BicHuk
HYBIM

Oenneka 0. 10., acucteHT (HauioHanbHWI YHiBEpPCUTET BOAHOMO
rocnogapcTea Ta MPMPOOOKOPUCTYBaHHS, M. PiBHe), Cacbkuit B. A., K.T.H.,
noueHT (PiBHEHCBKMUI AepXXaBHUI ryMaHiTapHU yHiBepcuTeT, M. PiBHe)

YAK 539.3

HAMPY>XEHA NOCAAKA 3AMKHEHOIO KPYIFOBOIr0 CTPU)XXHS B
KPYroBUM OTBIP HECKIHYEHHOI I30TPOMHOI MIACTUHKU

3HanaeHo TOYHMIA PO3B'A30K 3aAa4i NPO HaNpy>KeHy NOCaAKy KpyroBo-
ro KinbLUs CTasoro nonepe4yHoro nepepisy B KPyroBum oTBip HeCKiH4Ye-
HOI i30TPOMHOI NNIAaCTUHKMU, AAKa nepebyBa€ B yMOBaxX OQHOPIAHOro Ha-
NPY)XEeHOro CTaHy Ha HeCKiH4YeHOCTi. Mogenow4u Kinbue 3aMKHEHUM
KPMBONiHINHUM GPYCOM, PO3PaxXyHOK SIKOro I'PYHTYETbCA Ha rinoresi
HOPMAaJIbHOro nepepisy, a NiHiA KOHTAKTY He cniBMapga€ 3 reoMeTpuy-
HO0 Bicclo, nobynoBaHo iHTerpo-gudepeHuianbHe piBHAHHA 3 AAPOM
Finb6epTa ANA BU3HAYEHHA KOHTAKTHUX 3yCUJIb MiXK NIACTUHKOM i Ki-
noueMm. Po3B’siI30K 3apayi BCTAaHOBMIEHO METOAOM TPUFOHOMETPUYHMUX
psAis. BusHauyeHo MiHiManbHUA HATAr, 32 AIKOro PO3MUKaHHA

AiNAHKN KOHTAKTY MiXX NJIAaCTUHKOM i KinbLueM Bia6yBa€EeTbCA y ABOX TO-
YyKax.

KniouoBi cnoBa: pe6po »XOPCTKOCTI, HAaNpy)eHa NocaAka, i3oTponHa
NacTUHA, KPYroBUMA CTPUIXKEHb, BHYTPIiLLHI 3yCUNNA, HOPMaNbHi Ha-
NPY>KEeHHS.

Bctyn. ¥ MawunHobyayBaHHI LUMPOKO BUMKOPUCTOBYHOTHCS NPECOoBI
3'€QHaHHSA, B SKNX BIiAHOCHA HEPYXOMICTb UMAIHAPUYHUX TiN OOCATAETHCA
3a paxyHoOK HaTsry.

KoHueHTpauisa HanpyXeHb Y 3'€QHAaHHAX 3 HAaTAMOM € BM3Hayanb-
HUM ¢$aKTOPOM iX MILHOCTI Ta AoBroeivHocTi. Ornapg Qocnig)eHb Hanpy-
YKEHOro CTaHy B MaCUBHUX UMAIHOPUYHUX TiNax Kpyrosoi ¢opmMu npose-
AeHo B pob6oTax [1; 2]. 3apaui Nnpo 3anpecoBKy 3aMKHEHUX TOHKUX MPY>K-
HUX CTPUMXKHIB B KPUBOJTIHINHWIN OTBIP HECKIHYEHOI iI30TPOMHOT NAACTUHKMU
3 BUKOPUCTAHHAM 0C06IMBUX KPaOBMX YMOB B iHTerpanbHi ¢popMi pos-
rnaHyTi B [3; 4].

Y pob6ori [5] pna po3paxyHKy Hanpy>KeHoro CTaHy B 3aMKHEHOMY
KPWUBOJIHINHOMY KifibLi 3anponoHOBAHO BMKOPUCTOBYBATU MeTogd cun. Y
OaHIN cTaTTi Len niaxig BUKOPUCTaHO Ans nobyaoBM TOYHOIrO PO3B'A3KY
3a4a4i Npo 3anpecoBKy MPYXKHOro Kiflbua NPSAMOKYTHOrO MOMNepevyHoro
nepepi3y B KPYroBuim OTBIpP HECKIHYEHOT i30TPOMHOI MACTUHKMU.
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MocTraHoBKa 3apadi. Po3rnsiHEMO HECKIHYEHY i30TPOMHY MJACTUHKY
TOBLUMHOW 2/, 3 KPYrOBMM OTBOPOM PafiycoM p, , B IKMI 3 HaTarom A
3anpecoBaHe KpyroBe KinbLe CTasoro NpsiMOKYTHOrO Nepepisy BUMCOTOH
2h, wupuHot 27 . CninbHa cepeAnHHa NAOLWMHA NAACTUHKK | Kinbus i3
30BHIWHIM pagiycoM p, BigHeceHi A0 NPAMOKYTHOI (x, y) i monspHol
(p, ) cuctem BigsiKy 3 NOYaTKOM B LLEHTPi OTBOPY.

Mpy)XHa cucTeMa «nnacTUHKa -
Kinbue» nepebyBae B ymMoBax y3arab-
HEHOr0 MJIOCKOr0 Hamnpy»eHoro CTaHy,
CTBOPEHOro PiBHOMIPHO PO3MNoAiIeHUMMN
3ycunnaMm p i g, NpUKNageHUMn Ha
HecKiH4YeHocTi (PUcyHoK). I|HWe 30BHiW-
HE HABAHTAXXEHHSA HA NNACTUHKY i Kinb-
Lie BiACYTHE.

Po3B'A3aHHs 3apavi nepenbayvae l l lq l l l
BU3HAYEHHS KOHTaKTHUX 3yCUSIb MiXK b .
e 58 ncyHok. MpyxHe Kinbue
NAACTUHKOI i KiNbLEeM Ta MiHIMaNbHOro 3aNpecoBaHe B NNACTUHKY
HaTary A_., 3@ AKOro BiAB6YBAETbCA PO3MUKAHHA 30HU KOHTAKTY B CKiH-

YeHiN KiINbKOCTI TOYOK, @ TAKOXX KOMMOHEHT HAaNpPYy»XeHOoro CTaHy B KifbL,i.
YMOBHO BiAginMBLIN NIACTUHKY Bif Kinbus, 3aMiHIOKYM OiT 0QHOro

Tina Ha iHwe HOPMaJibHUMU Tp i LOTUYHUMM Sp/1 KOHTAaKTHUMU 3yCcnnna-

MU, NPUXOAMMO 00 NepLlol OCHOBHOI 3a4au4i ANs HeCKIHYEHOT NIacTUHKK
3 KPYroBMM OTBOPOM i KPYr/10ro NpPy>Horo Kinbus. MNpu UubOMy BBa)aeMo
LLLIO MiXK NJIACTUHKOIO i KiNlbLEM BiACYTHI cunu TepTs.

OcHOBHi piBHAAHHA 3apaui. [lnacTuHka nepebyBae€ nig Ai€w 30B-
HILLHbOr0 HaBAHTAXEHHS HA HECKIHYEHOCTi Ta KOHTAaKTHUX 3YCU/b Ha
KOHTYpi 7. |i Hanpy>keHO-OehOPMOBaHN CTaH XapaKTepU3YETLCA CMiB-
BigHOWeEHHAMM [6]

1 1 1 A—t
elh=—— | A-v ). AND)——¢T.()dt+—¢ S Hcto ——dt +
T (1-v,)T,(A) ”i (1) ”f pa(etg =

+p+q—z<p—q>cos<2z)},
(1)

1 1 1 A—t
" | (1- S  (A)——¢S ., (Odt ——oT . (t)cte ——dt +

R (1-v,)S . (2) ﬂf (D) ”i ,(Deig =

+2(p—9q) sin(2/1)} ,
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TyT BBEAEHO NO3HaYeHHs: &, V" — BiAHOCHE BUOOBXEHHS KOHTYpY 7 i

k"(ﬂ):l(l—gud’/").
P

n

KYT NOBOPOTY HOpMani A0 Hboro; k"(A)— KPMBMHA KOHTYpPY 7 BHAcnigoK
nedopmauii; E , v, — moaynb HOHra i koediuieHT [lyaccoHa Matepiany
NAACTUHKMW.

AKLWLO KOHTaAKTHI 3ycunns Tp CTaHyTb BiAOMi, TO Kinbuesi 3ycnnns
T, Ha KOHTYpi y BM3Ha4alTbca 3a dopmysoio [6]

T,=v,T,+2E,h¢). (2)

Kinbue MoOentoeEMo 3aMKHEHWUM KPUBOMIHIMHMM CTpUXXHeM (6py-
COM) reoMeTpuYHa BiCb, AKOr0 He cniBnagae 3 GaKTUYHOK NiHIE KOHTa-
KTy [3; 7].

KoMMoHEeHTN Hanpy»eHoro cTaHy Kinbusa (nonepeyHa O, No3Q0BXK-
H9 N cunv Ta 3rMHanbHUN MOMEHT L,) AKi BifHeceHi fo Moro oci, BU-
3HAYaKTbCA 3aNIEXKHOCTAMM

r-N_d0 g _ QO dNv (3)

py ds,” Py dsy’
Ly =L} +(xy—n—x)N, +nN — [ Ods, (4)
0

TyT BBeAEHO TaKi MO3HAYEHHSA: @ — KYyT Haxuny po3rnsayBaHoro nonepe-
YHOro rnepepisy cTpmxHsA o oci Ox; N, L) : — No300BXHS cuMAa Ta 3ru-
HafbHMI MOMeHT Yy nepepisi € =0, BiANOBIAHO; 5, — Ayra Ha KOHTYpPi Ko-
HTaKTy KiNbLs, 00 SIKOrO NPUKNafeHe 30BHILIHE HaBaHTAXEHHS; X, X, —
BiANOBIAHI abcuncn ToHOK nepeTuHy nepepizie =6, 0 =0 3 KOHTYpOM

V.
@opMynn ans BM3HAYeHHA AedopMauil KpanHbOro BOJIOKHA Kifb-
LS, IKe KOHTAKTYE 3 NJ1aCcTUHKOM MatoTb Burnag [5]:

ave RL, N . N p,—n RL,
= + , &, = + ,
di EJ EF EF p, EJ (5)
kc(ﬂ)zi l_g;_’_dV :L l+ﬁ ,
Po dA Po PoES

ae EF — »OpCTKiCTb KifbusA Ha po3Tar (cTUCK); EJ — XKOPCTKICTb Ha 3MUH;
¥, — Paaiyc KPUBUHW HENTPASIbHOrO ANS YNCTOrO 3rMHY BONTOKHA CTPUXKHS;
R — papiyc KpMBWHM OCi CTPUIKHS.

"PaHUYHI YMOBM Ha MeXi rMaAKoOro KOHTAKTy MAACTUHKM | Kinbus
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GOpMyNIOEMO y BUINSAI PIBHOCTI KPUBUH NAACTUHKM i Kinbus. MNpu Bigcy-
THOCTI TEpPTS Ui YMOBM MOXHA 3anMcaTu TakK:

k(L) =k"(A), S, =0, Ae€[0;2x].
MianctaHoBska (1), (5) B Wi rpaHNYHi YyMOBU NPU3BOANUTL A0 CUHTYNA-
PHOrO iHTErpo-andepeHLiaNbHOro PiBHAHHA ANA BM3HAUYEHHS KOHTAKT-
Horo 3ycunnsa 7,

A RRL ] ~ 1 )
popn +,00EJ 2E h.p, {(V I)Tp(ﬁ“)+ iTp(f)dt y

——— [§T (t)cfg— dtj —Pp—4q+6(p—q)cos2A) |,

e A=py=p, (py=p, 720, py=p,).

PiBHsAHHSA (6) BMU3HaYyae MaTeMaTUYHY MoAeNb 3adaui.

MobynoBa po3B’a3Ky 3apgaui. BpaxoByun cuMeTpito 3a4adi BigHO-
CHO KOOPAMHATHMX 0CeN, KOHTaKTHe 3yCUIs NOAaMo y BUMNAL:

A M
T,(4) = 70 + %AM cos(2mA). (7)
Miactasuewu (7) B (3), oaepkunmo:
N = p[ 0(1-cosA)— ZA 008(2:1/7;) _ICOSJ'}+NO cos A . (8)
m=1 -
3Baxkatoun, wo N(0)= N(x)=N,, i3 (8) 3HaxognMo:
— i_ < AZm
No—po[z Eé‘mz_l] (@)

Toai, BUpasu ona BHYTPILWHIX CUNOBUX | MOMEHTHOro $aKTopiB y Kinbui
HabynyTb BUrnsay:

N=p|B- 5, D] 10
Q=po[—2flf12m%} (11)
Lb:(n_po)(N_No)"'L?)- (12)

3 ypaxyBaHHaM (7), (10), (12) i3 (6) onep»mMMo yHKLiOHaNbHE piB-
HAHHS A8 BU3HAYeHHa 4, 4, (m>1)
M 4, cos(2mA)

AL {(77 po)po(é )

_IOOpn ngJ m=1 4m2_1

2E;, 1+2V" 4, +Z(V 1-4m)4,, cos(2mA)— p—q+6(p—q)cos(2/1)},

nn ﬂ

)+(p0—77)N0 +L(1):}=
(13)

2m
[Ons Bu3HauyeHHs ctanux N,, L, Bukopuctaemo Mmetog cun [5]. 3
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i€l MeToK pPiBHAHHA (13) AONOBHMMO CUCTEMOK KaHOHIYHWUX PIBHAHb
Lboro MeToay

8L, +6,N,+A,, =0, (14)
Sy Ly, +6,Ny+A,, =0, (15)
ae
L, N (N, L, 00,
_r 14 P .
A, (E TFR S1+§N(EF TFR s1+,u§ ds, (i=12),
L, N, —(N, I _Q
8, =$L| L+—L N, ’d =1,2
j [EJ+EFRJJ +§ (EFJFEFRJJ +”§ S (b7 =12),
L =1, _1=0, 0, =0 npu Lg=1,

Zz =(x,—n—x+mncosAi), ]Vz =cosA, Q =sind npun N,=1,

L, =(-p)(N-Nycosl), N, = N—N,cos A, ép =Q—-N,sinl, (16)
GF — XOpPCTKIiCTb Ha 3CyB; ds, = RdO — eneMeHT Oyru ocCi CTPYXKHA; 4 —
ctana (ana npsMmokyTHoro nepepiszy x=12); E, G — mopyni Matepiany
CTPVXKHSA Ha po3Tar (cTuck) i 3cys.

13 cuctemm (16) npu R = p, —1 BU3HAYAEMO:

1
”pORA{ EJ EFR}
R 1 R 1 u
A, =, R7A)| -+ No| = ———=+
2 = [EJ EFR} {EJ EF GF}

2R 2R’ 3R 1 | u
=gy T T gy 2T A [EJ EF ' GF
Y pe3ynbTaTi NiACTaHOBKM OTpMMaHuMX cnieeigHoweHb B (14), (15)

ogep>xXmnMo ogHe He3anexXHe piBHHHHH

L. + RN, 4Py R|=0. 17
+ = [FR } (17)

MopiBHiotoun B (13) KoedilieHTN NpU 0AHAKOBMX FrapMOoHiKax 3 ypa-
xyBaHHAM (9) i (17), ogep>KnMo cucteMy NiHinHKUX anrebpaiyHuX piBHAHb

ANs BU3HAueHHs cTanux 4,, 4,,, Ny, L;:
Apo| J
L, + RN, + 220 R|{=0
TN [FR } :
2 2
9r°R3L‘;+ 9 R N, - 9r0R3 v, 4y _ 2EnhnA_p_q’
8p,an 8p,an 8an 2 Py
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144an’(p—q)

= y A :0 1 ’
©9n-p)-8an’(v, =5 " (n =1
A
NO = po(?—?j . (18)

TyT BBeeHo nosHaueHHa E =ak,, F, =4hn, h=4h /3, J =4hn’/3.
I3 cuctemu (18) BU3Hauaemo:
_l6an(p+q—-2AE h,p,)

4 =
‘ 8(1+v,)an +3r,
N = Sanp(p+q=2AEhp,)  4Ban’p,(p-q)
0 8(1+v)an +3r, 9R’r, —8an’(v, —5) '

- 8amp,(p+q-2AEhp,) 48an’p,R(p—q)
b 32R(1+Vv)an +12Ry, IR r, —8an’(v, —5)
Topi, i3 (7), (18), (19) 3HaxoanMo BMpa3 AN KOHTAKTHUX 3yCUMb T,:
T (2= 301P+a-20Ehp,)  48an’(p—q)
P 81 +v)an +3r, 9R’r, —8an’(v, —5)
lNocTaHOBKa 3a4advi, 3a IKOI PO3MUKAHHA MOXMBE NNLLE B CKiHYe-
Hi KiNbKOCTi TOYOK, Nepen6ayae BUKOHaHHs ymosu 7 (4) <0.

(19)

cos(24).

OueBMAHO, LLO A1 KOHKPETHUX 3HadeHb a, p, q, A, v,,n, E , h , p,
Jmax T,(4) =T,(z(1-sgn(p-q))/4) =T,(z + z(1-sgn(p - q))/4) =
_8an(p+q-2AEhp,) ,  48an’|p-q|
8(1+v)an +3r, 9R’r, —8an’(v, —5)

3 ymoBn max 7 (4)=0 3HaxoAWMO MiHiManbHWi HaTar A . i no-
A€l0;27)

n

NNOXXEeHHA TOYOK PO3MUKAHHA ﬂ:z

A = Po N +6772(8(1+Vn)a77+3’”o)|P—Q|
" 2E,h, IR 1y —8amn’ (v, —5)

E=l(=sen(p=q), Z =4+
AHani3youn 0TpMMaHI pe3ynbTaTh, NPUXOANMO 0 TaKUX BUCHOBKIB:
— 33 YMOBM p > ¢ PO3MUKAHHS KOHTaKTY BifAbyBaeTbcs B Toukax A =0,
A=m,npn p<q - A ,=%r/2;

— MiHIiManbHMM Hatar A . 3aneXuTb He TiNbkKM Big ¢i3nKo-

min
reoMeTpuYHMX NapaMeTpiB Kifbus, ane M Bif 30BHILHbLOrO HABAHTAXEH-
HS;
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TENSE LANDING OF THE RESERVED CIRCULAR BAR IN CIRCULAR
OPENING INFINITELY IZOTROPIC PLATE

The exact solution of a task of the hard landing of a circular ring of
constant cross-section in a circular hole of infinite izotropic plate,
which is in conditions of the uniform stressed state at infinity is found.
Simulating the ring by selfcontained curvilinear edge, calculation of
which is based on a hypothesis of normal section, and the line of
contact does not coincide with a center line, we obtained the integro-
differential equation with Gilbert's core for determination the contact
efforts between a plate and a ring. The solution of a task is
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established by method of trigonometrical series. The minimum
tension at which disconnection of the site of contact between a plate
and a ring happens in two points is defined.

Keywords: reinforcing edge, tense landing, isotropic plate, circular
bar, internal efforts, normal tensions.
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HAMPS)XXEHHAS MOCAAKA 3AMKHYTOI0 KPYIroBOro
CTEP)>XHS! B KPYFTOBOE OTBEPCTUE BECKOHEYHO
M30TPOMHOMU MNACTUHKU

HanpeHo TO4HOe pelieHMe 3a4a4M 0 HAaNPSAXKEHHOM NOCAAKY KPyroBoro
KOJIbLIA NOCTOSIHHOIO NOMNEpPeYHOro ceYeHus B Kpyrosou otsepcrue be-
CKOHEYHOM U30TPOMHOWN NIACTUHKUN, KOTOPasA HaXO[UTCS B YCJIOBUAX
OAHOPOAHOIro HaNPSAXXeHHOro CoOCTosAHMA Ha 6eckoHe4yHocTU. Mopenu-
pys KONbLO 3aMKHYTbIM KPMBOJIMHEWHBIM GpYycOM, pacyeT KOToporo
OCHOBbIBAETCA HA rMNOTe3e HOPMAaJIbHOr0 CeYEeHMS, a JIMHUSA KOHTaKTaA
He COBnagaeT C reOMeTPUHECKOM 0Cbl0, MOCTPOEHO UHTErpo-
andpdepeHunanbHoe ypaBHeHue ¢ aapom MNnbbepTta ana onpegeneHus
KOHTAKTHbIX YCUJIMA MEXAY NJIAaCTUHKOM M KoNbLOoM. PewmeHue 3agaum
YCTAHOBJIEHO METOAO0M TPUroHOMEeTpUYeckux psaos. OnpepneneHo Mu-
HUMAaJNibHOE HaTsAXKeHue, NPU KOTOPOM pa3MbiKaHUE YHAaCTKA KOHTAKTa
MeXXAY NJIACTUHKOM U KOJIbLIOM NMPOMUCXOAUT B ABYX TOYKAX.

KnioueBble cnoBa: pe6po »eCTKOCTU, HAaNpsHXXeHHasA nocaaka, u3oTpon-
HafA N1aCTUHA, KPYroBoW CTep)XeHb, BHYTPEHHUE YCUIUSA, HOPMaJibHble
HanpsYXeHux.
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