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KOHCTPYKIIHHE JEMII®YBAHHSI B KOHIYHIIA OBONMI
3 IPYKHUM 3ATIOBHIOBAYEM

Pe3tome. O60n10HKOGI enneMeHmu 3 NPYICHUM 3ANOGHIOBAYEM NOEOHYIOMb GUCOKY HeCyuy 30 amHICb 3
NOPIGHAHO MANOI0 HCOPCMKICMIO | NOMpIiOHUM pisHeM Oemn@y8ants, 0OCmamuivu Oisi SKICHO20 2aCiHHS
gibpayin. Ha danuil yac pospobieHo ocHo8u meopii po3paAXyHKy KOHCMPYKYIU, HECYYUuUMu JAHKAMU 8 SAKUX €
yuninopuuni obononku. Manogusyenum 3aTUULAEMbC NUMAHHAL GNIUGY QOPMU NOGepXHI 0OO0NOHKU HA
Oepopmamusni ma Oemnysanvhi 61acmu8ocmi 0OOJIOHKOGUX aMopmu3amopis. 3anponoHogana poboma €
Yepeo8UM KPOKOM Y YbOMY HANPAMKY. Posenanymo KoHcmpyKmueHo HeniHiiiHy HeKOHCep8amusHy MiulaHy
KOHMAKMHY 3a0a4y npo Qpukyiiiny 83acMo0il0 HCopcmKoi KOHIYHOI 000UMU 3 NPYICHUM 3AN0GHIOBAYEM NpU
HEMOHOMOHHOMY HABAHMAdCEHHI. Y Keazicmamuuniil NOCMAaHo8yl npoyec HeMOHOMOHHOZ0 HABAHMANCEHHS.
cucmemu po3ouBaAcCmMvCsi HA emanu, 0e HAGAHMANCEHHs. MOHOMOHHe. Po036’s13ku 3a0aui Ha KodcHoMy 3 emanis
HABAHMANICEHHS OMPUMAHO ACUMNMOMUYHUM MEMOOOM MAlo2o napamempd. 3anucano eupasu Oisi HanPylCeHb
ma ocbogUX NepemileHb 3anoHiosaua, nobyoogano odiazpamu O0ehopMyeanHs (nemii KOHCMPYKYIlHO2O
Odemnghyeanns) cucmem 3 pIBHUMU HAXUIaMu MGIpHOI Kowyca. JlosedeHo OoyintbHicmb NPOEKmYS8aHHs
000110HK0BUX Oemnghepis 3 OpiEHMayicro KOHIYHOT NOBEPXHI KOHMAKMY, 38YAHCeHOI' Y DIK NOPULHSL.

Knwuosi cnoea: roucmpykyiiine Oemng)ysanis, KOHIUHQ 000UMA, NPYICHUN 3ANOBHIOBAY,
000710HKOBUL AMOPMU3AMOP, PPUKYITHA 83AEMOOISL.

I. Popadyuk, I. Shatskyi, V. Shopa

CONSTRUCTIVE DAMPING IN THE CONICAL HOLDER
WITH AN ELASTIC FILLER

Summary. Operation of all machines and mechanisms is directly related to arising of vibrations. In
the majority of cases vibrations worsen durability, reliability and longevity of industrial machines, mechanisms
and buildings, they also have a harmful influence on the health of operating staff- Y. S. Pidstrygach Institute of
Applied Problems of Mechanics and Mathematics of the National Academy of Sciences of Ukraine has
developed promissing constructions of vibroinsulators, which form the basis for the new class of vibroprotective
devices - shell elements with elastic filler. They combine high bearing strength with comparatively low
inflexibility and the necessary level of damping, sufficient for the quality extinguishing of vibrations. The main
characteristic of such constructions is the application of the thin-walled elements (shells, plates, bars) as a basic
bearing and executive details. According to their construction they are deformable shell systems with dry
friction. During mechanical and mathematical modelling of elastic elements under the loading (generally
speaking, unmonotonous one) there arises a class of constructive nonlinear nonconservative mixed contact
problems on the friction contact of shells with an elastic filler. Currently there are the theoretical bases of
constructions calculation, the bearing details in which are cylinder shells were developed. The problem of the
influence of the surface form of a shell on deformation and damping properties of shell shock absorbers is not
Sfully researched. The offered work is the next step in this direction. The authors have studied a mixed contact
problem on the friction interaction of absolutely hard conical holder with an elastic filler under the
unmonotonous loading. A holder is considered as a hard one, because the inflexibility of a filler in the system is
substantially less than the inflexibility of a bearing shell. The process of the unmonotonous loading of the system
during the allegedly static formulation is broken up into phases with monotonous loading. The problem solutions
at each stage of loading are obtained based on the asymptotic method of a small parameter. Expressions for
tensions and axial movements of a filler are written and the diagrams of deformation (loops of the construction
damping) of the systems with different inclinations of the cone formative are built. The expedience of
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constructing of shell dampers with the orientation of narrowing of the conical surface contact narrowing toward
the piston is proved.

Key words: constructive damping, conical holder, elastic filler, shell shock absorber, frictional
contact.

ITocTranoBka mpoo6Jiemu. BiOpariiiHi mporecH, SKi BUHHKAIOTH MPH eKCIUTyaTarii
MPaKTUYHO BCiX 0e3 BUHATKY CYYaCHHMX MAIlMH 1 MEXaHi3MiB, 3a3BHYail MpPU3BOJATH IO
HeOa)kaHWX HACTIJIKIB. Y IMepeBaXkHid OLTBIIOCTI BUIAIKIB BiOpaIlii MOTipPIIYyIOTh MIIHICTD,
HAJINHICTh 1 JOBrOBIYHICTh MTPOMHUCIOBHUX MAIIUH, MEXaHI3MIB 1 CHOPY/I, a TAaKOX IIKiJTUBO
BIUIMBAIOTH HA 3JI0pOB’Sl OOCIYrOBYIOWOro TMepcoHamy. Takum dYwHOM, TmpoOiema
BiOpOI30JIAIIiT € aKTYaTbHOIO SIK B TEXHIYHOMY, TaK 1 y COI[IaJIbHOMY PO3YMiHHI.

AHaJi3 ocTaHHIX JOCTiKeHb i myOJikamiii. B [HcTHTYTI nmpuKIagaux mpodiem
mexaniku 1 marematuku iM. S1.C. Ilinctpurasa HAH VYkpaiau po3poOieHo nepcrekTHBHI
KOHCTPYKIIi BiOPOi30JIATOPiB, HA OCHOBI SKHX C(HOPMOBAHO HOBHH Kjac BiOPO3axXUCHHUX
MPHUCTPOIB — 000TOHKOBI MpykHi eneMeHTH [1]. ['0J0BHOIO O3HAKOIO KOHCTPYKIIH IHOTO
KJIaCy € 3aCTOCYBAaHHS TOHKOCTIHHUX €JIeMEHTIB (0OOJIOHOK, IIJIaCTHH, CTPIOKHIB) SIK
OCHOBHOI HECYUOl Ta BUKOHABYOI JIAHKH.

3a CBOIM TeXHIYHHM piBHEM OOOJIOHKOBI INPY>KHI €JIEMEHTH HE MAarOTh aHAJIOTIB.
Jlesiki KOHCTPYKINI JaHOTO Kiacy Bxke JoOpe 3apeKoMeHIyBalu cebe y psai ramyseit
npoMuciaoBocTi.  OcobmmuBO  epeKTUBHO  OOOJIOHKOBI  BIOPOI30JISTOPH  IMPAIFOIOTH
BUKOHABUMMHU OpraHamMu BiOpO3aXWMCHUX CHCTEM, IO eKCILUTyaTylOTbCS B  YMOBax
EKCTPEMATbHOTO HAaBAaHTAYKCHHS.

3a KOHCTPYKTOPCHKUM BHKOHAHHSIM TPUCTPOI, IO PO3TISAAOTHCS, — 1€ eOpMiBHI
00O0JIOHKOBI CHCTEMH 3 CYXHM TepTsM. JleTanbHWMIA OIS MyOiKaIid, NPHUCBIYCHUX
JTOCTIPKEHHIO JUHAMIYHUX CHUCTEM 3 PI3HOMAHITHHMH 3aKOHAMHU TepTs, 3poOJieHO B CTATTi
[2].

3 ychOro pIi3HOMAHITTS MEXaHIKO-MaTeMaTHYHUX MOJIEICH, SKi OIHCYIOTh
(GpUKIiHHY B3a€EMOJIII0O TOHKOCTIHHUX  €JIEMEHTIB  KOHCTPYKIIH 3  jaedopmiBHUMHU
3alOBHIOBAaYaMH, HaWIMpIne po3podiieHi Mojeni 00’€KTiB, HECYUMMH JaHKaMHU B SKHX
GIrypyroTh IWIHAPHUYHI 00O0JOHKHW (Hampukian, podotu [3—-5]). Pesymbratn meprimx
JOCITIJKeHb  (PpHUKIiiHOT B3aeMoJil HEMWIIHAPUYHUX (Y JaHOMY BHIIAJKY KOHIYHOT)
000JIOHOK oOepTaHHS 3 JepOPMIBHAM 3allOBHIOBAYeM BHUKJIAQJACHO Yy cTarTi [6], e
3MOJIEIbOBAHO MPOIIeC AaKTUBHOTO (MOHOTOHHOTO) HaBaHTAXXCHHsI MPY)KHOTO 3allOBHIOBAYA B
KOHIYHI! 0001Mi 3 ypaxyBaHHIM CYXOT'O TePT.

Meta poborn. [loOynyBaTu HeTIIO0 KOHCTPYKIHHOTO TicTepe3ucy, sIKHH BHHUKAE
BHACIIIJIOK CYyXOTo TEepTsS NpW HEMOHOTOHHOMY HaBaHTa)KEHHI IMPYKHOTO 3allOBHIOBa4Ya B
JKOPCTKIM KOHIYHIKH 00OWMi, Ta BHBYMTH BIUIMB KOHYCHOCTI Ha JegopMaTuBHI W
JeMII(pyBaIbHI BIACTHBOCTI CUCTEMH.

IlocranoBka 3agaui. Po3rnsHeMo mpyXHHN 3pi3aHU KOHYC 3aBJOBXKKH d, SIKHA
3aI0BHIOE a0COJIFOTHO JKOPCTKY oOoiimy (puc. 1). Ha BimbHHI TOpemb KoHyca uepes
abCOMIOTHO YKOPCTKUM TIAAKUN MOPIIEHb MepeIacThCs 30BHIIIHE HEMOHOTOHHE 3a 4acoM
HaBaHTaxeHHS (). XapakTep KOHTAaKTHOI B3aeMoJii OIYHHX TIOBEpXOHb OOOWMH 1
3al0BHIOBAYA BHU3HAYAETHCS 3aKOHOM CyXoro TepTsa. OcecHMETpUYHUN HaMpyKeHO-
neOopMOBaHHUHM CTaH CHCTEMH JIOCIIDKYEMO B IFUTIHJIPHYHINA CHCTEMi KOOpIWHAT, BKa3aHil
Ha puc. 1.
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AR AR AR AR

al2 al2

Pucynok 1. Po3paxyHkoBa cxema

Figure 1. Analytical model
Hamararounch aHaNITUYHO OIHUTH CYTTEBI MapaMeTpHu pO3TJsAyBaHOl 3ajaadi,
BHKOPUCTAEMO OJHOBHMIPHY MOJENb 3amoBHIOBada [6]. BBakaemo, 110 B 3amoBHIOBadYi

HOpMaJlbHI HaNpYXEeHHS O,,0,,0. 1 OChOBI NEPEMIINEHHs % PO3MOJLIEHI PIBHOMIpHO, a
JOTUYHI HAIPY’KEHHs 7, 1 pajlaibHi HepEeMIIIEHHS #, — JIHIHHO 110 MONEePEeYHOMY IIepepisy.

[IpyxHy piBHOBary 3alOBHIOBa4a OIKCYEMO YCEPEIHCHHWMH 3a MOMEPEYHHM Iepepi3oM
PIBHSIHHSIM piBHOBaru

do 2
f+——7_=0 1
dz " R(z) Fr M
Ta 3aKkOHOM ['yka
du 1
g =—>= =—(Gz —ZVGr),
dz E
g =“'(R)=l((1—v)a ~vo.). )
" R(z) E T

Tyt E,v —wmonynb FOnra ta xoegiuient [lyaccona marepiainy 3anoBHIOBava;

R(z)=R, 1+i—¢(z—§j , (3)

o

R = R(a/2), ¢ — KyT Mixk 1OTHUHOIO /10 GiYHOT IOBEPXHI Ta BICCIO CHMETPIl 3allOBHIOBAYA.

IMin 7, y d¢opmym (1) Ta HmXKYEe po3yMiTUMEMO HOro 3HAUCHHS Ha IOBEpPXHI

KOHTaKTy 7, (R)
OpukiiitHy B3aeMoJil0 000WMH 1 3amOBHIOBAYa OMKCYEMO CITiBBIIHOIICHHSIMH
OJTHOCTOPOHHBOT'O KOHTAKTY

u,=0,0,<0, 4
a TaKoX 3aKOHOM TepTs KyoHa Jisi HOMOHOTOHHOT'O HaBaHTaKCHHS
ou . ou
T, = fo, sgn— sgn(Q} =£0;
o0 o0
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Zg =0, |[r,|<-/o,. (5)

Tyr f — xoedimieHr teprs; 7,,0, — NOTHYHI Ta HOPMAJbHI HAlNpYKEHHsS Ha ITOBEPXHI

KOHTAaKTy, U, —HOPMaJIbHE HepeMiIJ_[eHHH HOBerHi KOHTAKTYy.
Ha TOPIAX 3alIOBHIOBAYa BUKOHYIOTHCA KpaﬁOBi YMOBH

c.(0)=-0/7R*(0). u_(a)=0. (6)

[lepeiimemo 10 mepeMileHb Ta HAIPYXKeHb, OPIEHTOBAHUX B MUJIIHAPUIHIA CUCTEMI
KoopAWHAT. BBakaroun ¢ nocTaTHbO MainuM ((popma OIYHOT OBEPXHI 3MIHIOETHCS TTOJIOTO,

TOOTO OJIM3bKA IO MIIHAPUYHOI), 3HEXTYEMO WICHAMH PANiB O(goz), OTPHMAEMO
U, =u,cosQ—using~u, —qu_; @)
U, =u, cos@+u, sing~u_+qou,. 8)

TyT u.,u, — npoeKui’l' ITOBHHX HepeMiH_IeHB TOYOK 3allOBHIOBAa4Ya HAa HOpMaJlb Ta JOTUYHY 0

614HOT MOBEpPXHI 3alIOBHIOBAYA.
3B’S130K MiX HaIPY)KSHHSIMHU BU3HAYAE€THCS (DOpMyITaMu

o, =0 sin’p+o0,cos’p—1,_sin2¢p ~o, —2¢7,_; 9)
7,=(0, —0) sinpcosp +7_(cos’ p—sin*p)~7,_+plo, —c.).  (10)

®opmyna (3) HaOyBae BUTIISTY

R(z)~ R{H}%(z—gn. (11)

[linctaBnsroun Gopmynu (7) — (10) B yMOBH OJTHOCTOPOHHBOTO KOHTakTy (4) Ta
mepire i 3 cHiBBigHOIIEHB 3aKoHY Kymona (5), oTpuMaeMo yMOBH (ppHKINHHOI B3aemoii 3
MIPOKOB3yBAaHHSIM 3aIIOBHIOBAYA 1 KOPCTKOI 000HMHU

u,(R)=pu, =0; o, 297, <0. (12)
T, +(p(0'r —az)—f(a, -2¢7,, )sgn ZZ sgn(Q)= 0. (13)

[TincTraBumo 3akoH I'yka (2) B mepmry 3 ymoB (12), mpueaHaeMo 10 OTPUMAHOTO
CHiBBiAHOIIEHHS piBHAHHS piBHOBaru (1) i 3akon Kynona (13) ta Bpaxyemo dopmymny (11),
OTPUMYEMO 3aMKHEHY CHCTEMY pIBHSHB 3a7adi JUIS BHUIAJKY MPOKOB3YBAaHHS IPY>KHOTO
3aroBHIOBAYA B )KOPCTKiN 000HMi

a

R{Hﬂz—gn((l—v)cn —vo)+p[(o. ~2vo,)dz=0:  (14)

o z

ou
) ) z
T}’Z + ¢(O-r O-Z) f(o-r ¢TY‘Z )Sgn a 2

sgn(Q)z 0.
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Iepeiinemo 1o 6e3po3Mipuux koopausar & =z/R , p=z/R . lo3HaunMo /=a/R ,

P= —Q/ 7R . Toni cuctema piBHsinb (14) Ta Kpaitosi yMoBH (6) HaOYLYTh BUTIISTY

dO'g

(+o(c-1/2)

+2pr =0;

1

1+ -1/2M0-v)o, —vo, )+ p[(o, —2vo, )i =0; (15)

¢

Ou,

rctolo, o) flo, ~207, Jsen 20 sen(0)=0.

(1-¢l)o.(0)=-P, u.(1)=0. (16)

IToOyaoBa po3B’A3KY MilIaHOT KOHTAKTHOY 3a1a4i. Y KBa3iCTaTHYHIN MOCTAHOBII
MPOIleC HEMOHOTOHHOTO HABaHTa)KECHHS CUCTEMH PO30MBAETHCS HA €TAIld, JIc HaBaHTaKEHHS
MOHOTOHHE. P03B’s13km cucteMu piBHSHB (15) 3 kpaitoBumu ymoBamu (16) /i pi3HHX eTaIiB
HaBaHTKCHHS OyJyeEMO, pPO3BHUBAIOYM HEBIJIOMiI BEJIMYMHHA B AaCHMOTOTHYHI psad 3a
CTemeHsIMH Mayioro mapameTrpa ¢ . OckinbKH Tpu BHUBOJI cmiBBiAHOIIEHb (12), (13)
BiJIKHJIAJTACH YJICHU O(goz), JIOCTAaTHBO OOMEKHUTHCH aHAJIi30M HYJIBOBOTO Ta MEPIIOro
HaOJIMKEHb.

IToyamkoee (akmueHe) HAGAHMAI CEHHA

<0< , >0, >0.
max aQ

Po3B’s13ytoun cucremy piBHsIHB (16) 3 ypaxyBanHaM yMoB (17), oTpumyemMo

o =-re{vaef ey LMD ) ofe),

o, = —%Pei{l + (D(H(Cf A)- (1 2;1)(:)2” 1‘5 j+ olp’)), (8)

o li Pe%{lw( H(E)- (1 +v‘8(i ;)211) e;, i (1+;)v(21; ), fj+ 0(402)}

TyT BBeZIeHO MMO3HAYECHHSI Z:%; H(g,ﬂ,):l+ Hf +ﬂ_ﬂ 4’4_/14’ )
I-v 1-v v 2 2

[HTerpyroun meprine i 3 CHiBBiTHOMEHL (2), OTPHMAEMO OCBHOBI IEepEMIIICHHS
3aloBHIOBAYA!

+

1 PA+v)l-2v)(e ™ —e”
”:?EI(%—ZV%)‘M:E( I)EV )( J)

. g{ﬂ(%ﬂm—(l +oM-20) o _1)j .

v(i-v)2
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to (4vf 2v %)(e“ (A& +1)—e ™ (A +1))+

1-v %

+ 12(-44(/12; 4228 +2)-¢€ (,1212+2,11+2))—£(1—§)j+0( )J (19)
22 vA

Bupaz m1st mepeMileHHst HOPIITHS Ma€e BUTIIST

TR I (N T E R

E 1-v L 2 "\ 2 \wm

vA v(1-v)
4vf v A 1o
+/12( 2] (1—e (2 +1))+

1-v % v

1 . le”
—(2-e (1P 201 +2))- +0(¢*) |.20)
A A
CnisigHomenHs (20) omucye JiHIMHY AUISHKY JiarpaMd HaBaHTaK€HHs (YU MeTi
KOHCTPYKIIIHHOTO TiCTepe3unCy), sika BiIIOBIIa€ TOYaTKOBOMY HaBaHTa)KEHHIO.
Pozeanmasicenna

0.2020, 0<0.
Ha nouarky eramy BHKOHYIOTbCS YMOBH HETOBHOI'O NpOKOB3yBaHHs. Ha moBepxHi

KOHTAKTy MPHUCYTHI JIBI 30HH, PO3JIijIeHI O1)KyUOl0 TOYKOIO 3 KOOPAMHATOIO « , SIKa BiJlirpae
POJTb BHYTPINITHBOTO Yacy. Po3riisiHeMo 1Mo Yep3i KOXKHY 3 HUX.

Obmacts ¢ €[0,1] — 30Ha 3BOpPOTHOTO MPOKOB3YBAHHSA, NS SKOI CTpaBeITHBA
HEpIBHICTh
ou,
> 0. 21
0

Po3B’s3yroun cucreMy piBHSHB (16) 3 ypaxyBaHHSIM yMOBH (21), oTpuMyeMO

o =G olite)- X2 o)) ol

A

0, = Pe‘4(1+go(H(;’ )~ %lfzv)w() 1)J+O( )j (22)

7, = %Pelﬁ (1+¢(H(§’_A)_%};2V)(F(a)— + 1;;VJ+O(¢2 )j

P , B
Ty BBeeHO mo3Hauenns F(ar)= e ——m (e T )

Obnacte & €[, /] - 30Ha 3uennenns, ne du, /00 =0, a HAIPYKEHHS OGUUCITIOIOTHCS
3a popmynamu (18) mpu P = P_ . KoopauHara TOUKU po3Jlly 30H @ 3HAXOAUTHCS 13 YMOBHU
HEMEePEePBHOCTI OCLOBUX HATIPYKECHb

ag(a—O): O'C(Ol+0),
sIKa 3 ypaxyBaHHsM criBBinHOIIEHb (18), (22) micns nepeTBopeHHs HaOyBa€e BUTIISTY

~e{ e ptaata - U2V e ) e e Y- ole). 23)

P

max
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OcboBi niepeMillieHHs 3aI0BHIOBaYa Oy Ay Th

_ —da _ ,-A Aa AL
”;zé(lJH{)Elv 2v)(Pxe /16 e /16

+(/{Pmaxe“T—e(g+l %lfzv)(e “ —1)j+

Pe“—e“(_JJr (1+;)(lf2V)(F() I)J

WAL j( () =e? (A )+
+pL
ya

( 4vf 2v

2

j( (o —1)=e* (A& —1))+

Ty e (/120!2 +20a+2)—e (PP +241 +2))-

Pl (et ~22a42)- e (B ~25 42))

—P,Wev—ﬂ(l—a)+P%)(a—c)j+O(¢2)j- (24)

[epemireHHs OPIIHS OTPUMAEMO MiCTaHOBKOIO y hopmyiry (24) 3HauenHs £ =0.

[Ticns meperpynmyBaHHS (BUAUIMMO O,  — HaiOlnbIle HepeMillleHHS HOPIIHS Ha eTarli

AKTHUBHOT'O HaBaHTa)KeHHSI) I €Tally PO3BAHTAXKCHHA B YMOBAaX HCIIOBHOI'O IIPOKOB3YBAHHA
MaeEMO

Aa —Aa
5 =5 "‘“(HV)(I_ZV)(mee —1_1—: .\

P
Imax E ]—v 2,

+(/{em _l[i+l+(1+v)(l_zv)(e‘” —1)J+

A i v f

(1+v)(1 2v)(e _l)e*”—e*“

2 f A

+iﬁ(__+ M(em _1)J+
P A vA W f

o (‘”f —%J(e-ﬂ“(m +1)-1) )+

v

\%

PP ;2 (4vf =2, gj(e“ (Aa—1)+1) )+

L —Aa 2,2 _ _L l Aa 2,2
+2/12 (e (/"La +2/Ia+2) 2) P 2F (e (/10(

—Aa

—2/1a+2)—2)+ae L aemj+0(¢2)} (25)
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bepyuu no yBaru, 1mo
0<ac<l, (26)

3aMUIIEMO II0 YMOBY HETOBHOTO IPOKOB3YBaHHS 3 JIOMOMOroo ¢gopmynu (23) B TepMiHax
HABaHTaXXEHb TAKUM YNHOM:

5.0, SO0, 27)

Tyt s. — xapakTepHe 3HaueHHs KoedillieHTa acUMeTpii LUKy HaBaHTa)KEHHS, SKe
004uCITIOETHCS 32 HOPMYIIOr0

; :ew(l_g{—(l M) _eﬂ)jm(goz)}

CnisBigHomenHs (23) Ta (25) B mapameTpuuHid (opMi ONUCYIOTH HEIHIHHY
TUISTHKY TIeTI KOHCTPYKIIIHHOTO JjJdeMIIpyBaHHS, BiJIIOBIIHY pPO3BAaHTAXCHHIO B YMOBax
HEMOBHOTO TMpokoB3yBaHHSA. HepiBHOCTI (26), (27) € BIANOBIIHUMHU E€KBIBAJICHTHUMU
YMOBaMH MOHOTOHHOCTI.

[lepeiinemo 10 po3BaHTaKEHHS! B YMOBAX IMOBHOTO IIPOKOB3yBaHHSI.

Komm mapamerp « [nocsrHe 3HaueHHS o =/ (HaBaHTaXEHHS BiIMOBIIHO
3MEHIINThCs 10 BenuunHu Q =s5,0, ), Ha yciil NmoBepxHi KOHTAaKTy (& € [O,l] ) OyayTh

BUKOHYBaTHCh YMOBH IIOBHOTO 3BOPOTHOT'O MPOKOB3YBaHHA. B IIbOMY BHIQJKy CIpaBeJINBI
dbopmynu (22), yMmoBa MOHOTOHHOCTI JJIsI HOBHOTO TTPOKOB3YBAaHHS Ma€ BUTIIST

0<0<s.0,... (28)

a OChOBI TIEpEeMIIIICHHS 3aIIOBHIOBAaYa Oy Iy Th

”4zg(l+v1)£1v_ZV)(eﬂ ;ﬁ:(/{eu ;e% (_éﬂ_%(eﬂ_l)}r
o P 2 e - g -1)-

1-v %

12(”(/1212 2/11+2)—e%(/12g2—2,1g+2))+£(1—§)j+0( )j (29)
22, vA

[NepemimienHs moprHs oTpumaemo 3 popmyiu (29) mpu & =0

5=u,(0)+ E(1+v)(1 2v)( ﬂ_1+q{eu_1(_i+l_(1+VX1_2V)eﬂZ_1j+

1-v A vA v(1-v)

+ﬂz(4vf 2v élj(n “(a1-1))+

1-v %

12 -e*(2r —2/11+2))+Ze—j+0( )J (30)
A vA

CuisBignomenss (30) onmucye JiHIHHY AUISHKY TETI KOHCTPYKIIHHOTO TicTepe3ucy,
BIJINIOBITHY PO3BAaHTAXECHHIO B YMOBAaX ITOBHOTO 3BOPOTHOTO IPOKOB3YBaHHS. Mexi
3acTocoBaHOCTi popmynu (30) BcTaHOBIIOE HEPIBHICTS (28).

Y pesyibTari YHCIOBOTO JOCTI/PKEHHS aHAJIITHYHOTO PO3B’SI3KY 3ajJadi B
nepeMileHHsax s cucremu 3 mapamerpamu f =0,5; v=0,495; [ =2 mobynoBano miarpamu
neopMyBaHHS CHCTEM 3 PI3HUMH Opi€HTAIliIMHA TBIpHOI KOHyca (pHc. 2). 3HAYCHHIO KyTa
@ =0,1 BignOBiTae KOHIYHA OBEPXHS KOHTAKTY, 3BY)KeHa y Oik mopinHs (puc. 1); 3HAYSHHIO

@ =0 — muriHIpUYHA TOBEpXHS KOHTAKTy; 3HaueHHIO @ =-—0,1 — KOHIYHA MOBEpXHS
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KOHTaKTy, po3lupeHa B Oik mopmHs. be3po3mipHi opauHaTH Ta aOCHHUCH KOOPIMHATHOL
IUTOIIMHY TIOB’s[3aH1 3 PO3MiIpHUMH TaKUMH 3aJI€KHOCTSIMHU:

— = u (0)E
= ; 5 = i .
Q Q/Qmax ROPmax
0
¢ =-0.1 =0 ¢ =0.1
1
0.5
0 —_
0.025 5

Pucynok 2. Jliarpamu nedopmMyBaHHS CHCTEM 3 Pi3SHUMH Opi€HTaLisAMK TBIpHOT KOHyca
Figure 2. The diagrams of deformation of the systems with different inclinations of the cone formative

BucHoBkn. Po3B’s30k  MilraHoi KOHTaKTHOI  3agadi  1po  HEMOHOTOHHE
nedopMyBaHHS MPYKHOTO 3alTOBHIOBaYa B KOHIYHINA 000#Mi OTprMaHO. 3ariucaHo BUpa3h IS
HaIpyXKeHb, OCHOBHX IMEPEMIIIICHb 3allOBHIOBaYa Ta OCAJKU IMOPIIHS Ha KOXKHOMY 3 €TalliB
HaBaHTaXCHHs, TNOOyaOoBaHO  jgiarpamMu  jgedopmyBaHHS  (METIi  KOHCTPYKIIHHOTO
neMiipyBaHHs) CUCTEM 3 PI3HUMH HaXWJIaMHU TBIpHOT KOHyca. [[OpiBHIOIOUM HaXHJI MPSIMUX
AKTUBHOTO HABAHTAKEHHS Ta IUIOIII METeNlb KOHCTPYKIIHHOTO NeMIpyBaHHS, 0aunMO SIBHY
nepeBary cucremu npu @ =0,1 Hajg iHmMME JBOMa B TOJATIMBOCTI Ta JASMII(YrOUiil

3/IaTHOCTi, UMM JIOBEJICHO JIOIUIBHICTH MPOEKTYBaHHS OOOJOHKOBHX jaeMIipepiB came 3
TaKOIO OPI€HTAIlI€I0 KOHIYHOT MOBEPXHI KOHTAKTY.

Conclusions. The problem solution of the mixed contact problem about non-
monotonous deformation of elastic filler in a conical holder has been obtained. The
expressions for tensions, axial movements of a filler and sinking of a piston have been
written, deformation diagrams (loops of the construction damping) of the systems with
different inclinations of cone formative have been built. Having compared the inclination of
active loading lines and the area of loops of the construction damping, we can see an obvious
advantage of the system when ¢@=0,1 above other two systems in the pliability and
antivibration ability. It proves the expedience of shell dampers projecting exactly with such
orientation of a conical surface.
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