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Optical coatings, i.e. elements of temperature controlling coatings, based on ultrathin elements of optical radiation-resistant
glass K-208 with thickness of about 150 um, are successfully used as passive means of temperature controlling tools in space
engineering. The paper considers the process of fabrication of glass elements for temperature controlling coatings, which
includes the following stages: drawing of glass ribbon from a brick of glass heated to a temperature of high plastic consistency
through a steel draw-hole; dimensional cutting of the glass ribbon that is done by means of a diamond scriber; process of
thermal plastic flattening of glass elements done in a furnace by heating to a temperature of plastic consistency under load.
The process of drawing from a highly plastic brick of large sizes leads to difficulties in providing the flatness of the ribbon
drawn. The glass ribbon has a convex shape. In order to achieve a required deviation from the flatness, the technique of warm
plastic deformation of the glass elements under load is used. The process of flattening of convex glass elements is considered,
temperature regimes and holding time, which allow one to achieve minimum deviations from the flatness (below 10 pm) are
chosen. Measurements of flatness deviations of glass elements before and after flattening are carried out by a profile recorder
252 “Caliber”. The results of the measurements prove the efficiency of the flattening technique chosen. The flattening process
makes it possible to fabricate thin elements of K-208 glass with minimum flatness deviations that allows for their application
in the units of temperature controlling coatings in the temperature controlling systems of space vehicles.

Keywords: glass elements, flattening.
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B Hacrosiijee BpeMsi B KOCMIYECKOIT TeXHIMKe B KaueCTBe MACCUBHBIX CPECTB /ISl CUCTEM 00eCIiedyeH sl TEeIJIOBOTO PeXN-
Ma YCIEIIHO IIPYMEHSAIOTCA OIITUYeCKIe IIOKPDITHA (37IeMEHTDI TePMOPeTy/IUPYIOLINX ITOKPBITIIT) HAa OCHOBE Y/IbTPATOHKIX
(romumHoI TopsiaKa 150 MKM) 971eMEHTOB 13 OITHYECKOr0 pafiMalMoHHO-cToKoro crekna K-208. B cratbe paccmarpuBa-
eTCs IIPOLeCC M3TOTOB/ICHNA CTEK/IAHHBIX 9IMEHTOB JJLA TePMOPETYINPYIOMINX IOKPBITHI, BK/IIOYAIOMINIL B ce0s CIenyio-
I[ye CTajuJ: — BBITATMBAHME CTEKIOJIEHTHI M3 67I0Ka HarpeToro 10 TeMIIepaTyphl BBICOKO IVIACTUYHOIO COCTOSHISA CTEK/IA
4epe3 CTaIbHYI0 GUIbePY; — Pa3MEPHYIO Pe3KY CTEK/IONIEHTBI, OCYIIeCTB/IAeMYIO0 IV IIOMOIIY CKPailOMPYIOLero aIMa3Ho-
IO MHCTPYMEHTA; — IPOIIECC TEMIOBOTO MIACTMYECKOTO BHIPaBHUBAHMA CTEK/IAHHBIX 57IEMEHTOB, OCYII€CTB/IAEMbIN B IT€YN
IIpY HarpeBe IO TeMIIepaTyphl INTACTUYHOCTI CTEK/Ia IOJ Harpys3Koil. IIpomecc BBITSXXKY U3 BBICOKO ITACTUYHOTO 0/10Ka
OO0/IBIIO pasMEPHOCTI IPUBOANT K BO3HUKHOBEHMIO TPYFHOCTEI 0 00eCIeYeHNI0 INIOCKOCTHOCTY BBITATYBAEMOI CTEK-
noneHTbl. PopMa CTEKIONEHTHI MMeeT BBINYKIyIo ¢popMmy. g obecriedeHns TpeGyeMOro OTKIOHEHUA OT IVIOCKOCTHOCTHU
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IPVYMEHAETCA TEXHONOTHA TeIIOBOI IIACTNYeCcKOol JedopMalyy IOJ Harpy3Koil CTeKISTHHBIX 3leMeHTOB. PaccMoTpeH
HpOleCcC BHIPABHUBAHNA BBITYK/IBIX CTEK/ITHHBIX 9/IEMEHTOB, BBIOPAHBI TeMIIepaTypHbIe PEXXVIMBI M BpeMs BBIIEP)KKM, IO-
3BOJIAIONINE TOYYaTh MUHMMAIbHOE OTKJIOHEHME OT IIOCKOCTHOCTH (o 10 MxM). I[TpoBefeHbI M3MepeHNs OTKIOHEHMSA
OT IUIOCKOCTHOCTY CTEK/ITHHBIX 3JIEMEHTOB JI0 ¥ IIOC/Ie TIpoliecca BhIpaBHUBAHUA IIPU ITOMOILM TpoduIoMeTpa-podu-
norpacda 252 «Kammbp». PesynbTaTsl MpoBefieHHbIX N3MepEeHNIT ITOATBEPXKAA0T 3¢ (HeKTUBHOCTD BHIOPAHHON TeXHONIOTUM
BpIpaBHMBaHM:A. [Ipoliecc BbIpaBHMBAHNA JaeT BO3MOXKHOCTD MOTy4YaTh TOHKME 9/1eMeHTH u3 cTekna K-208 ¢ MuHMMane-
HBIM OTKJIOHEHNEM OT IIJIOCKOCTHOCTH, YTO ITO3BOJIAET IIPUMEHATD UX B 9/IeMeHTaX TepMOPEeTYIMPYIOMX IOKPLITUI CHCTEM
TepMOpPEryIMpOBaHMA KOCMUYECKIX allllapaToB

KiroueBble cToBa: CTEK/ITHHbBIE 9JIEMEHTDI, BbIpABHVBAHIE.

1. BBemenne 2. BoipaBHUBaHNe CTEK/IAHHbBIX 37IEMEHTOB

YIbTpaTOHKMe CTeK/JIAHHBIe 9JIeMEeHTBl C TONVHONM [Ina obecnedeHusa TpeOyeMOro OTKIOHEHMS OT IIOCKOCT-
~150 MM 1 pasmepamu oT 20x10 mo 80xX4 MM 13 paguany- HOCTY IPUMEHAETCA TEXHOIOTM TEIJIOBON IIACTUYECKON
OHHO-CTOJKOrO cTeKkna Mapky K208 mpumeHaioTcs g pe-  gedopManyy IIOF HArpy3Koil CTEK/ISHHBIX OJIEMEHTOB.
LIeHMA CIeYIONMINX 3a/iad IIPY 9KCIUTyaTalMy KOCMIUYeckux [ 3TOro B CTaIbHYIO OIpaBy (puC. 2) yKIaibIBaeTCs CTOII-

anmaparos (KA) [1,2]: Ka CTEK/ISTHHBIX 9JIEMEHTOB TOMIIMHON 160 MKM U3 CTeK/a
— 3alMTHBIE TOKPHITUA (OTO3IEMEHTOB COMHEYHBIX Mapky K-208 ¢ mpokmagKoit KaX/[oro sJieMeHTa KBapIieBbl-

Garapeir; My numndoBaHHBIMU IUIacTHaMU. Ha cTonky ycraHaBim-
— TepMOOIITIYECKYe IIOKPBITUA PafinaTOPOB-TEIIO00-  BaeTcs KaIMOpOBaHHDII I'Py3 BecoM 0Komo 480 .

MEHHVIKOB CHCTEeMbI TEPMOPETy/IUpPOBaHMUA. OmnpaBa ¢ IByMs CTOIIKaMJ CTEKOJI IOMEIIAeTCs B Iedb
K CTekIAHHBIM 9/eMeHTaM IpPeNbABIAITCA BBICOKME C PeryIMpyeMbIM PeXVMOM TeMIepaTypbl, B KOTOPOI Ipo-

TpebOBaHMs IO TeOMETPUYECKIM ITapaMeTpaM: VICXOJUT HarpeBaHMe IO TeMIepaTypbl, IIpU KOTOPOI Ipo-
— pasMepaM — TOJIIVHE, IJIMHE, IINPIHE; MCXOUT pasMsrdeHre U BbIpABHUBAHME CTEK/ISTHHBIX JIe-
— Ka4yeCTBY IOBEPXHOCTU — CBETOPACCEMBAHMIO ¥ OT-  MEHTOB.

CYTCTBUIO KaBepH; B pesynbraTe IpOBOAMMBIX 9KCIIEPMMEHTOB B paMKax
— OTKJIOHEHWIO OT IJIOCKOCTHOCTH. «TeMIlepaTypa-BpeMA-yCWINe Harpy3ki»  yCTaHOBJICHO,

TexXHOMOTNA M3TOTOBNICHNS CTEK/ISHHBIX 97IEMEHTOB OC-  YTO MUHMMAJIbHOE OTK/IOHEHME OT INIOCKOCTHOCTH 3/IeMeH-
HOBaHa Ha HarpeBe IONMPOBAHHBIX CTEK/IHHBIX OJIOKOB  TOB IIOJY4YeHO IIpy Harpyske 480 I 1 BpeMeHHOII LIK/IOrpaM-
u3 crekna K208 pasmepom 400x400x400 MM [0 BBICOKO BA3- M€ TEMIIEPATYPBI, IPe/ICTaBIeHHOII Ha puc. 3.

KOTO COCTOSHUSA C IOC/TIEAYIOIIEN BBITAXKKON CTEKIONEHThI
TOMIIMHON 0KO/MIO 150 MKM M IMpuHO 0Ko/Io 60 MM 4epes
¢Ibepy U3 HepKaBelomlei cTam [3].

KayecTBO monmpoBKu ¢uibepsl OnperenseT KadyecTBO
MTOBEPXHOCTY CTEK/IOMEHThL. [laHHBI CIIOCOO M3TOTOBIIE-
HIA IIO3BOJISAET IONY4YaTb JEHTY U3 cTekna mapkm K-208
¢ Tomuuuoir or 80 go 200 mxm. CTeKIo/IeHTa TOJIIUHOI
150-170 MKM IIONTy4arOTCA BBITATMBAHMEM CTEKIOMAaCChI
npu temieparype 920-940°C gepe3 ¢uibepy ¢ MMPUHON
memt 4,5 MM CO CKOPOCTBIO BBITSDKKM 23 -28 MM/C B 3a-  Puc. 1. 3arotoBka CTEKIONEHTBI U3 ONTMYECKOIO CTEK/IA MapKy
BUCHMOCTY OT TeMIIEPaTypbl Meun. YBemuenue ckopoctn — K-208.

BBITSDKKM J10 38 MM/C TI03BOJIAET BBITATMBATL CTEK/IONeHTY  Fig. 1. Preparation of glass tape made of optical glass brand K-208.
TONIHOM 80 MKM.

Ilocme BBITSDKKM TIPOMCXOAMUT OTXKUT CTEKJ/IO/IEHTHI
B 97IEKTPUYECKON KaMePHOJI Teun I/ CHATUA BHYTPEHHUX
HAIIpsDKEHMII B CTeKJIe, BOSHMKAIOIINX IIPY OCTbIBAaHUU I10-
CJ1€ BBITSDKKI.

PasmepHas peska CTEKIONEHTHI U TIOTyY€eHNE 3aTOTOBOK
TpebyeMoro pasMepa OCyLIeCTB/IAETCA IPY IIOMOIY a/IMas3-
HOTO MHCTPYMEHTA /LA CKpailOupoBaHMA.

[Tporjecc BBITSDKKM M3 BBICOKO IUIACTUYHOTO O710Ka
OO/BIION PasMEpHOCTU IPUBOAUT BO3HMKHOBEHMIO TPYA-
HOCTell 10 00ecIieuyeHNIo ITIOCKOCTHOCTY BBITATMBAEMON
creknonenTsl. Kak mpaBumo, opMa CTEKIONEHThl MMeeT
BIJI, IOKa3aHHDBI Ha pyC. 1 M XapaKTepusyeTcs TpeMA o6ma-  Puc. 2. Cromka CTEK/ISHHBIX M KBapLEBbIX IVIACTHH (IO cxeMe

CTAMM: 06IOAMU — YTONIEHUAMY 110 060UM KpasM, KOTO-  «COHIBUW») B OMpPABE C IPy30M.
pble IIpU pe3Ke YHAIATCA U 0071acTbI0 OCHOBHOTO MaTepua-  Fig. 2. Stack glass and quartz plates ("sandwich") in frame with the
J1a, BBIITYKJIOTO B OTHOM 13 HallpaBJIeHUIA. load.
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Puc. 3 TemmepaTypHas IMKIOTpaMMa I€YM IPU BBIPABHMBAHUMN
CTEK/IAHHBIX 9/1EMEHTOB.

Fig. 3 Temperature sequence diagram of the furnace in alignment of
the glass elements.

ITnacruna us onrmdeckoro crekna K208 (He BBIpOBHEHHas)
The plate of the optical glass K208 (not aligned)
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(a) He BoipoBHeHHbIe cTeka / Not aligned glass

ITpu BbI6OpE TeMIIepaTypbl BBIPABHUBAHS CTEK/ISTHHBIX
9/IEMEHTOB OBITIO OOHAPYIKEHO, UTO [IPY IIOBBIIIEHNUI TEMIIE-
parypsl Bbime 530°C Ha IOBEPXHOCTM 37IEMEHTOB IOABIIA-
I0TCSI KaBE€PHBI, KOIMYIECTBO KOTOPBIX IIPEBBILIAET HOIMYCTH-
MBIil YpOBeHb. MeXaHN3M BO3HMKHOBEHM KaBepH aBTOPbI
CBA3BIBAIOT C HA/IM4YMeM Ta30BBIX BKIIOYEHMI Ha TPaHMNIE
KBapIieBas MONI0KKA — CTEK/LTHHBIN 3/1eMeHT.

I ompepenieHnsa KadeCTBEHHBIX XapaKTEePUCTUK IpPO-
Ijecca BBIPABHMBAHUA IIPOU3BENEHBI CPaBHUTE/NbHBIE W3-
MepeHMs OTKJIOHEHMA OT IUIOCKOCTHOCTV CTeK/ISHHBIX
3/IeMEHTOB [0 ¥ TIOC/Ie BbIpaBHMBaHMA. VI3Mepenms mpo-
M3BOAMINCH TPy moMoly mpoduomerpa-npodumorpada
252 «Kamunbp» ¢ nHaykTuBHbIM fardnkoMm. Illym npepcras-
seT co60IT AJIMa3HYIo Uy paguycoM 10 MKM, U3MepUTeib-
Hoe ycunue cocrapnseT 0,02 H.

V3mepeHms IpOM3BOANINCH B ABYX OPTOTOHA/IbHBIX Ha-
IpaB/IeHNsIX TocepenuHe 06pasios. [IpoBegeHHbIe N3Mepe-
HIA GOPMBI IOBEPXHOCTY CTEK/IAHHBIX 9JIEMEHTOB 0 U I10-
CJie BBIpaBHMBAHMA IIPENCTaBIeHbI Ha PUC. 4.

ITnacTuHa n3 ontuyeckoro crekaa K208 (BbIpoBHEeHHas)
The plate of the optical glass K208 (aligned)
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(b) Berposuennble crekna / Aligned glass

Puc. 4. Vismepennst npoduis crexon (Crankus) fo (a) n mocrne (b) BeIpaBHUBaHMSL.

Fig. 4. Profile measurement of glass (Stankin) before (a) and after (b) alignment.
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B IIPOBENEHDBI TOITOBPEMEHHBIE MCCIENOBAHNA M3~
MEHEHIA (1)0pr1 BBIPOBHEHHDBIX CTEK/IAHHBIX 37I€EMEHTOB,
KOTOpbI€ ITO3BOINMIN YCTAHOBUTD, 9YTO TeMHepaTyprIf;[ pe-
JKVIM BBIPAaBHVBAHVA U €T0 JINTETbHOCTD CHMMAIOT BCE TEM-
IIEpATypHbIC HAIPSDKEHNA TOHKMX CTEK/IAHHDBIX 9JIEMEHTOB,
9TO HE IPUBOAUT K USMEHEHUIO X q)OpMI)I.

3. 3akmoueHne

[Tormy4eHHble pe3ynbTaThl MOATBEPXKAAIOT 9 (HEKTUBHOCTD
BBIOPAHHON TEXHOMOTUY BBIPAaBHUBAHMS TOHKMUX CTEK/ISH-
HBIX 9JIEMEHTOB.

IIpoiecc BrIpaBHMBAHMA MO3BONAET MOMYIUTh TOHKIE
9/1eMeHTHI U3 cTekna K-208 ¢ MUHMMaIbHBIM OTK/IOHEHVIEM
OT IVIOCKOCTHOCTH, YTO IO3BOJIAET X IPUMEHATD B 3/IEMEH-
Tax TePMOPEryIUPYIOIINX IOKPBITUI CUCTEM TEPMOPEry/n-
PpOBaHMA KOCMIYECKNX aIllIapaTOB.
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