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PO TUHAMIYHUA E®EKT HECUMETPIi CWJIOBOI XAPAKTEPUCTHUKH
KOJIMBAJIBHOI CUCTEMH ITPH IMITYJIbCHOMY HABAHTAKEHHI

OmnucaHo JUHAMIYHUN eEeKT HECUMETPIi CHIIOBOI XapaKTEPUCTHKHU KOJMBAIBHOI MEXaHI4HOI CHCTEMH 3 OJJHUM CTYNEHEM BIIBHOCTI
[pPH KOPOTKOYACHOMY CHJIOBOMY iMITYJIbCHOMY HaBaHTa)XCHHi. BiH mojsrae B TOMY, [0 MakCHMAJbHI IEPEMIlICHHSI CHCTEMHU y Ha-
npsMi i MPUKIIaAEHOTo IMITyJIbCYy MEHII, HK IPOTHIICKHI 32 HAPSIMOM MaKCHUMAJIbHI NEPEMIIIeHHS] PO3BAaHTaXKEHOI CUCTEMH, IIPU
ii BimbHUX KOJMBaHHsX. [ToKa3aHo, [0 YMOBHU MPOSIBY e()eKTy MOB’sI3aHi HE TUIBKH 3 BIACHUMH MapaMeTpaMy KOJIHUBAJIbHOI CHCTEMH,
a it 3 TpUBAIICTIO iMITyJibca. PO3IIsIHYTO [if0 ABOX BapiaHTIB CHJIOBHX iMmysbcCiB. [lepiiuii npsIMOKYTHUA, a IPYTHid — y BUTJISIAL OA-
Hi€l MBXBUIII CHHYCOTIH.

KurouoBi ciioBa: tuHaMigHU e(heKT, KOMMBaIbHA CHCTEMa, HECUMETPUYHA XapaKTePHCTHKA MPY>KHOCTI, CHIIOBUH IMITYJIbC.

B.I1. OJIBIIIAHCKHH, C.B. OJIBIIIAHCKHH

O JUHAMHUYECKOM 3®®EKTE HECUMETPUU CUJIOBOI XAPAKTEPUCTHKH
KOJIEBATEJBHOM CUCTEMBI ITPH UMITYJIbCHOM HAT'PY3KE

Onucan TUHAMHYECKHH d(PGEKT HECUMMETPHH CHIOBOH XapaKTepUCTUKH KojieGaTebHOW MEXaHMYeCKOH CHUCTEMBI C OJHOH cTeme-
HBIO CBOOOJBI MPH KPAaTKOBPEMEHHOM CHJIOBOM HMMITyJIbCHOM Harpy:keHuu. OH COCTOMT B TOM, YTO MaKCHMAJbHBIE MEPEeMEILEHUS
CHCTEMBI B HAaIIPaBJICHUH AEHCTBHS MPHUIOKECHHOTO UMITYJIbCa MEHBIIE, HEXKEJIU IPOTHBOIOJIOKHBIE MO HATPABIEHUIO MAKCHUMAIIbHBIE
MepeMeNIeH s pasrPyKeHHOH CUCTEMBI, IIPU ee CBOOOAHBIX KonebaHusx. OnpeneneHsl yCIoBuUs, KOTAa UMEeT MECTO YKa3aHHOE He-
paseHcTBo. [Toka3aHo, 9To ycrnoBus mposiBIeHUS 3((eKTa CBA3aHBI HE TONBKO C COOCTBEHHBIMH IapaMeTpaMH KosieOaTelIbHOH cHc-
TEMBI, HO ¥ C IPOAODKUTEIFHOCTHIO MMITyJIbca. PacCMOTpeHO AeHcTBHE IBYX BapHAHTOB CHIIOBBIX MMITyJIBCOB. [lepBBIil mpsMo-
YTOJIbHBII, @ BTOPOH — B BUJI€ OAHON IOJIyBOJIHBI CUHYCOU/IBL. Y CTAHOBIICHO, YTO BBICOTA 3TUX UMIILYJIbCOB HE BXOAUT B YCIOBHUS IIPO-
sBIeHus d¢pdekra. [IpuBeneHs! mpuMeps! pacyeToB. UNCIICHHBIE pe3yNIbTaThl, IOMyYeHHbIE ¢ IPIMEHEHHEM IIOCTPOCHHBIX aHAJNTH-
YECKHUX PELICHHH, OATBEPIKICHbI YUCICHHBIM HHTEIPHPOBaHUEM (D HepeHIIMaNIbHOTO YPaBHEHHS ABV)KCHHUS HA KOMIIBIOTEPE.

KoaroueBble cioBa: quHaMuueckuii ¢ ekr, konedaTenbHas cUCTeMa, HECHMMETPHYHAs XapaKTEePUCTHKA YIIPYTOCTH, CHIIOBOM
UMITYJIbC.

V.P. OLSHANSKIY, S.V. OLSHANSKIY

ABOUT THE DYNAMIC EFFECT OF NON-SYMMETRY OF THE POWER CHARACTERISTIC
OF AN OSCILLATING SYSTEM UNDER A PULSED

The motion of a nonlinear mechanical system with one degree of freedom under force impulse loading is considered. The elastic char-
acteristic of the system is approximated by segments of two straight lines that have a common point in the equilibrium position with
zero displacement. The dynamic effect of asymmetry of the power characteristic of an oscillating mechanical system is described. It
consists in the fact that the maximum displacement of the system in the direction of the applied external pulse is less than the ampli-
tude deviation of the unloaded system in the opposite direction with its free oscillations. Conditions are defined when this inequality
holds. To this end, analytical solutions of the differential equations of motion were constructed in the regions of positive (with greater
rigidity) and negative (with less rigidity) displacements, and then the solutions were padded. Compact formulas are derived for calcu-
lating the maxima of displacements and the time of their attainment. It is shown that the expressions for the maxima can also be de-
rived from the energy relationships, without solving the differential equations of motion. The action of two variants of pulses of finite
duration is considered. The first is rectangular, with a constant instantaneous applied force, which also instantly disappears after some
time, and the second is sinusoidal - in the form of one half-wave of the sinusoid. It is established that the height of these pulses, that
is, the maximum value of the applied force, does not enter into the conditions for the manifestation of the dynamic effect for the
adopted kusano linear elasticity characteristic of the system. But the conditions for the manifestation of the dynamic effect are related
to the proper parameters of the vibrational system (mass and rigidity), and also depend on the duration of the pulse in time. For rela-
tively long duration of the action of pulses with respect to the period of free oscillations of the oscillator, this effect is not manifested.
Numerical examples are given that confirm the adequacy of the derived calculation formulas and illustrate the possibilities of the the-
ory presented. To compare the results, we numerically integrate the differential equation of motion on a computer. It is shown that the
results obtained using analytical and numerical solutions of the Cauchy problem are in good agreement, and the dynamic effect of
asymmetry of the power characteristic of the oscillating system is manifested for both forms of the pulses considered.

Keywords: The cauchy problem, the analytical and numerical solution, dynamic effect, oscillatory system, asymmetrical elas-
ticity characteristic, power pulse.

Beryn. IHTeHCHMBHI KOpOTKOYACHI IMITyNIbCHI a00  TIICHHIO JUHAMIKH €JI€MEHTIB KOHCTPYKIIH B yMOBaX BKa-

yAapHi HaBaHTa)KEHHS MOXYTh OyTH IPUYHHOIO Ilepeda-  3aHUX HAaBaHTaXXCHb MPHCBSIYCHO OaraTo ImyOmikamiid, ce-
CHOTO pyHHYBaHHS €JIEMEHTIB KOHCTPYKLil. ToMy BHCBi-  pex skux BUALINMO [1-4]. B TexHini mommpeHi MexaHidH1
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CHCTEMH 3 HECHMETPUYHOIO XapaKTEPUCTHUKOIO MPYKHOC-
Ti. Lle cucremu, e mopsz 3 OCHOBHUM HECYUYHM IPYKHUM
€JIEMEHTOM BCTAaHOBIIOIOTh JIOJATKOBUN MNpY>KHUU efe-
MEHT MiJCHiIoBad abo oOMexyBau pyxy. Hampuknan, y
HiJBICKaX TPAaHCHOPTHUX 3aCO0IB TAKUMH JOAATKOBHMH
€JIEMEHTaMU MOXYTh OyTH migpecopHUK abo Oydep. [Ipo
KOJIUBaJIbHI BJIACTHBOCTI CHCTEM 3 HECUMETPHUYHOK Xapa-
KTEPUCTUKOIO TIPYXKHOCTI HaeTbest B [5-8] Ta iHmMX myo-
nikanisx. TyT po3misgaeMo HaMIIPOCTIIMIT BapiaHT CHIIO-
BOi XapaKTepPHUCTHUKH, KOJM BOHA YTBOPEHAa BiApi3KaMu
JIBOX MpsIMUX [6].

MeTo10 CTATTi € CTAaHOBJICHHS YMOB, 3a SIKUX IPO-
SIBIISIETHCS TUHAMIYHAN e()eKT HECHMETpii CHIIOBOI Xapak-
TEPUCTUKH, KOJM MEPEMILICHHs CHCTeMH Yy HampsiMi il
IMITYJIbCHOTO HAaBaHT)KEHHS MEHINI 33 MPOTHJIEKHI 3a
HAaIpsAMOM IePEMIlLlIeHHs] PO3BAHTaXKEHOT CUCTEMH.

OcHoBHa yacTMHa podoTH. Pyx xonmmBanpHOI cuc-
TEMH OITUCYEMO Au(epeHLiAIbHUM PiBHSIHHSIM:

m)'c'+[c1 +c, sign(x)]x:P~[H(t)—H(t—r)], (1)
y SIKOMY c; > ¢; > 0 — XapakTepUCTUKHA TPYKHOCTI; m —
Maca CHCTeMH; X(#) — mepeMilieHHs CHCTeMH y 4aci #; P —
BEJIMYNHA MHUTTEBO NpHKIaneHol cunm;, H (t), H (t - Z')—
onuHnYHI (yHKUil XeBicaiia; T — TPUBAIICTH IMITYJbCa;
Kparka Hajl X 03Hada€ MOoXiaHy IO f.

Bich ox i cuma P cripssMOBaHi BEpTHKAJIEHO BHU3.

PiBasiHHS (1) MOTIOBHIOEMO HYJTHOBHMH ITOYATKOBH-
MH yMOBaMH:

x(0)=0, (0)=0. )

Jist o04HCIIeHHS TOAaTHUX HepeMmimeHs (x > 0) Bu-
KOPHCTaEMO BiioMi po3B’si3ku 3anmadi (1), (2), HagpykoBa-
Hi B [7]:

xcr (1-cosmt) t<t

pu 3
ZxCTsin%sina)(t—gj Pyt )

TyT xp =

b
¢ +e,
Tpusanicts HepiBHICTIO

oT<21.

IMIyJIBCY ~ OOMEXyeEMO
I3 (3) BummMBae, MO PO3BAHTAKEHUN OCIHIIATOP TIO-
BEPTAETHCA B TOJIOKEHHS X = 0 IIPHU ¢ = £+, TPHUOMY:
T T
to="+—.
o 2
Horo mBuakicte pyxy B meli MOMEHT 4acy CTaHO-
BUTH:

UO:)'C(*):—2a)xCT sin%. @)

Bin’emni nepeminiennst (x < 0), npu ¢ > ¢+, ONUCYEMO
BUPa30M:

x(t):&sina)l(t—t*), 5)

y AKOMy @, =

3rigHo 3 (3) MakcUMalTbHE TIEPEMIIIEHHS ) CHCTEMHU
BHH3 JIOPiBHIOE:

. o7
a, = 2Xqp Sin— 6)
2
1 IOCSITAETHCSL BOHO TMPH:
T T
t=ty=—+—.
20 2

. . . V4
[{i 3amex)HOCTI MalOTh YMHHICTh NIPU 7 < — . SIKII0
w

T . Vid
T2Z—,T0 Gy =2Xqp 14, =—.

@ 1)

Ha nincrasi Bupasis (4) 1 (5) aMmIutiTyaHe BigXuieH-
HS @, CUCTEMH BrOpY CTAHOBHUTB!

2sin 9L 7)

Bono nocsraerscs npu:
T & 1|«
t=t =t,+—="—+—| —+7
o o 2o
BpaxoBytoun (6) i (7), s TpUBaJIOCTEeH IMIYIbCY

T ..
7 <—, OZICPKYEMO CIIIBBIIHOILICHHA:
(4]

a() > (8)

13 SKOr0 BUIHO, LIO @ > dy, TOOTO HPOSBIAETHCSA BKa3a-
HUH edeKT.

3anexHicTh (8) MOXKHa Ofep)KaTH 1 HE PO3B’SI3YI0UN
nudepeHianbHUX piBHAHB pyxy. s nporo BapTo mpu-
PIBHSTH ITOTEHLIAIBHI €HEprii CUCTEMH Y KpailHbOMY HH-
KHBOMY 1 KpailHbOMYy BEpPXHBOMY IOJIOKEeHHsX. Lle mpu-
3BOJIUTD 10 PiBHSHHS:

1 1
5(01 +c2)a§ :E(c1 —cz)alz,

3 sIKOro BHUILTHBAE hopmyia (8).
Junamiunuii eexT Oyzae MpOSBIATHCS 1 AJIsl TPUBA-

o . T o
noctelt immynecy 7 >— . 11[o6 3HalTH rpaHUYHYy TpHUBa-
1)

JICTh IMITYJIbCY ¢ = t+, IPH AKiIH e(EeKT 3HUKAE, BUKOPHUC-
TAEMO 3aJICKHICTB:

W . OT.
2Xpp —SIN—— = 2X(f .
o

3BiJIKM OTPUMYEMO:

2 .
7. =—| m —arcsin
w

OTrxe, quHaMIYHUN edekT HecUMeTpii CHIIOBOI Xa-
PaKTEePUCTHKU MPOSBIISETHCS JIMIIE ISl THX TPHBAIOCTEH
iMITyJIbca, 10 TOMAfaloTh B MPOMIKOK 7 e(O; z'*). 3Ha-

YEHHS 7+ HE 3aJeXHUTh BiJ| BEIMYMHH CWIM P (BUCOTH
HPSMOKYTHOTO IMIYJIBCY), IO € HACTIJIKOM KYCKOBO JIi-
HiIfHOT XapaKTEePUCTUKH MPY>KHOCTI.

Posrnsinemo npuxnad. J{yis npoBeaeHHs po3paxyHKiB
mpuitMaemo: m = 1 xr; ¢; = 150 H/m; ¢, =75 H/m; P=3 H
1 pi3Hi 3HaYeHHA 7. BKa3aHUM YMCIIOBHM JAaHUM BiJIOBi-
nae: w=15 ¢'; @ =8,66025 ¢y xcr=0,013333 m;
7+~ 0,33682 c. OnmepxaHi YMCIIOBHM IHTETPyBaHHSAM Ha
koMmm ' fotepi piBHSHHSA (1), A7 TPHOX 3HAYEHH 7, Tpadiku
x(¢) HaHeceHi Ha puc. 1.
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Pucynok 1 — I'padiku nepeminieHb oCHHISATOPA:
1-7=0,10472¢;2-7=0,20944 c; 3 —7=0,33682 ¢

Ix MoxHa Takoxk MO6GYayBaTH 3a JIOMOMOTOK aHaJi-
THUHUX po3B’si3kiB (3) 1 (5). Ha rpadikax, mosHaueHHX
mudpamu | 12, aMIUTITYTHI TIepeMIIIeHHs CHCTEMH Bropy
OlmpImi, HDK aMIUTITYIHI IMEPEeMIIIeHHsS CHCTEMH BHU3,
Kynu OyB CIIpSMOBaHMH CHJIOBHi immynbsc. Ha rpadiky,
MO3HAUYEHOMY LU(POIO 3, aMIUTITY[HI HepeMillleHHs BHH3
1 BTOpY OZMHAKOBI.

Ha puc. 2 noxano rpadiku x(f), oJepkaHi YUCIOBUM
iHTeTrpyBaHHSM piBHSHHSA (1) U1 ABOX IHMIMX 3HAYCHD T .

Ha puc. 2 BuaHO, 10 TUHAMIYHAN e(eKT HECUMETPii
CHJIOBOI XapaKTEPHUCTUKH TMposiBiseThes npu 7=0,3 ¢, a
npu 7 = 0,38 ¢ BiH BiACyTHIA. Y Ipyromy BUOAIKy d; < d.
Komm’totepHe iHTErpyBaHHSIM MiATBEPAMIO BHUCHOBKH i3
aHAJITUYHOTO PO3B’SI3KY 3aadi pyxy.

1106 mepexoHATHCh, IO JUHAMIYHMHA e(pEeKT Hecu-
MeTpii MOKe MPOSBIISATHCH 1 Ui iHIIKMX (OPM CHIIOBHX
IMITYJIBCIB, PO3MIIIHEMO PYX CHCTEMH, IO OIHCYETHCS
JudepeHIianbHIM PIBHSIHHAM:

mi +[c, +c, sign(x)]x = Psin(4)- {H (1)-H (r - %H , 9)

P IOYATKOBUX yMOBax (2).

-6

/’\

4 1 \\
-2 2

-
o 11 2 3 4A 6 7| 10L¢
0 —
2 /

4

Y 150 X0, m

Pucynok 2 — I'padixu kommBans: 1 —7=0,3¢;2-7=0,38 ¢

VY piBusiHHI (9) mapamerp 4> w. Bin xapakrepusye
TPUBAIIICTH IMITYJIbCY Y BUTJISIIII OJHIET MIBXBUIII CHHYCOI-

.
B obmacti momaTHHX x(f) TIEpEeMIIICHHSI OIHCYETHCS
BHPa30M:

Pi sin(a;t)—%sin(it) t<

x(t):—(—) npu
mo\f - o’ sin(e?)+sin w[l—%) t

BiH Mae 4YHHHICTH, KOJH A > . Skmo A = @, TO po3-
KPHBLIM HeBU3HauYeHICTh B (10), oTpumyemo:
Xep sin(wt)— wt cos(wr)
x(e)==F
2 |-rmcos (a) t)

(10)

\Y
SN

t<r/w
t27/o.

[Moximna Bix (10) pu ¢ Z% JTIOPiBHIOE:

i(t)= P2 coswt + cosw[l - EJ .
m(P - o) A

OcunnaTop 3ynuHIETHCS, KOJH:

V1
coswt + cosa{t _E] =0.

Po3B’s13aBImH 11€ PiBHAHHSA, 3HAXOIUMO Yac 3yIHHKU:
T
1+cos| —
L A
t=t, =—| r —arctg—————%

[ . T
smf ——
(lj

MakcuMaibHe BIIXUIECHHSI CUCTEMU BHU3 B L€ MO-
MEHT 4acy CTaHOBUTH:

PA . .
a, = > > sm(a)t3)+ sino| t, “Z. (12)
ma)iﬂ -o ’ A
BiamoBinHe HoMy aMIUTITYJHE BIAXHJIEHHS BrOpy d

JIerKo 3HaiTH o ¢opmyi (8). BoHo Oyne Oisbiie, HIX
1 1OCATAETHCS MPU

(1 1
t=t =t +=| —+—|,
2\ o

e 13 mogaeThest Bupasom (11).
VY BunNajky, KOIM A= ®, aMIUNTyJHE BiIXWUJICHHS
BHU3 JIOCATAEThCA IIPU (0f3 = 7 1 JOPIBHIOE dy = 7T Xy /2.

(11

st Hporo 1o opmyii (8) Tex MaeMo a; > a.

OTxe, ipu A > @, AWHAMIYHUN eQeKT HecuMmeTpil
CHJIOBOT XapaKTePUCTHKH IPOSBILIETHCS 1 IPU Aii CHHYCO-
iMaNBHOTO IMITYJIBCY.

Mpuknaxn. OOGUUCIMMO aMILNTYIUd @o 1 a; 0pU
4 . . .
A= Ea) , 30epiraroum IomnepeaHi 3HaYeHHSI m,c,,C, 1 P.

JUts mpUAHATHX YHCIOBUX JaHuX A =20 ¢!, Posgaura-
KEHHU OCIIIIIATOP, 3rimHo 3 (11), 3poOuTh meprry 3ymuH-
Ky mpH t; ~ 0,18326 c. [Ipu 1ipoMy BiH BiIXWINTHCS BHU3
Big mojoxenHs x =0 Ha ay=0,01749 M, obuucieHne 1o
¢dbopmyni  (12). BigxuieHHs Bropy  CTaHOBHTHUME
a; =0,03030 m mpwu ¢, = 0,46936 c. BoHo 3Ha4yHO OinbIIe
3a ay.

3 MeTOI0 MOPIBHSHHS Pe3YJbTaTiB, MPOBEICHO YHC-
JIOBE IHTErpyBaHHs piBHSHHS (9) IIPH [MOYaTKOBUX YMOBaxX
(2). Onepsxanuii rpadix x(f) npu A=20 ¢ no3HaueHO
mudporo 1 Ha puc. 3.
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N2

Y 150 x(t), M

Pucysok 3 — Ipadik x(f): 1 -A=20c¢;2-21=15¢""

Tam e uudporo 2 mo3HaueHo rpadik x(f), ssKuil gae
interpyBanHs npu A=w =15 ¢'. Y gpyromy Bumamxy
MaeMO OUIbINI 3HAYEHHS aMIUITY]l epeMilieHb. Pe3yib-
TaTH PO3PAXYHKY do 1 @) 3 BUKOPHCTAHHAM aHAJITHYHHX
PO3B’SI3KIB  IIUJIKOM  y3TOJDKYIOTBCSL 3 pe3yJbTaTaMu
KOMIT FOTEPHOTO IHTErpyBaHHS PIBHAHHS PYXY.

BucnoBkmu. JlocnipkeHHS TiATBEpANIIO, IO IPU KO-
POTKOYaCHOMY IMIYJIbCHOMY HaBaHTaKEHHI CHUCTEMH 3
HECUMETPHYHOIO XapaKTEPUCTHKOIO MPYKHOCTI MaKCHMa-
JBHI MEPEMIIICHHS CHCTEMH Y HaIpsiMi il IMITyJIECY MO-
JKyTh OYTH MEHII 32 MaKCHUMaJbHI IEPEeMIllIeHHs Y TpPO-
TUJIS)KHOMY HampsimMi. Y BHUIAAKY KyCKOBO JIHIHHOT CHJIO-
BOI XapaKTEPHCTHKH IIeH e(DEKT OB’ A3aHUI 3 TPUBATICTIO
Jil (LIMPUHOI0) IMOYJBCY 1 He NOB’si3aHuil 3 Qopmoro i
BHCOTOIO IMITYJIBCY.
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