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®A30BbIE NMPEBPALLEHUA
N MEXAHU3M PA3PYLLEHUA CUHTETUYECKUX
MUHEPAJIbHbIX BA3AJIbTONOAOBHbIX CIMNJIABOB
NP BO3OAENCTBUU METAJIJTMYMECKUM NMPOBEOMHUKOM

B kayecTBe ob6bekTa nccrnefoBaHVUs paccMaTpuBaloTCs CUHTETUYEeckne MuHepanbHble 6a3anb-
TonoAo6Hble cnnasbl ¢ AobaBneHnem Cr,O; 1 6e3 gobasok. CTpyKTypa 3TUX MaTepuanoB COCTOUT U3
95 % kpuctannuyeckmx n 5 % amopdHbIX ha3oBbIX COCTaBMSALMX, U3yYaeMble MaTepuansl obnaga-
10T BbIPA@XEHHbIMW AUCCUNATUBHLIMU CBOWCTBaMU. [ns peanus3auuy noTeHuuana AMCCUMAaTUBHBLIX
CBOWICTB 3TWX MaTepuanoB Heobxoanmo nogpobHoe usyyeHve nx AedopMaunoHHOro NoBeAeHns npu
BbICOKOCKOPOCTHbIX YAapHbIX Harpyskax. PaHee aBTopamu Obino yCTAHOBMIEHO, YTO MPU CKOPOCTSAX
2700-3000 m/c B MaTepuanax NpOUCXOASAT 3HauuTenbHble (Das3oBble W CTPYKTYPHblE W3MEHEHUS,
BNMOTb A0 obpasoBaHUsi yAapHbIX MoaudMKauui OKCuAa KPeMHMsl, Takux Kak ctuwosuT. OgHako
npeaLwecTByloLME UM U3MEHEHUSI, KOTOPbIE AOIMKHbI ObInNu BbITb, 3adUKCUpoBaHbl He Bbinu, Anst ycta-
HOBMEHUSI MeXaHu3Ma paspyLUEHUsl CUHTETUYECKUX MUHeparnbHbIXx 6a3anbTonogobHbIX CrnnaBoB Mpu
yAapHOM BO3AeNCTBME HEeOOXOoAMMO MAEHTUdMLMPOBATL HavanbHble )a3oBble Npeobpa3oBaHus, Co-
nyTCTBYOLLME 3TOMY npoueccy. ABTOpPbl UCCNEA0BaHUS NpeanaratT YyCTaHOBUTb HavanbHble ha3oBble
npeBpaLLeHnsl, COMPOBOXAALWME paspylleHNe CUHTETUYECKUX MUHepanbHbiX 6a3anbTonofo6HbIX
CNMaBoOB MNPW KOHTaKTe C MeTannuyeckuMm npobonHukoM. [Ons pa3roHa npoboWHWKa MCnonb3yeTcs
nHeBMAaTUYecKkasl yCTaHoOBKa, ANs chMKcauuMu 3TanoB npolecca — BbICOKOCKOPOCTHasi BUAEOCHEMKA,
a ans uccrefoBaHusi (parMEHTOB paspyLUEHUsl — PacTpOBasi SMEKTPOHHAS MUKPOCKOMUS U PEHTIEHO-
cnekTpanbHblI MUKPO3OHAOBLIN aHanu3. B pesynbTaTe nccrnefoBaHust NonyyYeHbl AaHHbIe, XapaKkTepu-
syowime gecopmaLmoHHOe NOBEAEHNE CUHTETUYECKMX MUHEparbHbIX CNiaBoB Npu yaape cTanbHbIM
Lapukom amameTpom 23,8 MM co ckopocTbio 233-234 m/c. OBHapyxeHo, 4YTO Hayarno npouecca pas-
pyLIEHNs XapaKkTepu3yeTcsi YaCTUYHbIM OMfaBlEeHUEM CUHTETUYECKOro MuHeparnbHoro 6GasanbTorno-
[o6HOoro cnnaea B 30He KOHTaKTa ¢ NPOGOMHNKOM, NONUMMOpdHbLIE NPeBpaLLeHns He HabnogaTcs, HO
npu 3TOM NPOUCXOAUT YMIOTHEHNE KPUCTANNNYECKUX COCTABISIOLLUX.

KnioueBble cnoBa: dparMeHTauusi, Xpynkoe paspylleHue, Kepamuka, KaMeHHoe IUTbe,
CUHTEeTUYECKME MUHeparbHble CMMaBbl, BbICOKOCKOPOCTHas CbeMKa, yaap, TPeLUMHbI, paspyLleHue,
6asanbT.
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PHASE TRANSFORMATIONS
AND FRACTURE MECHANISM OF SYNTHETIC
MINERAL SUCH BASALT ALLOYS UNDER ACTION
OF METAL IMPACTOR

As the object of study are considered synthetic mineral such basalt alloys with the addition of
Cr,0; and without additives. The structure of these materials is composed of 95% and 5% of crystalline
amorphous phase components, materials studied have strong dissipative properties. To realize the
potential of the dissipative properties of these materials must be a detailed study of the deformation
behavior at high shock loads. Previous authors have found that at speeds of 2700-3000 m / s in the
materials undergoing significant phase and structural changes, including the formation of shock
modifications silica such as stishovite. However, prior to them the changes that had to be fixed were
not, to establish the mechanism of destruction of synthetic mineral such basalt alloys when impact is
necessary to identify the initial phase transformations that accompany this process. The study's authors
suggest to establish the initial phase transformations that accompany the destruction of synthetic
mineral such basalt alloys in contact with a metal punch. To disperse the punch used pneumatic
installation, the process steps to fix the high-speed video photography, and for the study of fracture
fragments of scanning electron microscopy and X-ray microprobe analysis. The study provided data
characterizing the deformation behavior of the synthetic mineral alloys impact steel ball with a diameter
of 23.8 mm at a speed of 233-234 m / s. It was found that the onset of process failure is characterized
by partial melting of the synthetic mineral such basalt alloy in the contact zone with the punch,
polymorphic transformations are not observed, but it is compacted crystalline components.

Keywords: fragmentation, fragile destruction, ceramic, stone casting, synthetic mineral alloys,
high speed photography, impact, cracks, destruction, basalt.

BBICOKOCKOPOCTHOE yIapHOE BO3ACHCTBUE HA MaTepual, IOMUMO Jie-
dbopMaruu u pa3pyuieHus, MOKeT IPUBECTU K WHUIMAIINK B HEM (a30BbIX
MpEeBpaIleHHi, B 0OCOOEHHOCTH 3TO CBOMCTBEHHO MaTepuajaM, CKIOHHBIM
K MCCUTIalK (TTOTJIONICHUI0 KMHETUYECKON YHEpruu BO3aeucTBus). B pe-
3ynbTare (a30BBIX MPEBpAllleHU, BBI3BAHHBIX YAApHBIM BO3ZCHCTBHEM,
MaTepuan crocoOeH MmpuoOpeTaTh HOBBIE CBOMCTBA. B mpeaiiecTByrommx
UCCJICIOBAHMSIX aBTOPHI HACTOSIICH CTaTbU YCTAHOBUIIHM, YTO CIIOCOOHO-
CTBIO TIOTJIOIIATh KMHETHYECKYIO0 SHEPrui0 (IMCCUIUPOBATH) 00JIaNaloT
CUHTETHYECKHE MUHEpaibHble cIuiaBbl [1-3]. /laHHbIE, TOJy4YEeHHBIE aBTO-
paMu MpU 3KCHEPUMEHTAX C UCIOJIb30BAHUEM PEIbCOTPOHA MPU CKOPOCTH
Bo3/eiicTBUsS mipoOoitHukoM 2700-3000 m/c [4, 5], yka3plBalOT HA TO, YTO
B pe3yJbTaTe yAapHO-BOJHOBOTO BO3JACHCTBUS MPOUCXOIUT YaCTUUHAS
aMopduzanms Marepuaia U 00pa3oBaHUE YIApHBIX MOAU(PUKAIMA B MHK-
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poobbemax. OHAKO MPU CTOJb BBICOKUX CKOPOCTSIX BO3ICHCTBHS HEBO3-
MOKHO 3a(uKcHUpoBaTh (ha30Bble MPEBpAILICHUS, MPEAUIECTBYIOIINE 3TUM
W3MEHEHUSAM U YCTAaHOBUTD MOJHBINA MEXaHU3M Pa3pyIIeHUs] CHHTETUYECKHX
MUHEpAJIGHBIX CIUIaBOB. J{JIs1 BBISIBJICHUSI PaHHUX ATANoB (a30BBIX IpeBpa-
HIEHUH CHUHTETHMYECKUX MHMHEPAIbHBIX CIUIABOB HEOOXOIUMO YCTaHOBUTH
(a3oBble IpEeBpaICHHs, TPOUCXOIALINE ¢ HUMHU IPU MEHBIIUX CKOPOCTSX
YJAApPHOTO BO3JEHCTBUS.

Hacrosimmasi cTatesi OCBAIICHA BBISBICHHIO (Pa30BBIX NpEBpaICHUN
B CHHTETHUECKUX MHUHEPAIbHBIX 0a3aJbTONOJOOHBIX CIUIaBaX C IIEJIBIO
YTOYHEHHS] MEXaHW3Ma MX pa3pyLIeHHs MPU BO3IEHCTBUU METAIIMUECKUM
MPOOOMHUKOM.

CuHTeTHYEeCKHEe MUHEpPAJbHBIC CIUIABBI MPEACTABISIIOT COOON MaTte-
pHaJIBl, TTOYYSHHBIN TP TUIABJICHUU MPUPOIHOTO WIIM TEXHOTEHHOTO MU-
HEPAJIOr0-OKCUHOTO ChIPbsi OCHOBHOTO M YJIBTPAOCHOBHOTO XapakTepa
c conepxxkanueMm SiO, 6onee 40 %, 1011 KpUCTANIMYECKUX (Da3 COCTaBIsSET
nopsinka 93-95 %, ocranpHas 4acTh CTPYKTYpBI UMeeT aMopdHOe cTpoe-
Hue. Kpucrammmaeckne ¢a3bl COCTOST U3 MINTHHEIE- U TUPOKCEHOIOT00HBIX
cocrapisonux. AMopdHas ¢aza pacnpenensiercs B BUAE MPOCIONKH MEX-
Iy KpUCTaJNINYECKUMHU 00pa30BaHUAMHU OTHOCUTENIHFHO PABHOMEPHO.

B xadecTBe 00BEKTOB MCCIIEAOBAHUS pacCMaTpUBAIOTCS JBa BUaa Oa-
3aJIbTONOO0HBIX CHHTETHYECKAX MUHEPAIBHBIX CIJIABOB: OJIUH IOJyYeH C
nobasnenueMm 5 % Cr,Os3, a apyroi B pe3yibTare IJIaBICHUS MPUPOTHOTO
0a3zanbTa 0e3 100aBOK. MakpoCTpyKTypa paccMaTpUBaeMbIX B HCCIIEIOBa-
HUM MaTepHalioB, WACHTHU(QHUIMPOBAHHAS ONTUYECKOH MHUKPOCKOIHEH,
IIpeACTaBIIeHA Ha puc. 1.

a 7]

Puc. 1. CTpykTypa CHHTETHUECKMX MUHEPAJIbHBIX 0a3aJIbTOMOJOOHBIX CILUIABOB!
a — ¢ nobasnenuem Cr,O; (X100); 6 — 6e3 1o6aBok (X50)
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VYnapHoe BO3IIEMCTBHE OKA3bIBAJOCH C MOMOIIBIO METATIIUYECKOTO
npoOoiHuKa-apruka auaMerpoM 23,8 MM (ctanb 20), 1is pa3roHa KOTOpo-
ro MCIOJIb30Bajach MMHEBMAaTHUECKasl yCTaHOBKa (puc. 2). s npoBeneHus
SKCIIEPUMEHTOB, PE3yJIbTaThl KOTOPHIX OMMCAHbl B HAacTosLIEH pabote, yc-
TaHOBKA MCIIOJIb30BaJIaCh B KOMIUIEKTAI[MM C pa3rOHHOM TpyOoil ¢ BHyTpeH-
HUM quameTpoM (25 £+ 0,2) MM u anuHoi 3950 MM, ¢ yCTpOICTBOM 3aKia-
KU TEJIECKOIINYECKOT0 THIIA.

CropocTHas BUACOKAMEpa
BricTpoaeHcTBy 0N Knanaxn HM3MepHTENb CKOPOCTH

VeTpoHeTBO 3aKIaaKu VYeTpoiicTBo TOPMOsKEHHA
Pasronnas tpyba

Pecusep

)\
1

VYeTpoiicTBO MO3HIMOHMPOBAHUS U HATPYIKCHHUS

Puc. 2. Cxema ycTaHOBKH IO IPOBEACHUIO HCITBITAHHUNA

VYnpaBieHne MpoueccoM 3KCIEPHUMEHTa OCYIIECTBISUIOCh aBTOMATH-
3MpOBAaHHOM cucTeMoi Ha 6a3ze cucteMbl PXI ¢ HabopoMm crienraibHBIX MO-
nynei conpsbxkeHus pazpabotku National Instruments u yaneHHOro nepco-
HAJIbHOTO KOMIIBIOTEPA.

OO6paser; XpOMHCTOTO CHHTETHYECKOTO MHHEPAIBHOTO CIIaBa Mpe.-
CTaBJISLI COOOU MPAMOYTOJIBHYIO TUNIUTKY pazmepom 115x180%15, a oOpazery
6a3a1pTOBOTO THUIA ObUI BHINOJIHEH B (popMe (PUTIYypHOH MIIUTKH, BIHCHI-
BarolElcs B pa3Mmepsl npsiMoyroapHuka 200x100x15.

[TapameTpsl SKCIEpUMEHTA: Ul 00pa3lia CHHTETHYECKOT0 MUHEPAIbHO-
ro 6azanpTono00HOTO criaBa ¢ qobasineHueM Cr,O3 CKOPOCTh yaapHHKA CO-
craBuia 233 m/c, [y oOpaslia CUHTETMYECKOTO MUHEPAIBbHOIo 0a3aibTomno-
TOOHOTO CruiaBa 6e3 J00aBOK CKOPOCTh yIapHUKa cocTaBmia 234 m/c.

Jns ynaBnuBaHus (parMeHTOB pa3pyIICHUs] B UCIBITATEIBHOW Kame-
pe ObLT pa3MelleH YIIepoJHbI CKOTY, OCaKICHHbIE HAa €ro MOBEPXHOCTb
(parMeHThl pa3pyuieHns ObLIM HCCIE0BaHbl METOJOM 3JIEKTPOHHOM pac-
TPOBOI MHUKPOCKOIHUH C MPUMEHEHHEM MHKpPO30HIOBOTO aHaiu3a (MHKpO-
ckon Bbicokoro paspemrenus S3400N ¢upmer HITACHI). MccnenoBanue
IOBEPXHOCTH yJIapHUKA IOCJIE CTOJIKHOBEHMs OBUIO MPOBEICHO METOJOM
onrtuyeckoil Mukpockonuu (ounokyssip Olympus SZ61, nonsipuzalimoHHbINH
ontuyeckuit Mukpockor Olympus BX51).
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XapakTepHOH OCOOCHHOCTBIO JJIsI 000MX 00pa3IoB SIBJISETCS TO, YTO
Ha y/JapHHKe I0CcJIe pa3pylIeHUs B 30HE KOHTaKTa ¢ 00pa3lioM oOHapy>XeH
MOPHUCTHINA MPUIEKIINIcs opeo (puc. 3). DTOT Opeot ABISETCS CIEACTBUEM
KOHTaKTa HpO60ﬁHHKa M MOBCPXHOCTHU MaTCpHalia U BBIACICHHUA TCIJIOTHI
npu (a30BBIX MPEBPALICHUSIX B MaTepHaje 00pa3la B MOMEHT COyIapeHHs,
3TH MPOLIECCHI CONPOBOXKIAIOTCS OIUIABICHUEM CHUHTETHUYECKOIO0 MUHEpalb-
HOro 6a3aMbTONO00HOTO CIJIaBAa B MOMEHT coynapeHus (puc. 4).

a o6

Puc. 3. YaapHHK — CTaIBHOM IIAPHK: @ — 10 UCIIBITAHKS, 6 — TIOCIIC UCITBITAHUS

Puc. 4. MomeHT coynapenust mpoOoiiHuKa 1 00pasia,
BBICOKOCKOPOCTHAsI CheMKa, CKOPOCTh cheMkH 50 000 kazap./c

HpI/I 06CJ'IG,Z[OB3HI/II/I MOBCPXHOCTU CIICUCHHOI'0 Opcojia U3 CHUHTCTHYC-
CKOIr'o MUHCPAJILHOI'O 6333HBTOHOI[06HOI‘ O CIlJIaBa Ha IMOBCPXHOCTU Hp060ﬁ-
HHUKa YCTAHOBJICHO, YTO OH SBJIACTCA BBICOKOIIOPUCTBIM U 3CPHUCTLIM U UMC-
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