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MOPIBHAJbHUI AHAJII3 PE3YJIbTATIB TEOPETUYHUX AOC/I>KEHb
IT'PAHUYHOT' O HAIIPY?KEHOTI'O CTAHY AHI3BOTPOITHUX MATEPIAJIIB

MeTo10 TOCITIIKECHHS € BUSBICHHS MEXaHIYHUX TEOpiif MIIIHOCTI Ta MaTeMaTHYHUX MOJeNel BU3HAUCHHS TPAaHUYHOTO HaIpyKe-
HOTO CTaHy aHi30TPOIHUX MaTepiajiB, MPUAATHUX IS aAeKBAaTHOTO ONHCY IPYKHOI 001acTi neopMyBaHHS AEPEBUHU XBOWHHX i
JIMCTSIHUX TOPiJ] B YMOBAaX JABOBICHOTO, INIOCKOTO Ta 00'€MHOTO MEXaHIYHUX HaBaHTAXEHb. AKTYaJIBHICTh TAKOTO JOCIIIKSHHS 3y-
MOBJICHA THM, III0 Ha CHOTOAHI HEMAa€ €AMHOI METOAMKH allPOKCHMAIii pe3yIbTaTiB eKCIIePUMEHTAIBHAX JOCTIIPKEHb KOPOTKOYaCHOT
MIITHOCTI KOMIO3UTHHUX MaTepiajiB 3i CKJIQJHUM HANpPYKEHUM CTaHOM. Y MaTeMaTHYHii IOCTAHOBII 3aJadi OJlHA 1 Ta 5K MOBEPXHS
KOPOTKOYACHOI MIITHOCTI MOXKE€ 3aJOBLIBHO ONHCYBATHCS KiTBKOMa KpHUTEpisMH. [ NOCATHEHHS MOCTABIEHOI METH MPOBEICHO
ki1acuikaliro Ta 3po0IeHO NOPIBHUIBHMI aHANI3 BIJOMHX MEXaHIYHHX TEOpilf KOPOTKOYACHOI MIITHOCTI aHI30TPOITHUX MaTepialiB
Ta OCHOBHHX IIOJIOXKEHb 3arajbHoi Teopii kBaiapuk. 30kpeMa, IIpoaHali3oBaHO KpuTepii MirHocTi Amkenasi, Mizeca, Mapina-Xy,
Iparepa, Hopica-Max-Kinena, Ximna, Llaii-Ximna, [{ait-By, Xoddmana, Hoppica, @imepa, 3axaposa, Manmeiictpa ta ['onpaentmna-
ta-KormHoBa. 3a pe3ynpTaraMu Takoro aHajli3y BCTAaHOBJIEHO, III0 YMOBH MIITHOCTI JUIsl MaTepiaiiB 3i CIaOKOI0 aCHMETPIEr0 MeX Mill-
HOCTI y HanpsMKaxX CTPYKTYpHOI CHMETpii € HeNpHIATHUMH JUISl ONMCY ITOBEPXOHb MIITHOCTI MaTepialliB 31 CHIIEHOIO aCHMETpi€io
MEX MIIHOCTi. BusiBiIeHO, 1110 TBOBICHUMI Ta INIOCKUH HampykeHO-Ie(OpMiBHI CTaHH y TaHI'CHTAIBHO-PamialbHIH IUIOMMHI CTPYK-
TYpHOI CHMETpil AepeBUHH JUCTSHHUX ITOP1Jl 3a/I0BITBHO OMUCYETHCS KPUTEpieM AIIKeHasi, a JepeBHHHU XBOHHUX IOPIiT — KPUTEpieM
Tonsaen6nara-KomHosa.

Kniouogi cnoea: anizoTpornHUN KpUTEpiii MIITHOCTI; HaNpykeHO-1e(HhOPMiBHHI CTaH; TEH30p HAIPYKCHB.

Beryn. Yepes GiojoridyHe MOXOMKCHHS ICPEBUHA Mae Y mepmiomy HaOJMDKEHHI OIIHUTH Pi3HOMAHITHICTB i

CKJIaJIHy HEOAHOPIAHY OYIOBY 1 TOMY HAJEXHTh 110 KIacy
aHI30TPOITHUX MarepialliB, XapaKTEPHOIO OCOOJIHBICTIO
SIKHX € aCHMETpisl XapaKTepPUCTHK MIIHOCTI y HalpsIMKax
cTpyKTypHOi cumerpii. Taka 0co0nMBICTH ICTOTHO YTPYA-
HIOE ITPOTHO3YBAHHS MIIHOCTI JIEPEeBUHH Y Tpolecax ii ria-
porepmiunoro oopodienns (Redman, 2017) ta st pospa-
XYHKY JiepeB'ssHUX KOHCTpYKLiH 1 BupoOiB (Iraola & Cabre-
ro, 2016; Guindos & Guaita, 2012). [lonax e, BimoMi Ha
CBOTOJIHI Teopii Ta MaTreMaTH4YHI MOJeJi BU3HAYEHHS 1O-
ITyCTUMUX IIOJIB HaNpyXeHb Y KOMIO3UTHHX Marepiaiax
HE Jaf0Th 3MOTW KUIBKICHO OLIHHTH MEXI IPYXHOI, B'S3-
KOIIPY)KHOI, B'SI3KO-IIPYXKHO-IUTACTHYHOI objacrei aedop-
MYBaHHS B YMOBaX CKJIaJHHX MEXaHIUYHHX Ta TeMIleparyp-
HO-BOJIOTICHUX HaBaHTa)KeHb. TOMY ISl OL[IHKM Ta IPOTHO-
3yBaHHS MIIHOCTI JIEpPeBHHH Ta BUPOOIB 3 Hel aKTyalbHUMHU
€ 3a/1a4i 1MoOy/Z0BY HOBHX MaTeMaTWYHHUX MOJEJled Ta BH-
00py TakMX KpUTepiiB MIIHOCTI, SIKi aJeKBaTHO BiJ0Opaska-
a1 6 ocobimBOCTI AeOPMATHBHOCTI MPOMHUCIOBO 3HAUY-
KX TIOPiJ ACPEBUHU.

IHpopmauisa npo asTopis:

3aCTOCOBYBaHICTh KPUTEPIiiB MIIIHOCTI aHi30TPOITHUX Mare-
piajyiB MOXXHA 32 YaCTOTOIO BUKOPHCTAHHS PI3HUX KPHUTEPi-
iB y HaykoBMX myOmikamisx. Ha#Oumem 3ramgyBanumu €
kpurepii [Iparepa, By, Laii-By ta Xoddmana, pemra kpu-
TEepiiB MalOTh ICTOTHO MEHIIIE 3aCTOCYBaHHS (pHC. ).
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Puc. Yacricts N 3acTocyBaHHS KpUTEPIiiB MIITHOCTI Y HAYKOBUX
my6umikanisx y 2012-2017 pp. (3a pesynsraramu Google Scholar Ha
11.11.2017)
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Jlis BUOOpY KpHTepiiB MIIHOCTI JEPEBHHH JAOLIIBHO
MIPOBECTH KJIacH(iKaIlilo HassBHUX MEXaHIYHUX TEOpiH Mil-
HOCTI JUIs aHI30TPOITHUX KOMIIO3UTHHUX MaTepiajiB 3 ypaxy-
BaHHSAM TOTO, IO JIEPEBHHA XBOMHUX IIOPiJ HAIEKHUTH 1O
MarepiajiB 31 CHJIBHOIO aCHMETPIEI0 XapaKTEPUCTHK Mill-
HOCTI, a JIMCTSHHUX — SIK JI0 MaTepialiB 31 CHIIBHOIO, TaK 1
ciabkoro acuMmerpisiMu. Tomy moTpiGHO chopmyBartu IBi
TPYIM TeOpii, ofHa 3 SIKUX CKJajanacs 0 i3 KpuTepiiB Mil-
HOCTI MarepiaJiB 31 c1abKOI0 aCUMETpI€lo, a iHIIa — 3 KpH-
TEepiiB Uil BU3HAYEHHS MIIHOCTI MarepialliB 31 CHIIBHOIO
aCUMETPIEI0 XapaKTePUCTUK MIIMHOCTI. JIJIsT JOCIiKSHHS
MIOCTABJICHOI METH TPOBEAEMO aHAi3 MEXaHIYHUX TeOopii
MIIIHOCTI T2 OCHOBHHX ITOJIOXKEHb 3arajibHOi Teopii KBaJpHK
(Elman, Karpenko & Merkurjev, 2008; Mishchenko, Solov-
yev & Fomenko, 1985). Takuii miaxin oOrpyHTOBYETHCS
THM, IO JIMIIE KiJIbKa KPUTEPIiB 3alHCYIOTh y (hopMi Homi-
HOMIB TPETHOTO YU BUIIOTO NOpsaKy (Asteris, 2010; 2013),
a OUTBIIICTD MIMPOKO 3aCTOCOBYBAHMX KpPUTEPIiB MIIHOCTI
BH3HAYAETHCS MOJIIHOMIAJIBHUMH PIBHSAHHIMH JPYroTo CTe-
miers (Van der Put, 2005; 2015), siki € 00'€KTOM TOCIiIKECH-
Hs Teopii kBaapuk (Mishchenko, Solovyev & Fomenko,
1985).

Kpurepii Ta MmaTemaTu4ni MoaeJi MillHOCTI 11 Ma-
TepiaJiB 3i c1a0K010 acHMeTpi€cl0 Mexk MiHOCTI. Y mmpoc-
TOpi HaNpyXeHb I KpUTepii 3alUCyIOTh Y BUTISAI TaKHX
piBHHHB'

Z Z All]]O-llO-]] + Z Z Bl]l]O-l] + Zcuo-u 0 (1)
i=1=1 i=1j=1,j#i
Ae: Aijy = Ajji > By = B @)
ne: Ay, By, Cyy — cTani MILHOCTI; 04,0 ;,0;; — KOMIIOHEHTH

TEH30pa AOMYyCTUMHUX HAIpPY>KEHb.

3 ormsgy Ha OCHOBHI IOJIOKEHHS Teopii KBaapHK
(Mishchenko, Solovyev & Fomenko, 1985), Tum i cumerpis
MIOBEPXOHb, SIKI OIMUCYIOTHCS PIBHAHHAM (1), BU3HAYarOTHCS
3HAYEHHAMH KOEQILI€HTIB A, By, C; . Sxkmo C; =0, TO Ti-
niepnioBepxHi (1) € cMMETpUYHUMHM BiTHOCHO IIOYATKY Jie-
KapTOBOI CHCTEMH KOOPAMHAT: TOYKM NEPETHUHY Tilepro-
BepxHi (1) i3 mpsiMol0, 110 MPOXOJNUTH Yepe3 IOYaTOK KOOp-
JIUHAT, PO3MIMICHI HA ONHAKOBWX BiJICTAHAX BiJ IMOYATKY
koopauHaT. Skmo C; =0, TO TOYKH NEpeTHHY TiNeproBep-
xHi (1) 3 Oyap-sSKOI0 BICCIO CHCTEMH KOOPAMHAT, 3 OyIb-
SIKOIO TOJIOBHOIO BiCCIO HAIIPY)K€Hb, € CUMETPUYHUMH Bij-
HOCHO 110YaTKy KoopAuHaT. Skio ( o; ) € po3B'sI3kamMu pis-

HsaHHA (1), y SIKOMY TpeTi ITOAaHOK CYMH JIiBOi YaCTHHH
JIOpiBHIOE HYJEBi, TO (—0;) TAKOX € PO3B'SA3KAMM IIHOTO
PiBHSHHSI.
OTxe, OJIIHOMIaJIbHI PIBHSHHS APYTOro CTEIICHS KBaJl-
parudHoi hopMu
33 3003
ZZA;‘;;(/O';‘;‘O'.[‘/‘*Z Z Bg,'g,'O'gz,'_l (3)
i=1j=1 i=1j=1,j#i
€ BU3HAYCHHSIM KpUTEpiiB MIIHOCTI KOMIIO3UTIB, Koedi-
LIEHTH acUMeTpii SKUX JOpiBHIOIOTH OJMHUII. 3 OISy Ha
pesynbratu pociimkens (Bozhydarnyk, Sulym, 1999) no
LINX KPUTEPIiB HAJIEKATh!
e xpurepiit (o Mizeca (Yatsenko,
2001)

1988; Aicher, Klock,

2 2 2
Aot + 420005 + A3333033 + 24101102 + 241011033 + (4)

2 2 2 _
+2 42233022033 + 441212012 + 441313013 + 443053 —1=0,
. | |

7 s dij=— + - ,lijaAg/g/=7:l¢J-(5)
7

AC: Aiiii = 3
ip Oip Ojp Tij4s

Bimomo (Aicher & Klock, 2001), mo meit kputepiit no-
CHTh TOYHO ONHMCYE EMIIpWYHI JaHi BUNpoOyBaHb HA Mill-
HICTh OPI€EHTOBAHO CTPY)KKOBUX IUIUT. OKpIM 1IbOTO, B I
poOOTI TeOpeTHYHO OOIPYHTOBAaHO HEOOXiTHICTH 3acTOCy-
BaHHS VISl OLIHKU MIIIHOCTI AE€PEBUHH 1 AEPEBUHHHUX Mare-
piajiB came KBaJpaTHYHUX, a HE JIIHIHHUX KPUTEPIiB.

e xpurepiit Mapina-Xy (Yatsenko, 1988)

2 2 2
Aot T Anoon t Assszosst Aiinoiion t

(6)
+Anon033 + Ansono—1=0,
1 ..
Ac: Aiii =75 5 A== t#]; (7
Oip Oip0 jp
¢ xpurepiit Hopica-Mak-Kinena (Yatsenko, 1988)
2 2 2 2
Annoil+ A2noxn + A3333033 + Ai2ixoin + )
+A1313013 + Arspior—1=0,
1 ..
ne: diii =55 Ajg=—73>1t#]5 )
ip Tij
e xpurepiit Ximra (Yatsenko, 1988)
2 2 2
Annoil+ A2noxn + A3333033 + Al12o11022 + A1i3zonio33 + (10)
2 2 _
+ 42033022033+ A1212012 T 41313013 + A233022033—1=0,
1 ..
Ac: Aiii =5 5 Ay = 1#], (11)
v o
1 1 1 . D
Ai=—|—F+—F 5 |, k#i, k#zj1i#];
Oip Ojp Olp

e xpurepiii @irmrepa (Gol'denblat, Bazhanov & Kopnov, 1977)

Aot + Annch+ Aot + Annocion—1=0,  (12)
1 . .
ne Aii=—5 5 djg=—5>1#J;
Tip Tij
1+ + 1+
Ay =— Ell( #21) Ezz( #12) Jizj. (13)

2 \/El En(L+ ) (1+ 41 01,02,

Y dopmymnax (5)—(13) BUKOpHCTAaHO TaKi MO3HAYCHHS:
Oj, — MEXKi MIIIHOCTI PO3TATY aHi30TPOIHOTIO MaTepiay B
TOJIOBHMX HANpsAMKAaX; 7; 1 7j4s — MEXi MIIJHOCTI 3CyBY B
OCHOBHUX 1 JiarOHaJbHUX HampsMKax Uil aHi30TPOITHOTO
Mmarepiaiy; Ej; 1 E, — MOXyNi NPYXHOCTI Marepiaiy B
HampsMKax aHi30Tpomii; g, Ta u — Koediuientu Ilyac-
COHa.

Jo xnacy xputepiiB (5)—(13) nanexxatb Takox Kputepii
MIIHOCTI, SIKi ONMUCYIOTHCS MOJIHOMIATBHUMHU PiBHSHHAMHU
mrocToro Ta yerBeproro creneHis. Lle kputepii [Iparepa ta
Arkenasi. JiticHo, SIKIIIO Oynap-sKa TOUKa
R(011;022;033;,012;013,023) € TOYKOIO TiMEPIIOBEPXHi ATIKe-
Hasi (Ashkenazi, 1978):

2 2 2
A11107] + 4222205, + 43333033 + 241122011022 + 241133011033 +

2 2 2 2 2
+2 App330722033 + 4A1212C712 + 4A1313C713 + 4A2323C723 —(CT“ +05 +

1/2
2 2 2 2
+033 +011022+011033+022033+012+013+023) =0 , (14)

TO TOYKa Q(—G“; — 09, — 033, — 012, — O3 — (723) TaKOX HaJIC-
XKWTH i TOBepXHi, 00 JiBa yacTuHa piBHsHHA (14) € map-

HOIO (DYHKIIi€10 KOMIIOHEHTIB HAIPYKEHb o .

3BizcH, ockinbku ToukH R i Q rimeprioBepxHi (14) € cu-
METPUYHUMU BITHOCHO MOYATKY JCKAPTOBOI CHCTEMH KOOp-
IIUHAT Y TIPOCTOPI HAIPYKEHb, TO BOHU HAJIEKATh MPAMil
RQ, sixa poX0UTH Yepe3 MOYATOK i€l CHCTEMH. AJIe TO,
3TITHO 13 3arajJibHOI0 TEOpi€r0 KBaIpuK, moepxHs (14) €
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YMOBOIO MIITHOCTI JIJIsl aHi30TPOITHAX CUMETPUIHUX 32 MIll-
HICTIO KOMIIO3UTHHX Marepiaib.

Tyt y piBHsAHHI (14) cUMBONaMu A, Ay, Ay TIO3HaAYe-
HO KOMIIOHCHTHU TEH30pa MIITHOCTI:
1 1 1 1 1
Aiii =3 Ay =3 A =——+————. (I5)
Tip 4z Oip Ojp  Tijds

OOrpyHTYyBaHHS NpUHAJIEXKHOCTI Kputepito [Iparepa mo
MEXaHIYHMAX TEOpil MIIHOCTI [UIsl aHI30TPOIHUX KOMIIO3HT-
HHUX MartepiaiiB 3 Koe]ilieHTOM acUMeTpii MeX MIIHOCTI,
10 JTIOPIBHIOE OIMHUII — aHAJIOTigHE.

OTxe, BUKOpPHCTaHHA KpuTepiiB AmikeHasi, Mizeca,
Mapina-Xy, Ilparepa, Hoppica-Mak-Kinena, Ximta Ta ®i-
miepa Juisi BUSHAYEHHS JOMYCTUMHX HANPYXKEeHb y AePEBHHI
XBOWHUX TMOpIJ € HEAOIUIFHUM. AHAIOTIYHI BHUCHOBKU
3pobieHo y poboTi (Mascia & Simoni, 2013), ge BCcTaHOB-
JICHO, 110 Cepe]l eKCIIepUMEHTAIBHO IIEPEBIPEHNX KpUTEPiiB
Ximna, Llai-Ximma, Llai-By, Xoddmana ta Hoppica,
HAUNPUIATHIIINAM JIIS OIIHKK MIITHOCTI IEPEBUHU TPOITid-
HUX XxBoWHUX mopin (Pinus elliotti Tp Goupia glabra) €
kpurepiit Xopdmana. Aje Takuii BACHOBOK HE Ja€ MijIcTaB
0e3 J10/IaTKOBOI EKCIIEpUMEHTAIBHOI IIEPEBIPKH PO3MOBCIO-
JOKYBaTH Iell KpUTepii Ha Bel iHII XBOWHI mopoxu. Pazom
3 THM, BiIoMi pe3ynbTaTd, Kosm Teopis Llail-Ximta moxe
3aJI0BUIBHO ONMCYBATH T'PAHUYHUNA HAINPY>KCHWH CTaH Jie-
PEBHHH SUTMHU B yMOBax uucroro 3cyBy (Liu, 2002), a kpu-
tepiit [{aii-By — kpuBY MiIHOCTI SUTMHHM y pa3i ABOBICHOTO
HaBaHTAKCHHS, ajie 3 PI3HUMHU 3HAYCHHSIMH KOe(ili€HTIB
B3a€MOIi AJIsl IEPIIOTO i TPETHOTO KBAAPAHTIB Ta IPYroro i
yerBeproro (Cabrero, Gebremedhin & Elorza, 2009).
Okxpim nporo, kpurepiit Llaii-By BUSBUBCS IpUIATHUM /IS
OLIHKM MIIHOCTI MOAM(IKOBAaHOI MHONIMEpaMH JIepEeBHHH
xBoiHuX nopix (Kyziot, 2017) Ta nporno3yBaHHs TpaHIY-
HOTO HaIpy>KeHO-1e()OPMIBHOTO CTaHy JIEPEBHHH TBEPANX
mopin y nporeci cyminas (Redman, 2017). Bimomi Takox
pe3ylbTaTH eKCIIepUMEHTaJIbHOI Bepudikamii KpuTepiiB
Mmimmocti (Garab & Szalaj, 2010), ne 3po0sieHO BHCHOBOK,
mo 3-noMix kpurtepiiB o Mizeca, [{aii-By ta Amkenasi,
OCTaHHI! HAWTOYHIIIE MPOrHO3YE MIIHICTD AEPEBUHH SUTH-
uu (Picea abies [L.] Karst.).

Kpurepii Ta MmaTemaTnuHi mogeni ajs Mmarepiaiis 3i
CIWIBHOIO acCHMETPi€r0 Me:k MintHocTi. OCKIJIBKH, 3TiIHO i3
3arajbHOIO0 TEOpi€l0 KBaJpHWK, piBHAHHA (1) ommcye Hecu-
METPHYHI TiNeproBepxHi 3a yMoBH C; # 0, TO, OYEBUIHO,
110 aHi30TPOITHI ACHMETPHYHI 3a MILHICTIO KOMITO3UTHI Ma-
Tepiany, 10 KIacy SKUX HAJIEXKWTh JIepeBHHA XBOWHUX MO-
pizx, oNMCYIOThCS KPUTEPISIMH, 331aHIMHU PiBHSAHHAMH, SIKi 3
BHUKOPHCTaHHSIM IEBHUX MaTeMaTHYHHUX NEPETBOPEHb 3BO-
Jatbest 10 piBHAHHA (1), y sikoMy cTami Ay, By; Ta Cy €
BiIMiHHMMU BiJ Hyns. OZHUM i3 TaKMX KPUTEPIiB € KpUTe-
piit 3axaposa (Yatsenko, 1988)

2 2 2
Anon t Axnoxnt A33o33+ Aot + Aoz t+ A3zszo33 t

0. — MeXa MIIHOCTI CTUCKY aHi30TPOITHOTO MaTepiaiy B i-
MYy HaIlpsIMKy aHi30TpOITii.

PiBustras (17) He Mae OfHO3HAYHOI T€OMETPUYHOI iH-
teprperanii. Popma noepxHi (16) momycTMMHUX Hampy-
KEHb JJIsl MaTepiaiy 31 3aJaHUMH MEXaHIYHHUMH XapakTe-
PHCTHUKaM{ BCTAHOBIIIOETHCSI HA OCHOBI aHAIi3y KOMIIOHEH-
TiB TeH30pa MimHOCTI (17). ¥ 4acTKOBHX BHITAIKaX CKIIaJ-
HOTO HAIPY>KEHOTO CTaHy IS 337a4a BUPINIYEThCS OPiBHS-
HO mipocTo. Tak, HanpukiIaj, mo0 BU3HAYNUTH KPUBY Mill-
HOCTI JJIs1 Marepiaiy i3 ABOBICHUM HAaNpy>KeHUM CTaHOM
(033 =012 = 013 = 023) , BUXOJIATH i3 YMOB, 3a SKHX KpHBa
(16) € miticaum ernircomMm

A#0;6>0,AS<0, (18)
Ann Aunz 0,54,
ner A=| A Amyn  0,54y); 6= dinidnn— Ahn;  (19)
0,54, 0,54y, -1
S = Aunt A -

AKe, erinc — 1e €ArHa IJ1a/IKa, 3aMKHYTa Ta BUITKJIa
KpHBa 31 ciMeiicTBa KpWBHX, SIKI ONHCYIOTHCS PIBHSHHSIM
(16), sixe y HAIIOMY BUITaJKy Ma€ BTSN

Anon+ Anon + Aot + 4nod +24unonen —1=0 .(20)
Koediuienrtn piBasHas (20) MOXXHA 11eHTU(IKYBATH €K-
CHEepUMEHTAIBHO, BUITPOOOBYIOUH JIOCIIPKYBaHUN MaTepi-
an Ha minHicts (Galicki & Czech, (2013). 3a dopmynamu
(18) Ta pesymbraraMu eKCIICpUMEHTAJIbHUX BHUMIpIOBaHb
3HA4YeHb BEIMYUH O, O, Tji, Tiias BU3HAYAIOTH 3HAYEHHS
KOMITOHCHT  A;;, Aijii» Ay Ta TIPOBOIATH IX IomaNbIIvii aHa-
3. SIKIIO BUSIBUTHCS, IO 3HAYCHHS A, Aiji, Ay HE 3aJ10-
BOJILHAIOTH YMOBH (18), TO poOIsITE BUCHOBOK, IIO KpHUTE-
piit miriHOCTI (20) HE MPUAATHHH JUIS PO3PAXYHKY JOITYCTH-
MHUX HalpyXeHb y JOCIKYBaHOMY Marepiani. ¥ MpoTu-
nexxHOMY BUNAAKy (20) BUKOPHUCTOBYETHCS JUIS ITOIAJIBILIO-
T'O BUPIIICHHS ITOCTAaBJICHOI 3a4a4i MiITHOCTI.

BaxxnyBe npakTudHe 3HAYEHHS JUTS MOJIEIIOBAHHS Mill-
HOCTI IepeBUHH XBOWHUX TOpiJ Mae kpurepiii I'onbaentia-
ta-KonmHoBa. ¥V posropuytiii ¢opMi 3amicy B OCHOBHIH
cucremi KoopauHat BiH Mae Burisiy (Goldenblat, Bazhanov
& Kopnov, 1977)

2 2 2
Ion+ lInont 133033+ (171 o1+ 112022022 + 113333033

+I22011022 T 211133011033 T 2112233020033

1/2
2 2 2 _

+4171212612+4171313613+4172323023) -1=0, 21)

ne: IT;,IT,, — KOMIIOHEHTH TEH30DiB MiLIHOCTI, 5IKi BU3HA-

YaloThCs 33 (POpMyIIaMu:
it 1y 1 11 1

IIii=7 —t—
2 Oip 4 Oip

; (22)

Oic 4z Cic

2 2
11 1 11 1 1
My =73 o + + -
ip

A(22%)

Oic Ojp Ojec Tij45  Tij,45

I€ 745 — MEXi MIIHOCTI MaTepiaily 3a BiJ'€eMHOrO YHCTOrO

3cyBy. Ilokaxemo, mo kpurepiii (21) cnpasai onucye rpa-
HUYHUN HaNpy>XeHWH CTaH aHi30TPOITHUX ACHMETPHYHHX
3a MIIHICTIO KOMITO3UTHUX MarepiamiB. [l 1poro KBai-
paTHUI KOpPiHb Yy JIiBii yacTuHi piBHSIHHA (21) nmepeHecemMo
y TpaBy YacTHHY 1 OTPHMAHMI pe3yabTaT IiJHECEMO IO
kBajpara. Toai MaTnmMeMo

2 2 2 2 2 2
1o + [0 t 153053+ 21N I noio2 + 2111111533011033

2113362033 — 2o — 200 — 23033 +1=0. (23)

241122011022 + 241133011033 + 242233022033 (16)
+4A12120122 + 44131301+ 442303053 —1=0,
1 1 1 1
Ac: Ai=— 5 A= Ajy="73> (17)
Cip Oic O ipOic Tij
1 1 1 (_ 1)i+j+1
Ay + + x
2\ oipoic Cjpoje Tij45
(17%)
1 1 1 1 1
X|—————— |- ——},
Oip Oic Ojp Oje Tih45
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Sk Gaummo, OTpUMaHE PIBHSHHSI, a OTXKE, 1 PIBHIHHA
(21) € moniHOMiaNbHUM PIBHSHHSAM JIPYroro CTemeHs. 3a
CTPYKTYpOIO BOHO TOTOXKHe piBHsHHIO (1). 3Bifcu, 3rigHo
i3 3arasipHOO Teopieto kBaapuk (Elman, Karpenko & Mer-
kurjev, 2008; Mishchenko, Solovyev & Fomenko, 1985),
SIKIIIO KOMITOHEHTH TEH30pa MIIHOCTI 11,115, 1 IL; € Bif-

MIHHUMH Bij Hys, TO (21) #ificHO oIMcye HECHMETPHYHI B
OCHOBHIl CHCTEMi KOOpJMHAT TilepHOBEPXHi APYyroro Io-
pAIKY, 110 i moTpidHO OYJI0 10BECTH.

[MoniHOMiaNbHUMH PiBHSHHSAMH JPYTOTO Ta BUIHUX CTe-
TICHIB ONMUCYIOTHCS KpUTEpii MintHOCTI Manmelictpa

ZLikUik + Z LiknmO it nm + Z Liknmpqaikanmapq'" -1=0 :(24)

ik iknm Lk,nm,p.q

1€ Lk, Litum, Liknmpq — KOMIIOHEHTH TEH30PIiB MIILIHOCTI Jpyro-

IO, YETBEPTOrO Ta BHIMX PAHTIB, SIKI BU3HAYAIOTH ITOBEp-
XHIO TPAaHWYHOTO HANPYXKEHOTO CTaHy MaTepially y IecTH-
BHMipHOMY IIPOCTOPI HAINPY>KEHb.

Burmsin piBHsHHS (24) € 3a7I€)KHAM BiJ CTEHEHS MOJIiHO-
Ma Horo J1Boi yacTUHU. YUM BUIIUI CTEMiHb, THM CKJIa IHi-
IIa TpakTUYHA peaizaiis Kpurepito Manmeiictpa. Apke,
31 3pOCTaHHSAM CTeneHsl 30UIBIIYETbCSl KUIBKICT Koedi-
Li€HTIB (KOMITIOHEHTIB TEH30piB MIIHOCTI) MPY KOMIIOHEH-
Tax TEH30pa HanpykeHb. PiBHAHHSA (24) 3 TOITIHOMOM IIep-
IIOTO CTETICHS MA€ IIiCTh KOe(illi€HTiB, a IPYTroro, TPEThO-
T'O Ta YETBEPTOrO cTereHiB — 42, 258 ta 1554 xoedimienTn
BigmoBigHO (Bozhydarnyk & Sulym, 1999). Tomy, ockinb-
KM Ha ChOTOJHI 33/lada eKCIIEPUMEHTAILHOTO BU3HAYCHHS
TaKoi 3HAYHOI KIIbKOCTI KOCQIIi€HTIB (MEX MIIHOCTI) €
TPOMI3ZIKOIO, 1 TPAKTHYHO HEBUPIIIECHOO IS KOJHOTO 3 Bi-
JIOMUX KOMITO3UTHHX MaTepiajiB, TO el KpUTEpili BUKIIO-
YUMO 3 MOAAJBIIOTO PO3TILLY.

OTXe, MOXJIMBUMH KPHUTEPIsIMU Ul BU3HAYEHHS IIO-
BEPXOHb MIITHOCTI JIEPEBHHH XBOWHHX ITOpiJ] € KpUTepii 3a-
xapoBa Ta [onpnenbnara-KomHnosa. Takwii BUCHOBOK 30i-
raetses 3 BucHOoBKamMu poootn (Osswald & Osswald, 2017),
Jie 3aIpOIIOHOBAHUN YIOCKOHAJIIEHWH KpuTepii I omnbreH-
6nara-KomHoBa, 3a TBEpKEHHAM aBTOPIB, HPUAATHUN JUIS
MIPOrHO3YBAHHS MIITHOCTI OyIb-SIKHMX aHI30TPOITHUX MaTepi-
aniB. Cripo0y po3poOHuTH HOBHII yHiBepcalbHUI KpuTepii
MIIHOCTI JePEBUHU 3pO0JICHO Takok y podorax (Galicki &
Czech, 2013; Galicki, 2013), ne nponoHyoTh BimiiiTn Bifg
CTaHAapTHUX TeH30pHHX Mozened Ta (Guindos, 2012;
2014), y sKuX Ui OHOTO MPOIOHYIOTH 3aCTOCOBYBATH TaK
3BaHy "TeOpilo CepeHiX HalpYXeHb'.

Bucnoskn

1. Ha choroasi He iCHye €IMHOI MaTeMaTUYHOI MOJIENI Ta 3a-
raJIbHOMPHITHATOI Teopil, MEeToau SKUX JaBaiu O 3Mory
a/IeKBaTHO OLIIHUTH MEXI MPY)KHOI, B'I3KOIPY)KHOI Ta B'sI3-
KO-TIPYXKHO-TITACTHYHOI 00JacTel medopMyBaHHS aHI30T-
POIHIX KOMIIO3UTHHX MatepialiB OiONIOTiYHOTO MOXO-
JDKEHHSI 32 yMOB CKJIaJHMX MEXaHIYHHUX i TeMIIepaTypHO-
BOJIOTICHUX HAaBaHTa)KEHb.

2. YMOBH MIIHOCTI JUT MatepialiB 31 CIa0KOI aCHMETPIEr0
MeX MIOHOCTI y HampsAMKaX CTPYKTYPHOI CHMETpIi € Hell-
PHIATHAMH JUIS OIHACY MOBEPXOHb MIITHOCTI MaTepialiB 3i
CHJIBHOIO ACHMETPI€I0 MEX MIITHOCTI.

3. /IBOBiCHMI Ta IDIOCKMH HAaIpyXeHO-Ae(OpMiBHI CTaHU Y
TaHTeHTAJIBHO-PAIaNbHIN IUIOMMHI CTPYKTYPHOI CHMeETpii
JICPEBHUHH JIMCTSHUX MOPIJ 33/10BUIBHO ONMUCYETHCS KPHUTE-
piem AmIkeHasi, a JIEpeBHHH XBOWHUX IOPIX — KPHUTEPieEM
T'onbaen6nara-KomHosa;

4. IlepcieKTHUBHUM ~ HAnpsIMKOM — ITOJAJIBIINX  JOCITi-
JOKEHB € ieHTH(]iKaIis yHIBepCcaIbHOTO KPUTEPIiI0 MiIHOC-
Ti, IPUIAATHOTO, HA BIMIHY BiJl CTAHIAPTHUX TEH30PHO-IIO-

JHOMIaJBHUX KPUTEpiiB, aI€KBaTHO IPOrHO3YBATH IIOBEP-
XHIO IUTACTHYHOCTI Ta 00JIaCTh B'SI3KO MPY>KHOTO Aedopmy-
BaHHS aHI30TPOITHUX MaTepiaiB.
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CPABHUTEJIbHBIY AHAJIN3 PE3YJIbTATOB TEOPETUYECKHUX UCC/IEJOBAHUI
NPEAEJIBHOTI'O HAITIPAXKEHHOT'O COCTOAHUA AHU30TPOITHbIX MATEPHUAJIOB

Lenbto uccnenoBaHus ABISIETCA BBIABICHHE MEXAHUYECKUX TCOPUM MIPOYHOCTH M MATEMAaTUYECKUX MOJEICH oIpenesieHus Ipe-
JIETBHOT0 HATIPSDKEHHOTO COCTOSIHUS aHU30TPOIHBIX MaTePHaJIOB, IPUTOIHBIX JUIS a[JeKBaTHOTO OIMCAHMs YIPYroi obmactu nedop-
MHPOBaHUS JPEBECHHBI XBOWHBIX M JINCTBEHHBIX ITOPOJ] B YCIOBHSX ABYXOCHOM, INIOCKOH M 00EMHON MEXaHHIECKUX HArpy30K. AK-
TyalbHOCTh MCCIEJOBaHMS 00YCIIOBJICHA TEM, YTO HA CETOAHSIIHMI JIeHb HE CYIIECTBYET €IWHOW METOIWMKH alpOKCHMAIUH pe-
3yJIbTaTOB JKCIIEPUMEHTANBHBIX UCCIECI0BAHUNA KPATKOBPEMEHHOM MIPOYHOCTH KOMIIO3UTHBIX MAaTEPUANIOB CO CIOXKHBIM HAIPSKCH-
HBIM COCTOAHHEM. B Maremarndeckoil IOCTaHOBKE 3aJaud OJHA U Ta XK€ IOBEPXHOCTb KPATKOBPEMEHHOH IPOYHOCTH MOXET yIOB-
JICTBOPUTEIIHHO OIHCHIBATHCS HECKOIBKUM KpUTEPHsM. JIJIs TOCTIKEHHUS TTOCTAaBICHHOMN 1€ MTPOBE/ICHA KIaCCU(UKAIMS U CIeTaH
CPaBHUTEIBHBIM aHAIU3 U3BECTHBIX MEXAHMYECKUX TEOPUH KPaTKOBPEMEHHOH IPOYHOCTH aHU3OTPOIHBIX MaTEpPHUaIoB U OCHOBHBIX
MIOJIOXKEHUH 0o0IIell Teopuu KBaapuK. B 4acTHOCTH, IMpoaHAIN3NPOBaHBl KPUTEPHH MPOYHOCTH AIIkeHa3H, Mmseca, Mapuna-Xy,
Iparepa, Hopprca-Maxk-Kunena, Xwmna, Lait-Xwunna, Laii-By, Xoddmana, Hoppuca, @umepa, 3axaposa, Mammetictpa u I'ons-
nen6nara-KonHoBa. B pe3ynbprare Takoro aHam3a yCTaHOBIICHO, YTO YCIIOBUS IIPOYHOCTH TSI MAaTEpHAIOB co c1aboil acummerpueit
IIPEAEIIOB IPOYHOCTH B HAIIPABICHUSX CTPYKTYPHOM CUMMETPHH HEIIPUIOAHBI IS OIUCAHUS IOBEPXHOCTEH IPOYHOCTH MaTEpHaIoB
C CHIILHOM acHMMETpHEHl IIpeielIoB IPOYHOCTH. BBISBICHO, YTO JBYXOCHOE U IUTOCKOE HATPSDKEHHO-AE()OPMUPOBAHHOE COCTOSHUS B
TaHT€HTAJIbHO-PaUaNIbHON INIOCKOCTH CTPYKTYPHOH CUMMETPHUH JPEBECHUHBL JUCTBEHHBIX OPOJ Y OBICTBOPUTEIBHO ONUCHIBACTCS
KpHUTEepHeM AIIKeHa3H, a JPEBECUHBI XBOMHBIX OO — KpurepueM I onpnenonara-KomnHosa.

Kniouesvie cnoga: aHN30TPONHBIN KPUTEPHI IPOYHOCTH; HANPSDKCHHO-IE(POPMAIIIOHHOE COCTOSIHIE; TEH30p HAIPSHKEHUH.
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! Ukrainian National Forestry University, Lviv, Ukraine
2 Concern "ENO Mebli Ltd", Mukachevo, Ukraine

THE COMPARATIVE ANALYSIS OF THEORETICAL STUDIES RESULTS
OF THE BOUNDARY STRESS STATE OF ANISOTROPIC MATERIALS

The purpose of the study is to identify mechanical theories of strength and mathematical models for determining the limiting
stress state of anisotropic materials suitable for the adequate description of the elastic range of deformation of softwood and hardwo-
od in biaxial, planar and bulk mechanical loads. The relevance of the study is due to the fact that today there is no unified methodo-
logy for approximating the results of experimental studies of the short-term strength of composite materials with a complex stressed
state. In the mathematical formulation of the problem, one and the same short-term strength surface can be satisfactorily described by
several criteria. To achieve this goal, a classification and a comparative analysis of the known mechanical theories of the short-term
strength of anisotropic materials and the main provisions of the general theory of quadrics was made. It has been established that, to
date, there is no single generally accepted theory, which methods would adequately assess the limits of elastic, viscoelastic and visco-
elastoplastic deformation regions of biological origin anisotropic composite materials under conditions of complex mechanical and
temperature-humidity loads. In particular, the strength criteria of Ashkenazi, von Mises, Marin-Hu, Prager, Norris-McKeenen, Hill,
Tsai-Hill, Tsai-Wu, Hoffman, Norris, Fisher, Zakharov, Malmeister, and Goldenblat-Kopnov were analysed. As a result, it has been
established that the strength conditions for materials with a weak asymmetry of strength limits in the direction of structural symmetry
are unsuitable for describing the strength surfaces of materials with a strong asymmetry of ultimate strength. We have revealed that
the biaxial and flat stress-strain state in the tangential-radial plane of structural symmetry of hardwood is satisfactorily described by
the Ashkenazi criterion and softwood by the Goldenblatt-Kopnov criterion. A promising direction of further research is the identifi-
cation of a universal strength criterion, suitable, in contrast to the standard tensor-polynomial criteria, to adequately predict the plasti-
city surface and the region of viscoelastic deformation of anisotropic materials.

Keywords: anisotropic strength criteria; stress states; strength criterion; strength tensor.
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