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AHHOTAIUA

IIpeamer uccaenoBanus. VccienoBanbl CTPyKTypa, ONTUYECKUE U SKCIUIyaTalMOHHBIE CBOWCTBA CUJIMKOHOBOM
IJICHKH, HAHECEHHOW Ha TIOBEPXHOCTH KBAapILIEBOTO CTEKJA B PE3YNIbTaTe ICHCTBU JIA3€PHOTO M3IIyYCHUS Ha JICTy4ne
KOMIIOHEHTBI, KOTOPBIE BBIICISIOTCS U3 00pasia CUIMKOHOBOW PE3MHBI B 3aMKHYTOM o0beme. Metoa. MccnenoBanne
BBIITOJTHEHO B PaMKax Ja3epHOTO MHOTOTIAPAMETPUIECKOTO METO/Ia C MIOMOIIBI0 OPUTHHAIIBHON YCTAaHOBKH, B COCTaB
KOTOPOM BXOJIUT TBEPIOTENIbHbIN HEOAMMOBBIH J1azep ¢ AIMHOM BosHbl 1064 HM K mapameTpamu Ja3epHOro UMITYJIbCa:
sHeprueit — 105 mJx, ymrensHoctbio 11-14 He u yacroroit cinenoBanus 10 ', B skcriepumenTe Ha BBIXOJIE J1a3€pHOTO
M3JTyyarelis pacroyioyKeHa FepMETUYHAs TECT-KIOBETa, BHYTPU KOTOPOU pa3MeliieH 00pasell CHIIMKOHOBOM pe3uHsl. [Ipu
MPOXOXKICHHUHU JIA3EPHOTO U3IYUCHHsI Yepe3 BHYTPCHHHI 00bEM TECT-KIOBEThI POUCXOIUT B3aUMOICHCTBUE JICTYUNX
KOMITOHEHTOB, BBIJICJICHHBIX M3 00pas31ia, ¢ Ja3epHbIM M3Iy4eHHeM. B pesyibTare nporecca Ja3epHO-UHIYLIUPOBAHHOTO
OC@XJICHUS Ha ONTHYECCKUX DIEMEHTAaX TECT-KIOBETHI 00Pa3yIOTCs 30HBI OCaXAEHUA. TOMOIOTH 30H OCAXKACHUS
ompezenieHa ¢ IOMOIIbI0 TpodunomeTrpa. CpaBHEHHE CTPYKTYPHOTO COCTaBa MCXOAHOTO 00pasla ¢ MpOgyKTaMH
OCaXXICHHUS BBIIIOJHCHO C MCIOJIB30BAHUEM CKAHHPYIOIIETO 3JIEKTPOHHOTO MHUKpOcKona. OCHOBHBIE pe3yabTaThl.
TTony4ens! 3aBUCUMOCTH KO()(GUIMEHTOB TUIONIAIH 30HBI OCAKIACHUS M OCIA0JICHUS OT TEMIICPATyphl U KOJIHYECTBA
JIA3ePHBIX UMITYJIbCOB. McciienoBaHbl 271€MEHTHBIN COCTaB, IIBET, yCTOWYMBOCTH K JICHCTBUIO PAaCTBOPUTEIIS U TOJIIIMHA
30H OCXJCHUS. YCTAHOBJICHO, YTO C POCTOM TEMIIEPATYPhl U KOJUYECTBA JIA3CPHBIX UMIYIIBCOB KOA(PPHUIIMCHTHI
MJIOMIATH M OCIA0JICHHs 30H OCAXKICHUS YBEIUYHBAIOTCS, [IBET HE M3MEHSACTCS, & YCTOHUYUBOCTh K JACHCTBHUIO
pactBOpuTeIIs Bo3pacTaeT. C poCTOM TeMIlepaTyphl 30Ha OCaKAEHHS, IEPBOHAYAILHO COCTOAIIA U3 MUKPO(PAarMEeHTOB,
CTAaHOBHTCS CIUIOIIHOH, @ C POCTOM KOJIMYECTBA JIA3EPHBIX UMITYJIbCOB €€ TOJIIMHA yBETHMYUBACTCs. TONMINHA 30HBI
OCaXJICHHS HEPaBHOMEPHO paclpeeicHa OTHOCUTENbHO IeHTpa. [IpakTuyeckas 3Ha4uMocThb. [loxyueHHBIC
pe3yIBTaThl MOTYT OBITH IPUMEHEHBI IPU pa3padOTKe COAEPKAIIUX CHITUKOH OHOUUIIOB JJIsl TUATHOCTHKH U TeParuu
COCTOSIHMS 3/J0POBbsI UEJIOBEKA.
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Abstract

The paper studies the structure, optical and operational properties of a silicone film deposited on the surface of quartz
glass as a result of the action of laser radiation on volatile substances released from a silicone rubber sample in a closed
volume. The research was carried out within the framework of the laser multiparameter method and using an original
setup, which includes a solid-state neodymium laser with a wavelength of 1064 nm, and laser pulse parameters: energy
of 105 mJ, a duration of 11-14 ns, a repetition rate of 10 Hz. A sealed test-cuvette is placed at the output of the laser.
A silicone rubber sample is placed inside the test-cuvette. When laser radiation passes through the test-cuvette, volatile
substances that are released from the sample over time interact with the laser radiation and create deposition zones on
the optical elements of the test-cuvette, which affect the optical characteristics of these optical elements. The topology
of the deposition zones was studied using a profilometer. The structural composition of the original silicone rubber and
the deposition zone was determined using a scanning electron microscope. The main results show the dependences of
the coefficients of the area and attenuation of the deposition zone on the temperature and the number of laser pulses.
The elemental composition, color, resistance to the action of the solvent, and the thickness of the deposition zones have
been investigated. It was found that with an increase in the temperature and the number of laser pulses, the area and
attenuation coefficients of the deposition zones increase, the color does not change, and the resistance to the action
of the solvent increases. With an increase in temperature, the deposition zone, initially consisting of micro-fragments,
becomes continuous, and with an increase in the number of laser pulses, its thickness increases. The thickness of the
deposition zone is unevenly distributed along its diameter. The results obtained can be applied in the development of
silicone-containing biochips for health diagnostics and therapy.
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BBenenue

B Hacrosmee BpemMs OTUMEPHBIE HOCUTENH MIHPO-
KO HMCTIONB3YIOTCSA B COCTaBe OMOYMITOB U OHOCEHCOPOB B
Pa3TMYHBIX OMOMETUITMHCKUX MPUIIOKECHUAX, TAKUX KaK
JUAarHOCTHKA, alpecHast JOCTAaBKa JICKAPCTBEHHBIX CPEACTB
[1], penponyxTuBHas [2] u perenepatuBHas [3, 4] meau-
1MHa, aHTHOAKTeprasibHast [S] ¥ npoTuBopakosas [6, 7]
Tepanusi, TKaHeBasi HHkeHepus [8, 9], npuMeHstoTcs s
KOHTPOJISI 9KCIIPECCUH T€HOB KJIETOYHBIX KyabTyp [10] u
npouee. CymiecTByeT MUPOKUI CHEKTP CUCTEM aAPECHOM
JIOCTaBKH OMOJIOTUYECKY aKTUBHBIX BemecTB (BAB), Takux
KaK ITOJIMMEPHBIC WITH JINTIOCOMAJIbHBIC MUKPOKATICYIIBI, IT0-
JIUMEpPHBIC TJICHKH, TIO3BOJIFOIIIE KOHTPOIUPYEMO BEICBO-
00KIaTh MHKATICYJTMPOBAHHBIC B HUX aT€HTHI IIOCPEICTBOM
JIa3epHOTO, MEKTPHUIECKOT0, MATHUTHOTO, YIIBTPa3BYKOBO-
T0 WM OMOXMMHYECKOTO Bo3aecTsmid [ 11-13].

B xoHTekcTe 3a7a4 Moan(pUKAIMK TTOUIOKEK OHOUH-
TIOB ¥ OMOCEHCOPOB, KJIETOYHBIX MOAI0KEK, TOBEPXHOCTH
MEIULUHCKUX UMITJIAHTOB MEPCHEKTUBHBIMU HOCUTEIIAMU
BAB sBIsI0TCS MOTUMEPHBIE TPEXMEPHBIE MUKPOCTPYK-
TYpPHUPOBAaHHBIC TUICHKH. [IJIEHKN MOTYT M3roTaBINBaTHCS
KaK METOJIaMHM T10CIIe/IOBAaTEIbHON aacopOLuy, Tak U Me-
TOJAMHU MUKPOJIHTOTPAa(HH, YTO TTO3BOJIIECT BaphUPOBAThH
X (QU3UKO-XUMHYEeCKue cBoiicTa [ 14, 15]. [TomumepHbie
HOCHUTENH, K KOTOPBIM MO>KHO OTHECTH CHIIMKOHOBBIC TUICH-

KM, [103BOJISIIOT TEPMETUYHO MHKAICYIMPOBAaTh HU3KO- U
BBICOKOMOJIEKYJISIpHBIE BofopacTBopuMbie BAB B mienke.
B pesynbrare nocturaercs BO3MOXHOCTb PABHOMEPHO
pacnpenensith BAB mo moBepXHOCTH TJIEHKW B BHUJIE He-
0OJIBIINX OJIMHAKOBBIX KJIACTEPOB, KOTOPHIE BO3MOXKHO
AKTUBHUPOBATH KaK MOOJMHOYKE, TaK U LEJIBIMHU FPyIIaMH,
C MOMOIIIBIO JIA3€PHOI0 U3IIyUeHUsl, IpU JIOKAJIbHOU Tap-
reTHOM Tepanuu. BMecte ¢ TeM NOUCK HOBBIX TEXHOJIOTHIA
CO3J1aHUsl TOJUMEPHBIX TUIEHOK, PACIIMPEHHE TEMIIEPATYP-
HOTO JIMana3oHa UX UCIOIb30BAHUS, YIPABICHHUE aire3uei
TaKMX IJIEHOK C TOBEPXHOCTHIO [TOJUIOKKH, B TOM UHUCIIE U3
KBapIIeBOTO CTEKJIa, UCIIOIB3YeMOT0 B OMOCOBMECTUMBIX
CEeHCOpax, SABJISIETCS aKTyaJIbHOU 3aa4ei.

ITocTanoBka 3agaun

B mporecce akcmTyaTanuu J1a3epHBIX U3ICIAN B pe-
3yIbTaTe KOHACHCAIINH HA TIOBEPXHOCTH ONITHYECKHX 3Je-
MEHTOB JIETYYHX BEIIECTB ITOJ BO3ACHCTBUEM Jla3epHO-
TO M3Iy4eHHUS (HOPMUPYIOTCS 30HBI ocakaeHus [16-21].
B repmetnaHoM 00beMe nazepHOTO M3MydaTesst Gopmu-
POBAaHUEC 30H OCAXKACHUA MMPUBOAUT K A€rpagaliui ONTH-
YECKUX DJIEMCHTOB U Y3JI0B, YTO HETaTUBHO CKa3bIBACTCHA
Ha BBIXOJHBIX MMapaMeTpax U3JIy4aTeiid U MOXKCET IPHUBECTU
K BBIXO/ly npubopa u3 crpos. [Iporecc ocaxaenus ¢ po-
CTOM TEMIIEpaTyphl MOXKET yCKOpAThCs [22]. BmecTe ¢ Tem
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A.B. benukos, U.C. Knoukos, N.B. Anekcees, C.A. Kanpanos

peanu3yeMblii Ipr (POPMUPOBAHUH 30H OCAKACHUS B Jia-
3€pHBIX M3JIy4aTessiX MMPOoIece, Py pa3MELIeHUH Ha ITyTH
JIa3epPHOTO0 M3JTy4CHNS TePMETHYHON KIOBETHI, COZleprKalien
oOpa3zel CHIIMKOHOBOW PE3MHBI U 00pa3er] KBapleBOro
CTEKJIa, MOKET OBITh IIPUMEHEH JUIS CO3aHMsI Ha ITOBEPX-
HOCTH KBapIIEBOTO CTEKJIAa MOJINMEPHBIX, B TOM YHCIIE CH-
JIMKOHOBBIX TJICHOK, KOTOPBIE MOTYT OBITh HCHOJIB30BAHBI
B COCTaBE OMOYHITOB M OFOCEHCOPOB.

CymecTByIOT pa3IMyHbIC METO/BI HCCIIEI0BAHUS IIPO-
IyKTOB ocaxkaeHus. Hanbomnee gacTo aias 3TUX 1eneit
MIPOBOJIAT JIEra3alllio B BAKYYMHOM Kamepe, coeprkalen
uccneayemMbiii oopasen marepuana. UToObl onpenenuThb
HaJIMYME NPOTYKTOB ra30BbIICICHHUS, IPOU3BOJIST B3BE-
muBaHKue o0pasiia Marepuaia 1o u rnocie aerasanuu. Ha
OCHOBE IOJTYYCHHBIX U3MEPEHUH JIeJIat0T BBIBOJIBI O TIPH-
CYTCTBHMH B MaTepuaJie MPOITyKTOB OCAXKACHUS (JICTYdnX
BEIIIECTB), O IOTEPE MACCHI WiN ra3oBbiaencHun. Cocras
1 TIPUPOAY MPOIYKTOB OCAXKICHHS ONPEACISIIOT C TIOMO-
IIBI0 CTIEKTPOPOTOMETPOB [23] MIIH AIEKTPOHHOTO TIPO-
CBEYMBAIOIIETO0 MUKPOCKOIIA, paObOTAIOLIETO B PEXKUME
anekTpoHorpada [24]. JlaHHbIE METOIBI TTO3BOJISIFOT Tpe-
LM3MOHHO OTPEICTUTh COCTaB OCAXKICHHBIX BEIIECTB, a
TaKXKe BEC MPOTYKTOB OCAXKACHUS C TOYHOCTHIO 70 OTHOTO
MUKpOIrpamMma. HeI[OCTaTKaMI/I O9TUX MCTOHOB ABJIAKOTCA
3HAUUTEIBHOE KOJIMYECTBO BPEMEHH, KOTOpOE TpedyeTcs
JUIS. MICCIIEIOBAHMsI, U BHICOKHE 3aTpaThl NIPH UX peau-
3aLUH.

W3zBecten nazepHslii MHOTONapamerpudeckuit (JIMII)
METO/[I, B paMKax KOTOPOI'0 MCCIIEAYIOTCS ONTHYECKHE,
TeOMETPHUYECKHE, IIBETOBBIC TTApaMETPhI 30H OCAXKACHUS
W MX CTOMKOCTH K JefcTBHIO pacTBopuTenei [16]. B ot-
JTUYUe OT BaKyyMHBIX MeTonoB, JIMII meTon oGmanaer
TaKUMH NIPEUMYIIECTBAMH KaK MIPOCTOTA U BBICOKAs CKO-
poctb usmepenuid. JIMII meton pazpaboTaH U yCIHEIIHO
npumensiercs B opranuzanun AO «HIIK «CIII» (Cankr-
[letepOypr, Poccust) npu KOHTpOIIE MarepuaoB U 3JIEMEH-
TOB, UCIOJIB3YEMBIX B TEPMETHYHOM O0BEME JIa3epHBIX
nannyvarenei. B paMkax JaHHOTO METO/1a BBINOJIHEH aHATN3
1apaMeTpoB 30HBI OCAXKJICHHS, TAKUX KakK Ko3(duiuent
TUTOMIAN OCAaKICHHUS, IIBET, YCTOHYNBOCTD K JICHCTBUIO
pacTBOpHTENEH N KOA(DDHUIMEHT OCIatIeHHs, TPOLIE/IIETo
yepes Hee u3mydeHus [16].

IIpn moucke HOBBIX TEXHOJIOTHI CO3aHHS CHIUKO-
HOBBIX IUICHOK JJIs1 OMOMEIUIIMHCKUX PUMEHEHUH aKTy-
aJIbHO MCCIIEIOBAaHNE BO3MOKHOCTH CO3IaHHS U U3YUEHHUE
CBOICTB 30H OCXK/IEHUS, POPMHUPYEMBIX HA MOBEPXHOCTSIX
ONITUYCCKUX IJIEMECHTOB, Pa3MECIICHHBIX HA ITYTHU pacCIpo-
CTpaHECHHUS J1a3ePHOT0 U3ITyUYCHHUS.

3amada UCCiIe0OBaHUS COCTOUT B MOJYyUYEHUU HOBBIX
HAy4YHBIX JaHHBIX O BO3MOXKHOCTH CO3/1aHUSI U CBOMCTBAX
CHJIMKOHOBBIX TICHOK, (POPMUPYEMBIX HA TMTOBEPXHOCTH
KBapleBOr0 CTEKJIa B pe3yNbTare JEHCTBUS JIa3€PHOTO
W3IYYCHUS HA JIETYYHE KOMIIOHCHTHI, BBIICIISIONINECS 13
00pa3iia CHIMKOHOBOW pe3WHBI B 3aMKHYTOM o0BbeMe. [1pu
pemienuu 3Tol 3anaun B pamkax JIMII metona uccneny-
I0TCS: KOA(OUIIUESHTHI 0CTa0IeHUS U TUTOIIAIN OCaXIe-
HUs, yCTOMUHUBOCTb K JAEHCTBUIO PACTBOPUTENIEN U LIBET
CHJIMKOHOBBIX IIJICHOK, a TaK)Ke ONpPENeseTCsl COCTaB U
TOJIIMHA IJICHOK METOJaMHM JIEKTPOHHON MUKPOCKOIIHU
1 KOHTaKTHOU MPOQUIOMETPHH.

MarepuaJjbl M1 MeTOAbI

B skcnepuMeHTe MCTIONB30BaH 00pa3er] CHIINKOHOBOM
PE3MHBL: COBPEMEHHAsl MOHOJIMTHASI CHIIMKOHOBAsI PE3MHA
mapku EL SST (Silicone Engineering, Aurus). Coznana
JKCIIEPUMEHTaJIbHAs YCTaHOBKA, peanusytomas JIMII me-
tox (puc. 1). B cocraB ycTraHOBKHM BXOAST: /— IOIJIO-
TUTEJb JIA3€PHOTO U3Iy4YEHHUs]; 2 — MpHUEeMHas ToJI0BKa
namepureist sHeprun Gentec QE25LP-S-MB-DO (Gentec
Electro-Optics, Inc, Kanana); 3 — tepmocton Maructp
C20T1 (OOO HTL] «Maructp-C», Poccust); 4 — Tect-Kio-
Beta; 5 — YAG:Nd nazepusiii m3nyuarens (AO «HIIK
«CIIIT», Poccus).

CunmkoHOBas pe3nHa MOTY4YaeTCs MyTEM ByJIKaHU-
3aIIiH Ar1acToMepa (Ha OCHOBE COCAMHEHHS KPEeMHUS) U
opraunuku!. ITo BHeNIHEMY BHY OHA HEOTIHYMMA OT pe-
3WHBI, U3TOTOBJICHHON Ha OCHOBE Kayuyka. TeXHU4YecKHe
rapameTpbl TaKUX U3/IENUI 3aKI1a/bIBAIOTCS IPU BBIOOpE
cocTaBa KOMIIOHEHTOB €lIle Ha CTaJJH pa3paboTKH (perer-
Ta). B 3aBUCUMOCTH OT CBOMCTB OPraHUYECKOTO 3aMECTH-
TeJIsl, KOTOPBI MOXET OBITh MPEICTaBIeH METUIBHBIMH,
BUHWIBHBIMH, ()CHUJIBHBIMU MJIM JPYTUMH TPYHIIAMH H
€ro CTPYKTYPBI, CHIIMKOHOBAs Pe3UHA MOXKET ITpHoOpeTaTh
pasnuuHble pu3ndeckne cBoiicTBa. TakuM o0pazoM, mpo-
M3BOJINTENb MOJXKET, T0Z00PaB COCTAB KOMIIOHEHTOB, H3T0-
TOBUTH CHJIMKOHOBYIO PE3MHY C YHUKaJIbHBIMHA CBOHCTBAMHU
1 xapakrepucTukamu. CHIMKOHOBas pe3uHal obnamaer
BBICOKOH IIPOYHOCTBIO U 3JIaCTUYHOCTBIO, BCICACTBHE YETO
MOXET ITPUMEHSTHCS B IIMPOKOM TEMIIEPATyPHOM JMaIia3o-
He oT —60 °C o +280 °C, ycToitunBa K yIsTpadroIeTOBO-
My U3JIyYCHHUIO U UMEET BBICOKYIO OTHECTOMKOCTh. Taxxke

ITOCT P 57399-2017. TIpokiTafky U IETAIH U3 PE3UHbI Ha

OCHOBe criKoHa. Texnuueckue Tpedboanus. Been. 01.01.2018.
M.: Cranmaptundopm, 2017. 11 c.

b

Puc. 1. Cxema (a) 1 poto (b) ycTaHOBKH JUTA PeaTU3aLUH Ja3ePHOTO MHOTOMIapaMETPUIECKOTO METO/Ia

Fig. 1. Scheme (@) and photograph (b) of the setup for the implementation of the laser multiparameter method
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JIAaHHBIN MaTepraji He TOKCHYEH U YCTOMYMB K JICHCTBUIO
LIMPOKOT0 Kpyra XUMUYECKUM BellecTB. Vcronbp3oBaHHas
B MCCIIC/IOBAaHUU PE3HMHA MIMPOKO PACIPOCTPaHEHa U IKC-
miyarupyercs npu temneparypax ot —60 °C go +200 °C,
o6nanaer mioTHocTIO 1,15 r/em2, tBeprocthio (Iop A)
40 ycn. ex. u po3padHa B BUANMOM JAHAIa30HE HJIEKTPO-
MarHUTHOTO CTIEKTpa. YCIOBHAS ITPOYHOCTD IIPH PaCTsKe-
HuH coctaBisieT 7—11 Mlla, yuimHeHHEe IpH pacTsHKSHUN
mopsaka 700 %. BHemrHmiA BUA UCTIOIB3YEMBIX B HCCIIE-
JIOBaHUM 00PA3I0B CHIIMKOHOBOHM pe3uHbl Mapku EL SST
MIpEJCTaBICH Ha puc. 2. BHyTpeHHMI AuaMeTp KOIbIEBOH
MPOKJIAJKUA COCTAaBUI 24 MM, BHEUTHUN AHAMETP 28 MM,
TOJIII[MHA KOJIbIIAa — 2 MM, IUIOIIA/b ITOBEPXHOCTH KOJIb-
1eBol npoknaaku — 163,4 M2,

Monpo6uno JIMII meton onmcan B padote [16]. B Ha-
crosIel paboTe B cOCTaB yCTAaHOBKH, pealHu3ylomIeH
JIMII meron, BXOOUT TBEPAOTENbHBIN HEOJUMOBBIN J1a-
3ep, paboTaromuii B peskuMe MOILYIISIMN TOOPOTHOCTH C
JTHHOHM BONHBI 1064 HM M mapaMeTpamy Ja3epHBIX UM-
mynbcoB: sHepruei 105 mJx, mmurensHocThio 11-14 HC M
gacrorot cinepoBanusg 10 I'. Jlnamerp mydka 1mo ypoBHIO
e2 cocrasun 5 + 0,25 mM. M3nyuenne MHOIOMOJOBOE.
PacxonumMocTs fa3epHoro mydka cocrauna 1,5 + 0,1 mpan.
Hakion ocu ma3epHOro mydka U ero JuaMeTp BBIOpaHbI
TaK, 4TOOBI N3JIy4eHNE TECTHPYIOUIETO Ja3epPHOr0 U3Iy-
yaresst MPOXOIUIIO CKBO3b BXOJHOE M BBIXOJTHOE CTEKJIa
KIOBETHI 0€3 BUHBETHPOBAHUS, U B KIOBETE€ HE BO3HUKAIIO
JIOTIOJTHUTEJIEHBIX MUCTOYHHMKOB 3arpsisHeHust. Ha BbIxoze
Jla3epa pa3MelleHa TeCT-KI0BeTa, IMUTUPYIOIIAs BHYTPEH-
Hee MPOCTPAHCTBO I'EPMETUYHOTO Ja3€PHOTO M3JIydare-
75, BHYTPh KOTOPOH TOMEIIEH 00pa3er] pe3uHbl MapKu
EL SST. Ilpu npoxokIeHAH JTa3epPHOTO M3ITyUeHHS Yepe3
IIPOCTPAHCTBO TECT-KIOBETHI JIETYUHE BEIECTBA, KOTOPHIE
BBIJICJISIOTCS. U3 00pasiia ¢ TeUeHUEeM BPEMEHH, B3aUMO-
JCHCTBYIOT C JIA3€PHBIM H3JIyYCHUEM U 00Pa3yrOT Ha ONTH-
YCCKHUX 3JICMCHTaX TCCT-KHOBCTHI 30HbI OCaXKACHU . Taxkum
00pa3oMm, Jla3epHOe U3ITyYCHUE HE TT0Ia1aeT Ha CUIINKOHO-
BYIO PE3UHY, a B3aUMOJCHUCTBYET C NPOJAYKTaMHU €€ UCIia-
penusi. KioBera repMeTn3npoBaHa py HOMOIIY HHIHEBON
(G onbru, pa3MenIeHHOW MEXIYy BXOJHBIM M BBIXOJHBIM
CTEKJIOM M KOPITYCOM KIOBETBI, & TAK)KE MEXJ[y OCHOBa-

Puc. 2. dortorpadus oOpa3oB YIUIOTHUTEIBHBIX KOJEL 13
cumkoHoBoi pesunbl EL SST

Fig. 2. Photo of the samples, O-rings made of silicone rubber
EL SST (Silicone Engineering, England)

HHEM KIOBETHI, Ha KOTOPOE MOMEIIEH 00pa3el pe3nuHbl, 1
KOPITyCOM KIOBETBI.

IIpu uccnenosanuu JIMII MeTonoM BHYTpB TECT-KIO-
BETHI ObLIa MOMEIIEHA OJHA KOJbIleBasl NMPOKIaKa.
HccienoBanust BEIOIHEHBI ITPH TEMITEPATYPax KIOBETHI
23,50, 60, 70, 80, 90 u 100 °C. ITpu kaxxmoif TemriepaType
yepe3 KIOBETY MPOIYCKaJoCh 3apaHee 3aJaHHOE KOJH-
YECTBO JIa3€PHBIX UMITYJIbCOB. KOMMuecTBO MMITyIbCOB
m3MeHs1ochk oT 1 1o 150 000, ¢ marom 10 000. s kax-
JIOH KOMOMHAIIMY TEMIIEPaTyphl U KOJMYECTBA UMITYJILCOB
BBIIIOJIHEHO 7 peanu3alui, Ui KaxI0M peanu3alnuu uc-
TMI0JIb30BAJICS HOBBII 00pa3ell yIUIOTHUTEIbHON KOJIBIIEBOI
MIPOKIIAIKH.

B koHIIe KaXKI0# peann3anuy BEIYUCICH KO3(DOUIIMEHT
ocnabnenust Ak, paBHBII OTHOIICHUIO Pa3HMIBI SHEPTHH
Ha BBIXOJIC TECT-KIOBETHI B Ha4YaJIe ¥ B KOHIIE OOTyYeHUS K
SHEPruu U3JIyUYEHUs Ha BXOJE TECT-KIOBETHI [16].

BeInonHeH aHan3 OKHA TECT-KIOBETHI HA IIPEIMET Ha-
JMYHSA/OTCYTCTBUS 30H OCAXK/ICHUS, TOBEPXHOCTH KIOBETHI
OpL1a coTorpadupoBaHa C MOMOITHIO KAMEPhI MUKPOCKO-
na DCM510 5M pixels, CMOS chip (Scoptek, Kurait), u
BBIYHUCIICH KOA(GHUIMEHT TUIOIAAN 30HbI OCAKACHUS K,
KOTOPBIN pacCUnTaH KaK OTHOIIEHHE IJIOIIAAN 30HBI OCaXK-
JICHUS K TJIOMIAN CEUSHHsI JIA3ePHOro MydKa MO YPOBHIO
e2[16].

Omnpenensuiach yCTOHUYUBOCTD K JICHCTBHIO PACTBOPH-
TeJs, U AToro B TedueHue 10 MuH Obula mpeanpuHsITa
TIOTIBITKA YJAJIUTh 30Hy OCAXKJCHUS B pe3yJbTare ee Mmpo-
TUPKHU BaTHBIM TaMIIOHOM, coziepskaiuuM 99,7 % 3TunoBbli
crupt (AO «JlenPeaktuBy», Poccust). B ciaywae ecim 30Ha
HE ncyes3aya, TO MPeANPUHIMAIACh MOTBITKA YIAINTh €€
C MOMOIIIBIO MMPOTUPKH BATHBIM TaMIIOHOM, COZIEPKaIM
99,8 % anetona. Ecitnt 30Hy ocaxIeHuUs y/1aBanochk yopars,
TO OHA XapaKTepU30Bajach KaK HEYyCTOWYIHMBAs K PACTBOPH-
TEJISIM, B TIPOTHBHOM CJIy4ae — KaK yCTOHYMBas.

LBet 30H ocaskieHust (OeIbIi MM YepHBIii) OCIIe KaX-
JIOHl peanu3anuu ONpeaessics BU3YyalbHO C MOMOIIBIO
mukpockoria MC-2 ZOOM (Mukpomen, Kurait) pu yse-
anuenuu 107,

OneMeHTHBIH cocTaB CHIIMKOHOBOM pesunbl EL SST u
30H OCAXJICHUS NCCIIEJOBaH METOIOM PEHTICHOCTPYKTYP-
HOTO aHaJIM3a C MOMOIIBIO CKAHUPYIOIIETO 3IEKTPOHHOTO
mukpockora Evex Mini-SEM HR-3000 (Evex Analytical
Instruments Inc., USA). MccnenoBansl 1Ba oOpasia Cuim-
KOHOBOH PEe3WHBI U JIBa 00pa3iia 30Hbl OCAKICHHUs, o0pa-
30BaHHBIX mocie Bo3aeicTBusg 100 000 nMmynscoB mpu
temneparype 100 °C.

Buennuii Buj| NOBEPXHOCTH U TOJILIMHA 30HBI OCaXIe-
HUS UCCIIEIOBAHBI C MTOMOIIBIO ONTHYECKOTO MUKPOCKOMa
Axio Imager (Carl Zeiss GmbH, I'epmanust) u npodu-
nomerpa Hommel Tester T8000 (Hommelwerke GmbH,
I'epmanmst) coorBeTcTBeHHO. ViccneqoBanne ObUIO BHITION-
HeHo npu temneparype 100 °C. IlepBeiii oOpasen 30HbBI
ocaxneHus 00pa3zoBaH nocie BozaercTeus 50 000 umITyms-
coB, a Bropoir — 100 000 uMITy;THCOB.

PesynbpTaTsl SKCIIEpUMEHTOB 00paboTaHbBI B Mpo-
rpaMMHOM Komruiekce «StatGraphics Plus 5.0» (Statistical
Graphics Corp., CIIIA). BeinonHena cratuctudeckas 00-
paboTKa JaHHBIX, KOTOpas 3aKII0Yanach B ONpPEIeICHUN
CpeIlHUX 3HAYEeHHH U CTAaHJAPTHOTO OTKJIOHEHHUS H3MEPEH-
HBIX BEJIMYMH.
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Pe3yabTaThbl U 00CY:KACHUS

XapakTepHblid BHELIHUM BU]I 30H OCAXICHUSI, BO3HU-
KalOIINX Ha MOBEPXHOCTU KBAPIIEBOTO OKHA TECT-KIOBETHI
TIPU MTOCTOSTHHOM KOJIMUECTBE JTa3ePHBIX UMITYJIbCOB U Pa3-
JMYHOM TeMIeparype IpeCTaBleH Ha puc. 3.

BHewHuil BUJ 30H OCaKI€HUS 3aBUCUT OT TEMIlepa-
Typsl TecT-ktoBeThl. [Ipu Temmnepatypax 23 u 50 °C 30HbI
OCaXJeHHs He HAOIIONAIOTCs, a Ipu Temmneparypax 60,
70 u 80 °C 30Ha npezcraBieHa HAOOPOM W30JIMPOBAHHBIX
Jpyr ot apyra mukpodparmenrtos. [Ipu tremmeparypax 90
n 100 °C muxpodparmMeHTsl 00pa3yIoT CIUIONIHYIO 30HY
OCAXJICHNS (CHIIMKOHOBYIO TUICHKY ).

TemneparypHy0 IMHAMUKY BHEIIHETO pa3Mepa 30HBI
OCKICHHUS XapaKTepu3yeT K03(p(PUITHEeHT, KOTOPHIN TTOKa-
3bIBACT, KaKyIO JIONIO 3aHUMAET IUIONIA b 30HBI OCAXKICHUS
OTHOCHUTEJBHO TIIOMAAN JIA3€PHOTO MATHA. 3aBUCUMOCTD
ko3 duIneHTa TUIOIIAIU 30HbI OCAKIACHHUS K OT TeMIie-

paTypsl TECT-KIOBETHI TP MOCTOSHHOM KOJINYECTBE Ja-
3€pHBIX UMIIYJIbCOB IOKa3aHa Ha puc. 4, a; OT Koluue-
CTBa JIa3ePHBIX UMITYJIbCOB IIPH NOCTOSHHON TeMIeparype
TECT-KIOBEThI — Ha pHc. 4, b.

Bugno, 4T0 K03QPUIIHEHT TIOMIaan 30HEI OCaXK/Ie-
HUs K OTIIMYEH OT HyJIS IIPU TPEBBIIICHAN TEMITEPaTypoit
TecT-KioBeTHl 3HaueHns 50 °C, 4To CBA3aHO ¢ POPMHPO-
BaHMEM Ha ITOBEPXHOCTH OKHA TECT-KIOBETHI MUKpO(dpar-
MeHTOB. C pocToM Temmeparypsl koddduiuent K yBenn-
yuBaercs. Temn pocra K 3aMeNIseTCs IPU IPEBBILLIEHUT
temneparypoil 3naueHus 90 °C, 4ToO MOXKHO CBSI3aTh C
OKOHYaHHMEM TIpoliecca CIUSHUS MUKPO(pPAarMeHTOB U Ha-
9aJIoM MPOLeCCa YBEIUYECHNUS TOIIUHBI 30HBI OCaX/ICHHUS.

3amerum (puc. 4, b), uro kod3pPuUIKEHT TUIIOIIA-
JIU 30HBI OcaxaAcHUs K MeJJICHHO yBEIUUYHUBAETCS Iep-
Bbie 30 000 uMIynbCOB, MOCIE CIEAYET PE3KUNA POCT 10
80 000 ummynbcoB, gaiee poct 3amemnsiercs. [lomoOHoe
noBenieHne KodduirreHTa K Tax xe, Kak JUIs 3aBUCHMOCTH

0,2 MM

Puc. 3. Dororpadun 30H 0CaKICHUS, BOSHUKAIOIINX HA MOBEPXHOCTH KBapLEBOro oKHa TecT-KioBeThI pu 100 000 na3epHbIX

HUMITyNBCOB 1 Temneparypax 23 °C (a), 50 °C (b), 60 °C (c), 70 ©
L

E

C (d), 80 °C (e), 90 °C (f) m 100 °C (g), cunukoHOBasi pe3uHa
SST

Fig. 3. Photographs of deposition zones appearing on the surface of the quartz window of the test-cuvette at 100,000 laser pulses
and temperatures of 23 °C (a), 50 °C (b), 60 °C (c), 70 °C (d), 80 °C (e), 90 °C (f) and 100 °C (g), silicone rubber EL SST (Silicone
Engineering, England)
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Puc. 4. 3aBucumocTb k03 uIHeHTa IIoaan 30HbI ocaxaeHust K oT Temneparypbl TecT-kioBeTsl ipu 100 000 nasepHbIX
HMITYJbCOB (@) M OT KOJIMUYECTBA JIA3EPHBIX UMITYIbCOB IpU TeMneparype TecT-KioBeTbl 100 °C (b), cunukonoBas pesuna EL SST

Fig. 4. The dependence of the area coefficient of the deposition zone K on the temperature of the test-cuvette at 100,000 laser pulses
(a) and on the number of laser pulses at the temperature of the test-cuvette 100 °C (b), silicone rubber EL SST
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MccnepoBaHue CUIMKOHOBOM MIEHKN, OCXXOEHHOM Ha MOBEPXHOCTb KBAPLLEBOIr0 CTEKNA. ..

80
60 ==23°C
3 —50°C
O\ O,
ﬁ 40 — 60 °C
70 °C
20 — 80 °C
— 90 °C
— 100 °C
0 40 80 120

KonuuectBo UMITYJILCOB, TBIC. LIT.

Puc. 5. 3aBucumoctu koddpunuenta ocnadnenns Ak
OT KOJIMYECTBA JIA3CPHBIX UMITYJIBCOB IPH PA3IHIHBIX
TeMIIepaTypax TeCT-KIOBEThI
Fig. 5. The dependences of the attenuation coefficient Ak, on the
number of laser pulses at different temperatures of the test cell

K ot TeMnieparypbl, MOXHO CBSI3aTh C JTMHAMHUKOW (hOpPMU-
POBaHHMS M CIUSTHUEM MUKPO(pParMeHToB.

Pesynsrars! uamepenns kosddurmenrta ociaadnenus Ak
NPeNCTaBICHBI HA PHC. 5.

OTMEeTHM, 4TO C POCTOM TEMIIEPaTyphl TECT-KIOBETHI H
KOITMYECTBA JIA3EPHBIX UMITYIIBCOB KOA(PPHUIMEHT ocaad-
nerns Ak yBenuanaetcs. [Ipn mocTosHHON TeMIiepaTtype
POCT KOJIMYECTBA UMITYJILCOB IPUBOJMT K YBEIHUESHHIO AX.
[Tpy OCTOSHHOM KOJIMYECTBE Ja3€PHBIX HMITYIECOB POCT
TEMIIEPATYPBbI TECT-KIOBETHI TAK)KE IIPUBOIUT K yBEIUYE-
HUIO KOd(ppHIIMeHTa OcalIeHHsI.

Bospacranne 3nauenuii koapduipentos K n Ak cpsza-
HO C POCTOM TEMIIEPATypPhl, a TAKKE AUAMETPa U TOJIIINHBI
30HBI OCAXKJICHHS, U OOBSICHSIETCS TOBBIIICHUEM CKOPOCTH
BBIJICJICHNS JIETYYHX BEIIECTB M3 Marepuana oopasna. Ha
BeJIMUMHY Ak OKa3bIBaeT BIHMSHHE KOJIMYCCTBO JIA3EPHBIX
HMITYJIBCOB, KOTOPOE BO3PACTACT NMPOMOPIUOHAIBHO yBe-
JIMYEHHIO TUaMETpPa U TOJIIIMHBI 30HBI OCAXKIICHUSL.

VBeJIMYeHHE TOJNLIMHBI 30HBI OCAXKICHHS C POCTOM
KOJINYECTBA JIA3EPHBIX UMITYJIECOB MOATBEPKAACTCS IPH
aHaJM3e MPO(GUIOrpaMM, MOTYYSHHBIX IPH IOCTOSHHOM
TeMIIepaType TeCT-KIOBEThI U PAa3IMYHOM KOJMYECTBE Jia-
3epHBIX UMITYJIECOB, IPEICTABIECHHBIX Ha pUC. 6.

MOXHO 3aMEeTUTh, YTO TOJIIMHA 30HBI OCAXKICHHS
HEpaBHOMEPHO pacIpeziesieHa BAOIb ee auamerpa. Ilpu

a
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50 000 uMIynbCOB MaKCHMalbHasl TONIIMHA 30HBI OCAX-
JeHus jocruraet 2,1 Mm, a cpennsas — 0,54 + 0,33 mMxwm.
IIpu 100 000 uMnynbcoB MakcUMalbHas TOJLIMHA
30HBI OCaXJEHUS AOCTUraeT 2,6 MKM, a CpeaHss —
0,90 + 0,33 MKM.

Pesynbrarhl ncciieoBaHAS IIBETA M yCTOWYMBOCTH 30H
OCaXIIEHUS K MEHCTBUIO PACTBOPUTEIS IPEICTABICHBI B
TabmmIe.

YCToNYMBOCTE K JEHCTBUIO PACTBOPUTEIISI YBEIUYU-
BaeTCs C POCTOM TEeMIIEPaTyphl TECT-KIOBETHI, UTO TAKKE
CBSI3aHO C POCTOM I'€OMETPUYECKHIX pa3MepPOB 30HbI OCaK-
JICHUS ¥ B TIEPBYIO OUEpellb C POCTOM €€ TOJIIHHBI.

LIBeT 30HBI OCAKICHUS HE U3MEHSIETCS C POCTOM TEM-
neparypsl TECT-KIOBETHI, UYTO CBUIETEILCTBYET O TOM, UTO
€e DJIEMEHTHBIA COCTaB MOCTOSIHEH NPU MU3MEHEHUU TeM-
neparypsbl, a MEHSIETCS TOABKO JUAMETP M TOJIIMHA 30HbI
OCKICHUS.

IIBeT 30HBI OCakIIeHHSI OYCHB OJIM30K K I[BETY HCCIIe-
JlyeMoro o0pasiia CHIMKOHOBOW PE3WHBI, YTO OYCBHIHO
CBSI3aHO C TE€M, UTO II0 HJICMEHTHOMY COCTaBY 30HA OCaK/Ie-
HUSI OJTM3Ka K MCXOJHOMY MaTepHajly U COCTOUT U3 KOHJICH-
CHPOBAHHOTO HA MOBEPXHOCTHU KBAPIIEBOIO OKHA. J[aHHBIN
BBIBOJI IOATBEPIKIAETCS pe3yabTaTaMUu PEHTTEHOCTPYKTYP-
HOTO aHaJK3a, MPeACTaBICHHBIMU HA pUC. 7.

Tabauya. 11BeT M ycTOIHYMBOCTD K ACHCTBHIO PACTBOPUTEIS 30H
ocaxaenus, copmupoBanHbix npu 100 000 1a3epHBIX UMITYIb-
COB M Pa3JIMYHON TeMIIepaType TeCT-KIOBEThI
Table. Color and solvent resistance of the deposition zones

formed at 100,000 laser pulses and different temperatures of the
test-cuvette

YeToiunBOCTh K JEHCTBHIO
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Puc. 6. XapakrepHas mpoduiorpaMma IoBEepXHOCTH 30HbI OCaXKACHHUs1, 00pa3oBanHoi npu Temneparype 100 °C nocne Bo3aeiHcTBus
50 000 (a) u 100 000 na3epubIx UMITYIBCOB (b), cuaukonoBas pesuHa EL SST

Fig. 6. The typical profilogram of the surface of the deposition zone formed at a temperature of 100 °C after exposure to 50,000 (a)
and 100,000 laser pulses (b)
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Puc. 7. Pe3ynbrarhl peHTTEHOCTPYKTYPHOTO aHamu3a oopasna cuinkoHoBoi pe3unsl EL SST (a) u 30HBI 0caxaeHus,
chopmupoBaHHoii Tpu Temneparype TecT-kioBetsl 100 °C u 100 000 nazepHbix UMIyabcoB (b), rae N — KOJIHYECTBO HJIEMEHTOB,
MOJTy4eHHBIX B Pe3yJIbTaTe aHan3a, £ — SHeprus IeKTPOHOB

Fig. 7. Results of X-ray diffraction analysis of a silicone rubber sample EL SST (Silicone Engineering, England) («) and a deposition
zone formed at a test cell temperature of 100 °C and 100,000 laser pulses (b), where N is the number of elements obtained as a result
of the analysis, E is the electron energy

B pesynbrare nccienoBaHus 30HbI OCXKICHHSI HA BXOJI-
HOM CTEKJIC TECT-KIOBEThI ObLTH OOHAPY)KEHBI BEILCCTBA,
BXOJISIIME B COCTaB CUIIMKOHOBOM pe3unbl EL SST, a umen-
HO KUCJIOPOJ U KPEMHUI.

3akiarouenne

Co3/1aHBI ¥ MCCIIEN0BAHEI 30HbI OCAXICHHUSI, BO3HUKAIO-
IIMe Ha TOBEPXHOCTH KBapIICBOTO CTEKJA B PE3YJbTATe
ﬂeﬁCTBHX ﬂa3epHOFO I/ISJ'ly'-IeHI/l)I Ha nequI/Ie KOMIIOHCH-
ThI, BBIICIISIONIUECS U3 00pa3la CUIUKOHOBOU PE3UHBI
EL SST (Silicone Engineering, AHIIINs) B 3aMKHYTOM
oObeMe. 30HBI OCaXKJICHHS HCCICIOBAHEI B paMKaXx Jja-
3epHOT0 MHOTOITapaMeTpuIeckoro Merona. OnpeneneHo,
YTO OUHAMUKa (HOPMIPOBAHUS 30HBI OCAKICHUS 3aBUCHT
OT KOJIMYECTBA JA3CPHBIX UMITYIbCOB U TEMIIEPATyPHI.
Brrunciensr k03¢ GUIIEHTH TUIOMAAH U O0cTa0IeH s 30H
OCKICHHUS, BOSHUKAIONINX Ha TTOBEPXHOCTH ONTHYECKHUX
3JIEMEHTOB repMETUYHOHN TecT-KioBeThl. Ilonyuena 3a-
BUCHMOCTh KOA(G(UIMEHTA IIJIOMATH 30HBI OCaXKICHHUS
oT TeMnepaTprI U KOJIM4YECTBa na3epH1;1x I/IMHyJ'H)COB.
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OrnpeiesicHa 3aBUCUMOCTD KO3 duIueHTa ociabieHus
OT KOJMYECTBA JIa3€PHBIX UMIIYJIbCOB U TEMIIEPATypPhl
TECT-KIOBETHI. lccenoBanbl 3J1eMEHTHBIH COCTaB, LBET,
YCTOWYMBOCTH K JISHCTBHIO PACTBOPUTEINS U TOJIIMHA 30H
OCaXJICHHs. YCTaHOBJICHO, YTO C POCTOM TEMIEpaTypbl U
KOJINYECTBA JIA3EPHBIX UMITYJILCOB KO3()(DHIIMEHTHI TUIOIIA-
T ¥ OCJTA0JICHNS 30H OCAXK/ICHUSI YBEITMUMBAIOTCSI, IIBET HE
MU3MEHSIETCSI, & YCTOMUMBOCTD K JIEHCTBUIO PACTBOPUTEIIS
yBennuuBaetcs. C pocToM TeMIepaTypbl 30Ha OCaxie-
HUSI, IEPBOHAYAIIBHO COCTOSIAsT U3 MUKPO(PArMeHTOB,
CTAaHOBUTCS CILUIOIIHON, U (POPMHUPYETCS CHIMKOHOBAS
wieHka. C poCTOM KOJHUYECTBA JIa3epHBIX UMITYJIbCOB €€
TOJIOIWMHA YBEJIMYNUBACTCA, TPUIEM U3MCHCHUE KOJIUYCCTBA
JIa3€pHbIX UMITYJIbCOB B 2 pasa, IpUuBOAUT K YBCIUYCHUIO
TONIIUHBI TJIeHKH B 1,66 paza. Co3naHHasi CUITMKOHOBASI
TUICHKA MOXKET OBITh MCIOJIb30BaHA B KAYECTBE OCHOBBI IIPH
MPOEKTHPOBAHUN OMOYHIIOB U OMOCEHCOPOB /IS pa3Mellie-
HUS B Helf OMOAKTHBHBIX BEIECTB M KJIETOK. BO3MOXHOCTB
pa3MeIeHus 3TUX aKTUBATOPOB B IIJICHKE HYXAAETCS B
JabHEHIIEeM UCCIIEC0BAHNH.
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