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AepOpMyBaHHS CTPYKTYPOBAHOIO CepeAoBula
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ITpoBeaeHBI SKCIIEPUMEHTEHL 110 Ae(DOPMUPOBAHUIO CTPYKTYPHUPOBAHHOM MOAEABHON CPEABI, 00-
Pa30BaHHOW dAE€MEHTaMU B BUAE CAOEB OAMHAKOBOI'O AMAMeTPa, ITOA BO3AEUCTBUEM UMITYABCHOM
Harpy3k#. [TokasaHo, 4To AuarpaMMbl Ae(DOPMUPOBAHUS TAKON CPEABI 3aBUCAT OT Pa3MepPOB dAe-
MEHTOB CTPYKTYPHI M XapaKTepa UX B3auMopeuncTsus. MccaepoBano pAedhopMUPOBaHUE CTPYKTY-
PUPOBAHHOW CPEABI IIPY MHOTOKPATHOM HarpysKe.

KAaroueBble cAOBa: CTPYKTYPUPOBaHHASA CPeAQ, ArarpamMma Ae(hOpMUPOBAHUS, UMITYyAbCHAS Ha-

Ipy3Ka, AedpopMarius.

Beryn. Y nponeci ApHaMigHOTO Ae(POPMYBaH-
HS IIPUPOAHI CTPYKTYPOBaHI CepepOBUIIA YacTo
IIPOSIBASIIOTH BAQCTUBOCTI, SIKi He XapaKTepHi AAT
OAHOpPIAHMX MaTepiaaiB. Tak, B eKClIepUMeHTax 3
IMITyABCHAM HaBaHTAKEHHAIM CyXOrO IIiCKY BUITY-
KAICTB pAlarpaMu Ae@OpMyBaHHS MOJKe 3MIHIOBA-
TUCSI 3aA€KHO Bip MIBUAKOCTI HaBaHTa >KeHHS IIic-
Ky [AsixoB, 1968]. 3ripAHO 3 pe3yAbTaTaMU AeTaAb-
HIIUX eKCIIEPUMEHTAABHUX AOCAIAKEHb YAQAPHO-
XBHUABOBOI'O HaBaHTa)KeHHs IicKy [PbikoB, CKo-
Oees, 1978; Bparos u Ap., 2001], BUrAsp plarpamu
AeOopMyBaHHSA 3aAE€KUTH HE AUILE BiA IITBUAKOCTI
HaBaHTaKEHHS, a U BIA TPAHYAOMETPUYHOI'O CKAQ-
Ay 1 BoaorocTi micky. O4eBHAHO, 1110 CTPYKTYPO-
BaHi cepepoBHUIlla TAaKOro TUNY (TPaHyAbOBaHI
CepepOBHUINA) MAIOTh 3HAUHO OiAbllle BHYTPIIIHIX
CTeIleHiB CBOOOAU i Mi’K IIMMM CTeIleHSIMU CBO-
00AU BiAOYBa€EThCS HEllepePBHUU NIPOIleCC IIepe-
PO3MOoAiAy eHepril. Llell mepepo3noAin 3aAE€KUTD
BiA CTPYKTYpHOI OyAOBH, (DOPMHU CTPYKTYPHUX
€AeMEeHTIB, XapaKTepy B3a€EMOAII eAeMeHTIB, Ha-
SIBHOCTI (DAIOIAIB TOIIO. SIK IOKa3yIOTh €KCIIePU-
MEHTHU 3 BUKOPUCTAHHSIM ONITUYHOTO MeToAy [Hc-
caepoBanume..., 1982; Travers et al., 1988; Miller et
al., 1996; Behringer et al., 1999; Losert et al., 2000;
Zhou et al., 2010; Beurposuu u Ap., 2011], meTopy
HeWTpoHHOI Adpaxkiiii [Vensrich et al., 2012], me-
TOAY pPeHTreHiBcbKkol Tomorpadii [Desrues et al.,
1996; Fu, 2005] i MeTOAIB, 3a SKUMU BUMipPIOIOTH
CHAOBI XapaKTEPUCTUKU y OKPEMUX eAeMeHTax
CTPYKTYpH [AaHHUAEHKO Ta iH., 1996; Mueth et al.,
1998; Blair et al., 2001], a Tako>K KOMII'IOTepHE
MopeatoBaHHs [Cundall, Strack, 1979; Herrmann,
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Luding, 1998; Bardenhagen et al., 2000; Kruyt,
Antony, 2007; Mukyask, 2007, AanureHko, Mu-
KyAsiK, 2008], mexaHizMu AepOpMyBaHHS CTPYK-
TYPOBAHUX CEPEAOBHII], 30KpeMa 'PaHyAbOBAHUX,
MaroTb OCOOAUBOCTI, 3a SIKUMU BOHU CYTTEBO BIA-
PI3HAIOTHCA BiA IIPOLIECiB AePOPMYBAHHSA B OAHO-
PIAHOMY CE€pPEAOBMUIIIL.

VY it poOOTi €KCIIepUMEHTAABHO AOCAIATKEHO
BIIAUB PO3MIpIiB €AeMEHTIB CTPYKTYpH Ta Xapak-
Tepy B3aEMOAIT Mi>K HUMU Ha MaKpPOXapaKTEePUC-
TUKU MOAEABHOT'O CTPYKTYPOBAHOI'O CEPEAOBUIIG,
30KpeMa Ha Alarpamy AepbopMyBaHH, 3@ KOTO IM-
IIyABCHOI'O HaBaHTa KeHHSI.

MeToauKa AOCAipAKeHBb. EKcliepruMeHTaAbHI
AOCAIAKEHHSA Ae(OPMYBAHHS CTPYKTYPOBAHUX
CepeAOBUII] TPOBOAUAU Ha CTeHAl (puc. 1), akuit
CKAQAQETHCH 13 TOBCTOCTIHHOT'O IIUAIHAPA 3 IOPIII-
"HeM (I), 3akpilreHMM Ha MaCHUBHIN MeTareBil
TIAUTI (5), IPUCTPOIO AN BUMipPIOBaHHS 3MillleHb
nopurHs (4) Ta MeTareBOTO YAAPHUKA (2), SKUM
110 HaNpsIMHUX (3) pyXaeThes Hip Al€Io cUAU TS-
KIHHA 1 yAQpS€ThCca 00 IIOPIIEHB, 3AIMCHIOIOUN
IMITYABCHE HaBaHTa K €HHS ITOPIIH, SKUM, Y CBOIO
yepry, iepepac HaBaHTa KeHHs Ha CTPYKTypOBaHe
cepepoOBUIIle, IO MiCTUTLCSA YV IUAIHAPI. CTPYK-
TypoBaHe cepepoBHIle (POPMYETHCS MaCHUBOM
MeTareBUX KYABOK OAHAKOBOI'O po3Mipy. Kyabku
3aCHUIAIOTh Y HUATHAD, IIiCAS 4OT'O BCTAHOBAIOIOTH
MIOpIIeHb, VIIIABHIOIOUU CepeAOBHUIlle TaKUM Un-
HOM, 111006 00'eM 110pa3y 0yB OpAHAaKOBUM. Lle pae
3MOI'y OTPUMATU B KOJKHOMY AOCAIAI OAHAKOBY
IIOYaTKOBY LIIABHICTE.

[Mopurens (puc. 1, 6) CKAQAQETHCS 13 ABOX Yac-
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Puc. 1. EKciepuMeHTaABHUN CTEHA AAS AOCAIAKEHHST Ae()OpMyBaHHS I'PaHYABOBAHOTO CEPEAOBHINA IiA Ai€l0 iMIYABLCHOTO
HaBaHTa)KEHHS: @ — 3aTaAbHUM BUTASIA; 0, B — IUAIHAD i mopirens. [ToscHeHHS AUB. Y TEKCTi.

THH, Mi’)K 9KMMH BCTQHOBAEHO AAQTUUK CUAM.
OOuABI YaCTUHU TIOPIIHS 3'€AHaHI 3a AOIIOMO-
rOl0 HAIIPSIMHUX, SKi 3a0e3MeUYyl0Th OAHOBUMIP-
HICTBE pyXy. 3MillleHHs NOPIIHSA PEeECTPYIOTh 3a
AOIIOMOTOIO AQTuYUKa (4) — TpyOKH 3 IIpOpi3oM,
3 OAHOTO OOKy $KOI BCTAHOBAEHUM (oToere-
MEHT, 3 iHIIIOTO — AJKepeAo cBiTAaa. Ha mopiiHi
3aKpinAeHa MITopKa 3i creliaAbHUM mpodireM,
sKa 4aCTKOBO IIepeKPUBA€E CBITAOBUM IOTIK, 1110
Burnpowminioe axepenro. DoroereMeHT dopmye
BIAIIOBIAHY €AEKTPUYHY HAIIPYTY, AKY HaAdAl pe-
€CTPYIOTh YUCAOBUM OCIIUAOTPAdOM.

AAS 3TAQAKYBAHHS IMIIYABCY HaBAHTA)KEHHS
BHUKOPHUCTOBYIOTE I'YMOBY IIPOKAGAKY, IKa PO3Ta-
1ITOBaHa Ha BEPXHiM TOBEPXHi MOPIITHS i 1O IKil

TIeogusuueckuti xypraa Ne 2, T. 36, 2014

HAHOCSTb YAQPHUKOM yaap. HeoOxipHICTE 11 BUKO-
PHUCTAHHA 3yMOBAEHA THM, 1110 B PEAABHUX YMOBaX
CTBOPUTHU iA€aABHO IINOCKUM YAQAPHUM (DPOHT HaA-
3BUYAMHO CKAAAHO, OCKIABKM He3HauHa HEPiBHICTh
Ha MOBEPXHI YAAPHUKA YU OPIIHS a00 He3HaUHe
BIAXWAEHHS YAQPHUKA Bip BEPTUKAAL IIPU3BOAUTH
AO TOTO, IIIO Ha OCIIMAOTPaMax 3'IBASIIOTHCS BU-
COKOYACTOTHI TTapa3uTUuHi ocIiuAsIiii. Ha puc. 2
MIOKAa3aHO II0YaTKOBUU iIMITYABC CUAU, OTPUMAHUN
3a HaBAHTA’KeHH MOPIITHS YAAPHUKOM 0e3 IIpo-
KAQAKU Ta 3 TPOKAGAKOIO Y OAMH i ABa IIIapH. 3ayBa-
SKAMO, 1110 BUKOPUCTAHHS IPOKAAAKU 3a0e31euye
3rAaAKYBAHHA IMITYABCIB, a Ie AQ€ MOJKAUBICTB OT-
PHUMYyBaTH IIOAIOHI IMIIYABCH 3@ OAHAKOBUX YAQPIB.

Pe3yabTaTu eKcOnepuMeHTAaAbHUX  AOCAi-
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Puc. 2. XapakTepHi OCIIAOTPaMH IIOYAaTKOBOTO HaBaHTaKEHHS: d — 0e3 IPOKAGAKY; 6 — Yepes IyMOBY IPOKAGAKY B OAHH IIIap;
B— uepe3 I'yMOBY IIPOKAGAKY i3 ABOX I1apiB; U — Hampyra Ha AQTUYNUKY CHAU.

AJKeHb. 3a OIMCAHOIO0 BHUIle METOAMKOIO OyAO
IPOBeAEHO 3 cepil AOCAIAKEeHBb AePOPMYBaHHSI
CTPYKTYPOBAHHUX CEPEAOBUI. Y NP1l cepii ce-
PeAOBHIIe CKAGAAAOCH 13 MeTaAeBUX KYABOK Ala-
MeTpOM 3 MM, Y APYTil ITle caMe cepeAoBHlIe OYAO
HacU4eHO (PAIOIAOM (MACTHAOM), V TPETiN cepii
AOCAIAKYBaAU Ae(pOpMyBaHHS KYyABOK AlaMeTpoOM
5 MM. KiABKICTB CTPYKTYPHHX €AeMeHTIB BUOMpa-
AM i3 yMOBU OpAHAKOBUX 00'eMiB. Halixapakrep-
HIII 4acoBl 3aA€KHOCTI II0YATKOBOI'O HABAHTA-
SKeHHs, pepopMallil cepepOBUIlla Ta BIATIOBiAHI
Alarpamu AepopMyBaHHS ITOKa3aHo Ha puc. 3. Ak
BUAHO, AlarpaMu pAepopMyBaHHS MaCHUBIB i3 pi3-
HUMHU CTPYKTYPHUMHU eAeMeHTaMU CyTTEBO PO3-
Pi3HAIOTHCA. 30iABIIEHHS PO3MIiPy CTPYKTYPHHUX
€AEMEeHTIB CIPUYUHIOE 3HAUHE MIABUIIEHHA 3a-
AMIIKOBUX Aedpopmaliii (Matike B 1,8 paza).
HagsHicTb hArOIAY 3MiHIOE XapakTep pedop-
MyBaHH4 cepepoBuilla. CyTTEBO 3MEHIIYETHCSA
Koe(ilieHT TepTsa MK CTPYKTypPHUMH eAeMeH-
TaMH CEPEAOBHING, IIJO 3YMOBAIOE 30iABIIEHHSI
HIBUAKOCTI M1OTO Ae(POPMYBAHHS, a OT)Ke, IIIBUAKE
IIepeyIIaKOBYBAHHS CTPYKTYPHUX €A€MEHTIB i, SIK
HACAIAOK, pi3Ke 3pOCTaHHSA JKOPCTKOCTI CEpPeAO-
BUINA. B pe3yabTaTi B3a€EMOAIT 3 TAKUM CEpPEAOBU-
1IIeM IOpIIeHb HaOyBa€ 3HAYHOT'O IPUCKOPEHHS Y
3BOPOTHOMY HallpsIMKy. HagBHICTE y cepepOBHIL
(AIOIAY TAKOJK BIIAMBAE Ha (POPMY AlarpaMu pe-
dopmMyBaHHS: 6e3 PAIOIAY CTUCHEHHS CepeAOBU-
11a BiAOyBa€ThCA 3@ KPUBOIO, BUITYKAOIO AOTOPU
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(puc. 3, a), a 3a HaABHOCTI (PAIOIAY — BUIYKAICTH
obepHeHa AOHM3Y (puc. 3, 0).

CAip 3a3HAQUUTH, 1110 B OKPEMUX BUIIAAKAX Xa-
pakTep Ae(hOpMyBaHHS 3aAE€KUTH BiA IOYATKOBO-
ro YIIaKyBaHHS MacuBy. Tak, IMOBIpHe IOYaTKOBE
PO3TAlllyBaHHS AQHIIOJKKIB KyAb B OAHY AlHIIO,
MIEePIEHAUKYASIPHY AO IAOIIWHYU HaBaHTAa)KeHHH,
3YMOBAIO€ 30iABIIEHHS >KOPCTKOCTI ypapy. B pe-
3yABTATI IIOPIIEHB MiCAS B3aEMOAII i3 cepepOBU-
1IIeM PYXa€eThbCA Y 3BOPOTHOMY HAIPAMKY. Aedop-
Mailii B pa3i HaBaHTa’)KeHHSI TAKOT'O CEPeAOBUIIA
3HAYHO 3HUKYIOTHCH.

Posragaemo ocobOAmMBOCTI  AedOPMYyBaHHSA
IPAaHYyABOBAHOTO CePeAOBHINA 3a OararopasoBo-
ro iMIOyABCHOTO HaBaHTa)KeHHS. 3TiAHO 3 eKc-
IIepuMeHTaMH, B pasi 30iAbIIeHHS KiABKOCTI 11O-
CAIAOBHUX HaBAHTA)KEHBb CEPEAOBHIIE IIOCTYIIOBO
VILIABHIOETHCS, 10 IIPU3BOAUTH AO 30iABIIIEHHS
SKOPCTKOCTI yAQpPyY. B pe3yabTaTi 3pocTae amIni-
TyAQ IIO9AaTKOBOTI'O IMIIYABCY 1 3MEHIITYETHCSA MOTO
TPUBAAICTE (pHUC. 4).

I3 puc. 4 BupHO, 1110 3i 30iABIIEHHAM KpaT-
HOCTI HaBaHTa>KeHHS MaCUBHU KYABOK IIOCTYTIOBO
VIIIABHIOIOTBCS, 110 IPUBOAUTE AO 3HUKEHHS 1X
3aAMIIKOBUX Aedopmarttini. HezaaeskHO Bip pos-
MipiB CTPYKTYPHUX €A€MEeHTIB IIOBHE YIIABHEHHSI
HacTae npu 4—>5 HaBaHTa)KeHHAX. [Ticag moBHO-
'O YIIIABHEHHS MAaCUBY CIIOCTEPITAETHC 3HAYHNUN
PYX HOPIUIHA Y 3BOPOTHOMY HAIIPSIMKY.

BucnaoBku. [IpoBepeHO cepito eKCIIepUMEHTIB
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Puc. 3. 3aresxkHOCTI cuAm F Ta pedopMaliii € Bia gacy ¢ 3a iMIIyABCHOTO HaBaHTa’)KeHHSI CEPEeAOBHUINA Ta BIATIOBiAHI Alarpamu
AedopMyBaHHS MacuBy F(g): @ — MacuB i3 KyABOK AlaMeTpoM d = 3 MM; 6 — d = 3 MM 3 AOAQHHSIM (PAIOIAY; B— d = 5 MM.

3 AePOPMYBAHHS CTPYKTYPOBAHOTO MOAEABHOT'O
CepepOBHUINAa, YTBOPEHOIO eAeMeHTaMU y BHU-
TASIAL KYABOK OAHAKOBOTO AlaMeTpa. Po3ragHyTo
TaKi pO3Mip¥ CTPYKTYPHUX EAEMEHTIB: d =3 MM Ta
d=5wvm. [TobypoBaHi 3a pe3yAbTaTaMu eKCIepH-
MEHTIB AlarpamMu AeOpPMyBaHHS MacHBIB 13 pi3-
HUMU CTPYKTYPHUMU eAeMeHTaM1 MaloTh CYTTEBIL
BIAMIHHOCTI. 30IABIIIEHHS PO3Mipy CTPYKTYPHUX
€AeMEeHTIB CIIPUYUHIOE iCTOTHE MiABUIIEHHS 3Ha-
4YeHb 3aAUIIKOBUX AepopMaliiii. 3a AMHaMigHOTO

TIeogusuueckuti xypraa Ne 2, T. 36, 2014

AeopMyBaHHS CTPYKTYPOBAHOTO CEPEeAOBHIIA
(priameTp eneMeHTIB d=3 MM) 3 AOA@BAHHSIM He-
BEAMKOI KIABKOCTI (DPAIOIAY TaKO’K BIIAMBA€E Ha
dopmy plarpamu pedpOpMyBaHHS, 3MiHIOIOUM BU-
IIYKAICTB pAlarpaMu y a3l HaBaHTa )KeHHS.
ExcriepuMeHTaAbHO AOCAIA’KEHO XapakKTep
Ae(OpMyBaHHS CTPYKTYPOBAHOTO CEPEeAOBHIIA
3a 0araTopaszoBOr0 HaBaHTa>KeHHs. BHacAipOK
30iABIIIEHHSI KPATHOCTI HaBaHTa)KeHHS CEPeAo-
BHUIIEe ITIOCTYIIOBO YIIABHIOETHCS. HesaresxHO Bip
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Puc. 4. Alarpamu pepopMyBaHH: F(€) CEpPEAOBHINA i3 KYABOK AlaMeTpoM: @ — 5 MM, 6 — 3 MM 3a 6araTopa3oBOro HaBaHTa KeHHST;

F— cuna; ¢ — pedopMallist; n — KpaTHICTh HaBaHTa KeHHS.

PO3MipiB CTPYKTYPHUX €AE€MEHTIB IIOBHE YIIiAB-
HEHHSI HACTa€ IIpu 4—5 HaBAHTA)KEHHSAX, ITICAL
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Experimental study of dynamic deformation structured
medium under the impulse loading

© S. V. Mykulyak, V. O. Polyakovskiy

Experiments on deformation structured model medium formed by elements in the form of balls of
the same diameter under the impulse loading are performed. It is found that the stress-strain diagram
of such medium depends on the size of structure elements and the nature of their interaction. The
character of deformation of the structured medium by multiple loads is investigated.

Key words: structured environment, stress-strain diagram, the impulse load, deformation.
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