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AHHOTANMSA

IIpeamer ucciaenoanmns. IIpencraBneHsl pe3ynabTaThl HCCIEIOBAHHUS ONTHYECKOrO KOHTAKTA JAeTaneil W3 cuTamia MapKu
CO-115M. B cepuiiHO BBIMYCKaeMBIX JIa3epHBIX TMPOCKOIAX OCHOBHBIM METOIOM COEAMHEHUS JIeTajied U3 CUTalia MapKu
CO-115M sBnsieTcst onTHYeCKUid KOHTAKT. CyIIeCTBYIOIasi TEXHOJIOTHUS UMEET Psill HEPEIICHHBIX BOMPOCOB, CBA3AHHBIX C
MIPOYHOCTHIO ONTHYECKOTO KOHTAKTa, KOTOPHIE OIPEACNSIOT I'€pMETHIHOCTh BHYTPEHHETO O0BEMa IIA3epPHOTO JAaTdHKa.
Mertoa. KoHTposb MeXxaHH4eCKOH IPOYHOCTH ONTUYECKOrO KOHTAKTa 3aKJI04ajcs B U3MEPEHUH YICIbHOIO YCUIIUS pa3pblBa
cOoeMHEHUs. MeXaHUYeCKUe WCIBITAHUS HA I[IPOYHOCTh IIPOBEJCHBI C IIOMOLIBIO PAa3phIBHOM MCIBITATEIBHON MallMHBI
PMHU-250. TIpu MexaHMYECKHX HCIBITAaHUSIX K 0OpaslaM MpHKJIaAbIBAIM PaBHOMEPHO Hapacrarouryro Harpysky 50 H/c.
OUKCUPOBATIOCh 3HAUEHHE, NPU KOTOPOM IPOMCXOIMT pa3pyLICHHUE ONTUYECKOro KOHTakTa. OCHOBHBbIE pe3yJbTaThl.
[oka3aHo, YTO OJHHUM M3 OCHOBHBIX ()aKTOPOB, ONMPEIEIAIOIINX MEXaHHYECKYIO IPOYHOCTh COSIUHEHUs], SBISIETCS YHCTOTa
COeIMHSAEMBIX MOBEPXHOCTEH. BBIMOMHEHO CpaBHEHHE BIHUSHHS PA3IMYHBIX METOAUK OYMCTKU MOBEPXHOCTH ONTHUYECKHX
3NIEMEHTOB Ha POYHOCTh ONTHUYECKOTO KOHTaKTa. [loka3aHo oTpHLIaTENbHOE BIUSHUE AaXKe HEMPOIOKUTETBHOTO XPAHEHUS
ONITHUYECKUX JAETalleil mocie MOWKH Ha MPOYHOCTh COOpKHU. BBeneHNe TONOMHUTENBHON ONepallii MEXaHNUECKOH MOTUPOBKU
TIOBEPXHOCTEH Iepe]] NX COeANHEHHEM y ONTHIECKUX AeTajeH, KOTOpble HaXOIWINCh Ha XPAHEHUH, TI03BOJIMIIO 3HAYUTEILHO
YMEHBIINTH Pa30pOC 3HAYEHWH MEXaHWYECKOW MPOYHOCTH ONTHYECKUX KOHTAKTOB. DKCHEPHMEHTAIbHO YCTAaHOBJIEHO, UTO
nporpeB cOOPKH ONTHYECKHX 3IeMeHTOB B Bakyyme mpu Temneparype 300 °C mpHBOOMT K YBEJIHUUCHUIO IIPOYHOCTH
coenuHeHHs B 2 pa3a. [Ipy 3TOM ONTHYECKHH KOHTAaKT OCTaeTcsi pasbeMHbIM. [IpakTnyeckasi 3HaYMMOCTh. [IpoBeneHHbIE
HCCIIEJOBaHUS JAal0T BO3MOXKHOCTb YIIyUIIUTh TEXHUYECKHE U SKCILIyaTal[IOHHbIE XapaKTEPUCTUKU JIA3€PHBIX IMPOCKOIOB.
Hcnonb3oBaHue NOMONHUTENBHBIX ONEPALUN MEXAHUYECKOM OYMCTKU MOBEPXHOCTEH ONTHUYECKHMX JeTaled U BaKyyMHOIO
nporpesa cOOPKM B TEXHOJIOTHUECKOM IIPOIIECCE MPOM3BOACTBA J1a3€PHOTO JaTYMKa MO3BOJIUT 3HAYUTEIBHO MOBBICHTH €TI0
HaJIe)KHOCTb, FEPMETHYHOCTh, CPOK XPAHEHUSI U HKCILTyaTaIH.
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Abstract

Subject of Research. We present findings of the optical contact for details made of CO-115M glass-ceramics brand mark.
The optical contact is the main method of joining parts made of CO-115M glass-ceramics brand mark in commercially
available laser gyros. The existing technology has a number of unresolved issues related to the durability of the optical
contact, that determine the tightness of the laser sensor internal volume. M ethod. Mechanical strength control of the optical
contact consisted in the measurement of specific tear force of the connection. Mechanical strength tests of the optical contact
were carried out with the use of RMI-250 tensile testing machine. The evenly increasing load of 50 N/s was applied to the
samples in mechanical tests. The value with the occurence of the optical contact destruction was registered. Main Results.
We have shown that one of the main factors determining the mechanical strength of the joint is cleanliness of the surfaces
being connected. Comparison of the influence of different surface cleaning methods for optica elements on the optica
contact durability has been given. The negative impact of even short-term storage of optical parts after washing on the
assembly strength has been shown. The additional operation of mechanical polishing of surfaces of stored optical parts before
connection enabled significantly reducing the scatter of the optical contact mechanical strength. We have also established
experimentally that the heating of assembly of optical elements under vacuum at a temperature of 300°C leads to the twofold
increase in the optical contact strength, while the optical contact remains separable. Practical Relevance. The carried out
studies make it possible to improve the technical and operational characteristics of the laser gyroes. The use of additional
mechanical cleaning of surfaces of optical parts and vacuum heating of the assembly in the process of laser sensor production
may significantly improve the reliability, integrity, period of storage and operation.
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BBenenue

CoenuHeHre AMAIEKTPHYECKHX JAeTalel MeTogoM onruueckoro konrakra (OK) mssectro masmo [1, 2].
Beutn ipoBeieHbl uccnenoBanus npodnocty [3], dusmyeckoit u xumudeckoit npupoast [4, 5], cmoco6oB coeu-
HEHUI JUAJIEKTpUYeCKuX moBepxHoctei [6, 7]. OK mmpoko mpuMeHsIeTCsl B Pa3iMYHbIX KJIaccax ONTHYECKUX
uzzenuii [8, 9]. Takke pazpaboTaHO MOX0XKee HEPA3hEMHOE COENHEHHE, M3BECTHOE MO/ Ha3BaHUEM IITy0OKOro
ontryeckoro koutakra (FOK), monyuaemoe mociie HaHECEHHs TJICHKA OKHUCU KPEMHHUSI Ha COEIUHSIEMbIE MO-
BEPXHOCTHU ¢ nocneayoonmM ux nporpesom [10]. 3neck Mbl He OyaeM ocraHaBiamuBarhes Ha Bornpocax ['OK, pac-
CMOTPHUM TOJIbKO Kiaccuueckuil pazbemMHublii OK.

B3t Ha npupoxy OK B HacTosIee BpeMst MOXKHO CUHATATh YCTAHOBUBIIUMCS: 3TO COCAMHEHUE TUIIICK-
TPHUKOB Yepe3 TOHKYIO TIPOCIIONKY aacopOupoBanHoit Boas! [4, 11]. TommmrHa BOASHOM MPOCITOWKH CYIECTBEHHO
MEHBIIIC JJIMHBI CBETOBOM BOJIHBI M COCTABJISICT eqMHHUIEI HaHOMETpoB [12]. Cenenns o mpounoctu OK u ero
CBSI3M CO CII0cO0aMHM TTOJITOTOBKM MMOBEPXHOCTEH K COCAMHEHHUIO B pa3HbIX MCTOYHHMKAX pasindatorcs. Cremyer
OTMETHUTD, YTO TAKUX MCTOUYHHKOB COBceM HeMHOro. TpeboBanus k moBepxHocTsaMm mox OK B Hacrosiiee Bpemst
chopMyaHpOBaHbl U TIPUBENCHBI B uTeparype [2, 6]. Oxnako He Bceraa 3T TpeOOBaHUs, B YaCTHOCTH, TPe6O-
BaHMs K YUCTOTE (OTCYTCTBHIO 3arpsI3HEHUIA), MOKHO BBIPa3UTh OOEKTUBHBIMH, U3MEPSEMBIMU KOJIHUECTBEHHO
napaMeTpamu. [Ipd 3TOM HMEHHO MOBEPXHOCTHBIE MHKPO3Arps3HEHHS, COM3MEPUMBIE C TOJIIUHON BOISHOM
MPOCIIONKH, B OOJIBIION CTEMEHH BIUSIOT Ha MPOYHOCTh OMTHYECKOro kKoHtakra [13]. OOHapyxeHHe Takux 3a-
rpsA3HeHn# TpebyeT NPUMEHEHHUS CIOKHON aHATUTHYECKOM alaparypsl, IPUYEM Yallle BCEro HET YBEPEHHOCTH,
YTO B MPOIECCE KOHTPOJISI OJHUX 3arpsA3HEHUM HE MOABATCS Apyrue. YAaJeHHe 3arps3HeHU 3aBUCUT OT CIIOCO-
00B OYHCTKH ¥ ITOATOTOBKH MTOBEPXHOCTEH mepen nocaakoit Ha OK.

B cBOI0O 04epeib, HOBBICUTH POYHOCTH COSIMUHEHHS MOXKHO ITyTEM BBEACHHS JOMOJIHUTEILHON TEPMOBa-
KyymHOI 00padotku OK. B 3apy0OexHOl tuTeparype UMEIOTCS JAaHHBIE 110 UCCIICAOBAHUIO BIUSHUS TEPMOBAKY-
yMHO# 06paboTkr OK 06pasiios, n3rotosieHHbIX U3 SiO,, B MIUPOKOM quana3oHe temmeparyp [5]. Jlanabie ore-
YECTBEHHBIX aBTOPOB O MPOYHOCTH COCAMHEHHUs! NMpu BakyymMHoM mporpeBe OK o0pa3ioB, U3rOTOBICHHBIX M3
curauia Mapku CO-115M, uMeroTcst UMb IPH TeMIieparypax, He npessiratonmx 180 °C [14].

B CBsI31 C BBINIEU3I0KEHHBIM aKTyaIbHBIMHA HAYYHO-TEXHUUECKUMH 3a/1a4aMU SIBJISIFOTCSI
1. onpenenexre OCHOBHBIX (haKTOPOB, BIUSIOMMX Ha MPouHOCTh OK, KOTOpbIe MOXHO BBIPA3UTh OOBEKTHBHBI-

MH KOJIMYE€CTBEHHBIMH MTApaMETPaMH;
2. wuccrenoBanue npouHoctu OK obOpasnos w3 cutamia mapku CO-115M, mporiemux TepMOBaKyyMHYIO 00-
paboTky npu Temneparypax Beie 180 °C.

Llenp HacTosiel pabOTHI 3aKIHOYACTCSI B OMpeAeieHHH Hanbojee IPPEKTUBHBIX CIOCOOOB OYHCTKH H
METOIOB 00paboTKM moBepxHOCTEH Aeraneit u3 cutamia CO-115M, moprermatommx npoyHocTh OK.

MeTtoauka u oGopynoBaHue

Bo Bcex HIKENpUBEAECHHBIX SKCIEPUMEHTaX HUCHOIb30Baica cutamwt Mapkun CO-115M. MexaHndecKyro
ouncTKy noBepxHocTi OK 0CyIIecTBIISUIN ¢ MOMOIIBIO MONUPYIOLIETo MOponika «ONTHIION», TPEICTABISIONIETO
co00#f cMeCh OKCHIOB M OKCH()TOPHUIOB PEAKO3EMETBHBIX 37eMeHTOB Jierkoi rpymmsl (Ce, La, Nd, Pr, Sm). Jla-
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Jiee TPOBOJAMIN XUMHYECKYIO OUMCTKY COEIMHSIEMBIX MOBEPXHOCTEH C IOMOLIBI0 CTAHAAPTHBIX XUMHUYECKHX
pacTBopoB (Trria XxpoMoBo# cMmecH [14]).

Jnst KOHTpOIISL KauecTBa ONTHYECKUX ITOBEPXHOCTEH MCIONIB30BAIACh U3BECTHAS AaHAIUTUYECKAs! anmapa-
Typa. OTKJIOHEHHUE MMOBEPXHOCTEH OT INIOCKOCTHOCTH poBepsiin uaTepdepomerpom UT-200. CreneHb YUCTOTHI
NOBEPXHOCTEH KOHTPOIMPOBATIM C TMOMOIIBIO TEMHOMOJIBHOTO ONTHYECKOTO MHKpOCKoma wmojenn AXio
Scope.Al, pupmsr Carl Zeiss, nomyckaroriero paboty B pexxume (hazoBoro KoHTpacta. B 0co60 OTBETCTBEHHBIX
CIly4asix UCIOJIb30BAINCH diutuncomerp JIDP-3M juis mpoBepKy HAIMYMS TOHKHX IUIGHOK Ha IMOBEPXHOCTSX, a
Takke naTeppepomerp 6enoro cera mopenu NT 9080, pupmbr VEECO aiist KOHTPOJIST HAHOPa3MEPHBIX JAe(HEKTOB
 3arps3HeHni. VccnenoBanne HEOHOPOIHOCTEN B cuTasuie MpoBoawiIn Ha nojsipuckorie [TKC-250.

PaGora mpoBommiach B YMCTHIX 30Hax Kiacca 6 UCOY. IIpoBeneHHble H3MEpEHMs TOKA3ajlH, YTO BCE
TIPAMEHSEMBIE TPOIECCHl XUMUYECKOH 00paboTKH ((GEKTHBHO OYHMINAIOT MOBEPXHOCTH, HO B IpOIECCE MITH-
TEJILHOTO ¥ TIOBTOPSIIOLIETOCS KOHTPOJISI BO3MOXKHO IOSIBJICHWE HOBBIX 3arpsisHeHUi. Mcxonms m3 3Toro, Hermo-
CPEICTBEHHO IEepeA COCAMHEHHEM KOHTPONIb HE NMPOBOIMIM BO M30ekKaHHE NOMOIHUTENBHBIX 3arps3HEHHH, U
KaueCTBO OYHMCTKH OLIEHUBAIOCH CaMOI MPOYHOCTHIO ONTHYECKOTO KOHTAKTA.

\\\\\

Puc. 1. CxeMa MexaHU4eCKuUX UCMbITaHUIA NPOYHOCTM ONTUYECKOrO KOHTaKTA.
CTpenkamu nokasaHbl y4acTkv NMOBEPXHOCTEW, K KOTOPbIM MpuKIadbliBaeTca ycunme

s mcenenoBaHuil HCMONB30BAIIM ITapbl 00pa3IoB, CXeMAaTHYHO MoKa3zaHHbIEe Ha puc. 1. Tonmmaa 06oux
o0pasnoB cocraBmsuia 12 MM, Bepxuuii oOpaserl (KoJblo) uMesd BHemHui auamerp 40 MM M BHYTpeHHHH —
16 mm. Hwxunit obpaszert (nuck) umen quamerp 30 Mm. KoHcTpykimst 06pa3iioB BEIOHPAIach OIM3KOH K HCIIONE-
3yEeMBbIM Ha MPAKTUKE ONTHYECKUM JIETAIISIM.

Mexaandeckue UCIbITaHusA Ha podHocTs OK mpoBOAMIM ¢ TOMOIIBIO Pa3phIBHOM HCHBITATEIHHON Ma-
mmHbl PMU-250. TIpy MexaHWYeCKUX HCIHBITAHUSAX K 00paslaM MHPUKIAAbIBAINA PaBHOMEPHO HApPaCTAaIOIIYIO
Harpy3ky 50 H/c u dukcupoBanu 3nadenue, npu kotopoM mpoucxoauio paspyirenune OK. Kaxnoe 3nauenue
npouynocty OK Ha npencraBieHHbIX B paboTe rpadukax siBisiercs: ycpenHenueM 5—10 u3mepeHui.

Jlinst moHHO-11a3MenHoi 00pabotku (MITO) moBepxXHOCTEN AeTaliei HCIOIB30BAN BAKYYMHYIO YCTaHOB-
Ky. 1O 00pa3ioB nNpoBOAMIM B Cpeie I'a30B KHCIOPOAa U HEOHA IPH JIaBJICHUH HECKOJIIBKUX MM PT. CT. U MOII-
HOCTH TeHepaTopa BBICOKOYacTOTHOTO aekrpudeckoro moist 100 Br. Bpems niasmeHHo# 06pabOTKH MOBEpXHO-
CTH JIETaJIK COCTaBHIIO 45 MUH.

TepMoBakKyyMHYIO 00paGOTKy MpoBoaMiInd B BakyymHou meun V/IG 1206-24 B nuamasoHe TemIieparyp
100-400 °C mpu cropoctu Harpesa 1 K/mun. BakyyMmHBIH mporpes 00pasiios, coenuHeHHbx Metomom OK, mpo-
Boguin B TedeHue 10 u npu temneparype 300 °C.

OcHOBHBIE pe3yabTarbl U UX oﬁcyme}me

KauecTBo MaTepuaJia u Bpemsi BbIAep:KKH. Kak N3BECTHO M3 JINTEPATyPHBIX HCTOYHUKOB, IPOYHOCTb OII-
THYECKOTO KOHTAKTa H3MEHAETCSI C MOMEHTA IOCTaHOBKHY onTrueckux neraieii Ha OK [3, 11]. IMepuon penakcamum
TPOIOIKACTCS HECKOIIBKO CYTOK M CBf3aH, MO MPEIIONOKEeHII0 aBTopoB [6, 11, 14], ¢ MukponepeMenieHusIMn B
HIOBEPXHOCTHOM HAIPsDKEHHOM ciioe. ABtopsl [3, 11] mpoBommimy CBOM HMCCICAOBAHMS HA IUIABICHOM KBapLe U
CTeKITOKepaMuke Zerodur co CBepXMasIbiM TeMIIEPaTyPHBIM PACIIMPEHHEM.

Nzmenenne npounoct OK 00pa3iioB, U3rotoBieHHbIX U3 curamia mapku CO-115M, 3a mepuos perakca-
UM mokasaHo B Tabin. 1. Kak BuaHO u3 maHHbIX TaOm. 1, B TeueHue 6 CyTOK HAOMIOMACTCS CHIIBHOE YBEITUUCHHC
npounoct OK, nanee ee 3Ha4eHHE NMPAKTHYECKU HE U3MEHSETCS. DKCIIEPUMEHTAIBHBIE PE3yJIbTaThl 3aBUCUMOCTH
npounHoctr OK OT BpeMeHH BBIIEP)KKH, MOTy4YeHHbIe Ha cutauie Mmapkun CO-115M, coBmasiaioT ¢ TaHHBIMH JIUTE-
paTypHbIX HCTOYHHMKOB [3, 11, 14].

[TnaBneHslil KBapl, Ha KOTOPOM MPOBOJHMIOCH OONBIIMHCTBO HccienoBanuil [1-4, 6], — U30TponHsbIil 1
TOMOTEHHBIN MaTepHhaj, B TO BpeMs Kak cTpykrypa Zerodur u curamma CO-115M cuibHO HeomHopomHa. Jlis

! TOCT MCO 14644-1-2002 Ynctbie MOMEIICHHMS U CBS3aHHBIE C HUMU KOHTponupyembie cpenbl. Yacts 1. Kinaccndukarms
4yuctoThl Bo3ayxa. | SO 14644-1-99. Cleanrooms and associated controlled environments - Part 1: Classification of air
cleanliness (IDT). Been. 01.04. 2004. M.: MITIK M3narenscTBo crangapros, 2003. 16 c.
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poBepkH 3aBucuMOCTH pouHocTd OK oT kauecTBa curtaimia ObUTH BBIOpaHBI 00pas3Ibl U3 MaTepuania, Comep-
KaILero HEOJHOPOAHOCTH B 0ObeMe Marepuaia (CBHIM) B BU/C TOHKHX HUTCH WJIM JICHT, OOIaJaroIyX MoKa3a-
TeJleM TPEJIOMIICHHUS, OTIMYAIOIIMMCS OT IOKa3aTelsl MPeoMJIeHHs OCHOBHOW Macchl CTEKJIOKepaMHKu. Bun
CBHJICH TIOKa3aH Ha puc. 2.

Bpewms, u IIpenen npounoctu 6, MIla
0 0,20+0,10
438 0,25+0,09
96 0,49+0,12
144 0,68+0,07
240 0,73+0,06

Tabnuua 1. NpoyHocTe OK oT BpeMeHu Bblgepxkn obpasLos

Puc. 2. Mpumep obLiero Buaa HeogHopoaHocTei B cutanne CO-115M, BuaMmbIx B NONSipU30BaHHOM CBETE

IIpounocts Ha pa3peiB OK MexIy OZHOPOTHBIMU U HEOTHOPOIHBIME OOpa3laMu MoKazaHa B Tadm. 2. 13
tabi. 2 BUIHO, 4To npoyHocth OK 3aBHCHT OT KauyecTBa CUTAILIA, IPUYEM CYILECTBEHHO BIIMSHHC 3HAYHUTEIIb-
HBIX HCOJHOPOAHOCTEH, MPUBOMAIINX K ABYIydenpeaomienuro 6ompie 20 am/cm (puc. 2). Hanbreiimas padora
MPOBOAMIIACE C 00pa3LiaMy, U3TOTOBICHHBIMH M3 OJHOPOJHOTO CHTAIIA.

KagecTBo curamna IIpenen npounoctu o, MIla
OHOPOIHBIH 0,76+0,35
Heonnoponusiii 0,20+0,07

Tabnuua 2. BnusiHve kayecTBa cuTanna Ha npovHoctb OK

Cnoco0bl 0YHMCTKH MOBEPXHOCTH. Bee aBTOPBI OTMEUAKOT CHIIbHOE BIIMSHUE 3arpsi3HEHUH Ha TIPOYHOCTh
OK. TIpuyem uMeroTCs B BUY U 3arpsi3HEHUS] HA MUKPOYPOBHE, U aJICOPOMPOBaHHbIE ra3bl, U JPyrHe BEIECTBa,
3aMBIKAaKOIIIUEC Ha ce6;1 YacTh XUMHYECKUX CBI3€EHl. OI[HaKO ACTAJIBHO NPOCICANUTDL BIIUAHUC SanﬂSHeHI/Iﬁ HEIPpO-
CTO M3-3a TPYAHOCTEH MX OOHApyXKEHHsS M BHICOKOW BEPOSTHOCTH BHECCHHWS HOBBIX 3arpsi3HEHWI Ha KaKIOH
orepary KOHTPOJIS U IIPU XpaHeHUH. BHOCHMBIE 3arps3HEHHMs Yallle BCETro MMEIOT CIIy4aiHbIH XapakTep U pas-
JIMYHYIO YCTOHYMBOCTH K MOIOIIMM pacTBopaM. CyIIecTBYIOT IPaKTUYECKH HE ynaisieMble 0e3 MPUMEHEHUs Me-
XaHWIECKOTO BO3MEHCTBHs 3arpssuenus [15]. B ces3u ¢ atum coequuenus OK irydiie ocyImecTBIsTh Kak MOKHO
OBICTpee MOCIe 3aBepIIEHIs TOATOTOBKY MoBepxHOCTel. Kputepnem kauectBa OK OyneT sSBIATHCS caMa Mpod-
HOCTh coenuHeHus. [IoCKOIbKYy Ka4ecTBO MOJIMPOBKM Marepuana, OTKIOHCHHE MOBEPXHOCTEH OT IIOCKOCTH,
yCIoBHsI COOPKH OJMHAKOBHI IUISI MCHOJIB3YeMBIX B paboTe 00pasIoB, TO MOXKHO CYHTATh, 4TO MmpodHocTh OK
OTIPEIeIISIETCS CTETICHBIO €T0 YHCTOTHI.

3nauenus npourHoctd OK o0pasiios, MPOMISANINX UMUTALIUIO PEATbHOTO TEXHOJIOTHYECKOTO KA ONTH-
YECKHUX JeTajel, MPeICTaBICHbI Ha pHc. 3.

Jlunana3zon monydeHHbIX 3HadeHHE npounocTr OK o0pasnoB mocraroyno Benuk. [Ipuyem HaOmomaetcs
pa3bpoc 3HaAYCHUH MPOYHOCTH, HECMOTPS HA NPHHATHIC MEPhI M0 KAYeCTBEHHOMY XPAaHCHHIO (IIKa(bl C 3aLIUT-
HOHM aTMoc(hepoit) U HCIOIb30BAHUIO CIICHUATM3UPOBAHHOMN Taphbl ISl TPAHCIOPTUPOBKU ONTHYESCKUX JICTANICH.

Bbuto Takke ycTaHOBJIEHO, YTO HENPOAOIDKUTEIBHOE XPaHEHHE IPAKTUYECKH B JIFOOBIX, CKOJb YTOIHO
YHUCTHIX aTMOCQEPHBIX YCIOBHUAX (YHMCTHIX 30Hax Kiacca 6 NCO), IpUBOAUT K PE3KOMY YMEHBIIECHHIO MPOYHO-
ctu OK m namee kK HEBO3MOXKHOCTH coenuHeHHs . CHTYaIllio yIanoch W3MEHHTH BBEICHHEM JOIOIHHUTEIbHOM
MEXaHHYECKOW OYUCTKH ONTHYECKUX IMOBEPXHOCTEH C MOMOIIBIO CyCIIEH3UH TOIUPOBAIBHOTO mopomrka «OnTH-
nojia». Pe3ynbraTel 3KCIIepUMEHTa MOKa3aHbl Ha puc. 3. BUIHO, 4TO MexaHUUYECKas OYMCTKA YBEJIMUMBACT Cpell-
Hee 3HaueHne npouHoctd OK 00pa3ioB M CyIIECTBEHHO YMEHbIIAET ee pa3opoc. AHAJIOTHUHBIE U3MEPEHHS Obl-
JIM TIPOBEZICHBI ¢ 0Opa3uamu 6e3 xpanenus. 13 puc. 3 Takke BuaHO, u4to npouHocts OK 00pa3sios 0e3 xpaHeHus
Y MPOILIEIIINX JIOTOJHUTEIbHYI0O MEXaHHUECKYI0 00pa0OTKy IpakTHYecKH He oTiauyaercs. [lockonbKy mpeasa-
puyuTeCiibHas NOATrOTOBKaA ;[eTa.neﬁ K YCTaHOBKE Ha OK OJIMHAaKOBa, MOKHO CKa3aTb, YTO YIYUYIICHUEC MPOUYHOCTH
OK mnociie J0NOJHUTENIFHON MEXaHHYECKOW OYMCTKU MPOW3O0LLIO Ojaronapsi ylaleHHIO CIIydaifHbIX 3arps3He-
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HUH. B TO ke BpeMms Takoro 3¢ peKTa He yAaeTcs JOCTHYB C IIOMOIIBI0 CaMOW KECTKOW XHMHUYIECKON 00pabOTKH.
OTO NOKa3bIBACT, YTO ONPEACIIAIOUIYIO pOjIb B MoBbImeHNH npouyHocTH OK 31ech UrpacT MNMEHHO MEXaHUUYECKas
OUMCTKA OT 3arpsi3HEHUM.
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TexHonoru- Mexanu-  O6pasibi 6e3 UIIO HporpeB OK
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MTOJTUPOBKA
Crioco6 00pabOTKH ONTHYECKOTO KOHTAKTa

Puc. 3. rlpO‘-IHOCTb ONTUYEeCKOro KOHTaKkTa 06paSLI,OB, npoweawmnx pasnnyHyo NnoaroToBky

Honno-mia3mennasi 06padorka. Mssectro u3 [15], uro NI10O MakCHMaBEHO OYHINAET OT OPTAaHHYECKUX
3arpsi3HCHUI U OJHOBPEMEHHO aKTHBUPYET ONTHYECKYHO MOBEPXHOCTh JeTasd. [lepBble OMBITHI IIOKa3aJH, YTO
npouHocTs OK mocne UITO cuibHO yMeHbIIAeTcs, U 4acTo BOOOLIE HEe YAaeTcsl yCTAHOBUTh COSUHEHHNE ONTH-
yeckux fetaneil. C TOMOIIbI0 TEMHOIIOIEHOTO MUKPOCKOTa ¥ MHTepdepomeTpa 6eJI0ro cBeTa He OBUIO BBISBIIC-
HO 3arpsi3HCHUN U MUKPOpPa3pyLIeHUH moBepxHocTH Aeraiet, moaseprayTeix MI10. CoenqnanTs netanm He yaa-
eTcsl, BEPOSITHO, M3-32 OTCYTCTBHUS BOJbI Ha MOBEPXHOCTH cuTailia, Tak kak UI1O s dexTuBHO ynanser ancop-
OupoBaHHYIO BOJy. HaHeceHHe TOHKOHN MJICHKHM YMCTOW JCHOHU30BAHHOW BOJBI HA COCTUHIEMBIC TOBEPXHOCTH
MO3BOJIAIIO YBEMHUYHUTH NPOYHOCTh OK 1 IPHOIU3UTHCS K IPOYHOCTH 06pa3iioB Oe3 xpanenus (puc. 3).

[Ipy co3maHuM ONTHYECKOTO KOHTAaKTa BaKHYIO poib urpaer npouecc MIIO oOpaboTkH, MOCKOIBKY OH
I03BOJISIET MAKCUMaJIBHO OYHUCTUTH COEANHIEMBIE IIOBEPXHOCTH OT OPraHMYECKHX 3arpsi3HEHUH.

Tepmuueckas o0padorka OK. CoBpeMeHHbIE B3IVl HA COSAMHEHHs ONTUYECKUX JeTajded U TEOPHIO
ancopOLyK BOJIBI CHJIMKATHBIME CTEKJIaMH yTBeprkaaror, uto OK ocymiecTBisieTcss depes3 HPOCIOHKY BOABI
[4, 11, 12]. Manbueiimee yrmpounenrne OK BO3MOXHO MPOrPeBOM COEIMHEHHBIX neTaneii. M3BectHo [16], uto Ha
MOBEPXHOCTH BCEX CHJIMKATHBIX CTEKOJ (CHUTAIUT TAKXKE UMEET CHIIMKATHYIO OCHOBY) B aTMOC()EPHBIX yCIIOBHSX
BCera NPUCYTCTBYET aficopoupoBanHas Boxa. OtaeneHue ancopoupoBanHOl Bobl ¢ moBepxHoctu npu 100 °C
HEBEJIMKO, OHO YBEIMUYHBACTCS MIPU MOJABEME TEeMIeparypbl U Jocturaet Mmakcumyma npu 170-250 °C B 3aBucu-
MOCTH OT TuIa ctekia. Jlanee Habmonaercs craj (MOCKOIBbKY ¢ MOBEPXHOCTH MOYTH Bee yuwio), u ¢ 400 °C uHa-
YHHACTCS BBIICICHUE MOJICKYN Bojbl M3 o0beMa. CoorBeTcTBeHHO, mpu mporpese a0 200-300 °C B Bakyyme
TOJILIMHA BOJSHOM NPOCIIONKK B 30HE KOHTAKTa JI0OJDKHA YMEHBIIATHCS, & IIPOYHOCTh COSANHEHHUS — BO3PACTaTh.

VYBennuenue npouHoctr OK Mexay feTansiMu n3 cutajuia OyJeT CBUIETENbCTBOBATh 00 3(h(heKTHBHOCTH
00e3ra)xMBaHUs COCTUHCHHBIX TOBEPXHOCTEH MpH BakyyMHOM mporpese. B [14] moka3aHO, 4TO BakyyMHbIH
nporpes npu 180 °C (TepmMoBakyyMHasi 00pabOTKa MO TEPMHUHOJIIOTUH aBTOPOB PabOThI) YBEIUYHBACT IIPOYHOCTh
OK B cpennem Ha 25%. Takum 00pazoM, BoAsSHASI IPOCIIOWKA MOYTH HE yAANSAETCs, U 3PPEKTHBHOTO 00e3TaXu-
BaHUS IOBEPXHOCTHU CUTAILIA HE IPOUCXOIHT.

W3 puc. 3 BumgHO, uTo mpu BakyymHOM nporpese npu 300 °C mpoucxomut ysenmdeHue npogrocta OK B
nBa pasa. [Ipu pa3pbiBe 00pa3oB B HEKOTOPHIX CIIydasxX MPOUCXOAMWIO UX paspylieHue. Tem He MeHee, Ha pa3b-
SIIMHCHHBIX NOBEPXHOCTSIX OTCYTCTBOBAIM BBIKOJKH, CBHIETEIbCTBYIOIIME O BO3HMKHOBEHHM CBS3EH MEXTy
MOHOJIMTHBIMU Marepuanamu, T.e. OK ocraBaics pa3peMHBIM. 3HauMTeNnbHOE MoBbIIIeHHe poyHocTH OK npu
BakyymMHoM niporpeBe Ha 300 °C noxka3biBaeT 3pekTHBHOE yaajieHne BOAsSHOU mpociioiiku u3 3086l OK, a 3Ha-
YUT ¢ MOBEPXHOCTEH onTHYeckux Jerajield. B To xe Bpems npu BakyymHoM nporpese Ha 180 °C ynansercs He-
3HAYUTENbHAS YacTh YIIOMSHYTON BOASHOWN mpocioiiku [14], ciemoBarenbHO, 1 00e3rakuBaHHE MOBEPXHOCTEH
TIPY 3TON TEMIIEpaType MPOUCXOANT JIHIIb YACTUIHO.

3akjoueHnne

[TonyuenHsle B paboTe pe3ysbTaThl XOPOLIO COINIACYIOTCS C IPUHATON B HACTOSLIEE BpeMsl TeopHeit 1 1o-
Ka3bIBalOT BakKHENIIIee oNpeessioliee 3HaueHHe YHCTOThl COeUHIeMbIX oBepxHOocTeil. Ha mpouHocTs onTH-
YecKoro KoHTakTa geraneil u3 curtaiuia CO-115M okasbiBaeT 3HAUYMTENBHOE BIMSHUE OJHOPOJHOCTh Marepraa
U BpeMs BBIIEPKKU COEIUHEHUs. BBefieHUe NOMOIHUTENBHON MEXaHMUECKONM OYUCTKU ONTHUYECKUX MOBEPXHO-
CTEl C IOMOIIBIO CYCIIEH3UH ITOJMPOBAIBEHOTO Mopomika «ONTHIT0Na» YBEIWINBAECT CPEAHEE 3HAYEHHE ITPOIHO-
CTH ONTHYECKOTO KOHTAaKTa 00paslioB M CYHIECTBEHHO YMEHbBIIAET €€ pa3dpoc. YBENWYUTh MPOYHOCTh COCTUHE-
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HUSA ¥ 9Q(OEKTHBHO 00€3rasuTh CHTAIIOBBIE TIOBEPXHOCTH ONTHYECKHX JETANCH BO3ZMOKHO C TIOMOIIBIO BaKy-
YMHOTO TIporpeBa Tipu Temreparype e Meree °C. OnTHYeCKHi KOHTAKT MPU TEPMOBAKYyMHOM 00paboTKe 10
300 °C ocraercsi pa3beMHBIM COSTHHEHHEM.
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