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Il cnpowenns ananizy MiyHocmi enemenmie KOHCMpPYKYitl npu Oii iMIYIbCHUX Ou-
HAMIYHUX HABAHMAINCEHD 8 THICEHEPHUX PO3PAXYHKAX BUKOPUCMOBYIOMb KoeiyieHm OUHAMIY-
Hocmi. Leil koegiyicnm He 3anedcums Hi 810 napamempis cucmemu, Hi 6i0 8eIUYUHU OUHAMIY-
HO20 HABAHMAICEHHS, T OIS IIHIUHUX CUCMeM 8iH 0OPIBHIOE 08OM. Y HeNHIlIHUX cucmemax 6iH
nputimMae iHwi 3HavenHs. 3HauenHs Koe@iyicHma OUHaAMIYHOCMI 3a1edcums 8i0 HCOPCMKOCMI
HENIHIUHOI cucmemu i y 8UNAOKY HCOPCMKOI CUNOBOI XapaKkmepucmuku 6in MeHuie 060X, a y
BUNAOKY M AKOI Xapakmepucmuku 6iH Oinbuwiull 060x. Memowo cmammi € 004UCIeHHA
Koeiyienma OuHamivHoCmi cucmemu 3 KYCKOBO-IIHIUHOIO XAPAKMEPUCIUKOI) NPYICHOCTI
npu Oii’ MUMmMeEBO NPUKIAOEHOI0 CIALOL CUTU.

YV ecmammi poszensinymo euznauenus Koe@iyicHmy OuUHAMIYHOCMI Ol CUCTEMU 3 K)YC-
KOBO-NIHIIHOK XapaKmepucmuKomw dcopcmrkocmi. Becmarnosneno, wo 6io éenuuunu npukiae-
HOI CUMU MOMCIUG] MPU 8UNAOKU HasanmadicenHs. Ilepwutl 3 Hux 6ionosioae 0ii NOPIGHAHO
«manoiy cunu. Y ybomy eunaoxy maemo niHitiny cucmemy, 60 He depopmyemuvcs 000amKosa
NPYAHCUHA HCOPCMKOCII | Koeiyienm OUHAMIYHOCMI O0PIBHIOE 080M. [[pyauil 8apianm HABAH-
MAdCEHHA MAEMO OJI «CepeOHbO20» 3HAYEHHA cunu. [ Hbo2o Koegiyienm OuHamiuHocmi
MeHute 080X, i NPU YbOMY BIH 3ANEHCUMb 810 NAPAMempie MEXAHIYHOI cucmemu ma GeIUdUHU
NPUKTIAOEHOI CUNU, WO | NIOMEEPOAHCYEMBCI HABEOCHUMU PO3PAXYHKAMU. B mpembomy eunaoxy
«NOPIBHAHO 8ENUKOL CUNUY» BIH MAKOMC 5 I 8 OPY20MY BUNAOK)Y MeHue 080X. Ane, Ha IOMIHY 8i0
JUHIUHOIL cucmemu 8iH 3anedcums 8i0 KoepiyieHmia HopcmKoCmi NPYHCUH, ETUYUHU 3A30DY i
BENUYUHU NPUKAAOEHOI CUTU.

Josedeno, wo 015 KOHCHO20 3 6APIAHMIE HABAHMAICEHHS CUCEMU 3 KYCKOBO-TIHILIHOW
Xapakxmepucmukow npyICHOCMi npu 0epopmysanti 000amKo8oi npyxcuHu Koe@iyiecum ou-
HamiyHocmi MeHuie 080X. 3i 30iNbUWeEHHAM MUMMEBD NPUKIAOEHO20 HABAHMANCEHHS]
Koeghiyienm OUHAMIYHOCMI 3MEHUYEMbC | NpU 0eqhopmMy8anHi 000AMKOBOI NPYHCUHU BIH
MeHue 080X, W0 81ACMUBO HENTHIHUM CUCTNIEMAM 3 HCOPCMKOIO CUTOBOI XAPAKMEPUCMUKOIO.

Knrwowuosi cnoea: koeghiyienm OunamiuHocmi, KyCKOBO-NIHIUHA XAPAKMEPUCTIUKA
HCOPCMKOCTI, HABAHMAJICEHHSA, CIAMUYHe nepeMiujenHsl, OUHAMIYHe nepeMilyeHHs.

AKTyaJbHiCTh. B 1H)XEHEpHUX pO3paxyHKax KOePIIEHT TUHAMIYHOCTI BUKOPUCTOBY-
I0Th JJISl CIIPOIIEHHS aHami3y MIIHOCTI €JIeMEHTIB KOHCTPYKIM MpH Aii IMIYJIbCHUX TU-
HaMIYHUX HaBaHTaxxeHb [1-3]. Bimomo, 110 115 MHIMHUX CUCTEM Led KOEPIIIEHT JOPIBHIOE
nBOM. BiH He 3a/Ie)uTh Hi BiJl MapaMeTpiB CUCTEMH, Hi BiJl BETUYHMHHU IUHAMIYHOTO HABaHTa-
KCHHS.

AHaJti3 ocTaHHix my0Jjikaniii. Ha BiIMiHy BiJ JTeHIMHUX CHCTEM iHIIA CUTYAIlis CIO-
CTEpiraeTbcsl B TWHAMII HENIHIMHUX cucTeM. B pobOoti [4] moBeneHa Teopema, 3a KOO y
BUMAJIKY KOPCTKOI CHJIOBOI XapaKTEPUCTUKU KOE(ILIEHT ITUHAMIYHOCTI MEHILIE BOX, a Y
BUIIAJIKy M SKOi XapaKTePUCTHKHU BiH OUTBIIHMKA TBOX. YMOBH TEOPEMHU HE BUKOHYIOTHCS IS
CUCTEMH 3 KYCKOBO-JTIHIITHOIO MPYKHOIO XapaKTEPUCTUKOIO, 1€ MA€E MICIE CKauOK >KOPCTKOCTI.
Tomy 3aciyroBye yBaru BU3Ha4€HHsI KOe(iIli€HTa JUHAMIYHOCTI TaKOi CHCTEMHU.
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Merta ctatTi. MeToro cTarTi € 00unciaeHHs KoedilieHTa JMHAMIYHOCTI CHCTEMH 3 KYyC-
KOBO-JIIHIHHOIO XapaKTEPUCTHKOIO MPY>KHOCTI IPU A1l MUTTEBO MPUKIAJCHOIO CTAJIO1 CHIIH.

BuxianeHHsi ocHOBHOro Martepiajy. /711 po3B’si3aHHS MOCTABIICHOI 3a/1a4l BUKOPH-
CTOBYEMO nu(epeHIliaibHEe PiBHIHHS:

MX +C,X+C, (X=X, )-H (x=x)=P-H(t), 1)
y skoMy M — maca cucremu, X = X(t) il nepemimeHHs; C;, 1 C, — KOe(ILIEHTH )KOPCTKOCTI
BiIMIOBIZTHO OCHOBHOI Ta JOJATKOBOI IPYXKHUH; X, — BEJIMYMHA 3a30py; P — BeJIMUNHA MUTTEBO
npukiagenoi cum; H (X - Xl) . H (t) — oquHn4Hi QyHKuii Xeicaiina; t — gac; kpanka Hag X

O3Hauae MOXiAHy 1o t.
PiBHsHHS (1) JOTTOBHIOEMO MTOYATKOBUMH YMOBAaMH:

x(0)=0; %(0)=0. (2)

PozpaxyHnkoBa cxema cucteMu 300paxkeHa Ha puc. 1.

Puc. 1 — Po3paxyHkoBa cxema

B 3anexxHocTi BiJ BEIMYMHU MPUKIAIEHOI CHIU OYyIeMO PO3PI3HATH TPU BapiaHTU
HABAaHTA)KCHHS:

1. ITeprmwmii 3 HUX BiAMOBIAA€E i1 MOPIBHSIHO «MaJIOi» CHIIH, KOJIU:
0<P<0,5¢cx.
VY oMy BUNAIKy MaeMo JIiHIHHY cucTemy, 60 He 1eOopMyeEThCS 10AATKOBA MIPYKUHA
KOPCTKOCTI C,. JLyis MiHIHHOT CCTEMH CTaTHYHE NIEPEMILIEHHS X, 1 MAKCMMaJIbHE TUHAMIYHE

nepeMillleHHst X, JIETKO 3HaiiTu 3a Gpopmynamu [5-7]:
x,=Plc; x,=2Pl¢,.

a
Tomy koeilieHT TUHAMIYHOCTi CTAHOBUTH:
K, =x/x,=2.
Bin ne 3anexuTs Big P 1 C.

2. Z[pyTI/Iﬁ BapiaHT HaBaHTAaXXCHHA MA€MO JJISI «CEPCAHBOI0» 3HAUYCHHA CUJIN, KOJIN:

0,5¢,x, <P<cX,. 3)

VY 1poMy BHIAJIKY TIPY CTAaTHYHOMY TPHUKIIAICHI cuian P He BcTymae B poOOTY 1011aT-
KOBa IpYyXHHA, 00:

P <
X, =—=<x.
Cl
Jlnst 00YMCIIEHHs MaKCHMAJIbHOTO JIMHAMIYHOTO MEPEMIINEHHS X, PO3B’A3yIOuH
piBHsAHHS (1), TP MOYATKOBUX YMOBax (2), MO>KHA BUBECTU (HOpMyIy:

x,=A+B, 4)
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2

i -P mo; P+c :

BSKii A= G% + 1 -B= 2%y ; U — LIBUJIKICTB, 3 SIKOIO OUMHAETHCS edop-
C1+C2 C1+C2 C, +¢C,

MYBaHHS JOAATKOBOI MPYXUHH.

SIkio npuiiHATH 10 yBary, mo: v; = ﬁ(ZP) —CX ,
m

TO:
1
A= \/(P+c2x1)2—(cl+cz)czxf : (5)
C, +C,
abo:
1
A= P?—c,x (2P —cx,) .
cl+cz\/ X (2P -c%,)
Tomy koedirieHT TMHAMIYHOCTI CTAHOBUTD:
X 1
K =—“:—[P+cx+ P? +c,x (2P —c,x } 6
big X P(1+C2/cl) 2 \/ 2 1( 1 1) ()

BpaxoByouu, mio 3rigno 3 (3) 2P —cX, >0, i3 (6) onepxyemo OLIHKY:
2P(1+c,/

g (1+c,/c,) 5
P(1+c,/c,)

< 2P +c,x
" P(l+c,/c)
Otxe, B ApyroMy BapiaHTi HABaHTaKEHHSL:
K, <2,

X04a BiH 3aJI€KHUTh Bi,[[ r[apaMeTpiB MEXaHIYHOI CUCTEMH Ta BEJIMYHHHU HpI/IKJ'IaI[eHOI CHJIN.

Ie minrBepmKyroTh pesynbraTé obumciens K B Tabm. 1. BoHM onepxkaHi mpu
X, =0,04.m; ¢, =15000H / m; P=400H - B uncenshuky i P=500H - B 3HameHHuKy (3Ha-

ueHHs1 P moBuHHi 3ag0BonbHsTH yMOBi 0,5C X, < P <C X)) i pi3snux cuiBBignomeHHsx C,/C, .

Tabmuus 1
3HayeHHs KoeilieHTIB TUHAMIYHOCTI /151 «CepPeIHBLOT0» 3HAYEHHS CHJIH
c,/c 1,01 2 3 4 5
K 1,911 1,860 1,826 18 1,780
A 1,799 1,703 1,642 1,6 1,568

Tpertiii BapiaHT HaBaHTaXXEHHs BIJNOBIAA€ MOPIBHAHO «BEJIUKOMY)» 3HAUEHHIO CHIIU.
Jlitst HpOTO:!
P>cx,.
CraTuuHe mepeMillleHHs, OB sA3aHe 3 J1e(OPMYBaHHIM JI0/1aTKOBOI MPYXUHH 1 HOro
MO>KHa OOYHUCIUTH 110 HOPMYITI:
P—cx, P+c,x,
c,+C, ¢ +C,

B.

=x +

Jlist 0GUMCIIEHHs X, 3aIMINAETLCA YMHHOK Gopmyia (4), 3 ypaxyBaHHaM (5) HaOyBae
BUTJIA;

1

N e

Tomy:
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2
K :ﬁ:1+\/1_M<2_

tox (P+C2x1)2

CT
Otxe i B Tpethomy Bunanaxky K <2. Ane, Ha BiaMiHy Bij JiHilHOI cucTemu BiH 3aie-

JKUTB BiJl KOCIIIEHTIB )KOPCTKOCTI MPYKUH, BEIMYUHH 3a30PY 1 BETUYMHH NMPUKIIAICHOT CHIIH.
I3 popmysu (7) BUILIHBAE, IO OiTbIINM 3HAYEHHAM P BiAnoBinaoTh MeHmi sHaveHns K .

Pesynbratu obuncienr K HaBeneno B Tabn. 2. Bonm onepxani npu X =0,04.n;
¢, =15000H / m; P=1000H - B uncenpuuxy i P=5000H - B 3HameHHuKy (3HaueHHs P

IOBHHHI 3310BOJIBHATH YMOBi P > C X, ) i pi3HuX criBBigHOIICHHSX C,/C,.

Tabmuus 2
3HaveHHd KoedinieHTIB TMHAMIYHOCTI /151 MOPIBHSIHO «BEJTUKOr0» 3HAYEHHS CHJIN
c,/c 1,01 2 3 4 5
K 1,847 1,744 1,670 1,614 1,570
A 1,988 1,971 1,952 1,932 1,912

BucHoBkm. [locimiKeHHS IOKa3ajlo0, 10 B CUCTEMI 3 KyCKOBO-JIIHIHHOIO MPYXHOI0 Xa-
PaKTEPUCTHKOIO KOCQIIIEHT JUHAMIYHOCTI HE MEPEBUILYE TBOX. BiH 3aI€KUTh BiJl BETUIHHH
MUTTEBO MPUKIIAACHOI CHJIM Ta BiJ] BIACHUX IapaMeTpiB CUCTEMH. 31 30UIBLICHHAM MHUTTEBO
NPUKJIAJICHOTO HABAaHTAXXECHHS 3MEHIIYETHCS KOe(II€HT JMHAMIYHOCTI 1 Ipu aedhopMyBaHH1
JI0JJATKOBOT NIPY>KUHH BiH MEHIIE JIBOX, 110 BIIACTUBO HETIHIMHUM CHCTEMaM 3 KOPCTKOIO CH-
JIOBOIO XapaKTEPUCTUKOIO.
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Summary
Olshanskiy V.P., Burlaka V.V., Slipchenko M.V. About coefficient of dynamism of
a system with a piecewice-linear stiffness characteristics

To simplify the analysis of the strength of structural elements under the influence of
impulse dynamic loads, the dynamic factor is used in engineering calculations. This coefficient
does not depend either on the parameters of the system or on the magnitude of the dynamic
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load, and for linear systems it is equal to two. In nonlinear systems, it takes on different mean-
ings. The value of the dynamic coefficient depends on the rigidity of the nonlinear system and
in the case of a rigid power characteristic it is less than two, and in the case of a soft charac-
teristic it is greater than two. The purpose of the paper is to calculate the dynamic coefficient
of a system with a piecewise linear characteristic of elasticity under the action of an instanta-
neously applied constant force.

In this paper we consider the definitions of the dynamical coefficient for a system with
a piecewise linear stiffness characteristic. It is established that three load cases are possible
from the magnitude of the applied force. The first of them corresponds to the action of a rela-
tively "small" force. In this case we have a linear system, because the additional spring of
rigidity is not deformed and the dynamic coefficient is equal to two. The second variant of the
load is for the "average" force value. For it, the coefficient of dynamism is less than two, and
in this case it depends on the parameters of the mechanical system and the magnitude of the
applied force, which is confirmed by the calculations given. In the third case of a "compara-
tively large force," it is also, as in the second case, less than two. But, unlike the linear system,
it depends on the coefficients of spring stiffness, the size of the gap and the magnitude of the
applied force.

It is proved that for each of the load variants of a system with a piecewise linear elas-
ticity characteristic with deformation of an additional spring, the dynamic coefficient is less
than two. With the increase in the instantaneously applied load, the dynamic coefficient de-
creases and when the additional spring is deformed it is less than two, actually nonlinear sys-
tems with a rigid power characteristic.

Keywords: coefficient of dynamism, piecewise linear stiffness characteristic, load, static
displacement, dynamic displacement.
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