




















Ha puc. 14a nokazano u3MeHeHue NepuonoB
KoyeOaHNH MasITHUKOB NPU U3MEHEHWU IJIMHBI
nepBoro MasiTHuka B auanaszoHe L; = 0,005 —
0,04 M, nnuHA BTOPOrO MAasITHUKA MPU 3TOM
L, =0,02M = const, a ecTKOCTb MpPY>XUHbI
ocHoBaHusl C, = 10° H/M ; mnepuon mepsoro
MasiTHHKa PacTeT, a BTOPOrO — OCTaeTcst Oe3
u3meHennss. Ha puc. 146 3tm pesynbraThl
NEPECTPOEHBI B BUJIE 3aBUCUMOCTHU
OTHOCHUTEJILHOTO WU3MEHEHUs 4aCTOTBI

KoJIe0aHUH OT OTHOCUTEIBHOH PacCTPOHKH MO
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OCHOBAaHUS, npu MaJIoi KECTKOCTH
CHHXPOHM3AIMsl  TNPAKTHYECKH TOJHAsA, C
POCTOM PACCTPOMKH U YKECTKOCTU MPY>KUHBI
OCHOBAHUSI CHHXPOHH3ANSA YXYAIIAETCS.
PesynbTaThl  4UMCIEHHOTO  SKCIIEPHMEHTA
MOXKHO YCHJINTb, €CIIH MPeo0pa3oBaTh CUCTEMY
ypaBHenwuit (13) k 6e3pasmepromy Buay. Torna
NOSBISIFOTCS  Oe3pa3MepHble  KOMILIEKCH,
KPUTEpUH TOAOOHMs, B CaMOH CTPYKType
KOTOPBIX 3aJI0)KEHA CYIMHOCTb (PU3NYECKHUX

AJI Pa3JIMYHBIX JKECTKOCTeH

POIIECCOB, MIPOUCXOSIINX B
paccMaTpruBaeMOM YCTPOMCTBE. BBons
Oe3pasmepHoe  Bpemsi T = wl mOJNydaeM
cucremy (14)
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BpeMeH, uncna CTpyxans MasTHHKOB, K, Mp12 =
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OTHOCHUTEJIbHBIE MACChl MAsiTHUKOB, Ly = o
1

OTHOCHTEJIbHAS IITMHA MasTHUKOB (15).

Uucno  Crpyxanmss  umeer  riyOOKHi
¢dusnyecknii cMpICT, 4eM OH Ooubine (dem
MEHBIIIE JKeCTKOCTh Oanmkw), TemM OoJblie
CBSI3HOCTb MAsITHUKOB W BbIle 3()h(HEeKTUBHOCTD
cUHXpOoHM3amu (cM. puc.14), TOYHOCTHL Xona
4acoB Oy/€T BBIMOIHATHCS JIULIb MPH 3HAUYEHUH
yrcna Crpyxansa Sh = 1.

4 3akarouenue

BriBOABI 1O pe3yapTaTamM HCCIE€I0BAHUA
MasITHUKA C Ka4aloIlUMCs TpUBECOM (3TO
BCIIOMOTaTeNbHas 3adava, NpeaHa3HaueHHas
111 oTpadoTKH MOAEeIU nepenayu
BUOPALIMOHHOTO JBWKEHHSI OT OCHOBAHHUS K
MasITHUKY, HO, BMECT€ C TE€M, OHa HMeeT
CaMOCTOSITENIbHOE 3HAUCHUE):

- ONpenessAiolMM  apaMeTPOM  SIBJISIETCS

— WA
NPpUBCACHHAsA YacCTOTa w = E ,

4acTOTax @ K1 pe3ynbTaTbl UYUCIEHHOIO
PELIEHHsI TTOJIHOCTHIO COBMAAIOT C M3BECTHBIM
AHAIUTUYECKUM PEIICHUEM JTMHEMHOM 3a1a4u;

- C pOCTOM YacCTOThl Mepuoa KoJjeOaHHit
pacTeT: CcHadajla —  MEMJEHHO, a C
npubmKeHneM K @ = 2 — KaracTpoduueck,
nocruras 3HaueHnst T = T /Ty, = 2,5 u nanee
He u3MeHsieTcs;;, ¢opma kojeOaHuil MasTHUKA
CTaHOBUTCS KBa3UTapMOHUYECKOH, a
ammuutyna (BepHee mMOJypa3Max KoyeOaHwMil)
MOCTOSIHHO HapacTaeT, JOCTUTasl 3HAYEHHs T U
nanee He U3MEHSIeTCS,

npu  MaJibIX

- npu JanbHeneM yBEJIMYEHUU
OTHOCHUTENIbHON YacTOTbl MAasTHUK Ha4dlHAeT
BpallaThCs.

ITo pesynpTaTaM 4YHMCIEHHOTO UCCIIEAOBAHUS
CHHXPOHHM3ALMM  MAsATHUKOB (M YacoB),
MOJBEIICHHBIX HAa  YyNpyrod ruiathopme,
MIOJIyYEHBI CIEIYIOIUE PE3YIbTAThI:

- MasTHUKH Jake T[pPU OTHOCUTEIbHO
OoJbIIOH MOTPEITHOCTH WU3TOTOBJICHUS
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5L = LlL;LZmo = 17,355% KONMEBIMOTCS

1
moYTu OJHUHAKOBO:

cocrasmster 8¢ = L2 = 9224% | wacrorsl

NOrpeliHOCTE  AMILUINUTY

P1
ke KojeOaHMH, YTO 3HAYUTENIbHO BaKHEE,
MPAKTUYCCKU COBIIAAAKOT, OTHOCUTECJIbHAS

pPa3sHOCTb MEPHOAOB COCTaBJsIET Bcero 61 =
0,696%, nys 4aCOB MOTPELIHOCTD €11€ MEHBIIIE.

- (akTopoM, OMNpPEenensIOUUM B3AUMHYIO
CUHXPOHU3AIIUID MAsATHHUKOB, ABJILCTCA YHCIIO

CyL

w
Crpyxans Sh = - = yeM OOJIblle YHCIIOo

xg’

Crpyxans (3keCTKOCTb MIaTGOpPMbI — MEHBIIE),
TeM BbIIIE 3(PPEKTHBHOCTD CHHX POHU3ALIHH;
- rulatopMa mpu BHIOPAHHBIX MapaMeTpax

KojiebeTcss ¢ 4YacToToM  Ojm3koil K
COOCTBEHHOIH;

- MEPUOABI Koe0aHui MasiTHUKOB
NPUMEPHO paBHBI  IepuonaM  IuaThOpMbI

(mnaTdopma «HaABA3BIBAET» CBOK YaCTOTy U
MasiTHUKA Kak Obl 3a0bIBalOT COOCTBEHHYIO
9aCTOTy), C POCTOM JKECTKOCTU TLIAT(HOPMBI Cyy
(m uucma Crpyxans ) TepUOIBl TaKke
YMEHBIIAIOTCS, TOYHOE PABEHCTBO MEPUOJIOB
m1aThOpMbl M MASTHUKOB BBIMOJHSETCS B
ciy4ae, korga Sh=1,

- € YyBEJIMYEHHEM pACCTPOWKH YaCTOT
MasiTHUKOB ~ TOTPEITHOCTh  CHHXPOHHU3ALUU
YBEJIIMYUBACTCS, a ¢ pocToM umcna Ctpyxans —
YMEHBIIAETCSI,

3aBepliasi CTaThbIO €lle pa3 OTMETUM, YTO BCE
BBIBOJbI O CHHXPOHHM3AIUM OTHOCSITCS K
MPUHATOM pPACUYETHOM CXeMe, Npu HHOU
UIeATN3allMd  TaKOTO JOBOJBHO  CJIOKHOTO
TEXHUYECKOrO0 OOBEKTa MOTYT MONYyYUTHCS
COOTBETCTBEHHO MHBIE PE3YJIbTATHL
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SYNCHRONIZATION OF PENDULUMS (NUMERICAL STUDY)

This paper presents the results of a numerical study of synchronization of
Robert A. Sunarchin W pendulums, chronometers, and mechanical clocks suspended from a common
movable beam. An auxiliary problem is considered about the oscillations of a
Peter the Great St.Petersburg @ pendulum with a swinging weight, then the mutual synchronization of free
Polytechnic University Wl vibrations of two and four pendulums (and pendulums with the supply of a
29, Polytechnicheskaya, [l moment pulse-clock) on a common movable spring-loaded beam. It is shown
St.Petersburg, Russian Federation [@ that in the considered simplest configuration, mutual synchronization
195251 @ (equality of frequencies or oscillation periods) is performed with high
efficiency. The frequency of synchronized oscillations of the pendulums is
sunar1939@mail.ru [l close to the frequency of vibrations of the platform in a wide range of
changes in its rigidity. The degree of connectivity of pendulums and
Pavel V. Petrov [l synchronization of their oscillations is determined by the Strouhal number.
Synchronization of clocks does not guarantee the accuracy of their
Ufa state aviation University [l movement, which is achieved only when the Strouhal number is equal to one.
technical University, Karl-Marx, 12
Ufa, Republic of Bashkortostan, Key words: Numerical methods; auto-oscillation; nonlinear model; dry
Russian Federation [l friction force; synchronization
450000
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