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Further Development of Innovative Applications

Based on the Inverse Piezoelectric Effect
The use of special composite materials in the processes of further development
of innovative applications based on the inverse piezoelectric effect

Igor Panarin
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Abstract
As practice has shown, piezoelectric motors operating on the basis of the principles of the inverse piezoelectric
effect can become the basis of the latest automation and precision mechanics systems, as well as innovative
lighting technology. The main interest of designers is the possibility of building systems and configurations
related to precision and small-sized stepper motor systems based on the inverse piezoelectric effect. As the
requirements for precision and weight reduction of such engines become more stringent, including due to a
reduction in overall dimensions, more and more options and technical solutions based on the integrated use of
special composite materials are being offered as the base material for building the elements and structures of
such engines.
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Beryniienue :

WcnbiTanus 3TUX TUIIOB NMbE303JIEKTPUUECKUX JIBUTATENICH U MOMBITKY UCIIOJIH30BAHUS UX B
KAaueCTBE MIATOBBIX JBUTATENEH , MPUBEIN K HEOOXOIUMOCTH OTBETHTD Ha IICIIBIN Psif
TEXHUYECKHUX BOIPOCOB , B 3HAUUTEIILHON CTEIIEHH CBSI3aHHBIX C HECOBMECTUMOCTBIO
HOBEHIINX YIPABIISIIOIIUX MPOIIECCOPOB M UX MPOrPaMMHBIX (PYHKIUI ¢ KOHCTPYKTUBHBIM
HECOBEPIICHCTBOM , SIBUBILIEMCS CJIEICTBUEM IPUMEHEHUS TPAJIULMOHHBIX KOHCTPYKTHBHBIX
MaTEepUajIoB , OTIUYHO pabOTaBIIUX MIPU CTAPO AIIEMEHTHOM 6aze







Kak BusHO 13 ()OTO OJTHOTO U3 TUIIOB MHE303JIEKTPHUUECKOTO ABUTATENsI B €0 KOHCTPYKLIUU
WCTIOJIH30BaHbI OOBIYHBIE KOHCTPYKIIMOHHBIC MaTePHAaJIbl , AHOJUPOBAHHBIN aTFOMUHUN |,
OpoH3a , HeprKaBeIolIast CTallb , CJIOUCTHIE ITACTUKU | T.II.

VcnipITaHus 3TUX TUIIOB MbE303JIEKTPUUYECKUX JIBUTATENIEH U MOMBITKH UCIOIb30BAHUS UX B
Ka4ecTBE IIaroBBIX ABHUTATeNeH , IPUBEIN K HEOOXOAMMOCTH OTBETUTD Ha IEIBIN P
TEXHUYECKHUX BOIPOCOB , B 3HAYUTEIHHOI CTETIEHH CBS3aHHBIX C HECOBMECTHMOCTBIO
HOBEHIIINX YIPABISIONINX MTPOIECCOPOB U MX MPOTPAMMHBIX (DYHKIINH C KOHCTPYKTHBHBIM
HECOBEPILICHCTBOM , IBUBIIEMCS CJICACTBHEM IIPUMEHEHNS TPAIUIIMOHHBIX KOHCTPYKTHBHBIX
MaTepHaioB , OTIIMYHO pabOTaBIIMX TP CTAPOM JIEMEHTHOM Oa3e

Kpome Toro mporpamMmmupyemast 4acTh CHCTEMBI KOHTPOJISI U YIIPaBIICHHsI pa0OTOM BUTATEIIS
, 0COOCHHO B PEKMME IIaATOBOTO JIBUTATEIS TOCTABMIINA CO BCEH OCTPOTOM BOTIPOC O



HGO6XOI[I/IMOCTI/I COOTBCTCTBUA MCXaHUYCCKHUX XAPAKTCPHUCTHUK YKa3aHHBIX MaTCpUajioB C
TpC6OBaHPI5[MI/I CcTaOMIILHOCTH UX pE€aKkuuu Ha BOS,Z[GI‘/'ICTBI/IG OT IIbE302JICKTPHUICCKUX
HUMITYJIbCOB

|

Tpebyemasi TOUHOCTD LIATOBBIX BAPHUAHTOB MbE303JIEKTPUUECKHX JABUTAaTENEeH B COUYETAHUHU C
MIPOrpaMMHBIM YIIPABJIEHUEM OT CUCTEM YIPABIEHUS U KOHTPOJIS , MOTpeOoBaIn
CTaOMIIBHOW KOOPANWHAIMY BBIXOJHBIX [TAPAMETPOB JIBUTATENEHN C TapaMeTpaMu CUTHAJIOB-
HMITYJIbCOB IOJAIOIIMXCA HA NTbE30KEPAMUYECKOE KOJIBIIO

KOHCTp}IKTI/IBHoe HECOBCPIICHCTBO KHHEMaTHYECKOM OCIMOYKHM OT IMOAIIMITHUKA CKOJIbXXCHHUA
A0 IMbE30KECPAMHUYCCKOI'0 KOJIbIIA , 3aTEM OT IPUITAAHHBIX K IbE30KECPAMHUYICCKOMY KOJIBLTY ,
HU3TOTOBJICHHBIX U3 HPY)KI/IHHOI\/’I CTaJIk JICTICCTKOB K q)pI/IKI_[I/IOHHOMy KOJIbIIY U OT HETO K
POTOpPY ABUTATECIIA , IIOKA34aJ10 , YTO OCHOBHOMH HpHIII/IHOI‘;I 0O0JIBIIIOTO Juaria3oHa pa36poca
BBIXOJHBIX MMApaMETPOB ABUTATCIIA ABJISICTCA HCBOCIIPUUMYHNBOCTD 3JICMCHTOB y1(a3aHHOfI
LEIMOYKH K UIBMCHCHHAM U OAXKCE ITYJbCAlHAM YIIPABJIAIOIINX U KOHTPOJBbHBIX UMITYJILCOB

Kak mmokazaiu aHanuTHUYECKHE HUCCICIOBAaHUA , OCHOBHOM HpO6J’ICMOI>i CHUCTCMBEI ABJIACTCA
OTCYTCTBHUC BO3MOXKXHOCTHU , MPAKTUYCCKH MTHOBCHHOT'O paCIIPCACICHUS NI PACCCUBAHU A
HUMITYJIBCOB , TIOAaBACMBbIX HA IMbC303JICKTPHUICCKOEC KOJIBIIO

I[J'IH Ha4daJia mponecca OnTuMu3aun OBLIO MPUHATO PCIICHHUC 3aMCHUTL B
MBbE303JICKTPUICCKOM KOJIBIIC NPHUBBIYHYIO IBC303JICKTPUICCKYTIO KEPAMUKY Ha



KOMITO3UTHYIO IBE30KEPAMUUCCKYIO KOMITIO3UIIUIO , COACPKAITYIO KOMIIOHCHTEI HE
pe€arupyromuc Ha UMIIYJbCHI , IIOAABAEMBIC Ha ITBE303JICKTPUUCCKOC KOJIBIO

Kak nokazana npenpinyias npakTHKa , TAKYI0 BO3MOXHOCTb MOKET 00€CIeunTh
PaBHOMEpPHOE BHEIPEHHUE B CHEIHAIBHYIO0 KEPaMHUKY MUKpPOCHEpP U3 CHHTETHUECKUX
aJMa3oB

Ha monenu takoro matepurana IokasaHa ero TpEXMepHas CTpyKTypa . COCTOSIIAs U3
MHO’KeCTBa C(hepHUECKUX KaICyJl , UMEIOIIUX , KAK MUHUMYM JIBa YPOBHS



[lepBriii ypoBeHBb — 3TO MUKpPOC]EPHI U3 HCKYCCTBEHHOTO ajiMa3a , KOTOPbIE CETOIHS MOKHO
MOJIYYUTh C OYEHb BBICOKOM TOYHOCTBIO , TP MUHUMAJIbHBIX MPOU3BOICTBEHHBIX 3aTpaTax
Y IPY MUHUMAJIbHON CTOMMOCTH CaMOT'0 HUCXOJJHOTO MaTepuana

[Tpuuém TpeGoBaHUS K CHHTETHYECKUM ajiMa3aM He COZepIKaT Kakux JIM00 TpeOoBaHUH 10
MPO3PAYHOCTH U YHCTOTHI , KAK HAIPUMEP Y KPUCTAIIIOB IOBEJIMPHOTO Kilacca

Ha cJIeayronem (I)OTO IIOKa3aHa CTPYKTYypa TaAKOIr'0 KOMIIO3UTHOI'O MaTepuaia

[Tocne n3roroByieHUs aaMa3HbIX cep OHU MOKPHIBAIOTCSA KEPAMUUECKOH YBIaKHEHHOM
Maccoil , mocie 4ero NoMeIaTces B mpeccGopmy , Iie Mo JaBIeHUEM , KepaMuKa ,
OKpYy’Kalolias alMasHble cepbl moasepraercs 00bEMHOM nedopmanyu , 0opaszys



v

, BTCOMCTPHUICCKOM HEHTPE Ka’KI0H U3 KOTOPBIX

MHO’KECTBO KyOUYECKUX MUKPOCTPYKTYP

pacrioyiaraercst ajmMasHas cgepa

Taxast cTpyKTypa sBJseTCs IICEBI0 MOPUCTOM , TAaK KaK aiMa3HbIe cPephl , MPAKTHUECKH

WHEPTHBIE K UMITYJIbCaM , 3aCTaBJISIOT CUTHAJIBI WIIM UMITYJIbCHI PAKTUYECKU PABHOMEPHO
pacnpenenuTbes B 00bEMe KepaMUUeCKUX KyOUKOB , UTO 00eCTIeYnBACT UCKITIOUUTEIbHYIO

CTaOUJIBHOCTh U TOMOI€HHOCTD MMPOXOKACHUA CUTHAJIA B IICEBAO IMOPHUCTOM

MbE30KCPAMHUYCCKOM KOJIBIIC

T

, ‘\Ma o
E e

i .\w = ~@ s ”a )
e \\_w 7 @% &Wb‘ﬁgA t\ -
@V e

557

= N KT 77

R xk.\h = m\% @V.ﬁ,ﬁs Mw e.“n, 0

g % awa\)ﬁﬁ%%,&mﬂ@#ﬁ
> >

\ Q . %\Dﬂfﬁ.ﬂ% u.w:.&mlw VAN e
A D
SO =@t = b
@V -l s
G \\ mw W @%ﬁl”/\*’
A wﬁmﬁﬁrﬁ@ﬂ@l m‘r
Nk L\ﬂv@w X - @

o

sz S\ IBhy
S

2 M
%
# N
N ‘%\
a \}‘
[Ipu >TOM HEOOXOTUMO OTMETUTH TOT (AKT , YTO BBUIY TOTO , UYTO HA HAPYKHYIO

MUIIMHAPHUYICCKYHO ITOBEPXHOCTH KOJIbIA ITPUTTASHBI IIPYXKUHHBIC JICTICCTKU , pPABHOMCPHO



pacrpeieN€HHBIN B NbE303JIEKTPUYECKOM KOJIbIIE UMITYJIbC — CUTHAN , TIO3BOJIET PEIIUTh
BCE OCHOBHBIE TPeOOBaHUS K CTAOMJIBHOCTH U OJHOPOAHOCTH TOJKAIOIIUX BUOPUPYIOLIHX -
HMITYJICOB IIEPEIAOIIMXCS OT YKA3aHHBIX JIEIECTKOB K KOHTAKTUPYIOLEMY ¢ HUMHU POTOPY

Teneps HEOOXOAMMO BEPHYTHCS K BOIIPOCY U3HOCOCTOMKOCTH pOTOpa

Ecmu ygects TOT (pakT , 9TO KOHIIBI MPYKHUHHBIX JIENECTKOB HAXOSATCS B TOCTOSTHHOM
JTUHAMHUYECKOM KOHTAaKTEe C BHYTPEHHEW MMOBEPXHOCTHIO POTOPA U €CIIU UMITYJIBCHI
HEPaBHOMEPHO PACIIPEAEIAIOTCA B TPEXMEPHOM MPOCTPAHCTBE POTOPA , U3TOTOBIEHHOTO U3
OOBIUHOM crenuanbHON KepaMHUKH , MO>KHO TPEIOTI0XKUTE , YTO yCUIIUE TepeaaBaeMoe OT
KOHIIOB MPY>KUHHBIX JICTIECTKOB HA BHYTPEHHIOIO MTOBEPXHOCTh POTOPA SBISETCS



HCOAHOPOAHBIM , YTO BBI3OBET HepaBHOMCpHBIﬁ HW3HOC 3TOM IMOBEPXHOCTHU U , BCIICACTBHUC
9TOTIO , - paauaJIbHOC OueHue BBIXOJHOI'O Bajia ABUT'aTECIIA

B cnyuae 3ameHbl MaTepraa be303JIEKTPUYECKOr0 KOJIbLA Ha IICEBIIO0 MOPUCTYIO
KOMIIO3UTHYIO CIIE[UaIbHYI0 KEPAMUKY , 3aBUCUMOCTb U3HOCA POTOPA OT HEPABHOMEPHOCTH
pacnpeesIeHus] UMITYJIbCOB B YKa3aHHOW KEpAMUKE 3HAYMTEIBbHO CHU3UTCA U 3TO JOJDKHO
IIOJIOYKUTEIIBHO MOBJIMATH HA XapaKTep BBIXOAHBIX IIaPAMETPOB U XapaKTEPUCTUK
IIbE303JIEKTPUYECKOIO IBUTATENSA

K raxum napamMeTpam MOKHO OTHECTHU CICAYIOIIUC :
- paauajibHOC OueHue Baia JABUTaTCIIA

- CHHXpOHH3al1d BCCX B3AUMHBIX MCXAaHUYCCKNX KOHTAKTOB MCKAY 3JICMCHTAMHA
KOHCTPYKIHUU ABUTATCIIA

- YBEJIMYEHUE CPOKA ICHCTBUS ABUTATEIIS

- o0JeryeHue yciIoBHi OJTHOBPEMEHHON CHHXPOHHU3AINH PaOb0UnX BBIXOIHBIX MapaMeTpPOB
HECKOJIbKUX JIBUTaTeNeH , paboTaIuX B cucTeMax npeo0pa3oBaHMsl BpallleHUsl IBUraTeei
B JIMHEHHOE NIEPEMEILECHHE CYIIIIOPTOB

- obecrieueHue PAaBHOMEPHOCTHU U OAHOPOJHOCTH YaCTOThI BpallICHUA POTOpPA ABUTATCIIA

Hano takke OTMETUTh TOT (DaKT , YTO B CYIIECTBYIOIIEH CTPYKType JIBUTATENS UMEET MECTO
3aBUCHMOCTh OT BUOpALlMK BCEX CUCTEM JIBUraTelsl OT HEPAaBHOMEPHOCTU M LIMKJIMYHOCTHU
repeaadYd KHHEMaTHYECKUX YCWINN OT CIENUAIbHOW KEPAMUKH K POTOPY Y B KOHEYHOM
C4€Te K BBIXOJHOMY Bally

CucTemMHBII aHATU3 U KOMITBIOTEPHOE MOJICTUPOBAHKE MMOKA3aJIH , YTO U ISl pOTOpa UMEET
CMBICJ 3aME€Ha MaTepHalla Ha aHaJIOT TICEBJ/I0 IOPUCTOr0 KOMITO3UTA MMbE30KEPaMUUIECKOTO
KOJIbIIa

B 3TOM cityuae CTpyKTypHBIN XapakTep KOMIIO3UTHOIO MaTepuaia He MEHSIETCS , a TOJIbKO
MEHSETCS COCTaB MaTepUAOB

Tak HarpuMep , 17151 TOBBIIICHUS IOJITOBEYHOCTH KOHCTPYKTUBHBIX JIEMEHTOB JIBUTATEIIS
SIIPO MaTepualia MEHsETCs ¢ ajlMasa Ha , Hanpumep — bepuiuinii , mpu 3ToM 00607109KOM
SIBJISIETCS] — AITFOMUHHI

AIOMHHUI TOCTaTOYHO TUIACTHYHBIA MaTEPHAI , YTO ObI 0OECTICYUTH TOCTATOUYHYIO XJIaJHO
TEKy4ecTb MPH 00bEMHOM MIIACTUYECKON KaTHOPOBKE reOMETPUYECKOi (HhOPMBI 2JIEMEHTOB U
KOMITOHEHTOB JBUTaTENs



MoskeT ObITh BBIOPaHO MHOYKECTBO BAPUAHTOB U COYETAHHM MaTepHAaIOB JJIsl KATCyJ , 4TO
naéT MaKCUMaJIbHYI0 THOKOCTD MPH IU3aiiHEe CUCTEM YIIPABJICHUS U KOHTPOJIA ,
WCIOJIB3YIOLIUX MIPUBO/IbI Ha MbE30AJIEKTPUYECKUX JBUTATEIISAX

HMmMeeT cMBICH TaKXke B HaCTOHHIeﬁ HY6J'H/IKaI_II/II/I 3aTPOHYTH BOIIPOC O IMMPYKHUHHBIX JICIIECCTKAax

B ciyuae ux kpemieHus Ha Mbe30KepaMUUECKOM KOJIbII€ MPH MOMOIIU MAKKU MOSIBIAETCS
JIOTIOJTHUTEIBHBIN y3€II TPO0JIEM , CBI3aHHBIX C HEBO3MOHOCTHIO 00€CTIEUNTh TPEOYyeMbIi
YPOBEHBb TOYHOCTH , & TAK)KE TPEOYyeMble YPOBHH IMPOYHOCTH U JOJITOBEUYHOCTH, - IIPUYHUHBI
W3BECTHHI , - 3TO 3aBUCUMOCTH OT CIIEIM(PUICCKUX OCOOCHHOCTEH MaTepraaoB
MPUMEHSAEMBIX TPAAULUOHHO ISl TAKU

M cKIIIOUUTENBHYIO CII0KHOCTD TAKXKE MIPEACTABIAIOT BOIPOCH! IOATOTOBKU HApYKHOU
IIOBEPXHOCTHU IIbE€30KEPAMHUECKOI0 KOJIBLIA K NTaliKe W BOIPOCHI HAHECEHHUS Ha 3Ty
IIOBEPXHOCTh METAJUIMYECKOTO WIIM SKBUBAJIEHTHOT'O CJI0S , K KOTOPOMY MOXHO IIPUIIASATH
IIPYKUHHBIE JIETIECTKU

Pemenue HpO6HeMbI aBTOp HaCTOHH_[eﬁ HY6HI/IKaHI/II/I BUOUT B OTKA3€ OT MMaliKu U B
IMPUMCHCHUHN ONITUMAJIbHOI'O 111/13a171Ha CHUCTCMBI IIPYXKUHHBIX JICTICCTKOB B BU/IC pr)KHHHOfI
JICHTBI B KOTOpOfI H3TOTOBJICHBI YKa3aHHBIC JICTICCTKH

Takag 1eHTa 00)KMMAaeTcst Ha HApy’KHOM JUAMETPE IIbE30KEPaMUICCKOr'o KoJibla , 4TO
00ecreunBaeT HECKOJIBKO JOIIOJIHUTCIIbHBIX ITOJIOXUTCIIBHBIX aCIICKTOB OIITUMH3allli BCEX
CHUCTCM IIBbC303JICKTPUYCCKOI'0 ABUIaTCIAd 3a CU€rT :

- PaBHOMCPHOT'O paCpCaACICHUS JICTICCTKOB M0 JUaMETPY IMbE30KCPAMHUYICCKOI0 KOJbla

- BO3BMOXXHOCTH PEryJIMPOBAHUSA YCUIIUS IPUIKATUA HPY)KHHHOﬁ JICHTBI K ITIOBEPXHOCTU
MbE30KCPAMUYCCKOTI'0 KOJIbIIa

- BO3MOXKHOCTH JETKOMH , KauyeCTBEHHOMN U 6LICTpOI>'I 3aMCHBI JICHTBI U3-3a U3HOCA JICTICCTKOB

- PE3KOr0 CHUKEHMSI CTOMMOCTH JIBUTaTeslel , pU MOBbIIEHUN Y((HEKTUBHOCTH U YPOBHS
KadecTBa
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Cnucoxk HCnob30BaHHOM JIUTEPATYPhI , HIATECHTHASI U JIMICH3UOHHAS I/IH(l)OpMaIII/Iﬂ

[Tpunoxenue 1

United States Patent 6,242,849
Burov, etal. June 5, 2001

Piezoelectric step motor

Abstract

A piezoelectric stepping motor comprises a cylindrical housing (1), a stator and a
rotor (4). The stator comprises at least two rotary-fixing (2) and fixing (3)
piezoelectric units which are located one behind the other in a longitudinal plane.
The piezoelectric unit (2) comprises a rotary piezoelectric cell (5) and a fixing
piezoelectric cell (60, insulators (7) and a friction element (8). The piezoelectric
unit (3) comprises a fixing piezoelectric cell (9), insulators (7) and a friction
element (8).

[Ipunoxenue 2

United States Patent 7,095,160
Uchino, etal. August 22, 2006

Piezoelectric motor and method of exciting an ultrasonic traveling wave to drive
the motor



Abstract

A rotary ultrasonic piezoelectric motor is provided and a method of exciting a
flexure traveling wave to drive the motor. The motor includes a stator having a
piezoelectric ceramic disc polarized in the radial direction and bounded by a top
electrode and a segmented bottom electrode. The motor also includes a power
source for applying two pairs of alternating voltages to the bottom electrode
segments to excite a shear-shear mode vibration in the stator, resulting in a shear-
shear mode flexure traveling wave in the stator. The motor further includes a rotor
operatively connected to the stator, and the stator is driven to rotate through a
frictional force between the rotor and the stator due to the traveling wave
deformation of the stator. A linear ultrasonic piezoelectric motor and method of
exciting a flexure traveling wave to linearly drive the motor is provided. The motor
includes a stator having a rectangular piezoelectric ceramic plate that is polarized
in the longitudinal direction. The motor also includes a power source for applying
two pairs of alternating voltages to the bottom electrode segments to excite a
shear-shear mode vibration in the stator, resulting in a shear-shear mode flexure
traveling wave in the stator. The motor further includes a slider operatively
connected to the stator, and the stator is driven to move linearly through a
frictional force between the slider and the stator due to the traveling wave
deformation of the stator.

[Ipunoxxenue 3

United States Patent 7,116,037
Moteki, etal. October 3, 2006

Rotary drive device

Abstract

A rotary drive device is configured to be reduced in size while still delivering a
prescribed torque. The rotary drive device has a base part with a vibrating body
and a rotating body attached to the base part. The vibrating body has at least one
piezoelectric element that vibrates an abutting part, which rotates the rotating
body. Specifically, the rotating body has a contact part that is positioned at a
prescribed distance from the rotational center and that is abutted against by the
abutting part. When voltage is applied to the piezoelectric element, the vibrating
body vibrates to repetitively press the abutting part against the contact part to
rotate the rotating body. The vibrating body is positioned in a plane that intersects



the rotational axis of the rotating body, and is disposed at least as close to the
rotational axis of the rotating body as that of the contact part.

[Ipunoxenue 4

United States Patent 7,218,031
Vyshnevskyy , etal. May 15, 2007

Method for operating a piezoelectric motor, and piezoelectric motor comprising a
stator in the form of a hollow-cylindrical oscillator

Abstract

The invention relates to a method for operating a piezoelectric motor having a
stator in the form of a hollow-cylindrical oscillator, the at least one front side of
which has frictional contact with a rotor and which comprises standing wave
generators. According to the invention the hollow cylinder is set into a coupled
tangential-axial oscillation mode so that the cylinder mainly has tangential and
axial oscillatory components. The oscillatory speed maximums of the tangential
components are formed on the front sides of the hollow cylinder and those of the
axial components directly underneath thereof, wherein the components decrease
towards the center of the cylinder height and, in the center of the cylinder height,
substantially parallel to the front sides, a nodal line is formed on which the axial
oscillatory component adopts the value zero and the tangential components adopt a
minimum. With a motor operated in such a manner the kinetic drive energy for the
rotor is concentrated in the proximity of the front sides of the hollow cylinder,
wherein a mechanical attachment for the motor can be arranged in the central
portion on the zero line of the oscillatory speed components.
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Translation of the Title, Abstract and References to the Author’s Language

JanbHeniee pa3BuTHE HHHOBAIMOHHBIX ANMJIMKALIMM,

OCHOBAHHBIX HA 00PATHOM Nbe303JIeKTPUYecKOM 3¢ dexTe
HpuMeHeHue CNneyualbHolX KOMNO3UNHBIX Mamepualos 6 npoyeccax
oanbHeue2o paseumusil UHRHOBAYUOHHbIX annﬂukauuﬁ , OCHOBAHHbIX HA
00pamMHOM nbe303leKmpuyeckom d¢pgpexme;

Hrops [Tanapun
Cmamus nonyuena 26 gespansa 2024 2.

Annomauusn
Kak nmokazana npakTtrka nmpe303JeKTpUIYEeCKre ABUraTeNn , paboTaromue Ha 6a3e MPUHIIUIIOB
00paTHOTO MHE303JIEKTPUIECKOT0 AP (eKTa , MOTYT CTaTh OCHOBOH HOBEWIITUX CHCTEM
ABTOMATHKH M TOYHOU MEXaHHUKH , a TAK)KE MHHOBAIIMOHHOW OCBETUTEILHON TEXHUKH |

OcCHOBHOI UHTEpEC AU3AMHEPOB BBI3BIBAET BO3MOKHOCTh IIOCTPOEHUS Ha Oa3e 00paTHOro
MIBE303JICKTPUIECKOT0 3 (hekra cucteM u KOHPUTYpaHuidi OTHOCAIINXCS K CHCTEMaM
MPCUMU3NOHHBIX U MaJIOFa6apI/ITHI)IX nraroBbIX I[BI/IFaTeJIef/'I

[To mepe yxecToueHust TpeOOBaHUM K TOYHOCTH U CHUIKEHUIO BECa TAKUX JIBUTATENEH , B
TOM UHCJIE U 33 CYET yMEHbIIIEHUS radapUTHBIX pa3MEPOB , B KauecTBe 0a30BOro Marepuasa
JUISL IOCTPOEHMSI 3JIEMEHTOB ¥ KOHCTPYKIMI TaKUX JABUTaTesnen , BcE Ooublie npejiaraercs
BAPUAHTOB U TEXHUYECKUX PEHICHUN OCHOBAHHBIX HA KOMIIJIEKCHOM ITPUMEHEHUN
CIELMAJIbHBIX KOMIIO3UTHBIX MaTEPUAJIOB

Kurouessble ciioBa: OOpatHbIil nbe3oanekTpuyeckuit 3pPexr ; IIbez03nexrpuueckuii
nBuratens; KommnosuTHeli MaTepual ; POTop mbe303J1eKTpUYECKOro ABUraTes ;



