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[TpencraBneHbl pe3ynbTaThl ANHAMAYECKAX MCHBITAHWN TPH CHKATHH JBYX
MOPOJT IPEBECHUHBI: JIUIbI M COCHBI — TIPH HATPYKEHHUHU BIOIb U MOMEPEK BOJIOKOH.
JlMHAMUYeCKUE HCTBITaHHUs MPOBOIMINCH C MCHOIB30BaHHEM MOTU(DUIIMPOBaH-
Horo Metozna Kombckoro ¢ peanusaryeii MHOTOLIMKIIOBOTO HATPY KeHHUs 00pasia B
IIpoLecce OHOTO UCTIBITaHUs. B pe3ynbrare ObIIH OMyYeHBI THarpaMMBbl 1e(op-
MHUPOBAHUS TIPH OJHOOCHOM HAMPSKEHHOM COCTOSIHUH C YIETOM JIOTIOTHUTETbHBIX
LUKJIOB HAarpy>keHus1. Mcronp30Banue pexknMa MHOTOIIMKIIOBOTO HATrpy>KeHUSI 110~
3BOJIMJIO MOJTYYUTh 3HAYUTEIIEHO OOJIBIIYIO CTEIICHb Je(hopManiy 00pasia, 4eM Ipu
TPaIMIOHHOM OHOLIMKJIOBOM Harpy>keHuu. Jisi co3maHusi Harpy3Ku MCIONb30-
Basiach ra3opas mymika. [1o pe3ymsraram 3KCIEPUMEHTOB MONYYCHbI JHHAMUYEC-
KHe IuarpaMmbl 1e()OpMUpPOBaHHS, ONIPEAEIIECHBI peeNIbHbIEe TPOYHOCTHBIE U 1e-
(opMalmOHHbBIE XapaKTePUCTHKH, 3aBUCUMOCTh YHEPTHHU Pa3pyIICHUS JIUTIBI U CO-
CHBI OT yIJIa BBIPE3KH 00pa3iioB u ckopocTh aedopmannu. Habnromaercs cunbHas
AQHHM30TPOIHUSI CBONCTB UCTIBITAHHBIX MATEPUATIOB: HAMOOJBIIYIO TPOYHOCTH UME-
10T 00pa3ibl MPY NPUIIOKEHUN Harpy3KH BIIOJIb BOJIOKOH, HAMMEHBIITYTO — ITOTIEPEK
BOJIOKOH. OTMEYCHO IMOJIOKUTEIILHOE BIMSHHE CKOpocTH Aedopmaruu. Moayib
Harpy304HO BETBU HEIIMHEEH H, KaK MPAaBUIIO, MEHBIIIE MOAYJISI PA3TPy30YHON BET-
BU (IIpU COXpaHEHHMH LIEJIOCTHOCTH 00pasia). Xapakrep aAe(OopMUpPOBaHUS U pa3-
pyuIeHus: 00pa3ioB CHIIBHO 3aBUCHT OT yriia Beipe3ku. [Tpu yriax Beipe3ku 90° o
OTHOIICHHUIO K HAITPABJICHHIO BOJIOKOH AUarpaMma e opMUpPOBaHHs OCIE TOCTH-
YKEHHSI HEKOTOPOTO TIOPOTOBOTO 3HAYEHHSI OJM3Ka K MIeaJbHO-TIIACTHYECKON JTHa-
rpamme. [Tpu yrnax Boipe3ku 0° Ha49aIbHbIH y4acTOK AUArpamMM O30k K JTMHEHHO-
My, TO €CTh UMeeT MecTo ynpyroe aedopmuposanue. OHAKO MOCIE JOCTHKEHUS
HEKOTOPOTO 3HaYeHUsI (TMpejiena TeKyIeCTH) JuarpaMMa CTaHOBUTCSI HEITMHEHHOM.
Takoit xapakTep NOBEJCHUS IMEET MECTO B TEX IKCIIEPUMEHTAX, B KOTOPBIX TIPOHC-
XOZIUT paspyIieHne oopas3nos. [t 00enx MopoJt APEBECHHBI BUJHO CYIIECTBEHHOES

* Boinonueno npu punaHcoBoii nojyiepskke PODU (rpant Nel8-08-00808).
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TIPEBBIIICHUEC DHEPTOIMOTIIONICHUS 06pa3uaMH, BBIPE3aHHBIMA W HUCIIBITAHHBIMHU
BJ10JIb BOJIOKOH, IO CPAaBHEHHIO C 06p3.3IlaMI/I, BbIPE3aHHBIMU U HUCIIBITAHHBIMU
TIOTICPCK BOJIOKOH.

Kniouegvie cnosa: npeBecuHa, JIna, COCHA, JUarpaMMbl 1e(OpMUPOBAHHUS, CKO-
pocts gedopmarnn, metoq Kombckoro.

BBepneHue

JlpeBecuHa IHUPOKO HCIONB3YETCs B KA4eCTBE MaTepraa, qeMII(pUpyIONIero HHTeH-
CUBHbBIE TMHAMHYECKHE HATPY3KU YIApPHOTO WJIM B3PBIBHOTO xapaktepa. [lepBblii mon-
PpOOHBIN 0030p UCTIONIB30BAHUS IPEBECHUHBI JIJIS ATHX Ieje cuenan J[oHconoM [1], ko-
TOpPBIN OTMEYaJl, YTO TMHAMUYECKHUE CBOICTBA JIPEBECUHBI U3YUYEHbI HEAOCTATOYHO. B
MOCJIEIHNE TPH AECITUIIETHS MOSIBUIIOCH JOCTATOUHO MHOI'O PalOT, B KOTOPBIX HCCIIEI0-
BaJIMCh Pa3IMYHbIE aCMIEKTHl BHICOKOCKOPOCTHOTO Ie(pOPMUPOBAHUS U PA3PYyILICHHS Ape-
BECHHBI U €€ IPUMEHEHHU B KOHTEIHepax i NepeBO3KU PalMOaKTUBHBIX MaTepHaIoB
ABUALMOHHBIM, aBTOMOOMIIBLHBIM U YKEJIe3HOA0POKHBIM TpaHCIOpTOM [2]. Bomnbimoii 00bem
paboT Mo NCCIIeTOBaHMIO IMHAMUUCCKIX CBOUCTB APEBECHHBI BBIMOMHII S. Reid ¢ coaBTo-
pamu [3—5]. B 3Tux paborax 6bUTH OJTyYEHBI 3aBUCHMOCTH Pa3pyIIAIOIINX HATPSKECHUH
1 3HEPIUH pa3pylieHus OT CKOpocTH ynapa. OTMEUEHO, YTO JUHAMUYECKUE pa3pyllato-
[I1€ HATPSKCHUSI B HECKOJIBKO pa3 MPEBBIMIAIOT CTaTHYECKUE HANPSKEHUS 00pasloB, a
MIPOYHOCTH 00PA3IOB, U3TOTOBICHHBIX BIOJIH BOJIOKOH, Ha MOPSIOK BHIIIE, YeM 00pa3-
LIOB, BBIPE3aHHBIX MOTEPEK BOJIOKOH.

B pa6orax A.M. bparosa ¢ corpyaaukamu [6—8] ¢ ucmoiib3oBaHreM Metosa Kosbce-
KOTO OBUIH MOTyYeHbl JUHAMUYECKHUE THarpaMMbl Oepe3bl, OCHHBI, CEKBOWH MTPU CKOPOC-
Tax nedopmarmn ~1073 ¢! ¢ pa3mMYHBIM HalIpaBIeHHEM BBIPE3KH 00Pa3IIOB OTHOCHTETh-
HO HarpaBlieHHs BOJIOKOH. [lokazaHo, 4To AuarpaMMsl e)OpMUpPOBaHUs 00pa3IIoB C MPO-
JONBEHON BRIPE3KOH PacIoNaraloTcs 3HAUUTEIBHO BBIIIE, YeM TSI 00pasIoB C ITOIeped-
HOH BbIpe3koi. [IpenenbHbIe XapaKTepUCTUKU Ae(hOPMAIIIT UMEIOT MPOTHUBOMOIOKHYIO
HalpaBJI€HHOCTb.

C.A. HoBukoBbIM ¢ cOTpynHUKaMU [9] ObLIT BBITIOJIHEH OOJBIION 00beM UCTIBITAaHUN
CEKBOIiHM, OEpe3bl, OCHHBI M COCHBI TIPH PA3JIMYHBIX YITIaX BEIPE3KH, TemIieparypax ot —30
10 65 °C u nipu BnaxkHocTsix 5, 20 u 30%, onpeneneHa 3aBUCHMOCTb IPOYHOCTH OT BIIAXK-
HOCTH U yIJIa BBIPE3KU.

B nocneanue ropl 3HAUUTENBHO BRIPOC HHTEPEC K UCCICIOBAHUIO BIUSHUS Ha Me-
XaHUYECKHE CBOMCTBA IPEBECHHBI BIQXKHOCTH, INIOTHOCTH, YIJIa BHIPE3KH, TUIIA UCIIbITA-
Huit [10-18]. Aunana3on ckopocteid aedopMannii B 3TUX UCCICTOBAHUSAX COCTABISI OT
102 0 103 ¢,

ITockonbKy MexaHMYECKHE CBOMCTBA JAPEBECUHBI CUIIBHO 3aBUCAT OT MECTa MPOU3-
pacTtaHus JepeBa, ero Bo3pacTta, OT MeCTa BRIPE3KH U BUIa HAITPSHKSHHO-1e(hOPMUPOBAH-
Horo coctosiausg (HIC), To momyyaemble pa3HBIME aBTOPaMH PE3yJIbTaThl MOTYT CYIIe-
CTBEHHO OTJIIMYATHCS APYT OT mapyra. Llems Hacrosieii paboTel — MPOBECTH MOITOOHBIE
WCCIICIOBaHMS BIMSAHUSA CKOpoCcTH Aedopmanuu u Buga HIC Ha MexaHW4Yeckue CBOIi-
CTBa JAPEBECUHBI.

MeToauka UcnbITaHUN, mMarTepuanbl n OGpﬁSLIbI

B kauecTBe METOIMKN TUHAMHWYECKUX UCIIBITAHUN OBII UCITOIB30BaH MeTo Konbe-
KOTO TIpH MCTIBITaHUsIX Ha cxarue [19]. Cxema ycTaHOBKHM TIpe/ICTaBIeHa Ha puc. 1.
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Puc. 1. Cxema YCTAaHOBKH IJIsA HUCTIBITAHUHN Ipu CXKaTuun

O6pa3ern pacroiaraercsi MKy IBYMsI JTHHHBIMHI TOHKHMH CTEP)KHSIMHE, MaTepHa
KOTOPBIX MMEET MpeAed TeKy4eCTH 3HAYUTENIBHO BBIIIE Mpesesia IPOYHOCTH o0pasIa.
Nmnynbe Harpy3ku B MEpHBIX CTEPIKHSIX CO3AaeTCsl yaapoM O0iiKa, pa30rHaHHOIO B CTBOJIE
ra30BOM MyIIKU. YIIPyTHUE UMITYIIBCHI 1e(hOPMAIHH B CTEPXKHSIX U3MEPSIIOTCS C TOMOIIIBIO
TEH30IaTYNKOB, HAKJICCHHBIX Ha MX OOKOBBIX IOBEPXHOCTSIX, O (opmynaM Kombckoro
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BBIUHCIISIIOTCS IPOLIECCHI PA3BUTHS HANIPSDKEHNUS, 1e(OPMAIUU U CKOPOCTH JIe(hopMariiu
BO BpeMeHH. [locie MCKITIOueHNST BpeMEHH KaK IMapaMeTpa CTPOUTCS AMHAMHYIECKast JTH-
arpamma 7ie(oOpMHUpPOBaHHS IIPU NU3BECTHOM 3aKOHE 3MEHEHUS CKOPOCTH Jie(OpMaLiH.

[Tockombky akycTtuueckas xkecTkocTh PC IPEeBECHHEI CYIIECTBCHHO MEHBIIE, YeM
MEPHBIX CTEP)KHEH, B SKCIIEPUMEHTAX Peasm3yeTcsi MHOTOIIMKIIOBOe Harpyxenwue [20],
TM03BOJISIONIEE 3aPETrUCTPUPOBATH HECKOJIBKO LIUKJIOB HATPY3KH H TTOJY4UTh THarpaMMbl
neGopMUPOBaHUS 0 3HAYUTEIBHBIX CTENCHEH nedopMarui. MepHbIe CTep)KHH HMEIOT
Pa3IMYHYO JUIMHY: Harpy>Karolui CTepeHb — 1 M, a ONOpPHBII CTepkKeHb — 3 M, 4TO
MTO3BOJISICT IPOU3BOIUTE HEUCKAKCHHYIO PETHCTPAIIIO TPEX IIUKIIOB HATPYKESHUS B Of-
HOM DKCIIEPHMEHTE.

JlmHaMIYecKre NCIBITaHNs OBUTH TIPOBEIEHBI ¢ 00pa3IiaMy JIUITB H COCHBI THaMeT-
pom 20 mm 1 Jutnao# 10 MM, BRIpe3aHHBIMU W3 MaccHBa JApeBecHHsbI mox yriiamu 0 u 90°
10 OTHOIIEHHIO K OCH CTBOJIA IepeBa (COOTBETCTBEHHO BJIOJIb U MOTEPEK BOIOKOH). O0a
Marepualia IMeITH BIaXHOCTH OKoiIo 7%.

Pe3ynkraThl

C HCIOIp30BaHNEM OITUCAHHOW METOIUKH MPOBEACHBI THHAMUYECKUE MUCTIBITAaHIS
COCHBI U JIUIIbI, B PE3YJbTATE KOTOPBIX 6I>IJ'[I/I TOJYYCHbI UX JTUHAMHUYCCKHNE JUarpaMmbl
neGopMupoBaHHs, MPEICIbHBIC TPOYHOCTHRIE U 1e()OPMAIIMOHHBIE XapaKTePUCTUKA
00pa3IOB, BEIPE3aHHBIX BIOJb U MONEPEK BOJOKOH. BbITH BEIOpaHBI 1Ba PEKUMA UCTIBI-
TaHWH 110 CKOPOCTH Je(popMannu: 0e3 pa3pylieHHs U ¢ pa3pylieHueM odpasios. JuHa-
MUYCCKHUE NUarpaMmbl I[eq)OpMI/IpOBaHI/IH COCHBI 1 JIUIIBI IPU OJHOOCHOM HAIIPAKECHHOM
COCTOSTHUY TIPEJICTaBICHHI Ha puc. 2 u 3. Ha puc. 2—4 CrutoniHpIMy JTHHASIME TTOKa3aHbI
3aBUCHMOCTU UCTUHHOTO HAMpPsDKeHUs B 00pasiie oT ero aedopmaiun G(€), a MTPUXO-
BBIMH U LITPUXITYHKTUPHOHN JTHMHUSAMH — H3MEHEHHUs ckopocTh aedopmanun £(€) (coot-
BETCTBYIOIIAsI OCh PACIIONIOKEHA CIIPaBa).

W3 nmomydeHHBIX AuarpaMM Ae(OpMHUPOBAHUS CIETYET, YTO HauOOIBIIUI MOTYIb
Harpy304YHON BETBU TUATPAMMEBI U pa3pyIIaroNIie HaPsHKSHUS HMEIOT 00pasIbl, BBIpe-
3aHHBIE BJI0JIb BOJIOKOH.

O BBIHOCITBOCTH JIPEBECHHBI MOKET CBHIICTEIBCTBOBATE PHC. 4, TIE IPEACTABICHEI
AuarpaMMbl IATUKPATHOT'O HATrpy >KCHUA 06p213ua COCHBI IIpU €TI0 HE3HAYUTEIIbHBIX I10-
BPSXKJICHHUIX (KpUBBIC /—5) W OJHOKPATHOTO HAIPYXKCHUS aHAJIOTUYHOTO 00pasiia nmpu
ero paspyuieHuu (kpuas 6). JlnarpaMMbl pacroyIOKEHbI Ha OCH Je(OpPMAIMU YCIOBHO,
9T0OBI OBLTO JIETYE OLICHHUTH BIMSHIE MHOTOKPATHOCTH HAarpy>KEHHS Ha KPYTU3HY Harpy-
304YHBIX YYaCTKOB Auarpamm. CpeaHsisa CKOpoCTh Ae(opMariuy py NOBTOPHBIX HATPYKe-
nusx cocrasisiaa ~600—800 ¢!, a B ciiyyae paspynienus o6pasiia CKopocTh aedopma-
un Obuaa okosto 2200 ¢! HaGmromaercst yMEHbIIEHHE KPYTU3HEI HATPY30UHBIX Y4acT-
KOB JIMarpaMM ITpY MOBTOPHBIX HArPY>KEHUsIX B 2-3 pa3a, YTo CBA3aHO C YaCTHYHBIM pa3-
pymIeHreM o0pasiia B Imporecce KakJ0ro HarpyKeHHUsI 1 HapyIICHUEM TI0CKOCTHOCTH
€ro TOpLOB.

OHEProeMKOCTh UCTIBITAHHBIX MTOPOJ ITPH HATPYKEHUU BIOJNb U MOMEPEK BOJIOKOH,
KaK BayKHasi XapaKTEPUCTUKA IeMII(PHUPYIOIICH ClIOCOOHOCTH IPEBECUHBI, ObLIa OI[CHEHA
MyTEeM BBIYHCIICHHS IUIOIIA M 110]] KpuBO# G(€) (puc. 5).

[t 06enx mopox IpeBECHHBI BUIHO CYIIECTBEHHOE MPEBBIIICHIE SHEPTOIIOTIIONIe-
HUs O6p33HaMI/I, BbIPE3aHHBIMU U UCIBITAHHBIMU BIOJIb BOJIOKOH, 1O CPABHEHUIO C 06-
pasIamMu, BEIPE3aHHBIMH U HCIIBITAHHBIMH ITOTIEPEK BOJIOKOH.
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Puc. 5. DHepromnomomieH1e UCIbITAHHBIX TIOPO APEBECHHBIL:
@) o0Opaselr COCHBI, O) 00pasel JINTbI

3akn4yeHue n BbIBOAbI

HpOBeI[eHI)I JUHAMHUYCCKHUEC UCIIbITAaHUSA JIUIIbI 1 COCHBI. Ha6mo)1aeTcsl CHJIbHasA aHU-
30TPONHS CBOWCTB HCIBITAHHBIX MaTEPHAIOB: HANOOIBIIYIO TPOYHOCTH HMEIOT 00Pa3IIbI
IIpY IPUIOKEHUU HArpy3KH BJIOJIb BOJIOKOH, HAUMEHBIIIYIO — IoNepek BoaokoH. [Tomy-
YEeHHbIe 3HAYeHUs JUHAMUYECKOM MPOYHOCTH OKA3ajHCh BBILIE CTATHUYECKOM, TO €cTh
UMeET MECTO MOJIOKHUTENBHOE BIMSIHUE CKOPOCTU Aedopmannu. Moayas Harpy304Hon
BETBHU HEJIMHEEH M, KaK MPAaBUJIO, MEHbILIE MOIYJIS pa3rpy304HOIl BETBH (IIpH COXpaHe-
HUU [IeTI0CTHOCTH 00pasiia). Xapakrep aeGpopMupoBaHus 00pa3oB CUIBHO 3aBUCHUT OT
yria Beipe3ku. [Ipu yrax Beipe3ku 90° M0 OTHOILCHHIO K HANPABICHUIO BOJOKOH -
arpaMma 1e(pOpMUpPOBAHUS TOCIIE TOCTUKEHHSI HEKOTOPOTO TIOPOTOBOTO 3HAYCHUS On3-
Ka K HeabHO-TUIacTHUeCKO nuarpamme. Ipu yriax Beipe3ku 0° HadaabHBINA y4acTOK
JrarpaMM OJHM30K K THHEHHOMY, TO €CTh UMEET MECTO yIpyroe aedopmuposanue. OnHa-
KO IOCJIe JOCTHMIKEHHUSI HEKOTOPOTro 3HaueHUs (Tpejiesia TeKy4ecTr) quarpaMMa cTaHo-
BUTCSI HeNMHEHHOI. Takoi xapakTep MOBEACHUS UMEET MECTO OCOOCHHO B TE€X 3KCIEPH-
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MEHTaX, B KOTOPBIX MPOUCXOJUT pa3pylieHne o0pas3ioB. [lomydeHHbIe XapaKTepUCTUKN
MOYKHO HCIIONB30BATh TS HACHTH(UKAIIMN MOJICITN TIOBSICHNUS IPSBECHHEI, HEOOXOIH-
MO 17151 YMCIEHHOIO MOJEIMPOBAaHUS HECTALIMOHAPHBIX IIPOLIECCOB ylapa U MPOHHUKaA-
HUS YIAPHUKOB C Pa3IM4yHON (hOPMOM TOJOBHOM YACTH B MHOTOCIIOMHBIC MPETPajibl C
MEIKCJIOMHBIM 3aIlOJIHUTEIIEM U3 JAPCBECUHBI.
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DEFORMING AND FRACTURE OF LINDEN AND PINE
UNDER INTENSIVE DYNAMIC IMPACTS

Lomunov A.K.', Yuzhina T.N.2, Kruszka L.’, Chen W.W.*

'Research Institute for Mechanics, National Research Lobachevsky State University
of Nizhny Novgorod, Nizhny Novgorod, Russian Federation
’National Research Lobachevsky State University of Nizhny Novgorod,
Nizhny Novgorod, Russian Federation
’Military University of Technology, Warsaw, Poland
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The paper presents the results of dynamic tests under compression of two wood species: linden
and pine under loading along and across the fibers. Dynamic tests were carried out using the
modified Kolsky method with the realization of multi-cycle loading of the sample during one test.
As a result, strain diagrams were obtained for uniaxial stress state taking into account additional
loading cycles The use of the multi-cycle loading mode made it possible to obtain a significantly
greater degree of the sample deformation than with traditional single-cycle loading. To create a
pulse load, a gas gun was used. According to the experimental results, dynamic deformation diagrams
were obtained, as well as ultimate strength and deformation characteristics, fracture energy for
linden and pine were determined depending on the cutting angle of the samples and the strain rate.
A strong anisotropy of the properties of the tested materials is observed: the samples have the
greatest strength when a load is applied along the fibers, and the least — across the fibers. A positive
effect of the strain rate is noted. The module of the load branch is non-linear and, as a rule, is
smaller than the module of the unload branch (while maintaining the integrity of the sample). The
nature of the deformation and fracture of the samples strongly depends on the angle of cutting-out.
At cutting angle across the fibers, the deformation diagram after reaching a certain threshold value
is close to an ideally plastic diagram. At cutting angle along the fibers, the initial portion of the
diagrams is close to linear, i.e. elastic deformation takes place. However, after reaching a certain
value (“yield strength”), the diagram becomes nonlinear. This kind of behavior takes place in those
experiments in which the destruction of the samples occurs. For both wood species, there is a
significant excess of energy absorption by samples cut and tested along the fibers, compared with
samples cut and tested across the fibers.

Keywords: wood, linden, pine, deforming diagrams, strain rate, Kolsky method.
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