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Y crarTi peaJizoBaHo aaropuT™M nodyA0BH KPHBHUX KOPOTKOYACHOI MIITHOCTi IepeBHHH 3 IBOBic-
HHMM HANPYy>KeHUM CTAHOM y PafiaibHO-TAHTeHTAJIBbHIN IUVIOMUHI CTPYKTYpPHOI cumeTpii. s peanizamii
IBOr0 AJropuTMy 0yJ10 po3pol/ieH0 NporpamMHe 3ade3neYeHHs1 HA OCHOBiI Kpoc-m1aTGopMHOro iHCTpY-
MeHTapio Qt, sike 103B0JIsIE OyAYyBATH Ta aHAJI3yBaTH KpPHTepii KOPOTKOYACHOI MIIHOCTi y momepe4-
HOMY po3pisi aepesnHu. CTBOpeHAa NpOrpaMa Ma€ MOKJIHMBICTH BHOOPY OAHOIO i3 TPLOX KpHTEpiiB
MIITHOCTi, BUIY AepeBHHH, il TEMIIEPATYPHOI0 Ta BOJIOTiCHOr0 po3moxiny. [Iporpamuuii kox moBoro C++
CIIPOEKTOBAHUIl TakK, 00 MO:kHA 0yJiO JIerkO AOAATH Ile OJMH BHJ JAePeBMHHU, a TaKOX KpuTepii
KOpPOTKo4YacHOi MimHocTti. [1si BinoOpaskeHHss KPUBHMX iX MOKHA BHUBOJMTH y BUIIAAlI rpagika ado
Tadauui. I'padiku moxkHa dikcyBatu Ha rpadiuHomy Bigkeri, i 10AaBaTH HOBi, NOPIBHIOIYH 3 MO-
nepeaHiMu.

Ha ocHoBi aHajizy mo0y1o0BaHMX KPHBMX, BCTAHOBJIECHO I'DAHMYHHUI HANpPYyXKeHUH CTaH MaTe-
piajly B YaCTKOBMX BHNIAJKAX. A TaK0:K 3p00/ieHO BUCHOBKH L1010 JOUJILHOCTI BUKOPUCTAHHSI NEBHUX
KpUTEePiiB AJsl onucy MIHICHMX XapaKTePUCTHK [JePeBHHU 3 CHJIbHOK TAa CJA0KOI acCUMeETPicl0 Mex
MilHOCTI.

Knarouosi cioBa: anizoTpomisi, MilHicTh AepeBHHM, KpUTepiii KOPOTKOYACHOI MilHOCTi, KpuBa
KOPOTKOYaCHOT MillHOCTI.

Beryn

JlepeBrHA HANEKMTH 0 aHi30TPOMHUX MaTepianiB. Ii (isMuHi BIACTUBOCTI 3aleKaTh BiJ aHATO-
MiuHOI Oy/ZOBM, sSIKa BH3HA4Ya€ TPU B3aEMHO MEPHCHIMKYJSPHI HAMpSIMU: padianbHuil (Bia mEHTpa 10
Kpalo), TAHTCHTAJIbHUI (OTHYHA JI0 PIYHUX KiJlelb) Ta aKciaabHUi (Y3[0BX BOJOKOH), 32 I[MMH HAIMps-
MaMH BJIACTHBOCTI JIEPEBUHH CYTTEBO BiAPI3HAIOTHCA. [lo MpobiieM MIIHOCTI aHI30TPOITHHUX TiJl HAJeXaTh
JIBa aCTeKTH, a caMe: JOCIIDKEHHS 3aJIe)KHOCTI XapaKTePUCTUK MIIHOCTI BiJl HAPSAMY 3YCHIUIS BiIHOCHO
oceil CTPYKTypHOI cUMeTpil Marepiany (aHi30TpOIisl XapaKTepHUCTHK MIIHOCTI); OILiHKa MIIIHOCTI aHi30-
TPOIHKX TiJI P CKJIJAHUX (0araToBiCHUX) HANPYKEHHX CTaHaX.

IMocTranoBka npod.iemMu

Po3pobnenHs mporpaMHOTo 3a0€3MeUeHHsI Ta peati3allis aJropuTMy I TOOYJOBH KPUBUX KOPOT-
KOYaCHOI MIITHOCTI IGPEBUHHU 3 IBOBICHUMH HANPy>KEHUMH CTaHAMH JaTyTh 3MOTY UiTKillle OI[IHUTH Mill-
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HICThb aHI30TPONHHUX TiNl MPH CKIAJHUX HANPYKCHUX CTaHaX, a TAKOX NOCTIJUTH 3aJIe)KHOCTI XapakTe-
PHUCTHUK MIIIHOCTI Bii HApsiMy 3yCHJUISL BITHOCHO OCEeH CTPYKTYpHOI CUMETpii MaTepiaiy.

AHaJIi3 0OCTAHHIX JOCTIKeHb Ta myOJiKamin
ChOrojii JUiss KOMIIO3UTHUX aHI30TPOIHUX MaTepiaiiB, 0 KJIacy SKHUX HaJIC)KHUTh JEPEBUHA, O0Y-
JIOBaHO Oarato ()eHOMEHOJIOTIYHUX Teopidi KopoTkouacHoi mimHocTti: P. Ximma, P. Mizeca, Mapina-Xy,
Hopica-Mak-Kinena, [Iparepa, €. K. Amkenasi, A. K. Manmeiictpa, K. B. 3axaposa, Y. I. Tonbnen6nara,
B. O. KomtHoBa i iH. OfHak HE BCiX iX MOMUTFHO BUKOPHUCTOBYBATH ISl BU3HAYEHHS JIOITYCTHMHUX HAIPY-
»KeHb y nepeBuHi [1, 2].

@opMyJIIOBaHHS LiJi cTATTI

Merta poOOTH — pealtizyBaTH IporpamMHe 3a0e3MeUeHHs 3 JOMOMOIOI0 IHCTpyMEHTapio po3podku Qt
JUI TIOOYOBH KPUBUX KOPOTKOYACHOT MIIHOCTI JEPEBUHM 13 JBOBICHUMU HANPYKCHHUMH CTaHAMH Ta
NpOaHaNi3yBaTH TPAaHUYHUN HAMTPY)KCHHUI CTaH MaTepiany B YACTKOBUX BHIAJKAX.

Bukiiax ocCHOBHOI0 Marepiany

Ha ocHoBi anHanizy HasiBHUX KpUTEPiiB KOPOTKOYACHOI MILHOCTI AJIsl aHI30TPOIHHUX MaTepialiiB Ta
ixapol amanrtanii i anpoOauii Ha AepeBUHI PiI3HUX MOpPiA OOpaHO KpUTEPIi, 3a AKMUMHU OyIyBaTUMYThCS
KPHB1 KOPOTKOYACHOI MIIIHOCTI AEPEBUHU. A came:

Kpumepii Awmkenaszi

Xy Xy

2 2 2_ [2, 2 2
Ao +A0, +24, 0.0, +44 T = \/Ux ‘o, ‘oo, +T . (1)
Tyr: 0, i 0 panianbHa Ta TAHICHTAbHA KOMIIOHCHTH TCH30Pa JONYCTHMHX HAaNpPYKCHb; Ty, —

HanpyxeHHs scyBy; A, 4,, 4., , A,,,— KOMIOHEHTH TEH30PiB MIHOCTI; X, Y — KOOPJIMHATH TOYOK IO~

w !

MIEPEYHOI0 Mepepi3y JOUIKU BIJHOCHO MEPETUHY HOTro JiaroHasei.

Kpumepiii I'onvoenonama-Konnosa

o’+I_o.0 +4Hnynyy =1. 2

A Xy Xy

Mo, +1,0,+\I, 0" +1

TYT: O, 10 y pa,[[iaJ'[LHa Ta TaHIrC€HTaJIbHA KOMIIOHCHTH TCH30pa AOIIyCTUMHUX HaNpPYyKCHb, T

xy ~
HanpyXeHHs 3cyBy, II ., II ) I ., I oy 3 17 ooy — KOMITIOHCHTH TEH30piB MIITHOCTI; X, Y — KOOPAUHATH
TOYOK TOMEPEYHOr0 Mepepi3y AOUIKU BIJHOCHO MEPETUHY HOro JaiaroHasei.
Kpumepiii 3axaposa
2 2
A11(711 + A22(722 + A1111611 + A2222622 + 2A1122611622 -1=0. (3)

TyT: 04, 1 0,,— pajiagbHa Ta TAHT€HTAJIbHA KOMIIOHEHTH TEH30pa JOMYCTHMHUX HANpYyKEeHb; A,
Apy Al Asros Ay — KOMITIOHEHTH TEH30PIB MIIHOCTI; iHIeKcH 1, 2 — KOOpJMHATH TOYOK ToTeped-

HOT'O TIepepi3y JOIIKH BiTHOCHO TIEPETUHY HOTO JiaroHaiew.

VY po3pobnenomy nporpamHoMy 3abesnedeHi “ Mei MIIHOCTI JepeBUHH  BUKOPHCTAHO AITOPUTM
100yI0BH KPUBHX KOPOTKOYACHOI MIIIHOCTI ICPEBUHHM 3 ABOBICHUM HampykeHuM ctaHoM [1]. 3ragane I13
Jla€ 3MOTYy BHOpPATH OJMH 13 TPbOX KpUTEPIiB, ki HaBeAeHi Buuie. [lopoau, siKi BUKOPUCTOBYIOTh, — COCHA,
sunHa Ta Gepesa (puc. 1).

OO0paBiy 0/IMH 13 KPUTEPIiB KOPOTKOYACHOI MIIHOCTI, y I[bOMY BHUIAJKy Kpurepiil ['onbaendnara-
Konnoga, a Takoxx BUOpaBIIM MOpOay AEPEBUHU Ta 3 Aiana3oHiB 5-25 %, 2040 °C, HeoOXigHy BOIOTICTH
1 TeMrepaTypy BiANOBIIHO, OYAYIOTh KPUBY KOPOTKOYACHOI MIIHOCTI JCPEBUHH 3 IBOBICHUM HAIIPYKCHUM
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cranoM. OkpiM rpadigHoro 300paKeHHsT KPUBOT, MOYKHA MEPETIITHYTH YHCIIOBI JaHi, 10 SIKMX YMCIIaX BOHA
oynyBamacs (puc. 2, a, 6).

RN MILHCCTI AEPEEMHM

MapaMeTpH aepeBH

Brbip DepeBUHA; CocHa -
Embip BonorocTi: 12%% d
BE1bip TEMNEpaTYPM: 205C -

Meszki MiLHoCTI (Hanpam: ol-pagianeHuin; O2-TaHreH TaneHKWA)

Min ol -14 MMa Maxal: 5 MMa
Min a2 -12 MMa Max ol 5 MMa
Kpok Tabynawi & 0.5 »  OBepHyTH No ol

KepyBaHHA BMBOOOM

Bu1bip kKpUTEpito: ALUKEHES -
Tabnu4HKi BKBin @ [padi4HKli BUBID
BinoDpazvTi onKc OYHMCTHTH

Puc. 1. Bixno napamempie npocpamu
“ Meoici miynocmi depesunu”

a 7]

Puc. 2. Kpusa kopomkouacnoi miynocmi depesunu cocru 3 memnepamypoio 200 °C,
sionocror eonozicmio W-10 % (a), uucnosi oani,
3a AKUMU NOGYO08AHA KPUBA KOPOMKOUACHOT MiyHocmi (6)

Take mporpaMHe 3a0e3MeUYeHHs] MAa€ MOKIIMBICTh OOYAOBH KUIBKOX rpadikiB, IO 1a€ MOXJIUBICTD
HAOYHO MOOAYMTH, SIK 3MIHIOETHCS KPHBAa KOPOTKOYACHOI MILTHOCTI JAE€PEBUHH MpPH 3MiHI OZHOTO 3 mHapa-
metpiB (puc. 3).
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Puc. 3. Kpusa xopomxouacnoi miynocmi depegunu cocuu 3 memnepamypoio 20 °C,
gionocnoro eonocicmio W ma 8ioHOCHUM HANPYIHCEHUM CIMAHOM
y padianvHo-maneenmanvHit naowuni cmpykmyproi cumempii: 1 —W=10 %; 2 —-W=15 %; 3-W=25%

Takox iCHY€ MOMJIMBICTh OJTHOYACHOI TTOOYZIOBH KPUBHX KOPOTKOYACHOI MIIIHOCTI TP OJTHAKOBUX
BXIJIHUX IapameTpax JJis BCiX 3alpOIIOHOBAHUX KPUTEPIiB, IO Ja€ MIBUAKE YSBICHHS MPO JOIUILHICTH
BUKOPUCTAHHS TOTO YH 1HIIOTO KpuTepito (puc. 4).

Puc. 4. Kpusa xopomrkouachnoi miynocmi oepesunu cochu 3 memnepamyporo 20 °C,
sionocrorw eonozicmio W=12 %: 1 — kpumepiii I'onvoendorama-Konnosa ; 2 — kpumepiu Awikenasi
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3 MpoBEAECHOIO aHaJi3y KPUBUX KOPOTKOYACHOT MILIHOCTI IepPEBUHH, SIKi BiJoOpaskeHi Ha PUCYHKY 4,
BUJIHO, III0 KpwBa 2, sika MOOyJ0BaHa 3a KpuTepieM AmkeHasi €. K., He € IIaBHOIO i BHITYKIIOIO, 11O HE
BIJIMOBiIa€ €BPUCTHYHUM BUMOTaM 1oOYy/I0BU BiJOMUX (DEHOMEHOJIOTIYHAX MEXaHIYHUX TEOpid TeKy4oCTi
[3, 4]. Otxe, xkputepiii Amkenasi €. K. HeIOIIIbHO BUKOPUCTOBYBATH ISl TOOYJOBH KPHUBHX KOPOTKO-
YaCHOT MIITHOCTI JIUIsl IGPEBHUHU XBOMHUX mopif [2].

Juist po3po0IeHHsT TPOTPaMHOT0 3a0e3TeUeHHS 0YJI0 BUKOPHCTAHO OE3KOIITOBHE IHTETPOBaHE cepe-
nouiie po3pooku Qt Creator. Take cepemoBuilie Mae 0€3J1iY MOXKIUBOCTEH Ta KJIACiB JJIsl pO3POOKH, BiJ
HU3BKOPIBHEBHX JpaiBepiB J0 BUCOKOMPODECIHHNX MPHUKIIAJTHUX MPOTPaMHUX 3a0e3MeueHb, sIKe 3aIrycKa-
€ThCSI TiJ Pi3HI omeparliiiHi cucTeMd. B OCHOBI IIbOTO CEepeOBHINA JICKUTh MOBa mporpamyBaHHs C++,
pO3LIMpEHa Pi3HOMaHITHUMH KJlacaMy, 10 NepeOyBaroTh Y MOIYJISIX 1 AMHAMIYHUX Oibmiorexkax. st miel
pobotu OyB BuOpanuii Tun mogarka Qt Widgets Application — tun npoekty 3 rpadidHuM iHTEpdericom
KOpHCTYBaua i 1ipoBa miardopma Windows.

I'padiku OymyroTbest 3a momomororo kiacy QChartView i BimoOpaxaroThCsi MHOXKHHOIO TOYOK-
KOPEHIB, Y SIKUX JOCHIKYBaHUH KPUTEPiid MIIHOCTI JaB MiHIMaJbHE 3a MOJyJIeM 3HadeHHs. ['yCTUHA 1uX
TOYOK 3aJISKUTh BiJl KPOKY TaOysIsiiii. Bci KpuBi MilIHOCTI Oy IyFOThCS ISl HAOYHOCTI PI3HUMH KOJIHOPaMH,
1 TIpu 3MiHI OyAb-SIKOTO JOCIIIKyBaHOTO MapameTpy CTBOPIOIOThCS HOBI KPHBI MpU 30epeKeHHI Mole-
penuix. ns Toro, mo0 BUAAIMTH BCi KpHBi, MOTPiOHO HaTHCHYTH KHOMKY “Ouunctutn”. [Iporpama mae
HIMPOKI MOKJIMBOCTI KONBOPOBOi cruiizanii. OJuH i3 BUTISIIB TOJOBHOTO BiKHA HaBEJCHO Ha puC. 5. Y
[iil Bepcii mporpamMu mapaMeTpy TOpij] i COPTIB JEPEBUHU 3aJlaHi y BUIIISIIII CTPYKTYP, Y BHXIJIHOMY KOJi
Mporpamu, oTKe, iX € (PiKCoBaHa KiIbKICTb.

Puc. 5. Buenso conosnozo gixna npoepamu “ Meaici miynocmi depesunu” 0151 meMHOI KOIbOPO8oi cxemu

BucnoBku

Take mporpaMHe 3a0e3MEUCHHS JIa€ 3MOTy OyAyBaTH KPWBI KOPOTKOYACHOI MIIIHOCTI JIGPEBUHU 3
JIBOBICHUMH Halpy>XCHUMH CTaHAMM Ta MPOBOJUTH IXHii aHali3. 30KpeMa, YiTKO BHIHO, YM MOOyI0BaHA
KpHBa BIJMOBIJIa€ CBPUCTUYHUM BUMOTaM IMOOYJOBU BiJOMHUX (PEHOMEHOJIOTIYHHX MEXaHIYHHX TEOpii
TEKY4OCTi, IJTACTUYHOCTI Ta MIIIHOCTI TBEPAUX TUT: 1) KpUBI rPaHUYHOTO HAMPYKEHOTO CTaHy (KpHUBi KO-
POTKOYACHOT MII[HOCTi) MOBUHHI OyTH IUJIABHUMH Ta BUITYKJIMMH; 2) CITIBBiJHOLICHHS MK XapaKTEPUCTH-
KaMH KpPHBOi KOPOTKOYacHOi MIIHOCTI MOBUHHI OyTH TakuMmH, 1100 y BHIAAKYy 3MiHHM Xo4ya O omHiei



26 M. llenowx, JI. @nyo, H. Cemenuwun

KOHCTaHTH MaTepiany (Moaysi mpykHOCTi, koediuienTu IlyaccoHa, TO0) HOBa KpUBa MOBUHHA Hepedy-
BaTH BcepeanHi a0o 30BHI mepBHHHOI. OOMIBI KpUBI MOXYTh MaTH JIMIIE KiIbKa TOUYOK JOTHKY, aje y
JKOJTHOMY BHITaJIKy BOHU HE TIOBUHHI MEPETHHATHC.
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This paper is devoted to implementing the algorithm for constructing short-term strength curves
of wood with biaxial stress states in the radial-tangential plane of structural symmetry. To implement
this algorithm was developed softwar e based on the Qt cross-platform toolkit, which allowsto build and
analyze short-term strength curvesin the cross section of wood. The created program has a possibility
to choose one of threefailurecriteria, a kind of wood, temperature and humidity distribution of lumber.
The C++ program code is designed so that you can easily add another type of wood as well as a failure
criterion. To display the curves, you can select table or graph mode. Graphs can be fixed on a graphics
widget, and new ones can be added to compareto previous ones.

Based on the analysis of the constructed curves, the ultimate stress state of the material in partial
cases is established. In conclusion about expedient using some criteria to describe the strength
characteristics of wood with strong and weak asymmetry of strength limits.

Key words: anisotropy, wood strength, short-term strength criterion, short-term strength curve.



