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0. O.JIAPIH, K. €. IIOTOIIAJTIBCBKA, €. M I'PIHYEHKO, H. P. PA3YMOBCBKA, H. BACU/IbYEHKO

PO3POBKA PO3PAXYHKOBUX MOJEJIEI MACUBHUX KOHCTPYKTUBHUX EJIEMEHTIB
HNIABIIIYBAHHA 3 KBA3IHYJIBOBOIO )KOPCTKICTIO, 11O BUT'OTOBJIEHI 3 KOMITO3UTHUX
MATEPIAJIIB

V wiit po60Ti po3po0IICHO METACTPYKTYPY 3 KBa3iHYJIbOBOIO JHHAMIUHOIO KOPCTKICTIO JUIS 3aCTOCYBAaHHS Y BIOPO3aXMCHHUX CHCTEMax. 3arpor OHOBaHa
CTPYKTYpa CKJIAJAETHCS 3 OAUHUYHHUX KOMIPOK, SIKi BKIIOYAIOTh €JIEMEHTH 3 HEraTHBHOIO Ta MO3HTHBHOKO )KOPCTKICTIO, PO3TAILOBAHI ApaJIeNIbHO, L0
JIO3BOJISIE TOCATTH 00JIacTi KBa3iHyJboBOI xopcTKkocTi. Taka 0co0nuBicCTh 3a0e3reduye MOXKIMBICTE 3HAYHOIO 3HIDKEHHS IepeJaHuX BiOpauiii, 1o €
HaJ3BHYAlHO BAXJIMBUM U1 IpELU3iHHOro oO0JajHAHHS, TPAHCIOPTHUX CHCTEM 1 Oy[iBeJBHUX KOHCTPYKLIHM, YyTiMBHX [0 BiOpauifiHuUX
HaBaHTaXXEHb. Y MeXKaX JOCIIPKEHHS NPOBENCHO YHCEIbHE MOJCIIOBAHHS CTATHYHUX XapaKTEPHCTUK OJMHMYHOI KOMIPKH IIiJi OJHOOCHOBHM
cTicKaHHsM. Lle 103BOMIIIO BU3HAUNTH BIUIMB T€OMETPHYHUX NTApaMeTPiB Ta MaTepialbHUX XapaKTEPHCTUK Ha e(e KTUBHICTh POOOTH METACTPYKTYpPH.
Kpim Toro, 6yi0 po3po61eH0 KOHCTPYKLIIO, [0 BKIIOYAE MHOKHHY TaKMX KOMipOK, 1[0 a0 3MOTY OLIHMTHA MOXJIMBICTh MacIITA0yBaHHS CTPYKTYpHU
JUISL IPAaKTHYHHUX 3aCTOCYBaHb. Pe3ysbTaTH AOCIIHKEHHS AEMOHCTPYIOTh, IO IS 3alPONOHOBAHOI METACTPYKTYPH 30HA KBa3iHYJIbOBOI JKOPCTKOCTI
3HAXOAUTHCS B Jliana3oHi nepemimiens Bix 11 Mm 10 40 MM. Y 11iii 30HI 3HAYCHHS CHJIM 3aJIMIIAETHCS Maikike HE3MIHHUM i craHoBUTH Oii3bko 300 H,
IO CBiOUUTH Npo cTabinbHY poboTy cucremu. Taka moBexiHKa H03BOJsIE €EKTUBHO i30JI0BATH KOJHMBAHHS B IIMPOKOMY Jiama3oHi 4acToT i
HaBaHTaXxxeHb. OepkaHi 3aJIeKHOCTI MEepeMilleHHs IIaT(OPMH BiJ] HABAaHTAXKEHHS JO3BOJIIIOTH HANAIITOBYBATH CTATHYHY JKOPCTKICTh KOHCTPYKIIT
JUISL pi3HHUX 3aCTOCYBaHb Lile Ha eTalli mpoekTyBaHHs. Lle BiAKpHBae MOXIIMBOCTI JUIs afanTaiii MeTaCTpyKTypH Mij crienudidHi yMOBHU eKCIUTyaTaii,
10 POOUTS 11 yHiBepCaIbHUM PIlICHHSM UL Pi3HUX c(ep MPOMHUCIOBOCTI. TakuM YHHOM, METACTPYKTYpa, CTBOPEHA HA OCHOBI OAMHHYHHX KOMIPOK 3
KBa3iHYJILOBOIO JKOPCTKICTIO, € IIEPCIEKTHBHIM DIIICHHSIM I PO3pOOKH BiOPO3aXMCHUX CHCTEM, IO JA03BOJISE 3a0e3MeUNTH epEeKTUBHY 130JILII0 B
IIMPOKOMY Jliania30Hi HaBaHTaXKeHb. [1ofanbIi gocipKeHHs MOXKyTh OYTH CIIPSAMOBaHI Ha ONTHMI3allil0 TEOMETPUYHNX [TAPAMETPIB Ta MaTepiaIbHUX
XapaKTePUCTUK IS IOCATHEHHS 1€ BUIOT e()eKTUBHOCTI pOOOTH CTPYKTYpPH.
K1r04oBi ci10Ba: KBa3iHyJIbOBa )KOPCTKICTh, METaMaTEPial, HATIPYXXEHHS, CUIIOBUH BifIKYK

This study introduces the design and analysis of a novel metastructure with quasi-zero dynamic stiffness for potential use in vibration isolation
systems. The proposed metastructure is constructed from unit cells that integrate elements with both negative and positive stiffness. These elements are
arranged in parallel to create a region of quasi-zero stiffness. This unique configuration allows the metastructure to achieve a balance between stability
and flexibility, making it highly adaptable for various engineering applications.Numerical simulations were conducted to evaluate the static
characteristics of a single unit cell under uniaxial compression. The results demonstrated that the unit cell exhibits a quasi-zero stiffness zone,
characterized by a displacement range between 11 mm and 40 mm, where the applied force remains nearly constant at approximately 300 N.
Additionally, a comprehensive multi-cell design was developed to explore the scalability and practical applicability of the metastructure in larger
systems.The analysis showed that the metastructure's static stiffness and the boundaries of the quasi-zero stiffness zone can be tailored by adjusting the
geometric and material properties of the unit cells. Graphical results, including displacements along the Y -axis and equivalent stress distributions for a
displacement of 30 mm, confirm the effectiveness of the design. The ability to maintain consistent force in the quasi-zero stiffness zone highlights the
potential for this metastructure to enhance vibration isolation performance across a broad spectrum of operating conditions.T he proposed metastructure
demonstrates significant promise for use in vibration protection systems due to its tunable properties and efficient isolation capabilities. By utilizing
the derived dependencies between platform displacement and applied load, engineers can optimize the design parameters during the development
phase to achieve desired performance outcomes. This work lays a foundation for the practical implementation of metastructures in vibration-sensitive
applications, offering innovative solutions for challenges in dynamic load management and structural stability.
Keywords: quasi-zero stiffness, metamaterials, stresses, force buckling.

Betyn. OzHi€ro 3 OCHOBHHUX IPHYMH BUXOAY 3 JalLy
PI3HUX MeEXaHi3MIB Ta MNpPWIAAIB, SKi PO3TAIIOBaHI B
pyxoMux o0'ektax' € INKIJJIMBHN BIUIMB BIiOpamii, ska
BUKJIMKAETHCA POOOTOIO JBUTYHA TPAHCIOPTHOTO 3aco0y,
BIUIMBOM MIKPOMPO]LIIO TOPOKHBOTO MOKPHUTTS, PI3HUX
JIOIATKOBUX MeEXaHIi3MIiB 1 T.JI. 3axucT Bia BiOpauiii €
Ba)XJIMBOIO 3a/1a4€0 CyJacHOTr0 MAIIMHOOYIyBaHHS, amKe
HafiifHa poOora obOnamHaHHA Ta Oe3meka ormeparopa
Oe3mocepeiHbO  3aJIeKATh BiJ ©(EKTUBHOCTI CHCTEM
BiOpoizomamii. 3pocTaHHS  MBHUAKOCTEH pyxy Ta
MOTY)KHOCTEH CHJIOBHX 1 TEXHOJNOTIYHHX YCTAaHOBOK
CIPUYHHSE TMiIBUIIECHHS PiBHS KOJMBAHb, SIKi BIUTUBAIOTh
Ha OmopHi KoHCTpykmii. Lle BWMarae BIOCKOHAIEHHS
iCHyIOUHX BiOpOI3ONALIHHUX CHCTEM, PO3POOKH HOBHX
TEeXHIYHUX PilleHb, CTBOPEHHA MAaTEMAaTHYHUX MOZENeH
Ta X aHamizy s pPI3HUX PEXKHMIB eKcIuryaramii. Y
3B'I3Ky 3 IIMM aKTYaJbHOIO MPOOJIEMOI0 € CTBOPCHHS
BiOpO3aX¥CHOI CHCTEMH Ta OIiHKA 1i €EeKTUBHOCTI.

1. Anani3 icHyrounx HUIsXiB pilieHHss mpodiaemMH.

TEXHOJIOTIYHOrO OOJaJHAHHS BiJ IIKIIJIMBHX BiOpariii
JIOLITBHO 3aCTOCOBYBATH TACHUBHI CHUCTEMH, OCKIIBKU
BOHM € HalOUIbII ~ MPOCTUMH Ta  EKOHOMIYHO
BUnpaBgaHuMH. OMHIEI0O 3 OCHOBHUX XapaKTEPHCTHK
BIOpOI30MsTOpa € YacToTa MOro BIACHUX KONUBaHb. YuM
MEHIIa [ YacToTa, TUM MHMPLIMA [iama3oH 4YacToT
30yprorodoi cuiM, 3a sSKoro pobora BiOpoizonsTOpa €
epexTuBHOIO. J{71s CTBOpEHHS BiOpPO3aXMCHUX CHCTEM i3
HHU3BKOIO BIIACHOIO YaCTOTOIO KOJNWBAHb MOXKJIMBE
BUKOPUCTAHHS CHCTEM 13 KBa3HHYJIHOBOKO >KOPCTKICTIO
(QZS) [4-5].

HeratuBHa >KOpPCTKICTh, OTpHMaHa BiJ KOMIipOK, IIIO
(hYHKIIOHYIOTH Ha MIPHHIAIN BTPATH CTIMKOCTiI abo snap-
through, BBa)kaeTbCsi OCHOBHHM MEXaHI3MOM IOTJIHHAHHS
eHeprii s MeTamarepiaiiB i meractpyktyp [5-15].

30uparounl KOMIpDKH 3 BIACTHBICTIO HETaTHBHOL
JKOPCTKOCTI B Cepifo, MOXKHA JOCATTH Oa)KaHUX
XapaKTepPUCTHK 3aXWCTy Bif yaapiB a00 TOTIHMHAHHS
e”eprii [6-7]. SIk mTydHWIA MaTepiam Ta CTPyKTypa 3
MIepETOBUMH MEXaHIYHIMH W (Di3SMYHIMH BIACTHBOCTSIMH,
VHIKaIbHI XapaKTEePUCTHKA MeTramaTtepiaiB Ta

BiOpoizonATopn  IUMPOKO  BHUKOPHCTOBYKOTECA B . L .

. . , . METACTPYKTYp 3aJIeXKaTh HE BiJl BHYTPILIHIX BIACTHBOCTEN
IHKEHEpHUX CcUCTeMax g isonAmii  o0’ekTiB  Bix e . . P N

. . . MatepianmiB, a Big KoH(irypamii iXHIX BHYTpilIHiX

30BHiHBOrO Bibpauiiinoro BBy [1-3]. Ins 3axucry . . . .

nepiognyHux  KoMipok.  CremiagbHo — po3poOneHi
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KpUBOJiHIMHI Oanku [8—12] Ta HaxwieHi 6anku [1-2], mo
pO3TalIOBaHI y KOHCTPYKIISIX 13 >KOPCTKUMH paMaMH,
3a3BUYall BUKOPHCTOBYIOTHCS SIK KOMIPKH 3 HEraTHBHOIO
YKOPCTKICTIO 3aBJASKU IPOCTOTI IXHROT'O BHUTOTOBJICHHS 32
JIOIIOMOT 010 TexHoorii 3D-npyky.

Cucremn QZS 0a3yroTbcsi Ha MeXaHi3Mi BHCOKOi
CTaTWYHOI Ta HU3bKOI MuHAMi4HOi )opcTkocti (HSLDS).
Ie no3BOJISIE IPOEKTYBATH CHCTEMH 3 BHCOKOIO HECYYOIO
3IATHICTIO Ta HU3BKOIO BIJIACHOIO YACTOTON. 3a3BUuail
QZS-i30maTOpH TOETHYIOTH E€IEMEHTH ITO3UTHBHOI Ta

HETaTHBHOI ~ JKOPCTKOCTi:  TO3WTHBHA  JKOPCTKICTh
3a0e3medye CTaOUIBHICTh, a HETraTHBHA KOMIICHCYE
JUHAMIYHY  JKOPCTKICTh y  TEBHOMY  Jliama3oHi
MepeMilienb, 10 MOKpamlye BiOpoizomsimiro. s

peamizauii HEraTUBHOI JKOPCTKOCTI BHKOPHCTOBYIOTBHCS
pi3HI MeToau: NOXWJI TPYXKHWHH, MAarHiTHI CHCTEMH,
KYJIaYKOBO-POJIMKOBI MEXaHi3MH, MeTaMaTepialid Ta 1HIII.
Binpmricte  qocHi/keHb 30CEpPEPKEHO Ha  CTBOPEHHI
ONTHUMAaJBbHUX KOH(DIrypamiii s JOCSATHEHHS [UX
BIIACTHBOCTEH.

MeractpyktypH Ha ocHOBI QZS 1301010Th HebaXkaHi
BiOpawii y mmpokomy niama3zoHi yactor. Hampuxnan, y
poborax [16-19], cTBOpEeHO MNOAATIMBI CTPYKTYpH JUIS
3a0e3meueHHss  HEMHIHHOCTI, 10 TaKoK  aKTHBHO
BIPOBAKYIOTHCS 7151 HU3bKOYAaCTOTHOI 130/11ii.

Y uiii poOOTI OCHIPKEHO KOMIIAKTHY JIETKY
METaCTPYKTYpy 3 BHCOKOIO CTaTHYHOI Ta HHU3BKOIO
JMHAMIYHOIO JKOPCTKICTIO. MeTracTpyKkTypa JEeMOHCTPYE

+— Sinusoidal beam

S:Q micirm.[nr arch
]

45,00

Sinusoidal beam —— Stiffer walls

Semicircular arch

crabinpHy moBeniHky QZS mns i3omsmii BiOpamid y
HU3BKOYACTOTHHUX Jiara3oHax.

2. MocTtanoBka 3amaui. Meroro i€l poboTH €
po3po0Kka METacCTPYKTYpH 3 KBa3iHYJIHOBOIO JHHAMIYHOIO
JKOPCTKICTIO Ta JIOCHIDKEHHS I XapaKTepUCTHK Yy
3aCTOCYBaHHI JUIs BiOpaIiitHol i30mmsrii. JIns mocsarHeHHs
1iel MeTH 0yJI0 BUKOHAHO HACTYITHI KPOKU:

1. CTtBOpeHO METacTpyKTypy, WO CKJIAIaeThCsl 3
OJIMHUYHOI KOMipKH.

2. YucenbHO BH3HAYEHO CTaTHUYHI XapaKTEPUCTHUKH
METaCTPYKTYpH, IO CKJIAJa€ThCcs 3 OJAMHUYHOI KOMIipKH,
i1 OIHOOCHOBHM CTHUCKaHHSM.

3. Po3pobneHo Momenb KOHCTPYKINI, IO BKITFOUYAE
MHOKHUHY KOMIpOK.

3. OcHoBHA YaCcTHHA. CrnpoexToBaHa
METacTpyKTypa TokazaHa Ha pucyHky 1. Ii komipka
CKJIala€ThCs 3 CHUHYCO1IaJIbHOL OanKw, rnapu
HAIIBKPYIJIMX apoK Ta >KOPCTKUX CTiHOK. CHHycoinaibHa
0anKa JEMOHCTpPYE BIIACTHBOCTI HETaTUBHOI YKOPCTKOCTI
mig Jier0 OIYHOTO HaBaHTAKGHHS, TOAI SK apka, IO
JIOMIHY€E 32 BUTHHOM, JIEMOHCTPYE ITO3UTHBHY JKOPCTKICTh
iz BEPTHKAJILHUM HaBaHTAXECHHSM. 3aB KK
BIATIOBIAHOMY PO3TAIlyBaHHIO I[UX €JIEMEHTIB, Y KOMipLi
Ta B YyCii MeTacTpyKTypi peami3yeTbcsl KBa3iHyJIbOBa
JKOPCTKICTb.

® b, - ¢ b
h A
< /l q
C
b, |
/2
d

Puc. 1 — CrpykrypHa Mozienb - 8. Enemenrapua komipka - b. CunycoinansHa 6ajka - C. HamiBkpyria apka - d.[1]
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Ha pucynky 1, C, dopma cuHycoinanbHOi Oamku
3aJ1a€ThCS PIBHIHHSIM:

y=h/2[1—sinQulx—1,/H)/1,)],

He |, — nosxwuna, b; — rimmbuna, t; — ToBIMHA, h —
amrutityna. HamiBkpyriia apka Ha pucyHky 2(d) mae
noxuny |y, pamiyc R=l,/4, rmubuny b, i ToBmuny t;.
CunycoinanpHa Oanka ¥ HamiBKpYIJl apku 3’€IHaHi
KOPCTKUMH CTiIHKAMH TOBIIHUHOIO 1.

Po3ramryBanHs Oayku 3 HEraTUBHOIO YKOPCTKICTIO Ta
apoK i3 TIO3UTHUBHOIO JKOPCTKICTIO TapaselibHO J03BOJISIE
KOMIpIIi MaTH 00JIacTb KBa3iHyJIbOBOI XKOPCTKOCTI. Takum
YHUHOM, I  KOMipKa  MOXe  (QopMyBaTH  BCIO
METacTpyKTypy (PUCYHOK la), cTaTHyYHa JKOPCTKICTh SKOI
Ta 00NacTh KBa3iHYJIBOBOI JKOPCTKOCTI MOXYTh OyTH
HaJIAIITOBaHI JUIsl PI3HUX 3aCTOCYBaHb.

IIpu nmocmimkeHHI 3a OCHOBY Oyna B3siTa Oajka
HagaHa B nyOmikamii [1]. [Jns migBUIIEHHS HeCydoi
3IaTHOCTI BOHA OyJia MOMU(iKOBaHA UIIXOM 301TBIICHHS
ii  3aranbHOi  JIOBXHMHHM, a  TaKOX  3arajbHOro
MacutaObyBaHHs Ta 3011 IICHHS TOBILUHU
CHHYCOIJANIbHUX eneMeHTiB Ha 30 BiJCOTKIB.

Jnst 4ucenbHOro aHaiisy OyB BUKOPHCTAaHHMH METO.
cKiHueHHMX  eneMmeHTiB. Ilpm  pospaxyHkax Oys
BUKOPUCTAHUH TBEPJOTUILHUN €JIEeMEHT, L0 Ma€ MIiCTh
CTYNEHIB CBOOOAM Y BY3IIi.

Jns uucelIbHUX CUMY/ALiH OyB BHKOpHCTaHHH
Meramerepiall 3 HACTYIHHUMH BIIACTUBOCTSIMU: MoIyib
npyxHocti 49.5 MIlla, xoediuient Ilyaccona 0.36,
migeHicte 1252 kr/m°.  Takox Oymu  BpaxoBaHi
BJIACTHBOCTI JIaHOTO MaTepially OTpUMaHi Miyac TeCTy Ha
PO3TSTaHHSI. 3anexHicTh  HanpyxeHHs-nedopmarii
300pa)keHa Ha PUCYHKY 2.

HanpyxeHnHa, Mla
o I n
w [l (%2 N (%2 w

o

0 0,01 0,02 0,04 0,06 0,08
Ledopmauiii, -

Puc. 2 — Pe3ynbTaTu eKciepUMEHTY Ha po3TsarHeHHs [1]

VY it poboTi po3risaanacs elneMeHTapHa KOMIpKa 3
pi3HOIO 3aranbHO0 AoBkuHOK (114 MM, 118 MM i 122
MM). Posmipn enemeHTapHOI KOMipkd Oa3zyBaimucs Ha
pe3ynbTatax, mpencraBieHux y crarti [1]. CE-monens
HaBeJIeHA Ha PHCYHKY 3.

HasBHiCTP 30HM 3 KBa3iHYJBOBOI >KOPCTKICTIO
MOXXHA BH3HAYHTH 32 HETIHIHHOIO CHJIOK TPYKHHH,
HaBeleHOO Ha pucyHKy 4. Lle BigmoBimae iHTepBamy

MOXJIMBHX  BEPTHKAIBHUX  IEPEMIIIeHb  BaHTAXHOL
wratdopmu 10 3 MM. B mianasoni mepemimens Big 3 10
21 MM eneMeHT 30epirae IpaKTUIHO NOCTIHHY KOPCTKICTh
npykuHd. Ciix 3a3Ha4uTH, IO SKIOIO MOTEeHLIHHI
MepeMillieHHsT  MePeBHIIYIOTh 3aJaHi 3HA4eHHS, TO
JKOPCTKICTh Ii€1 CHUCTEMH TMpH3BENE JO 3BOPOTHOTO
e(eKTy 1010 BiOPOI30IIAIII.

000 45,00

90,00 (mim)

22,50 67,50
Puc. 3 — Mopens CE enemeHTapHOI KOMipKH

Force-displacement

Force,N
&

1 2 3 4 5 6 7 B8 9 10 11 12 13 14 15 16 17 18 13 2

Displacement, mm

g (=114 MM g [ =118 MM

Puc. 4 — 3oH1 nepeMilleHb 3 KBa3iHyIbOBOO KOPCTKICTIO

Leit enemeHT OJOKYy JEMOHCTpPYE 3aJlOBLJIbHI
pe3yabTaTd 1 MOXe  CIYTyBaTd  OCHOBOIO I
MOJICITIOBaHHs OUTBII CKIIAJHOTO BiOpOI30JsITOpa, SIKHA
MO€ TPAIFOBATH HA OUIBIINX PIBHIX MEPEMIICHHS.

MonentoBaHHs HalpyXeHO Ie(opMOBaHOTO CTaHY
eJIIEMEHTapHOI KOMIPKH IJIsl Pi3HMUX PiBHIB MEpEeMilICHHS
HABaHTAXEHHA, a CaMe BEPTUKAIbHI IEepeMilIeHHS
HaBEACHO HAa PUCYHKY 5.
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0035249
-0,89078
-1.8168
-2,7428
-3,6689
-45949
-5,5209
-0,4469
7,373
-8,299
Unit: mm

D=7 mm
0,064118
-1,4525
-2.969
-4,4856
-6,0022
75187
90353
-10,552
-12,068
-13,585

Unit: mm

D=13 mm

0,096513
-2,1501
-4,3968
-6,6434
-8,8901
-11,137
-13,383
15,63
-17,877
-20,123
Unit: mm

D= 20 mm
a

2,6523
23576
20629
1,7682
14735
1,1788
088411
0,5894
0,2047

1,9522e-10

Unit: MPa

D=7 mm

3,2202
28624
25046
2,1468
1,789

14312
1,0734
07156
03578

1,8284e-10

Unit: MPa

D= 13 mm

28866
25659
2,2451
1,0244
1,6037
1,2829
09622
0,64147
0,32073

1.6642e-10

Unit: MPa

D=20 mm

b

Puc.5 — a - Hanpsimnieni nepeminiennst Y; b - exsiBanentHi HanpyxenHst Gon Mizeca st pisHUX PiBHIB MepeMilleHHS
HaBaHTAKCHHS

3MOIETI0EMO CHUTYAIlil0, KOJIHM 3arajbHa CHja, sKa
Oyne mpukianeHa Oyzae craHoButu npudimzuo 1500 H.
Tomy abu MOCUIUTH HeCydy 3/aTHICTh OJIHIE] KOMIpKH
BOHa Oyna MOIU(IKOBaHA MUITXOM MacCIITa0yBaHHs Y JiBa
pasu 3aragbHOi KOHCTPYKINI Ta 30iMBIICHHS TOBIIMHU
cuHycoimanpHUX enemeHTiB Ha 30%. Pesymbratn
pO3paxyHKIiB  HaBeIEeHO 3  HAasBHOIO  30HOK 3
KBa3iHYJIBOBOIO KOPCTKICTIO HA PUCYHKY 6.

Cuaa, H

180

160

140

120

2 4 6 8101214161820222426283032343638404244464850

NepemileHHs, MM

Puc.6 — 30oHu nepeMiliieHb 3 KBa3iHyIbOBOKO KOPCTKICTIO

Jutst MO iKOBAHOT KOMIPKH
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MopentoBaHHs HaNpyXeHO Ne(OpMOBaHOTO CTaHy
MacITadOBaHOI €IIEMEHTAPHOI KOMIPKH ISl PI3HUX PiBHIB

MepeMIlllCHHsT HaBaHTA)XCHHsSI HABEACHO HA PHUCYHKY 7.
I'pannns npyxHOCTI AaHOro Matepiady AopiBHIOE 68

0,39744
-3.3617
-7.1208
-10.88

-14.639
-18.398
-22.157
-25.916
-29.675
-33.434

Unit: mm

MIla, BUHMKAIOU] HANpPY>KEHHS HE MEPEeBUIIYIOTHh AaHUN
KpHUTEpiid.

59126
52557
4,5987
39417
3,2848
26278
1.9709
1.3139
0,656%6
1.0099e-9

Unit: MPa

7

Puc.7 — a - Hanpsimieni nepeMimenHs Y; 6 - eKBiBaJIeHTHI HanpyxeHHs GoH Miseca Jurs piBHS HaBaHTaKeHHS 30 MM

Pesynbratu mi1st MoaudikoBaHOT OMHOYHOT KOMipKH
NOKa3yloTh, 110 30HAa 3 KBa3iHYJILOBOK JKOPCTKICTIO
nopiatoe 30 Mm. B milf 30HI Hecyya 3aTHICTb
KOHCTPYKIIT nopiBHIOE npudiau3Ho 80 H.

Ha ocHoBi MonudikoBaHoi KOMipkH Oyl10 CTBOPEHO
KOHCTPYKIIIO, IO CKJIAJA€Thcs 3 HYOTHPHOX KOMIPOK,
m'efecTany, KpiluleHb Ta IUIOIAJKH A HaBaHTa)KCHHS.
TpuBuMipHa MOJIENTb KOHCTPYKIIIT OKa3aHa HA PUCYHKY 8.

Puc. 8 — CE monens koHCTpyKIIil Bibpoizossitopa 3 QZS.

Jnst po3paxyHKiB Oynu 3afaHi TpPaHWUYHI YMOBH:
OOMEXEHHsSI TepeMillieHb [0 HIKHIA TOBEpXHI Ta
00KOBHM KpituteHHsIM. HaBaHTa)KeHHS TpHKIIananach Ha
BEPXHIO MOBEPXHIO 110 KPOKaM J10 50 MM.

HasBHiCTP 30HM 3 KBa3iHYJBOBOI >KOPCTKICTIO
MOXXKHA BH3HAYWTH 33 JOINOMOTOI0 aHANi3y HeiHIHHOI
CHJIM, 110 NTOKa3aHa Ha PUCYHKY 9.

Cuaa, H

1357 91113151719212325272931333537394143454749

MepeMmilleHHA, Mm

Puc.9 — 3onu nepeMilieHs 3 KBa3iHyIbOBOKO KOPCTKICTIO

3 OTpUMaHHX pe3yIbTaTiB  BHIOHO, IO JUIA
3aMporOHOBAaHOI KOHCTPYKIIT 30Ha 3 KBa3iHOIBOBOIO
JKOPCTKICTIO 3HAXOAWUTHhCA B Jiama3oHi Big 11 MM 1o
40 mm. [Ipu poMy B JaHil 30HI 3HAYCHHS CHJIH JOPIBHIOE
o6mm3bko 300 H. Ha pucynkax 10 HaBeieHi nepeMilieHHs
y HampaBieHi Y, Ha pucyHky 11 — ekBiBaJieHTHI
HaNpy)KeHHs JUIs HaBaHTaKEHHs, 10 BianoBizae 30 mm
MEPEMIIICHHSL.

0,26501
-2,4573
-5,1707
-7,002

-10624
-13,347
-16,060
18791
-21,514
-34,236

Unit: mirn

Puc. 10 — Hanpsiminieni niepeminieHnst Y Uist piBHsI HABAaHTaKESHHST
30 Mmm
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55102
4,906
42987
3,6795
3,0662
2,453
1,8207
1,2265
0,61324
3,40562-10

Unit: MPa

Puc.11 — ExBiBaneHTHi HarpyxeHHs1 poH Mizeca mist
piBHS HaBaHTaXXeHHS 30 MM

B 3anpomoHoBaHMX MapaMeTpax IEpPeMillleHb, [e
BUKOHYETBCS ~ €(eKT  KBa3iHYNIbOBOi  JKOPCTKOCTI
Halpy)kKeHHS B  KOHCTpYKLii  BiOpoizonstopa  He
IePEeBHILYIOTh IPaHUYHHUX 3HaueHb. CucTeMa Mpamioe B
30HI NPYXHUX AedopMariil.

BucHoBkH. MopentoBaHHA 3aMpOIIOHOBAHOIO
NPUCTPOIO JOBOJMTH MOXIIUBICTh HOTO BHKOPHCTAHHS B
SKOCTI BIOpO3aXHCTHOI CHUCTEMH 3 BHUKOPHCTaHHIM

€JIEMEHTIB 3 KBa3iHYJIbOBOIO KOPCTKIiCTIO. 3 rpadikiB ,
MpPUBEICHUX Ha pUCYHKaXx 6 Ta 9 BUEHO, IO B
KOHCTPYKIIT HasiBHA 30HA 3 KBa3iHOJIBOBOK JKOPCTKICTIO,
sIka 3HAXOJUTHCS B Jiana3oHi mepeMimieHb Big 11 MM 1o
40 wmm. Ilpy 1npOMy 3HaMEHHA CHIM Maibke He
3MiHIOEThCS. OTprMaHi B poOOTi 3aJIe)KHOCTI Ta METOMKA
pO3paxyHKy [O3BOJAIOTH Ha CTaail NPOEKTYBaHHA
BUOpaTH OCHOBHI IapaMeTpHU ONOPH 3 BUKOPHUCTAHHIM
3alpOIOHOBAHOI KOHCTPYKIIT 3 AEKUIBKOX KOMIPOK, a
TAKOX TIPOBECTH TMOMEPEIHIO OIIHKY e(peKTUBHOCTI
BiOpoizousLil BUKOPHCTOBYIOYH 3aJIeIKHICTh
nepeMilleHHs aT(GopMu BiJl HABAHTAKEHHSI.

Iomsxa: Ile HaykoBe  jmochiykeHHS — OYio
MiATPUMAHO Ta YacTKOBO (iHaHCyBanoch HarioHansHEM
¢doumom  pocmimkens  Ykpainm  (HOJY  rpant:
2023.03/0255 ) Bibpartifiauii  3aXHCT MPUCTPOIB,
amapaTypH, BaHTaXXiB Ta JIOAEH BiJ AMHAMIYHHAX BIDIMBIB
B HQJ3BHYAHMX YMOBaX HA OCHOBI JOCIiHKEHHSI
HENHIHHIX KOJWBAaHb CHCTEM CKJIATHOI CTPYKTYypH 3
KEPOBaHNUMH 1 TACHBHUMH €JIEMEHTaMH.
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