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ABTOCTABUJIN3UPOBAHHBIA POTATOP

ITonos U.II.
Kypranckuit rocypapcTBeHHbIl yHUBepcuteT, Kypran, Poccus

Annomayusa. IloctaHoBKa 3a1a4n (AKTYaJdbHOCTH padoThl). Llenbio paboThl SBISIETCS YCTAHOBJIEHHE BO3MOXKHOCTH
co3maHus poraropa ¢ (UKCHPOBAHHOW YacTOTOI cBoOOmHOTO BparieHus. Mcnoas3yemble MeTOAbL. [ cTabrmim3arim
YIJIOBOM CKOPOCTH HEOOXOAMMO, YTOOBI C M3MEHCHHEM MOMEHTA KOJMYECTBA JBHKCHUS COOTBETCTBYIOLIMM O0pa3oM
M3MEHSUIICS MOMEHT MHEpIMU. J[J1s pemeHus To! 3a7a4i OCYIIECTBISIETCS] CHHTE3 YCTPOICTBA, KOTOPOE YMECTHO Ha3BaTh
CTaOWIM3UPOBAHHBIM POTAaTOPOM. [IJ1s1 yCTaHOBIICHHS XapaKTepa MOBEACHHS CTa0MIM3HPOBAHHOTO POTATOPa B Pa3IIIHBIX
pexuMax (KHHEMaTHKa, JUHAMHKA) OCYIICCTBIsSCTCs ero aHaiu3. CHHTE3 M aHaimu3 CTaOHIM3UPOBAHHOTO POTATOpPa BbI-
MOJIHSOTCS. C HCIIOJb30BAHHEM COOTHOIICHUH TEOPETUYCCKOW MEXaHMKH M (hOpPMabHO-TOXKICCTBCHHBIX pPeoOpa3oBa-
uuit. HoBu3Ha. CoOCTBeHHAs 4acTOTa BpalleHHs CTaOMIN3HPOBAHHOTO POTATOPa CTPOro (prkcHpoBaHa (HE 3aBHCUT HH OT
MOMEHTAa WHEPIUH, HI OT MOMEHTA MMITyJIbCa) M 3aMeYaTeNIbHBIM 00pa30oM COBIIAJIACT ¢ COOCTBEHHOH 4acTOTOH KojeOa-
HUH MasTHUKA C HIEHTUIHBIMH TlapameTpamu. [Ipu i3MEeHeHHH MOMEHTa UMITYJIbCa U3MEHSIETCS PaJnyC U TaHT€HIIUAIIb-
Hasi CKOPOCTH (J4acToTa BPAIICHUS TIPH ATOM HE MEHsIETCs U paBHa coOcTBeHHON). Pe3yabTaTt. [Ipn HyneBoM BpamiatoieM
MOMEHTE B CTAIMOHAPHOM PEKHME YaCTOTa BPAIICHUs CTaOMIM3UPOBAHHOTO POTATOPa HE MOXET OBITH MPOU3BOJIBHON U
MPUHUMACT CIUHCTBCHHOE 3Ha4YeHHe. [10J00HO TOMY Kak MU BBIHYKICHHBIX KOJCOaHUSIX MasTHUKA YacTOTa HE COBIA-
Jaet ¢ coOCTBEHHOH 4acTOTOH, YacTOTa BPalIeHUs CTaOMIIM3UPOBAHHOTO POTATOpa MPH HATPY>KCHUH HE COBIAIaeT ¢ co0-
CTBeHHOH uactoTod BpamieHus. IlpakTHdeckass 3HaYHMMOCTh. CTaOWIN3UPOBAHHBIN POTATOP MOXKET HCIIOJB30BATHCS
JUTSI YIIpaBIIeHHUsI COOCTBEHHON YacTOTON KOJIeOaHUH paguaibHOTO OCIIMIUIATOPA, XOTS B 3TOM KadecTBE OH MOYKET UMETh
CUIIbHYIO KOHKYPEHIIHIO CO CTOPOHBI MEXaTPOHHBIX cucTeM. HampoTuB, B KauecTBe cTabMIM3aTOpa BPAIICHHU €r0 KOHKY-
PEHTHBIE BO3MOKHOCTH HEOCIIOPHMBI M OTIPECIISFOTCS TIPEACITHHOM MPOCTOTOH KOHCTPYKIIHH.

Kniouesvie cnosa: poratop, MasTHUK, 4acTOTa, CTAOMIM3aIusl, BBIOET, SHEPrUsl, MOMEHT WUMITYJbCa, UKIOTPOHHOE
JIBHOKCHHE
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AUTOMATIC STABILIZED ROTATOR

Popov I.P.

Kurgan State University, Kurgan, Russia

Abstract. Problem Statement (Relevance). The aim of the research is to identify the possibility of designing a rotator
with the fixed rate of free rotation. Methods Applied. To stabilize angular velocity, it is required that changes in angu-
lar momentum result in relevant changes in moment of inertia. To settle this issue, a device was synthesized. Such de-
vice is reasonably called a stabilized rotator. To identify the nature of behavior of the stabilized rotator in various modes
(kinematics, dynamics), it is analyzed. Synthesis and analysis of the stabilized rotator are performed using the balance
between theoretical mechanics and formal and identical transformations. Originality. The natural rotation frequency of
a stabilized rotator is strictly fixed (it does not depend on either moment of inertia or angular momentum) and remarka-
bly coincides with the natural oscillation frequency of the pendulum with identical parameters. When the angular mo-
mentum changes, the radius and tangential velocity change (the rotation frequency does not change and is equal to its
own). Result. At zero torque in the stationary mode, the rotation frequency of the stabilized rotator cannot be arbitrary
and takes on a single value. Just as the frequency does not coincide with the natural frequency during forced oscillations
of the pendulum, the rotation frequency of a stabilized rotator under loading does not coincide with the natural rotation
frequency. Practical Relevance. A stabilized rotator can be used to control the natural frequency of a radial oscillator,
although in this function it may have strong competition with mechatronic systems. On the contrary, as a rotation stabi-
lizer, its competitive capabilities are undeniable and determined by the extreme simplicity of the design.

Keywords: rotator, pendulum, frequency, stabilization, run-out, energy, angular momentum, cyclotron motion
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Jlns pelieHWss 3TOW 3aJayd  OCYIIECTBIISCTCS
CHUHTE3 YCTPOWCTBa, KOTOPOE YMECTHO HA3BaTh CTa-
OMJIM3UPOBAHHBIM POTATOPOM.

Jlnst ycTaHOBIIEGHHST XapakTepa MOBEeHUS CTabu-
JIM3UPOBAHHOTO POTATOPA B PA3IMUYHBIX PEKUMAX (KH-
HEMaTHKa, MHAMUKA) OCYIIECTBIISIETCSI €r0 aHaNIN3.

CuHTe3 ¥ aHanu3 CTaOWIIU3UPOBAHHOIO POTATO-
pa BBIMOJHSIOTCS C UCTONB30BAHUEM COOTHOIICHHIMA
TEOPETUIECKOW MEXaHUKU U (HOpPMajIbHO-TOKIECT-
BEHHBIX NIPe00pa30BaHUH.

BBenenne

Jns HOpMaJTbHOM PabOThl MHOTHX TEXHHYECKHX
cucTeM Tpedyercsl CTaOMIN3UPOBAaHHAS YacTOTa Bpa-
menus [1]. K TakuMm crcremam OTHOCSITCS TeHepa-
TOPHBIE YCTAaHOBKM NEPEMEHHOI0 TOKa [2, 3], Hacoc-
Hble cTaHiuu [4, 5], KoHBeliepHble JHUK [6], 00pa-
OarpIBalONINEe CTaHKU [7], BeTporeHeparopsl [8, 9] u
MHOTHE JIpyTHeE.

CymecTByOmue poTaTopel MOTYT CBOOOIHO
Bpamarbesi ¢ 000 CKOPOCTBIO, MOITOMY JUIST UX
CTaOMIM3alMK HCIOJNB3YIOT CIIEHUAbHBIE YCTPOM-
CTBa, KaK MPaBWJIO, CIEAIIETO TUIIA, YTO MPUBOIUT
K YCIIO)KHEHHIO W yJOPOXKAHUIO KOHCTpYKUMHA. B
3TOW CBSI3W TPEACTABISET WHTEPEC BO3MOYKHOCTD
CO3JlaHMs poTaTropa ¢ (UKCUPOBAHHOW YacCTOTOU
CBOOOJHOTO BpAIIEHHS, YTO W SBISETCS Yelblo
HaCTOSIIEH padoTHI.

HonyquHme PE3YJIbTATHI U UX 06cy>lcz[elme

Cunme3 Cmaduiu3upPOBaAHHOZ0 pomamopa.
VYrimoBas ¥ TaHTeHIMAIbHAS CKOPOCTH CBS3aHBI
CIIEAYIOIMNUM 00pa3oM:

V=q@r,

Tae I'— paauc HMKJIOTPOHHOI'O ABHKCHUSI.

MatepuaJjbl 1 MeTOABI HCCJIE0BAHUS
DopMabHO-TOKIECTBEHHBIE TPE0Opa30BaHU

, V2 mv?/2k
W =—= —_
r’ kr?/2m

JUtsg cTabmmmzaryyi yTII0BOM CKOPOCTH HE00XO-
MO, 4TOOBI C W3MEHEHHWEM MOMEHTa KOJIMYEeCTBa
JIBWDKCHHUSI COOTBETCTBYIOIIMM 00pa3oM HU3MEHSUICS
MOMEHT HHEPIIHH:

IIOKa3bIBAKT, 4YTO [JIA obOecrieueHyst MMOCTOSHCTBA

L=Jo, YIJIOBOW CKOPOCTH HEOOXOJMMa B3aUMHAsk KOMIICH-

rae L — MOMEHT KOJIMYecTBa JBIDKEHHUS, J — MOMEHT
HHEPIUM; O — YTJIOBas CKOPOCTb.
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mv?  kr?

2 2

rae M — macca rpy3a; K — koahdunment ynpyroctu.

[paBas yacTh paBeHCTBa MPEACTABISAET COOOI MO-
TCHLUAIBHYIO 3HEPrUI0 IPY)KUHBI, aOCOMIOTHAs ne-
(bopmarust KOTOpOi paBHA paguyCy BpalleHUs Ipy3a.

YcTaHOBICHHBIE OOCTOSTENBCTBA OIPEICIISIOT
NPUHIUIHAIBHYIO CXeMy CTaOMIM3UPOBAHHOTO PO-
TaTOpa, KOTopast MpecTaBicHa Ha PUCYHKEe.

IR

r=Ax
o ——

Puc. Crabumu3nupoBaHHEIA pOTATOP
Fig. A stabilized rotator

CoOcTBeHHasi 4acTOTa BpallleHUs CTaOUIU3UPO-
BaHHOTO pOTaTOpPa

® m (1)
crtporo (huKcHpoBaHa (HE 3aBHCHT HH OT MOMEHTA
WHEPLMH, HA OT MOMEHTA MMITYJIbCa) M 3aMedaTelib-
HBIM 00pa3’0M COBIAJAET C COOCTBEHHOW YaCTOTOM
KoJIeOaHMi MasTHUKA C HAEHTUYHBIMU [IapaMETPaMH.

Kunemamuka Cmabunusuposantozo pomamo-
pa. MoMeHT uMITyJibca CTaOMIM3MPOBAHHOIO POTA-
TOpa paBeH

L=Jo, =mrio, =mr? L r’Jmk.
m

3neck J — MOMEHT MHepuuH, X, =Mk — pon-
HOBOI1 peaktanc [10].

L=rix =2 x =v2 0 mk = M2,
®, k ®,

[Ipy U3MEHEHUH MOMEHTA UMITYJIbCa H3MEHSIET-
Csl paadyC W TaHTeHIHaIbHAs CKOPOCTh (Yacrora
BpallleHHs TP TOM HE MEHSETCS M paBHa co0-
CTBEHHOM ).

[TostokeHuUIO Ipy3a, P KOTOPOM €ro HIEHTP Macc
COBIIA/IAET C OCHIO BPAICHHsI, COOTBETCTBYET COCTOSI-
HHE HEOMpEIEICHHOro paBHOBecHs. IIpu BpaiieHun
IPy3 PABHOBEPOSTHO MOYKET OTKJIOHHTBHCS B JIFOOYIO
U3 JIByX CTOPOH M, COOTBETCTBEHHO, MOXKET Pa3BH-
BaThCs KaK CKATHE, TaK U PACTSDKEHHE MPYIKUHBL.

CocTosiHME  HEOMPENEIICHHOTO  PaBHOBECHS
MOYKHO HMCKJIFOUHMTh, 00€CIeYrB HadaibHOE (CTaTh-

4eCcKOe) CMENIEHHWe TIpy3a [, M PpaBHYIO €My

HaydalbHYI0 Je(OpMaIO MPY>KUHBI.

Aunamuka Cmadouau3upoeannozo pomamopa.
IIpu packpyurBaHMM MPEIHANPSIKEHHOTO POTaTopa
JI0 YacTOTHI (3, LEHTPOOEKHAs CHiIa Mo’T MEHb-

e CUJIbl HayalbHOW AedopMalyu NPYKMHBL Kry,
IO3TOMY DPajMyC F, HE U3MEHAETCH. DTO Y4acTOK
nuHeitHol auHamuky [0, )]

M
r=r, o=—st
mr,
3a BpeMs t, NpPH NOCTOSHHOM BPAILAIOILEM MO-

MeHte M PpOTaTOp AOCTUTHET YaCTOTHI BPAILICHUA (0, .

~oomrg  Jmkr? L
M M M

1

Ilpn nanbHeimieM Harpy)xeHUH CTaOMIM3HUPO-
BAaHHOI'O POTAaTOpa BPALIAIOLIMM MOMEHTOM €ro -
HamMMKa (HEJTMHEHHBIN yYacTOK) OMNHMCHIBAETCS CH-
creMod ABYX aup(depeHInaNbHBIX YpaBHEHUH —
BpaIaTeIbHOTO U MOCTYMATENBFHOTO (PaHabHOTO):

do_M_M
a  J  mr?
2 2 2.2
md—zrzm—v—krzm—krz(mcoz—k)r.
dt r r

TpeHue 31ech HE YUUTBIBACTCSI.
HavansHsle yciioBus:

dr o

ol =, at:to -

t=t, =, I"|t:t0

W3 cuctemsl ypaBHEHMH M HayalbHBIX YCIOBHIA
HOJIy4aeM ClIeyIollee:
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do| M
dt |, mr
d’o M dr d?’em

= —2 -, - O
dt? mrédt’ dt?

—=(0"—op)r, —| =0
e -
d3r do dr
—=20—T"+ ®})—,
dt® dt (0 o) dt
d’r M M
-3 = (Do r —2(,00 .
dt - 2 mr,
3 2 2 d3
dt mr* \ dt mre dt* = dt® |
4 2
d ?:-24—(0") so M pdrdr
dt dt mr® dt dt
M drd?r M d_?’r
mr* dt dt> mrd dt®’
d‘e M M M 2
F :—2—32600—:—460()?.
- mr; mr, mer,
4 2 2
d—!zz(d—mj r+2cod—§°r+2 d—mﬂJr
dt dt dt dt dt
do dr , o dir
+ 20— —0))—-,
7t dt o —op) dt?
d*r

dt*

2 2
M 2M
=2 mr? = m?r®
t=t, 0 0

Takum 06pa30M, JaCcToTa BpallCHUA CcTabuIu-
SUPOBAHHOTO pOTATOpa U paanyC NPEACTABUMBI B
BUIC

ldo

50 0)t° + = —(O)t* + 0)t
0= (D() 1'dt() ldtz()

Lo Ll g
:w0+l2t+—0t2+—0t3—

P TR T
2 2

—£4m0%t4+...=m0+ M2 —mOI\ZA4t4+....

41 mer, mry  6m°r,

1 1dr 1d°r
z—r0t° o)t +——-(0)t* +
© 1|dt() 2!dt2()
1 d r K 1d% ..,
ot +...=
3'dt3() 4'd4() @)
2
=r0+0t+10t2+£2moﬂt3+12|\zﬂat4+...=
2! 3! mr, 4'm°r,

2
:r0+0)°M t° + Mz —th
3mr, 12m°r,

Bompoc o cxomuMocTH psSAoOB 3lech HE pac-
CMaTpHUBAETCSL.

CMBICHT TIOCIIEAHUX IBYX YPaBHEHHH COCTOWT B
WUTIOCTPALMK HEJTMHEWHOCTH JUHAMHUKU CTaOWII-
3UPOBAHHOI'O POTATOpa NPH HArpy>KEHHUH €ro Io-
CTOSIHHBIM BPAIAIOIINUM (TOPMO3SIINM) MOMEHTOM.

[Tomo6HO TOMY Kak IpH BBEIHYXICHHBIX KOeOa-
HUSX MasTHHUKA Y9acTOTa HE COBMAJAacT C COOCTBECH-
HOW 4YacTOTOW, YacToTa BpALICHHS CTaOMIU3UPO-
BAaHHOI'O POTaTOpa IIPU Harpy>KEHUH HE COBIAZAET C
COOCTBEHHOH YacTOTO# BpaleHHUsI.

U3 (2) cnemyer, 94To 4em MeHbIle MOMEHT M U
0ombIIE M U T, TEM MEHbIIE OTKJIOHEHHE YaCTOTHI

BpAIEHNUs ( OT COOCTBEHHOH (.

Bmopoe 3ameuamenvroe ceolicmeo cmaounu-
3uposannozo pomamopa. (IlepBbiM sBnsIeTCS QUK-
cupoBaHHas cOOCTBEHHasi YacTora BparieHus (1) u
ee coBMajJieHne ¢ COOCTBEHHOW 4acTOTON KoJieOaHMi
MasTHHKA).

ITpy BBIHYXJICHHOM BpAIICHUH CTAOWIN3UPO-
BaHHOTO POTaTOpa C MOCTOSIHHON 4YacTOTOM

w=awm, (a— 6e3pasmepHbIii K03HUIHMEHT) ero
pazuanbHas TMHAMHKA OIIPe/IeIsieTCsl ypaBHEHUEM

%:(mz —%}r =(a’w; —op )r=—(1-a%oir

B 3aBUCUMOCTH OT 3HAUYCHUA ad BO3MOXXHBI TpI/I
BapHaHTa:

1.Tlpu a<1 umeer Mecto auddepeHiagIbLHOS
ypaBHEHHE CBOOOJHBIX TapMOHHYECKHX HE3aTyXa-
IOIMX KOJIEOAHUI C COOCTBEHHON YaCTOTOM:

o, =m,y1-a’.

Takum 00pa3om, CTaOMIM3UPOBAHHEIN POTATOP
JTIOCTaBIISIET BO3MOXKHOCTH YIIPABJIATH COOCTBEHHOMH
4acTOTOW KOJIEOaHUN PaIUAIbHOTO OCIHILISTOPA.

2. 1lpn a=1

d’r dr
FZO’ Ezvzconst, r=r, +Vt.

Konebanus ue MMPOUCXOIAT.
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3.Mpu a>1

d’r [, )
at® :(a _1)®0r’ r=ru®

Konebanus He mponucxomsr.

3aryxaHne KoneOaHWid B CTaOWIM3HPOBAHHOM
poTaTope NMPUHINNHAIGHO HE OTIMYAETCS OT 3aTy-
XaHUs B 0OBIYHOM MasTHHKE.

Buipez pomamopa 6 cmadunuszupoeannom pe-
Jcume. MyUHUMAaNbHASL TIONIHASI SHEPTHUS CTAOWIN3HU-
POBAHHOTO POTaTOPa B CTAOWIIM3HPOBAHHOM PEXUME
COOTBETCTBYET CTATHYECKOMY CMEIIEHHIO IPYy3a I, !

(mo \/az_—l)t

W, =K, +U, = 2K, =2U, =kr?.

MakcumanibHas MOJHasi YHEPrUsl TEOPETUUYECKU
HE OTPaHUYCHA, a MIPAKTUYECKU OIPEIEISIETCS KOH-
CTPYKTMBHO YCTaHOBJICHHBIM MaKCHMAIIbHBIM pa-
JTYCOM T, .

W, =kr?2.

[lyctb cpenmHsAs 3a BBIOET MOIIHOCTH JMCCHIIA-
THBHBIX IIOTEPH paBHA P.
Torma Bpemst BbIOETa COCTaBHUT

_Wm _WO _krz_ro2

m

P P

OueBHIHO, YTO YeEM MEHbIIE P, TEM MEHBIIE OT-
KJIOHEHHE YaCTOThI BPALIEHUS () OT COOCTBEHHOU @, .

T

3akiIoueHne

[Ipennoxena cxema cTabUIM3UPOBAHHOTO POTa-
Topa, oOjamaronero (UKCUPOBAHHOW YaCTOTOM
BpalCHUs, HE 3aBUCSIIAS OT MOMEHTa UMITYJIbCa U
MOMEHTA UHEPLIMH.

OTO O3HAYaeT, 4TO NpU HYJEBOM BpallAIOIIEM
MOMEHTE B CTAIIMOHAPHOM PEKHME YaCTOTa BPAIICHUS
CTaOMJIM3UPOBAHHOTO POTATOPA HE MOXKET OBITh MPO-
M3BOJILHOW Y IPUHUMAET €JUHCTBEHHOE 3HAUCHHE.

JpyruMu 0COOCHHOCTSIMY CTa0MIM3HPOBAHHOTO
poTaropa SIBISIOTCS WIACHTUYHOCTH (HOPMYIIBI da-
CTOTBHI BpallleHus1 (OpPMYyJIe YacCTOThl HPYKMHHOTO
MasTHHKA, PAaBEHCTBO KHHETUYCCKON W MOTCHITH-
aIbHOM PHEPrud M BBITEKAIOIIEE U3 3TOrO pPaBEH-
CTBO pajiyca BpallleHUs Ipy3a BeIuunHe aedopma-
LUU TPYXKUHBL.

Cra0buIn3upOBaHHBIH POTATOP MOXKET HCIOJIb-
30BaThCsl ISl YIPABIICHUS COOCTBEHHOW YaCcTOTOU
KoJIe0aHUi paraIbHOTO OCIUIUIATOPA, XOTS B 3TOM
KaueCcTBE OH MOXKET UMETh CHIIbHYI0O KOHKYPEHLHUIO
CO CTOPOHBI MEXAaTPOHHBIX CUCTEM.

www.vestnik.magtu.ru

HamnpoTuB, B kadecTBe crabuim3aTopa Bpaile-
HUN €r0 KOHKYPEHTHBIE BO3MOXKHOCTH HEOCTIOPUMBI
U OMNpEACNSIOTCS TPEASIbHOW MPOCTOTONM KOH-
CTPYKIIWH.
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