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Ilposeden axcnepumenm no MoOeIUPOSAHUI0 GHYMPEHHe20 CIMPOEHUsL 3eMu ¢ ROMOUBIO
HA2PYICEHUs CheputecKku CXO0AUUMUCS YOAPHBIMU GOIHAMU CMeCU NOPOUIKO8 KEAPYa U
meou 8 coomnowenuu 1:1. Uzyuenwvt ¢hazoswiti cocmaeé u cmpykmypa obpasya nocie
yoapnozo mnazpycenus. Obuapysiceno, umo Keapy 8 2AyOOKUX CloiX nepexooum @
amopgroe cocmosuue. YcmanogneHo, Ymo 8 WUpoKom Ouana3one OasieHull u memne-
pamyp xumuieckoe 83aumooelicmaue Keapya u meou He HPOUCX0OUm 6njiomov 00 nepexo-
0a smux gewjecmg 6 JcuoKoe cocmosanue. Xumuueckoe 63aumooeticmsue pacniasos
Keapya u meou nod 0deieHuem npusooum K o0pas0e8anuio mpouHo2o coeOuHeHus meou,
KPEeMHUSL U KUCIOPOOd, OIUKO20 NO COCMABY K SuMe.

KiioueBnble cjioBa. YAapHBIC BOJIHBI, CMECh KBapla ¢ MEAbIO, CTPYKTYpa, (ba301351171 COCTaB

N3yuenne 0coOEHHOCTEH MPOTEKAHUSI XUMHUUYCCKUX PEAKIHid MEXIy pas3ind-
HbBIMHW MCTAJJIaMH W OKHUCJIaMH B YCJIOBHAX BBICOKHX I[aBJ'ICHI/Iﬁ u TEMIICpATyp
MPUHAIOKAT K YKCITy Hauboyee BaXKHBIX 3a[a4 MAaTePUATOBEICHHS, MHHEPAJIO-
TMUA U TeOXUMHUU. B OONBIIMHCTBE CJIy4acB IIpu HOPMAJIbHOM OAaBJICHWH W KOM-
HATHOM TeMITepaType CKOPOCTh TaKMX PEaKInii KpaiiHe HU3Ka, OJHAKO MPHU BBICO-
KUX JIaBJICHUSAX U TeMIlepaTypax OHa CYIIECTBEHHO Bo3pacrtaeT [1-2]. B cimyuae
HArpy>KeHUss Matepuana CPEpPUYECKH CXOJSIIUMUCS YIaPHBIMH BOJIHAMH TIPH
YBETUYCHUH TITyOUHBI 3aJ€TaHusl clIosi B 00pasiie MPOUCXOAUT HEMPEPHIBHOE TO-
BBIIICHHE JABJICHUS M TEMIIEPATYPhl, IOITOMY MPH TAKUX YCIOBHSIX HATPYKECHHS
BO3MOXHO KaK XHMHUYECKOC B3aI/IMOI[€I\/'ICTBI/IC HCXOAHBIX KOMIIOHCHTOB JOpyTr C
JAPYToM, Tak u 006pa3zoBanue (a3 BRICOKOTO JaBieHus [3].

B nacrosmiee BpeMs pabOT, NMOCBSAIICHHBIX W3YYECHUIO (PH3UKO-XHUMHUYECKHUX
U3MEHCHUI B CMECSX KBaplia ¢ pa3iMuyHbIMU METaJUIaMH, O4eHb Mano [4-6]. Ox-
HaKo mccienoBaHue (Ha3oBoro u aeGopMaIlMOHHOTO MOBEICHHS CMECel OKHCIIOB
C MeTaJUIaMH B YCJIOBHUSIX BO3JCHCTBHS BBICOKHX JABJICHUI MOXET ObITh HCKIIIO-
YUTCIIbHO MOJIC3HBIM IJId OIMMPEACIICHUSA COCTaBa 3¢MHOM MaHTHH. HOBTOMY B OaH-
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HOI paboTe OblIa MOCTaBIeHA 3ajjauya U3YyYUTh OCOOCHHOCTH MpPOTeKaHUs (Hu3u-
KO-XMMHUYECKUX PEaKIUi B CMECH KBapIla ¢ MEJbI0 B YCIOBHSIX Harpy>XKeHus cde-
PUYECKHU CXOIAIIMMUCS YIapPHBIMU BOJIHAMU.

TexHuka sxcnnepuMeHTa

Jlis sKcriepuMeHTa UCMONIb30BalM CMECh MOPOIIKOB MEIU M KBaplia B COOT-
Homennu 1:1. [TopomrkoBasi cMech TpeABapUTEIHHO OblIa CIpeccoBaHa A0 HE0O-
XOJMMOH TUIOTHOCTU CTaTUYECKUM JaBieHuEeM. M3 momy4eHHOro KoMmnakTa ObLI
NPUTOTOBJICH mIap auamerpoMm 48.85 mm, koTopslii momemanu B chepruecKuii
repmouexon u3 Meau. Harpyskenue obpasiia ocymecTBIIsIIM CXOAAIIEHCS JeTOHA-
IIMOHHOW BOJIHOM CPepHUUECKOTO CIIOSI B3PHIBYATOTO BEIIECTBA HA OCHOBE OKTOTE-
Ha (HMX-based composition) Tommusaoit 10 mm. CoxpaHeHHbI# mocie yaapHOro
BO3/ICUCTBHs 00paser] ObUT pa3pe3aH M0 MEPUAMOHAIBLHON TUIOCKOCTH aJIMa3HbIM
kpyroM. IlocnoiiHblil aHamu3 CTPYKTYphI ¥ (a30BOro cocraBa o0paslia OCyIIeCTB-
JSUTA C UCTIOJIB30BAHUEM PEHTTEHOCTPYKTYPHOTO aHAJIN3a, ONTHYECKOW M CKaHH-
pYyIOLIeH 371eKTPOHHOW MUKPOCKOIHMH. PEHTreHOCTpyKTYPHBIN aHaIu3 IPOBOIMIN
C MOMOIIBI0 PeHTreHOBcKoro audpakromerpa JIPOH-3 u MEKpOTTyYKOBOU Kame-
pBI C TMaMETPOM PEHTTEeHOBCKOro mydka 0.1 mm.

Pe3yabTaThl HCCIe10BAHNSA H UX 00CY:KIeHUE

OOmwit Bua MEpUIMOHAIBHOTO CEYeHUs 00pa3iia, COXPAaHEHHOTO 110CjIe YAApPHOTO
Harpy>keHusl, puBeJieH Ha puc. 1,a. B nieHTpe nepBoHayaIbHO CIUIOIIHOTO KOMITAKTa
oOpa3zoBajiack MOJIOCTh HenpaBWIbHOM (hopmbl. Ha moBepxHOCTH MONOCTH HAOMHO-
JIAIOTCS XapaKTepHbIe MPU3HAKH XPYTIKOTO pa3pymeHus. BHyTpy nonoctu oOHapyKeH
OO0JIBILION YYaCTOK 3aKPUCTAJUIM30BABILETOCS METAIlIA, OKPHITOTO MJIEHKONH TEMHO-
KpPacHOro IBeTa. MHOTOYHCIICHHBIE MENKWE BKPAIUICHUS KaruieoOpasHou (opmbl
TAKOT'0 JKe I[BETa PHUCYTCTBYIOT U HA MIOBEPXHOCTH NoyiocTtH (puc. 1,6).

a o

Puc. 1. Bux MepuIvoHaibHOTO CEYCHUS IIapa U3 cMecu KBapla u Meau (a) U LeHTpallb-
HO#1 ero yacTu (6) mocie Harpy)eHust CHepUIeCKU CXOMAIIUMUCS yIAPHBIMUA BOJHAMHU

129



du3nKa 1 TeXHUKa BhICOKHUX aaBjennit 2011, tom 21, Ne 1

[Tocne ymapHOro Harpy’KeHus: KOMIIAKT MEIH M KBapla COXpaHsIEeT MOHOJIHT-
Hoe cTpoeHue. Ha mepuamoHanmsHOM cedeHHH oOpasiia BOKPYT MOJOCTH OBLIH
OOHapy XeHBbl YeThIpe KOHIEHTPUYECKUE 30HBI, OTIHYAIOIIUECS Ipyr OT JApyra
KOHTPAcTOM. B MpHUIIOBEPXHOCTHOM CJIO€ TOJIIMHON ~ 6 MM GopMupyercs: BbI-
COKOIUTOTHAsI KePaMHKa, COCTOSINIAs M3 MCXOJHBIX YacTHIl KBapia u meau (puc.
2,a). CBetibie 00JIACTH MPEACTABIAIOT COOOH CKOIUICHUS! KPUCTAUTMKOB MEJH, a
OoJiee KpyNHBIE TEMHBIE — SIBISIOTCSI HCXOMHBIMH MMOPOUIMHKAaMH KBapia. I1nas-
JICHUE ME¥ HaYMHAIOCh Ha yAaleHuH ~ 14 MM OT MOBEPXHOCTU HATrPYKEHUs, a
IUIaBJICHHE KBapla — Ha paccTossHuU ~ 15.5 mm. Menp u KBapIl MOJHOCTHIO Tepe-
XOJIUITH B JKHIIKOE COCTOSIHME HAa PACCTOSHUSX, OOmbmmX 17 MM OT MOBEPXHOCTH
HarpyxeHus (puc. 2.6). IIpu 3TOM MOXHO BHIETh, YTO TOCIE OXJIAKICHUS ME/b
coxpaHmia cheprueckyo GopMy MmepBOHAYAIBHO XKUJAKUX Karelb. Ha moBepxHo-
CTH LIEHTPaJbHON MOJOCTH AuamMeTpoM ~ 12.5 mm oOHapyXeHO NpPUCYTCTBUE
TEMHO-KPAaCHBIX 00pa30BaHUH.

Puc. 2. Crpykrypa o0Opasiia Ha pa3UYHBIX PACCTOSHUSIX OT TIOBEPXHOCTH HArPy)KCHHUS,
mm:a-15,6-19

[Tocnoiinoe n3yueHne $pa3zoBOro cocTaBa pa3IMUHBIX CJIOEB OBLIO MIPOBEJICHO C
MOMOIIIBI0 MUKPOITYYKOBOM KaMephl C JMaMEeTpOM peHTreHoBckoro myuka 0.1 mm.
Ha penTreHorpammax oT MCXOIHOTO 0Opaslia JMHUUA MEIW TOHKHAE W HETPEpBIB-
HbIC, & JIMHUU 0-KBapI[a COCTOST U3 OTACIbHBIX peduiekcoB (puc. 3,a). OTo cBHIC-
TEIBCTBYET O TOM, YTO pa3Mep 3epHa (-KBapla CYILIECTBEHHO OOJIBIIE, YeM y Me-
. Ilocne ynapHOro Harpys>keHusi BUJ PEHTI€HOI'PAMMBI, TIOJYYEHHOHW OT CII0f,
pPacHoJIO)KEHHOr0 Ha paccTostHUM 1.5 MM OT NOBEpXHOCTH HArpy>KeHus, He-
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CKOJIbKO M3MeHsieTcsl. JIMHUU Meau TMPaKTHYECKd OCTaloTCs 0e3 W3MCHEHHs, a
pedeKchl, MprUHAUIeKAIIMe 0-KBapIly, Pa3sMbIBAlOTCS BIOJIb TU(PPAKIIMOHHBIX
nunuit (puc. 3,6).

2 0 e

Puc. 3. PeHTreHorpaMMel, MOJIy4eHHBIE OT CIIOEB, PACIIONOKEHHBIX Ha Pa3HBIX PacCTOs-
HUSX OT MOBEPXHOCTH HArpy>kKeHusi, MM: a — ucxogHoe coctosiHue; 6 — 1.5,6 - 5, 2, 0 —
9.5, e—~17, 0, e — cheMKa B 00JIACTH MEHBIIUX YIJIOB O

C yBenuueHHeM TIyOMHBI 3aJIETaHHS CIIOS B IApe MPOMCXOAWT AajbHEHIIee
pa3MbITHE JIMHUW (-KBaplia M CYIIECTBEHHOE OCIA0JIeHHEe WX WHTCHCHBHOCTH
(puc. 3,6—0). Ha penTreHorpamMmmax, moiy4eHHbIX OT MTyOOKHX CIIOEB, IMHUH 0-KBapIia
npakTH4Iecku ucuesaroT (puc. 3,e). JIuHUKM Memu Takke TpaHCHOPMUPYIOTCS TIPH
YBEIMYEHHUH TJIyOMHBI 3aJIETAHUS CIIOS: OHH CHJIBHO YHIMPSIOTCS, CBUIETEIBCTBYS
0 OOJTBIIINX MCKAKCHUSIX KPUCTAIUIMYECKOH pereTkr Memu (puc. 3,0—e). B HekoTo-
PBIX caydasx Ha TUQPaKIMOHHBIX JIMHUAX MEIH TOSBISIOTCS MHTCHCUBHBIE ped-
aekchl (puc. 3,e). DTO yKa3bIBaeT Ha TO, YTO ME/b B HEKOTOPBIX Y4acTKax ObLia
pacIuiaBieHa, U Iocie CHATHS YAapHOTO BO3ACHCTBHUS IPOUCXOIMIIO 00pa30BaHUE
KPYITHBIX KPUCTAJUTUTOB. XapaKTEPHOH OCOOCHHOCTHIO MH(PPAKIIMOHHOW KapTH-
HBI, TOJYYEHHOH OT TIIyOOKHX CJI0eB 00pasla rmocje yJapHOro BO3/ICHCTBUS, SIB-
asiercst mpucytcTBre auddysHoro rano (puc. 3,e). [losBieHre Takoro rajao 0IHO-
3HAYHO CBHUJIETEIBCTBYET O MEPEXo/ie KBapia B aMop(hHOE COCTOSIHHUE.
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DJeMEHTHBIII MUKPOAHATIU3 C TIOMOIIBIO AJIEKTPOHHOTO CKAaHHPYIOIIETO MUK-
pocKoma IMmokaszal, 4To HaOJIoJaouIfecs B IEHTPAIbHOM IMOJIOCTH 0Opa3oBaHUS
TEMHO-KPACHOTO IIBETa SIBIISIOTCS BBIICIICHUSIMH MEIH, TMOKPBITBIMU IJICHKON
CuySiyO1xy, ABIAIOMEHCS OHUM U3 BUJIOB AIIMBI, IPUCYTCTBYIOLIEH B 3eMHOM
Kope.

OTcyTcTBHE 3HAYUTENBHOTO U3MEHEHUS (ha30BOTO COCTaBa KOMIIAKTa U3 CMECH
KBapIla C MEIbIO NP HArPY>KEHUHN CHEPUIECKH CXOIIIIUMUCS yIApPHBIMUA BOJIHA-
MU CYIIECTBCHHO OTJIMYAET ero (pa3oBoe MOBEIEHHE OT MOBEICHHS KOMIAKTa M3
CMecH KBapliia ¢ ajgroMuHueM [5]. 3HaunTensHO Oosiee ciaboe XUMHUYECKOe B3au-
MOJICHCTBHE MEIU C KBapIlleM SIBIISICTCS CJICACTBUEM MEHBIICH XUMHUECKOW akK-
TUBHOCTH Menu, 4eM amoMuHus. CIIeICTBHEM TakKoro ciaboro XMMHYECKOTO
B3aUMO/JICHCTBHS MEXKLy MEIbIO U COCIMHECHUSIMH, COJICP)KAIIIMMU KPEMHUHN U KU-
CJIOPOJI, B IIMPOKOM JHMAITa30HE TEMIIepaTyp U JaBICHUHN SIBJISICTCS TO, YTO Haps-
JIy C 30JI0TOM, PTYTBIO U IUIATUHOW ME/Ib B BEPXHHUX CIIOSIX 36MHOM KOPBI MPUCYT-
CTBYET B CAMOPO/JIHOM COCTOSIHHH.

3akjaoueHue

Taxkum o6pas3om, u3ydyeHue (ha30BOT0 COCTaBa KOMIIAKTAa M3 CMECH KBapIa C
Menplo B cooTHomeHun 1:1, moABeprHyTOro HarpyeHuro chepuyecku CXojs-
IMMHMCS yJIapHBIMU BOJHAMM, TIOKA3bIBAET, YTO B IIMPOKOM JIMaIla30He TeMIlepa-
TYp ¥ JAaBJICHUNA XMMHUYECKOE B3aMMOJICHCTBHE MEX/1y MEJbIO0 U KBaplLeM He Mpo-
UCXOAMT BIUIOTH /10 IEPEX0JIa ITUX BEIIECTB B KUAKOE cocTosiHUE. C yBEINYEHU-
€M MIyOMHBI 3ajJeTaHMs CJIOSl B IIape MPOMCXOAUT CuibHas AedopMarus Kak
KBapua, Tak ¥ Meau. CuiabHOE M3MeENbUEHUE KPUCTAIOB KBaplia IMPUBOIUT K
HOJHOMY MCYE3HOBEHHIO AU(PAKIIMOHHBIX JTUHUNA KBaplia Ha peHTTeHOIpaMMax 1
MOSIBIICHUIO BMECTO HHUX MU (Y3HOTO Taio B 00JaCTH MaJbIX YIJIOB, CBHIETEIb-
CTBYIOILETO O Mepexo/ie KBapla B aMOp(HOE COCTOSIHUE.

Pabora BbImosHEeHa TIpU (HHAHCOBOH mojyiepxke Poccuiickoro Gornma GpyHma-
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CTPYKTYPA | ®A30BUW CKITAL CYMILLI MOPOLLKIB KBAPLLY | MIAl,
MAAAHNX HABAHTAXEHHIO COEPUYHO 3BDKHMW YOAPHUMA
XBUNTAMU

[IpoBeneHO eKcriepruMEHT 3 MOJICNIOBAHHS BHYTPIIIHBOI Oym0BH 3eMIii 32 JONOMOTOIO
HaBaHTKEHHS chepryHO 301KHUMHU yAapHUMH XBUJISIMH CYMIIi TMOPOIIKIB KBapIy i
Mifmi y cmiBigHomeHHi 1:1. BuBdeHo (a3oBuit ckiran i CTpYKTypy 3pa3ka Micisl yaapHOTO
HaBaHTa)XeHHS. BUsBICHO, MO KBapIl y TTMOOKUX MIapax NMepexXouTh B aMOp(QHHI CTaH.
BcranoBneHo, 1m0 B IIMPOKOMY Jiana3oHi THCKY 1 TeMIeparyp XiMiuHa B3aeMOJisl KBap-
Iy i Migi He BigOyBaeTbCs ax OO0 TepeXoAy IMX PEYOBHH B piakuii craH. XiMmiuHa
B3aEMOJIIST PO3IUIABIB KBAPITy 1 MiMi IMiJ THCKOM MPU3BOJIUTH 0 YTBOPEHHS IMOTPIHHOI
CIOJYKH MiJli, KPEMHIIO 1 KUCHIO, OJTM3BKOT 32 CKIIAZIOM JIO SIIIMHU.

KuarouoBi ciioBa: ynapHi XBwIli, CyMilll KBapIly 3 MiJUIIO, CTPYKTypa, (pa3oBuid ckias

N.I. Taluts, A.V. Dobromyslov, E.A. KozZlov

STRUCTURE AND PHASE COMPOSITION OF THE MIXTURE
OF QUARTZ AND COPPER POWDERS LOADED BY SPHERICAL
CONVERGING SHOCK WAVES

Experiment on modelling the internal structure of the Earth has been made by the loading
of amixture of quartz and copper powders taken in aratio 1:1. Phase state and structure
of specimen after loading have been studied. It has been revealed that quartz passes into
an amorphous state in deep layers. It has been established that there is no chemical inter-
action between quartz and copper in a wide range of pressures and temperatures up to
transition of these substances to a liquid state. Chemical interaction of the melts under
pressure results in the formation of ternary compound of copper, silicon and oxygen with
the structure similar to jasper.

Keywords: shock waves, quartz and copper mixture, structure, phase composition
Fig. 1. The view of meridional section of the sphere consisting of the mixture of quartz
and copper (a) and its central part (6) after loading by spherical converging shock waves

Fig. 2. Structure of the sample at various distances from the loading surface, mm: a — 1.5,
6—-19

Fig. 3. X-ray diffraction patterns obtained from the layers located at various distances
from theloading surface, mm: a—initial state; 6 —1.5,6—5, 2,0 —-9.5,e—~17mm, 9, e — X-
ray diffraction patterns obtained in region of smaller 6

133



