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AHHOTaLUA

Ilenpro paboOTHI ABIIETCA HAXOXKICHUE MEXaHU-
YECKOrO aHajora HUKIOTPOHHOTO ABMIKEHHS M OIpe-
JIeIEHHE CXEMBl COOTBETCTBYIOIIETO YCTPOMCTBaA, KO-
TOpOE YMECTHO Ha3BaTh CTAOWMIIN3UPOBAHHBIM POTATO-
poM. Tema cTabunu3anuy 4acTOTHl BpalllCHUs SBISAET-
¢ axkTyanbHOW. IIpuM LUKIOTPOHHOM JBUKEHUU Ja-
TpaH)XHaH 3JIeKTPOHA BABOE OOJbIIE €ro KHHEeTHYe-
CKOH sHepruu. B TepMmHaX «MakpOMEXaHHKW» 3TO
COOTBETCTBYET PABEHCTBY KMHETHYECKOW M IMOTCHIH-
aBbHOM SHEpPTUi. YKa3aHHOE 0OCTOSTEIBCTBO SABISIETCS
KIIFOUEBBIM JUII  BO3MOXXHOCTH OO0OOIIEHHS IHKIIO-
TPOHHOTO JIBIDKCHHSI HAa MexaHHKy. M3 sToro crexyer,
YTO B COCTAaB CTaOMIM3MPOBAHHOTO POTATOpa JOJDKHBI
BXOJHTH 3JIEMEHTHI, KOTOpPBIE B COCTOSIHMU 3amacaTh
00a 3THX BHJa SHEPTUH. TakUMU 3JIEMEHTaMH SIBJISIOT-
csi Tpy3 U npyxuHa. CoOCTBEHHasl 4acTOTa BpAIICHUS
CTaOMIM3UPOBAHHOTO POTaTOpa CTPOro (pukcHpoBaHa
(He 3aBUCHUT HM OT MOMEHTAa MHEPLUHU, HU OT MOMEHTa
HMIIyJbca) M 3aMedaTelbHbIM 00pa3soM COBNAJAET C
COOCTBEHHOI 4acTOTON KOIeOaHW MasATHHKA C MIECH-
TUYHBIMH Tapamerpamu. [Ipn w3MeHEeHMHM MOMEHTa

Cculnka 0na yumuposanusi:

HMITyJIbCa U3MEHSETCS pajlyC U TaHTE€HIMAIbHAs CKO-
pOCTh (4acTOTa BpALICHUS NPH 3TOM HE MEHAETCA U
paBHa coOcTBeHHOMW). [Ipu HyJeBoM BpalaromeM Mo-
MEHTE B CTAllMOHAPHOM DPEXHMME YacTOTa BpalICHUS
CTa0WIM3NPOBAHHOTO pOTaTOpa HE MOXET OBITH IpO-
W3BOJIBHOW ¥ NPUHHMMAeT EJUHCTBEHHOE 3HAueHHE.
[Togo6HO TOMY Kak IpH BBIHYKACHHBIX KOJICOAHHSX
MasTHUKAa 4acTOTa HE COBIANAeT ¢ COOCTBEHHOH da-
CTOTOM, YacToTa BpameHUs CTaOMIM3MPOBAHHOTO PO-
TaTopa IpH Harpy>XEHUH HE COBIA/AET ¢ COOCTBEHHOM
yacToToi BpameHus. CTaGMIN3MPOBAaHHBIA POTATOP
MOJKET HCIIOJIb30BAThCA JUIS YIPaBICHNUS cOOCTBEHHOM
4acTOTOH KoJeOaHuil paiuaabHOTO OCIMIIIATOPA, XOTS
B 9TOM KauyecTBE OH MOXKET MMETh CHIIbHYIO KOHKY-
PEHLMIO CO CTOPOHBI MEXaTPOHHBIX cucTeM. Hampo-
THB, B Ka4eCTBE CTaOMIIM3aTOpa BPALICHHH €ro KOHKY-
PEHTHBIE BO3MOKHOCTH HEOCTIOPUMBI U ONIPEIEIISIFOTCS
NIPEAEIbHOU IIPOCTOTON KOHCTPYKIIUH.

KaioueBble cioBa: poraTop, MasTHUK, 4acTo-
Ta, CTAOMIM3AINS, BBIOCT, YHEPTHsI, MOMCHT UMITYJIbCa,
LUKJIOTPOHHOE JIBIKCHHE.
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Abstract

The study objective is to find a mechanical ana-
logue of cyclotron motion and to determine the struc-
ture of the corresponding device, which is appropriate-
ly called a stabilized rotator. The topic of speed stabili-
zation is relevant. With cyclotron motion, the Lagran-
gian of an electron is twice as large as its kinetic ener-
gy. In terms of macromechanics, this corresponds to
the equality of kinetic and potential energies. This con-
dition is key to the possibility of generalizing cyclotron
motion to mechanics. It follows from this that the com-
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position of a stabilized rotator should include elements
that are able to store both of these energy types. Such
elements are the load and the spring. The natural rota-
tion frequency of the stabilized rotator is strictly fixed
(it does not depend on either the moment of inertia or
the angular momentum) and remarkably coincides with
the natural frequency of the pendulum with identical
parameters. When the angular momentum changes, the
radius and tangential velocity change (the rotation fre-
quency does not change and is equal to its own). At
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zero torque moment in stationary mode, the rotation
frequency of the stabilized rotator cannot be arbitrary
and takes a single value. Just as when the pendulum is
forced to swing, the frequency does not coincide with
its own frequency, the rotation frequency of the stabi-
lized rotator does not coincide with its own rotation
frequency when loaded. A stabilized rotor can be used
to control the natural oscillation frequency of a radial

Reference for citing:

oscillator, although in this case it may have strong
competition with mechatronic systems. On the contra-
ry, as a rotation stabilizer, its competitive capabilities
are undeniable and determined by the extremely simple
design.

Keywords: rotator, pendulum, frequency, stabi-
lization, running-out, energy, angular momentum, cy-
clotron motion.
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BBenenue

MexaHN4ecKue W 3JICKTPOMAarHUTHBIC
SIBJICHUS ¥ TIPOLIECCHI BO MHOTUX CIIydYasx Ma-
temaruyeckn u3omopousl [1, 2]. D10 maer
BO3MOXKHOCTh 0000IATh JTOCTHKEHHUS OIHOM

Hay4YHOW CHENUAIBLHOCTH Ha Jpyryro. B aTom
2

CMBICII€ MPEJCTABISAECT UHTEPEC LMUKIOTPOH-
HOE JIBUKEHHUE JICKTPUUYECKOro 3apsaa [3, 4],
KOTOpOE XapakTepusyeTcs @uKcuUposanHou
yacmomotu epawjenus. ITO cleayer u3 Oa-
JaHCca CUIL.

F:qu:mV = v:ﬁrzoar = mzﬁ. (1)
m m
\Ejnecs g — BEJIMYMHA 3JIEKTPUUYECKOI0 3aps/a, A 1 B.r]. 3)
— TaHIeHIUaJbHAs CKOPOCTh 3apsnaa, B — 2

MarHuTHas MHAYKIHUSA, M — Macca 3apsiKeH-
HOM YacTulbl, I — paguyCc LHUKIOTPOHHOTO
JIBH)KEHUS, (0 — YaCTOTA BPAILICHHUS.

YacroTa AEeHCTBUTENLHO HE 3aBUCUT HU
OT CKOPOCTH, HH OT pajuyca.

KiroueBbIM 00CTOSITENILCTBOM JJI BO3-
MOXHOCTH OOOOIICHUS ITUKIOTPOHHOTO JIBH-
KEHUsI Ha MEXaHWKYy SBIAETCS TO, YTO Jia-
IPAaHKHUAH 3JIEKTPOHA, ABUKYILIErocs MOMepeK

IIOCTOSHHOTI'O MAarHuTHOI'O I10JIA, BABOC
0O0JIbIIIE €r0 KUHETHYECKON OHEpPTHUHU.
2
mv
L= +e(v,A). (2)

31ech V — TaHT€HLMAIbHAs CKOPOCTh 3apsija B
BEKTOPHOH (hopMe 3aIucHu.

BekTopHBIli MOTEHIMal MarHUTHOTO
HOJIS1 paBEH

Marepuanbl, MoJe/IH, IKCIIEPUMEHTHI U MeTObI

HewnsMeHHOCTh 4acTOTBHI IUKIOTPOHHO-
I'0 IBHUXCHUA 06ycn013neHa PAaBCHCTBOM KH-
HETMYECKOW M MOTEHIHAJIbHON (B TepMHUHAX
«MaKpOMEXAaHUKH») SHEPIUH 3JeKTpoHA. ITO
OOCTOSITENILCTBO SIBJISIETCS OCHOBAHUEM JIJISt
IPEIIOI0XKEHU O TOM, 4TO o0ecleyeHue Ta-
KOT'O K€ paBEHCTBA B MEXAHUUYECKOM CUCTEME
TAKXEC MOXKCET IMPUBECTH K HEU3MCHHOCTU €€
4acToThl BpamieHus. [lepedenb He0OOXOAMMBIX
MaTepUajoB TaKXKe BBITEKAET U3 yKa3aHHOTO
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I[Ipu stom V =[®,r]. Takum o6pazom,
2 2p2,.2
mv’  o’B°r®

L= (4)
2 2m
Bropoe cnaraemoe paBHO
qZBZrZ ~ qZBZ m2V2 ~ sz (5)
2m 2m g?B* 2
2
mv
L=2 (6)
enpto paboOTHI SIBISIETCS HAXOXKICHUE
MEXaHHNYCCKOI'O aHajora HUKIIOTPOHHOTI'O

JIBIDKEHUSI U OIpPEICIICHUE CXEMBI COOTBET-
CTBYIOIIETO YCTPOKMCTBA, KOTOPOE YMECTHO
Ha3BaTh CTAOMIN3UPOBAHHBIM POTATOPOM.

Tema cTabuiu3aiuy BpalieHusl SBISCT-
sl akTyanbHOU [5—7].

oOcrositenscTBa. I 3amacaHusi KUHETHYe-
CKOHM 3HEprum TpedyeTcs Irpy3 ¢ BO3MOXKHO-
CThIO JIBMKEHHUSA, a JJI1 MOTEHIHAIbHOU —
Mpy>KUHA.

Jns pemieHus 3agad HACTOSIIETO HC-
CJIEIOBaHUSI KPOME 3TOTO HCHOJIB3YIOTCS Me-
TOABl CUHTE3a U aHaJu3a MEXaHUYECKUX CHU-
CTEeM, BKJIIOYasl MCCIEeI0BaHNE UX KUHEMaTH-
KU ¥ JUHAMUKU C MPUMEHEHUEM TpaJUuIIU-
OHHOI'0 MaTeMaTHYECKOro anmnapara.



PesyabTaTsl
Cunmesz cmabunuzuposannoco pomamopa. B
COOTBETCTBUM C XapaKT€POM LIMKIOTPOHHOIO

HEOOXOMMO UMEET MECTO paduyc BpaIICHHS
(r) u yuxnuueckas wacmoma (o).

JIBYKCHHSI M, COOTBETCTBCHHO, pPOTATOpA, W3 paBeHCTBa SHEPTHH ClIeIyeT
k(AX)2? mv? mrieo k AX
(A%) = = = o=,—— @)
2 2 2 mr
3nece AX — BennumHa aOCOJIFOTHOM C:) w
nehopMaIuy mpy>KUHBI. AR

Hen3smMeHHOCTh ITUKIMYSCKOM YacTOTHI obec-
MMEYMNBACTCA OYCBHUIHBIM KIIFOYEBBIM YCIIOBH-
M

AX=r. (8)
VYcTaHOBIIEHHBIE HGO6XOI[I/IMI>I€ 00cTos-
TCIIbCTBA OIIPCACIIAIOT MNPHUHIOUITNATIBHYTO

cxeMy CTaOMJIM3HPOBAHHOTO POTATOPa, KOTO-
past peIcTaBleHa Ha PUCYHKE.

Cobcmeennas vactora BpalleHUsi Cra-
OWJIM3UPOBAHHOTO POTATOPA

k

Oy =,|—

9)
m

cTporo (uUKCcHpoBaHa (HE 3aBUCHT HH OT MO-
MEHTa UHEPLUU, HU OT MOMEHTa UMIYJIbCca) U
3aMedaTellbHBIM 00pa3oM COBIAJaeT C COO-
CTBEHHOM 4YacTOTOM KoJjiebanuii MaATHUKA C
UJICHTUYHBIMH TTapaMeTpamu [8].

L=Jw, =mriw, =mr? L r’mk .

3nech J — MOMEHT MHEPLIUH,

x, =~/mk (12)

— BOJIHOBOM peakTanc [9].
r=—t (12)

@,

2 v? 2 M m »
L=r°x, ngm v kﬂ wov , (13)

IIpy wW3MeHEeHMM MOMEHTa HUMITYJIbCa
U3MEHSAETCS paguyC M TaHTeHIHAIbHAs CKO-
poCTh ("4acToTa BpalleHUs IpU 3TOM HE Me-
HSIETCSl M paBHA COOCTBEHHOM).

[TonoxeHuto rpysa, mpu KOTOPOM €ro
[IEHTP MAacC COBMNAJaeT C OCHIO BPAIICHUS,
COOTBETCTBYET COCTOSHHE HEOIPEIEICHHOIO
paBHOBecus. [lpu BpameHuu rpy3 paBHOBE-
POSTHO MOXXET OTKJIOHHUTHCS B JIOOYI0 U3
JBYX CTOPOH W, COOTBETCTBEHHO, MOXKET pa3-
BUBaThCSl KaK C)KaTHE, TaK U pacTsHKEHUE
MPY>KUAHBIL.
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Pucynok. CTaOMIH3UpOBaHHBIA POTATOP
Fig. Stabilized rotator

Kunemamuxa cmabunuzuposannozo poma-
mopa. MOMEHT HMMIylbca CTaOMIN3UPOBAH-
HOT'O POTaTopa paBeH

(10)
m

CocTosiHHE HEOIpeAeIICHHOTO PaBHOBE-
CHS MOKHO HCKJIIOYHTH, 00OECIIEYHB Hayalb-
HO€ (CTaTHYECKOE) CMELIEHUE Ipy3a Iy U paB-
HYI0 €My HayaJbHYIO JAe]opmanuio Nnpyxu-
HEL
Jlunamuxa cmaburusuposannozo pomamopa.
[Ipu packpydrBaHUM MPEAHANPSIKEHHOTO PO-
TaToOpa JI0 YacTOThl O, LEHTPOOEKHas CHIla

M®’F MeHbIIE CHIIBl HAYanbHOH edopma-
MU OPYXUHEI Kr, mo3TOMYy pamuyc f, He u3-

MEHSIETCS. DTO y4aCTOK JIMHEHHOW JTUHAMUKHI
[0, o]

M

2

mr,

3a Bpems 1, IpH MOCTOSHHOM Bpallaro-

r=r, o= t. (14)

IIeM MOMCHTC MpOTaTOp JOCTUTHET 4YaCTOTHhI
BpallICHUA (,l)o.

_oymi Jmkr? L
MM M

t (15)



JU3MPOBAHHOIO POTATOpa BpaIIAIOIIUM MO- PEHIMAIBHBIX ypaBHEHUN — BpallaTeJIbHOIO

[Ipu manpHeliieM Harpy>XeHHH CTaOu- CTOK) OIHCHIBACTCSI CUCTEeMOW NIBYX Audde-
MEHTOM €ro JWHaMUKa (HEeITMHEHHBIH yua- Y TIOCTYIATEIBHOTO (PauaibHOIO)

do_M _M
T T 2
S ol e (16
dr mv mo“r )
m—s= r= —kr = (mo*° -k)r
dt r
Tpenue 316Ch HE YUUTBIBAETCH.
Hauanbueie YCIIOBUA:
dr
03|7 =®,, r|7 =r, =0. a7
t=t 0 t=t, 0 dt .
N3 cuctemsl ypaBHEHUN U HAYAJIBHBIX YCIOBUH CIENYET
d—w = M2 : (18)
dt|_ mr
2
do_ , M o d ‘o _g (19)
dt mrd dt ' dt? \_to
dr d’r
— = ®° —®2)r, =0. 20
preaal o) pr3 " (20)
d°r do dr d°r M M
— =20—r+(0-0)—, —| =20,—TI, =20, — . 21
dt® dt ( o) dt’ dt*]_, o 2’ o mr, @)
3 2 2 3
d—?=6ﬂ4(£) 2 M3d2r,d?| -0. 22)
dt dt) “mr’dt®’ dt |
4 3 2 2 3
do_, M(ﬁ) roM pdrdr o M drdr ,Mdr (23)
dt dt mr* dt dt mr® dt dt mr> dt
4 2
d (:) :_zﬂazwoﬂ:_‘lmo%' (24)
dt mr, mr, mr,
4 2 2 2
d—fzz[d—mj r+209 Cri20320 5,000, (et (25)
dt d dt dt dt dt dt dt
4 2 2
dt* |, mr; m°r,

Taxum 00pazom, yacToTa BpalleHus CTaOMIM3MPOBAHHOTO POTATOPa U PAINyC MPEeACTaBUMBbI
B BUJIE:

1 dm 1 d’w 1d%» 1d*o®
t° + o) t?+—— (O3 += o)t* +
() () 2!d'[2 3!dt3() 4!dt4()
2
=a)0+£2t+£0t2+£Ot3—£4mo%t4+...:
mr, ! 3! 41 r
M w,M?
=@, +—t——20t* ... 27
®o mr?  6m’r} 27
1 1dr 1d°r 1d3r 1 d*r
~—r(O)°+ Ot + = — (0)t? + = — (O)t3 + o)t* +
O!() l'dt() 2!dt2() 3!dt3() 4'd4()
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1 1 M 12M?
=1, +0t+ =0t + =20, — ' + ===t +..=
2! 3! mr, 4'm°r,
2
®,M M
=h+——t+———t' ... (28)
3mr, 12m°r,

Bomnpoc o cxogumocTtu psiioB 3/1ech HE KJIIOHEHHE 4YacTOThl BpAaILlEHUS ® OT Co0-
paccMaTpuBaeTcs. CTBCHHOM ().

CMBICIT MOCHEAHUX JBYX YypaBHCHHH Bmopoe 3ameyamenvuoe ceoticmeo cmabunu-
COCTOMT B WILIIOCTpalluy HCIUHCMHOCTH IH- suposannozo pomamopa. (IlepBbIm siBIsSETCA
HAMHKH CTaOMIIM3HPOBAHHOIO POTAaTOpa mpH (ukcupoBaHHasE COOCTBEHHAsl 4aCTOTA Bpa-
HarpyCHuu €ro IOCTOAHHBIM BpaIlAIOIIUM mieHus (9) 1 ee copnajieHue ¢ COOCTBEHHON
(TOPMOBSIIIIIIM) MOMCHTOM. 4acTOTOW KOJeOaHUN MasTHUKA).

11o00HO TOMY KaK IPH BBIHYKICHHBIX [Ipu gwinyocoennom BpameHun Ctabu-
KoJe0aHusAX MasTHUKA 4acTOTa HE COBIAJACT JIN3MPOBAHHOTO POTATOPA C MOCTOSHHON 4a-
C COOCTBEHHOHM YacCTOTOM, YAaCTOTa BpAICHUS CTOTOIA
CTaOWMIM3UPOBAHHOTO pOTATOpa MpPH HArpy- ©=aom (29)

o - 0
KCHUU HE COBIIAJAeT C COOCTBEHHOW YacTo- .
. (a — 6e3pasmepHbIit K03()(HUIIMEHT) €ro paau-
TOM BpaleHus.
aJbHAS JUHAMHKA OTIPEIICIIICTCSl YPaBHCHHEM
W3 (27) cnenyer, 4TO 4eM MEHbILIE MO-
MeHT M u Gonblie M U Iy, TEM MEHBIIIE OT-

d’r L 2 2 2 2\ 2
F:(a) _E) :(a coo—coo)r:—(l—a )wor. (30)
B 3aBHCMMOCTM OT 3HA4E€HUS @ BO3- o =6 /1_ a2 (31)
a~ 0 '

MO>KHBI TPH BapHaHTA.

1. I[Ipu a<1 umeer mecrto nuddepen-
[MATbHOE YpPaBHEHHE CBOOOJHBIX TapMOHU-
YeCKUX He3aTyxarolux KoieOaHuii ¢ coO-
CTBEHHOM 4aCTOTOM

Takum o00pa3zom, CTaOMIM3UPOBAHHBIN
pOTaTOp JOCTaBISIET BO3SMOXKHOCTD YIPABIIAThH
CcOOCTBEHHOM 4acTOTOW KosieOaHUIl paauaib-
HOT'O OCLHUJIIATOPA.

2
2.1lpn a=1 d—zr:O, g:V:const, r=r, +Vt.
dt dt

Konebanus e MMPOUCXOIAT.
2 2
r ™o -
3.Tlpu a>1 j?:(az—l)(oér, r:rme( 3

Konebanus ne MMPOUCXOJAT.

3aTyxaHue KoJebaHuil B CTaOMIM3UPO- OTIpEJIEISAETCS KOHCTPYKTUBHO YCTaHOBJICH-
BaHHOM pOTAaTOpE MPHUHIMIHAIBLHO HE OTIIH- HBIM MaKCHMAJIbHBIM PaiycoM I .
yaeTrcsa OT 3aTyXaHUs B OOBIYHOM MAasITHUKE _ 2
yx W =kr:. (33)

[10].

Bvibec pomamopa 6 cmabunuzuposaHnom
pedicume. MUHUMaNbHasl TIONHAS DSHEPTUs
CTaOMJIM3UPOBAHHOTO POTATOPA B CTAOMIIU3H-

Ilycte cpenHsisi 3a BbIOET MOIIHOCTB
JCCUIIaTUBHBIX MIOTEPh paBHA P.
Torna Bpems BbIOera COCTaBUT

W W eI

POBaHHOM pPEXUME COOTBETCTBYET CTaTHYe- T —km (34)
CKOMY CMEIIEHHMIO Ipy3a I P P
W, = K, +U, = 2K, =2U, =kr2. (32) OueBUAHO, YTO 4YeM MeHblIe P, TeMm
0 "M 0 0 o ™Mo

MCHBIIC OTKJIOHCHHE YaCTOTBI BpPAIICHUA O

MakcuManbHas IOJIHAsT YHEPTHUS T - o
aKcuManbHa OJIHA SHEP cope OT COOCTBEHHOM ®g-

TUYCCKH HC OrpaHUYCH4, a MPAKTHUYCCKU
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Oo0cyxnenne/3aki0ueHne

3asiBlIeHHas 1efb pabOThl JOCTUTHYTA.
MexaHU4eCKHil aHAJIOI UHUKJIOTPOHHOTO JIBH-
xeHus onpezeneH. VM siBisiercs CraOuin3u-
POBaHHBIH pOTATOp, OOMATAIONINI (UKCHUPO-
BaHHOM 4YacTOTOM BpalleHUs, HE 3aBUCALLICH
OT MOMEHTAa UMITYJIbCa 1 MOMEHTA UHEPLIUH.

AHanorus Mexay IUKJIOTPOHHBIM JBU-
KEHUEM U BpalleHueM CTaOMIM3UPOBAHHOTO
poTaropa 3aKo4yaeTrcs B TOM, YTO B Cayuo-
HAPHLIX PeKUMaX OHU 00a XapaKTEPHU3YIOTCS
(bUKCUPOBAHHOM YAaCTOTOW BpaICHUSI.

JpyrumMu OCOOCHHOCTSMHU CTaOUIIH3H-
POBAaHHOTO pOTaTOpa SBJIAIOTCS UIEHTHY-
HOCTh (DOPMYJIBI YaCTOTHI BpameHus Gopmy-
JIe 4acTOThI MPYXUHHOTO MasTHUKA, PaBEH-
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