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Bh~EHHbffi KO~E6AHHH r~KHX llPE~HATIPIDKEHHb~ 3~EMEHTOB 

KOHCTPYKIUfH 

M. H. KalaKeBHlf, B. E. BoJIKOBa 

1. flpe.llHCJIOBHe 

Tipe.llCTaBJieHbJ pe3yJibTaThl aHaJIHTif'!eCKOro H 'iHC

JieHHOfO HCCJie,llOBaHJili BbiH)'X<,lleHHhJX KOJie6amill rrpe,ll

BapHTeJibHO Harrp!DKeHHhJX m6KHX 3JieMe!ITOB KOHClpYK

JUlli. PaccMOlpeHhi ,llBa cnyqru~ ueHlpaJibHoro rrpe.llBapu

TeJibHOro Harrp!DKeHHJI: 6e3 IIpOMelKYfO'iHOfO KpeiUieHIDI 

JaT!DKKH K m6KOM)' 3JieMemy H C rrpoMelKYfO'iHhlM Kpeii

JieHHeM s cepenHHe ,ll)lHHhi 3JieMeHTa. PaccMarpHBaeMIDI 

lf>H3H'ieCKa.l! MO,lleJib, IIOMHMO m6KHX 3JieMeHTOB, IIpHMe

HHMa K m6KHM IIOJIOrHM 06oJIO'iKaM II apKaM, MeM6pa

HaM, 60JThiiiHM KOCMH'ieCKHM aHTeHHhiM IIOJUIM (EKATI). 

JiCCJie.ll)'eMbie CHCTeMbl IIpll orrpe,lleJieHHhiX COOTHO

IIIeHifliX lf>HJH'ieCKHX rrapaMelpOB HMeiOT HeCKOJibKO 

HeCMe"JKHbiX lf>opM paBHOBeCIDI. TiepeXOll OT OllHOI1 

ycToj;j:qHBoA lf>opMbi pasuoseciDI K npyroii, uecMe)!(HOA, 

lf>opMe IIpOHCXO,llHT CKa'iK006pa3HO. 8 3TOM cnyqae Olill 

Ha3biBaJOTCli CHCTeMaMH C "rrepeCKOKOM", lfJIH CHCTe

MaMH C llBYMli IIOTeHUHaJibHbJMH "liMaMH". 0TJIH'ili

TeJibHOI1 OC06eHHOCTbiO ,llaHHOfO KJiaCca CHCTeM liBJili

eTCli BOJMO"lKHOCTb cymecTBOBaHIDI HeCMe)!(HbiX yCTOJl

'iHBbiX pe)!(HMOB KOJie6aHHA rrpH lf>HKCHpOBaHHOii 

qacToTe BOJM)'IlleHIDI. 80JMO"JKHOCTb peanuJaUHH Toro 

lfJIH HHoro ycToH'iHBoro pe"JKHMa KOJie6aHHH cJIO"JKHhlM 

o6pa3oM JaBHCHT oT ua'iaJibHhlX ycnosHA [1]. 4Hcneuuoe 

MO,lleJIHpOBaHHe BbiH)')!(,lleHHbiX KOJie6aHHH CHCTeM C 

"rrepecKoKoM" rronpo6uo o6cy)!(.llaJIOCb s pa6oTe [2]. 

2. AHaJIH3 BbJHylKJleHHbiX KOJie6aHHH CHCTeMbl 

BbiH)'X<lleHHbie Kone6aHIDI cucTeM c "rrepecKoKoM" 

OIIHCbiBaJOTCli HeJIHHettHbJM llHif>lf>epeHUHaJibHbiM ypas

HeHHeM THIIa }zylf>lf>HHra: 

$+ E~-acjl+j3cp 3 = PI cos( wt+8), (1) 

r,lle cp - o6o6meuuru~ KOOp.llHHaTa rrorrepe'iHhiX rrepeMe

menHA cpe.llHeR no ,ll)lHHe crep)!(Hli TO'iKH; E - Ko31f>lf>H

uueHT neMrrlf>Hposaul!li; a, J3 - K03lf>lf>HUHe!ITbi, orrpe-
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,lleJiliiOIIIHe xapaKrep BOCCTaHaBJIHBaJOilleR ClfJibi 

R(cp) = -acp+J3cp 3
; .f\,w - napaMe-rpbi BHernuero BOJM)'

meuiDI. 

0TMeTHM, 'iTO IIpll CB060,llHbiX KOJie6aHHliX 

(PI = 0) [1] CHCTeMa (I) HMeeT lpH IIOJIO)!(eHIDI paBHO

BeCIDI, ,llBa H3 KOTOpbiX cjl b.c= ±~a/J-3 - YCTOH'iHBbi, a 

-rpeTbe - rrpoMelKYfO'iHOe cjl a = 0 - ueycToR'iHBo. 

HJsecTHO, 'iTo s JaBHCHMOCTH oT JHa'ieHIDI noTeH

UHaJibHoR 3HepmH BOJMO"JKHO cymeCTBOBaHHe O.llHOfO HJ 

-rpex ycToH'iHBbiX pe"lKHMOB KOJie6aHHH (puc. 1): a) 

"60JibiiiHe" KOJie6aHIDI OTHOCHTeJibHO BCeX -rpex IIOJIO

"JKeHldi pasHOBeCI!li (TO'iKH a, b H c); 6) "MaJibie" KOJie-

6aHIDI OTHOCHTeJibHO JieBOfO IIOJIO)!(eHIDJ paBHOBeCI!li 

(TO'iKa b); B) "MaJibie" KOJie6aHIDI OTHOCHTeJibHO rrpaBOfO 

IIOJIO)!(eHI!li paBHOBeCIDI (TO'l:Ka c). TipH 3TOM "60JibiiiHe" 

KOJie6aHIDI o6Jia,llaJOT CBOiiCTBaMH )!(eCTKOH CHCTeMbi, a 

"MaJibie" KOJie6aHI!li - CBOiiCTBaMH MJlfKOii CHCTeMbl. 

3. AHaJIHTH'IeCKoe ucCJie.aosauue BbiHylK.!leHHbiX 

KOJie6auuA 

3.1. "JiOJibWHe" KOJie6aHHSI 

PaHee OTMeqanocb, 'ITO "6oJibiiiHe" Kone6auiDI B 

rrpe,lleJiax IIIHpOKOfO ,llHaiia30Ha 'iaCTOT B03M)'IIIeHIDI (l) 

HMeiOT liBHO Bbipa)!(eHHbiR ycTaHOBHBlllHiiCJI xapaKTep 

MOHorapMOHH'l:ecKoro rrpouecca Ha ocuosuoii qacroTe. 

3ro noJBOJilieT YTBep)f()laTb, 'iTO rrpu6JIJf)!(eHuoe pellle

HHe MO)!(eT llaTb llOCTOBepnyJO oueHKY o6nacTeii rrapa

Merpos CHCTeMbl, B KOTOpbiX HMeiOT MeCTO "60JiblliHe" 

KOJie6aHHJI. 

PellleHHe ypasueHHJI (I) 6yneM HCKaTb B BHlle: 

cji=Acoswt. (2) 

~ rronyqeHIDI rrpH6JIJf)!(eHHoro pellleHHJI ucrroJib

JyeM MeTO.ll rapMOHH'ieCKoro 6anauca. TIOllCTaBJiliJI Bbi

pa)!(eHHe (2) B ypasueHHe (1) H rrpHMeHJIJI HJBecTHLie rpu

rouoMe-rpH'iecKHe rrpeo6pa3oBaHIDI, rronyqHM CJiellYJOmee 
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PHC. 1. BJJIDIHHe Y!ILTj)a- H cy6rapMOHH'!eCKHX COCTaBJIJIIOlllHX Ha xapaKTep KOJie6aHHH B CHMMeTj)H'IHLIX 

CHCTeMaxc"nepecKOKOM". a=40,81/c2
; ~=76600001/M2 c 2 ; t=0,51/c; PI =0.15M/c 2 

Fig 1. Influence of ultra and subharmonic elements on the character of oscillations in symmetrical systems 

BbipiDKeHHe .wm onpe.neneHIDI co6cTBeHHoit 'laCTOTbi 

"6onhmux" Kone6aHim: 

npu 
2 4a 

A">--. 
3~ 

(3) 

TaKHM o6paJoM, co6cTBeHHruJ 'lacroTa JIHHeapH30-

aaHHOH ClfCTCMbl .IIBJUICTC.II ,llCHCTBHTeJibHOlt Jllfillb IIplf 

.D:OCTaTO'IHO 60JibilllfX 3Ha'ICHIDIX aMIIJilfTY.D:bl. 

3Ha'leHHe cpaJoaoro YTJia H 'laCTOTbl BbiHY>K.llCHHbiX 

KOJie6aHHH ClfCTCMbl onpe.neJI.IIJOTC.II 3aBHClfMOCT.IIMlf: 

t(l) 

3 2 2 ' 
-a+-~A -CJJ 

4 

(4) 

2 4 ( )2 2 2 E E 2 2 Pt 
W =W• (A}--± - - E W• (A )t -

2 4 A 
(5) 

B CJI}"'ae Manoro .neMncpupoaaHIDI ypaaHeHne (5) 

MO>KeT 6biTb IIplfBC,llCHO K Blf.llY: 

(6) 

,lbfcpcpepeHI.UfPY.II no 'lacToTe H aMIIJIHTY .ne ypaaHe

HHe (5) lf IIpHpaBHlfBruJ IIOJIY'ICHHbiC IIpOlf3BO.D:HbiC K 

eyJIJO, IIOJIY'IHM ypaaHeHIDI KpHBbiX, orpaHlf'IHBaJOIUHX 

06JiaCTlf HCYCTOit'llfBbiX "60JibilllfX" KOJie6aHlfit OCHOB

HOfO TOHa: 

3 2 E2 
-a+-AA --

41-' 2' 
(7 a) 

56 

(7 6) 

3.2. "MaJible" KOJie6aHHH 

BbiHY>K.llCHHbiC KOJie6aHID! OTHOClfTCJibHO TO'ICK b lf 

C OIIlfCbiBaJOTC.II ,llHcpcpepeHUHaJibHbiM ypaBHeHHeM Blf,lla: 

~E~:ai~±~~2+j3~i3=}\(coswt+9), (8) 

nJ.ec)>=~±Ja/~. 
Ji3BCCTHO, 'ITO "MaJibie" KOJie6aHIDI B pe30HaHCHbiX 

.lllfaiiaJOHax 'laCTOT (J) lfMCJOT .IIBHO Bbipa>KCHHbiit ycTa

HOBHBWlfitC.II xapaKTep MOHOrapMOHlf'leCKOfO IIpOUecca 

Ha OCHOBHOH 'laCTOTC. 

PemeHHe ypaaHeHIDI (8) 6y.neM ncKaTb B au.ne: 

(9) 

flpHMeHHB MCTO.ll rapMOHlf'ICCKOfO 6aJiaHca lf 

BbiiiOJIHlfB npeo6paJOBaHIDI, aHaJIOflf'IHbiC IIplfBC.llCHHbiM 

BbiWe, IIOJIY'IlfM BblpiDKCHIDI ,wul cpa30BOfO yrJia lf 

'laCTOTbl BbiHY>K.llCHHbiX KOJie6aHHit: 

(10) 

2 
2 3 2 E 

W =2a+-AA ---± s 41-' s 2 

(11) 



r)le C06CTBeHHlUI 'laCTOTa "MaJILIX" KOJiefiruml\ AJU1 CHM

MerpH'IHLIX CHCTeM onpe)leillleTC.!I BhlpiDKeHHeM: 

ro;(A)=2a+~~A;. 
4 

(13) 

B c.rryqae MaJioro )leMrrqmpoBaHH.!I Bbipa)l(eHne ( 13) 

MO)I(eT 6LITL npeo6pa30BaHO K BHJIY: 

(14) 

06JiaCTH HeyCTOii'IHBLIX "MaJILIX" KOJiefiaHHii orpa

HWieHLI KpHBLIMH, OIIHCbiBaeMbJMH CJie.uyiOIUHMH ypaB

HeHH.!IMH: 

3 2 E2 
(15 a) (!)Is = 2a+-~A --4 s 2 ' 

2 •• 2 3~A2 2}\ (15 6) ro2s = a+- s +--. 
4 3~A: 

4. AJiropHTM H MeTO)lHKa 'IHCJieHHoro JKcrrepnMeHTa 

,llmi rro.rryqeHH.!I Ha 3BM 'IHCJieHHOro pemeHH.!I 

ypaoHeHH.!I ( 1) 6LIJia C03)laHa nporpaMMa. B ocHooy 

npOUe)lypLI 'IHCJieHHOrO MO)leJIHpOBaHH.!I fiLIJI npe)lJIO

)I(eH MeTOJl PyHre-Kyrra 4-ro rrop.!IW<a. Y'IHTLIBllll 

CJIO)I(HLII\ xapaKTep KOJie6aHHJi HeJI.HHeliHLIX CHCTeM, 

OIIHCLJBaeMLIX ypaBHeHHeM (1 ), mar HHTerpHpOB8HH.!I 

M Bbi6HpaJIC.!I B )lHarra3oHe T/250 5, t:.t 5, T/150, r)le 

T = 2njw - rrepHo.n rapMOHH'IeCKOH cocTaumnomeii 

BHemHero B03JlelicrnH.!I. BLmonHeHHe JToro ycJIOBH.!I 

o6ecrre'IHBaJio ycToH'IHBOCTb npoue)lypbi 'IHCJieHHoro 

pemeHH.!I ypaoHeHH.!I (l) npu ocex paccMorpeHHLIX oapu

aHTax 3Ha'leHHR ero KOJQJQJHU.HeHTOB. Y'IHTLIBllll B03-

MO)I(HOCTb B03H.HKHOBeHH.!I MHOrOTOHOBb!X KOJiefiaHffR, 

6biJI npeJlYCMOrpeH 6JIOK CIIeKrpaJibHOrO 8HaJIH3a. ,llilll 

onpe.neJieHH.!I aMIIJIHry.!l 3THX rapMOHH'IeCKHX COCTaB

JI.!IIOIUHX 6biJI HCIIOJ!b30BaH aJiropHTM fepuem1. 

5. Pe3yJibT8TbJ aHaJIHTH'IecKoro u 'IHCJieHHOro 

MO)leJIHpOB8HHR BbiHY*JleHHbJX KOJie6&HHA DpH 

rapMOHH'IeCKOM H&rpy:~KeHHH 

HccneJlYeM BLIHY)I()leHHLie KOJie6aHH.!I MO)leJIH JJie

MeHTa fiOJihlllHX KOCMH'IeCKHX aHTeHH. IJOJIO)I(HM, 'ITO 

pac'leTHlUI CXeMa HCCJie)lyeMOJi CHCTeMLI MO)I(eT fiLITb 

rrpe)lCTaBJieHa B BH)le CTaJibHOrO O,UHOpO.UHOrO CTep)I(H.!I 

)lJIHHOJi f =3M, C IIOIIepe'IHLIM Ce'leHHeM bX h = 0,3 X 

X0,004M, C 38T.!I)I(KOJi, KOTOplUI KpeiiHTC.!I K UeHrpaM 

KpaliHHX rrorrepe'IHLix ce'leHHii. HaT.!I)I(eHHe 3aT.!I)I(KH 
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• N = 120H. OrrupaHHe crep)I(H.!I mapHHpHOe. B cooT-

BeTCTBHH C [3) K03QJQJHUHeHTbl a H ~ npHHHMalOT CJie

.uyiOIUHe 3Ha'leHH.!I a = 40,8 1/ c 2
, ~ = 76600001/ (Me )2 . 

HccneJlYeMlUI cHcTeMa HMeeT rpH rroJIO)I(eHH.!I pau

HooecH.!I, )lBa H3 KOTOpbiX ycTOH'IHBLie Yb,c = ±0,0023M 
H rpeTbe - cpe.nHee - HeycTOii'IHBOe y a = 0. EuQ!yp

KaUHOHHLie TO'IK.H pa3)leJI.!IIOT 30Hhl cymeCTBOBaHH.!I 

"fiOJibiiiHX" H "MaJILIX" KOJiefiaHHH [3). 

ITapaMerp )leMrrQ!upooaHH.!I E H aMIIJIHry)la rapMo

HH'IecKoro Harpy)l(eHH.!I P1 B Bbi'IHCJIHTeJILHOM JKcrrepu

MeHTe npHHHMaJIH CJie.uyiOIUHe 3Ha'leHH.!I: E = 0,1; 0,5; 

1,0c-1 ; P1 = 0,15; 0,3; 1,5 Me - 2
. qaCToTa w HJMeH.!IJiaCL 

B rrpe.nenax ro ~~a+ 5, ro 5, ro KoH c maroM ~w = 1 paa / c . 
AHaJIH3 pe3yJILTaTOB 'IHCJieHHoro HHTerpupooaHH.!I 

IIOKa3aJI, 'ITO npH yoeJIH'IeHHH 'laCTOThl CHCTeMa BHa'laJie 

cooepmaer "6oJILmHe" Kone6aHH.!I BIIJIOTh .no TaK Ha3LJ

oaeMoii "qacroTLI cpLioa" w cp , nocne Koropoil: yCTaHau

JIHBaeTC.!I pe)I(HM "MaJILIX" Kone6aHHii. 3Ha'leH.He qacTOTLI 

(!) cp ecreCTBeHHO 3aBHCHT OT K03QJQJHUHeHTa ,UeMIIQJHpD

B8HH.!I H YMeHLmaeTC.!I c ero pOCToM. Ilpn YMeHLmeHHH 

'laCTOTbl peaJIH3)'10TC.!I "MaJILie" KOJiefiaHH.!I BOKpyr O,UHOrO 

H3 yCTOii'IHBLIX IIOJIO)I(eHffR paBHOBeCH.!I, a 3aTeM npH 

HeKoropoM 3Ha'leHHH 'laCTOThi ro ycm < roc p YCTdHaBJIH

oaeTCll pe)I(HM "6onLmHX" KOJie6aHHii. C yoeJIH'IeHHeM 

3Ha'leHH.!I napaMerpa ,UeMIIQJHpOBaHH.!I E .!lHaiia30H 

( Wcp- Wycm) MHOro3Ha'IHOCTH aMIIJIHTY.!l OCHOBHOrO 

TOHa ycTaHOBHBillHXCll KOJiefiaHffR CHCTeM C npomen

KHBaHHeM YMeHLmaeTC.!I, KaK H B cnyqae )l(eCTKHX 

HeJIHHeliHLIX CHCTeM }zyQJQJHHra. 

CneJlYeT OTMeTHTb, 'ITO rrpu "npl!MOM" npoxo.ue, Kor

)la (J) paBHO HJIH HeCKOJ!bKO fiOJibiiie (!) cp , .UOMHH.Hp)'IOT 

cy6rapMOHH'IeCK.He KOJie6aHH.!I C 'laCTOTOH ro/3 , aMIIJIH· 

TY.llLI KOTOpbiX cymecrneHHO 60Jibille aMIIJIHry.!l OCHOB

HOrO TOHa (CM. pHC. 1), T.e. rrepeXO)l OT "60JibillHX" KOJie

fiaHffR OCHOBHOrO TOHa K "MaJILIM" npOHCXO.!lHT He MrHO· 

BeHHo, a qepe3 cy6rapMoHH'Iecme roHa c qacToroii ro/3 . 
AHaJIOrH'IHM KapTHHa Ha6mo.naeTC.!I npu "o6paT

HOM" npoxo.ne C TO~\ JIHillh p83HHUeli, 'ITO )lOMHH.Hp)'IOIUHe 

cy6rapMOHWieCK.He KOJiefiaHH.!I B03HHKalOT C 'laCTOTOH 

ro/2 H JTO .!IBJieHHe Hacryrraer He3a)lOJiro .no MOMeHTa 

YCTaHOBJieHH.!I pe)I(HMa "60JILillHX" KOJie6aHHR OCHOBHOrO 

TOHa. 

Pe3yJibT8Thl MO)leJIHpOBaHH.!I IIOK83aJIH, 'ITO B HeKO

TOpb!X .nHanaJoHax qacTOT HMeHHO Ha'laJILHLie ycnoBH.!I 

orrpe.uemnoT peann3aumo Toro HJIH HHoro ycToli'IHBoro 

pe)I(HM8 KOJiefiaHffR. ,llilll npOrH03HpOBaHH.!I .UHHaMH· 



a) b) 

• - "uanble· mne6aHMA: 
D - •aon.wH" •on•Cii..,..A. 

w = 28pad /c 

-0,012 0,012 

HA"'Aill:tHOE nEPEMEIJ.IEHI'IE,M 
• - ~.,.,_• KOIUtCiiaMMR OTHOCan-.nbHO TO'tiCM b ; 
C - •MIIftble• IC'OII~MA OTHOCMTellbHO TO"'ICM C . 

(J) = 40 pad / c 

Puc. 2. 05nacnt npHTJIJKeHHJI ycroii'IHBbiX pelKHMOB Kone5rumii. a= 40,8c - 2 ; ~ = 7660000M2 c 2 ; £ = 4,0c -l ; P1 = 1,5Mc - 2 

Fig 2. Regions of attraction of stable regimes of oscillations 

qecKoro rroseneHIDI rrpenHarrpJilKeHH!.IX cTeplKHeH 6Lwo 

pa3pa6oTaHO rrporpaMMHoe o6ecrre'leHHe .!I,JUI rroCTJlO· 

eHIDI 30H IIpHTJllKeHHJI ycTaHOBHBlllHXC.!I pe)J<HMOB KOJie-

6amfit .LJ.aHHaJI IIpOrpaMMa II03BOJl.!leT aHaJIH3HpOBaTh, 

KaKOH H3 TjleX pelKHMOB KOJie6aHHH peaJIH3yeTC.!I IIpH 

3a)lamn.IX Ha'laJihHbiX YCJIOBHJIX: a) "60JILIIIHe" KOJie-

6aHID!; 6) "MaJibie" KOJie6aHID! OTHOCHTeJILHO TO'IKH b; B) 

"MaJihle" KOJie6aHID! OTHOCHTeJihHO TO'IKH C. 

Ha pRe. 2 rrpencTaBJieHhi rronyqeHHLie o6nacTH rrpH

T»lKeHIDI Ha'laJihHhiX yCJIOBHH ycTaHOBHBlllHXCJl pelKH

MOB .!I,JUI KOJie6aHHH B pe30HaHCHOH H 3ape3oHaHCHOH 

30HaX. fpa!IJHKH HMeiOT CJIOlKHYJO KOHI!Jmypaumo B BH,ne 

pacKpyqHBaJOmetl:cll CIIHpaJIH. IIpH 3TOM qepenosaHHe 

30H rro Mepe ynaneHID! oT ueHTJla yseJIH'IHBaeTc», a caMH 

oHH CYJKaJOTC.!I. CnenyeT oTMeTHTh, 'ITO rpaHHULI JOH 

HemanKHe ( I!JpaKTaJILHble ). 

Ha pRe. 3 rrpHBeneHo corrOCTaBJieHHe aHaJIHTH'IecKom 

HCCJieJ],OBaHIDI H 'IHCJieHHOffi MOJleJIHpOBaHII.!I, a TaiOKe 

"cKeJieTHLie" KpHBhle JJ:J1.!I MoJ],eJIH npeJ],Harrp.!llKeHHoro 

3JieMema. AHaJimHpy» pHc. 1, MOlKHO yTBep)f(,llaTb, 'ITO .!I,JUI 

lllHpOKOfO JJ:llarra30Ha 'laCTOT arriipOKCHMlUJ,IDI pemeHIDI 

ypaBHeHH.!I ( 1) rapMOHHKOH OCHOBHOfO TOHa JJ:aeT YJJ:OB

JieTBOpHTeJihHYJO HH$opMaumo o rroaenemm cHcTeMLI. 

6. BbiBOJlbl 

lloJIY'IeHhi aHaJIHTH'IeCKHe H 'IHCJieHHhie pellleHIDI 

nH$4JepeHUHaJibHOfO ypaBHeHIDI ( 1) BbiHYJKJJ:eHHhiX KO

Jie6amrlt rrpen:aapHTeJILHO HarrplllKeHHhiX m6KHX 3Jie

MeHTOB KOHCTJlYKuHH JJ:J1.!I cnyqaeB «MaJihlX» H «60Jih

IIDOO> KOJie6amrlt. 
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IIACTITA,PAliC 

- "CKeJJeTHbie" KpHBble 

- pe3yJJI.TaTbl aHaJJHTH'IecKOro HCCJJeJIOBaHHJI 

- pe3yJJbTaTbl 'IHCJJeHHOro MOJie11Hp0BaHHJI 

Puc. 3. AMIIJJHTYJIHO-'IaCTOTHMe xapaKTepHCTHKH cHCTeMbi (!). 

a= 40,8c - 2 , ~ = 1660000(Mc t 2
, £ = 0,5c -I, 

P1 = 0,15Mc -2 

Fig 3. Amplitude-frequency characteristics of the system (I) 

IlpH yse.rrH'IeHHH 'laCTOThl HCCJienyeMaJI CHCTeMa 

BHa'lane coaepmaeT «6onLmHe» Kone6aHID! BIIJIOTL no 

TaK Ha3h!BaeMOH 'laCTOThl Cph!Ba Wcp, IIOCJie KOTOpOH 

ycTaHaBJIHBaeTC.!I pelKHM «MaJihlX» KOJie6aHJiit. 3Ha'leHHe 

'laCTOThl Wcp 3aBHCHT OT K03$$HUHeHTa n;eMII$HpOBaHID!. 

IIpH YMeHLllleHHH qacTOThl peanH3yJOTCJl MaJihie Kone-

6aHID! BOKpyr Oli:HOfO H3 yCTOif'IHBbiX IIOJ!OlKeHJiit 

pasHoaeciD!, a JaTeM ylKe ycTaHaBJIHBaeTCJl pelKHM 

«60JiblllHX)) KOJie6aHHit. 
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IS ANKSTO JTEMPTV LIAUNV KONSTRUKCUOS 
ELEMENT\] PRIVERSTINIAI SVYRA VIMAI 

M. I. Kazakevi~, V. E. Volkova 

Santrauka 

Pateikti is anksto itempt\! liaunq konstrukcijos elemenll! 
dinamisko kitimo tyrimo rezultatai. Tyrinejamas fizikinis 
modelis gali biiti taikomas ir tokioms liaunoms konstrukcijoms, 
kaip nuofulnios arkos, kevalai, ilinkusios ploksteles, dideliq 
kosminiq antenq sistemq elementai. 

Tokiq sistemq dinaminis kitimas apraSomas lygtimi: 

~+Eti>-at!>+l3cl>3 = P1 cos(oot+6). 

E - slopimo koeficientas; a, ~ - koeficientas, nusakantis 

nelinijines atkuriancios jegos pobiidi R(~) = -a~+(3ql 3 ; P1,w 
- isorinio poveikio parametrai. 

Pagrindiniq kreiviq analize rodo, kad sistemos savybes 
dvireiksmes. Esant ,dideliems" virpesiams pasireiskia stand~ios 
sistemos savybes, o esant ,maZiems" - minkstos (plastiskos). 
Kaip parodyta I pav., padidinus ar sum~inus trikdziq dam~ 
svyravimq amplitudes pasikeitimo pobiidis skiriasi. 
Priverstinius svyravimus nuo vienos stabilios sakos i kit&. lydi 
ne tik perejimas nuo ,dideliq" svyravimq prie ,maZl!" ir 
atvirksciai, bet ir kombinaciniq tonq (2ro. 3ro 5ro ..... ro/ 2. ro/ 3) 

svyravimq atsiradimas. 
Harmoninio balanso metodu gauti analitiniai sprendimai 

,dideliems" ir ,m~iems" priverstiniams svyravimams. 
Sprendimas buvo randamas is ~ =Acos !11 - esant ,dideliems" 

svyravimams, ~=As cos ro5 t - esant ,m~iems" svyravimams, 

kur <P =~±~a/~ . Gautos israiskos kreivems, apribojancioms 

nestabilias damines amplitudines charakteristikos sritis, ir 
,dideliq" svyravimq amplitudes kritines reiksmes. 

Pateikti skaiciuojamojo eksperimento metodika ir rezul
tatai. UZdavinio sprendimui biitinai programinei irangai suda
ryti buvo taikyti skaitmio integravimo metodai (Runge-Kutta 
eiles metodas), spektrines analizes (Gercelio algoritmas), 
kompiuterines grafikos ir kt. Skaitinio integravimo rezultatai 
gerai sutampa su analitinio sprendimo rezultatais tiek pagrin
dinems kreivems, tiek ir dafuinems amplitudinems priverstiniq 
svyravimq charakteristikoms. 
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THE INDUCED OSCILLATIONS OF FLEXIBLE 
PRESTRESSED ELEMENTS OF STRUCTURES 
(SYMMETRICAL SYSTEM) 

M. I. Kazakevitch, V. E. Volkova 

Summary 

The results of the investigations of dynamic behaviour of 
the flexible prestressed structure elements are presented in the 
paper. The given physical model can be applied to the flexible 
structures like sloping arches, shells, bending plates, elements 
of the large space antenna fields (LSAF). The dynamic beha
viour of the investigated systems is described by the equations 

~+ E~-a<P+I3cl>3 = Pt cos( oot+6) , 

where E is damping coefficient, a , ~ are coefficients 

determining the character of non-linear restoring force 

R( ~) = -a~+~3 ; P1 ,w are parameters of outer effect. 

The analysis of the "skeleton" curves disclosed the double 
qualities of system (I). Thus, "large" oscillations possess the 
peculiarities of the rigid system behaviour, and "small" 
oscillations possess the qualities of soft systems. The character 
of the oscillation amplitude changing with the increase or 
decrease of the excitation frequencies is followed in Fig 1. The 
establishment of the forced oscillation regimes from one branch 
to another is accompanied not only by the transition from 
"large" oscillations to "small", or vice versa, but also by the 
development of the combination tones 
(2ro. 3ro 5ro, .... ro/ 2, ro/3 ). 

The analytical solutions for "large" and "small" forced 
oscillations are given by harmonic balance method. The 
solution was found in the form q, =Acos!l1 for "large" 

oscillation, and ~ =A
5
cosro5 t for "small" oscillation, where 

<P =~±~a/~ . The for curves disclosed unstable branches of 

amplitude-frequency curves and critical value amplitude of 
"large" oscillations were obtained. 

The methods and results of the computing experiment are 
presented in the paper. For working out the software necessary 
for the given task, the method of numerical integration (Runge
Kutta method of the fourth order), spectral analysis (Hertzel 
algorithm), computer graphics, etc were used. The results of the 
numerical integration are well-coordinated with the analytical 
solution for the "framework" curves and for the amplitude
frequency curves of forced oscillations. 
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