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CTabunnanpoBaHHbIN poTaTop ANA MeXaTPOHHbIX aBTOMaTU4Y€CKUX CUCTEM

Llenvro pabomel s645emcs HAXOHCOCHUE MEXAHUYECKO20 AHAN02A YUKAOMPOHHO20 OBUNCEHUS U OnpedeneHUe cXembl COOm-
6emcmeyuez0 ycmpoicmea, Komopoe yMecmuo Ha36ames cmMaduAu3uUpo8anHoim pomamopom. H3 kawuesoeo ob6cmosmens-
cmea, onpedensoujeco 603MONCHOCMb 0000ujeHUsT YUKAOMPOHHO20 OBUNCEHUS HA MEXAHUKY, 3aAKAYAI0We20Cs 6 MoM, 4mo
AAPAHNCUAH INEKMPOHA 8080¢e D0AbULE €20 KUHEMUYECKOU IHepeUU, Ymo NPUMEHUMENbHO K CMAOUIU3UPOSAHHOMY DOMAMO-
Py caedyem mpakmoeams KAK pageHCmeo KUHeMUYecKol U NOMeHYUANbHOU dHepeuli, Heobxo0umo caedyem, 4mo 8 cocmae
CcMabuAU3UPOBAHHO20 POMAMOPa O0ANCHbl 6X00UMb dAeMeHmMbl, KOMOpble 8 COCMOAHUYU 3anacams 006a 3mux euda 3Hepeuu,
a umeHHo, epy3 u npyxcuna. CoocmeeHHas yacmoma epaujenuss cmaduiu3upO8aAHHO20 pomamopa cmpo2o QuxKcuposana (He
3a8UcCUm HU OM MOMEeHMA UHePYyUU, HU OM MOMEHMA UMRYAbCA) U 3amMedamenbHslM 06pazom coenadaem ¢ cO6CMEEHHOU 4a-
cmomotul KoneOaHull MAAMHUKA ¢ UOeHMUYHbIMU napamempamu. [Ipu uzmeHenuu MoMeHma UMNYAbCA USMEHAemecs paouyc u
MAHeHYUANbHASL CKOPOCMb (YACMOma epaujenuss npu 3Mom He MeHsemcs u pagHa cobecmeennoi). Iloaroxcenuro epysa, npu
KOMOpoM €20 yeHmp Macc cognadaem ¢ 0Cbl) 8paujeus, coomeemcmeyem cocmosHue HeonpedeaeHHo2o pasrogecus. Ilpu epa-
WeHUU epy3 pasHo8epoIMHO MOXCem OMKAOHUMbBCA 8 AI00YI0 U3 08YX CMOPOH U, COOMBEMCMEEHHO, MOJNCEM PA38UBAMbCA KAK
cocamue, maxk u pacmscernue npyycunsl. CocmosHue HeonpedesenH020 PasHOBEeCUs MONCHO UCKAUUMb, 00ecne4us Ha4aab-
Hoe (cmamu4eckoe) cMeuwjeHue epy3a u pagHy emy Ha4aivHy degopmayuro npyycunsl. [10006H0 momy, KaK npu GvIHYICOeH-
HbIX K0AeOAHUAX MAAMHUKA YACMOma He coenadaem ¢ coOCMBeHHOU Yacmomou, Yacmoma epaweHus cmabuiu3upo8anHnHo2o
pomamopa npu HazpyjuceHuu He cognadaem ¢ co6cmeeHHol yacmomou epauweHus. Ilpu Hyreeom epawjarouem momenme 6 cma-
YUOHAPHOM Dedcume 4acmoma 8pauseHus cmaduAu3upo8anHo20 pomamopa He moxcem Gbimb NPOU3EOAbHOL U NPUHUMAEm
eduncmeernnoe 3nauenue. Cmabuau3upo8anHbvlll pOMamop Moxcem UCHOAb308AMbCS ONS YRPABACHUS COOCMBEHHOU Yacmomou
K0A1e0aHull paduanbHo20 OCYUALAMOPA, XOMs 6 IMOM Ka4ecmee OH MOJCem UMemdb CUAbHYIO KOHKYPEHUUI0 CO CHOPOHbL Me-
xampoHubix cucmem. Hanpomus, 6 kavecmee cmabuauzamopa epaujeruii e20 KOHKYDeHmMHble 803MONCHOCIMU HEOCHOPUMbL U
onpeoeastomcs npedeabHoU nPOCMOmol KOHCMPYKYUU.

Karwueevie caoea: pomamop, masimHuk, 1acmoma, cma6u/1u3auu;z, 6bl5€2, IHepeusd, MomMeHm umnysbca, UUKAOMPOHHOE

deudxcerue

BBenenue

Mexanudeckue 1 3J1eKTPOMarHUTHEIE SIBJICHU S
M MPOLECChl BO MHOTHUX CIIy4yasix MaTeMaTU4eCKU
n3oMmopdHbI [1—3]. DTO maeT BO3MOXHOCTL 0000-
IAaTh OOCTUXEHUSA OJHOM HAyYHOU CIelualib-
HOCTH Ha JApyryto. B aToM cMbicie TpeacTaBisieT
MHTEpeC UMKIOTPOHHOE JIBMXKEHUE DJIEKTpUUE-
CKOro 3apsiia, KOTOpOe XapaKTepHu3yeTcsl @ukcu-
POBAHHOU Yacmomol epaujeHus. DTO CleayeT U3
OajlaHCca CUJI:

2
m B w18

r m m

F=qvB =

31ech ¢ — 3NEKTPUYESCKUI 3apsil, Vv — TaHTEeH-
LIMaJbHasl CKOPOCTh 3apsiia, B — MarHUTHas WH-
OyKIUS, m — Macca 3apsiKeHHOM YacTHIbI, # —
pamuyc UMKIOTPOHHOTO IBUXEHUS, @ — 4acTOTa
BpallleHHSI.

Yacrora OEWCTBUTEIBLHO HE 3aBUCUT HU OT
CKOpPOCTH, HU OT pajauyca.

KimoueBbIM 0GCTOSTEIBCTBOM IJISI BO3MOXKHO-
CTH O00OOIIEHUS LMKJIOTPOHHOIO IBUXEHUS Ha
MEXaHUKY SIBJIsIeTCS TOT (hakT, YTO JIarpaHXUaH
3JICKTPOHA, IBUXYILErocsl MOMepeK MOCTOSIHHOTO

MarHUTHOTO TIOJISI, BIBOE OOJIBIIIE €r0 KMHETUYE-
CKOU 3HEpPruu:

2
L =%+6(V,A).

BekTopHBINI TOTEHLMAaJl MAarHUTHOTO IO
paBeH

1
A=—[B,r].
5 [B.r]

IIpu a3ToM v = [, r]. TakuM oOpazom,

mv? qz B22
2 2m
Bropoe cinaraemoe paBHO

L:

q2B2r2 - qu2 m2v2 ~ mv2
2m 2m ¢*B* 2
Torma
2
L=2""
2

Lenpio paboOTHl SIBASIETCS HaXOXJIEHUE Mexa-
HUYECKOIO aHajora IHUKJIOTPOHHOIO JIBUXKEHUS
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U ONpeNeIeHUE CXEMbI COOTBETCTBYIOLIETO YCTPOA-
CTBa, KOTOPOE YMECTHO Ha3BaTb cMAOUAUIUPOBAH-
HbIM DOMAMOPOM.

Tema crabuamzanuu BpallleHUW akTyaJbHa
B aBTOMATHU3UPOBaHHBIX cucTtemax [4—S].

CuHTE3 CTA0MJIM3HPOBAHHOTO POTATOPA

M3 xnroueBoro oOCTOSITENBCTBA, OMNPEISIISTIO-
1IEr0 BO3MOXHOCTb OO0OOILIEHUS LMKJIOTPOHHO-
ro OBMKEHUS HAa MEXaHMKY M 3aKJII04Yalollerocs
B TOM, UTO JIaTpaHXMaH 3JEKTPOHA BABOE OOJIbIIIE
€ro KMHETUYECKONM SHEPIUM, YTO IIPUMEHUTEIHLHO
K CTaOMJIM3MPOBAaHHOMY pOTATOpPY CJleNyeT Tpak-
TOBaTh KaK PaBEHCTBO KMHETUUYECKOUN U MOTEHIIN-
aJbHOI BHEpPruii, HeoOXOAMMO clieayeT, UTO B CO-
CTaB CTAOMJIM3UPOBAHHOIO pOTAaTOpPa HOJXKHBI BXO-
IUTh 3JIEMEHThI, KOTOpPbIE B COCTOSIHMHU 3allacaTh
00a 3TUX BUJA BHEPIUM, a UMEHHO, e¢py3 (Maccoi
m) 1 npyycura (C KoadPuuMeHTOM YIPYTOCTHU k).

B cooTBeTCTBUU C XapaKTepoOM LUKJIOTPOHHO-
ro IBUKEHMSI M, COOTBETCTBEHHO, poTaTopa He-
00X0AMMO MMEET MEeCTO paduyc BpallleHUs (r) u
yukauveckas yvacmoma ().

M3 paBeHCcTBa SHEPrUil claeayeT

k(Ax)?  mv?  mrie? N k Ax
2 2 2 mr

3meck Ax — abcomoTHasa aeopManus MpyKHBL

VAEEN
=
\ ,":
N
1
|
1
|
1
]
|
1
|
1
|
—O_I

|
|
|
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|
|
|
|
|
|
|
|
|
|
|
|
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|
|
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|
|
|
|
|

CTaOuau3upoBaHHbIi POTATOP
Stabilized rotator

HeusMeHHOCThP IIMKIIMYECKON YacTOTHI obec-
MEYMBAETCS OYEBUIHBIM KJIIOYEBBIM YCIIOBUEM

AX =r.

YcTraHoOBIEHHBIE HEOOXOMUMBIE OOCTOSITENhb-
CTBa OIPEIEISIIOT MPUHIUIIMAIBHYIO CXeMYy CTa-
OMIM3MPOBAHHOTO POTATOpa, KOTOpas MpeAcTaB-
JIeHa Ha PUCYHKE.

Cobcmeennas 4acToTa BpallleHUS CTaOMIIU3U-
pOBaHHOIrO poTaTopa

k

m

wy = (D
crporo ¢puKcrupoBaHa (HE 3aBUCUT HU OT MOMEH-
Ta MHEPUMU, HX OT MOMEHTAa MMIIYJIbCa) U 3aMe-
yaTeJbHBIM OOpa3oM COBMNAaJaeT C COOCTBEHHOM
YacCTOTON Ko4ebaruil MasiITHUKA C MACHTUYHBIMU
nmapamerpamu [9].

KunemMaTuka cTa0MJIM3MPOBAHHOrO POTATOPA

MOMEHT MMITyJIbCca CTAOMIU3UPOBAHHOIO PO-
Taropa paBeH

L=Jo,=mrle, = mr2\/E = r2Jmk.
m

3necb J — MOMEHT MHepUMM; X, =~mk —
BOJIHOBOM peakTaHc [10].

v
r=—,
®o
Toraa
2
v m m
L=r’x, =X, = v =mk = —v2.
% k o)

[Ipy n3aMeHeHUM MOMEHTA UMITYJbCa M3MEHSI-
eTcsl paAuyC M TaHTeHUMaJbHash CKOPOCThb (4a-
CTOTa BpalllcHUS MPU 3TOM HE MEHSIETCS U paBHA
COOCTBEHHOIA).

INonoxeHuio rpys3a, Opd KOTOPOM €T0 LIEHTP
Macc COBITaJaeT C OChIO BpallleHUs, COOTBETCTBY-
€T COCTOSIHME HEONpeAeICHHOIO paBHOBECHUS.
IIpu BpalllgHUU Tpy3 PaBHOBEPOSITHO MOXET OT-
KJIOHUTBHCS B JTI00YI0 M3 JBYX CTOPOH M, COOTBET-
CTBEHHO, MOXET pa3BUBAThCI KaK CXaTue, TaK U
pacTsiKeHue MPYyKUHBI.

CocTossHME  HEOIPENEICHHOTO  PaBHOBECHS
MOXXHO MCKJIIOUYUTh, 00ECNeYnB HavyajabHOE (CTa-
TUYECKOE) CMEIIEHUE TPy3a 7y U PAaBHYIO €My Ha-
YyaJbHYIO 1eOopMalIO TIPYKUHBI.
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JIuHaMMKa CTaOMJIM3HPOBAHHOIO POTATOPA

[Ipu packpyuymBaHMU IPEeIHAIIPSIKEHHOTO PO-
Taropa 0o 4acTOThl ®, LEHTPOOEXKHas cuja ma’r
MEHbIIIE CHJIBl HayaJbHOUI AedopMalluy IPYKU-
HBl krj, IOBTOMY paguycC r, HE U3BMEHSIETCI. DTO
YyYaCTOK JUMHENHON nruHamMuku [0, o)

M
r=rn, o=—sl
mry

3a Bpems f, IpU TNOCTOSSHHOM BpAalLAKOLIEM
MOMeHTe M poTaTop AOCTUTHET YacTOThI Bpallle-
HUS O

wgmrg  mkrg L,
UMMM

[Ipu panpHeillleM Harpy>keHUU CTAOMJIM3UPO-
BaAaHHOrO poTaTopa BpallalollMM MOMEHTOM €ro
OIMHAMUKa (HEJIMHEHHBIN YYacTOK) OINMCHIBAET-
cs cucTeMoil AByX nuddepeHLnaabHbBIX YpaBHE-
HUII — BpalllaTeJIbHOTO U IOCTYMNaTeJbHOro (pa-
JUAJILHOIO):

do M _ M
dr J mr2
2 2 2.2
m&L Y O (me? - k)
dt r

TpeHI/Ie 31€Ch HEC YUUTHLIBACTCA.
HauanbsHble YCJI0BHMA:

dr
dt

M3 crucTeMbl ypaBHEHU M U HavyaIbHBIX YCIOBUI
ciemyeT

=0.

°)|t:t0 = ®o> r|t:t0 =, .
=1

do  _ M
dt|,_, mroz’
d’o __, M dr d’| _
dt? mrdt’ dr*|
d2r 2 2 d2r
—=(@ —op)r, —| =0
a7 =T g .
=0
d3r_2 @r+(w - )
dr dt @0
3
% :2030&270:2@0&;
! 1=t mry mry

Lo (M () M 4 ool
dr’ mr* \ dt mr® dt*’ dt? i ’
4 3 2
do_ g M (ﬂj vo M pdrdr
dt mr> \ dt mr* ~ dt di?
¢ M dr d’r , M d’r
4 g 1.2 3737
mr” dt dt mr> dt
4 2
Qo] M g Mg M
ar*| _, mr; mr, mr,
4 2 2
d:—2(d—m) r+20——sr+2 dodr
dt dt dt dt
do dr 2 2 d2r
205250 SRS
ar ar @ OV yn
d*r MY am?
7 =2 3| T =53
dt =ty mry m-r;
Takum o0paszowm, yacToTa BpalllcHUS

CTaOMIM3UPOBAHHOIO POTATOpa M PaanyC IIpel-
CTaBUMBI B BUC

1 do 1
o(0)” + ——(0)" +
<>+1,d<> o

4
(0)r3 —W(O)t“ +o=

1 d?
7 L2002 +

1 0

+_
31 de?
Loz, L

M t+—0t

mr 2! 3‘ 4!

1 dr
1! dt

L) +

1 d%r

AU AU

1 d*
4t

l'r(O)t0

1d3

4 —
3'd3 — 0" +... =
€)
=1 +Ot+i0t2 +L2w0£t3 +

2! 3! mr,

12M°

1 9y 2,.3
4! m°ry

t4

Bonpoc o cxonumMocTH psiioB 3€Ch HE paccMart-
puBaeTcs.

CMBICT TIOCJIEAHUX JBYX YpaBHEHUH COCTO-
UT B WJUIIOCTpPAlUM HEJUHEHHOCTU IMHAMUKU
CTabMIM3UPOBAHHOTO pOTATOPa MPU HATPYKEHUU
€ro TMOCTOSHHBIM BpallalOIUM (TOPMO3SIIUM)
MOMEHTOM.

MexaTpoHnKa, aBToMaTH3anus, ynpasjienune, Tom 23, Ne 10, 2022

525



[Tono6HO TOMY Kak TpU BBIHYXXJIEHHBIX KOJIe-
0aHMSIX MAasITHMKA YacTOTa HE COBMANAeT C COO-
CTBEHHOU yactoToil [11—15], yacToTa BpalieHUS
CTaOMIM3UPOBAHHOTO POTATOpa MPU HATrpyKEHUU
HE COBITANAET C COOCTBEHHOU 4aCTOTOM BpAIEHUS.

N3 cooTHoleHus (2) ciieayeT, UTO YeM MEHbIIE
MOMEHT M ¥ OOJIbLIE M U Fy, TEM MEHBIIIE OTKJIO-
HEHME YaCTOTHI BPALIEHUSI ® OT COOCTBEHHOW .

Bropoe 3ameuaresibHOE CBOHCTBO
CTa0MJIM3NPOBAHHOTO POTATOPA

(IlepBeiM ~ sBISIETCST (pUKCHMpPOBaHHAsI COO-
CTBEHHas 4yacToTa BpalueHus (1) u ee coBnaaeHue
¢ COOCTBEHHOI YaCTOTOI KoJieOaHUIl MasiTHMKA.)

IIpu ebinyscdenHom BpallleHUM CTaOMIM3UPO-
BAHHOI'O pOTaTOpa ¢ HOCTOSIHHOM 4aCTOTOU

O = 4o

(a — 6e3pa3mMepHBbIl KO3(hGULIUEHT) eTo paanaib-
Hasgd AMHaAMHKa OIPEACIACTCA YPAaBHECHUEM

d*r k
— = o’ —=|r=(a’0} —od)r = —(1-a*)olr.
dt m
B 3aBUCMMOCTH OT 3HaYEHHUSI @ BO3MOXHBI TPU
BapUaHTA.

1. IIpu a < 1 umeeT MecTo nuddepeHInaIbHOE
ypaBHEHME CBOOOJHBIX TapMOHMYECKMX He3aTy-
XawIMX KoJieOaHUI ¢ COOCTBEHHOMN YacCTOTOM

o, = ogVl —a?.

Takxum o06pa3oM, CTaOMIM3UPOBAHHBIN poOTa-
TOp IOCTaBJISIET BO3MOXHOCTb YIIPaBISTh COO-
CTBEHHOM YacTOTOM KoJIeOaHUI paanajbHOTO OC-
LHMJLISITOpA.

pa. 42 dr

r
2IMpna=1 — =0,
P dr? dt
Konebanus He mpoucxoasrT.

=V=const, r=ry + Wi

3.1pua>1 Na?=D1

KonebaHus He NpoUCXOAsIT.

3aTyxaHue KoJieOaHUI B CTaOMIM3MPOBAHHOM
poTaTope MPUHIMUIIMAJILHO HE OTJAMYAeTCS OT 3a-
TyXaHHUSI B OOBIYHOM MasiITHUKE.

d2
T;: (@’ -Doir, r=rye™

BoiOer poraropa B cTAOMIM3MPOBAHHOM peXHME

MuHuManbpHasl MOJHAS DHEPrus CTaOUIU3U-
pOBaHHOrO poTaTopa B CTaOMJIM3UPOBAHHOM pe-

KM€ COOTBETCTBYET CTaTUUYECKOMY CMEIICHUIO
rpysa ry:

W, =Ky +Uy =2K, =2U, = kr.

MakcumanbHasi IIOJIHasT DSHEPrusi TeOopeTu-
YeCKM HEOrpaHMYeHHa, a IPaKTUYECKU OIIpeiae-
JIIETCSI KOHCTPYKTHUBHO YCTaHOBJIGHHBIM MAaKCH-
MaJIBHBIM PAaIUyCOM 7',

ITycTh cpenHsis 3a BeIOET MOIIHOCTH AUCCHUIIA-
TUBHBIX MIOTEPb paBHa P.
Torma BpeMms BeIOEra COCTaBUT

2 2
T=Wm_W0 =krm_FO .

P P
OuyeBUAHO, YTO YeM MeHblle P, TeM MeHbLIe
OTKJIOHEHUE YaCTOThbl BpalLEHUS ® OT COOCTBEH-
HOM .

3akaoyenue

3asgBiaeHHas Ueab padboThl AOCTUTHyTa. Me-
XaHUYECKMI aHaJor LMKJIOTPOHHOIO IBUXKEHMS
omnpeneneH. UM gBisieTcsl cTaOMIAM3MPOBAHHBIN
poraTtop, obnagamKnii (PUKCUPOBAHHOM YacTo-
TOM BpallleHUsI, HE 3aBUCAIIEH OT MOMEHTa HUM-
MyJbCa 1 MOMEHTA UHEPLINMU.

DTO 03HAyaeT, YTO MPU HYJIEBOM BpalllalolieM
MOMEHTE B CTAllMOHAPHOM pEXMME 4acToTa Bpa-
IIEHUS CTAaOMJIM3UPOBAHHOTO POTATOpPa HE MOXET
OBITH TPOM3BOJILHOM Y MTPUHUMAET €AUHCTBEHHOE
3HauYEHUE.

dpyrumMu OCOOEHHOCTSIMU CTAOUJIU3UPOBAH-
HOTO pOTaTopa SIBJISIOTCS UASHTUYHOCTb (hOpMY-
JIbl 4acTOThI BpallleHUus (Qopmysie 4acTOThI IIpy-
JKMHHOTO MasTHMKA, PABEHCTBO KMHETUUECKON U
MOTEHIIMAJILHOM SHEPTUil U BBITEKAIOIIEe U3 3TO-
ro paBEHCTBO pajauyca BpallleHus rpy3a u aedop-
Malluy OPYXXKUHBI.

CTabuiaM3upoBaHHBII POTATOP MOXKET UCIIOJb-
30BaThCs Ui YOpaBJeHUS COOCTBEHHON 4acTo-
TOM KoJebaHUI paauaJbHOrO OCUUJLISTOPA, XOTS
B 9TOM Kau€CTBE OH MOXET UMETh CUJIbHYIO KOH-
KYPEHIIMIO CO CTOPOHBI MEXaTPOHHBIX CUCTEM.

HanpotuB, B KauecTBe cTabuamM3aTopa Bpalle-
HUI ero KOHKYPEHTHbIE BO3MOXHOCTU HEOCIHO-
pUMBI M OMNpEAeHsoTCs MpeaeabHON MPOCTOTOM
KOHCTPYKLIMH.
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The aim of the work is to find a mechanical analogue of cyclotron motion and to determine the scheme of the cor-
responding device, which is appropriate to call a stabilized rotator. From the key circumstance that determines the possibility
of generalizing cyclotron motion to mechanics, which consists in the fact that the Lagrangian of an electron is twice as large
as its kinetic energy, which, as applied to a stabilized rotator, should be interpreted as the equality of kinetic and potential
energies, it follows that the composition of a stabilized rotator should include elements, which are able to store both of these
types of energy, namely, the load and the spring. The natural frequency of rotation of a stabilized rotator is strictly fixed (it
does not depend on either the moment of inertia or the moment of momentum) and remarkably coincides with the natural
frequency of oscillations of a pendulum with identical parameters. When the angular momentum changes, the radius and
tangential velocity change (the rotation frequency does not change and is equal to its own). The position of the load, in
which its center of mass coincides with the axis of rotation, corresponds to a state of indefinite equilibrium. During rotation,
the load can deviate with equal probability in any of the two directions and, accordingly, both compression and extension
of the spring can develop. The state of indefinite equilibrium can be eliminated by providing the initial (static) displacement
of the load and the initial deformation of the spring equal to it. 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. At zero torque in the stationary mode, the rotational speed of the stabilized
rotator cannot be arbitrary and takes on a single value. A stabilized rotator can be used to control the natural frequency of
a radial oscillator, although in this capacity it may have strong competition from mechatronic systems. On the contrary, as
a rotation stabilizer, its competitive capabilities are undeniable and are determined by the extreme simplicity of the design.

Keywords: rotator, pendulum, frequency, stabilization, run-out, energy, angular momentum, cyclotron motion

For citation:

Popov 1. P. Stabilized Rotator for Mechatronic Automatic Systems, Mekhatronika, Avtomatizatsiya, Upravienie, 2022, vol.23, no. 10,

pp. 523—528.
DOI: 10.17587/mau.23.523-528

MexaTpoHnKa, aBTOMaTH3anus, ynpasjenue, Tom 23, Ne 10, 2022

527



References

1. Popov L. P. Antiresonance — velocity resonance, Mekhatron-
ika, Avtomatizatsiya, Upravleniye, 2019, vol 20, no. 6, pp. 362—366,
https://doi.org/10.17587/mau.20.362-366 (in Russian).

2. Popov 1. P. Application of the Symbolic (Complex) Method
to Study Near-Resonance Phenomena, Journal of Machinery
Manufacture and Reliability, 2020, vol. 49, no. 12, pp. 1053—1063,
DOI: 10.3103/S1052618820120122

3. Popov I. P. Varieties of mechanical power, Problemy
mashinostroyeniya i avtomatizatsii, 2022, no. 1, pp. 19—23, DOI:
10.52261/02346206_2022 1 19 (in Russian).

4. Goryachev O. V., Efromeev A. G. Algorithm for control-
ling the stabilization drive and changing the angular position of
an object with a rotating base, Mekhatronika, Avtomatizatsiya,
Upravleniye, 2015, vol. 16, no. 3, pp. 182—186, DOI: 10.17587/
mau.16.182-186 (in Russian).

5. Aleksandrov A. Yu., Aleksandrova E. B. Uniaxial stabili-
zation of a rigid body in the presence of feedback delay, Mekha-
tronika, Avtomatizatsiya, Upravleniye, 2014, no. 12, pp. 18—22 (in
Russian).

6. Klimina L. A., Golub A. P. Regulation of the operating
modes of a wind power plant using a differential planetary gear,
Mekhatronika, Avtomatizatsiya, Upravleniye, 2014, no. 4, pp. 24—32
(in Russian).

7. Chicherova E. V. Methods for Improving the Quality of
Speed Control of a Power Turbine of a Gas Turbine Engine, Me-
khatronika, Avtomatizatsiya, Upravleniye, 2015, vol. 16, no. 6, pp.
402—408, DOI: 10.17587/mau.16.402-408 (in Russian).

8. Titov Yu. K., Filippenkov R. G., Khizhnyakov Yu. N.
Neuro-Fuzzy Speed Controller of a HPT Power Turbine Based on

the ANFIS Network, Mekhatronika, Avtomatizatsiya, Upravleniye,
2013, no. 10, pp. 20—23 (in Russian).

9. Golitsyna M. V. Optimal Choice of Pendulum Accelera-
tion in Problems of Controlling a Vibrating Robot, Mekhatronika,
Avtomatizatsiya, Upravleniye, 2018, vol. 19, no. 1, pp. 31—39 (in
Russian).

10. Popov I. P. Sources of harmonic force and speed in
mechatronic automatic systems, Mekhatronika, Avtomatizatsiya,
Upravleniye, 2021, vol. 22, no. 4, pp. 208—216, https://doi.
org/10.17587/mau.22.208-216 (in Russian).

11. Wang Y., Duan X., Shao M., Wang C., Zhang H. An
asymmetrical double torsion pendulum for studying coupled har-
monic motion, American Journal of Physics, 2020, vol. 88, no. 9,
pp. 760—768, DOI: 10.1119/10.0001613

12. Seekhao P., Parnichkun M., Tungpimolrut K. Develop-
ment and control of a bicycle robot based on steering and pen-
dulum balancing, Mechatronics, 2020, vol. 69, pp. 102386, DOI:
10.1016/j.mechatronics.2020.102386

13. Wright J. A., Bartuccelli M., Gentile G. Comparisons
between the pendulum with varying length and the pendulum
with oscillating support, Journal of Mathematical Analysis and Ap-
plications, 2017, vol. 449, no. 2, pp. 1684—1707, DOI: 10.1016/j.
jmaa.2016.12.076

14. Bamba K., Barrie N. D., Sugamoto A., Yamashita K., Takeu-
chi T. Ratchet baryogenesis and an analogy with the forced pendulum,
Modern Physics Letters A, 2018, vol. 33, no. 17, pp. 1850097, DOI:
10.1142/S0217732318500979

15. Xu K., Hua X., Chen Z., Lacarbonara W., Huang Z. Explo-
ration of the nonlinear effect of pendulum tuned mass dampers on vi-
bration control, Journal of Engineering Mechanics ASCE, 2021, vol. 147,
no. 8, pp. 0001961, DOI: 10.1061/(ASCE)EM.1943-7889.0001961

MPTH

XX HAUMOHAJIbHAA KOH®EPEHUNA NO NICKYCCTBEHHOMY UHTEJINEKTY
C MEXAYHAPOAHbLIM YYACTUEM (KNN-2022)

r. MockBa, ¢ 21 no 23 gekabpsa 2022 r.

OcCHOBHble HanpaBneHUsA KoHtepeHLUU

*  WHXeHepus 3HaHuI
*  WHTennekTyanbHbIN aHann3 gaHHbIX

e WHTennekTyanbHbIN aHann3 TEKCTOB N ceMmaHTudeckun Web
¢ KOrHMTMBHbIE M NCUXONOrMYECKNE UCCITEA0BAHUS B UCKYCCTBEHHOM UHTENNEKTE
* MopgenvpoBaHue paccy>xaeHui nu Heknaccu4eckmne rnornku

* HeyeTkne mogenun n Msrkne BblYNMCNEHNSA

. MHTeﬂﬂeKTyaﬂbele CUCTEMbI NogAEPXKN NPUHATUA peLLIeHVIVI n ynpasiieHnA
* MHoOroareHTHble CUCTEMbI U NCKYCCTBEHHbIE coobulecTBa

* PoboToTexHu4eckne cuctemsl

* HenpoceTeBble MeToabl, HEMPONHOPMATHKA

e 3OMoumu 1 obpasbl B UCKYCCTBEHHOM UHTENIEKTE
* KomnbloTepHoe 3peHune

¢ OOBbACHsIEMBIW MCKyCCTBEHHbIVI MHTENNEKT B KPUTUYECKNX NPUNOXKEeHNAX
. MHCprMeHTaﬂbele cpenctBa KOHCTPYMpPOBaHUA NHTENNEKTYallbHbIX CUCTEM
. MHTeﬂﬂeKTyaﬂbele TEXHONOIrMmM U NpuknagHble MHTennekTyaribHbie CUCTEMbI

OCHOBHbIE KOHTaKTbI
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Mo obwum Bonpocam: bopucos Badum Bnadumuposud, vbor67@mail.ru
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