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BUBUEHHSI MOXJIMBOCTEA BUKOPUCTAHHSI CUCTEM AK-
TUBHOI'O TACIHHA BIBPAIII, NMOBYJJOBAHUX HA BA3I
IPE3OEJIEKTPUYHUX EJEMEHTIB, B BIBPO3AXUCHUX CHC-
TEMAX MAIIIUH, TIPUBOPIB TA AITAPATIB.

VY craTti maetbest orysia mpoOieM, MOB'I3aHMX 3 aKTHBHUM IIPUTHIYCHHAM BiOpauiid. AHamizyeTbes
MOKIIMBICTh BXKHBAHHS DPI3HHX aJalTHBHUX EIEMEHTIB y BiOpO3axucHUX cucTeMax. [IpoBOTHTHCS
OrJISIJl aKTUBHUX METO/IB OOpOTHOH 3 BiOpawisiMu.

B craree maetcst 0630p mpo0ieM, CBSI3aHHBIX C aKTHBHBIM IOJAaBICHHEM BHOpAIMid. AHAIHN3UPYETCS
BO3MOXKHOCTh ITPUMEHEHHSI Pa3iNYHbIX aJallTUBHBIX DIIEMEHTOB B BUOPO3AIIMTHRIX cucrteMax. [IpoBo-
IUTCSE 0030p aKTUBHBIX METOIOB OOPHOBI C BUOPALIMAMH.

The review of the problems related to active vibrations suppression is given in the article. Possibility
of application different adaptive elements is analysed in the vibroprotective systems. The review of
active methods vibrations control is given.

Jist 3HMKeHHS BiOpPOAKTHBHOCTI MEXaHIYHMX CHCTEM, 3MEHIIEHHS piBHSI
IIyMiB i BiOpamiif MMPOKO 3aCTOCOBYIOTH BiOpO3axmCHI cucTeMH. Y mil oOnacTi
AKTHMBHUHM KOHTPOJb BiOpaliii HUHI € OAHIEI0 3 MEPIIOYEpProBUX Hitei. 3a3Buyan
BUAIJISTIOTH /1BA MIXOIH /10 i€l mpobieMu: — KepoBaHe JeMIi(yBaHHS 33 JOIIOMO-
TOI0 SIKOTO Yepe3 KepoBaHi CXeMHU, BUKOHAHI Ha 0a3i aKTHBHUX €JIEMEHTIB, 30111b-
myeThesi KoeilienT aeMrdyBanHs CHCTeMHU (HAIiBaKTHBHI CHCTEMH KEpYBaHH);
— TaciHHA BiOpariid, KOJM¥ 3iHCHIOETHCS TacCiHHA 30YPIOBAHHS 32 TOTIOMOTOI0 aK-
THBHOI /il Ha cucTeMy (AKTHBHI CHCTEMH KePYBaHHS).

ITpu kepoBanomy nemmn¢yBaHHI BiOpawiil enekTpudHe IMoje, IO MpUKIana-
€TBHCSI, BUKOPUCTOBYETBCS [UISI CTBOPEHHSI CTPyMYy 30Y/[DKEHHS B OIOpI 30B-
HIIIHBOTO JIaHIIOTa. B IIbOMY BHIanKy BigOyBaeThCs pO3CiIOBAaHHS €HEprii depes
CJICKTPUYHHI HATPIB.

IIpu akTHBHOMY TaciHHI BiOpaIliii akTyaTop BUKOPHCTOBYETHCS IJIsI CTBOPCH-
HS KOJIMBaHb B MPOTH(a3i MO BiJHOIICHHIO /10 30ypIOOUNX BiOparii.

3a3BH4ali CXeMHU KEPOBAHOTO AeMII()yBaHHS e(eKTUBHIIII IPH TaCiHHI yCHOTO
CHEKTpy BiOpaliif, KOJIM BiACYTHI BiIOMOCTI Mpo 30yprorounii curaai. SKmo x
YaCTOTHI Jiama30Hu BiOpalliii 9acTKOBO BifoMi, abo iCHye MOMUIMBICTh IX BH3HA-
YEeHHS, TO CXEMH aKTHBHOT'O TaciHHS 30ypeHb MOXKYTh OYTH 3HAYHO e(EKTHUBHIII,
0c00IHMBO TIpU poOOTI HA PE30HAHCHUX PEKIMAX.

AnanTuBHI MaTepiasM. Y aJanTUBHHX CTPYKTypax, OCHOBHOIO METOIO
SKUX € aKTUBHUHA KOHTPOJb BiOparliif, 3HaX0IATh 3aCTOCYBAaHHS Pi3HI BHIM aKTya-
TOpiB 1 ceHcopiB. [Ipm po3risimi UyTaMBHX MaTepialiB IlikaBa HACTYITHA BENHKa
6i6miorpadist mo upomy mpenmery [1]. Cepen axryaropiB, 3a3Bu4aii, BHIUISIOTH



HACTYIHI THIH: €JICKTPOJMHAMIYHI, MHEBMATHYHI, TiIpaBJiuHi, eICKTPOMATHITHI
Ta aKTyaTOpH, BUKOHaHI Ha 0a3i aanTHBHUX MaTepiaiB.

XapaKTepu3yroun 0COOTUBOCTI KOXKHOT'O THITY CJIiJI BIIMITUTH, IO €JIEK-
TPOIMHAMIYHI aKTyaTOPH BUKOPHCTOBYIOTHCS BXKE BIIPOJIOBXK OaraTbox pokiB. Taki
aKTyaTOpH BIJHOCHO JICIICBi, ajie BOHM MAIOTh BEJIMKI PO3MIpH 1 Bary, IIo SBJIS-
€THCS IPUYHHOIO TX 0OMEXEHHOTO 3aCTOCYBaHHS.

INppaBnivyhi 1 THEBMATHYHI, @ TAKOX EIEKTPOMArHiTHI aKTyaTOPH aKTHB-
HO BUKOPHUCTOBYIOTHCS JUIS TaciHHS BiOpamiid. AJie, He3Ba)KarouM Ha 3HAYHI CHIIH,
0 PO3BUBAIOTHCS TEPEPAXOBAHUMH aKTyaTOpaMH, BOHM BHUMAaraloTh CKIJIAIHUX
KOMYTaIiHHUX JIiHIA 1 TOMATKOBUX JDKepen eHeprii. | 3 miel mpuuuHu B JESKUX
BUIAKaX €EKTHBHIIIEC BUKOPUCTATH aKTyaTOPH, BUKOHAHI 3 aJaliTHBHUX MaTepi-
aniB. Xoua BUXiJHI ITEPEMIlICHHS TaKAX aKTyaTOpiB BiTHOCHO Malli, MPOTE, BOHU
MOXYTh CTBOPIOBATH JJOCHThH BEJIMKI CHJIM B TIOPIBHSHHI 3 CWJIAaMH, III0 BUKJIMKa-
I0TBbCS TiAPABIIYHUMHM 1 ITHEBMAaTHYHUMHM akTyaropaMu. KpiMm TOro, BoHM OXoI-
JIIOIOTH HA0araTo MUPIINI Jiarna3oH 4acToT.

Bizgomo, 1m0 akTyaTopH 3 aganTHBHUX MaTepiajliB BUKOPUCTOBYIOTHCS 1 B
SIKOCT] IHTETpOBAHMX B CUCTEMY €JeMEHTIB. Takoro pomy akTyaTopH BOYTOBYIOTb-
sl B KOHCTPYKIIIIO 3 METOI0 pobuTH OakaHi Jedopmanii B CTPYKTYpi 1 T03BONSIOTH
aKTHBHO BIUIMBATH Ha BiOparmii B cucreMi. AHAJOTIYHMM YMHOM B KOHCTPYKILIO
MOXYTb OyTh BOymoBaHi 1 ajanTuBHI 9ymmBi eneMeHTH. CydacHHI PO3BUTOK
aJalTHBHUX MaTepialliB 103BOJISIE IHTEIPYBATH CEHCOPH 1 aKTyaTOpH B CHCTEMY, HE
3MIHIOIOYH i1 MacOBHX 1 JKOPCTKICHUX XapaKTEPHCTHK.

TepMiH «aganTHBHI MaTepiann» BKIIOYAE BEJHMKY KUIBKICTH Pi3HOMAHIT-
HHUX MaTepiajiB, II0 MAIOTh BIACTHBOCTI CEHCOpIB 1 akTyaTopiB. Cepen HUX AEsKi
MOXKYTh BOJIOAITH TiJIbKH BJIACTHBOCTSIMH CEHCOpIB (ONTHYHI CEHCOpH Ta iH.), a
JIesIKi MOXKYTh OYTH BHKOPHCTaHHMH 1 B SIKOCTI CEHCOpIB 1 B SIKOCTi aKTyaTOpIiB.
Taki MaTepiany 37aTHI 3MIHIOBATH CBOI MEXaHIYHI BIACTUBOCTI (B'A3KiCTh, )KOPCT-
KiCTh, ()OpMY) Iijl BIUIMBOM TEMIICPATYPHOI 3MiHH, SIEKTPUIHOrO ab0 MarHiTHOTO
TIOJTiB.

[pu po3risaai aganTHBHUX MaTepialliB CIiJl BUIUINTH MaTepiaid, sKi 0e3-
MIOCEepPEeTHhO KOHBEPTYIOTh 30BHI NPUKIAJCHY €NEeKTPHUHY a00 MarHiTHy Iil0 B
MexaHiuHy, a00, HaBIAKH, IIEPETBOPIOIOTh MEXaHIYHY Aif0 B ENEKTPHUIHY, abo Ma-
THITHY IUIIXOM TNpsIMOTo (i3ndHOro eeKTy Ha MIKpOCTPYKTypHOMY piBHi. J{o
TaKOro KJIACy MaTepialliB BiJTHOCATHCS IT'€30 1 eIeKTPOCTPHKIIIOHA KepaMiKa, I'€30-
SJICKTPUYHI MOJTIMEPU Ta MarHITOCTPUKIIHI CIIaBH.

[T'e30kepamiuHi €IEMEHTH € TBEPAOTUIMMH, XapaKTEpPH3YIOTHCS BHCOKOIO
3aBaJO3aXUIICHHICTIO, MAJIIM PiBHEM BJIACHUX IIYMIB, IiJBUIICHOIO paialliifHOO
cTifikicTio. KepamidHa TEXHOIOTISI BHTOTOBJICHHS IT€30€NIEMEHTIB HE HAKIIaJgae
MPUHIMIIOBIX OOMEKeHb Ha iX Gopmy 1 po3mipu.

ITig eneKTpOCTPUKIIHHOI KepaMiKOI 3a3BHYail PO3YMIIOTHCS MaTepialid Ha
OCHOBI CBHHIIEBOrO Hiobary MarHifo (y 3apy0ixHiit miteparypi PMN). Enekrpo-
CTPHKLIS CIIOCTEPITA€ThCS y BCIX MIENEKTPHKIB. 30BHIIIHE €JIEKTPUYHE TTOJIE, TIPH-
KIIaZicHe 710 AieJICKTPUKA, BUKIMKAE NESIKY 3MIHY HOTO T€OMETPUYHHUX PO3MIpiB.



MexaHi4Ha Hampyra TaKoXX 3MiHIOE PO3MIpH JieJIeKTprKa, ajie IpH [[bOMY HE BH-
HHUKAa€ IUNOIBHOrO MOMeHTY. KpiM Toro, Ha BiAMiHY Bif IT'€30€NIEKTPUYHOI, B elle-
KTPOCTPUKIIHHINA Kepamilli MexaHidHa nedopmariisi, BHKIMKaHa IMOJISIPU3ALIEI0
JUeNeKTprKa, He 3aIeKHTh BiJ HaNpsMy nojspusamnii. Xoda eIeKTpOCTPUKIIHHI
MaTtepianu edeKTHBHI Ipu poOOTi Ha BUCOKOYACTOTHUX TUHAMIYHUX PEXHUMaXx, ajie
Yyepe3 BUCOKY TEPMOUYYTIIMBICTE BOHH MAIOTh 3HAYHO MEHIIIE NPAKTUYHE 3aCTOCY -
BaHHs [2].

Jlesiki moiMepHi MaTepiany y BUIIISIII MEXaHIYHO OPiIEHTOBAHMX 1 MOJISIPU30-
BaHHUX B €JICKTPUYHOMY IOJI ILTIBOK SIBIISTIOTHCS TOJISIPHUMH TEKCTYPAMH, B SKHX
criocTepiraeTbes m'e3oeneKTpuaHui edext. Cepen HUX MPAKTUYHUHN iHTEpec npes-
crapisie noniBiHimuneHpropua (IIBAP), B inozemuux mxepenax (PVDF, abo iHo-
i PVF2). Tlicns BUTATY IDTIBOK 3 LIBOTO MONIMEPY i iX MOBEPXHEBOI MeTaizalii,
NIPUKJIAZAETHCS. BUCOKE €JIEKTPUYHE TI0JIe JUIsl 3a0e3eUeHHs] OXHOPIJHOT MOJISIpH -
3amii 1 MposiBy I'€30€JIeKTpUYHMX BilacTuBOCTed. Benmkoro nepesaroro I1IB/ID €
XOpoIIa 'HyYKiCTb, 110 JO3BOJISIE BUKOPHUCTATH IIeH MaTepiall B CUTYallisX, Jie KpH-
XKICTh I'€30€JIEKTPUYHOI KepaMiKi € CepHO3HOI0 mepemkoaon. IIpore Bukopuc-
tauus [1B/I® B sikoCTi akTyaTopa 4acTO HEMOXKJIMBE BHACHIJIOK HU3BKOT'O MOJIYJIS
MPYXHOCTI TOJIIMEpY 1, SIK HACII/IOK, HEMOXJIMBOCTI CTBOPEHHSI AOCTaTHIX cril. B
TOH ke Jac B sikocTi ceHcopa [IBJI® cTBoproe OibLI BUCOKY HANPYTy Yy BiIIOBiIb
Ha MexaHiuHy Jif0. Tak, II'€30eIeKTpUYHa KOHCTaHTa (eNeKTpUYHA HAIPyra, BHPO-
OroBaHa Bix oaMHMIN MexaHiuHoi Hampyru) B 10-20 pasie Buile, 9uM y BimoMux
I’ €30KepaMidHNX MaTepialiB.

3 MarHiTOCTPUKLIHHMX CIUIABIB TAKOXX BUTOTOBIITIOTHCS aKTyaTOPH IS Ta-
ciansg BiOpamiil. Taki akTyaTopy BUpOOIAIOTH CHIIM 3HAYHO BUII, Hi’K aHAJIOTIYHI
m'e30KepamivHi, ane Bara ix B 10-20 pasis Outbime [2].

Cepen amanTHBHUX MaTepiajiB CIIiI BUAUINTH CIUIABH 3 TAM'SITTIO (OPMH.
AKTyaTOpH, BUKOHaHI 3 TAKUX CIUIaBiB, CTBOPIOIOTh MEXaHIUHY JIi0 Yepe3 MeTalry-
priiHe nepeTBOpeHHs (pa3y, BUKIMKAHE EPEXOAOM NEIKHX TeMITepaTypHHX ITOpO-
TiB.

BukimkaroTh iHTEpEC 3rajyBaHi psyioM aBTopis [3] aganTuBHi MaTepiany,
SKi 3MIHIOIOTb CBOi JeMIl(yIodi BIACTHBOCTI B 3aJISKHOCTI BiJ] €IEKTPUYHOIO Ta
MarHiTHoOro nodjiB. Lle piguHu eNeKTpopeosIorii, AKi € CyCIeH31sIMH MIKPOCKOTIIY-
HHUX 9YaCTOK 3 BHCOKOIO JCICSKTPHYHOIO MIIHICTIO, SKi MOXYTh 3MIiHIOBaTH CBOIO
B'SI3KICTP ITiJ] TI€T0 eIIEKTPUIHOI [Iii, Ta MATHETOPEOJIOTIHI PiAWHHY, SIKi € CyCIeH3i-
sIMH (hepOMarHITHUX MIKPOCKOIIYHHX YaCTOK, 1 374aTHI 3MIHIOBATH CBOIO B'SI3KiCTh
TIpH i1 Ha HUX MarHiTHUX TOJIB.

He3Baxkaroun Ha MHUPOKWI BHOIp aJalNTHBHUX MaTepiaiiB OCHOBHHM,
HaHOLIBII 3aTpeOyBaHUM MaTepiaioM HHUHI BCE XK SBILIETHCS IT€30€TICKTPUYHA Ke-
pamika. Ille omHi€ero 11 mepeBaror0 € MOXIUBICTh BUKOPUCTAHHS ii, SIK B POJI CCH-
COpiB, TaK i B pOJIi aKTyaTOPOB.

AKTHBHe ynpaBiiHHs BiOpauisvu.llutaHHIMHA aKTHUBHOTO KOHTPOJIO BiO-
patiii po3mouany 3aiMaTHCS y KiHII CIMIIECATHX POKIiB IBAALATOrO CTOMTTA. Jlo



TENEepPIIHBOrO Yacy CJiJl BUAUINTH JBa OCHOBHI NMPUHIWIN YIpaBIiHHS BiOpaisi-
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CHUTHAJI ’_L
CUCTEMA KOHTPOJIEP
Kepyrounit

CHUTHaJI

Puc. 1. Cxema METOIY KOHTPOIIIO i3 3BOPOTHHUM 3B'I3KOM.
y p P

VY3arampHeHa cXeMa METOMY KOHTPOIIO i3 3BOPOTHIM 3B'S3KOM IPEICTaB-
nera Ha puc. 1. CyTb METOAY HOJSTaE B TOMY, IO BUXITHUHA CUTHAJ CHCTEMH TT0/Ia-
€ThCS HA KOHTPOJUICp 1 B MOJANBIIOMY IICIs MEPETBOPCHHS BIUIMBAE HA CaMy
cucreMmy. OCHOBHHM 3aBJaHHSAM TIPH peali3amii I[bOoro METOy € Iiadip BiIMOBia-
HOTO KOHTpOJUIEpa, KM OW JO3BOJMB 3aMKHYTiH cuctemi (puc. 1) samurmaTucs
CTIMKOI0 i BUKOHYBAaTH TIOCTABJICHE CIIOYATKy 3aBIAHHS aKTUBHOTO JEMIT()YBaHHS

[4].

[HmmM, HalfgacTilne BUKOPHCTOBYBAaHNUM METOIOM KOHTPOJIO B CHCTEMax
AKTHBHOT'O TaCiHHsI BiOpamii, SBISETHCS METOJ PETYNIOBAHHS 1O 30YpEHHIO, IO
3HAUIIOB YCITIIHE 3aCTOCYBAHHS y PSIi IPUKIAIHUX TOCTiTHAIBKUX pOOiT [5].
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Puc. 2. CxeMa MeTOy KOHTPOIIIO 0 30ypEHHIO.

Cxema MeToy KOHTPOIIO 10 30ypEeHHIO MpeAcTaBiieHa Ha puc. 2. Llei meton
TPYHTYETHCA Ha TOMY, IO OCHOBHHWI 30YIUIMBHI CHUTHAJ MPOXOIHUTH Yepe3 KOHT-
poJUIep 1 MOJAEThCSA Ha CHCTEMY Yepe3 BTOPUHHE JDKepeno. [nes metony momnsrae B
TOMY, IO TIOBUHHE CTBOPUTHUCS BTOPHHHE 30YPEHHS, K€ MOBHICTIO ITOTaCHTh IO-
YaTKOBE 30YKCHHS B 30HAX PO3TALIYBaHHS CEHCOpIB. 3BHYAiHO, HEMae€ HIisIKOI
rapanTii, mo 30ypeHHs1 OyayTh IOTalieHi i B iHIUX obnacTsax cucremu. He Bu-



KITIOYEHO, IO B JESIKUX 30HaX BOHHU OYAyTh HocwiieHi. ToMy Iei MeToI MOTpiOHO
PO3TISIIATH SIK JIOKAJEHUH, Ha BiZMiHY BiJl METOJY 3BOPOTHBOTO 3B'S3KY, SKHU €
rimobaneHuM. CImijl 3a3HAYUTH TAKOXK 1 Te, IO Ha BiJIMiHY BiJl METOAY 3BOPOTHHOTO
3B'SI3KY, KW JO3BOJIAE OCTaOUTH 30ypeHHS OIS PEe30HAHCHUX TiKiB, METOJ] KOHT-
pouto 1o 30ypeHHsIX BUpIilIye 3aaady MMOBHOTO raciHHs 30ypeHb Ha Oyzpb-sKiil gac-
TOTI, TCHEPYIOUN BTOPUHHII CUTHAI B TIPOTH(A3i JO OCHOBHOTO.

B sikocTi minTBEpAKEHHSI OCTaHHBOTO B po0OoTi [6] Oy mpoBeaeHi eKcrepu-
MEHTAaJbHI JIOCIIDKEHHS, B XO/i SKHX BHBYAJIACH MOXKJIMBICTh BUKOPHCTAHHS IT'€-
30€JIEKTPUYHOI KePaMiKi B SIKOCTI CEHCOPIB 1 aKTyaTOpiB IPH CTATUYHHX 1 JUHA-
MIYHHX peXHMax poOOTH HAa MOJENi OPTOTPOIHOI IIACTUHU. AKTHBHE TacCiHHS
BiOpamiil IIIaCTHHA 31IHCHIOBAJIOCS HA OCHOBI BUKOPUCTAHHS CXEMHU YIPaBIiHHS 3i
3BOPOTHIM 3B'SI3KOM 32 IIBUJIKICTIO IIEPEMIIICHb.

BucHoBku. OtpuMani pe3yaptat [6] cBiguatk mpo e)eKTUBHICTh aKTHBHO-
TO yNpaBiiHHS BiOpauisMu, OCKUIBKU TIPH IIbOMY BiJIOYBA€ThCS TaCiHHS MaKCHMa-
JHHUAX aMIUTITYZ KOJMBaHb Ha MEpUIii BiacHiil wyactoTi Ha 37% Ha apyrid - Ha
41%.
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