsa M IBOMHOTO M300paxeHMUHd,
OJIA dYeTlo MaKCUMMyM paluMyca KPMBM3HE [0 CPaBHEHMI C  OOBUHBM
CTEKJIOM CIOBUTaeTCHad BBepX, IO MeHblley Mepe, BHIIE YyKa3aHHOMU
omopHoM Touku IJIC.

[losToMy HOpenjlaraeMoe M300peTeHMeM JIOOOBOE CTEKJIO MMeeT
pamnyc BepTUKaJIbLHOM KPUBUSHH], KOTOPEIM V3MEeHSAEeTCH npu
BepTUKAaJLHOM IIPOXOXIESHUM MeXOy BepxXHelM KPOMKOM UM HIWXHeM KPOMKOM.
3TO BepTHMKAJIbHOE IIPOXOXIOeHMe, BIOJIbE KOTOPOTO YCTaHABJIMBATCHA
pamuyCH KPUBUSBHE, BHOUpaeTCcHd TakKuM, UYTO OHO IIPOXOOUT Uepes
OIIOpPHYyIK Touky IJIC.

Ecin Temnepkr paccMaTpMBaTh YYacTOK  STOO  BepPTUKAJBLHOTO
IPOXOXOEHNS MexXIy BepxXHeM KpPOMKOM JIOOOBOTO CTekJla WM HWKHEN
KpoMKOM ob6JjgacTtu IJIC (T.e. ToM OOKOBOM KpoMKOM ob6JjgacTtu LJIC,
KoTopasa obpalleHa K HWXHEeM KpoMke JOOOBOTO CTekJa), TO MaKCUMyM
paiuyca BepTHUKAJBLHOM KPUMBM3HE B DTOM YyUaCTKe HaxXOOUTCsS BHIIE
ornopHoM Touku [JIC. Ilom «BBIIE» IIPM DSTOM IIOHMMAETCS, UYTO BTOT
MaKCHMyM HaxOIMTCHA OJWXe K BepxHeM KpOoMKe JIOOOBOTO CTeKJa, UYeM
yKasaHHasa OlopHasa Touka OJIC. TaxkuMm obpaszoM, camMasd IJIoCKasa YacThb
CTekJla JIeXMT BHIIe OIoOpHOW Touku IJIC.

B wupmeasie MaKCUMMyM paluyca KPUBUSBHE IO BCEMY BepPTUKAJILHOMY
IPOXOXIEeHUD dYepes3 OIOPHYyK Touky JIC JIeXuT BHIIE 5STOW OIOPHOM
Touky [JIC. OnmHako, B pealJlIbHBEIX CTekKJaxXx B HWXKHEeM KpaeBoM o6JjlacTu
MOTYT BO3HMKATEL OUeHb ILJIOCKME MecCcTa, KOTOPHE OOBUYHO MOXHO
OTHECTM Ha CUeT »edpeKTOB MOJIMpOoBaHMA. OOHAKO, OHM He BJMAT Ha
peanmusanmo  QYHKUUM  TaHHOTO  KM300peTeHud. [losTOoMy  ITOCTATOUYHO
YCTAaHOBUTEL YKaB3aHHBEM MaKCUMMyM Ha YydacTKe MexXOy HIKHel KpPOMKOM
objactu IOJIC ® BepxHEeV KPOMKOM JIOOOBOTO CTekJa. B wuieajle Bce
OTIMCaHHHE NpenrnouTUTEeJIbHEE BApPUAaHTH PacCIoJIOXKEeHN A MaKCHUMyMa
KPUBUBHE OTHOCATCH KO BCeMy BepTHKAaJIBHOMY [IPOXOXIEHMID MEeXIy
BepxHelM KPOMKOWM U HWXHEeM KPOMKOWM JIOBOBOTO CTeKJla, a He K ydacTKy
MeXIYy BepxXHel KpOMKOM JIOBOBOTO CTeKJla UM HWKHelM KpPOMKOM o0JlacTu
oJIC.

B oO»OHOM T[pPenlnouTUTEJIbHOM BapMaHTEe  BHIIOJHEHUS  MaKCUMYM
paiuyca BepTHUKaJbHOM KPUBMBHE HaxXOOUTCH Beme objgactu [JC. Tewm
CaMbIM oBecrieunBalnTCA OCOBEeHHO Xopoumune Pe3yJIbLTaTH 1o

IIpegoTBpalle HUIO IOBOMHEIX MSO@pB.)KGHMIZ. oTOoT BapMaHT MOXeT OBITH



TaKXke NPelOlOoUuTHTeJIeH IJS OaHHOTO TEeXHUUECKOTO pPEeMeHMs, IIOCKOJbKY
oropHada Touka [JIC He 0043aTeJIbHO JOJIKHA OBTL M3BEeCTHa WU
Ha3HaueHa. Pa3HMIla MeXOy MaKCHMaJIbHEM pPaguyCcoM KPUMBU3HH U
paIuyCcoM KPMBM3HE Ha BepxHeM KpoMke ob6jactu [JC B 5TOM cClydae
IPennouTUTEeJIBEHO cCOoCTaBJIgeT oT 0,5 M oo 2 M, oco®eHHO
NIpennouTmuTesibHo oT 1 M mo 1,5 M.

B ONHOM NPpeOloUYTUTEeJEHOM BapuaHTe BHIIIOJIHEHU A paiuyc
BEPTHKAJIEHOM KPMBM3HEL Ha BepxHel KpoMke objacTu HJIC OoJblle, UYeM
Ha HWXHEeM KpoMKe ob6jgactu JIC, ® T[IPenmodTUTEJIEHO MOHOTOHHO
yOEBaeT MeXOy BepxHel KPOMKOM UM HWKHeM KPOMKOM.

B onmHOM 0OCOOEHHO TIIPENIOoUTUTEJIEHOM BapMaHTe  BHIIOJHEHUSA
MaKCUMMyM paluyca BepTMKAaJIbLHOM KPMBU3HE HaXOOUTCS Ha BepXHEU
KPOMKe 3O0HH A BUAOVMMOCTMU WJIM BHIIE STOV BepxHeV KPOMKM DTOM 3O0OHH A
BUOMMOCTKM COIJIacHO HpennucaHuaM ECE-R43. TeM caMbIM OOCTUIAKRTCH
OCODEHHO XOopollMe pes3yJibTaTH.

V3MeHSIomnIC S YIT'OJI KJIMHAa B obJyacTu nJIC COCTaBJIAET
npennouruTessHo oT 0,05 Mpanm mo 2 Mpand, OCOOeHHO MNPeNlouTUTEJIBHO
or 0,1 mMmpanm mo 1 wMpanm, B dYacTHocTu, oT 0,3 wmpanm mo 0,8 wMmpanm.
TakuM 00pasoM B TUIMUHHX IOUCIJIEIX Ha JODOBOM CTekJie IOCTUTalnTCH
XopomMe pe3yJLTaTH B OTHOMEHMM [IOOaBJIeHMS MMODOUHOTO M300paxeHMd.

B OIOHOM NpennouTUTEebHOM BapraHTe BHIIIOJIHEHU A paiuyc
BepTHUKAJIBHOM KPMBU3HE B oOjgactu [OJIC cocTaBjageT oT 6 M mo 10 M,
OpelNouTUTebHO OoT 7 M mo 9 M. TeM caMeM MOTYT OHTH OCOBEHHO
2bbeKTUMBHO NpeIOoTBpAalleHH IBOVHEE M300paXeHU.

MaxcuMyM paiuyca BepTUKAJILHOM KPUBM3HE COCTaBJIAET
OpenroYTuTesIbHO OoT 8 M mo 10 M.

PamuycCH BepTUKAJIbLHOM KPUBU3HE BCeTOo JIOOOBOTO CTeKJa
NpenlouTUTEeJIbHO JiexaT B IuanasoHe oT 1 M pmo 40 M, ocoBeHHO

NpedlouTUTeJIbHO OoT 2 M no 15 M, B YacTHOCTM, OT 3 M mo 13 M.
YToJl YCTAaHOBKM JIOBOBOTO CTeKJla JIEXMT OBHUHO B ofjlacTu oT 55°

0o 75° OTHOCUTEJILHO TOPM3OHTAJM, B UYacTHOCTM, OT 58° mo 72°. Ilpu
TakKMxX yIJlax YCTaHOBKM IpeajlaraeMele M300peTeHMeM YIUIEL KJIMHAa

peanmsynTca 0B6e3 npobjeM. B OODHOM OCOBOeHHO MNPenOlouTUTeJIEHOM
BapMaHTe BHIIOJIHEHMS YITOJ YCTaHOBKM cocTaBjgeT oT 60° mo 68°

OTHOCUTEJILHO TOPMUI3O0HTAJIM, MNPEeOlouTUTeJIbHO oT 63° mo 67°. Tem



CaMbeIM MOT'YT OHITH obecrieueHH ocoBeHHO HeboJibmMe YIUIE — KJIMHAa
IPOMEXYTOUHOTO CJIOS.
YToJ namgeHusa CPpemOVMHHOTO Jiydya Ha JIoDOoBOe CTEeKJIO JIeXUT

OpedIouTruTesIbHO B objlacTr oT 50° mo 75°, ocoBeHHO NpPeldloUTUTeJILHO

B oBjacTtu oT 60° mo 70° m cocTaBjgeT, HaOpuMmep, 65°. 2T0oT YITOJ
nageHusa WM3MepsSeTcsa B 2 HalpaBJIeHMM IIeplIeHOuKyJidpa K  JIoO0oBOMY
CTEKJY .

O6JjiacTe IOJIC B IIJIC IOOMIOJIHEHHOM peaJIbHOCTM OOHUYHO OoJiblle, UeM
N KJIACCUUECKOTO CTaTUYUYHOTO hJiC. B OIOHOM IpeniIouTuTeJIEHOM
BapMaHTe BHIIOJIHEHMA IJIomManbk OpeljaraeMoy wms3o0o0peTeHMeM oO0JlacTH
IJIC cocTaBJIgeT IIO MeHbIley Mepe 7% OT ILomanM JOBOOBOTO CTeKJa,
0COBOeHHO MNPeAlouTUTEeJIEHO IO MeHbllel Mepe 8%. Ilnomanb ofjacTtu LJIC
craTuMuHOTOo [HOJIC cocTaBJjgeT OOHUHO He ©0OoJjiee 4-5% oT 1mjomanu
JJOOOBOTO CTekJa. Hamnpumep, mwaomalb ob6JjgacTtu [JIC cocTasjgeT oT 40
000 mM? mo 125 000 mm?.

BHemHAg IJIaCTMHa UM BHYTPEHHAd IJlacTMHa [OPeOlIoUTUTEJIBHO
comepXxaT CTeKJO, B UYacCTHOCTM, KajJbUUM-HATPMEeBOe CTeKJIO. OTu
[JIACTMHEL B [IPMHLOUIIE MOT'YT OBTEH BHIIOJHEHE M M3 IPYITMX COPTOB
CTekJla, TaKMxX KaK KBapleBOoe CTeKJO MIM O0OpOoCHMJIMKaTHOEe CTeKJIO,
WV Xe M3 TBEepPIHEX [IPO3PAauHHX IIOJIMMEPHHX MaTepualsioB, B YaCTHOCTH,
nosimkapboHaTa WM [DOJMMETHMIIMETAKPMIIaTa. BHEMHAS WM BHYTPEHHAA
[JIACTMHEL MOT'YT IIMPOKO BapbUPOBATBCA II0 TOJIMHEe. IIpednodTmUTesIbHO
TOJIIMHA KaxIoM M3 OTIOeJIbHHX IIJIJACTMH COCTaBJsgeT MakcumMyM 5 MM,
IpenlIouTUTEeJIbHO MaKCUMMyM 3 MM. [IpedlOouTUTEeJIbHO MCIIOJb3YITCH
[JIJACTUHE TOJIIMHOM B OMamnaz3oHe oT 0,8 MM o 5 MM, OPedlOoUTUTEJILHO
or 1,4 MM mo 2,5 MM, Hamopumep, ILJIACTMHE CTaHOAPTHOM TOJIMMHE 1, 6
MM MJIM 2,1 MM.

TepMOIJIACTUUECKUM IIPOMEXYTOUHHM CJIOM COOEepPXUT II0 MeHblen
Mepe OIOWH TepMOIlJlacTUUYeCKUM MIOJIMMED, NIPennouyTUTEJIbEHO
sTUJleHBMHMIIaleTaT (EVA), nomBuMHMIOyTHpaJs (PVB) wim noJmypeTaH
(PU), wiIm CMEecHu, WIM COIOJMMEPE, WIX IIPOM3BOIOHHE W3 HUX,
OCOBEeHHO [IPenrIouTUTEJIEHO PVB. MryHMMaJIbHAa A TOJIIMHA
TepMOIlJIaCTUUYeCKOM COeIMHUTEeJILHOM JIEHKU COCTaBJISET
npenmnouyrmuresibHo oT 0,2 MM OO 2 MM, OCOOEHHO MNIPeAllouTUTEJIBHO OT

0,3 MM mo 1 wMm. Ilog MMHMMAJILHOM TOJIIMHOM IOHMMAaeTCd TOJIIMHA



IPOMEXYyTOUHOTO CJIOS B CaMOM TOHKOM MecTe. TepMoILlaCTUUeCKUN
IPOMEXY TOUHHM cJjiom obpaszsoBaH 1o MeHbIIeN Mepe OIHOM
TEPMOIJIACTUUECKOM COeOIMHUTEJILHOM IIJIEHKOM C IIepeMeHHOM TOJIIMHOM,
TaK Ha3bHBaeMOW KJIIMHOBUIOHOM IIJIEHKOM C YIJIOM KJMH&a, W3MeHSIOIVMCH
II0 MeHBIEW Mepe Ha OTHeJIbHHX ydacTKax.

TosmmHEa IIPOMEXYTOUWHOTI'O cJioAa MOXeT OBTH IIOCTOSHHOM B

TOPUBOHTAJILHEX  CEUEeHMIX (T.e. CeueHMs MOPYMMEPHO IapaJllellbHE
BepxHeM KpPpOMKe M HIWKHEM KpPOMKe). B »ToM ciydyae OPOOMIIL TOJIMHEL
ABJIAETCSA TIOCTOSHHEIM IIO0 MUPMHE MHOTOCJIOMHOTO CcTekJa. OOHako,

TOJIIMHA MOXeT OHTL M3MeHAKNeVcd ¥ B TOPM30HTAJILHEX CeueHMAax. B
TaKOM ciyuyae TOJIIVHA ABJIIETCH V3MeHAKMenca He TOJIBKO B
BEPTUKAJIEHOM, HO M B TOPUBOHTAJIBHOM IIPOXOXIEHUN .

[IpOMEeXYyTOUHHIM CJIOM MOXeT OBTb o00pa30BaH OTIEeJLHOM IIJIEHKOM
uwim xe 6oJiee, uYeM OIHOM ILJIEHKOM. B IocJjedHeM cJydae II0 MeHbleM
Mepe OIOHa "3 ILJIEHOK OOJDKHa OHTh ofpasoBaHa C YKa3aHHBEM YIJIOM
KJIMHa. S9TOT MNPOMEXYTOUHHM CJIOM MOXeT OHTL Takxe oO0pa30BaH M3 Tak
HasBBaeMoM aKyCTHMUeCKOM IIJIeHKM, KoTopasd ofbjamaeT MIyMOIOoOaBJISKIYM
oeyicTBMEeM, WM COoIepXaThb TaKyl IUJIeHKy. Takue ILJIeHKM OBBUHO
COCTOAT M3 II0 MEHbLIeM Mepe Tpex CJIOeB, IIPpHUUeM CPpelHMUM CJIOM uMeeT
foJiee BHCOKYK ILJIACTUMYHOCTE WMJIM YIPYTOCThb, UYeM OKpyXaKmyue ero
BHEIMHME CJIOM, HalpuMep, BcJencTBue 00Jiee BHEHCOKOTO COIOepXaHMA
IacTudmUKaTOPOR.

BHemHsad IIJJacTMHA, BHYTPEHHSd IJlacTMHA M TepMOoIlJlaCTUUueCKUM
IPOMEXYTOUHEM CJIOVM MOTYT OHTL [OIPOBPAUHEMM U OeClUBETHBIMM, HO
MOTYT OHTHL u TOHMPOBAHHEIMA VIV OKpalle HHEMH . OBmee
CBeTOIPOoIlyCKaHre uepe3 MHOTOCJIOMHOE CTeKJIO COCTaBJIgeT B OIOHOM
NPEenIouTUTEJIEHOM BapuaHTe BHIIOJIHeHUA OoJjiee 70%. TepMmH «ofmee
CBETOIPONIIYyCKaHue» faszupyeTcsd Ha YCTaHOBJIEHHOM B ECE-R43,
[TpuiioxeHMe 3, 9.1 MeTome IPOBEPKU CBETOINPOHUILAEMOCTHU
ABTOMOOUIIEHEIX CTEKOJ.

[lpenmaraeMoe nzobpeTeHueM JioOoOBOE CTEKJIIO MOXET VIMETH
GYyHKIIMOHAaJILHOE  TIOKPHTHE, HalpuMep, MMOKPHTHE, oTpaxawnimee WK
nonJicmanmee MWK-mM3JIyyeHMe, T[IOKPHTME, OTpaxXxawnlee WIM [IOTJIomAaKIes
YO-m3IyueHme, IIOKPEITHE C HMBKOM UM3JIyUaTeJIbHOM CIOCOOHOCTLIO,
HarpeBaeMoe TIOKpHTHUe. Takoe QYHKUMOHAJBHOE TIIOKPHTHE MOXeT OHTH

IIOMeIleHO Ha BHEIIHIOK IJIaCTUMHY M1 Ha BHYTPEHHIOK IIJIaCTHHY .
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OYHKUMOHAJIEHOE IIOKPHETHE OpeOlOoUYTUTENbLHO PacIOJIOXEHO Ha
ofpaleHHOY K TepMOILIaCTUUEeCKOMY I[IPOMEXYTOUHOMY CJIOK IIOBEPXHOCTHU
cTekJa, TIe OHO 3aMUIEeHO oT KOppO3Un u IOBPEXIOeHUS .
OYHKUMOHAJIEHOE IIOKPHETME MOXeT OHTE TakKXe pPacloJIOKeHO Ha ILJIeHKe-
BKJIATHIIE B IIPOMEXY TOUHOM cioe, HalpuMep, nus
noJmsTuiieHTepedTasara (PET).

VzobpeTeHMe KacaeTcsd Takxe criocoBa MU3TOTORJIEHUSA
IIPOEKIUMOHHOM cucTeMe nJjadg [JIC, nOpuuyeM 5Ta I[IPOeKUMOHHasd CHUCTeMa
CONEepPXUT :

- JIOBOBOE CTeKJIO TPaHCIOPTHOT'O CPelCcTBa, colepXallee BHEIHI
[JIJACTUHY ¥ BHYTPEHHIKL ILJIJACTMHY, KOTOPHE COeIMHEHH IPpyI C IPpYI'OM
IIOCPEOCTBOM TePMOILJIACTUUECKOTO I[IPOMEeXyTOUHOT'O CJIoS, C BepxHel
KPOMKOM ¥  HWXHEeM KpoMKoM u obJjgacTbio OJIC, opuyeM  TOJIIMHA
TEepPMOILJIaCTUUECKOTO IIPOMEXYTOUHOT'O cJjosa npu BEepTUKAJbHOM
IPOXOXOEeHUY MexXIOy BepxXHelM KPOMKOM M HIWKHEM KPOMKOM IIO0 MeHbllel
Mepe Ha OTHEeJIbHEX YydacTKax ABJSeTCsa M3MeHAoMeMNcs C yIUIoOM KJIMHA,
IpuyeM BSTOT YyIOJ KJMHa SABJAETCH M3MEHSAKMIMMCSA I[IO0 MeHLBIIel Mepe B
obJgtactm IJIC; u

- TIPOEeKTOop, KOTOPHM HamlpaBJeH Ha o6JjacTb OJIC M co3maer
BUPTYyaJIbHOEe M300paxeHre, KOTOpOe MOXeT BOCIPMHMMATL HabjmomaTeb,
HaxoOaAmuica BHYTPM 3OHH oB30pa.

IpennaraeMell M300peTeHMeM CcIoco® BKIIOUaeT B cedd IO MeHbIeu
Mepe cJenylmue STallb:

(a) omnpemejieHMe ONOpPHOM Touku [JIC, B KOTOPOM Ha BHYTPEHHOD
IJIaCTUHY IollalaeT CPeOVHHBM Jyd, OPOXOIAMWM MexXOy IIPOeKTOPOM U
LIeHTPOM 3OHE ob3opa, Ha OCHOBaHUU 3alJIaHUPOBAHHOTO
OTHOCUTEJILHOTO PAacCIOJIOXKeHVsa JIOOOBOTO CTeKJla, M[OIpoeKTopa U BOHH
obszopa;

(b) YCTaHOBKa npodmisg pamuyca BepTHUKAaJILHOM KPMBW3HE,
KOTOPHM WM3BMEeHAeTCH IIPpYM BepTHMKAJIBHOM MIPOXOXIEeHUM MexXxIy BepxHel
KPOMKOM U HWXHEeM KPOMKOM uepe3 OIOpHYH Touky IOJIC, Tak dYTo
MaKCUMMyM paIuyca BEePTUKAJIbLHOM KPUMBM3HH Ha YyJacTKe IPOXOXKIEeHUI
MexIy HIWKHeM KpoMkoM objactu OJIC ¥ BepxHeM KPOMKOM JIOBOBOTO
CTekJla HaxOIMUTCS BHIIEe ONOPHOM Touku IJIC;

(C) wM3TOTOBJIeHMe JIOOOBOTO CTekJa C DTUM YIJIOM KJIMHa U

OoIlpeneJIeHHEM IIPOXOXIeHNVeEM palllyCa BepTMKaJ’IbHOﬁ KPMBHM3HEL,
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(d) B3amMMHOE pacCIIOJIOXeHMe JIOOOBOTO CTekJla M IIpoeKTopa, IIpu
KOTOPOM IIOJIydaeTCs IPOeKIMOHHad CHUCTeMa.

Ocoboe MNpeMMymecTBO HSTOTO crnocoba CoOCTOMUT B TOM, UTO IIpU
TakoM KOHCTPYMPOBaAHUM I[IPOEKIMOHHOM CHUCTEeMb VYVUMTHBaeTCd IPpOoQUJIb
KPUBUSBHE JIOBOBOT'O CTEeKJIa.

TomurHa CTeKOJI, a TaKxXe IOJIOXEHUE B CMOHTUPOBaHHOM
COCTOSHMM  OOBUYHO IIPM TaKOM IpoekKTHupoBaHumM [IJIC  yXe  XeCTKO
YCTaHOBJIEHH . Ha OCHOBaHMUU 5TOTO  MOXHO TakKxe TEeoOpeTUUYeCKN
OIIPelelJInThb XapakTep yIJa KJIMHAa, Tak UTo OIITHMAaJIbHO
MUHYMUBUPYITCA I[IODOOUHEEe M300paxeHMda. OopeleljieHMe XapakKTepa yIiJia
KJIMHAa OCVYIIECTBJIIAETCHA O OBIUHEIMIA B 2TOM oTpacJmn MeTOoaMM
MOIeJIMpOBaHUA .

Oajsiee, OOJIKHO OBTH YCTAHOBJIEHO OTHOCUTEJIBHOE pPaclloJIOXeHMe
MeXxny JIOBOBEIM CTEKJIOM U [IPOEKTOPOM. Ha OCHOBaHUM DTOTO
noJjiyyaercd [IOJIOXEHNME 30OHEL o630pa. ITo STMM  OaHHBEM  MOXHO
ONpenesIMTh CPeOMHHHM JIyd, a Takxe OIOpHyk Touky [JIC.

Korma onopHad Touka [JIC ompenejyieHa, TO COIJIACHO M300peTeHUIO
CTPOUTCA TPOOUIJIE BEePTUKAJLHOM KPUBM3HHE. I[IOCKOJILKY DSTOT IIPOOUIB
KPUBUBHE MOXET OKaslEBaTh BJAMAHME Ha HoDOOUHOe wm3o0paxeHre, TO K
2TOMY MOMEHTY MOXeT TIoTpeboBaThbCAa COIJlacOBaHMe YIJIOB KJMHA.
OkoHUATeJIbHOE IIOCTPOeHMe TeOMEeTPUMM CTekJla C OpoduieM yIula KJMHa
¥ OpodumiieM KPMBM3HEL MOXET BEHIIOJHATHCA MEeTOIOM IIOCJIedOBaTeJIbHEX
OpubamkeHuy, I[Ioka He OyOeT MUHUMM3MPOBaHa I[IpobJjeMa II0DOOUHOTO U
OIBOMHOTO MU300paxeHUs.

Bce 1o cuxX TIIOp ONMCAHHBEE DSTans OOBUYHO OCYWEeCTBJISTCA Ha
cTamguy [OIPOEeKTUMPOBAHMA, OOBIUHO Ha OCHOBaHMM  OaHHHX  CHUCTEME
aBTOMAaTM3VMPOBAHHOTO IIPOEKTUPOBAHMA TPAaHCIOPTHOTO CpelcTBa. llocie
TOTO, Kak ©OynmeT 3BaldaHa OKOHUATeJIbHad TeOoMeTpusa CTekJa, 3TO
CTEKJIO MOXHO M3TOTOBJIATH.

TepMOILJIaCTUUECKUM [IPOMEXYTOUHHM CJIOM OpelocTaBJISeTCs B BUIe
[JIeHKM . YT'OJ KJMHa MOXeT OHBTH yYCTAHOBJIEH IIyTeM PaCTIXKEeHUS IIJIeHKU
C IO CYmecTBY IIOCTOAHHOM (B MCXOOHOM COCTOSHMM) TOJIMMHOM WM
[IOCPEeICTBOM 3KCTPY3MM C I[IOMOmMBK KJIMHOBUIHOTO BKCTPY3UMOHHOTO
CoIlJla B ILJIEHKY.

BHemHAd T[JIacTMHa M BHYTPEHHSASd IJIaCTMHAa Ilepel JIaMMHUPOBaHUEM

NOOBEPranTCa MNPOoleccy TUOKM COOTBETCTBEHHO OIpelel]IeHHOMY IPOOUITIO
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KPVBU3HHE. [[peOlIOUTUTEeJIEHO BHEWHAS I[JlaCTMHa M BHYTPEHHAS I[JlaCcTHMHA
BMeCTe M3IMOAKnTCsA KOHIPYSHTHO (T.e. OOHOBPEMEHHO U C IIOMOWBK
OOHOTO M TOT'O Xe MHCTPpyMeHTa), I[IOCKOJBKY Ojaromapsda sToMy QopMa
CTeKOJI OINTMMAaJIEHO I[IOOOTHaHa Opyl' K Opyl'y IJiga  IIOCJenynlero
JaMVHMPOBaHMsA., THUIIMUHEE TeMIlepaTypH IJsA IIPpOLecCOB IMOKM CTekKJla
COCTaBJIAT, HaIpumep, oT 500°C mo 700°C.

VsToTOBJIeHUE JIOOOBOTO CTeKJIa OCYyWeCTBJIAeTCA nyTeM
JIaMVHMPOBaHU A OOBUHEIMM,, M3BeCTHEMA CIIeVaJIICTy MeTonamu,
HallpuMep, B aBTOKJIABHOM IIpollecCce, BaKyyMOOpMOBaHMEM C IIOMOWBLIO
3JIaCTUYHON oradparmer, MeTOIOM BaKYyMHOTO KOJIbLA, MEeTOIOM
KaJlaHIPpUPOBaHNUA, MeTOIOM BaKYyMHOTO JIaMVHMPOBaHM A NI
KoMOMHAalMeM YyKasaHHEX MeTonoB. CoeIMHeHMe BHeMHeM I[IJIaCTUHE U
BHYTPEHHeN [1J1aC TUHE Ipu STOM OBOEBIUHO OCYIWeCTBJIAETCA non
BOBIEVCTBMEM HaTpeBa, BakyyMa M/MUJM OaBJIEHWUA.

BaTeM JIO0B0OBOE CTEKJIO UM I[IPOeKTOPp pachojiarainT OTHOCUTEJILHO
IOpyT »Opyra, OOBUHO IyTeM BCTpaMBaHMA JIOOOBOTO CTeKJla M IIpoeKTopa
B KY30B TpPaHCIOPTHOIO CpencTBa. Tak obpasyeTcd IIpeljiaraeMasd
n300peTeHreM IIPOeKLUMOHHAA CHUCTeMa.

V3o06peTeHne KacaeTcsa Takxe IpUMeHeHU S npenjaraeMon
nzobpeTeHMeM IIPOEKIMOHHOM CUCTeMb B TPaHCIOPTHOM CpPeIOCTBe B
KauecTBe IOMCILJIed Ha Jio6oBoM cTekrJie (IOJIC), NOpedlodTUTEeJIbHO B
aBTOMOOMIIE, OCODEHHO MNPeNloUYTUTEJIbHO B [IAaCCaXMPCKOM abBTOMOOUIIE.

B 1nmajbHeMmeM IaHHoOe M300peTeHMe OyIeT paccMOTpeHOo 0OoJiee
noapo®HO Ha IMpMMepax BHIIOJHEHMSA C TIIpUBJIeUeHMeM uYepTexel. Ha
uepTrexax I[IpelCcTaBJIEHE CcXeMaTHMUHBEe M300paxeHMd 0e3 CoOJnIeHnd
Macmrabta. OTM UYepTeXs HUKOMM 00pas3oM He oI'paHuuMpBanT oOOBeM
3allMTH OAaHHOT'O M300peTeHus.

Ha HUMX [IOKas3aHO Cclenyolee.

dur. 1 - BUI CBEPXY JJOBOBOTO cCTekrJa openjaraeMon
n300peTeHreM MNPOeKUIMOHHOM CHUCTEMH,

dur. 2 - TIIoIepedyHOoe CeuUeHMe IpeljlaraeMoy mM300peTeHUEM
IPOEKIMOHHOW CUCTEMEH,

dur. 3 - cxeMaTMdHas »OualpaMMa Xoa pallyCOB KPUBUSHEL
npenjaraeMoro mM300peTeHMeM JIOOOBOIT'O CTeKJa,

dur. 4 - OJOK-CcxXeMa OIHOTO BapMaHTa OCYIEeCTRJIeHUI crnocoba
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COIJIaCHO M300peTeHMu, U

dur. 5 - IOmarpaMMma M3MeHeHMS palnyca BepTHMKAJLHOM KPUBUSHE
Y [OJIydalmeToCd B pes3yJibTaTe yIJla IOBOVMHOTO M300paXeHU.

Ha odumr. 1 mokxaszsaH BUI CBepxXy JOOOBOTO CTekJa 1 OpeljlaraeMou
n300peTeHMeM TIIPOEeKUMOHHOM cucTeMe. Jlo6oBoe cCTekjio 1 uMeerT
BEepXHIOK KpPpoMKYy O, HMXHIID KpoMKy U U OBe coelIMHAmMe UX OO0OKOBHE
KPOMKM. BepxHasa kKpoMka O BO BCTPOEHHOM IIOJIOXeHMM ofpaleHa BBepX
K KpHIIE TPAaHCIOPTHOTO CpelcTBa (KpoMKa KpPBIIM), HWKHAS KpoMmka U
obpameHa BHM3 K I[IOOKAIOTHOMY IIPOCTPAHCTBY (MOTOpHAasS KpOMKa) .
Jjoboroe cTerJio 1 mMeeT onHy o6jacTe B IJIC, koToOpad BO BCTPOEHHOM
INOJIOKEHUNM MOXeT oOJjydaTbca IOIpoekTopoM IJIC m obOiydaeTcsa B padboueM
pexuMe. OSTa obJjacTb B [JIC orpaHMUMBaEeTCs BepxXHeM KpoMkou (BO),
HKHeM KpoMmkoM (BU) M IOBYMS COEIMHAMUMM UMX OOKOBHMM KPOMKAMMU.
OBosHaueHH TaKXe OIOpHasda Toduka G IOJIC, KoTopasd Hmke Oynoer
paccMOoTpeHa IHOOpOoBHee, a TaKXe BepTUKAJIbHOEe IIPOXOXOeHue V MexXny
BepxHeM KpoMKo¥ O M HWXHeM KpoMkoM U uepes 5Ty OIOPHYI TOUukKy G
oJIC.

Ha dur. 2 I[IOoKasaHo [IoIIepeyHoe CedeHue IpenjlaraeMoM
ns3obpeTeHneM IPOEKLUMOHHOMN CUCTEMEL BIOOJIb BEepPTUKAJBLHOTO
OpoxXoXneHusa V, BrJoUawlmee B cebd Jjoboroe cTerjo 1 mno dur. 1, a
Takxe IpoekTop 5 IJIC. JloBoBoe CTekJIO 1 COCTOMT U3 BHEMHEN
IJJACTUHE 2 U BHYTPEeHHeM IJIaCTUMHBE 3, KOTOPHE COeIMHEHH IpyID C
IPpYI'OM IIOCPEeICTBOM TepMOIJIACTUUECKOTO IIPOMEXYyTOUHOTO cJos 4.
JJoboBoe CTEeKJIO OTHeJISeT BHYTPEHHee IIPOCTPAHCTBO TPaHCIOPTHOI'O
cCpeIcTBa OT BHEMHEeIO OKPYXeHUS, IIpMUYeM BHEMHAS IJJacTMHa 2 BO
BCTPOEHHOM COCTOSHMM oOpalleHa K BHeMHeMYy OKPYXeHM IO, a BHYTPeHHAS
JjJacTuHa 3 ofpalleHa K BHYTPeHHeMy IIPOCTPAaHCTBY TPAHCIOPTHOTO
CpeXCTEa.

BHemHsag IJJaCcTMHA 2 COCTOUT, HaIpuMep, M3 KaJbUUM-HaTPUeBOTO
CTekJla ToJmMHOM 2,1 MM. BHYTpeHHSS IJJacTMHa 3 COCTOMT, HaIpUMEpP,
13 KaJblUMM-HaTpPpMeBOT'O CTeKJla ToJmuHou 1,6  MM. 3T CTekJa
ABJAITCA OOBUHEIMM HJIS JIOOOBHX CTeKOJI. ToJmMHa IPOMeXyTOUHOT'O
cios 4 MOHOTOHHO BO3pacTaeT IIPpM BepTUKaJbHOM OIPOXOXIEeHUM OT
HMXHeM kpoMkM U K BepxHel KpoMke O. 39To yBeJMUeHMe TOJIIMHEL Ha

OaHHOM c]_)MI'ype IIPOCTOTEI pallM IIpedCTaBJIEHO JIMHEVHEIM C IIOCTOSHHEM
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YTJIOM o KJIMHAa MeXIy oBeumm MIOBEPXHOCT MU . [IpenJjaraeMut
n3obpeTeHreM IIPOMEeXyTOUHHEM cJjioM 4 ¥uMeeT, OIOHakKo, ©OoJiee CJOXHOE,
IO MeHblley Mepe Ha OTIOeJIbHEIX YydYacTKax, HeJIMHelHoe Bo3pacTaHue
TOJIIMHEL C HEeNOCTOSAHHHM YIJIOM O KJIMHa. [IpOMexXyTOUHHM cJon 4
BHIIIOJIHEH M3 OIHOM OTOEJILHOM IIJIeHKM M3 PVB (DOJIMBUMHMIOYTHPAJDL) .
ToJmMHa OPOMEeXyTOouHOTo cJjosa 4 y BepxHeM KpoMku O COCTaBJAET,
HanopuMmep, 1,25 MM, a y HWXHeM kpoMkuM U, Hanpumep, 0,76 MM.

IIpoexTOop 5 HamopaBJeH Ha o6jacTte B IJIC. B »sTom ob6jacTu
n300paxeHnd OynoyT co3maBaTbLCHA IPOEKTOPOM 5. NzobpaxeHne
npoeKTopa oTpaxaeTcsd oT JIODOBOTO CTeKJIa 1 B HallpaBJIeHUU
HabmonaTesda 6 (BOOUTEJSA TPaHCIOPTHOI'O CpencTea) . bBiaromapsa SToOMY
BO3HMKAaEeT He 0B03HauUeHHOe BMPTYyaJIbHOE  M300paxeHUue, BUOVMOE
HaBmonaTeyeM 6 3a JODOBHM CTekJioM 1. IlpencrabjleHHasa TakKUM
obpasoM MHOOpMalLMa MOXET BOCIPUMHMMATLCSA HabjmomaTejeM 6, KOTOpOMY
He TpebyeTcsd OTPHBATH B3IJIAL OT OOPOXHOTO IIOJIOTHA.

Brnaromapsd KJIMHOBMIOHOMY BEHIIOJIHEHMIO IIPOMEXYTOUHOTO cJiod 4 oba
n300paXxeHusa, KOTOPEE CO3JalTcda 3a CcueT OTpaXeHUd U300paxeHUd
npoeKTopa Ha obeux oDpalleHHBIX oT MIPOMEXYTOUHOT'O CJIo4 4
[IOBEPXHOCTSAX  BHemHeM IIJIaCTMHEL 2 WM BHYTPeHHeM IJIJacTMHHE 3,
HakKJlaOHBaKnTCd opyrn Ha opyra. osTOMYy Memanimmue MMODOOUHHE
n3obpaxeHrss BO3HMKAIT B MeHblleM Mepe. YTOJ O KJIMHa II0 MeHbIen
Mepe BHyTpM objactu B [JIC 4BJISeTCHd MI3MEHAKIMMCA IIPY BEePTUKAJIBHOM

IIPOXOXOEHVNM M MOHOTOHHO BO3pacTaeT OT BerHef/I KPOMKM BO k HMxHeMl

Kkpomke BU. VYroJ o KJIMHa COCTAaBJISAET, HalpuMep, Y BepxXHel KpPOMKU
BO 0,3 wMpanm, B olopHoM Touke G IJIC 0,5 Mpam M y HMXHeV KpoMky BU
0,8 Mpam. Tako¥ M3MeHSEeMHV YTOJ O KJIMHa II03BOJIAET ONTHUMUIUPOBATEH
oecTBUe (momarJieHUE IIOOOYUHEIX n300paxeHUN) npu PasINUYHEIX
[IOJIOKEHMAX IJla3, KOTOPHE IOJydYalTCd, HalpuMep, M3-3a pPa3JIMUuHBEX
PasMepoR TeJl BOOUTEJEN.

OBlacThb, BHYTPM KOTOPOM NOJDKHE HaxXOOUTLCA TUulasa HabjomaTensd
6, UYTOOH BOCIPMHMMATE BUPTyaJIbHOe WM300paxeHMe, 0003HauaeTCsa Kak
KOpUOop BocHpuATHa IJjazaMu (Eyebox-Fenster). Kopuoop BOCIPUATHUA
TjlasaMm  IIepeMellaeTcd  I[I0  BepTUKAJM [IOCPeICTBOM OTpaXaTesa B
npoekTope 5, UYTOOE MOXHO OBUIO HOHOOTHaThH IJIC mon HabmomaTeys 6 C

PasJIMUYHEIMIM pPasMepaMr Tejla WM 10O IIOJIOXKEeHMEe BOIOMTEJIA Ha CHIEHNWNM.
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Obmas pocTymnHasa o006JlacThb, BHYTPM KOTOPOM MOXeT IIepeMelaThCS 30Ha
KopuOoopa BOCIOpUATHUA TIJlalsaMM, Ha3HBaeTcsa 30HOM E obzopa. Jlyvy,
KOTOPEM COeOMHAEeT IOPOeKTop 5 C cepeIMHOM 30HH E o00630pa (0OOBHUHO
Ipy STOM OTpaxaTeJlb [IPOeKTopa 5 HaxXOOUTCHA B HYJIeBOM IIOJIOXEeHUWU) ,
Ha3bRaeTCHd CpelOMHHEM JyduoM M. OrnopHad Touka G IHIJIC COOTBeTCTBYET
TOUKe Ha BHYTPEHHEeM IJlaCTMHe 3, B KOTOPYK MIPUXOOUT CPEeOVHHBM JIyd
M. IlpM TakoM KOHCTPYMPOBAHMM IIPOEKIMOHHEX cucrtem [JIC onopHasda
TouKa G ABJIAETCSA XapaKTepUCTUUECKOW BeJIMUMHOMN.

Ha dur. 3 [IOKa3aHo CpaBHeHNE npodmia panmuycos R
BEPTHKAJIEHOM KPMBM3HEL IIPpM BepPTUKAJBHOM IIPOXOXIeHUM V Mexny
HIDKHENM KpoMkoM U M BepxHel KpOMKOM O OOBUHEX JIOOOBEX CTEeKOJ U
npodmiga InpeljaraeMoro M300peTeHUeM JIOOOBOTO CTekJla 1. VY OOBUYHHX
JIOBOBHIX CTEeKOJI paluyc R BepTUKaJILHOM KPUBMSBHH OOBUHO HEIPepHBHO
BO3pacTaeT OT BepxHeM KpoMkM O kK HIWKHeM KpoMke U.

[IpensaraeMoe u300peTeHMeM JIOOOBOe CTEeKJIO 1 XapaKTepusyeTcs

OTNIMYUAKIMMCA OT YKas3aHHOTO IIPOXOXIOeHMeM paIuycob R BepTMKaJ’IbHOIZ

KPpMBM3HEL., ECJIM paccMaTpMBaTh YyU4acCcTOK v’ BEPTUKAJIEHOT'O IIPOXOXIOEHNMA

V MexOy HWKHeM KpoMkoM BU ob6jsactu B [JIC u BepxHeM KpoMkoM O

JIOBOBOTO CTekJla 1 M B sTOM ydyacTke V' oIpemejMTh MaKCHMMyM pagnyca
R BepTHMKAJLHOM KPUBMS3HE, TO 5STOT MaKCuUMyM OyImeT JieXaTb Haml
OIOPHOM ToukoM G IJIC, T.e. MeXIOy OIOPHOM ToukoM G IOJIC M BepxHeM
KpoMkoM O. B mOpencTaBJIeHHOM IIPeOloUTUTEJIbHOM BapMaHTe BHIIOJHEHNS
3TOT MaKCMMyM HaxXoOIMTCsa Han ofJjilacTtbio B IOJIC. B objsactm B IJIC
pamnyc KPUMBUIHE MOHOTOHHO YOBHBaeT OT BepxXHeM KpoMKM BO kK HWXHeN
KpoMKke BU.

Pamuyc R BepTHMKAJLHOM KPUBM3HE B MaKCUMyMe COCTAaBJISAeT,
HanpuMep, 9,5 M m B objactu IJIC yOeBaeT OT 9 M y BepxXHEWM KPOMKU
BO ma 7,5 M y HMWXHeM KpoMKM BU.

[MpenmaraeMas M300peTeHMEM MIPOEKIMOHHAasaA CHUCTeMa 0DasupyeTcid B
NEepBYK OUepelb Ha IMIPOXOXIOEeHUM paluyCoOB KPUBU3HE JIODOBOTO CTeKJa
Opu TNOpoeKTHpoBaHuM [JIC. V3MeHSOMUWCSA, BO3pacTallyi CBepxy BHUSB
YTOJI KJIMHA, KOTOPHM 50OeKTHMBHO CHMXaeT I[I00OOUHHEe Mu300paxeHUI B
OTpaXeH, OO CHUX I[IOp IIPUMBOOUT MMEHHO K TOMY, UTO YCUIUBAKTCH
OBOVHEIE WM300paxeHMs B IIPOINyCKaHMM. BHJIO YCTAHOBJIEHO, UWTO D2TOT

sbberT yCcuIMBaeTcd ¥M3-3a OpOoOWUIIS KPUBUIHH  OOBUHHEX  JIOBOOBHX
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CTEeKOJI, Y KOTOPHX CcaMoe IJIOCKOe MeCcTO (MaKCUMaJIbHEM pagunyc
KPUBUSHH) JexuT 1ron objacTteio  IJIC. Bilaromap4 IHOpenjiaraeMoMy
n300peTeHreM NPOOUII® KPMBMIZHE, IIPUM KOTOPOM CcaMoe IIJIOCKOe MeCTOo
JEeXUT HaI OIOpHOM ToukoM G [HOJIC, nobouHoe wu30oOpaxeHMe U IBOMHOE
n300paxeHre MOTYT OHTBE Kak OB OTBA3aHH IOpyr OT »Opyra, "
YyCUIIMBaKlee oeliCTBUe [IPOXOXIEHU I yToJa KJIMHAa Ha OBOVHOE
n30o0paxeHme CHUXaeTCH. CLie) ABJIAETCSA OOJIBIIMM  IIPEVMYIECTBOM
OaHHOTO M300peTeHud.

Ha dur. 4 IokKaszaHa OJIOK—-CxXeMa  [IpuMepa OCVYIIEeCTBJIEHU A
OopenjiaraeMoro M300peTeHMeM crnocoba M3TOTOBRJIEHMA [IPOEKIUMOHHON
CUCTEeMEl IJIA OUCIJIed Ha JIOOOBOM CTEKJIE.

Ha dur. 5 [IOKa3aHo HaTJIAOHOE ns3obpaxeHue, KOoTOpoe
OeMOHCTPHUPYeT OJaTronNpuATHHY S0dekT npemjlaraeMoro U300peTeHMeM
[IPOXOXOEHUSI  paduyCoOB R  BepTHUKAJLHOM  KPWUBUSBHH. Ha BepxHen
orarpaMMe [IOKAa3aHo BepTUKaJILHOE [NPOXOXIOEeHMe pamomuyca R
BepTHUKAJIbLHOM KPUBUSHE oJis OBBIUHOTO u OJidg npenjiaraeMoro
n3obpeTeHueM JIOOOBOTO CTeKJla, IIpuUueM Yy KaXIDoI'0 M3 HUX OOUMHAKOBO
MBMEeHANMUMCAa yYTOoJ KJIMHa. B To BpeMsa, KaK paanyc R BepTHUMKaJbLHOM
KPUBUBHE COTJIACHO YPOBHK TeXHMKM IIOCTOSHHO BO3pacTaeT II0 Mepe
YMEHBIIeHNST PacCTOSHMSA OO  HWXHeM  KpoMmku U, B Ipeljal'aeMoOM
nzobpeTeHreM IIpMUMepe OH UuMeeT MaKCHMyM, KOTOPHM HaAXOIUTCS BHIIE
obimacty B [IJIC M cJerKa BHIIe BepxXHeW KPOMKM 3O0HH A BUIVMMOCTU
corJylacHo ECE-R43.

S1oT 20PeKT MOXHO YBUIOETL Ha HMWXHeM IuarpaMgme, TIe IIokKa3aH
Pel3yJLTURPYIINM YTOJ IBOMHOTO M30OpaxeHUsa. I[IpOoxXOoXIeHMe YyIJla KJIMHAa
B objgactu B [JIC oOoOTUMU3IUPOBAHO IJA IIPemOoTBpalleHrMd IOOOUHOTO
n3obpaxeHms, Tak UTO OTpaxeHMsa mnpoekuum [JIC  Ha  pa3JIMUHHE
IIOBEPXHOCTM HakKJjagbBalTcd Jpyr Ha »Opyra. OOHakKo, 5STO MOXET
IpUBECTM K TOMY, UTO NpobjeMaTHKa IBOMHOTO M300paxeHUS YCUIUTCH,
T.&. PpaccMaTpMBaeMble Uepes CTEeKJO OOBeKTH OyOyT NOPOABJIATLCA
YCUMJIEHHO Kak »IOBOMHOe wM300paxeHMe. Ha IMarpaMMmMe MOXHO YVBUIETH,
UTO YTOJ IOBOMHOTO M300paxXeHMd 3a CUeT OpedjlaraeMoro M300peTeHUeM
IPOXOXIEeHUSa palnyca R BepTHMKAJILHOM KPUMBU3HE SBHO YyMeHbIlaeTCsd,
BCJIeOCTBME UeTO IOBOMHOe M300paXeHMVe MeHbIle MeMaeT.

V306peTeHre KacaeTcsa IIPOeKIMOHHOWM CUMCTeMB OJId OUCIJIes Ha

JoboBoM cTekJie (IOJIC), comepxamel IO MeHLIIe Mepe OOHO JoBoBOe
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CTeKJIO TPaHCIOPTHOI'O CpelcTBa, cCcoIepxXalee ONHY BHEMHD IIJIaCTUHY
¥ OIOHY BHYTPEHHIO ILJIJACTMHY, KOTOPHE COelIMHeHH IpyIr C »OPpYyITOoM
IIOCPelICTBOM TepMOIJIACTUUECKOTO IIPOMEeXyTOUHOT'O CJIOS, C BepxHeln
KPOMKOM ¥ HWXHeM KpPOMKOM M ob6JjacTei IJIC; ¥ HOPOEKTOpP, KOTOPHM
HampakBJIeH Ha obJjacte [OJIC M co3maeT BUPTyallbHOEe M300paxeHue,
KOTOpOe MOXeT BOCIPMHMMATEL HabjomaTesb, HaAXOOAMMMCSA BHYTPM 3O0HH
o630pa, npuueM JIOOOBOE CTEKJIO MMeeT OIOPpHYK Touky IJIC, B KOTOpOM
OPOXOOAmMUNM MeXOy I[IPOeKTOPOM UM CepeaMHOM 30HHE o0030pa CpeldVHHHEMN
Jy4d IIolnamaeT Ha BHYTPEHHIKO IJIaCTUHY, TOJIMMHA TEepMOILJIaCTUUYeCKOTO
IPOMEXYTOUHOTO CJIOA IIPM BEPTUKAJILHOM IIPOXOXIESHUM MeXIy BepxXHel
KPOMKOM M HIWKHEM KPOMKOM IIO0 MeHBIIEM Mepe Ha OTIOEeJIbHHEHX ydacTKax
ABJISETCA M3MeHdKmelcsda oo YyIJIOM (0) KJIMHa, OpuyeM yToJl (o) KJIMHAa
ABJIAeTCHS WU3MeHAOMMMCS II0 MeHbIel Mepe B ofbjgactu IOJIC, JoboBoe
CTEeKJIO UMeeT paluyC BepTUKAJLHOM KPUBMUSBHE, KOTOPHEM ABJISETCH
VUBMEHAIUMCA I[IPpYM BEPTUKAJILHOM IIPOXOXIESHUM MeXIy BepXHelM KPOMKOM
¥ HMXHEM KPOMKOM uepe3 OIOPpHYyK Touky [IJIC, nOpuueM MaKCUMyM
paiuyca BepTUKAJLHOV KPMBU3HEL Ha YYacCTKe [IPOXOXIEeHUS MexXmoy
BepxHeM KPOMKOM JIOOOBOTO CTeKJla UM HWKHeM KpoMkoM obJjacTtu [HOJIC
HaxXOOMUTCA BHIIE OINOPHOW Toukm IJIC.

[lepeUueHb CCHUJIOUHEIX OOO3HAUEHUM

(1) JoBoBoe CTeKJIOo

(2) BHemHAd ILJIaCTHMHAa

(3) BHYTpPeHHSASA ILJIaCTHMHAa

(4) TepMOILJIACTHUUECKUM IIPOMEXYTOUHHI CJION

(5) npoexkTop

(6) HabiomaTellb/BOOUTEJIL TPAaHCIOPTHOTO CpemncTBa

(O) BepxHAA KpOMKa JIOOOBOTO cCcTekJa 1

(U) HWKHAS KpoMKa JIOOOBOTO CTeKJa 1

(B) objacTp HOJIC Jji0BO0BOTO CTekJla 1

(BO) BepxHAa kpoMka ob6jacTtmu B IOJIC

(BU) HMxHS4 KpoMKa obJjactu B IJIC

o YyToJI KJIMHa IIPOMEeXyTOUHOTO cJosa 4

R pamuyc BepTHMKAJLHOM KPMBUIHLE JJOOOBOTO CTekJa 1

(V) BepTUKaJbHOEe MNpoxXoxIeHMe paluyca R KPMBMSBHH MexXOy

BepxHeM KpoMKOoV O M HWXHeV Kpomkoum U
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(V') vuacTok V MeXOy BepxHel KpoMkoM O JIOBOBOTO CcTekjla 1 u
HIDKHEN KpoMKoM BU

(E) 3o0oHa obzopa

(M) cpeIMHHHM Jy4d (MexIy IIpOeKTopoM 5 ¥ cepelIMHOM 3SO0OHH k)
obszopa

(G) omnopHad Touka MOJIC
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SOPMYJIA MN3OEBPETEHNA

1. IlpoekUMOHHas CcuUCTeMa OJdg »OUCIJIes Ha JIOOOBOM CTeKJIe
(OJIC) , conmepxamas IO MeHbBIEN Mepe

- JIoO6oBOe cCTekJio (1) TpPaHCHIOPTHOI'O CpencTBa, cCcomepxallee
BHEIMMHKK ILJIACTUHY (2) M BHYTPEHHK ILJIACTUHY (3), COeIMHEHHEEe IpyT
C IPpYyI'OM IIOCPENCTBOM TePMOIUJIACTUUECKOTO IIPOMEXYyTOUHOTO cJjosa (4),
C BepxHeM KpoMkoM (0) m HmWxHeM KpoMmkoum (U), m c objgacteio (B)

OUCIied Ha JoboBoM cTekjie (OJIC), mnpuueM Jio6oBoe cTekjo (1)
TPAHCIOPTHOTO CpPeICTBa MMeeT YTOJI YCTAaHOBKM B OManasoHe oT 55° 1mo

75°, ® mOpuueM BHEmMHSS IJIaCTMHa (2) M BHYTPeHHSS IjacTuHa (3)
VMMET TOJIIMHY MaKCHMMyM 5 MM Kaxnas; U

- npoekTop (5), KOTOPHM HamopaBJeH Ha of6jacTek (B) JVIC u
cozmaeT BUPTyaljlbHOe wM300paxeHMe, KOTOPOE MOXET BOCIPMHMMATECSA
HabmomaTeneM (6), HaxomdAmmMMcsa BHYTpM 30HH (E) o630pa,

Ipu4YeM

- JIo6oBOe cTekJo (1) mMeeT ONOpHYyW Touky (G) IJIC, B KOTOpPOM
IpOXOOAmMM MexXOy OIpoekTopoM (5) u cepemmHo¥ 30HH (E) o630pa
cpermmuHHEM Jiyu (M) nonamaeT Ha BHYTPEHHIOO ILJIacTuHy (3),

- TOJIIMHA TepMOIJIaCTUUYeCKOT'O IIPOMeXyTOouHOTo cJjiod (4) 1mnpu
BepTUKAJLHOM IMIPOXOXISHUM MexXxIy BepxHel kKpoMkoM (0O) © HMXHeM

KpOMKOﬁ (U) I10 MeHbIIeMn Mepe Ha OTIOeJIBHEIX YydacCTKaxXx ABJIAETCA

u3MeHdgmeca Tnon yIJloM (o) KJIMHa, I»OpudeM YyToJ (o) KJIMHa IO
MeHbIel Mepe B o6JjacTtu (B) IJIC aBiIgeTCsS M3MeHIOMMMCSI,

- JIOBOBOE  CTEKJIO (1) VMeeT  palunyc (R) BEepTHUKAJILHOM
KPUBUSBHH, KOTOPLIM ABJISIETCH M3MEeHS0MUMC I npu BEPTUKAJIBLHOM
npoxoxneHun (V) MexIOy BepxHeM kpoMkoM (0O) ¥ HmWwkHeM KpoMmkou (U)
yepes ONOpHYK Touky (G) IOJIC,

IprMyeM MaKCHMMyM paauyca (R) BepTUKAaJbLHOM  KPUBMI3HE Ha
yuacTke (V') mnpoxoxmenud (V) MexOy BepxHelM KpoMkoi (0) JoBoBOTO
crexkya (1) m HwxHelM kpomkoy (BU) objgactu (B) IOJIC HaxXoIMTCI BLIIE
omopHoM Touku (G) IJIC.

2. IlpoekLuMOHHasa cHUCTeMa IO . 1, [OpMUeM MaKCHMMyM paInyca
(R) BepTHMKAJLHOM KPMBUSBHH HaxXOOMTCS Beme objacTu (B) IJIC.

3. IlpoekuMoOHHas cuUcTeMa IO . 1 wmim 2, npuueM pamnyc (R)

BEepPTHKAJIBHOM KPMBM3HH Y BepxHeM KpoMku (BO) obmactu (B) HOJC
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BoJible, uYeM Yy HWXKHelM kKpoMkM (BU) ob6jgactu (B) IJIC M MOHOTOHHO
YMEHbBIIAETCA MeXIYy BepxHeM KpoMkoM (BO) u HmwkHeM KpoMmkomu (BU) .

4. TlpoekIMOHHad cucTeMa o JmwboMy M3 MO.I0. 1-3, [OpudeMm
MakcuMyM paIuyca (R) BepTHMKaJbHOM KPMBUABHE HAXOOMTCS Ha BepxHeM
KPpOMKe 30HH A BUIMMOCTHM WMJIM BHIIEe BepxHeM KPOMKM 3OHH A BUAMMOCTU
B cooTeeTcTBUM C ECE-R43.

5. IlpoekUMOHHad cucTeMa IO JmwboMy ™3 .. 1-4, [OpudeMm
MaKCUMyM pamnyca (R) BepTUKAaJIbLHOM KPUBUBHE 1o BCEMY
BepTUKaJbLHOMY TPOXOXIeHu (V) HaxXOOMTCS MeXOIy BepxXHelM KPOMKOM
(O) JobBomBoro cTerJya (1) M HWxHeM KpoMkoM (U) JjoboBoro crTekrkja (1)
BHINE OIOPHOM Touku (G) IJIC.

6. IlpoeKLUMOHHaAsa CcHUCTeMa 0o JwboMy M3 O.IO. 1-5, HOpuuyeM yIoOJ
() KJIMHa MOHOTOHHO VYBEJIMUMBAETCH IIPM BEPTUKAJLHOM IIPOXOXIEHUU
OT BepxHe¥M KpoMku (BO) o6mactu (B) [IJIC x HWKHeM Kpomke (BU)
obnacT (B) HJIC.

7. IpoeKLUMOHHAS CcHUCTeMa I10 JiodoMy M3 II.II. 1-6, IpryueM yIToJI

(o) wJmHa B o6jactmu (B) IJIC cocraBjadger oT 0,05 Mmpam mo 2 wMpamn,
npenmnoururesibHo oT 0,1 Mpam mo 1 mpan.

8. IlpoekLUMOHHas cucTeMa o JodboMy M3 0O.0. 1-7, OpuUUueM
pamnyc (R) BepTUKaJLHOM KPUBM3HH B objlacTu (B) IJIC cocTaBJISeT OT
6 M o 10 M, HOPemOnouTMTENIEHO OT 7 M mo 9 M.

9. IlpoekUMOHHas CcHUCTeMa o JodboMy M3 HO.IO. 1-8, [OpuueM
pamnycu (R) BepTUMKaJbHOM KPMBUBHEH BCcero JoBoBOTO cCTekJya (1)
cocraByaganT oT 1 M mo 20 M, HOPeldlouTUTEeJIbHO OT 2 M OO 15 M.

10. IlpoekuMOHHas CHCTeMa [0 JwoboMy M3 O.I0. 1-9, nOpuuem
BHemMHAA IIJIacTMHa (2) ¥ BHYTPEHHSd IJIaCTMHa (3) comepXaT KaJbLuUMi-
HaTpUeBoOe CTEKJIO M  UMERT TOJIMMHY  OT 0,8 MM IO 5 M,
npennouTmuresibHO oT 1,4 MM 1o 2,5 MM.

11. IlpoekuMoHHas cucTeMa TIo JwoboMy wu3 n.n. 1-10, npuuem

IPOMEXY TOUHHM cJjiom (4) COOEPXUT 1o MeHbIIEN Mepe
NOJIMBUHUIIOY TUPAJIb (PVB), STUJIEHBUHMIIALlETAT (EVA) , NoJINYypeTaH
(PU) VI cMecH, VI COTIOJIMMEDH, VI nx IIPOM3BOOHHE,

NIpennouTuTesIbHO PVB, M MMeeT MMHMMAJIBHYKR ToOJmMHY oT 0,2 MM OO 2
MM, TMIPennouyTuTeslbkHO oT 0,3 MM mo 1 MMm.

12. IlpoekuMoOHHas cucTeMa TIo JwoboMy wu3 n.n. 1-11, npuuem
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IpOMeXy TOUHEBI cJIoMn (4) obpasoBaH B BUIOE MyMOIIODaBJISMEN
MHOTOCJIOVMHOWM IIJIEHKM!.

13. Cnoco® M3TOTOBJIEHMS MNPOEKIMOHHOWM CHCTeMEl IJIS IMUCIJIed Ha
JoboBoM cTerJie (IOJIC) mno JjmoboMy M3 m.mo. 1-12, comepxamemn

- JoboBoe cCTekJo (1) TPaHCIOPTHOTO CpPeIOCcTBa, BRJWLUaKIee B
cebd BHEMHOKO IJIaCTUHY (2) ¥ BHYTPEHHKK IJIaCTHMHY (3), KOTOPHE
COeIMHEeHH opyT C IpyT oM IIoCcpelCcTBOM TEepPMOILJIaCTUUECKOTO
IPOMEXYyTOUHOTO cJiogd (4), C BepxHeM KpoMkoM (0O) ¥ HWXHeM KPOMKOMU
(U) wm obinacte (B) z»nucroies Ha JoboBoM cCcTekJe (IJIC), mnpuueMm
TOJIIMHA TEepPMOIIJIaCTUUYECKOTO IIPOMEXYTOUHOT'O cJio4a (4) npu
BepTUKAaJBLHOM IIPOXOXIEeHUM MexIy BepxHeM KpoMkom (0O) M HMXHeM
KpoMkoM (U) 1o MeHbIley Mepe Ha OTIeJIbHHEX YydacTKaxX SBJISEeTCH
UBMeHdmencsa I[Ion yIJioM (o) KJIMHa, OpuueM YToJ (o) KJIMHa IO
MeHbIleM Mepe B objacTtu (B) IJIC saBiIgeTCd M3MEHSAWMUMCS; U

- npoekTop (5), KOTOPHM HamopaBJieH Ha of6jactek (B) JIC u
cozmaeT BUPTyalslbHOEe M300paxeHMe, KOTOPOE MOXET BOCIPUMHMMATECSA
HaOmomaTeneM (6), HaxondmmMMcsa BHYTpM 30HH (E) ob630pa;

IpuuyeM CIHOCOO BKJKUaeT B cebda I[IO MeHbIeM Mepe CJelyllue
STAIlH

(a) omnpemeJieHre OIOpPHOM ToukM (G) IJIC, B KOTOPOM MIPOXOOAMUN
MeXny IpoeKTopoM (5) u cepemmHoM 30HH (E) o030pa CpeIMHHHM Jyd
(M) rornagaeT Ha BHY TPEHHI ILJIaCTUHY (3), MCXOOs ns3
3allJIaHMPOBAHHOTO B3aMMHOITO PacloJIOXeHUs JoboBoro cTekja (1),
npoekropa (5) m 30HH (E) o0630pa;

(b) mocTpoeHue npoduna pamuyca (R) BepTUKaJILHOM KPUBU3HEH,
KOTOPEM ABJISETCS MBMEHSAOMMMCHS IIPM BepTHKAJbLHOM IpoxXoxmeHuu (V)
MexIy BepxHel kpoMmko¥ (0O) m HWXHeM KpoMkoM (U) uUepes OIOPHVYO
TOUKY (G) nJic, TakK UTO MaKCUMyM palunyca (R) BepTHUKaJbLHOM
KPUBUSZHE HaxXoIMUTCId Ha yuacTke (V') npoxoxmenmda (V) MexOy HMKHEN
KpoMkoM (BU) o6jgactu (B) IJIC u BepxHel kpoMmkon (0) JoBoBOTO
crekJyia (1) BBIIe OIOPHOM ToukuM (G) IJIC;

(c) m3TOTOBRJeHMe JioBDoBOTO cCcTekjla (1) ¢ yrJjgoM (O) KJIMHaA M C
olpeneJleHHHM IPOXOXIeHVeM paauyca (R) BepTUMKaJbHOM KPUBMUI3HEL,

(d) B3aMMHOe pPacCIOJIOXeHMe JIOOOBOT'O CTekJla (1) M IpoekKTopa

(5), InpnueMm obpasyeTcCcsd IIPOEeKLUMOHHAsa CUCTeMa.
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14. TlpuMMeHeHMe MIPOEeKLUMOHHOM CHCTeMH 10 JoboMy M3 o.mo. 1-12
B TPAaHCIOPTHOM CPEeINCTBe B KadeCTBe IOUCIJIes Ha JOOOBOM CTeKJe
(IJIC) , npemnouyTUTEeJSJEHO B aBToMOOMIIe, OCODOEHHO IMpPenlouTUMTEeJIbHO B
nacCcaxXmpcKoOM aBToOMOOMIIE.

I[Io DOBepeHHOCTH
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OnpeneneHue TONLLMHbI BHELLUHEM NNACTUHbI 2, BHYTPEHHE! NNACTHHbI 3, @ Takke
TOMNLUVHbI 1 YIa O KIMHA NPOMEXYTOUHONO ¢nost 4 noboBoro crexna 1

v

OnpepeneHue B3aUMHOIO pacnonoxeHud 1060Boro cTekna 1 v npoextopa 5

v

Onpeneneue cpeamHHoro nyya M mexzay npoexTopom 5 v cepeanHoi 3oHbl E 0b3opa

Onpenenerue onopHoi Touku G [L/1C, B koTOPOR CpeauHHbIA yy M nonaaaer Ha
BHYTPEHHIOK NNacTuHy 3

[ocTpoeHwe npoduns paguyca R BEPTUKANbHO KpUBH3HDI, TIPU|EM MAKCHMYM
HAXOZWTCA Ha yuacTke V' npoxoxzenns \/ mexzy HkHed kpomkoi BU obnactu B IC w
BepXHed kpomkoi O noboBoro cekna 1 Bbilue onopHoi Touku G [I1C

A

W3roToBnenwe no6oBoro cTexna 1 ¢ YrmoM o Knua i OnpeseneHHLIM POXOKAEHHEM
PaauycoB R BEPTUKANBHOM KDUBM3HbI

v

YcraHoBKa noboBoro crexna 1 8 aBToMObUNE ANs NPOEKLMOHHOH cucTembl [/1C
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