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3ACTOCYBAHHSA METOAY CUJI AJSA CTATUHYHOI'O
PO3PAXYHKY 3AMKHEHUX KPUBOJIHIHMHUX CTPUXKHIB

Pestome.  PoszenaHymo 3a0auy  pPO3PAXYHKY —HANPYHCEHO-0eOPMOBAHO20 CMAHY  3AMKHEHO20
KPUBONIHILIHO20 NPYICHO20 CMPUNCHA, AKUL Nnepebysac 6 YMo8ax CUMEempUYHO20 GIOHOCHO oci OiuH020
PO3NOOINEHO20 HABAHMANCEHHA. 3 GUKOPUCMAHHAM Memody cuil noOYOO8AHO YMOUHEHUN GapiaHm HNOSHOT
cucmemu pigHAHb 0OHOBUMIPHOI meopil makux cmpudicHie. Po36 30k 3a0aui peanizo8ano MemoooM CKiHYeHHUX
MPU2OHOMEMPUUHUX PAOIS.

Knwuoei cnosea: pebpo ocwcopcmkocmi, KpuONIHIUHUL CIMPUNCEHb, GHYMPIWHI 3YCUNIS, OCHOBHA
cxema CmMpUdICHA, HOPMAIbHI HANPYIHCEHHS, NPYICHA NIHIA.

A. Syaski, N. Shevtsova

FORCE METHOD APPLICATION FOR STATIC
CALCULATION OF CLOSED CURVED BAR

Summary. Within geometrical linear theory of deformations using of the hypotheses of normal plane
section refined version of the complete system of equations of one-dimensional theory of closed thin elastic bars
of rectangular cross section is constructed. They are modeled by the locked curved rods. The bars are in a plane
stress created by external force applied to lateral surfaces of the bar.

Considering that the main axis of the cross section coincide with the direction of axes of natural
trihedron of a fixed fiber of a bar and neglecting the deplanation of cross sections the formula to determine the
internal longitudinal and lateral forces and bending moments, referred to the axis of the bar, are deduced. These
formulas are equivalent to the differential equilibrium conditions of an element of bar. To determine the
reactions of redundant constraint of static uncertainty closed bar in the conditions of a symmetric stress the
force method is used.

Physical relations between the longitudinal forces and bending moments and certain deformations of
fixed fiber of a bar are built on the basis of consideration of deformation of its infinitesimal areas.

Neglecting the influence of cross-axis forces and deformation of the cross section of the bar the
conditions of compatibility between displacement points of random fiber and its deformation are recorded.
These conditions allowed to express components of the displacement vector of the point of the bar through two
one-valued functions, which depend on the external load.

The special cases of problems for the bar, modeled by elastic line with tension (compressive) and
bending stiffness or flexible elastic line are examined. Expressing symmetrical external load by finite
trigonometric sums the method of calculation of mode of deformation of the bar with smooth contour without
angular points is developed.

Key words: reinforcing rib, curved bar, internal force, basic circuit of bar, normal stress, elastic
curve.

Beryn. TOHKOCTIHHI TNTACTHHY 3 TEXHOJOTIYHUMH YW KOHCTPYKTHBHAMH OTBOPaMH,
KOHTYPU SIKUX MIiJCHJIEHI NMPYXHUMHU eJleMEHTaMH Y BHIJISIII TOHKHUX peOdep >KOPCTKOCTI,
IITUPOKO BUKOPUCTOBYIOTHCS B PI3HUX Tally3sX iH)KeHepHOI mpakTukH. lliacumoBainsHi pedpa
CKJIQIal04H, SIK TIPaBHJIO, IOPIBHSHO HEBEJIMKY YaCTUHY 3arajlbHOi Bard KOHCTPYKIIil, CyTTEBO
BILTUBAIOTH HA 11 MIITHICTh Ta KOPCTKICTh. byny4n po3ciroBayamMu KOHIICHTpAIlil HaIpyKeHb
Ha KOHTYpi OTBOPY, 11l pebpa J103BOJISIOTH epeiaBaTH Yepe3 HUX J0 IUIACTHHKH PO3MOJieHe
a0 30cepepkeHe HaBaHTAKEHHS.

3amaua PO3paXyHKy HAamlpyKEHO- ):[e(bopMOBaHoro crany (HJAC) mnnmactuHku 3
i ICHTIOBATEHEM PeOPOM BiTHOCHTBCS 10 MilTaHUX KOHTAKTHHX 33734 Teopil mpyKHOCTI. i
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PO3B’SI30K CYTTEBO 3aJE€KUTh BiJl BUOOpY MaremaTuyHoi mojeni, sika omucye HJIC pebpa.

HaiimommpenimuMr B HAYKOBiM JIiTepaTypi € TpH BapiaHTH MoOjeliell 3aMKHEHOTO

MiICHITIOBAIBHOTO pebpa:

- TIpYXKHa JIiHis, HaIiJIeHa 3MiHHOKO a00 CTaJIOk0 JKOPCTKICTIO Ha pO3TAr (cTHCK) [1];

- Tpy’KHA JiHis, HaJiIeHa 3MIHHUMHU a00 CTaJIUMU JKOPCTKOCTSIMHM Ha PO3TAT (CTUCK) 1 3TUH
y TUTOIIHHI MiJICHIIeHHS [2, 3];

- KpHMBOJIHIHHUH Opyc CTaJloro MONEePevHOro Imepepidy, JiHisg (PAaKTUYHOrO CHOJTYUEHHS
SIKOTO 3 IJTACTHHKOIO HE CIIBITJIa€ 3 HOTO T€OMETPUYIHOIO Biccio [4, 5].

BukopucroByroun 1i mozeni B poborax [4-6] mocrmimxkeno HJIC mmactuHOK 3
KPUBOIHIHHAMH OTBOpPaMH, KOHTYPH SIKUX ITiJICHJICHI TOHKAMH TPYXHUMH peOpaMu CTayoi
a00 3MIHHOI )KOPCTKOCTI.

VY naniit poOOTi 3ampoONOHOBAHO YTOYHEHUH BapiaHT ITOBHOI CHCTEMH piBHSHBb
OJTHOBUMIPHOI Teopii 3aMKHEHHMX KPUBOJIIHIHHUX CTaTUYHO HEBU3HAUCHHMX CTPHIKHIB JUIS
po3paxyaky HJIC. Ilpu mpomy peakiiii 3aiiBHX 3B’SI3KIB JIJII €KBIBaJCHTHOT'O CTATHYHO
BU3HAYEHOTO CTPHUKHSI BA3BHAYAIOTHCSI METOJIOM cull [7].

ITocranoBka 3axadvi. Po3rissHeMo 3aMKHEHWI KPUBOJIIHIMHUAN CTPHYKEHB CTAJIOTO
HPSIMOKYTHOTO HOIEPEYHOTO Iepepi3y 3aBBUIIKU 2/, , CepeJUHHA IUIOLIMHA SKOTO BiJHECEHA

JI0 TIPSIMOKYTHOI crcTeMu KoopauHaT (OJx) 3 IMMOYAaTKOM y IIeHTpi cTprxkHA. [lepepi3 cTprkHS
CEepPEeIMHHOIO TUIONIMHOI BH3HAYA€ IUIOCKY KUIbIEBY 00JacTh, OOMEXEHY TJIaJIKHUMHU,
CUMETPUYHUMHU BiTHOCHO oci Ox KoHTypamu L 1 L,. He mopymyiounm 3aranbHOCTI,
BBXKAEMO, II0 L — 30BHIIIHIN KOHTYP.

[Ipumyctumo, 10 710 OJHOTO 3 KOHTYPIB MPHUKJIAJIeHe HEMEepepBHO PO3IMOJICHE i
3piBHOBaKEHE (CHMETPHYHE BITHOCHO OCi Ox ) 30BHIITHE CHJIOBE HABAHTAXKEHHS CEPEIHBOL
IHTEHCUBHOCTI Tp, pr (puc. 1). Tyt 2h0Tp, 2h0pr IHTEHCUBHICTH, BilHECEHA O OIUHUIM
JOBKWHH O1YHOT TIOBEPXHI CTPHIKHSL.

Po3B’s3anHs 3amaui mepepbadae MoOYJOBY IMOBHOI CHCTEMH 3aJ€KHOCTEH, IO
MICTUTB: JU(EpeHINialbHI PIBHSIHHS PIBHOBArW (CTATHYHI PIBHSHHSA), (i3WYHI 3aJIC)KHOCTI;
reoMeTpHYHI 3aJIeKHOCTI (YMOBHU HETIEpepBHOCTI JieopMalliif Ta 3MiIlIeHb).

OcHoBHi piBaaHHA 3agavi. CrprmxeHb OyaeMO MOJETIOBAaTH 3aMKHEHHM
KpUBOJiHIfHUM OpycoM, sKuil mepeOyBac B yMOBaX IUIOCKOTO HAaIPy)KEHOTO CTaHy.
BBajkaeMo, 10 TOJIOBHI OCi THOIEPEYHOTO IMepepi3dy 3a HANpsSMKaMHU CIIBIAIAOTh 3 OCSIMHU
HATYpaJbHOTO TPUTPAHHHUKA OCHOBOTO BOJIOKHA CTpWXkHS. J[7s BH3HAuYCHHS BHYTPIIIHIX

cunoBuxX GaxkrtopiB N, (0, L,, sKi BUHHKAIOTh y JOBUIFHOMY IIONIEPEYHOMY Iepepisi Ta
BiJTHECEHI /10 OCi CTPIKHS L, pO3TJITHEMO DPIBHOBAry HOro YacTHHH MIX HOPMAaIbHUMH
nepepizamuz 0=0 i 6=6 (puc.2). Ha pucynky BBemeHo Taki mosmauemss: N,, O, L) ;
N, O, L, —o310BXHa i TONIepevYHa CUJIM Ta 3THHAJIBLHAN MOMEHT y mepepizax 6 =0 1 06 =0

BIJIIOBIJIHO; 0 — KYT HaXWily poO3TJISIyBaHOIO MONEPEYHOTO Mepepizy CTPHKHS A0 oci Ox
S, §, — Ayra Ha TOMY KOHTYPI, /10 SIKOTO IPUKJIaJIeHE 30BHIIIHE HaBAaHTA)KCHHS.
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V.

o
Pucynok 1. CxeMa HaBaHTa)KE€HHS CTPHAKHS Pucynok 2. PiBHOBara BuaijieHOT YaCTUHU CTPYKHS
Figure 1. Loading system of bar Figure 2. Equilibrium of separated part of bar

3an1/1cy10q1/1 YMOBHU piBHOBaFI/I IJIOCKOI CHCTEMH CHJI I BHI[iHeHOI YaCTUHHU

CTPUIKHS, 3HAXOUMO
N

N-iQ=N,e"+ zj(Tp +iS, )e'(e‘_e)dsl;

0

S
L =1 +N, (xo1n—xincose)+J‘[x$ncos(9—xl][Tp (6,)sin6, +S,, (Gl)coselja’s1 —~
0

_J'[yinsine—yl][Tp (6,)cos6, =S, (Bl)sinel:ldsl, (1)
0

e (x, y) — KOOpIMHATH TOYKH IepeTuHy mepepisy 6 =0 3 koutypom L(L,); (X, 0) — Te x
came Juis riepepizy 0=0; (xl, yl) — Te XK caMme AJIs mepepizy 0 =0,; b, — IUpUHA CTPUXKHS;
n =5, /2 — BiiCTaHb Bill IEHTPY Baru mepepisy 10 BiAMOBiMHOI Toukm KOHTYPY L(L,); i=v~1 —
ysiBHA oaWHMI. TyT 1 Hajgaii BepxHI 3HAK BIJINOBIJa€ HABAHTAXCHHIO 30BHIITHHOTO

KOHTYPY, @ HI)KHIH — BHYTPILIIHBOTO.
BBenenusaMm 3aminu

N

f+ify =i (T, +iS,, )" ds, )

0

criBBiHOIIEHHS (1) MOYKHA TIEPETBOPUTH 10 BUTIISTY
N =N,cos0+ f,cosO+ f,sin0; Q=N,sinO+ f,sinO— f,cosO;

N
0 pa—
L, =L +(x Fn—x) Ny £ N = [ (fidx, + foddy,) 3)
0
®ynknii  f(s), -f,(s) BU3HAYAIOTH NPOEKNil 3OBHIIIHBOTO  CHIOBOTO
HABaHTAaXEHHs, IPUKJIAJIEHOTO 10 AiIAHKH [0; s|, Ha koopauHaTHi oci Oy i Ox BiaNoOBiHO.

VY BUMAJKy 3piBHOBaKEHOI'O HABaHTAXEHHS 111 (PYHKIIIT OJTHO3HAYHI.
Samexnocti (1), (3) ekBiBajgeHTHI audepeHIiaIbHAM pIBHSIHHSIM PiBHOBard
€JIEMEHTa CTPIWXKHS. Y HHUX BpaxoBaHO, L0 MpPH CHMETPUYHOMY BIZHOCHO oci Ox

30BHIIIHbOMY HaBaHTaxeHHI O, =0.
JI7st 3aMKHEHOTO CTPHKHSI 3aj[ada BCTAHOBIICHHS BHYTPIIIHIX CHIIOBHX (pakTopiB N,
Q, L, cTaTM4HO HEBU3HAYeHa, ToMy Beqwumuu N, i [, GyleMo BU3HAYaTH METOIOM CHI

[7]. 3 miero MeTOO 0OMpPAaEMO OCHOBHY PO3PaXyHKOBY CXEMY CTPYIKHS (CTATHYHO BH3HAYCHY
Ta T€OMETPUYHO HE3MIHHY) YCYHEHHSIM 3aiiBUX 3B SI3KiB 1 3aMiHOIO iX HEBIJOMMMHU peaKIlisiMH
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N, ., Lg (puc. 3).

o

PucyHnok 3. OcHOBHa po3paxyHKOBa CXe€Ma CTPUKHS
Figure 3. Basic loading system for bar

PosrnsiHeMo opHOYacHy Jlil0 Ha OCHOBHY CXEMY CTPHJKHS 30BHIIIHBOI'O
HaBaHTaXCHHS 1 HEBIJIOMUX peakiIliii. [loueproBo 3aBaHTa)Xyt04Ud OCHOBHY CXEeMY OJMHHUYIHOIO
cuioro N, =1, OMMHUYHOIO TAPOIO CHJI 3 MOMEHTOM [, =1 Ta 30BHILIHIM HaBaHTAXECHHSM,

3aMMUCy€e€MO BUPA3H JUIS BIMOBITHUX BHYTPILIHIX CHJIOBUX (PaKTOPIB y TOBUIBHOMY Iepepisi

L=1; N=0; 0=0 upulL=1; 4)

L =(x,Fn-xtncosd); N,=cos0; O,=sin®0 npu N,=1; (3)
S

_—J(fldxl+f2dyl); ]Vp=flcos(9+f25in6; Qp=flsin6—fzcose. (6)
0

CucreMa KaHOHIYHUX PIBHSHBb METOAY CUII [7] 11 BU3HAUYEHHS CTaIuX N, L mae

BUTJISIT
8, Ly +8,Ny+A,=0;  8,L,+8,,N,+A,, =0, (7
i
SIEEATIPINE AN -
Jffl- R [ +¢ \ZFEFR ) L+“¢
NENEANINCE 24  ®
“PE ot “FRFL+¢ |zF* "ﬁaﬁ”ﬂ‘*

EF — KOpPCTKICTh CTPH)KHS Ha PO3TAT (CTUCK); EJ — XKOPCTKICTh Ha 3TWH; GF — )KOPCTKICTh
Ha 3CyB; ds, = RdO — eleMeHT Ayru oci CTPYDKHS; [ — cTajka (Ul IPSMOKYTHOIO Iepepisy
n=1.2); R — pamiyc xkpuBuHH oci cTpwxkHs; £, G — Momyni Marepially CTPHIKHS Ha
pO3TAT (CTUCK) 1 3CYB.

3 ypaxyBaHHSIM CITiBBiIHOIIECHB (4)-(6) 3a1exxHocTi (§) MOYKHA 3amucaTy Tak:
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(L N N, y
—¢Ix Fr—xincosh) =+— ci*:+¢-;:usE-

d \EJS  EFR )

. 1?_ ‘"FR s, +u¢ ﬂnE-—*;_.:if_:;

N7 I, -1 Fr—xtncos6 cos6”
ks 5, =St g, =g, =@ TN XNCOSH  COSY Ly

= ™ ™ Fi"t E I P ™ [
1:'ka EFR J Ly EJ EFR ) (9)

[=T]

s

-£+

(X, FN— x+11cc-5.E" 2{x, Fn- x+ﬂcnsﬁ‘cﬂsﬁ cos’ _'-:i zin® E-
Er EFR i

SIxmo po3B’s30k cuctemu (7) cTaHe BimoMuM, To BenmunHE N, O, L, B mepepizax

CTPWXKHS, SK (YHKIII 30BHIIIHROTO HABAHTAXCHHS, BU3HAYAIOTHCSA 31 CITIBBITHOIICHB
(1) abo (3).

Komnonentu ten3opa aedopmaitii JOBUTFHOIO BOJOKHA CTPUXKHS, pajilyc KpUBUHHU
SKOTO p 3 YpaxyBaHHSIM TiIOTe3W IUIOCKUX Iepepi3iB Ha MijAcTaBl po3msiay Jedopmarii

€JIEMEHTa CTPHKHS 3 JIOBXKHHOIO OCi ds, BiAMOBiAHO 110 [8] BU3HAUAIOTHCS 3a popMyiaMu

&zﬂ_Fﬁ; g9 = N p- VORL

(10)
do & & g4 p gz

SKi eKBiBaJIeHTHI ¢i3uuHuM criBBinHomenHsM Kipxroda [5]. Tyr g, = EF; g, =EJ; 8(;) —
BIJIHOCHE BHJOBXKEHHSI BOJIOKHA 3 PajilycOM KpUBHHH p; 0, — KyT IOBOPOTY HOPMAaJIbHOI'O
Hepepisy CTPYKHS, 7, — Pajilyc KPUBUHYU HEUTPAIBHOTO JUIS YUCTOIO 3THHY BOJOKHA CTPUXKHSL.

3ayBaxxumo, 110 Tipu BuBeieHH1 (opmy (10) He BpaXxoBaHO BILIUB MOTEPEYHHUX CHIL.

a9, i ng)

Ha mincrasi (3) Benmumunan MOYKHA BUpa3uTH yepe3 GyHKUii £ (s), f,(s).

3a manux nedopmariiii CTpUXKHS Ta MPHUITYIIEHHS PO Te, 10 KOXKHE HOro BOJOKHO
nepedyBae B CTaHi MPOCTOrO PO3TATY (CTUCKY), HOPMaJIbHI HalpyXeHHsS C BHU3HAYAIOTHCA 3a
3akoHOM ['yka B HaltpocTiiii oAHOBUMIpHiH Gopmi

o=Ee!. (11)

VY pasi BpaxyBaHHS MONEPEYHHX CHJI JOTHYHI HANpy>XEHHS MOKHA BHU3HAUUTH 3a
¢dopmyitoro Xypascekoro [8].

YMOBH CyMICHOCTI BiJHOCHOI jaedopmariii JOBUIBHOIO BOJOKHA CTPHIKHS, SIKE
eKBIIMCTAaHTHE HOro oci, Ta 3MIIIEHHS BIiJMOBIIHOI TOYKH ITHOTO BOJIOKHA 3aIlUIIEMO Yy
BEKTOPHOMY BHUIJISLI [9]

=0, (12)

me 0,=0,k; 5(5) = a(f)f ; K= deb ki 7 =(xf+ y]) — pajiyc-BEKTOp TOYKH JOBLILHOIO
s

- df “ . I P - " .
BOJIOKHA CTpI/DKHﬂ; T= d_ — OOMHUYHUU BeKTOp JOTHUYHO1 B I[14 TOYIIl, 17 , J k - 6a3HCH1
S

BEKTOPH HEPYXOMOi CHUCTEeMHU BIIUIIKY; u =u,i +u,j; u,, u, — MNPOEKIii BEKTOpa 3MilIEeHHS
TOYKM Ha KoopaumHatHi oci Ox, Oy BIINOBIIHO; K — MPUPICT KPHUBHHHU PO3TJISITYBAaHOTO
BOJIOKHA BHACTIIOK JieopMartii.

[aTerpyroun npyry 3anexHicTe (12) 3 ypaxyBaHHSAM IEpINoOi, 3HAXOJAMO ITiCIIS
MIEBHUX TEPETBOPEHD
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u () =1 (0)—I( ¥(s)-»(1))do, +Is<;> (1) ds:

u, (s)= j(x(s)—x(t))d@h +js<;> (r)dy . (13)

Tyt ul(O) — 3MIMICHHS CTPWXHS SK JKOPCTKOTO IiJloro B HampsMKy oci Ox. Jlns #oro

BH3HAYCHHS HEOOX1THO 3a()iKCyBaTH OJIHY TOYKY CTPHIKHSI.
CnissigHomenns (3), (10), (13) Bu3Ha4atoTh MOBHY CUCTEMY PIBHSHb OJHOBHUMIipHOL
Teopii 3aMKHEHMX KPUBOJIIHIMHUX CTPYIKHIB IPH X CHMETpHUHI Aedopmarrii.
Po3rnsiHeMo 4acTKOBI BUIIA/IKH II€T CUCTEMH:
- nmpu N=0 KpUBONMIHINHUIA CTPIKEHb BHUPO/UKYETHCS B TPYXKHY JIiHIIO, HaJiJICHY
JKOPCTKOCTSIMH Ha PO3TSIT (CTHUCK) 1 3TUH B OCHOBIH TUTOMMHI [2, 3];
- gaxmo B (3), (10), (13) mpuitaaty n=0; g,=0, To OTpUMAEMO BIINOBiAHY CUCTEMY
PIBHSIHB JUTSI CTPYDKHS, IO MOJICITFOETHCS THYYKOIO TIPYKHOFO JIiHiero [1].
Mertoauka po3paxynky HJ/IC crpwknsa. Ilpunyctumo, 1mo KOHTYp L(Ll)

BHU3HAYAETHCS QYHKITIEIO

. ) g € g
x+zy:(o(c)=Ro(c+gl+6—§+...+6—]]vvj (14)
ne c=e"; g, ..., &, — JificHi cTami, mpuYOMy le)|+2[e,|+...+ Nley| <1; Ae[0;2n]; R) -

XapakTepHuii po3mip koutypy L(L).
OyHKITisS (D(G) 3MIIWCHIOE OJTHO3HAYHE BIJOOpPaKEHHS TOYOK KOja OJMHUIHOTO

paziyca a koutyp L(L,).
BHKOpPUCTOBYIOUYH BIIACTHBOCTI KOHPOPMHUX BijtoOpaskeHb [10]

LA C) B — pd6 =|of ()| d., (15)

/(<)

BH3HaYaeMo Ha KOHTYpi L (L)

do_y o =be 11 [ ab-bo) 09
d o’ +P P Jol+p o’ +P
Tyr a+ip=0'(c).
PosrnsiHemo QyHKIii
T, +iS,, =(T, +iS,, )o' (o). (17)

3 ypaxyBaHHSM CHMETPUYHOCTI KOHTYpPY L(Ll) 1 30BHINTHHOIO HABAHTAXKCHHS

Bi,Z[HOCHO oci Ox 5 iX MO’KHa MOJATH TaKUMU TPUTOHOMCTPUIHUMU CYMaAMU:

AO No No
T;=7+2Ancosn7»; S, =Y. B, sinnk. (18)

n=l1 n=1

I1pu 3piBHOBa)K€HOMY HAaBaHTA)KCHHI Ha CTPU)KCHb BUKOHY€ETHCSI yMOBa 4, = B,.
Ha mincrasi criBBigHOMEHS (15) 3 ypaxyBanusM (18) i3 popmyiu (2) BU3HAYAEMO
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Ny
fl’(k)=—%sink—%(/ll+Bl)sin2k—%Z(An+Bn)sin(n+1)k+
Nn An=2 1
+— Z A,-B,)sin(n—-1)1; fz'(K)=7‘)cosk+§(Al+Bl)cos2k+
n=2
1 Ny 1 Ny
+EZ(An+Bn)cos(n+1)k+EZ(An—Bn)cos(n—l)k. (19)
=2 n=2
[aTerpyroun 3anexnocti (19) mo A, 3HAX0AUMO
A 1 1 cos(n+1)A
fl(k)=—°cosk+Z(A1+Bl)0052k+§;(An+Bn)%—
] & )2
__Z(A -B )cos(n ) + 17 fz(k)=%sink+%(/ll+Bl)sin27»+
+1§:(A B )s1r1(n+1 n z sm(n—l)?» 20)
250" n+1 n-1 "~

0 .
ne f, — crana iHTerpyBaHHSI.

[MincraBmsoun (20) y dopmymu (3), orpumaemo Bupasu 41 BenmuuuH N, O, I, , 5K
dynkuii sminHoi A Ta cramux L, N, . Skmo 1i GyHKuii cTaHyTh Bigomi, To 3a hopmynamu (9)

MokHA o0umciuTH KoedimienTn cuctemu (7), 3 skoi BusHaumtH crtanmi L, N,, a 3a

0>
dopmynamu (3), (10), (11) 1 (13) — komnonentat HIIC cTprkHs.
BucnoBkn. 3 ypaxyBanusm (3), (10) 3amexnocti (13) MOXHaA BHpa3UTH

IHTerpaJbHUMHU  CHIiBBIIHOIIGHHSMM Bi  QYyHKLIH  f| (s), 5 (S) AHaJIOTTYHUMHA

CHIBBiAHOIIEHHSIMH 3 sifapamu [11pbepra abo gorapu(MiYHUMU sIpaMU  BHPAXKAIOTHCS
KOMIIOHEHTH BEKTOpa 3MIIllEHHsI KOHTYPHHUX TOYOK Yy HECKiHUCHHIH IUTACTHHIN 3
KpUBOJTiHIHHIM oTBOpoM [10].

BukopucranHs IUX CHIBBiIHOIIEHh Ja€ 3MOTy c(HOpPMYITIOBATH 3a1ady Ipo
KOHTaKTHY B3a€EMOJIII0 3aMKHEHOTO KPUBOJIHIMHOTO CTPYIKHS 3 KOHTYPOM BiJIOBIJHOTO
OTBOPY B I30TPOITHIA YX OPTOTPONIHIN IJIACTHHIN Yy BHIJISIAI CHCTEMH JBOX CHHTYJISIPHUX

iHTerpanbHuX piBHSHB BigHOCHO GyHKuiK f(s), f,(s). Meromuka pos3s’siaHHs TaKuX

cucTeM HaBeJieHa B po0oTi [10].
Conclusions. In consideration of (3), (10) the dependencies (13) as integral relations

of functions f,(s), f,(s) can be expressed. An analogical relations with Hilbert kernels or

logarithmic kernels of the components of the displacement vector of contour points in an
infinite plate with curved hole are expressed [10].

Application of these relations to the problem of contact interaction of closed curved
bar with contour corresponding hole in isotropic or orthotropic plate through the system of

two singular integral equations for functions fl(s), /> (s) makes it possible to formulate.

Methodology of solving such systems is given in [10].
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