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IMomaHo pe3ymbTaTH MOCHIIKEHHS XapaKTepPHUCTUK PYHHYBaHHS 0araTopsIHOTO 3aKJICTIKOBOTO
3’€JHAHHS JINCTOBUX MaTepialiB po3paxyHKOBO-EKCIIEPUMEHTAIFHIM METOoloM. BuBueHo Ha-
NpYy’KeHHS 3MUHAHHSA y 3’ €JHAHHI 3 OJHI€IO 3aKJIENKOI0. 3a eKCIePUMEHTAIbHIMH pe3yabTaTa-
MH, OTPEMaHUMHU METO0M IH(poBoi Kopemsiii 300pakeHs, ToOyJOBaHO yCepemaHeHy Aiarpa-
My pYHHYBaHHS OJHMHOYHOTO 3’€JHAHHs, 32 SIKOI YTOYHEHO BiIXWJICHHS PO3IMOJIIIY Hampy-
JKEHb KOHTAKTHHX €JIEMEHTIB OaraTopsIHOTO 3’€[HAHHS 1 MOPIBHAHO X 3 pPO3paXxOBaHUMH
CTaHIapTHUMU 1H)KEHEPHHUMHU METOIaMHU.

Knwuosi cnosa: yugposa Kopenayis 300pajxcenv, HANPYICEHHA 3MUHAHHA, 3AKIENKOSI
3’ €OHanus, noae depopmayii.

OPTICAL-DIGITAL MEANS OF ASSESSING DEFORMATIONS
OF AIRCRAFT SKIN JOINTS
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Aircraft damage statistics shows that a significant part of the damage is due to the skin fracture
— places of rivet joints of sheet duralumin and polymer composite materials. The main factor of
their destruction is bearing, which leads to the loss of joint stiffness and the possible sudden
failure of the aircraft body. The theoretical calculation of the strength of the rivet joint requires
complex mathematical calculations and the development of appropriate numerical methods
with further experimental verification of the obtained results. Therefore, it is relevant to develop
experimental-calculation methods and technical means for monitoring the condition of multi-
row joints of aircraft skin, in particular, to choose a value of reaching the ultimate strength of
the joints during bearing. The results of research by the calculation-experimental method of the
characteristics of fracture of multi-row rivet connection of sheet materials is proposed. Initially,
the bearing stresses with one rivet is studied using prototypes consisting of two duralumin D16-T
plates jointed together. The spatial distribution of deformations in the rivet area was evaluated
using a portable optical-digital system. Taking into account the spread of experimental data, the
value of the maximum load was chosen for the assessment of permissible stresses, under which
the deformation of the hole was 2%. According to experimental data, an average diagram of a
one rivet joint destruction was established, which was used to determine the stress distribution
in the contact elements of a multi-row rivet joint of sheet materials. The proposed experimen-
tal-calculation method makes it possible to clarify the deviation of the stress distribution in the
contact elements of the multi-row connection from those calculated by standard methods and to
discover the most loaded elements in order to optimize the location of the rivets.

Keyword: digital image correlation, bearing strength, riveted joints, strain field, sheet materials.

Beryn. ChorosiHi icCHy€e BEMKHIA NapK JTITATBHHUX anapartiB, Ui SKAX aKTyaabHO
MIPOJOBXKUTH TEPMiH BHKOPHCTaHHS. []e MOXJIMBO TIJIBKHM 32 TTOBHOT TEXHIYHOT 1HCIICK-
mii ix xoHcTpykmii [1-4]. i1 BHSBICHHS Ta OIIHIOBAHHSI KPUTHIHOCTI MOIIKO/KECHb
3’€¢JIHaHb 1 BCTAHOBJICHHS O3HAK Jerpajailii, sKi 3arpoxyloTh Oe3meli, HeoOXiaHi Ccy-
YacHI METOJIU 1 TEXHIYHI 3aCO0M KOHTPOJTIO.

BusiBneHo, 1110 B JMiTalbHUX amapaTax HAWMOMIUPEHINN MICIs 3aKJICTIKOBUX 3’ €11-

HaHb JIMCTOBHX JIOPATIFOMIHI€BUX 1 HONIMEPHUX KOMITO3HLIIHNX MaTepianiB. OCHOBHHUN
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YUHHUK PYHHYBaHHS — 3MUHAHHS HABAaHTA)KEHOTO OTBOPY, IO MPHU3BOAUTH A0 BTPATH
JKOPCTKOCTI 3’ €THAHHS 1 paliTOBOTO PYHHYBaHHS KOPITYCY JITAaJIBHOTO amapara.

MinHicTh 3aKJIENKOBOTO 3’€IHAHHSA BH3HAYAIOTh HOTO T€OMETPHYHI IapaMmeTpH,
BJIACTHBOCTI MaTepialliB, ClIOCOOM HABaHTaXXCHHS TOMIO. TOMY aKTyalbHO PO3POOHTH
PO3paxyHKOBO-EKCIICPUMEHTAIBHI METOIU Ta TEXHIUHI 3aCO0M KOHTPOIIIO CTaHy Oara-
TOPSATHUX 3’€THAHb OOIIMBKH JIITAJIBHUX amaparTiB, 00 BUOpaTH O3HAKU OCSATHEHHS
TpaHUIl MIIHOCTI 3’ €THAHb 32 1X 3MUHAHHSM.

CraH npo6uemu. /i TEOPETUIHOTO PO3PAXYHKY MIITHOCTI 3aKJIETIKOBOTO 3’€ll-
HaHHA HEOOXiIHI CKIAIHI MaTeMaTUYHI BUKJIAIKA 1 BIAMIOBIIHI YHUCIOBI METOAM 3 IO-
JITBIIO CKCIIEPUMEHTAIBHOIO BEPHU(IKAIIEI0 OTPUMAHUX PE3YJIbTATIB, SKi JOCHTH
cymepewnusi [5]. Ile 3yMOBIeHO HEMOKIHUBICTIO BPaxyBaTH BiAXUICHHS BiJl TEXHOIIO-
TiYHUX MPOLECiB M Yac BUpOOHUITBA [6], HemepenbadyBaHUMH OCHOBHMHU Ta Paji-
ATBHUMH HaNpPYXCHHSIMH 32 SKCIUTyaTallii 1 IX HepiBHOMIpHUM PO3IOAIIOM y Gararto-
psiaHuX 3’ eqHAHHX [2].

JJ1st JocimpKeH S IPOIieciB 3MUHAHHS BUKOPUCTOBYBAIM €KCIICPUMEHTAJIBHI Me-
TOIH, 30KpeMa iHTephepoMeTpuunuii [7, 8], sxuii 3abe3meuye BHCOKI UyTIMBICTH Ta
TOYHICTh BU3HAYEHHS IIPOCTOPOBUX IMEpEMIleHb 1 AedopMariiii IOBEpXHi B OKOJIi Ha-
BaHTa)keHOro oTBOPY. Ha #oro ocuosi Dantec Dynamics i 4D Technology po3po6unu
BUMIpIOBANIbHI IPUCTPOI TS MPOMHCIOBOCTI. X HEIOMKOM € BUKOPUCTaHHS JOPOTO-
BapTICHOTO MPEIU31HHOTO0 ONTHYHOTO O0JIAHAHHS, SKe JyTIMBE J0 BiOpalliii Ta mapa-
3UTHHUX 3CYBIB 3pa3ka. ToMy 3alpOMOHyBaIH CIPOIIEHY ONTHYHY CXEMY BUMiPIOBAHHSI
31 3acTOCYBaHHIM pizHOMaHITHHX ontuko-nudposux cucrem (OLIC) [9, 10] i anropuT-
MiB 1H(poBoi Kopenswii 306paxens (L[K3) [11, 12]. Ix edexTuBHiCTH MiATBEPIKYIOTH
pe3yabTaTH JOCTiIKEHb 3’ €JHAHD JIMCTOBUX JAMOPATIOMIHIEBUX 1 KOMITO3UIIHHUX MaTe-
piaiiB, miA Yac SKUX BU3HAYAIM PO3MOALIM IeopMallii, Hampy>KeHHsS 3MHUHAHHA Ta
OBaJIi3aIlif0 OTBOPIB OAMHOYHKX 1 OaraTOPSIHUX 3aKICIKOBUX 3’ €qHanb [13, 16].

He Menm BaxnuBo BUOpaTH O3HAKH JIOCSATHEHHs TPAHUIlI MIITHOCTI 3’€IHaHB 3a
3MUHaHHSA. TyT BUKOPHCTOBYIOTH JBa MiAXOAU: 1) 3 JOMOMOTOK €KCIIEPUMEHTATBLHO
BCTaHOBJICHHX KOe(DilliEHTH KOHIICHTPAIIil HAlIPY>KEeHb, TIOPIBHIOIOYH MPAHUIII MIIIHOCTI
3a 3MHHAHHS Ta PO3TATY (U1 KPUXKHUX MarepiajiB), a TAKOXK MUIACTHYHOCTI; 2) rpaHHu-
IIF0 MIITHOCTI 32 3MUHAHHS BU3HAYalOTh, BPAXOBYIOUH JOMYCTUMY JedOpMAIliF0 OTBO-
Py, Ky JUIS Pi3HUX MaTepiajiiB i THITIB 3’ €IHAHHS BCTAHOBJIOIOTH y IIMPOKOMY Jliara-
3omi — Bix 0,4 mo 4% [17, 18].

3pa3ku, MeTOOU Ta pe3yJbTAaTH. PeabHi 3aKIIeTKOBI 3’ €THAHHS MaTepialliB Haii-
YacTille MIiCTATh B KITBKOX JIO KUTBKOX JECATKIB 3aKJICTIOK, PO3TAlllOBaHUX abo B
OIIUH psifl, 200 B KiJIbKa PAiB. 3a MPUITYHICHHS, 110 BiJICTaHb MiXK 3aKJICTIKaMHU JOCTAT-
HBO BEJMKA, IX MAKCHMAIbHY HECYTy 3AaTHICTh OLIHIOIOTH 3 JOCTATHHOIO TOYHICTIO 32
HECYJOI0 MIIHICTIO 3pa3ka 3 o(Hi€r0 (13071b0BaHOI0) 3aKIIETKOIO.

SIKIIO BiACTaHh MiX 3aKJICNKAMHU JTOCTATHHO Masia, HANPYKCHHS 3MHUHAHHS 3Y-
MOBJICHI B3a€MHUM BIDTHBOM PO3TAIIOBAHUX ITOPYY KOHTAKTHUX elleMeHTIB. Tomy crio-
9aTKy MOCTIIAMO XapaKTepUCTUKU pyWHYBaHHS 3’€IHAHHS 3 OMHICIO 3aKJICTIKOIO, BU-
TOTOBJICHOT'O 3 1IEHTUYHOro Matepiaiy. IIpoimocTpyemMo 3anponoHOBaHy METOUKY Ha
CHEUiaTBEHO MiATOTOBICHUX MIECTH JOCHTITHUX 3pa3KkaX 3 OAHIEI0 3aKIIETKOIO.

Kosxamif 3pa3ok cKiTagaBcs 3i CKIGEHUX MK COOOI0 BHAITYCK TUIACTHH TIOPATIOMi-
Hito J[16-T nopxkuHoro 250 MM, muprHOIO 35 MM 1 TOBIIUHOI 2 MM, fKi 3’€IHYBaJIN
3aKJICTIKOI0 JiaMeTpoM 6 MM 3 KOHIYHOI MOTaiHOW TrojoBKOr0. Jlisi 3abe3meucHHs
PIBHOMIPHOTO PO3MOALTY 1 OChOBOI CHMETPii HABaHTaKEHHS 0 KParo 3pa3KiB HAKJICO-
BaJM aTIOMiHI€BI HaKJIaAKH TOBIIKMHOKO 2 MM. [IpocTtopoBuit po3monin nedopmamiii y
30HI 3aKJIETIKU 3HaxoauIH 3a gonomororo nepenocuoi OLIC [9]. Tlepen BunpobyBaHHS-
MU ITOBEPXHIO 3pa3Kka IMOKpHUBaU 01100 (hap0oro, Ha AKY TEPMIYHHM CIIOCOOOM HaHO-
CHJIH JIPiOHY BUNIAIKOBY IUIIMUCTY CTPYKTYPY.
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Koxxamii 3pa3ok po3Tarany Ha YHiBepcanbHIH po3puBHiA MammHi FP-100 3a
HIBUAKOCTI MEPEeMIIlIeHHsI pyXoMoi TpaBepcu 1 MM/XB. 3yCUILIsi HABaHTaKeHHS (BiKCy-
Baju y nudpoBomMy BUTIIAAI OJIOKOM peecTpallii, a 300pakeHHs MOBEPXHI OTPHUMYBAIIN
BimeokamMeporo. HaBaHTakyBamu 1O MOMEHTY IOBHOI BTPATH >KOPCTKOCTI 3’ €THAHHS
(puc. 1la). BpaxoBytouu CKIaJHy CTPYKTYpY [IiarpaMu pyHHYBaHHS Ta PO3KH]| €KCIIe-
PUMEHTAIBHUX JTAHUX, JOMYCTHME HalpyKEHHS 3MUHAHHS OLIIHIOBAJIM 32 MaKCHMaJlb-
HHM HaBaHTa)XEHHsM, 3a SKOro aedopmalisi 0OTBOpy cTaHoBwiIa 2%. Bubpanwuii kpute-
piii — HaliGibIn HAAIRHMI 1 ogHO3HAYHME [16].

Harpy>keHHs SMUHaHHS OIMHOYHOTO 3’ €IHAHHS O0YHCITIOBAJIH TaK:
= P , (1)

2rh

ne Py — MakcuManbHe HaBaHTaXKEHHs, N — TOBIIMHA 3paska; I — paiiyc OTBOpY.

3

Hedopmariii otBopy (nedopmairii sSMUHAHHS)

Ay
Eyy = I_ ) (2)
1

Jie Io4aTKoBa BijcTaHb (6a3a) |y ~ 7,9 M, a 3miHy BincTaHi Aqq Bu3Hayam MetozoM LK3.

0,002

—-0,002

—0,006

Puc. 1. 3pasok micns pyitHyBan#s (@) Ta mone nedopmariii (6).

3ayBakuMoO, 1110 3a CIIBBiIHOMEHHIM (2) BU3HAYMIN JIOKaJIbHI Aedopmarii 3’e-
HaHHA B oKkoui 3aknenku. [lepesara OLIC i anroputmiB LIK3 — MoXIHBiCTE BCTaHOB-
TroBatu Aedopmartii Ha pisHUX 0a3ax.

3a pe3ynbTaTaMu eKCIIEpUMEHTAILHUX BUMIpIOBaHb AedopMalliii Ha IecTH 3pas-
Kax MmoOyayBaIy ycepenHEeHy qiarpaMy pyHHYBaHHS OAWHOYHOTO 3’ €IHAHHS B KOOPIH-
Hatax “HampyxeHHs (o)—medopmaris 3mMuHaHHS (€yy)” (puc. 2, kpuBa 1), sika onwmcye
3B’S130K MK HaNpyXCHHAMH 3MUHAHHS Ta AedopMaliisiMi OTBOpY; Touka B Biamosi-
nae nedopmarism 2%; touka U — MakcuMyMy Hanpy»XeHb, KOJU 3’ €THAHHS MTOBHICTIO
3pyiiHOBaHe; Touka G — 3aBEpUICHHIO eTaly NPOKOB3YyBaHHS 3 €JHAaHHX IUIACTHUH,
CIIPUYMHEHOTO PYHHYBaHHSAM IPOIIApPKY KJIEI0, KOJIM Ha 3aKJICNKY HOBHICTIO ITPUIIAJIae
MIPUKIIAICHE 3yCHILIS.

3a omiHKamMH TEXHIYHOI CpOMOXKHOCTI Bukopuctanoi OLIC, s HaBaHTaXeHb,
MEHINMX 32 Ti, 0 BiAMOBIAAIOTh TOYIl M Miarpamu, MakCUMalbHa BiJTHOCHA MOXHOKa
BH3HAUeHHs nedopmariiii He nepesumryBana 0,1%, a mgami, 1o MOMEHTY pyWHYBaHHS,
cTa”HoBWIa He Outbine 1%. Y Tabia. 1 HaBeleHO HANPY>KEHHS, IO BiNOBIIAIOTH TOY-
kam U, M, B i G mgiarpamu 11 KOXKHOTO 3pa3Ka.

Jiist mopiBHSHHS BU3HAYAH fAe(opMallii €y 3a CIiBBIAHONICHHSM (2), BUKOPUCTO-
BYIOUH TIOYATKOBY BiJACTaHb BHMiptoBaHHs |2 ~ 17,6 MM (puc. 2, kpusa 2). Bussuin,
110 3a OuThIKX 0a3 BUMIPIOBAaHHS JeopMaIlii CYyTTEBO Bigpi3HIIOTHCS Bill OTPUMAHHUX
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3a MEHIIUX. BCTaHOBWIM cepefHe 3HAUCHHS HANPYKEHHS 3MHHAHHS MaTepiary OIu-
HOYHOTO 3’€qHaHHs (Tabm. 1) i moOymyBamu ycepemHeHy Jiarpamy HanpyKeHHs—[e-
(hopmarii s GaraTopsaIHOTO 3’ €JHAHHS AaHAJIOTIYHOT KOHCTPYKIIiT.

o, MPa

300

200 |

100 |

0
-0,24 -0,20 -0,16 —0,12 —0,08 —0,04 0 gy
Puc. 2. Ycepennena niarpama pyHHyBaHHS OJHHOTHOTO 3aKJIEIMKOBOTO 3’ €THAHHS.
@ Eyy

0,02 |
0,01

0,0137
0,0121

0,0100

0,0090
0,0070

0,0050

Puc. 3. 3pa3ok GaraTopsigHOro 3aKJIEHKOBOTO 3’€HAHH:
a — nosie nedopmariii 3a HapantaxxeHHs P = 60 KH; 6 — npodini nedopmariii.

Tab6auus 1. Hanpy:xenns pyiinyBannsi, MIla

3pa3ok o |os | om | ou
1 148 | 174 | 238 | 373
2 144 | 218 | 264 | 366
3 141 | 225 | 246 | 404
4 150 | 193 | 245 | 386
5 135 | 232 | 268 | 421
6 140 | 170 | 215 | 390
Cepenne o | 143 | 202 | 246 | 390
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BukoprcToBYBaIM 3pa3oK 3 OaraTopsIHAM 3’€IHAHHIM JOBKUHOK 320 MM, MHpHU-
HOro 105 MM i1 TOBIMHOIO 2 MM. Y HBOMY IUIACTHHH CKPITUTIOBAIIN TPHOMa PsIaMH 3a-
KJIETIOK 3 BUCOKOMIITHOTO aIOMiHI€EBOTO cIuiaBy B65 3 4oTupma nmotaifHUMHU rojIoBKaMu
y KO)KHOMY PSIZy 1 31 CTPHHTEPOM Y cepeqHpoMy. [liaMeTp 3aKiIenok B psay a — 5 MM, a
B psnax b ta ¢ — 6 mm. Ilix yac BunpoGyBaHb 3pa3ok po3rsrand Ha Mmarmmau FP-100.
Ortpumani 3a ponomoroto OLIC 1 anropurmis LIK3 mpodinorpamu aedopmariii &y

IoJaHi Ha puc. 38, a ix mone — Ha puc 30.
3a Bupasom (2) Bu3sHauam JokanbHi Aedopmanii €,y 6inst OTBOPIB y BCIX KOH-

TAKTHUX TOYKaAX 3pa3Ka, a 3a YCECPCAHCHOIO Z[ial"paMOIO pyﬁHYBaHHﬂ o — 8yy OOHWHOY-

HOro 3’enHanHs (puc. 2) — HANPY)KEHHS 3MHUHAHHA G. Beranosumu (Tabu. 2), mo KoH-
TaKTHI eJIEMCHTH HaBaHTaKCHI HEpiBHOMIpHO, HailOibIe — KpaitHil ps & 3aKJernoxK.
3okpema, Ha eneMeHTH 1 Ta 2 bOTo psALy 1 B OKOJI 3akiIenku la oBamizaiis OTBOpY Ie-
peuiye 2%, 110 CBITYHTH PO MMOYATOK iX pyhHyBaHHA. Ps b, minkpimnenunii crpun-
repoM, HaBaHTaKEHUH piBHOMIipHimIe. HaliMeHIle HaBaHTa)KeHHS IPUITATae Ha 3aKIeI-
KU pagy c¢. OTxe, HalillepeBaHTAXKEHIII1 KpalHi psAan y 0araTopsIHuX 3’ €IHAHHSX.

CrargapTHi iHKEHEpHI METOIN pO3paxyHKY MPUITYCKAIOTh PIBHOMIpHE 1 HE3aJIeK-
HE HaBaHTXEHHS YCiX 3aKJIENOK Y psaay 3’€mHaHHA. ToMy po3paxoBaHi Halpy:KEHHS
Ol 3aKJIETIOK Psiay a JopiBHIOBaTHMYTh ~ 145 MIla, a 6ins psaxiB b 1 ¢ craHoBH-
tumyTh 130 MIla. Ha npakTuii 1ie He BiNoOBiae JiHCHOCTI.

Taéanus 2. Hanpy:xenns (MIla)/nedpopmanii (%0) 6i1si KOHTAKTHHX eJleMEHTIB
y 6araTopsigHoMy 3’€aHaHHi 3a HaBanTaxennst 60 kH (puc. 3a)

Enementn
1 2 3 4
191/25 | 168/1,8 | 159/1,3 | 156/1,2
b | 154/1,1|152/1,0 |150/0,9 [151/1,0
¢ | 145/1,0 | 140/0,9 |136/0,7 |138/0,8

Pan

Takum 9rHOM, 32 3aIPOTIOHOBAHOK0 EKCIIEPUMEHTATBHO-PO3PAXYHKOBOIO METOIH-
KOIO MOXXHA YTOYHHWTH BiIXHJICHHS PO3IMOJALTY HANPYXCHHS y KOHTAKTHHX €JIeMEHTaX
OaraTopsAHOTO 3’ €HAHHS, IIOPIBHATH 3 OTPUMAHUMH CTaHIAPTHUMH METOJAMH 1 BCTa-
HOBHUTH HAWO1IBII HABAaHTAXKEHI €JIEMEHTH Ta ONTHUMI3YBaTH PO3TAIIyBaHHS 3aKJIETIOK.
Lli BiqMiHHOCTI OOYMOBIEHHI OaraThbMa YMHHUKAMU. HE301XHICTIO OTBOPIB Yy 3’ €IHY-
BaJIbHHUX IUTACTHHAX, PI3HUMH MOYATKOBHMH HATATaMHU Ta 3yCHILIAMH 3aKJICTKH, TeX-
HOJIOTIYHMMH BiJIXWJICHHSIMH, sIKi HEMHHYYI1 ITi]] 4aC BUTOTOBIICHHS 3’ €JJHAHD JIMCTOBUX
MaTepiaiiB.

[{ro 0co0IMBICTh OaraTopsIHKUX 3’€IHAHb HEOOXITHO BPaxOBYBaTH Ii 4ac BHOO-
Py ONTHMAJIBHOI BIICTaHI MIX PSJIaMH 3aKJICIIOK. 3alIpONIOHOBAHY METOIMKY ITiCHs JI0-
OTIpAIFOBaHH MOYKHA TIOTUPUTH JJIsi KOHTPOIIIO 0araTopsaHUX 3’ €IHaHb IIiJ] 4ac eKcC-
TUTyaTamii JTiTaIbHUX araparis.

BUCHOBKHA

Po3po06iieHo ekcriepuMEeHTATbHO-PO3PaXyHKOBY METOAMKY BH3HAYCHHS HAIpPy-
JKeHHSI 3MUHAHHS Y 0araTopsTHOMY 3aKJICITKOBOMY 3’ €IHaHHI. 3a JIOIMOMOTo0 Iudpo-
BOTO KOPEJISIIHHOTO 00pOOJICHHS 300paXKeHb OAMHOYHUX 3’ €JHAHb OTPUMAHO yCcepe-
HEHy JiarpaMmy HanpyXeHHsI—zaehopMmallii, 3a SKOI0 OI[IHEHO HaNpYKeHHs y OaraTopsa-
HOMY 3’€JHaHHI aHAJOTIYHOI KOHCTPYKIIi. BUSABIEHO BIAXWICHHS PO3MOIUTY Hampy-
JKEHHsI, PO3Pax0BaHOTO CTaHIAPTHUMH IHKCHEPHUMH METOJIaMH, BiJl pealbHOTO Y KOH-
TaKTHUX €JIeMEHTaxX 0araTopsaHOro 3’€IHAHHS, SKe HEOOXiTHO BPaxOBYBaTH JJS BU-
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0Opy ONTUMAIJILHOI BIJICTaHI MK PSIaMH 3aKJICTIOK ITiJT Yac MPOEKTYBaHHs Ta Biampa-
IIIOBaHHS TEXHOJIOTI BUTOTOBJICHHS. 3aIpOIIOHOBAHY METOIUKY TEPEBIPEHO i dac
BUIIPOOYBaHHS 3pa3KiB 3 3aKJICIKOBUMHU 3’€IHAHHSAMH, BUTOTOBJICHHX 3 AIOPAJIIOMi-
HieBHX miactu J[16-T.

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pitt, S.; Jones, R. Multiple-site and widespread fatigue damage in aging aircraft. Engineering
Failure Analysis 1997, 4 (4), 237-257. https://doi.org/10.1016/S1350-6307(97)00020-4

McEvily, A.J. Metal Failures: Mechanisms, Analysis, Prevention; John Wiley & Sons, 2002.
https://doi.org/10.1115/1.1483355

Ignatovich, S.R.; Krasnopol’skii, V.S. Probabilistic Distribution of Crack Length in the Case of Multi-
ple Fracture. Strength of Materials 2017, 49 (6), 760-768. https://doi.org/10.1007/s11223-018-9921-9
Donets, O. et al. Structural and technological solutions intended to provide static strength and
lifetime of regional passenger aircraft. Open information and computer integrated technologies
2018, 82, 4-26. (In Ukrainian).

Huang, W. et al. Fatigue reliability assessment of riveted lap joint of aircraft structures.
International Journal of Fatigue 2012, 43, 54-61. https://doi.org/10.1016/j.ijfatigue.2012.02.005
Sakai, T. Bolted Joint Engineering: Fundamentals and Applications; Beuth Verlag GmbH, 2008.
Tsai, M.Y.; Morton, J. Stress and Failure Analysis of a Pin-Loaded Composite Plate: An Experimental
Study. J. of Comp. Mat. 1990, 24, 1101-1120. https://doi.org/10.1177/002199839002401005

Scalea, F.L.; Hong, S.S.; Cloud, G.L. Whole-field Strain Measurement in a Pin-loaded Plate by
Electronic Speckle Pattern Interferometry and the Finite Element Method. Experimental
Mechanics 1998, 38 (1), 55-60. https://doi.org/10.1007/BF02321268

Maksymenko, O. et al. Digital image correlation technique for thin beam specimen deformation
and material moduli of elasticity measurements. Fracture Mechanics of Materials and Structural
Integrity, Proceedings of 5th International Conference, Lviv, Ukraine, June 24-27, 2014;
Panasyuk, V.V., Ed.; pp 367-372.

Ivanyts’kyi, Y.L.; Maksymenko, O.P.; Hvozdyuk, M.M.; Muravskyi, L.I.; Molkov, Yu.V.
Method of determining the stiffness of a mechanical connection “composite—metal”. UA116508,
2017. (In Ukrainian).

Maksymenko, O.P.; Ivanyts’kyi, Y.L.; Hvozdyuk, M.M. Evaluation of the Stiffness of a Com-
posite—Metal Joint by the Method of Digital Image Correlation. Materials Science 2015, 50 (6),
817-823. https://doi.org/10.1007/s11003-015-9788-x

Maksymenko, O.P. Fast algorithm of sub-pixel image alignment. Information Extraction and
Processing 2014, 41, 70-76. (In Ukrainian)

Maksymenko, O.P.; Sakharuk, O.M. Improving the reliability of 2D DIC by using Fourier-Mellin
transform. Digital image correlation advanced methods and applications; Chambers, D., Ed.;
Materials Science and Technologies Series; Nova Science Publishers, 2017; pp 1-36.

Ivanyts’kyi, Y.L. et al. Evaluation of the Strength of Bolted Joints of Composite Plates. Materials
Science 2019, 55 (2), 265-271. https://doi.org/10.1007/s11003-019-00298-9

Maksymenko, O.P. et al. Distribution of Crushing Stresses in Multirow Riveted Joints. Materials
Science 2023, 58, 369-376. https://doi.org/10.1007/s11003-023-00673-7

Maksymenko, O.P.; lvanyts’kyi, Y.L.; Hvozdyuk, M.M. Assessment of the strength of mecha-
nical joints of sheet materials by the optical-digital method. Mechanics: modernity and prospects
— 2024, Proceedings of the international scientific conference. Lviv, Ukraine, October 7-11,
2024; pp 230-232. (In Ukrainian)

Kirkakh, A.B. Problem of the strength of screw connections based on layered composites plastics.
Dynamics and Strength of Machines 2011, 62, 45-54. (In Ukranian).

Dvairin, A.Z. Review and analysis of problem state of experiment-calculated support of design of
aircraft units from polymer composites with mechanical junction of parts. Open Information and
Computer Integrated Technologies 2014, 66, 5-19. (In Ukranian).

Ooeporcano 09.06.2025

ORCID iDs

Nazarchuk Z.T. https://orcid.org/0000-0003-0402-0570
Maksymenko O.P. "= https://orcid.org/0000-0002-2905-1771
Kulynych Ya.P. https://orcid.org/0000-0003-2148-6006

52

ISSN 3041-1823. Information Extraction and Process. 2025. Issue 53 (129)



