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B coBpeMEHHOM TMpPOM3BOACTBE M  MCCIEHOBATEIbCKOM  ACATEIbHOCTH  OOHOM W3
pactpocTpaH€HHBIX TpoOJeM SBISETCS HETaTUBHOE BIMAHWE BHOpauuii Ha 3((eKTHBHOCTH H
HA/IC)KHOCTh PA3JIMYHBIX YCTPOMCTB M XapaKTEPHCTUKU TEXHOJIOTHYECKHUX TNpormeccoB. Hambonee
3¢ (GEeKTUBHBIM METOAOM BUOPO3AIIUTHI SABISETCS AKTUBHASI BUOPOHM3OJIAIMS, KOTOpask JOCTHTACTCS 3a
CYET MCIOJb30BAaHUS Pa3IMYHBIX MPUBOJAOB (AKTyaTOPOB), CPEIU KOTOPHIX B HACTOSILEE BpEMs
0co00€ BHHMaHUE IPUBJIEKAIOT MEXaHU3Mbl Ha OCHOBE HWHTEIUJIEKTYaJbHBIX MAaTepUasoB
(smartmaterials), MeHsIOIIIMX CBOM CBOMCTBA 1101 BHELITHUM BO3/ICHCTBHEM PA3JIMYHON TIPUPOJIBL.

OnauM w3 HamboJiee TMEPCIEKTUBHBIX B JAHHOW OOJIACTH SBISCTCS JTUDIIEKTPUYCCKHUNA
anacromep (/[3). anHblii MaTepuan OTHOCUTCS K MOArPYMIE JIEKTPOAKTUBHBIX MOIMMEpOB. 1D
U3MEHSET CBOM pa3Mepbl MOJ JEHCTBUEM DIEKTPUYECKOTO IO 3a CYET CYMMBI J(PQeKToB
3NEKTPOCTPUKIIMM U DJIEKTPOCTaTUKU: K ero mpemmyuiecTBaM OTHOCATCS HU3KHM yIeIbHBIA Bec,
BBICOKAsl MOJATIMBOCTh, BBICOKOE OBICTPOACHCTBHE W BBICOKMM JMANa3oH CO3JaBacMbIX 0]
BHEITHUM TI0J1ieM jaedopmanmii [1, 2]. JID cocTouT U3 yrpyroi MaTpuIlbl U BRICOKOIUAICKTPUICCKOTO
HAIlOJIHUTEN, HEOOXOAMMOIo JJjsi TMOBBbIIIEHHS JAepopMmaly MaTepuaiga Ioja JAeHCcTBHEM
AIEKTPUYECKOTO MOJIS.

Haubonee mpocToit KOHCTPYKIMEH akTyaTopa sIBJISETCS IJIOCKUNM KOoHAeHcaTop: /D mioTHO
3KMMAETCsl MEXAY JIByMS JJIEKTpPOJaMH W TpHU IoAaye 3JIEKTPUYECKOro IMOJid MOJ JeHCTBHEM
AIEKTPOCTATUUECKUX CUJT U 3JIEKTPOCTPUKIIMH ITPOUCXOIUT iehopmalins, Kak oka3aHo Ha puc. 1.
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Puc. 1. [IpuHnunm neiicTBust akTyaTopa Ha ocHoBe /19D

H3roroBieHre Takoro akTyaTopa BKJIIOYAeT JBa OCHOBHBIX 3Tama: co3panue /I3, coennHenue
JID BMecTe ¢ 3JeKTpoJaMH B CTOJIOYATYIO KOHCTPYKIWIO. [IpM 3TOM BakHeWIee BIUSHHE Ha
XapaKTepUCTUKU  aKTyaTopa OKa3bIBAIOT AJIEKTPOABI, OO0ECIEeYUBAIOLIUME T0Jadyy BEIIHEro
JNEKTPUYECKOT0 TMoJig Ha anactomep. OHM JOKHBI 00J1aaTh BBICOKOM 3JIEKTPONPOBOAHOCTHIO,
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HU3KUM MOJYJIEM YIPYTOCTH W BBICOKOH 3JIACTHYHOCTBIO, YTOOBI HE 3aTpyAHATH nedopmanuio J19
1OJ JeWCTBUEM BHEIIHEro mojs. Takke BaXHBIM TpeOOBAaHMEM SBIISCTCS BBICOKAs aAre3us
JIEKTPOJIOB U MOJIUMEPA.

Haubonee npocTsIM U JOCTYIHBIM METOJIOM pPEaIU3alUU AIEKTPOJIOB SIBISETCS U3TOTOBJICHUE
U3 JUCTOBOT'O MaTepuaa, 0JHAaKO, HE U3yYEHO, B KAKOW CTEIEHU 3JIEKTPOJ YXYALINUT XapaKTePUCTUKHU
YCTPOMCTBA 3a CUET X BBICOKOH JKECTKOCTH. J{pyruM MeToJI0M siBIsieTcss (POpPMUPOBAHUE IEKTPOJIOB
METO/IaMH BaKyyMHOTI'O HAaHECEHUS TOHKOIJICHOYHBIX MOKPBITHH, MO3BOJSIONIEE CO3/aTh Hamboiee
paBHOMEpHYIO U (D ()EeKTHBHYIO KOHCTPYKIHUIO. OqHAKO, B JTUTEpaType OTCYTCTBYET MH(MOPMALIUS O
pexxumMax 00paOOTKH TMOJMMEPOB ISl peain3aldd 3TOT0 METOJa, a TaKXKe BBI3bIBAET COMHEHUS
sKOHOMHYECKast () (HEKTUBHOCTH 3TOTO METO/IA.

Jis cpaBHEHHUsI JByX THUIIOB DJIEKTPOJOB H3rOTOBIEHO HeoOXxoaumoe KoiumdecTBo /(D B
naboparopun AO «Ilmyron» (r. MockBa, P®). B kadecrBe ympyroil maTpuibl ObLT BbIOpaH
cHKOHOBBIH kKommtayrn CUDJT 159-322A, a B kKauecTBE HANIOJHUTEIIS — IIOPOIIOK TUTAaHATa Oapwsl.

Pemaroniee BiMsHHME Ha KayecTBO TOHKOIUIEHOYHBIX 3JIEKTPOJOB  OKa3bIBAETKAYECTBO
MOBEPXHOCTH IOJIMMEPA 110J] HAHECEHUE TOKOIPOBOISALIET0 NOKPHITHS. Mopdoiorus noBepxXHOCTH, B
TOM YHCJIE LIEPOXOBATOCTh, OKAa3bIBAET BIMSIHUE HA YPOBEHbAAT €3 MEXKAY IUIEHKOW U MOAJIOKKON U
OOLIyI0 TONIIMHY TPOBOJALIETO HOKPbITHS. Takum o00pa3oM, MEPBUYHBIM HApaMeTpoM IS
o0ecrieyeHns: BRICOKOTO KadyecTBa (POPMHUPOBAHUS ITUIEHKHA Ha 00pasiie BHIOMPAETCS MIEPOXOBATOCTb.
OcaxJieHue TOHKOIUIEHOYHBIX 3JIEKTPOJOB IPOBOJMUIOCH METOJAOM MAarHETPOHHOTO pPACIbUICHUS B
BaKyyMe.

B pesymbraTe MpOBEACHHBIX HCCIIEJOBAaHUN OOHApY)KEHO, YTO Ha JUDJIEKTPUIECKOM
3JaCcTOMEpEe BO3MOXKHO (hOPMHUPOBAHUE METHOM TUICHKU TOJIIKUHON 540 HM C BBICOKOM ajre3ue.

B naGopatopun kadeapsl SIEKTPOHHBIX TEXHOJIOTHMH B MamuHOocTpoeHMn MITY wumenu
H.2. Baymana Obla nmpousBezieHa COOpKa YETHIPEXCIOWHBIX aKTyaTOPOB Ha OCHOBE M3TOTOBJIECHHBIX
3. Beimu cobpaHbl akTyaTopbl C KECTKUMHU 3JIEKTPOJAMH U TOHKOIIJIEHOYHBIMU, COETUHEHHBIMHUC
MOMOIIbIO TOKOIIPOBOISIIETO KIIEs.

Ha pa3paboranHom nabopaTOpHOM CTE€HJE€ TIPOBEICHO W3MEHEHHE IepeMEICHUS
U3TOTOBJICHHBIX AaKTyaTOpOB Ha ocHOBe J[O ¢ 1ByMsS THHamMH 5J€KTPOJOB. MakcuMalibHOE
nepeMenieHre akTyaTOpoB IIPU pa3HOCTH MOTEHIHANOB 2,7 KB ¢ kecTKuMu 31eKTpoJaMu COCTaBUIIO
4 MKM, a akTyaTOpa ¢ TOHKOIUIEHOUYHBIMH 3JIEKTPOAAMHU — 7,5 MKM.

3a cueT cBOEH NONATIMBOCTU aKTyaTOPbhl C TOHKOIUIEHOYHBIMH JJIEKTPOJAMHU IOKa3ajiu
06bITYI0 ehopMaITiio TI0O CPaBHEHUIO C aKTyaTOpPaMH C JIMCTOBBIMH dJIeKTpoaaMu. Ho cymiecTByroT
HEJOCTaTKU paccMaTpUBAeMOM TEXHOJIOTUH, TaKHE KaK HEPaBHOMEPHOCTh KJIEEBOI'O COEIUHEHHUS U

TCXHUYCCKas CJIIOXKHOCTSD ITOJa4Yu ITOTCHIIHAJIA.
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Precision research and technological equipment is not able to provide its normal characteristics
without a high-quality vibration protection system. Active vibration control of the object is provided
with the additional source of movement, an actuator. The most promising high accuracy actuators are
based on intelligent materials, such as materials with shape memory, piezoelectric and
magnetostrictive materials, electro- and magnetic active fluids and elastomers.

Dielectric elastomer (DE) is one of the types of electroactive polymers. Actuators based on DE
show high performance in terms of accuracy and speed and operate due to the controllable
deformation of the elastomer under the action of a high voltage electric field. The quality of the
control field supply and electrodes significantly affects the characteristics of the actuator.

The paper provides a comparison of actuators based on sheet and thin film control electrodes.
The influence of the quality of the polymer surface and the type of electrodes on the travel range of
actuator.

It is proposed to form thin-film electrodes by magnetron sputtering in vacuum to improve the
contact between the conducting surface and the dielectric elastomer. The electrode material is copper.
The formation of the electrode by magnetron sputtering in vacuum makes it possible to create a thin-
film layer of copper that covers the elastomer, despite the developed surface. The effect of ion
treatment of an elastomer before coating on the quality of the formed electrode is considered. After
the ion treatment, the surface of the elastomer acquires a more regular structure. The thin-film
electrode is qualitatively formed according to the topology of the elastomer. The treatment allows to
minimize the stresses in the thin-film coating and to avoid breaks in the thin film of the copper
electrode during deformation of the elastomer.

The paper research will make it possible to form high quality thin-film electrode on the surface
of an elastomer. It will increase the dielectric elastomer actuator life time and its efficiency.



