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NMPOAOJIbHbIE PEBOHAHCHbIE KOJIEBAHUA BA3KOYINPYIOro CTEPXHA
NMEPEMEHHOW OJINHBI

B.H. AHucumos

CbI3paHckun dmnmnan CamapcKoro rocyaapCTBEHHONO TEXHNUYECKOro yHuBepcuteTa, CoidpaHb, Poccusa

O CTATBE AHHOTALMA

Mccnepytotcsa konebaHusi cTepxHs, cropatpoLero ¢ ogHoro koHua. O6bekT uccne-
[0BaHWSA OTHOCUTCS K LUMPOKOMY KpYry KonebnioLmxcs ogHOMEpHbIX 06bEeKTOB € ABU-
XKyLUMMUCS rpaHMuaMmn 1 Harpyskamu. [Ins onncaHust konebaHuin ucnonb3oBaHa Krnaccu-
yeckash MaTeMaTuyeckasi MoAenb, YYUTbIBaKLas BA3KOYNPYrocTb Ha OCHOBE CTPYKTYp-
Knovesble crosa: Hon Mopenu dowrta. BeeneHne Ge3pasmepHbIX NEPEeMEHHbIX MO3BOSMMO COKpPaTUTb
4YMCno napameTpoB, OT KOTOPbIX 3aBUCUT Mpouecc konebaHuii, 4o AByx. [MapameTpbl
XapaKTepu3yrT CKOPOCTb ABWXEHUS rpaHuLbl U BA3KOYNpPYrMe CBOMCTBA CTEPXHA. [Ans
pelleHus npumeHéH meton KaHTtoposuya—lanépkuHa. B kayecTtBe AnHaMUYecKMx Mof
B35ATbl COBCTBEHHbIE (DYHKLMN KPaeBOW 3a4ayn C HEMOABWXHOW rpaHuueit. PelieHve B
cnyyae, Korga CKOpoCTb ABWXEHUS paHuLbl paBHa HyIo, ABMASETCS TOYHbIM. [1pu yBe-
TNIMYEHUN CKOPOCTU ABWXEHUS TpaHuLbl NOrPEeLHOCTb pelleHns yBenuuusaeTcs. lpe-
HebpexeHne ManbiMu BeENUYMHaAMK MO3BONUMO MOMYYUTb CPaBHUTEMBHO MPOCTOE BbI-
paxeHne Ansi aMnNnUTyObl PEe30HaHCHbIX konebaHwi. BbipaxeHue, nonyyeHHoe Ansi
amnnuTyasl konebaHuii, coaepXXuT NHTerparnbl, He UMEILLNE aHanNMTUYECKOro peLLeHUs,
NO3TOMY OHW HaxoAWnUCb YUCNEHHO. PelleHne nmeeT MOOoOBYO CTPYKTYpY, YTO MO3BO-
nsieT aHanu3MpoBaTb PE30HAHCHbIE CBOWCTBA CTEPXHS. C MOMOLLbLIO MOJY4YEHHOro pe-
LWEeHUsi MpoaHanu3npoBaHbl SIBMEHWS YCTaHOBMBLLErOCS pe3oHaHca WU MPOXOXAEHUS
yepe3 pe3oHaHc. [Ins ycTaHOBMBLLUEroCs pe3oHaHca NonyyYeHo aHanuTU4Yeckoe Bbipaxe-
HWe, OMuCbIBaloLlee yBenuyeHne amnnutyabl konebanui. [NpoxoxaeHue yepes peso-
HaHC NpoaHanu3npoBaHO KonmyecTBeHHO. MNpeactaBneHbl rpadmkn U3MEHEHNS aMMnu-
TyApl konebaHuin B pe3oHaHCHOW obnacTu Ans NepBoi AMHAaMUYECKOW MOAbI Mpu pas-
NNYHBIX 3HAYEHWsX NapameTpa, XapaKTepu3yloLlero BA3KOynpyrocTb. [lpeacTtaBneHbl
TaKkke rpadvkyu MakCUManbHON aMnnuTyabl konebaHui npyu NPoOXoXaeHUn Yyepes peso-
HaHC Ha nepBOlM AUHAMWUYECKOW Mode B 3aBMCUMOCTM OT MapameTpoB, XapaKTepusyio-
LLMX BSI3KOYNPYroCTb U CKOPOCTb ABWXEHUSI TPaHNLLbI
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Received: 13 June 2017 Fluctuations of the core which is burning at one end are investigated in the paper. The re-

Accepted: 1 December 2017 search object belongs to a wide range of fluctuating one-dimensional objects with moving

Published: 29 December 2017 boundaries and loadings. The classical mathematical model considering viscoelasticity on the
basis of the structural model of Foigt is used for the description of fluctuations. By introducing

Keywords: the dimensionless variables it became possible to reduce the number of parameters (which

fluctuations of objects with affect the process of fluctuations) to two. The parameters characterize the speed of the bor-

moving boundaries, boundary der's motion and viscoelastic properties of the core. The method of Kantorovich-Galerkin is

problems, mathematical applied for the solution. Eigen functions of the boundary problem with a motionless border are

models, resonance properties. taken as dynamic modes. The solution when the speed of the border’s motion is equal to zero
is precise. The error of the solution increases, when the speed of the border’'s motion increas-
es. By neglecting the small values, it became possible to obtain quite a simple expression for
the amplitude of resonant fluctuations. The expression obtained for the amplitude of fluctua-
tions contains the integrals having no analytical solution, therefore they were obtained numeri-
cally. The solution has a mode structure that allows analyzing the resonant properties of the
core. The obtained solution made it possible to analyze the phenomena of the established
resonance and the process of passing through the resonance. The analytical expression de-
scribing the increase in amplitude of fluctuations is obtained for the established resonance.
The passing through the resonance is analyzed quantitatively. The graphs of the amplitude of
fluctuations changing in the resonant area for the first dynamic mode at various values of the
parameter characterizing the viscoelasticity are presented. Also the graphs of the maximum
amplitude of fluctuations are provided when passing through the resonance at the first dynam-
ic mode, depending on the parameters which characterize the viscoelasticity and speed of the
border's motion. The results of numerical calculations are processed by means of the least
squares method. The expressions for the maximum deformations of the core when passing
through the resonance at the first and second dynamic mode are obtained. The gained ex-
pression allows depending on the speed of the border’'s motion, the coefficient of viscoelastici-
ty and strength of the core’s material which make it possible to estimate the core durability.

© PNRPU

BBepeHue

B crarbe uccnenyroTcs pe3oHaHCHBIE CBOMCTBA CTEPIKHS, CrOPAIOIIEro C OJHOTO KOHIIA.
OOBEKT ucciae1oBaHUsl OTHOCUTCS K HIMPOKOMY KPYTY KOJIEOIIOMIMXCS OJHOMEPHBIX OOBEKTOB
¢ aBwxymmmucs rpanunamu [1-20, 24-26, 30-32, 34, 35] u narpy3kamu [27-29, 33]. Takue
00BEKTHI LIIMPOKO PACHPOCTPAHEHBI B TEXHUKE. DTO KaHAThI TPY30HOJbEMHBIX yYCTAaHOBOK [2,
10], rubkue 3BeHbs niepenad [1], 6anku [3, 16], IEHTOMPOTSHKHBIE MeXaHU3MEI [ 12], KOHBEHepsI
[14, 16] u T.n. Hanuuue yclioBUil Ha IBUXKYIIMXCS TPAHMIAX JIeJIaeT HEMPUEMIIEMBIMU IS pe-
[ICHHS] U3BECTHBIE METOJbl MAaTEMAaTUYECKOM (PU3UKH, MPUTOIHBIC IS 33724 ¢ (PUKCUPOBAHHBI-
MU rpaHuliaMu. TOUHbBIE PEIICHUs MOJIyYEHBI TOJIBKO JUIsi BOJHOBOIO YPAaBHEHHs IIPU OTpaHU-
YEHHOM YHCJIe 3aKOHOB JBIDKCHHS Tpanull [4, 6]. [y pemieHuss B OCHOBHOM HCHOJIB3YIOTCS
npuoOImKEHHBIE MeTOIbI [2, 20]. CIOXHOCTh MOMyYaeMbIX peleHud 0OBICHIET TOT (akKT, 4yTo
TOJILKO B OTPAaHUYEHHOM YHCIIe pabOT MPUBOISTCS KOJUYECTBEHHBIE PE3yNbTaThl. B OCHOBHOI
Macce paboT BS3KOYINPYTUE CBOWCTBA KOJEOIOMIErocsl 00bEKTa HE yUUTHIBAOTCS. J[s omuca-
HUS KojeOaHUM MCIOJIb30BaHa Kilaccuueckas mMatemaruyeckas mozaens [2, 19]. Ilpu pemenun
ucnoib3oBanca meroq Kanrtoposuua—I anépkuna [3, 5, 7, 21]. B oTiim4yue oT aCUMNTOTUYECKUX
MeTOZI0B [2, 20] pelieHue MMeeT MOJOBYIO CTPYKTYpPY, UTO IMO3BOJISIET aHAIU3UPOBATh PE30-
HAHCHBIE CBOMCTBa cTepkHsA. [IpeHeOpekeHHe MalbIMH BEIMYMHAMHU MO3BOJIAJIO TOTYYHUTh
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CPaBHHUTEIBHO MPOCTOE BBIPAKEHHE ISl aMIUIUTYJIbl pEe30HAHCHBIX KoyiebaHuil. C MOMOIIbIO
MOJIyYEHHOTO BBIPAKEHUSI MPOAHAIU3UPOBAHbI SIBJICHUS YCTAHOBUBLIETOCS PE30HAHCA U IPO-
XOXKJIEHHUs Yepe3 pe3oHaHc. Pe3ynpraThl aHanmm3a MpelacTaBieHbl B BUAe rpadukoB. Pemenue
IIPOU3BENIEHO B O€3pa3MEepHBIX NEPEMEHHBIX, UTO MO3BOJISIET UCIOIb30BaTh MOIYUYEHHbIE KOJIU-
YECTBEHHBIE PE3YJIbTAThI JJIsl aHAJIN3a KOJIeOAHUNH TEXHUYECKUX 0OBEKTOB.

1. MocTaHOBKa 3apauun

Cxema 00bekTa n3yueHus n3oo0pakeHa Ha puc. 1. I Moaenu BBEICHBI clieaytonue 000-
3HaYeHUs: p — 00BEMHAS MJIOTHOCTh MaTepuaia CTepxHs; S — IUIONIaAb MOMEPEUHOT0 CEUCHHUS;
E — monynp ynpyrocta; | — K03 PUIHECHT, XapaKTEpU3YIOIINUNA CBOWCTBO BA3KOYIPYTOCTH Ma-
Tepuaja CTepKHsS Ha OCHOBE CTPYKTypHOU Moaenu doiirra; /(f) — niauHa cTepkHs, HaXoAsle-
rocsi B HeieOPMUPOBAHHOM COCTOSIHUM, B MOMEHT BPEMEHHU .

O6o3HauuM Z(x,t) — CMEIICHUE TOUYKH CTEPIKHS C

. Ll
KOOPJMHATON X B MOMEHT BpeMeHU . MaTreMaTuueckas 0
MOJIC)Ib, ONHCHIBAIOIIAs  MPOJIOJbHBIC  KOJCOaHMs
CTEpXKHS, UMEET BUI [2] E

p
pZ,,(x,t)—EZm(x,t)—uZxxt(x,t):0; (1) "
Z(0,1)=0; (2) S
ESZ.(I(t),t) = B (1+ Acos W, (t)). 3) T®
Y
X

B HacTosimiee BpeMsi aKTyalbHOHM SIBISETCS MPO-
OnmemMa HM3ydeHUs AMHAMHUYECKUX CBOWCTB CTEpIKHEH
U3 BA3KOYNpYyrux marepuanon [22, 23]. PaccmarpuBae-
Masi MOJICJTb MOKET OBITh MCIIOJIb30BaHa ISl ONTMCAHHS
KOJIeOaHUI CTEepI)KHSI TBEPAOTO TOILIMBA, CrOpAIOIIEro ¢ OJHOro KoHIa. B atom ciywae Py —

Puc. 1.Cxema o6bexTa H3yueHUs
Fig. 1. Scheme of the studied object

CpenHss peakTHBHAs CHIIa, a cocTaBisitomas AP, cos W, () xapakrepusyeT ciabble BO3MYIICHUS

TapMOHHYECKOTO XapaKTepa, CBA3aHHBIC C MyJIbCAIIMOHHONW COCTABJISIONICH TSATH BHYTpUKAMeEp-
HOTO Tporecca. Manbiii kK03 puumeHT 4 moKa3bpIBaeT, BO CKOJIBKO pa3 aMILUIUTY/1a BO3MYIICHUI
oomnbuie Py; W,(f) — MOHOTOHHO Bo3pacTaromas (pyHKIHSL.

3aKOH JBWXEHHS TPAaHUIBI IpUMeEM paBHOMEpHBIM: /() =—v,t+/(0). 3aecs /(0) — nepBo-
HayaJbHas JJIMHA CTEPXKHS; V, — CKOPOCTb JABM)KCHHUS TPAHUIIBL.

Beeném Ge3pa3mepHbIe IepeMEHHbIE

S

Z(x,z)=%1(0)(U(g,r)+§); a= %

X a
== T=——1
[(0) [(0)

B pesynbrare 3anaya (1)—(3) npumeT cieayronmii BUaI:
Un ((%’ T) - Ugg (&_:a T) - SIU&T ((t:w T) = 0;
U(0,1) =0;

U,

: (L(SO‘C),’E) = AcosW (1),
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rIe

N S 1y _ 1(0)
Sl_apl(O)’go_ 10 I(t)=L(g,t)=1-¢,1; W(1)= W( ; J

3nech €,, € — Mauble napamerpsl. IlapameTp €, XapakTepu3yeT MajOCTb CHJ BHYTPEHHErO

TPEHUsS 10 CPAaBHEHMIO ¢ ynpyrumu cuiaamu. Ilapamerp €, XapakTepusyeT Maidyl0 CKOPOCThb

JIBUKEHUSI TPAHUIIBI 10 CPABHEHHUIO CO CKOPOCTHIO 3BYKa B CTEPIKHE.
Hedopmarium cTepHs ONPENENIAIOTCS CISAYIONIMM BIPa)KEHUEM:

Zx(x,t)=%(Ué(§,‘c)+l). (4)
Uro0sl peoOpa3zoBaTh IPaHUYHBIEC YCIOBUS K OJHOPOJIHOMY BUY, BBEIEM HOBYIO (DYHKITUIO
U(&1)=V (& 1)+ AEcosW (1),
rae V(& 1) yaoBIeTBOpSeT ypaBHEHHIO
[V (&1)+ A&cosW (1) |~V (&7) &V (&7) =0 (5)
Y TPAHUYHBIM YCIIOBHSIM
V(0,6)=0;V,(L(e,1),T)=0. (6)
2. PewwieHue 3apaum
Pernienue OyieM mpoU3BOIUTE C TOYHOCTBIO J0 YICHOB BTOPOTO MOPSIKA MAJIOCTH TOPSIIKA

Masnoctu. [ns pemenus 3agaun (5), (6) Oyaem ucnosb3oBaTh MeToa Kantoposuua-I'amepkuna
[5]. Pemmenue Oymem uckaTh B BUJIE

D=3/® X, (56,7), )
rac _
X, (&.g,7)=sin(0, (g,7)E), (8)

© (8 ) n—m/2
T)=——.
0
" L(&,1)
3ameruM, uto QyHkuu (8) npu €, =0 u & =0 sBArOTCS COOCTBEHHBIMH (hOpPMAMU KO-
nebanmii. B atom ciyuae meron Kanroposuua—I"anépkuna naer touHoe pemenue. [lpu yBenu-
YEHUH €, TOYHOCTb yMeHbIIaeTcsa. CTaThsl NMOCBSILICHA aHAIM3y PE30OHAHCHBIX SBICHUH, Ha-

0JIF0TaeMBIX Ha OJTHOM M3 COOCTBEHHBIX YacCTOT. AMIUIUTYAA KOJIeOAaHWN HAa PE30HAHCHOM dac-
TOT€ MHOTOKPAaTHO YBEIWYHBAeTCS. AMIUIUTYJIa KojeOaHWH Ha HEPE30HAHCHBIX YacTOTax
COM3MEpUMa C BO3MYLIAIOLIUMU BO3AEHCTBUAMU. [IpM 3TOM HEPE30HAHCHBIMU YJICHAMHU DPsiia
(7) MmoxHO TIpeHEeOpeYb U pacCMaTPUBATh PEIICHUE TOJIHKO HA OJTHON pe30HAHCHOU MOJIC.
[Toce moacTaHOBKH YjieHA C TOPSIKOBBIM HOMEpOM 7 psina (7) B ypaBHeHHUe (5) momydum

[/, (DX, (& 8,T)+ AEcos (1) |+ (g,T) f, (X, (& ,7)+
+8,0,(g,7) [, (DX, (&¢,1) =0.
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[Ipu HaONrONEHUM PE30HAHCHBIX SIBICHUMH W(T):QI+9(SOT), rae 9(80’[) — (pynkIUSA
MeJIJICHHOTO BpeMeHH [2], a {2 — ycpenHéHHas 4acToTa BHEIIHEro Bo3aeucTus. [IpeneOperas

2
YJICHOM IIOpAJKa €, , IOJIYyIUM

(cosW (v))"'=—(W '(r))2 cosW (7). 9)

Cornaco wmetony Kanropouua—I'an€pkuHa, yMHOXMM TIOJIy4eHHOE YpaBHEHUE Ha
X, (&, sor) U MPOMHTETPUPYEM 10 d& B WHTEpBAJIE OT HYJISI J0 L(sor). VYyuteiBas (9), ¢ Tou-
HOCTBIO JI0 YWICHOB BTOPOTO MOPSIIKa MAJOCTH IOJIyYUM CIIEAYIOIIee YpaBHEHHUE sl OTpeierie-
Hus QyHkuuit f (1) :

fM()+2R, (g,7) £, (1) + 0. (g,7) £, () = P, (g,T) cos W (1), (10)
e

=)
_SOL’(SOT)+81 o 2

ki@ = 2L(g,t) 2L (g,1)

b

_ 2A(-1)""L(&,7)

(3]

Ecnu BBectu B ypaBHenue (10) HOBYIO (hyHKIIHIO

J,@=C, @y, @), (11)

(W'(@) .

P, (&)

rac
sl )
. € TU’Z—E T
cn(r)=exp(-IRn(€)d€j= L(zyt)exp C2L(er) |

TO OHO HE OyJIeT coJepkKaTh eHa ¢ IePBOM MPOU3BOIHOM:

V(D) + 0 (g,1) y, (1) = D, (t)cos W (1). (12)
31ech

T 2
_ 2A(_1)n+l ,L(SOT) (W’(T))z € (ﬂ:n—zj T |

€xp
(Tcn—;tj ZL(SOT)

JlBa TMHEHO HEe3aBUCUMBIX PELEHHs OAHOPOJHOrO YPaBHEHUS, COOTBETCTBYIOLIETO YpaB-
HeHu1o (12), ¢ TOYHOCTBIO 0 WIEHOB BTOPOTO MOPSAIKA MaJOCTH UMEIOT BUJL

D,(v)

ya(@=a,(g7)cos(w,(1)); »,,()=a,(g)sin((w,7)),
rac
1 1

w0 = [0, (2,) =—g(nn—gjln(l—aor); (o)~
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Pemenne ypaBuenus (12) nmpu HyJI€BbIX HaUaJbHBIX YCIOBHUSIX UMEET BT

£ D, (g)cos(w, (5))cos (7 (c))

f,(t)=-C,()a, (sor)sin(wn(r))J. AP de—
T D : W
-C, (1)a, (sor)cos(wn (T))J‘ f (Q)zn((:,;gi))(ioig (Q)) dc .

[IpeneOperas Hepe30HAHCHBIMHU WIEHAMH, KaK 3TO CJAEJIaHO B paboTe [5], mosydum ciie-
JYIOIIee BBIPAKCHUE JIUTSI aMIUTATY/ bl BEIHYKJICHHBIX KOJICOAHUH:

A (t)= A’E? (t)UFn (¢)cos (@, (C))d@] + UF (¢)sin(@, (C))d@)zj. (13)

qDy'HKI_[I/II/I, BXOIAIIHEC B BBIPAKCHUC (13), OIMPCACIIAOTCA CICAYIOIIUMU BBIPAKCHUAMMU:

- 2
B )= L (80 81(“" 2] "

B =P T L(gt) |

€ (ﬂil’l —;[]2 T
F;l (C) = A(—l)’”l L(aor)exp Tg'[) (W'(T))z )

2 In (L (sor)) -W (7).
AMIUTya Konebanuii 11 nedopmanuit Vé (F,, r) AMeEET BUJ

B (1) =%0)n (sor) A4, (7). (14)

Bennunna B, (T) moka3bIBaeT, BO CKOJIBKO pa3 aMIUIMTyAa KojeOaHuil nedopmarmii mpe-

BOCXOOUT MHTCHCHUBHOCTL BHCHIHCT'O BOSMYILICHUA A.

3. AHanu3 pelueHus

C nmomombio BeipakeHus (14) ObUIM MpoaHATM3UPOBAHBI PE30HAHCHBIE CBOMCTBA OOBEKTA.
B cucremax ¢ ABWKYIIMMUCA T'paHULIAMHA Ha6JIIOI[aIOTC$I ABa BUJa PE30HAHCHBIX SIBJICHUM YyCTaHO-
BUBIIIHICS PE30HAHC W MPOXOXKICHUE YEPe3 PE30HAHC. Y CTAHOBMBIIMICS PE30HAHC 3TO SIBJICHHE
PE3KOr0 yBETUUEHHS aMIUTUTY/Ibl KOJIeOaHuil, KOr/la N3MEHEHNE YaCTOThI BHEITHEW CHUJIBI U OJTHOM
13 COOCTBEHHBIX YACTOT COTVIACOBAHBI TAKUM OOPa30OM, YTO CO3AAIOTCS HAWITYYIIHME yCIOBHUS IS

YBCJIMYCHUA aMIUIUTY Ibl. Y cTaHoBUBIIUICS PE30HAHC Ha6J'IIO)IaeTC5I, cClin ch (C) = 0, T.C.

T
wTm ——

W(t)=— - 2ln(L(80r)). (15)

10
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N3meHnenne aMmiauTy el KoieOaHu mpu 3TOM OyJeT OMUCHIBATHCS CIEIYIOLUIUM BhIpa-
KEHUEM:

4,(0)=E,0|F, (g)ds.

SIBnenne MPOXOKACHUA YCPE3 PC30OHAHC Ha6n}oz[aeTc;1 IIpU BHCIIHEM BO3MYILCHHHU ITOCTO-
SIHHOM YaCTOTBI W(T) = Q1. DTO ABICHHE PE3KOTO YBCIIMYCHUS aMIUIUTYIbl B TCUCHUC KOHCY-

HOTO TIPOMEXKYTKa BPEMEHHU, KOT/Ia MTHOBEHHAsI 4acTOTa OJHOTO M3 COOCTBEHHBIX KOJICOAHMIA
MPOXOJIUT Yepe3 3HAUYCHHE BO3MYIIAKOIIEe yacToThl. Ha puc. 2 npenacrasieH npouecc yBeaude-
HUSl aMIUIATYJIbl KojeOaHui B pe30HAHCHOW OO0JIacTH Ha MEpBOW AMHAMUYECKON MOjE MpH

€, =0,0001. Bo3mymatommas gactota 2 mnoalOupanach TakuM 00pa3oM, YTOOBI MPOXOXKICHHE

qgepe3 pC30HAHC HAYUHAJIOCH IIPHU T = 0.

BIJ\

300

250

200

150

100

50

£, =001 | pd .

0
0 50 100 150 200 250 300 350 400 450 500 T

Puc. 2. IIporecc yBemudaeHS aMIUIATYABI KOJeOaHUH TIPH MPOXO0KICHUH
yepes pe30HaHC Ha EepBOM JUHAMUYECKON Mojie
Fig. 2. Increase of the amplitude of fluctuations when passing through
the resonance at the first dynamic mode

Bripaxxenue (14) ObLI0 YUCIICHHO TTPOAHATM3UPOBAHO Ha MakcuMyM. Ha puc. 3 nzoOpaxe-
Ha 3aBUCHUMOCTh MaKCHUMAaJIbHOM aMIUIUTYIbI KOJeOaHui MpH MPOX0XKACHUN Yepe3 Pe30HaHC Ha
[EPBOY JUHAMMYECKON MOJIE OT €, H &, .

Onenum norpemHocts Metofa Kantoposuua—[anépkuna. PaccmarpuBaemas 3amada 0e3
yueta Bsa3koympyroctd (g, =0) B pabote [6] Obuta perieHa TOYHBIM MeTOZ0M. Tam ObLI0 HoITy-
YEeHO ClIeAyrolee BeIpaxeHue st pyHkuuu W (t), mpu KOTOPOH BO3HUKAET YCTAHOBUBIIHIACS
pe30HaHC:

11
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NIpY IPOXOXKIICHUU Yepe3 Pe30HaHC Ha epBOH AMHAMHYECKOH Moie
Fig. 3. Dependence of the maximum amplitude of fluctuations when

passing through the resonance at the first dynamic mode

CpaBHEHHEM JaHHOTO BBIPaKEHHUS C BbIpakeHHEM (15) mpu pa3nuyHbIX 3HAUYEHUSX €, ycC-
TAHOBJICHO, YTO OTHOCHUTEJbHAs MOrPEHIHOCTh W (T) B paBHOMEPHOM MNPHOIMKEHUM HE Ipe-

BoCX0auT 5 % mpu €, <0,37.

3aknouyeHue

Takum oOpa3oM, B OTIIMYME OT aCUMITOTHYECKUX METOOB, HCIIOJb30BaHHEe MeTofa KaH-
TopoBuYa—I anépkuHa NO3BOJIMIIO MOJIYYUTh PELIEHUE, UMEIOIIEE MOJIOBYIO CTPYKTYpy. JTO aK-
TyaJIbHO TPY aHAJIM3€ PE30HAHCHBIX CBOMCTB 00bekTa. [IpeHeOpekeHre MaabIMU WieHaMU Jajlo
BO3MO>XHOCTh MOJYYUTh CPABHUTENBHO MPOCTOE BBIPAKEHHE ISl aMILTUTY bl KOJIeOaHuH.
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