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AnHoTanus. OnpeencHbl MEXaHHIEeCKUI aHaIoOT MUKIOTPOHHOTO JBHXKCHUS M CXeMa
COOTBETCTBYIOLIEr0 YCTPOWCTBA — CTAOMIM3UPOBAHHOTO POTaTopa. YCTAHOBIICHO, YTO
COOCTBEHHAs YacTOTa BpAIllCHHUs CTAOWIM3UPOBAHHOTO POTATOpa CTPOro (PUKCHPOBaAHA
(He 3aBUCHT HM OT MOMEHTA WHEPIIMH, HU OT MOMEHTA MMITyJbCa) U COBIAJaeT ¢ cob-
CTBCHHOW 4acTOTOW KOJIeOaHWiT MasTHUKA C UICHTUYHBIMU NapameTpamMu. Pa3pabotaHbl
OCHOBBI TEOPUH CTaOUIN3UPOBAHHOTO POTATOPA.
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Abstract. The key circumstance for the possibility of generalizing cyclotron motion to
mechanics is that the Lagrangian of an electron moving across a constant magnetic field
is twice its kinetic energy. The aim of this work is to find a mechanical analog of the
cyclotron motion and to determine the scheme of the corresponding device referred to as
a stabilized rotator. At zero torque in the stationary mode, the rotational speed of the sta-
bilized rotator cannot be arbitrary and takes on a single value. The features of the stabi-
lized rotator are the identity of the formula for the frequency of rotation to the formula
for the frequency of a spring pendulum, the equality of kinetic and potential energies, and
the resulting equality of the radius of rotation of the load to the magnitude of the spring
deformation. Just as the frequency does not coincide with the natural frequency during
forced oscillations of the pendulum, the rotation frequency of the stabilized rotator under
loading does not coincide with the natural rotation frequency. The stabilized rotator can
be used to control the natural frequency of the radial oscillator, although in this capacity
it may have a strong competition from mechatronic systems. On the contrary, as a rota-
tion stabilizer, its competitive capabilities are undeniable and determined by the extreme
simplicity of the design.
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BBenenune

MexaHU4ecKHe U 3JIEKTPOMArHUTHBIC SIBICHUS M MPOLECCHl BO MHOTHMX CIydasix
MaTeMaTHIecKu m30MOopQHHI [1, 2]. DTo maeT BO3MOXKHOCTh 0000IIATh TOCTHKCHUS
OJIHOM HAay4YHOM CIELUAIBHOCTH Ha APYTy0. B 3TOM CMBIC/IE NPEACTABIAET UHTEPEC
IUKIOTPOHHOE NBIKCHHE DIIEKTPHUYECKOTO 3apsima [3—5], KoTopoe xapaKTepusyercs
@uxcuposannoli yvacmomot epawenus. ITo ClIeayeT u3 damaHca Cu.

z B B
v=Lroor = 0=,
m m

3nech ( — BeJIMYMHA DJIEKTPUUECKOTO 3apsia, V — TAaHTeHIIMaIbHAs CKOPOCTh 3apsina, B —
MarHUTHasE WHAYKIUA, M — Macca 3apsHKCHHOW YacTHUIBL, ' — Paguyc IUKIOTPOHHOTO
JIBIDKEHUS, (0 — 9acTOTa BpalleHHUsI.

YacToTa 1eCTBUTENBHO HE 3aBUCUT HUA OT CKOPOCTH, HU OT pajinyca.

KiroueBpIM 0OCTOSITENIECTBOM UII BO3MOXKHOCTH OOOOIICHUS ITMKJIOTPOHHOTO IBH-
JKEHUSI HA MEXAHUKY SIBJISIETCS TO, YTO JIarpaH>KUaH AJIEKTPOHA, TBUKYIIETOCS TOMEpPeK

IOCTOSIHHOI'O MAarHuTHOI'O I10JIsA, BABOC 0OJIbIIE €0 KHHETHYECKOM SHEPTrUu.
2

L:mv

F=qi=""

+e(v,A).
BexTopHBIi TOTEHLIMAT MATHUTHOTO 0JISL paBEH
1
A==[B,r].
;B:1]
ITpu aToMm V =[m,r] . Takum obpaszom,
va 2p2,2
mv L 9B
2 2m

L=

BTOpOG cjiaracMo€ paBHO
qZBZrZ B qZBZ m2v2 B mv
2m 2m @¢°B> 2

2
L=o™
2

2

Llenp paboThl — HAXOXKACHUE MEXAaHHUYECKOIO aHANOra IUKJIOTPOHHOTO JBHKCHUS
U ONpeNeNieHHe CXEMbl COOTBETCTBYIOLIETO YCTPOICTBAa, KOTOPOE YMECTHO Ha3BaTh
CTaOUIIM3UPOBAHHBIM POTATOPOM.

3ajauell MCCIENOBAHUS SBISICTCS YCTAHOBICHHE OOCTOSTEIBCTB, COCTABILIOLIMX
€T0 HOBM3HY, TaKUX KaK O6yCHOBHeHHOCTB CTa6I/IJ'lI/138.I_H/II/I YacCTOThI Bpalll€HUA pOTaTOo-
pa (¥ 3apsia Npy LHUKIOTPOHHOM JIBMIKCHHH) PaBEHCTBOM KMHETHYECCKOW W MOTCHIIH-
AIIBHOM 3HEPTHid, 3aBUCUMOCTh COOCTBEHHOM 4aCTOTHI BPAIICHUS CTAOHIN3HPOBAHHOTO
poraTropa OT €ro KOHCTPYKTHBHBLIX IapaME€TpOB, BJIUAHUEC U3MCHCHUSA MOMCHTA HUM-
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MyJibCa Ha PajdyC ¥ TaHTCHIMAIBHYIO CKOPOCTh POTATOpPa, OCOOCHHOCTH TUHAMHUKH
CcTaOMIM3UPOBAHHOTO POTATOPA MPH BBIHYKICHHOM BPAIIEHHUH C MOCTOSHHOW 4YacTo-
TOU U T.J.

CuHTe3 CTA0UIN3UPOBAHHOTO POTATOPA

W3 kmroueBoro o0CTOSATENBCTBA, ONPENEISIONIET0 BO3MOXXHOCTh 0000IIEHUS IIMKIIO-
TPOHHOTO IIBIDKEHHS Ha MEXaHHKY, 3aKIIIOYAIONIEroCs B TOM, YTO JIArpaHKHaH JJIEKTPO-
Ha BJIBOE OOJIBIIE €ro KMHETHUECKONH SHEPIUH, YTO MPUMEHHUTENBHO K CTAaOMIN3HPOBAH-
HOMY pOTaTOpy CJIEAyeT TPaKTOBAaTh KaK PaBEHCTBO KMHETHYECKOW M MOTEHIHAIbHON
SHEPTrHid, HEOOXOIUMO CIIEYET, YTO B COCTAB CTAOMIM3UPOBAHHOTO POTATOPA JOJKHBI
BXOJIUTH JIEMEHTHI, KOTOPBIE B COCTOSTHUM 3aracarh 00a 3TUX BHJa SHEPTUH, a UMEHHO
2py3 (Maccoit m) u npyarcuna (¢ Ko3PPUIHEHTOM yrnpyroctu K).

B cooTBeTcTBHM € XapaKTepoM IUKJIOTPOHHOTO JBIDKEHUS U, COOTBETCTBEHHO, PO-
TaTopa, HEOOXOANMO UMEIOT MECTO paduyc BpameHus (1) u yukiuveckas yacmoma (©).

W3 paBeHcTBa 3HEpruii cnexyeT

k(A)?  mv?  mrie’ k AX

= = 0=,——.
2 2 2 mr

3nmecs AX — Benmm4rHA aOCOIIOTHOM AeOpMaIiiy Py KUHBL.
HeusmeHHOCTH L[PIKJ'[I/I‘ICCKOﬁ YaCTOTHI 06CCHC‘II/IBaCTC$[ OYCBUJHBIM KIIKOYCBBIM
yCIIOBHEM
AX=r.
YcTaHOBIEHHBIE HEOOXOIMMBIE OOCTOATENBCTBA ONPEACISIIOT MPUHINIHAIBEHYIO
cXeMy cTabMIM3UPOBaHHOTO POTATOPA, KOTOpast MpeJcTaBlieHa Ha puc. 1.

IR

IR

r=Ax

Puc. 1. CtaOunu3upoBaHHbII pOTaTOP
Fig. 1. Stabilized rotator
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Cobcmesennas wacmoma BpallleHUs. CTAOMIU3UPOBAHHOTO POTATOPA

= [& ®
m
cTporo (pukcupoBaHa (HE 3aBUCHT HU OT MOMEHTa HHEPIHH, HA OT MOMEHTA MMITYJIb-
ca) U 3aMeYaTeIbHBIM 00pa30M COBIAJAET ¢ COOCTBEHHOW YaCTOTOMN KoneOanull MasiT-
HHUKA C UICHTHYHBIMU ITapaMeTpaMHu.
[To06HO KITaCCHYECKON TEOPUH MPYKUHHOTO MAasITHUKA 3/1€Ch M Jajiee Macca npy-
JKUH W KPCIUICHUH HE YYUTHIBACTCS.

Kunematuka cTadMIM3UPOBAHHOIO POTAaTOpPA

MoMeHT UMIyJIbca CTa0MIM3UPOBAHHOTO POTATOPa PaBEH

k

2 2 2
L=Jo, =mr‘m, =mr E:r Nmk .
o Vv
3neck J — MoMeHT uHepLHH, X, =+/MK — BOIHOBOM peakraHc [6], r=—.
©g
e m m
L=r’x, =—Xx, =V —+mk =—V*.
0N k ®,

[Ipu U3MEeHEHNU MOMEHTA MMITYJIhCa U3MEHSIOTCS PAUYC M TAHTCHIIMAIBHAS CKO-
POCTh (YacToTa BpalleHUs IIPU STOM HE MEHSETCS U paBHa COOCTBEHHOH).

[MonoxkeHuto rpy3a, MPU KOTOPOM €ro IIEHTP MacC COBMAJAET C OChIO BPAIICHUS,
COOTBETCTBYET COCTOSIHHE HEOMPEACICHHOTO paBHOBecus. [Ipu BpalieHun rpy3 paBHO-
BEPOATHO MOXKET OTKJIOHUTHCA B J'[IO6yIO "3 IBYX CTOpPOH, U, COOTBECTCTBCHHO, MOXET
pa3BHBATBCS KaK CXKATHE, TAK U PACTSDKEHHE TPYIKUHBI.

CoCTOsTHIE HEOTIPEICICHHOT'0 PABHOBECHSI MOKHO MCKITIOUUTH, 00ECTIICUNB HaYalb-
HOE (CTaTHYECKOE) CMEIECHHE IPy3a Fgp ¥ PaBHYIO eMy HadajibHYIO aehOopMalnio Ipy-
JKHHBIL.

HecTrannoHnapHblii peskuM cTa0NIN3HPOBAHHOIO POTATOPA

CTa6I/IJ'II/I3I/IpOBaHHBII71 pOTaTOP MOKET 6I>ITI> npeaACTaBJICH cynepnomunef/i JABYX Op-
TOTOHAJIBHBIX IMPYKWHHBIX MAasITHUKOB B COOTBETCTBUU C (bOpMyJ'IOﬁ
r(t) =ircoso(t) + jrsino(t).
3TO JAaCT BO3MOKHOCTD HUCIIOJIb30BaATh XpeCTOMaTHﬁHBIe pemeHI/m JJIA BBIHy)K}IeHHI:.IX
KoJie0aHWi MasiITHUKA TIPH OIMMCAHWN HECTAIMOHAPHOTO peXKMMa CTaOMIM3HPOBAHHOTO
poraTopa, a UMCHHO:

. ' X 25
r(t) =i| r,e™ cos(mt +¢,) + 02 cos| ot —arctg Tmz +.
\/(wg —o)f) +48° 0’ ®o ~®
. . . 2
+j| re ™ sin(ot +,)+ on sin mt—arctg%
\/((x)é—oof) +48%w’ ©o =y
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3mech o — HauaIBHBIN panuyc, 8= R/(2m) — koaddunment 3aryxanus, R — kodadpdu-
IIMEHT COTPOTHBIEHUs, o =, —& >0, @, — HauanbHas $asa, ® — YACTOTA BBIHYK-
JEHHBIX KoleOaHul, X, = F/(2m), F- Bo3mymiatoiuas cuia.

[To mepe 3aTyxaHUsT COOCTBEHHBIX KOJICOAHUI CTaOMIN3NPOBAHHEIN poTaTop Oyaer
BpalmiaTbCA € L[I/IKJ'II/I‘ICCKOfI JacTOTOU ®, a ero paanyc NpuMeT 3HA4YCHNUEC
Xo 2mF

o W

Ipu ©° <0 TPOMCXOUT AMEPHOTUYECKOE 3aTyXaHHe.

r=

[Tomo6GHO TOMY Kak IpU BBIHY)KIEHHBIX KOJIeOaHHAX MAsATHHKA 4acTOTa HE COBIA-
JaeT ¢ COOCTBEHHOM YacTOTOM, YacTOTa BpalleHHs1 CTabHIM3UPOBAHHOTO POTATOpa IPH
HaTrpy>XeHUU HE COBIIAZaeT C COOCTBEHHOM YacTOTOM BpameHus [7].

BTOpOC 3aMeyaTejbHOE CBOIICTBO cmﬁunnmponannoro poraTtopa

(ITepBbIM siBISIIOTCSI pKCHMpOBaHHAsI COOCTBEHHAsI yacToTa BpamieHus (1) u ee co-
MaJICHUE ¢ COOCTBEHHOW YaCTOTOW KOJICOAHUI MasTHHUKA).
[pu gvinysicOenHom BpallleHHH CTAOMIN3UPOBAHHOIO POTATOPA C MOCTOSIHHON Ya-
CTOTOM
O =aw,
(a — 6e3pasmepHbIi KO3((DHUIMEHT) €r0 paaraibHas THUHAMHKA OIPEIENAETCS ypaBHe-
HUEM

2
d—zr = (wz —hjr = (azo)g —o)g)r = —(1—a2)w§r :
dt m
B 3aBHUCHMOCTH OT 3Ha4€HUs ¢ BO3MOXKHBI TPH BapHaHTa.
1.Tlpn a<1 umeer mecto AuddepeHaIbHOe ypaBHEHHE CBOOOIHBIX TaPMOHH-
YECKHMX HE3aTyXaloIIUX KojeOaHui ¢ COOCTBEHHOM 4acTOTOM

o, =m,vV1-a’ .
Takum 06pa3oM, CTaOUIM3UPOBAHHBINA POTATOP MOCTABIAET BO3MOXHOCTH YIIPaB-
JISITh COOCTBEHHOM 4acTOTOM KoJIeOaHU paaraibHOTO OCIAILIATOPA.
d’r dr
2.1lpu a=1 pra 0, @ =V =const, r =I, +Vt xonebaHUs HE IPOUCXOHAT.

wpvaZ-1)t
0

2
3. Ipu a>1 % = (a2 —1) o, r= I’me( KoJIeOaHHs HE POUCXOJIAT.

3aryxanue konebaHuil B CTAOMIN3NPOBAHHOM POTATOpE NMPHHINIHAIHHO HE OTIH-
qacTCd OT 3aTyXaHHd B O6BI‘IHOM MasTHUKE.

Brioer poratTopa B CTaﬁHJ’IH:{HpOBaHHOM pexKume

MuHuMasbHas MOJHAsE HEPTUs CTAOMIIM3UPOBAHHOTO POTATOpa B CTAOWIM3HUPO-
BaHHOM PEXHUME COOTBETCTBYET CTATUYECKOMY CMEILIEHHUIO Ipy3a Io:

W, =K, +U, = 2K, =2U, =kr?.
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MaxkcuMainbHasl ITOJHAas OHEPIrusd TCOPECTUYCCKHU HE OIpaHUYCHA, a NPAKTUUCCKU
ONPEACTISICTCSA KOHCTPYKTUBHO YCTAaHOBJICHHBIM MAaKCUMAJIBHBIM PalyCOM Iny:

_ 2
W, =kr; .
HYCTB CpeaHAdA 3a BBIOET MOMIIHOCTb AMCCUIIATUBHBIX MOTEPbL PABHA P. Torz[a Bpe-
M3 BBIOEra COCTaBUT

2 2
:Wm _WO =k h—l
P P
O'—IeBI/I,Z[HO, YTO YEM MCHBIIIEC P, TEM MCHBIIE OTKJIOHEHHUE YaCTOTHI BPAIICHUSA ® OT

COOCTBEHHOH M.

T

3akiaoueHue

3asBiIeHHas 1eNb pabOTHl JOCTHTHYTa. MEeXaHMIEeCKHH aHaIoT IIUKIOTPOHHOTO JIBH-
JKeHusl orpenesneH. VM sBisieTcst cTaOMIIM3UpOBaHHbIH poTaTop, 00Iafaromui GUKCH-
POBaHHOM YacTOTOM BpAlLlEHUs, HE 3aBUCAIIEH OT MOMEHTA HMMIIYyJIbCa U MOMEHTA
HHEPLUH.

OTO 03HAuUaeT, YTO MPU HYJIEBOM BpalllalOIlleM MOMEHTE B CTallHOHAPHOM PEXUME
YacTOTa BpalleHUs] CTaOMIN3UPOBAHHOTO POTATOpa HE MOXKET OBITh MPOWU3BOJIBHON U
IMIPUHUMAET €INHCTBEHHOE 3HAUYCHUE.

JlpyrumMu 0COOEHHOCTAME CTaOMIM3UPOBAHHOTO POTATOpa SIBIISIFOTCSI HAEHTUYHOCTD
(hopmyJibl YacTOTHI BpalieHus (GopMyse 4acTOThl NPYKUHHOTO MAasTHHKa, PaBEHCTBO
KUHETUYECKOM U MOTEHLUAIbHOW 3HEPTUN U BBITEKAIOIIEE U3 3TOTO PABEHCTBO paauy-
ca BpalleHus Ipy3a BeTHINHE 1eOpMaIHH MPY>KUHBIL.

CTaOWIH3UPOBAHHBIA POTATOP MOYKET UCIIOJIb30BATHCS JJISI YIIPABJICHUS COOCTBEH-
HOW 9acTOTOH KoJeOaHUH paAnaIbHOTO OCIMIUIATOPA, XOTS B 3TOM KadeCTBE OH MOXKET
HUMETh CHIIBHYIO KOHKYPEHIIHIO CO CTOPOHBI MEXaTPOHHBIX cHCTeM [8].

Hamnpotus, B kauecTBe cTaOMIM3aTOPa BpallleHHH €T0 KOHKYpPEHTHBIE BO3MOKHOCTH
HEOCHOPHUMBI U ONIPENENAIOTCS PEAETBHOI MPOCTOTON KOHCTPYKIHH.
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