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AKTyanbHOCTb uccinegoBanus. O61acTb MCOb30BaHNS MEXaTPOHHbIX CUCTEM MOCTOSHHO PacLLMPSETCA. B 3aBUCUMOCTY OT X Ha3Ha-
YeHys TpebyeTcs yrpaBasTb PasINYHbIMY TUNaMM JBUXEHNS PV MOMOLLY COOTBETCTBYIOLUMX HEVIDOHHBIX CeTel. Pa3paboTka HOBbIX TH-
0B aKTyaTOPOB 1 CEHCOPOB SIBMSETCS aKTyaslbHOV HaY4HOV pobaeMou.

Llenb paboTbl 3ak/104aeTCA B U3ydeHN AMHAMUKM TOPOMAANLHOIO akTyaTopa Ha yrpyrow noAsecke ¢ 31eKTPOEMKOCTbIO B KayecTae
YrpassioLLero napamerpa.

Mertoabi nccnegoBaHus. CocrasnieHbl 1 UCCIEA0BaHb! ANGHEPeHLMasbHble YPaBHEHNS ABUXEHNS ANl CBOOOAHbIX M BbIHYXAEHHbIX
KonebaHmii ccTemMbl. TEOPETMHECKOE 13YYeHMe ONVPAETCs Ha SKCIEPUMEHT, B KOTOPOM HabIIOAAaeTCs nPoAObHOE ABUXEHWE Toponaa
C TOKOM B 11011€ MarHUTHOW Naphbl, aHanu3 ABUXeHus Mpon3BOANTCA Ha OCHOBE AN GepeHLUNanbHbIX ypaBHEH.

Pe3ynbTatbl. TeopeTydecku onvcaHbl CODCTBEHHbIE 11 BbIHYX/EHHbIE KONebaHMs TOpOoVanbHOro akTyatopa B MoTeHLManbHOM MarHUTHOM
r1one NPy Ham4um KOHAEHCAToPa B 3NEKTPUYECKOM Lienu. PaccMOTpeH YacTHbIV Cilydaul, KOraa noTeHLmasnbHoe MarHUTHOe rose ABNSETCA CTa-
LMOHaPHBIM 1 0AHOPOAHBIM. OrpeaencHa MarHUTHas cuna, AeVICTBYIOLLAasA Ha TOPOUA C TOKOM B MOTEHLMaIbHOM MarHUTHOM rof1e Mpu Hai-
Y4 KOHEHCATOPa BO BHELLHEV Lienu. YCTaHOBIEHO, YTO 3Ta C1a NporopLMOHasibHa yYCKOPeHMIo TOpovaAa 1 HarpasieHa BAOSb €ro OCH.
BbiBOA. EMKOCTHBIV apaMeTp CUCTeMbl MPUBOAMT K YMEHbLLEHWIO KBA3UVHEPLIMOHHOIO Ko3(guumeHTa. M3 andpeperumansHoro ypa-
BHEHUS COBCTBEHHbIX KONnebaHuu CUCTEMbI ONPERENSETCS 3Ha4eHMe COBCTBEHHOM YacTOTbI Py S1EKTPOMArHUTHOM BO3AENCTBIUN. B yacT-
HOM ripyMepe Mpov3BEAEHO CPaBHEHVE STV YacTOTbl C YaCTOTOM B OTCYTCTBME MarHUTHOM Cuibl. CAenaH BbIBOA O BO3MOXHOCTY 371eK-
TPOMArHUTHOV MOACTPOVIKM COBCTBEHHOM YacTOTbl CUCTEMbI PEYIMPOBKOY EMKOCTHOrO NapamMeTpa. V13 anggepeHLmnansHOro ypaBHeH s
BbIHYXEHHBIX KonebaHmyi nonyqeHa pacyeTHas popmyna A5 ONPeneneHus Pe3OHaHCHON 3NEKTPOEMKOCTH. Pe3yrbTaTsl TeopeTnyecko-
[0 MCCIIe[0BaHNS MOXHO WCMONMb30BaTh /151 CO3AAHMNS MEXaTPOHHbIX CUCTEM C TOPOMAASbHBIM aKTyaTopoM. YrpaBrieHye cOOCTBEHHbIMM
yacroTamu Takvx cuctem ygobHO MPOV3BOAMTE PEryIMPOBKOV eMKOCTHOIO NapamMeTpa, BKIIOYEHHOIO B SIEKTPUHECKYIO LENb.

Knto4eBble cnoBa:
KonebaHus ynpyrix cuctem, MarHiTHas Cuna, Topoua, 31eKTPOEMKOCTb, YacToTa KoebaHui, pe3oHaHC.

BeepeHue CTOSTHHOTO TOKAa CUJION 2 A 1o 00MOTKe TOpPOu/a mMpo-

HpH MIPOEKTUPOBAHUY MEXATPOHHBIX CHCTEM YaCTO HNCXOOMJIO ero IBUKEeHNe BAOJIb COGCTBGHHOf/'I OCU CUM-
BOBHHKAET IPo6JIeMa AKTHBHOTO KOHTDOIS BUOparuon-  MeTPHH. B ciyuae mepeMeHHOro HUBKOYaCTOTHOTO TO-
HbIX mponeccos [1-3]. IIpu sToM pemraercs Bompoc o K@ HaOT0fAINCh IPOJOJbHBIE KOJe0aHUS TOPOHA.
BBIGOpE THIIA AKTYaTOpa M COOTBETCTBYIOINEro ympa- Oa CYeT HBMEHEHHS 4acToThl TOKA TAKYI0 CHCTEMY
BJIAIONIEr0 MapaMeTpa B 3aBHCHMOCTH OT xapakrepa  MOAHO HACTPOUTH B PE3OHAHC.

IBIKEHNS pabouero snemerta [4-14]. B Hacrosmeit Teopernueckoe omucaHNe U HEKOTOPHIE BO3MOIK-
paboTe IpeJJIaraeTes HOBI THII AKTyaTopa ¢ 1eKTpo-  HbIe IPHIOkeHns d(peKTa, HAOIOLAEMOro B 9KCIIe-
€MKOCTBIO B KAUeCTBE YIIPABJIAIOIIET0 IIapaMeTpa. pUMeHTe, IPKBeAeHs! B padorax [15-18].

0JIr0/IeHIA IBIKEHN A TOPOUJANbHON KAaTyIKy B Tojte 110714, CO3MIAHHOTO napoit Marturos. Ha ropuax mar-
MarHuTHOH mapst (puc. 1). [lumuaapudeckuii Topory ~ HUTHOW Iaph! (BBepXY 1 BHU3Y) 00PABYIOTCSA «IIYCTHIE»
UMen pasMepbl: BHEIIHWH paguyc R=10 mm, Bay- 007aCTI. OKCIEPEMEHTAIBHO YCTAHOBIEHO, UTO Ha TO-
TperHMil pasmyc r=5 MM, Bbicora h=10 mm. [[gyx- POHJ, NOMEIEHHDbIA B OJHY M3 dTHX obiacreii, fei-
croiitnas OuduaspHas oOMOTKA (C mesbio KoMmmeHca- — CTBYET CIJIA, COBIIAJAIOMIad II0 HAPaBJICHHUIO C TOKA-
IUH «HaGerawomero» BuTKa) uMena 30 BHTKOB u3 MM, TEKYIIUMH IO €r0 BHYTPEHHUM BHTKAM. B rakoit
MejHOro poBoa guamerpom 1 mm. IIpoBox Hamoran € obacTu Ha APYrOM TOpPLE Iapsl TOPOWJ LIPH TOM
Ha ILJIACTUKOBBIN IOJIBIN IUIAHAD. TOpOI/Iﬂ TIO/IBEIIIN- JKe HallpaBJIE€HUN TOKa HCIIBITBIBAET ﬂeﬁCTBI/Ie CHJIBL
BaJICS HAJ INHVEH COSUHEHNS ABYX IIOCKUX Maray-  [POTHBOIOJIOKHOrO HanpaBieHus. Cle0BaTebHO, B
TOB (MAarHWTHAS [Iapa), KAKABIL UX KOTOPHIX mMen  HYCTBIX» 00J1aCTAX CO3IAeTCSA MarHUTHOE TMOJIe, 00J1a-

pasmepbr: 10x20x50 mm. Ilpu mpomyckanum mo- — AdlOlee IOTEHINATBHRIMU CBOMCTBAMMU.
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DKCrepyMeHT ¢ TopouaomM: 1) Topoua, 2) MarHuTHas na-
pa, 3) NCTOYHIIK MepeMeHHOro Toka

Experiment with a toroid: 1) toroid; 2) magnetic couple;
3) ac source

Puc. 2. KoHopurypaumsa MarHWTHOro Mons, CO3[aHHOrO fapovi
MI0CKMX MPAMOYrO/IbHbIX MarHUTOB

Fig. 2.  Configuration of magnetic field generated by a pair of

flat rectangular magnets

WNuayKknus aT0H KOMIOHEHTHI MATHUTHOTO ITOJIS
OIIKCHIBAETCS CKAIAPHON HYHKIMEH, T0ITOMY HHOT A
HCIIOJIB3YETCS TEPMUH «CKAISIPHOE MATHUTHOE II0JIe»
(CMII) [15-18]. 3uHaku sToif (GYHKIMKM Ha TOPIAX
MAarHATHO IIaphl PA3IUYHbL: IIPY COBIIAIEHUN HATIPA-
BJIEHUS MATHUTHOHN CHJIBI C HATIPABJIEHUEM BHYTPEH-
HUX TOKOB 0Oepercs 3HAK «ILTIOC», B IIPOTUBHOM CJIY-

yae — «MuHyc». CleoBaTeIbHO, B KAYeCTBe HHINKA-
ropa CMII MOXKHO WCIIO/NIb30BATH TOPOUT, PA3MEpPhI
KOTOPOT'0 He MPeBHIAT pasMepos obaactu CMII.

Teopus, onucannas B MoHorpaduu [15], mo3Bosa-
eT PacCUUTaTh CUIY, AeHCTBYIOIIYI0 HA TOPOUJ C TO-
KOM, mmoMelrieHHbIN Bo BHemHee CMII. 9ta cua Ha-
IIpaBJieHa BOJIb OCK TOPOUA, UTO ¥ IOATBEPIKIAETC
SKCIIEPUMEHTOM.

OOHapy:KeHHBIH 3(PQPEeKT MOKHO MCI0JIb30BATH
IS CO3JAHUS TOPOMIANBHOTO aKTyaTopa, TeHepH-
PYIOITIETO TPOOMbHBIE KOJe0aHNA YIPYTOH CUCTEMBI.
[Tpu 5TOM MMeeTcsa BOBMOMKHOCTD OECKOHTAKTHOMN Ha-
CTPONKY CHCTEMBI B PE30HAHC.

PesynbTaTbl UcCNefoBaHus 1 0bCyxaeHne

HUccnenyem mpoiiece cOOCTBEHHBIX KOJIeOaHUIA TO-
pomza B HOTEHIIWMAJIBHOM (CKAJIAPHOM) MATHUTHOM
moJjie. Ha puc. 3 moxasaHa 31eKTpoMeXaHuUeCcKas CH-
cTeMa, COCTOALAA U3 ABYX IPY/KUH U TOPOUJAIBHOMN
KaTymky. Topomy MOMeT coBepPLIATL CBOOOLHEIE KO-
JebaHus BIOJb TOPU3OHTATILHON ocu 2. B aiekTpuue-
CKYIO IIeTlb, 3aMBIKAOIIYI0 00MOTKY TOPOM/A, BKJIIO-
ueH KoHgeHcarop emxoctu C. Topomn HaxoauTcs B
HeozHOpoxHOM cranuorapaoMm CMII monoxuTenbHO-
T'0 3HaKa ¢ MHAYKIuen B'(z).

3aMeTM, 4TO 00BACHUTEL HAOIIOfaeMBIl B 9KCIIe-
pumMeHTe 3()HEKT IPU TOMOITH O0BIYHON CUIIBI AMITe-
pa He MPeJCTABJIAETCA BO3MOKHBIM II0 CJIETYIOL[AM
IpPUYTHAM:

1) Topomz pacmosio:KeH B «IyCTOW» 00JACTH, THe
00bIYHOE (COJIEHOMIAIhbHOE) MATHUTHOE II0JIe
IPAKTHYECKY He 00HAPY/KMBAETCA IIPU IIOMOIIH
YYBCTBUTEJILHOIO TECIAMETPA;

2) TopoumasdbHAd KaTYITKA MMeeT ABYXCIOWHYIO 00-
MOTKY, KOMIIEHCHUPYIOIIYIO «HaOerarouiuiis BuU-
TOK;

3) moaBOASAIIME TPOBOAHMKY PACIOTOMKEHBI TPAKTH-
YeCKH HA OJHOW JIMHKHU, C IeJbI0 KOMIIEHCAI[HN
cu Amiepa, JefCTBYIONAX HA HUX.

C
il
+B'(2)
9 Rt B %
0 MAAANNTEN NAAANAANZ 7
%VVVVVVS.I VVVVVVV%/ -
lh -
Puc. 3. (Cxema 37meKTPOMEXaHNYECKON CUCTEMbI C eMKOCTHbIM

napameTpom

Fig. 3.  Circuit of electromechanical system with a capacity pa-

rameter
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3aKoH 0e3BUXPEBOIl JJIEKTPOMATHUTHON MHIYK-
nuu [15] sanuceiBaercd B BUe:

. do
E = ——
dt
rae @' — aHaJIoOr IOTOKA MATHUTHON WHIYKIIHM.
[Tyctb 3akoH ABM:KEHUA IeHTPa Topouza 2(t), Toraa:
do” = B"(z)z(t)dz.
3ajaguM Hava bHBIE yeaoBud auskenusd: 2(0)=0,
2(0)=V,.
Tak Kak BUTKHU TOPOHJA COEJUHEHBI MOCJIeI0Ba-
TeJbHO, B HEM WHAYIIUPYeTCA HaMPAKeHne:

U =wV(t)T B"(z)dz, 1)

4

rae W — 4HCJI0 BUTKOB 00MOTKHM; V(t)=2 — mepeHocHas
CKOpOCTb Topousa; 2,=2—h/2, 2,=2+h/2 — KoOpAUHA-
TBI €T0 TOPIIOB; & — BBICOTA.

PaccmorpuMm ympoImeHHBIH ciayuail, Korja CKa-
JIAPHOE MAarHUTHOE II0JIe SBJAETCS CTAIlMOHAPHBIM 1
OIHOPO/JTHBIM:

B” = const. (2)
B sToMm cayuae (1) samuiiiercs B Buje:
U, =wV (t)Bh. (3)

U3 (3) caexyer, 4To MHAYIMPOBAHHOE HA 0OKJIA]-
Kax KOHIeHcaTopa Hampsikenue U, mMeeT MaKCH-
MaJjibHOe 3HaueHue npu 2=0 (Ipu MaKCUMAaIbHOH! CKO-
poctn).

3apsaj KOHAEHCATOPa U HAPSKEHNe CBA3AHBI CO-
OTHOIIIEHWEM::

Q=UcC, (4)

rge C — eMKOCTB KOHJIEHCATODA.
Ompegnenum cuiay WHAYIUPOBAHHOTO TOKA IIPH
ycaoBui (2) ¢ yuetom (4):

J(t) = Z—? =WCB'hz. (5)

3amnurem ycaoBus [19], Ipu KOTOPHIX MOMKHO TIpe-
HeOpeub aKTUBHBIM COIPOTUBJIEHIEM LENU U UHIYK-
TUBHBIM COMPOTUBIEHIEM TOPOUIAIbHOM KATYIIKN:

i>> R, i>> ol,, (6)
oC oC
rme R — akTuBHOE compoTuBieHue; L, — WHIYKTUB-
HOCTH TOPOUJANBHOM KATYIIIKHA.

3aja M IapaMeTphl TOPOUJANbHOM KaTYIIKU U
OIpeZieIUM ee aKTHUBHOE COIPOTHUBJIEHWE C YYETOM
TIO/IBOJAIINX IIPOBOAHUKOB. [IprMem BHENTHWI paau-
yc R=10 MM, BHyTpeHHUI paguyc r,/=5 MM, BHICOTA
ropousa h=10 mm, uncao BuTkoB W=30, 1uamerp ce-
YeHUSA MeJHOro IpoBoja 1 M.

IIpu sTOM aKTHBHOE COMPOTUBIIEHVE OOMOTKHY TO-
pouja:

|
R= png 0,02 Om,
rae [, — IIMHA TPOBOZA OOMOTKY TOPOUA U TOBO/IA-

IMUX IIPOBOAHUKOB.
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PaccunTaeMm CoOOCTBEHHYI0 HHAYKTUBHOCTH TOPOH-
na L

WS
L 2rr

roe H=47107 T'H/M — MaTHUTHAsg TPOHUIIAEMOCTb;
W — YHCJI0 BUTKOB; S — IJION[AAb TOIEPEUHOTO Ceve-
HU TOPa; — CPeJHUI PaJIyC TOPOUAA.

IToxcraBuM uncieHHbIe JaHHBIE B (7) U TMOMyYUM
3HAUEHNE!

, (7

L,=0,6-10° T

3amuieM BhIpaKeHue MJIA IPOLOJIbHOM MAarHWT-
HOW CHJIBI, BOSHUKAIOIIEH B TOPOUE U JeHCTBYIONIEH
BIOJIb ero ocu [15]:

F'(t)=wJ (t)T B"(z)dz. (8)

3anmtem (8) ¢ yuerom (5) mpu ycaoBun (2):
F*(t) = w’*CB™hz. 9)

CocraBuM au()epeHIAaIbHOe YPABHEHNE, OIH-
ChIBaloITlee JBUKEHUe TOPOUa BO BHEITHEM CTaI[Ho-
HapHOM ozHOopomHOM CMII momo:kumrenpHOrO 3HAKA
Py HAIWYUU KOHAEHCATOPA B 3aMBIKAIONIEH Iemn
[20]:

(m-w?CB™h)7 +vi+cz =0, (10)

Te m — Macca TOpouza; v — Kod(PPUINEHT COIPOTHUB-
JIEHWS; ¢ — JKECTKOCTD II0/[Beca.

dJeKTpOMarHuTHOe BosielicTBue (9) mpuBENO K
VMEHBIIEHNI0 KBA3UUHEPIINOHHOT0 Koa((uImenTa B
muddepennuanbaom ypaBHeruu (10). O6osHauum
ero:

k =m—w?CB"h. (11)

IousiTHO, YTO KOMEOAHUS TPOUCKXOAAT TOMBKO IPU
TIOJIOKUTEHHOM 3HAUEHUY KBASUUHEPIIMOHHOTO KO-
a(purmerta K.

PaccmoTpuM uncIeHHBIN IpuMep. 3aafuM mapa-
meTpsl cucreMbl. Macca Topouga m=0,0254 kr, un-
gyknusa CMII B'=1 Tx, eMKocTh KOHIeHCATOpa
C=0,4-10° @, Ko>(pPUIUEHT COIPOTUBJIEHUSI
v=0,1 &r/c, :kecTKocTh mozBeca c=4 H/m.

KBasumuepnuonnsiit koadduuuent (11) mpu sTom
nMeeT 3HaUeHNe:

k=34-10" kr.

YacToTa coOCTBEHHBIX KOJeOaHMI Topomzaa 0Oes
SJIEKTPOMATHUTHOTO BO3JeHCTBHUS:

o= —b>=22,81 ¢,
m

1%
rie b=— — .
pit om (paxTop 3aTyxaHUA

(12)

OmpeseuM 4acTOTy COOCTBEHHBIX KOJeOaHWil C
YUETOM 3JIEKTPOMATHUTHOTO BO3EHCTBUSA:

o, = ,/E— b'? =30,99 ¢,

(13)
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\%4
rae b= K (haxTOp 3aTyXaHUs C YUETOM JJIEKTPO-

MAaTHUTHOTO BO3JIEACTBHUA.

Cpasuusas (12) u (13), ompenesnm u3MeHeHNE Ya-
CTOTHI COOCTBEHHBIX K0JIe0aHMIT 3a CUeT HJIeKTPoMAr-
HUTHOTO BO3JEHCTBUI:

A_DmO

-100 % = 35,86 %.
1)

C yueToM TOJYUEHHBIX 3HAUEHUIN HETPYAHO IIPO-
BEPUTH BHIIIOJTHUMOCTD YCJI0BUii (6).

CrenaeM BBIBOJ: WCIONB3YS YIPABIAIOIAN eM-
KOCTHBII TapaMeTp MOKHO B IITUPOKUX TIPeesax 13-
MEHATh COOCTBEHHYIO 4acTOTy IPOJOJBHBIX KoJeba-
Huii Topona Bo BHemmHem CMII.

PaccMoTpuM BRIHY K I€HHbIE KOe0aHUS TOPOU/A.
Ilo6aBuM BHENTHIOK IIPOAOJBHYIO BRIHYKIAIOIIYIO CH-
Iy, TIPIIOKEHHYIO K TOPOUY:

F = F,sin pt, (14)

TJle p — 4acTOTa BRIHY K AAIoIIel cuiibl; Fy — ee aMILIn-
TyIa.

CocraBuM gu((hepeHINATbHOE YpPaBHEHHE IIPO-
JTOJBHBIX KoJebanuii Topouga B CMII ¢ yueTom BhI-
Hyxparomen cuisl (14) [20]:

. V., C__ Fsinpt
I+—1+—71=—"—".
k k k

YceranoBuBIIECSd BHIHYKICHHBIE KO0JIe0AHUA CO-

BEPIIAITCS C AMILIUTYIOM:

(15)

FO
c 2 e,
k\/[k_ o) ¢
B ciyuae pesonaHca:
2 2
[E— pzj +% p® = min.

W3 aT0T0 yCI0BUA IOTYYNM BHIPAKEHUE IS Pe30-
HAHCHOH YacTOTHI, COOTBETCTBYIOIIeH (15):

A:

c

P, =4—+—.
' k  2k?
Yr0o6BI HACTPOUTD CUCTEMY B PE3OHAHC, HYKHO IT0-
Io0paTh COOTBETCTBYIOIIYIO 9JIEKTPOeMKOCTh. 13 (16)
HOJYYUM KBaJpaTHOE YpaBHEHHE:

(16)
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c e

-—k- =0
pro2p;
VYpasuenue (17) umeer nBa KopHsa. OTpunareisb-
HBIN KOpeHb He uMeeT (hMBUUECKOTo cMbIcaa. IloJo-
JKUTEJIbHBIH KOPeHb II03BOJIAET 3alKCATh COOTHOIIIE-
HUE, CBA3BIBAIOIIEE KBAa3UMHEPIMOHHBIN K0a(huim-
€HT C Pe30HAHCHOM YaCcTOTOM:

c ¢ WV

k=" v
207\ 4p;

k2

1

T 18)

W3 (11) u (18) moayuum (opMyJIy AJs pacuera pe-
30HAHCHOM 9JIEKTPOEMKOCTH:

m_ C c? . Vv

2p; \4p! 2p

C = 0 .
w°B*h

Br160p pesoHaHCHOI YaCTOTHI OTPAHUYEH YCIOBUEM:

c 2 WV

m > + + .
2p? \4p'  2p?

Paccmorpum mpumep. Ilpu uactore u Beex 3afaH-
HBIX BBIIIIE IIapaMeTpax CUCTeMbI Pe30HAHC HACTYIIaeT
TIPY 3HAUEHUN JIEKTPOEMKOCTH

C,=0,310° ®.
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Research relevance. The area of mechatronic systems use is constantly expanding. Depending on their purposes the control of diffe-
rent modes of motion using appropriate neural networks is needed. The development of new types of actuators and sensors is a vital sci-
entific challenge.

The research is aimed at the dynamics study of an elastically suspended toroidal actuator with electric capacity as a control parameter.
Research methods. The authors have obtained and solved differential equations of motion for free and forced vibrations of the system.
Theoretical study is based on the experiment in which the longitudinal motion of the toroid with current in a magnetic field pair is obser-
ved, motion analysis is based on the differential equation.

Results. The paper describes theoretically free and forced vibrations of the toroidal actuator in a potential magnetic field in the presen-
ce of a capacitor in an electric circuit. The authors consider the special case when a potential magnetic field is stationary and homogen-
eous and determine the magnetic force acting on the toroid with current in a potential magnetic field in the presence of the capacitor in
the external circuit. It was found that this force is proportional to the acceleration of the toroid and it is directed along the axis.
Conclusion. The capacitive parameter reduces the system quasi-inertial coefficient. From the differential equations of natural vibrations
of the system, the value of the natural frequency at the electromagnetic influence is determined. In the particular example the compa-
red this frequency with the frequency in the absence of magnetic forces. The conclusion was made on possibility of adjusting the natu-
ral frequency of the electromagnetic system using capacitive parameter. From the differential equation of the forced oscillations the
authors obtained the formula for calculating the resonant electric capacity. The results of theoretical research can be used to develop
mechatronic systems with a toroidal actuator. The eigen frequencies of such systems can be conveniently controlled by adjusting the ca-
pacitance parameter included in the circuit.

Key words:
Vibrations of elastic systems, magnetic force, toroid, electrical capacitance, oscillation frequency, resonance.
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