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VYBenuueHus IIOTHOCTH YHEPTUU aKKYyMYJISITOPOB
JUTSL DJIEKTPOIIPUBO/IA JIETKUX TPAHCIOPTHBIX CPEJCTB MyTEM
YIPABJICHUS MOJSIPU30BAHHOCTHIO CETHETORIEKPUKOB

3y6yoe B.H., Tpombuyxuii E. A.
TIT'Y, Benopyccus
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PazBuTre napHnkoBoro 3¢exra ¢ MocieyonuM U3MEHEHHEM KIIMMAaTa B 3HAYUTEIILHOM
Mepe CIPOBOLMPOBAaHbI TOKCHYHBIMH BBIXJIOIIHBIMHM Ta3aMM JBHraTeseil BHyTPEHHEro cropa-
HUSL. B CBSA3M C 9TMM OHUM U3 PEIICHHUH CYNIECTBYIOMINX CEPHE3HBIX SKOJIOTMIECKUX POOIIEM
SIBJISIETCST IPOU3BOJICTBO AJIEKTPOMOOMIIEH (MM THOPHUIHBIX aBTOMOOMIIEH ), KaK TPAHCTIOPTHBIX
CpencTB. DIEKTPOMOOHIbE MOKET Ha OXHON 3apAKe aKKyMYJIATOPOB IPOEXaTh IIOKa HEMHOTO:
B syumeM ciydae, 400 kM B cpeqjHeM (B 3UMHEE BpeMs HECKOJIBKO MeHbIe). Ho ero nctouHnk
MUTaHUA (aKKYMYJIATOPBI) BECHT, IPIMEPHO, HOJOBHHY 3TOTO aBTOMOOMIIS M CTOMMOCTB €T0
TaKKe OKOJIO TIOJIOBHHBI. [IpHyrHa B TOM, YTO SHEPTHS COBPEMEHHBIX aKKyMYJISITOPOB CITUIIKOM
Mazna. HecMoTps Ha TO, 4TO IIIOTHOCTH HEPTHU AKKYMYJISITOPOB B IIOCIEIHEE BPEMS yBEIIUYU-
jach B 2 pasa, OHHM BCE €llle MMEIOT OOJbIIne BeC M pa3Mepsbl. M3BecTHbIE POCTHIE CIIOCOOBI
YBEJIMYEHHUS TUIOTHOCTH SHEPIUU aKKyMYJIATOPOB 324 CYET YCOBEPIICHCTBOBAHUS HMX BHYTPEH-
HET0 YCTPOWCTBA NMPAKTUYECKH HCUEPIaHbl. UTO ObI aKKyMYJIATOPBI MOTJIM 3aMEHUTH TPaIUIIH-
OHHO HMCITIOJIb3YEMBIC IBUTaTC/IM BHYTPCHHCTO CropaHus, UX MJIOTHOCTh SHECPTHUU HYKHO YBCIIU-
gtk B 10 — 20 pa3. Takoe yBenmueHHE YHEPTrOEMKOCTH aKKYMYJISITOPOB Ha ONMKANIIYIO IIep-
CIEKTUBY MaJOBEpOATHO. lcronp30BaHNe SHEPTUHU COIHIA U BETPa TaKXkKe MoKa Manod(p¢ex-
TuBHO. Kpome Toro, HarpoHaabHBIE HHTEPECH CTPaH, JOOBIBAIOIINX YTIIEBOAOPOJHOE CHIPEE,
SIBISIFOTCS. CACPKUBAIOIIMM (aKTOPOM B pa3BUTHH 3nekTpomoOmreil. Takum oOpazom, 3amada
YBEJIMUYECHHUS SHEPTOEMKOCTH aKKyMYJISITOPOB TpeOyeT penieHus. B CBsI3U ¢ BBIIIIEN3I0)KEHHBIM,
IpeAaraeTcs 3KOJIOTUUECKH YHCTasl YCTAHOBKA ajlbTePHATHBHON HHHOBAIIMOHHOM TEXHOJIOTHH
C HCIIONIb30BaHKUEM 3JIEKTPOXUMHYEcKoro reHepaTopa (3XI') Ha OCHOBE CETHETO3IEKPUKOB [1].
Takast s9HEproyCTaHOBKA MOBBIMIAET YACIbHYIO SHEPTHIO (IUIOTHOCTh YHEPTHH) aKKYMYJISITOPA B
3.5 ... 5 pa3, B 3aBUCUMOCTH OT MOAM(UKAIIUN KEPAMHUKH U INEKTPUUECKON CXEMbI BKJIFOUCHHUS.
YcraHoBKa (B3aMMOACHCTBYIOIIHNE IEKTPOMEXaHMUECKUI MpeobpazoBaTelb, YCTPOUCTBO IO-
JTydeHus MexaHuueckoi sHeprun U DXI') yBeJIMYMBaeT IIOTHOCTh DHEPTUH aKKyMYIsATOpa B
JIBA 3Tala: Ha MEPBOM IPOUCXOANT yBEIHUCHHE MoJsipu3oBaHHOCTH DX, Ha BTOPOM — yBenH-
YEeHHE ICKTPUUECKON MOITHOCTH Ha BBIXOJE YCTAaHOBKH. J{JIs1 palliOHaIbHOTO UCIIOJIb30BAHUS
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OXI saBisieTcs BayKHBIM OIPE/ICIICHNE ANaa30Ha ero pado4nx 4yacToT Kosebanuii. Paspaborana
MaTeMaTudecKkas MOJEb DJIEKTPOMEXaHWYECKOro IMpeoOpa3oBateis, BO B3aMMOJCHCTBHH C
OXI'. KoHCTpyKINH 3JIEKTPOMEXaHUIeCKOro peodpaszoBarens 1 DX KpoMe CerHeTodJIeKTpH-
YECKHX 3JIEMEHTOB, KOTOPBIE MOXKHO MPEACTaBUTh KaK PE30HAHCHBIN KOHTYpP, UMEIOT U Ipyrue
BTOPOCTENEHHBIE JIeMEHThL. [103TOMy B JUHAMUKE 3THU HPYKUHHO-MACCOBBIE KOHCTPYKIIMU
HMEIOT CIIOXKHBIN CIIEKTP COOCTBEHHBIX YaCTOT U B 3JIEKTPUIECKON LIETH BEIYT ceOs Kak moce-
JI0OBAaTENNbHO — NMapaJIeIbHBIN KOHTYP [2], KOTOPBIi IMEET ABE YaCTOTHBIE IIOCTOSTHHBIE: J[BA Pe-
30HAHCA — TIOCJIEAOBATENBHBIN U MapaJUIebHBIHN (Tak Ha3bIBaeMbIH aHTHpe3oHaHe). [ToTpebie-
HUE OT aKKYMYJIATOpa MpeagaraeMoi yctaHoBkou 1 J» sHepruu gaeT BO3MOMXKHOCTh C UCIIONb-
30BaHMEM MEXAHUYECKOM SHEPTUU MOIYUUTh Ha BBIXO/E YCTaHOBKH 3,5...5 JK anekTpudyecKoi
sHeprur. To ecTh UCIIOIB30BaHNE YCTAHOBKH MO3BOJISIET YMEHBIINTH IOTPEOICHIE SHEPTHH aK-
KyMmyJsTopa B 3,5... 5 pa3a ¥ TeM caMbIM yBEIHUYUTH IPOOET 3JEKTPOTPAHCIIOPTA HA OJJHOIT 3a-
psanke akkymyinsaTopa Takxke B 3,5... 5 paza. KIIJ] npemnaraemoii 3HepreTHYECKON YCTaHOBKH
ISl YBETTMUEHUS TUIOTHOCTU YHEPTUH MPUMEPHO 55...60 %.
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The rapid development of wearable electronics has led to the need for new sources of elec-
trical energy. A promising energy source is a piezoelectric nanogenerator that generates an elec-
tric current in the presence of mechanical deformations [1]. This device allows to use various
types of deformations, such as vibrations, wind and car noise [1]. To form a nanogenerator, it is
necessary to use a material with increased mechanical and electrical characteristics. Such a ma-
terial must not only generate electrical energy when mechanical deformation is applied to it, but
also have increased resistance to repeated elastic deformations. One such material is carbon
nanotubes (CNTs). The CNTs show high values of the piezoelectric response and Young's mod-
ulus, which makes them a promising material for the formation of nanopiezotronics devices [2,
3]

The aim of this work is studying the dependence of the piezoelectric response of aligned
carbon nanotubes on their height.

The studied samples were arrays of vertically aligned carbon nanotubes grown by by
plasma-enhanced chemical vapor deposition on Cr and TiN sublayers with a thickness of 100
nm. The parameters of the studied nanotubes were determined using the Nova Nanolab 600
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